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ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʤʽʩʪʠʪʴ ʟʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʰʪʫʯʥʠʭ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʘʢʦʞ ʥʘʜʘʻʪʴʩʷ 

ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʧʝʪʨʦʛʨʘʬʽʯʥʠʡ ʦʧʠʩ ʛʦʣʦʚʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʪʝʭʥʽʯʥʦʛʦ 

ʢʘʤʽʥʥʷ: ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ, ʧʨʦʜʫʢʪʽʚ ʩʢʣʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʰʣʘʢʽʚ, ʟʘʣʽʟʦʨʫʜʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ ʪʘ ʦʢʘʪʠʰʽʚ, ʢʝʨʘʤʽʯʥʠʭ, ʚʦʛʥʝʪʨʠʚʢʠʭ ʪʘ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʚôʷʞʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʢʨʝʤʦ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ.  

ɼʣʷ ʩʪʫʜʝʥʪʽʚ, ʥʘʫʢʦʚʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʪʘ ʚʠʨʦʙʥʠʯʥʠʢʽʚ ʛʝʦʣʦʛʽʯʥʦʾ 

ʛʘʣʫʟʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʬʘʭʽʚʮʽʚ ʚ ʛʘʣʫʟʽ ʤʝʪʘʣʫʨʛʽʾ, ʙʫʜʽʚʥʠʮʪʚʘ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, 

ʭʽʤʽʾ, ʘʨʭʝʦʣʦʛʽʾ ʪʘ ʢʨʠʤʽʥʘʣʽʩʪʠʢʠ. 
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ɺʉʊʋʇ 

 

 

 

ʇʝʪʨʦʛʨʘʬʽʶ ʟʘʟʚʠʯʘʡ ʚʚʘʞʘʶʪʴ ʩʫʪʦ ʛʝʦʣʦʛʽʯʥʦʶ ʜʠʩʮʠʧʣʽʥʦʶ, ʱʦ 

ʟʘʡʤʘʻʪʴʩʷ ʚʠʚʯʝʥʥʷʤ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ ï ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. ɹʘʟʘʣʴʪʠ, ʛʨʘʥʽʪʠ, 

ʚʘʧʥʷʢʠ, ʧʽʩʢʦʚʠʢʠ, ʛʥʝʡʩʠ, ʤʘʨʤʫʨʠ ʪʘ ʽʥʰʽ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ ʟʜʘʚʥʘ ʧʨʠʚʝʨʪʘʶʪʴ 

ʫʚʘʛʫ ʛʝʦʣʦʛʽʚ ʽ ʩʣʫʛʫʶʪʴ ʪʨʘʜʠʮʽʡʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʘʩʠʯʥʦʾ 

ʧʝʪʨʦʛʨʘʬʽʾ. ʊʠʤ ʥʝ ʤʝʥʰʝ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʝʨʰʦʾ ʧʦʣʦʚʠʥʠ ʍʍ ʩʪʦʨʽʯʯʷ, ʫ 

ʩʬʝʨʫ ʽʥʪʝʨʝʩʽʚ ʧʝʪʨʦʛʨʘʬʽʚ ʫʩʝ ʯʘʩʪʽʰʝ ʧʦʯʘʣʠ ʧʦʪʨʘʧʣʷʪʠ ʡ hʪʫʯʥʽ ʢʘʤôʷʥʽ 

ʤʘʪʝʨʽʘʣʠ ï ʤʝʪʘʣʫʨʛʽʡʥʽ ʰʣʘʢʠ, ʚʦʛʥʝʪʨʠʚʠ, ʩʢʣʦ, ʢʝʨʘʤʽʢʘ, ʚôʷʞʫʯʽ ʪʘ ʽʥ. ɿ 

ʮʴʦʛʦ ʯʘʩʫ, ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʥʘʛʘʣʴʥʽ ʧʦʪʨʝʙʠ ʤʝʪʘʣʫʨʛʽʡʥʦʾ, ʩʠʣʽʢʘʪʥʦʾ ʪʘ 

ʙʫʜʽʚʝʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʙʫʣʦ ʟʘʧʦʯʘʪʢʦʚʘʥʦ ʥʦʚʠʡ ʧʨʠʢʣʘʜʥʠʡ ʥʘʧʨʷʤʦʢ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʧʝʪʨʦʛʨʘʬʽ ʁ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʘʙʦ 

ʩʢʦʨʦʯʝʥʦ ï ʪʝʭʥʽʯʥʫ ʧʝʪʨʦʛʨʘʬʽ.ʁ ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʽʡ 

ʛʘʣʫʟʽ ʫʟʘʛʘʣʴʥʝʥʽ ʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽʡ ʤʦʥʦʛʨʘʬʽʾ ɼ.ʉ.ɹʝʣʷʥʢʽʥʘ, ɹ.ɺ.ɯʚʘʥʦʚʘ ʪʘ 

ɺ.ɺ.ʃʘʧʽʥʘ çʇʝʪʨʦʛʨʘʬʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʘʤʥʷè, ʷʢʘ ʙʫʣʘ ʚʠʜʘʥʘ ʱʝ ʫ 1952 

ʨʦʮʽ, ʘʣʝ ʡ ʜʦʩʽ ʻ ʥʘʩʪʽʣʴʥʦʶ ʢʥʠʛʦʶ ʬʘʭʽʚʮʽʚ, ʱʦ ʧʨʦʬʝʩʽʡʥʦ ʟʘʡʤʘʶʪʴʩʷ 

ʰʪʫʯʥʠʤʠ ʢʘʤôʷʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ɹʽʣʴʰ ʘʜʘʧʪʦʚʘʥʠʡ ʜʦ ʦʩʚʽʪʥʽʭ ʚʠʤʦʛ 

ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ɹʘʪʘʥʦʚʦʾ ɸ.ʄ. ʪʘ ɹʦʟʘʜʞʠʻʚʘ ʃ.ʉ. çʊʝʭʥʠʯʝʩʢʘʷ 

ʧʝʪʨʦʛʨʘʬʠʷè ʙʫʚ ʥʘʜʨʫʢʦʚʘʥʠʡ ʫ 1987 ʨʦʮʽ. ɸʣʝ ʟʘʥʘʜʪʦ ʤʘʣʠʡ ʪʠʨʘʞ ʘʞ ʥʽʷʢ 

ʥʝ ʟʘʜʦʚʦʣʴʥʠʚ ʧʦʧʠʪʫ ʪʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ, ʫ ʷʢʠʭ ʚʠʢʣʘʜʘʻʪʴʩʷ ʮʷ 

ʜʠʩʮʠʧʣʽʥʘ. ʊʘ ʡ ʩʘʤʘ ʪʝʭʥʽʯʥʘ ʧʝʪʨʦʛʨʘʬʽʷ ʟ ʪʦʛʦ ʯʘʩʫ ʦʪʨʠʤʘʣʘ ʥʦʚʦʛʦ 

ʨʦʟʚʠʪʢʫ ʫ ʟʚôʷʟʢʫ ʟ ʰʠʨʦʢʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʥʘʩʘʤʧʝʨʝʜ ï ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ ʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ, 

ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʠʣʦ ʘʩʦʨʪʠʤʝʥʪ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ.  

ʋ ʂʠʾʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥ ̔ ʥʘʚʯʘʣʴʥ ̔ ʢʫʨʩʠ çʊʝʭʥʽʯʥʘ ʤʽʥʝʨʘʣʦʛʽʷ ʪʘ ʧʝʪʨʦʛʨʘʬʽʷè ʪʘ 

çʊʝʭʥʽʯʥʘ ʧʝʪʨʦʛʨʘʬʽʷè ʚʧʝʨʰʝ ʟʘʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʥʥʷ ʥʘ ʛʝʦʣʦʛʽʯʥʦʤʫ 

ʬʘʢʫʣʴʪʝʪ ̔(ʥʠʥʽ ʅʅɯ çɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʾè) ʫ 90-ʭ ʨʦʢʘʭ ʍʍ ʩʪʦʨʽʯʯʷ. ɿ 2000 

ʨʦʢʫ ʥʘʚʯʘʣʴʥʘ ʜʠʩʮʠʧʣʽʥʘ çʇʝʪʨʦʛʨʘʬʽʷ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷè ʧʦʩʪʽʡʥʦ 

ʚʠʢʣʘʜʘʻʪʴʩʷ ʜʣʷ ʩʪʫʜʝʥʪʽʚ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʚʠʚʯʝʥʽ ʤʽʥʝʨʘʣʴʥʦʾ 

ʨʝʯʦʚʠʥʠ. ɹʽʣɹh  ʥʽʞ 20-ʪʠ ʨʽʯʥʠʡ ʜʦʩʚʽʜ ʥʘʚʯʘʣʴʥʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ 

ʛʘʣʫʟʽ ʜʦʩʣʽʜʞʝʥʥʷ ʰʪʫʯʥʠʭ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ  ʥʘʨʘʟʽ ʚʠʩʚʽʪʣʝʥʠʡ ʫ ʣʝʢʮʽʷʭ, 

ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤʘʭ, ʥʘʫʢʦʚʠʭ ʜʦʧʦʚʽʜʷʭ ʪʘ ʟʚʽʪʘʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʢʘʬʝʜʨʠ 

ʤʽʥʝʨʘʣʦʛʽʾ, ʛʝʦʭʽʤʽʾ ʪʘ ʧʝʪʨʦʛʨʘʬʽʾ ʅʅɯ çɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʾè. ʅʝʚʧʠʥʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ ʨʦʙʽʪ ʙʘʢʘʣʘʚʨʘ, ʤʘʛʽʩʪʨʘ ʪʘ ʢʘʥʜʠʜʘʪʘ 

ʥʘʫʢ, ʧʨʠʩʚʷʯʝʥʠʭ ʮʽʡ ʪʝʤʘʪʠʮʽ. ʅʘʨʝʰʪʽ, ʮʽʣʢʦʤ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʻ ʧʦʜʘʣʴʰʝ 

ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʬʘʭʽʚʮʽʚ, ʟʜʘʪʥʠʭ ʜʦʩʣʽʜʞʫʚʘʪʠ ʪʝʭʥʽʯʥʝ ʢʘʤ̔ʥʥ.̫ ʋʩʝ 

ʟʘʟʥʘʯʝʥʝ ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʚʪʦʨʦʤ ʥʘʚʯʘʣʴʥʦʛʦ 

ʧʦʩʽʙʥʠʢʘ çʇʝʪʨʦʛʨʘʬʽʷ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷè.   

ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ çʇʝʪʨʦʛʨʘʬʽʷ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷè ʣʦʛʽʯʥʠʤ ʯʠʥʦʤ 

ʧʨʦʜʦʚʞʫʻ ʮʠʢʣ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʧʝʪʨʦʛʨʘʬʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʦʧʫʙʣʽʢʦʚʘʥʠʡ ʥʘ 

ʢʘʬʝʜʨʽ ʤʽʥʝʨʘʣʦʛʽʾ, ʛʝʦʭʽʤʽʾ ʪʘ ʧʝʪʨʦʛʨʘʬʽʾ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʧʦʩʽʙʥʠʢʠ 

çʇʝʪʨʦʛʨʘʬʽʷ ʤʘʛʤʘʪʠʯʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜè (ʘʚʪʦʨʠ ï ʄʦʣʷʚʢʦ ɺ.ɻ ʪʘ ʇʘʚʣʦʚ 

ɻ.ɻ., 2002), çʇʝʪʨʦʛʨʘʬʽʷ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜè (ʇʘʚʣʦʚ ɻ.ɻ. ʪʘ 
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ʄʦʣʷʚʢʦ ɺ.ɻ., 2003). çʇʝʪʨʦʛʨʘʬʽʷ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷè ʜʘʻ ʟʘʛʘʣʴʥʝ ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʰʪʫʯʥʠʭ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ̔ ʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʦʪʨʠʤʘʥʥʷ 

ʪʘ ʛʘʣʫʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʝʯʦʚʠʥʥʦʤʫ ʩʢʣʘʜʫ ʪʘ 

ʙʫʜʦʚʽ ʛʦʣʦʚʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʦʩʪʷʤ ʾʭ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʪʨʦʛʨʘʬʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʋʩʝ ʧʝʨʝʣʽʯʝʥʝ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ 

ʪʘ ʧʦʛʣʠʙʠʪʠ ʟʥʘʥʥʷ ʧʨʦ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ ʪʘ ʧʦʨʦʜʦʪʚʽʨʥʽ ʤʽʥʝʨʘʣʠ, ʦʪʨʠʤʘʥʥʽ 

ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʢʫʨʩʽʚ çʄʽʥʝʨʘʣʦʛʽʷè, «ʇʝʪʨʦʛʨʘʬʽè̫ ʪʘ 

«ʃ̔ ʪʦʣʦʛʽ»̫. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʦʧʘʥʫʚʘʥʥʷ ʥʘʚʠʯʢʘʤʠ ʧʝʪʨʦʛʨʘʬʽʯʥʦʛʦ ʦʧʠʩʫ ʪʘ 

ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʻ ʥʝʤʦʞʣʠʚʠʤ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʚʯʝʥʥʷ 

ʜʠʩʮʠʧʣʽʥʠ çʄʽʢʨʦʩʢʦʧʽʯʥ ̔ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜè. ʂʨʽʤ 

ʩʪʫʜʝʥʪʽʚ, ʥʘʫʢʦʚʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʪʘ ʚʠʨʦʙʥʠʯʥʠʢʽʚ ʛʝʦʣʦʛʽʯʥʦʾ ʛʘʣʫʟʽ, 

ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʣʷ ʦʟʥʘʡʦʤʣʝʥʥʷ ʬʘʭʽʚʮʷʤ ʚ 

ʛʘʣʫʟʽ ʤʝʪʘʣʫʨʛʽʾ, ʙʫʜʽʚʥʠʮʪʚʘ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, ʭʽʤʽʾ, ʘʨʭʝʦʣʦʛʽʾ ʪʘ 

ʢʨʠʤʽʥʘʣʽʩʪʠʢʠ.    

 

ʇʈʀʁʅʗʊɯ ʉʂʆʈʆʏɽʅʅʗ: 

 

 

 

 

 

 

 

 

ʚʘʛ. % ï ʚʘʛʦʚʽ ʚʽʜʩʦʪʢʠ 

ʢ. ʙ. ï ʢʘʥʘʜʩʴʢʠʡ ʙʘʣʴʟʘʤ 

ʤʢʤ ï ʤʽʢʨʦʤʝʪʨ (ʤʽʢʨʦʥ), 10-6 ʤʝʪʨʘ 

ʤʤ ï ʤʽʣʽʤʝʪʨ, 10-3 ʤʝʪʨʘ 

ʤʦʣ. ʢ-ʪʴ ï ʤʦʣʝʢʫʣʷʨʥʘ ʢʽʣʴʢʽʩʪʴ 

ʥʤ ï ʥʘʥʦʤʝʪʨ, 10-9 ʤʝʪʨʘ 

ʄɹʉ ï ʤʽʢʨʦʩʢʦʧ ʙʽʥʦʢʫʣʷʨʥʠʡ ʩʪʝʨʝʦʩʢʦʧʽʯʥʠʡ 

ʈɽʄ ï ʨʘʩʪʨʦʚʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ 

n ï ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ 

ppm ï part per million, ʯʘʩʪʠʥ ʥʘ ʤʽʣʴʡʦʥ, ʦh ʜʦʨʽʚʥʶʻ 1 ʛʨʘʤʫ ʥʘ ʪʦʥʫ 

Ne ï ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʟʚʠʯʘʡʥʠʭ ʧʨʦʤʝʥʽʚ ʫ ʦʜʥʦʚʩ̔ʥʠʭ ʤʽʥʝʨʘʣʽʚ 

Ng ï ʥʘʡʙʽʣʴʰʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʜʚʦʚʽʩʥʦʛʦ ʤʽʥʝʨʘʣʫ 

Nm ï ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʜʚʦʚʽʩʥʦʛʦ ʤʽʥʝʨʘʣʫ 

No ï ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʥʝʟʚʠʯʘʡʥʠʭ ʧʨʦʤʝʥʽʚ ʫ ʦʜʥʦʚʽʩʥʠʭ ʤʽʥʝʨʘʣʽʚ 

Np ï ʥʘʡʤʝʥʰʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʜʚʦʚʽʩʥʦʛʦ ʤʽʥʝʨʘʣʫ 

2V ï ʢʫʪ ʦʧʪʠʯʥʠʭ ʦʩʝʡ ʜʚʦʚʽʩʥʠʭ ʤʽʥʝʨʘʣʽʚ 

CIPW ï ʨʦʟʨʘʭʫʥʦʢ ʥʦʨʤʘʪʠʚʥʦʛʦ ʩʢʣʘʜʫ ʟʘ Cross, Iddings, Pirsson, Washington  

ICDD ï International Centre for Diffraction Data 

JCPDS ï Joint Committee on Powder Diffraction Standards  

XRD ï X-ray diffraction, ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʜʠʬʨʘʢʮʽʷ  

XRF ï X-ray fluorescence, ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʬʣʫʦʨʝʩʮʝʥʮʽʷ 
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ʈʆɿɼɯʃ 1 

ɿɸɻɸʃʔʅɯ ɺɯɼʆʄʆʉʊɯ ʇʈʆ ʇɽʊʈʆɻʈɸʌɯʖ,  

ɻɯʈʉʔʂɯ ʇʆʈʆɼʀ ʊɸ ʊɽʍʅɯʏʅɽ ʂɸʄɯʅʅʗ 

 

 

 

 

ʇʝʪʨʦʛʨʘʬʽʷ (ʚʽʜ ʛʨʝʮʴʢ. ñpetraò ï ʢʘʤʽʥʴ ʽ ñgraphoò ï ʧʠʰʫ) ï ʥʘʫʢʦʚʘ 

ʜʠʩʮʠʧʣʽʥʘ, ʷʢʘ ʟʘʡʤʘʻʪʴʩʷ ʚʩʝʙʽʯʥʠʤ ʚʠʚʯʝʥʥʷʤ ʪʘ ʩʠʩʪʝʤʘʪʠʯʥʠʤ ʦʧʠʩʦʤ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ.  

 

ʊʨʘʜʠʮʽʡʥʠʤ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʘʩʠʯʥʦʾ ʧʝʪʨʦʛʨʘʬʽʾ ʻ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ 

ï ʧʨʠʨʦʜʥʽ ʤʽʥʝʨʘʣʴʥʽ ʘʛʨʝʛʘʪʠ ʧʝʚʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʙʫʜʦʚʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ 

ʩʘʤʦʩʪʽʡʥ ̔ʛʝʦʣʦʛʽʯʥ ̔ʪʽʣʘ ʫ ʩʢʣʘʜʽ ɿʝʤʣʽ ʪʘ ʽʥʰʠʭ ʧʣʘʥʝʪ. ɺʽʜʧʦʚʽʜʥʦ, ʛʽʨʩʴʢʦʶ 

ʧʦʨʦʜʦʶ ʻ ʡ ʩʘʤ ʤʽʥʝʨʘʣʴʥʠʡ ʘʛʨʝʛʘʪ ʽ ʪʝ ʛʝʦʣʦʛʽʯʥʝ ʪʽʣʦ, ʷʢʝ ʩʢʣʘʜʝʥʝ ʮʠʤ 

ʘʛʨʝʛʘʪʦʤ (ʨʠʩ.1.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.1.1. ɻʽʨʩʴʢʽ ʧʦʨʦʜʠ ï ʦʙôʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʪʨʦʛʨʘʬʽʾ: ʘ ï ʟʨʘʟʦʢ 

ʙʘʟʘʣʴʪʫ, ʷʢʠʡ ʩʢʣʘʜʝʥʠʡ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʠʤ ʘʛʨʝʛʘʪʦʤ ʧʣʘʛʽʦʢʣʘʟʫ ʪʘ 

ʧʽʨʦʢʩʝʥʫ, ʧʨʦʩʷʢʥʫʪʠʤ ʚʫʣʢʘʥʽʯʥʠʤ ʩʢʣʦʤ; ʙ ï ʚʫʣʢʘʥʽʯʥʽ ʧʦʪʦʢʠ ï ʛʝʦʣʦʛʽʯʥʽ 

ʪʽʣʘ, ʷʢʽ ʩʢʣʘʜʝʥʽ ʙʘʟʘʣʴʪʦʤ. 

 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʛʽʨʩʴʢʠʤʠ ʧʦʨʦʜʘʤʠ ʫ ʟʝʤʥʽʡ ʢʦʨ̔ ʻ: ʙʘʟʘʣʴʪʠ, 

ʛʨʘʥʽʪʠ, ʛʥʝʡʩʠ, ʩʣʘʥʮʽ, ʛʣʠʥʠ, ʧʽʩʢʠ ʪʘ ʧʽʩʢʦʚʠʢʠ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʢʦʞʥʘ 

ʛʽʨʩʴʢʘ ʧʦʨʦʜʘ ʻ ʧʨʦʜʫʢʪʦʤ ʧʝʚʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɺʽʜʧʦʚʽʜʥʦ, 

ʨ̔ ʟʥʦʤʘʥʽʪʥʽʩʪʴ ʮʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. 

ɿʘʛʘʣʦʤ ʞʝ, ʟʘ ʧʦʭʦʜʞʝʥʥʷʤ ʧʨʠʡʥʷʪʦ ʨʦʟʨʽʟʥʷʪʠ ʱʦʥʘʡʤʝʥʰʝ ʪʨʠ ʪʠʧʠ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ: ʤʘʛʤʘʪʠʯʥʽ, ʦʩʘʜʦʚʽ ʪʘ ʤʝʪʘʤʦʨʬʽʯʥʽ.  

ʄʘʛʤʘʪʠʯʥʽ ʧʦʨʦʜʠ ï ʙʘʟʘʣʴʪʠ, ʜʽʘʙʘʟʠ, ʛʨʘʥʽʪʠ, ʜʽʦʨʠʪʠ ʪʘ ʽʥʰʽ, 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʟʘʩʪʠʛʘʥʥʽ ʤʘʛʤʠ. ʆʩʪʘʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʯʘʩʪʢʦʚʦ ʘʙʦ 

ʧʦʚʥʽʩʪʶ ʨʦʟʧʣʘʚʣʝʥʫ ʛʽʨʩʴʢʫ ʤʘʩʫ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʫ ʟʝʤʥʠʭ ʥʘʜʨʘʭ ʧʽʜ ʜʽʻʶ 
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ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʬʣʶʾʜʽʚ, ʚʢʦʨʽʥʶʻʪʴʩʷ ʥʘ ʪʫ ʯʠ ʽʥʰʫ ʛʣʠʙʠʥʫ ʘʙʦ 

ʚʠʣʠʚʘʻʪʴʩʷ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʽ, ʟʘʩʪʠʛʘʶʯʽ, ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʤʘʛʤʘʪʠʯʥʫ 

ʛʽʨʩʴʢʫ ʧʦʨʦʜʫ. 

 

ʆʩʘʜʦʚʽ ʧʦʨʦʜʠ ï ʧʽʩʢʦʚʠʢʠ, ʛʣʠʥʠ, ʚʘʧʥʷʢʠ ʪʘ ʽʥʰʽ, ʫʪʚʦʨʶʶʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʤʝʭʘʥʽʯʥʦʛʦ ʘʙʦ ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʚʠʚʽʪʨʶʚʘʥʥʷ ʣʶʙʠʭ 

ʽʥʰʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʘ ʪʘʢʦʞ ʧʨʠ ʥʘʢʦʧʠʯʝʥʥʽ ʧʨʦʜʫʢʪʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ 

ʦʨʛʘʥʽʟʤʽʚ. 

ʄʝʪʘʤʦʨʬʽʯʥʽ ʧʦʨʦʜʠ ï ʛʥʝʡʩʠ, ʩʣʘʥʮʽ, ʤʘʨʤʫʨʠ ʪʘ ʽʥʰʽ, ʬʦʨʤʫʶʪʴʩʷ ʧʨʠ 

ʧʝʨʝʪʚʦʨʝʥʥ ̔ʤʘʛʤʘʪʠʯʥʠʭ ʪʘ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʪʠʩʢʫ ʪʘ ʬʣʶʾʜʽʚ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʟʝʤʥʠʭ ʥʘʜʨʘʭ ʙʝʟ ʨʦʟʧʣʘʚʣʝʥʥʷ ʫ 

ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʚ ʢʣʘʩʠʯʥʽʡ ʧʝʪʨʦʛʨʘʬʽʾ 

ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʪʨʠ ʩʠʩʪʝʤʘʪʠʯʥʽ ʨʦʟʜʽʣʠ: ʧʝʪʨʦʛʨʘʬʽʷ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ, 

ʧʝʪʨʦʛʨʘʬʽʷ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʪʘ ʧʝʪʨʦʛʨʘʬʽʷ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʽʜ. 

ɼʦʩʣʽʜʞʫʶʯʠ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ, ʧʝʪʨʦʛʨʘʬʠ ʚʠʚʯʘʶʪʴ ʾʭ ʟʦʚʥʽʰʥʽ ʦʟʥʘʢʠ, 

ʚʥʫʪʨʽʰʥʶ ʙʫʜʦʚʫ, ʨʝʯʦʚʠʥʥʠʡ ʩʢʣʘʜ, ʫʤʦʚʠ ʟʘʣʷʛʘʥʥʷ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ʋʩʝ ʧʝʨʝʣʽʯʝʥʝ ʜʘʻ ʬʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʟô̫ ʩʫʚʘʥʥʷ ʧʦʭʦʜʞʝʥʥʷ, ʫʤʦʚ ʫʪʚʦʨʝʥʥʷ ʪʘ ʤʦʞʣʠʚʠʭ ʛʘʣʫʟʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ [26, 30-31]. 

 

ʏʠʩʝʣʴʥʽ ʧʨʝʜʩʪʘʚʥʠʢʠ ʰʪʫʯʥʠʭ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʫ ʩʧʝʮʽʘʣʴʥʽʡ 

ʣʽʪʝʨʘʪʫʨʽ ʽʤʝʥʫʶʪʴ ʪʝʭʥʽʯʥʠʤ ʢʘʤʽʥʥʷʤ, ʭʦʯʘ ʡ ʥʝ ʥʘʣʝʞʘʪʴ ʜʦ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, 

ʘʣʝ ʪʘʢʦʞ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʧʝʪʨʦʛʨʘʬʘʤʠ. ʆʢʨʝʤʠʡ ʨʦʟʜʽʣ ʧʝʪʨʦʛʨʘʬʽʾ, ʷʢʠʡ 

ʟʘʡʤʘʻʪʴʩʷ ʾʭ ʚʠʚʯʝʥʥʷʤ ʦʪʨʠʤʘʚ ʥʘʡʤʝʥʫʚʘʥʥʷ ʧʝʪʨʦʛʨʘʬʽʷ ʪʝʭʥʽʯʥʦʛʦ 

ʢʘʤʽʥʥʷ ʘʙʦ ʩʢʦʨʦʯʝʥʦ ʪʝʭʥʽʯʥʘ ʧʝʪʨʦʛʨʘʬʽʷ [2, 4, 23, 33, 39].  

 

ʊʝʭʥʽʯʥʝ ʢʘʤʽʥʥʷ ï ʰʪʫʯʥʽ ʢʘʤôʷʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʦʪʨʠʤʘʥ ̔ʟ ʧʨʠʨʦʜʥʦʾ 

ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ ʧʨʦʤʠʩʣʦʚʠʤ ʩʧʦʩʦʙʦʤ ʫ ʟʥʘʯʥʠʭ ʦʙôʻʤʘʭ.  

 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʨʽʟʥʦʚʠʜʘʤʠ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ 

ʤʽʣʴʡʦʥʘʤʠ ʪʘ ʩʦʪʥʷʤʠ ʪʠʩʷʯ ʪʦʥ, ʻ: ʩʠʥʪʝʪʠʯʥʘ ʨʫʜʥʘ ʩʠʨʦʚʠʥʘ, ʚʦʛʥʝʪʨʠʚʠ, 

ʢʘʤôʷʥʝ ʣʠʪʚʦ, ʮʝʤʝʥʪ, ʙʝʪʦʥ, ʢʝʨʘʤʽʢʘ, ʩʢʣʦ, ʘʙʨʘʟʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʽʥ. 

(ʨʠʩ.1.2). ʂʨʽʤ ʥʠʭ, ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʪʘʢʦʞ ʚʽʜʥʦʩʷʪʴ ʡ ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ï ʤʝʪʘʣʫʨʛʽʡʥʽ ʪʘ ʧʘʣʠʚʥʽ ʰʣʘʢʠ, ʟʦʣʠ, ʰʣʘʤʠ ʪʘ ʽʥ. 

ɹʽʣʴʰʽʩʪʴ ʧʝʨʝʣʽʯʝʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ 

ʪʝʨʤʽʯʥʦʾ ʪʘ (ʘʙʦ) ʭʽʤʽʯʥʦʾ ʧʝʨʝʨʦʙʢʠ ʧʨʠʨʦʜʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʪʘ ʨʫʜ. ʗʢ 

ʧʨʘʚʠʣʦ, ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʪʘ ʙʫʜʦʚʘ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʨʦʮʝʩʽ ʪʘʢʦʾ 

ʧʝʨʝʨʦʙʢʠ ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴʩʷ. ʊʠʤ ʥʝ ʤʝʥʰʝ, ʪʝʭʥʽʯʥʝ ʢʘʤʽʥʥʷ ʤʘʻ ʮʽʣʫ ʥʠʟʢʫ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʱʦ ʟʙʣʠʞʫʶʪʴ ʡʦʛʦ ʟ ʧʨʠʨʦʜʥʠʤʠ ʛʽʨʩʴʢʠʤʠ ʧʦʨʦʜʘʤʠ ʽ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʩʧʽʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʊʘʢ, ʟʘ ʩʚʦʾʤ ʘʛʨʝʛʘʪʥʠʤ ʩʪʘʥʦʤ 

ʪʝʭʥʽʯʥʝ ʢʘʤʽʥʥʷ, ʷʢ ʽ ʛʽʨʩʴʢʘ ʧʦʨʦʜʘ, ʷʚʣʷʻ ʪʚʝʨʜʫ ʥʝʦʨʛʘʥʽʯʥʫ ʨʝʯʦʚʠʥʫ, ʱʦ 

ʤʦʞʝ ʤʘʪʠ ʷʢ ʢʨʠʩʪʘʣʽʯʥʫ, ʪʘʢ ʽ ʘʤʦʨʬʥʫ ʚʥʫʪʨʽʰʥʶ ʙʫʜʦʚʫ. ʋ ʭʽʤʽʯʥʦʤʫ 

ʩʢʣʘʜ ̔ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʛʦʣʦʚʥʫ ʨʦʣʴ ʛʨʘʶʪʴ ʪʽ ʞ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʽ ʫ 

ʩʢʣʘʜʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. ʇʦʜʽʙʥʦ ʜʦ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ,  ʥʘʡʙʽʣʴʰ ʟʚʠʯʘʡʥʠʤʠ 

ʭʽʤʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʻ ʩʠʣʽʢʘʪʠ. ʇʨʠʯʦʤʫ, ʜʝʷʢʽ ʟ ʛʦʣʦʚʥʠʭ 
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ʧʦʨʦʜʦʪʚ̔ʨʥʠʭ ʩʠʣʽʢʘʪʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʡ ʫ ʩʢʣʘʜʽ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ.  ɯʥʢʦʣʠ 

ʡ ʩʘʤʽ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʽ 

ʥʘʚʧʘʢʠ. ʆʙ'ʻʤʠ  ʞ ʚʠʨʦʙʥʠʮʪʚʘ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʻ ʮʽʣʢʦʤ 

ʟʽʩʪʘʚʥʠʤʠ ʟ ʨʦʟʤʽʨʘʤʠ ʧʨʠʨʦʜʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʪʽʣ. ɻʦʣʦʚʥʦ  ʁ ʚʽʜʤʽʥʥʽʩʪ ʁ 

ʪʝʭʥʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʚʽʜ ʧʨʠʨʦʜʥʦʛʦ ʧʦʨʦʜʦʫʪʚʦʨʝʥʥʷ  ̒ ʙʽʣʴʰʠʡ ʜʽʘʧʘʟʦʥ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ:  ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʧʨʠ 

ʟʥʘʯʥʦ ʤʝʥʰʽʡ ʪʨʠʚʘʣʦʩʪʽ ʩʠʥʪʝʟʫ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.2. ɻʦʣʦʚʥʽ ʧʨʝʜʩʪʘʚʥʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ 

 

ʇʝʪʨʦʛʨʘʬʽʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʚʥʦ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʩʚʦʶ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʚʠʚʯʝʥʥʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʝʭʥʽʯʥʦʛʦ 

ʢʘʤʽʥʥʷ ʧʝʨʝʜ ʧʝʪʨʦʛʨʘʬʦʤ, ʟʘʟʚʠʯʘʡ, ʧʦʩʪʘʶʪʴ ʪʘʢʽ ʞ ʟʘʚʜʘʥʥʷ, ʱʦ ʽ ʧʨʠ 

ʚʠʚʯʝʥʥʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ: 

¶ ʚʠʚʯʝʥʥʷ  ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʪʝʭʥʽʯʥʠʭ ʢʘʤʝʥʽʚ; 

¶ ʚʠʚʯʝʥʥʷ  ʤʽʥʝʨʘʣʴʥʦʛʦ ʪʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ;  

¶ ʚʠʚʯʝʥʥʷ ʦʢʨʝʤʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʬʘʟ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʪʝʭʥʽʯʥʝ ʢʘʤʽʥʥʷ; 

¶ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ; 

¶ ʜʽʘʛʥʦʩʪʠʢʘ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʪʘ ʟôʷʩʫʚʘʥʥʷ ʡʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ʎʽʣʝʩʧʨʷʤʦʚʘʥʝ ʚʠʚʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʥʝ ʣʠʰʝ ʧʦʛʣʠʙʣʶʻ ʥʘʰʽ 

ʪʝʦʨʝʪʠʯʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʨʦʮʝʩʠ ʤʽʥʝʨʘʣʦ- ʪʘ ʧʦʨʦʜʦʫʪʚʦʨʝʥʥʷ, ʘ ʡ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʫʚʘʪʠ ʩʫʪʦ ʧʨʠʢʣʘʜʥʽ ʟʘʜʘʯʽ. ɿʦʢʨʝʤʘ, ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ 

ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʻ ʩʧʨʠʷʥʥʷ ʩʪʚʦʨʝʥʥ ʁʥʦʚʠʭ  ʪʘ 

ʧʦʢʨʘʱʝʥʥ ʁʚʣʘʩʪʠʚʦʩʪʝʡ ʚʞʝ ʽʩʥʫʶʯʠʭ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ 
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ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʢʦʥʪʨʦʣʴ ʟʘ ʷʢʽʩʪʶ ʪʘ ʨʦʟʰʠʨʝʥʥʷ 

ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʅʝ ʜʠʚʥʦ, ʱʦ ʙʝʨʫʯʠ ʧʦʯʘʪʦʢ ʟ ʧʝʨʰʦʾ ʧʦʣʦʚʠʥʠ ʍʍ ʩʪʦʨʽʯʯʷ, ʪʝʭʥʽʯʥʘ 

ʧʝʪʨʦʛʨʘʬʽʷ ʥʘʨʘʟʽ ʧʝʨʝʪʚʦʨʠʣʘʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʫ ʛʘʣʫʟʴ, ʱʦ ʤʘʻ ʥʝʘʙʠʷʢʝ 

ʟʥʘʯʝʥʥʷ ʧʨʠ ʚʠʚʯʝʥʽ ʪʝʭʥʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ, ʩʠʣʽʢʘʪʥʦʛʦ, 

ʭʽʤʽʯʥʦʛʦ ʪʘ ʽʥʰʠʭ ʚʠʨʦʙʥʠʮʪʚ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʤʦʞʣʠʚʦʩʪʽ ʪʝʭʥʽʯʥʦʾ 

ʧʝʪʨʦʛʨʘʬʽʾ ʥʝ ʦʙʤʝʞʫʶʪʴʩʷ ʚʠʚʯʝʥʥʷʤ ʧʨʷʤʠʭ ʧʨʦʜʫʢʪʽʚ ʟʛʘʜʘʥʠʭ 

ʚʠʨʦʙʥʠʮʪʚ. ʋʪʠʣʽʟʘʮʽʷ ʚʽʜʭʦʜʽʚ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ, ʤʝʪʘʣʫʨʛʽʡʥʠʭ, 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘʢʦʞ ʻ ʥʝʤʦʞʣʠʚʦʶ ʙʝʟ ʟʥʘʥʥʷ ʾʭ 

ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ.  

 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1. ʑʦ ʻ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʘʩʠʯʥʦʾ ʧʝʪʨʦʛʨʘʬʽʾ? 

2. ʗʢ ʟʚʝʪʴʩʷ ʨʦʟʜʽʣ ʧʝʪʨʦʛʨʘʬʽʾ, ʷʢʠʡ ʟʘʡʤʘʻʪʴʩʷ ʚʠʚʯʝʥʥʷʤ ʰʪʫʯʥʠʭ ʢʘʤôʷʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ? 

3. ʅʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ. 

4. ʑʦ ʻ ʩʧʽʣʴʥʦʛʦ ʤʽʞ ʛʽʨʩʴʢʠʤʠ ʧʦʨʦʜʘʤʠ ʪʘ ʪʝʭʥʽʯʥʠʤ ʢʘʤʽʥʥʷʤ? 

5. ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʝʭʥʽʯʥʝ ʢʘʤʽʥʥʷ ʪʘ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ? 

 

 

 

 



 

 9 

ʈʆɿɼɯʃ 2 

ʄɯʅɽʈɸʃʔʅʀʁ ʉʂʃɸɼ ʊɽʍʅɯʏʅʆɻʆ ʂɸʄɯʅʅʗ 

 

 

 

 

ʊʝʭʥʽʯʥ ̔ʢʘʤʝʥ̔, ʷʢ ʽ ʙʽʣʴʰʽʩʪʴ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ,  ʩʢʣʘʜʘʶʪʴʩʷ ʘʛʨʝʛʘʪʥʠʤʠ 

ʩʫʤʽʰʘʤʠ ʪʚʝʨʜʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. ɿʘ ʮʽʣʦʶ ʥʠʟʢʦʶ ʬʽʟʠʯʥʠʭ ʪʘ 

ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʽ ʨʝʯʦʚʠʥʠ ʻ ʧʦʜʽʙʥʠʤʠ ʜʦ ʧʨʠʨʦʜʥʠʭ ʤʽʥʝʨʘʣʽʚ, ʪʦʤʫ ʫ 

ʪʝʭʥʽʯʥʽʡ ʧʝʪʨʦʛʨʘʬʽʾ ʾʭ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʰʪʫʯʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ.  

 

ʐʪʫʯʥʠʡ ʤʽʥʝʨʘʣ ï ʪʚʝʨʜʘ ʥʝʦʨʛʘʥʽʯʥʘ ʨʝʯʦʚʠʥʘ, ɦʦ ʻ ʧʨʦʜʫʢʪʦʤ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʘʙʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʠʥʪʝʟʫ ʽ, ʧʦʜʽʙʥʦ ʜʦ ʧʨʠʨʦʜʥʠʭ ʤʽʥʝʨʘʣʽʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʠʤ ʙʽʣʴʰ ʤʝʥʰ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʪʘ 

ʢʨʠʩʪʘʣʽʯʥʦʶ ʙʫʜʦʚʦʶ. 

 

ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʫʩʽʭ ʤʽʥʝʨʘʣʽʚ ʻ ʾʭ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʷʢʠʡ 

ʧʨʠʡʥʷʪʦ ʧʦʟʥʘʯʘʪʠ ʭʽʤʽʯʥʦʶ ʬʦʨʤʫʣʦʶ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʬʦʨʤʫʣ, 

ʧʨʠʡʥʷʪʠʭ ʫ ʭʽʤʽʾ, ʚ ʤʽʥʝʨʘʣʦʛʽʾ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢʝ ʥʘʧʠʩʘʥʥʷ ʭʽʤʽʯʥʠʭ 

ʬʦʨʤʫʣ, ʷʢʝ ʜʘʻ ʫʷʚʣʝʥʥʷ ʥʝ ʣʠʰʝ ʧʨʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʽʥʝʨʘʣʫ, ʘ ʡ ʧʨʦ ʪʠʧ 

ʭʽʤʽʯʥʦʾ ʩʧʦʣʫʢʠ, ʘ ʪʘʢʦʞ ʧʨʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʦʢʨʝʤʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʍʽʤʽʯʥʽ 

ʬʦʨʤʫʣʠ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʭ ʤʽʥʝʨʘʣʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʪʝʭʥʽʯʥʦʛʦ 

ʢʘʤʽʥʥʷ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 2.1. ʗʢ ʚʠʜʥʦ ʟ ʥʝʾ, ʩʝʨʝʜ ʤʽʥʝʨʘʣʽʚ ʻ ʪʘʢʽ, ʱʦ ʤʘʶʪʴ 

ʜʦʩʠʪʴ ʩʪʘʣʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʥʘʧʨʠʢʣʘʜ ï ʢʚʘʨʮ. ɸʣʝ ʙʫʚʘʶʪʴ ʡ ʽʥʰʽ, ʚ ʷʢʠʭ 

ʭ̔ ʤʽʯʥʠʡ ʩʢʣʘʜ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʧʝʚʥʠʭ ʤʝʞʘʭ. ɻʦʣʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ 

ʷʚʠʱʝ ʽʟʦʤʦʨʬʽʟʤʫ, ʧʽʜ ʷʢʠʤ ʨʦʟʫʤʽʶʪʴ ʟʜʘʪʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʟʘʤʽʱʫʚʘʪʠ ʦʜʠʥ ʦʜʥʦʛʦ ʫ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʤʽʥʝʨʘʣʽʚ ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʾʭ 

ʙʫʜʦʚʠ. ʊʘʢ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʽʥʝʨʘʣʽʚ ʟ ʛʨʫʧʠ ʦʣʽʚʽʥʫ ʚʘʨʽʶʻ ʚʽʜ ʢʨʘʡʥʴʦʛʦ 

ʤʘʛʥʝʟʽʘʣʴʥʦʛʦ ʬʦʨʩʪʝʨʠʪʫ Mg2[SiO4] ʜʦ ʢʨʘʡʥʴʦʛʦ ʟʘʣʽʟʠʩʪʦʛʦ ʬʘʷʣʽʪʫ 

Fe2[SiO4], ʚʥʘʩʣʽʜʦʢ ʽʟʦʤʦʨʬʥʦʛʦ ʟʘʤʽʱʝʥʥʷ Mg ʥʘ Fe. ʌʘʢʪʠʯʥʦ, ʦʣʽʚʽʥʠ 

ʫʪʚʦʨʶʶʪʴ ʙʝʟʧʝʨʝʨʚʥʠʡ ʽʟʦʤʦʨʬʥʠʡ ʨʷʜ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʟ ʟʘʛʘʣʴʥʦʶ 

ʬʦʨʤʫʣʦʶ (Mg,Fe)2[SiO4]. ʑʝ ʙʽʣʴʰʽ ʽʟʦʤʦʨʬʥʽ ʟʘʤʽʱʝʥʥʷ ʤʘʻʤʦ ʫ ʭʽʤʽʯʥʦʤʫ 

ʩʢʣʘʜʽ ʧʽʨʦʢʩʝʥʽʚ. ɿʦʢʨʝʤʘ, ʘʚʛʽʪ ʷʚʣʷʻ ʪʚʝʨʜʠʡ ʽʟʦʤʦʨʬʥʠʡ ʨʦʟʯʠʥ ʝʥʩʪʘʪʠʪʫ, 

ʬʝʨʦʩʠʣʽʪʫ, ʜʽʦʧʩʠʜʫ ʪʘ ʛʝʜʝʥʙʝʨʛʽʪʫ.  ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ ʫʩʽʭ 

ʩʫʯʘʩʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ʤʽʥʝʨʘʣʽʚ. ɿʦʢʨʝʤʘ, ʫ ʚʞʠʚʘʥʽʡ ʚʽʪʯʠʟʥʷʥʠʤʠ 

ʤʽʥʝʨʘʣʦʛʘʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ɭ.ʂ.ʃʘʟʘʨʝʥʢʦ [19], ʫʩʽ ʤʽʥʝʨʘʣʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 5 

ʪʠʧʽʚ: ʧʨʦʩʪʽ ʨʝʯʦʚʠʥʠ, ʩʫʣʴʬʽʜʠ, ʛʘʣʦʾʜʠ, ʢʠʩʥʝʚʽ ʩʧʦʣʫʢʠ ʪʘ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ. 

ʊʠʧʠ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʢʣʘʩʠ. ʊʘʢ, ʥʘʡʙʽʣʴʰ ʯʠʩʝʣʴʥʠʡ ʪʠʧ 

ʢʠʩʥʝʚʠʭ ʩʧʦʣʫʢ ʚʢʣʶʯʘʻ ʢʣʘʩʠ: ʦʢʩʠʜʽʚ ʪʘ ʛʽʜʨʦʦʢʩʠʜʽʚ, ʩʫʣʴʬʘʪʽʚ, ʩʠʣʽʢʘʪʽʚ 

ʪʘ ʽʥ. ɼʣʷ ʚʠʚʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʽʥʝʨʘʣʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜʠ 

ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ, ʘ ʪʘʢʦʞ ʚʝʣʠʢʠʡ ʘʨʩʝʥʘʣ ʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ: 

ʩʧʝʢʪʨʘʣʴʥʠʡ, ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ, ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʡ, ʝʣʝʢʪʨʦʥʥʦ-

ʟʦʥʜʦʚʠʡ ʪʘ ʽʥʰʽ. ʆʧʦʩʝʨʝʜʢʦʚʘʥʦ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʚʝʨʜʠʭ ʽʟʦʤʦʨʬʥʠʭ 

ʨʦʟʯʠʥʽʚ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʨʠʩʪʘʣʦʦʧʪʠʯʥʽ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ.  
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ʊʘʙʣʠʮʷ 2.1. ʅʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ ʤʽʥʝʨʘʣʠ  ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ  

ʪʘ ʾʭ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʽ ʬʦʨʤʫʣʠ 

 

 

 

 

 

 

 

 

 

 

 

 

ʂʣʘʩ ɻʨʫʧʘ ʄʽʥʝʨʘʣ ʍʽʤʽʯʥʘ ʬʦʨʤʫʣʘ 

ʆʢʩʠʜʠ 

ʇʝʨʠʢʣʘʟʫ 

ʇʝʨʠʢʣʘʟ MgO 

ɺʘʧʥʦ CaO 

ɺʶʩʪʠʪ FeO 

ʂʨʝʤʥʝʟʝʤʫ 

ʂʚʘʨʮ SiO2 

ʂʨʠʩʪʦʙʘʣʽʪ SiO2 

ʊʨʠʜʠʤʽʪ SiO2 

ʐʧʽʥʝʣʽʜʽʚ 

ʐʧʽʥʝʣʴ MgAl 2O4 

ʄʘʛʥʝʪʠʪ FeFe2O4 

ʍʨʦʤʽʪ FeCr2O4 

ʄʘʛʥʝʟʽʦʬʝʨʠʪ MgFe2O4 

ʂʦʨʫʥʜʫ 

ʂʦʨʫʥʜ Al 2O3 

ɻʝʤʘʪʠʪ Fe2O3 

ɽʩʢʦʣʘʾʪ Cr2O3 

ɸʣʶʤʽʥʘʪʽʚ 

ʢʘʣʴʮʽʶ 

ʄʦʥʦʘʣʶʤʽʥʘʪ CaO*Al2O3 

ɼʽʘʣʶʤʽʥʘʪ 2CaO*Al2O3 

ʊʨʠʘʣʶʤʽʥʘʪ 3CaO*Al2O3 

ʌʝʨʠʪʽʚ 

ʢʘʣʴʮʽʶ 

ʄʦʥʦʢʘʣʴʮʽʻʚʠʡ CaO*Fe2O3 

ɼʚʦʢʘʣʴʮʽʻʚʠʡ 2CaO*Fe2O3 

ɹʨʘʫʥʤʽʣʝʨʠʪ 4CaO*Al2O3*Fe2O3 

ʉʠʣʽʢʘʪʠ 

ʉʠʣʽʢʘʪʽʚ 

ʢʘʣʴʮʽʶ 

ɺʦʣʘʩʪʦʥʽʪ Ca[SiO3] 

ʇʩʝʚʜʦʚʦʣʘʩʪʦʥʽʪ Ca[SiO3] 

ʃʘʨʥʽʪ  Ca2 [SiO4] 

ʐʝʥʦʥʽʪ Ca2 [SiO4] 

ɸʣʽʪ Ca3 O[SiO4] 

ʈʘʥʢʽʥʽʪ 3CaO*2SiO2 

ʄʝʣʽʣʽʪʫ 
ɻʝʣʝʥʽʪ Ca2Al[(Si,Al) 2O7] 

ʆʢʝʨʤʘʥʽʪ Ca2Mg[Si2O7] 

ʆʣʽʚʽʥʫ 

ʌʦʨʩʪʝʨʠʪ Mg2 [SiO4] 

ʌʘʣ̫ʽʪ Fe2 [SiO4] 

ʊʝʬʨʦʾʪ Mn [SiO4] 

ʄʦʥʪʠʯʝʣʽʪ CaMg [SiO4] 

ʌʝʨʦʤʦʥʪʠʯʝʣʽʪ CaFe [SiO4] 

ʇʽʨʦʢʩʝʥʽʚ 

ɽʥʩʪʘʪʠʪ Mg2 [Si2O6] 

ʌʝʨʦʩʠʣʽʪ Fe2 [Si2O6] 

ɼʽʦʧʩʠʜ CaMg [Si2O6] 

ɻʝʜʝʥʙʝʨʛʽʪ CaFe [Si2O6] 

ɸʚʛʽʪ Ca (Mg, Fe, Al) [(Al, Si)2O6] 

ʄʫʣʽʪʫ 
ʄʫʣʽʪ 3Al 2O3*2SiO2 

ʇʨʘʛʽʪ 2Al 2O3*SiO2 

ʂʦʨʜʽʻʨʠʪʫ 
ʂʦʨʜʽʻʨʠʪ Mg2[Al 4Si5O18] 

ɯʥʜʽʘʣʽʪ Mg2[Al 4Si5O18] 

ʇʣʘʛʽʦʢʣʘʟʫ 
ɸʣʴʙʽʪ Na [AlSi3O8] 

ɸʥʦʨʪʠʪ Ca[Al2Si2O8] 

ʅʝʬʝʣʽʥʫ 
ʅʝʬʝʣʽʥ Na [AlSiO4] 

ʂʘʨʥʝʛʽʾʪ Na [AlSiO4] 
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ʄʘʶʯʠ ʢʨʠʩʪʘʣʽʯʥʫ ʙʫʜʦʚʫ, ʰʪʫʯʥʽ ʤʽʥʝʨʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʚʥʦʶ 

ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʶ ʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʘʪʦʤʽʚ, ʷʢʽ ʟʘʢʦʥʦʤʽʨʥʦ ʧʦʻʜʥʫʶʯʠʩʴ ʦʜʠʥ ʟ 

ʦʜʥʠʤ, ʫʪʚʦʨʶʶʪʴ ʧʝʚʥʽ ʩʧʦʣʫʯʝʥʥʷ, ʱʦ, ʙʝʟʢʽʥʝʯʥʦ ʧʦʚʪʦʨʶʶʯʠʩʴ ʫ ʧʨʦʩʪʦʨʽ, 

ʬʦʨʤʫʶʪʴ ʩʚʦʻʨʽʜʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʛʨʘʪʢʫ (ʨʠʩ.2.1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.1. ʂʨʠʩʪʘʣʽʯʥʽ ʛʨʘʪʢʠ: ʘ ï ʢʫʭʦʥʥʦʾ ʩʦʣʽ, ʙ ï ʛʨʘʬʽʪʫ, ʚ ï  ʘʣʤʘʟʫ. 

