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ɼʀʉɽʈʊɸʎɯʗ 

ʅɸʋʂʆɺɯ ɿɸʉɸɼʀ ʆʊʈʀʄɸʅʅʗ ɹɽʊʆʅɯɺ ɿ ʇɯɼɺʀʑɽʅʆʖ 

ʊʈɯʑʀʅʆʉʊɯʁʂɯʉʊʖ ɿɸ ʈɸʍʋʅʆʂ ʂɽʈʋɺɸʅʅʗ 

ʉʊʈʋʂʊʋʈʆʋʊɺʆʈɽʅʅʗʄ ʅɸ ʈɯɿʅʀʍ ʈɯɺʅʗʍ 

05.23.05 ï ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʚʠʨʦʙʠ  

19 ï ɸʨʭʽʪʝʢʪʫʨʘ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

 

ɯʜʝʥʪʠʯʥʽʩʪʴ ʫʩʽʭ ʧʨʠʤʽʨʥʠʢʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ɿɸʉɺɯɼʏʋʖ: 

ʋʯʝʥʠʡ ʩʝʢʨʝʪʘʨ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ 

 
ʚʯʝʥʦʾ ʨʘʜʠ ʍʦʣʦʜ ʇ.ʌ. 
 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ,     

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 

 

  ʄʘʨʢʽʚ ʊ.ɭ. 
 

ʅʘʫʢʦʚʠʡ ʢʦʥʩʫʣʴʪʘʥʪ ɹʣʽʭʘʨʩʴʢʠʡ ɿʽʥʦʚʽʡ ʗʨʦʩʣʘʚʦʚʠʯ, 
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ʃʴʚʽʚ ï 2024
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ɸʅʆʊɸʎɯʗ 

ʄʘʨʢʽʚ ʊ.ɭ. ʅʘʫʢʦʚʽ ʟʘʩʘʜʠ ʦʪʨʠʤʘʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʟʘ ʨʘʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷʤ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.23.05 ɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʚʠʨʦʙʠ. - ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʃʴʚʽʚ, 2024. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʣʝʥʥʶ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʦʜʝʨʞʘʥʥʷ 

ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʢʣʘʩʽʚ ʟʘ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ ʉ25/30-

ʉ50/60, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʨʘʮʽʦʥʘʣʴʥʠʡ ʧʽʜʙʽʨ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʨʽʚʥʷʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʙʦʨʫ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʽ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʜʦʩʣʽʜʞʝʥʽ ʧʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʠʭ ʽ ʰʪʫʯʥʠʭ 

ʮʝʦʣʽʪʽʚ ʤʘʪʁʴ ʩʫʪʪʻʚʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʥʠʭ 

ʩʫʤʽʰʝʡ ʪʘ ʙʝʪʦʥʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʟʜʘʪʥʽʩʪʶ ʧʦʛʣʠʥʘʪʠ ʉʘʆ ʟ ʡʦʛʦ 

ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʚʠʢʦʨʠʩʪʘʥʽ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ ʚ ʪʘʢʦʤʫ 

ʧʦʨʷʜʢʫ ʟʘ ʟʨʦʩʪʘʥʥʷʤ: ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢŸ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷŸ 

ʧʨʠʨʦʜʥʽ ʧʫʮʦʣʘʥʠŸ ʰʪʫʯʥʽ ʧʫʮʦʣʘʥʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʜʽʣʠʪʠ ʝʬʝʢʪʠ ʜʽʾ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʥʽ ʽ ʜʦʜʘʪʢʦʚʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʙʝʪʦʥʽʚ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʚʯʝʥʥʷ ʢʽʥʝʪʠʢʠ ʧʨʦʮʝʩʽʚ ʛʽʜʨʘʪʘʮʽʾ ʽ 

ʪʚʝʨʜʥʝʥʥʷ ʮʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʧʫʮʦʣʘʥʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʘ 

ʪʘʢʦʞ ʛʝʥʝʟʠʩʫ ʾʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, ʪʦʤʫ ʱʦ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ 

ʥʘʫʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʈʦʟʢʨʠʪʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʥʘʧʨʘʚʣʝʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ 

ʙʝʪʦʥʫ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʩʪʚʦʨʶʶʯʠ ʫʤʦʚʠ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ 

ʢʽʣʴʢʦʩʪʽ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʛʽʜʨʘʪʘʮʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʛʦʣʯʘʩʪʦ-ʚʦʣʦʢʥʠʩʪʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ, ʷʢʽ 

ʢʦʣʴʤʘʪʫʶʪʴ ʧʦʨʦʚʠʡ ʧʨʦʩʪʽʨ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪ ʡʦʛʦ 

ʩʘʤʦʘʨʤʫʚʘʥʥʷ ʥʘ ʨʽʚʥ ̔ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ, 
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ʧʽʜʚʠʱʝʥʥʷ ʦʧʦʨʫ ʨʫʡʥʫʚʘʥʥʶ ʪʘ ʩʠʥʪʝʟ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʽʚ ʷʢ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ, 

ʪʘʢ ʽ ʥʘ ʩʪʠʩʢ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʇʦʢʘʟʘʥʘ ʚʘʞʣʠʚʘ 

ʨʦʣʴ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʧʫʮʦʣʘʥʦʚʦʾ ʧʨʠʨʦʜʠ ʘʢʪʠʚʥʦʩʪʽ ʫ 

ʧʦʢʨʘʱʝʥʥʽ ʛʨʘʥʫʣʦʤʝʪʨʽʾ ʪʚʝʨʜʥʫʯʠʭ ʩʠʩʪʝʤ ʥʘ ʤʝʟʦʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʬʨʘʢʮʽʾ 0,4-800 

ʤʢʤ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʤʧʝʥʩʫʻ 

ʥʝʩʪʘʯʫ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ 60-160 ʤʢʤ (ʚʤʽʩʪ ʚ ʮʝʦʣʽʪʦʚʦʤʫ ʪʫʬʽ ʩʪʘʥʦʚʠʪʴ 

ʙʣʠʟʴʢʦ 50%) ʚ ʟʚʠʯʘʡʥʦʤʫ ʙʝʪʦʥʽ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ñʧʦʨʪʣʘʥʜʮʝʤʝʥʪ-

ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ-ʜʨʽʙʥʠʡ ʟʘʧʦʚʥʶʚʘʯò. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʧʦʨʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ ʥʘ ʨʽʚʥʽ ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ ʪʘ ʱʽʣʴʥʽʰʫ ʫʧʘʢʦʚʢʫ ʟʝʨʝʥ. ʇʽʜʪʚʝʨʜʞʝʥʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, ʷʢʠʡ ʻ ʜʞʝʨʝʣʦʤ 

ʣʝʛʢʦʜʦʩʪʫʧʥʦʾ ʜʦʜʘʪʢʦʚʦʾ ʚʦʜʠ ʜʣʷ ʧʦʛʣʠʙʣʝʥʦʾ ʛʽʜʨʘʪʘʮʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʪʘ 

ʤʦʞʣʠʚʦʩʪʽ ʦʜʝʨʞʘʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʚ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʠʭ 

(t=40Ñ3Áʉ, ű=40Ñ3%) ʫʤʦʚʘʭ ʪʚʝʨʜʥʝʥʥʷ. ʇʦʣʽʜʠʩʧʝʨʩʥʠʡ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʤʘʶʯʠ 

ʚʥʫʪʨʽʰʥʽ ʨʝʟʝʨʚʫʘʨʠ ʚʦʜʠ, ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʠʡ ʧʝʨʝʙʽʛ ʨʝʘʢʮʽʡ ʛʽʜʨʘʪʘʮʽʾ ʽ 

ʨʦʟʚʠʪʦʢ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʦʙʝʪʦʥʫ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʝʱʦ ʚʠʱʦʶ 

ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ ʧʨʠ ʟʘʤʽʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ 10 ʤʘʩ.% ʮʽʻʾ ʤʽʥʝʨʘʣʴʥʦʾ 

ʜʦʙʘʚʢʠ. ʉʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʧʦʛʣʠʙʣʝʥʦʾ ʛʽʜʨʘʪʘʮʽʾ ʧʨʠ ʚʚʝʜʝʥʥʽ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

ʜʘʻ ʟʤʦʛʫ ʧʦʧʝʨʝʜʠʪʠ ʨʘʥʥʻ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʙʝʪʦʥʫ ʚ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʠʭ ʫʤʦʚʘʭ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʟʨʦʩʪʘʻ ʧʣʘʩʪʠʯʥʽʩʪʴ 

ʨʦʟʯʠʥʦʚʦʾ ʯʘʩʪʠʥʠ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟʘ ʨʘʭʫʥʦʢ ñball-bearingò ʝʬʝʢʪʫ, ʘ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʟʦʤ ʟ ʜʦʜʘʪʢʦʚʠʤ ʮʝʤʝʥʪʫʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʟ ʧʦʜʽʙʥʠʤ ʝʬʝʢʪʦʤ 

(ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ) ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʠʥʝʨʛʽʯʥʦʛʦ ʝʬʝʢʪʫ ʾʭ ʚʟʘʻʤʦʜʽʾ.  

ɺʩʪʘʥʦʚʣʝʥʦ ʤʝʭʘʥʽʟʤ ʧʽʜʚʠʱʝʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʫ ʟ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʷʢʠʡ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʬʦʨʤʫʚʘʥʥʽ ʚ ʩʪʨʫʢʪʫʨʽ 

ʙʝʪʦʥʫ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦʚʽʪʨʷʥʠʭ ʧʦʨ ʟ ʦʙʦʣʦʥʢʦʶ, ʩʬʦʨʤʦʚʘʥʦʶ ʟ 

ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʟʦʢʨʝʤʘ ʚʦʣʦʢʥʠʩʪʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ 

ʢʘʣʴʮʽʶ, ʷʢʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʦʤʧʝʥʩʘʪʦʨʠ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʟʜʘʪʥʽ ʛʘʣʴʤʫʚʘʪʠ 

ʧʦʰʠʨʝʥʥʷ ʪʨʽʱʠʥ, ʧʦʛʣʠʥʘʶʯʠ ʧʨʫʞʥʫ ʝʥʝʨʛʽʶ. ʂʦʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʪʘʢʦʛʦ ʙʝʪʦʥʫ ʟ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʶ ʜʦʙʘʚʢʦʶ ʪʘ ʮʝʦʣʽʪʦʚʠʤ 
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ʪʫʬʦʤ ʤʽʢʨʦʘʨʤʦʚʘʥʽ ʧʦʚʽʪʨʷʥʽ ʙʫʣʴʙʘʰʢʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ 

ʤʽʢʨʦʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʎʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʽʚ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʷʢ 

ʧʫʮʦʣʘʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʡʦʛʦ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʭʽʤʽʯʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʧʣʘʩʪʠʬʽʢʫʶʯʦʾ ʪʘ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ ʨʦʙʠʪʴ ʾʭ 

ʝʬʝʢʪʠʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʨʽʟʥʦʾ ʢʦʥʩʠʩʪʝʥʮʽʾ. ʋ ʙʝʪʦʥʘʭ 

(ʤʘʨʢʘ ʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ S4, ɺ/ʎ=0,5) cʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʷʢʝ 

ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʦʪʷʛʦʤ 90 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ, ʘʣʝ ʯʝʨʝʟ 180 ʜʽʙ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ 

ʙʝʪʦʥʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʧʦʣʽʜʠʩʧʝʨʩʥʠʡ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʥʘʚʽʪʴ ʧʝʨʝʚʠʱʫʻ ʥʘ 2% 

ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʙʝʟ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ. ʇʽʜʚʠʱʫʻʪʴʩʷ ʪʘʢʦʞ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ (ʜʣʷ 

F150 ȹfcm =17,9%) ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʦʤ ʙʝʟ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʪʘ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ (ʜʣʷ F150 ȹfcm =37,9%)  ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ, 

ʟʤʝʥʰʫʶʪʴʩʷ ʫʩʘʜʢʘ ʧʨʠ ʚʠʩʠʭʘʥʥʽ ʪʘ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʠ ʤʘʡʞʝ ʥʘ 34%. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʽʚ ʟ 10 ʤʘʩ.% ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʷʢ ʚ ʘʛʨʝʩʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ MgCl2 

(ʉ(Mg2+)=10 ʛ/ʣ), ʪʘʢ ʽ ʚ Na2SO4 (ʉ(SO4
2-)=10 ʛ/ʣ). 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨ ʧʠʪʦʤʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʣʦʢʘʣʴʥʝ 

ʩʪʘʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʟʦʥʽ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʪʨʽʱʠʥʠ Gl. ʎʝʡ ʧʘʨʘʤʝʪʨ, ʨʘʟʦʤ ʽʟ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʠʪʦʤʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʩʪʘʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʜʦ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ ʨʫʭʫ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʪʨʽʱʠʥʠ (G)̔, ʙʽʣʴʰ ʪʦʯʥʦ ʽ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʚʝʜʽʥʢʫ ʙʝʪʦʥʫ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʜʦʢʨʠʪʠʯʥʽʡ ʽ ʟʘʢʨʠʪʠʯʥʽʡ 

ʦʙʣʘʩʪʷʭ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʨʤʫʚʘʥʥʷ. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʠ 

ʦʜʝʨʞʘʥʥʽ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʢʝʨʫʚʘʪʠʩʷ ʟʥʘʯʝʥʥʷʤ ʢʨʠʪʝʨʽʶ 

ʢʨʠʭʢʦʩʪʽ ɢc
F, ʷʢʠʡ ʧʝʨʝʚʠʱʫʻ 140 ʤʤ. 

ɸʥʘʣʽʟ ʧʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ (ʤʘʨʢʘ ʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

S1) ʟ ʧʦʣʽʜʠʩʧʝʨʩʥʠʤ ʮʝʦʣʽʪʦʚʠʤ ʪʫʬʦʤ ʪʘ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʤʠ 

ʜʦʙʘʚʢʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʽʢʨʦʪʦʤʦʛʨʘʬʽʾ ʩʚʽʜʯʠʪʴ, ʱʦ ʧʨʠ ʦʙôʻʤʽ 

ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ 6,5% ʪʘʢʽ ʙʫʣʴʙʘʰʢʠ ʧʦʚʽʪʨʷ ʚʠʩʪʫʧʘʶʪʴ ʜʝʤʧʬʝʨʘʤʠ 

ʥʘʧʨʫʞʝʥʴ, ʘ ʨʘʟʦʤ ʽʟ ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ ʤʽʢʨʦ- ʪʘ ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ ʧʨʠʟʚʦʜʷʪʴ 
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ʜʦ ʟʤʝʥʰʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʜʦʢʨʠʪʠʯʥʽʡ (Gi=247,44 ɼʞ/ʤ2) ʪʘ 

ʩʧʦʚʽʣʴʥʝʥʥʷ ʧʦʰʠʨʝʥʥʶ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʪʨʽʱʠʥ ʚ ʟʘʢʨʠʪʠʯʥʽʡ (Gl=492,28 ɼʞ/ʤ2) 

ʩʪʘʜʽʷʭ. ʊʘʢʽ ʙʝʪʦʥʠ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʢʨʘʱʝʥʠʤʠ ʤʽʮʥʽʩʥʠʤʠ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʤʽʮʥʽʩʪʶ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʥʘ ʩʪʠʩʢ 

(fcm=65,8 ʄʇʘ) ʽ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ (fʩtb=9,3 ʄʇʘ), ʥʠʟʴʢʠʤ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷʤ (Wm=2,1 

%), ʧʽʜʚʠʱʝʥʦʶ ʤʦʨʦʟʦ- (ʜʣʷ F200 ȹfcm=5,3%) ʪʘ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ (ʂʉʟʛ=1,23). 

ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʙʝʪʦʥʫ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ 

ʬʽʙʨʠ ʥʘ ʤʽʮʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ. 

ɼʦʩʣʽʜʞʝʥʦ, ʱʦ ʧʦʻʜʥʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʚʦʣʦʢʦʥ ʪʠʧʫ ʌʇɼʇ (ʟ 

ʜʝʬʦʨʤʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ) ʪʘ ʌʇʇ (ʧʨʷʤʽ ʜʦʚʞʠʥʦʶ 12 ʤʤ) ʻ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʽ ʜʦʟʚʦʣʷ ̒ʧʽʜʚʠʱʠʪʠ ʤʘʡʞʝ ʥʘ 75 ʪʘ 50% ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ 

ʪʘ ʩʪʘʪʠʯʥʠʡ ʢʨʠʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʚʽʜʧʦʚʽʜʥʦ. ɸʥʘʣʽʟ 

ʙʝʪʦʥʫ ʥʘ ʨʽʚʥʽ ʤʝʟʦ- ʪʘ ʤʘʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʢʘʟʫʻ, ʱʦ ʮʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʷʛʘʶʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ñBridgeò ʝʬʝʢʪʫ, ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʘʨʤʫʚʘʥʥʽ ʙʝʪʦʥʫ ʬʽʙʨʦʚʠʤ 

ʚʦʣʦʢʥʦʤ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʧʦʚʽʣʴʥʝʥʥʷ ʨʦʟʚʠʪʢʫ ʤʘʢʨʦʪʨʽʱʠʥ ʚ 

ʜʦʢʨʠʪʠʯʥʽʡ ʩʪʘʜʽʾ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʨʦʩʪʘʻ ʦʧʽʨ ʜʝʬʨʘʛʤʝʥʪʘʮʽʾ ʟʨʘʟʢʽʚ ʚ 

ʟʘʢʨʠʪʠʯʥʽʡ ʩʪʘʜʽʾ ʨʫʡʥʫʚʘʥʥʷ ʪʘʢʠʭ ʙʝʪʦʥʽʚ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʩʪʘʙʽʣʽʟʘʮʽʷ ʜʝʬʦʨʤʘʮʽʡ 

ʫʩʘʜʢʠ ʯʝʨʝʟ 22 ʜʦʙʠ ʪʚʝʨʜʥʝʥʥʷ ʪʘ ʧʦʜʘʣʴʰʝ ʾʭ ʟʤʝʥʰʝʥʥʷ ʥʘ 26% ʧʦʨʽʚʥʷʥʦ ʟ 

ʥʝʘʨʤʦʚʘʥʠʤ ʙʝʪʦʥʦʤ.  

ʆʙʛʨʫʥʪʦʚʘʥʦ ʥʘʫʢʦʚʽ ʟʘʩʘʜʠ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʾ ʢʦʥʮʝʧʮʽʾ 

ʩʪʚʦʨʝʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ, ʷʢʘ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʤʦʞʣʠʚʦʩʪʷʭ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʘ ʩʘʤʝ ï ʧʫʮʦʣʘʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʮʝʦʣʽʪʦʚʦʛʦ ʪʠʧʫ, ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʚʦʣʦʢʦʥ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʘ ʨʦʟʤʽʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʦʪʨʠʤʘʥʥʷ 

ʱʽʣʴʥʦʾ ʥʝʧʝʨʝʨʚʥʦ ʘʨʤʦʚʘʥʦʾ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʢʨʘʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʝʪʦʥ, ʷʢʠʡ ʤʽʩʪʠʪʴ 10 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, ʨʽʟʥʽ ʪʠʧʠ 

ʚʦʣʦʢʦʥ (1,05 ʢʛ/ʤ3 ʌʇʇ, 8 ʢʛ/ʤ3 ʌʇɼʇ), ʧʣʘʩʪʠʬʽʢʫʶʯʫ (1,5 ʤʘʩ.%) ʽ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʫ (0,4 ʤʘʩ.%) ʜʦʙʘʚʢʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʤʝʥʰʠʡ ʚʤʽʩʪ 
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ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʜʽʙʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ 

ʩʪʘʜʽʾ ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ, ʷʢ ʽ  ʙʝʪʦʥ, ʚ ʩʢʣʘʜʽ ʷʢʦʛʦ ʻ ʪʽʣʴʢʠ ʬʽʙʨʘ. ʊʘʢʠʡ 

ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʠʡ ʙʝʪʦʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʢʨʘʱʝʥʠʤʠ ʤʽʮʥʽʩʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʝʥʝʨʛʽʾ 

ʨʫʡʥʫʚʘʥʥʷ ʥʘ 35,1% ʽ ʢʨʠʪʝʨʽʷ ʢʨʠʭʢʦʩʪʽ ʥʘ 61,5% ʧʦʨʽʚʥʷʥʦ ʟ ʝʪʘʣʦʥʥʠʤ 

ʟʚʠʯʘʡʥʠʤ ʙʝʪʦʥʦʤ. ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʬʽʙʨʦʙʝʪʦʥʫ ʩʪʘʥʦʚʠʪʴ 1,5 

ʤʘʩ.%, ʩʪʠʨʘʥʽʩʪʴ 0,2 ʛ/ʩʤ2, ʤʘʨʢʘ ʟʘ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ ʪʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ W16 

ʪʘ F300 ʚʽʜʧʦʚʽʜʥʦ. 

ɿʜʽʡʩʥʝʥʦ ʧʨʦʤʠʩʣʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʊʟʆɺ çʋʛʨʠʥʽʚ 

ɽʢʦ ʌʝʨʤè ʧʨʠ ʙʝʪʦʥʫʚʘʥʥʽ ʚʘʥʥʠ ʪʚʘʨʠʥʥʠʮʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʉ25/30, ʧʽʜʚʠʱʝʥʦʾ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ. ʊʘʢʦʞ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʥʘ ʇʇ çɿʘʩʪʘʚʘè ʪʘ ʇʇ çɿʘʭʽʜ-ɹʝʪʦʥ-ɹʫʜè ʧʨʠ 

ʙʫʜʽʚʥʠʮʪʚʽ ʧʣʦʱʘʜʢʠ ʜʣʷ ʩʢʣʘʜʫʚʘʥʥʷ ʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ʧʽʜôʾʟʥʦʾ ʜʦʨʦʛʠ ʜʦ 

ʩʢʣʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʴ ʫ ʩ. ʄʘʣʝʭʽʚ ʃʴʚʽʚʩʴʢʦʾ ʆʊɻ ʚʽʜʧʦʚʽʜʥʦ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ, ʘ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʥʠʮʪʚʦʤ ñɼʨʦʛ-

ɹʫʜò ʉʧ. ʟ ʦ.ʦ. ʪʘ ʊʆɺ çɸʚʪʦʤʘʛʽʩʪʨʘʣʴ-ʇʽʚʜʝʥʴè ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʤʦʩʪʦʚʠʭ 

ʧʝʨʝʭʦʜʽʚ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʝʥʘ 

ʜʦʚʽʜʢʘʤʠ ʽ ʘʢʪʘʤʠ ʧʨʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʈʦʟʨʘʭʦʚʘʥʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ, ʦʜʝʨʞʘʥʠʭ ʟʘ 

ʨʘʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷʤ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ. 

ʆʪʨʠʤʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʪʝʦʨʝʪʠʯʥʽ ʽ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥ ʜʣʷ ʩʪʫʜʝʥʪʽʚ 

ʧʝʨʰʦʛʦ (ʙʘʢʘʣʘʚʨʩʴʢʦʛʦ),  ʜʨʫʛʦʛʦ (ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ), ʘ ʪʘʢʦʞ ʪʨʝʪʴʦʛʦ (ʦʩʚʽʪʥʴʦ-

ʥʘʫʢʦʚʦʛʦ) ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 192 ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ 

ʽʥʞʝʥʝʨʽʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʝʪʦʥʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ, ʧʫʮʦʣʘʥʦʚʽ 

ʤʘʪʝʨʽʘʣʠ, ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʧʣʘʩʪʠʬʽʢʫʶʯʽ ʪʘ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ ʜʦʙʘʚʢʠ, ʬʽʙʨʘ, 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ, ʩʪʨʫʢʪʫʨʥʽ ʨʽʚʥʽ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ. 
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ABSTRACT 

Markiv T.Ye. Scientific principles of obtaining concretes with increased crack 

resistance due to control of structure formation at different levels. ï Qualifying scientific 

work on manuscript rights. 

The thesis for Doctor of Technical Sciences degree. Specialty 05.23.05 Building 

materials and products. Lviv Polyteʩhnic National University, Lviv, 2024.  

The thesis is devoted to the development of scientific principles for obtaining 

concretes with increased strength and crack resistance. An algorithm for multi-parameter 

design of concretes of C25/30-C50/60 compressive strength classes has been developed, 

which foresee the rational selection and optimization of technological factors at different 

structural levels, which ensures increased crack resistance. A systematic approach to the 

selection of pozzolanic materials was developed and it was shown that the investigated 

pozzolanic materials based on natural and artificial zeolites have a significant potential 

for improving the properties of concrete mixtures and concretes. It was established that 

the used mineral additives can be placed in the following ascending order according to 

their ability to absorb CaO from its saturated solution: granulated blast furnace slag Ÿ 

fly ash Ÿ natural pozzolans Ÿ artificial pozzolans. It is proposed to divide the effects of 

such materials into main and additional ones, which must be taken into account when 

designing concrete. Researches have shown that the study of the kinetics of the hydration 

and hardening of cement systems with pozzolanic materials, as well as the genesis of their 

microstructure, is of great importance, because it opens the way to scientific prediction 

of their properties. The physico-chemical regularities and possibilities of the directed 

formation of the phase composition of the cement matrix of concrete with pozzolanic 

materials are revealed, creating conditions for the formation of an additional amount of 

evenly distributed modified finely dispersed hydration products, including needle-fibrous 

calcium hydrosilicates that colmatize the pore space of cement paste. This provides the 

effect of its self-reinforcement at microstructural level, the reduction of the number of 

defects, the increase of resistance to destruction and the synthesis of the tensile strength 

of concrete both in bending and compression, as well as improved operational properties 

of concrete. The important role of the fractional composition of materials of the 
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pozzolanic nature of activity in improving the granulometry of hardening systems at the 

mesostructural level is shown. It was established that the use of polydisperse zeolitic tuff 

fraction 0.4-800 ɛm creates conditions for the continuity of the granulometric 

composition and compensates for the usually lack of fractions 60-160 ɛm (the content in 

zeolitic tuff is about 50%) in ordinary concretes, which are in the system of "Portland 

cement-zeolitic tuff-fine aggregate", which ensures the arrangement of the pore space at 

the level of the mesostructure of concrete and denser packing of grains. The effectiveness 

of the use of polydisperse zeolitic tuff, which is a source of readily available additional 

water, to ensure deep hydration of Portland cement and the possibility of obtaining 

concrete with increased strength in air-dry (t=40Ñ3ÁC, ű=40Ñ3%) hardening conditions 

has been confirmed. Polydisperse zeolitic tuff, having internal water reservoirs, ensures 

the uniform flow of hydration reactions and the development of the strength of cement 

concrete in such conditions, which is confirmed by a slightly higher compressive strength 

when Portland cement is replaced by 10 wt.% of this mineral additive. Creating conditions 

for deep hydration when introducing zeolitic tuff makes it possible to prevent early crack 

formation in air-dry conditions. It has been established that the addition of air-entraining 

admixture increases the plasticity of the mortar part of the concrete mixture due to the 

"ball-bearing" effect, and their possible simultaneous use with pozzolanic materials with 

a similar effect (fly ash) can lead to a synergistic effect of their interaction. 

A mechanism for increasing the crack resistance of concrete with air-entraining 

admixtures has been established, which is based on the formation of evenly distributed in 

the concrete structure air pores with a shell formed from Portland cement hydration 

products, in particular, fibrous calcium hydrosilicates, which can be considered as stress 

compensators capable of inhibiting the propagation of cracks by absorbing elastic energy. 

When a load is applied to such concrete with air-entraining admixture and zeolitic tuff, 

the micro-reinforced air bubbles lead to the dissipation of microcracking energy under 

the load. This is accompanied by an increase in the characteristics of crack resistance and 

operational properties of concrete. 

It is shown that the use of polydisperse zeolitic tuff as a pozzolanic material, despite 

its porous structure, in combination with chemical admixtures of plasticizing and air-
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entraining action makes them effective components of concrete mixtures of various 

consistencies. In concretes (slump class S4, W/C=0.5), some reduction in strength is 

observed during 90 days of hardening, but after 180 days, the compressive strength of 

concrete containing polydisperse zeolitic tuff even exceeds by 2% the strength of concrete 

without zeolitic tuff. Frost resistance also increases (for F150 ȹfcm =17.9%) compared to 

concrete without polydisperse zeolitic tuff and air-entraining admixture (for F150 ȹfcm 

=37.9%) and, as a result, its durability, as well as shrinkage during drying and the depth 

of water penetration decreases by almost 34%. It was established that the corrosion 

resistance of concrete with 10 wt.% of polydisperse zeolitic tuff increases both in the 

aggressive environment of MgCl2 (ʉ(Mg
2+)=10 g/l) and in Na2SO4 (ʉ(SO4

2-) =10 g/l). 

The specific energy consumption parameter for local static deformation in the main 

crack zone Gl is proposed for use. This parameter, together with the standardized indicator 

of specific energy consumption for static deformation until the moment of the movement 

of the main crack (Gi), more accurately and fully characterizes the behavior of concrete 

under load in the precritical and post-critical stages of deformation and determines the 

effectiveness of reinforcement. It is recommended that the brittleness criterion of concrete 

ɢcF exceeds 140 mm to attribute it to the concrete with increased crack resistance. 

Analysis of the pore structure of concrete (slump class S1) with a polydisperse 

zeolitic tuff, plasticizer and air entraining admixtures using computer microtomography 

shows that with an entrained air volume of 6.5%, such air bubbles act as stress dampers, 

and together with the modification of the micro- and mesostructure of concrete lead to a 

decrease in the formation of microcracks in the precritical (Gi=247.44 J/m2) and a 

slowdown in the propagation of main cracks in the post-critical (Gl=492.28 J/m2) stages. 

Such concretes are also characterized by improved strength and operational properties: 

compressive (fcm=65.8 MPa) and flexural (fstb=9.3 MPa) strength after 28 days of 

hardening, low water absorption (Wm=2.1%), increased frost (for F200 ȹfcm=5.3%) and 

corrosion resistance (CRstb=1.23). 

The influence of dispersed concrete reinforcement with different types of fibers on 

the strength properties and crack resistance characteristics of concrete was evaluated. It 

has been studied that the combination of polypropylene fibers of FPDP type (with 
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deformed shape) and FPP (straight with length of 12 mm) are the most effective and allow 

to increase flexural strength and static critical stress intensity factor by almost 75 and 

50%, respectively. Analysis of concrete at the meso- and macrostructural levels shows 

that these indicators are achieved due to the "Bridge" effect, which is formed when 

concrete is reinforced with fibers. At the same time, there is a slowdown in the 

development of macrocracks in the precritical stage of deformation, and the resistance to 

defragmentation of samples in the post-critical stage of destruction of such concretes 

increases. Shrinkage deformations stabilize after 22 days of hardening and their 

subsequent reduction by 26% compared to unreinforced concrete is observed. 

 The scientific bases of the development of a fundamentally new concept of creating 

concrete with increased strength and crack resistance are substantiated, which is based on 

the possibility of crack resistance parameters regulation due to changes in design 

parameters and various technological factors, namely the use of pozzolanic materials of 

the zeolite type, plasticizing and air-entraining admixtures of optimal composition, fibers 

of various types and sizes, which will ensure obtaining a dense, continuously reinforced 

concrete structure at all levels, which is characterized by improved operational properties. 

It was established that concrete containing 10 wt.% of zeolitic tuff, different types 

of fibers (1.05 kg/m3 FPP, 8 kg/m3 FPDP), plasticizer (1.5 wt.%) and air-entraining 

admixtures (0.4 wt. %), despite the lower content of Portland cement, is characterized by 

a similar behaviour under load at the stage after the formation of cracks, as concrete, 

which contains only fiber. Such multi-component concrete is characterized by improved 

strength properties and crack resistance parameters with an increase in fracture energy by 

35.1% and brittleness criterion by 61.5% compared to reference ordinary concrete. The 

water absorption of modified fiber concrete is 1.5 wt.%, abrasion resistance is 0.2 g/cm2, 

classes of waterproofness and frost resistance are W16 and F300, respectively. 

The industrial implementation of the developed concretes at Ugryniv Eco Farm Ltd 

was carried out in the concreting of animal husbandry complex baths with concrete of 

C25/30 strength class, increased corrosion and crack resistance. Also, the results of the 

work were implemented at the construction sites of PC çZastavaè and PC çZahid-Beton-

Budè for the storage of concrete products and the access road to the warehouses in the 



 

11  

village of Malekhiv of the Lviv OTG in accordance with the provision of increased 

strength and crack resistance of concrete, as well as the representative office of çDrog-

Budè Sp. with o.o. and çAutomagistral-Pivdenè Ltd during the construction of bridge 

crossings. The effectiveness of the implementation of research results is confirmed by 

certificates and acts on their use. The technical and economic efficiency of using concrete 

with increased crack resistance, obtained as a result of structure formation regulation at 

different levels, is calculated. 

The theoretical and practical results obtained in the dissertation were used in the 

educational process when teaching disciplines for students of the first (bachelor), second 

(master's), and third (educational and scientific) level of higher education in the specialty 

192 Construction and civil engineering. 

Keywords: concretes with increased crack resistance, pozzolanic materials, zeolitic 

tuff, plasticizing and air-entraining admixtures, fibers, structure formation, technological 

factors, structural levels, durability.  

 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʘʧʨʦʙʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʉʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ: 

1. ɹʫʜʽʚʝʣʴʥʽ ʨʦʟʯʠʥʠ ʟ ʤʽʢʨʦʘʨʤʫʚʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ / ʊ. ɭ. ʄʘʨʢʽʚ, 

ʍ. ʉ. ʉʦʙʦʣʴ, ʊ. ʇ. ʂʨʦʧʠʚʥʠʮʴʢʘ, ʇ. ɺ. ʅʦʚʦʩʘʜ. ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ ʙʫʜʽʚʥʠʮʪʚʘ. 2007. ˉ 602. 

ʉ. 139ï143 (ɺʠʚʯʝʥʦ ʚʧʣʠʚ ʤʽʢʨʦʘʨʤʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ). 

2. ʂʦʥʮʝʧʮʽʷ ʦʜʝʨʞʘʥʥʷ ʥʠʟʴʢʦʝʥʝʨʛʦʚʤʽʩʥʠʭ ʮʝʤʝʥʪʽʚ / ʊ.ɭ. ʄʘʨʢʽʚ, 

ʋ.ɼ. ʄʘʨʫʱʘʢ, ʄ.ɸ. ʉʘʥʠʮʴʢʠʡ, ʍ.ʉ. ʉʦʙʦʣʴ, ʖ.ʃ. ʅʦʚʠʮʴʢʠʡ. ɺʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ 

ʙʫʜʽʚʥʠʮʪʚʘ. 2009. ˉ  655. ʉ. 170-178 (ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʱʦʜʦ ʚʧʣʠʚʫ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ, ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʪʘ ʢʦʤʧʣʝʢʩʥʠʭ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʽʚ ʪʘ ʙʝʪʦʥʽʚ). 
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3. ʄʦʜʠʬʽʢʦʚʘʥʽ ʤʘʣʦʝʥʝʨʛʦʻʤʥʽ ʮʝʤʝʥʪʠ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʽ 

ʙʝʪʦʥʽʚ / ʊ. ɭ. ʄʘʨʢʽʚ, ʊ. ʇ. ʂʨʦʧʠʚʥʠʮʴʢʘ, ʄ. ɺ. ʐʪʫʨʤʘʡ, ɹ. ɺ. ʌʝʜʫʥʴ. 

ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʤʽʞʚʽʜ. ʥʘʫʢ.-ʪʝʭʥ. ʟʙ. / ɼʝʨʞ. ʧ-ʚʦ çɼʝʨʞ. ʥ.-ʜ. ʽʥ-ʪ ʙʫʜ. 

ʢʦʥʩʪʨʫʢʮʽʡè. ʂʠʾʚ. ʅɼɯɹʂ, 2009. ɺʠʧ. 72. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʫ: ʟʙ. ʥʘʫʢ. ʧʨ. 

ʉ. 216ï222 (ʇʦʢʘʟʘʥʦ ʨʦʣʴ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʝʦʙʭʽʜʥʠʭ ʧʨʦʝʢʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʽʚ). 

4. ʄʦʜʠʬʽʢʦʚʘʥʽ ʙʝʪʦʥʠ ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

/ ʊ. ɭ. ʄʘʨʢʽʚ, ʇ. ɺ. ʅʦʚʦʩʘʜ, ʆ. ʇ. ʅʦʚʦʩʘʜ, ɯ. ɺ. ʉʘʾʚ. ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ ʙʫʜʽʚʥʠʮʪʚʘ. 2010. ˉ 664. 

ʉ. 93ï97 (ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ). 

5. ʉʘʥʠʮʴʢʠʡ ʄ., ʂʨʦʧʠʚʥʠʮʴʢʘ ʊ., ʄʘʨʢʽʚ ʊ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʪʘ 

ʤʽʮʥʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ. ɹʫʜʽʚʝʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʚʠʨʦʙʠ. 2010. ˉ 1 (60). ʉ. 6ï9 (ɼʦʩʣʽʜʞʝʥʦ ʤʽʮʥʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ). 

6. ʉʘʥʠʮʴʢʠʡ ʄ. ɸ., ʄʘʨʢʽʚ ʊ. ɭ., ʂʨʫʮʴ ʊ. ʄ. ɺʦʣʦʢʥʠʩʪʦʮʝʤʝʥʪʥʽ 

ʚʠʨʦʙʠ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʦʜʝʨʞʘʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʪʦʨʠʥʥʠʭ 

ʧʘʣʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʚʠʨʦʙʠ. 2011. ˉ 4 (69). ʉ. 2ï7 

(ʇʦʢʘʟʘʥʘ ʨʦʣʴ ʚʦʣʦʢʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʨʦʝʢʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʚʠʨʦʙʽʚ). 

7. ʄʦʜʠʬʽʢʦʚʘʥʽ ʙʝʪʦʥʠ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʇʎ 

ɯɯ/ɹ-ʂ (ʐ-ɿ)-400 / ʊ. ɭ. ʄʘʨʢʽʚ, ʋ. ɼ. ʄʘʨʫʱʘʢ, ʉ. ɺ. ʄʽʭʽʥ, ʆ. ʆ. ʉʝʨʢʽʟ. 

ʈʝʩʫʨʩʦʝʢʦʥʦʤʥʽ ʤʘʪʝʨʽʘʣʠ, ʢʦʥʩʪʨʫʢʮʽʾ, ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ. 2013. ɺʠʧ. 26. ʉ. 286ï

291 (ɼʦʩʣʽʜʞʝʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʜʦʙʘʚʢʦʶ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ). 

8. Markiv T., Huniak ʆ., Sobol Kh. Optimization of concrete composition with 

addition of zeolitic tuff. ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ "ʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ". 

ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ ʙʫʜʽʚʥʠʮʪʚʘ. 2014. ˉ 781. ʉ. 116ï120 (ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʦʜʝʨʞʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʽʚ ʟ ʜʦʙʘʚʢʦʶ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ). 

9. ɻʫʥʷʢ ʆ.ʄ., ʉʦʙʦʣʴ ʍ.ʉ., ʄʘʨʢʽʚ ʊ.ɭ. ʆʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʽʚ 

ʩʧʝʮʽʘʣʴʥʠʭ ʮʝʦʣʽʪʦʚʤʽʩʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ. ʄʽʩʪʦʙʫʜʫʚʘʥʥʷ ʪʘ ʪʝʨʠʪʦʨʽʘʣʴʥʝ 
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ʧʣʘʥʫʚʘʥʥʷ. 2014. ɺʠʧ. 54. ʉ. 139ï143 (ʆʧʪʠʤʽʟʘʮʽʷ ʚʤʽʩʪʫ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʚ 

ʮʝʤʝʥʪʫʶʯʽʡ ʩʠʩʪʝʤʽ ʥʘ ʨʽʚʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ). 

10. ʉʦʣʦʜʢʠʡ ʉ.ʁ., ʄʘʨʢʽʚ ʊ.ɭ., ʍʦʣʦʜ ʊ.ʇ. ʉʧʦʩʦʙʠ ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʚʠʩʦʢʦʤʽʮʥʠʭ ʙʝʪʦʥʽʚ. ʈʝʩʫʨʩʦʝʢʦʥʦʤʥʽ ʤʘʪʝʨʽʘʣʠ, ʢʦʥʩʪʨʫʢʮʽʾ, 

ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ,  ʟʙ. ʥʘʫʢ. ʧʨ. ʈʽʚʥʝ [ʙ. ʚ.], 2015. ɺʠʧ. 31. ʉ. 357ï362 

(ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʚʠʩʦʢʦʤʽʮʥʠʭ 

ʙʝʪʦʥʽʚ). 

11. ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʜʦʙʘʚʢʦʶ ʮʝʦʣʽʪʽʚ / ʊ. ɭ. ʄʘʨʢʽʚ, 

ʍ. ʉ. ʉʦʙʦʣʴ, ɿ. ʗ. ɹʣʽʭʘʨʩʴʢʠʡ, ʆ. ʄ. ɻʫʥʷʢ. ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

"ʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ". ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ ʙʫʜʽʚʥʠʮʪʚʘ. 2015. ˉ 823. ʉ. 222ï228 

(ɺʠʚʯʝʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʯʠʥʦʚʦʾ ʯʘʩʪʠʥʠ ʙʝʪʦʥʽʚ ʟ ʜʦʙʘʚʢʦʶ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ). 

12. ʉʦʣʦʜʢʠʡ ʉ.ʁ., ɻʫʥʷʢ ʆ.ʄ., ʄʘʨʢʽʚ ʊ.ɭ. ʊʨ̔ʠɦʥʦʩʪʽʡʢʽʩʪʴ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʠʩʦʢʦʤʽʮʥʠʭ ʜʦʨʦʞʥʽʭ ʙʝʪʦʥʽʚ. ɸʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ ʽ ʜʦʨʦʞʥʻ 

ʙʫʜʽʚʥʠʮʪʚʦ, ʥʘʫʢ.-ʪʝʭʥ. ʟʙ. ʂʠʾʚ, 2016. ɺʠʧ. 98. ʉ. 247ï255 (ʇʦʢʘʟʘʥʘ ʨʦʣʴ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ).  

13. ɸʢʪʠʚʥʽʩʪʴ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʾʭ ʨʦʣʴ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʽʚ / ʍ. ʉ. ʉʦʙʦʣʴ, ʊ. ɭ. ʄʘʨʢʽʚ, ʅ. ɯ. 

ʇʝʪʨʦʚʩʴʢʘ, ʆ. ʄ. ɻʫʥʷʢ. ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʃʴʚʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ ʙʫʜʽʚʥʠʮʪʚʘ. 2019. ˉ 912. ʉ. 175ï182 (ɼʦʩʣʽʜʞʝʥʦ 

ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʽʚ ʟ ʧʦʣʽʜʠʩʧʝʨʩʥʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ). 

14. Markiv T. Properties of fresh and hardened mortars with air-entraining 

agent. Theory and Building Practice. 2022. Volume 4(2). P. 105-110. 

ʇʘʪʝʥʪʠ: 

15. ʇʘʪ. 154932 ʋʢʨʘʾʥʘ. ʉʧʦʩʽʙ ʦʜʝʨʞʘʥʥʷ ʟʚôʷʟʫʶʯʦʛʦ / ɿ. ʗ. 

ɹʣʽʭʘʨʩʴʢʠʡ, ʍ. ʉ. ʉʦʙʦʣʴ, ʊ. ɭ. ʄʘʨʢʽʚ, ʆ. ʄ. ɻʫʥʷʢ. u 202302590; ʦʧʫʙʣ. 

03.01.2024, ɹʶʣ. ˉ 1. 4 ʩ. (ʇʘʪʝʥʪʥʠʡ ʧʦʰʫʢ, ʨʦʟʨʦʙʣʝʥʥʷ ʩʢʣʘʜʽʚ). 

 ʉʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ ʽʥʰʠʭ ʜʝʨʞʘʚ ʪʘ ʫ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ:  

16. Peculiarities of hydration processes of cements containing natural zeolite / 

Kh. Sobol, T. Markiv, V. Terlyha, W. Franus. Budownictwo i ɸrchitektura. 2015. ʊ. 14. 
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ˉ 1. P. 105ï113 (Index Copernicus) (ɺʠʟʥʘʯʝʥʦ ʘʢʪʠʚʥʫ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʚʘʣʴʥʫ 

ʨʦʣʴ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ). 

17. Effect of Natural Zeolite and Air-Entraining Agent on the Properties of High 

Strength Concretes / Z. Blikharskyy, S. Solodkyy, O. Pozniak, T. Markiv. Regional 

Barometer. Analyses & Prognoses. 13(2). 2015. P. 137-138 (Index Copernicus) 

(ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʩʦʢʦʤʽʮʥʠʭ ʙʝʪʦʥʽʚ). 

18. Mechanical and durability properties of concretes incorporating natural 

zeolite / T. Markiv, K. Sobol, M. Franus, W. Franus. Archives of Civil and Mechanical 

Engineering. 2016. Vol. 16(4). P. 554ï562 (SCOPUS, Q1) (ʇʣʘʥʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, 

ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ). 

19. Fracture properties of high-strength concrete obtained by direct 

modification of structure /  S. Solodkyy, T. Markiv, K. Sobol, O. Hunyak [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]. MATEC Web of Conferences. 2017. Vol. 116 (SCOPUS) (ʋʟʘʛʘʣʴʥʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʚʠʩʦʢʦʤʽʮʥʠʭ ʙʝʪʦʥʽʚ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ).  

20. The effect of natural pozzolans on properties of vibropressed interlocking 

concrete blocks in different curing conditions / O. Hunyak, K. Sobol, T. Markiv, V. Bidos. 

Production Engineering Archives. 2019. Vol. 22. P. 3ï6 (SCOPUS, Q2) (ʇʦʩʪʘʥʦʚʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʙʨʦʧʨʝʩʦʚʘʥʠʭ ʚʠʨʦʙʽʚ). 

21. Turba Y., Solodkyy S., Markiv T. Strength and fracture toughness of cement 

concrete, dispersedly reinforced by combination of polypropylene fibers of two types. 

Lecture Notes in Civil Engineering. 2020. Vol. 47. P. 488ï494 (SCOPUS, Q4) 

(ʇʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʻʜʥʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʦʾ ʬʽʙʨʠ ʨʽʟʥʠʭ 

ʪʠʧʽʚ).  

22. Effect of plasticizing and retarding admixtures on the properties of high 

strength concrete / T. Markiv, S. Solodkyy, K. Sobol, D. Rachidi. Lecture Notes in Civil 

Engineering. 2020. Vol. 100. P. 286ï293 (SCOPUS, Q4) (ɺʠʷʚʣʝʥʦ ʚʧʣʠʚ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʩʦʢʦʤʽʮʥʠʭ ʙʝʪʦʥʽʚ).  

23. Properties of concretes incorporating recycling waste and corrosion 
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susceptibility of reinforcing steel bars / Z. Blikharskyy, K. Sobol, T. Markiv, J. Selejdak. 

Materials. 2021. Vol. 14(10). 2638 (SCOPUS, Q2) (ɼʦʩʣʽʜʞʝʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ 

ʪʘ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥʽ ʟ ʜʦʙʘʚʢʘʤʠ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ). 

24. Tomporowski D., Markiv T. Analysis of environmental consequences 

occurring in the life cycle of a retail facility. Budownictwo i Architektura. 2022. T. 21 

(4). P. 5ï12 (Index Copernicus) (ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ). 

25. Markiv T., Blikharskyy Z. Effect of Calcium Nitrate-Based Admixture on 

the Strength of Concrete and Corrosion Susceptibility of Reinforcing Steel Bars. Lecture 

Notes in Civil Engineering. 2023. Vol. 290. P. 253ï261 (SCOPUS, Q4) (ɺʩʪʘʥʦʚʣʝʥʦ 

ʚʧʣʠʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ ʥʘ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ).  

26. The effect of air-entraining agent on the properties of mortars / Z. 

Blikharskyy, T. Markiv, Kh. Sobol, Y. Turba, J. Selejdak. Archives of civil engineering. 

2023. Vol. 69. ˉ 3. P. 147-156 (SCOPUS, Q3) (ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʯʠʥʽʚ).   

27. Mechanical and Fracture Properties of Air-Entrained FRC Containing 

Zeolitic Tuff / Z. Blikharskyy, T. Markiv, Y. Turba, O. Hunyak, Y. Blikharskyy, J. 

Selejdak. Applied Sciences. 2023. 13(16). 9164. (SCOPUS, Q1) (ɺʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ 

ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʠʭ ʙʝʪʦʥʽʚ).   

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʷʢʽ ʟʘʩʚʽʜʯʫʶʪʴ ʘʧʨʦʙʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ: 

28. ʄʦʜʠʬʽʢʦʚʘʥʽ ʙʫʜʽʚʝʣʴʥʽ ʨʦʟʯʠʥʠ ʟ ʤʽʢʨʦʘʨʤʫʶʯʠʤʠ ʽ ʭʽʤʽʯʥʠʤʠ 

ʜʦʙʘʚʢʘʤʠ / ʊ. ɭ. ʄʘʨʢʽʚ, ʍ. ʉ. ʉʦʙʦʣʴ, ʊ. ʇ. ʂʨʦʧʠʚʥʠʮʴʢʘ, ɺ. ɸ. ʇʨʠʩʪʘʡ, ʈ. ɸ. 

ʉʦʣʪʠʩʽʢ. ɯ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʣʽʢʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚè. ʃʴʚʽʚ, 2007. ʉ. 13-15. (ɺʠʟʥʘʯʝʥʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʘʨʤʫʶʯʠʭ ʽ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʥʘ 

ʤʝʟʦʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʽ ʙʝʪʦʥʽʚ). 

29. ʄʘʨʢʽʚ ʊ.ɭ., ʂʨʦʧʠʚʥʠʮʴʢʘ ʊ.ʇ. ʄʦʜʠʬʽʢʦʚʘʥʽ ʙʫʜʽʚʝʣʴʥʽ ʨʦʟʯʠʥʠ 

ʥʦʚʦʾ ʛʝʥʝʨʘʮʽʾ. ɯɯ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʣʽʢʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚè. ʃʴʚʽʚ, 2008. ʉ. 43. (ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʯʠʥʦʚʦʾ ʯʘʩʪʠʥʠ ʙʝʪʦʥʫ). 
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30. ʉʘʥʠʮʴʢʠʡ ʄ. ɸ., ʉʦʙʦʣʴ ʍ. ʉ., ʄʘʨʢʽʚ ʊ. ɭ. ʄʦʜʠʬʽʢʦʚʘʥʽ 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʮʝʤʝʥʪʠ. ʅʘʚʯ. ʧʦʩʽʙ. ʃʴʚʽʚ. ɺʠʜ-ʚʦ ʃʴʚʽʚ. ʧʦʣʽʪʝʭʥʽʢʠ, 2010. 132 ʩ. 

(ʇʦʢʘʟʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʽʜʙʦʨʫ ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ ʮʝʤʝʥʪʽʚ ʟʘʛʘʣʴʥʦʙʫʜʽʚʝʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ). 

31. ʉʘʥʠʮʴʢʠʡ ʄ.ɸ., ʄʘʨʢʽʚ ʊ.ɭ.,  ʈʫʩʠʥ ɹ.ɻ. ɺʧʣʠʚ ʣʫʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʥʘ ʢʦʤʧʘʪʠʙʽʣʴʥʽʩʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʭʽʤʽʯʥʠʤʠ ʪʘ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ. 

XII  ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɼʥʽ ʩʫʯʘʩʥʦʛʦ ʙʝʪʦʥʫè. 

ɹʫʜʽʥʜʫʩʪʨʽʷ ʃʊɼ. ɿʘʧʦʨʽʞʞʷ, 2012. ʉ. 51-57 (ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ). 

32. The effect of zeolitic tuff on structure formation and properties of cements 

/ T. Markiv, W. Franus, Kh. Sobol, Z. Blikharskyy. IBAUSIL. 19 Internationale 

Baustofftagung. Weimar (Germany), 2015. Band 2. ʈ. 415-422 (ʇʦʢʘʟʘʥʦ ʘʢʪʠʚʥʫ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʫ ʨʦʣʴ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʮʝʤʝʥʪʫ). 

33. ɺʧʣʠʚ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʩʦʢʦʤʽʮʥʠʭ 

ʙʝʪʦʥʽʚ / ʉ. ʁ. ʉʦʣʦʜʢʠʡ,  ʊ. ɭ. ʄʘʨʢʽʚ, ʆ. ʄ. ɻʫʥʷʢ, ɹ. ɸ. ɻʦʩʪʠʥʝʮʴʢʠʡ. ʄʘʪʝʨʽʘʣʠ 

ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. ʍʘʨʢʽʚ. ʍʅʋʉɸ, 2015. ʉ. 29-34 

(ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʩʥʦʚʢʠ). 

34. ʄʘʨʢʽʚ ʊ. ɭ., ʉʦʙʦʣʴ ʍ. ʉ., ɻʫʥʷʢ ʆ. ʄ. ʎʝʦʣʽʪʦʚʤʽʩʥʽ ʮʝʤʝʥʪʠ ʜʣʷ 

ʙʝʪʦʥʽʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʄʘʪʝʨʽʘʣʠ ɯɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʣʽʢʘʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚè. ʃʴʚʽʚ, 2016. ʉ. 97-99 (ʇʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ). 

35. Sobol K., Markiv T., Hunyak O. Effect of mineral additives on structure and 

properties of concrete for pavements. Selected Scientific Papers-Journal of Civil 

Engineering, 2(12). 2017. P. 95-100. (ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ).  

36. Markiv T., Turba Yu., Solodkyy S. The influence of polypropylene fibres 

on fracture parameters of concrete. IBAUSIL. 20 Internationale Baustofftagung. Weimar 

(Germany), 2018. Band 2. ʈ. 923-929 (ʆʙʛʨʫʥʪʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʦʾ 
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ʬʽʙʨʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ).  

37. The effect of zeolitic tuff on the properties of concretes / T. Markiv, Kh. 

Sobol, O. Hunyak, M. Franus, W. Franus. The 10th International conference ĂThe 

occurrence, properties and utilization of natural zeolitesò. Cracow, 2018. P. 153-154 

(ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʩʥʦʚʢʠ).  

38. ʊʫʨʙʘ ʖ.ɺ., ʄʘʨʢʽʚ ʊ.ɭ., ʉʦʣʦʜʢʠʡ ʉ.ʁ. ɺʧʣʠʚ ʜʠʩʧʝʨʩʥʦʛʦ 

ʘʨʤʫʚʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʤʠ ʬʽʙʨʘʤʠ ʥʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʜʦʨʦʞʥʽʭ ʙʝʪʦʥʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʝʤʽʥʘʨʫ ñʄʦʜʝʣʶʚʘʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚò. ʆʜʝʩʘ, 2018. C. 119-121. (ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ 

ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʤʠ ʬʽʙʨʘʤʠ ʥʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʜʦʨʦʞʥʽʭ ʙʝʪʦʥʽʚ). 

39. The durability properties of concrete incorporating zeolitic tuff / Z. 

Blikharskyy, Kh. Sobol, T. Markiv, O. Pozniak, W. Franus. Proceedings of the 9th 

Croatian-Slovenian-Serbian Symposium on Zeolites. Split (Croatia), 2021. P. 27-30 

(ɺʠʟʥʘʯʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʝʪʦʥʫ).  
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

ɺʅ ïʚʦʜʦʥʘʩʠʯʝʥʠʡ; 

ɺʇʄ - ʚʠʩʫʰʝʥʠʡ ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ; 

ɺ/ʎ ï ʚʦʜʦʮʝʤʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ; 

ɻɼʐ ï ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ; 

ɿɺ ï ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ. 

ʂʟʛ
n ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʫ ʚʽʮʽ n ʜʽʙ; 

ʂi ï ʩʪʘʪʠʯʥʠʡ ʢʨʠʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ̔ ʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ, ʄʇʘ.ʤ1/2;  

ʂʆɻ ï ʢʨʠʚʘ ʦʧʪʠʤʘʣʴʥʦʾ ʛʨʘʥʫʣʦʤʝʪʨʽʾ; 

ʂʧʘ ïʢʦʝʬʽʮʽʻʥʪ ʧʫʮʦʣʘʥʯ̔ʥʦʾ ʘʢʪʠʚʥʦʩʪʽ; 

ʂʩ ï ʢʨʠʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ, ʄʇʘ
.ʤ1/2; 

ʇɼʉ ï ʧʦʚʥʘ ʜʽʘʛʨʘʤʘ ʩʪʘʥʫ; 

ʇʇ ï ʧʦʣʽʜʠʩʧʝʨʩʥʠʡ ʧʝʨʣʽʪ; 

ʇʊ ï ʧʝʨʣʽʪ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʡ; 

ʇʎʊ ï ʧʦʣʽʜʠʩʧʝʨʩʥʠʡ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ; 

ʈɯʇ ï ʨʪʫʪʥʘ ʽʥʪʨʫʟʽʡʥʘ ʧʦʨʦʟʠʤʝʪʨʽʷ; 

ʈʏʈ ï ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ; 

ʊʎʊ ï ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʡ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ; 

ʌɹ - ʬʽʙʨʘ ʙʘʟʘʣʴʪʦʚʘ; 

ʌʄ - ʬʽʙʨʘ ʤʝʪʘʣʝʚʘ; 

ʌʇɼʇ ï ʬʽʙʨʘ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʘ ʟ ʜʝʬʦʨʤʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ; 

ʌʇʇ - ʬʽʙʨʘ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʘ ʧʨʷʤʘ;  

ʎʊ ï ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ; 

fcm.cube ï ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ, ʄʇʘ; 

fctfm ï ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ, ʄʇʘ; 

Gi ï ʧʠʪʦʤ ̔ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʩʪʘʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʦ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ ʨʫʭʫ 

ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʪʨʽʱʠʥʠ, ɼʞ/ʤ2;  

Gl ï ʧʠʪʦʤʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʣʦʢʘʣʴʥʝ ʩʪʘʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʟʦʥʽ ʤʘʛʽʩʪʨʘʣʴʥʦʾ 

ʪʨʽʱʠʥʠ, ɼʞ/ʤ2;  
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GF ï ʧʠʪʦʤʽ ʝʬʝʢʪʠʚʥʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʩʪʘʪʠʯʥʝ ʨʫʡʥʫʚʘʥʥʷ, ɼʞ/ʤ2;  

LWA ï ʧʦʨʠʩʪʠʡ ʟʘʧʦʚʥʶʚʘʯ; 

SEM ï ʩʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ; 

ʭc
F ï ʢʨʠʪʝʨʽʡ ʢʨʠʭʢʦʩʪʽ, ʤ; 

XRD ï ʨʝʥʪʛʝʥʽʚʩʴʢʘ  ʜʠʬʨʘʢʪʦʤʝʪʨʽʷ. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʫʯʘʩʥʠʡ ʜʦʩʚʽʜ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴ ʽ 

ʩʧʦʨʫʜ ʩʚʽʜʯʠʪʴ, ʱʦ ʚ ʮʝʤʝʥʪʥʦʤʫ ʙʝʪʦʥʽ ʚ ʧʨʦʮʝʩʽ ʫʢʣʘʜʘʥʥʷ ʽ ʪʚʝʨʜʥʝʥʥʷ ʤʦʞʫʪʴ 

ʟôʷʚʣʷʪʠʩʷ ʜʝʬʝʢʪʠ, ʷʢʽ ʟʫʤʦʚʣʶʶʪʴ ʥʝʜʦʙʽʨ ʧʨʦʝʢʪʥʦʾ ʤʽʮʥʦʩʪʽ, ʦʜʥʽʻʶ ʟ ʧʨʠʯʠʥ 

ʷʢʦʛʦ ʻ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʩʠʣʦʚʠʭ ʽ ʥʝʩʠʣʦʚʠʭ ʚʧʣʠʚʽʚ, ʱʦ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʥʘʚʽʪʴ ʜʦ ʧʦʚʥʦʛʦ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ɹʝʪʦʥʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʙʫʜʽʚʣʷʭ ʽ ʩʧʦʨʫʜʘʭ  ʧʨʦʝʢʪʫʶʪʴʩʷ ʟ ʧʦʢʨʘʱʝʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ʆʩʢʽʣʴʢʠ ʙʝʪʦʥʠ ʢʣʘʩʽʚ ʉ25/30 ʽ ʚʠʱʝ ʤʘʶʪɹ ʙʽʣʴʰ 

ʢʨʠʭʢʠʡ ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ, ʥʽʞ ʟʚʠʯʘʡʥʠʡ ʙʝʪʦʥ, ʪʦʤʫ ʜʣʷ ʦʮʽʥʢʠ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʙʝʪʦʥʫ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʽ ʩʠʣʦʚʽ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ. 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʽʚ ʩʚʽʜʯʘʪʴ, 

ʱʦ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʤ ʧʽʜʭʦʜʦʤ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʨʝʛʫʣʶʚʘʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ, ʱʦ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥ ̔ʧʨʠʡʦʤʽʚ ʥʘʧʨʘʚʣʝʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦ-, ʤʝʟʦ- ʪʘ ʤʘʢʨʦʩʪʨʫʢʪʫʨʠ 

ʙʝʪʦʥʫ ʟʘ ʨʘʭʫʥʦʢ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʙʦʨʫ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʩʥʦʚʥʠʤ ʪʘ ʜʦʜʘʪʢʦʚʠʤ ʧʦʟʠʪʠʚʥʠʤʠ ʝʬʝʢʪʘʤʠ  ̔ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʩʘʤʦʘʨʤʫʚʘʥʥʷ ʙʝʪʦʥʫ ʥʘ ʨʽʚʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ  ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ, ʷʢʽ ʧʦʢʨʘʱʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘ ʤʝʟʦʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʽ, ʪʘ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʬʽʙʨʦʶ ʨʽʟʥʠʭ ʚʠʜʽʚ ʥʘ ʤʘʢʨʦʨʽʚʥʽ, ʱʦ ʚ ʢʦʤʧʣʝʢʩʽ 

ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʪʘ ʟʙʽʣʴʰʠʪʠ ʧʦʢʘʟʥʠʢʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʘʢʪʫʘʣʽʟʫʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʪʘ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ ʩʪʚʦʨʝʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʤʽʮʥʽʩʪʶ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʦʥʦʤʽʾ ʩʠʨʦʚʠʥʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʘʜʽʡʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʊʝʤʘ 

ʜʠʩʝʨʪʘʮʽʾ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʢʘʬʝʜʨ ʙʫʜʽʚʝʣʴʥʦʛʦ 
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ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʪʘ ʤʦʩʪʽʚ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʽ ʚʠʢʦʥʫʚʘʣʘʩʴ ʚ ʤʝʞʘʭ ʢʘʬʝʜʨʘʣʴʥʠʭ ʪʝʤʘʪʠʢ 

çʈʦʟʨʦʙʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʙʝʪʦʥʽʚ ʪʘ 

ʨʦʟʯʠʥʽʚ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʝʬʝʢʪʠʚʥʠʭ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ, 

ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ, ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚè (ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0118U000275) ʽ çʈʦʟʨʦʙʣʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ 

ʪʘ ʨʝʤʦʥʪʫ ʜʦʨʦʞʥʽʭ ʦʜʷʛʽʚ; ʜʽʘʛʥʦʩʪʠʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʜʦʨʽʛ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʨʦʞʥʽʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʨʦʙʽʚ, ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʛʨʫʥʪʽʚè (ʥʦʤʝʨ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0119U103557), ʤʽʞʥʘʨʦʜʥʦʛʦ ʛʨʘʥʪʫ ˉ IPBU.01.01.00-06.570/11-00 

çʈʦʟʨʦʙʣʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʪʨʘʥʩʢʦʨʜʦʥʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʦʣʽʪʦʚʦʛʦ 

ʪʫʬʫè, ʘ ʪʘʢʦʞ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʟʘ ʤʽʞʥʘʨʦʜʥʠʤ ʧʨʦʝʢʪʦʤ NAWA 

çʇʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʦʪʨʠʤʘʥʽ ʟ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ, ʷʢ ʜʦʙʘʚʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ çʟʝʣʝʥʦʛʦè ʙʝʪʦʥʫè (ʜʦʛʦʚʽʨ 

 ̄ʄ/93-2023). ɸʚʪʦʨ ʙʫʚ ʚʠʢʦʥʘʚʮʝʤ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʚʠʢʦʥʘʚʮʝʤ ʟʘʟʥʘʯʝʥʠʭ 

ʨʦʙʽʪ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʦʪʨʠʤʘʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʟʘ 

ʨʘʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷʤ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ï ʦʙʛʨʫʥʪʫʚʘʪʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʦʜʝʨʞʘʥʥʷ ʙʝʪʦʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʟʘ ʨʘʭʫʥʦʢ ʥʘʧʨʘʚʣʝʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ; 

ï ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʠ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ 

ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʥʘ ʨʽʚʥʷʭ ʤʽʢʨʦ-, ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ ʪʘ ʨʦʟʨʦʙʠʪʠ 

ʰʣʷʭʠ ʥʘʧʨʘʚʣʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʷʤʠ; 

ï ʨʦʟʢʨʠʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʥʘ ʤʝʟʦʨʽʚʥʽ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ, 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʜʦʙʘʚʢʘʤʠ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ; 

ï ʚʩʪʘʥʦʚʠʪʠ ʤʝʭʘʥʽʟʤ ʧʦʢʨʘʱʝʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ, ʚʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʧʫʮʦʣʘʥ ʚ ʢʦʤʧʣʝʢʩʽ ʟ 
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ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ; 

ï ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʥʘ 

ʤʝʟʦ- ʪʘ ʤʘʢʨʦʨʽʚʥʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʙʦʨʫ ʚʠʜʽʚ ʬʽʙʨʠ; 

ï ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʦʜʝʨʞʘʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʨʘʮʽʦʥʘʣʴʥʠʡ ʧʽʜʙʽʨ  ̔ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʭ, ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʪʘ ʧʦʣʽʜʠʩʧʝʨʩʥʝ 

ʘʨʤʫʚʘʥʥʷ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʬʽʙʨʠ ʟ ʧʦʜʘʣʴʰʦʶ ʾʭ ʦʧʪʠʤʽʟʘʮʽʻʶ; 

ï ʨʦʟʨʦʙʠʪʠ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ ʧʽʜʚʠʱʝʥʦʾ 

ʤʽʮʥʦʩʪʽ ʽʟ ʟʘʜʘʥʦʶ ʥʘʜʽʡʥʽʩʪʶ ʟʘ ʨʘʭʫʥʦʢ ʨʝʛʫʣʶʚʘʥʥʷ  ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ 

ʥʘ ʧʦʣʽʩʪʨʫʢʪʫʨʥʠʭ ʨʽʚʥʷʭ; 

ï ʜʦʩʣʽʜʠʪʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʾʭ 

ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ; 

ï ʟʜʽʡʩʥʠʪʠ ʧʨʦʤʠʩʣʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ 

ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ, ʘ ʪʘʢʦʞ ʦʙˇʨʫʥʪʫʚʘʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʧʨʦʮʝʩʠ ʥʘʧʨʘʚʣʝʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʤʽʢʨʦ-, ʤʝʟʦ- ʪʘ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʙʝʪʦʥʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʪʘ 

ʧʦʢʨʘʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʶ, ʦʪʨʠʤʘʥʽ ʟʘ 

ʨʘʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷʤ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʩʘʤʝ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ 

ʜʠʬʨʘʢʪʦʤʝʪʨʽʾ, ʣʘʟʝʨʥʦʾ ʛʨʘʥʫʣʦʤʝʪʨʽʾ, ʢʦʤʧôʶʪʝʨʥʦʾ ʤʽʢʨʦʪʦʤʦʛʨʘʬʽʾ, 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʟ ʤʽʢʨʦʟʦʥʜʦʚʠʤ ʘʥʘʣʽʟʦʤ ʪʘ ʨʪʫʪʥʦʾ ʧʦʨʦʤʝʪʨʽʾ. 

ɺʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ, ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʟʛʽʜʥʦ ʟ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʪʘ 

ʯʠʥʥʠʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ  ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ. ʆʧʪʠʤʽʟʘʮʽʶ 
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ʩʢʣʘʜʽʚ ʨʦʟʨʦʙʣʝʥʠʭ ʙʝʪʦʥʽʚ ʚʠʢʦʥʘʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʟʘʭʠʩʪ, ʧʦʣʷʛʘʶʪʴ ʚ ʪʦʤʫ, ʱʦ: 

- ʨʦʟʨʦʙʣʝʥʦ ʥʘʫʢʦʚʽ ʦʩʥʦʚʠ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʦʙʫʜʦʚʠ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʚʨʘʭʫʚʘʥʥʽ ʧʨʦʮʝʩʽʚ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʥʘ ʤʽʢʨʦ-, ʤʝʟʦ- ʪʘ ʤʘʢʨʦʨʽʚʥʷʭ ʧʨʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʤʫ 

ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʧʫʮʦʣʘʥʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʽʚ, ʧʣʘʩʪʠʬʽʢʫʶʯʠʤʠ  ̔

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʘ ʪʘʢʦʞ ʜʠʩʧʝʨʩʥʦʤʫ ʘʨʤʫʚʘʥʥʽ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ 

ʬʽʙʨʠ;  

-  ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʦʪʨʠʤʘʣʠ ʥʘʫʢʦʚʦ-ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʟʘʩʘʜʠ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʘʤʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʥʘ ʤʽʢʨʦ- ʪʘ ʤʝʟʦʨʽʚʥʷʭ ʰʣʷʭʦʤ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʧʽʜʙʦʨʫ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʥʘ ʤʘʢʨʦʨʽʚʥʽ ï ʚʚʝʜʝʥʥʷʤ ʧʣʘʩʪʠʬʽʢʫʶʯʠʭ ʽ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʪʘ ʜʠʩʧʝʨʩʥʠʭ ʚʦʣʦʢʦʥ. ɿʤʽʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʨʝʛʫʣʶʚʘʪʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʧʦʚʝʜʽʥʢʫ ʙʝʪʦʥʽʚ ʚ ʜʦʢʨʠʪʠʯʥʽʡ ʪʘ ʟʘʢʨʠʪʠʯʥʽʡ ʩʪʘʜʽʷʭ ʜʝʬʦʨʤʫʚʘʥʥʷ; 

-  ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʠʤʠ ʤʽʮʥʽʩʪʶ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ 

ʙʝʪʦʥʽ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʠʭ ʽ ʰʪʫʯʥʠʭ ʮʝʦʣʽʪʽʚ, 

ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʽ ʬʽʙʨʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʩʠʥʝʨʛʽʯʥʝ ʧʽʜʩʠʣʝʥʥʷ ʾʭ ʩʫʤʽʩʥʦʾ ʜʽʾ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʦʢʨʘʱʠʪʠ ʷʢ ʩʠʣʦʚʽ, ʪʘʢ ʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʫ  (fcm.cube= 67,3 ʄʇʘ, fctfm=9,0 ʄʇʘ, ʧʨʠ Fʩ=3834 

ʅ: ɢcF=176 ʤʤ; GF=350,47 ɼʞ/ʤ2), ʘ ʪʘʢʦʞ ʡʦʛʦ ʜʦʚʛʦʚʽʯʥʽʩʪʴ (F300, W16, ʂʟʛ=1,23);  

-  ʧʦʛʣʠʙʣʝʥʦ ʥʘʫʢʦʚʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʦʣʽʪʦʚʠʭ ʪʫʬʽʚ ʷʢ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʩʘʤʦʦʙʝʟʚʦʜʥʝʥʥʶ ʙʝʪʦʥʽʚ ʟ ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ, ʪʘʢ ʽ ʷʢ ʢʨʠʩʪʘʣʦʫʪʚʦʨʶʶʯʦʾ ʜʦʙʘʚʢʠ; 

-  ʫʪʦʯʥʝʥʦ ʤʝʭʘʥʽʟʤ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʥʘ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ 

ʨʽʚʥʷʭ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ 

ʚʥʘʩʣʽʜʦʢ ʬʦʨʤʫʚʘʥʥʷ ʚʦʣʦʢʥʠʩʪʠʭ ʛʽʜʨʘʪʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ, ʪʘʢ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʚʝʜʝʥʥʷ ʫ ʩʢʣʘʜ ʙʝʪʦʥʫ ʜʠʩʧʝʨʩʥʦʾ ʬʽʙʨʠ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 
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ʦʪʨʠʤʘʪʠ ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʘʨʤʫʚʘʥʥʷ, ʩʪʚʦʨʠʪʠ çBridgeè ʝʬʝʢʪ ʪʘ ʧʽʜʚʠʱʠʪʠ ʤʽʮʥʽʩʪʴ 

(fcm.cube= 69,5 ʄʇʘ, fctfm=11,9 ʄʇʘ) ʽ ʧʦʢʨʘʱʠʪʠ ʧʘʨʘʤʝʪʨʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ (ʧʨʠ 

Fʩ=5400 ʅ: Gl=660,19 ɼʞ/ʤ2; GF=840,44 ɼʞ/ʤ2; ɢc
F=209 ʤʤ); 

-  ʨʦʟʨʘʭʦʚʘʥʦ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨ ʧʠʪʦʤʠʭ 

ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʣʦʢʘʣʴʥʝ ʩʪʘʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʟʦʥʽ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʪʨʽʱʠʥʠ 

(Gl, ɼʞ/ʤ
2), ʷʢʠʡ ʨʘʟʦʤ ʽʟ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʠʪʦʤʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ 

ʩʪʘʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʦ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ ʨʫʭʫ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʪʨʽʱʠʥʠ 

(G,̔ ɼʞ/ʤ2) ʙʽʣʴʰ ʪʦʯʥʦ ʽ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʚʝʜʽʥʢʫ ʙʝʪʦʥʫ ʧʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʜʦʢʨʠʪʠʯʥʽʡ ʽ ʟʘʢʨʠʪʠʯʥʽʡ ʦʙʣʘʩʪʷʭ ʜʝʬʦʨʤʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʷ 

ʢʨʠʭʢʦʩʪʽ ɢc
F ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 140 ʤʤ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

ï ʨʦʟʨʦʙʣʝʥʦ ʙʝʪʦʥʠ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ, 

ʧʽʜʚʠʱʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ (fctfm=9-11 ʄʇʘ) ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ (ʤʘʨʢʘ ʟʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ ʥʝ ʤʝʥʰʝ F200, ʚʠʱʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʠ ʜʦ 3,5 ʤʤ); 

ï ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʽʚ ʨʦʟʨʦʙʣʝʥʦ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʙʝʪʦʥ ʢʣʘʩʫ ʟʘ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ ʉ25/30  ʪʘ 

ʧʽʜʚʠʱʝʥʦʶ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ ʥʘ ʊʟʆɺ çʋʛʨʠʥʽʚ ɽʢʦ ʌʝʨʤè ʧʨʠ ʙʝʪʦʥʫʚʘʥʥʽ 

ʚʘʥʥʠ ʪʚʘʨʠʥʥʠʮʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʽʜʚʠʱʝʥʦʾ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ, 

ʚʥʘʩʣʽʜʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʨʽʚʥʷʭ, ʘ ʩʘʤʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʦʩʥʦʚʥʠʤ ʽ ʜʦʜʘʪʢʦʚʠʤ 

ʝʬʝʢʪʘʤʠ ʪʘ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ; 

ï ʚʧʨʦʚʘʜʞʝʥʦ ʙʝʪʦʥʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʥʘ ʦʩʥʦʚʽ 

ɹʉɻ ɺ40ʈ4F200W10 ʥʘ ʇʇ çɿʘʩʪʘʚʘè ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʧʣʦʱʘʜʢʠ ʜʣʷ ʩʢʣʘʜʫʚʘʥʥʷ 

ʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ɹʉɻ ɺ40ʈ4F200W10 ʥʘ ʇʇ çɿʘʭʽʜ-ɹʝʪʦʥ-ɹʫʜè ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ 

ʧʽʜôʾʟʥʦʾ ʜʦʨʦʛʠ ʜʦ ʩʢʣʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʴ ʫ ʩ. ʄʘʣʝʭʽʚ ʃʴʚʽʚʩʴʢʦʾ ʆʊɻ; 

ï ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʫ ʘʧʨʦʙʘʮʽʶ ʨʦʟʨʦʙʣʝʥʠʭ ʙʝʪʦʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ (GF=350 ʅ/ʤ, ɢ
c
F=176 ʤʤ) ʧʨʝʜʩʪʘʚʥʠʮʪʚʦʤ ñɼʨʦʛ-

ɹʫʜò ʉʧ. ʟ ʦ.ʦ. ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ʩ. ʂʦʨʯʽʚ; 
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ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʢʣʘʜʽʚ ʙʝʪʦʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʜʘʣʦ ʟʤʦʛʫ ʧʦʢʨʘʱʠʪʠ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʙʝʪʦʥʫʚʘʥʥ ̫ʤʦʥʦʣʽʪʥʠʭ ʩʪʽʡʦʢ ʦʧʦʨ, 

ʨʦʩʪʚʝʨʢʽʚ, ʧʽʜʬʝʨʤʝʥʥʠʢʽʚ, ʨʠʛʝʣʽʚ, ʙʫʨʦʥʘʙʠʚʥʠʭ ʧʘʣʴ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ 

ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʯʝʨʝʟ ʨ. ɿʘʭʽʜʥʠʡ ɹʫʛ ʥʘ ʘ/ʜ 0141602 ʉʦʢʘʣʴ-ʉʪʦʷʥʽʚ ʥʘ ʢʤ 

1+693 ʊʆɺ çɸʚʪʦʤʘʛʽʩʪʨʘʣʴ-ʇʽʚʜʝʥʴè; 

ï ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʨʽʚʥʷʭ 

ʟʘʙʝʟʧʝʯʠʣʘ ʦʜʝʨʞʘʥʥʷ ʦʜʥʦʨʽʜʥʠʭ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʪʘ 

ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ, ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ, ʧʦʢʨʘʱʝʥʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʙʝʪʦʥʥʠʭ ʨʦʙʽʪ ʚ 

ʫʤʦʚʘʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʪʘ ʚʽʜôʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʦɦ ʩʪʚʦʨʠʣʦ ʤʦʞʣʠʚʽʩʪʴ ʚʢʣʘʜʘʥʥʷ 

ʩʫʤʽʰʝʡ ʙʝʟ ʫʱʽʣʴʥʝʥʥʷ ʤʝʭʘʥʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ʧʨʠ ʙʝʪʦʥʫʚʘʥʥʽ ʤʦʥʦʣʽʪʥʠʭ, 

ʩʢʣʘʜʥʠʭ ʟʘ ʬʦʨʤʦʶ, ʩʪʽʡʦʢ ʦʧʦʨ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʯʝʨʝʟ ʨ. 

