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ɸʅʅʆʊɸʎɯʗ 

ɼʘʥʯʝʥʢʦ ʖ.ʄ. ʌ̔ ʟʠʢʦ-ʭʽʤʽʯʥʽ ʦʩʥʦʚʠ ʩʪʚʦʨʝʥʥʷ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.23.05  «ɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʚʠʨʦʙʠè. ï ʍʘʨʢʽʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʍʘʨʢʽʚ, 2019. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʩʪʘʥʦʚʣʝʥʥʶ ʬʽʟʠʢʦ-ʭʤ̔ʽʯʥʠʭ ʦʩʥʦʚ 

ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʩʪʚʦʨʝʥʥʷ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʥʘʧʦʚʥʝʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʢʦʤʧʣʝʢʩʦʤ ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʽ ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ.  

ɺ ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʘʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʤʝʪʘ ʪʘ 

ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʽ ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʽ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʧʨʠʩʚʷʯʝʥʠʭ ʚʠʚʯʝʥʥʶ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ. ɺʠʩʚʽʪʣʝʥʽ 

ʦʩʥʦʚʥʽ ʩʧʦʩʦʙʠ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ ʧʨʠ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʜʠʩʧʝʨʩʥʠʤʠ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʥʝʚʠʚʯʝʥʦ ʁʽ ʥʝʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦʶ ʻ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʘ ʪʝʦʨʽʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʽ ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ, 

ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʠʭ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.   
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ʅʘʚʝʜʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. 

ɺ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʦʙʨʘʥʽ ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ 

ʦʣʽʛʦʤʝʨʽʚ, ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʪʘ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʜʦʙʘʚʦʢ (ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ) ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ 

ʧʨʠʨʦʜʠ. ɼʣʷ ʪʚʝʨʜʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʘʤʽʥʥʽ ʪʚʝʨʜʥʠʢʠ. ʋ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʘʥʘ ʢʦʤʧʣʝʢʩʥʘ ʤʝʪʦʜʠʢʘ, ʷʢʘ ʚʢʣʶʯʘʻ ʪʝʦʨʝʪʠʯʥʽ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʽ 

ʤʝʪʦʜʠ ʫʤʦʚʥʦ ʧʦʜʽʣʝʥʽ ʥʘ ʪʨʠ ʛʨʫʧʠ: ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʧʝʨʩʥʠʭ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ; ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʮʽʡ; ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɿʜʽʡʩʥʝʥʘ ʪʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʦʮʽʥʢʘ ʭʽʤʽʯʥʦʛʦ ʽ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʤʦʨʬʦʣʦʛʽʯʥʠʭ, ʩʪʨʫʢʪʫʨʥʦ-ʨʝʦʣʦʛʽʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. ʋʩʽ 

ʥʘʧʦʚʥʶʚʘʯʽ ʨʦʟʜʽʣʝʥʽ ʥʘ ʪʨʠ ʛʨʫʧʠ: ʢʚʘʨʮʦʚʽ, ʛʣʠʥʠʩʪʽ, ʦʢʩʠʜʥʽ. ʆʢʨʝʩʣʝʥʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ ʝʧʦʢʩʠʜʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʦʚʝʜʝʥʦ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʦʜʝʣʽ ʙʝʟʚʦʜʥʠʭ ʪʘ ʛʽʜʨʘʪʦʚʘʥʠʭ ʘʢʪʠʚʥʠʭ 

ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʥʘ ʧʦʚʝʨʭʥʽ ʦʢʩʠʜʽʚ ʉʘʆ, MgO, FeO, Al2O3, Fe2O3, SiO2, 

TiO2, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʭʽʤʽʯʥʫ ʧʨʠʨʦʜʫ ʪʘ ʢʨʠʩʪʘʣʽʯʥʫ ʙʫʜʦʚʫ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʠʭ 

ʦʢʩʠʜʽʚ, ʘʛʨʝʛʘʪʥʠʡ ʩʪʘʥ ʽ ʫʤʦʚʠ ʧʨʦʪʽʢʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʨʽʚʥʦʚʘʞʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʈʦʟʨʘʭʦʚʘʥʽ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʽ (ʨʂʘ) ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ (æG) ʨʽʚʥʦʚʘʞʥʽ 

ʧʘʨʘʤʝʪʨʠ ʚ ʨʝʘʢʮʽʷʭ ʜʝʧʨʦʪʦʥʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʦʢʘʟʥʠʢʠ ʢʠʩʣʦʪʥʦʩʪʽ pKa ʫʩʽʭ ʙʝʟʚʦʜʥʠʭ ʮʝʥʪʨʽʚ ʤʘʶʪʴ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʚʽʜ 

7,96 ʜʦ 16,9, ʪʦʙʪʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʣʘʙʢʦʣʫʞʥʠʤ, ʩʠʣʴʥʦʣʫʞʥʠʤ ʘʙʦ ʣʫʞʥʠʤ 

ʭʘʨʘʢʪʝʨʦʤ. ɺʽʜʧʦʚʽʜʥʦ, ʟʥʘʯʝʥʥʷ æG ʧʨʦʮʝʩʽʚ ʜʝʧʨʦʪʦʥʫʚʘʥʥʷ ʮʝʥʪʨʽʚ ʻ 

ʧʦʟʠʪʠʚʥʠʤʠ ʽ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 45,40 ʜʦ 96,38 ʢɼʞ/ʤʦʣʴ. ɺʩʪʘʥʦʚʣʝʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʤʦʜʝʣʴʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʦʢʩʠʜʫ, ʢʽʣʴʢʦʩʪʽ ʆʅ-ʛʨʫʧ ʽ 
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ʯʠʩʣʘ ʛʽʜʨʘʪʘʮʽʾ (ʢʽʣʴʢʦʩʪʽ ʘʜʩʦʨʙʦʚʘʥʠʭ ʤʦʣʝʢʫʣ ʚʦʜʠ). ɺʠʷʚʣʝʥʠʡ 

ʽʜʝʥʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʟʨʦʩʪʘʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ 

ʦʢʩʠʜʽʚ ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ ʷʢ ʛʽʜʨʦʢʩʠʣʴʥʦʛʦ, 

ʪʘʢ ʽ ʛʽʜʨʘʪʘʮʽʡʥʦʛʦ ʰʘʨʽʚ ʧʦʚʝʨʭʥʽ. ɺʩʪʘʥʦʚʣʝʥʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʭʽʤʽʯʥʠʤ, ʤʽʥʝʨʘʣʴʥʠʤ ʩʢʣʘʜʦʤ ʽ ʧʦʚʝʨʭʥʝʚʠʤʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʥʘʜʘʥʦ ʢʦʤʧʣʝʢʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʚʝʨʭʥʝʚʠʭ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʽ ʢʦʨʝʣʷʮʽʡʥʽ ʟʚʷʟʢʠ (ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 0,62-0,93) ʤʽʞ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. 

 ɺʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʥʽ ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʧʦʚʥʝʥʠʭ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʥʘ ʝʪʘʧʽ 

ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ʫ ʚô̫ ʟʢʦʪʝʢʫʯʦʤʫ ʩʪʘʥʽ, ʥʘ ʝʪʘʧʽ 

ʧʨʦʪʽʢʘʥʥʷ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʟʰʠʚʢʠ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʩʢʣʦʧʦʜʽʙʥʦʛʦ ʩʪʘʥʫ ʪʘ 

ʥʘ ʝʪʘʧʽ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ ʧʦʣʽʤʝʨʥʦʾ ʩʽʪʢʠ ʫ 

ʩʢʣʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʧʦʚʝʨʭʥʝʚʽ ʘʢʪʠʚʥʽ 

ʮʝʥʪʨʠ ʥʘʧʦʚʥʶʚʘʯʽʚ ʧʨʠʡʤʘʶʪʴ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ 

ʢʦʤʧʦʟʠʪʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʽ ʤʽʞʬʘʟʥʠʭ ʟʚôʷʟʢʽʚ ʟʘ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʧʝʨʩʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʛʽʜʨʦʢʩʠʣʴʥʽ ʛʨʫʧʠ (ʘʢʪʠʚʥʽ ʮʝʥʪʨʠ) ʟ 

ʨʽʟʥʦʶ ʬʫʥʢʮʽʻʶ ʢʠʩʣʦʪʥʦʩʪʽ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʥʦʚʠʭ çʟʝʣʝʥʠʭè ʪʝʭʥʦʣʦʛʽʡ ʦʜʝʨʞʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʚʧʣʠʚ ʦʢʩʠʜʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʧʨʦʩʪʦʨʦʚʫ 

ʢʦʥʬʦʨʤʘʮʽʶ ʝʧʦʢʩʠʘʤʽʥʥʦʾ ʩʽʪʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʚʝʨʭʥʝʚʠʭ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʣʫʞʥʦʩʪʽ ʦʢʩʠʜʽʚ. ʇʨʠ 

ʧʝʚʥʠʭ ʣʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʦʢʩʠʜʫ, ʚʥʘʩʣʽʜʦʢ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ 

(ʫʪʚʦʨʝʥʥʷ ʚʦʜʥʝʚʠʭ ʪʘ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʠʭ ʟʚôʷʟʢʽʚ), ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ 

ʧʨʦʩʪʦʨʦʚʘ ʢʦʥʬʦʨʤʘʮʽʷ ʝʧʦʢʩʠʘʤʽʥʥʦʾ ʩʽʪʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʨʤʽʯʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʧʦʛʣʠʥʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʫ ʚʦʜʽ ʪʘ 
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ʚʦʜʥʠʭ ʢʠʩʣʠʭ ʽ ʣʫʞʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʽʤʽʯʥʦʾ ʽ 

ʤʽʥʝʨʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ʪʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʽʚ. ɺʠʷʚʣʝʥʦ, ʱʦ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ 

ʧʦʢʨʘʱʝʥʠʤʠ ʟʘʭʠʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʢʩʠʜʥʠʭ 

ʘʙʦ ʛʣʠʥʠʩʪʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟ ʩʣʘʙʢʦʣʫʞʥʦʶ ʧʦʚʝʨʭʥʝʶ. ɺʠʷʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟʽ ʩʣʘʙʢʦʢʠʩʣʦʪʥʦʶ ʘʙʦ ʩʣʘʙʢʦʣʫʞʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʪʘ ʚʠʩʦʢʦʶ ʟʘʛʘʣʴʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ.  

 ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ 

ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ (ɺʇɽ) ʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʾ ʧʨʠʨʦʜʠ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ ʪʘ ʩʪʫʧʝʥʷ ʥʘʧʦʚʥʝʥʥʷ. 

ʄʦʜʝʣʴ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʷʚʣʝʥʥʽ, ʱʦ ʚ ʥʘʧʦʚʥʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʘʭ 

ʚʝʣʠʯʠʥʘ ɺʇɽ ʯʘʩʪʢʦʚʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʮʝʩʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʜʽʣʫ ʬʘʟ ʽ ʾʾ 

ʩʢʣʘʜʦʚʽ ʪʘʢʦʞ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʜʚʦʤʘ ʬʘʟʘʤʠ ï ʟʚôʷʟʫʶʯʠʤ ʪʘ ʥʘʧʦʚʥʶʚʘʯʝʤ. ʄʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʪʝʦʨʽʷʭ ʽ ʨʽʚʥʷʥʥʷʭ ʌʦʫʢʩʘ, ɺʘʥ ʆʩʩʘ ʽ ɻʫʜʘ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʚʦʭ ʢʦʥʪʘʢʪʫʶʯʠʭ ʬʘʟ. ɼʦ ʚʽʜʦʤʠʭ ʨʽʚʥʷʥʴ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʦʚʠʭ ɺʇɽ ʜʦʜʘʥʦ ʜʚʘ ʧʘʨʘʤʝʪʨʠ: ʦʙôʻʤʥʠʡ ʚʤʽʩʪ ʽ ʧʦʢʘʟʥʠʢ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʛʘʣʴʥʠʡ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʡ ʭʘʨʘʢʪʝʨ ʥʘʧʦʚʥʶʚʘʯʽʚ. ɿʘ 

ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʨʦʟʨʘʭʦʚʘʥʽ ʩʢʣʘʜʦʚʽ ɺʇɽ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ, ʥʘʧʦʚʥʝʥʠʭ ʦʢʩʠʜʥʠʤʠ, ʛʣʠʥʠʩʪʠʤʠ ʽ ʢʚʘʨʮʦʚʠʤʠ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ. ʈʦʟʨʦʙʣʝʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʚʠʤʽʨʶʚʘʥʴ (ɸʉɺ) ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ (ɺʇɽ) ʪʚʝʨʜʠʭ ʧʦʚʝʨʭʦʥʴ ʤʝʪʦʜʦʤ ɺʘʥ ʆʩʩʘ ï ʏʦʜʝʨʽ ï 

ɻʫʜʘ (ɺʆʏɻ). ɿʘ ʜʦʧʦʤʦʛʦʶ ɸʉɺ ʚʠʤʽʨʷʥʽ ʢʨʘʡʦʚʽ ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʽ 

ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ɺʇɽ ʧʦʚʝʨʭʦʥʴ ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ, ʩʪʘʣʽ ʽ ʩʢʣʘ. ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟ ʜʘʥʠʤʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɸʉɺ 

ʨʝʟʫʣʴʪʘʪʽʚ. ɼʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʚʠʤʽʨʷʥʠʭ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʟ 
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ʚʽʨʦʛʽʜʥʽʩʪʶ 0,95 ʥʝ ʧʝʨʝʚʠʱʫʻ Ñ3,0 ʛʨʘʜ. ɿʘ ʜʦʧʦʤʦʛʦʶ ɸʉɺ ʚʠʤʽʨʷʥʽ 

ʩʢʣʘʜʦʚʽ ɺʇɽ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʥʘʧʦʚʥʝʥʠʭ ʦʢʩʠʜʥʠʤʠ, 

ʛʣʠʥʠʩʪʠʤʠ ʽ ʢʚʘʨʮʦʚʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʫ 

ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ ɺʇɽ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʧʽʜ ʯʘʩ ʥʘʧʦʚʥʝʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ 

ʧʦʚʝʨʭʥʝʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʩʢʣʘʜʦʚʽ ɺʇɽ), ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʭʽʤʽʯʥʦ ʘʛʨʝʩʠʚʥʠʭ 

ʩʝʨʝʜʦʚʠʱ) ʽ ʩʪʨʫʢʪʫʨʦʶ ʥʘʧʦʚʥʝʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʘ 

ʚʤʽʩʪʦʤ ʽ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʚʝʨʭʥʽ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ.  

ʅʘʚʝʜʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʚʦʨʝʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʧʦʢʨʠʪʪʷ, ʤʘʩʪʠʢʠ, ʟʘʣʠʚʦʯʥʽ ʚʠʨʦʙʠ) ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ 

ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʚʦʛʥʝʟʘʭʠʩʥʽ, ʘʥʪʠʢʦʨʦʟʽʡʥʽ, 

ʚʽʙʨʦʧʦʛʣʠʥʘʣʴʥʽ, ʙʘʢʪʝʨʠʮʠʜʥʽ, ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʚʝʨʜʽʥʥʷ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʟʘʭʠʩʪʫ, ʨʝʤʦʥʪʫ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʙʝʪʦʥʥʠʭ, 

ʮʝʛʣʷʥʠʭ, ʤʝʪʘʣʝʚʠʭ, ʜʝʨʝʚôʷʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʝʣʝʤʝʥʪʽʚ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʘʪʝʨʽʘʣʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦʢʨʘʱʝʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʝʛʫʣʶʚʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʘ 

ʪʝʭʥʽʯʥʘ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ ʥʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ. ʈʦʟʨʦʙʣʝʥʠʡ 

ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ çʂʦʤʧʦʟʠʪè, ʷʢʠʡ ʻ ʙʘʥʢʦʤ ʜʘʥʠʭ ʪʘ 

ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʤʘʪʝʨʽʘʣ ʟ ʥʝʦʙʭʽʜʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʧʝʚʥʠʭ ʫʤʦʚʘʭ. ʇʨʦʛʨʘʤʘ çʂʦʤʧʦʟʠʪè ʻ ʟʨʫʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ (ʚôʷʟʢʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʪʚʝʨʜʽʥʥʷ, 

ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ) ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ (ʩʪʽʡʢʽʩʪʴ ʜʦ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘʜʛʝʟʽʡʥʘ ʟʜʘʪʥʽʩʪʴ, ʤʽʮʥʽʩʪʴ, ʩʪʠʨʘʥʥʽʩʪʴ ʪʘ ʽʥ.) 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʷʢʽʩʥʦʛʦ ʽ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʪʽʚ. 
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ɺʩʪʘʥʦʚʣʝʥ̔ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʛʨʽʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʜʚʦʪʘʚʨʦʚʠʭ 

ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʚʦʛʥʝʟʘʭʠʩʥʠʤ ʝʧʦʢʩʠʜʥʠʤ ʤʘʪʝʨʽʘʣʦʤ çANTIFIREè, 

ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʧʨʦʝʢʪʥʽ ʜʘʥʽ ʱʦʜʦ ʪʦʚʱʠʥʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʢʣʘʩʫ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʈʦʟʨʦʙʣʝʥʘ 

ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʧʝʨʝʨʽʟʽ ʝʣʝʤʝʥʪʫ ʩʪʘʣʝʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʫʤʦʚʘʭ ʧʦʞʝʞʽ ʽʟ ʩʪʘʥʜʘʨʪʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʩʧʨʦʱʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʛʽʜʥʦ ʽʟ ʩʪʘʥʜʘʨʪʘʤʠ 

ʯʠʥʥʠʤʠ ʚ ʋʢʨʘʾʥʽ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʪʘʙʣʠʮʴ ʧʨʦʝʢʪʥʦʾ ʪʦʚʱʠʥʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʢʣʘʩʫ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʩʪʘʣʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʦʛʥʝʟʘʭʠʩʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʪʘ ʦʙʣʠʮʶʚʘʣʴʥʠʭ ʧʣʠʪ ʟ çANTIFIRE». 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʧʦʢʩʠʜʥʽ ʦʣʽʛʦʤʝʨʠ, ʥʝʦʨʛʘʥʽʯʥʽ ʜʠʩʧʝʨʩʥʽ 

ʥʘʧʦʚʥʶʚʘʯʽ, ʧʦʚʝʨʭʥʝʚʽ ʘʢʪʠʚʥʽ ʮʝʥʪʨʠ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʟʘʻʤʦʜʽʾ, ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʘ ʪʝʦʨʽʷ, ʚʽʣʴʥʘ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ, ʨʝʛʫʣʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ. 

 

ABSTRACT 

Danchenko Yuliya. Physical and chemical bases for the creation of 

multifunctional composition epoxy-polymeric building materials. - Qualifying 

scientific work on the rights of manuscripts. 

The thesis submitted for a doctor of technical sciences degree in specialty 

05.23.05 «Building Materials and Products». ï Kharkiv National University of 

Civil Engineering and Architecture, Kharkiv, 2019. 

The dissertation is devoted to the establishment of physico-chemical bases 

for the creation of multifunctional composition epoxy polymeric building materials 

with special properties. It is shown that the expansion of functionality and the 

creation of epoxy polymeric filled materials with a complex of necessary 

technological and operational properties is carried out by regulating and predicting 

intermolecular and interphase interactions between components. 
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The paper substantiates the relevance of the work, formulates the purpose 

and objectives of the research, presents the scientific novelty and the practical 

significance of the results. 

The analysis of scientific publications devoted to the study of the relevance 

of research on the creation of new effective epoxy polymer composite materials for 

construction. The main methods of expanding the functionality of epoxy materials 

are highlighted. Established factors that influence the structuring and formation of 

technological and operational properties of epoxy polymers in physico-chemical 

modification with dispersed inorganic fillers. It is established that the most 

unexplored and unsystematized is the acid-basic theory of physicochemical 

intermolecular and interphase interactions, which makes it possible to create 

effective multifunctional organo-inorganic epoxy polymeric building materials. 

Information on materials and research methods used. As materials selected 

polymer composites based on epoxy oligomers, dispersed inorganic fillers and low 

molecular weight additives (surface-active and silicone substances) of different 

chemical nature. For solidification, amine hedges were used. In this work a 

complex method is used which includes theoretical and experimental physico-

chemical methods of research. The methods used are conventionally divided into 

three groups: methods of investigating disperse inorganic fillers; methods of 

studying the processes of structuring and technological properties of compositions; 

methods of studying the structure and properties of epoxy polymeric building 

materials. 

Theoretical and experimental estimation of chemical and mineral 

composition, morphological, structural-rheological and physico-chemical 

properties of disperse inorganic fillers is carried out. All fillers are divided into 

three groups: quartz, clay, oxide. The prospects for the use of fillers for epoxy 

building polymer composite materials are outlined. The quantum-chemical 

modeling was carried out and the models of Brønsted anhydrous and hydrated 

active centers were proposed on the surface of CaO, MgO, FeO, Al2O3, Fe2O3, 

SiO2, TiO2 oxides, taking into account the chemical nature and the crystalline 



9 
 

structure of air-dry oxides, the aggregate state and the conditions for the flow of 

surface equilibrium processes. Calculated acid-base (pKa) and energy (ȹG) 

equilibrium parameters in reactions of deprotonation of active centers. It was found 

that the indexes of acidity of pKa of all anhydrous centers have high values from 

7.96 to 16.9, that is, they differ in weak basal, strongly basic or alkaline nature. 

Accordingly, the values of the ȹG processes of deprotonation of the centers are 

positive and vary from 45.40 to 96.38 kJ / mol. The regularities of changes in the 

acid-base and energy parameters of model surface active centers are determined 

depending on the nature of the central element of the crystalline oxide lattice, the 

number of OH-groups and the number of hydration (the number of adsorbed water 

molecules). The identical character of the growth of acidity of surface active 

centers of oxides of various chemical nature with the increase in the thickness of 

both hydroxyl and hydration layers of the surface is revealed. The correlation 

between chemical, mineral composition and surface acid-base characteristics was 

established and a complex characterization of the surface acid-basic properties of 

disperse inorganic fillers was provided. Established correlation relations 

(correlation coefficient 0.62-0.93) between experimental data and theoretical 

modeling indices. 

The regularities of the influence of the acid-base properties of the surface of 

disperse inorganic fillers on all stages of the formation of filled epoxy polymeric 

composite materials are established: at the stage of the structuring of the epoxy 

resin in the viscous-liquid state, at the stage of the chemical reaction of the cross-

link during the transition to the glass-like state and at the stage of forming the 

spatial orientation of the polymeric mesh in vitreous condition. It has been 

established that at all stages, surface active centers of fillers take an active part in 

the formation of the structure of the composite with the formation of 

intermolecular and interphase interactions on the acid-base mechanism. It was 

established that the use of disperse fillers containing hydroxyl groups (active 

centers) on the surface with different acidity functions is a promising direction in 

the development of new "green" technologies for the production of building 
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materials based on epoxy-based compositions. As a result of quantum-chemical 

modeling, it is shown that the influence of oxide fillers on the structure and spatial 

conformation of the epoxy-resin grid depends on the surface acid-base properties 

and increases with an increase in the basicity (alkalinity) of oxides. With certain 

alkaline properties of oxide, due to intermolecular interactions (formation of 

hydrogen and donor-acceptor bonds), the spatial conformation of the epoxy-mesh 

network substantially changes. It has been established that the thermal stability and 

absorption capacity of filled composites in water and aqueous acid and alkaline 

environments depend to a large extent on the chemical and mineral nature and the 

acid-base properties of the filler surface. It has been found that in order to obtain 

epoxy polymer composites with improved protective characteristics, it is advisable 

to use oxide or clay fillers with a weakly basic surface. It has been found that in 

order to obtain composites with improved operational properties, it is expedient to 

use fillers with weakly acid or weakly basic surface function and high total 

concentration of active centers. 

The mathematical model of the changes of the components of free surface 

energy (FSE) of filled composites is proposed, depending on the acid-base nature 

of the filler surface and the degree of filling. The model is based on the notion that 

in the filled polymeric composites the value of the FSE is partially determined by 

processes on the phase separation surface and its components are also the result of 

intermolecular adhesion interaction between the two phases, the binding and the 

filler. Mathematical dependences are based on the theories and equations of 

Fowkes, Van Oss and Good, which represent the interconnections between the 

surface energy and the energy characteristics of the two contacting phases. To the 

known equations for calculating the components of the FSE, two parameters are 

added: volume content and an indicator characterizing the general acid-base nature 

of the fillers. According to the mathematical model, components of FSE of epoxy 

polymer composites filled with oxide, clay and quartz fillers are calculated. An 

automated measuring system (AMS) was developed to determine the boundary 

angle of wetting and to calculate the components of free surface energy (FSE) of 
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solid surfaces by the Van Oss - Chaudhury - Good method (VOChG). With the 

help of AMS, the measured edges of the wetting were measured and the values of 

the components of the FSE surfaces of epoxy polymer composites, steel and glass 

were calculated. The comparative characteristic with the data of other authors 

testifies to the adequacy and reliability of the results obtained using the AMS. The 

confidence interval of the measured marginal corners wetting with a probability of 

0.95 does not exceed ± 3,0 deg. With the help of the AMS, the components of FSE 

are measured epoxy polymer composites filled with oxide, clay and quartz fillers. 

It is shown that the proposed mathematical model can be used to predict the nature 

of the change of the components of FSE of polymer composites during filling with 

mineral fillers. The interconnection between surface properties (components of 

FSE), operating characteristics (resistance to high temperatures and chemically 

aggressive environments) and the structure of filled epoxy polymer composites and 

the content and acid-base properties of the surface of inorganic fillers is 

established. 

The characteristics of the created building composite materials (coating, 

mastics, pouring products) on the basis of epoxy polymers with special properties 

are given: fire protection, anticorrosive, vibration absorbing, bactericidal, low 

temperature hardening, which can be used for protection, repair and restoration of 

concrete, brick, metal, wood building structures and elements. Developed materials 

are distinguished by improved technological and operational properties with the 

possibility of regulation. The technical and technological documentation for the 

preparation and use of building materials at Ukrainian enterprises has been 

developed. An improved ñCompositeò software package is developed, which is a 

data bank and allows you to select material with the necessary set of properties for 

operation under certain conditions. The ñCompositeò program is a convenient tool 

for calculating technological (viscosity, curing speed, viability) and operational 

(resistance to aggressive environments and elevated temperatures, adhesion 

strength, strength, erosion, etc.) characteristics, and allows you to obtain graphical 
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dependencies of changing properties from qualitative and quantitative composition 

of composites. 

The regularities of heating sections of two-tin steel constructions with 

fireproof epoxy material "ANTIFIRE" were established, which allowed to 

determine the design data for thickness to provide the necessary class of fire 

resistance of steel constructions. The method of calculating the average 

temperature in the cross section of a steel construction element in a fire with a 

standard temperature regime using a mathematical model based on a non-

stationary heat equation and a simplified mathematical model according to the 

standards in force in Ukraine has been developed. On the basis of the received 

design thickness tables to provide the necessary fire resistance class elements of 

steel structures, recommendations for the design of fireproof coatings and facing 

sheets from ñANTIFIREò have been developed. 

Key words: epoxy oligomers, inorganic disperse fillers, surface active 

centers, physico-chemical interactions, acid-base theory, free surface energy, 

property regulation, composite materials for construction. 
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ɿʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʴ ʜʣʷ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ 

ULTRALAM. ʄʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʤʽʩʴʢʠʭ ʽʥʞʝʥʝʨʥʠʭ 
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ʽʥʬʨʘʩʪʨʫʢʪʫʨ: ʪʝʟʠ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ VII ɺʩʝʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʫʢʦʚʦʛʦ ʩʝʤʽʥʘʨʫ 

(ʍʘʨʢʽʚ, 11ï12 ʞʦʚʪʥʷ, 2016). ʍʘʨʢʽʚ, 2016. ʉ. 8ï10. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʨʦʟʨʦʙʢʘ  ʝʬʝʢʪʠʚʥʠʭ ʩʢʣʘʜʽʚ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ).  

49. ɼʘʥʯʝʥʢʦ ʖ. ʄ., ʇʦʧʦʚ ʖ. ɺ., ʂʘʯʦʤʘʥʦʚʘ ʄ. ʇ. ɺʧʣʠʚ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʥʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʠʩʧʝʨʩʥʠʭ 

ʧʦʣʽʤʽʥʝʨʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɽʬʝʢʪʠʚʥʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʙʫʜʽʚʥʠʮʪʚʽ: ʤʘʪʝʨʽʘʣʠ VI ʄʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ (ʍʘʨʢʽʚ, 23-24 ʙʝʨʝʟʥʷ, 2016). ʍʘʨʢʽʚ, 2016. 

ʉ. 29-30. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ).  

50. Danchenko Yu. M. Quantum chemical modeling protolytic equilibrium on 

surface oxide materials. International Conference on Civil Mechanical 

Engineering & construction Management (CMC 2016): proceeding science 

publications (Malaysia (Kuala Lumpur), 08 December 2016). New Zealand 

(Aukland),  2016. P. 104-108. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʝʚʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʦʢʩʠʜʽʚ).  

51. Danchenko Yu. M., Popov Yu. V., Sopov V. P. Thermooxidativ and 

thermomechanical stability epoxy polymer composites of construction. 

International Conference on Thermal Analysis and Calorimetry in Russia (RTAC-

2016): proceeding (St. Petersburg, 16-23 September 2016). St. Petersburg, 2016. 

Vol. 1. P. 702-706. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ 

ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʧʨʦʮʝʩʠ ʪʝʨʤʽʯʥʦʾ ʪʘ 

ʪʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʧʦʣʽʤʝʨʥʠʭ ʝʧʦʢʩʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ).  

52. ɼʘʥʯʝʥʢʦ ʖ. ʄ., ɸʥʜʨʦʥʦʚ ɺ. ɸ., ʆʙʠʞʝʥʢʦ ʊ. ʅ., ʉʘʝʥʢʦ ʅ. ɺ.,     

ɼʝʤʝʰʦʢ ɺ. ɺ. ʆʛʥʝʟʘʱʠʪʥʦ-ʜʝʢʦʨʘʪʠʚʥʳʝ ʵʧʦʢʩʠʧʦʣʠʤʝʨʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʜʝʨʝʚʷʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ.  ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʥʠʞʝʥʥʦʡ ʛʦʨʶʯʝʩʪʠ: ʩʙʦʨʥʠʢ 

ʤʘʪʝʨʠʘʣʦʚ VIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʂʘʟʘʭʩʪʘʥ (ɸʣʤʘʪʳ),                
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5-10 ʠʶʥʷ, 2017). ɸʣʤʘʪʳ, 2017. ʉ. 99-103. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʨʦʟʨʦʙʢʘ 

ʝʬʝʢʪʠʚʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʦʛʥʝʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ).  