 

 

ʆʩʢʽʣʴʢʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʪʮʽ ʢʦʞʥʦʛʦ 

ʤʽʥʝʨʘʣʫ ʻ ʫʥʽʢʘʣʴʥʠʤʠ, ʮʝ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʪʦʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʤʽʥʝʨʘʣʽʚ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʛʨʘʪʦʢ ʤʽʥʝʨʘʣʽʚ ʻ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ. ʉʫʤʽʩʥʦ ʟ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, 

ʦʩʦʙʣʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʙʫʜʦʚʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʤʽʥʝʨʘʣʽʚ. ɿʦʢʨʝʤʘ, ʫʩʽ ʢʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ: 

ʦʩʪʨʽʚʥʠʡ, ʣʘʥʮʶʞʢʦʚʠʡ, ʩʪʨʽʯʢʦʚʠʡ, ʰʘʨʫʚʘʪʠʡ, ʢʘʨʢʘʩʥʠʡ ʪʘ ʽʥ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʮʴʦʛʦ, ʫ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʤʫ ʩʝʨʝʜ ʧʦʨʦʜʦʪʚʽʨʥʠʭ ʤʽʥʝʨʘʣʽʚ ʢʣʘʩʽ 

ʩʠʣʽʢʘʪʽʚ ʨʦʟʨʽʟʥʷʶʪʴ: ʦʩʪʨʽʚʥʽ ʩʠʣʽʢʘʪʠ, ʣʘʥʮʶʞʢʦʚʽ ʩʠʣʽʢʘʪʠ, ʩʪʨʽʯʢʦʚʽ 

ʩʠʣʽʢʘʪʠ, ʰʘʨʫʚʘʪʽ ʩʠʣʽʢʘʪʠ ʪʘ ʢʘʨʢʘʩʥʽ ʩʠʣʽʢʘʪʠ. ʂʨʠʩʪʘʣʽʯʥʽʩʪʴ ʚʧʣʠʚʘʻ ʥʘ 

ʙʽʣʴʰʽʩʪʴ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʥʝʨʘʣʽʚ. ʉʣʽʜ ʟʛʘʜʘʪʠ, ʱʦ ʽʩʥʫʶʪʴ ʤʽʥʝʨʘʣʠ, 

ʷʢʽ, ʤʘʶʯʠ ʦʜʥʘʢʦʚʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʙʫʜʦʚʠ. ʎʝ ʷʚʠʱʝ ʦʪʨʠʤʘʣʦ ʥʘʟʚʫ ʧʦʣʽʤʦʨʬʽʟʤ. ɿʦʢʨʝʤʘ, ʘʣʤʘʟ ʪʘ 

ʛʨʘʬʽʪ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʨʠʩʪʘʣʽʯʥʠʡ ʚʫʛʣʝʮʴ. ʇʨʠʥʮʠʧʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫ 

ʨʦʟʪʘʰʫʚʘʥʥʽ ʘʪʦʤʽʚ ʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʢʘʭ ʘʣʤʘʟʫ ʪʘ ʛʨʘʬʽʪʫ ʚʠʟʥʘʯʘʶʪʴ 

ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫʩʽʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ ʜʚʦʭ ʧʦʣʽʤʦʨʬʥʠʭ 

ʤʦʜʠʬʽʢʘʮʽʡ ʚʫʛʣʝʮʶ. 
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ʂʦʞʝʥ ʧʨʝʜʩʪʘʚʥʠʢ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʠʤ ʷʢʽʩʥʠʤ 

ʪʘ ʢʽʣʴʢʽʩʥʠʤ ʤʽʥʝʨʘʣʴʥʠʤ ʩʢʣʘʜʦʤ. ʗʢʽʩʥʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʚʢʣʶʯʘʻ 

ʧʝʨʝʣʽʢ ʤʽʥʝʨʘʣʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʪʦʡ ʯʠ ʽʥʰʠʡ ʨʽʟʥʦʚʠʜ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ  

(ʪʘʙʣʠʮʷ 2.2).  

 

ʊʘʙʣʠʮʷ 2.2. ʗʢʽʩʥʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ 

 
ʊʝʭʥʽʯʥʝ 

ʢʘʤʽʥʥʷ 

ʇʦʨʦʜʦʪʚʽʨʥʽ ʤʽʥʝʨʘʣʠ 

ʛʦʣʦʚʥʽ: ʜʨʫʛʦʨʷʜʥʽ: 

ʂʘʤôʷʥʝ  

ʣʠʪʚʦ 
ʧʽʨʦʢʩʝʥʠ, ʤʘʛʥʝʪʠʪ, ʩʢʣʦ* ʧʣʘʛʽʦʢʣʘʟ, ʦʣʽʚʽʥ, ʭʨʦʤʽʪ 

ʐʪʫʯʥʝ  

ʩʢʣʦ 
ʩʢʣʦ*  

ʢʚʘʨʮ, ʪʨʠʜʠʤʽʪ, ʢʨʠʩʪʦʙʘʣʽʪ, 

ʤʫʣʽʪ, ʜʝʚʽʪʨʠʪ, ʚʦʣʘʩʪʦʥʽʪ 

ɼʦʤʝʥʥʽ  

ʰʣʘʢʠ 

ʤʝʣʽʣʽʪ, ʣʘʨʥʽʪ, ʰʝʥʦʥʽʪ, ʧʩʝʚʜʦ- 

ʚʦʣʘʩʪʦʥʽʪ, ʧʽʨʦʢʩʝʥʠ, ʩʢʣʦ* 

ʤʦʥʪʠʯʝʣʽʪ, ʨʘʥʢʽʥʽʪ, ʘʥʦʨʪʠʪ, 

ʚʦʣʘʩʪʦʥʽʪ, ʪʝʬʨʦʾʪ, ʦʣʴʜʛʘʤʽʪ 

ʄʘʨʪʝʥʽʚʩʴʢʽ 

ʰʣʘʢʠ 

ʤʦʥʪʠʯʝʣʽʪ, ʣʘʨʥʽʪ, ʘʣʽʪ,  

ʬʘʷʣʽʪ, ʪʝʬʨʦʾʪ, ʧʽʨʦʢʩʝʥʠ, ʩʢʣʦ* 

ʧʝʨʠʢʣʘʟ, ʤʝʨʚʽʥʽʪ, Fe-ʰʧʽʥʝʣʽʜʠ 

Mg-ʚʶʩʪʠʪ, Ca-ʬʝʨʠʪʠ 

ʂʦʥʚʝʨʪʝʨʥʽ 

ʰʣʘʢʠ 

ʣʘʨʥʽʪ, ʰʝʥʦʥʽʪ, ʘʣʽʪ, ʤʝʨʚʽʥʽʪ, 

ʤʦʥʪʠʯʝʣʽʪ, ʰʧʽʥʝʣʽʜʠ 

ʚʘʧʥʦ, Mn-ʚʶʩʪʠʪ, Ca-ʬʝʨʠʪʠ, 

ʉʘ-ʘʣʶʤʽʥʘʪʠ  

ɼʠʥʘʩʦʚʽ 

ʚʦʛʥʝʪʨʠʚʠ 
ʪʨʠʜʠʤʽʪ, ʢʨʠʩʪʦʙʘʣʽʪ 

ʢʚʘʨʮ, ʧʩʝʚʜʦʚʦʣʘʩʪʦʥʽʪ, 

ʛʝʤʘʪʠʪ, ʤʘʛʥʝʪʠʪ 

ʐʘʤʦʪʥʽ 

ʚʦʛʥʝʪʨʠʚʠ 
ʤʫʣʽʪ, ʢʨʠʩʪʦʙʘʣʽʪ ʢʚʘʨʮ 

ʄʘʛʥʝʟʽʘʣʴʥʽ 

ʚʦʛʥʝʪʨʠʚʠ 
ʧʝʨʠʢʣʘʟ, ʬʦʨʩʪʝʨʠʪ 

ʤʦʥʪʠʯʝʣʽʪ, ʰʧʽʥʝʣʴ, 

ʤʘʛʥʝʟʽʦʬʝʨʠʪ 

ʌʘʨʬʦʨ ʪʘ 

ʬʘʷʥʩ 
ʤʫʣʽʪ, ʢʚʘʨʮ, ʩʢʣʦ* ʢʚʘʨʮ, ʢʨʠʩʪʦʙʘʣʽʪ 

ʎʝʤʝʥʪʥʽ 

ʢʣʽʥʢʝʨʠ 

ʘʣʽʪ, ʙʝʣʽʪ, ʙʨʘʫʥʤʽʣʝʨʠʪ, 

ʉʘ-ʘʣʶʤʽʥʘʪʠ 

ʚʘʧʥʦ, ʧʦʨʪʣʘʥʜʠʪ,  

ʧʝʨʠʢʣʘʟ, ʩʢʣʦ* 

ɿʘʣʽʟʦʨʫʜʥʽ 

ʘʛʣʦʤʝʨʘʪʠ 

ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ, ʬʘʷʣʽʪ,  

Fe-ʤʦʥʪʠʯʝʣʽʪ, ʩʢʣʦ* 

ʚʶʩʪʠʪ,ʉʘ-ʬʝʨʠʪʠ,  

ʉʘ-ʘʣʶʤʦʬʝʨʠʪʠ 

ɿʘʣʽʟʦʨʫʜʥʽ 

ʦʢʘʪʠʰʽ 
ʛʝʤʘʪʠʪ 

ʤʘʛʥʝʪʠʪ, ʢʚʘʨʮ, ʪʨʠʜʠʤʽʪ, 

ʚʦʣʘʩʪʦʥʽʪ, Ca-ʬʝʨʠʪʠ 
 

* ï ʪʝʭʥʽʯʥʝ ʩʢʣʦ ʥʝ ʻ ʤʽʥʝʨʘʣʦʤ ʽ ʫ ʜʘʥʫ ʪʘʙʣʠʮʶ ʧʦʤʽʱʝʥʦ ʫʤʦʚʥʦ.  

 

ʂ̔ ʣʴʢʽʩʥʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪʦʤ ʤʽʥʝʨʘʣʽʚ,  ʟ ʷʢʠʭ 

ʩʢʣʘʜʘʻʪʴʩʷ ʪʝʭʥʽʯʥʝ ʢʘʤʽʥʥ.̫ ɺ ʧʝʪʨʦʛʨʘʬʽʾ ʚʤʽʩʪ ʧʦʨʦʜʦʪʚʽʨʥʠʭ ʤʽʥʝʨʘʣʽʚ 

ʧʨʠʡʥʷʪʦ ʧʦʜʘʚʘʪʠ ʫ ʚʽʜʩʦʪʢʘʭ (ʚʘʛʦʚʠʭ ʘʙʦ, ʯʘʩʪʽʰʝ ï ʦʙôʻʤʥʠʭ). ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʢʽʣʴʢʽʩʥʦʛʦ ʚʤʽʩʪʫ ʩʝʨʝʜ ʧʦʨʦʜʦʪʚʽʨʥʠʭ ʤʽʥʝʨʘʣʽʚ ʨʦʟʨʽʟʥʷʶʪʴ ʛʦʣʦʚʥʽ 

(>10%), ʜʨʫʛʦʨʷʜʥʽ (1-10%) ʪʘ ʘʢʮʝʩʦʨʥʽ (<1%). ɿʘʫʚʘʞʠʤʦ, ʱʦ ʪʝʭʥʽʯʥʠʭ 

ʢʘʤʝʥʽʚ, ʷʢʽ ʙ ʥʘ 100% ʩʢʣʘʜʘʣʠʩʷ ʣʠʰʝ ʟ ʦʜʥʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʚʠʜʫ, ʽ ʥʝ 

ʤʽʩʪʠʣʠ ʭʦʯʘ ʙ ʤʽʟʝʨʥʦʾ ʜʦʤʽʰʢʠ ʽʥʰʠʭ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʽʩʥʫʻ. ʃʠʰʝ ʦʢʨʝʤʽ 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʙʽʣʴʰ ʥʽʞ 90% ʩʢʣʘʜʝʥʽ ʷʢʠʤʦʩʴ ʦʜʥʠʤ 

ʤʽʥʝʨʘʣʦʤ. ɿ ʧʝʚʥʦʶ ʜʦʣʝʶ ʫʤʦʚʥʦʩʪʽ ʾʭ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʤʦʥʦʤʽʥʝʨʘʣʴʥʠʤʠ 

(«monos» ï ʚ ʧʝʨʝʢʣʘʜʽ ʟ ʛʨʝʮʴʢʦʾ ʟʥʘʯʠʪʴ çʦʜʠʥè). ɹʽʣʴʰʽʩʪʴ ʩʪʚʦʨʝʥʦʛʦ ʥʘʨʘʟʽ 

ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥ ̫ʻ ʧʦʣʽʤʽʥʝʨʘʣʴʥʠʤʠ (çpolyè ï ʚ ʧʝʨʝʢʣʘʜʽ ʟ ʛʨʝʮʴʢʦʾ ʟʥʘʯʠʪʴ 

çʙʘʛʘʪʦè), ʪʦʙʪʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʤʽʥʝʨʘʣʴʥʠʭ ʚʠʜʽʚ, ʘʣʝ ʚʤʽʩʪ ʞʦʜʥʦʛʦ ʟ 

ʥʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 90%. ɼʣʷ ʚʠʚʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ 
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ʩʢʣʘʜʫ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʰʣʽʬʽʚ ʪʘ ʘʥʰʣʽʬʽʚ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ, ʘ ʪʘʢʦʞ 

ʝʣʝʢʪʨʦʥʥʫ ʤʽʢʨʦʩʢʦʧʽʶ ʪʘ ʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʠʡ ʤʽʢʨʦʘʥʘʣʽʟ. 

 

ɿʘʛʘʣʦʤ, ʷʢ ʽ ʫ ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ,  ʫ ʤʽʥʝʨʘʣʴʥʦʤʫ ʩʢʣʘʜʽ ʪʝʭʥʽʯʥʦʛʦ 

ʢʘʤʽʥʥʷ ʜʦʤʽʥʫʶʪʴ ʢʠʩʥʝʚʽ ʩʧʦʣʫʢʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʮʝ ʩʠʣʽʢʘʪʠ ʪʘ ʦʢʩʠʜʠ. 

ʉʝʨʝʜ ʩʠʣʽʢʘʪʽʚ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʻ ʦʩʪʨʽʚʥʽ ʪʘ ʣʘʥʮʶʞʢʦʚʽ. ɿʦʢʨʝʤʘ, 

ʦʣʽʚʽʥʠ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʰʣʘʢʽʚ, ʚʦʛʥʝʪʨʠʚʽʚ, 

ʩʠʥʪʝʪʠʯʥʦʾ ʟʘʣʽʟʦʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ. ʂʨʽʤ ʟʚʠʯʘʡʥʠʭ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʦʙôʻʢʪʽʚ 

ʬʦʨʩʪʝʨʠʪʽʚ ʪʘ ʬʘʷʣʽʪʽʚ, ʫ ʪʝʭʥʽʯʥʦʤʫ ʢʘʤʽʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽ ʡ ʙʽʣʴʰ 

ʨʽʜʢʽʩʥʽ ʧʨʝʜʩʪʘʚʥʠʢʠ ʛʨʫʧʠ ʦʣʽʚʽʥʫ ï ʤʦʥʪʠʯʝʣʽʪ ʪʘ ʪʝʬʨʦʾʪ. ʏʠʩʝʣʴʥʽ 

ʨʽʟʥʦʚʠʜʠ ʧʽʨʦʢʩʝʥʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʫ ʢʘʤôʷʥʦʤʫ ʣʠʪʚʽ, ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʰʣʘʢʘʭ 

ʪʘ ʜʝʷʢʠʭ ʚʠʜʘʭ ʢʝʨʘʤʽʢʠ. ɺʦʣʘʩʪʦʥʽʪ, ʧʨʠʨʦʜʥʘ ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ ʷʢʦʛʦ 

ʦʙʤʝʞʫʻʪʴʩʷ ʢʦʥʪʘʢʪʦʚʦ-ʤʝʪʘʤʦʨʬʽʯʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ, ʻ ʭʘʨʘʢʪʝʨʥʠʤ 

ʤʽʥʝʨʘʣʦʤ ʢʝʨʘʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʰʣʘʢʽʚ, ʚʦʛʥʝʪʨʠʚʽʚ, 

ʧʨʦʜʫʢʪʽʚ ʩʢʣʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʄʝʣʽʣʽʪʠ, ʷʢʽ ʚʟʘʛʘʣʽ ʥʝʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ 

ʧʨʠʨʦʜʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ, ʻ ʛʦʣʦʚʥʠʤʠ ʧʦʨʦʜʦʪʚʽʨʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ 

ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ. ʅʘʪʦʤʽʩʪʴ, ʥʘʡʭʘʨʘʢʪʝʨʥʽʰʽ ʤʽʥʝʨʘʣʠ ʤʘʛʤʘʪʠʯʥʠʭ ʪʘ 

ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʽʜ ï ʧʣʘʛʽʦʢʣʘʟʠ, ʣʠʰʝ ʽʥʢʦʣʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʦʢʨʝʤʠʭ 

ʧʨʝʜʩʪʘʚʥʠʢʘʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʰʣʘʢʽʚ ʪʘ ʢʘʤôʷʥʦʤʫ ʣʠʪʚʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʥʝ ʭʘʨʘʢʪʝʨʥʽ ʛʽʜʨʦʢʩʠʣʚʤʽʩʥʽ ʩʪʨʽʯʢʦʚʽ 

ʪʘ ʰʘʨʫʚʘʪʽ ʩʠʣʽʢʘʪʠ ï ʘʤʬʽʙʦʣʠ, ʩʣʶʜʠ, ʭʣʦʨʠʪʠ, ʪʦʱʦ. ʂʚʘʨʮ ʛʨʘʻ ʧʦʤʽʪʥʫ 

ʨʦʣʴ ʫ ʩʢʣʘʜʽ ʙʝʪʦʥʽʚ, ʢʝʨʘʤʽʢʠ ʪʘ ʜʝʷʢʠʭ ʽʥʰʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʂʨʽʤ 

ʥʴʦʛʦ, ʫ ʩʢʣʘʜʽ ʚʦʛʥʝʪʨʠʚʽʚ, ʪʦʥʢʠʭ ʢʝʨʘʤʽʯʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ʧʨʦʜʫʢʪʽʚ ʩʢʣʷʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʡ ʙʽʣʴʰ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʽʤʦʨʬʥʽ 

ʤʦʜʠʬʽʢʘʮʽʾ ʢʨʝʤʥʝʟʝʤʫ ï ʢʨʠʩʪʦʙʘʣʽʪ ʪʘ ʪʨʠʜʠʤʽʪ. ɿʘʛʘʣʦʤ, ʜʝʱʦ ʚʠʱʽ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʠʨʦʜʥʠʤʠ, ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʷʚʠʱʘ ʟʘʛʘʨʪʫʚʘʥʥʷ 

ʩʧʨʠʷʶʪʴ ʬʦʨʤʫʚʘʥʥʶ ʫ ʪʝʭʥʽʯʥʠʭ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʥʘʡʙʽʣʴʰ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʤʽʥʝʨʘʣʽʚ: ʧʩʝʚʜʦʚʦʣʘʩʪʦʥʽʪʫ 

ï ʟʘʤʽʩʪʴ ʚʦʣʘʩʪʦʥʽʪʫ, ʢʘʨʥʝʛʽʾʪʫ ʟʘʤʽʩʪʴ ʥʝʬʝʣʽʥʫ, ʤʫʣʽʪʫ ï ʟʘʤʽʩʪʴ ʩʠʣʽʤʘʥʽʪʫ. 

ʎʽ ʞ ʬʘʢʪʦʨʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʽʟʦʤʦʨʬʥʠʭ ʟʘʤʽʱʝʥʴ ʫ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ ʧʽʨʦʢʩʝʥʽʚ, ʦʣʽʚʽʥʽʚ, ʰʧʽʥʝʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʩʧʦʣʫʢ. ɯ, ʥʘʨʝʰʪʽ, ʫ 

ʪʝʭʥʽʯʥʦʤʫ ʢʘʤʽʥʥʽ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʴ ʪʘʢʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʟʦʚʩʽʤ ʥʝ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʧʨʠʨʦʜʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ. ʏʘʩʪʠʥʘ ʟ ʥʠʭ ʦʪʨʠʤʘʣʘ ʚʣʘʩʥʽ 

ʥʘʟʚʠ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʻ: Ca3[SiO5] ï ʘʣʽʪ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʭ ʢʣʽʥʢʝʨʽʚ, 

Al 2TiO5 ï ʪʽʘʣʽʪ ʟ ʚʦʛʥʝʪʨʠʚʽʚ, Na2Ca3[Si6O16] ï ʜʝʚʽʪʨʠʪ ʟ ʧʨʦʜʫʢʪʽʚ ʩʢʣʷʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, CaS ï ʦʣʴʜʛʘʤʽʪ ʟ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʰʣʘʢʽʚ, ʪʦʱʦ. ɯʥʰʽ ʞ ʰʪʫʯʥʽ 

ʥʝʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʥʝ ʤʘʶʪʴ ʚʣʘʩʥʠʭ ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʥʘʟʚ, ʪʦʤʫ ʜʣʷ ʾʭ 

ʥʘʡʤʝʥʫʚʘʥʥʷ ʚʞʠʚʘʶʪʴ ʭʽʤʽʯʥʫ ʥʦʤʝʥʢʣʘʪʫʨʫ: ʉʘʉ2 ï ʢʘʨʙʽʜ ʢʘʣʴʮʽʶ, 

ʉaO*Al2O3 ï ʘʣʶʤʽʥʘʪ ʢʘʣʴʮʽʶ, CaO*Fe2O3 ʬʝʨʠʪ ʢʘʣʴʮʽʶ, 3CaO*SiO2 ï 

ʪʨʴʦʭʢʘʣʴʮʽʻʚʠʡ ʩʠʣʽʢʘʪ, ʪʦʱʦ. 
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ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1. ʗʢʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʻ ʩʧʽʣʴʥʠʤʠ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʪʘ ʰʪʫʯʥʠʭ 

ʤʽʥʝʨʘʣʽʚ? 

2. ʋ ʯʦʤʫ ʧʦʣʷʛʘʶʪʴ ʷʚʠʱʘ ʽʟʦʤʦʨʬʽʟʤʫ ʪʘ ʧʦʣʽʤʦʨʬʽʟʤʫ? 

3. ʗʢʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʫʶʪʴ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ? 

4. ʅʘʟʚʽʪʴ ʤʽʥʝʨʘʣʠ ʷʢʽ ʦʜʥʘʢʦʚʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʫ ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ ʪʘ 

ʰʪʫʯʥʦʤʫ ʢʘʤʽʥʥʽ. 

5. ʗʢʽ ʯʠʥʥʠʢʠ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʽʟʦʤʦʨʬʥʠʭ ʟʘʤʽʱʝʥʴ ʫ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ ʰʪʫʯʥʠʭ ʤʽʥʝʨʘʣʽʚ, ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʠʨʦʜʥʠʤʠ? 
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ʈʆɿɼɯʃ 3 

ʍɯʄɯʏʅʀʁ ʉʂʃɸɼ ʊɽʍʅɯʏʅʆɻʆ ʂɸʄɯʅʅʗ 

 

 

 

ʂʨʽʤ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʚʘʞʣʠʚʦʶ ʨʝʯʦʚʠʥʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʻ ʡʦʛʦ ʷʢʽʩʥʠʡ ʪʘ ʢʽʣʴʢʽʩʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. ʇʽʜ ʷʢʽʩʥʠʤ 

ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʟʚʠʯʘʡʥʦ ʨʦʟʫʤʽʶʪʴ ʧʝʨʝʣʽʢ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʾʭ 

ʥʘʡʧʨʦʩʪʽʰʠʭ ʩʧʦʣʫʢ (ʦʢʩʠʜʽʚ), ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʪʝʭʥʽʯʥʝ ʢʘʤʽʥʥʷ. ʂʽʣʴʢʽʩʥʠʡ 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʤʽʩʪʦʤ ʦʢʨʝʤʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʾʭ 

ʥʘʡʧʨʦʩʪʽʰʠʭ ʩʧʦʣʫʢ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ. 

ʆʩʢʽʣʴʢʠ ʪʝʭʥʽʯʥʠʡ ʢʘʤʽʥʴ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʧʨʠʨʦʜʥʦʾ ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ, 

ʡʦʛʦ ʷʢʽʩʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʫ ʮʽʣʦʤʫ ʻ ʙʣʠʟʴʢʠʤ ʜʦ ʩʢʣʘʜʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʪʘ 

ʧʦʨʦʜʦʪʚʽʨʥʠʭ ʤʽʥʝʨʘʣʽʚ. ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʟ ʙʽʣʴʰ ʷʢ 100 ʚʽʜʦʤʠʭ ʥʘʨʘʟʽ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʣʠʰʝ 9 ʛʨʘʶʪʴ ʧʦʤʽʪʥʫ ʨʦʣʴ ʚ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʛʽʨʩʴʢʠʭ 

ʧʦʨʽʜ ʟʝʤʥʦʾ ʢʦʨʠ (ʨʠʩ.3.1). ʋ ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ ʾʭ ʟʥʘʯʫʱʦʩʪʽ ʮʝ: O, Si, Al, 

Fe, Ca, Na, K, Mg, ʅ. ɿ ʦʛʣʷʜʫ ʥʘ ʚʘʞʣʠʚʝ ʧʦʨʦʜʦʪʚʽʨʥʝ ʟʥʘʯʝʥʥʷ, ʾʭ ʥʘʟʠʚʘʶʪʴ 

ʧʝʪʨʦʛʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3.1. ʉʝʨʝʜʥʽʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʝʤʥʦʾ ʢʦʨʠ, ʟʘ ʜʘʥʠʤʠ [8]. 

 

ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʫ ʟʝʤʥʽʡ ʢʦʨʽ ʢʦʞʥʦʛʦ ʟ ʧʝʪʨʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʚʠʱʫʻ 

1%, ʘ ʨʘʟʦʤ ʚʦʥʠ ʩʢʣʘʜʘʶʪʴ ʙʽʣʴʰʝ 98% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʚʘʛʠ ʟʝʤʥʦʾ ʢʦʨʠ. ɯʥʢʦʣʠ, 

ʜʦ ʧʝʨʝʣʽʢʫ ʧʝʪʨʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘʢʦʞ ʜʦʜʘʶʪʴ Ti, Mn, ʉ, P, S ʪʘ Cl, ʜʣʷ 

ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʫ ʟʝʤʥʽʡ ʢʦʨʽ ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ 0,1-1%. ʋʩʽ ʽʥʰʽ 

ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʪʘ ʧʦʨʦʜʦʪʚʽʨʥʠʭ ʤʽʥʝʨʘʣʽʚ 

ʣʠʰʝ ʫ ʥʝʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ, ʟʚʠʯʘʡʥʦ ï ʤʝʥʰʝ 0,1%, ʭʦʯʘ ʡ ʤʦʞʫʪʴ 

ʢʦʥʮʝʥʪʨʫʚʘʪʠʩʷ ʚ ʤʽʥʝʨʘʣʘʭ, ʱʦ ʥʝ ʤʘʶʪʴ ʧʦʨʦʜʦʪʚʽʨʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʦʤʫ, ʾʭ 

ʯʘʩʪʦ ʽʤʝʥʫʶʪʴ ʜʦʤʽʰʢʦʚʠʤʠ ʘʙʦ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ. ɿʦʢʨʝʤʘ, ʜʦ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʥʘʣʝʞʘʪʴ ʢʦʣʴʦʨʦʚʽ ʪʘ ʙʣʘʛʦʨʦʜʥʽ ʤʝʪʘʣʠ: ʉu, Sn, Pb, Zn, Ni, Au, 

Ag, Pt. ʉʶʜʠ ʞ ʧʦʪʨʘʧʣʷʶʪʴ ʪʘʢ ʟʚʘʥʽ ʨʽʜʢʽʩʥʽ ʪʘ ʨʦʟʩʽʷʥʽ ʤʝʪʘʣʠ: Li, Rb, ʉs, Be, 
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Sr, Ba, Sc, Y, TR, Zr, Hf, V, Nb, Ta, Mo, W, Th, U, ʪʦʱʦ. ʅʝʤʝʪʘʣʽʯʥʠʤʠ 

ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ ʻ: F, Br, B, N, As. 

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʢʽʣʴʢʽʩʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʝʭʥʽʯʥʦʛʦ 

ʢʘʤʽʥʥʷ ʧʨʠʡʥʷʪʦ ʧʦʜʘʚʘʪʠ ʫ ʦʢʩʠʜʥʽʡ ʬʦʨʤʽ, ʪʦʙʪʦ ʫ ʚʠʛʣʷʜʽ ʚʽʜʩʦʪʢʦʚʦʛʦ 

ʚʤʽʩʪʫ ʧʝʪʨʦʛʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʦʢʩʠʜʽʚ): Siʆ2, ʊiO2, Al2ʆ3, Fe2ʆ3, Feʆ, MnO, 

Mgʆ, Caʆ, Na2ʆ, K2ʆ, P2O5, ʅ2ʆ, ʉʆ2 (ʪʘʙʣʠʮʽ 3.1-3.2). ʅʘʪʦʤʽʩʪʴ, ʚʤʽʩʪ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʟʚʠʯʘʡʥʦ ʧʦʜʘʶʪʴ ʫ ʛʨʘʤʘʭ ʥʘ ʪʦʥʫ (ʛ/ʪ), ʘʙʦ ʫ ʯʘʩʪʠʥʘʭ 

ʤʽʣʽʦʥʥʫ (ppm): 1 ʛ/ʪ = 1 ppm = 0,0001%.  

 

ʊʘʙʣʠʮʷ 3.1. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʝʷʢʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ  

ʫ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥ,̫ ʟʘ ʜʘʥʠʤʠ [8] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʊʘʙʣʠʮʷ 3.2. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʝʷʢʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ 

ʟʘ ʜʘʥʠʤʠ [2, 4] 

 
ʇʦʨʦʜʘ ʉʢʣʦ ʐʘʤʦʪ ɼʠʥʘʩ ʌʘʨʬʦʨ ʐʣʘʢ ʎʝʤʝʥʪ 

ʂʦʤʧʦʥʝʥʪ ʚʘʛ. % 

SiO2 75,85 54,80 95,03 71,04 38,91 21,56 

TiO2 - - 0,04 0,34 0,08 - 

Al 2O3 0,25 39,20 0,45 23,7 7,04 8,51 

Fe2O3 0,15 2,07 1,45 0,33 0,08 4,38 

FeO - 0,44 0,11 - 0,58 - 

MnO - - 0,02 - 0,56 - 

MgO 0,16 1,32 0,08 0,43 3,01 - 

CaO 8,65 0,75 2,53 0,57 47,59 64,30 

Na2O 13,38  0,03 0,85 0,05  

K2O 1,02 0,92 0,18 2,90 0,92  

P2O5 - - - - - - 

H2O - - - 0,06 - - 

CO2 - - - - - - 

 

ʇʦʨʦʜʘ ɹʘʟʘʣʴʪ ɻʨʘʥʽʪ ɻʣʠʥʘ ɺʘʧʥʷʢ ʇʽʩʢʦʚʠʢ ʂʚʘʨʮʠʪ 

ʂʦʤʧʦʥʝʥʪ ʚʘʛ. % 

SiO2 48,80 70,18 58,10 5,19 78,33 90,1 

TiO2 2,19 0,39 0,65 0,06 0,25 - 

Al 2O3 13,98 14,47 15,40 0,81 4,77 5,04 

Fe2O3 3,59 1,57 4,02 0,54 1,07 1,07 

FeO 9,78 1,78 2,45 - 0,3 0,27 

MnO 0,17 0,12 - 0,05 - - 

MgO 6,70 0,88 2,44 7,89 1,16 0,38 

CaO 9,38 1,99 3,11 42,57 5,50 0,38 

Na2O 2,59 3,48 1,30 0,05 0,45 0,25 

K2O 0,69 4,11 3,24 0,33 1,31 1,62 

P2O5 0,33 0,19 0,17 0,04 0,08 - 

H2O 1,80 0,84 5,00 0,77 1,63 0,52 

CO2 - - 2,63 41,54 5,03 - 
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ɿʘʫʚʘʞʠʤʦ, ʱʦ ʢʽʣʴʢʽʩʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʝʪʨʦʛʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 

ʪʝʭʥʽʯʥʦʤʫ ʢʘʤʽʥʥʽ ʣʠʰʝ ʚ ʦʢʨʝʤʠʭ ʜʦʩʠʪʴ ʨʽʜʢʽʩʥʠʭ ʚʠʧʘʜʢʘʭ ʻ ʪʘʢʠʤʠ ʞ ʷʢ ʫ 

ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ. ɿʦʢʨʝʤʘ, ʫ ʚʠʧʘʜʢʫ ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ, ʦʪʨʠʤʘʥʦʛʦ ʰʣʷʭʦʤ 

ʧʣʘʚʣʝʥʥʷ ʙʘʟʘʣʴʪʽʚ ʪʘ ʜʽʘʙʘʟʽʚ, ʢʽʣʴʢʽʩʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʘʤʦʛʦ ʣʠʪʚʘ ʪʘ 

ʧʝʪʨʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠ ʻ ʤʘʡʞʝ ʽʜʝʥʪʠʯʥʠʤʠ. ʌʦʨʩʪʝʨʠʪʦʚʽ ʚʦʛʥʝʪʨʠʚʠ ʟʘ 

ʭʽʤʽʟʤʦʤ ʻ ʧʦʜʽʙʥʠʤʠ ʜʦ ʧʨʠʨʦʜʥʠʭ ʜʫʥʽʪʽʚ ʪʘ ʦʣʽʚʽʥʽʪʽʚ, ʟ ʷʢʠʭ ʚʦʥʠ 

ʦʪʨʠʤʫʶʪʴʩʷ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʠʩʦʢʦ-ʛʣʠʥʦʟʝʤʠʩʪʠʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʰʣʘʢʽʚ 

ʩʭʦʞʠʡ ʟ ʜʝʷʢʠʤʠ ʙʘʟʘʣʴʪʘʤʠ. ʋ ʙʽʣʴʰʦʩʪʽ ʞ ʚʠʧʘʜʢʽʚ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʧʨʠʨʦʜʥʽ ʩʠʨʦʚʠʥʥʽ ʤʘʪʝʨʽʘʣʠ ʧʽʜʣʷʛʘʶʪʴ ʟʙʘʛʘʯʝʥʥʶ, 

ʦʯʠʱʝʥʥʶ, ʟʤʽʰʫʚʘʥʥʶ ʪʘ ʽʥʰʠʤ ʨʝʯʦʚʠʥʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ. ʗʢ ʨʝʟʫʣʴʪʘʪ, 

ʧʨʠʨʦʜʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʝʪʨʦʛʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʟʚʠʯʘʡ ʧʦʨʫʰʫʶʪʴʩʷ.  

ʅʘʧʨʠʢʣʘʜ, ʫ ʙʘʛʘʪʴʦʭ ʧʨʠʨʦʜʥʠʭ ʤʘʛʤʘʪʠʯʥʠʭ  ʧʦʨʦʜʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʩʫʤʽʩʥʝ ʟʥʘʭʦʜʞʝʥʥʷ ʛʣʠʥʦʟʝʤʫ (Al 2ʆ3), ʚʘʧʥʘ (Caʆ) ʪʘ ʣʫʛʽʚ (Na2ʆ ʪʘ K2ʆ) ʟ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʢʦʨʝʣʷʮʽʡʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʮʠʭ ʧʝʪʨʦʛʝʥʥʠʭ 

ʦʢʩʠʜʽʚ. ʋ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʥʘʙʣʠʞʝʥʽ ʜʦ ʧʨʠʨʦʜʥʠʭ 

ʢʽʣʴʢʽʩʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Al 2ʆ3 ʟ Caʆ, Na2ʆ ʪʘ K2ʆ, ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʣʠʰʝ ʫ 

ʚʠʥʷʪʢʦʚʠʭ ʚʠʧʘʜʢʘʭ. ʅʘʪʦʤʽʩʪʴ, ʤʘʶʪʴ ʤʽʩʮʝ ʪʘʢʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʷʢʽ ʥʝ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʦʙôʻʢʪʽʚ. ɿʦʢʨʝʤʘ, ʫ ʪʝʭʥʽʯʥʦʤʫ ʩʢʣʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʧʨʠʨʦʜʥʠʭ ʦʙʩʠʜʽʘʥʽʚ, ʛʦʣʦʚʥʠʤʠ ʧʝʪʨʦʛʝʥʥʠʤʠ ʦʢʩʠʜʘʤʠ ʻ Siʆ2, Caʆ, Na2ʆ, 

ʧʨʠ ʚʢʨʘʡ ʥʝʟʥʘʯʥʦʤʫ ʚʤʽʩʪʽ Al 2ʆ3. ʋ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʭ ʚʦʛʥʝʪʨʠʚʘʭ, ʥʘʚʧʘʢʠ, 

ʤʘʻʤʦ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʠʡ ʚʤʽʩʪ Al2ʆ3 ʽ ʣʠʰʝ ʥʝʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ Caʆ, Na2ʆ ʪʘ 

K2ʆ. ʋ ʙʘʛʘʪʴʦʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʰʣʘʢʘʭ ʟʘʟʚʠʯʘʡ ʤʘʡʞʝ ʚʽʜʩʫʪʥʽ ʣʫʛʠ, ʘ 

ʢʽʣʴʢʽʩʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Siʆ2, Caʆ ʪʘ Al 2ʆ3 ʻ ʪʘʢʠʤʠ, ʱʦ ʥʝʯʘʩʪʦ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ. ʉʫʪʪʻʚʠʤʠ ʭʽʤʽʯʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʮʽʣʦʾ 

ʥʠʟʢʠ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ Pb, Zn, Zr, Ba, B2O3, P2O5 

ʪʘ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʫ ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ ʟʘʟʚʠʯʘʡ ʧʨʠʩʫʪʥʽ ʣʠʰʝ ʫ 

ʜʦʤʽʰʢʦʚʠʭ ʢʽʣʴʢʦʩʪʷʭ.  

ɼʣʷ ʟôʷʩʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʨʦʟʨʦʙʣʝʥʘ 

ʮʽʣʘ ʥʠʟʢʘ ʧʝʪʨʦʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ [37], ʷʢʽ ʤʦʞʥʘ ʟ 

ʫʩʧʽʭʦʤ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ. ɿʦʢʨʝʤʘ, ʰʠʨʦʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʙʫʣʠ ʯʠʩʝʣʴʥʽ ʧʝʪʨʦʭʽʤʽʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ: CaO/SiO2, 

(CaO+MgO)/(SiO2+Al 2O3), Al2O3/(CaO+Na2O+K2O), ʪʦʱʦ. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, 

ʚʘʛʦʚʽ ʚʽʜʩʦʪʢʠ ʧʝʪʨʦʛʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʝʨʝʨʘʭʦʚʫʶʪʴ ʫ ʘʪʦʤʥʽ ʘʙʦ  

ʤʦʣʝʢʫʣʷʨʥʽ ʢʽʣʴʢʦʩʪʽ (ʪʘʙʣʠʮʷ 3.3), ʷʢʽ ʙʽʣʴʰ ʥʘʛʣʷʜʥʦ ʚʽʜʜʟʝʨʢʘʣʶʶʪʴ 

ʢʽʣʴʢʽʩʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʪʦʤʽʚ ʫ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢʘʭ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʤʦʞʥʘ ʪʘʢʦʞ ʧʝʨʝʨʘʭʫʚʘʪʠ ʥʘ ʥʦʨʤʘʪʠʚʥʠʡ (ʚʽʨʪʫʘʣʴʥʠʡ) 

ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʤʝʪʦʜ CIPW, ʥʦʨʤʘʪʠʚʥʦ-ʤʦʣʝʢʫʣʷʨʥʠʡ 

ʤʝʪʦʜ ʅʽʛʣʽ ʘʙʦ ʽʥʰʫ ʤʝʪʦʜʠʢʫ, ʘʜʘʧʪʦʚʘʥʫ ʧʽʜ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙôʻʢʪ. 

ʅʦʨʤʘʪʠʚʥʠʡ ʩʢʣʘʜ ʜʘʻ ʩʧʨʦʱʝʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝ, ʷʢʽ ʤʽʥʝʨʘʣʠ ʽ ʫ ʷʢʽʡ 

ʢʽʣʴʢʦʩʪʽ (%) ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʜʦ ʩʢʣʘʜʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ 

(ʪʘʙʣʠʮʷ 3.3). ʂʨʽʤ ʪʘʙʣʠʯʥʦʾ ʬʦʨʤʠ, ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʧʨʦ ʭʽʤʽʯʥʠʡ 

ʩʢʣʘʜ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʨʘʬʽʯʥʽ  ʧʦʙʫʜʦʚʠ. ʈʘʟʦʤ ʟʽ 

ʟʚʠʯʘʡʥʠʤʠ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʠʤʠ ʜʽʘʛʨʘʤʘʤʠ ʜʦʩʠʪʴ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʽ ʛʨʘʬʽʢʠ, ʥʘʧʨʠʢʣʘʜ ï ʉʘʆïSiO2ïAl 2O3 (ʨʠʩ.3.2). 
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ʊʘʙʣʠʮʷ 3.3. ʇʝʨʝʨʘʭʫʥʦʢ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʝʪʨʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠ  

ʥʘ ʥʦʨʤʘʪʠʚʥʠʡ ʩʢʣʘʜ ʤʝʪʦʜʦʤ CIPW 
 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʂʦʤʧʦʥʝʥʪ ʚʘʛ. % ʤʦʣ. ʢ-ʪ ɹ

SiO2 50,52 847 

TiO2 0,93 118 

Al 2O3 8,47 837 

Fe2O3 7,73 488 

FeO 10,06 141 

MnO 0,23 32 

Mg O 5,38 1345 

CaO 10,51 1818 

Na2O 3,27 531 

K2O 1,20 128 

P2O5 0,98 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3.2. ʊʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʡ ʛʨʘʬʽʢ ʟ ʚʠʥʝʩʝʥʦʶ ʥʘ ʥʴʦʛʦ ʪʦʯʢʦʶ ʩʢʣʘʜʫ: 

CaO ï 47%, SiO2 ï 36%, Al2O3 ï 17%. 

 

ɺʠʥʝʩʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʡ ʛʨʘʬʽʢ 

ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ.3.2. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʧʨʠ ʮʴʦʤʫ ʥʘʩʪʫʧʥʘ:  

ʅʦʨʤʘʪʠʚʥʠʡ ʩʢʣʘʜ, % 

SiO2 ʂʚʘʨʮ 3,0 

Na[AlSi3O8] ɸʣʴʙʽʪ 27,83 

Ca[Al2Si2O8] ɸʥʦʨʪʠʪ 4,93 

K[AlSi 3O8] ʆʨʪʦʢʣʘʟ 7,15 

CaMg[Si2O6] ɼʽʦʧʩʠʜ 33,81 

(Mg,Fe)[Si2O6] ɻʽʧʝʨʩʪʝʥ 7,91 

FeTiO3 ɯʣʴʤʝʥʽʪ 1,79 

Fe3O4 ʄʘʛʥʝʪʠʪ 11,29 

Ca3[PO4]3 ɸʧʘʪʠʪ 2,29 
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1) ʅʦʨʤʫʻʤʦ ʩʫʤʘʨʥʠʡ ʚʤʽʩʪ ʪʨʴʦʭ ʦʙʨʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ 100%. ʋ 

ʧʨʠʢʣʘʜʽ ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩ.3.2 ʧʝʨʚʠʥʥʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ 

ʩʢʣʘʜʘʣʠ: CaO ï 45%, SiO2 ï 34%, Al 2O3 ï 16%. ʇʽʩʣʷ ʥʦʨʤʫʚʘʥʥʷ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ: CaO ï 47%, SiO2 ï 36%, Al 2O3 ï 17%, ʷʢʽ ʡ ʚʠʥʦʩʠʣʠʩʷ ʥʘ 

ʛʨʘʬʽʢ;  

2) ɺʽʜʢʣʘʜʘʻʤʦ ʥʘ ʛʨʘʬʽʢʫ ʥʦʨʤʦʚʘʥʠʡ ʚʤʽʩʪ ʉʘʆ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʾ, ʱʦ 

ʚʽʜʙʠʚʘʻ ʥʘ ʜʚʦʭ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʦʨʦʥʘʭ ʪʨʠʢʫʪʥʠʢʘ ʟʥʘʯʝʥʥʷ 47% ʪʘ 

ʦʨʽʻʥʪʫʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʪʨʝʪʴʦʾ ʩʪʦʨʦʥʠ SiO2 ï Al2O3;  

3) ɺʽʜʢʣʘʜʘʻʤʦ ʥʦʨʤʦʚʘʥʠʡ ʚʤʽʩʪ Al 2O3 ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʾ, ʱʦ ʚʽʜʙʠʚʘʻ ʥʘ 

ʜʚʦʭ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʦʨʦʥʘʭ ʪʨʠʢʫʪʥʠʢʘ ʟʥʘʯʝʥʥʷ 16% ʪʘ ʦʨʽʻʥʪʫʻʪʴʩʷ 

ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʪʨʝʪʴʦʾ ʩʪʦʨʦʥʠ ʉʘʆ ï SiO2;  

4) ɺʽʜʢʣʘʜʘʻʤʦ ʚʤʽʩʪ SiO2 ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʾ, ʱʦ ʚʽʜʙʠʚʘʻ ʥʘ ʜʚʦʭ ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʪʦʨʦʥʘʭ ʪʨʠʢʫʪʥʠʢʘ ʟʥʘʯʝʥʥʷ 34% ʪʘ ʦʨʽʻʥʪʫʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʪʨʝʪʴʦʾ 

ʩʪʦʨʦʥʠ ʉʘʆ ï Al 2O3;  

5) ʊʦʯʢʘ ʧʝʨʝʪʠʥʫ ʪʨʴʦʭ ʥʘʤʘʣʴʦʚʘʥʠʭ ʣʽʥʽʡ ʚʽʜʦʙʨʘʞʘʻ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ     

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ.  

 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1. ʅʘʟʚʽʪʴ 9 ʧʝʪʨʦʛʝʥʥʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

2. ʑʦ ʨʦʟʫʤʽʶʪʴ ʧʽʜ ʢʽʣʴʢʽʩʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ? 

3. ʋ ʷʢʠʭ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʶʶʪʴ ʚʤʽʩʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ? 

4. ʏʠʤ ʟʫʤʦʚʣʝʥʘ ʨʽʟʥʠʮʷ ʢʽʣʴʢʽʩʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʴ ʧʝʪʨʦʛʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ ʪʘ ʪʝʭʥʽʯʥʦʤʫ ʢʘʤʽʥʥʽ? 

5. ɺʠʥʝʩʽʪʴ ʥʘ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʡ ʛʨʘʬʽʢ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʰʣʘʢʫ ʟ ʪʘʙʣʠʮʽ  

3.2. 
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ʈʆɿɼɯʃ 4 

ɺʅʋʊʈɯʐʅʗ ɹʋɼʆɺɸ ʊɽʍʅɯʏʅʆɻʆ ʂɸʄɯʅʅʗ 

 

 

 

ʈʘʟʦʤ ʟ ʤʽʥʝʨʘʣʴʥʠʤ ʪʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʚʘʞʣʠʚʦʶ ʧʝʪʨʦʛʨʘʬʽʯʥʦʶ 

ʦʟʥʘʢʦʶ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʻ ʦʩʦʙʣʠʚʦʩʪʽ ʡʦʛʦ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ï ʩʪʨʫʢʪʫʨʘ 

ʪʘ ʪʝʢʩʪʫʨʘ. ʆʩʢʽʣʴʢʠ ʙʫʜʦʚʘ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʧʦʩʦʙʫ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʠʥʪʝʟʫ, ʮʷ ʦʟʥʘʢʘ ʤʘʻ 

ʥʘʜʟʚʠʯʘʡʥʝ ʟʥʘʯʝʥʥʷ, ʷʢ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʰʪʫʯʥʠʭ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢ ʽ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʧʦ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʢʦʥʪʨʦʣʶ ʟʘ ʷʢʽʩʪʶ ʪʘ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʞʝ ʧʨʠ ʧʝʨʰʦʤʫ ʚʽʟʫʘʣʴʥʦʤʫ 

ʦʛʣʷʜʽ ʢʘʤôʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʝʪʨʦʛʨʘʬ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʟʚʝʨʪʘʻ ʫʚʘʛʫ ʥʘ ʪʘʢ ʟʚʘʥʽ 

çʤʘʢʨʦʩʢʦʧʽʯʥʽè ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ï ʟʘʛʘʣʴʥʫ ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ, ʭʘʨʘʢʪʝʨ 

ʨʦʟʧʦʜʽʣʫ ʤʽʥʝʨʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʨʦʟʤʽʨ ʦʢʨʝʤʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʟʝʨʝʥ, ʪʦʱʦ. ɼʣʷ 

ʚʠʚʯʝʥʥʷ ʙʽʣʴʰ ʪʦʥʢʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʫʜʦʚʠ ʥʝʟʘʤʽʥʥʠʤʠ ʻ ʤʽʢʨʦʩʢʦʧʽʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʇʦʧʝʨʝʜʥʴʦ ʟʨʘʟʢʠ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʤʦʞʥʘ ʨʦʟʜʠʚʠʪʠʩʴ ʧʨʠ 

ʥʝʚʝʣʠʢʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʧʽʜ ʙʽʥʦʢʫʣʷʨʥʠʤ ʩʪʝʨʝʦʩʢʦʧʽʯʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʄɹʉ. 

ʇʦʜʘʣʴʰʽ ʙʽʣʴʰ ʜʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʫ 

ʧʨʦʭʽʜʥʦʤʫ ʪʘ ʚʽʜʙʠʪʦʤʫ ʩʚʽʪʣʽ ʧʦʪʨʝʙʫʶʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʨʝʧʘʨʘʪʽʚ ï ʰʣʽʬʽʚ ʪʘ ʘʥʰʣʽʬʽʚ. ʂʨʽʤ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʥʘʨʘʟʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜʠ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ.  

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʝʪʨʦʛʨʘʬʽʯʥʽ ʧʦʥʷʪʪʷ ʪʘ ʪʝʨʤʽʥʠ, ʷʢʽ ʚʞʠʚʘʶʪʴʩʷ  ʧʨʠ 

ʚʠʚʯʝʥʥʽ ʙʫʜʦʚʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ,  ʤʦʞʥʘ ʟ ʫʩʧʽʭʦʤ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʡ ʜʣʷ 

ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ. ɹʘʟʦʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʤʘʶʪʴ ʧʦʥʷʪʪʷ ʩʪʨʫʢʪʫʨʘ ʪʘ 

ʪʝʢʩʪʫʨʘ, ʷʢʽ ʥʘʜʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʦʟʫʤʽʥʥʽ, ʧʨʠʡʥʷʪʦʤʫ ʫ ʚʽʪʯʠʟʥʷʥʽʡ 

ʧʝʪʨʦʛʨʘʬʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ [26, 30-31].   

 

4.1. ʉʪʨʫʢʪʫʨʘ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ 

 

ʉʪʨʫʢʪʫʨʘ ï ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʩʪʫʧʝʥʝʤ ʡʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʨʦʟʤʽʨʦʤ ʪʘ ʬʦʨʤʦʶ ʤʽʥʝʨʘʣʴʥʠʭ 

ʟʝʨʝʥ. ʇʨʠʥʘʛʽʜʥʦ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʫ ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʮʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʙʫʜʦʚʠ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʨʤʽʥʦʤ «texture», ʱʦ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʧʝʚʥʫ ʧʣʫʪʘʥʠʥʫ ʧʨʠ ʧʝʨʝʢʣʘʜʽ, ʦʩʢʽʣʴʢʠ ʧʽʜ ʧʦʥʷʪʪʷʤ çʪʝʢʩʪʫʨʘè 

ʚʽʪʯʠʟʥʷʥʽ ʘʚʪʦʨʠ ʨʦʟʫʤʽʶʪʴ ʜʝʱʦ ʽʥʰʝ (ʜʠʚ. ʥʠʞʯʝ).  