ɿʘʭʽʜʥʠʡ ɹʫʛ ʥʘ ʘ/ʜ 0141602 ʉʦʢʘʣʴ-ʉʪʦʷʥʽʚ ʥʘ ʢʤ 1+693 ʊʆɺ çɸʚʪʦʤʘʛʽʩʪʨʘʣʴ-

ʇʽʚʜʝʥʴè; 

ï ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥ 

çɹʫʜʽʚʝʣʴʥʝ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè, çɹʝʪʦʥʠ ʪʘ ʙʫʜʽʚʝʣʴʥʽ ʨʦʟʯʠʥʠ, ʟʘʧʦʚʥʶʚʘʯʽ ʜʣʷ 

ʙʝʪʦʥʽʚ, ʯ.1 ʪʘ ʯ.2è, çʊʝʭʥʦʣʦʛʽʯʥʠʡ ʩʫʧʨʦʚʽʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʥʦʣʽʪʥʠʭ ʙʝʪʦʥʥʠʭ ʽ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡè ʜʣʷ ʩʪʫʜʝʥʪʽʚ 192 ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ 

ʧʝʨʰʦʛʦ (ʙʘʢʘʣʘʚʨʩʴʢʦʛʦ) ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ (ʚʠʙʽʨʢʦʚʠʡ ʙʣʦʢ çʊʝʭʥʦʣʦʛʽʾ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʨʦʙʽʚ ʪʘ ʤʘʪʝʨʽʘʣʽʚè) ʪʘ çʊʝʭʥʦʣʦʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʙʫʜʽʚʝʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽè ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʜʨʫʛʦʛʦ (ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ) 

ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ (ʆʇʇ çʊʝʭʥʦʣʦʛʽʾ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʨʦʙʽʚ ʪʘ 

ʤʘʪʝʨʽʘʣʽʚè), ʘ ʪʘʢʦʞ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʟʜʦʙʫʚʘʯʽʚ ʪʨʝʪʴʦʛʦ (ʦʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʦʛʦ) 

ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 192 ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʘʪʝʨʽʘʣʘʭ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, ʚʠʢʦʥʘʥʠʭ ʘʚʪʦʨʦʤ ʥʘ ʢʘʬʝʜʨʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʫ 2007ï2023 ʨʨ. ɸʚʪʦʨʫ 

ʥʘʣʝʞʘʪʴ ʧʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʽ ʟʘʚʜʘʥʴ     ʜʠʩʝʨʪʘʮʽʾ, ʚʠʢʦʥʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ, ʘʥʘʣʽʟ ʪʘ 
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ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʫʟʘʛʘʣʴʥʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ. ɿʜʦʙʫʚʘʯ ʙʨʘʚ ʫʯʘʩʪʴ ʫ ʜʦʩʣʽʜʥʠʭ ʪʘ 

ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʨʦʟʨʦʙʣʝʥʠʭ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʤʽʮʥʽʩʪʶ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ, ʦʜʝʨʞʘʥʠʭ ʢʝʨʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷʤ ʥʘ 

ʨʽʟʥʠʭ ʨʽʚʥʷʭ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʦʜʝʨʞʘʥʽ ʟʜʦʙʫʚʘʯʝʤ 

ʦʩʦʙʠʩʪʦ, ʦʢʨʝʤʽ ʩʢʣʘʜʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʘʥʦ 

ʽʟ ʩʧʽʚʘʚʪʦʨʘʤʠ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʱʦ ʚʢʘʟʘʥʦ ʚ ʩʧʠʩʢʫ ʧʫʙʣʽʢʘʮʽʡ. ʋʯʘʩʪʴ ʘʚʪʦʨʘ ʚ 

ʩʧʽʣʴʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʚʽʜʦʙʨʘʞʝʥʘ ʫ ʩʧʠʩʢʫ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʧʨʘʮʴ.  

ɼʠʩʝʨʪʘʮʽʡʥʽ ʨʦʙʦʪʠ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʩʧʽʣʴʥʠʭ ʨʦʙʽʪ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʚʪʦʨʝʬʝʨʘʪʘʤʠ: 

ɻʫʥʷʢ ʆ. ʄ. ɺʠʩʦʢʦʤʽʮʥʽ ʙʝʪʦʥʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʜʦʚʛʦʚʽʯʥʽʩʪʶ: ʘʚʪʦʨʝʬ. ʜʠʩ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ: 05.23.05 / ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò. ʃʴʚʽʚ, 2019. 21 ʩ.; 

ʊʫʨʙʘ ʖ. ɺ. ʊʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʜʠʩʧʝʨʩʥʦ-ʘʨʤʦʚʘʥʦʛʦ ʙʝʪʦʥʫ: ʘʚʪʦʨʝʬ. ʜʠʩ. 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ: 05.23.05 / ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò. 

ʃʴʚʽʚ, 2021. 21 ʩ.  

ɼʠʩʝʨʪʘʮʽʷ ʟʜʦʙʫʚʘʯʘ ʥʝ ʤʽʩʪʠʪʴ ʤʘʪʝʨʽʘʣʽʚ ʢʘʥʜʠʜʘʪʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 39 ʥʘʫʢʦʚʠʭ ʧʨʘʮ,ɹ ʟ ʥʠʭ 14 

ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 12 ï ʫ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ (ʟ ʥʠʭ 9 ʫ Scopus), ʪʘ ʫ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ 

ʽʥʰʠʭ ʜʝʨʞʘʚ, 1 ʧʘʪʝʥʪ, 1 ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ, 11 ʧʫʙʣʽʢʘʮʽʡ ʘʧʨʦʙʘʮʽʡʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʚʠʢʣʘʜʝʥʘ ʥʘ 269 ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, ʰʝʩʪʠ 

ʨʦʟʜʽʣʽʚ ʪʘ ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 360 ʩʪʦʨʽʥʦʢ; 

ʨʦʙʦʪʘ ʤʽʩʪʠʪʴ 57 ʪʘʙʣʠʮʴ, 141 ʨʠʩʫʥʦʢ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 381 

ʥʘʡʤʝʥʫʚʘʥʥ ̫ʪʘ 9 ʜʦʜʘʪʢʽʚ ʥʘ 21 ʩʪʦʨʽʥʮʽ. 
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ʈʆɿɼɯʃ 1. ʇʈʆɹʃɽʄɸʊʀʂɸ ʆɼɽʈɾɸʅʅʗ ɹɽʊʆʅɯɺ ɿ 

ʇɯɼɺʀʑɽʅʆʖ ʊʈɯʑʀʅʆʉʊɯʁʂɯʉʊʖ 

 

 

 

1.1. ʌʘʢʪʦʨʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ 

 

 

 

ʈʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ - ʮʝ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦʩʪʫ ʪʨʽʱʠʥ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʥʰʠʭ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʙʝʪʦʥ ʻ ʢʚʘʟʽʢʨʠʭʢʠʤ 

ʤʘʪʝʨʽʘʣʦʤ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʽʥ ʧʨʘʮʶʻ ʦʜʥʦʯʘʩʥʦ ʚ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ: ʢʨʠʭʢʦʤʫ (ʷʢ 

ʩʢʣʦ) ʽ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʤʫ (ʷʢ ʩʪʘʣʴ). ɼʦʚʝʜʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʽʥʽʡʥʦ-

ʧʨʫʞʥʦʾ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ (Linear Elastic Fracture Mechanic (LEFM)) ʻ ʭʦʨʦʰʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʨʫʡʥʫʚʘʥʥʶ ʰʪʫʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ. ɻʨʽʬʬʽʪʩ ʟʘʩʥʫʚʘʚ ʛʘʣʫʟʴ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ ʫ ʩʚʦʾʭ 

ʦʨʠʛʽʥʘʣʴʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ [228, 229]. ɺʽʥ ʚʩʪʘʥʦʚʠʚ ʽ ʨʦʟʚʠʥʫʚ ʝʥʝʨʛʝʪʠʯʥʽ ʢʨʠʪʝʨʽʾ 

ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʝʨʰʦʤʫ ʟʘʢʦʥʽ ʪʝʨʤʦʜʠʥʘʤʽʢʠ. ʆʩʥʦʚʥʠʡ 

ʚʠʩʥʦʚʦʢ ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʧʽʜ ʯʘʩ 

ʨʫʡʥʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʨʫʞʥʘ ʝʥʝʨʛʽʷ ʪʽʣʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʡʦʛʦ 

ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ. ɺʽʥ ʨʦʟʨʦʙʠʚ ʪʝʦʨʽʶ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʪʨʽʱʠʥʘ ʧʦʯʠʥʘʻ 

ʧʦʰʠʨʶʚʘʪʠʩʷ, ʢʦʣʠ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʪʽʣʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ 

ʰʚʠʜʢʦʩʪʽ, ʟ ʷʢʦʶ ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʝʥʝʨʛʽʷ ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. 

ʇʠʪʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʨʫʞʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʪʨʽʱʠʥʦʶ 

ʦʪʨʠʤʘʣʦ ʨʝʘʣʴʥʝ ʚʠʨʽʰʝʥʥʷ ʚ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ [13, 109, 279]. ʈʦʟʛʣʷʥʫʪʦ 

ʧʨʦʙʣʝʤʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʽʣ ʟ ʪʨʽʱʠʥʘʤʠ ʪʘ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʽʥʢʠ 

ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ ʥʘʚʢʦʣʦ ʾʭʥʽʭ ʚʝʨʰʠʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʡʥʦʚʽʰʠʭ ʜʦʩʷʛʥʝʥʴ 

ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ. 

ʊʝʦʨʽʶ ɻʨʽʬʬʽʪʩʘ ʚʧʝʨʰʝ ʟʘʩʪʦʩʫʚʘʚ ʜʦ ʙʝʪʦʥʫ ʅʝʚʽʣʣ [293, 294], ʷʢʠʡ 

ʧʽʜʢʨʝʩʣʠʚ ʫʤʦʚʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʪʝʦʨʽʻʶ ʽ ʙʝʪʦʥʦʤ, ʤʽʮʥʽʩʪʴ ʷʢʦʛʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 
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ʜʠʢʪʫʻʪʴʩʷ ʢʽʥʮʝʚʦʶ ʜʝʬʦʨʤʘʮʽʻʶ, ʘ ʥʝ ʥʘʧʨʫʞʝʥʥʷʤ. ʇʣʫʛʽʥ ʪʘ ʽʥ. [242] ʚʠʚʯʘʣʠ 

ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʧʽʜ ʜʠʥʘʤʽʯʥʠʤʠ ʚʧʣʠʚʘʤʠ. 

ɿʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʫʩʪʦʪʠ ʪʘ ʽʥʰʽ ʩʪʨʫʢʪʫʨʥʽ ʜʝʬʝʢʪʠ ʻ ʧʝʨʰʦʧʨʠʯʠʥʦʶ 

ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʫ ʙʝʪʦʥʽ. ʊʦʤʫ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʫʪʴ ʜʦʩʷʛʥʫʪʽ ʜʦʩʪʘʪʥʴʦ 

ʚʠʩʦʢʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʚʽʣʴʥʠʡ ʨʽʩʪ ʪʨʽʱʠʥʠ, ʧʦʰʠʨʝʥʥʷ ʪʨʽʱʠʥʠ 

ʧʦʩʪʽʡʥʦ ʟʫʧʠʥʷʻʪʴʩʷ. 

ɺ̔ ʜʦʤʦ, ʱʦ ʧʨʠ ʨʫʡʥʫʚʘʥʥ ̔ ʙʝʪʦʥ ʜʝʤʦʥʩʪʨʫʻ ʢʚʘʟʽʢʨʠʭʢʫ ʧʦʚʝʜʽʥʢʫ, 

ʧʦʻʜʥʫʶʯʠ ʷʢ ʢʨʠʭʢʽ, ʪʘʢ ʽ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʽ ʚʣʘʩʪʠʚʦʩʪʽ [155, 197]. ɹʝʪʦʥ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʜʣʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʝʙʫʻ ʥʠʞʯʦʛʦ 

ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ (<0,45), ʱʦʙ ʝʬʝʢʪʠʚʥʦ ʧʨʦʪʠʜʽʷʪʠ ʘʛʨʝʩʠʚʥʦʤʫ 

ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʻ ʙʽʣʴʰ ʢʨʠʭʢʠʡ, ʥʽʞ ʟʚʠʯʘʡʥʠʡ ʙʝʪʦʥ ʽʟ ɺ/ʎ > 0,5. ɼʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʚ ʪʘʢʠʭ ʢʦʥʛʣʦʤʝʨʘʪʥʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜʭʦʜʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʣʽʥʽʡʥʦ-

ʧʨʫʞʥʽʡ ʤʝʭʘʥʽʮ ̔ ʨʫʡʥʫʚʘʥʥʷ [315]. ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ 

ʙʝʪʦʥʫ, ʚʢʣʶʯʘʶʯʠ ʢʨʠʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ, ʝʥʝʨʛʽʶ 

ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʫ ʜʦʚʞʠʥʫ (ʢʨʠʪʝʨʽʡ ʢʨʠʭʢʦʩʪʽ), ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʠʭ ʟʨʘʟʢʽʚ ʙʘʣʦʢ ʪʨʠʪʦʯʢʦʚʠʤ ʟʛʠʥʦʤ ʟ ʥʘʜʨʽʟʦʤ [53, 107]. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʟʤʽʥ ̔ʚʽʜʥʦʩʥʦʾ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ ʚ ʤʝʞʘʭ 1/2...1/6 

ʚ'ʷʟʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʭʝʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʘʣʢʠ ʪʘ 

ʚʽʜʥʦʩʥʦʾ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʟʨʘʟʢʘ ʚ'ʷʟʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ 

ʙʝʪʦʥʫ ʟʨʦʩʪʘ.̒ ʋ ʟʦʥʽ ʚʝʣʠʢʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ ʤʦʞʝ 

ʚʠʥʠʢʥʫʪʠ ʢʽʣʴʢʘ ʪʨʽʱʠʥ, ʘ ʨʫʡʥʫʚʘʥʥʷ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʧʦʰʠʨʝʥʥʷʤ ʦʜʥʽʻʾ 

ʪʨʽʱʠʥʠ.  

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ'ʷʟʢʩ̔ʪɹ ʨʫʡʥʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ ʪʘ ʚʤʽʩʪʫ ʜʨʽʙʥʦʛʦ ʽ ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʽʚ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʥʦʩʥʦʾ 

ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ. Ince and Alyamac [237] ʟʘʷʚʠʣʠ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ɺ/ʎ 

ʚʽʜʥʦʰʝʥʥʷ ʚôʷʟʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. Carpinteri and Brighenti [160] 

ʚʚʘʞʘʶʪʴ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʝʥʝʨʛʽʷ ʨʫʡʥʫʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ɺ/ʎ 

ʚʽʜʥʦʰʝʥʥʽ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʩʪʘʣʦ ʪʝ, ʱʦ ʪʨʽʱʠʥʠ ʯʘʩʪʦ ʟôʷʚʣʷʶʪʴʩʷ ʽ 

ʧʦʰʠʨʶʶʪʴʩʷ ʚ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ ʽ ʦʧʪʠʤʘʣʴʥʝ ɺ/ʎ ʚʽʜʥʦʰʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 
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ʦʪʨʠʤʘʪʠ ʮʝʤʝʥʪʥʠʡ ʢʘʤʽʥʴ ʟ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ. ʇʨʠ ʦʜʥʘʢʦʚʽʡ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ 

ʽʩʥʫʻ ʥʘʩʪʫʧʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ: ʚʘʞʢʠʡ ʙʝʪʦʥ > 

ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ ʨʦʟʯʠʥ > ʮʝʤʝʥʪʥʠʡ ʢʘʤʽʥʴ. ɿ ʮʴʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʟʘʧʦʚʥʶʚʘʯ ʤʘʻ ʚʧʣʠʚ ʥʘ ʢʽʥʮʝʚʫ ʚ'ʷʟʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ. ɺ'ʷʟʢʽʩʪʴ 

ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ ʥʝ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʢʫ, ʘ ʧʨʦʩʦʯʝʥʥ ̫ʙʝʪʦʥʫ ʧʦʣʽʤʝʨʦʤ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ. ɺ'ʷʟʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʜ̔ʥʦʩʥʦʾ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ ʽ ʨʦʟʤʽʨʫ ʟʨʘʟʢʘ. ɯʩʥʫʻ ʢʦʥʮʝʧʮʽʷ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʥʘʡʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʪʷʛʫʶʯʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘʚʢʦʣʦ 

ʝʣʽʧʪʠʯʥʠʭ ʪʨʽʱʠʥ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʥʘ ʨʦʟʪʷʛ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʥʘ ʢʽʥʮʷʭ ʮʠʭ ʪʨʽʱʠʥ, ʘ ʪʘʢʦʞ 

ʩʪʘʙʽʣʴʥʘ ʬʘʟʘ ʧʦʰʠʨʝʥʥʷ ʪʨʽʱʠʥʠ, ʷʢʘ ʧʝʨʝʜʫʻ ʨʫʡʥʫʚʘʥʥʶ ʧʨʠ ʩʪʠʩʥʝʥʥʽ. 

ɺʠʥʠʢʥʝʥʥʷ ʨʦʟʛʘʣʫʞʝʥʠʭ ʪʨʽʱʠʥ ʥʝ ʟʘʚʞʜʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʰʚʠʜʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ, ʘ ʨʦʟʚʠʪʦʢ ʦʢʨʝʤʠʭ ʪʨʽʱʠʥ ʩʫʪʪʻʚʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʪʨʽʱʠʥ. 

ʇʨʠ ʚʽʜʥʦʰʝʥʥ ̔ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ ʜʦ ʨʦʟʤʽʨʫ ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ 

ʙʽʣʴʰʝ 2, ʚ'ʷʟʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ, ʦʜʥʘʢ ʚ ʽʥʰʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʮʴʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʥʝ ʟʙʝʨʽʛʘʻʪʴʩʷ. ʐʚʠʜʢʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʙʝʪʦʥʥʦʛʦ ʟʨʘʟʢʘ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʘʯʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ 

ʨʫʡʥʫʚʘʥʥʷ.  

ʊʝʦʨʽʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ, ʷʢʘ ʨʦʟʛʣʷʜʘʻ ʬʽʟʠʯʥʽ ʘʩʧʝʢʪʠ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʽ ʨʫʡʥʫʚʘʥʥʷ, ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʥʘ ʦʩʥʦʚʽ ʢʦʥʮʝʧʮʽʾ ɻʨʽʬʬʽʪʩʘ-

ɯʨʚʽʥʘ ʪʘ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʙʝʪʦʥʫ, ʷʢʘ ʚʢʣʶʯʘʻ ʭʘʨʘʢʪʝʨʥʽ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʽ ʜʝʬʝʢʪʠ [229]. ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʫ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʤʽʮʥʦʩʪʽ 

ʙʝʪʦʥʫ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʚ'ʷʟʦʢ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʧʘʨʘʪʽ ʪʝʦʨʽʾ ʧʦʚʟʫʯʦʩʪʽ. ɼʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʧʦʚʥʽʩʪʶ ʨʽʚʥʦʚʘʞʥʽ ʜʽʘʛʨʘʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʟ ʽʥʽʮʽʘʪʦʨʘʤʠ ʪʨʽʱʠʥ. Cʧʘʜʥʘ 

ʛʽʣʢʘ ʜʽʘʛʨʘʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʦʨʫ ʨʫʡʥʫʚʘʥʥʶ - ʩʠʣʠ, ʝʥʝʨʛʽʾ ʪʘ ʜʝʬʦʨʤʘʮʽʾ - ʥʘ ʩʪʘʜʽʾ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥʠ. ʅʘ ʩʪʘʜʽʾ ʩʪʘʣʦʛʦ ʨʦʩʪʫ ʪʨʽʱʠʥʠ, ʜʦʚʞʠʥʘ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʾʾ ʨʦʟʢʨʠʪʪʷ, ʷʢʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʧʨʦʛʠʥʫ. ʗʢ ʥʘʩʣʽʜʦʢ, ʽʩʥʫʻ ʦʯʝʚʠʜʥʠʡ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʧʨʦʛʠʥʦʤ ʟʨʘʟʢʘ, ʜʦʚʞʠʥʦʶ ʪʘ ʰʚʠʜʢʽʩʪʶ ʨʦʩʪʫ ʪʨʽʱʠʥʠ [126, 182]. 
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ʉʪʚʦʨʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥ ʽ ʧʨʦʮʝʩʽʚ 

ʨʫʡʥʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʽʟʥʦʶ ʧʦʯʘʪʢʦʚʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ [114]. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʥʘ ʩʭʠʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʚʧʣʠʚʘʻ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ. ʊʘʢ, ʧʦʨʽʚʥʷʥʦ ʟ ʚʘʞʢʠʤ ʙʝʪʦʥʦʤ, ʮʝʤʝʥʪʥʠʡ ʢʘʤʽʥʴ ʽ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʡ ʙʝʪʦʥ, ʷʢʽ ʤʘʶʪʴ ʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ, ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʩʭʠʣʴʥʽ ʜʦ 

ʨʫʡʥʫʚʘʥʥʷ. ɺʠʷʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ ʟ ʧʝʚʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [107]. ɺʠʟʥʘʯʝʥʦ, 

ʱʦ ʢʨʠʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ (ʂʂɯʅ) ʪʘ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ 

(ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʟʛʠʥʽ) ʤʘʶʪʴ ʧʨʷʤʠʡ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ. ʇʨʠʥʮʠʧʠ ʤʝʭʘʥʽʢʠ 

ʨʫʡʥʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʙʝʪʦʥʫ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʣʝʞʥʦʩʪ̔ ʂʂɯʅ 

ʚʽʜ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ. ʉʦʣʦʜʢʠʤ [106] ʚʠʷʚʣʝʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʂʂɯʅ ʩʧʘʜʘʶʪʴ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʦʜʥʦʨʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷʤ ʟʥʘʯʝʥʴ 

ʂʂɯʅ ʜʣʷ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʪʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. 

ɼʦʚʞʠʥʘ ʟʦʥʠ ʥʝʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ ʚʝʨʰʠʥʽ ʪʨʽʱʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ 

ʟʤʽʥʥʠʭ, ʚʢʣʶʯʘʶʯʠ ʨʦʟʤʽʨ, ʤʮ̔ʥʽʩʪʴ ʽ ʧʨʠʨʦʜʫ ʟʘʧʦʚʥʶʚʘʯʘ ʚ ʙʝʪʦʥʽ [107].  

ʆʩʢʽʣʴʢʠ ʪʨʽʱʠʥʠ ʨʦʟʢʨʠʚʘʶʪʴʩʷ ʽ ʧʦʯʠʥʘʶʪʴ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦ ʨʦʟʚʠʚʘʪʠʩʷ 

ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʢʨʠʪʠʯʥʦʛʦ ʨʦʟʤʽʨʫ, ʧʦʩʪʽʡʥʦʛʦ ʜʣʷ ʢʦʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʦʪʨʽʙʥʦ 

ʦʮʽʥʶʚʘʪʠ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ ʟʘ ʨʦʟʤʽʨʦʤ ʢʨʠʪʠʯʥʦʾ ʪʨʽʱʠʥʠ. ɺʘʞʣʠʚʘ ʨʦʣʴ 

ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʚ ʙʝʪʦʥʽ, ʷʢʠʡ ʛʘʣʴʤʫʻ ʨʫʡʥʫʚʘʥʥʷ, ʟʙʽʣʴʰʫʶʯʠ ʢʨʠʪʠʯʥʫ 

ʜʦʚʞʠʥʫ ʤʘʢʨʦʪʨʽʱʠʥʠ. 

ɺʽʜʥʦʰʝʥʥʷ ʨʦʙʦʪʠ ʨʫʡʥʫʚʘʥʥʷ ʜʦ ʧʨʠʨʦʩʪʫ ʧʦʚʝʨʭʥʽ ʪʨʽʱʠʥʠ ʚʽʜʦʤʝ ʷʢ 

ʛʫʩʪʠʥʘ ʝʥʝʨʛʽʾ ʨʫʡʥʫʚʘʥʥʷ. ʇʨʠ ʪʨʠʪʦʯʢʦʚʦʤʫ ʟʛʠʥʽ ʢʨʠʪʠʯʥʘ ʛʫʩʪʠʥʘ ʝʥʝʨʛʽʾ 

ʨʫʡʥʫʚʘʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʪʘ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʻ 

ʩʪʘʣʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚ ʜʦʩʠʪʴ ʚʝʣʠʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʛʣʠʙʠʥ ʪʨʽʱʠʥ.  

ʋ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʽʩʥʫʻ ʢʨʠʪʝʨʽʡ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ 

ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʙʝʪʦʥʫ ʟ ʘʨʤʘʪʫʨʦʶ, ʫʩʘʜʢʠ ʪʘ ʧʦʚʟʫʯʦʩʪʽ [75]. ʈʦʟʨʦʙʣʝʥʦ 

ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʦʮʽʥʢʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʚ ʧʝʨʝʨʽʟʽ ʟ ʪʨʽʱʠʥʘʤʠ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʘʨʤʘʪʫʨʠ ʪʘ ʚʨʘʭʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʛʣʠʙʠʥʠ 

ʟʦʥʠ ʧʝʨʝʜʨʫʡʥʫʚʘʥʥʷ [74, 76]. 
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ɹʣʽʭʘʨʩʴʢʠʡ ʪʘ ʽʥ. [11, 12, 243] ʜʦʩʣʽʜʠʣʠ, ʷʢ ʚʠʜ ʽ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʧʘʨʘʤʝʪʨʠ ʤʽʮʥʦʩʪʽ, ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʧʦʰʠʨʝʥʥʷ ʢʦʨʦʟʽʾ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʜʽʾ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʙʘʣʢʠ. 

ʅʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʾʚ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ 

ʙʝʪʦʥʥʠʭ ʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʛʨʘʥʠʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʢʨʠʪʠʯʥʽ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥ ʫ ʙʝʪʦʥʽ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʜʽʡʩʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʰʣʷʭʦʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʩʢʣʘʜʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʽʱʠʥ, ʜʝʬʝʢʪʽʚ ʽ ʧʦʰʢʦʜʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ [13]. 

ɯʩʥʫʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʚ'ʷʟʢʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʪʘ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʥʘ ʨʦʟʨʠʚ, ʱʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʙʝʪʦʥʫ. ɼʣʷ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ 

ʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʩʪʘʥʦʚʠʪʴ 0,6. ɹʫʜʽʚʝʣʴʥʠʡ ʨʦʟʯʠʥ ʤʘʻ ʥʠʞʯʫ ʚ'ʷʟʢʽʩʪʴ 

ʨʫʡʥʫʚʘʥʥʷ, ʥʽʞ ʙʝʪʦʥ ʟ ʪʘʢʦʶ ʞ ʤʽʮʥʽʩʪʶ ʥʘ ʨʦʟʨʠʚ. ʗʢ ʣʝʛʢʠʡ, ʪʘʢ ʽ ʚʘʞʢʠʡ ʙʝʪʦʥ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʽʡ ʟʘʣʝʞʥʦʩʪʽ. 

ʉʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ ʜʦ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʟ ʚʠʩʦʢʦʤʦʜʫʣʴʥʠʭ ʚʦʣʦʢʦʥ ʟ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʩʪʘʣʴ, 

ʩʢʣʦ, ʘʟʙʝʩʪ ʽ ʚʫʛʣʝʮʴ [183, 204]. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʦʤʝʥʪ 

ʨʦʟʚʠʪʢʫ ʧʝʨʰʦʾ ʪʨʽʱʠʥʠ ʟʨʦʩʪʘʶʪʴ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʩʪʘʣʝʚʠʭ ʚʦʣʦʢʦʥ ʧʦʨʽʚʥʷʥʦ ʟʽ 

ʟʨʘʟʢʘʤʠ ʥʝʘʨʤʦʚʘʥʦʛʦ ʙʝʪʦʥʫ. ɿ̔  ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʬʽʙʨʠ ʧʽʜʚʠʱʫʻʪʴʩʷ ʤʽʮʥʩ̔ʪɹ 

ʥʘ ʤʦʤʝʥʪ ʫʪʚʦʨʝʥʥʷ ʤʘʢʨʦʪʨʽʱʠʥʠ. ʆʧʽʨ ʨʫʡʥʫʚʘʥʥʶ ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʤʦʞʝ ʚ 1,5 ʨʘʟʠ ʧʝʨʝʚʠʱʫʚʘʪʠ ʛʨʘʥʠʮʶ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ 

ʥʝʘʨʤʦʚʘʥʦʛʦ ʙʝʪʦʥʫ. ʉʪʫʧʽʥʴ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʽʘʤʝʪʨʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʬʽʙʨʠ, ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʘʨʤʦʚʘʥʦʛʦ 

ʬʽʙʨʦʙʝʪʦʥʫ. ʈʦʟʤʽʨʠ ʚʦʣʦʢʦʥ ʪʘʢʦʞ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʽ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʤʽʞ 

ʧʦʯʘʪʢʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʦʷʚʦʶ ʪʨʽʱʠʥʠ ʤʦʞʝ ʟʨʦʩʪʘʪʠ. ɺʠʩʦʢʦʤʦʜʫʣʴʥʽ ʚʦʣʦʢʥʘ 

ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʯʘʪʢʦʚʫ ʰʠʨʠʥʫ ʪʨʽʱʠʥʠ. ɿʥʘʯʥʝ ʟʥʠʞʝʥʥʷ 

ʥʘʧʨʫʞʝʥʴ ʫ ʚʦʣʦʢʥʘʭ ʚ ʤʦʤʝʥʪ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʚ ʙʝʪʦʥʽ ʟʫʤʦʚʣʝʥʝ ʟʨʦʩʪʘʥʥʷʤ 

ʾʭ ʢʽʣʴʢʦʩʪʽ ʥʘ ʧʣʦʱʫ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʝʨʽʟʫ, ʱʦ ʧʦʷʩʥʶʻ ʤʝʭʘʥʽʟʤ ʟʥʘʯʥʦʛʦ 
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ʧʽʜʚʠʱʝʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʜʽʘʤʝʪʨʘ ʚʦʣʦʢʦʥ.  ʊʦʤʫ ʮʽ ʬʘʢʪʦʨʠ 

ʤʘʶʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ [381]. 

 

 

 

1.2. ʈʦʣʴ ʩʪʨʫʢʪʫʨʠ ʚ ʙʝʪʦʥ ̔ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ 

 

 

 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ 

ʤʽʞ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʢʣʘʜʦʤ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʩʪʨʫʢʪʫʨʦ  ʁʽ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʝʪʦʥʫ, ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʽ ʧʨʠʨʦʜʥʦ-

ʢʣʽʤʘʪʠʯʥʠʤʠ ʚʧʣʠʚʘʤʠ ʤʘʻ ʙʫʪʠ ʚʨʘʭʦʚʘʥʠʡ [25, 30, 31, 124, 132, 170, 293, 354, 

372].  

ɼʦʜʘʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʽ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʜʦ ʙʝʪʦʥʫ ʻ ʦʜʥʠʤ ʟ ʜʦʩʪʫʧʥʠʭ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʤʝʪʦʜʽʚ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʡʦʛʦ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʪʦʥʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ, ʱʦ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʙʝʟ ʥʠʭ ʙʫʣʠ 

ʙ ʥʝʤʦʞʣʠʚʠʤʠ. ʊʘʢʦʞ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ 

ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʚ ʢʦʤʧʣʝʢʩʽ ʟ ʭʽʤʽʯʥʠʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ [67].  

ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʧʘʣʠʚʥʽ ʰʣʘʢʠ, ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ) ʽ 

ʧʨʠʨʦʜʥ ̔ ʧʫʮʦʣʘʥʠ (ʧʝʤʟʘ, ʜʽʘʪʦʤʽʪ, ʧʨʠʨʦʜʥʽ ʪʘ ʰʪʫʯʥʽ ʮʝʦʣʽʪʠ). ɺʚʝʜʝʥʥʷ 

ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʧʨʠʷʻ ʧʦʟʠʪʠʚʥʦʤʫ ʚʧʣʠʚʫ ʥʘ ʨʦʟʚʠʪʦʢ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ 

ʚʥʘʩʣʽʜʦʢ "ʝʬʝʢʪʫ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʧʦʨʦʰʢʽʚ", ʷʢʠʡ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʨʦʟʰʠʨʝʥʥ ̔

ʚʽʜʢʨʠʪʦʾ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʽʡ ʚʽʜʢʣʘʜʘʶʪʴʩʷ ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ, ʱʦ ʧʨʠʩʢʦʨʶʻ 

ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʙʝʪʦʥʫ [21, 73]. 

ʎʝʦʣʽʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʯʝʨʝʟ ʾʭ ʜʦʩʪʫʧʥʽʩʪʴ ʫ ʚʝʣʠʢʽʡ 

ʢʽʣʴʢʦʩʪʽ ʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʯʫʜʦʚʫ ʧʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʽʩʪʴ 
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ʽ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ [136]. ɼʦʩʣʽʜʞʝʥʥʷ [187, 

361] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʝʷʢʽ ʮʝʦʣʽʪʠ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʧʦʨ ʽ ʢʘʥʘʣʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʦʣʦʥʛʦʚʘʥʦʾ ʛʽʜʨʘʪʘʮʽʾ ʚ'ʷʞʫʯʦʾ ʨʝʯʦʚʠʥʠ. ʇʨʠʨʦʜʥʠʡ ʮʝʦʣʽʪ 

ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ SiO2 ʽ Al2O3, ʪʦʤʫ ʧʨʦʚʝʜʝʥʦ ʨʷʜ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦʙ ʚʠʷʚʠʪʠ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢ ʧʫʮʦʣʘʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ  [140, 313, 

371]. Iʦʥʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʫ ʮʝʦʣʽʪʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʤʽʱʝʥʽ ʢʘʣʴʮʽʻʤ ʟ ʥʘʩʪʫʧʥʠʤ 

ʾʭ ʨʫʡʥʫʚʘʥʥʷʤ. ɺʠʚʽʣʴʥʝʥʠʡ ʢʨʝʤʥʝʟʝʤ ʽ ʛʣʠʥʦʟʝʤ ʟʚ'ʷʟʫʶʪʴ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜ, 

ʫʪʚʦʨʶʶʯʠ ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʽ, ʤʦʞʣʠʚʦ, ʛʽʜʨʦʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ. ʉʘʥʠʮʴʢʠʡ ʪʘ ʽʥ. 

[103] ʚʚʘʞʘʶʪʴ, ʱʦ ʦʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʮʝʦʣʽʪʫ ʻ ʪʝ, ʱʦ ʚʽʥ, ʢʨʽʤ ʘʢʪʠʚʥʦʛʦ 

ʟʚôʷʟʫʚʘʥʥʷ ʚʘʧʥʘ, ʱʝ ʘʢʪʠʚʥʽʰʝ ʧʦʛʣʠʥʘʻ SO3 ʟʘ ʨʘʭʫʥʦʢ ʛʣʠʥʦʟʝʤʫ (ʤʽʩʪʠʪʴʩʷ ʚ 

ʮʝʦʣʽʪʽ), ʘ ʡʦʛʦ ʘʢʪʠʚʥʽʩʪʴ (ʣʝʛʢʝ ʚʠʜʽʣʝʥʥʷ ʟ ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʾ ʩʪʨʫʢʪʫʨʠ) 

ʟʫʤʦʚʣʝʥʘ ʜʠʩʧʝʨʩʥʽʩʪʶ ʽ ʢʨʠʩʪʘʣʽʯʥʽʩʪʶ.  ʋʥʽʢʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʚʠʩʦʢʘ 

ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ, ʷʢʘ ʜʦʩʪʫʧʥʘ ʜʣʷ ʨʝʘʢʮʽʾ, ʽ ʚʽʜʢʨʠʪʘ ʧʦʨʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʮʝʦʣʽʪʫ 

ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʡʦʛʦ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʧʨʘʚʣʝʥʝ 

ʬʦʨʤʫʚʘʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʙʝʪʦʥʫ. 

ʂʨʦʧʠʚʥʠʮʴʢʘ [72], ɯʚʘʱʠʰʠʥ ʪʘ ʽʥ. [63, 339] ʚʠʷʚʠʣʠ, ʱʦ ʮʝʤʝʥʪ, ʷʢʠʡ 

ʤʽʩʪʠʪʴ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʝ ʚʦʜʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʫʤʽʰʽ ʪʘʢʦʾ ʞ 

ʢʦʥʩʠʩʪʝʥʮʽʾ. ʂʦʣʠ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʪʦʥʫ, 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʜʘʥʠʡ ʜʣʷ ʢʦʥʪʨʦʣʶ ʨʝʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʤʽʰʽ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʧʫʮʦʣʘʥʦʚʠʤʠ 

ʜʦʙʘʚʢʘʤʠ ʜʘʻ ʟʤʦʛʫ ʟʤʽʥʠʪʠ ʤʦʨʬʦʣʦʛʽʶ ʛʽʜʨʘʪʥʠʭ ʬʘʟ, ʘ ʜʦʜʘʪʢʦʚʝ ʚʚʝʜʝʥʥʷ 

ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ ʥʘ ʤʽʢʨʦʨʽʚʥʽ ʪʘ 

ʧʨʷʤʦʛʦ ʧʦʟʠʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ [242]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʜʦʙʘʚʦʢ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʝʪʦʥʽʚ, ʦʩʦʙʣʠʚʦ ʚ 

ʘʛʨʝʩʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʪʘ ʟʤʝʥʰʝʥʥʶ ʡʤʦʚʽʨʥʦʩʪʽ ʣʫʞʥʦʾ ʢʦʨʦʟʽʾ [137, 186, 248].   

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʥʠʟʴʢʽʡ ʚʠʪʨʘʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʷʢʘ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʩʫʯʘʩʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʫ ʟ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʫʯʁʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʚ ʙʝʪʦʥʽ ʥʝ ʚʠʩʪʘʯʘʻ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ 

ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʮʽʦʥʘʣʴʥʦ ʧʽʜʽʙʨʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ɿʘʧʦʚʥʝʥʥʷ ʧʫʩʪʦʪ ʚ ʩʪʨʫʢʪʫʨʽ ʙʝʪʦʥʫ, ʾʾ ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʨʦʟʩʫʚ ʟʝʨʝʥ ʮʝʤʝʥʪʫ ʻ 

ʧʦʚʥʽʩʪʶ ʬʽʟʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ ʧʫʮʦʣʘʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʽ ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʭ ʜʦʩʪʫʧʥʽʩʪʶ ʪʘ ʚʘʨʪʽʩʪʶ. ʈʦʟʧʦʜʽʣ 

ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚʠʟʥʘʯʘʻ ʷʢʩ̔ʪʴ ʤʝʟʦ- ʽ ʤʘʢʨʦʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ [116]. ɺʠʙʽʨ ʨʦʟʤʽʨʽʚ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʯʘʩʪʠʥʦʢ ʜʣʷ 

ʟʘʧʦʚʥʝʥʥʷ ʧʨʦʤʽʞʢʽʚ ʽ ʧʫʩʪʦʪ ʻ ʯʘʩʪʦ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʚʧʨʦʚʘʜʞʝʥʠʭ ʤʦʜʝʣʝʡ 

ʽʜʝʘʣʴʥʦʛʦ ʧʘʢʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ. ɯʩʥʫʶʪʴ ʙʝʟʧʝʨʝʨʚʥʽ ʤʦʜʝʣʽ 

ʪʘ ʜʠʩʢʨʝʪʥʽ ʤʦʜʝʣʽ. ʂʣʘʩʠʯʥʘ ʪʨʠʢʦʤʧʦʥʝʥʪʥʘ ʚʘʞʢʘ ʙʝʪʦʥʥʘ ʩʫʤʽʰ (ʢʨʫʧʥʠʡ 

ʟʘʧʦʚʥʶʚʘʯ, ʜʨʽʙʥʠʡ ʟʘʧʦʚʥʶʚʘʯ ʽ ʚ'ʷʞʫʯʝ) ʟ ʧʝʨʝʨʠʚʯʘʩʪʦʶ  ʛʨʘʥʫʣʦʤʝʪʨʽʻʶ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ. ʈʦʟʚʠʪʢʫ ʥʝʧʝʨʝʨʚʥʠʭ ʤʦʜʝʣʝʡ ʫʧʘʢʫʚʘʥʥʷ 

ʩʧʨʠʷʶʪʴ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʜʦ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʮʝʤʝʥʪʫ ʽ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʧʠʪʦʤʦʾ 

ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʟʘʧʦʚʥʶʚʘʯʽʚ ʽ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ 

ʘʢʪʠʚʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ [269, 359]. ʇʦʤʽʪʥʠʡ ʚʧʣʠʚ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʨʦʟʤʽʨʽʚ 

ʯʘʩʪʠʥʦʢ ʚ ʜʽʘʧʘʟʦʥʽ 0,1-1000 ʤʢʤ ʜʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʤʦʜʝʣʝʡ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʢʨʠʚʽʡ ʌʫʣʣʝʨʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʊɽʎ ʟ 

ʦʧʪʠʤʘʣʴʥʦʶ ʛʨʘʥʫʣʦʤʝʪʨʽʻʶ ʤʦʞʝ ʟʘʤʽʥʠʪʠ 35 ʤʘʩ.% ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚ 

ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʭ ʨʦʟʯʠʥʘʭ ʙʝʟ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʾʭ ʨʘʥʥʶ ʪʘ ʧʨʦʝʢʪʥʫ 

ʤʽʮʥʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ ʢʘʧʽʣʷʨʥʦʾ ʧʦʨʠʩʪʦʩʪʽ ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ. 

ɿʘ ʜʘʥʠʤʠ [157], ʤʦʞʥʘ ʟʥʠʟʠʪʠ ʚʤʽʩʪ ʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʜʦ 50% ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʚʤʽʩʪʫ ʚ'ʷʞʫʯʦʛʦ. 

ʉʘʤʝ ʪʘʢʽ ʧʽʜʭʦʜʠ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʝʪʦʥʘʭ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʜʣʷ 

ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʤʝʥʰʝʥʥʷ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʱʽʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ.  

ɺʽʜʦʤʦ, ʱʦ ʧʨʦʥʠʢʥʽʩʪʴ, ʧʦʨʠʩʪʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʧʦʚ'ʷʟʫʶʪʴ ʟ ʡʦʛʦ 

ʜʦʚʛʦʚʽʯʥʽʩʪʶ [131]. ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʦʧʝʨʝʤʽʥʥʦʛʦ ʟʘʤʝʨʟʘʥʥʷ ʪʘ 

ʚʽʜʪʘʶʚʘʥʥʷ ʟʘʪʚʝʨʜʽʣʦʛʦ ʙʝʪʦʥʫ ʻ ʱʝ ʦʜʥʠʤʠ ʚʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ 

ʙʝʪʦʥʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʤʦʩʪʽʚ ʽ ʜʦʨʽʛ. ɿʘ ʜʘʥʠʤʠ [302], ʥʘ 

ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʨʦʟʤʽʨ, ʪʠʧ ʽ ʨʦʟʧʦʜʽʣ ʧʦʨ ʽ ʢʘʧʽʣʷʨʽʚ ʫ 

ʙʝʪʦʥʽ. ɿʘʢʨʠʪʽ ʪʘ ʜʨʽʙʥʽ ʧʦʨʠ ʚ ʪʘʢʽʡ ʩʪʨʫʢʪʫʨʽ ʥʝ ʧʦʚʥʽʩʪʶ ʥʘʩʠʯʝʥʽ ʚʦʜʦʶ ʽ 
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ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʨʝʟʝʨʚʥʽ ʧʦʨʠ. ʇʽʜ ʯʘʩ ʟʘʤʝʨʟʘʥʥʷ ʚʦʜʘ ʤʦʞʝ ʤʽʛʨʫʚʘʪʠ ʜʦ ʮʠʭ ʧʦʨ, 

ʟʤʝʥʰʫʶʯʠ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʙʝʪʦʥʽ, ʩʧʨʠʯʠʥʝʥʽ ʨʦʟʰʠʨʝʥʥʷʤ ʣʴʦʜʫ ʧʨʠ 

ʟʘʤʝʨʟʘʥʥʽ ʚʦʜʠ ʪʘ ʧʽʜʚʠʱʫʶʯʠ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʣʘʙʣʝʥʥʷ 

ʥʝʩʠʣʦʚʠʭ ʚʧʣʠʚʽʚ. ʇʦʚʽʪʨʦʚʪʷʛʫʶʯʽ ʜʦʙʘʚʢʠ ʚʠʷʚʠʣʠʩʷ ʥʘʜʽʡʥʠʤ ʤʝʪʦʜʦʤ 

ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ [239] ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʪʚʝʨʜʽʣʦʛʦ 

ʙʝʪʦʥʫ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʟʘʤʝʨʟʘʥʥʷ/ʚʽʜʪʘʚʘʥʥʷ [367]. 

ɺʠʱʘ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ, ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ, ʚʠʩʦʢʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, 

ʧʽʜʚʠʱʝʥʘ ʩʪ̔ ʡʢʽʩʪʴ ʜʦ ʩʪʠʨʘʥʥʷ ʽ ʟʥʠʞʝʥʘ ʚʦʜʦʧʨʦʥʠʢʥʽʩʪʴ ʻ ʪʠʧʦʚʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʩʫʤʽʰʝʡ ʟ ɺ/ʎ ʥʠʞʯʝ 0,4 [332]. ʆʜʥʘʢ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʙʝʪʦʥʫ ʟ ʥʠʟʴʢʠʤ ɺ/ʎ ʡʦʤʫ ʥʝ ʟʘʚʞʜʠ ʚʠʩʪʘʯʘʻ ʚʦʜʠ ʜʣʷ ʧʦʚʥʦʾ 

ʛʽʜʨʘʪʘʮʽʾ ʚôʷʞʫʯʦʛʦ. ɼʦʚʛʦʪʨʠʚʘʣʝ ʚʦʣʦʛʝ ʪʚʝʨʜʥʝʥʥʷ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʙʝʪʦʥʥʠʭ ʩʧʦʨʫʜ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʦʯʘʪʢʦʚʠʭ 

ʽ ʧʨʦʝʢʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʩʢʽʣʴʢʠ ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʨʽʜʢʦʾ ʬʘʟʠ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʩʘʜʢʠ, ʜʝʬʦʨʤʘʮʽʡ, ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʽ ʟʥʠʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ [366]. ʍʦʯʘ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʧʦʢʨʠʪʪʷ 

ʚʦʣʦʛʦʫʪʨʠʤʫʶʯʠʤʠ ʪʘ ʧʣʽʚʢʦʫʪʚʦʨʶʶʯʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʫʤʘʥʥʠʭ ʟʘʚʽʩ, ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ, ʚʦʥʠ ʥʝ ʢʦʥʪʨʦʣʶʶʪʴ ʚʦʣʦʛʽʩʥʫ ʫʩʘʜʢʫ, 

ʩʧʨʠʯʠʥʝʥʫ ʜʝʬʽʮʠʪʦʤ ʚʦʜʠ ʧʨʠ ʥʠʟʴʢʠʭ ɺ/ʎ ʚʽʜʥʦʰʝʥʥʷʭ (ɺ/ʎ < 0,4), ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʢʪʠʚʥʦʛʦ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ [133]. 

ʉʫʤʽʰʽ ʟ ʥʠʟʴʢʠʤ ɺ/ʎ, ʷʢ ̔ʤʽʩʪʷʪʴ ʧʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ ʟʦʣʘ-

ʚʠʥʝʩʝʥʥʷ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʤʝʣʝʥʠʡ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ ʪʘ 

ʧʨʠʨʦʜʥʽ ʽ ʰʪʫʯʥʽ ʧʫʮʦʣʘʥʠ ʧʦʪʨʝʙʫʶʪʴ ʪʨʠʚʘʣʦʛʦ ʜʦʛʣʷʜʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʧʦʚʥʦʪʠ ʨʝʘʢʮʽʾ ʛʽʜʨʘʪʘʮʽʾ ʫ ʮʝʤʝʥʪʥʽʡ ʩʠʩʪʝʤʽ. ɼʝʷʢʽ ʧʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ, 

ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʧʽʜʚʠʱʝʥʽʡ ʧʠʪʦʤʽʡ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʩʦʢʽʡ ʨʝʘʢʮʽʡʥʽʡ ʟʜʘʪʥʦʩʪʽ, 

ʤʦʞʫʪʴ ʧʦʩʠʣʶʚʘʪʠ ʩʘʤʦʦʙʝʟʚʦʜʥʝʥʥʷ ʪʘ ʭʽʤʽʯʥʫ ʫʩʘʜʢʫ ʚ ʩʫʤʽʰʘʭ ʟ ʥʠʟʴʢʠʤ ɺ/ʎ 

[146]. ʂʨʽʤ ʪʦʛʦ, ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʘ ʧʨʦʥʠʢʥʽʩʪʴ ʧʨʠ ʥʠʟʴʢʦʤʫ ɺ/ʎ ʤʦʞʝ 

ʧʝʨʝʰʢʦʜʞʘʪʠ ʽʥʬʽʣʴʪʨʘʮʽʾ ʟʦʚʥʽʰʥʴʦʾ ʚʦʜʠ, ʥʘʚʽʪʴ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ ʪʚʝʨʜʥʝʥʥʷ. ʗʢ 

ʥʘʩʣʽʜʦʢ, ʟʦʚʥʽʰʥʷ ʚʦʜʘ ʤʦʞʝ ʥʝ ʜʦʩʷʛʪʠ ʥʝʟʚʦʣʦʞʝʥʠʭ ʟʝʨʝʥ ʮʝʤʝʥʪʫ, ʦʙʤʝʞʫʶʯʠ 

ʩʪʫʧʽʥʴ ʛʽʜʨʘʪʘʮʽʾ ʽ ʨʝʘʢʮʽʶ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽ 
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ʨʦʟʚʠʥʫʪʦ ʢʦʥʮʝʧʮʽʶ çinternal curingè ʚ ʪʘʢʠʭ ʙʝʪʦʥʘʭ [133, 147, 148, 149, 198, 250, 

380]. ʎʷ ʢʦʥʮʝʧʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʚʚʝʜʝʥʥʷ ʚ ʙʝʪʦʥ ʜʦʜʘʪʢʦʚʠʭ ʚʥʫʪʨʽʰʥʽʭ ʨʝʟʝʨʚʫʘʨʽʚ 

ʚʦʜʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʜ̔ʨʘʪʘʮʽʾ [262]. ɿʛʽʜʥʦ ʟ [146], ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ 

ʧʽʜʭʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʛʽʜʨʘʪʘʮʽʾ ʚ'ʷʞʫʯʦʛʦ ʪʘ ʧʨʦʥʠʢʥʦʩʪʽ ʙʝʪʦʥʫ, ʪʦʤʫ 

ʜʦʮʽʣʴʥʦ ʚʚʦʜʠʪʠ ʧʦʨʠʩʪʽ ʢʦʤʧʦʥʝʥʪʠ ʚ ʩʫʤʽʰ ʧʨʠ ɺ/ʎ Ò 0,4. ɼʣʷ ʙʝʪʦʥʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʛʣʠʙʣʝʥʘ ʛʽʜʨʘʪʘʮʽʷ ʻ ʥʝʦʙʭʽʜʥʦ  ʁ ʯʝʨʝʟ ʚʝʣʠʢʫ 

ʚʽʜʢʨʠʪʫ ʧʦʚʝʨʭʥʶ, ʱʦ ʽʥʢʦʣʠ ʦʙʤʝʞʫʻ ʪʨʘʜʠʮʽʡʥʽ ʚʘʨʽʘʥʪʠ ʜʦʛʣʷʜʫ [259]. 

ɼʦʜʘʪʢʦʚʘ ʚʦʜʘ ʪʘʢʦʞ ʜʦʧʦʤʦʞʝ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʛʽʜʨʘʪʘʮʽʶ ʮʝʤʝʥʪʫ ʪʘ 

ʧʫʮʦʣʘʥʽʯʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʚ ʙʝʪʦʥʽ, ʱʦ ʧʦʪʝʥʮʽʡʥʦ ʩʧʨʠʷʪʠʤʝ 

ʧʽʜʚʠʱʝʥʥʶ ʤʽʮʥʦʩʪʽ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ. 

ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʝʟʝʨʚʫ ʚʦʜʠ ʜʣʷ ʛʽʜʨʘʪʘʮʽʾ ʚôʷʞʫʯʦʛʦ 

ʧʝʨʝʜʙʘʯʘʻ ʚʚʝʜʝʥʥʷ ʚ ʮʝʤʝʥʪʥʫ ʤʘʪʨʠʮʶ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʙʘʚʦʢ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ 

ʧʦʨʠʩʪʽ ʢʦʤʧʦʥʝʥʪʠ, ʪʘʢʽ ʷʢ ʣʝʛʢʽ ʟʘʧʦʚʥʶʚʘʯʽ ʪʘ ʚʦʜʦʫʪʨʠʤʫʶʯʽ ʩʫʧʝʨʘʙʩʦʨʙʫʶʯʽ 

ʛʨʘʥʫʣʠ, ʷʢʽ ʚʠʚʽʣʴʥʷʶʪʴ ʚʦʣʦʛʫ ʚ ʙʝʪʦʥʥʫ ʤʘʪʨʠʮʶ ʜʣʷ ʧʦʜʦʚʞʝʥʥʷ ʧʨʦʮʝʩʫ 

ʛʽʜʨʘʪʘʮʽʾ [264]. ʂʨʽʤ ʪʦʛʦ, ʭʽʤʽʯʥʽ ʜʦʙʘʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʚ ʧʦʨʘʭ ʙʝʪʦʥʫ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ ʫʩʘʜʢʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʝʨʘʙʩʦʨʙʫʶʯʠʭ ʧʦʣʽʤʝʨʽʚ ʽ ʧʦʨʠʩʪʠʭ ʟʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʨʝʟʝʨʚʫʘʨʽʚ ʚʦʜʠ ʰʠʨʦʢʦ ʚʠʚʯʘʣʦʩʷ ʚ ʜʝʢʽʣʴʢʦʭ ʥʘʫʢʦʚʠʭ 

ʨʦʙʦʪʘʭ [174, 176, 177, 366]. ɺʢʣʶʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʝʟʝʨʚʫʘʨʫ ʚʦʜʠ ʫ ʙʝʪʦʥ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʥʝʩʠʣʦʚʽ ʚʧʣʠʚʠ ʥʘ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨʫ ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʫʩʘʜʦʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʟʚʦʣʦʞʝʥʦʛʦ ʩʧʝʯʝʥʦʛʦ ʟʦʣʴʥʦʛʦ ʟʘʣʠʰʢʫ 

(sintered fly  ash) ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʙʝʪʦʥʥʦʾ ʜʦʨʦʞʥʴʦʾ ʧʣʠʪʠ ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʪʨʠʚʘʣʫ ʛʽʜʨʘʪʘʮʽʶ ʮʝʤʝʥʪʫ ʚ ʩʫʭʠʭ ʫʤʦʚʘʭ ʪʚʝʨʜʥʝʥʥʷ, ʧʽʜʚʠʱʠʪʠ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ 

ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ ʥʘ 40% ʽ ʚʠʱʝ ʪʘ ʟʤʝʥʰʠʪʠ ʢʘʧʽʣʷʨʥʝ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ [373]. 

ʃʝʛʢʽ ʟʘʧʦʚʥʶʚʘʯʽ ʻ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤ ʽ ʧʨʦʩʪʠʤ ʩʧʦʩʦʙʦʤ 

ʧʽʜʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʚ ʩʫʭʠʭ ʫʤʦʚʘʭ ʪʚʝʨʜʥʝʥʥʷ. ɿʘʤʽʥʘ ʜʨʽʙʥʦʛʦ 

ʟʘʧʦʚʥʶʚʘʯʘ ʥʘ ʧʦʧʝʨʝʜʥʴʦ ʟʤʦʯʝʥʠʡ ʣʝʛʢʠʡ ʟʘʧʦʚʥʶʚʘʯ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʟʤʝʥʰʝʥʥʷ ʫʩʘʜʦʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʽ ʧʨʦʥʠʢʥʽʩʪʴ ʙʝʪʦʥʫ [198, 374]. 

ʆʜʥʘʢ, ʷʢ ʧʨʘʚʠʣʦ, ʮʝ ʟʥʠʞʫʻ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʥʘ ʩʪʠʩʢ [287]. ʊʚʝʨʜʥʝʥʥʷ ʙʝʪʦʥʽʚ ʚ 
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ʩʫʭʠʭ ʫʤʦʚʘʭ ʽʟ ʚʽʜʥʦʰʝʥʥʷʤ ɺ/ʎ Ó0,42, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʪʴ ʚʦʜʦʥʘʩʠʯʝʥʠʡ 

ʢʝʨʘʤʟʠʪ, ʤʘʶʪʴ ʩʪʫʧʽʥʴ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʥʘ 16% ʚʠʱʠʡ  ̔ʥʘ 19% ʙʽʣʴʰʫ ʤʽʮʥʽʩʪʴ 

ʥʘ ʩʪʠʩʢ ʪʘ ʥʘ 30% ʥʠʞʯʫ ʧʨʦʥʠʢʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʘʥʘʣʦʛʘʤʠ ʙʝʟ ʢʝʨʘʤʟʠʪʫ. ʎʝ 

ʜʝʤʦʥʩʪʨʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʨʝʟʝʨʚʽʚ ʚʦʜʠ ʜʣʷ ʙʝʪʦʥʽʚ ʟ 

ʥʠʟʴʢʠʤ ɺ/ʎ ʚʽʜʥʦʰʝʥʥʷʤ. 

ɿʘʛʘʣʦʤ, ʟʘʤʦʯʫʚʘʥʥʷ ʧʦʨʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʻ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʩʢʣʘʜʥʠʤ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽʣʴʥʠʤ. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʜʨʽʙʥʦʧʦʨʠʩʪʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʛʽʜʥʠʤ 

ʟʘʚʜʷʢʠ ʾʭ ʟʜʘʪʥʦʩʪʽ ʰʚʠʜʢʦ ʧʦʛʣʠʥʘʪʠ ʚʦʜʫ ʪʘ ʚʠʩʦʢʽʡ ʧʠʪʦʤʽʡ ʧʦʚʝʨʭʥʽ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʝʨʪʥʠʭ ʣʝʛʢʠʭ ʟʘʧʦʚʥʶʚʘʯʽʚ, ʘʢʪʠʚʥʽ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʤʦʞʫʪʴ 

ʯʘʩʪʢʦʚʦ ʟʘʤʽʥʠʪʠ ʮʝʤʝʥʪ ʫ ʙʝʪʦʥʽ, ʟʥʠʞʫʶʯʠ ʡʦʛʦ ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʘ ʬʦʨʤʫʶʯʠ 

ʩʪʨʫʢʪʫʨʫ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʁ , ʜʦʚʛʦʚʽʯʥʽʩʪ ʁʽ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪ.ʁ 

ɿʘʟʚʠʯʘʡ ʧʨʠ ʟʚʝʜʝʥʥʽ ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʨʘʡʦʥʘʭ ʟʽ ʟʥʘʯʥʠʤʠ 

ʢʦʣʠʚʘʥʥʷʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʦʣʦʛʦʩʪʽ, ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʪʚʝʨʜʥʝʥʥʷ ʙʝʪʦʥʫ ʤʦʞʫʪʴ 

ʚʠʥʠʢʘʪʠ ʤʽʢʨʦʪʨʽʱʠʥʠ ʯʝʨʝʟ ʢʦʤʙʽʥʦʚʘʥʠʡ ʚʧʣʠʚ ʫʩʘʜʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʥʘʧʨʫʞʝʥʴ [377]. ʎʝ ʧʠʪʘʥʥʷ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʝ ʚ ʪʝʧʣʫ ʧʦʨʫ ʨʦʢʫ ʧʨʠ 

ʙʫʜʽʚʥʠʮʪʚʽ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʝʣʠʢʦʶ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ, ʪʘʢʠʭ ʷʢ ʧʦʢʨʠʪʪʷ ʜʦʨʽʛ ʽ 

ʘʝʨʦʜʨʦʤʽʚ, ʘ ʪʘʢʦʞ ʤʦʩʪʦʚʠʭ ʧʨʦʣʴʦʪʽʚ. ʊʦʤʫ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʪʨʠʤʫʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʪʨʽʱʠʥ, ʚʥʘʩʣʽʜʦʢ ʥʝʩʠʣʦʚʠʭ ʚʧʣʠʚʽʚ, ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʤʘʻ ʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ, ʥʘʷʚʥʽʩʪʴ ʚ ʥʽʡ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ, ʘ ʩʘʤʝ ʧʦʨʠ ʛʝʣʶ, ʧʦʚʝʨʭʥʽ ʧʦʜʽʣʫ ʬʘʟ ʪʘ ʤʽʢʨʦʢʘʧʽʣʷʨʠ [107]. 

 

 

 

1.3. ʄʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʚ ʙʝʪʦʥʘʭ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 
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ʜʫʞʝ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʙʫʜʽʚʥʠʮʪʚʘ, ʘ ʙʝʪʦʥʠ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʻ 

ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ [217, 323]. 

ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʷʢʠʡ ʟʘʣʠʰʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʤʽʥʝʨʘʣʴʥʦʛʦ ʚôʷʞʫʯʦʛʦ, ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʽ ʚʠʢʠʜʠ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʱʦ ʟʫʤʦʚʣʶʻ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ [278, 321]. 

ʇʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʻ ʜʫʞʝ ʝʥʝʨʛʦʻʤʥʠʤ [95, 277, 335]  ̔ʛʝʥʝʨʫʻ 

ʤʘʡʞʝ 7% ʩʚʽʪʦʚʠʭ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ [69, 159, 234, 266, 267, 283]. ʊʦʤʫ 

ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚ ʙʝʪʦʥʽ ʪʘ ʯʘʩʪʢʦʚʘ ʟʘʤʽʥʘ ʡʦʛʦ ʧʫʮʦʣʘʥʦʚʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʤʦʞʝ ʟʨʦʙʠʪʠ ʩʫʪʪʻʚʠʡ ʚʥʝʩʦʢ ʫ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʮʝʤʝʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʜʦʚʢʽʣʣʷ [27, 29, 99]. ʈʘʮʽʦʥʘʣʴʥʠʡ 

ʧʽʜʙʽʨ ʾʭ ʪʠʧʫ ʪʘ ʚʤʽʩʪʫ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʝʪʦʥ ʽʟ ʟʘʜʘʥʠʤ ʥʘʙʦʨʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [24, 181, 302, 359]. ʇʫʮʦʣʘʥʦʚʽ 

ʤʘʪʝʨʽʘʣʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ 

ʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [4, 244]. ʇʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʚʦʥʠ ʥʘʡʙʽʣʴʰʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ. ʇʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʝʪʦʥʫ ʨʽʟʥʦʾ 

ʤʽʮʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʽʻʾ ʤʘʨʢʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʦʷʩʥʶʻ ʧʨʦʩʪʦʪʫ, ʟ ʷʢʦʶ 

ʧʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʚʝʜʝʥʽ ʚ ʙʝʪʦʥ. ʗʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦ ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʟʤʝʥʰʠʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʤʝʥʪʫ ʥʘ 20% ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʤʽʮʥʦʩʪʽ ʥʘ 15%. 

ʄʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʧʫʮʦʣʘʥʦʚʦʾ ʧʨʠʨʦʜʠ ʘʢʪʠʚʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʠʨʦʜʥʠʤʠ (ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ), ʧʦʙʽʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ (ʟʦʣʘ-

ʚʠʥʝʩʝʥʥʷ), ʩʠʥʪʝʟʦʚʘʥʽ (ʰʪʫʯʥʽ ʮʝʦʣʽʪʠ) ʘʙʦ ʟ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʩʝʢʪʦʨʫ 

(ʢʨʝʤʥʝʟʝʤʥʠʡ ʧʠʣ, ʜʦʤʝʥʥʠʡ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʰʣʘʢ) [14, 35]. ʇʫʮʦʣʘʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʦʩʦʙʣʠʚʦ ʘʣʶʤʦʩʠʣʽʢʘʪʠ (ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ, ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ ʪʦʱʦ), ʤʘʶʪʴ ʯʠʩʣʝʥʥʽ 

ʧʝʨʝʚʘʛʠ [218]. ʎʽ ʤʘʪʝʨʽʘʣʠ ʜʫʞʝ ʝʬʝʢʪʠʚʥʽ ʯʝʨʝʟ ʣʝʛʢʫ ʜʦʩʪʫʧʥʽʩʪʴ ʜʝʷʢʠʭ ʟ ʥʠʭ, 

ʱʦ ʜʘʻ ʝʢʦʥʦʤʽʯʥʫ ʧʝʨʝʚʘʛʫ, ʟʜʘʪʥʽʩʪʴ ʧʽʜʚʠʱʫʚʘʪʠ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [97, 162, 218, 265, 344].  

ʊʘʢʽ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ - ʘʣʴʪʝʨʥʘʪʠʚʠ ʮʝʤʝʥʪʫ ʻ ʦʢʨʝʤʦʶ ʽ ʜʦʩʠʪʴ 

ʩʘʤʦʩʪʽʡʥʦʶ ʢʘʪʝʛʦʨʽʻʶ. ɺʦʥʠ ʜʦʜʘʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. 

ʇʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʟʥʠʞʫʶʪʴ ʚʘʨʪʽʩʪʴ ʙʫʜʽʚʥʠʮʪʚʘ, ʧʽʜʚʠʱʫʶʪʴ ʤʽʮʥʽʩʪʴ, 
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ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʽ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʴ ʙʝʪʦʥʫ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʽʥʮʝʚʫ ʷʢ̔ʩʪɹ 

ʙʝʪʦʥʫ ʯʝʨʝʟ ʛʽʜʨʘʚʣʽʯʥʽ ʘʙʦ ʧʫʮʦʣʘʥʦʚʽ ʝʬʝʢʪʠ [232]. ɿʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-

128:2006 [43], ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʜʦ ʮʝʤʝʥʪʫ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʥʘ ʪʨʠ ʪʠʧʠ, 

ʚʠʭʦʜʷʯʠ ʟ ʾʭ ʬʫʥʢʮʽʡ, ʘ ʩʘʤʝ ʪʽ, ʱʦ ʟʜʘʪʥʽ ʜʦ ʩʣʘʙʢʦʾ (ʧʨʠʭʦʚʘʥʦʾ) ʛʽʜʨʘʪʘʮʽʾ, ʜʦ 

ʘʢʪʠʚʥʦ ʾ ʚʟʘʻʤʦʜʽʾ ʟ ʧʨʦʜʫʢʪʘʤʠ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ, ʽʥʝʨʪʥʽ, ʘʣʝ ʟʘ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ ʧʦʜʽʙʥʽ ʜʦ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʷʢ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʤʽʩʪʴ ʢʣʽʥʢʝʨʫ 

ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ ʪʘ ʮʝʤʝʥʪʫ ʚ ʙʝʪʦʥʽ ʩʧʨʠʷ ̒ ʯʘʩʪʢʦʚʦʤʫ 

ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʟʙʝʨʝʞʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ [60, 130, 199, 255]. ʄʝʣʝʥʽ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ 

(ɻɼʐ) ʽ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ (ɿɺ) ʥʘʣʝʞʘʪʴ ʜʦ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ. 

ɻɼʐ ʻ ʜʦʩʠʪʴ ʮʽʥʥʠʤ ʚʽʜʭʦʜʦʤ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

[2, 119]. ʄʝʣʝʥʠʡ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ ʧʦʯʘʚ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʧʽʩʣʷ ʚʽʜʢʨʠʪʪʷ ʡʦʛʦ ʧʨʠʭʦʚʘʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɹʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ 

ʧʨʦʚʦʜʠʣʠ ʯʠʩʣʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʝʤʝʥʪʽʚ ʽ ʙʝʪʦʥʽʚ, 

ʱʦ ʤʽʩʪʷʪʴ ɻɼʐ ʽ ʟʦʣʫ-ʚʠʥʝʩʝʥʥʷ [188, 193, 203 297, 339, 347, 357]. ɿʘ ʜʘʥʠʤʠ 

ɯʚʘʱʠʰʠʥ ʪʘ ʽʥ. [339] ʽ ʂʫʨʜʦʚʩʴʢʦʛʦ [254], ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʽʚ ʽ ʙʝʪʦʥʽʚ, ʱʦ 

ʤʽʩʪʷʪʴ ʜʦʤʝʥʥʠʡ ʰʣʘʢ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʢʨʫʧʥʦʩʪʽ ʰʣʘʢʫ ʽ ʢʽʣʴʢʦʩʪʽ 

ʩʢʣʦʧʦʜʽʙʥʦʾ ʬʘʟʠ ʚ ʰʣʘʢʫ. Kumar ʪʘ ʽʥ. [274] ʪʘʢʦʞ ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʰʣʘʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʡʦʛʦ ʯʘʩʪʠʥʦʢ. ɼʠʩʧʝʨʩʥʽʩʪʴ ʰʣʘʢʫ ʪʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʣʘʢ/ʮʝʤʝʥʪ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ, ʱʦ ʤʽʩʪʠʪʴ ɻɼʐ. 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ɻɼʐ ʫ ʙʝʪʦʥʘʭ, ʪʘʢʠʭ ʷʢ 

ʟʤʝʥʰʝʥʥʷ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʦʪʠ ʛʽʜʨʘʪʘʮʽʾ, ʤʝʥʰʘ ʧʨʦʥʠʢʥʽʩʪʴ, ʙʽʣʴʰ ʚʠʩʦʢʘ 

ʤʽʮʥʽʩʪʴ ʫ ʙʽʣʴʰ ʧʽʟʥʴʦʤʫ ʚʽʮʽ ʪʘ ʧʽʜʚʠʱʝʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʨʦʟʽʾ [178, 300]. ɹʫʣʦ 

ʪʘʢʦʞ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʫʞʝ ʚʠʩʦʢʠʭ ʨʽʚʥʽʚ ʟʘʤʽʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ʰʣʘʢʦʤ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ. Men®ndez ʪʘ ʽʥ. 

[280] ʜʦʚʝʜʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʪʨʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ, ʱʦ ʤʽʩʪʠʪʴ 

ʚʘʧʥʷʢʦʚʠʡ ʥʘʧʦʚʥʶʚʘʯ (ɺʅ) ʽ ʜʦʤʝʥʥʠʡ ʰʣʘʢ. ɺʅ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚʠʢʣʠʢʘʻ 

ʧʽʜʚʠʱʝʥʥʷ ʛʽʜʨʘʪʘʮʽʾ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ, ʪʦʜʽ ʷʢ ʰʣʘʢ ʩʧʨʠʷʻ ʛʽʜʨʘʪʘʮʽʾ ʥʘ ʩʝʨʝʜʥʽʭ 
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ʽ ʧʽʟʥʽʭ ʩʪʘʜʽʷʭ. Domenico ʪʘ ʽʥ. [336] ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʦʚʝʜʽʥʢʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʙʘʣʦʢ, ʱʦ ʤʽʩʪʷʪʴ ʰʣʘʢ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʝʯʝʡ, ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʐʣʘʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʷʢ ʢʨʫʧʥʠʡ ʟʘʧʦʚʥʶʚʘʯ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʢʽʥʮʝʚʘ ʤʽʮʥʽʩʪʴ 

ʥʘ ʟʛʠʥ ʽ ʟʩʫʚ ʚʠʱʝʟʛʘʜʘʥʠʭ ʙʘʣʦʢ ʟ ʰʣʘʢʦʤ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʝʯʝʡ ʙʫʣʘ ʚʠʱʦʶ 

ʟʘʚʜʷʢʠ ʧʦʢʨʘʱʝʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʪʘʢʦʛʦ ʙʝʪʦʥʫ. 

ɿʦʣʘ-ʚʠʥʝʩʝʥʥʷ (ɿɺ) ʻ ʧʦʙʽʯʥʠʤ ʧʨʦʜʫʢʪʦʤ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ [247]. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ, ʪʘʢ ʽ ʙʝʪʦʥʫ [210, 281, 333]. 

ʎʝ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʽ ʟʘʪʚʝʨʜʽʣʠʭ ʙʝʪʦʥʽʚ, 

ʷʢ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʴ, ʤʽʮʥʽʩʪʴ, ʫʩʘʜʢʘ ʧʨʠ ʚʠʩʠʭʘʥʥʽ, ʪʝʨʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʠʨʘʥʥʷ [141, 171, 305, 311]. Ghais ʪʘ ʽʥ. [299] ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ 

ʜʦʜʘʚʘʥʥʷ 10 ʤʘʩ. % ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ, ʘ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ 

ï ʟʥʠʞʫʻ. ɺʠʱʝʟʛʘʜʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢ 

ʧʦʜʨʽʙʥʝʥʦʾ, ʪʘʢ ʽ ʥʝʧʦʜʨʽʙʥʝʥʦʾ (ʥʝʘʢʪʠʚʦʚʘʥʦʾ ʤʝʭʘʥʽʯʥʦ) ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʘʢʪʠʚʦʚʘʥʦʾ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʜʦʜʘʪʢʦʚʠʭ 

ʦʧʝʨʘʮʽʡ, ʪʘʢʠʭ ʷʢ ʾʾ ʧʦʜʨʽʙʥʝʥʥʷ, ʱʦ ʟʤʝʥʰʫʻ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʧʨʠʨʦʜʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ, ʷʢʽ ʚʩʝ ʱʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʽ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʅʝʘʢʪʠʚʦʚʘʥʘ ʟʦʣʘ-

ʚʠʥʝʩʝʥʥʷ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ ʫ ʮʝʤʝʥʪʘʭ ʽ 

ʙʝʪʦʥʘʭ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʤʽʥʝʨʘʣʴʥʦʾ ʜʦʙʘʚʢʠ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʷʢ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯ [89, 305]. 

ʉʦʙʦʣʴ ʪʘ ʽʥ. [103] ʽ Li ʪʘ ʽʥ. [256] ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʢʦʤʙʽʥʦʚʘʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɻɼʐ ʽ ɿɺ ʷʢ ʚ ʮʝʤʝʥʪʽ, ʪʘʢ ʽ ʚ ʙʝʪʦʥʽ ʻ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤ [233]. ɿ 

ʦʜʥʦʛʦ ʙʦʢʫ, ʜʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ'ʷʞʫʯʘ ʩʠʩʪʝʤʘ, ʱʦ ʤʽʩʪʠʪʴ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ, ɻɼʐ ʽ ɿɺ, ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʚʠʱʫ ʤʽʮʥʽʩʪʴ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʚʽʮʽ, ʥʽʞ 

ʚ'ʷʞʫʯʘ ʩʠʩʪʝʤʘ, ʱʦ ʚʢʣʶʯʘʻ ɻɼʐ ʽ ɿɺ ʦʢʨʝʤʦ [256, 346]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ Jeong ʽ ʽʥ. 

[282] ʥʝ ʟʥʘʡʰʣʠ ʞʦʜʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʮʝʤʝʥʪʥʽʡ ʩʠʩʪʝʤʽ, ʱʦ ʚʢʣʶʯʘʻ ɻɼʐ ʪʘ 

ɿɺ. 

ʌʝʨʥʘʥʜʝʩ ʪʘ ʽʥ. [208] ʪʘʢʦʞ ʟʘʟʥʘʯʠʣʠ, ʱʦ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ ʤʽʞ ɻɼʐ ʽ ɿɺ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʫ ʚôʷʞʫʯʽʡ ʩʠʩʪʝʤʽ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʭʽʤʽʯʥʠʡ ʽ ʟʝʨʥʦʚʠʡ ʩʢʣʘʜʠ 
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ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʤʝʣʝʥʦʛʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ ʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ 

ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʚ ʙʝʪʦʥʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ɻɼʐ ʪʘ ɿɺ ʪʘʢʦʞ ʤʦʞʝ ʤʘʪʠ ʚʧʣʠʚ ʥʘ ʧʦʯʘʪʢʦʚʠʡ pH ʮʝʤʝʥʪʥʦʾ 

ʩʠʩʪʝʤʠ ʪʘ ʟʘʭʠʩʥʠʡ ʧʘʩʠʚʫʶʯʠʡ ʰʘʨ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʘʨʤʘʪʫʨʥʠʭ ʩʪʝʨʞʥʷʭ 

ʟʘ ʨʘʭʫʥʦʢ ʣʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʙʝʪʦʥʽ [306]. ɺ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʢʦʨʦʟʽʷ 

ʘʨʤʘʪʫʨʥʠʭ ʩʪʨʠʞʥʽʚ ʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, 

ʱʦ ʚʠʢʣʠʢʘʻ ʾʭ ʧʝʨʝʜʯʘʩʥʝ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʩʝʨʡʦʟʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ 

ʧʨʠʜʘʪʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ [154, 172]. ʇʨʦʪʝ ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʝʙʘʛʘʪʦ ʧʫʙʣʽʢʘʮʽʡ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʧʣʠʚʦʤ ʢʽʣʴʢʦʩʪʽ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ 

ʘʨʤʘʪʫʨʥʠʭ ʩʪʨʠʞʥʽʚ ʫ ʙʝʪʦʥʘʭ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʘ (CF) ʫ ʮʝʤʝʥʪʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ, ʱʦ ʤʦʞʝ 

ʚʧʣʠʚʘʪʠ ʥʘ ʩʪʽʡʢʽʩʪʴ ʩʪʘʣʝʚʠʭ ʘʨʤʘʪʫʨʥʠʭ ʩʪʨʠʞʥʽʚ ʫ ʪʘʢʠʭ ʙʝʪʦʥʘʭ. ʂʨʽʤ ʪʦʛʦ, 

ʜʫʞʝ ʚʘʞʢʦ ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʠʡ ʢʣʘʩ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʽʚ ʟ ʥʠʟʴʢʠʤ CF, ʽ ʮʝ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʮʝʤʝʥʪʫ ʚ ʙʝʪʦʥʽ, ʚʠʢʣʠʢʘʪʠ ʙʽʣʴʰʫ ʧʦʚʟʫʯʽʩʪʴ ʽ 

ʜʝʬʦʨʤʘʮʽʶ ʫʩʘʜʢʠ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʧʣʠʥʫʪʠ ʥʘ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʘʨʤʘʪʫʨʠ ʽ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ. ʈʦʟʨʦʙʢʘ ʮʝʤʝʥʪʫ ʟ ʤʝʥʰʠʤ ʨʽʚʥʝʤ ʟʘʤʽʱʝʥʥʷ ʢʣʽʥʢʝʨʫ 

ʽ ʙʽʣʴʰʦʶ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʚʠʪʨʘʪʠ ʚ ʙʝʪʦʥʘʭ ʽ 

ʧʦʣʽʧʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʽʚ ʽ ʡʦʛʦ ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʘ ʪʘʢʦʞ 

ʩʪʽʡʢʦʩʪʽ ʩʪʘʣʝʚʦʾ ʘʨʤʘʪʫʨʠ ʚ ʟʘʣʽʟʦʙʝʪʦʥʽ [263]. ɿʘ ʜʘʥʠʤʠ Yeau and Kim [375], 

ʡʤʦʚʽʨʥʽʩʪʴ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʥʠʭ ʩʪʘʣʝʚʠʭ ʩʪʨʠʞʥʽʚ ʫ ʙʝʪʦʥʽ ʥʘ ʦʩʥʦʚʽ ʮʝʤʝʥʪʫ ʪʠʧʫ 

V ʙʫʣʘ ʚʠʱʦʶ, ʥʽʞ ʫ ʙʝʪʦʥʽ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʪʠʧʫ I. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʣʦʱʘ ʧʨʦʢʦʨʦʜʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ɻɼʐ, ʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʨʦʟʽʾ 

ʩʪʘʣʽ ʢʨʘʱʘ ʚ ʙʝʪʦʥʽ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʪʠʧʫ I ʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ɻɼʐ. 

Top­u ʪʘ Boĵa [364] ʜʦʩʣʽʜʞʫʚʘʣʠ ʢʦʨʦʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʝʚʠʭ ʘʨʤʘʪʫʨʥʠʭ 

ʩʪʨʠʞʥʽʚ ʫ ʙʝʪʦʥʽ, ʱʦ ʤʽʩʪʠʪʴ 25 ʪʘ 50 ʤʘʩ.% ɻɼʐ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʚ ʫʤʦʚʘʭ 

ʢʣʘʩʫ ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʙʝʪʦʥ ʍC1 (ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʘ ʚʽʜʥʦʩʥʘ 

ʚʦʣʦʛʽʩʪʴ ʽ ʪʝʤʧʝʨʘʪʫʨʘ) ʽ ʍC2 (ʫ ʚʦʜʽ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 20 Ñ 2 ÁC) ʫ ʚʽʮʽ 28, ʘ ʪʘʢʦʞ 

90 ʜʽʙ. ɼʦʩʣʽʜʥʠʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʯʘʩ ʨʫʡʥʫʚʘʥʥʷ ʧʦʜʦʚʞʫʻʪʴʩʷ ʚ ʙʝʪʦʥʽ, ʷʢʠʡ 

ʤʽʩʪʠʪʴ 25% ʤʘʩʠ ɻɼʐ, ʜʣʷ ʦʙʦʭ ʫʤʦʚ ʪʚʝʨʜʥʝʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ Song ̔  Saraswathy 

[331], ʟʥʠʞʝʥʥʷ ʨʅ ʙʝʪʦʥʫ, ʱʦ ʤʽʩʪʠʪʴ ɻɼʐ, ʥʝ ʤʘʣʦ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 
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ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʘʨʤʘʪʫʨʠ. ɼʦʩʣʽʜʥʠʢʠ ʪʘʢʦʞ ʧʦʤʽʪʠʣʠ, ʱʦ ʩʪʘʣʝʚʘ ʘʨʤʘʪʫʨʘ ʚ 

ʮʝʤʝʥʪʽ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʥʝʘʢʪʠʚʦʚʘʥʫ ʟʦʣʫ-ʚʠʥʝʩʝʥʥʷ, ʟʘʟʥʘʣʘ ʩʠʣʴʥʦʾ ʢʦʨʦʟʽʾ [325]. 

