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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ʀ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

ʅʇʂ ï ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ; 

ɹɻʋ ï ɹʦʭʪʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ. ʍʫʩʨʘʚʘ; 

ɻʋʇ ʊɸʃʂʆ ï ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʥʠʪʘʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çʊʘʜʞʠʢʩʢʘʷ ʘʣʶ-

ʤʠʥʠʝʚʘʷ ʢʦʤʧʘʥʠʷè; 

ʆʆʆ ï ʆʙʱʝʩʪʚʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ; 

ʉʅɻ ï ʉʦʜʨʫʞʝʩʪʚʦ ʥʝʟʘʚʠʩʠʤʳʭ ʛʦʩʫʜʘʨʩʪʚ; 

ɻʋ ʅʀʀʄ ï ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥ-

ʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ; 

ʅʀʀʋʌ ï ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʫʜʦʙʨʝʥʠʡ ʠ ʠʥʩʝʢʪʦʬʫʥʛʠ-

ʮʠʜʦʚ; 

ʋʅʀʍʀʄ ï ʋʨʘʣʴʩʢʠʡ  ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ; 

ʊʕʎ ï ʊʝʧʣʦʚʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ (ʊʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʴ); 

ʑɿʄ ï ʱʸʣʦʯʥʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ; 

ɸɺ ï ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʩʠʣʴʥʦʦʩʥʦʚʥʘʷ ʘʥʠʦʥʦʦʙʤʝʥʥʘʷ ʩʤʦʣʘ (ʥʘ ʦʩʥʦʚʝ ʧʦ-

ʣʠʘʤʠʥʦʚ, ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ ʠ ʧʠʨʠʜʠʥʘ); 

ɸʅ ï ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʩʣʘʙʦʦʩʥʦʚʥʘʷ ʘʥʠʦʥʦʦʙʤʝʥʥʘʷ ʩʤʦʣʘ (ʥʘ ʦʩʥʦʚʝ ʩʪʠ-

ʨʦʣʘ, ʜʠʚʠʥʠʣʙʝʥʟʦʣʘ ʠ ʬʝʥʦʣʘ); 

ʕɼʕ ï ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʩʣʘʙʦʦʩʥʦʚʥʘʷ ʘʥʠʦʥʦʦʙʤʝʥʥʘʷ ʩʤʦʣʘ (ʥʘ ʦʩʥʦʚʝ ʧʦ-

ʣʠʘʤʠʥʦʚ ʠ ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ); 

ʇɸɸ ï ʇʦʣʠʘʢʨʠʣʘʤʠʜ; 

ɺɸɿ ï ɺʦʣʭʦʚʩʢʠʡ ʘʣʶʤʠʥʠʝʚʳʡ ʟʘʚʦʜ; 

ʀʍ ʉʆɸʅ ʉʉʉʈ ï ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ 

ʉʉʉʈ; 

ɸʅ ʊʘʜʞʉʉʈ ï ɸʢʘʜʝʤʠʷ ʥʘʫʢ ʊʘʜʞʠʢʩʢʦʡ ʉʉʈ; 

ʀʆʅʍ ɸʅ ʋʉʉʈ ï ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ɸʢʘʜʝʤʠʠ 

ʥʘʫʢ ʋʢʨʘʠʥʩʢʦʡ ʉʉʈ; 

ʉʉʉʈ ï ʉʦʶʟ ʉʦʚʝʪʩʢʠʭ ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʠʭ ʈʝʩʧʫʙʣʠʢ; 

ɻʂɿ ʉʉʉʈ ï ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʤʠʪʝʪ  ʧʦ ʟʘʧʘʩʘʤ  ʉʉʉʈ; 

ɻɹɸʆ ï ɻʦʨʥʦ-ɹʘʜʘʭʰʘʥʩʢʘʷ ʘʚʪʦʥʦʤʥʘʷ ʦʙʣʘʩʪʴ; 
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ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ; 

ɼʊɸ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ; 

ʀʂʉ ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ; 

ʇʌʄ ï ʧʣʘʤʝʥʥʘʷ ʬʦʪʦʤʝʪʨʠʷ; 

ʃɸʊʈ ï ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ; 

ʂʉʇ ï ʂʦʦʨʜʠʥʘʪʥʳʡ ʩʘʤʦʧʠʰʫʱʠʡ  ʧʦʪʝʥʮʠʦʤʝʪʨ; 

ʇɼʂ ï ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ; 

ʆʅʊʀ ï ʆʪʜʝʣ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

ɹʉʕ  ï ɹʦʣʴʰʘʷ ʉʦʚʝʪʩʢʘʷ ʕʥʮʠʢʣʦʧʝʜʠʷ; 

ʅʊʀ ʉʅʍ ɸʨʤʉʉʈ  ï ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʚʝʱʘʥʠʝ ʥʝ-

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ɸʨʤʷʥʩʢʦʡ ʉʉʈ; 

ɻʍʀ ï ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʠʟʜʘʪʝʣʴʩʪʚʦ; 

ɾʅʍ ï ɾʫʨʥʘʣ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ; 

ʄɻʋ ï ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ɺʅʀʀɻ ï ɺʩʝʩʦʶʟʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʘʣʫʨʛʠʠ; 

ʅʀʀʊʕʍʀʄ ï ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; 

ɸʅ ɹ ï ɸʥʠʦʥʠʪ ɹ (ʩʣʘʙʦʦʩʥʦʚʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ  ʦʨʛʘʥʠʯʝʩʢʠʡ ʠʦʥʠʪ); 

ɾʇʍ ï ɾʫʨʥʘʣ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ; 

GENIM ï General Engeneering Institute of Metallurgy; 

ʉʀʌ ʊʘʜʞʠʢ ʅʀʀʅʊʀ ï ʉʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʬʦʥʜ ʊʘʜʞʠʢ-

ʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

ɺʀʅʀʊʀ ï ɺʩʝʩʦʶʟʥʳʡ ʠʥʩʪʠʪʫʪ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ; 

ɺɸʄʀ ï ɺʩʝʩʦʶʟʥʳʡ ʘʣʶʤʦ-ʤʘʛʥʠʝʚʳʡ ʠʥʩʪʠʪʫʪ; 

ʈɾʄʝʪ ï ʈʝʬʝʨʘʪʠʚʥʳʡ ʞʫʨʥʘʣ ʤʝʪʘʣʣʫʨʛʠʠ; 

ʄʂʀ ï ʄʝʞʜʫʥʘʨʦʜʥʘʷ  ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʦʙʨʝʪʝʥʠʡ; 

ʃɻʋ ï ʃʘʪʚʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇ. ʉʪʫʯʢʠ; 

ʃʘʪʅʀʀʅʊʀ ï ʃʘʪʚʠʡʩʢʠʡ  ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠʥʩʪʠʪʫʪ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ; 
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ʀʄɻʈʕ ï ʀʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʦʛʠʠ, ʛʝʦʭʠʤʠʠ ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʨʝʜʢʠʭ ʵʣʝ-

ʤʝʥʪʦʚ; 

ɻʀʇʍ ï ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ; 

ʇ.ʧ.ʧ. ï ʇʦʪʝʨʠ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʠʩʭʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʨpm -  parts per million ï ʤʠʣʣʠʦʥʥʘʷ ʜʦʣʷ. 
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 ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʇʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʦʚʦʜʠʤʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʷʚʠʣʦʩʴ ʠʭ ʚʢʣʶʯʝʥʠʝ ʚ ʨʷʜ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ: 

ʵʪʦ "ʇʨʦʛʨʘʤʤʘ ʚʥʝʜʨʝʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʥʘ 2010-2015 ʛʦʜʳ" ʠ "ʉʪʨʘʪʝʛʠ ̫

ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʥʘ 2005-2015 ʛʦʜʳ".  

ʇʦʩʪʘʥʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ 

ʩʪʨʘʥʳ, ʨʘʩʰʠʨʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʩʪʨʘʥʳ, ʢʦʤʧʣʝʢʩʥʫʶ 

ʧʝʧʝʨʘʙʦʪʢʫ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʨʘʟʨʘʙʦʪʢʫ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʙʦʨʘʪʳ ʠʣʠ ʙʦʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦ ʧʨʠ-

ʤʝʥʷʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ  ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʩʝʢʪʦʨʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʨʝʜʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʠʤʝʥʝʥʠʷ  ʙʦʨʘʪʦʚ ʚʘʞʥʝʡʰʠʤʠ ʷʚʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ: ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʪʝʢʣʦʚʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʵʤʘʣʠ, ʛʣʘʟʫʨʠ ʠ 

ʜʨ.), ʩʪʸʢʦʣ ʠ ʩʪʝʢʣʦʚʦʣʦʢʦʥ, ʦʪʙʝʣʠʚʘʶʱʠʝ  ʠ ʤʦʶʱʠʝ ʩʨʝʜʩʪʚʘ, ʢʨʦʤʝ ʪʦʛʦ, ʙʦ-

ʨʘʪʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ  ʚ ʧʨʠʜʘʥʠʠ ʦʛʥʝʩʪʦʡʢʠʭ ʩʚʦʡʩʪʚ ʩʪʨʦʠʪʝʣʴʥʳʤ 

ʤʘʪʝʨʠʘʣʘʭ, ʨʘʟʣʠʯʥʳʤ ʪʢʘʥʷʤ, ʙʫʤʘʛʝ, ʚ ʮʝʣʦʤ ʣʶʙʳʤ ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʮʝʣʣʶʣʦʟ-

ʥʦʡ ʦʩʥʦʚʝ. ɹʫʨʘ (ʪʝʪʨʘʙʦʨʘʪ ʥʘʪʨʠʷ) ʠ ʙʦʨʘʪ ʘʤʤʦʥʠʷ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʳʤʠ ʯʘ-

ʩʪʷʤʠ ʨʘʟʣʠʯʥʳʭ ʦʛʥʝʟʘʱʠʪʥʳʭ  ʩʦʩʪʘʚʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠʟ-

ʜʝʣʠʡ ʠʟ ʜʨʝʚʝʩʠʥʳ,  ʜʨʝʚʝʩʥʦʩʪʨʫʞʝʯʥʳʭ ʧʣʠʪ, ʧʝʥʦʧʣʘʩʪʘ, ʜʣʷ ʧʨʦʧʠʪʢʠ ʪʝʢ-

ʩʪʠʣʷ ʠ ʜʝʨʝʚʘ ʠ ʜʨʫʛʠʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʙʫʨʳ  ʚ ʦʛʥʝʪʫʰʘʱʠʭ 

ʤʘʪʝʨʠʘʣʘʭ ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ ʠ ʢʘʢ ʬʣʶʩ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʘʡʢʠ ʜʨʘʛʦ-

ʮʝʥʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʪʘʢʞʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ  ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘʭ.  

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ 

ʨʫʜ ʚʦʩʪʦʯʥʦʛʦ ʇʘʤʠʨʘ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʪʴ ʧʝʨʩʧʝʢʪʠʚʳ, ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʜʝʣʴʥʳʭ ʙʦʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʵʢʩ-

ʧʦʨʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʊʘʜʞʠʢʠʩʪʘʥʘ. ʇʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʚʠʜ rʧʝʨʝʨʘʙʦʪʢʠ ʪʨʝʙʫʪʁ 

ʩʦʟʜʘʥʠ ̫ ʥʦʚʳʭ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ ʥʝʜʝʡʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʤʠʥʝʨʘʣʴʥʳʭ 

ʢʠʩʣʦʪ, ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʚ ʢʦʤʧʣʝʢʩʝ. 
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ɺʳʩʦʢʠʝ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʊʘʜʞʠʢʠʩʪʘʥʘ ʥʝʨʘʟʨʳʚʥʦ 

ʩʚʷʟʘʥʳ ʩ ʨʦʩʪʦʤ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʛʣʠʥʦʟʸʤ-

ʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʣʶʤʠʥʠʷ. ʇʦʩʣʝʜʥʠʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪ-

ʩʷ ʚ ʘʚʠʘʮʠʦʥʥʦʡ, ʢʦʩʤʠʯʝʩʢʦʡ, ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʤ ʩʳʨʴʤy, ʥʘ ʢʦʪʦʨʦʤ ʙʘʟʠʨʫʝʪʩʷ ʤʠʨʦʚʘʷ ʘʣʶʤʠʥʠʝʚʘʷ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʴ, ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʙʦʢʩʠʪʳ, ʠʟ ʥʠʭ ʛʣʠʥʦʟʤy ʧʦʣʫʯʘʶʪ 

ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ ʠ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ɹʘʡʝʨʘ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ ʢʘ-

ʯʝʩʪʚʝʥʥʳʭ ʙʦʢʩʠʪʦʚ ʦʛʨʘʥʠʯʝʥʳ, ʧʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʘʣʶʤʠʥʠʝʚʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʩʣʝʜʫʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʥʘ ʰʠʨʦʢʦʝ ʧʨʠʚʣʝʯʝʥʠʝ ʚ ʩʬʝʨʫ ʘʣʶʤʠʥʠ-

ʝʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʥyʥʦʛʦ ʚ ʧʨʠʨʦʜʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʳʨʴʷ 

ï ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʙʦʢʩʠʪʦʚ, ʥʝʬʝʣʠʥʦʚ, ʘʣʫʥʠʪʦʚ, ʢʘʦʣʠʥʦʚ, ʟʦʣ ʠ ʜʨ., ʟʘʧʘʩʳ 

ʢʦʪʦʨʳʭ ʦʛʨʦʤʥʳ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʛʣʠʥʦʟʸʤʘ ʠ ʩʦʣʝʡ ʘʣʶʤʠʥʠʷ ʠʟ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʘʣʶʤʠ-

ʥʠʝʚʳʭ ʨʫʜ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʝʟʸʤʘ ʩʧʦʩʦʙʦʤ ɹʘʡʝʨʘ ʦʩʫʱʝʩʪʚʠʪʴ 

ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʜʣʷ ʥʠʭ ʪʨʝʙʫʪʁʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ. ɺʦʧʨʦʩʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʳʨʴʷ ʟʘʥʠʤʘʶʪʩʷ ʤʥʦʛʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ ʩʪʨʘʥ ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʪʘʧʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʧʦ-

ʣʝʟʥʳʭ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʨʘʩʪʚʦʨ ʠ ʦʪʜʝʣʝʥʠʝ ʦʩʪʘʪʢʦʚ ʨʘʟʣʦʞʠʚʝhʛʦʩʷ ʩʳʨʴʷ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ʢʠʩʣʦʪʥʳʭ, ʭʣʦʨʥʳʭ, ʱʝʣʦʯʥʳʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʧʦʟʚʦʣʠʣʠ ʧʨʝ-

ʦʜʦʣʝʪʴ ʤʥʦʛʠʝ ʠʟ ʵʪʠʭ ʪʨʫʜʥʦʩʪʝʡ. ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʭʣʦʨʥʦʤʫ ʠ 

ʢʠʩʣʦʪʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʩ ʛʘʟʦʦʙʨʘʟʥʳʤ ʭʣʦʨʦʤ, 

ʩʝʨʥʦʡ, ʩʦʣʷʥʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʘʤʠ ʧʦʟʚʦʣʠʣʠ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʟ-

ʣʦʞʝʥʠʷ ʩʳʨʴʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ.  

ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʇʆ "ʊɸʣʂʦ ʂʝʤʠʢʘʣ" ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ "ʊʘʜʞʠʢʭʠʤʧʨʦʤ" ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʦʣʷʥʘʷ ʢʠʩ-
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ʣʦʪʘ ʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʢʠʩʣʦʪ ʠ ʭʣʦʨ-ʛʘʟʘ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ, ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ ʠ ʜʨ. ʠʟ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪ-

ʥʳʭ ʨʫʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʥʦ ʠ 

ʨʝʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ  ʚʳʩʦʢʦʵʬʬʝʢʪʠʚ-

ʥʳʭ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ (ʭʣʦʨʥʳʝ, ʱʝʣʦʯʥʳʝ, ʢʠʩʣʦʪʥʳʝ ʤʝʪʦʜʳ) ʙʦʨʦï ʠ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʊʘʜʞʠʢʠʩʪʘʥʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʩʳʨʴʝʚʫʶ 

ʙʘʟʫ, ʫʩʪʨʘʥʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʡ ʜʝʬʠʮʠʪ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʮʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ - ʛʣʠʥʦʟʤyʘ, ʙʫʨʳ, ʙʦʨʥʦʡ ʢʠʩʣʦʪ,r ʫʜʦʙʨʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʙʦʨʘ, ʢʦʘʛʫ-

ʣʷʥʪʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʦʜ.  

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ  ʚ ʨʘʤʢʘʭ ʥʘʫʫʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ (ʅʀʈ) ʚ  ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʠʤ. ɺ. ʀ. ʅʠʢʠʪʠʥʘ 

ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ "ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʘ-

ʪʝʨʠʘʣʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʚ" (ʈʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ ˉ00877) 

2000-2005 ʛʛ.; "ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʙʝʟʦʪʭʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʧʨʦʤʳ ʣhʝʥʥʳʭ ʦʪʭʦʜʦʚ" (ɻʈ ˉ 0106ʊɼ415) 2006-2010 ʛʛ.; 

"ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʥɹʦʛʦ ʩʳʨʴʷ 

ʠ ʧʨʦʤʳ ʣhʝʥʥʳʭ ʦʪʭʦʜʦʚ" (ɻʈ ˉ 0102ʊɼ927) 2011-2015 ʛʛ. ʠ "ʀʟʫʯʝʥʠʝ ʩʝʣʝʢ-

ʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʟʣʦʞʝʥʠʷ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʳʭ ʙʦʨʦï ʠ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ 

ʨʫʜ ʊʘʜʞʠʢʠʩʪʘʥʘ" (ɻʈ ˉ 0116ɽʆ00547) 2016-2020 ʛʛ. 

ʋʯʠʪʳʚʘʷ ʦʩʪʨʫʶ ʥʝʭʚʘʪʢʫ ʛʣʠʥʦʟʸʤʘ ʜʣʷ ɻʋʇ "ʊɸʃʂʆ", ʚ ʥʘʩʪʦʷʱʝʡ ʨʘ-

ʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʜʝʣʝʥʠʶ ʛʣʠʥʦʟʸʤʘ ʠʟ ʤʝʩʪʥʳʭ 

ʚʳʩʦʢʦʞʝʣʝʟʠʩʪʳʭ ʩʠʘʣʣʠʪʦʚ. ʌʘʨʬʦʨʦʚʳʡ ʟʘʚʦʜ ʊʘʜʞʠʢʠʩʪʘʥʘ ï ʆʆʆ "ɺʝʞʘ" 

ʪʘʢʞʝ ʨʘʙʦʪʘʝʪ ʧʦʣʥʦʩʪʴʶ ʥʘ ʧʨʠʚʦʟʥʦʤ ʩʳʨʴʝ. ɼʘʣʴʥʦʩʪʴ ʠ ʪʨʫʜʥʦʩʪʴ ʧʝʨʝʚʦʟʢʠ 

ʩʳʨʴʷ ʜʣʷ ʬʘʨʬʦʨʦʚʳʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʪʨʝʙʫʝʪ ʠʟʳʩʢʘʥʠʷ ʤʝʩʪʥʳʭ ʚʠ-

ʜʦʚ ʩʳʨʴʷ (ʢʘʦʣʠʥʦʚʦʡ, ʦʛʥʝʫʧʦʨʥʦʡ ʠ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ, ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʠ ʜʨ.), ʠʟʫʯʝʥʠʷ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚ-

ʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʢʦʥʜʠʮʠʦʥʥʳʭ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. 
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ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ɿʥʘʯʠʪʝʣʴʥʳʤ ʚʢʣʘʜʦʤ  ʚ ʜʘʥʥʫʶ ʪʝʤʘ-

ʪʠʢʫ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʥʘʫʯʥʳʝ ʪʨʫʜʳ  ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ ʫʯʸʥʳʭ, ʢʘʢ ɸ. ʌ. ɻʦʨʙʦʚ, ɻ. ɹ. ɹʦʢʠʡ, ɺ. ɹ. ʂʨʘ-

ʚʯʝʥʢʦ, ɻ. ʂ. ɻʦʜʝ, ʄ. ɻ. ɺʘʣʷʰʢʦ, ʉ. ʖ. ɻʝʣʣʝʨ, ʀ. ʀ. ɿʚʠʝʜʨʘ, ʄ. ɸ. ʉʠʤʦʥʦʚ, ʏ. 

ʃ. ʂʨʘʡʩʪ, ɻʝʡ-ʃʶʩʩʘʢ, ʊʝʥʘʨ, ʂ. ɺ. ʊʢʘʯʸʚ, ʖ. ʉ. ʇʣʳʰʝʚʩʢʠʡ, ɸ. ʄ. ʇʦʣʷʢ, ɸ. 

ɹ. ɿʜʘʥʦʚʩʢʠʡ, ʅ. ʉ. ʊʦʨʦʯʝʰʥʠʢʦʚ, ɽ. ɽ. ʌʨʦʣʦʚʩʢʠʡ, ʅ. ʄ. ʅʝʢʨʘʩʦʚ, ʂ. ʀ. ɹʘʡ-

ʝʨ, ʖ. ɸ. ʃʘʡʥʝʨ, ʃ. ʇ. ʅʠ, ɻ. ʄ. ɹʫʥʠʯ, ɽ. ʀ. ʍʘʟʘʥʦʚ, ɸ. ʂ. ɿʘʧʦʣʴʩʢʠʡ, ʈ. ʄʦʣ-

ʜʝʥʢʝ, ʀ. ʇ. ʏʝʧʧʝʣʴ, ʉ. ɸ. ʍʘʢʠʤʦʚ, ɸ. ɸ. ʀʩʤʘʪʦʚ, ɺ. ʉ. ʇʘʭʦʣʢʦʚ, ɺ. ɺ. ʈʳʣʦʚ, 

ʆ. ʉʘʤʫʵʣʴʩʦʥ, ʉ. ʀ. ʂʫʟʥʝʮʦʚ, ɺ. ɸ. ɼʝʨʝʚʷʢʠʥ, ʄ. ʅ. ʉʤʠʨʥʦʚ, ɺ. ɼ. ʇʦʥʦʤʘ-

ʨʝʚ, ɺ. ʉ. ʉʘʞʠʥ, ʄ. ɻ. ʄʘʥʚʝʣʷʥ, ɻ. ɸ. ɹʝʭʪʣʝ, ʀ. ɸ. ɻʣʫʭʦʚ, ʋ. ʄ. ʄʠʨʩʘʠʜʦʚ, 

ʍ. ʉ. ʉʘʬʠʝʚ ʠ ʨʷʜ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ï ʭʠʤʠʢʦʚ ʠ ʪʝʭʥʦʣʦʛʦʚ. ʆʜʥʘʢʦ ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʨʝʰʝʥʳ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʨʦʙʣʝʤʳ ʧʦʣʫʯʝʥʠʷ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʙʫʨʳ, ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ, ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ ʠ ʜʨ. ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ ʠ ʘʣʶʤʠʥʠʷ.  

ɺ ʤʠʨʝ ʠʟʚʝʩʪʥʳ ʝʜʠʥʠʯʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʤʧʣʝʢʩʥʦʡ ʠ ʙʝʟʦʪʭʦʜ-

ʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʙʦʨʦï ʠ ʘʣʶʤʦ-

ʩʠʣʠʢʘʪʳ ï ʵʪʦ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʩʳʨʴ yʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥ-

ʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʣʠʥʦʟʸʤʘ, ʩʦʣʝʡ ʘʣʶʤʠʥʠʷ, ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʙʫʨʳ ʩʜʝʨʞʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʝʜʠʥʦʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʚʳʙʦʨʫ ʠ 

ʧʦʣʫʯʝʥʠʶ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨ. ʦʪʨʘʩʣʷʭ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʪʨʘʥʳ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪ-

ʥʳʭ ʨʫʜ ʊʘʜʞʠʢʠʩʪʘʥʘ ʱʣyʦʯʴʶ (ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ), ʤʠʥʝʨʘʣʴʥʳʤʠ (ʩʦʣʷʥʦʡ, 

ʩʝʨʥʦʡ ʠ ʘʟʦʪʥʦʡ) ʢʠʩʣʦʪʘʤʠ ʠ ʭʣʦʨʠʨʦʚʘʥʠʝʤ. ʀʟʫʯʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ, 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʦʞʝʥʠʡ ʠ ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʨʘʙʦʪʢʠ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʧʨʠ ʠʭ ʙʝʟʦʪʭʦʜʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ ʧʝʨʝʨʘʙʦʪʢʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʟʘʜʘʯʠ: 
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1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʙʦʨʦï ʠ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ï ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ ɸʢ-ɸʨʭʘʨʘ ʠ ʝʸ 

ʢʦʥʮʝʥʪʨʘʪʘ, ʢʘʦʣʠʥʦʚʳʭ ʛʣʠʥ, ʩʠʘʣʣʠʪʦʚ, ʘʨʛʠʣʣʠʪʦʚ ɿʠʜʜʳ ʠ ʏʘʰʤʘ-ʉʘʥʛ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʢʠʩʣʦʪʥʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ, ʭʣʦʨʠʨʦʚʘʥʠʷ ʠ ʱʝʣʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ 

ʩʳʨʴʷ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʦʚ.  

3. ʀʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʢʨʦï ʠ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʙʦʨʦï ʠ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ʠ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʚʦʨʘʤʠ ʩ 

ʨʘʟʥʳʤʠ ʨʅ ʠ ʧʦʚʝʜʝʥʠʷ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ 

ʦʙʞʠʛʝ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 500-950Áʉ. 

4. ʀʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ  ʠ 

ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʢʠʩʣʦʪʥʳʤ ʠ ʱʝʣʦʯʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ, ʭʣʦʨʠʨʦʚʘʥʠʝʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ  ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʢʘʢ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʪʝʨʤʠʯʝʩʢʠʡ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʡ ʠ ʜʨʫʛʠʝ. 

5. ʀʟʫʯʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʢʠʥʝʪʠʢʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦ-

ʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ʨʘʩʪʚʦʨʘʤʠ ʩʝʨʥʦʡ, ʩʦ-

ʣʷʥʦʡ ʢʠʩʣʦʪ, ʛʘʟʦʦʙʨʘʟʥʳʤ ʭʣʦʨʦʤ ʠ ʝʜʢʠʤ ʥʘʪʨʠʝʤ. 

6. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʠʟʚʣʝʯʝʥʠ ̫ʦʢʩʠʜʘ ʙʦʨʘ ʠʟ 

ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. 

7. ʅʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʤyʦʚ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʭ ʥʘ ʦʙʨʘʙʦʪʢʫ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʠɦʭ ʢʦʤʧʣʝʢʩʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʢʠʩʣʦʪʥʦʛʦ, ʭʣʦʨʥʦʛʦ ʠ ʱʝʣʦʯʥʦʛʦ ʨʘʟ-

ʣʦʞʝʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʦʩʥʦʚʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʠʤʝʶʱʠʭ ʦʧʪʠʤʘʣʴʥʳʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʘʨʘʤʝʪʨ rʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ 

ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥʘ ʢʠʩʣʦʪʥʳʤ, ʭʣʦʨʥʳʤ ʠ ʱʝʣʦʯʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ 

ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 
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1. ʈʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʭʠʤʠʢʦ-ʬʠʟʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʚʢʣʶʯʘʷ ʩʠʣʠʢʘʪ-

ʥʳʡ, ʵʣʝʤʝʥʪʥʳʡ, ʭʠʤʠʯʝʩʢʠʡ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʡ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʪʝʨʤʠʯʝʩʢʠʡ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ)  ʧʨʦʚʝʜʝʥʦ  ʚʳʷʚʣʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ, ʵʣʝʤʝʥʪʥʦʛʦ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʦʚ ʜʣʷ  ʠʩʭʦʜʥʳʭ ʙʦʨʦï ʠ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʜʫʢʪʦʚ ʠʭ ʨʘʟʣʦʞʝʥʠʷ ʢʠʩʣʦʪʘʤʠ (ʘʟʦʪʥʦʡ, 

ʩʦʣʷʥʦʡ, ʩʝʨʥʦʡ), ʛʘʟʦʦʙʨʘʟʥʳʤ ʭʣʦʨʦʤ ʠ ʝʜʢʠʤ ʥʘʪʨʠʝʤ. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʦʣʠʥʦʚʳʝ ʛʣʠʥʳ, ʘʨʛʠʣʣʠʪʳ ʠ ʩʠʘʣʣʠʪʳ ʰʠʨʦʢʦ ʨʘʟ-

ʚʠʪʳʝ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʷʚʣʷʶʪʩʷ ʮʝʥʥʝʡʰʠʤ ʠʩʭʦʜʥʳʤ ʩʳʨʴʸʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʣʠʥʦʟʸʤʘ, ʢʚʘʨʮʘ, ʢʦʘʛʫʣʷʥʪʦʚ ʠ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

3. ʇʦʢʘʟʘʥ ʵʬʬʝʢʪ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʚ ʨʘʩʪʚʦʨ ʤʘʢʨʦ- ʠ ʤʠʢ-

ʨʦʢʦʤʧʦʥʝʥʪʦʚ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʩ ʠʟʙʠʨʘʪʝʣʴʥʳʤ ʭʣʦʨʠʨʦʚʘʥʠʝʤ 

ʦʢʩʠʜʦʚ.  

4. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ ʠ ʝʸ 

ʢʦʥʮʝʥʪʨʘʪʘ ʠʟʚʣʝʯʝʥʠʝ ʦʢʩʠʜʘ ʙʦʨʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʦʙʞʠʛ 

ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 950-980Áʉ. 

5. ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ 

ʨʫʜ ʠ ʠʟʫʯʝʥʳ ʧʨʦʜʫʢʪʳ ʢʠʩʣʦʪʥʦʛʦ, ʭʣʦʨʥʦʛʦ ʠ ʱʝʣʦʯʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʨʝʥʪʛʝ-

ʥʦʬʘʟʦʚʳʤ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʤ ʠ ʩʠʣʠʢʘʪʥʳʤ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. 

6. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ  ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʠʟʤʝʥʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʘʟʣʦʞʝʥʠʷ, 

ʚʳʯʠʩʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ ʧʨʦʪʝʢʘʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʢʠʩʣʦʪʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʨʫʜʳ (K1), ʝʸ ʭʣʦʨʠʨʦʚʘʥʠʠ 

(K2) ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ (K3). ʇʨʘʚʠʣʴʥʦʩʪʴ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʘ  

ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ  

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʸʪʘ  ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʤ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ  

ʤʝʪʦʜʘʤʠ. 

7. ʋʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʣʦʛʘʨʠʬʤʦʤ ʢʦʥʩʪʘʥʪ 

ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ (logk) ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ (logk1) ʠ ʙʦʨʘ (logk2) ʠʟ ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʳ 
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ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʮʝʥʢʝ ʢʘʞʫʱʝʡʩʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘ-

ʮʠʠ (E(k1), E(k2) ʠ E(k3)) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʧʨʦʮʝʩʩʦʚ. 

8. ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʭʦʜʥʳʭ, ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦ ʦʙʦʞʞʸʥʥʳʭ ʙʦʨʦï ʠ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʩ ʩʝʨʥʦʡ, ʩʦʣʷʥʦʡ ʠ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʘʤʠ, ʛʘʟʦʦʙʨʘʟʥʳʤ ʭʣʦʨʦʤ, ʝʜʢʠʤ ʥʘʪʨʠʝʤ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʢʠʩ-

ʣʦʪʥʳʤ, ʭʣʦʨʥʳʤ ʠ ʱʝʣʦʯʥʳʤ ʩʧʦʩʦʙʘʤʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦ- ʠ ɻ ʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʙʦʨʦï ʠ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʧʨʦʮʝʩʩʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʣʫʯʝʥʠʝʤ ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ, ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ, ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ, ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʙʫʨʳ ʠ ʜʨ. ʧʨʦʜʫʢʪʦʚ, ʩ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʧʨʠʝʤʣʝʤʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

1. ʆʩʫʱʝʩʪʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʳ: 

ï ʥʦʚʳʡ ʤʝʪʦʜ ʩ ʮʝʣʴʶ ʠʟʚʣʝʯʝʥʠʷ ʩʦʣʝʡ ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ ʠʟ ʚʳʩʦʢʦʞʝ-

ʣʝʟʠʩʪʳʭ ʩʠʘʣʣʠʪʦʚ ʧʫʪʤy ʭʣʦʨʠʨʦʚʘʥʠʷ, ʛʜʝ ʦʢʩʠʜʳ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ ʨʘʟʣʘ-

ʛʘʶʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦ. ɺ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʠʪʩʷ ʙʝʟ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ï 

ʫʛʣʷ (ʚʳʭʦʜ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ 96.74%), ʘ ʚʦ ʚʪʦʨʦʡ ʦʙʝʟʞʝʣʝʟʥʝʥʥʘʷ ʨʫʜʘ ʧʝʨʝʤʝ-

ʰʠʚʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʥyʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʛʣʷ, ʛʨʘʥʫʣʠʨʫʝʪʩʷ ʠ ʭʣʦʨʠʨʫʝʪʩʷ (ʚʳʭʦʜ 

ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ 96.74%), ʩ ʧʦʣʫʯʝʥʠʝʤ ʭʣʦʨʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ ʦʩʦʙʦʡ 

ʯʠʩʪʦʪʳ (ʄʘʣʳʡ ʧʘʪʝʥʪ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ TJ 996); 

ï ʥʦʚʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʩʪʘʜʠʷʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ  

ʩʫʣʴʬʘʪʠʟʘʮʠ ̫ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ɸʢ-ɸʨʭʘʨʘ, ʠʟʤʝʣʴʯʝʥʠʝ ʩʧʸʢʘ, ʧʦʩʣʝʜʫʶʱʝʝ 

ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʩʧʸʢʘ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʦʡ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ, ʠʩʢʣʶʯʘʶʱʝʝ 

ʧʨʦʮʝʩʩ ʦʙʞʠʛʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʣʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʭʦʜ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ ʝʸ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʄʘʣʳʡ ʧʘʪʝʥʪ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ TJ 1031); 
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ï ʤʝʪʦʜ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʢʘ-

ʛʠʜʨʘʪʘ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ï Na2CO3Ŀ10H2O (ʩʪʠʨʘʣʴʥʘʷ ʩʦʜʘ) (ʄʘʣʳʡ ʧʘʪʝʥʪ ʈʝʩ-

ʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ TJ 1341). 

2. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ (Si, Al , Fe, ʉʘ, ʄg, ʂ, Na ʠ ʜʨ.) ʠ ʦʧʨʝʜʝʣʝʥʳ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʳ (Sc, Cr, 

Mn, Co, Zn, As, Se, Rb, Sr, Cd, Sb, Cs, Ba, Ce, Nb, W, V, Ni, Pb, P, Zr ʠ ʜʨ.), ʥʘ ʦʩ-

ʥʦʚʝ ʢʦʪʦʨʳʭ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʢʠʩʣʦʪʥʦʡ, ʭʣʦʨʥʦʡ ʠ ʱʝʣʦʯʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ʊʘʜʞʠʢʠʩʪʘʥʘ. 

3. ʆʧʨʝʜʝʣʝʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʡ ʨʫ-

ʜʳ ʩ ʮʝʣʴʶ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʢʠʩʣʦʪʥʦʡ, ʭʣʦʨʥʦʡ ʠ ʱʝʣʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ, ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

4. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʚʘʨʮʘ ʠ ʦʙʝʟʞʝʣʝʟʥʝʥʥʦʛʦ ʢʘ-

ʦʣʠʥʘ ʠʟ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ɿɸʆ 

çʃʘʟʫʨʠʪè ʛ. ʊʫʨʩʫʥʟʘʜʝ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʢ ʚʥʝʜʨʝʥʠʶ. 

5. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʧʳʪʘʥʳ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ 

ʧʦʣʫʯʝʥʠʷ ʢʦʘʛʫʣʷʥʪʘ ʠʟ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʙʫʨʳ ʠ ʙʦʨ-

ʥʦʡ ʢʠʩʣʦʪʳ ʠʟ ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ  ɸʢ-ɸʨʭʘʨʘ ʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʪʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩ-

ʧʦʣɹʟʫʶʪʩʷ ʚ ʫʯʝʙʥʳʭ ʧʨʦʮʝʩʩʘʭ ʥʘ ʬʘʢʫʣʴʪʝʪʝ ʭʠʤʠʠ ʠ ʙʠʦʣʦʛʠʠ ɹʦʭʪʘʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ ʚ ʛ. ɹʦʭʪʘʨ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʙʘʢʘʣʘʚʨʦʚ ʠ ʤʘʛʠʩʪʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 02 - 04.06.01 ï ʍʠʤʠʷ ʠ ʙʠʦʣʦʛʠʷ ʠ 1 - 

31.05.01.01 ï ʇʨʠʢʣʘʜʥʘʷ ʭʠʤʠʷ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʘʭ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʅʀʈ ʥʘ ʢʘ-

ʬʝʜʨʝ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

(ʊʅʋ). 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʚʳʙʨʘʥʳ: ʙʦʨʦʩʠʣʠʢʘʪʥʳʝ ʨʫʜr ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢ-ɸʨʭʘʨ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘ-

ʪr, ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʨʫʜʳ ï ʢʘʦʣʠʥʦʚʘʷ ʛʣʠʥʘ, ʘʨʛʠʣʣʠʪʳ ʠ ʩʠʘʣʣʠʪʳ ɿʠʜʜʳ ʠ 

ʏʘʰʤʘ-ʉʘʥʛ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʵʣʝʤʝʥʪʥʦʛʦ, ʩʠʣʠʢʘʪʥʦʛʦ, 
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ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ (ʪʝʨʤʦʩʢʘʥ), 

ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ - ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ, ʩʠʩʪʝʤʥʳʡ.  

ʊʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʤʠ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ  

ʷʚʠʣʠʩʴ ʥʘʫʯʥʳʝ ʪʨʫʜʳ ʩʦʚʨʝʤʝʥʥʳʭ ʪʘʜʞʠʢʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʥyʳʭ-ʭʠʤʠʢʦʚ 

ʠ ʪʝʭʥʦʣʦʛʦʚ ʧʦ ʚʦʧʨʦʩʘʤ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʠ ʦʪʭʦʜʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʭʠʤʠʢʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ - ʢʘʦʣʠʥʦʚʳʭ ʛʣʠʥ, ʩʠʘʣʣʠʪʦʚ, ʘʨʛʠʣʣʠʪʦʚ ɿʠʜʜʳ ʠ 

ʏʘʰʤʘ-ʉʘʥʛ, ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ɸʢ-ɸʨʭʘʨʘ ʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʪʘ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʢʠʩʣʦʪʥʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ, ʭʣʦʨʠʨʦʚʘʥʠʷ ʠ ʱʝʣʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ 

ʩʳʨʴʷ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʦʚ.  

3. ʈʝʟʫʣʴʪʘʪʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʤ ʩʳʨʴʝ ʠ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʜʫʢʪʘʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʚʦʨʘʤʠ ʩ ʨʘʟʥʳʤʠ ʨʅ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʳʨʴʷ ʠ ʧʨʦʜʫʢʪʦʚ ʢʠʩʣʦʪʥʦʛʦ, 

ʱʝʣʦʯʥʦʛʦ ʠ ʭʣʦʨʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ, ʧʦʜʪʚʝʨʞʜʥy-

ʥʳʭ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʤ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ 

ʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʦʚ. 

5. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʨʦʮʝʩʩʘʭ ʢʠʩʣʦʪʥʦ-

ʛʦ, ʭʣʦʨʥʦʛʦ ʠ ʱʝʣʦʯʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, 

ʚʳʯʠʩʣʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʭ ɻʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʠ, ʚʳʷʚʣʝʥʠʝ ʩʫʱʥʦʩʪʠ ʠ 

ʤʝʭʘʥʠʟʤʦʚ  ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ. 

6. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʢʠʩʣʦʪʥʦʛʦ, 

ʭʣʦʨʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʠ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ʨʘʩʪʚʦʨʘʤʠ ʩʝʨʥʦʡ, ʩʦʣʷ-



17 

ʥʦʡ, ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʱʝʣʦʯʠ ʠ ʛʘʟʦʦʙʨʘʟʥʳʤ ʭʣʦʨʦʤ. 

7. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 

ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʯʝʨʝʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ "DANBURITE.exe". 

8. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠy-

ʤʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʢʦʤʧʣʝʢʩʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʨʦʮʝʩʩʦʚ ʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ 

ʭʣʦʨʠʨʦʚʘʥʠʷ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʊʘʜʞʠʢʠʩʪʘʥʘ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 40 ʩʪʘʪʝʡ ʚ ʚʝʜʫʱʠʭ ʨʝ-

ʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ, ʚʢʣʶʯʸʥʥʳʭ ʚ ʧʝʨʝ-

ʯʝʥʴ ɺɸʂ ʈʌ, ʙʦʣʝʝ 120 ʩʪʘʪʝʡ ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘʮʠʦʥʘʣʴʥʳʭ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʩʠʤʧʦʟʠʫʤʦʚ ʠ ʩʝʤʠʥʘʨʦʚ, ʦʧʫʙʣʠʢʦʚʘʥʳ 3 ʤʦʥʦ-

ʛʨʘʬʠʠ  ʠ ʧʦʣʫʯʝʥʳ 3 ʧʘʪʝʥʪʘ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʠ ʨʘʙʦʪʳ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʠ ʧʦʚʪʦʨʷʤʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘ-

ʥʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʰʠʨʦʢʦ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʤʝʪʦʜʦʚ, ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ-

ʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ, ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝ-

ʤʠʥʘʨʘʭ: ʥʘ ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʅʇʂ) ʧʨʦʬʝʩʩʦʨʩʢʦ-

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʫʜʝʥʪʦʚ (ɼʫʰʘʥʙʝ, 1999); ʅʘʫʯʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ "ʈʦʣʴ ʤʦʣʦʜʳʭ ʫʯʥyʳʭ ʚ ʨʘʟʚʠʪʠʠ ʥʘʫʢʠ" (ɼʫʰʘʥʙʝ, 1999); ʂʦʥʬʝ-

ʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʥyʳʭ (ɼʫʰʘʥʙʝ, 2000); ʅʘʫʯʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

"ʍʠʤʠʷ ʚ ʥʘʯʘʣʝ ʍʍI ʚʝʢʘ" (ɼʫʰʘʥʙʝ, 2000); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ɺʦʜ-

ʥʳʝ ʨʝʩʫʨʩʳ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʠʭ ʨʝʛʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ" (ɼʫʰʘʥʙʝ, 

2001); ʅʇʂ "ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʊʘʜʞʠʢʠʩʪʘʥʘ: ʧʨʦʙʣʝʤʳ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ" (ɼʫʰʘʥʙʝ, 2003); ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʅʇʂ "ɸʚʠʮʝʥʥʘ ʠ ʤʠʨʦʚʘʷ ʮʠʚʠʣʠʟʘʮʠʷ" (ʂʫʨʛʘʥ-ʊʶʙʝ, 2006); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ 
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ʅʇʂ "ʀʥʥʦʚʘʮʠʷ ï ʵʬʬʝʢʪʠʚʥʳʡ ʬʘʢʪʦʨ ʩʚʷʟʠ ʥʘʫʢʠ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ" (ɼʫʰʘʥʙʝ, 

2007); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ʅʘʫʢʘ ʠ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ: ʧʨʦʙʣʝ-

ʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ", ʧʦʩʚʷʱʸʥ. 60-ʣʝʪʠʶ ʊʘʜʞʠʢʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʮʠʦ-

ʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ɼʫʰʘʥʙʝ, 2008); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʅʇʂ "ʉʦʚʨʝʤʝʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʭʠʤʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʘʣʣʫʨʛʠʠ" (ɼʫʰʘʥʙʝ, 2009); ʅʫ-

ʤʘʥʦʚʩʢʠʭ ʯʪʝʥʠʷʭ (ɼʫʰʘʥʙʝ, 2009, 2014-2018); IV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʅʇʂ "ʇʝʨ-

ʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ" (ɼʫʰʘʥʙʝ, 2010); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʅʇʂ,  

ʧʦʩʚʷʱʸʥ. 100-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ ɸʅ ʈʊ ʉ. ʄ. ʖʩʫʧʦʚʦʡ "ɻʦʨʥʳʝ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ XXI ʚʝʢʝ" 

(ɼʫʰʘʥʙʝ, 2010); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʅʇʂ "ʈʦʣʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʚ ʫʯʝʥʠʠ ʠ 

ʚʦʩʧʠʪʘʥʠʠ ʤʦʣʦʜʦʛʦ ʧʦʢʦʣʝʥʠʷ" (ʂʫʨʛʘʥ-ʊʶʙʝ, 2010); VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦ-

ʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ" (ɺʣʘʜʠʢʘʚʢʘʟ, 2010); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ʅʦʚʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʠ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ 

ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ", ʧʦʩʚʷʱʸʥ. 80-ʣʝʪʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʊʘʜʞʠʢʩʢʦʛʦ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʉ. ɸʡʥʠ (ɼʫʰʘʥʙʝ, 2010); ʉʝ-

ʤʠʥʘʨʝ "2011 ʛʦʜ - ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʛʦʜ ʭʠʤʠʠ" ʠ "ʈʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʊʘʜʞʠʢʠʩʪʘʥʘ" (ɼʫʰʘʥʙʝ, 2011); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʅʇʂ "ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ", ʧʦʩʚʷʱʸʥ. 70-

ʣʝʪʠʶ ʜ.ʭ.ʥ., ʧʨʦʬ. ʆ. ɸ. ɸʟʠʟʢʫʣʦʚʦʡ (ɼʫʰʘʥʙʝ, 2011); V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʅʇʂ " 

ʇʝʨʩʧʝʢʪʠʚʳ ʠ ʧʨʠʤʝʥʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʩʪʨʘʥ ʉʅɻ" ʏʘʩʪʴ I ʠ II 

(ɼʫʰʘʥʙʝ, 2011); VII  Miedzynarodowej naukow i praktycznej konferencji "ʈerspek-

tywi czneopracowania sa nauka i technikami-2011" (Przemysl, Poland, 2011); VII  

ʄʝʞʜʫʥʘʨʦʜʥʘ ʥʘʫʯʥʘ ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʠʷ "ɹʲʜʝʱʝʪʦ ʚʲʧʨʦʩʠ ʦʪ ʩʚʝʪʘ ʥʘ 

ʥʘʫʢʘʪʘ - 2011" (ʉʦʬʠʷ, ɹʦʣʛʘʨʠʷ, 2011); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

"ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʳʭ ʙʦʛʘʪʩʪʚ 

ʊʫʨʢʤʝʥʠʩʪʘʥʘ" ʩ ʫʯʘʩʪʠʝʤ (ɸʰʭʘʙʘʜ, 2012); ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʝʤʠʥʘʨʝ "ʋʨʘʥʦ-

ʚʦʝ ʥʘʩʣʝʜʠʝ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ: ʧʨʦʙʣʝʤʳ ʠ ʨʝʰʝʥʠʷ" (ɼʫ-

ʰʘʥʙʝ, 2012); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʅʇʂ, ʧʦʩʚʷʱʸʥ. ɻʦʜʫ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ (ʂʫʨ-
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ʛʘʥ-ʊʶʙʝ, 2012); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʅʇʂ "ɺʢʣʘʜ ʙʠʦʣʦʛʠʠ ʠ ʭʠʤʠʠ ʚ ʦʙʝʩʧʝʯʝʥʠʝ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʘʟʚʠʪʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʊʘ-

ʜʞʠʢʠʩʪʘʥʝ", ʧʦʩʚʷʱʸʥ. 80-ʣʝʪʠʶ ʍʫʜʞʘʥʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɹ. ɻʘʬʫʨʦʚʘ (ʍʫʜʞʘʥʜ, 2012); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʅʇʂ "ʂʦʤ-

ʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʫʛʣʷ" (ɼʫʰʘʥʙʝ, 2013); ʈʝʩʧʫʙ-

ʣʠʢʘʥʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ʇʨʦʙʣʝʤʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʳ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ" (ɼʫʰʘʥʙʝ, 2013); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʅʇʂ 

"ʂʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ" (ɼʫʰʘʥʙʝ, 

ɻʋ ʅʀʀʄ ɻʋʇ " ʊɸʃʂʆ", 2013); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʅʇʂ ʧʦ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʤʫ 

ʦʙʨʘʟʦʚʘʥʠʶ "ʄʝʥʜʝʣʝʝʚʩʢʠʝ ʯʪʝʥʠʷ-2014" (ɹʨʝʩʪ, ɹʝʣʘʨʫʩʴ, 2014); ʄʝʞʜʫʥʘ-

ʨʦʜʥʦʡ ʅʇʂ "ʆʪ ʢʨʠʟʠʩʘ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ: ʤʠʨʦʚʦʡ ʦʧʳʪ ʠ ʈʦʩʩʠʡʩʢʘʷ ʧʨʘʢʪʠʢʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ" (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2014); 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʸʥ. ɼʥʁ ʤʦʣʦʜyʞʠ "ʄʦʣʦʜʞyʴ ʠ ʩʦʚʨʝʤʝʥ-

ʥʘʷ ʥʘʫʢʘ" (ɼʫʰʘʥʙʝ, 2014); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʅʇʂ "ʈʦʣʴ ʤʦʣʦʜʞyʠ ʚ ʨʝʰʝʥʠʠ 

ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʚ ʧʨʦʮʝʩʩʝ ʛʣʦʙʘʣʠʟʘʮʠʠ" (ɼʫʰʘʥʙʝ, 2014); ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʅʇʂ, ʧʦʩʚʷʱʸʥ. 1150-ʣʝʪʠʶ ɸʙʫ ʄʫʭʘʤʤʘʜ ʠʙʥ ɿʘʢʘʨʠʷ ʈʘʟʠ (ɼʫʰʘʥʙʝ, 2015); 

ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʅʇʂ "ʈʦʣʴ ʤʦʣʦʜʞyʠ ʚ ʨʘʟʚʠʪʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʢʠ" (ɼʫ-

ʰʘʥʙʝ, 2015); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʅʇʂ "ʈʦʣʴ ʤʦʣʦʜʳʭ ʫʯʥyʳʭ ʚ ʨʘʟʚʠʪʠʠ ʥʘʫʢʠ, ʠʥ-

ʥʦʚʘʮʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ" (ɼʫʰʘʥʙʝ, 2016); XIV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ʈʘʟ-

ʚʠʪʠʝ ʥʘʫʢʠ ʚ XXI ʚʝʢʝ" (ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ, 2016); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʅʇʂ "ʇʨʦ-

ʙʣʝʤʳ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ", ʧʦʩʚʷ-

ʱy ʥ. "ɼʥʶ ʭʠʤʠʢʘ" (ɼʫʰʘʥʙʝ, 2016); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʅʇʂ "ʇʝʨʩʧʝʢʪʠʚʳ ʠʥʥʦ-

ʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʟʚʠʪʠʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʊʘʜʞʠʢʠʩʪʘʥʘ" 

(ɼʫʰʘʥʙʝ, 2017); XXX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʅʇʂ "ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ" (ʉʘʤʘʨʘ, 2017); VI-th International Scientific Conference "Scientific 

archievments of the third millenium" (ʉhicago, USA, 2017); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʅʇʂ 

"ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʫʩʪʦʡʯʠʚʳʭ ʢ ʢʦʨʨʦʟʠʠ ʚ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ" (ɼʫʰʘʥʙʝ, 2018), International Conference "Scien-

tific  research of the SCO countries: Synergy and integration" (Beijing, China, 2019); IV 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ɺʦʧʨʦʩʳ ʬʠʟʠʯʝʩʢʦʡ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 
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ʭʠʤʠʠ" (ɼʫʰʘʥʙʝ, 2019), VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʅʇʂ "ʅʘʫʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʦ-

ʚʨʝʤʝʥʥʦʤ ʤʠʨʝ: ʚʳʟʦʚʳ ʍʍI ʚʝʢʘ" (ʅʫʨ-ʉʫʣʪʘʥ, ʂʘʟʘʭʩʪʘʥ, 2020), VII  ʄʝʞʜʫʥʘ-

ʨʦʜʥʦʡ ʅʇʂ "ʇʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʭʠʤʠʠ ʪʦʚʘʨʦʚ ʠ ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʳ" 

(ɸʥʜʠʞʘʥ,  ʋʟʙʝʢʠʩʪʘʥ, 2020); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʅʇʂ "ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ" (ɹʫʭʘʨʘ, ʋʟʙʝʢʠʩʪʘʥ, 2022); ʈʝʩʧʫʙʣʠʢʘʥ-

ʩʢʦʡ ʅʇʂ "ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ", 

ʧʦʩʚʷʱʸʥ. ʧʘʤʷʪʠ ɿʘʩʣʫʞʝʥʥʦʛʦ ʜʝʷʪʝʣʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʜʦʢʪʦʨʘ 

ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ, ʃ. ʉʦʣʠʝʚʘ (ɼʫʰʘʥʙʝ, 2023); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʅʇʂ  

"ʀʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ ʠ ʮʠʬʨʦʚʠʟʘʮʠʷ ʵʢʦʥʦʤʠʢʠ: ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ" (ɼʫʰʘʥ-

ʙʝ, 2023). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʙʠʨʘʣ ʤʝʪʦʜʦʣʦʛʠʶ ʠ 

ʚʳʙʦʨ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ, ʣʠʙʦ ʧʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠʣʠ ʧʨʠ 

ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ,  ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ 

ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ ʠ ʟʘʢʣʶʯʝʥʠʡ. ʀʤʝʥʘ ʩʦʘʚʪʦʨʦʚ ʫʢʘʟʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ ʘʚʪʦʨʘ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʫʢʦʧʠʩʴ 

ʦʙʲʸʤʦʤ 422 ʩʪʨʘʥʠʮ, ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ ʠ ʧʷʪʠ ʛʣʘʚ, ʢʦʪʦʨʳʝ ʧʦʩʚʷʱʝʥ  rʦʙʟʦ-

ʨʫ ʣʠʪʝʨʘʪʫʨʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞ-

ʜʝʥʠʶ, ʪʘʢʞʝ ʚʳʚʦʜʦʚ ʠ ʧʨʠʣʦʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʧʘʪʝʥʪʳ, ʘʢʪʳ ʚʥʝʜʨʝʥʠʷ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʘʢʪʳ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ 

ʨʫʜ. ʀʣʣʶʩʪʨʠʨʦʚʘʥʘ 125 ʨʠʩʫʥʢʘʤʠ, 106 ʪʘʙʣʠʮʘʤʠ. ʉʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘ-

ʪʫʨʳ ʚʢʣʶʯʘʝʪ 526 ʥʘʠʤʝʥʦʚʘʥʠʡ.  
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ɻʃɸɺɸ 1. ʉʆʉʊʆʗʅʀɽ ʇʈʆɹʃɽʄʓ ʀ ʆʇʈɽɼɽʃɽʅʀɽ ʆʉʅʆɺʅʆɻʆ 

ʅɸʇʈɸɺʃɽʅʀʗ ʀʉʉʃɽɼʆɺɸʅʀʁ ɹʆʈʆ- ʀ ɸʃʖʄʆʉʀʃʀʂɸʊʅʓʍ 

ʈʋɼ (ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ) 

 

1.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʙʦʨʦ- ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜʘʭ 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʤʠʛʨʘʮʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʦʨʘ, ʢʘʢ ʚ ʯʠʩʪʦʤ 

ʚʠʜʝ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʦʩʪʘʪʦʯ-

ʥʳʭ ʨʘʩʩʦʣʘʭ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʤʦʨʷʭ ʠ ʦʟʸʨʘʭ, ʧʨʠ ʵʪʦʤ  ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ (ʨʅ)  ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʨʘʪ-

ʥʭr ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺʦ ʚʩʝʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʙʦʨ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨ-

ʤʘʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʷʚʣʷʶʪʩʷ: 

ʠʥʴʦʠʪ ʉʘ2B6O11Ŀ13H2O, ʛʠʜʨʦʙʦʨʘʮʠʪ MgCaB6O11Ŀ6H2O, ʙʫʨʘ Na2B4O2Ŀ10H2O, 

ʢʘʣʠʙʦʨʠʪ ʂMg2B11O19Ŀ9H2O, ʫʣʝʢʩʠʪ NaʉʘB3O9Ŀ8H2O ʠ ʢʝʨʥʠʪ Na2B4O7Ŀ4H2O. 

ɹʦʨʘʪʳ ʚ ʩʦʩʪʘʚʝ ʛʘʣʦʛʝʥʥʳʭ ʧʦʨʦʜ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʢʦʧʣʝʥʠʷʤʠ  ʙʝ-

ʣʳʭ ʠʣʠ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ, ʠʤʝʶʱʠʭ ʤʦʥʦʢʣʠʥʥʫʶ, ʪʨʠ-

ʢʣʠʥʥʫʶ ʠʣʠ ʨʦʤʙʠʯʝʩʢʫʶ ʩʠʥʛʦʥʠ.ʁ ʊʚʨyʜʦʩʪʴ ʙʦʨʘʪʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

1-5, ʧʣʦʪʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ 1.6-2.7 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʚʠʜʘ ʠ ʩʪʨʫʢʪʫʨʳ. ʆʜʥʠ ʠʟ 

ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʠ ʙʦʛʘʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʦʨʘʪʥʳʭ ʠ ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʉʐɸ, ʌʈɻ, ʈʦʩʩʠʠ, ʊʫʨʮʠʠ, ʂʘʟʘʭʩʪʘʥʝ ʠ ʊʘʜʞʠʢʠʩʪʘʥʝ [1-5]. 

ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ: ʙʫʨʳ, ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʫʣʝʢʩʠ-

ʪʘ, ʢʝʨʥʠʪʘ, ʛʠʜʨʦʙʦʨʘʮʠʪʘ, ʜʘʪʦʣʠʪʘ ʠ ʜʘʥʙʫʨʠʪʘ ʧʨʠʚʝʜʝʥʳ  ʚ ʨʘʙʦʪʘʭ [6-10].  

ʅʘʨʷʜʫ ʩ ʢʨʫʧʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʙʦʨʘ, ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʠʤʝʶʪʩʷ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʶʤʠʥʠʷ 17-35% - ʊʫʨʧʠ, 

ɿʠʜʜʳ, ʏʘʰʤʘ-ʉʘʥʛ, ʂʫʨʛʦʚʘʜ ʠ ʜʨʫʛʠʝ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ  ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ 

ʙʘʟ ʙʦʨʥʳʭ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʯʪʦ ʚʳʟʚʘʥʦ ʥʦʚʳʤʠ ʨʘʟʚʝʜʘʥʥʳʤʠ ʚʠ-

ʜʘʤʠ ʠ ʪʠʧʘʤʠ ʙʦʨʦï ʠ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʧʦʣʫʯʝʥʠʷ ʢʨʫʧʥʳʭ ʢʦʣʠʯʝʩʪʚ ʙʦʨʘ ʠ ʛʣʠʥʦʟʤyʘ ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʠʭ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ. ʈʘʟʚʝʜʘʥʳ ʠ ʜʦʙʳʚʘʶʪʩʷ ʪʘʢʠʝ ʚʠʜʳ ʠ ʪʠʧʳ  ʩʳʨʴʷ, ʢʘʢ 

ʙʦʨʦʩʠʣʠʢʘʪʥʳʝ ʨʫʜʳ ï ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʙʫʨʠʪʘʤʠ, ʥʝʬʝʣʠʥʦʚʳʤʠ ʩʠʝʥʠʪʘ-
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ʤʠ, ʛʣʠʥʘʤʠ, ʢʘʦʣʠʥʘʤʠ, ʩʠʘʣʣʠʪʘʤʠ, ʩʪʘʚʨʦʣʠʪ-ʤʫʩʢʦʚʠʪʦʚʳʤʠ ʩʣʘʥʮʘʤʠ, ʥʠʟ-

ʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʙʦʢʩʠʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝ-

ʩʪʚʘʭ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʭ ʧʦ ʊʘʜʞʠʢʠʩʪʘʥʫ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ.  

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʟʘʥʠʤʘʶʠɦʭʩ ̫ʧʨʦʙʣʝʤʦʡ ʤʠʥʝʨʘʣʴʥʦ-

ʛʦ ʩʳʨʴʷ, ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʳʩʢʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝ-

ʨʝʨʘʙʦʪʢʠ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʙʦʨʦï ʠ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ ʨʫʜ, ʢʦʪʦʨʳʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ  ʛʣʠʥʘʤʠ, ʢʘʦʣʠʥʘʤʠ, ʘʣʫʥʠʪʘʤʠ, ʢʝʨʥʠʪʘʤʠ, ʩʘʩʦʣʠʥʘʤʠ, ʜʘʪʦʣʠʪʘʤʠ, 

ʩʶʜʘ ʞʝ ʥʫʞʥʦ ʦʪʥʝʩʪʠ ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʛʣʝʡ (ʰʣʘʢ ʠ ʟʦʣʘ) ʠ ʜʨʫʛʠʭ, 

ʠʟ ʩʦʩʪʘʚʘ ʢʦʪʦʨʳʭ ʠʟʚʣʝʢʘʶʪ  ʙʫʨʫ, ʛʣʠʥʦʟʸʤ, ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ, ʩʦʣʠ ʘʣʶʤʠʥʠʷ, 

ʩʦʜʫ, ʧʦʪʘʰ, ʩʝʨʥʦʢʠʩʣʳʡ ʢʘʣʠʡ, ʨʝʜʢʠʝ  ʤʝʪʘʣʣʳ, ʘ ʪʘʢʞʝ ʩʠʰʪʦʬ ï ʰʣʘʤ, ʠʩ-

ʧʦʣʴʟʫʶʱʠʡʩʷ ʜʘʣʝʝ ʚ ʮʝʤʝʥʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1-7, 10-13, 95,96]. 

ʆʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʢʘʢ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʚ ʩʦʩʪʘʚʝ ʵʪʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦ-

ʨʦʜ, ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʘʚʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʉʝʡʯʘʩ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 250 

ʤʠʥʝʨʘʣʦʚ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ  ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʶʤʠʥʠʡ, ʧʨʠʯʸʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ  ʷʚʣʷʝʪʩʷ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʚ ʧʨʠʨʦʜʝ ʧʦʣʫʯʠʣʠ ʪʘʢʠʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʧʦʨʦʜʳ, ʢʘʢ ʧʦʣʝʚʳʝ 

ʰʧʘʪʳ, ʚ ʦʩʥʦʚʥʦʤ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʚʠʜʝ ʤʠʥʝʨʘʣʦʚ ʤʠʢʨʦʢʣʠʥʘ ʠ ʘʣʴʙʠʪʘ, 

ʠʤʝʶʱʠʭ ʩʣʝʜʫʶʱʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ï Na[AlSi3O8], ʘ ʪʘʢʞʝ ʦʨʪʦʢʣʘʟʘ ʩ ʬʦʨ-

ʤʫʣʦʡ  - K[AlSi3O8], ʵʪʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ʥʘʭʦʜʷʪʩʷ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ 

ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʢʘʢ ʣʝʡʮʠʪʳ, ʥʝʬʝʣʠʥʳ, ʢʠʘʥʠʪʳ  ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʠʥʜʫʩʪʨʠʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʨʘʟʨʫʰʝʥʠʷ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʘʪʝʨʠʥʩʢʦʛʦ 

(ʧʝʨʚʠʯʥʦʛʦ) ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʧʨʦʠʩʭʦ-

ʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʜʦʯʝʨʥʠʭ ʧʦʨʦʜ  (ʚʪʦʨʠʯʥʳʭ) ï ʢʘʦʣʠʥʦʚ, ʘʣʫ-

ʥʠʪʦʚ, ʙʦʢʩʠʪʦʚ, ʚ ʢʦʪʦʨʳʭ  ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ ʦʢʩʠʜʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʳ-

ʩʦʢʦʝ. ʆʙʟʦʨʥʘʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʧʦ-

ʜʨʦʙʥʦ ʠʟʣʦʞʝʥʘ ʚ [11-19]. 
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1.2. ʌʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ ʠ  

ʙʦʨʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ 

ʕʣʝʤʝʥʪʘʨʥʳʡ ʙʦʨ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʯʠʩʪʦʪʦʡ 99.5-99.9%, ʝʛʦ ʧʦʣʫʯʘʶʪ  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʘʣʦʛʝʥʠʜʦʚ ʙʦʨʘ ʯʠʩʪʳʤ ʚʦʜʦʨʦʜʦʤ [20, 

21], ʠʣʠ ʪʝʨʤʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʝʡ ʛʘʣʦʛʝʥʠʜʦʚ ʙʦʨʘ ʥʘ ʥʘʢʘʣʥyʥrʭ ʥʠʪ̫ʭ [22], 

ʣʠʙʦ ʢʨʝʢʠʥʛʦʤ ʨʘʟʣʠʯʥʳʭ ʙʦʨʦʚʦʜʦʨʦʜʦʚ [23, 24]. ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚ  

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ  ʠʭ ʠʟʚʝʩʪʥʳʝ 

ʚʘʨʠʘʮʠʠ [25]. 

ʇʦʣʫʯʝʥʠʝ ʛʠʜʨʠʜʘ ʙʦʨʘ. ɺ ʪʝʯʝʥʠʝ 1920-1930 ʛʛ. ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ 

ʛʠʜʨʠʜʳ ʯʠʩʪʦ ʵʢʟʦʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʉʝʡʯʘʩ  ʥʘʣʘʞʝʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘ ʢʦʪʦʨʳʭ  ʧʦʣʫʯʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʥʘʨʥʳʭ ʛʠʜʨʠʜʦʚ ʠ ʙʦʨʦ-

ʛʠʜʨʠʜʦʚ ʨʘʟʣʠʯʥʳʭ  ʤʝʪʘʣʣʦʚ. ʊʘʢʞʝ ʦʩʫʱʝʩʪʚʣʸʥ ʩʠʥʪʝʟ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩ-

ʥʭr ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʩ ʙʦʨʦ-ʚʦʜʦʨʦʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ  ʧʦ-

ʣʫʯʝʥʠʝ  ʠʟ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʛʠʜʨʠʜʦʚ (ʙʦʨʦʛʠʜ-

ʨʠʜʦʚ ʠ ʘʣʶʤʦʛʠʜʨʠʜʦʚ) ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʘ [26-35]. 

ɺʦʜʦʨʦʩʦʜʝʨʞʘʰʠʝ ʣʠʛʘʥʜʳ ʙʦʨʘ ʧʦʣʫʯʘʶʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ: 

MgB2 + HCl Ÿ MgCl2 + B2H6 ( B4H10, B5H9, B6H10, B5H11, B10H14) [36-38,  361-

365]. 

ɺ ʪʘʙʣʠʮʘʭ 1.1-1.3 ʧʨʠʚʝʜʝʥʳ ʩʚʦʡʩʪʚʘ, ʩʪʨʦʝʥʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʚ 

ʙʦʨʘʥʘʭ. ʉʪʨʦʝʥʠʝ ʙʦʨʘʥʦʚ ʚʛrʣʷʜʠʪ ʩʣʝʜʫʶʠɦʤ ʦʙʨʘʟʦʤ (ʨʠʩʫʥʦʢ  1.1). 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʥʠʜʦʙʦʨʘʥʳ BnH4+n (ʥʠʜʦ - "ʛʥʝʟʜʳʰʢʦ") ʠ 

ʘʨʘʭʥʦʙʦʨʘʥʳ BnH6+n (ʘʨʘʭʥʦ - "ʧʘʫʪʠʥʢʘ"), ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʝ 1.2. 

ʉʦʛʣʘʩʥʦ ʩʪʨʦʝʥʠʷ ʙʦʨʘʥʦʚ ʥʝ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪ ɹ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ (ʪʘʙʣʠʮʘ 1.3). 

 

 

 

 

 



24 

ʊʘʙʣʠʮʘ 1.1 ï ʉʚʦʡʩʪʚʘ ʙʦʨʘʥʦʚ 

ʉʦʩʪʘʚ ʅʘʟʚʘʥʠʝ ʊʧʣ., Áʉ ʊʢʠʧ., Áʉ ȹHf
 ʦ
, ʢɼʞ/ʤʦʣʴ 

B2H6 ɼʠʙʦʨʘʥ -165.6 -92.6 36 

B4H10 ʊʝʪʨʘʙʦʨʘʥ -120 18 - 

B5H9 ʇʝʥʪʘʙʦʨʘʥ-9 -46.8 60 54 

B5H11 ʇʝʥʪʘʙʦʨʘʥ-11 -122 65 - 

B6H10 ɻʝʢʩʘʙʦʨʘʥ-10 -62.3 - 71 

B6H12 ɻʝʢʩʘʴʦʨʘʥ-12 -82.3 80 - 

B 8H12 ʆʢʪʘʙʦʨʘʥ-12 -20 - - 

B 8H18 ʆʢʪʘʙʦʨʘʥ-18 - - - 

B9H15 ʕʥʥʝʘʙʦʨʘʥ-15 2.6 - - 

B10H14 ɼʝʢʘʙʦʨʘʥ-14 99.5 213 32 

 

 

ʈʠʩʫʥʦʢ 1.1ïʉʪʨʦʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʙʦʨʘʥʦʚ. 
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ʊʘʙʣʠʮʘ 1.2ï ʉʪʨʦʝʥʠʝ ʥʠʜʦ- ʠ ʘʨʘʭʥʦʙʦʨʘʥʦʚ 

ɸʨʘʭʥʦ- ʅʠʜʦ- ʂʣʦʟʦ- 
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ʊʘʙʣʠʮʘ 1.3 ï ʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʚ ʙʦʨʘʥʘʭ 

ʉʦʩʪʘʚ ʏʠʩʣʦ ʘʪ. 

ʦʨʙʠʪʘʣʝʡ 

ʏʠʩʣʦ ʚʘ-

ʣʝʥʪʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ 

ʏʠʩʣʦ ʪʨʝʭ-

ʮʝʥʪʨʦʚʳʭ 

ʩʚʷʟʝʡ 

BHB BBB 

(ʟ) 

BBB 

(ʦʪ) 

B2H5 8+6=14 6+6=1 2 2 2 - - 

B4H10 16+10=26 12+10=22 4 4 - - 

B5H9 20+9=29 15+9=24 5 4 1 - 

B5H11 20+1 1=31 15+1 1=26 5 3 2 - 

B6H10 24+10=34 18+10=28 6 4 2 - 

B6H12 24+12=36 18+12=30 6 4 2 - 

B8H12 32+12=44 24+12=36 8 4 4 - 

B10H14 40+14=54 30+14=44 10 4 4 2 

B10H16 40+16=56 30+16=46 10 8 2 - 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʩʪʘʚʝ ʙʦʨʘʥʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʚʨʘʝɦʥʠʝ 

ʥʠʟʰʠʭ ʙʦʨʘʥʦʚ ʚ ʚʳʩʰʠʝ ʙʦʨʘʥʳ (ʨʠʩʫʥʦʢ 1.2). 

B4H6 B5H9

B2H6

B10H14 B5H11

60 oC

200 oC

25 oC

100 oC

180
oC

120 oC
18

0
o C

95
o C

 

ʈʠʩʫʥʦʢ 1.2 ï ʊʝʨʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʧʨʝʚʨʘʱʝʥʠʝ ʙʦʨʘʥʦʚ. 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʙʦʨʘʥʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪ ɹʩʣʝʜʫʶʱʠʤʠ ʨʝʘʢʮʠʷʤʠ [39-43]: 

2NaBH4 + I2 Ÿ B2H6 + 2NaI + H2 (ʚ ʨʘʩʪʚʦʨʝ ʜʠʛʣʠʤʘ, ʚʳʭʦʜ 99%), 

2NaBH4 + H3PO4 Ÿ B2H6 + 2NaH2PO4 + 2H2 (ʧʨʠ 70Áʉ),  

3NaBH4 + 4Et2OÅBF3 Ÿ 2B2H6 + 2NaBF4 + 4Et2O (ʚ ʨʘʩʪʚʦʨʝ ʜʠʛʣʠʤʘ),  
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2BF3 + 6NaBH4 Ÿ B2H6 + 6NaF (ʧʨʠ 180Áʉ).  

ʀʟ ʙʦʨʘʥʦʚ ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʢʩʠʜʳ ʠ ʭʣʦʨʠʜʳ ʙʦʨʘ, ʨʘʟʣʠʯʥʳʝ 

ʛʘʣʦʛʝʥʠʜʳ ʙʦʨʘʥʦʚ:  

B2H6 + 3O2 Ÿ B2O3 + 3H2O,      æHo = -2165 ʢɼʞ/ʤʦʣʴ,   

B2H6 + HCl  Ÿ B2H5Cl + H2 (ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ),  

B2H6 + 3Cl2 Ÿ 2BCl3 + 6HCl.  

ʂʠʩʣʦʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʦʨʘ. ʆʜʥʠʤʠ ʠʟ ʚʘʞʥʳʭ ʙʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚ-

ʣʷʶʪʩʷ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʠʤʝʥʥʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ï ʦʩʥʦʚʥʦʡ ʠʩʪʦʯ-

ʥʠʢ ʧʨʠʨʦʜʥʳʭ ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ,  ʠ ʦʩʥʦʚʥʳʝ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʙʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʦ-

ʛʦ ʚʥʠʤʘʥʠʷ  ʟʘʩʣʫʞʠʚʘʶʪ  ʪʘʢʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ, ʢʘʢ ʙʦʨʘʪʳ, ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ, ʙʫ-

ʨʘ, ʙʦʨʥʳʡ ʘʥʛʠʜʨʠʜ, ʭʦʪʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʵʪʠʤ ʢʣʘʩʩʘʤ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʚʷʱʝʥʦ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʥʘʫʯʥʳʭ ʨʘʙʦʪ [36-38], ʦʜʥʘʢʦ ʨʘʙʦʪʳ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ.   

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʨ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʥʦʩʪʠ ʩ ʢʠʩʣʦ-

ʨʦʜʦʤ ʦʙʨʘʟʫʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʥyʥr-

ʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ ʙʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ 32OB  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  

ʝʤʫ ʢʠʩʣʦʪ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʠ ʤʥʦʛʠʭ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʫʙʦʢʩʠʜʦʚ 

ʙʦʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʘʢʠʭ, ʢʘʢ OB7 , 24OB , OB2 , 34OB , 22OB , BO, 54OB  ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʸʪʩʷ ʥʝʜʦʢʘʟʘʥʥʳʤ (OB7 , 24OB ), ʘ ʜʨʫʛʠʝ (BO,

22OB ) ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʚ ʦʩʦʙʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ,  ʧʨʠ ʚʳʩʦʢʦʪʝʤ-

ʧʝʨʘʪʫʨʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʦʢʩʠʜʘ ʙʦʨʘ ʠʣʠ ʙʦʨʥʦʛʦ  ʘʥʛʠʜʨʠʜʘ, ʘ ʪʘʢʞʝ  ʚ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʦʣʠʟʘ ʥʠʟʰʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʙʦʨʥʳʭ  ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʥʝʢʦ-

ʪʦʨʳʭ ʙʦʨʠʜʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʩʫʙʦʢʩʠʜʦʚ ʙʦʨʘ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʠʣʠ ʞʝ ʥʝ ʠʟʫʯʝʥʳ  

ʩʦʚʩʝʤ. 

ʉʨʝʜʠ ʢʠʩʣʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ ʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʪʁʩʷ 32OB , H3BO3 ʠ 

ʜʨ. [36-38, 39-43] (ʨʠʩʫʥʢʠ 1.3-1.5). 
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ʈʠʩʫʥʦʢ 1.3 ï ʉʪʨʦʝʥʠʝ, ʩʚʦʡʩʪʚʘ ʠ ʧʦʣʫʯʝʥʠʝ  32OB .  

 

ʈʠʩʫʥʦʢ 1.4 - ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ B(OH)3. 

 

ʈʠʩʫʥʦʢ 1.5 -  ʊ-ʭ ʜʠʘʛʨʘʤʤʘ B2O3-H2O. 
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ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ HBO2 (ʪʘʙʣʠʮʘ 1.4). 

 

ʊʘʙʣʠʮʘ 1.4 ï ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ HBO2 

ʄʦʜʠʬʠʢʘʮʠʷ 
ʉʪʨʫʢʪʫʨʥʳʡ 

ʤʦʪʠʚ 
ʊʧʣ, Áʉ 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʯʠʩʣʦ ɺ 
d, ʛ/ʩʤ

2 

ʈʦʤʙʠʯʝʩʢʘʷ ʩʣʦʠ B2O3
-
(OH)3 176 3 1,874 

ʄʦʥʦʢʣʠʥʥʘʷ ʮʝʧʠ B3O4(OH)2 201 3,4 2,045 

ʂʫʙʠʯʝʩʢʘʷ ʢʘʨʢʘʩ B3O4
- 

236 4 2,487 

 

ʈʘʩʧʘʜ ʩʦʝʜʠʥʠʝʥʠʷ B(OH)3 ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʨʘʪʦʚ: 

B(OH)3 + H2O Ÿ H3O
+
 + [B(OH)]

-
. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʪʨʦʝʥʠʝ ʙʦʨʘʪ-ʠʦʥʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.5 ʠ ʥʘ 

ʨʠʩʫʥʢʝ 1.6. 

 

ʊʘʙʣʠʮʘ 1.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʦʨʘʪ-ʠʦʥʦʚ [39-43] 

ʉʦʦʪʥʦʰʝʥʠʝ ʆ:ɺ ʉʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʏʠʩʣʦ ʤʦʩʪʠʢʦʚʳʭ ʆ 

3 ʦʨʪʦʙʦʨʘʪʳ BO3
3- 

0 

2,5 ʧʠʨʦʙʦʨʘʪʳ B2O5
4- 

1 

2 ʤʝʪʘʙʦʨʘʪʳ, ʮʠʢʣʳ 2 

1,5 B2O3-ʮʝʧʠ 3 

 

ʇʨʦʩʪʝʡʰʠʤ ʧʫʪʸʤ ʧʦʣʫʯʝʥʠʷ ʙʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʩʯʠʪʘʝʪʩʷ ʜʝʛʠʜʨʘʪʘʮʠʷ 

ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ. ʇʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩʳ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʥʠʞʝ. 

ʉʫʱʝʩʪʚʫʝʪ ʠʟʚʝʩʪʥʳʝ ʚ ʥʘʫʢʝ ʜʚʝ ʤʦʜʠʬʠʢʘʮʠʠ ʙʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ï ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʘʷ ʠ ʩʪʝʢʣʦʦʙʨʘʟʥʘʷ. ʇʝʨʚʘʷ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. 

ɺʪʦʨʘʷ ʧʨʠʦʙʨʝʪʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʜʝʛʠʜʨʘʪʘʮʠʦʥʥʦʛʦ ʦʙʞʠʛʘ33BOH  ʙʝʟ ʦʩʦʙʦʛʦ 

ʪʨʫʜʘ. ɺ ʣʘʙʦʨʘʪʦʨʠʷʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʩʦʙʦ ʯʠʩʪʦʛʦ ʙʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʧʨʠʤʝʥʷ-

ʶʪ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʫʶ ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ, ʠ ʜʝʛʠʜʨʘʪʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ 

ʧʣʘʪʠʥʦʚʳʭ ʯʘʰʢʘʭ. ɺ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʛʠʜʨʠ-
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ʜʘ ʙʦʨʘ ʧʨʠʤʝʥʷʶʪ ʞʝʣʝʟʥʳʝ ʠʣʠ ʩʪʘʣʴʥʳʝ ʧʦʩʫʜʳ. ʊʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʙʦʨ-

ʥʦʡ ʢʠʩʣʦʪ rʧʨʦʚʦʜʷʪ  ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʝ 600Üʉ. 

 

ʈʠʩʫʥʦʢ 1.6 ï ʉʪʨʦʝʥʠʝ ʙʦʨʘʪ-ʠʦʥʦʚ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʪʨʘʛʠʜʨʦʙʦʨʘʪʦʚ ʈɿʄ ʩ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ ʠʟʫʯʝʥʦ ʚ [44]. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʚʸʨʜʳʭ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘʪʦʚ ʪʝʪʨʘʛʠʜʨʦʙʦʨʘʪʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʈɿʄ) ʠ ʠʭ ʵʪʠʣʝʥʜʠʘʤʠʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʚʳʟʳʚʘʝʪ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩʣʝʜʫʶʱʝʛʦ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ - EnBHLn 4)( 34 Ö ( Ln ï La, Gd, 

Lu; En ï ʨʘʩʪʚʦʨ ʵʪʠʣʝʥʜʠʘʤʠʥʘ). 

ɺ ʧʨʦʮʝʩʩʘʭ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘʪʦʚ 

ʪʝʪʨʘʛʠʜʨʦʙʦʨʘʪʦʚ ʥʝʦʜʠʤʘ ʠ ʣʘʥʪʘʥʘ ʚ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʫʯʝʥʦ [45], ʯʪʦ 

ʧʨʦʮʝʩʩ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʩʪʫʧʝʥʯʘʪʦ ʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 300 K. ʉ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪ-

ʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ ʜʝʩʦʣʚɹʘʪʘʮʠʠ ʩʤʝʱʘʝʪʩʷ ʚ ʩʬʝʨʫ ʙʦʣʝʝ ʚʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝ-

ʨʘʪʫʨ.  

ʇʨʦʚʦʜʠʣʠʩ ɹʠʟʳʩʢʘʥʠʷ ʩʠʥʪʝʟʘ ʩʦʣʝʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦ ʠʟ ʘʮʠʜʦʢʦʤʧʣʝʢʩʦʚ ʙʦʨʥʦʡ ʠ ʤʠʥʜʘʣʴʥʦʡ ʙʦʨʥʦʡ, ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʠʟ ʨʘʩ-

ʪʚʦʨʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʤʠʥʜʘʣʴ-

ʥʦʡ ʢʠʩʣʦʪʦʡ [46]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʦʨʦʩʠʣʠʢʘʪʥʳʝ ʨʫʜʳ  
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ʩʣʝʜʫʶʱʠʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ: ʜʚʫʭʚʦʜʥʳʡ ʛʠʧʩ  56.48 ʤʘʩ%; ʛʠʜʨʦʙʦ-

ʨʘʮʠʪ ï 7.40 ʤʘʩ%; ʘʰʘʨʠʪ ï 4.83 ʤʘʩ%. 

ʀʟʚʝʩʪʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʚʳʜʝʣʝʥʠʝ ʦʢʩʠʜʦʚ ʙʦʨʘ ʠʟ ʩʦʩʪʘʚʘ ʚʳʩʦʢʦʤʠ-

ʥʝʨʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠ ʧʦʤʦʱʠ ʩʝʣʝʢʪʠʚʥʳʭ ʩʦʨʙʝʥʪʦʚ [47], ʘ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩ ʮʝʣʴʶ 

ʫʚʝʣʠʯʝʥʠʷ ʝʸ ʚʳʭʦʜʘ ʠʟʫʯʝʥ ʚ [48]. 

ɺ ʨʘʙʦʪʝ [49] ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ  ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʧʫʟʳʨʴʢʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʚʨʝʤʝʥʠ ʠʭ ʧʨʠʣʠʧʘʥʠʷ ʢ ʙʦʨʘʪʥʳʤ 

ʩʠʣʠʢʘʪʘʤ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʦʙʫʩʣʦʚʣʝʥ  ʛʠʜʨʘʪʘʮʠʝʡ ʧʦʣʷʨʥʳʭ ʠ 

ʥʝʧʦʣʷʨʥʳʭ ʛʨʫʧʧ ʩʦʝʜʠʥʝʥʠʡ ʩ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ  ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤʠ 

ʩʣʦʸʚ ʘʜʩʦʨʙʮʠʠ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʩʥʠʞʘʪʴ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟ "ʛʘʟ - ʞʠʜʢʦʩʪʴ".   

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʠ ʛʘʟʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʠʭ ʚʣʠʷʥʠʠ ʥʘ 

ʧʨʠʤʠʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠʣʠʧʘʥʠʷ ʙʦʨʦʩʠʣʠʢʘʪʦʚ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ  

ʨʝʘʛʝʥʪ r[50].  ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ   ʚ ʤʠʥʝʨʘʣʘʭ ʘʢʩʠʥʠʪʘ ʧʨʦʠʩʭʦ-

ʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʠʥʜʫʢʮʠʠ ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʣʠʧʘʥʠʷ ʧʫʟʳʨʴ-

ʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʬʣʦʪʘʮʠʠ. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʨʝʘ-

ʛʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʟʳʨʴʢʘ ʫʩʠʣʠʚʘʝʪʩʷ, ʧʦʜʦʙʘʶʱʠʤ ʦʙʨʘʟʦʤ ʤʝʥʷʝʪʩʷ ʠ 

ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʢʨʝʤʥʝʬʪʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ ʥʘ 

ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʘʪʦʣʠʪʘ, ʜʘʥʙʫʨʠʪʘ ʠ ʛʨʘʥʘʪʘ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦʯʪʠ ʥʝ ʤʝʥʷʝʪʩʷ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝ-

ʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʘʪʦʣʠʪʘ [51]. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʦʥ 3

3

-BO  ʥʝ 

ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʧʦʪʝʥʮʠʘʣ-ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʦʥʦʚ, ʭʦʪʷ  ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝ-

ʰʸʪʢʝ ʜʘʪʦʣʠʪʘ ʙʦʨ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ.  

ʀʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ  - 

ʜʘʥʙʫʨʠʪʘ ʠ ʛʨʘʥʘʪʘ ʠ ʜʘʥʙʫʨʠʪʘ ʧʦʢʘʟʘʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʡ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʨʝʤʥʝʬʪʦʨʠʜʘ 

ʥʘʪʨʠʷ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʩʫʩʧʝʥʟʠʠ ʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʩʫʩʧʝʥʟʠʠ ʜʘʥʙʫʨʠʪʘ ʠ ʜʘʪʦʣʠʪʘ  ʧʨʠ ʚʚʝʜʝʥʠʠ  ʚ ʧʨʦʮʝʩʩ  
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ʬʣʦʪʦʨʝʘʛʝʥʪʘ - ʢʨʝʤʥʝʬʪʦʨʠʜʘ ʥʘʪʨʠʷ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦ, ʘ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʤʠʥʝʨʘʣʴʥʦʡ ʩʫʩʧʝʥʟʠʠ ʛʨʘʥʘʪʘ  ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦ-

ʚʠʷʭ  ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʘʣʴʮʠʷ.  ʕʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʜʝʨʞʘ-

ʥʠʷ ʢʘʣʴʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʶʪ ʥʘ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣ rʤʠʥʝʨʘ-

ʣʦʚ, ʧʦʩʢʦʣʴʢʫ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʘʢʦʧʣʝʥʠʷ ʠʦʥʦʚ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʯʘʩʪʠ 

ʜʚʦʡʥʦʛʦ ʩʣʦʷ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʙʦʨʥʳʡ ʘʥʛʠʜʨʠʜ ʧʨʝʜʩʪʘʚʣʝʥ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫ-

ʨʦʡ ʠ ʧʦʩʣʝ ʩʥʷʪʠʷ ʝʛʦ ʩʧʝʮʠʬʠʯʥʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʛʦ ʩʪʨʫʢʪʫ-

ʨʘ ʷʚʣʷʝʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ  ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ: 

ʘ = 4.325 ¡,  ʩ = 8.317 ¡ [52]. 

ɻʘʣʦʛʝʥʠʜʳ ʙʦʨʘ.  ʉʠʥʪʝʟ ʪʨyʭʬʪʦʨʠʩʪʦʛʦ ʙʦʨʘ ʦʩʫʱʝʩʪʚʣʸʥ ʯʝʨʝʟ ʩʦʚʤʝʩʪ-

ʥʦʝ ʩʧʣʘʚʣʝʥʠʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ  ʩ ʧʣʘʚʠʢʦʚʳʤ ʰʧʘʪʦʤ  ʝʱy ʚ 1808 ʛ. ʩʦ ʩʪʦʨʦʥ r

ʙʨʠʪʘʥʩʢʦʛʦ ʭʠʤʠʢʘ, ʦʜʥʦʛʦ ʠʟ  ʦʩʥʦʚʘʪʝʣʝʡ ʵʣʝʢʪʨʦʭʠʤʠʠ ɻʝʤʬʨʠ ɼɻʚʠ. ʇʨʘʢ-

ʪʠʯʝʩʢʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʪʘʢʦʡ ʞʝ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʬʪʦʨʠʜʘ ʙʦʨʘ 3BF  ʙʳʣ ʨʘʟʨʘʙʦ-

ʪʘʥ ɻʝʡ-ʃʶʩʩʘʢʦʤ ʠ ʊʝʥʘʨʦʤ. ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ ʪʨʸʭʬʪʦʨʠʩʪʳʡ ʙʦʨ ʩʯʠʪʘʝʪʩʷ ʦʜ-

ʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ ʠ ʝʛʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʥʪʝʟʘʭ. 

ʀʟʚʝʩʪʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʥʦʛʦ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ ʪʨʸʭʬʪʦʨʠʩʪʦʛʦ ʙʦʨʘ [53-56], 

ʪʝʤ ʥʝ ʤʝʥʝʝ, ʧʦ ʦʮʝʥʢʝ ʘʚʪʦʨʦʚ ʨʘʙʦʪʳ [54], ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʘʧʧʘʨʘ-

ʪʫʨʥʦʤ ʦʬʦʨʤʣʝʥʠʠ ʠ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʯʠʪʘʝʪʩʷ ʧʨʠʚʝʜʥyʥʡr ʥʠʞʝ ʢʠʩʣʦʪʥʳʡ 

ʩʧʦʩʦʙ: 

OHHSOCaBFSOHOBCaF 224342322 3)(3263 ++++ . 

ɸʚʪʦʨʦʤ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ ʩʯʠʪʘʝʪʩʷ ɻʝʤʬʨʠ ɼɻʚʠ ʠ 

ʵʪʦʪ  ʤʝʪʦʜ  ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʥyʥʳʤ ʠ ʢʣʘʩʩʠʯʝʩʢʠʤ ʣʘʙʦʨʘʪʦʨʥʳʤ 

ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ BF3. ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝʜʥyʥʦʡ ʚ ʤʦʥʦʛʨʘʬʠʠ [54], ʨʝ-

ʢʦʤʝʥʜʦʚʘʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʮʝʩʩ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʠʟ ʠʟʤʝʣʴʯʸʥʥʳʭ ʧʦ-

ʨʦʰʢʦʚ 32OB   ʠ  2CaF  ʛʦʪʦʚʠʪʩʷ ʩʤʝʩʴ ʧʦ ʚʝʩʦʚʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ 1:2, ʜʘʣʝʝ ʧʦʤʝ-

ʱʘʝʪʩʷ ʚ ʢʦʣʙʫ ɺʶʨʮʘ, ʚ ʢʦʪʦʨʫʶ ʪʘʢʞʝ ʜʦʙʘʚʣʷʶʪ ʧʷʪʠʢʨʘʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨ-

ʥʦʡ ʢʠʩʣʦʪʳ (ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ, ʩ ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ 1.84). ʉʦʜʝʨʞʠʤʦʝ ʢʦʣʙʳ  

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘʛʨʝʚʘʶʪ, ʧʣʘʚʥʦ ʧʦʚʳʰʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ  
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200-250ÁC. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʚʳʭʦʜ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ  

ʜʦʩʪʠʛʘʝʪ 70% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʪyʦʚ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ  ʜʦ 180ÁC ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 

ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦ, ʧʨʠ ʵʪʦʤ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ ʩʘʤʦʡ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʩʦʟʜʘʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʝʸ ʠʟʙʳʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ, ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʣʝʫʤʘ [56]. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʚr ʭʦʜ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ ʧʦʣʫʯʝʥ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: 

OHKHSOBFSOHOBKBF 24342324 36866 ++=++ . 

ʊʘʢʞʝ ʦʧʪʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʪʨʭyʬʪʦʨʠʩʪʦʛʦ ʙʦʨʘ 3BF  ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʳʰʝ-

ʫʢʘʟʘʥʥʦʡ ʨʝʘʢʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ  ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʨʝʘʢʮʠʶ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʦ 

ʦʣʝʫʤʘ 342 SOSOH Ö  ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʮʝʩʩʘ, ʨʘʚʥʦʡ 180ÁC [56]. 

ʍʣʦʨʠʜʳ ʙʦʨʘ. ʉʘʤʳʤ ʠʟʚʝʩʪʥʳʤ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʧʨʘʢʪʠʢʝ ʷʚʣʷ-

ʝʪʩʷ 3BCl , ʝʱʸ ʜʚʘ ʪʠʧʘ ʭʣʦʨʠʜʦʚ ʙʦʨʘ - 42ClB  ʠ 44ClB  ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʧʝʨʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʨʘʟʨʷʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʨʸʭʭʣʦʨʠʩʪʳʡ 

ʙʦʨ (3BCl ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʣʴʥʦ ʙʫʨʣʷʱʫ  ʁʞʠʜʢʦʩʪʴ, 42ClB  - ʷʚʣʷʝʪʩʷ ʩʘʤʦ-

ʚʦʩʧʣʘʤʝʥʷʶʱʝʡʩʷ ʥʘ ʚʦʟʜʫʭʝ ʪʝʨʤʠʯʝʩʢʠ ʤʘʣʦʫʩʪʦʡʯʠʚʦʡ ʞʠʜʢʦʩʪʴʶ. ʏʝʪʳʨʭy-

ʭʣʦʨʠʩʪʳʡ ʙʦʨ ( 44ClB )  ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʪyʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ, ʵʪʦ ʣʝʪʫʯʝʝ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʣʝʛʢʦ ʚʦʩʧʣʘʤʝʥʷʶʱʝʝʩʷ  ʚ ʢʠʩʣʦʨʦʜʝ ʚʦʟʜʫʭʘ [52]. 

ʊʨʸʭʭʣʦʨʠʩʪʳʡ ʙʦʨ ( 3BCl ). ʉʠʥʪʝʟ ʪʨʸʭʭʣʦʨʠʩʪʦʛʦ ʙʦʨʘ (3BCl ) ʦʩʫʱʝʩʪʚʣʷ-

ʶʪ ʠʟ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʙʦʨʘ ʠ ʭʣʦʨʘ, ʚʧʝʨʚʳʝ ʵʪʘ ʨʝʘʢʮʠʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ  ʚ 1809 

ʛʦʜʫ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʤʝ-

ʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʪʨʸʭʭʣʦʨʠʩʪʦʛʦ ʙʦʨʘ [52, 57]. ʕʣʝʤʝʥʪʘʨʥʳʡ ʙʦʨ ʚʦʟʛʦʨʘʝʪʩʷ ʚ 

ʘʪʤʦʩʬʝʨʝ ʭʣʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400Üʉ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʸʭʭʣʦʨʠʩʪʦʛʦ ʙʦʨʘ       

( 3BCl ). ʕʪʦʪ ʤʝʪʦʜ ʩʯʠʪʘʝʪʩʷ ʧʨʦʩʪʝʡʰʠʤ ʩʨʝʜʠ ʩʠʥʪʝʟʦʚ ʧʦʣʫʯʝʥʠʷ  3BCl  [58, 59] 

ʠ ʦʭʚʘʪʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʧʫʩʢʘʥʠʷ ʩʫʭʦʛʦ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ ʯʝʨʝʟ ʩʣʦʡ 

ʙʦʣʝʝ ʯʠʩʪʦʛʦ çʘʤʦʨʬʥʦʛʦè ʙʦʨʘ, ʥʘʛʨʝʪʦʛʦ ʜʦ 400-450ÁC, ʧʦʤʝʱʸʥʥʦʛʦ ʚ ʪʨʫʙʯʘ-

ʪʦʡ ʧʝʯʠ. ʎʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʩʦʙʠʨʘʶʪ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʦʩʪʫʞʠʚʘʝʤʦʤ ʧʨʠʤyʥʠʢʝ. 
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ʏʠʩʪʦʪʘ ʧʦʣʫʯʘʝʤʦʛʦ ʪʨʸʭʭʣʦʨʠʩʪʦʛʦ ʙʦʨʘ ( 3BCl ) ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʪʦʪʳ ʠʩʧʦʣʴʟʦ-

ʚʘʥʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʙʦʨʘ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʩʠʥʪʝʟʝ ʪʨʸʭʭʣʦʨʠʩʪʳʡ ʙʦʨ (3BCl ) ʠʟ ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ 

ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʟʘʛʨʷʟʥʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʭʣʦʨʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʭʣʦʨʠʜʘ ʢʨʝʤʥʠʷ ( 4SiCl ). ɼʣʷ ʦʯʠʩʪʢʠ ʪʨʸʭʭʣʦʨʠ-

ʩʪʦʛʦ ʙʦʨʘ ʦʪ ʭʣʦʨʠʜʦʚ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ  ʝʛʦ ʧʝʨʝʤʝʰʠʚʘʶʪ ʩ ʨʪʫʪʴʶ ʠʣʠ ʧʨʦ-

ʧʫʩʢʘʶʪ ʥʘʜ ʤʝʜʥʳʤʠ ʩʪʨʫʞʢʘʤʠ, ʦʪ ʜʨʫʛʠʭ ʧʨʠʤʝʩʝʡ ʪʨʸʭʭʣʦʨʠʩʪʳʡ ʙʦʨ (3BCl ) 

ʦʯʠʱʘʶʪ  ʤʥʦʛʦʢʨʘʪʥʦʡ ʜʠʩʪʠʣʣʷʮʠʝʡ ʙʝʟ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ. 

ʆʩʥʦʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʨʸʭʭʣʦʨʠʩʪʦʛʦ ʙʦʨʘ ʦʭʚʘʪʳʚʘʝʪ ʩʠʥʪʝʟ ʛʠʜʨʠʜʦʚ ʙʦ-

ʨʘ ʧʦ ʩʧʦʩʦʙʫ, ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʠ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ɼ. ʊ. ʍʝʨʜʦʤ [60]. ʇʦ ʤʝʨʝ ʚʦʟ-

ʨʘʩʪʘʥʠʷ ʟʥʘʯʝʥʠʷ ʛʠʜʨʠʜʦʚ ʙʦʨʘ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ ʧʦ-

ʪʨʝʙʣʝʥʠʝ ʪʨʸʭʭʣʦʨʠʩʪʦʛʦ ʙʦʨʘ ( 3BCl )  ʜʣʷ ʵʪʦʡ ʥʦʚʦʡ ʦʪʨʘʩʣʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺʦʟʥʠʢʣʠ ʙʝʩʯʠʩʣʝʥʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠ ʁʪʨʸʭʭʣʦʨʠʩʪʦʛʦ ʙʦʨʘ (3BCl )  ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʥʪʝʟʦʚ, ʩʢʘ-

ʞʝʤ ʜʣʷ ʩʠʥʪʝʟʘ ʤʝʪʠʣʭʣʦʨʩʠʣʘʥʘ [85] ʜʣʷ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʥʜʝʥʘ ʠ ʧʠʧʝʨʠʣʝʥʘ 

[60], ʘ ʪʘʢʞʝ ʜʣʷ ʤʥʦʛʠʭ ʧʨʦʯʠʭ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 

ʪʘʢʞʝ  ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ ʩʠʥʪʝʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʙʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ 

ʢʦʪʦʨʦʤ ʪʘʢʞʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʭʣʦʨʠʜ rʙʦʨʘ [61]. ʉʚʦʡʩʪʚʘ ʤʥʦʛʠʭ ʛʘʣʦʛʝ-

ʥʠʜʦʚ ʙʦʨʘ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʦʧʠʩʘʥʳ ʘʚʪʦʨʘʤʠ ʚ [56, 63]. 

ɹʦʨʠʜʳ ʤʝʪʘʣʣʦʚ. ɺ ʦʩʥʦʚʥʦʤ ʠʟʚʝʩʪʥʳ ʩʧʦʩʦʙʳ  ʧʦʣʫʯʝʥʠʷ ʙʦʨʠʜʦʚ ʝɦ-

ʣʦʯʥʳʭ ʠ ʱʣyʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʯʝʨʝʟ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʩʪʘʚʘ 6MeB  [56]. ʇʨʠ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ 

ʯʠʩʪʦʤ ʚʠʜʝ ʥʝ ʧʦʣʫʯʝʥʳ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʙʦʨʠʜʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʀʟʚʝʩʪʝʥ ʩʠʥʪʝʟ ʙʦʨʠʜʦʚ ʙʝʨʠʣʣʠʷ  ( BBe2 , 6BeB , 4BeB)  ʩ ʫʯʘʩʪʠʝʤ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ II  ʛʨʫʧʧʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [64]. ʊʘʢʞʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʰʝ-

ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʳ ʙʦʨʠʜʳ ʤʘʛʥʠʷ 6MgB , 12MgB  [65]. 

ɻʝʣʝʦʙʦʨʠʜʳ 6MeB  ʱʸʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪʸʤ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʢʘʨʙʠʜʘ ʙʦʨʘ ʩ ʦʢʩʠʜʘʤʠ ʱʸʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦ ʨʝʘʢʮʠʠ 

[66]: 
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ɹʦʨʠʜʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦʣʫʯʝʥʳ ʚ [32, 67, 68]. 

ɺ ʤʦʥʦʛʨʘʬʠʷʭ [52, 53, 56, 62] ʧʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚʘʞʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʙʦʨʘ ʩ ʤʝʪʘʣʣʘʤʠ, ʠ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʦʚ ʚ ʭʠʤʠʯʝʩʢʦʡ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʵʣʝʢʪʨʦʥʠʢʝ, ʨʘʜʠʦʪʝʭʥʠʢʝ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʞʘʨʦ-

ʫʩʪʦʡʯʠʚʳʭ ʩʧʣʘʚʦʚ. 

ʉʪʨʦʝʥʠʝ ʙʦʨʘʪ ʠʦʥʦʚ ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ 

ʧʦʷʚʠʣʦʩʴ ʤʥʦʛʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠ-

ʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ, ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ 

ʩʪʨʫʢʪʫʨʳ  ʙʦʨʘʪ-ʠʦʥʦʚ ʠ ʚʥʝʩʝʥʳ ʢʦʨʨʝʢʪʠʨʦʚʢʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨ  ʠ ʩʪʨʦʝʥʠʷ ʙʦʨʘʪʦʚ [67-69]. 

ʊʦʪʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʙʦʨʘʪʦʚ ʙʳʣʠ ʧʦ-

ʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʨʫʙʝʞʥʳʤʠ ʘʚʪʦʨʘʤʠ [67-70] ʠ ʨʦʩʩʠʡʩʢʠʤʠ ʫʯyʥʳʤʠ, ʢʘʢ  

ɸ. ʌ. ɻʦʨʙʦʚ [71], ɻ. ɹ. ɹʦʢʠʡ ʠ ɺ. ɹ. ʂʨʘʚʯʝʥʢʦ [72], ɻ. ʂ. ɻʦʜʝ [73], ʄ. ɻ. ɺʘ-

ʣʷʰʢʦ [74]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ   ʠʤʝʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝ-

ʪʠʯʝʩʢʠʭ ʙʦʨʘʪʦʚ, ʠʭ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 300, ʥʦ ʧʨʠ ʵʪʦʤ  ʪʦʣʴʢʦ ʜʣʷ ʧʨʠʤʝʨʥʦ 

100 ɻ ʪʠʭ ʩʦʝʜʠʥʝʥʠʡ  ʦʧʨʝʜʝʣʝʥʳ  ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. ɽʩʣʠ ʫ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʝʡ ʚʦʟʥʠʢʘʝʪ ʠʥʪʝʨʝʩ   ʢ ʧʨʦʙʣʝʤʘʤ  ʩʪʨʦʝʥʠʷ ʙʦʨʘʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘ-

ʱʘʪʴʩʷ ʢ  ʪʨʫʜʘʤ ʪʘʢʠʭ ʫʯʸʥʳʭ, ʢʘʢ ɻ. ɻʝʣʣʝʨ [68] (ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʝ ʝʛʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʙʦʨʘʪʦʚ ʘʤʤʦʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʦʨʘ ʩʦ ʱʝʣʦʯʥʳʤʠ ʠ ʱyʣʦʯʥʦʟʝʤʝʣʴ-

ʥʤrʠ ʤʝʪʘʣʣʘʤʠ), ʀ. ʀ. ɿʚʠʝʜʨʝ [75] (ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʸʥʥʳʝ ʤʦʥʦʙʦʨʘʪʘʤ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ), ʄ. ɸ. ʉʠʤʦʥʦʚ [76] (ʠʟʫʯʝʥʠʝ ʤʘʛʥʠʝʚʳʭ ʠ ʢʘʣʴʮʠʝʚʳʭ ʙʦ-

ʨʘʪʦʚ). 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʸʥʥʳʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʙʦ-

ʨʘʪ-ʠʦʥʦʚ, ʙʳʣʘ ʧʨʠʥʷʪʘ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʥʘʫʯʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ:  

1) ʩʪʨʦʝʥʠʝ ʠ ʩʪʨʫʢʪʫʨʘ ʙʦʨʦʢʠʩʣʦʨʦʜʥʦʛʦ ʧʦʣʠʠʦʥʘ, ʢʦʪʦʨʳʡ ʠʟʦʣʠʨʦ-

ʚʘʥ ʦʪ ʜʨʫʛʠʭ ʠʦʥʦʚ; 
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2) ʫʨʦʚʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʙʦʨʘʪ-ʠʦʥʦʚ ʠ ʩʧʦʩʦʙ rʠʭ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ  ʙʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʷ, ʢʦʪʦʨʫʶ ʧʨʝʜʩʪʘʚʠʣʠ ɻ. ɹ. ɹʦʢʠʡ ʠ ɺ. ɹ. ʂʨʘʚʯʝʥʢʦ [72]. ɺ ʥʝʸ ʚʢʣʶʯʝ-

ʥʦ  ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʙʦʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʥʳʭ ʙʦʨ-

ʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɺʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʙʦʨʘʪʳ ʘʚʪʦʨʳ ʨʘʟʜʝʣʠʣʠ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: 

ʩʣʦʠʩʪʳʝ, ʩʪʨʫʢʪʫʨʥʳʝ, ʦʩʪʨʦʚʢʦʚʳʝ ʠ ʮʝʧʦʯʝʯʥʳʝ. ɺ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʘʚʪʦʨʳ ʚʳ-

ʜʝʣʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʦʜʛʨʫʧʧ, ʦʧʠʨʘʷʩʴ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʝʮ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʧʦ-

ʣʠʠʦʥʝ (ʥʘʧʨʠʤʝʨ, ʧʦʜʛʨʫʧʧʳ ʜʚʫʭʢʦʣʴʮʝʚʳʭ, ʦʜʥʦʢʦʣʴʮʝʚʳʭ, ʙʝʟʢʦʣʴʮʝʚʳʭ ʙʦ-

ʨʘʪʦʚ  ʠ ʜʨ.). ɺʥʫʪʨʠ ʢʘʞʜʦʡ ʧʦʜʛʨʫʧʧʳ ʪʘʢʞʝ ʜʘʥʘ ʙʦʣʝʝ ʫʛʣʫʙʣʸʥʥʘʷ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʷ ʧʦʣʠʠʦʥʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʪʨʦʝʥʠʠ ʠ ʦʩʥʦʚʥʦʩʪʠ ʙʦʨʘʪ-ʠʦʥʦʚ.  ʅʘʧʨʠʤʝʨ, 

ʠʥʴʦʠʪ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʙʦʨʦʩʦʜʝʨʞʘʱʠʤ ʤʠʥʝʨʘʣʘʤ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ [ ]-2533 )(OHOB -

ʛʨʫʧʧʫ, ʩʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʠʙʦʨʘʪʘʤ ʢʘʣʴʮʠʷ  

ʠ ʠʤʝʝʪ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʦʜʥʦʢʦʣʴʮʝʚʳʝ ʦʩʪʨʦʚʥʳʝ  ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʧʦʣʠʠʦʥʳ. 

ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʪʘʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝ yʜʝʪʘʣʠʟʘ-

ʮʠʠ ʧʦ ʤʝʨʝ  ʫʚʝʣʠʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʂ ʜʨʫʛʠʤ ʧʦʧʳʪʢʘʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʦʨʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ  ʦʪʥʦʩʷʪʩʷ ʨʘʙʦ-

ʪʳ ɻ. ɻʝʣʣʝʨʘ [68], ɸ. ʌ. ɻʦʨʙʦʚʘ [71], ʀ. ʀ.  ɿʚʠʝʜʨʝ [75] ʠ ʂʨʘʡʩʪʘ [77]. 

ɿʥʘʥʠʷ ʩʪʨʫʢʪʫʨ rʙʦʨʘʪ-ʠʦʥʦʚ ʚ ʪʚʨyʜʦʡ ʬʘʟʝ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʦʝ-

ʥʠʝ ʠ ʩʪʨʫʢʪʫʨʫ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ  ʨʝʰʸʪʦʢ  ʚ ʨʘʩʪʚʦʨʘʭ. 

ʉʪʨʦʝʥʠʝ ʙʦʨʘʪ-ʠʦʥʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʉʝʡʯʘʩ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʙʘʥʢ ʜʘʥʥʳʭ  ʦ ʙʦʨʘʪ-ʠʦʥʘʭ. ʊʘʢ, ʠʟʚʝʩʪʥʦ, ʯʪʦ  ʚ ʨʘʩʪʚʦʨʘʭ  ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ  ʙʦ-

ʣʝʝ 0.1-0.2 ʤʦʣʴ/ʣʠʪʨ ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ  ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʠʦʥʦʚ-

ʧʦʣʠʤʝʨʦʚ, ʥʦ ʠ ʚ ʚʠʜʝ  ʟʸʨʝʥ ʤʦʥʦʤʝʨʘ. ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʣʫʯʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ  

ʠʟʫʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʠʟʫʯʝʥʠʠ ʝʸ ʢʠʩʣʦʪʥʦʩʪʠ ʚ ʚʦʜʥʳʭ ʨʘʩ-

ʪʚʦʨʘʭ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʩʦʨʙʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ, 

ʢʨʠʦʛʝʥʥʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʦʨʘʪ-ʠʦʥʦʚ ʠ ʪ.ʜ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʭʦʜʷʪʩʷ 

ʚʦ ʤʥʝʥʠʷʭ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʠʙʦʨʘʪ-ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʣʠʪʝʨʘʪʫ-

ʨʝ ʥʝʚʦʟʤʦʞʥʦ ʦʪʳʩʢʘʪʴ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʢʣʠʢʘ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ, ʩʪʨʫʢʪʫʨʝ ʠ ʩʦ-

ʩʪʘʚʝ ʧʦʣʠʙʦʨʘʪ-ʠʦʥʦʚ.  
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ʈʘʥʝʝ ʧʦʧʳʪʢʠ ʩʠʥʪʝʟʘ  ʯʠʩʪʳʭ ʧʦʣʠʙʦʨʘʪʥʳʭ ʢʠʩʣʦʪ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝ-

ʭʦʤ, ʧʨʠʯʠʥʳ  ʵʪʦʡ ʥʝʫʜʘʯʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʝʩʢʦʣʴʢʦ ʧʦʟʜʥʝʝ, ʢʦʛʜʘ ʚ 1940-ʭ 

ʛʛ. ʠʩʩʣʝʜʦʚʘʪʝʣʠ  ʩʤʦʛʣʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚ ʨʘʩʪʚʦʨʘʭ ʩʪʘʙʠʣʴʥʦʩʪ ɹʙʦʨʘʪ-ʠʦʥʦʚ, 

ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʚʥʦʚʝʩʠʝ ʚ ʙʦʨʘʪʥʦʡ ʩʠʩʪʝʤʝ ʠ ʦʧʨʝʜʝʣʷʪʴ ʩʢʦʨʦʩʪʠ 

ʵʪʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʀʩʧʦʣʴʟʫʷ ʩʧʦʩʦʙʳ ʠʟʦʪʦʧʥʦʛʦ ʦʙʤʝʥʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜ-

ʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (ʨʅ) ʚ ʨʘʩʪʚʦʨʘʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʙʦʨʘʪ-

ʥʳʭ ʢʠʩʣʦʪ  ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ 

ʙʦʨʘʪ-ʠʦʥʦʚ ʨʘʚʥʦʚʝʩʠʝ ʜʦʩʪʠʛʘʝʪʩʷ  ʟʘ ʦʯʝʥʴ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ (ʤʝʥʝʝ ʦʜʥʦʡ ʤʠʥʫ-

ʪʳ). ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ  ʫʪʦʯʥʷʣʠʩʴ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʯʝʩʪʥʦʩʪʠ, ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ  ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʘʢ, ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ ʧʦʣʠʙʦʨʘʪʥʳʭ ʢʠʩʣʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠ  ʩʣʝʜʫ-

ʶʱʫʶ ʨʝʘʢʮʠʶ: 

 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʢʦʥʩʪʘʥʪʘ  ʩʢʦʨʦʩʪʠ ʨʘʚʥʦʚʝʩʠ ̫ʪʨʠʙʦʨʘʪ-ʠʦʥʘ ʠ ʧʝʥʪʘʙʦʨʘʪ-

ʠʦʥʘ ʩʦʩʪʘʚʠʣʘ  ʚʝʣʠʯʠʥʫ 2.0Ŀ10
2
 ʤʦʣʴ

-1
Ŀʩ

-1
, ʘ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: 

 

ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 1.3Ŀ10
10

 ʤʦʣʴ
-1
Ŀʩ

-1
 [73]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʪʠʧ ʙʦʨʘʪ-ʠʦʥʘ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʩʪʨʦʝ-

ʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʨʘʩʪʚʦʨʘʭ ʦʧʨʝʜʝʣʝʥʦ ʩ  ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ï ʵʪʦ ʤʦʥʦʙʦʨʘʪ-ʠʦʥ. 

ʊʘʢ, ʜʣʷ ʨʘʩʪʚʦʨʦʚ  ʤʦʥʦʙʦʨʘʪʘ ʥʘʪʨʠʷ ʙʳʣʠ ʩʥʷʪʳ ʩʧʝʢʪʨ rʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ (ʂʈ-ʩʧʝʢʪʨʳ) ʠ ʤʝʪʦʜʦʤ ʩʨʘʚʥʝʥʠʷ ʠʭ ʩʦ ʩʧʝʢʪʨʘʤʠ ʤʠʥʝʨʘʣʘ ʪʠʧʣʝʠʪʘ 

( OHNaClNaBO 22 2ÖÖ ), ʚ ʢʦʪʦʨʦʤ ʙʦʨ ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʤʦʥʦʙʦʨʘʪʘ ʥʘʪʨʠʷ  ʧʨʠʩʫʪʩʪʚʫʝʪ  -

4)(OHB -ʠʦʥ, ʠʤʝ-

ʶʱʠʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʨʠʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ  ʨʘʩʪʚʦʨʘ ʤʦʥʦʙʦʨʘʪʘ ʥʘʪʨʠʷ  ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʨʅ>11 -

4)(OHB -ʠʦʥ  ʚ̫-

ʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʙʦʨʘʪ-ʠʦʥʦʤ. 

ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ, ʢʦʛʜʘ ʧʦʣʠʠʦʥʳ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚ ʨʘʩʪʚʦʨʝ  ʠ ʧʦ-

ʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʤʝʩʠ. ʅʦ ʧʨʠ ʧʦʤʦʱʠ  ʠʟʚʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʤʝ-

ʪʦʜʦʚ (ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ, ʗʄʈ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ) ʤʦʞʥʦ 
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ʦʧʨʝʜʝʣʠʪʴ  ʣʠʰʴ  ʦʙʱʠʝ ʧʨʠʟʥʘʢʠ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʙʦʨʘ. ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʦʙʥʘʨʫʞʠʪʴ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʢʦʪʦ-

ʨʳʭ ʧʦʣʠʠʦʥʦʚ ʥʝʚʦʟʤʦʞʥʦ, ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʩʚʝʥʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠʭ 

ʥʘʣʠʯʠʷ ʚ ʨʘʩʪʚʦʨʝ. ʆʙʱʝʝ ʯʠʩʣʦ ʚʝʨʦʷʪʥʳʭ ʧʦʣʠʙʦʨʘʪ-ʠʦʥʦʚ ʦʛʨʘʥʠʯʝʥʦ, ʭʦʪʷ ʠ 

ʢʨʘʡʥʝ ʚʳʩʦʢʦ. ɼʘʣʝʢʦ ʥʝ ʚʩʝ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʣʠʠʦʥʦʚ ʨʘʚʥʦʮʝʥʥʳ 

ʚ ʩʤʳʩʣʝ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʴʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʝ. ʅʘʠʙʦʣʝʝ ʚʦʟʤʦʞʥʳ-

ʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʙʦʨʘʪʥʳʭ ʧʦʣʠʠʦʥʦʚ ʷʚʣʷʶʪʩʷ [79] (ʨʠʩʫʥʦʢ 1.7): 

 

ʈʠʩʫʥʦʢ 1.7 ï ʉʪʨʫʢʪʫʨʳ ʙʦʨʘʪʥʳʭ  ʧʦʣʠʠʦʥʦʚ. 

 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʣʠʠʦʥʦʚ 1, 4, 6 ʠ 8 ʚʳʷʚʣʝʥʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫ-

ʨʘʭ ʚʦʜʥʳʭ ʙʦʨʘʪʦʚ. ʀʩʢʣʶʯʘʷ ʧʦʣʠʠʦʥ 8, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʪʦʯʥʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʠʠʦ-

ʥ  r1, 2, 4 ʠ 6, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.7. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʩʚʝʥʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʛʦ 

ʥʘʣʠʯʠʝ ʚ ʨʘʩʪʚʦʨʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʦʣʠʙʦʨʘʪ-ʠʦʥʦʚ, ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʚ 

ʨʘʩʪʚʦʨʘʭ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʪʝʥ-
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ʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ. ʊʘʢ, ʂ.ɽ. ʄʝʩʤʝʨ [80] ʚ 1972 ʛʦʜʫ ʠʩʩʣʝ-

ʜʦʚʘʣ ʨʘʚʥʦʚʝʩʠ ̫ʙʦʨʘʪ-ʠʦʥʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ. ʆʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ  ʂ.ɽ ʄʝʩʤʝʨ  

ʧʨʦʚʦʜʠʣ, ʠʩʧʦʣʴʟʫʷ ʥʘʙʦʨʘ 15 ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʚʦʟʤʦʞʥʳʭ ʧʦʣʠʙʦʨʘʪ-ʠʦʥʦʚ, ʠʟ 

ʢʦʪʦʨʳʭ  ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʯʝʪʳʨʝ ʙʦ-

ʨʘʪ-ʠʦʥʘ, ʢʦʪʦʨʳʝ  ʧʦʢʘʟʘʣʠ ʦʧʪʠʤʘʣʴʥʫʶ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ  ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ  ʚ 

ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ  ʫʢʘʟʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʚʪʦʨʦʤ ʙʳʣʦ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ  ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʘʞʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ  ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ  ʧʦʣʠʙʦʨʘʪ-ʠʦʥʦʚ, ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʩʝʛʦ  ʪʨʸʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ ʚʢʣʶʯʸʥ ʤʦʥʦʙʦʨʘʪ-

ʠʦʥ ( -

4)(ʆʅɺ ), ʥʦ ʜʣʷ ʦʙʰʠʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʥʫʞʥʦ ʙʦʣʴʰʝʝ 

ʯʠʩʣʦ ʦʧʳʪʦʚ. ɼʣʷ ʧʦʩʣʝʜʥʝʛʦ ʩʣʫʯʘʷ ʦʧʪʠʤʘʣʴʥʳʤ  ʥʘʙʦʨʦʤ  ʧʦʣʠʙʦʨʘʪ-ʠʦʥʦʚ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʡ:  

ʘ) -

4)(ʆʅɺ , -

52 )(ʆʅʆɺ , -

433 )(ʆʅʆɺ  ʠ -2

454 )(ʆʅʆɺ ;  

ʙ) -

4)(ʆʅɺ , -

52 )(ʆʅʆɺ , -

433 )(ʆʅʆɺ  ʠ -2

565 )(ʆʅʆɺ . 

ɼʨʫʛʠʝ ʘʚʪʦʨʳ [81] ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʙʦʨʘʪʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʨʘʩʪʚʦʨʝ, 

ʥʘʨʷʜʫ ʩ ʚʳʰʝʧʨʠʚʝʜʸʥʥʳʤʠ ʠʦʥʘʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʠʦʥʦʚ 

-2

533 )(ʆʅʆɺ , -3

665 )(ʆʅʆɺ  ʠ ʜʨ. 

ɼʨʫʛʠʤʠ ʧʨʠʝʤʣʝʤʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʙʦʨʘʪʥʦʤ ʨʘʚ-

ʥʦʚʝʩʠʠ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʨʘʩʪʚʦʨʠʤʦʩʪʠ  ʙʦʨʘʪʦʚ ʠʣʠ ʠʭ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʙʦʨʘʪʦʚ  ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ ʨʘʙʦʪʝ [82], ʛʜʝ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʨʘʚ-

ʥʦʚʝʩʠʡ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ ʆʅʆɺʉʘʆ 232 --  ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʘʥʠʠ  ʧʨʝʜ-

ʧʦʣʦʞʝʥʠʷ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʨʘʩʪʚʦʨʝ -

4)(ʆʅɺ -ʠʦʥʘ, -

433 )(ʆʅʆɺ -ʠʦʥʘ ʠ 

-

454 )(ʆʅʆɺ -ʠʦʥʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʜʝʢʚʘʪʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [76] 

ʠ ʚʳʯʠʩʣʠʪʴ  ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʠʙʦʨʘʪʥʳʭ ʢʠʩʣʦʪ ʠʭ ʢʦʥʩʪʘʥʪʳ ʠʦʥʠʟʘ-

ʮʠʠ.  ɺ ʜʘʣʴʥʝʡʰʝʤ  ʜʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤ-

ʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [83]. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʘʥʘʣʠʟʘ ʠʤʝʶʱʠʭʩʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʜʘʥʥʦʡ ʪʝ-

ʤʘʪʠʢʝ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥ ʚʦʧʨʦʩ, ʢʘʩʘʶʱʠʡʩʷ ʚʦʜʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ  

ʧʦʣʠʙʦʨʘʪʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺ ʣʠʪʝʨʘʪʫʨʝ  ʥʝʪ ʦʜʥʦ-

ʟʥʘʯʥʦʛʦ  ʦʪʚʝʪʘ  ʩʦʩʪʘʚʝ, ʩʪʨʫʢʪʫʨʝ ʠ ʢʦʣʠʯʝʩʪʚʝ ʧʦʣʠʙʦʨʘʪ-ʠʦʥʦʚ ʚ ʧʦʣʠʙʦʨʘʪ-

ʥʳʭ ʩʠʩʪʝʤʘʭ.  ɺʦʟʤʦʞʥʦ, ʯʪʦ ʯʠʩʣʦ ʧʦʣʠʙʦʨʘʪ-ʠʦʥʦʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ  ʥʝ 

ʦʛʨʘʥʠʯʝʥʦ, ʥʦ ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝ ʚʩʝ ʠʟ ʥʠʭ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʨʘʚʥʦʚʝʩʥʦʩʪʴ   

ʧʦʣʠʙʦʨʘʪʥʦʡ ʩʠʩʪʝʤʳ. 