 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʩʰʪʘʙʫ ʧʨʦʷʚʫ, ʧʨʠʡʥʷʪʦ ʨʦʟʨʽʟʥʷʪʠ ʤʘʢʨʦʩʪʨʫʢʪʫʨʫ ʪʘ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʟʫʘʣʴʥʦ 

ʘʙʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʫʧʠ. ʅʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤʠ ʤʘʢʨʦʩʪʨʫʢʪʫʨʘʤʠ 

ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʻ ʷʚʥʦʢʨʠʩʪʘʣʽʯʥʘ, ʫʣʘʤʢʦʚʘ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʘ, ʘʬʘʥʽʪʦʚʘ ʪʘ 

ʩʢʣʫʚʘʪʘ.  
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ʗʚʥʦʢʨʠʩʪʘʣʽʯʥʘ ʘʙʦ, ʽʥʘʢʰʝ, ʬʘʥʝʨʠʪʦʚʘ ʩʪʨʫʢʪʫʨʘ ʧʨʠʪʘʤʘʥʥʘ ʪʠʤ 

ʧʨʝʜʩʪʘʚʥʠʢʘʤ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ,  ʱʦ ʧʦʚʥʽʩʪʶ ʩʢʣʘʜʘʶʪʴʩʷ  ʟ ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʝʨʝʥ (> 1 ʤʤ), ʷʢʽ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ 

(ʨʠʩ.4.1). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʘʙʩʦʣʶʪʥʦʛʦ ʨʦʟʤʽʨʫ ʟʝʨʝʥ, ʩʝʨʝʜ ʷʚʥʦʢʨʠʩʪʘʣʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ ʨʦʟʨʽʟʥʷʶʪʴ ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʽ (1-5 ʤʤ), ʢʨʫʧʥʦʟʝʨʥʠʩʪʽ (5-20 ʤʤ) ʪʘ 

ʛʽʛʘʥʪʦ-ʟʝʨʥʠʩʪʽ (>20 ʤʤ). ʗʢʱʦ ʞ ʪʝʭʥʽʯʥʝ ʢʘʤʽʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʟʝʨʝʥ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 1 ʤʤ ʽ ʾʭ ʱʝ ʤʦʞʥʘ ʨʦʟʨʽʟʥʠʪʠ ʫ ʣʫʧʫ, ʩʪʨʫʢʪʫʨʫ 

ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʜʨʽʙʥʦʟʝʨʥʠʩʪʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʫ ʪʝʭʥʽʯʥʦʤʫ 

ʢʘʤʽʥʥʽ ʷʚʥʦʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ  ʬʦʨʤʫʻʪʴʩʷ ʥʝ ʪʘʢ ʯʘʩʪʦ. ɺʦʥʘ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʜʝʷʢʠʭ ʨʽʟʥʦʚʠʜʘʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʰʣʘʢʽʚ ʪʘ ʚʦʛʥʝʪʨʠʚʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʧʦʚʽʣʴʥʦʤʫ ʟʘʩʪʠʛʘʥʥʽ ʨʦʟʧʣʘʚʫ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4.1. ʗʚʥʦʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʰʪʫʯʥʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

 

 

ʋʣʘʤʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʦʙʫʤʦʚʣʝʥʘ ʧʨʠʩʫʪʥʽʩʪʶ ʫʣʘʤʢʽʚ ʤʽʥʝʨʘʣʽʚ ʘʙʦ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʟʮʝʤʝʥʪʦʚʘʥʠʭ ʙʽʣʴʰ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤ ʘʙʦ ʘʬʘʥʽʪʦʚʠʤ 

ʤʘʪʝʨʽʘʣʦʤ (ʨʠʩ.4.2). ʋʣʘʤʢʠ ʤʽʥʝʨʘʣʽʚ ʪʘ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʫ 

ʫʣʘʤʢʦʚʫ ʬʦʨʤʫ ï ʛʦʩʪʨʦʢʫʪʥʫ, ʥʘʧʽʚʦʢʘʪʘʥʫ ʘʙʦ ʦʢʘʪʘʥʫ. ʋʣʘʤʢʠ, ʨʦʟʤʽʨʦʤ 

ʙʽʣʴʰʝ 1 ʤʤ, ʜʦʙʨʝ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ. ʗʢʱʦ ʪʝʭʥʽʯʥʝ ʢʘʤʽʥʥʷ 

ʩʢʣʘʜʘʻʪʴʩʷ ʙʽʣʴʰ ʜʨʽʙʥʠʤʠ ʫʣʘʤʢʘʤʠ, ʩʪʨʫʢʪʫʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʘ. ʋʣʘʤʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʚʣʘʩʪʠʚʘ ʜʣʷ ʙʝʪʦʥʽʚ, ʛʨʫʙʠʭ ʢʝʨʘʤʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʦʱʦ. 
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ʈʠʩ. 4.2. ʋʣʘʤʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʙʝʪʦʥʥʦʛʦ ʢʘʤʝʥʶ 

 

ɼʨʽʙʥʦʟʝʨʥʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʚʠʷʚʣʷʻ ʩʚʦʶ ʟʝʨʥʠʩʪʽʩʪʴ ʟʘʚʜʷʢʠ ʜʨʽʙʥʽʡ 

ʰʝʨʰʘʚʦʩʪʽ ʥʘ ʩʚʽʞʠʭ ʧʦʚʝʨʭʥʷʭ ʟʣʘʤʫ (ʨʠʩ.4.3). ʇʨʠ ʮʴʦʤʫ ʦʢʨʝʤʽ ʟʝʨʥʘ, 

ʨʦʟʤʽʨ ʷʢʠʭ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʴ ʫ ʜʽʘʧʘʟʦʥʽ 0,1-1 ʤʤ, ʧʦʛʘʥʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ 

ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ, ʘʣʝ ʾʭ ʱʝ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʫ ʣʫʧʫ. ʗʢʱʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʫʧʠ  

ʤʦʞʥʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʨʠʩʪʘʣʽʯʥʫ ʘʙʦ, ʥʘʚʧʘʢʠ, ʫʣʘʤʢʦʚʫ ʬʦʨʤʫ ʤʽʥʝʨʘʣʴʥʠʭ 

ʟʝʨʝʥ, ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ï   ʜʨʽʙʥʦʟʝʨʥʠʩʪʘ 

ʢʨʠʩʪʘʣʽʯʥʘ (ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʘ) ʘʙʦ ʜʨʽʙʥʦʟʝʨʥʠʩʪʘ ʫʣʘʤʢʦʚʘ (ʜʨʽʙʥʦ-

ʫʣʘʤʢʦʚʘ), ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʙʽʣʴʰ ʦʜʥʦʟʥʘʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʧʦʜʘʣʴʰʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʩʪʨʫʢʪʫʨ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʢʨʦʩʢʦʧʽʯʥʽ 

ʤʝʪʦʜʠ. ɼʨʽʙʥʦʟʝʨʥʠʩʪʽ ʩʪʨʫʢʪʫʨʠ ʚʣʘʩʪʠʚʽ ʜʣʷ ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ, ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʰʣʘʢʽʚ, ʣʠʪʠʭ ʚʦʛʥʝʪʨʠʚʽʚ,  ʛʽʧʩʦʚʠʭ ʚôʷʞʫʯʠʭ, ʘʙʨʘʟʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

 

ɺ ʘʬʘʥʽʪʦʚʽʡ ʩʪʨʫʢʪʫʨʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʾ, ʥʽ ʢʨʠʩʪʘʣʽʯʥʽ 

ʟʝʨʥʘ, ʥʽ ʫʣʘʤʢʠ ʥʝ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʥʘʚʽʪʴ ʫ ʣʫʧʫ (ʨʠʩ.4.4), ʭʦʯʘ ʡ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʷʚʣʝʥʽ ʧʨʠ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʊʝʭʥʽʯʥʝ ʢʘʤʽʥʥʷ ʟ ʘʬʘʥʽʪʦʚʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʚʠʛʣʷʜʘʻ ʱʽʣʴʥʠʤ, ʥʝ ʟʝʨʥʠʩʪʠʤ, ʙʝʟ ʭʘʨʘʢʪʝʨʥʦʾ ʜʨʽʙʥʦʾ 

ʰʝʨʰʘʚʦʩʪʽ ʥʘ ʩʚʽʞʠʭ ʧʦʚʝʨʭʥʷʭ ʟʣʘʤʫ. ʊʘʢʠʤʠ ʻ ʪʦʥʢʽ ʢʝʨʘʤʽʯʥʽ ʚʠʨʦʙʠ, 

ʥʘʧʨʠʢʣʘʜ ï ʬʘʷʥʩ, ʚôʷʞʫʯʽ ʤʘʪʝʨʽʘʣʠ, ʤʝʪʘʣʫʨʛʽʡʥʽ ʰʣʘʢʠ, ʪʦʱʦ. 
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ʈʠʩ. 4.3. ɼʨʽʙʥʦʟʝʨʥʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʾ ʰʪʫʢʘʪʫʨʢʠ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4.4. ɸʬʘʥʽʪʦʚʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʟʣʘʤʽ ʬʘʨʬʦʨʦʚʠʭ ʫʣʘʤʢʽʚ 
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ʉʢʣʫʚʘʪʘ ʩʪʨʫʢʪʫʨʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʫʩʽʭ ʧʦʧʝʨʝʜʥʽʭ ʪʠʤ, ʱʦ ʥʽ 

ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ, ʥʽ ʟʝʨʥʠʩʪʽʩʪʴ ʪʫʪ ʥʝ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʥʘʚʽʪʴ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ. 

ʊʝʭʥʽʯʥʝ ʢʘʤʽʥʥʷ ʟʽ ʩʢʣʫʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʤʘʻ ʭʘʨʘʢʪʝʨʥʠʡ ʩʢʣʷʥʠʡ ʙʣʠʩʢ ʪʘ 

ʨʘʢʦʚʠʩʪʠʡ ʟʣʘʤ (ʨʠʩ.4.5). ʂʨʽʤ ʚʣʘʩʥʝ ʩʢʣʘ, ʪʘʢʠʤʠ ʻ ʜʝʷʢʽ ʤʝʪʘʣʫʨʛʽʡʥʽ 

ʰʣʘʢʠ, ʷʢʽ ʬʦʨʤʫʚʘʣʠʩʷ ʫ ʫʤʦʚʘʭ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4.5. ʉʢʣʫʚʘʪʘ ʩʪʨʫʢʪʫʨʘ ʪʝʭʥʽʯʥʦʛʦ ʩʢʣʘ 

 

 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʨʝʧʘʨʘʪʘʭ ï ʰʣʽʬʘʭ ʪʘ ʘʥʰʣʽʬʘʭ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʘʙʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʽʚ. ɿʦʢʨʝʤʘ, ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʤʦʞʥʘ 

ʧʦʨʽʚʥʷʥʦ ʣʝʛʢʦ ʟôʷʩʫʚʘʪʠ ʩʪʫʧʽʥʴ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʢʘʤôʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʘ 

ʩʪʫʧʝʥʝʤ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʩʢʣʫʚʘʪʽ, 

ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʽ ʪʘ ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʽ. ʆʢʨʝʤʝ ʤʽʩʮʝ ʧʦʩʽʜʘʶʪʴ ʪʘʢʽ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʷʢ ʧʦʨʬʽʨʦʚʘ, ʧʨʠʭʦʚʘʥʦʢʨʠʩʪʘʣʽʯʥʘ ʪʘ ʤʽʢʨʦʫʣʘʤʢʦʚʘ. 

 

ʉʢʣʫʚʘʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝʭʥʽʯʥʝ ʢʘʤʽʥʥʷ ʟ ʤʽʥʽʤʘʣʴʥʦʶ 

ʢʨʠʩʪʘʣʽʯʥʽʩʪʶ, ʷʢʝ ʙʽʣʴʰ ʥʽʞ ʥʘ 90% ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʢʣʦʬʘʟʠ. ʋ ʰʣʽʬʘʭ ʧʽʜ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʩʢʣʦʬʘʟʘ (ʩʢʦʨʦʯʝʥʦ ï ʩʢʣʦ) ʻ ʽʟʦʪʨʦʧʥʦʶ ï ʧʨʠ 

ʚʢʣʶʯʝʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ ʚʦʥʘ ʯʦʨʥʘ ʽ ʥʽʷʢ ʥʝ ʨʝʘʛʫʻ ʥʘ ʧʦʣʷʨʠʟʦʚʘʥʝ ʩʚʽʪʣʦ 

(ʨʠʩ.4.6). ʅʘʪʦʤʽʩʪʴ, ʧʦʦʜʠʥʦʢʽ ʢʨʠʩʪʘʣʽʯʥʽ ʟʝʨʥʘ, ʷʢʽ ʽʥʢʦʣʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʠʩʫʪʥʽʤʠ ʫ ʩʢʣʽ, ʧʨʠ ʚʢʣʶʯʝʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ ʷʩʢʨʘʚʦ ʟʘʙʘʨʚʣʝʥʥʽ ʽ ʧʽʜ ʯʘʩ 
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ʦʙʝʨʪʘʥʥʷ ʩʪʦʣʠʢʘ ʤʽʢʨʦʩʢʦʧʫ ʧʦʯʝʨʛʦʚʦ ñʧʨʦʩʚʽʪʣʶʶʪʴʩʷò ʪʘ ñʟʛʘʩʘʶʪʴò. ʊʘʢ 

ʨʝʘʛʫʶʪʴ ʥʘ ʧʦʣʷʨʠʟʦʚʘʥʝ ʩʚʽʪʣʦ ʘʥʽʟʦʪʨʦʧʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ʨʝʯʦʚʠʥʠ. ʉʢʣʫʚʘʪʘ 

ʩʪʨʫʢʪʫʨʘ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʜʫʞʝ ʰʚʠʜʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ. ʊʘʢʽ 

ʫʤʦʚʠ ʻ ʥʘʡʙʽʣʴʰ ʥʝʩʧʨʠʷʪʣʠʚʠʤʠ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ʢʨʠʩʪʘʣʽʚ ʪʘ ʾʭ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʩʪʫ, ʪʦʤʫ ñʧʝʨʝʦʭʦʣʦʜʞʝʥʠʡò ʨʦʟʧʣʘʚ, ʟʘʩʪʠʛʘʶʯʠ, 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʪʚʝʨʜʫ ʘʤʦʨʬʥʫ ʨʝʯʦʚʠʥʫ ï ʩʢʣʦ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʩʢʣʦ ʻ 

ʜʦʚʦʣʽ ʥʝʩʪʽʡʢʦʶ ʨʝʯʦʚʠʥʦʶ ʽ ʟ ʧʣʠʥʦʤ ʯʘʩʫ ʚʦʥʦ ʧʦʩʪʫʧʦʚʦ 

ʨʦʟʢʨʠʩʪʘʣʽʟʦʚʫʻʪʴʩʷ ï ʜʝʚʽʪʨʠʬʽʢʫʻʪʴʩʷ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4.6. ʉʢʣʫʚʘʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ: ʘ ï 

ʪʝʭʥʽʯʥʝ ʩʢʣʦ; ʙ ï ʧʨʠʨʦʜʥʠʡ ʦʙʩʠʜʽʘʥ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʧʨʠ ʚʢʣʶʯʝʥʦʤʫ 

ʘʥʘʣʽʟʘʪʦʨʽ ʩʢʣʦʬʘʟʘ ʻ ʯʦʨʥʦʶ ʽʟʦʪʨʦʧʥʦʶ, ʥʘʪʦʤʽʩʪʴ  ʧʦʦʜʠʥʦʢʽ ʢʨʠʩʪʘʣʽʯʥʽ 

ʟʝʨʥʘ ʤʘʶʪʴ ʩʚʽʪʣʝ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʝ ʟʘʙʘʨʚʣʝʥʥʷ. ʌʦʪʦ ʰʣʽʬʽʚ ʟ [4] . 

 

ʇʦʚʥʦʢʨʠʩʪʘʣʽʯʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʚʣʘʩʪʠʚʘ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʣʠʰʝ ʟ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʝʨʝʥ ʪʘ ʟʦʚʩʽʤ ʥʝ ʤʽʩʪʠʪʴ ʩʢʣʦʬʘʟʠ, ʪʦʙʪʦ ʤʘʻ 

ʤʘʢʩʠʤʘʣʴʥʫ ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ. ʇʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʢʨʠʩʪʘʣʽʯʥʽ 

ʟʝʨʥʘ ʫ ʪʦʡ ʯʠ ʽʥʰʠʡ ʩʧʦʩʽʙ ʚʠʷʚʣʷʶʪʴ ʩʚʦʶ ʘʥʽʟʦʪʨʦʧʽʶ. ʊʘʢ, ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ, 

ʧʨʠ ʚʢʣʶʯʝʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ ʤʘʶʪʴ ʷʩʢʨʘʚʝ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʝ ʟʘʙʘʨʚʣʝʥʥʷ, 

ʧʦʯʝʨʛʦʚʦ ñʧʨʦʩʚʽʪʣʶʶʯʠʩʴò ʪʘ ñʟʛʘʩʘʶʯʠò ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʩʪʦʣʠʢʘ ʤʽʢʨʦʩʢʦʧʫ. 

ɯʥʰʠʤʠ ʦʟʥʘʢʘʤʠ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʟʝʨʝʥ ʻ ʧʨʘʚʠʣʴʥʝ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʝ ʦʛʨʘʥʫʚʘʥʥʷ, ʩʧʘʡʥʽʩʪʴ, ʪʦʱʦ (ʨʠʩ.4.7). ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʦʟʤʽʨʫ ʟʝʨʝʥ ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʙʫʪʠ  

ʢʨʫʧʥʦʟʝʨʥʠʩʪʠʤʠ (5-20 ʤʤ), ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʤʠ (1-5 ʤʤ), ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤʠ 

(0,1-1 ʤʤ) ʪʘ ʤʽʢʨʦʟʝʨʥʠʩʪʠʤʠ (0,01-0,1 ʤʤ). ʇʦʚʥʦʢʨʠʩʪʘʣʽʯʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʴ ʫ ʪʝʭʥʽʯʥʦʤʫ ʢʘʤʽʥʥʽ ʦʪʨʠʤʘʥʦʤʫ ʟ ʨʦʟʧʣʘʚʫ, ʟ ʨʦʟʯʠʥʫ, 

ʘ ʪʘʢʦʞ ʧʨʠ ʪʚʝʨʜʦʬʘʟʥʦʤʫ ʟʧʝʯʝʥʥʽ. ɿʘʛʘʣʴʥʠʤ ʧʨʘʚʠʣʦʤ ʻ ʪʝ, ʱʦ ʧʨʠ 

ʧʦʚʽʣʴʥʽʡ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʦʪʨʠʤʫʻʪʴʩʷ ʙʽʣʴʰʠʡ ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʝʨʝʥ, ʘ ʧʨʠ 

ʰʚʠʜʢʽʡ ï ʤʝʥʰʠʡ. ʌʦʨʤʘ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʝʨʝʥ ʫ ʪʝʭʥʽʯʥʦʤʫ ʢʘʤʽʥʥʽ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʧʦʩʦʙʫ ʪʘ ʧʦʨʷʜʢʫ ʾʭ ʚʠʦʢʨʝʤʣʝʥʥʷ. ɺ ʧʝʪʨʦʛʨʘʬʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʩʪʫʧʽʥʴ 

ʜʦʩʢʦʥʘʣʦʩʪʽ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʦʛʨʘʥʫʚʘʥʥʷ ʤʽʥʝʨʘʣʽʚ  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʥʷʪʪʷʤ ʽʜʽʦʤʦʨʬʽʟʤʫ (ñʽʜʽʦʩò ï ʚʣʘʩʥʠʡ, ñʤʦʨʬʦʩò ï ʬʦʨʤʘ, ʛʨʝʮ.) ɿʚʠʯʘʡʥʦ 

ʨʦʟʨʽʟʥʷʶʪʴ ʽʜʽʦʤʦʨʬʥʽ, ʛʽʧʽʜʽʦʤʦʨʬʥʽ ʪʘ ʢʩʝʥʦʤʦʨʬʥʽ ʬʦʨʤʠ ʚʠʦʢʨʝʤʣʝʥʴ 
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ʤʽʥʝʨʘʣʽʚ. ɯʜʽʦʤʦʨʬʥʽ ʬʦʨʤʠ ʚʠʦʢʨʝʤʣʝʥʴ ʤʽʥʝʨʘʣʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʧʨʘʚʠʣʴʥʠʤʠ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. ɯʜʽʦʤʦʨʬʥʽ ʢʨʠʩʪʘʣʠ 

ʚʠʥʠʢʘʶʪʴ ʫ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚʘʭ. ɿʦʢʨʝʤʘ, ʤʽʥʝʨʘʣʴʥʝ ʟʝʨʥʦ, ʷʢʝ 

ʧʦʯʠʥʘʻ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʴ ʨʘʥʽʰʝ ʟʘ ʫʩʽ ʽʥʰʽ, ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ 

ʽʜʽʦʤʦʨʬʥʫ ʬʦʨʤʫ. ʂʩʝʥʦʤʦʨʬʥʽ ʬʦʨʤʠ ʤʘʶʪʴ ʥʝʧʨʘʚʠʣʴʥʽ ʚʠʧʘʜʢʦʚʽ 

ʦʙʤʝʞʝʥʥʷ ʽ ʚʠʥʠʢʘʶʪʴ ʚ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚʘʭ ʨʦʩʪʫ ʤʽʥʝʨʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʫ 

ʧʨʦʤʽʞʢʘʭ ʤʽʞ ʽʥʰʠʤʠ ʧʦʧʝʨʝʜʥʴʦ-ʫʪʚʦʨʝʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ. ɻʽʧʽʜʽʦʤʦʨʬʥʽ 

ʬʦʨʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʠʩʫʪʥʽʩʪʶ ʷʢ ʧʨʘʚʠʣʴʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ, ʪʘʢ ʽ 

ʥʝʧʨʘʚʠʣʴʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʦʙʤʝʞʝʥʴ. ʋ ʚʠʧʘʜʢʫ ʛʽʧʽʜʽʦʤʦʨʬʥʠʭ ʬʦʨʤ ʤʽʥʝʨʘʣ 

ʧʨʦʷʚʣʷʻ ʣʠʰʝ ʯʘʩʪʢʦʚʠʡ ʽʜʽʦʤʦʨʬʽʟʤ, ʪʦʙʪʦ ʻ ʽʜʽʦʤʦʨʬʥʠʤ ʚʽʜʥʦʩʥʦ ʦʜʥʠʭ 

ʤʽʥʝʨʘʣʽʚ, ʘʣʝ ʢʩʝʥʦʤʦʨʬʥʠʤ ï ʚʽʜʥʦʩʥʦ ʽʥʰʠʭ, ʱʦ ʟʚʠʯʘʡʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ɼʣʷ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ 

ʧʦʚʽʣʴʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʨʦʟʧʣʘʚʫ ʘʙʦ ʨʦʟʯʠʥʫ ʚʣʘʩʪʠʚʦʶ ʻ ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʘ 

ʛʽʧʽʜʽʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʚ ʷʢʽʡ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʦʜʥʽ ʤʽʥʝʨʘʣʠ ʧʨʦʷʚʣʷʶʪʴ ʽʜʽʦʤʦʨʬʽʟʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʠʭ. 

ɹʽʣʴʰ ʨʽʜʢʽʩʥʠʤʠ ʻ ʪʘʢʽ ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʷʢ 

ʧʘʥʽʜʽʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘ ʪʘ ʘʣʦʪʨʽʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘ. ʇʘʥʽʜʽʤʦʨʬʥʦʟʝʨʥʠʩʪʘ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʠʩʫʪʥʽʩʪʶ ʣʠʰʝ ʽʜʽʦʤʦʨʬʥʠʭ ʟʝʨʝʥ, 

ʘʣʦʪʨʽʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘ ï ʣʠʰʝ ʢʩʝʥʦʤʦʨʬʥʠʭ. ɿ ʜʚʦʤʘ ʦʩʪʘʥʥʽʤʠ ʜʝʱʦ ʩʭʦʞʽ 

ʛʨʘʥʦʙʣʘʩʪʦʚʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʦʢʨʝʤʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ, 

ʦʪʨʠʤʘʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʠʤ ʩʧʽʢʘʥʥʷʤ. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4.7. ʇʦʚʥʦʢʨʠʩʪʘʣʽʯʥʽ  ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ: ʘ ï 

ʛʽʧʽʜʽʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʰʣʘʢʫ, ʬʘʷʣʽʪ ʧʨʦʷʚʣʷʻ 

ʽʜʽʦʤʦʨʬʽʟʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʽʨʦʢʩʝʥʫ ʪʘ ʤʘʛʥʝʪʠʪʫ; ʙ ï 

ʧʘʥʽʜʽʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʧʣʘʚʣʝʥʦʛʦ ʧʝʨʠʢʣʘʟʦʚʦʛʦ ʚʦʛʥʝʪʨʠʚʫ. 

ʌʦʪʦ ʰʣʽʬʽʚ ʟ [4, 33] 

 

ʅʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ï ʩʪʨʫʢʪʫʨʘ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ, ʱʦ 

ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʽ ʩʢʣʦʬʘʟʫ ʽ ʢʨʠʩʪʘʣʽʯʥʽ ʟʝʨʥʘ (ʨʠʩ.4.8). ʊʘʢʠʤ ʯʠʥʦʤ, 

ʟʘ ʩʪʫʧʝʥʝʤ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʩʽʜʘʻ 
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ʧʨʦʤʽʞʥʝ ʤʽʩʮʝ ʤʽʞ ʩʢʣʫʚʘʪʦʶ ʪʘ ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʦʶ. ɺʤʽʩʪ ʩʢʣʘ ʧʨʠ ʮʴʦʤʫ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 90%. ʇʨʠ ʙʽʣʴʰʦʤʫ ʡʦʛʦ ʚʤʽʩʪʽ ʩʪʨʫʢʪʫʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʢʣʫʚʘʪʘ. 

ɯʥʢʦʣʠ ʞ ʩʢʣʘ, ʥʘʚʧʘʢʠ, ʥʘʩʪʽʣʴʢʠ ʤʘʣʦ, ʱʦ ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʘ ʧʦʤʠʣʢʦʚʦ 

ʧʨʠʡʥʷʪʠ ʟʘ ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʫ. ʅʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʷʢ ʽ 

ʩʢʣʫʚʘʪʘ, ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʰʚʠʜʢʦʤʫ ʟʘʩʪʠʛʘʥʥʽ ʤʘʛʤʠ. ʊʦʤʫ, ʢʨʠʩʪʘʣʽʯʥʽ 

ʟʝʨʥʘ ʪʫʪ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ï ʤʝʥʰʝ 1 ʤʤ. ɰʭ ʬʦʨʤʘ ʤʦʞʝ ʙʫʪʠ 

ʷʢ ʽʜʽʦʤʦʨʬʥʦʶ, ʪʘʢ ʽ ʢʩʝʥʦʤʦʨʬʥʦʶ. ɼʨʽʙʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ʟʝʨʥʘ, ʷʢʽ ʚʥʘʩʣʽʜʦʢ 

ʰʚʠʜʢʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʶʪʴ ʜʫʞʝ ʚʠʜʦʚʞʝʥʫ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʨʝʡʢʦʚʠʜʥʫ 

ʘʙʦ ʛʦʣʯʘʩʪʫ ʬʦʨʤʫ, ʥʘʟʠʚʘʶʪʴ ʤʽʢʨʦʣʽʪʘʤʠ. ʂʨʽʤ ʥʠʭ, ʜʣʷ 

ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʫʪʚʦʨʝʥʥʷ ʩʢʝʣʝʪʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʪʘ ʩʬʝʨʦʣʽʪʽʚ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4.8. ʅʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ: ʘ ï 

ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʣʴʥʠʡ ʰʣʘʢ, ʩʢʣʦʬʘʟʘ ʧʨʦʩʷʢʥʫʪʘ ʤʽʢʨʦʣʽʪʘʤʠ ʧʽʨʦʬʘʥʽʪ-

ʛʝʡʢʽʣʽʪʦʚʦʛʦ ʤʽʥʝʨʘʣʫ; ʙ ï ʜʦʤʝʥʥʠʡ ʰʣʘʢ, ʩʢʣʦʬʘʟʘ ʤʽʩʪʠʪʴ ʩʢʝʣʝʪʥʽ 

ʢʨʠʩʪʘʣʠ ʤʝʣʽʣʽʪʫ. ʌʦʪʦ ʰʣʽʬʽʚ ʟ [4].  

 

ʇʦʨʬʽʨʦʚʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʫ ʪʝʭʥʽʯʥʦʤʫ 

ʢʘʤʽʥʥʽ ʚʽʜʥʦʩʥʦ ʢʨʫʧʥʠʭ ʽʜʽʦʤʦʨʬʥʠʭ ʢʨʠʩʪʘʣʽʚ (ʧʦʨʬʽʨʦʚʠʭ ʚʢʨʘʧʣʝʥʠʢʽʚ), 

ʟʘʥʫʨʝʥʠʭ ʫ ʧʦʛʘʥʦ ʨʦʟʢʨʠʩʪʘʣʽʟʦʚʘʥʫ ʟʘʛʘʣʴʥʫ ʤʘʩʫ (ʨʠʩ.4.9), ʷʢʘ ʤʦʞʝ ʙʫʪʠ 

ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʦʶ, ʧʨʠʭʦʚʘʥʦʢʨʠʩʪʘʣʽʯʥʦʶ, ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʦʶ ʘʙʦ 

ʩʢʣʫʚʘʪʦʶ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ ʯʘʩʪʦ ʟôʷʩʦʚʫʻʪʴʩʷ, ʱʦ ʪʽ ʞ 

ʤʽʥʝʨʘʣʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʧʦʨʬʽʨʦʚʽ ʚʢʨʘʧʣʝʥʠʢʠ, ʧʨʠʩʫʪʥʽ ʡ ʫ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ. 

ʊʦʙʪʦ, ʫ ʢʘʤʽʥʥʽ ʟ ʧʦʨʬʽʨʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʤʠ ʤʘʻʤʦ ʱʦʥʘʡʤʝʥʰʝ ʜʚʽ ʛʝʥʝʨʘʮʽʾ 

ʧʦʨʦʜʦʪʚʽʨʥʠʭ ʤʽʥʝʨʘʣʽʚ ï ʧʦʨʬʽʨʦʚʽ ʚʢʨʘʧʣʝʥʠʢʠ ʪʘ ʤʽʢʨʦʣʽʪʠ. ɯʥʢʦʣʠ ʪʘʢʠʭ 

ʛʝʥʝʨʘʮʽʡ ʥʘʚʽʪʴ ʙʽʣʴʰʝ, ʪʦʜʽ ʩʪʨʫʢʪʫʨʫ ʽʤʝʥʫʶʪʴ ʩʝʨʽʡʥʦ-ʧʦʨʬʽʨʦʚʦʶ. 

ʇʦʨʬʽʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʜʚʦʩʪʘʜʽʡʥʽʡ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʧʣʘʚʫ. 

ʉʧʦʯʘʪʢʫ, ʧʨʠ ʧʦʚʽʣʴʥʦʤʫ ʟʥʠʞʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʧʦʨʬʽʨʦʚʽ 

ʚʢʨʘʧʣʝʥʠʢʠ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʰʚʠʜʢʦʤʫ ʟʤʝʥʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʤʘʩʘ. 



 

 28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4.9. ʇʦʨʬʽʨʦʚʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ: ʘ ï 

ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʰʣʘʢ, ʧʦʨʬʽʨʦʚʽ ʚʢʨʘʧʣʝʥʠʢʠ ʘʥʦʨʪʠʪʫ ʟʘʥʫʨʝʥʽ ʫ 

ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʫ ʟʘʛʘʣʴʥʫ ʤʘʩʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʢʣʘ ʪʘ ʤʘʛʥʝʪʠʪʫ; ʙ ï 

ʧʣʘʚʣʝʥʠʡ ʛʣʠʥʦʟʝʤʠʩʪʠʡ ʮʝʤʝʥʪ, ʧʦʨʬʽʨʦʚʽ ʚʢʨʘʧʣʝʥʠʢʠ CaO*2Al2O3 ʟʘʥʫʨʝʥʽ 

ʫ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʫ ʟʘʛʘʣʴʥʫ ʤʘʩʫ. ʌʦʪʦ ʰʣʽʬʽʚ ʟ [4].  

 

ʇʨʠʭʦʚʘʥʦʢʨʠʩʪʘʣʽʯʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ï ʩʪʨʫʢʪʫʨʘ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ, 

ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʨʠʩʪʘʣʽʚ, ʨʦʟʤʽʨ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,01 ʤʤ, ʪʦʙʪʦ ʻ ʥʘʙʘʛʘʪʦ 

ʤʝʥʰʠʤ ʟʚʠʯʘʡʥʦʾ ʪʦʚʱʠʥʠ ʧʝʪʨʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ. ʇʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ 

ʤʽʢʨʦʩʢʦʧʦʤ ʪʘʢʝ ʢʘʤʽʥʥʷ ʚʠʷʚʣʷʻ ʘʛʨʝʛʘʪʥʫ ʧʦʣʷʨʠʟʘʮʽʶ, ʢʦʣʠ ʧʨʠ 

ʚʢʣʶʯʝʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʰʣʽʬʘ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʩʪʦʣʠʢʫ ʟʦʚʩʽʤ ʥʝ 

ʟʛʘʩʘʻ, ʦʩʢʽʣʴʢʠ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʝʨʥʘ ʥʘʢʣʘʜʘʶʪʴʩʷ ʦʜʥʝ ʥʘ ʦʜʥʝ ʫ ʪʦʚʱʽ 

ʧʨʝʧʘʨʘʪʫ.   

 

ʄʽʢʨʦʫʣʘʤʢʦʚʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʚʣʘʩʪʠʚʘ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʣʘʤʢʽʚ ʤʽʥʝʨʘʣʽʚ, ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 0,1 ʤʤ, ʷʢʽ ʮʝʤʝʥʪʫʶʪʴʩʷ 

ʢʨʠʩʪʘʣʽʯʥʠʤ ʘʙʦ ʘʤʦʨʬʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʋʣʘʤʢʠ ʤʽʥʝʨʘʣʽʚ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʫ 

ʫʣʘʤʢʦʚʫ ʬʦʨʤʫ ï ʛʦʩʪʨʦʢʫʪʥʫ, ʥʘʧʽʚʦʢʘʪʘʥʫ ʘʙʦ ʦʢʘʪʘʥʫ. ʗʢʱʦ ʧʝʨʝʚʘʞʥʠʡ 

ʨʦʟʤʽʨ ʫʣʘʤʢʽʚ ʩʢʣʘʜʘʻ 0,1-1 ʤʤ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʴ ʷʢ 

ʜʨʽʙʥʦʫʣʘʤʢʦʚʘ (ʨʠʩ.4.10). 
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ʈʠʩ. 4.10. ʄʽʢʨʦʫʣʘʤʢʦʚʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʬʘʷʥʩʫ (ʘ) ʪʘ ʜʨʽʙʥʦʫʣʘʤʢʦʚʘ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʽʥʥʷ (ʙ). ʌʦʪʦ ʰʣʽʬʽʚ ʟ [4].  

 

4.2. ʊʝʢʩʪʫʨʘ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ 

 

ʊʝʢʩʪʫʨʘ ï ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʚʟʘʻʤʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʦʤ ʾʭ 

ʨʦʟʧʦʜʽʣʫ ʪʘ ʩʧʦʩʦʙʦʤ ʚʠʧʦʚʥʝʥʥʷ ʧʨʦʩʪʦʨʫ. ʉʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʪʝʢʩʪʫʨʫ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ: ʦʢʨʝʤʽ ʤʽʥʝʨʘʣʴʥʽ ʟʝʨʥʘ 

ʪʘ ʾʭ ʘʛʨʝʛʘʪʠ, ʚʠʧʘʜʢʦʚʽ ʚʢʣʶʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʨʦʞʥʠʥʠ, ʧʦʨʠ ʪʘ ʪʨʽʱʠʥʠ. ʉʣʽʜ 

ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʫ ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʟʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ 

ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʨʤʽʥʦʤ «structure». ʋʩʝ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʪʝʢʩʪʫʨ ʚʢʣʶʯʘʻ ʰʽʩʪʴ ʪʠʧʽʚ: ʧʦʨʠʩʪʫ, ʦʨʽʻʥʪʦʚʘʥʫ, ʰʘʨʫʚʘʪʫ, ʧʨʦʞʠʣʢʦʚʫ, 

ʪʘʢʩʠʪʦʚʫ ʪʘ ʤʘʩʠʚʥʫ.   

 

ʇʦʨʠʩʪʘ ʪʝʢʩʪʫʨʘ ʚʠʟʥʘʯʘʪ̒ʴʩʷ ʧʨʠʩʫʪʥʽʩʪʶ ʫ ʪʝʭʥʽʯʥʦʤʫ ʢʘʤʽʥʥʽ 

ʧʝʨʚʠʥʥʠʭ ʘʙʦ ʚʪʦʨʠʥʥʠʭ ʧʦʨʦʞʥʠʥ ʪʘ ʧʦʨ. ʇʝʨʚʠʥʥʽ ʧʦʨʠ ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ. ʊʘʢʠʤʠ, ʥʘʧʨʠʢʣʘʜ, ʻ ʩʬʝʨʠʯʥʽ ʧʦʨʦʞʥʠʥʠ, 

ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʤʽʩʮʽ ʛʘʟʦʚʠʭ ʧʫʭʠʨʮʽʚ ʫ ʰʣʘʢʦʚʠʭ ʪʘ ʽʥʰʠʭ ʨʦʟʧʣʘʚʘʭ (ʨʠʩ. 

4.11). ʇʝʨʚʠʥʥʠʤʠ ʻ ʧʦʨʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʯʘʩ ʚʦʣʦʛʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʮʝʤʝʥʪʥʦʛʦ ʨʦʟʯʠʥʫ ʘʙʦ ʢʝʨʘʤʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʪʦʨʠʥʥʘ ʧʦʨʠʩʪʽʩʪʴ ʤʦʞʝ 

ʟôʷʚʠʪʠʩʷ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ  ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ ʘʙʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʯʠʥʝʥʥʷ ʦʢʨʝʤʠʭ ʧʦʨʦʜʦʪʚʽʨʥʠʭ 

ʤʽʥʝʨʘʣʽʚ.  

 

ʆʨʽʻʥʪʦʚʘʥʘ ʪʝʢʩʪʫʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʽʣʴʰ ʤʝʥʰ ʧʘʨʘʣʝʣʴʥʦʶ 

ʦʨʽʻʥʪʘʮʽʻʶ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʫ ʧʝʚʥʦʤʫ ʥʘʧʨʷʤʢʫ 

(ʨʠʩ.4.12). ʆʨʽʻʥʪʘʮʽʷ ʤʽʥʝʨʘʣʴʥʠʭ ʟʝʨʝʥ, ʤʽʥʝʨʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʚʢʣʶʯʝʥʴ, 

ʧʦʨʦʞʥʠʥ ʪʘ ʧʦʨ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ ʢʽʣʴʢʦʤʘ ʧʨʠʯʠʥʘʤʠ. ʊʘʢ, ʚʥʘʩʣʽʜʦʢ 
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ʩʧʨʷʤʦʚʘʥʦʛʦ ʨʫʭʫ ʨʦʟʧʣʘʚʫ ʘʙʦ ʨʦʟʯʠʥʫ ʚ ʧʝʚʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚ ʪʝʭʥʽʯʥʦʤʫ 

ʢʘʤʽʥʥʽ ʤʦʞʝ ʬʦʨʤʫʚʘʪʠʩʷ ʣʽʥʽʡʥʦ-ʧʘʨʘʣʝʣʴʥʘ ʦʨʽʻʥʪʦʚʘʥʘ ʪʝʢʩʪʫʨʘ. ʇʨʠ 

ʛʨʘʚʽʪʘʮʽʡʥʦʤʫ ʦʩʘʜʞʝʥʥ̔  ʢʦʤʧʦʥʝʥʪʽʚ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ ʟ ʨʦʟʧʣʘʚʫ ʘʙʦ 

ʨʦʟʯʠʥʫ, ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʧʣʦʩʢʦ-ʧʘʨʘʣʝʣʴʥʘ ʦʨʽʻʥʪʦʚʘʥʘ ʪʝʢʩʪʫʨʘ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4.11. ʇʦʨʠʩʪʘ ʪʝʢʩʪʫʨʘ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʰʣʘʢʫ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4.12. ʆʨʽʻʥʪʦʚʘʥʘ ʪʝʢʩʪʫʨʘ ʙʘʟʘʣʴʪʦʚʦʾ ʚʘʪʠ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʧʣʦʩʢʦ-

ʧʘʨʘʣʝʣʴʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʣʦʢʦʥ. 
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ʈʠʩ. 4.13. ʐʘʨʫʚʘʪʘ ʪʝʢʩʪʫʨʘ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʰʣʘʢʫ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4.14. ʊʘʢʩʠʪʦʚʘ ʪʝʢʩʪʫʨʘ ʪʝʭʥʽʯʥʦʛʦ ʩʢʣʘ 
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ʐʘʨʫʚʘʪʘ ʪʝʢʩʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʪ̒ʴʩʷ ʥʘʷʚʥʽʩʪʶ ʫ ʪʝʭʥʽʯʥʦʤʫ ʢʘʤʽʥʥʽ 

ʙʽʣʴʰ ʤʝʥʰ ʧʨʘʚʠʣʴʥʠʭ ʧʨʦʰʘʨʢʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʨʝʯʦʚʠʥʥʠʤ ʩʢʣʘʜʦʤ 

ʪʘ/ʘʙʦ ʩʪʨʫʢʪʫʨʦʶ (ʨʠʩ. 4.13). ʗʢ ʧʨʘʚʠʣʦ, ʛʦʣʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ 

ʰʘʨʫʚʘʪʦʩʪʽ ʻ ʧʦʰʘʨʦʚʝ ʛʨʘʚʽʪʘʮʽʡʥʝ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʨʦʟʧʣʘʚʫ ʘʙʦ 

ʨʦʟʯʠʥʫ. ʈʦʟʰʘʨʦʚʘʥʽʩʪʴ ʤʦʞʝ ʪʘʢʦʞ ʚʠʥʠʢʘʪʠ ʷʢ ʥʘʩʣʽʜʦʢ ʩʧʨʷʤʦʚʘʥʦʛʦ ʨʫʭʫ 

ʨʦʟʧʣʘʚʫ ʘʙʦ ʨʦʟʯʠʥʫ. 

 

ʊʘʢʩʠʪʦʚʘ ʪʝʢʩʪʫʨʘ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʫ ʪʝʭʥʽʯʥʦʤʫ ʢʘʤʽʥʥʽ 

ʥʝʧʨʘʚʠʣʴʥʠʭ ʜʽʣʷʥʦʢ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʟʘ ʨʝʯʦʚʠʥʥʠʤ 

ʩʢʣʘʜʦʤ ʪʘ/ʘʙʦ ʩʪʨʫʢʪʫʨʦʶ (ʨʠʩ. 4.14). ɰʭ ʧʦʭʦʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʩʘʤʠʤ 

ʨʟ̔ʥʦʤʘʥʽʪʥʠʤ. ʅʘʧʨʠʢʣʘʜ, ʫ ʪʝʭʥʽʯʥʦʤʫ ʢʘʤʽʥʥʽ, ʦʪʨʠʤʘʥʦʤʫ ʟ ʨʦʟʧʣʘʚʫ, 

ʪʘʢʩʠʪʦʚʘ ʪʝʢʩʪʫʨʘ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʘ ʧʦʧʘʜʘʥʥʷʤ ʫ ʨʦʟʧʣʘʚ ʫʣʘʤʢʽʚ 

ʚʦʛʥʝʪʨʠʚʽʚ.  

 

ʄʘʩʠʚʥʘ ʪʝʢʩʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʪ̒ʴʩʷ ʦʜʥʦʨʽʜʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʠʥ ʚ ʦʙôʻʤʽ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ, ʙʝʟ ʧʝʚʥʦʾ ʦʨʽʻʥʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʙʝʟ ʫʪʚʦʨʝʥʥʷ 

ʩʢʫʧʯʝʥʴ, ʧʨʦʰʘʨʢʽʚ, ʧʦʨʦʞʥʠʥ ʪʘ ʧʦʨ. ʄʘʩʠʚʥʘ ʪʝʢʩʪʫʨʘ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ 

ʚʠʢʣʶʯʘʻ ʥʘʷʚʥʽʩʪʴ ʫ ʥʴʦʤʫ ʙʫʜʴ ʷʢʦʾ ʽʥʰʦʾ ʪʝʢʩʪʫʨʠ. 

 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1. ʑʦ ʚʧʣʠʚʘʻ ʥʘ ʙʫʜʦʚʫ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ? 

2. ʗʢʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʫʶʪʴ  ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ? 

3. ɿʘ ʷʢʠʭ ʫʤʦʚ ʬʦʨʤʫʻʪʴʩʷ ʩʢʣʫʚʘʪʘ ʩʪʨʫʢʪʫʨʘ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ? 

4. ʗʢʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʤʦʞʝ ʤʘʪʠ ʪʝʭʥʽʯʥʝ ʢʘʤʽʥʥʷ ʟ ʘʬʘʥʽʪʦʚʦʶ ʙʫʜʦʚʦʶ? 

5. ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦʥʷʪʪʷ ʩʪʨʫʢʪʫʨʘ ʪʘ ʪʝʢʩʪʫʨʘ? 
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ʈʆɿɼɯʃ 5 

ʄɽʊʆɼʀ ʇɽʊʈʆɻʈɸʌɯʏʅʆɻʆ ɼʆʉʃɯɼɾɽʅʅʗ  

ʊɽʍʅɯʏʅʆɻʆ ʂɸʄɯʅʅʗ 

 

 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʽʯʥʦʛʦ ʢʘʤʽʥʥʷ 

ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʧʪʠʯʥʫ ʪʘ ʝʣʝʢʪʨʦʥʥʫ ʤʽʢʨʦʩʢʦʧʽʶ, ʝʣʝʢʪʦʥʥʦ-

ʟʦʥʜʦʚʠʡ ʤʽʢʨʦʘʥʘʣʽʟ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ, ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʡ ʘʥʘʣʽʟ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ çʤʦʢʨʦʾè ʭʽʤʽʾ [7, 25, 26, 33, 

36, 38, 40]. 

 

5.1. ʆʧʪʠʯʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

 

ʆʧʪʠʯʥʘ ʤʽʢʨʦʩʢʦʧʽʷ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʙʫʜʦʚʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʫʯʘʩʥʽ 

ʦʧʪʠʯʥʽ ʤʽʢʨʦʩʢʦʧʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʜʦ 2000-3000ʭ ʧʨʠ ʨʦʟʜʽʣʴʥʽʡ 

ʟʜʘʪʥʦʩʪʽ ʜʦ 0,20 ʤʢʤ. ʅʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʝʪʨʦʛʨʘʬʽʾ ʤʘʻ ʦʩʦʙʣʠʚʠʡ 

ʪʠʧ ʦʧʪʠʯʥʠʭ ʤʽʢʨʦʩʢʦʧʽʚ ï ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʤʽʢʨʦʩʢʦʧʠ (ʨʠʩ. 5.1), ʟʙʽʣʴʰʝʥʥʷ 

ʷʢʠʭ ʟʚʠʯʘʡʥʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 1000ʭ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 5.1. ʇʦʣʷʨʠʟʘʮʽʡʥʠʡ ʤʽʢʨʦʩʢʦʧ ʇʆʃɸʄ ʈʇ-1. ʏʦʪʠʨʠ ʟʤʽʥʥʠʭ ʦʙôʻʢʪʠʚʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʽʘʧʘʟʦʥ ʟʙʽʣʴʰʝʥʥʷ ʤʽʢʨʦʩʢʦʧʫ 50-787,5ʭ. ʇʨʦʟʦʨʽ ʧʨʝʧʘʨʘʪʠ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʫ ʧʨʦʭʽʜʥʦʤʫ ʧʦʣʷʨʠʟʦʚʘʥʦʤʫ ʩʚʽʪʣʽ, ʷʢʝ ʧʦʧʘʜʘʻ ʥʘ ʧʨʝʧʘʨʘʪ ʟ 

ʦʩʚʽʪʣʶʚʘʯʘ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʧʽʜ ʩʪʦʣʠʢʦʤ ʤʽʢʨʦʩʢʦʧʫ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʝʧʨʦʟʦʨʠʭ ʧʦʣʽʨʦʚʘʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʤʽʢʨʦʩʢʦʧ ʦʙʣʘʜʥʘʥʠʡ ʜʦʜʘʪʢʦʚʠʤ 

ʦʩʚʽʪʣʶʚʘʯʝʤ ʚʽʜʙʠʪʦʛʦ ʩʚʽʪʣʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʧʨʷʤʦʚʫʚʘʪʠ ʩʚʽʪʣʦ ʥʘ ʚʝʨʭʥʶ 

ʧʦʣʽʨʦʚʘʥʫ ʧʦʚʝʨʭʥʶ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ. 
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ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ, ʫ ʧʦʣʷʨʠʟʘʮʽʡʥʦʤʫ 

ʤʽʢʨʦʩʢʦʧʽ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʣʦʩʢʦʧʦʣʷʨʠʟʦʚʘʥʝ ʩʚʽʪʣʦ. ɼʣʷ ʮʴʦʛʦ ʤʽʢʨʦʩʢʦʧ 

ʦʙʣʘʜʥʫʶʪʴ ʦʩʦʙʣʠʚʠʤʠ ʦʧʪʠʯʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ï ʧʦʣʷʨʠʟʘʪʦʨʦʤ ʪʘ 

ʘʥʘʣʽʟʘʪʦʨʦʤ. ʇʦʣʷʨʠʟʘʪʦʨ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʽʜ ʧʨʝʜʤʝʪʥʠʤ ʩʪʦʣʠʢʦʤ 

ʤʽʢʨʦʩʢʦʧʫ, ʧʝʨʝʪʚʦʨʶʻ ʟʚʠʯʘʡʥʝ ʩʚʽʪʣʦ ʥʘ ʧʦʣʷʨʠʟʦʚʘʥʝ.  ɸʥʘʣʽʟʘʪʦʨ, ʷʢʠʡ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘʜ ʦʙôʻʢʪʠʚʦʤ, ʜʘʻ ʟʤʦʛʫ ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʣʷʨʠʟʦʚʘʥʝ ʩʚʽʪʣʦ ʧʽʩʣʷ 

ʡʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʢʨʽʟʴ ʧʨʝʧʘʨʘʪ.  

ʂʨʽʤ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʽʥʝʨʘʣʽʚ, ʛʽʨʩʴʢʠʭ 

ʧʦʨʽʜ ʪʘ ʰʪʫʯʥʠʭ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʧʨʝʧʘʨʘʪʠ. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʟʦʨʠʭ ʪʘ ʥʘʧʽʚʧʨʦʟʦʨʠʭ ʨʝʯʦʚʠʥ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʤʠ ʻ 

ʽʤʝʨʩʽʡʥʽ ʧʨʝʧʘʨʘʪʠ ʪʘ ʧʨʦʟʦʨʽ ʧʝʪʨʦʛʨʘʬʽʯʥʽ ʰʣʽʬʠ, ʷʢʽ ʚʠʚʯʘʶʪʴ ʫ 

ʧʨʦʭʽʜʥʦʤʫ ʩʚʽʪʣʽ. ʅʝʧʨʦʟʦʨʽ ʨʝʯʦʚʠʥʠ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚ ʘʥʰʣʽʬʘʭ ʫ ʚʽʜʙʠʪʦʤʫ 

ʩʚʽʪʣʽ.   ʅʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʧʝʪʨʦʛʨʘʬʽʯʥʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʻ ʧʨʦʟʦʨʦ-

ʧʦʣʽʨʦʚʘʥʽ ʰʣʽʬʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʽ ʧʨʦʟʦʨʽ ʽ ʥʝʧʨʦʟʦʨʽ ʨʝʯʦʚʠʥʠ.  

ɯʤʝʨʩʽʡʥʠʡ ʧʨʝʧʘʨʘʪ ʷʚʣʷʻ ʩʦʙʦʶ ʪʦʥʢʠʡ ʧʦʨʦʰʦʢ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʷʢʠʡ ʟʘʥʫʨʶʻʪʴʩʷ ʫ ʢʨʘʧʣʶ ʽʤʝʨʩʽʡʥʦʾ ʨʽʜʠʥʠ (ʢʝʨʦʩʠʥ, ʛʣʽʮʝʨʠʥ, 

ʢʝʜʨʦʚʝ ʤʘʩʣʦ ʪʘ ʽʥ.), ʱʦ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʧʨʝʜʤʝʪʥʝ ʩʢʣʦ ʪʘ ʧʨʠʢʨʠʚʘʻʪʴʩʷ 

ʧʦʢʨʠʚʥʠʤ ʩʢʣʦʤ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʽʤʝʨʩʽʡʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʻ ʰʚʠʜʢʽʩʪʴ 

ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʮʽʣʦʾ ʥʠʟʢʠ ʢʨʠʩʪʘʣʦʦʧʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʤʽʢʨʦʩʢʦʧʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʙʘʛʘʪʴʦʭ 

ʤʽʥʝʨʘʣʽʚ. ʅʘʚʽʪʴ ʧʦʙʽʞʥʝ ʚʠʚʯʝʥʥʷ ʽʤʝʨʩʽʡʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ 

ʤʽʢʨʦʩʢʦʧʦʤ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʦʜʥʦʨʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʾʾ 

ʧʨʦʟʦʨʽʩʪʴ ʪʘ ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ, ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʤʽʥʝʨʘʣʴʥʠʭ ʬʘʟ 

ʪʘ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʦʢʨʝʤʽ ʤʽʥʝʨʘʣʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʩʧʨʷʤʫʚʘʪʠ ʧʦʜʘʣʴʰʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʦʙʣʠʚʦ ʚʞʠʚʘʥʽ ʽʤʝʨʩʽʡʥʽ ʧʨʝʧʘʨʘʪʠ ʧʨʠ ʚʠʚʯʝʥʽ ʧʫʭʢʠʭ 

ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʦʧʪʠʯʥʦ 

ʧʨʦʟʦʨʠʤʠ ʤʽʥʝʨʘʣʘʤʠ.  

