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ɸʅʆʊɸʎɯʗ 

ʂʘʣʶʞʥʘ ʆʣʝʥʘ ɺʷʯʝʩʣʘʚʽʚʥʘ. ʇʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʢʦʤʧʣʝʢʩʥʠʤʠ ʜʦʙʘʚʢʘʤʠ. ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ 

ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 192 ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ (19 ɸʨʭʽʪʝʢʪʫʨʘ ʪʘ 

ʙʫʜʽʚʥʠʮʪʚʦ). ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʍʘʨʢʽʚ, 2021. 

ɼʠʩʝʨʪʘʮʽʷ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ 

ʩʧʦʨʫʜ ʽ ʢʘʬʝʜʨʽ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ ʋʢʨʘʾʥʩʴʢʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, ʧ'ʷʪʠ 

ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʽʟ 154 ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ, ʜʦʜʘʪʢʽʚ. 

ʋ ʚʩʪʫʧʽ ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʦʙʦʪʠ, ʟʦʢʨʝʤʘ, ʜʦʚʝʜʝʥʦ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʦʙʨʘʥʦʾ ʪʝʤʠ, ʧʦʢʘʟʘʥʦ ʾ ʟʚ'ʷʟʦʢ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʪʘ 

ʧʣʘʥʘʤʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ, ʦʙ'ʻʢʪ ʽ ʧʨʝʜʤʝʪ, ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, 

ʚʠʢʣʘʜʝʥʦ ʧʦʣʦʞʝʥʥʷ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽ 

ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʧʨʦ ʾʭ ʘʧʨʦʙʘʮʽʶ. 

ɺʠʨʦʙʥʠʮʪʚʦ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʻ ʜʫʞʝ ʨʝʩʫʨʩʦʝʥʝʨʛʦʻʤʥʠʤ ʯʝʨʝʟ ʚʠʩʦʢʫ 

ʧʨʦʝʢʪʥʫ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʪʘ, ʦʩʦʙʣʠʚʦ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʰʚʠʜʢʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʧʝʨʝʜʘʪʦʯʥʦʾ ʤʽʮʥʦʩʪʽ 32 ʄʇʘ, ʪʦʤʫ ʧʦʰʫʢ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʟʘ 

ʧʨʠʨʦʜʥʦʛʦ ʘʙʦ ʤʘʣʦʧʨʦʛʨʽʚʥʦʛʦ ʨʝʞʠʤʽʚ ʪʚʝʨʜʽʥʥʷ, ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʴ ʫ ʩʢʣʘʜʽ ʜʝʨʞʙʶʜʞʝʪʥʠʭ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʄʆʅ ʋʢʨʘʾʥʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʟ ʨʝʞʠʤʘʤʠ 

ʪʚʝʨʜʽʥʥʷ ʧʨʠʨʦʜʥʠʤ ʘʙʦ ʤʘʣʦʧʨʦʛʨʽʚʥʠʤ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ, ʱʦ ʥʝ ʩʧʨʠʯʠʥʷʶʪʴ ʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʪʘʣʝʚʫ 

ʘʨʤʘʪʫʨʫ. ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʙʝʪʦʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʟ ʜʦʙʘʚʢʘʤʠ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ, ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ ʪʘ 

ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ, ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʘʥʥʽ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ 
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ʪʚʝʨʜʽʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʮʴʦʛʦ ʙʝʪʦʥʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʘʧʨʦʙʦʚʘʥʽ ʥʘ 4-ʭ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʫ 2019-21 ʨʨ. ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 7 

ʨʦʙʦʪʘʭ, ʫ ʪ.ʯ. 2 ʩʪʘʪʪʷʭ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 2 ʩʪʘʪʪʷʭ ʫ ʚʠʜʘʥʥʷʭ, ʱʦ 

ʽʥʜʝʢʩʫʶʪʴʩʷ ʅʄɹɼ Scopus, 1 ʩʪʘʪʪʽ ʫ ʟʘʢʦʨʜʦʥʥʦʤʫ ʚʠʜʘʥʥʽ. 

ʈʦʟʜʽʣʽ 1 ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʛʣʷʜʫ ʩʫʯʘʩʥʠʭ ʫʷʚʣʝʥʴ ʟ 

ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʨʘʥʥʴʦʾ  ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ, ʩʧʦʩʦʙʠ 

ʧʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʽʥʥʷ ʙʝʪʦʥʫ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʩʢʣʘʜʽʚ 

ʙʝʪʦʥʫ ʪʘ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ, ʩʧʦʩʦʙʠ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʙʝʪʦʥʫ, ʜʦʙʘʚʢʠ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʪʘ ʢʦʤʧʣʝʢʩʥʽ ʜʦʙʘʚʢʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʪʘ  

ʧʨʠʩʢʦʨʶʚʘʯʽʚ, ʦʙʤʝʞʝʥʥʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʦʢ ʚ ʙʝʪʦʥʠ, ʰʣʷʭʠ 

ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʛʣʷʜʫ ʚʠʩʫʥʫʪʦ ʨʦʙʦʯʫ ʛʽʧʦʪʝʟʫ, ʷʢʘ ʧʦʣʷʛʘʣʘ ʫ ʧʽʜʚʠʱʝʥʥʽ 

ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʪʦʥʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟ 

ʢʦʤʧʣʝʢʩʥʦʶ ʜʦʙʘʚʢʦʶ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ ʽ 

ʧʨʠʩʢʦʨʶʚʘʯʘ, ʱʦ ʥʝ ʩʧʨʠʯʠʥʷʻ ʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʘʨʤʘʪʫʨʫ, - ʜʠʩʧʝʨʩʽʾ 

ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʷʢ ʢʨʠʩʪʘʣʽʯʥʦʾ ʟʘʪʨʘʚʢʠ ʜʣʷ ʰʚʠʜʢʦʛʦ ʫʪʚʦʨʝʥʥʷ 

ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʽ ʜʦʚʝʜʝʥʥʷ ʛʽʧʦʪʝʟʠ ʙʫʣʦ ʚʠʩʫʥʫʪʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ: ʫʪʦʯʥʠʪʠ ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʪʘ ʙʝʪʦʥʫ ʟ ʜʦʙʘʚʢʘʤʠ; ʚʠʚʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʽ ʫʪʦʯʥʝʥʠʪʠ ʤʝʭʘʥʽʟʤ ʾʭ ʚʧʣʠʚʫ ʥʘ ʨʘʥʥʶ 

ʤʽʮʥʽʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʽ ʙʝʪʦʥʫ; ʚʠʢʦʥʘʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ 

ʤʦʞʣʠʚʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʽʟ ʉ3ɸ ʽ ʜʦʙʘʚʦʢ-ʝʣʝʢʪʨʦʣʽʪʽʚ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ, ʱʦ ʤʘʶʪʴ 

ʧʦʟʠʪʠʚʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʟʘʨʷʜ ʽ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ 

ʝʣʝʢʪʨʦʛʝʪʝʨʦʛʝʥʥʠʭ ʢʦʥʪʘʢʪʽʚ ʫ ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʽʥʥʷ; ʚʠʢʦʥʘʪʠ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʽ ʚʠʟʥʘʯʠʪʠ ʙʝʟʧʝʯʥʫ ʢʽʣʴʢʽʩʪʴ ʜʦʙʘʚʦʢ-

ʝʣʝʢʪʨʦʣʽʪʽʚ, ʷʢʘ ʙʫʜʝ ʟʚôʷʟʘʥʘ ʫ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʘʭ, ʪʘ ʚʠʢʦʥʘʪʠ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʩʪʽʡʢʦʩʪʽ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ; ʚʠʚʯʠʪʠ ʤʝʭʘʥʽʟʤ ʚʧʣʠʚʫ 

ʢʦʤʧʣʝʢʩʥʦʾ ʜʦʙʘʚʢʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ, ʝʣʝʢʪʨʦʣʽʪʽʚ ʪʘ ʜʠʩʧʝʨʩʽʾ 
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ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʽ ʩʪʨʫʢʪʫʨʫ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʪʘ 

ʙʝʪʦʥʫ, ʚʠʢʦʥʘʪʠ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ; ʚʠʢʦʥʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʛʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʽ ʢʦʤʧʣʝʢʩʥʠʭ 

ʜʦʙʘʚʦʢ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʰʧʘʣ; ʚʠʢʦʥʘʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʟ ʜʦʙʘʚʢʘʤʠ; ʚʠʢʦʥʘʪʠ 

ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʽ ʪʘ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʥʘ ʢʦʨʦʟʽʡʥʠʡ 

ʩʪʘʥ ʩʪʘʣʝʚʦʾ ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥʽ; ʨʦʟʨʦʙʠʪʠ ʽ ʚʧʨʦʚʘʜʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ ʚ ʙʝʪʦʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ, ʚʠʟʥʘʯʠʪʠ 

ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ; ʚʧʨʦʚʘʜʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʫ ʥʘʚʯʘʣʴʥʠʡ 

ʧʨʦʮʝʩ. 

ʋ ʨʦʟʜʽʣʽ 2 ʥʘʚʝʜʝʥʦ ʤʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʱʝʙʽʥʴ ʛʨʘʥʽʪʥʠʡ, ʧʽʩʦʢ ʢʚʘʨʮʦʚʠʡ, 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʇʎ ɯ-500ʅ, ʜʦʙʘʚʢʠ: ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʠ 

ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʧʨʠʩʢʦʨʶʚʘʯʽ ʝʣʝʢʪʨʦʣʽʪʠ ʥʽʪʨʘʪ ʽ ʭʣʦʨʠʜ ʢʘʣʴʮʽʶ,  

ʜʠʩʧʝʨʩʽʶ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ, ʘ ʪʘʢʦʞ ʚʠʩʢʦʤʽʮʥʠʡ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʡ ʜʨʽʪ 

ʜʽʘʤʝʪʦʤ 3 ʤʤ ʜʣʷ ʘʨʤʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ. 

ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʙʝʪʦʥʫ ʚʠʟʥʘʯʘʣʠ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʮʝʤʝʥʪʽʚ - ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ Malvern ZetaSizer. ʃʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʴ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʪʘ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ ʚʠʟʥʘʯʘʣʠ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʄʦʞʣʠʚʽʩʪʴ 

ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʟ ʜʦʙʘʚʢʘʤʠ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʤʝʪʦʜʦʤ, ʩʢʣʘʜ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ - ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, 

ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ɻʨʘʥʠʯʥʠʡ ʢʦʨʦʟʽʡʥʦ ʙʝʟʧʝʯʥʠʡ ʚʤʽʩʪ 

ʜʦʙʘʚʦʢ ʝʣʝʢʪʨʦʣʽʪʽʚ ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ɺʧʣʠʚ 

ʜʦʙʘʚʦʢ ʥʘ ʢʦʨʦʟʽʡʥʠʡ ʩʪʘʥ ʩʪʘʣʝʚʦʾ ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥʽ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ 

ʟʘʙʝʟʧʝʯʝʥʘ ʢʦʨʝʢʪʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽ ʤʝʪʨʦʣʦʛʽʯʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʩʪʘʥʜʘʨʪʥʠʭ ʪʘ ʦʨʠʛʽʥʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʜʦʩʣʽʜʞʝʥʴ, 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʟʘʣʝʞʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚʪʦʨʶʚʘʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ 
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ʚʠʧʨʦʙʫʚʘʥʴ, ʾʭ ʩʪʘʪʠʩʪʠʯʥʦʶ ʦʙʨʦʙʢʦʶ, ʫʟʛʦʜʞʝʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʈʦʟʜʽʣ 3 ʤʽʩʪʠʪʴ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ 

ʙʝʪʦʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʢʦʤʧʣʝʢʩʥʦʶ ʜʦʙʘʚʢʦʶ. ɺʠʟʥʘʯʝʥʦ  

ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʧʦʪʝʥʮʽʘʣʠ ʪʘ ʟʘʨʷʜʠ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʪʘ ʙʝʪʦʥʫ, ʜʦʩʣʽʜʞʝʥʦ ʤʝʭʘʥʽʟʤʠ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ, ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʽʥʥʷ ʝʣʝʢʪʨʦʣʽʪʽʚ ʪʘ ʜʠʩʧʝʨʩʽʾ 

ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ  

ʋ ʨʦʟʜʽʣʽ 4 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ 

ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʢʦʤʧʣʝʢʩʥʦʶ 

ʜʦʙʘʚʢʦʶ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ,  

ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʰʧʘʣ, ʚʠʢʦʥʘʥʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟ ʜʦʙʘʚʢʘʤʠ, ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ, ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʽ ʪʘ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʨʦʟʽʡʥʦʛʦ ʩʪʘʥʫ ʩʪʘʣʝʚʦʾ ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥʽ ʟ ʜʦʙʘʚʢʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ  ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʪʨʠʤʘʥʦ ʥʦʚʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ. ɿʦʢʨʝʤʘ, ʨʦʟʚʠʥʫʪʦ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʚʟʘʻʤʦʜʽʾ ʧʽʜ ʯʘʩ ʪʚʝʨʜʽʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ʟ ʜʦʙʘʚʢʘʤʠ, ʟʦʢʨʝʤʘ, ʪʘʢʽ ʧʦʣʦʞʝʥʥʷ: ʽʥʪʝʛʨʘʣʴʥʠʡ ʨʽʚʥʦʚʘʞʥʠʡ 

ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʠʡ ʧʦʪʝʥʮʽʘʣ ʛʨʘʥʽʪʫ ʜʦʨʽʚʥʶʻ ʤʽʥʫʩ 0,89, ʧʨʦʪʝ ʜʽʣʷʥʢʠ ʡʦʛʦ 

ʧʦʚʝʨʭʥʽ ʤʦʞʫʪʴ ʤʘʪʠ ʷʢ ʥʝʛʘʪʠʚʥʠʡ (ʢʚʘʨʮ, ʦʨʪʦʣʢʣʘʟ), ʪʘʢ ʽ ʧʦʟʪʠʚʥʠʡ 

(ʙʽʦʪʠʪ) ʟʘʨʷʜ; ʧʣʘʩʪʠʬʽʢʫʶʯʠʡ ʝʬʝʢʪ ʘʥʽʦʥʥʠʭ ʇɸʈ ʦʙʫʤʦʚʣʝʥʠʡ ʾʭ 

ʚʠʙʽʨʢʦʚʦʶ ʘʜʩʦʨʙʮʽʻʶ ʥʘ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ 

ʮʝʤʝʥʪʫ (ʉ3ɸ) ʪʘ ʟʘʧʦʚʥʶʚʘʯʽʚ: ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʠ ʯʝʨʝʟ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʛʨʫʧ 

SO3
ï 
ʥʝʡʪʨʘʣʽʟʫʶʪʴ ʟʘʨʷʜ ʉ3ɸ ʪʘ ʤʘʶʪʴ ʩʝʨʝʜʥʴʦʧʣʘʩʪʠʬʽʢʫʶʯʠʡ 

ʝʬʝʢʪ, ʤʝʣʘʤʽʥʬʦʨʤʘʣʴʜʝʛʽʜʠ ʪʘ ʥʘʬʪʘʣʽʥʬʦʨʤʘʣʴʜʝʛʽʜʠ ʯʝʨʝʟ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʛʨʫʧ SO3
ï
 ʧʝʨʝʟʘʨʷʜʞʘʶʪʴ ʉ3ɸ ʽ ʤʘʶʪʴ ʩʠʣʴʥʦʧʣʘʩʪʠʬʽʢʫʶʯʠʡ ʝʬʝʢʪ, 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʠ ʯʝʨʝʟ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʉʆ2
ï
 ʘʙʦ ʈʆ3

2ï 
ʪʘ 

ʜʦʚʛʠʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʨʘʜʠʢʘʣʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʟʘʨʷʜʞʝʥʥʷ ʉ3ɸ, ʧʽʜʩʠʣʝʥʝ 

ʩʪʝʨʠʯʥʠʤ ʝʬʝʢʪʦʤ, ʪʦʤʫ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʧʣʘʩʪʠʬʽʢʫʶʯʠʡ 
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(ʚʦʜʦʨʝʜʫʢʫʶʯʠʡ) ʝʬʝʢʪ; ʚ ʨʝʟʫʣʴʪʘʪʽ ʫʚʝʜʝʥʥʷ ʥʽʪʨʘʪʫ ʪʘ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ 

ʫʪʚʦʨʶʶʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʽ ʛʽʜʨʦʥʽʪʨʦ- ʪʘ ʛʽʜʨʦʭʣʦʨʘʣʶʤʽʥʘʪʠ 

ʢʘʣʴʮʽʶ, ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʠ ʷʢʠʭ ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʟʘʨʷʜ ʽ 

ʫʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʛʝʪʝʨʦʛʝʥʥʠʭ ʢʦʥʪʘʢʪʽʚ ʫ ʨʘʥʥʽ ʪʝʨʤʽʥʠ 

ʪʚʝʨʜʽʥʥʷ; ʙʝʟʧʝʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʽʪʨʘʪʫ ʪʘ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ 

ʟʚ'ʷʟʫʚʘʥʥʷʤ ʘʣʶʤʽʥʘʪʥʠʤʠ ʬʘʟʘʤʠ ʘ, ʦʪʞʝ, ʚʤʽʩʪʦʤʴ ʉ3ɸ ʫ ʢʣʽʥʢʝʨʽ; 

ʥʘʡʙʽʣʴʰʠʡ ʧʨʠʩʢʦʨʶʶʯʠʡ ʝʬʝʢʪ ʜʦʙʘʚʢʠ ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʟ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʦʤ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʧʣʦʱʘ ʧʦʚʝʨʭʦʥʴ, ʚʽʜ ʷʢʠʭ 

ʟʨʦʩʪʘʶʪʴ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʠ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ 

ʯʘʩʪʠʥʦʢ ɻʉʂ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʽʣʴʰ ʰʚʠʜʢʝ ʟʘʧʦʚʥʝʥʥʷ ʧʨʦʜʫʢʪʘʤʠ ʛʽʜʨʘʪʘʮʽʾ 

ʧʨʦʰʘʨʢʽʚ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʮʝʤʝʥʪʫ ʪʘ ʟʘʧʦʚʥʶʚʘʯʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʝʣʝʢʪʨʦʛʝʪʝʨʦʛʝʥʥʠʭ ʢʦʥʪʘʢʪʽʚ. ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ 

ʙʝʪʦʥʫ ʰʧʘʣ ʚʽʜ ʨʽʟʥʠʭ ʩʧʦʣʫʯʝʥʴ ʽ ʢʽʣʴʢʦʩʪʽ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ, ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ ʽ ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ 

ʢʘʣʴʮʽʶ ʟʘ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʪʚʝʨʜʽʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʽ ʢʨʠʚʽ 

ʢʦʨʦʟʽʡʥʦʛʦ ʩʪʘʥʫ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ ʟ ʮʠʤʠ ʜʦʙʘʚʢʘʤʠ. 

ʈʦʟʜʽʣ 5 ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʟʙʽʨʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʦʢ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʪʘ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʽʥʥʷ ʚ ʙʝʪʦʥ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ. ʈʦʟʨʦʙʣʝʥʽ ʟʘʩʦʙʠ ʟ ʧʽʜʚʠʰʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ 

ʟʘʩʪʩʦʚʘʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʚʦʜʦʩʪʽʡʢʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʤʽʥʝʨʘʣʴʥʠʭ 

ʚ'ʷʞʫʯʠʭ ʢʦʤʧʣʝʢʩʥʠʤʠ ʜʦʙʘʚʢʘʤʠ . ɺʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʫ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ. ʇʦʢʘʟʘʥʦ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʝ 

ʧʦʣʷʛʘʻ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʥʠʞʝʥʥʷ ʨʝʩʫʨʩʦʝʥʝʨʛʦʚʠʪʨʘʪ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʪʘ ʽʥʰʠʭ ʟʙʽʨʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʚʠʨʦʙʽʚ ʙʝʟ 

ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʾʭ ʷʢʦʩʪʽ ʪʘ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʘ ʪʘʢʦʞ ʫ ʥʘʯʘʣʴʥʠʡ ʧʨʦʮʝʩ. 
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ʋ ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʘʭ ʧʽʜʩʫʤʦʚʘʥʦ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʢʦʥʩʪʘʪʦʚʘʥʦ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ, ʘ ʫ ʜʦʜʘʪʢʘʭ ʥʘʚʝʜʝʥʽ ʜʦʜʘʪʢʦʚʽ ʤʘʪʝʨʽʘʣʠ.   

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʝʪʦʥ, ʜʦʙʘʚʢʠ, ʪʚʝʨʜʽʥʥʷ, ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ, 

ʟʘʣʽʟʦʙʝʪʦʥʥʘ ʰʧʘʣʘ. 

  



 

8 

 

SUMMARY 

Kaliuzhna Olena. Increasing the early strength of concrete reinforced concrete 

sleepers with complex additives. Qualifying scientific work on the rights of the 

manuscript. 

Dissertation of Doctor of Philosophy degree in Specialty 192 Construction and 

Civil Engineering (19 Architecture and Construction). Ukrainian State University of 

Railway Transport of the Ministry of Education and Science of Ukraine, Kharkiv, 

2021. 

The dissertation was completed at the Department of Building Materials and 

Structures and the Department of Railway Tracks and Transport Structures of the 

Ukrainian State University of Railway Transport and consists of an introduction, five 

sections, general conclusions, a list of 154 used sources, and annexes. 

A general description of the work was presented at the introduction, in 

particular, the relevance of the chosen topic was proved, the connection with 

scientific programs and plans was shown, the purpose, object and subject, research 

objectives was formulated, sets out the provisions of scientific novelty, substantiates 

the reliability and practical significance of the results, data on their approbation was 

given. 

The production of reinforced concrete sleepers is very resource-intensive due to 

the high design strength of concrete and, especially, the need to quickly obtain a 

transfer strength of 32 MPa, so finding and justifying the use of complex additives 

that provide high early strength of concrete under natural or low-heat curing is an 

actual task. The relevance of the research is determined by the implementation of the 

research in the composition of the state budgetary research works of the Ministry of 

Education and Science of Ukraine. The purpose of the research is to develop the 

production of pre-stressed reinforced concrete sleepers with natural or low-

temperature hardening conditions due to the use of complex additives that do not 

cause corrosion effects on the steel reinforcement. The subject of the research - 

concrete of concrete sleepers with additives of superplasticizers polycarboxylates, 

electrolytes accelerators, and dispersion of calcium hydroxylate; the research object - 
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early stages of the hardening process and formation of early strength of this concrete. 

The results of the research were approved at four international conferences in 2019-

21 and published in seven papers, including two articles in the Ukrainian 

publications, two articles in the publications indexed by Scopus, one article in the 

foreign edition. 

Section 1 contains the results of an analytical review of the modern concepts of 

obtaining a high early strength of concrete. The features of the design and technology 

of production of reinforced sleepers, ways to accelerate the hardening of concrete at 

the expense of using the optimum composition of the concrete and chemical 

additives, methods of determining the composition of the concrete, superplasticizer 

and complex superplasticizer and accelerator additives, limitations on the use of 

additives in concrete, ways to increase the early strength of the concrete of railway 

sleepers was investigated. As a result of the analytical review, a working hypothesis 

was developed which consisted in increasing early concrete durability by using the 

concrete of optimal composition with complex superplasticizer polycarboxylate 

additive and accelerator, which does not cause a corrosive effect on the reinforcement 

- dispersion of calcium hydroxylates as a crystalline seed for the rapid formation of 

crystalline hydrates. 

In order to achieve the aim and to complete the hypothesis, the following 

research tasks were carried out: to clarify electro surface properties of cement stone 

components with additives; to investigate features of molecular structure of 

superplasticizer additives and to clarify the mechanism of their influence on the early 

strength of cement stone and concrete; to carry out thermodynamic analysis of the 

possibility of creating crystalline hydrates with C3A and electrolyte additives having a 

positive surface charge and contributing to the formation of an additional number of 

electro heterogenic contacts in the early terms of hardening; to perform 

stoichiometric calculations and to determine the amount of electrolytic additives that 

will be connected in crystalline hydrates, and to perform thermodynamic analysis of 

the crystalline hydrates stability; to study the complex influence of superplasticizers, 

electrolytes and dispersion of calcium hydroxylates on the early strength and 
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structure of the cement stone and concrete; to carry out an electron-microscopic 

examination of the structure; to make experimental studies of the impact of 

superplasticizers and complex additives on the early strength of the concrete sleepers; 

to perform physical and chemical examination of the phase composition of hydration 

products of cement with additives; to perform potentiodynamic and microscopic 

examination of the influence of additives on the corrosion resistance of steel 

reinforcement in concrete; to develop and to implement recommendations on the use 

of complex additives in the concrete of concrete sleepers, to estimate economic 

efficiency; to implement the results of research in the educational process. 

Section 2 contains the materials and methods of research. Gravel, quartz sand, 

Portland cement ʈʉ ɯ-500N, additives were used for the manufacture of the studied 

samples: superplasticizers polycarboxylates of different manufacturers, accelerating 

electrolytes calcium nitrate and calcium chloride, dispersion of calcium hydroxylates 

as well as high-quality low-carbon dry material with the diameter of 3 mm for 

reinforcement of front-loaded silica concrete. 

The physical properties of materials for concrete were determined by standard 

methods, the fractional composition of cement - using a particle size analyzer 

Malvern ZetaSizer. The efficiency of concrete mixes and physical and mechanical 

properties of concrete were determined by standard methods. The possibility of 

formation of hydration products of cement with additives was investigated by 

thermodynamic method, composition of hydration products using physical and 

chemical methods - X-ray phase analysis, infrared spectroscopy, scanning electron 

microscopy. Boundary corrosion-free amount of electrolyte additives was determined 

using stoichiometric calculations. The influence of additives on corrosion resistance 

of steel reinforcement in concrete was investigated by potentiostatic methods. 

Reliability of the results of the investigations was ensured by correct application and 

metrological support of standard and original methods of tests and investigations, use 

of independent research methods, repeatability of test results, their statistical 

processing, and compliance of experimental and theoretical results with each other. 
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Section 3 contains a theoretical explanation of how to increase the early strength 

of the concrete of concrete sleepers with a complex additive. The electrostatic and 

surface potentials and charges of the main cement stone and concrete components 

have been determined; the mechanisms of influence of superplasticizers, accelerators 

of electrolyte hardening, and dispersions of calcium hydroxylate on early concrete 

strength have been studied.  

Section 4 contains the results of experimental studies on increasing the early 

strength of the concrete with the use of a complex additive. The influence of 

polycarboxylate superplasticizers and complex additives on the early strength of 

concrete sleepers has been investigated, physical and chemical examination of 

cement stone with additives, electron-microscopic examinations of its structure, 

potentiodynamic and microscopic examinations of corrosion state of steel 

reinforcement in concrete with additives has been carried out. 

As a result of the carried-out theoretical and experimental investigations new 

scientific results were obtained. In particular, the concept of electro surface properties 

and interactions during the hardening of Portland cement with additives has been 

developed, including the following statements: Integral equilibrium electro surface 

potential of granite is minus 0.89, but plots of its surface can be both negative 

(quartz, orthoclase) and positive (biotite) charge; plasticizing effect of anionic Super 

active reagents is caused by their vibronic adsorption on positively charged grain 

surface areas of cement (ʉ3ɸ) and the fillers: lignosulfonates through an insignificant 

number of groups SO3
ï
 neutralize the charge of ʉ3ɸ and have a medium-plasticity 

effect, melamineinformaldehyde and naphthaleneinformaldehyde through a 

significant number of groups SO3
ï 
recharge the ʉ3ɸ and have a strongly plasticizing 

effect, polycarboxylates due to large number of functional groups ʉʆ2
ï
 or ʈʆ3

2ï
 and 

long carbohydrate radicals to ensure recharging ʉ3ɸ, is supported by steric effect, 

that is why it has the greatest plasticizing (water-reducing) effect; As a result of 

nitrate and calcium chloride elimination thermodynamically stable calcium 

hydrochloride and calcium hydrochloraluminates are created, their crystalline 

hydrates have a positive surface charge and provide an additional number of electro 
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heterogenic contacts in the early terms of hardening; The safe quantity of calcium 

nitrate and chloride is determined by their connection with the aluminate phases and 

also, in the amount of ʉ3ɸ at the clinker; the most accelerating effect of calcium 

hydroxylates dispersion additive with polycarboxylate is achieved due to the fact that 

HSC particles increase the surface area, on which crystallization of hydration 

products occurs and provides quick filling of spaces between cement particles and 

fillers with establishment of electro heterogenic contacts. For the first time, the 

dependence of early strength of concrete sleepers on various compounds and the 

number of additives of superplasticizers polycarboxylates has been obtained, 

accelerating electrolytes and dispersion of calcium hydroxylate at different hardening 

conditions, as well as potentiostatic curves of corrosion state of reinforcement bars in 

concrete with these additives. 

Section 5 contains information on the implementation of the results of research 

in the production of precast concrete structures and building composites. Developed 

recommendations for the use of superplasticizer polycarboxylate additives and 

accelerators of hardening in the concrete of concrete sleepers. The developed means 

of increasing the early strength of concrete is used to increase the water-resistance of 

composites based on mineral nutrients with complex additives. We have assessed the 

economic efficiency of using chemical additives to reduce the energy intensity of the 

production of concrete sleepers. The results of the research have been used in the 

educational process. The practical value of the obtained results is shown, this means 

ensuring the reduction of resource-energy consumption during the production of 

high-voltage concrete sleepers and other precast constructions and products without 

reducing the indicators of their quality and is confirmed by implementation at 

enterprises, as well as in the management process. 

The general conclusions that summarized the performance of the research tasks 

and state the achievement of the goal and additional materials are given in the 

annexes.   

Keywords: concrete, additives, hardening, early strength, concrete sleeper.  
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ɺʉʊʋʇ 

ɼʦʚʞʠʥʘ ʢʦʣʽʡ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʽ ʫ 2021 ʨ. ʩʢʣʘʜʘʣʘ ʧʦʥʘʜ 27 ʪʠʩ. ʢʤ. ɿ 

ʥʠʭ ʥʘ ʙʣʠʟʴʢʦ 23,9 ʪʠʩ. ʢʤ ʧʽʜʨʝʡʢʦʚʦʶ ʦʩʥʦʚʦʶ ʻ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʰʧʘʣʠ, 

ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ 44,3 ʤʣʥ. ʰʪ. ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʰʧʘʣʠ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʟʘʤʽʥʠ ʟʥʦʰʝʥʠʭ ʪʘʢʦʞ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ 

ʧʽʜ ʯʘʩ ʢʘʧʽʪʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ ʢʦʣʽʾ ʯʝʨʝʟ ʪʝ, ʱʦ ʧʣʘʥʦʚʘ ʟʘʤʽʥʘ ʥʠʤʠ ʜʝʨʝʚôʷʥʠʭ 

ʰʧʘʣ ʚ ʦʩʥʦʚʥʦʤʫ ʟʽʢʽʥʯʝʥʘ ʱʝ ʫ 90-ʪʽ ʨʨ. ʍʍ ʩʪ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʦʙôʻʤʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʤʝʥʰʽ, ʥʽʞ ʧʨʦʝʢʪʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʟʘʚʦʜʽʚ-ʚʠʨʦʙʥʠʢʽʚ ï ɻʥʽʚʘʥʩʴʢʦʛʦ ʟʘʚʦʜʫʩʧʝʮ ʟʘʣʽʟʦʙʝʪʦʥʫ (ʇʨɸʊ 

çɻʥʽʚʘʥʩʪʢʠʡ ɿʉɿɹè), ʂʦʨʦʩʪʝʥʩʴʢʦʛʦ ʪʘ ʉʪʘʨʦʢʦʩʪʷʥʪʠʥʽʚʩʴʢʦʛʦ ʟʘʚʦʜʽʚ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ (ʚʽʜʧʦʚʽʜʥʦ, ʇʨɸʊ çʂʦʨʦʩʪʝʥʩʴʢʠʡ ɿɿɹʐè ʽ ʬʽʣʽʷ ɸʊ 

çʋʢʨʟʘʣʽʟʥʠʮʷè çʉʪʘʨʦʢʦʩʪʷʥʪʠʥʽʚʩʴʢʠʡ ɿɿɹʐè). 

ɿʘʣʽʟʦʙʝʪʦʥʥʽ ʰʧʘʣʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʽʟ ʙʝʪʦʥʫ ʢʣʘʩʫ ʟʘ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ  

ʉ32/40 ʽ ʘʨʤʫʶʪʴʩʷ ʚʠʩʦʢʦʤʽʮʥʠʤ ʜʨʦʪʦʤ 44Å3 ʤʤ ʟ ʧʦʧʝʨʝʜʥʽʤ ʥʘʧʨʫʞʝʥʥʷʤ. 

ʅʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 1 ʤ
3
 ʙʝʪʦʥʫ ʱʝ ʫ 2010-ʭ ʨʦʢʘʭ ʚʠʪʨʘʯʘʣʦʩʴ ʧʦʥʘʜ 400 ʢʛ 

ʮʝʤʝʥʪʫ. ʐʧʘʣʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʫ 10-ʤʽʩʥʠʭ ʩʠʣʦʚʠʭ ʬʦʨʤʘʭ, ʥʘ ʷʢʽ 

ʛʘʜʨʽʚʣʽʯʥʠʤ ʜʦʤʢʨʘʪʦʤ ʥʘʪʷʛʫʶʪʴʩʷ ʜʨʦʪʷʥʽ ʧʘʢʝʪʠ. ʋ ʬʦʨʤʠ ʚʩʪʘʚʣʷʶʪʴʩʷ 

ʜʝʪʘʣʽ ʜʣʷ ʥʝʛʘʡʥʦʛʦ ʨʦʟʧʘʣʫʙʣʝʥʥʷ ï ʧʝʨʝʛʦʨʦʜʢʠ - ʜʽʘʬʨʘʛʤʠ ʤʽʞ ʪʦʨʮʷʤʠ 

ʰʧʘʣ, ʧʫʩʪʦʪʦʫʪʚʦʨʶʚʘʯʽ ʦʪʚʦʨʽʚ ʧʽʜ ʟʘʢʣʘʜʥʽ ʙʦʣʪʠ ʰʧʘʣ ʜʣʷ ʢʣʝʤʥʦ-ʙʦʣʪʦʚʠʭ 

ʧʨʦʤʽʞʥʠʭ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ. ʊʦʤʫ ʜʣʷ ʰʧʘʣ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʞʦʨʩʪʢʽ ʙʝʪʦʥʽ 

ʩʫʤʽʰʽ, ʷʢʽ ʫʱʽʣʴʥʶʶʪʴʩʷ ʚʽʙʨʘʮʽʻʶ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʜʦʙʘʚʢʠ-

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʜʣʷ ʙʝʪʦʥʫ ʰʧʘʣ ʨʘʥʽʰʝ ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ, ʘ ʫ 

ʜʝʨʞʘʚʥʠʭ ʥʦʨʤʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʥʘ ʥʠʭ ï ɻʆʉʊʘʭ, ɼʉʊʋ ɹ ɺ.2.6-57:2008 

ʐʧʘʣʠ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʽ ʜʣʷ ʟʘʣʽʟʥʠʮʴ ʢʦʣʽʾ 1520 ʤʤ. 

ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʥʝ ʜʦʟʚʦʣʷʣʦʩʴ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʠʪʤʽʯʥʦʾ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʝʨʝʜʘʪʦʯʥʘ ʤʽʮʥʽʩʪʴ 

ʙʝʪʦʥʫ, ʷʢʘ ʜʣʷ ʰʧʘʣ ʩʢʣʘʜʘʻ 32 ʄʇʘ, ʧʦʚʠʥʥʘ ʜʦʩʷʛʽʪʠʯʩʩʴ ʟʘ 8ï10 ʛʦʜ. ɼʣʷ 

ʮʴʦʛʦ ʚʽʜʬʦʨʤʦʚʘʥʽ ʰʧʘʣʠ ʧʨʦʧʘʨʶʶʪʴʩʷ ʫ ʧʨʦʧʘʨʶʚʘʣʴʥʠʭ ʢʘʤʝʨʘʭ, ʪʦʙʪʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʾʭ ʊɺʆ ï ʪʝʧʣʦʚʦʣʦʛʽʩʥʘ ʦʙʨʦʙʢʘ. ʋ 2000-ʥʽ ʨʨ. ʽ ʨʘʥʽʰʝ 

ʧʨʦʧʘʨʶʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʧʝʨʝʚʠʱʫʚʘʣʠ 80ï90Áʉ. ɿ 



 

20 

 

2000-ʭ ʨʦʢʽʚ ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ ʝʥʝʨʛʦʥʦʩʽʾʚ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʣʘʩʴ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʰʧʘʣ, ʪʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʘ-ʚʠʨʦʙʥʠʢʠ ʚʠʤʫʰʝʥʽ ʙʫʣʠ 

ʧʨʠʧʠʥʠʪʠ ʜʚʦʭʟʤʽʥʥʫ ʨʦʙʦʪʫ ʽ ʟʤʝʥʰʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʊɺʆ ʜʦ 50ï40Áʉ. ʊʦʜʽ ʞ  

ʧʦʯʘʣʦʩʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʴʰ ʘʢʪʠʚʥʠʭ ʮʝʤʝʥʪʽʚ, ʫʜʦʩʢʦʥʘʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ 

ʧʫʩʪʦʪʦ ʫʪʚʦʨʶʚʘʯʽʚ, ʚʧʨʦʚʘʜʞʝʥʦ ʰʧʘʣʠ ʽʟ ʟʘʢʣʘʜʥʠʤʠ ʘʥʢʝʨʘʤʠ ʜʣʷ ʧʨʫʞʥʠʭ 

ʘʥʢʝʨʥʠʭ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ. ʆʜʥʘʢ ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʦʥʦʩʽʾʚ ʧʨʦʜʦʚʞʫʻ 

ʟʙʽʣʴʰʫʚʘʪʠʩʴ, ʪʦʤʫ ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʡ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʚʦʣʦʛʽʩʥʦʾ 

ʦʙʨʦʙʢʠ ʰʧʘʣ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʧʨʘʢʪʠʥʯʠ ʟʘʧʚʜʘʥʥʷʤ.  