ʇʨʦʪʝ ʙʝʪʦʥ, ʱʦ ʤʽʩʪʠʪʴ ʘʢʪʠʚʦʚʘʥʫ ʟʦʣʫ-ʚʠʥʝʩʝʥʥʷ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʢʨʘʱʝʥʦʶ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ. Polder [304] ʨʝʟʶʤʫʚʘʚ, ʱʦ ʟʘʤʽʥʘ ʢʣʽʥʢʝʨʫ 50ï

70 ʤʘʩ. % ɻɼʐ ʽ 20ï30 ʤʘʩ.% ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʧʨʠʟʚʝʣʘ ʜʦ ʧʽʜʚʠʝɦʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʧʨʦʥʠʢʥʝʥʥʶ ʭʣʦʨʠʜʫ ʪʘ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ, ʟʤʝʥʰʫʶʯʠ ʨʠʟʠʢ ʢʦʨʦʟʽʾ 

ʚ ʩʝʨʝʜʦʚʠʱʘʭ, ʟʘʙʨʫʜʥʝʥʠʭ ʭʣʦʨʠʜʘʤʠ. ʂʦʤʧʦʟʠʮʽʡʥʽ ʮʝʤʝʥʪʠ, ʱʦ ʤʽʩʪʷʪʴ 25 

ʤʘʩ.% ʷʢ ʰʣʘʢʫ, ʪʘʢ ʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ, ʧʦʚʦʜʷʪʴʩʷ ʧʦʜʽʙʥʦ.  

ʉʝʨʝʜ ʧʨʠʨʦʜʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʫ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʷʢʠʡ ʚʠʷʚʣʷʻ 

ʟʥʘʯʥʫ ʧʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʽʩʪʴ [289, 319]. ɺʝʣʠʢʽ ʨʦʜʦʚʠʱʘ ʮʝʦʣʽʪʫ, ʧʨʠʜʘʪʥʽ ʜʣʷ 

ʚʠʜʦʙʫʪʢʫ, ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ. ʈʽʯʥʠʡ ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʠʨʦʜʥʠʭ ʮʝʦʣʽʪʦʚʠʭ ʪʫʬʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʩʪʘʙʽʣʴʥʠʤ ʧʨʦʪʷʛʦʤ 

ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ  ̔ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 3 ʤʣʥ. ʪʦʥʥ.  

ʎʝʦʣʽʪʦʚʠʡ ʪʫʬ [8, 168] ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʯʘʩʪʢʦʚʦʾ ʟʘʤʽʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚ ʙʝʪʦʥʘʭ ʪʘ ʢʣʽʥʢʝʨʫ ʚ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʭ. 

ʎʝʦʣʽʪʠ - ʮʝ ʚʝʣʠʢʘ ʢʘʪʝʛʦʨʽʷ ʤʽʥʝʨʘʣʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʦʜʥʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ 

ʢʘʣʴʮʽʶ ʽ ʥʘʪʨʽʶ, ʷʢʽ ʽʥʦʜʽ ʟʘʤʽʱʫʶʪʴʩʷ K, Ba, Sr ʪʘ ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʉʴʦʛʦʜʥʽ 

ʚʽʜʦʤʦ ʢʽʣʴʢʘ ʧʨʠʨʦʜʥʠʭ ʮʝʦʣʽʪʽʚ (ʮʝʦʣʽʪʦʚʠʭ ʪʫʬʽʚ), ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʟ ʷʢʠʭ ʻ 

ʢʣʽʥʦʧʪʠʣʦʣʽʪ, ʛʝʡʣʘʥʜʠʪ, ʬʽʣʽʧʩʠʪ ʽ ʤʦʨʜʝʥʽʪ. 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʮʝʦʣʽʪʦʚʤʽʩʥʠʭ ʧʦʨʽʜ ʥʝʩʪʘʙʽʣʴʥʠʡ, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʥʘʷʚʥʽʩʪʶ ʨʽʟʥʠʭ ʜʦʤʽʰʦʢ ʪʘ ʛʽʜʨʦʭʽʤʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʫʪʚʦʨʝʥʥʷ. ɿʛʽʜʥʦ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ Franus [213], ʮʝʦʣʽʪʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʛʨʫʧʫ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʚʢʣʶʯʘʻ ʧʦʨʦʞʥʠʥʠ, ʦʙôʻʜʥʘʥʽ ʚʽʜʢʨʠʪʠʤʠ ʢʘʥʘʣʘʤʠ ï 

ʚʽʢʥʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʘʜʩʦʨʙʮʽʻʶ ʪʘ 

ʤʘʩʦʦʙʤʽʥʦʤ. ʊʦʤʫ ʮʝʦʣʽʪʠ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ çʧʦʨʠʩʪʠʤʠ ʢʨʠʩʪʘʣʘʤʠè ʘʙʦ 

çʤʦʣʝʢʫʣʷʨʥʠʤʠ ʩʠʪʘʤʠè [143]. ʎʝʦʣʽʪʦʚʽ ʪʫʬʠ ʥʘʣʝʞʘʪʴ ʜʦ ʛʽʜʨʘʪʦʚʘʥʠʭ 

ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʣʫʞʥʠʭ ʽ ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ ʢʘʪʽʦʥʽʚ ʟ ʪʨʠʚʠʤʽʨʥʦʶ ʢʘʨʢʘʩʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ. ʎʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʢʨʠʩʪʘʣʽʯʥʽ ʘʣʶʤʦʩʠʣʽʢʘʪʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʨʠʚʠʤʽʨʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʨʝʤʥʽʻʚʦ-ʢʠʩʥʝʚʠʭ (SiO4) ʽ ʘʣʶʤʽʥʽʻʚʦ-
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ʢʠʩʥʝʚʠʭ (AlO4) ʪʝʪʨʘʝʜʨʽʚ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʝʷʢʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ ʷʢ 

ʧʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ. ɺʽʜʦʤʦ, ʱʦ ʚʦʥʠ ʚʠʷʚʣʷʶʪʴ ʟʥʘʯʥʫ ʧʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʽʩʪʴ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʯʽʪʢʫ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ [134, 300, 309, 334]. Uzal ʪʘ ʽʥ. [307, 

334] ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʢʣʽʥʦʧʪʠʣʦʣʽʪʦʚʠʡ ʮʝʦʣʽʪ ʤʘʻ ʟʥʘʯʥʫ ʧʫʮʦʣʘʥʽʯʥʫ ʨʝʘʢʮʽʡʥʫ 

ʟʜʘʪʥʽʩʪʴ, ʷʢʫ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʢʨʝʤʥʝʟʝʤʦʤ ʽ ʚʠʱʫ, ʥʽʞ ʫ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ. ɺʦʥʠ 

ʪʘʢʦʞ ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʚʠʩʦʢʘ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʢʣʽʥʦʧʪʠʣʦʣʽʪʫ 

ʧʦʷʩʥʶʻʪʴʩʷ ʡʦʛʦ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʦʜʫ ʽ ʯʘʩʫ ʧʦʜʨʽʙʥʝʥʥʷ, 

ʘ ʪʘʢʦʞ ʚʤʽʩʪʫ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʦʛʦ SiO2. ʎʝʦʣʽʪʦʚʽ ʪʫʬʠ ʤʘʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʜʨʽʙʥʠʭ ʧʦʨ ʽ ʢʘʥʘʣʽʚ ʟ ʚʝʣʠʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 35-45 ʤ2/ʛ (ʚʥʫʪʨʽʰʥʴʦʶ ʽ 

ʟʦʚʥʽʰʥʴʦʶ) ʽ ʟʜʘʪʥʽʩʪʶ ʧʦʛʣʠʥʘʪʠ ʽ ʚʪʨʘʯʘʪʠ ʚʦʜʫ ʜʦ 30 ʤʘʩ.%. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ SiO2 ʪʘ Al2O3 ʫ ʮʝʦʣʽʪʦʚʦʤʫ ʪʫʬʽ, ʷʢʽ ʨʝʘʛʫʶʪʴ ʽʟ Ca(OH)2 ʟ 

ʧʦʜʘʣʴʰʠʤ ʫʪʚʦʨʝʥʥʷʤ ʢʘʣʴʮʽʶ ʛʽʜʨʦʩʠʣʽʢʘʪʫ ʪʘ ʛʽʜʨʦʘʣʶʤʦʩʠʣʽʢʘʪʫ, 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ [134, 324]. ʎʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʽ ʧʽʜʚʠʱʫʻ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʧʨʦʥʠʢʥʦʩʪʽ ʙʝʪʦʥʫ ʽ ʦʩʦʙʣʠʚʦ ʧʦʢʨʘʱʫʻ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʣʫʞʥʦʾ ʢʦʨʦʟʽʾ [134]. 

ʎʝʦʣʽʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʷʢ ʘʢʪʠʚʥʘ ʤʽʥʝʨʘʣʴʥʘ ʜʦʙʘʚʢʘ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ [23, 180, 251], ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ, ʩʫʭʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʩʫʤʽʰʝʡ ʪʘ ʙʝʪʦʥʽʚ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʨʘʞʝʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʮʝʦʣʽʪʠ 

ʤʘʶʪʴ ʟʥʘʯʥʫ ʧʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ, ʱʦ 

ʧʽʜʪʚʝʨʜʠʣʠ Mertens ʽ ʽʥ. [308]. ʅʘ ʜʫʤʢʫ B. Ahmadi ʪʘ M. Shekarchi [134], ʮʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʷʩʥʶʶʪʴʩʷ ʟʥʘʯʥʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʤʘʪʝʨʽʘʣʫ (ʟʘʚʜʷʢʠ 

ʧʦʨʠʩʪʽʡ ʩʪʨʫʢʪʫʨʽ), ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ Al 2O3 ʪʘ SiO2, 

ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʟ Ca(OH)2 ʟ ʫʪʚʦʨʝʥʥʷʤ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʪʘ ʛʽʜʨʦʘʣʶʤʦʩʠʣʽʢʘʪʽʚ 

ʢʘʣʴʮʽʶ. ʉʘʥʠʮʴʢʠʡ, ʉʦʙʦʣʴ ʪʘ ʽʥ. [8, 103, 251, 292, 378] ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʮʝ 

ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʥʘ ʧʽʟʥʽʭ ʪʝʨʤʽʥʘʭ ʪʚʝʨʜʥʝʥʥʷ, ʟʤʝʥʰʫʻ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʧʨʠ 

ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʧʦʢʨʘʱʫʻ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʮʝʤʝʥʪʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʪʘ ʙʝʪʦʥʽʚ, ʱʦ 

ʤʽʩʪʷʪʴ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ. 

ɺʨʘʭʦʚʫʶʯʠ ʧʦʨʠʩʪʫ ʧʨʠʨʦʜʫ ʮʝʦʣʽʪʽʚ, ʚʽʪʯʠʟʥʷʥʽ ʪʘ ʟʘʨʫʙʽʞʥʽ ʬʘʭʽʚʮʽ 

ʧʨʦʚʝʣʠ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 
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ʦʜʝʨʞʘʥʥʷ ʙʝʪʦʥʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʠʪʠ çinternal 

curingè ʝʬʝʢʪ [96, 322]. ʊʘʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʦʥʘʩʠʯʝʥʦʛʦ ʮʝʦʣʽʪʫ ʜʣʷ ʟʘʤʽʥʠ 

ʯʘʩʪʠʥʠ ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ ʟʥʠʞʫʻ ʫʩʘʜʦʯʥʫ ʜʝʬʦʨʤʘʮʽʶ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʙʝʪʦʥʫ ʧʨʠ 

ʟʙʝʨʝʞʝʥʥʽ ʡʦʛʦ ʤʽʮʥʦʩʪʽ ʥʘ ʧʽʟʥʽʭ ʪʝʨʤʽʥʘʭ ʪʚʝʨʜʽʥʥʷ. ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʦʙʦʪʠ [138], ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʡ ʮʝʦʣʽʪ (0,1-10 ʤʢʤ) ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʢʣʽʥʦʧʪʠʣʦʣʽʪʫ (ʧʦʥʘʜ 95 ʤʘʩ. %) ʥʝ ʻ ʝʬʝʢʪʠʚʥʠʤ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʥʫʪʨʽʰʥʽʭ 

ʨʝʟʝʨʚʽʚ ʚʦʜʠ ʫ ʚʠʩʦʢʦʤʽʮʥʦʤʫ ʙʝʪʦʥ ̔ʟ ɺ/ʎ = 0,3 ʧʦʨʽʚʥʷʥʦ ʟ ʢʝʨʘʤʟʠʪʦʚʠʤ 

ʧʦʨʦʰʢʦʤ. ʆʜʥʘʢ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʧʫʮʦʣʘʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ -

ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. ʋ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [189] ʘʚʪʦʨʠ 

ʧʽʜʪʚʝʨʜʠʣʠ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʬʨʘʢʮʽʾ 1-500 ʤʢʤ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʫʩʘʜʦʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʙʝʪʦʥʫ ʥʘ 42% ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʡʦʛʦ ʤʽʮʥʦʩʪʽ 

ʪʘ ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ ʥʘ ʧʽʟʥʽʭ ʩʪʘʜʽʷʭ ʪʚʝʨʜʥʝʥʥʷ. 

Nagrockiene ʽ Girskas [289] ʧʦʢʘʟʘʣʠ, ʱʦ ʜʦʜʘʚʘʥʥʷ 10% ʮʝʦʣʽʪʫ ʜʦ ʙʝʪʦʥʫ 

ʧʽʜʚʠʱʠʣʦ ʡʦʛʦ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʥʘ 15% ʽ ʟʤʝʥʰʠʣʦ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʚ 2,3 ʨʘʟʠ. 

ɿʘʢʨʠʪʘ ʧʦʨʠʩʪʽʩʪʴ ʮʝʦʣʽʪʦʚʤʽʩʥʦʛʦ ʙʝʪʦʥʫ ʟʨʦʩʪʘʣʘ, ʟʙʽʣʴʰʫʶʯʠ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ 

ʫ 3,3 ʨʘʟʠ. ɿʘ ʜʘʥʠʤʠ Shekarchi [322], ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʡ ʙʝʪʦʥ ʟ ʚʤʽʩʪʦʤ 10-20% 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʤʘʻ ʧʽʜʚʠʱʝʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ: ʜʦ 20% ʥʠʞʯʝ 

ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʭʣʦʨʠʜʥʦʾ ʢʦʨʦʟʽʾ ʪʘ ʚ 4,5 ʨʘʟʠ ʚʠʱʠʡ ʝʣʝʢʪʨʠʯʥʠʡ 

ʦʧʽʨ; ʦʜʥʘʢ ʚʤʽʩʪ 20 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʜʝʱʦ ʟʥʠʞʫʻ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ  ̔ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʫʻ ʚʠʪʨʘʪʠ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʩʫʤʽʰʽ. ʂʨʽʤ ʪʦʛʦ, 

ʟʛʽʜʥʦ ʟ ʚʠʩʥʦʚʢʘʤʠ Vejmelkov§ ʪʘ ʽʥ. [201], ʜʦʜʘʚʘʥʥʷ ʜʦ 20 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ 

ʪʫʬʫ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʢʨʘʱʠʡ ʙʘʣʘʥʩ ʤʽʞ ʟʥʠʞʝʥʥʷʤ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ, ʤʽʮʥʦʩʪʽ 

ʙʝʪʦʥʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʡʦʛʦ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʘ ʩʘʤʝ ʤʦʨʦʟʦ- ʪʘ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʚ ʮʝʤʝʥʪʽ ʪʘ ʙʝʪʦʥʽ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʻ ʾʭ ʜʦʚʛʦʚʽʯʥʽʩʪʴ [268, 328], ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʯʥʽ [291] ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʪʨʠʚʘʣʝ ʟʙʝʨʝʞʝʥʥʷ ʤʘʨʢʠ ʟʘ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʶ [240]. 

Nagrockiene ʪʘ ʽʥ. [290] ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʮʝʦʣʽʪʫ ʥʘ ʩʪʽʡʢʽʩʪʴ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʜʦ ʧʦʧʝʨʝʤʽʥʥʦʛʦ ʟʘʤʝʨʟʘʥʥʷ/ʚʽʜʪʘʚʘʥʥʷ ʪʘ ʩʦʣʝʡ ʧʨʦʪʠ 

ʦʙʣʝʜʝʥʽʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʝ ʧʦʢʨʘʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ, ʤʽʮʥʦʩʪʽ ʪʘ 

ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʩʪʽʡʢʦʩʪʽ ʜʦ ʰʢʽʜʣʠʚʦʾ ʜʽʾ ʩʦʣʝʡ. ɼʦʩʣʽʜʞʝʥʥʷ [216] 
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ʩʚʽʜʯʘʪʴ, ʱʦ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʜʝʤʦʥʩʪʨʫʻ 

ʜʝʱʦ ʥʠʞʯʽ ʧʦʢʘʟʥʠʢʠ, ʥʽʞ ʢʦʥʪʨʦʣʴʥʦʛʦ ʙʝʪʦʥʫ ʧʽʜ ʯʘʩ ʧʦʯʘʪʢʦʚʦʾ ʬʘʟʠ ʮʠʢʣʽʚ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ/ʚʽʜʪʘʚʘʥʥʷ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ 

ʙʝʪʦʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʟʚʠʯʘʡʥʦʛʦ 

ʙʝʪʦʥʫ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʧʨʦʷʚʦʤ ʝʬʝʢʪʫ ʧʦʛʣʠʙʣʝʥʦʾ ʛʽʜʨʘʪʘʮʽʾ. ʆʜʥʘʢ ʫ 

ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʝ ʚʠʚʯʘʚʩʷ ʩʫʤʽʩʥʠʡ ʝʬʝʢʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, ʪʘʢ ʽ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ. 

ʑʝ ʦʜʥʠʤ ʮʽʢʘʚʠʤ ʧʦʨʠʩʪʠʤ ʧʫʮʦʣʘʥʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʻ ʩʧʫʯʝʥʠʡ ʧʝʨʣʽʪ. 

ʆʜʥʘʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, ʧʦʨʠʩʪʽʩʪʴ ʧʝʨʣʽʪʫ ʻ ʚʽʜʢʨʠʪʦʶ, ʘ ʥʝ 

ʚʥʫʪʨʽʰʥʴʦʢʨʠʩʪʘʣʽʯʥʦ.ʁ 

ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʚʠʩʦʢʽʡ ʟʜʘʪʥʦʩʪʽ ʜʦ ʧʦʜʨʽʙʥʝʥʥʷ, ʧʝʨʣʽʪ ʥʝ ʧʦʪʨʝʙʫʻ ʜʣʷ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ ʙʘʛʘʪʦ ʝʥʝʨʛʽʾ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʧʫʮʦʣʘʥʦʚʠʡ 

ʤʘʪʝʨʽʘʣ [195]. ʈʦʙʦʪʘ [370] ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʣʽʪʫ ʜʣʷ ʟʘʤʽʥʠ 20% 

ʢʣʽʥʢʝʨʫ ʚ ʮʝʤʝʥʪʽ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʙʝʟ ʟʥʘʯʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʚʦʜʦʧʦʪʨʝʙʫ. 

ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [376], ʧʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ 

ʧʝʨʣʽʪʫ ʚ ʙʝʪʦʥʽ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʽ ʟʛʠʥ ʥʘ 12-15% ʯʝʨʝʟ 91 ʜʦʙʫ 

ʪʚʝʨʜʥʝʥʥ.̫ ɺʚʝʜʝʥʥʷ ʧʝʨʣʽʪʫ ʜʦ ʩʢʣʘʜʫ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʙʝʪʦʥʫ [195] 

ʧʽʜʚʠʱʫ ̒ ʡʦʛʦ ʤʽʮʥʽʩʪʴ ʫ ʚʽʮʽ 91 ʜʽʙ, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʙʝʪʦʥʫ, 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʭʣʦʨʠʜʥʦʾ ʢʦʨʦʟʽʾ ʪʘ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʴ.  

ʊʘʢ ʷʢ ʩʧʫʯʝʥʠʡ ʧʝʨʣʽʪ ʤʘʻ ʚʝʣʠʢʫ ʚʦʜʦʧʦʛʣʠʥʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ (ʧʦʥʘʜ 200% ʟʘ 

ʤʘʩʦʶ) ʟʘʚʜʷʢʠ ʨʦʟʚʠʥʝʥʽʡ ʚʽʜʢʨʠʪʽʡ ʧʦʨʠʩʪʦʩʪʽ, ʡʦʛʦ ʨʝʢʦʤʝʥʜʫʶʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʨʝʟʝʨʚʫʘʨʽʚ ʚʦʜʠ ʚ ʙʝʪʦʥʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʦʥʘʩʠʯʝʥʦʛʦ ʧʝʨʣʽʪʫ ʟʥʠʞʫʻ ʫʩʘʜʦʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ, ʦʜʥʦʯʘʩʥʦ ʧʽʜʚʠʱʫʶʯʠ ʦʧʽʨ ʟʛʠʥʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʽ ʝʥʝʨʛʽʶ 

ʨʫʡʥʫʚʘʥʥʷ ʚ ʩʘʤʦʫʱʽʣʴʥʶʚʘʥʦʤʫ ʙʝʪʦʥʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ [303] ʧʽʜʪʚʝʨʜʠʣʠ ʘʢʪʠʚʥʠʡ ʚʧʣʠʚ 10 ʤʘʩ.% ʩʧʫʯʝʥʦʛʦ  ʧʝʨʣʽʪʫ 

ʥʘ ʟʤʝʥʰʝʥʥʷ ʤʘʡʞʝ ʥʘ 33% ʫʩʘʜʦʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʮʝʤʝʥʪʥʦʛʦ ʨʦʟʯʠʥʫ. Zhutovsky 

ʪʘ ʽʥ. [379] ʚʠʷʚʠʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʣʽʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʟ ʝʬʝʢʪʠʚʥʠʤ 

ʨʦʟʤʽʨʦʤ ʽ ʧʦʨʠʩʪʽʩʪʶ ʜʦʟʚʦʣʷʻ ʧʦʚʥʽʩʪʶ ʟʘʧʦʙʽʛʪʠ ʫʩʘʜʦʯʥʠʤ ʜʝʬʦʨʤʘʮʽʷʤ ʙʝʪʦʥʫ 
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ʧʨʠ ʚʠʪʨʘʪʽ ʣʠʰʝ 10 ʢʛ/ʤ3 ʩʧʫʯʝʥʦʛʦ ʧʝʨʣʽʪʫ. ɼʦʩʣʽʜʞʝʥʦ ʪʘʢʦʞ ʚʧʣʠʚ ʨʦʟʤʽʨʫ 

ʟʝʨʥʘ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʯʠʥʫ.  

ʐʪʫʯʥʽ ʮʝʦʣʽʪʠ, ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ ʦʪʨʠʤʫʶʪʴ ʽʟ ʚʽʜʭʦʜʽʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

(ʥʘʧʨʠʢʣʘʜ, ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ), ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʧʫʮʦʣʘʥʦʚʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ. ɿʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʶ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ, ʟʦʢʨʝʤʘ ʚ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʫ. ʊʘʢʽ ʮʝʦʣʽʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʠʥʪʝʟʦʚʘʥʽ ʟ ʢʨʠʩʪʘʣʽʯʥʠʭ ʽ ʘʤʦʨʬʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʛʝʣʽʚ ʩʠʣʽʢʘʪʽʚ ʘʣʶʤʽʥʽʶ, 

ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʘʙʦ ʰʣʷʭʦʤ ʥʘʛʨʽʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʩʫʩʧʝʥʟʽʡ ʩʠʣʽʢʘʪʽʚ ʘʣʶʤʽʥʽʶ, 

ʛʽʜʨʦʢʩʠʜʽʚ ʽ ʚʦʜʠ. ɯʟ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ 

ʽʩʥʫʻ ʰʠʨʦʢʠʡ ʚʠʙʽʨ ʩʠʨʦʚʠʥʠ ʪʘ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʩʠʥʪʝʟʫ ʰʪʫʯʥʠʭ 

ʮʝʦʣʽʪʽʚ, ʪʘʢʠʭ ʷʢ ʩʢʣʷʥʠʡ ʙʨʫʭʪ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʰʣʘʢʠ ʪʘ ʛʣʠʥʠ, ʚʫʛʽʣʴʥʽ ʟʦʣʴʥʽ 

ʟʘʣʠʰʢʠ ʪʘ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ, ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ʚʠʜʦʙʫʪʢʫ ʪʘ ʚʽʜʭʦʜʠ ʭʽʤʽʯʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ [285]. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ Caputo ʪʘ ʽʥ. [158] ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʜʚʦʭ 

ʩʠʥʪʝʪʠʯʥʠʭ Na-ʮʝʦʣʽʪʽʚ A ʽ X (ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ Si/Al = 1,0ï1,2) ʥʘ ʾʭ 

ʧʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʽʩʪʴ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʝʭʘʥʽʟʤ ʜʽʾ ʦʙʦʭ ʮʝʦʣʽʪʽʚ 

ʚʢʣʶʯʘʚ ʪʘʢʽ ʝʪʘʧʠ: ʢʘʪʽʦʥʥʠʡ ʦʙʤʽʥ, ʨʦʟʯʠʥʝʥʥʷ ʪʘ/ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ, ʫʪʚʦʨʝʥʥʷ 

ʤʝʪʘʩʪʘʙʽʣʴʥʦʛʦ ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʛʦ ʛʝʣʶ ʪʘ ʦʩʘʜʞʝʥʥʷ ʛʽʜʨʘʪʦʚʘʥʠʭ ʩʠʣʽʢʘʪʽʚ 

ʢʘʣʴʮʽʶ ʪʘ ʘʣʶʤʽʥʘʪʽʚ ʽʟ ʨʦʟʯʠʥʫ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʝʦʣʽʪ ɸ 

ʚʩʪʫʧʘʻ ʚ ʨʝʘʢʮʽʶ ʘʢʪʠʚʥʽʰʝ, ʥʽʞ ʮʝʦʣʽʪ X, ʧʨʦʪʝ ʦʩʪʘʥʥʽʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʱʠʤ 

ʚʤʽʩʪʦʤ ʢʨʝʤʥʝʟʝʤʫ, ʱʦ ʩʧʨʠʷʻ ʽʥʪʝʥʩʠʚʥʽʰʦʤʫ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʫ ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ. 

ɼʦʜʘʚʘʥʥʷ ʩʠʥʪʝʪʠʯʥʦʛʦ ʮʝʦʣʽʪʫ ʫ ʮʝʤʝʥʪʥʝ ʪʽʩʪʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ 

ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʋ ʨʦʙʦʪʽ [317] ʘʚʪʦʨʠ ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʦʣʽʪʫ 

5ɸ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʢʦʥʪʨʦʣʴʦʚʘʥʦ ʟʤʽʥʶʻ ʧʘʨʘʤʝʪʨʠ ʚôʷʞʫʯʦʛʦ, 

ʧʽʜʚʠʱʫʶʯʠ ʡʦʛʦ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʧʣʘʩʪʠʯʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʚʢʘʟʫʶʪʴ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʩʠʥʪʝʪʠʯʥʦʛʦ ʮʝʦʣʽʪʫ ʩʪʘʥʦʚʠʪʴ 10%, 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʝʤʧʽʨʠʯʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʫ ʙʝʪʦʥʽ.  

ʇʦʜʽʙʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʣʠʪʦʚʩʴʢʠʤʠ ʚʯʝʥʠʤʠ [222] ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʥʪʝʪʠʯʥʦʛʦ ʮʝʦʣʽʪʫ ʥʘ ʦʩʥʦʚʽ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ AlF3. ʊʘʢ, 
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ʨʦʟʧʣʠʚ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʟ ʚʤʽʩʪʦʤ 10 ʤʘʩ.% ʮʝʦʣʽʪʫ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʜʚʘ ʨʘʟʠ, ʘ 

ʚʚʝʜʝʥʥʷ 5 ʤʘʩ.% ʧʽʜʚʠʱʫʻ ʚôʷʟʢʽʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʟ 81,11 ʜʦ 746,5 ʤʇʘĿʩ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ [220] ʧʦʢʘʟʘʣʠ, ʱʦ ʜʦʜʘʚʘʥʥʷ 10% ʩʠʥʪʝʪʠʯʥʦʛʦ ʮʝʦʣʽʪʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʧʦʨʪʣʘʥʜʠʪʫ ʪʘ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʦʘʣʶʤʽʥʘʪʥʠʭ 

ʩʧʦʣʫʢ ʫ ʟʘʪʚʝʨʜʽʣʦʤʫ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ. ɿʘʤʽʥʘ 10% ʮʝʤʝʥʪʫ ʥʘ ʩʠʥʪʝʪʠʯʥʠʡ 

ʮʝʦʣʽʪ ʟʙʽʣʴʰʫʻ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ, ʟʤʝʥʰʫʶʯʠ ʚʪʨʘʪʫ ʤʘʩʠ ʧʽʩʣʷ 28 ʮʠʢʣʽʚ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ-ʚʽʜʪʘʚʘʥʥʷ ʙʽʣʴʰʝ, ʥʽʞ ʚ 1,6 ʨʘʟʠ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ [221], ʱʦ 5% 

ʮʝʦʣʽʪʫ ʟʥʠʞʫʶʪʴ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ, ʟʙʽʣʴʰʫʶʪʴ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʢʦʣʶʚʘʥʥʷ ʙʽʣʴʰ 

ʥʽʞ ʥʘ 10% ʽ ʟʤʝʥʰʫʶʪʴ ʩʪʠʨʘʥʽʩʪʴ ʥʘ 6,5% ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ 

ʚʽʙʨʦʧʨʝʩʦʚʘʥʦʾ ʙʨʫʢʽʚʢʠ. ʂʨʽʤ ʪʦʛʦ, ʚʪʨʘʪʘ ʤʘʩʠ ʧʽʩʣʷ 28 ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ-

ʨʦʟʤʦʨʦʞʫʚʘʥʥʷ ʫ 3% ʨʦʟʯʠʥʽ NaCl ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ 4 ʨʘʟʠ. 

ʏʘʩʪʢʦʚʘ ʟʘʤʽʥʘ ʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤ ʩʠʥʪʝʪʠʯʥʠʤ ʮʝʦʣʽʪʦʤ 

ZSM-11 [310] ʧʽʜʪʚʝʨʜʠʣʘ, ʱʦ ʮʶ ʜʦʙʘʚʢʫ ʤʦʞʥʘ ʚʚʦʜʠʪʠ ʜʦ 10 ʤʘʩ.% ʙʝʟ 

ʩʫʪʪʻʚʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʚôʷʞʫʯʦʛʦ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʤʽʥʝʨʘʣʴʥʦʶ ʜʦʙʘʚʢʦʶ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ 

ʮʝʤʝʥʪʫ. 

ʇʨʠ  ʚʚʝʜʝʥʥʽ ʩʠʥʪʝʪʠʯʥʦʛʦ ʮʝʦʣʽʪʫ, ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ, 

ʧʦʯʘʪʦʢ ʪʫʞʘʚʽʥʥʷ ʮʝʤʝʥʪʫ ʩʢʦʨʦʯʫʻʪʴʩʷ [153], ʙʝʟ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʨʘʥʥʴʦʾ 

ʤʽʮʥʦʩʪʽ, ʪʘ ʦʜʥʦʯʘʩʥʦ ʟʥʠʞʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʽʜʨʘʪʘʮʽʾ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ 

ʮʝʦʣʽʪʫ. ʅʘʡʚʠʱʠʡ ʧʦʢʘʟʥʠʢ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʯʝʨʝʟ 28 ʜʽʙ ʟ  ʟʘʤʽʥʦʶ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʮʝʦʣʽʪʦʤ ʫ ʢʽʣʴʢʦʩʪʽ 5 ʤʘʩ.%. 

ɼʦʩʣʽʜʞʝʥʥʷ Frontera [362] ʧʦʢʘʟʫʶʪʴ, ʱʦ Al2O3 ʽ SiO2 ʫ ʩʢʣʘʜʽ ʩʠʥʪʝʪʠʯʥʠʭ 

ʮʝʦʣʽʪʽʚ Na-A ʪʘ Ca-A, ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ Ca(OH)2 ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ C-S-H ʛʝʣʶ ʪʘ 

ʘʣʶʤʽʥʘʪʽʚ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʢʨʘʱʫʻ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʟʘʪʚʝʨʜʽʣʦʛʦ 

ʮʝʤʝʥʪʦʙʝʪʦʥʫ, ʧʽʜʚʠʱʫʶʯʠ ʡʦʛʦ ʱʽʣʴʥʽʩʪʴ. 

ɿʘʤʽʥʘ ʜʦ 10% ʮʝʤʝʥʪʫ ʥʘ ʰʪʫʯʥʠʡ ʮʝʦʣʽʪ [316] ʧʨʠʩʢʦʨʶʻ ʥʘʩʪʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʪʘ ʟʙʽʣʴʰʫʻ ʟʘʛʘʣʴʥʫ ʪʝʧʣʦʪʫ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʥʘ 

8,5%. ɸʚʪʦʨʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʨʫʢʪʫʨʘ, ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʽ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Al/Na, pH ʽ ʟʥʘʯʝʥʴ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʮʝʦʣʽʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʩʠʥʪʝʪʠʯʥʠʡ ʮʝʦʣʽʪ ʟʘʚʜʷʢʠ 
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ʥʘʷʚʥʦʩʪʽ ʤʽʥʝʨʘʣʫ ʛʽʙʙʩʠʪʫ, ʷʢʠʡ ʧʨʠʩʢʦʨʶʻ ʫʪʚʦʨʝʥʥʷ ʬʘʟʠ C-S-H ʫ ʧʨʦʜʫʢʪʘʭ 

ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ, ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʜʦ 28,6% ʯʝʨʝʟ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʪʘ ʟʤʝʥʰʫʻ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʜʦ 1,5% ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʨʘʟʢʦʤ ʙʝʟ ʮʝʦʣʽʪʫ.  

Sujjavanich ʪʘ ʽʥ. [341] ʜʦʩʣʽʜʠʣʠ, ʱʦ ʟʘʤʽʥʘ 7,5 ʽ 10% ʮʝʤʝʥʪʫ ʥʘ ʩʠʥʪʝʪʠʯʥʠʡ 

ʮʝʦʣʽʪ ʪʠʧʫ ɸ ʟʥʘʯʥʦ ʟʤʝʥʰʠʣʠ ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʫ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʠʨʦʜʥʴʦʛʦ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ, ʜʦʩʣʽʜʞʝʥʠʡ ʘʚʪʦʨʘʤʠ ʰʪʫʯʥʠʡ ʮʝʦʣʽʪ 

ʥʝʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʰʠʨʝʥʥʷ, ʚʠʢʣʠʢʘʥʝ ʣʫʞʥʦʶ ʨʝʘʢʮʽʻʶ ʘʤʦʨʬʥʦʛʦ 

ʢʨʝʤʥʝʟʝʤʫ ʫ ʟʘʧʦʚʥʶʚʘʯʘʭ. ɿʘʛʘʣʦʤ, ʚʣʘʩʪʠʚʦʩʪʽ, ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʚʧʣʠʚ ʰʪʫʯʥʦʛʦ 

ʮʝʦʣʽʪʫ ʥʘ ʮʝʤʝʥʪʥʽ ʩʠʩʪʝʤʠ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʪʠʧʫ, ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʥʪʝʟʫ, ʜʦʟʫʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 

ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝ ʪʽʣʴʢʠ ʧʦʢʨʘʱʫʻ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʫ, ʘ ʡ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʝʷʢʠʭ ʟ ʥʠʭ, ʘ ʩʘʤʝ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

ʪʘ ʧʝʨʣʽʪʫ ʟʘʙʝʟʧʝʯʫʻ ʟʩʝʨʝʜʠʥʠ ʚʥʫʪʨʽʰʥʽ ʨʝʟʝʨʚʠ ʚʦʜʠ ʚ ʙʝʪʦʥ ̔ ʟʘʚʜʷʢʠ ʾʭ 

ʧʦʨʠʩʪʽʡ ʩʪʨʫʢʪʫʨʽ. ɿʨʦʩʪʘʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ ʙʝʪʦʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʧʦʣʽʜʠʩʧʝʨʩʥʠʡ 

ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʝʦʙʭʽʜʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʟʘʧʨʦʝʢʪʦʚʘʥʦʛʦ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ. 

 

 

 

 

 
1.4. ɺʧʣʠʚ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ 

 

 

 

ʂʦʥʮʝʧʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʪʦʥʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ, 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʘ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ [3, 19, 22, 

81, 90, 93, 128]. ʉʫʯʘʩʥʠʡ ʮʝʤʝʥʪʦʙʝʪʦʥ, ʟʘʚʜʷʢʠ ʥʦʚʠʤ ʭʽʤʽʯʥʠʤ ʜʦʙʘʚʢʘʤ, 
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ʧʝʨʝʪʚʦʨʠʚʩʷ ʥʘ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʟ ʢʨʘʱʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʟʚʠʯʘʡʥʠʤʠ ʙʝʪʦʥʘʤʠ [5, 86, 110, 124, 225, 236, 254, 

320]. ʇʦʢʘʟʘʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʽʾ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʾʭ 

ʜʦʜʘʚʘʥʥʷ ʜʦ ʩʢʣʘʜʫ ʙʝʪʦʥʫ [88]. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʫ ʻ ʦʪʨʠʤʘʥʥʷ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ, 

ʷʢʘ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʝʪʦʥʫ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʮʽ ʧʠʪʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʧʽʰʥʦ ʚʠʨʽʰʝʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ. ʈʫʥʦʚʘ, ʊʨʦʷʥ ʪʘ ʽʥ. [115, 320] 

ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ ʚʦʥʠ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʪʚʝʨʜʥʝʥʥʷ ʚ'ʷʞʫʯʠʭ, ʘ ʪʘʢʦʞ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʨʦʟʯʠʥʦʚʠʭ ʪʘ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʽ ʙʫʜʽʚʝʣʴʥʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʘʪʚʝʨʜʽʣʦʛʦ ʙʝʪʦʥʫ [63, 66, 113, 122]. 

ʆʜʥʘʢ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ, ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ, 

ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʙʝʪʦʥʫ, ʥʘʡʢʨʘʱʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʽʙʨʘʥʠʡ ʢʦʤʧʣʝʢʩ ʜʦʙʘʚʦʢ, ʚʠʭʦʜʷʯʠ ʟ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʾʩʫʤʽʩʥʦʩʪ̔ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʚʠʤʦʛ ʜʦ ʙʝʪʦʥʫ [68, 94, 

97, 121, 123, 127, 295]. 

ʅʘ ʩʚʽʪʦʚʠʭ ʨʠʥʢʘʭ ʜʦʩʪʫʧʥʠʡ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʜʦʙʘʚʦʢ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ. 

ʇʝʚʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʥʘʜʘʶʪʴ ʙʝʪʦʥʫ ʪʘ ʢʦʥʩʪʨʫʢʮʽʷʤ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʜʦʜʘʪʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [249]. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʪʠʧʘʤʠ ʻ ʧʣʘʩʪʠʬʽʢʫʶʯʽ ʪʘ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʽ ʤʦʜʠʬʽʢʘʪʦʨʠ, ʨʝʛʫʣʷʪʦʨʠ ʪʚʝʨʜʥʝʥʥʷ (ʧʨʠʩʢʦʨʶʚʘʯʽ ʪʘ 

ʩʧʦʚʽʣʴʥʶʚʘʯʽ) ʙʝʪʦʥʫ ʪʘ ʢʦʤʧʣʝʢʩʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʟ ʜʝʢʽʣʴʢʦʤʘ ʬʫʥʢʮʽʷʤʠ [120]. 

ʇʣʘʩʪʠʬʽʢʘʪʦʨʠ ʪʘ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʜʣʷ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʚʽʜʽʛʨʘʶʪʴ 

ʟʥʘʯʥʫ ʨʦʣʴ ʷʢ ʭʽʤʽʯʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ [26, 71, 97, 217, 224]. Collepardi [167], Gelardi 

ʪʘ ʽʥ. ʽ Ley ʪʘ ʽʥ. [165, 360, 367] ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʭʽʤʽʯʥʘ ʧʨʠʨʦʜʘ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ 

ʚʧʣʠʚʘʻ ʥʘ ʩʧʦʩʽʙ ʾʭ ʜʽʾ, ʘ ʂʨʠʚʝʥʢʦ ʪʘ ʽʥ. [135] ʧʦʢʘʟʘʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʣʘʩʪʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʣʫʞʥʠʭ ʮʝʤʝʥʪʽʚ. ʊʘʢ, 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʚʚʘʞʘʶʪʴʩʷ ʤʦʜʠʬʽʢʘʪʦʨʠ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʦʢʩʠʣʘʪʥʠʭ ʪʘ 

ʘʢʨʠʣʦʚʠʭ ʧʦʣʽʦʢʩʠʜʽʚ. ʇʦʟʥʷʢ ʪʘ ʽʥ. [93] ʽ ʄʘʨʫʱʘʢ [79] ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʜʘʣʦ 

ʧʽʜʽʙʨʘʥʽ ʚʠʜ ʪʘ ʢʽʣʴʢʽʩʪʴ ʤʦʜʠʬʽʢʘʪʦʨʘ, ʚʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪ ̔ ʡʦʛʦ ʜʽʾ, 
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ʚʽʜʢʨʠʚʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʥʘʧʨʘʚʣʝʥʦ ʢʝʨʫʚʘʪʠ ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ ʪʘ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʦ  ʁ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. ʄʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʽ ʟʥʘʯʥʦʛʦ 

ʟʥʠʞʝʥʥʷ (ʜʦ 25 - 40%) ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʨʦʙʥʠʮʪʚʦ 

ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʩ̔ʪʶ ʢʣʘʩʽʚ ɺ30 ʽ ʚʠʱʝ, ʘ ʪʘʢʦʞ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʪʘʢʠʭ ʙʝʪʦʥʽʚ ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʦʻʤʥʠʭ 

ʚʠʩʦʢʦʤʘʨʦʯʥʠʭ ʮʝʤʝʥʪʽʚ. 

ʇʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥ ̔ ʜʦʙʘʚʢʠ ï ʱʝ ʦʜʠʥ ʚʠʜ ʜʦʙʘʚʦʢ, ʷʢʽ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ. ɿʠʤʘ - ʮʝ ʧʝʨʽʦʜ ʨʦʢʫ, 

ʷʢʠʡ ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʯʝʨʝʟ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ ʚʽʜʪʘʚʘʥʥʷ, ʷʢʠʤ ʤʦʞʫʪʴ ʧʽʜʜʘʚʘʪʠʩʷ ʙʝʪʦʥʠ, ʽ ʮʝ ʟʘʚʞʜʠ ʚʠʢʣʠʢ 

ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʢʽʚ [191]. ɺʦʜʘ ʚ ʙʝʪʦʥʽ, ʱʦ ʧʽʜʜʘʻʪʴʩʷ ʧʦʧʝʨʝʤʽʥʥʦʤʫ 

ʟʘʤʦʨʦʞʫʚʘʥʥʶ ʽ ʚʽʜʪʘʚʘʥʥʶ, ʟʘʤʝʨʟʘʻ ʽ ʨʦʟʰʠʨʶʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 9% [173, 191, 

342, 367]. ʇʦʚʝʜʽʥʢʫ ʚʦʜʠ ʚ ʮʝʤʝʥʪʥʦʤʫ ʪʩ̔ʪʽ (ʨʽʚʝʥʴ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ) ʧʨʠ 

ʥʝʛʘʪʠʚʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʚʯʘʣʠ Koniorczyk ʪʘ ʽʥ. [215].  ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʜʦʩʪʘʪʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʮʴʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙôʻʤʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʪʦʛʦ, ʱʦ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʛʠ ʧʝʨʝʚʠʱʫʶʪʴ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ. ɺʦʥʠ ʤʦʞʫʪʴ 

ʧʨʦʚʦʢʫʚʘʪʠ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʪʘ ʣʫʱʝʥʥʷ ʢʘʤʝʥʶ [173, 342]. ʉʘʤʝ ʪʦʤʫ ʦʜʥʠʤ ʽʟ 

ʚʘʞʣʠʚʠʭ ʚʠʥʘʭʦʜʽʚ ʫ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʫ ʩʪʘʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ [129, 200]. ʊʘʢʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ (ʇɸʈ) ʻ ʘʤʬʽʬʽʣʴʥʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʘʥʽʦʥʥʠʤʠ, ʢʘʪʽʦʥʥʠʤʠ, ʘʤʬʦʪʝʨʥʠʤʠ ʪʘ 

ʥʝʽʦʥʥʠʤʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʥʽʦʥʥʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ (ʛʦʣʦʚʥʘ 

ʛʨʫʧʘ ʟʘʨʷʜʞʝʥʘ ʥʝʛʘʪʠʚʥʦ) ʜʦʤʽʥʫʶʪʴ ʥʘ ʨʠʥʢʫ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ 

ʯʝʨʝʟ ʾʭ ʚʠʟʥʘʥʫ ʥʘʜʽʡʥʽʩʪʴ ʽ ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ [367]. ʇʨʠʨʦʜʘ ʪʘʢʠʭ ʧʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʶ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ 

ʜʦʙʘʚʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ 

[185, 202]. ɰʭ ʩʪʘʙʽʣʽʟʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʘʜʩʦʨʙʮʽʾ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ ʨʽʜʠʥʘ-

ʛʘʟ. ʊʘʤ ʚʦʥʠ ʩʪʚʦʨʶʶʪʴ ʝʣʘʩʪʠʯʥʽ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʽ ʧʣʽʚʢʠ ʟʘ ʨʘʭʫʥʦʢ ʙʽʯʥʠʭ 

ʟʚ'ʷʟʢʽʚ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣ ʧʽʥʦʫʪʚʦʨʶʚʘʯʘ, ʱʦ ʩʪʚʦʨʶʻ ʦʙ'ʻʤʥʽ ʜʝʬʦʨʤʘʮʽʾ. ʆʜʥʘʢ, 

ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ, ʛʽʜʨʦʬʽʣʴʥʽ ʚʽʜʛʘʣʫʞʝʥʥʷ ʤʦʣʝʢʫʣ ʧʝʨʝʭʦʜʷʪʴ ʫ 
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ʨʽʜʢʫ ʬʘʟʫ [302]. ʄʦʣʝʢʫʣʠ ʇɸʈ ʦʨʽʻʥʪʦʚʘʥʽ ʧʦʣʷʨʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ 

ʜʦ ʚʦʜʠ, ʘ ʥʝʧʦʣʷʨʥʠʤʠ - ʜʦ ʙʫʣʴʙʘʰʦʢ ʧʦʚʽʪʨʷ, ʷʢʽ ʟʘʨʷʜʞʘʶʪʴʩʷ ʦʜʥʘʢʦʚʦ ʽ 

ʯʠʥʷʪʴ ʦʧʽʨ ʦʜʠʥ ʦʜʥʦʤʫ, ʧʝʨʝʰʢʦʜʞʘʶʯʠ ʢʦʘʣʝʩʮʝʥʮʽʾ.  

ʇʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥ ̔ ʜʦʙʘʚʢʠ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʩ̔ʪɹ 

ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ. ʇʽʜ ʜʽʻʶ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʙʫʣʴʙʘʰʢʠ ʧʦʚʽʪʨʷ ʟʙʝʨʽʛʘʶʪʴ 

ʩʚʦʶ ʩʬʝʨʠʯʥʫ ʬʦʨʤʫ, ʩʣʫʛʫʶʯʠ ʜʨʽʙʥʠʤ ʟʘʧʦʚʥʶʚʘʯʝʤ ʟ ʜʫʞʝ ʤʘʣʦʶ ʧʦʚʝʨʭʥʝʶ 

ʟʯʝʧʣʝʥʥʷ ʽ ʚʠʩʦʢʦʶ ʛʥʫʯʢʽʩʪʶ. ʇʦʚʽʪʨʷ ʥʘʜʘʻ ʙʝʪʦʥʥʽʡ ʩʫʤʽʰʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʫʤʽʰʽ ʟ ʙʽʣʴʰʠʤ ʚʤʽʩʪʦʤ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ, ʪʦʤʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʦʚʽʪʨʦʚʪʷʛʫʶʯʠʭ ʜʦʙʘʚʦʢ ʚʽʜʩʦʪʦʢ ʧʽʩʢʫ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʥʠʞʝʥʠʡ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ɺ/ʎ ʚʽʜʥʦʰʝʥʥʷ ʪʘ ʧʽʜʚʠʱʠʪʠ ʦʧʽʨ ʚʥʫʪʨʽʰʥʽʤ ʥʘʧʨʫʞʝʥʥʷʤ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʪʨʘʪʫ ʤʽʮʥʦʩʪʽ, ʩʧʨʠʯʠʥʝʥʫ ʥʘʷʚʥʽʩʪʶ ʧʦʨ [167]. 

ɼʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ [338] ʩʪʚʝʨʜʞʫʶʪʴ ʪʘʢʦʞ, ʱʦ ʛʨʘʥʠʮʷ ʪʝʢʫʯʦʩʪʽ ʟʨʦʩʪʘʻ, ʘ 

ʧʣʘʩʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʙʝʪʦʥʘʭ ʟ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ. 

ʉʪʨʫʢʪʫʨʘ ʙʝʪʦʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ ʜʦʙʘʚʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʠʩʪʝʤʦʶ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʧʦʚʽʪʨʷʥʠʭ ʧʦʨ ʟ ʱʽʣʴʥʦʶ 

ʤʽʮʥʦʶ ʘʨʤʦʚʘʥʦʶ ʦʙʦʣʦʥʢʦʶ ʥʘ ʤʝʞʽ ʧʦʚʽʪʨʷ/ʮʝʤʝʥʪʥʝ ʪʽʩʪʦ. ɺʦʥʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʪʘ ʤʦʨʬʦʣʦʛʽʻʶ ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ [360, 367]. 

ʅʘʷʚʥʽʩʪʴ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʟʘʭʠʱʘʻ ʨʦʟʯʠʥʦʚʫ ʯʘʩʪʠʥʫ ʚʽʜ 

ʧʦʰʢʦʜʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʟʘʤʝʨʟʘʥʥʷ ʚʦʜʠ [191, 326]. ʆʙ'ʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʚ 

ʙʝʪʦʥʽ ʙʝʟ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 1 ʜʦ 3%. ɼʽʘʤʝʪʨ ʧʦʨ ʫ ʪʘʢʠʭ 

ʙʝʪʦʥʘʭ ʟʘʟʚʠʯʘʡ ʧʝʨʝʚʠʱʫʻ 0,5 ʤʤ [367]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʚ ʙʝʪʦʥʽ, ʱʦ ʧʽʜʜʘʻʪʴʩʷ ʧʝʚʥʽʡ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ ʚʽʜʪʘʚʘʥʥʷ, ʩʧʨʠʯʠʥʷʻ ʜʦʩʠʪʴ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ. ɹʫʣʴʙʘʰʢʠ ʧʦʚʽʪʨʷ, ʦʜʝʨʞʘʥʽ ʚʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ, ʚ ʪʽʣʽ ʟʘʪʚʝʨʜʽʣʦʛʦ ʙʝʪʦʥʫ ʜʽʶʪʴ ʷʢ ʨʝʟʝʨʚʥʘ ʻʤʥʽʩʪʴ ʜʣʷ ʟʘʤʦʨʦʞʫʚʘʥʥʷ 

ʢʘʧʽʣʷʨʥʦʾ ʚʦʜʠ ʙʝʟ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ [115, 223]. 

ɺʠʚʯʝʥʥʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʯʠʥʦʚʦʾ ʯʘʩʪʠʥʠ ʙʝʪʦʥʫ ʙʘʛʘʪʦ ʚʯʝʥʠʭ ʧʨʠʩʚʷʪʠʣʠ 

ʯʠʤʘʣʦ ʜʦʩʣʽʜʞʝʥʴ, ʩʝʨʝʜ ʥʠʭ Atahan ʪʘ ʽʥ. [358], Chatterji [164] ʪʘ Ouyang  ʪʘ ʽʥ. 

[296]. ɿʘ ʜʘʥʠʤʠ Du ʪʘ ʽʥ. [185], Fonseca ʪʘ ʽʥ. [211], Jin ʪʘ ʽʥ. [246], Struble ʪʘ ʽʥ. 

[338] ʪʘ Ugur Ozturk ʪʘ ʽʥ. [369] ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ ʜʦʙʘʚʢʠ ʢʨʽʤ ʧʦʢʨʘʱʝʥʥʷ 
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ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʦʩʪʽ ʪʘ ʟʜʘʪʥʦʩʪ̔ ʫʪʨʠʤʫʚʘʪʠ ʟʘʧʨʦʝʢʪʦʚʘʥʫ ʤʘʨʢʫ ʟʘ 

ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʶ, ʧʽʜʚʠʱʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʦʧʝʨʝʤʽʥʥʦʛʦ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ 

ʚʽʜʪʘʶʚʘʥʥʷ [191]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʝʚʝʣʠʢʠʭ ʧʦʚʽʪʨʷʥʠʭ ʧʦʨ ʤʘʡʞʝ ʩʬʝʨʠʯʥʦʾ 

ʬʦʨʤʠ ʟʘʟʚʠʯʘʡ ʜʽʘʤʝʪʨʦʤ ʫ ʜʽʘʧʘʟʦʥʽ 10ï100 ʤʢʤ ʷʢ ʫ ʨʦʟʯʠʥʽ, ʪʘʢ ʽ ʚ ʙʝʪʦʥʽ ʪʘ ʜʦ 

ʧʦʢʨʘʱʝʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ, ʷʢ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ, ʘ ʪʘʢʦʞ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ [131, 169, 175, 190, 301]. 

ɽʬʝʢʪʠʚʥʠʡ ʚʤʽʩʪ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ 4-7%. ʉʪʨʫʢʪʫʨʘ ʙʝʪʦʥʫ 

ʥʘ ʤʝʟʦʨʽʚʥʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʽʚ. ɿʛʽʜʥʦ ʟ [164, 259], ʮʽ ʜʦʙʘʚʢʠ 

ʧʦʢʨʘʱʫʶʪʴ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ, ʚʦʜʥʦʯʘʩ ʨʽʟʢʦ ʟʥʠʞʫʶʯʠ ʡʦʛʦ ʤʽʮʥʽʩʪʴ (1% 

ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʟʥʠʞʫʻ ʥʘ 4-7% ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ, ʟʘʣʝʞʥʦ ʚʽʜ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ). ʋ ʪʦʡ ʞʝ ʯʘʩ, ʜʦʩʣʽʜʞʝʥʥʷ ʊʦʣʤʘʯʦʚʘ ʪʘ ʽʥ. [111, 112] ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʢʦʞʝʥ ʚʽʜʩʦʪʦʢ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʟʥʠʞʫʻ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʙʽʣʴʰ ʥʽʞ ʥʘ 14%. ʊʦʤʫ 

ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ ʟ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ 

ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ.   

 

 

1.5. ɼʠʩʧʝʨʩʥʝ ʘʨʤʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʚʦʣʦʢʦʥ 

 

 

 

ɸʨʤʦʚʘʥʠʡ ʬʽʙʨʦʙʝʪʦʥ - ʮʝ ʰʠʨʦʢʦ ʽʤʧʣʝʤʝʥʪʦʚʘʥʘ ʟʘʢʦʨʜʦʥʥʘ ʪʝʭʥʦʣʦʛʽʷ, 

ʷʢʘ ʙʝʨʝ ʩʚʽʡ ʧʦʯʘʪʦʢ ʫ 1970-80-ʭ ʨʦʢʘʭ 20-ʛʦ ʩʪʦʣʽʪʪʷ. ʆʢʨʝʤʠʡ ʢʦʤʽʪʝʪ CEN 

ʩʪʚʦʨʠʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʩʪʘʥʜʘʨʪʽʚ, ʷʢʫ ʩʴʦʛʦʜʥʽ ʚʧʨʦʚʘʜʞʫʻ ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʽʙʨʦʙʝʪʦʥʫ ʚʞʝ ʨʝʛʫʣʶʻʪʴʩʷ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʚ ʜʝʷʢʠʭ 

ʢʨʘʾʥʘʭ. ɿ ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ ʚʘʨʪʦ ʟʛʘʜʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʙʨʦʙʝʪʦʥʫ ʚ 

ʙʫʜʽʚʥʠʮʪʚʽ ʧʝʨʝʢʨʠʪʪʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʤʦʨʩʴʢʠʭ ʧʣʘʪʬʦʨʤ, ʜʦʨʽʛ ʽ 

ʪʫʥʝʣʽʚ.  ʂʨʽʤ ʪʦʛʦ, ʚʚʘʞʘʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʧʨʠ ʟʚʝʜʝʥʥʽ 
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ʢʘʨʢʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʩʝʡʩʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. 

ʋ ʩʚʽʪʽ ʜʽʶʪʴ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ, ɦʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʪʘ ʜʦʧʫʩʢʘʶʪʴ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʤʝʪʦʜʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʬʽʙʨʦʶ ʥʘ 

ʦʩʥʦʚʽ ʟʚʠʯʘʡʥʦʛʦ ʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʽʚ. ʋ ʮʠʭ ʥʦʨʤʘʭ ʥʘʚʝʜʝʥʽ ʪʠʧʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘʨʭʽʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʬʦʨʤʠ ʪʘ ʥʦʤʝʥʢʣʘʪʫʨʘ 

ʬ̔ ʙʨʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʚʠʨʦʙʽʚ. 

ɼʦ ʙʝʪʦʥʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʪʘ ʮʠʚʽʣʴʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ, 

ʚʠʩʫʚʘʶʪʴʩʷ ʽʥʰʽ ʚʠʤʦʛʠ, ʥʽʞ ʜʦ ʙʝʪʦʥʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ 

ʙʫʜʽʚʥʠʮʪʚʽ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʦʨʦʞʥʽʭ ʙʝʪʦʥʽʚ ʽʩʥʫʶʪʴ ʚʠʱʽ ʩʪʘʥʜʘʨʪʠ ʱʦʜʦ 

ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ, ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ, ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ, 

ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʜʦ ʩʪʠʨʘʥʥʷ ʪʦʱʦ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʝʪʦʥ ʘʨʤʫʶʪʴ ʬʽʙʨʦʚʦʣʦʢʥʦʤ. 

ɼʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʠʡ ʙʝʪʦʥ ʻ ʝʬʝʢʪʠʚʥʠʤ ʢʦʥʩʪʨʫʢʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʷʢʠʡ 

ʤʦʞʝ ʢʦʤʧʝʥʩʫʚʘʪʠ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʙʝʪʦʥʫ, ʟʦʢʨʝʤʘ ʥʠʟʴʢʫ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ ʽ 

ʢʨʠʭʢʽʩʪʴ [241]. ɺʽʜʦʤʦ [10, 11], ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʮʝʤʝʥʪʦʙʝʪʦʥʫ ʧʽʜ ʚʧʣʠʚʦʤ 

ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʚʦʣʦʛʽʩʪʴ, ʘ ʪʘʢʦʞ 

ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʫʪʚʦʨʝʥʥʷ ʽ ʧʦʰʠʨʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ ʚ 

ʡʦʛʦ ʩʪʨʫʢʪʫʨʽ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʱʽʣʴʥʦʛʦ ʽ ʢʦʤʧʘʢʪʥʦʛʦ ʙʝʪʦʥʫ ʚ 

ʙʫʜʽʚʥʠʮʪʚʽ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ ʚʨʘʟʣʠʚʽʩʪʴ ʜʦ ʧʦʰʢʦʜʞʝʥʴ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʝʪʦʥʫ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. 

ʆʜʥʠʤ ʟ ʧʦʪʝʥʮʽʡʥʠʭ ʨʽʰʝʥʴ ʻ ʜʠʩʧʝʨʩʥʝ ʘʨʤʫʚʘʥʥʷ ʚʦʣʦʢʥʘʤʠ. ɸʨʤʦʚʘʥʠʡ 

ʬʽʙʨʦʙʝʪʦʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʢʨʘʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʦʢʨʝʤʘ ʚʠʦɦ  ʁ

ʤʽʮʥʽʩʪ ʁ ʥʘ ʨʦʟʨʠʚ, ʫʜʘʨʥʦ  ʁ ʚ'ʷʟʢʽʩʪ,ʁ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪ,ʁ ʧʨʫʞʥʽʩʪʶ, 

ʤʦʨʦʟʦʩʪʽʡʢʽʩʪ,ʁ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪ ʁ ʽ ʚʦʛʥʝʩʪʽʡʢʽʩʪ ʁ [209, 284, 286]. ɿʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʫʡʥʫʚʘʥʥʷ ʬʽʙʨʦʘʨʤʦʚʘʥʠʡ ʙʝʪʦʥ ʤʦʞʝ ʙʫʪʠ ʚ 15-20 ʨʘʟʽʚ 

ʢʨʘʱʠʤ ʟʘ ʟʚʠʯʘʡʥʠʡ ʥʝʘʨʤʦʚʘʥʠʡ ʙʝʪʦʥ. ʊʘʢʽ ʙʝʪʦʥʠ ʥʘʣʝʞʘʪʴ ʜʦ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ [152, 184]. 

ɼʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʽ ʙʝʪʦʥʠ ʪʘ ʬʽʙʨʦʙʝʪʦʥʠ ʩʪʘʥʦʚʣʷʪʴ ʽʥʪʝʨʝʩ ʟ ʦʛʣʷʜʫ ʥʘ ʾʭ 

ʧʝʨʩʧʝʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʪʘʢʠʭ ʷʢ ʜʦʨʦʞʥʽ ʪʘ ʘʝʨʦʜʨʦʤʥʽ 
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ʧʦʢʨʠʪʪʷ, ʩʪʽʡʢʽ ʜʦ ʩʪʠʨʘʥʥʷ ʽ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʨʦʤʠʩʣʦʚ ̔ʧʽʜʣʦʛʠ ʮʝʭʽʚ, 

ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ, ʝʣʝʤʝʥʪʠ 

ʦʙʣʠʮʶʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʪʨʫʙʠ ʪʘ ʦʧʦʨʠ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʘ ʪʘʢʦʞ ʢʦʤʙʽʥʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʝʤʝʥʪʥʠʭ ʙʝʪʦʥʽʚ ʜʦ ʾʭ ʩʢʣʘʜʫ ʚʚʦʜʷʪʴ 

ʜʠʩʧʝʨʩʥʝ ʘʨʤʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʠʭ ʚʦʣʦʢʦʥ: ʩʪʘʣʝʚʠʭ, ʧʦʣʽʤʝʨʥʠʭ, 

ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ, ʩʦʧʦʣʽʤʝʨʥʠʭ, ʙʘʟʘʣʴʪʦʚʠʭ, ʩʢʣʷʥʠʭ, ʚʫʛʣʝʮʝʚʠʭ ʪʘ ʽʥ. [61, 64, 

108, 118, 196, 381]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ, ʩʠʥʪʝʪʠʯʥʽ ʚʦʣʦʢʥʘ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʥʠʟʴʢʦʤʦʜʫʣʴʥʽ (ʥʝʡʣʦʥ, ʧʦʣʽʝʪʠʣʝʥ, ʧʦʣʽʧʨʦʧʽʣʝʥ, 

ʧʦʣʽʝʩʪʝʨ) ʽ ʚʠʩʦʢʦʤʦʜʫʣʴʥʽ (ʩʢʣʦ, ʚʫʛʣʝʮʴ). ʇʝʨʰʽ ʤʘʶʪʴ ʟʥʘʯʥʝ ʚʽʜʥʦʩʥʝ 

ʧʦʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʱʦʾ ʫʜʘʨʥʦʾ 

ʚ'ʷʟʢʦʩʪʽ ʙʝʪʦʥʫ, ʪʦʜʽ ʷʢ ʜʨʫʛʽ - ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʨʠʚ, ʞʦʨʩʪʢʦʩʪʽ ʪʘ 

ʩʪʽʡʢʦʩʪʽ ʜʦ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɹʽʣʴʰʽʩʪʴ ʩʠʥʪʝʪʠʯʥʠʭ ʚʦʣʦʢʦʥ ʭʽʤʽʯʥʦ ʩʪʽʡʢʽ ʜʦ ʣʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ. ɼʠʩʧʝʨʩʥʝ ʘʨʤʫʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʦʣʦʢʦʥ, 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦ ʚʩʽʡ ʙʝʪʦʥʥʽʡ ʤʘʪʨʠʮʽ. ɸʩʦʨʪʠʤʝʥʪ ʰʪʫʯʥʠʭ ʚʦʣʦʢʦʥ 

ʰʠʨʦʢʠʡ: ʚʽʜ ʜʦʨʦʛʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʚʫʛʣʝʮʴ, ʙʦʨ, ʩʘʧʬʽʨ ʽ ʚʦʣʴʬʨʘʤ, ʜʦ 

ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʭ, ʪʘʢʠʭ ʷʢ ʩʪʘʣʴ, ʙʘʟʘʣʴʪ, ʩʢʣʦ ʽ ʧʦʣʽʤʝʨ. ʅʘʪʫʨʘʣʴʥʽ ʚʦʣʦʢʥʘ, ʪʘʢʽ 

ʷʢ ʜʝʨʝʚʦ, ʙʘʤʙʫʢ, ʩʠʟʘʣʴ, ʜʞʫʪ, ʦʯʝʨʝʪ ʪʦʱʦ, ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ 

ʘʨʤʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʘʣʝ ʚʦʥʠ ʧʦʩʪʫʧʘʶʪʴʩʷ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʰʪʫʯʥʠʤ 

ʚʦʣʦʢʥʘʤ. 

ʈʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʙʝʪʦʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʠʡ 

ʟ ʚʠʨʽʰʝʥʥʷʤ ʧʠʪʘʥʴ ʚ ʦʙʣʘʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʠʭ ʩʠʩʪʝʤ 

(ʢʦʤʧʦʟʠʪʽʚ), ʧʝʨʝʪʚʦʨʝʥʥʷ ʭʘʦʪʠʯʥʦʛʦ ʽ ʜʠʩʢʨʝʪʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʚ ʨʽʚʥʦʤʽʨʥʦ 

ʩʧʨʷʤʦʚʘʥʝ, ʚʨʘʭʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ, ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʦʙ'ʻʤʥʦʾ ʯʘʩʪʢʠ ʚʦʣʦʢʥʠʩʪʦʛʦ ʘʨʤʫʚʘʥʥʷ, ʱʦ ʩʧʨʠʷʻ ʫʩʫʥʝʥʥʶ 

ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʽ ʧʽʜʚʠʱʝʥʥʶ ʦʧʦʨʫ ʧʦʰʠʨʝʥʥʶ ʪʨʽʱʠʥ ʚ 

ʙʝʪʦʥʽ, ʚʠʟʥʘʯʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʘʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʧʨʠʡʤʘʪʠ ʤʝʭʘʥʽʯʥʽ ʚʧʣʠʚʠ 

[337]. 
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ʇʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʜʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ 

ʦʨʛʘʥʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʙʘʛʘʪʴʦʭ ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʙʘʤʙʫʢ, ʷʢʠʡ ʻ ʦʜʥʦʯʘʩʥʦ ʣʝʛʢʠʤ ʽ ʤʽʮʥʠʤ. ʋ ʙʘʤʙʫʢʫ 

ʤ'ʷʢʠʡ ʢʦʤʧʦʥʝʥʪ ʮʝʣʶʣʦʟʠ ʟʤʽʮʥʶʻʪʴʩʷ ʢʨʠʩʪʘʣʘʤʠ ʦʢʩʠʜʫ ʢʨʝʤʥʽʶ, ʷʢʽ 

ʚʠʪʷʛʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʠʪʦʢ. ʈʦʟʩʽʷʥʘ ʜʠʩʧʝʨʩʽʷ ʢʨʠʩʪʘʣʽʚ ʫ ʤʘʪʨʠʮʽ, ʘ ʪʘʢʦʞ ʾʭ 

ʘʜʛʝʟʽʷ ʪʘ ʦʨʽʻʥʪʘʮʽʷ ʥʘʜʘʶʪʴ ʢʦʤʧʦʟʠʪʫ ʚʝʣʠʢʫ ʤʽʮʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʦʟʨʠʚʽʚ. 

çʏʫʪʣʠʚʽʩʪʴè ʤʘʪʝʨʽʘʣʫ ʜʦ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ, ʘ ʪʽʩʥʠʡ ʟʚ'ʷʟʦʢ 

ʤʽʞ ʢʨʠʩʪʘʣʘʤʠ ʟʘʧʦʙʽʛʘʻ ʫʪʚʦʨʝʥʥʶ ʚ ʥʴʦʤʫ ʪʨʽʱʠʥ ʧʽʜ ʯʘʩ ʜʝʬʦʨʤʘʮʽʾ. ʆʜʥʘʢ, 

ʦʩʢʽʣʴʢʠ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ (21 000 ʄʇʘ) ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʟʚʠʯʘʡʥʦʛʦ ʙʝʪʦʥʫ, ʨʝʯʦʚʠʥʘ, ʱʦ ʥʘʛʘʜʫʻ 

ʢʽʩʪʢʦʚʫ ʪʢʘʥʠʥʫ, ʥʝ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʘʨʤʫʶʯʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʙʝʪʦʥʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʤʽʮʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʪʘʢʽ ʫʤʦʚʠ: 

ʤʘʪʨʠʮʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʭʽʤʽʯʥʦ ʽʥʝʨʪʥʦʶ ʜʦ ʤʘʪʝʨʽʘʣʫ ʚʦʣʦʢʦʥ, ʬʽʙʨʘ ʤʘʻ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʴ ʚʠʱʠʤ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ, ʥʽʞ ʤʘʪʨʠʮ,̫ ʤʘʪʨʠʮʷ ʧʦʚʠʥʥʘ ʤʘʪʠ 

ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʥʘ ʟʩʫʚ, ʩʣʽʜ ʧʨʘʛʥʫʪʠ ʜʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʚʦʣʦʢʦʥ ʫ ʤʘʪʨʠʮʽ (ʙʝʪʦʥʽ, ʨʦʟʯʠʥʽ), ʚʦʣʦʢʥʘ ʬʽʙʨʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʚʩʽʡ ʤʘʪʨʠʮʽ, ʘʣʝ ʚʦʥʠ ʥʝ ʤʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʚʘʪʠ ʦʜʥʝ ʟ 

ʦʜʥʠʤ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʷʢ 

ʩʧʨʷʤʦʚʘʥʫ, ʪʘʢ ʽ ʜʦʚʽʣʴʥʫ (ʚʽʣʴʥʫ) ʦʨʽʻʥʪʘʮʽʶ ʚʦʣʦʢʦʥ ʚ ʦʙ'ʻʤʽ ʙʝʪʦʥʫ. ɭʜʠʥʦʶ 

ʜʦʚʽʣʴʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʢʦʨʦʪʢʠʭ ʚʦʣʦʢʦʥ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩ ̫ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ,  ̒

ʩʪʠʩʥʫʪʦ-ʜʦʚʽʣʴʥʘ ʦʨʽʻʥʪʘʮʽʷ, ʷʢʘ ʦʙʤʝʞʝʥʘ ʩʚʦʙʦʜʦʶ ʜʦʚʽʣʴʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʚʦʣʦʢʦʥ 

ʬʽʙʨʠ ʚ ʦʙ'ʻʤʽ ʙʝʪʦʥʫ, ʦʩʢʽʣʴʢʠ ʧʨʠʥʘʡʤʥʽ ʜʚʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʟʘ ʨʦʟʤʽʨʘʤʠ: ʚʠʩʦʪʘ ʽ ʰʠʨʠʥʘ ʜʣʷ 

ʙʘʣʦʢ ʽ ʜʦʚʞʠʥʘ ʛʨʘʥʽ ʜʣʷ ʢʫʙʽʚ. 

ʅʘ ʡʤʦʚʽʨʥʽʩʪʴ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʢʦʥ ʫ ʙʝʪʦʥʥʽʡ ʩʫʤʽʰʽ ʚʧʣʠʚʘʶʪʴ 

ʯʠʩʣʝʥʥʽ ʟʤʽʥʥʽ, ʷʢʽ ʟʜʝʙʽʣʴʰʦʛʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʽ ʜʽʘʤʝʪʨʫ 

ʚʦʣʦʢʦʥ, ʦʙ'ʻʤʥʦʛʦ ʚʤʽʩʪʫ, ʨʦʟʤʽʨʫ ʽ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʟʘʧʦʚʥʶʚʘʯʘ, ʘ ʪʘʢʦʞ 

ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʰʫʚʘʥʥʷ [231]. 

ʆʩʢʽʣʴʢʠ ʙʝʪʦʥ ʥʝ ʟʜʘʪʝʥ ʧʝʨʝʜʘʚʘʪʠ ʩʪʘʪʠʯʥʽ ʟʫʩʠʣʣʷ ʚʦʣʦʢʥʘʤ, ʷʢʽ ʤʘʶʪʴ 
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ʥʠʞʯʽ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ, ʥʽʞ ʙʝʪʦʥ, ʦʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʧʦʢʘʟʫʻ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʩʠʥʪʝʪʠʯʥʠʭ ʚʦʣʦʢʦʥ ʜʦ ʙʝʪʦʥʫ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʤʘʻ 

ʧʦʤʽʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʥʘ ʨʦʟʪʷʛ, ʟʛʠʥ ʘʙʦ ʩʪʠʩʢ ʧʨʠ ʩʪʘʪʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜ ʯʘʩ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʤʦʥʪʘʞʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʠʥʪʝʪʠʯʥʽ ʚʦʣʦʢʥʘ. ʉʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ ʜʦ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʩʠʥʪʝʪʠʯʥʠʤ ʚʦʣʦʢʥʘʤ. ʂʦʣʠ ʚ ʟʘʣʽʟʦʙʝʪʦʥʽ ʚʠʥʠʢʘʶʪʴ 

ʪʨʽʱʠʥʠ, ʝʥʝʨʛʽʷ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʚʠʩʤʠʢʫʚʘʥʥʷ ʚʦʣʦʢʦʥ ʟ ʙʝʪʦʥʥʦʾ ʤʘʪʨʠʮʽ ʧʨʠ ʰʚʠʜʢʦʤʫ ʧʨʠʢʣʘʜʝʥʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʑʦʙ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʟʥʘʯʥʘ ʤʘʩʘ ʥʘʜʟʚʠʯʘʡʥʦ ʪʦʥʢʠʭ ʽ ʧʣʘʩʪʠʯʥʠʭ 

ʚʦʣʦʢʦʥ ʙʫʜʝ ʚʠʪʷʛʥʫʪʘ ʟ ʦʙ'ʻʤʫ ʙʝʪʦʥʫ ʟʘ ʜʫʞʝ ʢʦʨʦʪʢʠʡ ʯʘʩ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʙʽʣʴʰʝ ʨʦʙʦʪʠ ʟʘ ʮʝʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʝʪʦʥ, 

ʘʨʤʦʚʘʥʠʡ ʩʠʥʪʝʪʠʯʥʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʤʘʻ ʜʫʞʝ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʫʜʘʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ.  

ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʷʢʠʡ ʧʨʦʚʦʜʠʣʠ ʚ ʉʐɸ, ʢʽʣʴʢʘ ʛʨʫʧ 

ʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʙʫʣʠ ʘʨʤʦʚʘʥ ̔ʟʚʠʯʘʡʥʦʶ ʩʪʝʨʞʥʝʚʦʶ ʘʨʤʘʪʫʨʦʶ, ʽ ʪʠʭ, 

ʱʦ ʜʦʜʘʪʢʦʚʦ ʤʽʩʪʷʪʴ ʜʠʩʧʝʨʩʥʝ ʘʨʤʫʚʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽʟ ʩʪʘʣʝʚʠʭ ʬʽʙʨ, 

ʩʠʥʪʝʪʠʯʥʠʭ ʽ ʘʟʙʝʩʪʦʚʠʭ ʚʦʣʦʢʦʥ, ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʝʧʽʮʝʥʪʨ ʚʠʙʫʭʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʩʣʷ ʜʝʪʦʥʘʮʽʾ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʞʝʥ ʚʠʜ ʚʦʣʦʢʦʥ ʜʘʻ 

ʧʝʚʥʠʡ ʨʝʟʫʣʴʪʘʪ. ʇʨʦʪʝ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʘ ʢʦʤʙʽʥʘʮʽʷ ʥʝʡʣʦʥʦʚʠʭ 

ʥʠʪʦʢ ʽ ʩʪʘʣʝʚʠʭ ʚʦʣʦʢʦʥ. ʂʦʤʧʦʥʝʥʪʠ, ʘʨʤʦʚʘʥʽ ʥʝʡʣʦʥʦʚʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʟʘʟʥʘʣʠ 

ʥʘʡʤʝʥʰʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʱʦ ʻ ʪʠʧʦʚʠʤ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʦʣʦʢʦʥ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʠʣʘʩʷ ʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ ʜʦ ʜʨʦʙʣʝʥʥʷ ʧʽʜ ʯʘʩ ʚʠʙʫʭʫ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʣʘʩʷ 

ʰʚʠʜʢʽʩʪʴ ʨʦʟʣʴʦʪʫ ʦʩʢʦʣʢʽʚ ʙʝʪʦʥʫ. ɹʝʪʦʥʥʽ ʝʣʝʤʝʥʪʠ ʟ ʜʠʩʧʝʨʩʥʠʤ ʘʨʤʫʚʘʥʥʷʤ 

ʟʙʝʨʝʛʣʠ ʩʚʦʶ ʬʦʨʤʫ ʽ ʨʦʟʤʽʨʠ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʚʽʜʥʦʚʣʝʥʽ ʧʽʩʣʷ 

ʨʝʩʪʘʚʨʘʮʽʾ, ʝʣʝʤʝʥʪʠ ʟ ʧʨʦʩʪʦʶ ʩʪʨʠʞʥʝʚʦʶ ʘʨʤʘʪʫʨʦʶ ʙʫʣʠ ʧʦʚʥʽʩʪʶ ʟʨʫʡʥʦʚʘʥʽ 

ʧʽʜ ʯʘʩ ʚʠʙʫʭʫ. 

ʇʦʛʘʥʘ ʟʤʦʯʫʚʘʥʽʩʪʴ ʩʠʥʪʝʪʠʯʥʠʭ ʚʦʣʦʢʦʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʥʠʟʴʢʦʾ ʘʜʛʝʟʽʾ ʜʦ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. ʊʽʣʴʢʠ ʰʣʷʭʦʤ ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʠʢʨʽʧʣʝʥʥʷ ʚʦʣʦʢʦʥ ʤʦʞʥʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʩʫʤʽʩʥʫ ʨʦʙʦʪʫ ʟ ʙʝʪʦʥʦʤ. ɺʦʣʦʢʥʘ ʟʽ ʩʧʽʨʘʣʴʥʦʶ ʘʙʦ ʧʝʨʝʧʣʝʪʝʥʦʶ 
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ʜʞʛʫʪʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʻ ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤʠ ʟ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ. ʏʠʤ ʙʽʣʴʰʘ ʚʽʜʥʦʩʥʘ 

ʜʦʚʞʠʥʘ (l/d) ʚʦʣʦʢʦʥ, ʪʠʤ ʢʨʘʱʘ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʘ ʙʝʪʦʥʠ ʟ ʚʤʽʩʪʦʤ ʩʠʥʪʝʪʠʯʥʠʭ 

ʚʦʣʦʢʦʥ 0,15-0,25% ʟʘ ʤʘʩʦʶ (0,4-0,65% ʟʘ ʦʙ'ʻʤʦʤ) ʽ ʜʦʚʞʠʥʦʶ 10-100 ʤʤ ʤʘʶʪʴ 

ʥʘʡʚʠɦʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʤʽʮʥʽʩʪʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʽʙʨʠ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʧʦʪʨʝʙʫ ʚ ʘʨʤʘʪʫʨʽ. 