ʇʨʦʟʦʨʠʡ ʰʣʽʬ ʷʚʣʷʻ ʩʦʙʦʶ ʪʦʥʢʫ ʧʨʠʰʣʽʬʦʚʘʥʫ ʧʣʘʩʪʠʥʢʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 0,03 ʤʤ, ʷʢʫ ʚʢʣʝʶʶʪʴ ʢʘʥʘʜʩʴʢʠʤ ʙʘʣʴʟʘʤʦʤ 

ʤʽʞ ʧʨʝʜʤʝʪʥʠʤ ʪʘ ʧʦʢʨʠʚʥʠʤ ʩʢʣʦʤ (ʨʠʩ. 5.2). ʂʘʥʘʜʩʴʢʠʡ ʙʘʣʴʟʘʤ ʷʚʣʷʻ 

ʩʦʙʦʶ ʩʧʝʮʽʘʣʴʥʠʡ ʢʣʝʡ ʟ ʚʽʜʦʤʠʤ ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ (nʢ.ʙ.=1,537±0,004), 

ʷʢʠʡ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʩʤʦʣʠ ʢʘʥʘʜʩʴʢʦʛʦ ʢʝʜʨʘ ʘʙʦ ʩʠʙʽʨʩʴʢʦʾ ʧʽʭʪʠ. ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʽʤʝʨʩʽʡʥʦʛʦ ʧʨʝʧʘʨʘʪʫ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʪʨʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ ʻ ʙʽʣʴʰ 

ʪʨʫʜʦʤʽʩʪʢʠʤ ʪʘ ʜʦʨʦʛʠʤ. ɿʚʠʯʘʡʥʦ ʾʭ ʚʠʛʦʪʦʚʣʷʶʪʴ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʰʣʽʬʫʚʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ. ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʰʣʽʬʽʚ ʻ 

ʥʝʧʦʨʫʰʥʽʩʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʷʢʽʩʥʦʛʦ ʪʘ 

ʢʽʣʴʢʽʩʥʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ (ʨʠʩ. 5.3), ʱʦ ʨʦʙʠʪʴ 

ʮʽ ʧʨʝʧʘʨʘʪʠ ʥʝʟʘʤʽʥʥʠʤʠ ʧʨʠ ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʠʨʦʜʥʠʭ ʪʘ 

ʰʪʫʯʥʠʭ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʧʪʠʯʥʦ-ʧʨʦʟʦʨʠʭ ʤʽʥʝʨʘʣʽʚ.  
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ʈʠʩ. 5.2. ʇʨʦʟʦʨʠʡ ʧʝʪʨʦʛʨʘʬʽʯʥʠʡ ʰʣʽʬ: ʘ ï ʚʠʜ ʟʛʦʨʠ, ʙ ï ʨʦʟʨʽʟ; 1 ï 

ʧʨʝʜʤʝʪʥʝ ʩʢʣʦ; 2 ï ʧʦʢʨʠʚʥʝ ʩʢʣʦ; 3 ï ʢʘʥʘʜʩʴʢʠʡ ʙʘʣʴʟʘʤ; 4 ï ʧʣʘʩʪʠʥʢʘ 

ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 5.3. ɿʦʙʨʘʞʝʥʥʷ ʧʨʦʟʦʨʦʛʦ ʰʣʽʬʘ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʫ 

ʧʨʦʭʽʜʥʦʤʫ ʩʚʽʪʣʽ: ʘ ï ʘʥʘʣʽʟʘʪʦʨ ʚʠʢʣʶʯʝʥʠʡ, ʙ ï ʘʥʘʣʽʟʘʪʦʨ ʚʢʣʶʯʝʥʠʡ. 

 

ɸʥʰʣʽʬ ʷʚʣʷʻ ʥʝʚʝʣʠʢʠʡ ʰʤʘʪʦʢ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ʟ ʦʜʥʽʻʶ ʰʪʫʯʥʦ 

ʧʨʠʨʽʟʘʥʦʶ ʘʙʦ ʧʨʠʰʣʽʬʦʚʘʥʦʶ ʧʣʦʩʢʦʶ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʧʦʣʽʨʫʻʪʴʩʷ ʜʦ 

ʜʟʝʨʢʘʣʴʥʦʛʦ ʙʣʠʩʢʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʤʝʨʩʽʡʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʪʘ ʧʨʦʟʦʨʠʭ 

ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʰʣʽʬʽʚ, ʘʥʰʣʽʬʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʦʧʪʠʯʥʦ-ʥʝʧʨʦʟʦʨʠʭ ʤʽʥʝʨʘʣʽʚ, ʤʝʪʘʣʽʚ ʪʘ ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ. ɼʣʷ ʮʴʦʛʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʤʽʥʝʨʘʛʨʘʬʽʯʥʽ ʤʽʢʨʦʩʢʦʧʠ ʘʙʦ ʟʚʠʯʘʡʥʠʡ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʤʽʢʨʦʩʢʦʧ ʦʙʣʘʜʥʫʶʪʴ ʜʦʜʘʪʢʦʚʠʤ ʦʩʚʽʪʣʶʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ 
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ʚʽʜʙʠʪʦʛʦ ʩʚʽʪʣʘ. ʂʨʽʤ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʘʥʰʣʽʬʠ ʪʘʢʦʞ ʧʨʠʜʘʪʥʽ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʴ ʽʥʰʠʤʠ ʬʽʟʠʯʥʠʤʠ ʪʘ ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʤʝʪʦʜʘʤʠ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ ʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ.  

ʇʨʦʟʦʨʦ-ʧʦʣʽʨʦʚʘʥʠʡ ʰʣʽʬ ʷʚʣʷʻ ʪʦʥʢʫ ʧʣʘʩʪʠʥʢʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, 

ʪʦʚʱʠʥʦʶ 0,03 ʤʤ ʘʙʦ ʪʨʦʭʠ ʙʽʣʴʰʝ, ʱʦ ʥʘʢʣʝʻʥʘ ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ ʥʘ 

ʧʨʝʜʤʝʪʥʝ ʩʢʣʦ ʪʘ ʚʽʜʧʦʣʽʨʦʚʘʥʘ ʜʦ ʜʟʝʨʢʘʣʴʥʦʛʦ ʙʣʠʩʢʫ. ʊʦʚʱʠʥʘ ʧʨʝʧʘʨʘʪʫ 

ʪʘ ʥʘʷʚʥʽʩʪʴ ʚʝʨʭʥʴʦʾ ʧʦʣʽʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʤʽʥʝʨʘʣʦʛʦ-

ʧʝʪʨʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʧʨʦʭʽʜʥʦʤʫ ʩʚʽʪʣʽ ʥʘ ʟʚʠʯʘʡʥʦʤʫ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ, ʘ ʪʘʢʦʞ ʽ ʫ ʚʽʜʙʠʪʦʤʫ ʩʚʽʪʣʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʜʦʜʘʪʢʦʚʦʛʦ ʦʩʚʽʪʣʶʚʘʯʘ ʘʙʦ ʤʽʥʝʨʘʛʨʘʬʽʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʚʯʘʪʠ ʷʢ ʦʧʪʠʯʥʦ-ʧʨʦʟʦʨʽ ʤʽʥʝʨʘʣʠ, ʪʘʢ ʽ ʥʝʧʨʦʟʦʨʽ ʤʽʥʝʨʘʣʠ, ʤʝʪʘʣʠ ʪʘ 

ʩʧʣʘʚʠ ʚ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʞ ʧʨʝʧʘʨʘʪʽ (ʨʠʩ. 5.4). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ 

ʧʝʪʨʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ, ʧʨʦʟʦʨʦ-ʧʦʣʽʨʦʚʘʥʠʡ ʰʣʽʬ ʧʦʟʙʘʚʣʝʥʠʡ ʧʦʢʨʠʚʥʦʛʦ 

ʩʢʣʘ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʥʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʪʘ ʜʦʩʪʫʧʥʠʤ ʡ ʜʣʷ ʽʥʰʠʭ 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ  ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ ʝʣʝʢʪʨʦʥʥʦ-

ʟʦʥʜʦʚʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 5.4. ɿʦʙʨʘʞʝʥʥʷ ʧʨʦʟʦʨʦ-ʧʦʣʽʨʦʚʘʥʦʛʦ ʰʣʽʬʘ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ 

ʤʽʢʨʦʩʢʦʧʦʤ ʫ ʚʽʜʙʠʪʦʤʫ ʩʚʽʪʣʽ ʧʨʠ ʚʠʢʣʶʯʝʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ. 

 

 

 

5.2. ɽʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

 

ɽʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ ï ʱʝ ʦʜʠʥ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ 

ʪʘ ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ ʝʣʝʢʪʨʦʥʥʠʭ ʤʽʢʨʦʩʢʦʧʘʭ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʦʧʪʠʯʥʠʭ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʩʚʽʪʣʦ, ʘ 

ʧʦʪʽʢ ʝʣʝʢʪʨʦʥʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʚʠʱʝ 1000000ʭ ʧʨʠ 

ʨʦʟʜʽʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ ʜʦ 0,1 ʥʤ. ɿʚʠʯʘʡʥʦ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʛʣʠʙʦʢʦʤʫ ʚʘʢʫʫʤʽ. ʇʦʪʽʢ ʝʣʝʢʪʨʦʥʽʚ ʛʝʥʝʨʫʻʪʴʩʷ 

ʝʣʝʢʪʨʦʥʥʦʶ ʛʘʨʤʘʪʦʶ ʪʘ ʬʦʢʫʩʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʤʘʛʥʽʪʥʠʤʠ ʣʽʥʟʘʤʠ. ʋ 

ʨʘʩʪʨʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʤʽʢʨʦʩʢʦʧʘʭ (ʈɽʄ) ï ʨʠʩ.5.5, ʱʦ ʻ ʥʘʡʙʽʣʴʰ 

ʚʞʠʚʘʥʠʤʠ ʧʨʠ ʤʽʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʚʽʜʭʠʣʷʶʯʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʢʦʪʫʰʢʠ ʧʝʨʝʤʽʱʫʶʪʴ ʩʬʦʢʫʩʦʚʘʥʠʡ ʧʫʯʦʢ ʝʣʝʢʪʨʦʥʽʚ, ʷʢʠʡ 

ʯʘʩʪʦ ʽʤʝʥʫʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʤ ʟʦʥʜʦʤ, ʫ ʜʚʦʭ ʚʟʘʻʤʥʦ-ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 

ʥʘʧʨʷʤʢʘʭ, ʩʢʘʥʫʶʯʠ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʘ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 5.5. ʈʘʩʪʨʦʚʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ-ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨ 

ʈɽʄʄɸ-202ʄ. 

 

ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʈɽʄ ʤʦʞʫʪʴ ʙʫʪʠ ʟʚʠʯʘʡʥʽ ʟʨʘʟʢʠ ʛʽʨʩʴʢʠʭ 

ʧʦʨʽʜ, ʤʽʥʝʨʘʣʽʚ ʪʘ ʰʪʫʯʥʠʭ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʧʦʧʝʨʝʜʥʴʦ 

ʚʠʛʦʪʦʚʣʝʥʽ ʘʥʰʣʽʬʠ ʪʘ ʧʨʦʟʦʨʦ-ʧʦʣʽʨʦʚʘʥʽ ʰʣʽʬʠ. ɼʦʩʣʽʜʞʫʚʘʥʫ ʧʦʚʝʨʭʥʶ 

ʟʨʘʟʢʘ ʟʚʠʯʘʡʥʦ ʥʘʧʠʣʷʶʪʴ ʪʦʥʢʠʤ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʥʘʧʨʠʢʣʘʜ ï 

ʛʨʘʬʽʪʦʤ, ʟʦʣʦʪʦʤ, ʧʣʘʪʠʥʦʶ. ʇʝʨʚʠʥʥʽ ʝʣʝʢʪʨʦʥʠ, ʚʟʘʻʤʦʜʽʶʯʠ ʟ ʤʘʪʝʨʽʘʣʦʤ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ, ʛʝʥʝʨʫʶʪʴ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: ʚʪʦʨʠʥʥʽ 

ʝʣʝʢʪʨʦʥʠ, ʚʽʜʙʠʪʽ ʝʣʝʢʪʨʦʥʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʝʥʪʛʝʥʽʚʩʴʢʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʢʘʪʦʜʦʣʶʤʽʥʝʩʮʝʥʮʽʶ ʪʘ ʽʥ. ʂʦʞʥʠʡ ʟ ʥʠʭ ʤʦʞʝ ʙʫʪʠ ʟʘʬʽʢʩʦʚʘʥʠʡ 

ʩʧʝʮʽʘʣʴʥʠʤ ʜʝʪʝʢʪʦʨʦʤ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʜʝʢʽʣʴʢʘ ʨʝʞʠʤʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʟʨʘʟʢʘ. ʊʘʢ, ʚ ʨʝʞʠʤʽ ʜʝʪʝʢʪʫʚʘʥʥʷ ʚʪʦʨʠʥʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʬʦʨʤʫʻʪʴʩʷ ʚʠʩʦʢʦʷʢʽʩʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʟ 

ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʛʣʠʙʠʥʠ ʨʽʟʢʦʩʪʽ. 

ɿʦʙʨʘʞʝʥʥʷ ʫ ʚʽʜʙʠʪʠʭ (ʟʚʦʨʦʪʥʦ-ʨʦʟʩʽʷʥʠʭ) ʝʣʝʢʪʨʦʥʘʭ, ʷʢʝ, ʢʨʽʤ ʪʦʧʦʛʨʘʬʽʾ 

ʧʦʚʝʨʭʥʽ, ʟʘʣʝʞʠʪʴ ʡ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʦʧʨʦʤʽʥʝʥʦʾ ʨʝʯʦʚʠʥʠ, 

ʥʝʩʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʦʢʨʝʤʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʟʨʘʟʢʫ. ʏʠʤ ʙʽʣʴʰʠʡ ʩʝʨʝʜʥʽʡ ʘʪʦʤʥʠʡ ʥʦʤʝʨ ʦʧʨʦʤʽʥʝʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʪʠʤ ʩʚʽʪʣʽʰʦʶ ʚʦʥʘ ʚʠʛʣʷʜʘʻ  ʫ ʚʽʜʙʠʪʠʭ ʝʣʝʢʪʨʦʥʘʭ ʽ ʥʘʚʧʘʢʠ (ʨʠʩ. 
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5.6). ɯ, ʥʘʨʝʰʪʽ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʝʥʪʛʝʥʽʚʩʴʢʝ ʦʧʨʦʤʽʥʝʥʥʷ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʫʚʘʪʠ ʷʢʽʩʥʠʡ ʪʘ ʢʽʣʴʢʽʩʥʠʡ ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ. 

ʉʫʯʘʩʥʽ ʝʣʝʢʪʨʦʥʥʽ ʤʽʢʨʦʩʢʦʧʠ, ʷʢ ʧʨʘʚʠʣʦ, ʦʙʣʘʜʥʫʶʪʴʩʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʣʦʢʘʣʴʥʠʡ ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ 

ʦʢʨʝʤʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʟʝʨʝʥ ʪʘ ʾʭ ʯʘʩʪʠʥ. 

 

  

 

 

 

 

 

 

 

 

ʈʠʩ. 5.6. ʇʨʦʟʦʨʦ-ʧʦʣʽʨʦʚʘʥʠʡ ʰʣʽʬ ʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʥʘ ʈɽʄ: ʘ ï 

ʟʦʙʨʘʞʝʥʥʷ ʫ ʚʪʦʨʠʥʥʠʭ ʝʣʝʢʪʨʦʥʘʭ ʜʝʤʦʥʩʪʨʫʻ ʨʝʣʴʻʬ ʧʦʚʝʨʭʥʽ ʧʨʝʧʘʨʘʪʫ; ʙ 

ï ʟʦʙʨʘʞʝʥʥʷ ʫ ʚʽʜʙʠʪʠʭ ʝʣʝʢʪʨʦʥʘʭ ʽʣʶʩʪʨʫʻ ʚʘʨʽʘʮʽʾ ʩʢʣʘʜʫ, ʤʽʥʝʨʘʣʴʥʽ ʬʘʟʠ 

ʟ ʙʽʣʴʰʠʤ ʩʝʨʝʜʥʽʤ ʘʪʦʤʥʠʤ ʥʦʤʝʨʦʤ (Ca2SiO4) ʚʠʛʣʷʜʘʶʪʴ ʙʽʣʴʰ ʩʚʽʪʣʠʤʠ, 

ʧʦʨʽʚʥʷʥʦ ʟ  ʬʘʟʘʤʠ ʟ ʤʝʥʰʠʤ ʩʝʨʝʜʥʽʤ ʘʪʦʤʥʠʤ ʥʦʤʝʨʦʤ (ʉʘʆ). 

 

 

5.3. ɽʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʠʡ ʤʽʢʨʦʘʥʘʣʽʟ 

 

ɽʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʠʡ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʤʽʢʨʦʘʥʘʣʽʟ, ̫ ʢʠʡ ʪʘʢʦʞ ʟʚʫʪʴ 

ʝʣʝʢʪʨʦʥʥʠʤ ʤʽʢʨʦʟʦʥʜʦʚʠʤ ʘʥʘʣʽʟʦʤ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʪʘ 

ʢʽʣʴʢʽʩʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʽʣʷʥʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ 

ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʃʦʢʘʣʴʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ, ʪʦʙʪʦ ʨʦʟʤʽʨ 

ʘʥʘʣʽʟʦʚʘʥʦʾ ʦʙʣʘʩʪʽ, ʩʢʣʘʜʘʻ ʙʽʣʷ 1 ʤʢʤ3. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʢʽʣʴʢʽʩʥʠʡ 

ʚʤʽʩʪ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʘʪʦʤʥʠʤʠ ʥʦʤʝʨʘʤʠ ʧʦʯʠʥʘʶʯʠ ʚʽʜ 5  (ɺ) ʽ 

ʟʘʢʽʥʯʫʶʯʠ 92 (U) ʟ ʚʽʜʥʦʩʥʦʶ ʪʦʯʥʽʩʪʶ ~1% ʪʘ ʤʝʞʝʶ ʚʠʷʚʣʝʥʥʷ ~0,01%. 

ʇʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʦʢʨʝʤʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʟʨʘʟʢʫ 

ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʠʭ ʧʨʦʬʽʣʽʚ ʘʙʦ ʧʣʦʱʠʥʥʠʭ ʢʘʨʪ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʝʣʝʤʝʥʪʫ. ʋ ʷʢʦʩʪʽ ʧʨʝʧʘʨʘʪʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʰʣʽʬʠ ʪʘ ʧʨʦʟʦʨʦ-ʧʦʣʽʨʦʚʘʥʽ ʰʣʽʬʠ. ʇʫʭʢʽ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʦʢʨʝʤʽ ʤʽʥʝʨʘʣʴʥʽ ʟʝʨʥʘ ʤʦʞʥʘ ʟʤʦʥʪʫʚʘʪʠ ʥʘ ʧʨʝʜʤʝʪʥʦʤʫ ʩʢʣʽ, 

ʧʦʚʥʽʩʪʶ ʟʘʣʠʚʰʠ ʾʭ ʰʘʨʦʤ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ, ʧʽʩʣʷ ʟʘʩʪʠʛʘʥʥʷ ʷʢʦʾ ʧʦʚʝʨʭʥʶ 

ʧʨʝʧʘʨʘʪʫ ʰʣʽʬʫʶʪʴ ʜʦ ʨʦʟʢʨʠʪʪʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʘ ʜʘʣʽ ʧʦʣʽʨʫʶʪʴ. 

ʗʢ ʽ ʫ ʝʣʝʢʪʨʦʥʥʽʡ ʤʽʢʨʦʩʢʦʧʽʾ, ʜʦʩʣʽʜʞʫʚʘʥʫ ʧʦʚʝʨʭʥʶ ʧʨʝʧʘʨʘʪʽʚ ʟʚʠʯʘʡʥʦ 

ʥʘʧʠʣʷʶʪʴ ʪʦʥʢʠʤ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʥʘʧʨʠʢʣʘʜ ï ʛʨʘʬʽʪʦʤ. ɼʣʷ 
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ʚʠʢʦʥʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʣʝʢʪʨʦʥʥʽ 

ʤʽʢʨʦʩʢʦʧʠ-ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʠ, ʷʢʽ ʦʙʣʘʜʥʘʥʽ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ. ʆʩʪʘʥʥʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʟʙʫʜʞʫʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʤ ʟʦʥʜʦʤ ʫ ʤʽʢʨʦʩʢʦʧʽʯʥʽʡ 

ʦʙʣʘʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ. ʆʩʢʽʣʴʢʠ ʩʧʝʢʪʨ ʮʴʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʽʩʪʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʣʽʥʽʾ ʧʨʠʩʫʪʥʽʭ ʫ ʘʥʘʣʽʟʦʚʘʥʽʡ 

ʨʝʯʦʚʠʥʽ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʦ ʽʜʝʥʪʠʬʽʢʘʮʽʷ  ʮʠʭ ʣʽʥʽʡ ʧʦ ʝʥʝʨʛʽʾ ʬʦʪʦʥʽʚ ʘʙʦ 

ʧʦ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʷʢʽʩʥʦʛʦ ʭʽʤʽʯʥʦʛʦ (ʝʣʝʤʝʥʪʥʦʛʦ) ʘʥʘʣʽʟʫ. 

ʇʦʨʽʚʥʷʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʽʥʽʡ ʘʥʘʣʽʟʦʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʮʠʭ ʞʝ 

ʣʽʥʽʡ ʫ ʩʧʝʮʽʘʣʴʥʦ ʚʠʛʦʪʦʚʣʝʥʦʤʫ ʩʪʘʥʜʘʨʪʥʦʤʫ ʟʨʘʟʢʫ (ʯʠʩʪʠʡ ʝʣʝʤʝʥʪ ʘʙʦ 

ʭʽʤʽʯʥʘ ʩʧʦʣʫʢʘ ʚʽʜʦʤʦʛʦ ʩʢʣʘʜʫ) ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʥʠʡ ʚʤʽʩʪ ʦʢʨʝʤʠʭ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʠʩ.5.7).  

 

 

 

 

 

 

 

ʈʠʩ. 5.7. ʈʝʟʫʣʴʪʘʪ ʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ ʬʘʷʣʽʪʫ ʟ ʜʘʚʥʴʦʛʦ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʰʣʘʢʫ: ʘ ï ʟʦʙʨʘʞʝʥʥʷ ʧʨʝʧʘʨʘʪʫ ʫ ʚʽʜʙʠʪʠʭ ʝʣʝʢʪʨʦʥʘʭ ʟ 

ʪʦʯʢʦʶ ʘʥʘʣʽʟʫ ʬʘʷʣʽʪʫ; ʙ ï ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʡ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʩʧʝʢʪʨ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦʾ ʪʦʯʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʟôʷʩʦʚʘʥʦ, ʱʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ 

ʪʦʯʢʘ ʤʘʻ ʪʘʢʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ (ʚʘʛ. %): SiO2 ï 29,77, FeO ï 65,1, MnO ï 0,87, 

MgO ï 0,8, CaO ï 0,09. ʈʦʟʨʘʭʦʚʘʥʘ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʘ ʬʦʨʤʫʣʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʬʘʷʣʽʪʫ (Fe1.9, Mg0.04, Mn0.03)2[Si1.01O4]. 

 

 

5.4. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ 

 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ, ʷʢʠʡ ʪʘʢʦʞ ʟʚʫʪʴ ʨʝʥʪʛʝʥ-ʬʘʟʦʚʠʤ ʘʙʦ, ʥʘ 

ʘʥʛʣʦʤʦʚʥʠʡ ʤʘʥʽʨ, XRD-ʘʥʘʣʽʟʦʤ, ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʜʽʘʛʥʦʩʪʠʢʠ ʤʽʥʝʨʘʣʽʚ ʪʘ ʩʠʥʪʝʪʠʯʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʎʝʡ ʤʝʪʦʜ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʷʚʠʱʽ ʜʠʬʨʘʢʮʽʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (XRD ï X-ray 

diffraction), ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʢʘʭ ʤʽʥʝʨʘʣʽʚ. ʆʩʢʽʣʴʢʠ, 

ʢʦʞʥʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʚʠʜ ʤʘʻ ʩʚʦʶ ʫʥʽʢʘʣʴʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʟ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʬʦʨʤʫʻʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʘ 

ʜʠʬʨʘʢʮʽʡʥʘ ʢʘʨʪʠʥʢʘ ï ʜʠʬʨʘʢʪʦʛʨʘʤʘ, ʷʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʽʘʛʥʦʩʪʫʚʘʪʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʽʥʝʨʘʣ. ʋ ʧʨʦʮʝʩʽ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʫʶʪʴʩʷ 

ʜʘʥʽ ʧʨʦ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʯʦʚʠʥ ï ʧʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ, ʩʠʥʛʦʥʽʶ, ʧʨʦʩʪʦʨʦʚʫ ʛʨʫʧʫ, ʢʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ, ʪʦʱʦ. 
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ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʰʪʫʯʥʠʭ ʤʽʥʝʨʘʣʽʚ ʪʘ ʩʠʥʪʝʪʠʯʥʠʭ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʻ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ: ʛʦʣʦʚʥʽ ʤʽʞʧʣʦʱʠʥʥʽ 

ʚʽʜʩʪʘʥʽ (d), ʾʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʽʥʜʝʢʩʠ ʪʘ ʚʽʜʥʦʩʥʽ ʚʝʣʠʯʠʥʠ ʜʠʬʨʘʢʮʽʡʥʠʭ 

ʤʘʢʩʠʤʫʤʽʚ (I/I1). ʅʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʟʘʚʜʘʥʴ ʪʝʭʥʽʯʥʦʾ ʧʝʪʨʦʛʨʘʬʽʾ ʻ ʪʘʢ 

ʟʚʘʥʠʡ ʧʦʨʦʰʢʦʚʠʡ ʤʝʪʦʜ XRD-ʘʥʘʣʽʟʫ. ɼʦʩʣʽʜʞʫʚʘʥʘ ʨʝʯʦʚʠʥʘ ʧʝʨʝʜ 

ʘʥʘʣʽʟʦʤ ʟʜʨʽʙʥʶʻʪʴʩʷ ʫ ʪʦʥʢʠʡ ʧʦʨʦʰʦʢ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ ~0,01 ʤʤ. ʉʘʤ 

ʘʥʘʣʽʟ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʣʘʜʘʭ ï ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ 

(ʨʠʩ. 5.8).  

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 5.8. ʈʝʥʪʛʝʥʽʚʩʴʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅ ʋʄ-1 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 5.9. ʈʝʥʪʛʝʥʽʚʩʴʢʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʜʘʚʥʴʦʛʦ ʬʘʷʣʽʪʦʚʦʛʦ ʰʣʘʢʫ 
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ɼʽʘʛʥʦʩʪʠʢʫ ʤʽʥʝʨʘʣʫ ʟʘ ʦʪʨʠʤʘʥʦʶ ʫ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʜʠʬʨʘʢʪʦʛʨʘʤʦʶ 

(ʨʠʩ. 5.9) ʨʦʙʣʷʪʴ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʠʭ 

ʚʠʟʥʘʯʥʠʢʽʚ, ʘʙʦ ʟʘʩʪʦʩʦʚʫʶʯʠ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʽ ʢʘʨʪʦʪʝʢʠ ʪʘ ʙʘʟʠ ʜʘʥʠʭ, 

ʥʘʧʨʠʢʣʘʜ, ʪʘʢʽ ʷʢ JCPDS ʪʘ ICDD. ʂʨʽʤ ʜʽʘʛʥʦʩʪʠʢʠ ʦʢʨʝʤʠʭ ʤʽʥʝʨʘʣʴʥʠʭ 

ʽʥʜʠʚʽʜʽʚ ʪʘ ʤʦʥʦʤʽʥʝʨʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʝʨʘʣʴʥʦʛʦ (ʬʘʟʦʚʦʛʦ) ʩʢʣʘʜʫ 

ʧʦʣʽʤʽʥʝʨʘʣʴʥʠʭ ʩʫʤʽʰʝʡ ï ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʨʫʜ, ʪʝʭʥʽʯʥʠʭ ʢʘʤʝʥʽʚ. ɿʦʢʨʝʤʘ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʥʝʦʙʭʽʜʥʠʡ ʧʨʠ ʚʠʚʯʝʥʥʽ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʦʥʢʦ-

ʜʠʩʧʝʨʩʥʠʭ ʪʝʭʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʣʠ ʤʝʪʦʜʠ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʥʝ 

ʩʧʨʘʮʴʦʚʫʶʪʴ. ʅʠʞʥʷ ʤʝʞʘ ʚʠʟʥʘʯʝʥʥʷ ʦʢʨʝʤʦʛʦ ʤʽʥʝʨʘʣʫ ʫ ʩʫʤʽʰʽ ʤʝʪʦʜʦʤ  

XRD ʩʢʣʘʜʘʻ 1-5%. ɺʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʬʘʟ ʫ 

ʩʫʤʽʰʽ: ʦʧʪʠʤʘʣʴʥʦ ï 2-3 ʤʽʥʝʨʘʣʠ, ʤʘʢʩʠʤʘʣʴʥʦ ï 6-7. ɯʩʥʫʶʪʴ ʤʝʪʦʜʠʢʠ 

ʷʢʽʩʥʦʛʦ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ  XRD-ʘʥʘʣʽʟʫ ʧʦʣʽʤʽʥʝʨʘʣʴʥʠʭ ʩʫʤʽʰʝʡ. 

 

 

5.5. ʍʽʤʽʯʥʠʡ ʘʥʘʣʽʟ 

 

ʍʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʦʙôʻʜʥʫʻ ʫ ʩʦʙʽ ʮʽʣʫ ʥʠʟʢʫ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʚʘʣʦʚʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʤʽʩʪ ʛʦʣʦʚʥʠʭ 

ʧʝʪʨʦʛʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ï SiO2, ʊiO2, Al 2O3, FeO, Fe2O3, MnO, MgO, CaO, 

Na2O, K2O, P2O5 ʪʘ ʜʝʷʢʠʭ ʽʥʰʠʭ, ʜʦʩʽ ʪʨʘʜʠʮʽʡʥʦ ʚʠʟʥʘʯʘʶʪʴ ʤʝʪʦʜʘʤʠ 

çʤʦʢʨʦʾè ʭʽʤʽʾ. ʉʘʤʫ ʧʨʦʮʝʜʫʨʫ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʦʪʨʠʤʘʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʯʘʩʪʦ ʽʤʝʥʫʶʪʴ çʩʠʣʽʢʘʪʥʠʤ ʘʥʘʣʽʟʦʤè. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʩʠʣʽʢʘʪʥʦʛʦ 

ʘʥʘʣʽʟʫ ʙʝʨʫʪʴ ʟʨʘʟʦʢ ʢʘʤôʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʘʛʦʶ 20-100 ʛʨ ʟʜʨʽʙʥʶʶʪʴ ʪʘ 

ʨʦʟʪʠʨʘʶʪʴ ʫ ʪʦʥʢʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʧʦʨʦʰʦʢ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ ʜʦ 0,05 ʤʤ. 

ʆʩʪʘʥʥʽʡ ʩʧʣʘʚʣʷʻʪʴʩʷ ʟ ʩʦʜʦʶ, ʧʽʩʣʷ ʯʦʛʦ ʨʦʟʯʠʥʶʻʪʴʩʷ ʫ ʩʦʣʷʥʽʡ ʢʠʩʣʦʪʽ. ʇʨʠ 

ʮʴʦʤʫ ʧʦʨʦʜʦʪʚʽʨʥʽ ʤʽʥʝʨʘʣʠ ʧʦʚʥʽʩʪʶ ʨʫʡʥʫʶʪʴʩʷ, ʘ ʛʦʣʦʚʥʽ ʧʝʪʨʦʛʝʥʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʧʝʨʝʭʦʜʷʪʴ ʫ ʨʦʟʯʠʥ. ʇʦʜʘʣʴʰʝ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʚʤʽʩʪʫ ʚʠʢʦʥʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʚʽʜʩʘʜʞʝʥʥʷ ʟ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʯʠʥʫ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʧʝʪʨʦʛʝʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ ʜʽʻʶ ʧʝʚʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʨʝʘʛʝʥʪʫ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʟʚʘʞʫʚʘʥʥʷ 

ʚʽʜʩʘʜʞʝʥʦʾ ʨʝʯʦʚʠʥʠ.  

ʉʠʣʽʢʘʪʥʠʡ ʘʥʘʣʽʟ ʜʘʻ ʚʤʽʩʪ ʧʝʪʨʦʛʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʘʛʦʚʠʭ ʚʽʜʩʦʪʢʘʭ 

ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʚʘʛʠ ʧʨʦʙʠ. ɺʽʜʧʦʚʽʜʥʦ, ʮʠʬʨʘ 70,18% SiO2 ʚ ʭʽʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ 

ʦʟʥʘʯʘʻ, ʱʦ ʟʽ 100 ʛʨ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦʾ ʧʨʦʙʠ 70,18 ʛʨ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʢʨʝʤʥʝʟʝʤ 

ï SiO2. ʂʨʽʤ çʤʦʢʨʦʾè ʭʽʤʽʾ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʣʦʚʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ (XRF) ʘʥʘʣʽʟ, ʷʢʠʡ  ʤʦʞʝ ʜʘʪʠ ʚʤʽʩʪ ʷʢ 

ʛʦʣʦʚʥʠʭ ʧʝʪʨʦʛʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢ ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ (ʪʘʙʣ. 5.1). ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʛʦʣʦʚʥʠʭ ʧʝʪʨʦʛʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫʩʪʘʥʦʚʢʫ ʟ 

ʭʚʠʣʝʚʦ-ʜʠʩʧʝʨʩʽʡʥʠʤ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ. ɺʠʟʥʘʯʝʥʥʷ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ: Ba, Sr, Rb, Ga, Zr, Y, Pb, Cu, Zn, La, Ce, Nd, U, Th ʪʘ ʽʥ. 

ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʫʩʪʘʥʦʚʮʽ ʟ ʝʥʝʨʛʦ-ʜʠʩʧʝʨʩʽʡʥʠʤ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ (ʨʠʩ. 5.10).  ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ çʤʦʢʨʦʶè ʭʽʤʽʻʶ, ʟʨʘʟʦʢ ʢʘʤôʷʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʝʨʝʜ ʘʥʘʣʽʟʦʤ ʩʧʦʯʘʪʢʫ ʟʜʨʽʙʥʶʶʪʴ ʪʘ ʨʦʟʪʠʨʘʶʪʴ ʫ ʪʦʥʢʠʡ 
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ʧʦʨʦʰʦʢ. ɸʣʝ ʧʦʪʽʤ ʮʝʡ ʧʦʨʦʰʦʢ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʣʷʛʘʻ ʘʥʘʣʽʟʫ, ʘʙʦ ʡʦʛʦ 

ʧʦʧʝʨʝʜʥʴʦ ʧʨʝʩʫʶʪʴ ʫ ʩʧʝʮʽʘʣʴʥʽ ʪʘʙʣʝʪʢʠ ʯʠ ʩʧʣʘʚʣʷʶʪʴ ʟ ʬʣʶʩʦʤ ʜʦ ʩʪʘʥʫ 

ʦʜʥʦʨʽʜʥʦʛʦ ʩʢʣʘ. 

 

ʊʘʙʣʠʮʷ 5.1. ʈʝʟʫʣʴʪʘʪʠ XRF-ʘʥʘʣʽʟʫ ʟʘʣʽʟʦʨʫʜʥʠʭ ʦʢʘʪʠʰʽʚ  

 

ɿʨʘʟʦʢ 1 2 3 4 

ɻʦʣʦʚʥʽ ʧʝʪʨʦʛʝʥʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʚʘʛ. % 

SiO2 5,18 4,83 5,08 5,21 

TiO2 0,05 0,04 0,05 0,05 

Al 2O3 0,59 0,55 0,73 0,67 

Fe2O3 91,21 91,79 92,18 92,15 

MnO 0,02 0,02 0,02 0,02 

MgO 0,69 0,66 0,73 0,7 

CaO 1,48 1,36 0,53 0,51 

Na2O 0,17 0,15 0,15 0,14 

K2O 0,19 0,17 0,11 0,12 

P2O5 0,01 0,01 0,01 0,01 

ʄʽʢʨʦʝʣʝʤʝʥʪʠ, ppm 

S 0,01 0,01 0,01 0,01 

Cl 0,01 0,01 0,01 0,01 

Ni 53 53 31 40 

Zn 47 32 41 39 

Ga 7,5 3,9 7,7 7,4 

Rb 25,4 23,8 21,9 17,4 

Sr 6,8 3,9 <2 <2 

Zr 6,7 4,9 9,8 7,2 

Nb <2 <2 <2 2,1 

Pb 4,7 5,3 9,7 2,1 

Ba 107 94 95 112 
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ʈʠʩ. 5.10. ʈʝʥʪʛʝʥʽʚʩʴʢʠʡ ʩʧʝʢʪʨʦʤʝʪʨ ElvaX ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. 

 

 

 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1. ʗʢʠʡ ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʦʙôʻʢʪʽʚ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʦʧʪʠʯʥʦʤʫ 

ʤʽʢʨʦʩʢʦʧ?̔ 

2. ʗʢʠʡ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʨʝʧʘʨʘʪ ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʫ ʧʨʦʭʽʜʥʦʤʫ ʪʘ 

ʚʽʜʙʠʪʦʤʫ ʩʚʽʪʣʽ ʥʘ ʦʧʪʠʯʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ? 

3. ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʠʪʴ ʢʦʥʪʨʘʩʪ ʯʦʨʥʦ-ʙʽʣʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʤʽʥʝʨʘʣʽʚ ʥʘ ʈɽʄ ʚ 

ʨʝʞʠʤʽ ʚʽʜʙʠʪʠʭ ʝʣʝʢʪʨʦʥʽʚ? 

4. ɼʣʷ ʯʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʠʡ ʤʽʢʨʦʘʥʘʣʽʟ? 

5. ʑʦ ʩʧʽʣʴʥʦʛʦ ʽ ʯʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʪʘ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟʠ? 
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ʈʆɿɼɯʃ 6 

ʂɸʄôʗʅɽ ʃʀʊɺʆ 

 

 

 

 

ʂʘʤôʷʥʝ ʣʠʪʚʦ ʷʚʣʷʻ ʩʦʙʦʶ ʪʝʭʥʽʯʥʠʡ ʢʘʤʽʥʴ, ʚʠʨʦʙʣʝʥʠʡ ʰʣʷʭʦʤ ʣʠʪʪʷ ʪʘ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʠʣʽʢʘʪʥʦʛʦ ʨʦʟʧʣʘʚʫ, ʦʪʨʠʤʘʥʦʛʦ ʚ ʧʨʦʮʝʩʽ ʪʦʧʣʝʥʥʷ ʧʨʠʨʦʜʥʠʭ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ.  

 

ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʙʫʣʦ ʪʘʢ ʟʚʘʥʝ çʙʘʟʘʣʴʪʦʚʝè ʣʠʪʚʦ, 

ʦʪʨʠʤʘʥʝ ʟ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ ï ʙʘʟʘʣʴʪʽʚ, ʜʦʣʝʨʠʪʽʚ ʪʘ ʽʥ.  

ɺʦʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ, ʚʠʩʦʢʠʤ ʦʧʦʨʦʤ 

ʘʙʨʘʟʠʚʥʦʤʫ ʟʥʦʩʫ ʪʘ ʟʜʘʪʥʽʩʪʶ ʘʨʤʫʚʘʪʠʩʷ ʤʝʪʘʣʦʤ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʟʘʣʴʪʦʚʝ ʣʠʪʚʦ ʚ ʭʽʤʽʯʥʽʡ, ʛʽʨʥʠʯʦʨʫʜʥʽʡ, ʤʝʪʘʣʫʨʛʽʡʥʽʡ, 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ. ɺʦʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʩʪʠʣʘʥʥʷ ʧʽʜʣʦʛʠ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʦʙʣʠʮʶʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʭ ʣʦʪʢʽʚ, ʬʫʪʝʨʦʚʢʠ 

ʻʤʥʦʩʪʝʡ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʜʽʾ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʚ ʩʘʥʽʪʘʨʥʽʡ ʪʝʭʥʽʮʽ ʜʣʷ 

ʩʧʦʨʫʜʞʝʥʥʷ ʚʦʜʦʛʦʥʽʚ ʪʘ ʢʘʥʘʣʽʟʘʮʽʾ, ʚʠʨʦʙʥʠʮʪʚʘ ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʣʦʢʦʥ ʪʘ 

ʤʽʥʝʨʘʣʴʥʦʾ ʚʘʪʠ, ʪʦʱʦ (ʨʠʩ. 6.1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 6.1. ʈʽʟʥʦʤʘʥʽʪʪʷ ʚʠʨʦʙʽʚ ʟ ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ 

 

ɿʘ ʮʽʣʦʶ ʥʠʟʢʦʶ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʘʟʘʣʴʪʦʚʝ ʣʠʪʚʦ ʤʦʞʝ 

ʢʦʥʢʫʨʫʚʘʪʠ ʟʽ ʩʪʘʣʣʶ ʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʻ ʟʥʘʯʥʫ ʝʢʦʥʦʤʽʶ ʤʝʪʘʣʫ. 

ʉʠʨʦʚʠʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ, ʢʨʽʤ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʤʦʞʫʪʴ 

ʩʣʫʛʫʚʘʪʠ ʰʣʘʢʠ ʪʘ ʽʥʰʽ ʧʨʦʤʠʩʣʦʚʽ ʚʽʜʭʦʜʠ. ɼʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʪʚʦ ʥʘ ʦʩʥʦʚʽ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ. ʄʝʥʰ ʚʞʠʚʘʥʽ 

ʤʘʣʦʟʘʣʽʟʠʩʪʝ ʛʨʘʥʽʪʦ-ʰʣʘʢʦʚʝ ʣʠʪʚʦ ʪʘ ʩʚʽʪʣʦʢʘʤôʷʥʝ ʣʠʪʚʦ, ʦʪʨʠʤʘʥʝ 
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ʪʦʧʣʝʥʥʷʤ ʩʫʤʽʰʽ ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ, ʚʘʧʥʷʢʫ ʪʘ ʜʦʣʦʤʽʪʫ. ʉʧʝʮʽʘʣʴʥʘ ʛʘʣʫʟʴ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢʘ ʟʘʡʤʘʻʪʴʩʷ ʩʠʥʪʝʟʦʤ ʢʘʤô̫ ʥʦʛʦ ʣʠʪʚʘ ʟʚʝʪʴʩʷ ʧʝʪʨʫʨʛʽʷ. 

ʂʘʤôʷʥʦʣʠʚʘʨʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘʣʘʛʦʜʞʝʥʦ ʚ ɻʝʨʤʘʥʽʾ, ʌʨʘʥʮʽʾ, ɯʪʘʣʽʾ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ, ʉʐɸ, ʈʦʩʽʾ, ʇʦʣʴʱʽ, ʉʣʦʚʘʯʯʠʥʽ ʪʘ ʽʥʰʠʭ ʢʨʘʾʥʘʭ. ʅʘ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʢʘʤôʷʥʦʣʠʚʘʨʥʽ ʟʘʚʦʜʠ ʻ ʚ ɼʦʥʝʮʴʢʫ ʪʘ ʂʨʠʚʦʤʫ ʈʦʟʽ. 

ɺʽʜʦʤʦʩʪʽ ʧʨʦ ʢʘʤôʷʥʝ ʣʠʪʚʦ ʪʘ ʡʦʛʦ ʧʝʪʨʦʛʨʘʬʽʶ ʤʽʩʪʷʪʴʩʷ ʫ ʨʦʙʦʪʘʭ [2, 10, 12, 

32, 34-35]. 

6.1. ʇʝʪʨʫʨʛʽʡʥʘ ʩʠʨʦʚʠʥʘ 

 

ʅʘʡʯʘʩʪʽʰʝ ʫ ʷʢʦʩʪʽ ʧʝʪʨʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ 

ʚʫʣʢʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ï ʙʘʟʘʣʴʪʠ ʪʘ ʜʦʣʝʨʠʪʠ. ʊʠʧʦʚʠʡ ʙʘʟʘʣʴʪ ʷʚʣʷʻ 

ʩʦʙʦʶ ʪʝʤʥʦ-ʩʽʨʫ ʜʦ ʯʦʨʥʦʾ  ʜʨʽʙʥʦʟʝʨʥʠʩʪʫ ʘʙʦ ʡ ʘʬʘʥʽʪʦʚʫ ʧʦʨʦʜʫ. ɺ 

ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤʠ ʚʢʨʘʧʣʝʥʠʢʠ ʪʝʤʥʦʢʦʣʽʨʥʠʭ ʤʽʥʝʨʘʣʽʚ 

(ʧʽʨʦʢʩʝʥ, ʦʣʽʚʽʥ) ʪʘ ʧʣʘʛʽʦʢʣʘʟʫ, ʱʦ ʥʘʜʘʶʪʴ ʧʦʨʦʜʽ ʧʦʨʬʽʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʊʝʢʩʪʫʨʘ ʙʘʟʘʣʴʪʽʚ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʦʜʥʦʨʽʜʥʦʾ ʜʦ ʧʦʨʠʩʪʦʾ ʪʘ ʤʠʛʜʘʣʝʢʘʤôʷʥʦʾ. 

ʇʽʜ ʤʽʢʨʦʩʢʦʧʦʤ ʥʝʟʤʽʥʝʥʠʡ ʙʘʟʘʣʴʪ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʻ ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ï ʽʥʪʝʨʩʝʨʪʘʣʴʥʫ, ʪʦʣʝʾʪʦʚʫ, ʛʽʘʣʦʧʝʣʽʪʦʚʫ ʪʘ ʽʥ. ɿʘʛʘʣʴʥʘ ʤʘʩʘ 

ʟʚʠʯʘʡʥʦ ʩʢʣʘʜʝʥʘ ʦʩʥʦʚʥʠʤ ʧʣʘʛʽʦʢʣʘʟʦʤ, ʤʦʥʦʢʣʽʥʥʠʤ ʧʽʨʦʢʩʝʥʦʤ ʪʘ ʪʽʻʶ ʯʠ 

ʽʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʚʫʣʢʘʥʽʯʥʦʛʦ ʩʢʣʘ. ɺ ʘʢʮʝʩʦʨʥʠʭ ʪʘ ʜʨʫʛʦʨʷʜʥʠʭ ʢʽʣʴʢʦʩʪʷʭ 

ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʽ ʤʘʛʥʝʪʠʪ ʪʘ/ʘʙʦ ʽʣʴʤʝʥʽʪ. ʅʝʨʽʜʢʽʩʥʠʤ ʻ ʡ ʦʣʽʚʽʥ. 

ʉʝʨʝʜʥʽʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʙʘʟʘʣʴʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ (ʚʘʛ.%): SiO2 (47-52), TiO2 (1-

3.4), Al2O3 (14-18), Fe2O3 (2-6), FeO (4-11), MgO (5-7), CaO (10-13), Na2O (1.5-

3.5), K2O (0.1-1). ɼʦʣʝʨʠʪʠ ʻ ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʠʤʠ ʥʝʟʤʽʥʝʥʠʤʠ ʘʥʘʣʦʛʘʤʠ 

ʙʘʟʘʣʴʪʽʚ, ʚʽʜʨʽʟʥʷʶʯʠʩʴ ʚʽʜ ʦʩʪʘʥʥʽʭ ʚʽʜʩʫʪʥʽʩʪʶ ʫ ʩʢʣʘʜʽ ʚʫʣʢʘʥʽʯʥʦʛʦ ʩʢʣʘ ʪʘ 

ʧʨʦʜʫʪʢʽʚ ʡʦʛʦ ʜʝʚʽʪʨʠʬʽʢʘʮʽʾ. ʇʦʩʪʤʘʛʤʘʪʠʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʘʟʘʣʴʪʽʚ ʪʘ 

ʜʦʣʝʨʠʪʽʚ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ  ʟʘʤʽʱʝʥʥʷʤ ʧʝʨʚʠʥʥʠʭ ʧʦʨʦʜʦʫʪʚʦʨʶʶʯʠʭ 

ʤʽʥʝʨʘʣʽʚ ʪʘ ʚʫʣʢʘʥʽʯʥʦʛʦ ʩʢʣʘ ʥʦʚʦʫʪʚʦʨʝʥʠʤʠ ʩʣʶʜʘʤʠ ʪʘ ʛʽʜʨʦʩʣʶʜʘʤʠ, 

ʭʣʦʨʠʪʘʤʠ, ʩʤʝʢʪʠʪʘʤʠ, ʘʤʬʽʙʦʣʘʤʠ, ʢʘʨʙʦʥʘʪʘʤʠ, ʮʝʦʣʽʪʘʤʠ, ʩʢʘʧʦʣʽʪʘʤʠ, 

ʝʧʽʜʦʪʦʤ, ʧʨʝʥʽʪʦʤ, ʢʣʽʥʦʮʦʾʟʠʪʦʤ ʪʘ ʽʥ. ɿʤʽʥʝʥʽ (ʧʘʣʝʦʪʠʧʥʽ) ʘʥʘʣʦʛʠ ʙʘʟʘʣʴʪʽʚ 

ʪʘ ʜʦʣʝʨʠʪʽʚ ʥʘʟʠʚʘʶʪʴ ʜʽʘʙʘʟʘʤʠ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʦʛʦ ʙʘʟʘʣʴʪʦʚʦʛʦ ʣʠʪʚʘ, ʢʨʽʤ ʚʣʘʩʥʝ 

ʙʘʟʘʣʴʪʽʚ ʪʘ ʜʦʣʝʨʠʪʽʚ, ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʾʭ ʧʣʫʪʦʥʽʯʥʽ ʪʘ ʤʝʪʘʤʦʨʬʽʯʥʽ 

ʘʥʘʣʦʛʠ ï ʛʘʙʨʦ-ʥʦʨʠʪʠ, ʛʦʨʥʙʣʝʥʜʠʪʠ ʪʘ ʘʤʬʽʙʦʣʽʪʠ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʣʠʚʘʨʥʠʭ ʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʠʪʚʘ ʫ ʷʢʦʩʪʽ ʰʠʭʪʫʚʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʭʨʦʤʽʪ, ʬʣʶʦʨʠʪ, ʧʝʨʦʚʩʢʽʪ, ʚʘʧʥʷʢ, ʜʦʣʦʤʽʪ, 

ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ, ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʰʣʘʢ. 

ʉʫʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʧʨʠʜʘʪʥʦʩʪʽ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʣʠʪʚʘ 

ʤʘʶʪʴ ʡʦʛʦ ʧʝʪʨʦʛʨʘʬʽʯʥʽ ʦʟʥʘʢʠ. ʊʘʢ, ʙʘʟʘʣʴʪʠ ʪʘ ʜʦʣʝʨʠʪʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʷʢʦʩʪʽ ʧʝʪʨʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠ, ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʽʥʪʝʨʩʝʨʪʘʣʴʥʫ ʘʙʦ ʦʬʽʪʦʚʫ ʩʪʨʫʢʪʫʨʫ, ʧʦʟʙʘʚʣʝʥʫ ʢʨʫʧʥʠʭ ʚʢʨʘʧʣʝʥʠʢʽʚ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʽʥʝʨʘʣʽʚ. ɹʘʞʘʥʦ, ʱʦʙ ʧʦʨʦʜʘ ʤʽʩʪʠʣʘ ʷʢ ʤʦʞʥʘ ʙʽʣʴʰʝ ʧʽʨʦʢʩʝʥʫ 

(>60%). ʅʘʪʦʤʽʩʪʴ, ʚʤʽʩʪ ʧʣʘʛʽʦʢʣʘʟʫ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 50%, ʘ ʦʣʽʚʽʥʫ 

ʪʘ ʤʘʛʥʝʪʠʪʫ ʥʝ ʙʽʣʴʰʝ 10%. ʅʝʧʨʠʜʘʪʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʘʣʴʪʠ ʟ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʩʢʣʘ, ʘ ʪʘʢʦʞ ʙʘʟʘʣʴʪʠ ʟ ʢʨʫʧʥʠʤʠ ʬʝʥʦʢʨʠʩʪʘʤʠ ʦʣʽʚʽʥʫ. ʉʝʨʝʜ 

ʫʢʨʘʾʥʩʴʢʠʭ ʧʦʨʽʜ ʪʘʢʠʤ ʚʠʤʦʛʘʤ ʙʽʣʴʰ ʤʝʥʰ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʙʘʟʘʣʴʪʠ 

ɹʝʨʝʩʪʦʚʝʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʚ ʈʽʚʥʝʥʩʴʢʽʡ ʦʙʣʘʩʪʽ. ɰʭ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ 
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ʧʨʝʜʩʪʘʚʣʝʥʠʡ: ʢʣʽʥʦʧʽʨʦʢʩʝʥʦʤ (40%), ʧʣʘʛʽʦʢʣʘʟʦʤ (30%), ʤʘʛʥʝʪʠʪʦʤ (10%), 

ʘ ʪʘʢʦʞ ʚʪʦʨʠʥʥʠʤʠ ʘʤʬʽʙʦʣʘʤʠ, ʩʣʶʜʘʤʠ ʪʘ ʭʣʦʨʠʪʦʤ, ʱʦ ʟʘʤʽʱʫʶʪʴ 

ʧʽʨʦʢʩʝʥ ʪʘ ʩʢʣʦ (ʈʠʩ. 6.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 6.2. ɹʘʟʘʣʴʪ ɹʝʨʝʩʪʦʚʝʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ, ʟʦʙʨʘʞʝʥʥʷ ʧʽʜ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ: Pl ï ʧʣʘʛʽʦʢʣʘʟ, Cpx ï ʢʣʽʥʦʧʽʨʦʢʩʝʥ. 

  

 

ʂʨʽʤ ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʦʟʥʘʢ, ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʝʪʨʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʘʥʽ ʧʨʦ ʾʾ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʨʦʙʣʝʥʘ ʮʽʣʘ 

ʥʠʟʢʘ ʧʝʪʨʦʭʽʤʽʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʘ ʜʽʘʛʨʘʤ. ʅʘʡʧʨʦʩʪʽʰʠʤ ʩʝʨʝʜ ʥʠʭ ʻ 

ʦʧʠʩʘʥʠʡ ʫ ʤʦʥʦʛʨʘʬʽʾ [ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʧʝʪʨʦʣʦʛʠʷ] 

ʢʦʝʬʽʮʽʻʥʪ ʢʠʩʣʦʪʥʦʩʪʽ, ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʜʘʥʠʤʠ 

ʭʤ̔ʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʟʷʪʠʤʠ ʫ ʚʘʛʦʚʠʭ ʚʽʜʩʦʪʢʘʭ:  

 

K=(SiO2+Al 2O3+TiO2)/(CaO+MgO+FeO+Fe2O3+Na2O+K2O). 

 

ʅʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ ʻ ʧʦʨʦʜʠ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʂ ʚ ʤʝʞʘʭ 

1,5-1,8. ʇʨʠ ʟʥʘʯʝʥʥʷʭ K>1,8 ʘʙʦ ʂ<1,5 ʚʠʢʦʥʫʶʪʴ ʧʽʜʰʠʭʪʦʚʢʫ ʚʽʜʧʦʚʽʜʥʦ 

ʙʽʣʴʰ ʦʩʥʦʚʥʠʤʠ, ʘʙʦ ʙʽʣʴʰ ʢʠʩʣʦʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ.  

ɻʽʥʟʙʝʨʛ ɸ.ʉ. ʜʣʷ ʦʮʽʥʢʠ ʧʝʪʨʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠ ʧʨʦʧʦʥʫʻ ʛʨʘʬʽʯʥʠʡ 

ʤʝʪʦʜ. ʇʨʠ ʮʴʦʤʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʨʠʢʫʪʥʘ ʜʽʘʛʨʘʤʘ ʟ ʚʝʨʰʠʥʘʤʠ 

ɸ=SiO2+Al2O3+TiO2, ɺ=CaO+MgO+FeO+Fe2O3+MnO, ʉ=Na2O+K2O, ʜʝ ʩʫʤʠ 

ʧʝʪʨʦʛʝʥʥʠʭ ʦʢʩʠʜʽʚ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʫ ʤʦʣʝʢʫʣʷʨʥʠʭ ʚʽʜʩʦʪʢʘʭ. ʂʨʠʪʝʨʽʻʤ 

ʧʨʠʜʘʪʥʦʩʪʽ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ ʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʾʾ 

ʬʽʛʫʨʘʪʠʚʥʠʭ ʪʦʯʦʢ ʫ ʚʠʟʥʘʯʝʥʽʡ ʝʤʧʽʨʠʯʥʦ ʦʙʣʘʩʪʽ ʜʽʘʛʨʘʤʠ (ʨʠʩ. 6.3) 
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ʈʠʩ. 6.3. ʇʨʦʝʢʮʽʡʥʘ ʪʨʠʢʫʪʥʘ ʜʽʘʛʨʘʤʘ ɸ.ʉ.ɻʽʥʟʙʝʨʛʘ: ɸ=SiO2+Al2O3+TiO2, 

ɺ=CaO+MgO+FeO+Fe2O3+MnO, ʉ=Na2O+K2O ʟ ʬʽʛʫʨʘʪʠʚʥʠʤʠ ʪʦʯʢʘʤʠ  

ʧʝʪʨʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠ, ʱʦ ʻ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʦ  ʁʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʤôʷʥʦʛʦ 

ʣʠʪʚʘ. 

 

ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ [ʊʝʭʥʠʯʝʩʢʘʷ ʧʝʪʨʦʛʨʘʬʠʷ], ʥʘʡʙʽʣʴʰ ʚʜʘʣʠʤ ʜʣʷ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʧʝʪʨʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠ ʻ ʥʦʨʤʘʪʠʚʥʦ-ʤʦʣʝʢʫʣʷʨʥʠʡ ʤʝʪʦʜ ʅʽʛʣʽ [37]. ʎʝʡ 

ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʠʪʠ ʩʢʣʘʜ ʩʠʨʦʚʠʥʠ, ʘ ʪʘʢʦʞ  ̔ ʩʘʤʦʛʦ ʣʠʪʚʘ, ʫ 

ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʪʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ 

ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ, ʫ ʦʨʠʛʽʥʘʣʴʥʠʡ ʧʝʨʝʨʘʭʫʥʦʢ ʚʠʭʽʜʥʠʭ ʤʦʣʝʢʫʣ 

ʅʽʛʣʽ ʚʥʦʩʷʪʴʩʷ ʥʝʚʝʣʠʢʽ ʢʦʨʝʢʪʠʚʠ: ʟʘʤʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ Fs(Fe2SiO5) ʪʘ Ru(TiO2), 

ʫʩʝ ʦʢʠʩʥʝ ʟʘʣʽʟʦ ʨʘʭʫʻʪʴʩʷ ʷʢ Hm (Fe2O3), ʘ ʜʽʦʢʩʠʜ ʪʠʪʘʥʫ ʷʢ CaTiAlO4. ɼʘʣʽ 

ʦʪʨʠʤʘʥʽ ʚʠʭʽʜʥʽ ʤʦʣʝʢʫʣʠ ʦʙôʻʜʥʫʶʪʴʩʷ ʫ ʪʨʠ ʛʨʫʧʠ: Q=SiO2,  L=KAlSiO4+ 

NaAlSiO4+CaAl2O4 ʪʘ M=CaTiAl2O4+Ca2SiO4+Mg2SiO4+Fe2SiO4+Fe2O3. 

ʂʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʢʦʞʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʥʦʩʠʪʴʩʷ ʥʘ ʪʨʠʢʫʪʥʫ 

ʜʽʘʛʨʘʤʫ (ʨʠʩ. 6.4). ʌʽʛʫʨʘʪʠʚʥʽ ʪʦʯʢʠ ʩʢʣʘʜʫ ʙʽʣʴʰʦʩʪʽ ʚʠʜʽʚ ʧʝʪʨʫʨʛʽʡʥʦʾ 

ʩʠʨʦʚʠʥʠ ʪʘ ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʤʘʣʦʛʦ ʪʨʠʢʫʪʥʠʢʘ 

P(ʧʽʨʦʢʩʝʥʠ)-F(ʧʦʣʴʦʚʽ ʰʧʘʪʠ)-Ts(ʩʠʣʽʢʘʪʠ ʏʝʨʤʘʢʘ), ʘʙʦ ʧʦʙʣʠʟʫ ʚʽʜ ʥʴʦʛʦ. 

ʄʘʡʞʝ ʤʦʥʦʤʽʥʝʨʘʣʴʥʝ ʧʽʨʦʢʩʝʥʦʚʝ ʣʠʪʚʦ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʩʠʨʦʚʠʥʠ, ʬʽʛʫʨʘʪʠʚʥʽ 

ʪʦʯʢʠ ʷʢʦʾ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʙʣʠʟʫ ʣʽʥʽʾ PTs. ʋ ʚʠʧʘʜʢʫ ʞ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʢʠ 

ʥʠʞʯʝ ʘʙʦ ʚʠʱʝ ʮʽʻʾ ʣʽʥʽʾ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʢʠʩʣʠʭ (SiO2), ʘʙʦ 

ʦʩʥʦʚʥʠʭ (CaO, MgO) ʜʦʙʘʚʦʢ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʢʦʨʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʫ ʰʠʭʪʠ.  
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ʈʠʩ. 6.4. ʊʨʠʢʫʪʥʘ ʜʽʘʛʨʘʤʘ ʇ.ʅʽʛʣʽ LMQ ʟ ʚʠʥʝʩʝʥʠʤʠ ʥʘ ʥʝʾ  

ʬʽʛʫʨʘʪʠʚʥʠʤʠ ʪʦʯʢʘʤʠ  ʧʝʪʨʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ. 

 

 

6.2. ʊʝʭʥʦʣʦʛʽʷ ʢʘʤô̫ ʥʦʣʠʚʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ ʚʢʣʶʯʘʻ: ʧʽʜʛʦʪʦʚʢʫ 

ʪʘ ʪʦʧʣʝʥʥʷ ʰʠʭʪʠ, ʛʦʤʦʛʝʥʽʟʘʮʽʶ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʧʣʘʚʫ, ʟʘʧʦʚʥʝʥʥʷ ʣʠʚʘʨʥʠʭ 

ʬʦʨʤ, ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʪʘ ʟʘʢʣʶʯʥʫ ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ ʚʽʜʣʠʚʦʢ. ɼʣʷ ʪʦʧʣʝʥʥʷ 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʣʠʪʚʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʝʛʝʥʝʨʘʪʠʚʥʘ ʚʘʥʥʘ ʧʽʯ, ʚ ʷʢʽʡ ʧʘʣʠʚʦʤ 

ʩʣʫʛʫʻ ʛʘʟ, ʘʙʦ ʞ ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʣʝʢʪʨʠʯʥʫ ʧʣʘʚʠʣʴʥʫ ʧʽʯ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʪʦʧʣʝʥʥʷ ʩʷʛʘʻ 1400-1500ʦʉ, ʪʦʤʫ ʩʪʽʥʢʠ ʧʝʯʽ ʚʠʢʣʘʜʝʥʽ ʤʘʛʥʝʟʠʪʦʚʠʤ 

ʚʦʛʥʝʪʨʠʚʦʤ, ʧʽʯʥʝ ʩʢʣʝʧʽʥʥʷ ï ʜʠʥʘʩʦʤ. ʈʦʟʧʣʘʚ ʟ ʧʝʯʽ ʩʪʽʢʘʻ ʫ ʟʣʠʚʥʠʡ ʢʘʥʘʣ, 

ʜʝ ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʤʝʪʘʣʝʚʦʶ ʤʽʰʘʣʢʦʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1250-1300ʦʉ. ɿʽ 

ʟʣʠʚʥʦʛʦ ʢʘʥʘʣʫ ʨʦʟʧʣʘʚ ʧʦʜʘʻʪʴʩʷ ʜʦ ʦʙʝʨʪʘʶʯʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ ï ʩʪʘʣʝʚʦʛʦ 

ʙʘʨʘʙʘʥʫ, ʚʠʢʣʘʜʝʥʦʛʦ ʤʘʛʥʝʟʠʪʦʤ, ʜʝ ʨʦʟʧʣʘʚʣʝʥʘ ʤʘʩʘ ʥʘʙʫʚʘʻ ʙʽʣʴʰʦʾ 

ʦʜʥʦʨʽʜʥʦʩʪʽ. ɼʘʣʽ, ʨʦʟʧʣʘʚ ʟʣʠʚʘʶʪʴ ʫ ʣʠʚʘʨʥʽ ʬʦʨʤʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ 

ʞʘʨʦʤʽʮʥʦʾ ʩʪʘʣʽ, ʘʙʦ ʟ ʬʦʨʤʫʚʘʣʴʥʦʾ  ʩʫʤʽʰʽ  (80% ʧʽʩʢʫ ʪʘ 20% ʛʣʠʥʠ). ʌʦʨʤʠ 

ʟ ʚʽʜʣʠʚʢʘʤʠ ʩʧʦʯʘʪʢʫ ʚʠʪʨʠʤʫʶʪʴ ʫ ʧʝʯʽ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 900-

920ʦʉ, ʘ ʧʦʪʽʤ ï ʚ ʪʫʥʝʣʴʥʽʡ ʚʠʧʘʣʶʚʘʣʴʥʽʡ ʧʝʯʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 800-20ʦʉ. 

 

6.3. ʇʝʪʨʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʙʘʟʘʣʴʪʦʚʦʛʦ ʣʠʪʚʘ 

 

ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʪʘ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ 

ʜʦʩʣʽʜʞʫʶʪʴ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʫ ʧʨʦʭʽʜʥʦʤʫ ʪʘ ʚʽʜʙʠʪʦʤʫ 

ʩʚʽʪʣʽ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʜʣʷ ʮʴʦʛʦ ʧʨʦʟʦʨʽ ʰʣʽʬʠ, ʘʥʰʣʽʬʠ ʪʘ ʧʨʦʟʦʨʦ-ʧʦʣʽʨʦʚʘʥʽ 

ʰʣʽʬʠ. ɯʥʢʦʣʠ ʚʞʠʚʘʶʪʴ ʭʽʤʽʯʥʝ ʪʨʘʚʣʝʥʥʷ ʧʦʣʽʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʘʥʰʣʽʬʽʚ 1-
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2% ʧʣʘʚʠʢʦʚʦʶ ʢʠʩʣʦʪʦʶ ʥʘ ʧʨʦʪʷʟʽ  10-30 ʩʝʢʫʥʜ,  ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʢʨʘʱʝ 

ʚʠʷʚʣʷʶʪʴʩʷ ʨʽʟʥʽ ʤʽʥʝʨʘʣʴʥʽ ʬʘʟʠ, ʾʭ ʤʦʨʬʦʣʦʛʽʷ ʪʘ ʚʥʫʪʨʽʰʥʷ ʙʫʜʦʚʘ.  

ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʙʘʟʘʣʴʪʦʚʦʛʦ ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʢʣʘʜʫ ʧʝʪʨʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʨʝʞʠʤʫ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʣʠʚʢʠ. 

ʅʘʚʽʪʴ ʟ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʙʘʟʘʣʴʪʦʚʦʛʦ ʨʦʟʧʣʘʚʫ ʧʨʠ ʨʽʚʥʦʚʘʞʥʽʡ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʦʪʨʠʤʫʻʪʴʩʷ ʣʠʪʚʦ ʧʽʨʦʢʩʝʥ-ʧʣʘʛʽʦʢʣʘʟʦʚʦʛʦ ʩʢʣʘʜʫ, ʧʨʠ ʥʝʨʽʚʥʦʚʘʞʥʽʡ ï 

ʤʘʛʥʝʪʠʪ-ʧʽʨʦʢʩʝʥʦʚʝ ʘʙʦ ʤʘʡʞʝ ʤʦʥʦʤʽʥʝʨʘʣʴʥʝ ʧʽʨʦʢʩʝʥʦʚʝ ʣʠʪʚʦ. ʆʩʪʘʥʥʻ ʻ 

ʥʘʡʙʽʣʴʰ ʷʢʽʩʥʠʤ, ʦʩʢʽʣʴʢʠ ʤʘʻ ʥʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ, 

ʪʝʨʤʽʯʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. ʆʧʪʠʤʘʣʴʥʠʤ ʻ  ʪʘʢʠʡ ʩʢʣʘʜ ʙʘʟʘʣʴʪʦʚʦʛʦ 

ʣʠʪʚʘ: ʤʦʥʦʢʣʽʥʥʠʡ ʧʽʨʦʢʩʝʥ ï 85-90%, ʩʢʣʦ ï ʜʦ 15%, ʤʘʛʥʝʪʠʪ ï ʜʦ 15%. ɺ 

ʜʨʫʛʦʨʷʜʥʠʭ ʪʘ ʘʢʮʝʩʦʨʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʦʣʽʚʽʥ, ʦʩʥʦʚʥʠʡ 

ʧʣʘʛʽʦʢʣʘʟ ʪʘ ʭʨʦʤʽʪ. ʄʦʥʦʢʣʽʥʥʠʡ ʧʽʨʦʢʩʝʥ, ʷʢʠʡ ʩʢʣʘʜʘʻ ʤʽʥʝʨʘʣʴʥʫ ʦʩʥʦʚʫ 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʣʠʪʚʘ, ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʥʘʙʣʠʞʝʥʠʡ ʜʦ 

ʘʚʛʽʪʫ:  

 

(Na, Ca)(Mg, Fe2+, Fe3+, Al, Ti3+)[(Si, Al, Fe3+, Ti3+, Ti4+)2O6]. 

 

 

ɿʤʝʥʰʝʥʥʷ ʟʘʣʽʟʠʩʪʦʩʪʽ ʧʽʨʦʢʩʝʥʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʤʽʥʘʣʫ CaAl2SiO6 

ʧʽʜʚʠʱʫʻ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʣʠʪʚʘ.  ɿʚʠʯʘʡʥʠʤʠ ʬʦʨʤʘʤʠ ʚʠʦʢʨʝʤʣʝʥʥʷ ʧʽʨʦʢʩʝʥʫ 

ʻ ʩʬʝʨʦʣʽʪʠ, ʘ ʪʘʢʦʞ ʧʽʨôʷʩʪʽ ʪʘ ʪʦʥʢʦʚʦʣʦʢʥʠʩʪʽ ʘʛʨʝʛʘʪʠ. ʉʬʝʨʦʣʽʪʠ ʤʦʞʫʪʴ 

ʤʘʪʠ ʷʢ ʟʘʦʢʨʫʛʣʝʥʫ, ʪʘʢ ʽ ʧʦʣʽʛʦʥʘʣʴʥʫ ʬʦʨʤʫ. ɺ ʾʭ ʮʝʥʪʨʘʣʴʥʽʡ ʟʘʨʦʜʢʦʚʽʡ 

ʯʘʩʪʠʥʽ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʚʢʣʶʯʝʥʥʷ ʭʨʦʤʽʪʫ ʘʙʦ ʤʘʛʥʝʪʠʪʫ, ʥʘʚʢʦʣʦ ʷʢʠʭ 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʨʘʜʽʘʣʴʥʦ-ʧʨʦʤʝʥʝʚʠʡ ʘʛʨʝʛʘʪ ʧʽʨʦʢʩʝʥʫ. ʉʫʩʽʜʥʽ ʩʬʝʨʦʣʽʪʠ 

ʨʦʟʤʝʞʦʚʫʶʪʴʩʷ ʪʦʥʢʠʤʠ ʧʣʽʚʢʘʤʠ ʩʢʣʘ ʪʘ ʤʘʛʥʝʪʠʪʫ. ʆʧʪʠʤʘʣʴʥʠʤ ʻ 

ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʩʬʝʨʦʣʽʪʽʚ, ʧʨʠʙʣʠʟʥʦ ï 60-90 ʤʢʤ. ʉʢʣʦʬʘʟʘ, ʷʢʘ ʟʚʠʯʘʡʥʦ 

ʫ ʪʽʡ ʯʠ ʽʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʫʪʥʷ ʫ ʩʢʣʘʜʽ ʙʘʟʘʣʴʪʦʚʦʛʦ ʣʠʪʚʘ, ʪʘʢʦʞ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʠʩʣʦʪʦʩʪʽʡʢʦʩʪʽ ʾʾ 

ʢʽʣʴʢʽʩʪʴ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 15%. ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʢʣʦʬʘʟʠ 

ʟʙʽʣʴʰʫʻ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʪʘ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ ʣʠʪʚʘ, ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʶʯʠ 

ʡʦʛʦ ʩʪʠʨʘʥʽʩʪʴ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʢʣʦʬʘʟʠ ʻ ʥʝʦʙʭʽʜʥʦʶ ï  

ʚʠʨʽʙ ʧʦʚʠʥʝʥ ʤʘʪʠ ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ. ʄʘʛʥʝʪʠʪ 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʧʠʣʫʚʘʪʠʭ ʯʘʩʪʦʢ, ʜʨʽʙʥʠʭ ʢʫʙʽʯʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʪʘ ʜʝʥʜʨʠʪʥʠʭ ʬʦʨʤ, ʱʦ ʤʽʩʮʷʤʠ ʥʘʜʘʶʪʴ ʣʠʪʚʫ ʩʽʪʯʘʩʪʦʾ ʙʫʜʦʚʠ. ɿʥʘʯʥʠʡ 

ʚʤʽʩʪ ʤʘʛʥʝʪʠʪʫ ʤʦʞʝ ʩʫʪʪʻʚʦ ʧʦʛʽʨʰʫʚʘʪʠ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʣʠʪʚʘ. ʆʣʽʚʽʥ ʻ 

ʥʝʙʘʞʘʥʦʶ ʬʘʟʦʶ ʫ ʙʘʟʘʣʴʪʦʚʦʤʫ ʣʠʪʚʽ, ʦʩʢʽʣʴʢʠ ʟʤʝʥʰʫʻ ʡʦʛʦ 

ʢʠʩʣʦʪʦʩʪʽʡʢʽʩʪʴ. ɿʚʠʯʘʡʥʦ ʚʽʥ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʟ ʟʘʣʽʟʠʩʪʠʭ ʨʦʟʧʣʘʚʽʚ ʟ 

ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ Mg, ʦʩʦʙʣʠʚʦ ʫ ʟʦʥʘʭ ʚʽʜʣʠʚʦʢ, ʱʦ ʟʘʩʪʠʛʘʶʪʴ ʧʦʚʽʣʴʥʦ. 

ʇʣʘʛʽʦʢʣʘʟʠ ʤʦʞʫʪʴ ʚʠʦʢʨʝʤʣʶʚʘʪʠʩʴ ʧʨʠ ʧʦʚʽʣʴʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ. ɰʭ ʩʢʣʘʜ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʘʥʜʝʟʠʥʫ ʜʦ ʣʘʙʨʘʜʦʨʫ. ʅʘʡʯʘʩʪʽʰʝ ʚʦʥʠ ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʧʨʠʟʤʘʪʠʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʪʘ ʩʬʝʨʦʣʽʪʽʚ.  

ʉʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ ʡʦʛʦ ʙʫʜʦʚʘ (ʨʠʩ. 6.5). 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʝ ʣʠʪʚʦ ʻ ʤʝʭʘʥʽʯʥʦ ʪʘ ʭʽʤʽʯʥʦ ʙʽʣʴʰ ʩʪʽʡʢʠʤ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʙʽʣʴʰ ʢʨʫʧʥʦʟʝʨʥʠʩʪʠʤ. ɿʙʽʣʴʰʝʥʥ ̫ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʚ ʪʘ ʾʭ 

ʘʛʨʝʛʘʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʝʥʥʷ ʣʠʪʚʘ. ʅʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʮʥʽʩʪʴ ʚʠʨʦʙʽʚ ʧʦʨʬʽʨʦʚʘ, ʬʣʶʾʜʘʣʴʥʘ, ʩʤʫʛʘʩʪʘ ʪʘ ʧʦʨʠʩʪʘ 
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ʙʫʜʦʚʘ. ʅʝʙʘʞʘʥʦʶ ʻ ʪʘʢʦʞ ʟʦʥʘʣʴʥʽʩʪʴ ʢʘʤôʷʥʦʣʠʪʠʭ ʚʠʨʦʙʽʚ. ɿʘʛʘʣʦʤ, 

ʧʝʨʚʽʩʥʽ ʚʽʜʣʠʚʢʠ ʙʘʟʘʣʴʪʦʚʠʭ ʧʣʠʪ ʟʚʠʯʘʡʥʦ ʤʘʶʪʴ ʟʦʥʘʣʴʥʫ ʙʫʜʦʚʫ,  ʟ 

ʟʦʚʥʽʰʥʴʦʶ, ʧʝʨʝʭʽʜʥʦʶ ʪʘ ʚʥʫʪʨʽʰʥʴʦʶ ʟʦʥʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ, 

ʚʽʜʧʦʚʽʜʥʦ, ʩʢʣʫʚʘʪʦʶ, ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʦʶ ʪʘ ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ. ʇʽʩʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʚʠʧʘʣʫ ʚʽʜʣʠʚʢʠ ʥʘʙʫʚʘʶʪʴ ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʬʝʨʦʣʽʪʦʚʦʾ ʙʫʜʦʚʠ ʧʦ ʚʩʴʦʤʫ ʦʙôʻʤʫ, ʘʣʝ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʟʦʥʠ, ʱʦ ʨʽʟʥʷʪʴʩʷ 

ʨʦʟʤʽʨʦʤ ʩʬʝʨʦʣʽʪʽʚ. ʊʘʢ ʩʘʤʦ ʙʘʟʘʣʴʪʦʚʽ ʪʨʫʙʠ ʧʽʩʣʷ ʚʠʭʦʜʫ ʟ ʢʦʢʽʣʷ ʤʘʶʪʴ 

ʟʦʥʘʣʴʥʫ ʙʫʜʦʚʫ. ɰʭ ʟʦʚʥʽʰʥʷ ʟʦʥʘ ʻ ʤʘʡʞʝ ʩʢʣʫʚʘʪʦʶ ʟ ʧʦʦʜʠʥʦʢʠʤʠ 

ʩʬʝʨʦʣʽʪʘʤʠ ʧʽʨʦʢʩʝʥʫ, ʱʦ ʤʽʩʪʷʪʴ ʨʝʣʽʢʪʦʚʽ ʚʢʣʶʯʝʥʥʷ ʭʨʦʤʽʪʫ, ʪʘ ʜʝʥʜʨʠʪʘʤʠ 

ʤʘʛʥʝʪʠʪʫ. ʇʨʦʤʽʞʥʘ ʟʦʥʘ ʤʘʻ ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʫ ʩʬʝʨʦʣʽʪʦʚʫ ʩʪʨʫʢʪʫʨʫ ʟʽ 

ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʩʢʣʘ. ʉʪʨʫʢʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʾ ʟʦʥʠ ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʘ ʟ 

ʤʘʣʠʤ ʚʤʽʩʪʦʤ ʩʢʣʘ, ʘʙʦ ʡ ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʘ. ʇʽʩʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʚʠʧʘʣʫ 

ʢʘʤôʷʥʦʣʠʪʠʭ ʪʨʫʙ ʢʽʣʴʢʽʩʪʴ ʟʦʥ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʜʚʦʭ, ʧʨʠʯʦʤʫ ʦʙʠʜʚʽ ʤʘʶʪʴ 

ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ï ʟʦʚʥʽʰʥʷ ʙʽʣʴʰ ʜʨʽʙʥʦʟʝʨʥʠʩʪʫ, ʚʥʫʪʨʽʰʥʷ 

ʙʽʣʴʰ ʢʨʫʧʥʦʟʝʨʥʠʩʪʫ. ʆʜʥʦʨʽʜʥʫ ʜʨʽʙʥʦʟʝʨʥʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʧʣʘʚʣʝʥʥʽ ʙʨʘʢʦʚʘʥʠʭ ʙʘʟʘʣʴʪʦʚʠʭ ʪʨʫʙ, ʧʨʠʯʦʤʫ ʪʘʢʽ ʚʠʨʦʙʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ.  

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 6.5. ʄʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʙʘʟʘʣʴʪʦʚʦʛʦ ʣʠʪʚʘ: ʘ ï ʣʠʪʚʦ 

ʤʘʛʥʝʪʠʪ-ʧʽʨʦʢʩʝʥʦʚʦʛʦ ʩʢʣʘʜʫ, ʷʢʦʤʫ ʯʠʩʝʣʴʥʽ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥ ̔ ʘʛʨʝʛʘʪʠ 

ʤʘʛʥʝʪʠʪʫ ʥʘʜʘʶʪʴ ʩʽʪʯʘʩʪʦʾ ʙʫʜʦʚʠ; ʙ ï ʣʠʪʚʦ ʩʫʪʪʻʚʦ-ʧʽʨʦʢʩʝʥʦʚʦʛʦ 

ʩʢʣʘʜʫ ʟ ʜʨʽʙʥʠʤʠ ʩʬʝʨʦʣʽʪʘʤʠ ʧʽʨʦʢʩʝʥʫ, ʱʦ ʤʽʩʮʷʤʠ ʤʘʶʪʴ ʧʦʣʽʛʦʥʘʣʴʥʫ 

ʬʦʨʤʫ; ʚ ï ʩʫʪʪʻʚʦ-ʧʽʨʦʢʩʝʥʦʚʝ ʣʠʪʚʦ ʟ ʚʝʣʠʢʠʤʠ ʩʬʝʨʦʣʽʪʘʤʠ ʧʽʨʦʢʩʝʥʫ; ʛ ï 

ʩʫʪʪʻʚʦ-ʧʽʨʦʢʩʝʥʦʚʝ ʣʠʪʚʦ ʟ ʚʝʣʠʢʠʤʠ ʧʽʨôʷʩʪʠʤʠ ʚʠʦʢʨʝʤʣʝʥʥʷʤʠ ʧʽʨʦʢʩʝʥʫ. 

ɿʦʙʨʘʞʝʥʥʷ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʧʨʠ ʚʢʣʶʯʝʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ. 

ʌʦʪʦ ʰʣʽʬʽʚ ʟ [4].  

 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1. ʑʦ ʷʚʣʷʻ ʩʦʙʦʶ ʢʘʤôʷʥʝ ʣʠʪʚʦ ʽ ʜʣʷ ʯʦʛʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ? 

2. ʗʢʽ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʷʢʦʩʪʽ ʧʝʪʨʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠ? 

3. ʗʢʽ ʧʝʪʨʦʛʨʘʬʽʯʥʽ ʦʟʥʘʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ 

ʙʘʟʘʣʴʪʦʚʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ? 

4. ʗʢʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʻ ʙʘʞʘʥʠʤ ʜʣʷ ʙʘʟʘʣʴʪʦʚʦʛʦ ʣʠʪʚʘ? 

5. ɺʠʙʝʨʽʪʴ ʥʘ ʨʠʩ. 6.5 ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʶ ʟ ʧʝʪʨʦʛʨʘʬʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʻ ʦʧʪʠʤʘʣʴʥʠʤʠ ʜʣʷ ʷʢʽʩʥʦʛʦ ʢʘʤôʷʥʦʛʦ ʣʠʪʚʘ.  
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ʈʆɿɼɯʃ 7 

ʊɽʍʅɯʏʅɯ ʇʈʆɼʋʂʊʀ ʉʂʃʗʅʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ 

 

 

 

 

ʐʪʫʯʥʝ ʩʢʣʦ ʷʚʣʷʻ ʩʦʙʦʶ ʘʤʦʨʬʥʠʡ ʪʝʭʥʽʯʥʠʡ ʢʘʤʽʥʴ, ʚʠʨʦʙʣʝʥʠʡ ʰʣʷʭʦʤ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʩʠʣʽʢʘʪʥʠʭ, ʬʦʩʬʘʪʥʠʭ, ʙʦʨʘʪʥʠʭ ʪʘ ʽʥʰʠʭ ʨʦʟʧʣʘʚʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʚ ʧʨʦʮʝʩʽ ʪʦʧʣʝʥʥʷ ʰʪʫʯʥʠʭ ʩʫʤʽʰʝʡ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʨʦʚʠʥʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɼʨʽʙʥʦ-ʰʘʨʫʚʘʪʠʡ  

 

ɺʠʨʦʙʣʷʪʠ ʩʢʣʦ ʨʦʟʧʦʯʘʣʠ ʱʝ ʫ ʜʘʚʥʴʦʤʫ ɭʛʠʧʪʽ ʪʘ ʄʝʩʦʧʦʪʘʤʽʾ ʟʘ 4-5 

ʪʠʩʷʯʦʨʽʯʯʷ ʜʦ ʥ. ʝ. ɸʣʝ ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ ʚʠʨʦʙʠ ʟʽ ʩʢʣʘ ʥʘʙʫʣʠ ʣʠʰʝ ʥʘ 

ʧʦʯʘʪʢʫ ʍʍ ʩʪ., ʢʦʣʠ ʟ ʥʴʦʛʦ ʧʦʯʘʣʠ ʤʘʩʦʚʦ ʚʠʛʦʪʦʚʣʷʪʠ ʧʦʩʫʜ, ʰʠʙʢʠ, ʦʧʪʠʯʥʽ 

ʧʨʠʣʘʜʠ, ʶʚʝʣʽʨʥʽ ʚʠʨʦʙʠ. ʅʠʥʽ ʩʢʣʦ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʰʪʫʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʙʝʟʣʽʯʯʶ ʛʘʣʫʟʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʤʘʩʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʻ ʰʪʫʯʥʝ ʩʢʣʦ ʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘʜʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʷʶʪʴ 

ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʧʦʩʫʜ, ʶʚʝʣʽʨʥʽ ʚʠʨʦʙʠ, ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽ 

ʧʨʠʣʘʜʠ, ʪʦʱʦ. ʄʘʩʦʚʝ ʩʢʣʷʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘʣʘʛʦʜʞʝʥʦ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ 

ʩʚʽʪʫ. ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦ ʚʠʨʦʙʥʠʮʪʚʫ ʩʢʣʘ ʻ ʫ ʂʠʻʚʽ, 

ʍʘʨʢʦʚʽ, ʃʴʚʦʚʽ, ɿʘʧʦʨʦʞʞʽ, ɼʥʽʧʨʽ, ɾʠʪʦʤʠʨʽ, ʈʽʚʥʦ, ʍʝʨʩʦʥʽ ʪʘ ʽʥʰʠʭ ʤʽʩʪʘʭ. 

ʊʝʭʥʦʣʦʛʽʶ ʪʘ ʧʝʪʨʦʛʨʘʬʽʶ ʩʢʣʘ ʨʦʟʛʣʷʥʫʪʦ ʫ ʨʦʙʦʪʘʭ [2-4, 10, 17].  

  

7.1. ʉʠʨʦʚʠʥʘ ʜʣʷ ʩʢʣʷʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

 

ʉʠʨʦʚʠʥʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʦʛʦ ʰʪʫʯʥʦʛʦ ʩʢʣʘ 

ʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘʜʫ ʟʚʠʯʘʡʥʦ ʩʣʫʛʫʶʪʴ ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ, ʢʘʣʴʮʠʥʦʚʘʥʘ ʩʦʜʘ ʪʘ 

ʢʨʝʡʜʘ. ɻʦʣʦʚʥʠʤ ʩʢʣʦʫʪʚʦʨʶʶʯʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ ʻ ʢʨʝʤʥʝʟʝʤ 

SiO2, ʷʢʠʡ ʚʚʦʜʠʪʴʩʷ ʫ ʰʠʭʪʫ ʫ ʚʠʛʣʷʜʽ ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ. ɺʤʽʩʪ ʦʩʪʘʥʥʴʦʛʦ ʫ 

ʰʠʭʪʽ ʟʚʠʯʘʡʥʦ ʧʝʨʝʚʠʱʫʻ 70%. ʇʨʠʜʘʪʥʽʩʪʴ ʢʚʘʨʮʦʚʠʭ ʧʽʩʢʽʚ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʨʦʜʦʚʠʱʘ ʜʣʷ ʩʢʣʷʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʭʽʤʽʯʥʠʤ, ʤʽʥʝʨʘʣʴʥʠʤ ʪʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ. ʊʘʢ,  ʤʽʥʽʤʘʣʴʥʠʡ ʚʤʽʩʪ SiO2 ʫ ʢʚʘʨʮʦʚʦʤʫ ʧʽʩʢʫ 

ʦʙʤʝʞʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ 95,0% ʜʣʷ ʥʠʟʴʢʠʭ ʤʘʨʦʢ ʩʢʣʘ ʽ 99,8% ʜʣʷ ʚʠʩʦʢʠʭ. 

ʅʘʪʦʤʽʩʪʴ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʪʘʢʠʤʠ 

ʮʠʬʨʘʤʠ: Fe2O3 ï 0,01-0,25%, TiO2 ï 0,05-0,1%,  Al 2O3 ï 0,1-4,0%. ʐʢʽʜʣʠʚʠʤʠ 

ʪʘʢʦʞ ʻ ʦʢʩʠʜʠ ʚʘʥʘʜʽʶ ʪʘ ʭʨʦʤʫ. ɺʦʥʠ, ʷʢ ʽ ʦʢʩʠʜʠ ʟʘʣʽʟʘ, ʟʘʙʘʨʚʣʶʶʪʴ ʩʢʣʦ ʫ 

ʥʝʙʘʞʘʥʠʡ ʢʦʣʽʨ. ɺʤʽʩʪ ʤʽʥʝʨʘʣʽʚ ʚʘʞʢʦʾ ʬʨʘʢʮʽʾ ʫ ʢʚʘʨʮʦʚʠʭ ʧʽʩʢʘʭ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʢʣʘ ʚʠʩʦʢʠʭ ʤʘʨʦʢ, ʥʝ ʧʦʚʠʥʝʥ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 0,05%. ʃʽʤʽʪʫʻʪʴʩʷ ʪʘʢʦʞ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʧʽʘɦʥʦʾ 

ʬʨʘʢʮʽʾ, ʾʾ ʩʦʨʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʤʽʩʪ ʧʠʣʫʚʘʪʠʭ ʪʘ ʛʣʠʥʷʩʪʠʭ ʯʘʩʪʦʢ. 

ʆʧʪʠʤʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʢʚʘʨʮʦʚʠʭ ʧʽʱʠʥʦʢ 0,1-0,3 ʤʤ, ʤʘʢʩʠʤʘʣʴʥʘ 0,6 ʤʤ. 

ɹʽʣʴʰʽ ʟʝʨʥʘ ʢʚʘʨʮʫ ʤʦʞʫʪʴ ʟʘʣʠʰʠʪʠʩʴ ʥʝʨʦʟʧʣʘʚʣʝʥʠʤʠ ʫ ʩʢʣʷʥʽʡ ʤʘʩʽ ʘʙʦ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʨʝʤʥʝʟʝʤʠʩʪʠʭ ʩʚʠʣʽʚ, ʧʨʠ ʨʦʟʩʢʣʫʚʘʥʥʽ ʷʢʠʭ 

ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʥʝʙʘʞʘʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ʬʘʟʠ ï ʢʨʠʩʪʦʙʘʣʽʪ ʪʘ ʪʨʠʜʠʤʽʪ. ʋ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʩʠʨʦʚʠʥʫ ʜʣʷ ʩʢʣʷʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ 

ʟʙʘʛʘʯʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʢʚʘʨʮʦʚʠʭ ʧʽʩʢʽʚ. ɼʣʷ ʮʽʻʾ ʤʝʪʠ ʟʚʠʯʘʡʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 
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ʬʣʦʪʦʚʽʜʪʠʨʢʘ, ʚʽʜʪʠʨʢʘ ʟ ʧʨʦʤʠʚʢʦʶ, ʽʥʢʦʣʠ ï ʮʽ ʤʝʪʦʜʠ ʨʘʟʦʤ ʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʩʝʧʘʨʘʮʽʻʶ. 

 

ɺʘʧʥʦ CaO, ʷʢʝ ʥʘʜʘʻ ʩʢʣʫ ʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʟʚʠʯʘʡʥʦ ʚʚʦʜʠʪʴʩʷ ʜʦ 

ʩʢʣʘʜʫ ʰʠʭʪʠ ʫ ʚʠʛʣʷʜʽ ʢʨʝʡʜʠ ʘʙʦ ʚʘʧʥʷʢʫ, ʤʽʥʝʨʘʣʴʥʦʶ ʦʩʥʦʚʦʶ ʷʢʠʭ ʻ 

ʢʘʣʴʮʠʪ CaʉO3. ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʘʧʥʷʢ ʟʘʤʽʥʷʶʪʴ ʜʦʣʦʤʽʪʦʤ CaMg[CO3]2, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʪʨʠʤʫʻʪʴʩʷ ʩʢʣʦ ʟ ʜʝʱʦ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ MgO. 

ɺʽʜʥʦʩʥʦʾ ʣʝʛʢʦʧʣʘʚʢʦʩʪʽ ʩʠʣʽʢʘʪʥʦʤʫ ʩʢʣʫ ʥʘʜʘʶʪʴ ʦʢʩʠʜʠ ʣʫʛʽʚ ï Na2O 

ʪʘ K2O. ɿʦʢʨʝʤʘ, ʜʣʷ ʚʚʝʜʝʥʥʷ ʫ ʰʠʭʪʫ Na2O  ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʘʣʴʮʠʥʦʚʘʥʫ ʩʦʜʫ Na2CO3, ʷʢʘ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʦʚʘʨʥʦʾ ʧʝʯʽ 

ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʦʢʩʠʜ ʥʘʪʨʽʶ ʪʘ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ.  ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʤʽʩʪʴ ʩʦʜʠ 

ʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ Na2SO4 ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʷʚʠ ʥʝʙʘʞʘʥʠʭ ʥʘʩʣʽʜʢʽʚ.  ʇʨʠ 

ʥʝʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ ʚʚʝʜʝʥʦʛʦ ʫ ʰʠʭʪʫ ʚʽʜʥʦʚʥʠʢʘ (ʚʫʛʽʣʣʷ ʘʙʦ ʢʦʢʩ), ʩʫʣʴʬʘʪ 

ʥʘʪʨʽʶ ʤʦʞʝ ʯʘʩʪʢʦʚʦ ʟʘʣʠʰʘʪʠʩʴ ʥʝʨʦʟʢʣʘʜʝʥʠʤ ʪʘ, ʩʧʣʠʚʘʶʯʠ, 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʴ ʫ ʧʦʚʝʨʭʥʝʚʽʡ ʯʘʩʪʠʥʽ ʩʢʣʦʤʘʩʠ. ʊʦʤʫ ʩʦʜʘ ʧʦʚʠʥʥʘ ʟʘʤʽʥʷʪʠʩʷ 

ʫ ʰʠʭʪʽ ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʽʶ ʣʠʰʝ ʯʘʩʪʢʦʚʦ. ʆʢʩʠʜ ʢʘʣʽʶ K2O ʥʘʜʘʻ ʩʢʣʫ ʙʽʣʴʰʦʾ 

ʚôʷʟʢʦʩʪʽ, ʟʙʽʣʴʰʫʶʯʠ ʡʦʛʦ ʪʚʝʨʜʽʩʪʴ, ʪʫʛʦʧʣʘʚʢʽʩʪʴ ʪʘ ʙʣʠʩʢ, ʧʦʨʽʚʥʷʥʦ ʟʽ 

ʟʚʠʯʘʡʥʠʤ ʥʘʪʨʦʚʦ-ʢʘʣʴʮʽʻʚʠʤ ʩʠʣʽʢʘʪʥʠʤ ʩʢʣʦʤ. ɼʦ ʩʢʣʘʜʫ ʰʠʭʪʠ ʚʽʥ 

ʚʚʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʪʘʰʫ ʂ2CO3. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ 

ʩʦʨʪʽʚ ʦʧʪʠʯʥʦʛʦ ʪʘ ʪʫʛʦʧʣʘʚʢʦʛʦ ʩʢʣʘ ʜʦ ʰʠʭʪʠ, ʢʨʽʤ ʧʦʪʘʰʫ, ʤʦʞʫʪʴ ʪʘʢʦʞ 

ʜʦʜʘʚʘʪʠ ʩʚʠʥʮʝʚʠʡ ʩʫʨʠʢ Pb3O4, ʙʦʨʥʠʡ ʘʥʛʽʜʨʠʪ B2O3, ʢʘʣʴʮʠʥʦʚʘʥʫ ʙʫʨʫ 

Na2B4O7, ʘʰʘʨʠʪ MgH[BO3], ʛʽʜʨʦʙʦʨʘʮʠʪ CaMg[B6O11]*6H2O,  ʚʽʪʝʨʠʪ BaCO3 

ʪʘ ʜʝʷʢʽ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ.  

ʋ ʷʢʦʩʪʽ ʙʘʨʚʥʠʢʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʣʴʦʨʦʚʦʛʦ ʩʢʣʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʧʦʣʫʢʠ Co, Mn, Cu, Ni, Se, Ag, Au ʪʘ ʽʥ. ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʛʣʫʰʝʥʦʛʦ ʪʘ ʤʦʣʦʯʥʦ-

ʙʽʣʦʛʦ ʩʢʣʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʦʩʬʦʨʥʦʢʠʩʣʽ ʩʦʣʽ ʘʤʦʥʽʶ ʪʘ ʢʘʣʴʮʽʶ, ʢʨʽʦʣʽʪ, 

ʬʣʶʦʨʠʪ, ʢʨʝʤʝʥʝʬʪʦʨʠʩʪʠʡ ʥʘʪʨʽʡ, ʦʢʩʠʜ ʦʣʦʚʘ, ʪʘʣʴʢ ʪʘ ʽʥ. ʄʽʢʨʦʩʢʦʧʽʯʥʽ 

ʯʘʩʪʢʠ ʧʝʨʝʣʽʯʝʥʠʭ ʨʝʯʦʚʠʥ, ʨʦʟʤʽʨʦʤ 0,00001-0,01 ʤʤ, ʚʠʢʣʠʢʘʶʪʴ ʥʝʦʙʭʽʜʥʠʡ 

ʫ ʪʘʢʦʤʫ ʩʢʣʽ ʝʬʝʢʪ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ.  ɼʣʷ ʦʙʝʟʙʘʨʚʣʝʥʥʷ ʩʢʣʘ ʟ ʞʦʚʪʫʚʘʪʠʤ 

ʘʙʦ ʟʝʣʝʥʫʚʘʪʠʤ ʚʽʜʪʽʥʢʦʤ, ʦʙʫʤʦʚʣʝʥʠʤ ʧʨʠʨʦʜʥʠʤʠ ʜʦʤʽʰʢʘʤʠ ʦʢʩʠʜʽʚ 

ʟʘʣʽʟʘ, ʫ ʰʠʭʪʫ ʚʚʦʜʷʪʴ ʦʢʩʠʜʠ Mn, Ni ʪʘ Se.  

 

7.2. ʊʝʭʥʦʣʦʛʽʷ ʩʢʣʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

 

ʋʩʽ ʩʠʨʦʚʠʥʥʽ ʤʘʪʝʨʽʘʣʠ ʟʜʨʽʙʥʶʶʪʴʩʷ ʪʘ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʶʪʴʩʷ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʦʜʥʦʨʽʜʥʦʾ ʩʠʧʢʦʾ ʤʘʩʠ ï ʰʠʭʪʠ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʫ ʩʢʣʦʚʘʨʥʫ ʧʽʯ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʩʢʣʦʚʘʨʽʥʥʷ ʚʢʣʶʯʘʻ ʧôʷʪʴ ʩʪʘʜʽʡ: ʩʠʣʽʢʘʪʦʫʪʚʦʨʝʥʥʷ, 

ʩʢʣʦʫʪʚʦʨʝʥʥʷ, ʜʝʛʘʟʘʮʽʷ, ʛʦʤʦʛʝʥʽʟʘʮʽʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ.  

ʉʠʣʽʢʘʪʦʫʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʨʦʟʞʘʨʝʥʽ ʰʠʭʪʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

800-900ʦʉ. ʂʨʝʡʜʘ, ʚʘʧʥʷʢ, ʩʦʜʘ, ʧʦʪʘʰ, ʩʫʣʴʬʘʪ ʥʘʪʨʽʶ, ʧʨʠ ʮʴʦʤʫ, 

ʨʦʟʢʣʘʜʘʶʪʴʩʷ, ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʣʝʪʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ï CO2, SO3, ʅ2ʆ ʪʘ ʽʥ., 

ʚʠʧʘʨʦʚʫʶʪʴʩʷ. ʄʽʞ  ʨʝʰʪʦʶ ʭʽʤʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʰʠʭʪʠ SiO2 ï Na2O (ʂ2O) ï 

CaO ʚʽʜʙʫʚʘʻʪʴʩʷ ʭʽʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʩʠʣʽʢʘʪʥʠʭ 

ʩʧʦʣʫʢ. ʅʘʧʨʠʢʽʥʮʽ ʩʪʘʜʽʾ ʩʠʣʽʢʘʪʦʫʪʚʦʨʝʥʥʷ ʫʩʽ ʪʚʝʨʜʦ-ʬʘʟʥʽ ʨʝʘʢʮʽʾ ʧʦʚʠʥʥʽ 

ʟʘʚʝʨʰʠʪʠʩʷ. 
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ʉʢʣʦʫʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1150-1200ʦʉ. ʇʨʠ ʮʴʦʤʫ, 

ʰʠʭʪʘ ʧʦʚʥʽʩʪʶ ʧʣʘʚʠʪʴʩʷ, ʦʪʨʠʤʘʥʘ ʨʽʜʢʘ ʩʢʣʦʤʘʩʘ ʩʪʘʻ ʧʨʦʟʦʨʦʶ, ʘʣʝ 

ʣʠʰʘʻʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʦʶ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʫʭʠʨʽʚ ʪʘ ʩʚʠʣʽʚ (ʜʽʣʷʥʦʢ 

ʩʢʣʦʤʘʩʠ ʚʽʜʤʽʥʥʠʭ ʟʘ ʩʢʣʘʜʦʤ). 

ɼʝʛʘʟʘʮʽʷ ʜʦʩʷʛʘʻʪʴʩʷ ʧʽʜʽʛʨʽʚʦʤ ʩʢʣʦʤʘʩʠ ʜʦ 1400-1500ʦʉ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʯʦʛʦ ʚʦʥʘ ʧʦʟʙʘʚʣʷʻʪʴʩʷ ʚʽʜ ʙʽʣʴʰʦʩʪʽ ʛʘʟʦʚʠʭ ʚʢʣʶʯʝʥʴ. ʇʨʦʮʝʩʠ ʜʝʛʘʟʘʮʽʾ 

ʩʪʠʤʫʣʶʶʪʴʩʷ ʚʚʝʜʝʥʥʷʤ ʜʦʙʘʚʦʢ ʩʫʣʴʬʘʪʽʚ ʪʘ ʭʣʦʨʠʜʽʚ ʥʘʪʨʽʶ ʘʙʦ ʘʤʦʥʽʶ. 

ɻʦʤʦʛʝʥʽʟʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʜʝʱʦ ʥʠʞʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʦʧʝʨʝʜʥʴʦʶ ʩʪʘʜʽʻʶ ʜʝʛʘʟʘʮʽʾ. ʉʢʣʦʤʘʩʘ ʩʪʘʻ ʱʝ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʦʶ, 

ʟʚʽʣʴʥʷʶʯʠʩʴ ʚʽʜ ʩʚʠʣʽʚ. 