ʉʚʷʟʴ ʙʦʨʘʪ-ʠʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʚ ʞʠʜʢʦʡ ʠ ʪʚʨyʜʦʡ ʬʘʟʘʭ. 

ʉʠʥʪʝʟʠʨʫʷ ʨʘʟʣʠʯʥʳʝ ʙʦʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ,  ʘʥʘʣʠʟʠʨʫʷ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩ rʦʙ-

ʨʘʟʦʚʘʥʠʷ ʙʦʨʘʪʦʚ, ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ  ʥʘ ʚʟʘʠʤʦ-

ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʩʪʘʚʘʤʠ ʙʦʨʘʪ-ʠʦʥʦʚ ʞʠʜʢʦʡ ʠ ʪʚʨyʜʦʡ ʬʘʟ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʚʥʦ-

ʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. 

ʀʟʫʯʘʷ ʨʘʩʪʚʦʨʳ ʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤ, ʘʚʪʦʨ [74] ʜʦʢʘʟʘʣ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠ-

ʝʤ ʨʅ ʨʘʩʪʚʦʨʘ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦʣʷ ʪʝʪʨʘʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʙʦʨʘ; ʪʘ-

ʢʘʷ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ  ʧʦʢʘʟʘʥʘ ʠ ʜʣʷ ʪʚʸʨʜʦʡ ʬʘʟʳ, ʥʦ ʝʸ ʩʦʩʪʘʚ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʨʘʩʪʚʦʨʘ ʤʝʥʷʝʪʩʷ ʜʠʩʢʨʝʪʥʦ.  

ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ ʙʦʨʘʪ-ʠʦʥʦʚ ʚ ʞʠʜʢʦʡ ʠ ʪʚʸʨʜʦʡ ʬʘʟʘʭ ʚ ʧʨʦ-

ʮʝʩʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʙʦʨʘʪʦʚ ʢʘʣʴʮʠʷ ʠʟʫʯʘʣʘʩʴ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

[84]. ɺ ʨʘʩʪʚʦʨʝ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ pH ʦʪʤʝʯʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʠʦʥʘ 

-

4)(ʆʅɺ . ʕʪʦʪ ʠʦʥ ʪʘʢʞʝ ʥʘʭʦʜʠʣʩʷ ʚ  ʨʘʚʥʦʚʝʩʠʠ ʩ ʨʘʩʪʚʦʨʦʤ ʙʦʨʘʪʘ ʢʘʣʴʮʠʷ, 

ʠʤʝʶʱʠʤ ʩʪʨʦʝʥʠʝ (ʆʅʆʉʘɺ 242 6Ö ). ɺ ʨʘʩʪʚʦʨʘʭ, ʠʤʝʶʱʠʭ ʥʠʟʢʠʡ pH ʧʘʨʘʣʣʝʣʴ-

ʥʦ ʩ  ʤʦʥʦʙʦʨʘʪ-ʠʦʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʣʠʘʥʠʦʥʦʚ ʙʦʨʘ. ɸʚʪʦ-

ʨʳ ʫʢʘʟʳʚʘʶʪ,  ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʙʦʨʘʪʳ ʢʘʣʴʮʠʷ ʧʣʦʭʦ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʠʟ ʫʢʘ-

ʟʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʘ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʢʠʩʣʦʪʥʦʩʪʠ  ʧʦʢʘʟʳ-

ʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʙʫʨʳ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʙʦʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ  

ʠʟ ʫʢʘʟʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʙʫʨʳ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʢʪʘʙʦ-

ʨʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ  ʨʝʟʫʣʴʪʘʪʘʤʠ ʀʂ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺ ʨʘʙʦʪʝ [76] ʠʩʩʣʝʜʦʚʘʥʘ ʪʨʦʡʥʘʷ ʩʠʩʪʝʤʘ ʆʅʆɺʉʘʆ 232 --   ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʧʨʠ 80ÁC ʤʝʞʜʫ ʩʪʨʦʝʥʠʝʤ ʧʦʣʠʙʦʨʘʪ-ʠʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ  

ʞʠʜʢʦʡ ʠ ʪʚʸʨʜʦʡ ʬʘʟʘʭ ʠʤʝʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ. ʊʘʢ, ʚ ʨʘʩʪʚʦʨʝ  ʪʨʦʡʥʦʡ ʙʦʨʘʪʥʦʡ 
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ʩʠʩʪʝʤʳ ʆʅʆɺʉʘʆ 232 4ÖÖ   ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ  ʠʦʥʦʚ ï ʵʪʦ -

433 )(ʆʅʆɺ -ʠʦʥʳ ʠ  

ʤʦʥʦʙʦʨʘʪ-ʠʦʥr -

4)(ʆʅɺ . ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ  ʚ ʨʘʩʪʚʦʨʝ -

433 )(ʆʅʆɺ -

ʠʦʥʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʚʥʦʚʝʩʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ  ʩʦʝʜʠʥʝʥʠʷ ʛʝʢʩʘ-

ʙʦʨʘʪʘ ʜʠʢʘʣʴʮʠʷ (ʆʅʆɺʉʘʆ 232 932 ÖÖ ). ʇʝʥʪʘʙʦʨʘʪ-ʠʦʥʳ ʩʪʨʦʝʥʠʷ -

465 )(ʆʅʆɺ   ʦʙ-

ʨʘʟʫʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ  ʛʝʢʩʘʙʦʨʘʪʘ ʜʠʢʘʣʴʮʠʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ ʨʘʩ-

ʪʚʦʨʝ ʩʦʜʝʨʞʘʥʠʷ ʙʦʨʘ  ʜʦʩʪʠʛʘʝʪʩʷ   ʨʘʚʥʦʚʝʩʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʵʪʦʡ ʩʦʣʠ - ʛʝʢʩ-

ʘʙʦʨʘʪʘ ʜʠʢʘʣʴʮʠʷ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʩʠʩʪʝʤʳ ʚ ʦʙʣʘʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ  ʵʪʦʡ ʩʦʣʠ  ʦʪ-

ʤʝʯʘʝʪʩʷ,  ʯʪʦ ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ  ʫʚʝʣʠʯʝʥʠʝ  ʚ ʨʘʩʪʚʦʨʝ ʜʦʣʠ -

465 )(ʆʅʆɺ -ʠʦʥʘ, 

ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ  -

433 )(ʆʅʆɺ -ʠʦʥʘ ʠ  ʧʦʣʥʦʩʪʴʶ ʠʟ ʨʘʩʪʚʦʨʘ ʠʩʯʝʟʘʶʪ  ʠʦʥʳ 

ʤʦʥʦʙʦʨʘʪʘ. 

ʆʜʥʘʢʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝʪ ʜʘʥʥʳʭ ʦ ʯʸʪʢʦʤ  ʩʦʦʪʚʝʪʩʪʚʠʠ  ʤʝʞʜʫ 

ʠʦʥʘʤʠ ʚ ʞʠʜʢʦʡ ʠ ʪʚyʨʜʦʡ ʬʘʟʘʭ, ʥʦ ʦʙʥʘʨʫʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʵʪʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɺ [53-5] ʠʩʩʣʝʜʦʚʘʣʩʷ  ʧʨʦʮʝʩʩ ʜʝʛʠʜʨʘʪʘʮʠʠ  ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ  ʩ ʧʨʠʚʣʝ-

ʯʝʥʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣʳ 

ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʤʦʣʝʢʫʣʳ ʚʦʜʳ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ï ʵʪʦ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʠ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʘʷ ʚʦʜʘ. ʋʜʘʣʝʥʠʝ ʠʟ ʤʦʣʝʢʫʣʳ ʙʦʨʥʦʡ ʢʠʩ-

ʣʦʪʳ  ʤʦʣʝʢʫʣ ʚʦʜʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ  ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ  

ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠ ʩʪʫʧʝʥʯʘʪʦʝ ʪʝʯʝʥʠʝ ʧʨʦ-

ʮʝʩʩʘ, ʚ ʢʦʪʦʨʦʤ  ʠʤʝʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʬʘʟr. 

ʄʝʪʘʙʦʨʘʪ ʥʘʪʨʠʷ. ɹʝʟʚʦʜʥʳʡ ʤʝʪʘʙʦʨʘʪ ʥʘʪʨʠʷ  ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ  

ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʮʠʢʣʠʯʝʩʢʠʭ ʪʨʠʙʦʨʘʪʥʳʭ ʛʨʫʧʧ: 

 



42 

ɺ ʨʘʙʦʪʘʭ [85-87] ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ  ʠʩʩʣʝʜʦʚʘʥʳ ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʤʝʪʘʙʦʨʘʪʦʚ ʥʘʪʨʠʷ, ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʩʪʝʧʝʥʠ ʛʠʜʨʘʪʘʮʠʠ. 

ʈʝʘʢʮʠʷ ʤʝʪʘʙʦʨʘʪʘ ʥʘʪʨʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʷʚʣʷʝʪʩʷ ʱʝʣʦʯʥʦʡ, ʪʘʢ ʢʘʢ 

ʤʝʪʘʙʦʨʘʪ ʥʘʪʨʠʷ  - ʵʪʦ ʧʨʦʜʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʩʠʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ ʩʣʘʙʦʡ 

ʢʠʩʣʦʪʳ. ɺ ʨʘʩʪʚʦʨʝ ʤʝʪʘʙʦʨʘʪʘ ʥʘʪʨʠʷ  ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ  

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʠ ʙʫʨʳ. ʄʝʪʘʙʦʨʘʪ ʥʘʪʨʠʷ ʚ ʙʝʟʚʦʜʥʦʡ 

ʬʦʨʤʝ  ʧʨʦʷʚʣʷʝʪ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʣʝʪʫʯʝʩʪʴ. 

ɼʝʢʘʛʠʜʨʘʪ ʪʝʪʨʘʙʦʨʘʪʘ ʥʘʪʨʠʷ ʠʣʠ ʪʝʪʨʘʙʦʨʘʪ ʥʘʪʨʠʷ   - ʙʫʨʘ ʠʣʠ                         

OHOBNa 2742 10Ö  ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʦʨʘ  ʚ ʧʨʠʨʦʜʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘ-

ʣʘ ʪʠʥʢʘʣ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʙʫʨʳ  ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ 

OHOBONa 2322 --  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ <60ÁC, ʙʫʨʘ ʧʨʠ ʵʪʦʤ  ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʢʨʠʩʪʘʣʣʘʤʠ, ʠʤʝʶʱʠʤʠ ʤʦʥʦʢʣʠʥʥʫ  ʁʩʠʥʛʦʥʠ.ʁ ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʟʳʩʢʘʥʠʷʤʠ ʘʚʪʦʨʘ [88], ʙʫʨʘ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ OHOHOBNa 24542 8])([ Ö , 

ʘ ʪʝʪʨʘʙʦʨʘʪ-ʠʦʥ ʠʤʝʝʪ ʩʣʝʜʫʶʱʝʝ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʪʨʦʝʥʠʝ: 

 

ʇʝʥʪʘʛʠʜʨʘʪ ʪʝʪʨʘʙʦʨʘʪʘ ʥʘʪʨʠʷOHOBNa 2742 5Ö  - ʠʤʝʝʪ ʪʘʢʞʝ ʥʘʟʚʘʥʠʝ 

"ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ ʙʫʨʘ", ʵʪʦ ʤʠʥʝʨʘʣ ʪʠʥʢʘʣʢʦʥʠʪ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʘʚʪʦʨʦʚ [89], 

ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʙʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

>60ÁC, ʵʪʦ ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʬʦʨʤʘ  ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ OHOBONa 2322 -- , ʢʦʪʦʨʘʷ ʷʚ-

ʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʙʦʣʝʝ 136ÁC. ʉʪʨʫʢʪʫʨʘ ʙʫʨʳ ʠ ʧʝʥʪʘʛʠʜ-

ʨʘʪʘ  ʪʝʪʨʘʙʦʨʘʪʘ ʥʘʪʨʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʦʜʠʥʘʢʦʚʦʛʦ ʘʥʠʦʥʘ, ʯʪʦ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪʩʷ  ʨʝʟʫʣʴʪʘʪʘʤʠ ʗʄʈ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʤʝʷ ʩʭʦʜʥʳʡ 

ʘʥʠʦʥ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ, ʧʝʥʪʘʛʠʜʨʘʪʳ ʠ ʜʝʢʘʛʠʜʨʘʪʳ ʥʘʪʨʠʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ  

ʣʝʛʢʦ  ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʟʣʠʯʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ: 
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OHOHOHOBNaOHOHOBNa 22454224542 53])([8])([ +ÖÚÖ . 

ʊʝʪʨʘʛʠʜʨʘʪ ʪʝʪʨʘʙʦʨʘʪʘ ʥʘʪʨʠʷ ʩʦʩʪʘʚʘ OHOBNa 2742 4Ö  - ʠʤʝʝʪ ʰʠʨʦ-

ʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʠʨʦʜʝ ʚ ʢʘʯʝʩʪʚʝ  ʤʠʥʝʨʘʣʘ ʢʝʨʥʠʪʘ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

58ÁC  ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷʤʠ ʙʫʨ,r ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʝʥʪʘʛʠʜʨʘʪʘ ʪʝʪʨʘʙʦʨʘʪʘ ʥʘʪʨʠʷ, 

ʢʦʪʦʨʳʡ ʫʩʪʦʡʯʠʚ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʝʪʨʘʛʠʜʨʘʪʘ 

ʪʝʪʨʘʙʦʨʘʪʘ ʥʘʪʨʠʷ ʥʝʦʙʭʦʜʠʤ ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʘʢʮʠʠ, ʘ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ 

ʩʪʘʙʠʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ. ɺ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʚʣʘʛʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʚʨʘʱʝʥʠʝ ʤʠʥʝʨʘʣʘ ʢʝʨʥʠʪʘ ʩʪʨʦʝʥʠʷ  ( OHOBNa 2742 4Ö ) ʠʣʠ 

ʪʝʪʨʘʛʠʜʨʘʪʘ ʪʝʪʨʘʙʦʨʘʪʘ ʥʘʪʨʠʷ ʚ ʙʫʨʫ. ɺʦʣʦʢʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ  ʢʝʨʥʠʪʘ ʦʙʫ-

ʩʣʦʚʣʝʥʘ  ʜʚʫʤʷ ʩʦʚʝʨʰʝʥʥʳʤʠ ʩʧʘʡʥʦʩʪʷʤʠ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʘʷ  ʮʝʧʦʯʝʯʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʘʥʠʦʥʘ. ʅʘʣʠʯʠʝ ʮʝʧʦʯʝʯʥʦʡ  ʩʪʨʫʢʪʫʨʳ  ʚ ʤʠʥʝʨʘʣʝ ʢʝʨʥʠʪʝ ʚʳʷʚʣʝʥʘ 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ɹʝʟʚʦʜʥʫʶ ʙʫʨʫ - 742 OBNa  ʧʦʣʫʯʘʶʪ ʦʙʝʟʚʦʞʠʚʘʥʠʝʤ ʛʠʜʨʘʪʦʚ ʪʝʪʨʘʙʦʨʘʪʘ 

ʥʘʪʨʠʷ [90]. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 320ÁC ʦʙʨʘʟʫʝʪʩʷ ʨʳʭʣʳʡ ʧʦʨʦʰʦʢ, ʜʦ ʧʣʘʚʣʝʥʠʷ 

ʩʤʝʩʠ ï ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʧʣʘʚʣʝʥʥʘʷ ʙʫʨʘ (ʩʪʝʢʣʦʧʦʜʦʙʥʘʷ ʙʫʨʘ). ʏʪʦʙʳ ʧʦʣʫʯʠʪ ɹ

ʙʝʟʚʦʜʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫ  ʁʙʫʨʫ, ʨʘʩʧʣʘʚ ʦʭʣʘʞʜʘʶʪ ʥʠʞʝ ʪʦʯʢʠ ʝʛʦ ʧʣʘʚʣʝʥʠʷ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ, ʠ ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ ʚʳʟʳʚʘʶʪ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ,  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʷʭʠʚʘʪʝʣʷ. ɹʝʟʚʦʜʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʙʫʨʘ ʠʤʝʝʪ ʪʨʠ  ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʸʪʦʢ ï ʤʦʥʦʢʣʠʥʥʫʶ (ʦʜʠʥʘʨʥʫʶ), 

ʪʨʠʢʣʠʥʥʫʶ ʠ  ʦʨʪʦʨʦʤʙʠʯʝʩʢʫ .ʁ ʆʜʠʥʘʨʥʘʷ ʬʦʨʤʘ ʙʝʟʚʦʜʥʦʡ ʙʫʨʳ ï ʤʦʥʦʢʣʠʥ-

ʥʘʷ (Ŭ-ʬʦʨʤʘ). ʊʝʤʧʝʨʘʪʫʨʘ ʝ yʧʣʘʚʣʝʥʠʷ ï 742.5ÁC, ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 2280 

ʢʛ/ʤ
3
, ʪʦ ʝʩʪʴ  ʝʸ ʧʣʦʪʥʦʩʪʴ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʧʣʦʪʥʦʩʪʠ ʩʪʝʢʣʦʧʦʜʦʙʥʦʡ ʙʫʨʳ 

(2360 ʢʛ/ʤ
3
). ɹʝʟʚʦʜʥʫʶ ʙʫʨʫ ʧʦʣʫʯʘʶʪ  ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ >600ÁC 

ʩʪʝʢʣʦʧʦʜʦʙʥʦʡ ʙʫʨʳ. ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ <600ÁC,  ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʙʫʨr, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʡ  2750 ʢʛ/ʤ
3
, ʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ 664ÁC.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʝʢʣʦʧʦʜʦʙʥʘʷ ʙʫʨʘ ʠ ʙʝʟʚʦʜʥʘʷ ʙʫʨʘ, ʷʚʣʷʶʱʠʝʩʷ ʪʝʪʨʘ-

ʙʦʨʘʪʘʤʠ ʥʘʪʨʠʷ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ  ʚ ʚʦʜʝ  ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷʭ -  ʵʪʠʣʝʥʛʣʠʢʦʣʝ, ʛʣʠʮʝʨʠʥʝ, ʵʪʘʥʦʣʝ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ  
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ʙʦʣʴʰʠʥʩʪʚʘ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʩʠʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʪʨʘʙʦʨʘʪʘ ʥʘʪʨʠʷ, ʚ ʧʦʣʥʦʤ 

ʦʙʲʸʤʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

ɺ ʨʘʩʪʚʦʨʘʭ ʙʫʨʘ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʙʫʬʝʨʘ, ʵʪʦ ʩʚʦʡʩʪʚʦ ʙʫʨʳ  ʥʘʰʣʦ 

ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʉʠʣʴʥʳʝ ʢʠʩʣʦʪʳ  ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ  ʧʦʣ-

ʥʦʩʪʴʶ ʨʘʟʣʘʛʘʶʪ ʪʝʪʨʘʙʦʨʘʪ ʥʘʪʨʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʪʨʠʝʚʦʡ 

ʩʦʣʠ ʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ. ɺʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʙʫʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʘʜʩʦʨʙʠʨʫʶʪ ʜʠʦʢ-

ʩʠʜ ʫʛʣʝʨʦʜʘ 2CO, ʦʙʨʘʟʫʷ  ʧʦʣʠʙʦʨʘʪʥʳʡ ʨʘʩʪʚʦʨ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ, ʥʘʛʨʝ-

ʚʘʷ ʵʪʦʪ ʨʘʩʪʚʦʨ ʜʦ ʢʠʧʝʥʠʷ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ  ʫʜʘʣʷʝʪʩʷ  ʠʟ ʩʠʩʪʝʤʳ. ʈʘʩʪʚʦʨʝʥʠʝ 

ʙʝʟʚʦʜʥʦʡ ʙʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʸ  ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʤʠ 

ʬʦʨʤʘʤʠ. ʈʘʟʣʦʞʝʥʠʝ  ʙʝʟʚʦʜʥʦʡ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʙʫʨʳ ʧʨʦʠʩʭʦʜʠʪ  ʙʦʣʝʝ ʠʥʪʝʥ-

ʩʠʚʥʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠ ʵʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʧʣʘʚʦʤ   ʙʦʣʝʝ ʱʝ-

ʣʦʯʥʦʡ ʷʚʣʷʝʪʩʷ ʛʘʟʦʚʘʷ ʬʘʟʘ. ʇʨʠ ʥʘʣʠʯʠʠ ʧʘʨʦʚ ʚʦʜʳ  ʥʘʜ ʨʘʩʧʣʘʚʦʤ  ʧʨʦʠʩʭʦ-

ʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ  ʙʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʣʝʪʫʯʝʩʪʴʶ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʙʫʨʳ ʷʚʣʷʝʪʩʷ ʝʸ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʨʘʩʪʚʦʨʷʪʴ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, ʵʪʦ ʩʚʦʡʩʪʚʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʭʠ-

ʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʤʠʥʝʨʘʣʦʚ, ʚ ʤʝʪʘʣʣʫʨʛʠʠ, ʢʝʨʘʤʠʯʝʩʢʦʤ ʠ ʩʪʝʢʦʣʴʥʦʤ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ. 

ɺ ʨʘʙʦʪʝ [91] ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʘ ʪʝʨʤʠʯʝʩʢʘ ̫ʜʝʛʠʜʨʘʪʘʮʠ ̫ʙʫʨʳ ʜʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʙʝʟʚʦʜʥʦʛʦ ʪʝʪʨʘʙʦʨʘʪʘ ʥʘʪʨʠʷ ʠ ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʯʠʩʣʝʥʳ ʟʥʘʯʝʥʠʷ  

ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ. 

ɼʠʙʦʨʘʪ ʢʘʣʴʮʠʷ ʠ ʛʝʢʩʘʛʠʜʨʘʪ ʜʠʙʦʨʘʪʘ ʢʘʣʴʮʠʷ ( OHOBCaO 232 6ÖÖ ) ʠʩʩʣʝ-

ʜʦʚʘʥʳ ʚ [92]. ɺ ʯʘʩʪʥʦʩʪʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʛʝʢʩʘʛʠʜʨʘʪʘ ʜʠʙʦʨʘʪʘ 

ʢʘʣʴʮʠʷ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ OHOBCaO 232 --  ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʅ>11 ʢʦʥʝʯʥʳʡ 

ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʚʸʨʜʫʶ ʫʩʪʦʡʯʠʚʫʶ ʬʘʟʫ ʜʦ 40ÁC. ɺ ʚʦʜʝ ʛʝʢʩʘʛʠʜ-

ʨʘʪ ʜʠʙʦʨʘʪʘ ʢʘʣʴʮʠʷ  ʨʘʩʪʚʦʨʷʝʪʩʷ ʜʦ ʩʦʩʪʦʷʥʠʷ OHOBCaO 232 6ÖÖ , ʩʦʩʪʘʚʣʷʷ 

0.12% ʦʢʩʠʜʘ ʙʦʨʘ. ɻʝʢʩʘʛʠʜʨʘʪ ʜʠʙʦʨʘʪʘ ʢʘʣʴʮʠʷ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ  ʚ ʧʨʠʟʤʘʪʠʯʝ-

ʩʢʦʡ, ʪʘʙʣʠʪʯʘʪʦʡ ʠʣʠ ʩʪʦʣʙʯʘʪʦʡ ʬʦʨʤʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘ-

ʮʠʠ [93].  
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ʊʝʪʨʘʛʠʜʨʘʪ ʜʠʙʦʨʘʪʘ ʢʘʣʴʮʠʷ OHOBCaO 232 4ÖÖ  ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 

45 ʜʦ 80ÁC ʫʩʪʦʡʯʠʚ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ OHOBCaO 232 -- . ʊʝʪʨʘʛʠʜʨʘʪ ʜʠʙʦʨʘʪʘ 

ʢʘʣʴʮʠ ̫ʩʪʨʦʝʥʠʷ OHOBCaO 232 4ÖÖ , ʢʘʢ ʠ ʛʝʢʩʘʛʠʜʨʘʪ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʝʡ ʠʟ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʛʠʨʦʢʩʠʜ ʥʘʪʨʠʷ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʠʟʚʝʩʪʠ, ʛʠʧʩʘ 

ʠʣʠ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ ʠ ʙʫʨʳ. ʊʝʪʨʘʛʠʜʨʘʪ ʜʠʙʦʨʘʪʘ ʢʘʣʴʮʠʷ ʩʪʨʦʝʥʠʷ 

OHOBCaO 232 4ÖÖ  ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ, ʚ ʢʦʪʦ-

ʨʳʭ ʝʛʦ ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ  ʚ ʚʠʜʝ 24 ])([ OHBCa . 

ɼʠʛʠʜʨʘʪ ʜʠʙʦʨʘʪʘ ʢʘʣʴʮʠʷ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ OHOBCaO 232 2ÖÖ   

ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʠ ʘʤʦʨʬʥʫʶ ʬʦʨʤʳ. ɸʤʦʨʬʥʫʶ ʬʦʨʤʫ ʜʠʛʠʜʨʘʪʘ ʜʠʙʦʨʘʪʘ 

ʢʘʣʴʮʠʷ  ʧʦʣʫʯʘʶʪ ʚʳʩʫʰʠʚʘʥʠʝʤ ʧʨʠ 105ÁC ʛʝʢʩʘʛʠʜʨʘʪʘ ʜʠʙʦʨʘʪʘ ʢʘʣʴʮʠʷ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ - ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ  ʠ ʜʣʠʪʝʣʴʥʦʡ ʚʳʜʝʨʞʢʝ ʚʦ ʚʣʘʞ-

ʥʦʡ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

ʇʦʣʫʛʠʜʨʘʪ ʜʠʙʦʨʘʪʘ ʢʘʣʴʮʠʷ ʩʪʨʦʝʥʠʷ  OHOBCaO 232 5.0ÖÖ  ʩʠʥʪʝʟʠʨʦʚʘʥ  

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ  ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 200 ʜʦ 300ÁC  [94]. 

ɹʝʟʚʦʜʥʳʡ ʜʠʙʦʨʘʪ ʢʘʣʴʮʠʷ ʩʪʨʦʝʥʠʷ 32OBCaOÖ  - ʪʚʸʨʜʘʷ ʬʘʟʘ ʜʚʦʡʥʦʡ ʩʠ-

ʩʪʝʤʳ 32OBCaO-  ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ 1154Áʉ. ʄʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʦʙʝʟ-

ʚʦʞʠʚʘʥʠʝʤ ʛʠʜʨʘʪʦʚ ʜʠʙʦʨʘʪʘ ʢʘʣʴʮʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700Áʉ. ʉʪʨʫʢʪʫʨʘ ʜʠ-

ʙʦʨʘʪʘ ʢʘʣʴʮʠʷ 32OBCaOÖ  ʷʚʣʷʝʪʩʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ, ʩ ʮʝʧʦʯʝʯʥʳʤʠ -n

nBO )( 2
-

ʧʦʣʠʘʥʠʦʥʘʤʠ.  

ɹʝʟʚʦʜʥʳʡ ʜʠʙʦʨʘʪ ʢʘʣʴʮʠʷ (32OBCaOÖ ) ʘʥʘʣʦʛʠʯʥʦ ʜʨʫʛʠʤ ʙʦʨʘʪʘʤ ʢʘʣɹ-

ʮʠʷ, ʙʳʩʪʨʦ ʨʘʩʱʝʧʣʷʝʪʩʷ ʩʠʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤ, ʧʨʠ ʠʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘ-

ʥʠʝ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ ʢʘʣʴʮʠʷ  ʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʨʝʘʢʮʠʷʭ ʙʝʟʚʦʜʥʦʛʦ 

ʜʠʙʦʨʘʪʘ ʢʘʣʴʮʠʷ ( 32OBCaOÖ ) ʩ ʩʦʜʦʚʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ  ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʧʨʦʠʩʭʦʜʠʪ  ʦʙʨʘʟʦʚʘʥʠʝ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ) ʤʝʪʘʙʦ-

ʨʘʪʘ ʥʘʪʨʠʷ  ʠʣʠ ʙʫʨʳ.  ɼʠʙʦʨʘʪ ʢʘʣʴʮʠʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʣʘʙʳʭ ʢʠʩʣʦʪ ʨʘʟ-

ʣʘʛʘʝʪʩʷ ʧʣʦʭʦ, ʦʙʨʘʟʫʷ ʩʣʘʙʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʳ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ. 
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1.3. ʄʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʨʦ- ʠ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ ʨʫʜ 

ʇʝʨʝʨʘʙʦʪʢʘ ʙʦʨʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ 

ʇʝʨʝʨʘʙʦʪʢʘ ʙʦʨʥʦʛʦ ʩʳʨʴʷ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʦʙ-

ʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʩʳʨʴʝʚʘʷ ʙʘʟʘ ʚʘʞʥʝʡʰʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʨʷʜʝ ʤʦʥʦʛʨʘʬʠʡ ʠ ʦʙʟʦʨʘʭ [1-7, 95,96]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʨʠʚʝʜʝʥʳ ʩʧʦʩʦʙʳ ʠ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʨʘʟʣʠʯʥʦʛʦ ʩʳʨʴʷ. ʆʧʠ-

ʩʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʙʦʨʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺ ʤʦʥʦʛʨʘʬʠʠ ʂ. ɺ. ʊʢʘʯʸʚʘ, ʖ. ʉ. ʇʣʳʰʝʚʩʢʦʛʦ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ [97]. ɺ ʤʘʪʝʨʠʘʣʘʭ ʚʩʝʩʦʶʟ-

ʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʙʦʨʫ, ʢʦʪʦʨʳʝ ʚ ʪʝʯʝʥʠʝ ʨʷʜʘ ʣʝʪ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʛ. ʈʠʛʝ ʧʦʜ 

ʧʨʝʜʩʝʜʘʪʝʣʴʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ɻ. ʂ. ɻʦʜʝ [98] ʙʳʣʠ ʦʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ ʭʠʤʠʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʙʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʙʦʨʘ ï ʙʦʨʦʛʠʜʨʠʜʳ ʤʝʪʘʣʣʦʚ ʩʠʩʪʝʤʘʪʠʟʠʨʦ-

ʚʘʥʳ ʚ ʤʦʥʦʛʨʘʬʠʷʭ [99, 100]. ɺ ʵʪʠʭ ʤʦʥʦʛʨʘʬʠʷʭ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʨʠʩʫʱʠʭ ʙʦʨʦʛʠʜʨʠʜʘʤ ʤʝʪʘʣʣʦʚ, ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʠʥʮʠʧʳ, 

ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. 

ɺʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʙʦʨʦʩʦʜʝʨʞʘʱʝʝ ʩʳʨʴʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ  ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ 

ʚ ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ ʠʣʠ ʙʫʨʫ, ʜʘʣʝʝ ʠʭ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ  ʚ ʜʨʫʛʠʝ ʚʠʜʳ ʧʨʦʜʫʢʮʠʠ, 

ʠʟ ʢʦʪʦʨʳʭ ʟʘʪʝʤ ʧʦʣʫʯʘʶʪ ʮʝʣʳʡ ʩʧʝʢʪʨ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ï ʵʪʦ ʵʣʝ-

ʤʝʥʪʘʨʥʳʡ ʙʦʨ, ʝʛʦ ʩʧʣʘʚʳ, ʙʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠ ʜʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʧʦʠʩʢʝ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʦʣʫʧʨʦʜʫʢʪʦʚ 

ʠʣʠ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʙʦʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ [101]. 

ɺʘʞʥʦ ʫʢʘʟʘʪʴ ʝʱʸ ʦʜʠʥ ʚʠʜ ʙʦʨʥʦʛʦ ʩʳʨʴʷ ï ʵʪʦ ʙʦʨʦʩʦʜʝʨʞʘʱʠʝ ʚʦʜr. 

ʉʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʙʦʨʘ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦ-

ʩʪʫʧʥʦʩʪʴ ʵʪʦʛʦ ʚʠʜʘ ʩʳʨʴʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ. 

ɺʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʝʚʦʣʴʥʦ ʧʨʠʚʣʝʢʘʶʪ ʧʨʦʩʪʦʪʘ ʜʦʙʳʯʠ ʠ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʘʥʠʷ ʵʪʦʛʦ ʚʠʜʘ ʙʦʨʥʦʛʦ ʩʳʨʴʷ. ʅʘʧʨʠʤʝʨ, ʘʚʪʦʨʳ ʚ [101] ʧʦʣʫʯʠʣʠ ʙʦʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʤʝʪʦʜʦʤ  ʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʦʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʤʠʥʜʘʣʴʥʦʡ ʢʠʩʣʦʪ.r  
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ʀʟ ʨʘʩʩʦʣʘ (ʨʘʧʳ) ʦʟʝʨʘ ʉʠʨʣʟ (ʉʐɸ), ʫʩʧʝʰʥʦ ʜʦʙʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʙʫʨʳ, ʪʘʢ ʚʦʜʳ ʵʪʦ ʦʟʝʨʘ ʩʦʜʝʨʞʘʪ ʧʨʠ ʩʫʤʤʝ ʩʦʣʝʡ 28-29% ʧʨʠʤʝʨʥʦ  

1.4% ʦʢʩʠʜʘ ʙʦʨʘ [3]. ʂʨʦʤʝ ʙʫʨʳ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟ ʨʘʩʩʦʣʘ ʦʟʝʨʘ  ʜʦʙʳʚʘʝʪʩʷ  

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʜʫʢʪʦʚ ï ʙʨʦʤ, ʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ, ʭʣʦʨʠʜʳ ʢʘʣʴʮʠʷ, ʩʫʣʴʬʘ-

ʪʳ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʢʘʨʙʦʥʘʪʳ ʣʠʪʠʷ, ʩʦʜʫ ʠ ʜʨ. ʊʘʢʘʷ ʢʦʤʧʣʝʢʩʥʘ ̫ʧʝʨʝʨʘʙʦʪʢʘ  

ʠʩʭʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʘʞʥʳʭ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢ-

ʪʦʚ ʷʚʣʷʝʪʩʷ ʚʳʛʦʜʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʢʘʢ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢ 

ʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʨʘʩʩʦʣʦʚ ʨʘʟʨʘʙʦʪʘʥʘ 

ʚ [102], ʛʜʝ ʘʚʪʦʨʳ  ʧʦʣʫʯʠʣʠ  ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ  ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʢʦʥʝʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʢʘ ʩʝʣʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʟ-

ʚʣʝʯʝʥʠʷ ʙʦʨʘ  ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. ɸʚʪʦʨʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪ  ʵʪʫ 

ʧʨʦʙʣʝʤʫ ʪʨʝʤʷ ʧʫʪʷʤʠ: 

- ʚʦʜʫ ʚʥʘʯʘʣʝ ʧʦʜʢʠʩʣʷʣʠ, ʟʘʪʝʤ ʠʟ ʥʝʸ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʙʦʨʥʫ  ʁʢʠʩʣʦʪʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ [103]; 

- ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʪʦʜʘʤʠ ʘʜʩʦʨʙʮʠʠ ʠ ʩʦʦʩʘʞʜʝʥʠʷ ʙʦʨʘʪ-ʠʦʥʦʚ  ʧʦ-

ʣʫʯʘʣʠ ʙʦʨʦʩʦʜʝʨʞʘʱʠʝ ʢʦʥʮʝʥʪʨʘʪʳ [97, 98]; 

- ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ  ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʣʫʯʘʣʠ ʥʘ ʘʥʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦ-

ʣʘʭ [97, 98]. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ   ʧʦ ʧʦʣʫʯʝʥʠʶ ʙʦʨʘ ʠ ʙʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ  ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʨʙʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʦʯʥʳʭ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʦʜ  

[104]. 

ɺ [105-107] ʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ  ʠ ʦʧʨʦʙʦʚʘʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ  ʧʦ-

ʣʫʯʝʥʠʷ  ʠʟ ʧʨʠʨʦʜʥʳʭ ʨʘʩʩʦʣʦʚ ʙʦʨʘ ʠ ʙʦʨʦʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ  ʨʘʟʣʠʯʥʳʭ ʩʦʨʙʝʥʪʦʚ. 

ɸʚʪʦʨʳ [108] ʨʘʟʨʘʙʦʪʘʣʠ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʪʝʭʥʦʣʦʛʠʶ  ʠʟʚʣʝʯʝʥʠʷ ʙʦʨʘ  ʠʟ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʩʦʨʙʮʠʝʡ ʠʦʥʠʪʘʤʠ. ʇʨʠ ʩʦʨʙʮʠʠ ʙʦʨʘ ʠʟ ʙʦʨʦʩʦʜʝʨʞʘʱʠʭ ʚʦʜ 

ʘʥʠʦʥʠʪʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʘ ʙʦʨʘ ʥʝ ʤʝʥʝʝ  

0.85 ʛʨʘʤʤ/ʣʠʪʨ.  
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ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ [97, 98], ʧʨʠ ʧʨʠ-

ʤʝʥʝʥʠʠ  ʢʠʩʣʦʪʥʳʭ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ  ʚ ʦʩʥʦʚʥʦʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʝ ʢʠʩʣʦʪʳ ï ʵʪʦ ʩʦʣʷʥʘʷ, ʩʝʨʥʘ ̫ʠ ʘʟʦʪʥʘ ̫ʢʠʩʣʦʪʳ. 

ɼʘʥʥʳʝ ʢʠʩʣʦʪʥʳʝ ʤʝʪʦʜʳ  ʧʦʟʚʦʣʷʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦ, ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʩʣʦʞʥʦʛʦ  ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʝʣʝʢʪʠʚʥʦ ʠʟʚʣʝʢʘʪʴ ʢʨʝʤʥʝʟʸʤ ʠ ʦʢʩʠʜ 

ʙʦʨʘ ʩʝʨʥʦ-, ʩʦʣʷʥʦ ʠ ʘʟʦʪʥʦʢʠʩʣʦʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ, ʷʚʣʷʶʱʝʡʩʷ ʧʦ ʩʫʪʠ ʭʠʤʠ-

ʯʝʩʢʠʤ ʦʙʦʛʘʱʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ [97, 98]. 

ɺ [101] ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʩʝʨʥʦʢʠʩʣʦʪʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʜʘʪʦʣʠʪʦʚʳʭ ʨʫʜ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʚ ʩʦʩʪʘʚ ʜʘʪʦʣʠʪʦʚʦʡ ʨʫʜʳ ʚʭʦʜʠʪ ʤʠʥʝʨʘʣ ʜʘʪʦʣʠʪ, 

ʠʤʝʶʱʠʡ ʩʪʨʫʢʪʫʨʫ 3HCaBSiO . ʇʨʠʤʝʩʷʤʠ ʚ ʩʦʩʪʘʚʝ ʜʘʪʦʣʠʪʦʚʦʡ ʨʫʜʳ ʤʦʛʫʪ ʷʚ-

ʣʷʪʴʩʷ ʤʠʥʝʨʘʣʳ ʢʘʣʴʮʠʪʘ (3CaCO), ʛʨʘʥʘʪʘ (232 33 SiOOFeCaO ÖÖ ) ʠ ʛʝʜʝʥʙʝʨʠʪʘ         

( 22SiOFeOCaO ÖÖ ). ʇʝʨʚʦʡ ʩʪʘʜʠʝʡ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ  ʜʨʦʙʣʝʥʠʝ ʜʦ ʪʦʥʢʦʩʪʠ ʧʦ-

ʤʦʣʘ  ʥʝ ʙʦʣʝʝ 50 ʤʢʤ, ʜʘʣʝʝ ʩʝʨʥʦʢʠʩʣʦʪʥʦʝ ʨʘʟʣʦʞʝʥʠʝ (ʥʘ ʢʘʞʜʫʶ ʯʘʩʪʴ ʩʳʨʴʷ 

ʙʝʨʸʪʩʷ 0.55 ʚʝʩʦʚʦʡ ʯʘʩʪʠ ʤʦʥʦʛʠʜʨʘʪʘ), ʨʘʟʣʦʞʝʥʠʝ ʧʨʦʚʦʜʷʪ ʧʨʠ 95ÁC ʚ ʪʝʯʝ-

ʥʠʝ 1 ʯʘʩʘ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʝʨʩʢʠʭ ʙʦʨʘʪʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʘʟʣʦʞʝʥʠʷ ʠʭ ʩʤʝʩʴʶ ʘʟʦʪʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ ʧʦʢʘʟʘʥʘ ʚ ʨʘʙʦʪʝ ʂ. ɺ. ʊʢʘʯʸʚʘ, 

ʖ. ʉ. ʇʣʳʰʝʚʩʢʦʛʦ, ɸ. ʄ. ʇʦʣʷʢʘ ʠ ʜʨ. [109]. ʇʦʣʫʯʝʥʳ ʚʘʞʥʝʡʰʠʝ ʜʘʥʥʳʝ, ʥʝ-

ʦʙʭʦʜʠʤʳʝ ʜʣʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ. ɺʳʭʦʜ 

ʪʦʚʘʨʥʦʡ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ  ʧʨʠ ʩʝʨʥʦ- ʠ ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʡ  ʦʙʨʘʙʦʪʢʝ ʠʥʜʝʨʩʢʠʭ 

ʙʦʨʘʪʦʚ  ʩʦʩʪʘʚʠʣ 87.7%. 

ɺ ʨʘʙʦʪʝ [110] ʘʚʪʦʨʳ ʠʟʫʯʠʣʠ  ʪʨʦʡʥʫʶ ʙʦʨʘʪʥʫʶ ʩʠʩʪʝʤʫ  

OHBOHNOMg 23323)( --  ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 10-60ÁC, ʘʨʛʫʤʝʥʪʠʨʦʚʘʣʠ   

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʠʩʣʦʪʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ  ʙʦʨʦʩʦ-

ʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. ɸʚʪʦʨʳ [111, 112] ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʠʟ ʙʦʨʦʩʦʜʝʨ-

ʞʘʱʝʛʦ ʩʳʨʴʷ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ, ʢʘʢ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ - ʢʘʣʠʡʥʦʡ ʩʝʣʠʪʨʳ. ɺ 

[113] ʘʚʪʦʨʳ  ʧʨʠʚʦʜʷʪ ʩʝʨʴʸʟʥʳʝ ʦʙʦʩʥʦʚʘʥʠʷ  ʧʦʣʫʯʝʥʠʷ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ  ʯʝʨʝʟ 

ʤʘʛʥʠʝʚʳʝ ʙʦʨʘʪʳ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʘʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ  ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ  ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ. 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʪʨʘʢʮʠʷ ï ʧʦʧʫʣʷʨʥʳʡ ʤʝʪʦʜ ʨʘʟʣʦʞʝʥʠʷ, ʧʨʠʤʝʥʷ-

ʝʤʳʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʦʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʩ ʮʝʣʴʶ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʠʭ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ ʠ ʘʤʠʣʦʚʳʡ 

ʩʧʠʨʪ. ɸʚʪʦʨʳ  [112]  ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʳʯʠʩʣʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʤʝʞʜʫ ʨʘʩʪʚʦʨʠʪʝʣʝʤ (ʘʤʠʣʦʚʳʡ ʩʧʠʨʪ) ʠ ʚʦʜʥʦʡ ʬʘʟʦʡ. 

ʊʘʢʞʝ ʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ  ʚ ʞʠʜʢʦʩʪʷʭ, ʭʦʨʦʰʦ ʩʤʝʰʠʚʘʶ-

ʱʠʭʩʷ ʩ ʚʦʜʦʡ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥʦ ʨʘʩʪʚʦʨʝ-

ʥʠʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʵʪʘʥʦʣʝ.  

ɺ ʨʘʙʦʪʝ [114]ʘʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʦʩʦ-

ʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʠʩʣʳʭ ʩʦʣʝʡ ʬʦʩʬʦʨʥʦʢʠʩʣʦʛʦ ʥʘʪʨʠʷ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ  ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʛʝʪʝʨʦʛʝʥʥʳʭ ʙʦʨʘʪʥʳʭ ʩʠʩʪʝʤ ʩ ʬʦʩʬʦ-

ʨʦʤ  ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʟʣʦʞʝʥʠʷ. 

ɺ [95] ʙʦʨʦʩʦʜʝʨʞʘʱʝʝ ʩʳʨʴʸ (ʢʦʣʝʤʘʥʠʪ) ʜʦʙʳʚʘʣʦʩʴ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦ-

ʙʦʤ, ʯʪʦ ʦʢʘʟʘʣʦʩʴ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ. ʀʟʤʝʣʴʯʝʥʥʫʶ ʨʫʜʫ ʧʨʦʢʘʣʠ-

ʚʘʣʠ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʢʦʣʝʤʘʥʠʪʘ. ʇʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʢʦʣʝʤʘʥʠʪ ʧʨʝʚʨʘʱʘʣ-

ʩʷ ʚ ʧʦʨʦʰʦʢ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʣʦ ʧʨʦʮʝʩʩ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ, ʦʪ ʧʦʨʦʜʳ  ʝʛʦ 

ʦʪʜʝʣʷʣʠ, ʧʨʦʩʝʠʚʘʷ ʠʩʭʦʜʥʦʝ ʩʳʨʴʸ. ɼʘʣʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ɹʣʫʤʝʥʙʝʨ-

ʛʘ, ʙʦʨʦʩʦʜʝʨʞʘʱʝʝ ʩʳʨʴʸ ʩʫʭʦʛʦ ʧʦʤʦʣʘ  ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʥʘʯʘʣʘ ʜʠʦʢʩʠʜʦʤ ʩʝʨʳ, 

ʟʘʪʝʤ ʛʦʨʷʯʝʡ ʚʦʜʦʡ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪʠʚʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʠ  ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʝʡ ʧʦʣʫʯʘʣʠ  ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ - ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ [115]. 

ɸʚʪʦʨʳ [116]  ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟ ʢʦʣʝʤʘʥʠʪʘ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʠʩʣʦʪʥʳʡ ʤʝʪʦʜ ʩ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʦʡ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʫʨʳ  ʠʩʧʦʣʴʟʦʚʘʣʠ ʱʝ-

ʣʦʯʥʳʝ ʤʝʪʦʜʳ ʨʘʟʣʦʞʝʥʠʷ. 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ ʤʝʪʦʜʳ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʢʦʣʝʤʘʥʠʪʘ ʜʦʩʪʫʧʥʳʭ ʠ ʥʝʜʦʨʦʛʠʭ ʨʝʘʛʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʠ ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ [114, 117]. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʪʠʭ 

ʤʝʪʦʜʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʢʘʣʴʮʠʡ ʦʙʨʘʟʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ-

ʨʘʩʪʚʦʨʠʤʦʝ ʩʦʝʜʠʥʝʥʠʝ - ʛʠʧʩ, ʧʦʵʪʦʤʫ ʢʘʨʙʦʥʘʪʳ ʥʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʦʩʣʝʜʫʶ-

ʱʝʤʫ ʚʳʜʝʣʝʥʠʶ ʙʦʨʘ ʠʟ ʨʘʩʪʚʦʨʘ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʫʨʳ ʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ. 
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ʀʟʚʝʩʪʥʦ [118], ʯʪʦ ʘʰʘʨʠʪ - ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʠʥʝʨʘʣʦʚ ʙʦʨʦʩʦʜʝʨʞʘ-

ʱʠʭ ʨʫʜ, ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʨʘʟʣʘʛʘʪʴ ʨʘʩʪʚʦʨʘʤʠ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ  ʜʝʰʸʚʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ ʱʝʣʦʯʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʥʝ ʧʦʜʜʘʝʪʩʷ ʧʝʨʝʨʘʙʦʪʢʝ ʵʪʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʙʫʨʳ ʢʘʢ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ. ʕʪʦʪ ʬʘʢʪʦʨ ʷʚʠʣʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʧʨʠ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʜʣʷ ʘʰʘʨʠʪʦʚʳʭ ʨʫʜ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʝʨʥʦʢʠʩ-

ʣʦʪʥʳʡ ʤʝʪʦʜ,  ʧʨʠ ʢʦʪʦʨʦʤ ʦʩʥʦʚʥʳʤ ʙʦʨʦʩʦʜʝʨʞʘʱʠʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʙʦʨ-

ʥʘʷ ʢʠʩʣʦʪʘ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʪʦʛʦ ʤʝʪʦʜʘ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʧʦ ʫʜʦʙʨʝʥʠʷʤ ʠ ʠʥʩʝʢʪʦʬʫʥʛʠʮʠʜʘʤ ʠʤʝʥʠ  ʗ. ɺ. 

ʉʘʤʦʡʣʦʚʘ (ʅʀʀʋʌ ʠʤ. ʗ. ɺ. ʉʘʤʦʡʣʦʚʘ). 

ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠʟ ʙʦʨʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠ-

ʤʳʡ ʩʫʣʴʬʘʪ ʤʘʛʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʩʪʚʦʨ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ [119]. 

ʇʦʵʪʦʤʫ ʧʦʣʫʯʝʥʠʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠʟ ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʚʦʟʤʦʞʥʦ ʪʦʣʴ-

ʢʦ ʜʦ ʚʟʘʠʤʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩʫʣʴʬʘʪʦʤ ʤʘʛʥʠʷ. 

 ʆʩʥʦʚʥʳʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦ-

ʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʩ ʮʝʣʴʶ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʝʛʦ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʷʚʣʷʝʪʩʷ ʬʣʦ-

ʪʘʮʠʷ - ʤʝʪʦʜ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʋʨʘʣʴʩʢʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʭʠʤʠʯʝ-

ʩʢʦʤ ʠʥʩʪʠʪʫʪʝ (ʋʅʀʍʀʄ) [120]. ɺ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ ʩʧʦʩʦʙʥʦʩʪʴ ʙʦʨʥʦʡ ʢʠʩʣʦ-

ʪʳ ʢ ʬʣʦʪʠʨʦʚʘʥʠʶ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʣʦʪʘʮʠʦʥʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʪʦ ʝʩʪʴ ʧʨʝʚʨʘ-

ʱʘʪʴʩʷ ʚ ʧʝʥʷʱʠʡʩʷ ʧʨʦʜʫʢʪ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʩʫʩʧʝʥʟʠʶ ʚʦʟʜʫʰʥʳʭ 

ʩʪʨʫʡ. ʄʝʪʦʜ ʬʣʦʪʘʮʠʠ ʧʦʟʚʦʣʠʣ  ʧʨʦʚʝʜʝʥʠʶ ʩʦʚʤʝʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʦʨ-

ʥʦʡ ʢʠʩʣʦʪʳ ʠ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ, ʟʘʪʝʤ ʵʪʠ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ  ʨʘʟʜʝʣʷʣʠ 

ʤʝʪʦʜʦʤ ʬʣʦʪʘʮʠʠ ʠ ʧʦʣʫʯʘʣʠ ʚʘʞʥʳʝ ʪʦʚʘʨʥʳʝ ʧʨʦʜʫʢʪʳ - ʛʝʧʪʘʛʠʜʨʘʪ ʩʫʣʴʬʘʪʘ 

ʤʘʛʥʠʷ ʠ ʙʦʨʥʫ  ʁʢʠʩʣʦʪʫ.  

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʨʦʩʦʜʝʨʞʘʱʝʛʦ ʤʠ-

ʥʝʨʘʣʘ ï ʜʘʪʦʣʠʪʘ ʠ ʧʦʢʘʟʘʥʦ,  ʚ ʯʪʦ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ  ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʠʣʴʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ (ʘʟʦʪʥʦʡ, ʩʦʣʷʥʦʡ, ʩʝʨʥʦʡ) ʨʘʟʣʦʞʝʥʠʝ ʜʘʪʦʣʠʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʫʩʧʝʰʥʦ, ʜʣʷ ʜʘʪʦʣʠʪʘ ʥʝ ʧʦʢʘʟʘʥʦ ʱʝʣʦʯʥʦʝ ʨʘʟʣʦʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʦʥ  

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʟʣʘʛʘʝʪʩʷ ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʠ  ʩʣʘʙʳʤʠ ʢʠʩʣʦʪʘʤʠ. 

 



51 

ʇʝʨʝʨʘʙʦʪʢʘ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ ʨʫʜ 

ʇʝʨʝʨʘʙʦʪʢʘ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʨʦʘʥʘʣʠ-

ʟʠʨʦʚʘʥʘ ʚ [11-15, 116, 126-137].  

ʖ. ɸ. ʃʘʡʥʝʨʦʤ [11] ʦʙʦʙʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʦʨʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟ-

ʤʦʞʥrʭ ʢʠʩʣʦʪʥʳʭ ʧʝʨʝʨʘʙʦʪʦʢ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠ-

ʤʘʥʠʝ ʫʜʝʣʝʥʦ ʢʠʥʝʪʠʢʝ ʠ ʤʝʭʘʥʠʟʤʫ ʨʘʟʣʦʞʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ 

ʧʦʨʦʜ ʢʠʩʣʦʪʘʤʠ. ʀʟʫʯʝʥ rʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʫʣʴʬʘʪʥʳʭ ʠ ʥʠʪʨʘʪʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʳ ʧʫʪʠ ʦʯʠʩʪʢʠ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʦʪ 

ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʳʜʝʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʘʣʶʤʠʥʠʷ ʠʟ ʢʠʩʣʳʭ ʨʘʩ-

ʪʚʦʨʦʚ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʫʣʴʬʘʪʦʚ ʘʣʶʤʠʥʠʷ, ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʘʣʶʤʠʥʘʪʘ ʥʘʪʨʠʷ. ʇʨʦʚʝʜʥy ʘʥʘʣʠʟ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʥʠʟʢʦʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʛʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠ-

ʤʝʥʝʥʳ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. 

ɺ [12-14] ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʭʣʦʨʥʦʛʦ ʠ ʢʠʩʣʦʪʥʦʛʦ 

ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʘʣʶʤʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. ʇʨʠʚʦʜʠʪʩʷ 

ʦʧʠʩʘʥʠʝ  ʭʣʦʨʥʳʭ ʤʝʪʦʜʦʚ  ʨʘʟʣʦʞʝʥʠʷ ʥʝʬʝʣʠʥʦʚʦʛʦ ʩʠʝʥʠʪʘ ʠ ʤʠʥʝʨʘʣʦʚ, ʚʭʦ-

ʜʷʱʠʭ ʚ ʝʛʦ ʩʦʩʪʘʚ, ʢʠʩʣʦʪʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʨʫʜ, 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʫʣʴʧʳ ʧʨʠ ʢʠʩʣʦʪʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʪʘʢʦʛʦ ʩʳʨʴʷ, 

ʢʘʢ ʩʠʘʣʣʠʪʳ, ʢʘʦʣʠʥʦʚʳʝ ʛʣʠʥʳ, ʥʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳ, ʚʳʩʦʢʦʞʝʣʝʟʠʩʪʳʝ ʙʦʢ-

ʩʠʪr. 

ʇʦʜʨʦʙʥʦ ʦʩʚʝʱʝʥʳ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʢʠʩʣʦʪʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʳʨʴʷ. 

ɺ ʤʦʥʦʛʨʘʬʠʠ [121] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʘʪʝʣʴʥʦ-ʢʠʩʣʦʪʥʳʭ ʩʧʦʩʦ-

ʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ: ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʊʫʨʧʠ ʠ ʘʣʫʥʠʪʦʚ 

ʊʦʢʤʘʢ ʨʘʩʪʚʦʨʘʤʠ ʩʝʨʥʦʡ, ʩʦʣʷʥʦʡ, ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʩʦʩʪʘʚʘ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ, 

ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʧʨʝʚʨʘʝɦʥʠʷ ʩʦʣʝʡ ʘʣʶʤʠʥʠʷ  ʠ ʞʝʣʝʟʘ ʚ ʛʠʜʨʦʢʩʠʜʳ ʩ ʠʭ ʦʙ-

ʨʘʙʦʪʢʦʡ ʛʠʜʨʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʃ. ʇ. ʅʠ ʠʤʝʪʁ 

ʚʝʩʦʤʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʣʠʥʦʟʤyʘ [122-125]. ɺʳ-



52 

ʜʚʠʥʫʪʦʡ ʠʤ ʪʝʦʨʠʝʡ ʙʣʘʛʦʧʦʣʫʯʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʛʠʜʨʦʱʝʣʦʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ, ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʣʶʤʠʥʘʪʥʦ-

ʢʨʝʤʥʝʟʤyʠʩʪʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʪʨʦʝʥʠʝ ʛʠʜʨʦʘʣʶʤʠʥʘʪʦʚ ʥʘʪʨʠʷ ʠ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ 

ʠʭ ʧʦʚʝʜʝʥʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʣʠʥʦʟʤyʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʪʝʦʨʠʠ ʨʘʟʨʘ-

ʙʦʪʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʦʣʫʯʠʣʘ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʙʝʟʦʪʭʦʜ-

ʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʢʦʥʜʠʮʠʦʥʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʣʶʤʠ-

ʥʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʠʪʦʛʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʬʘʟʦʚʳʤ ʠ ʩʪʨʫʢʪʫʨʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʚ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚ ʩʣʦʞʥʳʭ ʱʝʣʦʯʥʦ-ʘʣʶʤʠʥʘʪʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʱʝʣʦʯʥʦʛʦ ʩʧʦʩʦʙʘ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ, ʧʨʦʙʣʝʤʳ ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʦʪʭʦʜʦʚ (ʟʦʣ ʊʕʎ, ʰʣʘʢʦʚ, ʰʣʘʤʦʚ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʚʥʝʜʨʝ-

ʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ [125]. 

ʇʨʦʮʝʩʩ ʭʣʦʨʠʨʦʚʘʥʠʷ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥ ʚ [15, 

138, 139]. ʂʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʧʨʦʮʝʩʩʘ ʭʣʦʨʠʨʦʚʘʥʠʷ ʘʣʶʤʠʥʠʡʩʦ-

ʜʝʨʞʘʱʝʡ ʨʫʜʳ - ʥʝʬʝʣʠʥʦʚʦʛʦ ʩʠʝʥʠʪʘ ʊʫʨʧʠ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠʟʫʯʝʥ rʚ ʨʘʙʦʪʘʭ 

[140-146]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʩʩʘ ʭʣʦʨʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 550-850Áʉ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʦʙʦʙʱʥyʥʳʤ 

ʢʠʥʝʪʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ɽʨʦʬʝʝʚʘ-ʂʦʣʤʦʛʦʨʦʚʘ ʠ ʧʦʜʯʠʥʷʪʁʩʷ ʟʘʢʦʥʫ ɸʨʨʝʥʠ-

ʫʩʘ. 

ʅʘʨʷʜʫ ʩ ʢʠʩʣʦʪʥʳʤʠ ʠ ʭʣʦʨʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠʟʫʯʝʥʳ ʪʘʢʞʝ ʱʝʣʦʯʥʳʝ ʠʣʠ 

ʪʝʨʤʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʱʝʣʦʯʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ  ʨʫʜʫ ʩʥʘʯʘʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʘ-

ʶʪ, ʩʤʝʰʠʚʘʶʪ ʩ ʠʟʚʝʩʪʥʷʢʦʤ ʠ ʩʦʜʦʡ (ʧʦʪʘʰʦʤ), ʜʘʣʝʝ ʧʦʜʚʝʨʛʘʶʪ  ʚʳʩʦʢʦʪʝʤ-

ʧʝʨʘʪʫʨʥʦʤʫ  ʩʧʝʢʘʥʠʶ ʧʨʠ 1100-1300ÁC. ɺ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ  ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ 

ʨʫʜʝ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʨʫʜʝ, ʧʨʝʚʨʘʱʘʝʪʩʷ  ʚ ʘʣʶʤʠʥʘʪʳ  ʢʘʣʠʷ 

(ʠʣʠ ʥʘʪʨʠʷ), ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ  ʚ ʱʝʣʦʯʥʳʭ ʠʣʠ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ, ʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʚʨʘʱʝʥʠʝ ʢʨʝʤʥʝʟʤyʘ ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʩʠʣʠ-

ʢʘʪ ʢʘʣʴʮʠʷ [12, 13, 121]. 
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1.4. ʄʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʨʦ- ʠ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʢʠʩʣʦʪʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ 

ʂʠʩʣʦʪʥʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ 

ʂʘʢ ʠʟʚʝʩʪʥʦ,  ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ  ʙʦʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʢʠʩʣʦʪʥʳʭ ʩʧʦʩʦʙʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤʠ ʚ ʠʩ-

ʧʦʣʥʝʥʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʝʣʝʢʪʠʚʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʙʦʨʘʪʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ [97, 98]. 