ʊʦʤʫ ʜʠʩʧʝʨʩʥʝ ʘʨʤʫʚʘʥʥʷ ʻ ʧʦʧʫʣʷʨʥʠʤ ʨʽʰʝʥʥʷʤ ʟʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

[7, 139, 343]. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ  ʚʠʜʦʤ ʬʽʙʨʠ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ, ʻ 

ʩʪʘʣʝʚʘ [206, 219, 288]. ʆʜʥʘʢ ʚʦʥʘ ʤʘʻ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ, ʧʦʚôʷʟʘʥ ̔ʟ ʪʝʭʥʦʣʦʛʽʻʶ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ. ʑʦʙ ʦʜʝʨʞʘʪʠ ʷʢʽʩʥʫ ʙʝʪʦʥʥʫ ʩʫʤʽʰ, ʥʝʦʙʭʽʜʥʦ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʚʦʣʦʢʥʘ ʧʦ ʚʩʴʦʤʫ ʦʙôʻʤʫ ʙʝʪʦʥʫ. ɼʦʜʘʚʘʥʥʷ ʩʪʘʣʝʚʦʾ 

ʬʽʙʨʠ ʜʦ ʩʫʤʽʰʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʣʠʧʘʥʥʷ, ʫʪʚʦʨʝʥʥʷ ʩʪʘʣʝʚʠʭ çʾ ʞʘʢʽʚè, ʷʢʽ 

ʚʘʞʢʦ ʨʦʟʧʦʜʽʣʠʪʠ ̔  ʷʢʽ ʤʦʞʫʪʴ ʧʝʨʝʰʢʦʜʞʘʪʠ ʜʦʩʷʛʥʝʥʥʶ ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʫʤʽʰʽ ʧʽʜ 

ʯʘʩ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʂʽʥʘʰʝʤ ʪʘ ʽʥ. [65] ʧʦʢʘʟʘʥʦ, ʱʦ ʚʽʜʥʦʩʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚ ʧʽʢʦʚʽʡ 

ʪʦʯʮʽ ʜʽʘʛʨʘʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥʫ, ʘʨʤʦʚʘʥʦʛʦ ʬʽʙʨʦʶ ʪʠʧʫ ʅɽ1050, 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʤʽʩʪʫ ʬʽʙʨʠ. ʇʨʦʪʝ, ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʟʚʠʯʘʡʥʫ ʩʪʘʣʝʚʫ ʘʨʤʘʪʫʨʫ ʥʘ 

ʩʚʽʪʦʚʠʭ ʨʠʥʢʘʭ ʟʫʤʦʚʣʶʻ ʧʦʰʫʢ ʘʣʴʪʝʨʥʘʪʠʚ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʣʽ 

ʪʘ ʩʪʘʣʝʚʦʾ ʬʽʙʨʠ.  

ʋ ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʙʘʟʘʣʴʪʦʚʽ ʚʦʣʦʢʥʘ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʤʽʢʨʦʘʨʤʫʚʘʥʥʷ. ɹʘʟʘʣʴʪʦʚʘ ʬʽʙʨʘ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʟʘʤʽʥʠʪʠ ʩʪʨʠʞʥʝʚʫ 

ʘʨʤʘʪʫʨʫ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʧʝʨʝʢʨʠʪʪʽʚ, ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʣʦʛʘʭ, ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʪʷʭ 

ʪʘ ʫ ʟʛʠʥʘʥʠʭ ʝʣʝʤʝʥʪʘʭ. ɺʢʣʶʯʝʥʥʷ ʙʘʟʘʣʴʪʦʚʦʾ ʬʽʙʨʠ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʧʨʦʪʠʜʽʷʪʠ 

ʢʣʶʯʦʚʠʤ ʥʝʜʦʣʽʢʘʤ ʙʝʪʦʥʫ, ʪʘʢʠʤ ʷʢ ʥʠʟʴʢʘ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ ʽ ʢʨʠʭʢʽʩʪʴ 

ʨʫʡʥʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʘʣʴʪʦʚʦʾ ʬʽʙʨʠ ʧʽʜʚʠʱʫʻ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ, 

ʞʘʨʦʩʪʽʡʢʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʠʨʘʥʥʷ, ʚʦʣʦʛʦʩʪʽʡʢʽʩʪʴ ʽ ʟʤʝʥʰʫʻ ʫʩʘʜʦʯʥʽ 

ʜʝʬʦʨʤʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʩɹ ̫ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ, ʫʜʘʨʥʘ ʚ'ʷʟʢʽʩʪʴ ʽ 

ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [6, 9, 219]. ʐʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʙʘʟʘʣʴʪʦʚʠʭ ʨʦʜʦʚʠʱ ʧʦ 

ʚʩʴʦʤʫ ʩʚʽʪʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʥʘʯʥʽ ʧʦʢʣʘʜʠ ʚ ʋʢʨʘʾʥʽ, ʨʦʙʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʟʘʣʴʪʦʚʦʾ ʬʽʙʨʠ ʜʣʷ ʘʨʤʫʚʘʥʥʷ ʙʝʪʦʥʫ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʚʠʨʦʙʥʠʮʪʚʦ ʙʘʟʘʣʴʪʦʚʠʭ ʚʦʣʦʢʦʥ ʟʨʦʩʪʘʻ, ʪʦʤʫ ʱʦ ʩʠʨʦʚʠʥʦʶ ʻ ʰʠʨʦʢʦ ʜʦʩʪʫʧʥʽ 

ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ, ʘ ʬʦʨʤʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʘʥʘʣʦʛʽʻʶ ʽʟ ʩʢʣʷʥʠʤʠ ʚʦʣʦʢʥʘʤʠ - 
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ʬʽʣʴʻʨʥʠʤ ʩʧʦʩʦʙʦʤ. ɺʦʥʠ ʙʫʚʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʤʦʪʢʽʚ, ʨʦʚʽʥʛʽʚ ʽ ʰʪʘʧʝʣʴʥʠʭ 

ʚʦʣʦʢʦʥ. ɿʘʣʝʞʥʦ ʚʽʜ ʨʦʜʦʚʠʱʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʝʱʦ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩ.̫ 

ɹʘʟʘʣʴʪʦʚʘ ʬʽʙʨʘ ʝʬʝʢʪʠʚʥʦ ʟʥʠʞʫʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʘʧʨʫʞʝʥʴ ʚ ʟʦʥʘʭ ʟʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʧʽʜʚʠʱʫʻ 

ʤʽʮʥʽʩʪʴ, ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʝʪʦʥʫ [252]. ɿʛʽʜʥʦ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʟʘʣʴʪʦʚʦʾ ʬʽʙʨʠ ʜʘʻ ʟʥʘʯʥʠʡ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʧʨʠ ʜʠʩʧʝʨʩʥʦʤʫ ʘʨʤʫʚʘʥʥ.̔ 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʘʣʴʪʦʚʦʾ ʬʽʙʨʠ ʚ ʷʢʦʩʪʽ ʘʨʤʫʚʘʥʥʷ ʚ ʙʝʪʦʥʽ, ʚʦʥʘ ʧʦʚʠʥʥʘ 

ʤʘʪʠ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʙʝʪʦʥʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʙʘʟʘʣʴʪʦʚʝ ʚʦʣʦʢʥʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʨʤʫʚʘʥʥʷ ʙʝʪʦʥʫ 

[16]. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʜʦʚʞʠʥʠ ʙʘʟʘʣʴʪʦʚʦʾ ʬʽʙʨʠ ʜʽʘʤʝʪʨʦʤ 16 ʤʢʤ (ʜʦʚʞʠʥʘ 12, 

24 ʽ 50 ʤʤ) ʪʘ ʢʽʣʴʢʦʩʪʽ ʬʽʙʨʠ (1, 2 ʽ 3 ʤʘʩ. % ʚʽʜ ʤʘʩʠ ʩʫʭʦʾ ʩʫʤʽʰʽ) ʥʘ ʤʽʮʥʽʩʪʴ ʧʨʠ 

ʟʛʠʥʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ, ʘʨʤʦʚʘʥʦʛʦ ʙʘʟʘʣʴʪʦʚʦʶ ʬʽʙʨʦʶ. ʈʝʟʫʣʴʪʘʪʠ 

ʩʚʽʜʯʘʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʘʣʴʪʦʚʦʾ ʬʽʙʨʠ ʜʦʚʞʠʥʦʶ ʜʦ 12 ʤʤ ʥʝ ʟʤʽʥʶʻ 

ʢʨʠʭʢʦʛʦ ʭʘʨʘʢʪʝʨʫ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʥʠʭ ʧʨʠʟʤ ʧʨʠ ʟʛʠʥʽ, ʘ ʧʨʠ ʚʤʽʩʪʽ ʪʘʢʦʾ ʬʽʙʨʠ 

1-2 % ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ ʙʝʪʦʥʫ ʢʣʘʩʫ ʉ16/20 

ʚ 1,2 ʨʘʟʠ. ʇʨʠ ʘʨʤʫʚʘʥʥʽ ʙʝʪʦʥʫ ʉ 16/20 ʙʘʟʘʣʴʪʦʚʦʶ ʬʽʙʨʦʶ ʜʦʚʞʠʥʦʶ 24 ʽ 50 ʤʤ 

ʽ ʚʤʽʩʪʦʤ ʬʽʙʨʠ 1-3 ʦʙ.% ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʴʰ ʧʣʘʩʪʠʯʥʘ ʢʘʨʪʠʥʘ ʨʫʡʥʫʚʘʥʥʷ, ʘ 

ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 1,8-2,2 ʨʘʟʠ. ɹʘʟʘʣʴʪʦʚ ̔

ʚʦʣʦʢʥʘ ʤʘʁʪʴ ʚʝʣʠʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʷʢ ʘʨʤʫʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʬʽʙʨʦʙʝʪʦʥʫ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʤʦʩʪʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

ʇʦʨʽʚʥʷʥʦ ʟʽ ʩʢʣʦʚʦʣʦʢʥʦʤ, ʙʘʟʘʣʴʪʦʚʽ ʚʦʣʦʢʥʘ ʜʝʤʦʥʩʪʨʫʶʪʴ ʙʽʣʴʰʫ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʠʩʣʦʪ ʽ ʣʫʛʽʚ, ʥʠʟʴʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʚʠʱʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʚʽʜʤʽʥʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [340]. ʂʨʽʤ ʪʦʛʦ, ʙʘʟʘʣʴʪʦʚʽ 

ʚʦʣʦʢʥʘ ʥʝʪʦʢʩʠʯʥʽ. ɿʘʚʜʷʢʠ ʮʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ. 

ɺʧʣʠʚ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʦʾ ʬʽʙʨʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʫ ʪʘʢʦʞ ʜʦʩʣʽʜʞʫʚʘʚʩʷ 

ʙʘʛʘʪʴʤʘ ʚʯʝʥʠʤʠ [205, 343]. ʆʜʥʠʤ ʟ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʫ 

ʻ ʚʚʝʜʝʥʥʷ ʚ ʙʝʪʦʥ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʚʦʣʦʢʦʥ ʨʽʟʥʦʾ ʬʦʨʤʠ, ʜʦʚʞʠʥʠ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʧʝʚʥʠʭ ʦʙôʻʤʘʭ [59]. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʦʜʘʚʘʥʥʷ 
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ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʦʾ ʬʽʙʨʠ ʜʦ ʙʝʪʦʥʫ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʧʨʠ 

ʟʛʠʥ̔ ̔  ʩʪʠʩʢ ʥʘ 25% ʽ 20% ʚʽʜʧʦʚʽʜʥʦ, ʘ ʡʦʛʦ ʧʦʯʘʪʢʦʚʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʥʘ 15% 

ʥʠʞʯʠʡ, ʥʽʞ ʫ ʟʚʠʯʘʡʥʦʛʦ ʙʝʪʦʥʫ. ʊʘʢʽ ʙʝʪʦʥʠ ʤʘʶʪʴ ʚʠʱʠʡ ʨʽʚʝʥʴ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ [59], ʱʦ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [163, 238], ʘʨʤʫʚʘʥʥʷ 

ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʦʶ ʬʽʙʨʦʶ ʧʦʢʨʘʱʫʻ ʤʽʮʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ. ɹʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʟʙʽʣʴʰʝʥʥʷ ʨʫʡʥʽʚʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥ̔ ʥʘ 6 ʪʘ 14% ʚʽʜʧʦʚʽʜʥʦ. ʌʽʙʨʘ ʚ ʙʝʪʦʥʽ 

ʟʘʤʽʥʶʻ ʧʦʪʨʝʙʫ ʚ ʤʝʪʘʣʝʚʽʡ ʩʽʪʮʽ ʜʣʷ ʘʨʤʫʚʘʥʥʷ ʦʩʥʦʚʠ ʧʽʜʣʦʛʠ (ʩʪʷʞʢʠ) ʟʘ ʫʤʦʚʠ 

ʧʨʘʚʠʣʴʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. 

ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʦʾ ʬʽʙʨʠ ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʚ 

ʙʝʪʦʥ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ. 

ɺʠʚʯʝʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʨʤʦʚʘʥʦʛʦ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʦʶ ʬʽʙʨʦʶ 

ʙʝʪʦʥʫ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʘʝʨʦʜʨʦʤʽʚ, 

ʜʦʨʽʛ ʽ ʤʦʩʪʽʚ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʫ, ʘʨʤʦʚʘʥʦʛʦ 

ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

ɺʠʜ ʽ ʷʢʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚʦʣʦʢʦʥ, ʘ ʪʘʢʦʞ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽ ʨʽʚʝʥʴ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ ʻ ʦʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʪʫʧʽʥʴ ʧʦʟʠʪʠʚʥʠʭ 

ʟʤʽʥ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʫ ʧʨʠ ʡʦʛʦ ʜʠʩʧʝʨʩʥʦʤʫ ʘʨʤʫʚʘʥʥʽ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ 

ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ [18]. ʊʽʩʥʠʡ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʘʨʤʫʚʘʣʴʥʠʭ ʚʦʣʦʢʦʥ ʟ 

ʮʝʤʝʥʪʥʦʶ ʤʘʪʨʠʮʝʶ ʙʝʪʦʥʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ. ɺʦʥʘ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ 

ʚʦʣʦʢʦʥ, ʩʪʫʧʝʥʷ ʥʘʩʠʯʝʥʥʷ ʥʠʤʠ ʙʝʪʦʥʫ [32]. ʊʝʦʨʝʪʠʯʥʦ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʥʘʡʙʽʣʴʰʠʡ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʽʙʨʦʙʝʪʦʥʫ ʤʦʞʝ ʤʘʪʠ 

ʢʦʤʧʦʟʠʪʥʝ ʜʠʩʧʝʨʩʥʝ ʘʨʤʫʚʘʥʥʷ - ʧʦʻʜʥʘʥʥʷ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʪʠʧʽʚ ʚʦʣʦʢʦʥ ʟ 

ʨʽʟʥʠʤ ʩʢʣʘʜʦʤ, ʨʦʟʤʽʨʘʤʠ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʽ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʄʝʪʦʶ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ 

ʙʠ ʧʦʟʙʫʚʩʷ ʥʝʜʦʣʽʢʽʚ ʢʣʘʩʠʯʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʡʦʛʦ 
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ʧʦʟʠʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʜʝʷʢʽ ʧʝʨʝʚʘʛʠ ʧʦʣʽʘʨʤʫʚʘʥʥʷ, 

ʘʙʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʚ ʟʘʙʝʟʧʝʯʝʥʥ ̔ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʦ ʾ

ʩʪʨʫʢʪʫʨʠ ʬʽʙʨʦʙʝʪʦʥʫ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʪʚʦʨʶ  ̒ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʚʠʠɦʭ ʟʥʘʯʝʥʴ ʤʽʮʥʦʩʪʽ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʤʦʥʦʘʨʤʫʚʘʥʥʷ; ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʽʙʨʦʙʝʪʦʥʫ; ʫʥʠʢʥʝʥʥʷ ʘʙʦ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʬʽʙʨʦʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʧʨʠ ʾʾ ʧʨʠʛʦʪʫʚʘʥʥʽ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʪʘ 

ʫʢʣʘʜʘʥʥʽ; ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʦʤ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʽʙʨʦʙʝʪʦʥʫ ʚ ʙʽʣʴʰ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʥʽʞ ʧʨʠ ʤʦʥʦʘʨʤʫʚʘʥʥʽ.  

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʩʚʽʜʯʠʪʴ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ 

ʘʨʤʫʚʘʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʽʙʨʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʪʘ ʩʘʤʦʛʦ 

ʬʽʙʨʦʙʝʪʦʥʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ [34, 125]. ʉʪʘʣʝʚʽ ʪʘ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʽ ʚʦʣʦʢʥʘ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʪʥʦʾ ʜʠʩʧʝʨʩʥʦʾ ʘʨʤʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʘʭ [92, 337]. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʾʭ ʽʜʝʘʣʴʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽ ʚʤʽʩʪʫ, ʢʦʤʧʦʟʠʪ ʤʦʞʝ ʩʪʘʪʠ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʠʤ, ʚʽʜʢʨʠʪʘ 

ʧʦʨʠʩʪʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʡʤʦʚʽʨʥʽʩʪʴ ʟʣʠʧʘʥʥʷ ʚʦʣʦʢʦʥ ʧʽʜ ʯʘʩ ʟʤʽʰʫʚʘʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʫʩʫʥʝʥʘ. ɺ ʨʦʙʦʪʽ [17] ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʘʨʤʫʚʘʥʥʷ ʩʘʤʦʫʱʽʣʴʥʶʚʘʥʦʛʦ ʙʝʪʦʥʫ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʫ ʪʘʢʦʛʦ ʬʽʙʨʦʙʝʪʦʥʫ 

ʬʦʨʤʫʻ ʫʪʚʦʨʝʥʥʷ ʚʦʣʦʢʥʠʩʪʦ-ʛʦʣʯʘʩʪʠʭ ʩʫʙʤʽʢʨʦʘʨʤʫʶʯʠʭ ʢʨʠʩʪʘʣʦʧʦʜʽʙʥʠʭ 

ʫʪʚʦʨʝʥʴ, ʷʢʽ ʨʝʘʣʽʟʦʚʫʶʪʴ ʝʬʝʢʪ çʩʘʤʦʤʽʢʨʦʘʨʤʫʚʘʥʥʷè ʪʘ ʧʽʜʚʠʱʫʶʪʴ ʦʧʽʨ 

ʨʫʡʥʫʚʘʥʥʶ.  

ɯʜʝʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʽʟʥʦʤʘʥʽʪʥʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʙʨʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʮʽʻʾ ʤʝʪʠ, ʛʘʨʘʥʪʫʶʪʴ ʨʦʟʚʠʪʦʢ 

ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʤʽʨʦʢ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ. ɹʽʣʴʰʽ ʢʦʤʽʨʢʠ 

ʥʘʰʘʨʦʚʫʶʪʴʩʷ ʥʘ ʤʝʥʰʽ, ʘ ʧʘʨʘʤʝʪʨʠ ʘʨʤʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ, ʥʘʩʢʽʣɹ ʢʠ ʚʝʣʠʢʠʤʠ 

ʙʫʜʫʪʴ ʩʪʨʫʢʪʫʨʥʽ ʢʦʤʽʨʢʠ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚ ʤʽʢʨʦʘʨʤʦʚʘʥʽʡ 

ʢʦʤʧʦʟʠʪʥʽʡ ʤʘʪʨʠʮʽ ʚʠʷʚʣʷʶʪʴʩʷ ʚʦʣʦʢʥʘ ʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʫ, ʪʦʜʽ ʷʢ ʚʦʣʦʢʥʘ 

ʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʫ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʙʽʣʴʰʠʭ ʢʦʤʽʨʢʘʭ. ʆʩʢʽʣʴʢʠ ʤʽʢʨʦʚʦʣʦʢʥʘ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʟ ʚʦʣʦʢʥʘʤʠ ʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʫ, ʚʦʥʠ ʛʘʣʴʤʫʶʪʴ 

ʨʦʟʚʠʪʦʢ ʤʽʢʨʦʜʝʬʝʢʪʽʚ ʥʘ ʩʪʘʜʽʾ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʽ ʤʽʥʽʤʽʟʫʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʥʘʧʨʫʞʝʥʴ, ʱʦ ʩʧʨʠʷʻ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʜʝʬʝʢʪʽʚ ʧʦ ʙʽʣʴʰʦʤʫ ʦʙ'ʻʤʫ ʙʝʪʦʥʫ. 
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ʄʽʮʥʽʰʝ ʟʯʝʧʣʝʥʥʷ ʚʦʣʦʢʦʥ ʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʫ ʟ ʤʘʪʨʠʮʝʶ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʪʫ. 

ʂʨʽʤ ʮʴʦʛʦ, ʟʘʛʘʣʴʥʦʪʝʦʨʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ 

ʬʽʙʨʦʙʝʪʦʥʫ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʣʘʩʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʫ ʨʦʣʴ ʙʝʪʦʥʥʦʾ ʤʘʪʨʠʮʽ ʪʘ 

ʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʟʦʥʠ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʽʙʨʘ-ʤʘʪʨʠʮʷ, ʩʪʘʥ ʷʢʦʾ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʚʠʟʥʘʯʘʻ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʦʛʦ ʙʝʪʦʥʫ.  ʅʘ 

ʢʦʞʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʽ ʬʽʙʨʦʙʝʪʦʥʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʽ ʦʢʨʝʤʽ ʬʘʟʠ, ʷʢʽ 

ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʧʦ ʤʝʞʽ ʧʦʜʽʣʫ ʯʝʨʝʟ ʢʦʥʪʘʢʪʥʫ ʟʦʥʫ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʤʘʪʝʨʽʘʣʫ. ɼʦ ʮʠʭ ʬʘʟ ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʠʩʧʝʨʩʥʘ ʬʘʟʘ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʚʦʣʦʢʦʥ ʧʝʚʥʦʛʦ ʨʦʟʤʽʨʫ ʪʘ- 

ʜʠʩʧʝʨʩʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʻ ʤʘʪʨʠʮʝʶ, ʟʘʚʜʷʢʠ ʷʢʽʡ ʬʦʨʤʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʫ. ʉʪʨʫʢʪʫʨʘ ʜʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʩʪʚʦʨʶʻʪʴʩʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʟʘ ʨʘʭʫʥʦʢ ʧʨʘʛʥʝʥʥʷ ʬʘʟ ʜʦ ʨʽʚʥʦʚʘʛʠ ʰʣʷʭʦʤ ʟʥʠʞʝʥʥʷ ʾʭ 

ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ. ʊʦʤʫ ʧʠʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʘʨʤʫʚʘʥʥʷ ʬʽʙʨʦʙʝʪʦʥʫ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʠʤʠ ʟ ʪʝʦʨʝʪʠʯʥʦʾ ʽ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʦʢ ʟʦʨʫ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʭʽʤʽʯʥʠʭ 

ʜʦʙʘʚʦʢ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʪʘ ʘʨʤʫʚʘʥʥʷ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʬʽʙʨʠ ʥʘ ʧʨʦʮʝʩʠ  

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ, ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʤʽʮʥʽʩʪʶ. 

 

 

 

1.6. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʥʘʫʢʦʚʘ ʛʽʧʦʪʝʟʘ 
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ʟʥʘʯʥʦ  ʁ ʤʽʨʦ  ʁ ʚʠʨʽʰʫʻʪʴʩʷ ʧʦʰʫʢʦʤ ʰʣʷʭʽʚ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷʤ 

ʙʝʪʦʥʽʚ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʋʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʽʚ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʤ 

ʧʽʜʭʦʜʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʨʝʛʫʣʶʚʘʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥ ̫

ʧʨʠʡʦʤʽʚ ʥʘʧʨʘʚʣʝʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦ-, ʤʝʟʦ- ʪʘ ʤʘʢʨʦʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ, 

ʚʥʘʩʣʽʜʦʢ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʙʦʨʫ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʦʙʘʚʦʢ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ ʪʘ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʬʽʙʨʦʶ ʨʽʟʥʠʭ ʚʠʜʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʘʢʪʫʘʣʽʟʫʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʪʘ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʟʘʩʘʜ ʩʪʚʦʨʝʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʟ ʥʝʦʙʭʽʜʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ. 

ɼʝʪʘʣʴʥʠʡ ʽ ʚʩʝʙʽʯʥʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽ ʧʘʪʝʥʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʇ.ɺ. ʂʨʠʚʝʥʢʦ, ʃ.ʁ. ɼʚʦʨʢʽʥ, ʆ.ɺ. ʋʰʝʨʦʚ-ʄʘʨʰʘʢ,  ɸ.ʄ. ʇʣʫʛʽʥ, ɸ.ɸ. 

ʇʣʫʛʽʥ, ʈ.ʌ. ʈʫʥʦʚʘ, ʄ.ɸ. ʉʘʥʠʮʴʢʠʡ, ʊ.ʇ. ʂʨʦʧʠʚʥʠʮʴʢʘ, ʉ.ʁ. ʉʦʣʦʜʢʠʡ, ɿ.ʗ. 

ɹʣʽʭʘʨʩʴʢʠʡ, ɼ.ɸ. ʇʣʫʛʽʥ, ɻ.ʄ. ʐʘʙʘʥʦʚʘ, ʍ.ʉ. ʉʦʙʦʣʴ, ʋ.ɼ. ʄʘʨʫʱʘʢ, ʉ.ʄ. 

ʊʦʣʤʘʯʦʚ, ɯ.ɯ. ʈʫʜʝʥʢʦ, ɺ.ʄ. ɼʝʨʝʚôʷʥʢʦ, ʉ.ʆ. ʂʨʦʚʷʢʦʚ, ʂ.ʂ. ʇʫʰʢʘʨʴʦʚʘ, ɺ.ʄ. 

ɺʠʨʦʚʦʡ, ɯ.ɺ. ɹʘʨʘʙʘʰ, ɺ.ɯ. ɻʦʮ, ʄ.ɺ., ʉʫʭʘʥʝʚʠʯ, ʅ.ʉ. ʉʪʦʨʯʘʡ, ʆ.ʉ. ɹʦʨʟʷʢ, ɸ.ɺ. 

ʄʽʰʫʪʽʥ, ɺ.ɺ. ʊʨʦ̫ʥ) ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ (Z. Xu, F. Qiang, M.A. Caldarone, P.K. 

Mehta, A. Neville, M. Pigeon, J. Stark, P. Aitcin, E. Tunstall, T. Ley, K. Folliard, G. 

Gelardi, ʄ. Collepardi, Z. Sun, G.W. Scherer, L. Struble, P. Monteiro, Giergiczny, J. 

Malolepshy, ʂ. Scrivener, A. Nonat, J. Plank, H. Taylor, M. Schneider, J. Stark, M. 

Shekarchi, N. Stevulova, B. Uzal, D. Jana, C. Bilim, R. Zollo, J. Broda) ʚ ʦʙʣʘʩʪʽ 

ʪʝʭʥʦʣʦʛʽʡ ʙʝʪʦʥʽʚ ʩʚʽʜʯʘʪʴ, ʱʦ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʧʦʪʨʝʙʫʻ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʾʾ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ʅʘ ʩʴʦʛʦʜʥʽ ʤʽʮʥʽʩʪʴ ʻ 

ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʙʝʪʦʥʽʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʢʣʘʩʫ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʠ ʤʦʞʫʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩ ̫ʨʽʟʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ, ʱʦ ʟʫʤʦʚʣʶʻ 

ʟʤʽʥʫ ʟʥʘʯʝʥʴ ʩʠʣʦʚʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥ.̔ ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ 
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ʧʦʢʘʟʥʠʢʦʤ ʙʝʪʦʥʽʚ, ʪʦʤʫ ʱʦ ʧʨʦʮʝʩ ʾʭ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʰʣʷʭʦʤ ʟʘʨʦʜʞʝʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʚ ʩʪʨʫʢʪʫʨʽ 

ʪʨʽʱʠʥ. ʎʝ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ, ʘ ʦʩʦʙʣʠʚʦ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɸʥʘʣʽʟ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʚ ʟʤʦʛʫ ʚʠʩʫʥʫʪʠ ʥʘʫʢʦʚʫ ʛʽʧʦʪʝʟʫ ʧʨʦ 

ʜʦʮʽʣʴʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʟʘ ʨʘʭʫʥʦʢ 

ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷʤ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ, ʱʦ ʚʢʣʶʯʘʻ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʪʘ 

ʥʘʧʨʘʚʣʝʥʝ ʬʦʨʤʫʚʘʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʧʫʮʦʣʘʥʦʚʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʨʝʘʣʽʟʘʮʽʶ ʬʫʥʢʮʽʾ ʧʦʛʣʠʙʣʝʥʦʾ ʛʽʜʨʘʪʘʮʽʾ, ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʙʘʚʦʢ 

ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʥʘ ʤʽʢʨʦ- ʪʘ ʤʝʟʦʨʽʚʥʷʭ, ʱʦ ʨʘʟʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʬʽʙʨʦʶ ʥʘ ʤʘʢʨʦʨʽʚʥʽ ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʦʞ ʜʦʩʷʛʥʝʥʥʷ 

ʥʦʨʤʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 
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ʈʆɿɼɯʃ 2. ʉʍɽʄɸ, ʌɸʂʊʆʈʀ ʊɸ ʄɽʊʆɼʆʃʆɻɯʏʅɸ ɹɸɿɸ 

ɼʆʉʃɯɼɾɽʅʔ 

 

 

 

2.1. ʈʦʟʨʦʙʣʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʜʦʩʣʽʜʞʝʥʴ 

 

 

 

ʇʦʙʫʜʦʚʘ ʝʬʝʢʪʠʚʥʦʾ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʜʦʩʣʽʜʞʝʥʴ ʻ ʦʜʥʽʻʶ ʟ 

ʧʝʨʝʜʫʤʦʚ ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʧʦʣʽʩʪʨʫʢʪʫʨʥʦʾ ʪʝʦʨʽʾ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʧʨʘʚʣʝʥʦʤʫ ʢʝʨʫʚʘʥʥʽ 

ʧʨʦʮʝʩʘʤʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʙʝʪʦʥʽʚ ʥʘ ʤʽʢʨʦ-, ʤʝʟʦ- ʪʘ ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʠʭ 

ʨʽʚʥʷʭ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʦʤʧʦʟʠʪʫ, ʟʦʢʨʝʤʘ ʧʽʜʚʠʱʝʥʦʾ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ.  

ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʧʫʙʣʽʢʘʮʽʡ ʱʦʜʦ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʝ 

ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ - ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʦʜʝʨʞʘʥʥʷ 

ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʽ ʨʝʛʫʣʴʦʚʘʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʨʽʟʥʠʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʨʽʚʥʷʭ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʘʛʘʪʦʨʽʚʥʝʚʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ 

ʨʘʮʽʦʥʘʣʴʥʦ ʧʽʜʽʙʨʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ɿʘʛʘʣʴʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʘ ʨʦʟʨʦʙʣʝʥʘ ʚʥʘʩʣʽʜʦʢ ʨʝʘʣʽʟʘʮʽʾ 

ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʚ ʤʝʞʘʭ ʚʠʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʽ ʧʨʝʜʤʝʪʘ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʪʘʢʦʞ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʨʽʰʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥ,ɹ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.1, ʘ.  

ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʝʬʝʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʙʦʨʫ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʾʭ 

ʦʙʦʚôʷʟʢʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ʪʠʧʫ ɯ ʙʝʟ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ [103, ʨʦʟʜʽʣ 1]. ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ 

ʜʦʙʘʚʢʘʤʠ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ, ʘ ʪʘʢʦʞ ʜʠʩʧʝʨʩʥʝ ʘʨʤʫʚʘʥʥʷ 

ʚʦʣʦʢʥʘʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʻ ʚʘʞʣʠʚʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ (ʨʠʩ. 2.1, ʙ). 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 2.1 ï ɿʘʛʘʣʴʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʜʦʩʣʽʜʞʝʥʴ (ʘ) ʪʘ ʘʣʛʦʨʠʪʤ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ (ʙ) 



 

70  

 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʙʝʪʦʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦ ʤʽʮʥʽʩʪʶ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʪʘ ʧʨʦʚʝʜʝʥʦ ʧʦʰʫʢ ʰʣʷʭʽʚ ʾʾ ʚʠʨʽʰʝʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʦʛʣʷʜʫ ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʮʽʻʶ ʪʝʤʘʪʠʢʦʶ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʩʫʥʫʪʠ ʨʦʙʦʯʫ 

ʛʽʧʦʪʝʟʫ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʽ 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʢʣʶʯʘʶʪʴ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʪʘ ʥʘʧʨʘʚʣʝʥʝ ʬʦʨʤʫʚʘʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ 

ʧʫʮʦʣʘʥʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʨʝʘʣʽʟʘʮʽʶ ʬʫʥʢʮʽʾ ʧʦʛʣʠʙʣʝʥʦʾ ʛʽʜʨʘʪʘʮʽʾ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʘʚʦʢ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ ʤʽʢʨʦ- ʪʘ ʤʝʟʦʨʽʚʥʷʭ, ʱʦ ʨʘʟʦʤ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʬʽʙʨʦʶ ʥʘ ʤʘʢʨʦʨʽʚʥʽ ʜʘ̒ 

ʟʤʦʛʫ ʜʦʩʷʛʥʫʪʠ ʥʦʨʤʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ.  

ɼʨʫʛʠʡ ʝʪʘʧ ʧʨʠʩʚʷʯʝʥʠʡ ʚʠʙʦʨʫ ʚôʷʞʫʯʠʭ, ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʪʘ ʨʽʟʥʠʭ ʪʠʧʽʚ ʬʽʙʨʠ ʜʣʷ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʪʘ 

ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ɸʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʙʝʪʦʥʫ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ. ɼʦʩʣʽʜʞʝʥʦ 

ʧʫʮʦʣʘʥʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʜʠʩʧʝʨʩʥʠʭ 

ʚʦʣʦʢʦʥ ʨʽʟʥʠʭ ʚʠʜʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʚʩʪʘʥʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʮʦʣʘʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʾʭ ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʪʘ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʽʚ.   

ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʥʘ ʨʦʣʴ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʪʘ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ 

ʧʘʨʘʤʝʪʨʠ  ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ. 

ʇôʷʪʠʡ ʝʪʘʧ ʚʢʣʶʯʘʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ  

ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʠʩʧʝʨʩʥʠʭ ʚʦʣʦʢʦʥ 

ʨʽʟʥʠʭ ʚʠʜʽʚ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʷʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ 
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ʜʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽɦʠʥʦʩʪʽʡʢʽʩʪʶ.   

ʅʘ hʦʩʪʦʤʫ ʝʪʘʧʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʣʦʚʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ, ʦʪʨʠʤʘʥʠʭ ʚʥʘʩʣʽʜʦʢ ʧʨʠʡʥʷʪʪʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʽʰʝʥʴ ʥʘ ʤʽʢʨʦ-, ʤʝʟʦ- ʪʘ ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʷʭ, ʦʧʪʠʤʽʟʘʮʽ ʾʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʮʠʭ ʨʽʚʥʷʭ. ɼʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪ.ʁ ʎʝʡ ʝʪʘʧ 

ʚʢʣʶʯʘʻ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʟʚʝʜʝʥʥʽ ʨʽʟʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʞʠʪʣʦʚʦʾ ʽ ʥʝʞʠʪʣʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘʢʠʭ  ʷʢ ʜʦʨʦʛʠ ʪʘ ʤʦʩʪʠ. 

ʈʦʟʨʘʭʦʚʘʥʦ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ 

ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʶʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʪʘ  ʬʦʨʤʫʚʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʽʚ ʧʽʜʚʠʱʝʥʦʾ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʥʘ ʤʽʢʨʦ-, ʤʝʟʦ- ʪʘ ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʨʽʚʥʷʭ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʜʦʩʷʛʥʫʪʠ ʤʝʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʛʽʧʦʪʝʟʠ. 

 

2.2. ɸʨʛʫʤʝʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʙʦʨʫ ʚʠʭʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ 

 

 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ 

ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʢʽʥʝʪʠʢʠ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʫ ʥʘ ʫʩʽʭ 

ʩʪʘʜʽʷʭ ʪʚʝʨʜʥʝʥʥʷ ʚʽʜʽʛʨʘʻ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ. ʍʽʤʽʢʦ-ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʻ ʢʣʶʯʦʚʠʤ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʣʷ 

ʨʦʟʨʦʙʣʝʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟʘʛʘʣʴʥʦʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʇʎ ɯ-500-ʅ ʇʨɸʊ "ʂʨʠʚʠʡ 
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ʈʽʛ ʎʝʤʝʥʪ", ʇʎ ɯ-500ʈ-ʅ ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè ʽ ʇʎ ɯ-500 ʪʘ ʇʎ ɯɯ/ɸ-

ʐ-500ʈ-ʅ ʇʨɸʊ çɺʦʣʠʥʴ-ʮʝʤʝʥʪè. ɸʥʘʣʽʟ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʮʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʭ ʢʣʽʥʢʝʨʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.2, ʧʦʢʘʟʘʚ, ʱʦ ʚʦʥʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʠʩʦʢʦʢʘʣʴʮʽʻʚʠʭ. ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʭ 

ʢʣʽʥʢʝʨʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ, ʤʘʩ.%: C3S ï 60-62; C2S ï 14-15; C3A ï 5-7; C4AF ï 

10-12, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʥʝʩʪʠ ʾʭ ʜʦ ʚʠʩʦʢʦʘʣʽʪʦʚʠʭ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʘʢʪʠʚʥʽʩʪʶ (Rʩʪ
28>50 ʄʇʘ), ʪʘ ʜʘʻ ʟʤʦʛʫ ʧʨʦʝʢʪʫʚʘʪʠ ʙʝʪʦʥʠ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʤʽʮʥʽʩʪʶ ʧʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ. 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʭ ʢʣʽʥʢʝʨʽʚ 

 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʚʠʤʦʛʠ ɼʉʊʋ ɹ ɺ 2.7-46:2010 [38] ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʪʦʥʠʥʠ ʨʦʟʤʝʣʶʚʘʥʥʷ, ʪʝʨʤʽʥʽʚ 

ʪʫʞʘʚʽʥʥʷ ʪʘ ʤʽʮʥʦʩʪʽ ʷʢ ʚ ʨʘʥʥʴʦʤʫ ʚʽʮʽ, ʪʘʢ ʽ ʯʝʨʝʟ 28 ʜʽʙ (ʪʘʙʣ. 2.1).  

ʆʜʠʥ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʙʝʪʦʥʫ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʽ, ʻ ʚʚʝʜʝʥʥʷ ʜʦ ʾʭ ʩʢʣʘʜʫ ʘʢʪʠʚʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ ʧʨʠʨʦʜʥʦʛʦ ʘʙʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʟ ʧʦʟʠʪʠʚʥʠʤ ʦʩʥʦʚʥʠʤ ʪʘ 

ʜʦʜʘʪʢʦʚʠʤʠ ʝʬʝʢʪʘʤʠ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ 

ʰʣʘʢ, ʟʦʣʫ-ʚʠʥʝʩʝʥʥʷ, ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ (ʎʊ), ʩʧʫʯʝʥʠʡ ʧʝʨʣʽʪ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʮʠʭ 
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ʤʘʪʝʨʽʘʣʽʚ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 2.3. 

 

ʊʘʙʣʠʮʷ 2.1 - ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ 
Sʧʠʪ., 

ʤ2/ʢʛ 

ɸ008, 

% 

ʅɻʊ, 

% 

ʊʝʨʤʽʥʠ 

ʪʫʞʘʚʽʥʥʷ, 

ʛʦʜ-ʭʚ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ 

ʧʨʠ ʩʪʠʩʢʫ, ʄʇʘ, ʫ 

ʚʽʮʽ, ʜʽʙ 

ʧʦʯʘʪʦʢ ʢʽʥʝʮʴ 2 7 28 

ʇʨɸʊ çʂʨʠʚʠʡ ʈʽʛ ʎʝʤʝʥʪè 

ʇʎ ɯ-500-ʅ 431 0,2 29,5 2-40 3-30 25,4 38,7 52,1 

ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè 

ʇʎ ɯ-500ʈ-ʅ 345 0,2 30,0 2-20 3-20 32,5 44,5 55,4 

ʇʨɸʊ çɺʦʣʠʥʴ-ʮʝʤʝʥʪè 

ʇʎ ɯ-500ʈ-ʅ 390 2,8 29.0 2-30 4-00 29,5 39,3 53,5 

ʇʎ ɯɯ/ɸ-ʐ-500 ʈ-ʅ 395 1,8 26,5 2-30 4-00 25,0 38,7 52,5 

 

ɿʘ ʜʠʩʧʝʨʩʥʽʩʪʶ ʚʠʭʽʜʥʘ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʚʽʜʥʦʩʠʪʩɹʷ ʜʦ ʢʣʘʩʫ ɸ (Sʧʠʪ > 300 

ʤ2/ʢʛ) ʟ ʧʠʪʦʤʦ  ʁʧʦʚʝʨʭʥʝ  ʁ310 ʤ2/ʢʛ  ̔510 ʤ2/ʢʛ. ʇʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʚʠʭʽʜʥʦʛʦ 

ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ ʩʪʘʥʦʚʠʣʘ 310 ʤ2/ʢʛ, ʘ ʜʦʤʝʣʝʥʦʛʦ 380 ʽ 500 ʤ2/ʢʛ.    

 

ʈʠʩʫʥʦʢ 2.3 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

ʉʝʨʝʜ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʨʠʨʦʜʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʮʝʦʣʽʪʦʚʽ ʪʫʬʠ, 

0

10

20

30

40

50

60

70

80

CaO SiO2 Al2O3 Fe2O3 MgO Na2O K2O SO3

ɺ
ʤ
ʽ
ʩ
ʪ
 
ʦ
ʢ
ʩ
ʠ
ʽ
ʚ
,
 
ʤ
ʘ
ʩ
.
%

ɼʦʤʝʥʥʠʡ 

ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʰʣʘʢ
ɿʦʣʘ-ʚʠʥʝʩʝʥʥʷ

ʎʝʦʣʽʪʦʚʠʡ ʪʫʬ

ʉʧʫʯʝʥʠʡ ʧʝʨʣʽʪ



 

74  

ʷʢ̔ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ ʚ ʜʝʷʢʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ ʯʝʨʝʟ ʾʭ ʤʝʥʰʫ ʚʘʨʪʽʩʪʴ ʪʘ 

ʜʦʩʪʫʧʥʽʩʪʴ [166, 207]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʮʝʦʣʽʪʦʚʽ ʪʫʬʠ ̒  ʢʨʠʩʪʘʣʽʯʥʠʤʠ, ʚʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʦʙʭʽʜʥʦʶ ʧʫʮʦʣʘʥʦʚʦʶ ʘʢʪʠʚʥʽʩʪʶ [137]. 

ʆʩʥʦʚʥʠʤ ʮʝʦʣʽʪʦʚʠʤ ʤʽʥʝʨʘʣʦʤ ʪʫʬʫ ʉʦʢʠʨʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʻ 

ʢʣ̔ʥʦʧʪʠʣʦʣʽʪ ï ʛʽʜʨʦʘʣʶʤʦʩʠʣʽʢʘʪ ʥʘʪʨʽʶ Na2OĿAl2O3Ŀ10SiO2Ŀ8H2O ʟ ʚʽʣʴʥʠʤ 

ʚʥʫʪʨʽʰʥʽʤ ʦʙôʻʤʦʤ 0,35 ʩʤ3/ʩʤ3. ʁʦʛʦ ʚʤʽʩʪ ʻ ʦʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ 

ʮʝʦʣʽʪʦʚʦʾ ʧʦʨʦʜʠ (ʪʘʙʣ. 2.2).  

 

ʊʘʙʣʠʮʷ 2.2 - ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

ʇʦʢʘʟʥʠʢʠ ɿʥʘʯʝʥʥʷ 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʩʽʨʠʡ ʧʦʨʦʰʦʢ 

ɺʤʽʩʪ ʢʣʥ̔ʦʧʪʠʣʦʣʽʪʫ, ʤʘʩ.% 79 

ʉʝʨʝʜʥʷ ʛʫʩʪʠʥʘ, ʢʛ/ʤ3 1890 

ʅʘʩʠʧʥʘ ʛʫʩʪʠʥʘ, ʢʛ/ʤ3 570 

ʌʨʘʢʮʽʷ, ʤʤ <1,0 

 

ʂʣ̔ʥʦʧʪʠʣʦʣʽʪ, ʘ ʪʘʢʦʞ ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʢʚʘʨʮʫ ʻ ʦʩʥʦʚʥʠʤʠ ʢʨʠʩʪʘʣʽʯʥʠʤʠ 

ʬʘʟʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ (ʨʠʩ. 2.4, ʘ). ʂʣʥ̔ʦʧʪʠʣʦʣʽʪ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥʦʢ 10-30 ʤʢʤ, ʜʝʷʢʽ ʤʘʶʪʴ ʯʽʪʢʫ ʰʝʩʪʠʢʫʪʥʫ 

ʬʦʨʤʫ (ʨʠʩ. 2.4, ʙ). 
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(a) 

 

(ʙ) 

ʈʠʩʫʥʦʢ 2.4 - ɼʠʬʨʘʢʪʦʛʨʘʤʘ (a) (Q: ʢʚʘʨʮ, C: ʢʣʥ̔ʦʧʪʠʣʦʣʽʪ) ʽ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʙ) ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 
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ɿʘ ʜʘʥʠʤʠ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʝʨʰʠʡ ʝʥʜʦʝʬʝʢʪ ʪʘ ʚʪʨʘʪʘ ʤʘʩʠ ʟʨʘʟʢʘ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 20 ï 200 0ʉ (ʨʠʩ. 2.5). ʎʝ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʚʠʜʽʣʝʥʥʷʤ çʚʽʣʴʥʦʾè ʬʽʟʠʯʥʦ - ʧʦʛʣʠʥʫʪʦʾ ʚʦʜʠ. ɼʨʫʛʘ ʬʘʟʘ ʪʝʨʤʦʣʽʟʫ 

ʟʨʘʟʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 200 - 4400ʉ ʽ ʚʽʜʧʦʚʽʜʘʻ ʚʠʜʽʣʝʥʥʶ 

çʩʪʨʫʢʪʫʨʦʚʘʥʦʾè ʭʽʤʽʯʥʦ ʟʚ'ʷʟʘʥʦʾ ʚʦʜʠ, ʷʢʘ ʢʦʦʨʜʠʥʘʮʽʡʥʦ ʽ ʭʽʤʽʯʥʦ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʢʨʠʩʪʘʣʽʯʥʦʶ ʨʝʰʽʪʢʦʶ ʤʽʥʝʨʘʣʫ ʽ ʫʪʚʦʨʶʻ ʘʢʚʘʢʦʤʧʣʝʢʩʠ ʟ ʢʘʪʽʦʥʘʤʠ ʤʝʪʘʣʽʚ, ʷʢʽ 

ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ. 

ɺ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 440 - 5800ʉ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʛʣʠʙʦʢʠʡ ʝʥʜʦʪʝʨʤʽʯʥʠʡ 

ʝʬʝʢʪ, ʷʢʠʡ ʧʦʚôʷʟʘʥʠʡ ʟ ʧʨʦʮʝʩʦʤ ʜʝʛʽʜʨʦʢʩʠʣʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʜʱʝʧʣʝʥʥʷ ʆʅ ï ʛʨʫʧ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʝʚʝʣʠʢʽʡ ʚʪʨʘʪʽ ʤʘʩʠ ʥʘ ʢʨʠʚʽʡ ʊɻ. 

ʋ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 580 - 10000ʉ ʧʦʷʚʫ ʝʥʜʦʪʝʨʤʽʯʥʦʛʦ ʝʬʝʢʪʫ 

ʥʘ ʢʨʠʚʽʡ ɼʊɸ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʦʻʜʥʘʥʥʷʤ ʢʽʣʴʢʦʭ ʧʨʦʮʝʩʽʚ: ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʜʝʛʽʜʨʦʢʩʠʣʶʚʘʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʮʝʦʣʽʪʫ 

ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

 

ʈʠʩʫʥʦʢ 2.5 ï ɼʝʨʠʚʘʪʦʛʨʘʤʠ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ. 

ʈʪʫʪʥʫ ʽʥʪʨʫʟʽʡʥʫ ʧʦʨʦʟʠʤʝʪʨʽʶ (ʈIʇ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʨʦʟʤʽʨʽʚ ʧʦʨ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

ʪʠʩʢʫ ʚʽʜ 0,1 ʜʦ 200 ʄʇʘ ʘʙʦ ʨʘʜʽʫʩʽʚ ʧʦʨ ʚʽʜ 10,0 ʜʦ 3,8 Ŀ 10-3 Õʤ. ʆʙôʻʤ ʨʪʫʪʽ V 
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[ʤ3ʢʛ-1], ʱʦ ʧʨʦʥʠʢʘʻ ʧʨʠ ʟʘʜʘʥʦʤʫ ʪʠʩʢʫ P [ʇʘ], ʜʘʻ ʦʙôʻʤ ʧʦʨ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ. ʊʠʩʢ ʧʨʦʥʠʢʥʝʥʥʷ ʙʫʣʦ ʧʝʨʝʚʝʜʝʥʦ ʥʘ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʨʘʜʽʫʩ ʧʦʨ 

R [ʤ] ʟʘ ʨʽʚʥʷʥʥʷʤ ʋʦʰʙʝʨʥʘ: 

 P = -A ům cosŬm / R,        (2.1) 

ʜʝ ům ð ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʨʪʫʪʽ (0,485 ʅĿʤ-1), Ŭm ð ʢʦʥʪʘʢʪʥʠʡ ʢʫʪ 

ʨʪʫʪʽ/ʪʚʝʨʜʦʛʦ ʪʽʣʘ (141,3o ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ), ʘ A ð ʢʦʝʬʽʮʽʻʥʪ 

ʬʦʨʤʠ (ʜʦʨʽʚʥʶʻ 2 ʜʣʷ ʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʢʘʧʽʣʷʨʥʠʭ ʧʦʨ). ɿʥʘʶʯʠ ʟʘʣʝʞʥʽʩʪʴ V ʚʽʜ 

R, ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ ʨʦʟʤʽʨʽʚ ʧʦʨ, ɢ(R), ʽ ʚʠʨʘʞʝʥʠʡ ʫ 

ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʰʢʘʣʽ: 

 ɢ(R) = 1/Vmax dV / dlog(R)       (2.2) 

ʈʝʟʫʣʴʪʘʪʠ ʈIʇ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʦʨʠʩʪʽʩʪʴ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʩʪʘʥʦʚʠʪʴ 54,7%. 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʽʜʯʠʪʴ, ʱʦ ʤʘʡʞʝ 65% ʟʘʛʘʣʴʥʦʛʦ 

ʦʙô̒ʤʫ ʧʦʨ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʧʦʨ ʜʽʘʤʝʪʨʦʤ ʚʽʜ 0,4 ʜʦ 40 ʤʢʤ 

(ʨʠʩ. 2.6). ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʽʣʴʢʽʩʥʦ ʾʦʮʽʥʢʠ, ʪʦ ʯʘʩʪʢʘ ʜʨʽʙʥʠʭ ʧʦʨ ʫ ʜʽʘʧʘʟʦʥʽ 0,01ï

0,15 ʤʢʤ ʚʽʜʥʦʩʥʦ ʜʫʞʝ ʤʘʣʘ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʨʦʟʤʽʨʽ ʯʘʩʪʠʥʦʢ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ. 

   

                             a                                                                    ʙ 

ʈʠʩʫʥʦʢ 2.6 ï ʇʦʚʥʠʡ ʦʙôʻʤ ʧʦʨ (ʘ) ʽ ʨʘʜʽʫʩ ʧʦʨ (ʙ) ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ 

 

ʈʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ (Pʏʈ) ʚʠʤʽʨʶʚʘʣʠ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʾ 

ʛʨʘʥʫʣʦʤʝʪʨʽʾ ʥʘ Mastersizer 2000 ʟ ʜʠʩʧʝʨʩʽʡʥʦʶ ʫʩʪʘʥʦʚʢʦʶ Hydro G ʟ ʜʽʘʧʘʟʦʥʦʤ 
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ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜ 0,02 ʤʢʤ ʜʦ 2 ʤʤ. ʄʽʝ ʪʝʦʨʽʷ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ Pʏʈ 

ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʨʽʚʥʠʤʠ 1,52 ʜʣʷ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʩʚʽʪʣʘ ʪʘ 0,1 ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʛʣʠʥʘʥʥʷ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʥʘʩʦʩʘ ʪʘ ʤʽʰʘʣʢʠ 

1750 ʪʘ 700 ʦʙ/ʭʚ ʚʽʜʧʦʚʽʜʥʦ. 

ɹʽʤʦʜʘʣʴʥʘ ʢʨʠʚʘ ʈʏʈ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.7. ʗʢ 

ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʛʨʘʥʫʣʦʤʝʪʨʽʾ, ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʢʦʣʠʚʘʻʪʴʩʷ 

ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 0,01-2000 ʤʢʤ. ʇʨʠ ʮʴʦʤʫ ʜʠʬʝʨʝʥʮʽʡʥʘ ʢʨʠʚʘ ʨʦʟʧʦʜʽʣʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʚʦʤʘ ʤʘʢʩʠʤʫʤʘʤʠ 25 ʤʢʤ ʽ 227 ʤʢʤ. ɼʨʽʙʥʦʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠ ʧʫʮʦʣʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʙʘʚʢʠ, ʘ ʢʨʫʧʥʽ ï 

ʧʦʛʣʠʙʣʝʥʫ ʛʽʜʨʘʪʘʮʽʶ ʚ ʫʤʦʚʘʭ ʧʦʥʠʞʝʥʦʛʦ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ  ʚʽʜʥʦʰʝʥʥʷ ʟʘ 

ʨʘʭʫʥʦʢ ʽʤʤʦʙʽʣʽʟʦʚʘʥʦʾ ʚʦʜʠ ʫ ʧʦʨʘʭ 

  

ʈʠʩʫʥʦʢ 2.7 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

 

ʉʧʫʯʝʥʠʡ ʧʝʨʣʽʪ - ʧʦʨʠʩʪʠʡ ʤʘʪʝʨʽʘʣ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʫʣʢʘʥʽʯʥʠʤ 
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ʣʫʞʥʠʤ ʛʽʜʨʦʘʣʶʤʦʩʠʣʽʢʘʪʥʠʤ ʩʢʣʦʤ. ʏʘʩʪʠʥʢʠ ʧʝʨʣʽʪʫ ʚʥʘʩʣʽʜʦʢ ʪʝʨʤʦʦʙʨʦʙʢʠ 

ʧʝʨʝʭʦʜʷʪʴ ʫ ʧʽʨʦʧʣʘʩʪʠʯʥʠʡ ʩʪʘʥ, ʙʫʨʭʣʠʚʦ ʚʠʜʽʣʷʶʯʠ ʚʦʜʫ, ʟʙʽʣʴʰʫʶʯʠʩʴ ʚ 

ʦʙôʻʤʽ ʜʦ 20 ʨʘʟ, ʪʘ ʥʘʙʫʚʘʶʪʴ ʚʠʩʦʢʦʾ ʧʦʨʠʩʪʦʩʪʽ. ʇʨʦʪʝ ʮʝʡ ʤʘʪʝʨʽʘʣ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʢʨʠʪʦʶ ʧʦʨʠʩʪʽʩʪʶ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʥʘʯʥʠʤ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷʤ 

(ʪʘʙʣ. 2.3). ɿʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʦʤʫ ʚʤʽʩʪʫ ʘʢʪʠʚʥʠʭ Al 2O3 ʽ SiO2 ʩʧʫʯʝʥʠʡ ʧʝʨʣʽʪ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʢʨʘʱʝʥʦʶ ʧʫʮʦʣʘʥʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʪʦʤʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ 

ʧʫʮʦʣʘʥʦʚʦʶ ʜʦʙʘʚʢʦʶ. ɿʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʧʦʨʠʩʪʦʩʪʽ ʩʧʫʯʝʥʠʡ ʧʝʨʣʽʪ ʤʘʻ ʟʥʘʯʥʫ 

ʨʦʟʤʝʣʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. 

 

ʊʘʙʣʠʮʷ 2.3 - ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʫʯʝʥʦʛʦ ʧʝʨʣʽʪʫ 

ʇʦʢʘʟʥʠʢʠ ɿʥʘʯʝʥʥʷ 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ɹʽʣʠʡ ʧʽʩʦʢ 

ʄʘʨʢʘ ʟʘ ʥʘʩʠʧʥʦʶ ʛʫʩʪʠʥʦʶ 100 

ʅʘʩʠʧʥʘ ʛʫʩʪʠʥʘ, ʢʛ/ʤ3 90 

ʉʝʨʝʜʥʷ ʛʫʩʪʠʥʘ, ʢʛ/ʤ3 1890 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʟʘ ʦʙôʻʤʦʤ, % 38,0 

ʇʦʨʠʩʪʽʩʪʴ, % 79 

ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʚ ʮʠʣʽʥʜʨʽ, ʄʇʘ 0,15 

 

ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘʢʦʞ ʰʪʫʯʥʽ ʤʘʪʝʨʽʘʣʠ ʧʫʮʦʣʘʥʽʯʥʦʾ 

ʧʨʠʨʦʜʠ ʘʢʪʠʚʥʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʠʥʪʝʟʫ ʟ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ [214]. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣ. 2.4. ɿʘ ʜʘʥʠʤʠ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

Na2ʆ:Al2O3:SiO2 ʜʣʷ ʮʝʦʣʽʪʫ Na-X ʩʪʘʥʦʚʠʪʴ 1:2,3:6,1; ʜʣʷ ʮʝʦʣʽʪʫ Na-ʈ1 ï 1:1,3:4,8; 

ʜʣʷ ʮʝʦʣʽʪʫ Na-ɸ ï 1:1,9:5,8. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʝʞʠʤʫ ʩʠʥʪʝʟʫ ʮʝʦʣʽʪʦʚʽ 

ʤʘʪʝʨʽʘʣʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʽʾ ʷʢ ʦʩʥʦʚʥʽ ʤʽʥʝʨʘʣʴʥʽ ʬʘʟʠ.  

ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʮʝʦʣʽʪʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.8. ɯʥʪʝʥʩʠʚʥʽ 

ʜʠʬʨʘʢʮʽʡʥʽ ʧʽʢʠ ʚʢʘʟʫʶʪʴ ʥʘ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʅʘʷʚʥʽʩʪʴ Na-X ʮʝʦʣʽʪʥʦʾ ʬʘʟʠ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʽʾ 
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ʚʠʟʥʘʯʘʣʠ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʣʽʥʽʷʤʠ d/n = 14,47; 3,81; 5,73; 8,85; 4,42; 7,54; 4,81 

ʽ 3,94 ¡. ʂ̔ ʣʴʢʽʩʥʠʡ ʚʤʽʩʪ ʮʝʦʣʽʪʫ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʩʪʘʥʦʚʠʚ 70 ʤʘʩ.%. ʅʘʷʚʥʽʩʪʴ ʮʝʦʣʽʪʦʚʦʾ ʬʘʟʠ Na-

P1 ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʽʾ ʚʠʟʥʘʯʘʣʠ ʟʘ ʣʽʥʽʷʤʠ d/n =7,10; 5,01; 4,10 ʽ 3,18 ¡. ʂʽʣʴʢʽʩʥʠʡ 

ʚʤʽʩʪ ʮʝʦʣʽʪʫ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ XRD, ʩʪʘʥʦʚʠʚ 75 ʤʘʩ.%. 

 

ʊʘʙʣʠʮʷ 2.4 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

 

 

 ʅʘʷʚʥʽʩʪʴ ʮʝʦʣʽʪʥʦʾ ʬʘʟʠ Na-A ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʽʾ ʚʠʟʥʘʯʘʣʠ ʟʘ ʣʽʥʽʷʤʠ 

d/n =12,18; 8,63; 7,06; 5,47; 4,09; 3,70 ʽ 3,40 ¡. ʇʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʽʡ ʩʠʥʪʝʟʫ 

ʚʢʣʶʯʘʣʠ ʤʫʣʽʪ, ʢʚʘʨʮ, ʢʘʣʴʮʠʪ  ʽ ʘʤʦʨʬʥʝ ʘʣʶʤʦʩʠʣʽʢʘʪʥʝ ʩʢʣʦ. 

ʈʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ ʫʩʽʭ ʪʨʴʦʭ ʪʠʧʽʚ ʮʝʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʫʞʝ 

ʧʦʜʽʙʥʠʡ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʦʥʦʤʦʜʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʟ ʤʘʢʩʠʤʫʤʦʤ ʫ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ 26 ʜʦ 30 ʤʢʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʽʚ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʛʘʙʽʪʫʩ 

ʤʘʪʠʤʫʪʴ ʟʨʘʟʢʠ ʧʝʚʥʦʛʦ ʤʽʥʝʨʘʣʫ ʪʘ ʨʦʟʨʽʟʥʠʪʠ ʦʪʨʠʤʘʥʽ ʩʠʥʪʝʪʠʯʥʽ ʮʝʦʣʽʪʠ. 

ʆʢʩʠʜʥʠʡ 

ʩʢʣʘʜ 

ɺʤʽʩʪ, ʤʘʩ.%, ʜʣʷ ʤʘʪʝʨʽʘʣʫ 

Na-X Na-P1 Na-A 

Na2O 5,909 7,980 6,599 

MgO 2,436 1,556 1,899 

Al2O3 22,658 17,843 21,897 

SiO2 34,636 37,99 38,245 

P2O5 0,731 0,546 1,101 

SO3 0,008 0,077 0,067 

K2O 0,711 1,003 1,569 

CaO 9,625 13,550 9,988 

TiO2 1,770 0,989 1,351 

Fe2O3 6,780 4,679 5,780 

LOI 14,736 13,787 11,504 
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ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʪʘʢʦʛʦ ʮʝʦʣʽʪʫ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʨʽʟʥʽ ʢʨʠʩʪʘʣʠ. ɺʠʚʯʝʥʥʷ ʾʭ 

ʤʦʨʬʦʣʦʛʽʾ ʪʘ ʛʘʙʽʪʫʩʫ ʜʦʟʚʦʣʠʣʠ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʦʢʨʝʤʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʮʽʻʾ ʛʨʫʧʠ 

ʤʽʥʝʨʘʣʽʚ. 

 

 

ʈʠʩʫʥʦʢ 2.8 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʦʪʨʠʤʘʥʠʭ ʮʝʦʣʽʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ:  

1 - Na-X; 2 - Na-P1; 3 - Na-A 

 

ɺʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʟʝʨʝʥ ʟʘ ʜʦʧʦʤʦʛʦʶ SEM (ʨʠʩ. 2.9) ʧʦʢʘʟʘʣʦ, ʱʦ 

ʩʠʥʪʝʪʠʯʥʠʡ ʮʝʦʣʽʪ ʪʠʧʫ Na-X ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʽʟʦʤʝʪʨʠʯʥʠʭ ʽ ʦʢʪʘʝʜʨʠʯʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʨʦʟʤʽʨʦʤ ʧʨʠʙʣʠʟʥʦ 1-2 ʤʢʤ, ʯʘʩʪʦ ʟʨʦʩʣʠʭ ʦʜʠʥ ʟ ʦʜʥʠʤ. ʎʝʦʣʽʪʠ ʟ 

ʪʘʢʠʤʠ ʢʨʠʩʪʘʣʘʤʠ (ʟʨʦʩʪʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʧʘʨʘʣʝʣʴʥʦ ʚ ʪʨʴʦʭ ʚʠʤʽʨʘʭ) ʭʘʨʘʢʪʝʨʥʽ 

ʜʣʷ ʬʦʞʘʟʠʪʦʚʦʾ ʛʨʫʧʠ ʮʝʦʣʽʪʽʚ. ʎʝʦʣʽʪ Na-P1 ʫʪʚʦʨʶʻ ʘʛʨʝʛʘʪʠ ʟ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ 

ʛʘʙʽʪʫʩʫ ʜʦʚʞʠʥʦʶ 2ï3 ʤʢʤ. ʊʘʢʽ ʛʘʙʽʪʫʩʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʛʽʩʤʦʥʜʽʪʦʚʦʾ ʛʨʫʧʠ 
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ʮʝʦʣʽʪʽʚ. ʎʝʦʣʽʪ Na-ɸ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʽʟʦʤʝʪʨʠʯʥʠʭ ʦʢʪʘʝʜʨʠʯʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʨʦʟʤʽʨʦʤ 2-3 ʤʢʤ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʚ ʘʤʦʨʬʥʽʡ ʤʘʩʽ. 

 

 

 
  Na-ɸ 

ʈʠʩʫʥʦʢ 2.9 ï ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʦʪʨʠʤʘʥʠʭ ʮʝʦʣʽʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

ʄʽʢʨʦʟʦʥʜʦʚʠʡ ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ (SEM-EDS) Na-X ʧʦʢʘʟʘʚ, ʱʦ ʥʘʪʨʽʡ ʻ 

ʦʩʥʦʚʥʠʤ ʢʘʪʽʦʥʦʤ ʦʙʤʽʥʫ ʚ ʩʪʨʫʢʪʫʨʽ, ʟʙʘʣʘʥʩʦʚʫʶʯʠ ʟʘʨʷʜ ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʾ 

ʨʝʰʽʪʢʠ (ʨʠʩ. 2.10, ʘ). ʉʝʨʝʜʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʢʨʝʤʠʭ ʢʘʪʽʦʥʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ 

ʤʽʢʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ EDS, ʪʘʢʽ: Na+K/Si = 0,55, Na+K+Ca+Mg/Si = 0,60, Na+K/Si 

= 0,65, Na+K+Ca+Mg/Si = 0,79 ʪʘ Si/Al = 1,12. ɼʣʷ Na-P1 ʥʘʪʨʽʡ ʪʘʢʦʞ ʻ ʦʩʥʦʚʥʠʤ 

ʢʘʪʽʦʥʦʤ ʦʙʤʽʥʫ, ʟʙʘʣʘʥʩʦʚʫʶʯʠ ʟʘʨʷʜ ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʾ ʨʝʰʽʪʢʠ (ʨʠʩ. 2.10, ʙ). 

ʉʝʨʝʜʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʢʨʝʤʠʭ ʢʘʪʽʦʥʽʚ ʟ ʤʽʢʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ EDS ʪʘʢʽ: 

Na+K+Ca+Mg/Si=0,44, ʘ Si/Al=1,42. ʉʝʨʝʜʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʢʨʝʤʠʭ ʢʘʪʽʦʥʽʚ ʜʣʷ 

ʮʝʦʣʽʪʫ Na-ɸ, ʦʪʨʠʤʘʥʠʭ ʟ ʤʽʢʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ EDS, ʪʘʢʽ: Na+K/Si=0,19; 

Na+K+Ca+Mg/Si=0,27 ʪʘ Si/Al=1,75 (ʨʠʩ. 2.10, ʚ). 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʢʩʪʫʨʠ Na-X ʧʦʢʘʟʫʻ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ  

ʧʦʚʝʨʭʥʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʦʣʦʶ-ʚʠʥʝʩʝʥʥʷ, ʟ ʷʢʦʾ ʚʽʥ ʦʪʨʠʤʫʻʪʴʩʷ. ʇʠʪʦʤʘ ʧʦʚʝʨʭʥ ̫

ʟʘ ʤʝʪʦʜʦʤ ɹɽʊ ʫ ʚʽʜʥʦʰʝʥʥʽ ʜʦ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʟʨʦʩʣʘ ʧʨʠʙʣʠʟʥʦ ʟ 10 ʜʦ 166 ʤ2/ʛ 

ʜʣʷ Na-X. ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʪʝʢʩʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ (ʦʙ'ʻʤ Vmic ʪʘ ʧʣʦʱʘ Smic ʤʽʢʨʦʧʦʨ, 

ʦʙ'ʻʤ Vmes ʤʝʟʦʧʦʨ ʪʘ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ SBET ʟʘ ʤʝʪʦʜʦʤ BET) ʧʦʢʘʟʫʶʪʴ ʯʽʪʢʝ 

ʟʨʦʩʪʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʪʝʢʩʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ. ɼʣʷ  ʮʝʦʣʽʪʫ Na-P1 
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ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʩʪʘʥʦʚʠʪʴ  71 ʤ2/ʛ. 

 
ʘ 

 
ʙ 

 
ʚ 

ʈʠʩʫʥʦʢ 2.10 ï ʄʽʢʨʦʟʦʥʜʦʚʠʡ ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʮʝʦʣʽʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʘ - Na-X; ʙ - 

Na-P1; ʚ - Na-A 

ʈʦʟʧʦʜʽʣ ʨʦʟʤʽʨʽʚ ʧʦʨ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1,7 ʜʦ 100 ʥʤ ʚʠʟʥʘʯʘʣʠ ʥʘ ʦʩʥʦʚʽ 
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ʨʽʚʥʷʥʥʷ ɹʘʨʨʝʪʪʘ-ɼʞʦʡʥʝʨʘ-ʍʘʣʝʥʜʘ. ɼʣʷ Na-X ʧʝʨʝʚʘʞʘʶʪʴ ʧʦʨʠ ʟ ʜʽʘʤʝʪʨʦʤ ʫ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 3,3 ʜʦ 4,7 ʥʤ, ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʴ ʧʦʨ ʟ ʜʽʘʤʝʪʨʦʤ ʧʨʠʙʣʠʟʥʦ 

3,8 ʥʤ. ʉʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʧʦʨ, ʚʠʟʥʘʯʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ, ʩʪʘʥʦʚʠʪʴ 

ʧʨʠʙʣʠʟʥʦ 7,4 ʥʤ. ʈʦʟʧʦʜʽʣ ʨʦʟʤʽʨʽʚ ʧʦʨ ʜʣʷ Na-P1 ʧʦʢʘʟʫʻ ʧʝʨʝʚʘʞʘʥʥʷ ʧʦʨ ʟ 

ʜʽʘʤʝʪʨʦʤ ʧʨʠʙʣʠʟʥʦ 3,8 ʥʤ, ʘ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʧʦʨ - ʧʨʠʙʣʠʟʥʦ 9,0 ʥʤ.  

ʆʧʠʩʘʥʠʡ ʩʠʥʪʝʟ ʮʝʦʣʽʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʥʠʡ 

ʦʙôʻʤ ʚʽʜʭʦʜʽʚ ʊɽʉ, ʟʦʢʨʝʤʘ ʟʦʣʫ-ʚʠʥʝʩʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʮʝʦʣʽʪʠ ʤʘʶʪʴ ʧʦʜʽʙʥʽ ʜʦ 

ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʠʭ ʩʠʥʪʝʪʠʯʥʠʭ ʮʝʦʣʽʪʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʧʦʚʝʨʭʥʝʚʽ ʧʘʨʘʤʝʪʨʠ. 

ʂʨʽʤ ʪʦʛʦ, ʚʠʨʦʙʥʠʮʪʚʦ ʮʝʦʣʽʪʫ ʽʟ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʻ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ 

ʧʦʨʽʚʥʷʥʦ ʟ ʮʝʦʣʽʪʘʤʠ, ʩʠʥʪʝʟʦʚʘʥʠʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ 

ʧʝʨʣʽʪ [345], ʢʘʦʣʽʥʽʪ [220] ʪʘ ʽʣʽʪ-ʩʤʝʢʪʠʪ [142]. ʅʘʧʨʠʢʣʘʜ, ʚʠʨʦʙʥʠʮʪʚʦ Na-X ʪʘ 

ʛʽʜʨʦʢʩʠʩʦʜʘʣʽʪʫ ʟ ʤʝʪʘʢʘʦʣʽʥʽʪʫ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʢʘʣʴʮʠʥʫʚʘʥʥʷ 

ʢʘʦʣʽʥʽʪʫ (650 ÁC) ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʫ ʧʨʠ 68 ÁC [220]. ʏʠʩʪʠʡ 

ʮʝʦʣʽʪ ʟ ʛʨʫʧʠ ʬʘʫʞʘʩʠʪʫ ʦʪʨʠʤʫʶʪʴ ʩʠʥʪʝʟʦʤ ʟ ʧʝʨʣʽʪʫ [230, 345]. ʑʝ ʦʜʥʽʻʶ 

ʧʝʨʝʚʘʛʦʶ ʦʧʠʩʘʥʠʭ ʮʝʦʣʽʪʽʚ ʻ ʾʭʥʽʡ ʚʤʽʩʪ ʫ ʢʽʥʮʝʚʠʭ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥʘʭ, ʜʣ ̫Na-X 

ʩʪʘʥʦʚʠʪʴ 70 ʤʘʩ. %, ʘ Na-P1 - 75 ʤʘʩ. %. ʊʦʜʽ ʷʢ ʫ ʮʝʦʣʽʪʘʭ, ʦʪʨʠʤʘʥʠʭ ʟ ʽʣʽʪ-

ʩʤʝʢʪʠʪʫ, ʾʭʥʽʡ ʚʤʽʩʪ ʫ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʘʭ ʩʪʘʥʦʚʠʪ ɹ47ï58 ʤʘʩ. % ʜʣʷ Na-P1 [142]. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʰʪʫʯʥʠʭ 

ʮʝʦʣʽʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʾʭ 

ʧʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʽʩʪʴ, ʱʦ ʚʠʟʥʘʯʘʪʠʤʝ ʢʽʣʴʢʽʩʪʴ ʾʭ ʚʚʝʜʝʥʥʷ ʚ ʮʝʤʝʥʪʥʽ ʩʠʩʪʝʤʠ 

ʪʘ ʙʝʪʦʥʠ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʥʪʝʪʠʯʥʠʭ ʮʝʦʣʽʪʽʚ Na-X, Na-P1 ʪʘ Na-

ɸ ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʥʪʝʪʠʯʥʠʡ ʧʫʮʦʣʘʥʦʚʠʡ ʤʝʟʦʧʦʨʠʩʪʠʡ ʢʨʝʤʥʝʟʝʤʠʩʪʠʡ ʤʘʪʝʨʽʘʣ 

ʄʉʄ-41. 

ɺʤʽʩʪ SiO2 ʫ ʄʉʄ-41 ʩʪʘʥʦʚʠʪʴ 98,91 % (ʪʘʙʣ. 2.5), ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 2.11, ʚ). 

 

ʊʘʙʣʠʮʷ 2.5 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʄʉʄ-41 

ʄʽʥʝʨʘʣʴʥʠʡ 

ʢʦʤʧʦʥʝʥʪ 

ɺʤʽʩʪ ʦʢʩʠʜʽʚ, ʤʘʩ. % 

SiO2 Al2O3 Fe2O3 CaO MgO R2O ɺʇʇ 

ʄʉʄ-41 98,91 0,69 0,05 0,02 0,0 0,02 0,29 
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ɼʠʬʨʘʢʪʦʛʨʘʤʘ (ʨʠʩ. 2.11, ʘ) ʧʽʜʪʚʝʨʜʞʫʻ ʘʤʦʨʬʥʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʣʷ ʯʘʩʪʠʥʦʢ ʄʉʄ-41 ʭʘʨʘʢʪʝʨʥʘ 

ʚʠʜʦʚʞʝʥʘ  ʬʦʨʤʘ ʟ ʘʤʦʨʬʽʟʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʟʘʚʜʦʚʞʢʠ 2-3 ʤʢʤ, 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʘʢʦʞ ʦʢʨʫʛʣʽ ʟʝʨʥʘ  ʨʦʟʤʽʨʦʤ 0,5 ʤʢʤ (ʨʠʩ. 2.11, ʙ). 

 

ʘ 

  

ʙ ʚ 

ʈʠʩʫʥʦʢ 2.11 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ (ʘ), ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷ (ʙ) ʪʘ ʤʽʢʨʦʟʦʥʜʦʚʠʡ 

ʘʥʘʣʽʟ (ʚ) ʄʉʄ-41 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʢʪʠʚʥʽʩʪʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʧʦʭʦʜʞʝʥʥʷ, ʧʨʠʨʦʜʠ ʪʘ ʩʢʣʘʜʫ. 
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ɸʢʪʠʚʥʽʩʪʴ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʫʤʦʚʣʝʥʘ ʟʜʘʪʥʽʩʪʶ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʧʨʦʜʫʢʪʘʤʠ 

ʛʽʜʨʘʪʘʮʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʦʤ, ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʥʦʚʠʭ ʛʽʜʨʘʪʥʠʭ ʬʘʟ. ʇʨʠ ʮʴʦʤʫ ʩʪʫʧʽʥʴ ʮʽʻʾ ʚʟʘʻʤʦʜʽʾ ʧʦʚ'ʷʟʫʻʪʴʩʷ ʽʟ ʚʤʽʩʪʦʤ 

ʘʢʪʠʚʥʦʛʦ Siʆ2 ʚ ʤʘʪʝʨʽʘʣʽ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʦʩʥʦʚʥʠʡ ʬʘʢʪʦʨ, ʷʢʠʡ ʦʙʤʝʞʫʻ ʚʤʽʩʪ - ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ 

ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʘ ʦʩʦʙʣʠʚʦ ʚ ʨʘʥʥʴʦʤʫ ʚʽʮʽ. ʍ̔ ʤʽʢʦ-ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʽ 

ʧʨʠʨʦʜʘ ʚʠʟʥʘʯʘʻ ʾʭ ʚʧʣʠʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ, ʪʘʢ ʽ ʙʝʪʦʥʽʚ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ ʽ ʩʢʣʘʜʫ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʾʭ ʘʢʪʠʚʥʽʩʪʴ 

ʟʫʤʦʚʣʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʘʤʦʨʬʥʦʛʦ SʽO2 ʪʘ ʭʽʤʽʯʥʦ ʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʥʝʩʪʽʡʢʠʭ 

ʬʘʟ, ʘ ʟʜʘʪʥʽʩʪʴ ʚʩʪʫʧʘʪʠ ʚ ʭʽʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʧʦʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ʪʘ ʭʽʤʽʯʥʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʝʪʦʥʽ.  

ɺ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʽ ʝʬʝʢʪʠʚʥʠʤ 

ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʢʨʽʤ ʦʩʥʦʚʥʦʛʦ (ʛʽʜʨʘʚʣʽʯʥʘ 

(ɻɼʐ) ʽ ʧʫʮʦʣʘʥʽʯʥʘ (ɿɺ, ʨʽʟʥʽ ʰʪʫʯʥʽ ʮʝʦʣʽʪʠ) ʘʢʪʠʚʥʽʩʪʴ), ʱʝ ʡ ʧʦʟʠʪʠʚʥʠʤ 

ʜʦʜʘʪʢʦʚʠʤ ʝʬʝʢʪʦʤ (ʪʘʙʣ. 2.6), ʘ ʩʘʤʝ ʜʦʤʝʥʥʠʡ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʰʣʘʢ (ʥʝʟʥʘʯʥʽ 

ʧʫʮʦʣʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ), ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ (ʧʦʢʨʘʱʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ ʩʫʤʽʰʽ (ʝʬʝʢʪ 

ʨʦʣʠʢʦʧʽʜʰʠʧʥʠʠʢʘ)), ʮʝʦʣʽʪʠ (ʝʬʝʢʪ ʧʦʛʣʠʙʣʝʥʦʾ ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʩʫʤʽʰʝʡ).    

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʦʩʥʦʚʥʦʶ ʨʝʘʢʮʽʻʶ ʙʫʜʴ-ʷʢʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ 

ʮʝʤʝʥʪʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ ʚʟʘʻʤʦʜʽʷ SiO2 ʘʙʦ SiO2-

Al2O3 ʟ ʽʦʥʘʤʠ ʆʅ
-, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʩʠʣʽʮʽʶ ʘʙʦ ʽʥʰʠʭ ʘʪʦʤʽʚ, 

ʫʪʚʦʨʶʶʯʠ ʢʘʨʢʘʩ, ʟ ʧʦʜʘʣʴʰʠʤ ʨʫʡʥʫʚʘʥʥʷʤ ʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ ʽ ʘʪʦʤʘʤʠ ʢʠʩʥʶ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ï ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ, ʟʦʣʘ-

ʚʠʥʝʩʝʥʥʷ), ʧʨʠʨʦʜʥʦʛʦ (ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ), ʘ ʪʘʢʦʞ ʩʠʥʪʝʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (Na-P1, 

Na-ʍ, Na-ɸ, ʄʉʄ-41) ʟʘ ʟʜʘʪʥʽʩʪʶ ʧʦʛʣʠʥʘʪʠ ʉʘʆ ʟ ʡʦʛʦ ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʢʘʟʥʠʢʠ ʘʢʪʠʚʥʦʩʪʽ ʩʠʥʪʝʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʝʨʝʚʠʱʫʶʪʴ 

ʘʢʪʠʚʥʽʩʪʴ ʚʽʜʭʦʜʽʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ (ʨʠʩ. 2.12). ʂʽʥʝʪʠʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʟʚôʷʟʫʚʘʥʥʷ ʢʘʣʴʮʽʶ ʦʢʩʠʜʫ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʦʧʠʩʫʶʪʴʩʷ 

ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʠʜʫ y=kx+b ʟ ʚʝʣʠʯʠʥʦʶ ʘʧʨʦʢʩʠʤʘʮʽʾ R2=0,952ï0,992. 
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ɺʽʣʴʥʠʡ ʯʣʝʥ ʧʨʷʤʦʾ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʉʘʆ ʜʦʙʘʚʢʘʤʠ ʫ 

ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ, ʘ ʢʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʟʚôʷʟʫʚʘʥʥʷ ʚʘʧʥʘ. ʗʢ 

ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʱʦʶ ʘʢʪʠʚʥʽʩʪʶ ʟʘ ʟʚôʷʟʫʚʘʥʥʷʤ ʉʘʆ ʫ ʨʘʥʥʽʡ 

ʧʝʨʽʦʜ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʠʥʪʝʪʠʯʥʽ ʮʝʦʣʽʪʠ Na-P1 ʪʘ Na-ʍ ʟ ʧʦʢʘʟʥʠʢʦʤ b 21,004 

ʪʘ 16,739 ʚʽʜʧʦʚʽʜʥʦ, ʪʦʜʽ ʷʢ ʜʣʷ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʚʽʥ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 13,821. ɺʠʱʽ 

ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʽʥʝʪʠʯʥʠʭ ʧʨʷʤʠʭ ʟʚôʷʟʫʚʘʥʥʷ ʉʘʆ ʚʢʘʟʫʶʪʴ ʥʘ 

ʙʽʣʴʰʫ ʘʢʪʠʚʥʽʩʪʴ ʩʠʥʪʝʪʠʯʥʠʭ ʮʝʦʣʽʪʽʚ Na-P1 (k=9,402) ʪʘ Na-ʍ (k=7,771) 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʠʨʦʜʥʠʤ ʮʝʦʣʽʪʦʤ (k=6,8325). 

 

ʊʘʙʣʠʮʷ 2.6 ï ʇʦʟʠʪʠʚʥʽ ʝʬʝʢʪʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ 

 

ɸʢʪʠʚʥʘ 

ʤʽʥʝʨʘʣʴʥʘ 

ʜʦʙʘʚʢʘ 

ʆʩʥʦʚʥʠʡ ʝʬʝʢʪ ɼʦʜʘʪʢʦʚʽ ʝʬʝʢʪʠ 

ɻʨʘʥʫʣʴʦʚʘʥʠʡ 

ʜʦʤʝʥʥʠʡ 

ʣhʘʢ 

ʇʨʠʭʦʚʘʥʽ 

ʛʽʜʨʘʚʣʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʫʮʦʣʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ 

ʩʪʽʡʢʦʩʪʽ 

ɿʦʣʘ- 

ʚʠʥʝʩʝʥʥʷ 
ɿʘʙʝʟʧʝʯʝʥʥʷ 

ʧʫʮʦʣʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ 

(ʘʢʪʠʚʥʽʩʪʴ 

(ʚʟʘʻʤʦʜʽʷ ʟ 

ʉʘ(ʆʅ)2) ʪʘ 

ʤʽʮʥʽʩʪʴ) 

 

ʇʦʢʨʘʱʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ ʩʫʤʽʰʽ, 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʇʨʠʨʦʜʥʽ 

ʧʫʮʦʣʘʥʠ 

(ʮʝʦʣʽʪʦʚʠʡ 

ʪʫʬ) 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʛʣʠʙʣʝʥʦʾ ʛʽʜʨʘʪʘʮʽʾ, 

ʟʤʝʥʰʝʥʥʷ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʩʫʤʽʰʽ, 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʐʪʫʯʥʽ 

ʧʫʮʦʣʘʥʠ 

(ʮʝʦʣʽʪʠ) 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʛʣʠʙʣʝʥʦʾ ʛʽʜʨʘʪʘʮʽʾ, 

ʟʤʝʥʰʝʥʥʷ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʩʫʤʽʰʽ, 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ 
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ʈʠʩʫʥʦʢ 2.12 - ɸʢʪʠʚʥʽʩʪʴ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʟʘ ʧʦʛʣʠʥʘʥʥʷʤ ʉʘʆ ʟ ʥʘʩʠʯʝʥʠʭ ʨʦʟʯʠʥʽʚ ʧʨʦʪʷʛʦʤ 28 ʜʽʙ) 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʟʚôʷʟʫʚʘʥʥʷ ʚʘʧʥʘ ʮʝʦʣʽʪʦʤ Na-A ʪʘ 

ʮʝʦʣʽʪʦʚʠʤ ʪʫʬʦʤ ʩʚʽʜʯʘʪʴ, ʱʦ ʘʢʪʠʚʥʽʩʪʴ ʟʚôʷʟʫʚʘʥʥʷ ʉʘʆ ʫ ʨʘʥʥʽʡ ʧʝʨʽʦʜ ʜʣʷ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʮʝʦʣʽʪʫ Na-ɸ ʻ ʥʠʞʯʦʶ b=2,6127 ʧʦʨʽʚʥʷʥʦ ʟ ʮʝʦʣʽʪʦʚʠʤ ʪʫʬʦʤ, ʜʣʷ 

ʷʢʦʛʦ ʧʦʢʘʟʥʠʢ b=13,821. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʰʚʠʜʢʽʩʪʴ ʟʚôʷʟʫʚʘʥʥʷ ʉʘʆ ʜʦʙʘʚʢʦʶ Na-ɸ 

ʻ ʚʠʱʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʮʝʦʣʽʪʦʚʠʤ ʪʫʬʦʤ, ʥʘ ʱʦ ʚʢʘʟʫʻ ʙʽʣʴʰʠʡ ʢʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ 

k=9,4267. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʚôʷʟʫʚʘʥʥʷ ʚʘʧʥʘ ʜʦʙʘʚʢʦʶ ʄʉʄ-41 

ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʠʨʦʜʥʠʤ ʮʝʦʣʽʪʦʤ ʪʘ ʮʝʦʣʽʪʦʤ Na-ɸ, ʧʨʠ ʮʴʦʤʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʚôʷʟʫʚʘʥʥʷ ʚʠʨʘʞʝʥʘ ʢʫʪʦʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʩʪʘʥʦʚʠʪʴ  k=22,797, ʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʚôʷʟʫʚʘʥʥʷ ʉʘʆ ʟʘ ʧʦʢʘʟʥʠʢʦʤ b ï 26,244. 

ʆʮʽʥʢʫ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʦʙʘʚʦʢ ʟʘ ʘʙʩʦʣʶʪʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʫ ʤʛ ʉʘʆ, ʧʦʛʣʠʥʫʪʦʛʦ 1 ʛ ʜʦʙʘʚʢʠ  ʧʨʦʚʝʜʝʥʦ ʯʝʨʝʟ 2, 7 ʪʘ 28 ʜʽʙ, ʷʢʽ 

ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʘʢʪʠʚʥʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ. ʊʘʢ, ʢʽʣʴʢʽʩʪʴ 
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ʟʚôʷʟʘʥʦʛʦ ʢʘʣʴʮʽʶ ʦʢʩʠʜʫ ʟ ʚʘʧʥʷʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦʙʘʚʢʘʤʠ ʩʠʥʪʝʪʠʯʥʠʭ ʮʝʦʣʽʪʽʚ 

Na-P1 ʪʘ Na-ʍ ʯʝʨʝʟ 2 ʜʦʙʠ ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ 39,3 ʪʘ 35,3 ʤʛ/ʛ. ʅʘʡʥʠʞʯʠʤ 

ʟʥʘʯʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʦʛʣʠʥʫʪʦʛʦ ʉʘʆ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ 

ʰʣʘʢ ï 10,0 ʤʛ ʉʘʆ. ʏʝʨʝʟ 2 ʜʦʙʠ ʢʽʣʴʢʽʩʪʴ ʟʚôʷʟʘʥʦʛʦ ʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʟ ʚʘʧʥʷʥʦʛʦ 

ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʠʤ ʮʝʦʣʽʪʦʤ Na-ɸ ʩʪʘʥʦʚʠʪʴ 30,8 ʤʛ/ʛ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʫ 1,1 ʨʘʟʠ. ɼʦʙʘʚʢʘ ʄʉʄ-41 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ ʽ ʯʝʨʝʟ 2 ʜʦʙʠ ʢʽʣʴʢʽʩʪʴ ʟʚôʷʟʘʥʦʛʦ ʢʘʣʴʮʽʶ ʦʢʩʠʜʫ ʩʪʘʥʦʚʠʪʴ 86,3 ʤʛ/ʛ. 

ʏʝʨʝʟ 7 ʜʽʙ ʚʟʘʻʤʦʜʽʾ ʧʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʠʭ ʮʝʦʣʽʪʽʚ 

Na-P1 ʪʘ Na-ʍ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 60,4ï72,5 ʤʛ ʉʘʆ/ʛ. ʋ ʪʦʡ ʯʘʩ, ʷʢ ʜʦʙʘʚʢʘ ʄʉʄ-

41 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʚʠʱʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ 149,7 ʤʛ 

ʉʘʆ/ʛ. 

ʏʝʨʝʟ 28 ʜʽʙ ʘʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʥʦʚʠʪʴ 204,2; 271,9 ʪʘ 

237,2 ʤʛ ʉʘʆ/ʛ ʜʣʷ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, ʮʝʦʣʽʪʫ Na-P1 ʪʘ Na-ʍ ʚʽʜʧʦʚʽʜʥʦ. ʊʦʜʽ ʷʢ ʜʣʷ 

ʜʦʙʘʚʦʢ Na-ɸ ʪʘ ʄʉʄ-41 ʧʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ 28 ʜʽʙ ʩʪʘʥʦʚʠʪʴ 273,0 ʪʘ 

652,6 ʤʛ ʉʘʆ/ʛ ʚʽʜʧʦʚʽʜʥʦ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.12 ʧʦʢʘʟʥʠʢʠ ʘʢʪʠʚʥʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʽ ʚʠʜʫ 

ʤʘʪʝʨʽʘʣʽʚ. ʊʘʢ, ʟ ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʙʽʣʴʰ ʘʢʪʠʚʥʦ 

ʧʦʛʣʠʥʘʻ ʢʘʣʴʮʽʶ ʦʢʩʠʜ, ʥʽʞ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ.  ʉʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ 

ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʟʦʧʦʨʠʩʪʠʡ ʢʨʝʤʥʝʟʝʤʠʩʪʠʡ ʤʘʪʝʨʽʘʣ ʄʉʄ ï 41 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʦʶ ʘʢʪʠʚʥʽʩʪʶ ʧʦ ʧʦʛʣʠʥʘʥʥʶ CaO (652,6 ʤʛ/ʛ), ʷʢʘ 

ʚʽʜʧʦʚʽʜʥʦ ʚ 3,2 ʪʘ 4,9 ʨʘʟʠ ʙʽʣʴʰʘ ʥʽʞ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ (204,2 ʤʛ/ʛ) ʪʘ ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ (132,3 ʤʛ/ʛ).  
 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʚ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ̔ ʧʨʦ̫ʚʣʷʶʪʴ 

ʧʫʮʦʣʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʟ ʉʘ(ʆʅ)2, ʾʭ ʘʢʪʠʚʥʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʪʘʢʦʞ ʟʘ ɼʉʊʋ EN 450-1:2019 ʥʘ ʟʨʘʟʢʘʭ 40ʭ40ʭ160 ʤʤ (ʩʢʣʘʜ ʎ:ʇ 

= 1:3) ʽʟ ʟʘʤʽʥʦʶ ʯʘʩʪʠʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500 ʥʘ ʮʝʦʣʽʪʦʚʽ ʤʘʪʝʨʽʘʣʠ. 

ɿʘʬʦʨʤʦʚʘʥʦ 5 ʩʢʣʘʜʽʚ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʭ ʩʫʤʽʰʝʡ: ʢʦʥʪʨʦʣʴʥʠʡ, ʱʦ ʤʽʩʪʠʚ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʇʎ ɯ, ʩʢʣʘʜ ʽʟ ʟʘʤʽʥʦʶ 25 ʪʘ 10 ʤʘʩ.% ʇʎ ɯ ʥʘ Na-X, ʪʘ ʽʟ ʟʘʤʽʥʦʶ 

25 ʤʘʩ.% ʮʝʤʝʥʪʫ ʥʘ ʮʝʦʣʽʪ Na-P1. ʉʢʣʘʜ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.7. 
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ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʣʠʚʫ ʢʦʥʫʩʘ ʚʢʘʟʫʶʪʴ, ʱʦ ʚʚʝʜʝʥʥʷ ʮʝʦʣʽʪʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʩʢʣʘʜʫ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʾʭ ʨʫʭʣʠʚʽʩʪʴ. ʊʘʢ, ʩʢʣʘʜ 

ʟ ʚʤʽʩʪʦʤ 25 ʤʘʩ.% Na-X ʧʦʢʘʟʘʚ ʥʘ 48% ʥʠʞʯʫ ʨʫʭʣʠʚʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʦʥʪʨʦʣʴʥʠʤ ʩʢʣʘʜʦʤ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʽʟ ʟʥʘʯʥʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 

ʜʘʥʦʛʦ ʩʠʥʪʝʪʠʯʥʦʛʦ ʮʝʦʣʽʪʫ. ʆʩʢʽʣʴʢʠ ʮʝ ʤʦʞʝ ʦʙʤʝʞʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢʦʞ ʬʦʨʤʫʚʘʣʠ ʟʨʘʟʢʠ ʽʟ ʟʘʤʽʥʦʶ 10 ʤʘʩ.% 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ ʮʝʦʣʽʪʦʚʠʡ ʤʘʪʝʨʽʘʣ Na-X. 

 

ʊʘʙʣʠʮʷ 2.7 ï ʉʢʣʘʜ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ 1:3 

ʅʘʟʚʘ 

ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʚôʷʞʫʯʦʛʦ, ʤʘʩ.% ʈʦʟʧʣʠʚ 

ʢʦʥʫʩʘ, 

ʤʤ 
ʇʎ I-500 

ʎʝʦʣʽʪʦʚʠʡ 

ʪʫʬ 
Na-X Na-P1 

ʂʦʥʪʨʦʣʴʥʠʡ 100 - - - 210 

25 ʤʘʩ.% ʎʊ 75 25 - - 175 

25 ʤʘʩ.% Na-X 75 - 25 - 110 

25 ʤʘʩ.% Na-P1 75 - - 25 162 

10 ʤʘʩ. % Na-X 90 - 10 - 140 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ ʧʦʢʘʟʘʣʠ (ʨʠʩ. 2.13), ʱʦ ʯʝʨʝʟ 7 ʜʽʙ 

ʟʨʘʟʢʠ ʟ ʚʤʽʩʪʦʤ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʮʝʦʣʽʪʫ Na-X ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘ 

22-40% ʥʠʞʯʦʶ ʤʽʮʥʽʩʪʶ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ ʧʨʦʪʽʢʘʥʥʷ 

ʧʫʮʦʣʘʥʽʯʥʠʭ ʨʝʘʢʮʽʡ ʫ ʨʦʟʯʠʥʘʭ ʟ ʮʠʤʠ ʜʦʙʘʚʢʘʤʠ. ʇʨʦʪʝ ʤʽʮʥʽʩʪʴ ʥʘ ʟʛʠʥ 

ʨʦʟʯʠʥʫ ʟ ʚʤʽʩʪʦʤ Na-P1 ʩʪʘʥʦʚʠʪʴ 9,67 ʄʇʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʢʣʘʜʫ.  

ʋ ʚʽʮʽ 14 ʜʽʙ, ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ ʟʨʘʟʢʽʚ ʟ 25 ʤʘʩ.% ʎʊ ʪʘ 25 ʤʘʩ.% 

Na-X ʻ ʩʫʪʪʻʚʦ ʥʠʞʯʠʤʠ, ʥʽʞ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʢʣʘʜʫ. ɺʦʜʥʦʯʘʩ, ʤʽʮʥʽʩʪʴ ʥʘ ʟʛʠʥ 

ʩʢʣʘʜʽʚ ʟ 25 ʤʘʩ.% Na-P1 ʪʘ 10 ʤʘʩ.% Na-X ʻ ʥʘ 16 ʽ 10 % ʚʠʱʠʤʠ ʚʽʜʧʦʚʽʜʥʦ ʟʘ 

ʧʦʢʘʟʥʠʢʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʢʣʘʜʫ. 
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ʈʠʩʫʥʦʢ 2.13 ï ʄʽʮʥʽʩʪʴ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʟʛʠʥ 

 

ɿʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʜʦʩʣʽʜʞʝʥʠʭ ʨʦʟʯʠʥʽʚ (ʨʠʩ. 2.14) ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʩʢʣʘʜʫ ʽ ʟ ʚʤʽʩʪʦʤ 25 ʤʘʩ.% ʜʦʙʘʚʦʢ ʫ ʚʽʮʽ 7 ʜʽʙ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʤʝʞʘʭ 5,9-11,7 ʄʇʘ, 

ʧʨʦʪʝ ʩʢʣʘʜ ʟ 10 ʤʘʩ.% Na-X ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʤʽʮʥʽʩʪʶ 32,8 ʄʇʘ, ʱʦ ʤʘʡʞʝ ʫ 3 

ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʢʣʘʜʫ. 

 

ʈʠʩʫʥʦʢ 2.14 ï ʄʽʮʥʽʩʪʴ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʭ ʟʨʘʟʢʽʚ ʥʘ ʩʪʠʩʢ 

6,52

11,13

11,99

9,67

11,8

12,8

5,94

7,76

8,64

7,67

8,33

9,38

9,85

10,15

11,21

0 2 4 6 8 10 12 14

7 ʜʦʙʘ

14 ʜʦʙʘ

28 ʜʦʙʘ

ʄʽʮʥʽʩʪʴ ʥʘ ʟʛʠʥ, ʄʇʘ

ʂʦʥʪʨʦʣʴʥʠʡ25% ʎʊ25% Na-X 25% Na-P1 10% Na-X

7 ʜʦʙʘ

14 ʜʦʙʘ

28 ʜʦʙʘ

0

5

10

15

20

25

30

35

40

45

50

ʂʦʥʪʨʦʣʴʥʠʡ
25% ʎʊ

25% Na-X
25% Na-P1

10% Na-X

11,66

8,33

5,94
11,23

32,8

47,4

29,8

27,4

38,8
38,6

47,6

37,2
36,3

41,6
45,2

ʄ
ʽ
ʮ
ʥ
ʽ
ʩ
ʪ
ʴ
 
ʥ
ʘ
 
ʩ
ʪ
ʠ
ʩ
ʢ
,
 
ʄ
ʇ
ʘ



 

91  

ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʫʮʦʣʘʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ 

ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ ʪʘ ʟʛʠʥ, ʜʦʩʣʽʜʞʝʥʽ ʮʝʦʣʽʪʦʚʽ ʤʘʪʝʨʽʘʣʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ, 

ʟʛʽʜʥʦ ʟ ʷʢʠʤʠ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʫʮʦʣʘʥʽʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʧʦʚʠʥʥʦ  ʂ28
ʧʫʮ Ó 0,75 (ʨʠʩ. 2.15).  

 

ʈʠʩʫʥʦʢ 2.15 ï ʂʦʝʬʽʮʽʻʥʪʠ ʧʫʮʦʣʘʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʘ ʟʛʠʥ ʽ ʩʪʠʩʢ 

ʅʘʡʚʠʱʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ ʪʘ ʟʛʠʥ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ Na-ʈ1 (ʂʩʪ=87% ʪʘ ʂʟʛ=114%), ʱʦ ʢʦʨʝʣʶʻ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʫʮʦʣʘʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʢʽʣʴʢʽʩʪʶ ʧʦʛʣʠʥʫʪʦʛʦ ʉʘʆ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʙʽʣʴʰʝ 

ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ, ʧʦʨʽʚʥʷʥʦ ʟ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ ʧʨʠ ʚʚʝʜʝʥʥʽ ʮʝʦʣʽʪʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɿʛʽʜʥʦ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʟʜʘʪʥʽʩʪʶ 

ʧʦʛʣʠʥʘʪʠ ʉʘʆ ʟ ʡʦʛʦ ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ ʚ 

ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ ʟʘ ʟʨʦʩʪʘʥʥʷʤ: ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢŸ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷŸ 

ʧʨʠʨʦʜʥʽ ʮʝʦʣʽʪʠŸ ʰʪʫʯʥʽ ʮʝʦʣʽʪʠ. 

ɼʠʩʧʝʨʩʥʝ ʘʨʤʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʬʽʙʨʦʶ (ʩʪʘʣʝʚʦʶ, ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʦʶ, 
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ʩʢʣʦʚʦʣʦʢʦʥʥʦʶ ʪʘ ʙʘʟʘʣʴʪʦʚʦʶ) ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ, ʷʢʽ ʤʘʶʪʴ ʙʽʣʴʰ ʢʨʠʭʢʠʡ 

ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʬʦʨʤʫʚʘʥʥʷ ʱʽʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ.  

ɺʦʣʦʢʥʘ ʟ ʜʝʬʦʨʤʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʟʯʝʧʣʝʥʥʷ ʧʦʣʽʤʝʨʥʝ ʚʦʣʦʢʥʦ-ʙʝʪʦʥ, ʦʩʢʽʣʴʢʠ ʤʝʭʘʥʽʯʥʝ ʟʯʝʧʣʝʥʥʷ ʟʚʠʯʘʡʥʦʛʦ 

ʚʦʣʦʢʥʘ ʟ ʮʝʤʝʥʪʥʦʶ ʤʘʪʨʠʮʝʶ ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʝ. ɺʣʘʩʪʠʚʦʩʪʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʬʽʙʨ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.8. 

ʊʘʙʣʠʮʷ 2.8 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʽʟʥʠʭ ʪʠʧʽʚ ʬʽʙʨ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʬʽʙʨʠ (ʜʦʚʞʠʥʘ/ʜʽʘʤʝʪʨ 

ʬʽʙʨʠ, ʤʤ) 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʽʙʨʠ 

ʅ
ʘ
ʟ
ʚ
ʘ
 

ʤ
ʘ
ʪ
ʝ
ʨ
ʽ
ʘ
ʣ
ʫ

 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ

 

ʧ
ʣ
ʘ
ʚ
ʣ
ʝ
ʥ
ʥ
ʷ
,
 
Á
ʉ

 

ɻ
ʫ
ʩ
ʪ
ʠ
ʥ
ʘ
,
 
ʛ
/
ʩ
ʤ

3
 

ʄ
ʝ
ʭ
ʘ
ʥ
ʽ
ʯ
ʥ
ʘ

 

ʤ
ʽ
ʮ
ʥ
ʽ
ʩ
ʪ
ʴ
,
 
ʄ
ʇ
ʘ

 

ʄ
ʽ
ʮ
ʥ
ʽ
ʩ
ʪ
ʴ

 

ʥ
ʘ
 
ʨ
ʦ
ʟ
ʨ
ʠ
ʚ
,
 

ʄ
ʇ
ʘ 

ʄ
ʦ
ʜ
ʫ
ʣ
ʴ
 

ʧ
ʨ
ʫ
ʞ
ʥ
ʦ
ʩ
ʪ
ʽ
,
 

ʄ
ʇ
ʘ 

ʌʇʇ1 (12/0,019) 

ʧ
ʦ
ʣ
ʽ
ʧ
ʨ
ʦ
ʧ
ʽ
ʣ
ʝ
ʥ

 

149 0,96 2586 2890 120 
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1500 2,65 4100 6240 120 
ʌɹ2 (50/0,017) 

ʇʨʠʤʽʪʢʘ. ʌʇʇ - ʬʽʙʨʘ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʘ ʧʨʷʤʘ, ʌʇɼʇ ï ʬʽʙʨʘ ʟ 

ʜʝʬʦʨʤʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʌʄ - ʬʽʙʨʘ ʤʝʪʘʣʝʚʘ, ʌɹ - ʬʽʙʨʘ ʙʘʟʘʣʴʪʦʚʘ. 

  

ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʷʤʽ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʽ, ʙʘʟʘʣʴʪʦʚʽ ʤʽʢʨʦʚʦʣʦʢʥʘ ʪʘ 

ʚʦʣʦʢʥʘ ʟ ʜʝʬʦʨʤʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʫ (ʨʠʩ. 2.16). 
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a 

 

 ͋

ʈʠʩʫʥʦʢ 2.16 ï ʇʦʣʽʧʨʦʧʽʣʝʥʦʚʽ ʚʦʣʦʢʥʘ: ʘ) ʚʦʣʦʢʥʘ ʟ ʜʝʬʦʨʤʦʚʘʥʦʶ 

ʧʦʚʝʨʭʥʝʶ; (ʙ) ʧʨʷʤʽ ʤʽʢʨʦʚʦʣʦʢʥʘ 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʙʨʠ ʜʣʷ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʟʘʧʨʦʝʢʪʦʚʘʥʦ 

ʙʝʪʦʥʠ ʟ ʥʦʤʽʥʘʣʴʥʠʤ ʩʢʣʘʜʦʤ ʎ:ʇ:ʑ=1:2,23:3,19 ʧʨʠ ɺ/ʎ=0,44 ʪʘ ʚʠʪʨʘʪʽ 
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ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 350 ʢʛ/ʤ3, ʤʘʨʢʘ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ - S1. ʈʽʟʥʽ 

ʚʠʜʠ ʬʽʙʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ [273]. ʇʨʠʡʥʷʪʦ ʪʘʢʽ 

ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʩʝʨʽʡ ʙʝʪʦʥʽʚ (ʚʠʪʨʘʪʘ ʬʽʙʨʠ, ʢʛ/ʤ3 ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ) ʟʘʣʝʞʥʦ ʚʽʜ 

ʬʽʙʨʠ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ: ɹʌ ï ʙʝʟ ʘʨʤʫʚʘʥʥʷ; ʌʇʇ1(0,9), ʌʇɼʇ2 (5,0), 

ʌʇʇ3 (1,0), ʌʇʇ4 (0,9); ʌɹ1 (1,0), ʌɹ2 (1,0); ʌʄ (20,0).  

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʻ ʟʤʽʮʥʝʥʥʷ ʙʝʪʦʥʫ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ, ʟʘ ʨʘʭʫʥʦʢ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ [117, 273]. ʈʝʟʫʣʴʪʘʪʠ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ, ʱʦ ʚʠʱʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʧʨʠ ʟʛʠʥʽ 

(ʨʠʩ. 2.17) ʥʘ 1,4 ʽ 11,3% ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʦʤ ʙʝʟ ʬʽʙʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʬʽʙʨʦʙʝʪʦʥʠ ʩʝʨʽʾ ʌʇʇ1 ʪʘ ʌʇɼʇ2 ʟ ʬʽʙʨʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʤʽʨʽʚ, ʷʢʽ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [117].  

 
 

ʈʠʩʫʥʦʢ 2.17 ï ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ ʙʝʪʦʥʽʚ 

 

ʄʽʮʥʽʩʥʽ ʪʘ ʜʝʬʦʨʤʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.9.  
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ʊʘʙʣʠʮʷ 2.9 - ʌʟ̔ʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʝʪʦʥʽʚ 
 

 
ʋʤʦʚʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 

 
ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ 

ʥʘ ʩʪʠʩʢ, ʄʇʘ 

 
ʂʨʠʪʝʨʽʡ ʢʨʠʭʢʦʩʪʽ, 

ʤʤ 
 

ɹʌ 69,0 124 

ʌʇʇ1 65,8 107 

ʌʇɼʇ2 68,2 144 

ʌʇʇ3 63,3 169 

ʌʇʇ4 66,7 127 

ʌʄ 64,8 95 

ʌɹ1 60,5 166 

ʌɹ2 58,6 120 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 2.9, ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʜʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʠʭ 

ʙʝʪʦʥʽʚ ʧʦʩʪʫʧʘʶʪʴʩʷ ʙʝʪʦʥʫ ʙʝʟ ʬʽʙʨʠ. ʇʨʦʪʝ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ 8,3 

%, ʟʘ ʚʠʥʷʪʢʦʤ ʙʝʪʦʥʽʚ, ʘʨʤʦʚʘʥʠʭ ʙʘʟʘʣʴʪʦʚʦʶ ʬʽʙʨʦʶ (ʧʨʠʙʣʠʟʥʦ 15%). ɺʽʜʦʤʦ, 

ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʤʦʞʝ ʙʫʪʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʝ ʢʽʣʴʢʦʩʪʽ ʬʽʙʨʠ 

ʽ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʧʨʠʙʣʠʟʥʦ 140% ʧʨʠ 2-3 % ʘʨʤʫʚʘʥʥʽ ʟʘ ʦʙôʻʤʦʤ. ɺ ʧʨʦʚʝʜʝʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʤʽʩʪ ʬʽʙʨʠ ʟʥʘʭʦʜʠʚʩʷ ʥʘ ʤʽʥʽʤʘʣʴʥʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦʤʫ ʨʽʚʥʽ ʽ ʪʦʤʫ 

ʦʪʨʠʤʘʥʦ ʥʠʞʯʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʽʙʨʦʙʝʪʦʥʽʚ. ʇʨʦʪʝ 

ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʥʝ ʻ ʦʩʥʦʚʥʦʶ ʤʝʭʘʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʜʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [15].  

ɿʘ ʦʜʝʨʞʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʝʪʦʥʽʚ ʧʦʙʫʜʦʚʘʥʽ ʧʦʚʥʽ ʜʽʘʛʨʘʤʠ 

ʩʪʘʥʫ (ʇɼʉ) ʥʝʘʨʤʦʚʘʥʦʛʦ ʪʘ ʜʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʠʭ ʙʝʪʦʥʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 2.18-2.22. ɸʥʘʣʽʟ ʧʦʚʥʠʭ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʪʘʢʠʭ ʙʝʪʦʥʽʚ (ʨʠʩ. 2.18-2.19) ʩʝʨʽʡ 

ʌʇʇ1 ʪʘ ʌʇɼʇ2 ʚʢʘʟʫʻ ʥʘ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʪʘʢʠʭ 
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ʙʝʪʦʥʽʚ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʷʢ ʥʘ ʜʦʢʨʠʪʠʯʥʽʡ ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ ʤʘʢʨʦʪʨʽʱʠʥʠ, ʪʘʢ 

ʽ ʥʘ ʟʘʢʨʠʪʠʯʥʽʡ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʨʠʡʥʷʪʪʷ ʙʝʪʦʥʦʤ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʘ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʘʞ ʜʦ ʧʦʜʽʣʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʥʘ ʯʘʩʪʠʥʠ.  

ʗʢ ʚʠʜʥʦ ʟ ʦʪʨʠʤʘʥʠʭ ʜʽʘʛʨʘʤ, ʢʦʥʬʽʛʫʨʘʮʽʷ ʚʠʩʭʽʜʥʠʭ ʛʽʣʦʢ ʜʽʘʛʨʘʤ 

ʥʝʘʨʤʦʚʘʥʦʛʦ ʪʘ ʘʨʤʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʤʘʡʞʝ ʟʙʽʛʘʶʪʴʩʷ. ʇʨʦʪʝ ʚʠʥʷʪʦʢ ʩʪʘʥʦʚʠʪʴ 

ʙʝʪʦʥ, ʷʢʠʡ ʘʨʤʦʚʘʥʠʡ ʤʝʪʘʣʝʚʦʶ ʬʽʙʨʦʶ. ʂʫʪ ʥʘʭʠʣʫ ʡʦʛʦ ʚʠʩʭʽʜʥʦʾ ʛʽʣʢʠ 

ʤʝʥʰʠʡ ʥʘ 10Ü. ʉʧʘʜʥʽ ʛʽʣʢʠ ʜʽʘʛʨʘʤ ʙʝʪʦʥʽʚ ʙʝʟ ʬʽʙʨʠ ʪʘ ʩʝʨʽʡ ʌʇʇ3, ʌʇʇ4 ʽ ʌɹ2 

ʤʘʡʞʝ ʥʘʢʣʘʜʘʶʪʴʩʷ, ʘ ʩʝʨʽʡ ʌʇʇ1, ʌʇɼʇ2 ʽ ʌʄ ʧʘʨʘʣʝʣʴʥʽ ʟ ʙʽʣʴʰʦʶ ʧʦʚʥʦʪʦʶ 

ʚ ʟʘʢʨʠʪʠʯʥʽʡ ʩʪʘʜʽʾ. ʉʧʘʜʥʘ ʛʽʣʢʘ ʩʝʨʽʾ ʌɹ1 ʧʨʦʭʦʜʠʪʴ ʪʨʦʭʠ ʥʠʞʯʝ ʜʽʘʛʨʘʤʠ  

ʙʝʪʦʥʫ ʥʝʘʨʤʦʚʘʥʦʛʦ ʬʽʙʨʦʶ ʚ ʟʘʢʨʠʪʠʯʥʽʡ ʩʪʘʜʽʾ. 

 

 

ʈʠʩʫʥʦʢ 2.18 ï ʇɼʉ ʥʝʘʨʤʦʚʘʥʦʛʦ ʪʘ ʜʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʠʭ ʙʝʪʦʥʽʚ 
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ʈʠʩʫʥʦʢ 2.19 ï ʇɼʉ ʥʝʘʨʤʦʚʘʥʦʛʦ ʪʘ ʜʠʩʧʝʨʩʥʦ-

ʘʨʤʦʚʘʥʠʭ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʤʠ ʬʽʙʨʘʤʠ ʙʝʪʦʥʽʚ 

 

 
 

ʈʠʩʫʥʦʢ 2.20 ï ʇɼʉ ʥʝʘʨʤʦʚʘʥʦʛʦ ʪʘ ʜʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʠʭ 

ʙʘʟʘʣʴʪʦʚʠʤʠ ʬʽʙʨʘʤʠ ʙʝʪʦʥʽʚ 
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ʈʠʩʫʥʦʢ 2.21 ï ʇɼʉ ʥʝʘʨʤʦʚʘʥʦʛʦ ʪʘ ʜʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʦʛʦ 

ʤʝʪʘʣʝʚʦʶ ʬʽʙʨʦʶ ʙʝʪʦʥʽʚ 

 

ɻʨʘʥʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʬʨʘʛʤʝʥʪʘʮʽʷ ʟʨʘʟʢʽʚ, ʥʝ 

ʧʝʨʝʚʠʱʫʻ 840Ț10-6 ʤ ʽ ʻ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦʶ. 

ʅʘʡʤʝʥʰ ʢʨʠʭʢʠʡ ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʢʨʠʭʢʦʩʪʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʙʝʪʦʥʘʭ ʩʝʨʽʡ ʌʇʇ3 (ʚ 1,4 ʨʘʟʠ ʙʽʣʴʰʠʡ, ʥʽʞ ʫ ʙʘʟʦʚʦʾ ʩʝʨʽʾ), ʌɹ1 

(ʚ 1,3 ʨʘʟʠ) ʪʘ ʌʇɼʇ2 (ʚ 1,2 ʨʘʟʠ); ʜʣʷ ʙʝʪʦʥʽʚ ʩʝʨʽʡ ʌɹ2 ʪʘ ʌʇʇ4 ʭʘʨʘʢʪʝʨ 

ʨʫʡʥʫʚʘʥʥʷ ʙʣʠʞʯʠʡ ʜʦ ʙʘʟʦʚʦʾ ʩʝʨʽʾ ʙʝʟ ʘʨʤʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʝʪʦʥʠ ʩʝʨʽʡ ʌʄ ʽ ʌʇʇ1 ʻ ʙʽʣʴʰ ʩʪʽʡʢʠʤʠ ʜʦ ʜʝʬʨʘʛʤʝʥʪʘʮʽʾ 

ʟʨʘʟʢʽʚ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɽʥʝʨʛʝʪʠʯʥʽ ʪʘ ʩʠʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 2.10. 

ɹʝʪʦʥ ʩʝʨʽʾ ʌʄ ʤʘʻ ʩʫʪʪʻʚʫ ʧʝʨʝʚʘʛʫ ʧʨʠ ʨʦʙʦʪʽ ʚ ʜʦʢʨʠʪʠʯʥʽʡ ʩʪʘʜʽʾ 

ʜʝʬʦʨʤʫʚʘʥʥʷ. ɽʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʧʨʫʞʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘʢʦʛʦ ʙʝʪʦʥʫ (We) ʤʘʡʞʝ 
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ʚ 1,5 ʨʘʟʠ ʧʝʨʝʚʠʱʫʶʪʴ ʧʦʢʘʟʥʠʢ ʙʝʪʦʥʫ ʙʝʟ ʬʽʙʨʠ. 

 

ʊʘʙʣʠʮʷ 2.10 - ɽʥʝʨʛʝʪʠʯʥʽ ʪʘ ʩʠʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ 

ʙʝʪʦʥʽʚ 

ʋʤʦʚʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 

W
m
, 
1

0-2
 ʅ
Ț
ʤ 

W
e,

 1
0-2

 ʅ
Ț
ʤ 

W
l,
 1

0-2
 ʅ
Ț
ʤ 

G
i,
 
ɼ
ʞ
/
ʤ

2
 

G
F
, 

ɼ
ʞ
/
ʤ

2
 

J i
,
 
ɼ
ʞ
/
ʤ

2
 

K
ʩ,
 
ʄ
ʇ
ʘ
Ț

1
/2
 

ɹʌ 20,91 58,27 220,11 131,97 463,97 83,87 1,02 

ʌʇʇ1 56,33 55,79 283,47 186,86 565,43 140,81 1,05 

ʌʇɼʇ2 33,71 39,25 235,07 121,6 457,19 89,21 0,86 

ʌʇʇ3 24,53 50,56 209,55 125,15 433,51 83,42 0,64 

ʌʇʇ4 33,89 51,87 251,54 142,94 505,68 100,12 1,02 

ʌʄ 35,35 79,80 217,91 191,92 496,18 126,05 0,44 

ʌɹ1 26,63 35,28 202,31 103,19 395,99 74,07 0,97 

ʌɹ2 55,90 51,03 222,75 178,22 456,29 136,10 0,98 

 
ɸʥʘʣʽʟʫʶʯʠ ʟʘʢʨʠʪʠʯʥʫ ʩʪʘʜʽʶ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʝʨʝʚʘʛʫ 

ʤʘʶʪʴ ʙʝʪʦʥʠ, ʘʨʤʦʚʘʥʽ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʦʶ ʬʽʙʨʦʶ ʩʝʨʽʡ ʌʇʇ1, ʌʇɼʇ2 ʪʘ ʌʇʇ4. 

ʊʘʢ, ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ (Wl) ʥʘ ʣʦʢʘʣʴʥʝ ʩʪʘʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ 

ʟʦʥʽ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʪʨʽʱʠʥʠ ʚ 1,1 - 1,3 ʨʘʟʠ ʧʝʨʝʚʠʱʫʶʪʴ ʧʦʢʘʟʥʠʢ ʙʝʪʦʥʫ ʙʘʟʦʚʦʾ 

ʩʝʨʽʾ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.22, ʚôʷʟʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ (ʂ)̔ ʟʨʦʩʪʘʻ ʚ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

ʌʇʇ3, ʌʄ, ɹʌ, ʌɹ1, ʌʇɼʇ2, ʌʇʇ4, ʌɹ2, ʌʇʇ1. ʅʘʡʚʠʱʦʶ ʚóʷʟʢʽʩʪʶ 

ʨʫʡʥʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʝʪʦʥ, ʘʨʤʦʚʘʥʠʡ ʬʽʙʨʦʶ ʌʇʇ1.  

ʂʨʠʪʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ (ʂʩ) ʥʝ ʜʫʞʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ (ʧʨʠʙʣʠʟʥʦ ʜʦ 5%) ʚ ʙʝʪʦʥʘʭ ʙʘʟʦʚʦʾ ʪʘ ʩʝʨʽʡ ʌʇʇ1, ʌʇʇ4, ʌɹ1 

ʪʘ ʌɹ2, ʘʣʝ ʚ ʩʝʨʽʷʭ ʌʇɼʇ2, ʌʇʇ3 ʪʘ ʌʄ ʟʥʘʯʥʦ ʤʝʥʰʽ (ʨʽʟʥʠʮʷ 14-56 %). 

ʉʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʜʚʠʱʝʥʽ ʥʘ 48 (ʌʇʇ1) ʪʘ 18% (ʌʇɼʇ2) ʟʥʘʯʝʥʥʷ ʩʪʘʪʠʯʥʦʛʦ 

ʢʨʠʪʠʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʦʤ ʙʝʟ ʬʽʙʨʠ 

(ʨʠʩ. 2.22). 
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ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʙʘʟʘʣʴʪʦʚʫ ʪʘ 

ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʫ ʬʽʙʨʫ ʌʇʇ1 ʪʘ ʌʇɼʇ2. ʂʦʞʥʘ ʟ ʥʠʭ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʽʚ. 

 
 

ʈʠʩʫʥʦʢ 2.22 ï ʉʪʘʪʠʯʥʠʡ ʢʨʠʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ 

 

ʗʢ ʜʨʽʙʥʽ ʟʘʧʦʚʥʶʚʘʯʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʢʣʘʜʽʚ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʤʽʮʥʽʩʪʶ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʠʨʦʜʥʽ ʢʚʘʨʮʦʚʽ ʧʽʩʢʠ ʪʘ ʧʽʩʦʢ ʟ 

ʚʽʜʩʽʚʽʚ ʜʨʦʙʣʝʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ (ʇɺɼɻʇ). ɸʥʘʣʽʟ ʟʝʨʥʦʚʦʛʦ ʩʢʣʘʜʫ ʜʨʽʙʥʠʭ 

ʟʘʧʦʚʥʶʚʘʯʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʽʩʢʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʛʨʫʧʠ ʜʫʞʝ ʜʨʽʙʥʠʭ, 

ʩʝʨʝʜʥʽʭ ʪʘ ʢʨʫʧʥʠʭ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-29-95 (ʨʠʩ. 2.23, ʘ) [36]. ɺʠʢʦʨʠʩʪʘʥʽ 

ʧʽʩʢʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ɼʉʊʋ ɹ ɺ.2.7-32-95 [37] ɦ ʦʜʦ ʜʨʽʙʥʠʭ ʟʘʧʦʚʥʶʚʘʯʽʚ 

ʜʣʷ ʚʘʞʢʠʭ ʙʝʪʦʥʽʚ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ (ʪʘʙʣ. 2.11), ʷʢʽ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ɼʉʊʋ 

ɹ ɺ.2.7-232:2010 [54]. 
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ʈʠʩʫʥʦʢ 2.23 ï ʂʨʠʚʽ ʨʦʟʩʽʶʚʘʥʥʷ ʜʨʽʙʥʠʭ (ʘ) ʪʘ ʢʨʫʧʥʦʛʦ (ʙ) ʟʘʧʦʚʥʶʚʘʯʽʚ 
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ʊʘʙʣʠʮʷ 2.11 - ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʜʨʽʙʥʠʭ ʟʘʧʦʚʥʶʚʘʯʽʚ  

ɿʘʧʦʚʥʶʚʘʯ 

ʄʦʜʫʣʴ 

ʢʨʫʧʥʦʩʪʽ, 

ʄʢ 

ʅʘʩʠʧʥʘ 

ʛʫʩʪʠʥʘ, 

ɟʥ, ʢʛ/ʤ
3 

ɯʩʪʠʥʥʘ 

ʛʫʩʪʠʥʘ, 

ɟ, ʛ/ʩʤ3 

ʇʦʨʦʞ-

ʥʠʩʪʽʩʪʴ,  

Vʤʧ,% 

ɺʤʽʩʪ 

ʧʠʣʦʚʠʜʥʠʭ 

ʽ ʛʣʠʥʠʩʪʠʭ 

ʯʘʩʪʠʥʦʢ, % 

ʇʽʩʦʢ ʟ ʚʽʜʩʽʚʽʚ 

ʧʦʜʨʽʙʥʝʥʥʷ 
2,9 1465 2,66 45,0 0,6 

ɾʦʚʢʽʚʩʴʢʠʡ ʧʽʩʦʢ 1,9 1500 2,63 42,9 0,2 

ʗʩʠʥʝʮʴʢʠʡ ʧʽʩʦʢ 1,4 1425 2,62 45,6 0,8 

ɻʣʫʭʽʚʩʴʢʠʡ ʧʽʩʦʢ 1,0 1360 2,63 48,3 1,4 

 

ʗʢ ʢʨʫʧʥʠʡ ʟʘʧʦʚʥʶʚʘʯ ʚʠʢʦʨʠʩʪʘʥʦ ʱʝʙʽʥʴ ʛʨʘʥʽʪʥʠʡ ʬʨʘʢʮʽʾ 2-8, 5-10, 8-

16, 10-20 ʪʘ 5-20 ʤʤ. ʇʦʢʘʟʥʠʢʠ ʢʨʫʧʥʠʭ ʟʘʧʦʚʥʶʚʘʯʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ 

ɼʉʊʋ ɹ ɺ.2.7-74-98 [41] ʜʣʷ ʚʘʞʢʠʭ ʙʝʪʦʥʽʚ (ʪʘʙʣ. 2.12). ʂʨʠʚʘ ʨʦʟʩʽʶʚʘʥʥʷ ʩʫʤʽʰʽ 

ʱʝʙʝʥʶ ʬʨʘʢʮʽʡ 5-20 ʤʤ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʟʝʨʥʦʚʦʛʦ ʩʢʣʘʜʫ 

ʜʣʷ ʙʝʪʦʥʽʚ (ʨʠʩ. 2.23, ʙ). 

ʊʘʙʣʠʮʷ 2.12 - ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʢʨʫʧʥʠʭ ʟʘʧʦʚʥʶʚʘʯʽʚ  

ɻʨʘʥʽʪʥʠʡ ʱʝʙʽʥʴ 

ʬʨʘʢʮʽʡ, ʤʤ 

ɯʩʪʠʥʥʘ 

ʛʫʩʪʠʥʘ, 

ɟ, ʛ/ʩʤ3 

ʅʘʩʠʧʥʘ 

ʛʫʩʪʠʥʘ, 

ɟʥ, ʢʛ/ʤ
3 

ʇʫʩʪʦʪ-

ʥʽʩʪʴ,  

Vʤʧ,% 

ɺʤʽʩʪ 

ʧʠʣʦʚʠʜʥʠʭ 

ʽ ʛʣʠʥʠʩʪʠʭ 

ʯʘʩʪʠʥʦʢ, % 

2-8 2,63 1400 45,1 0,5 

5-10 2,66 1430 46,3 0,2 

8-16 2,64 1450 45,8 0,3 

10-20 2,66 1465 44,9 0,5 

5-20 2,68 1370 48,9 0,3 

5-20 2,58 1460 43,4 1,6 

5-30 2,70 1400 48,3 0,8 
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ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʣʘʩʪʠʬʽʢʫʶʯʽ ʪʘ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ ʜʦʙʘʚʢʠ ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʨʽʟʥʦʾ 

ʧʨʠʨʦʜʠ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʜʦʙʘʚʢʠ ʧʝʨʰʦʾ ʪʘ ʪʨʝʪʴʦʾ ʛʝʥʝʨʘʮʽʡ ʥʘ ʦʩʥʦʚʽ 

ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʽʚ ʪʝʭʥʽʯʥʠʭ ʪʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʚʽʜʧʦʚʽʜʥʦ. ɺʠʜ ʜʦʙʘʚʦʢ ʟʘʣʝʞʘʚ 

ʚʽʜ ʟʝʨʥʦʚʦʛʦ ʩʢʣʘʜʫ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʪʘ ʜʦʜʘʪʢʦʚʦʛʦ ʮʝʤʝʥʪʫʶʯʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ.  

ɼʦʙʘʚʢʠ ʥʘ ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʥʽʡ ʦʩʥʦʚʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʛʫʩʪʠʥʦʶ 1,18 ʛ/ʩʤ3 

ʪʘ ʚʤʽʩʪʦʤ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ 35 ʤʘʩ.%. ɻʫʩʪʠʥʘ ʜʦʙʘʚʢʠ ʥʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʽʡ ʦʩʥʦʚʽ 

ʩʪʘʥʦʚʠʣʘ 1,02 ʛ/ʩʤ3, ʚʤʽʩʪ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ 30 ʤʘʩ.%. ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʙʝʪʦʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʫ ʜʦʙʘʚʢʫ. 

ɻʫʩʪʠʥʘ ʜʦʙʘʚʦʢ ʢʦʣʠʚʘʣʘʩʷ ʚ ʤʝʞʘʭ 1,02-1,05 ʛ/ʩʤ3, ʘ ʚʤʽʩʪ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ 0,34-

2,5 ʤʘʩ.%. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʜʦʙʘʚʦʢ ʜʦʟʚʦʣʷʻ ʱʝ ʡ ʧʦʢʨʘʱʠʪʠ ʨʝʦʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ. 

ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʨʝʮʝʧʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ (ʪʘʙʣ. 2.13) ʧʦʢʘʟʘʣʠ, 

ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʪʨʘʪʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʽʚ ʟʘʢʦʥʦʤʽʨʥʦ ʟʨʦʩʪʘʻ  

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʩʢʣʘʜʦʤ ʙʝʪʦʥʫ (ʨʠʩ. 2.24) [105]. ʊʘʢ, ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ 80 ʢʛ/ʤ3 ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʩʢʣʘʜʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʯʝʨʝʟ 3, 7 ʪʘ 28 ʜʽʙ ʥʘ 32, 16 ʽ 26% ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʚʠʪʨʘʪʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 510 ʢʛ/ʤ3 (ʥʘ 160 ʢʛ/ʤ3 ʙʽʣʴʰʝ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʩʢʣʘʜʦʤ) 

ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʩʫʚʫ ʟʝʨʝʥ ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʢʽʥʝʪʠʢʘ ʥʘʙʦʨʫ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʩʫʪʪʻʚʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʦʤ, ʱʦ ʤʽʩʪʠʪʴ 430 ʢʛ/ʤ3 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʘ ʦʜʝʨʞʘʥʘ ʤʽʮʥʽʩʪʴ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʽʜʥʝʩʪʠ 

ʮʽ ʙʝʪʦʥʠ ʜʦ ʢʣʘʩʫ ʟʘ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ B40. ɿʤʝʥʰʝʥʥʷ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ ʚʽʜ 0,57 ʜʦ 0,47 ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʚʠʪʨʘʪʠ ʚôʷʞʫʯʦʛʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʫʱʽʣʴʥʝʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ.  
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ʊʘʙʣʠʮʷ 2.13 - ʉʢʣʘʜʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ (ʤʘʨʢʘ ʟʘ ʦʩʘʜʢʦʶ 

ʢʦʥʫʩʘ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ S3) 

ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʙʝʪʦʥʫ 
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ʈʠʩʫʥʦʢ 2.25 - ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ 

 

ʆʜʝʨʞʘʥʽ ʧʦʚʥʽ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʪʨʘʪʠ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ 80 ʢʛ/ʤ3 (ʜʦ 430 ʢʛ/ʤ3) ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʽʚ ʟʨʦʩʪʘʻ 

(ʨʠʩ. 2.26). ɺʦʜʥʦʯʘʩ, ʧʨʠ ʚʠʪʨʘʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 510 ʢʛ/ʤ3 ʪʘ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʩʫʚʫ ʟʝʨʝʥ ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʚʽʜ 1,51 ʜʦ 1,63 ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʽʟ ʟʨʦʩʪʘʥʥʷʤ 

ʚʠʪʨʘʪʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚʧʣʠʚ ʧʽʜʚʠʱʝʥʦʾ ʫʩʘʜʢʠ 

ʙʝʪʦʥʫ ʽ ʧʦʚ`ʷʟʘʥʦʛʦ ʟ ʥʝʶ ʨʘʥʥʴʦʛʦ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. 

 

ʈʠʩʫʥʦʢ 2.26 - ʇʦʚʥʽ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʟ ʨʽʟʥʦʶ 
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ɺʚʝʜʝʥʥʷ 1 ʤʘʩ.% ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʚ ʙʝʪʦʥʥʫ ʩʫʤʽʰ ʟ ʚʠʪʨʘʪʦʶ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 350 ʢʛ/ʤ3 ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʦʜʦʮʝʤʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ ʟ 0,57 ʜʦ 

0,51. ʇʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʪʝʭʥʽʯʥʠʡ ʝʬʝʢʪ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʤʽʮʥʦʩʪ̔ ʯʝʨʝʟ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʚʽʜ 46, 1 ʜʦ 55,0 ʄʇʘ (ʨʠʩ. 2.27). ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʙʝʪʦʥ ʟ ʜʦʙʘʚʢʦʶ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟ ʤʘʨʢʦ  ʁʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ S3 ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʪʦʯʮʽ 

ʟʣʘʤʫ ʧʦʚʥʦʾ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ (ʨʠʩ. 2.28).  

 

ʈʠʩʫʥʦʢ 2.27 - ʄʽʮʥʽʩʪʴ ʙʝʪʦʥʽʚ  

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʚʠʪʨʘʪʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚʽʜʽʛʨʘʻ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʷʢ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʤʽʮʥʦʩʪʽ, ʪʘʢ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ. 

 

ʈʠʩʫʥʦʢ 2.28 - ʇʦʚʥʽ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʙʝʪʦʥʽʚ 

ʟ ʨʽʟʥʠʤ ʚʦʜʦʮʝʤʝʥʪʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʨʝʮʝʧʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʜʦʟʚʦʣʷʻ 

ʨʝʛʫʣʶʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ. ʗʢ ʩʚʽʜʯʘʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʙʝʪʦʥʠ ʦʜʥʘʢʦʚʦʾ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʠʡ 

ʨʽʚʝʥʴ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ.  ʇʨʠ ʮʴʦʤʫ ʚʦʜʦʮʝʤʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ ʪʘ ʚʠʪʨʘʪʘ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʽʜʚʠʱʝʥʦʾ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ. ʊʘʢ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʠʪʨʘʪʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚʽʜ 350 ʜʦ 410 

ʢʛ/ʤ3 (ɺ/ʎ=0,51) ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ.  ɺʦʜʥʦʯʘʩ, 

ʥʘʡʙʽʣʴʰʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʪʦʯʮʽ ʟʣʘʤʫ ʧʦʚʥʦʾ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʙʝʪʦʥ ʟ ʚʠʪʨʘʪʦʶ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 350 ʢʛ/ʤ3 (ɺ/ʎ=0,51) ʪʘ ʜʦʙʘʚʢʦʶ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ. 

 

 

2.3. ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʤʝʪʦʜʦʣʦʛʽʾ ʪʘ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ 

 

 

ɺʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ.ɺ. 2.7-185:2009 

[46], ɼʉʊʋ ɹ.ɺ. 2.7-187:2009 [47], ɼʉʊʋ EN 196-1:2007 [56], ɼʉʊʋ ɹ.ɺ. 2.7-

188:2009 [48] ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʦʪʠ, ʪʝʨʤʽʥʽʚ ʪʫʞʘʚʽʥʥʷ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ, ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʧʨʠ ʟʛʠʥʽ, ʩʪʠʩʢʫ ʪʘ ʪʦʥʠʥʠ ʧʦʤʝʣʫ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ. ʌʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʽ ʪʦʥʠʥʘ ʧʦʤʝʣʫ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʟʘʣʠʰʢʦʤ ʥʘ 

ʩʠʪʽ ˉ 008 ʽ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʤʝʪʦʜʦʤ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʝʤʽʨʽ 

ʇʄʎ-500.  

ʈʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠ 

ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʾ ʛʨʘʥʫʣʦʤʝʪʨʽʾ. ɺʠʢʦʨʠʩʪʘʥʦ ʛʨʘʥʫʣʦʤʝʪʨ Malvern Panalytical 

Master Sizer 2000. 
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ʇʫʮʦʣʘʥʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʛʽʜʥʦ ʟ ɼʉʊʋ EN 450-

1:2019 [57], ʘ ʪʘʢʦʞ ʟʘ ʟʜʘʪʥʽʩʪʶ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʛʣʠʥʘʪʠ ʉʘ(ʆʅ)2 ʟ ʡʦʛʦ 

ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ. 

ɺʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʢʣʘʩʠʯʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʟʘ ʧʦʛʣʠʥʘʥʥʷʤ ʉʘʆ ʟ ʥʘʩʠʯʝʥʠʭ ʨʦʟʯʠʥʽʚ. ʄʽʥʝʨʘʣʴʥʘ ʜʦʙʘʚʢʘ 

ʚʚʘʞʘʻʪʴʩʷ ʪʠʤ ʘʢʪʠʚʥʽʰʦʶ, ʯʠʤ ʙʽʣʴʰʝ ʚʦʥʘ ʧʦʛʣʠʥʘʻ ʉʘʆ. ʇʨʠ ʦʜʥʘʢʦʚʽʡ 

ʢʽʣʴʢʦʩʪʽ ʧʦʛʣʠʥʫʪʦʛʦ ʚʘʧʥʘ ʘʢʪʠʚʥʽʰʦʶ ʻ ʜʦʙʘʚʢʘ, ʜʣʷ ʷʢʦʾ ʧʦʛʣʠʥʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʰʝ ʫ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ. 

ʉʧʦʯʘʪʢʫ ʛʦʪʫʶʪʴ ʥʘʩʠʯʝʥʠʡ ʨʦʟʯʠʥ ʚʘʧʥʘ ʪʘ ʡʦʛʦ ʪʠʪʨʫʚʘʥʥʷʤ ʩʦʣʷʥʦʶ 

ʢʠʩʣʦʪʦʶ (ʢʦʥʮʝʥʪʨʘʮʽʷ 0,1 ʥ) ʚʩʪʘʥʦʚʣʶʶʪʴ ʢʽʣʴʢʽʩʪʴ ʉʘʆ ʚ ʨʦʟʯʠʥʽ. 

ɼʦʩʣʽʜʞʫʚʘʥʫ ʜʦʙʘʚʢʫ ʧʨʦʩʽʶʶʪʴ ʯʝʨʝʟ ʩʠʪʦ 008 ʪʘ ʚʠʩʫʰʫʶʪʴ ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ. 

ʅʘʚʘʞʢʫ ʤʘʩʦʶ 2 ʛ ʧʦʤʽʱʘʶʪʴ ʫ ʮʠʣʽʥʜʨ ʟ ʧʨʠʪʝʨʪʠʤ ʢʦʨʢʦʤ ʪʘ ʟʘʣʠʚʘʶʪʴ 100 ʤʣ 

ʥʘʩʠʯʝʥʦʛʦ ʚʘʧʥʷʥʦʛʦ ʨʦʟʯʠʥʫ ʪʘ ʟʙʦʚʪʫʶʪʴ. ʏʝʨʝʟ 2 ʜʦʙʠ ʟ ʮʠʣʽʥʜʨʘ ʚʽʜʙʠʨʘʶʪʴ 

50 ʤʣ ʨʦʟʯʠʥʫ ʽ ʧʦʤʽʱʘʶʪʴ ʫ ʢʦʣʙʫ ʦʙôʻʤʦʤ 250 ʤʣ. ʋ ʢʦʣʙʫ ʜʦʜʘʶʪʴ 2-3 ʢʨʘʧʣʽ 

ʽʥʜʠʢʘʪʦʨʘ ʤʝʪʠʣʦʨʘʥʞʫ ʽ ʪʠʪʨʫʶʪʴ ʩʦʣʷʥʦʶ ʢʠʩʣʦʪʦʶ. ʋ ʮʠʣʽʥʜʨ ʜʦʣʠʚʘʶʪʴ 50 

ʤʣ ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʚʘʧʥʘ. ʑʦʜʥʷ ʚʤʽʩʪ ʢʦʣʙʠ ʟʙʦʚʪʫʶʪʴ, ʪʠʪʨʫʚʘʥʥʷ 

ʧʨʦʚʦʜʷʪʴ 1 ʨʘʟ ʫ 2 ʜʥʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʨʠʚʘʻ ʧʨʦʪʷʛʦʤ 28 ʜʽʙ, ʤʘʪʝʨʽʘʣʠ ʟʙʝʨʽʛʘʶʪʴ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 20°5 ̄ ʉ. 

ʍʽʤʽʯʥʽ ʜʦʙʘʚʢʠ ʜʦ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʚʚʦʜʠʣʠ ʟʛʽʜʥʦ ʟ ɼʉʊʋ-ʅ ɹ ɺ.2.7-

175:2008 [45]. ʆʩʘʜʢʫ ʢʦʥʫʩʘ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-114-2002 [42]. 

ʉʝʨʝʜʥʶ ʛʫʩʪʠʥʫ, ʨʦʟʯʠʥʦʚʽʜʜʽʣʝʥʥʷ ʽ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ (ʨʦʟʰʘʨʦʚʫʚʘʥʽʩʪʴ ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ) ʪʘ ʜʦʪʨʠʤʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚ ʯʘʩʽ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ɼʉʊʋ 

ɹ ɺ.2.7-114-2002 [42]. 

ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ̔  ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʮʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ɿʘʩʪʦʩʦʚʫʚʘʣʠ ʦʜʠʥ ʟ ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ï 

ʤʝʪʦʜ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦ-ʩʠʩʪʝʤʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ (ʆʎʂʇ). 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʽʚ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ 

ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-215:2009 [51] ʪʘ ʥʘʩʪʘʥʦʚʠ ɼʉʊʋ-ʅ ɹ ɺ.2.7-

299:2013 [58]. ɿʨʘʟʢʠ ʙʝʪʦʥʫ ʚʠʛʦʪʦʚʣʷʣʠ ʽ ʚʠʧʨʦʙʦʚʫʚʘʣʠ ʥʘ ʤʽʮʥʽʩʪʴ ʟʛʽʜʥʦ 
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ɼʉʊʋ ɹ ɺ.2.7-214:2009 [50]. ɼʣʷ ʢʦʞʥʦʛʦ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʬʦʨʤʫʚʘʣʠ ʢʫʙʠ ʟ 

ʨʦʟʤʽʨʦʤ ʨʝʙʨʘ 100 ʤʤ. ɿʨʘʟʢʠ ʫ ʬʦʨʤʽ ʟʘʣʠʰʘʣʠ ʱʦʥʘʡʤʝʥʰʝ ʥʘ 24 ʛʦʜ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ (20 Ñ 5) ÁC, ʟʘʭʠʱʘʶʯʠ ʚʽʜ ʟʥʝʚʦʜʥʝʥʥʷ, ʫʜʘʨʽʚ ʽ ʚʽʙʨʘʮʽʾ. ʇʽʩʣʷ 

ʚʠʡʤʘʥʥʷ ʟ ʬʦʨʤʠ ʜʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ ʚʠʪʨʠʤʫʚʘʣʠ ʜʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ (20 Ñ 3) ÁC ʽ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ (95 Ñ 5) %. ʇʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ 

ʨʝʟʫʣʴʪʘʪʠ ʻ ʩʝʨʝʜʥʽʤ ʘʨʠʬʤʝʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʟ ʪʨʴʦʭ ʟʨʘʟʢʽʚ.  

ʆʙôʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-114-2002 [42], 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʣʘʜʠ ʊesting 2.0334 ʪʘ FORM+TEST, ʧʨʠʥʮʠʧ ʜʽʾ ʷʢʠʭ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʢʦʥʫ ɹʦʡʣʷ-ʄʘʨʽʦʪʪʘ. 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ, 

ʜʠʬʝʨʝʥʮʽʡʥʦ-ʪʝʨʤʽʯʥʦʛʦ ʪʘ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʘʥʘʣʽʟʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʥʘ ʨʽʚʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʽʚ ʧʨʦʚʦʜʠʣʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʤ ʘʥʘʣʽʟʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʧʦʨʦʰʢʽʚ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ 

ɼʈʆʅ-2ʄ ʟ ʤʽʜʥʦʶ ʪʨʫʙʢʦʶ (ʥʘʧʨʫʛʘ 30 ʢɺ, ʩʠʣʘ ʩʪʨʫʤʫ 10-20 ʤɸ) ʪʘ ʚ ʜʽʘʧʘʟʦʥʽ 

ʢʫʪʽʚ  2ɗ=9-60Ü.  

ɼʠʬʝʨʝʥʮʽʡʥʦ-ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʨʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ Q-1500D 

ʩʠʩʪʝʤʠ ʇʘʫʣʽʢ ï ʇʘʫʣʽʢ ï ɽʨʜʝʽ ʧʨʠ ʚʝʣʠʯʠʥʽ ʥʘʚʘʞʢʠ 200-1000 ʤʛ, ʰʚʠʜʢʽʩʪʴ 

ʧʽʜʥʽʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ - 10 ʛʨʘʜ/ʭʚ. 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʫ ʙʝʪʦʥʫ ʟ  ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʩʢʘʥʫʶʯʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ SEM FEI Quanta 250 FEG, 

ʦʩʥʘʱʝʥʦʤʫ EDS. 

ʉʝʨʝʜʥʶ ʛʫʩʪʠʥʫ, ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ, ʧʦʨʠʩʪʽʩʪʴ, ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʴ ʙʝʪʦʥʽʚ 

ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-

170:2008 [44].  

ɼʝʬʦʨʤʘʮʽʾ ʫʩʘʜʢʠ ʙʝʪʦʥʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʟʨʘʟʢʘʭ 40ʭ40ʭ160 ʤʤ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʤʧʘʨʘʪʦʨ ʟ ʽʥʜʠʢʘʪʦʨʦʤ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ. ɺ ʪʦʨʮʷʭ ʟʨʘʟʢʽʚ 

ʟʘʢʣʘʜʘʣʠʩʷ ʤʝʪʘʣʝʚʽ ʘʥʢʝʨʠ [52], ʘ ʪʘʢʦʞ ʥʘ ʟʨʘʟʢʘʭ-ʧʨʠʟʤʘʭ ʨʦʟʤʽʨʦʤ 

0,1Ĭ0,1Ĭ0,51 ʤ. ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 0,01 ʤʤ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʢʦʤʧʘʨʘʪʦʨ 

ʰʚʝʡʮʘʨʩʴʢʦʾ ʬʽʨʤʠ ñAmslerò, ʷʢʠʡ ʚ ʩʚʦʻʤʫ ʢʦʤʧʣʝʢʪʽ ʤʘʻ ʝʪʘʣʦʥ ʟ ʽʥʚʘʨʫ ʜʣʷ 

ʚʨʘʭʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʇʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʤʝʪʘʣʝʚʽ ʘʥʢʝʨʠ 
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ʟʘʤʦʥʦʣʽʯʫʚʘʣʠʩʴ ʚ ʟʨʘʟʢʠ. ɼʝʬʦʨʤʘʮʽʾ ʚʠʤʽʨʶʚʘʣʠʩʷ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ, ʘ ʪʘʢʦʞ ʦʜʥʦʯʘʩʥʦ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʦʜʠʣʠ ʢʦʥʪʨʦʣʴ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʣʘʙʦʨʘʪʦʨʽʾ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʣʠ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʝʬʦʨʤʘʮʽʾ ʝʪʘʣʦʥʫ, ʤʘʩʠ ʽ ʜʝʬʦʨʤʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ.  

ɿ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʪʠ ʛʽʜʨʘʪʘʮʽʾ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚ ʙʝʪʦʥʽ ʚ ʩʫʭʠʭ ʫʤʦʚʘʭ ʪʚʝʨʜʥʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʚʥʫʪʨʽʰʥʷ 

ʚʦʣʦʛʽʩʪʴ ʟʨʘʟʢʽʚ ʟ ʮʝʦʣʽʪʦʚʠʤ ʪʫʬʦʤ ʪʘ ʧʝʨʣʽʪʦʤ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ 

El-Dieb [198]. ɼʣʷ ʮʴʦʛʦ ʧʽʩʣʷ ʨʦʟʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʫ ʙʝʪʦʥʥʠʭ ʢʫʙʘʭ (ʟ ʨʝʙʨʦʤ 

10 ʩʤ) ʚʽʜʨʘʟʫ ʧʨʦʩʚʝʨʜʣʶʚʘʣʠ ʦʪʚʽʨ ʜʽʘʤʝʪʨʦʤ 1 ʩʤ. ɺ ʥʴʦʛʦ ʧʦʤʽʱʘʣʠ ʚʦʣʦʛʦʤʽʨ. 

ʂʨʘʡ ʚʦʣʦʛʦʤʽʨʘ ʫʱʽʣʴʥʶʚʘʚʩʷ ʛʝʨʤʝʪʠʢʦʤ, ʱʦʙ ʫʥʝʤʦʞʣʠʚʠʪʠ ʚʪʨʘʪʠ ʚʦʣʦʛʠ 

ʯʝʨʝʟ ʦʪʚʽʨ. ɿ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʫ 2 ʜʦʙʠ (ʜʦ 28 ʜʽʙ ʚʢʣʶʯʥʦ) ʧʦʢʘʟʠ ʚʦʣʦʛʦʤʽʨʘ 

ʨʝʻʩʪʨʫʚʘʣʠ. ʇʨʦʪʷʛʦʤ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʝʪʦʜʦʤ  ʟʚʘʞʫʚʘʥʥʷ ʚʠʟʥʘʯʘʣʠ ʚʪʨʘʪʠ ʤʘʩʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ 2.7-

227:2009 [53]. ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʪʨʠʪʦʯʢʦʚʦʶ ʩʭʝʤʦʶ ʟʛʠʥʘʥʥʷ 

ʥʘ 200 ʪ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʧʨʝʩʽ, ʦʙʣʘʜʥʘʥʦʤʫ ʩʠʣʦʚʠʤ ʨʦʟʧʦʜʽʣʴʯʠʤ ʢʽʣʴʮʝʤ, ʘ ʪʘʢʦʞ 

ʜʘʪʯʠʢʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʪʝʥʟʦʜʘʪʯʠʢʦʤ) ʽ ʧʨʦʛʠʥʦʤʽʨʦʤ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.29, ʘ. 
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(a) ό͋ύ 

ʈʠʩʫʥʦʢ 2.29 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ (ʘ) ʫʩʪʘʥʦʚʢʠ ʪʘ ʩʭʝʤʘ (ʙ)  ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ: 1- ʪʝʥʟʦʜʘʪʯʠʢ, 2 - ʜʝʬʦʨʤʘʮʽʡʥʠʡ ʜʘʪʯʠʢ, 3 - ʧʽʜʩʠʣʶʚʘʯ ʩʠʛʥʘʣʫ, 4 - 

ʨʝʟʠʩʪʦʨʥʠʡ ʤʽʩʪ, 5 - ʽʥʪʝʨʬʝʡʩʥʘ ʧʣʘʪʘ, 6 - ʙʣʦʢ ʞʠʚʣʝʥʥʷ, 7 - ʇʂ, 8 - ʢʽʣʴʮʝ 

ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ 
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ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʨʘʟʢʠ (100 Ĭ 100 Ĭ 400 

ʤʤ) ʟ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʦʶ ʪʨʽʱʠʥʦʶ ʛʣʠʙʠʥʦʶ 40 ʤʤ ʽ ʰʠʨʠʥʦʶ 2 ʤʤ. ʇʝʨʝʜ 

ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʮʠʢʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʜʦ 10% ʦʯʽʢʫʚʘʥʦʛʦ ʧʽʢʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ) ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ. ɿʨʘʟʢʠ ʙʝʟʧʝʨʝʨʚʥʦ ʥʘʚʘʥʪʘʞʫʚʘʣʠ ʜʦ ʾʭ 

ʨʫʡʥʫʚʘʥʥʷ. ʂʨʠʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ-ʧʨʦʛʠʥʫ ʟʘʧʠʩʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʜʘʥʠʭ (ʨʠʩ. 2.29, ʙ). ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ʟʨʘʟʢʽʚ ʙʫʜʫʚʘʣʠ ʢʨʠʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷïʧʨʦʛʠʥ ʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʫʡʥʫʚʘʥʥʷ. ʆʮʽʥʢʫ ʝʥʝʨʛʽʾ 

ʨʫʡʥʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʟʘ ʢʨʠʚʠʤʠ L-d ʟʘ ʤʝʪʦʜʦʤ RILEM (work-of-fracture). 

ʉʪʠʨʘʥʽʩʪʴ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-212:2009 [49]. ʄʦʨʦʟʦʩʪʽʡʢʽʩʪʴ 

ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʧʨʠʩʢʦʨʝʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-49-96 [40]. ʄʘʨʢʫ ʟʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ ʚʠʟʥʘʯʘʣʠ 

ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-47-96 [39]. 

ʂʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ (ʢʣʘʩ ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʙʝʪʦʥ ʍɸ 

ï ʢʦʨʦʟʽʷ ʙʝʪʦʥʫ, ʩʧʨʠʯʠʥʝʥʘ ʚʧʣʠʚʦʤ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ) ʨʦʟʨʦʙʣʝʥʠʭ ʙʝʪʦʥʽʚ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɻʆʉʊ 27677:2011 [55], ʧʦʨʽʚʥʶʶʯʠ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ ʪʘ ʟʛʠʥ ʟʨʘʟʢʽʚ ʧʨʠʟʤ 40ʭ40ʭ160 ʤʤ, ʷʢʽ ʧʦʤʽʱʘʣʠʩʷ ʚ ʚʽʜʧʦʚʽʜʥʝ ʘʛʨʝʩʠʚʥʝ 

ʩʝʨʝʜʦʚʠʱʝ (ʩʫʣʴʬʘʪʥʘ (ʢʦʥʮʝʥʪʨʘʮʽʷ [SO4
2-]=10 ʪʘ 30 ʛ/ʣ) ʪʘ ʤʘʛʥʝʟʽʘʣʴʥʘ 

(ʢʦʥʮʝʥʪʨʘʮʽʷ [Mg2+]=10 ʪʘ 30 ʛ/ʣ) ʢʦʨʦʟʽʾ), ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʟʨʘʟʢʽʚ, ʷʢʽ 

ʟʙʝʨʽʛʘʣʠʩʴ ʚ ʧʠʪʥʽʡ ʚʦʜʽ. ɸʛʨʝʩʠʚʥʽ ʨʦʟʯʠʥʠ ʛʦʪʫʚʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʯʠʩʪʽ ʜʣʷ 

ʘʥʘʣʽʟʫ (ʏɼɸ) ʩʦʣʽ Na2SO4 ʪʘ MgCI2Ā6ʅ2ʆ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʤʝʨʟʘʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ ʪʘ ʜʝʬʦʨʤʘʮʽʡ 

ʨʦʟʰʠʨʝʥʥʷ ʩʚʽʞʦʟʘʤʦʨʦʞʝʥʦʾ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʾ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʤʽʮʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʜʠʣʘʪʦʤʝʪʨʽʾ. ʇʨʠʛʦʪʦʚʣʝʥʫ 

ʩʫʤʽʰ ʟʘʣʠʚʘʶʪʴ ʚ ʮʠʣʽʥʜʨʠʯʥʫ ʬʦʨʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʢʽʣʝʮʴ ʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʚ ʭʦʣʦʜʠʣʴʥʫ ʢʘʤʝʨʫ ñʄʽʢʨʦʪʦʤò ʽ ʟʘʢʨʽʧʣʶʶʪʴ ʚ ʰʪʘʪʠʚʽ ʟ 

ʽʥʜʠʢʘʪʦʨʦʤ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ (ʮʽʥʘ ʧʦʜʽʣʢʠ 0,001 ʤʤ). ʊʝʨʤʦʧʘʨʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʽ ʬʽʢʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʘʤʝʨʽ. ʆʭʦʣʦʜʞʝʥʥʷ 

ʚʽʜʙʫʚʘʣʦʩʷ ʽʟ ʰʚʠʜʢʽʩʪ ʁ20Áʉ/ʛʦʜ. 
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1. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ ʦʜʝʨʞʘʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʤʽʮʥʽʩʪʶ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʨʦʟʨʦʙʣʝʥʦ ʟʘʛʘʣʴʥʫ ʙʣʦʢ-ʩʭʝʤʫ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʘ 

ʚʩʪʘʥʦʚʣʶʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʝʪʦʥʽʚ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʩ̔ʪʁ. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʮʦʣʘʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʝʪʦʥʽʚ ʪʘ ʾʭ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪ̔ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥ.̔ ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʨʦʟʜʽʣʠʪʠ ʝʬʝʢʪʠ ʜʽʾ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʥʽ ʽ ʜʦʜʘʪʢʦʚʽ ʪʘ ʧʽʜʙʠʨʘʪʠ ʾʭ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʙʝʪʦʥʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʥʝʦʙʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ 

ʪʘ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ.  

2. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʟ ʨʦʟʨʦʙʣʝʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʤʽʮʥʽʩʪʶ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʷʢ ʢʦʤʧʦʥʝʥʪʠ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ɯ ʽ ɯɯ ʪʠʧʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʘʢʪʠʚʥʽʩʪʶ (ʚʠʱʝ 50 ʄʇʘ ʫ ʚʽʮʽ 28 ʜʽʙ) 

ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ (ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ, ʟʦʣʘ-

ʚʠʥʝʩʝʥʥʷ, ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʩʧʫʯʝʥʠʡ ʧʝʨʣʽʪ, ʩʠʥʪʝʪʠʯʥʽ ʮʝʦʣʽʪʠ, ʤʝʟʦʧʦʨʠʩʪʠʡ 

ʢʨʝʤʥʝʟʝʤʠʩʪʠʡ ʤʘʪʝʨʽʘʣ), ʧʣʘʩʪʠʬʽʢʫʶʯʽ ʪʘ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ ʜʦʙʘʚʢʠ. ʗʢ ʜʨʽʙʥʽ 

ʪʘ ʢʨʫʧʥʽ ʟʘʧʦʚʥʶʚʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ ʪʘ ʧʽʩʦʢ ʟ ʚʽʜʩʽʚʽʚ 

ʧʦʜʨʽʙʥʝʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʘ ʪʘʢʦʞ ʛʨʘʥʽʪʥʠʡ ʱʝʙʽʥʴ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ (2-8, 5-10, 8-

16, 10-20, 5-20, 5-30 ʤʤ). ɼʣʷ ʘʨʤʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʤʝʟʦ- ʪʘ 

ʤʘʢʨʦʨʽʚʥʷʭ ʟʘʩʪʦʩʦʚʘʥʦ ʧʨʷʤʫ ʬʽʙʨʫ ʽ ʬʽʙʨʫ ʟ ʜʝʬʦʨʤʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ. 

3. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ ï ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ, ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ, ʧʨʠʨʦʜʥʦʛʦ ʪʘ 

ʰʪʫʯʥʠʭ ʮʝʦʣʽʪʽʚ Na-P1, Na-ʍ,  Na-ɸ, ʘ ʪʘʢʦʞ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʝʟʝʤʠʩʪʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʄʉʄ-41 ʟʘ ʟʜʘʪʥʽʩʪʶ ʧʦʛʣʠʥʘʪʠ ʉʘʆ ʟ ʡʦʛʦ ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʢʘʟʥʠʢʠ ʘʢʪʠʚʥʦʩʪʽ ʰʪʫʯʥʠʭ ʮʝʦʣʽʪʽʚ ʧʝʨʝʚʠʱʫʶʪʴ ʘʢʪʠʚʥʽʩʪʴ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʢ ʫ ʨʘʥʥʽʡ,  
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ʪʘʢ ʽ ʧʽʟʥʽʡ ʧʝʨʽʦʜʠ. ʂʽʣʴʢʽʩʪʴ ʟʚôʷʟʘʥʦʛʦ ʉʘʆ ʟ ʚʘʧʥʷʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦʙʘʚʢʘʤʠ 

ʰʪʫʯʥʠʭ ʮʝʦʣʽʪʽʚ Na-P1 ʪʘ Na-ʍ ʯʝʨʝʟ 2 ʜʦʙʠ ʩʪʘʥʦʚʠʪʴ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʉʘʆ 39,3 

ʪʘ 35,3 ʤʛ/ʛ ʚʽʜʧʦʚʽʜʥʦ. ʅʘʡʥʠʞʯʠʤ ʟʥʘʯʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʦʛʣʠʥʫʪʦʛʦ ʉʘʆ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ ï 10,0 ʤʛ ʉʘʆ/ʛ, ʘ ʜʦʙʘʚʢʘ ʄʉʄ-

41 ʤʘʻ ʥʘʡʚʠʱʫ ʘʢʪʠʚʥʽʩʪʴ ʟ ʧʦʢʘʟʥʠʢʦʤ 86,3 ʤʛ/ʛ. ʏʝʨʝʟ 28 ʜʽʙ ʘʢʪʠʚʥʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʥʦʚʠʪʴ 108,7; 132,3; 204,2; 271,9; 237,2; 273,0 ʪʘ 652,6 

ʤʛ ʉʘʆ/ʛ ʜʣʷ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ, ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ, ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, 

ʮʝʦʣʽʪʽʚ Na-P1, Na-X, Na-ɸ ʪʘ ʄʉʄ-41 ʚʽʜʧʦʚʽʜʥʦ.  

4. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʫʮʦʣʘʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʮʝʦʣʽʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʚʠʟʥʘʯʝʥ̔ ʥʘ ʟʨʘʟʢʘʭ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʭ ʨʦʟʯʠʥʽʚ, ʫʪʚʦʨʶʶʪʴ ʥʘʩʪʫʧʥʠʡ ʨʷʜ ʟʘ 

ʟʨʦʩʪʘʥʥʷʤ: Na-ʍ, ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, Na-P1. ʅʘʡʚʠʱʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʫʮʦʣʘʥʽʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʤʽʮʥʽʩʪʶ ʥʘ ʟʛʠʥ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʮʝʦʣʽʪʫ Na-P1 ʪʘ ʩʪʘʥʦʚʠʪʴ 114%. 

ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʢʪʠʚʥʫ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʫ ʨʦʣʴ ʰʪʫʯʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʜʘʥʦʛʦ ʪʠʧʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʟʜʘʪʥʽʩʪʶ ʧʦʛʣʠʥʘʪʠ ʉʘʆ ʟ ʡʦʛʦ 

ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʧʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ ʚ ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ ʟʘ 

ʟʨʦʩʪʘʥʥʷʤ: ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢŸ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷŸ ʧʨʠʨʦʜʥʽ 

ʧʫʮʦʣʘʥʠŸ ʰʪʫʯʥʽ ʧʫʮʦʣʘʥʠ. 

5. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ, ʜʠʩʧʝʨʩʥʦʘʨʤʦʚʘʥʠʭ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʪʘ 

ʪʠʧʘʤʠ ʬʽʙʨʦʚʠʭ ʚʦʣʦʢʦʥ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʪʘ ʥʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ  ʪʘ ʥʘ ʟʛʠʥ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʬʽʙʨʦʚʠʭ ʚʦʣʦʢʦʥ ʌʇɼʇ2 (fcm.cube=68,2 ʪʘ 

fctfm=8,03 ʄʇʘ) ʪʘ ʌʇʇ1 (fcm.cube=65,8 ʪʘ fctfm=7,57 ʄʇʘ).  ʉʪʘʪʠʯʥʽ ʢʨʠʪʠʯʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʟʨʦʩʪʘʶʪʴ ʥʘ 18; 25 ʪʘ 48 % ʧʨʠ ʘʨʤʫʚʘʥʥʽ 

ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʦʶ ʬʽʙʨʦʶ ʌʇɼʇ2, ʙʘʟʘʣʴʪʦʚʦʶ ʜʦʚʞʠʥʦʶ 50 ʤʤ ʪʘ ʌʇʇ1 

ʚʽʜʧʦʚʽʜʥʦ. ʎʝ ʜʦʟʚʦʣʷʻ ʯʠʥʠʪʠ ʦʧʽʨ ʙʽʣʴʰʠʤ (ʥʘ 50-1600 ʅ) ʢʨʠʪʠʯʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʜʦ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ ʨʫʭʫ ʤʘʢʨʦʪʨʽʱʠʥʠ. ʇʽʜʚʠʱʫʻʪʴʩʷ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ñʨʦʙʦʪʠò ʙʝʪʦʥʫ ʚ ʟʘʢʨʠʪʠʯʥʽʡ ʩʪʘʜʽʾ ʨʫʡʥʫʚʘʥʥʷ. ʅʘ ʝʪʘʧʽ 

ʧʦʰʠʨʝʥʥʷ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʪʨʽʱʠʥʠ ʢʨʘʱʝ ʧʨʘʮʶʶʪʴ ʙʝʪʦʥʠ ʘʨʤʦʚʘʥʽ ʤʝʪʘʣʝʚʦʶ 

ʬʽʙʨʦʶ.  
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6. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʨʝʮʝʧʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʜʦʟʚʦʣʷʻ 

ʨʝʛʫʣʶʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʙʝʪʦʥʠ 

ʦʜʥʘʢʦʚʦʾ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʠʡ ʨʽʚʝʥʴ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ. ʇʨʠ 

ʮʴʦʤʫ ʚʦʜʦʮʝʤʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ ʪʘ ʚʠʪʨʘʪʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ 

ʨʦʣʴ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ. 

7. ɺʠʭʦʜʷʯʠ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʧʨʦʚʝʜʝʥʥʷ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʙʫʣʦ ʦʙʨʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʘʥʜʘʨʪʥʽ ʪʘ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʢʠ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʤʽʩʪʫ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʢʣʘʜʽ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʛʽʜʨʘʪʘʮʽʾ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤ ʟ 

ʜʦʙʘʚʢʘʤʠ-ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ, ʘ ʪʘʢʦʞ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʟʘʩʪʦʩʦʚʘʥʦ ʩʫʯʘʩʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ. ɺʠʢʦʨʠʩʪʘʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʽ ʜʦʩʣʽʜʞʝʥʴ ʟʘʙʝʟʧʝʯʠʣʠ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ 

ʟʘʚʜʘʥʴ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʨʦʙʦʪʠ.  
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ʈʆɿɼɯʃ 3. ʈʆʃʔ ʄɯʂʈʆʉʊʈʋʂʊʋʈʀ ɺ ɿɸɹɽɿʇɽʏɽʅʅɯ 

ʇɯɼɺʀʑɽʅʆɰ ʊʈɯʑʀʅʆʉʊɯʁʂʆʉʊɯ ɹɽʊʆʅɯɺ 

 

 

 

3.1. ʇʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʙʝʪʦʥʽʚ  

 

 

 

ɿʨʦʩʪʘʶʯʽ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʩʧʨʠʯʠʥʷʶʪʴ ʚʩʝ ʙʽʣʴʰ 

ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʜʦʚʢʽʣʣʷ. ʊʦʤʫ ʟʘʤʽʥʘ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦ- ʪʘ ʨʝʩʫʨʩʦʻʤʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ ʙʝʪʦʥʫ, ʘ ʩʘʤʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʚʠʨʦʙʥʠʮʪʚʦ ʷʢʦʛʦ ʩʧʨʠʯʠʥʷʻ 7% 

ʩʚʽʪʦʚʠʭ ʚʠʢʠʜʽʚ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ, ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ ʚ ʪʝʭʥʦʣʦʛʽʾ ʩʫʯʘʩʥʠʭ 

ʙʝʪʦʥʽʚ.  ʇʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʷʢʽ 

ʥʝ ʪʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ ʥʘ ʜʦʚʢʽʣʣʷ, 

ʘʣʝ ʡ ʧʽʜʚʠʱʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ 

ʙʝʪʦʥʽʚ. ɼʦʩʣʽʜʞʝʥʦ ʙʝʪʦʥʠ ʟ ʜʦʙʘʚʢʦʶ ʰʪʫʯʥʠʭ ʮʝʦʣʽʪʽʚ Na-ʈ1 ʽ  Na-ʍ ʪʘ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ (ʎʊ). ʉʪʫʧʽʥʴ ʟʘʤʽʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʩʪʘʥʦʚʠʚ 10 ʤʘʩ.%. 

ʉʢʣʘʜʠ ʙʝʪʦʥʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.1. ʄʘʨʢʘ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ S4. 

ʑʦʙ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʦʜʫ, ʷʢʫ ʧʦʛʣʠʥʫʣʠ ʧʦʨʠʩʪʽ ʧʫʮʦʣʘʥʦʚʽ  ʤʘʪʝʨʽʘʣʠ, ʥʝʦʙʭʽʜʥʫ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʝʢʪʥʦʾ ʤʘʨʢʠ ʟʘ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʶ, ʚʚʦʜʠʣʠ ʜʦʜʘʪʢʦʚʫ 

ʢʽʣʴʢʽʩʪʴ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ.  ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.1, ʥʘʡʚʠʱʦʶ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ 

ʪʘ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʡ 

ʙʝʪʦʥ ʟ 10 ʤʘʩ.% ʰʪʫʯʥʦʛʦ ʮʝʦʣʽʪʫ Na-P1. ʊʘʢ, ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʫ Na-ʈ1-10 

ʩʪʘʥʦʚʠʪʴ 53,5 ʄʇʘ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʢʣʘʜʫ ʥʘ 18%, ʫ ʪʦʡ ʯʘʩ 

ʷʢ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ ʩʪʘʥʦʚʠʪʴ 7,8 ʄʇʘ, ʱʦ ʙʽʣɹ ʰʝ ʥʘ 24% ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʦʥʪʨʦʣʴʥʠʤ ʩʢʣʘʜʦʤ ɽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʧʨʦʮʝʩʽʚ ʛʽʜʨʘʪʘʮʽʾ ʽ ʪʚʝʨʜʥʝʥʥʷ ʮʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ ʟ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʧʫʮʦʣʘʥʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʘ ʪʘʢʦʞ ʛʝʥʝʟʠʩʫ ʾʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʥʘʫʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʤʝʪʦʜʘʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

(ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ   ʽ   ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ)    ʜʦʩʣʽʜʞʝʥʦ     ʦʩʦʙʣʠʚʦʩʪʽ  

 

ʊʘʙʣʠʮʷ 3.1 ï ʉʢʣʘʜʠ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ (ɺ/ʎ=0,4) 

ʂʦʤʧʦʥʝʥʪʠ  

ʙʝʪʦʥʫ/ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ 

ɽʪʘʣʦʥ Na-ʈ1-10 Na-X-10 ʎʊ-10 

ʎ, ʢʛ 450 405 405 405 

ɺ, ʢʛ 180 180 180 180 

ʇ, ʢʛ 520 520 520 520 

ʑ5-10, ʢʛ 1250 1250 1250 1250 

ʉʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ, % 0,6 1,0 1,0 1,0 

ʇʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʢʛ - 45 45 45 

 

ʛʽʜʨʘʪʘʮʽʾ ʪʘʢʠʭ ʩʢʣʘʜʽʚ: ʢʦʥʪʨʦʣʴʥʠʡ; 75 ʤʘʩ.% ʇʎ ɯ+25 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ; 

75 ʤʘʩ.% ʇʎ ɯ+25 ʤʘʩ.% ʰʪʫʯʥʦʛʦ ʮʝʦʣʽʪʫ Na-ʍ; 75 ʤʘʩ.% ʇʎ ɯ +25 ʤʘʩ.% 

ʰʪʫʯʥʦʛʦ ʮʝʦʣʽʪʫ Na-ʈ1. 

 

ʈʠʩʫʥʦʢ 3.1 ï ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʽ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ ʙʝʪʦʥʽʚ 

ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

 

ɸʥʘʣʽʟ ʜʠʬʨʘʢʪʦʛʨʘʤ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʮʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʛʽʜʨʘʪʦʚʘʥʠʭ 7 ʜʽʙ ʚ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ (ʨʠʩ. 3.2), ʩʚʽʜʯʠʪʴ, ʱʦ ʧʨʦʮʝʩʠ ʛʽʜʨʘʪʘʮʽʾ ʧʨʦʭʦʜʷʪʴ ʘʢʪʠʚʥʦ ʟ 
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ʫʪʚʦʨʝʥʥʷʤ ʦʩʥʦʚʥʠʭ ʛʽʜʨʘʪʥʠʭ ʬʘʟ, ʷʢʽ ʭʘʨʘʢʪʝʨʥ ̔ʜʣʷ ʮʝʤʝʥʪʽʚ ʟ ʘʢʪʠʚʥʠʤʠ 

ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ. ʊʘʢ, ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʘ (ʨʠʩ. 3.2, ʘ) ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʬʽʢʩʫʶʪʴʩʷ ʣʽʥʽʾ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ (d/n=2,63; 4,91¡), ʘ ʪʘʢʦʞ 

ʣʽʥʽʾ ʘʣʽʪʦʚʦʾ ʽ ʙʝʣʽʪʦʚʦʾ ʬʘʟ (d/n=2,77; 2,60; 2,10 ¡). 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 3.2 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʛʽʜʨʘʪʦʚʘʥʦʛʦ 7 ʜʽʙ ʚ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʥʘ ʦʩʥʦʚʽ: ʘ) ʇʎ ɯ; ʙ) 75 ʤʘʩ.% ʇʎ ɯ+ 25 ʤʘʩ.% ʎʊ; ʚ) 75 

ʤʘʩ.% ʇʎ ɯ+ 25 ʤʘʩ.% Na-X; ʛ) 75 ʤʘʩ.% ʇʎ ɯ+ 25 ʤʘʩ.% Na-P1 
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ʚ 
 

 

ʛ 

ʈʠʩʫʥʦʢ 3.2, ʘʨʢʫʰ 2 

 

ʇʨʠ ʚʚʝʜʝʥʥʽ ʚ ʮʝʤʝʥʪʥʫ ʩʠʩʪʝʤʫ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʧʨʠʨʦʜʥʦʛʦ ʪʘʢ 

ʽ hʪʫʯʥʠʭ ʮʝʦʣʽʪʽʚ, ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʘʢʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʦʤ ʥʘ ʚʩʽʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʽʥʽʡ 

ʉʘ(ʆʅ)2 (ʨʠʩ. 3.2, ʙ, ʚ , ʛ). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʟʨʘʟʢʘ, ʷʢʠʡ ʤʽʩʪʠʪʴ 

ʧʨʠʨʦʜʥʽʡ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʝʟʥʘʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʽʥʽʾ 

ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ Na2OϊAl 2O3ϊ10SiO2ϊ8H2O (d/n=14,3; 5,7; 3,8 ¡) (ʨʠʩ. 3.2, ʚ), ʘ ʪʘʢʦʞ 

ʣʽʥʽʾ Na-ʈ1 (d/n=7,1; 4,1; 3,17 ¡) (ʨʠʩ. 3.2, ʛ).  ɺʘʞʣʠʚʠʤ ʻ ʪʘʢʦʞ ʪʦʡ ʬʘʢʪ, ʱʦ ʯʝʨʝʟ 
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7 ʜ̔ʙ ʪʚʝʨʜʥʝʥʥʷ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʚʟʘʻʤʦʜʽʻ ʟ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʦʤ ʟʨʘʟʦʢ, ʱʦ 

ʤʽʩʪʠʪʴ Na-P1. ʎʝ ʜʦʙʨʝ ʢʦʨʝʣʶʻ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʫʮʦʣʘʥʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʠʭ ʩʠʥʪʝʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʧʦʛʣʠʥʘʥʥʷʤ ʉʘʆ 

ʟ ʥʘʩʠʯʝʥʠʭ ʨʦʟʯʠʥʽʚ. 

ʆʪʞʝ, ʨʝʟʫʣʴʪʘʪʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʩʦʢʫ ʧʫʮʦʣʘʥʽʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ, ʷʢ ʧʨʠʨʦʜʥʦʛʦ, ʪʘʢ ʽ ʰʪʫʯʥʠʭ ʮʝʦʣʽʪʽʚ. 

ɿ ʤʝʪʦʶ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʚʝʨʜʥʝʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥ ʁ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʧʨʦʚʝʜʝʥʦ 

ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯ, ʛʽʜʨʘʪʦʚʘʥʦʛʦ 7 ʜʽʙ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʬʦʨʤ (ʨʠʩ. 3.3-4). ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʛʽʜʨʘʪʘʮʽʾ 

ʜʝʷʢʽ ʢʨʠʩʪʘʣʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ, ʽʥʰʽ ʚʞʝ ʤʘʶʪʴ ʯʽʪʢʝ ʦʛʨʘʥʝʥʥʷ. 

  

ʘ ʙ 

  

ʚ ʛ 
 

ʈʠʩʫʥʦʢ 3.3 ï ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ (ʘ, ʚ) ʪʘ ʩʧʝʢʪʨʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʙ, ʛ) ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯ, ʱʦ ʪʚʝʨʜʥʫʚ 7 ʜʽʙ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 
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ɺ ʜʝʷʢʠʭ ʤʽʩʮʷʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʙʣʦʢʽʚ ʟ ʯʽʪʢʦ ʚʠʨʘʞʝʥʦʶ ʧʘʨʘʣʝʣʴʥʦʶ 

ʰʘʨʫʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʨʠʩ. 3.3, ʘ), ʷʢʽ ʟʘ ʜʘʥʠʤʠ ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʜʦ ʧʦʨʪʣʘʥʜʠʪʫ (ʨʠʩ. 3.3, ʙ).  

ʆʜʥʦʯʘʩʥʦ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʘʭ ʚʞʝ ʯʝʨʝʟ 7 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʛʦʣʯʘʩʪʦ-ʚʦʣʦʢʥʠʩʪʠʭ ʢʨʠʩʪʘʣʽʚ 

ʥʠʟʴʢʦʦʩʥʦʚʥʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʪʘ ʚʠʜʦʚʞʝʥʠʭ ʢʨʠʩʪʘʣʽʚ ʝʪʨʠʥʛʽʪʫ (ʨʠʩ. 

3.4). 

 

 

ʘ ʙ 

  

ʚ ʛ 
 

ʈʠʩʫʥʦʢ 3.4 ï ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ (ʘ) ʪʘ ʩʧʝʢʪʨʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʙ, ʚ, ʛ) ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯ, ʱʦ ʪʚʝʨʜʥʫʚ 7 ʜʽʙ ʚ ʥʦʨʤʘʣʴʥʠʭ 

ʫʤʦʚʘʭ 

ɺʚʝʜʝʥʥʷ ʚ ʩʠʩʪʝʤʫ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʛʘʙʽʪʫʩʫ ʽ 

ʤʦʨʬʦʣʦʛʽʾ ʛʽʜʨʘʪʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ. ʊʘʢ, ʚ ʩʪʨʫʢʪʫʨʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʙʣʦʢʠ 
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ʧʦʨʪʣʘʥʜʠʪʫ, ʥʘʪʦʤʽʩʪʴ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʩʫʙʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʽ ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ (ʨʠʩ. 3.5) ʪʘ ʝʪʨʠʥʛʽʪʫ  (ʨʠʩ. 3.6). 

ʅʘʷʚʥʽʩʪʴ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ ʚ ʩʪʨʫʢʪʫʨʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʩʧʨʠʷʻ 

ʘʨʤʫʚʘʥʥʶ ʟʦʥʠ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʣʴʤʘʪʫʚʘʥʥʷ ʧʦʨʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʟʤʝʥʰʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʪʽʚ ʪʘ ʜʠʩʣʦʢʘʮʽʡ. 

 

 

 

ʘ ʙ 

 
 

ʚ ʛ 
 

ʈʠʩʫʥʦʢ 3.5 ï ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ (ʘ) ʪʘ ʩʧʝʢʪʨʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʙ, ʚ, ʛ) ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ 75 ʤʘʩ.% ʇʎ ɯ+25 ʤʘʩ.% ʎʊ, ʱʦ ʪʚʝʨʜʥʫʚ 7 

ʜʽʙ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

 

ɸʢʪʠʚʥʘ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʘ ʨʦʣʴ ʮʝʦʣʽʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʧʨʦʮʝʩʽ 

ʛʽʜʨʘʪʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʩʠʩʪʝʤʫ ʰʪʫʯʥʦʛʦ ʮʝʦʣʽʪʫ Na-ʍ (ʨʠʩ. 
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3.7, ʘ). ʅʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷʭ ʯʽʪʢʦ ʚʠʜʥʦ ʜʨʽʙʥʽ ʛʦʣʯʘʩʪʽ ʢʨʠʩʪʘʣʠ  

ʉ-S-H ʬʘʟ, ʚʠʜʦʚʞʝʥʽ ʢʨʠʩʪʘʣʠ ʝʪʨʠʥʛʽʪʫ ʪʘ ʧʣʘʩʪʠʥʢʠ ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ 

(ʨʠʩ. 3.7, ʙ, ʚ, ʛ).  

 

 
 

ʘ ʙ 

  

ʚ ʛ 
 

ʈʠʩʫʥʦʢ 3.6 ï ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ (ʘ) ʪʘ ʩʧʝʢʪʨʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʙ, ʚ, ʛ) ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ 75 ʤʘʩ.% ʇʎ ɯ+25 ʤʘʩ.% ʎʊ, ʱʦ ʪʚʝʨʜʥʫʚ 7 

ʜʽʙ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʢʘʣʴʮʽʶ ʛ̔ʜʨʦʢʩʠʜʫ ʟ ʰʪʫʯʥʠʤ 

ʮʝʦʣʽʪʦʤ, ʫʪʚʦʨʶʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ 

ʥʠʟʴʢʦʾ ʦʩʥʦʚʥʦʩʪʽ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʬʦʨʤʫʚʘʥʥʶ ʱʽʣʴʥʦʛʦ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ            
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(ʨʠʩ. 3.8).  

 

 
 

ʘ ʙ 

 
 

ʚ ʛ 
 

ʈʠʩʫʥʦʢ 3.7 ï ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ (ʘ) ʪʘ ʩʧʝʢʪʨʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥ ̫(ʙ, ʚ, ʛ) ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ 75 ʤʘʩ.% ʇʎ ɯ+25 ʤʘʩ.% 

Na-X, ʱʦ ʪʚʝʨʜʥʫʚ 7 ʜʽʙ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

 

ʍʘʨʘʢʪʝʨʥʠʤ ʧʨʠ ʚʚʝʜʝʥʥʽ ʮʝʦʣʽʪʫ ʪʘʢʦʛʦ ʪʠʧʫ ʻ ʥʘʷʚʥʽʩʪʴ ʜʝʷʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ ʪʘ ʝʪʨʠʥʛʽʪʫ (ʨʠʩ. 3.9, ʙ, ʚ). ʎʝʦʣʽʪ ʫ ʩʠʩʪʝʤʽ ʻ ʜʞʝʨʝʣʦʤ 

ʘʢʪʠʚʥʦʛʦ Al2O3, ʷʢʠʡ, ʚʟʘʻʤʦʜʽʶʯʠ ʟ ʛʽʧʩʦʤ, ʫʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʫ ʢʽʣʴʢʽʩʪʴ 

ʝʪʨʠʥʛʽʪʫ. 
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ʘ ʙ 

 

 

ʚ ʛ 
 

ʈʠʩʫʥʦʢ 3.8 ï ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ (ʘ, ʙ) ʪʘ ʩʧʝʢʪʨʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʚ, ʛ) ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ 75 ʤʘʩ.% ʇʎ ɯ+25 ʤʘʩ.% Na-X, ʱʦ ʪʚʝʨʜʥʫʚ 7 

ʜʽʙ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟ ʜʦʙʘʚʢʦʶ ʰʪʫʯʥʦʛʦ 

ʮʝʦʣʽʪʫ Na-ʈ1 ʩʚʽʜʯʠʪʴ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʡʦʛʦ ʛʽʜʨʘʪʘʮʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 

ʩʢʣʘʜʘʤʠ. ʇʨʠ ʩʠʥʪʝʟʽ ʪʘʢʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʚ ʡʦʛʦ ʩʢʣʘʜʽ ʧʨʠʩʫʪʥʷ 

ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʟʦʣʠ, ʟ ʷʢʦʾ ʡʦʛʦ ʦʜʝʨʞʫʶʪʴ. ʅʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ (ʨʠʩ. 3.10, ʘ) 

ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʨʽʟʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ʛʽʜʨʘʪʥʽ ʫʪʚʦʨʝʥʥʷ: ʧʣʘʩʪʠʥʢʠ ʧʦʨʪʣʘʥʜʠʪʫ 

(ʨʠʩ. 3.10, ʙ), ʥʝʧʨʦʨʝʘʛʦʚʘʥʫ ʟʦʣʫ (ʨʠʩ. 3.10, ʚ), ʘ ʪʘʢʦʞ ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ 

(ʨʠʩ. 3.10, ʛ).  
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ʈʠʩʫʥʦʢ 3.9 ï ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ (ʘ) ʪʘ ʩʧʝʢʪʨʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʙ, ʚ) ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ 75 ʤʘʩ.% ʇʎ ɯ+25 ʤʘʩ.% Na-X, ʱʦ ʪʚʝʨʜʥʫʚ 7 

ʜʽʙ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

 

ʎʽʢʘʚʦ ʧʨʦʩʪʝʞʠʪʠ ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʢʠ ʟʦʣʠ ʚ ʮʝʤʝʥʪʽ (ʨʠʩ. 3.11, ʘ, ʙ). 

ʅʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʘʩʪʠʥʢʘ ʟʦʣʠ, ʧʽʟʥʽʰʝ ʚʠʜʥʦ ʧʝʨʝʭʽʜʥʠʡ ʰʘʨ, 

ʢʦʣʠ ʟʘ ʨʘʭʫʥʦʢ ʦʛʦʣʝʥʥʷ ʩʢʣʦʚʠʜʥʦʾ ʬʘʟʠ ʫʪʚʦʨʶʶʪʴʩʷ ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʪʘ 

ʛʽʜʨʦʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ (ʨʠʩ. 3.11, ʚ, ʛ). ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ 

ʟʘʢʨʽʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʟʦʣʠ ʚ ʤʘʩʽ ʛʽʜʨʘʪʽʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. 
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ʈʠʩʫʥʦʢ 3.10 ï ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ (ʘ) ʪʘ ʩʧʝʢʪʨʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʙ, ʚ, ʛ) ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ 75 ʤʘʩ.% ʇʎ ɯ+25 ʤʘʩ.% Na-P1, ʱʦ 

ʪʚʝʨʜʥʫʚ 7 ʜʽʙ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʽ ʮʝʦʣʽʪʦʚʽ ʤʘʪʝʨʽʘʣʠ ʙʫʜʫʯʠ ʘʢʪʠʚʥʠʤ ʝʣʝʤʝʥʪʘʤʠ 

ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʽ ʤʘʶʯʠ ʥʘʩʢʨʽʟʥʦ-ʢʘʥʘʣʴʥʫ ʚʥʫʪʨʽʰʥʴʦʢʨʠʩʪʘʣʽʯʥʫ ʧʦʨʠʩʪʽʩʪʴ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʥʩʠʚʥʝ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ. ʊʦʙʪʦ, ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʦ ʮʝʤʝʥʪʫ 

ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʮʝʦʣʽʪʦʚʦʛʦ ʪʠʧʫ ʧʫʮʦʣʘʥʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʦʙôʻʤʽ ʢʦʞʥʦʾ ʯʘʩʪʠʥʢʠ. ʇʨʠ ʮʴʦʤʫ ʢʨʠʩʪʘʣʽʯʥʽ ʥʦʚʦʫʪʚʦʨʝʥʥʷ ʚʠʜʽʣʷʶʪʴʩʷ ʚ ʦʙôʻʤ 

ʪʚʝʨʜʥʫʯʦʾ ʩʠʩʪʝʤʠ ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʱʽʣʴʥʘ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟ ʚʦʣʦʢʥʘʤʠ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʩʘʤʦʘʨʤʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʽ.    
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ʈʠʩʫʥʦʢ 3.11 ï ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ 75 ʤʘʩ.% ʇʎ ɯ+25 ʤʘʩ.% 

Na-P1 (ʘ) ʪʘ ʩʧʝʢʪʨʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʙ, ʚ, ʛ), ʱʦ ʪʚʝʨʜʥʫʚ 7 ʜʽʙ ʚ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

 

ʂʨʽʤ ʜʦʩʣʽʜʞʝʥʠʭ ʰʪʫʯʥʠʭ ʧʫʮʦʣʘʥ, ʧʨʦʚʝʜʝʥʽ ʪʘʢʦʞ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʘ ʙʝʪʦʥʽʚ ʟ ʜʦʙʘʚʢʘʤʠ ʪʨʘʜʠʮʽʡʥʠʭ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ, 

ʜʝʷʢʽ ʧʨʦʤʠʩʣʦʚʽ ʧʨʦʮʝʩʠ ʚʩʝ ʱʝ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʷʢʽ 

ʥʝʤʦʞʣʠʚʦ ʧʦʚʥʽʩʪʶ ʟʘʭʦʨʦʥʠʪʠ ʽ ʚʦʥʠ ʩʪʘʥʦʚʣʷʪʴ ʟʥʘʯʥʫ ʧʨʦʙʣʝʤʫ ʷʢ ʜʣʷ 

ʚʠʨʦʙʥʠʢʽʚ, ʪʘʢ ʽ ʜʣʷ ʜʦʚʢʽʣʣʷ [77, 85, 327]. ɿʥʘʯʥʝ ʾʭ ʥʘʢʦʧʠʯʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʱʦʨʦʢʫ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ. ɹʽʣʴʰʽʩʪʴ ʮʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ ʻ ʧʦʙʽʯʥʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ, ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʩʝʨʝʜ ʷʢʠʭ ʻ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ ʽ ʟʦʣʘ-
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ʚʠʥʝʩʝʥʥ ̫(ɿɺ). ʇʨʦʤʠʩʣʦʚʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʦʜʥʽʻʶ ʽʟ ʩʬʝʨ, ʜʝ ʪʘʢʽ 

ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ʤʦʞʫʪʴ ʫʪʠʣʽʟʫʚʘʪʠʩʷ ʫ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ. ʊʦʤʫ, ʢʨʽʤ 

ʜʦʩʣʽʜʞʝʥʠʭ ʰʪʫʯʥʠʭ ʧʫʮʦʣʘʥ, ʧʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʘ 

ʙʝʪʦʥʽʚ ʟ ʮʠʤʠ ʜʦʙʘʚʢʘʤʠ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʫ ʷʢ ʤʽʥʝʨʘʣʴʥʘ ʜʦʙʘʚʢʘ, ʪʘʢ ʽ ʤʦʞʝ ʙʫʪʠ 

ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʰʪʫʯʥʠʭ ʮʝʦʣʽʪʽʚ.  

ʉʪʫʧʽʥʴ ʟʘʤʽʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʩʘʤʧʝʨʝʜ ʘʢʪʠʚʥʽʩʪʶ ʦʩʪʘʥʥʽʭ ʽ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʜʦʧʫʩʪʠʤʠʤ ʟʥʠʞʝʥʥʷʤ 

ʤʽʮʥʦʩʪʽ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʦʥʠʥʠ ʧʦʤʝʣʫ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ ʪʘ ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʽʚ, ʘ ʪʘʢʦʞ ʨʽʚʝʥʴ 

ʟʘʤʽʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʙʝʟ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ 

ʩʢʣʘʜʦʤ ʙʝʪʦʥʫ [4, 102, 312]. 

ɻʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ ʤʦʞʥʘ ʚʚʦʜʠʪʠ ʜʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟʘ ʜʚʦʤʘ 

ʩʭʝʤʘʤʠ: ʰʣʷʭʦʤ ʩʧʽʣʴʥʦʛʦ ʨʦʟʤʝʣʝʥʥʷ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʮʝʤʝʥʪʫ ʘʙʦ ʧʽʩʣʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʢʨʝʤʦʛʦ ʨʦʟʤʝʣʝʥʥʷ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ. ɼʨʫʛʠʡ 

ʩʧʦʩʽʙ ʻ ʝʬʝʢʪʠʚʥʽʰʠʤ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʽʣʴʰ ʧʦʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʧʦʪʝʥʮʽʡʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ. ɿʘ 

ʧʝʨʰʦʶ ʩʭʝʤʦʶ ʧʽʩʣʷ ʩʧʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʰʣʘʢʫ ʟʘʣʠʰʘʻʪʴʩʷ 

ʜʦʩʠʪʴ ʢʨʫʧʥʠʤ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʥʠʟʴʢʦʶ ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪʶ ʦʩʪʘʥʥʴʦʛʦ. ʊʦʤʫ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʽ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʤʝʣʝʥʠʡ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ 

ʟʤʽhʫʚʘʣʠ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 3.2. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.12, ʪʦʥʠʥʘ ʧʦʤʝʣʫ ɻɼʐ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪʴ ʧʨʠ 

ʩʪʠʩʢʫ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ (ʎ:ʇ=1:3, ɺ/ʎ=0,39). ʊʘʢ, ʤ̔ ʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ (CS310) ʟ 20 ʤʘʩ.% ɻɼʐ ʟ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 310 ʤ2/ʢʛ 

ʥʠʞʯʘ ʥʘ 34, 21 ʪʘ 16%, ʥʽʞ ʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ (C) ʯʝʨʝʟ 2; 7 

ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. ɿʙʽʣʴʰʝʥʥʷ ʪʦʥʠʥʠ ʧʦʤʝʣʫ ɻɼʐ ʚʠʢʣʠʢʘ ̒

ʧʦʩʪʫʧʦʚʝ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʷʢ ʫ ʨʘʥʥʴʦʤʫ, ʪʘʢ ʽ ʚ ʧʽʟʥʴʦʤʫ ʚʽʮʽ ʧʦʨʽʚʥʷʥʦ ʟ 

CS310. ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ CS380 ʟʥʠʞʫʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ 6% 

ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ, ʪʦʜʽ ʷʢ CS500 ʤʘʡʞʝ ʜʦʩʷʛʘ ̒ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ 
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ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʢʣʘʜʫ. ʇʨʦʪʝ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ɻɼʐ ʟ 

ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 380 ʤ2/ʢʛ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʨʦʟʤʝʣʝʥʥʷ ʰʣʘʢʫ ʜʦ 500 ʤ2/ʢʛ ʻ 

ʝʥʝʨʛʦʤʽʩʪʢʠʤ ʧʨʦʮʝʩʦʤ ʽ ʧʽʜʚʠʱʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʪʫ. ʂʨʤ̔ ʪʦʛʦ, ɻɼʐ ʟ 

ʢʦʞʥʠʤ ʨʦʢʦʤ ʩʪʘʻ ʚʩʝ ʜʦʨʦʞʯʠʤ ʥʘ ʨʠʥʢʫ ʽ ʚʠʨʦʙʥʠʢʠ ʟʤʫʰʝʥʽ ʰʫʢʘʪʠ ʽʥʰʽ 

ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʥʘ ʟʘʤʽʥʫ ʰʣʘʢʫ. 

ʊʘʙʣʠʮʷ 3.2 ï ʉʢʣʘʜʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʽ ʪʦʥʠʥʘ ʧʦʤʝʣʫ ʧʫʮʦʣʘʥʦʚʠʭ 
ʤʘʪʝʨʽʘʣʽʚ 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ 

ʩʫʤʽʰʝʡ 

ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ, ʤʘʩ.% 

ʇʠʪʦʤʘ 

ʧʦʚʝʨʭʥʷ, 

ʤ2/ʢʛ 

ɸ008, % 

ʇʦʨʪʣʘʥʜ-

ʮʝʤʝʥʪ 
ɻɼʐ ɿɺ ɻɼʐ ɿɺ ɻɼʐ ɿɺ 

C0 100 0 0 - - - - 

CS310 80 20 0 310 - 6,0 - 

CS380 80 20 0 380 - 5,4 - 

CS500 80 20 0 500 - 4,8 - 

CF5(310) 95 0 5 - 310 - 14,4 

CF5(510) 95 0 5 - 510 - 1,3 

CF10(310) 90 0 10 - 310 - 14,4 

CF10(510) 90 0 10 - 510 - 1,3 

CF15(310) 85 0 15 - 310 - 14,4 

CF15(510) 85 0 15 - 510 - 1,3 

CS15(380)F5(310) 80 15 5 380 310 5,4 14,4 

CS10(380)F10(510) 80 10 10 380 510 5,4 1,3 

 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘʢʦʞ 

ʰʠʨʦʢʦʚʞʠʚʘʥʠʡ ʧʦʙʽʯʥʠʡ ʧʨʦʜʫʢʪ, ʪʘʢʠʡ ʷʢ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ 

ʫʪʠʣʽʟʦʚʫʚʘʪʠ. ʇʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʶ ʽ ʢʦʣʠʚʘʪʠʩʴ ʚ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʥʘ ʊɽʉ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʝʘʢʪʠʚʦʚʘʥʫ ʟʦʣʫ-

ʚʠʥʝʩʝʥʥʷ ʟ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 310 ʤ2/ʢʛ ʪʘ 510 ʤ2/ʢʛ. ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ ʇʎ ɯ-500 
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ʟʘʤʽʥʝʥʦ ʥʘ 5 (CF5(310), CF5(510)), 10 (CF10(310), CF10(510)) ʽ 15 ʤʘʩ.% 

(CF15(310), CF15(510)) ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 

3.13. 

 

ʈʠʩʫʥʦʢ 3.12 - ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʜʦʙʘʚʢʦʶ ʰʣʘʢʫ  

 

ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʫ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʘʭ CF10(310) ʽ 

CF15(310) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ. Nicoara ʪʘ ʽʥ. [199] 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʪʘʢʫ ʞ ʪʝʥʜʝʥʮʽʶ. ʉʘʥʠʮʴʢʠʤ ʪʘ ʽʥ. [103] ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʨʽʚʝʥʴ ʟʘʤʽʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟʦʣʦʶ-ʚʠʥʝʩʝʥʥʷ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ 40 ʤʘʩ.% ʟʘ 

ʨʘʭʫʥʦʢ ʾʾ ʤʝʭʘʥʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ, ʘʣʝ ʥʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʚʽʜʙʫʣʦʩʷ ʫ ʚʩʽ 

ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʘʢʪʠʚʦʚʘʥʠʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ. ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʽʾ ʜʦʚʝʣʠ ʪʘʢʦʞ ɹʘʨʘʙʘʰ ʪʘ ʽʥ. [144]. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʤʽʮʥʽʩʪʴ 

ʥʘ ʩʪʠʩʢ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ CF5(310) ʟʥʠʞʫʻʪʴʩʷ ʚ ʨʘʥʥʴʦʤʫ ʚʽʮʽ (2 ʪʘ 7 ʜʽʙ), 

ʘʣʝ ʧʽʟʥʽʰʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ, ʷʢʘ ʧʝʨʝʚʠʱʫ ̒ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʉ ʯʝʨʝʟ 28 ʜʽʙ.  
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ʈʠʩʫʥʦʢ 3.13 - ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʟʦʣʫ-ʚʠʥʝʩʝʥʥʷ, ʟ 

ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 310 ʤ2/ʢʛ (ʘ) ʪʘ 510 ʤ2/ʢʛ (ʙ) 
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ʉʪʫʧʽʥʴ ʟʘʤʽʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟʦʣʦʶ-ʚʠʥʝʩʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʠʪʦʤʦʾ 

ʧʦʚʝʨʭʥʽ [62, 87]. ʇʫʮʦʣʘʥʦʚʘ ʨʝʘʢʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʬʘʟ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʽ ʤʘʪʝʨʽʘʣʠ ʨʝʘʛʫʶʪʴ ʰʚʠʜʰʝ [260, 318]. ɿʦʣʘ-

ʚʠʥʝʩʝʥʥʷ ʟ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 310 ʤ2/ʢʛ ʤʦʞʝ ʟʘʤʽʥʠʪʠ ʣʠʰʝ 5 ʤʘʩ.% 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʙʝʟ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ. ɺʦʜʥʦʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ ʟ ʙʽʣʴʰʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ (510 ʤ2/ʢʛ) ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʩʪʫʧʽʥʴ 

ʟʘʤʽʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʜʦ 10 ʤʘʩ.% ʙʝʟ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʯʝʨʝʟ 28 ʜʽʙ (ʨʠʩ. 3.13). 

ɼʦʚʝʜʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʻʜʥʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ 

ʘʢʪʠʚʥʦʩʪʽ ï ʛʽʜʨʘʚʣʽʯʥʦʾ ʜʽʾ (ɻɼʐ) ʽ ʧʫʮʦʣʘʥʽʯʥʦʾ (ɿɺ). ʇʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʦ 

ʤ̔ ʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ, ʱʦ ʤʽʩʪʷʪʴ 10 ʽ 15 ʤʘʩ.% ɻɼʐ, ʘ ʪʘʢʦʞ 

5 ʽ 10 ʤʘʩ.% ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʟ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 310 (CS15(380)F5(310)) ʽ 510 

ʤ2/ʢʛ (CS10(380)F10(510)). ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʡ ʙʝʪʦʥ, ʱʦ 

ʤʽʩʪʠʪʴ 20 ʤʘʩ.% ɻɼʐ (CS20(380)). ɺʠʱʝʟʘʟʥʘʯʝʥʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ ʙʝʪʦʥʠ, ʱʦ 

ʤʽʩʪʷʪʴ ʪʘʢʫ ʩʘʤʫ ʢʽʣʴʢʽʩʪʴ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (20 ʤʘʩ.%), ʜʦʩʣʽʜʞʫʚʘʣʠ ʪʘ 

ʧʦʨʽʚʥʶʚʘʣʠ ʟ ʢʦʥʪʨʦʣʴʥʠʤ C.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ, ʱʦ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ 

ʙʝʪʦʥʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ 20 ʤʘʩ.% ɼɻʐ, ʥʠʞʯʘ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʩʢʣʘʜʦʤ 

ʙʝʪʦʥʫ (ʨʠʩ. 3.14). ʆʜʥʘʢ ʢʽʥʝʪʠʢʘ ʧʨʠʨʦʩʪʫ ʤʽʮʥʦʩʪʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ, ʫ 

ʷʢʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʟʘʤʽʥʝʥʦ ʥʘ ʢʦʤʧʣʝʢʩ ɻɼʐ +ɿɺ, ʥʠʞʯʘ ʧʨʦʪʷʛʦʤ 2 ʜʽʙ. ʈʘʟʦʤ 

ʟ ʪʠʤ, ʟʘʚʜʷʢʠ ʩʠʥʝʨʛʯ̔ʥʦʤʫ ʝʬʝʢʪʫ ʧʦʻʜʥʘʥʥʷ ʮʠʭ ʜʚʦʭ ʜʦʙʘʚʦʢ ʥʘʙʽʨ ʤʽʮʥʦʩʪʽ 

ʧʨʠʩʢʦʨʶʻʪʴʩʷ. ʊʘʢ, ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ CS10 (380)F10(510) 

ʪʘ CS15(380)F5(310) ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ 

ʯʝʨʝʟ 28 ʜʽʙ. ʅʘʷʚʥʽʩʪʴ ʮʴʦʛʦ ʝʬʝʢʪʫ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʝʥʦ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʥʠʢʘʤʠ 

[103, 208, 318, 339]. 

ʄʝʪʦʜʦʤ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʙʝʟ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʪʘ ʟ 

ʚʤʽʩʪʦʤ 15 ʤʘʩ.% ɻɼʐ ʽ 5 ʤʘʩ.% ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.15, ʘ, ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʦʜʦʶ ʫʪʚʦʨʶʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʫʢʪʽʚ 

ʛʽʜʨʘʪʘʮʽʾ,  ʟʦʢʨʝʤʘ  ʧʦʨʪʣʘʥʜʠʪ,  ʷʢʠʡ  ʪʨʘʜʠʮʽʡʥʦ  ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ  ʚ  ʮʝʤʝʥʪʥʦʤʫ  
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ʈʠʩʫʥʦʢ 3.14 - ʄʽʮʥʽʩʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʥʘ ʩʪʠʩʢ 
 
 

ʢʘʤʝʥʽ ʙʝʟ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʩʧʝʢʪʨʘʤʠ EDS (ʨʠʩ. 3.15, ʙ). 

ʂʘʤʽʥʴ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ɻɼʐ ʪʘ ʟʦʣʦʶ-ʚʠʥʝʩʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʱʽʣʴʥʦʶ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʣʦʢʥʠʩʪʠʭ 

ʢʨʠʩʪʘʣʽʚ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ, ʛʦʣʯʘʩʪʦʛʦ ʝʪʨʠʥʛʽʪʫ ʪʘ ʛʽʜʨʦʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʫ 

ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 

3.15, ʜ), ʧʨʠ ʮʴʦʤʫ ʜʦʙʘʚʢʠ ɻɼʐ ʽ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʻ ʜʞʝʨʝʣʘʤʠ ʘʢʪʠʚʥʠʭ SiO2  ̔

Al2O3. ʇʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ ʟʘʧʦʚʥʶʶʪʴ ʚʽʣʴʥʠʡ ʧʨʦʩʪʽʨ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ, ʘ ʪʘʢʦʞ 

ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ (ʨʠʩ. 3.15, ʚ). ʅʝʘʢʪʠʚʦʚʘʥʘ ʟʦʣʘ-

ʚʠʥʝʩʝʥʥʷ ʪʘʢʦʞ ʦʧʪʠʤʽʟʫʻ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʫ ʚôʷʞʫʯʽʡ ʩʠʩʪʝʤʽ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʦʚʞʝʥʠʡ ʯʘʩ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ, ʱʦ ʟ ʯʘʩʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʦʾ ʪʘ ʢʦʤʧʘʢʪʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʢʦʣʴʤʘʪʘʮʽʷ ʧʦʨ (ʨʠʩ. 3.15, ʛ) ʽ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʥʦ ʾʤʘʪʨʠʮʽ. 
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ʈʠʩʫʥʦʢ 3.15 - ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʪʘ ʩʧʝʢʪʨʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʙʝʪʦʥʫ ʙʝʟ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʘ, ʙ) ʪʘ ʟ 15 ʤʘʩ.% ɻɼʐ ʽ 5 

ʤʘʩ.% ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ (ʚ, ʛ, ʜ) 
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ʆʪʞʝ, ɻɼʐ ʽ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʤʦʞʫʪʴ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚ ʦʧʪʠʤʘʣʴʥʠʭ 

ʢʽʣʴʢʦʩʪʷʭ ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʪʦʥʫ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʷʢ ʟʘʤʽʥʥʠʢʠ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʬʘʢʪʦʨʽʚ. ɿʘʧʨʦʝʢʪʦʚʘʥʽ ʩʢʣʘʜʠ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.3. ʆʩʘʜʢʘ ʢʦʥʫʩʘ ʟʤʽʥʶʚʘʣʘʩʷ 

ʚ ʤʝʞʘʭ 190 - 200 ʤʤ. 

ʊʘʙʣʠʮʷ 3.3 ï ʉʢʣʘʜʠ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ 

ʩʫʤʽʰʝʡ 

ʇʦʨʪʣʘʥʜ-

ʮʝʤʝʥʪ, 

ʢʛ/ʤ3 

ɼɻʐ, 

ʢʛ/ʤ3 

ɼɻʐ, 

% 

ɿɺ, 

ʢʛ/ʤ3 

ɿɺ, 

% 

ʇʣʘʩʪʬʽ-

ʢʘʪʦʨ, 

ʤʘʩ.% 

ɺ/ʎ 

C 350 - - - - 0,9 0,59 

CS20(380) 280 70,0 20 - - 0,9 0,59 

CS15(380)F5(310) 280 52,5 15 17,5 5 0,9 0,55 

CS10(380)F10(510) 280 35,0 10 35,0 10 0,9 0,53 

ʇʨʠʤ̔ʪʢʘ: ʇ = 690 ʢʛ/ʤ3 ʽ ʑ (5ï20 ʤʤ) = 1150 ʢʛ/ʤ3. 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.16, ʟʘʤʽʥʘ 20 ʤʘʩ.% ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ ɻɼʐ (310) 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʥʘ 34,9% ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ. 

ʇʨʦʝʢʪʥʘ ʤʘʨʢʘ ʟʘ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪ ʁʪʘʢʦʾ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 

ʦʜʥʘʢʦʚʦʤʫ ɺ/ʎ ʚʽʜʥʦʰʝʥʥʽ. ɹʝʪʦʥʥʘ ʩʫʤʽʰ, ʱʦ ʤʽʩʪʠʪʴ 15 ʤʘʩ.% ɻɼʐ ʽ 5 ʤʘʩ.% 

ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ (310), ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʨʘʦɦ  ʁ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪ,ʁ ʦʩʢʽʣʴʢʠ 

ʩʬʝʨʠʯʥʽ ʯʘʩʪʠʥʢʠ ɿɺ ʩʪʚʦʨʶʶʪʴ ʝʬʝʢʪ ʨʦʣʠʢʦʧʽʜʰʠʧʥʠʢʘ ʽ ʧʦʢʨʘʱʫʶʪʴ 

ʧʣʘʩʪʠʯʥʽʩʪʴ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʨʦʝʢʪʥʫ ʦʩʘʜʢʫ ʢʦʥʫʩʘ ʧʨʠ ʤʝʥʰʦʤʫ ɺ/ʎ 

ʚʽʜʥʦʰʝʥʥʽ, ʷʢʝ ʜʦʨʽʚʥʶʻ 0,55. ʇʨʠ  ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ɿɺ ʟ 5 (F5(310)) ʜʦ 10 ʤʘʩ.% 

(F10(510)) ʽ ʟʤʝʥʰʝʥʥʽ ʢʽʣʴʢʦʩʪ̔ ɻɼʐ (380) ʟ 15 ʜʦ 10 ʤʘʩ.% ʚʦʜʦʮʝʤʝʥʪʥʝ 

ʚʽʜʥʦʰʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 0,59 ʜʦ 0,55, ʚʠʢʣʠʢʘʶʯʠ ʥʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2 ʜʦʙʠ ʪʚʝʨʜʥʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʦʤ, ʱʦ ʤʽʩʪʠʪʴ 20 ʤʘʩ.% ɻɼʐ 

(380). ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʽʚ, ʱʦ ʤʽʩʪʷʪʴ ɻɼʐ ʽ 

ɿɺ, ʯʝʨʝʟ 14 ʜʽʙ ʟʤʝʥʰʫʻʪʴʩʷ, ʧʦʪʽʤ ʚʠʨʽʚʥʶʻʪʴʩʷ ʽ ʥʘʚʽʪʴ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ 

ʙʝʪʦʥʽʚ ʉ ʽ CS20(380) ʯʝʨʝʟ 56 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ. Ghais ʪʘ ʽʥ. [299] ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʠʣʠ, 

ʱʦ ʜʦʜʘʚʘʥʥʷ 10 ʤʘʩ.% ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ. Tan ʪʘ ʽʥ. [346] 
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ʧʨʠʡʰʣʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʫ, ʱʦ ʤʽʩʪʠʪʴ 10 ʤʘʩ.% 

ʪʦʥʢʦʤʝʣʝʥʦʾ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʪʘ 10 ʤʘʩ.% ʪʦʥʢʦʤʝʣʝʥʦʛʦ ʜʦʤʝʥʥʦʛʦ 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʰʣʘʢʫ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʫ ʚʩʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʢʨʘʱʝ 

ʫʱʽʣʴʥʝʥʥʷ ʯʘʩʪʠʥʦʢ ʽ ʫʪʚʦʨʶʻʪʴʩʷ ʙʽʣʴʰ ʱʽʣʴʥʘ ʩʪʨʫʢʪʫʨʘ [82, 83]. ʎʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʚ ʙʽʣʴʰ ʧʽʟʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ ʽ ʦʜʝʨʞʘʥʥʷ 

ʥʘʡʚʠʱʦʾ ʤʽʮʥʦʩʪʽ (50,6 ʄʇʘ) ʙʝʪʦʥʫ CS10(380)F10(510) ʫ ʚʽʮʽ 56 ʜʽʙ (ʨʠʩ. 3.16). 

 

ʈʠʩʫʥʦʢ 3.16 - ʄʽʮʥʽʩʪʴ ʙʝʪʦʥʽʚ ʥʘ ʩʪʠʩʢ 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʙʦʨʫ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʧʦʻʜʥʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫʩʽʭ ʩʢʣʘʜʦʚʠʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ 

ʝʬʝʢʪʫ. ʅʘ ʨʠʩ. 3.17 ʧʦʢʘʟʘʥʦ, ʱʦ ʙʝʪʦʥʠ, ʱʦ ʤʽʩʪʷʪʴ ɻɼʐ ʽ ɿɺ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʤʝʥʰʠʤ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷʤ ʚʥʘʩʣʽʜʦʢ ʙʽʣʴʰ ʱʽʣʴʥʦ ʾʤʽʢʨʦʩʪʨʫʢʪʫʨʠ. 
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ʈʠʩʫʥʦʢ 3.17 - ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʩʧʘʜ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʽʚ 

ʧʽʩʣʷ 100 ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ/ʚʽʜʪʘʚʘʥʥʷ 

 

ɼʦʩʣʽʜʞʝʥʦ ʪʘʢʦʞ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʯʝʨʝʟ 100 ʮʠʢʣʽʚ ʧʦʧʝʨʝʤʽʥʥʦʛʦ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ/ʚʽʜʪʘʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʮʝ ʦʜʠʥ ʟ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʝʪʦʥʫ. ʗʢʱʦ ʙʝʪʦʥ ʫ ʚʦʜʦʥʘʩʠʯʝʥʦʤʫ ʩʪʘʥʽ ʧʽʜʜʘʻʪʴʩʷ 

ʧʦʧʝʨʝʤʽʥʥʦʤʫ ʟʘʤʦʨʦʞʫʚʘʥʥʶ ʽ ʚʽʜʪʘʚʘʥʥʶ, ʚʦʜʘ ʟʘʤʝʨʟʘʻ ʽ ʨʦʟʰʠʨʶʻʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 9%. ɺʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʮʴʦʛʦ 

ʜʦʜʘʪʢʦʚʦʛʦ ʦʙôʻʤʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʨʫʡʥʽʚʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʢ̫ʱʦ ʚʦʥʠ 

ʧʝʨʝʚʠʱʫʶʪʴ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʥʘ ʨʦʟʨʠʚ, ʮʝ ʤʦʞʝ ʟ ʯʘʩʦʤ ʩʧʨʠʯʠʥʠʪʠ ʡʦʛʦ 

ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ, ʫʪʚʦʨʝʥʥʷ ʩʢʦʣʽʚ ʪʘ ʨʦʟʢʨʠʫhʚʘʥʥʷ [173, 342]. ɻʽʜʨʘʚʣʽʯʥʠʡ ʽ 

ʦʩʤʦʪʠʯʥʠʡ ʪʠʩʢ ʚʠʢʣʠʢʘʶʪʴ ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ. ʗʢʱʦ ʚʦʜʘ 

ʟʘʤʝʨʟʘʻ ʚ ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʠʭ ʚʦʜʦʶ ʧʦʨʘʭ, ʥʝʟʘʤʝʨʟʣʫ ʚʦʜʫ ʧʦʪʨʽʙʥʦ 

ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʚ ʧʦʨʦʞʥʽ ʧʫʩʪʦʪʠ ʯʝʨʝʟ ʢʘʧʽʣʷʨʥʽ ʪʘ ʛʝʣʝʚʽ ʧʦʨʠ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ, ʩʪʚʦʨʶʶʯʠ ʛʽʜʨʘʚʣʽʯʥʠʡ ʪʠʩʢ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʦʨʘʤʠ ʪʘ 

ʨʦʟʤʽʨʽʚ ʢʘʧʽʣʷʨʥʠʭ ʧʦʨ. ɹʽʣʴʰʘ ʚʽʜʩʪʘʥʴ ʽ ʜʨʽʙʥʽʰʽ ʧʦʨʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʪʠʩʢʫ, ʷʢʠʡ ʙʫʜʝ ʜʦʜʘʪʢʦʚʦ ʧʦʩʠʣʶʚʘʪʠʩʷ ʦʩʤʦʪʠʯʥʠʤ ʪʠʩʢʦʤ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʟʦʚʥʽʰʥʻ ʽ ʚʥʫʪʨʽʰʥʻ ʧʦʰʢʦʜʞʝʥʥʷ ʙʝʪʦʥʫ [314].  

ʉʧʘʜ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʜʦʩʣʽʜʞʝʥʠʭ ʙʝʪʦʥʽʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.17. ʗʢ ʚʠʜʥʦ ʟ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʩʧʘʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʦ ʟ 30,2% ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ 
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ʙʝʪʦʥʫ ʜʦ 24,1% ʜʣʷ ʙʝʪʦʥʫ, ʱʦ ʤʽʩʪʠʪʴ 10 ʤʘʩ.% ɻɼʐ (380) ʽ 10 ʤʘʩ.% ɿɺ (510) 

ʯʝʨʝʟ 100 ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ/ʚʽʜʪʘʶʚʘʥʥʷ. Ğukowski ʪʘ ʽʥ. [261] ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʜʝʷʢʝ ʧʦʛʽʨʰʝʥʥʷ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʰʣʘʢ, ʘʣʝ ʟ ʮʠʭ ʜʦʩʣʽʜʞʝʥ ɹ

ʥʝ ʟʨʦʟʫʤʽʣʦ, ʷʢʦʶ ʙʫʣʘ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ɻɼʐ. Lindvall ʪʘ ʽʥ. [257] ʩʪʚʝʨʜʞʫʶʪʴ, 

ʱʦ ʙʝʪʦʥ ʽʟ ʟʦʣʦʶ-ʚʠʥʝʩʝʥʥʷ ʤʘʻ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ, ʧʦʜʽʙʥʫ ʜʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʇʎ 

ɯ, ʷʢʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʾʾ ʚʤʽʩʪ ʩʪʘʥʦʚʠʪʴ 25 ʤʘʩ.% ʧʨʠ ɺ/ʎ Ò 0,45. ɹʽʣʴʰ ʚʠʩʦʢʘ 

ʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ CS10(380)F10(510) ʜʦ ʧʦʰʢʦʜʞʝʥʴ ʧʨʠ ʟʘʤʝʨʟʘʥʥʽ ʪʘ ʚʽʜʪʘʚʁʘʥʥʽ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʣʽʧʰʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʦʨ. ɹʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ 

ʚʦʣʦʢʥʠʩʪʦʧʦʜʽʙʥʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ, ʦʪʨʠʤʘʥʠʭ ʚʥʘʩʣʽʜʦʢ ʧʫʮʦʣʘʥʦʚʦʾ 

ʨʝʘʢʮʽʾ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʘʧʽʣʷʨʥʦʾ ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʩʘʤʦʘʨʤʫʚʘʥʥʷ ʙʝʪʦʥʫ 

ʥʘ ʨʽʚʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʱʦ ʤʽʩʪʠʪʴ ɻɼʐ ʪʘ ɿɺ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʦʜʥʦʯʘʩʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʮʠʭ ʘʢʪʠʚʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ 

ʘʢʪʠʚʥʦʩʪʽ. 

ɿʘʤʽʥʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ ʧʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʚ ʙʝʪʦʥʘʭ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʢʣʽʥʢʝʨʫ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ, ʷʢʠʡ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʛʽʜʨʘʪʘʮʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʪʚʦʨʝʥʥʷ 

ʟʘʭʠʩʥʦʛʦ ʧʘʩʠʚʥʦʛʦ ʰʘʨʫ ʥʘ ʘʨʤʘʪʫʨʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʣʫʞʥ̔ʩʪʴ ʩʝʨʝʜʦʚʠʱʘ. 

ʊʦʤʫ ʧʨʦʚʦʜʠʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʦ ʾʩʪʽʡʢʦʩʪ̔ ʘʨʤʘʪʫʨʥʠʭ ʩʪʨʠʞʥʽʚ ʫ ʪʘʢʠʭ 

ʙʝʪʦʥʘʭ [270, 312]. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.18, ʨʽʟʥʠʮʷ ʤʽʞ ʛʫʩʪʠʥʦʶ ʩʪʨʫʤʫ ʧʦʚʝʨʭʥʽ 

ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʙʫʣʘ ʜʫʞʝ ʤʘʣʦʶ ʜʦ ʥʘʧʨʫʛʠ 0,5 ɺ. ʗʢʱʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʧʽʜʥʷʪʠ ʜʦ ʟʥʘʯʝʥʴ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 0,5 ɺ, ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʟʨʦʩʪʘʻ 

ʙʽʣʴʰʝ ʜʣʷ ʙʝʪʦʥʫ ʟ ʚʤʽʩʪʦʤ 10 ʤʘʩ.% ɼɻʐ (380) ʽ 10 ʤʘʩ.% ɿɺ (510) ʯʝʨʝʟ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤ ʙʝʪʦʥʦʤ. ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ 

ʩʪʘʥʦʚʠʪ ɹ40,9 ʽ 63,5 ʤʢɸ/ʩʤ2 ʧʨʠ 1 ɺ ʜʣʷ RCC ʽ RTC ʚʽʜʧʦʚʽʜʥʦ. ʆʩʢʽʣʴʢʠ 20 ʤʘʩ.% 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʙʫʣʦ ʟʘʤʽʥʝʥʦ ʥʘ ʧʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʚʤʽʩʪ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ 

ʚ ʟʘʪʚʝʨʜʽʣʦʤʫ ʙʝʪʦʥʽ RʊC ʟʤʝʥʰʠʚʩʷ ʚʥʘʩʣʽʜʦʢ ʧʨʦʭʦʜʞʝʥʥʷ ʧʫʮʦʣʘʥʦʚʦʾ ʨʝʘʢʮʽʾ. 

ʊʦʤʫ, ʡʤʦʚʽʨʥʦ, ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʡ ʧʘʩʠʚʥʠʡ ʰʘʨ ʩʬʦʨʤʫʚʘʚʩʷ ʥʘ ʘʨʤʘʪʫʨʽ. 

ɺʽʜʭʠʣʝʥʥʷ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʦʨʽʚʥʶʚʘʥʠʭ ʙʝʪʦʥʽʚ ʟ ʯʘʩʦʤ ʟʤʝʥʰʠʣʦʩʷ ʜʦ 7,1 

ʤʢɸ/ʩʤ2 ʯʝʨʝʟ 90 ʜʥʽʚ ʽ ʥʘʚʽʪʴ ʤʘʡʞʝ ʚʠʨʽʚʥʷʣʦʩʷ ʯʝʨʝʟ 180 ʜʥʽʚ ʧʨʠ ʧʦʪʝʥʮʽʘʣʽ 1 ɺ 

ʟʘʚʜʷʢʠ ʫʪʚʦʨʝʥʥʶ ʙʽʣʴʰ ʱʽʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ɻɼʐ ʽ ɿɺ. Polder 
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[304] ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʚ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʢʦʨʦʟʽʾ ʩʪʘʣʝʚʦʾ ʘʨʤʘʪʫʨʠ ʚ ʪʘʢʽʡ 

ʚôʷʞʫʯʽʡ ʩʠʩʪʝʤʽ, ʥʘʚʽʪʴ ʫ ʩʝʨʝʜʦʚʠʱʘʭ, ʟʘʙʨʫʜʥʝʥʠʭ ʭʣʦʨʠʜʘʤʠ. 

 

ʈʠʩʫʥʦʢ 3.18 - ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʚ ʢʦʥʪʨʦʣʴʥʦʤʫ 

ʙʝʪʦʥʽ (RCC) ʽ ʚ ʙʝʪʦʥʽ ʟ 10 ʤʘʩ.% ɻɼʐ ʪʘ 10 ʤʘʩ.% ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ (RTC) ʯʝʨʝʟ 

28, 90 ʽ 180 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

 

ɹʝʪʦʥʠ, ʱʦ ʤʽʩʪʷʪʴ 20 ʤʘʩ.% ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʘʪʁʴ ʢʨʘʱʫ ʢʦʨʦʟʽʡʥʫ 

ʩʪʽʡʢʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʦʤ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ. ɿʘʭʠʩʪ ʩʪʘʣʝʚʦʾ 

ʘʨʤʘʪʫʨʠ ʥʝ ʧʦʛʽʨʰʫʻʪʴʩʷ ʚ ʙʝʪʦʥʘʭ, ʱʦ ʤʽʩʪʷʪʴ 10 ʤʘʩ.% ɻɼʐ ʪʘ 10 ʤʘʩ.% ɿɺ 

ʟʘʚʜʷʢʠ ʥʠʟʴʢʦʤʫ ʩʪʫʧʝʥʶ ʟʘʤʽʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʪʘ ʙʽʣʴʰ ʱʽʣʴʥʽʡ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʟ ʝʬʝʢʪʦʤ ʩʘʤʦʘʨʤʫʚʘʥʥʷ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪ.ʁ  
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3.2. ɺʧʣʠʚ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤ ʪʘ 

ʙʝʪʦʥʽʚ  

 

 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʩʢʦʨʦʯʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚ ʽ ʚʽʜʧʦʚʽʜʥʝ ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ ʪʝʧʣʦʚʠʭ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʠʭ ʪʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʭʽʜ ʥʘ ʙʽʣʴʰ ʜʦʩʪʫʧʥʽ ʧʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ. ɼʦ 

ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʧʨʠʨʦʜʥʠʡ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ. ʎʝʦʣʽʪʦʚʽ ʪʫʬʠ ʷʢ 

ʤʽʥʝʨʘʣʴʥʘ ʜʦʙʘʚʢʘ ʜʦ ʮʝʤʝʥʪʽʚ ʪʘ ʙʝʪʦʥʽʚ,  ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʫ 

ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ, ʦʩʢʽʣʴʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʦʙʭʽʜʥʦʶ ʧʫʮʦʣʘʥʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʪʘ ʜʦʩʪʫʧʥʽ ʫ ʚʝʣʠʢʽʡ 

ʢʽʣʴʢʦʩʪʽ [33, 137]. ʇʦʨʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʮʝʦʣʽʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʜʦʜʘʪʢʦʚʦʛʦ 

ʧʦʟʠʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ï ʧʦʛʣʠʙʣʝʥʦʾ ʛʽʜʨʘʪʘʮʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʟʥʠʟʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʩʘʤʦʦʙʝʟʚʦʜʥʝʥʥʷ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʚ ʫʤʦʚʘʭ ʧʦʥʠʞʝʥʠʭ ʚʦʜʦʮʝʤʝʥʪʥʠʭ ʚʽʜʥʦʰʝʥʴ. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʦʨʠʩʪʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʽ ʧʝʨʣʽʪʫ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʣʫʛʦʤʽʩʪʢʠʭ ʢʨʝʤʥʝʟʝʤʠʩʪʠʭ 

ʩʝʨʝʜʥʴʦʘʣʶʤʽʥʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʫʮʦʣʘʥʽʯʥʦʾ ʧʨʠʨʦʜʠ ʘʢʪʠʚʥʦʩʪʽ. ʍʽʤʽʯʥʦ ʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʥʝʩʪʽʡʢʽ ʬʘʟʠ ʟʫʤʦʚʣʶʶʪʴ ʾʭ ʟʥʘʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. 

ɸʢʪʠʚʥʽʩʪʴ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʚʽʜ ʾʭ ʜʠʩʧʝʨʩʥʦʩʪ̔. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥ ̔ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʘʢʪʠʚʥʦʩʪʽ, ʪʦʤʫ ʱʦ ʩʘʤʝ ʫ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʯʘʩʪʠʥʦʢ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʧʦʯʠʥʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ 

ʽ ʣʠʰʝ ʟ ʯʘʩʦʤ ʧʨʦʩʫʚʘʶʪʴʩʷ ʚʛʣʠʙ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʚʦʜʦʧʦʪʨʝʙʠ [8]. ʎʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʽʚ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ.  

ɸʢʪʠʚʥʽʩʪʴ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʪʘ ʧʝʨʣʽʪʫ ʟ ʨʽʟʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʚʠʟʥʘʯʘʣʠ ʚ ʤʦʜʝʣʴʥʠʭ ʚ'ʷʞʫʯʠʭ ʩʠʩʪʝʤʘʭ ʟʘ ʧʦʛʣʠʥʘʥʥʷʤ CaO ʟ 

ʥʘʩʠʯʝʥʠʭ ʨʦʟʯʠʥʽʚ ʧʨʦʪʷʛʦʤ 28 ʜʽʙ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 3.19) ʧʽʜʪʚʝʨʜʞʫʪʁʴ ʟʘʢʦʥʦʤʽʨʥʝ 

ʟʨʦʩʪʘʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʦʙʦʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʢʽʣʴʢʽʩʪʶ ʟʚôʷʟʘʥʦʛʦ ʚʘʧʥʘ (ʪʘʙʣ. 3.4) ʧʨʠ 
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ʟʙʽʣʴʰʝʥʥʽ ʜʠʩʧʝʨʩʥʦʩʪʽ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.19, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʡ Ca(OH)  (0,49; 

0,263 ʥʤ) ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ çCa(OH)-ʮʝʦʣʽʪʦʚʠʡ ʪʫʬè ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʩʢʣʘʜʘʭ ʟ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʤ ʮʝʦʣʽʪʦʚʠʤ ʪʫʬʦʤ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʦʣʽʜʠʩʧʝʨʩʥʠʤ ʯʝʨʝʟ 28 ʜʽʙ ʛʽʜʨʘʪʘʮʽʾ [1]. 

 

 

ʈʠʩʫʥʦʢ 3.19 - ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ, ʛʽʜʨʘʪʦʚʘʥʠʭ 28 ʜʽʙ: 

ʘ - ʉʘ(ʆʅ)2; ʙ ï ʉʘʆ + ʇʎʊ (1:1); ʚ ï ʉʘʆ + ʊʎʊ (1:1) 

 

 ʇʽʜʪʚʝʨʜʞʝʥʘ ʚʠʩʦʢʘ ʘʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʴʥʦʾ ʩʠʩʪʝʤʠ çCaO ï ʤʽʥʝʨʘʣʴʥʠʡ 

ʢʦʤʧʦʥʝʥʪè (ʩʢʣʘʜ 1:1) ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʾʾ ʚôʷʞʫʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺ ʪʦʡ ʞʝ ʯʘʩ, 

ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʤʽʮʥʽʩʪʶ ʧʝʨʣʽʪʤʽʩʪʢʽ ʩʢʣʘʜʠ ʧʦʩʪʫʧʘʶʪʴʩʷ ʮʝʦʣʽʪʤʽʩʪʢʠʤ. ʗʢ 

ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʤʽʮʥʽʩʪʴ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ, ʟʨʦʩʪʘʥʥʷ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ ʥʘ 10%, ʱʦ 

ʩʧʨʠʯʠʥʷʻ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ ʧʦʨʽʚʥʷʥʦ ʩʠʩʪʝʤʘʤʠ ʟ 

ʧʦʣʽʜʠʩʧʝʨʩʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʇʎʊ ʪʘ ʇʇ.  ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 
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ʚʦʜʦʧʦʪʨʝʙʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ ʚ 1,5-1,8 ʨʘʟʠ (ʪʘʙʣ. 

3.4). 

ʊʘʙʣʠʮʷ 3.4 - ɺʣʘʩʪʠʚʦʩʪʽ ʤʦʜʝʣʴʥʠʭ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤ çʉʘʆ - ʜʠʩʧʝʨʩʥʠʡ 

ʤʽʥʝʨʘʣʴʥʠʡ ʢʦʤʧʦʥʝʥʪè 

 

ʄʽʥʝʨʘʣʴʥʠʡ 

ʢʦʤʧʦʥʝʥʪ 

ɸʢʪʠʚʥʽʩʪʴ ʟʘ 

ʧʦʛʣʠʥʘʥʥʷʤ ʉʘʆ, ʤʛ/ʛ 
ɺ/ʊ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ  

ʫ ʚʽʮʽ 28 ʜʽʙ, ʄʇʘ 

Rʟʛ Rʩʪ 

ʊʎʊ 307 0,45 1,4 10,2 

ʇʎʊ 270 0,41 2,5 14,8 

ʇʊ 192 0,53 0,6 6,7 

ʇʇ 165 0,48 0,9 7,9 

 

ʆʪʞʝ, ʯ̔ʪʢʦʾ ʢʦʨʝʣʷʮʽʾ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʞ ʤʽʮʥʽʩʪʶ ʪʘ ʘʢʪʠʚʥʩ̔ʪʁ 

ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʨʽʟʥʦ ʁʜʠʩʧʝʨʩʥʩ̔ʪʁ ʟʘ ʧʦʛʣʠʥʘʥʥʷʤ ʉʘʆ.  

ɸʢʪʠʚʥʽʩʪʴ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʟʛʽʜʥʦ ʟ ̒ʚʨʦʧʝʡʩʴʢʠʤʠ 

ʥʦʨʤʘʤʠ ɼʉʊʋ EN 450-1:2019 ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʫʮʦʣʘʥʦʚʽ ʨʝʘʢʮʽʾ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ ʚ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤʘʭ ʧʨʦʭʦʜʷʪʴ ʟʘ ʩʢʣʘʜʥʽʰʦʶ ʩʭʝʤʦʶ, ʥʽʞ 

ʧʨʦʩʪʦ ʚʟʘʻʤʦʜʽʷ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ ʪʘ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ. ɿʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ, 

ʢʦʝʬʽʮʽʻʥʪ ʧʫʮʦʣʘʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ 

ʂ28
ʧʘ Ó 0,75, ʘ ʯʝʨʝʟ 90 ʜʽʙ - ʂ 

90
ʧʘ Ó 0,85. 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ (ʪʘʙʣ. 3.5), ʧʫʮʦʣʘʥʦʚʘ ʨʝʘʢʮʽʡʥʘ 

ʟʜʘʪʥʽʩʪʴ ʟʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʫʮʦʣʘʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʝʥʘ ʜʣʷ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ (3.1). 

ʂʧʘ = 
 ̨̍Ȣ̎̅̏̂́̃̏̋

 ̂̆ ̈̅̏̂́̃̏̋
      (3.1) 

ʆʜʝʨʞʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʫʮʦʣʘʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʧʫʮʦʣʘʥʦʚʦʾ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ̔  ʜʝʱʦ ʥʠʞʯʠʡ ʧʝʨʣʽʪʫ. ɿ ʯʘʩʦʤ 

ʪʚʝʨʜʥʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʫʮʦʣʘʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ʉʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨʥʝ ʟʙʣ̔ʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʫʮʦʣʘʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʠ 
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ʚʠʧʨʦʙʫʚʘʥʥʽ ʟʨʘʟʢʽʚ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʤ ʮʝʦʣʽʪʦʚʠʤ ʪʫʬʦʤ.  

 

ʊʘʙʣʠʮʷ 3.5 - ʇʫʮʦʣʘʥʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʘʢʪʠʚʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ 

ɺ'ʷʞʫʯʝ 
ɺʤʽʩʪ, 

ʤʘʩ.% 

ʈʂ, 

ʤʤ 

ʄʽʮʥʽʩʪʴ ʥʘ 

ʟʛʠʥ/ʩʪʠʩʢ, ʄʇʘ, ʫ 

ʚʽʮʽ, ʜʽʙ 
˗̐ ,́ 

ʟʛʠʥ/ʩʪʠʩʢ 

˗̐ ,́ 

ʟʛʠʥ/ʩʪʠʩʢ 

28 90 

ʇʎ ɯ ï 500 100 190 6,9/53,0 7,3/56,5 - - 

ʇʎ ɯ ï 500 

ʊʎʊ 

90 

10 
185 7,4/49,8 8,0/56,9 1,07/0,94 1,10/1,01 

ʇʎ ɯ ï 500 

ʇʎʊ 

90 

10 
175 7,6/48,7 8,3/53,4 1,1/0,92 1,14/0,95 

ʇʎ ɯ ï 500 

ʇʊ 

90 

10* 
180 7,2/46,7 7,4/50,6 1,04/0,88 1,01/0,90 

ʇʎ ɯ ï 500 

ʇʇ 

90 

10* 
165 6,5/45,6 7,0/49,7 0,94/0,86 0,96/0,88 

*ʦʙ.% 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʚʽʜʯʠʪʴ, ʱʦ ʤʽʮʥʽʩʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ 

ʜʦʙʘʚʢʦʶ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʻ ʚʠʱʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʩʢʣʘʜʦʤ ʟ ʜʦʙʘʚʢʦʶ ʧʝʨʣʽʪʫ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʜʠʩʧʝʨʩʥʦʩʪʽ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʜʦʙʘʚʢʦʶ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500 ʥʘ 7,2-10,1 % (ʪʘʙʣ. 3.5). ɺʧʣʠʚ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʽ 

ʧʝʨʣʽʪʫ ʟ ʨʽʟʥʦʶ ʜʠʩʧʝʨʩʥʽʩʪʶ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʜʦʩʣʽʜʞʫʚʘʚʩʷ 

ʥʘ ʩʢʣʘʜʘʭ, ʱʦ ʤʽʩʪʠʣʠ 10 ʤʘʩ.% ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 90 ʤʘʩ.% 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500 ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʤʘʨʢʫʚʘʥʥʷʤ ʇʎ ɯ+ʇʎʊ, ʇʎ ɯ+ʇʇ, ʇʎ 

ɯ+ʊʎʊ, ʇʎ ɯ+ʇʊ (ʨʠʩ. 3.9-3.12).  

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʦʜʦʧʦʪʨʝʙʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ (ʨʠʩ. 3.20), ʱʦ 

ʧʨʠ ʚʚʝʜʝʥʥ ̔ ʚ ʾʭ ʩʢʣʘʜ ʪʘʢʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʽ ʚʠʜʫ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ 

ʚʧʣʠʚʫ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʽ ʧʝʨʣʽʪʫ ʚʠʜʥʦ, ʱʦ ʧʝʨʣʽʪ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʽʰʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ ʪʘʢʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʷʢʝ ʩʪʘʥʦʚʠʪʴ 3-6%, ʪʦʜʽ ʷʢ ʟ 
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ʜʦʙʘʚʢʦʶ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʟʨʦʩʪʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʚʩʴʦʛʦ 2-3%.  

ʇʦʣʽʜʠʩʧʝʨʩʥʽ ʧʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʷʢ ʇʎʊ ʪʘʢ ʽ ʇʇ ʟʙʽʣʴʰʫʶʪʴ 

ʚʦʜʦʧʦʪʨʝʙʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ (ʨʠʩ. 3.20). ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰ ʨʦʟʚʠʥʫʪʦʶ 

ʧʦʨʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʨʽʚʥʷʥʦ ʟ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʤʠ.  