ʇʨʠ ʧʦʩʪʘʥʦʚʮʽ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ, ʚʠʥʠʢʘʶʪʴ ʩʫʧʫʪʥʽ ʟʘʜʘʯʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʰʫʚʘʪʠ ʜʣʷ ʙʝʪʦʥʽʚ, ʫ ʩʢʣʘʜʽ ʷʢʠʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ. ʇʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʤʦʛʘ ʜʦ ʦʩʥʦʚʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʫ, ʩʝʨʝʜ ʷʢʠʭ ʤʽʮʥʽʩʪʴ, ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ, ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ, 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, ʱʦ ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ ʥʘʮʽʦʥʘʣʴʥʠʤ ʩʪʘʥʜʘʨʪʦʤ  ʥʘ ʰʧʘʣʠ 

ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʽ ʜʣʷ ʟʘʣʽʟʥʠʮʴ ɼʉʊʋ ɹ ɺ.2.6-209. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʚ ʙʝʪʦʥʽ ʜʣʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʧʽʜʧʦʨʷʜʢʦʚʘʥʦ ʤʦʞʣʠʚʦʩʪʽ ʟʥʠʞʝʥʥʷ ɺ/ʎ, ʧʦʢʨʘʱʝʥʥʶ ʨʝʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʶ ʧʨʦʮʝʩʫ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʽ 

ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ, ʱʦ ʚ ʮʽʣʦʤʫ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʥʩʪʨʫʢʮʽʡ. ɺʚʝʜʝʥʥʷʤ ʜʦʙʘʚʦʢ ʚʦʜʥʦʯʘʩ ʧʝʨʝʜʙʘʯʘʻ ʟʥʠʞʝʥʥʷ 

ʨʠʟʠʢʫ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʪʘ 

ʝʣʝʢʪʨʦʢʦʨʦʟʽʾ ʚʽʜ ʩʪʨʫʤʽʚ ʚʠʪʦʢʫ. 

ɿ 2010-ʭ ʨʦʢʽʚ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʙʽʨʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ ʚʩʝ ʰʠʨʰʝ 

ʟʘʩʪʦʩʚʫʶʪʴʩʷ ʭʽʤʽʯʥʽ ʜʦʙʘʚʢʠ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ, ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʠ. ʋʢʨɼʋɿʊ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ ɼʉʊʋ ɹ ɺ.2.6-209:2016 ʐʧʘʣʠ ʟʘʣʽʟʦʙʝʪʦʥʥʽ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʽ ʜʣʷ ʟʘʣʽʟʥʠʮʴ ʢʦʣʽʾ 1520 ʽ 1435 ʤʤ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ, ʚ 

ʷʢʦʤʫ ʜʦʧʫʩʢʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʽʤʽʯʥʠʭ, ʫ ʪ.ʯ. ʧʣʘʩʪʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʝʡ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʪʘ ʙʝʪʦʥʫ. ɿʘʚʦʜʠ-ʚʠʨʦʙʥʠʢʠ ʧʦʯʘʣʠ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦʙʘʚʢʠ-ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ, ʮʝʤʝʥʪʠ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʘʢʪʠʚʥʦʩʪʽ 
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ʧʽʩʣʷ ʧʨʦʧʘʨʶʚʘʥʥʷ ʽ ʜʦʩʷʛʣʠ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʮʝʤʝʥʪʫ ʥʘ 1 ʤ
3
 ʙʝʪʦʥʫ, ʷʢʽ 

ʩʪʘʣʠ ʤʝʥʰʠʤʠ ʥʽʞ 400 ʢʛ. ɸʣʝ ʚʽʜʤʦʚʠʪʠʩʴ ʚʽʜ ʧʨʦʧʘʨʶʚʘʥʥʷ ʧʦʚʥʽʩʪʶ ʜʦ 

ʮʴʦʛʦ ʯʘʩʩʫ ʥʝ ʚʜʘʣʦʩʴ. ʂʨʽʤ ʪʦʛʦ, ʬʘʭʽʚʮʽ-ʪʝʭʥʦʣʛʠ ʡ ʜʦʩʽ ʦʙʝʨʝʞʥʦ ʩʪʘʚʣʷʪʴʩʷ 

ʜʦ ʫʚʝʜʝʥʥʷ ʚ ʙʝʪʦʥ ʜʦʙʘʚʦʢ ï ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʯʝʨʝʟ ʾʭ ʤʦʞʣʠʚʠʡ ʢʦʨʦʟʽʡʥʠʡ 

ʚʧʣʠʚ ʥʘ ʩʪʘʣʝʚʠʡ ʜʨʽʪ ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʜʦʟʫʚʘʥʥʷ ʜʦʙʘʚʢʠ. ɿ ʮʽʻʾ ʞ ʧʨʠʯʠʥʠ ʫ 

ɼʉʊʋ ɹ ɺ.2.6-209:2016 ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʜʣʷ ʰʧʘʣ ʜʦʙʘʚʦʢ ï ʧʨʠʩʢʦʨʶʚʘʯʽʚ 

ʪʚʝʨʜʽʥʥʷ  ʦʙʤʝʞʫʻʪʴʩʷ. ʊʦʤʫ ʧʦʰʫʢ ʜʦʙʘʚʦʢ, ʷʢʽ ʙ ʧʨʠʩʢʦʨʠʣʠ ʪʚʝʨʜʽʥʥʷ 

ʙʝʪʦʥʫ ʰʧʘʣ ʙʝʟ ʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʘʨʤʘʪʫʨʥʠʡ ʜʨʽʪ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʧʨʘʢʪʠʯʥʠʤ ʽ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ.            

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

ʚʠʢʦʥʘʥʦ ʥʘ ʢʘʬʝʜʨʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʩʧʦʨʫʜ ʽ ʢʘʬʝʜʨʽ 

ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʫ ʩʢʣʘʜʽ 

ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʽ ʛʦʩʧʜʦʛʦʚʽʨʥʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, ʟʦʢʨʝʤʘ çʊʝʦʨʝʪʠʯʥʽ 

ʦʩʥʦʚʠ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʩʠʣʽʢʘʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʠʤʠ ʛʽʜʨʦʬʽʟʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ 

ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʽ ʦʩʥʦʚʠ ʚʦʜʦʩʪʽʡʢʦʩʪʽ ʪʘ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʩʠʣʽʢʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚè (2015ï17, ɼʈˉ 0115U000279); çʊʝʦʨʝʪʠʯʥʽ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʦʩʥʦʚʠ ʚʠʟʥʘʯʝʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ ʚ ʫʤʦʚʘʭ ʘʛʨʝʩʠʚʥʠʭ ʚʧʣʠʚʽʚè 

(2019ï21, ɼʈˉ 0119U100295); çʈʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʪʘ ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ ˇʨʫʥʪʽʚ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʟʘʣʽʟʥʠʮʴè (2020-22, 

ɼʈˉ 0120U102065). 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʟ ʧʨʠʨʦʜʥʠʤ ʪʚʝʨʜʽʥʥʷʤ ʙʝʪʦʥʫ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʽ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʽʥʥʷ - ʥʝʝʣʝʢʪʨʦʣʽʪʽʚ. 

ʅʘʫʢʦʚʘ ʛʽʧʦʪʝʟʘ: ʤʘʢʩʠʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ 

ʤʦʞʣʠʚʝ ʫ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʪʦʥʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟ ʢʦʤʧʣʝʢʩʥʦʶ 

ʜʦʙʘʚʢʦʶ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ ʽ ʧʨʠʩʢʦʨʶʚʘʯʘ, ʱʦ ʥʝ 
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ʩʧʨʠʯʠʥʷʻ ʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʘʨʤʘʪʫʨʫ, - ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ 

ʷʢ ʢʨʠʩʪʘʣʽʯʥʦʾ ʟʘʪʨʘʚʢʠ ʜʣʷ ʰʚʠʜʢʦʛʦ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʴ ï ʨʘʥʥʽ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʟ ʜʦʙʘʚʢʘʤʠ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ, ʧʨʠʩʢʦʨʶʚʘʯʚ ʝʣʝʢʪʨʦʣʪʽʚ ʪʘ 

ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʴ ï ʙʝʪʦʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʟ ʜʦʙʘʚʢʘʤʠ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ, ʧʨʠʩʢʦʨʶʚʘʯʚ ʝʣʝʢʪʨʦʣʪʽʚ ʪʘ 

ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʜʣʷ ʙʝʪʦʥʫ ʚʠʟʥʘʯʘʣʠ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʣʘʤʠ, ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʮʝʤʝʥʪʽʚ - ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ Malvern ZetaSizer. ʃʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʴ 

ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ ʚʠʟʥʘʯʘʣʠ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʄʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʟ 

ʜʦʙʘʚʢʘʤʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʤʝʪʦʜʦʤ, ʩʢʣʘʜ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ - ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, 

ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ɻʨʘʥʠʯʥʠʡ 

ʢʦʨʦʟʽʡʥʦ ʙʝʟʧʝʯʥʠʡ ʚʤʽʩʪ ʜʦʙʘʚʦʢ ʝʣʝʢʪʨʦʣʽʪʽʚ ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ɺʧʣʠʚ ʜʦʙʘʚʦʢ ʥʘ ʢʦʨʦʟʽʡʥʠʡ ʩʪʘʥ ʩʪʘʣʝʚʦʾ 

ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥʽ ʜʦʩʣʽʞʜʞʫʚʘʣʪʠ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ: 

ʈʦʟʚʠʥʫʪʦ ʫʚʣʝʥʥʷ ʧʨʦ ʝʣʝʢʪʨʦʧʦʚʨʭʥʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʚʟʘʻʤʦʜʽʾ ʧʽʜ ʯʘʩ 

ʪʚʝʨʜʽʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʜʦʙʘʚʢʘʤʠ, ʟʦʢʨʝʤʘ, ʪʘʢʽ ʧʦʣʦʞʝʥʥʷ: 

- ʽʥʪʝʛʨʘʣʴʥʠʡ ʨʽʚʥʦʚʘʞʥʠʡ ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʠʡ ʧʦʪʝʥʮʽʘʣ ʛʨʘʥʽʪʫ 

ʜʦʨʽʚʥʶʻ ï0,89, ʧʨʦʪʝ ʜʽʣʷʥʢʠ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʤʦʞʫʪʴ ʤʘʪʠ ʷʢ ʥʝʛʘʪʠʚʥʠʡ 

(ʢʚʘʨʮ, ʦʨʪʦʢʣʘʟ), ʪʘʢ ʽ ʧʦʟʪʠʚʥʠʡ (ʙʽʦʪʠʪ) ʟʘʨʷʜ; 

- ʧʣʘʩʪʠʬʽʢʫʶʯʠʡ ʝʬʝʢʪ ʘʥʽʦʥʥʠʭ ʇɸʈ ʙʫʤʦʚʣʝʥʠʡ ʾʭ ʚʠʙʽʨʢʦʚʦʶ 

ʘʜʩʦʨʙʮʽʻʶ ʥʘ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʮʝʤʝʥʪʫ (ʉ3ɸ) ʪʘ 

ʟʘʧʦʚʥʶʚʘʯʽʚ: ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʠ ʯʝʨʝʟ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʛʨʫʧ SO3
ï

 
ʥʝʡʪʨʘʣʽʟʫʶʪʴ ʟʘʨʷʜ ʉ3ɸ ʪʘ ʤʘʶʪʴ ʩʝʨʝʜʥʴʦʧʣʘʩʪʠʬʽʢʫʶʯʠʡ 
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ʝʬʝʢʪ, ʤʝʣʘʤʽʥʬʦʨʤʘʣʴʜʝʛʽʜʠ ʪʘ ʥʛʘʬʪʘʣʽʥʬʦʨʤʘʣʴʜʝʛʽʜʠ ʯʝʨʝʟ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʛʨʫʧ SO3
ï
 ʧʝʨʝʟʘʨʷʜʞʘʶʪʴ ʉ3ɸ ʽ ʤʘʶʪʴ ʩʠʣʴʥʦʧʣʘʩʪʠʬʽʢʫʶʯʠʡ ʝʬʝʢʪ, 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʠ ʯʝʨʝʟ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʉʆ2
ï
 ʘʙʦ ʈʆ3

2ï 
ʪʘ 

ʜʦʚʛʠʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʨʘʜʠʢʘʣʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʟʘʨʷʜʞʝʥʥʷ ʉ3ɸ, ʧʽʜʩʠʣʝʥʝ 

ʩʪʝʨʠʯʥʠʤ ʝʬʝʢʪʦʤ, ʪʦʤʫ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʧʣʘʩʪʠʬʽʢʫʶʯʠʡ 

(ʚʦʜʦʨʝʜʫʢʫʶʯʠʡ) ʝʬʝʢʪ. 

- ʚ ʨʝʟʫʣʴʪʘʪʽ ʫʚʝʜʝʥʥʷ ʥʽʪʨʘʪʫ ʪʘ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʫʪʚʦʨʶʶʪʴʩʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʽ ʛʽʜʨʦʥʽʪʨʦ- ʪʘ ʛʽʜʨʦʭʣʦʨʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ, 

ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʠ ʷʢʠʭ ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʟʘʨʷʜ ʽ ʫʪʚʦʨʶʶʪʴ 

ʜʦʜʘʪʢʦʚʫ ʢʽʣʴʢʽʩʪʽ ʝʣʝʢʪʨʦʛʝʪʝʨʦʛʝʥʥʠʭ ʢʦʥʪʘʢʪʽʚ ʫ ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʽʥʥʷ; 

ʙʝʟʧʝʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʽʪʨʘʪʫ ʪʘ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʟʚ'ʷʟʫʚʘʥʥʷʤ 

ʘʣʶʤʽʥʘʪʥʠʤʠ ʬʘʟʘʤʠ ʘ, ʦʪʞʝ,ʚʤʽʩʪʦʤ ʉ3ɸ ʫ ʢʣʽʥʢʝʨʽ;   

- ʥʘʡʙʽʣʴʰʠʡ ʧʨʠʩʢʦʨʶʶʯʠʡ ʝʬʝʢʪ ʜʦʙʘʚʢʠ ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ 

ʢʘʣʴʮʽʶ ʟ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʦʤ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʯʘʩʪʠʥʢʠ ɻʉʂ 

ʟʙʽʣʴʰʫʶʪʴ ʧʣʦʱʫ ʧʦʚʝʨʭʦʥʴ, ʥʘ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʧʨʦʜʫʢʪʽʚ 

ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʚʠʜʢʝ ʟʘʧʦʚʥʝʥʥʷ ʥʠʤʠ ʧʨʦʰʘʨʢʽʚ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ 

ʮʝʤʝʥʪʫ ʪʘ ʟʘʧʦʚʥʶʚʘʯʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʝʣʝʢʪʨʦʛʝʪʝʨʦʛʝʥʥʠʭ ʢʦʥʪʘʢʪʽʚ. 

ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʰʧʘʣ ʚʽʜ ʨʽʟʥʠʭ 

ʩʧʦʣʫʯʝʥʴ ʽ ʢʽʣʴʢʦʩʪʽ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ, 

ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ ʽ ʜʠʩʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʟʘ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ 

ʪʚʝʨʜʽʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʽ ʢʨʠʚʽ ʢʦʨʦʟʽʡʥʦʛʦ ʩʪʘʥʫ ʘʨʤʘʪʫʨʠ ʫ 

ʙʝʪʦʥʽ ʟ ʮʠʤʠ ʜʦʙʘʚʢʘʤʠ.  

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘʙʝʟʧʝʯʝʥʘ ʢʦʨʝʢʪʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽ ʤʝʪʨʦʣʦʛʽʯʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘ ʦʨʠʛʽʥʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ 

ʜʦʩʣʽʜʞʝʥʴ, ʟʘʩʪʦʩʦʫʚʘʥʥʷʤ ʥʝʟʘʣʝʞʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚʪʦʨʶʚʘʥʽʩʪʶ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ, ʾʭ ʩʪʘʪʠʩʪʠʯʥʦʶ ʦʙʨʦʙʢʦʶ, ʫʟʛʦʜʞʝʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʟʥʠʞʝʥʥʷ ʨʝʩʫʨʩʦʝʥʝʨʛʦʚʠʪʨʘʪ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʪʘ 
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ʽʥʰʠʭ ʟʙʽʨʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʚʠʨʦʙʽʚ ʙʝʟ ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʾʭ 

ʷʢʦʩʪʽ ʪʘ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʘ ʪʘʢʦʞ ʫ 

ʥʘʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʟ ʧʽʜʛʦʪʫʚʘʥʥʷ ʙʘʢʘʣʘʚʨʽʚ, ʤʘʛʽʩʪʨʽʚ, ʜʦʢʪʦʨʽʚ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʷʤʠ 192 ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ ʽ 273 ɿʘʣʽʟʥʠʯʥʠʡ 

ʪʨʘʥʩʧʦʨʪ ʫ ʩʢʣʘʜʽ ʣʝʢʮʽʡʥʠʭ ʢʫʨʩʽʚ, ʣʘʙʦʨʘʪʦʨʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʨʦʙʽʪ ʟ 

ʜʠʩʮʠʧʣʽʥ çʌʽʟʠʢʦ-ʭʽʤʽʯʥʘ ʤʝʭʘʥʽʢʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡè, 

çɹʫʜʽʚʝʣʴʥʝ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè, çʄʦʜʠʬʽʢʘʮʽʷ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ 

ʭʽʤʽʯʥʠʤʠ, ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʪʘ ʧʦʣʽʤʝʨʘʤʠè. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʧʦʚʽʜʘʣʠʩʴ ʥʘ: VI ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ 

ʧʨʦʙʣʝʤʠ ʽʥʞʝʥʝʨʥʦʾ ʤʝʭʘʥʽʢʠè, ʆʜʝʩʘ, 2019; XVII  ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʽʥʞʝʥʝʨʽʾ ʜʦʚʢʽʣʣʷè (ʃʴʚʽʚ ï ʂʦʰʠʮʝ ï 

ɾʝʰʫʚ), 2019; Vɯɯɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɽʬʝʢʪʠʚʥʽ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʪʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʙʫʜʽʚʥʠʮʪʚʽè, ʍʘʨʢʽʚ, 2020; Second International Conference on Sustainable 

Futures: Environmental, Technological, Social and Economic Matters (ICSF 2021), 

ʂʨʠʚʠʡ ʈʽʛ, 2021.  

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 7 ʨʦʙʽʪ, ʫ ʪ.ʯ. 2 ʫ 

ʚʠʜʘʥʥʷʭ, ʱʦ ʽʥʜʝʢʩʫʶʪʴʩʷ ʅʄɹɼ Scopus, 2 ï ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 1 ï 

ʫ ʟʘʢʦʨʜʦʥʥʦʤʫ ʚʠʜʘʥʥʽ. 
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ʈʆɿɼɯʃ 1. ɸʅɸʃɯʊʀʏʅʀʁ ʆɻʃʗɼ ʉʋʏɸʉʅʀʍ ʋʗɺʃɽʅʔ ɿ 

ʆʊʈʀʄɸʅʅʗ ɺʀʉʆʂʆɰ ʈɸʅʅʔʆɰ  ʄɯʎʅʆʉʊɯ ɹɽʊʆʅʋ 

1.1 ʆʩʦʙʣʠʚʦʩʪ ̔ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʰʧʘʣ  

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚ ʋʢʨʘʾʥʽ ʚʠʥʠʢʣʘ ʛʦʩʪʨʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʽʜʨʝʡʢʦʚʠʭ ʦʩʥʦʚ. ɼʘʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʘʮʶʶʪʴ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʠʪʨʠʤʫʶʯʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʽ 

ʧʦʚʠʥʥʽ ʧʦʻʜʥʫʚʘʪʠ ʚ ʩʦʙʽ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ, ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ, ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ, 

ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ.  

ɺ ʙʫʜʽʚʝʣʴʥʽʡ ʽʥʜʫʩʪʨʽʾ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʨʝʩʫʨʩʦʝʥʝʨʛʦʻʤʥʠʭ ʻ 

ʚʠʨʦʙʥʠʮʪʚʦ ʟʙʽʨʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ, ʟʦʢʨʝʤʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʦʧʝʨʝʜʥʴʦ 

ʥʘʧʨʫʞʝʥʛʠʭ ʰʧʘʣ. ɼʣʷ ʧʨʠʩʢʦʨʝʥʦʛʦ ʪʚʝʨʜʥʝʥʥʷ ʙʝʪʦʥʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʙʘʣʘʥʩʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ ʜʦʩʷʛʘʻ 60 %, ʩʘʤʽ ʞ ʢʘʤʝʨʠ ʊɺʆ ʟʘʡʤʘʶʪʴ 40ï60 

% ʚʠʨʦʙʥʠʯʠʭ ʧʣʦʱ, ʬʦʥʜʦʚʽʜʜʘʯʘ ʷʢʠʭ ʫʢʨʘʡ ʥʠʟʴʢʘ ʽ ʩʪʘʥʦʚʠʪʴ 30ï55 %.  

ɸʥʘʣʽʟ ʪʠʧʽʚ ʽ ʤʘʨʦʢ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ, ʷʢʽ ʚ ʋʝʨʘʾʥʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʽ ʫʢʣʘʜʘʶʪʴʩʷ ʚ ʟʘʣʽʟʥʠʯʥʫ ʢʦʣʽʶ [1ï8], ʧʦʢʘʟʫʻ, ʱʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʪʠʧʦʤ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʧʨʦʤʽʞʥʠʭ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ, ʥʘ ʨʽʟʥʦʚʠʜʠ ʷʢʠʭ ʫ ʩʚʽʪʽ 

ʦʪʨʠʤʘʥʦ ʧʦʥʘʜ ʪʠʩʷʯʘ ʧʘʪʝʥʪʽʚ. 

ʇʨʦʤʽʞʥʽ ʨʝʡʢʦʚʽ ʩʢʨʽʧʣʝʥʥʷ ʧʽʜʨʦʟʜʽʣʷʶʪʴ ʥʘ ʪʠʧʠ:  

1) ʧʦ ʥʘʷʚʥʦʩʪʽ ʧʽʜʢʣʘʜʢʠ ʪʘ ʩʧʦʩʦʙʦʤ ʢʨʽʧʣʝʥʥʷ ʨʝʡʢʠ ʜʦ ʰʧʘʣʠ:  

- ʨʦʟʜʽʣʴʥʽ  ʩʢʨʽʧʣʝʥʥʷ ʟʽ ʩʪʘʣʝʚʦʶ ʧʽʜʢʣʘʜʢʦʶ ʧʽʜ ʧʽʜʦʰʚʦʶ ʨʝʡʢʠ ʥʘ 

ʰʧʘʣʽ, ʘ ʪʘʢʦʞ ʟ ʜʚʦʤʘ ʘʤʦʨʪʠʟʠʨʫʶʯʠʤʠ ʧʨʦʢʣʘʜʢʘʤʠ  ʧʽʜʨʝʡʢʦʚʦʶ ʽ 

ʥʘʰʧʘʣʴʥʦʶ, ʚ ʷʢʠʭ ʨʝʡʢʘ ʧʨʠʢʨʽʧʣʶʻʪʴʩʷ ʜʦ ʧʽʜʢʣʘʜʮʽ, ʘ ʧʽʜʢʣʘʜʢʘ ʜʦ ʰʧʘʣʠ 

ʨʦʟʜʽʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʢʨʝʤʠʭ ʧʨʠʢʨʽʧʣʶʶʯʠʭ  ʜʝʪʘʣʝʡ ï ʙʦʣʪʽʚ, ʰʫʨʫʧʽʚ, 

ʢʣʝʤ [1; 4] 

- ʥʝʨʦʟʜʽʣʴʥʽ  ʟ ʤʝʪʘʣʝʚʦʶ ʧʽʜʢʣʘʜʢʦʶ ʤʽʞ ʧʽʜʦʰʚʦʶ ʨʝʡʢʠ ʽ ʰʧʘʣʠ, ʘ 

ʪʘʢʦʞ ʟ ʜʚʦʤʘ ʘʤʦʨʪʠʟʠʨʫʶʱʠʤʠ ʧʨʦʢʣʘʜʢʘʤʠ  ʧʽʜʨʝʡʢʦʚʦʶ ʽ ʥʘʰʧʘʣʴʥʦʶ, ʚ 

ʷʢʠʭ ʨʝʡʢʘ ʧʨʠʢʨʽʧʣʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʰʧʘʣʠ; 
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- - ʙʝʟʧʽʜʢʣʘʜʢʦʚʽ ʩʢʨʽʧʣʝʥʥʷ ʣʠʰʝ ʟ ʘʤʦʨʪʠʟʠʨʫʶʯʦʶ ʧʨʦʢʣʘʜʢʦʶ ʧʽʜ 

ʧʽʜʦʰʚʦʶ ʨʝʡʢʠ ʥʘ ʰʧʘʣʽ [1; 4; 9ï12] 

2) ʟ ʚʠʜʫ ʜʝʪʘʣʝʡ ʢʨʽʧʣʝʥʥʷ ʨʝʡʢʠ ʜʦ ʰʧʘʣʠ:  

- ʢʣʝʤʥʦ-ʙʦʣʪʦʚʽ, ʫ ʷʢʠʭ ʨʝʡʢʘ ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʢʣʝʤʦʶ, ʱʦ ʧʨʠʢʨʽʧʣʷʻʪʴʩʷ 

ʜʦ ʰʧʘʣʠ ʟʥʽʤʥʠʤ ʟʘʢʣʘʜʥʠʤ ʙʦʣʪʦʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʚ ʦʪʚʽʨ ʫ ʰʧʘʣʽ;  

- ʰʫʨʫʧʥʦ-ʜʶʙʝʣʴʥʽ, ʫ ʷʢʠʭ ʨʝʡʢʘ ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʢʣʝʤʦʶ, ʱʦ 

ʧʨʠʢʨʽʧʣʷʻʪʴʩʷ ʜʦ ʰʧʘʣʠ ʰʫʨʫʧʦʤ, ʚʢʨʫʯʝʥʠʤ ʫ ʧʦʣʽʤʝʨʥʠʡ ʜʶʙʝʣʴ, 

ʟʘʙʝʪʦʥʦʚʘʥʠʡ ʫ ʰʧʘʣʽ;  

- ʘʥʢʝʨʥʽ, ʫ ʷʢʠʭ ʨʝʡʢʘ ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʢʣʝʤʦʶ, ʱʦ ʧʨʠʢʨʽʧʣʷʻʪʴʩʷ ʜʦ 

ʰʧʘʣʠ ʯʝʨʝʟ ʤʝʪʘʣʝʚʠʡ ʘʥʢʝʨ, ʟʘʙʝʪʦʥʦʚʘʥʠʡ ʫ ʰʧʘʣʽ; 

3) ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʪʠʩʢʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʢʣʝʤʠ): 

- ʞʦʨʩʪʢʽ;  

- ʧʨʫʞʥʽ ʧʣʘʩʪʠʥʯʘʩʪʽ; 

- ʧʨʫʞʥʽ ʧʨʫʪʢʦʚʽ. 

ʅʘʡʨʦʟʧʦʚʩʶʜʞʝʥʽʰʠʤ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʠ ʻ ʨʦʟʜʽʣʴʥʝ ʢʣʝʤʥʦ-ʙʦʣʪʦʚʝ 

ʩʢʨʽʧʣʝʥʥʷ ʂɹ ʽ ʙʝʟʧʽʜʢʣʘʜʢʦʚʝ ʘʥʢʝʨʥʝ ʧʨʫʞʥʝ ʩʢʨʽʧʣʝʥʥʷ ʂʇʇ-5. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʨʤʽʞʥʦʛʦ ʨʝʡʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʰʧʘʣʠ 

ʚʠʛʦʪʦʚʣʷʶʪʴ 3 ʪʠʧʽʚ: 

- ʐ1 ï ʜʣʷ ʨʦʟʜʽʣʴʥʦʛʦ ʢʣʝʤʥʦ-ʙʦʣʪʦʚʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʨʝʡʢʦʚʦʛʦ 

ʩʢʨʽʧʣʝʥʥʷ (ʨʠʩ. 1.1, ʘ);  

- ʉɹ3 ï ʜʣʷ ʙʝʟ ʧʽʜʢʣʘʜʢʦʚʦʛʦ ʘʥʢʝʨʥʦʛʦ ʧʨʫʞʥʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʨʝʡʢʦʚʦʛʦ 

ʩʢʨʽʧʣʝʥʥʷ (ʨʠʩ. 1.1, ʙ); 

- ʐ9 ï ʜʣʷ ʙʝʟʧʽʜʢʣʘʜʢʦʚʦʛʦ ʜʶʙʝʣʴʥʦʛʦ ʧʨʫʞʥʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʨʝʡʢʦʚʦʛʦ 

ʩʢʨʽʧʣʝʥʥʷ ʟ ʨʽʟʴʙʦʚʠʤ ʧʨʠʢʨʽʧʣʝʥʥʷʤ ʨʝʡʢʠ ʜʦ ʰʧʘʣʠ (ʨʠʩ. 1.1, ʚ). 

ʆʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʰʧʘʣ ʧʨʦʽʣʶʩʪʨʦʚʘʥʽ ʨʠʩ. 1.2ï1.5. 

ʐʧʘʣʠ ʬʦʨʤʫʶʪʴ ʫ 10-ʤʽʩʥʠʭ ʥʝʨʦʟ'ʻʤʥʠʭ ʩʠʣʦʚʠʭ ʬʦʨʤʘʭ (2 ʨʷʜʠ ʧʦ 5 ʰʧʘʣ ʫ 

ʜʦʚʞʠʥʫ, ʨʠʩ. 1.2, ʘ), ʥʘ ʷʢʽ ʛʽʜʨʘʚʣʽʯʥʠʤ ʜʦʤʢʨʘʪʦʤ ʧʦʧʝʨʝʜʥʴʦ ʥʘʪʷʛʫʶʪʴ 

ʘʨʤʘʪʫʨʥʠʡ ʧʘʢʝʪ ʽʟ 44 ʰʪ. ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʜʨʦʪʫ ʜʽʘʤʝʪʨʦʤ 3 ʤʤ 

(ʨʠʩ. 1.2, ʙ). ʅʘʪʷʞʽʥʥʷ ʟ ʜʦʤʢʨʘʪʫ ʧʝʨʝʜʘʶʪʴ ʥʘ ʬʦʨʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʧʦʨʥʠʨʭ ʛʚʠʥʪʽʚ. ʇʦ ʜʦʚʞʠʥʽ ʰʧʘʣʠ ʨʦʟʜʽʣʷʶʪʴ ʟʥʽʤʥʠʤʠ ʜʽʘʬʨʘʛʤʘʤʠ. ʊʘʢʽ ʞ 
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ʜʽʘʬʨʘʛʤʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʫ ʢʨʘʡʥʽʭ ʪʦʨʮʷʭ (ʨʠʩ. 1.2, ʙ). ʋ ʬʦʨʤʠ ʪʘʢʦʞ 

ʚʩʪʘʥʦʚʣʶʶ ʧʫʩʪʦʪʦʫʪʚʦʨʶʚʘʯʽ ʦʪʚʦʨʽʚ ʜʣʷ ʟʘʢʣʘʜʥʠʭ ʙʦʣʪʽʚ ʘʙʦ ʘʥʢʝʨʠ ʘʙʦ 

ʜʶʙʝʣʽ. ʆʩʥʘʱʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʬʦʨʤʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʚʽʙʨʦʧʣʦʱʘʜʢʫ 

(ʨʠʩ. 1.3, ʘ), ʟʘʧʦʚʥʶʶʪʴ ʞʦʨʩʪʢʦʶ ʙʝʪʦʥʥʦʶ ʩʫʤʽʰʰʶ ʽ ʫʱʽʣʴʥʶʶʪʴ 

ʧʨʦʪʷʛʦʤ  ʜʝʢʽʣʴʢʦʭ ʭʚʠʣʠʥ (ʨʠʩ. 1.3, ʙ). ʇʽʩʣʷ ʮʴʦʛʦ ʽʟ ʰʧʘʣ ʚʠʜʘʣʷʶʪʴ 

ʜʽʘʬʨʘʛʤʠ (ʨʠʩ. 1.4, ʘ)  ʽ ʧʫʩʪʦʪʦʫʪʚʦʨʶʚʘʯʽ. ʋ ʨʘʟʽ ʥʝʜʦʩʪʘʪʥʴʦʾ ʞʦʨʩʪʢʦʩʪʽ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ  ʟʘʟʦʨʠ ʤʽʜ ʪʦʨʮʷʤʠ ʰʧʘʣ ʪʘ ʦʪʚʦʨʠ ʤʦʞʫʪʴ ʟʘʧʣʠʩʪʠ ʙʝʪʦʥʦʤ 

(ʨʠʩ. 1.4, ʙ). ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʮʴʦʤʫ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʧʣʘʩʪʤʘʩʦʚʫ ʯʘʩʪʠʥʫ 

ʧʫʩʪʦʪʦʫʪʚʦʨʶʚʘʯʽʚ ʩʪʘʣʠ ʨʦʙʠʪʠ ʥʝʟʥʽʤʥʦʶ. ʌʦʨʤʠ ʟʘʚʘʥʪʘʞʫʶʪʴ ʫ 

ʧʨʦʧʘʨʶʽʚʣʴʥʽ ʢʘʤʝʨʠ (ʥʘʚʽʪʴ ʫ ʨʘʟʽ ʧʨʠʨʦʜʥʦʛʦ ʪʚʝʨʜʽʥʥʷ, ʨʠʩ. 1.5, ʘ) ʽ 

ʧʽʜʜʘʶʪʴ ʪʝʧʣʦʚʦʣʦʛʽʩʥʽʡ ʦʙʨʦʙʮʽ. ɹʝʪʦʥ ʤʘʻ ʥʘʙʨʘʪʠ ʧʝʨʝʜʘʪʦʯʥʫ ʤʽʮʥʽʩʪʴ ʥʝ 

ʤʝʥʰʝ 32 ʄʇʘ ʫ ʨʘʟʽ ʜʚʦʟʤʽʥʥʦʾ ʨʦʙʦʪʠ ï ʯʝʨʝʟ 8 ʛʦʜʠʥ, ʦʜʥʦʟʤʽʥʥʦʾ ï ʯʝʨʝʟ 

24 ʛʦʜʠʥʠ, ʫ ʚʠʭʽʜʥʽ ʽ ʩʚʷʪʢʦʚʽ ʜʥʽ ï ʯʝʨʝʟ 2 ʜʦʙʠ. ʌʦʨʤʠ ʚʠʡʤʘʶʪʴ ʟ ʢʘʤʝʨʠ ʽ 

ʧʝʨʝʜʘʶʪʴ ʥʘʪʷʞʽʥʥʷ ʘʨʤʘʪʫʨʠ ʥʘ ʙʝʪʦʥ, ʚʽʜʧʫʩʢʘʶʯʠ ʫʧʦʨʥʽ ʛʚʠʥʪʠ. ʐʧʘʣʠ 

ʚʠʜʘʣʷʶʪʴ ʽʟ ʬʦʨʤ, ʧʝʨʝʛʦʨʪʘʶʯʠ ʾʭ (ʨʦʟʢʘʥʪʦʚʫʶʯʠ, ʨʠʩ. 1,5 ʙ). ɸʨʤʘʪʫʨʥʠʡ 

ʜʨʽʪ ʤʽʞ ʪʦʨʮʷʤʠ ʰʧʘʣ ʨʘʟʦʤ ʟ ʥʘʧʣʠʚʘʤʠ ʙʝʪʦʥʫ ʟʨʽʟʘʶʪʴ ʜʠʩʢʦʚʦʶ ʧʠʣʦʶ, 

ʟʜʽʡʩʥʶʶʪʴ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʪʘ ʤʘʨʢʫʚʘʥʥʷ ʰʧʘʣ ʽ ʚʠʚʦʟʷʪʴ ʾʭ ʥʘ ʩʢʣʘʜ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ.   