53. ɼʘʥʯʝʥʢʦ ʖ. ʄ. ʉʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʛʽʜʨʦʬʽʣʴʥʦ-ʛʽʜʨʦʬʦʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

çʈʝʩʫʨʩ ʽ ʙʝʟʧʝʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ, ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜè: ʪʝʟʠ ʟʘ 

ʤʘʪʝʨʽʘʣʘʤʠ VIII ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ (ʍʘʨʢʽʚ, 18ï19 ʞʦʚʪʥʷ, 

2017). ʍʘʨʢʽʚ, 2017. ʉ. 137ï139. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʩʪʚʦʨʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʽʜʨʦʬʽʣʴʥʦ-ʛʽʜʨʦʬʦʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ).  

54. ɼʘʥʯʝʥʢʦ ʖ. ʄ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʽ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. International research and practice 

conference ñModern methods, innovations and experience of practical application 

in the field of technical sciencesò: Conference Proceedings (Poland (Radom), 

December 27ï28, 2017). Radom, 2017. P. 139ï142. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ).  

55. ɼʘʥʯʝʥʢʦ ʖ. ʄ., ɸʥʜʨʦʥʦʚ ɺ. ɸ., ʆʙʽʞʝʥʢʦ ʊ. ʄ. ɺʧʣʠʚ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

çʊʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʪʨʘʥʩʧʦʨʪʫè: ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ ʤʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ (ʍʘʨʢʽʚ, 14ï16 ʪʨʘʚʥʷ, 2018). ʍʘʨʢʽʚ, 2018.    

ʊ. 2. ʉ. 289ï291. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ 

ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ).  

56. ɼʘʥʯʝʥʢʦ ʖ. ʄ., ɹʘʨʘʙʘʰ ʆ. ʉ., ʆʙʽʞʝʥʢʦ ʊ. ʄ. ɺʧʣʠʚ ʧʨʠʨʦʜʠ 

ʦʢʩʠʜʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ 

ʝʧʦʢʩʽʘʤʽʥʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ.  ɽʬʝʢʪʠʚʥʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʪʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʙʫʜʽʚʥʠʮʪʚʽ: 

ʤʘʪʝʨʽʘʣʠ VII ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ (ʍʘʨʢʽʚ, 21ï22 

ʙʝʨʝʟʥʷ, 2018). ʍʘʨʢʽʚ, 2018. ʉ. 11ï13. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʚʩʪʘʥʦʚʣʝʥʥʷ 



26 
 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ).  

57. ɼʘʥʯʝʥʢʦ ʖ. ʄ., ʆʙʽʞʝʥʢʦ ʊ. ʄ., ʂʠʨʠʯʝʥʢʦ ʖ. ʆ. ɽʬʝʢʪʠʚʥʽ 

ʙʫʜʽʚʝʣʴʥʽ ʪʘ ʨʝʩʪʘʚʨʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʜʠʩʧʝʨʩʥʦʥʘʧʦʚʥʝʥʠʭ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ.  ʇʨʦʙʣʝʤʠ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʥ̔ʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ ʽ ʙʫʜʽʚʝʣʴ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ (ʊʨʘʥʩʙʫʜ-2018): 

ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ 7-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ (ʍʘʨʢʽʚ,     

14ï16 ʣʠʩʪʦʧʘʜʘ, 2018). ʍʘʨʢʽʚ, 2018. ʉ. 175ï178. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: 

ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʨʝʩʪʘʚʨʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʜʠʩʧʝʨʩʥʦʥʘʧʦʚʥʝʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ).    

ʉʪʘʪʪʽ ʚ ʟʘʨʫʙʽʞʥʠʭ ʚʠʜʘʥʥʷʭ ʪʘ ʽʥʰʽ ʧʫʙʣʽʢʘʮʽʾ, ʱʦ ʜʦʜʘʪʢʦʚʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ: 

58. ʆʩʠʧʯʠʢ ɺ. ʉ., ʗʢʦʚʣʝʚʘ ʈ. ɸ., ɼʘʥʯʝʥʢʦ ʖ. ʄ., ʂʘʯʦʤʘʥʦʚʘ ʄ. ʇ., 

ɹʳʢʦʚ ʈ. ɸ., ʇʦʩʦʭʦʚʘ ʀ. ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʙʝʥʪʦʥʠʪʘ ʥʘ ʧʨʦʮʝʩʩʳ ʦʪʚʝʨʞʜʝʥʠʷ ʵʧʦʢʩʠʘʤʠʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. ʋʩʧʝʭʠ ʚ 

ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ: ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʄʦʩʢʚʘ, 2007. 

ʊ. XXI. ˉ 6 (74). ʉ. 40ï43. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ: ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʥʪʦʥʽʪʫ ʥʘ ʧʨʦʮʝʩʠ ʪʚʝʨʜʽʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʝʧʦʢʩʠʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ).  

59. ʗʢʦʚʣʝʚʘ ʈ. ɸ., ɼʘʥʯʝʥʢʦ ʖ. ʄ., ʇʦʧʦʚ ʖ. ɺ., ʃʘʪʦʨʝʮ ɽ. ɺ., 
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ɺʉʊʋʇ 

ɺ ʩʫʯʘʩʥʽʡ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ʪʘ ʘʨʭʽʪʝʢʪʫʨʽ ʚʩʝ ʙʽʣʴʰ ʰʠʨʦʢʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʫʶʪʴ ʩʠʥʪʝʪʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʧʦʣʽʤʝʨʥʽʡ ʦʩʥʦʚʽ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʝʧʦʢʩʠʜʥʽ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʘʨʭʽʪʝʢʪʫʨʥʠʭ 

ʦʙôʻʢʪʽʚ ʚ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʫʤʦʚʣʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʢʦʤʧʣʝʢʩ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʥʝʦʙʭʽʜʥʠʭ ʬʫʥʢʮʽʡ. ʆʜʥʦʯʘʩʥʦ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʘʜʛʝʟʽʶ, ʟʘʭʠʩʪ ʚʽʜ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʚʦʛʥʶ, ʚʽʙʨʘʮʽʾ, ʘʪʤʦʩʬʝʨʥʦʾ ʜʽʾ, ʤʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʆʜʥʘʢ, ʩʫʯʘʩʥʘ ʚʽʪʯʠʟʥʷʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ 

ʟʜʝʙʽʣʴʰʦʛʦ ʧʨʦʧʦʥʫʻ ʤʘʪʝʨʽʘʣʠ ʟ ʦʙʤʝʞʝʥʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʨʫʙʽʞʥʠʭ ʘʥʘʣʦʛʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʝʣʠʢʠʤʠ ʚʠʪʨʘʪʘʤʠ ʽ 

ʯʘʩʪʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʦʯʽʢʫʚʘʥʠʤ ʚʠʤʦʛʘʤ.  

 ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʨʦʟʨʦʙʢʘ 

ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ, ʘʤʽʥʥʠʭ 

ʪʚʝʨʜʥʠʢʽʚ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʜʦʟʚʦʣʷʻ ʥʘ ʦʩʥʦʚʽ ʦʜʥʽʻʾ 

ʽ ʪʽʻʾ ʞ ʧʦʣʽʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʩʪʚʦʨʶʚʘʪʠ ʥʠʟʢʫ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʢʦʤʧʣʝʢʩʦʤ 

ʩʧʝʮʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʨʠ ʮʴʦʤʫ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʎʷ ʤʦʞʣʠʚʽʩʪʴ 

ʟʫʤʦʚʣʶʻʪʴʩʷ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʩʪʨʫʢʪʫʨʥʠʤ ʽ ʧʦʚʝʨʭʥʝʚʠʤ. 

ʉʫʪʪʻʚʠʡ ʚʧʣʠʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʬʘʢʪʦʨʫ ʟʫʤʦʚʣʝʥʠʡ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ 

ʚʟʘʻʤʦʜʽʷʤʠ ʤʽʞ ʧʦʚʝʨʭʥʝʚʠʤʠ ʘʢʪʠʚʥʠʤʠ ʮʝʥʪʨʘʤʠ ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʧʦʣʽʤʝʨʥʦʛʦ ʝʧʦʢʩʠʜʥʦʛʦ ʟʚô̫ ʟʫʶʯʦʛʦ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ. ʊʦʤʫ ʧʨʦʮʝʩʠ ʩʪʚʦʨʝʥʥʷ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʨʝʛʫʣʶʚʘʥʥʷ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʽ ʤʽʞʬʘʟʥʠʭ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ 
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ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʮʽʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʪʝʦʨʝʪʠʯʥʦʾ ʽ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʦʩʥʦʚ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʽ 

ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʻ ʚʘʞʣʠʚʦʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ 

ʧʨʦʙʣʝʤʦʶ. 

 ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʫ 

ʚʠʢʦʥʘʥʦ ʫ ʍʘʨʢʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʘʨʭʽʪʝʢʪʫʨʠ ʥʘ ʢʘʬʝʜʨʽ ʟʘʛʘʣʴʥʦʾ ʭʽʤʽʾ ʫ ʩʢʣʘʜʽ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʅɼʈ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ: çʉʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʩʧʦʨʫʜè (2006-2008 ʨʨ., ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0106 U 000169); 

çʈʦʟʨʦʙʢʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʽ ʟʥʠʞʝʥʦʶ 

ʛʦʨʶʯʽʩʪʶ ʪʘ ʜʠʤʦʫʪʚʦʨʶʶʯʦʶ ʟʜʘʪʥʽʩʪʶè (2007-2009 ʨʨ., ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0107 U 003092); çʈʦʟʨʦʙʢʘ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʙʨʦʧʦʛʣʠʥʘʶʯʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʙʫʜʽʚʥʠʮʪʚʘè (2011-2013 ʨʨ., ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0112 U 000041); 

çɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʜʠʩʧʝʨʩʥʠʭ ʽ 

ʚʦʣʦʢʥʠʩʪʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʚôʷʟʫʶʯʠʭ ʽ ʢʦʤʧʦʟʠʪʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè (2013-2015 ʨʨ., ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0114 U 004376); çʈʦʟʨʦʙʢʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʚʽʜʭʦʜʽʚ 

ʚʠʨʦʙʥʠʮʪʚè (2016-2018ʨʨ., ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0116 U 007756); çʈʦʟʨʦʙʢʘ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ ʧʽʜʟʝʤʥʠʭ ʽʥʞʝʥʝʨʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡè (2018-2019 ʨʨ., ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ RK 0116 U 006496), ʚ ʷʢʠʭ 

ʜʠʩʝʨʪʘʥʪ ʙʫʚ ʢʝʨʽʚʥʠʢʦʤ ʘʙʦ ʚʠʢʦʥʘʚʮʝʤ. 

ʄʝʪʘ ̔ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʦʩʥʦʚ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ 
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ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡ ʨʝʛʫʣʶʚʘʥʥʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʽ 

ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʨʦʙʦʪʠ ʚʠʨʽʰʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ  ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʨʦʟʰʠʨʝʥʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ, 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʘʤ̔ʥʥʠʭ ʪʚʝʨʜʥʠʢʽʚ ʪʘ ʜʠʩʧʝʨʩʥʠʭ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʜʨʦʢʩʠʣʴʥʦ-ʛʽʜʨʘʪʥʦʛʦ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

- ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʂ-ʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʧʦʚʝʨʭʥʝʚʠʭ 

ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ; 

- ʨʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ 

ʭʽʤʽʯʥʠʤ, ʤʽʥʝʨʘʣʴʥʠʤ ʩʢʣʘʜʦʤ ʽ ʧʦʚʝʨʭʥʝʚʠʤʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʚʝʨʜʽʥʥʷ, ʩʪʨʫʢʪʫʨʠ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ ʟʤʽʥʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʚʝʨʭʥʝʚʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ; 

- ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʥʝʨʛʽʾ ʥʘʧʦʚʥʝʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʟʘʻʤʦʜʽʡ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ çʧʦʣʽʤʝʨīʥʘʧʦʚʥʶʚʘʯè; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʦʤ ɺʘʥ ʆʩʩʘ ï ʏʦʜʝʨʽ ï ɻʫʜʘ 

(ɺʆʏɻ); 

- ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ 

ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ 
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ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʚʦʛʥʝʟʘʭʠʩʥʠʭ, 

ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ, ʚʽʙʨʦʧʦʛʣʠʥʘʣʴʥʠʭ); 

- ʨʦʟʨʦʙʢʘ ʚʦʛʥʝʟʘʭʠʩʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʪʘ ʦʙʣʠʮʶʚʘʣʴʥʠʭ ʧʣʠʪ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʢʣʘʩʫ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʜʚʦʪʘʚʨʦʚʠʭ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʽ ʤʽʞʬʘʟʥʽ 

ʧʨʦʮʝʩʠ ʧʽʜ ʯʘʩ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ 

ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ, ʘʤʽʥʥʠʭ ʪʚʝʨʜʥʠʢʽʚ, ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʪʘ ʜʠʩʧʝʨʩʥʠʭ ʛʣʠʥʠʩʪʠʭ, ʢʚʘʨʮʦʚʠʭ ʽ ʦʢʩʠʜʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʘ ʢʦʤʧʣʝʢʩʥʘ ʤʝʪʦʜʠʢʘ, ʷʢʘ 

ʤʽʩʪʠʪʴ ʤʝʪʦʜʠ, ʫʤʦʚʥʦ ʧʦʜʽʣʝʥʽ ʥʘ ʪʨʠ ʛʨʫʧʠ: ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ; ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʮʽʡ; ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʪʘ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʧʨʦʚʦʜʠʣʠʩ ̫ ʩʢʘʥʫʶʯʦʶ ʝʣʝʢʪʨʦʥʥʦʶ ʤʽʢʨʦʩʢʦʧʽʻʶ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʚʠʢʦʨʠʩʪʘʥʠʡ ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ. ɿʥʘʯʝʥʥʷ 

ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ ʚʠʨʘʭʦʚʫʚʘʣʦʩ̫ ʤʝʪʦʜʦʤ ɹɽʊ (ɹʨʫʥʘʫʝʨʘ, 

ɽʤʤʝʪʘ ʽ ʊʝʣʣʝʨʘ). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʦʚʥʶʚʘʯʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩ ̫ʪʝʦʨʝʪʠʯʥʠʡ ʤʝʪʦʜ ʢʚʘʥʪʦʚʦ-

ʭʽʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ:           

ʨK-ʤʝʪʨʽʷ ʽ ʨʅ-ʤʝʪʨʽʷ. ʨK-ʤʝʪʨʠʯʥʠʡ ʽʥʜʠʢʘʪʦʨʥʠʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʘʜʩʦʨʙʮʽʾ ʢʦʣʴʦʨʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ɻʘʤʝʪʘ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʪʘ ʚʠʤʽʨʶʚʘʥʥʽ 

ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ. ʇʦʪʝʥʮʽʦʤʝʪʨʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʜʥʠʭ ʩʫʩʧʝʥʟʽʡ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟʜʽʡʩʥʶʚʘʣʠʩ ̫ ʩʧʦʩʦʙʦʤ     
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ɸ. ʇ. ʅʝʯʠʧʦʨʝʥʢʦ (ʨʅ-ʤʝʪʨʽʷ). ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦʾ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ 

ʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʚʠʟʥʘʯʘʣʠʩ ̫ ʜʽʝʣʝʢʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʚô̫ ʟʢʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡ ʟʜʽʡʩʥʶʚʘʣʦʩ ̫ ʨʦʪʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʨʦʚʦʜʠʣʠʩ ̫ʥʘ ʢʦʥʩʠʩʪʦʤʝʪʨʽ ʍʝʧʣʝʨʘ ʦʜʥʦʦʩʴʦʚʠʤ 

ʩʪʠʩʢʦʤ. ɼʣʷ ʟʨʘʟʢʽʚ ʢʦʤʧʦʟʠʪʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʡ (ʊɻ) 

ʘʥʘʣʽʟ  ̔ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʩʢʘʥʫʶʯʘ ʢʘʣʦʨʠʤʝʪʨʽʷ/ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ 

ʘʥʘʣʽʟ (ɼʊɸ). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʪʚʝʨʜʠʭ ʧʦʚʝʨʭʦʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ɺʘʥ ʆʩʩʘ ð ʏʦʜʝʨʽ ð ɻʫʜʘ (ɺʆʏɻ) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʢʦʤʧôʁ ʪʝʨʥʦʾ 

ʧʨʦʛʨʘʤʠ Least Square Wetting Analyzer ʫ ʩʝʨʝʜʦʚʠʱʽ ʛʨʘʬʽʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ LabVIEW. ɼʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʜʽʡʩʥʶʚʘʣʠʩ ̫ ʟʘ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ, ʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʽ ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ ð ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʘ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʭʽʤʽʯʥʠʭ 

ʩʠʩʪʝʤ HyperChem ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʥʘʧʽʚʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʈʄ3. ɼʣʷ ʛʨʘʬʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩ ̫ʧʨʠʢʣʘʜʥʘ ʧʨʦʛʨʘʤʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 

ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ Mathcad15.0. ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʧʨʦʚʦʜʠʣʘʩ ̫ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ 

ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʟʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ: 

ʋʧʝʨʰʝ  

- ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʴʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʥʝʦʨʛʘʥʽʯʥʠʭ ʦʢʩʠʜʽʚ 

SiO2, Al2O3, ʊʽʆ2, CaO, MgO ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, ʢʽʣʴʢʦʩʪʽ ʆʅ-ʛʨʫʧ ʪʘ ʯʠʩʣʘ ʛʽʜʨʘʪʘʮʽʾ (ʢʽʣʴʢʦʩʪʽ 

ʘʜʩʦʨʙʦʚʘʥʠʭ ʤʦʣʝʢʫʣ ʚʦʜʠ). ɺʠʷʚʣʝʥʦ, ʱʦ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʝʥʪʨʽʚ ʻ ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ ʪʘ ʟʘʨʷʜ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ. ʂʠʩʣʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʨʦʩʪʘʶʪʴ ʧʨʠ ʟʤʝʥʰʝʥʥʽ 

ʢʦʦʨʜʠʥʘʮʽʡʥʦʛʦ ʯʠʩʣʘ ʪʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʟʘʨʷʜʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʢʠʩʣʦʪʥʽʩʪʴ 



39 
 

ʽʟʦʣʴʦʚʘʥʠʭ ʽ ʚʽʮʠʥʘʣʴʥʠʭ ʮʝʥʪʨʽʚ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʟʨʦʩʪʘʻ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʆʅ-ʛʨʫʧ ʽ ʘʜʩʦʨʙʦʚʘʥʠʭ ʤʦʣʝʢʫʣ ʚʦʜʠ. ɺʠʷʚʣʝʥʠʡ 

ʽʜʝʥʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʟʨʦʩʪʘʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʦʢʩʠʜʽʚ ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ ʷʢ 

ʛʽʜʨʦʢʩʠʣʴʥʦʛʦ, ʪʘʢ ʽ ʛʽʜʨʘʪʘʮʽʡʥʦʛʦ ʰʘʨʽʚ ʧʦʚʝʨʭʥʽ; 

- ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʮʝʥʪʨʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʛʽʜʨʦʢʩʠʣʴʥʦ-ʛʽʜʨʘʪʥʦʛʦ ʰʘʨʫ ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʟʫʤʦʚʣʶʻ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʪʨʴʦʭ ʝʪʘʧʘʭ ʦʜʝʨʞʘʥʥʷ 

ʥʘʧʦʚʥʝʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʥʘ 

ʝʪʘʧʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ʫ ʚôʷʟʢʦʪʝʢʫʯʦʤʫ ʩʪʘʥʽ, ʥʘ ʝʪʘʧʽ 

ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʟʰʠʚʢʠ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʩʢʣʦʧʦʜʽʙʥʦʛʦ ʩʪʘʥʫ ʪʘ ʥʘ ʝʪʘʧʽ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ ʧʦʣʽʤʝʨʥʦʾ ʩʽʪʢʠ ʚ ʩʢʣʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ;  

- ʧʦʢʘʟʘʥʦ, ʱʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʽ 

ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟ 

ʜʠʩʧʝʨʩʥʠʤʠ ʢʚʘʨʮʦʚʠʤʠ, ʛʣʠʥʠʩʪʠʤʠ ʡ ʦʢʩʠʜʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʽ ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʨʦʟʰʠʨʝʥʦʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ (ʧʦʢʨʠʪʪʷ, ʤʘʩʪʠʢʠ, ʽʥôʻʢʮʽʡʥʽ ʪʘ ʧʨʦʩʦʯʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʟʘʣʠʚʦʯʥʽ ʚʠʨʦʙʠ) ʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ð ʚʦʛʥʝʩʪʽʡʢʽ, 

ʘʥʪʠʢʦʨʦʟʽʡʥʽ, ʚʽʙʨʦʧʦʛʣʠʥʘʣʴʥʽ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥʠ 

ʧʦʚʝʨʭʥʝʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʥʝʨʛʽʾ) ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʠʩʧʝʨʩʥʠʭ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟ ʨʽʟʥʠʤʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʄʦʜʝʣʴ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʚʝʣʠʯʠʥʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ 

ʯʘʩʪʢʦʚʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʟʘʻʤʦʜʽʷʤʠ ʟʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʪʘ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʘʜʛʝʟʽʡʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʜʚʦʤʘ ʬʘʟʘʤʠ ð 

ʧʦʣʽʤʝʨʦʤ ʽ ʥʘʧʦʚʥʶʚʘʯʝʤ. 

ʆʪʨʠʤʘʣʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ: 

- ʫʷʚʣʝʥʥʷ ʧʨʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʡ ʤʝʭʘʥʽʟʤ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʽ 

ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ ʫ ʧʨʦʮʝʩʘʭ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʦʚʥʝʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ; 

- ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʛʽʜʨʦʢʩʠʣʴʥʦ-ʛʽʜʨʘʪʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʤʝʪʦʶ 

ʨʦʟʰʠʨʝʥʥʷ ʫʷʚʣʝʥʴ ʧʨʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʪʘ ʤʽʞʬʘʟʥʽ 

ʚʟʘʻʤʦʜʽʾ ʚ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʧʪʠʤʽʟʦʚʘʥʽ ʩʢʣʘʜʠ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʈʦʟʨʦʙʣʝʥʽ ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʨʦʟʰʠʨʝʥʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ: 

ʚʦʛʥʝʟʘʭʠʩʥʽ, ʘʥʪʠʢʦʨʦʟʽʡʥʽ, ʜʝʢʦʨʘʪʠʚʥʽ, ʚʽʙʨʦʧʦʛʣʠʥʘʣʴʥʽ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʽ 

ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ; ʩʢʣʘʜʠ ʟʘʭʠʱʝʥʽ 4 ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ ʥʘ 

ʚʠʥʘʭʽʜ ʽ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ; ʤʘʪʝʨʽʘʣʠ ʟʥʘʡʰʣʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʘʢʪʠʮʽ 

ʙʫʜʽʚʥʠʮʪʚʘ ʧʽʜʧʨʠʻʤʩʪʚ ʤ. ʍʘʨʢʦʚʘ: ʊʆɺ çDOMEè, ʊʆɺ çʈʆʉʊɸè, ʊʆɺ 

çɺɯɸ-ʊʝʣʦʩè, ʊʆɺ çɸʂɺɸʍɯʄè, ʊʆɺ çɯʥʥʦʚʽʜʘ-ʋʢʨʘʾʥʘè, ʊʆɺ 

çɸʃɺɽʈʊɽʂʉè, ɼʂʇ çʍʘʨʢʽʚʢʦʤʫʥʦʯʠʩʪʚʦʜè, ʋʢʨɼʝʨʞʅɼɯ 

çʋʢʨɺʆɼɻɽʆè, ʇɸʊ çʊʫʨʙʦʘʪʦʤè ʽ çʅʊʇ çʊʝʭʩʠʩè (ʤ. ʂʠʾʚ). 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ çʂʦʤʧʦʟʠʪè, ʷʢʠʡ ʻ ʙʘʥʢʦʤ ʜʘʥʠʭ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʤʘʪʝʨʽʘʣ 

ʟ ʥʝʦʙʭʽʜʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʧʝʚʥʠʭ ʫʤʦʚʘʭ; ʥʘ 

ʢʦʤʧôʁ ʪʝʨʥʫ ʧʨʦʛʨʘʤʫ çʂʦʤʧʦʟʠʪè ʦʪʨʠʤʘʥʦ 1 ʘʚʪʦʨʩʴʢʝ ʩʚʽʜʦʮʪʚʦ ʋʢʨʘʾʥʠ.  

ʈʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʦʛʥʝʟʘʭʠʩʥʠʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʽ ʚʦʛʥʝʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘ ʦʙʣʠʮʶʚʘʣʴʥʠʭ ʧʣʠʪ ʟ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ANTIFIRE ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʢʣʘʩʫ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʧʨʦʚʘʜʞʝʥʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ   

ɼʇ ʊɽʎ-2 çɽʩʭʘʨè (ʤ. ʍʘʨʢʽʚ). 
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ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʧʨʘʢʪʠʢʫ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʢʘʬʝʜʨʠ ʟʘʛʘʣʴʥʦʾ ʭʽʤʽʾ ʍʅʋɹɸ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ 

ʙʘʢʘʣʘʚʨʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 192 çɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷè, 191 

çɸʨʭʽʪʝʢʪʫʨʘ ʪʘ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷè, 161 çʍʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʷè.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: 

- ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʴ ʪʘ ʟʘʩʘʜ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʢʦʤʧʣʝʢʩʦʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥ ̫ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʦʟʰʠʨʝʥʦʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʥʘ ʦʩʥʦʚʽ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʽ 

ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ; 

- ʢʦʤʧôʶʪʝʨʥʝ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʪʘ ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ ʚ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ; 

- ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥ ̫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʽʚ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ; 

- ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

- ʦʙˇʨʫʥʪʫʚʘʥʥ ̫ ʪʘ ʨʦʟʨʦʙʢʘ ʩʢʣʘʜʽʚ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʾʭ 

ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʧʨʘʢʪʠʢʫ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥ ̫

ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʡʰʣʠ ʘʧʨʦʙʘʮʽʶ ʥʘ 46 ʪʘ 47-ʤʫ ʄʽʞʥʘʨʦʜʥʦʤʫ ʩʝʤʽʥʘʨʽ ʟ ʤʦʜʝʣʶʚʘʥʥʷ ʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʤʧʦʟʠʪʽʚ ʄʆʂ-46 ʽ ʄʆʂ-47 (ʆʜʝʩʘ, 2007, 2008 ʨʨ.);                     

ɯV ɺʩʝʨʦʩʽʡʩʴʢʽʡ ʢʘʨʛʽʥʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʘʫʢʘ ʦ ʧʦʣʠʤʝʨʘʭ 21-ʤʫ ʚʝʢʫè 

(ʈʦʩʽʷ, ʄʦʩʢʚʘ, 2007 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʍʽʤʽʷ ʪʘ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾè 

(ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, 2009 ʨ.); ɯɯɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʥ̔ʪʝʨʥʝʪ-

ʢʦʥʬʝʨʝʥʮʽʾ çʉʪʨʦʠʪʝʣʴʩʪʚʦ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʜʘʥʠʡ 
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ʛʦʨʦʜʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘè (ʍʘʨʢʽʚ, 2012 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ çʈʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʥʞʝʥʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡè (ʍʘʨʢʽʚ, 2013 

ʨ.); 15-ʡ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʨʷʪʫʚʘʣʴʥʠʢʽʚ 

(ʂʠʾʚ,  2013 ʨ.); IV ɺʩʝʫʢʨʘʾʥʩʴʢʦʤʫ ʟôʾ ʟʜʽ ʝʢʦʣʦʛʽʚ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ 

(ɽʢʦʣʦʛʽʷ/Ecology ð 2013) (ɺʽʥʥʠʮʷ, 2013 ʨ.); IV ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡè (ʂʘʟʘʭʩʪʘʥ, 

ʂʦʢʰʝʪʘʫ, 2013 ʨ.); ʍɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʥ̔ʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʨʠʤʝʥʝʥʠʝ ʧʣʘʩʪʤʘʩʩ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʛʦʨʦʜʩʢʦʤ ʭʦʟʷʡʩʪʚʝè (ʍʘʨʢʽʚ, 

2014 ʨ.); V ʪʘ Vɯɯɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ WEB-ʢʦʥʬʝʨʝʥʮʽʾ 

çʂʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠè (ʂʠʾʚ, 2010, 2014 ʨʨ.); VI, VII ʪʘ VIII 

ɺʩʝʫʢʨʘʾʥʩʴʢʦʤʫ ʥʘʫʢʦʚʦʤʫ ʩʝʤʽʥʘʨʽ çʄʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʤʽʩʴʢʠʭ 

ʽʥʞʝʥʝʨʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨè (ʍʘʨʢʽʚ, 2014, 2016, 2018 ʨʨ.); VIII Ukrainian-

Polish conference POLYMERS OF SPECIAL APPLICATIONS (ʋʢʨʘʾʥʘ-

ʇʦʣʴʱʘ, ʃʴʚʽʚ, 2014 ʨ.); ʍɯ ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʪʨʘʪʝʛʠʷ ʢʘʯʝʩʪʚʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʦʙʨʘʟʦʚʘʥʠʠè (ɹʦʣʛʘʨʽʷ, ɺʘʨʥʘ, 2015 ʨ.); VII ʪʘ VIII 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʈʝʩʫʨʩ ʽ ʙʝʟʧʝʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜè (ʍʘʨʢʽʚ, 2015, 2017 pʨ.); ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɽʬʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʚ 

ʙʫʜʽʚʥʠʮʪʚʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʪʦʥʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷè (ʍʘʨʢʽʚ, 2015 ʨ.); VI 

ʪʘ VII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɽʬʝʢʪʠʚʥʽ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʪʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʙʫʜʽʚʥʠʮʪʚʽè (ʍʘʨʢʽʚ, 2016, 2018 pʨ.); The Second NZAAR International Event 

Series on Natural and Build Environment, Cities, Sustainability and Advanced 

Engineering (ʅʦʚʘ ɿʝʣʘʥʜʽʷ, ʆʢʣʝʥʜ, 2016 ʨ.); VIII ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʥʠʞʝʥʥʦʡ ʛʦʨʶʯʝʩʪʠè (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ, 

2017 ʨ.); International research and practice conference Modern methods, 

innovations and experience of practical application in the field of technical 

sciences (ʇʦʣʴʱʘ, ʈʘʜʦʤ, 2017 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 
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ʢʦʥʬʝʨʝʥʮʽʾ çʊʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʪʨʘʥʩʧʦʨʪʫè (ʍʘʨʢʽʚ, 2018 ʨ.); 

Sustainable Industrial Processing Summit & Exhibition (SIPS 2018) (ɹʨʘʟʠʣʽʷ, 

ʈʽʦ ʜʝ ɾʘʥʝʡʨʦ, 2018 ʨ.); 7-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʨʦʙʣʝʤʠ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ ʽ ʙʫʜʽʚʝʣʴ ʥʘ 

ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽè (ʍʘʨʢʽʚ, 2018 ʨ.); ʱʦʨʽʯʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ ʍʅʋɹɸ ʟ 2007 ʨ. ʧʦ 2018 ʨ. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ               

75 ʥʘʫʢʦʚʠʭ ʜʨʫʢʦʚʘʥʠʭ ʧʨʘʮʴ, ʟ ʷʢʠʭ 28 ð ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ,        

9 ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus ʪʘ Web of Science,        

29 ð ʫ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʤʽʞʥʘʨʦʜʥʠʭ ʽ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʽ 10 ð ʫ ʟʘʨʫʙʽʞʥʠʭ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 

ʚʠʜʘʥʥʷʭ. ʆʪʨʠʤʘʥʦ 6 ʧʘʪʝʥʪʽʚ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ, ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʽ 

ʘʚʪʦʨʩʴʢʠʭ ʩʚʽʜʦʮʪʚ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ̔

ʚʩʪʫʧʫ, 7 ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ̔ 395 

ʥʘʡʤʝʥʫʚʘʥʴ ʽ 9 ʜʦʜʘʪʢʽʚ. ɼʠʩʝʨʪʘʮʽʷ ʤʘʻ 288 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, ʱʦ 

ʤʽʩʪʠʪʴ 69 ʪʘʙʣʠʮʴ ʽ 118 ʨʠʩʫʥʢʽʚ.  
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ʈʆɿɼɯʃ 1 

ʉʋʏɸʉʅɯ ʌɯɿʀʂʆ-ʍɯʄɯʏʅɯ ʋʗɺʃɽʅʅʗ ʇʈʆ ʉʊɺʆʈɽʅʅʗ 

ɹɸɻɸʊʆʌʋʅʂʎɯʆʅɸʃʔʅʀʍ ʂʆʄʇʆɿʀʎɯʁʅʀʍ ɹʋɼɯɺɽʃʔʅʀʍ 

ʄɸʊɽʈɯɸʃɯɺ ʅɸ ʆʉʅʆɺɯ ɽʇʆʂʉʀʇʆʃɯʄɽʈɯɺ 

  

 ʈʦʟʚʠʪʦʢ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʽʾ ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ 

ʥʝʨʦʟʨʠʚʥʦ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʨʦʟʨʦʙʢʦʶ ʥʦʚʠʭ ʚʠʜʽʚ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʘʨʭʽʪʝʢʪʫʨʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ (ʇʂʄ), ʷʢʽ ʫʤʦʚʥʦ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʛʨʫʧʠ [1]: 1) ʇʂʄ ʟʤʽʮʥʝʥʽ ʘʙʦ ʥʘʧʦʚʥʝʥʽ ʜʠʩʧʝʨʩʥʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ; 2) ʚʦʣʦʢʥʠʩʪʽ ʤʘʪʝʨʽʘʣʠ, ʚ ʷʢʠʭ ʥʝʧʝʨʝʨʠʚʥʽ ʪʘ ʨʫʙʣʝʥʽ ʚʦʣʦʢʥʘ 

ʨʦʟʧʦʜʽʣʝʥʽ ʫ ʥʝʧʝʨʝʨʚʥʽʡ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ; 3) ʢʦʤʙʽʥʦʚʘʥʽ ʇʂʄ, ʫ ʷʢʠʭ 

ʰʘʨʠ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʘʙʦ ʧʨʦʩʦʯʝʥʽ 

ʧʦʣʽʤʝʨʥʠʤ ʟʚôʷʟʫʶʯʠʤ.  

 ʐʚʠʜʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʧʨʘʢʪʠʢʫ ʙʫʜʽʚʥʠʮʪʚʘ ʚʽʜʥʦʩʥʦ ʜʦʨʦʛʠʭ ʽ ʚ 

ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʜʝʬʽʮʠʪʥʠʭ ʇʂʄ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʮʽʣʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʢʦʨʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [1-19]: 

- ʥʝʚʝʣʠʢʘ ʛʫʩʪʠʥʘ ʧʨʠ ʟʥʘʯʥʽʡ ʤʽʮʥʦʩʪʽ; 

- ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ; 

- ʥʠʟʴʢʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ; 

- ʟʘʜʦʚʽʣʴʥʽ ʜʝʢʦʨʘʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; 

- ʥʝʩʢʣʘʜʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʧʝʨʝʨʦʙʢʠ; 

- ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʨʦʙʢʠ ʫ ʚʪʦʨʠʥʥʽ ʤʘʪʝʨʽʘʣʠ; 

- ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʦʾ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ; 

- ʭʦʨʦʰʘ ʩʫʤʽʩʥʽʩʪʴ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʙʫʜʽʚʝʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

(ʙʝʪʦʥʦʤ, ʜʝʨʝʚʦʤ, ʤʝʪʘʣʦʤ, ʢʘʤʝʥʝʤ ʪʘ ʽʥ.). 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʇʂʄ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʛʦʨʶʯʽʩʪʴ ʽ ʥʝʚʠʩʦʢʘ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ (ʨʦʙʦʯʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʘʜʘʶʪʴ 

100 ï 150 Áʉ, ʘ ʜʣʷ ʜʝʷʢʠʭ ʨʦʟʤôʷʢʰʝʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 60 ï 80 Áʉ);   
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- ʧʦʚʟʫʯʽʩʪʴ (ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽʡ ʧʦʯʘʪʢʦʚʽʡ ʤʽʮʥʦʩʪʽ ʧʽʜ ʜʽʻʶ 

ʪʨʠʚʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʟʥʘʯʥʽ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ); 

- çʩʪʘʨʽʥʥʷè, ʪʦʙʪʦ ʚʪʨʘʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʥʘʩʣʽʜʦʢ ʜʽʾ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʢʠʩʥʶ ʽ ʚʦʣʦʛʠ ʧʦʚʽʪʨʷ). 

ʇʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ ʇʂʄ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʢʣʘʩʠ: 

ʧʦʣʽʤʝʨʥʽ ʇʂʄ (ʚʤʽʩʪ ʧʦʣʽʤʝʨʽʚ ʧʝʨʝʚʠʱʫʻ 20%) ʽ ʇʂʄ, ʱʦ ʤʽʩʪʷʪʴ 

ʧʦʣʽʤʝʨʠ (ʚʤʽʩʪ ʧʦʣʽʤʝʨʽʚ ʤʝʥʰʝ 20%).    

ʅʘ ʨʠʩ. 1.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʧʨʦʱʝʥʘ ʩʭʝʤʘ ʫʯʘʩʪʽ ʧʦʣʽʤʝʨʽʚ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʇʂʄ ʫ ʙʫʜʽʚʥʠʮʪʚʽ, ʘʨʭʽʪʝʢʪʫʨʽ ʽ ʨʝʩʪʘʚʨʘʮʽʾ. 

 

 

ʈʠʩ. 1.1 ʉʧʨʦʱʝʥʘ ʩʭʝʤʘ ʫʯʘʩʪʽ ʧʦʣʽʤʝʨʽʚ ʫ ʬʦʨʤʫʚʘʥʥʽ ʇʂʄ ʫ 

ʙʫʜʽʚʥʠʮʪʚʽ, ʘʨʭʽʪʝʢʪʫʨʽ ʽ ʨʝʩʪʘʚʨʘʮʽʾ. 

 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʩʚʽʜʯʠʪʴ, ʱʦ ʚ ʮʽʣʦʤʫ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʤʦʛʘʤʠ ʜʦ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʽ ʫʤʦʚʘʤʠ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ 
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ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. ʊʘʢ, ʨʷʜ ʇʂʄ ʤʘʶʪʴ ʟʥʘʯʥʽ ʤʽʮʥʦʩʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

(ʩʢʣʦʧʣʘʩʪʠʢʠ, ʢʦʤʧʦʟʠʮʽʡʥʽ ʩʫʤʽʰʽ, ʰʘʨʫʚʘʪʽ ʧʣʘʩʪʠʢʠ ʪʘ ʽʥ.), ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʚʠʨʦʙʽʚ. ʇʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʝʨʤʦʝʣʘʩʪʦʧʣʘʩʪʽʚ ʽ ʢʘʫʯʫʢʽʚ ʚʨʘʭʦʚʫʶʪʴʩʷ ʝʣʘʩʪʠʯʥʽʩʪʴ, ʱʦ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʨʦʟʨʦʙʮʽ ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʠʭ ʪʘ ʛʝʨʤʝʪʠʟʫʶʯʠʭ ʩʠʩʪʝʤ. ʈʷʜ 

ʪʝʨʤʦʧʣʘʩʪʽʚ ʤʘʶʪʴ ʚʽʜʤʽʥʥʽ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʬʽʣʴʥʠʭ ʽ ʪʨʫʙʥʠʭ ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ 

ʣʠʚʘʨʥʠʭ ʚʠʨʦʙʽʚ. ɿʜʘʪʥʽʩʪʴ ʧʦʣʽʤʝʨʽʚ ʜʦ ʩʧʽʥʝʥʥʷ (ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʡʥʽ ʩʤʦʣʠ, 

ʜʝʷʢʽ ʪʝʨʤʦʧʣʘʩʪʠ) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʪʝʧʣʦ- ʽ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ. ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʦʟʜʦʙʣʝʥʥʷ 

ʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʻ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʦʣʽʤʝʨʽʚ.  

ɺ ʮʽʣʦʤʫ ʽʩʥʫʶʯʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʽʚ 

ʪʘ ʚʠʙʽʨʢʦʚʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʚʝʣʠʢʦʾ ʛʘʤʠ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ ʟ ʥʝʦʙʭʽʜʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ 

ʪʠʧʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ. ʎʝ ʨʦʙʠʪʴ ʧʦʣʽʤʝʨʠ ʽ ʢʦʤʧʦʟʠʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʚʘʞʣʠʚʦʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʙʘʟʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʷʢ ʦʜʥʽʻʾ ʟ ʦʩʥʦʚʥʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ.   

 

1.1 ɹʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʥʘʧʦʚʥʝʥʠʭ  

ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʽʚ: ʩʫʯʘʩʥʠʡ ʩʪʘʥ, ʧʨʦʙʣʝʤʠ ʽ ʧʝʨʝʚʘʛʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʉʴʦʛʦʜʥʽ ʫ ʩʫʯʘʩʥʽʡ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ʪʘ ʘʨʭʽʪʝʢʪʫʨʽ ʰʠʨʦʢʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʇʂʄ (ʢʣʝʾ, ʤʘʩʪʠʢʠ, ʧʨʦʩʦʯʫʚʘʣʴʥʽ, 

ʣʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʟʘʣʠʚ ʦʯʥʽ ʢʦʤʧʘʫʥʜʠ ʪʘ ʽʥ.) ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʤʝʨʥʠʭ 

ʩʠʥʪʝʪʠʯʥʠʭ ʩʤʦʣ (ʟʚô̫ ʟʫʶʯʠʭ), ʜʠʩʧʝʨʩʥʠʭ ʽ ʚʦʣʦʢʥʠʩʪʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʻ ʛʝʪʝʨʦʛʝʥʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʠʨʦʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʭʽʤʽʯʥʠʭ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ [20-23].  
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ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʦʙôʻʢʪʽʚ ʚ 

ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʫʤʦʚʣʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʇʂʄ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ, ʷʢʽ ʤʘʶʪʴ ʢʦʤʧʣʝʢʩ 

ʮʽʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʥʝʦʙʭʽʜʥʠʭ ʬʫʥʢʮʽʡ     

[23-25]. ʆʜʥʦʯʘʩʥʦ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʽ ʇʂʄ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʽ 

ʬʟ̔ʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘʜʛʝʟʽʶ, ʟʘʭʠʩʪ ʚʽʜ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʚʦʛʥʶ, ʚʽʙʨʘʮʽʾ, ʘʪʤʦʩʬʝʨʥʦʾ ʜʽʾ, ʤʘʪʠ ʩʧʝʮʽʘʣʴʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʆʜʥʘʢ, ʩʫʯʘʩʥʘ ʚʽʪʯʠʟʥʷʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʟʜʝʙʽʣʴʰʦʛʦ ʧʨʦʧʦʥʫʻ ʤʘʪʝʨʽʘʣʠ ʟ ʦʙʤʝʞʝʥʦʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʨʫʙʽʞʥʠʭ ʘʥʘʣʦʛʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʚʝʣʠʢʠʤʠ ʚʠʪʨʘʪʘʤʠ ʽ ʯʘʩʪʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʦʯʽʢʫʚʘʥʠʤ ʚʠʤʦʛʘʤ.  

 ʉʝʨʝʜ ʫʩʽʭ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʙʫʜʽʚʥʠʮʪʚʽ ï ʧʦʣʽʝʬʽʨʥʠʭ (ʇɽ), ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʽʜʥʠʭ (ʌʌ), 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ (ʂʆ), ʧʦʣʽʽʤʽʜʥʠʭ (ʇɯ) ʝʧʦʢʩʠʜʥʽ (ɽʇ) ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʥʠʟʢʦʶ ʥʝʦʙʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʤʘʣʠʤʠ ʪʦʢʩʠʯʥʽʩʪʶ, ʚʦʜʦʧʦʛʣʠʥʘʥʥʷʤ, 

ʫʩʘʜʢʦʶ ʧʨʠ ʪʚʝʨʜʽʥʥʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʚʠʩʦʢʠʤʠ 

ʝʣʘʩʪʠʯʥʽʩʪʶ, ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ, ʫʜʘʨʥʦʶ 

ʚôʷʟʢʽʩʪʶ, ʘʜʛʝʟʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʙʽʣʴʰʦʩʪʽ ʧʦʚʝʨʭʦʥʴ, ʤʦʞʣʠʚʽʩʪʴ 

ʪʚʝʨʜʽʥʥʷ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʽʥ. (ʪʘʙʣ. 1.1) [1,24-26].  

ɿʘʚʜʷʢʠ ʥʘʙʦʨʫ ʮʽʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʩʦʙʣʠʚʦʶ ʧʨʠʚʘʙʣʠʚʽʩʪʶ 

ʝʧʦʢʩʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʪʦʙʪʦ ʟʜʘʪʥʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ 

ʦʜʥʦʯʘʩʥʦ ʜʝʢʽʣʴʢʘ ʬʫʥʢʮʽʡ (ʟʘʭʠʩʥʫ, ʟôʻʜʥʫʚʘʣʴʥʫ, ʜʝʢʦʨʘʪʠʚʥʫ, ʽʟʦʣʶʶʯʫ 

ʪʘ ʽʥ.) ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ [27,28]. ʑʝ ʦʜʥʽʻʶ ʧʝʨʝʚʘʛʦʶ ʝʧʦʢʩʠʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʻ ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʤʝʞʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ 

ʢʦʤʧʦʟʠʮʽʡ ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʥʘʧʨʠʢʣʘʜ, 

ʚʦʛʥʝʩʪʽʡʢʠʭ, ʙʘʢʪʝʨʠʮʠʜʥʠʭ, ʭʽʤʩʪʽʡʢʠʭ, ʚʽʙʨʦʧʦʛʣʠʥʘʣʴʥʠʭ, ʪʚʝʨʜʽʶʯʠʭ ʟʘ 

ʧʝʚʥʠʭ ʫʤʦʚ ʪʘ ʽʥ. [20-23]. ʇʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩ ʤʦʜʠʬʽʢʘʮʽʾ ʻ ʥʝʩʢʣʘʜʥʠʤ ʽ ʥʝ 

ʧʦʪʨʝʙʫʻ ʦʩʦʙʣʠʚʠʭ ʚʠʤʦʛ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ.    
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ʊʘʙʣʠʮʷ 1.1 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʙʫʜʽʚʥʠʮʪʚʽ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʊʝʨʤʦʨʝʘʢʪʠʚʥʽ ʧʦʣʽʤʝʨʠ 

ʇɽ ʌʌ ɽʇ ʂʆ ʇɯ 

ɻʫʩʪʠʥʘ, ʛ/ʩʤ
3 

1,1-1,5 1,2-1,4 1,2-1,4 1,2-1,4 1,2-1,5 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʨʠ 

ʨʦʟʪʷʛʫʚʘʥʥʽ, ɻʇʘ 
1,5-4,5 1,4-6,8 1,9-5,0 1,5-3,7 3,2-5,5 

ʄʽʮʥʽʩʪʴ ʧʨʠ 

ʨʦʟʪʷʛʫʚʘʥʥʽ, ʄʇʘ 
24-69 23-78 27-140 7-34 90-95 

ɺʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ 

ʧʨʠ ʨʦʟʨʠʚʽ, % 
0,5-0,6 0,4-0,3 1,2-10 0,3-1,5 1-4 

ʇʠʪʦʤʘ ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ, 

ʢɼʞ/ʤ
2 2-10,7 2-11,3 2,9-24,5 2,3-5,4 4-12 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ, Ā10
6
, 1/ʂ

 

60-90 60-80 48-80 20-40 50-58 

ʋʩʘʜʢʘ ʧʨʠ ʪʚʝʨʜʽʥʥʽ, % 4-15 0,5-7 0,5-3,6 2,1-4,3 0,5-2 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʟʘ 24 ʯ, 

% 
0,2-0,6 0,2-0,6 0,03-0,3 0,05-0,1 0,1-0,6 

ʂʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, 

ɺʪ/(ʤĀʂ) 

0,1-0,3 0,2-0,3 0,1-0,2 0,4-0,6 0,3-0,4 

ɼʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ ʧʨʠ 10
6
, ɻʮ 

4,1-4,5 3-5 3,2-4,5 2-4,2 3,4-3,8 

ʇʠʪʦʤʠʡ ʦʙôʻʤʥʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, ʆʤĀʤ 
10

13 
10

10
 10

14
 10

13
 10

15
 

ʊʘʥʛʝʥʩ ʢʫʪʘ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʪʨʘʪ 
0,024 0,035 0,03 0,025 0,005 

ʊʝʧʣʦʩʪʽʡʢʽʩʪʴ ʧʦ 

ʄʘʨʪʝʥʩʫ, Áʉ 
60-80 140-180 140-150 250-280 250-370 

 

ɸʥʘʣʽʟ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʜʦʟʚʦʣʠʚ 

ʚʠʟʥʘʯʠʪʠ ʩʽʤ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʽʚ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʪʘʙʣ. 1.2 ʧʨʝʜʩʪʘʚʣʝʥʽ 
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ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʙʫʜʽʚʝʣʴʥʦ-ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʛʘʣʫʟʽ, ʚ ʷʢʠʭ 

ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʇʂʄ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ. 

ʊʘʙʣʠʮʷ 1.2 

ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʙʫʜʽʚʥʠʮʪʚʽ, ʘʨʭʽʪʝʢʪʫʨʽ  ̔ʨʝʩʪʘʚʨʘʮʽʾ 

ʅʘʧʨʷʤʦʢ ɼʞʝʨʝʣʦ 

ʂʣʝʾ, ʘʜʛʝʟʠʚʠ, ʛʝʨʤʝʪʠʢʠ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [29-39] 

ʊʦʚʩʪʦʧʣʽʚʢʦʚʽ, ʪʦʥʢʦʧʣʽʚʢʦʚʽ (ʣʘʢʦʬʘʨʙʦʚʽ) ʧʦʢʨʠʪʪʷ, 

ʤʘʩʪʠʢʠ ʜʣʷ ʟʘʭʠʩʪʫ ʪʨʘʜʠʮʽʡʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʢʦʨʦʟʽʾ 

[40-58] 

ʄʘʩʪʠʢʠ, ʧʦʢʨʠʪʪʷ, ʽʥôʻʢʮʽʡʥʽ ʩʢʣʘʜʠ ʜʣʷ ʧʦʩʠʣʝʥʥʷ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʩʧʦʨʫʜ 

[59-69] 

ɼʦʙʘʚʢʠ  ʫ ʧʦʣʽʤʝʨ ʮʝʤʝʥʪʥʠʭ ʢʦʤʧʦʟʠʪʘʭ ʽ ʨʦʟʯʠʥʘʭ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 
[70-75] 

ʄʘʪʝʨʽʘʣʠ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ: ʚʦʛʥʝʟʘʭʠʩʥʠʭ, ʙʘʢʪʝʨʠʮʠʜʥʠʭ, 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ, ʪʝʧʣʦʩʪʽʡʢʠʭ, ʚʽʙʨʦʧʦʛʣʠʥʘʣʴʥʠʭ, ʩʪʽʡʢʠʭ 

ʜʦ ʨʘʜʽʘʮʽʾ ʪʘ ʽʥ. 

[76-86] 

ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʨʝʩʪʘʚʨʘʮʽʾ ʽ ʟʙʝʨʝʞʝʥʥʷ 

ʦʙôʻʢʪʽʚ ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ 
[87-94] 

ʉʢʣʘʜʠ ʽ ʟʚôʷʟʫʶʯʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʢʣʦʧʣʘʩʪʠʢʽʚ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 
[95,96] 

 

ʂʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ ʤʘʶʪʴ ʰʠʨʦʢʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʢʣʝʶʯʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʟ ʨʽʟʥʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ (ʙʝʪʦʥʫ, ʢʘʤʝʥʶ, ʜʝʨʝʚʠʥʠ, ʤʝʪʘʣʫ, ʩʢʣʘ), ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ, 

ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʨʝʩʪʘʚʨʘʮʽʾ ʙʫʜʽʚʝʣʴʥʠʭ ʩʧʦʨʫʜ ʽ ʦʙôʻʢʪʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʘʤʦʩʪʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʙʫʜʽʚʝʣʴʥʠʭ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʥʘʣʠʚʥʽ ʧʽʜʣʦʛʠ, ʩʢʣʦʧʣʘʩʪʠʢʦʚʽ 

ʚʠʨʦʙʠ ʪʘ ʽʥ.). ɺʠʩʦʢʘ ʤʽʮʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ 

ʥʝʪʦʢʩʠʯʥʽʩʪʴ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʧʦʢʩʠʜʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ. ɼʦʩʪʘʪʥʷ 

ʚʠʪʨʠʚʘʣʽʩʪʴ ʧʨʠ ʚʧʣʠʚʽ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʫʤʦʚʣʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʴ ʜʣʷ ʦʙôʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʘʪʦʤʥʽʡ 
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ʝʥʝʨʛʝʪʠʮʽ. ʈʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʦʢʘʟʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ 

ʜʽʣʷʥʦʢ ʥʝʩʫʯʠʭ ʜʝʨʝʚôʷʥʠʭ ʙʘʣʦʢ ʽ ʝʣʝʤʝʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ. ɸʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʽʚ ʫ ʢʦʥʩʝʨʚʘʮʽʾ ʽ ʨʝʩʪʘʚʨʘʮʽʾ ʧʘʤôʷʪʦʢ 

ʘʨʭʽʪʝʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʜʠʟʘʡʥʫ.  

 

1.2 ʉʧʦʩʦʙʠ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʧʦʚʥʝʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ 

ʇʨʠʥʮʠʧ ʦʜʝʨʞʘʥʥʷ  ʇʂʄ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʟʘʜʘʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʜʚʦʭ 

(ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ) ʨʽʟʥʠʭ ʬʘʟ ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʫʜʴ-ʷʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʡʦʤʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘʧʦʚʥʝʥʥʷ 

ʦʪʨʠʤʫʶʪʴ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʩʫʪʪʻʚʦ 

ʚʜ̔ʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʨʠʮʽ. ʎʝʡ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʨʠʥʮʠʧ 

ʩʪʚʦʨʝʥʥʷ ʇʂʄ ʟ ʥʦʚʠʤ ʢʦʤʧʣʝʢʩʦʤ ʬʽʟʠʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʽʢʨʦʛʝʪʝʨʦʛʝʥʥʽʩʪʶ ʩʠʩʪʝʤʠ  ʽ ʤʽʞʬʘʟʥʠʤʠ ʚʟʘʻʤʦʜʽʷʤʠ 

ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ «ʧʦʣʽʤʝʨ ï ʥʘʧʦʚʥʶʚʘʯ». ʇʨʠ ʮʴʦʤʫ ʚʣʘʩʪʠʚʦʩʪʽ ʇʂʄ ʫ 

ʦʜʥʘʢʦʚʽʡ ʤʽʨʽ ʟʘʣʝʞʘʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʦʣʽʤʝʨʫ, ʽ ʥʘʧʦʚʥʶʚʘʯʽʚ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʨʦʟʨʦʙʢʘ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʇʂʄ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ, ʘʤʽʥʥʠʭ ʪʚʝʨʜʥʠʢʽʚ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʨʽʟʥʦʾ 

ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʜʦʟʚʦʣʷʻ ʥʘ ʦʩʥʦʚʽ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʧʦʣʽʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ 

ʩʪʚʦʨʶʚʘʪʠ ʥʠʟʢʫ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʢʦʤʧʣʝʢʩʦʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʨʠ 

ʮʴʦʤʫ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʎʷ ʤʦʞʣʠʚʽʩʪʴ ʟʫʤʦʚʣʶʻʪʴʩʷ ʜʚʦʤʘ 

ʦʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʩʪʨʫʢʪʫʨʥʠʤ ʽ ʧʦʚʝʨʭʥʝʚʠʤ. ʉʫʪʪʻʚʠʡ ʚʧʣʠʚ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʬʘʢʪʦʨʫ ʟʫʤʦʚʣʝʥʠʡ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʤʠ ʚʟʘʻʤʦʜʽʷʤʠ ʤʽʞ 

ʧʦʚʝʨʭʥʝʚʠʤʠ ʘʢʪʠʚʥʠʤʠ ʮʝʥʪʨʘʤʠ ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʛʨʫʧʘʤʠ ʧʦʣʽʤʝʨʥʦʛʦ ʟʚô̫ ʟʫʶʯʦʛʦ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟ 

ʨʽʟʥʠʤʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʤʠ ʧʦʚʝʨʭʥʝʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʦʟʚʦʣʷʻ 
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ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʽʞʬʘʟʥʽ ʚʟʘʻʤʦʜʽʾ ʪʘ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʝʛʫʣʶʚʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʫʚʘʪʠ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʟ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʧʝʚʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.   

 

1.2.1 ʌʽʟʠʢʦ-ʭʽʤʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ ʥʝʦʨʛʘʥʽʯʥʠʤʠ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ 

ɼʣʷ ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʡ «ʧʦʣʽʤʝʨ ï 

ʥʘʧʦʚʥʶʚʘʯ» ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʫ ʟʚôʷʟʢʫ ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʨʠʯʠʥʘʤʠ [97]: 

1) ʝʧʦʢʩʠʜʥʽ ʤʘʪʝʨʽʘʣʠ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʚʝʨʜʽʥʥʷ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʪʦʙʪʦ 

ʥʘʧʦʚʥʶʚʘʯ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʥʘ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫ, ʘ ʡ ʥʘ ʤʦʣʝʢʫʣʷʨʥʫ 

ʙʫʜʦʚʫ ʧʦʣʽʤʝʨʫ, ʘ ʪʘʢʦʞ ʥʘ ʧʨʦʮʝʩ ʪʚʝʨʜʽʥʥʷ ʦʣʽʛʦʤʝʨʥʦʛʦ ʟʚô̫ ʟʫʁʯʦʛʦ 

ʚʥʘʩʣʽʜʦʢ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟ ʤʦʣʝʢʫʣʘʤʠ ʦʣʽʛʦʤʝʨʽʚ ʽ ʪʚʝʨʜʥʠʢʽʚ; 

2) ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟ 

ʥʘʧʦʚʥʝʥʥʷʤ, ʚʠʥʠʢʘʶʪʴ ʩʢʣʘʜʥʦʱʽ ʟ ʨʦʟʜʽʣʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ 

ʚʧʣʠʚʦʤ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ. 

 ɿ ʦʛʣʷʜʫ ʥʘ ʥʘʧʦʚʥʶʚʘʯʽ, ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʦʚʥʝʥʠʭ ʝʧʦʢʩʠʜʥʠʭ ʇʂʄ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʜʠʩʧʝʨʩʥʽʩʪʶ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʬʦʨʤʦʶ ʯʘʩʪʠʥʦʢ, ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ 

ʧʦʚʝʨʭʥʽ, ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ ʫ ʤʘʪʨʠʮʽ, ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʩʪʨʫʢʪʫʨʦʶ 

ʧʦʣʽʤʝʨʫ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʪʘ ʚ ʦʙôʻʤʽ, ʭʘʨʘʢʪʝʨʦʤ ʚʟʘʻʤʦʜʽʾ ʥʘ ʤʝʞʽ 

ʧʦʜʽʣʫ ʬʘʟ, ʤʝʪʦʜʘʤʠ ʦʪʨʠʤʘʥʥʷ ʇʂʄ, ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʪʘ ʽʥ. 

[20,98]. 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʝʧʦʢʩʠʜʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʠʩʧʝʨʩʥʽ ʥʝʦʨʛʘʥʽʯʥʽ ʥʘʧʦʚʥʶʚʘʯʽ ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ ʽ 

ʤʽʥʝʨʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ï ʦʢʩʠʜʠ ʤʝʪʘʣʽʚ, ʢʨʝʤʥʝʟʝʤʠ, ʛʣʠʥʠʩʪʽ ʤʽʥʝʨʘʣʠ  ʪʘ ʽʥ. 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʜʝʢʽʣʴʢʦʤʘ ʧʨʠʯʠʥʘʤʠ: ʜʦʩʪʫʧʥʽʩʪʶ, ʜʝʰʝʚʠʟʥʦʶ, 

ʝʢʦʣʦʛʽʯʥʽʩʪʶ, ʧʨʦʩʪʦʪʦʶ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʤʦʞʣʠʚʽʩʪʶ ʨʝʛʫʣʶʚʘʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʽʥ. [19,21,99].   
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1.2.2 ɺʧʣʠʚ ʧʨʠʨʦʜʠ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʧʨʦʮʝʩʠ ʚ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʇʂʄ ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ ʤʽʮʥʦʛʦ ʪʝʨʤʽʯʥʦ ʽ 

ʛʽʜʨʦʣʽʪʠʯʥʦ ʩʪʽʡʢʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ ʝʧʦʢʩʠʜʥʦʶ 

ʧʦʣʽʤʝʨʥʦʶ ʤʘʪʨʠʮʝʶ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ ʦʜʥʦʯʘʩʥʫ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. 

ʋʤʦʚʦʶ ʫʪʚʦʨʝʥʥʷ ʧʦʜʽʙʥʠʭ ʟʚôʷʟʢʽʚ ʻ ʥʘʷʚʥʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ (ʬʫʥʢʮʽʦʥʘʣʽʚ), ʷʢʽ ʟʜʘʪʥʽ ʜʦ ʭʽʤʽʯʥʠʭ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʚʟʘʻʤʦʜʽʡ ʟ ʬʫʥʢʮʽʦʥʘʣʘʤʠ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ ʪʘ ʪʚʝʨʜʥʠʢʽʚ. 

ɺʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʘ ʧʦʚʝʨʭʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʷʢ ʚʽʜʦʤʦ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʰʘʨʫ ʟ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʽ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ 

[100-104], ʷʢʽ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʾ ʪʝʦʨʽʾ, ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʮʝʥʪʨʠ ʃʴʶʾʩʘ ʽ ʮʝʥʪʨʠ ɹʨʝʥʩʪʝʜʘ [105-108]. ʊʘʢ, ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʠʭ ʦʢʩʠʜʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʮʝʥʪʨʽʚ ʦʩʥʦʚʥʦʛʦ 

(ʣʫʞʥʦʛʦ) (ʄʝʆ
Ƅ
, ʆ

2Ƅ
, ʆʅ

ŭƄ
), ʢʠʩʣʦʪʥʦʛʦ (ʄʝ

n+
, OH

ŭ+
), ʘ ʪʘʢʦʞ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ [107]. ʌʫʥʢʮʽʷ ʢʠʩʣʦʪʥʦʩʪʽ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʟʤʽʥʶʻʪʴʩʷ ʫ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ʊʘʢ, ʥʘ ʧʦʚʝʨʭʥʽ ʢʚʘʨʮʫ SiO2 ʧʨʠʩʫʪʥʽ ʢʠʩʣʦʪʥʽ (ʨʂʘ=2,5), 

ʥʝʡʪʨʘʣʴʥʽ (ʨʂʘ=6,4) ʪʘ ʣʫʞʥʽ (ʨʂʘ=8,8) ʩʠʣʘʥʦʣʴʥʽ ʛʨʫʧʠ ſSiOH, ʚʽʜôʻʤʥʦ 

ʟʘʨʷʜʞʝʥʽ ʘʪʦʤʠ ʦʢʩʠʛʝʥʫ (ʨʂʘ=ī0,2) ʪʘ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ʘʪʦʤʠ 

ʩʠʣʽʮʠʫʤʫ (ʨʂʘ=14,2), ʘ ʪʘʢʦʞ ʩʠʣʦʢʩʘʥʦʚʽ ʛʨʫʧʠ SiƄOƄSi [105,106]. 

ʇʦʚʝʨʭʥʝʚʽ ʆʅ-ʛʨʫʧʠ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʘʚʽʪʴ ʜʣʷ ʯʠʩʪʠʭ ʦʢʩʠʜʽʚ SiO2, Al2O3, Fe2O3, TiO2, CaO, MgO 

ʪʘ ʽʥ. ʅʘ ʩʢʣʘʜʥʠʭ ʩʠʣʽʢʘʪʘʭ ʧʦʚʝʨʭʥʝʚʽ ʬʫʥʢʮʽʦʥʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚôʷʟʘʥʽ ʟ 

ʨʽʟʥʠʤʠ ʘʪʦʤʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰʦʾ ʨʽʟʥʠʮʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʢʪʠʚʥʠʭ 

ʮʝʥʪʨʽʚ. ɺʤʽʩʪ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʨʝʜʽʩʪʦʨʽʾ ʥʘʧʦʚʥʶʚʘʯʽʚ. 

ɻʽʜʨʦʢʩʠʣʴʥʽ ʛʨʫʧʠ ʚʽʜʽʛʨʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʨʦʣʴ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʟ ʝʧʦʢʩʠʜʥʠʤʠ ʩʤʦʣʘʤʠ ʪʘ ʪʚʝʨʜʥʠʢʘʤʠ. ʆʢʨʽʤ ʆʅ-ʛʨʫʧ ʥʘ 

ʧʦʚʝʨʭʥʽ ʛʽʜʨʦʬʽʣʴʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʘʜʩʦʨʙʫʶʪʴʩʷ ʤʦʣʝʢʫʣʠ 

ʚʦʜʠ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʦʣʦʛʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [109]. 

ʎʝ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʪʚʝʨʜʠʭ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. ɸʜʩʦʨʙʦʚʘʥʘ ʚʦʜʘ ʟʘʚʘʞʘʻ ʘʜʩʦʨʙʮʽʾ ʽ ʘʜʛʝʟʽʾ 



53 
 

ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ ʽ ʧʝʨʝʰʢʦʜʞʘʻ ʫʪʚʦʨʝʥʥʶ ʤʽʮʥʠʭ ʭʽʤʽʯʥʠʭ, ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʽ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ ʧʦʣʽʤʝʨʦʤ, 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [97]. ɸʜʩʦʨʙʦʚʘʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʣʝʢʫʣʠ 

ʚʦʜʠ ʩʪʚʦʨʶʶʪʴ ʥʦʚʽ ʩʪʘʥʠ ʘʙʦ ʟʤʽʥʶʶʪʴ ʧʘʨʘʤʝʪʨʠ ʽʩʥʫʶʯʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʘʥʽʚ [100,108,109], ʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʧʦʚʝʨʭʥʽ 

ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʡ ʚ ʩʠʩʪʝʤʽ «ʧʦʣʽʤʝʨ ï ʥʘʧʦʚʥʶʚʘʯ» 

[104,105]. ʅʘʷʚʥʽʩʪʴ ʰʘʨʫ ʧʦʚʝʨʭʥʝʚʠʭ ʬʫʥʢʮʽʦʥʘʣʽʚ ʜʦʟʚʦʣʠʣʘ ʩʪʚʦʨʠʪʠ 

ʮʽʣʠʡ ʥʘʧʨʷʤ ʫ ʭʽʤʽʯʥʽʡ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʠʡ ʰʣʷʭʦʤ ʧʦʚʝʨʭʥʝʚʦʾ ʤʦʜʠʬʽʢʘʮʽʾ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ ʨʦʟʨʦʙʣʷʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʽʯʥʠʭ ʇʂʄ. 

ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʝʧʦʢʩʠʜʥʠʤ ʧʦʣʽʤʝʨʦʤ ʽ ʥʘʧʦʚʥʶʚʘʯʝʤ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʴ ʟʘ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ. ʅʘ ʜʫʤʢʫ ʜʦʩʣʽʜʥʠʢʽʚ ʤʽʞʬʘʟʥʽ 

ʚʟʘʻʤʦʜʽʾ ʫ ʥʘʧʦʚʥʝʥʠʭ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʴ 

ʚʥʘʩʣʽʜʦʢ ʷʢ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʪʘʢ ʽ ʟʘ ʨʘʭʫʥʦʢ ʬʽʟʠʯʥʠʭ ʟʚôʷʟʢʽʚ ï ʚʽʜ ɺʘʥ-

ʜʝʨ-ɺʘʘʣʴʩʦʚʠʭ ʜʦ ʚʦʜʥʝʚʠʭ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʷʚʠʱʘ ʟʤʦʯʫʚʘʥʦʩʪʽ, ʘʜʛʝʟʽʾ ʽ 

ʫʪʚʦʨʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʘʙʦ ʤʽʞʬʘʟʥʠʭ ʰʘʨʽʚ (ʄʌʐ).  

ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʘʭ ʉʠʪʥʽʢʦʚʘ ʇ.ɸ. ʽʟ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ [110] 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʞ ʛʽʜʨʦʢʩʠʣʴʥʦʶ ʛʨʫʧʦʶ (ʨʂʘå4) ʧʦʚʝʨʭʥʽ ʦʢʩʠʜʫ 

ʘʣʶʤʽʥʽʶ ɔ-Al 2O3 ʽ ʝʧʦʢʩʠʜʥʠʤʠ ʛʨʫʧʘʤʠ ʬʝʥʽʣʛʣʽʮʠʜʽʣʦʚʦʛʦ ʝʪʝʨʫ (ʌɻɽ) 

ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʴ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ ʟʘ ʩʭʝʤʦʶ: 

 

ʎʝ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʟʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘʧʦʚʥʝʥʠʭ ɔ-Al 2O3 

ʛʽʙʨʠʜʥʠʭ ʝʧʦʢʩʠʜʥʠʭ ʇʂʄ [111].  

 ʂʨʽʤ ʪʦʛʦ, ʆʅ-ʛʨʫʧʠ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ ʤʦʞʫʪʴ ʚʩʪʫʧʘʪʠ ʚ ʭʽʤʽʯʥʫ 

ʨʝʘʢʮʽʶ ʟ ʆʅ-ʛʨʫʧʘʤʠ ʘʙʦ ʝʪʝʨʥʠʤʠ ʛʨʫʧʘʤʠ, ʘ ʪʘʢʦʞ ʫ ʚʽʜʦʤʫ ʨʝʘʢʮʽʶ ʟ 

ʝʧʦʢʩʠʜʥʠʤʠ ʛʨʫʧʘʤʠ [97]: 



54 
 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʡ ʤʽʞ ʝʧʦʢʩʠʜʥʠʤ ʦʣʽʛʦʤʝʨʦʤ ʽ ʥʘʧʦʚʥʶʚʘʯʝʤ 

ʫʪʚʦʨʶʶʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʤʽʮʥʽ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ ʪʠʧʫ ʉƄʆ, ʷʢʽ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʟʫʤʦʚʣʶʶʪʴ ʚʠʩʦʢʫ ʘʜʛʝʟʽʶ ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʽʚ. ʆʜʥʘʢ, ʮʽ ʟʚôʷʟʢʠ ʣʝʛʢʦ 

ʛʽʜʨʦʣʽʟʫʶʪʴʩʷ, ʱʦ ʻ ʧʨʠʯʠʥʦʶ ʥʝʚʝʣʠʢʦʾ ʚʦʜʦʩʪʽʡʢʦʩʪʽ ʥʘʧʦʚʥʝʥʠʭ 

ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ [97]. ʇʨʠ ʭʽʤʽʯʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʝʧʦʢʩʠʜʥʘ ʤʘʪʨʠʮʷ ʤʦʞʝ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʧʨʠʚʠʪʠʤʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʤʦʣʝʢʫʣʘʤʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʩʪʽʡʢʠʭ ʜʦ ʛʽʜʨʦʣʽʟʫ ʟʚôʷʟʢʽʚ, 

ʥʘʧʨʠʢʣʘʜ, SiƄOƄSi ʪʘ ʉƄʉ [112,113]. 

 ɺ ʮʽʣʦʤʫ, ʚʧʣʠʚ ʧʨʠʨʦʜʠ ʭʽʤʽʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ ʤʽʞʬʘʟʥʠʭ ʟʚôʷʟʢʽʚ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʧʦʢʩʠʢʦʤʧʦʟʠʪʽʚ ʻ ʥʝʦʜʥʦʟʥʘʯʥʠʤ. ʊʘʢ, 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʥʘʧʦʚʥʝʥʠʭ ʢʨʝʤʥʝʟʝʤʦʤ SiO2 

ʝʧʦʢʩʠʢʦʤʧʦʟʠʪʽʚ ɻʦʨʻʣʦʚ ɹ.ʄ. ʽʟ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʧʦʚôʷʟʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʟ 

ʭʽʤʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ çʝʧʦʢʩʠʜʥʘ ʩʤʦʣʘ ï ʢʨʝʤʥʝʟʝʤè 

[114], ʘ ʪʘʢʦʞ ʽʟ ʜʦʜʘʪʢʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʤʽʛʨʘʮʽʾ ʽʦʥʘ ʛʽʜʨʦʛʝʥʫ 

ʅ
+
 ʫ ʧʦʣʽʤʝʨʥʽʡ ʩʪʨʫʢʪʫʨʽ. ɿʘ ʜʘʥʠʤʠ [115]  ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʅ

+
 ʟ ʘʪʦʤʘʤʠ 

ʧʦʣʽʤʝʨʥʠʭ ʣʘʥʮʶʛʽʚ (ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʦ ʟ ʦʢʩʠʛʝʥʦʤ ʝʧʦʢʩʠʜʥʦʾ ʛʨʫʧʠ) 

ʩʪʚʦʨʶʻʪʴʩʷ ʣʦʢʘʣʴʥʘ ʟʘʨʷʜʦʚʘ ʽ ʜʝʬʦʨʤʘʪʠʚʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ, ʷʢʘ ʨʝʣʘʢʩʫʻ ʟ 

ʨʦʟʨʠʚʦʤ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ. ʅʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʬʘʢʪʦʨʫ ʧʨʠʧʫʩʢʘʶʪʴ 

ʘʚʪʦʨʠ [116], ʷʢʽ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʟʘʢʨʽʧʣʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʣʘʥʮʶʛʽʚ ʥʘ 

ʧʦʚʝʨʭʥʝʚʠʭ ʮʝʥʪʨʘʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʯʠʩʣʘ ʨʦʟʨʠʚʽʚ ʣʘʥʮʶʛʽʚ ʽ ʩʫʧʝʨʝʯʠʪʴ ʢʦʥʮʝʧʮʽʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʽʤʝʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʟʘ ʨʘʭʫʥʦʢ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʘʪʦʤʽʚ ʧʦʣʽʤʝʨʥʠʭ ʣʘʥʮʶʛʽʚ ʟ 

ʬʫʥʢʮʽʦʥʘʣʘʤʠ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ.    

ɸʚʪʦʨʠ [117] ʜʦʩʣʽʜʠʣʠ ʤʝʭʘʥʽʟʤʠ ʤʽʞʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʢʦʤʧʦʟʠʮʽʷʭ 

ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ɽɼ-20 ʟ ʘʤʽʥʥʠʤ ʪʚʝʨʜʥʠʢʦʤ ʪʨʠʝʪʠʣʝʥʪʝʪʨʘʤʽʥʦʤ ʊɽʊɸ ʽ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ Al2O3 ʽ Fe2O3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʢʣʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʩʽʪʯʘʩʪʦʾ ʙʫʜʦʚʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ 
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ʦʢʩʠʜʽʚ ʻ ʥʘʩʣʽʜʢʦʤ ʽʥʪʝʥʩʠʚʥʦʾ ʤʽʞʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʦʜʥʝʚʠʭ ʽ 

ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʘʢʪʠʚʥʠʤʠ ʆʅ-ʛʨʫʧʘʤʠ ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ 

ʘʤʽʥʦʛʨʫʧʘʤʠ ʪʚʝʨʜʥʠʢʘ. ɸʚʪʦʨʠ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʪʽʣʴʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʠʭ 

ʚʟʘʻʤʦʜʽʡ ʧʨʦʷʚ ʩʝʛʤʝʥʪʘʣʴʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʤʽʞʚʫʟʣʦʚʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʣʘʥʦʢ 

ʤʘʻ ʤʽʩʮʝ ʟʘ ʤʝʥʰʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʧʦʣʽʤʝʨʥʘ ʩʽʪʢʘ ʩʪʘʻ ʤʝʥʰ ʞʦʨʩʪʢʦʶ. ɺ 

ʨʦʙʦʪʽ [118] ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʘ ʝʥʝʨʛʽʷ 

ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʧʦʚʝʨʭʥʝʶ Al 2O3, SiO2 ʽ SiC ʪʘ ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ ʥʘ ʦʩʥʦʚʽ 

ʜʠʛʣʠʮʠʜʠʣʦʚʦʛʦ ʝʪʝʨʫ ʙʽʩʬʝʥʦʣʫ ɸ (DGEBA). ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʨʦʟʨʘʭʦʚʘʥʽ ʢʽʣʴʢʽʩʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʚʝʣʠʯʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʽʞʬʘʟʥʽ 

ʚʟʘʻʤʦʜʽʾ ʷʢ ʩʣʘʙʢʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʽ ʽ ʢʫʣʦʥʽʚʩʴʢʽ. 

ʋʪʚʦʨʝʥʥʷ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʘʚʪʦʨʘʤʠ ʚʠʢʣʶʯʘʻʪʴʩʷ. ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ DGEBA ʽ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʡʙʽʣʴʰ ʤʽʮʥʽ 

ʟʚôʷʟʢʠ ʫ ʩʠʩʪʝʤʽ Al 2O3/DGEBA (ɽʚʟʘʻʤ = -118,66) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʠʩʪʝʤʘʤʠ 

SiO2/DGEBA (ɽʚʟʘʻʤ = -18,15) ʪʘ Siʉ/DGEBA (ɽʚʟʘʻʤ = 400,99). 

ɺ ʨʦʙʦʪʽ [119] ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʘʭ ʥʘʧʦʚʥʝʥʠʭ 

ʦʢʩʠʜʦʤ ʪʠʪʘʥʫ TiO2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʝʮʠʬʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʧʦʚʝʨʭʥʝʚʠʭ ʆʅ-

ʛʨʫʧ ʽ ʝʧʦʢʩʠʜʥʠʭ ʛʨʫʧ ʤʦʣʝʢʫʣ ʦʣʽʛʦʤʝʨʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ. 

ʊʘʢʦʞ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ TiO2 ʘʢʪʠʚʥʠʭ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ʃʴʶʾʩʘ ʊʽ
4+

 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʠʣʴʥʦ ʦʨʽʻʥʪʘʮʽʡʥʦʛʦ ʝʬʝʢʪʫ ʽ ʜʦ 

ʟʚôʷʟʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ ʟ ʧʦʚʝʨʭʥʝʶ ʟʘ ʨʘʭʫʥʦʢ 

ʫʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʊʽ
4+
é :ʆ      .  

ʌʘʢʪ ʫʪʚʦʨʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ 

çʝʧʦʢʩʠʜʥʠʡ ʧʦʣʽʤʝʨ (ʦʣʽʛʦʤʝʨ) ï ʥʘʧʦʚʥʶʚʘʯè ʧʦʢʘʟʘʥʠʡ ʚ ʨʦʙʦʪʘʭ [120-

123]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʾ ʪʝʦʨʽʾ ʤʽʞʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ, 

ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʜʽʻʶ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʣ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ ʽ ʫʪʚʦʨʝʥʥʷʤ 

ʧʦʜʚʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ, ʜʦʟʚʦʣʷʻ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʚʘʪʠ ʤʽʞʬʘʟʥʽ 

ʧʨʦʮʝʩʠ ʚ ʥʘʧʦʚʥʝʥʠʭ ʝʧʦʢʩʠʢʦʤʧʦʟʠʪʘʭ [121,122].   

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʦʪʨʠʤʘʣʘ ʧʦʧʫʣʷʨʥʽʩʪʴ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʘ ʪʝʦʨʽʷ 

ʤʽʞʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʥʘʧʦʚʥʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʘʭ [110,111,124-126]. 

ɺʚʘʞʘʻʪʴʩʷ [124], ʱʦ ʚ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʘʭ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ ʚʟʘʻʤʦʜʽʾ 
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ʤ̔ ʞ ʧʦʣʷʨʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʝ ʩʪʫʧʝʥʝʤ ʾʭ ʧʦʣʷʨʥʦʩʪʽ 

(ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ), ʘ ʩʪʫʧʝʥʝʤ ʢʠʩʣʦʪʥʦʩʪʽ ʪʘ ʣʫʞʥʦʩʪʽ (ʟʘ ʃʴʶʾʩʦʤ ʘʙʦ 

ɹʨʝʥʩʪʝʜʦʤ). ʇʨʠ ʮʴʦʤʫ ʷʢʱʦ ʤʦʚʘ ʚʝʜʝʪʴʩʷ ʧʨʦ ʩʣʘʙʢʽ ʢʠʩʣʦʪʠ ʪʘ ʣʫʛʠ (ʟʘ 

ɹʨʝʥʩʪʝʜʦʤ) ʘʙʦ ʧʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʤʘʻ ʤʽʩʮʝ ʥʝʟʘʚʝʨʰʝʥʘ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʘ ʚʟʘʻʤʦʜʽʷ, ʟʘ ʷʢʦʾ ʧʝʨʝʭʽʜ ʧʨʦʪʦʥʫ ʚʽʜ ʢʠʩʣʦʪʠ ʜʦ ʣʫʛʫ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʷʢʝ ʟʘʚʝʨʰʫʻʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʫʪʚʦʨʝʥʥʷ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ, ʝʥʝʨʛʽʷ 

ʨʝʘʮʽʡ ʟʤʽʥʶʻʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʪʘ ʧʝʨʝʚʠʱʫʻ ʝʥʝʨʛʽʶ ʜʠʩʧʝʨʩʽʡʥʠʭ ʩʠʣ. 

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʥʠʟʴʢʫ ʝʥʝʨʛʽʶ ʧʦʜʽʙʥʠʭ ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ, ʚʧʣʠʚ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʽʚ ʤʦʞʝ ʙʫʪʠ ʩʫʪʪʻʚʠʤ. ʊʘʢ, ʧʦʢʘʟʘʥʦ, ʱʦ 

ɹʨʝʥʩʪʝʜʽʚʩʴʢʽ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʽ ʚʟʘʻʤʦʜʽʾ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ ʤʘʶʪʴ ʚʘʞʣʠʚʝ 

ʟʥʘʯʝʥʥʷ ʚ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʘʭ ʟ ʦʢʩʠʜʘʤʠ ʤʝʪʘʣʽʚ, ʘ ʩʘʤʝ, ʜʣʷ ʩʪʽʡʢʦʩʪʽ 

ʢʦʤʧʦʟʠʪʽʚ ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ [125]. ɺ ʨʦʙʦʪʽ [126] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

ʰʣʷʭʦʤ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʜʽʣʫ çʧʦʣʽʤʝʨ (ʧʦʣʽ 

ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ ʇʄʄɸ) ï SiO2» ʥʦʩʷʪʴ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʡ ʭʘʨʘʢʪʝʨ. ʅʘ 

ʨʠʩ. 1.2 ʧʦʢʘʟʘʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʜʩʦʨʙʮʽʾ ʇʄʄɸ ʥʘ ʧʦʚʝʨʭʥʽ SiO2 ʽʟ 

ʨʦʟʯʠʥʥʠʢʽʚ ʟ ʨʽʟʥʦʶ ʢʠʩʣʦʪʥʽʩʪʶ ʨʂʘ. 

 

ʈʠʩ. 1.2 ɸʜʩʦʨʙʮʽʷ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʫ (ʇʄʄɸ) ʥʘ ʧʦʚʝʨʭʥʽ SiO2 ʟ̔ 

ʨʦʟʯʠʥʥʠʢʽʚ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʨʂʘ [126] 
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ʗʢ ʚʠʜʥʦ ʟ ʜʘʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ.1.1, ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʡ ʧʨʦʮʝʩ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʘʜʩʦʨʙʮʽʾ ʟ ʨʦʟʯʠʥʫ ʇʄʄɸ ʫ ʪʝʪʨʘʭʣʦʨʠʜʽ 

ʢʘʨʙʦʥʫ (ʨʂʘå0). ɺʠʷʚʣʝʥʠʡ ʬʘʢʪ ʩʚʽʜʯʠʪʴ, ʱʦ ʚ ʥʝʡʪʨʘʣʴʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ 

ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʇʄʄɸ ʪʘ 

ʨʦʟʯʠʥʥʠʢʘ, ʱʦ ʩʧʨʠʷʻ ʽʥʪʝʥʩʠʚʥʠʤ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʤ ʚʟʘʻʤʦʜʽʷʤ ʥʘ ʤʝʞʽ 

ʧʦʜʽʣʫ ʬʘʟ ʽ ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʽʡ ʘʜʩʦʨʙʮʽʾ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʠʩʣʦʪʥʠʭ ʘʙʦ ʣʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʦʟʯʠʥʥʠʢʽʚ (ʨʂʘÍ0) ʚʥʘʩʣʽʜʦʢ ʢʦʥʢʫʨʝʥʪʥʠʭ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ 

ʤʽʞ ʧʦʣʽʤʝʨʦʤ ʽ ʨʦʟʯʠʥʥʠʢʦʤ.  

 

1.2.3 ʉʪʨʫʢʪʫʨʘ ʛʨʘʥʠʯʥʠʭ ʤʽʞʬʘʟʥʠʭ ʰʘʨʽʚ 

ɺʣʘʩʪʠʚʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʘ ʰʘʨʫ ʧʦʣʽʤʝʨʫ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʧʦʜʽʣʫ ʬʘʟ, ʪʘʢ 

ʟʚʘʥʠʡ ʛʨʘʥʠʯʥʠʡ ʘʙʦ ʤʽʞʬʘʟʥʠʡ ʰʘʨ (ʄʌʐ), ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʩʥʦʚʥʦʾ 

ʤʘʩʠ ʚ ʢʦʤʧʦʟʠʪʽ [120,126]. ʇʠʪʘʥʥʷ ʧʨʦ ʧʨʠʨʦʜʫ, ʩʪʨʫʢʪʫʨʫ, ʦʙôʻʤ ʽ 

ʪʦʚʱʠʥʫ ʮʴʦʛʦ ʰʘʨʫ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʪʝʦʨʽʾ ʥʘʧʦʚʥʝʥʠʭ 

ʧʦʣʽʤʝʨʽʚ [20]. ɺʽʜʦʤʦ, ʱʦ ʩʘʤʝ ʯʝʨʝʟ ʮʝʡ ʰʘʨ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʜʘʯʘ 

ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʽʜ ʮʴʦʛʦ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ. ʄʌʐ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʦʶ 

ʪʦʚʱʠʥʦʶ, ʟʘ ʤʝʞʘʤʠ ʷʢʦʾ ʚʽʜʭʠʣʝʥʥʷ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʤʧʦʟʠʪʫ ʥʝʚʝʣʠʢʝ [97]. ɻʣʠʙʠʥʘ, ʥʘ ʷʢʫ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʜʽʷ ʧʦʚʝʨʭʥʝʚʠʭ 

ʩʠʣ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʽ ʧʨʠʨʦʜʠ ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ 

[127]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʽʚ ʫ 

ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ ʫʪʚʦʨʶʶʪʴʩʷ ʘʜʩʦʨʙʮʽʡʥʠʡ ʽ ʦʨʽʻʥʪʘʮʽʡʥʠʡ ʄʌʐ, ʷʢʽ 

ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ [120]. 

ɺ ʨʷʜʽ ʨʦʙʽʪ [128,129], ʧʨʠʩʚʷʯʝʥʠʭ ʚʠʟʥʘʯʝʥʥʶ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʄʌʐ 

ʪʘ ʡʦʛʦ ʪʦʚʱʠʥʠ, ʧʦʢʘʟʘʥʦ, ʱʦ ʫ ʢʦʤʧʦʟʠʪʘʭ, ʥʘʧʦʚʥʝʥʠʭ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʨʦʟʤʽʨʠ ʄʌʐ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 

ʚʽʜ 2 ʜʦ 80 ʥʤ. ɺ ʨʦʙʦʪʽ [130] ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʄʌʐ ʫ 

ʥʘʧʦʚʥʝʥʦʤʫ ʢʦʤʧʦʟʠʪʽ ʟ ʢʫʙʽʯʥʦʶ ʫʧʘʢʦʚʢʦʶ ʯʘʩʪʠʥʦʢ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʽ ʛʫʩʪʠʥʠ ʫʧʘʢʦʚʢʠ. ʄʌʐ ʚ ʝʧʦʢʩʠʜʥʠʭ 
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ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʘʭ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʽʜʣʷʛʘʻ ʚʧʣʠʚʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʜʽʣʫ ʬʘʟ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʟʘ ʜʘʥʠʤʠ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʥʠʢʽʚ ʜʣʷ ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʽʚ ʚʧʣʠʚ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʌʐ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ ʤʘʻ ʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ ʥʽʞ ʜʣʷ ʽʥʰʠʭ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ. 

 

1.2.4 ʆʙôʻʤʥʽ ʪʘ ʜʠʬʫʟʽʡʥʽ ʝʬʝʢʪʠ ʧʨʠ ʤʦʜʠʬʽʢʘʮʽʾ ʝʧʦʢʩʠʜʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ, ʝʬʝʢʪʠʚʥʽ ʨʦʟʤʽʨʠ ʄʌʐ ʧʦʣʽʤʝʨʫ ʫ ʥʘʧʦʚʥʝʥʠʭ 

ʢʦʤʧʦʟʠʪʘʭ ʟʘ ʜʘʥʠʤʠ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ ʢʦʣʠʚʘʶʪʴʩʷ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ɯʩʥʫʻ 

ʩʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʨʦʟʤʽʨʠ ʄʌʐ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ 

ʥʘʧʦʚʥʶʚʘʯʽʚ [127,130], ʷʢʝ ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʨʦʟʤʽʨʽʚ ʄʌʐ  ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʘʭʫʥʦʢ ʜʝʷʢʠʭ ʦʙôʻʤʥʠʭ ʝʬʝʢʪʽʚ, ʱʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʩʠʩʪʝʤʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʽʚ, ʥʘ ʨʦʟʤʽʨʠ ʧʣʦʱʽ 

ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ. ʊʦʤʫ ʻ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʩʶ ʤʘʩʫ ʧʦʣʽʤʝʨʫ ʫ ʥʘʧʦʚʥʝʥʦʤʫ ʢʦʤʧʦʟʠʪʽ ʽ ʥʝ ʧʦʚôʷʟʘʥʽ 

ʪʽʣʴʢʠ ʟ ʩʧʝʮʠʬʽʯʥʠʤʠ ʤʽʞʬʘʟʥʠʤʠ ʚʟʘʻʤʦʜʽʷʤʠ.  

 ʆʢʨʽʤ ʧʦʚʝʨʭʥʝʚʠʭ ʚʟʘʻʤʦʜʽʡ ʚ ʩʠʩʪʝʤʽ çʧʦʣʽʤʝʨ ï ʥʘʧʦʚʥʶʚʘʯè ʫ 

ʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʪʘʭ, ʧʦʢʨʠʪʪʷʭ, ʤʘʩʪʠʢʘʭ, ʢʣʝʷʭ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʪʘʢʦʞ ʤʝʭʘʥʽʯʥʫ ʜʽʶ, ʷʢʘ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʦʙʤʝʞʝʥʥʷ ʫʩʘʜʢʠ ʧʦʣʽʤʝʨʫ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʩʫʮʽʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʟʙʝʨʽʛʘʻʪʴʩʷ, ʪʦʙʪʦ ʘʜʛʝʟʽʷ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ ʥʝ ʧʦʨʫʰʫʻʪʴʩʷ. ʋ ʚʠʧʘʜʢʫ 

ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʽʚ ʮʝʡ ʤʝʭʘʥʽʟʤ ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʠʡ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ, ʚʥʘʩʣʽʜʦʢ ʽʩʪʦʪʥʦʾ ʘʜʛʝʟʽʾ ʪʘ ʜʦʙʨʝ 

ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʩʪʠʩʥʫʪʦʾ ʜʝʬʦʨʤʘʮʽʾ ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ [97]. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʩʪʨʫʢʪʫʨʠ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʥʘʧʦʚʥʝʥʠʭ 

ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʫʮʽʣʴʥʽʩʪʴ ʝʧʦʢʩʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ 

ʥʘʧʦʚʥʝʥʥʽ ʟʘʟʚʠʯʘʡ ʥʝ ʧʦʨʫʰʫʻʪʴʩʷ ʪʘ ʝʧʦʢʩʠʜʥʽ ʤʘʪʨʠʮʽ ʟʥʘʯʥʦ ʢʨʘʱʝ 

ʽʥʰʠʭ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʽʚ ʧʝʨʝʥʦʩʷʪʴ ʨʦʙʦʪʫ ʚ ʫʤʦʚʘʭ ʩʪʠʩʥʫʪʦʾ 

ʜʝʬʦʨʤʘʮʽʾ. ʎʝ ʽ ʦʙʫʤʦʚʣʶʻ ʾʭ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 
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ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʆʯʝʚʠʜʥʦ, ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ ʥʘʧʦʚʥʝʥʠʭ 

ʝʧʦʢʩʠʜʥʠʭ ʩʠʩʪʝʤʘʭ ʧʦʣʽʤʝʨ ʤʘʻ ʙʽʣʴʰʠʡ ʦʙôʻʤ, ʥʽʞ ʚʠʭʽʜʥʠʡ. ɺʝʣʠʢʘ 

ʯʘʩʪʢʘ ʮʴʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʤʫ ʩʪʘʥʽ ʽ 

ʫʞʝ ʚ ʦʙʣʘʩʪʽ ʩʢʣʫʚʘʥʥʷ ʚʝʩʴ ʦʙôʻʤ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʚʽʣʴʥʠʡ ʦʙôʻʤ, ʩʫʪʪʻʚʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʧʦʚʠʥʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʫ 

[97,131,132].   