ʆʭʦʣʦʜʞʝʥʥʷ ï ʪʝʤʧʝʨʘʪʫʨʘ ʰʚʠʜʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 200-300ʦʉ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʙʫʪʪʷʤ ʩʢʣʦʤʘʩʦʶ ʥʝʦʙʭʽʜʥʦʾ ʨʦʙʦʯʦʾ ʚ'ʷʟʢʦʩʪʽ. ɼʦʩʽ 

ʨʦʟʧʣʘʚʣʝʥʘ ʩʢʣʦʤʘʩʘ ʣʠʰʘʻʪʴʩʷ ʧʣʘʩʪʠʯʥʦʶ ʽ ʣʝʛʢʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʚʠʪʷʞʢʦʶ, 

ʜʫʪʪʷʤ ʪʘ ʧʨʝʩʫʚʘʥʥʷʤ. ʇʽʩʣʷ ʪʚʝʨʜʽʥʥʷ, ʩʢʣʷʥʽ ʚʠʨʦʙʠ ʧʽʜʣʷʛʘʶʪʴ ʦʩʪʘʪʦʯʥʦʤʫ 

ʚʠʧʘʣʫ ï ʧʽʜʽʛʨʽʚʫ ʜʦ ʧʝʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʙʝʟ ʨʦʟʧʣʘʚʣʝʥʥʷ ʪʘ ʥʘʩʪʫʧʥʦʤʫ 

ʧʦʚʽʣʴʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʷʪʠ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ. 

 

7.3. ʇʝʪʨʦʛʨʘʬʽʷ ʪʝʭʥʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʩʢʣʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

 

ʇʨʘʚʠʣʴʥʦ ʚʠʛʦʪʦʚʣʝʥʝ ʩʢʣʦ ʪʘ ʚʠʨʦʙʠ ʟ ʥʴʦʛʦ ʥʘ 100% ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʽʟʦʪʨʦʧʥʦʾ ʩʢʣʦʬʘʟʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʤʦʨʬʥʦʶ ʩʢʣʫʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ 

ʦʜʥʦʨʽʜʥʦʶ ʪʝʢʩʪʫʨʦʶ. ʋ ʚʠʩʦʢʠʭ ʤʘʨʢʘʭ ʩʢʣʘ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʦʧʪʠʯʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ, ʥʝʧʨʠʧʫʩʪʠʤʦʶ ʻ ʧʨʠʩʫʪʥʽʩʪʴ ʙʫʜʴ ʷʢʠʭ 

ʚʢʣʶʯʝʥʴ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ ʣʠʰʝ ʧʦʛʽʨʰʫʶʪʴ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʡ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʪʘ ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ, ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʤʦʞʝ ʙʫʪʠ 

ʨʫʡʥʫʚʘʥʥʷ ʩʢʣʷʥʦʛʦ ʚʠʨʦʙʫ. ʈʷʜʦʚʽ ʤʘʨʢʠ ʩʢʣʘ ʤʦʞʫʪʴ ʤʘʪʠ ʮʽʣʫ ʥʠʟʢʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʘʜ: ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʛʘʟʦʚʽ ʪʘ ʪʚʝʨʜʽ ʚʢʣʶʯʝʥʥʷ. 

 

ʇʨʠ ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʦʩʪʘʪʦʯʥʦʤʫ ʚʠʧʘʣʽ ʫ ʩʢʣʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ 

ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ (ʜʝʬʦʨʤʘʮʽʾ), ʷʢʽ ʜʽʘʛʥʦʩʪʫʶʪʴʩʷ ʟʘ ʘʥʦʤʘʣʴʥʦʶ 

ʦʧʪʠʯʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ (ʨʠʩ. 7.1). ɰʭ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ:  

 

ů = (No-Ne)/d*ʂ, 

 

ʜʝ: ů ï ʥʦʨʤʘʣʴʥʝ ʤʝʭʘʥʽʯʥʝ ʥʘʧʨʫʞʝʥʥʷ, (No-Ne) ï ʜʚʦʟʘʣʦʤʣʝʥʥʷ, d ï 

ʪʦʚʱʠʥʘ ʧʣʘʩʪʠʥʢʠ ʩʢʣʘ, K ï ʦʧʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʠʡ ʋ 

ʙʽʣʴʰʦʩʪʽ ʚʠʜʽʚ ʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ ʜʦʨʽʚʥʶʻ 2,5-2,6. 
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ʈʠʩ. 7.1. ñɻʦʣʣʘʥʜʩʴʢʘ ʩʣʴʦʟʘò ï ʚʥʫʪʨʽʰʥʻ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʨʠ 

ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʽ ʢʨʘʧʝʣʴ ʩʢʣʘ ʫ ʚʦʜʽ 

 

ʇʨʠ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʽʜ ʯʘʩ ʜʝʛʘʟʘʮʽʾ, ʥʝʜʦʩʪʘʪʥʽʡ 

ʚʠʪʨʠʤʮʽ ʩʢʣʦʤʘʩʠ ʧʽʩʣʷ ʧʣʘʚʢʠ ʘʙʦ ʧʦʛʘʥʦʤʫ ʾʾ ʧʝʨʝʤʽʰʫʚʘʥʥʽ, ʫ ʩʢʣʽ ʤʦʞʫʪʴ 

ʟʘʣʠʰʠʪʠʩʴ ʛʘʟʦʚʽ ʚʢʣʶʯʝʥʥʷ.  ɺʦʥʠ ʥʝ ʣʠʰʝ ʧʦʛʽʨʰʫʶʪʴ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʩʢʣʷʥʠʭ ʚʠʨʦʙʽʚ, ʘ ʡ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʦʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʧʨʦʟʦʨʽʩʪʴ). ɿʚʠʯʘʡʥʦ, ʛʘʟʦʚʽ ʚʢʣʶʯʝʥʥʷ ʩʢʣʘʜʝʥʽ ʧʨʦʜʫʢʪʘʤʠ ʨʦʟʢʣʘʜʝʥʥʷ 

ʰʠʭʪʠ ʘʙʦ ʞ ʧʦʚʽʪʨʷʤ, ʟʘʭʦʧʣʝʥʠʤ ʫ ʩʢʣʦʤʘʩʫ. ʄʦʨʬʦʣʦʛʽʯʥʦ ʮʝ ʧʫʭʠʨʮʽ 

ʩʬʝʨʠʯʥʦʾ, ʝʣʽʧʩʦʾʜʘʣʴʥʦʾ ʘʙʦ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ (ʨʠʩ. 7.2). ɰʭ ʨʦʟʤʽʨʠ 

ʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ 0,1-0,2 ʤʤ ʜʦ ʢʽʣʴʢʦʭ ʤʽʣʽʤʝʪʨʽʚ, ʘʙʦ, ʥʘʚʽʪʴ, ʧʝʨhʠʭ 

ʩʘʥʪʠʤʝʪʨʽʚ. ɺʦʥʠ ʤʦʞʫʪʴ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ̫ʢ ʫ ʪʦʚʱʽ ʩʢʣʘ, ʪʘʢ ʽ ʙʽʣʷ ʧʦʚʝʨʭʥʽ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 7.2. ɻʘʟʦʚʽ ʚʢʣʶʯʝʥʥʷ ʫ ʰʪʫʯʥʦʤʫ ʩʢʣʽ 
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ʇʦʷʚʘ ʩʢʣʦʚʠʜʥʠʭ ʚʢʣʶʯʝʥ ɹ ʫ ʰʪʫʯʥʦʤʫ ʩʢʣʽ ʤʦʞʝ ʦʙʫʤʦʚʣʶʚʘʪʠʩʷ 

ʨʽʟʥʠʤʠ ʧʨʠʯʠʥʘʤʠ: ʥʝʧʨʘʚʠʣʴʥʠʤ ʩʢʣʘʜʦʤ ʰʠʭʪʠ; ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫ ʷʢʦʩʪʽ 

ʰʠʭʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʢʣʷʥʠʭ ʫʣʘʤʢʽʚ, ʱʦ ʟʘ ʩʢʣʘʜʦʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʩʢʣʦʤʘʩʠ; ʩʪʽʢʘʥʥʷʤ ʫ ʩʢʣʦʤʘʩʫ ʢʨʘʧʝʣʴ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʧʽʯʥʦʛʦ 

ʩʢʣʝʧʽʥʥʷ (ʜʠʥʘʩʫ); ʧʦʛʘʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʩʢʣʦʤʘʩʠ. ʇʨʠʩʫʪʥʽʩʪʴ 

ʩʢʣʦʚʠʜʥʠʭ ʚʢʣʶʯʝʥʴ ʧʦʛʽʨʰʫ ̒ ʤ̔ ʮʥʽʩʪʴ ʪʘ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʩʢʣʷʥʠʭ ʚʠʨʦʙʽʚ. 

ɿʚʠʯʘʡʥʦ, ʪʘʢʽ ʚʢʣʶʯʝʥʥʷ ʩʢʣʘʜʝʥʽ ʩʠʣʽʢʘʪʥʠʤ ʩʢʣʦʤ, ʜʝʱʦ ʚʽʜʤʽʥʥʠʤ ʟʘ 

ʩʢʣʘʜʦʤ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʩʢʣʷʥʦʛʦ ʚʠʨʦʙʫ. ʉʢʣʫʚʘʪʽ ʚʢʣʶʯʝʥʥʷ ʢʨʘʧʣʝʚʠʜʥʦʾ 

ʘʙʦ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʰʣʽʨʘʤʠ. ɺʠʜʦʚʞʝʥʽ ʜʽʣʷʥʢʠ ʩʢʣʘ ʫ 

ʬʦʨʤʽ ʚʦʣʦʢʦʥ ʘʙʦ ʧʘʩʤʘ ʟ ʩʤʫʛʘʩʪʦʶ ʙʫʜʦʚʦʶ ʽʤʝʥʫʶʪʴ ʩʚʠʣʴ (ʨʠʩ. 7.3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 7.3. ʉʢʣʫʚʘʪʠʡ ʰʣʽʨ (ʘ) ʪʘ ʩʚʠʣʴ (ʙ)  ʫ ʰʪʫʯʥʦʤʫ ʩʢʣʽ 

 

 

ʅʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤʠ ʻ ʢʨʠʩʪʘʣʽʯʥʽ ʚʢʣʶʯʝʥʥʷ ʫ ʩʢʣʽ, ʷʢʽ ʫ ʩʢʣʷʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʠʡʥʷʪʦ ʽʤʝʥʫʚʘʪʠ çʢʘʤʝʥʷʤʠè. ɺʦʥʠ ʥʝ ʣʠʰʝ ʧʦʛʽʨʰʫʶʪʴ 

ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʪʘ ʦʧʪʠʯʥʫ ʦʜʥʦʨʽʜʥʽʩʪʴ, ʘ ʡ ʟʥʠʞʫʶʪʴ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ, 

ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ, ʘ ʪʘʢʦʞ ʫʪʨʫʜʥʶʶʪʴ ʧʨʦʮʝʩʠ ʦʩʪʘʪʦʯʥʦʛʦ ʚʠʧʘʣʫ ʪʘ ʧʦʜʘʣʴʰʦʾ 

ʦʙʨʦʙʢʠ ʚʠʨʦʙʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʩʘʤʝ ʢʨʠʩʪʘʣʽʯʥʽ ʚʢʣʶʯʝʥʥʷ ʻ ʥʘʡʙʽʣʴʰ 

ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʤʽʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɿʘ 

ʧʦʭʦʜʞʝʥʥʷʤ ʢʨʠʩʪʘʣʽʯʥʽ ʚʢʣʶʯʝʥʥʷ ʫ ʩʢʣʽ ʧʦʜʽʣʷʶʪʴ ʥʘ ʯʦʪʠʨʠ ʪʠʧʠ: ʰʠʭʪʥʽ 

ʢʘʤʝʥʽ, ʩʢʣʝʧʽʥʥʽ ʢʘʤʝʥʽ, ʢʘʤʝʥʽ ʩʢʣʦʧʨʠʧʘʩʫ ʪʘ ʢʘʤʝʥʽ ʨʦʟʩʢʣʫʚʘʥʥʷ. 

 

ʐʠʭʥʽ ʢʘʤʝʥʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʝʨʥʘ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʥʝ 

ʧʨʦʨʝʘʛʫʚʘʣʠ ʚ ʧʨʦʮʝʩʽ ʩʠʣʽʢʘʪʦʫʪʚʦʨʝʥʥʷ ʪʘ ʥʝ ʨʦʟʯʠʥʠʣʠʩʷ ʫ ʩʢʣʦʤʘʩʽ. 

ɻʦʣʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʚʠʥʠʢʥʝʥʥʷ ʰʠʭʪʥʠʭ ʢʘʤʝʥʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʨʫʙʦʟʝʨʥʠʩʪʦʛʦ ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ, ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʰʠʭʪʠ, ʥʝʩʪʘʯʘ ʣʫʛʽʚ ʫ 

ʰʠʭʪʽ, ʧʦʨʫʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ. ʅʘʡʯʘʩʪʽʰʝ ʩʝʨʝʜ ʰʠʭʪʥʠʭ ʢʘʤʝʥʽʚ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʟʝʨʥʘ ʢʚʘʨʮʫ. ʆʩʪʘʥʥʽ ʤʘʶʪʴ ʫʣʘʤʢʦʚʫ ʬʦʨʤʫ, ʯʘʩʪʢʦʚʦ 

ʦʧʣʘʚʣʝʥʫ, ʟ ʟʦʚʥʽʰʥʴʦʶ ʦʙʦʣʦʥʢʦʶ ʧʝʨʝʪʚʦʨʝʥʦʶ ʥʘ ʢʨʠʩʪʦʙʘʣʽʪ ʪʘ ʪʨʠʜʠʤʽʪ 

(ʨʠʩ. 7.4). ɿʚʠʯʘʡʥʦ, ʟʝʨʥʘ ʰʠʭʪʥʦʛʦ ʢʚʘʨʮʫ ʚʢʨʠʪʽ ʩʽʪʢʦʶ ʪʦʥʢʠʭ ʪʨʽʱʠʥ, ʧʦ 

ʷʢʠʤ ʪʘʢʦʞ ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʦʚʦʫʪʚʦʨʝʥʽ ʢʨʠʩʪʦʙʘʣʽʪ ʪʘ ʪʨʠʜʠʤʽʪ. ʂʨʽʤ ʢʚʘʨʮʫ, 

ʩʝʨʝʜ ʰʠʭʪʥʠʭ ʢʘʤʝʥʽʚ ʪʘʢʦʞ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʤʽʥʝʨʘʣʠ çʚʘʞʢʦʾè ʬʨʘʢʮʽʾ 
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ʢʚʘʨʮʦʚʠʭ ʧʽʩʢʽʚ: ʜʽʩʪʝʥ, ʩʠʣʽʤʘʥʽʪ, ʢʦʨʫʥʜ, ʮʠʨʢʦʥ, ʘʧʘʪʠʪ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ 

ʷʢʦʩʪʽ ʟʘʤʽʥʥʠʢʽʚ ʩʦʜʠ ʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ (ʪʝʥʘʨʜʠʪʫ) ʘʙʦ ʥʝʬʝʣʽʥʫ, ʨʝʰʪʢʠ ʮʠʭ 

ʤʽʥʝʨʘʣʽʚ ʪʘʢʦʞ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʰʠʭʪʥʽ ʢʘʤʝʥʽ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 7.4. ʐʠʭʪʥʽ ʢʘʤʝʥʽ ʫ ʩʢʣʽ: ʘ ï ʰʠʭʪʥʠʡ ʢʚʘʨʮ ʦʪʦʯʝʥʠʡ ʨʝʘʢʮʽʡʥʦʶ 

ʦʙʣʷʤʽʚʢʦʶ ʢʨʠʩʪʦʙʘʣʽʪʫ; ʙ ï ʰʠʭʪʥʠʡ ʘʧʘʪʠʪ ʚʩʝʨʝʜʠʥʽ ʩʢʣʫʚʘʪʦʾ ʩʚʠʣʽ. 

ʌʦʪʦ ʰʣʽʬʽʚ ʟ [4].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 7.5. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʜʠʥʘʩʦʚʦʛʦ ʚʦʛʥʝʪʨʠʚʫ, ʱʦ ʩʢʣʘʜʘʻ ʩʢʣʝʧʽʥʥʷ 

ʩʢʣʦʚʘʨʥʦʾ ʧʝʯʽ ʪʘ ʤʦʞʝ ʧʦʧʘʜʘʪʠ ʫ ʩʢʣʦʤʘʩʫ ʷʢ ʩʢʣʝʧʽʥʥʠʡ ʢʘʤʽʥʴ.  

ʌʦʪʦ ʰʣʽʬʘ ʟ [4].  
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ʉʢʣʝʧʽʥʥʽ ʢʘʤʝʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʧʽʯʥʦʛʦ ʩʢʣʝʧʽʥʥʷ ʪʘ 

ʧʦʧʘʜʘʥʥʽ ʡʦʛʦ ʦʧʣʘʚʣʝʥʠʭ ʫʣʘʤʢʽʚ ʫ ʩʢʣʦʤʘʩʫ. ʇʨʠʯʠʥʘʤʠ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʻ 

ʥʠʟʴʢʘ ʷʢʽʩʪʴ ʜʠʥʘʩʦʚʦʛʦ ʚʦʛʥʝʪʨʠʚʫ, ʱʦ ʩʢʣʘʜʘʻ ʩʢʣʝʧʽʥʥʷ ʩʢʣʦʚʘʨʥʦʾ ʧʝʯʽ,  

ʘʙʦ ʞ ʟʘʥʘʜʪʦ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʢʣʦʚʘʨʽʥʥʷ. ʗʢ ʧʨʘʚʠʣʦ, ʩʢʣʝʧʽʥʥʽ ʢʘʤʝʥʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫʣʘʤʢʘʤʠ ʜʠʥʘʩʫ. ɰʭ ʤʦʨʬʦʣʦʛʽʷ ʪʘ ʚʥʫʪʨʽʰʥʷ ʙʫʜʦʚʘ ʚʠʷʚʣʷʻ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʥʘʩʦʚʠʭ ʚʦʛʥʝʪʨʠʚʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʠʤʠ ʜʦʙʨʝ ʫʪʚʦʨʝʥʠʤʠ ʢʨʠʩʪʘʣʘʤʠ ʢʨʠʩʪʦʙʘʣʽʪʫ ʪʘ ʪʨʠʜʠʤʽʪʫ (ʨʠʩ. 7.5). ʋ 

ʚʠʧʘʜʢʫ ʩʠʣʴʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʰʠʭʪʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʥʝʙʘʞʘʥʘ ʚʟʘʻʤʦʜʽʷ 

ʣʫʛʽʚ ʟ ʜʠʥʘʩʦʚʠʤ ʩʢʣʝʧʽʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʣʝʛʢʦʧʣʘʚʢʽ 

ʩʠʣʽʢʘʪʠ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʥʘʪʽʯʥʽ ʥʦʚʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʽʯʥʦʤʫ ʩʢʣʝʧʽʥʥʽ ʪʘ ʫ 

ʚʠʛʣʷʜʽ ʢʨʘʧʝʣʴ ʧʦʧʘʜʘʶʪʴ ʫ ʩʢʣʦʤʘʩʫ. ʅʘʜʘʣʽ ʪʘʢʽ ʢʨʘʧʣʽ ʚʠʷʚʣʷʶʪʴʩʷ ʩʝʨʝʜ 

ʦʪʦʯʫʶʯʦʾ ʩʢʣʦʤʘʩʠ ʫ ʚʠʛʣʷʜʽ ʢʨʝʤʥʝʟʝʤʠʩʪʦʾ ʩʚʠʣʽ. ʆʩʪʘʥʥʷ ʤʦʞʝ 

ʨʦʟʢʨʠʩʪʘʣʽʟʦʚʫʚʘʪʠʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʨʠʩʪʦʙʘʣʽʪʫ, ʙʽʣʴʰ ʨʽʜʢʽʩʥʦ ï ʪʨʠʜʠʤʽʪʫ.  

 

ʂʘʤʝʥʽ ʩʢʣʦʧʨʠʧʘʩʫ ï ʫʣʘʤʢʠ ʚʦʛʥʝʪʨʠʚʫ ʟ ʧʽʯʥʠʭ ʩʪʽʥ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʰʘʤʦʪʦʤ, ʤʫʣʽʪʦʤ, ʢʦʨʫʥʜʦʤ, ʩʠʣʽʤʘʥʽʪʦʤ, ʙʘʜʝʣʝʾʪʦʤ, ʰʧʽʥʝʣʣʶ, 

ʢʦʨʜʽʻʨʠʪʦʤ. ʇʨʠʯʠʥʘʤʠ ʚʠʥʠʢʥʝʥʥʷ ʢʘʤʝʥʽʚ ʩʢʣʦʧʨʠʧʘʩʫ ʻ ʥʠʟʴʢʘ ʷʢʽʩʪʴ 

ʚʦʛʥʝʪʨʠʚʫ (ʚʠʩʦʢʘ ʧʦʨʠʩʪʽʩʪʴ, ʥʝʜʦʩʪʘʪʥʽʡ ʚʠʧʘʣ), ʥʝʱʽʣʴʥʘ ʢʣʘʜʢʘ 

ʚʦʛʥʝʪʨʠʚʫ, ʟʘʥʘʜʪʦ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʨʢʠ ʩʢʣʘ ʘʙʦ ʥʘʜʤʽʨʥʘ ʣʫʞʥʽʩʪʴ 

ʩʢʣʦʤʘʩʠ. ʄʦʨʬʦʣʦʛʽʷ ʢʘʤʝʥʽʚ ʩʢʣʦʧʨʠʧʘʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʦʛʥʝʪʨʠʚʫ, ʟʚʠʯʘʡʥʠʤʠ ʻ ʨʝʘʢʮʽʡʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ  

ʢʘʤʝʥʷʤʠ ʮʴʦʛʦ ʪʠʧʫ ʪʘ ʦʪʦʯʫʶʯʦʶ ʩʢʣʦʤʘʩʦʶ. ʅʘʡʙʽʣʴʰ ʟʚʠʯʘʡʥʠʤʠ ʩʝʨʝʜ 

ʢʘʤʝʥʽʚ ʩʢʣʦʧʨʠʧʘʩʫ ʻ ʫʣʘʤʢʠ ʰʘʤʦʪʦʚʦʛʦ ʚʦʛʥʝʪʨʠʚʫ ï ʰʘʤʦʪʥʽ ʢʘʤʝʥʽ (ʨʠʩ. 

7.6). ʇʨʠ ʥʝʪʨʠʚʘʣʦʤʫ ʧʝʨʝʙʫʚʘʥʥʽ ʫ ʨʦʟʧʣʘʚʽ ʰʘʤʦʪʥʽ ʢʘʤʝʥʽ ʤʘʶʪʴ ʚʠʛʣʷʜ 

ʫʣʘʤʢʽʚ, ʩʢʣʘʜʝʥʠʭ ʢʦʨʠʯʥʝʚʦʶ ʧʦʨʠʩʪʦʶ ʥʘʧʽʚʧʨʦʟʦʨʦʶ ʤʘʩʦʶ, ʚ ʷʢʽʡ 

ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʥʝʧʨʘʚʠʣʴʥʽ ʟʝʨʥʘ ʚʠʧʘʣʝʥʦʛʦ ʛʣʠʥʷʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʪʦʥʝʥʴʢʽ 

ʛʦʣʦʯʢʠ ʤʫʣʽʪʫ. ɺ ʧʨʦʮʝʩʽ ʪʨʠʚʘʣʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʨʦʟʧʣʘʚʽ ʰʘʤʦʪʥʠʡ ʢʘʤʽʥʴ 

ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʘʛʨʝʛʘʪ ʛʦʣʯʘʩʪʠʭ ʢʨʠʩʪʘʣʽʚ ʤʫʣʽʪʫ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 7.6. ʅʘ ʤʽʩʮʽ ʰʘʤʦʪʥʦʛʦ ʢʘʤʝʥʷ ʫ ʩʢʣʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ 

ʚʝʣʠʢʠʭ ʛʦʣʦʯʦʢ ʤʫʣʽʪʫ. ʌʦʪʦ ʰʣʽʬʘ ʟ [4].  



 

 58 

 

ʂʘʤʝʥʽ ʨʦʟʩʢʣʫʚʘʥʥʷ ï ʧʨʦʜʫʢʪʠ ʥʝʙʘʞʘʥʦʾ ʨʦʟʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʢʣʘ. 

ʇʨʠʯʠʥʘʤʠ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʨʫʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ 

ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʩʢʣʦʤʘʩʠ ʘʙʦ çʥʝʧʨʘʚʠʣʴʥʠʡè ʩʢʣʘʜ ʰʠʭʪʠ. ʄʦʨʬʦʣʦʛʽʯʥʦ 

ʢʘʤʝʥʽ ʨʦʟʩʢʣʫʚʘʥʥʷ ʟʚʠʯʘʡʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʢʝʣʝʪʥʠʤʠ ʢʨʠʩʪʘʣʘʤʠ, 

ʧʨʦʤʝʥʠʩʪʠʤʠ ʪʘ ʧʽʨôʷʩʪʠʤʠ ʘʛʨʝʛʘʪʘʤʠ, ʩʬʝʨʦʣʽʪʘʤʠ (ʨʠʩ. 7.7). ʏʘʩʪʦ ʚʦʥʠ 

ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʚʟʜʦʚʞ ʤʝʞ ʩʚʠʣʽ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʢʨʠʩʪʘʣʽʚ ʘʙʦ ʩʢʫʧʯʝʥʴ. ɰʭ 

ʩʢʣʘʜ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʢʣʘʜʦʤ ʤʘʪʝʨʠʥʩʴʢʦʾ ʩʢʣʦʤʘʩʠ. ʅʘʡʯʘʩʪʽʰʝ ʩʝʨʝʜ ʢʘʤʝʥʽʚ 

ʨʦʟʢʣʫʚʘʥʥʷ ʜʽʘʛʥʦʩʪʫʶʪʴ ʢʨʠʩʪʦʙʘʣʽʪ, ʪʨʠʜʠʤʽʪ, ʚʦʣʘʩʪʦʥʽʪ, ʧʩʝʚʜʦʚʦʣʘʩʪʦʥʽʪ, 

ʜʽʦʧʩʠʜ ʪʘ ʜʝʚʽʪʨʠʪ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 7.7. ʂʘʤʝʥʽ ʨʦʟʩʢʣʫʚʘʥʥʷ ʫ ʩʢʣʽ: ʘ ï ʩʢʝʣʝʪʥʽ ʢʨʠʩʪʘʣʠ ʢʨʠʩʪʦʙʘʣʽʪʫ; ʙ ï 

ʧʨʦʤʝʥʠʩʪʽ ʘʛʨʝʛʘʪʠ ʜʝʚʽʪʨʠʪʫ. ʌʦʪʦ ʰʣʽʬʽʚ ʟ [4].  

 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1. ʏʠʤ ʩʢʣʘʜʝʥʘ ʰʠʭʪʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʢʣʘ? 

2. ʗʢʘ ʧʨʠʯʠʥʘ ʟʘʭʦʧʣʝʥʥʷ ʛʘʟʦʚʠʭ ʚʢʣʶʯʝʥʴ ʫ ʩʢʣʦʤʘʩʫ? 

3. ʑʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʷʥʽ ʰʣʽʨʠ ʪʘ ʩʚʠʣʴ? 

4. ʗʢʠʤʠ ʤʽʥʝʨʘʣʘʤʠ ʟʚʠʯʘʡʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʰʠʭʪʥʽ ʢʘʤʝʥʽ ʫ ʩʢʣʽ? 

5. ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʨʠʩʪʦʙʘʣʽʪ ʪʘ ʪʨʠʜʠʤʽʪ ʟʽ ʩʢʣʝʧʽʥʥʠʭ ʢʘʤʝʥʽʚ ʚʽʜ ʮʠʭ ʞʝ 

ʤʽʥʝʨʘʣʽʚ ʫ ʢʘʤʝʥʷʭ ʨʦʟʩʢʣʫʚʘʥʥʷ? 
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ʈʆɿɼɯʃ 8 

ʄɽʊɸʃʋʈɻɯʁʅɯ ʐʃɸʂʀ 

  

 

ʄʝʪʘʣʫʨʛʽʡʥʠʡ ʰʣʘʢ ï ʪʝʭʥʽʯʥʠʡ ʢʘʤʽʥʴ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʟʘʩʪʠʛʘʥʥʽ 

ʩʠʣʽʢʘʪʥʠʭ ʨʦʟʧʣʘʚʽʚ, ʱʦ ʻ ʧʦʙʽʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʪʘʣʽʚ ʪʘ 

ʤʝʪʘʣʽʯʥʠʭ ʩʧʣʘʚʽʚ.  

 

ʋ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʪʘʣʽʚ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʠʨʦʜʥʽ ʨʫʜʠ, ʟʙʘʛʘʯʝʥʽ ʢʦʥʮʝʥʪʨʘʪʠ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʦʤʽʞʥʽ ʧʨʦʜʫʢʪʠ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʗʢ ʧʨʘʚʠʣʦ, ʤʝʪʘʣ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʠʨʦʚʠʥʽ ʫ 

ʚʠʛʣʷʜʽ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ: ʦʢʩʠʜʽʚ, ʛʽʜʨʦʢʩʠʜʽʚ, ʩʫʣʴʬʽʜʽʚ, ʢʘʨʙʦʥʘʪʽʚ, ʛʘʣʦʾʜʽʚ ʪʘ 

ʽʥ. ʂʨʽʤ ʪʦʛʦ, ʫ ʩʢʣʘʜʽ ʨʫʜ ʪʘ ʟʙʘʛʘʯʝʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʽ ʡ 

çʥʝʨʫʜʥʽè ʤʽʥʝʨʘʣʠ. ʊʦʤʫ, ʜʣʷ ʚʠʧʣʘʚʢʠ ʯʠʩʪʦʛʦ ʤʝʪʘʣʫ ʘʙʦ ʩʧʣʘʚʫ, ʜʦ ʨʫʜʥʦʾ 

ʩʠʨʦʚʠʥʠ ʜʦʜʘʶʪʴ ʬʣʶʩʠ ï ʚʘʧʥʷʢ, ʜʦʣʦʤʽʪ, ʬʣʶʦʨʠʪ, ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ ʪʘ ʽʥ. 

ʌʣʶʩ ʥʝ ʣʠʰʝ ʟʚôʷʟʫʻ çʥʝʙʘʞʘʥʽè ʭʽʤʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʘ ʡ ʟʤʝʥʰʫʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ. ʉʘʤʝ ʟʘ ʨʘʭʫʥʦʢ ʩʧʽʢʘʥʥʷ ʬʣʶʩʫ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʩʠʨʦʚʠʥʠ, ʱʦ ʻ ʥʝʨʦʟʯʠʥʥʠʤʠ ʫ ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ, ʬʦʨʤʫʻʪʴʩʷ ʰʣʘʢʦʚʠʡ ʨʦʟʧʣʘʚ. 

ʗʢ ʧʨʘʚʠʣʦ, ʜʦ ʰʣʘʢʦʚʦʛʦ ʨʦʟʧʣʘʚʫ ʪʘʢʦʞ ʧʦʪʨʘʧʣʷʶʪʴ ʤʽʥʝʨʘʣʴʥʽ ʜʦʤʽʰʢʠ ʟ 

ʧʘʣʠʚʘ ʪʘ ʯʘʩʪʢʠ ʚʦʛʥʝʪʨʠʚʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ ʧʦʙʫʜʦʚʘʥʽ ʤʝʪʘʣʫʨʛʽʡʥʽ ʧʝʯʽ. 

ɿʚʠʯʘʡʥʦ, ʰʣʘʢʦʚʠʡ ʨʦʟʧʣʘʚ ʻ ʣʝʛʰʠʤ ʟʘ ʨʽʜʢʠʡ ʤʝʪʘʣ, ʪʦʤʫ ʚʽʥ ʥʘʢʦʧʠʯʫʻʪʴʩʷ 

ʚʠʱʝ ʦʩʪʘʥʥʴʦʛʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʷʥʦ ʣʝʛʢʦ ʟʚʽʣʴʥʷʪʠʩʴ ʚʽʜ ʥʴʦʛʦ. ɸʣʝ ʫ 

ʧʦʜʘʣʴʰʦʤʫ ʟʘʩʪʠʛʣʽ ʰʣʘʢʠ ʫ ʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʫ ʚʽʜʚʘʣʘʭ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʟʘʡʤʘʶʯʠ ʟʥʘʯʥʽ ʪʝʨʠʪʦʨʽʾ ʪʘ ʟʘʙʨʫʜʥʶʶʯʠ 

ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ  (ʨʠʩ. 8.1). ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʮʴʦʤʫ ʪʘ ʟôʷʩʫʚʘʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʥʝʦʙʭʽʜʥʝ 

ʚʩʝʙʽʯʥʝ ʚʠʚʯʝʥʥʷ ʰʣʘʢʽʚ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 8.1. ɿʣʠʪʪʷ ʰʣʘʢʦʚʦʛʦ ʨʦʟʧʣʘʚʫ ʫ ʰʣʘʢʦʚʽʜʚʘʣ. 
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ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʦʣʦʚʥʦʛʦ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʨʽʟʥʷʶʪʴ ʰʣʘʢʠ 

ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ (ʜʦʤʝʥʥʽ, ʤʘʨʪʝʥʽʚʩʴʢʽ, ʢʦʥʚʝʨʪʝʨʥʽ, ʝʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʽʣʴʥʽ ʪʘ 

ʽʥ.), ʘ ʪʘʢʦʞ ʰʣʘʢʠ ʢʦʣʴʦʨʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ. ʅʘʡʙʽʣʴʰʽ ʦʙôʻʤʠ ʚʠʨʦʙʥʠʮʪʚʘ 

ʙʝʟʧʝʨʝʯʥʦ ʤʘʶʪʴ ʰʣʘʢʠ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ. ʊʘʢ, ʚʠʭʽʜ ʰʣʘʢʫ ʧʨʠ ʚʠʧʣʘʚʮʽ 

ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ ʩʢʣʘʜʘʻ 0,2-1,0 ʪʦʥʥʠ ʥʘ ʪʦʥʥʫ ʤʝʪʘʣʫ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 

ʩʚʽʪʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʯʘʚʫʥʘ ʪʘ ʩʪʘʣʽ ʧʝʨʝʚʠʱʫ 2,5 ʤʣʨʜ. ʪʦʥ ʥʘ ʨʽʢ, ʥʝʚʘʞʢʦ 

ʫʷʚʠʪʠ ʩʫʯʘʩʥʽ ʦʙôʻʤʠ ʰʣʘʢʦʫʪʚʦʨʝʥʥʷ. ʇʝʪʨʦʛʨʘʬʽʶ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʰʣʘʢʽʚ 

ʨʦʟʛʣʷʥʫʪʦ ʫ ʨʦʙʦʪʘʭ [2, 4, 10, 18, 20, 33]. 

 

8.1. ɼʦʤʝʥʥʽ ʰʣʘʢʠ 

 

ɼʦʤʝʥʥʠʡ ʰʣʘʢ ï ʧʦʙʽʯʥʠʡ ʧʨʦʜʫʢʪ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʯʘʚʫʥʫ. ɺʠʧʣʘʚʢʘ 

ʯʘʚʫʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʦʤʝʥʥʠʭ ʧʝʯʘʭ ï ʜʦʤʥʘʭ. ɼʦʤʥʘ ʷʚʣʷʻ ʩʦʙʦʶ 

ʤʝʪʘʣʫʨʛʽʡʥʫ ʧʽʯ ʰʘʭʪʥʦʛʦ ʪʠʧʫ, ʱʦ ʚʠʢʣʘʜʘʻʪʴʩʷ ʟ ʚʦʛʥʝʪʨʠʚʢʦʾ ʮʝʛʣʠ 

(ʰʘʤʦʪʥʦʾ, ʚʠʩʦʢʦ-ʛʣʠʥʦʟʝʤʠʩʪʦʾ ʘʙʦ ʚʫʛʣʝʮʝʚʦʾ) ʪʘ ʘʨʤʫʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤ 

ʩʪʘʣʝʚʠʤ ʢʦʞʫʭʦʤ. ɿʥʠʟʫ ʫ ʜʦʤʥʫ ʥʘʛʥʽʪʘʶʪʴ ʛʘʨʷʯʝ ʧʦʚʽʪʨʷ, ʟʚʝʨʭʫ ï 

ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʰʠʭʪʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʘʣʽʟʦʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʧʘʣʠʚʘ ʪʘ 

ʬʣʶʩʫ. ʋ ʷʢʦʩʪʽ ʟʘʣʽʟʦʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ ʫ ʩʫʯʘʩʥʦʤʫ ʜʦʤʝʥʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʣʽʟʦʨʫʜʥʽ ʘʛʣʦʤʝʨʘʪʠ ʪʘ ʦʢʘʪʠʰʽ. ɿʘ ʧʘʣʠʚʦ ʥʘʡʯʘʩʪʽʰʝ  

ʧʨʘʚʠʪʴ ʢʦʢʩ ï ʧʨʦʜʫʢʪ ʧʝʨʝʨʦʙʢʠ ʩʧʝʮʽʘʣʴʥʠʭ ʩʦʨʪʽʚ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ. ʗʢ 

ʬʣʶʩ ʟʚʠʯʘʡʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʘʧʥʷʢ. ʄʝʪʘʣʫʨʛʽʡʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ 

ʜʦʤʥʽ, ʩʧʨʦʱʝʥʦ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 8.2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʈʠʩ. 8.2. ɼʦʤʝʥʥʘ ʧʽʯ ʪʘ ʤʝʪʘʣʫʨʛʽʡʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚ ʥʽʡ ʚʽʜʙʫʚʘʶʪʴʩʷ. 
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ʎʽʣʴʦʚʠʤ ʧʨʦʜʫʢʪʦʤ ʜʦʤʝʥʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʯʘʚʫʥ ï ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʡ ʩʧʣʘʚ, 

ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ Fe (>90%), C (2,14-6,67%) ʪʘ ʜʦʤʽh ʦʢ Si, Mn, P, S. ʇʦʙʯ̔ʥ̔ 

ʧʨʦʜʫʢʪʠ ï ʜʦʤʝʥʥʠʡ ʛʘʟ ʪʘ ʰʣʘʢ. ɼʦʤʝʥʥʠʡ ʰʣʘʢ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʨʝʘʢʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʬʣʶʩʫ (ʧʝʨʝʚʘʞʥʦ ï ʉaO) ʟ 

ʢʠʩʣʦʪʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (SiO2 ʪʘ Al2O3), ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʧʨʠʩʫʪʥʽʭ ʫ 

ʟʘʣʽʟʦʨʫʜʥʽʡ ʩʠʨʦʚʠʥ ̔ ʢʚʘʨʮʫ, Fe-Mg ʩʠʣʽʢʘʪʽʚ ʪʘ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ (ʩʣʶʜ, 

ʭʣʦʨʠʪʽʚ, ʘʤʬʽʙʦʣʽʚ, ʧʽʨʦʢʩʝʥʽʚ, ʛʨʘʥʘʪʽʚ, ʪʦʱʦ), ʘ ʪʘʢʦʞ ʜʦ ʩʢʣʘʜʫ ʟʦʣʠ ʚʽʜ 

ʟʛʦʨʘʥʥʷ ʢʦʢʩʫ. 

ɿʘ ʜʘʥʠʤʠ World Steel Association, ʩʚʽʪʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʯʘʚʫʥʫ ʫ 2010-2015 

ʨʦʢʘʭ ʩʢʣʘʜʘʣʦ 1,03-1,18 ʤʣʨʜ ʪʦʥ ʥʘ ʨʽʢ. ɺ ʋʢʨʘʾʥʽ ʚ ʟʘʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ 

ʚʠʨʦʙʣʷʣʦʩʷ ʚʽʜ 22 ʜʦ 29 ʤʣʥ ʪʦʥ ʯʘʚʫʥʘ ʟʘ ʨʽʢ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʝʨʝʜʥʽʡ 

ʚʠʭʽʜ ʰʣʘʢʫ ʩʢʣʘʜʘʻ 0,6-0,7 ʪʦʥ ʥʘ ʢʦʞʥʫ ʪʦʥʫ ʯʘʚʫʥʘ, ʧʨʦʩʪʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʣʠʰʝ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʱʦʨʽʯʥʦ ʦʪʨʠʤʫʻʪʴʩʷ ʥʝ ʤʝʥʰʝ ʥʽʞ 13-15 

ʤʣʥ ʪʦʥ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ. ʋ ʧʝʨʝʢʣʘʜʽ ʥʘ ʦʙôʻʤ ʱʦʨʽʯʥʠʡ ʚʠʭʽʜ ʜʦʤʝʥʥʠʭ 

ʰʣʘʢʽʚ ʚ ʋʢʨʘʾʥʽ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 9 ʤʣʥ ʤ3. ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ʜʦʤʝʥʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʨʦʟʤʽʱʝʥʝ ʚ ʂʨʠʚʦʤʫ ʈʦʟʽ, ʂʘʤʝʥʩʴʢʦʤʫ, ɿʘʧʦʨʦʞʞʽ, 

ɼʦʥʝʮʴʢʫ, ʄʘʨʽʫʧʦʣʽ, ɭʥʘʢʽʻʚʦ, ɸʣʯʝʚʩʴʢʫ. 

ɼʦʤʝʥʥʽ ʰʣʘʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʷʢʦʩʪʽ ʤʽʩʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʰʣʷʭʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʟʘʧʦʚʥʶʚʘʯʽʚ ʙʝʪʦʥʽʚ, ʚʠʨʦʙʥʠʮʪʚʘ ʰʣʘʢʦʚʦʛʦ ʣʠʪʪʷ 

(ʙʣʦʢʽʚ, ʧʘʥʝʣʝʡ, ʙʨʫʢʽʚʢʠ). ɿ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ ʪʘʢʦʞ ʦʪʨʠʤʫʶʪʴ ʰʣʘʢʦʚʫ 

ʧʝʤʟʫ ʪʘ ʰʣʘʢʦʚʫ ʚʘʪʫ. ɼʝʷʢʽ ʚʽʜʤʽʥʠ ʧʨʠʜʘʪʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʣʠʥʦʟʝʤʠʩʪʦʛʦ 

ʮʝʤʝʥʪʫ.  

 ʄʘʢʨʦʩʢʦʧʽʯʥʦ  ʜʦʤʝʥʥʠʡ ʰʣʘʢ ʷʚʣʷʻ ʩʦʙʦʶ ʩʚʽʪʣʦ-ʩʽʨʝ, ʞʦʚʪʫʚʘʪʝ ʜʦ 

ʢʦʨʠʯʥʶʚʘʪʦʛʦ ʢʘʤʽʥʥʷ ʟ ʘʬʘʥʽʪʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʨʠʩ. 8.3), ʱʦ ʤʽʩʮʷʤʠ ʤʦʞʝ 

ʧʝʨʝʭʦʜʠʪʠ ʫ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʫ ʘʙʦ, ʥʘʚʧʘʢʠ, ʫ ʩʢʣʫʚʘʪʫ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 8.3. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʰʤʘʪʢʽʚ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ 

 

ʉʚʽʪʣʽ ʘʬʘʥʽʪʦʚʽ ʨʽʟʥʦʚʠʜʠ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ, ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʧʦʨʠʩʪʠʤ ʪʘ 

ʬʣʶʾʜʘʣʴʥʠʤʠ ʪʝʢʩʪʫʨʘʤ, ʥʘʛʘʜʫʶʪʴ ʧʨʠʨʦʜʥʽ ʢʠʩʣʽ ʚʫʣʢʘʥʽʯʥʽ ʧʦʨʦʜʠ ï 

https://uk.wikipedia.org/w/index.php?title=World_Steel_Association&action=edit&redlink=1
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ʜʘʮʠʪʠ ʪʘ ʨʽʦʣʽʪʠ. ɿʦʚʥʽʰʥʴʦ ʩʭʦʞʽ ʟ ʧʨʠʨʦʜʥʠʤʠ ʦʙʩʠʜʽʘʥʘʤʠ ʩʢʣʫʚʘʪʽ 

ʨʽʟʥʦʚʠʜʠ ʰʣʘʢʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʙʽʣʴʰ ʪʝʤʥʝ ʟʘʙʘʨʚʣʝʥʥʷ ʪʘ ʧʨʦʩʚʽʯʫʶʪʴ ʫ 

ʪʦʥʢʠʭ ʟʣʘʤʘʭ. ʇʽʜ ʯʘʩ ʣʠʪʪʷ ʰʣʘʢʦʚʦʛʦ ʨʦʟʧʣʘʚʫ ʚʽʥ ʟʚʠʯʘʡʥʦ ʥʘʙʫʚʘʻ 

ʭʘʨʘʢʪʝʨʥʠʭ  ʥʘʪʽʯʥʠʭ ʬʦʨʤ. ʇʦʜʘʣʴʰʝ ʟʘʩʪʠʛʘʥʥʷ, ʜʨʦʙʣʝʥʥʷ ʪʘ ʛʨʘʥʫʣʷʮʽʷ 

ʥʘʜʘʶʪʴ ʰʤʘʪʢʘʤ ʰʣʘʢʫ ʛʦʩʪʨʦʢʫʪʥʦʾ ʫʣʘʤʢʦʚʦʾ ʬʦʨʤʠ (ʨʠʩ. 8.4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 8.4. ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʯʘʩʪʢʠ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʪʽʯʥʦʶ ʢʨʘʧʣʝʚʠʜʥʦʶ ʘʙʦ ʫʣʘʤʢʦʚʦʶ ʢʫʪʘʩʪʦʶ 

ʬʦʨʤʘʤʠ. ɿʦʙʨʘʞʝʥʥʷ ʧʽʜ ʨʘʩʪʨʦʚʠʤ ʝʣʝʢʪʨʦʥʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʫ ʚʽʜʙʠʪʠʭ 

ʝʣʝʢʪʨʦʥʘʭ. 

 

ʇʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʫ ʰʣʽʬʘʭ ʩʪʨʫʢʪʫʨʘ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʚʽʜ ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʜʦ ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʪʘ ʩʢʣʫʚʘʪʦʾ. 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʰʣʘʢʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʰʣʘʢʦʚʦʛʦ ʨʦʟʧʣʘʚʫ. ʍʽʤʽʟʤ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʙʣʠʮʝʶ 8.1. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʦʚʥʽʰʥʴʦ ʩʭʦʞʠʭ ʟ ʥʠʤʠ 

ʢʠʩʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʚʫʣʢʘʥʽʯʥʠʭ ʧʦʨʽʜ, ʜʦʤʝʥʥʽ ʰʣʘʢʠ ʤʽʩʪʷʪʴ ʧʦʤʽʪʥʦ ʤʝʥʰʝ 

SiO2,  Na2O ʪʘ K2O, ʘʣʝ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʉʘʆ. ɿʘʛʘʣʦʤ ʞʝ, ʭʽʤʽʯʥʠʡ ʪʘ ʬʘʟʦʚʠʡ 

ʩʢʣʘʜ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ ʩʧʨʦʱʝʥʦ ʦʧʠʩʫʻʪʴʩʷ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʶ ʬʘʟʦʚʦʶ 

ʜʽʘʛʨʘʤʦʶ ʉʘʆïSiO2ïAl2O3. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʯʘʩʪʢʠ MgO ʫ ʩʢʣʘʜʽ ʬʣʶʩʫ ʯʠ 

ʟʘʣʽʟʦʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʧʦʪʨʽʙʥʦ ʟʘʣʫʯʘʪʠ ʯʦʪʠʨʴʦʭʢʦʤʧʦʥʝʥʪʥʫ ʩʠʩʪʝʤʫ ʉʘʆï

MgOïSiO2ïAl2O3 ʘʙʦ ʞ ʦʢʨʝʤʽ ʾʾ ʧʝʨʝʪʠʥʠ. ʊʨʘʜʠʮʽʡʥʦ ʩʝʨʝʜ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ 

ʧʨʠʡʥʷʪʦ ʨʦʟʨʽʟʥʷʪʠ ʦʩʥʦʚʥʽ ʪʘ ʢʠʩʣʽ ʨʽʟʥʦʚʠʜʠ. 

 



 

 63 

 

ʊʘʙʣʠʮʷ 8.1. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ 

 ̄

ʧ/ʧ 

ʄʝʪʘʣʫʨʛʽʡʥʠʡ 

ʟʘʚʦʜ 

ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ, % ʚʘʛ. 

SiO2 Al 2O3 CaO MgO MnO S 

1 ʂʨʠʚʦʨʽʟʴʢʠʡ 37,7 7,3 46,7 5,7 0,69 2,15 

2 ɼʥʽʧʨʦʚʩʴʢʠʡ 38,1 6,3 47,9 5,2 0,45 1,76 

3 ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ 38,5 5,1 49,2 3,9 1,7 1,87 

4 ɿʘʧʦʨʦʟʴʢʠʡ 39,0 6,9 48,6 3,8 0,85 1,93 

5 ʄʘʢʽʚʾʩʴʢʠʡ 36,5 9,0 48,6 2,6 0,89 2,16 

6 ɸʟʦʚʩʪʘʣʴ 36,9 10,5 45,9 2,9 2,07 1,59 

7 ʄʘʨʽʫʧʦʣʴʩʴʢʠʡ 39,2 6,4 45,0 5,5 1,54 2,09 

 

ʆʩʥʦʚʥʽ ʜʦʤʝʥʥʽ ʰʣʘʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʨʝʚʘʞʘʥʥʷʤ ʦʩʥʦʚʥʠʭ ʦʢʩʠʜʽʚ 

(ʉʘʆ+MgO) ʥʘʜ ʢʠʩʣʦʪʥʠʤʠ (SiO2+Al 2O3). ʇʨʠ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ 

ʰʣʘʢʦʚʦʛʦ ʨʦʟʧʣʘʚʫ ʚʦʥʠ ʥʘʙʫʚʘʶʪʴ ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ï       

ʧʦʨʬʽʨʦʚʦʾ ʘʙʦ ʤʽʢʨʦʣʽʪʦʚʦʾ (ʨʠʩ. 8.5). ʇʨʠ ʮʴʦʤʫ ʚʤʽʩʪ ʩʢʣʦʬʘʟʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʥʝʟʥʘʯʥʠʡ. ʉʢʣʫʚʘʪʽ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʦʩʥʦʚʥʠʭ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ ʚʟʘʛʘʣʽ ʥʝ 

ʭʘʨʘʢʪʝʨʥʽ. ʅʘʚʽʪʴ ʚ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʰʣʘʢʘʭ ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ 

ʰʣʷʭʦʤ ʜʫʞʝ ʰʚʠʜʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʰʣʘʢʦʚʦʛʦ ʨʦʟʧʣʘʚʫ ʫ ʚʦʜʽ, ʚʤʽʩʪ ʩʢʣʘ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 90%. ʅʘʪʦʤʽʩʪʴ, ʧʨʠ ʧʦʚʽʣʴʥʦʤʫ ʦʭʦʣʦʜʞʝʥʽ ʰʣʘʢʦʚʦʛʦ ʨʦʟʧʣʘʚʫ 

ʤʦʞʝ ʬʦʨʤʫʚʘʪʠʩʷ ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 8.5. ʇʦʨʬʽʨʦʚʽ ʚʢʨʘʧʣʝʥʠʢʠ ʪʘ ʤʽʢʨʦʣʽʪʠ ʤʝʣʽʣʽʪʫ ʚ ʦʩʥʦʚʥʠʭ ʜʦʤʝʥʥʠʭ 

ʣhʘʢʘʭ. ɿʦʙʨʘʞʝʥʥʷ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ. ʌʦʪʦ ʰʣʽʬʽʚ ʟ [4].  
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ʅʘʡʙʽʣʴʰ ʟʚʠʯʘʡʥʠʤ ʤʽʥʝʨʘʣʦʤ ʦʩʥʦʚʥʠʭ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ ʻ ʤʝʣʽʣʽʪ. 