ɺʠʭʦʜʷʯʠ ʟ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʡʢʦʚʠʭ 

ʩʢʨʽʧʣʝʥʴ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʰʧʘʣʠ ʟʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʥʘ:  

1) ʰʧʘʣʠ, ʚ ʷʢʠʭ ʻ ʦʪʚʦʨʠ ʜʣʷ ʟʘʢʣʘʜʥʠʭ ʙʦʣʪʚ̔, ʧʫʩʪʦʪʦʫʪʚʦʨʶʚʘʯ ʟ ʷʢʠʭ 

ʚʠʪʷʛʫʶʪʴ ʥʝʛʘʡʥʦ ʧʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ (ʨʠʩ. 1.1, ʘ);  

2) ʰʧʘʣʠ ʟ ʧʦʣʽʤʝʨʥʠʤʠ ʜʶʙʝʣʷʤʠ, ʘʥʢʝʨʘʤʠ, ʧʦʣʽʤʝʨʥʠʤʠ ʥʝʟʥʽʤʥʠʤʠ 

ʧʫʩʪʦʪʦʫʪʚʦʨʶʚʘʯʘʤʠ-ʽʟʦʣʷʪʦʨʘʤʠ, ʱʦ ʟʘʢʣʘʜʘʶʪʴ ʚ ʙʝʪʦʥ, ʚ ʷʢʠʭ ʚʽʜʩʫʪʥʽ 

ʝʣʝʤʝʥʪʠ ʥʝʛʘʡʥʦʾ ʨʦʟʧʘʣʫʙʢʠ (ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʪʦʨʮʝʚʫ ʜʽʘʬʨʘʛʤʫ) (ʨʠʩ. 1.1, ʙ, 

ʚ) [5]. 
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 ʘ) 

 

ʙ) 

 

ʚ) 

 

ʈʠʩ. 1.1 ʉʭʝʤʠ ʰʧʘʣ ʪʠʧʽʚ: ʘ ï ʐ1; ʙ ï ʉɹ3; ʚ ï ʐ9 
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ʘ) 

 

ʙ) 

 

ʈʠʩ. 1.2 ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ: ʘ ï 10-ʤʽʩʥʽ ʩʠʣʦʚʽ 

ʬʦʨʤʠ; ʙ ï ʥʘ ʪʷʞʽʥʥʷ ʘʨʤʘʪʫʨʥʦʛʦ ʜʨʦʪʫ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʽʘʬʨʘʛʤ   
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ʘ) 
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ʙ) 

 

ʈʠʩ. 1.3 ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ: ʘ ï ʫʢʣʘʜʘʥʥʷ 

ʙʝʪʦʥʫ ʚ ʬʦʨʤʫ; ʙ ï ʫʱʽʣʴʥʝʥʠʡ ʚʽʙʨʘʮʽʻʶ ʙʝʪʦʥ  

ʘ) 
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ʙ) 

 

ʈʠʩ. 1.4 ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ: ʘ ï ʟʘʟʦʨ ʤʽʞ 

ʪʦʨʮʷʤʠ ʰʧʘʣ ʧʽʩʣʷ ʥʝʛʘʡʥʦʛʦ ʨʦʟʧʘʣʫʙʣʝʥʥʷ (ʚʠʜʘʣʝʥʥʷ ʜʽʘʬʨʘʛʤ); ʙ ï 

ʟʘʧʣʠʚʘʥʥʷ ʙʝʪʦʥʥʦʶ ʩʫʤʽʰʰʶ ʟʘʟʦʨʫ ʤʽʞ ʪʦʨʮʷʤʠ ʧʦʩʣʽʜʦʚʥʦ ʩʫʤʽʞʥʠʭ ʰʧʘʣ 

 

ʘ) 
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ʙ) 

 

ʈʠʩ. 1.5 ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ: ʘ ï ʪʝʧʣʦʚʦʣʦʛʽʩʥʘ 

ʦʙʨʦʙʢʘ ʚ ʢʘʤʝʨʽ ʊɺʆ; ʙ ï ʨʦʟʧʘʣʫʙʣʝʥʥʷ ʰʧʘʣ ʢʘʥʪʫʚʘʪʝʣʝʤ 

 

ʅʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʤ ʝʪʘʧʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʧʘʣ ʻ ʊɺʆ, ʟʜʽʡʩʥʶʚʘʥʘ ʚ 

ʧʨʦʧʘʨʶʚʘʣʴʥʠʭ ʢʘʤʝʨʘʭ ʷʤʥʦʛʦ ʪʠʧʫ.  

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ ʋʢʨʘʾʥʽ ʩʫʪʪʻʚʦ ʚʠʨʦʩʣʘ ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʦʥʦʩʽʾʚ. ʎʝ 

ʧʨʠʟʚʝʣʦ ʜʦ ʪʦʛʦ ʱʦ, ʫ ʟʘʛʘʣʴʥʽʡ ʚʘʨʪʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʰʧʘʣʠ ʯʘʩʪʢʘ ʚʘʨʪʦʩʪʽ 

ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʾʾ ʊɺʆ (ʚʠʨʦʙʥʠʮʪʚʦ ʧʘʨʠ) ʛʘʟʫ ʟʙʽʣʴʰʠʣʽʩʴ ʟʘ 5 ʨʦʢʽʚ ʫ 3,24 

ʨʘʟʠ (ʚʽʜ 2007 ʜʦ 2012 ʨ. ʟ 3,26 ʜʦ 10,55 ʛʨʥ.). ʆʯʝʚʠʜʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʽʜʤʦʚʠ 

ʚʽʜ ʊɺʆ ʘʙʦ ʭʦʯʘ ʙ ʟʤʝʥʰʝʥʥʷ ʾʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ.  

ʊɺʆ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʤʽʮʥʦʩʪʽ ʜʦ ʤʦʤʝʥʪʫ 

ʨʦʟʧʘʣʫʙʢʠ ʰʧʘʣ, ʪʦʙʪʦ ʯʝʨʝʟ 10ï12 ʛʦʜʠʥ. ʆʪʞʝ, ʟʥʠʟʠʪʠ ʯʘʩʪʢʫ ʚʘʨʪʦʩʪʽ ʛʘʟʫ 

ʚ ʟʘʛʘʣʴʥʽʡ ʚʘʨʪʦʩʪʽ ʰʧʘʣʠ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ ʊɺʆ. ɼʣʷ ʮʴʦʛʦ ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʤʽʮʥʦʩʪʽ ʯʝʨʝʟ 10ï12 ʛʦʜ ʧʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʽʥʰʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʧʦʩʦʙʠ ʧʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʥʝʥʥʷ ʙʝʪʦʥʫ. 
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1.2 ʇʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʽʥʥʷ ʙʝʪʦʥʫ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʩʢʣʘʜʽʚ ʙʝʪʦʥʫ ʪʘ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ  

ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʫ [13; 14; 15ï18] ʧʦʢʘʟʫʻ, ʱʦ ʢʨʽʤ ʊɺʆ ʧʨʠʩʢʦʨʠʪʠ 

ʪʚʝʨʜʽʥʥʷ ʙʝʪʦʥʫ, ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ 

ʪʘʢʽ ʩʧʦʩʦʙʠ:  

1) ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʝʪʦʥʫ ʥʘ ʰʚʠʜʢʦʪʚʝʨʜʥʫʯʠʭ ʮʝʤʝʥʪʘʭ ʘʙʦ ʨʷʜʦʚʠʭ 

ʮʝʤʝʥʪʘʭ, ʷʢʽ ʧʽʜʜʘʣʠ ʜʦʜʘʪʢʦʚʦʤʫ ʧʦʤʝʣʫ, ʫ ʪ.ʯ. ʤʦʢʨʦʤʫ;  

2) ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʫ ʚʽʮʽ 28 ʜʽʙ (ʧʨʦʝʢʪʥʦʾ);  

3) ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʙʘʚʦʢ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʫʞʘʚʣʝʥʥʷ ʪʘ ʪʚʝʨʜʽʥʥʷ.  

ʇʝʨʰʠʡ ʽʟ ʮʠʭ ʩʧʦʩʦʙʽʚ ʚ ʫʤʦʚʘʭ ʟʘʚʦʜʽʚ ɿɹʐ ʥʝʧʨʠʜʘʪʥʠʡ, ʟʚʘʞʘʶʯʠ ʥʘ 

ʩʫʚʦʨʫ ʨʝʛʣʘʤʝʥʪʘʮʽʶ ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ ʮʝʤʝʥʪʫ ʪʠʧʦʤ ʽ ʤʘʨʢʦʶ ʇʎ I-500ʅ. 

ɼʦʤʝʣ ʪʝʭʥʦʣʦʛʽʯʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʢʣʘʜʥʦ, ʘ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʤʘʛʘʻ 

ʦʢʨʝʤʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʰʧʘʣ. 

ɼʨʫʛʽʡ ʩʧʦʩʽʙ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʠʡ:  

- ʟʥʠʞʝʥʥʷʤ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ 

ʚʦʜʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʫʱʽʣʴʥʝʥʥʷ, ʱʦ ʽ ʪʘʢ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʰʧʘʣ; 

- ʟʥʠʞʝʥʥʷʤ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ 

ʮʝʤʝʥʪʫ, ʱʦ ʱʝ ʙʽʣʴʰʝ ʧʽʜʚʠʱʠʪʴ ʩʦʙʽʚʘʨʪʽʩʪʴ ʰʧʘʣ; 

- ʟʥʠʞʝʥʥʷʤ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ 

ʚʦʜʠ ʽ ʚʚʝʜʝʥʥʷ ʜʦʙʘʚʦʢ-ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʽʥʝʨʘʣʴʥʠʭ ʤʽʢʨʦʜʦʙʘʚʦʢ [18], ʥʘʧʨʠʢʣʘʜ 

ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʘ [19ï23], ʫ ʪ.ʯ. ʢʨʫʧʥʽʩʪʶ 50ï100 ʥʤ (ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ [22ï23]), 

ʤʝʪʘʢʘʦʣʽʥʘ [24ï25], ʢʘʣʴʮʠʪʫ [26];  

- ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʢʣʘʜʫ ʙʝʪʦʥʫ, ʷʢʠʡ ʻ ʦʧʪʠʤʘʣʴʥʠʤ, ʪʦʙʪʦ ʧʝʨʝʜʙʘʯʘʻ 

ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʧʪʠʤʘʣʴʥʠʭ ʥʠʟʴʢʦʛʦ 

ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ɺ/ʎ, ʘ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʩʫʥʝʥʥʷ ʟʝʨʝʥ 

ʢʨʫʧʥʦʛʦ ʪʘ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʽʚ, ʚʽʜʧʦʚʽʜʥʦ, aʦʧʪ ʽ mʦʧʪ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʥʘ ʨʦʟʪʷʛ, ʱʽʣʴʥʦʩʪʽ, ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ, 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ, ʪʘ ʜʝʱʦ ʤʝʥʰʝ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ [27ï29]. 
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ʊʨʝʪʽʡ ʩʧʦʩʽʙ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʠʡ: 

 - ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ, ʱʦ ʧʨʠʩʢʦʨʶʶʪʴ 

ʪʚʝʨʜʽʥʥʷ ʙʝʪʦʥʫ [18; 21; 30; 31; 32].  

 

1.2.1 ʉʧʦʩʦʙʠ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʙʝʪʦʥʫ 

ɺʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʪʘ ʙʝʪʦʥʫ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʡʦʛʦ ʩʢʣʘʜʦʤ. ʇʽʜʙʦʨʫ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʟʘʚʞʜʠ ʧʨʠʜʽʣʷʣʘʩʷ ʚʝʣʠʢʘ ʫʚʘʛʘ ï 

ʧʨʠʩʚʷʯʝʥʽ ʮʴʦʤʫ ʧʨʘʮʽ ʧʨʦʜʦʚʞʫʶʪʴ ʧʫʙʣʽʢʫʚʘʪʠʩʷ ʟ XIX ʚ. ʧʦ ʪʝʧʝʨʽʰʥʽʡ  ʯʘʩ 

[33ï51]. ʈʦʙʦʪʠ, ʚ ʷʢʠʭ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢ 

ʟʘʢʦʥ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ, ʧʨʠʥʮʠʧ ʘʙʩʦʣʶʪʥʠʭ ʦʙôʻʤʽʚ, ʧʨʠʥʮʠʧ 

ʧʦʩʪʽʡʥʦʩʪʽ ʚʦʜʦʧʦʪʨʽʙʥʦʩʪʽ [34; 36; 39; 40; 43; 44], ʣʷʛʣʠ ʚ ʦʩʥʦʚʫ ʥʘʡʙʽʣʴʰ 

ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʦʶ ʤʝʪʦʜʠʢʠ ʧʽʜʙʦʨʫ ʩʢʣʘʜʫ ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʟʘʣʽʟʦʙʝʪʦʥʫ ʅʀʀɾɹ [52-55]. ʈʷʜ ʘʚʪʦʨʽʚ, ʥʝ ʟʘʧʝʨʝʯʫʶʯʠ ʟʘʟʥʘʯʝʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʩʧʦʩʦʙʠ [35; 37; 38; 41; 42; 45-51], ʟ ʷʢʠʭ [46; 47; 50; 53] ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʘʭ. 

ɺʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʩʧʦʩʦʙʠ ʧʽʜʙʦʨʫ ʩʢʣʘʜʫ, ʟʘ ʚʠʥʷʪʢʦʤ [38; 49], ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʜʦʚʝʜʝʥʠʡ ʚ [38; 27-29] ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ 

ʥʘ ʨʦʟʪʷʛʥʝʥʥʷ, ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ [56-59; 60] (ʨʠʩ.1.6), ʱʽʣʴʥʦʩʪʽ, 

ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ, ʽ, ʚ ʷʢʽʡʩʴ ʤʽʨʽ, ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʩʫʥʝʥʥʷ ʟʝʨʝʥ ʢʨʫʧʥʦʛʦ 

ʟʘʧʦʚʥʶʚʘʯʘ a ʽ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ m ʘʙʦ ʘʥʘʣʦʛʽʯʥʠʭ ʾʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [49]. 

ʇʨʦʪʝ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʚʠʤʦʛʠ ʜʦ ʙʝʪʦʥʫ ʧʽʜʚʠʱʫʶʪʴʩʷ, ʩʢʣʘʜʠ ʩʪʘʶʪʴ 

ʙʽʣʴʰ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʤʠ, ʟʨʦʩʪʘʶʪʴ ʚʠʤʦʛʠ ʜʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʧʨʠ ʡʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʽ. ɼʣʷ ʙʝʪʦʥʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʛʘʣʴʥʦʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʪʨʘʜʠʮʽʡʥʽ ʩʧʦʩʦʙʠ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʘʙʦ ʩʧʦʩʦʙʠ, ʦʩʥʦʚʘʥʽ ʥʘ 

ʧʦʙʫʜʦʚʽ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʚ ʮʽʣʦʤʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʪʨʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʙʝʪʦʥʫ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʩʧʦʨʫʜ. ʇʨʦʪʝ ʜʣʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʙʝʪʦʥʽʚ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʜʽʾ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʩʪʨʫʤʽʚ ʚʠʪʦʢʫ ʪʘ ʙʣʫʢʘʶʯʠʭ ʩʪʨʫʤʽʚ, ʦʙʚʦʜʥʝʥʥʷ, 
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ʘʛʨʝʩʠʚʥʠʭ ʚʘʥʪʘʞʽʚ, ʮʽ ʩʧʦʩʦʙʠ ʯʘʩʪʦ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʴ, ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʜʯʘʩʥʦʛʦ ʚʠʭʦʜʫ ʽʟ ʣʘʜʫ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ, 

ʝʣʝʢʪʨʦʢʦʨʦʟʽʾ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ. 

 ʈʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʛʦ ʪʨʽʱʠʥʦʩʪʽʡʢʦʛʦ 

ʙʝʪʦʥʫ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʩʧʦʨʫʜ ʟʘʣʽʟʥʠʮʴ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʥʘ ʦʩʥʦʚʽ ʢʽʣʴʢʽʩʥʠʭ 

ʫʷʚʣʝʥʴ ʧʨʦ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʩʪʨʫʢʪʫʨʫ ʙʝʪʦʥʫ  ̔ ʨʦʟʯʠʥʫ  ̔ ʚʧʣʠʚʫ ʤʘʢʨʦ- ʽ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʾʭ ʤʽʮʥʽʩʪʥʽ, ʜʝʬʦʨʤʘʮʽʡʥʽ ʪʘ ʬʽʣʴʪʨʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʎ ̔ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʚ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ, 

ʨʦʟʯʠʥʽ ʘʙʦ ʙʝʪʦʥʽ ʱʝ ʥʘ ʩʪʘʜʽʾ ʧʨʠʛʦʪʫʚʘʥʥʷ ʩʫʤʽʰʝʡ ,̔ ʷʢ ʧʦʢʘʟʘʣʠ ʯʠʩʣʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʣʠʰʘʶʪʴʩʷ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʙʝʪʦʥʥʠʭ ʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɺ ʷʢʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʽʡʩʥʽ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʩʫʥʝʥʥʷ ʟʝʨʝʥ ʢʨʫʧʥʦʛʦ 

ʟʘʧʦʚʥʶʚʘʯʘ - ʱʝʙʝʥʶ a (ʤʘʢʨʦʨʽʚʝʥʴ)  ̔ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ - ʧʽʩʢʫ m 

(ʤʝʟʦʨʽʚʝʥʴ), ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ɺ/ʎ (ʤʽʢʨʦʨʽʚʝʥʴ), ʘ ʪʘʢʦʞ ʾʭ 

ʦʧʪʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ aʦʧʪ, mʦʧʪ, (ɺ/ʎ)ʦʧʪ. ʉʧʦʩʦʙʠ ʧʽʜʙʦʨʫ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʪʘ 

ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʚ'ʷʞʫʯʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʩʫʥʝʥʥʷ ʟʝʨʝʥ ʢʨʫʧʥʦʛʦ a ʦʧʪ ʽ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ  mʦʧʪ ʽ 

(ɺ/ʎ)ʦʧʪ, ʨʦʟʨʦʙʣʝʥʽ ʚ ʋʢʨɼɸɿʊ [62-67]. ʎʽ ʩʧʦʩʦʙʠ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʟʘ ʦʩʥʦʚʫ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʩʢʣʘʜʽʚ ʙʝʪʦʥʫ [32], ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʰʧʘʣ ʚʽʜʤʦʚʫ ʚʽʜ ʊɺʆ ʘʙʦ ʩʢʦʨʦʯʝʥʥʷ ʾʾ ʨʝʞʠʤʫ, ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʚʠʱʝ ʥʘʟʚʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʫ. 
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ʘ) 

 

ʙ) 

 

ʈʠʩ.1.6 ɿʘʣʝʞʥʽʩʪʴ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ Pʪʨ ʜʣʷ 

ʧʽʜʨʝʡʢʦʚʠʭ ʧʝʨʝʨʽʟʽʚ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʩʫʥʝʥʥʷ ʟʝʨʝʥ ʧʽʩʢʫ m (ʘ) ʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʨʦʟʩʫʥʝʥʥʷ ʟʝʨʝʥ ʱʝʙʝʥʶ a (ʙ): ɸʢʪʶʙʽʥʩʴʢʠʡ ɿɿɹʐ (ɸʢʪ.); ɺʠʰʥʝʚʩʴʢʠʡ 

ɿɿɹʐ (ɺʠʰ.) [60]; ɿɿɹʐ ʋʢʨʘʾʥʠ (ʋʢʨ.) [56-59]: ɻʥʽʚʘʥʩʴʢʠʡ (ɻʥʽʚ.), 

ʂʠʾʚʩʴʢʠʡ (ʂʠʾʚ), ʂʦʨʦʩʪʝʥʴʩʴʢʠʡ (ʂʦʨ.), ʂʨʝʤʝʥʯʫʮʴʢʠʡ (ʂʨʝʤ.)  

 

1.2.2 ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʽ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ+ʧʨʠʩʢʦʨʶʚʘʯʽ  

ʆʪʨʠʤʘʥʥʷ ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʙʝʪʦʥʽʚ ʧʦʚ'ʷʟʘʥʝ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʦʢʨʘʱʫʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ʙʝʪʦʥʽʚ. ɹʽʣʴʰʽʩʪʴ ʜʦʙʘʚʦʢ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʩʚʽʪʽ ï ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʾ [68, 69]. 

ɰʭ ʥʦʤʝʥʢʣʘʪʫʨʘ ʚ ʜʘʥʠʡ ʯʘʩ ʧʝʨʝʚʠʱʫʻ 80 ʥʘʡʤʝʥʫʚʘʥʴ [70].  

ʎʽʥʥʠʡ ʜʦʩʚʽʜ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʦʢ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʽʥʥʷ 

ʥʘʢʦʧʠʯʫʚʘʚʩʷ ʱʝ ʟ 1920-ʭ ʨʨ., ʢʦʣʠ ʷʢ ʧʨʠʩʢʦʨʶʚʘʯ ʜʦʢʣʘʜʥʦ ʜʦʩʣʽʜʞʫʚʘʣʠ 

NaCl. ʋ [71] ʚʢʘʟʫʚʘʣʦʩʴ, ʱʦ ʩʧʦʯʘʪʢʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ NaCl ʢʘʪʘʣʽʟʫʻ 

ʫʪʚʦʨʝʥʥʷ HSCA , ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʡʦʛʦ ʢʨʠʩʪʘʣʽʚ, 

ʧʨʦʪʝ ʟʛʦʜʦʤ ʮʝ ʥʝ ʧʽʜʪʚʝʨʜʞʫʚʘʣʦʩʴ. 

ʋ [72] ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ NaCl ʧʽʜʚʠʱʫʻ ʨʦʟʯʠʥʥʽʩʪʴ ʤʽʥʝʨʘʣʽʚ ʽ 

ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʉɸʅ, ʘ HCCA ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʩʣʷ ʟʚôʷʟʫʚʘʥʥʷ SO4
2ï 
ʫ 

HSCA , ʘ ʫ [73] ï ʱʦ NaCl ʥʝ ʨʝʘʛʫʻ ʟ ʉ3ɸ, ʧʨʦʪʝ ʚʠʟʥʘʯʘʻ ʢʽʥʝʪʠʢʫ ʡʦʛʦ 

ʛʽʜʨʘʪʘʮʽʾ. 

ʋ [74] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ NaCl ʫ ʥʝʚʝʣʠʢʠʭ ʜʦʟʘʭ ʧʨʠʩʢʦʨʶʻ ʝʬʝʢʪʠʚʥʽʰʝ, 

ʥʽʞ ʉaCl2,  NaCl ʫʧʦʚʽʣʴʥʶʻ ʪʫʞʘʚʣʝʥʥʷ, ʘ ʉaCl2 ʧʨʠʩʢʦʨʶʻ ʡʦʛʦ ʽ ʱʦ 

ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʩʪʘʣʽ ʫ NaCl ʫ 2ï3 ʨʘʟʠ ʥʠʞʯʝ, ʥʽʞ ʫ ʉaCl2 ʘʙʦ ʉaCl2+NaCl. 

ʋ [75] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʍʂ ʧʽʜʚʠʱʫʻ ʩʪʫʧʽʥʴ ʛʽʜʨʘʪʘʮʽʾ ʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ, 

ʪʦʙʪʦ ʧʨʠʩʢʦʨʶʻ ʪʚʝʨʜʽʥʥʷ ʽ ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. ɿ ʉ3ɸ ʍʂ 

ʟʚôʷʟʫʻʪʴʩʷ ʫ 103 HʉAC  ʽ ʥʝ ʩʧʨʠʯʠʥʷʻ ʢʦʨʦʟʽʡʥʠʡ ʚʧʣʠʚ, ʧʨʦʪʝ ʚ 

ʙʝʟʘʣʶʤʽʥʘʪʥʠʭ ʮʝʤʝʥʪʘʭ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʚôʷʟʘʥʠʤ ʽ ʟʙʽʣʴʰʫʻ ʥʝʙʝʟʧʝʢʫ 

ʢʦʨʦʟʽʾ. ɿ ʮʠʤʠ ʜʘʥʠʤʠ ʫ [76] ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʍʅ ʢʘʪʘʣʽʟʫʻ, ʩʧʨʠʷʻ 

ʫʪʚʦʨʝʥʥʶ  HSAC3 , ʟʘʧʦʙʽʛʘʻ ʫʪʚʦʨʝʥʥʶ HʉAC3 , ʫʧʦʚʽʣʴʥʶʻ ʪʫʞʘʚʣʝʥʥʷ ʽ 

ʧʨʠʩʢʦʨʶʻ ʪʚʝʨʜʽʥʥʷ, ʪʦʤʫ ʢʨʘʱʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʜʦʙʘʚʢʠ 

ʧʨʠʩʢʦʨʶʚʘʯʽ, ʥʘʧʨʠʢʣʘʜ ʍʂ+ʉʅ.    

ʋ [77] ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʠʯʠʥʠ ʧʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʽʥʥʷ: 1) ʧʦʷʚʘ ʥʦʚʠʭ ʪʚʝʨʜʠʭ 

ʬʘʟ, ʷʢʽ ʬʽʟʠʯʥʦ ʫʱʽʣʴʥʶʶʪʴ ʮʝʤʝʥʪʥʠʡ ʢʘʤʽʥʴ ʘʙʦ ʟʤʽʥʶʶʪʴ ʩʪʨʫʢʪʫʨʫ 

ʮʝʤʝʥʪʥʠʭ ʩʫʩʧʝʥʟʽʡ; 2) ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʙʘʚʢʘʤʠ ʧʨʦʮʝʩʽʚ ʛʽʜʨʦʣʽʟʫ ʪʘ ʛʽʜʨʘʪʘʮʽʾ 

ʮʝʤʝʥʪʫ, ʧʨʠʯʦʤʫ ʧʦʷʚʘ ʥʦʚʠʭ ʬʘʟ ʟʜʘʻʪʴʩʷ ʜʨʫʛʦʨʷʜʥʦʶ. ɿ ʮʠʤʠ ʜʘʥʠʤʠ ʫ  [76] 

ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʦʜʠʥʠʯʥʠʭ ʜʦʙʘʚʢʘʭ ʧʨʠʩʢʦʨʶʚʘʯʘʭ ʩʧʨʘʮʴʦʚʫʻ 

ʣʠʰʝ ʦʜʠʥ ʽʟ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʧʨʠ ʢʦʤʧʣʝʢʩʥʠʭ ï ʤʦʞʫʪʴ ʩʧʨʘʮʶʚʘʪʠ ʦʙʠʜʚʘ, 

ʧʽʜʚʠʱʠʚʰʠ ʝʬʝʢʪ ʧʨʠʩʢʦʨʝʥʥʷ. ɹʘʞʘʥʠʤ ʟʜʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʯʘʩʥʦ ʜʚʦʭ 
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ʧʨʠʩʢʦʨʶʚʘʯʽʚ, ʦʜʠʥ ʽʟ ʷʢʠʭ ʤʽʩʪʠʪʴ SO4
2ï
, ʘ ʜʣʷ ʮʝʤʝʥʪʽʚ ʟʽ ʰʣʘʢʦʤ ï ʣʫʞʥʠʡ 

ʢʘʪʽʦʥ, ʥʘʧʨʠʢʣʘʜ, ʍʅ+ʉʅ. 

ʋ ʍɯɯʊʽ (ʪʝʧʝʨ ʋʢʨɼʋɿʊ) ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʽʥʥʷ ʙʝʪʦʥʫ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ 

ʢʘʩʝʪʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ [76]. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʥʘ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽ 

ʤʘʨʢʠ ʐʇʎ-400 ʩʢʣʘʜʫ, %:  (C3S ï 46,5, C2S ï 26,7, C3A ï 10,7, C4AF ï 5,2, 

ʢʘʣʴʮʠʪ ï 5,2, ʛʽʧʩ ï3,6); ʰʣʘʢ ï 53,5, ʘ ʪʘʢʦʞ ʱʝʙʝʥʽ ʬʨʘʢʮʽʾ 5ï20 ʤʤ ʟʽ 

ʚʢʣʶʯʝʥʥʷʤʠ 20ï40 ʤʤ ʄʦʢʨʷʥʩʴʢʦʛʦ ʽ ʇʝʨʝʜʘʪʯʠʥʩʴʢʦʛʦ ʢʘʨôʻʨʽʚ (ɿʘʧʦʨʽʟʴʢʘ 

ʦʙʣ.) ʽ ʧʽʩʢʫ ɹʝʟʣʶʜʽʚʩʴʢʦʛʦ ʢʘʨôʻʨʘ (ʍʘʨʢʽʚʩʴʢʘ ʦʙʣ.). ʉʢʣʘʜʠ ʙʝʪʦʥʫ ʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ʜʦʜʘʪʢʫ ɸ, ʪʘʙʣ. ɸ.1 ʽ ɸ.2, ʚʽʜʧʦʚʽʜʥʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʛʨʘʥʠʮʽ ʚʤʽʩʪʫ ʜʦʙʘʚʦʢ 

ʧʨʠʩʢʦʨʶʚʘʯʽʚ, %: ʍʅ ï 0,5ï1; ʉʅ ï 0,5ï1,5; ʅʅ1 (ʷʢ ʧʨʠʩʢʦʨʶʚʘʯ ʪʘ ʽʥʛʽʙʽʪʦʨ 

ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ) ï 0,5ï1. ʆʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʚ ʮʠʭ ʛʨʘʥʠʮʷʭ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʫʪʦʯʥʶʚʘʪʠ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ. ʎʽ ʜʦʙʘʚʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʫ ʚʽʮʽ 28 ʜʽʙ ʜʦ 1,5 ʨʘʟʽʚ ʘʙʦ ʜʦʟʚʦʣʷʶʪʴ ʩʢʦʨʦʯʫʚʘʪʠ ʚʠʪʨʘʪʫ ʮʝʤʝʥʪʫ ʥʘ 20 %. 

ʂʦʤʧʣʝʢʩʥʘ ʜʦʙʘʚʢʘ 1,5%ʍʂ+2%ʅʅ1 ʟʘʙʝʟʧʝʯʠʣʘ ʜʦʩʷʛʥʝʥʥʷ ʟʘ 5 ʛʦʜʠʥ 80ï

120 % ʧʨʦʝʢʪʥʦʾ ʤʽʮʥʦʩʪʽ, ʘʙʦ ʩʢʦʨʦʯʝʥʥʷ ʥʘ 20 % ʚʠʪʨʘʪʠ ʮʝʤʝʥʪʫ ʘʙʦ ʥʘ 30ï

40 % ʪʨʠʚʘʣʦʩʪʽ ʊɺʆ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʨʝʞʠʤʠ ʊɺʆ, ʥʘʚʝʜʝʥʽ ʫ 

ɼʦʜʣʘʪʢʫ ɸ, ʪʘʙʣ. ɸ.3. 

ʉʪʦʩʦʚʥʦ ʰʧʘʣ ʥʝ ʫ ʟʚôʷʟʢʫ ʟ ʜʦʙʘʚʢʘʤʠ ʫ [78] ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʩʣʷ 

7ï15 ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʰʧʘʣʽ ʧʦʨʫʰʫʻʪʴʩʷ ʢʦʥʪʘʢʪʥʘ ʟʦʥʘ ʤʽʞ ʮʝʤʝʥʪʥʠʤ 

ʢʘʤʝʥʝʤ ʽ ʟʘʧʦʚʥʶʚʘʯʘʤʠ, ʧʨʦʪʝ ʘʨʤʘʪʫʨʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʘʩʠʚʥʦʤʫ ʩʪʘʥʽ ʢʨʽʤ 

ʪʦʨʮʝʚʠʭ ʜʽʣʷʥʦʢ. ʆʟʥʘʢʠ ʢʦʨʦʟʽʾ ʚʽʜʤʽʯʘʣʠʩʴ ʥʘ ʜʽʣʷʥʢʘʭ ʟʘʣʽʟʥʠʮʴ, 

ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʭ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ. 

ʋ [79] ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʡ ʜʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʦʢ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʩʚʽʪʦʚʠʭ ʚʠʨʦʙʥʠʢʽʚ: Irgament Mighty 150 (Onoda Cement 

Co Ltd; Kao Soap Co, ʗʧʦʥʽʷ) ʽ Melment Z-10 (Suddentsche kalkstikstaff Werke 

Aktengesellshaft, ʌʈʅ). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʽ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

(ʪʘʙʣ. 1.1, 1.2) ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʣʝʢʪʨʦʣʽʪ : 
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ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ = 4:1. ʊʘʢʦʞ ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ 

ʟʥʠʞʫʶʪʴ ʢʦʨʦʟʽʶ ʩʪʘʣʽ ʫ 1,5ï2 ʨʘʟʠ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ. 

ʊʘʙʣʠʮʷ1.1 

ʉʢʣʘʜ ʢʦʤʧʣʝʢʩʥʦʾ ʜʦʙʘʚʢʠ ʅʅʍʂ+ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ 

ʂʦʤʧʦʥʝʥʪʠ ʛ % 

ʍʂ+ʍʅ 19,1 50,0 

ʅʽʪʨʠʪʂ 8,4 22,0 

ʅʽʪʨʘʪʂ 10,7 28,0 

ɽʣʝʢʪʨʦʣʽʪʠ, ʚʩʴʦʛʦ 38,2  

ʉʇ ï ʅʌ ʘʙʦ ʉ-3 9,5  

ɽʣʝʢʪʨʦʣʽʪ : ʉʇ 4,0  

 

 ʊʘʙʣʠʮʷ 1.2 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ 

ʥʘ ʤʽʮʥʽʩʪʴ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ 1:3 

ɼʦʙʘʚʢʘ, % ʚʽʜ ʎ ʅʅʍʂ 

ʉʇ 

R, ʢʛʩ/ʩʤ2, ʯʝʨʝʟ: 

ʉ-3 ʅʅʍʂ 3 ʜʦʙʠ 28 ʜʽʙ 

0 0   90 226 

0,5 0 0 123 238 

1 0 0 127 234 

1 2 2 141 284 

0,2 0,8 4 190 284 

0,6 2,4 4 225 297 

 

ʉʪʦʩʦʚʥʦ ʰʧʘʣ ʥʝ ʫ ʟʚôʷʟʢʫ ʟ ʜʦʙʘʚʢʘʤʠ ʫ [80] ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʤʽʮʥʽʩʪʴ ʽ 

ʦʜʥʦʨʽʜʥʽʩʪʴ ʤʽʮʥʦʩʪʽ (ʛʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ) ʙʝʪʦʥʫ ʰʧʘʣ ʧʽʩʣʷ ʧʨʦʧʘʨʶʚʘʥʥʷ 

(~450 ʢʛʩ/ʩʤ
2
) ʽ 10ï17 ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ (~500 ʢʛʩ/ʩʤ

2
). ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʜʦ ʟʥʠʞʝʥʥʷ ʩʪʫʧʝʥʷ ʛʽʜʨʘʪʘʮʽʾ (ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʚʝʨʜʽʥʥʷ) ʧʨʠʟʚʦʜʠʪʴ: ʟʥʠʞʝʥʥʷ 

ʤʘʨʢʠ ʮʝʤʝʥʪʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʚ ʥʴʦʤʫ ʢʽʣʴʢʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ (ʰʣʘʢʫ ʫ 

ʐʇʎ); ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʭʠʭ ʟʘʧʦʚʥʶʚʘʯʽʚ (ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ 40 %); ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʞʦʨʩʪʢʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ (ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ 20 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʣʘʩʪʠʯʥʠʤʠ 

ʩʫʤʽʰʘʤʠ). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʝʢʦʥʦʤʽʾ ʙʫʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʟʘʤʽʩʪʴ ʟʥʠʞʝʥʥʷ ʤʘʨʢʠ ʮʝʤʝʥʪʫ ʟʥʠʞʫʚʘʪʠ ʡʦʛʦ ʚʠʪʨʘʪʫ. 
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ʋ [81] ʙʫʣʦ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʷʚʥʠʭ ʥʘ ʨʠʥʢʫ ʩʫʯʘʩʥʠʭ 

ʜʦʙʘʚʦʢ ʥʘ ʙʝʪʦʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʥʘ 

ʤʘʪʝʨʽʘʣʘʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʜʦʜʘʪʢʫ ɸ, ʪʘʙʣ. ɸ.4, ɸ.5. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘʚʝʜʝʥʽ ʫ ʜʦʜʘʪʢʫ ɸ, ʪʘʙʣ. ɸ.6. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʤʽʯʝʥʘ ʩʫʤʽʩʥʽʩʪʴ 

ʟ ʜʦʙʘʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʇʌ ʮʝʤʝʥʪʽʚ ʉʣʘʥʮʝʚʩʴʢʦʛʦ, ʇʠʢʘʣʽʚʩʴʢʦʛʦ, 

ʄʘʣʴʮʝʚʩʴʢʦʛʦ ʟʘʚʦʜʽʚ ʽ ʥʝʩʫʤʽʩʥʽʩʪʴ ʆʩʢʦʣʴʩʴʢʦʛʦ ʟʘʚʦʜʫ. ʆʩʢʦʣʴʩʴʢʠʡ ʮʝʤʝʥʪ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʥʠʞʯʠʤ ʚʤʽʩʪʦʤ C3S (ʢʨʽʤ ʉʣʘʥʮʝʚʩʴʢʦʛʦ) 58 % ʧʨʦʪʠ 

63,1ï64,8 %, ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ C2S 18,23 % ʧʨʦʪʠ 13,8ï16,3 % ʽ C4AF 16,24 % 

ʧʨʦʪʠ 10,9ï13,4 %. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʦʢ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʫ ʮʝʤʝʥʪʫ ʥʘ 

18ï27 %. ʆʧʪʠʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʈʝʣʘʤʽʢʩ ʚʠʟʥʘʯʝʥʦ 0,6 %. ʄʦʨʦʟʦʩʪʽʡʢʽʩʪʴ 

ʙʝʪʦʥʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ F300ï400. 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʢʦʤʧʣʝʢʩʥʽ ʜʦʙʘʚʢʠ, ʟ ʷʢʠʭ 

ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʝ ʧʦʻʜʥʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʽ ʧʨʠʩʢʦʨʶʚʘʯʘ [18; 21; 30; 

31]. ʇʨʠ ʮʴʦʤʫ ʟʚʝʨʪʘʻʪʴʩʷ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʥʘ ʧʨʦʙʣʝʤʫ ʩʫʤʽʩʥʦʩʪʽ ʜʦʙʘʚʦʢ (ʚ 

ʦʩʥʦʚʥʦʤʫ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ) ʟ ʮʝʤʝʥʪʦʤ ʫ ʟʚ'ʷʟʢʫ ʟ ʤʽʥʝʨʘʣʴʥʠʤ ʩʢʣʘʜʦʤ 

ʢʣʽʥʢʝʨʽʚ [30; 82-86].  