 

ʈʠʩʫʥʦʢ 3.20 - ɺʦʜʦʧʦʪʨʝʙʘ ʚôʷʞʫʯʦʛʦ ʟ ʜʦʙʘʚʢʦʶ 10 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

ʪʘ ʧʝʨʣʽʪʫ ʟ ʨʽʟʥʦ ʁʜʠʩʧʝʨʩʥʩ̔ʪʁ 

 

ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʦʜʦʧʦʪʨʝʙʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʪʘʢʠʤʠ ʧʦʣʽʜʠʩʧʝʨʩʥʠʤʠ 

ʜʦʙʘʚʢʘʤʠ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʚʦʜʦʫʪʨʠʤʫʚʘʣʴʥʘ ʟʜʘʪʥʩ̔ʪɹ, ʱʦ ʩʧʨʠʷʻ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʚ ʪʚʝʨʜʥʫʯʽʡ ʩʠʩʪʝʤʽ ʚʦʜʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ 

(ʨʠʩ. 3.21), ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʭ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤʘʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʨʘʱʫʻʪʴʩʷ ʾʭ ʚʦʜʦʫʪʨʠʤʫʚʘʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʤʽʥʽʤʘʣʴʥʝ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʤʘʶʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ 

ʟ ʜʦʙʘʚʢʦʶ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ̔  ʧʝʨʣʽʪʫ, ʚʥʘʩʣʽʜʦʢ ʙʽʣʴʰ ʟʙʝʨʝʞʝʥʦ ʾ

ʚ ʧʨʦʮʝʩʽ ʾʭ ʨʦʟʤʝʣʶʚʘʥʥʷ ʧʦʨʠʩʪʦʩʪ̔, ʚ ʷʢʽʡ ʧʽʜ ʜʽʻʶ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ ʚ ʪʘʢʦʤʫ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʤʫ ʚôʷʞʫʯʦʤʫ ʫʪʨʠʤʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʘ ʨʝʟʝʨʚʥʘ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ.  
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ʈʠʩʫʥʦʢ 3.21 - ɺʦʜʦʚʽʜʜʽʣʝʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʜʦʙʘʚʢʦʶ 10 ʤʘʩ.% 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʪʘ ʧʝʨʣʽʪʫ ʟ ʨʽʟʥʦ ʁʜʠʩʧʝʨʩʥʩ̔ʪʁ 

 

ʊʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ ʚôʷʞʫʯʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʤʽʩʪʷʪʴ ʮʝʦʣʽʪʦʚʽ 

ʽ ʧʝʨʣʽʪʦʚʽ  ʤʽʥʝʨʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʨʽʟʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ, ʩʢʦʨʦʯʫʶʪʴʩʷ (ʨʠʩ. 3.22). ʊʘʢ, 

ʧʨʠ ʚʚʝʜʝʥʥʽ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʧʝʨʣʽʪ- ̔  ʮʝʦʣʽʪʤʽʩʪʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʯʘʪʦʢ ʪʘ ʢʽʥʝʮʴ 

ʪʫʞʘʚʽʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʥʘ 20-25 ʭʚ ʽ 10-15 ʭʚ ʚʽʜʧʦʚʽʜʥʦ. 

ʉʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʪʫʞʘʚʽʥʥʷ, ʘ ʦʩʦʙʣʠʚʦ ʡʦʛʦ ʧʦʯʘʪʢʫ, ʟʫʤʦʚʣʝʥʝ ʚhʠʜʢʦ  ʁ

ʚʪʨʘʪʦ  ʁ ʧʣʘʩʪʠʯʥʦʩʪʽ ʩʫʤʽʰʽ ʚʥʘʩʣʽʜʦʢ ʧʦʩʪʫʧʦʚʦʛʦ ʧʦʛʣʠʥʘʥʥʷ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʤʠ ʧʦʨʠʩʪʠʤʠ ʧʫʮʦʣʘʥʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʚʦʜʠ ʟʘʤʽʰʫʚʘʥʥʷ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʫ ʚôʷʞʫʯʠʭ ʟ ʧʦʣʽʜʠʩʧʝʨʩʥʠʤ ʮʝʦʣʽʪʦʚʠʤ ʪʫʬʦʤ ̔  ʧʝʨʣʽʪʦʤ ʟʤʝʥʰʝʥʥʷ 

ʯʘʩʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʦ 5-10 ʭʚ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʽʚʥʦʤʽʨʥʦʩʪ̔ ʟʤʽʥʠ ʦʙ'ʻʤʫ ʨʦʟʰʠʨʝʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ʃʝ 

ʐʘʪʝʣʴʻ ʜʣʷ ʚʩʽʭ ʧʦʨʪʣʘʜʮʝʤʝʥʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 1 ʤʤ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʫ EN 197-1.  
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ʈʠʩʫʥʦʢ 3.22 - ʊʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ ʚôʷʞʫʯʠʭ ʟ ʜʦʙʘʚʢʦʶ 10 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ 

ʪʫʬʫ ʪʘ ʧʝʨʣʽʪʫ ʨʽʟʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ 

 

ɼʣʷ ʦʮʽʥʢʠ ʽ ʧʦʨʽʚʥʷʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʧʝʨʣʽʪʦʚʠʭ ʪʘ ʮʝʦʣʽʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʾ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʪʘ ʩʢʣʘʜʫ ʚʠʚʯʘʣʠ ʾʭ ʚʧʣʠʚ ʥʘ ʛʨʘʥʠʮʶ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʟʨʘʟʢʽʚ 

(ʪʽʩʪʦ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʦʪʠ) ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʪʚʝʨʜʥʝʥʥʷ (ʨʠʩ. 3.23). 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʤʽʮʥʽʩʪʴ ʫʩʽʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʭ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʜʠʩʧʝʨʩʥʦʩʪʽ ʽ ʚʠʜʫ ʤʽʥʝʨʘʣʴʥʦʾ ʜʦʙʘʚʢʠ, ʚ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ 

ʪʚʝʨʜʥʝʥʥʷ ʧʦʩʪʫʧʘʻʪʴʩʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500. ʇʨʦʪʝ ʟ̔ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ 

ʪʚʝʨʜʥʝʥʥʷ ʨʦʟʨʠʚ ʚ ʤʽʮʥʦʩʪʽ ʤʽʞ ʥʠʤʠ ʩʢʦʨʦʯʫʻʪʴʩʷ, ʽ ʚʞʝ ʯʝʨʝʟ 28 ʜʽʙ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ ʜʦʙʘʚʢʦʶ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʪʘ ʜʝʦɦ ʚ ʤʝʥʰʽʡ 

ʤʽʨʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ, ʱʦ ʤʽʩʪʷʪʴ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʡ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ ʪʘ ʧʝʨʣʽʪ 

ʜʦʩʷʛʘʶʪʴ ʤʽʮʥʦʩʪʽ ʇʎ ɯ-500. ʋ ʙʽʣʴʰ ʧʽʟʥʽʡ ʧʝʨʦ̔ʜ ʪʚʝʨʜʥʝʥʥʷ (ʯʝʨʝʟ 42 ʜʦʙʠ) 

ʤʽʮʥʽʩʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ 10 ʤʘʩ.% ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʇʎ ɯ-500 (ʨʠʩ. 3.23). ɺ ʪʦʡ ʯʘʩ, ʷʢ ʣʠʰʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ, ʱʦ 

ʤʽʩʪʠʪʴ ʧʦʣʽʜʠʩʧʝʨʩʥʠʡ ʧʝʨʣʽʪ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʥʠʞʯʦʶ ʤʽʮʥʽʩʪʶ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʡʦʛʦ ʧʽʜʚʠʱʝʥʦʶ ʚʦʜʦʧʦʪʨʝʙʦʶ, ʘʣʝ ʡ ʥʠʟʴʢʦʶ ʤʽʮʥʽʩʪʶ 

ʯʘʩʪʠʥʦʢ ʧʝʨʣʽʪʫ ʚ ʩʢʣʘʜʽ ʚôʷʞʫʯʦʛʦ (ʪʘʙʣ. 2.3).  
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ʈʠʩ. 3.23 - ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʚôʷʞʫʯʠʭ ʟ ʜʦʙʘʚʢʦʶ 10 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

ʪʘ ʧʝʨʣʽʪʫ ʨʽʟʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ 

 

ʆʪʞʝ, ʩʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ, 

ʥʘʡʙʽʣʴʰʫ ʘʢʪʠʚʥʽʩʪ,ɹ ʱʦ ʟʨʦʩʪʘʻ ʚ ʯʘʩʽ, ʤʘʶʪʴ ʮʝʦʣʽʪʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʘ ʦʩʦʙʣʠʚʦ 

ʧʦʣʽʜʠʩʧʝʨʩʥʠʡ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ. ʆʜʥʘʢ ʟʘʤʽʥʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ 

ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ, ʱʦʙ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʪʨʘʪʫ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʩʫʤʽʰʰ  ʁʪʘ ʤʽʮʥʦʩʪʽ ʟʘʪʚʝʨʜʽʣʦʛʦ ʙʝʪʦʥʫ [194, 330]. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ, 

ʟʘʧʨʦʝʢʪʦʚʘʥʦ ʙʝʪʦʥ ʟ ʥʦʤʽʥʘʣʴʥʠʤ ʩʢʣʘʜʦʤ ʟʘ ʤʘʩʦʶ 1:1,7:3,5 (ʤʘʨʢʘ ʟʘ 

ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʶ S3, ʎ=340 ʢʛ/ʤ3, ɺ/ʎ=0,5). ʎʝʦʣʽʪʦʚʠʡ ʪʫʬ ʚʚʦʜʠʣʠ ʟʘʤʽʩʪʴ 

ʯʘʩʪʠʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʫ ʢʽʣʴʢʦʩʪʽ 4 ʪʘ 8 ʤʘʩ.% [271]. ʂʽʣʴʢʽʩʪʴ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ 

ʟʤʽʥʶʚʘʣʠ ʚ ʤʝʞʘʭ 0,4-1,0 ʤʘʩ.%. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʙʝʪʦʥʥʽ ʩʫʤʽʰʽ ʙʫʣʠ 

ʦʜʥʦʨʽʜʥʠʤʠ ʙʝʟ ʦʟʥʘʢ ʨʦʟʰʘʨʫʚʘʥʥʷ ʯʠ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.6, 

ʩʫʤʽʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 4,0 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʪʘ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ 

ʟʘʙʝʟʧʝʯʫʻ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʫ ʚʩʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ. ʊʘʢ, ʤʽʮʥʽʩʪʴ 

ʙʝʪʦʥʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 4 ʪʘ 8 % ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, ʘ ʪʘʢʦʞ 0,7 ʤʘʩ.% 
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ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ, ʯʝʨʝʟ 3 ʜʦʙʠ ʪʚʝʨʜʥʝʥʥʷ ʟʨʦʩʪʘʻ ʥʘ 22,9 ʪʘ 27,1 % ʧʦʨʽʚʥʷʥʦ 

ʟ ʙʝʪʦʥʦʤ, ʤʦʜʠʬʽʢʦʚʘʥʠʤ 0,7 % ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ. ʏʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʽ ʮʝʦʣʽʪʚʤʽʩʥʽ ʙʝʪʦʥʠ ʜʦʩʷʛʘʪʁʴ ʤʽʮʥʦʩʪʽ 56,8-57,9 ʄʇʘ, ʱʦ 

ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 0,7 ʤʘʩ.% ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ, ʚ 1,2 

ʨʘʟʠ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʜʦ 1 ʤʘʩ.% ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʫ ʚʩʽ 

ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ. 

 

ʊʘʙʣʠʮʷ 3.6 ï ɺʧʣʠʚ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʪʘ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʥʘ ʤʽʮʥʽʩʪʴ 

ʙʝʪʦʥʫ  

 

ʉʫʧʝʨ-

ʧʣʘʩʪʠʬʽʢʘʪʦʨ, 

ʤʘʩ.% 

ʎʝʦʣʽʪʦʚʠʡ 

ʪʫʬ, ʤʘʩ.% 

ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ, 

ʄʇʘ, ʫ ʚʽʮʽ, ʜʽʙ 

3  7  28  

1 0,4 0 28,9 37,9 50,5 

2 0,7 0 26,2 36,1 47,8 

3 1,0 0 21,4 32,7 47,1 

4 0,4 4 29,7 36,7 56,8 

5 0,7 4 32,2 40,4 55,8 

6 1,0 4 24,7 32,7 46,9 

7 0,4 8 25,5 32,1 46,2 

8 0,7 8 33,3 38,3 57,9 

9 1,0 8 19,9 28,2 44,4 

 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʪʘ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʥʘ 

ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʧʦʨʠʩʪʽʩʪʴ ʙʝʪʦʥʽʚ, ʷʢʽ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʝʪʦʥʫ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʤʽʩʪʫ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʙʝʪʦʥʫ (ʨʠʩ. 3.24, ʘ, ʙ) ʽ ʧʦʨʠʩʪʽʩʪʴ (ʨʠʩ. 

3.25, ʘ, ʙ) ʟʨʦʩʪʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʥʘ 6-10%. 
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a ʙ 

ʈʠʩʫʥʦʢ 3.24 - ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʙʝʪʦʥʽʚ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

ʪʘ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʟʘ ʤʘʩʦʶ (ʘ) ʽ ʟʘ ʦʙ'ʻʤʦʤ (ʙ) 

 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʚ ʙʝʪʦʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʱʽʣʴʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ ʪʘ ʟʥʠʞʝʥʥʷ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʽ ʧʦʨʠʩʪʦʩʪʽ ʧʨʠʙʣʠʟʥʦ 

ʥʘ 10-30%. ɿʘʛʘʣʴʥʘ ʧʦʨʠʩʪʽʩʪʴ ʙʝʪʦʥʽʚ ʟ ʚʤʽʩʪʦʤ 8 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʚʠʱʘ 

ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʦʤ ʙʝʟ ʤʽʥʝʨʘʣʴʥʦʾ ʜʦʙʘʚʢʠ. 

 
 

a ʙ 

ʈʠʩʫʥʦʢ 3.25 - ʇʦʨʠʩʪʽʩʪʴ ʙʝʪʦʥʫ ʙʝʟ (ʘ) ʽ ʟ 8 ʤʘʩ.% (ʙ) ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 
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ʆʪʞʝ,  ʚʚʝʜʝʥʥʷ ʧʦʨʠʩʪʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʟʙʽʣʴʰʫʶʪʴ ʚʦʜʦʧʦʪʝʙʫ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʱʦ ʚʠʤʘʛʘʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʦʤʧʣʝʢʩʽ ʟ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʦʤ. ʇʨʠ ʩʫʤʽʩʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʪʘ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʽʚ ʟʨʦʩʪʘʻ ʥʘ 23-28 % ʟʘ ʨʘʭʫʥʦʢ 

ʚʦʜʦʨʝʜʫʢʫʶʯʦʛʦ ʝʬʝʢʪʫ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʫʶʯʦʾ ʜʦʙʘʚʢʠ, ʘ ʪʘʢʦʞ ʧʫʮʦʣʘʥʽʯʥʦʾ 

ʨʝʘʢʮʽʾ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦ ʾ ʟʘʤʽʥʠ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ ʙʝʟ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʜʦʮʽʣʴʥʦ ʧʨʦʚʝʩʪʠ 

ʦʧʪʠʤʽʟʘʮʽʶ ʡʦʛʦ ʚʤʽʩʪʫ.  

 

 

 

3.3. ɹʝʪʦʥʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ, ʤʦʜʠʬʽʢʦʚʘʥʽ ʦʨʛʘʥʦ-

ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ 

 

 

 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʷ ʟʘʤʽʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ 

ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ ʚ ʙʝʪʦʥʘʭ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʧʨʦʚʝʜʝʥʦ ʦʧʪʠʤʽʟʘʮʽʶ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ (ʨʝʮʝʧʪʫʨʥʠʭ) ʧʘʨʘʤʝʪʨʽʚ. ɿ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʦʧʪʠʤʽʟʘʮʽʷ 

ʢʽʣʴʢʦʩʪʽ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʽ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʚ ʙʝʪʦʥʽ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʙʝʪʦʥʥʫ ʩʫʤʽʰ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʝʢʪʥʽ ʧʘʨʘʤʝʪʨʠ 

ʙʝʪʦʥʽʚ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʩʢʣʘʜʽʚ ʙʝʪʦʥʽʚ ʽʟ ʥʝʦʙʭʽʜʥʠʤ ʢʦʤʧʣʝʢʩʦʤ 

ʚʣʘʩʪʠʚʦʩʪʝʡ [80]. ɿʘʩʦʙʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʦʩʥʦʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʧʨʠʷʶʪʴ ʚʠʨʽʰʝʥʥʶ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ 

ʩʢʣʘʜʽʚ ʙʝʪʦʥʽʚ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʮʝʤʝʥʪʫʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʭʽʤʽʯʥʠʤʠ 

ʜʦʙʘʚʢʘʤʠ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʤʽʩʪʫ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʪʘ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʚ 

ʙʝʪʦʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ï ʤʝʪʦʜ 

ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʆʎʂʇ), ʷʢʠʡ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʪʠ ʤʦʜʝʣʴ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʧʦʨʷʜʢʫʚʘʪʠ ʧʦʰʫʢ 
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ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ. ʉʫʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʣʷʛʘʻ ʫ 

ʦʪʨʠʤʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʟʘʜʘʥʠʤʠ ʩʢʣʘʜʦʤ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʯʠ 

ʚʠʪʨʘʪʦʶ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʚʝʜʝʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʫ ʆʎʂʇ ʽ ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ:  

 

Y=b0 + b1x1 + b2x2 + b12x1x2 + b11x1
2 + b22x2

2                     (3.2) 

 

ʜʝ ʭ1, ʭ2 ï ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʬʘʢʪʦʨʽʚ. 

ɺ ʤʝʪʦʜʽ ʆʎʂʇ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʪʘʢʠʤʠ ʬʦʨʤʫʣʘʤʠ: 
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;          (3.3)                    ʚ12=
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;               (3.4) 
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;       (3.5)                     ʚ11=
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;              (3.6) 
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;    (3.7)                      ʚ22=
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;                (3.8) 

 

ʭ1*(i)= x1(i)2- ä
=

n

iN 1

1
x1(i)2;   (3.9)    

ʭ2*( i)=x2(i)2- ä
=

n

iN 1

1
x2(i)2    (3.10) 

 

 

ɿʥʘʯʝʥʥʷ ὼ̨ᶻ ʤʘʪʨʠʮʽ ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ  

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.7. 
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ʊʘʙʣʠʮʷ 3.7 - ɿʥʘʯʝʥʥʷ ὼ̨ᶻ ʤʘʪʨʠʮʽ ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ  

ˉ 

ʜʦʩʣʽʜʫ 
ʉʠʩʪʝʤʠ ʜʦʩʣʽʜʽʚ ὼ ὼ ὼᶻ ὼᶻ 

1 ʇʦʚʥʠʡ ʜʚʦʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ -1 -1 0,33 0,33 

2  1 -1 0,33 0,33 

3  -1 1 0,33 0,33 

4  1 1 0,33 0,33 

5 ɼʦʩʣʽʜʠ ʚ ʟʽʨʢʦʚʠʭ ʪʦʯʢʘʭ 1 0 0,33 -0,67 

6  -1 0 0,33 -0,67 

7  0 1 -0,67 0,33 

8  0 -1 -0,67 0,33 

9 ʎʝʥʪʨ ʧʣʘʥʫ 0 0 -0,67 -0,67 

 

ʆʧʪʠʤʽʟʘʮʽʷ ʢʽʣʴʢʦʩʪʽ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, ʷʢ ʟʘʤʽʥʥʠʢʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚ 

ʙʝʪʦʥʽ, ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʣʷ ʥʘʧʨʘʚʣʝʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʨʦʜʫʢʪʽʚ 

ʛʽʜʨʘʪʘʮʽʾ, ʱʦ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ [28]. ɿʘʧʨʦʝʢʪʦʚʘʥʦ ʙʝʪʦʥ ʟ 

ʥʦʤʽʥʘʣʴʥʠʤ ʩʢʣʘʜʦʤ ʟʘ ʤʘʩʦʶ 1:1,7:3,5 (ʤʘʨʢʘ ʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

S3) ʟ ʚʠʪʨʘʪʦʶ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 350 ʢʛ/ʤ3.  

ɺ ʟʘʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʤʽʥʠ ʢʽʣʴʢʽʩʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ 

ʮʝʦʣʽʪʫ ʭ1 = 0; 10; 20 ʦʙ.% ʪʘ ʧʣʘʩʪʠʬʽʢʫʶʯʦʾ ʜʦʙʘʚʢʠ Sika ViscoCrete 5320 ʭ2 = 0,7; 

1,0; 1,3 ʤʘʩ.% ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʟʜʽʡʩʥʝʥʦ 

ʦʧʪʠʤʽʟʘʮʽʶ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʧʦʣʽʜʠʩʧʝʨʩʥʠʤ ʮʝʦʣʽʪʦʚʠʤ ʪʫʬʦʤ ʪʘ ʭʽʤʽʯʥʦʶ ʜʦʙʘʚʢʦʶ, ʱʦʙ ʦʜʝʨʞʘʪʠ ʙʝʪʦʥ ʟ 

ʧʦʢʨʘʱʝʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [271].  

ɺ ʪʘʙʣ. 3.8 ʥʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʊʘʢʽ 

ʢʦʥʪʨʦʣʴʥʽ ʧʘʨʘʤʝʪʨʠ (ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ) ʚʠʙʨʘʥʽ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ: 
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Y1 - ʤʽʮʥʩ̔ʪɹ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ; 

Y2, Y3  ï ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʯʝʨʝʟ 7 ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʚʽʜʧʦʚʽʜʥʦ. 

ʊʘʙʣʠʮʷ 3.8 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɺʤʽʩʪ ʜʦʙʘʚʦʢ, ʤʘʩ.% 

Sika ViscoCrete 5320 

(ʭ1), ʤʘʩ.% 
ʇʎʊ (ʭ2), ʤʘʩ.% 

ʆʩʥʦʚʥʠʡ ʨʽʚʝʥʴ ñ0ò 1,0 10 

ʅʠʞʥʽʡ ʨʽʚʝʥʴ ñï1ò 0,7 0 

ɺʝʨʭʥʽʡ ʨʽʚʝʥʴ ñ+1ò 1,3 20 

 

ɿʘ ʬʦʨʤʫʣʘʤʠ 3.2-3.8 ʜʣʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ, ʘ ʟʘ ʩʧʝʮʽʘʣʴʥʦ ʩʢʣʘʜʝʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʚ ʷʢʠʭ ʟʘʩʪʦʩʦʚʘʥʦ 

ʜʦ ʨʝʛʨʝʩʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʤʘʪʨʠʯʥʠʡ ʧʽʜʭʽʜ, 

ʧʦʙʫʜʦʚʘʥʦ ʣʽʥʽʾ ʤʽʮʥʦʩʪʽ ʧʨʠ  ʫ = const.  

ɺʩʪʘʥʦʚʣʝʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ  (ʨʠʩ. 3.26), 

ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʥʠʡ ʚʧʣʠʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʽʚ ʟʘʣʝʞʥʦ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʽ ʭʽʤʽʯʥʦʾ ʜʦʙʘʚʢʠ.   

 

ʈʠʩʫʥʦʢ 3.26 - ʄʽʮʥ̔ʩʪɹ ʥʘ ʩʪʠʩʢ ʽ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ ʙʝʪʦʥʫ ʟ ʜʦʙʘʚʢʦʶ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʽ ʧʣʘʩʪʠʬʽʢʫʶʯʦʾ ʜʦʙʘʚʢʠ 
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ʆʪʨʠʤʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ ʟʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.9. 

ʈʷʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʩʥʦʚʢʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ, ʘʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʨʝʛʨʝʩʽʾ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʭʽʤʽʯʥʦʾ ʜʦʙʘʚʦʢ ʥʘ ʤʽʮʥʽʩʪʴ ʥʘ ʨʘʥʥʽʭ 

ʩʪʘʜʽʷʭ ʪʚʝʨʜʥʝʥʥʷ ʙʝʪʦʥʽʚ (7 ʜʙ̔) ʽ ʧʦʟʠʪʠʚʥʠʡ ʾʾ ʚʧʣʠʚ ʫ ʧʦʜʘʣʴʰʽ ʪʝʨʤʽʥʠ (28 

ʜʽʙ), ʧʨʦ ʱʦ ʚʢʘʟʫʶʪʴ ʟʥʘʢʠ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʘʭ ʨʝʛʨʝʩʽʾ b1. ɿʥʘʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʝʛʨʝʩʽʾ ʩʚʽʜʯʘʪʴ ʪʘʢʦʞ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

(ʢʦʝʬʽʮʽʻʥʪ b22) ʪʘ ʭʽʤʽʯʥʦʾ ʜʦʙʘʚʢʠ (ʢʦʝʬʽʮʽʻʥʪ b11) ʩʧʨʠʯʠʥʷʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ 

ʥʘ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʚʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ ʪʚʝʨʜʥʝʥʥʷ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʾʭ ʩʫʤʽʩʥʝ 

ʧʦʻʜʥʘʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ.   

ʅʘ ʦʩʥʦʚʽ ʦʜʝʨʞʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘ ʬʦʨʤʫʣʦʶ (3.2) ʩʢʣʘʜʝʥʽ ʨʽʚʥʷʥʥʷ 

ʨʝʛʨʝʩʽʾ ʬʫʥʢʮʽʡ (Y1éY3) ʪʘ ʧʦʙʫʜʦʚʘʥʽ ʽʟʦʣʽʥʽʾ ʤʽʮʥʦʩʪʽ ʯʝʨʝʟ 7 ʽ 28  ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ (Y1, Y2, Y3 = const) (ʨʠʩ. 3.27-3.29). 

 

ʊʘʙʣʠʮʷ 3.9 - ʂʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ 

ʌʫʥʢʮʽʾ 

ʚʽʜʛʫʢʫ 

ʂʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ 

b0 b1 b2 b11 b22 b12 

Y1 38,0 -2,8 -2,6 -4,2 -2,1 0,6 

Y2 54,4 -0,3 -3,2 -1,7 -3,8 -0,4 

Y3 70,8 0,2 -6,3 -1,5 -7,6 -0,4 

 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ (ʨʠʩ. 3.27-3.28) ʪʘ ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʤʽʥʝʨʘʣʴʥʦʾ ʜʦʙʘʚʢʠ 

(ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ) ʪʘ ʭʽʤʽʯʥʦʾ ʜʦʙʘʚʢʠ ï Sika ViscoCrete 5320, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʽʜʧʦʚʽʜʥʦ 10 ʤʘʩ. % ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʪʘ 1,0 ʤʘʩ.%  ʜʦʙʘʚʢʠ Sika 

ViscoCrete 5320, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʨʘʥʥʶ ʽ ʤʘʨʦʯʥʫ ʤʽʮʥʽʩʪʴ ʧʨʠ 

ʤʘʨʮʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ S3 (ʦʩʘʜʢʘ ʢʦʥʫʩʘ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 10-14   

ʩʤ). Jana [245] ʚʠʷʚʠʚ, ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʙʝʪʦʥ 0, 10, 20, 30 ʽ 40 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ 

ʪʫʬʫ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʮʝʤʝʥʪʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʘʤʝ ʟʘʤʽʥʘ 10 ʤʘʩ.% 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʮʝʦʣʽʪʦʚʠʤ ʪʫʬʦʤ, ʧʦʢʘʟʘʣʘ ʥʘʡʚʠʱʫ ʤʽʮʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ 
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ʢʦʥʪʨʦʣʴʥʠʤ ʙʝʪʦʥʦʤ. 

ʆʪʞʝ, ʧʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʤʘʻ ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʙʝʪʦʥʫ, ʘ ʩʘʤʝ 

ʜʦʜʘʪʢʦʚʦʛʦ ʮʝʤʝʥʪʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʭʽʤʽʯʥʦʾ ʜʦʙʘʚʢʠ. 

 

ʈʠʩʫʥʦʢ 3.27 - ɯʟʦʣʽʥʽʾ ʨʽʚʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ ʙʝʪʦʥʫ 

ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʫ ʚʽʮʽ 28 ʜʽʙ 
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ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 3.28 - ɯʟʦʣʽʥʽʾ ʨʽʚʥʦʾ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʙʝʪʦʥʫ ʟ  

ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ ʫ ʚʽʮʽ 7 (ʘ) ʪʘ 28 ʜʽʙ (ʙ)   

 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʙʝʪʦʥʫ ʟ ʜʦʙʘʚʢʦʶ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ 

ʪʫʬʫ ʚ ʫʤʦʚʘʭ ʚʽʜôʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ 
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ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʤʝʨʟʘʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ ʩʚʽʞʦʟʘʤʦʨʦʞʝʥʦʾ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʾ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʤʝʪʦʜʦʤ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʜʠʣʘʪʦʤʝʪʨʽʾ. ʗʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.29, ʟʘʤʽʥʘ 10 ʤʘʩ.% ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʮʝʦʣʽʪʦʚʠʤ ʪʫʬʦʤ ʤʘʡʞʝ 

ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʤʝʨʟʘʥʥʷ ʚʦʜʠ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʢʣʘʜʦʤ ʙʝʟ ʧʫʮʦʣʘʥʦʚʦʾ 

ʜʦʙʘʚʢʠ, ʘʣʝ ʧʽʩʣʷ ʚʽʜʪʘʚʘʥʥʷ ʟʘʣʠʰʢʦʚʽ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʰʠʨʝʥʥʷ ʟʤʝʥʰʫʶʪʴʩʷ ʟ 

15,24 ʜʦ 12,62 ʤʤ/ʤ. 

  

a ʙ 

ʈʠʩʫʥʦʢ 3.29 - ɼʝʬʦʨʤʘʮʽʾ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʤʝʨʟʘʥʥʷ ʨʽʜʢʦʾ 

ʬʘʟʠ ʩʚʽʞʦʟʘʤʦʨʦʞʝʥʦʾ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʾ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ (ʎ:ʇ=1:2, ʈʂ=160 ʤʤ) 

ʙʝʟ (ʘ) ʪʘ ʟ ʚʤʽʩʪʦʤ 10 ʤʘʩ.% (ʙ) ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

 

 

 

3.4. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʤʦʜʠʬʽʢʦʚʘʥʦʾ  ʮʝʤʝʥʪʥʦʾ 

ʤʘʪʨʠʮʽ ʙʝʪʦʥʫ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ 

 

 

 

 
ɺʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʽʜʨʘʪʘʮʽʾ ʚ'ʷʞʫʯʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʽʩʪʷʪʴ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ ʽ 

ʭʽʤʽʯʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʥʝʟʠʩʫ ʾʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʻ ʜʫʞʝ 



 

158  

ʚʘʞʣʠʚʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʽʜʢʨʠʚʘʶʪʴ ʰʣʷʭ ʜʦ ʥʘʫʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ, ʾʭ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ɺʦʜʥʦʯʘʩ 

ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʙʝʪʦʥʫ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʭʽʤʽʯʥʠʤʠ 

ʜʦʙʘʚʢʘʤʠ ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ 

ʚʠʚʯʝʥʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʽʚ ʚôʷʞʫʯʠʭ (ʪʽʩʪʦ 1:0, ʟʨʘʟʢʠ-ʢʫʙʠʢʠ 2ʭ2ʭ2 ʩʤ), ʷʢ ̔

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.10 ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʤʽʥʘ 10 ʤʘʩ. % ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ ʮʝʦʣʽʪʦʚʠʡ 

ʪʫʬ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘ 6% ʚʦʜʦʧʦʪʨʝʙʠ (ʨʠʩ. 3.30). ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʨ, 

ʟôʻʜʥʘʥʠʭ ʚʝʣʠʯʝʟʥʦʶ ʩʽʪʢʦʶ ʢʘʥʘʣʽʚ. ɼʦʜʘʚʘʥʥʷ ʚʦʜʦʨʝʜʫʢʫʶʯʠʭ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ 

ʟʤʝʥʰʫ ̒ʚʦʜʦʧʦʪʨʝʙʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ 10% [298]. 

 

ʊʘʙʣʠʮʷ 3.10 - ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʚôʷʞʫʯʠʭ 

 

ɯʜʝʥʪʠʬʽʢʘ

ʮʽʷ ʩʫʤʽʰʽ 

 

ʉʢʣʘʜ ʚôʷʞʫʯʦʛʦ, ʤʘʩ.% 
ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ, ʄʇʘ, ʫ 

ʚʽʮʽ, ʜʽʙ 

ʇʦʨʪʣʘʥʜ-

ʮʝʤʝʥʪ 

ʎʝʦʣʽʪʦ-

ʚʠʡ ʪʫʬ 

ʇʣʘʩʪʠʬʽʢʘ-

ʪʦʨ 
3 7 28 

Z0 100 0 0 54,8 56,0 75,7 

Z10 90 10 0 50,9 56,4 75,0 

Z10P 90 10 0,42 48,8 54,8 75,5 

 

ʇʦʯʘʪʦʢ ʽ ʢʽʥʝʮʴ ʪʫʞʘʚʽʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ 

ʢʦʨʦʪʰʠʡ, ʥʽʞ ʫ ʟʚʠʯʘʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʙʝʟ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ. ʉʣ̔ ʜ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʘʤʽʥʘ ʜʝʷʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʫʮʦʣʘʥʦʚʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʟʘʟʚʠʯʘʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ʪʫʞʘʚʽʥʥʷ ʮʝʤʝʥʪʥʦʾ ʩʠʩʪʝʤʠ 

ʯʝʨʝʟ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʢʣʽʥʢʝʨʫ ʫ ʚôʷʞʫʯʦʤʫ. ʇʨʦʪʠʣʝʞʥʝ ʷʚʠʱʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʯʝʨʝʟ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ 

ʪʽʩʪʘ, ʱʦ ʚʠʢʣʠʢʘʥʦ ʰʚʠʜʢʠʤ ʧʦʛʣʠʥʘʥʥʷʤ ʚʦʜʠ ʯʘʩʪʠʥʢʘʤʠ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʪʽʩʪʘ ʥʦʨʤʘʣʴʥʦʾ ʢʦʥʩʠʩʪʝʥʮʽʾ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ 

ʢʦʨʦʪʰʠʡ ʯʘʩ ʧʦʯʘʪʢʫ ʪʫʞʘʚʽʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʯʘʩʦʤ ʢʽʥʮʷ ʪʫʞʘʚʽʥʥʷ, ʱʦ ʩʪʘʥʦʚʠʪʴ 
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15 ̔  30 ʭʚ ʚʽʜʧʦʚʽʜʥʦ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʠ ʟʝʨʥʘʤʠ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

ʟ ʯʘʩʦʤ ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʩʪʘʶʪʴ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʥʘʩʠʯʝʥʠʤʠ. 

 
ʈʠʩʫʥʦʢ 3.30 - ɺʦʜʦʧʦʪʨʝʙʘ ʚôʷʞʫʯʠʭ 

 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ, ʜʦʩʪʫʧʥʠʭ ʽ ʛʥʫʯʢʠʭ ʤʝʪʦʜʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚôʷʞʫʯʠʭ 

[70, 270]. ʄʝʭʘʥʽʟʤ ʧʣʘʩʪʠʬʽʢʫʶʯʦʾ ʜʽʾ ʧʦʣʷʛʘʻ ʥʘʩʘʤʧʝʨʝʜ ʚ ʫʪʚʦʨʝʥʥʽ 

ʛʽʜʨʦʬʽʣʴʥʦʾ ʘʜʩʦʨʙʮʽʡʥʦʾ ʧʣʽʚʢʠ ʥʘ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʮʝʤʝʥʪʥʠʭ ʟʝʨʝʥ ʽ ʩʬʦʨʤʦʚʘʥʠʭ 

ʥʦʚʦʫʪʚʦʨʝʥʴ. ʎʷ ʘʜʩʦʨʙʮʽʡʥʘ ʦʙʦʣʦʥʢʘ ʤʽʮʥʦ ʫʪʨʠʤʫʻ ʥʘ ʧʦʚʝʨʭʥʽ ʪʦʚʩʪʠʡ ʰʘʨ 

ʚʦʜʠ, ʟʚ'ʷʟʘʥʦʾ ʟ ʧʦʚʝʨʭʥʝʶ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʩʠʣʘʤʠ, ʘ ʪʘʢʦʞ ʯʘʩʪʠʥʫ ʚʦʜʘ, ʱʦ 

ʫʪʨʠʤʫʻʪʴʩʷ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʛʝʣʝʧʦʜʽʙʥʦʤʫ ʰʘʨʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. 

ʊʘʢʽ ʩʪʘʙʽʣʽʟʫʶʯʽ ʰʘʨʠ (ʘʜʩʦʨʙʮʽʡʥʦ-ʛʽʜʨʘʪʥʘ ʦʙʦʣʦʥʢʘ ʥʘ ʪʚʝʨʜʽʡ ʧʦʚʝʨʭʥʽ) 

ʚʠʢʦʥʫʶʪʴ ʜʚʽ ʬʫʥʢʮʽʾ: ʧʦ-ʧʝʨʰʝ, ʫʩʫʚʘʶʪʴ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʝ ʟʤʘʱʝʥʥʷ, ʘ ʩʘʤʝ ʟʤʝʥʰʫʶʪʴ ʪʝʨʪʷ ʤʽʞ ʥʠʤʠ, ʱʦ ʻ 

ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʝʢʫʯʦʩʪʽ ʪʽʩʪʘ; ʧʦ-ʜʨʫʛʝ, ʛʽʜʨʦʬʽʣʴʥʽ ʘʜʩʦʨʙʮʽʡʥʽ 

ʰʘʨʠ ʛʘʣʴʤʫʶʪʴ ʛʝʪʝʨʦʛʝʥʥʽ ʧʨʦʮʝʩʠ ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʛʽʜʨʦʣʽʟʫ ʮʝʤʝʥʪʫ ʚ ʧʦʯʘʪʢʦʚʠʡ 

ʧʝʨʽʦʜ ʯʝʨʝʟ ʧʦʷʚʫ ʟʥʘʯʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʦʧʦʨʫ ʚ ʧʝʨʝʭʽʜʥʠʭ ʰʘʨʘʭ. ɼʦʜʘʚʘʥʥʷ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʨʘʟʦʤ ʽʟ ʧʣʘʩʪʠʬʽʢʘʪʦʨʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʪʨʠʤʢʠ ʯʘʩʫ ʧʦʯʘʪʢʫ 

ʪʘ ʢʽʥʮʷ ʪʫʞʘʚʽʥʥʷ ʥʘ 15 ʪʘ 35 ʭʚ ʚʽʜʧʦʚʽʜʥʦ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʙʝʟ 

ʜʦʙʘʚʦʢ (ʨʠʩ. 3.31). 
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ʈʠʩʫʥʦʢ 3.31 - ʊʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ ʚôʷʞʫʯʠʭ 

 
 

ɸʢʪʠʚʥʫ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʫ ʨʦʣʴ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʪʘ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ (ʪʘʙʣ. 3.10). 

ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʢʘʤʝʥʶ, ʱʦ ʤʽʩʪʠʪʴ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ ʽ ʷʢ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʪʘʢ ʽ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨ ʫ ʨʘʥʥʴʦʤʫ ʚʽʮʽ, ʥʠʞʯʘ ʥʘ 7-11%. ʆʜʥʘʢ ʢʽʥʝʪʠʢʘ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ 

ʚôʷʞʫʯʦʛʦ, ʱʦ ʤʽʩʪʠʪʴ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʟʨʦʩʪʘʻ ʟ ʯʘʩʦʤ ʪʚʝʨʜʥʝʥʥʷ, ʽ ʯʝʨʝʟ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪʴ ʪʘʢʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʤʽʮʥʦʩʪʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʙʝʟ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʄʝʪʦʜʦʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʽʚ 

ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʭʽʤʽʯʥʠʤʠ ʜʦʙʘʚʢʘʤʠ. 

ɸʥʘʣʽʟ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ ʘʢʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʪʚʝʨʜʥʝʥʥʷ ʪʘ 

ʫʪʚʦʨʝʥʥʷ ʦʩʥʦʚʥʠʭ ʛʽʜʨʘʪʥʠʭ ʬʘʟ (ʨʠʩ. 3.32). ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʛʽʜʨʘʪʦʚʘʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʙʝʟ ʜʦʙʘʚʦʢ ʧʦʨʷʜ ʽʟ ʣʽʥʽʷʤʠ ʬʘʟʠ ʘʣʽʪʫ ʪʘ ʙʝʣʽʪʫ (d/n = 0,277; 

0,273 ʥʤ) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʣʽʥʽʾ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ (d/n = 

0,263; 0,493 ʥʤ), ʘ ʪʘʢʦʞ ʣʽʥʽʾ ʝʪʨʠʥʛʽʪʫ ʤʘʣʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʏʘʩʪʢʦʚʘ ʟʘʤʽʥʘ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʣʽʥʽʡ Ca(OH)2 ʽ 

ʟʨʦʩʪʘʥʥʷ ʣʽʥʽʡ ʛʽʜʨʦʩʫʣʴʬʦʘʣʶʤʽʥʘʪʫ ʢʘʣʴʮʽʶ. ɺʟʘʻʤʦʜʽʷ ʘʢʪʠʚʥʦʛʦ Al2O3 ʟ 

ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʦʤ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʛʽʧʩʫ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ 
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ʝʪʨʠʥʛʽʪʫ (d/n = 0,973; 0,561 ʥʤ). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʧʨʦʜʫʢʪʽʚ 

ʛʽʜʨʘʪʘʮʽʾ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʧʣʘʩʪʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ. 

 
 

ʈʠʩʫʥʦʢ 3.32 - ʈʝʥʪʛʝʥʦʛʨʘʤʠ ʟʘʪʚʝʨʜʽʣʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʯʝʨʝʟ 28 ʜʽʙ: 1) 

ʙʝʟ ʜʦʙʘʚʦʢ; 2) ʟ 10 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ; 3) ʟ 10 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʪʘ 

0,42 ʤʘʩ.% ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʽʾ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʥʘ ʧʨʦʮʝʩʠ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʥʠʭ 
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ʢʦʤʧʦʟʠʮʽʡ ʧʽʜʪʚʝʨʜʞʝʥʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʧʨʦʚʝʜʝʥʠʤʠ ʤʝʪʦʜʦʤ ʪʝʨʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ (ʨʠʩ. 3.33). ʅʘ ʢʨʠʚʠʭ ɼTA ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500ʈ-ʅ, ʛʽʜʨʘʪʦʚʘʥʦʛʦ 

28 ʜʽʙ, ʝʥʜʦʪʝʨʤʽʯʥʽ ʤʘʢʩʠʤʫʤʠ ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ ʧʨʠ 100, 500 ʽ 7200C. ʇʝʨʰʠʡ ʧʽʢ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʜʽʣʝʥʥʷ ʚʦʜʠ ʟ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʪʘ ʛʽʜʨʦʩʫʣʴʬʦʘʣʶʤʽʥʘʪʫ, 

ʜʨʫʛʠʡ ï ʧʨʦ ʨʦʟʧʘʜ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ ʽ ʪʨʝʪʽʡ ʧʽʢ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʢʣʘʜʫ 

ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʫ ʢʘʣʴʮʽʶ. ɿʥʠʞʝʥʥʷ ʝʥʜʦʪʝʨʤʽʯʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʧʨʠ 5000ʉ 

ʮʝʦʣʽʪʚʤʽʩʥʦʛʦ ʟʨʘʟʢʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ Ca(OH)2 ʟ 15,3 (ʜʣʷ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʙʝʟ ʜʦʙʘʚʦʢ) ʜʦ 12,5% ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʢʮʽʾ ʟ ʤʽʥʝʨʘʣʴʥʦʶ 

ʜʦʙʘʚʢʦʶ ʟ ʧʫʮʦʣʘʥʽʯʥʦʶ ʧʨʠʨʦʜʦʶ ʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʤ ʘʥʘʣʽʟʦʤ. ɿʘ ʜʘʥʠʤʠ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʽʾ ʟʘʛʘʣʴʥʘ ʚʪʨʘʪʘ ʤʘʩʠ 

ʯʠʩʪʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ (ʙʝʟ ʜʦʙʘʚʦʢ) ʩʪʘʥʦʚʠʪʴ 27,6 ʤʘʩ. %, ʘ ʟ ʜʦʙʘʚʢʦʶ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 10 ʤʘʩ. % - 24,1 %. 

  
a ʙ 

ʈʠʩʫʥʦʢ 3.33 - ɼʝʨʠʚʘʪʦʛʨʘʤʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʛʽʜʨʘʪʦʚʘʥʦʛʦ 28 ʜʽʙ: 

ʘ ï ʙʝʟ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, ʙ ï ʟ 10 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ  

 

ʄʝʪʦʜ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʦʧʦʚʥʶʻ ʜʘʥʽ ʧʨʦ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. ɸʥʘʣʽʟ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʙʝʟ ʜʦʙʘʚʦʢ ʯʝʨʝʟ 

28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ (ʨʠʩ. 3.34) ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʥʪʝʥʩʠʚʥʠʡ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʽʚ ʛʽʜʨʘʪʘʮʽʾ. 

ɺ ʦʙ'ʻʤʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʛʽʜʨʘʪʦʚʘʥʠʭ 

ʥʦʚʦʫʪʚʦʨʝʥʴ. ɼʝʷʢʽ ʢʨʠʩʪʘʣʠ ʤʘʶʪʴ ʬʦʨʤʫ ʪʦʥʢʠʭ ʛʦʣʯʘʩʪʠʭ ʘʙʦ ʧʣʘʩʪʠʥʯʘʩʪʠʭ 
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ʢʨʠʩʪʘʣʽʚ, ʱʦ ʩʧʨʠʷʻ ʩʪʫʧʽʥʯʘʩʪʦʤʫ ʨʦʩʪʫ ʜʝʷʢʠʭ ʰʘʨʽʚ ʛʽʜʨʘʪʥʠʭ ʫʪʚʦʨʝʥʴ. ʋ 

ʜʝʷʢʠʭ ʤʽʩʮʷʭ ʱʽʣʴʥʽ ʰʝʩʪʠʢʫʪʥʽ ʧʣʘʩʪʠʥʠ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ ʟʤʽʥʝʥʽ (ʨʠʩ. 3.34, 

ʘ), ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʽʢʨʦʟʦʥʜʦʚʠʤ ʘʥʘʣʽʟʦʤ (ʨʠʩ. 3.34, ʙ). 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʜʦʙʘʚʢʦʶ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʯʝʨʝʟ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʦʜʥʦʨʽʜʥʽʩʪʶ ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʱʽʣʴʥʠʭ 

ʩʫʙʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʢʣʘʩʪʝʨʽʚ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʽ ʛʽʜʨʦʩʫʣʴʬʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ (ʨʠʩ. 

3.35). ʇʦʜʝʢʫʜʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʢʨʠʩʪʘʣʽʯʥʽ ʙʣʦʢʠ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʢʨʠʩʪʘʣʽʚ 

ʧʦʨʪʣʘʥʜʠʪʫ. 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.34 - ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʪʘ ʤʽʢʨʦʟʦʥʜʦʚʠʡ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ 

(ʙ) ʟʚʠʯʘʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʝʪʨʠʥʛʽʪ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʛʽʜʨʘʪʘʮʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʱʦ ʤʽʩʪʠʪʴ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ ʽ ʭʽʤʽʯʥʫ ʜʦʙʘʚʢʫ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʛʽʜʨʦʩʫʣʴʬʦʘʣʶʤʽʥʘʪʦʤ ʟʚʠʯʘʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʥʝ ʚʠʢʣʠʢʘʻ 

ʥʝʙʝʟʧʝʯʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʛ. ʆʜʥʽʻʶ ʟ ʭʘʨʘʢʪʝʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʱʦ ʤʽʩʪʠʪʴ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʻ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʤʝʪʘʤʽʢʪʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʜʩʦʨʙʮʽʡʥʦʾ 

ʤʦʜʠʬʽʢʘʮʽʾ ʚôʷʞʫʯʦʾ ʩʠʩʪʝʤʠ ʜʦʙʘʚʢʘʤʠ ʧʣʘʩʪʠʬʽʢʫʶʯʦʾ ʜʽʾ (ʨʠʩ. 3.36). 
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a 

   
 ʙ  

 

ʈʠʩʫʥʦʢ 3.35 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʪʘ ʤʽʢʨʦʟʦʥʜʦʚʠʡ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ 

(ʙ)  ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʱʦ ʤʽʩʪʠʪʴ 10 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, ʯʝʨʝʟ 28 

ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʘʚʦʢ, ʪʘʢʠʭ ʷʢ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ ʽ ʧʣʘʩʪʠʬʽʢʘʪʦʨ, ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʠʪʠ ʢʨʘʱʽ ʫʤʦʚʠ ʛʽʜʨʘʪʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʝʥʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʢʣʽʥʢʝʨʫ 

ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʙʝʟ ʜʦʙʘʚʦʢ [330]. 

Spectrum 1 Spectrum 2 Spectrum 3 
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ʘ 
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ʈʠʩʫʥʦʢ 3.36 - ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʪʘ ʤʽʢʨʦʟʦʥʜʦʚʠʡ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ 

(ʙ) ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʱʦ ʤʽʩʪʠʪʴ 10 ʤʘʩ.% ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʽ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨ, ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

 

ʆʪʞʝ, ʧʽʜʪʚʝʨʜʞʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʬʘʟʦʚʦʛʦ 

ʩʢʣʘʜʫ ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʮʝʤʝʥʪʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʨʝʛʫʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʮʝʤʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʙʝʪʦʥʫ, ʩʪʚʦʨʶʶʯʠ ʤʦʞʣʠʚʽʩʪʴ 

ʥʘʧʨʘʚʣʝʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʛʽʜʨʘʪʥʠʭ ʬʘʟ, ʷʢʽ ʚʠʷʚʣʷʶʪʴ ʚôʷʞʫʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ 

ʤʽʥʝʨʘʣʴʥʽʡ ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ [100]. ɼʦʜʘʪʢʦʚʘ ʢʽʣʴʢʽʩʪʴ 

ʚʦʣʦʢʥʠʩʪʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʪʠʧʫ CSH (B) ʟʘʙʝʟʧʝʯʫʻ ʩʠʥʪʝʟ ʤʽʮʥʦʩʪʽ ʪʘ 
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ʝʬʝʢʪ ʩʘʤʦʘʨʤʫʚʘʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

 

1. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʰʪʫʯʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʮʝʦʣʽʪʦʚʦʛʦ 

ʪʠʧʫ ʧʫʮʦʣʘʥʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʙôʻʤʽ ʢʦʞʥʦʾ ʯʘʩʪʠʥʢʠ. ʂʨʠʩʪʘʣʽʯʥʽ 

ʥʦʚʦʫʪʚʦʨʝʥʥʷ ʚʠʜʽʣʷʶʪʴʩʷ ʚ ʦʙôʻʤ ʪʚʝʨʜʥʫʯʦʾ ʩʠʩʪʝʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʬʦʨʤʫʻʪʴʩʷ ʱʽʣʴʥʘ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʽʥʪʝʥʩʠʚʥʝ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ. ɺ ʩʪʨʫʢʪʫʨʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʙʣʦʢʠ 

ʧʦʨʪʣʘʥʜʠʪʫ, ʥʘʪʦʤʽʩʪʴ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʩʫʙʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ, ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ  ʪʘ ʝʪʨʠʥʛʽʪʫ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʤʽʢʨʦʘʨʤʫʚʘʥʥʷ ʙʝʪʦʥʫ ʥʘ ʨʽʚʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʢʦʣʴʤʘʪʫʚʘʥʥʷ ʧʦʨʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʟʤʝʥʰʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʪʽʚ ʪʘ ʜʠʩʣʦʢʘʮʽʡ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʧʽʜʚʠʱʝʥʽ ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪ̔ ʧʨʠ ʩʪʠʩʢʫ 

(Rʩʪ=53,5 ʄʇʘ) ʪʘ ʨʦʟʪʷʛʫ ʧʨʠ ʟʛʠʥʽ (Rʟʛ=7,8 ʄʇʘ), ʚʥʘʩʣʽʜʦʢ ʝʬʝʢʪʫ 

ʩʘʤʦʘʨʤʫʚʘʥʥʷ, ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʟ 10 ʤʘʩ.% 

ʰʪʫʯʥʦʛʦ ʮʝʦʣʽʪʫ Na-P1, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ.  

2. ɼʦʩʣʽʜʞʝʥʦ ʤʽʮʥʽʩʪʴ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤ, ʱʦ ʤʽʩʪʷʪʴ ʷʢ ʧʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ 

ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ ʽ ʟʦʣʫ-ʚʠʥʝʩʝʥʥʷ ʟ ʨʽʟʥʦʶ ʜʠʩʧʝʨʩʥʽʩʪʶ ʪʘ 

ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ ʚ ʙʝʪʦʥʘʭ, ʚ ʷʢʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʟʘʤʽʥʝʥʦ ʥʘ 

ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ʧʝʨʝʨʦʙʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʫʧʽʥʴ ʟʘʤʽʥʠ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚ ʙʝʪʦʥʘʭ ʥʘ ɻɼʐ ʽ ʟʦʣʫ-ʚʠʥʝʩʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʧʠʪʦʤʦʾ 

ʧʦʚʝʨʭʥʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʥʠʥʠ ʧʦʤʝʣʫ ɻɼʐ ʟ 310 ʜʦ 500 ʤ2/ʢʛ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʚôʷʞʫʯʦʛʦ ʥʘ 47 ʽ 18% ʯʝʨʝʟ 2 ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʘʢʪʠʚʦʚʘʥʦʾ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ ʪʘ ʙʝʪʦʥʫ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʾʾ ʟʝʨʥʦʚʦʛʦ ʩʢʣʘʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʟʘʤʽʥʠ ʢʣʽʥʢʝʨʫ 
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ʚ ʮʝʤʝʥʪʽ ʪʘ ʮʝʤʝʥʪʫ ʚ ʙʝʪʦʥʽ. ɺʠʷʚʣʝʥʦ ʧʦʟʠʪʠʚʥʠʡ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ 

ʧʦʻʜʥʘʥʥʷ  ɻɼʐ ʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʧʨʠ ʥʘʙʦʨ ̔ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʫ. ʂ̔ ʥʝʪʠʢʘ 

ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʽ ʙʝʪʦʥʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʮʽ ʧʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ, 

ʥʠʞʯʘ ʥʘ ʨʘʥʥʴʦʤʫ ʝʪʘʧʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ, ʘʣʝ ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʥʘ ʙʽʣʴʰ 

ʧʽʟʥʽʭ ʝʪʘʧʘʭ ʯʝʨʝʟ ʧʫʮʦʣʘʥʦʚʫ ʨʝʘʢʮʽʶ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ.   

3. ʅʝʘʢʪʠʚʦʚʘʥʘ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ 

ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ ʫ ʙʝʪʦʥʘʭ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ 

ʪʨʠʚʘʣʠʡ ʯʘʩ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʱʽʣʴʥʦʾ ʪʘ 

ʢʦʤʧʘʢʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʯʘʩʦʤ ʟʘʚʜʷʢʠ ʾʾ ʨʦʣʽ ʷʢ ʜʦʜʘʪʢʦʚʦʛʦ ʮʝʤʝʥʪʫʶʯʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʘʢ ʽ ʷʢ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘ. ʆʜʥʦʯʘʩʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʘʢʪʠʚʥʦʩʪʽ, ʪʘʢʠʭ ʷʢ ɻɼʐ 

(ʧʨʠʭʦʚʘʥʽ ʛʽʜʨʘʚʣʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ) ʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ (ʧʫʮʦʣʘʥʽʯʥʽ) ʜʦʟʚʦʣʷʻ 

ʧʦʢʨʘʱʠʪʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʙʝʪʦʥʽʚ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ 

ʝʪʨʠʥʛʽʪʫ ʪʘ ʪʦʙʝʨʤʦʨʠʪʦʧʦʜʽʙʥʠʭ ʥʠʟʴʢʦʦʩʥʦʚʥʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʚ 

ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ ʮʝʤʝʥʪʥʦ ʾʩʢʣʘʜʦʚʦʾ ʙʝʪʦʥʫ. ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʟʥʠʞʫʻʪʴʩʷ ʟ 

5,5% ʜʦ 4,7% ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʧʦʰʢʦʜʞʝʥʴ, ʩʧʨʠʯʠʥʝʥʠʭ 

ʟʘʤʝʨʟʘʥʥʷʤ  ̔ʚʽʜʪʘʚʘʥʥʷʤ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʩʧʘʜʫ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʟ 

30,2 ʜʣʷ ʙʝʪʦʥʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʙʝʪʦʥʫ ʜʦ 24,1% ʜʣʷ ʙʝʪʦʥʫ ʟ 10 ʤʘʩ.% ɻɼʐ ʪʘ ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ CS10(380)F10(510) ʯʝʨʝʟ 100 ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ-ʚʽʜʪʘʚʘʥʥʷ. 

ɺʥʘʩʣʽʜʦʢ ʙʽʣʴʰ ʱʽʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʢʨʘʱʫʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʘʨʤʘʪʫʨʠ ʚ ʪʘʢʠʭ 

ʙʝʪʦʥʘʭ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ. 

4. ʇʦʣʽʜʠʩʧʝʨʩʥʽ ʧʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʷʢ ʇʎʊ ʪʘʢ ʽ ʇʇ, ʟʙʽʣʴʰʫʶʪʴ 

ʚʦʜʦʧʦʪʨʝʙʫ ʚôʷʞʫʯʦʛʦ ʟʘʚʜʷʢʠ ʙʽʣʴʰ ʨʦʟʚʠʥʫʪʽʡ ʧʦʨʦʚʽʡ ʩʪʨʫʢʪʫʨʽ 

ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʧʦʨʽʚʥʷʥʦ ʟ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʤʠ. 

ɺʦʜʦʫʪʨʠʤʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤ ʟ ʮʠʤʠ ʧʦʨʠʩʪʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

ʧʦʢʨʘʱʫʻʪʴʩʷ, ʩʢʦʨʦʯʫʶʪʴʩʷ ʪʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ, ʦʩʦʙʣʠʚʦ ʚʽʜʯʫʪʥʦ ʜʣʷ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʧʝʨʣʽʪ- ʽ ʮʝʦʣʽʪʤʽʩʪʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʝ ʩʪʘʥʦʚʠʪʴ ʚ ʤʝʞʘʭ 20-25 

ʭʚ ʽ 10-15 ʭʚ ʚʽʜʧʦʚʽʜʥʦ. ʄʽʮʥʽʩʪʴ ʪʘʢʠʭ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʽ ʚʠʜʫ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʚ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʪʚʝʨʜʥʝʥʥʷ 

ʧʦʩʪʫʧʘʻʪʴʩʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500, ʧʨʦʪʝ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʪʚʝʨʜʥʝʥʥʷ 
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ʩʢʦʨʦʯʫʻʪʴʩʷ ʨʦʟʨʠʚ ʚ ʤʽʮʥʦʩʪʽ, ʘ ʚʞʝ ʯʝʨʝʟ 42 ʜʦʙʠ ʚôʷʞʫʯʝ ʟ 10 ʤʘʩ.% 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʥʘʚʽʪʴ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʇʎ ɯ-500. 

5. ʇʨʦʚʝʜʝʥʦ ʦʧʪʠʤʽʟʘʮʽʶ ʚʤʽʩʪʫ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, ʷʢ 

ʦʜʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚ ʩʢʣʘʜʽ ʙʝʪʦʥʫ. ʄʝʪʦʜʦʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʘ ʩʘʤʝ ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʮʝʥʪʨʘʣʴʥʠʤ 

ʢʦʤʧʦʟʠʮʽʡʥʠʤ ʧʣʘʥʫʚʘʥʥʷʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʫʶʯʦʶ ʜʦʙʘʚʢʦ  ʁ ʪʘ ʧʦʣʽʜʠʩʧʝʨʩʥʠʤ 

ʮʝʦʣʽʪʦʚʠʤ ʪʫʬʦʤ ʫ ʢʽʣʴʢʦʩʪʽ 1 ʪʘ 10 ʤʘʩ.% ʚʽʜʧʦʚʽʜʥʦ ʜʘʻ ʟʤʦʛʫ ʦʜʝʨʞʘʪʠ 

ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ ʪʘ ʩʪʠʩʢʫ. ɺʚʝʜʝʥʥʷ 

ʧʣʘʩʪʠʬʢ̔ʫʶʯʠʭ ʜʦʙʘʚʦʢ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽ ʥʝʦʙʭʽʜʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʽʰʝʥʥʷʤ, ʷʢʝ 

ʜʦʟʚʦʣʷʻ ʢʦʤʧʝʥʩʫʚʘʪʠ ʟʨʦʩʪʘʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʮʝʦʣʽʪʦʚʦʛʦ ʪʠʧʫ. ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʽ ʧʦʨʠʩʪʽʩʪʴ ʙʝʪʦʥʽʚ, ʱʦ 

ʤʽʩʪʷʪʴ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʟʙʽʣʴʰʫʪ̒ʩɹʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 6-10%. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʚ ʙʝʪʦʥʘʭ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʤʝʨʟʘʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ 

ʩʚʽʞʦʟʘʤʦʨʦʞʝʥʦʾ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʘʣʝ ʧʽʩʣʷ ʚʽʜʪʘʚʘʥʥʷ ʟʘʣʠʰʢʦʚʽ ʜʝʬʦʨʤʘʮʽʾ 

ʨʦʟʰʠʨʝʥʥʷ ʟʤʝʥʰʫʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 17%. ʂʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʚʤʽʩʪʫ ʚ ʙʝʪʦʥʽ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʪʘ ʭʽʤʽʯʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʤʽʮʥʽʩʪʴ ʟʘʪʚʝʨʜʽʣʠʭ ʙʝʪʦʥʽʚ ʚ ʙʽʣʴʰ ʧʽʟʥʴʦʤʫ ʚʽʮʽ ʪʚʝʨʜʥʝʥʥʷ. ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʧʫʮʦʣʘʥʦʚʦʶ ʘʢʪʠʚʥʽʩʪʶ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ.   

6. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ 

ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʨʝʛʫʣʶʚʘʪʠ ʾʭ ʧʘʨʘʤʝʪʨʠ, ʩʪʚʦʨʶʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʘʪʥʠʭ ʬʘʟ, ʷʢʽ 

ʚʠʷʚʣʷʶʪʴ ʚôʷʞʫʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʤʽʥʝʨʘʣʴʥʽʡ ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

ʙʝʪʦʥʫ. ɹʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʩʫʙʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʠʭ ʚʦʣʦʢʥʠʩʪʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʪʠʧʫ 

CSH (ɯ), ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʙʝʪʦʥʫ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʠʡ ʝʬʝʢʪ ʩʘʤʦʘʨʤʫʚʘʥʥʷ 

ʙʝʪʦʥʫ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʽ ʪʘ ʩʠʥʪʝʟ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ̔  ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ. 

ʎʝ ʚ ʢʦʤʧʣʝʢʩʽ ʜʘʻ ʟʤʦʛʫ ʧʦʢʨʘʱʠʪʠ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʤʽʮʥʽʩʪʶ ʪʘ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥ ̔ʚʣʘʩʪʠʚʦʩʪ.̔  
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ʈʆɿɼɯʃ 4. ʈʆʃʔ ʄɽɿʆʉʊʈʋʂʊʋʈʀ ɺ ɿɸɹɽɿʇɽʏɽʅʅɯ ʇʆʂʈɸʑɽʅʀʍ 

ɺʃɸʉʊʀɺʆʉʊɽʁ ɹɽʊʆʅɯɺ ɿ ʇɯɼɺʀʑɽʅʆʖ ʊʈɯʑʀʅʆʉʊɯʁʂɯʉʊʖ, 

ʄʆɼʀʌɯʂʆɺɸʅʀʍ ʆʈɻɸʅʆ-ʄɯʅɽʈɸʃʔʅʀʄʀ ɼʆɹɸɺʂɸʄʀ 

 

 

 
4.1. ʈʦʣʴ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʚ ʤʝʟʦʩʪʨʫʢʪʫʨʽ ʙʝʪʦʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ 

 

 

ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʪʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʢʝʨʫʚʘʥʥʽ ʧʨʦʮʝʩʘʤʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ [20]. ʆʜʠʥ ʟ ʤʝʪʦʜʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʜʦʤʫ ʢʦʥʮʝʧʮʽʶ [253] ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʱʽʣʴʥʦʛʦ ʫʧʘʢʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʰʣʷʭʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʤʝʟʦʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʽ. ɿʚʘʞʘʶʯʠ ʥʘ 

ʪʝ, ʱʦ ʷʢʽʩʥʽ ʟʘʧʦʚʥʶʚʘʯʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʙʝʪʦʥʘʭ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ, 

ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʥʝʟʥʘʯʥʠʡ ʚʤʽʩʪ ʟʝʨʝʥ ʤʝʥʰʝ 0,16 ʤʤ, ʘ ʩʫʯʘʩʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦʶ ʪʦʥʠʥʦʶ ʧʦʤʝʣʫ, ʫ ʛʨʘʥʫʣʦʤʝʪʨʽʾ ʪʘʢʠʭ ʙʝʪʦʥʽʚ 

ʚʠʥʠʢʘʶʪʴ ʨʦʟʨʠʚʠ ʤʽʞ ʚôʷʞʫʯʠʤ ʽ ʜʨʽʙʥʠʤ ʟʘʧʦʚʥʶʚʘʯʝʤ ʫ ʜʽʘʧʘʟʦʥʽ 60-160 ʤʢʤ 

(ʨʠʩ. 4.1).  

 

ʈʠʩʫʥʦʢ 4.1 - ɼʠʬʝʨʝʥʮʽʡʥʽ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʝʨʝʥ  

ʧʽʩʢʫ ʪʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟʘ ʨʦʟʤʽʨʘʤʠ 
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ʎʝ ʚʠʤʘʛʘʻ ʢʦʨʠʛʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʣʘʟʝʨʥʦʾ ʛʨʘʥʫʣʦʤʝʪʨʽʾ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʦʩʥʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʜʦʙʘʚʦʢ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 1-60 

ʤʢʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʛʨʘʥʫʣʦʤʝʪʨʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ (ʨʠʩ. 4.2, ʘ) [1]. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʚʽʜʯʠʪʴ (ʨʠʩ. 4.2, ʙ), ʱʦ ʨʦʟʤʽʨ ʾʭ ʟʝʨʝʥ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 0,4-

800 ʪʘ 1-1250 ʤʢʤ ʜʣʷ ʇʎʊ ʪʘ ʇʇ ʚʽʜʧʦʚʽʜʥʦ.  

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 4.2 - ɼʠʬʝʨʝʥʮʽʡʥʽ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʝʨʝʥ ʟʘ ʨʦʟʤʽʨʘʤʠ:   

ʘ ï ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʡ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ (ʊʎʊ) ʪʘ ʧʝʨʣʽʪ (ʇʊ);  

ʙ ï ʧʦʣʽʜʠʩʧʝʨʩʥʠʡ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ (ʇʎʊ) ʪʘ ʧʝʨʣʽʪ (ʇʇ)  

́̇́ 

˽  ́

˽  ˽

˽̇ ́
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ʇʦʢʘʟʘʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʚʚʝʜʝʥʥʷ ʜʦ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ (ʇʎʊ) ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʥʝʧʝʨʝʨʚʥʦʩʪʽ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʚ ʜʽʘʧʘʟʦʥʽ ʤʝʟʦʩʪʨʫʢʪʫʨʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʧʦʨʽʚʥʷʥʥʷ 

ʢʨʠʚʠʭ ʨʦʟʧʦʜʽʣʫ ʟʝʨʝʥ ʩʢʣʘʜʦʚʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʝʪʦʥʽʚ ʪʘ ʢʨʠʚʦʾ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʌʫʣʣʝʨʘ (ʨʠʩ. 4.3). 

 

ʘ 

 

ʙ 

 

ʈʠʩʫʥʦʢ 4.3 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʤʘʢʨʦ- (ʘ) ʪʘ 

ʤʝʟʦʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʷʭ (ʙ), ʢʨʠʚʘ ʌʫʣʣʝʨʘ - ʂʆɻ,       
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ɺʧʣʠʚ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʮʝʦʣʽʪʦʚʦʛʦ ʽ ʧʝʨʣʽʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʧʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʜʨʽʙʥʦʟʝʨʥʠcʪʠʭ ʙʝʪʦʥʽʚ 

ʩʢʣʘʜʫ 1:2 (ʪʘʙʣ. 4.1). 

ʈʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ (ȹɺ/ʎ=4-

9%), ʜʣʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʟ ʜʦʙʘʚʢʦʶ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

ɹʇʎʊ ʭʘʨʘʢʪʝʨʥʘ ʥʘʡʚʠʱʘ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ ʩʝʨʝʜ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ 

ʩʢʣʘʜʽʚ. ʇʽʜʚʠʱʝʥʘ ʚʦʜʦʧʦʪʨʝʙʘ ʜʘʥʦʾ ʩʫʤʽʰʽ ʟʫʤʦʚʣʝʥʘ ʟʜʘʪʥʽʩʪʶ ʮʝʦʣʽʪʦʚʦʛʦ 

ʪʫʬʫ ʽʤʤʦʙʽʣʽʟʫʚʘʪʠ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ. ɿʤʝʥʰʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ ʩʫʤʽʰʝʡ ʧʨʦʭʦʜʠʪʴ ʟʘ ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʴʦʢʘʥʘʣʴʥʦʾ ʢʨʠʩʪʘʣʽʯʥʦ-

ʧʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ. ɹʝʪʦʥ ʟ ʚʤʽʩʪʦʤ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʧʝʨʣʽʪʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʞʯʦʶ ʤʽʮʥʽʩʪʶ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʥʠʟʴʢʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʧʫʯʝʥʦʛʦ ʧʝʨʣʽʪʫ. 

 

ʊʘʙʣʠʮʷ 4.1 - ʄʽʮʥʽʩʪʴ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ ʟ ʚʤʽʩʪʦʤ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ ʨʽʟʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ 

ʅʘʟʚʘ 

ʩʢʣʘʜʫ 

ɺʤʽʩʪ ʤʽʥʝʨʘʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʤʘʩ.% ɺ/ʎ 

ʄʽʮʥʽʩʪʴ ʥʘ 

ʟʛʠʥ, ʄʇʘ, ʫ 

ʚʽʮʽ, ʜʽʙ 

ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ, 

ʄʇʘ, ʫ ʚʽʮʽ, ʜʽʙ 

ʊʎʊ ʇʎʊ ʇʊ ʇʇ* 2 7 28 2 7 28 

ɹ 0 - 0 - 0,45 4,9 5,2 7,5 29,4 41,8 54,1 

ɹʊʎʊ 10 - - - 0,47 4,2 5,0 7,9 27,1 39,9 53,6 

ɹʇʊ - - 10 - 0,49 5,6 6,1 7,7 27,9 39,1 51,9 

ɹʇʎʊ  10 - - 0,49 4,4 5,1 8,2 27,7 38,2 52,7 

ɹʇʇ - - - 10 0,52 3,9 4,5 6,8 23,4 33,9 48,8 

*ʜʦʟʫʚʘʥʥʷ ʟʘ ʦʙôʻʤʦʤ 

 

 ʆʪʞʝ, ʧʽʜʚʠʱʝʥʥʷ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʧʨʠ ʟʛʠʥʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ ɹʊʎʊ 

ʽ ɹʇʎʊ ʟʫʤʦʚʣʝʥʦ ʫʥʽʢʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʪʨʫʢʪʫʨʠ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚʥʫʪʨʽʰʥʴʦʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨ ʽ ʢʘʥʘʣʽʚ, ʘ  ʪʘʢʦʞ 

ʧʫʮʦʣʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʬʦʨʤʫʚʘʥʥʶ ʱʽʣʴʥʦʾ ʪʘ ʤʽʮʥʦʾ 
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ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʫ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰʦʾ ʧʦʚʥʦʪʠ ʛʽʜʨʘʪʘʮʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʷʢʘ ʚʽʜʽʛʨʘʻ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʚ ʦʜʝʨʞʘʥʥʽ ʧʨʦʝʢʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʫ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʩʣʫʞʙʠ 

ʢʦʥʩʪʨʫʢʮʽʾ. ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʦʥʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʛʣʷʜʦʤ ʟʘ ʙʝʪʦʥʦʤ, ʷʢʠʡ 

ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʫʩʘʜʦʯʥ̔ ʜʝʬʦʨʤʘʮʽ ʾʪʘ ʩʪʠʤʫʣʶʚʘʪʠ ʛʽʜʨʘʪʘʮʽʡʥ ̔ʧʨʦʮʝʩʠ ʚ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ.̔ ʆʜʥʘʢ ʟʦʚʥʽʰʥʽʡ ʜʦʛʣʷʜ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʠʡ, ʦʩʦʙʣʠʚʦ ʫ 

ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʷʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʽ ʟʘʚʞʜʠ ʻ ʩʢʣʘʜʥʠʤ ʪʘ ʚʠʪʨʘʪʥʠʤ ʧʨʦʮʝʩʦʤ. 

ɿʘʟʚʠʯʘʡ ʟʦʚʥʽʰʥʽʡ ʜʦʛʣʷʜ ʻ ʥʝʝʬʝʢʪʠʚʥʠʤ ʯʝʨʝʟ ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʥʘʚʽʪʴ ʫ ʨʘʥʥʴʦʤʫ ʚʽʮʽ ʪʚʝʨʜʥʝʥʥʷ. ʊʦʤʫ ʜʦʜʘʪʢʦʚʠʡ ʨʝʟʝʨʚ 

ʚʦʜʠ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʚ 

ʙʝʪʦʥʘʭ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ, ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟʘ ʜʦʩʠʪʴ ʥʠʟʴʢʠʭ ɺ/ʎ 

ʚʽʜʥʦʰʝʥ ɹʪʘ ʤʘʶʪʴ ʱʽʣʴʥʫ ʩʪʨʫʢʪʫʨʫ, ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʽ ʝʬʝʢʪʠʚʥʠʤ. 

ʊʘʢʠʡ ʨʝʟʝʨʚ ʚʦʜʠ ʻ ʥʝʦʙʭʽʜʥʠʡ ʚ ʙʝʪʦʥʘʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʟʚʝʜʝʥʥʽ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɼʣʷ ʜʦʨʦʞʥʽʭ ʙʝʪʦʥʽʚ, ʥʘʧʨʠʢʣʘʜ, ʚʥʫʪʨʽʰʥʽʡ ʨʝʟʝʨʚ 

ʚʦʜʠ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ̔ ʟʥʘʯʥʦʶ ʚʽʜʢʨʠʪʦʶ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ, ʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʨʦʛʠʭ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ 

ʙʫʜ̔ʚʥʠʮʪʚʘ. ʅʘʷʚʥʽʩʪʴ ʨʝʟʝʨʚʥʦ ʾ ʚʦʣʦʛʠ ʫ ʪʽʣʽ ʙʝʪʦʥʫ ʩʧʨʠʷʻ ʙʽʣʴʰ ʧʦʚʥʽʡ 

ʛʽʜʨʘʪʘʮʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʱʦ ʧʦʪʝʥʮʽʡʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ 

ʤʽʮʥʦʩʪ̔ ʪʘ ʟʤʝʥʰʫʻ ʧʨʦʥʠʢʥʽʩʪʴ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʦʮʽʥʠʪʠ 

ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʶ ʚʦʣʦʛʽʩʪʴ ʙʝʪʦʥʫ, ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʘʜʽʫʩʫ 

ʚʦʜʦʥʘʧʦʚʥʝʥʠʭ ʢʘʧʽʣʷʨʽʚ ʜʦ ʚʦʣʦʛʦʩʪʽ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ. 

ɼʦʩʪʘʪʥʴʦ ʧʨʦʩʪʠʤ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʜʦʩʪʫʧʥʠʤ ʩʧʦʩʦʙʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʝʟʝʨʚʫ ʚʦʜʠ ʚ ʙʝʪʦʥ ̔ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʦʜʨʽʙʥʝʥʽ ʧʦʨʠʩʪʽ ʧʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʚʦʣʦʜʽʶʪʴ 

ʟʜʘʪʥʽʩʪʶ ʰʚʠʜʢʦ ʧʦʛʣʠʥʘʪʠ ʚʦʜʫ ʟʘʚʜʷʢʠ ʾʭ ʚʠʩʦʢʽʡ ʧʠʪʦʤʽʡ ʧʦʚʝʨʭʥʽ. ɿʘʤʽʥʘ 

ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʟʘʟʜʘʣʝʛʽʜʴ ʚʦʜʦʥʘʩʠʯʝʥʠʤ ʧʦʨʠʩʪʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʟʤʝʥʰʝʥʥʷ ʫʩʘʜʦʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʧʦʣʽʧʰʫ ̒ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʫ ʪʘ 

ʥʘʚʽʪʴ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥ ʁʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ  [146, 176, 365]. ʇʨʦʪʝ, ʟʘʟʚʠʯʘʡ, ʤʦʞʝ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʥʝʚʝʣʠʢʝ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ [177]. ʇʫʮʦʣʘʥʦʚʽ ʤʘʪʝʨʽʘʣʠ 
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ʟʜʘʪʥʽ ʯʘʩʪʢʦʚʦ ʟʘʤʽʥʠʪʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʚ ʙʝʪʦʥʽ, ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʫʶʯʠ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ ʜʦʚʢʽʣʣʷ, ʟʥʠʞʫʶʯʠ ʚʘʨʪʽʩʪʴ 

ʙʝʪʦʥʫ ʪʘ ʧʽʜʚʠʱʫʶʯʠ ʡʦʛʦ ʤʽʮʥʽʩʪʴ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʝʘʢʮʽʷ ʤʽʞ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʽ ʚʦʜʦʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʛʝʣʝʚʠʭ ʪʘ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ. ʊʘʢʘ ʚʟʘʻʤʦʜʽʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʢʦʥʪʨʘʢʮʽʡʥʦʶ 

ʫʩʘʜʢʦʶ, ʪʘʢ, ʷʢ ʢʽʥʮʝʚʽ ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ ʟʘʡʤʘʶʪʴ ʤʝʥʰʠʡ ʦʙôʻʤ, ʥʽʞ ʚʠʭʽʜʥʽ 

ʢʦʤʧʦʥʝʥʪʠ (ʨʠʩ. 4.4). 

 

 

ʈʠʩʫʥʦʢ 4.4 - ʇʨʦʮʝʩ ʫʩʘʜʢʠ ʚ ʙʝʪʦʥʽ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ [227] 

 

ɼʦ ʧʦʯʘʪʢʫ ʪʫʞʘʚʽʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʨʦʭʦʜʠʪʴ ʚʦʣʦʛʽʩʥʘ ʫʩʘʜʢʘ [145], ʘ ʟ 

ʧʦʯʘʪʢʦʤ ʪʫʞʘʚʽʥʥʷ ʢʦʥʪʨʘʢʮʽʡʥʘ ʫʩʘʜʢʘ ʙʝʪʦʥʫ. ʇʨʦʮʝʩ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ 

ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʛʽʜʨʘʪʘʮʽʾ ʚʦʜʠ 

ʚʠʢʣʠʢʘʻ ʩʘʤʦʦʙʝʟʚʦʜʥʝʥʥʷ, ʯʝʨʝʟ ʪʝ, ʱʦ ʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʫʪʚʦʨʶʶʪʴʩʷ ʯʘʩʪʢʦʚʦ 

ʟʘʧʦʚʥʝʥʽ ʧʦʨʦʚʠʤ ʨʦʟʯʠʥʦʤ ʢʘʧʽʣʷʨʠ. ʈʦʟʯʠʥʠ, ʱʦ ʟʘʣʠʰʘʶʪʴʩʷ ʫ ʯʘʩʪʢʦʚʦ 

ʦʙʝʟʚʦʜʥʝʥʠʭ ʧʦʨʘʭ, ʩʪʚʦʨʚʁʘʪʠʤʫʪʴ ʩʫʪʪʻʚʠʡ ʢʘʧʽʣʷʨʥʠʡ ʪʠʩʢ, 

ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʦʟʯʠʥʫ ʽ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʠʡ 

ʨʦʟʤʽʨʫ ʥʘʡʙʽʣʴʰʦʾ ʯʘʩʪʢʦʚʦ ʦʙʝʟʚʦʜʥʝʥʦʾ ʧʦʨʠ. ʈʽʚʥʷʥʥʷ ʖʥʛʘ ʦʧʠʩʫʻ ʜʘʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (4.2) [150]: 
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                                                                           „
ς‎ὧέί—
ὶ

                                                 (4.2) 

 

ʜʝ ů - ʥʘʧʨʫʞʝʥʥʷ ʘʙʦ ʢʘʧʽʣʷʨʥʠʡ ʪʠʩʢ, ɔ - ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʨʦʟʯʠʥʫ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʨʘʭ, ɗ ï ʢʦʥʪʘʢʪʥʠʡ ʢʫʪ, ʘ r - ʨʘʜʽʫʩ ʧʦʨ.  