 ɺ [142] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʥʝʨʘʣ ʛʠʜʨʦʙʦʨʘʮʠʪ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʝʨʘ-

ʣʦʤ ʘʰʘʨʠʪʦʤ  ʙʳʩʪʨʝʝ ʠ ʧʦʣʥʝʝ ʨʘʟʣʘʛʘʝʪʩʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ʈʘʟʣʦʞʝʥʠʝ ʛʠʜʨʦ-

ʙʦʨʘʮʠʪʘ  ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (20-25ÁC)  ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʥʢʦʩʪʠ ʧʦ-

ʤʦʣʘ ʩʳʨʴʷ, ʥʦ ʫʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʜʦ 58-60ÁC ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ (ʜʦ 90%) ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʩʳʨʴʷ (1.0-

1.5 ʤʤ), ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ  ʜʦ 90-95ÁC  ʠ ʚʨʝʤʝʥʠ ʨʘʟʣʦʞʝʥʠʷ ʜʦ 

15 ʤʠʥʫʪ  ʚʳʟʳʚʘʝʪ  ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ  ʛʠʜʨʦʙʦʨʘʮʠʪʘ. ɼʣʷ  ʪʨʫʜ-

ʥʦʨʘʟʣʘʛʘʝʤʳʭ  ʙʦʨʦʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʭ ʨʫʜ ʫʩʣʦʚʠʷ ʠʭ ʨʘʟʣʦʞʝʥʠʷ 

ʧʨʠʥʠʤʘʶʪʩʷ ʧʦʜʦʙʥʳʤʠ, ʢʘʢ ʚ ʨʘʙʦʪʝ [147]. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ,  ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʙʦʨʦʩʦ-

ʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʝ  ɸ. ɹ. ɿʜʘʥʦʚ-

ʩʢʦʛʦ [148]. ɸʚʪʦʨʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʢʘʣʴʮʠʝʚʳʭ ʤʠʥʝʨʘʣʦʚ (ʢʦʣʝʤʘʥʠʪ, ʫʣʝʢ-

ʩʠʪ, ʠʥʴʦʠʪ, ʛʠʜʨʦʙʦʨʘʮʠʪ)  ʠʭ ʢʨʠʚʳʝ ʣʠʥʠʠ ʩʢʦʨʦʩʪʝʡ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʝ ʤʘʢʩʠʤʘʣʴʥʳʝ, ʠ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʢʨʠʚʳʭ ʣʠʥʠʡ ʘʥʘʣʦʛʠʯʝʥ ʢʨʠʚʳʤ ʣʠʥʠʷʤ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʫʣʴʬʘʪʘ ʢʘʣʴʮʠʷ  ʧʨʠ ʩʝʨʥʦʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ. 

ɺʘʞʥʳʤʠ  ʪʘʢʞʝ ʥʫʞʥʦ ʥʘʟʚʘʪʴ ʧʨʦʮʝʩʩʳ ʬʠʣʴʪʨʫʝʤʦʩʪʠ ʩʫʩʧʝʥʟʠʡ, ʢʦʪʦ-

ʨʳʝ ʧʦʣʫʯʝʥʳ  ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ. ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ 

(ʚ ʧʦʨʷʜʢʝ ʚʘʞʥʦʩʪʠ) ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʫʝʤʦ-

ʩʪʠ: 

1) ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʩʫʰʢʠ ʨʫʜʳ; 

2) ʢʦʣʠʯʝʩʪʚʦ MgO ʠ B2O3 ʚ ʬʠʣʴʪʨʘʪʝ; 

3) ʪʠʧ ʠ ʩʪʨʦʝʥʠʝ ʠʩʭʦʜʥʦʡ ʨʫʜʳ [148]. 
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ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʰʢʠ ʦʪ 60 ʜʦ 400ÁC ʩʢʦʨʦʩʪʴ 

ʬʠʣʴʪʨʦʚʘʥʠʷ ʩʥʠʞʘʝʪʩʷ ʚ ʙʦʣʝʝ 10 ʨʘʟ. ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʩʫʰʠʪ ɹʨʫʜʫ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʦʩʦʙʝʥʥʦ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʪʝʤ, 

ʯʪʦ ʩʦʜʝʨʞʘʱʠʡʩʷ ʦʢʩʠʜ ʢʘʣʴʮʠʷ ʚ ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜʘʭ ʧʨʝʦʙʨʘʟʫʝʪʩʷ  ʚ 

ʛʠʧʩ, ʢʦʪʦʨʳʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ  ʧʨʝʦʙʨʘʟʫʝʪʩʷ  ʚ ʨʘʩʪʚʦʨʠ-

ʤʳʡ ʘʥʛʠʜʨʠʜ ɓ-ʬʦʨʤʳ - ɓ-ʘʥʛʠʜʨʠʜ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʚʦʨʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʝʛʦ  

ʬʠʣʴʪʨʘʮʠʠ,  ʧʨʠ ʩʥʠʞʝʥʠʠ  ʇʨʠ ʦʙʨʘʙʘʪʳʚʘʥʠʠ ʨʘʩʪʚʦʨʘ, ʦʩʦʙʝʥʥʦ ʚ ʭʦʜʝ ʬʠʣʴ-

ʪʨʦʚʘʥʠʷ, ʚ ʚʘʢʫʫʤʥʦʡ ʩʨʝʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ ʨʘʩʪʚʦʨʘ ʠ ʩʥʠʞʝʥʠʝ ʝʛʦ  

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʛʠʜʨʘʪʘʮʠʠ ʠ ʧʦʨʳ ʬʠʣʴʪʨʫʶʱʠʭ ʪʢʘʥʝʡ ʮʝ-

ʤʝʥʪʠʨʫʶʪʩʷ. 

ɺʣʠʷʥʠʝ  ʩʦʜʝʨʞʘʥʠʡ B2O3 ʠ MgO ʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʘʭ ʥʝ ʪʨʝʙʫʝʪ 

ʢʦʤʤʝʥʪʘʨʠʝʚ, ʦʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ, ʵʪʦʪ ʧʘʨʘʤʝʪʨ  ʦʧʨʝʜʝʣʷʝʪ ʩʢʦ-

ʨʦʩʪʴ ʬʠʣʴʪʨʦʚʘʥʠʷ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʠʧʦʚ ʩʳʨʴʷ, ʪʦ ʚʘʞʥʳʤ ʠ ʦʧʨʝʜʝʣʷʶʱʠʤ  ʧʨʠ 

ʵʪʦʤ  ʷʚʣʷʝʪʩʷ  ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ  ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ 

ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʳʝ ʧʨʠ ʩʝʨʥʦʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʶʪ ʪʨʫʜʥʦʬʠʣʴʪʨʫʶʱʠʝʩʷ 

ʩʫʩʧʝʥʟʠʠ [149]. ʂʨʦʤʝ ʪʦʛʦ, ʜʨʫʛʦʡ ʚʩʪʨʝʯʘʶʱʝʡʩʷ ʧʨʠ ʬʠʣʴʪʨʦʚʘʥʠʠ ʧʨʦʙʣʝ-

ʤʦʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʩʪʚʦʨ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʬʠʣʴʪʨʫʝʤʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʠʭ ʦʪʜʝʣʝʥʠʠ ʦʪ ʤʘʪʦʯʥʳʭʦ ʨʘʩ-

ʪʚʦʨʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠʟ ʙʦʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʜʣʠ-

ʪʝʣʴʥʦʝ  ʚʨʝʤʷ ʠʛʨʘʣʘ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳ-

ʨʴʷ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ [150]. ɺ ʧʨʦʤʳʰ-

ʣʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʨʘʙʦʪʢʫ ʠʩʭʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʙʦʨʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʙʦʨ-ʤʘʛʥʠʝʚʳʝ ʫʜʦʙʨʝʥʠʷ ʧʫʪʤy ʚʳʩʫʰʠʚʘʥʠʷ  ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʧʳʣʠ-

ʪʝʣʴʥʳʭ ʩʫʰʠʣʦʢ. ʕʪʦʪ ʚʘʨʠʘʥʪ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʙʦʨʥʦʛʦ ʘʥ-

ʛʠʜʨʠʜʘ ʠʟ ʩʳʨʴʷ ʚ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ - ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ. ʂʨʦʤʝ ʦʛʦ, ʵʪʦʪ   ʚʘʨʠʘʥʪ 

ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤ, ʪʘʢ ʢʘʢ ʧʦʩʣʝ ʚʳʧʘʨʠʚʘʥʠʷ  3-ʭ ʪʦʥʥ  ʠʩʭʦʜʥʳʭ ʨʘʩ-

ʪʚʦʨʦʚ  ʚʳʭʦʜ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ - ʙʦʨʦ-ʤʘʛʥʠʝʚʦʛʦ ʫʜʦʙʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 

ʧʨʠʤʝʨʥʦ 300 ʢʠʣʦʛʨʘʤʤ. 
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ɺ ʨʘʤʢʘʭ ʩʦʟʜʘʥʠ ̫ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʘʚʪʦʢʣʘʚʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʥʘʯʘʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ  ʚʳʩʦʢʦʪʝʤ-

ʧʝʨʘʪʫʨʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʘʰʘʨʠʪʦʚʳʭ ʨʫʜ (ʧʨʠ 140-180ÁC). ʉʫʱʥʦʩʪʴʶ ʵʪʦʛʦ ʤʝ-

ʪʦʜʘ  ʷʚʣʷʝʪʩʷ  ʩʣʘʙʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ, ʠʩʭʦʜʷ ʠʟ ʯʝʛʦ ʙʫʨʥʫʶ ʢʠʩʣʦʪʫ  ʧʦʣʫʯʘʶʪ ʙʝʟ ʚʳʚʦʜʘ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʮʠʢʣʘ ʠʩʭʦʜʥʳʭ ʤʘʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ  

ʧʦʟʚʦʣʷʝʪ   ʜʦʩʪʠʛʘʪʴ  ʚʳʩʦʢʦʛʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ  ʤʝʪʦʜʘʤʠ ʠʟʚʣʝʯʝʥʠʷ  

ʦʢʩʠʜʘ ʙʦʨʘ ï ʦʢʦʣʦ 85% ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʘʰʘʨʠʪʦʚʦʡ ʨʫʜʳ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ ʠʩʭʦʜʥʦʛʦ ʙʦʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʬʣʦʪʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʙʣʶʜʘʪʁʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʠʟʚʣʝʯʝʥʠʷ ɺ2ʆ3, 

ʜʦʩʪʠʛʘʶʱʠʝ 90,5% ʠ ʚʳʰʝ. ʉʝʨʥʦʢʠʩʣʦʪʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʩʳʨʴʷ ʤʝʪʦ-

ʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚ [151], ʛʜʝ 

ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʩʣʝʜʫʶʱʠʝ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ʪʝʤʧʝʨʘʪʫʨʘ 95ÁC; ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʚ-

ʪʦʢʣʘʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 40 ʤʠʥʫʪ; ʜʦʟʠʨʦʚʘʥʠʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 

100% ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʯʪyʘ. ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʦʢʩʠʜʘ ʙʦʨʘ ʠʟ ʨʫʜʳ 

ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 99,8%. 

ɺ ʋʅʀʍʀʄ ʨʘʟʨʘʙʦʪʘʥ ʢʠʩʣʦʪʥʳʡ ʤʝʪʦʜ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ 

ʩʳʨʴʷ, ʚʢʣʶʯʘʶʱʠʡ ʧʨʦʮʝʩʩ ʢʘʨʙʦʥʠʟʘʮʠʠ, ʵʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʠʣ ʠʟʙʝʞʘʪʴ ʦʧʨʝ-

ʜʝʣyʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʝʝ ʤʝʩʪʥʦʝ ʩʳʨʴʝ, ʧʦ-

ʣʫʯʠʪʴ ʥʦʚʳʡ ʧʨʦʜʫʢʪ - ʙʦʨʘʪ ʢʘʣʴʮʠʷ, ʢʘʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʥʝ ʫʩʪʫʧʘʝʪ ʙʦʨʥʦʡ 

ʢʠʩʣʦʪʝ.  ʊʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʨʘʩ-

ʭʦʜ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ ʝʝ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʦʡ. ʉʦʛʣʘʩʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʤʝʪʦʜʫ, ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʜʘʪʦʣʠʪʦʚʳʭ ʨʫʜ  ʧʨʦʠʩʭʦʜʠʪ ʨʘʟ-

ʨʫʰʝʥʠʝ ʩʣʘʛʘʶʱʠʭ ʠʭ ʤʠʥʝʨʘʣʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʬʘʟ, ʚ ʢʦʪʦʨʳʭ ʙʦʨ ʩʦʜʝʨ-

ʞʠʪʩʷ ʚ ʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʨʘʟʣʘʛʘʪʴʩʷ ʩʣʘʙʳʤʠ ʢʠʩʣʦʪʘʤʠ. ɺ ʧʨʦʮʝʩʩʝ 

ʨʘʟʣʦʞʝʥʠʷ ʜʘʪʦʣʠʪʘ  ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʘʨʙʦʥʠʟʘʮʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪ,r ʪʚʸʨʜʘʷ ʬʘʟʘ  ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʝʤʥʝʟʸʤʦʤ ʠ ʨʘʟʣʠʯ-

ʥʳʤʠ ʧʨʠʤʝʩʷʤʠ. ʅʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʜʫʢʪʠʚʥʳʝ ʨʘʩ-

ʪʚʦʨʳ ʠʤʝʶʪ ʥʠʟʢʫʶ  ʢʦʥʮʝʥʪʨʘʮʠʶ, ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ ʠʟ ʥʠʭ ʤʦʞʥʦ  ʚʳʜʝʣʠʪʴ 
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ʪʦʣʴʢʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʦʩʣʝ  ʚʳʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʜ-

ʢʠʩʣʝʥʠʝʤ  ʩʠʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʥʘʧʨʠʤʝʨ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟ 

ʨʘʩʪʚʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʙʦʪʢʦʡ ʠʭ ʠʟʚʝʩʪʢʦʚʳʤ ʤʦʣʦʢʦʤ, ʩʯʠʪʘʝʪʩʷ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʳʤ  ʦʩʘʞʜʘʪʴ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʡ  ʛʠʜʨʦʙʦʨʘʪ ʢʘʣʴʮʠʷ  CaOĿB2O3Ŀ6H2O 

[152]. 

ʂʠʩʣʦʪʥʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ 

ɼʣʷ ʨʘʟʣʦʞʝʥʠʷ ʨʫʜ ʠʩʧʦʣʴʟʫʶʪ ʛʣʘʚʥʝʡʰʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʢʠʩʣʦʪʳ: ʘʟʦʪ-

ʥʫʶ, ʩʦʣʷʥʫʶ, ʩʝʨʥʫʶ, ʩʝʨʥʠʩʪʫʶ ʠʣʠ ʠʭ ʘʥʛʠʜʨʠʜʳ. ʇʨʝʜʣʦʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʝ ʢʠʩʣʦʪʥʳʝ ʩʧʦʩʦʙʳ, ʦʙʱʠʤʠ ʜʣʷ ʢʦʪʦʨʳʭ ʷʚʣʷʪʁʩʷ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʧʝʨʝʜʝ-

ʣʦʚ: ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʩʭʦʜʥʦʡ ʨʫʜʳ, ʧʝʨʝʚʦʜ ʘʣʶʤʠʥʠʷ ʚ ʨʘʩʪʚʦʨ, ʚʳʜʝʣʝ-

ʥʠʝ ʠ ʦʯʠʩʪʢʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʯʠʩʪʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠ-

ʥʠ̫, ʨʝʛʝʥʝʨʘʮʠʷ ʨʘʩʪʚʦʨʦʚ, ʧʨʠʤʝʥʝʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʩʪʘʜʠʷʭ [15, 153]. 

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʘʣʫʥʠʪʦʚ, ʢʘʦʣʠʥʦʚ ʠ ʛʣʠʥ, ʘ ʪʘʢʞʝ ʠʭ 

ʚʩʢʨʳʚʘʝʤʦʩʪʴ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʧʝʨʘʮʠʡ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʠʟʫʯʝʥʘ ʚʩʢʨʳʚʘʝʤʦʩʪʴ ʘʣʫʥʠʪʦʚ, ʢʘʦʣʠʥʦʚ ʠ ʛʣʠʥ ʤʥʦʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʘʝʪʩʷ ʠʟʫʯʝʥʠʶ ʬʘʟʦʚʳʭ ʧʨʝ-

ʚʨʘʱʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʠ ʩʫʣʴʬʘʪʠʟʘʮʠʠ ʘʣʫʥʠʪʦʚ ʠ ʢʘʦ-

ʣʠʥʦʚ. ʆʩʥʦʚʥʘʷ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʢʘʦʣʠʥʦʚ ï ʢʘʦʣʠʥʠʪ ʪʨʫʜʥʦ ʨʘʟʣʘʛʘʝʪʩʷ ʢʠʩʣʦ-

ʪʦʡ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʧʝʨʝʚʦʜʘ Al 2O3 ʢʘʦʣʠʥʠʪʘ ʚ ʨʘʩʪʚʦʨ ʩ ʮʝʣʴʶ ʧʦʣʫ-

ʯʝʥʠʷ ʩʦʣʝʡ ʘʣʶʤʠʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʢʠʩʣʦʪʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʝʛʠʜ-

ʨʘʪʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʦʞʝʥʠʝ ʢʘʦʣʠʥʘ ʢʠʩʣʦʪʦʡ ʠʣʠ ʩʦʣʷʤʠ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʠ.  

ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʦʣʠʥʦʚʳʝ ʛʣʠʥʳ ʪʨʫʜʥʦ ʚʩʢʨʳʚʘʶʪʩʷ ʢʠʩʣʦʪʘʤʠ. 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʠʭ ʚʩʢʨʳʪʠʷ ʧʨʦʚʦʜʷʪ ʜʝʛʠʜʨʘʪʠʨʫʶʱʠʡ ʦʙʞʠʛ ʧʨʠ 500-600Áʉ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʧʨʝʜʝʣʘʭ 450-900Üʉ [154-159]. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʝʛʠʜʨʘʪʠʨʫʶʱʝʛʦ ʦʙʞʠʛʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫ-

ʨʦʡ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚʨʝʤʝʥʠ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ɻʠ-

ʧʦʪʝʪʠʯʝʩʢʠ ʯʝʤ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ, ʪʝʤ ʙʦʣʴʰʝ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ɽʩʣʠ ʚ ʢʘʦʣʠʥʦʚʳʭ ʛʣʠʥʘʭ ʩʦʜʝʨʞʠʪʩʷ ʜʠʘʩʧʦʨ ʠ ʛʠʜʨʘʨʛʠʣʣʠʪ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 
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ʦʙʞʠʛʘ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 500Üʉ [160]. 

ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʱʝʣʦʯʥʦʡ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʤʝʪʦʜʦʤ 

ʩʧʝʢʘʥʠʷ ʠ ʠʭ ʧʝʨʝʨʘʙʦʪʢʘ ʥʘ ʛʣʠʥʦʟʤy ʧʦ ʩʭʝʤʝ ʭʠʤʠʯʝʩʢʦʝ ʦʙʦʛʘʱʝʥʠʝ ï ʩʧʝʢʘ-

ʥʠʝ ʠʟʣʦʞʝʥʳ ʚ [161-164].  

ʉʝʨʥʦʢʠʩʣʦʪʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʨʫʜ ʤʦʞʝʪ 

ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʤʝʪʦʜʦʤ ʚʘʨʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʦʞʞʥyʥʦʡ ʨʫʜʳ ʠʣʠ ʤʝʪʦ-

ʜʦʤ ʩʧʝʢʘʥʠʷ ʨʫʜʳ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʝ yʩʦʣʷʤʠ. 

ʈʘʟʣʦʞʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʦʞʞʸʥʥʦʛʦ ʢʘʦʣʠʥʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʩʪʚʦʨʘ-

ʤʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ɻ. ʄ. ɹʫʥʠʯ, ɽ. ʀ. ʍʘʟʘʥʦʚ), ʦʧʪʠ-

ʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ï 70% [165]. 

ʇʨʠʤʝʥʷʷ ʩʝʨʥʦʢʠʩʣʳʝ ʩʦʣʠ ʞʝʣʝʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 200-300Áʉ ʦʩʫʱʝʩʪʚ-

ʣʷʶʪ ʦʙʨʘʙʦʪʢʫ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʘʚʪʦʢʣʘʚʥʳʭ ʫʩʣʦʚʠʷʭ [166, 167]. 

ʀʤʝʶʪʩʷ  ʨʘʟʨʘʙʦʪʢʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʠ  ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪ-

ʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʳʨʴʷ  ʧʨʝʜʣʘʛʘʶʪ ʧʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʝʡ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʥʘʧʨʠʤʝʨ, ʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ ʠʣʠ ʙʠʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ [168, 169]. 

ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʩʧʢyʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 70-100Áʉ, 

ʪʘʢʞʝ ʚ ʚʦʜʫ ʜʦʙʘʚʣʷʶʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ, ʘ ʠʥʦʛʜʘ ʧʨʠ 

ʩʧʝʢʘʥʠʠ ʜʦʙʘʚʣʷʶʪ ʠʟʙʳʪʦʢ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ (50-100 ʤʘʩ%). 

ʉʧʝʢʘʥʠʝ ʨʝʢʦʤʝʥʜʫʶʪ ʧʨʦʚʦʜʠʪ ɹʚ ʧʨʝʜʝʣʘʭ 360-450Üʉ ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʩʧʝʢʘʥʠʷ ʦʪ 1 ʜʦ 4 ʯʘʩʦʚ. ʊʨʫʜʥʦ ʚʩʢʨʳʚʘʝʤʳʝ ʘʣʶʤʦʩʦʜʝʨʞʘʱʠʝ ʨʫʜʳ  ʨʝʢʦʤʝʥ-

ʜʫʝʪʩʷ  ʩʧʝʢʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʝʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʧʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʧʨʠ-

ʤʝʥʝʥʠʷ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʠʩʢʣʶʯʘʪʴ ʜʝʛʠʜʨʘʪʠʨʫʶʱʠʡ ʦʙʞʠʛ. ʅʝʜʦʩʪʘʪʢʘʤʠ 

ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ: ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʘʤʤʠʘʢʘ ʠ ʪʨʫʜʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʩʧʝʢʘʥʠʷ ʚ ʪʨʫʙʯʘʪʳʭ ʧʝʯʘʭ. ɺ ʦʪʥʦʰʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝ-

ʚʨʘʱʝʥʠʡ ʠʣʠ ʜʠʩʪʨʫʢʮʠʠ (ʠʟʤʝʥʝʥʠʠ) ʩʪʨʫʢʪʫʨʳ ʢʘʦʣʠʥʦʚ ʧʨʠ ʦʙʞʠʛʝ ʜʦ ʥʘʩʪʦ-

ʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ, ʭʦʪʷ ʠʟʫʯʝʥʠ ʁʵʪʦʛʦ ʚʦʧʨʦʩʘ ʧʦʩʚʷʱʝʥʦ 

ʦʯʝʥʴ ʤʥʦʛʦ ʨʘʙʦʪ. 

ɺʳʩʢʘʟʳʚʘʝʪʩʷ ʪʘʢʞʝ ʤʥʝʥʠʝ ʦ ʧʦʣʫʯʝʥʠʠ ʤʝʪʘʢʘʦʣʠʥʠʪʘ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʤ ʦʙʞʠʛʝ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 500-600Üʉ, ʢʦʪʦʨʳʡ ʧʨʠ 900Áʉ ʨʘʩʧʘʜʘʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ɔ-ʛʣʠʥʦʟʤyʘ ʠ ʢʨʝʤʥʝʟʤyʘ [170, 171]. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ 
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ʥʘʛʨʝʚʘʥʠʝ ʢʘʦʣʠʥʠʪʘ ʚʳʰʝ 900Üʉ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʠʣʣʠʤʘ-

ʥʠʪʘ ʠʣʠ ʤʫʣʣʠʪʘ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʦʣʠʥʠʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʠʥʪʝʨʚʘʣʝ 450-900Áʉ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʣʝ-

ʜʫʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ: 

 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  450Áʉ ʤʦʣʝʢʫʣʘ ʢʘ-

ʦʣʠʥʠʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʣʝʞʠʪ ʭʠʤʠʯʝʩʢʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ, ʛʜʝ ʩʪʝʧʝʥʴ ʠʟʚʣʝ-

ʯʝʥʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʢʠʩʣʦʪʘʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 2-3%. ʉʦʛʣʘʩʥʦ 

ʨʝʘʢʮʠʠ (1.1), ʧʨʠ 500-600ÁC ʠʟ ʩʦʩʪʘʚʘ ʢʘʦʣʠʥʠʪʘ ʫʜʘʣʷʶʪʩʷ ʤʦʣʝʢʫʣʳ 

ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʡ ʠʣʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ.  

ʉʦʛʣʘʩʥʦ ʨʝʘʢʮʠʠ (1.2), ʠʟʚʣʝʯʝʥʠʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ, 

ʜʦʩʪʠʛʘʷ 89.6%, ʯʪʦ ʚʳʟʚʘʥʦ ʧʨʝʚʨʘʱʝʥʠʝʤ ʤʠʥʝʨʘʣʘ ʢʘʦʣʠʥʠʪʘ ʚ ʤʝʪʘʢʘʦʣʠʥʠʪ 

ʧʨʠ 800Áʉ ʠ ʙʦʣʝʝ. ɺʳʰʝ 900Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʤʫʣʣʠʪʘ, ʪʨʫʜʥʦ ʨʘʩ-

ʪʚʦʨʠʤʦʛʦ ʚ ʢʠʩʣʦʪʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʠʥʝʨʘʣʘ [172] ʧʦ ʨʝʘʢʮʠʠ (1.3). 

ɺ ʨʘʙʦʪʝ [174] ʭʠʤʠʟʤ ʩʦʚʤʝʩʪʥʦʛʦ ʩʧʝʢʘʥʠʷ ʢʘʦʣʠʥʘ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ 

ʩʚʦʜʠʪʩʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʥʦʢʠʩʣʦʛʦ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʡ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʩʪʝʧʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʦʙ-

ʨʘʟʫʝʪ ʨʷʜ ʢʠʩʣʳʭ ʩʦʣʝʡ ʩʝʨʥʦʢʠʩʣʦʛʦ ʘʣʶʤʠʥʠʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

 

ʍʠʤʠʟʤ ʵʪʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʜʦʢʘʟʘʥ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ ʪʝʨʤʦ-

ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʍʠʤʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʦʣʠʥʠʪʘ ʩ ʨʘʩʪʚʦʨʘʤʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʝʡ ʫʧʨʦʱʝʥʥʦʡ ʩʭʝʤʦʡ: 
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ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʢʦʤʝʥʜʫʪʁʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ 

ʩʦʚʤʝʩʪʥʦʛʦ ʩʧʝʢʘʥʠʷ ʢʘʦʣʠʥʘ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ: ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ 300Üʉ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʧʝʢʘʥʠʷ 1 ʯʘʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ï 100Üʉ, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ï 30 ʤʠʥ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʚ [174, 175] ʧʨʦʚʦʜʠʪ ɹʩʫʣʴʬʘʪʠʟʘʮʠʶ ʢʘʦʣʠʥʘ ʚ ʜʚʫʭ ʩʪʘʜʠ-

ʷʭ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʚ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ï ʧʨʦʚʝʩʪʠ ʩʧʝʢʘʥʠʝ ʯʘʩʪʠ ʢʘʦʣʠʥʘ ʩ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʦʡ ʠ ʚʦ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ï ʨʘʟʣʦʞʝʥʠʝ ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʢʘʦʣʠʥʘ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʦʡ, ʪʦ ʝʩʪʴ ʦʙʨʘʙʦʪʢʘ ʩʘʤʦʨʘʩʩʧrʘʶɦʠʭʩʷ ʩʧyʢʦʚ ʨʘʩʪʚʦʨʘʤʠ ʩʝʨʥʦʡ ʢʠʩ-

ʣʦʪr. ɺʳʩʦʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʦʙʥʘʨʫʞʝʥʦ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

600-700Áʉ, ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʧʝʨʝʭʦʜʷʱʝʛʦ ʚ ʨʘʩʪʚʦʨ, ʚʦ 

ʚʩʝʭ ʦʧʳʪʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.1-0.5 ʛ/ʜʤ
3
. 

ʆʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʩʫʣʴʬʘʪʠʟʘʮʠʠ ʢʘʦʣʠʥʦʚ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ ï 550-600Áʉ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʧʝ-

ʢʘʥʠʷ ï 1 ʯʘʩ, ʜʦʟʠʨʦʚʢʘ ʢʠʩʣʦʪʳ ʥʘ ʩʧʝʢʘʥʠʝ ï 20%, ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʩʣʦʪʥʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ï 101-103Áʉ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ï 1-2 ʤʤ, ʜʦʟʠʨʦʚʢʘ ʢʠʩʣʦʪʳ ʥʘ ʨʘʟʣʦʞʝ-

ʥʠʝ ï 100% ʦʪ ʨʘʩʯʝʪʘ ʩʪʝʭʠʦʤʝʪʨʠʠ. ʇʨʠ ʢʦʥʪʘʢʪʝ ʩʧʢyʘ ʩ ʚʦʜʦʡ ʧʨʦʠʩʭʦʜʠʪ ʩʚʷ-

ʟʳʚʘʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʝ yʢʦʣʠʯʝʩʪʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʙʫʭʘʥʠʝ ʢʘʦʣʠʥʠʪʘ 

[174, 175]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʩʚʷʟʴ ʯʘʩʪʠʮ ʢʘʦʣʠʥʠʪʘ ʠ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ [176]. ɺʦʜʘ, ʧʨʦʥʠʢʘʶʱʘʷ ʧʦ ʤʠʢʨʦʪʨʝʱʠʥʘʤ 

ʯʘʩʪʠʮ ʛʣʠʥʳ, ʦʢʘʟʳʚʘʝʪ ʨʘʩʢʣʠʥʠʚʘʶʱʝʝ ʜʝʡʩʪʚʠʝ [177, 178]. ʆʙʦʣʦʯʢʠ ʘʜʩʦʨʙ-

ʮʠʦʥʥʦʡ ʚʦʜʳ ʨʘʟʜʚʠʛʘʶʪ ʯʘʩʪʠʮʳ ʢʘʦʣʠʥʘ ʠ ʟʘʧʦʣʥʷʶʪ ʧʦʨʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʤyʘ ʛʣʠʥʷʥʦʡ ʤʘʩʩʳ ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʘʙʫʭʘʥʠʷ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʦʮʝʩʩ ʥʘʙʫʭʘʥʠ ̫ʢʘʦʣʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʨʘʟʤʦʢʘ-

ʥʠʷ, ʪʦ ʝʩʪʴ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ ʢʘʦʣʠʥʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʯʘ-

ʩʪʠʮ ʨʘʩʪʪy ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʤʦʢʘʥʠʷ ʛʣʠʥ. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʢʘʦʣʠʥʘ ʜʦ 500Áʉ ʠ ʚʳʰʝ ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʛʠʜʨʦʢ-

ʩʠʣʴʥʳʭ ʠʦʥʦʚ ʠ ʥʘʨʫʰʘʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʦʣʠʥʘ. ɺ ʨʝ-
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ʟʫʣʴʪʘʪʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʙʣʠʞʝʥʠʝ ʯʘʩʪʠʯʝʢ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʪʝʨʤʠʯʝʩʢʦʡ 

ʫʩʘʜʢʦʡ [179, 180]. ʇʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʩʧʝʢʘʥʠʠ ʧʨʦʯʥʳʭ ʬʘʟʦ-

ʚʳʭ ʢʦʥʪʘʢʪʦʚ, ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʦʣʠʥʠʪʘ ʢ ʘʜʩʦʨʙʮʠʦʥ-

ʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʫʚʣʘʞʥʝʥʠʠ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠ ʥʝʨʘʩʪʚʦʨʠʤʦ-

ʩʪʠ ʢʨʝʤʥʝʟʤyʘ, ɸ. ʂ. ɿʘʧʦʣʴʩʢʠʡ ʠ ʜʨ. [181] ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ ʦ ʙʦʣʴʰʦʡ ʧʦ-

ʜʚʠʞʥʦʩʪʠ ʤʦʣʝʢʫʣ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʪyʢʝ ʘʣʶʤʦʩʠʣʠʢʘʪ-

ʥʳʭ ʨʫʜ. ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʢʨʝʤʥʝʟʤy ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʩʚʷʟʘʥʥʦʩʪʴ ʜʘʞʝ ʧʦʩʣʝ ʨʘʩ-

ʪʚʦʨʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ʇʩʝʚʜʦʤʦʨʬʦʟʘ ʢʨʝʤʥʝʟʤyʘ SiO2 ʦʙʨʘʟʫ-

ʝʪʩʷ ʧʦ ʦʪʥʦʝhʥʠʶ ʤʝʪʘʢʘʦʣʠʥʠʪʘ. ʄʝʪʘʢʘʦʣʠʥʠʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ 

ʧʩʝʚʜʦʤʦʨʬʦʟʦʡ ʧʦ ʢʘʦʣʠʥʠʪʫ. ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʛʠʜʨʘʪʠ-

ʨʫʶʱʝʛʦ ʦʙʞʠʛʘ ʟʘ ʩʯʪy ʫʜʘʣʝʥʠʷ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ʢʘʦ-

ʣʠʥʘ ʧʦʚʳʰʘʝʪʩʷ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʣʛyʢʦʝ ʧʨʦʜʚʠʞʝʥʠʝ ʚʳʱʝʣʘʯʠʚʘ-

ʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠ ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ ʧʨʦʷʚʣʷʝʪʩʷ ʨʘʩʢʣʠʥʠʚʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚʦʜʳ 

ʧʨʠ ʥʘʙʫʭʘʥʠʠ ʠ ʚʣʘʛʦʤyʢʦʩʪʴ ʰʣʘʤʘ ʧʦʥʠʞʘʝʪʩʷ. 

ʉʫʣʴʬʘʪʠʟʘʮʠʶ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʳʨʴʷ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʩ ʧʦʤʦʱʴʶ ʩʫʣʴʬʘʪʘ ʠ ʙʠʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ. 

ɺ ʨʘʙʦʪʝ [160] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʫʣʴʬʘʪʠʟʘʮʠʠ ʧʝʥ-

ʩʠʣʴʚʘʥʩʢʠʭ ʛʣʠʥ, ʚ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʘʣʶʤʠʥʠʝʚʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʙʳʣʠ ʢʘʦʣʠʥʠʪ, ʜʠʘʩʧʦʨ ʠ ʙʝʤʠʪ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ ʠʟʫʯʝʥʘ 

ʩʫʣʴʬʘʪʠʟʘʮʠʷ ʯʠʩʪʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʤʠʥʝʨʘʣʦʚ: ʜʠʘʩʧʦʨʘ, ʢʘʦʣʠʥʠʪʘ ʠ ʙʝʤʠʪʘ. 

ʀʟʚʣʝʯʝʥʠʝ ʛʣʠʥʦʟʤyʘ ʧʨʠ ʩʧʝʢʘʥʠʠ ʘʣʶʤʠʥʠʝʚʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠ 450Áʉ ʚ ʪʝʯʝ-

ʥʠʝ 2 ʯʘʩʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ. 

ɻʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʘʣʶʤʠʥʠʷ ʚ ʨʘʩʪʚʦʨ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ 

ʞʝ ʫʩʣʦʚʠʷʭ (ʧʦʨʷʜʢʘ 90%) ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʢʘʦʣʠʥʠʪʘ. ʀʟʚʣʝʯʝʥʠʝ ʩʫʣʴʬʘʪʘ 

ʘʣʶʤʠʥʠʷ ʚ ʨʘʩʪʚʦʨ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʩʧʝʢʰʝʡʩʷ ʰʠʭʪʳ ʫʤʝʥʴʰʘʝʪ-

ʩʷ. 

ʇʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʦʣʠʥʠʪʘ ʠ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

+ 4244522 )(4)( SONHOHOSiAl  
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OHNHSiOSONHSOAl 232424342 562)()( +++Ö .                          (1.6) 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʜʠʘʩʧʦʨʦʤ ʠ ʙʝʤʠʪʦʤ ʩ ʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ ʧʨʦʠʩ-

ʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ: 

 

ʆʙʝ ʨʝʘʢʮʠʠ ʵʥʜʦʪʝʨʤʠʯʥʳ ʠ ʧʨʦʪʝʢʘʶʪ ʩ ʙʦʣʴʰʠʤ ʧʦʛʣʦʱʝʥʠʝʤ ʪʝʧʣʘ. 

ʊʘʢ, ʪʝʧʣʦʪʘ ʨʝʘʢʮʠʠ (1.6) ʩʦʩʪʘʚʣʷʝʪ 320 ʢʢʘʣ/ʤʦʣʴ ʜʣʷ ʛʣʠʥʦʟʤyʘ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 25Üʉ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʛʣʠʥʦʟʤyʘ ʠʟ ʪʨʭy ʤʠʥʝʨʘʣʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʧʝʢʘʥʠʷ ʦʢʦʣʦ 3 ʯʘʩʦʚ. ʇʦʪʝʨʠ ʩʝʨʥʦʢʠʩʣʦʛʦ ʘʤʤʦʥʠʷ ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʪʁʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʛʠʜʨʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʪʨʝʙʫʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʜʦʟʠʨʦʚʘʥʠʝ 

ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʠʟʚʣʝʯʝʥʠʠ ʛʣʠʥʦʟʤyʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʚʦʜʠʪʴ ʩʧʝʢʘʥʠʝ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʢʦ-

ʨʦʩʪʴʶ ʥʘʛʨʝʚʘʥʠʷ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘʥʠʷ ʠʟʚʣʝʯʝʥʠʝ ʛʣʠʥʦʟʤyʘ 

ʧʦʚʳʰʘʝʪʩʷ, ʪʦʛʜʘ ʢʘʢ ʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ ʦʩʪʘʪyʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʨʝʢʦʤʝʥʜʦ-

ʚʘʥʦ ʧʨʦʚʦʜʠʪʴ ʩʧʝʢʘʥʠʝ ʘʣʶʤʦʩʦʜʝʨʞʘʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ (ʛʨʘʜ./ʤʠʥ). ʊʝʤʧʝʨʘʪʫʨʘ ʜʦʣʞʥʘ 

ʠʟʤʝʥʷʪʴʩʷ ʦʪ 250Áʉ ʚ ʭʦʣʦʜʥʦʤ ʢʦʥʮʝ ʧʝʯʠ ʜʦ 450Áʉ ʚ ʛʦʨʷʯʝʤ, ʧʨʠ ʦʙʱʝʡ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 4 ʯʘʩʘ, ʚʢʣʶʯʘʷ ʧʦʣʫʯʘʩʦʚʫʶ ʚʳʜʝʨʞʢʫ ʧʨʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠʟ ʛʣʠʥ ʩʝʨʥʦʢʠʩʣʦʪʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [182]. ɺʳʜʝʣʝʥʠʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠʟ ʩʝʨʥʦʢʠʩʣʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚ ʪʚʨyʜʫʶ ʬʘʟʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʩʝʨʥʦʢʠʩʣʦʛʦ ʘʣʶʤʠ-

ʥʠʷ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʯʠʩʪʦʛʦ Al 2(SO4)3  - ʩʫʣʴʬʘʪʘ ʘʣʶ-

ʤʠʥʠʷ, ʙʝʟ ʧʨʠʤʝʩʝʡ ʚ ʚʠʜʝ ʦʢʩʠʜʘ ʞʝʣʝʟʘ. ɻʣʠʥʘ ʠʟʤʝʣʴʯʘʝʪʩʷ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴ-

ʥʠʮʝ, ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʚʫʭʩʪʘʜʠʡʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʚ ʘʚʪʦʢʣʘʚʝ. ʅʘ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ ʛʣʠʥʫ ʨʘʟʣʘʛʘʶʪ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ, ʚʦ ʚʪʦʨʦʡ ï 
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ʥʝʡʪʨʘʣʠʟʫʶʪ ʩʚʦʙʦʜʥʫʶ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ. ʂʨʝʤʥʝʟʤyʠʩʪʳʡ ʰʣʘʤ ʦʪʜʝʣʷʶʪ ʩʛʫ-

ʱʝʥʠʝʤ. ʀʟ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣʠʟʫʶʪ ʩʝʨʥʦʢʠʩʣʳʡ ʘʣʶʤʠʥʠʡ ʚʳ-

ʩʘʣʠʚʘʥʠʝʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ʂʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚʳʚʦʜʷʪ ʠʟ ʧʨʦʮʝʩʩʘ ʚ ʚʠʜʝ ʛʦ-

ʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠʣʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʛʣʠʥʦʟʤy. ʄʘʪʦʯʥʳʡ 

ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ Fe2(SO4)3 ʠ ʩʚʦʙʦʜʥʫʶ H2SO4, ʧʦʜʦʛʨʝ-

ʚʘʶʪ ʠ ʧʦʜʘʶʪ ʥʘ ʧʝʨʚʫʶ ʩʪʘʜʠʶ ʨʘʟʣʦʞʝʥʠʷ. 

ʀʟʤʝʣʴʯʥyʥʫʶ ʠ ʦʙʦʞʞʥyʥʫʶ ʛʣʠʥʫ ʨʘʟʣʘʛʘʶʪ 30-60% ʨʘʩʪʚʦʨʘʤʠ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʪʝʯʝʥʠʠ 12-20 ʯʘʩʦʚ ʚ 55-70% ʢʦʣʠʯʝʩʪʚʝ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ [183]. ʇʫʣʴ-

ʧʫ ʨʘʟʙʘʚʣʷʶʪ ʚʦʜʦʡ ʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ 12-18 ʯʘʩʦʚ ʫʜʘʣʷʶʪ ʧʨʠʤʝʩʠ ʞʝʣʝʟʘ. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 660-900Áʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʠʩʣʠʪʝʣʷ ʧʝʨʩʫʣʴʬʘʪʘ ʠʣʠ ʧʝʨʤʘʥʛʘʥʘʪʘ 

ʧʦʣʫʯʘʶʪ ʩʝʨʥʦʢʠʩʣʳʡ ʘʣʶʤʠʥʠʡ, ʩʦʜʝʨʞʘʠɦʡ ʤʝʥʝʝ 0.25-0.003% ʦʢʩʠʜʘ ʞʝʣʝʟʘ. 

ʀʥʪʝʨʝʩʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʛʣʠʥ ʠ ʢʘʦʣʠʥʦʚ ʩ ʟʘʤʝʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʦʪʭʦʜʘʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʪʨʘʚʠʣʴʥʳʝ ʨʘʩʪʚʦʨʳ 

[184], ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ Fe
2+

 ʜʦ Fe
3+

 ʧʨʦʜʫʚʢʦʡ ʚʦʟʜʫʭʦʤ ʥʘʧʨʘʚʣʷʶʪ ʥʘ 

ʘʚʪʦʢʣʘʚʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100-300Üʉ ʠ ʜʘʚʣʝʥʠʠ 7-350 ʘʪʤ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʧʦʣʫʯʘʶʪ ʚ ʨʘʩʪʚʦʨʝ ʩʝʨʥʦʢʠʩʣʳʡ ʘʣʶʤʠʥʠʡ ʠ ʚ ʦʩʘʜʢʝ 

ï Fe(OH)3 ʠ SiO2. ʇʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʨʘʩʪʚʦʨ ʩʝʨʥʦʢʠʩʣʦʛʦ ʘʣʶʤʠʥʠʷ, ʩʦʜʝʨʞʘ-

ʱʠʡ ʧʨʠʤʝʩʴ FeSO4, ʦʙʨʘʙʘʪʳʚʘʶʪ ʢʘʤʝʥʥʳʤ ʫʛʣʤy ʠʣʠ ʧʨʦʧʫʩʢʘʶʪ ʩʝʨʥʠʩʪʳʡ 

ʘʥʛʠʜʨʠʜ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 40-47% H2SO4, ʦʩʘʞʜʘʷ ʠʟ ʨʘʩʪʚʦʨʘ FeSO4Ŀ7H2O. ʇʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣʠʟʫʶʪ Al 2(SO4)3Ŀ18H2O ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ. 

ɺ ʨʘʙʦʪʝ [185] ʦʙʦʞʞʸʥʥʫʶ ʛʣʠʥʫ ʨʘʟʣʘʛʘʶʪ 40% ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ɺʳʩʦ-

ʢʦʢʨʝʤʥʠʩʪʳʡ ʦʩʪʘʪʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ. ɾʝʣʝʟʦ ʦʪʜʝʣʷʶʪ ʦʪ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦ-

ʢʠʩʣʦʛʦ ʘʣʶʤʠʥʠʷ ʦʙʨʘʙʦʪʢʦʡ ʩʫʣʴʬʘʪʦʤ ʤʘʨʛʘʥʮʘ ʠ ʦʟʦʥʦʤ ʠʣʠ ʵʣʝʢʪʨʦʣʠʟʦʤ. 

ʈʘʩʪʚʦʨ ʩʝʨʥʦʢʠʩʣʦʛʦ ʘʣʶʤʠʥʠʷ Al2(SO4)3 ʚʳʧʘʨʠʚʘʶʪ ʜʦʩʫʭʘ, ʦʙʝʟʚʦʞʠʚʘʶʪ ʠ 

ʧʨʦʢʘʣʠʚʘʶʪ ʜʦ ʛʣʠʥʦʟʤyʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʦʤʳʚʘʶʪ ʩʣʘʙʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʠ 

ʩʫʰʘʪ. ʆʢʩʠʜʳ ʩʝʨʳ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʥʘ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ. 

ɺʳʜʝʣʝʥʠʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠʟ ʩʝʨʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʚʠʜʝ ʩʝʨʥʦʢʠʩʣʦ-

ʛʦ ʘʣʶʤʠʥʠʷ ʠʣʠ ʢʚʘʩʮʦʚ ʧʨʠʤʝʥʷʣ ʄʦʣʜʝʥʢʝ [186]. ɸʣʫʥʠʪ ʚ ʟʘʢʨʳʪʦʤ ʢʠʩʣʦʪʦ-
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ʩʪʦʡʢʦʤ ʩʦʩʫʜʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ ʥʘʛʨʝʚʘ-

ʥʠʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʩʝʨʥʦʢʠʩʣʳʭ ʩʦʣʝʡ. ɼʘʣʝʝ  ʧʨʦʚʦʜʠʣʠ ʦʙʞʠʛ ʩʝʨʥʦʢʠʩʣʳʭ ʩʦ-

ʣʝʡ  ʚ ʧʦʪʦʢʘʭ ʢʠʩʣʦʨʦʜʘ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. 

ʇʨʝʜʣʦʞʝʥʦ ʤʥʦʛʦ ʢʠʩʣʦʪʥʳʭ ʩʧʦʩʦʙʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʳʜʝʣʝʥʠʝ ʛʣʠʥʦʟʤyʘ ʠʟ 

ʩʝʨʥʦʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʦʩʥʦʚʥʳʭ ʩʝʨʥʦʢʠʩʣʳʭ 

ʩʦʣʝʡ ʘʣʶʤʠʥʠʷ. ʕʪʠ ʩʧʦʩʦʙʳ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ, 

ʪʘʢ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʦʙʨʘʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʩʥʦʚʥʳʝ 

ʩʦʣʠ, ʪʨʫʜʥʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ. ʆʥʠ ʣʝʛʢʦ ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ 

ʧʨʦʤʳʚʘʶʪʩʷ ʚʦʜʦʡ. ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ H2SO4, ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʩʦʣʝʡ, ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʦʙʦʨʦʪ [187-190]. 

ɺʳʜʝʣʝʥʠʝ ʛʣʠʥʦʟʤyʘ ʠʟ ʩʝʨʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʚʠʜʝ ʦʩʥʦʚʥʳʭ ʩʦʣʝʡ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʨʫʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʧʘ-

ʪʝʥʪʥʳʭ ʧʨʝʜʣʦʞʝʥʠʷʭ ʠ ʨʘʙʦʪʘʭ [188, 191]. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʧʦʩʦʙʳ ʩʫʣʬʘʪʠʟʘ-

ʮʠʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ 

ʚʳʭʦʜʦʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʘʣʶʤʠʥʠʝʚʳʭ ʨʫʜ ʢʠʩʣʦʪʥʳʤʠ ʩʧʦʩʦ-

ʙʘʤʠ ʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʛʣʠʥʦʟʤy, ʯʠʩʪʳʡ ʧʦ ʞʝʣʝʟʫ, ʨʷʜ ʘʚʪʦʨʦʚ ʧʨʝʜʣʘʛʘʝʪ ʢʨʠ-

ʩʪʘʣʣʠʟʦʚʘʪʴ ʠʟ ʵʪʠʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʠ ʘʣʶʤʠʥʠʷ, ʦʙʞʠʛʘʪʴ ʠʭ ʜʦ ʛʣʠʥʦʟʤyʘ ʠ ʧʝʨʝ-

ʨʘʙʘʪʳʚʘʪʴ ʝʛʦ ʱʝʣʦʯʥʳʤ ʤʝʪʦʜʦʤ ɹʘʡʝʨʘ. 

ʀ. ʇ. ʏʝʧʧʝʣʴ [192] ʦʙʨʘʙʘʪʳʚʘʣ ʠʟʤʝʣʴʯʥyʥʳʡ ʘʣʫʥʠʪ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. 

ʈʘʩʪʚʦʨ ʦʯʠʱʘʣ ʦʪ ʞʝʣʝʟʘ ʞʝʣʝʟʦʩʠʥʝʨʦʜʠʩʪʦʡ ʩʦʣʴʶ. ɻʣʠʥʦʟʤy ʦʩʘʞʜʘʣ ʘʤʤʠʘ-

ʢʦʤ. 

ʆʙʝʟʞʝʣʝʟʦʚʘʥʠʝ ʛʣʠʥʳ ʧʨʦʚʦʜʠʣʠ ʩʣʘʙʳʤ ʨʘʩʪʚʦʨʦʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, 

ʦʙʝʟʞʝʣʝʟʥʝʥʥʫʶ ʨʫʜʫ ʦʙʞʠʛʘʣʠ ʠ ʨʘʟʣʘʛʘʣʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ [193]. ʀʟ ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʢʠʩʣʳʭ ʩʦʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʱʝʣʦʯʠ ʚʳʜʝʣʷʣʠ ʛʠʜʨʦʢʩʠʜʳ 

ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ ʠ ʢʘʨʙʦʥʠʟʘʮʠʝʡ ʚʳʜʝʣʷʣʠ ʯʠʩʪʳʡ ʛʠʜʨʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʢʦ-

ʪʦʨʳʡ ʧʨʦʢʘʣʠʚʘʣʠ ʜʦ ʛʣʠʥʦʟʤyʘ. 

ʀʟʫʯʝʥ ʩʧʦʩʦʙ ʩʫʣʴʬʘʪʠʟʘʮʠʠ ʢʘʦʣʠʥʦʚ, ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʩʫʣʴʬʘʪʠʟʘʮʠʠ [194]. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʩʫʣʴʬʘʪʠʟʘʮʠʠ ʢʘʦʣʠʥʦʚ, ʩʦʩʪʦʷʱʠʝ ʠʟ 80-90% ʤʠʥʝʨʘʣʘ ʢʘʦʣʠʥʠʪʘ: ʪʝʤʧʝʨʘʪʫʨʘ 
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ʦʙʞʠʛʘ (ʩʫʣʴʬʘʪʠʟʘʮʠʠ) ï 600Üʉ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʞʠʛʘ 30-60 ʤʠʥ, ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ (20% ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ) ï 104Üʉ. ʉʪʝʧʝʥʴ ʠʟʚʣʝ-

ʯʝʥʠ ̫ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 90-92%, ʠ ʨʘʩʪʚʦʨ ʩʦʜʝʨʞʠʪ 0.1-0.2 ʛ/ʜʤ
3 

ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ (SiO2). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ 25% ʠ ʚʳʰʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʜʪy ʢ ʧʦʣʫʯʝʥʠʶ ʥʝ ʬʠʣʴʪʨʫʝʤʳʭ 

ʩʫʩʧʝʥʟʠʡ. 

ʉ. ɸ. ʍʘʢʠʤʦʚʳʤ [195] ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʩʦʚʤʝʩʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʘʣʫʥʠ-

ʪʦʚ ʠ ʢʘʦʣʠʥʦʚʳʭ ʛʣʠʥ ʩʝʨʥʦʢʠʩʣʦʪʥʳʤ ʩʧʦʩʦʙʦʤ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʘʥʘ-

ʣʠʟʦʤ ʧʦʢʘʟʘʥʦ ʚʳʜʝʣʝʥʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʫʥʠʪʦʚ. ʇʦ-

ʣʫʯʝʥ ʠ ʨʘʩʩʯʠʪʘʥ ʭʠʤʠʢʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʥʮʝʥʪʨʘʪʘ, ʩʦʩʪʦʷʠɦʡ ʠʟ: 

73-75% ʘʣʫʥʠʪʘ, 15-18% ʢʚʘʨʮʘ, 6% ʢʘʦʣʠʥʠʪʘ ʠ ʧʠʨʦʬʠʣʣʠʪʘ ʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦ-

ʣʠʯʝʩʪʚʘ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ. ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʩʦʧʫʪʩʪʚʫʶʠɦʭ ʧʨʠʤʝʩʝʡ, ʢʘʢ 

ʢʘʦʣʠʥʦʚʘʷ ʛʣʠʥʘ, ʛʝʪʠʪ ʠ ʢʨʝʤʥʠʝʚʘ ̫ʢʠʩʣʦʪʘ, ʥʘ ʧʨʦʮʝʩʩ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʘʣʫʥʠ-

ʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʩʠ ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʪ ʧʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ ʚʦʜʳ ʠ ʩʤʝ-

ʱʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚ ʩʪʦʨʦʥʫ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʂʠʥʝʪʠʢʘ ʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠʟ ʢʘʦʣʠʥʘ ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʠʟʫʯʝʥʘ ʚ [196]. ʀʩʩʣʝʜʦʚʘʥʘ ʩʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʦʢʩʠ-

ʜʘ ʘʣʶʤʠʥʠʷ ʠʟ ʪʦʥʢʦ ʠʟʤʝʣʴʯʥyʥʦʛʦ ʤʝʪʘʢʘʦʣʠʥʠʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷʭ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʠʩ-

ʪʠʥʥʘʷ ʤʦʜʝʣʴ ʠ ʨʘʩʩʯʠʪʘʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʢʘʦʣʠʥʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ɺʝʣʠʯʠʥʘ ʢʘʞʫʝɦʡʩʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʨʘʚʥʘ 64.4 

ʢɼʞ/ʤʦʣʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʭ ʨʘʙʦʪʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʪʠ-

ʚʦʪʦʯʥʦʝ ʢʠʩʣʦʪʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʦʩʣʘʙʣʝʥʥʦʡ ʤʦʜʝʣʠ ʤʝʪʘʢʘʦʣʠʥʠʪʘ ʷʚʣʷʝʪʩʷ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʦʜʥʦʧʦʪʦʯʥʦʤʫ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʪʦʥʢʦ ʠʟʤʝʣʯɹyʥʥʦʛʦ ʢʘʦʣʠʥʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʛʨʘʥʫʣʠʨʦʚʘʥʠʷ (ʜʠʘʤʝʪʨ 

ʛʨʘʥʫʣ 2-9.5 ʤʤ) ʦʪ ʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ, ʚ ʫʩʣʦʚʠʷʭ, ʧʨʠʤʝʥʷʚʰʠʭʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩ ʧʳʣʝʚʠʜʥʳʤ ʤʝʪʘʢʘʦ-

ʣʠʥʠʪʦʤ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʤʝʪʘʢʘʦʣʠʥʠʪʘ ʧʨʷʤʦ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʘ ʜʠʘʤʝʪʨʫ ʛʨʘʥʫʣ ʠ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ, 
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ʣʠʤʠʪʠʨʫʶʝɦʡʩʷ ʥʝ ʪʦʣʴʢʦ ʜʠʬʬʫʟʠʝʡ ʯʝʨʝʟ ʧʦʨʠʩʪʳʡ ʩʣʦʡ ʧʨʦʜʫʢʪʘ. ʅʘ ʦʩʥʦʚʝ 

ʠʟʫʯʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʛʨʘʥʫʣʠʨʦ-

ʚʘʥʥʦʛʦ ʢʘʦʣʠʥʘ. 

ʀʟʫʯʝʥ ʧʨʦʮʝʩʩ ʠʟʚʣʝʯʝʥʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠʟ ʛʣʠʥ ʤʝʩʪʦʨʦʞʜʝʥʠʷ Sier-

rade Cartagena ʢʠʩʣʦʪʥʳʤ ʩʧʦʩʦʙʦʤ [197]. ɼʣʷ ʨʘʟʣʦʞʝʥʠʷ ʛʣʠʥʳ ʠʩʧʦʣʟɹʦʚʘʥʳ 

ʩʦʣʷʥʘʷ, ʩʝʨʥʘʷ ʠ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʳ. ʀʟʚʣʝʯʝʥʠʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠʟ ʦʙʦʞʞʸʥʥʳʭ 

ʧʨʠ 750Üʉ ʛʣʠʥ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʞʝ ʙʳʣʦ ʠʩʩʣʝʜʦ-

ʚʘʥʦ ʨʘʟʣʦʞʝʥʠʝ ʛʣʠʥ ʙʝʟ ʦʙʞʠʛʘ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ H2SO4 

ʧʨʠ 340-400Üʉ ʚ ʪʝʯʝʥʠʝ ʦʪ 0.5 ʜʦ 3 ʯʘʩʦʚ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠ-

ʤʘʭ ʠʟʚʣʝʯʝʥʠʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 90%. 

ʇʨʠʤʝʥʷʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʧʦ ʧʝʨʝʨʘ-

ʙʦʪʢʝ ʘʣʶʤʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʩʦʣʷʥʦ-, ʩʝʨʥʦ- ʠ ʘʟʦʪʥʦʢʠʩʣʦʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʧʦʣʫʯʝʥ ʛʣʠʥʦʟʤy, ʢʦʘʛʫʣʷʥʪʳ, ʩʦʣʠ ʱʝʣʦʯʥʳʭ ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ [198]. ʈʘʩʩʤʦʪ-

ʨʝʥʳ ʚʦʧʨʦʩʳ ʨʘʩʰʠʨʝʥʠʷ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʠʩʣʦʪʥʳʭ ʩʧʦ-

ʩʦʙʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ.  

ʇʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʘʨʛʠʣʣʠʪʦʚʳʭ ʛʣʠʥ ʢʠʩʣʦʪʥʳʤ ʩʧʦʩʦ-

ʙʦʤ [199]. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʘʷ ʩʭʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʦʙʞʠʛ ʨʫʜʳ, ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʦʙʦʞ-

ʞʸʥʥʦʡ ʛʣʠʥʳ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ, ʦʯʠʩʪʢʫ ʩʦʣʷʥʦʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ ʦʪ ʩʦʝʜʠʥʝʥʠʡ 

ʞʝʣʝʟʘ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʨʙʝʥʪʘʤʠ, ʚʳʜʝʣʝʥʠʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʧʫʪʤy ʪʝʨʤʠʯʝʩʢʦ-

ʛʦ ʨʘʟʣʦʞʝʥʠʷ ʭʣʦʨʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʠʤʦʡ ʦʧʝʨʘʮʠʝʡ ʜʣʷ ʢʠʩʣʦʪʥʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʛʣʠʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʝʟʚʦʞʠʚʘʥʠ,̫ ʪʦ ʝʩʪʴ ʠʭ ʜʝʛʠʜʨʘʪʘʮʠʷ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʘʙʦ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ ʤʝʪʘʢʘʦʣʠʥʠʪʘ, ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʦʛʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 800Áʉ ʫʧʦʨʷʜʦʯʠʚʘʝʪʩʷ ʠ ʚʳʰʝ 900Üʉ 

ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʠʥʘʝʪ ʧʝʨʝʭʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʫʣʣʠʪʘ [200]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʟ ʧʨʦʢʘʣʥyʥʦʡ ʘʨʛʠʣʣʠʪʦʚʦʡ ʛʣʠʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 800Üʉ ʠʟʚʣʝʯʝʥʠʝ ʦʢ-

ʩʠʜʘ ʘʣʶʤʠʥʠʷ ʨʝʟʢʦ ʧʘʜʘʝʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʝ ʦʪʨʘʞʘʝʪʩʷ 

ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʠ ʠʟʚʣʝʯʝʥʠ ̫ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. 

ʇʨʦʚʝʜʝʥʳ ʠʟʳʩʢʘʥʠʷ ʧʦ ʢʠʩʣʦʪʥʦʤʫ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʢʘʦʣʠʥʦʚʳʭ ʛʣʠʥ 
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ʨʘʩʪʚʦʨʘʤʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ [201]. ɺ ʦʙʨʘʟʮʝ 

ʢʘʦʣʠʥʦʚʦʡ ʛʣʠʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʧʨʠʤʝʩʠ ʤʠʥʝʨʘʣʦʚ ï ʢʚʘʨʮʘ, ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ 

ʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʦʣʠʥʦʚʘʷ ʛʣʠʥʘ, ʩʦʜʝʨʞʘʱʘʷ ʚ  

ʩʦʩʪʘʚʝ ʙʦʣʝʝ 12% ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ, ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʥʝ 

ʧʦʜʜʘʪyʩʷ ʨʘʟʣʦʞʝʥʠʶ ʨʘʩʪʚʦʨʘʤʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ.  