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʙʽʨʥʦʛʦ 

ʟʘʣʽʟʦʙʝʪʦʥʫ ʻ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʚʦʜʷʪʴʩʷ ʚ ʙʝʪʦʥʥʫ ʩʫʤʽʰ 

ʩʧʽʣʴʥʦ ʟ ʧʨʠʩʢʦʨʶʚʘʯʘʤʠ ʪʚʝʨʜʥʝʥʥʷ (ʩʫʣʴʬʘʪ ʥʘʪʨʽʶ - ʉʅ, ʭʣʦʨʠʩʪʠʡ ʢʘʣʴʮʽʡ 

- ʍʂ, ʥʽʪʨʠʪ-ʥʽʪʨʘʪ ʭʣʦʨʠʜ ʢʘʣʴʮʽʶ - ʅʅʍʂ ʪʘ ʽʥ.). ɺ ʨʦʙʦʪʽ [87] ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʣʘʙʦʨʘʪʦʨʥʽ ʡ ʚʠʨʦʙʥʠʯʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ, 

ʪʘʢʠʭ ʢʘʢ ʍʠʜʝʪʘʣ-ʇ-5 (ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ-ʧʨʠʩʢʦʨʶʚʘʯ-ʽʥʛʽʙʽʪʦʨ), ʋʥʽʚʝʨʩʘʣ-

ʇ-2 (ʧʨʠʩʢʦʨʶʚʘʯ-ʧʣʘʩʪʽʬʽʢʘʪʦʨ-ʽʥʛʽʙʽʪʦʨ) ʽ ʊʉʄ + ʉʅ (ʧʣʘʩʪʠʬʠʢʘʪʦʨ-ʧʨʠʩʢʦ-

ʨʶʚʘʯ-ʽʥʛʽʙʽʪʦʨ) ʽ ʉ-3 + ʅʅʍʂ (ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ-ʧʨʠʩʢʦʨʶʚʘʯ). 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʽʾ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʦʮʽʥʶʚʘʣʠ ʟʘ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʜʦʟʫʚʘʥʴ ʥʘ 

ʟʤʽʥʫ ʨʫʭʣʠʚʦʩʪʽ (ʞʦʨʩʪʢʦʩʪʽ) ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʰʚʠʜʢʦʩʪʽ ʪʚʝʨʜʥʝʥʥʷ ʙʝʪʦʥʫ ʚ 

ʥʦʨʤʘʣʴʥʦ-ʚʦʣʦʛʽʩʥʠʭ ʫʤʦʚʘʭ ʽ ʧʨʠ ʊɺʆ, ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʡʦʛʦ ʚ ʯʘʩʽ ʽ ʥʘ ʽʥʰʽ 

ʧʘʨʘʤʝʪʨʠ   ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ. ɿʘ ʜʘʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʽ. ɹʝʪʦʥʠ ʟ ʜʦʙʘʚʢʘʤʠ ʍʠʜʝʪʘʣ-ʇ-5, ʉ-3 

+ ʅʅʍʂ ʽ ʋʥʠʚʝʨʩʘʣ-ʇ-2. ʪʽʣʴʢʠ ʯʝʨʝʟ 36 ʛʦʜʠʥ ʥʦʨʤʘʣʴʥʦʛʦ ʪʚʝʨʜʥʝʥʥʷ 
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ʜʦʩʷʛʘʶʪʴ 70% ʤʽʮʥʦʩʪʽ, ʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦʙʘʚʢʠ ʊʉʄ + ʉʅ ʤʦʞʥʘ 

ʚʠʛʦʪʦʚʣʷʪʴ ʚʠʨʦʙʠ ʙʝʟ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʚʽʪʨʷ ʚʽʜ +10Á ʉ 

ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘʢʦʞ ʧʦʢʘʟʘʚ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʜʦʙʘʚʦʢ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʜʦʩʣʽʜʞʫʚʘʣʦʩʷ ʚ ʇɻʋʇʉ ï

ʃʀʀɾʊ ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘ ʏʫʜʦʚʩʴʢʦʤʫ ɿɿɹʐ [88-90]. ʅʝʦʙʭʽʜʥʘ 

ʧʝʨʝʜʘʚʘʣʴʥʘ ʤʽʮʥʽʩʪʴ 32 ʄʇʘ ʧʨʠ ʤʘʣʦʧʨʦʛʨʽʚʥʦʤʫ (ʧʨʠ 30ʉ̄) ʽ ʙʝʟʧʨʦʛʨʽʚʥʦʤʫ 

(20̄ ʉ) ʪʚʝʨʜʽʥʥʽ ʙʫʣʘ ʜʦʩʷʛʥʫʪʘ ʯʝʨʝʟ 12 ʛʦʜ.  

ʈʦʟʨʦʙʣʝʥʘ ʚ ʇɻʋʇʉ ʢʦʤʧʣʝʢʩʥʘ ʜʦʙʘʚʢʘ çʇʝʪʨʦʣʘʬʩè ʫ ʢʽʣʴʢʦʩʪʽ 1,25% 

ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ ʧʨʠ ʚʠʪʨʘʪʽ ʮʝʤʝʥʪʫ 470 ʢʛ ʽ ɺ/ʎ = 0,3 ʟʘʙʝʟʧʝʯʠʣʘ ʧʽʩʣʷ 12 ʛʦʜ 

ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪʴ 36,1 ʄʇʘ. 

ɼʦʩʣʽʜʥʠʢʘʤʠ ʇɻʋʇʉ [91] ʚʽʜʤʽʯʝʥʝ ʪʘʢʦʞ, ʱʦ ʚ ʽʥʦʟʝʤʥʠʭ ʢʨʘʾʥʘʭ 

ʟʘʣʽʟʦʙʝʪʦʥ ʟʘ ʙʝʟʧʨʦʧʘʨʶʚʘʣʴʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʦʪʨʠʤʫʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʥʝ ʪʽʣʴʢʠ 

ʜʦʙʘʚʦʢ, ʘ ʡ, ʦʜʥʦʯʘʩʥʦ, ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʝʤʝʥʪʽʚ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ 

ʧʦʤʝʣʫ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʉ3ɸ (ʜʦʜʘʪʦʢ ɸ, ʪʘʙʣ. ɸ.7, ʨʠʩ. ɸ.1). ʗʢ ʚʠʜʥʦ ʽʟ 

ʨʠʩ. ɸ.1, ʚʠʟʥʘʯʘʣʴʥʽ ʬʨʘʢʮʽʾ ʩʫʯʘʩʥʠʭ ʮʝʤʝʥʪʽʚ (7 ʤʢʤ ʜʣʷ ʇʎ-500ɼ0ʅ 

ʤʘʣʴʮʝʚʩʴʢʦʛʦ, ʨʠʩ. ɸ.1, ʙ) ʟʥʘʯʥʦ ʜʨʽʙʥʽʰʽ ʚʠʟʥʘʯʘʣʴʥʠʭ ʬʨʘʢʮʽʡ ʮʝʤʝʥʪʽʚ 

ʧʦʯʘʪʢʫ 1990-ʭ ʨʨ. (33 ʤʢʤ ʜʣʷ ʇʎ-500 ʙʘʣʘʢʣʽʡʩʴʢʦʛʦ, ʨʠʩ.1.2). 

 

ʈʠʩ.1.7 ɻʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʟʘ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ ʇʎ-500 

ɹʘʣʘʢʣʽʡʩʴʢʦʛʦ ʮʝʤʝʥʪʥʦ-ʰʠʬʝʨʥʦʛʦ ʢʦʤʙʽʥʘʪʫ ʧʦʯʘʪʢʫ 1990-ʭ ʨʨ. (ʘʢʪʠʚʥʽʩʪʴ 

ʬʘʢʪʠʯʥʦ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 40 ʄʇʘ) 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʫ [90] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʝʟʧʨʦʛʨʽʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ: 

- ʚʠʙʽʨ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʰʚʠʜʢʦ ʥʘʙʠʨʘʻ ʤʽʮʥʽʩʪʴ ʚ ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʽ ʱʦ 

ʚʠʜʽʣʷʻ ʙʘʛʘʪʦ ʪʝʧʣʘ ʜʣʷ ʩʘʤʦʨʦʟʽʛʨʽʚʫ ʙʝʪʦʥʫ;  

- ʚʠʙʽʨ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʾ ʽ ʧʝʨʝʚʽʨʢʘ ʾʭ ʥʘ 

ʩʫʤʽʩʥʽʩʪʴ ʟ ʮʝʤʝʥʪʦʤ;  

- ʧʽʜʙʽʨ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

- ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʫ ʧʽʜʽʙʨʘʥʦʛʦ ʩʢʣʘʜʫ (ʦʩʥʦʚʥʽ ʢʨʠʪʝʨʽʾ - 

ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ) ʪʘ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʝʪʦʥʫ, 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟʘ ʯʠʥʥʦʶ ʟʘʚʦʜʩʴʢʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʟ ʊɺʆ; ʧʽʜʨʘʭʫʥʦʢ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʷʢʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ;  

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʝʟʧʨʦʧʘʨʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʟʘʚʦʜʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  

ʅʝʜʦʣʽʢʘʤʠ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʪʝ, ʱʦ ʚʽʥ ʥʝ ʧʝʨʝʜʙʘʯʘʻ: - ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʩʫʥʝʥʥʷ ʟʝʨʝʥ ʢʨʫʧʥʦʛʦ ʽ ʜʨʽʙʥʦʛʦ 

ʟʘʧʦʚʥʶʚʘʯʘ ʽ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ. ʊʘʢʦʞ ʥʝ ʙʫʣʦ ʟʜʽʡʩʥʝʥʥʷ ʢʦʥʪʨʦʣʶ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʰʧʘʣ. ʂʦʥʪʨʦʣʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʰʧʘʣ ʥʝʦʙʭʽʜʥʠʡ ʫ 

ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʜʦ ʩʢʣʘʜʫ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ ʚʭʦʜʷʪʴ ʝʣʝʢʪʨʦʣʽʪʠ, ʱʦ 

ʟʥʠʞʫʶʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʙʝʪʦʥʫ ʽ ʰʧʘʣ. 

ɺ [32]  ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʠ ʦʪʨʠʤʘʥʦ ʦʩʦʙʣʠʚʦ 

ʰʚʠʜʢʦʪʚʝʨʜʫʶʯʠʡ ʙʝʩʧʨʦʧʘʨʶʚʘʣʴʥʠʡ ʙʝʪʦʥ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʰʧʘʣ ʙʝʟ ʊɺʆ. ʉʢʦʨʦʯʝʥʥʷ ʨʝʞʠʤʫ ʪʝʧʣʦʚʦʣʦʛʽʩʥʦʾ ʦʙʨʦʙʢʠ ʘʙʦ ʧʦʚʥʘ ʚʽʜʤʦʚʘ 

ʚʽʜ ʥʝʾ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʙʫʣʦ ʟʘʙʝʟʧʝʯʝʥʦ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʪʦʥʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʩʫʥʝʥʥʷ ʟʝʨʝʥ ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ aʦʧʪ ʽ ʜʨʽʙʥʦʛʦ 

ʟʘʧʦʚʥʶʚʘʯʘ  mʦʧʪ ʽ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ (ɺ/ʎ)ʦʧʪ, , ʘ ʪʘʢʦʞ ʚʚʝʜʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʜʦʙʘʚʢʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ (ʉ-3=0,45 % ʚʽʜ ʚʤʽʩʪʫ ʮʝʤʝʥʪʫ) ʽ 

ʧʨʠʩʢʦʨʶʚʘʯʘ ʪʚʝʨʜʽʥʥʷ (CaCl2 = 1%). ʇʨʠ ʮʴʦʤʫ ʦʧʪʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʙʘʚʢʠ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ ʧʨʠ ʥʝʦʙʭʽʜʥʽʡ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʦʩʪʽ, ʘ ʦʧʪʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʙʘʚʢʠ 
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ʧʨʠʩʢʦʨʶʚʘʯʘ ʪʚʝʨʜʥʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʥʝʥʥʷ ʙʝʪʦʥʫ ʙʝʟ 

ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʟʘ ʨʘʭʫʥʦʢ ʟʚ'ʷʟʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ ʚ 

ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʧʨʦʜʫʢʪʘʭ ʛʽʜʨʘʪʘʮʽʾ. ʈʦʟʨʦʙʣʝʥʠʡ ʩʢʣʘʜ ʙʝʪʦʥʫ ʟʘʙʝʟʧʝʯʫʻ 

ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʯʝʨʝʟ 12-16  ʛʦʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ 30 ̄ʉ. 

ʋ ʪʘʙʣ. ɸ.8 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʙʝʪʦʥʫ ʟ ʜʦʙʘʚʢʘʤʠ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ 

ʚʠʨʦʙʥʠʢʘ Track-Tec (ʇʦʣʴʱʘ), ʥʘʜʘʥʽ ʚʠʨʦʙʥʠʢʦʤ ʜʦʙʘʚʦʢ MC-Bauchemie. ʎʽ 

ʜʦʙʘʚʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʞʫʚʘʪʠ ʚʠʪʨʘʪʫ ʮʝʤʝʥʪʫ ʜʦ 380 ʢʛ/ʤ
3
, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʯʝʨʝʟ 10 ʛʦʜʠʥ ʪʚʝʨʜʽʥʥʷ ʟʘ ʧʦʤʽʨʥʦʾ ʊɺʆ 55Üʉ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ 58-68 ʄʇʘ. 

 

1.2.3 ʆʙʤʝʞʝʥʥʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʦʢ ʚ ʙʝʪʦʥʠ 

ʋ ɼʉʊʋ ɹ ɺ.2.7-65-97 ɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ. ɼʦʙʘʚʢʠ ʜʣʷ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽ-

ʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʽ ɼɹʅ ɺ.2.7-64-97 ɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ. 

ʇʨʘʚʠʣʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʫ ʙʝʪʦʥʘʭ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʘʭ ʜʣʷ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʟʚʦʣʷʣʦʩʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʣʘʩʪʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ, ʘ ʪʘʢʦʞ ʪʘʢʠʭ ʧʨʠʩʢʦʨʶʚʘʯʽʚ (ʝʣʝʢʪʨʦʣʽʪʽʚ), ʷʢ ʅʂ, 

ʅʅʂ, ʅʂʄ, ʅʂ+ʄ, ʅʅʂ+ʄ. ɼʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʩʧʦʞʠʚʘʶʪʴ 

ʧʦʩʪʽʡʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʣʘʩʪʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ 

ʜʦʟʚʦʣʷʣʦʩʴ, ʘ ʚʩʽʭ ʜʦʙʘʚʦʢ ʧʨʠʩʢʦʨʶʚʘʯʽʚ (ʝʣʝʢʪʨʦʣʽʪʽʚ) - ʥʝ ʜʦʟʚʦʣʷʣʦʩʴ.   

ʋ 2010 ʨ. ɼʉʊʋ ɹ ɺ.2.7-65-97 ʙʫʣʦ ʟʘʤʽʥʝʥʦ ʥʘ ɼʉʊʋ ɹ ɺ.2.7-171:2008 

(EN 934-2:2001, NEQ)  ɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ. ɼʦʙʘʚʢʠ ʜʣʷ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ. ɿʘʛʘʣʴʥʽ ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ, ʘ ɼɹʅ ɺ.2.7-64-97 - ʥʘ ɼʉʊʋ-ʅ ɹ ɺ.2.7-

175:2008 ʅʘʩʪʘʥʦʚʘ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʫ ʙʝʪʦʥʘʭ ʽ 

ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʘʭ, ʚ ʷʢʠʭ ʪʘʢʝ ʦʙʤʝʞʝʥʥʷ ʥʝ ʚʠʩʫʚʘʣʦʩʴ. 

ʋ ɼʉʊʋ ɹ ɺ.2.7-176:2008 (EN 206-1:2000, NEQ) ʉʫʤʽʰʽ ʙʝʪʦʥʥʽ ʪʘ ʙʝʪʦʥ. 

ɿʘʛʘʣʴʥʽ ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ ʤʽʩʪʠʪʴʩʷ ʧʨʷʤʘ ʟʘʙʦʨʦʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʣʦʨʠʜʫ 

ʢʘʣʴʮʽʶ ʽ ʜʦʙʘʚʦʢ ʥʘ ʦʩʥʦʚʽ ʭʣʦʨʠʜʽʚ (ʭʣʦʨʠʜʤʽʩʪʢʠʭ ʜʦʙʘʚʦʢ) ʥʘ ʫʚʝʜʝʥʥʷ ʚ 
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ʙʝʪʦʥʠ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʚʠʨʦʙʽʚ ʟʽ ʩʪʘʣʝʚʠʤʠ ʘʨʤʘʪʫʨʦʶ ʪʘ 

ʟʘʢʣʘʜʥʠʤʠ ʜʝʪʘʣʷʤʠ. ʎʝʡ ɼʉʊʋ ʦʙʤʝʞʫʻ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʽʘʥʥʷ ʨʝʯʦʚʠʥ, ʱʦ 

ʤʽʩʪʷʪʴ ʩʦʣʽ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʘʙʦ ʣʫʛ ʫ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ ʫ ʟʘʧʦʚʥʶʚʘʯʘʭ 

ʚʢʣʶʯʝʥʴ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ (ʦʧʘʣʫ, ʭʘʣʮʝʜʦʥʫ, ʦʙʩʠʜʽʘʥʫ ʪʦʱʦ). 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʽʩʣʷ ʧʝʨʝʚʽʨʷʥʥʷ ʚʤʽʩʪʫ ʫ 

ʟʘʧʦʚʥʶʚʘʯʘʭ ʚʢʣʶʯʝʥʴ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ, ʫ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʷʢʦʛʦ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʞʠʪʽ ʟʘʧʦʙʽʞʥʽ ʟʘʭʦʜʠ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʢʦʨʦʟʽʾ ʚʽʜ 

ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʣʫʛʘʤʠ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʢʦʨʦʟʽʾ ʚʽʜ ʮʽʻʾ ʚʟʘʻʤʦʜʽʾ.  

 

1.3 ʇ̔ ʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ 

ɺ ʋʢʨɼʋɿʊ (ʨʘʥʽʰʝ ʍɯɯʊ) ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ, ʙʫʣʠ ʨʦʟʧʯʘʪʽ ʥʘʫʢʦʚʦʶ ʰʢʦʣʦʶ ʧʨʦʬ. 

ʄʯʝʜʣʦʚʘ-ʇʝʪʨʦʩʷʥʘ ʆ.ʇ. ʱʝ ʫ 60-ʪʽ ʨʨ. ʍʍ ʩʪ. [95-97]. ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʪʚʝʨʜʽʥʥʷ ʙʝʪʦʥʫ [95], ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʰʧʘʣ [96-97]. ɿ 1960-ʭ ʨʨ. ʧʨʦʚʦʜʠʣʠʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʧʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʽʥʥʷ ʙʝʪʦʥʫ ʰʧʘʣ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʫ ʪ.ʯ. ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʭʽʤʽʯʥʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʱʦ ʤʽʩʪʠʣʠ ʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʪʘ ʧʨʠʩʢʦʨʶʚʘʯʽ ʪʚʝʨʜʽʥʥʷ 

[98] ʟ ʨʽʟʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʘʞ ʜʦ ʪʘʢʠʭ çʝʢʟʦʪʠʯʥʠʭè, ʷʢ ʭʣʦʨʠʜ ʘʤʦʥʽʶ, 

ʘʤʽʥʦʦʮʪʦʚʘ ʢʠʩʣʦʪʘ, ʦʢʩʘʣʘʪ ʘʤʦʥʽʶ [99]. ʎʽ ʨʦʙʦʪʠ ʫʟʛʦʜʞʫʚʘʣʠʩʴ ʟ 

ʨʦʟʚʠʪʢʦʤ ʚʽʪʯʠʟʥʷʥʦʾ ʪʘ ʩʚʽʪʦʚʦʾ ʥʘʫʢʠ ʚ ʛʘʣʫʟʽ ʙʝʪʦʥʦʟʥʘʚʩʪʚʘ [100, 19] ʪʘ ʽʥ.  

ʋ [103]. ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʝʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʰʧʘʣ, ʱʦ ʯʘʩʪʦ ʥʝ ʚʠʪʨʠʤʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ 

ʘʙʦ ʥʘ ʢʽʥʮʷʭ ʷʢʠʭ ʫʪʚʦʨʶʚʘʣʠʩʴ ʪʨʽʱʠʥʠ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʨʽʱʠʥʠ 

ʫʪʚʦʨʶʶʪʴʩʷ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʚ ʙʝʪʦʥʽ ʢʽʥʮʽʚ ʰʧʘʣ ʥʘʜʣʠʰʢʦʚʠʭ ʟʫʩʠʣʴ ʚʽʜ 

ʧʝʨʝʥʘʧʨʫʞʝʥʥʷ ʘʨʤʘʪʫʨʥʠʭ ʧʘʢʝʪʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʟʘʭʦʜʠ ʟ ʧʽʜʚʠʱʝʥʥʷ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ. ʇʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ, ʫ ʪ.ʯ. ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ, ʙʫʣʠ 

ʜʦʩʣʽʜʞʝʥʽ ʪʘ ʨʦʟʚôʷʟʘʥʽ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʪʦʷʢʽʚ 

ʜʣʷ ʦʧʦʨ ʢʦʥʪʘʢʪʥʦʾ ʤʝʨʝʞʽ ʟʘʣʽʟʥʠʮʴ [104], ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪ ʙʝʟʙʘʣʘʩʪʥʦʛʦ 

ʤʦʩʪʦʚʦʛʦ ʧʦʣʦʪʥʘ [105-108]. ɸ.ʄ. ʇʣʫʛʽʥʠʤ ʟʽ ʩʧʽʚʨʦʙ. ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 

ʟʘʣʝʞʥʦʩʪʽ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʩʫʥʝʥʥʷ 
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ʟʝʨʝʥ ʢʨʫʧʥʦʛʦ ʪʘ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʽʚ ʨʦʟʯʠʥʥʦʶ ʩʢʣʘʜʦʚʦʶ ʪʘ ʮʝʤʝʥʪʥʠʤ 

ʢʘʤʝʥʝʤ (ʪʽʩʪʦʤ) a ʪʘ m, ʚʽʜʧʦʚʽʜʥʦ [109-110], a ʪʘ m ʻ ʧʦʢʘʟʥʠʢʘʤʠ 

ʟʘʧʦʚʥʝʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʪʘ ʧʨʦʰʘʨʢʽʚ ʤʽʞ ʟʝʨʥʘʤʠ ʢʨʫʧʥʦʛʦ ʪʘ ʜʨʽʙʥʦʛʦ 

ʟʘʧʦʚʥʶʚʘʯʽʚ, ʚʽʜʧʦʚʽʜʥʦ: 
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ʜʝ Vʮʧʨ, Vʮʪ ï ʦʙ'ʻʤʠ, ʚʽʜʧʦʚʽʜʥʦ, ʨʦʟʯʠʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ (ʪʽʩʪʘ) ʫ 1 ʤ
3
 ʙʝʪʦʥʫ, ʤ

3
; Vʧʫʩ

ʧ
, Vʧʫʩ

ʱ 
ï ʦʙ'ʻʤʠ ʧʫʩʪʦʪ ʫ ʜʨʽʙʥʦʤʫ ʪʘ 

ʢʨʫʧʥʦʤʫ ʟʘʧʦʚʥʶʚʘʯʽ, ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 1 ʤ
3
 ʙʝʪʦʥʫ, ʫ ʧʨʠʨʦʜʥʦ 

ʥʘʩʠʧʥʦʤʫ (ʚʠʭʽʜʥʦʤʫ) ʩʪʘʥʽ, ʤ
3
; ʇʫʩ

ʱ
, ʇʫʩ

ʧ
 ï ʧʫʩʪʦʪʥʽʩʪʴ, ʚʽʜʧʦʚʽʜʥʦ, ʜʨʽʙʥʦʛʦ 

ʪʘ ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʽʚ; ʎ, ʇ ʑ, ɺ ï ʢʽʣʴʢʽʩʪʴ ʥʘ 1 ʤ
3
 ʙʝʪʦʥʫ ʮʝʤʝʥʪʫ, 

ʜʨʽʙʥʦʛʦ ʪʘ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ, ʚʦʜʠ, ʚʽʜʧʦʚʽʜʥʦ, ʢʛ; r̔ʩʪ
ʮ
, r̔ʩʪ

ʧ
, r̔ʩʪ

ʱ
, r
ʚ
 ï 

ʚʽʜʧʦʚʽʜʥʦ, ʽʩʪʠʥʥʘ ʛʫʩʪʠʥʘ ʮʝʤʝʥʪʫ, ʜʨʽʙʥʦʛʦ ʪʘ ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʽʚ ʽ 

ʛʫʩʪʠʥʘ ʚʦʜʠ, ʢʛ/ʤ
3
; rʥʘʩ

ʧ
, rʥʘʩ

ʱ
 ï ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ, ʚʽʜʧʦʚʽʜʥʦ, ʜʨʽʙʥʦʛʦ ʪʘ 

ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʽʚ, ʢʛ/ʤ
3
.  

ɸ.ʄ. ʇʣʫʛʽʥʠʤ, ʆ.ɸ. ʂʘʣʽʥʽʥʠʤ ʟʽ ʩʧʽʚʨ. ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʰʧʘʣ ʫ ʨʘʟʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ aʦʧʪ ʽ mʦʧʪ 

[111]:                  

aʦʧʪ = 2,1Ā(1+nʧdʧ/d )ɦ
3 
ï 1,1;                                         (1.3) 

 mʦʧʪ = 2,1Ā(1+nʮdʮ/dʧ)
3 
ï 1,1,                                        (1.4) 

ʜʝ nʧ, nʮ ï ʢʽʣʴʢʽʩʪʴ ʨʷʜʽʚ ʯʘʩʪʠʥʦʢ, ʚʽʜʧʦʚʽʜʥʦ, ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʪʘ 

ʮʝʤʝʥʪʫ ʫ ʟʘʟʦʨʘʭ ʤʽʞ ʟʝʨʥʘʤʠ ʢʨʫʧʥʦʛʦ ʪʘ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʽʚ; dʮ, dʧ, d  hï 
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ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ, ʟʝʨʝʥ ʜʨʽʙʥʦʛʦ ʪʘ ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ, ʤ;  

ʋ ʨʘʟʽ ʟʘʙʝʟʧʝʯʝʥʥʷ aʦʧʪ ʽ mʦʧʪ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰʽ ʚʝʣʠʯʠʥʠ 

ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʪʘ ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ ʙʝʪʦʥʫ, ʫ ʪ.ʯ. ʤʽʮʥʦʩʪʽ ʚ ʨʘʥʥʽ ʩʪʨʦʢʠ 

ʪʚʝʨʜʽʥʥʷ. 

ʋ [112-118] ɸ.ʄ.ʇʣʫʛʽʥʠʤ, ɸ.ɸ.ʇʣʫʛʽʥʠʤ, ʆ.ɺ.ʈʦʤʘʥʝʥʢʦʤ ʟʽ ʩʧʽʚʨ. ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʽʪʨʠʚʘʣʦʩʪʽ ʊɺʆ 

ʰʧʘʣ ʙʝʟ ʟʥʠʞʝʥʥʷ ʾʭ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʢʣʘʜʠ ʙʝʪʦʥʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʣʠ ʮʝ. ʇʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʡʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ (aʦʧʪ, mʦʧʪ) ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ï ʩʫʣʴʬʦʥʘʬʪʘʣʬʽʥʬʦʨʤʘʣʴʜʝʛʽʜʫ 

ʉ-3 ʽ ʥʽʪʨʘʪʫ ʪʘ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʯʢ ʧʨʠʩʢʦʨʶʚʘʯʽʚ. ɼʦʚʝʜʝʥʦ  

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʫ 

ʨʘʟʽ ʩʧʦʣʫʯʝʥʥʷ ʥʽʪʨʘʪʫ ʪʘ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ, ʚʽʜʥʦʰʝʥʥʷ ʷʢʠʭ ʙʣʠʟʴʢʝ ʜʦ 1:1. 

ʇʨʦʪʝ ʥʽʪʨʘʪ ʪʘ, ʚ ʱʝ ʙʽʣʴʰʦʤʫ ʩʪʫʧʝʥʽ ʭʣʦʨʠʜ ʢʘʣʴʮʽʶ ʤʦʞʫʪʴ ʤʘʪʠ 

ʘʛʨʝʩʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʣʝʚʫ ʘʨʤʘʪʫʨʫ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʡ 

ʚʠʩʦʢʦʤʽʮʥʠʡ ʜʨʽʪ. ɯʤʦʚʽʨʥʽʩʪʴ ʘʛʨʝʩʠʚʥʦʛʦ ʚʧʣʠʚʫ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ  

ɸ.ɸ.ʇʣʫʛʽʥʠʤ, ʈ.ʌ.ʈʫʥʦʚʦʶ [122]. ɯʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ 

ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʽʪʨʘʪʫ ʪʘ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʜʦ  1 % ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʮʝʤʝʥʪʫ 

ʟʘ ʤʘʩʦʶ ʚʦʥʠ ʥʝ ʤʘʶʪʴ ʘʛʨʝʩʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʪʘʣʝʚʫ ʘʨʤʘʪʫʨʫ ʯʝʨʝʟ ʭʽʤʽʯʥʝ 

ʟʚ'ʷʟʫʚʘʥʥʷ ʫ ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪʠ ʪʘ ʛʽʜʨʦʭʣʦʨʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ. ʆʜʥʘʢ ʫ 

ʥʘʫʢʦʚʮʽʚ ʽ ʪʝʭʥʦʣʦʛʽʚ-ʚʠʨʦʙʥʠʯʥʠʢʽʚ ʩʬʦʨʤʫʚʘʣʦʩʴ ʥʘʩʪʦʨʦʞʝʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ 

ʧʨʠʩʢʦʨʶʚʘʯʽʚ ï ʝʣʝʢʪʨʦʣʽʪʽʚ, ʪʦʤʫ ʱʦ ʫ ʚʠʧʘʜʢʘʭ ʾʭ ʧʝʨʝʜʦʟʫʚʘʥʥʷ ʚʽʜʟʥʘʯʘʩʷ 

ʘʛʨʝʩʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʣʝʚʫ ʘʨʤʘʪʫʨʫ. ʉʘʤʢ ʪʦʤʫ ʫ ʨʦʟʨʦʙʣʝʥʦʤʫ ʋʢʨɼʋɿʊ 

ɼʉʊʋ ɹ ɺ.2.6-209:2016 ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ï ʝʣʝʢʪʨʦʣʽʪʽʚ ʥʝ ʙʫʣʦ 

ʜʦʧʫʱʝʥʝ. ʆʪʞʝ, ʧʦʰʫʢ ʽʥʰʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ 

ʙʝʪʦʥʫ, ʥʘʧʨʠʢʣʘʜ, ʜʦʙʘʚʢʘʤʠ ʥʝʝʣʝʢʪʨʦʣʽʪʘʤʠ, ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɸʚʪʦʨʠ [91] ʜʣʷ ʙʝʪʦʥʫ ʧʽʜʨʝʡʢʦʚʠʭ ʦʩʥʦʚ ʟʘʣʽʟʥʠʮʴ ʧʨʦʧʦʥʫʶʪʴ 

ʩʧʦʣʫʯʝʥʥʷ ʚʠʩʦʢʦʘʢʪʠʚʥʦʛʦ ʮʝʤʝʥʪʫ, ʜʦʙʘʚʢʠ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ ʟ 

çʙʝʟʧʨʦʧʘʨʶʚʘʣʴʥʦʶè ʪʘ çʤʘʣʦʧʘʨʦʛʨʽʚʥʦʶè ʪʝʭʥʦʣʦʛʽʻʶ. ɸʣʝ ʟʘ 
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çʙʝʟʧʨʦʧʘʨʶʚʘʣʴʥʦʶè ʪʝʭʥʦʣʦʛʽʻʶ ʾʤ ʥʝ ʚʜʘʣʦʩʴ ʜʦʩʷʛʥʫʪʠ ʧʝʨʝʜʘʪʦʯʥʦʾ 

ʤʽʮʥʦʩʪʽ ʟʘ 8ï10 ʛʦʜ ʪʚʚʝʨʜʽʥʥʷ. ɸʚʪʦʨʠ [124] ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʶʪʴ ʨʘʥʥʶ 

ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʮʝʤʝʥʪʫ ʚʠʩʦʢʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʦʪʨʠʤʘʥʦʤʫ ʧʦʤʝʣʦʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʝʪʥʦʛʦ ʢʣʽʥʢʝʨʘ ʦʜʨʘʟʫ ʟ 

ʪʨʴʦʤʘ ʽʥʰʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ï ʚʘʧʥʷʢʦʤ, ʧʫʮʦʣʘʥʦʶ ʪʘ 

ʜʦʤʝʥʥʠʤ ʛʨʘʥʫʣʴʦʚʘʥʠʤ ʰʣʘʢʦʤ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ 

ʙʢʪʦʥʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʚ 

ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ ʝʣʝʢʪʨʦʛʝʪʝʨʦʛʝʥʥʠʭ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʥʝ ʛʽʜʨʘʪʦʚʘʥʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟ ʨʽʭʥʠʤʠ 

ʟʥʘʢʘʤʠ ʧʦʚʝʨʭʥʝʚʠʭ ʟʘʨʷʜʽʚ. ʆʜʥʘʢ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʘʚʪʦʨʠ [124] 

ʚʠʟʥʘʯʘʶʪʴ ʯʝʨʝʟ 2 ʜʦʙʠ ʪʚʝʨʜʽʥʥʷ. ʆʪʨʠʤʘʥʘ ʥʠʤʠ ʤʽʮʥʽʩʪʴ ʯʝʨʝʟ 1 ʜʦʙʫ ʥʝ 

ʜʦʩʷʛʘʻ ʚʝʣʠʯʠʥʠ ʧʝʨʝʜʘʪʦʯʥʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʰʧʘʣ.  

ɺ.ɹ.ʈʘʪʽʥʦʚ ʷʢ ʧʨʠʩʢʦʨʶʚʘʯʽ ʥʝʝʣʝʢʪʨʦʣʽʪʠ ʚʠʟʥʘʯʘʻ ʜʦʙʘʚʢʠ ï ʤʽʥʝʨʘʣʴʥʽ 

ʢʨʠʩʪʘʣʽʯʥʽ ʟʘʪʨʘʚʢʠ [101]. ʄʝʪʘʢʘʦʣʽʥ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʝ ʙʫʪʠ ʟʘʪʨʘʚʢʦʶ, ʧʨʦʪʝ  

ʙʝʟ ʜʦʤʝʣʫ ʜʦ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʩʪʘʥʽ ʤʦʞʝ ʥʘʚʽʪʴ ʟʤʝʥʰʠʪʠ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ 

ʙʝʪʦʥʫ ʽ ʟʚʠʯʘʡʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ ʟʘʧʦʚʥʶʚʘʯʽʚ ʣʫʛʘʤʠ 

ʮʝʤʝʥʪʫ [125]. ɸʚʪʦʨʠ [126] ʧʽʜʚʠʱʫʶʪʴ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʢʦʤʧʣʝʢʩʥʦʶ 

ʜʦʙʘʚʢʦʶ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ ʪʘ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʩʫʣʴʬʦʘʣʶʤʽʥʘʪʫ ʢʘʣʴʮʽʶ, 

ʦʪʨʠʤʫʚʘʥʦʛʦ ʥʘʜʽʥʪʝʥʩʠʚʥʠʤ ʟʤʽʰʫʚʘʥʥʷʤ ʛʽʜʨʦʢʩʠʜʫ ʪʘ ʘʣʶʤʽʥʘʪʫ ʢʘʣʴʮʽʶ. 

ʅʘʫʢʦʚʦʶ ʰʢʦʣʦʶ ʧʨʦʬ.  ʄ.ɸ.ʉʘʥʠʮʴʢʦʛʦ ʚʠʢʦʥʘʥʦ ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʥʘʥʦʜʠʩʧʝʨʩʥʫ ʤʽʥʝʨʘʣʴʥʫ 

ʜʦʙʘʚʢʫ ʤʝʪʘʢʘʦʣʽʥʫ ʘʙʦ ʢʨʝʤʥʝʟʝʤʫ, ʣʫʞʥʦʛʦ ʘʢʪʠʚʘʪʦʨʘ ï ʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ ʪʘ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ [127, 128], ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʜʣʷ ʤʦʥʦʣʽʪʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ. ɿʘ 2 ʜʦʙʠ ʧʨʠʨʦʜʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʦʪʨʠʤʘʥʦ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʢ 52 

ʄʇʘ. ʆʜʥʘʢ ʤʽʮʥʽʩʪʴ ʧʽʩʣʷ 8ï10 ʛʦʜʠʥ ʪʘ 1 ʜʦʙʠ ʪʚʝʨʜʽʥʥʷ ʫ [127, 128] ʥʝ 

ʚʠʟʥʘʯʝʥʘ ʪʘ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʥʝ ʜʦʩʷʛʘʻ ʚʝʣʠʯʠʥʠ ʧʝʨʝʜʘʪʦʯʥʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ 

ʰʧʘʣ.  