ʗʢ ʚʠʜʥʦ ʟ ʨʽʚʥʷʥʥʷ (4.2), ʽʩʥʫʶʪʴ ʜʚʘ ʩʧʦʩʦʙʠ ʟʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʜʘʥʠʭ 

ʢʘʧʽʣʷʨʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʘ ʩʘʤʝ ʟʤʝʥʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʦʟʯʠʥʫ ʚ ʧʦʨʘʭ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʦʾ ʜʦʙʘʚʢʠ SRA (Shrinkage Reducing Admixture) [147] 

ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʧʦʨ ʫ ʙʝʪʦʥʽ ʚʚʝʜʝʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʨʝʟʝʨʚʽʚ ʚʦʜʠ ʚ ʩʪʨʫʢʪʫʨʫ 

ʙʝʪʦʥʫ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʦʜʘʪʢʦʚʠʭ ʧʦʨ ʥʝʜʦʩʪʘʪʥʴʦ, ʫ ʧʨʦʮʝʩʽ ʛʽʜʨʘʪʘʮʽʾ ʜʘʥʽ 

ʢʘʧʽʣʷʨʥʽ ʥʘʧʨʫʞʝʥʥʷ ʙʫʜʫʪʴ ʟʥʘʯʥʦ ʟʨʦʩʪʘʪʠ, ʦʩʢʽʣʴʢʠ ʟ ʯʘʩʦʤ ʙʫʜʫʪʴ 

ʟʥʝʚʦʜʥʶʚʘʪʠʩʷ ʧʦʨʠ ʚʩʝ ʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʫ.  

ʅʘʜʣʠʰʢʦʚʠʡ ʢʘʧʽʣʷʨʥʠʡ ʪʠʩʢ ʚʦʜʥʦʯʘʩ ʩʪʚʦʨʶʚʘʪʠʤʝ ʩʫʪʪʻʚʫ ʫʩʘʜʢʫ 

ʩʪʨʫʢʪʫʨʠ, ʱʦ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʄʘʢʢʝʥʟʽ (Mackenzie, 1950) [150]: 

‐
„Ὓ
σ
ρ
ὑ

ρ
ὑί

      (4.3) 

 

ʜʝ Ů - ʣʽʥʽʡʥʘ ʜʝʬʦʨʤʘʮʽʷ, K ï ʤʦʜʫʣʴ ʦʙ'ʻʤʫ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, Ks - ʤʦʜʫʣʴ 

ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, ʘ S - ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ (ʚʽʜ 0 ʜʦ 1). ʂʦʣʠ 

ʜʘʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʫʩʘʜʢʠ ʩʪʘʶʪʴ ʢʨʠʪʠʯʥʠʤʠ, ʤʦʞʝ ʚʠʥʠʢʘʪʠ 

ʤʽʢʨʦʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʫ ʨʘʥʥʴʦʤʫ ʚʽʮʽ, ʟʥʠʞʫʶʯʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʝʪʦʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

ʉʘʤʦʦʙʝʟʚʦʜʥʝʥʥʷ ʽ ʟʨʦʩʪʘʥʥʷ ů ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ 

ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʩʠʩʪʝʤʠ, ʱʦ ʪʚʝʨʜʥʝ. ʇʨʦʮʝʩ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʂʝʣʴʚʽʥʘ 

(4.4) [150]: 

„
ὙὝὰὲὙὌ
ὠά

       (4.4) 

 

ʜʝ R - ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, RH - ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ, T - ʘʙʩʦʣʶʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʘ Vm - ʤʦʣʷʨʥʠʡ ʦʙ'ʻʤ ʧʦʨʦʚʦʛʦ ʨʦʟʯʠʥʫ.  

ʈʽʚʥʷʥʥʷ (4.4) ʩʚʽʜʯʠʪʴ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʝʟʝʨʚʫ ʚʦʜʠ ʤʦʞʣʠʚʦ 
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ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʠʪʠ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ 

ʪʚʝʨʜʥʫʯʦʾ ʩʠʩʪʝʤʠ. ʇʦʻʜʥʘʥʥʷ ʨʽʚʥʷʥʥʷ (4.4) ʽʟ ʟʘʣʝʞʥʽʩʪʶ (4.2) ʚʩʪʘʥʦʚʣʶʻ 

ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʚʽʜʥʦʩʥʦʶ ʚʦʣʦʛʽʩʪʶ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʽ ʨʦʟʤʽʨʦʤ ʢʘʧʽʣʷʨʽʚ, ʱʦ 

ʧʽʜʜʘʶʪʴʩʷ ʦʙʝʟʚʦʜʥʝʥʥʶ (ʨʠʩ. 4.5).  

 

ʈʠʩʫʥʦʢ 4.5 ï ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʥʫʪʨʽʰʥʴʦʶ ʚʽʜʥʦʩʥʦʶ ʚʦʣʦʛʽʩʪʶ ʪʘ ʨʘʜʽʫʩʦʤ 

ʢʘʧʽʣʷʨʽʚ, ʱʦ ʦʙʝʟʚʦʜʥʶʶʪʴʩʷ [150] 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʝʟʝʨʚʫ ʚʦʜʠ ʻ ʩʪʚʦʨʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʜʞʝʨʝʣʘ ʜʦʜʘʪʢʦʚʦʾ ʚʦʣʦʛʠ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʩʠʯʝʥʥʷ ʢʘʧʽʣʷʨʥʠʭ ʧʦʨ 

ʮʝʤʝʥʪʫʶʯʦʾ ʩʠʩʪʝʤʠ ʚ ʧʨʦʮʝʩʽ ʛʽʜʨʘʪʘʮʽʾ, ʱʦ ʟʤʝʥʰʠʪʴ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʽ 

ʜʝʬʦʨʤʘʮʽʾ ʫʩʘʜʢʠ. ʊʘʢʦʞ ʜʦʜʘʪʢʦʚʘ ʚʦʜʘ ʧʽʜʚʠʱʠʪʴ ʧʦʚʥʦʪʫ ʛʽʜʨʘʪʘʮʽʾ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚ ʙʝʪʦʥʽ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʟʘʙʝʟʧʝʯʠʪʴ ʥʘʣʝʞʥʠʡ 

ʥʘʙʽʨ ʤʽʮʥʦʩʪʽ ʽ ʟʥʠʟʠʪʴ ʧʨʦʥʠʢʥʽʩʪʴ ʙʝʪʦʥʫ. ɿʘʟʚʠʯʘʡ, ʯʘʩʪʠʥʫ ʮʽʻʾ ʥʘʜʤʽʨʥʦʾ 

ʚʦʣʦʛʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʛʣʷʜʫ ʟʘ ʙʝʪʦʥʦʤ, ʷʢʠʡ ʤʦʞʝ  ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ 

ʩʪʚʦʨʝʥʥʷ ʪʫʤʘʥʥʠʭ ʟʘʚʽʩ, ʧʦʣʠʚ ʘʙʦ ʧʦʢʨʠʪʪʷ ʚʦʣʦʛʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʘʣʝ ʫ ʙʝʪʦʥʘʭ 

ʟ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ ʢʘʧʽʣʷʨʥʘ ʧʦʨʠʩʪʽʩʪʴ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʝʨʰʠʭ ʜʽʙ 
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ʛʽʜʨʘʪʘʮʽʾ. ʊʦʤʫ ʚʦʜʘ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʫ ʧʨʦʮʝʩʽ ʟʦʚʥʽʰʥʴʦʛʦ ʜʦʛʣʷʜʫ, ʤʦʞʝ 

ʧʨʦʥʠʢʘʪʠ ʚ ʩʪʨʫʢʪʫʨʫ ʙʝʪʦʥʫ ʪʽʣʴʢʠ ʥʘ ʢʽʣʴʢʘ ʤʽʣʽʤʝʪʨʽʚ ʚʽʜ ʧʦʚʝʨʭʥʽ, ʪʦʜʽ ʷʢ 

ʚʥʫʪʨʽʰʥʷ ʯʘʩʪʠʥʘ ʙʝʪʦʥʫ ʩʘʤʦʦʙʝʟʚʦʜʥʶʻʪʴʩʷ. ʊʦʤʫ ʤʝʪʦ  ʁ ʩʪʚʦʨʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʝʟʝʨʚʫ ʚʦʜʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦ ʾ ʢʽʣʴʢʦʩʪ̔ 

ʚʦʣʦʛʠ ʫ ʥʝʦʙʭʽʜʥʦʤʫ ʦʙʩʷʟʽ ʪʘ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʫ ʚʩʴʦʤʫ ʦʙ'ʻʤʽ ʙʝʪʦʥʫ, 

ʱʦʙ ʟʙʝʨʝʛʪʠ ʦʧʪʠʤʘʣʴʥʫ ʚʦʣʦʛʽʩʪ ɹʪʨʠʚʠʤʽʨʥʦ ʾʩʪʨʫʢʪʫʨʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ 

ʢʦʤʧʦʟʠʪʫ ʽ ʟʤʝʥʰʠʪʠ ʜʝʬʦʨʤʘʮʽʾ ʫʩʘʜʢʠ (ʨʠʩ. 4.6). 

 

ʈʠʩʫʥʦʢ 4.6 ï ʇʨʦʮʝʩ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʝʟʝʨʚʫ ʚʦʜʠ [150] 

 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʧʫʮʦʣʘʥʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʨʝʟʝʨʚʫʘʨʽʚ ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ ʚʦʜʠ, ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʜʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʇʎʊ ʽ ʇʇ ʪʘ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʽʚ, ʱʦ 

ʪʚʝʨʜʥʫʣʠ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ [352, 353]. ɸʥʘʣʽʟ ʢʽʥʝʪʠʢʠ ʘʜʩʦʨʙʮʽʾ ʚʦʜʠ ʮʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʧʦʢʘʟʘʚ, ʦɦ ʇʎʊ ʤʘʻ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʧʦʛʣʠʥʘʥʥʷ, 
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ʘʣʝ ʦʙôʻʤ ʘʜʩʦʨʙʦʚʘʥʦʾ ʚʦʜʠ ʚ ʧʦʣʽʜʠʩʧʝʨʩʥʦʤʫ ʧʝʨʣʽʪʽ ʧʝʨʝʚʠʱʫʻ ʇʎʊ ʤʘʡʞʝ ʫ 5 

ʨʘʟʽʚ (ʨʠʩ. 4.7).  

 

ʈʠʩʫʥʦʢ 4.7 - ʂʽʥʝʪʠʢʘ ʘʜʩʦʨʙʮʽʾ ʚʦʜʠ ʧʦʨʠʩʪʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʯʘʩʽ: 

ɺʇʄ - ʚʠʩʫʰʝʥʠʡ ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ, ɺʅ ïʚʦʜʦʥʘʩʠʯʝʥʠʡ 

 

ʆʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʝʟʝʨʚʫ ʚʦʜʠ ʟʨʦʩʪʘʻ ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʦ ʚʦʜʦʮʝʤʝʥʪʥʦʤʫ ʚʽʜʥʦʰʝʥʥʶ, ʡʦʛʦ ʚʧʣʠʚ ʚʠʟʥʘʯʘʣʠ ʫ ʙʝʪʦʥʘʭ ʟ 

ɺ/ʎ=0,37, ʟʘʬʦʨʤʦʚʘʥʠʭ ʟ ʩʫʤʽʰʝʡ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟʘ ʤʘʩʦʶ 1:1,65:2,88 ʟ 

ʤʘʨʢʦʶ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ S1, ʪʘ ʚʤʽʩʪʦʤ 10 ʤʘʩ.% ʽ 10 ʦʙ.% 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʪʘ ʧʝʨʣʽʪʫ ʚʽʜʧʦʚʽʜʥʦ, ʰʣʷʭʦʤ ʩʧʽʚʩʪʘʚʣʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʽʚ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʪʚʝʨʜʥʝʥʥʷ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʩʢʣʘʜʦʤ ʂ (ʪʘʙʣ. 

4.2) [235]. 

ʊʘʙʣʠʮʷ 4.2 - ɺʤʽʩʪ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ 

ʋʤʦʚʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 

ɺʠʪʨʘʪʘ ʢʦʤʧʦʥʝʥʪʽʚ 

ɺ/ʎ 

ʉʝʨʝʜʥʷ 

ʛʫʩʪʠʥʘ 

ʩʫʤʽʰʽ, 

ʢʛ/ʤ3 

ʆʩʘʜʢʘ 

ʢʦʥʫʩʘ, 

ʩʤ 

ʎʝʤʝʥʪ, 

ʢʛ/ʤ3 

ʇʎʊ, 

ʤʘʩ.% 

ʇʇ, 

ʦʙ. % 

ʂ 400 - - 0,37 2455 4 

ʇʎʊ 360 10  0,39 2405 3 
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ɹʝʪʦʥʠ ʥʘ ʦʩʥʦʚʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ S1 ʪʘ ʚʤʽʩʪʦʤ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʧʽʩʣʷ ʪʚʝʨʜʥʝʥʥʷ ʚ ʩʫʭʠʭ ʫʤʦʚʘʭ ʫ ʚʽʮʽ 90 ʜʽʙ ʥʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʠʤ ʥʝʜʦʙʦʨʦʤ ʤʽʮʥʦʩʪʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʢʣʘʜʫ 

(ʨʠʩ. 4.8) [350]. ʊʘʢ, ʯʝʨʝʟ 90  ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʙʝʪʦʥʫ ʚ ʩʫʭʠʭ ʫʤʦʚʘʭ 

ʤʽʮʥʽʩʪʴ ʥʘ 9% ʥʠʞʯʘ ʧʦʨʽʚʥʷʥʦ ʟ ʥʦʨʤʘʣʴʥʠʤʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʙʝʪʦʥʽʚ ʟ ʇʎʊ ʪʘ 

ʇʇ ʪʽʣʴʢʠ ʥʘ 3%. ʎʝ ʩʣʫʞʠʪʴ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʛʽʧʦʪʝʟʠ ʧʨʦ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ 

ʜʦʜʘʪʢʦʚʠʭ ʚʥʫʪʨʽʰʥʽʭ ʨʝʟʝʨʚʫʘʨʽʚ ʚʦʜʠ ʫ ʙʝʪʦʥʽ ʥʘ ʥʦʨʤʘʣʽʟʘʮʽʶ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʡ 

ʛʽʜʨʘʪʘʮʽʾ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʚʠʪʢʫ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʦʙʝʪʦʥʫ ʚ ʩʫʭʠʭ ʫʤʦʚʘʭ 

ʪʚʝʨʜʥʝʥʥʷ [91].  

 

ʈʠʩʫʥʦʢ 4.8 - ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʽʚ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʪʚʝʨʜʥʝʥʥʷ 

 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʧʨʠ 

ʟʛʠʥʽ  ʙʝʪʦʥʽʚ, ʱʦ ʪʚʝʨʜʥʫʣʠ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʚʢʘʟʫʶʪʴ ʥʘ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʮʴʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʜʦ ʦʙʝʟʚʦʜʥʝʥʥʷ (ʨʠʩ. 4.9). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ 

ʟʨʘʟʢʽʚ ʩʢʣʘʜʫ ʂ ʯʝʨʝʟ 90 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʚ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʠʭ ʫʤʦʚʘʭ ʩʢʣʘʜʘʻ               
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5,5 ʄʇʘ, ʪʦʜʽ ʷʢ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ, ʱʦ ʪʚʝʨʜʥʫʚ ʫ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʻ ʥʠʞʯʦʶ ʥʘ 

28% ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʩʢʣʘʜʦʤ. ʅʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʙʝʪʦʥʫ 

ʟ ʚʤʽʩʪʦʤ 10 ʤʘʩ.% ʇʎʊ, ʟ ʜʦʩʷʛʥʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ 8,9 ʄʇʘ ʯʝʨʝʟ 

90 ʜʽʙ ʪʚʝʨʜʥʝʥʥ ̫ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

 

 

ʈʠʩʫʥʦʢ 4.9 - ʄʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ ʙʝʪʦʥʽʚ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ 

ʪʚʝʨʜʥʝʥʥʷ: çʅè ï  ʥʦʨʤʘʣʴʥ ̔(t=20Ñ3Áʉ, ű=95Ñ3%), çʉè ï ʧʦʚʽʪʨʷʥʦ-ʩʫʭ̔ 

(t=40Ñ3Áʉ, ű =40Ñ3%) 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.11, ʚʥʫʪʨʽʰʥʷ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʙʝʪʦʥʽʚ ʧʨʦʧʦʨʮʽʡʥʘ ʚʪʨʘʪ ̔

ʤʘʩʠ ʙʝʪʦʥʥʠʭ ʟʨʘʟʢʽʚ (ʨʠʩ. 4.10). ɸʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʽʜʯʠʪʴ, ʱʦ 

ʧʦʣʽʜʠʩʧʝʨʩʥʠʡ ʧʝʨʣʽʪ ʻ ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʜʦʛʣʷʜʫ ʥʽʞ ʧʦʣʽʜʠʩʧʝʨʩʥʠʡ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʮʝʡ ʢʦʤʧʦʥʝʥʪ 
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ʈʠʩʫʥʦʢ 4.10 - ɺʪʨʘʪʠ ʤʘʩʠ ʟʨʘʟʢʽʚ, ʱʦ ʟʥʘʭʦʜʠʣʠʩʷ ʚ ʩʫʭʠʭ ʫʤʦʚʘʭ 

 

ʤʘʻ ʚʠʱʠʡ ʧʦʢʘʟʥʠʢ ʘʜʩʦʨʙʮʽʾ ʚʦʜʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʜʦʩʠʪʴ ʥʠʟʴʢʽ ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʫʮʦʣʘʥʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʧʝʨʣʽʪʫ ʦʙʤʝʞʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʧʝʨʣʽʪʫ ʚ ʙʝʪʦʥʘʭ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ. 

 

 

ʈʠʩʫʥʦʢ 4.11 ï ɺʽʜʥʦʩʥʘ (ʚʥʫʪʨʽʰʥʷ) ʚʦʣʦʛʽʩʪʴ ʙʝʪʦʥʽʚ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʪʚʝʨʜʥʝʥʥʷ:  

çʉè ï t=40Ñ3Áʉ, ű =40Ñ3%; çɺè ï t=20Ñ3Áʉ, ű=68Ñ3%  

 

ʆʪʞʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʟʘʙʝʟʧʝʯʫʻ ʥʘʣʝʞʥʠʡ 

ʚʥʫʪʨʽʰʥʽʡ ʨʝʟʝʨʚ ʚʦʜʠ, ʙʽʣʴʰ ʧʦʚʥʝ ʧʨʦʪʽʢʘʥʥʷ ʛʽʜʨʘʪʘʮʽʾ ʚôʷʞʫʯʦʛʦ, ʟʥʠʞʫʻ 

ʽʤʦʚʽʨʥʽʩʪʴ ʩʘʤʦʦʙʝʟʚʦʜʥʝʥʥʷ ʙʝʪʦʥʫ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ, ʘ ʪʘʢʦʞ ʜʘʻ ʟʤʦʛʫ 

ʧʽʜʚʠʱʠʪʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʙʝʪʦʥʽʚ. 

0

0,5

1

1,5

2

2,5

3

1 3 7 14 21 28

ɺ
ʪ
ʨ
ʘ
ʪ
ʠ
 
ʤ
ʘ
ʩ
ʠ
,
 
%

ɺʽʢ, ʜʽʙ

ʂ ʎʇʂ ʇʇʂʇʇʇʎʊ 



 

182  

4.2. ɺʧʣʠʚ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʽʚ ʥʘ 

ʤʝʟʦʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʽ 

 

 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʝʪʦʥʽʚ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ 

ʜʦʙʘʚʢʠ. ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʨʦʟʯʠʥʦʚʫ ʩʫʤʽʰ ʪʘ 

ʟʘʪʚʝʨʜʽʣʫ ʨʦʟʯʠʥʦʚʫ ʯʘʩʪʠʥʫ ʙʝʪʦʥʫ ʩʪʘʥʦʚʠʪʴ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʟ ʧʨʘʢʪʠʯʥʦʾ ʪʘ 

ʪʝʦʨʝʪʠʯʥʦʾ ʪʦʯʦʢ ʟʦʨʫ [275]. ɺʽʜʦʤʦ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʯʠʥʦʚʦʾ ʯʘʩʪʠʥʠ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʾʾ ʩʢʣʘʜʫ. ʊʦʤʫ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʪʘ 

ʩʢʣʘʜʫ ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ ʥʘ ʛʫʩʪʠʥʫ, ʦʙôʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʨʦʟʯʠʥʦʚʦʶ 

ʩʫʤʽʰʰʶ ʪʘ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʟʘʪʚʝʨʜʽʣʠʭ ʨʦʟʯʠʥʽʚ [272]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʷʛʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʫʣʴʙʘʰʦʢ ʧʦʚʽʪʨʷ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʛʫʩʪʠʥʫ ʽ ʧʦʢʨʘʱʫʶʪʴ 

ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʮʥʽʩʪʴ 

ʟʘʪʚʝʨʜʽʣʠʭ ʨʦʟʯʠʥʽʚ [77, 85]. ɼʦʜʘʚʘʥʥʷ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʧʦʢʨʘʱʫʻ 

ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʴ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʝʬʝʢʪ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʘʚʢʠ ʧʨʠ ʟʥʠʞʝʥʥ ̔ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʩʚʽʜʯʘʪʴ (ʨʠʩ. 4.12), ʱʦ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ (ʥʘ 44%) ɺ/ʎ  

 

ʈʠʩʫʥʦʢ 4.12 - ɺ/ʎ ʚʽʜʥʦʰʝʥʥʷ ʨʦʟʯʠʥʽʚ ʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʽ ʧʽʩʢʫ (ʈʂ=125-135 ʤʤ) 
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ʚʽʜʥʦʰʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʨʦʟʯʠʥʫ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʮʝʤʝʥʪ:ʧʽʩʦʢ=1:2. 

ʗʢʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʎ:ʇ ʩʪʘʥʦʚʠʪʴ 1:3, ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ɺ/ʎ 

ʚʽʜʥʦʰʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʝʪʘʣʦʥʥʠʤ ʨʦʟʯʠʥʦʤ R. ʇʦʜʘʣʴʰʝ ʟʥʠʞʝʥʥʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʎ:ʇ, ʱʦ ʤʽʩʪʠʪʴ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʫ ʜʦʙʘʚʢʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ɺ/ʎ ʚʽʜʥʦʰʝʥʥʷ ʥʘ 26%. 

ʉʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʽʚ ʧʨʠ ʈʂ=125-135 ʤʤ, ʱʦ ʤʽʩʪʷʪʴ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ 

ʜʦʙʘʚʢʠ, ʟʘʢʦʥʦʤʽʨʥʦ ʟʥʠʞʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʨʦʟʯʠʥʦʤ (ʨʠʩ. 4.13). 

ɿʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʨʦʟʯʠʥʽʚ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʎ:ʇ=1:2 ʽ 1:3 ʥʘ 8,2 ʽ 10,6% ʚʽʜʧʦʚʽʜʥʦ. ʆʜʥʘʢ ʛʫʩʪʠʥʘ ʟʨʦʩʪʘʻ ʟ 1758 ʜʦ 1789 ʢʛ/ʤ3, 

ʷʢʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʎ:ʇ ʟʤʽʥʶʻʪʴʩʷ ʟ 1:3 ʜʦ 1:4. 

 

ʈʠʩʫʥʦʢ 4.13 ï ʉʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ ʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʽ ʧʽʩʢʫ (ʈʂ=125-135 ʤʤ) 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.14, ʥʘʡʙʽʣʴʰʠʡ ʦʙôʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ (V=11,4%) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ ʟ ʥʘʡʙʽʣʴʰʠʤ ʚʤʽʩʪʦʤ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ 

(ʎ:ʇ=1:2). ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪ̔ ʧʽʩʢʫ ʚ ʨʦʟʯʠʥʘʭ ʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʎ:ʇ=1:3 ʽ 

ʎ:ʇ=1:4 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʦʙôʻʤʫ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʟ 4,9 ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʨʦʟʯʠʥʫ R ʜʦ 7,4 ʽ 7,2% ʚʽʜʧʦʚʽʜʥʦ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʙ'ʻʤ 

ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʩʫʤʽʰʽ. 
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ʈʠʩʫʥʦʢ 4.14 - ʆʙôʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʨʦʟʯʠʥʦʚʠʤʠ ʩʫʤʽʰʘʤʠ ʟ ʨʽʟʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʮʝʤʝʥʪʫ ʽ ʧʽʩʢʫ (ʈʂ=125-135 ʤʤ) 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.15. ʆʪʨʠʤʘʥʽ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʦʙôʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʚ 

ʨʦʟʯʠʥʽ ʟ ʎ:ʇ=1:2, ʡʦʛʦ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʻ ʚʠʱʦʶ ʫ ʚʩʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ. ʊʘʢ, 

ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 16,7; 56,1 ʽ 13,9% ʯʝʨʝʟ 7; 14 ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʩʢʣʘʜʦʤ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʢʣʶʯʦʚʘ ʨʦʣʴ ɺ/ʎ ʚʽʜʥʦʰʝʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʧʽʩʢʫ ʚ ʨʦʟʯʠʥʘʭ ʽʟ ʥʦʤʽʥʘʣʴʥʠʤ 

ʩʢʣʘʜʦʤ ʎ:ʇ=1:3 ʽ ʎ:ʇ=1:4 ʽ ʙʽʣʴʰʠʡ ʦʙôʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʩʧʨʠʯʠʥʷʻ 

ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʨʦʟʯʠʥʦʤ R. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ, ʧʦʚ'ʷʟʘʥʘ ʟ ɺ/ʎ 

ʚʽʜʥʦʰʝʥʥʷʤ, ʥʝ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʢʦʣʠ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ɺ/ʎ ʚʽʜʥʦʰʝʥʥʷ. ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʨʦʟʯʠʥʫ. 
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ʈʠʩʫʥʦʢ 4.15 - ʄʽʮʥʽʩʪʴ ʨʦʟʯʠʥʽʚ ʥʘ ʩʪʠʩʢ ʽʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʮʝʤʝʥʪʫ ʪʘ ʧʽʩʢʫ (ʈʂ=125-135 ʤʤ) 

 

ɺʪʷʛʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ ʧʨʠ ʩʪʘʣʦʤʫ ʚʦʜʦʮʝʤʝʥʪʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʥʘ 

ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʫʤʽʰʽ, ʛʫʩʪʠʥʫ ʪʘ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʤʘʻ ʪʘʢʦʞ ʧʨʘʢʪʠʯʥʝ ʪʘ 

ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ [179, 348, 351].  

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ ʪʘ ʩʢʣʘʜʫ 

ʨʦʟʯʠʥʦʚʦʾ ʯʘʩʪʠʥʠ ʙʝʪʦʥʫ ʥʘ ʦʙôʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ, ʧʣʘʩʪʠʯʥʽʩʪʴ, ʛʫʩʪʠʥʫ 

ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ, ʘ ʪʘʢʦʞ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʦʧʝʨʝʤʽʥʥʦʛʦ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ ʚʽʜʪʘʶʚʘʥʥʷ ʨʦʟʯʠʥʫ. 

ʇʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ ʜʦʙʘʚʢʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʩʠʩʪʝʤʫ ʩʪʘʙʽʣʴʥʠʭ 

ʧʦʚʽʪʨʷʥʠʭ ʧʦʨ ʚ ʨʦʟʯʠʥʽ ʪʘ ʙʝʪʦʥʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʰʘʨʫʚʘʥʥʷ, 

ʧʦʢʨʘʱʝʥʥʷ ʚʦʜʦʫʪʨʠʤʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʨʫʭʦʤʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ 

ʧʦʧʝʨʝʤʽʥʥʦʛʦ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ ʚʽʜʪʘʚʁʘʥʥʷ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 

ʃʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʴ ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʷʢʦʩʪʽ ʷʢ ʨʦʟʯʠʥʦʚʠʭ, 

ʪʘʢ ʽ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʽ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 
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ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (ʨʠʩ. 4.16, ʘ), ʚʚʝʜʝʥʥʷ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ ʩʫʤʽʰʝʡ ʟʘ ʨʘʭʫʥʦʢ ʝʬʝʢʪʫ 

çʨʦʣʠʢʦʧʽʜʰʠʧʥʠʢʘè [367] ʥʘ 80 ʽ 12% ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʮʝʤʝʥʪʫ ʽ ʧʽʩʢʫ 1:2 ʽ 1:3 

ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʱʝ ʙʽʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʚʤʽʩʪʫ ʧʽʩʢʫ (ʎ:ʇ=1:4) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʨʦʟʧʣʠʚʫ ʢʦʥʫʩʘ ʧʦʨʽʚʥʷʥʦ ʟ ʝʪʘʣʦʥʥʠʤ ʨʦʟʯʠʥʦʤ (ʎ:ʇ=1:2) 

ʙʝʟ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ. ʇʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ 

ʥʘ ʨʫʭʦʤʽʩʪʴ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʘʢʦʞ ʜʝʷʢʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ 

[191, 348]. 
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ʈʠʩʫʥʦʢ 4.16 - ʈʦʟʧʣʠʚ ʢʦʥʫʩʘ (ʘ) ʽ ʛʫʩʪʠʥʘ (ʙ) ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ ʟ ʨʽʟʥʠʤ 

ʥʦʤʽʥʘʣʴʥʠʤ ʩʢʣʘʜʦʤ (ɺ/ʎ=0,5) 
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ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ ʨʦʟʯʠʥʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʮʝʤʝʥʪʫ ʽ ʧʽʩʢʫ ʪʘ ʥʘʷʚʥʦʩʪʽ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.16, ʙ. 

ɻʫʩʪʠʥʘ ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ (ʎ:ʇ=1:2), ʱʦ ʤʽʩʪʠʪʴ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ ʜʦʙʘʚʢʠ, 

ʟʤʝʥʰʫʻʪʴʩʷ ʟ 1967 ʜʦ 1732 ʢʛ/ʤ3. ʇʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʮʝʤʝʥʪʫ ʽ ʧʽʩʢʫ 1:3 ʛʫʩʪʠʥʘ 

ʜʦʩʷʛʘʻ 1658 ʢʛ/ʤ3. ɿʙʽʣʴʰʝʥʥʷ ʧʽʩʢʫ ʚ ʨʦʟʯʠʥʦʚʽʡ ʩʫʤʽʰʽ (ʎ:ʇ=1:4) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʛʫʩʪʠʥʠ ʤʘʡʞʝ ʥʘ 4% ʧʦʨʽʚʥʷʥʦ ʟ ʩʫʤʽʰʰʶ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʮʝʤʝʥʪʫ 

ʜʦ ʧʽʩʢʫ 1:3. 

ʆʙôʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ ʟ ʨʽʟʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʪʘ ʧʽʩʢʫ ʧʨʠ ɺ/ʎ ʚʽʜʥʦʰʝʥʥʽ 0,5 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 4.17. 

ʈʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʦʙôʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʨʦʟʧʣʠʚʫ 

ʢʦʥʫʩʘ, ʘ ʡ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʨʦʟʯʠʥʫ. ʊʘʢ, ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʚʪʷʛʥʫʪʦʛʦ 

ʧʦʚʽʪʨʷ (14,5%) ʦʪʨʠʤʘʥʦ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʽ ʧʽʩʢʫ 1:2. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʤʘʡʞʝ ʚ 3 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʝʪʘʣʦʥʥʠʤ ʨʦʟʯʠʥʦʤ. 

ɿʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʧʽʩʢʫ ʚ ʨʦʟʯʠʥʘʭ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʜʦ ʧʽʩʢʫ 

1:3 ʽ 1:4 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʧʦʚʽʪʨʷ ʧʦʨʽʚʥʷʥʦ ʟ ʝʪʘʣʦʥʥʠʤ ʨʦʟʯʠʥʦʤ 

ʣʠʰʝ ʥʘ 59 ʽ 51% ʚʽʜʧʦʚʽʜʥʦ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʤʝʥʰʦʶ ʚ'ʷʟʢʽʩʪʶ ʩʫʤʽʰʽ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.18, ʪʘʢʘ ʞ ʪʝʥʜʝʥʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʚʧʣʠʚʫ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʟʘʪʚʝʨʜʽʣʠʭ ʨʦʟʯʠʥʽʚ.    

ʏʠʤ ʙʽʣʴʰʠʡ ʦʙ'ʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ, ʪʠʤ ʥʠʞʯʘ ʤʽʮʥʽʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʨʦʟʯʠʥʫ 

ʥʘ ʩʪʠʩʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʮʝʤʝʥʪʫ ʽ ʧʽʩʢʫ. ʗʢ ʚʠʜʥʦ 

ʟ ʨʠʩ. 4.18, ʤʽʮʥʽʩʪʴ ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ 0,75 ʤʘʩ.% ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦ ʾʜʦʙʘʚʢʠ 

(ʎ:ʇ=1:2), ʟʥʠʞʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʝʪʘʣʦʥʥʠʤ ʨʦʟʯʠʥʦʤ (ʎ:ʇ=1:2, R) ʥʘ 58,3; 59,8 

ʽ 65,9% ʯʝʨʝʟ 7; 14 ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. ʗʢʱʦ ʚʽʜʥʦʰʝʥʥʷ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʜʦ ʧʽʩʢʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʦʙôʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʜʝʱʦ ʟʥʠʞʫʻʪʴʩʷ ʯʝʨʝʟ 7 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ (ʎ:ʇ=1:3) ʽ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 18,2 ʽ 20,9% ʯʝʨʝʟ 14 ʽ 28 ʜʽʙ ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʟʯʠʥʦʤ, ʱʦ ʤʽʩʪʠʪʴ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ ʜʦʙʘʚʢʠ (ʎ:ʇ=1:2). ʇʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

(ʎ:ʇ=1:4) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʥʘ 11,4; 12,8 ʽ 3,2 % ʯʝʨʝʟ 7; 

14 ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ. 
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ʈʠʩʫʥʦʢ 4.17 - ʆʙôʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʨʦʟʯʠʥʦʚʠʤʠ ʩʫʤʽʰʘʤʠ ʟ ʨʽʟʥʠʤʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʮʝʤʝʥʪʫ ʪʘ ʧʽʩʢʫ (ɺ/ʎ=0,5) 

 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʙʝʪʦʥʽʚ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟʘʣʝʞʠʪʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʚʽʜ 

ʤʦʨʦʟʦʩʪʽʡʢʦʩʪ̔ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪ̔ ʽ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ, 

ʪʦʤʫ ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʚʽʜôʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʽʥʢʦʣʠ ʽ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. ɼʝʷʢʽ 

ʜʦʩʣʽʜʥʠʢʠ [185, 275] ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ ʜʦʙʘʚʢʠ ʧʦʢʨʘʱʫʶʪʴ 

ʷʢ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʴ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʪʘʢ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʦʧʝʨʝʤʽʥʥʦʛʦ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ ʚʽʜʪʘʚʁʘʥʥʷ ʟʘʪʚʝʨʜʽʣʦʛʦ ʙʝʪʦʥʫ. ʄʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʨʦʟʯʠʥʦʚʦʾ 

ʯʘʩʪʠʥʠ ʙʝʪʦʥʫ ʜʫʞʝ ʚʘʞʣʠʚʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʤʘʻ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʚ ʷʢʽʡ ʚʦʜʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʟʥʠʭ ʬʦʨʤʘʭ. ɼʣʷ ʟʘʭʠʩʪʫ ʙʝʪʦʥʫ ʚʽʜ ʧʦʰʢʦʜʞʝʥʴ ʯʝʨʝʟ ʟʘʤʝʨʟʘʥʥʷ 

ʚʦʜʠ ʥʝʦʙʭʽʜʥʘ ʚʽʜʧʦʚʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʘ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ 

ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʫ. ʅʘ ʦʙôʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ, 

ʪʘʢʠʭ ʷʢ ʧʨʦʮʝʩ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʩʢʣʘʜ ʩʫʤʽʰʽ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʧʦʚʥʶʚʘʯʽʚ, 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʢʽʣʴʢʽʩʪʴ ʽ ʷʢʽʩʪʴ ʚʦʜʠ, ʜʦʟʫʚʘʥʥʷ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ  
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ʈʠʩʫʥʦʢ 4.18 - ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʨʦʟʯʠʥʽʚ ʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʪʘ ʧʽʩʢʫ (ɺ/ʎ=0,5) 

 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʪʘ ʜʝʷʢʽ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʘ ʩʘʤʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ 

ʚʦʜʠ ʜʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʪʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʜʦ ʧʽʩʢʫ, ʪʠʧ ʽ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ. ʈʫʡʥʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʽ ʙʝʪʦʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ 

ʥʝʛʘʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʟʘʤʝʨʟʘʥʥʷ ʚʦʜʠ ʚ ʧʦʨʘʭ ʽ ʧʦʜʘʣʴʰʝ 

ʟʙʽʣʴʰʝʥʥʷ ʣʴʦʜʫ ʚ ʦʙ'ʻʤʽ. ʉʪʽʥʢʠ ʧʦʨ ʨʫʡʥʫʶʪʴʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʥʠʢʘʶʪʴ 

ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʪʨʽʱʠʥʠ, ʷʢʽ ʟôʷʚʣʷʶʪʴʩʷ ʚʽʜ ʥʝʩʠʣʦʚʠʭ 

ʚʧʣʠʚʽʚ ʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ. ʇʦʯʝʨʛʦʚʝ ʟʘʤʦʨʦʞʫʚʘʥʥʷ 

ʽ ʚʽʜʪʘʶʚʘʥʥʷ ʫ ʚʦʜʦʥʘʩʠʯʝʥʦʤʫ ʩʪʘʥʽ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʾʭ ʧʦʚʥʝ ʨʫʡʥʫʚʘʥʥʷ. 

ʄʝʭʘʥʽʟʤ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʽʟ ʧʦʜʘʣʴʰʠʤ ʨʫʡʥʫʚʘʥʥʷʤ ʙʝʪʦʥʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʽʾ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʤʦʜʝʣʣʶ çglue-spallè, ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ ʚʽʜʪʘʶʚʘʥʥʷ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʠʡ Tunstall ʪʘ ʽʥ. 

[367]. 

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʤʽʮʥʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʧʽʩʣʷ 35, 50 ʪʘ 100 ʮʠʢʣʽʚ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ/ʚʽʜʪʘʚʘʥʥʷ (ʪʘʙʣ. 4.3). 
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ʊʘʙʣʠʮʷ 4.3 - ʄʽʮʥʽʩʪʴ ʨʦʟʯʠʥʽʚ ʥʘ ʩʪʠʩʢ  

ɯʜʝʥʪʠʬʽʢʘʮʽʷ 

ʩʫʤʽʰʝʡ 

 

ʂʽʣʴʢʽʩʪʴ 

ʮʠʢʣʽʚ 

ʟʘʤʦʨʦʞʫ

ʚʘʥʥʷ-

ʚʽʜʪʘʶ-

ʚʘʥʥʷ 

ʄʽʮʥʽʩʪʴ ʨʦʟʯʠʥʽʚ ʥʘ ʩʪʠʩʢ, ʄʇʘ ɿʥʠʞʝʥʥʷ 

ʤʽʮʥʦʩʪʽ 

ʨʦʟʯʠʥʽʚ 

ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʦʥʪʨʦʣʴʥʠʤʠ 

(ʙʝʟ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ

/ʚʽʜʪʘʶʚʘʥʥʷ, 

% 

ʇʝʨʝʜ 

ʚʠʧʨʦʙʫʚʘʥʥʷʤ 

ʥʘ ʤʦʨʦʟʦ-

ʩʪʽʡʢʽʩʪʴ 

ʇʽʩʣʷ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ

/ ʚʽʜʪʘʶʚʘʥʥʷ 

ʎ:ʇ=1:4 
35 

15,9 
14,7 7,5 

50 12,9 18,9 

ʎ:ʇ=1:4, 0,75 

ʤʘʩ.% 

ʧʦʚʽʪʨʦʚʪʷ-

ʛʫʚʘʣʴʥʦʾ 

ʜʦʙʘʚʢʠ 

50 
13,6 

12,5 8,1 

100 10,4 23,5 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʩʣʷ 50 ʮʠʢʣʽʚ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ/ʚʽʜʪʘʶʚʘʥʥʷ ʥʘʡʙʽʣʴʰʝ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ (18,9%) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʨʦʟʯʠʥʫ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ ʜʦʙʘʚʢʠ, ʩʪʘʥʦʚʠʣʦ ʣʠʰʝ 8,1%. 

ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ/ʚʽʜʪʘʶʚʘʥʥʷ ʜʦ 100 ʜʣʷ 

ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ ʜʦʙʘʚʢʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʥʘ ʩʪʠʩʢ ʥʘ 23,5%. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ 

ʥʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʨʦʟʯʠʥʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʙʝʪʦʥʫ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʫ ʜʦ ʧʦʧʝʨʝʤʽʥʥʠʭ 

ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʽ ʚʽʜʪʘʚʘʥʥʷ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʝʥʘ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʥʠʢʘʤʠ 

[275, 342, 367]. 

 



 

191  

4.3. ɺʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʽʚ, ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʥʠʤʠ ʦʨʛʘʥʦ-

ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ 

 
 

ɼʝʷʢʽ ʪʝʭʥʦʣʦʛʽ ʾʚ ʙʫʜʽʚʥʠʮʪʚ ̔ʚʠʤʘʛʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʩʪʠʯʥʠʭ ʩʫʤʽʰʝʡ 

ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ ʽ 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʶ. ʈʦʟʨʦʙʣʝʥʦ ʙʝʪʦʥʠ ʥʘ ʦʩʥʦʚʽ ʩʫʤʽʰʝʡ ʟ ʤʘʨʢʦʶ ʟʘ ʦʩʘʜʢʦʶ 

ʢʦʥʫʩʘ S4, ʷʢʽ ʤʦʞʥʘ ʚʢʣʘʜʘʪʠ ʙʝʟ ʜʦʨʦʛʦʚʘʨʪʽʩʥʦʾ ʩʧʝʮʪʝʭʥʽʢʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʟʘʩʦʙʠ ʤʘʣʦʾ ʤʝʭʘʥʽʟʘʮʽʾ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʨʘʟʦʤ ʽʟ ʥʝʦʙʭʽʜʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʮʥʦʩʪʽ  ̔ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʝʪʦʥʫ [275]. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʟʘʧʨʦʝʢʪʦʚʘʥʦ ʪʘʢʽ ʩʢʣʘʜʠ ʙʝʪʦʥʽʚ: ʢʦʥʪʨʦʣʴʥʘ ʩʫʤʽʰ Z0P ʽ Z0Pɸ 

(ʤʽʩʪʠʪʴ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ʪʘ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʫ ʜʦʙʘʚʢʫ) ʪʘ ʜʚʽ ʩʫʤʽʰʽ (Z10P, 

Z10PA), ʱʦ ʤʽʩʪʷʪʴ ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ (10 

ʤʘʩ.%), ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ʪʘ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʫ ʜʦʙʘʚʢʫ. ʉʢʣʘʜʠ ʙʝʪʦʥʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 4.4.  

ʄʽʮʥʽʩʪʴ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ ʻ ʚʘʞʣʠʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ 

ʚʠʟʥʘʯʘʪʁ ɹ ʡʦʛʦ ʷʢʽʩʪʴ, ʷʢ ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʟʥʠʞʫʻ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʴ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. ɺʪʨʘʪʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʩʫʤʽʰʽ ʢʦʤʧʝʥʩʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ (ʪʘʙʣ. 4.4). ɺʠʱʘ ʚʦʜʦʧʦʪʨʝʙʘ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ, ʱʦ ʤʽʩʪʷʪʴ 

ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʚʠʢʣʠʢʘʥʘ ʫʥʽʢʘʣʴʥʦʶ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ 

ʪʫʬʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʫ ʜʦʙʘʚʢʫ. ɺʤʽʩʪ ʧʦʚʽʪʨʷ ʚ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʘʭ Z0PA ʪʘ Z10PA, ʱʦ 

ʤʽʩʪʷʪʴ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʫ ʜʦʙʘʚʢʫ, ʩʪʘʥʦʚʠʚ 5,1 ʪʘ 4,0 % ʚʽʜʧʦʚʽʜʥʦ. ʎʝ ʤʘʡʞʝ ʚ 

ʜʚʘ ʨʘʟʠ ʚʠʱʝ ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʦʤ ʙʝʟ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ. 

ʄʽʮʥʽʩʪʴ ʙʝʪʦʥʽʚ ʥʘ ʩʪʠʩʢ ʧʨʠ ɺ/ʎ=0,5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.19. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʙʝʪʦʥʽʚ ʟ ʧʦʣʽʜʠʩʧʝʨʩʥʠʤ ʮʝʦʣʽʪʦʚʠʤ ʪʫʬʦʤ ʽ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʦʤ ʙʫʣʘ ʥʠʞʯʦʶ, ʥʽʞ ʢʦʥʪʨʦʣʴʥʦʛʦ ʙʝʪʦʥʫ (ʙʝʟ ʮʝʦʣʽʪʫ) ʜʦ 90 

ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ. ʋ ʚʽʮʽ 1 ʜʦʙʠ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʽʚ ʟ ʇʎʊ, ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʦʤ ʽ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʶ ʜʦʙʘʚʢʦʶ (Z10PA) ʥʘ 19,4 % ʥʠʞʯʘ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ 

ʙʝʪʦʥʦʤ Z0PA (ʙʝʟ ʮʝʦʣʽʪʫ). ʊʘʢʘ ʪʝʥʜʝʥʮʽʷ ʧʽʜʪʚʝʨʜʞʝʥʘ Najimi ʪʘ ʽʥ. [137] ʪʘ 
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Chan ̔  Ji [161], ʱʦ ʧʨʠ ɺ/ʎ ʚʠʱʝ 0,45 ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʇʎʊ, ʥʠʞʯʘ, ʥʽʞ 

ʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʙʝʪʦʥʫ. ʆʜʥʘʢ, ʚʝʣʠʯʠʥʘ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʚ ʮʽʣʦʤʫ ʟʤʝʥʫhʻʪʴʩʷ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʢʫ ʪʚʝʨʜʥʝʥʥʷ [192, 275, 356]. ɿ ʯʘʩʦʤ ʤʽʮʥʽʩʪʴ ʧʦʨʽʚʥʶʚʘʥʠʭ 

ʙʝʪʦʥʽʚ ʚʠʨʽʚʥʶʻʪʴʩʷ. ʇʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʯʝʨʝʟ 180 ʜʽʙ, ʤʽʮʥʽʩʪʴ 

ʙʝʪʦʥʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʇʎʊ, ʥʘʚʽʪʴ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʽʚ ʙʝʟ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʚ ʙʝʪʦʥʽ 

ʟʘʣʝʞʥʽʩʪʴ ʥʝ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʢʦʣʠ ʚʽʜʩʦʪʦʢ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʚʽʜʧʦʚʽʜʘʻ 

ʚʽʜʩʦʪʢʦʚʦʤʫ ʚʤʽʩʪʫ ʇʎʊ ʚ ʙʝʪʦʥʽ. 

 

ʊʘʙʣʠʮʷ 4.4 - ʉʢʣʘʜʠ ʮʝʤʝʥʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʟ ʇʎʊ ̔ ʭʽʤʽʯʥʠʤʠ 

ʜʦʙʘʚʢʘʤʠ (ʤʘʨʢʘ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ S4) 
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Z0P  350 - 1,22 - 2,4 

Z0PA 350 - 1,22 0,3 5,1 

Z10P 315 35 1,64 - 2,4 

Z10PA 315 35 1,64 0,3 4,0 

ʇʨʠʤʽʪʢʘ: ʜʣʷ ʚʩʽʭ ʩʫʤʽʰʝʡ ʜʽʡʩʥʽ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ: ʜʨʽʙʥʠʡ ʟʘʧʦʚʥʶʚʘʯ = 

660 ʢʛ/ʤ3, ʢʨʫʧʥʠʡ ʟʘʧʦʚʥʶʚʘʯ (2-8 ʤʤ) = 450 ʢʛ/ʤ3 ̔  ʢʨʫʧʥʠʡ ʟʘʧʦʚʥʶʚʘʯ (8-16 ʤʤ) 

= 700 ʢʛ/ʤ3, ɺ/ʎ= 0,5. 

 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠʨʽʩʪ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʽʚ ʟ ʧʦʣʽʜʠʩʧʝʨʩʥʠʤ ʮʝʦʣʽʪʦʚʠʤ 

ʪʫʬʦʤ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ ʥʘ 

ʤʽʮʥʽʩʪ ɹʙʝʪʦʥʫ Z10PA.  
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ʈʠʩʫʥʦʢ 4.19 - ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʽʚ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʦʧʦʚʥʁ̒ ʜʘʥʽ ʧʨʦ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʙʝʪʦʥʫ ZOP 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʛʽʜʨʘʪʥʠʭ ʫʪʚʦʨʝʥʴ (ʨʠʩ. 4.20). ɼʝʷʢʽ ʢʨʠʩʪʘʣʠ 

ʚʞʝ ʜʦʙʨʝ ʩʬʦʨʤʦʚʘʥʽ, ʘ ʽʥʰʽ ʱʝ ʬʦʨʤʫʶʪʴʩʷ ʽ ʤʘʶʪʴ ʬʦʨʤʫ ʥʝʚʝʣʠʢʠʭ ʛʦʣʯʘʩʪʠʭ 

ʘʙʦ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʫʪʚʦʨʝʥʴ. ʅʦʚʽ ʢʨʠʩʪʘʣʠ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥ ̔ʽʩʥʫʶʯʠʭ 

ʢʨʠʩʪʘʣʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʨʦʩʪʫ ʰʘʨʽʚ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ. ɰʭ 

ʤʦʨʬʦʣʦʛʽʷ ʟʤʽʥʶʻʪʴʩʷ ʟʽ ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʛʽʜʨʘʪʽʚ. ʋ ʜʝʷʢʠʭ 

ʤʽʩʮʷʭ ʯʘʩʪʠʥʘ ʱʽʣʴʥʦ ʩʢʣʘʜʝʥʠʭ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʧʣʘʩʪʠʥ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ 

ʪʨʦʭʠ ʟʤʽʥʠʣʘʩʷ. ʎʝ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 4.20, 

ʘ). ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʣʽʥʦʧʪʠʣʦʣʽʪʫ ʪʘ ʧʣʦʱʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠʨʦʜʥʠʭ 

ʮʝʦʣʽʪʽʚ ʟʘʚʜʷʢʠ ʾʭʥʽʡ ʧʦʨʠʩʪʽʡ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ, ʘ ʪʘʢʦʞ ʚʤʽʩʪʫ ʣʫʞʥʠʭ ʢʘʪʽʦʥʽʚ ʫ 

ʾʭʥʴʦʤʫ ʩʢʣʘʜʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʧʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʽʩʪʴ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʚʧʣʠʚ ʢʽʣʴʢʦʩʪʽ ʢʘʪʽʦʥʽʚ ʂ+ ʽ Na+ ʚ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʇʎʊ ʥʘ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ 

ʚʘʧʥʘ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʘ ʡʦʛʦ ʧʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘʚʝʜʝʥʦ ʉʘʥʠʮʴʢʠʤ ʪʘ ʽʥ. [103] 

ʽ Ghourchian ʪʘ ʽʥ. [138]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʝʪʦʥʘʭ ʇʎʊ, ʷʢʠʡ ʻ ʜʞʝʨʝʣʦʤ ʘʢʪʠʚʥʠʭ SiO2  ̔ Al2O3, 
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ʟʘʙʝʟʧʝʯʫ ̒ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʣʦʢʥʠʩʪʠʭ ʢʨʠʩʪʘʣʽʚ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʽ 

ʧʦʜʦʚʞʝʥʠʭ ʢʨʠʩʪʘʣʽʚ ʝʪʨʠʥʛʽʪʫ [355]. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʣʴʤʘʪʘʮʽʾ ʧʦʨ, ʝʬʝʢʪʫ 

ʩʘʤʦʘʨʤʫʚʘʥʥʷ ʽ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʥʘ ʨʽʚʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 4.20, ʙ). 

  

  

(a) (ʙ) 

ʈʠʩʫʥʦʢ 4.20 - ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʪʘ ʩʧʝʢʪʨʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʙʝʪʦʥʫ ʙʝʟ ʇʎʊ (ʘ) ʪʘ ʟ 10 ʤʘʩ. % ʇʎʊ (ʙ) 

ɯʥʰʠʤʠ ʚʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʝʪʦʥʫ, ʻ 

ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʴ, ʷʢʽ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʧʦʨʠʩʪʽʩʪʴ, ʘ ʪʘʢʦʞ ʜʘʶʪʴ ʨʦʟʫʤʽʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʧʦʨ ʙʝʪʦʥʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʙʝʪʦʥʽʚ ʥʘ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʠ 

ʧʽʜ ʪʠʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.21. 
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ʈʠʩʫʥʦʢ 4.21 - ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʙʝʪʦʥʽʚ ʽ ʛʣʠʙʠʥʘ ʧʝʥʝʪʨʘʮʽʾ ʚʦʜʠ ʯʝʨʝʟ 28 ʜʽʙ 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʙʝʪʦʥʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʇʎʊ ʽ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ (Z10P), ʘ 

ʪʘʢʦʞ ʙʝʪʦʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʇʎʊ, ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ʽ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʫ ʜʦʙʘʚʢʫ 

(Z10PA), ʩʪʘʥʦʚʠʪ ɹ5,3 ʽ 4,9% ʚʽʜʧʦʚʽʜʥʦ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.21, ʘ, ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ 

ʪʘʢʠʭ ʙʝʪʦʥʽʚ  ̒ʚʠʱʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʘʤʠ ʙʝʟ ʇʎʊ (Z0P ʽ Z0PA), ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʧʽʜʚʠʱʝʥʠʤ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷʤ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʪʘ ʥʝʤʠʥʫʯʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʦʛʦ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʙʝʪʦʥʽʚ. 

ɻʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʠ ʚʠʟʥʘʯʘʣʠ ʯʝʨʝʟ 28 ʜʽʙ. ʈʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ 
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ʨʦʟʨʦʙʣʝʥʠʡ ʙʝʪʦʥ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʦʜʦʥʝʧʨʦʥʠʢʥʠʤ, ʦʩʢʽʣʴʢʠ ʛʣʠʙʠʥʘ 

ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʠ ʤʝʥʰʝ 20 ʤʤ. ɹʝʪʦʥ, ʱʦ ʤʽʩʪʠʪʴ ʇʎʊ, ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ʽ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʫ ʜʦʙʘʚʢʫ (Z10PA), ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʤʝʥʰʦʶ ʛʣʠʙʠʥʦ  ʁ

ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʠ 3,5 ʤʤ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʧʦʟʠʪʠʚʥʠʤ ʚʧʣʠʚʦʤ ʧʫʮʦʣʘʥʦʚʦʾ 

ʨʝʘʢʮʽʾ ʤʽʞ ʇʎʊ ʽ ʧʨʦʜʫʢʪʘʤʠ ʛʽʜʨʘʪʘʮʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ, ʘ 

ʪʘʢʦʞ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʨ ʙʝʪʦʥʫ. Najimi ʪʘ ʽʥ. [137] 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʦʜʽʙʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʘʣʝ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʠ ʪʘ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ 

ʙʝʪʦʥʽʚ ʙʫʣʠ ʜʝʱʦ ʚʠʱʠʤʠ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʚʦʜʦʮʝʤʝʥʪʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʚ ʙʝʪʦʥʘʭ, 

ʷʢʽ ʚʠʧʨʦʙʦʚʫʚʘʣʠʩʷ ʚ ʮʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʈʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ ʫ ʚʦʜʦʥʘʩʠʯʝʥʦʤʫ ʩʪʘʥʽ ʧʨʠ ʧʦʧʝʨʝʤʽʥʥʦʤʫ 

ʟʘʤʦʨʦʞʫʚʘʥʥʽ ʽ ʚʽʜʪʘʚʁʘʥʥʽ ʟʫʤʦʚʣʝʥʝ ʩʢʣʘʜʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ. ɺʠʚʯʝʥʦ ʧʦʚʝʜʽʥʢʫ 

ʙʝʪʦʥʽʚ ʧʽʩʣʷ 50, 100, 150 ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ/ʚʽʜʪʘʚʘʥʥʷ ʽ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣ. 4.5. ʉʧʘʜ ʤʽʮʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ, 

ʩʧʨʠʯʠʥʝʥʠʭ ʚʝʣʠʢʠʤʠ ʚʥʫʪʨʽʰʥʽʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ, ʱʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙôʻʤʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ. ʇʨʦʮʝʩ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʚʦʜʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʙʝʪʦʥʫ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 9%. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫ ʚʥʫʪʨʽʰʥʽʡ ʩʪʨʫʢʪʫʨʽ ʙʝʪʦʥʫ ʚʠʥʠʢʘʶʪʴ ʥʝʩʠʣʦʚʽ 

ʚʧʣʠʚʠ, ʱʦ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ɿʘ ʜʘʥʠʤʠ Sun ʪʘ ʽʥ. [342], 

ʟʤʝʥʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʝʨʝʟ ʨʦʟʪʷʛʫʶʯʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ 

ʨʦʟʚʠʚʘʪʁʴʩʷ ʚ ʣʴʦʜʽ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʥʘʩʣʽʜʦʢ ʙʽʣʴʰʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ (50Ĭ10
ḍ6

 ʂ-1 ʜʣʷ ʣʴʦʜʫ ʧʨʦʪʠ ~10Ĭ10
ḍ6

 ʂ-1 ʜʣʷ ʙʝʪʦʥʫ) ʚʠʥʠʢʘʶʪʴ 

ʟʥʘʯʥʽ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʽ ʚʽʜʰʘʨʫʚʘʥʥʷ 

ʙʝʪʦʥʫ. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 4.5, ʙʝʪʦʥʠ ʟ 10 ʤʘʩ.% ʇʎʊ ʧʦʢʘʟʘʣʠ ʚʠʱʫ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʧʦʰʢʦʜʞʝʥʴ ʧʨʠ ʟʘʤʦʨʦʞʫʚʘʥʥʽ ʪʘ ʚʽʜʪʘʚʁʘʥʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʘʤʠ ʙʝʟ ʇʎʊ. ʎʝ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʦʣʦʢʥʠʩʪʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ CSH ʟʘ ʨʘʭʫʥʦʢ ʧʫʮʦʣʘʥʦʚʦʾ 

ʨʝʘʢʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʬʝʢʪʫ ʩʘʤʦʘʨʤʫʚʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʢʘʧʽʣʷʨʥʦʾ 

ʧʦʨʠʩʪʦʩʪʽ ʙʝʪʦʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʇʎʊ. Vejmelkov§ ʪʘ ʽʥ. [201] ʪʘʢʦʞ ʩʚʽʜʯʘʪʴ, ʱʦ 

ʚʚʝʜʝʥʥʷ 10 ʤʘʩ.% ʇʎʊ ʚ ʙʝʪʦʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʘʱʦʾ ʩʪʽʡʢʦʩʪʽ ʜʦ ʧʦʰʢʦʜʞʝʥʴ, 

ʩʧʨʠʯʠʥʝʥʠʭ ʧʦʧʝʨʝʤʽʥʥʠʤ ʟʘʤʦʨʦʞʫʚʘʥʥʷʤ ʪʘ ʚʽʜʪʘʚʘʥʥʷʤ (ʧʽʩʣʷ 100 ʮʠʢʣʽʚ) 

ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʦʤ ʙʝʟ ʇʎʊ.  
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ʊʘʙʣʠʮʷ 4.5 - ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʽʚ 

ʋʤʦʚʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 

ʂʽʣʴʢʽʩʪʴ 

ʮʠʢʣʽʚ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʧʨʠ 

ʩʪʠʩʢʫ, ʄʇʘ  

ɿʥʠʞʝʥʥʷ ʛʨʘʥʠʮʽ 

ʤʽʮʥʦʩʪʽ ʧʨʠ 

ʩʪʠʩʢʫ ʦʩʥʦʚʥʠʭ 

ʙʝʪʦʥʽʚ ʧʦʨʽʚʥʷʥʦ 

ʢʦʥʪʨʦʣʴʥʠʤʠ, % 
ʢʦʥʪʨʦʣʴʥʠʭ  ʦʩʥʦʚʥʠʭ 

NZ0P 

50 56,9 49,3 -13,3 

100 58,0 41,7 -28,1 

150 58,5 36,3 -37,9 

NZ10P 

50 54,8 48,2 -12,0 

100 55,8 44,5 -20,2 

150 54,6 40,6 -25,6 

NZ0PA 

50 53,6 50,2 -6,3 

100 54,0 42,5 -21,2 

150 53,1 37,4 -29,5 

NZ10PA 

50 54,8 52,6 -4,0 

100 55,3 49,5 -10,4 

150 55,1 45,2 -17,9 

 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʤʝʪʦʜʦʤ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ ʚʽʜʪʘʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʚʪʷʛʥʫʪʽ ʙʫʣʴʙʘʰʢʠ ʧʦʚʽʪʨʷ ʩʪʚʦʨʶʶʪʴ ʜʦʩʪʘʪʥʽʡ ʚʽʣʴʥʠʡ ʧʨʦʩʪʽʨ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ 

ʦʙôʻʤʫ ʣʴʦʜʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʽʩʣʷ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʚʦʜʠ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦ ʚʧʣʠʚ ʷʢ ʇʎʊ, ʪʘʢ ʽ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ ʥʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʽʚ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ ʚʽʜʪʘʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʘ Bilim 

[151] ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʚ ʧʨʠʨʦʜʥʠʡ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ. ʗʢ ʧʦʢʘʟʘʥʦ 

ʚ ʪʘʙʣ. 4.5, ʧʽʩʣʷ 150 ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ/ʚʽʜʪʘʚʘʥʥʷ ʥʘʡʤʝʥʰʝ ʟʥʠʞʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ 17,9% ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʜʣʷ ʙʝʪʦʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʇʎʊ, 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ʽ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʫ ʜʦʙʘʚʢʫ (Z10PA). 

ʉʝʨʝʜ ʥʝʩʠʣʦʚʠʭ ʚʧʣʠʚʽʚ ʥʘ ʙʝʪʦʥ ʫʩʘʜʢʘ ʪʘʢʦʞ ʟʘʡʤʘʻ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʽ 

ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʩʧʦʨʫʜ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʇʎʊ 

ʥʘ ʫʩʘʜʦʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʚʠʩʠʭʘʥʥʽ ʪʘ ʚʪʨʘʪʫ ʚʦʣʦʛʠ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʘʭ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʦʤʽʥʘʣʴʥʠʡ ʩʢʣʘʜ ʨʦʟʯʠʥʫ ʪʘʢʠʡ, ʷʢ 
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ʫ ʙʝʪʦʥʘʭ, ʦʧʠʩʘʥʠʭ ʫ ʪʘʙʣ. 4.4 (ʮʝʤʝʥʪ: ʧʽʩʦʢ = 1: 1,88; (ʮʝʤʝʥʪ + ʇʎʊ): ʧʽʩʦʢ = 

1:1,88), ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʛʦ, ʱʦ ʢʨʫʧʥʠʡ ʟʘʧʦʚʥʶʚʘʯ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʘ 

ʚʦʜʦʮʝʤʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ ʩʪʘʥʦʚʠʣʦ 0,41. ɼʦʟʫʚʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʽ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.4 ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ ʩʫʤʽʰʽ. 

ʋʩʘʜʢʘ ʧʨʠ ʚʠʩʠʭʘʥʥʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.22, ʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʎʊ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʫʩʘʜʢʫ [33, 275]. 

ʋʩʘʜʢʘ ʧʨʠ ʚʠʩʠʭʘʥʥʽ Z10P ʽ Z10PA ʻ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʙʣʠʟʥʦ ʚ 2,6 ʽ 5,4 ʨʘʟʠ ʥʠʞʯʦʶ, 

ʥʽʞ ʢʦʥʪʨʦʣʴʥʽ ʙʝʪʦʥʠ Z0P ʽ Z0PA ʯʝʨʝʟ 180 ʜʽʙ. ʅʘ ʨʠʩ. 4.22, ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʢ 

ʟʘʣʝʞʥʦʩʪʽ ʫʩʘʜʢʠ ʧʨʠ ʚʠʩʠʭʘʥʥʽ ʚʽʜ ʚʪʨʘʪʠ ʤʘʩʠ ʟʨʘʟʢʽʚ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʫ 

ʟʨʘʟʢʘʭ ʽʟ ʚʪʨʘʪʦʶ ʤʘʩʠ ʜʦ 2,7 % ʫʩʘʜʢʘ ʙʝʪʦʥʽʚ ʽʟ ʇʎʊ Z10P ʪʘ Z10PA ʧʨʠ 

ʚʠʩʠʭʘʥʥʽ ʙʫʣʘ ʧʨʠʙʣʠʟʥʦ ʚ 3 ʨʘʟʠ ʤʝʥʰʦʶ, ʥʽʞ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʙʝʪʦʥʽʚ ʙʝʟ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ Z0P ʪʘ Z0PA, ʘʣʝ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʚʪʨʘʪʠ ʤʘʩʠ, ʫʩʘʜʢʘ ʧʨʠ ʚʠʩʠʭʘʥʥʽ 

ʙʝʪʦʥʽʚ Z0P ʽ Z0PA ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ. ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʫʩʘʜʢʘ ʧʨʠ 

ʚʠʩʠʭʘʥʥʽ ʙʝʪʦʥʽʚ ʟ ʇʎʊ ʧʨʠ ʚʪʨʘʪʽ ʚʦʣʦʛʠ 4,5% ʧʨʠʙʣʠʟʥʦ ʚ 6 ʨʘʟʽʚ ʥʠʞʯʘ, ʥʽʞ ʫ 

ʢʦʥʪʨʦʣʴʥʠʭ ʙʝʪʦʥʽʚ ʙʝʟ ʇʎʊ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʜʘʪʥʽʩʪʶ ʇʎʊ, ʷʢ ʤʘʪʝʨʽʘʣʫ ʟ 

ʫʥʽʢʘʣʴʥʦʶ ʚʥʫʪʨʽʰʥʴʦʢʘʥʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʧʦʛʣʠʥʘʪʠ ʯʘʩʪʠʥʫ ʚʦʜʠ ʟ 

ʩʚʽʞʦʧʨʠʛʦʪʦʚʣʝʥʦ ʾ ʙʝʪʦʥʥʽʡ ʩʫʤʽʰʽ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʾʾ ʚʥʫʪʨʽʰʥʽʡ ʨʝʟʝʨʚ ʽ 

ʧʦʛʣʠʙʣʝʥʫ ʛʽʜʨʘʪʘʮʽ ʁʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʨʠ ʪʚʝʨʜʥʝʥʥʽ. Ghourchian ʪʘ ʽʥ. [138] 

ʚʢʘʟʫʶʪʴ, ʱʦ ʧʦʨʠʩʪʽʩʪʴ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, ʜʦʩʪʫʧ ʜʦ ʷʢʦʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ 

ʦʪʚʦʨʠ ʨʦʟʤʽʨʦʤ ʧʦʥʘʜ 100 ʥʤ, ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʝʟʝʨʚʫ ʚʦʜʠ. ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈɯʇ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʥʘ ʨʠʩ. 2.6, 

ʙʽʣʴʰʽʩʪʴ ʧʦʨ ʟʝʨʝʥ ʇʎʊ ʚ ʜʽʘʧʘʟʦʥʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 0,01-2000 ʤʢʤ 

(ʜʠʚ. ʨʠʩ. 2.7) ʤʘʶʪʴ ʨʦʟʤʽʨ ʙʽʣʴʰʝ 100 ʥʤ. ʆʪʞʝ, ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ 

ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʝʟʝʨʚʫ ʚʦʜʠ ʚ 

ʙʝʪʦʥ,̔ ʦʩʢʽʣʴʢʠ ʧʦʛʣʠʥʫʪʘ ʚʦʜʘ ʤʦʞʝ ʧʦʩʪʫʧʦʚʦ ʤʽʛʨʫʚʘʪʠ ʟ ʧʨʠʨʦʜʥʦʛʦ 

ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰ ʧʦʚʥʫ ʛʽʜʨʘʪʘʮʽʶ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ. 
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ʈʠʩʫʥʦʢ 4.22 ï ɿʤʽʥʘ ʫʩʘʜʢʠ ʧʨʠ ʚʠʩʠʭʘʥʥʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʟ ʯʘʩʦʤ (a) ʪʘ 

ʟʘʣʝʞʥʦ ʚʽʜ ʚʪʨʘʪʠ ʤʘʩʠ (ʙ) 

 

Najimi ʪʘ ʽʥ. [137] ʚʽʜʟʥʘʯʠʣʠ, ʱʦ ʫʩʘʜʢʘ ʧʨʠ ʚʠʩʠʭʘʥʥʽ ʩʫʤʽʰʝʡ, ʱʦ ʤʽʩʪʷʪʴ 

ʧʨʠʨʦʜʥʠʡ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʧʨʠ ʟʘʤʽʥʽ ʥʠʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 15 ʽ 30 ʤʘʩ.%, ʪʘʢʦʞ 

ʙʫʣʘ ʪʨʦʭʠ ʥʠʞʯʦʶ, ʥʽʞ ʫ ʢʦʥʪʨʦʣʴʥʦʾ ʩʫʤʽʰʽ, ʪʦʜʽ ʷʢ Jana [245] ʽ Bilim ʪʘ ʽʥ. [151] 

ʦʪʨʠʤʘʣʠ ʧʨʦʪʠʣʝʞʥʽ ʨʝʟʫʣʴʪʘʪʠ. 
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ʇʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʇʎʊ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʽʚ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʽʚ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ ʧʽʩʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʫʩʘʜʢʠ ʧʨʠ ʚʠʩʠʭʘʥʥʽ (ʨʠʩ. 4.23). 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 4.23 ï ʄʽʮʥʽʩʪʴ ʥʘ ʟʛʠʥ (ʘ) ʽ ʩʪʠʩʢ (ʙ) ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ 

ʙʝʪʦʥʽʚ ʯʝʨʝʟ 180 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

ɿʛʽʜʥʦ ʟ ʨʠʩ. 4.23, ʘ, ʤʽʮʥʽʩʪʴ ʥʘ ʟʛʠʥ ʙʝʪʦʥʫ Z10P, ʱʦ ʤʽʩʪʠʪʴ ʇʎʊ, ʥʘ 16% 

ʚʠʱʘ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʙʝʪʦʥʦʤ Z0P. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ 

ʜʦʙʘʚʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʽʚ Z0PA ʽ Z10PA ʥʘ 4 ʽ 17% 

ʚʽʜʧʦʚʽʜʥʦ. ʇʦʜʽʙʥʽ ʪʝʥʜʝʥʮʽʾ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʤʽʮʥʦʩʪ̔ ʥʘ ʩʪʠʩʢ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.23, ʙ, ʟʘʤʽʥʘ 10 ʤʘʩ.% ʮʝʤʝʥʪʫ ʥʘ ʇʎʊ ʪʘʢʦʞ ʚʠʢʣʠʢʘʻ 
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ʥʝʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʽʚ Z10P ʽ Z10PA ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʦʥʪʨʦʣʴʥʠʤʠ ʙʝʪʦʥʘʤʠ Z0P ʽ Z0PA. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʫʤʦʚ 

ʪʚʝʨʜʥʝʥʥʷ, ʪʘʢ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ [12]. ɺʽʜʦʤʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ 

ʟʘʤʽʩʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʫ ʚ ʨʽʟʥʠʭ 

ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟʘʣʝʞʥʦ ʚʽʜ ʢʣʘʩʽʚ ʚʧʣʠʚʫ [248, 298].  

ʇʦʢʘʟʘʥʦ, ʱʦ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʧʦ 

ʧʦʛʣʠʥʘʥʥʶ ʚʘʧʥʘ ʤʦʞʝ ʙʫʪʠ ʪʘʢʘ ʞ, ʷʢ ʚ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ, ʽ ʚʠʱʘ, ʥʽʞ ʫ ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ [137, 307]. ʂʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʨʝʘʛʫʻ ʟ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʤʠ SiO2 ʇʎʊ, ʫʪʚʦʨʶʶʯʠ ʛʽʜʨʦʩʠʣʽʢʘʪʠ 

ʢʘʣʴʮʽʶ. ʊʦʤʫ ʙʝʪʦʥʠ, ʱʦ ʤʽʩʪʷʪʴ ʇʎʊ, ʩʪʘʶʪʴ ʙʽʣʴʰ ʜʦʚʛʦʚʽʯʥʠʤʠ ʟʘʚʜʷʢʠ 

ʟʤʝʥʰʝʥʥʶ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʚʘʧʥʘ ʧʨʦʪʦʯʥʠʤʠ ʚʦʜʘʤʠ [103].  

ɼʦʩʣʽʜʞʝʥʦ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʽʚ ʟ 10 ʤʘʩ.% ʇʎʊ  ʧʨʠ ʜʽʾ ʘʛʨʝʩʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʢʣʘʩʫ ʍɸ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʽʚ ʟ 

10 ʤʘʩ.% ʇʎʊ ʚʠʱʠʡ ʷʢ ʚ ʘʛʨʝʩʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ MgCl2 (ʉ(Mg2+)=10 ʛ/ʣ), ʪʘʢ ʽ ʚ 

Na2SO4 (ʉ(SO4
2-)=10 ʛ/ʣ) [349]. ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʂʉ 

ʚʠʱʠʡ ʜʣʷ ʟʨʘʟʢʽʚ ʙʝʪʦʥʫ, ʱʦ ʟʘʟʥʘʣʠ ʜʽʾ ʨʦʟʯʠʥʫ Na2SO4, ʧʨʠʙʣʠʟʥʦ ʚ 1,5 ʨʘʟʠ 

ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʘʤʠ, ʷʢʽ ʟʘʟʥʘʣʠ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ MgCl2 (ʨʠʩ. 

4.24). 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʙʝʟ ʇʎʊ, ʚʠʪʨʠʤʘʥʦʛʦ ʧʨʦʪʷʛʦʤ 180 ʜʽʙ ʫ ʨʦʟʯʠʥʽ MgCl2, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʬʦʨʤʽ ʙʘʛʘʪʦʛʨʘʥʥʦʛʦ ʙʣʦʢʫ, ʷʢʠʡ ʱʽʣʴʥʦ ʟʮʝʤʝʥʪʦʚʘʥʠʡ ʟ ʽʥʰʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʛʽʜʨʘʪʘʮʽʾ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.25, ʘ. ʅʘ ʧʦʚʝʨʭʥʽ ʙʝʪʦʥʫ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʫʭʢʽ ʥʦʚʦʫʪʚʦʨʝʥʥʷ Mg(OH)2, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʤʽʞ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʦʤ (ʧʦʨʪʣʘʥʜʠʪʦʤ) ʽ ʤʘʛʥʽʶ ʭʣʦʨʠʜʦʤ ʚ 

ʘʛʨʝʩʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʽ ʫʪʚʦʨʝʥʥʷ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʧʦʨʘʭ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ 
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ʈʠʩʫʥʦʢ 4.24 ï ʂʦʝʬʽʮʽʻʥʪʠ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ, 

ʚʠʟʥʘʯʝʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ 

 

ʙʝʪʦʥʫ ʽ ʥʝ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʜʠʬʫʟʽʾ ʽʦʥʽʚ ʉʘ2+ ʟ ʛʣʠʙʠʥʥʠʭ ʰʘʨʽʚ ʥʘ ʧʦʚʝʨʭʥʶ. ʇʨʠ 

ʟʥʠʞʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Ca(OH)2 ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʽ ʛʽʜʨʦʘʣʶʤʽʥʘʪʠ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʢʘʣʴʮʽʶ ʧʦʯʠʥʘʶʪʴ ʨʫʡʥʫʚʘʪʠʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ. 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʙʝʟ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ (ʨʠʩ. 4.25, ʙ), 

ʚʠʪʨʠʤʘʥʦʛʦ ʧʨʦʪʷʛʦʤ 180 ʜʽʙ ʫ ʨʦʟʯʠʥʽ Na2SO4, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʜʦʚʛʦʧʨʠʟʤʘʪʠʯʥʠʤʠ ʢʨʠʩʪʘʣʘʤʠ ʝʪʨʠʥʛʽʪʫ. 

ʂʨʠʩʪʘʣʽʟʘʮʽʷ ʝʪʨʠʥʛʽʪʫ ʚ ʟʘʪʚʝʨʜʽʣʦʤʫ ʢʘʤʝʥʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ 

ʦʙ'ʻʤʫ ʚ 2,5-2,9 ʨʘʟʠ. ʐʚʠʜʢʠʡ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ ʝʪʨʠʥʛʽʪʫ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʚʧʣʠʚʽ 

ʩʫʣʴʬʘʪʽʚ ʚʠʢʣʠʢʘʻ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ. ʋʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥ, ʪʘʢʠʭ ʷʢ 

Mg(OH)2, ʝʪʨʠʥʛʽʪ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʜʽʾ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʽʟʫ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʇʎʊ, ʥʘʜʣʠʰʦʢ SiO2 ʨʝʘʛʫʻ ʟ 

ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʦʤ, ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ 

ʥʠʟʴʢʦʦʩʥʦʚʥʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ CïSïH ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʙʽʣʴʰ ʚʠʪʦʥʯʝʥʦʾ ʪʘ 
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ʢʦʤʧʘʢʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚ ʦʙʦʭ ʘʛʨʝʩʠʚʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ (ʨʠʩ. 4.25, ʚ, ʛ).  

MgCl2 Na2SO4 
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ʈʠʩʫʥʦʢ 4.25 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʟʨʘʟʢʽʚ ZOP ʙʝʟ ʇʎʊ (ʘ, ʙ) ʪʘ ʟ 10 ʤʘʩ. % 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ Z10P (ʚ, ʛ), ʷʢʽ ʟʥʘʭʦʜʠʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʚ 

ʨʦʟʯʠʥʘʭ MgCl2 ʪʘ Na2SO4 

ʆʪʞʝ, ʟʘʤʽʥʘ ʯʘʩʪʠʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ ʇʎʊ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʡʦʛʦ ʧʦʨ, ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʤʽʮʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ ʜʦ ʜʽʾ ʘʛʨʝʩʠʚʥʠʭ 

ʩʝʨʝʜʦʚʠʱ, ʪʘʢʠʭ ʷʢ ʨʦʟʯʠʥʠ Na2SO4 ʪʘ MgCl2. 

ɼʦʩʣʽʜʞʝʥʦ ʪʘʢʦʞ ʤʽʮʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ 

ʙʝʪʦʥʽʚ ʟ ʤʘʨʢʦʶ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ S3 [105, 212]. ɼʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʠʭ ʩʫʤʽʰʝʡ ʟʤʝʥʰʝʥʦ ʚʤʽʩʪ ʧʣʘʩʪʠʬʽʢʫʶʯʦʾ ʪʘ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ.  ʊʝʥʜʝʥʮʽʷ ʜʦ ʟʨʦʩʪʘʥʥʷ ɺ/ʎ ʚʽʜʥʦʰʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʚ ʙʝʪʦʥʘʭ ʟ ʚʤʽʩʪʦʤ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ (ʪʘʙʣ. 4.6).  
















































































































































































































































