ʀʩʩʣʝʜʦʚʘʥ rʩʪʨʫʢʪʫʨʘ ʠ ʩʪʨʦʝʥʠʝ, ʩʦʩʪʘʚ ʠ ʢʠʩʣʦʪʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ 

ʢʘʦʣʠʥʦʚ ɸʥʛʨʝʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸ. ɸ. ʀʩʤʘʪʦʚʳʤ ʠ ʜʨ. [202]. ɹʳʣʠ ʦʪʦʙʨʘ-

ʥʳ ʙʦʨʦʟʜʦʚʳʝ ʧʨʦʙʳ ʢʘʦʣʠʥʦʚ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʝʨʚʠʯʥʳʭ ʢʘʦʣʠʥʦʚ ʩʝʨʦʛʦ ʮʚʝʪʘ 

ʠ ʚʪʦʨʠʯʥʳʭ - ʧyʩʪʨʦʮʚʝʪʥʳʭ. ʆʙʨʘʟʮʳ ʧʨʦʙ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤʫ, 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʤʫ, ʪʝʨʤʠʯʝʩʢʦʤʫ, ʩʠʪʦʚʦʤʫ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʘʤ.  

ʇʨʦʚʝʜʝʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʠʩʣʦʪʥʦʛʦ  ʨʘʟʣʦʞʝʥʠʷ ʘʣʶʤʦ-

ʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ï ʢʘʦʣʠʥʦʚ ʠ ʛʣʠʥ ʩ ʧʦʣʫʯʝʥʠʝʤ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (ʛʣʠʥʦʟʤyʘ) 

[203]. ʉ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦʪ ʫʣʫʯʰʝʥʥʳʡ ʧʨʦʮʝʩʩ  ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʧʨʦʷʚʠʣ ʩʝʙʷ, ʢʘʢ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʪʘʢ ʠ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳ-

ʙʨʘʥʥʳʭ ʢʠʩʣʦʪʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ï ʦʢʩʠʜ 

ʘʣʶʤʠʥʠʷ ʧʦ ʯʠʩʪʦʪʝ ʠ ʪʝʭʥʠʯʝʩʢʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʧʨʠʛʦʜʝʥ ʢʘʢ ʠʩʭʦʜʥʳʡ ʤʘʪʝ-

ʨʠʘʣ ʜʣʷ ʵʣʝʢʪʨʦʣʠʟʘ ʘʣʶʤʠʥʠʷ, ʘ ʦʙʨʘʟʫʶʠɦʝʩʷ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʪʦʞʝ ʷʚʣ̫-

ʶʪʩʷ ʮʝʥʥʳʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ʉʧʦʩʦʙ ʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʧʨʠʤʝʨʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʛʣʠʥʳ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠʚʦʜʠʪʩʷ ʚ [204]. ʆʙʦʞʞʥy-

ʥʫʶ ʛʣʠʥʫ ʧʨʠ 750-800Áʉ, ʩʦʜʝʨʞʘʱʫʶ (ʚ ʤʘʩ%): Al2O3 ï 37.24; SiO2 ï 52.7; Fe2O3 

ï 3.1; TiO2 ï 2.59, ʚ ʚʠʜʝ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ (5-10 ʤʤ), ʧʦʜʚʝʨʛʘʣʠ ʩʦʣ̫-

ʥʦʢʠʩʣʦʪʥʦʤʫ ʧʝʨʢʦʣʷʮʠʦʥʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ (HCl ʥʝ ʥʠʞʝ 20%) ʚ ʧʨʷʤʦʪʦʯʥʦʤ 

ʨʝʘʢʪʦʨʝ   ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 105Üʉ. ʇʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʢʠʩʣʦʪʥʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʠ 

ʛʣʠʥʳ ʠʟʚʣʝʯʝʥʠʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ Al 2O3 ʩʦʩʪʘʚʣʷʣʦ ï 80%, ʘ ʧʨʠ ʜʚʫʭʩʪʫʧʝʥʯʘ-

ʪʦʤ ʨʘʟʣʦʞʝʥʠʠ ï 82.5%. ʉʦʣʷʥʫʶ ʢʠʩʣʦʪʫ (HCl), ʟʘʣʠʚʘʝʤʫʶ ʚ ʨʝʘʢʪʦʨ, ʥʘʛʨʝʚʘ-

ʣʠ ʜʦ 70-80Üʉ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ ʧʦʣʫʯʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ AlCl 3. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʠʟʚʣʝʯʝʥʠʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ Al 2O3 (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʩʪʫʧʝʥ-

ʯʘʪʳʤ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ) ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʩʦ-

ʩʪʘʚʣʷʣʘ ʚ 5.2-7 ʨʘʟ ʚʳʰʝ. ʇʨʠ ʨʦʩʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ HCl ʜʦ 23% 
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ʠʟʚʣʝʯʝʥʠʝ Al2O3 ʠʟ ʛʣʠʥʳ ʧʦʚʳʰʘʣʦʩʴ ʥʘ 3.5%.  

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʮʝʩʩ ʩʝʨʥʦʢʠʩ-

ʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʠ ʥʘ ʧʨʦʮʝʩʩ ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʛʦ ʨʘʟ-

ʣʦʞʝʥʠʷ ʪʚʨyʜʦʛʦ ʦʩʪʘʪʢʘ ʦʪ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ [205-210]. ʄʝʪʦʜʦʤ ʜʚʫʭʩʪʘ-

ʜʠʡʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʫʯʝʥʳ ʩʫʣʴʬʘʪʳ ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ ʠ 

ʭʣʦʨʠʜʳ ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ ʠ ʜʨ. ʀʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʦʚ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ 

ʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ. 

ʅʦʚʳʝ ʙʝʟʦʪʭʦʜʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʚʨʝʜʥʳʝ ʢʠʩʣʦʪʥʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʊʫʨʧʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʘʛʫʣʷʥʪʘ ʠ 

ʩʳʨʴʷ ʜʣʷ ʬʘʨʬʦʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʳ ʚ [211-213]. 

ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʧʝʢʘʥʠʷ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʧʢyʦʚ ʥʝʬʝʣʠʥʦʚʳʭ 

ʩʠʝʥʠʪʦʚ ʨʘʟʣʦʞʝʥʠʝʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ʇʨʝʜʣʦʞʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʊʫʨʧʠ ʢʠʩʣʦʪʥʦ-ʩʧʝʢʘʪʝʣʴʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʉʧʦʩʦʙʳ ʦʪʙʝʣʠʚʘʥʠʷ ʠʣʠ ʦʙʝʟʞʝʣʝʟʦʚʘʥʠʷ ʢʘʦʣʠʥʦʚʳʭ ʛʣʠʥ ʨʘʟʥʦʦʙʨʘʟ-

ʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʜʝʪʘʣʴʥʦ ʠʟʣʦʞʝʥʳ ʚ [214-

217]. 

ɺ. ʉ. ʇʘʭʦʣʢʦʚ ʠ ɺ. ɺ. ʈʳʣʦʚ [218] ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩʦʣʷʥʦʡ, 

ʩʝʨʥʦʡ, ʬʪʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪ ʠ ʠʭ ʩʤʝʩʝʡ HCl + HF ʠ H2SO4 + HF ʠʟʚʣʝ-

ʢʘʶʪʩʷ ʘʥʠʦʥʠʪʳ ɸɺ-17, ʕɼʕ-10ʇ, ɸʅ-2ʌ, ʧʨʠʯʤy ʥʘʠʙʦʣʴʰʝʡ ʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ɸɺ-17. ʆʜʥʘʢʦ ʧʦʚʝʜʝʥʠʝ ʘʣʶʤʠʥʠʷ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʵʪʠʤʠ ʘʚʪʦʨʘʤʠ ʥʝ ʠʟʫʯʘʣʦʩʴ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʉʘʤʫʵʣʴʩʦʥʘ ʥʝ ʜʘʣʠ ʦʩʥʦʚʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʦʪʜʝ-

ʣʝʥʠʠ ʞʝʣʝʟʘ ʦʪ ʘʣʶʤʠʥʠʷ ʥʘ ʘʤʙʝʨʣʠʪʘʭ [219]. ʇʨʦʚʝʜʝʥʦ ʫʩʧʝʰʥʦʝ ʫʜʘʣʝʥʠʝ 

ʧʨʠʤʝʩʠ ʞʝʣʝʟʘ (30 ʤʛ/ʣ) ʠʟ 2ʄ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ʚ 3ʥ ʨʘʩʪʚʦʨʝ ʩʦʣʷ-

ʥʦʡ ʢʠʩʣʦʪʳ. ʀʟ ʯʠʩʣʘ ʧʨʦʚʝʨʝʥʥʳʭ ʠʦʥʦʚ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠ ʦʯʠʩʪʢʝ ʨʘʩʪʚʦ-

ʨʦʚ ʭʣʦʨʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ ʦʪ ʞʝʣʝʟʘ ʧʦʣʫʯʝʥʳ ʥʘ ʕɼʕ-10ʇ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦ-

ʪʦʨʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʫʤʝʥʴʰʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʨʘʩʪʚʦʨʘʭ ʭʣʦʨʠ-

ʩʪʦʛʦ ʘʣʶʤʠʥʠʷ (250 ʛ/ʣ) ʩ 16 ʜʦ 0.01 ʛ/ʣ FeCl3 [200]. 

ʀʥʩʪʠʪʫʪʦʤ ʭʠʤʠʠ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʠ ʀʥʩʪʠʪʫʪʦʤ ʤʝʪʘʣʣʫʨʛʠʠ 
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ʠʤ. ɸ. ɸ. ɹʘʡʢʦʚʘ ʨʘʟʨʘʙʦʪʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʢʘʦʣʠʥʦʚ ʠ 

ʛʣʠʥ ʥʘ ʛʣʠʥʦʟyʤ ʘʟʦʪʥʦʢʠʩʣʦʪʥʳʤ ʩʧʦʩʦʙʦʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (ʦʢʦʣʦ 80% Al2O3) ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʣʫʯʝ-

ʥʠʝʤ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʠ ʩʠʰʪʦʬʘ [220, 221]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʥʝ ʣʠʰʝʥ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ ʪʨʫʜʦʤyʢʠʭ ʦʧʝʨʘʮʠʡ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʦʩʚʝʪʣʝʥʠʷ 

ʠ ʬʠʣʴʪʨʘʮʠʠ ʢʠʩʣʳʭ ʧʫʣʴʧ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʙʦʞʞʥyʥʳʭ ʛʣʠʥ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ. ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʘʚʪʦʢʣʘʚʥʳʭ ʧʫʣʴʧ ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʪʚʨyʜʳʭ ʠ ʞʠʜʢʠʭ ʬʘʟ. ʇʦʩʣʝ ʨʘʟʙʘʚʣʝʥʠʷ 

ʚʦʜʦʡ ʚ ʘʚʪʦʢʣʘʚʥʫʶ ʧʫʣʴʧʫ ʜʦʙʘʚʣʷʶʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢ-

ʪʦʚ, ʪʘʢʠʭ ʢʘʢ ï ʨʞʘʥʘʷ ʤʫʢʘ, ʢʨʘʭʤʘʣ, ʂ-4, ʂ-6, ʠ ʧʦʣʠʘʢʨʠʣʘʤʠʜ (ʇɸɸ), ʨʘʩʭʦʜ 

ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 0.4-1.5 ʢʛ ʥʘ 1 ʪʦʥʥʫ ʰʣʘʤʘ. 

ʀʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʘʨʛʠʣʣʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɿʠʜ-

ʜʳ [222, 223]. ʆʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʠ ʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʟʠʜʜʠʥʩʢʠʭ ʘʨʛʠʣʣʠʪʦʚ, ʩʦʩʪʘʚʠʚʰʠʭ 39.55 ʢɼʞ/ʤʦʣʴ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ  Al 2O3 ʠ  

45.65 ʢɼʞ/ʤʦʣʴ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ Fe2O3. ʈʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʨʘʟʜʝʣʝ ʢʠʥʝʪʠ-

ʯʝʩʢʦʡ ʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʝʡ (ʩʤʝʰʘʥʥʦʡ). ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʩʝʨʥʦʢʠʩʣʦʪʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʘʨʛʠʣʣʠʪʦʚ (ʘʰʤʘ-ʉʘʥʛ ʠ ɿʠʜʜʳ) ʢʘʦʣʠʥʦʚʳʭ ʛʣʠʥ ʏʘʰʤʘ-ʉʘʥʛ ʚ 

[224] ʦʩʫʱʝʩʪʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʦʙʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ, ʚ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷ-

ʶʪʩʷ  ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʧʝʨʝʨʘʙʦʪʢʠ: ʜʨʦʙʣʝʥʠʝ ʠ ʠʟʤʝʣʴʯʝʥʠʝ; ʦʪʩʝʠʚʘʥʠʝ ʯʘ-

ʩʪʠʮ ʩʳʨʴʷ ʨʘʟʤʝʨʘʤʠ 0.1-0.5 ʤʤ; ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʨʘʙʦʪʢʘ (ʧʨʠ 500-

600Áʉ; ʩʝʨʥʦʢʠʩʣʦʪʥʦʝ ʨʘʟʣʦʞʝʥʠʝ; ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ; ʧʦʣʫʯʝʥʠʝ ʪʦʚʘʨʥʦʛʦ ʚʦʩʪʨʝ-

ʙʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʀʟʫʯʝʥʳ ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʝ ʠ ʘʟʦʪʥʦʢʠʩʣʦʪʥʦʝ ʨʘʟʣʦʞʝʥʠʷ ʢʘʦʣʠʥʦʚʳʭ ʛʣʠʥ 

ʠ ʘʨʛʠʣʣʠʪʦʚ ɿʠʜʜʳ ʠ ʏʘʰʤʘ-ʉʘʥʛ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦ-

ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ [225-229]. 
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1.5. ʑʝʣʦʯʥʳʝ ʠ ʪʝʨʤʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ  

ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ 

ʑʝʣʦʯʥʳʝ ʠ ʪʝʨʤʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʨʘʪʥʳʭ  

ʠ ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ 

ɹʦʨʩʦʜʝʨʞʘʱʫʶ ʨʫʜʫ ʤʦʞʥʦ ʧʝʨʝʨʘʙʦʪʘʪʴ ʱʝʣʦʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʙʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʙʫʨʳ ʠ ʙʦʨʘʪʘ ʥʘʪʨʠʷ. ʍʦʪʷ ʵʪʦʪ ʩʧʦʩʦʙ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʝ ʙʦʨʦʩʠʣʠʢʘʪʳ ʨʘʩʪʚʦʨʘʤʠ ʱʝʣʦʯʠ ʨʘʟʣʘʛʘʶʪʩʷ ʩ ʪʨʫʜʦʤ, ʘ ʥʝʢʦʪʦʨʳʝ 

ʥʝ ʨʘʟʣʘʛʘʶʪʩʷ ʚʦʦʙʱʝ. 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʨʳ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʜʘʥʥʳʝ ʦ ʨʘʩʪʚʦʨʠ-

ʤʦʩʪʠ ʩʦʣʝʡ ʩʠʩʪʝʤ rNa2O-B2O3-H2O, ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ  ʚ ʰʠ-

ʨʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʠʘʧʘʟʦʥʘʭ [230]. ɺ ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʚʸʨ-

ʜʳʭ ʬʘʟ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʤʝʪʦʜʘʤʠ ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʦʛʦ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʀʟʫʯʝʥʘ ʧʨʠʨʦʜʘ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʬʘʟ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʚʳʷʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʚ ʢʦ-

ʪʦʨʳʭ  ʩʦʝʜʠʥʝʥʠʷ - ʛʠʜʨʘʪʳ ʪʝʪʨʘʙʦʨʘʪʘ ʥʘʪʨʠʷ ʷʚʣʷʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ. 

ɼʣʷ ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʩʦʩʪʘʚʦʚ  ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʧʨʦʮʝʩʩʘ [231-233]. ʇʦʢʘʟʘʥʦ,  ʯʪʦ ʵʪʠʭ ʜʘʥʥʳʭ 

ʥʝʜʦʩʪʘʪʦʯʥʦ  ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ  ʨʝʘʣʴʥʦʛʦ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ - ʙʫʨʳ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ  ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ 

ʨʝʘʛʝʥʪʘ  ʚ ʧʨʦʤhrʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʜʦʙʘʚʣʷʝʪʩʷ ʩʦʜʘ, ʩʪʠʤʫʣʠʨʫʶʱʘʷ ʧʨʦʮʝʩʩ.  

ɸʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʩʦʜʳ  ʩʪʠʤʫʣʠʨʫʶʪ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʜʚʦʡʥʦʡ ʩʦʣʠ Na2CO3ĿNaHCO3Ŀ2H2O. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʠʨʦʜʥʦʛʦ ʙʦʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʩ ʢʘʣʴʮʠʥʠʨʦʚʘʥ-

ʥʦʡ ʩʦʜʦʡ ʠ ʙʦʨʘʪʦʤ ʢʘʣʴʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʙʫʨr, ʘ ʪʘʢʞʝ ʦʜʥʦʚʨʝʤʝʥ-

ʥʦ ʤʝʪʘʙʦʨʘʪʘ ʥʘʪʨʠʷ [234]. ɸʚʪʦʨʘʤʠ  ʥʘ ʙʘʟʝ ʋʅʀʍʀʄ ʠʩʩʣʝʜʦʚʘʥʳ ʪʨʭyʢʦʤ-

ʧʦʥʝʥʪʥʘʷ ʩʠʩʪʝʤʘ Na3ɺO3-Na2CO3ĿH2O ʚ ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ - 25 ʠ 

90Áʉ, ʠ ʨʘʚʥʦʚʝʩʠʝ ʚ ʥʝʡ, ʘ ʪʘʢʞʝ ʯʝʪʳʨʭyʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠ 25Áʉ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʚ ʪʨʸʭ- ʠ ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʘʭ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ ʪʝʤʧʝʨʘʪʫʨʳ 

(25 ʠ 90ÁC) ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʦʡʥʳʭ ʩʦʣʝʡ ʚ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʨʙʦʥʘʪʘ ʠ ʤʝʪʘʙʦʨʘʪʘ ʥʘʪʨʠʷ ʧʨʠ 25Áʉ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʙʫʨʳ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʨʘʩʪʚʦʨʘʭ ʙʫʨʳ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʩʦʣʝʡ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʩʠʩʪʝʤʘʭ, ʚʢʣʶʯʘʷ ʙʫʨʫ ʠ 

ʚʘʞʥʳʝ ʧʨʠʤʝʩʠ ʚ ʨʝʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ, ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧ-

ʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʨʦʜʫʢʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʚʝʱʝʩʪʚ [235-

237].  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʠ 

ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ  ʥʝʦʙʭʦʜʠʤʦ  ʟʥʘʥʠʝ  ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʧʨʦʮʝʩʩʘ ʠ  ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʘʥʥʳʝ ʦ ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʦʨʘʪʥʦʛʦ ʠ 

ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ʩ ʨʘʩʪʚʦʨʘʤʠ ʱʝʣʦʯʝʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʢʘʟʘʣʠʩʴ ʢʨʘʡʥʝ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʱʝʣʦʯʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʠʟʫʯʘʣʠʩʴ ʚ ʋʅʀʍʀʄʝ [238-240]. ɺ ʀʥʩʪʠʪʫ-

ʪʝ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʠʤ. ɸ. ɹ. ɹʝʢʪʫʨʦʚʘ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ [241-247] ʚ 

ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠ ʚʳʥʫʞʜʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʠʩ-

ʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʟʤ rʨʘʟʙʘʚʣʝʥʠʷ ʙʦʨʘʪʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ.  

ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʙʦʨʘʪʥʳʭ ʠ ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ, ʠʤʝʶʱʠʭ ʩʣʦʞʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʘʚ,r ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʟʚʘʥ ʛʠʜ-

ʨʦʪʝʨʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʵʪʦʪ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʅ. ʉ. ʊʦ-

ʨʦʯʝʰʥʠʢʦʚr ʤ ʠ ʜʨ. [248] ʥʘ ʙʘʟʝ ʄʦʩʢʦʚʩʢʦʛʦ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠ-

ʪʫʪʘ ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ. ʕʪʦʪ ʩʧʦʩʦʙ ʚʢʣʶʯʘʝʪ  ʪʘʢʠʝ ʚʘʞʥʝʡʰʠʝ ʵʪʘʧʳ, ʢʘʢ ʩʝʨʥʦ-

ʢʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʙʦʨʘʪʥʦʛʦ ʩʳʨʴʷ, ʵʢʩʪʨʘʢʮʠʷ ʠʟ ʧʨʦʜʫʢʪʘ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨ-

ʥʦʡ ʢʠʩʣʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʷʥʦʛʦ ʛʦʨʷʯʝʛʦ ʧʘʨʘ [248, 249]. ʇʨʠ ʢʠʩʣʦʪʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʙʦʨʘʪʥʦʛʦ ʩʳʨʴʷ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʚʝʣʠʯʝ-

ʥʠʝ ʩʪʝʧʝʥʝʡ ʠʟʚʣʝʯʝʥʠʷ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʤʝʶʱʠʭ ʦʧʨʝʜʝʣʸʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʣʠ-

ʧʘʥʠʶ, ʚʣʘʞʥʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ ʠ ʜʨ.), ʯʪʦ ʧʦʟʚʦʣʷʝʪ  ʫʩʧʝʰʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʙʦʪʢʦʡ ʚʦʜʷʥʳʤ ʛʦʨʷʯʠʤ ʧʘʨʦʤ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 
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ʧʨʦʮʝʩʩʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠ ̫ʚ ʩʫʧʝʨʬʦʩʬʘʪ-

ʥʦʡ ʢʘʤʝʨʝ, ʚ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʶʪʩʷ ʚʳʩʦʢʠʝ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ  ʩʳʨʴʷ, ʩʚʳʰʝ 

96%, ʘ ʤʘʪʝʨʠʘʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʘ ʢʘʤʝʨʘ, ʦʙʣʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤʠ ʪʨʝʙʫ-

ʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɻʠʜʨʦʪʝʨʤʠʯʝʩʢʫ  ʁʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʤʝʨʝ ʚʦʜʷʥʳʤ 

ʛʦʨʷʯʠʤ ʧʘʨʦʤ  ʧʨʦʚʦʜʷʪ ʚ "ʢʠʧʷʱʝʤ ʩʣʦʝ" ʧʨʠ 380ÁC. 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʝʯʝʥʳʭ ʘʪʦʤʦʚ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʩʳʨʴʷ ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 5.0 

ʤʤ [250]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ  ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʤ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ  ʧʨʦ-

ʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʙʦʨʥʦʡ ʢʠʩʣʦʪ rʚ ʬʘʟʫ ʧʘʨʘ, ʜʘʣʝʝ ʵʪʫ ʬʘʟʫ ʢʦʥʜʝʥʩʠʨʫʶʪ  ʠ ʧʦ-

ʣʫʯʘʶʪ ʨʘʩʪʚʦʨ, ʠʟ ʢʦʪʦʨʦʛʦ  ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʚʳʜʝʣʷʶʪ ʪʦʚʘʨʥʫʶ ʙʦʨʥʫʶ ʢʠʩʣʦ-

ʪʫ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ  ʜʦʙʠʪʴʩʷ ʠʟʚʣʝʯʝʥʠʷ ʦʢʩʠʜʘ ʙʦʨʘ  ʠʟ 

ʙʦʨʘʪʥʦʛʦ ʩʳʨʴʷ ʥʝ ʥʠʞʝ 90%. 

ʑʝʣʦʯʥʳʝ ʠ ʪʝʨʤʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ 

ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʱʝʣʦʯʥʳʝ ʩʧʦʩʦʙʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʣʠʥʦ-

ʟʝʤʘ ʠʟ ʙʦʢʩʠʪʦʚ, ʥʝʬʝʣʠʥʦʚ ʠ ʘʣʫʥʠʪʦʚ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ: 

1. ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ (ʩʧʦʩʦʙ ɹʘʡʝʨʘ); 

2. ʩʧʦʩʦʙ ʩʧʝʢʘʥʠʷ; 

3. ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ï ʩʦʯʝʪʘʥʠʝ ʩʧʦʩʦʙʘ ɹʘʡʝʨʘ ʩʦ ʩʧʦʩʦʙʦʤ ʩʧʝ-

ʢʘʥʠʷ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʘʨʠʘʥʪʝ. 

ɼʣʷ ʢʘʦʣʠʥʦʚʳʭ ʨʫʜ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʩʧʦʩʦʙ ʩʧʝʢʘʥʠʷ ʩ ʠʟʚʝʩʪʥʷʢʦʤ ʠ 

ʩʦʜʦʡ. ʉʧʦʩʦʙ ɹʘʡʝʨʘ ï ʩʘʤʳʡ ʜʝʰʚyʳʡ ʠ ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʥyʥʳʡ, ʦʜʥʘʢʦ ʜʣʷ 

ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʨʝʙʫʶʪʩʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʙʦʢʩʠʪʳ. ʊʝʭʥʦʣʦʛʠʷ ʩʧʦʩʦʙʘ 

ʰʠʨʦʢʦ ʦʩʚʝʱʝʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ [251-253], ʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʧʦʩʦʙʘ 

ʠʟʣʦʞʝʥʳ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ ʉ. ʀ. ʂʫʟʥʝʮʦʚʘ ʠ ɺ. ɸ. ɼʝʨʝʚʷʢʠʥʘ [254]. 

ɼʘʣʴʥʝʡʰʠʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʢʩʠʪʦʚ ʧʦ ɹʘʡʝ-

ʨʫ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘ ʩʯyʪ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʜʦ 280-

300Áʉ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʦʪʨʝʙʦʚʘʣʦ ʢʘʯʝ-

ʩʪʚʝʥʥʦ ʥʦʚʦʛʦ ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʵʪʦʛʦ ʧʝʨʝʜʝʣʘ. ʉʦʟʜʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ 

ʪʨʫʙʯʘʪʳʭ ʘʚʪʦʢʣʘʚʥʳʭ ʙʘʪʘʨʝʡ. ʈʘʟʨʘʙʦʪʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʧʧʘʨʘʪʫʨʳ ʚʳʩʦʢʦ-
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ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʘʥʠʤʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʤʥʦʛʠʭ ʩʪʨʘʥ [255-

258]. 

ʀʟ ʱʝʣʦʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʥʘʨʷʜʫ ʩ 

ʤʝʪʦʜʦʤ ɹʘʡʝʨʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʩʧʦʩʦʙ ʩʧʝʢʘʥʠʷ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʥʘʠʙʦʣʝʝ 

ʜʦʨʦʛʦʡ, ʥʦ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʣʶʙʦʛʦ 

ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʦʛʦ ʩʳʨʴʷ. ʈʘʟʣʠʯʘʶʪ ʩʧʦʩʦʙ ʩʧʝʢʘʥʠʷ ʩʫʭʦʡ ʙʦʢʩʠʪʦʩʦʜʦʚʦʡ 

ʰʠʭʪʳ ʠ ʩʧʦʩʦʙ ʩʧʝʢʘʥʠʷ ʤʦʢʨʦʡ ʰʠʭʪʳ. ʇʦʩʣʝʜʥʠʡ ʧʦʣʫʯʠʣ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʢʘʢ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ, ʪʘʢ ʠ ʚ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ [251, 252]. 

ʂʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʥʝʬʝʣʠʥʦʚ ʥʘ ʛʣʠʥʦʟʤy, ʩʦʜʫ, ʧʦʪʘʰ ʠ ʧʦʨʪʣʘʥʜ-

ʮʝʤʝʥʪ ʙʳʣʘ ʚʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ɺʦʣʭʦʚʩʢʦʤ ʘʣʶʤʠʥʠʝʚʦʤ ʟʘʚʦʜʝ (ɺɸɿʝ) ʚ 

1951 ʛ. ɹʣʠʞʝ ʚʩʝʛʦ ʢ ʨʝʰʝʥʠʶ ʦʩʥʦʚʥʳʭ ʚʦʧʨʦʩʦʚ ʪʝʭʥʦʣʦʛʠʠ ʧʝʩʦʯʥʦʛʦ ʛʣʠʥʦʟʤyʘ 

ʩʪʦʠʪ ʩʝʡʯʘʩ ʇʠʢʘʣʝʚʩʢʠʡ ʛʣʠʥʦʟʤyʥʳʡ ʢʦʤʙʠʥʘʪ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɿɸʆ çɹɸɿʕʃ 

ʎʝʤʝʥʪ ï ʇʠʢʘʣʝʚʦè) [16, 259]. ʊʝʦʨʝʪʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʝʣʠʥʦʚ ʧʦ ʩʧʦʩʦʙʫ ʩʧʝ-

ʢʘʥʠʷ ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ [260]. 

ʇʨʦʚʝʜʥyʥʳʝ ʀʥʩʪʠʪʫʪʦʤ ʭʠʤʠʠ ʉʆ ɸʅ ʉʉʉʈ (ʛ. ʀʨʢʫʪʩʢ) ʠ ɸʅ ʊʘʜʞʠʢ-

ʩʢʦʡ ʉʉʈ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʊʫʨʧʠ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʳʤ ʩʧʝʢʘʥʠʝʤ ʩ ʠʟʚʝʩʪʥʷʢʦʤ ʠ ʩʦʜʦʡ ʥʝ ʜʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʚ ʧʦʨʦʜʝ [261, 262]. 

ʆʜʥʠʤ ʠʟ ʥʦʚʳʭ ʧʫʪʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʷʚʣʷʝʪʩʷ ʚʠʜʦ-

ʠʟʤʝʥʥyʥʳʡ ʩʧʦʩʦʙ ʩʧʝʢʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʄ. ʅ. ʉʤʠʨʥʦʚʳʤ [263, 264]. ʇʨʝ-

ʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʚ ʜʚʘ ʨʘʟʘ ʨʘʩʭʦʜʘ ʠʟʚʝʩʪʥʷʢʘ. 

ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʱʝʣʦʯʥʦʡ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʝʣʠʥʦʚ, ʢʘʦʣʠʥʦʚ ʠ 

ʜʨʫʛʠʭ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɺ. ɼ. ʇʦʥʦʤʘʨʝʚʳʤ, ɺ. ʉ. ʉʘʞʠ-

ʥʳʤ ʠ ʄ. ɻ. ʄʘʥʚʝʣʷʥʦʤ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʚʪʦʢʣʘʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʩʳʨʴʷ ʝʜʢʦʡ 

ʱyʣʦʯʴʶ, ʥʦ ʩ ʪʦʡ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʧʨʦʮʝʩʩ ʚʝʜʪyʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʝʜʠʥʝʥʠʡ ʢʘʣʴ-

ʮʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʛʣʠʥʦʟʤy ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʩʪʚʦʨ, ʘ ʢʨʝʤʥʝʟʤy ï ʚ ʦʩʘʜʦʢ. 

ʉʧʦʩʦʙ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʥʝʢʦʥʜʠʮʠʦʥʥʦʛʦ ʘʣʶʤʦʩʠʣʠ-

ʢʘʪʥʦʛʦ ʩʳʨʴʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʣʠʥʦʟʤyʘ, ʧʦʪʘʰʘ, ʩʦʜʳ ʠ ʮʝʤʝʥʪʘ [12, 251].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʧʝʨʚʳʝ ʚ ʤʠʨʝ ʠʥʜʫʩʪʨʠʘʣʴʥʦ ʦʩʚʦʝʥ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʦʡ 
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ʧʝʨʝʨʘʙʦʪʢʠ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʨʫʜ ʥʘ ʛʣʠʥʦʟʤy, ʧʦʪʘʰ, ʩʦʜʫ ʠ 

ʮʝʤʝʥʪ ʩʧʦʩʦʙʦʤ ʩʧʝʢʘʥʠʷ. ʉʫʪʴ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʘʣʶʤʠʥʘʪʳ ʥʘʪʨʠʷ ʠʣʠ ʢʘʣʴʮʠʷ (ʚ ʩʣʫʯʘʝ ʙʝʩʱʝʣʦʯʥʳʭ ʨʫʜ), ʘ 

ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ ï ʚ ʜʚʫʭʢʘʣʴʮʠʝʚʳʡ ʩʠʣʠʢʘʪ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʧʝʢʘ-

ʥʠʠ (ʧʨʠ 1200-1350Üʉ) ʩ ʩʦʜʦʡ ʠ ʠʟʚʝʩʪʥʷʢʦʤ.  

ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʘʣʶʤʠʥʘʪʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʦʩʣʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʛʦʨʷʯʝʡ ʚʦ-

ʜʦʡ ʠ ʢʘʨʙʦʥʠʟʘʮʠʠ ʨʘʩʪʚʦʨʦʤ ʢʘʣʮɹʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʠʣʠ ʩʣʘʙʳʤ ʱʣyʦʯʥʦ-

ʘʣʶʤʠʥʘʪʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʥʝ ʩʦʜʝʨʞʘʱʠʤ ʢʨʝʤʥʝʟʤy, ʚʳʜʝʣʷʶʪ ʠʟʚʝʩʪʥʳʤʠ  ʤʝ-

ʪʦʜʘʤʠ ʛʠʜʨʦʢʩʠʜ ʘʣʶʤʠʥʠʷ. ʇʦʩʣʝ ʢʘʣʴʮʠʥʘʮʠʠ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʦʣʫ-

ʯʘʶʪ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʛʣʠʥʦʟʤy [265]. 

ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ï 

ʛʣʠʥ, ʢʘʦʣʠʥʦʚ, ʟʦʣ ʠ ʜʨ. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʷʢʘ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʧʦʩʣʝ ʧʦ-

ʣʫʯʝʥʠʷ ʩʧʸʢʘ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʠʟʤʝʣʴʯʝʥʠʝ  ʠ ʜʘʣʴʥʝʡʰʝʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʩʦʜʦ-

ʚʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʶʤʠʥʘʪʘ ʥʘʪʨʠʷ, ʟʘʪʝʤ ʢʘʨʙʦʥʠʟʘʮʠʝʡ ʘʣʶʤʠ-

ʥʘʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʣʫʯʘʶʪ ʛʠʜʨʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʧʫʪʤy ʢʘʣʴʮʠ-

ʥʘʮʠʠ ʥʘ ʪʦʚʘʨʥʳʡ ʛʣʠʥʦʟʤy. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʦʧʫʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ 

1 ʪʦʥʥʫ ʛʣʠʥʦʟʤyʘ ʧʦʣʫʯʘʶʪ ʦʢʦʣʦ 9 ʪʦʥʥ ʜʚʫʭʢʘʣʴʮʠʝʚʦʛʦ ʩʠʣʠʢʘʪʘ, ʧʨʠʤʝʥʷʝ-

ʤʦʛʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘ-

ʟʘʣ, ʯʪʦ ʩʧʦʩʦʙ ʩʧʝʢʘʥʠʷ ʥʘʨʷʜʫ ʩ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʦʙʣʘʜʘʝʪ ʥʝʜʦʩʪʘʪʢʘʤʠ: 

ʧʦʚʳʰʝʥʥʳʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʧʦʪʦʢʠ, ʦʛʨʦʤʥʝr ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʠ ʵʥʝʨʛʦʟʘ-

ʪʨʘʪʳ. ɼʣʷ ʩʥʠʞʝʥʠʷ  ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝ-

ʩʢʦʛʦ ʦʙʦʛʘʱʝʥʠ ̫[266, 267]. 

ʀʟ ʨʘʩʪʚʦʨʘ ʚʳʜʝʣʷʶʪ ʩʠʣʠʢʘʪ ʥʘʪʨʠʷ ʠ ʧʦʣʫʯʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʠʣʠʢʘʪ-

ʥʳʝ ʧʨʦʜʫʢʪʳ.  

ʈʘʟʨʘʙʦʪʘʥ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝ-

ʨʘʣʦʚ ʘʣʴʙʠʪʘ, ʤʠʢʨʦʣʠʥʘ ʠ ʜʨ. ɺ.ʉ. ʉʘʞʠʥʳʤ ʠ ʩʦʪʨ. [268]. ʉʫʪʴ ʛʠʜʨʦʭʠʤʠʯʝ-

ʩʢʦʛʦ ʩʧʦʩʦʙʘ ʚʢʣʶʯʘʝʪ ʘʚʪʦʢʣʘʚʥʫ  ʁʦʙʨʘʙʦʪʢʫ ʘʣʶʤʦʩʦʜʝʨʞʘʱʠʭ ʚʳʩʦʢʦʢʨʝʤ-

ʥʠʩʪʳʭ ʨʫʜ  ʧʨʠ 260ÁC ʠ ʚʳʰʝ  ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʉʘʆ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʱʝʣʦʯ-

ʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʩʦʜʝʨʞʘʥʠʝ Na2O ʙʦʣʝʝ 350 ʛ/ʜʤ
3
) ʧʨʠ ʚʳʩʦʢʦʤ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦ-

ʰʝʥʠʠ Na2O : Al2O3 (Ŭʂ ʚʳʰʝ 9). ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʢʨʝʤʥʝʟʤyʘ  ʧʨʦʠʩʭʦʜʠʪ  
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ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠ-̫ʢʘʣʴʮʠʷ - Na2OĿ2CaOĿ2SiO2Ŀ2H2O ʠ ʘʥʘʣʦʛʠʯ-

ʥʦ  ʧʨʦʚʦʜʠʪʩʷ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʛʣʠʥʦʟʸʤʘ ʦʪ ʢʨʝʤʥʝʟʸʤʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʩʧʝʢʘʥʠʷ ʩʤʝʩʠ ʢʘʦʣʠʥʠʪ-

ʥʝʬʝʣʠʥ-ʩʦʜʘ-ʠʟʚʝʩʪʥʷʢ ʧʦʢʘʟʘʥʦ ʚ [269]. ʉʧʝʢʘʥʠʝ ʩʤʝʩʠ ʢʘʦʣʠʥʦʚʳʭ ʛʣʠʥ ʧʨʦ-

ʚʦʜʠʣʦʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 400-1200Üʉ. ʉʧʝʢʘʥʠʝ ʩʤʝʩʠ ʢʘʦʣʠʥʠʪ-ʩʦʜʘ-

ʫʛʣʝʢʠʩʣʳʡ ʢʘʣʴʮʠʡ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʚ ʩʧʸʢʝ ʜʚʫʭʢʘʣʴʮʠʝʚʦʛʦ ʩʠʣʠ-

ʢʘʪʘ ʠ ʘʣʶʤʠʥʘʪʘ ʥʘʪʨʠʷ, ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʝʬʝʣʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢ-

ʮʠʶ ʩ ʉʘʆ, ʦʙʨʘʟʫʷ ʜʚʫʭʢʘʣʴʮʠʝʚʳʡ ʩʠʣʠʢʘʪ ʠ ʬʘʟʫ Na2OĿAl 2O3ĿSiO2. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʲʤyʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

Na2OĿAl 2O3ĿSiO2 ʩ ʉʘʆ ʦʙʨʘʟʫʶʪʩʷ ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ï Al2O3ĿSiO2 ʠ 

2ʉʘʆĿSiO2. 

ʄ. ʂ. ʄʦʰʢʠʥʘ ʠʟʫʯʠʣʘ ʩʦʚʤʝʩʪʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʥʝʬʝʣʠʥʦʚ ʠ ʢʘʦʣʠʥʦʚ ʚ 

ʩʧʝʢʘʪʝʣʴʥʦʡ ʚʝʪʚʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʘ [270]. 

ʅʝʬʝʣʠʥʦʚʦ-ʢʘʦʣʠʥʦʚʘʷ ʰʠʭʪʘ ʩʦʜʝʨʞʠʪ ʜʦ 105% ʩʚʦʙʦʜʥʦʡ ʱʣyʦʯʠ. ʇʦ-

ʵʪʦʤʫ ʢʘʦʣʠʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 3-4 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

90Üʉ ʨʘʩʪʚʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ 150-160 ʛ/ʣ Na2O ʠ 15 ʛ/ʣ Al 2O3, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʚʷ-

ʟʳʚʘʥʠʶ ʜʦ 70% "ʩʚʦʙʦʜʥʦʡ" ʱyʣʦʯʠ, ʯʪʦ ʫʞʝ ʥʝ ʟʘʪʨʫʜʥʠʪ ʧʨʦʭʦʞʜʝʥʠʝ ʰʠʭʪʳ 

ʯʝʨʝʟ ʚʨʘʱʘʶʱʫʶʩʷ ʧʝʯʴ. ʇʨʠ ʩʧʝʢʘʥʠʠ ʥʘʩʳʱʝʥʥʦʡ ʰʠʭʪʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʬʝ-

ʣʠʥʘ, ʢʘʦʣʠʥʘ, ʠʟʚʝʩʪʥʷʢʘ ʠ ʩʦʜʳ, ʧʨʠ 1200-1250ÁC ʧʦʣʫʯʘʶʪ ʩʧʢyʠ, ʠʟ ʢʦʪʦʨʳʭ 

ʠʟʚʣʝʢʘʝʪʩʷ 80-84% Al 2O3 ʠ 79-81% Na2O ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʝʣʠʥʦʚ 

ʠ ʢʘʦʣʠʥʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʚ ʀʆʅʍ ɸʅ ʋʉʉʈ. ɿʘ-

ʤʝʥʘ ʩʦʜʳ ʱʣyʦʯʴʶ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʝʢʘʥʠʷ ʜʦ 1150ÁC ʠ ʧʦʚʳ-

ʩʠʪʴ ʠʟʚʣʝʯʝʥʠʝ ʛʣʠʥʦʟʤyʘ ʠ ʱʝʣʦʯʝʡ ʥʘ 5-6%. 

 

1.6. ʍʣʦʨʥʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʨʦï ʠ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ ʨʫʜ 

ʍʣʦʨʥʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 

ɿʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʝ ʭʣʦʨʠʨʦʚʘʥʠʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʭʣʦʨʦʤ ʚ ʞʠʜʢʦʡ 

ʭʣʦʨʠʩʪʦʡ ʩʝʨʝ, ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ 130-150Áʉ (ʥʠʟʢʦʪʝʤ-

ʧʝʨʘʪʫʨʥʦʝ ʭʣʦʨʠʨʦʚʘʥʠʝ), ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʫ-
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ʩʪʦʡ ʧʦʨʦʜʦʡ. ʇʨʦʮʝʩʩ ʠʩʩʣʝʜʦʚʘʥ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʟʚʣʝʯʝʥʠʶ ʤʝʜʠ, ʩʚʠʥʮʘ ʠ 

ʮʠʥʢʘ ʠʟ ʙʝʜʥʳʭ ʠ ʙʦʛʘʪʳʭ ʨʫʜ [271-281].  

ʆʩʥʦʚʥʦʡ ʨʝʘʢʮʠʝʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʣʦʨʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ 

ʭʣʦʨʠʨʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʢʩʠʜʥʳʭ ʬʦʨʤ ʮʚʝʪʥʳʭ, ʨʘʩʩʝʷʥʥʳʭ ʠ ʨʝʜʢʠʭ ʤʝ-

ʪʘʣʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʧʘʨʦʚ ʭʣʦʨʠʩʪʦʡ ʩʝʨʳ (ʭʣʦʨʠʜ ʩʝʨʳ) ʠ ʛʘʟʦʚʦʡ ʩʤʝʩʠ 

ʧʘʨʦʚ ʭʣʦʨʘ.  ʆʢʩʠʜʥʳʝ ʬʦʨʤʳ ʤʝʪʘʣʣʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʦʚ ʭʣʦʨʠʩʪʦʡ ʩʝʨʳ ʧʦ 

ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʧʨʝʚʨʘʱʘʶʪʩʷ  ʚ ʩʦʝʜʠʥʝʥʠʷ ʭʣʦʨʘ. ʇʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʢʣʶ-

ʯʘʝʪ ʦʩʥʦʚʥʫʶ ʩʪʘʜʠʶ ï ʭʣʦʨ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʧʘʨʘʭ ʭʣʦʨʠʜʦʚ ʩʝʨʳ  ʟʘʤʝʥʷʝʪ 

ʢʠʩʣʦʨʦʜ ʚ ʦʢʩʠʜʘʭ ɻʣʝʤʝʥʪʦʚ. ʕʪʘ ʨʝʘʢʮʠʷ ʦʙʤʝʥʘ ʧʨʦʪʝʢʘʝʪ  ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʝ ʚʳʰʝ 200-400ÁC, ʧʦʵʪʦʤʫ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤʠ  ʟʥʘ-

ʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ. ɺ ʵʪʦʡ ʨʝʘʢʮʠʠ ʜʦʩʪʫʧʥʳʤ ʠ  ʫʜʦʙʥʳʤ ʨʝʘʛʝʥʪʦʤ ʷʚ-

ʣʷʶʪʩʷ ʭʣʦʨʠʜʳ, ʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠ ʨʷʜ ʜʨʫʛʠʭ ʭʣʦʨʠʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʨʘʟʣʠʯʥʳʡ ʭʣʦ-

ʨʠʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʩ ʢʦʪʦʨʳʤʠ  ʦʢʩʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ  ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ 

ʦʙʤʝʥʘ [272, 281]. 

ɻ. ɸ. ɹʝʭʪʣʝ ʚ 1950-ʭ ʛʛ. ʥʘ ʙʘʟʝ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʠʤʝʥʠ ɺ. ʀ. ʅʠʢʠʪʠʥʘ ɸʅ 

ʊʘʜʞʉʉʈ  ʨʘʟʨʘʙʦʪʘʣ  ʤʝʪʦʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʣʦʨʠʨʦʚʘʥʠʷ [272, 281], ʢʦʪʦ-

ʨʳʡ ʜʘʣʝʝ ʙʳʣ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʀ. ɸ. ɻʣʫʭʦʚʳʤ [273-277, 282-287].  

ʀ. ɸ. ɻʣʫʭʦʚ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʧʦʜʨʦʙʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʣʦʨʠʨʦʚʘʥʠʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʨʝʜʢʠʭ 

ʤʝʪʘʣʣʦʚ. ʄʝʪʦʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʣʦʨʠʨʦʚʘʥʠʷ  ʪʘʢʞʝ ʰʠʨʦʢʦ ʠʟʫʯʝʥ ʧʨʠ-

ʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʟʣʦʞʝʥʠʶ  ʨʫʜʥʦʛʦ ʩʳʨʴʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʠʟ ʥʝʛʦ ʪʠʪʘʥʘ, ʚʘʥʘʜʠʷ, 

ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ [282ï287].  

ɸʚʪʦʨʳ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʭʣʦʨʠʨʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʦʢʩʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʨʘʩʩʝʷʥʥʳʭ ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ  ʵʬʬʝʢʪʠʚʥʦ  ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩ-

ʩʘ ʚ ʘʪʤʦʩʬʝʨʝ ʩʤʝʩʠ ʭʣʦʨʠʜʦʚ ʩʝʨʳ ʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘ-

ʪʫʨʘʭ (100-140ÁC), ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʵʪʦʛʦ ʤʝʪʦʜʘ ʜʦʩʪʠʛʘʝʪʩʷ  ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʘʭ 350-360ÁC [272, 282-287]. 

ɸʚʪʦʨʳ [271, 288] ʫʩʧʝʰʥʦ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʤʝʪʦ-

ʜʦʤ  (ʧʨʠ 350Áʉ) ʠʟ ʩʳʨʴʷ ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʚʳʜʝʣʷʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 
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ʨʘʩʩʝʷʥʥʳʭ ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ, ʥʦ ʠ ʜʨʫʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ï ʵʪʦ ʪʦʨʠʡ, 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʞʝʣʝʟʦ, ʪʠʪʘʥ ʠ ʜʨʫʛʠʝ.  

ɹʣʘʛʦʜʘʨʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʩʦʢʨʘʱʝʥʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʙʨʘʙʦʪʘʥ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʤʘʩʩʠʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʭʣʦʨʠʨʦʚʘ-

ʥʠʷ [274].  

ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʘʢʮʠʷ ʥʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʭʣʦʨʠʨʦʚʘʥʠʷ  ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʝ [276, 277]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʭʣʦʨʠʨʦʚʘʥʠʝ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴ-

ʰʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʨʝʤʷ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘ-

ʚʘʝʤʳʭ ʨʝʘʛʝʥʪʦʚ, ʥʦ ʠ ʩʪʨʦʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʪyʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʣʦʨʠʨʦ-

ʚʘʥʠʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʨʫʜ ʪʘʥʪʘʣʘ, ʥʠʦʙʠʷ, ʪʠʪʘʥʘ, ʈɿʕ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ 

[276, 277].  

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʭʣʦʨʠʨʦʚʘʥʠʝ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ï ʥʝʬʝʣʠʥʦ-

ʚʳʭ ʩʠʝʥʠʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ, ʠʟʫʯʝʥʠʝ  ʠʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʧʨʦʜʫʢʪʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʣʦʨʠʨʦʚʘʥʠʷ ʠʟʫʯʝʥʳ ʚ [278, 279]. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ 

[280] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʣʦʨʠʨʦʚʘʥʠʷ 

ʤʦʞʥʦ ʧʨʠʤʝʥʷʪ ɹʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. ʆʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʭʣʦʨʠʩʪʦʡ ʩʝʨʳ ʚʳʜʝʣʠʣʠ ʠʟ ʢʘʦʣʠʥʦʚʳʭ ʛʣʠʥ ʪʘʢʠʝ ʭʣʦʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʢʘʢ AlCl 3, FeCl3. 

ʇʦʣʫʯʝʥʠʝ ʭʣʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ 

ʍʣʦʨʠʜ ʙʦʨʘ (3BCl ) ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ  ʥʘʠʙʦʣʝʝ ʧʨʘʢʪʠʯʥʦ ʧʦʣʫʯʘʪʴ ʠʟ 

ʩʤʝʩʠ ʙʫʨʳ ʠʣʠ ʙʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʧʨʠ ʠʭ ʭʣʦʨʠʨʦʚʘʥʠʠ  ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʫʛʣʝʨʦʜʘ 

ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ [289]. ɼʣʷ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʭ ʠʣʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʭʣʦʨʠʩʪʳʡ ʙʦʨ (3BCl ) ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ. ʧʦʵʪʦʤʫ ʜʣʷ 

ʵʪʠʭ ʮʝʣʝʡ ʝʛʦ ʧʦʣʫʯʘʶʪ  ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ: 
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1) ʯʝʨʝʟ ʭʣʦʨʠʨʦʚʘʥʠʝ ʙʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ [291] ʠʣʠ ʭʣʦʨʠʨʦʚʘʥʠʝ 

ʘʤʦʨʬʥʦʛʦ ʙʦʨʘ [290];  

2) ʩʦʛʣʘʩʥʦ ʨʝʘʢʮʠʠ ʧʷʪʠʭʣʦʨʠʩʪʦʛʦ ʬʦʩʬʦʨʘ ʠ ʙʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ, ʧʨʦ-

ʚʦʜʠʤʦʡ ʚ ʟʘʧʘʷʥʥʦʡ ʪʨʫʙʢʝ [292]. 

ɺ [293] ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʘ ʙʦʨʘ (3BCl ), ʯʝʨʝʟ ʨʝʘʢʮʠʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ʠ ʬʪʦʨʠʜʘ ʙʦʨʘ, ʢʦʪʦʨʳʡ  ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪ-

ʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ, ʫʜʦʙʥʳʡ ʠ ʧʨʘʢʪʠʯʥʳʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʙʨʦʤʠʜʘ ʙʦʨʘ ʠʩʧʦʣʴʟʫʶʪ ʙʨʦʤʠʜ ʘʣʶʤʠʥʠʷ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʩ ʜʨʫʛʠʤʠ ʠʟ-

ʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ  ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʘ ʙʦʨʘ (3BCl ) ʜʘʥʥʳʡ ʤʝʪʦʜ  ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʥʘʜʸʞʥʳʤ ʠ ʧʨʦʩʪʳʤ ʚ ʘʧʧʘʨʘʪʫʨʥʦʤ ʦʬʦʨʤʣʝʥʠʠ.  ʂʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʦ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʠʪʴ ʬʪʦʨʠʩʪʳʡ ʙʦʨ ʥʘ ʙʦʨʦʬʪʦʨʠʜ ʢʘʣʠʷ [294, 295]. 

ʊʝʭʥʦʣʦʛʠʷ ʩʠʥʪʝʟʘ ʭʣʦʨʠʜʘ ʙʦʨʘ (3BCl ) ʚʢʣʶʯʘʝʪ  ʦʙʨʘʙʦʪʢʫ ʢʘʨʙʠʜʘ ʙʦʨʘ 

ʭʣʦʨʠʨʦʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʛʝʥʪʘ ï ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʦʙ 

ʨʘʙʦʪʢʫ ʧʨʦʚʦʜʷʪ  ʚ ʧʦʪʦʢʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ  ʚ ʢʠʧʷʱʝʤ ʩʣʦʝ, ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ 

ʟʘʱʠʱʝʥʘ  ʧʘʪʝʥʪʦʤ [296]. ʍʣʦʨʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʷʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʠʥʜʝʢʩʘ ʧʩʝʚ-

ʜʦʦʞʠʞʝʥʠʷ ʧʦ ʚʳʩʦʪʝ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʛʦ ʩʣʦʷ ʦʪ 1,5-1,0 - ʥʘ ʚʝʨʭʥʝʤ ʧʨʝʜʝʣʝ, 

ʜʦ 2,8-2,0 - ʥʘ ʥʠʞʥʝʤ ʧʨʝʜʝʣʝ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʛʦ ʩʣʦʷ. ʂʘʨʙʠʜ ʙʦʨʘ ʚʚʦʜʠʪʩʷ 

ʩʚʝʨʭʫ ʨʝʘʢʪʦʨʘ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʶʪ ʯʠʩʪʳʡ ʠ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ ʭʣʦʨʠʜ ʙʦʨʘ (3BCl ), ʘ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʙʦʣʴʰʠʤʠ ʚʳʛʦʜʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ  ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ,  ʥʠʟʢʘʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʥʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʦʩʪʦʪʘ  ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ. 

ɺʦʟʤʦʞʥʦ, ʧʦʣʫʯʝʥʠʝ ʭʣʦʨʠʜʘ ʙʦʨʘ ( 3BCl ) ʭʣʦʨʠʨʦʚʘʥʠʝʤ ʩʧʣʘʚʦʚ ʙʦʨʘ, 

ʥʘʧʨʠʤʝʨ, ʩʧʣʘʚʘ ʙʦʨʘ ʩ ʪʘʥʪʘʣʦʤ ʧʨʠ 800Üʉ, ʬʝʨʨʦʙʦʨʘʪʘ (ʧʨʠ 500Üʉ), ʘ ʪʘʢʞʝ 

ʭʣʦʨʠʨʦʚʘʥʠʝʤ ʙʦʨʠʜʘ ʢʘʣʴʮʠʷ ʠʣʠ ʩʫʣʴʬʘʪʘ ʙʦʨʘ [297, 298].  

ʍʣʦʨʠʜ ʙʦʨʘ ( 3BCl ) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʭʣʦʨʠʨʦʚʘʥʠʝʤ ʩʧʣʘʚʦʚ ʙʦʨʘ, ʥʘʧʨʠ-

ʤʝʨ, ʭʣʦʨʠʨʦʚʘʥʠʝʤ ʙʦʨʠʜʘ ʢʘʣʴʮʠʷ, ʭʣʦʨʠʨʦʚʘʥʠʝʤ  ʩʫʣʴʬʘʪʘ ʙʦʨʘ,  ʩʧʣʘʚʦʚ ʙʦ-

ʨʘ ʠ ʬʝʨʨʦʙʦʨʘʪʘ (ʧʨʠ 500ÁC, ʩʧʣʘʚʘ ʙʦʨʘ ʠ ʪʘʥʪʘʣʘ (ʧʨʠ 800ÁC)  [297, 298]. 
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ɼʝʡʩʪʚʠʝʤ ʭʣʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʥʘ ʙʦʨʠʜ ʪʠʪʘʥʘ ʚʳʰʝ 500Üʉ ʧʦʣʫʯʘʶʪ 

ʩʤʝʩʴ ʭʣʦʨʠʜʦʚ ʙʦʨʘ ʠ ʪʠʪʘʥʘ. ɺʳʜʝʣʝʥʠʝ 3BCl  ʠʟ ʵʪʦʡ ʩʤʝʩʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʪʨʫʜʥʦʩʪʠ. 

ʊʘʢʞʝ ʠʟʚʝʩʪʝʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʘ ʙʦʨʘ (3BCl ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʭʣʦ-

ʨʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ  ʩ ʵʣʝʤʝʥʪʘʨʥʳʤ ʙʦʨʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ,  

ʧʨʠ 700ÁC  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 4GeCl  - ʭʣʦʨʠʜʘ ʛʝʨʤʘʥʠʷ (IV)  ʩ ʙʦʨʦʤ  ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʭʣʦʨʠʜʘ ʙʦʨʘ (3BCl )  ʠ 2GeCl  - ʭʣʦʨʠʜʘ ʛʝʨʤʘʥʠʷ (II), ʘ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 750-1100Áʉ ï ʦʙʨʘʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ GeCl ʠ 3BCl .  

ɺ ʦʩʥʦʚʥʦʤ  ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʘ ʙʦʨʘ (3BCl ) ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʭʣʦ-

ʨʠʨʦʚʘʥʠʠ ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ  ʠʣʠ ʙʦʨʘʪʥʳʭ ʨʫʜ, ʙʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ  ʠʣʠ ʙʝʟʚʦʜʥʦʡ 

ʙʫʨʳ ʩ ʚʢʣʶʯʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩ ʨʘʟʣʠʯʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʝʥ 

ʤʝʪʦʜ  ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʘ ʙʦʨʘ  ʯʝʨʝʟ ʧʝʥʪʘʭʣʦʨʠʜ ʬʦʩʬʦʨʘ ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘ-

ʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʙʦʨʘ ʧʨʠ 150ÜC,ʯʝʨʝʟ  ʪʠʦʥʠʣʭʣʦʨʠʜ ʧʨʠ 300ÜC, ʯʝʨʝʟ ʭʣʦʨʠʜ 

ʘʣʶʤʠʥʠʷ ʧʨʠ 350ÜC ʠ ʯʝʨʝʟ ʪʝʪʨʘʭʣʦʨʠʜ ʢʨʝʤʥʠʷ (ʯʝʪʳʨʸʭʭʣʦʨʠʩʪʳʡ  ʢʨʝʤʥʠʡ) 

ʧʨʠ 700Áʉ. 

ʃʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʧʠʩʳʚʘʶʪ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ 

ʧʦʣʫʯʘʶʪ  ʭʣʦʨʠʜ ʙʦʨʘ (3BCl ), ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʞʜʫ 3BF  ʠ 3AlCl , 4KBF  ʠ 3AlCl , 3BBr  ʠ 

3AsCl  ʠ ʜʨʫʛʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ  [299, 300]. 

ʆʙʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʝʧʘʨʘʪʠʚʥʦʤʫ ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʪʨʠʭʣʦʨʠʜʘ ʙʦʨʘ  

( 3BCl )  ʨʝʢʦʤʝʥʜʫʶʪ ʦʙʤʝʥʥʫʶ ʨʝʘʢʮʠʶ ʤʝʞʜʫ ʬʪʦʨʠʜʦʤ ʙʦʨʘ ʠ  ʭʣʦʨʠʜʦʤ ʘʣʶ-

ʤʠʥʠʷ. ɹʝʟʚʦʜʥʳʡ ʭʣʦʨʠʜ ʘʣʶʤʠʥʠʷ ( 3AlCl ) ʧʦʤʝʱʘʶʪ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ, 

ʥʘʛʨʝʚʘʝʤʫʶ ʚ ʧʣʘʤʝʥʠ ʛʦʨʝʣʢʠ, ʠ ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ ʥʝ yʛʘʟʦʦʙʨʘʟʥʳʡ ʬʪʦʨʠʜ 

ʙʦʨʘ ( 3BF ) ʚ  ʯʝʪʳʨʭyʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʩʫʙʣʠʤʘʮʠʠ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʦʥʠ ʧʨʦʧʫʩʢʘʶʪʩʷ ʯʝʨʝʟ ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʙʘʢ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʩʫʙʣʠʤʘʮʠʠ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ( 3AlCl ). ʇʦʣʫʯʘʝʤʳʡ ʚ ʧʨʦʮʝʩʩʝ 

ʭʣʦʨʠʜ ʘʣʶʤʠʥʠʷ (3AlCl )  ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ  ʚ U-ʦʙʨʘʟʥʦʡ ʪʨʫʙʢʝ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦ-

ʜʠʪʩʷ  ʩʤʝʩʴ ʘʮʝʪʦʥʘ ʠ ʩʫʭʦʛʦ ʣʴʜʘ,  ʠ ʘʮʝʪʦʥʘ. ʇʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳ-

ʩʦʢʠʡ ʚʳʭʦʜ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ  ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ (3AlCl ) - 80% [297]. 
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ʀʟʚʝʩʪʝʥ ʤʝʪʦʜ ʭʣʦʨʠʨʦʚʘʥʠʷ ʘʤʦʨʬʥʦʛʦ ʙʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 450Áʉ ʩ 

ʧʦʣʫʯʝʥʠʝʤ  ʪʨʠʭʣʦʨʠʜʘ ʙʦʨʘ (3BCl ) [299, 300]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʧʦʣʫʯʝʥʳ ʥʠʟʢʠʝ ʚʳʭʦʜʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ - ʪʨʠʭʣʦʨʠʜʘ ʙʦʨʘ (3BCl ), ʚʩʝʛʦ ʦʢʦ-

ʣʦ 13%. ʂʦʥʜʝʥʩʘʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʦʙʠʨʘʝʪ ʨʘʩʪʚʦʨʥyʥʳʡ ʭʣʦʨ, ʢʦʪʦʨʳʡ ʚʳʜʝ-

ʣʷʝʪʩʷ ʧʨʠ  ʚʩʪʨʷʭʠʚʘʥʠʠ ʝʛʦ ʩ ʨʪʫʪʴʶ ʠʣʠ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʤʝʜʥʳʝ ʦʧʠʣʢʠ. ʅʘ  

ʧʨʘʢʪʠʢʝ ʩʯʠʪʘʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʧʦʣʫʯʝʥʠʝ ʪʨʠʭʣʦʨʠʜʘ ʙʦʨʘ (3BCl ) ʠʟ ʙʦʨ-

ʥʦʛʦ ʘʥʛʠʜʨʠʜʘ.  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ  ʤʝʪʦʜʫ, ʠʟ 32OB  ʠ ʫʛʣʷ ʛʦʪʦʚʠʪʩʷ  ʤʝʣʢʦʠʟʤʝʣʴʯʥyʥʘ ̫

ʩʤʝʩʴ ʩ ʤʘʩʩʦʚʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 2:1, ʧʦʤʝʱʘʝʪʩʷ ʚ ʢʚʘʨʮʝʚʫʶ ʪʨʫʙʢʫ ʠ ʭʣʦʨʠʨʫ-

ʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800-900Üʉ ʚ ʪʦʢʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ. ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʣʫʯ-

ʰʠʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʨʝʘʛʝʥʪʘʤʠ ʠ ʠʟʙʝʞʘʪʴ ʫʥʦʩʘ ʫʛʣʷ ʚ ʧʦʪʦʢʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ 

ʭʣʦʨʘ, ʩʤʝʩʴ ʚʥʘʯʘʣʝ   ʙʨʠʢʝʪʠʨʫʝʪʩʷ ʠʣʠ ʛʨʘʥʫʣʠʨʫʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʬʦʨʤʘʭ 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ.  ɺ ʢʘʯʝʩʪʚʝ  ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʨʠʢʝʪʦʚ 

ʠʣʠ ʛʨʘʥʫʣ ʚ ʧʨʦʮʝʩʩ ʚʚʦʜʷʪ  ʛʣʶʢʦʟʫ ʠʣʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʧʝʢ (ʥʝ ʤʝʥʝʝ 10% ʦʪ 

ʤʘʩʩʳ ʰʠʭʪʳ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʜ ʧʨʦʮʝʩʩʦʤ ʭʣʦʨʠʨʦʚʘʥʠʷ ʙʨʠʢʝʪʳ (ʛʨʘʥʫ-

ʣʳ)  ʦʙʞʠʛʘʶʪ  ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʦʙʞʠʛʦʤ ʧʨʠ 600-700Üʉ, ʚʳʭʦʜ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʪʨʠʭʣʦʨʠʜʘ ʙʦʨʘ (3BCl ) ʧʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʟʥʘʯʠʪʝʣʴʥʳʡ, ʩʦʩʪʘʚʣʷʝʪ  90%) 

[300]. 

ɸʚʪʦʨʳ [300] ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʶʪ ʟʘʤʝʥʠʪʴ ʛʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨ ʭʣʦʨʠʜʘʤʠ ʪʠ-

ʪʘʥʘ (4TiCl )  ʠʣʠ ʭʣʦʨʠʜʘʤʠ ʢʨʝʤʥʠʷ (4SiCl ),  ʠʥʠʮʠʠʨʦʚʘʚ ʠʭ ʨʝʘʢʮʠʶ ʩ ʘʥʛʠʜʨʠ-

ʜʦʤ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ (32OB ). ʇʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʚʘ ʨʝʘʛʝʥ-

ʪʘ ʧʦʤʝʱʘʶʪʩʷ ʚ ʢʚʘʨʮʝʚʫʶ ʚʝʨʪʠʢʘʣʴʥʫ  ʁʪʨʫʙʢʫ, ʟʘʧʘʷʥʥʫʶ ʥʘ ʥʠʞʥʝʤ ʢʦʥʮʝ. 

ʊʨʫʙʢʫ ʥʘʛʨʝʚʘʶʪ ʩʥʠʟʫ ʜʦ 800Üʉ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʤʝʱʘʶʪ ʜʝʬʣʝʛʤʘʪʦʨ ʜʣʷ 

ʚʦʟʚʨʘʱʝʥʠʷ ʚ ʧʨʦʮʝʩʩ ʢʦʣʠʯʝʩʪʚ ʭʣʦʨʠʜʦʚ ʪʠʪʘʥʘ (4TiCl )  ʠʣʠ ʭʣʦʨʠʜʦʚ ʢʨʝʤʥʠʷ 

( 4SiCl ), ʢʦʪʦʨʳʝ ʥʝ ʫʩʧʝʣʠ ʧʨʦʨʝʘʛʠʨʦʚʘʪʴ. ɼʣʷ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ  ʥʝʦʙʭʦʜʠʤ 

ʧʨʠʤʝʨʥʦ ʜʚʫʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʘʥʛʠʜʨʠʜʘ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ (32OB ). 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʤʝʪʦʜʳ ʩʝʣʝʢʪʠʚʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʪʨʠʭʣʦʨʠ-

ʜʘ ʙʦʨʘ (3BCl ) ʠʟ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ (3BCl +ʉʆ+ 2CO + 2CoCl + HCl ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ï ʜʠʬʝʥʠʣʘ, ʪʨʠʭʣʦʨʙʝʥʟʦʣʘ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʫʛ-
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ʣʝʚʦʜʦʨʦʜʦʚ.  ʀʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʪʨʠʭʣʦʨʠʜ ʙʦʨʘ (3BCl ) 

ʜʦ 15% ʧʦ ʤʘʩʩʝ, ʧʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ ʯʠʩʪʳʡ ʪʨʠʭʣʦʨʠʜ ʙʦʨʘ ʦʪʛʦʥʷʝʪʩʷ ʣʝʛʯʝ ʠ 

ʫʜʦʙʥʝʝ. 

ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʯʠʩʪʦʛʦ ʪʨʠʭʣʦʨʠʜʘ 

ʙʦʨʘ (3BCl ) ʫʣʘʚʣʠʚʘʥʠʝʤ ʝʛʦ ʠʟ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩ ʨʘʩʧʣʘ-

ʚʦʚ ʭʣʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʪʨʠʭʣʦʨʠ-

ʜʦʤ ʙʦʨʘ (3BCl ). ɼʘʣʝʝ ʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʜʚʝʨʛʘʶʪ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʨʘʟʣʦʞʝʥʠʝ  ʠ ʚʳʜʝʣʷʝʪʩʷ 

ʪʨʠʭʣʦʨʠʜ ʙʦʨʘ (3BCl ) [294, 297].  

ʉʦʝʜʠʥʝʥʠʝ ʜʠʙʦʨʪʝʪʨʘʭʣʦʨʠʜ ( 42ClB ) ʚʧʝʨʚʳʝ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʚ 1925 

ʛʦʜʫ  ʧʫʪʸʤ ʧʨʦʧʫʩʢʘʥʠ ̫ʧʘʨʦʚ 3BCl  ʤʝʞʜʫ ʘʣʶʤʠʥʠʝʚʳʤ ʢʘʪʦʜʦʤ ʠ ʮʠʥʢʦʚʳʤ 

ʘʥʦʜʦʤ, ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʝ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʜʠʙʦʨʪʝʪʨʘʭʣʦʨʠʜʘ (42ClB ), 

ʧʨʦʚʦʜʠʤʳʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʝ, ʧʨʝʪʝʨʧʝʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɺ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ, ʩʫʱʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʨʦʧʫʩʢʘʥʠʝ ʧʘʨʦʚ 

3BCl  ʯʝʨʝʟ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠ ʥʠʟʢʠʭ 

ʜʘʚʣʝʥʠʷʭ ʥʘʜ ʨʪʫʪʥʳʤ ʵʣʝʢʪʨʦʜʦʤ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʘʨʳ ʜʠʙʦʨʪʝʪʨʘʭʣʦʨʠʜʘ      

( 42ClB ) ʩʦʙʠʨʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʫʣʘʚʣʠʚʘʪʝʣʷʭ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (-

112ÁC) ʚʤʝʩʪʝ ʩ ʥʝ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʤʠ ʭʣʦʨʠʜʦʤ ʙʦʨʘ 3BCl  ʠ ʭʣʦʨʦʤ 2Cl . ʇʨʠ ʪʘ-

ʢʠʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʭʣʦʨ ʠʟ ʩʠʩʪʝʤʳ ʙʝʟ ʟʘʪʨʫʜʥʝʥʠʡ ʦʪʛʦʥʷʝʪʩʷ, ʘ ʯʠʩʪʳʡ   

ʜʠʙʦʨʪʝʪʨʘʭʣʦʨʠʜ (42ClB ) ʚʳʜʝʣʷʶʪ  ʧʨʠ (-78.5Áʉ) ʬʨʘʢʮʠʦʥʥʦʡ ʨʘʟʛʦʥʢʦʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʦʪʷ ʵʪʦʪ ʤʝʪʦʜ ʠ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ, ʚʳʭʦʜ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ - ʜʠʙʦʨʪʝʪʨʘʭʣʦʨʠʜʘ (42ClB )  ʟʜʝʩʴ ʦʯʝʥʴ ʥʠʟʢʠʡ, ʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʝ  

ʚ ʦʜʥʦʡ ʷʯʝʡʢʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʦʣʦ 0.08 ʛʨʘʤʤʘ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ. 

ʇʦʩʣʝ ʜʦʨʘʙʦʪʢʠ ʵʪʦʛʦ ʤʝʪʦʜʘ  ʫʜʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʢʦʥʝʯʥʦ-

ʛʦ ʧʨʦʜʫʢʪʘ ʜʦ 0.1 ʛʨʘʤʤʘ ʚ ʦʜʠʥ ʯʘʩ. 
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ʉʠʥʪʝʟ ʜʠʙʦʨʪʝʪʨʘʭʣʦʨʠʜʘ (42ClB )   ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʩʷ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʤʦʥʦʦʢʩʠʜʘ ʙʦʨʘ ʩ ʭʣʦʨʠʜʦʤ ʙʦʨʘ ( 3BCl ), ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʠʥʪʝʥʩʠʚʥʝʝ ʠʜʸʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 250Áʉ: 

2242222 2334 OBClBOBBCl ++ . 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ  ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝ-

ʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʦʤ ʙʦʨʘ (3BCl ),  ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʤʝʪʦʜ, ʧʨʠ ʢʦʪʦ-

ʨʦʤ  ʩʠʥʪʝʟ ʭʣʦʨʠʜʘ ʙʦʨʘ (3BCl ) ʧʨʦʚʦʜʷʪ ʥʘʛʨʝʚʘʥʠʝʤ ʧʨʠ 400-700Áʉ ʙʝʟʚʦʜʥʦʡ 

ʙʫʨ,r ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠʩʧʦʣʴʟʫʶʪ ʫʛʦʣʴ, ʘ ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʷʪ  ʚ ʧʦʪʦʢʝ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ [294, 297, 298]. 

ʇʨʦʚʝʜʝʥʠʝ ʭʣʦʨʠʨʦʚʘʥʠ ̫ʙʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩ  ʪʚʸʨ-

ʜʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ï ʫʛʣʷ  ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝʤ ʨʘʚ-

ʥʦʚʝʩʠʷ ʚ ʨʝʘʢʮʠʠ ɹʫʜʫʘʨʘ. ʇʨʠ ʭʣʦʨʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩ ʚʝʜʸʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ 

700-800Áʉ, ʘ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʉʆ2 ʠ ʉʆ ʨʝʘʢʮʠʦʥʥʳʭ ʛʘʟʦʚ ʨʘʚʥʦ 1:4.  

ɺ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʨʘʚʝʥ  ʜʣʷ 

ʭʣʦʨʠʜʘ ʙʦʨʘ (3BCl )  ʧʨʠʤʝʨʥʦ 041.9 ʢɼʞ/ʤʦʣʴ. ʇʨʦʮʝʩʩ rʭʣʦʨʠʨʦʚʘʥʠʷ ʩ ʚʚʝʜʝ-

ʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ, ʩʦʩʪʘʚʠʚʰʠʤ ʜʣʷ ʭʣʦʨʠʜʘ ʙʦʨʘ (3BCl ) ʚʝʣʠʯʠʥʫ 

+92.2 ʢɼʞ/ʤʦʣʴ [297, 298]. 

ɼʣʷ  ʭʣʦʨʠʨʦʚʘʥʠʷ ʩʤʝʩʠ ʙʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʫʛʣʝʨʦʜʦʤ 

ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʥʠʞʝ 350-400ÁC. ɽʩʣʠ  ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠʩʧʦʣʴʟʫʶʪ ʪʦʣʴʢʦ ʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (ʉʆ),  ʪʦ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʭʣʦʨʘ ʠ 32OB  ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʝ 

ʥʠʞʝ 850ÁC [299, 300].  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʨʦʡʥʦʡ ʩʤʝʩʠ (2CaCl   - 49.3%, 2BaCl  - 28.9%  ʠ NaCl  - 21.8%)  

ʧʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ  ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 5%  ʙʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ  (32OB )  ʚ ʨʘʩʧʣʘʚʝ  ʥʘ 

ʚʳʭʦʜ ʭʣʦʨʠʜʘ ʙʦʨʘ (3BCl ), ʘ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʜʦ 10%  ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʚ̫ ʟʢʦʩʪ ɹʩʫʩʧʝʥʟʠʡ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʭʣʦʨʠʨʦʚʘʥʠʷ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʩʨʝʜʝ ʪʠʧ ʚʦʩʩʪʘ-

ʥʦʚʠʪʝʣʷ ʥʝ ʠʤʝʝʪ ʨʝʰʘʶʱʝʛʦ ʟʥʘʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ  ʧʨʠ ʩʨʘʚʥʝʥʠʠ  ʪʘʢʠʭ ʚʦʩʩʪʘ-
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ʥʦʚʠʪʝʣʝʡ, ʢʘʢ  ʛʨʘʬʠʪ, ʢʦʢʩ ʠʣʠ ʜʨʝʚʝʩʥʳʡ ʫʛʦʣʴ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʠ ʠʭ ʧʦ-

ʤʦʣʘ), ʤʝʞʜʫ ʥʠʤʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚ.  

ʇʨʦʮʝʩʩ ʭʣʦʨʠʨʦʚʘʥʠʷ ʙʦʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ  ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ  ʦʪ   

ʭʣʦʨʠʨʦʚʘʥʠ ̫ʙʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ  (32OB ), ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ  ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ 

ʭʣʦʨʠʨʦʚʘʥʠʝ ʚʩʝʭ ʦʢʩʠʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʳʨʴʝ  [297, 299, 

300]. 

ʉʠʥʪʝʟ ʠʟ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ  ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ  

ʇʦʣʫʯʝʥʠʶ ʙʝʟʚʦʜʥʳʭ ʭʣʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʪʨʫʜʦʚ ʠ ʤʦʥʦʛʨʘʬʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʵʪʠ ʧʨʦʙʣʝʤʳ ʨʝʰʘʶʪʩʷ ʚ ʪʨʫʜʘʭ ɸ. ɸ. 

ʌʫʨʤʘʥʘ, ɸ. ʌ. ɾʠʛʘʯ ʠ ɼ. ʉ. ʉʪʘʩʠʥʝʚʠʯʘ [300, 301]. 

ɺ [297]  ʨʘʟʨʘʙʦʪʘʥ  ʤʝʪʦʜ ʭʣʦʨʠʨʦʚʘʥʠʷ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʢʠʧʷʱʝʤ ʩʣʦʝ, ʩʦʟʜʘʚʘʝʤʦʤ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ (3AlCl ). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʠ ʭʣʦʨʠʨʦʚʘʥʠʷ  ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 32OAl  ʠ ʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ 2SiO  ʠʟ ʩʦʩʪʘʚʘ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʚʳʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʠ ʭʣʦʨʠʨʦʚʘʥʠʷ 

ʵʪʠʭ ʦʢʩʠʜʦʚ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ [300]. ʄʝʪʦʜ ʭʣʦʨʠʨʦʚʘʥʠʷ ʢʨʝʤʥʝʟʸ-

ʤʘ ʠ ʛʣʠʥʦʟʸʤʘ, ʦʩʫʱʝʩʪʚʣʸʥʥʳʡ ʧʨʠ  550-800Áʉ, ʨʘʟʨʘʙʦʪʘʥ ʚ [302, 303].  

ɺ  [304-312] ʧʨʝʜʩʪʘʚʣʝʥʦ ʭʣʦʨʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʣʶʤʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳ-

ʨʴʷ.  ɺ [304, 305]  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʭʣʦʨʠʨʦʚʘʥʠʷ ʙʦʢʩʠʪʦʚ, ʧʨʦʚʦʜʠʤʳʡ 

ʚ  ʢʠʧʷʱʝʤ ʩʣʦʝ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʠʧʷʱʝʤ ʩʣʦʝ ʭʣʦʨʠʨʫʶʪʩʷ ʚʩʝ ʦʢʩʠʜʳ, ʚʭʦʜʷ-

ʱʠʝ ʚ ʩʦʩʪʘʚ ʙʦʢʩʠʪʦʚ. 

ɺ [306] ʘʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʦ ʩʝʣʝʢʪʠʚʥʦʝ ʭʣʦʨʠʨʦʚʘʥʠʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʚ 

ʢʠʧʷʱʝʤ ʩʣʦʝ ʧʨʠ 900Áʉ. ɺ ʨʘʙʦʪʝ [307] ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ ʭʣʦ-

ʨʠʨʦʚʘʥʠ ̫ʙʦʢʩʠʪʦʚ ʚ ʬʠʣʴʪʨʫʶʱʝʤ ʩʣʦʝ ʩʤʝʩʴʶ ʪʝʪʨʘʭʣʦʨʠʜʘ ʢʨʝʤʥʠʷ  ʠ ʛʘʟʦ-

ʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ.  

ɺ [308-310] ʧʦʢʘʟʘʥʦ ʧʦʣʫʯʝʥʠʝ ʭʣʦʨʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ (3AlCl ) ʠʟ ʵʢʠʙʘ-

ʩʪʫʟʩʢʠʭ ʫʛʣʠʩʪʳʭ ʧʦʨʦʜ. 

ɺ [312] ʠʟ ʢʘʦʣʠʥʦʚʳʭ ʛʣʠʥ  ʧʦʣʫʯʝʥ ʭʣʦʨʠʜ ʘʣʶʤʠʥʠʷ ʠ ʠʟʫʯʝʥʳ  ʧʘʨʘʤʝʪ-

ʨʳ ʧʨʦʮʝʩʩʘ, ʘ ʚ ʘʚʪʦʨʩʢʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʝ ʉʉʉʈ [313] ʨʘʟʨʘʙʦʪʘʥ  ʤʝʪʦʜ ʦʯʠʩʪʢʠ 
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ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ʦʪ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʧʫʪʤy ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ 400-500Áʉ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ. 

ɼʣʷ ʦʯʠʩʪʢʠ ʘʣʶʤʠʥʠʝʚʳʭ ʨʫʜ ʦʪ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʭʣʦʨʠ-

ʨʦʚʘʥʠʷ ʠ ʩʫʙʣʠʤʘʮʠʠ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʧʫʪʸʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʩʫʣʴʬʫʨʠʟʘʮʠ-

ʦʥʥʦʛʦ ʦʙʞʠʛʘ [314]. 

ɺ ʨʘʙʦʪʘʭ [315, 316]  ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜ ʭʣʦʨʠʨʦʚʘʥʠʷ ʘʣʶʤʦʩʦ-

ʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, ʧʨʝʜʣʦʞʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʭʣʦʨʠʨʦʚʘʥʠʷ, ʠʟʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ, ʧʦʣʫʧʨʦʜʫʢʪʦʚ  ʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʭʣʦʨʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ  ʪʝʨʤʦʜʠʥʘʤʠ-

ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʍʣʦʨʠʨʦʚʘʥʠʝ  ʦʢʩʠʜʦʚ  ʩʦʩʪʘʚʘ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʊʫʨʧʠ ʠʟʫʯʝʥʦ ʚ [317-320], ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʚʪʦʨʘʤʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʣʦʨʠʨʦʚʘʥʠʷ ʚʩʝʭ ʤʠʥʝʨʘʣʦʚ ʩʦʩʪʘʚʘ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠ-

ʪʦʚ.  

ɺ [321]  ʜʣʷ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ  ʧʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ  ʤʝʪʦʜʘ  ʠʭ ʭʣʦ-

ʨʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʭʣʦʨʠʨʦʚʘʥʠʷ ʚ ʜʚʝ ʩʪʘʜʠʠ  ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ ʚʢʣʶʯʘʝʪ ʦʙʝʟʞʝʣʝʟʦʚʘʥʠʝ, ʪʦ ʝʩʪʴ ʪʝʨʤʦ-

ʦʙʨʘʙʦʪʢʫ  ʥʝʬʝʣʠʥʦʚʦʛʦ ʩʠʝʥʠʪʘ,  ʚʪʦʨʘʷ ʩʪʘʜʠʷ - ʭʣʦʨʠʨʦʚʘʥʠʝ ʦʙʝʟʞʝʣʝʟʥʝʥ-

ʥʦʡ ʨʫʜʳ ʠ ʠʟʚʣʝʯʝʥʠʝ ʭʣʦʨʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ (3AlCl ).  

ɼʣʷ ʥʝʬʝʣʠʥʦʚʦʛʦ ʩʠʝʥʠʪʘ ʠʟʫʯʝʥʦ  ʠʭ ʭʣʦʨʠʨʦʚʘʥʠʝ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩ  

ʨʘʟʣʠʯʥʳʭ ʭʣʦʨʠʨʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ (ʩʪʝʙʣʠ ʭʣʦʧʯʘʪʥʠʢʘ  ʠ 

ʧʨʠʨʦʜʥʳʡ ʛʘʟ) [322, 323].  

ʈʘʙʦʪʳ [321-323] ʧʦʩʚʷʱʘʶʪʩʷ ʭʣʦʨʠʨʦʚʘʥʠ ʁʥʝʬʝʣʠʥʦʚʦʛʦ ʩʠʝʥʠʪʘ ʊʫʨʧʠ 

ʛʘʟʦʦʙʨʘʟʥʳʤ ʭʣʦʨʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʛ-

ʣʝʨʦʜ.  ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ  ʤʘʢʩʠ-

ʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (98.8%): ʭʣʦʨʠʨʦʚʘʥʠʝ ʥʝʬʝʣʠʥʦʚʦʛʦ ʩʠʝ-

ʥʠʪʘ ʧʨʠ 800-850ÁC ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ, ʩʦʦʪʥʦʰʝʥʠʝ ʫʛʣʷ ʠ ʥʝʬʝʣʠʥʘ ʨʘʚʥʦ 1:1. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʠʩʭʦʜʠʪ ʭʣʦʨʠʨʦʚʘʥʠʝ ʦʢʩʠʜʦʚ ʥʘʪʨʠʷ, ʢʘʣʠʷ 

ʠ ʞʝʣʝʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ  ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʦʢʩʠʜʦʚ ʠʟ ʩʦʩʪʘʚʘ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ  

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʭʣʦʨʠʨʦʚʘʥʠʷ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʦʟʠʨʦʚʢʘ 



84 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ (ʫʛʣʷ), ʪʦʥʢʦʩʪʴ ʧʦʤʦʣʘ ʥʝʬʝʣʠʥʘ  ʠ ʚʨʝʤʷ ʭʣʦʨʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝ-

ʣʝʥʦ ʚʣʠʷʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʦʢʩʠʜʦʚ ʠʟ ʩʦʩʪʘʚʘ ʥʝʬʝʣʠ-

ʥʦʚʳʭ ʩʠʝʥʠʪʦʚ [317, 322, 323]. 

ɺ  ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʠʤʝʥʠ ɺ. ʀ. ʅʠʢʠʪʠʥʘ ʅɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ ʚ ʧʨʦʜʦʣ-

ʞʝʥʠʠ ʵʪʠʭ ʨʘʙʦʪ  ʠʟʫʯʝʥʦ ʭʣʦʨʠʨʦʚʘʥʠʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ  ʩ ʚʚʝʜʝʥʠʝʤ ʚ 

ʧʨʦʮʝʩʩ ʩʤʝʩʠ ʭʣʦʨʠʜʦʤ ʩʝʨʳ ʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ, ʩʪʝʙʣʝʡ ʭʣʦʧʯʘʪʥʠʢʘ ʠ  

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ [324-327]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʭʣʦʨʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʦʢʩʠʜʦʚ ʠʟ ʥʝʬʝʣʠʥʦʚʦʛʦ ʩʠʝʥʠʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ï ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʭʣʦʨʠ-

ʨʦʚʘʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 850Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ, ʨʘʩʭʦʜ ʭʣʦʨʘ 120 ʤʣ ʚ ʤʠʥʫʪʫ. 

ʈʘʙʦʪʳ [321, 324] ʧʦʩʚʷʱʝʥʳ  ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʭʣʦʨʠʨʦʚʘʥʠʷ ʥʝʬʝʣʠʥʦ-

ʚʦʛʦ ʩʠʝʥʠʪʘ ʧʨʠʨʦʜʥʳʤ ʛʘʟʦʤ, ʭʣʦʨʠʨʦʚʘʥʠʝ ʧʨʠ ʵʪʦʤ ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʫʭ ʩʪʘʜʠʷʭ. 

ʇʝʨʚʘʷ ʩʪʘʜʠʷ ʚʢʣʶʯʘʝʪ  ʦʙʨʘʙʦʪʢʫ ʥʝʬʝʣʠʥʦʚʦʛʦ ʩʠʝʥʠʪʘ ʧʨʠ  600-850Áʉ ʧʨʠ-

ʨʦʜʥʳʤ ʛʘʟʦʤ ʜʦ ʚʳʜʝʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʫʜʳ ʦʪ 0.1 ʜʦ 1.0% ʦʪ ʦʙ-

ʱʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ, ʜʘʣʝʝ ʦʪʜʝʣʝʥʠʝ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʛʘʟʦʦʙ-

ʨʘʟʥʳʤ ʭʣʦʨʦʤ. ɺʪʦʨʘʷ ʩʪʘʜʠʷ ʚʢʣʶʯʘʝʪ ʧʦʚʪʦʨʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʠʨʦʜʥʳʤ ʛʘʟʦʤ 

ʦʙʝʟʞʝʣʝʟʥʝʥʥʦʛʦ ʜʦ ʚʳʜʝʣʝʥʠʷ  ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʳʨʴʷ ʦʪ 1.5 ʜʦ 50.0%, 

ʟʘʪʝʤ ʦʙʨʘʙʦʪʢʫ  ʧʨʠ 850ÁC ʛʘʟʦʦʙʨʘʟʥʳʤ ʭʣʦʨʦʤ ʠ ʧʦʣʫʯʝʥʠʝ ʭʣʦʨʠʩʪʦʛʦ ʘʣʶ-

ʤʠʥʠʷ (3AlCl ). ʇʦʣʫʯʝʥʥʳʡ ʧʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʭʣʦʨʠʩʪʳʡ ʘʣʶʤʠʥʠʡ  ʨʝʢʦʤʝʥʜʦʚʘ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʢʘʢ ʣɻʝʢʪʨʦʣʠʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʶʤʠʥʠʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ 

ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ ï ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʳ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ (850-950Áʉ), ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ  ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʙʣʘʛʦ-

ʧʨʠʷʪʥʤr ʧʦʩʣʝʜʩʪʚʠʷʤ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ-

ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ. 

ʈʘʙʦʪʳ [317, 323, 325] ʧʦʩʚʷʱʝʥʳ  ʠʩʩʣʝʜʦʚʘʥʠʶ ʭʣʦʨʠʨʦʚʘʥʠʷ ʥʝʬʝʣʠʥʦ-

ʚʦʛʦ ʩʠʝʥʠʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʙʣʝʡ ʭʣʦʧʯʘʪʥʠʢʘ. ɸʚʪʦʨʳ ʠʟʫʯʠʣʠ ʨʘʟʣʠʯʥʳʝ 

ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʣʦʞʝʥʠʝ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʛʘʟʦʦʙʨʘʟ-

ʥr ʤ ʭʣʦʨʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʪʝʙʣʝʡ ʭʣʦʧʯʘʪʥʠʢʘ ʠ ʦʧʨʝʜʝʣʠʣʠ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝ-

ʤʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʭʣʦʨʥʳʤ ʩʧʦʩʦʙʦʤ. 
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ʍ. ʉ. ʉʘʬʠʝʚʳʤ ʚ [323, 328, 329] ʜʣʷ  ʭʣʦʨʠʨʦʚʘʥʠʷ  ʥʝʬʝʣʠʥ-ʩʠʝʥʠʪʦʚʳʭ 

ʤʠʥʝʨʘʣʦʚ (ʢʘʥʢʨʠʥʠʪ, ʤʠʢʨʦʢʣʠʥ, ʘʣʴʙʠʪ, ʘʤʬʠʙʦʣ ʠ ʙʠʦʪʠʪ)  ʦʧʨʝʜʝʣʝʥʳ  ʦʧ-

ʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʢʘʟʘ-

ʥʦ, ʯʪʦ ʫʞʝ ʧʨʠ  700-850ÁC ʭʣʦʨʠʨʫʶʪʩʷ ʘʣʴʙʠʪ ʠ ʤʠʢʨʦʢʣʠʥ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʭʣʦʨʠʨʦʚʘʥʠʷ ʜʦ 

950Áʉ  ʦʪʤʝʯʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʝʬʝʣʠʥ-ʩʠʝʥʠʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ  

ʦʢʩʠʜʦʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ:  32OAl  ï 78-80%, OK2  ï 60-63%, ONa2  ï 80-83%. ɸʚ-

ʪʦʨʳ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʤʠʥʝʨʘʣʳ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʥʝʬʝʣʠʥ-ʩʠʝʥʠʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʚʩʢʨʳʚʘʶʪʩʷ  ʪʨʫʜʥʝʝ, ʜʣʷ ʥʠʭ ʥʫʞʥʳ  ʙʦʣʝʝ ʞʸʩʪʢʠʝ ʫʩʣʦʚʠʷ ï ʧʦʚʳʰʝʥʥʘʷ ʪʝʤ-

ʧʝʨʘʪʫʨʘ, ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʨʘʟʣʦʞʝʥʠʷ ʠ ʜʨ. 

ɺ [328, 329] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʭʣʦʨʠʨʦʚʘʥʠʷ ʥʝʬʝʣʠʥ-ʩʠʝʥʠʪʦʚʳʭ ʤʠʥʝʨʘ-

ʣʦʚ  ʚʩʢʨʳʪʠʝ ʤʠʥʝʨʘʣʦʚ  ʨʘʟʣʠʯʥʦ, ʪʘʢ, ʚʩʢʨʳʪʠʝ ʥʝʬʝʣʠʥʘ, ʙʠʦʪʠʪʘ ʠ ʘʤʬʠʙʦʣʘ 

ʧʨʦʪʝʢʘʝʪ ʣʝʛʯʝ, ʯʝʤ ʤʠʥʝʨʘʣʦʚ ʘʣʴʙʠʪʘ ʠ ʤʠʢʨʦʢʣʠʥʘ, ʥʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʭʣʦʨʠʨʦʚʘʥʠʷ ʜʦ 950Áʉ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʭʣʦʨʠʨʦʚʘʥʠʝ ʚʩʝʭ ʤʠ-

ʥʝʨʘʣʦʚ  ʩʦʩʪʘʚʘ ʥʝʬʝʣʠʥʦʚʦʛʦ ʩʠʝʥʠʪʘ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ  ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢ-

ʪʦʚ.  

ʀʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʘʣʶʤʦʩʠ-

ʣʠʢʘʪʥʳʭ ʨʫʜ ʟʘ ʨʫʙʝʞʦʤ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʧʦʩʣʝʜʫʶʱʝʝ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ 

ʚʳʜʝʣʝʥʠʝ ʘʣʶʤʠʥʠʷ ʠʟ ʭʣʦʨʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ [330]. ɿʘ ʩʯyʪ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥ-

ʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʭʣʦʨʘ, ʘ ʪʘʢʞʝ ʣʛyʢʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʭʣʦʨʠʜʦʚ ʩ ʜʨʫʛʠʤʠ ʩʦ-

ʝʜʠʥʝʥʠʷʤʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʠʟʚʣʝʯʝʥʳ ʠʟ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʳʨʴʷ ʚʩʝ ʮʝʥʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʣʦʨʠʜ ʘʣʶʤʠʥʠʷ ʠʟ ʨʘʟʣʠʯʥʦʛʦ ʘʣʶʤʦʩʦʜʝʨʞʘʱʝʛʦ 

ʩʳʨʴʷ [331]. ʇʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ʠʟ ʨʘʟʣʠʯʥʦʛʦ ʘʣʶʤʦʩʦʜʝʨ-

ʞʘʱʝʛʦ ʩʳʨʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ ʨʝʘhʝʪʩʷ ʘʚʪʦʨʘʤʠ ʚ [332].  

ʄʠʥʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʭʣʦʨʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ (3AlCl ) ʚ [333, 334] ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʭʣʦʨʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ  ʚ ʰʘʭʪʥʦʡ ʧʝʯʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʪʠ-

ʚʦʪʦʯʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1000Üʉ, ʠ ʩʦʟʜʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʝr 

ʫʩʣʦʚʠʷ ʜʣʷ ʚʪʦʨʠʯʥʦʡ ʨʝʘʢʮʠʠ,  ʪʦ ʝʩʪʴ ʧʨʦʪʝʢʘʝʪ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ: 
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ʍʣʦʨʠʨʦʚʘʥʠʝ ʢʘʦʣʠʥʘ ʚ ʰʘʭʪʥʦʡ ʧʝʯʠ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʣʠ-

ʥʦʟʸʤʘ ʠ ʭʣʦʨʠʜʘ ʢʨʝʤʥʠʷ (SiCl4)  ʧʨʦʪʝʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʠ ʩ ʙʦʣʴʰʠʤʠ 

ʚʳʭʦʜʘʤʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ  ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʜʦ 1000ÁC 

ʠ ʙʦʣʝʝ [335]. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1000-1200Üʉ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝ-

ʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ SiCl4, ʥʝ ʟʘ ʩʯʪy ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʭʣʦʨʠʨʦʚʘʥʠʷ ʢʨʝʤʥʝʟyʤʘ, ʘ 

ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʪʝʢʘʥʠʷ ʚʪʦʨʠʯʥʦʡ ʨʝʘʢʮʠʠ. 

ɺ ʨʘʙʦʪʝ [336] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʭʣʦʨʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯ-

ʥʦʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʘʣʶʤʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʧʦʩʣʝʜʥʠʭ 

ʩʪʘʜʠʷʭ ʧʨʦʠʟʚʦʜʷʪ ʦʯʠʩʪʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʭʣʦʨʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ ʦʪ ʧʨʠʤʝʩʠ ʦʢ-

ʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʦʯʠʩʪʢʫ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʦʤ ʤʘʩʰʪʘʙʝ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʢʘʨʙʦʭʣʦʨʠʨʦʚʘʥʠʷ ʢʘʦ-

ʣʠʥʦʚʳʭ ʛʣʠʥ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʰʪʘʪʘ ɼʞʦʨʜʞʠʷ (ʉʐɸ) [337]. ʇʦʣʫʯʝʥ ʙʝʟʚʦʜʥʳʡ 

ʭʣʦʨʠʜ ʘʣʶʤʠʥʠʷ ʠʟ ʵʪʠʭ ʛʣʠʥ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʩʫʱʝʩʪʚʣʝ-

ʥʠʷ ʧʨʦʮʝʩʩʘ ʭʣʦʨʠʨʦʚʘʥʠʷ. 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʳʭ ʛʣʠʥʦʟʸʤʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʦʪ 

ʞʝʣʝʟʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʙʞʠʛʦʤ ʧʨʠ 400-500Üʉ ʚ ʪʝʯʝʥʠʝ 30-60 ʤʠʥ [338-340]. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʥʝʬʝʣʠʥʘ ʦʪ ʞʝʣʝʟʘ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʭʣʦʨʠʨʦʚʘ-

ʥʠʠ ʛʘʟʦʦʙʨʘʟʥʳʤ ʭʣʦʨʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʥʠʟ-

ʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʣʦʨʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ  ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʦʙʠʷ 

ʠ ʪʘʥʪʘʣʘ [341]. 

ʀʩʩʣʝʜʦʚʘʥʦ ʠʟʚʣʝʯʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʭʣʦʨʠʨʦʚʘ-

ʥʠʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ï ʥʝʬʝʣʠʥʦʚ ʚ ʠʥʪʝʨʚʘʣʝ 50-550Üʉ [342], ʘ ʭʣʦʨʠʨʦʚʘ-

ʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʝʨʳ ʠ ʫʛʣʷ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʠʭ ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʠʚʝʜʝʥʳ ʚ [343]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʚʩʢʨʳʪʠʷ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʫʨʧʠ ʥʝʦʙ-

ʭʦʜʠʤ rʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝ ʤʝʥʝʝ 800Üʉ, ʘ ʧʨʠʤʝʥʝʥʠʝ ʥʠʟʢʦʪʝʤʧʝ-

ʨʘʪʫʨʥʦʛʦ ʭʣʦʨʠʨʦʚʘʥʠ ̫ʜʣʷ ʥʠʭ ʥʝ ʵʬʬʝʢʪʠʚʥʦ. 

ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦ 

ʤʝʪʘʣʣʘ ʩʤʝʩʠ ʭʣʦʨʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ [344]. ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʝ-

ʜʸʪʩʷ ʚ ʧʦʪʦʢʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʤʝʩʴ AlCl 3, FeCl3 ʠ ʤʝʪʘʥʘ. ʇʦʢʘʟʘ-



87 

ʥʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʣʦʨʠʜʦʚ ʚ ʢʦʥʪʘʢʪʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʞʝʣʝʟʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʧʦʚʳʰʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ: 

FeCl3 - ʧʨʠ 350Áʉ, AlCl 3 - ʧʨʠ 450Áʉ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʚʤʝʩʪʦ ʞʝʣʝʟʘ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʤʘʨʛʘʥʝʮ ʠʣʠ ʢʨʝʤʥʠʡ. ʆʜʥʘʢʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ AlCl 3  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʨʛʘʥʮʘ ʠ ʢʨʝʤʥʠʷ ʠʜʪy ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 800-950Üʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩʧʦʩʦʙʘ ʢʘʨʙʦʭʣʦʨʠʨʦʚʘʥʠʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʘʣʶ-

ʤʠʥʠʷ ʠʟ ʠʪʘʣʴʷʥʩʢʠʭ ʣʝʡʮʠʪʦʚ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ [345]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʣʝʡʮʠʪʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʩʧʦʩʦʙʦʤ ʢʘʨʙʦʭʣʦʨʠʨʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫ-

ʶʱʠʤ ʵʣʝʢʪʨʦʣʠʟʦʤ ʨʘʩʧʣʘʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ AlCl 3, ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʪʨʝʙʫʝʪ ʤʝʥʴ-

ʰʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʥʝʨʛʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʢʩʠʪʦʚ ʧʦ ʩʧʦʩʦʙʫ ɹʘʡʝʨʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʵʣʝʢʪʨʦʣʠʟʦʤ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (ʛʣʠʥʦʟʤyʘ). ʆʩʥʦʚʥʳʤʠ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ: ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʭʣʦʨʠ-

ʨʦʚʘʥʠʷ Al , Si ʠ ʜʨʫʛʠʭ ʦʢʩʠʜʦʚ, ʚʦʟʤʦʞʥʘʷ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʣʦʨʘ 

ʠ ʝʛʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ, ʘ ʪʘʢʞʝ ʪʨʫʜʥʦʩʪʴ ʧʦʜʙʦʨʘ ʢʦʨʨʦ-

ʟʠʦʥʥʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʙʦʭʣʦʨʠʨʦʚʘʥʠʷ. 

 

1.7. ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ 

ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ 

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ  ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ, ʚ ʢʦʪʦʨʦʤ  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʝʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ï ʵʢʩʪʨʘʛʝʥʪʦʚ  ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝ-

ʥʠʝ ʩʤʝʩʝʡ ʥʘ ʪʚʸʨʜʳʝ ʠ ʞʠʜʢʠʝ ʚʝʱʝʩʪʚʘ. ʊʘʢʞʝ ʵʢʩʪʨʘʢʮʠʷ  ʥʘʰʣʘ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʙʦʨʘ, ʢʘʢ ʩʦʣʝʚʳʭ, ʪʘʢ ʠ ʚʦʜʥʳʭ. 

ɸ. ɸ. ʉʤʠʨʥʦʚ ʩ ʢʦʣʣʝʛʘʤʠ  ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜ ʠʟʚʣʝʯʝʥʠʷ ʙʦʨʘ ʠʟ ʛʠʜʨʦʤʠ-

ʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ  ʩ ʚʦʚʣʝʯʝʥʠʝ ʚ ʧʨʦʮʝʩʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ ʩʦʩʪʘʚʘ ʉ7-ʉ9 

[346-348]. ʂʘʢ ʧʦʢʘʟʘʣʠ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʪʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʧʠʨʪʳ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʦʚ  ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʧʨʠʨʦʜʥʳʭ ʚʳʩʦʢʦʢʦʥʮʝʥ-

ʪʨʠʨʦʚʘʥʥʳʭ ʭʣʦʨʤʘʛʥʠʝʚʳʭ ʨʘʩʩʦʣʦʚ  ʩ ʮʝʣʴʶ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʠʭ ʩʦʩʪʘʚʘ ʙʦʨʥʦʡ 

ʢʠʩʣʦʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20ÁC ʧʦʣʫʯʝʥʳ ʨʘʩʪʚʦʨʳ ʙʦʨʥʦʡ ʢʠʩ-

ʣʦʪʳ, ʙʣʠʟʢʠʝ ʢ ʥʘʩʳʱʝʥʠʶ (33BOH =4.9%),  ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʣʩʷ  ʨʝʵʢʩʪʨʘʢʮʠ-

ʝʡ ʙʦʨʘ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʧʨʦʪʠʚʦʪʦʢʝ ʚʦʜʳ [348]. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝ-
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ʨʘʪʫʨʳ ʧʦʣʫʯʝʥʳ ʨʘʩʪʚʦʨʳ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (

33BOH =16.0%). ʈʘʟʨʘʙʦʪʘʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ  ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʙʦʨʘ ʠʟ 

ʧʨʠʨʦʜʥʳʭ ʨʘʩʩʦʣʦʚ -  ʮʝʥʪʨʦʙʝʞʥʳʝ ʵʢʩʪʨʘʢʪʦʨʳ  ʠ ʵʢʩʪʨʘʢʪʦʨʳ ʢʦʣʦʥʦʯʥʦʛʦ 

ʪʠʧʘ ʩ ʚʠʙʨʘʮʠʦʥʥʳʤʠ ʥʘʩʘʜʢʘʤʠ [346]. 

ɺ [349-353]  ʠʩʩʣʝʜʦʚʘʥʘ ʛʣʫʙʦʢʘʷ ʦʯʠʩʪʢʘ ʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʦʚ  ʠ ʧʨʝʜʣʦʞʝ-

ʥʳ ʜʣʷ ʝʸ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʦʚʳʝ ʵʢʩʪʨʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʵʢʩʪʨʘʛʠʨʫʶʪ ʙʦʨ-

ʥʫ  ʁʢʠʩʣʦʪʫ ï ʵʪʦ ʭʣʦʨʠʜ rʤʘʛʥʠʷ, ʦʪʜʝʣʷʶʱʠʝ ʙʦʨ  ʦʪ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ  

ʧʨʠ ʝʛʦ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʘʥʘʣʠʟʝ. ʅʦʚʳʝ ʵʢʩʪʨʘʛʝʥʪʳ  ʵʬʬʝʢʪʠʚʥʳ  ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ  

ʙʦʨʘ ʠʟ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʠ ʨʘʟʙʘʚʣʝʥʥʳʭ ʢʠʩʣʦʪ, ʩʦʣʝʚʳʭ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ.  

ʕʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ  ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʳʭ ʙʦʨʘʪʦʚ ʚʦʜʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ [354]. ɺʩʣʝʜʩʪʚʠʝ ʨʘʟʣʦʞʝʥʠ ̫ʙʦʨʘʪʦʚ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʦʡ ʚ ʧʨʦʜʫʢʪʠʚʥʳʝ ʨʘʩʪʚʦʨ rʧʝʨʝʭʦʜʷʪ ʩʫʣʴʬʘʪʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ  ʠ 

ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʚʳʜʝʣʠʪʴ  ʠʟ ʙʦʨʘʪʦʚ ʙʦʨʥʫʶ 

ʢʠʩʣʦʪʫ, ʥʝʢʦʪʦʨʘʷ ʝʸ ʯʘʩʪʴ ʦʩʪʘʸʪʩʷ ʚ ʤʘʪʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʀʩʧʦʣʴʟʫʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʩʦʨʙʝʥʪ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʦʥʠʷ, ɸ. ɸ.ʇʦʩʧʝʣʦʚ  

ʧʨʝʜʣʦʞʠʣ ʠʟʚʣʝʢʘʪʴ ʙʦʨ ʠʟ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʠ ʩʪʦʯʥʳʭ ʚʦʜ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ [355].  

ʕʢʩʪʨʘʢʮʠʝʡ ʩʧʠʨʪʘʤʠ ʩʦʩʪʘʚʘ  ʉ4-ʉ5 ʘʚʪʦʨʳ [356] ʠʟ ʭʣʦʨʤʘʛʥʠʝʚʳʭ ʨʘʩʩʦ-

ʣʦʚ ʧʦʣʫʯʠʣʠ ʥʝʢʦʪʦʨʳʝ ʩʦʣʠ ʙʦʨʘ.  

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ ʠʟ ʛʠʜʨʦʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʨʘʟ-

ʨʘʙʦʪʘʥʘ ɽ. ɽ. ʌʨʦʣʦʚʩʢʠʤ [357]. ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢʞʝ ʠʟ-

ʚʣʝʯʝʥʠʝ ʙʦʨʘ ʠʟ ʚʦʜʥʳʭ ʩʠʩʪʝʤ ʵʢʩʪʨʘʢʮʠʝʡ ʤʝʪʠʣʦʣʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʦʣʘ 

[358]. 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ 

ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʙʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʙʦʨʘʪʦʚ) ʦʯʝʥʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ. ʕʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ  ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʠʭ ʩʧʦʩʦʙ-

ʥʦʩʪʴʶ ʦʙʨʘʟʦʚʳʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʧʝʨʝʢʠʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ,  ʧʦʚʝʜʝʥʠʝʤ ʙʦʨʘʪ-

ʠʦʥʦʚ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʙʦʨ-ʢʠʩʣʦʨʦʜʥʦʡ ʛʨʫʧʧʳ, ʘ 

ʪʘʢʞʝ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ  ʜʨʫʛʠʭ  ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ [359]. 
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ʅ. ʄ. ʅʝʢʨʘʩʦʚ  ʠʟʫʯʠʣ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʙʦʨʘʪʦʚ [360]. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʙʦʨʥʦʝ ʩʪʝʢʣʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʥʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʝʛʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ. ʇʦʩʣʝ ʨʘʩʧʣʘʚʣʝʥʠʷ ʙʦʨʘʪʦʚ ʠʭ ʤʦʞʥʦ ʨʘʩʪʷʥʫʪʴ ʚ ʜʣʠʥʥʳʝ ʩʪʝʢʣʷʥʥʳʝ 

ʥʠʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʝ. 

ʀʟʫʯʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʝʨʘʤʠʢʠ [361-

363]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʳʝ ʛʣʘʟʫʨʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʙʞʠʛʘ ʥʠʞʝ 1000Áʉ  

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʙʦʨʥʦʛʦ ʩʳʨʴʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʥʝ ʤʝʥʝʝ 20%  ɺ2ʆ3. ʕʬʬʝʢʪʠʚ-

ʥʳʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʦʢʪʘʙʦʨʘʪʦʚ ʢʘʣʴʮʠʷ ʠ ʢʘʣʠʷ 

ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʠʙʦʨʘʪʘ ʢʘʣʴʮʠʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʣʝʛʢʦʧʣʘʚʢʠʭ ʵʤʘʣʝʡ. 

ɺ ʈʠʞʩʢʠʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 

ʩʪʝʢʣʘ ʠ ʛʣʘʟʫʨʠ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ CuO-ɺ2ʆ3 c ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʈ2ʆ5 

[364, 365]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝ-

ʟʘ ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʦʚ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ ʫʟʢʘʷ ʦʙʣʘʩʪʴ ʩʪʸʢʦʣ, ʩʢʣʦʥʥʳʭ ʢ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʷʚ-

ʣʷʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝ Al2O3 ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʠ ʥʘʣʠʯʠʝ ʠʦʥʘ ʤʝʜʠ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩ-

ʣʝʥʠʷ 1 ʠ 2 [365]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʟʘʠʤʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʢʘ-

ʯʝʩʪʚʝ ʛʣʘʚʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚ ʩʠʩʪʝʤʝ CuO-ɺ2ʆ3 ʚʳʜʝʣʷʶʪʩʷ CuO, Cu2O, 

ʤʝʪʘ- ʠ ʪʝʪʨʘʙʦʨʘʪ ʤʝʜʠ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ʈ2ʆ5 ʜʦ 10 ʤʦʣ.%, 

ʘ ʚ ʢʘʯʝʩʪʚʝ ʈ2ʆ5 ʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʚʳʜʝʣʷʝʪʩʷ AlPO4 (ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʠʧʣʘʚʦʤ 

Al 2O3). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʩʪʢyʦʣ ʩʠʩʪʝʤʳ CuO-ɺ2ʆ3-(ʆ-2ʆ)-ʈ2ʆ5, ʦʩʦʙʝʥ-

ʥʦ ʚ ʦʙʣʘʩʪʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ CuO/B2O3Ó1 ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʘʪʤʦʩʬʝʨʦ- ʠ 

ʪʝʨʤʦʩʪʦʡʢʠʝ ʛʣʘʟʫʨʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ, ʢʘʢ ʪʝʨʤʦʩʪʦʡʢʠʡ ʣʘʢ ʜʣʷ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʧʦʢʨʳʪʠʡ  ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʵʤʘʣʝʡ [364, 365]. 
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1.8. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ  ʚʳʙʨʘʥʥʦʡ ʪʝʤʘʪʠʢʝ  ʧʦʟʚʦʣʷʪ ʩʬʦʨ-

ʤʫʣʠʨʦʚʘʪʴ  ʩʣʝʜʫʶʱʠʝ ʟʘʢʣʶʯʝʥʠʷ  ʦ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠ:̫ 

1. ʉʦʝʜʠʥʝʥʠʷ ʙʦʨʘ  ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ  

ʚʘʞʥʝʡʰʠʤʠ ʷʚʣʷʶʪʩʷ: ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʢyʦʣ, ʩʪyʢʣʦʚʦʣʦʢʦʥ,  ʩʪʝʢʣʦʚʠʜʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ (ʛʣʘʟʫʨʠ, ʵʤʘʣʠ ʠ ʜʨ.), ʦʪʙʝʣʠʚʘʶʱʠʭ ʠ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ,  ʥʘʰʣʠ ʰʠʨʦ-

ʢʦʝ ʧʨʠʤʝʥʝʥʠʝ  ʚ ʧʨʠʜʘʥʠʠ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʙʫʤʘʛʝ, ʧʦʞʘʨʦʫʩʪʦʡʯʠʚʦʩʪʠ ʪʢʘʥʝʡ ʠ 

ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʦʩʦʙʝʥʥʦ ʤʘʪʝʨʠʘʣʘʤ ʩ ʮʝʣʣʶʣʦʟʦʡ. ɹʦʨʘʪʳ ʘʤʤʦʥʠʷ 

ʠ ʙʫʨʫ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ   ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʨʝʚʝʩʥʦʩʪʨʫʞʝʯʥʳʭ ʧʣʠʪ (ɼʉʇ), ʧʝʥʦʧʣʘʩʪʘ, ʜʣʷ ʧʨʦʧʠʪʢʠ ʜʝʨʝ-

ʚʷʥʥʳʭ ʠ ʜʨʫʛʠʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʫʨʘ ʪʘʢʞʝ  ʧʨʠʤʝʥʷʝʪʩʷ, ʢʘʢ ʢʦʤʧʦʥʝʥʪ 

ʦʛʥʝʪʫʰʘʱʠʭ  ʚʝʱʝʩʪʚ  ʧʨʠ ʧʦʞʘʨʦʪʫʰʝʥʠʠ.  

ʊʘʢʞʝ ʙʦʨ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ  ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ  ʤʥʦʛʠʭ ʫʜʦʙʨʝʥʠʡ, 

ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʜʦʙʘʚʢʦʡ ʜʣʷ ʨʘʩʪʝʥʠʡ.   

ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪ,ɹ ʯʪʦ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪ-

ʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ ʧʨʠʥʘʜ-

ʣʝʞʠʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʫʪʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ - ʜʘʥʙʫʨʠʪʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʥʘʰʝʡ ʨʘʙʦʪʳ. 

2.ɸʣʫʥʠʪʳ, ʛʣʠʥʳ, ʢʘʦʣʠʥʳ ʠ ʥʝʬʝʣʠʥʳ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ 

ʢʠʩʣʦʪʥʳʤʠ ʤʝʪʦʜʘʤʠ  ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʠʭ ʛʣʠʥʦʟʤyʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʞʝ ʥʘ 

ʧʝʨʚʳʭ ʩʪʘʜʠʷʭ ʧʝʨʝʨʘʙʦʪʢʠ ʫʜʘʣʠʪʴ ʠʟ ʧʨʦʮʝʩʩʘ SiO2 ʯʠʩʪʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʫʪʤy, 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʙʦʣʝʝ ʬɻ-

ʬʝʢʪʠʚʥʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʱʝʣʦʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʠʟʚʣʝʯʝʥʠʷ  

ʛʣʠʥʦʟʤyʘ ʠʟ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʳʭ ʨʫʜ. ʂʠʩʣʦʪʥʳʝ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝ ʪʨʝʙʫʶʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʛʣʠʥ ʠ ʢʘʦʣʠʥʦʚ. ʅʦ ʧʨʠ ʵʪʦʤ ʠʩʭʦʜʥʦʝ ʩʳʨʴʸ  

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ  ʦʙʞʠʛʘʪʴ ʩ ʮʝʣʴʶ  ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ 

ʢʘʦʣʠʥʠʪʘ ʠ ʧʦʚʳʰʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢ ʢʠʩʣʦʪʘʤ. ʅʦ ʧʨʠ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚʦʟʥʠʢʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʪʨʫʜʥʦ-
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ʩʪʠ ï ʦʪʜʝʣʝʥʠʝ ʠ ʧʨʦʤʳʚʢʘ ʢʨʝʤʥʝʟʤyʠʩʪʦʛʦ ʰʣʘʤʘ, ʦʯʠʩʪʢʘ ʨʘʩʪʚʦʨʦʚ ʦʪ ʞʝʣʝʟʘ 

ʠ ʛʣʠʥʦʟʤyʘ ʦʧʨʝʜʝʣʥyʥʳʭ ʩʦʩʪʘʚʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʨʝʛʝʥʝʨʘʮʠʷ ʢʠʩʣʦʪ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʠʩʣʦʪʦʩʪʦʡʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʘʧʧʘʨʘʪʫʨʳ.  

3. ʃʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʢʦʥʮʝʥʪʨʘʪʦʚ ʙʦʨʦ-

ʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʫʧʨʦʱʸʥʥʳʤ  ʤʝʪʦʜʦʤ  ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʝʛʦ ʙʦʨʦʩʦʜʝʨʞʘʱʝʡ ʧʨʦʜʫʢʮʠʠ, ʧʦʪʦʤʫ 

ʯʪʦ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʣʴʰʠʥʩʪʚʦ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʝʨʝʭʦʜʠʪ ʚ 

ʧʨʦʜʫʢʪʠʚʥʳʡ ʨʘʩʪʚʦʨ, ʘ ʪʚʸʨʜʳʡ ʦʩʪʘʪʦʢ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʨʝʤʥʝʟʸʤ. ʂʠʩʣʦʪʥʳʝ ʤʝʪʦʜʳ ʩʝʣʝʢʪʠʚʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ. ʉʫʱʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʨʦʩʦʜʝʨʞʘʱʠʭ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʟ ʥʠʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟʚʣʝʢʘʶʪ  ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ ʠʣʠ 

ʙʫʨʫ, ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ʜʨʫʛʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʢʦʤʧʦʥʝʥʪʳ, ʠʟ ʢʦʪʦʨʳʭ ʜʘʣʝʝ ʧʦʣʫ-

ʯʘʶʪ ʩʧʣʘʚʳ ʙʦʨʘ, ʵʣʝʤʝʥʪʘʨʥʳʡ ʙʦʨ ʠʣʠ ʨʷʜ ʙʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʜʘʪʦʣʠʪ ʧʣʦʭʦ ʨʘʩ-

ʱʝʧʣʷʝʪʩʷ ʱʝʣʦʯʘʤʠ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʩʠʣʴʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʠʩʣʦ-

ʪʘʤʠ (ʘʟʦʪʥʦʡ, ʩʦʣʷʥʦʡ, ʩʝʨʥʦʡ). ʇʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʜʘʪʦʣʠʪʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪ,r ʪʘʢ ʢʘʢ ʦʥʘ ʧʨʝʚʨʘʱʘʝʪ ʢʘʣʴʮʠʡ, ʩʦʜʝʨʞʘ-

ʱʠʡʩʷ ʚ ʜʘʪʦʣʠʪʝ, ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʩʫʣʴʬʘʪ ʢʘʣʴʮʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʟʣʦ-

ʞʝʥʠʠ ʜʘʪʦʣʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʦʙʨʘʟʫʝʪʩʷ ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ, ʩʫʣʴʬʘʪʳ ʢʘʣʴʮʠʷ ʠ 

ʞʝʣʝʟʘ ʠ ʛʠʜʨʘʪʠʨʦʚʘʥʥʘʷ ʢʨʝʤʥʠʝʚʘʷ ʢʠʩʣʦʪʘ, ʪʦ ʝʩʪʴ ʛʝʣɹ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ. 

ʉʫʣʴʬʘʪ ʢʘʣʴʮʠʷ ʚʚʠʜʫ ʝʛʦ ʤʘʣʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ, ʘ ʩʫʣʴʬʘʪ 

ʞʝʣʝʟʘ, ʙʦʨʥʘʷ ʠ ʢʨʝʤʥʠʝʚʘʷ ʢʠʩʣʦʪʳ ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʩʪʚʦʨ. ʅʘʣʠʯʠʝ ʚ ʠʩʭʦʜʥʦʤ 

ʩʳʨʴʝ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʠ ʧʝʨʝʭʦʜ ʝ yʚ ʨʘʩʪʚʦʨ ʦʙʫʩʣʘʚʣʠ-

ʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʣʷ, ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʥʦʛʦ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʨʘʩʪʚʦʨ 

ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩʪʘʥʦʚʠʪʩʷ ʠʥʪʝʨʤʠʮʝʣʣʷʨʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʦʪʜʝʣʝʥʠʝ ʢʦʪʦʨʦʡ ʦʪ 

ʪʚyʨʜʦʛʦ ʦʩʪʘʪʢʘ ʟʘʪʨʫʜʥʝʥʦ. 

ʇʦʵʪʦʤʫ  ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠʣʠ 

ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠ̫  ɸʢ-

ɸʨʭʘʨ ʠ ʝ yʢʦʥʮʝʥʪʨʘʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʘ ʤʘʢʩʠ-
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ʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠʟ ʙʦʨʥʦʡ ʨʫʜʳ ʠ ʝ yʢʦʥʮʝʥʪʨʘʪʘ ʷʚʣʷʝʪʩʷ 

ʧʨʠʦʨʠʪʝʪʦʤ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

4. ɺ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʦ ʧʦʣʫʯʝʥʠʝ ʙʝʟʚʦʜʥʳʭ ʭʣʦʨʠ-

ʜʦʚ ʤʝʪʘʣʣʦʚ, ʠʭ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʧʘʨʘ-

ʪʠʚʥʳʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʦʚ ʠʟ ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ.  