ʋ [126, 127] ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ, ʟʦʢʨʝʤʘ  

BASF Master X-Seed 100 ʥʘ ʧʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʽʥʥʷ ʙʝʪʦʥʫ. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʷʤʠ ʧʽʜʪʚʝʨʜʞʝʥʦ ʟʘʷʚʫ ʚʠʨʦʙʠʢʽʚ ʜʦʙʘʚʢʠ ʥʘ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ 
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ʛʽʜʨʘʪʘʮʽʾ ʥʘ 6ï12 ʛʦʜʠʥʫ ʪʚʝʨʜʽʥʥʷ. ʉʘʤʝ Master X-Seed 100 ʦʙʨʘʥʦ ʷʢ 

ʥʝʝʣʝʢʪʨʦʣʽʪʠʯʥʫ ʜʦʙʘʚʢʫ ʧʨʠʩʢʦʨʶʚʘʯ ʪʚʝʨʜʽʥʥʷ ʜʣʷ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʆʜʥʘʢ ʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʫʢʣʘʜʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʰʧʘʣ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʽʩʥʫʶʪʴ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʫ ʟʚôʷʟʢʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʠʭ 

ʜʦʙʘʚʦʢ ʧʦʪʨʝʙʫʶʪʴ ʦʢʨʝʤʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʎʝ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʥʦʚʠʭ ʚʠʜʽʚ ʫ 

ʰʧʘʣʘʭ ʟ ʘʥʢʝʨʥʠʤʠ ʨʝʡʢʦʚʠʤʠ ʩʢʨʽʧʣʝʥʥʷʤʠ [129ï132], ʢʦʣʠʚʘʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʙʝʪʦʥʫ ʪʘ ʧʝʨʽʦʜʠʯʥʠʤ ʫʪʚʦʨʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʽ 

ʰʧʘʣ ʩʽʪʯʘʩʪʦʾ ʩʠʩʪʝʤʠ ʪʨʽʱʠʥ, ʧʨʠʯʠʥʦʶ ʫʪʚʦʨʝʥʥʷ ʷʢʦʾ ʯʘʩʪʦ ʻ ʚʥʫʪʨʽʰʥʷ 

ʢʦʨʦʟʽʷ ʙʝʪʦʥʫ ʚʽʜ ʚʟʘʻʤʦʜʽʾ ʘʢʪʠʚʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʟʘʧʦʚʥʶʚʘʯʽʚ ʟ ʣʫʛʘʤʠ 

ʮʝʤʝʥʪʫ [133]. ʋ [131ï132] ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʶ ʪʨʽʱʠʥ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʧʽʜʥʷʪʠ ʢʣʘʩ ʙʝʪʦʥʫ ʚʽʜ ʉ32/40 ʜʦ ʉ40/50.      

 

1.4 ɻʽʧʦʪʝʟʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʙʦʯʫ ʛʽʧʦʪʝʟʫ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʘʢʠʤ 

ʯʠʥʦʤ: ʤʘʢʩʠʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʤʦʞʣʠʚʝ ʫ ʨʘʟʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʪʦʥʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟ ʢʦʤʧʣʝʢʩʥʦʶ ʜʦʙʘʚʢʦʶ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ ʽ ʧʨʠʩʢʦʨʶʚʘʯʘ, ʱʦ ʥʝ ʩʧʨʠʯʠʥʷʻ 

ʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʘʨʤʘʪʫʨʫ, - ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʷʢ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʟʘʪʨʘʚʢʠ ʜʣʷ ʰʚʠʜʢʦʛʦ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʽ ʜʦʢʘʟʫ ʛʽʧʦʪʝʟʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ: 

- ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʽ ʥʦʨʤʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʱʦʜʦ ʰʣʷʭʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʫʚʝʜʝʥʥʷʤ ʭʽʤʽʯʥʠʭ ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ; 

- ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʥʘ ʨʘʥʥʶ 

ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʪʘ ʚʠʙʦʨʫ ʜʦʙʘʚʦʢ; 

- ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʚʽʜ 

ʚʤʽʩʪʫ ʦʙʨʘʥʠʭ ʜʦʙʘʚʦʢ; 

- ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟ 

ʦʙʨʘʥʠʤʠ ʜʦʙʘʚʢʘʤʠ; 
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- ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʽ ʪʘ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʟ ʦʙʨʘʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʥʘ ʢʦʨʦʟʽʶ ʩʪʘʣʝʚʦʾ ʘʨʤʘʪʫʨʠ. 
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ɺʀʉʅʆɺʂʀ ɿɸ ʈʆɿɼɯʃʆʄ 1 

1. ɺʠʨʦʙʥʠʮʪʚʦ ʟʘʣʽʟʦʙʝʪʦʥʫ, ʫ ʪ.ʯ. ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ, ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʯʠʩʣʘ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʭ ʛʘʣʫʟʝʡ ʙʫʜʽʚʝʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ. ɼʣʷ ʧʨʠʩʢʦʨʝʥʦʛʦ 

ʪʚʝʨʜʥʝʥʥʷ ʙʝʪʦʥʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʙʘʣʘʥʩʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ ʜʦʩʷʛʘʻ 

60%, ʩʘʤʽ ʞ ʢʘʤʝʨʠ ʊɺʆ ʦʙʽʡʤʘʶʪʴ ʚʽʜ 40 ʜʦ 60 % ʧʣʦʱ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʠʤʽʱʝʥʴ, ʬʦʥʜʦʚʽʜʜʘʯʘ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 30-55%, ʱʦ ʻ ʫʢʨʘʡ ʥʠʟʴʢʠʤ 

ʧʦʢʘʟʥʠʢʦʤ. ʊʽʣʴʢʠ ʟ 2007 ʧʦ 2012 ʨʨ. ʩʢʣʘʜʦʚʘ ʛʘʟʫ ʚ ʩʦʙʽʚʘʨʪʦʩʪʽ ʦʜʥʽʻʾ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʰʧʘʣʠ ʚʠʨʦʩʣʘ ʚʽʜ 3,26 ʛʨʥ. ʜʦ 10,55 ʛʨʥ. ʘʙʦ ʚ 3,24 ʨʘʟʠ, ʱʦ 

ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʤʽʥʽʤʽʟʘʮʽʾ ʨʝʞʠʤʫ ʊɺʆ ʘʙʦ ʚʽʜʤʦʚʠ ʚʽʜ ʥʝʾ.  

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʢʨʽʤ ʊɺʆ 

ʜʦʟʚʦʣʷʶʪʴ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʚʠʜʢʦʪʚʝʨʜʥʫʯʠʭ ʮʝʤʝʥʪʽʚ ʘʙʦ ʜʦʤʝʣ ʟʚʠʯʘʡʥʠʭ 

ʮʝʤʝʥʪʽʚ; ʚʚʝʜʝʥʥʷ ʜʦʙʘʚʦʢ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʽʥʥʷ; ʧʽʜʚʠʱʝʥʥʷ ʢʽʥʮʝʚʦʾ 

ʤʽʮʥʦʩʪʽ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʙʘʚʢʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ 

ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʞʫʚʘʪʠ ʚ ʙʝʪʦʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʚʠʪʨʘʪʫ ʮʝʤʝʥʪʫ ʜʦ 380 

ʢʛ/ʤ
3
.   

5. ʄʽʥʽʤʽʟʘʮʽʷ ʨʝʞʠʤʫ ʪʝʧʣʦʚʦʣʦʛʽʩʥʦʾ ʦʙʨʦʙʢʠ ʘʙʦ ʧʦʚʥʘ ʚʽʜʤʦʚʘ ʚʽʜ ʥʝʾ 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʪʦʥʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʩʫʥʝʥʥʷ ʟʝʨʝʥ ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ aʦʧʪ ʽ ʜʨʽʙʥʦʛʦ 

ʟʘʧʦʚʥʶʚʘʯʘ  mʦʧʪ ʽ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ (ɺ/ʎ)ʦʧʪ , ʘ ʪʘʢʦʞ ʚʚʝʜʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʾ ʜʦʙʘʚʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ  

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʽ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʽʥʥʷ. ʊʘʢ, ʩʢʣʘʜ ʟ 0,45 % 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʥʘʬʪʘʣʽʥʬʦʨʤʘʣʴʜʝʛʠʜʥʦʛʦ ʪʠʧʫ ʉ-3=0,45 ʽ 1 % 

ʧʨʠʩʢʦʨʶʚʘʯʘ ʪʚʝʨʜʽʥʥʷ CaCl2 ʟʘʙʝʟʧʝʯʠʚ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʝʨʝʜʘʪʦʯʥʦʾ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 30ʉ̄ ʯʝʨʝʟ 12-16 ʛʦʜ. 

6. ʏʠʥʥʽ ʚ ʋʢʨʘʾʥʽ ʩʪʘʥʜʘʨʪʠ ʟʘʙʦʨʦʥʷʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʙʝʪʦʥʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʙʘʚʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʭʣʦʨʠʜʠ, ʘ ʪʘʢʦʞ ʟʦʙʦʚôʷʟʫʶʪʴ 

ʫ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʦʢ, ʱʦ ʤʽʩʪʷʪʴ ʩʦʣʽ ʥʘʪʨʽʶ, ʚʞʠʚʘʪʠ ʟʘʭʦʜʠ ʜʣʷ 
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ʟʘʧʦʙʽʛʘʥʥʷ ʢʦʨʦʟʽʾ, ʦʙʫʤʦʚʣʝʥʦʾ ʚʟʘʻʤʦʜʽʻʶ ʣʫʛʽʚ ʟ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʤʠ ʜʦ ʥʠʭ 

ʟʘʧʦʚʥʶʚʘʯʘʤʠ.  

7. ɺʠʩʫʥʫʪʦ ʨʦʙʦʯʫ ʛʽʧʦʪʝʟʫ ʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʛʴ. 
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ʈʆɿɼɯʃ 2. ʄɸʊɽʈɯɸʃʀ ɯ ʄɽʊʆɼʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ 

ɼʆʉʃɯɼɾɽʅʔ 

 

2.1. ʄʘʪʝʨʽʘʣʠ 

2.1.1 ʎʝʤʝʥʪ, ʟʘʧʦʚʥʶʚʘʯʽ, ʘʨʤʘʪʫʨʘ 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ. ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ ʚʠʨʦʙʥʠʮʪʚʘ ʇʨɸʊ çɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢ-ʮʝʤʝʥʪè ʽ ʇʨɸʊ çɼʽʢʝʨʛʦʬ ʎʝʤʝʥʪ ʋʢʨʘʾʥʘè ʪʠʧʽʚ ʽ ʤʘʨʦʢ, 

ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 2.1. ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʝʤʝʥʪʫ ʥʘʚʝʜʝʥʽ ʫ 

ʜʦʜʘʪʢʫ ɹ ʽ ʫʟʘʛʘʣʴʝʥʥʽ ʫ ʪʘʙʣ.2.2 ʽ 2.3. 

ʊʘʙʣʠʮʷ 2.1 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ɺʠʨʦʙʥʠʢ ʄʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʊʠʧ, ʤʘʨʢʘ ʉʢʦʨ. 

ʇʨɸʊ çɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè 

ʩ. ʗʤʥʠʮʷ, ɯʚʽʥʦ-

ʌʨʘʥʢʽʚʩʴʢʘ ʦʙʣ. 

ʇʎ ɯ-500ʈ-ʅ (CEM I 42,5R) ɯʌ 

ʇʎ ɯɯ/ɸ-ɺ-500ʈ-ʅ 

(CEM II/A-LL 42,5R) 
ɯʌ-ɺ 

ʇʎ ɯɯ/ɸ-ʐ-500ʈ-ʅ 

(CEM II/A-S 42,5R) 
ɯʌ-ʐ 

ʇʎ ɯɯ/ɸ-ʇ-500ʈ-ʅ ɯʌ-ʇ 

ʇʎ ɯɯ/ɸ-ʂ(ɺ+ʐ+ʇ)-500ʈ-ʅ ɯʌ-ʂ 

ʇʨɸʊ çɼʽʢʝʨʛʦʬ 

ʎʝʤʝʥʪ ʋʢʨʘʾʥʘè, 

çɺʦʣʠʥʴ-ʎʝʤʝʥʪè 

ʤ. ɿʜʦʣʙʫʥʽʚ, 

ʈʽʚʥʝʥʩʴʢʘ ʦʙʣ. 

ʇʎ ɯ-500ʅ 

ɺʎ 

ʇʨɸʊ çɼʽʢʝʨʛʦʬ 

ʎʝʤʝʥʪ ʋʢʨʘʾʥʘè, 

çʖʛ ʎʝʤʝʥʪè 

ʩʤʪ ʆʣʴʰʘʥʩʴʢʝ, 

ʩ. ʗʩʥʘ ɿʦʨʷ, 

ʄʠʢʦʣʘʾʚʩʴʢʘ ʦʙʣ. 

ʖʎ 

 

ʊʘʙʣʠʮʷ 2.2 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʨʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʘ, % 

ʂʣʽʥʢʝʨ C3S C3A C2S C4AF R2O 

ɯʌʮʝʤ 59,06 7,33 14,80 12,14 0,90 

ɺʦʣʠʥʴ-ʎʝʤʝʥʪ 63-67 5-7 13-15 12-13  
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ʊʘʙʣʠʮʷ 2.3 

ɺʣʘʩʪʠʚʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ʎʝʤʝʥʪ 
sʧʠʪ, 

ʩʤ2/ʛ 

dʮ, 

ʤʢʤ 
r̔, 

ʢʛ/ʤ3 

ʅɻ, 

% 

ʊʫʞʘʚʣ., ʭʚ ɸʢʪʠʚʥʽʩʪʴ, ʄʇʘ 

ʧʦʯ. ʢʽʥ. ʊɺʆ 2 ʜ. 7 ʜʽʙ 28 ʜ. 

ʇʎ ɯ-500ʈ-ʅ ɯʌʮʝʤ 3560 25 3000 29,4 130 200 41,7 35,0 48,3 57,7 

ʇʎ ɯ-500ʅ 

ɺʦʣʠʥʴ-ʎʝʤʝʥʪ 
3500 30 3000 28,1 150 210 40,2 33,2 48 56,3 

ʇʎ ɯ-500ʅ ʖɻʮʝʤʝʥʪ 3950 30 3000 28,8 130 200 41,3 38,3 50,6 58,8 

 

ʇʽʩʦʢ ʢʚʘʨʮʦʚʠʡ ɼʉʊʋ ɹ ɺ.2.7-32-95 ʜʫʞʝ ʜʨʽʙʥʠʡ, ʟ ʤʦʜʫʣʝʤ ʢʨʫʧʥʦʩʪʽ 

ʄʢ = 1,0-1,2; ʽʩʪʠʥʥʘ ʛʫʩʪʠʥʘ r
ʧ
 = 2630 ʢʛ/ʤ

3
; ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ rʥʘʩ

ʧ
 = 1450 

ʢʛ/ʤ
3
; ʧʫʩʪʦʪʥʽʩʪʴ ʇʫʩʧ = 0,45, ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʟʝʨʝʥ  = 0,23 ʤʤ; 

ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʟʘ ʤʘʩʦʶ Wm
ʧ
 = 0,12. 

ʑʝʙʽʥʴ ʛʨʘʥʽʪʥʠʡ ɼʉʊʋ ɹ ɺ.2.7-75-98 ʩʫʤʽʰʽ ʬʨʘʢʮʽʡ 5ï20 ʤʤ; ʽʩʪʠʥʥʘ 

ʛʫʩʪʠʥʘ r
ʱ
 = 2650 ʢʛ/ʤ

3
; ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ rʥʘʩ

ʱ
 = 1450 ʢʛ/ʤ

3
, ʧʫʩʪʦʪʥʽʩʪʴ ʇʫʩɦ = 

0,45, ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʟʝʨʝʥ d  ɦ= 15 ʤʤ, ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʟʘ ʤʘʩʦʶ Wm
ʱ
 = 0,0075. 

ɺʦʜʘ ʧʠʪʥʘ ʚʦʜʦʧʨʦʚʽʜʥʘ ʟʘ ɼʉʊʋ 7525:2014.    

ɸʨʤʘʪʫʨʥʠʡ ʜʨʽʪ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʟ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʜʣʷ ʘʨʤʫʚʘʥʥʷ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ Å3ɺʨ1500 (ɺʨ-II). 

 

2.1.2 ɼʦʙʘʚʢʠ 

ɿʘʩʪʦʩʦʚʘʥʽ ʭʽʤʽʯʥʽ ʪʘ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 2.4. ɼʦʟʫʚʘʥʥʷ 

ʜʦʙʘʚʦʢ ʧʨʠʟʥʘʯʘʣʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ʾʭ ʚʠʨʦʙʥʠʢʽʚ, ʘ ʥʽʪʨʘʪʫ ʪʘ 

ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ï ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ [121]. 
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ʊʘʙʣʠʮʷ 2.4  

ɼʦʙʘʚʢʠ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʊʠʧ ʜʦʙʘʚʢʠ 
ʅʘʟʚʘ 

ʜʦʙʘʚʢʠ 

ʄʘʨʢʘ 

ʘʙʦ ʭʽʤʽʯʥʘ 

ʬʦʨʤʫʣʘ 

ɺʠʨʦʙʥʠʢ 
ʇʦʟʥʘ-

ʯʝʥʥʷ 

ɼʦʟʫʚʘʥʥʷ, 

ʤʘʩ. % ʚʽʜ 

ʚʠʪʨʘʪʠ 

ʮʝʤʝʥʪʫ 

ʉʫʧʝʨʧʣʘʩʪʠ-

ʬʽʢʘʪʦʨ - 

ʘʥʽʦʥʥʘ ʇɸʈ 

ʇʦʣʽ-

ʢʘʨʙʦʢʩʠʣʘʪ 

ʂ-17 ʄʽʩʪʽʤ ʄʽʩʪʽʤ 0,8 

E.Fix-AB.27 ɸʨʭɹʫʜ ɸʨʭɹʫʜ 0,7 

Plastidor 2 Extra ɼʦʨʦʥʽʢ Plastidor 0,4 

ViscoCrete-1030 Sika ViscoCrete  

Master Glenium 

ɸʉɽ-430 
BASF ʇʂ 1 

ʇʨʠʩʢʦʨʶʚʘʯʽ 

ʪʚʝʨʜʽʥʥʷ - 

ʩʦʣʽ-

ʝʣʝʢʪʨʦʣʽʪʠ 

ʍʣʦʨʠʜ 

ʢʘʣʴʮʽʶ 
CaCl2 ʇʽʜʧʨʠʻʤʩʪʚʘ 

ʭʽʤʽʯʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʍʅʂ 1 (0,5+0,5) 
ʅʽʪʨʘʪ 

ʢʘʣʴʮʽʶ 
Ca(NO3)2 

ɸʢʪʠʚʥʘ 

ʤʽʥʝʨʘʣʴʥʘ 

ʜʦʙʘʚʢʘ 

ɼʠʩʧʝʨʩʽʷ 

ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ 

ʢʘʣʴʮʽʶ 

Master 

X-Seed 100 
BASF ɻʉʂ 2; 6,48...7,3 

 

2.1.3 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʩʢʣʘʜʠ ʙʝʪʦʥʫ 

ʉʢʣʘʜ ʙʝʪʦʥʫ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʟ [20] ʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

1. ɺʠʟʥʘʯʠʣʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʥʜʘʨʪʥʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʢʨʫʧʥʽʩʪʴ 

ʟʝʨʝʥ ʟʘʧʦʚʥʶʚʘʯʽʚ ï ʩʠʪʦʚʠʤ ʘʥʘʣʽʟʦʤ, ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ ï ʤʽʢʨʦʩʢʦʧʽʯʥʠʤ 

ʘʙʦ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʤ ʘʥʘʣʽʟʦʤ. ʇʨʠʡʥʷʣʠ: ʜʣʷ ʮʝʤʝʥʪʫ ʇʎ ɯ-500ʅ - ʽʩʪʠʥʥʫ 

ʛʫʩʪʠʥʫ ʯʘʩʪʠʥʦʢ r
ʮ
 = 3100 ʢʛ/ʤ

3
, ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʥʘʡʙʽʣʴʰ ʧʨʝʜʩʪʘʚʥʠʮʴʢʦʾ 

ʬʨʘʢʮʽʾ dʮ = 0,03 ʤʤ; ʜʣʷ ʱʝʙʝʥʶ ʛʨʘʥʽʪʥʦʛʦ ʩʫʤʽʰʽ ʬʨʘʢʮʽʡ 5-20 ʤʤ - ʽʩʪʠʥʥʫ 

ʛʫʩʪʠʥʫ r
ʱ
 = 2630 ʢʛ/ʤ

3
, ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʟʝʨʝʥ d  ɦ= 12,5 ʤʤ, ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ 

W
ʱ
 = 0,0075; ʜʣʷ ʧʽʩʢʫ ʢʚʘʨʮʝʚʦʛʦ ʜʫʞʝ ʜʨʽʙʥʦʛʦ ʟ ʤʦʜʫʣʝʤ ʢʨʫʧʥʦʩʪʽ ʄʢʨ = 1,0 

- ʽʩʪʠʥʥʫ ʛʫʩʪʠʥʫ r
ʧ
 = 2630 ʢʛ/ʤ

3
, ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ W

ʧ
 = 0,01.   

2. ʈʦʟʨʘʭʫʚʘʣʠ ʚʝʣʠʯʠʥʠ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʩʫʚʘʥʥʷ ʟʝʨʝʥ 

ʱʝʙʝʥʶ ʪʘ ʧʽʩʢʫ aʦʧʪ ʠ mʦʧʪ ʟʘ ʬʦʨʤʫʣʘʤʠ (1.3), (1.4).  

3. ɺʠʟʥʘʯʠʣʠ ʚʠʪʨʘʪʫ ʱʝʙʝʥʶ, ʧʽʩʢʫ, ʮʝʤʝʥʪʫ, ʚʦʜʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʧʪʠʤʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ aʦʧʪ, mʦʧʪ  ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʘʜʩʦʨʙʦʚʘʥʦʾ ʱʝʙʝʥʝʤ ʪʘ ʧʽʩʢʦʤ ʚʦʜʠ (W
ʱ
 = 0,0075 ʠ W

ʧ
 = 0,01). 
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ɺ = ʎÖ(ɺ/ʎ)ʦʧʪ.                                                (2.4) 

ɼʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʽʟ ʩʝʨʝʜʥʴʦʶ ʢʽʣʴʢʽʩʪʶ C3A = 6 % (ɺ/ʎ)ʦʧʪ = 0,23.  

3. ɺʠʟʥʘʯʠʣʠ ʢʽʣʴʢʽʩʪʴ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʉʇ (ʇʂ) ʪʘ 

ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʍʅʂ, ɻʉʂ: 

ʉʇ = ʎÖʉʇ/ʎ;                                                  (2.5) 

ʍʅʂ = ʎÖʍʅʂ/ʎ;                                               (2.6) 

ɻʉʂ = ʎÖɻʉʂ/ʎ.                                               (2.7) 

4. ɺʠʟʥʘʯʠʣʠ ʘʙʩʦʣʶʪʥʠʡ ʦʙ'ʻʤ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ: 

.
ʱʧʮʙ ʛʩʢʭʥʢʩʧʚ

ɻʉʂʍʅʂʉʇɺʑʇʎ
V

rrrrrrr
++++++=

                       (2.8) 

ɿʘ ʩʝʨʝʜʥʴʦʶ ʛʫʩʪʠʥʦʶ ʙʝʪʦʥʫ ʪʘ ʘʙʩʦʣʶʪʥʠʤ ʦʙôʻʤʦʤ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

ʧʝʨʝʚʽʨʷʶʪʴ ʧʨʘʚʠʣʴʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʫ ʙʝʪʦʥʫ. ʈʦʟʨʘʭʦʚʘʥʘ ʩʝʨʝʜʥʷ 

ʛʫʩʪʠʥʘ ʙʝʪʦʥʫ ʤʘʻ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʚʝʣʠʯʠʥʠ 2400 ʢʛ/ʤ
3
, ʘ ʘʙʩʦʣʶʪʥʠʡ ʦʙ'ʻʤ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ï ʜʦ 1 ʤ
3
 ʟ ʪʦʯʥʽʩʪʶ °2 %. 

ʈʦʟʨʘʭʫʥʦʢ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʇɹʉ-

ʋʢʨɼʋɿʊ. ʇʨʠʢʣʘʜ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʫ ɻ.  
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2.3 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʪʠʢʦʥʫʚʘʣʠ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʠʤʝʥʪʘʣʴʥʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʋ ʩʢʣʘʜʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙ'ʻʢʪʫ ʪʘ 

ʧʨʝʜʤʝʪʫ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫʚʘʣʠʩʷ 

ʥʘ ʧʦʣʦʞʝʥʥʷʭ ʬʽʟʠʯʥʦʾ ʪʘ ʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ, ʘ ʪʘʢʦʞ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʤʝʭʘʥʽʢʠ 

ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʙʝʪʦʥʫ, ʰʧʘʣ, ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ 

ʮʝʤʝʥʪʫ ʚʽʜ ʚʠʜʫ ʪʘ ʚʤʽʩʪʫ ʜʦʙʘʚʦʢ ʟʜʽʡʩʥʶʚʘʣʠ ʩʪʘʥʜʘʨʪʥʠʤʠ ʪʘ 

ʦʨʠʛʽʥʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘʣʝʞʥʽʩʪʴ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʦʾ ʘʙʦ ʬʽʟʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʘʙʦ ʢʘʤʝʥʶ, 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʘʙʦ ʙʝʪʦʥʫ ʚʽʜ ʚʤʽʩʪʫ ʜʦʙʘʚʢʠ, ʟʤʽʥʶʶʯʠ ʾʾ ʚʤʽʩʪ ʚʽʜ 0 ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟ ʧʦʩʪʽʡʥʠʤ ʢʨʦʢʦʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ 

ʯʘʩʪʢʦʚʦ ʚʠʢʦʥʫʚʘʣʠ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʥʘ ɻʥʽʚʘʥʩʴʢʦʤʫ ɿʉɿɹ ʥʘ 

ʚʠʟʥʘʯʝʥʠʭ ʟʘʚʦʜʩʴʢʦʶ ʣʘʙʦʨʘʪʦʨʽʻʶ ʩʢʣʘʜʘʭ ʙʝʪʦʥʫ ʢʣʘʩʫ ʉ32/40 ʽʟ 

ʩʪʘʥʜʘʨʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ [42]. 

 

2.3.1 ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʤʽʰʝʡ 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ï ʦʮʽʥʶʚʘʣʠ ʾʾ 

ʨʫʭʣʠʚʽʩʪʶ ʘʙʦ ʞʦʨʩʪʢʽʩʪʶ. ʈʫʭʣʠʚʽʩʪʴ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʦʮʽʥʶʚʘʣʠ ʦʩʘʜʢʦʶ 

ʢʦʥʫʩʫ ʽ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʟ EN 12350-2:1999. ɾʦʨʩʪʢʽʩʪʴ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

ʚʠʟʥʘʯʘʣʠ ʘʥʘʣʦʛʽʯʥʦ EN 12350-3:199 ʩʧʨʦʱʝʥʠʤ ʩʧʦʩʦʙʦʤ ʉʢʨʘʤʪʘʻʚʘ 

(ʨʠʩ. 2.1) [62; 55]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʩʪʘʥʜʘʨʪʥʫ ʦʜʥʦʤʽʩʥʫ ʬʦʨʤʫ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʽʚ ï ʢʫʙʽʚ ʟ ʨʦʟʤʽʨʦʤ ʨʝʙʨʘ 200 ʤʤ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ 

ʩʪʘʥʜʘʨʪʥʫ ʣʘʙʦʨʘʪʦʨʥʠʡ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢ (ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ 3000 ʭʚ 1, 

ʘʤʧʣʽʪʫʜʫ 0,5 ʤʤ). ʋ ʬʦʨʤʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʩʪʘʥʜʘʨʪʥʠʡ ʢʦʥʫʩ ʟʘʚʚʠʰʢʠ 300 ʤʤ 

ʟ ʜʽʘʤʝʪʨʦʤ ʦʩʥʦʚ: ʥʠʞʥʴʦʾ ï 200 ʤʤ, ʚʝʨʭʥʴʦʾ ï 100 ʤʤ. ʇʦʧʝʨʝʜʥʴʦ ʟ ʢʦʥʫʩʘ 

ʚʠʜʘʣʷʶʪʴ ʫʧʦʨʠ çʧʝʜʘʣʽè ʽ ʩʪʠʩʢʘʶʪʴ ʥʠʞʥʽʡ ʜʽʘʤʝʪʨ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʽʥ 

ʤʽʩʪʠʚʩʷ ʫ ʬʦʨʤʽ (ʨʠʩ. 2.2, ʘ). ɺʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʢʦʥʫʩʘ ʟʤʦʯʫʶʪʴ ʚʦʜʦʶ ʪʘ 
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ʧʨʦʪʠʨʘʶʪʴ ʚʽʜʞʘʪʦʶ ʚʦʣʦʛʦʶ ʛʘʥʯʽʨʢʦʶ. ʂʦʥʫʩ ʟʘʧʦʚʥʶʶʪʴ ʙʝʪʦʥʥʦʶ 

ʩʫʤʽʰʰʶ ʚ ʪʨʠ ʧʨʠʡʦʤʠ, ʱʦʨʘʟʫ ʫʱʽʣʴʥʶʶʯʠ ʾʾ 20 ʰʪʠʢʫʚʘʥʥʷʤʠ ʩʪʨʠʞʥʝʤ 

Å16 ʤʤ. ɺʝʨʭ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟʨʽʟʘʶʪʴ ʣʽʥʽʡʢʦʶ ʯʠ ʨʽʚʥʦʶ ʧʣʘʩʪʠʥʦʶ. ʂʦʥʫʩ 

ʘʢʫʨʘʪʥʦ ʟʥʽʤʘʶʪʴ ʽ ʚʢʣʶʯʘʶʪʴ ʚʽʙʨʦʤʘʡʜʘʥʯʠʢ ʽ ʦʜʥʦʯʘʩʥʦ ʩʝʢʫʥʜʦʤʽʨ. 

ɺʽʙʨʫʚʘʥʥʷ ʧʨʦʜʦʚʞʫʶʪʴ ʜʦʪʠ, ʜʦʢʠ ʙʝʪʦʥʥʘ ʩʫʤʽʰ ʥʝ ʟʘʧʦʚʥʠʪʴ ʫʩʽ ʢʫʪʠ ʢʫʙʘ 

ʽ ʾʾ ʧʦʚʝʨʭʥʷ ʥʝ ʩʪʘʥʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ. ʇʦʢʘʟʥʠʢʦʤ ʞʦʨʩʪʢʦʩʪʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

ʻ ʪʨʠʚʘʣʽʩʪʴ ʚʽʙʨʫʚʘʥʥʷ, ʩ. 

ʘ)                                                        ʙ)                                                             ʚ) 

  

ʈʠʩ. 2.1 ɺʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʩʧʨʦʱʝʥʠʤ ʩʧʦʩʦʙʦʤ 

ɹ.ɻ.ʉʢʨʘʤʪʘʻʚʘ: ʘ ï ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʨʠʣʘʜʫ; ʙ - ʙʝʪʦʥʥʘ ʩʫʤʽʰ ʜʦ 

ʚʽʙʨʫʚʘʥʥʷ; ʚ - ʪʝ ʩʘʤʝ, ʧʽʩʣʷ ʚʽʙʨʫʚʘʥʥʷ; 1 - ʢʦʥʫʩ; 2 - ʬʦʨʤʘ ʢʫʙʘ; 3 - 

ʙʝʪʦʥʥʘ ʩʫʤʽʰ; 4 ï ʚʽʙʨʦʤʘʡʜʘʥʯʠʢ 

 

2.3.2 ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʬʽʟʠʢʦ-ʤʝʭʽʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʫ ʚʽʜ 

ʚʠʜʫ ʪʘ ʚʤʽʩʪʫ ʜʦʙʘʚʦʢ 

ʉʢʣʘʜʠ ʙʝʪʦʥʫ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʟʥʘʯʘʣʠ ʟʘ 

ʤʝʪʦʜʠʢʦʶ ʋʢʨɼʋɿʊ [62, 63] , ʚʠʢʣʘʜʝʥʦʶ ʫ 2.1.3 ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʠʟʥʘʯʝʥʠʭ 

ʦʧʪʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʩʫʥʝʥʥʷ ʟʝʨʝʥ ʢʨʫʧʥʦʛʦ aʦʧʪ  ʪʘ ʜʨʽʙʥʦʛʦ 

mʦʧʪ ʟʘʧʦʚʥʶʚʘʯʽʚ. 
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ɯʟ ʙʝʪʦʥʫ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʟ ʨʽʟʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʚʠʛʦʪʦʚʣʷʣʠ ʩʝʨʽʾ ʟʨʘʟʢʽʚ-

ʢʫʙʽʚ ʟ ʨʦʟʤʽʨʦʤ ʨʝʙʨʘ 100 ʤʤ. ɿʨʘʟʢʠ ʧʽʜʜʘʚʘʣʠ ʪʝʧʣʦʚʦʣʦʛʽʩʥʽʡ ʦʙʨʦʙʮʽ ʫ 

ʧʨʦʧʘʨʶʚʘʣʴʥʽʡ ʢʘʤʝʨʽ ʘʙʦ ʧʨʠʨʦʜʥʦʤʫ ʪʚʝʨʜʽʥʥʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 20Ñ2ʉ̄.  

ɿʨʘʟʢʠ ʚʠʧʨʦʙʫʚʘʣʠ ʫ ʨʘʥʥʴʦʤʫ ʚʽʮʽ 8, 12 ʘʙʦ 24 ʛʦʜʠʥ ʪʘ ʫ ʧʨʦʝʢʪʥʦʤʫ 

ʚʽʮʽ 28 ʜʽʙ. ɺʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ ʚʠʟʥʘʯʘʣʠ ʥʘ ʟʨʘʟʢʘʭ-ʢʫʙʘʭ 100Ĭ100Ĭ100 ʤʤ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ɼʉʊʋ ɹ ɺ.2.7-170:2008, ɼʉʊʋ ɹ ɺ.2.7-214:2009.. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘʙʣʠʮʴ MS Excel 

ʙʫʜʫʚʘʣʠ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʫ ʚʽʜ ʧʦʢʘʟʥʠʢʽʚ ʡʦʛʦ ʩʢʣʘʜʫ. 

ɼʣʷ ʟʘʣʝʞʥʦʩʪʝʡ ʙʫʜʫʚʘʣʠ ʣʽʥʽʾ ʪʨʝʥʜʘ, ʷʢʽ ʘʧʨʦʢʩʠʤʫʚʘʣʠ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ 

ʢʚʘʜʨʘʪʽʚ ʟ ʦʪʨʠʤʘʥʥʷʤ ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ ʟʘʩʦʙʘʤʠ MS Excel. ʇʨʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʨʦʙʠʣʠ ʚʠʩʥʦʚʦʢ ʟʘ ʚʝʣʠʯʠʥʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ, 

ʧʦʨʽʚʥʶʶʯʠ ʡʦʛʦ ʟʽ ʰʢʘʣʦʶ ʏʝʜʜʦʢʘ.  

 

2.3.3 ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʚʠʢʦʥʫʚʘʣʠ ʫ ʩʢʣʘʜʽ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ. ʇʽʜʛʦʪʦʚʢʫ ʟʨʘʟʢʽʚ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʪʘʢ: ʟʨʘʟʦʢ (ʫ 

ʥʝʦʙʭʽʜʥʦʤʫ ʚʽʮʽ) ʚʠʩʫʰʫʚʘʣʠ ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 70°3 ʉ̄, 

ʧʦʜʨʽʙʥʶʚʘʣʠ ʜʦ ʨʦʟʤʽʨʫ 0,5·1,0 ʤʤ, ʚʠʜʘʣʷʣʠ ʯʘʩʪʠʥʢʠ ʟʘʧʦʚʥʶʚʘʯʘ ʪʘ 

ʨʦʟʪʠʨʘʣʠ ʚ ʘʛʘʪʦʚʽʡ ʩʪʫʧʮʽ ʜʦ ʩʪʘʥʫ, ʟʘ ʷʢʦʛʦ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʧʦʚʥʝ 

ʧʨʦʭʦʜʞʝʥʥʷ ʢʨʽʟʴ ʩʠʪʦ 0,063 ʤʤ. ɼʣʷ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʨʦʙʠʣʠ ʚʽʜʢʦʣʠ 

ʟʨʘʟʢʽʚ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅ-3, ʧʽʜʢʣʶʯʝʥʦʛʦ ʜʦ ʇʂ. ʋʧʨʘʚʣʽʥʥʷ 

ʜʠʬʨʘʢʪʦʤʝʪʨʦʤ ʪʘ ʟʘʧʠʩ ʜʘʥʠʭ ʥʘ ʇʂ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ DifWin1. ɹʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʪʨʫʙʢʘ 1,6 ɹʉɺ27-Fe ʽʟ 

ʟʘʣʽʟʥʠʤ ʢʘʪʦʜʦʤ. ɯʥʪʝʨʚʘʣ ʢʫʪʽʚ 2q ʩʪʘʥʦʚʠʚ 7ï80̄ , ʥʘʧʨʫʛʘ ï 30 ʢɺ, ʩʠʣʘ 

ʩʪʨʫʤʫ ï 20 ʤɸ. ɿʨʘʟʦʢ ʪʘ ʣʽʯʠʣʴʥʠʢ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʽʤʧʫʣʴʩʽʚ ʦʙʝʨʪʘʶʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʥʘʚʢʦʣʦ ʟʘʛʘʣʴʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ 
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ʛʦʥʽʦʤʝʪʨʘ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ Vʩʯ = 2Vʦʙʨ. ʇʨʠ ʮʴʦʤʫ ʣʽʯʠʣʴʥʠʢ 

ʚʠʤʽʨʶʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʠʬʨʘʢʮʽʡʥʦʾ ʢʘʨʪʠʥʠ ʧʦʩʣʽʜʦʚʥʦ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ 

ʚʽʜʙʠʪʪʷ. ʇʦʢʘʟʠ ʣʽʯʠʣʴʥʠʢʘ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʇʂ. ʇʨʠ ʘʥʘʣʽʟʽ ʨʝʥʪʛʝʥʦʛʨʘʤ 

ʜʠʬʨʘʢʮʽʡʥʽ ʤʘʢʩʠʤʫʤʠ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʟʘ [94]. 