 ɺʽʜʦʤʦ, ʱʦ ʤʽʥʝʨʘʣʴʥʽ ʥʘʧʦʚʥʶʚʘʯʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ ʧʝʨʝʥʦʩʫ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʨʝʯʦʚʠʥ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʜʠʬʫʟʽʡʥʦʛʦ ʰʣʷʭʫ 

ʤʦʣʝʢʫʣ, ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʠʥʠ, ʜʦʩʪʫʧʥʦʾ ʜʣʷ ʜʠʬʫʟʽʾ ʽ ʟʤʽʥʠ ʜʠʬʫʟʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʥʦʩʫ ʽ ʩʦʨʙʮʽʾ ʥʘ 

ʤʽʞʬʘʟʥʽʡ ʛʨʘʥʠʮʽ [12,20-23]. ɿʙʽʣʴʰʝʥʥʷ ʜʠʬʫʟʽʡʥʦʛʦ ʰʣʷʭʫ ʚʠʨʘʞʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʘʢʪʦʨʘ ʚʠʢʨʠʚʣʝʥʥʷ ʰʣʷʭʫ Ű, ʱʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʜʦʚʞʠʥ 

ʰʣʷʭʽʚ ʤʦʣʝʢʫʣʠ ʯʝʨʝʟ ʥʘʧʦʚʥʝʥʠʡ ʽ ʥʝʥʘʧʦʚʥʝʥʠʡ ʧʦʣʽʤʝʨ. ɼʣʷ ʩʬʝʨʠʯʥʠʭ 

ʯʘʩʪʠʥʦʢ Ű å 1/2Āɡ2 (ɡ2 ï ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʥʘʧʦʚʥʶʚʘʯʘ); ʜʣʷ ʧʣʘʩʪʠʥʯʘʪʠʭ 

ʯʘʩʪʠʥʦʢ Ű å 1/2 Āl/dĀɡ2 (l ï ʜʦʚʞʠʥʘ, d ï ʪʦʚʱʠʥʘ ʯʘʩʪʠʥʢʠ ʥʘʧʦʚʥʶʚʘʯʘ) [97]. 

ɿ ʮʠʭ ʨʽʚʥʷʥʴ ʩʣʽʜʫʻ, ʱʦ ʧʨʦʥʠʢʥʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʾ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʬʦʨʤʠ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʘ 

ʧʨʘʢʪʠʮʽ [133-137].  ʆʜʥʘʢ ʯʠʩʪʦ ʛʝʦʤʝʪʨʠʯʥʽ ʬʘʢʪʦʨʠ ʦʧʠʩʘʥʽ ʚʠʱʝ, ʯʘʩʪʽʰʝ 

ʤʘʶʪʴ ʥʝʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʧʨʠʯʠʥʘʤʠ ʟʤʽʥʠ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʧʨʠ ʥʘʧʦʚʥʝʥʥʽ. ʋ 

ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʫ ʥʘʧʦʚʥʝʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʰʘʥʠʡ 

ʤʝʭʘʥʽʟʤ ʧʝʨʝʥʦʩʫ, ʪʦʙʪʦ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʨʝʯʦʚʠʥʠ ʧʝʨʝʥʦʩʷʪʴʩʷ ʷʢ 

ʰʣʷʭʦʤ ʜʠʬʫʟʽʾ ʯʝʨʝʟ ʧʦʣʽʤʝʨ, ʪʘʢ ʽ ʯʝʨʝʟ ʧʦʨʠ ʽ ʪʨʽʱʠʥʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʤʘʪʨʠʮʽ ʽ ʫʟʜʦʚʞ ʤʽʞʬʘʟʥʦʾ ʛʨʘʥʠʮʽ.  

 

1.2.5 ʆʩʥʦʚʠ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʗʢ ʙʫʣʦ ʩʢʘʟʘʥʦ ʚʠʱʝ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʨʦʟʨʦʙʢʘ 

ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʽʯʥʠʭ ʇʂʄ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ, ʘʤʽʥʥʠʭ 
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ʪʚʝʨʜʥʠʢʽʚ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʜʦʟʚʦʣʷʻ ʥʘ ʦʩʥʦʚʽ ʦʜʥʽʻʾ 

ʽ ʪʽʻʾ ʞ ʧʦʣʽʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʩʪʚʦʨʶʚʘʪʠ ʥʠʟʢʫ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʢʦʤʧʣʝʢʩʦʤ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʨʠ ʮʴʦʤʫ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʥʝʦʨʛʘʥʽʯʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʩʧʨʷʤʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʧʦʢʩʠʜʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʩʫʪʪʻʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʚʽʜʦʤʠʭ ʇʂʄ. ɿʤʽʥʶʶʯʠ ʭʽʤʽʯʥʫ ʧʨʠʨʦʜʫ, ʨʦʟʤʽʨʠ ʽ ʬʦʨʤʫ ʯʘʩʪʠʥʦʢ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʨʝʞʠʤʠ ʧʨʠʛʦʪʫʚʘʥʥʷ ʽ 

ʪʚʝʨʜʽʥʥʷ ʢʦʤʧʦʟʠʮʽʡ ʤʦʞʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ 

ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɺʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʧʣʠʚ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ 

ʝʧʦʢʩʠʢʦʤʧʦʟʠʪʽʚ ʪʘ ʟʘʚʜʷʢʠ ʮʴʦʤʫ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʩʪʚʦʨʶʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʽʟ 

ʟʘʜʘʥʠʤ ʥʝʦʙʭʽʜʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʽ 

ʩʧʝʮʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʜʠʩʧʝʨʩʥʽ ʥʝʦʨʛʘʥʽʯʥʽ ʥʘʧʦʚʥʶʚʘʯʽ, ʷʢʽ ʟʥʘʡʰʣʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʽʚ 

ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʚʝʣʠʢʽ ʛʨʫʧʠ: 

- ʜʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ ʥʝʦʨʛʘʥʽʯʥʽ ʦʢʩʠʜʠ ʢʨʠʩʪʘʣʽʯʥʦʾ (Al 2O3 

[118,138,139], Fe2O3 [140], SiO2 [141], ʊʽʆ2 [99,119,135,141,142], ʉuO [143], 

Cr2O3 [143], ZrO2 [138], ʉʘʆ (CaCO3) [144-146]) ʪʘ ʘʤʦʨʬʥʦʾ (ʢʨʝʤʥʝʟʝʤʠ 

(ʘʝʨʦʩʠʣʠ) [112,115,123,135], ʘʤʦʨʬʥʠʡ SiO2) ʙʫʜʦʚʠ; 

- ʜʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʧʨʠʨʦʜʥʽ ʤʽʥʝʨʘʣʠ ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ 

ʧʨʠʨʦʜʠ (ʢʚʘʨʮ [142,147], ʢʘʦʣʽʥ [148-150], ʩʣʶʜʠ [119,151], ʚʦʣʘʩʪʦʥʽʪ [150-

152], ʙʝʥʪʦʥʽʪ [137,153,154], ʙʘʟʘʣʴʪ [133,134,155-158] ʪʘ ʽʥ.); 

- ʜʦ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ ʥʝʦʨʛʘʥʽʯʥʽ ʜʠʩʧʝʨʩʥʽ ʚʽʜʭʦʜʠ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʨʦʙʥʠʮʪʚ (ʢʦʨʠʯʥʝʚʠʡ ʰʣʘʤ [132,143,159], ʟʦʣʴʥʽ 
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ʤʽʢʨʦʩʬʝʨʠ [160.161], ʩʧʫʯʝʥʠʡ ʚʝʨʤʠʢʫʣʽʪ [160.161], ʛʘʟʦʚʘ ʩʘʞʘ [161], 

ʢʘʨʙʽʜ ʩʠʣʽʮʽʶ [161], ʚʫʛʽʣʴʥʠʡ ʰʣʘʢ [162], ʟʚʘʨʶʚʘʣʴʥʠʡ ʰʣʘʢ [163], 

ʢʘʨʙʽʜʥʘ ʰʠʭʪʘ [164] ʪʘ ʽʥ.), ʷʢʽ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʻ ʩʫʤʽʰʰʶ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʦʢʩʠʜʽʚ ʟ ʜʦʤʽʰʢʘʤʠ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ (S, B, Fe, Mn, C ʪʘ ʽʥ.).  

ɺ ʮʽʣʦʤʫ, ʜʦʜʘʚʘʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟʜʽʡʩʥʶʻ 

ʚʧʣʠʚ ʥʘ ʫʩʽʭ ʝʪʘʧʘʭ ʩʪʚʦʨʝʥʥʷ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʚʽʜ ʧʨʦʮʝʩʽʚ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡ ʜʦ ʧʨʦʮʝʩʽʚ ʪʚʝʨʜʽʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ 

ʢʽʥʮʝʚʦʛʦ ʢʦʤʧʦʟʠʪʫ ʟ ʧʝʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʯʝʚʠʜʥʦ, 

ʥʘʧʦʚʥʶʚʘʯʽ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʧʦʣʽʤʝʨʥʦʶ ʤʘʪʨʠʮʝʶ ʥʘ ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ ʩʪʚʦʨʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʋ ʨʦʙʦʪʘʭ ʙʘʛʘʪʴʦʭ 

ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ (ʨʝʦʣʦʛʽʯʥʽ, ʨʝʦʢʽʥʝʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʦʤʧʦʟʠʮʽʡ, ʤʦʣʝʢʫʣʷʨʥʫ ʽ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫ ʩʪʨʫʢʪʫʨʫ, ʧʦʚʥʦʪʫ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ, ʘʜʛʝʟʽʡʡʥʽ, ʢʦʛʝʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʠʭ 

ʢʦʤʧʦʟʠʪʽʚ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʽʜʢʠʭ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʪʝʧʣʦʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʽʥ.). 

ʊʘʢ, ʚʩʪʘʥʦʚʣʝʥʦ [138], ʱʦ ʜʦʜʘʚʘʥʥʷ ʜʠʩʧʝʨʩʥʦʛʦ (63 ʤʢʤ) ʦʢʩʠʜʫ 

ʘʣʶʤʽʥʽʶ Al 2O3 ʜʦ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʽʘʥʦʚʦʾ ʩʤʦʣʠ ɽɼ-20 ʽ 

ʧʦʣʽʝʪʠʣʝʥʧʦʣʽʘʤʽʥʫ (ʇɽʇɸ) ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 100:10 ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʨʫʡʥʽʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʚʠʛʠʥʽ ʫ 1,7 ʨʘʟʽʚ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʨʠ ʚʠʛʠʥʽ ʫ 2 

ʨʘʟʠ, ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʟʘ ʄʘʨʪʝʥʩʦʤ ʥʘ 5-9ʂ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʫ ʪʽ ʞ ʢʦʤʧʦʟʠʮʽʾ 

ʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ ZrO2  ʨʫʡʥʽʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʚʠʛʠʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ 1,5 

ʨʘʟʽʚ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʨʠ ʚʠʛʠʥʽ ʫ 1,8 ʨʘʟʠ, ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʟʘ ʄʘʨʪʝʥʩʦʤ 

ʥʘ 2-5ʂ. ɸʜʛʝʟʽʷ ʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ 

ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʥʦʩʠʪʴ ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ʅʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ůʚʽʜʨ ʚʽʜ 

ʩʪʘʣʽ ʜʣʷ Al 2O3 ʜʦʨʽʚʥʶʶʪʴ å 50 ʄʇʘ ʧʨʠ 40 ʤʘʩ. ʯ. ʥʘ 100 ʤʘʩ. ʯ. ɽɼ-20, ʜʣʷ 

ZrO2 å 60 ʄʇʘ ʧʨʠ 80 ʤʘʩ. ʯ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʦʢʩʠʜʫ ʉʘʆ ʽ ʢʘʨʙʦʥʘʪʫ ʉʘʉʆ3 ʫ 

ʚʠʛʣʷʜʽ ʤʽʢʨʦʢʘʣʴʮʠʪʫ, ʦʤʽʘʢʘʨʙʫ, ʤʘʨʤʫʨʦʚʦʾ ʢʨʠʭʪʠ ʚ ʝʧʦʢʩʠʜʥʠʭ 
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ʢʦʤʧʦʟʠʪʘʭ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟʽ ʟʥʠʞʝʥʦʶ ʚʘʨʪʽʩʪʶ ʽ 

ʛʦʨʶʯʽʩʪʶ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʘʪʠ ʥʘ ʙʽʣʴʰʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ [144-146]. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʜʦʜʘʚʘʥʥʷ ʤʽʢʨʦʢʘʣʴʮʠʪʫ [146] ʪʘ ʦʤʽʘʢʘʨʙʫ [144] ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʝʢʟʦʪʝʨʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʟʰʠʚʢʠ ʪʘ ʪʝʨʤʽʥ ʾʾ ʚʩʪʘʥʦʚʣʝʥʥʷ, 

ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʥʘʧʦʚʥʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʨʦʩʪʦʤ ʩʪʫʧʝʥʷ ʥʘʧʦʚʥʝʥʥʷ. 

ʇʨʠ ʮʴʦʤʫ ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʤʽʢʨʦʢʘʣʴʮʠʪʫ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʷʢ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʝʢʟʦʪʝʨʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʪʘʢ ʽ ʥʘ ʪʝʨʤʽʥ ʾʾ ʜʦʩʷʛʘʥʥʷ. ɼʦʜʘʚʘʥʥʷ 

ʦʤʘ̔ʢʘʨʙʫ [144] ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʫʚʘʪʠ ʚʦʜʦʩʪʽʡʢʽʩʪʴ, ʩʪʠʨʘʥʥʽʩʪʴ, ʨʫʡʥʽʚʥʝ 

ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ ʽ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʪʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʨʤʫʨʦʚʦʾ ʢʨʠʭʪʠ (ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʘʥʠʡ ʢʘʣʴʮʠʪ) ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʜʦ ʩʪʘʣʽ ʫ 3 ʨʘʟʠ ʽ ʪʚʝʨʜʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʫ 2,5 ʨʘʟʠ [145]. 

ʈʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ [119,123,142], ʱʦ ʥʝʦʨʛʘʥʽʯʥʽ ʥʘʧʦʚʥʶʚʘʯʽ 

ʧʨʠʩʢʦʨʶʶʪʴ ʨʝʘʢʮʽʾ ʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. ʂʘʪʘʣʽʪʠʯʥʠʡ 

ʝʬʝʢʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʧʦʚʝʨʭʥʽ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʚʝʨʜʽʥʥʷ, ʚʤʽʩʪʫ 

ʥʘʧʦʚʥʶʚʘʯʘ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ 

ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʷʢʠʡ ʤʘʻ ʙʘʛʘʪʦʰʘʨʦʚʫ ʙʫʜʦʚʫ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʬʫʥʢʮʽʦʥʘʣʽʚ (ʆʅ-ʛʨʫʧ) ʨʽʟʥʦʾ ʘʢʪʠʚʥʦʩʪʽ [119].  ɽʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʽ ʪʝʧʣʦʚʠʡ 

ʝʬʝʢʪ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ ʧʨʠ ʮʴʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, ʟʤʝʥʰʫʶʪʴʩʷ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʤʘʪʝʨʽʣʠ ʟ ʥʘʡʙʽʣʴʰ ʫʧʦʨʷʜʢʦʚʘʥʦʶ ʽ ʤʽʮʥʦʶ ʩʪʨʫʢʪʫʨʦʶ [123]. 

ʋ ʨʦʙʦʪʘʭ [149,151,157] ʧʦʢʘʟʘʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ (ʢʘʦʣʽʥʫ, ʙʘʟʘʣʴʪʫ, ʩʣʶʜʠ, ʚʦʣʘʩʪʦʥʽʪʫ) ʟʙʽʣʴʰʫʻ 

ʩʪʽʡʢʽʩʪʴ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ ʜʦ ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺʩʪʘʥʦʚʣʝʥʦ [149], 

ʱʦ ʧʨʠ ʚʤʽʩʪʽ ʢʘʦʣʽʥʫ ʙʣʠʟʴʢʦ 30 ʤʘʩ.ʯ. ʥʘ 100 ʤʘʩ.ʯ. ɽɼ-20 (ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʦʤ), ʱʦ ʪʚʝʨʜʽʻ ʟ ʇɽʇɸ, ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ ʛʦʨʽʥʥʷ ʥʘ 598ʂ, ʚʪʨʘʪʘ ʤʘʩʠ ʟʨʘʟʢʘ ʫ 2 

ʨʘʟʠ ʪʘ ʟʨʦʩʪʘʻ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 125 ʩʝʢʫʥʜ ʽ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʡʤʘʥʥʷ ʥʘ 10°ʉ. ʇʨʠ ʮʴʦʤʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʚʝʨʜʽʩʪʴ ʽ ʫʜʘʨʥʘ 

ʚôʷʟʢʽʩʪʴ ʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʘʣʝ ʟʥʠʞʫʻʪʴʩʷ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʜʦ ʩʪʘʣʽ. 

ɼʦʜʘʚʘʥʥʷ ʚʦʣʘʩʪʦʥʽʪʫ ʽ ʩʣʶʜʠ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ 
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ʝʧʦʢʩʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [151]. ʇʨʠ ʮʴʦʤʫ ʚʪʨʘʪʘ ʤʘʩʠ ʟʨʘʟʢʽʚ ʢʦʤʧʦʟʠʪʽʚ ʧʨʠ 

ʚʠʪʨʠʤʮʽ ʥʘ ʧʨʦʪʷʟʽ 14 ʜʽʙ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 150°ʉ ʥʝ ʧʝʨʝʚʠʱʫʻ 1%, ʘ 

ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʜʦ ʭʣʦʨʩʫʣʴʬʽʨʦʚʘʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʙʘʟʘʣʴʪʦʚʦʶ ʣʫʩʢʦʶ (20 

ʤʘʩ.%) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʢʦʤʧʦʟʠʪʽʚ ʧʨʠ ʥʘʧʦʚʥʝʥʥʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 65°ʉ, ʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 12,5% [157]. ʎʝ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʙʘʟʘʣʴʪʦʥʘʧʦʚʥʝʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʟʜʘʪʥʽ ʟʙʝʨʽʛʘʪʠ ʩʚʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ ʧʨʠ ʚʠʩʦʢʠʭ, ʪʘʢ ʽ ʧʨʠ ʥʠʟʴʢʠʭ (ʚʽʜôʻʤʥʠʭ ʜʦ ī60°ʉ) 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ ʧʨʠʥʮʠʧʦʚʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʙʫʜʽʚʥʠʮʪʚʽ.  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʦʧʫʣʷʨʥʠʤ ʥʘʧʨʷʤʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʣʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ çʟʝʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾè ʽ 

çʟʝʣʝʥʦʾ ʭʽʤʽʾè, ʘ ʩʘʤʝ, ʚʪʦʨʠʥʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚ. 

ɸʚʪʦʨʩʴʢʠʤ ʢʦʣʝʢʪʠʚʦʤ ʫ ʩʢʣʘʜʽ ɹʫʢʝʪʦʚʘ ɸ.ɺ, ʈʝʜʴʢʦ ʆ.ɯ., ʉʪʫʭʣʷʢʘ ʇ.ɼ., 

ʉʢʠʨʜʝʥʢʦ ɺ.ʆ. ʪʘ ʽʥ. ʧʨʦʚʝʜʝʥʠʡ ʮʽʣʠʡ ʨʷʜ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʩʪʚʦʨʝʥʥʶ 

ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʥʘʧʦʚʥʝʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʜʠʩʧʝʨʩʥʠʤʠ ʚʽʜʭʦʜʘʤʠ 

ʚʠʨʦʙʥʠʮʪʚ [132,143,160-164]. ɼʦʩʣʽʜʞʝʥʽ ʧʨʦʮʝʩʠ ʨʝʣʘʢʩʘʮʽʾ, ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ, ʘʜʛʝʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ (ɽɼ-20+ʇɽʇɸ), 

ʥʘʧʦʚʥʝʥʠʭ ʟʦʣʴʥʠʤʠ ʤʽʢʨʦʩʬʝʨʘʤʠ (ʤʽʥʝʨʘʣʴʥʽ ʚʽʜʭʦʜʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ 

ʧʦʧʝʣʽ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ), ʢʦʨʠʯʥʝʚʠʤ ʰʣʘʤʦʤ (ʦʩʥʦʚʥʠʡ ʢʦʤʧʦʥʝʥʪ 

Fe2O3), ʩʧʫʯʝʥʠʤ ʚʝʨʤʠʢʫʣʽʪʦʤ (ʧʨʦʜʫʢʪ ʚʠʧʘʣʫ ʚʝʨʤʠʢʫʣʽʪʦʚʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʫ ï ʛʽʜʨʦʩʣʶʜʠ), ʛʘʟʦʚʦʶ ʩʘʞʝʶ, ʢʘʨʙʽʜʥʦʶ ʰʠʭʪʦʶ, ʢʘʨʙʽʜʦʤ 

ʩʠʣʽʮʽʶ, ʟʚʘʨʶʚʘʣʴʥʠʤ ʰʣʘʢʦʤ, ʚʫʛʽʣʴʥʠʤ ʰʣʘʢʦʤ. ʋ ʨʦʙʦʪʽ [132] 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʘʜʘʚʘʥʥʷ ʟʦʣʴʥʠʭ ʤʽʢʨʦʩʬʝʨ (63 ʤʢʤ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʦʨʠʯʥʝʚʠʤ ʰʣʘʤʦʤ ʽ ʢʘʨʙʽʜʦʤ ʩʠʣʽʮʽʶ, ʥʘ ʢʨʠʚʽʡ ʟʘʣʝʞʥʦʩʪʽ ʢʫʪʘ ʚʪʨʘʪ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʪʘʥʛʝʥʩʘ ʢʫʪʘ ʚʪʨʘʪ ʚʽʜ 412 

ʜʦ 62 ʟʽ ʟʤʽʱʝʥʥʷʤ ʚ ʦʙʣʘʩʪʴ ʙʽʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 19ʂ. ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ 

ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʟʰʠʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ 

ʯʘʩʪʠʥʦʢ ʟʦʣʴʥʠʭ ʤʽʢʨʦʩʬʝʨ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʰʘʨʦʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʤʘʢʨʦʤʦʣʝʢʫʣ ʽ ʥʘʜʤʦʣʝʢʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ ʚ ʦʙôʻʤʽ ʤʘʪʨʠʮʽ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʞʦʨʩʪʢʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʧʦʣʽʧʰʝʥʠʤʠ 
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ʢʦʛʝʟʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʤʽʩʪʽ ʟʦʣʴʥʠʭ ʤʽʢʨʦʩʬʝʨ (30 

ʤʘʩ.ʯ. ʥʘ 100 ʤʘʩ.ʯ. ɽɼ-20) [161] ʢʦʤʧʦʟʠʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʢʨʘʱʠʤʠ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʚʫʛʽʣʴʥʦʛʦ ʰʣʘʢʫ ʦʪʨʠʤʫʶʪʴ ʫ ʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʥʘ 12ʂ, ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʜʦ ʩʪʘʣʽ ʥʘ 20 ʄʇʘ ʽ ʟʥʠʞʫʻʪʴʩʷ ʥʘ 

0,7 ʄʇʘ [162]. ʂʘʨʙʽʜʥʘ ʰʠʭʪʘ ʽ ʚʫʛʽʣʴʥʠʡ ʰʣʘʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʜʣʷ ʝʣʝʢʪʨʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [164].  

 

1.3 ɺʠʩʥʦʚʢʠ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʴ 

1. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʽ ʧʘʪʝʥʪʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟʜʽʡʩʥʝʥʦ 

ʚʠʙʽʨ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʨʦʟʰʠʨʝʥʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʪʘ 

ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʥʘʧʨʷʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʽ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʜʠʩʧʝʨʩʥʠʤʠ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ, ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ʽ  ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʤʠ ʦʣʽʛʦʤʝʨʘʤʠ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʥʝʚʠʚʯʝʥʦʶ ʽ ʥʝʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦʶ ʻ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʘ ʪʝʦʨʽʷ ʚʟʘʻʤʦʜʽʾ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ ʫ ʥʘʧʦʚʥʝʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʤʠ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʝʧʦʢʩʠʧʦʣʽʤʝʨʘʭ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʦʾ ʜʦʧʦʤʦʞʝ ʚʩʪʘʥʦʚʠʪʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ ʽ ʩʪʚʦʨʝʥʥʷ 

ʝʧʦʢʩʠʢʦʤʧʦʟʠʪʽʚ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.   

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʝʟôʷʩʦʚʘʥʠʤ ʻ ʧʠʪʘʥʥʷ ʱʦʜʦ ʙʫʜʦʚʠ ʛʽʜʨʦʢʩʠʣʴʥʦ-

ʛʽʜʨʘʪʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʢʦʨʝʣʷʮʽʾ 

ʡʦʛʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ ʭʽʤʽʯʥʠʤ, ʤʽʥʝʨʘʣʴʥʠʤ ʩʢʣʘʜʦʤ ʪʘ 

ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ. 

4. ɸʥʘʣʽʟ ʥʘʫʢʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʥʝʚʠʚʯʝʥʠʤʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʱʦʜʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʦʚʥʝʥʠʭ ʝʧʦʢʩʠʜʥʠʭ 
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ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʾ ʪʝʦʨʽʾ ʤʽʞʬʘʟʥʠʭ 

ʚʟʘʻʤʦʜʽʡ ʫ ʢʦʤʧʦʟʠʮʽʷʭ.     

5. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʽ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽ ʥʘʧʨʷʤʢʠ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʧʦʢʩʠʜʥʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʧʦʢʨʘʱʝʥʠʤ ʢʦʤʧʣʝʢʩʦʤ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 
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ʈʆɿɼɯʃ 2 

ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ 

 

2.1 ʉʪʨʫʢʪʫʨʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʽʚ, ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʪʘ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 

 ɺʨʘʭʦʚʫʶʯʠ ʧʨʘʢʪʠʯʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʨʦʙʦʪʠ, ʫ ʷʢʦʩʪʽ ʦʙôʻʢʪʽʚ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʦʙʨʘʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʧʫʩʢʘʶʪʴʩʷ ʧʨʦʤʠʩʣʦʚʽʩʪʶ. 

 ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʚôʷʟʫʶʯʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʙʨʘʥʠʡ ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʥʘ ʧʨʘʢʪʠʮʽ 

ʝʧʦʢʩʠʜʽʘʥʦʚʠʡ ʦʣʽʛʦʤʝʨ ʤʘʨʢʠ ɽɼ-20 ï ʧʨʦʜʫʢʪ ʥʘ ʦʩʥʦʚʽ ʜʠʛʣʽʮʠʜʠʣʦʚʦʛʦ 

ʝʪʝʨʫ ʜʠʬʝʥʠʣʦʣʧʨʦʧʘʥʫ: 
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 ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ɼʉʊʋ 2093-92 ʦʣʽʛʦʤʝʨ ɽɼ-20 ʮʝ ʚôʷʟʢʘ ʧʨʦʟʦʨʘ 

ʨʽʜʠʥʘ ʩʚʽʪʣʦ-ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ ʟ ʚʤʽʩʪʦʤ ʝʧʦʢʩʠʜʥʠʭ ʛʨʫʧ 20-22,5 %, 

ʜʠʥʘʤʽʯʥʦʶ ʚôʷʟʢʽʩʪʶ ʧʨʠ 25 
0
ʉ 13-20 ʇʘĀʩ, ʤʘʩʦʚʦʶ ʜʦʣʝʶ ʣʝʪʶʯʠʭ ʨʝʯʦʚʠʥ 

ʥʝ ʙʽʣʴʰʝ 0,5 %, ʤʘʩʦʚʦʶ ʜʦʣʝʶ ʭʣʦʨʫ ʥʝ ʙʽʣʴʰʝ 0,5 %, ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ 

ʥʝ ʙʽʣʴʰʝ 1,7 %. 

 ɼʣʷ ʥʘʜʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʤ ʤʘʪʝʨʽʘʣʘʤ 

ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʤʦʜʠʬʽʢʫʶʯʽ ʜʦʙʘʚʢʠ: ʦʣʽʛʦʤʝʨʠ, ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ 

ʨʝʯʦʚʠʥʠ, ʩʦʣʽ ʪʘ ʥʝʦʨʛʘʥʽʯʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ʪʘ ʘʤʦʨʬʥʽ ʥʘʧʦʚʥʶʚʘʯʽ. 

 ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚôʷʟʢʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʪʘ ʟʤʦʯʫʚʘʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ, ʝʣʘʩʪʠʯʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʜʦ ʤʝʭʘʥʽʯʥʦʾ ʜʽʾ ʪʘ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, 
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ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ ʚʦʣʦʛʦʩʪʽ, ʜʦ 

ʢʦʤʧʦʟʠʮʽʡ ʜʦʜʘʚʘʣʠʩʴ ʤʦʜʠʬʽʢʫʶʯʽ ʜʦʙʘʚʢʠ: ʦʣʽʛʦʤʝʨʠ, ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ 

ʪʘ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ. ʋ ʮʽʡ ʨʦʣʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ 

ʦʣʽʛʦʝʪʝʨʪʨʠʮʠʢʣʦʢʘʨʙʦʥʘʪʥʠʡ ʦʣʽʛʦʤʝʨ ʤʘʨʢʠ ʃʘʧʨʦʣʘʪ-803 (ʊʋ 6-05-221-

995-88), ʪʨʠʛʣʽʮʠʜʠʣʦʚʠʡ ʝʪʝʨ ʧʦʣʽʦʢʩʠʧʨʦʧʽʣʝʥʪʨʠʦʣʫ ʤʘʨʢʠ ʃʘʧʨʦʢʩʠʜ-

503 (ʊʋ 6-05-221-740-86), ʜʠʛʣʽʮʠʜʠʣʪʨʠʙʨʦʤʘʥʽʣʽʥ ʤʘʨʢʠ ʋʇ-645 (ʊʋ 6-05-

241-40-82), ʥʠʟɹʢʦʤʦʣʝʢʫʣʷʨʥʠʡ ʧʦʣʽʘʤʠʥʦʦʣʽʛʦʘʤʽʜ ʤʘʨʢʠ ʃ-20 (ʊʋ-6-05-

1123-74), ʥʝʦ̔ʥʦʛʝʥʥʘ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʘ ʨʝʯʦʚʠʥʘ ʤʘʨʢʠ ɸʤʽʨʦʣ ʄ (ʊʋ 

38.301-48-49-97), ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ ʤʘʨʢʠ ʇʄʉ (ɻʆʉʊ 13032-77). 

 ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʢʨʠʩʪʘʣʽʯʥʽ ʥʝʦʨʛʘʥʽʯʥʽ ʥʘʧʦʚʥʶʚʘʯʽ: ʧʨʠʨʦʜʥʽ 

ʤʽʥʝʨʘʣʴʥʽ ʜʠʩʧʝʨʩʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʚʽʜʭʦʜʠ ʚʠʨʦʙʥʠʮʪʚ (ʪʘʙʣ. 2.1). ʇʝʨʝʜ 

ʜʦʜʘʚʘʥʥʷʤ ʫ ʢʦʤʧʦʟʠʮʽʶ ʚʠʩʫʰʫʚʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 150 
0
ʉ ʽ ʟʙʝʨʽʛʘʣʠʩʴ 

ʚ ʝʢʩʠʢʘʪʦʨʽ ʙʝʟ ʜʦʩʪʫʧʫ ʧʦʚʽʪʨʷ. 

 ɼʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʘʤʦʨʬʥʽ ʥʘʧʦʚʥʶʚʘʯʽ: ʙʽʣʘ ʩʘʞʘ (ɹʉ), ʪʝʭʥʽʯʥʠʡ ʘʝʨʦʩʠʣ (ɸ), ʛʨʘʬʽʪ (ɻ), 

ʚʫʛʣʝʮʴ (ɺ). ɿ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ ʟ ʚʦʛʥʝʟʘʭʠʩʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʝʦʨʛʘʥʽʯʥʽ ʩʦʣʽ ʘʤʦʥʽʶ: ʘʤʦʥʽʶ 

ʤʦʥʦʬʦʩʬʘʪ (ʄɸʌ), ʘʤʦʥʽʶ ʧʦʣʽʬʦʩʬʘʪ ʤʘʨʢʠ EXFLAME APP-201 (ʇɸʌ). 

 ɼʣʷ ʪʚʝʨʜʽʥʥʷ ʟʚôʷʟʫʶʯʠʭ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʘʣʽʬʘʪʠʯʥʽ ʪʘ ʘʨʦʤʘʪʠʯʥʽ 

ʪʚʝʨʜʥʠʢʠ ʘʤʽʥʥʦʛʦ ʪʠʧʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʽʟ 

ʟʘʜʦʚʽʣʴʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ ʥʠʟʴʢʠʭ ʽ ʟʚʠʯʘʡʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʎʝ ʘʣʽʬʘʪʠʯʥʽ ʧʦʣʽʝʪʠʣʝʥʧʦʣʽʘʤʽʥ ʤʘʨʢʠ ʇɽʇɸ, 

ʜʠʝʪʠʣʝʥʪʨʠʘʤʽʥ ʤʘʨʢʠ ɼɽʊɸ, ʤʦʥʦʮʠʘʥʝʪʠʣʜʠʝʪʠʣʝʥʪʨʠʘʤʽʥ ʤʘʨʢʠ (ʋʇ-

0633ʄ) ʪʘ ʘʨʦʤʘʪʠʯʥʠʡ ʘʤʽʥʦʬʝʥʦʣ ʤʘʨʢʠ ɸʌ-2. ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ 

ʪʚʝʨʜʥʠʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 2.2. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʪʚʝʨʜʥʠʢʽʚ ʥʘʚʝʜʝʥʽ ʚ  ʪʘʙʣ. 2.3. 
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ʊʘʙʣʠʮʷ 2.1  

ɼʠʩʧʝʨʩʥʽ ʥʝʦʨʛʘʥʽʯʥʽ ʥʘʧʦʚʥʶʚʘʯʽ 

 ̄ ʅʘʟʚʘ ʅʦʨʤʘʪʠʚʥʠʡ ʜʦʢʫʤʝʥʪ 
ʋʤʦʚʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 

1 

ʂʚʘʨʮʦʚʠʡ ʧʽʩʦʢ 

ʅʦʚʦʚʦʜʦʣʘʟʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ 

ɼʉʊʋ ɹɺ.2.7.-131:2007 ʇʅ 

2 
ʂʚʘʨʮ ʤʦʣʦʪʠʡ 

ʧʠʣʦʚʠʜʥʠʡ (ʤʘʨʰʘʣʽʪ) 
ɻʆʉʊ 9077-82 ʄʐ 

3 
ʂʚʘʨʮʠʪ ʆʚʨʫʯʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ 
ɻʆʉʊ 9854-81 ʂʆ 

4 ɼʠʥʘʩ  ɻʆʉʊ 23037-99 ɼʉ 

5 
ɼʽʘʙʘʟʦʚʠʡ 

ʇʦʨʦʰʦʢ 
ʊʋ 5716-001-41357914-2009 ɼʇ 

6 ɻʣʠʥʘ ʙʝʥʪʦʥʽʪʦʚʘ ɻʆʉʊ 28177-89 ɹɻ 

7 
ʂʘʦʣʽʥ ɻʣʫʭʦʚʝʮʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ 
ɻʆʉʊ 21286-82 ʂɻ 

8 ʐʘʤʦʪ ʊʋ 1518-020-00188162 ʐʊ 

9 ɻʣʠʥʘ ʧʣʠʪʢʦʚʘ ʊʋ 21-10-68-89 ɻʇ 

10 
ɻʣʠʥʦʟʝʤ 

ʥʝʤʝʪʘʣʫʨʛʽʯʥʠʡ 
ɻʆʉʊ 30559-98 ɻɿ 

11 
ʏʝʨʚʦʥʠʡ ʰʣʘʤ 

(ʚʽʜʭʦʜʠ) 
ʊʋ ʋ 8785-028-2001 ʐʅ 

12 
ʏʝʨʚʦʥʠʡ ʰʣʘʤ 

(ʚʽʜʭʦʜʠ) ʚʽʜʧʘʣʝʥʠʡ 
ʊʋ ʋ 8785-028-2001 ʐʆ 

13 ʈʫʪʠʣ ɻʆʉʊ 22938-78 ʈʊ 

14 ʂʘʣʴʮʠʪ ɻʆʉʊ 4530-76 ʂʎ 
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ʊʘʙʣʠʮʷ 2.2 

ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʘʤʽʥʥʠʭ ʪʚʝʨʜʥʠʢʽʚ 

ʄʘʨʢʘ, ʊʋ ʌʦʨʤʫʣʘ 

ʇɽʇɸ 

6-01-33069 
NH

2
CH

2
CH

2
NH H

n

 

 

ɼɽʊɸ 

6-02-91486 

NH
2

CH
2

CH
2

NH CH
2

CH
2

NH
2  

ʋʇ-0633ʄ 

6-05-1863-78 
NH2-CH2-CH2-NH-CH2-CH2-NH-CH2-CH2-C¹N 

ɸʌ-2 

38.30340ï83 

OH

CH
2

CH
2

N(CH)
3

(CH)
3
N

 
 

ʊʘʙʣʠʮʷ 2.3 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʤʽʥʥʠʭ ʪʚʝʨʜʥʠʢʽʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʄʘʨʢʘ 

ʇɽʇɸ ɼɽʊɸ 
ʋʇ-

0633ʄ 
ɸʌ-2 

ɿʦʚʥʽʰʥʽʡ 

ʚʠʛʣʷʜ  

ʄʘʩʣʷʥʠʩʪʘ 

ʨʽʜʠʥʘ ʚʽʜ 

ʩʚʽʪʣʦ-

ʞʦʚʪʦʛʦ ʜʦ 

ʪʝʤʥʦ-

ʙʫʨʦʛʦ 

ɹʝʟʢʦʣʽʨʥʘ 

ʛʽʛʨʦʩʢʦʧʽʯʥʘ 

ʨʽʜʠʥʘ 

ʇʨʦʟʦʨʘ 

ʩʚʽʪʣʦ-

ʞʦʚʪʘ 

ʨʽʜʠʥʘ 

ɺôʷʟʢʘ ʨʽʜʠʥʘ 

ʚʽʜ ʞʦʚʪʦʛʦ 

ʜʦ ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʦʣʴʦʨʫ 

ɻʫʩʪʠʥʘ, ʧʨʠ 

298ʂ, ʛ/cʤ
3
 

1,02 0,96 1,10 1,15 

ʄʘʩʦʚʘ ʜʦʣʷ 

ʘʟʦʪʫ, % 
30, 00 40,70 26,40 14,50 

ɼʠʥʘʤʽʯʥʘ 

ʚôʷʟʢʽʩʪʴ ʧʨʠ 

298ʂ, ʇʘĀʩ 

21,00 20,00 11,60 - 

ʉʪʝʭʽʦʤʝʪʨʠʯʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ 
0,60 0,48 - 1,30 
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2.2 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

 ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʘ ʢʦʤʧʣʝʢʩʥʘ ʤʝʪʦʜʠʢʘ, ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʦʮʽʥʠʪʠ 

ʚʧʣʠʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʢʣʶʯʘʻ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ.  

 ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʤʝʪʦʜʠ ʫʤʦʚʥʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ: 

¶ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ; 

¶ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʮʽʡ; 

¶ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

 

2.2.1 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʪʘ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ 

ɼʣʷ ʦʙʨʘʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʧʨʦʚʦʜʠʣʠʩʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ 

ʟʥʽʤʢʽʚ, ʚʠʢʦʥʘʥʠʭ ʩʢʘʥʫʶʯʠʤ ʝʣʝʢʪʨʦʥʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʤʘʨʢʠ JSM-6390LV 

(ʗʧʦʥʽʷ) ʟ ʧʦʜʘʣʴʰʦʶ ʢʦʤʧôʶʪʝʨʥʦʶ ʦʙʨʦʙʢʦʶ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʄʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ 

ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʈʆʅ-2 ʫ ʤʦʥʦʭʨʦʤʥʦʤʫ Co-KŬ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ 

(ɚ=1.7902A) [165,166]. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʩʧʦʣʫʯʝʥʴ (ʬʘʟ) ʧʨʦʚʦʜʠʣʘʩʴ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ (d, ¡) ʪʘ ʚʽʜʥʦʩʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ   

(I otn-I/I0) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʨʠʚʦʾ ʟʘ ʜʘʥʠʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʢʘʨʪʦʪʝʢʠ 

PCPDFWIN.  

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʨʝʦʣʦʛʽʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɺʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʨʝʦʣʦʛʽʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʦʚʥʶʚʘʯʽʚ ï ʽʩʪʠʥʥʦʾ ʛʫʩʪʠʥʠ ɟ, ʥʘʩʠʧʥʦʾ ʛʫʩʪʠʥʠ ɟʥʘʩ, 
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ʛʫʩʪʠʥʠ ʧʽʩʣʷ ʫʱʽʣʴʥʝʥʥʷ ɟʫ, ʢʦʝʬʽʮʽʻʥʪʘ ʫʧʘʢʦʚʢʠ ʢ, ʦʙôʻʤʫ ʧʫʩʪʦʪ v0, 

ʫʱʽʣʴʥʝʥʦʩʪʽ ű, ʽʥʜʝʢʩʫ ʪʝʨʪʷ ɯ, ʧʦʢʘʟʥʠʢʘ ʢʠʩʣʦʪʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʨʅ (ʨʅ 

ʚʦʜʥʦʾ ʚʠʪʷʞʢʠ) ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʠʢʘʤʠ [167]. ɺʠʟʥʘʯʝʥʥʷ 

ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʤʝʪʦʜʦʤ ɹɽʊ (ɹʨʫʥʘʫʝʨʘ, 

ɽʤʤʝʪʘ ʽ ʊʝʣʣʝʨʘ) [168]. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ 

ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʝʦʨʝʪʠʯʥʠʡ ʤʝʪʦʜ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ: ʨK-ʤʝʪʨʽʷ ʽ        

ʨʅ-ʤʝʪʨʽʷ. 

ʨK-ʤʝʪʨʠʯʥʠʡ ʽʥʜʠʢʘʪʦʨʥʠʡ ʤʝʪʦʜ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʜʩʦʨʙʮʽʾ ʢʦʣʴʦʨʦʚʠʭ 

ʽʥʜʠʢʘʪʦʨʽʚ ɻʘʤʝʪʘ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ [169-171]. ʂʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʟ 

ʧʝʚʥʦʶ ʬʫʥʢʮʽʻʶ ʢʠʩʣʦʪʥʦʩʪʽ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʨʽʟʥʠʮʝʶ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ 

ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʨʦʟʯʠʥʽʚ ʽʥʜʠʢʘʪʦʨʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʘʜʩʦʨʙʮʽʾ. ʄʝʪʦʜ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʤʫ, ʱʦ, ʘʜʩʦʨʙʫʶʯʠʩʴ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʽʥʜʠʢʘʪʦʨ 

ʟʤʽʥʶʻ ʟʘʙʘʨʚʣʝʥʥʷ, ʷʢʝ ʻ ʤʽʨʦʶ ʢʠʩʣʦʪʥʦʩʪʽ (ʦʩʥʦʚʥʦʩʪʽ) ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ. 

ʉʧʦʩʪʝʨʽʛʘʶʯʠ ʟʘ ʟʤʽʥʦʶ ʟʘʙʘʨʚʣʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʚ ʧʝʚʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʟʥʘʯʝʥʴ ʨKa ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʫ ʩʠʣʫ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʾ 

ʨʝʯʦʚʠʥʠ. ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʥʘ ʪʚʝʨʜʽʡ 

ʧʦʚʝʨʭʥʽ ʦʮʽʥʶʚʘʣʘʩʴ ʟʘ ʩʪʫʧʝʥʝʤ ʘʜʩʦʨʙʮʽʾ ʢʦʣʴʦʨʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʟ 

ʨʽʟʥʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʢʠʩʣʦʪʥʦʾ ʜʠʩʦʮʽʘʮʽʾ ʫ ʧʦʣʷʨʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ. 

ʅʝʛʘʪʠʚʥʠʡ ʣʦʛʘʨʠʬʤ ʢʦʥʩʪʘʥʪʠ (pKʘ) ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʠʩʣʦʪʥʽʩʪʴ ʽʥʜʠʢʘʪʦʨʘ. 

ɺʚʘʞʘʣʦʩʴ, ʱʦ ʩʠʣʴʥʽ ʢʠʩʣʦʪʠ (pKʘ ʚʽʜ -0,29 ʜʦ +1,3) ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ 

ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʘʭ ʧʦʚʝʨʭʥʽ (ʣʫʞʥʠʭ), ʩʣʘʙʢʽ (pKʘ ʚʽʜ 

+10,5 ʜʦ +12,8) - ʥʘ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʘʭ (ʢʠʩʣʦʪʥʠʭ). 

ɯʥʜʠʢʘʪʦʨʠ ʟ ʧʨʦʤʽʞʥʠʤ ʟʥʘʯʝʥʥʷʤ (pKʘ ʚʽʜ +3,46 ʜʦ +5,0) ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ 

ʩʣʘʙʢʦ-ʢʠʩʣʦʪʥʠʭ; (ʨKa ʚʽʜ +6,4 ʜʦ +7,4) ʥʘ ʥʝʡʪʨʘʣʴʥʠʭ; (ʨKa ʚʽʜ +8,0 ʜʦ 9,7) 

ʥʘ ʩʣʘʙʢʦ-ʦʩʥʦʚʥʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʘʭ ʧʦʚʝʨʭʥʽ. 
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ʅʘʚʘʞʢʘ ʥʘʧʦʚʥʶʚʘʯʘ ~ 0,2 ʛ ʧʦʤʽʱʘʣʘʩʴ ʫ ʚʦʜʥʠʡ ʘʙʦ ʫ ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʠʡ ʨʦʟʯʠʥ ʽʥʜʠʢʘʪʦʨʘ. ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʽʥʜʠʢʘʪʦʨʘ ʧʽʩʣʷ 

ʘʜʩʦʨʙʮʽʾ ʚʠʟʥʘʯʘʣʘʩʴ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʉʌ-46 ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʨʘʬʽʯʥʦ. ʂʽʣʴʢʽʩʪʴ 

ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

 0

2
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a

DD
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Vcn
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°
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ÖÖ=

, (2.1) 

ʜʝ: n ï ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ, ʤʦʣʴ/ʛ; c ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ 

ʽʥʜʠʢʘʪʦʨʘ, ʤʦʣʴ/ʜʤ
3
; V ï ʦʙôʻʤ ʨʦʟʯʠʥʫ ʽʥʜʠʢʘʪʦʨʘ, ʜʤ

3
; D0, D1, D2 ï ʦʧʪʠʯʥʘ 

ʛʫʩʪʠʥʘ ʭʦʣʦʩʪʦʛʦ ʨʦʟʯʠʥʫ, ʨʦʟʯʠʥʫ ʽʥʜʠʢʘʪʦʨʘ ʜʦ ʽ ʧʽʩʣʷ ʘʜʩʦʨʙʮʽʾ 

ʚʽʜʧʦʚʽʜʥʦ; Ŭ1, Ŭ2 ï ʥʘʚʘʞʢʠ ʥʘʧʦʚʥʶʚʘʯʘ ʫ ʜʦʩʣʽʜʽ ʪʘ ʫ ʭʦʣʦʩʪʽʡ ʧʨʦʙʽ. 

ʅʘʙʽʨ ʽʥʜʠʢʘʪʦʨʽʚ ʜʦʙʠʨʘʚʩʷ ʩʧʝʮʽʘʣʴʥʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʟ ʦʙʦʭ ʙʦʢʽʚ ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʜʘʥʘ ʤʝʪʦʜʠʢʘ ʙʫʣʘ ʫʜʦʩʢʦʥʘʣʝʥʘ ʽ ʜʦʟʚʦʣʷʻ ʦʢʨʽʤ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʽʚ 

ʨʦʟʧʦʜʽʣʫ ʧʦʚʝʨʭʥʝʚʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʟ ʧʝʚʥʦʶ ʬʫʥʢʮʽʻʶ ʢʠʩʣʦʪʥʦʩʪʽ, 

ʚʠʟʥʘʯʠʪʠ ʽʥʪʝʛʨʘʣʴʥʫ (ʟʘʛʘʣʴʥʫ) ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʧʦʚʝʨʭʥʽ. 

ɸʜʩʦʨʙʮʽʷ ʽʥʜʠʢʘʪʦʨʽʚ ʥʘ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʘʭ ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ 

ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

                                                         A = pKa·n,                                               (2.2) 

ʜʝ: A ï ʘʜʩʦʨʙʮʽʷ, ʤʦʣʴ/ʛ; pKa ï ʚʽʜôʻʤʥʠʡ ʣʦʛʘʨʠʬʤ ʢʦʥʩʪʘʥʪʠ ʢʠʩʣʦʪʥʦʾ 

ʜʠʩʦʮʽʘʮʽʾ ʽʥʜʠʢʘʪʦʨʘ; n ï ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ, ʤʦʣʴ/ʛ. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ʚʠʟʥʘʯʘʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ: 

                                                  q = AĀ N / S                                              (2.3) 

ʜʝ: q ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ, 1/ʩʤ
2
; A ï ʘʜʩʦʨʙʮʽʷ, ʤʦʣʴ/ʛ; N ï 

ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ 6,02Ö10
23

 1/ʤʦʣʴ; S ï  ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ, ʩʤ
2
/ʛ. 
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ɼʣʷ ʽʥʪʝʛʨʘʣʴʥʦʾ (ʟʘʛʘʣʴʥʦʾ) ʦʮʽʥʢʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʥʽ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʨʅ-ʤʝʪʨʠʯʥʡ 

ʤʝʪʦʜ. ʇʦʪʝʥʮʽʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʜʥʠʭ ʩʫʩʧʝʥʟʽʡ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟʘ 

ʩʧʦʩʦʙʦʤ ɸ. ʇ. ʅʝʯʠʧʦʨʝʥʢʦ [169] ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

(20-25
0
ʉ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʪʘʪʠʚʥʦʛʦ ʨʅ-ʤʝʪʨʘ ʤʘʨʢʠ SX 711 ʟ ʪʦʯʥʽʩʪʶ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʜʥʝʚʦʛʦ ʧʦʢʘʟʥʠʢʘ Ñ0,001ʨʅ. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʦʨʪʘʪʠʚʥʦʛʦ 

ʨʅ-ʤʝʪʨʘ ʪʘ ʣʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.1. 

 

  

ʘ                                                           ʙ 

ʈʠʩ. 2.1 ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʦʨʪʘʪʠʚʥʦʛʦ ʨʅ-ʤʝʪʨʘ (ʘ) ʪʘ ʣʘʙʦʨʘʪʦʨʥʘ 

ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʙ) 

 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʤʝʪʦʜʠʢʠ, ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ 

ʟʥʘʯʝʥʴ ʨʅʩʫʩʧ. ʟ ʯʘʩʦʤ Ű. ʋ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʫ ʢʦʤʽʨʢʫ ʟʽ ʩʢʣʷʥʠʤ ʽ 

ʭʣʦʨʠʜʩʨʽʙʥʠʤ ʝʣʝʢʪʨʦʜʘʤʠ ʜʦʜʘʚʘʣʦʩʴ 10ʩʤ
3
 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʧʨʦʢʠʧôʷʯʝʥʦʾ 

ʚʦʜʠ ʟ ʨʅ0=6,8-7,0. ʇʽʩʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʩʢʣʷʥʦʛʦ ʝʣʝʢʪʨʦʜʘ (ʯʝʨʝʟ  

2-3 ʭʚʠʣʠʥʠ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʤʘʛʥʽʪʥʦʶ ʤʽʰʘʣʢʦʶ) 

ʜʦʜʘʚʘʣʘʩʴ ʥʘʚʘʞʢʘ ʥʘʧʦʚʥʶʚʘʯʘ ʤʘʩʦʶ (~0,2 ʛ). ʆʜʥʦʯʘʩʥʦ ʚʤʠʢʘʚʩʷ 

ʩʝʢʫʥʜʦʤʽʨ. ɺʠʤʽʨʶʚʘʥʥʷ ʨʅʩʫʩʧ. ʟʜʽʡʩʥʶʚʘʚʩʷ ʯʝʨʝʟ ʢʦʞʥʽ 5 ʩʝʢʫʥʜ ʥʘ 

ʧʨʦʪʷʟʽ ʧʝʨʰʦʾ ʭʚʠʣʠʥʠ ʢʦʥʪʘʢʪʫ ʥʘʧʦʚʥʶʚʘʯʘ ʟ ʚʦʜʦʶ ʽ ʯʝʨʝʟ ʢʦʞʥʫ 
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ʭʚʠʣʠʥʫ ʥʘ ʧʨʦʪʷʟʽ ʥʘʩʪʫʧʥʠʭ 5 ʭʚʠʣʠʥ. ɿ ʧʦʣʦʞʝʥʥʷ ʝʢʩʪʨʝʤʫʤʽʚ ʥʘ 

ʧʦʙʫʜʦʚʘʥʦʤʫ ʛʨʘʬʽʢʫ ʟʘʣʝʞʥʦʩʪʽ ʨʅʩʫʩʧ. = f (Ű) ʦʮʽʥʶʚʘʣʘʩʴ ʤʠʪʪʻʚʘ 

ʧʦʚʝʨʭʥʝʚʘ ʨʝʘʢʮʽʷ, ʷʢʘ ʚʢʘʟʫʻ ʥʘ ʪʠʧ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ, ʱʦ ʧʝʨʝʚʘʞʘʶʪʴ ʥʘ 

ʧʦʚʝʨʭʥʽ. ʊʘʢʦʞ ʟʘ ʛʨʘʬʽʢʦʤ ʚʩʪʘʥʦʚʣʶʚʘʣʦʩʴ ʟʥʘʯʝʥʥʷ ʨʅʩʫʩʧ ʚ ʩʪʘʥʽ 

ʭʽʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʨʅ
ʨ
ʩʫʩʧ. ɿʥʘʯʝʥʥʷ ʨʅɯɯʊ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

                                   ʨʅɯɯʊ = ʨʅ0 + (ʨʅ
ʨ
ʩʫʩʧ ï ʨʅ0) Ā (ʨʅ0 ï 6)                       (2.4) 

ʇʨʠ ʮʴʦʤʫ ʨʘʭʫʚʘʣʦʩʴ, ʱʦ ʨʂʘ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ, ʷʢʽ ʧʝʨʝʚʘʞʘʶʪʴ, 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʨʅ
ʨ
ʩʫʩʧ  ī ʨʅɯɯʊ. 

 

2.2.2 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʪʚʝʨʜʽʥʥʷ ʢʦʤʧʦʟʠʮʽʡ 

ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦʾ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʜʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʚʠʟʥʘʯʘʣʠʩʴ ʜʽʝʣʝʢʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. ɼʽʝʣʝʢʪʨʠʯʥʠʡ ʤʝʪʦʜ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʝʻʩʪʨʘʮʽʾ ʟʤʽʥʠ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʥʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ rv 

ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ ʽ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʟʘ ʟʨʦʩʪʘʥʥʷʤ ʮʽʻʾ ʚʝʣʠʯʠʥʠ [172]. 

ʂʦʥʩʪʨʫʢʮʽʶ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʢʦʤʽʨʢʠ ʦʧʠʩʘʥʦ ʫ ʨʦʙʦʪʽ [173]. ɺ ʧʨʦʮʝʩʽ 

ʚʠʤʽʨʶʚʘʥʥʷ rv ʥʘʧʨʫʛʘ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʩʪʘʥʦʚʠʣʘ 105 ɺ. ʅʘʚʘʞʢʫ 

ʦʣʽʛʦʤʝʨʫ 2,5-3 ʛ ʽ ʚʽʜʧʦʚʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʪʚʝʨʜʥʠʢʘ ʚʠʪʨʠʤʫʚʘʣʠ ʚ ʦʢʨʝʤʠʭ 

ʢʶʚʝʪʘʭ ʫ ʪʝʨʤʦʩʪʘʪʽ. ʇʦʪʽʤ ʢʦʤʧʦʥʝʥʪʠ ʟʤʽʰʫʚʘʣʠʩʴ, ʦʪʨʠʤʘʥʘ ʢʦʤʧʦʟʠʮʽʷ 

ʧʦʤʽʱʘʣʘʩʴ ʫ ʢʦʤʽʨʢʫ, ʷʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ ʧʽʜʪʨʠʤʫʻ ʟʘʜʘʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ. ʈʦʟʨʘʭʫʥʦʢ rv ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
BSR a /Ö= nnr , (2.5) 

ʜʝ Rv ï ʚʠʤʽʨʶʚʘʥʠʡ ʪʝʨʤʦʤʝʪʨʦʤ ʦʧʽʨ, ʆʤÖʤ; Sa ï ʢʦʥʪʘʢʪʥʘ ʧʦʚʝʨʭʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʫ, ʤ
2
; B ï ʪʦʚʱʠʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ, ʱʦ 

ʜʦʨʽʚʥʶʻ ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʠʩʦʢʦʚʦʣʴʪʥʠʤ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʝʣʝʢʪʨʦʜʘʤʠ, ʤ. 

ʐʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʦʮʽʥʶʚʘʣʘʩʴ ʟʘ ʚʝʣʠʯʠʥʦʶ: 
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( )( )0 0lg / lg lg /v r t tr t r rD D = - -

, (2.6) 

ʜʝ r0 ʽ rr ï ʧʠʪʦʤʠʡ ʦʙôʻʤʥʠʡ ʦʧʽʨ ʟʨʘʟʢʘ ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t0 ʽ 

ʧʨʦʪʷʛʦʤ ʧʨʦʮʝʩʫ t. 

ɽʬʝʢʪʠʚʥʘ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʚôʷʟʢʦʾ ʪʝʯʽʾ (ɽʘ), ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

303-313 ʂ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʨʽʚʥʷʥʥʷʤ ɸʨʨʝʥʽʫʩʘ: 

                                                   ö
÷

õ
æ
ç

å-
ÖA=

RT

Ea

exph  ,           (2.7) 

ʜʝ ɽʘ ï ʝʬʝʢʪʠʚʥʘ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʚôʷʟʢʦʾ ʪʝʯʽʾ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ; ɸ ï ʢʦʥʩʪʘʥʪʘ, R ï ʛʘʟʦʚʘ ʧʦʩʪʽʡʥʘ, ʊ ï 

ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʦʣʦʛʽʯʥʠʭ ʽ ʨʝʦʢʽʥʝʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʮʽʡ 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚôʷʟʢʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡ (ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ), ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʽ ʚ ʧʨʦʮʝʩʽ ʪʚʝʨʜʽʥʥʷ (ʨʝʦʢʽʥʝʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ), ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʨʦʪʘʮʽʡʥʠʡ ʚʽʩʢʦʟʠʤʝʪʨ ʤʘʨʢʠ Rheotest RV2.1 (RHEOTEST Messgerate 

Medingen Gmbh, ɻʝʨʤʘʥʽʷ) ʟ ʨʦʙʦʯʠʤ ʚʫʟʣʦʤ ʮʠʣʽʥʜʨ ī ʮʠʣʽʥʜʨ. ʋ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʮʠʣʽʥʜʨ ʅ, ʜʣʷ ʨʝʦʢʽʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ï ʩʪʫʧʽʥʴ ʯʠʩʣʘ ʦʙʦʨʦʪʽʚ ʩʢʣʘʣʘ 6b, ʜʣʷ ʩʫʤʽʰʝʡ ʙʝʟ ʪʚʝʨʜʥʠʢʘ ï ʦʙʨʘʥʽ 

ʩʪʫʧʝʥʽ 1b-10b; ʯʠʩʣʦ ʦʙʦʨʦʪʽʚ ʮʠʣʽʥʜʨʘ ʩʢʣʘʜʘʣʦ 2,7 ʩ
-1
, ʢʦʥʩʪʘʥʪʘ ʮʠʣʽʥʜʨʘ 

ï 30,3 ʇʘ (ʜʣʷ ʦʣʽʛʦʤʝʨʥʠʭ ʩʠʩʪʝʤ) ʪʘ 299,3 ʇʘ (ʜʣʷ ʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟ 

ʪʚʝʨʜʥʠʢʦʤ). ʂʨʠʚʽ ʪʝʯʽʾ ʢʦʤʧʦʟʠʮʽʡ ʚʠʤʽʨʶʚʘʣʠʩʴ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʤʝʪʦʜʠʢʠ, 17 ʛ ʢʦʤʧʦʟʠʮʽʾ ʚʠʪʨʠʤʫʚʘʣʦʩʴ ʧʨʠ 

ʧʝʚʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ ʫ ʮʠʣʽʥʜʨʠʯʥʽʡ ʚʠʤʽʨʶʚʘʣʴʥʽʡ 

ʢʦʤʽʨʮʽ. ʇʨʠ ʟʘʜʘʥʦʤʫ ʯʠʩʣʽ ʦʙʦʨʦʪʽʚ ʮʠʣʽʥʜʨʘ ʟʘʧʠʩʫʚʘʣʠʩʴ ʟʥʘʯʝʥʥʷ ʰʢʘʣʠ 

ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʧʨʠʣʘʜʫ. ʈʦʟʨʘʭʫʥʦʢ ʨʝʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʚʦʜʠʚʩʷ ʟʘ 

ʬʦʨʤʫʣʘʤʠ: 

 lt Ö=z , (2.8) 
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ʜʝ: Ű ï ʜʦʪʠʯʥʘ ʥʘʧʨʫʛʘ, ʇʘ; z ï ʢʦʥʩʪʘʥʪʘ ʮʠʣʠʥʜʨʘ; l ï ʟʥʘʯʝʥʥʷ ʰʢʘʣʠ 

ʧʨʠʣʘʜʫ. 

ʇʘʜʽʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚ ʢʽʣʴʮʝʧʦʜʽʙʥʦʤʫ ʟʘʟʦʨʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʛʨʘʜʽʻʥʪ 

ʥʘʧʨʫʛʠ ʥʘ ʟʨʽʟ (ʰʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ)
r

D . ɻʨʘʜʽʻʥʪ ʥʘʧʨʫʛʠ ʥʘ ʟʨʽʟ ʫʢʘʟʘʥʠʡ 

ʫ ʧʘʩʧʦʨʪʽ ʧʨʠʣʘʜʫ ʜʣʷ ʯʘʩʪʦʪʠ 
c
u=50 ɻʮ. ʇʨʠ ʚʽʜʭʠʣʝʥʥʽ ʯʘʩʪʦʪʠ ʚʽʜ ʮʴʦʛʦ 

ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʴ ʢʦʨʠʛʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 50

cr

rk

D
D

nÖ
=

, (2.9) 

ʜʝ: 
rk

D  ï ʢʦʨʠʛʦʚʘʥʠʡ ʛʨʘʜʽʻʥʪ ʥʘʧʨʫʛʠ ʥʘ ʟʨʽʟ, ʩ
-1
; 

r
D  ï ʛʨʘʜʽʻʥʪ ʥʘʧʨʫʛʠ ʥʘ 

ʟʨʽʟ ʟʘ ʧʘʩʧʦʨʪʦʤ, ʩ
-1
; 

c
u ï ʯʘʩʪʦʪʘ, ɻʮ. 

ɿ ʚʠʤʽʨʷʥʦʾ ʜʦʪʠʯʥʦʾ ʥʘʧʨʫʛʠ t ʽ ʛʨʘʜʽʻʥʪʘ ʥʘʧʨʫʛʠ ʥʘ ʟʨʽʟ 
rk

D

ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ h: 

 

 rkD

t
h=

, (2.10) 

ʜʝ: h ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ, ʇʘÖʩ; t ï ʜʦʪʠʯʥʘ ʥʘʧʨʫʛʘ, ʇʘ; 
rk

D ï ʛʨʘʜʽʻʥʪ 

ʥʘʧʨʫʛʠ ʥʘ ʟʨʽʟ, ʩ
-1
. 

ʋ ʚʠʧʘʜʢʫ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ ʟʘ ʬʦʨʤʫʣʦʶ (2.10) ʦʜʝʨʞʫʚʘʣʘʩʴ 

çʫʷʚʥʘ ʚôʷʟʢʽʩʪʴè ʨʝʯʦʚʠʥʠ. 

ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡ 

ɾʠʪʪʻʟʜʘʪʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡ ʦʮʽʥʶʚʘʣʘʩʴ ʟʘ ʟʤʽʥʦʶ ʚ'ʷʟʢʦʩʪʽ ʜʦ 

ʤʦʤʝʥʪʫ ʧʦʷʚʠ ʧʦʣʽʤʝʨʥʠʭ ʥʠʪʦʢ ʟʘ ʧʝʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ).  

 

2.2.3 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʄʝʪʦʜ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʦʥʩʠʩʪʦʤʝʪʨʽ ʍʝʧʣʝʨʘ 

ʦʜʥʦʦʩʴʦʚʠʤ ʩʪʠʩʢʦʤ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 50H. ʐʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ ï 1,5-2Áʉ/ʭʚ. 
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ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʥʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʨʘʟʢʘʭ ʜʽʘʤʝʪʨʦʤ ʽ ʚʠʩʦʪʦʶ 

10 ʤʤ. ɺʠʤʽʨʶʚʘʣʘʩʴ ʜʝʬʦʨʤʘʮʽʷ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʘ. ɿʘ 

ʜʘʥʠʤʠ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʘʣʠʩʴ ʨʽʚʥʦʚʘʞʥʠʡ ʤʦʜʫʣʴ 

ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʩʪʽ (ɽÐ) ʽ ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʬʨʘʛʤʝʥʪʘ ʣʘʥʮʶʛʘ ʤʽʞ ʚʫʟʣʘʤʠ 

ʩʽʪʢʠ (ʄʩ) ʟʘ ʩʧʦʩʦʙʦʤ [174]. ʇʨʠ ʮʴʦʤʫ ʟʥʽʤʘʣʠʩʴ ʪʝʨʤʦʤʝʭʘʥʽʯʥʽ ʢʨʠʚʽ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʷʚʣʝʥʥʷ ʧʣʘʪʦ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ, ʽ ʚʠʟʥʘʯʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʭʦʜʫ ʟʨʘʟʢʘ ʫ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʠʡ 

ʩʪʘʥ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ 20 Áʉ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʭʦʜʫ ʫ 

ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʠʡ ʩʪʘʥ ʟʨʘʟʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ 

ʪʝʨʤʦʩʪʘʪʫʚʘʚʩʷ 20-30 ʭʚʠʣʠʥ ʽ ʜʘʣʽ ʧʨʠʢʣʘʜʘʣʦʩʴ ʥʘʚʘʥʪʘʞʝʥʥʷ 30-60 H. 

ɿʥʽʤʘʣʠʩʴ ʚʽʜʧʦʚʽʜʥʽ ʧʨʠʢʣʘʜʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʝʣʠʯʠʥʠ 

ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʽ ʥʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʜʫʚʘʣʠʩʴ 

ʟʘʣʝʞʥʦʩʪʽ ()es f= , ʜʝ ů ï  ʥʘʧʨʫʛʘ, Ů ï ʚʽʜʥʦʩʥʘ ʜʝʬʦʨʤʘʮʽʷ: 

 F

P
=s

, (2.11) 

ʜʝ: ʈ ï ʥʘʚʘʥʪʘʞʝʥʥʷ, H; F ï ʧʣʦʱʘ ʟʨʘʟʢʘ, ʤ
2
; ů ï ʥʘʧʨʫʛʘ, ʄʇʘ. 

ʄʦʜʫʣʴ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

100E
s

e
¤

¤

= Ö

, (2.12) 

ʜʝ: ɽÐ ï ʨʽʚʥʦʚʘʞʥʠʡ ʤʦʜʫʣʴ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʩʪʽ, ʄʇʘ; ů ï ʥʘʧʨʫʛʘ, ʄʇʘ;   

ŮÐ ï ʚʝʣʠʯʠʥʘ ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʫ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʤʫ ʩʪʘʥʽ, %. 

ʄʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʬʨʘʛʤʝʥʪʘ ʣʘʥʮʶʛʘ ʤʽʞ ʚʫʟʣʘʤʠ ʩʽʪʢʠ 
c

M , ʛ/ʤʦʣʴ 

ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʟʘ ʨʽʚʥʷʥʥʷʤ ʋʦʣʣʘ: 

 ¤

=
E

RT
M c

nr ʚʠʩ3

, (2.13) 

ʜʝ: ɟï ʛʫʩʪʠʥʘ ʧʦʣʽʤʝʨʫ, ʛ/ʤ
3
; R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, ɼʞ/ʤʦʣʴÖʂ;     

ʊʚʠʩ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʭʦʜʫ ʫ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʠʡ ʩʪʘʥ, ʂ; ɡ ï ʩʪʨʫʢʪʫʨʥʠʡ 
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ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʽ ʪʦʧʦʣʦʛʽʾ ʩʽʪʢʠ; ɽÐ  ï ʨʽʚʥʦʚʘʞʥʠʡ 

ʤʦʜʫʣʴ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʩʪʽ, ʄʇʘ. 

ʊʝʨʤʽʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʊʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ 

ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʘʥʘʣʽʟʘʪʦʨʘ ʤʘʨʢʠ SDT Q600 ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʦʤʧʘʥʽʾ ʊɸ ɯnstruments (Cʐɸ), ʷʢʠʡ ʧʦʻʜʥʫʻ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʡ (ʊɻ), 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ (ɼʊɸ) ʪʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʫ ʩʢʘʥʫʶʯʫ 

ʢʘʣʦʨʠʤʝʪʨʽʶ (ɼʉʂ). ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʠʣʘʜʫ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 2.2.  

 

 

 

ʈʠʩ. 2.2. ʊʝʨʤʦʘʥʘʣʽʟʘʪʦʨ ʤʘʨʢʠ SDT Q600 

 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʘʥʘʣʽʟʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 2.4. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

20ī900
0
ʉ ʟʽ ʰʚʠʜʢʽʩʪʶ ʟʨʦʩʪʘʥʥʷ 5

0
ʉ/ʭʚ. ʄʘʩʘ ʟʨʘʟʢʽʚ ʩʪʘʥʦʚʠʣʘ 1,5ī4 ʤʛ. 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʽʥʪʝʨʚʘʣʠ ʩʪʘʜʽʡ ʨʦʟʢʣʘʜʫ ʦʮʽʥʶʚʘʣʠʩʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʶ 

ʢʨʠʚʦʶ ʚʪʨʘʪʠ ʤʘʩʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʢʣʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʊʩ) [175].  
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ʊʘʙʣʠʮʷ 2.4 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʘʥʘʣʽʟʘʪʦʨʘ SDT Q600 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʥʷ 

ɼʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ +20é+1500ÁC 

ʂʘʣʽʙʨʫʚʘʥʥʷ ʰʢʘʣʠ ʪʝʤʧʝʨʘʪʫʨ ʄʝʪʘʣʽʯʥʽ ʩʪʘʥʜʘʨʪʠ (ʦʪ 1 ʜʦ 5 ʪʦʯʦʢ) 

ʐʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ ï ʜʦ 1000ÁC ʆʪ 0.1 ʜʦ 100ÁC/ʭʚ 

ʐʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ ï ʚʽʜ 1000 ʜʦ 1500ÁC ʆʪ 0.1 ʜʦ 25ÁC/ʭʚ 

ʆʭʦʣʦʜʞʝʥʥʷ ʧʝʯʽ 
ʇʨʠʤʫʩʦʚʝ ʧʦʚʽʪʨʷʥʝ;  

ʚʽʜ 1500 ʜʦ 50ÁC ʟʘ < 30 ʤʠʥ 

ʂʦʥʩʪʨʫʢʮʽʷ ʚʘʛ ɼʚʦʧʨʦʤʝʥʝʚʽ, ʛʦʨʠʟʦʥʪʘʣʴʥʽ 

ʄʘʩʘ ʟʨʘʟʢʘ ʜʦ 200 ʤʛ (350 ʤʛ ʨʘʟʦʤ ʟ ʯʘʰʢʦʶ) 

ʏʫʪʣʠʚʽʩʪʴ ʚʘʛ 0.1 ʤʢʛ 

ʂʘʣʦʨʠʤʝʪʨʠʯʥʘ ʪʦʯʥʽʩʪʴ/ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ Ñ2% (ʟʘ ʤʝʪʘʣʽʯʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ) 

ʏʫʪʣʠʚʽʩʪʴ ɼʊɸ ±0.001°C 

ʊʝʨʤʦʧʘʨʠ Pt/Pt-Rh (ʪʠʧ R) 

ɺʘʢʫʫʤ ʜʦ 7 ʇʘ (0.05 ʪʦʨ) 

ʊʠʛʣʽ 

 

ʇʣʘʪʠʥʦʚʽ: 40 ʤʢʣ, 110 ʤʢʣ 

ʂʝʨʘʤʽʯʥʽ (Al2O3): 40 ʤʢʣ, 90 ʤʢʣ 

 

 

ʄʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʫʧʝʥʷ ʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ 

ʉʪʫʧʽʥʴ ʪʚʝʨʜʽʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʚʝʣʠʯʠʥʦʶ ʛʝʣʴ-ʬʨʘʢʮʽʾ. 

ɽʢʩʪʨʘʛʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʤʘʩʦʶ 0,2-0,4 ʛ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʘʮʝʪʦʥʽ ʧʨʦʪʷʛʦʤ ʯʘʩʫ 

ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ. ʏʘʩʪʢʘ ʥʝʟʘʪʚʝʨʜʽʣʦʾ ʯʘʩʪʠʥʠ ʧʦʣʽʤʝʨʫ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ 

ʬʦʨʤʫʣʦʶ: 
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100

A B
x

A

-
= Ö

, (2.14) 

ʜʝ A ï ʤʘʩʘ ʧʦʣʽʤʝʨʫ ʜʦ ʝʢʩʪʨʘʢʮʽʾ; B ï ʤʘʩʘ ʧʦʣʽʤʝʨʫ ʧʽʩʣʷ ʝʢʩʪʨʘʢʮʽʾ; ʭ ï 

ʜʦʣʷ ʨʦʟʯʠʥʝʥʦʾ ʯʘʩʪʢʠ, %. 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʟʥʘʯʘʣʘʩʴ ʚʽʣʴʥʘ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ (ɺʇɽ) ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ. ʋ ʪʝʧʝʨʽʰʥʽʡ 

ʯʘʩ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʧʨʷʤʽ ʤʝʪʦʜʠ ʦʙʯʠʩʣʝʥʥʷ ɺʇɽ ʪʚʝʨʜʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ 

ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʝʩʪʦʚʠʤʠ ʨʽʜʠʥʘʤʠ ʟ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ɺʇɽ ʧʦʣʽʤʝʨʽʚ ʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʌʦʫʢʩʘ, ʆʫʝʥʩʘ-ɺʝʥʜʪʘ ʪʘ ɺʘʥ ʆʩʩʘ-ʏʦʜʝʨʽ-ɻʫʜʘ 

(ɺʆʏɻ) [176-180]. ʇʝʨʰʽ ʜʚʘ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʫ ɺʇɽ ʪʘ 

ʜʠʩʧʝʨʩʽʡʥʫ (ʃʽʬʰʠʮʷ ï ɺʘʥ ʜʝʨ ɺʘʘʣʴʩʘ) ʽ ʧʦʣʷʨʥʫ (ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʫ) 

ʩʢʣʘʜʦʚʽ. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʚʽ ʪʝʩʪʦʚʽ ʨʽʜʠʥʠ ʟ ʨʽʟʥʦʶ ʧʦʣʷʨʥʽʩʪʶ 

[180]. ʄʝʪʦʜʦʤ ɺʆʏɻ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʴʦʭ ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ ʟ ʨʽʟʥʦʶ 

ʬʫʥʢʮʽʻʶ ʢʠʩʣʦʪʥʦʩʪʽ, ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʢʠʩʣʦʪʥʦʾ 

(ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʾ) ʪʘ ʣʫʞʥʦʾ (ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʾ) ʧʦʣʷʨʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ɺʇɽ ʢʦʤʧʦʥʝʥʪʽʚ [181].  

ʂʨʘʡʦʚʽ ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚʠʟʥʘʯʘʣʠʩʴ ʤʝʪʦʜʦʤ ʣʝʞʘʯʦʾ ʢʨʘʧʣʽ 

ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20Ñ5Üʉ. ʆʙʨʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʥʘʡʙʽʣʴʰʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ [182]. ʋ 

ʷʢʦʩʪʽ ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ, ʬʦʨʤʘʤʽʜ ʽ Ŭ-

ʙʨʦʤʥʘʬʪʘʣʽʥ. ɽʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.5. 

ʊʘʙʣʠʮʷ 2.5 

ʂʦʤʧʦʥʝʥʪʠ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ (ʥʘʪʷʛʫ) ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ (ʤɼʞ/ʤ
2
) 

ʊʝʩʪʦʚʘ ʨʽʜʠʥʘ ɔl ɔl
d
 ɔl

ʨ
 ɔl

a
 ɔl

b
 

ɼʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ 

(ɼɺ) 
72,8 21,8 51,0 25,5 25,5 

ʌʦʨʤʘʤʽʜ (ʌɸ) 58,0 39,0 19,0 2,3 39,6 

Ŭ-ʙʨʦʤʥʘʬʪʘʣʽʥ (ɹʅ) 44,6 44,6 0,0 0,0 0,0 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ, ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʘʨʘʣʝʣʴʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 10ī15 ʢʨʘʧʝʣʴ. ʂʨʘʧʣʽ 

ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʧʦʧʝʨʝʜʥʴʦ ʦʙʝʟʞʠʨʝʥʫ ʧʦʩʣʽʜʦʚʥʦ ʙʝʥʟʠʥʦʤ 

ʪʘ ʘʮʝʪʦʥʦʤ ʧʦʚʝʨʭʥʶ. ɺʠʟʥʘʯʘʣʠʩʴ ʨʽʚʥʦʚʘʞʥʽ ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ, ʷʢʽ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʴ ʜʣʷ ʚʦʜʠ ï ʯʝʨʝʟ 10, ʜʣʷ ʬʦʨʤʘʤʽʜʫ ï ʯʝʨʝʟ 120 ʽ ʜʣʷ Ŭ-ʙʨʦʤ 

ʥʘʬʪʘʣʽʥʫ ï ʯʝʨʝʟ 30 ʩʝʢʫʥʜ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ. ʋ ʷʢʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʚʠʢʦʨʠʩʪʘʥʽ ʝʧʦʢʩʠʜʥʽ ʧʦʢʨʠʪʪʷ ʪʦʚʱʠʥʦʶ 1ï1,5 ʤʤ ʥʘ ʩʪʘʣʝʚʠʭ ʧʣʘʩʪʠʥʢʘʭ. 

ʈʦʟʨʘʭʫʥʦʢ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ, ɺʇɽ ʪʘ ʢʦʤʧʦʥʝʥʪʽʚ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʴ (ɸʉɺ). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɸʉɺ, ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ 

ʧʦʚʝʨʭʥʽ ʩʪʘʣʽ ʽ ʩʢʣʘ. 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ ʪʘ ʾʾ 

ʩʢʣʘʜʦʚʠʤʠ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ ʟ ʧʦʚʽʪʨʷʤ. ɺʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ (ɔs), ʾʾ ʩʢʣʘʜʦʚʠʭ ï 

ʜʠʩʧʝʨʩʽʡʥʦʾ (ɔs
d
) ʽ ʧʦʣʷʨʥʦʾ (ɔs

ʨ
), ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʠʧʫ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʟʚôʷʟʢʽʚ, ʻ ʚʘʞʣʠʚʦʶ ʣʘʥʢʦʶ ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʙʦʨʫ ʢʦʤʧʦʥʝʥʪʽʚ. ʇʦʣʷʨʥʘ ʩʢʣʘʜʦʚʘ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʢʠʩʣʦʪʥʫ (ɔs
ʘ
) ʪʘ 

ʦʩʥʦʚʥʫ (ɔs
b
) ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʢʠʩʣʦʪʥʠʡ ʘʙʦ 

ʣʫʞʥʠʡ ʭʘʨʘʢʪʝʨ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ. ɺʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ɺʇɽ ʚʠʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʘʤʠ: 

                                              ɔs = ɔs
d
 + ɔs

ʨ
 ,                                              (2.15) 

                                      ɔs
ʨ
 = 2 Ā ( ɔs

ʘ
 )

1/2
 Ā ( ɔs

b
 )

1/2
                                   (2.16) 

                                    ɔs = ɔs
d
 + 2 Ā ( ɔs

ʘ
 )

1/2
 Ā ( ɔs

b
 )

1/2
                              (2.17) 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ (Ū) ʚʠʢʦʥʫʚʘʚʩʷ 

ʨʦʟʨʘʭʫʥʦʢ ʧʦʚʥʦʾ ɺʇɽ ʪʘ ʩʢʣʘʜʦʚʠʭ ʤʝʪʦʜʦʤ ɺʆʏɻ. ɼʣʷ ʮʴʦʛʦ 

ʨʦʟʚôʷʟʫʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ [177]: 

ɔl1 Ā  (1 + cos Ū1) = 2 Ā [(ɔs
d
 Ā ɔl1

d
)
1/2

 + (ɔs
a
 Ā ɔl1

b
)
1/2

 + (ɔs
b
 Ā ɔl1

a
)
1/2

] , 

      ɔl2 Ā  (1 + cos Ū2) = 2 Ā [(ɔs
d
 Ā ɔl2

d
)
1/2

 + (ɔs
a
 Ā ɔl2

b
)
1/2

 + (ɔs
b
 Ā ɔl2

a
)
1/2

] ,    (2.18) 

ɔl3 Ā  (1 + cos Ū3) = 2 Ā [(ɔs
d
 Ā ɔl3

d
)
1/2

 + (ɔs
a
 Ā ɔl3

b
)
1/2

 + (ɔs
b
 Ā ɔl3

a
)
1/2

] , 
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ʜʝ ɔl1 , ɔl2 , ɔl3 ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ, ʤɼʞ/ʤ
2 
; ɔl1

d
 , ɔl2

d
 , ɔl3

d
 ï 

ʜʠʩʧʝʨʩʽʡʥʽ ʩʢʣʘʜʦʚʽ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ (ʥʘʪʷʛʫ) ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ, ʤɼʞ/ʤ
2
 ;  

ɔl1
a
 , ɔl2

a
 , ɔl3

a
 ï ʢʠʩʣʦʪʥʠʡ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ 

(ʥʘʪʷʛʫ) ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ, ʤɼʞ/ʤ
2
 ; ɔl1

b
 , ɔl2

b
 , ɔl3

b
 ï ʦʩʥʦʚʥʠʡ ʢʦʤʧʦʥʝʥʪ 

ʧʦʣʷʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ (ʥʘʪʷʛʫ) ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ, ʤɼʞ/ʤ
2
. 

ʄʝʪʦʜ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ (ʄʄɺ) ʪʘ 

ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ (ʄʌɺ) ʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ɿ ʨʦʟʚʠʪʢʦʤ ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʽʚ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟôʷʚʠʣʘʩʴ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʟʘʻʤʥʫ 

ʦʨʽʻʥʪʘʮʽʶ ʤʦʣʝʢʫʣ ʫ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʜʽʣʫ ʬʘʟ. 

ʋ ʨʘʤʢʘʭ ʮʠʭ ʧʨʦʛʨʘʤ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ, ʢʽʥʝʪʠʯʥʽ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʄʄɺ ʪʘ ʄʌɺ, ʷʢʽ 

ʥʘʜʘʶʪʴ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʨʠʨʦʜʫ ʚʟʘʻʤʦʜʽʡ ʫ ʨʽʟʥʠʭ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

[183,184]. ɼʦʩʣʽʜʞʝʥʥʷ ʄʄɺ ʪʘ ʄʌɺ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʘ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʩʠʩʪʝʤ 

HyperChem. ʋ ʜʘʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʰʠʨʦʢʦ ʚʽʜʦʤʽ 

ʝʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʝʭʘʥʽʢʠ, ʘ ʪʘʢʦʞ ʥʝʝʤʧʽʨʠʯʥʽ ʪʘ 

ʥʘʧʽʚʝʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʦʙʨʘʥʠʡ ʤʝʪʦʜ 

ʥʘʧʽʚʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʈʄ3, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʥʘʡʢʨʘʱʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʚʝʣʠʢʠʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʦʜʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʽ ʩʪʨʫʢʪʫʨʠ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʝʧʦʢʩʠʜʥʦʤʫ ʟʚôʷʟʫʶʯʦʤʫ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ, ʘ ʪʘʢʦʞ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ 

ʚʭʦʜʷʪʴ ʫ ʢʦʤʧʦʟʠʮʽʶ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʩʠʩʪʝʤ HyperChem ʩʪʚʦʨʝʥʽ ʪʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ 

ʢʦʤʧʣʝʢʩʽʚ ʝʧʦʢʩʠʜʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ ʟ ʤʦʜʽʬʠʢʫʶʯʠʤʠ ʜʦʙʘʚʢʘʤʠ.  

ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ HyperChem ʟ ʚʽʢʥʦʤ ʤʝʥʶ ʬʫʥʢʮʽʡ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.2.3. 
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ʈʠʩ. 2.3 ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ HyperChem 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʧʦʣʫʢ ʚʠʟʥʘʯʝʥʽ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: ʤʽʞʤʦʣʝʢʫʣʷʨʥʘ 

ʚʽʜʩʪʘʥʴ, ʝʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ, ʘ ʪʘʢʦʞ ʜʠʧʦʣʴʥʽ ʤʦʤʝʥʪʠ. 

ʉʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʉʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.6. 

ʊʘʙʣʠʮ ̫2.6 

ʄʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ 

ʇʦʢʘʟʥʠʢ ʉʪʘʥʜʘʨʪ 

ʈʫʡʥʽʚʥʘ ʥʘʧʨʫʛʘ ʧʨʠ ʚʠʛʠʥʽ ʟʘ ɼʠʥʩʪʘʪʦʤ ɻʆʉʊ 17036-71 

ʋʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ ʟʘ ɼʠʥʩʪʘʪʦʤ ɻʆʉʊ 4647-80 

ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ ɻʆʉʊ 11012-69 

ɺʦʜʦʧʦʛʣʠʥʝʥʥʷ 4650-80 

ʉʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ ʭʽʤʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ 12020-72 

ɸʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʚʽʜʨʠʚʽ 14760-69 

ɺʦʛʥʝʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

12.1.044-89 

10456-80 

16363-98 
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ʄʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʩʢʣʘʜʫ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʦʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ (ʇʌɽ). 

ʆʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʢʦʤʧʦʟʠʮʽʡ ʦʮʽʥʶʚʘʚʩʷ ʟʥʘʯʝʥʥʷʤ ʙʫʜʴ-ʷʢʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʫ ʙʫʣʦ ʦʙʨʘʥʦ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ (ʚʽʜʛʫʢʫ) [185, 

186]. ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʪʘ ʘʥʘʣʽʟʽ ʬʫʥʢʮʽʾ ʚʽʜ 

ʥʘʩʪʫʧʥʠʭ ʬʘʢʪʦʨʽʚ ï ʢʽʣʴʢʦʩʪʽ ʪʘ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʢʦʤʧʦʥʝʥʪʽʚ: 

 y = f (CA, CB), (2.19) 

ʜʝ y ï ʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʧʦʣʽʤʝʨʘ; CA, CB ï ʚʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʚ 

ʢʦʤʧʦʟʠʮʽʾ.  

ʈʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ. ʇʨʦʛʨʘʤʘ ʜʦʟʚʦʣʠʣʘ ʦʪʨʠʤʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ 

ʷʢ ʚ ʢʦʜʦʚʘʥʠʭ, ʪʘʢ ʽ ʚ ʨʝʘʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʟʥʘʯʠʤʦʩʪʽ 

ʦʪʨʠʤʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʜʠʩʧʝʨʩʽʾ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ. 

ʆʪʨʠʤʘʥʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʙʘʟʠ ʜʘʥʠʭ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʧʨʦʛʨʘʤʠ çʂʦʤʧʦʟʠʪè, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʢʦʤʧʦʟʠʮʽʾ ʪʘ ʤʘʪʝʨʽʘʣʠ ʟ 

ʟʘʜʘʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʤʝʪʦʜʦʤ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʨʦʟʨʘʭʫʥʦʢ ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

 

2.3 ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ï ʮʝ ʚʣʘʩʪʠʚʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙôʻʢʪʠʚʥʦ 

ʚʽʜʦʙʨʘʞʘʪʠ ʬʘʢʪʠʯʥʫ ʧʦʚʝʜʽʥʢʫ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʪʨʠ ʛʨʫʧʠ 



85 
 

ʤʝʪʦʜʽʚ: ʘʥʘʣʽʪʠʯʥʽ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʘʢʪʠʢʦʶ 

[187,188]. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ: ʚʨʘʭʫʚʘʥʥʷʤ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʯʠʥʥʠʢʽʚ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʥʘʫʢʦʚʦʛʦ ʟʘʚʜʘʥʥʷ; ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʩʪʦʚʽʨʥʠʭ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ; ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʚʠʙʦʨʦʤ ʦʩʥʦʚʥʠʭ ʜʦʧʫʱʝʥʴ ʽ ʦʙʤʝʞʝʥʴ; 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ; ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʚʠʙʦʨʦʤ 

ʧʦʢʘʟʥʠʢʽʚ, ʢʨʠʪʝʨʽʾʚ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʫʢʦʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ: ʟʙʽʛʦʤ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ; ʩʭʦʞʽʩʪʶ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʽʩʥʫʶʯʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ; 

ʦʪʨʠʤʘʥʥʷʤ ʽʟ ʨʦʟʨʦʙʣʝʥʠʭ ʟʘʛʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʦʤʠʭ 

ʧʨʦʤʽʞʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ; ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. ɺ ʮʽʣʦʤʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʩʪʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ 

ʜʦʩʣʽʜʞʝʥʴ: ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʝʤʠ, ʧʦʩʪʘʥʦʚʮʽ ʤʝʪʠ ʽ ʟʘʚʜʘʥʴ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʽ ʦʙôʻʢʪʘ ʽ ʧʨʝʜʤʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ; ʚʠʙʦʨʽ ʤʝʪʦʜʽʚ ʪʘ 

ʤʝʪʦʜʠʢ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ; ʬʦʨʤʫʚʘʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʽ; 

ʬʦʨʤʫʣʶʚʘʥʥʽ ʚʠʩʥʦʚʢʽʚ ʪʘ ʦʮʽʥʮʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʦʨʝʪʠʯʥʽ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʷʢʦʩʪʽ ʪʝʦʨʝʪʠʯʥʠʭ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʘʙʩʪʨʘʛʫʚʘʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ, ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʤʝʪʦʜʠ 

ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘʥʘʣʽʟ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʩʪʘʪʠʩʪʠʢʘ). ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʤʝʪʦʜʠ ʝʤʧʽʨʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʧʦʨʽʚʥʷʥʥʷ, ʚʠʤʽʨʶʚʘʥʥʷ, ʝʢʩʧʝʨʠʤʝʥʪ. 

ʇʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʬʘʢʪʦʨʠ: 

- ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ; 

- ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ; 
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- ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

- ʦʙʩʷʛ, ʟʤʽʩʪ ʽ ʧʣʘʥ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

- ʧʦʢʘʟʥʠʢʠ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

- ʧʦʢʘʟʥʠʢʠ ʩʭʦʞʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʨʦʙʦʪʽ 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ: 

- ʦʮʽʥʢʘ ʚʠʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʤʝʪʦʜʫ; 

- ʦʮʽʥʢʘ ʚʚʝʜʝʥʠʭ ʧʨʠʧʫʱʝʥʴ ʽ ʦʙʤʝʞʝʥʴ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ; 

- ʦʮʽʥʢʘ ʧʦʭʠʙʦʢ ʦʙʯʠʩʣʝʥʴ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʦʙʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ; 

- ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʚʽʜʦʤʠʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʽʥʰʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʪʘ ʘʣʛʦʨʠʪʤʘʤʠ. 
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ʈʆɿɼɯʃ 3 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʃɸʉʊʀɺʆʉʊɽʁ ʊɸ ɺʀɹɯʈ ɼʀʉʇɽʈʉʅʀʍ 

ʅɽʆʈɻɸʅɯʏʅʀʍ ʅɸʇʆɺʅʖɺɸʏɯɺ ɼʃʗ ɽʇʆʂʉʀɼʅʀʍ 

ʇʆʃɯʄɽʈʅʀʍ ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ɹʋɼɯɺɽʃʔʅʆɻʆ 

ʇʈʀɿʅɸʏɽʅʅʗ 

 

3.1 ʊʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʢʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʢʦʤʧʣʝʢʩʦʤ ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʽ ʦʣʽʛʦʤʝʨʠ, ʘʤʽʥʥʽ ʪʚʝʨʜʥʠʢʠ ʪʘ ʜʠʩʧʝʨʩʥʽ 

ʥʝʦʨʛʘʥʽʯʥʽ ʥʘʧʦʚʥʶʚʘʯʽ [118,189-192]. ɼʦʜʘʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʦʟʚʦʣʷʻ ʚ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʨʝʛʫʣʶʚʘʪʠ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ [193-197]. ɿʘʚʜʷʢʠ 

ʥʘʧʦʚʥʝʥʥʶ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʫʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʨʽʟʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ: ʧʨʦʩʦʯʫʚʘʣʴʥʽ ʪʘ ʢʣʝʶʯʽ ʩʢʣʘʜʠ, 

ʤʘʩʪʠʢʠ ʪʘ ʧʦʢʨʠʪʪʷ, ʥʘʣʠʚʥʽ ʤʘʪʝʨʽʘʣʠ, ʽʥôʻʢʮʽʡʥʽ ʽ ʩʢʣʘʜʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʨʦʙʽʚ, ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʨʝʩʪʘʚʨʘʮʽʡʥʠʭ ʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟʽ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʩʪʽʡʢʽ ʜʦ ʙʽʦʣʦʛʽʯʥʦ ʪʘ 

ʭʽʤʽʯʥʦ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʘʙʦ, ʥʘʚʧʘʢʠ, ʟʜʘʪʥʽ ʙʽʦʣʦʛʽʯʥʦ ʨʫʡʥʫʚʘʪʠʩʴ, 

ʚʦʛʥʝʩʪʽʡʢʽ, ʘʪʤʦʩʬʝʨʦʩʪʽʡʢʽ, ʪʝʨʤʦʩʪʽʡʢʽ ʪʘ ʩʪʽʡʢʽ ʜʦ ʜʽʾ ʨʽʟʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ, ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʘʜʛʝʟʽʡʥʦ-ʤʽʮʥʦʩʪʥʠʤʠ ʪʘ ʽʥʰʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [198-200]. 

ʋʢʨʘʾʥʘ ʤʘʻ ʧʨʘʢʪʠʯʥʦ ʥʝʚʠʯʝʨʧʥʽ ʨʦʜʦʚʠʱʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʤʽʥʠʪʠ ʟʘʨʫʙʽʞʥʽ ʘʥʘʣʦʛʠ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʧʦʣʽʤʝʨʥʽʡ ʦʩʥʦʚʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʫʢʨʘʾʥʩʴʢʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʽʚ ʢʦʤʧʦʟʠʪʽʚ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʦʙʫʤʦʚʣʝʥʦ ʜʦʩʪʫʧʥʽʩʪʶ, ʜʝʰʝʚʠʟʥʦʶ, ʘ ʪʘʢʦʞ 

ʤʦʞʣʠʚʽʩʪʶ ʦʪʨʠʤʫʚʘʪʠ ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʪʠ ʟ ʢʦʤʧʣʝʢʩʦʤ ʥʝʦʙʭʽʜʥʠʭ 
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ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɯʥʪʝʨʝʩ ʚ ʮʽʡ ʦʙʣʘʩʪʽ 

ʧʦʚ'ʷʟʘʥʠʡ ʧʝʨʰ ʟʘ ʚʩʝ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʷʚʠʱ ʫ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ [104,189-191,201]. ʎʽ ʤʦʞʣʠʚʦʩʪʽ ʫ ʥʘʧʦʚʥʝʥʽʡ 

ʝʧʦʢʩʠʜʥʽʡ ʢʦʤʧʦʟʠʮʽʾ ʦʙʫʤʦʚʣʝʥʽ ʚʟʘʻʤʦʜʽʷʤʠ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʥʘʧʦʚʥʝʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʛʝʪʝʨʦʛʝʥʥʘ ʩʠʩʪʝʤʘ, ʷʢʫ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʪʨʠʬʘʟʥʫ çʥʘʧʦʚʥʶʚʘʯ ï ʤʽʞʬʘʟʥʠʡ ʰʘʨ ï ʧʦʣʽʤʝʨ». ʇʨʠ 

ʮʴʦʤʫ, ʷʢ ʚʩʪʘʥʦʚʣʝʥʦ, ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʞʬʘʟʥʦʛʦ ʰʘʨʫ, ʷʢʠʡ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʻʤʦʜʽʾ ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʤʦʣʝʢʫʣ ʦʣʽʛʦʤʝʨʽʚ, 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʽ ʪʚʝʨʜʥʠʢʽʚ (ʟʚô̫ ʟʫʶʯʦʛʦ) [202-205]. ɸʢʪʫʘʣʴʥʽʩʪʴ ʮʴʦʛʦ 

ʥʘʧʨʷʤʢʫ ʚʠʥʠʢʘʻ ʚ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʦʣʽʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ, ʷʢʽ ʻ ʛʝʪʝʨʦʛʝʥʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ 

ʧʦʜʽʣʫ ʬʘʟ. ɺʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʚʠʟʥʘʯʘʶʪʴ ʧʦʯʘʪʢʦʚʠʡ 

ʝʪʘʧ ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ï ʘʜʩʦʨʙʮʽʶ, ʟʤʦʯʫʚʘʥʥʷ, 

ʨʦʟʪʽʢʘʥʥʷ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ, ʬʦʨʤʫʚʘʥʥʷ 

ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ, ʧʨʦʩʦʯʫʚʘʥʥʷ ʥʘʧʦʚʥʝʥʠʭ ʽ ʘʨʤʦʚʘʥʠʭ ʩʠʩʪʝʤ [104,189,190]. 

ɿ ʫʩʽʭ ʽʩʥʫʶʯʠʭ ʪʝʦʨʽʡ ʤʽʞʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ ʥʘʡʤʝʥʰ ʚʠʚʯʝʥʦʶ ʻ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʘ, ʽʩʥʫʚʘʥʥʷ ʷʢʦʾ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ [118,192]. ʇʨʠ ʚʠʙʦʨʽ 

ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʘʞʣʠʚʠʤ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʟʘʻʤʦʜʽʡ ʥʘ ʤʽʞʬʘʟʥʽʡ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʚô̫ ʟʫʶʯʦʛʦ ʪʘ ʢʠʩʣʦʪʥʦʶ 

ʩʠʣʦʶ ʮʝʥʪʨʽʚ ʘʜʩʦʨʙʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ [118]. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʣʷ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʩʢʣʘʜʦʚʠʭ ʧʦʣʽʤʝʨʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʮʽʣʴʥʠʤ ʻ ʪʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʢʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ, ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʪʚʝʨʜʥʠʢʽʚ ʽ ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʦʙʦʪʽ. 

ʂʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʠʩʧʝʨʩʥʠʭ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʚʢʣʶʯʘʻ: 
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¶ ʚʠʚʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ, ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʭʽʤʽʯʥʦʛʦ ʽ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ; 

¶ ʪʝʦʨʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ  ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʾ ʨʽʚʥʦʚʘʛʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʦʤ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ; 

¶ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ (ʟʘʛʘʣʴʥʦʾ) ʢʠʩʣʦʪʥʦʩʪʽ ʧʦʚʝʨʭʥʽ        

ʨʅ-ʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ; 

¶ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʝʚʠʭ 

ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʨK-ʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ; 

¶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʭʽʤʽʯʥʠʤ, ʤʽʥʝʨʘʣʴʥʠʤ 

ʩʢʣʘʜʦʤ ʽ ʧʦʚʝʨʭʥʝʚʠʤʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʠʩʧʝʨʩʥʠʭ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. 

 

3.1.1 ɺʠʚʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ, ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʭʽʤʽʯʥʦʛʦ ʽ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ  

ʋ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ 

ʧʨʦʤʠʩʣʦʚʽ ʤʘʨʢʠ ʜʠʩʧʝʨʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ ʧʦʨʦʰʢʽʚ 

ʫʢʨʘʾʥʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʽʪʯʠʟʥʷʥʦʾ ʩʠʨʦʚʠʥʠ, ʘ ʪʘʢʦʞ ʚʽʜʭʦʜʠ 

ʚʠʨʦʙʥʠʮʪʚ. 

ʇʽʩʣʷ ʚʽʜʩʽʶʚʘʥʥʷ ʟʨʘʟʢʠ ʚʠʩʫʰʫʚʘʣʠʩʴ ʫ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 105Üʉ ʪʘ ʟʙʝʨʽʛʘʣʠʩʴ ʚ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʫ ʛʝʨʤʝʪʠʯʥʦʤʫ ʧʦʩʫʜʽ. 

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʥʘʧʦʚʥʶʚʘʯʽʚ ʩʢʣʘʜʝʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʪʘʙʣ. 3.1. 

ɼʣʷ ʦʙʨʘʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʧʨʦʚʦʜʠʣʠʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ 

ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʟʥʽʤʢʽʚ ʚʠʢʦʥʘʥʠʭ 

ʩʢʘʥʫʶʯʠʤ ʝʣʝʢʪʨʦʥʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʤʘʨʢʠ JSM-6390LV. ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʡ 

ʘʥʘʣʽʟ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢɹʦʤʫ ʜʠʬʨʘʢʪʦʤʝʪʨ ̔ɼʈʆʅ-2. 

ʂʚʘʨʮʠʪ ʆʚʨʫʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ï ʤʽʥʝʨʘʣʴʥʠʡ ʧʦʨʦʰʦʢ ʩʽʨʦ-ʞʦʚʪʦʛʦ 

ʢʦʣʴʦʨʫ, ʦʩʥʦʚʥʘ ʩʠʨʦʚʠʥʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʠʥʘʩʫ ʪʘ ʬʝʨʦʩʠʣʽʮʽʶ ʚ 

ʋʢʨʘʾʥʽ ʪʘ ʩʭʽʜʥʽʡ ɭʚʨʦʧʽ. ʑʽʣʴʥʽ, ʪʚʝʨʜʽ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ ʧʦʨʦʜʠ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʟ ʟʝʨʝʥ ɓ-ʢʚʘʨʮʫ [206].  
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ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʤ ʘʥʘʣʽʟʦʤ ʢʚʘʨʮʠʪʫ ʆʚʨʫʯʩʴʢʦʛʦ ʧʦʢʘʟʘʥʦ ʧʨʠʩʫʪʥʽʩʪʴ 

ʦʢʨʽʤ ʦʩʥʦʚʥʦʾ ʬʘʟʠ ɓ-ʢʚʘʨʮʫ ʜʦʤʽʰʦʢ ʘʢʮʝʩʦʨʥʠʭ ʤʽʥʝʨʘʣʽʚ: ʢʘʣʽʻʚʦʛʦ ʽ 

ʥʘʪʨʽʻʚʦʛʦ ʧʦʣʴʦʚʠʭ ʰʧʘʪʽʚ (ʦʨʪʦʢʣʘʟʫ K2O
.
Al 2O3

.
6SiO2 ʽ ʘʣʴʙʽʪʫ 

Na2O
.
Al 2O3

.
6SiO2) (ʨʠʩ. 3.1). ʋ ʩʣʽʜʦʚʠʭ ʢʽʣʴʢʦʩʪʷʭ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʢʘʦʣʽʥʽʪ 

Al 2O3
.
2SiO2

.
2H2O ʽ ʤʦʥʪʤʦʨʠʣʦʥʽʪ (Al,Mg)2(OH)2[Si4O10]

.
nH2O. ɯʟʦʤʝʪʨʠʯʥʽ 

ʯʘʩʪʠʥʢʠ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ ʢʚʘʨʮʠʪʫ ʤʘʶʪʴ ʨʘʢʦʚʠʩʪʠʡ ʟʣʘʤ, 

ʧʦʚʝʨʭʥʷ ʙʝʟʧʦʨʠʩʪʘ. ɼʠʩʧʝʨʩʥʽʩʪʴ, ʱʦ ʧʝʨʝʚʘʞʘʻ ī 10ï20 ʤʢʤ, ʚʝʣʠʢʘ 

ʬʨʘʢʮʽʷ (40ï50 ʤʢʤ) ʧʨʠʩʫʪʥʷ ʫ ʧʨʦʙʽ ʜʦ 10 %. ʊʦʥʢʘ ʬʨʘʢʮʽʷ ʧʨʠʩʫʪʥʷ ʫ 

ʥʝʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ, ʷʢʘ ʟʜʝʙʽʣʴʰʦʛʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 

5 ʤʢʤ (ʨʠʩ. 3.2). 

ʂʚʘʨʮʦʚʠʡ ʧʽʩʦʢ ʅʦʚʦʚʦʜʦʣʘʟʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ï ʤʘʨʢʠ ʇʂ-015-3 - 

ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʡ ʤʘʪʝʨʽʘʣ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ [207].  

ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʧʽʩʢʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʙʦʨʦʤ ʷʨʢʦ ʚʠʨʘʞʝʥʠʭ 

ʜʠʬʨʘʢʮʽʡʥʠʭ ʤʘʢʩʠʤʫʤʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ɓ-ʢʚʘʨʮʫ SiO2 ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ 

ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ. ʉʣʘʙʢʦ ʚʠʨʘʞʝʥʽ ʧʽʢʠ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ 

(Al,Mg)2(OH)2[Si4O10]
.
nH2O ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʟʥʘʯʥʠʡ ʚʤʽʩʪ ʛʣʠʥʠʩʪʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ ʚ ʧʨʦʙʽ ʧʽʩʢʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʩʢʘʥʫʶʯʦʶ ʤʽʢʨʦʩʢʦʧʽʻʶ: ʥʘ 

ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷʭ ʜʦʙʨʝ ʧʦʤʽʪʥʽ ʫʣʘʤʢʠ ʟʝʨʝʥ ʢʚʘʨʮʫ ʟ ʨʽʚʥʦʶ ʙʝʟʧʦʨʠʩʪʦʶ 

ʧʦʚʝʨʭʥʝʶ. ɻʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ, ʤʦʞʥʘ 

ʛʦʚʦʨʠʪʠ ʧʨʦ ʜʦʩʪʘʪʥʶ ʯʠʩʪʦʪʫ ʧʽʩʢʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ SiO2, 

ʢʨʠʩʪʘʣʽʟʦʚʘʥʠʤ ʫ ʪʝʪʨʘʛʦʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ (ɓ-ʢʚʘʨʮ). ʇʝʨʝʚʘʞʥʘ ʜʠʩʧʝʨʩʥʽʩʪʴ 

ʧʦʨʦʰʢʫ 10ī15 ʤʢʤ. ʋ ʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʫʪʥʷ ʪʦʥʢʘ ʬʨʘʢʮʽʷ (2ï4 

ʤʢʤ), ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʝʣʠʢʽ ʯʘʩʪʠʥʢʠ ʨʦʟʤʽʨʦʤ 25ï30 ʤʢʤ (ʨʠʩ. 3.3ī3.4). 
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ʊʘʙʣʠʮʷ 3.1 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ  

ʅʘʧʦʚʥʶʚʘʯ 
ɺʤʽʩʪ, ʤʘʩ. % 

SiO2 Al 2O3 Fe2O3 TiO2 MgO CaO Na2O K2O CaCO3 

1 2 3 4 5 6 7 8 9 10 

ʇʅ 98-99 0,2-0,3 0,6-0,7 - - 0,2 - - - 

ʄʐ 98-99 0,5-1 0,05-0,15 - - 0,05-0,15 0-0,1 - 

ʂʆ 97-99 0,7-1,2 0,1-0,4 0,03-0,15 ʩʣʽʜʠ 0,13 - 

ɼʉ 91-95 - 1,2-1,7 - - 2-2,6 - - - 

ɼʇ 45-76 7-14 4-15 - 2-17 4-6 - - - 

ɹɻ 30-70 10-40 4,4-5,3 0,36 3-3,6 2,1 1,9-2,3 0,9-1,2 - 

ʂɻ 46-70 22-24 0,2-0,4 0,2-1,1 0,4-1,2 0,2-0,8 - 

ʐʊ 57-60 35-42 1-3 0,5 1,2 0,2-1,1 0,15 0,7 - 

ɻʇ 55-65 18-20 2,2-3 - 1,5-2 3,5-4 - - - 

ɻɿ 0,1-0,2 85-95
*  

0,02-0,1 - - - 0,1-0,5 - 

ʐʅ 4-5 9-10 70-74
**  

5-6 0,4-0,5 20-22 - - - 

ʐʆ 4-5 9-10 70-74
**  

5-6 0,4-0,5 20-22 - - - 

ʈʊ - 0,6 3-11 89-99 - - - - - 

ʂʎ - - 0,02 - - - - - 99-99,5 
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ɼʠʥʘʩ ï ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʡ ʤʘʪʝʨʽʘʣ ʩʚʽʪʣʦ-ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, ʧʨʦʜʫʢʪ 

ʦʙʧʘʣʝʥʥʷ ʢʚʘʨʮʠʪʽʚ ʟ ʜʦʜʘʚʘʥʥʷʤ ʚʘʧʥʷʢʫ ʪʘ ʟʘʣʽʟʥʦʾ ʦʢʘʣʠʥʠ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ CaO ʽ Fe2O3 ʚ ʦʪʨʠʤʘʥʦʤʫ ʧʨʦʜʫʢʪʽ. ʇʨʦʮʝʩ ʦʙʧʘʣʝʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1400ī1750 Üʉ [206,208].  

ɿʛʽʜʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʫ ʧʨʦʙʽ ʜʠʥʘʩʦʚʦʛʦ 

ʧʦʨʦʰʢʫ ʦʢʨʽʤ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʨʠʜʠʤʽʪʫ ʧʨʠʩʫʪʥʽʡ ʥʝ ʧʝʨʝʨʦʜʞʝʥʠʡ 

ʢʚʘʨʮ ʽ ʩʣʘʙʢʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʢʨʠʩʪʦʙʘʣʽʪ (ʨʠʩ. 3.5).  

ʅʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷʭ ʧʦʤʽʪʥʽ ʪʦʥʢʽ ʛʦʣʯʘʩʪʽ ʢʨʠʩʪʘʣʠ ʪʨʠʜʠʤʽʪʫ, ʱʦ 

ʟʨʦʩʣʠ ʥʘ ʽʟʦʤʝʪʨʠʯʥʠʭ ʟʝʨʥʘʭ ʢʚʘʨʮʫ ʽ ʟʘʢʨʽʧʣʝʥʽ ʟʚôʷʟʢʦʤ ʟ ̔ ʩʣʘʙʢʦ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʢʨʠʩʪʦʙʘʣʽʪʫ. ʇʝʨʝʚʘʞʥʘ ʜʠʩʧʝʨʩʥʽʩʪʴ ʜʠʥʘʩʦʚʦʛʦ ʧʦʨʦʰʢʫ 

ï 20ï30 ʤʢʤ. ʈʦʟʤʽʨ ʢʨʠʩʪʘʣʽʚ ʪʨʠʜʠʤʽʪʦʚʦʾ ʬʘʟʠ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 

0,15ī0,3 ʤʢʤ (ʨʠʩ. 3.6). 
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ʄʘʨʰʘʣʽʪ  ï ʚʠʧʫʩʢʘʻʪʴʩʷ ʤʘʨʦʢ çɸè ʽ çɹè [209], ʧʨʠʨʦʜʥʠʡ 

ʧʠʣʦʚʠʜʥʠʡ ʢʚʘʨʮʦʚʠʡ ʤʘʪʝʨʽʘʣ ʩʽʨʦ-ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ, ʦʩʥʦʚʥʠʤ ʤʽʥʝʨʘʣʦʤ 

ʷʢʦʛʦ ʻ ɓ-ʢʚʘʨʮ SiO2 ʟ ʥʝʚʝʣʠʢʠʤʠ ʜʦʤʽʰʢʘʤʠ ʭʘʣʮʝʜʦʥʫ, ʦʧʘʣʫ, ʢʘʨʙʦʥʘʪʽʚ 

ʪʘ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ [210,211]. ɼʦʜʘʚʘʥʥʷ ʤʘʨʰʘʣʽʪʫ ʧʽʜʚʠʱʫʻ ʪʚʝʨʜʽʩʪʴ 

ʪʘ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʟʤʝʥʰʫʻ ʫʩʘʜʢʫ ʧʨʠ ʪʚʝʨʜʽʥʥʽ, 

ʟʙʽʣʴʰʫʻ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʟʤʝʥʰʫʻ ʪʝʨʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ʪʘ 

ʚʘʨʪʽʩʪʴ [194]. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʡ ʧʦʨʦʰʦʢ 

ʤʘʨʰʘʣʽʪʫ ʟ ʧʝʨʝʚʘʞʥʦʶ ʜʠʩʧʝʨʩʥʽʩʪʶ 5ï10 ʤʢʤ. ʈʦʟʤʽʨ ʢʨʫʧʥʠʭ ʯʘʩʪʠʥʦʢ 

ʩʢʣʘʜʘʻ 50ï60 ʤʢʤ. ʊʦʥʢʘ ʬʨʘʢʮʽʷ 0,2ï2 ʤʢʤ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʥʝʟʥʘʯʥʽʡ 

ʢʽʣʴʢʦʩʪʽ (ʨʠʩ. 3.7). ɿʛʽʜʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʦʩʥʦʚʥʦʶ 

ʢʨʠʩʪʘʣʽʯʥʦʶ ʬʘʟʦʶ ʧʦʨʦʰʢʫ ʻ ɓ-ʢʚʘʨʮ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ 

(ʨʠʩ. 3.8). ʋ ʷʢʦʩʪʽ ʩʣʽʜʽʚ ʫ ʧʨʦʙʽ ʧʨʠʩʫʪʥʽʡ ʤʽʢʨʦʢʣʽʥ (K2O
.
Al 2O3

.
6SiO2). 
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ɼʽʘʙʘʟʦʚʠʡ ʧʦʨʦʰʦʢ (ʜʽʘʙʘʟʦʚʘ ʤʫʢʘ) ï ʧʨʦʜʫʢʪ ʜʨʽʙʥʦʛʦ ʧʦʤʝʣʫ ʫ 

ʢʫʣʴʦʚʠʭ ʤʣʠʥʘʭ ʢʠʩʣʦʪʦʩʪʽʡʢʦʾ ʤʘʛʤʘʪʠʯʥʦʾ ʛʽʨʥʠʯʦʾ ʧʦʨʦʜʠ (ʜʽʘʙʘʟʫ). ʗʢ 

ʥʘʧʦʚʥʶʚʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʭʽʤʽʯʥʦ ʩʪʽʡʢʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʤʘʩʪʠʢ ʽ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ [193,195,196], 

ʘ ʪʘʢʦʞ ʜʣʷ ʥʘʧʦʚʥʝʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʝʩʪʘʚʨʘʮʽʾ [5,197,202]. 

ɼʘ̔ʙʘʟ ʮʝ ʘʛʣʦʤʝʨʦʚʘʥʠʡ ʧʦʨʦʰʦʢ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʫ ʷʢʦʩʪʽ ʦʩʥʦʚʥʠʭ ʬʘʟ 

ʣʝʡʮʠʪ K2O
.
Al2O3

.
4SiO2, ʦʨʪʦʢʣʘʟ K2O

.
Al 2O3

.
6SiO2, ʢʚʘʨʮ SiO2, 

ʤʦʥʪʤʦʨʠʣʦʥʽʪ (Al,Mg)2(OH)2[Si4O10]
.
nH2O ʽ ʣʠʤʦʥʽʪ Fe2O3

.
H2O (ʨʠʩ. 3.9). 

ɿʝʨʥʘ ʽʟʦʤʝʪʨʠʯʥʽ, ʟʽʙʨʘʥʽ ʚ ʘʛʣʦʤʝʨʘʪʠ ʨʦʟʤʽʨʦʤ 2ï4 ʤʢʤ. ʂʨʫʧʥʽ ʟʝʨʥʘ 

ʨʦʟʤʽʨʦʤ 40ï50 ʤʢʤ ʤʘʶʪʴ ʨʘʢʦʚʠʩʪʠʡ ʟʣʘʤ, ʚʢʨʠʪʽ ʣʫʩʢʘʪʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ, 

ʦʯʝʚʠʜʥʦ, ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ ʪʘ ʣʠʤʦʥʽʪʫ (ʨʠʩ. 3.10). 
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ɻʣʠʥʘ ʙʝʥʪʦʥʽʪʦʚʘ (ʙʝʥʪʦʥʽʪ) ï ʧʨʦʜʫʢʪ ʧʦʤʝʣʫ ʧʨʠʨʦʜʥʦʛʦ 

ʛʣʠʥʠʩʪʦʛʦ ʤʽʥʝʨʘʣʫ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ. ʅʝʪʦʢʩʠʯʥʠʡ ʪʘ ʭʽʤʽʯʥʦ ʩʪʽʡʢʠʡ 

ʜʠʩʧʝʨʩʥʠʡ ʤʘʪʝʨʽʘʣ. ʇʨʠ ʛʽʜʨʘʪʘʮʽʾ ʥʘʙʫʭʘʻ ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʦʙôʻʤʽ ʫ 14-16 

ʨʘʟʽʚ. ʆʩʥʦʚʥʠʤ ʤʽʥʝʨʘʣʦʤ ʻ ʤʦʥʪʤʦʨʠʣʦʥʽʪ MgOAl2O3 Ā3SiO2 Ā1,5H2O, ʷʢʠʡ 

ʤʘʻ ʰʘʨʫʚʘʪʫ ʩʪʨʫʢʪʫʨʫ [193]. ʐʘʨʫʚʘʪʽ ʩʠʣʽʢʘʪʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʙʝʥʪʦʥʽʪʦʚʘ 

ʛʣʠʥʘ, ʜʦʜʘʶʪʴʩʷ ʫ ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ, ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ 

[203]. 

 ɺʽʜʦʤʦ [211], ʱʦ ʜʠʬʨʘʢʮʽʡʥʽ ʤʘʢʩʠʤʫʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʥʝʨʘʣʘʤ 

ʤʦʥʪʤʦʨʠʣʦʥʽʪʦʚʦʾ ʛʨʫʧʠ, ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʠʡ ʛʘʙʽʪʫʩ (ʜʦʩʠʪʴ ʜʠʬʫʟʥʽ) ʽ 

ʩʣʘʙʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʚʽʪʴ ʧʨʠ ʚʠʩʦʢʦʤʫ ʾʭ ʚʤʽʩʪʽ, ʘ ʧʨʠ ʚʤʽʩʪʽ 10% ʾʭ ʣʽʥʽʾ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʷʚʣʷʶʪʴʩʷ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʈʌɸ ʨʦʟʜʽʣʠʪʠ 

ʤʦʥʪʤʦʨʠʣʦʥʽʪ ʽ ʙʝʡʜʝʣʽʪ ʥʝʤʦʞʣʠʚʦ. ʈʝʥʪʛʝʥʦʛʨʘʤʘ ʙʝʥʪʦʥʽʪʦʚʦʾ ʛʣʠʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʙʦʨʦʤ ʜʠʬʫʟʥʠʭ ʜʠʬʨʘʢʮʽʡʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʩʣʘʙʢʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʥʝʨʘʣʘʤ ʤʦʥʪʤʦʨʠʣʦʥʽʪʦʚʦʾ ʛʨʫʧʠ 

(ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ ʽ ʙʝʡʜʝʣʽʪʫ). ʉʫʧʫʪʥʽʤʠ ʜʦ ʛʣʠʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ 
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ʚʠʩʪʫʧʘʶʪʴ ʢʘʦʣʽʥʽʪ ʽ ɓ-ʢʚʘʨʮ (ʨʠʩ. 3.11). ʅʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷʭ ʜʦʙʨʝ ʚʠʜʥʦ 

ʣʫʩʢʘʪʽ ʟʝʨʥʘ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ ʽ ʦʢʨʝʤʽ ʨʦʤʙʦʝʜʨʠʯʥʽ ʟʝʨʥʘ ʢʚʘʨʮʫ 

ʨʦʟʤʽʨʦʤ 1ï1,5 ʤʢʤ. ʃʫʩʢʘʪʽ ʟʝʨʥʘ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 0,5 

ʤʢʤ ʟʽʙʨʘʥʽ ʚ ʘʛʨʝʛʘʪʠ ʨʦʟʤʽʨʦʤ 10ï20 ʤʢʤ, ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʦʢʨʝʤʽ ʚʝʣʠʢʽ 

(50ī60 ʤʢʤ) ʯʘʩʪʠʥʢʠ (ʨʠʩ. 3.12). 

ʂʘʦʣʽʥ ɻʣʫʭʦʚʝʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ï ʜʠʩʧʝʨʩʥʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ 

ʞʦʚʪʫʚʘʪʦʛʦ ʢʦʣʴʦʨʫ. ɺʣʘʩʪʠʚʦʩʪʽ ʢʘʦʣʽʥʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, 

ʦʩʥʦʚʥʠʤ ʤʽʥʝʨʘʣʦʤ ʷʢʦʛʦ ʻ ʢʘʦʣʽʥʽʪ Al2Si2O5(OH)4 [212].  

 ʄʝʪʦʶ ʥʘʧʦʚʥʝʥʥʷ ʢʘʦʣʽʥʦʤ ʻ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʛʫʩʪʠʥʠ, ʪʝʤʧʝʨʘʪʫʨʦʩʪʽʡʢʦʩʪʽ ʪʘ 

ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [213]. ʂʘʦʣʽʥ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʜʝʙʽʣʴʰʦʛʦ ʢʘʦʣʽʥʽʪʦʤ ʥʠʟʴʢʦʛʦ ʩʪʫʧʝʥʷ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ. ɺ 

ʷʢʦʩʪʽ ʘʢʮʝʩʦʨʥʠʭ ʤʽʥʝʨʘʣʽʚ ʫ ʩʢʣʘʜʽ ʧʦʨʦʰʢʫ ʧʨʠʩʫʪʥʽ ʛʽʜʨʦʩʣʶʜʘ, ʙʽʦʪʠʪ 

(Fe,Mg)3[OH]2(Al,Fe)Si3O10 ʽ ɓ-ʢʚʘʨʮ (ʨʠʩ. 3.13). 
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