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʥʪʝʟʘ ʥʝʢʦʪʦʨʳʭ ʭʣʦʨʠʜʦʚ, ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʭʣʦʨʠ-

ʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʢʩʠʜʦʚ ʠ ʤʝʪʘʣʣʦʚ. ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʘʧʧʘʨʘʪʫʨʥʳʝ ʚʦʧʨʦʩʳ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʚʦʧʨʦʩʳ  ʩʦʟʜʘʥʠʷ  ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ  ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʦʚ, ʛʣʫʙʦʢʘʷ ʦʯʠʩʪʢʘ ʭʣʦʨʠʜʦʚ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʯʠʩʪʳʭ ʭʣʦʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʣʦʨʠʨʦʚʘʥʠʝ ʦʢʩʠʜʥʦʛʦ ʩʳʨʴʷ (ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠʣʠ ʧʨʠ-

ʨʦʜʥʳʭ ʘʣʶʤʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ) ʚʝʜʪyʩʷ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʥʘʨʷʜʫ ʩ ʫʛʣʤy ʠʩʧʦʣʴʟʫʶʪ ʠʟ ʪʚʨyʜʳʭ ï ʢʦʢʩ, ʢʘʤʝʥʥʦ-

ʫʛʦʣʴʥʳʡ ʧʝʢ ʠ ʩʪʝʙʝʣʴ ʭʣʦʧʯʘʪʥʠʢʘ, ʘ ʠʟ ʛʘʟʦʦʙʨʘʟʥʳʭ ï ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʛʝʥʝʨʘ-

ʪʦʨʥʳʡ ʛʘʟ, ʬʦʩʛʝʥ, ʧʨʠʨʦʜʥʳʡ ʛʘʟ. ʆʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʭʣʦʨʠʨʦʚʘʥʠʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʠʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 1000-1100Áʉ. ʆ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʭʣʦʨʘ 

ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ. 

ɿʜʝʩʴ ʞʝ ʧʨʠʚʦʜʷʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʣʦ-

ʨʠʜʘ ʘʣʶʤʠʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʤʝʨʠʢʘʥʩʢʠʤʠ, ʥʝʤʝʮʢʠʤʠ ʠ ʩʦʚʝʪʩʢʠʤʠ ʩʧʝʮʠʘ-

ʣʠʩʪʘʤʠ.  

ʇʨʠʦʨʠʪʝʪʥʳʤ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚʦ-ʧʝʨʚʳʭ, ʩʯʠʪʘʝʤ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨ rʭʣʦʨʠʨʦʚʘʥʠʷ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʜʦʩʢʦʥʘʣʴʥʦʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʭʣʦʨʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢ-ɸʨʭʘʨ ʠ ʠʭ 

ʢʦʥʮʝʥʪʨʘʪʦʚ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʘ 

ʙʦʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟ ʤʠʥʝʨʘʣʴʥʳʭ ʨʫʜ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʠʟʚʣʝʢʘʪʴ ʧʦ-

ʣʝʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʠʟ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ - ʭʣʦʨʠʜʳ 

ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ. ʉ ʫʯʪyʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʭʣʦʨʘ ʚ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʪʨʫʜʥʦ ʚʩʢʨʳʚʘʝʤʦʛʦ ʠ ʥʠʟʢʦʢʘʯʝ-

ʩʪʚʝʥʥʦʛʦ ʙʦʨʦ ï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ, ʧʦ 
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ʥʘʝhʤʫ ʤʥʝʥʠʶ, ʭʣʦʨʥʘ ̫ʪʝʭʥʦʣʦʛʠ.̫  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʭʣʦʨʠʨʦʚʘʥʠʷ SiO2 ʠ Al2O3 ʚ ʩʤʝʩʠ ʚʩʝʛʜʘ ʚʳʰʝ 

ʩʢʦʨʦʩʪʠ ʭʣʦʨʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʢʩʠʜʦʚ, ʪʦ ʝʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʣʝʥʠʝ 

ʚʟʘʠʤʥʦʛʦ ʢʘʪʘʣʠʟʘ, ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 550-800Áʉ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʠ 

ʢʨʝʤʥʝʟʸʤ ʭʣʦʨʠʨʫʶʪʩʷ ʚ ʪʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʚ ʢʘʢʦʤ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʠʩʭʦʜʥʦʤ 

ʩʳʨʴʝ. ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʯʠʪʘʝʤ ʧʨʠʦʨʠʪʝʪʥʳʤ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʢʩʠ-

ʜʦʚ Al2O3, Fe2O3 ʠ SiO2. 

5. ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʸʛʢʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʭʣʦ-

ʨʠʜʦʚ ʩ ʜʨʫʛʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʠʟ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʩʳʨʴʝʚʳʭ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʩʝʭ ʮʝʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʇʦʢʘʟʘʥʘ ʚʘʞʥʦʩʪʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʭʣʦʨʠʜʥʦʡ ʩʫʙʣʠʤʘʮʠʠ), ʦʩ-

ʥʦʚʘʥʥʦʛʦ ʥʘ ʨʘʟʥʠʮʝ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ, ʢʦʥʜʝʥʩʘʮʠʠ, ʩʫʙʣʠʤʘʮʠʠ ʠ ʘʩʫʙʣʠ-

ʤʘʮʠʠ ʭʣʦʨʠʜʦʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʭʣʦʨʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʥʘʨʷʜʫ ʩ ʭʣʦʨʦʤ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝ-

ʣʠ ʧʨʠʤʝʥʷʶʪ ʭʣʦʨʠʩʪrʡ ʚʦʜʦʨʦʜ, ʭʣʦʨʠʩʪʫʶ ʩʝʨʫ, ʯʝʪʳʨʸʭʭʣʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ ʠ 

ʜʨ. ʉ ʭʣʦʨʠʩʪʳʤ ʚʦʜʦʨʦʜʦʤ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʨʝʘʛʠʨʫʝʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ, ʯʝʤ ʩ ʭʣʦʨʦʤ, ʧʨʠʯʸʤ ʵʪʘ ʨʝʘʢʮʠʷ ʦʙʨʘʪʠʤʘ. ɼʦʙʘʚʣʝʥʠʝ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠ-

ʯʝʩʪʚ ʫʛʣʷ ʩʤʝʱʘʝʪ ʝ yʨʘʚʥʦʚʝʩʠʝ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ. 

ʉʤʝʩʴ ʭʣʦʨʠʜʘ ʩʝʨʳ ʩ ʭʣʦʨʦʤ ʦʙʣʘʜʘʝʪ ʢʘʢ ʭʣʦʨʠʨʫʶʱʠʤʠ, ʪʘʢ ʠ ʚʦʩʩʪʘʥʦʚʠ-

ʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʵʪʦʤʫ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʏʝʪʳʨʭyʭʣʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ ʧʦʣʥʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠʷ ʧʨʠ 

390Áʉ, ʦʙʨʘʟʫʷ ʭʣʦʨʠʜ ʘʣʶʤʠʥʠʷ. 

ʇʨʦʮʝʩʩ ʭʣʦʨʠʜʥʦʡ ʩʫʙʣʠʤʘʮʠʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʨʝʜʢʠʭ ʠ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (Ru, Sc, Hf ʠ ʜʨ.), ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ (Zr, Ti, Ag, 

Au ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ  ʧʦʣʫʯʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ. ʊʘʢʞʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʧʝʨʝʨʘ-

ʙʦʪʢʝ ʦʪʭʦʜʦʚ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦ-

ʠʟʚʦʜʩʪʚ, ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʨʘʬʠʥʠʨʦʚʘʥʠʠ ʮʚʝʪʥʳʭ ʤʝ-

ʪʘʣʣʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʦʣʦʚʘ ʠʣ ʘʣʶʤʠʥʠʷ). ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʸʥʥʳʭ ʣʠʪʝʨʘʪʫʨ-

ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ,  ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʭʣʦʨʠʜʦʚʦʟʛʦʥʦʯʥʳʡ ʧʨʦʮʝʩʩ  
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ʥʘʭʦʜʠʪ ʚ  ʤʝʪʘʣʣʫʨʛʠʠ ʪʠʪʘʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʙʦʣʴʰʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʫʩʣʦʚʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʢʩʠʜʥʦʛʦ ʩʳʨʴʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʦʩʪʘʚʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʫʜ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʘʧʧʘʨʘʪʫʨʥʦʛʦ 

ʦʬʦʨʤʣʝʥʠʷ ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ. ʇʦʵʪʦʤʫ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤ 

ʩʧʝʮʠʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʨʫʜʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʩʦʢʨʘʱʝʥʠʷ ʦʪʭʦ-

ʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʜʦ ʚʝʩʪʠ ʧʝʨʝʨʘʙʦʪʢʫ ʢʦʤʧʣʝʢʩʥʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʘʣʶʤʠʥʠʝʚʘʷ ʢʦʤʧʘʥʠʷ ʨʝʩʧʫʙʣʠʢʠ (ɻʋʇ çʊɸʃʂʦè) ʨʘʙʦʪʘʝʪ ʧʦʣʥʦʩʪʴʶ 

ʥʘ ʧʨʠʚʦʟʥʦʤ ʩʳʨʴʝ. ɼʘʣʴʥʦʩʪʴ ʠ ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʟʘ ʧʝʨʝʚʦʟʢʠ ʛʣʠʥʦʟʸʤʘ ʜʣʷ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʙʫʶʪ ʠʟʳʩʢʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʛʣʠʥʦʟʸʤʘ 

ʠʟ ʤʝʩʪʥʳʭ ʚʠʜʦʚ ʩʳʨʴʷ, ʠʟʫʯʝʥʠʷ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʨʘʟʨʘʙʦʪʢʠ ʨʘ-

ʮʠʦʥʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʘʢʪʠʢʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʚ ʨʝʩʧʫʙ-

ʣʠʢʝ ʚʝʩʴʤʘ ʚʦʩʪʨʝʙʦʚʘʥʳ ʙʦʨʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʦʨʥʘʷ ʢʠʩʣʦ-

ʪʘ ʠ ʙʫʨʘ ʜʣʷ ʩʪʝʢʦʣʴʥʦʡ ʠ ʜʨ. ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʙʝʟʦʪʭʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 

ʢʦʥʜʠʮʠʦʥʥʳʭ ʤʝʩʪʥʳʭ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʘʣʶʤʠʥʠʝʚʦʛʦ, ʩʪʝʢʦʣʴʥʦʛʦ, 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʠ ʬʘʨʬʦʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʩʯʠʪʘʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʢʠʩʣʦʪʥʳʭ, ʭʣʦʨʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʨʦï ʠ ʘʣʶʤʦ-

ʩʠʣʠʢʘʪʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʊʘʜʞʠʢʠʩʪʘʥʘ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʩʚʦʝʥʠʷ ʵʪʠʭ ʨʫʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʘʞʥʳʭ ʠ ʮʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʥʫʞʜ ʥʘʰʝʡ ʩʪʨʘʥʳ. 
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ɻʃɸɺɸ 2. ʄɽʊʆɼʀʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ 

ɹʦʨʥʫʶ ʢʠʩʣʦʪʫ ʠ ʙʫʨʫ  ʚ ʥʘʩʪʦʷʱʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʣʫ-

ʯʘʣʠ ʠʟ ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ï ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢ-ɸʨʭʘʨ ʠ ʝʸ ʢʦʥʮʝʥʪʨʘ-

ʪʘ, ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʳʭ, ʥʦ ʪʘʢʞʝ ʚʘʞʥʳʭ ʧʨʦʜʫʢʪʦʚ  ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʩʦʝʜʠʥʝ-

ʥʠʡ. ʂʘʦʣʠʥʦʚʳʝ ʛʣʠʥʳ, ʘʨʛʠʣʣʠʪʳ ʠ ʩʠʘʣʣʠʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʠʜʜʳ ʠ ʏʘʰʤʘ-

ʉʘʥʛ  ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟ ʥʠʭ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʩʫʣʴʬʘʪʦʚ ʘʣʶʤʠ-

ʥʠʷ, ʭʣʦʨʠʜʦʚ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ. 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ ʩʣʝʜʫʶʱʠʡ, ʚ %: ʜʘʥʙʫʨʠʪ - 21; 

ʜʘʪʦʣʠʪ - 10; ʛʨʘʥʘʪ - 24; ʢʘʣʴʮʠʪ - 8; ʢʚʘʨʮ - 16; ʧʠʨʦʢʩʝʥ - 13; ʘʢʩʠʥʠʪ - 2. ʆʩ-

ʥʦʚʥʳʤʠ ʙʦʨʦʩʦʜʝʨʞʘʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʩʯʠʪʘʶʪʩʷ ʜʘʥʙʫʨʠʪ ʠ ʜʘʪʦʣʠʪ. ʍʠʤʠʯʝ-

ʩʢʠʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʘ ʜʘʥʙʫʨʠʪʘ ʚ ʨʫʜʝ ʢʦʣʝʙʣʝʪʩʷ, (ʚ ʤʘʩ%): SiO ï 2.2-74.86; 

ɸl2ʆ3 ï 0.8-18.57; Fe2ʆ3 ï 0.05-17.34; FeO ï 0.22-15.12; CaO ï 2.45-35.02; MgO ï 

0.04-10.67; MnO ï 0.02-2.84; CO2 ï 0.01-21.2. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ B2ʆ3 ʚ ʵʪʠʭ ʤʠ-

ʥʝʨʘʣʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 6.7 ʜʦ 8.4% (ʧʦ ʦʙʱʝʡ ʤʘʩʩʝ ʨʫʜʳ). 

ɹʦʨʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʦʪʥʦʩʷʪʩʷ ʢ ʙʦʨʦʩʠʣʠʢʘ-

ʪʘʤ ʢʘʣʴʮʠʷ ʠ ʨʫʜʳ ʚ ʥʠʭ ʚʩʪʨʝʯʘʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʚʠʜʝ ʜʘʥʙʫʨʠʪʘ ʠ ʜʘʪʦ-

ʣʠʪʘ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ ʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʷʝʪʩʷ 28.7 ʠ 21.8% (ʧʦ ʤʘʩʩʝ). ʇʦ 

ʧʨʦʛʥʦʟʥʳʤ ʟʘʧʘʩʘʤ, ʩʦʜʝʨʞʘʥʠʝ ɺ2ʆ3 ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɸʢ-ɸʨʭʘʨ ʩʦʩʪʘʚʣʷʝʪ 25 

ʤʣʥ. ʪʦʥʥ. 

ʂʘʦʣʠʥʦʚʳʝ ʛʣʠʥʳ ï ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʚʘʞʥʝʡʰʠʤ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʦʣʝʟ-

ʥʳʤ ʠʩʢʦʧʘʝʤʳʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʦʣʠʥʦ-

ʚʳʭ ʛʣʠʥ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ (ʧʦʣʫʯʝʥʠʝ ʛʣʠʥʦʟʸʤʘ, ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ ʢʝʨʘʤʠʯʝʩʢʠʭ, ʬʘʨʬʦʨʦʚʦ-ʬʘʷʥʩʦʚʳʭ ʠʟʜʝʣʠʡ ʠ ʜʨ.), ʧʨʠʨʦʜʥʳʝ ʠʭ 

ʦʙʲʝʢʪʳ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʠʟʫʯʝʥʳ ʧʦʢʘ ʩʦʚʝʨʰʝʥʥʦ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ. 

ɸʨʛʠʣʣʠʪʳ ï ʦʪʥʦʩʷʪʩʷ ʢ  ʘʣʶʤʦʩʦʜʝʨʞʘʱʠʤ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʳʤ ʧʦʨʦʜʘʤ, 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ  ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ï ʵʪʦ ʩʦʨʙʝʥʪʳ, ʦʛʥʝʫʧʦʨʥʳʝ ʛʣʠʥʳ, 

ʧʝʨʚʠʯʥʦʝ ʩʳʨʴʸ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʣʝʡ Al  ʠ Fe ʠ ʪ.ʜ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʨ-

ʛʠʣʣʠʪʳ ʜʚʫʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
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1. ɺ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʨʛʠʣʣʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʏʘʰʤʘ-ʉʘʥʛ ʚʭʦʜʷʪ 

(ʤʘʩ%): Al 2O3 ï 21.6; Fe2O3 ï 8.74; SiO2 ï 58.86; Na2O ï 0.1; K2O ï 2.95; CaO ï 1.0; 

MgO ï 1.0; ʧ.ʧ.ʧ. ï 10.5. 

2. ɺ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʨʛʠʣʣʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɿʠʜʜʳ ʚʭʦʜʷʪ 

(ʤʘʩ%): Al 2O3 ï 19.75; Fe2O3 ï 4.99; SiO2 ï 59.95; Na2O ï 0.1; K2O ï 1.2; CaO ï 1.0; 

MgO ï 1.0; ʧ.ʧ.ʧ. ï 10.21. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʘʨʛʠʣʣʠʪʦʚʳʭ ʨʫʜ 

ʷʚʣʷʶʪʩʷ: ʢʚʘʨʮ, ʢʘʦʣʠʥʠʪ, ʘʥʘʩʪʘʟ, ʪʨʠʜʠʤʠʪ, ʤʫʩʢʦʚʠʪ, ʠʣʣʠʪ. 

ʉʠʘʣʣʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʦʪʥʳʤʠ ʦʩʢʦʣʴʯʘʪʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʪʸʤʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʠ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʦʚ ʩ ʷʰʤʦʚʠʜʥʦʡ (ʘʬʘʥʠʪʦʚʦʡ) ʪʝʢʩʪʫʨʦʡ ʠ ʛʝʣʝ-

ʚʦʡ, ʙʦʙʦʚʦ-ʛʝʣʝʚʦʡ ʩʪʨʫʢʪʫʨʘʤʠ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʦʣʠʥʠ-

ʪʦʤ ʢʨʝʤʥʠʩʪʳʤ ʩ ʤʠʢʨʦʩʛʫʩʪʢʘʤʠ, ʯʝʰʫʡʢʘʤʠ ʛʝʤʘʪʠʪʘ, ʣʠʤʦʥʠʪʘ, ʛʠʙʙʩʠʪʘ ʠ 

ʙʝʤʠʪʘ ʠ ʧʦ ʟʥʘʯʝʥʠʶ ʢʨʝʤʥʠʝʚʦʛʦ ʤʦʜʫʣʷ (0.31-0.88) ʧʦʨʦʜʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ 

ʢʘʢ ʤʘʣʦʞʝʣʝʟʠʩʪʳʝ ʠ ʞʝʣʝʟʠʩʪʳʝ ʩʠʘʣʣʠʪʳ ʠ ʘʣʣʠʪʳ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝ-

ʜʫʝʤʦʡ ʥʘʤʠ ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ (ʚ ʤʘʩ%): Al 2O3 ï 30.05; Fe2O3 ï 

14.1; SiO2 ï 40.0; TiO2 ï 0.95; CaO ï 0.56; K2O ï 0.4; Na2O ï 0.1; H2O ï 1.0; ʧ.ʧ. ï 

12.0. ʇʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʧʦ ʦʙʲʝʢʪʫ ʩʦʩʪʘʚʣʷʶʪ 12.63 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ. 

ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʩʳʨʴʝʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥ-

ʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʦʨʘ ʠ ʛʣʠʥʦʟʸʤʘ, ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʢʨʦʤʝ ʦʢʩʠʜʘ ʙʦʨʘ ʠ 

ʘʣʶʤʠʥʠʷ ʚʪʦʨʠʯʥʳʝ ʧʦʣʝʟʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʦʵʪʦʤʫ ʠʥʜʫʩʪʨʠʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʵʪʠʭ ʨʫʜ ʥʘ ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ, ʙʫʨʫ, ʛʣʠʥʦʟʸʤ, ʢʦʘʛʫʣʷʥʪʳ ʠʣʠ ʜʨʫʛʠʝ ʩʦʣʠ ʘʣʶʤʠ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʨʘʮʠʦʥʘʣʴʥʦʡ, ʝʩʣʠ ʧʝʨʝʨʘʙʦʪʢʫ ʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʳʤ 

ʤʝʪʦʜʦʤ. 

 

2.2. ʆʪʙʦʨ ʧʨʦʙ ʠ ʧʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ 

ʆʪʙʦʨ ʧʨʦʙ. ʆʪʙʦʨ ʧʨʦʙ ʠʟʤʝʣʴʯʸʥʥʳʭ ʜʦ ʧʦʨʦʰʢʘ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠ-

ʢʘʪʥʳʭ ʨʫʜ, ʫʯʠʪʳʚʘʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʪʝʢʫʯʝʩʪʠ, ʧʨʦʚʦʜʠʣʩʷ ʩʦʛʣʘʩʥʦ ɻʆʉʊʫ 

23148-98 çʇʦʨʦʰʢʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʆʪʙʦʨ ʧʨʦʙè 

[366]. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʦʪʦʙʨʘʥʥʳʭ ʧʘʨʪʠʡ  ʨʫʜ  ʧʨʦʙʳ ʦʪʙʠʨʘ-

ʣʠʩʴ ʠʟ ʢʘʞʜʦʡ ʧʘʨʪʠʠ. ʇʨʠ ʦʪʙʦʨʝ ʣʦʢʘʣʴʥʳʭ ʧʨʦʙ  ʦʨʠʝʥʪʠʨʦʚʘʣʠʩʴ  ʥʘ ʧʫʥʢʪ 5  

ʫʢʘʟʘʥʥʦʛʦ ɻʆʉʊʘ, ʪʦ ʝʩʪʴ  ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʙʦ-
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ʦʪʙʦʨʥʠʢʘ ʜʣʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʝʪʦʜʦʤ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ, ʩ ʚʳʩʦʪʦʡ ʰʘʛʘ = 

15-20 ʩʤ, ʩʦʛʣʘʩʥʦ ʧʫʥʢʪʫ 5.2.3.1 ʫʢʘʟʘʥʥʦʛʦ ɻʆʉʊʘ. ʉʤʝʰʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʧʨʦʙʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʸʤ ʜʝʩʷʪʠʢʨʘʪʥʦʛʦ ʧʝʨʝʩʳʧʘʥʠʷ ʦʙʲ-

ʝʜʠʥʝʥʥʦʡ ʧʨʦʙʳ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʠʚʘʥʠʷ ʚʩʝʭ ʦʪʦʙʨʘʥ-

ʥʳʭ ʣʦʢʘʣʴʥʳʭ ʧʨʦʙ. ʈʘʟʜʝʣʝʥʠʝ ʧʨʦʙ ʜʦ ʦʙʲʸʤʘ ʧʨʠʤʝʨʥʦ 5-10 ʩʤ
3
 ʧʨʦʚʦʜʠʣʠ 

ʩʦʛʣʘʩʥʦ ʩ ʧʫʥʢʪʦʤ 5.3 ɻʆʉʊʘ ʤʝʪʦʜʦʤ ʢʚʘʨʪʦʚʘʥʠʷ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʦʙʞʠʛ ʙʦʨʦ- ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ. ʇʨʝʜʚʘʨʠʪʝʣʴ-

ʥʳʡ ʦʙʞʠʛ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢ-ɸʨʭʘʨ ʠ ʝʸ ʢʦʥʮʝʥʪʨʘʪʘ 

ʦʩʫʱʝʩʪʚʣʷʣʠ  ʧʨʠ 950-1100ÁC  ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ "ɺʊʇ-12/15" (ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ), ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 25 ʜʦ 1015ÁC ʣʠʥʝʡʥʳʡ ʧʦʜʲʸʤ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʩʦʩʪʘʚʣʷʣ 10Áʉ ʚ ʤʠʥʫʪʫ, ʦʙʨʘʟʮʳ ʚʳʜʝʨʞʠʚʘʣʠʩʴ  ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ  ʧʨʠ 

950ÁC, ʟʘʪʝʤ ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ ʚʳʢʣʶʯʘʣʠ. ʆʙʦʞʞʸʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ  ʦʙʨʘʟʮʳ 

ʦʭʣʘʞʜʘʣʠʩʴ  ʚ ʟʘʢʨʳʪʦʡ  ʚʳʢʣʶʯʝʥʥʦʡ ʧʝʯʠ. ʇʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʦʙʦʞʞʸʥʥʫʶ ʨʫʜʫ 

ʠʟʤʝʣʴʯʘʣʠ ʠ ʨʘʟʣʘʛʘʣʠ ʢʠʩʣʦʪʘʤʠ, ʭʣʦʨʦʤ ʠ ʱʸʣʦʯʴʶ. 

ʇʝʨʝʜ ʨʘʟʣʦʞʝʥʠʝʤ ʩʦʩʪʘʚʣʷʣʠ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʦʢʩʠʜʦʚ ʩ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʠ ʧʨʦʚʦʜʠʣʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʭʦʜʫʝʤʦʛʦ ʨʝʘʛʝʥʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʨʦʮʝʩʩʦʚ. 

  

2.3. ʆʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ  

ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ 

ʄʘʢʨʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ (Si, Al, Fe, Ca, Mg, Na, K, Ti) ʙʦʨʦï ʠ ʘʣʶʤʦʩʠ-

ʣʠʢʘʪʥʳʭ ʨʫʜ, ʚʢʣʶʯʘʷ ʧʨʦʜʫʢʪʳ ʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʘʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʦʛʣʘʩ-

ʥʦ ɻʆʉʊʫ 5382-91 çʎʝʤʝʥʪʳ ʠ ʤʘʪʝʨʠʘʣʳ ʮʝʤʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʄʝʪʦʜʳ ʭʠ-

ʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘè [367]. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʩʦʜʝʨʞʘʥʠʷ  ʚ ʨʫʜʘʭ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʦʰʠʙʢʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ (Sn), 

ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ: SiO2 Ñ(0.35-0.60); Al2O3 Ñ(0.30-0.40), Fe2O3 Ñ(0.15-0.30) ʠ 

Ñ(0.04-0.10) ʜʣʷ ʦʢʩʠʜʦʚ Ca, Mg, Na, K, Ti.  

ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʙʦʨʦ- ʠ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ (Sc, Cr, Mn, 

Co, Zn, As, Se, Rb, Sr, Cd, Sb, Cs, Ba, Ce, Nb, W, V, Ni, Pb, P, Zr,) ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦ-
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ʜʦʤ ʘʪʦʤʥʦʡ ʘʜʩʦʨʙʮʠʠ ʠ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʅɸɸ) ʥʘ ʀʅ 24- 

41.89-96 ʠ ʨʝʥʪʛʝʥ-ʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ BRUKER S8 Tiger. 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ AAS ZA 

3000 (Hitachi, ʗʧʦʥʠʷ) ʚ ʕʢʦʣʦʛʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʅɸʅʊ (ʛ. ɼʫʰʘʥʙʝ) ʩʦʚʤʝʩʪʥʦ ʩ 

ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ʮʝʥʪʨʘ ʉ. ɸ. ʄʘʤʘʜʰʦʝʚʦʡ.  

 

2.4. ʆʧʨʝʜʝʣʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ 

ʆʧʨʝʜʝʣʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʧʨʦʚʦʜʠʣʠ ʚ 

ʜʚʫʭ ʪʠʧʘʭ ʘʧʧʘʨʘʪʦʚ: 

- ʈʝʥʪʛʝʥʦʚʩʢʦʤ ʧʨʠʙʦʨʝ "ɼʨʦʥ-3" (ʄ) ʠ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D2 Phaer;  

- ʈʝʥʪʛʝʥ-ʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ BRUKER S8 Tiger. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ  ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʛʣʠʥʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ.  ʕʪʦʪ 

ʤʝʪʦʜ ʠʟʫʯʘʝʪ ʩʪʨʦʝʥʠʝ ʚʝʱʝʩʪʚʘ, ʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʝʩʴ 

ʩʧʝʢʪʨ  ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʪʨʦʝʥʠʝ ʚʝʱʝʩʪʚʘ ï ʵʪʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ  ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣ ʠ ʘʪʦʤʦʚ ʚ ʥʠʭ, ʭʠ-

ʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. 

ʀʟʚʝʩʪʥʳʡ ʬʘʢʪ, ʯʪʦ ʤʦʣʝʢʫʣʳ, ʠʦʥʳ, ʘʪʦʤʳ (ʤʘʪʝʨʠʘʣʴʥʳʝ ʯʘʩʪʠʮʳ) ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʫʧʦʨʷʜʦʯʝʥʳ, ʦʙʨʘʟʫʶʪ ʝʛʦ ʘʪʦʤʥʫʶ (ʠʣʠ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ɺ ʢʘʞʜʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣʳ, ʠʦʥʳ ʠ ʘʪʦ-

ʤʳ, ʠʣʠ ʞʝ ʠʭ ʛʨʫʧʧʳ  ʤʦʛʫʪ ʧʝʨʠʦʜʠʯʝʩʢʠ ʯʝʨʝʜʦʚʘʪʴʩʷ ʚ 3-ʭ ʠʟʤʝʨʝʥʠʷʭ,  ʥʦ ʚʦ 

ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʠʥʘʢʦ-

ʚʳʤ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʞʜʦʡ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʝ ʚ ʩʦʩʪʘʚʝ ʩʪʨʫʢʪʫʨʳ  

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʦʞʜʝʩʪʚʝʥʥʳʭ ʝʡ ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʧʨʝʜʝ-

ʣʸʥʥʳʤ ʦʙʨʘʟʦʤ ʩʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ. 

ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʳ ʥʘ ʧʨʠʙʦʨʘʭ "ɼʨʦʥ-3" ʚ ʢʘʤʝʨʘʭ ʈʂɼ-57 ʠ ʈʂɼ-

86 (ʬʠʣʴʪʨ ʥʠʢʝʣʝʚʳʡ, ʘʥʦʜ ʤʝʜʥʳʡ) ʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ "D2 Phazer ʩ CuK-
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ʠʟʣʫʯʝʥʠʝʤ, ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 1 ʛʨʘʜʫʩ ʎʝʣʴʩʠʷ ʚ ʤʠʥʫʪʫ, ʘ ʪʘʢ-

ʞʝ  ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ "X'Pert PRO MPD" (PANalytical, ʅʠʜʝʨʣʘʥʜʳ). 

ʉʪʨʫʢʪʫʨʘ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʙʦʨʥʦʛʦ ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ 

ʩʳʨʴʷ ʠ ʠʭ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʛʦ ʨʝʥʪʛʝ-

ʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʫʪʦʯʥʝʥʠʷ ʧʨʦʬʠʣʷ ʷʜʝʨʥʳʭ ʠ ʤʘʛ-

ʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʍ. ʄ. ʈʠʪʚʝʣʴʜʘ [368], ʬʘʟʦʚʳʝ  ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ  ʤʝʪʦʜʦʤ ʧʦʣʥʦʧʨʦʬʠʣʴʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʧʫʪʸʤ ʤʠʥʠ-

ʤʠʟʘʮʠʠ  ʨʘʟʥʠʮʳ ʧʨʦʠʟʚʦʜʥʳʭ [369] ʚ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʠʤʝʥʠ ʉ. 

ʋ. ʋʤʘʨʦʚʘ ʅɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ ʩʪʘʨʰʠʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ʣʘʙʦʨʘʪʦʨʠʠ 

"ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ" ɼ. ʂ. ʂʫʯʘʢʰʦʝʚʳʤ. 

ʉʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʟʮʦʚ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

"D2 Phazer" (CuK-ʠʟʣʫʯʝʥʠʝ), ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 1 ʛʨʘʜʫʩ ʎʝʣʴ-

ʩʠʷ ʚ ʤʠʥʫʪʫ, ʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ "X'Pert PRO MPD" (PANalytical, ʅʠʜʝʨʣʘʥʜʳ) ʩ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʜʝʪʝʢʪʦʨʦʤ  ʠ ʛʨʘʬʠʪʦʚʳʤ ʚʪʦʨʠʯʥʳʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ  ʜʣʷ 

ʠʟʣʫʯʝʥʠʷ CuK ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ DIFFRAC EVA V3.2 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʘʟʦʚʳʭ ʜʘʥʥʳʭ Cristallography open database (REV 173445 2016. 

01.04) ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʈʦʛʫʥʩʢʦʡ ɻʕʉ ʩʦʪʨʫʜʥʠʢʦʤ ʣʘʙʦʨʘʪʦʨʠʠ ʄ. 

ɸʚʝʟʦʚʳʤ. ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ [370] ʢʨʠʚʳʝ ʣʠʥʠʠ ʨʘʟʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ  

ʨʘʩʯʸʪʥʦʛʦ ʧʨʦʬʠʣʷ  ʜʠʬʨʘʢʮʠʦʥʥʦʡ  ʢʘʨʪʠʥʳ  ʧʨʠʥʠʤʘʶʪʩʷ ʟʘ  ʘʧʧʨʦʢʩʠʤʘʮʠʶ   

ʬʦʥʦʚʦʡ ʣʠʥʠʠ, ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ  ʧʦʩʪʝʧʝʥʥʦ ʤʝʥʷʶʱʝʡʩʷ ʬʫʥʢʮʠʝʡ ʜʠʬʨʘʢʮʠ-

ʦʥʥʦʛʦ ʫʛʣʘ. 

ɼʠʬʨʘʪʦʤʝʪʨ D2 Phaser ʦʩʥʘʱʸʥ ʜʚʫʤʷ ʪʠʧʘʤʠ ʜʝʪʝʢʪʦʨʦʚ: 

 - ʩʪʘʥʜʘʨʪʥʘʷ ʛʝʦʤʝʪʨʠʷ ɹʨʵʛʛʘ-ɹʨʝʥʪʘʥʦ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʤʦʜʫʣʷʤʠ 

ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʱʝʣʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʯʸʪʯʠʢʦʤ, ʦʙʦʨʫʜʦʚʘʥʥʳʤ ʬʦʪʦ-

ʫʤʥʦʞʠʪʝʣʝʤ ʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ ʢʨʠʩʪʘʣʣʦʤ NaJ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ NaJ(Tl);  

- ʩʪʘʥʜʘʨʪʥʘʷ ʛʝʦʤʝʪʨʠʷ ɹʨʵʛʛʘ-ɹʨʝʥʪʘʥʦ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʤʦʜʫʣʷʤʠ ʧʝʨ-

ʚʠʯʥʦʡ ʱʝʣʠ ʠ ʣʠʥʝʡʥʳʤ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʩʯʸʪʯʠʢʦʤ LYNXEYE ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʙʳʩʪʨʳʭ ʠʟʤʝʨʝʥʠʡ. 
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ʉʧʝʢʪʨʦʤʝʪʨ "BRUKER S8 TIGER" 

S8 TIGER ʷʚʣʷʝʪʩʷ ʚʦʣʥʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʨʝʥʪʛʝ-

ʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ ʩ ʤʘʢʩʠʤʫʤʦʤ ʵʥʝʨʛʠʠ ʜʦ 60 ʢʵɺ. ʀʟʤʝʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʘʢʫʫʤʝ, ʠʩʭʦʜʷ ʠʟ ʯʝʛʦ ʜʣʷ ʵʣʝʤʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʣʸʛʢʠʭ, ʧʨʝʜʝʣʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʳ. ɾʠʜʢʠʝ ʦʙʨʘʟʮʳ ʠʣʠ ʥʝʩʚʷʟʘʥʥʳʝ ʧʦʨʦʰʢʠ  

ʠʟʤʝʨʷʶʪʩʷ  ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʠʣʠ ʘʟʦʪʘ (ʨʠʩʫʥʦʢ 2.1) 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʤ ɹʨʵʛʛʘ, ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʧʫʯʦʢ ʜʠʬʨʘʛʠʨʫʝʪ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ. ʇʦ 

ʫʤʦʣʯʘʥʠʶ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚʘʥʘʣʠʟʘʪʦʨʦʚ PET, XS-55, ʠ LiF 200 ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʠ 

ʧʦʣʦʞʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʈʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ "BRUKER S8 

Tiger". 

 

ʉʧʝʢʪʨʦʤʝʪʨ S8 TIGER ʦʩʥʘʱʸʥ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ  SPECTRA 

plus ʚʝʨʩʠʠ 2.0 ʠ ʚʳʰʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ QUANT EXPRESS, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦ-

ʜʘʭ ʨʘʩʯʸʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʙʝʩʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ. 
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2.5. ʊʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʨʦ- ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ 

ʊʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩʳʨʴʷ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʥʳʤʠ ʧʨʠʙʦʨʘʤʠ: 

- ʥʘ ʧʨʠʙʦʨʝ STA 449C Jupiter ʩ ʙʣʦʢʦʤ QMS PulseTA (NETZSCH-

GERATEBAU GMBH, ɻʝʨʤʘʥʠʷ); 

- ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʝ Q-1000, ʦʩʥʘʱʸʥʥʦʤ ʩʠʩʪʝʤʦʡ ʇʘʫʣʠʢ-ʕʨʜʝʡ. 

ʉʫʱʥʦʩʪʴ ɼʊɸ (ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ) ʩʦʩʪʦʠʪ ʚ ʠʩʩʣʝ-

ʜʦʚʘʥʠʠ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ  ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝ-

ʥʠʷʭ ʚʝʱʝʩʪʚ ʠ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠ ʠʭ ʪʝʧʣʦʧʦʛʣʦʱʝʥʠʠ 

ʠʣʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʵʪʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘ-

ʣʠʟʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʘʥʪ ʵʪʠʭ ʚʝʱʝʩʪʚ ʠʣʠ ʩʦʝʜʠʥʝʥʠʡ. 

ʊʝʨʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ, ʧʣʘʥʦʚʦʤ ʥʘʛʨʝ-

ʚʘʥʠʠ ʠ ʦʭʣʘʞʜʝʥʠʠ ʚʝʱʝʩʪʚʘ, ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ, ʢʘʢ ʢʨʠʚʳʝ ʣʠʥʠʠ ʥʘʛʨʝʚʘʥʠʷ ʠʣʠ 

ʦʭʣʘʞʜʝʥʠʷ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ  ʠʩʩʣʝʜʫʶʪʩʷ 

ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʢʨʠʚʳʭ ʣʠʥʠʡ ʥʘʛʨʝʚʘʥʠʷ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʢʨʠʚʳʝ 

ʣʠʥʠʡ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ, ʝʛʦ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʚʦʜʳ, ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʦʢʩʠʜʘ ʩʝʨʳ (IV) ʠ ʜʨʫʛʠʭ ʣʝʪʫʯʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʤʠʥʝʨʘʣʘʭ.  

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ: 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʨʦʜʳ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʝ-

ʱʝʩʪʚ ʠ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʠʭ ʥʘʛʨʝʚʘʥʠʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʚʝʱʝʩʪʚ ʠ ʩʦʝʜʠʥʝʥʠʡ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʥʘʯʘʣʘ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ 

ʧʨʠ ʥʘʛʨʝʚʝ ʢʘʞʜʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʤʠʥʝʨʘʣʘ (ʥʘʧʨʠʤʝʨ, ʨʘʟʨʫʰʝʥʠʝ ʵʪʦʛʦ  

ʤʠʥʝʨʘʣʘ,  ʦʙʨʘʟʦʚʘʥʠʝ  ʤʠʥʝʨʘʣʦʚ ʠʟ ʘʤʦʨʬʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʠʭ ʨʝʰʸʪʦʢ ʤʠʥʝʨʘʣʦʚ, ʦʢʠʩʣʝʥʠʝ  ʤʠʥʝʨʘʣʦʚ, ʚʳʜʝʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʚʦʜʳ) ʠ ʫʪʦʯʥʥy ʭʘʨʘʢʪʝʨ ʧʨʦʷʚʣʝʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʢʨʠʚʳʭ ʣʠʥʠʷʭ ʦʙʝʟʚʦ-

ʞʠʚʘʥʠʷ ʠ ʥʘʛʨʝʚʘ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʜʘʣʝʝ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ  ʧʦ ʪʝʨʤʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ, ʦʧʨʝʜʝʣʷʣʠ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ ʠʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʘʚ.r ɼʣʷ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 
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ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʣʠʥʠʠ ʩʨʘʚʥʠʚʘʶʪ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ (ʵʪʘʣʦʥʥʳʤʠ) ʢʨʠʚʳʤʠ 

ʣʠʥʠʷʤʠ ʥʘʛʨʝʚʘ ʯʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʩʤʝʩʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʠ 

ʦʩʪʘʪʢʘʭ ʧʦʩʣʝ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʢʠʩʣʦʪʥʳʤʠ, ʱʝʣʦʯʥʳʤʠ ʠ 

ʜʨ.).  ʉʫʱʥʦʩʪʴʶ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʧʣʘʚʥʳʡ, ʨʘʚʥʦʤʝʨʥʳʡ ʠ ʥʝʧʨʝʨʳʚʥʳʡ ʥʘʛʨʝʚ 

ʠʩʧʳʪʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (25ÁC) 

ʜʦ 1000-1200Áʉ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʚʳʰʘʷ  ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ. ʀʟʤʝʥʝʥʠʝ  

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʬʠʢʩʠʨʫʝʪʩʷ ʪʝʨʤʦʧʘʨʦʡ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʥʘ ʬʦʪʦ-

ʙʫʤʘʛʝ ʟʝʨʢʘʣʴʥʳʤ ʩʘʤʦʧʠʰʫʱʠʤ ʛʘʣʴʚʘʥʦʤʝʪʨʦʤ. 

ʊʝʨʤʦʣʠʟ ʠʩʭʦʜʥʳʭ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʪʝʨʤʦʦʦʙʨʘʙʦʪʘʥʥʳʭ ʙʦʨʦʩʠʣʠʢʘʪ-

ʥʳʭ ʨʫʜ ï ʜʘʥʙʫʨʠʪʦʚ ɸʢ-ɸʨʭʘʨʘ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʪʦʚ  ʦʩʫʱʝʩʪʚʣʷʣʩʷ  ʚ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 100-1100̄ʉ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʝ ʤʘʨʢʠ "Q-1000" ʩʠʩʪʝʤʳ ʇʘʫʣʠʢ-

ʕʨʜʝʡ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʜʲʸʤʘ ʪʝʤʧʝʨʘʪʫʨʳ 10 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ ʚ ʤʠʥʫʪʫ ʚ ʣʘʙʦ-

ʨʘʪʦʨʠʠ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʠʤʝʥʠ ɺ. ʀ. ʅʠʢʠʪʠ-

ʥʘ ʅɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ ʩʪʘʨʰʠʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ʕ. ʅ. ʐʘʡʤʘʨʜʘʥʦʚʳʤ. 

ʊʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʦʩʫʱʝʩʪʚʣʝ-

ʥʳ ʤʝʪʦʜʦʤ ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʉʊɸ) ʥʘ ʧʨʠʙʦʨʝ STA 449C 

Jupiter ʩ ʙʣʦʢʦʤ QMS PulseTA (NETZSCH-GERATEBAU GMBH, ɻʝʨʤʘʥʠʷ) ʚ ʀʥ-

ʩʪʠʪʫʪʝ ʭʠʤʠʠ ʀʩʣʘʤʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʀʨʘʥ ʧʨʠ ʫʯʘʩʪʠʠ ʩʦʪʨʫʜʥʠʢʘ ʵʪʦʛʦ ʠʥʩʪʠ-

ʪʫʪʘ ɸ. ʐʘʢʠʨʠ.  

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ɼʊɸ), ʢʘʢ ʠʟʚʝʩʪʥʦ, ʵʪʦ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʠ ʦʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʦʚʘ ʧʨʠ ʦʧʨʝʜʝʣʥyʥʦʡ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ 

ʩʢʦʨʦʩʪʠ, ʢʦʛʜʘ ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʩʨʘʚʥʝʥʠʷ ʠ ʦʙʨʘʟʮʘ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘ-

ʣʝ, ʥʝ ʠʟʤʝʥʷʝʪʩʷ [371, 372]. 

 

2.6. ʀʂ-ʩʧʝʪʨʦʩʢʦʧʠʷ ʙʦʨʦï ʠ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʳʤ, ʧʨʦʩʪʳʤ ʠ ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʚʝʱʝʩʪʚʦ 

ʤʝʪʦʜʦʤ, ʯʪʦ ʚʝʩʴʤʘ ʮʝʥʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʀʥʬʨʘʢʨʘʩʥʘʷ (ʀʂ) ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠʟʫʯʘʝʪ ʚʠʙʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʣʝ-

ʢʫʣ, ʪʦ ʝʩʪʴ ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠ ʚʦʟʜʝʡ-
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ʩʪʚʠʠ ʥʘ ʦʙʨʘʟʝʮ ʧʦʣʠʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ ʬʦʪʦʥʳ ʘʙʩʦʨʙʠʨʫʶʪʩʷ, ʝʩʣʠ ʵʥʝʨʛʠʷ 

ʩʚʝʪʘ ʩʦʚʧʘʜʘʝʪ ʩ ʵʥʝʨʛʠʝʡ ʢʦʣʝʙʘʥʠʷ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʤʦʣʝʢʫʣʳ. ɼʣʷ ʪʦʛʦ ʯʪʦ-

ʙʳ ʢʦʣʝʙʘʥʠʷ ʧʨʦʷʚʣʷʣʠ ʠʥʬʨʘʢʨʘʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʳ 

ʜʦʣʞʝʥ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʠʙʨʘʮʠʠ. ʀʂ-ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʯʘʩʪʠ: ʙʣʠʞʥʶʶ, ʩʨʝʜʥʶʶ ʠ ʜʘʣʴʥʶʶ, ʥʘʟʚʘʥ-

ʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ʇʦʣʫʯʝʥʠʝ ʀʂ-ʩʧʝʢʪʨʘ ʦʩʥʦʚʘʥʦ 

ʥʘ ʧʨʦʧʫʩʢʘʥʠʠ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʛʣʦʱʥyʥʦʡ ʯʘʩʪʠ ʠʟʣʫ-

ʯʝʥʠʷ ʦʧʨʝʜʝʣʥyʥʦʡ ʵʥʝʨʛʠʠ (ʠʣʠ ʯʘʩʪʦʪʳ). ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ 

ʘʪʦʤʦʚ, ʩʠʣʳ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ ʠ ʦʢʨʫʞʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʡ ʛʨʫʧʧʳ. ʂʦʣʝʙʘʥʠʷ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʩʚʷʟʠ (ʨʘʩʪʷʛʠʚʘʥʠʝ), ʪʘʢ ʠ ʫʛʣʘ ʩʚʷʟʠ (ʠʟ-

ʛʠʙ). ʇʦ ʠʥʬʨʘʢʨʘʩʥʳʤ ʩʧʝʢʪʨʘʤ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʝ ʤʠʥʝʨʘʣʘ: ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʪʨʫʢ-

ʪʫʨʳ, ʭʘʨʘʢʪʝʨʝ ʠʟʦʤʦʨʬʥʳʭ ʟʘʤʝʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʠʭ ʠ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. ʆʩʦʙʝʥʥʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʠʥʬʨʘʢʨʘʩʥʳʭ ʌʫʨʴʝ-

ʩʧʝʢʪʨʦʤʝʪʨʦʚ. ɺʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʧʝʢʪʨʦʤʝʪʨʦʚ, ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʩʙʦ-

ʨʘ ʜʘʥʥʳʭ, ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʩʧʝʢʪʨʦʚ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʦʙʳʯʥʳʝ ʤʝʪʦʜʳ ʥʘ ʧʨʦʧʫʩʢʘʥʠʝ (ʪʘʙʣʝʪʢʠ ʩ KBr, 

ʧʦʨʦʰʢʠ, ʧʣʸʥʢʠ), ʪʘʢ ʠ ʥʘ ʦʪʨʘʞʝʥʠʝ ï ʪʘʢʠʝ ʢʘʢ ʤʝʪʦʜ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

(DRIFT) ʠ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ATR). 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. ʅʘ ʀʂ-ʩʧʝʢʪʨʘʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʩʨʝʜʥʝʡ ʦʙʣʘʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʯʸʪʢʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʣʝʙʘʥʠ-

ʷʤ ʨʘʩʪʷʞʝʥʠʷ (ɜ) ʠ ʠʟʛʠʙʘ (ŭ) ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʆʅ- ʠ 

Si-O-ʛʨʫʧʧ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʆʅ-ʛʨʫʧʧ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʘʭ 

3700-3500 ʠ 950-650 ʩʤ
-1
. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʨʘʩʪʷʞʝʥʠʷ Si-O-ʛʨʫʧʧ -  

ʚ ʠʥʪʝʨʚʘʣʝ 105-1000 ʩʤ
-1
, ʘ ʢʦʣʝʙʘʥʠʡ ʠʟʛʠʙʘ ï 550-400 ʩʤ

-1
. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʀʂ-ʩʧʝʢʪʨʦʚ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʙʣʠʞʥʝʡ ʦʙʣʘʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚʳʟʚʘʥʳ ʢʦʣʝ-

ʙʘʥʠʷʤʠ ʨʘʩʪʷʞʝʥʠʷ ʠʣʠ ʩʦʯʝʪʘʥʠʝʤ ʢʦʣʝʙʘʥʠʡ ʨʘʩʪʷʞʝʥʠʷ ʠ ʠʟʛʠʙʘ ʆʅ-ʛʨʫʧʧ. 

ʇʝʨʚʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ OH-ʛʨʫʧʧ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʢʦʣʦ 1060 ʩʤ
-1
, ʘ ʩʦʯʝʪʘʥʠʝ 
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ʢʦʣʝʙʘʥʠʡ ʨʘʩʪʷʞʝʥʠʷ ʠ ʠʟʛʠʙʘ OH-ʛʨʫʧʧ ï 4600-4300 ʩʤ
-1
. ʇʦ ʀʂ-ʌʫʨʴʝ ʩʧʝʢ-

ʪʨʘʤ ʭʦʨʦʰʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʛʣʠʥʠ-

ʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʨʘʩʪʚʦʨʝʥʠʝ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪʘʭ ʠʣʠ ʥʘʩʳʱʝ-

ʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʢʠʩʣʦʪʘ-

ʤʠ ʠʭ ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʨʸʭʤʝʨʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, 

ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ OH- ʠ SiO-ʛʨʫʧʧ.  

ʉʦʜʝʨʞʘʥʠʝ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ 

ʨʫʜ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʀʂʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʧʝʢʪʨʳ ʩʫʭʠʭ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʳ ʥʘ ʰʚʝʡʮʘʨʩʢʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ "Spectrum 65 FT-IR" (Perkin Elmer) ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʦʤ ʀʥ-

ʩʪʠʪʫʪʘ ʭʠʤʠʠ ʠʤʝʥʠ ɺ. ʀ. ʅʠʢʠʪʠʥʘ ʅɸʅʊ, ʢ.ʭ.ʥ., ʚʝʜʫʱʠʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠ-

ʢʦʤ ɸ. ʉ. ɼʞʦʥʤʫʨʦʜʦʚʳʤ.  

ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨ ʦʩʥʘʱʸʥ ʥʘʩʘʜʢʦʡ  ʦʩʣʘʙʣʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʅʇɺʆ) - "ɸttenuated total reflection-ATR, MIRACLE" ʩ ʮʠʥʢ-

ʩʝʣʝʥʦʚʳʤ ʢʨʠʩʪʘʣʣʦʤ.  ɺʩʝ ʟʘʧʠʩʘʥʥʳʝ ʩʧʝʢʪʨʳ  ʚʢʣʶʯʘʣʠ  ʦʪ 16 ʜʦ 20 ʩʢʘʥʠʨʦ-

ʚʘʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 4000-600 ʩʤ
-1
 ʧʨʠ ʨʘʟʨʝʰʝʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 4.00 ʩʤ

-1
. ɹʳʣʠ 

ʠʟʤʝʨʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʩʫʰʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʟʘʧʠʩʠ ʠʭ ʬʦʥʦʚʳʭ ʩʧʝʢ-

ʪʨʦʚ, ʢʦʪʦʨʳʝ ʟʘʧʠʩʳʚʘʣʠʩʴ ʧʝʨʝʜ ʢʘʞʜʳʤ ʘʥʘʣʠʟʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ ʘʥʘʣʠ-

ʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Perkin Elmer Spectrum 

(PES), ʚʝʨʩʠʷ 10.03.07. ʇʦʚʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʣʠ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʤʝʥʝʝ ʯʝʤ ʥʘ 2%. 

 

2.7. ʄʝʪʦʜʠʢʘ ʭʣʦʨʠʨʦʚʘʥʠʷ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ 

ʍʣʦʨʠʨʦʚʘʥʠʝ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ʧʨʦ-

ʪʦʯʥʦʛʦ ʪʠʧʘ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʨʝʘʢʪʦʨʘ, ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʦ ʩʙʦʨʥʠʢʦʤ ʭʣʦ-

ʨʠʜʦʚ, ʧʦʛʣʦʪʠʪʝʣʷ ʩ ʨʘʩʪʚʦʨʦʤ ʠʦʜʠʜʘ ʢʘʣʠʷ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʭʣʦʨʘ 

ʠ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ (ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ʩ ʪʝʨʤʦʧʘʨʦʡ ʠ 

ʛʘʟʦʨʘʩʭʦʜʦʤʝʨ). ʍʣʦʨ-ʛʘʟ ʧʦʜʘʚʘʣʩʷ ʠʟ ʙʘʣʣʦʥʘ, ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ ʢʦʪʦʨʦʛʦ ʩʦ-

ʩʪʘʚʣʷʣ 12-20 ʤʣ/ʤʠʥ (ʨʠʩʫʥʦʢ 2.2). 
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ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʭʣʦʨʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʳ ʚʦʟʛʦʥʘ ʩʦʙʠʨʘʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ, 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʧʦʜʢʠʩʣʝʥʥʦʡ ʚʦʜʝ. ɺ ʨʘʩʪʚʦʨʝ ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ʘʣʶʤʠʥʠʷ, 

ʞʝʣʝʟʘ, ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝʜʸʥʥʦʡ ʥʠʞʝ. ʆʩʪʘʚ-

ʰʫʶʩʷ ʰʠʭʪʫ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʳʡ ʨʝʘʢʪʦʨ ʩ ʤʝʰʘʣʢʦʡ ʠ ʚʳʱʝʣʘʯʠ-

ʚʘʣʠ ʧʦʜʢʠʩʣʝʥʥʦʡ ʚʦʜʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60-70Áʉ ʚ ʪʝʯʝʥʠʝ 0.5 ʯʘʩʦʚ. ʅʝʨʘʩ-

ʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʬʠʣʴʪʨʦʚʘʥʠʝʤ, ʩʫʰʠʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 110Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʆʩʪʘʪʦʢ ʧʦʩʣʝ ʭʣʦʨʠʨʦʚʘʥʠʷ (ʪʚʸʨʜʳʡ ʦʩʪʘ-

ʪʦʢ) ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ (ʘʣʠʢʚʦʪʥʘʷ ʯʘʩʪʴ) ʭʣʦʨʠʜʦʚ ʧʦʜʚʝʨʛʘʣʠʩʴ ʭʠʤʠʯʝ-

ʩʢʦʤʫ ʘʥʘʣʠʟʫ.  

 

2.8. ʄʝʪʦʜʠʢʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʣʦʨʠʨʦʚʘʥʠʷ  

ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ 

ʇʨʦʮʝʩʩ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʣʦʨʠʨʦʚʘʥʠʷ ʙʦʨʦï ʠ ʘʣʶʤʦʩʦʜʝʨʞʘʱʠʭ 

ʨʫʜ ʧʨʦʚʦʜʠʣʠ ʧʦ ʥʠʞʝ ʧʨʠʚʝʜʸʥʥʦʡ ʤʝʪʦʜʠʢʝ. 

ʅʘʚʝʩʢʫ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙ ʢʨʫʧʥʦʩʪʴʶ 0.1 ʤʤ ʛʦʪʦʚʠʣʠ ʚ ʚʠʜʝ ʛʨʘʥʫʣ, 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ (dʩʨ.) ʩʦʩʪʘʚʣʷʣ ʥʝ ʙʦʣʝʝ 2-3 ʤʤ, ʜʣʠʥʘ ʛʨʘʥʫʣ (lʩʨ.) ʩʦ-

ʩʪʘʚʣʷʣʘ 5-10 ʤʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʛʨʘʥʫʣʳ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 1 ʩʫʪʦʢ, ʟʘʪʝʤ ʧʨʦʢʘʣʠʚʘʣʠ ʜʦ 500Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʠ ʧʦʤʝʱʘʣʠ 

ʚ ʪʨʸʭʩʝʢʮʠʦʥʥʳʡ ʨʝʘʢʪʦʨ ʜʣʷ ʭʣʦʨʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 2.3). 
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ʈʠʩʫʥʦʢ 2.3 ï ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠ-

ʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʭʣʦʨʠʨʦʚʘʥʠʝʤ (1 ï ʸʤʢʦʩʪʴ ʩ ʭʣʦʨʦʤ; 2 ï 

ʩʢʣʷʥʢʘ ʊʠʱʝʥʢʦ ʜʣʷ ʧʦʛʣʦʪʠʪʝʣʝʡ ʞʠʜʢʦʩʪʝʡ; 3 ï ʩʢʣʷʥʢʘ ʊʠʱʝʥʢʦ ʜʣʷ ʧʦʛʣʦʪʠ-

ʪʝʣʝʡ ʪʚʸʨʜʳʭ; 4 ï ʨʝʦʤʝʪʨ; 5 ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʙʘʥʷ; 6 ï ʙʘʨʙʦʪʸʨ ʩ ʜʠʭʣʦʨʠʜʦʤ 

ʩʝʨʳ; 7, 8, 9 ï ʨʝʘʢʪʦʨʳ; 10 ï ʜʚʫʭʩʝʢʮʠʦʥʥʘʷ ʧʝʯʴ; 11 ï ʭʦʣʦʜʠʣʴʥʠʢ; 12 ï ʧʦʛʣʦ-

ʪʠʪʝʣʴ ʩ 10% ʨʘʩʪʚʦʨʦʤ NaOH). 

 

ʍʣʦʨʠʨʫʶʱʫʶ ʩʤʝʩʴ ʛʦʪʦʚʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ [373]. ɺ ʧʝʨʚʫʶ ʩʝʢʮʠʶ ʨʝʘʢʪʦ-

ʨʘ  ʚʚʦʜʠʣʠ ʭʣʦʨʠʨʫʶʱʫ  ʁʩʤʝʩʴ,  ʛʜʝ ʦʥʘ ʨʝʘʛʠʨʦʚʘʣʘ  ʩ ʧʨʦʙʦʡ ʙʦʨʦï ʠ ʘʣʶʤʦ-

ʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʣʝʪʫʯʠʭ ʦʢ-

ʩʦʭʣʦʨʠʜʦʚ ʠ ʭʣʦʨʠʜʦʚ, ʢʦʪʦʨʳʝ ʫʜʘʣʷʣʠ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ ʠ ʨʘʟʜʝʣʷʣʠ ʬʨʘʢ-

ʮʠʦʥʥʦʡ ʢʦʥʜʝʥʩʘʮʠʝʡ. ɺʦ ʚʪʦʨʦʡ ʩʝʢʮʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʦʩʘʞʜʝʥʠʝ  ʭʣʦʨʠʜʦʚ ʧʦ-

ʣʫʪʦʨʥʳʭ ʦʢʩʠʜʦʚ, ʘ ʚ ʪʨʝʪʴʝʡ ï ʦʩʪʘʪʦʯʥʳʝ ʭʣʦʨʠʜʳ ʧʦʣʫʪʦʨʥʳʭ ʦʢʩʠʜʦʚ. 

ʃʝʛʢʦʣʝʪʫʯʠʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ï ʭʣʦʨʠʜ ʙʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʝʥʠʷ ʢʦ-

ʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 15Áʉ, ʫʣʘʚʣʠʚʘʣʠʩʴ ʚ ʜʠʵʪʠʣʦʚʦʤ ʵʬʠʨʝ, ʜʨʫʛʠʝ ʣʝʛʢʦʣʝʪʫʯʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʨʝʘʢʮʠʠ ʚʤʝʩʪʝ ʩ ʠʟʙʳʪʢʦʤ ʭʣʦʨʘ ʫʣʘʚʣʠʚʘʣʠʩʴ ʚ ʱʝʣʦʯʥʦʤ ʧʦʛʣʦ-

ʪʠʪʝʣʝ. ɺʦ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʩʝʢʮʠʷʭ ʨʝʘʢʪʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʭʣʦʨʥʫʶ ʥʘʩʘʜʢʫ 

(ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ), ʢʦʪʦʨʘʷ ʦʯʝʥʴ ʭʦʨʦʰʦ ʫʣʘʚʣʠʚʘʝʪ ʦʢʩʠʜʳ ʘʣʶ-

ʤʠʥʠʷ ʠ ʞʝʣʝʟʘ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʘʢʪʦʨ ʧʨʦʜʫʚʘʣʩʷ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʫʭʦʤ, 

ʧʨʦʙʫ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʧʨʦʢʘʣʠʚʘʣʠ, ʚʟʚʝʰʠʚʘʣʠ. ʉʦʜʝʨʞʠʤʦʝ ʩʝʢʮʠʡ 2 ʠ 3 ʨʝ-

ʘʢʪʦʨʘ ʧʨʦʤʳʚʘʣʠ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ (1:1) ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʩʦ-

ʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ ʠ ʢʘʣʴʮʠʷ. ʃʦʚʫʰʢʫ - ʭʣʦʨ-ʥʘʪʨʠʝʚʫʶ 
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ʥʘʩʘʜʢʫ - ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ ʠ ʦʧʨʝʜʝʣʷʣʠ ʚ ʥʝʡ ʩʦʜʝʨʞʘʥʠʝ ʘʣʶʤʠʥʠʷ ʠ ʢʘʣʴʮʠʷ. 

ʉʪʝʧʝʥʴ ʭʣʦʨʠʨʦʚʘʥʠʷ (ʵʢʩʪʨʘʢʮʠʠ) ʦʢʩʠʜʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠ-

ʯʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʘ, ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʧʨʠ ʘʥʘʣʠʟʝ ʩʦʜʝʨʞʠʤʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʝʢʮʠʠ, ʢ ʢʦʣʠʯʝʩʪʚʫ ʵʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʠʩʭʦʜʥʦʡ ʧʨʦʙʝ. 

ɻʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨ ʧʦʜʘʚʘʣʩʷ ʠʟ ʙʘʣʣʦʥʘ (1) ʯʝʨʝʟ ʦʩʫʰʠʪʝʣʴʥʳʝ ʩʢʣʷʥʢʠ ʩ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ (2) ʠ ʦʢʩʠʜʦʤ ʬʦʩʬʦʨʘ (V) (3). ʈʝʛʫʣʠʨʦʚʢʘ 

ʧʦʜʘʯʠ ʭʣʦʨʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʨʝʦʤʝʪʨʦʤ (4), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʛʨʘʜʫʠʨʦʚʘʥʥʳʤ 

ʧʦ ʩʫʭʦʤʫ ʭʣʦʨʫ. ɿʘʪʝʤ ʭʣʦʨ (ʛʘʟ) ʧʨʦʭʦʜʠʣ ʯʝʨʝʟ ʙʘʨʙʦʪʸʨ (5) ʩ ʥʘʩʳʱʝʥʥʳʤʠ 

ʭʣʦʨʠʜʘʤʠ ʩʝʨʳ. ʍʣʦʨʠʜʳ ʩʝʨʳ ʛʦʪʦʚʠʣʠ ʧʫʪʸʤ ʥʘʩʳʱʝʥʠʷ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʡ ʩʝ-

ʨʳ ʛʘʟʦʦʙʨʘʟʥʳʤ ʭʣʦʨʦʤ. ʇʦʣʫʯʝʥʥʘʷ ʞʠʜʢʘʷ ʩʤʝʩʴ ʭʣʦʨʠʜʦʚ ʩʝʨʳ ʢʨʘʩʥʦʛʦ ʮʚʝ-

ʪʘ ʟʘʣʠʚʘʣʘʩʴ ʚ ʙʘʨʙʦʪʸʨ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʥʘʩʳʱʘʣʠ ʭʣʦʨʦʤ. ʏʝʨʝʟ ʢʘʞʜʳʡ ʯʘʩ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʟʚʝʰʠʚʘʥʠʝ ʙʘʨʙʦʪʸʨʘ ʩ 

ʭʣʦʨʠʩʪʦʡ ʩʝʨʦʡ. ʇʦ ʤʝʨʝ ʥʘʩʳʱʝʥʠʷ ʭʣʦʨʦʤ ʚʝʩ ʙʘʨʙʦʪʸʨʘ ʩ ʭʣʦʨʦʤ ʫʚʝʣʠʯʠʚʘʣ-

ʩʷ. ʕʪʘ ʦʧʝʨʘʮʠʷ ʧʨʦʜʦʣʞʘʣʘʩʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʘʣʦʩʴ ʨʘʚʥʦʚʝʩʠʷ. ɼʘʣʝʝ 

ʙʘʨʙʦʪʸʨ ʩ ʭʣʦʨʠʩʪʦʡ ʩʝʨʦʡ ʧʦʤʝʱʘʣʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʙʘʥʶ (6) ʠ ʚʧʣʦʪʥʫʶ ʧʨʠ-

ʩʦʝʜʠʥʷʣʠ ʢ ʚʭʦʜʥʦʡ ʯʘʩʪʠ ʩʪʝʢʣʷʥʥʦʛʦ ʨʝʘʢʪʦʨʘ (7), ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʣʘ 

ʦʢʦʣʦ 60 ʩʤ. 

ʅʘʚʝʩʢʘ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ ʟʘʛʨʫʞʘʣʘʩʴ ʚ ʨʝʘʢʪʦʨ ʤʝʞʜʫ ʜʚʫ-

ʤʷ ʘʩʙʝʩʪʦʚʳʤʠ ʧʨʦʢʣʘʜʢʘʤʠ. ʈʝʘʢʪʦʨ (7) ʧʦʤʝʱʘʣʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʝʯʴ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ (8). ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ ʠ ʟʦʥʝ ʨʝʘʢʮʠʠ ʠʟʤʝʨʷʣʘʩʴ ʪʝʨʤʦʤʝʪʨʦʤ (9) 

ʠ ʥʘʛʨʫʟʢʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

(ʃɸʊʈ). 

ɻʘʟʦʦʙʨʘʟʥʘʷ ʩʤʝʩʴ ʭʣʦʨʠʜʦʚ ʩʝʨʳ ʧʦʩʪʫʧʘʣʘ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʨʝʘʢʪʦʨʘ (7), 

ʧʨʦʭʦʜʠʣʘ ʯʝʨʝʟ ʥʘʚʝʩʢʫ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙ ʠ ʚʩʪʫʧʘʣʘ ʚ ʨʝʘʢʮʠʶ ʩ ʦʢʩʠʜʘʤʠ, 

ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʙʦʨʦï ʠ ʘʣʶʤʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. ʇʨʦʜʫʢʪʳ ʚʦʟʛʦʥʘ ʢʦʥʜʝʥʩʠ-

ʨʦʚʘʣʠʩʴ ʚ ʭʦʣʦʜʥʦʡ ʯʘʩʪʠ ʨʝʘʢʪʦʨʘ ʥʘ ʚʳʭʦʜʝ. ʆʪʭʦʜʷʱʠʝ ʛʘʟʳ ʧʦʩʣʝ ʨʝʘʢʮʠʠ 

ʫʣʘʚʣʠʚʘʣʠʩʴ ʚ ʧʦʛʣʦʪʠʪʝʣʷʭ (12) ʩ 10% ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ. ʂʦʣʠʯʝʩʪʚʦ ʭʣʦʨʘ ʚ 

ʧʦʛʣʦʪʠʪʝʣʷʭ ʦʧʨʝʜʝʣʷʣʦʩʴ ʦʙʲʤyʥʳʤ ʡʦʜʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʦʧʳʪʘ ʭʣʦʨʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʧʨʦʜʫʢʪʘ 

ʚʦʟʛʦʥʘ ʠ ʢʝʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 35Áʉ ʚ ʪʝʯʝʥʠʝ 2-3 ʯʘʩʦʚ. 
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ʉʪʝʧʝʥʴ ʭʣʦʨʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪ-

ʥʳʭ ʨʫʜ ʚʦ ʚʩʝʭ ʦʧʳʪʘʭ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʦʟʛʦʥʘ 

ʠ ʦʩʪʘʪʢʘ, ʘ ʪʘʢʞʝ ʫʙʳʣʠ ʤʘʩʩʳ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ. 

ʇʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ ʨʝʘʢʮʠʠ, ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʤʝʞʜʫ ʩʝʨʦʡ ʠ 

ʭʣʦʨʦʤ ʜʦʣʞʥʦ ʫʩʪʘʥʦʚʠʪʴʩʷ ʘʪʦʤʘʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 1:4. ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ  ʣʝʛ-

ʢʦ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʘʯʝ ʭʣʦʨʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʛʨʝʚʝ ʙʘʨʙʦʪʸʨʘ ʩ 

ʭʣʦʨʠʜʘʤʠ ʩʝʨʳ ʩ ʧʦʤʦʱʴʶ ʚʦʜʷʥʦʡ ʙʘʥʠ. ʆʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ 

ʙʘʨʙʦʪʸʨʘ ʩ ʭʣʦʨʠʩʪʦʡ ʩʝʨʦʡ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 36-40Áʉ. ʈʘʩʭʦʜ ʭʣʦʨʠʩʪʦʡ 

ʩʝʨʳ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʚʝʩʘ ʙʘʨʙʦʪʸʨʘ ʜʦ ʠ ʧʦʩʣʝ ʦʧʳʪʘ. 

 

2.9. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠ ̫ʙʦʨʘ ʚ ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜʘʭ 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʢʩʠʜʘ ʙʦʨʘ. ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʷʚʣʷʝʪʩʷ ʚʝ-

ʨʦʷʪʥʦʩʪʴ ʝʸ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʩ ʩʦʨʙʠʪʦʤ, ʜʫʣʴʮʠʪʦʤ, ʛʣʠʮʝʨʠʥʦʤ, ʠʥʚʝʨʪʥʳʤ ʩʘ-

ʭʘʨʦʤ, ʰʝʩʪʠʘʪʦʤʥʳʤ ʩʧʠʨʪʦʤ - ʤʘʥʥʠʪʦʤ, ʤʥʦʛʦʘʪʦʤʥʳʤʠ ʩʧʠʨʪʘʤʠ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ  ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʢʠʩʣʦʪ, ʯʝʤ ʠʩʭʦʜʥʘʷ ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʘʥʥʠʪʦʙʦʨʥʘʷ ʠ ʛʣʠʮʝʨʠʥʦ-

ʙʦʨʥʘʷ ʢʠʩʣʦʪʳ  ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ:  ʩʦʪʚʝʪʩʪʚʝʥʥʦ, 

6Ŀ10
-6
 ʠ 3Ŀ10

-7
. 

ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ  

ʩʧʦʩʦʙʥʦʩʪʴ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʩ ʤʥʦʛʦʘʪʦʤʥʳʤʠ ʩʧʠʨʪʘʤʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ  ʢʦʤʧʣʝʢʩʥʳʭ ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ, ʯʪʦ  ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʪʝʥ-

ʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʪʠʪʨʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘʤʠ NaOH ʠʣʠ KOH ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʜʠʢʘ-

ʪʦʨʦʚ (ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ, ʬʣʫʦʨʝʩʮʠʝʥ, ʬʝʥʦʣʬʪʘʣʝʠʥ) [374-378]. 

ɹʦʨʥʘʷ ʢʠʩʣʦʪʘ ʠʤʝʝʪ ʨʷʜ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʚʩʪʫʧʘʶʱʠʭ ʚ ʨʝʘʢʮʠʶ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʨʝʟʢʦ ʧʨʦʷʚʣʷʶʪʩʷ 

ʝʸ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʠ  ʬʦʩʬʦʨʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʕʪʠ ʩʚʦʡʩʪʚʘ, ʷʚʣʷʷʩʴ ʩʧʝʮʠ-

ʬʠʯʝʩʢʠʤʠ, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʩʪʚʦʨʳ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ. ʀʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠ-
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ʯʝʩʪʚʦ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ -  ʬʝʥʘʥʪʨʝʥ, ʫʨʘʥʠʥ, ʘʥʛʠʜʨʠʜ ʥʘʬʪʦʡʥʦʡ ʢʠʩʣʦʪʳ, ʬʪʘ-

ʣʝʚʳʡ ʘʥʛʠʜʨʠʜ, ʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ ʠ ʜʨ. 

ʄʥʦʛʦʣʝʪʥʠʝ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʘʥʘʣʠʟʝ ʙʦʨ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʠʥʦʛʜʘ ʧʨʦʷʚʣʷʝʪ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳ-

ʤʠ, ʧʦʩʢʦʣʴʢʫ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʅ ʨʘʩʪʚʦʨʘ ʭʘʨʘʢʪʝʨ ʙʦʨʘ ʤʝʥʷʝʪʩʷ ʤʛʥʦʚʝʥʥʦ. 

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʳ ʜʚʝ ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʙʦʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʅ. ɺ 

ʧʝʨʚʦʡ ʤʝʪʦʜʠʢʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʥʥʠʪ ʠ ʚʦ ʚʪʦʨʦʡ - ʵʪʠʣʝʥʛʣʠʢʦʣ.ɹ 

ʄʘʥʥʠʪʦʣ (ʤʘʥʥʠʪ ʠʣʠ d-ʤʘʥʥʠʪ) - ʵʪʦ ʰʝʩʪʠʘʪʦʤʥʳʡ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ 

ʩʧʠʨʪ ʠʟ, ʛʨʫʧʧʳ ʩʘʭʘʨʦʚ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʪʝʨʝʦʠʟʦʤʝʨʦʤ ʩʦʨʙʠʪʦʣʘ ʩ ʵʤʧʠʨʠ-

ʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ ï C6H8(OH)6.  

ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʤʘʥʥʠʪʘ (ʤʘʥʥʠʪʦʣʘ) ʧʨʠʚʝʜʝʥʳ ʚ ʩʭʝʤʝ: 

 

ʇʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ ʠ ʝ yʢʦʥʮʝʥʪʨʘʪʘ ʦʢʩʠʜ ʙʦʨʘ ʧʝʨʝ-

ʭʦʜʠʪ ʚ ʨʘʩʪʚʦʨ ʚ ʚʠʜʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʥʥʠʪʘ ʧʨʦ-

ʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʙʦʨʦʩʠʣʠʢʘʪʥʘʷ ʨʫʜʘ ʠ ʝ yʢʦʥʮʝʥʪʨʘʪ, ʨʝʘʛʠʨʫʷ ʩ HCl, H2SO4, 

HNO3 ʠʟ-ʟʘ ʩʠʣʴʥʦʡ ʠʭ ʢʠʩʣʦʪʥʦʩʪʠ ʦʙʨʘʟʫʶʪ ʙʦʨʥʫ ʁʢʠʩʣʦʪʫ. ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ 

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʘʣʠʢʚʦʪʫ ʨʘʩʪʚʦʨʘ ʤʘʥʥʠʪʘ ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ ʠ ʤʘʥʥʠʪ 

(C6H8(OH)6) ʦʙʨʘʟʫʶʪ ʩʪʘʙʠʣʴʥʳʡ ʦʜʥʦʚʘʣʝʥʪʥʳʡ ʘʥʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩ pKa å 4.5 

ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʯʝ ʦʙʥʘʨʫʞʠʚʘʪʴ ʝ yʧʨʠ ʭʦʜʝ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ 

ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʣʝʜʫʶʱʝʡ  ʨʝʘʢʮʠʠ: 
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ʇʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨ ʪʠʪʨʫʝʪʩʷ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʠʟʚʣʝʯʥy-

ʥʦʛʦ ʦʢʩʠʜʘ ʙʦʨʘ ʠʟ ʩʦʩʪʘʚʘ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ ʠ ʝ yʢʦʥʮʝʥʪʨʘʪʘ. 

ɼʨʫʛʘʷ ʤʝʪʦʜʠʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩ rHCl ʠ H3BO3 ʚ ʚʳʜʘʥʥʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʙʝ, ʠʩʧʦʣʴʟʫʷ 

ʤʝʪʦʜ ʪʠʪʨʦʚʘʥʠʷ;  

- ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩ r HCl ʠ H3BO3 (ʚ, ʛ) ʧʨʠ ʘʥʘʣʠʟʝ ʘʣʠʢʚʦʪ r ʧʦʩʣʝ 

ʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʠʩʧʦʣʟɹʫ̫  ʤʝʪʦʜ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. 

ʇʨʠ ʪʠʪʨʦʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʳ HCl ʠ ʩʣʘʙʦʡ H3BO3 

ʩʪʘʥʜʘʨʪʥʳʤ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ ʩʥʘʯʘʣʘ ʙʫʜʝʪ ʦʪʪʠʪʨʦʚʳʚʘʪʴʩʷ HCl ʧʦ ʨʝʘʢʮʠʠ: 

HCl + NaOH = NaCl + H2O, 

ʘ ʟʘʪʝʤ ï ʩʣʘʙʘʷ ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ H3BO3. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ ʜʦʣʞʥʘ ʪʠʪʨʦʚʘʪʴʩʷ ʙʝʟ ʩʢʘʯʢʘ, ʯʪʦ ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʝʝ ʦʧʨʝʜʝʣʝʥʠʝ. ʆʜʥʘʢʦ H3BO3  ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʙʦʣʝʝ ʩʠʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʢʠʩʣʦʪʳ ʩ ʨʷʜʦʤ ʤʥʦʛʦʘʪʦʤʥʳʭ ʩʧʠʨʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʠ 

ʜʨ. ʇʦʵʪʦʤʫ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʩʢʘʯʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʪʪʠʪʨʦʚʳʚʘʥʠʶ HCl, ʚ 

ʨʘʩʪʚʦʨ ʚʚʦʜʠʣʠ ʤʥʦʛʦʘʪʦʤʥʳʡ ʩʧʠʨʪ ï ʵʪʠʣʝʥʛʣʠʢʦʣʴ  ʠ ʧʨʦʜʦʣʞʠʣʠ ʪʠʪʨʦʚʘʥʠʝ 

ʜʦ ʧʦʣʫʯʝʥʠʷ ʚʪʦʨʦʛʦ ʩʢʘʯʢʘ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʩʪʚʦʨʝ ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ: 

 

ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʝ ʤʝʪʦʜʠʢʠ ʷʚʣʷʶʪʩʷ ʜʝʝʩʧʦʩʦʙʥʳʤʠ ʠ ʠʭ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʦʢʩʠʜʘ ʙʦʨʘ (ʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ) ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʠ 

ʨʘʩʪʚʦʨʘʭ. 

 

2.10. ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ 

ɼʣʷ ʘʥʘʣʠʟʘ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜr ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʪʘʢʠʝ ʤʝʪʦ-

ʜʳ ʭʠʤʘʥʘʣʠʟʘ, ʢʘʢ ʦʙʲʸʤʥʳʡ ʘʥʘʣʠʟ,  ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʠʦʥʦʤʝʪʨʠʷ, ʧʣʘʤʝʥʥʘʷ 
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ʬʦʪʦʤʝʪʨʠʷ, ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ [379, 380]. ɸ 

ʪʘʢʞʝ ʩʠʣʠʢʘʪʥʳʡ ʠ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. 

ʇʨʦʚʝʜʥy ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʑɿʄ ʠ ʬʪʦ-

ʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʫʱʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪ ɹʤʝʪʘʣʣʘ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʵʪʠʣʝʥʜʠʘʤʠʥ-

ʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʕɼʊɸ). 

ɸʣʶʤʠʥʠʡ ʚ ʢʘʨʙʦʥʘʪʘʭ, ʙʠʢʘʨʙʦʥʘʪʘʭ ʠ ʩʫʣʴʬʘʪʘʭ ʥʘʪʨʠʷ ʦʧʨʝʜʝʣʷʣʠ  

ʦʙʲʸʤʥʳʤ ʤʝʪʦʜʦʤ.   

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʤʝʥʥʫʶ ʬʦʪʦʤʝʪ-

ʨʠʶ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʣʷ ʨʘʩʪʚʦʨʘ ʠʟʚʝʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʠʣʠ ʢʘʣʠʙʨʦʚʦʯ-

ʥʫʶ ʢʨʠʚʫʶ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ: ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ï ʩʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʨʘʟʮʝ. ʂʘʣʴʮʠʡ ʠ ʢʨʝʤʥʠʡ ʦʧʨʝʜʝʣʷʣʠ  ʚ ʦʙʨʘʟʮʘʭ ʛʨʘ-

ʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

 

2.11. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʦʮʝʩʩʦʚ ʢʠʩʣʦʪʥʦʛʦ, ʭʣʦʨʥʦʛʦ  

ʠ ʱʝʣʦʯʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠ-

ʣʠʢʘʪʥʦʡ ʨʫʜʳ ʢʠʩʣʦʪʥʳʤʠ, ʭʣʦʨʥʳʤʠ ʠ ʱʝʣʦʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʭʦʞʜʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʬʫʥʢʮʠʡ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʠʟʫʯʝʥʠʝ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʝʚʦʟʤʦʞʥʳ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʠʷ 

ʟʥʘʥʠʡ ʦ ʤʝʪʦʜʘʭ ʨʘʩʯʝʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʚʝʜʝʥʠʡ ʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʚʝʱʝʩʪʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʧʨʦʮʝʩʩʝ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ, ʥʝ 

ʧʨʠʙʝʛʘʷ ʢ ʦʧʳʪʫ, ʤʥʦʛʠʝ ʚʘʞʥʝʡʰʠʝ ʟʘʜʘʯʠ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʚʢʣʶʯʘʷ: 

ï ʨʘʩʯʪy ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʪʝʧʣʦʪ ʠʟʤʝʥʝʥʠʷ 

ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʪʝʧʣʦʤyʢʦʩʪʠ ʨʝʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ; 
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ï ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʟʤʦʞʥʦʡ (ʪʝʤʧʝʨʘʪʫʨ, ʜʘʚʣʝʥʠʡ, ʢʦʥʮʝʥʪʨʘʮʠʡ); 

ï ʚʳʯʠʩʣʝʥʠʝ ʧʨʝʜʝʣʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʟʫʯʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʫʩʣʦʚʠʷʭ; 

ï ʨʘʩʯʪy ʤʘʢʩʠʤʘʣʴʥʦʡ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʩʪʠʞʠʤʦʡ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʪ.ʜ. 

ʃʶʙʘʷ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʬʫʥʢʮʠʡ ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ ï ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ (æU) ʠ ʵʥʪʨʦʧʠʠ (æS), ʵʥʪʘʣʴʧʠʠ (æʅ), ʵʥʝʨʛʠʠ 

ɻʠʙʙʩʘ (æG) ʠ ʪ.ʧ., ʦʧʨʝʜʝʣʷʶʱʠʭʩʷ ʧʝʨʝʤʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʩʠʩʪʝʤʳ, ʪʘʢʠʤʠ 

ʢʘʢ ʯʠʩʣʦ ʤʦʣʝʡ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (Nk), ʦʙʲʸʤ (V), ʜʘʚʣʝʥʠʝ (ʈ), 

ʪʝʤʧʝʨʘʪʫʨʘ (ʊ).  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 0

298HD  - ʵʥʪʘʣʴʧʠʷ, 0

298GD  - 

ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ,  )(TfCp= - ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ, 0

298S  - ʵʥʪʨʦʧʠʷ, ʨʘʩʯʸʪ ʵʥʝʨʛʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ, ʘ ʪʘʢʞʝ ʨʘʩʯʸʪʥʳʝ ʚʝʣʠʯʠʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ  ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ï ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ. 

ʆʮʝʥʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ  ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ  ʧʦ ʠʟʤʝʥʝʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʢʘʞʜʦʡ 

ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʦʮʝʥʠʚʘʣʘʩʴ  ʩʦʛʣʘʩʥʦ ʠʟʤʝʥʝʥʠʷʤ  ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʚʝʣʠʯʠʥ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟʤʝ-

ʥʝʥʠʝ 0

298GD  - ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʧʨʦʮʝʩʩʘ ʠ ʨʘʚʥʦ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ ʠ 

ʩʚʷʟʘʥʥʦʡ ʵʥʝʨʛʠʝʡ ʩʠʩʪʝʤʳ (TæS):  

æG = æH ïTæS,                                                                                                           (2.1) 

ʛʜʝ: æS ï ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ  ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʨʘ-

ʚʝʥʩʪʚʦʤ ȹG < 0. ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (2.1), ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʟʥʘʯʝʥʠʝ 

ȹG ʦʧʨʝʜʝʣʝʥʦ ʟʥʘʢʦʤ ȹS ʠ ʝʸ ʟʥʘʯʝʥʠʝʤ. ɽʩʣʠ ʚʝʣʠʯʠʥʘ ȹG ʧʝʨʝʭʦʜʠʪ ʚ ʦʙʣʘʩʪʴ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ, ʪʦ ʝʩʪʴ ʥʝʨʘʚʝʥʩʪʚʦ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ ȹG > 0, ʪʦ ʧʨʦʪʝ-
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ʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚ ʧʨʠʥʮʠʧʝ ʥʝʚʦʟʤʦʞʥʦ, ʘ ʧʨʠ ȹG = 0.ʩʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦ-

ʚʝʩʥʦʡ. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʠʨʫʶʰʠʭ ʚʝʱʝʩʪʚ, ʢ ʢʘʞʜʦʤʫ 

ʠʩʩʣʝʜʫʝʤʦʤʫ ʧʨʦʮʝʩʩʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ. ʆʧʳʪʳ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʪʨʦʛʦ ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ ʨʘʩʯʸʪʫ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ. 

ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʦʙʱʝʤ ʚʠʜʝ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ɜ1ɸ1+ɜ2ɸ2+...+ɜi Ai =ɜ1ǋA1ǋ + ɜ2ǋA2ǋ +...ɜiǋAiǋ,                                                      (2.2) 

ʛʜʝ ɸi ï ʭʠʤʠʯʝʩʢʠʡ ʩʠʤʚʦʣ ʫʯʘʩʪʥʠʢʦʚ ʨʝʘʢʮʠʠ; ɜi ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ɺ ʩʦʢʨʘʱʸʥʥʦʤ ʚʠʜʝ ʦʥʦ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

В ’ὃ В ’ᴂὃᴂ                                                                          (2.3) 

ʀʟʤʝʥʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʮʠʠ ʨʘʩ-

ʩʯʠʪʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʙʦʙɦ ʸʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ:  

Ўὣ В ’ᴂὣᴂ В ’ὣ                                                                 (2.4) 

ʛʜʝ: æY ï ʵʪʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ æH, æS ʠ æG, ὣ̉ ὣᴂ - ʤʦʣʴʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʚʝʱʝʩʪʚ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʨʦʜʫʢʪʘʤ ʨʝʘʢʮʠʠ ʠ 

ʠʩʭʦʜʥʳʤ ʨʝʘʛʝʥʪʘʤ. 

ɼʘʣʝʝ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʡ ʨʘʩʩʯʠʪʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ:  

Ў̊  
̏ Ў̊ ̋̏̎ Ў̊ ̖̉̒,                                                                     (2.5) 

ʠʣʠ ʩʫʤʤʘʨʥʦ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶɦʠʤ ʦʙʨʘʟʦʤ:  

Ў̊  
̏ В ’ Ў̊ ȟ  

 
 В ’ Ў̊ ȟ   

 
Ȣ                             (2.6) 

 ʄʦʣʴʥʳʝ ʪʝʧʣʦʸʤʢʦʩʪʠ ʚʝʱʝʩʪʚ ʨʘʩʩʯʠʪʘʣʠ ʧʦ ʬʦʨʤʫʣʘʤ: 

Ў́ Ў́̋̏̎ Ў́̉̒ȟ̖                                                                                  (2.7) 

Ўὦ Ўὦ̋ ̏̎Ўὦ̉ ̒ȟ̖                                                                                  (2.8) 

Ў̒ Ў̒̋̏̎ Ў̒̉̒Ȣ̖                                                                                   (2.9) 

ʊʝʤʧʝʨʘʪʫʨʥʫ  ʁ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʨʝʘʢʮʠʠ ʨʘʩʩʯʠʪʘʣʠ ʧʦ 

ʫʨʘʚʥʝʥʠʶ ʂʠʨʭʛʦʬʘ: 
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Ў̊ ˟
̏ Ў̊ ̏ Ў́ ˟  298)+ Ўὦςϳ (Ὕ ςωψ Ўὧ ,         (2.10) 

ʠʣʠ ʩʫʤʤʘʨʥʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

Ў̊   
̏ Ў̊   ᷿  

˟
Ў˞ 
 ὨὝȢ                                                                (2.11) 

ʆʪʩʶʜʘ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʩʚʷʟʘʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʥʪʘʣʴʧʠʝʡ ʨʝʘʢʮʠʠ Ў̊ ̏ ʠ ʵʥʪʨʦʧʠʝʡ ʨʝʘʢʮʠʠ 

ЎὛ: 

ὙὝὰὲὑ Ў̊   
̏ ὝЎὛ  ЎὋ  Ȣ                                                         (2.12) 

ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʘʩʩʯʠʪʘʥ-

ʥʳʝ ʧʦ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʬʦʨʤʫʣʘʤ, ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʜʨʘʟʜʝʣʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ.  

 

2.12. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʮʝʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʦï ʠ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ ʢʠʩʣʦʪʥʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ, ʭʣʦʨʠʨʦʚʘʥʠʷ, ʠ ʱʝʣʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʨʦ- ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʯʝʨʝʟ ʧʨʦʛʨʘʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Microsoft 

Office for Windows, Excel 2010. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ. 

ʆʜʥʦʩʪʦʨʦʥʥʠʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʳʙʦʨʢʘʤʠ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥ-

ʜʘʮʠʷʤ, ʧʨʠʚʝʜʸʥʥʳʤ ʚ [381]. ʋʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠʥʠʤʘʣʠ ʜʦʩʪʦʚʝʨʥʳʤ  ʠ 

ʟʥʘʯʠʤʳʤ ʧʨʠ ʨ < 0,05. 
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ɻʃɸɺɸ 3. ʌʀɿʀʂʆïʍʀʄʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʇɽʈɽʈɸɹʆʊʂʀ 

ɹʆʈʆʉʀʃʀʂɸʊʅʆɻʆ ʉʓʈʔʗ ʂʀʉʃʆʊʅʓʄʀ ʉʇʆʉʆɹɸʄʀ 

 

3.1. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʦʨʦï ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʊʘʜʞʠʢʠʩʪʘʥʘ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʦʨʘ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ 

ɺ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʙʦʨ ʤʘʢʩʠʤʘʣʴʥʦ ʪʨʸʭʚʘʣʝʥʪʝʥ ʠ ʦʙʨʘʟʫʝʪ ʩʨʘʚ-

ʥʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʩʦʝʜʠʥʝʥʠʡ. ʆʥ ʠʤʝʝʪ ʦʪʯʸʪʣʠʚʦ ʚʳʨʘʞʝʥʥʳʡ ʤʝ-

ʪʘʣʣʦʠʜʥʳʡ ʭʘʨʘʢʪʝʨ, ʭʦʪʷ ʝʛʦ ʘʥʘʣʦʛʠ ɸl, Gʘ, In, ʊl - ʪʠʧʠʯʥʳʝ ʤʝʪʘʣʣʳ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ ʙʦʨ ʦʙʨʘʟʫʝʪ ʛʦʤʝʦʧʦʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ɹʦʨ ï ʝʜʠʥ-

ʩʪʚʝʥʥʳʡ ʵʣʝʤʝʥʪ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪ 

ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʯʝʪʘʥʠʝʤ ʜʚʫʭ ʬʘʢʪʦʨʦʚ: ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ (3
+
) ʠ ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ ʠʦʥʘ ɺ

+
, ʨʘʚʥʳʤ ʧʨʠʤʝʨʥʦ 0.20 ¡ 

[382] ʠʣʠ 0.23 ¡ [383]. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ɺ(ʆʅ)3 ʙʦʨ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʩʚʦʝʛʦ ʢʘʪʠʦʥʘ ʠ ʙʣʠʟʦʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʢʠʩʣʦ-

ʨʦʜʘ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʤʫ ʷʜʨʫ ʥʘʩʪʦʣʴʢʦ ʩʠʣʴʥʦ ʧʨʠʪʷʛʠʚʘʝʪ ʢ ʩʝʙʝ 

ʢʠʩʣʦʨʦʜ ʛʠʜʨʦʢʩʠʣ-ʠʦʥ, ʯʪʦ ʦʪʨʳʚʘʝʪ ʝʛʦ ʦʪ ʚʦʜʦʨʦʜʘ, ʦʙʨʘʟʫʷ ʧʨʠ ʵʪʦʤ ʘʥʠʦʥʳ 

ɺʆ3
3-
 ʠ 3ʅ

+
, ʯʪʦ ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʢʠʩʣʦʪʥʫʶ ʜʠʩʩʦʮʠʘʮʠʶ. ɺ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠ-

ʷʭ H3BO3, ʪʝʨʷʷ ʤʦʣʝʢʫʣʫ ʚʦʜʳ, ʦʙʨʘʟʫʝʪ ʤʝʪʘʙʦʨʥʫʶ ʢʠʩʣʦʪʫ (ʅɺʆ2) ʠ ʩʣʦʞʥʳʝ 

ʜʠʦʨʪʦʙʦʨʥʫʶ (H4ɺ2O5) ʠ ʪʝʪʨʘʙʦʨʥʫʶ (ʅ2ɺ4ʆ7) ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ ʝʱʸ ʙʦʣʝʝ 

ʩʣʦʞʥʳʝ ʠʟʦʧʦʣʠʢʠʩʣʦʪʳ. ʇʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʙʦʨʥʳʝ ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʩʣʘʙʳʤʠ: 

ʢʦʥʩʪʘʥʪʳ ʠʭ ʜʠʩʩʦʮʠʘʮʠʡ: ʂ = 5.8Ŀ10
-10

 (ʜʣʷ ʅ3ɺʆ3), ʂ = 7.5Ŀ10
-10

 (ʜʣʷ ʅɺʆ2) ʠ ʂ 

=10
-4
 (ʜʣʷ ʅ2 ɺ4ʆ7). ɹʦʨ ʚʝʩʴʤʘ ʠʥʝʨʪʝʥ ʠ ʥʘʧʦʤʠʥʘʝʪ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʢʨʝʤʥʠʡ. 

ʂʘʢ ʚʩʝ ʵʣʝʤʝʥʪʳ ʚʪʦʨʦʛʦ ʧʝʨʠʦʜʘ, ʙʦʨ ʧʨʦʷʚʣʷʝʪ ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦ-

ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ. 

ʈʘʜʠʢʘʣ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩʧʦʩʦʙʝʥ ʪʘʢʞʝ, ʩʦʝʜʠʥʷʷʩʴ ʩ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦ-

ʪʦʡ, ʦʙʨʘʟʦʚʳʚʘʪʴ ʨʷʜ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʣʠʢʘʪʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʠʟ 

ʥʠʭ ʷʚʣʷʶʪʩʷ: 

 - ʜʘʪʦʣʠʪ ï ʉʘ2(OH)2[ɺ2Si2O8], 

- ʘʢʩʠʥʠʪ ï Ca2(Mn,Fe
2+

)Al 2Ŀ(Bʆ3)(ʆH)[Si4ʆ12] ʠ  
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- ʪʫʨʤʘʣʠʥ ï Na(Mg,Fe,ɸl)3ɸl6(ɺʆ3)3(ʆʅ,F)4[Si6ʆ18], 

 ʠ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʘʥʙʫʨʠʪ ï Ca[B2Si2O8]. ɹʦʨʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʦʪʥʦʩʷʪʩʷ ʢ ʙʦʨʦʩʠʣʠʢʘʪʘʤ ï ʜʘʥʙʫʨʠ-

ʪʘʤ (ʠ ʜʘʪʦʣʠʪʘʤ) ʠ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʢʨʫʧʥʳʤʠ ʚ ʨʝʛʠʦʥʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠ-

ʤʠʯʝʩʢʦʛʦ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʥʝʩʢʦʣʴʢʦ ʙʦʨʦʟʜʦʚʳʭ ʧʨʦʙ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʘ ʠ ʦʙʨʘʟʝʮ ʢʦʥʮʝʥ-

ʪʨʘʪʘ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3.1 ʠ 3.2. 

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʥʠʤʦʢ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ ɸʢ-

ɸʨʭʘʨ. 

 

ʉʦʛʣʘʩʥʦ ʩʥʷʪʳʤ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʘ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ 

ʨʫʜʳ ɸʢ-ɸʨʭʘʨʘ ʠ ʝʸ ʢʦʥʮʝʥʪʨʘʪʘ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʚ ʥʠʭ ʢʚʘʨʮʘ,  ʜʘʥʙʫʨʠʪʘ, 

ʧʠʨʦʢʩʝʥʘ, ʜʘʪʦʣʠʪʘ, ʢʘʣʴʮʠʪʘ, ʘʢʩʠʥʠʪʘ ʠ ʜʨ. ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʜʣʷ ʙʦʨʦʩʠʣʠ-

ʢʘʪʥʦʡ ʨʫʜʳ ʷʚʣʷʶʪʩʷ ʨʫʜʦʦʙʨʘʟʫʶʱʠʤʠ. 
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ʈʠʩʫʥʦʢ 3.2 ï ʉʥʠʤʦʢ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ʢʦʥʮʝʥʪʨʘʪʘ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ 

ʨʫʜʳ. 

 

ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ (ʨʠʩʫʥʦʢ 3.1) ʠ 

ʢʦʥʮʝʥʪʨʘʪʘ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ (ʨʠʩʫʥʦʢ 3.2), ʥʝʚʦʦʨʫʞʸʥʥʳʤ ʚʟʛʣʷʜʦʤ ʤʦʞ-

ʥʦ ʟʘʤʝʪʠʪʴ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʥʠʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʨ ʤʦʞʝʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʦʪ 3 ʜʦ 4 ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, 

ʧʦʵʪʦʤʫ ʚʝʨʦʷʪʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ- ʠ ʪʨʸʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʣʦʩʢʠʭ ʙʦʨʦʢʩʦʣʴʥʳʭ ʢʦʣʝʮ ʠʟ ʛʨʫʧʧ [BO3], ʮʝʧʦʯʝʢ ʨʘʟʥʦʡ ʜʣʠʥʳ ʠ ʩʝʪʦʢ ʠʟ 

ʪʝʪʨʘʵʜʨʦʚ [BO4]. ʉʫʱʝʩʪʚʫʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʨʠ ʩʦ-

ʯʣʝʥʝʥʠʠ ʜʘʥʥʳʭ ʧʦʣʠʵʜʨʦʚ. ɺ ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʘʪʦʤ ʙʦʨʘ ʥʘʭʦʜʠʪʩʷ ʥʝ-

ʤʥʦʛʦ ʚʳʰʝ ʧʣʦʩʢʦʩʪʠ, ʦʙʨʘʟʫʝʤʦʡ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʪʦ ʝʩʪʴ ʬʘʢʪʠʯʝʩʢʠ 

ʧʦʣʠʵʜʨ [BO3] ʷʚʣʷʝʪʩʷ ʥʝ ʜʚʫʭ-, ʘ ʪʨʸʭʤʝʨʥʦʡ ʬʠʛʫʨʦʡ ʚ ʚʠʜʝ ʩʠʣʴʥʦ ʠʩʢʘʞʸʥʥʦ-

ʛʦ ʪʝʪʨʘʵʜʨʘ. ɹʦʨ, ʪʝʪʨʘʵʜʨʠʯʝʩʢʠ  ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʧʦ ʢʠʩʣʦʨʦʜʫ, ʩʧʦʩʦʙʝʥ 

ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʩʠʣʠʢʘʪʥʫʶ ʩʝʪʢʫ ʤʠʥʝʨʘʣʦʚ ʜʘʥʙʫʨʠʪʘ ʠ ʜʘʪʦʣʠʪʘ, ʘ ʪʨʸʭʢʦʦʨʜʠ-
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ʥʠʨʦʚʘʥʥʳʡ ʙʦʨ ʦʙʨʘʟʫʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʩʪʘʚʣʷʝʤʫʶ ʣʠʢʚʘʮʠʝʡ. ʅʘ 

ʨʠʩʫʥʢʝ 3.3 ʧʨʠʚʝʜʸʥ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨ (ʀʂʌʉ) ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ.  

 

ʈʠʩʫʥʦʢ 3.3 ï ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨ ʠʩʭʦʜʥʦʡ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ. 

 

ɺ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʝ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ, ʩʥʷʪʦʤ ʚ ʦʙʣʘʩʪʠ 4000-400 ʩʤ
-1
, 

ʯʸʪʢʦ ʚʠʜʥʳ ʧʦʣʦʩʳ ʩʚʷʟʠ ʚ 418, 650
 
ʠ 1118-1119 ʩʤ

-1
. ʇʦʣʦʩʘ ʀʂʌʉ ʧʨʠ 418 ʩʤ

-1
 

ʦʪʥʦʩʠʪʩʷ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ ɺ-ʆ ʚ ʙʦʨʦʢʠʩʣʦʨʦʜʥʦʤ ʤʦʩʪʠʢʝ 

ɺ-ʆ-ɺ. ɺʠʜʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚʘ ʦʯʝʥʴ ʥʠʟʢʦʝ, ʧʦʵʪʦʤʫ ʪʦʯʥʦ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʘ ʩʚʷʟʴ ʦʪʥʦʩʠʪʩʷ ʢ ʦʢʩʠʜʫ ʙʦʨʘ. ʇʦʣʦʩʘ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʧʨʠ 650 ʩʤ
-1 
ʦʙʫʩʣʦʚʣʝʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʘʪʦʤʦʚ ʚ ʩʚʷʟʠ ɺ-

ʆ. ʉʣʘʙʳʝ ʧʦʣʦʩʳ ʧʨʠ 1118-1119 ʩʤ
-1
 ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʝ ʛʨʫʧ-

ʧʳ [BO4], ʚʦʟʤʦʞʥʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʤʠʥʝʨʘʣʦʚ ʜʘʥʙʫʨʠʪʘ ʠ ʜʘʪʦʣʠʪʘ 

ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ. ʊʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʀʂʌʉ ʫʩʪʘʥʦʚʣʝʥʘ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʤʦ-

ʣʝʢʫʣ (ʠʣʠ ʚʨʘʱʘʪʝʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʦʤʝʥʪʦʚ ʩʠʩʪʝʤ) ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʈʘʤʘʥʦʚʩʢʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʧʝʢ-

ʪʨʦʩʢʦʧʠʶ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʥʝʵʣʘʩʪʠʯʥʦ ʨʘʩʩʝʷʥʥʳʤ ʩʚʝʪʦʤ ʠ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥ-

ʪʠʬʠʮʠʨʦʚʘʪʴ ʚʠʙʨʘʮʠʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣ. ʇʦʵʪʦʤʫ ʨʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦ-

ʩʢʦʧʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʚʷʟʝʡ, ʪʘʢʠʝ ʢʘʢ ʠʟʤʝʥʝʥʠʝ, 

ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚ. ʅʘ ʨʠʩʫʥʢʝ 3.4 ʧʨʠʚʝʜʸʥ ʨʘʤʘʥʦʚʩʢʠʡ ʩʧʝʢʪʨ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ 

ʨʫʜʳ. 
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ʈʠʩʫʥʦʢ 3.4 ï ʈʘʤʘʥʦʚʩʢʠʡ ʩʧʝʢʪʨ ʠʩʭʦʜʥʦʡ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ. 

 

ʈʘʤʘʥʦʚʩʢʠʡ ʩʧʝʢʪʨ ʧʦʣʫʯʝʥ ʚ ʦʙʣʘʩʪʠ 100-1400 ʩʤ
-1
 ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

STRam. ʀʟ ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʢʘʢ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʦʟʜʘʸʪ ʠʟʤʝʥʷʝʤʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʱʝʝ ʩ ʤʦʣʝʢʫʣʘʤʠ ʤʠʥʝʨʘʣʦʚ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ ʯʝʨʝʟ ʵʬʬʝʢʪ ʧʦʣʷʨʠʟʘ-

ʮʠʠ, ʣʠʥʠʠ ʢʦʪʦʨʳʭ ʫʢʘʟʘʥʳ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʘʤʠ ʚ 10, 20, 30, 40 ccw ʠ ʜʝʧʦʣʷʨʠ-

ʟʫʝʤʘʷ ʯʘʩʪʴ ʩʧʝʢʪʨʘ ʚʳʜʝʣʝʥʘ ʯʸʨʥʳʤ ʮʚʝʪʦʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʦʣʝʤ. 

ɹʦʨʦʩʠʣʠʢʘʪʥʘʷ ʨʫʜʘ ï ʜʘʥʙʫʨʠʪ ʤʘʣʦ ʨʘʟʣʘʛʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʤ ʚʠʜʝ. 

ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʠʥʪʝʨʚʘʣʝ 950-980Áʉ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʦʙʦʞ-

ʞʸʥʥʦʡ ʨʫʜʳ (ʪʘʢʞʝ ʝʸ ʢʦʥʮʝʥʪʨʘʪʘ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. ɼʣʷ ʨʘʟʣʦ-

ʞʝʥʠʷ ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʨʫʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʣʷʥʫʶ, ʩʝʨʥʫʶ, ʘʟʦʪʥʫʶ ʢʠʩʣʦʪʫ, 

ʱʸʣʦʯʴ (ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ) ʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʨ ʦʙʨʘʟʫʝʪ ʪʦʣʴʢʦ ʢʠʩʣʦʨʦʜʥʳʝ ʠ ʨʝʞʝ - ʬʪʦʨʠʩʪʳʝ ʩʦʝʜʠ-

ʥʝʥʠʷ. ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʫ ʥʝʛʦ ʩʠʜʝʨʦʬʠʣʴʥʦʡ ʠ ʭʘʣʴʢʦʬʠʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʦʥ 

ʥʝ ʦʙʨʘʟʫʝʪ ʩʫʣʴʬʠʜʦʚ, ʩʫʣʴʬʘʪʦʚ ʠ ʥʠʪʨʘʪʦʚ. ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʜʥʠʤ ʠʟ ʝʛʦ 

ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ. ʕʪʦ ʦʙʲʷʩʥʷ-

ʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʘʪʠʦʥ ʙʦʨʘ ʦʙʣʘʜʘʝʪ ʥʝʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʚʘʣʝʥʪʥʦʩʪʴʶ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʢ ʠʟʦʧʦʣʠʢʠʩʣʦʪ, ʪʘʢ ʠ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪ ʙʦʨ 

ʦʙʣʘʜʘʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ 3-4 ʠ ʠʛʨʘʝʪ ʨʦʣʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ, ʘ ʩʠʣʠ-
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ʢʘʪʳ ʠ ʜʨʫʛʠʝ ʘʥʠʦʥʳ ʠʛʨʘʶʪ ï ʨʦʣʴ ʘʜʝʥʜʦʚ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʩʦʩʪʘʚʘ, ʩʠʨʣʝʟʠʪʘ ï 

Naɺ(SiO3)2Ŀʅ2ʆ. 

ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʩʯʠʪʘʝʤ ʚʝʨʦʷʪʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʢʩʠʜʘ ʙʦʨʘ ʩ ʢʠʩʣʦʪʘʤʠ, ʢʘʢ ʩʦʣʷʥʘʷ, 

ʩʝʨʥʘʷ ʠ ʘʟʦʪʥʘʷ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʠʟʚʣʝʯʝʥʠʝ ʙʦʨʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʦʢʩʠʜʦʤ ʙʦʨʘ ʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ ʨʘʟ-

ʣʦʞʝʥʠʠ ʙʦʨʥʦʡ ʨʫʜʳ ʧʨʦʪʝʢʘʝʪ ʚ ʪʨʠ ʩʪʘʜʠʠ, ʩʥʘʯʘʣʘ ʦʙʨʘʟʫʝʪʩʷ ʛʠʜʨʦʢʩʦʜʠ-

ʭʣʦʨʠʜ ʙʦʨʘ ʠʟ-ʟʘ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ: 

2ɺ2O3 + 8ʅCl = 4ɺ(ʆʅ)Cl2 + 2ʅ2ʆ,                                                        (3.1) 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʚʦʜʦʡ, ʦʙʨʘʟʫʝʪ ʜʠʛʠʜʨʦʢʩʦʭʣʦʨʠʜ ʙʦʨʘ 

ʧʦ ʫʨʘʚʥʝʥʠʶ: 

ɺ(ʆʅ)Cl2 + ʅ2ʆ = ɺ(ʆʅ)2Cl + ʅCl,                                                        (3.2) 

ʜʠʛʠʜʨʦʢʩʦʭʣʦʨʠʜ ʙʦʨʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʚʦʜʦʡ, ʦʙʨʘʟʫʝʪ 

ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ: 

ɺ(ʆʅ)2Cl + ʅ2ʆ = ɺ(ʆʅ)3 + ʅCl.                                                            (3.3) 

ʈʝʘʢʮʠʷ ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʙʦʞʞʸʥʥʦʡ ʙʦʨʥʦʡ ʨʫʜʳ ʘʥʘʣʦʛʠʯ-

ʥʘ, ʢʘʢ ʧʨʠ ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʥʘʯʘʣʘ ʦʙʨʘʟʫʝʪ-

ʩʷ ʛʠʜʨʦʢʩʦʩʫʣʴʬʘʪ ʙʦʨʘ: 

ɺ2O3 + 2ʅ2SO4 = 2ɺ(ʆʅ)SO4 + ʅ2ʆ,                                                       (3.4) 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʚʦʜʦʡ, ʦʙʨʘʟʫʝʪ ʜʠʛʠʜʨʦʢʩʦʩʫʣʴʬʘʪ ʙʦʨʘ 

ʧʦ ʫʨʘʚʥʝʥʠʶ: 

ɺ(ʆʅ)SO4 + ʅ2ʆ = (ɺ(ʆʅ)2)2SO4 + ʅ2SO4,                                             (3.5) 

ʜʠʛʠʜʨʦʢʩʦʩʫʣʴʬʘʪ ʙʦʨʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʚʦʜʦʡ, ʦʙʨʘʟʫʝʪ ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ 

ʧʦ ʫʨʘʚʥʝʥʠʶ: 

(ɺ(ʆʅ)2)2SO4  + 2ʅ2ʆ = 2ɺ(ʆʅ)3 + ʅ2SO4.                                             (3.6) 

ɼʣʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʦʢʩʠʜʦʤ ʙʦʨʘ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ 

ʧʨʦʪʝʢʘʝʪ ʘʥʘʣʦʛʠʯʥʦ, ʢʘʢ ʧʨʠ ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʤ ʠ ʩʝʨʥʦʢʠʩʣʦʪʥʦʤ ʨʘʟʣʦʞʝʥʠʠ, ʚ 

ʪʨʠ ʩʪʘʜʠʠ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʦʜʠʥʠʪʨʘʪʘ ʙʦʨʘ: 
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2ɺ2O3 + 8ʅNO3 = 4ɺʆʅ(NO3)2 + 2ʅ2ʆ,                                                (3.7) 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʚʦʜʦʡ, ʦʙʨʘʟʫʝʪ ʜʠʛʠʜʨʦʢʩʦʥʠʪʨʘʪ ʙʦʨʘ ʧʦ 

ʫʨʘʚʥʝʥʠʶ: 

ɺʆʅ(NO3)2 + ʅ2ʆ = ɺ(ʆʅ)2NO3 + ʅNO3,                                            (3.8) 

ʜʠʛʠʜʨʦʢʩʦʥʠʪʨʘʪ ʙʦʨʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʚʦʜʦʡ, ʦʙʨʘʟʫʝʪ ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ 

ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ: 

ɺ(ʆʅ)2NO3 + ʅ2ʆ = ɺ(ʆʅ)3 + ʅNO3.                                                   (3.9) 

ʇʦ ʩʫʪʠ, ʦʢʩʠʜ ʙʦʨʘ ʭʦʪʷ ʥʝ ʦʙʨʘʟʫʝʪ ʭʣʦʨʠʜʦʚ, ʩʫʣʴʬʘʪʦʚ ʠ ʥʠʪʨʘʪʦʚ ʧʦ ʪʘ-

ʢʦʡ ʩʭʝʤʝ ʦʙʨʘʙʦʪʢʠ, ʥʦ ʥʝ ʠʩʢʣʶʯʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʝʨʭ ʠʟʣʦʞʝʥʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʟʘ ʩʯʸʪ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʙʦʨʘ ʠ ʚ ʧʨʦʤʝʞʫʪʢʝ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩ-

ʪʚʦʨʘ ʧʨʠ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ ʨʫʜ ɸʢ-ɸʨʭʘʨ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʪʦʚ. 

ʇʦ ʩʥʠʞʝʥʠʶ ʢʠʩʣʦʪʥʦʩʪʠ (ʨʅ) ʩʨʝʜʳ ʦʥʠ ʥʘʯʠʥʘʶʪ ʨʘʟʣʘʛʘʪʴʩʷ, ʦʙʨʘʟʫʷ ʙʦʨʥʫʶ 

ʢʠʩʣʦʪʫ ʚ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ. ɺʠʜʠʤʦ ʩʥʘʯʘʣʘ ʢʠʩʣʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʙʦʣʝʝ 

ʘʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʢʘʣʴʮʠʪ, ʦʢʩʠʜʳ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ, ʘ ʧʘʩ-

ʩʠʚʥʳʝ, ʢʘʢ ʦʢʩʠʜ ʙʦʨʘ, ʦʩʪʘʶʪʩʷ ʥʝʟʘʪʨʦʥʫʪʳʤ ʠʣʠ ʞʝ ʯʘʩʪʠʯʥʦ ʧʨʦʨʝʘʛʠʨʦʚʘʥ-

ʥʳʤʠ. 

ʇʦʵʪʦʤʫ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʙʦʨʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʩʪʘʸʪʩʷ ʥʠʟʢʦʡ ʠ 

ʜʦʟʠʨʦʚʢʘ ʢʠʩʣʦʪʳ ʪʦʞʝ ʚʳʰʝ ʧʦʯʪʠ ʥʘ ʧʦʣʦʚʠʥʫ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ 

(140%). 

ʀʟ ʧʨʘʢʪʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʢʩʠʜ ʙʦʨʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʢʠʩʣʦʪʘʤʠ, ʦʙʨʘʟʫ-

ʝʪ ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ, ʘ ʠʟ ʥʝʛʦ ʧʦʣʫʯʘʶʪ ʙʫʨʫ ʠʣʠ ʦʩʪʘʣʴʥʳʝ ʙʦʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ɺ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʦʣʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ 

ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʙʦʨʘʪʦʚ ʠʟ 

ʨʘʩʪʚʦʨʘ ʦʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʶʪʩʷ pH ʩʨʝʜʳ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʢʘʪʠʦʥʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ [384]. ʇʣʦʩʢʠʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʛʨʫʧʧʳ 

ɺʆ3 ʤʦʛʫʪ ʩʦʝʜʠʥʷʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʦʙʱʠʝ ʚʝʨʰʠʥʳ, ʦʙʨʘʟʫʷ ʙʝʩʢʦʥʝʯʥʳʝ 

ʮʝʧʠ, ʘʥʘʣʦʛʠʯʥʳʝ ʧʠʨʦʢʩʝʥʘʤ ʩ ʬʦʨʤʫʣʦʡ ɺʆ2. ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʤʝʪʘ-

ʙʦʨʘʪʳ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ï Na3B3ʆ6 ʠ K3B3ʆ6. 

ʊʝʪʨʘʙʦʨʘʪ ʥʘʪʨʠʷ, ʠʣʠ ʙʫʨʘ, ʩʦʜʝʨʞʠʪ ʠʦʥʳ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ɺ4ʆ7
2-
, ʚʝ-

ʨʦʷʪʥʦ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʜʚʦʡʥʳʭ ʮʝʧʝʡ, ʘʥʘʣʦʛʠʯʥʦ ʘʤʬʠʙʦʣʘʤ. ʉʣʝʜʫʝʪ ʦʩʦ-
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ʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʣʴʢʦ ʙʦʨʘʪʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ ʠ ʦʩʦʙʝʥʥʦ ʙʦʨʦʩʠʣʠʢʘʪʳ ʷʚʣʷʶʪʩʷ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʤʠ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʙʦʨ-

ʥʦʡ ʢʠʩʣʦʪʳ ʷʚʣʷʝʪʩʷ pH ʩʨʝʜʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʩ ʠʟ-

ʤʝʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʙʦʨʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ 

(pH=9) ʩʦʚʤʝʩʪʥʦʝ ʦʩʘʞʜʝʥʠʝ ʙʦʨʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʢʦʥʢʫʨʠʨʫʶ-

ʱʠʤ ʚʣʠʷʥʠʝʤ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ [385]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷʭ ʙʦʨʘ ʚ ʨʘʩʪʚʦʨʝ, ʩʦʩʪʘʚʣʷʶʱʠʭ 5Ŀ10
-4
, 5Ŀ10

-3 
ʠ 5Ŀ10

-2 
%, ʩʦʚʤʝʩʪʥʦʝ 

ʦʩʘʞʜʝʥʠʝ ʙʦʨʘ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʠ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʙʦʨʘ ʚ ʨʘʩʪʚʦʨʘʭ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʪʝʨʤʦʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ ʙʦʨ-ʚʦʜʘ. ʈʘʩʯʸʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠ-

ʯʠʥ ʙʦʨʘ ʠ ʝʛʦ ʛʠʜʨʦʣʠʟʥʳʭ ʬʦʨʤ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʵʣʝʤʝʥʪʘʤʠ III ʛʨʫʧ-

ʧʳ [386]. ɼʣʷ ʵʣʝʤʝʥʪʦʚ III ʛʨʫʧʧʳ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʤʦʥʦʷʜʝʨʥʦʛʦ ʛʠʜʨʦʣʠʟʘ 

[387, 388]. ɼʣʷ ʙʦʨʘ ʤʦʥʦʷʜʝʨʥʳʡ ʛʠʜʨʦʣʠʟ ʜʦʣʞʝʥ ʧʨʦʪʝʢʘʪʴ ʧʦ ʩʭʝʤʝ: 

ɺ
3+
Ÿ ɺ(ʆʅ)

2+
Ÿ ɺ(ʆʅ)2

+
Ÿ ɺ(ʆʅ)3

ʦ 
Ÿ ɺ(ʆʅ)4

- 
Ÿ ɺ(ʆʅ)5

2- 
Ÿ ɺ(ʆʅ)6

3-
. 

ɼʣʷ ʢʘʞʜʦʡ ʛʠʜʨʦʣʠʟʥʦʡ ʬʦʨʤʳ ʠʦʥʦʚ ʙʦʨʘ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʷ ʩʦ-

ʩʪʦʷʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ [389] (ʪʘʙʣʠʮʘ 3.1 ʠ ʨʠʩʫʥʦʢ 3.5). 

 

ʊʘʙʣʠʮʘ 3.1 ï ʋʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʣʠʟʥʳʭ ʬʦʨʤ ʙʦʨʘ ʚ ʨʘʟʥʳʭ ʨʅ 

ʈʝʘʢʮʠʷ ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʂʨ 

ɺ
3+
+ʅ20 = ɺ(ʆʅ)

2+
+ʅ

+
 lg[{ɺ(ʆʅ)

2+
} :{B

3+
}]=  -6.82+pH -6.82 

ɺ(ʆʅ)
2+
+ʅ2ʆ=ɺ(ʆʅ)2

+
+ʅ

+
 lg[{ɺ(ʆʅ)2

+
}:{ɺ(ʆʅ)

2+
}] = -7.12+pH -7.12 

ɺ(ʆʅ)2
+
+ʅ2ʆ=ɺ(ʆʅ)3

ʦ
+ʅ

+
 lg[{ɺ(ʆʅ)3

ʦ
}:{ɺ(ʆʅ)2

+
}] = -7.62+pH -7.62 

ɺ(ʆʅ)3
ʦ
+ʅ2ʆ=ɺ(ʆʅ)4

-
+ʅ

+
 lg[{ɺ(ʆʅ)4

-
}:{ɺ(ʆʅ)3

ʦ
}] = -9.20+pH -9.20 

ɺ(ʆʅ)4
-
+ ʅ2ʆ=ɺ(ʆʅ)5

2-
+ʅ

+
 lg[{ɺ(ʆʅ)5

2-
}:{ɺ(ʆʅ)4

-
} ]= -12.10+pH -12.10 

ɺ(ʆʅ)5
2-
+ʅ2ʆ=ɺ(ʆʅ)6

3-
+ʅ

+
 lg[{ɺ(ʆʅ)6

3-
}:{ɺ(ʆʅ)5

2-
}] = -13.40+pH -13.40 
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ɼʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟʘ ʙʦʨʘ ʟʘʚʠʩʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʦʪ pH ʩʨʝʜʳ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʠʥʪʝʨʝʩʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʫʢʘʟʘʥʥʳʡ ʧʨʦʮʝʩʩ ʚ ʢʦʦʨ-

ʜʠʥʘʪʘʭ pH - ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʙʦʨʘ. 

 

ʈʠʩʫʥʦʢ 3.5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʣʠʟʥʳʭ ʬʦʨʤ ʙʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH 

ʩʨʝʜʳ 

 

ʀʟ ʨʠʩʫʥʢʘ 3.5 ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ pH ʩʨʝʜʳ ʨʘʩʪʚʦʨʘ ʫʩʣʦʞʥʷʶʪʩʷ 

ʬʦʨʤr ʠʦʥʦʚ ʙʦʨʘ ʦʪ ɺ
3+

 ʜʦ ɺ(ʆʅ)6
3-
: 

ï ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷ-

ʞʝʥʥʳʝ ʠʦʥʳ ʙʦʨʘ;  

ï ʧʨʠ pH < 5 ʦʩʥʦʚʥʦʡ ʬʦʨʤʦʡ ʥʘʭʦʞʜʝʥʠʷ ʙʦʨʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʷʚʣʷ-

ʝʪʩʷ ɺ
3+

aq; 

ï ʚ ʠʥʪʝʨʚʘʣʝ pH=5-7 ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʠʦʥʳ ɺ(Oʅ)
2+

 ʠ ɺ(Oʅ)2
+
; 

ï ʩ ʫʚʝʣʠʯʝʥʠʝʤ pH ʩʨʝʜʳ ʚʳʰʝ 7.5 ʛʣʘʚʥʦʡ ʬʦʨʤʦʡ ʙʦʨʘ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʷʚʣʷʶʪʩʷ ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʝʸ ʛʠʜ-

ʨʦʢʩʦʢʦʤʧʣʝʢʩʳ; 

ï ʚ ʠʥʪʝʨʚʘʣʝ pH=9.5-12 ʛʣʘʚʥʦʡ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʦʡ ʙʦʨʘ ʷʚʣʷʝʪʩʷ 

ɺ(ʆʅ)4
-
; 

ï ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʦʨʘ (ʥʠʟʢʠʭ ʝʛʦ ʘʢʪʠʚʥʦʩʪʝʡ) ʚʦʟʤʦʞʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ ʙʦʨʘ ʩ ʦʩ-

ʚʦʙʦʞʜʝʥʠʝʤ ɺ
3+

 ʠ ʟʜʝʩʴ ʚʦʟʤʦʞʥʳ ʨʝʘʢʮʠʠ ʪʠʧʘ: 