ɯʥʬʨʘʯʝʨʚʦʥʫ ʩʧʝʢʪʨʦʩʢʦʧʽʶ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ɯʏ-ʌʫʨ'ʻ-

ʩʧʝʢʪʨʦʤʝʪʨʘ Bruker Alpha ʪʘ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ ʟ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ OPUS. ɯʏ-ʩʧʝʢʪʨʠ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʚʽʜʦʙʨʘʞʘʣʠʩʴ ʥʘ ʝʢʨʘʥʽ 

ʤʦʥʽʪʦʨʘ ʪʘ ʟʘʧʠʩʫʚʘʣʠʩʴ ʫ ʧʘʤ'ʷʪʴ ʇʂ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʜʽʘʧʘʟʦʥʽ 

ʭʚʠʣʴʦʚʠʭ ʯʠʩʝʣ 400-4000 ʩʤ
ï1

. ɿʨʘʟʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʽʜʽʙʨʘʥʽ ʪʘ 

ʧʽʜʛʦʪʦʚʣʝʥʽ ʟʘ ʦʧʠʩʘʥʦʶ ʚʠʱʝ ʤʝʪʦʜʠʢʦʶ, ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʫ ʟʤʽʰʫʚʘʣʠ ʟ 

KBr, ʧʦʤʽʱʘʣʠ ʚ ʧʨʝʩ-ʬʦʨʤʫ ʪʘ ʧʽʜ ʪʠʩʢʦʤ 8õ8,5 ʄʇʘ ʟʘʧʨʝʩʦʚʫʚʘʣʠ ʪʘʙʣʝʪʢʠ. 

ɯʏ-ʩʧʝʢʪʨʠ ʪʘʢʦʞ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ  ʟʘ [94]. 

ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʠʡ 

ʤʽʢʨʦʘʥʘʣʽʟ ʣʦʢʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʚʽʜʢʦʣʽʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟ 

ʜʦʙʘʚʢʘʤʠ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ 

JEOL JSM-6390LV ʟ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ AZtechEnergy X-

max
n
 50 (ʗʧʦʥʽʷ). ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟ ʧʨʠʩʢʦʨʶʶʯʦʶ ʥʘʧʨʫʛʦʶ 15 ʢɺ.  

 

2.3.4 ʇʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʂʦʨʦʟʽʡʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʣʝʚʫ ʘʨʤʘʪʫʨʫ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʪʘ ʙʝʪʦʥʫ ʟ 

ʜʦʙʘʚʢʘʤʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʠʤ ʪʘ ʦʧʪʠʢʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʤ 

ʤʝʪʦʜʘʤʠ. ɼʦʩʣʽʜʞʫʚʘʣʠ ʟʨʘʟʢʠ ʧʨʠʟʤʠ 160³40³40 ʤʤ, ʚ ʷʢʽ ʧʦ ʮʝʥʪʨʘʣʴʥʽʡ 

ʧʦʟʜʦʚʞʥʽʡ ʦʩʽ ʧʦʤʽʱʫʚʘʣʠ ʩʪʘʣʝʚʠʡ ʩʪʝʨʞʝʥʴ ʜʦʚʞʠʥʦʶ 120 ʤʤ ʽ ʜʽʘʤʝʪʨʦʤ 3 

ʤʤ. ʉʪʝʨʞʥʽ ʪʘ ʾʭ ʪʦʨʮʽ ʧʦʧʝʨʝʜʥʴʦ ʟʘʯʠʱʘʣʠ ʥʘʞʜʘʯʥʠʤ ʧʘʧʝʨʦʤ ʪʘ 

ʟʥʝʞʠʨʶʚʘʣʠ ʨʦʟʯʠʥʥʠʢʦʤ ï ʟʘʤʽʥʥʠʢʦʤ ʘʮʝʪʦʥʫ. ɿʨʘʟʢʠ ʚʠʛʦʪʦʚʣʷʣʠ ʽʟ 

ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ 1:1,53, ɺ/ʎ = 0,56, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʚ ʨʦʟʯʠʥʥʽʡ 

ʯʘʩʪʠʥʽ ʙʝʪʦʥʫ. ɺʠʛʦʪʦʚʣʷʣʠ 8 ʩʝʨʽʡ: 4 ï ʥʘ ʮʝʤʝʥʪʽ ɯʌʮʝʤ, 4 ï ʥʘ ʮʝʤʝʥʪʽ 

ɺʦʣʠʥʴ-ʎʝʤʝʥʪ (ʪʘʙʣ. 2.5) ʧʦ ʪʨʠ ʟʨʘʟʢʠ ʚ ʢʦʞʥʽʡ ʩʝʨʽʾ: 1 ï ʢʦʥʪʨʦʣʴʥʽ ʟʨʘʟʢʠ  

ʙʝʟ ʜʦʙʘʚʦʢ (ʙ/ʜ); 2 ï ʟʨʘʟʢʠ ʟ ʜʦʙʘʚʢʦʶ Master Glenium ACE 430 (ʇʂ) ʚ 

ʢʽʣʴʢʦʩʪʽ 1 % ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ;  3 ï ʟʨʘʟʢʠ ʟ ʜʦʙʘʚʢʘʤʠ Master Glenium ACE 
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430 1 % ʽ Master X-Seed100 2 % (ʇʂ+ɻʉʂ); 4 ï ʟʨʘʟʢʠ ʟ ʜʦʙʘʚʢʘʤʠ Master 

Glenium ACE 430 1 %, CaCl2 0,5 % ʪʘ Ca(NO3)2 0,5 % (ʇʂ+ʍʅʂ). 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʥʘ ʨʦʟʯʠʥʥʽʡ ʯʘʩʪʠʥʽ ʙʝʪʦʥʫ ʩʢʣʘʜʫ, 

ʚʠʟʥʘʯʝʥʦʛʦ ʟʘ ʤʝʪʦʜʠʢʦʶ ʋʢʨɼʋɿʊ ʜʣʷ ʟʘʧʦʚʥʶʚʘʯʽʚ ʽʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ 

ʚʠʟʥʘʯʘʣʴʥʦʾ ʬʨʘʢʮʽʾ: ʢʨʫʧʥʦʛʦ ï 12,54 ʤʤ, ʜʨʽʙʥʦʛʦ ï 0,24 ʤʤ, a = aʦʧʪ = 1,12, 

m = mʦʧʪ = 1 ,79. ʉʢʣʘʜ ʙʝʪʦʥʫ, ʢʛ/ʤ
3
: ʑ ï 1373; ʇ ï 514; ʎ - 362; ɺ ï 167. 

 

ʊʘʙʣʠʮʷ 2.5 

ʉʢʣʘʜ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ ʟʨʘʟʢʽʚ 

ó 
ʂʦʤʧʦʥʝʥʪʠ ʉʢʣʘʜ 

ʇʎ ʇʂ ɻʉʂ ʍʂ ʅʂ ʇ/ʎ ɺ/ʎ ʇʂ/ʎ ɻʉʂ/ʎ ʍʂ/ʎ ʅʂ/ʎ 

1 

1.0 

ɯʌʮʝʤ 

ï ï ï ï 1,67 0,57 
    

1.1 + ï ï ï 1,67 0,57 1% 
   

1.2 + + ï ï 1,67 0,57 1% 2% 
  

1.3 + ï + + 1,67 0,57 1% 
 

0,5% 0,5% 

2 

2.0 

ɺʦʣʠʥʴ-

ʎʝʤʝʥʪ 

ï ï ï ï 1,53 0,56 
    

2.1 + ï ï ï 1,53 0,56 1% 
   

2.2 + + ï ï 1,53 0,56 1% 2% 
  

2.3 + ï + + 1,53 0,56 1% 
 

0,5% 0,5% 

 

ʇʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʭʝʤʠ ʨʠʩ. 

2 ʪʘ [142] ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ [143] ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ: 

ʧʦʪʝʥʮʽʦʩʪʘʪ ʟ ʜʽʘʧʘʟʦʥʘʤʠ ʨʝʛʫʣʴʦʚʘʥʠʭ ʥʘʧʨʫʛ ʥʝ ʤʝʥʰʝ 5ï1000 ʤɺ ʪʘ ʩʠʣ 

ʩʪʨʫʤʫ ʥʝ ʤʝʥʰʝ 1ï1000 ʤʢɸ; ʪʝʨʤʦʤʝʪʨ ʟ ʜʽʘʧʘʟʦʥʦʤ ʚʠʤʽʨʶʚʘʥʴ ʥʝ ʤʝʥʰʝ 

10ï30Áʉ; ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ ʭʣʦʨʩʨʽʙʥʠʡ ʥʘʩʠʯʝʥʠʡ; ʜʦʧʦʤʽʞʥʠʡ ʝʣʝʢʪʨʦʜ ï 

ʩʪʘʣʝʚʠʡ ʩʪʝʨʞʝʥʴ ʜʦʚʞʠʥʦʶ 120ï150 ʤʤ, ʜʽʘʤʝʪʨʦʤ 5ï6 ʤʤ; ʧʦʩʫʜʠʥʘ ʟ 

ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ï ʩʢʣʘ ʚʠʩʦʪʦʶ 160ï200 ʤʤ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 

ʥʝ ʤʝʥʰʝ ʥʽʞ 70 ʤʤ; ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʡ ʢʣʶʯ ï ʩʢʣʷʥʘ ʪʨʫʙʢʘ ʜʽʘʤʝʪʨʦʤ 3ï5 ʤʤ ʟ 

ʢʨʘʥʦʤ, ʟʘʧʦʚʥʝʥʘ ʥʘʩʠʯʝʥʠʤ ʨʦʟʯʠʥʦʤ ʭʣʦʨʠʜʫ ʢʘʣʽʶ. 

 



 

62 

 

 

ʈʠʩ. 2.2 ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʽ ʟʥʷʪʪʷʤ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʢʨʠʚʠʭ: 

1 ï ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ; 2 ï ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʡ ʢʣʶʯ; 3 ï ʟʨʘʟʦʢ; 4 ï 

ʜʦʧʦʤʽʞʥʠʡ ʝʣʝʢʪʨʦʜ; 5 ï ʤʽʢʨʦʘʤʧʝʨʤʝʪʨ; 6 ï ʧʦʪʝʥʮʽʦʩʪʘʪ 

 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʨʦʝʢʪʥʦʾ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʯʝʨʝʟ 28 ʜʽʙ ʪʘ ʯʝʨʝʟ 6 ʤʽʩʷʮʽʚ. ɺʠʤʽʨʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʥʘ 

ʪʨʴʦʭ ʟʨʘʟʢʘʭ ʙʝʪʦʥʫ ʟ ʘʨʤʘʪʫʨʦʶ ʦʜʥʦʯʘʩʥʦ. ɿʨʘʟʢʠ ʜʦ ʧʦʯʘʪʢʫ ʚʠʤʽʨʶʚʘʥʥʷ 

ʥʘʩʠʯʫʚʘʣʠ ʧʠʪʥʦʶ ʚʦʜʦʶ ʟ ʢʠʧ'ʷʪʽʥʥʷʤ ʪʨʠʚʘʣʽʩʪʶ 3 ʛʦʜ. ʇʝʨʝʜ 

ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʟ ʦʜʥʦʛʦ ʪʦʨʮʷ ʟʨʘʟʢʘ-ʙʘʣʦʯʢʠ ʩʢʦʣʶʚʘʣʠ ʨʦʟʯʠʥ, ʱʦʙ ʦʛʦʣʠʪʠ 

ʩʪʘʣʝʚʠʡ ʩʪʝʨʞʝʥʴ ʥʘ ʜʦʚʞʠʥʫ 20Ñ10 ʤʤ. ɺʠʤʽʨʶʚʘʥʥʷ ʩʠʣʠ ʩʪʨʫʤʫ ʯʝʨʝʟ 

ʟʨʘʟʦʢ ʚ ʤʽʢʨʦʘʤʧʝʨʘʭ ʟʜʽʡʩʥʶʚʘʣʠ ʯʝʨʝʟ 60Ñ5 ʭʚʠʣʠʥ ʧʽʩʣʷ ʚʤʠʢʘʥʥʷ 

ʧʦʪʝʥʮʽʦʩʪʘʪʫ (ʨʠʩ. 2.2), ʧʽʩʣʷ ʯʦʛʦ ʟʥʽʤʘʣʠ ʘʥʦʜʥʫ ʯʘʩʪʠʥʫ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ 

ʢʨʠʚʦʾ ʟ ʧʨʦʭʦʜʞʝʥʥʷʤ ʜʽʘʧʘʟʦʥʫ ʚʽʜ ʧʦʪʝʥʮʽʘʣʫ, ʱʦ ʚʩʪʘʥʦʚʠʚʩʷ, ʜʦ +1000 mV 

ʧʨʦʪʷʛʦʤ 60 ʭʚʠʣʠʥ. ɻʫʩʪʠʥʫ ʩʪʨʫʤʫ i, ʤʢɸ/ʩʤ
2
 ʜʣʷ ʢʦʞʥʦʛʦ ʬʽʢʩʦʚʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ: 

I = I/S,                                                           (2.9) 

ʜʝ ɯ ï ʩʠʣʘ ʩʪʨʫʤʫ, ʤʢɸ; S ï ʧʣʦʱʘ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ (ʩʪʝʨʞʥʷ), 

ʩʤ
2
. 

ʇʣʦʱʫ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʩʪʘʣʴʥʦʛʦ ʩʪʝʨʞʥʷ, ʱʦ ʩʪʠʢʘʻʪʴʩʷ ʟ ʙʝʪʦʥʦʤ, S, 

ʩʤ
2
, ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

S = pDl+pD2
/4,                                                    (2.10) 
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ʜʝ D ï ʜʽʘʤʝʪʨ ʩʪʘʣʴʥʦʛʦ ʩʪʝʨʞʥʷ, ʩʤ; l ï ʜʦʚʞʠʥʘ ʩʪʘʣʴʥʦʛʦ ʩʪʝʨʞʥʷ, ʱʦ 

ʟʘʥʫʨʝʥʠʡ ʫ ʙʝʪʦʥ, ʩʤ. 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʫʜʫʚʘʣʠ ʛʨʘʬʽʢ (ʧʦʣʷʨʠʟʘʮʽʡʥʫ ʢʨʠʚʫ) ʫ 

ʢʦʦʨʜʠʥʘʪʘʭ: ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʤʢɸ/ʩʤ
2
 - ʧʦʪʝʥʮʽʘʣ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ɽ, ʤɺ. 

ʂʦʨʦʟʽʡʥʠʡ ʩʪʘʥ ʩʪʘʣʴʥʦ ʾ ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥ ̔ ʦʮ̔ʥʁ ʚʘʣʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ 

ʦʮʽʥʢʠ ʟʘʭʠʩʥʦʾ ʜʽʾ ʙʝʪʦʥʫ ʜʦ ʩʪʘʣʝʚʦʾ ʘʨʤʘʪʫʨʠ, ʧʨʠʡʥʷʪʠʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

[44, 45] ʽ ʥʘʚʝʜʝʥʠʤʠ ʫ ʪʘʙʣ. 2.6. 

ʊʘʙʣʠʮʷ 2.6 

ʇʦʢʘʟʥʠʢʠ ʢʦʨʦʟʽʡʥʦʛʦ ʩʪʘʥʫ ʩʪʘʣʝʚʦʾ ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥʽ 

ʇʦʢʘʟʥʠʢ 
ʂʦʨʦʟʽʡʥʠʡ ʩʪʘʥ ʘʨʤʘʪʫʨʥʦʾ 

ʩʪʘʣʽ 

ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ ʧʨʠ ʧʦʪʝʥʮʽʘʣʽ +300 

ʤɺ (ʥʘʩʠʯʝʥʠʡ ʢʘʣʦʤʝʣʴʥʠʡ ʝʣʝʢʪʨʦʜ), 

ʤʢɸ/ʩʤ2 

- ʜʦ 10 ʚʢʣʶʯʥʦ 

- ʚʽʜ 10 ʜʦ 25 ʚʢʣʶʯʥʦ 

- ʧʦʥʘʜ 25  

 

 

ʇʘʩʠʚʥʠʡ ʩʪʘʥ  

ʅʝʩʪʽʡʢʠʡ ʧʘʩʠʚʥʠʡ ʩʪʘʥ 

ʩʪʘʣʽ 

ɯʥʪʝʥʩʠʚʥʘ ʢʦʨʦʟʽʷ 

ʇʦʪʝʥʮʽʘʣ ʯʝʨʝʟ 60Ñ5 ʩ ʧʽʩʣʷ 

ʚʠʤʢʥʝʥʥʷ ʩʪʨʫʤʫ 

- ʧʦʥʘʜ 5 ʤɺ 

- ʤʝʥʰʝ 5 ʤɺ 

 

 

ʇʘʩʠʚʥʠʡ ʩʪʘʥ  

ɸʢʪʠʚʥʠʡ ʩʪʘʥ, ʢʦʨʦʟʽʷ 

 

ʇʽʩʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʪʘʣʝʚʽ ʩʪʨʠʞʥʽ ʚʠʡʤʘʶʪʴ ʽʟ ʙʝʪʦʥʫ ʪʘ 

ʚʠʟʥʘʯʘʶʪʴ ʥʘʷʚʥʽʩʪʴ ʥʘ ʥʠʭ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. ɼʦʜʘʪʢʦʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ 

ʻ ʥʘʷʚʥʽʩʪʴ ʯʠ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʨʦʟʽʡʥʦʛʦ ʫʨʘʞʝʥʥʷ ʘʨʤʘʪʫʨʠ, ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ 

ʢʦʨʦʟʽʾ. ɿʨʘʟʢʠ, ʱʦ ʫ ʧʘʩʠʚʥʦʤʫ ʩʪʘʥʽ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʯʘʩʫ ʚʠʧʨʦʙʫʚʘʥʴ, ʥʝ 

ʤʘʁʪ ʦʟʥʘʢ ʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ. 

ʆʧʪʠʢʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʟ ʜʦʙʘʚʢʘʤʠ ʥʘ ʩʪʘʣʝʚʫ ʘʨʤʘʪʫʨʫ ʟʜʽʡʩʥʶʚʘʣʠ ʧʽʩʣʷ ʚʠʪʨʠʤʫʚʘʥʥʷ 

ʟʨʘʟʢʽʚ ʫ ʧʝʨʝʤʽʥʥʦʤʫ ʨʽʚʥʽ ʚʦʜʠ ʟʘ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ  ʪʝʤʧʝʨʘʪʫʨʠ 16ʉ̄ ʧʨʦʪʷʛʦʤ 

1 ʨʦʢʫ ʪʘ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʩʪʝʨʞʥʷ ʚʽʜ ʨʦʟʯʠʥʫ. ʇʦʚʝʨʭʥʶ ʘʨʤʘʪʫʨʠ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʥʦʢʫʣʷʨʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ ʄɹʉ-2 ʟʽ ʟʙʽʣʴʰʝʥʥʷʤʠ 

Ĭ7; Ĭ12,5; Ĭ25; Ĭ50; Ĭ88, ʟʥʽʤʢʠ ʧʦʚʝʨʭʥʽ ʨʦʙʠʣʠ ʮʠʬʨʦʚʦʶ ʢʘʤʝʨʦʶ ʟ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 68 ʄʧ.  
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ɺʀʉʅʆɺʂʀ ɿɸ ʈʆɿɼɯʃʆʄ 2 

1. ʆʙʨʘʥʦ ʤʘʪʝʨʽʘʣʽʠ ʜʣʷ ʝʢʩʧʝʨʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ: ʱʝʙʽʥʴ ʛʨʘʥʽʪʥʠʡ, 

ʧʽʩʦʢ ʢʚʘʨʮʦʚʠʡ, ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʇʎ ɯ-500ʅ, ʜʦʙʘʚʢʠ: ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʠ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʧʨʠʩʢʦʨʶʚʘʯʽ ʝʣʝʢʪʨʦʣʽʪʠ ʥʽʪʨʘʪ ʽ ʭʣʦʨʠʜ 

ʢʘʣʴʮʽʶ,  ʜʠʩʧʝʨʩʽʶ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ, ʘ ʪʘʢʦʞ ʚʠʩʢʦʤʽʮʥʠʡ 

ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʡ ʜʨʽʪ ʜʽʘʤʝʪʦʤ 3 ʤʤ ʜʣʷ ʘʨʤʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʛʦ 

ʟʘʣʽʟʦʙʝʪʦʥʫ. 

2. ʆʙʨʘʥʦ ʤʝʪʦʜʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ: ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʟ ʜʦʙʘʚʢʘʤʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ 

ʤʝʪʦʜʦʤ; ʛʨʘʥʠʯʥʠʡ ʢʦʨʦʟʽʡʥʦ ʙʝʟʧʝʯʥʠʡ ʚʤʽʩʪ ʜʦʙʘʚʦʢ ʝʣʝʢʪʨʦʣʽʪʽʚ ʚʠʟʥʘʯʘʣʠ 

ʰʣʷʭʦʤ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

3. ʆʙʨʘʥʦ ʤʝʪʦʜʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ: ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʙʝʪʦʥʫ ʚʠʟʥʘʯʘʣʠ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʣʘʤʠ, ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ 

ʮʝʤʝʥʪʽʚ - ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ Malvern ZetaSizer; 

ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʴ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ 

ʚʠʟʥʘʯʘʣʠ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʘʤʠ; ʩʢʣʘʜ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ - ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʽʥʬʨʘʯʝʨʚʦʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ; ʚʧʣʠʚ ʜʦʙʘʚʦʢ ʥʘ ʢʦʨʦʟʽʡʥʠʡ 

ʩʪʘʥ ʩʪʘʣʝʚʦʾ ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

4. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʟʘʙʝʟʧʝʯʝʥʘ ʢʦʨʝʢʪʥʠʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽ ʤʝʪʨʦʣʦʛʽʯʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘ ʦʨʠʛʽʥʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʜʦʩʣʽʜʞʝʥʴ, ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʟʘʣʝʞʥʠʭ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚʪʦʨʶʚʘʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ, ʾʭ ʩʪʘʪʠʩʪʠʯʥʦʶ 

ʦʙʨʦʙʢʦʶ, ʫʟʛʦʜʞʝʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 
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ʈʆɿɼɯʃ 3. ʊɽʆʈɽʊʀʏʅɽ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʇɯɼɺʀʑɽʅʅʗ ʈɸʅʅʔʆɰ 

ʄɯʎʅʆʉʊɯ ɹɽʊʆʅʋ ɿɸʃɯɿʆɹɽʊʆʅʅʀʍ ʐʇɸʃ ʂʆʄʇʃɽʂʉʅʆʖ 

ɼʆɹɸɺʂʆʖ 

ɻʽʧʦʪʝʟʘ ʧʝʨʝʜʙʘʯʘʻ ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʽʣʴʥʦʛʦ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʪʘ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʽʥʥʷ, 

ʷʢ̔ ʦʙʫʤʦʚʣʶʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʛʝʪʝʨʦʛʝʥʥʠʭ ʢʦʥʪʘʢʪʽʚ ʚ 

ʩʪʨʫʢʪʫʨʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʚ ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʽʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ 

ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʽ ʜʦʙʘʚʦʢ ʪʘ 

ʤʝʭʘʥʽʟʤʠ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʽ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʥʘ ʧʨʦʮʝʩʠ 

ʪʚʝʨʜʽʥʥʷ ʪʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ.  

 

3.1 ɽʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʧʦʪʝʥʮʽʘʣʠ ʪʘ ʟʘʨʷʜʠ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʪʘ ʙʝʪʦʥʫ 

ɽʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʧʦʪʝʥʮʽʘʣʠ ʢʣʽʥʢʝʨʥʠʭ ʤʽʥʝʨʘʣʽʚ, ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ, 

ʧʨʠʡʥʷʪʽ ʟʘ [60, 61] ʽ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.1. 

ɽʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʠʡ ʧʦʪʝʥʮʽʘʣ ʛʨʘʥʽʪʫ ʚʠʟʥʘʯʝʥʦ ʜʣʷ ʡʦʛʦ ʩʝʨʝʜʥʴʦʛʦ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ: ʢʚʘʨʮ ï 34%; ʦʨʪʦʢʣʘʟ ï 57%; ʙʽʦʪʠʪ ï 9% ʷʢ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʧʦʪʝʥʮʽʘʣ ʢʚʘʨʮʫ, ʦʨʪʦʢʣʘʟʫ ʪʘ ʙʽʦʪʠʪʫ. ɽʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ 

ʧʦʪʝʥʮʽʘʣʠ ʢʚʘʨʮʫ, ʦʨʪʦʢʣʘʟʫ ʪʘ ʙʽʦʪʠʪʫ ʚʠʟʥʘʯʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʟʘ 

ʨʽʚʥʷʥʥʷʤʠ ʜʣʷ ʩʢʣʘʜʥʦʾ ʨʝʯʦʚʠʥʠ XxYyZz: 

- ʘʙʩʦʣʶʪʥʠʡ y
0
: 

x+y+z

zyx ZYX
XYZ

000
0 �%�%�%

�%
++

-=

;                                    (3.1) 

- ʨʽʚʥʦʚʘʞʥʠʡ y
ʨ
: 

y
ʨ 
= y

0 
ï 0,059ʨʅ,                                               (3.2) 

ʜʝ ʍ, ʋ, Z ï ʧʨʦʩʪʽ ʨʝʯʦʚʠʥʠ (ʝʣʝʤʝʥʪʠ); x, y, z - ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʢʦʝ-

ʬʽʮʽʻʥʪʠ; y
0
X, y

0
Y, y

0
Z ï ʘʙʩʦʣʶʪʥʽ ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʧʦʪʝʥʮʽʘʣʠ ʝʣʝʤʝʪʽʚ 

(ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ; ʨʅ ï ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ, 12 (ʜʣʷ ʧʦʨʦʚʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ). 



 

66 

 

ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘʙʣʠʮʴ MSExcel, 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʽ ʥʘ ʫ ʪʘʙʣ. 3.2.    

ʊʘʙʣʠʮʷ 3.1 

ɽʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʧʦʪʝʥʮʽʘʣʠ ʩʪʨʫʢʪʫʨʥʪʭ  ʝʣʝʤʝʥʪʚ̔ ʉʇʎɺʉ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ɽʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʠʡ 

ʧʦʪʝʥʮʽʘʣ, ɺ 

ʘʙʩʦʣʶʪʥʠʡ 

y0 

ʨʽʚʥʦʚʘʞʥʡ 

ʟʘ 

ʨʅ=12y0ʨ 

ɸʣʽʪ C3S +0,74 -0,03 

ɹʝʣʽʪ C2S +0,55 -0,16 

ʊʨʴʦʭʢʘʣʴʮʽʻʚʠʡ ʘʣʶʤʽʥʘʪ C3ɸ +0,90 +0,19 

ʏʦʪʠʨʴʦʭʢʘʣʴʮʽʻʚʠʡ ʘʣʶʤʦʬʝʨʠʪ ʉ4ɸF +0,74 -0,029 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ ʩʝʨʝʜʥʴʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ 

ʩʢʣʘʜʫ (ʽʥʪʝʛʨʘʣʴʥʠʡ) 
+0,77 -0,04 

ʇʦʨʪʣʘʥʜʠʪ Ca(OH)2 +1,24 +0,53 

ɻʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ C2SH +0,59 -0,11 

ɻʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ CSH +0,29 -0,37 

ɻʽʜʨʦʘʣʶʤʽʥʘʪ ʢʘʣʴʮʽʶ C3ɸʅ6 +0,92 +0,21 

ɽʪʨʠʥʛʽʪ C3A³3CaSO4³32H2ʆ +0,90 +0,19 

ɻʽʜʨʦʤʦʥʦʩʫʣʴʬʦʘʣʶʤʽʥʘʪ ʢʘʣʴʮʽʶ  

C3A³CaSO4³19H2ʆ 
+1,24 +0,53 

ʂʚʘʨʮ SiO2 -0,55 -1,26 

ɻʨʘʥʽʪ 0,3SiO2³0,7K2O³Al2O3 -0,18 -0,89 
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ʊʘʙʣʠʮʷ 3.2 

ʈʦʟʨʘʭʫʥʦʢ ʽʥʪʝʛʨʘʣʴʥʠʭ ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʛʨʘʥʽʪʫ 

ɽʣʝʤʝʥʪʠ, ʤʽʥʝʨʘʣʠ, ʧʦʨʦʜʠ 

ɽʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ 

ʧʦʪʝʥʮʽʘʣʠ 

y0, B 
yʨ, B ʟʘ 

ʨʅ=12 

ɺʦʜʝʥ ɹ H ï1,20  

ʂʠʩʝʥʴ O 1,44  

ʌʪʦʨ F 4,89  

ʄʘʛʥʽʡ Mg ï3,69  

ɸʣʶʤʽʥʽʡ Al ï2,99  

ʂʨʝʤʥʽʡ Si ï1,23  

ʂʘʣʽʡ K ï4,25  

ʂʚʘʨʮ SiO2 ï0,55 ï1,258 

ɹʽʦʪʠʪ K(Mg,Fe)3[Si3AlO10][OH,F]2 0,356 ï0,352 

ʆʨʪʦʢʣʘʟ  K[AlSi3O8] (K2OĿAl2O3Ŀ6SiO2) ï0,045 ï0,753 

ɻʨʘʥʽʪ  

ʢʚʘʨʮ 34% + ʦʨʪʦʢʣʘʟ 57% + 

ʙʽʦʪʠʪ 9% 
ï0,181 ï0,889 

 

ʗʢ ʙʘʯʠʤʦ, ʥʝʛʘʪʠʚʥʠʡ ʨʽʚʥʦʚʘʞʥʠʡ ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʠʡ ʧʦʪʝʥʮʽʘʣ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ ʟʘ ʨʅ = 12 ʤʘʶʪʴ: ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ ʮʝʤʝʥʪʫ (ʉ3S, 

ʉ2S), ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ, ʟʘʧʦʚʥʶʚʘʯʽ (ʢʚʘʨʮ, ʛʨʘʥʽʪ); ʧʦʟʠʪʠʚʥʠʡ ï ʤʝʥʰʘ 

ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ ʮʝʤʝʥʪʫ (C3A, C4AF), ʢʨʠʩʪʘʣʠ ʛʽʜʨʦʢʩʠʜʫ, ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ, 

ʛʽʜʨʦʩʫʣʴʬʦʘʣʶʤʽʥʚʘʘʪʽʚ ʢʘʣʴʮʽʶ. 

 

3.2 ɼʦʙʘʚʢʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ 

ʇʣʘʩʪʠʬʽʢʫʶʯʽ ʜʦʙʘʚʢʠ ʟʘ ɼʉʊʋ ɹ ɺ.2.7-65 ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʥʘ ʛʨʫʧʠ, ʷʢʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ: ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ (I ʛʨʫʧʘ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ 

ʨʫʭʣʠʚʽʩʪʴ ʚʽʜ 4 ʜʦ 25 ʩʤ ʽ ʙʽʣʴʰʝ ʘʙʦ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʫ ʚʦʜʠ ʥʘ 20 % 

ʽ ʙʽʣʴʰʝ); ʩʽʣʴʥʦʧʣʘʩʪʽʬʽʢʫʶʯʽ (II ʛʨʫʧʘ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʨʫʭʣʠʚʽʩʪʴ ʚʽʜ 4 ʜʦ 20 

ʩʤ ʽ ʙʽʣʴʰʝ ʘʙʦ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʫ ʚʦʜʠ ʥʘ 12-19%); 
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ʩʨʝʜʥʴʦʧʣʘʩʪʽʬʽʢʫʶʯʽ (III ʛʨʫʧʘ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʨʫʭʣʠʚʽʩʪʴ ʚʽʜ 4 ʜʦ 15 ʩʤ ʽ 

ʙʽʣʴʰʝ ʘʙʦ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʫ ʚʦʜʠ ʥʘ 6-11 %); ʩʣʘʙʦ-ʧʣʘʩʪʠʬʽʢʫʶʯʽ 

(III ʛʨʫʧʘ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʨʫʭʣʠʚʽʩʪʴ ʚʽʜ 4 ʜʦ 9 ʩʤ ʽ ʤʝʥʰʝ ʘʙʦ ʜʦʟʚʦʣʷʶʪʴ 

ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʫ ʚʦʜʠ ʥʘ 5 % ʽ ʤʝʥʰʝ). 

ʇʣʘʩʪʠʬʽʢʫʶʯʽ ʜʦʙʘʚʢʠ ʻ ʘʥʽʦʥʥʠʤʠ ʇɸʈ ʽ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ (ʨʠʩ. 3.1) 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʦʩʥʦʚʥʦʤʫ [30]: ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʘʤʠ (R-SO
3-
, ʟʥʠʞʫʶʪʴ ʚʠʪʨʘʪʫ 

ʚʦʜʠ ʥʘ 5-15 %, ʚʽʜʦʤʽ ʟ 1939 ʨ.); ʩʫʣʴʬʦʥʘʬʪʘʣʽʥʬʦʨʤʘʣʴʜʝʛʽʜʘʤʠ (R-SO
3-

, 

ʟʥʠʞʫʶʪʴ ʚʠʪʨʘʪʫ ʚʦʜʠ ʥʘ 15-25 %, ʚʽʜʦʤʽ ʟ 1932 ʛ.); 

ʩʫʣʴʬʦʤʝʣʘʤʽʥʬʦʨʤʘʣʴʜʝʛʽʜʘʤʠ (R-SO
3-
, ʟʥʠʞʫʶʪʴ ʚʠʪʨʘʪʫ ʚʦʜʠ ʥʘ 10-25 %, 

ʚʽʜʦʤʽ ʟ 1960 ʨ.); ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘʤʠ (R-COO
-
, ʟʥʠʞʫʶʪʴ ʚʠʪʨʘʪʨʫ ʚʦʜʠ ʥʘ 

20-40 %, ʟʘʧʘʪʝʥʪʦʚʘʥʽ ʫ 1993 ʨ.). 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʜʦʙʘʚʢʠ ʇɸʈ ʪʘ ʾʭ ʩʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʥʘʚʝʜʝʥʽ 

ʫ ʜʦʜʘʪʢʫ ɺ. ɯʟ ʚʢʘʟʘʥʠʭ ʜʦʙʘʚʦʢ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʚʘʨʪʽʩʪʴ ʟʨʦʩʪʘʶʪʴ ʫ 

ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ: ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʠ - ʤʝʣʘʤʽʥʬʦʨʤʘʣʴʜʝʛʽʜʠ - 

ʥʘʬʪʘʣʽʥʬʦʨʤʘʣʴʜʝʛʽʜʠ - ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʠ. ʊʦʤʫ ʾʭ ʚʠʙʽʨ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ 

ʧʽʜʩʪʘʚʽ ʝʢʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ.  

 ʘ) 

 

ʙ)                                                                                      ʚ) 
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ʛ)                                                                            ʜ) 

 

 

 

ʈʠʩ. 3.1 ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʧʣʘʩʪʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ: ʘ- ʣʽʛʥʦʩʫʣʴʬʦ-

ʥʘʪʫ [19]; ʙ - ʩʫʣʴʬʦʤʝʣʘʤʽʥʬʦʨʤʘʣʴʜʝʛʽʜʫ [101]; ʚ - ʩʫʣʴʬʦʥʘʬʪʘʣʽʥʬʦʨ-

ʤʘʣʴʜʝʛʽʜʫ [19]; ʛ-ʜ- ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʟ ʢʘʨʙʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ (ʛ) ʽ 

ʬʦʩʬʦʛʨʫʧʘʤʠ (ʜ) [153] 

 

ɯʟ ʨʠʩ. 3.1 ʽ ʩʧʨʦʱʝʥʠʭ ʬʦʨʤʫʣ (ʜʦʜʘʪʦʢ ɺ) ʚʠʜʥʦ, ʱʦ ʮʽ ʜʦʙʘʚʢʠ ʻ 

ʧʝʨʝʚʘʞʥʦ ʥʘʪʨʽʻʚʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʩʦʣʷʤʠ, ʘʥʽʦʥʥʠʤʠ ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ (ʧʦʣʽʝʣʝʢʪʨʦʣʽʪʘʤʠ) ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ: ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʠ, 

ʩʫʣʴʬʦʤʝʣʘʤʽʥʬʦʨʤʘʣʴʜʝʛʽʜʠ ʽ ʩʫʣʴʬʦʥʘʬʪʘʣʽʥʬʦʨʤʘʣʴʜʝʛʽʜʠ - 

ʩʫʣʴʬʦʛʨʫʧʘʤʠ -SO3Na; ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʠ (ʧʦʣʽʘʢʨʠʣʘʪʠ) - ʢʘʨʙʦʢʩʠʣʴʥʠʤʠ 

ʛʨʫʧʘʤʠ -COONa. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ ʥʘʙʫʚʘʶʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ 

ʚʥʘʩʣʽʜʦʢ ʜʠʩʦʮʽʘʮʽʾ: 

-SO3Na­-SO3
-
 + Na

+
;   -COONa ­-COO

-
 + Na

+
. 