ʁʦʛʦ ʭʽʤʽʟʤ ʤʦʞʝ ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʟʥʘʯʥʽ ʚʘʨʽʘʮʽʾ ʚʤʽʩʪʫ ʛʝʣʝʥʽʪʦʚʦʛʦ ï 

Ca2Al [(Si,Al )2O7] ʪʘ ʦʢʝʨʤʘʥʽʪʦʚʦʛʦ ï Ca2Mg[Si2O7] ʤʽʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʟʚʠʯʘʡʥʫ 

ʧʨʠʩʫʪʥʽʩʪʴ ʜʦʤʽʰʦʢ Fe2O3,  FeO ʪʘ MnO. ʄʝʣʽʣʽʪ ʤʦʞʝ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʷ ʷʢ ʫ 

ʬʦʨʤʽ ʧʦʨʬʽʨʦʚʠʭ ʚʢʨʘʧʣʝʥʴ, ʪʘʢ ʽ ʫ ʚʠʛʣʷʜʽ ʤʽʢʨʦʣʽʪʽʚ. ʁʦʛʦ ʽʜʽʦʤʦʨʬʥʽ 

ʢʨʠʩʪʘʣʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʾ ʩʠʥʛʦʥʽʾ ʤʘʶʪʴ ʪʦʚʩʪʦ-ʪʘʙʣʠʪʯʘʩʪʫ ʘʙʦ ʢʦʨʦʪʢʦ-

ʩʪʦʚʙʯʘʩʪʫ ʬʦʨʤʠ, ʱʦ ʫ ʰʣʽʬʘʭ ʜʘʶʪʴ ʧʨʷʤʦʢʫʪʥʽ ʘʙʦ ʢʚʘʜʨʘʪʥʽ ʧʝʨʝʪʠʥʠ. ʇʨʠ 

ʧʦʨʽʚʥʷʥʦ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʤʝʣʽʣʽʪ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠ ʩʢʝʣʝʪʥʽ ʬʦʨʤʠ. 

ɿʚʠʯʘʡʥʠʤʠ ʻ ʘʥʦʤʘʣʴʥʝ ʽʥʜʠʛʦʚʦ-ʩʠʥʻ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʝ ʟʘʙʘʨʚʣʝʥʥʷ ʫ 

ʩʭʨʝʱʝʥʠʭ ʥʽʢʦʣʷʭ, ʘ ʪʘʢʦʞ ʟʦʥʘʣʴʥʘ ʙʫʜʦʚʘ. ʆʩʪʘʥʥʷ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ 

ʥʝʦʜʥʦʨʽʜʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʤʽʢʨʦʚʢʣʶʯʝʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʩʢʣʦʤ ʪʘ 

ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʬʘʟʘʤʠ ï ʜʚʦʭ-ʢʘʣʴʮʽʻʚʠʤ ʩʠʣʽʢʘʪʦʤ, ʦʣʴʜʛʘʤʽʪʦʤ CaS ʪʘ ʽʥ.  

ɼʨʫʛʠʤ ʟʘ ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʶ ʤʽʥʝʨʘʣʦʤ ʚ ʦʩʥʦʚʥʠʭ ʜʦʤʝʥʥʠʭ ʰʣʘʢʘʭ ʻ 

ʜʚʦʭ-ʢʘʣʴʮʽʻʚʠʡ ʩʠʣʽʢʘʪ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʚʦʤʘ ʧʦʣʽʤʦʨʬʥʠʤʠ 

ʤʦʜʠʬʽʢʘʮʽʷʤʠ: ʣʘʨʥʽʪʦʤ ï ɓ-Ca2[SiO4] ʤʦʥʦʢʣʽʥʥʦʾ ʩʠʥʛʦʥʽʾ ʪʘ ʰʝʥʦʥʽʪʦʤ ï ɔ-

Ca2[SiO4] ʨʦʤʙʽʯʥʦʾ ʩʠʥʛʦʥʽʾ. ʇʨʠ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʟʚʠʯʘʡʥʦ 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʣʘʨʥʽʪ. ʁʦʛʦ ʟʘʦʢʨʫʛʣʝʥʽ ʟʝʨʥʘ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʥʘ ʪʣʽ ʤʝʣʽʣʽʪʫ 

ʟʘʚʜʷʢʠ ʚʠʱʦʤʫ ʨʝʣʴʻʬʫ ʪʘ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʤʫ ʟʘʙʘʨʚʣʝʥʥʶ ʚ ʞʦʚʪʠʭ ʪʦʥʘʭ. 

ɯʥʢʦʣʠ ʚʦʥʠ ʚʠʷʚʣʷʶʪʴ ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʣʘʨʥʽʪʫ ʧʦʣʽʩʠʥʪʝʪʠʯʥʝ ʜʚʽʡʥʠʢʫʚʘʥʥʷ. 

ʇʨʠ ʧʦʚʽʣʴʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʰʣʘʢʽʚ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʣʘʨʥʽʪʫ (35% ʪʘ 

ʙʽʣʴʰʝ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʡʦʛʦ ʧʦʣʽʤʦʨʬʥʠʡ ʧʝʨʝʭʽʜ ʫ ʰʝʥʦʥʽʪ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙôʻʤʫ ʧʨʠʙʣʠʟʥʦ ʥʘ 10%. ɺ ʨʝʟʫʣʴʪʘʪʽ ʰʣʘʢ 

ʧʽʜʣʷʛʘʻ çʩʠʣʽʢʘʪʥʦʤʫ ʨʦʟʧʘʜʫè, ʨʦʟʩʠʧʘʶʯʠʩʴ ʫ ʪʘʢ ʟʚʘʥʫ çʜʦʤʝʥʥʫ ʤʫʢʫè, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʰʝʥʦʥʽʪʦʤ, ʟʘʣʠʰʢʦʚʠʤ ʣʘʨʥʽʪʦʤ, ʤʝʣʽʣʽʪʦʤ, ʩʫʣʴʬʽʜʘʤʠ. ʐʝʥʦʥʽʪ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʣʘʨʥʽʪʫ, ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʨʠʟʤʘʪʠʯʥʠʭ ʟʝʨʝʥ ʘʙʦ 

ʚʦʣʦʢʦʥ, ʚʽʜʨʽʟʥʷʶʯʠʩʴ ʪʘʢʦʞ ʟʘ ʤʝʥʰʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʣʦʤʣʝʥʥʷʤ ʪʘ 

ʜʚʦʟʘʣʦʤʣʝʥʥʷ. ʐʣʘʢʠ, ʷʢʽ ʻ ʧʦʪʝʥʮʽʡʥʦ ʧʽʜʣʝʛʣʠʤʠ ʩʠʣʽʢʘʪʥʦʤʫ ʨʦʟʧʘʜʫ, ʥʝ 

ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʙʝʪʦʥʫ, ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʰʣʘʢʦʚʦʛʦ 

ʣʠʪʚʘ, ʱʝʙʝʥʶ ʪʘ ʙʨʫʢʽʚʢʠ.   

ɺ ʜʝʷʢʠʭ ʨʽʟʥʦʚʠʜʘʭ ʦʩʥʦʚʥʠʭ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ ʫ ʷʢʦʩʪʽ ʛʦʣʦʚʥʠʭ 

ʤʽʥʝʨʘʣʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤʠ ʤʦʥʪʠʯʝʣʽʪ, ʦʣʴʜʛʘʤʽʪ, ʨʘʥʢʽʥʽʪ ʪʘ 

ʧʩʝʚʜʦʚʦʣʘʩʪʦʥʽʪ. ʊʘʢ, ʤʦʥʪʠʯʝʣʽʪ CaMg[SiO4] ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʩʫʤʽʩʥʦ ʟ 

ʤʝʣʽʣʽʪʦʤ ʪʘ ʣʘʨʥʽʪʦʤ ʚ ʰʣʘʢʘʭ ʟʙʘʛʘʯʝʥʠʭ ʥʘ MgO. ʇʨʠ ʟʥʘʯʥʦʤʫ ʚʤʽʩʪʽ ʩʽʨʢʠ 

ʟʚʠʯʘʡʥʦʶ ʻ ʧʦʷʚʘ ʫ ʩʢʣʘʜʽ ʰʣʘʢʫ ʦʣʴʜʛʘʤʽʪʫ CaS. ɺ ʰʣʘʢʘʭ ʟ ʧʽʜʚʠʱʝʥʠʤ 

ʚʤʽʩʪʦʤ MnO ʤʝʣʽʣʽʪ ʪʘ ʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ ʟʙʘʛʘʯʫʶʪʴʩʷ ʥʘ ʤʘʨʛʘʥʝʮʴ, ʘ ʪʘʢʦʞ 

ʤʦʞʫʪʴ ʟôʷʚʠʪʠʩʴ ʽ ʩʘʤʽ ʩʠʣʽʢʘʪʠ ʤʘʨʛʘʥʮʶ ï ʨʦʜʦʥʽʪ Mn[SiO3] ʪʘ ʪʝʬʨʦʾʪ 

Mn2[SiO4]. ʋ ʰʣʘʢʘʭ ʟʙʽʜʥʝʥʠʭ ʥʘ Al 2O3 ʟ ʤʝʣʽʣʽʪʦʤ ʤʦʞʫʪʴ ʘʩʦʮʽʶʚʘʪʠ 

ʨʘʥʢʽʥʽʪ Ca3[Si2O7] ʪʘ ʧʩʝʚʜʦʚʦʣʘʩʪʦʥʽʪ Ca[SiO3]. 

 

ʂʠʩʣʽ ʜʦʤʝʥʥʽ ʰʣʘʢʠ ʚʠʜʽʣʷʶʪʴʩʷ ʟʘ ʧʝʨʝʚʘʞʘʥʥʷʤ ʚ ʾʭʥʴʦʤʫ ʭʽʤʽʯʥʦʤʫ 

ʩʢʣʘʜʽ ʢʠʩʣʦʪʥʠʭ ʦʢʩʠʜʽʚ (SiO2+Al 2O3) ʥʘʜ ʦʩʥʦʚʥʠʤʠ (ʉʘʆ+MgO). ʐʣʘʢʦʚʽ 

ʨʦʟʧʣʘʚʠ ʥʘʡʙʽʣʴʰ ʟʙʘʛʘʯʝʥʽ ʥʘ SiO2 ʧʨʠ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʟʘʩʪʠʛʘʶʪʴ 

ʮʽʣʢʦʚʠʪʦ ʫ ʚʠʛʣʷʜʽ ʩʢʣʘ. ɺ ʤʝʥʰ ʢʠʩʣʠʭ ʨʽʟʥʦʚʠʜʘʭ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʙʽʣʴʰ 

ʧʦʚʽʣʴʥʦʤʫ ʾʭ ʦʭʦʣʦʜʞʝʥʥʽ, ʩʫʤʽʩʥʦ ʟ ʢʽʣʴʢʽʩʥʦ ʧʝʨʝʚʘʞʘʶʯʠʤ ʩʢʣʦʤ, ʧʨʠʩʫʪʥʷ 

ʪʘ ʯʠ ʽʥʰʘ ʢʽʣʴʢʽʩʪʴ ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ, ʱʦ ʬʦʨʤʫʶʪʴ ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʫ 
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ʧʦʨʬʽʨʦʚʫ ʘʙʦ ʤʽʢʨʦʣʽʪʦʚʫ ʩʪʨʫʢʪʫʨʠ. ʇʦʚʥʦʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʣʠʰʝ ʧʨʠ ʜʫʞʝ ʧʦʚʽʣʴʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʢʠʩʣʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ. 

ʗʢ ʽ ʚ ʦʩʥʦʚʥʠʭ ʜʦʤʝʥʥʠʭ ʰʣʘʢʘʭ, ʥʘʡʙʽʣʴʰ ʟʚʠʯʘʡʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʬʘʟʦʶ ʾʭ 

ʢʠʩʣʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʻ ʤʝʣʽʣʽʪ, ʷʢʠʡ ʤʦʞʝ ʚʠʦʢʨʝʤʣʶʚʘʪʠʩʴ ʫ ʚʠʛʣʷʜʽ 

ʧʦʨʬʽʨʦʚʠʭ ʚʢʨʘʧʣʝʥʴ ʪʘ ʩʢʝʣʝʪʥʠʭ ʢʨʠʩʪʘʣʽʚ. ɿʘʤʽʩʪʴ ʞʝ ʜʚʦʭ-ʢʘʣʴʮʽʻʚʦʛʦ 

ʩʠʣʽʢʘʪʫ, ʚʥʘʩʣʽʜʦʢ ʧʽʜʚʠʱʝʥʦʾ ʢʨʝʤʝʥʝʢʠʩʣʦʪʥʦʩʪʽ ʨʦʟʧʣʘʚʫ, ʚ ʢʠʩʣʠʭ 

ʜʦʤʝʥʥʠʭ ʰʣʘʢʘʭ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʤʦʥʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ ï ʚʦʣʘʩʪʦʥʽʪ ʘʙʦ 

ʧʩʝʚʜʦʚʦʣʘʩʪʦʥʽʪ. ɺʦʣʘʩʪʦʥʽʪ ɓ-ʉʘ[SiO3] ʷʚʣʷʻ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʪʨʠʢʣʠʥʥʫ 

ʤʦʜʠʬʽʢʘʮʽʶ ʤʦʥʦʩʠʣʽʢʘʪʫ ʢʘʣʴʮʽʶ, ʱʦ ʻ ʩʪʽʡʢʦʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʯʝ 

1125ʦʉ. ɺʽʥ ʫʪʚʦʨʶʻ ʤʽʢʨʦʣʽʪʠ, ʷʢʽ ʤʘʶʪʴ ʧʦʤʽʪʥʦ ʚʠʪʷʛʥʝʥʫ ʚʟʜʦʚʞ [010]  

ʜʦʱʘʪʫ ʘʙʦ ʡ ʛʦʣʯʘʩʪʫ ʬʦʨʤʫ ʟ ʢʽʣʴʢʦʤʘ ʩʠʩʪʝʤʘʤʠ ʧʽʥʘʢʦʾʜʘʣʴʥʦʾ ʪʘ 

ʧʨʠʟʤʘʪʠʯʥʦʾ ʩʧʘʡʥʦʩʪʽ. ɯʥʢʦʣʠ ʚʠʷʚʣʷʻ ʧʦʣʽʩʠʥʪʝʪʠʯʥʝ ʜʚʽʡʥʠʢʫʚʘʥʥʷ ʧʦ 

(100). ɿʘ ʬʦʨʤʦʶ ʟʝʨʝʥ, ʥʠʞʯʠʤ ʨʝʣʴʻʬʦʤ, ʘʣʝ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʞʦʚʪʫʚʘʪʦ-

ʦʨʘʥʞʝʚʠʤʠ ʢʦʣʴʦʨʘʤʠ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʪʘ ʢʦʩʠʤ ʟʛʘʩʘʥʥʷʤ (b:Nm=3-5o), ʚʽʥ 

ʣʝʛʢʦ ʚʠʷʚʣʷʻʪʴʩʷ ʫ ʰʣʽʬʘʭ ʥʘ ʪʣʽ ʤʝʣʽʣʽʪʫ. ʇʩʝʚʜʦʚʦʣʘʩʪʦʥʽʪ Ŭ-Ca[SiO3]  ʻ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʤʦʥʦʩʠʣʽʢʘʪʫ ʢʘʣʴʮʽʶ, ʱʦ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ 

ʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 1125-1544ʦʉ ʘʣʝ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʤʝʪʘʩʪʘʙʽʣʴʥʦ ʽ ʧʨʠ 

ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʚʽʥ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʚʦʣʘʩʪʦʥʽʪʫ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʢʦʣʴʦʨʘʤʠ ʽʥʪʝʨʬʝʨʝʥʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʱʦʤʫ 

ʜʚʦʟʘʣʦʤʣʝʥʥʶ Ng-Np=0,041, ʘ ʪʘʢʦʞ ʧʨʷʤʠʤ ʟʛʘʩʘʥʥʷʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʧʦʜʦʚʞʝʥʥʷ ʢʨʠʩʪʘʣʽʚ (b:Nm=0o). ɺ ʢʠʩʣʠʭ ʜʦʤʝʥʥʠʭ ʰʣʘʢʘʭ, ʟʙʘʛʘʯʝʥʠʭ ʥʘ 

Al 2O3, ʢʨʽʤ ʤʝʣʽʣʽʪʫ ʪʘ ʤʦʥʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ, ʤʦʞʝ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʴ ʘʥʦʨʪʠʪ 

ʉaAl2Si2O8. ʈʘʟʦʤ ʟ ʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤʠ ʤʦʥʦʢʣʽʥʥʽ ʧʽʨʦʢʩʝʥʠ 

ʜʽʦʧʩʠʜ-ʛʝʜʝʥʙʝʨʛʽʪʦʚʦʛʦ Ca(Mg,Fe)[Si2O6] ʪʘ ʘʚʛʽʪʦʚʦʛʦ 

(Ca,Mg,Fe,Al )2[(Si,Al )2O6] ʩʢʣʘʜʫ. ʋ ʚʠʧʘʜʢʫ ʦʜʥʦʯʘʩʥʦʛʦ  ʟʙʘʛʘʯʝʥʥʷ 

ʰʣʘʢʦʚʦʛʦ ʨʦʟʧʣʘʚʫ ʥʘ Al 2O3 ʪʘ MgO ʤʦʞʝ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʴ ʰʧʽʥʝʣʴ MgAl 2O4.  

 

 

8.2. ʄʘʨʪʝʥʽʚʩʴʢ ̔ʰʣʘʢʠ 

 

ʄʘʨʪʝʥʽʚʩʴʢʠʡ ʰʣʘʢ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʙʽʯʥʠʡ ʧʨʦʜʫʢʪ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ 

ʤʘʨʪʝʥʽʚʩʴʢʠʤ ʩʧʦʩʦʙʦʤ. ʎʝʡ ʩʧʦʩʽʙ ʚʠʧʣʘʚʢʠ ʩʪʘʣʽ, ʷʢʠʡ ʙʫʚ ʚʠʥʘʡʜʝʥʠʡ 

ʇ.ʄʘʨʪʝʥʦʤ ʱʝ ʫ 1864 ʨʦʮʽ, ʥʘ ʙʽʣʴʰʦʩʪʽ ʩʪʘʣʝʪʦʧʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʩʚʽʪʫ ʤʘʡʞʝ 

ʚʠʪʽʩʥʝʥʠʡ ʙʽʣʴʰ ʧʝʨʝʜʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʊʠʤ ʥʝ ʤʝʥʰʝ, ʚʽʥ ʱʝ ʡ ʜʦʩʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʢʨʘʾʥʩʴʢʠʤʠ ʤʝʪʘʣʫʨʛʘʤʠ. ɺʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʽ ʧʨʠ ʮʴʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʤʘʨʪʝʥʽʚʩʴʢʠʭ ʧʝʯʘʭ (ʨʠʩ. 8.6). ʆʩʪʘʥʥʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʧʦʣʫʤôʷʥʽ ʚʽʜʙʠʚʥʽ  ʤʝʪʘʣʫʨʛʽʡʥʽ ʧʝʯʽ. ʅʠʞʥʷ ʯʘʩʪʠʥʘ ʤʘʨʪʝʥʽʚʩʴʢʦʾ ʧʝʯʽ 

(ʧʦʜʠʥʘ), ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʧʣʘʚʢʠ ʪʘ 

ʦʯʽʢʫʚʘʥʦʛʦ ʩʢʣʘʜʫ ʰʣʘʢʫ, ʚʠʢʣʘʜʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤʠ ʘʙʦ ʢʠʩʣʠʤʠ 

ʚʦʛʥʝʪʨʠʚʘʤʠ. ɺ ʧʽʯ ʚʜʫʚʘʻʪʴʩʷ ʨʦʟʽʛʨʽʪʝ ʧʦʚʽʪʨʷ ʪʘ ʧʘʣʠʚʦ ï ʛʦʨʶʯʠʡ ʛʘʟ ʘʙʦ 

ʤʘʟʫʪ. ʇʨʠ ʟʛʦʨʷʥʥʽ ʧʘʣʠʚʘ ʬʦʨʤʫʻʪʴʩʷ ʧʦʣʫʤôʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 1800-1900ʦʉ, 

ʷʢʝ ʨʦʟʧʣʘʚʣʷʻ ʰʠʭʪʫ. ʐʠʭʪʘ ʜʣʷ ʤʘʨʪʝʥʽʚʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ: 1) ʧʝʨʝʨʦʙʥʠʤ ʯʘʚʫʥʦʤ ʫ ʟʣʠʚʢʘʭ ʪʘ ʟʘʣʽʟʥʠʤ ʙʨʫʭʪʦʤ; 2) 

ʨʦʟʧʣʘʚʣʝʥʠʤ ʯʘʚʫʥʦʤ, ʟʘʣʽʟʥʠʤ ʙʨʫʭʪʦʤ ʪʘ ʟʘʣʽʟʦʨʫʜʥʦʶ ʩʠʨʦʚʠʥʦʶ. ʉʢʣʘʜ 

ʬʣʶʩʫ, ʷʢ ʽ ʩʢʣʘʜ ʚʦʛʥʝʪʨʠʚʢʦʾ ʬʫʪʝʨʦʚʢʠ ʤʘʨʪʝʥʽʚʩʴʢʦʾ ʧʝʯʽ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʦʙʨʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʚʢʠ ʪʘ ʦʯʽʢʫʚʘʥʦʛʦ ʩʢʣʘʜʫ ʰʣʘʢʫ. ɿʘʛʘʣʦʤ, ʟʘʣʝʞʥʦ ʚʽʜ 
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ʚʤʽʩʪʫ S ʪʘ P ʫ ʰʠʭʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʦʩʥʦʚʥʠʡ ʘʙʦ ʢʠʩʣʠʡ 

ʤʘʨʪʝʥʽʚʩʴʢʠʡ ʧʨʦʮʝʩ, ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʾʤ ʩʢʣʘʜʦʤ ʬʣʶʩʽʚ, ʚʦʛʥʝʪʨʠʚʽʚ ʪʘ 

ʦʪʨʠʤʫʚʘʥʠʭ ʰʣʘʢʽʚ. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

ʈʠʩ. 8.6. ʄʘʨʪʝʥʽʚʩʴʢʘ ʧʽʯ ʪʘ ʤʝʪʘʣʫʨʛʽʡʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚ ʥʽʡ ʚʽʜʙʫʚʘʶʪʴʩʷ. 

 

ʎʽʣʴʦʚʠʤ ʧʨʦʜʫʢʪʦʤ ʤʘʨʪʝʥʽʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʻ ʩʪʘʣʴ ï ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʡ 

ʩʧʣʘʚ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ Fe ʪʘ C (0,1-2,14%). ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʩʪʘʣʽ ʜʦ ʾʾ 

ʩʢʣʘʜʫ  ʤʦʞʫʪʴ ʪʘʢʦʞ ʚʚʦʜʠʪʠ ʣʝʛʫʶʯʽ ʜʦʤʽʰʢʠ: Mn, Ni, Cr, Co, V, Mo ʪʘ ʽʥ. 

ʇʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ï ʯʘʜ ʪʘ ʰʣʘʢ. ʏʘʜ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʦʢʠʩʥʝʥʥʷ 

ʧʨʠʩʫʪʥʴʦʛʦ ʫ ʩʢʣʘʜʽ ʯʘʚʫʥʘ ʚʫʛʣʝʮʶ  ʧʨʠ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʧʦʚʽʪʨʷʤ, ʘ ʪʘʢʦʞ ʟ 

ʦʢʩʠʜʘʤʠ Fe. ɻʦʣʦʚʥ ̔ʜʞʝʨʝʣʘ ʫʪʚʦʨʝʥʥʷ ʰʣʘʢʫ ʫ ʤʘʨʪʝʥʽʚʩʴʢʦʤʫ ʧʨʦʮʝʩʽ ï 

ʧʨʦʜʫʢʪʠ ʦʢʠʩʥʝʥʥʷ ʯʘʚʫʥʫ; ʟʘʙʨʫʜʥʶʚʘʯʽ, ʷʢʽ ʟʘʥʦʩʷʪʴʩʷ ʟ ʪʚʝʨʜʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʰʠʭʪʠ; ʧʨʦʜʫʢʪʠ ʨʫʡʥʫʚʘʥʥʷ ʚʦʛʥʝʪʨʠʚʽʚ, ʢʦʤʧʦʥʝʥʪʠ ʬʣʶʩʫ. ʋ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʤʘʨʪʝʥʽʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ, ʨʦʟʨʽʟʥʷʶʪʴ ʦʩʥʦʚʥʽ ʪʘ ʢʠʩʣʽ 

ʤʘʨʪʝʥʽʚʩʴʢʽ ʰʣʘʢʠ.   

 

ʆʩʥʦʚʥʽ ʤʘʨʪʝʥʽʚʩʴʢʽ ʰʣʘʢʠ ʻ ʧʦʙʽʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʦʩʥʦʚʥʦʛʦ 

ʤʘʨʪʝʥʽʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʚʠʧʘʜʢʫ ʧʽʜʚʠʱʝʥʦʛʦ ʚʤʽʩʪʫ S ʪʘ 

P ʫ ʰʠʭʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. ʌʣʶʩʘʤʠ ʧʨʠ ʮʴʦʤʫ ʩʣʫʛʫʶʪʴ ʚʘʧʥʷʢ ʪʘ ʚʘʧʥʦ, ʘ 

ʧʦʜʠʥʫ ʧʝʯʽ ʚʠʢʣʘʜʘʶʪʴ  ʚʦʛʥʝʪʨʠʚʘʤʠ ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ  ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʚʘʧʥʘ (CaO) ʪʘ ʤʘʛʥʝʟʽʾ (MgO). ɿʘ ʧʦʭʦʜʞʝʥʥʷʤ ʦʩʥʦʚʥʽ ʤʘʨʪʝʥʽʚʩʴʢʽ ʰʣʘʢʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʚʠʥʥʠʤʠ ʪʘ ʚʪʦʨʠʥʥʠʤʠ. ʇʝʨʚʠʥʥʠʡ ʰʣʘʢ ʬʦʨʤʫʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʨʦʟʪʦʧʣʝʥʥʷ ʟʘʣʽʟʦʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʙʨʫʭʪʫ ʫ ʯʘʚʫʥʥʦʤʫ ʨʦʟʧʣʘʚʽ. ʇʨʠ ʮʴʦʤʫ 

ʦʢʩʠʜʠ  Fe, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʟʘʣʽʟʥʦʾ ʨʫʜʠ ʪʘ ʙʨʫʭʪʫ, ʚʟʘʻʤʦʜʽʶʪʴ ʟ 

ʧʨʠʩʫʪʥʽʤʠ ʫ ʯʘʚʫʥʥʦʤʫ ʨʦʟʧʣʘʚʽ ʚʫʛʣʝʮʝʤ ʪʘ ʜʦʤʽʰʢʘʤʠ Si, P, Mn, ʫʪʚʦʨʶʶʯʠ 

ʜʦʚʦʣʽ ʟʘʣʽʟʠʩʪʠʡ ʰʣʘʢ. ʆʩʪʘʥʥʽʡ ʧʽʩʣʷ ʧʦʚʥʦʛʦ  ʨʦʟʪʦʧʣʝʥʥʷ ʰʠʭʪʠ 

ʟʣʠʚʘʻʪʴʩʷ. ʇʨʠ ʟʘʩʪʠʛʘʥʥʽ ʪʘʢʦʛʦ ʰʣʘʢʫ, ʟʘʣʽʟʦ ʚ ʥʴʦʤʫ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ 

ʩʠʣʽʢʘʪʥʦʶ, ʦʢʩʠʜʥʦʶ ʪʘ ʤʝʪʘʣʝʚʦʶ ʬʘʟʘʤʠ. ʋ ʚʠʧʘʜʢʫ ʟʥʘʯʥʦʛʦ ʚʤʽʩʪʫ 

ʤʝʪʘʣʝʚʦʛʦ ʟʘʣʽʟʘ, ʧʝʨʚʠʥʥʠʡ ʤʘʨʪʝʥʽʚʩʴʢʠʡ ʰʣʘʢ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ 

ʚʪʦʨʠʥʥʘ ʨʫʜʥʘ ʩʠʨʦʚʠʥʘ. ʇʽʩʣʷ ʟʣʠʚʘʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʰʣʘʢʫ, ʜʣʷ ʪʦʛʦ, ʱʦʙ 

çʦʯʠʩʪʠʪʠè ʤʝʪʘʣʝʚʠʡ ʨʦʟʧʣʘʚ ʚʽʜ ʨʝʰʪʠ Si ʪʘ S, ʜʦ ʥʴʦʛʦ ʜʦʜʘʶʪʴ ʚʘʧʥʦ ʪʘ 
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ʙʦʢʩʠʪ ʘʙʦ ʬʣʶʦʨʠʪ, ʬʦʨʤʫʶʯʠ ʚʪʦʨʠʥʥʠʡ ʰʣʘʢ. ʁʦʛʦ ʢʽʣʴʢʽʩʪʴ ʟʚʠʯʘʡʥʦ ʻ 

ʤʝʥʰʦʶ, ʧʦʨʽʚʥʷʥʦ ʟ ʧʝʨʚʠʥʥʠʤ ʰʣʘʢʦʤ, ʽ ʩʢʣʘʜ ʡʦʛʦ ʪʘʢʦʞ ʽʥʰʠʡ. ʇʨʠ 

ʟʘʩʪʠʛʘʥʥʽ ʚ ʥʴʦʤʫ ʤʘʩʦʚʦ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ ʽ ʚʽʥ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʮʝʤʝʥʪʥʘ ʩʠʨʦʚʠʥʘ, ʘ ʪʘʢʦʞ ʫ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʫ 

ʙʝʪʦʥ. 

ʄʘʢʨʦʩʢʦʧʽʯʥʦ ʦʩʥʦʚʥʽ ʤʘʨʪʝʥʽʚʩʴʢʽ ʰʣʘʢʠ ʻ ʧʦʤʽʪʥʦ ʪʝʤʥʽʰʠʤʠ ʟʘ 

ʜʦʤʝʥʥʽ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʧʝʨʚʠʥʥʦʛʦ ʰʣʘʢʫ. ʅʘ ʩʚʽʞʠʭ ʧʦʚʝʨʭʥʷʭ ʚʽʥ 

ʪʝʤʥʦ-ʩʽʨʠʡ ʜʦ ʯʦʨʥʦʛʦ, ʧʨʠ ʦʢʠʩʥʝʥʥʽ ʤʦʞʝ ʚʢʨʠʚʘʪʠʩʷ ʽʨʞʘʚʦ-ʙʫʨʠʤʠ 

ʧʣʽʚʢʘʤʠ. ʇʦʚʝʨʭʥʽ ʥʘʪʽʢʘʥʥʷ ʤʘʶʪʴ ʤʝʪʘʣʦʚʠʜʥʠʡ ʙʣʠʩʢ, ʘʣʝ ʥʘ ʟʣʘʤʽ 

ʤʘʨʪʝʥʽʚʩʴʢʠʡ ʰʣʘʢ ʻ ʘʬʘʥʽʪʦʚʠʤ ʟ ʤʘʪʦʚʠʤ ʙʣʠʩʢʦʤ. ɿʚʠʯʘʡʥʠʤʠ ʻ ʧʦʨʠʩʪʽ ʪʘ 

ʬʣʶʾʜʘʣʴʥʽ ʪʝʢʩʪʫʨʠ. ʇʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʦʩʥʦʚʥʠʡ 

ʤʘʨʪʝʥʽʚʩʴʢʠʡ ʰʣʘʢ ʤʦʞʝ ʚʠʷʚʣʷʪʠ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʘʙʦ ʞ 

ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʥʝʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʩʢʣʦʬʘʟʠ. ɻʦʣʦʚʥʦʶ 

ʤʽʥʝʨʘʣʴʥʦʶ ʬʘʟʦʶ ʧʝʨʚʠʥʥʠʭ ʰʣʘʢʽʚ ʻ ʤʘʨʛʘʥʮʦʚʦ-ʟʘʣʽʟʠʩʪʠʡ ʤʦʥʪʠʯʝʣʽʪ 

Ca(Fe, Mn, Mg)[SiO4], ʧʦʜʦʚʞʝʥʦ-ʧʨʠʟʤʘʪʠʯʥʽ ʢʨʠʩʪʘʣʠ ʷʢʦʛʦ ʥʘʜʘʶʪʴ ʰʣʘʢʫ 

ʤʽʢʨʦʣʽʪʦʚʦʾ ʙʫʜʦʚʠ (ʨʠʩ. 8.7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 8.7. ʆʩʥʦʚʥʽ ʤʘʨʪʝʥʽʚʩʴʢʽ ʰʣʘʢʠ: ʘ ï ʟ ʤʽʢʨʦʣʽʪʘʤʠ ʤʦʥʪʠʯʝʣʽʪʫ; ʙ ï ʟ 

ʟʘʦʢʨʫʛʣʝʥʠʤʠ ʪʘ ʥʝʧʨʘʚʠʣʴʥʠʤʠ ʟʝʨʥʘʤʠ ʜʚʦʭ-ʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ. 

ɿʦʙʨʘʞʝʥʥʷ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ. ʌʦʪʦ ʰʣʽʬʽʚ ʟ [4].  

 

ʂʨʽʤ ʤʦʥʪʠʯʝʣʽʪʫ, ʜʦ ʩʢʣʘʜʫ ʪʘʢʦʛʦ ʰʣʘʢʫ ʫ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʜʚʦʭ-ʢʘʣʴʮʽʻʚʠʡ ʩʠʣʽʢʘʪ, ʟʘʣʽʟʠʩʪʽ ʰʧʽʥʝʣʽʜʠ, ʬʝʨʠʪʠ, çRO-

ʬʘʟʘè ï (Fe, Mn, Mg)O ʪʘ ʤʝʪʘʣʝʚʝ ʟʘʣʽʟʦ (ʟʘʣʽʟʦ-ʚʫʛʣʝʮʝʚʠʡ ʩʧʣʘʚ). 
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ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ CaO/SiO2 ʫ ʧʝʨʚʠʥʥʦʤʫ ʰʣʘʢʫ ʢʦʣʠʚʘʻʪʴʩʷ ʫ ʤʝʞʘʭ 1-2, ʚʤʽʩʪ 

FeO ʤʦʞʝ ʩʷʛʘʪʠ 25%. ʄʽʥʝʨʘʣʴʥʫ ʦʩʥʦʚʫ ʚʪʦʨʠʥʥʠʭ ʰʣʘʢʽʚ ʩʢʣʘʜʘʻ ʜʚʦʭ-

ʢʘʣʴʮʽʻʚʠʡ ʩʠʣʽʢʘʪ ï ʣʘʨʥʽʪ ɓ-Ca2[SiO4]. ɺʽʥ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠ ʜʚʽ ʛʝʥʝʨʘʮʽʾ. 

ɹʽʣʴʰ ʨʘʥʥʽ ʚʢʨʘʧʣʝʥʠʢʠ ʣʘʨʥʽʪʫ ʯʘʩʪʢʦʚʦ ʨʝʟʦʨʙʦʚʘʥʽ ʰʣʘʢʦʚʠʤ ʨʦʟʧʣʘʚʦʤ, 

ʪʦʤʫ ʤʘʶʪʴ ʟʘʦʢʨʫʛʣʝʥʫ ʬʦʨʤʫ ʟʽ ʟʚʠʚʠʩʪʠʤʠ ʦʙʨʠʩʘʤʠ. ɹʽʣʴʰ ʧʽʟʥʷ ʛʝʥʝʨʘʮʽʷ 

ʣʘʨʥʽʪʫ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ, ʜʝ ʫʪʚʦʨʶʻ ʪʦʥʢʽ ʧʨʦʨʦʩʪʘʥʥʷ ʟ 

ʽʥʰʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ ʬʘʟʘʤʠ ï ʬʝʨʠʪʘʤʠ, çRO-ʬʘʟʦʶ» ʪʘ ʽʥ. ʋ ʙʽʣʴʰ 

ʦʩʥʦʚʥʠʭ ʚʪʦʨʠʥʥʠʭ ʰʣʘʢʘʭ ʩʫʤʽʩʥʦ  ʟ ʣʘʨʥʽʪʦʤ ʤʦʞʝ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʷ ʪʨʴʦʭ-

ʢʘʣʴʮʽʻʚʠʡ ʩʠʣʽʢʘʪ Ca3[SiO5]. ɺʽʥ ʫʪʚʦʨʶʻ ʧʦʜʦʚʞʝʥʦ-ʧʨʠʟʤʘʪʠʯʥʽ ʘʙʦ 

ʪʘʙʣʠʪʯʘʩʪʽ ʢʨʠʩʪʘʣʠ, ʷʢʽ, ʨʦʟʢʣʘʜʘʶʯʠʩʴ, ʧʩʝʚʜʦʤʦʨʬʥʦ ʟʘʤʽʱʫʶʪʴʩʷ ʜʚʦʭ-

ʢʘʣʴʮʽʻʚʠʤ ʩʠʣʽʢʘʪʦʤ ʪʘ ʚʘʧʥʦʤ. ʇʨʠ ʨʫʡʥʫʚʘʥʥʽ ʤʘʛʥʝʟʽʘʣʴʥʠʭ ʚʦʛʥʝʪʨʠʚʽʚ 

ʤʘʨʪʝʥʽʚʩʴʢʦʾ ʧʝʯʽ ʜʦ ʰʣʘʢʫ ʤʦʞʝ ʧʦʪʨʘʧʣʷʪʠ ʧʝʨʽʢʣʘʟ Mgʆ, ʷʢʠʡ ʫʪʚʦʨʶʻ 

ʢʨʫʧʥʽ ʦʧʣʘʚʣʝʥʽ ʟʝʨʥʘ ʪʘ ʢʨʠʩʪʘʣʽʯʥʽ ʘʛʨʝʛʘʪʠ.   ʄʝʨʚʽʥʽʪ Ca3Mg[Si2O8] 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʧʦʚʥʽʡ ʘʩʠʤʽʣʷʮʽʾ ʧʝʨʽʢʣʘʟʫ ʰʣʘʢʦʚʠʤ ʨʦʟʧʣʘʚʦʤ. 

ɿʚʠʯʘʡʥʠʤʠ ʬʦʨʤʘʤʠ ʡʦʛʦ ʚʠʦʢʨʝʤʣʝʥʥʷ ʻ ʚʠʜʦʚʞʝʥʽ ʧʣʘʩʪʠʥʢʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠ ʜʚʽʡʥʠʢʦʚʽ ʟʨʦʩʪʘʥʥʷ, ʱʦ ʧʝʨʝʭʨʝʱʫʶʪʴʩʷ ʧʽʜ ʢʫʪʦʤ 42ʦ. ʂʨʽʤ 

ʧʝʨʝʣʽʯʝʥʠʭ, ʜʦ ʩʢʣʘʜʫ ʦʩʥʦʚʥʠʭ ʤʘʨʪʝʥʽʚʩʴʢʠʭ ʰʣʘʢʽʚ ʚʭʦʜʷʪʴ ʤʘʨʛʘʥʝʮʴ-

ʚʤʽʩʥʠʡ ʤʘʛʥʝʟʽʦʚʶʩʪʠʪ (çRO-ʬʘʟʘè), ʰʧʽʥʝʣʽʜʠ, ʦʣʴʜʛʘʤʽʪ, ʘ ʪʘʢʦʞ ʬʝʨʠʪʠ, 

ʘʣʶʤʦʬʝʨʠʪʠ ʪʘ ʭʨʦʤʽʪʠ ʢʘʣʴʮʽʶ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ CaO/SiO2 ʫ ʚʪʦʨʠʥʥʠʭ 

ʤʘʨʪʝʥʽʚʩʴʢʠʭ ʰʣʘʢʘʭ ʟʚʠʯʘʡʥʦ ʧʝʨʝʚʠʱʫʻ 2, ʚʤʽʩʪ FeO, ʥʘʚʧʘʢʠ, ʤʝʥʰʠʡ ʥʽʞ 

ʫ ʧʝʨʚʠʥʥʠʭ ʰʣʘʢʘʭ. 

 

ʂʠʩʣʽ ʤʘʨʪʝʥʽʚʩʴʢʽ ʰʣʘʢʠ ʻ ʧʦʙʽʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʢʠʩʣʦʛʦ 

ʤʘʨʪʝʥʽʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ,  ʷʢʠʡ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʫ ʚʠʧʘʜʢʫ ʯʠʩʪʠʭ ʧʦ 

ʩʽʨʮʽ ʪʘ ʬʦʩʬʦʨʫ ʰʠʭʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʈʦʣʴ ʬʣʶʩʽʚ ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʶʪʴ 

ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ ʪʘ ʢʠʩʣʠʡ ʰʣʘʢ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʧʣʘʚʦʢ. ʇʦʜʠʥʫ ʞ ʧʝʯʽ ʨʦʙʣʷʪʴ 

ʟ ʢʠʩʣʦʛʦ ʜʠʥʘʩʦʚʦʛʦ ʚʦʛʥʝʪʨʠʚʫ, ʤʽʥʝʨʘʣʴʥʦʶ ʦʩʥʦʚʦʶ ʷʢʦʛʦ ʻ  ʢʨʝʤʥʝʟʝʤ 

(SiO2). ɿ ʦʛʣʷʜʫ ʥʘ ʚʽʜʥʦʩʥʫ ʦʙʤʝʞʝʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʠʩʣʦʛʦ ʤʘʨʪʝʥʽʚʩʴʢʦʛʦ 

ʧʨʦʮʝʩʫ, ʦʙôʻʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʢʠʩʣʠʭ ʤʘʨʪʝʥʽʚʩʴʢʠʭ ʰʣʘʢʽʚ ʻ ʧʦʤʽʪʥʦ ʤʝʥʰʠʤʠ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʦʩʥʦʚʥʠʤʠ. ʊʘʢʽ ʰʣʘʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʙʽʜʥʘ Fe-Mn 

ʨʫʜʘ ʪʘ ʢʘʤ'ʷʥʝ ʣʠʪʚʦ. ʇʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʢʠʩʣʽ ʤʘʨʪʝʥʽʚʩʴʢʽ 

ʰʣʘʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟ ʤʽʥʣʠʚʦʶ 

ʢʽʣʴʢʽʩʪʶ ʩʢʣʦʬʘʟʠ (ʨʠʩ. 8.8). ɿʨʘʟʢʠ ʰʣʘʢʫ, ʷʢʽ ʚʽʜʽʙʨʘʥʽ ʜʦ ʨʦʟʢʠʩʣʝʥʥʷ ʩʪʘʣʽ 

ʧʨʠ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟʽ ʩʢʣʘ ʪʘ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʩʢʝʣʝʪʥʠʭ ʢʨʠʩʪʘʣʽʚ ʤʘʛʥʝʪʠʪʫ. ʋ ʚʠʧʘʜʢʫ ʧʦʚʽʣʴʥʦʛʦ ʞ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘʢʦʛʦ 

ʰʣʘʢʫ, ʩʢʣʘ ʚ ʥʴʦʤʫ ʥʝʙʘʛʘʪʦ, ʥʘʪʦʤʽʩʪʴ, ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʟʘʣʽʟʠʩʪʦ-ʤʘʨʛʘʥʮʝʚʽ 

ʧʽʨʦʢʩʝʥʠ (Fe, Mn, Ca)2[Si2O6], ʦʣʽʚʽʥʠ ʬʘʷʣʽʪ-ʪʝʬʨʦʾʪʦʚʦʛʦ ʩʢʣʘʜʫ (Fe, Mn, 

Ca)2[SiO4], ʨʦʜʦʥʽʪ Mn[SiO3]. ʐʣʘʢ, ʷʢʠʡ ʦʪʨʠʤʫʻʪʴʩʷ ʧʽʩʣʷ ʨʦʟʢʠʩʣʝʥʥʷ ʩʪʘʣʽ 

ʟʙʘʛʘʯʫʻʪʴʩʷ ʥʘ ʢʨʝʤʥʝʟʝʤ, ʪʦʤʫ, ʨʘʟʦʤ ʟʽ ʩʢʣʦʬʘʟʦʶ ʪʘ ʩʠʣʽʢʘʪʘʤʠ ʟʘʣʽʟʘ ʫ 

ʥʴʦʤʫ ʧʨʠʩʫʪʥʽ ʩʢʝʣʝʪʥʽ ʢʨʠʩʪʘʣʠ ʢʨʠʩʪʦʙʘʣʽʪʫ ʪʘ ʪʨʠʜʠʤʽʪ. ɿʘʛʘʣʦʤ ʞʝ, ʢʠʩʣʽ 

ʤʘʨʪʝʥʽʚʩʴʢʽ ʰʣʘʢʠ ʟʙʘʛʘʯʝʥʽ ʥʘ SiO2, FeO, MnO, ʘʣʝ ʟʙʽʜʥʝʥʽ ʥʘ CaO, MgO, 

Al 2O3, ʧʦʨʽʚʥʷʥʦ ʟ ʦʩʥʦʚʥʠʤʠ ʰʣʘʢʘʤʠ.  
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ʈʠʩ. 8.8. ʂʠʩʣʽ ʤʘʨʪʝʥʽʚʩʴʢʽ ʰʣʘʢʠ: ʘ ï ʩʢʝʣʝʪʥʽ ʬʦʨʤʠ ʤʘʛʥʝʪʠʪʫ ʫ 

ʩʢʣʫʚʘʪʽʡ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ; ʙ ï ʩʢʝʣʝʪʥʽ ʬʦʨʤʠ ʢʨʠʩʪʦʙʘʣʽʪʫ ʫ ʩʢʣʫʚʘʪʽʡ 

ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ. ɿʦʙʨʘʞʝʥʥʷ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ. ʌʦʪʦ ʰʣʽʬʽʚ ʟ 

[4].  

 

8.3. ʂʦʥʚʝʨʪʝʨʥʽ ʰʣʘʢʠ 

 

ʂʦʥʚʝʨʪʝʨʥʠʡ ʰʣʘʢ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʙʽʯʥʠʡ ʧʨʦʜʫʢʪ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ 

ʢʦʥʚʝʨʪʝʨʥʠʤ ʩʧʦʩʦʙʦʤ. ʂʦʥʚʝʨʪʝʨʥʠʡ ʧʨʦʮʝʩ ʧʨʠʧʫʩʢʘʻ ʧʨʦʜʫʚʢʫ ʨʽʜʢʦʛʦ 

ʯʘʚʫʥʘ ʧʦʚʽʪʨʷʤ ʘʙʦ ʢʠʩʥʝʤ ʟ ʤʝʪʦʶ ʦʢʠʩʥʝʥʥʷ ʜʦʤʽʰʦʢ C, Si, Mn. ʅʘʨʘʟʽ 

ʥʘʡʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʻ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʦʨʥʠʡ ʩʧʦʩʽʙ, ʷʢʠʤ ʚʠʧʣʘʚʣʷʻʪʴʩʷ 

ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʫʩʽʻʾ ʩʪʘʣʽ. ʇʣʘʚʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʛʨʫʰʦʚʠʜʥʦʤʫ ʩʦʩʫʜʽ ï 

ʢʦʥʚʝʨʪʝʨʽ, ʚʠʛʦʪʦʚʣʝʥʦʤʫ ʟ ʞʘʨʦʩʪʽʡʢʦʾ ʩʪʘʣʽ ʪʘ ʚʠʢʣʘʜʝʥʦʛʦ ʟʩʝʨʝʜʠʥʠ 

ʚʦʛʥʝʪʨʠʚʢʦʶ ʮʝʛʣʦʶ. ɺʦʛʥʝʪʨʠʚʠ ʤʘʶʪʴ ʤʘʪʠ ʤʘʛʥʝʟʽʘʣʴʥʠʡ ʘʙʦ ʚʘʧʥʠʩʪʠʡ 

ʩʢʣʘʜ. ʋ ʢʦʥʚʝʨʪʝʨ ʟʘʚʘʥʪʘʞʫʶʪʴ ʩʪʘʣʝʚʠʡ ʙʨʫʭʪ, ʜʘʣʽ ʟʘʣʠʚʘʶʪʴ ʨʦʟʧʣʘʚʣʝʥʠʡ 

ʯʘʚʫʥ, ʜʦʜʘʶʪʴ ʬʣʶʩ ʪʘ ʧʦʯʠʥʘʶʪʴ ʧʨʦʜʫʚʢʫ ʢʠʩʥʝʤ. ʇʽʜ ʜʽʻʶ ʜʫʪʪʷ ʜʦʤʽʰʢʠ 

ʯʘʚʫʥʫ ʦʢʠʩʣʶʶʪʴʩʷ, ʚʠʜʽʣʷʶʯʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʚ ʨʝʟʫʣʴʪʘʪ ̔ ʯʦʛʦ 

ʦʜʥʦʯʘʩʥʦ ʟʥʠʞʫʻʪʴʩʷ ʚʤʽʩʪ ʜʦʤʽʰʦʢ ʫ ʤʝʪʘʣʽ ʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʧʽʜʪʨʠʤʫʶʯʠ ʡʦʛʦ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ. ʈʦʣʴ ʬʣʶʩʫ ʚʠʢʦʥʫʻ ʚʘʧʥʦ. ʈʘʟʦʤ ʟ ʚʘʧʥʦʤ 

ʪʘʢʦʞ ʤʦʞʫʪʴ ʜʦʜʘʚʘʪʠ ʬʣʶʦʨʠʪ, ʙʦʢʩʠʪ, ʟʘʣʽʟʥʫ ʨʫʜʫ. ɺʘʧʥʦ ʚʟʘʻʤʦʜʽʻ ʟ 

ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʥʝʥʥʷ ʯʘʚʫʥʫ Siʆ2, Mnʆ, Feʆ, P2O5 ʫʪʚʦʨʶʶʯʠ ʰʣʘʢ. 

ʐʣʘʢʠ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʫ ʢʠʩʥʝʚʠʭ ʢʦʥʚʝʨʪʝʨʘʭ, ʥʘʣʝʞʘʪʴ ʜʦ ʛʨʫʧʠ 

ʦʩʥʦʚʥʠʭ. ɰʭ ʛʦʣʦʚʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ ʻ ʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ ʣʘʨʥʽʪ ɓ-Ca2[SiO4], 

ʰʝʥʦʥʽʪ ɔ-Ca2[SiO4], ʘʣʽʪ Ca3[SiO5], ʘ ʪʘʢʦʞ ʤʝʨʚʽʥʽʪ Ca3Mg[Si2O8], 

ʤʦʥʪʠʯʝʣʽʪ Ca(Fe, Mn, Mg)[SiO4], ʰʧʽʥʝʣʽʜ (Mg, Fe, Mn)(Al , Fe)2O4. ʋ 
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ʜʨʫʛʦʨʷʜʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤʠ ʚʘʧʥʦ CaO, ʤʘʨʛʘʥʮʝʚʠʡ 

ʚʶʩʪʠʪ (Fe, Mn, Mg)O, ʘ ʪʘʢʦʞ ʬʝʨʠʪʠ, ʘʣʶʤʽʥʘʪʠ ʪʘ ʭʨʦʤʽʪʠ ʢʘʣʴʮʽʶ. 

ʂʦʥʚʝʨʪʝʨʥʽ ʰʣʘʢʠ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʚʠʩʦʢʦ-ʬʦʩʬʦʨʠʩʪʠʭ 

ʯʘʚʫʥʽʚ, ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʬʦʩʬʘʪʠ ʪʘ ʩʠʣʽʢʦʬʦʩʬʘʪʠ ʢʘʣʴʮʽʶ: ʚʽʪʣʦʢʽʪ 

3CaO*P2O5, ʛʽʣʴʛʝʥʰʪʦʢʠʪ 4CaO*P2O5, ʩʠʣʽʢʦʢʘʨʥʦʪʠʪ 5CaO*P2O5*SiO2, 

ʩʪʝʜʠʪ 3,3(3CaO*P2O5)*3CaO*SiO2, ʪʦʤʘʩʠʪ 8CaO*P2O5*SiO2, 

ʥʘʛʝʣʴʰʤʽʪʜʠʪ 7CaO*P2O5*2SiO2. ʆʩʢʽʣʴʢʠ, ʚʤʽʩʪ ʈ2ʆ5 ʫ ʪʘʢʠʭ ʰʣʘʢʘʭ ʤʦʞʝ 

ʩʷʛʘʪʠ 12-16%, ʪʦ ʚʦʥʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʷʢ ʜʦʙʨʠʚʦ ʜʣʷ ʨ̌ʫʥʪʽʚ. 

 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1. ʗʢʽ ʤʝʪʘʣʫʨʛʽʡʥʽ ʰʣʘʢʠ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʽ ʦʙôʻʤʠ ʚʠʨʦʙʥʠʮʪʚʘ? 

2. ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʘʪʴ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ? 

3. ʗʢʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʚʣʘʩʪʠʚʠʡ ʜʣʷ ʦʩʥʦʚʥʠʭ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ? 

4. ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʝʨʚʠʥʥʽ ʪʘ ʚʪʦʨʠʥʥʽ ʤʘʨʪʝʥʽʚʩʴʢʽ ʰʣʘʢʠ? 

5. ɼʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʘʣʫʨʛʽʡʥʽ ʰʣʘʢʠ? 
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ʈʆɿɼɯʃ 9 

ɿɸʃɯɿʆʈʋɼʅɯ ɸɻʃʆʄɽʈɸʊʀ ʊɸ ʆʂɸʊʀʐɯ 

 

  

ɿʘʣʽʟʦʨʫʜʥʽ ʘʛʣʦʤʝʨʘʪʠ ʪʘ ʦʢʘʪʠʰʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʰʪʫʯʥʫ ʟʘʣʽʟʦʨʫʜʥʫ 

ʩʠʨʦʚʠʥʫ, ʷʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʜʦʤʝʥʥʽʡ ʚʠʧʣʘʚʮʽ ʯʘʚʫʥʫ.  

 

ɿʘʛʘʣʦʤ, ʫ ʩʫʯʘʩʥʦʤʫ ʜʦʤʝʥʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʠʨʦʜʥʘ ʟʘʣʽʟʥʘ ʨʫʜʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʘʡʞʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʚʦʥʘ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʽʜʣʷʛʘʻ 

ʟʙʘʛʘʯʝʥʥʶ ʪʘ ʟʛʨʫʜʢʫʚʘʥʥʶ. ɿʙʘʛʘʯʝʥʥʷʤ ʜʦʩʷʛʘʻʪʴʩʷ ʷʢ ʤʦʞʥʘ ʙʽʣʴʰʠʡ ʚʤʽʩʪ 

ʟʘʣʽʟʘ ʪʘ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʚʤʽʩʪ ʧʫʩʪʦʾ ʧʦʨʦʜʠ. ɿʛʨʫʜʢʫʚʘʥʥʷ  ʷʚʣʷʻ ʧʨʦʮʝʩ 

ʫʢʨʫʧʥʝʥʥʷ ʨʫʜʥʦʛʦ ʜʨʽʙôʷʟʢʫ ʪʘ ʪʦʥʢʦʧʦʜʨʽʙʥʝʥʠʭ ʨʫʜʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʟ 

ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʛʨʫʜʢʦʚʠʭ ʨʫʜʥʠʭ ʘʛʨʝʛʘʪʽʚ ï ʘʛʣʦʤʝʨʘʪʽʚ ʪʘ ʦʢʘʪʠʰʽʚ. 

ɿʛʨʫʜʢʫʚʘʥʶ ʧʽʜʣʷʛʘʶʪʴ ʨʫʜʥʽ ʯʘʩʪʢʠ ʢʨʫʧʥʽʩʪʶ ʤʝʥʰʝ 10 ʤʤ, ʦʩʢʽʣʴʢʠ ʤʘʣʘ 

ʢʨʫʧʥʽʩʪʴ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʛʽʨʰʫʻ ʾʭ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʪʘ ʟʙʽʣʴʰʫʻ 

ʚʠʥʝʩʝʥʥʷ ʰʠʭʪʠ ʧʽʜ ʯʘʩ ʜʫʪʪʷ ʜʦʤʝʥʥʦʾ ʧʝʯʽ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʧʨʦʤʠʩʣʦʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʚʘ ʩʧʦʩʦʙʠ ʟʛʨʫʜʢʫʚʘʥʥʷ: ʘʛʣʦʤʝʨʘʮʽʶ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʦʢʘʪʠʰʽʚ. ʇʨʦʮʝʩ ʘʛʣʦʤʝʨʘʮʽʾ, ʷʢʠʡ ʚʠʥʘʡʜʝʥʦ ʫ 1887 ʨʦʮʽ ʌ.ɻʝʙʝʨʣʝʡʥʦʤ ʪʘ 

ʊ.ʍʘʥʪʠʥʛʪʦʥʦʤ, ʧʝʨʚʽʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʫ ʢʦʣʴʦʨʦʚʽʡ ʤʝʪʘʣʫʨʛʽʾ ʜʣʷ 

ʟʛʨʫʜʢʫʚʘʥʥʷ ʩʫʣʴʬʽʜʥʠʭ ʨʫʜ, ʩʽʨʢʘ ʷʢʠʭ ʩʣʫʛʫʚʘʣʘ ʧʘʣʠʚʦʤ ʧʨʠ ʩʧʽʢʘʥʥʽ. 

ʇʽʟʥʽʰʝ ɺ.ɼʞʦʙ (1902) ʪʘ ʉ.ɿʘʚʝʣʴʩʙʝʨʛ (1905) ʟʘʩʪʦʩʫʚʘʣʠ ʮʝʡ ʤʝʪʦʜ ʜʣʷ 

ʧʽʨʠʪʥʠʭ ʦʛʘʨʢʽʚ ʪʘ ʧʠʣʫʚʘʪʠʭ ʟʘʣʽʟʥʠʭ ʨʫʜ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʫ ʷʢʦʩʪʽ ʧʘʣʠʚʘ 

ʢʦʢʩʦʚʠʡ ʜʨʽʙôʷʟʦʢ. ʇʝʨʰʫ ʘʛʣʦʤʝʨʘʮʽʡʥʫ ʤʘʰʠʥʫ, ʷʢʫ ʚʠʥʘʡʰʣʠ ɼʫʘʡʪ ʪʘ 

ʃʣʦʡʜ (1906), ʙʫʣʦ ʧʫʱʝʥʦ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʫ ʉʐɸ ʫ 1911 ʨʦʮʽ. ɺʠʨʦʙʥʠʮʪʚʦ 

ʟʘʣʽʟʦʨʫʜʥʠʭ ʦʢʘʪʠʰʽʚ ʚʧʝʨʰʝ ʟʘʧʘʪʝʥʪʦʚʘʥʦ ɸ.ɸʥʜʝʨʩʝʥʦʤ (1912),  ʘ 

ʧʨʦʤʠʩʣʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʨʦʟʧʦʯʘʪʦ ʫ ʉʐɸ ʫ 1955 ʨʦʮʽ. ʋ 2012-15 ʨʦʢʘʭ 

ʱʦʨʽʯʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʰʪʫʯʥʦʾ ʟʘʣʽʟʦʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ ʚ ʋʢʨʘʾʥʽ ʩʢʣʘʜʘʣʦ: 

ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ (34-44 ʤʣʥ ʪ),  ʟʘʣʽʟʦʨʫʜʥʠʭ ʦʢʘʪʠʰʽʚ  (22-24) ʤʣʥ ʪ. 

ɼʘʥ̔ ʧʦ ʧʝʪʨʦʛʨʘʬʽʾ ʟʘʣʽʟʦʨʫʜʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ ʪʘ ʦʢʘʪʠʰʽʚ ʻ ʫ ʨʦʙʦʪʘʭ [6, 13, 

22]. 

9.1. ɿʘʣʽʟʦʨʫʜʥʽ ʘʛʣʦʤʝʨʘʪʠ 

 

ɿʘʣʽʟʦʨʫʜʥʠʡ ʘʛʣʦʤʝʨʘʪ ï ʪʝʭʥʽʯʥʠʡ ʢʘʤʽʥʴ, ʷʢʠʡ ʦʪʨʠʤʫʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʧʝʯʝʥʥʷ (ʘʛʣʦʤʝʨʘʮʽʾ) ʪʦʥʢʦʧʦʜʨʽʙʥʝʥʠʭ ʟʘʣʽʟʥʠʭ ʨʫʜ 

ʪʘ ʾʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʷʢʦʩʪʽ hʪʫʯʥʦʾ ʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ ʧʨʠ 

ʜʦʤʝʥʥʽʡ ʚʠʧʣʘʚʮʽ ʯʘʚʫʥʘ. ɺʠʭʽʜʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʣʽʟʦʨʫʜʥʦʛʦ 

ʘʛʣʦʤʝʨʘʪʫ ʩʣʫʛʫʶʪʴ ʘʛʣʦʤʝʨʘʮʽʡʥʽ ʨʫʜʠ, ʜʨʽʙʥʽ ʪʘ ʧʠʣʫʚʘʪʽ ʨʫʜʥʽ ʢʦʥʮʝʥʪʨʘʪʠ, 

ʢʦʢʩʦʚʠʡ ʜʨʽʙôʷʟʦʢ, ʚʘʧʥʷʢ, ʚʘʧʥʦ. ɼʦ ʩʢʣʘʜʫ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʪʘʢʦʞ 

ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʧʦʚʝʨʥʝʥʠʡ ʥʘ ʧʦʚʪʦʨʥʝ ʩʧʽʢʘʥʥʷ ʘʛʣʦʤʝʨʘʪ, ʢʦʣʦʰʥʠʢʦʚʠʡ 

ʧʠʣ, ʦʢʘʣʠʥʘ ʧʨʦʢʘʪʥʠʭ ʮʝʭʽʚ, ʢʦʥʚʝʨʪʝʨʥʠʡ ʰʣʘʢ, ʟʘʣʽʟʦʚʤʽʩʥʽ ʰʣʘʤʠ, 

ʘʥʪʨʘʮʠʪʦʚʠʡ ʰʪʠʙ. ɹʘʞʘʥʠʡ ʨʦʟʤʽʨ ʯʘʩʪʦʢ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʢʣʘʜʘʻ: ʜʣʷ 

ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʨʫʜʠ ʪʘ ʢʦʥʮʝʥʪʨʘʪʽʚ ʩʫʭʦʾ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ < 8 ʤʤ, ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʪʽʚ ʤʦʢʨʦʾ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ < 0,074 ʤʤ, ʜʣʷ ʧʦʚʝʨʥʝʥʦʛʦ 

ʘʛʣʦʤʝʨʘʪʫ < 5 ʤʤ, ʜʣʷ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʪʘ ʚʘʧʥʷʢʫ < 3 ʤʤ, ʜʣʷ ʚʘʧʥʘ < 1 

ʤʤ.  
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ʈʽʚʥʦʤʽʨʥʦ ʧʝʨʝʤʽʰʘʥʘ, ʟʚʦʣʦʞʝʥʘ ʪʘ ʧʦʧʝʨʝʜʥʴʦ ʟʛʨʫʜʢʦʚʘʥʘ ʰʠʭʪʘ 

ʩʧʽʢʘʻʪʴʩʷ ʥʘ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʤʘʰʠʥʘʭ (ʨʠʩ. 9.1). ʅʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʤʠ ʻ 

ʘʛʣʦʤʝʨʘʮʽʡʥʽ ʤʘʰʠʥʠ ʢʦʥʚʝʻʨʥʦʛʦ ʪʠʧʫ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʙʝʟʧʝʨʝʨʚʥʠʡ 

ʣʘʥʮʶʛ ʨʫʭʣʠʚʠʭ ʚʽʟʢʽʚ, ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʷʢʠʭ ʟʤʦʥʪʦʚʘʥʽ ʩʝʢʮʽʾ ʢʦʣʦʥhʠʢʦʚʦʾ 

ʨ̌ʘʪʢʠ. ɿʥʠʟʫ ʞ ʧʽʜ ʨʫʭʣʠʚʠʤʠ ʚʽʟʢʘʤʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚʘʢʫʫʤ-ʢʘʤʝʨʠ, ʜʝ 

ʝʢʩʛʘʫʩʪʝʨʘʤʠ ʩʪʚʦʨʶʻʪʴʩʷ ʨʦʟʨʽʜʞʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʩʤʦʢʪʫʚʘʥʥʷ 

ʧʦʚʽʪʨʷ ʢʨʽʟʴ ʰʠʭʪʫ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 9.1. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. 

 

ʇʽʜ ʯʘʩ ʨʫʭʫ ʰʠʭʪʘ, ʟʘʚʘʥʪʘʞʝʥʘ ʚ ʛʦʣʦʚʥʫ ʯʘʩʪʠʥʫ ʤʘʰʠʥʠ, ʧʽʜʚʦʜʠʪʴʩʷ 

ʧʽʜ ʟʘʧʘʣʶʚʘʣʴʥʝ ʛʦʨʥʦ, ʱʦ ʧʨʘʮʶʻ ʟʜʝʙʽʣʴʰʦʛʦ ʥʘ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʧʘʣʠʚʽ. 

ɺʝʨʭʥʽʡ ʰʘʨ ʰʠʭʪʠ ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʡʤʘʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ. 

ʇʽʩʣʷ ʚʠʭʦʜʫ ʟ-ʧʽʜ ʟʘʧʘʣʶʚʘʣʴʥʦʛʦ ʛʦʨʥʘ, ʢʨʽʟʴ ʰʠʭʪʫ ʧʦʩʪʽʡʥʦ ʧʨʦʩʤʦʢʪʫʻʪʴʩʷ 

ʧʦʚʽʪʨʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʘʣʴʰʝ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ. ɺ ʟʦʥʽ ʟʛʦʨʘʥʥʷ ʪʚʝʨʜʦʛʦ 

ʧʘʣʠʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʷʛʘʻ 1200-1500ʦʉ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʯʘʩʪʢʦʚʝ ʨʦʟʧʣʘʚʣʝʥʥʷ ʪʘ 

ʩʧʝʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʰʠʭʪʠ. ʂʽʣʴʢʽʩʪʴ ʨʦʟʧʣʘʚʫ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʝ ʩʷʛʘʪʠ 35-40%. ʇʦ ʤʽʨʽ ʚʠʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʨʦʟʧʣʘʚ 

ʢʦʥʪʘʢʪʫʶʯʠ ʟ ʧʦʚʽʪʨʷʤ ʧʦʩʪʫʧʦʚʦ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʪʘʢ ʟʚʘʥʦʛʦ 

ʘʛʣʦʤʝʨʘʪʥʦʛʦ çʧʠʨʦʛʘè. ʆʩʪʘʥʥʽʡ ʜʨʦʙʠʪʴʩʷ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜ ʥʴʦʛʦ ʚʽʜʩʽʶʻʪʴʩʷ 

ʬʨʘʢʮʽʷ ʤʝʥʰʝ 5 ʤʤ, ʷʢʘ ʧʽʜʣʷʛʘʻ ʧʦʚʪʦʨʥʽʡ ʘʛʣʦʤʝʨʘʮʽʾ. ʆʧʪʠʤʘʣʴʥʘ ʢʨʫʧʥʽʩʪʴ 

ʘʛʣʦʤʝʨʘʪʫ ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʜʦʤʝʥʥʦʛʦ ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʻ 5-60 ʤʤ. ɺʠʩʦʢʦʷʢʽʩʥʠʡ 

ʜʦʤʝʥʥʠʡ ʘʛʣʦʤʝʨʘʪ ʤʽʩʪʠʪʴ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʜʨʽʙôʷʟʢʫ ʪʘ ʻ ʜʦʩʪʘʪʥʴʦ 

ʤʽʮʥʠʤ, ʱʦʙ ʡʦʛʦ ʤʦʞʥʘ ʙʫʣʦ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʜʦ ʧʝʯʽ ʙʝʟ ʨʫʡʥʫʚʘʥʥʷ. ɺʠʩʦʢʘ 

ʧʦʨʠʩʪʽʩʪʴ ʪʘ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʘʛʣʦʤʝʨʘʪʫ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʣʽʟʘ, ʱʦ ʤʦʞʝ ʤʽʩʪʠʪʠʩʷ ʚ ʥʴʦʤʫ 

ʫ ʩʢʣʘʜʽ ʤʘʛʥʝʪʠʪʫ, ʛʝʤʘʪʠʪʫ, ʬʘʷʣʽʪʫ ʪʘ ʬʝʨʠʪʽʚ ʢʘʣʴʮʽʶ. ʊʝʭʥʦʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʡʦʛʦ ʙʫʜʦʚʠ ʪʘ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ. 
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ʄʘʢʨʦʩʢʦʧ̔ʯʥʦ ʟʘʣʽʟʦʨʫʜʥʠʡ ʘʛʣʦʤʝʨʘʪ ʷʚʣʷʻ ʩʦʙʦʶ ʪʝʤʥʫ ʙʫʨʫʚʘʪʦ-ʩʽʨʫ 

ʬʨʘʛʤʝʥʪʦʚʘʥʫ ʤʘʩʫ, ʱʦ ʟʦʚʥʽʰʥʴʦ ʥʘʛʘʜʫʻ ʧʨʠʨʦʜʥʽ ʧʽʨʦʢʣʘʩʪʠʯʥʽ ʫʪʚʦʨʝʥʥʷ. 

ɿʦʢʨʝʤʘ, ʜʣʷ ʦʢʨʝʤʠʭ ʬʨʘʛʤʝʥʪʽʚ ʘʛʣʦʤʝʨʘʪʫ ʚʣʘʩʪʠʚʘ ʩʧʝʯʝʥʘ ʛʨʫʜʢʫʚʘʪʘ 

ʙʫʜʦʚʘ. ʆʢʨʝʤʽ ʛʨʫʜʢʠ ʩʧʝʯʝʥʽ ʤʽʞ ʩʦʙʦʶ ʥʝ ʚʧʨʠʪʫʣ, ʘ ʨʦʟʜʽʣʷʶʪʴʩʷ  

ʢʨʫʧʥʠʤʠ ʧʦʨʘʤʠ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ (ʨʠʩ. 9.2). ɸʙʩʦʣʶʪʥʽ ʨʦʟʤʽʨʠ ʛʨʫʜʦʢ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʦ ʤʽʨʽ ʫʢʨʫʧʥʝʥʥʷ ʟʝʨʥʠʩʪʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʢʦʢʩʦʚʦʛʦ 

ʜʨʽʙôʷʟʢʫ. ʉʪʨʫʢʪʫʨʘ ʛʨʫʜʦʢ ʚʽʟʫʘʣʴʥʦ ʚʠʛʣʷʜʘʻ ʘʬʘʥʽʪʦʚʦʶ ʜʨʽʙʥʦʧʦʨʠʩʪʦʶ. 

ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʧʦʨʠ ʚʩʝʨʝʜʠʥʽ ʛʨʫʜʦʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʨʫʧʥʠʭ ʧʦʨ, ʱʦ 

ʧʦʜʽʣʷʶʪʴ ʛʨʫʜʢʠ, ʤʘʶʪʴ ʩʬʝʨʠʯʥʫ ʬʦʨʤʫ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 9.2. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ, [uk.wikipedia.org]. 

 

ʇʨʠ ʤʽʢʨʦʩʢʦʧʽʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʛʨʫʜʢʠ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʢʦʥʮʝʥʪʨʠʯʥʦ-

ʟʦʥʘʣʴʥʫ ʙʫʜʦʚʫ. ɰʭ ʧʝʨʠʬʝʨʽʡʥʘ ʟʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟ ʢʨʠʩʪʘʣʽʚ 

ʤʘʛʥʝʪʠʪʫ, ʤʽʞ ʷʢʠʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝʚʝʣʠʢʘ, 5-10%, ʢʽʣʴʢʽʩʪʴ 

ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʩʠʣʽʢʘʪʥʦʾ ʟʚôʷʟʢʠ. ɹʣʠʞʯʝ ʜʦ ʮʝʥʪʨʫ ʨʦʟʪʘʰʦʚʘʥʘ 

ʧʨʦʤʽʞʥʘ ʟʦʥʘ ʟ ʜʝʱʦ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʪʘʢʦʾ ʟʚôʷʟʢʠ ï 10-30%. ʅʘʨʝʰʪʽ, ʫ 

ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʛʨʫʜʢʠ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʩʠʣʽʢʘʪʥʘ ʟʚôʷʟʢʘ ʤʦʞʝ 

ʩʢʣʘʜʘʪʠ ʜʦ 60-80%. ɿʘʣʠʰʢʦʚʽ ʫʣʘʤʢʠ ʨʫʜʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʣʠʰʝ ʫ 

ʧʝʨʠʬʝʨʽʡʥʽʡ ʯʘʩʪʠʥʽ ʛʨʫʜʦʢ, ʘ ʨʝʰʪʢʠ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ, ʥʘʚʧʘʢʠ, ʣʠʰʝ ʫ 

ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ. ɺʠʱʝʦʧʠʩʘʥʘ ʛʨʫʜʢʫʚʘʪʘ ʙʫʜʦʚʘ ʥʘʡʢʨʘʱʝ ʚʠʷʚʣʷʻʪʴʩʷ ʫ 

ʚʝʨʭʥʽʡ ʪʘ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ ʘʛʣʦʤʝʨʘʪʥʦʛʦ çʧʠʨʦʛʘè. ʋ ʥʠʞʥʽʡ ʡʦʛʦ 
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ʯʘʩʪʠʥʽ, ʧʦʙʣʠʟʫ ʚʽʜ ʢʦʣʦʰʥʠʢʦʚʦʾ ˇʨʘʪʢʠ, ʬʦʨʤʫʻʪʴʩʷ ʟʦʚʥʽʰʥʴʦ ʤʦʥʦʣʽʪʥʠʡ 

ʣʠʪʠʡ ʘʛʣʦʤʝʨʘʪ. ʆʜʥʘʢ, ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ ʽ ʪʫʪ ʤʦʞʥʘ ʨʦʟʨʽʟʥʠʪʠ ʨʦʟʧʣʠʚʯʘʩʪʽ 

ʢʦʥʪʫʨʠ ʛʨʫʜʦʢ, ʷʢʽ ʯʘʩʪʢʦʚʦ ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʶ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʚʽʜʩʫʪʥʽʩʪʴ ʢʨʫʧʥʠʭ ʧʦʨ ʤʽʞ ʥʠʤʠ. ɿʘʛʘʣʦʤ, ʤʽʮʥʽʩʪʴ ʦʢʨʝʤʠʭ ʛʨʫʜʦʢ 

ʘʛʣʦʤʝʨʘʪʫ ʟʘʚʞʜʠ ʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʦʶ ʥʽʞ ʟʚôʷʟʢʠ ʤʽʞ ʥʠʤʠ. ɺʽʜʧʦʚʽʜʥʦ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʦʪʦʚʦʛʦ ʘʛʣʦʤʝʨʘʪʫ  ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʴ ʨʦʟʩʠʧʘʥʥʷʤ 

ʡʦʛʦ ʥʘ ʦʢʨʝʤʽ ʛʨʫʜʢʠ ʪʘ ʾʭ ʛʨʫʧʠ. ʊʦʤʫ, ʙʘʞʘʥʦ, ʱʦʙ ʨʦʟʤʽʨ ʦʢʨʝʤʠʭ ʛʨʫʜʦʢ 

ʙʫʚ ʥʝ ʤʝʥʰʠʤ 15-20 ʤʤ. 

ʂʨʽʤ ʙʫʜʦʚʠ, ʥʘ ʤʽʮʥʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʡʦʛʦ ʨʝʯʦʚʠʥʥʠʡ 

ʩʢʣʘʜ. ʇʨʠʩʫʪʥʽʩʪʴ ʫ ʡʦʛʦ ʩʢʣʘʜʽ ʥʝʧʝʨʝʪʨʘʚʣʝʥʠʭ ʨʝʰʪʦʢ ʰʠʭʪʠ (ʤʘʛʥʝʪʠʪʫ, 

ʛʝʤʘʪʠʪʫ, ʢʚʘʨʮʫ ʪʘ ʽʥ.) ʟʥʘʯʥʦ ʧʦʩʣʘʙʣʶʻ ʤʽʮʥʽʩʪʴ. ʆʩʦʙʣʠʚʦ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʨʝʰʪʢʠ ʚʘʧʥʷʢʫ ʪʘ ʚʘʧʥʘ. ɿʦʢʨʝʤʘ, ʚʘʧʥʦ CaO ʛʘʩʠʪʴʩʷ ʚʦʜʦʶ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʧʦʨʪʣʘʥʜʠʪʫ Ca(OH)2, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʰʤʘʪʢʽʚ 

ʘʛʣʦʤʝʨʘʪʫ. ʐʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʤʽʮʥʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʤʘʻ  ʪʘʢʦʞ ʧʨʠʩʫʪʥʽʩʪʴ 

ʣʘʨʥʽʪʫ Ca2SiO4, ʷʢʠʡ ʧʨʠ ʦʭʦʣʦʜʞʝʥʽ ʟʘʟʥʘʻ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ 

ʩʫʪʪʻʚʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙôʻʤʫ. 

ɿʘʛʘʣʦʤ, ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʘʛʣʦʤʝʨʘʪʫ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʬʣʶʩʽʚ (ʚʘʧʥʷʢʫ ʪʘ ʚʘʧʥʘ) ʫ ʰʠʭʪʽ, ʷʢʠʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʢʘʟʥʠʢ ʦʩʥʦʚʥʦʩʪʽ 

CaO/SiO2 ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʅʝʦʬʣʶʩʦʚʘʥʠʡ ʘʛʣʦʤʝʨʘʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʤʘʛʥʝʪʠʪʫ (ʜʦ 80-85%) ʪʘ ʩʠʣʽʢʘʪʥʦʾ ʟʚôʷʟʢʠ. ʄʘʛʥʝʪʠʪ ʤʦʞʝ ʙʫʪʠ ʟʘʣʠʰʢʦʚʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʰʠʭʪʠ ʘʙʦ ʚʠʦʢʨʝʤʣʶʚʘʪʠʩʷ ʫ ʚʠʛʣʷʜʽ ʥʦʚʦʫʪʚʦʨʝʥʠʭ 

ʽʜʽʦʤʦʨʬʥʠʭ ʪʘ  ʩʢʝʣʝʪʥʠʭ ʢʨʠʩʪʘʣʽʚ. ɿʚôʷʟʢʘ, ʫ ʷʢʫ ʟʘʥʫʨʝʥʠʡ ʤʘʛʥʝʪʠʪ, ʤʘʻ 

ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʩʢʣʘʜʘʶʯʠʩʴ ʟ ʬʘʷʣʽʪʫ ʪʘ ʟʘʣʽʟʠʩʪʦ-ʩʠʣʽʢʘʪʥʦʾ 

ʩʢʣʦʬʘʟʠ. ʆʬʣʶʩʦʚʘʥʠʡ ʘʛʣʦʤʝʨʘʪ ʟ ʦʩʥʦʚʥʽʩʪʶ CaO/SiO2<0,5 ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʥʝʦʬʣʶʩʦʚʘʥʦʛʦ ʣʠʰʝ ʪʠʤ, ʱʦ ʬʘʷʣʽʪ ʚ ʥʴʦʤʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʉʘʆ. ʇʨʠ ʦʩʥʦʚʥʦʩʪʽ CaO/SiO2=0,5-1 ʫ ʥʝʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʽʡ ʩʠʣʽʢʘʪʥʽʡ 

ʟʚôʷʟʮʽ ʘʛʣʦʤʝʨʘʪʫ ʨʘʟʦʤ ʟ ʢʘʣʴʮʽʻʚʠʤ ʬʘʷʣʽʪʦʤ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʱʝ ʡ ʩʠʣʽʢʘʪʠ 

ʢʘʣʴʮʽʶ, ʷʢʽ ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʛʦʣʯʘʩʪʠʭ ʪʘ ʩʢʝʣʝʪʥʠʭ ʢʨʠʩʪʘʣʽʚ. 

ʌʘʷʣʽʪ ʧʨʠ ʮʴʦʤʫ ʥʘʙʫʚʘʻ ʛʨʘʥʠʯʥʦ-ʢʘʣʴʮʽʻʚʦʛʦ ʩʢʣʘʜʫ, ʥʘʙʣʠʞʝʥʦʛʦ ʜʦ ʬʝʨʦ-

ʤʦʥʪʽʯʝʣʽʪʫ. ɿʙʽʣʴʰʝʥʥʷ ʦʩʥʦʚʥʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ ʫ ʟʘʟʥʘʯʝʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ 

ʢʘʣʴʮʽʻʚʦʛʦ ʬʘʷʣʽʪʫ. ɿʘʛʘʣʦʤ, ʧʨʠʩʫʪʥʽʩʪʴ ʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʷʢʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ, ʟʤʝʥʰʫʶʯʠ ʡʦʛʦ ʤʽʮʥʽʩʪʴ. ʇʨʠ ʦʩʥʦʚʥʦʩʪʽ CaO/SiO2>1 ʫ 

ʩʠʣʽʢʘʪʥʽʡ ʟʚôʷʟʮʽ ʘʛʣʦʤʝʨʘʪʫ ʧʦʯʠʥʘʶʪʴ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʬʝʨʠʪʠ ʢʘʣʴʮʽʶ. 

ʅʘʪʦʤʽʩʪʴ, ʚʤʽʩʪ ʢʘʣʴʮʽʻʚʦʛʦ ʬʘʷʣʽʪʫ, ʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʪʘ ʩʢʣʦʬʘʟʠ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʂʘʣʴʮʽʻʚʽ ʬʘʷʣʽʪʠ ʧʦʚʥʽʩʪʶ ʟʥʠʢʘʶʪʴ ʧʨʠ ʦʩʥʦʚʥʦʩʪʽ 

CaO/SiO2=1,7-1,8. ʋ ʥʘʡʙʽʣʴʰ ʦʩʥʦʚʥʠʭ ʘʛʣʦʤʝʨʘʪʘʭ CaO/SiO2=2,9-3,1 ʚʤʽʩʪ 

ʩʢʣʦʬʘʟʠ ʻ ʟʦʚʩʽʤ ʤʽʟʝʨʥʠʤ, ʘ ʬʝʨʠʪʠ ʢʘʣʴʮʽʶ ʩʪʘʶʪʴ ʻʜʠʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ 

ʬʘʟʦʶ. ʇʨʠ ʩʧʽʢʘʥʥʽ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ ʟ ʥʘʜʣʠʰʢʦʤ Al 2O3 ʫ ʩʢʣʘʜʽ 

ʘʛʣʦʤʝʨʘʪʫ ʙʫʜʫʪʴ ʧʨʠʩʫʪʥʽ ʪʘʢʦʞ ʘʣʶʤʦʬʝʨʠʪʠ ʢʘʣʴʮʽʶ. ɿʘʣʽʟʦʨʫʜʥʘ ʬʘʟʘ 

ʦʬʣʶʩʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʛʥʝʪʠʪʦʤ, ʛʝʤʘʪʠʪʦʤ, 

ʚʶʩʪʠʪʦʤ (ʨʠʩ. 9.3). 
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ʈʠʩ. 9.3. ɿʘʣʽʟʦʨʫʜʥʠʡ ʘʛʣʦʤʝʨʘʪ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʫ 

ʚʽʜʙʠʪʦʤʫ ʩʚʽʪʣʽ: ʘ ï ʩʣʘʙʢʦ-ʦʢʠʩʥʝʥʘ ʜʽʣʷʥʢʘ, ʙ ï ʙʽʣʴʰ ʦʢʠʩʥʝʥʠʡ ʘʛʣʦʤʝʨʘʪ, 

ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʽʜʽʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ. ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: Hm ï 

ʛʝʤʘʪʠʪ, Mt ï ʤʘʛʥʝʪʠʪ, CFSA ï ʩʠʣʽʢʘʪʥʘ ʟʚôʷʟʢʘ. 

 

 

9.2. ɿʘʣʽʟʦʨʫʜʥʽ ʦʢʘʪʠʰʽ 

 

ɿʘʣʽʟʦʨʫʜʥʽ ʦʢʘʪʠʰʽ ï ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʪʝʭʥʽʯʥʠʡ ʢʘʤʽʥʴ, ʷʢʠʡ ʦʪʨʠʤʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʦʙʢʦʯʫʚʘʥʥʷ ʪʦʥʢʦʧʦʜʨʽʙʥʝʥʠʭ ʟʘʣʽʟʥʠʭ ʨʫʜ ʪʘ ʾʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʽ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʷʢʦʩʪʽ ʰʪʫʯʥʦʾ ʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ ʧʨʠ ʜʦʤʝʥʥʽʡ ʚʠʧʣʘʚʮʽ 

ʯʘʚʫʥʘ. ʆʢʘʪʠʰʽ ʟʜʘʪʥʽ ʚʠʪʨʠʤʫʚʘʪʠ ʪʨʠʚʘʣʝ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘ 

ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ ʙʝʟ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʜʨʽʙ'ʷʟʢʫ. ɿʘ ʨʝʯʦʚʠʥʥʠʤ ʩʢʣʘʜʦʤ, 

ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʚʠʨʦʙʥʠʮʪʚʘ, ʨʦʟʨʽʟʥʷʶʪʴ ʦʢʠʩʥʝʥʽ ʪʘ ʤʝʪʘʣʽʟʦʚʘʥʽ 

ʦʢʘʪʠʰʽ. ʅʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ ʚʠʨʦʙʣʷʶʪʴ ʧʝʨʝʚʘʞʥʦ 

ʦʢʠʩʥʝʥʽ ʦʢʘʪʠʰʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʬʣʶʩʦʚʘʥʠʤʠ ʪʘ ʥʝʦʬʣʶʩʦʚʘʥʠʤʠ. 

ɺʠʨʦʙʥʠʮʪʚʦ ʦʢʘʪʠʰʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʇʦʣʪʘʚʩʴʢʦʤʫ, ʎʝʥʪʨʘʣʴʥʦʤʫ ʪʘ 

ʇʽʚʥʽʯʥʦʤʫ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʢʦʤʙʽʥʘʪʘʭ. 

ɺʠʭʽʜʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʦʢʘʪʠʰʽʚ ʟʚʠʯʘʡʥʦ 

ʩʣʫʛʫʶʪʴ ʜʨʽʙʥʽ ʪʘ ʧʠʣʫʚʘʪʽ ʟʘʣʽʟʦʨʫʜʥʽ ʢʦʥʮʝʥʪʨʘʪʠ, ʟ ʧʝʨʝʚʘʞʥʠʤ ʨʦʟʤʽʨʦʤ 

ʯʘʩʪʦʢ <0,07 ʤʤ, ʘʙʦ ʥʘʚʽʪʴ, <0,05 ʤʤ. ʋ ʷʢʦʩʪʽ ʚôʷʞʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘʡʯʘʩʪʽʰʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʙʝʥʪʦʥʽʪʦʚʽ ʛʣʠʥʠ, ʷʢʽ ʚʚʦʜʷʪʴ ʜʦ ʟʘʣʽʟʦʨʫʜʥʦʾ ʰʠʭʪʠ ʫ ʢʽʣʴʢʦʩʪʽ 

0,5-1,5%, ʧʝʨʝʜ ʦʙʢʦʯʫʚʘʥʥʷʤ. ɼʣʷ ʦʬʣʶʩʫʚʘʥʥʷ ʦʢʘʪʠʰʽʚ ʜʦ ʩʢʣʘʜʫ ʰʠʭʪʠ 

ʤʦʞʝ ʜʦʜʘʚʘʪʠʩʷ ʚʘʧʥʷʢ. 

ɿʚʦʣʦʞʝʥʫ ʪʘ ʧʝʨʝʤʽʰʘʥʫ ʰʠʭʪʫ ʦʙʢʦʯʫʶʪʴ ʥʘ ʙʘʨʘʙʘʥʥʠʭ ʘʙʦ ʪʘʨʽʣʯʘʩʪʠʭ 

ʛʨʘʥʫʣʷʪʦʨʘʭ (ʨʠʩ. 9.4). ɺʦʣʦʛʽ ʦʢʘʪʠʰʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʪʝʤʥʦ-ʩʽʨʽ ʚʽʜʥʦʩʥʦ 

ʧʣʘʩʪʠʯʥʽ ʛʨʘʥʫʣʠ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ, ʨʦʟʤʽʨʦʤ ʚʽʜ 2-3 ʜʦ 30 ʤʤ. ɼʣʷ ʥʠʭ 

ʚʣʘʩʪʠʚʘ ʤʽʢʨʦʫʣʘʤʢʦʚʘ ʩʪʨʫʢʪʫʨʘ, ʩʭʦʞʘ ʟ ʩʪʨʫʢʪʫʨʦʶ ʧʨʠʨʦʜʥʠʭ ʘʣʝʚʨʦʣʽʪʽʚ. 

ɻʦʩʪʨʦʢʫʪʥʽ ʫʣʘʤʢʦʚʽ ʟʝʨʥʘ ʟʘʣʽʟʦʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ  ʪʘ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ 

ʢʚʘʨʮʫ, ʨʦʟʤʽʨʦʤ 0,3-0,01 ʤʤ, ʮʝʤʝʥʪʫʶʪʴʩʷ ʱʝ ʙʽʣʴʰ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʶ ʤʘʩʦʶ 

ʪʘʢʦʛʦ ʞ ʩʢʣʘʜʫ. ʋ ʥʝʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʟʚʠʯʘʡʥʦ ʧʨʠʩʫʪʥʽ Fe-Mg ʩʠʣʽʢʘʪʠ: 

ʩʣʶʜʠ, ʭʣʦʨʠʪʠ, ʩʪʽʣʴʧʥʦʤʝʣʘʥ, ʘʤʬʽʙʦʣʠ, ʧʽʨʦʢʩʝʥʠ. ɺ ʦʬʣʶʩʦʚʘʥʠʭ ʦʢʘʪʠʰʘʭ 

ʯʘʩʪʢʠ ʚʘʧʥʷʢʫ, ʧʦ ʙʽʣʴʰʦʩʪʽ, ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʫ ʪʦʥʢʦʜʠʩʧʝʨʩʥʽʡ ʤʘʩʽ, ʱʦ 

ʮʝʤʝʥʪʫʻ ʫʣʘʤʢʦʚʽ ʟʝʨʥʘ ʟʘʣʽʟʦʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ. 
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ʈʠʩ. 9.4. ʊʘʨʽʣʯʘʩʪʠʡ ʛʨʘʥʫʣʷʪʦʨ, ʥʘ ʷʢʦʤʫ ʦʙʢʦʯʫʶʪʴ  

ʚʦʣʦʛʽ ʟʘʣʽʟʦʨʫʜʥʽ ʦʢʘʪʠʰʽ 

 

ɺʦʣʦʛʽ ʦʢʘʪʠʰʽ ʚʠʩʫʰʫʶʪʴ, ʘ ʧʦʪʽʤ ʚʠʧʘʣʶʶʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ 1400ʦ. 

ʆʢʠʩʣʶʚʘʣʴʥʠʡ ʚʠʧʘʣ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʢʦʥʚʝʻʨʥʠʭ ʚʠʧʘʣʶʚʘʣʴʥʠʭ 

ʤʘʰʠʥʘʭ (ʇʽʚʥʽʯʥʠʡ ɻɿʂ) ʘʙʦ ʥʘ ʢʦʤʙʽʥʦʚʘʥʠʭ ʫʩʪʘʥʦʚʢʘʭ çʢʦʣʦʰʥʠʢʦʚʘ 

ˇʨʘʪʢʘ ï ʪʨʫʙʯʘʩʪʘ ʧʽʯè (ʇʦʣʪʘʚʩʴʢʠʡ ɻɿʂ). ʋ ʧʨʦʮʝʩʽ ʦʢʠʩʣʶʚʘʣʴʥʦʛʦ ʚʠʧʘʣʫ ʚ 

ʫʩʽʭ ʪʠʧʘʭ ʦʢʘʪʠʰʽʚ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʩʢʣʘʜʫ ʩʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʪʚʝʨʜʦʬʘʟʥʽ ʨʝʘʢʮʽʾ (ʦʢʠʩʥʝʥʥʷ, ʨʦʟʢʣʘʜʘʥʥʷ ʢʘʨʙʦʥʘʪʽʚ, ʩʠʣʽʢʘʪʦʫʪʚʦʨʝʥʥʷ, 

ʬʝʨʠʪʦʫʪʚʦʨʝʥʥʷ, ʪʦʱʦ), ʘ ʧʦʪʽʤ ʫʪʚʦʨʶʻʪʴʩʷ ʚʽʜ 3-5% ʜʦ 10-20% ʨʦʟʧʣʘʚʫ. 

ʉʘʤʝ ʮʽ ʧʨʦʮʝʩʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʧʽʢʘʥʥʷ ʪʘ ʯʘʩʪʢʦʚʦʛʦ ʧʣʘʚʣʝʥʥʷ ʩʧʨʠʷʶʪʴ  

ʟʤʽʮʥʝʥʥʶ ʦʢʘʪʠʰʽʚ. ʄʘʛʥʝʪʠʪ ʧʨʠ ʚʠʧʘʣʽ ʦʢʠʩʥʶʻʪʴʩʷ ʜʦ ʛʝʤʘʪʠʪʫ. ʆʩʪʘʥʥʽʡ 

ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʬʣʶʩʫ ʥʝ ʙʝʨʝ ʫʯʘʩʪʽ ʫ ʪʚʝʨʜʦʬʘʟʥʠʭ ʨʝʘʢʮʽʷʭ, ʘʣʝ ʤʦʞʝ 

ʧʽʜʣʷʛʘʪʠ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʅʘʪʦʤʽʩʪʴ, ʧʨʠ ʚʠʧʘʣʶʚʘʥʥʽ ʦʬʣʶʩʦʚʘʥʠʭ 

ʦʢʘʪʠʰʽʚ ʚʘʧʥʷʢ, ʨʦʟʢʣʘʜʘʶʯʠʩʴ, ʨʝʘʛʫʻ ʟ ʛʝʤʘʪʠʪʦʤ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷʤ ʬʝʨʠʪʽʚ ʢʘʣʴʮʽʶ. ʂʚʘʨʮ, ʷʢʠʡ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʬʣʶʩʫ ʻ ʜʦʚʦʣʽ 

ʽʥʝʨʪʥʠʤ, ʚ ʦʬʣʶʩʦʚʘʥʠʭ ʦʢʘʪʠʰʘʭ ʤʦʞʝ ʟʘʟʥʘʚʘʪʠ ʯʘʩʪʢʦʚʦʾ ʪʨʠʜʠʤʽʪʠʟʘʮʽʾ ʪʘ 

ʦʧʣʘʚʣʝʥʥʷ. ʅʘʪʦʤʽʩʪʴ, Fe-Mg ʩʠʣʽʢʘʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʜʦ ʩʢʣʘʜʫ ʰʠʭʪʠ ʫ 

ʜʨʫʛʦʨʷʜʥʠʭ ʽ ʘʢʮʝʩʦʨʥʠʭ ʢʽʣʴʢʦʩʪʷʭ, ʥʘʚʽʪʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʬʣʶʩʫ ʙʝʨʫʪʴ 

ʫʯʘʩʪʴ ʷʢ ʫ ʪʚʝʨʜʦʬʘʟʥʠʭ ʨʝʘʢʮʽʷʭ, ʪʘʢ ʽ ʫ ʥʘʩʪʫʧʥʦʤʫ ʬʦʨʤʫʚʘʥʥʽ ʩʠʣʽʢʘʪʥʦʛʦ 

ʨʦʟʧʣʘʚʫ.  

ɺʦʣʦʛʽ ʦʢʘʪʠʰʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʪʝʤʥʦ-ʩʽʨʽ ʚʽʜʥʦʩʥʦ ʧʣʘʩʪʠʯʥʽ ʛʨʘʥʫʣʠ 

ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ, ʨʦʟʤʽʨʦʤ ʚʽʜ 2-3 ʜʦ 30 ʤʤ. ɼʣʷ ʥʠʭ ʚʣʘʩʪʠʚʘ ʤʽʢʨʦʫʣʘʤʢʦʚʘ 

ʩʪʨʫʢʪʫʨʘ, ʩʭʦʞʘ ʟ ʩʪʨʫʢʪʫʨʦʶ ʧʨʠʨʦʜʥʠʭ ʘʣʝʚʨʦʣʽʪʽʚ. ɻʦʩʪʨʦʢʫʪʥʽ ʫʣʘʤʢʦʚʽ 

ʟʝʨʥʘ ʟʘʣʽʟʦʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ  ʪʘ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʢʚʘʨʮʫ, ʨʦʟʤʽʨʦʤ 0,3-0,01 

ʤʤ, ʮʝʤʝʥʪʫʶʪʴʩʷ ʱʝ ʙʽʣʴʰ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʶ ʤʘʩʦʶ ʪʘʢʦʛʦ ʞ ʩʢʣʘʜʫ. ʋ 

ʥʝʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʟʚʠʯʘʡʥʦ ʧʨʠʩʫʪʥʽ Fe-Mg ʩʠʣʽʢʘʪʠ: ʩʣʶʜʠ, ʭʣʦʨʠʪʠ, 

ʩʪʽʣʴʧʥʦʤʝʣʘʥ, ʘʤʬʽʙʦʣʠ, ʧʽʨʦʢʩʝʥʠ. ɺ ʦʬʣʶʩʦʚʘʥʠʭ ʦʢʘʪʠʰʘʭ ʯʘʩʪʢʠ ʚʘʧʥʷʢʫ, 
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ʧʦ ʙʽʣʴʰʦʩʪʽ, ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʫ ʪʦʥʢʦ-ʜʠʩʧʝʨʩʥʽʡ ʤʘʩʽ, ʱʦ ʮʝʤʝʥʪʫʻ ʫʣʘʤʢʦʚʽ 

ʟʝʨʥʘ ʟʘʣʽʟʦʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ. 

ɺʠʧʘʣʝʥʽ ʟʘʣʽʟʦʨʫʜʥʽ ʦʢʘʪʠʰʽ ʤʘʶʪʴ ʚʠʛʣʷʜ ʪʝʤʥʠʭ ʙʫʨʫʚʘʪʦ-ʩʽʨʠʭ ʤʽʮʥʠʭ 

ʛʨʘʥʫʣ, ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ, ʟ ʦʧʪʠʤʘʣʴʥʠʤ ʨʦʟʤʽʨʦʤ 9-16 ʤʤ (ʨʠʩ. 9.5). 

ɿʦʚʥʽʰʥʴʦ ʛʨʘʥʫʣʠ ʚʠʛʣʷʜʘʶʪʴ ʘʬʘʥʽʪʦʚʠʤʠ. ʇʨʠ ʨʦʟʙʠʚʘʥʥʽ ʤʦʞʫʪʴ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʢʦʥʮʝʥʪʨʠʯʥʘ ʟʦʥʘʣʴʥʽʩʪʴ, ʰʢʘʨʘʣʫʧʯʘʩʪʘ ʦʢʨʝʤʽʩʪʴ, ʫʩʘʜʢʦʚʽ 

ʪʨʽʱʠʥʠ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʦʢʘʪʠʰʽʚ. ɿʦʢʨʝʤʘ, ʟʦʥʘʣʴʥʽʩʪʴ ʥʘ 

ʬʦʪʦ (ʨʠʩ. 9.6), ʷʢʘ ʚʠʢʣʠʢʘʥʘ ʧʦʨʫʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʘʩʦʚʠʭ ʨʝʞʠʤʽʚ 

ʚʠʧʘʣʫ, ʧʦʛʽʨʰʫʻ ʥʝ ʣʠʰʝ ʤʽʮʥʽʩʪʴ ʦʢʘʪʠʰʘ, ʘ ̔ ʡʦʛʦ ʚʽʜʥʦʚʣʶʚʘʥʽʩʪʴ ʫ 

ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʧʨʦʮʝʩʽ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 9.5. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʘʣʽʟʦʨʫʜʥʠʭ ʦʢʘʪʠʰʽʚ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 9.6. ʊʝʭʥʦʣʦʛʽʯʥʽ ʚʘʜʠ ʟʘʣʽʟʦʨʫʜʥʠʭ ʦʢʘʪʠʰʽʚ: ʘ ï ʟʦʥʘʣʴʥʽʩʪʴ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʘ ʥʝʦʜʥʦʨʽʜʥʦʶ ʦʢʠʩʥʝʥʽʩʪʶ ʟʘʣʽʟʦʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ ʟʦʚʥʽ ʪʘ 

ʚʩʝʨʝʜʠʥʽ ʦʢʘʪʠʰʘ; ʙ ï ʢʦʥʮʝʥʪʨʠʯʥʽ ʫʩʘʜʢʦʚʽ ʪʨʽʱʠʥʠ, ʷʢʽ ʚʠʷʚʣʷʶʪʴ 

ʧʨʠʭʦʚʘʥʫ ʟʦʥʘʣʴʥʽʩʪʴ ʦʢʘʪʠʰʘ. 
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ʇʽʜ ʤʽʢʨʦʩʢʦʧʦʤ ʚʠʧʘʣʝʥʽ ʦʢʘʪʠʰʽ ʚʠʷʚʣʷʶʪʴ ʤʽʢʨʦʧʦʨʠʩʪʫ ʪʝʢʩʪʫʨʫ ʪʘ 

ʨʝʣʽʢʪʦʚʫ ʤʽʢʨʦʫʣʘʤʢʦʚʫ ʩʪʨʫʢʪʫʨʫ, ʘʣʝʚʨʠʪʦʚʦʾ ʨʦʟʤʽʨʥʦʩʪʽ (ʨʠʩ. 9.7). ɰʭ 

ʦʩʥʦʚʥʠʡ ʦʙôʻʤ ʩʢʣʘʜʘʶʪʴ ʫʣʘʤʢʦʚʽ ʟʝʨʥʘ ʟʘʣʽʟʦʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ ʟ ʩʝʨʝʜʥʽʤ 

ʨʦʟʤʽʨʦʤ 0,1-0,02 ʤʤ. ɿʚʠʯʘʡʥʦ ʚʦʥʠ ʦʢʠʩʥʝʥʽ ʜʦ ʛʝʤʘʪʠʪʫ, ʘ ʫ ʦʬʣʶʩʦʚʘʥʠʭ 

ʦʢʘʪʠʰʘʭ ʤʦʞʫʪʴ ʧʽʜʣʷʛʘʪʠ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʥʘʙʫʚʘʶʯʠ ʭʘʨʘʢʪʝʨʥʦʾ 

ʧʦʣʽʛʦʥʘʣʴʥʦʾ ʬʦʨʤʠ. ʋ ʜʨʫʛʦʨʷʜʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫʣʘʤʢʦʚʽ ʟʝʨʥʘ 

ʢʚʘʨʮʫ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʫ ʙʫʜʦʚʫ ʪʘ ʦʟʥʘʢʠ ʯʘʩʪʢʦʚʦʛʦ 

ʦʧʣʘʚʣʝʥʥʷ. ɺ ʦʬʣʶʩʦʚʘʥʠʭ ʦʢʘʪʠʰʘʭ ʢʚʘʨʮ ʫ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʟʘʤʽʱʫʻʪʴʩʷ 

ʪʨʠʜʠʤʽʪʦʤ ʪʘ ʦʧʣʘʚʣʷʻʪʴʩʷ. ʋʣʘʤʢʦʚʽ ʟʝʨʥʘ ʟʘʣʽʟʦʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ ʪʘ ʢʚʘʨʮʫ 

çʮʝʤʝʥʪʫʶʪʴʩʷè ʟʚôʷʟʢʦʶ, ʷʢʘ ʩʢʣʘʜʝʥʘ ʩʠʣʽʢʘʪʥʠʤ ʩʢʣʦʤ. ʆʩʪʘʥʥʻ ʤʦʞʝ 

ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʨʦʟʢʨʠʩʪʘʣʽʟʦʚʫʚʘʪʠʩʷ, ʟʘʤʽʱʫʶʯʠʩʴ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʠʤ 

ʘʛʨʝʛʘʪʦʤ ʚʦʣʘʩʪʦʥʽʪʫ ʪʘ ʛʝʤʘʪʠʪʫ, ʫ ʩʢʣʘʜʽ ʷʢʦʛʦ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽ 

ʩʠʣʽʢʘʪʠ ʪʘ ʬʝʨʠʪʠ ʢʘʣʴʮʽʶ, ʤʘʛʥʝʪʠʪ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 9.7. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʟʘʣʽʟʦʨʫʜʥʠʭ ʦʢʘʪʠʰʽʚ: ʘ ï ʥʝʚʠʧʘʣʝʥʠʡ ʦʢʘʪʠʰ, 

ʟʦʙʨʘʞʝʥʥʷ ʧʽʜ ʦʧʪʠʯʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ; ʙ ï ʚʠʧʘʣʝʥʠʡ ʦʢʘʪʠʰ, ʟʦʙʨʘʞʝʥʥʷ ʥʘ 

ʨʘʩʪʨʦʚʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ. 

 

 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1. ɼʣʷ ʯʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʘʣʽʟʦʨʫʜʥʽ ʘʛʣʦʤʝʨʘʪʠ ʪʘ ʦʢʘʪʠʰʽ? 

2. ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʠʪʴ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʟʘʣʽʟʦʨʫʜʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ? 

3. ʗʢʽ ʤʽʥʝʨʘʣʴʥʽ ʬʘʟʠ ʻ ʥʝʙʘʞʘʥʠʤʠ ʫ ʩʢʣʘʜʽ ʟʘʣʽʟʦʨʫʜʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ? 

4. ʑʦ ʩʣʫʛʫʻ ʚʠʭʽʜʥʦʶ ʩʠʨʦʚʠʥʦʶ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʣʽʟʦʨʫʜʥʠʭ ʦʢʘʪʠʰʽʚ? 

5. ʗʢʽ ʧʨʠʯʠʥʠ ʦʙʫʤʦʚʣʶʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʘʣʴʥʠʭ ʟʘʣʽʟʦʨʫʜʥʠʭ ʦʢʘʪʠʰʽʚ? 

 