ʆʩʢʽʣʴʢʠ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽ ʦʧʽʨ ʟʩʫʚʫ ʽ ʚôʷʟʢʽʩʪʴ ʮʝʤʝʥʪʥʠʭ ʧʘʩʪ 

ʦʙʫʤʦʚʣʝʥʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤ ʧʨʠʪʷʛʘʥʥʷʤ ʤʽʞ ʧʨʦʪʠʣʝʞʥʦ ʟʘʨʷʜʞʝʥʠʤʠ 

ʜʽʣʷʥʢʘʤʠ ʧʦʚʝʨʭʦʥʴ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ (ʨʠʩ. 3.2, ʘ), ʤʝʭʘʥʽʟʤ ʜʽʾ 

ʧʣʘʩʪʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʧʦʣʷʛʘʻ ʚ ʘʜʩʦʨʙʮʽʾ ʾʭ ʤʦʣʝʢʫʣ ʥʘ ʮʠʭ ʜʽʣʷʥʢʘʭ. 
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ʋ ʨʘʟʽ ʘʜʩʦʨʙʮʽʾ ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʽʚ, ʤʦʣʝʢʫʣʠ ʷʢʠʭ ʤʽʩʪʷʪʴ ʥʝʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ (ʨʠʩ. 3.1, ʘ), ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʡʪʨʘʣʽʟʘʮʽʷ 

ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ ʽ ʚʠʢʣʶʯʝʥʥʷ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʨʠʪʷʛʘʥʥʷ ʤʽʞ ʥʠʤʠ ʽ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠ 

ʧʦʚʝʨʭʥʽ ʩʫʤʽʞʥʠʭ ʯʘʩʪʠʥʦʢ (ʯʝʨʝʟ ʧʦʜʚʽʡʥʽ ʝʣʝʢʪʨʠʯʥʽ ʰʘʨʠ, ʨʠʩ. 3.2, ʙ), ʱʦ 

ʦʙʫʤʦʚʣʶʻ ʝʬʝʢʪ ʮʠʭ ʜʦʙʘʚʦʢ ʜʦ ʩʠʣʴʥʦʧʣʘʩʪʠʬʽʢʫʶʯʦʛʦ (ʜʦʜʘʪʦʢ ɺ). 

ʋ ʨʘʟʽ ʘʜʩʦʨʙʮʽʾ ʩʫʣʴʬʦʤʝʣʘʤʽʥʬʦʨʤʘʣʴʜʝʛʽʜʽʚ ʽ 

ʩʫʣʴʬʦʥʘʬʪʘʣʽʥʬʦʨʤʘʣʴʜʝʛʽʜʽʚ, ʤʦʣʝʢʫʣʠ ʷʢʠʭ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʟʘʨʷʜʞʝʥʥʷ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ 

ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ ʥʘ ʥʝʛʘʪʠʚʥʽ ʪʘ ʟʘʤʽʥʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʨʠʪʷʛʘʥʥʷ 

ʚʽʜʰʪʦʚʭʫʚʘʥʥʷʤ (ʯʝʨʝʟ ʧʦʜʚʽʡʥʽ ʝʣʝʢʪʨʠʯʥʽ ʰʘʨʠ ʟʛʽʜʥʦ ʟ ʪʝʦʨʽʻʶ ɼʃʌʆ, 

ʨʠʩ. 3.2, ʚ), ʱʦ ʦʙʫʤʦʚʣʶʻ ʝʬʝʢʪ ʮʠʭ ʜʦʙʘʚʦʢ ʜʦ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʫʶʯʦʛʦ 

(ʜʦʜʘʪʦʢ ɺ). 
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ʘ)                                                                   ʙ) 

                        

 

ʚ)                                                                        ʛ) 

                             

ʈʠʩ. 3.2 ʉʭʝʤʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʯʘʩʪʢʘʤʠ ʮʝʤʝʥʪʫ ʚ ʮʝʤʝʥʪʥʽʡ ʧʘʩʪʽ: ʘ- ʙʝʟ 

ʜʦʙʘʚʦʢ; ʙ- ʧʽʩʣʷ ʘʜʩʦʨʙʮʽʾ ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʫ; ʚ- ʧʽʩʣʷ ʘʜʩʦʨʙʮʽʾ 

ʩʫʣʴʬʦʤʝʣʘʤʽʥ- ʽ ʩʫʣʴʬʦʥʘʬʪʘʣʽʥʬʦʨʤʘʣʴʜʝʛʽʜʫ; ʛ- ʧʽʩʣʷ ʘʜʩʦʨʙʮʽʾ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ 

ʋ ʨʘʟʽ ʘʜʩʦʨʙʮʽʾ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ, ʤʦʣʝʢʫʣʠ ʷʢʠʭ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʽ ʜʦʚʛʠʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʨʘʜʠʢʘʣʽʚ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʩʪʝʨʠʯʥʠʡ ʝʬʝʢʪ (ʨʠʩ. 3.2, ʛ). ʉʪʝʨʠʯʥʠʡ ʝʬʝʢʪ - ʚʧʣʠʚ ʧʨʦʩʪʦʨʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ ʥʘ ʾʭ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʦʢʨʝʤʘ, ʫʧʦʚʽʣʴʥʝʥʥʷ ʘʙʦ 

ʫʥʝʤʦʞʣʠʚʣʝʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʮʠʭ ʤʦʣʝʢʫʣ. 
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ʎʝ ʧʦʷʩʥʶʶʪʴ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷʤ ʤʽʞ ʝʣʝʢʪʨʦʥʥʠʤʠ ʭʤʘʨʘʤʠ ʘʪʦʤʽʚ ʩʫʤʽʞʥʠʭ 

ʣʘʥʮʶʞʢʽʚ ʤʦʣʝʢʫʣʠ, ʷʢʝ ʦʙʫʤʦʚʣʶʻ ʝʬʝʢʪ ʮʠʭ ʜʦʙʘʚʦʢ ʜʦ 

çʛʽʧʝʨʧʣʘʩʪʠʬʽʢʫʶʯʦʛʦè (ʜʦʜʘʪʦʢ ɺ). 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʚʠʢʣʘʜʝʥʝ, ʤʝʭʘʥʽʟʤ ʧʣʘʩʪʠʬʽʢʫʶʯʦʾ ʜʽʾ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ 

ʜʦʙʘʚʦʢ ʪʘʢʠʡ: 

- ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʽʚ ï ʘʜʩʦʨʙʮʽʷ [R]n-(SO3
-
)2 ʥʘ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ 

ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ (ʨʠʩ. 3.2, ʙ), ʾʭ ʥʝʡʪʨʘʣʽʟʘʮʽʷ ʽ ʚʠʢʣʶʯʝʥʥʷ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʨʠʪʷʛʘʥʥʷ ʤʽʞ ʥʠʤʠ ʽ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠ 

ʧʦʚʝʨʭʥʽ ʩʫʤʽʞʥʠʭ ʯʘʩʪʠʥʦʢ(ʯʝʨʝʟ ʧʦʜʚʽʡʥʽ ʝʣʝʢʪʨʠʯʥʽ ʰʘʨʠ); 

- ʥʘʬʪʘʣʽʥʬʦʨʤʘʣʴʜʝʛʽʜʽʚ ʽ ʤʝʣʘʤʽʥʬʦʨʤʘʣʴʜʝʛʽʜʽʚ ï ʘʜʩʦʨʙʮʽʷ 

-[R-SO3
-
]n- ʥʘ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ 

(ʨʠʩ. 3.2, ʚ), ʾʭ ʧʝʨʝʟʘʨʷʜʞʝʥʥʷ ʽ ʟʘʤʽʥʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʨʠʪʷʛʘʥʥʷ 

ʚʽʜʰʪʦʚʭʫʚʘʥʥʷʤ (ʯʝʨʝʟ ʧʦʜʚʽʡʥʽ ʝʣʝʢʪʨʠʯʥʽ ʰʘʨʠ ʟʛʽʜʥʦ ʟ ʪʝʦʨʽʻʶ ɼʃʌʆ); 

- ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ï ʘʜʩʦʨʙʮʽʷ -[R-(COO
-
)2]n-, -[R-(PO3

2-
]n- ʥʘ 

ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ (ʨʠʩ. 3.2, ʛ), 

ʩʪʝʨʠʯʥʠʡ ʝʬʝʢʪ. 

ʂʨʽʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʨʠʪʷʛʘʥʥʷ ʤʽʞ 

ʯʘʩʪʠʥʢʘʤʠ ʮʝʤʝʥʪʫ ʧʣʘʩʪʠʬʽʢʫʶʯʠ ʜʦʙʘʚʢʠ ʦʙʫʤʦʚʣʶʶʪʴ ʧʝʧʪʠʟʘʮʽʶ 

ʘʛʨʝʛʘʪʽʚ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ ʥʘ ʦʢʨʝʤʽ ʯʘʩʪʠʥʢʠ (ʨʠʩ. 3.3). 

ʆʩʢʽʣʴʢʠ ʚʦʜʦʨʝʜʫʢʫʶʯʘ ʟʜʘʪʥʽʩʪʴ ʧʣʘʩʪʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʟʨʦʩʪʘʻ ʫ 

ʧʦʨʷʜʢʫ ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʠ - ʤʝʣʘʤʽʥʬʦʨʤʘʣʴʜʝʛʽʜʠ - ʥʘʬʪʘʣʽʥʬʦʨʤʘʣʴʜʝʛʽʜʠ - 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʠ, ʥʘʡʙʽʣʴʰʝ ʟʥʠʞʝʥʥʷ ɺ/ʎ, ʘ ʦʪʞʝ, ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʫ ʪ.ʯ. 

ʨʘʥʥʴʦʾ, ʟʘʙʝʟʧʝʯʘʪʴ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʠ.  
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ʘ) 

 

ʙ) 

 

ʚ) 

 

ʈʠʩ. 3.3 ʄʽʢʨʦʬʦʪʦʟʥʽʤʢʠ ʮʝʤʝʥʪʥʦ-ʚʦʜʥʠʭ ʩʫʩʧʝʥʟʽʡ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ, % 

ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ, ʜʦʙʘʚʢʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ - 

ʩʫʣʴʬʦʥʘʬʪʘʣʽʥʬʦʨʤʘʣʴʜʝʛʽʜʫ (ʉʇ-1): ʘ - ʙʝʟ ʜʦʙʘʚʢʠ; ʙ - 0,5 % ʜʦʙʘʚʢʠ ʉʇ-1; 

ʚ - 1 % ʜʦʙʘʚʢʠ ʉʇ-1. ʇʨʦʩʚʽʯʫʚʘʣʴʥʠʡ ʤʽʢʨʦʩʢʦʧ ʄɹʀ-6 ʃʆʄʆ 
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3.3 ɼʦʙʘʚʢʠ ʧʨʠʩʢʦʨʶʚʘʯʽ ʪʚʝʨʜʽʥʥʷ 

ɯʟ ʜʦʙʘʚʦʢ-ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʻ ʭʣʦʨʠʜʠ, ʧʦʪʽʤ 

ʥʽʪʨʠʪʠ, ʥʽʪʨʘʪʠ, ʩʫʣʴʬʘʪʠ. ʋʚʝʜʝʥʥʷ ʮʠʭ ʜʦʙʘʚʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʠʢʦʨʝʥʥʷ 

ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ, ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʛʽʜʨʘʪʘʮʽʾ ʚ ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʽʥʥʷ. 

ʇʨʠʩʢʦʨʝʥʥʷ ʛʽʜʨʘʪʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʰʚʠʜʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. ʅʘ ʛʨʘʬʽʢʘʭ ʨʠʩ. 3.4, ʧʦʙʫʜʦʚʘʥʠʭ ʰʣʷʭʦʤ ʫʟʘʛʘʣʴʥʝʥʥʷ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʚʧʣʠʚ ʭʣʦʨʠʜʫ 

ʢʘʣʴʮʽʶ ʪʘ ʥʽʪʨʘʪʫ ʥʘʪʨʽʶ ʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʽʟ 

ʢʣʽʥʢʝʨʽʚ ʨʽʟʥʦʛʦ ʤʽʥʝʨʘʣʴʥʦ-ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ. ɯʟ ʨʠʩ. 3.4 ʚʠʜʥʦ, ʱʦ ʜʦʙʘʚʢʘ 

ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ 3 % ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʥʘ ʩʪʠʩʢ ʽʟ ʚʩʽʭ 

ʜʦʩʣʽʜʞʝʥʠʭ ʢʣʽʥʢʝʨʽʚ ʯʝʨʝʟ 3 ʜʦʙʠ ʪʚʝʨʜʽʥʥʷ ï ʫ 1,5ï2,2 ʨʘʟʠ, ʯʝʨʝʟ 7 ʜʽʙ - ʫ 

1,7õ2,8 ʨʘʟ, ʯʝʨʝʟ 28 ʜʽʙ - ʫ 1,9õ2,6 ʨʘʟ. 

ʇʨʠ ʮʴʦʤʫ ʚ ʟʘʣʽʟʦʙʝʪʦʥʽ ʥʝ ʧʦʚʠʥʥʦ ʟʘʣʠʰʘʪʠʩʴ ʚʽʣʴʥʠʭ ʭʣʦʨʠʜʽʚ. ʊʦʤʫ 

ɼʉʊʋ ɹ ɺ.2.6-145 ʥʝ ʜʦʧʫʩʢʘʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʭʣʦʨʠʜʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʫ ʪ.ʯ. ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʰʧʘʣ, ʘ ʜʦʙʘʚʢʠ 1 ʢʣʘʩʫ ʷʢ ʧʨʠʩʢʦʨʶʚʘʯʽ ʜʣʷ ʰʧʘʣ ʥʝʧʨʠʡʥʷʪʥʽ. ɼʣʷ ʰʧʘʣ ʽʟ 

ʜʦʙʘʚʦʢ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʧʨʠʡʥʷʪʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʣʠʰʝ ʜʦʙʘʚʢʠ 2 ʢʣʘʩʫ 3 

ʛʨʫʧʠ, ʚ ʷʢʠʭ ʢʘʪʽʦʥʠ ʟʚôʷʟʫʶʪʴʩʷ ʚ ʧʨʦʜʫʢʪʘʭ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ, ʥʘʧʨʠʢʣʘʜ, 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʭʣʦʨʠʜ ʢʘʣʴʮʽʶ ʍʂ, ʥʽʪʨʘʪ ʢʘʣʴʮʽʶ ʅʂ. 

ɼʦʩʣʽʜʠʤʦ ʫʤʦʚʠ ʟʚôʷʟʫʚʘʥʥʷ ʍʂ ʪʘ ʅʂ ʫ ʤʘʣʦʨʦʟʯʠʥʥʽ ʩʪʘʙʽʣʴʥʽ ʧʨʦʜʫʢʪʠ 

ʛʽʜʨʘʪʘʮʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʨʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʜʦʙʘʚʢʠ, ʱʦ ʟʙʽʣʴʰʫʻ ʨʘʥʥʶ 

ʤʽʮʥʽʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʫʤʦʚ ʩʪʽʡʢʦʩʪʽ ʛʽʜʨʦʭʣʦʨ- ʽ ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪʽʚ 

ʢʘʣʴʮʽʶ, ʘ ʪʘʢʦʞ ʜʦʧʫʩʪʠʤʦʾ (ʙʝʟʧʝʯʥʦʾ) ʢʽʣʴʢʦʩʪʽ ʭʣʦʨʠʜʫ ʪʘ ʥʽʪʨʘʪʫ ʢʘʣʴʮʽʶ.    
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ʘ) 

 

ʙ) 

 

ʈʠʩ. 3.4 ʂʽʥʝʪʠʢʘ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ R: ʘ - ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʽʟ 

ʢʣʠʥʢʝʨʽʚ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ (II, III, IV) ʙʝʟ ʜʦʙʘʚʢʠ ʽ ʟ ʜʦʙʘʚʢʦʶ 3 % ʍʂ ʚʽʜ ʤʘʩʠ 

ʮʝʤʝʥʪʫ; ʙ - ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʢʠ ʽ ʟ ʜʦʙʘʚʢʦʶ ʅʅ1 

 

ɺʽʜʦʤʦ [101], ʱʦ ʍʂ, ʅʂ, ʩʫʣʴʬʘʪ ʢʘʣʴʮʽʶ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʪʨʠʢʘʣʴʮʽʻʚʠʤ 

ʘʣʶʤʽʥʘʪʦʤ ʉ3ɸ ʫʪʚʦʨʶʶʪʴ ʧʦʜʚʽʡʥʽ ʩʦʣʽ, ʱʦ ʚʘʞʢʦ ʨʦʟʯʠʥʷʶʪʴʩʷ ʪʠʧʫ 
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C3ɸ³CaX2³(10-12)H2O, C3ɸ³3CaX2³(14-32)H2O, ʜʝ ʍ - ʦʜʥʦʟʘʨʷʜʥʠʡ ʘʥʦ̔ʥ Cl
-
 

ʘʙʦ NO3
-
 (ʜʣʷ ʜʚʫʭʟʘʨʷʜʥʦʛʦ ʘʥʦ̔ʥʘ SO4

2ï 
ʟʘʤʽʩʪʴ ʉʘʍ2 ï ʉʘʍ). ɰʭʥʷ 

ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘ ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʽ ʥʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʝʩʪʨʫʢʪʠʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ɿʘ 

ʜʘʥʠʤʠ [144; 145] ʫ ʪʚʝʨʜʽʶʯʦʤʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽ ʭʣʦʨ-ʽʦʥ ʟʚ'ʷʟʫʻʪʴʩʷ ʉ3ɸ ̔ 

ʯʦʪʠʨʠʢʘʣʴʮʽʻʚʠʤ ʘʣʶʤʦʬʝʨʠʪʦʤ C4AF ʚ ʢʦʤʧʣʝʢʩʥʽ ʟ'ʻʜʥʘʥʥ ̫ï AFm- ʠ AFt-

ʬʘʟʠ. ɿʛʽʜʥʦ ʟ [144] ʭʣʦʨ- ʦ̔ʥ ʟʚ'ʷʟʫʻʪʴʩʷ ʫ ʛʽʜʨʦʭʣʦʨʘʣʶʤʽʥʘʪ ʢʘʣʴʮʽʶ (ɻʍɸʂ) 

C3ɸĬCaCl2Ĭ10H2O - ʩ̔ʣʴ ʌʨʜ̔ʝʣʷ a- ʘʙʦ b-ʬʦʨʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʚʦʣʦʛʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʾʾ ʫʪʚʦʨʝʥʥʽ [146]. ɿʘ ʜʘʥʠʤʠ [147ï149] ʩʦʣʽ 

ʌʨʽʜʝʣʷ ʧʨʠ ʚʠʩʦʢʠʭ ʨʅ ʩʪʘʙʽʣʴʥʽ ʽ ʣʠʰʝ ʟʘ ʟʥʠʞʝʥʥʷ ʨʅ (ʥʘʧʨʠʢʣʘʜ, ʟ 

ʜʦʧʦʤʦʛʦʶ ʢʘʨʙʦʥʽʟʘʮʽʾ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ) ʾʭ ʨʦʟʯʠʥʥʽʩʪʴ ʧʽʜʚʠʱʫʻʪʴʩʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [101] ʫ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ ɻʍɸʂ ʩʪʽʡʢʦ ʽʩʥʫʻ ʧʨʦʪʷʛʦʤ 

ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʷʚʣʷʚʩʷ ʯʝʨʝʟ 5 ʨʦʢʽʚ. 

ʇʨʠ ʫʪʚʦʨʝʥʥʽ ʩʦʣʽ ʌʨʽʜʝʣʷ ʟʛʽʜʥʦ [146] ʤʦʞʣʠʚʝ ʟʘʣʫʯʝʥʥʷ ʜʦ ʩʪʨʫʢʪʫʨʠ 

ʟʘʤʽʩʪʴ ʽʦʥʽʚ Cl - ʽʥʰʠʭ ʘʥʽʦʥʽʚ (ʟʘʤʽʱʝʥʥʷ) ï SO4
2-

, OH
-
 ʟ ʫʪʚʦʨʝʥʥʷʤ 

3ʉʘʆĬAl2O3ĬCaSO4ĬnH2O, 3CaOĬAl2O3ĬCa(OH)2ĬnH2O. ʇʨʽʦʨʠʪʝʪʥʠʡ ʨʷʜ 

ʟʘʣʫʯʝʥʥʷ ʘʥʽʦʥʽʚ [145] ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  SO4
2-

>Cl
-
>>OH

-
. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [144] ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʩʠʩʪʝʤʽ ʘʥʽʦʥʽʚ SO4
2-

 ʚʠʟʥʘʯʘʻ ʧʝʨʰʦʯʝʨʛʦʚʝ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʢʦʣʦ ʯʘʩʪʠʥʦʢ ʉ3ɸ ʝʪʪʨʠʥʛʽʪʦʚʠʭ ʦʙʦʣʦʥʦʢ ʽ ʪʘʢʠʤ ʯʠʥʦʤ 

ʫʧʦʚʽʣʴʥʶʻ ʡʦʛʦ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʦʥʽʚ Cl
-
. 

ɿʘ ʜʘʥʠʤʠ [101] ʇʂ ʟʚ'ʷʟʫʻʪʴʩʷ ʫ ʩʪʘʙʽʣʴʥʠʡ ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪ ʢʘʣʴʮʽʶ  

(ɻʅɸʂ) ʉ3ɸ³ʉʘ(Nʆ3)2³10ʅ2ʆ, ʤʦʨʬʦʣʦʛʽʯʥʦ ʧʦʜʽʙʥʠʡ ʜʦ 

ʛʽʜʨʦʩʫʣʴʬʦʘʣʶʤʽʥʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʩʫʣʴʬʘʪʥʦʾ ʬʦʨʤʠ (ɻʉɸʂ-1) ʽ ɻʍɸʂ. 

ʂʽʣʴʢʽʩʪʴ ʟʚ'ʷʟʫʚʘʥʦʛʦ ʇʂ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ɻʂ, ʥʘʚʧʘʢʠ, ʟʤʝʥʰʫʻʪʴʩʷ ʚʜʚʽʯʽ. ʋ 

ʢʦʤʙʽʥʘʮʽʾ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʨʝʘʢʮʽʾ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʉ3ɸ ʧʨʦʪʽʢʘʶʪʴ ʷʢ ʧʘʨʘʣʝʣʴʥʽ, 

ʧʨʦʪʝ ʰʚʠʜʢʽʩʪʴ ʪʘ ʧʦʚʥʦʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʤʝʥʰʫʶʪʴʩʷ ʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

ʛ̔ʜʨʦʩʫʣʴʬʦ- > ʛ̔ʜʨʦʭʣʦʨ- > ʛ̔ʜʨʦʥʪ̔ʨʦ- > ʛ̔ʜʨʦʥʪ̔ʨʠʘʣʶʤʥ̔ʘʪ ʢʘʣʴʮʽ.ʁ 

ɺʠʢʣʘʜʝʥʝ ʜʦʟʚʦʣʷʻ ʢʦʥʩʪʘʪʫʚʘʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 



 

77 

 

ʙʝʟʦʧʘʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ɻʂ ʪʘ ʇʂ ʪʘ ʫʤʦʚ ʾʭ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʚ'ʷʟʫʚʘʥʥʷ ʫ 

ʤʘʣʦʨʦʟʯʠʥʥʽ ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ. 

ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʽ ʧʝʨʝʚʘʛʫ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʦʩʫʣʴʬʦ-, 

ʛʽʜʨʦʭʣʦʨ- ʪʘ ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ ʚ ʮʝʤʝʥʪʥʽʡ ʩʠʩʪʝʤʽ, ʱʦ ʪʚʝʨʜʽʻ, ʟ 

ʜʦʙʘʚʢʘʤʠ ʍʂ ʽ ʇʂ, ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʩʪʽʡʢʦʩʪʽ ɻʍɸʂ ʽ ɻʅɸʂ, ʨʦʟʨʦʙʠʪʠ 

ʥʦʤʦʛʨʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʍʂ ʽ ʅʂ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʽʜʪʚʝʨʜʠʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥʽ ʙʝʟʧʝʯʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʍʂ. 

ɺʠʢʦʥʘʥʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʘʥʘʣʽʟ ʨʝʘʢʮʽʡ ʟʘ ʫʯʘʩʪʶ C3A ʪʘ 

ʨʦʟʯʠʥʥʠʭ ʩʦʣʝʡ ʢʘʣʴʮʽʶ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʝʨʝʚʘʛʠ ʫʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ ʩʧʦʣʫʢ ʫ 

ʨʦʟʛʣʷʥʫʪʠʭ ʩʠʩʪʝʤʘʭ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ [121]. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 3.3. ɺʽʣʴʥʫ ʝʥʝʨʛʽʶ ɻʽʙʙʩʘ ʨʝʘʢʮʽʡ ʚʠʜʫ  ʘɸ + ʚɺ = 

ʩʉ + dD, ʜʝ A, B, C, D ï ʨʝʯʦʚʠʥʠ ʘʙʦ ʽʦʥʠ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʨʝʘʢʮʽʾ; ʘ a, b, c, 

d ï ʾʭ ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʚʠʟʥʘʯʘʣʠ ʟʘ [152]: 

ȹG =ȹGC + ȹGD- ȹGɸ- ȹGɺ,                                                (3.3) 

ʜʝ ȹGɸ, ȹGɺ, ȹGC, ȹGD, - ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ ʫʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥ ʘʙʦ ʽʦʥʽʚ A, B, 

C, D ʽʟ ʝʣʝʤʝʥʪʽʚ. 
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ʊʘʙʣʠʮ ̫3.3 

ɺʽʣʴʥʘ ʝʥʝʨʛʽʷ ɻʽʙʙʩʫ DG ʫʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥ ʪʘ ʽʦʥʽʚ ʟ ʝʣʝʤʝʥʪʽʚ 

ɿ'ʻʜʥʘʥʥʷ 
DG, 

ʢɼʞ/ʤʦʣʴ 
ɼʞʝʨʝʣʦ ʅʘʡʤʝʥʫʚʘʥʥʷ ʪʘ 

ʧʦʟʥʘʯʝʥʥʷ 
ʌʦʨʤʫʣʘ 

ʊʨʴʦʭʢʘʣʴʮʽʻʚʠʡ 

ʘʣʶʤʽʥʘʪ C3A 
3CaOÖAl2O3 -3382,3 [150] 

ɼʠʛʽʜʨʘʪ ʩʫʣʴʬʘʪʫ 

ʢʘʣʴʮʽʶ 
CaSO4Ö2H2O -1797,8 ç 

ʍʣʦʨʠʜ ʢʘʣʴʮʽʶʍʂ CaCl2 -749,34 [151] 

ʅ̔ʪʨʘʪ ʢʘʣʴʮʽ ʁʅʂ Ca(NO3)2 -743,49 ç 

ɻʽʜʨʦʩʫʣʴʬʦʘʣʶʤʽʥʘʪ 

ʢʘʣʴʮʽʶ 

ʪʨʠʩʫʣʴʬʘʪʥʦʾ ʬʦʨʤʠ 

ɻʉɸʂ-3 (ʝʪʪʨʠʥʛʽʪ) 

3CaOÖAl2O3Ö3CaSO4Ö32H2O 

ʘʙʦ Ca6Al2(SO4)3(OH)12Ö26H2O 
-15205,9 [150] 

ɻʽʜʨʦʩʫʣʴʬʦʘʣʶʤʽʥʘʪ 

ʢʘʣʴʮʽʶ 

ʤʦʥʦʩʫʣʴʬʘʪʥʦʾ ʬʦʨʤʠ 

ɻʉɸʂ-1 

3CaOÖAl2O3ÖCaSO4Ö12H2O 

ʘʙʦ Ca4Al2(SO4)(OH)12Ö6H2O 
-7778,5 ç 

ɻʽʜʨʦʭʣʦʨʘʣʶʤʽʥʘʪ 

ʢʘʣʴʮʽʶ 

ɻʍɸʂ (ʩʽʣʴ ʌʨʽʜʝʣʷ) 

3CaOÖAl2O3ÖCaCl2Ö10H2O 

ɸʙʦ Ca4Al2(OH)12Cl2Ö4H2O 
-6810,7 ç 

ɻʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪ 

ʢʘʣʴʮʽʶ 

ɻʅɸʂ 

3CaOÖAl2O3ÖCa(NO3)2Ö10H2O 

ʘʙʦ Ca4Al2(OH)12(NO3)2Ö4H2O 
-6778,0 ç 

ʇʦʨʪʣʘʥʜʠʪ Ca(OH)2 -897,0 ç 

ʂʘʣʴʮʠʪ ʉʘ(ʉʆ)3 -1129,2 ç 

ɻ̔ʙʙʩʠʪ Al(OH)3 -1151,0 ç 

ɺʦʜʘ H2O -237,2 ç 

ɺʫʛʣʝʢʠʩʣʠʡ ʛʘʟ CO2 -394,37 [151] 

ɯʦʥ ʢʘʣʴʮʽ ʁ ʉʘ
2+

 -552,7 ç 

ʍʣʦʨ- ʦ̔ʥ Cl
-
 -131,29 ç 

ʅ̔ʪʨʘʪ- ʦ̔ʥ NO3
-
 -111,49 ç 

ɯʦʥ ʚʦʜʦʨʦʜʫ H
+
 0 ç 

 

ʇʨʦ ʤʦʞʣʠʚʽʩʪʴ ʽ ʧʝʨʝʚʘʛʫ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʡ ʩʫʜʠʣʠ ʟʘ ʟʥʘʢʦʤ ʽ ʚʝʣʠʯʠʥʦʶ 

ʾʭʥʴʦʾ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ DG, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ 1 ʤʦʣʴ C3A. ʅʝʛʘʪʠʚʥʽ 

ʟʥʘʯʝʥʥʷ DG ʩʚʽʜʯʠʣʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ, ʘ ʾʭ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ 

ï ʧʨʦ ʾʾ ʧʝʨʝʚʘʛʫ ʪʘ ʽʥʪʝʥʩʠʚʥʽʰʝ ʧʨʦʪʽʢʘʥʥʷ. ʋʤʦʚʠ ʩʪʽʡʢʦʩʪʽ ɻʍɸʂ ʪʘ ɼʇɸʂ 
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ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ ʩʢʣʘʜʘʥʥʷ ʨʝʘʢʮʽʡ ʨʽʚʥʦʚʘʛʠ, ʧʦʙʫʜʦʚʠ ʪʘ ʘʥʘʣʽʟʫ ʧʦʣʽʚ ʾʭ 

ʩʪʽʡʢʦʩʪʽ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ [152]. 

ʄʦʞʣʠʚʽ ʨʝʘʢʮʽʾ ʚʟʘʻʤʦʜʽʾ ʩʫʣʴʬʘʪʫ, ʭʣʦʨʠʜʫ ʪʘ ʥʽʪʨʘʪʫ ʢʘʣʴʮʽʶ ʟ C3A ʟ 

ʫʪʚʦʨʝʥʥʷʤ ɻʉɸʂ, ɻʍɸʂ ʪʘ ɻʅɸʂ ʪʘ ʾʭ ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ DG, ʨʦʟʨʘʭʦʚʘʥʘ 

ʟʘ ʬʦʨʤʫʣʦʶ (1) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʷ 3.4 

ʈʝʘʢʮʽʾ ʚʟʘʻʤʦʜʽʾ ʩʫʣʴʬʘʪʫ, ʭʣʦʨʠʜʫ ʪʘ ʥʽʪʨʘʪʫ ʢʘʣʴʮʽʶ ʟ C3A 

 ̄
ʈʝʘʢʮʽʷ 

DG, 

ʢɼʞ/ʤʦʣʴ 

1 3CaOÖAl2O3 + 3CaSO4Ö2H2O + 26H2O = 3CaOÖAl2O3Ö3CaSO4Ö32H2O -260,3 

2 3CaOÖAl2O3 + CaSO4Ö2H2O + 10H2O = 3CaOÖAl2O3ÖCaSO4Ö12H2O -225,5 

3 3CaOÖAl2O3 + CaCl2 + 10H2O = 3CaOÖAl2O3ÖCaCl2Ö10H2O -307,1 

4 3CaOÖAl2O3 + Ca
2+

+ 2Cl
-
 + 10H2O = 3CaOÖAl2O3ÖCaCl2Ö10H2O -237,6 

5 3CaOÖAl2O3 + Ca(NO3)2 + 10H2O = 3CaOÖAl2O3ÖCa(NO3)2Ö10H2O -280,2 

6 3CaOÖAl2O3 + Ca
2+

+ 2NO3
-
 + 10H2O = 3CaOÖAl2O3ÖCa(NO3)2Ö10H2O -243,5 

 

ɿ ʪʘʙʣ. 3.4 ʚʠʜʥʦ, ʱʦ ʚʩʽ ʨʝʘʢʮʽʾ ʤʦʞʣʠʚʽ, ʦʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʠ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ 

ɻʽʙʙʩʘ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ 1 ʤʦʣʴ ʪʨʠʢʘʣʴʮʽʻʚʦʛʦ ʘʣʶʤʽʥʘʪʫ, ʥʝʛʘʪʠʚʥʽ. ʇʨʠ ʮʴʦʤʫ 

ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ DG ʨʝʘʢʮʽʾ ˉ3 ʫʪʚʦʨʝʥʥʷ ɻʍɸʂ (ʩʦʣʽ ʌʨʽʜʝʣʷ), ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʡʦʛʦ ʧʝʨʝʚʘʛʫ ʪʘ ʽʥʪʝʥʩʠʚʥʽʰʝ ʧʨʦʪʽʢʘʥʥʷ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʙʣʝʤʠ ʜʦʮʽʣʴʥʦʶ ʻ ʧʝʨʝʚʽʨʢʘ ʩʪʽʡʢʦʩʪʽ ɻʍɸʂ ʪʘ 

ɻʅɸʂ ʫ ʚʠʩʦʢʦʱʽʣʴʥʦʤʫ ʰʪʫʯʥʦʤʫ ʢʘʤʝʥʽ, ʷʢʠʤ ʻ ʮʝʤʝʥʪʥʠʡ ʙʝʪʦʥ, ʙʝʟ 

ʚʧʣʠʚʫ CO2 ʧʦʚʽʪʨʷ (ʚʥʫʪʨʽʰʥʷ ʟʦʥʘ ʤʘʩʠʚʫ) ʪʘ ʟ ʪʘʢʠʤ ʚʧʣʠʚʦʤ. ɰʭ 

ʨʦʟʢʣʘʜʘʥʥʷ ʤʦʞʣʠʚʝ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʘʢʮʽʡ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 3.5. ɺʽʣʴʥʘ 

ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ ʮʠʭ ʨʝʘʢʮʽʡ (3.3) ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 3.5. 
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ʊʘʙʣʠʮʘ 3.5 

ʈʝʘʢʮʽʾ ʨʦʟʢʣʘʜʘʥʥʷ ʛʽʜʨʦʭʣʦʨʘʣʶʤʽʥʘʪʫ ʪʘ ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪʫ ʢʘʣʴʮʽʶ 

 

 ̄ ʈʝʘʢʮʽʷ 

DG, 

ʢɼʞ 

ʤʦʣʴ 

7 Ca4Al2(OH)12Cl2Ö4H2O = 4Ca(OH)2 + 2Al(OH)3 + 2Cl
-
 + 2H

+
 + 2H2O 183,7 

8 Ca4Al2(OH)12Cl2Ö4H2O + 4CO2 = 4CaCO3 + 2Al(OH)3 + 2Cl
-
 + 2H

+
 + 6H2O -116,4 

9 Ca4Al2(OH)12(NO3)2Ö4H2O = 4Ca(OH)2 + 2Al(OH)3 + 2NO3
-
 + 2H

+
 + 2H2O 190,6 

10 Ca4Al2(OH)12(NO3)2Ö4H2O + 4CO2 = 4CaCO3 + 2Al(OH)3 + 2NO3
-
 + 2H

+
 + 2H2O -109,5 

 

ɿʥʘʯʝʥʥʷ DG ʨʝʘʢʮʽʡ 8 ʪʘ 10 (ʪʘʙʣ. 3.5) ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʨʦʟʢʣʘʜʘʥʥʷ 

ɻʍɸʂ (ʩʦʣʽ ʌʨʽʜʝʣʷ) ʪʘ ɻʅɸʂ ʫ ʧʨʠʩʫʪʥʦʩʪʽ CO2 ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʘʣʴʮʠʪʫ ʪʘ 

ʛʽʙʙʩʠʪʫ ʪʘ ʚʠʚʽʣʴʥʝʥʥʷʤ ʽʦʥʽʚ Cl
ï
 ʪʘ NO

3ï
, ʚʽʜʧʦʚʽʜʥʦ, ʤʦʞʣʠʚʝ. ʇʦʟʠʪʠʚʥʽ 

ʟʥʘʯʝʥʥʷ DG ʨʝʘʢʮʽʡ 7 ʽ 9 ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʨʦʟʢʣʘʜʘʥʥʷ ʮʠʭ ʩʧʦʣʫʢ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʉʆ2 ʻ ʤʘʣʦʡʤʦʚʽʨʥʠʤ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʝʘʢʮʽʡ 7-10, ʢʨʽʤ ʭʣʦʨ-ʽ ʥʽʪʨʘʪ-ʽʦʥʫ ʤʦʞʝ ʚʠʚʽʣʴʥʷʪʠʩʷ ʽ ʽʦʥ 

ʚʦʜʥʶ, ʪʦʤʫ ʫʤʦʚʠ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʡ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 

ʽʦʥʽʚ Cl
-
, NO

3-
, ʚʽʜʧʦʚʽʜʥʦ, ʘ ʪʘʢʦʞ H

+
, ʪʦʙʪʦ. ʨʅ. ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʮʽ ʫʤʦʚʠ ʱʦʜʦ 

ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ. ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ [152]: 

 

ba

dc

BA

DC
ʂ

][][

][][

+

+
=

,                                                           (3.4) 

ʜʝ [ɸ], [ɺ], [ʉ], [D] - ʪʝʨʤʦʜʠʥʘʤʯ̔ʥʘ ʘʢʪʠʚʥʩ̔ʪʴ ʨʝʯʦʚʠʥ ( ʦ̔ʥʦʚ), ʨʚ̔ʥʘ: 

ʜʣʷ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ ʽ ʨʽʜʠʥ ï 1, ʜʣʷ ʨʦʟʯʠʥʝʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʽʦʥʽʚ ï ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʉ ʚ ʤʦʣʴ/ʣ (ʛ-ʽʦʥ/ʣ); ʜʣʷ ʛʘʟʽʚ - ʧʘʨʮʽʘʣʴʥʦʤʫ ʪʠʩʢʫ ʈ ʚ ʘʪʤ; ʜʣʷ ʽʦʥʫ ʚʦʜʥʶ  

ʘĬlg[ʅ]= -ʘĬʨʅ. 

ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʧʦʚ'ʷʟʘʥʘ ʟ ʚʽʣʴʥʦʶ ʝʥʝʨʛʽʻʶ ɻʽʙʙʩʘ ʨʝʘʢʮʽʾ ʨʽʚʥʷʥʥʷʤ 

[152]: 

DG = -RTlnK,                                                          (3.5) 
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ʜʝ R- ʫʥʠʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʧʦʩʪʽʡʥʘ, 8,3143Ĭ10
ï3

 ʢɼʞ/ʤʦʣʴĬʂ; ʊ = 

t C̄+273,16 - ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʣʷ 25 ʉ̄ ʨ̔ʚʥʘ 298,16 ʂ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ  lnK = 2,3026lgK ̔ ʟʥʘʯʝʥ ɹR ̔  T, ʦʪʨʠʤʘʻʤʦ (3.5): 

lnK = 2,3026lgK = -DG/2,3026RT = -DG/2,3026Ĭ8,3143Ĭ10
ï3
Ĭ298,16; 

lnK = -0,1752DG.                                                  (3.6) 

ʇ̔ʜʩʪʘʚʠʚ (2) ʚ ʣʽʚʫ ʯʘʩʪʠʥʫ (4), ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ. 

;1752,0
][][

][][
lg G

BA

DC
ba

dc

D-=
+

+

 

cĬlg[C] + dĬlg[D] -aĬlg[A] -bĬlg[B] + 0,1752DG = 0.                            (3.7) 

ɼʣʷ ʨʝʘʢʮʽʡ 8 ʽ 10 ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ (5) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ, ʚʽʜʧʦʚʽʜʥʦ: 

lgCClï ï pHï2lgPCO2 + 10,196 = 0;                                        (3.8) 

lgCNO3ï ï pHï 2lgPCO2 + 9,592 = 0.                                        (3.9) 

ʈʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʦʤʠʭ ʜʘʥʠʭ ʧʨʦ ʧʘʨʮʽʘʣʴʥʠʡ 

ʪʠʩʢ CO2, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʡʦʛʦ ʚʤʽʩʪʫ ʚ ʘʪʤʦʩʬʝʨʽ, ʪʘ ʜʘʥʠʭ ʧʨʦ ʤʦʞʣʠʚʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʭʣʦʨ- ʪʘ ʥʽʪʨʘʪ-ʽʦʥʽʚ ʫ ʤʝʞʘʭ ʚʽʜ ʥʫʣʷ ʜʦ ʨʦʟʯʠʥʥʦʩʪʽ ʭʣʦʨʠʜʫ ʪʘ 

ʥʽʪʨʘʪʫ ʢʘʣʴʮʽʶ ʦʪʨʠʤʘʥʽ ʧʦʣʷ ʩʪʽʡʢʦʩʪʽ ʮʠʭ ʩʦʣʝʡ ʧʨʠ ʧʘʨʮʽʘʣʴʥʦʤʫ ʪʠʩʢʫ  

ʉʆ2 3,97Ĭ10
ï4

 (ʨʠʩ. 3.5). 

 

ʈʠʩ. 3.5 ʇʦʣʷ ʩʪʽʡʢʦʩʪʽ ʛʽʜʨʦʭʣʦʨʘʣʶʤʽʥʘʪʫ ʢʘʣʴʮʽʶ ɻʍɸʂ ʪʘ 

ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪʫ ʢʘʣʴʮʽʶ ɻʅɸʂ ʧʨʠ ʧʘʨʮʽʘʣʴʥʦʤʫ ʪʠʩʢʫ ʉʆ2 3,97Ĭ10
ï4

; C - 
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ʢʦʥʮʝʥʪʨʘʮʽ̫  ̔ʦʥʫ Cl
ï 

 ̔NO3
ï 
ʜʣʷ ɻʍɸʂ  ̔ɻʅɸʂ (ʟʥʘʯʝʥʥ ̫ʘʙʩʮʠʩʠ ï6 ʚʽʜʧʦʚʽʜʘʻ 

ʉ = 1Ĭ10
ï6 
ʛ- ʦ̔ʥ/ʣ  ̔ʪ.ʜ.) 

 

ɸʥʘʣʽʟ ʧʦʣʽʚ ʩʪʽʡʢʦʩʪʽ (ʨʠʩ. 1) ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʚʧʣʠʚʽ ʘʪʤʦʩʬʝʨʥʦʛʦ CO2 

(ʧʘʨʮʘ̔ʣʴʥʠʡ ʪʠʩʢ 3,97Ĭ10
ï4

)  ̔ ʨʅ = 12,5 ɻʍɸʂ  ̔ɻʅɸʂ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨ-ʽʦʥʽʚ ʫ ʧʦʨʦʚʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ ʙʝʪʦʥʫ ʜʦ 0,3Ĭ10
ï4

 (10
ï4,5

)  ̔

1Ĭ10
ï4

 ʛ- ʦ̔ʥ/ʣ, ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʨʅ = 7, ʪʦʙʪʦ ʫ ʢʘʨʙʦʥʽʟʦʚʘʥʦʤʫ ʮʝʤʝʥʪʥʦʤʫ 

ʙʝʪʦʥʽ, ɻʍɸʂ ʪʘ ɻʅɸʂ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ ʜʫʞʝ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʭʣʦʨ-ʽ ʥʽʪʨʘʪ-ʽʦʥʽʚ ʫ ʧʦʨʦʚʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ ʙʝʪʦʥʫ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 1Ĭ10
ï9

  ̔

1Ĭ10
ï10

 ʛ- ʦ̔ʥ/ʣ, ʚʽʜʧʦʚʽʜʥʦ, ʪʦʙʪʦ ʬʘʢʪʠʯʥʦ ʻ ʩʪʽʡʢʠʤʠ. 

ʅʦʤʦʛʨʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʦʾ ʢʽʣʴʢʦʩʪʽ ʍʂ ʽ ʇʂ ʙʫʜʫʚʘʣʠ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʩʪʝʭʽʦʤʝʪʨʽʾ ʨʝʘʢʮʽʡ ʟʚ'ʷʟʫʚʘʥʥʷ ʮʠʭ ʩʦʣʝʡ, ʘ ʪʘʢʦʞ 

ʩʫʣʴʬʘʪʫ ʢʘʣʴʮʽʶ ʛʽʜʨʦʭʣʦʨ-, ʛʽʜʨʦʥʽʪʨʦ-ʽ ʛʽʜʨʦʩʫʣʴʬʦʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ. 

ʗʢʱʦ ʧʦʛʦʜʠʪʠʩʷ ʟ [145], ʱʦ ʘʣʶʤʽʥʘʪ ʢʘʣʴʮʽʶ ʮʝʤʝʥʪʫ ʧʝʨʰʠʤ 

ʟʚ'ʷʟʫʻʪʴʩʷ ʥʝ ʭʣʦʨ-, ʘ ʩʫʣʴʬʘʪ-ʽʦʥ, ʧʦʚʥʝ ʟʚ'ʷʟʫʚʘʥʥʷ ʭʣʦʨʠʜʽʚ ʽ ʥʽʪʨʘʪʽʚ 

ʛʘʨʘʥʪʦʚʘʥʦ ʟʘʙʝʟʧʝʯʠʪʴʩʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʩʪʫʧʥʦʾ ʫʤʦʚʠ: 

ʄ(ʉ3A+C4AF)-ɻ + M(ʉ3A+C4AF)-ʍʂ + ʄ(ʉ3A+C4AF)-ʅʂ¢ʄʉ3ɸ + MC4AF,                    (3.10) 

ʜʝ ʄ(ʉ3A+C4AF)-ɻ, M(ʉ3A+C4AF)-ʍʂ, ʄ(ʉ3A+C4AF)-ʅʂ ï ʤʘʩʘ (ʩʫʤʘ) ʉ3ɸ ̔  C4AF, 

ʥʝʦʙʭʽʜʥʘ, ʚʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʧʦʚʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʟʚ'ʷʟʫʚʘʥʥʷ ʛʽʧʩʫ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ 

ʮʝʤʝʥʪʽ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 1 ʤ
3
 ʙʝʪʦʥʫ, ʍʂ ʪʘ ʇʂ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

1 ʤ
3
ʙʝʪʦʥʫ, ʢʛ; 

ʄʉ3ɸ, MC4AF ï ʤʘʩʘ ʉ3ɸ ̔ C4AF, ʚʽʜʧʦʚʽʜʥʦ, ʚ ʮʝʤʝʥʪ,̔ ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

1 ʤ
3
 ʙʝʪʦʥʫ, ʢʛ. 

ʗʢʱʦ ʟʥʝʭʪʫʚʘʪʠ çʥʘ ʟʘʧʘʩè ʟʜʘʪʥʽʩʪʶ ʘʣʶʤʦʬʝʨʠʪʫ ʢʘʣʴʮʽʶ (ʷʢ ʤʝʥʰ 

ʘʢʪʠʚʥʦʛʦ, ʥʽʞ ʉ3ɸ, ʢʣʽʥʢʝʨʥʦʛʦ ʤʽʥʝʨʘʣʫ) ʟʚ'ʷʟʫʚʘʪʠ ʭʣʦʨʠʜʠ, (3.10) ʥʘʙʫʜʝ 

ʚʠʛʣʷʜʫ: 

ʄʉ3A-ɻ + MC3A-ʍʂ + ʄʉ3ɸ-ʅʂ¢ʄʉ3ɸ,                                           (3.11) 

ʜʝ ʄʉ3A-ɻ, MC3A-ʍʂ, ʄʉ3ɸ-ʅʂ ï ʤʘʩʘ ʉ3A, ʥʝʦʙʭʽʜʥʦ, ʚʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʧʦʚʥʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʟʚ'ʷʟʫʚʘʥʥʷ ʛʽʧʩʫ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʮʝʤʝʥʪʽ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 1 ʤ
3
 

ʙʝʪʦʥʫ, ʍʂ ʽ ʇʂ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 1 ʤ
3
 ʙʝʪʦʥʫ, ʢʛ. 
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ɺʢʘʟʘʥ ̔ʢ̔ʣɹ ʢʦʩʪʽ C3A ʙʫʜʫʪ ɹʨ̔ʚʥ̔, ʚʽʜʧʦʚʽʜʥʦ, 

ʄʉ3A-ɻ = mɻmʉ3A-ɻʎ/100%; (3.12) 

MC3A-ʍʂ = mʍʂmC3A-ʍʂʎ/100%; (3.13) 

ʄʉ3ɸ-ʅʂ =mʅʂmC3A-ʅʂʎ/100%; (3.14) 

ʄʉ3ɸ= mʉ3ɸʎ/100%, (3.15) 

ʜʝ mʉ3ɸ,mɻ ï ʢʽʣʴʢʽʩʪʴ ʉ3ɸ ̔ ʛ̔ʧʩʫ ʚ ʮʝʤʝʥʪ,̔ ʚʽʜʧʦʚʽʜʥʦ, %; mʉ3A-ɻ - ʜʦʣʷ 

ʉ3ɸ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʚ'ʷʟʫʚʘʥʥʷ ʛʽʧʩʫ ɻʉɸʂ-1, ʚʽʜʥ. ʦʜ.; mʍʂ, mʅʂ - ʢʽʣʴʢʽʩʪʴ 

ʜʦʜʘʶʪʴʩʷ ʜʦ ʙʝʪʦʥʫ ʍʂ ʽ ʇʂ, ʚʽʜʧʦʚʽʜʥʦ, % ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ; mC3A-ʍʂ, mC3A-ʅʂ 

- ʜʦʣʷ ʉ3ɸ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʚ'ʷʟʫʚʘʥʥʷ ʍʂ ʪʘ ʇʂ ʫ ɼʍɸʂ ʪʘ ɼʇɸʂ, 

ʚʽʜʧʦʚʽʜʥʦ, ʚʽʜʥ. ʦʜ. 

ʇ̔ʜʩʪʘʚʠʚ ʚ (3.11) (3.12)-(3.15) ʪʘ ʨʦʟʜʽʣʠʚʰʠ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ ʦʪʨʠʤʘʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʥʘ ʎ/100%, ʦʪʨʠʤʘʻʤʦ: 

mɻmʉ3A-ɻ + mʍʂmC3A-ʍʂ + mʅʂmC3A-ʅʂ¢mʉ3ɸ,                                 (3.16) 

mʉ3A-ɻmC3A-ʍʂ,mC3A-ʅʂ ʚʠʟʥʘʯʘʪʴʩʷ ʩʪʝʭʽʦʤʝʪʨʽʻʶ ʨʝʘʢʮʽʡ 1, 2, 3 (ʪʘʙʣ. 3.4) 

ʛ̔ʜʨʘʪʘʮʽʾ ʉ3ɸ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʛʠʧʩʫ, ʍʂ  ̔ʅʂ, ʟ ʷʢʠʭ ʚʠʧʣʠʚʘʻ: 

mʉ3A-ɻ = ʄ3CaO³Al2O3/ʄCaSO4³2H2O= 270/560 = 0,482; (3.17) 

mC3A-ʍʂ = ʄ3CaO³Al2O3/ ʄCaCl2 = 270/110 = 2,455; (3.18) 

mC3A-ʅʂ = ʄ3CaO³Al2O3/ ʄCa(NO3)2= 270/156 = 1,731, (3.19) 

ʜʝ ʄ3CaO³Al2O3, ʄCaSO4³2H2O, ʄCaCl2, ʄCa(NO3)2 - ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ 3CaO³Al2O3, 

CaSO4³2H2O, CaCl2 ʠ Ca(NO3)2, ʚʽʜʧʦʚʽʜʥʦ, ʨʽʚʥʘ 270, 560, 110 ʠ 156. 

ʇ̔ʜʩʪʘʚʠʚ ʚ (3.16) ʟʥʘʯʝʥʥ ̫ mʉ3A-ɻ, mC3A-ʍʂ, mC3A-ʅʂ, ʦʪʨʠʤʘʻʤʦ ʫʤʦʚʫ 

ʧʦʚʥʦʛʦ ʟʚ'ʷʟʫʚʘʥʥʷ ʍʂ ʠ ʅʂ: 

0,482mɻ + 2,455mʍʂ + 1,731mʅʂ¢mʉ3ɸ,                                   (3.20) 

ʘʙʦ 

2,455mʍʂ + 1,731mʅʂ¢mʉ3ɸ - 0,482mɻ,                                   (3.21) 

ʘ, ʟʘʣʠʰʠʚʰʠ ʟʣʽʚʘ mʍʂ  ̔ʨʦʟʜ̔ʣʠʚ ʚʩ ̔ʯʣʝʥʠ ʨʽʚʥʷʥʥʷ ʥʘ 2,455: 

mʍʂ¢ 0,407mʉ3ɸ - 0,196mɻ- 0,705mʅʂ.                                         (3.22)  

ɺ ʙʝʟʜʦʙʘʚʦʯʥʦʤʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ̔ ʇʎ I-500ʅ (CEM I 42,5 N) ʏɸʆ 

çɺʦʣʠʥ-ɹʮʝʤʝʥʪè, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ, 
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ʚʤʽʩʪ ʉ3ɸ ʚ ʢʣʠʥʢʝʨ ̔ʩʢʣʘʜʘʻ 6,82-7,82 %. ʋ ʢʣʽʥʢʝʨʘʭ ʽʥʰʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʤʽʩʪ 

ʉ3ɸ ʤʦʞʝʪ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 5-15 %. ʅʝʩʧʨʠʷʪʣʠʚʝ ʟʥʘʯʝʥʥʷ - ʤʽʥʽʤʘʣʴʥʝ 

5%. ɺʤʽʩʪ ʛʽʧʩʫ ʚ ʮʝʤʝʥʪʽ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʚ ʤʝʞʘʭ 3-5%, ʥʝʩʧʨʠʷʪʣʠʚʝ 

ʟʥʘʯʝʥʥʷ - ʤʘʢʩʠʤʘʣʴʥʝ 5% (ʱʦ ʟʘʣʠʰʘʻ ʥʘʡʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʉ3ɸ ʜʣʷ 

ʟʚ'ʷʟʫʚʘʥʥʷ ʍʂ ʪʘ ʇʂ). 

ɿʤʽʩʪ ʉ3ɸ ʚ ʮʝʤʝʥʪʽ mʉ3ɸ(ʮʝʤ) ʚʽʜʥʦʩʥʦ ʟʤʽʩʪʫ ʚ ʢʣʠʥʢʝʨ ̔ mʉ3ɸ(ʢʣ) 

ʫʪʦʯʥʶʻʪʴʩʷ ʚʨʘʭʦʚʫʶʯʠ ʚʤʽʩʪ ʛʽʧʩʫ: 

mʉ3ɸ(ʮʝʤ)= mʉ3ɸ(ʢʣ)³(100-mɻ)/100.                                           (3.23) 

ʇʨʝʜʩʪʘʚʠʚʰʠ ʨʽʚʥʷʥʥʷ (3.23) ʛʨʘʬʽʯʥʦ ʷʢ ʩʽʤʝʡʩʪʚʦ ʟʘʣʝʞʥʦʩʪʝʡ mʍʂ ʚʽʜ 

mʅʂ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ mʉ3ɸ ʽ mɻ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʾʭ ʥʘʡʙʽʣʴʰ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ 

ʧʦʻʜʥʘʥʥʷ 5 ʪʘ 5 %, ʚʽʜʧʦʚʽʜʥʦ, ʦʪʨʠʤʘʻʤʦ ʥʦʤʦʛʨʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʧʫʩʪʠʤʦʛʦ (ʙʝʟʧʝʯʥʦʛʦ) ʚʤʽʩʪʫ ʍʂ ʪʘ ʇʂ (ʨʠʩ. 3.6). 

 

ʈʠʩ. 3.6 ʅʦʤʦʛʨʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʚʤʽʩʪʫ ʜʦʙʘʚʢʠ ʭʣʦʨʠʜʫ 

ʪʘ ʥʽʪʨʘʪʫ ʢʘʣʴʮʽʶ. ʆʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʣʝʞʠʪʴ ʥʠʞʯʝ ʧʨʷʤʦʾ 

 

ɿ ʨʠʩ. 3.6 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʥʝʩʧʨʠʷʪʣʠʚʦʤʫ ʧʦʻʜʥʘʥʥʽ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

C3A 5 % ʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ - ʛʽʧʩʫ 5 % ʙʝʟʧʝʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʢʨʝʤʦ ʚʚʝʜʝʥʦʛʦ ɻʂ ʥʝ 

ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,9 % ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ, ʘ ʅʂ, ʱʦ ʦʢʨʝʤʦ ʚʚʦʜʠʪʴʩʷ, - 

1,3 %. ʇʨʠ ʾʭʥʴʦʤʫ ʩʧʽʣʴʥʦʤʫ ʚʚʝʜʝʥʥʽ ʚ ʨʽʚʥʠʭ ʯʘʩʪʢʘʭ ʾʭ ʙʝʟʧʝʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,5 % ʢʦʞʥʦʛʦ. ɺʽʜʧʦʚʽʜʥʦ, ʧʨʠ ʚʚʝʜʝʥʥʽ 1% ʇʂ 
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ʢʽʣʴʢʽʩʪʴ ɻʂ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,2%. ɼʣʷ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʚʤʽʩʪʫ ʚ 

ʢʣʽʥʢʝʨʽ ʉ3ɸ ʚʤʽʩʪ ʜʦʙʘʚʦʢ ʤʦʞʝ ʙʫʪʠ ʜʝʱʦ ʟʙʽʣʴʰʝʥʠʡ, ʜʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ 

ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ (ʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʉ3ɸ ʚ ʮʝʤʝʥʪʽ) ï ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ 

ʨʽʚʥʷʥʥʷʤ (3.23) ʟʤʝʥʰʝʥʦ. 

 

3.4 ɼʦʙʘʚʢʘ ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ 

ɼʘʥʽ ʧʨʦ ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʧʦʪʝʥʮʽʘʣʠ ʪʘ ʟʘʨʷʜʠ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʜʦʟʚʦʣʠʣʠ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʤʝʭʘʥʽʟʤ ʜʽʾ ʜʦʙʘʚʢʠ ʜʠʩʧʝʨʩʥʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʥʘ ʨʘʥʥʶ 

ʤʽʮʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʭʝʤ ʨʠʩ. 3.7. ʅʘ ʩʭʝʤʘʭ ʨʠʩ. 3.7, ʘ, ʙ ʚʠʜʥʦ ʧʨʦʰʘʨʦʢ 

ʤʽʞ ʜʚʦʤʘ ʯʘʩʪʠʥʢʘʤʠ ʮʝʤʝʥʪʫ, ʘ ʩʘʤʝ ʬʨʘʛʤʝʥʪʽʚ ʧʦʚʝʨʭʦʥʴ ʘʣʽʪʫ C3S ʽ ʙʝʣʽʪʫ 

C2S, ʷʢʽ ʦʜʨʘʟʫ ʧʽʩʣʷ ʟʘʤʽʰʫʚʘʥʥʷ ʟʘʧʦʚʥʝʥʽ ʚʦʜʦʶ ʘʙʦ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ 

ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ (ʇɸʈ) ï ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ. ʎʝʤʝʥʪʥʝ ʪʽʩʪʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʪʘʥʽ ʧʣʘʩʪʠʯʥʦʩʪʽ. ʅʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʛʽʜʨʘʪʘʮʽʾ ʉ3S ʽ ʉ3ɸ 

ʨʦʟʯʠʥʷʶʪʴʩʷ, ʫʪʚʦʨʶʻʪʴʩʷ ʧʝʨʝʩʠʯʝʥʠʡ ʨʦʟʯʠʥ ʚʽʜʥʦʩʥʦ ʧʦʨʪʣʘʥʜʠʪʫ ʉʘ(ʆʅ)2 

ʪʘ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ C2SH, ʷʢʽ ʢʦʥʜʝʥʩʫʶʪʴʩʷ ʘʙʦ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʙʽʣʷ 

ʧʦʚʝʨʭʦʥʴ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʟʘʧʦʚʥʶʚʘʯʽʚ (ʨʠʩ. 3.7, ʚ, 

ʛ). ɹʝʟ ʫʚʝʜʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ɻʉʂ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʧʨʦʜʫʢʪʽʚ 

ʛʽʜʨʘʪʘʮʽʾ ʽ ʧʦʚʝʨʭʥʝʶ ʙʽʣʴʰ ʢʨʫʧʥʠʭ ʯʘʩʪʠʥʦʢ ʫʪʚʦʨʶʶʪʴʩʷ 

ʝʣʝʢʪʨʦʛʝʪʝʨʦʛʝʥʥʽ ʢʦʥʪʘʢʪʠ, ʧʨʦʰʘʨʢʠ ʤʽʞ ʚʩʽʤʘ ʯʘʩʪʠʥʢʘʤʠ ʱʝ ʷʢʽʡʩʴ ʯʘʩ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝ ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʛʽʜʨʘʪʘʮʽʾ, ʧʦʪʽʤ 

ʥʝʜʦʩʪʘʪʥʴʦ ʱʽʣʴʥʦ ʟʘʧʦʚʥʝʥʠʤʠ (ʨʠʩ. 3.7, ʚ), ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʣʘʩʪʠʯʥʽʩʪʴ 

ʚʪʨʘʯʘʻʪʴʩʷ, ʧʦʚʽʣʴʥʦ ʥʘʙʫʚʘʻʪʴʩʷ ʤʽʮʥʽʩʪʴ. ʇʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʽʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʚʦʜʠ 

ʪʘ ʟʤʝʥʰʝʥʥʷ ʧʝʨʚʠʥʥʦʾ ʪʦʚʱʠʥʠ ʧʨʦʰʘʨʢʽʚ, ʘ ʦʪʞʝ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʾʭ 

ʟʘʧʦʚʥʝʥʥʷ, ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʱʦ ʧʨʠʩʢʦʨʶʶʪʴ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʪʘ 

ʢʦʘʛʫʣʷʮʽʶ ʘʙʦ ʚʧʣʠʚʘʶʪʴ ʟʛʽʜʥʦ ʟ ʽʥʰʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ 

ɺ.ɹ.ʈʘʪʽʥʦʚʘ. ʋ ʨʘʟʽ ʫʚʝʜʝʥʥʷ ʜʦʙʘʚʢʠ ʜʠʩʧʝʨʩʽʾ ɻʉʂ ʾʾ ʯʘʩʪʠʥʢʠ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʧʦ ʧʨʦʰʘʨʢʘʤ ʽ ʩʪʘʶʪʴ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʟʘʪʨʘʚʢʘʤʠ ï ʮʝʥʪʨʘʤʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʘ ɺ.ɹ.ʈʘʪʽʥʦʚʠʤ, ʥʘ ʷʢʠʭ, ʷʢ ʽ ʥʘ ʧʦʚʝʨʭʥʷʭ ʙʝʣʽʪʫ C2S ʯʘʩʪʠʥʦʢ 
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ʮʝʤʝʥʪʫ ʫʪʚʦʨʶʶʪʴʩʷ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʠ ʉʘ(ʆʅ)2, ʥʘ ʷʢʠʭ ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʛʽʜʨʦʩʠʣʽʢʘʪʥʠʡ ʛʝʣʴ C2SH (ʨʠʩ. 3.7, ʛ). ɺʥʽʩʣʽʜʦʢ ʮʴʦʛʦ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʯʘʩʥʦ ʟ ʜʠʩʧʝʨʩʽʻʶ ɻʉʂ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʽ 

ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ ʧʦʚʠʥʥʦ ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪ ʧʨʠʩʢʦʨʝʥʥʷ. ʆʪʞʝ, 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʠʩʢʦʨʶʶʯʠʡ ʝʬʝʢʪ 

ʢʦʤʧʣʝʢʩʥʦʾ ʜʦʙʘʚʢʠ ʇʂ+ɻʉʂ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʯʘʩʪʠʥʢʠ ʜʠʩʧʝʨʩʽʾ ɻʉʂ 

ʟʙʽʣʴʰʫʶʪʴ ʧʣʦʱʫ ʧʦʚʝʨʭʦʥʴ, ʙʽʣʷ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʘʙʦ 

ʢʦʥʜʝʥʩʘʮʽʷ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ, ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ ʰʚʠʜʢʝ ʟʘʧʦʚʥʝʥʥʷ 

ʥʠʤʠ ʧʨʦʰʘʨʢʽʚ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʮʝʤʝʥʪʫ, ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʟʘʧʦʚʥʶʚʘʯʽʚ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʣʘʥʮʶʞʢʽʚ ʝʣʝʢʪʨʦʛʝʪʝʨʦʛʝʥʥʠʭ ʢʦʥʪʘʢʪʽʚ. 
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ʘ)                                                                      ʙ) 

              

ʚ)                                                                        ʛ) 

              

ʜ)                                                                        ʝ) 

              

ʈʠʩ. 3.7 ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʪʫʞʘʚʣʝʥʥʷ ʽ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʡ ʪʚʝʨʜʽʥʥʷ ʮʝʤʝʥʪʫ ʙʝʟ 

ʜʦʙʘʚʦʢ ʘʙʦ ʟ ʜʦʙʘʚʢʘʤʠ ʇʂ, ʇʂ+ʍʅʂ (ʘ, ʚ, ʜ) ʪʘ ʟ ʜʦʙʘʚʢʘʤʠ ʇʂ+ɻʉʂ (ʙ, ʛ, ʝ): 

ʘ, ʙ ï ʩʪʘʥ ʦʜʨʘʟʫ ʧʽʩʣʷ ʟʘʤʽʰʫʚʘʥʥʷ ʚʦʜʦʶ; ʚ, ʛ ï ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʮʝʤʝʥʪʥʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʜʦʙʘʚʢʠ ʜʠʩʧʝʨʩʽʾ 

ɻʉʂ; ʜ, ʝ ï ʥʘʩʪʫʧʥʝ ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʚ ʦʙôʻʤʽ. C3S, C2S ï ʘʣʽʪ ʪʘ 

ʙʝʣʽʪ; ʇʂ ï ʜʦʙʘʚʢʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ; ɻʉʂ ï ʜʦʙʘʚʢʘ ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ 

ʢʘʣʴʮʽʶ; ʉʅ ï ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʠ ʧʦʨʪʣʘʥʜʠʪʫ ʉʘ(ʆʅ); C2SH ï ʛʽʜʨʦʩʠʣʽʢʘʪʥʠʡ 

ʛʝʣʴ; AFt ï ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʠ AFt-ʬʘʟʠ ʝʪʨʠʥʛʽʪʫ ʪʘ/ʘʙʦ AFm-ʬʘʟʠ ʜʣʷ ʇʂ+ʍʅʂ 
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ɺʀʉʅʆɺʂʀ ɿɸ ʈʆɿɼɯʃʆʄ 3 

1. ɺʠʢʦʥʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʜʦʢʘʟ ʛʽʧʦʪʝʟʠ ʧʨʦ 

ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʟʘ ʨʘʭʫʥʦʢ ʩʧʽʣʴʥʦʛʦ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʪʘ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʽʥʥʷ, ʷʢʠʡ ʦʙʫʤʦʚʣʶʻ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʛʝʪʝʨʦʛʝʥʥʠʭ ʢʦʥʪʘʢʪʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʚ 

ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʽʥʥʷ. 

2. ɿôʷʩʦʚʘʥʦ ʨʽʚʥʦʚʘʞʥʽ ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʧʦʪʝʥʮʽʘʣʠ ʪʘ ʟʘʨʷʜʠ ʦʩʥʦʚʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʪʘ ʙʝʪʦʥʫ ʟʘ ʨʅ = 12, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʧʦʨʦʚʦʛʦ 

ʝʣʝʢʪʨʦʣʽʪʫ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ: ʥʝʛʘʪʠʚʥʠʡ ʨʽʚʥʦʚʘʞʥʠʡ ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʠʡ 

ʧʦʪʝʥʮʽʘʣ ʽ ʧʦʚʝʨʭʥʝʚʠʡ ʟʘʨʷʜ ʤʘʶʪʴ: ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ ʮʝʤʝʥʪʫ (ʉ3S, 

ʉ2S), ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ, ʟʘʧʦʚʥʶʚʘʯʽ (ʢʚʘʨʮ, ʛʨʘʥʽʪ); ʧʦʟʠʪʠʚʥʠʡ ï ʤʝʥʰʘ 

ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ ʮʝʤʝʥʪʫ (C3A, C4AF), ʢʨʠʩʪʘʣʠ ʛʽʜʨʦʢʩʠʜʫ, ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ, 

ʛʽʜʨʦʩʫʣʴʬʦʘʣʶʤʽʥʚʘʘʪʽʚ ʢʘʣʴʮʽʶ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʥʝʨʘʣʠ ʛʨʘʥʽʪʫ ʤʘʶʪʴ 

ʘʙʩʦʣʶʪʥʽ ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʧʦʪʝʥʮʽʘʣʠ y
0
, B: ʢʚʘʨʮ ï0,55;  ʙʽʦʪʠʪ +0,36; 

ʦʨʪʦʢʣʘʟ  ï0,05; ʨʽʚʥʦʚʘʞʥʽ ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʧʦʪʝʥʮʽʘʣʠ y
ʨ
, B: ʢʚʘʨʮ ï1,26;  

ʙʽʦʪʠʪ ï0,35; ʦʨʪʦʢʣʘʟ  ï0,75. ɯʥʪʝʛʨʘʣʴʥʽ ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʧʦʪʝʥʮʽʘʣʠ ʛʨʘʥʽʪʫ 

ʩʢʣʘʜʫ ʢʚʘʨʮ ï 34 %, ʦʨʪʦʢʣʘʟ ï 57 %, ʙʽʦʪʠʪ ï 9 % ʩʢʣʘʜʘʶʪʴ: ʘʙʩʦʣʶʪʥʠʡ y
0 
= 

ï0,18 ɺ, ʨʽʚʥʦʚʘʞʥʠʡ ï y
0 
= ï0,89 ɺ.         

3. ʋʪʦʯʥʝʥʦ ʤʝʭʘʥʽʟʤ ʚʧʣʠʚʫ ʧʣʘʩʪʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʘʥʽʦʥʥʠʭ 

ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʽ ʙʝʪʦʥʫ. 

ʇʣʘʩʪʠʬʽʢʫʶʯʠʡ ʝʬʝʢʪ ʘʥʽʦʥʥʠʭ ʇɸʈ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʚʠʙʽʨʢʦʚʦʾ 

ʘʜʩʦʨʙʮʽʾ ʥʘ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ C3A ʽ 

C4AF: ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʠ ʯʝʨʝʟ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ SO3
ï
 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʡʪʨʘʣʽʟʘʮʽʶ ʾʭ ʧʦʟʠʪʠʚʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ, ʫʩʫʥʝʥʥʷ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʨʠʪʷʞʽʥʥʷ ʤʽʞ ʧʨʦʪʠʣʝʞʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠ 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ ʽ ʩʝʨʝʜʥʴʦʧʣʘʩʪʠʬʽʢʫʶʯʠʡ ʝʬʝʢʪ, 

ʤʝʣʘʤʽʥʬʦʨʤʘʣʴʜʝʛʽʜʠ ʽ ʥʘʬʪʘʣʽʥʬʦʨʦʤʘʣʴʜʝʛʽʜʠ ʯʝʨʝʟ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ SO3
ï 

 ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʟʘʨʷʜʞʝʥʥʷ ʮʽʭ ʜʽʣʷʥʦʢ, ʟʤʽʥʫ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʨʠʪʷʞʽʥʥʷ ʥʘ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʽ ʩʠʣʴʥʦʧʣʘʩʪʠʬʽʢʫʶʯʠʡ 
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ʝʬʝʢʪ, ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʠ ʯʝʨʝʟ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʉʆ2
ï
 ʘʙʦ 

ʈʆ3
2ï 
ʪʘ ʜʦʚʛʠʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʨʘʜʠʢʘʣʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʟʘʨʷʜʞʝʥʥʷ ʮʠʭ 

ʜʽʣʷʥʦʢ, ʟʤʽʥʫ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʨʠʪʷʞʽʥʥʷ ʥʘ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, ʧʽʜʩʠʣʝʥʝ 

ʩʪʝʨʠʯʥʠʤ ʝʬʝʢʪʦʤ, ʽ ʥʘʡʙʽʣʴʰʠʡ ʧʣʘʩʪʠʬʽʢʫʶʯʠʡ (ʚʦʜʦʨʝʜʫʢʫʶʯʠʡ) ʝʬʝʢʪ. 

ʆʪʞʝ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʽ ʙʝʪʦʥʫ 

ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʙʘʚʢʠ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ɺ/ʎ ʽ 

ʟʤʝʥʰʝʥʥʷ ʧʝʚʠʥʥʦʾ ʪʦʚʱʠʥʠ ʧʨʦʰʘʨʢʽʚ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʮʝʤʝʥʪʫ. 

4. ʋʪʦʯʥʝʥʦ ʤʝʭʘʥʽʟʤ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʝʣʝʢʪʨʦʣʽʪʽʚ ï ʧʨʠʩʢʦʨʶʚʘʯʽʚ 

ʪʚʝʨʜʽʥʥʷ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ 

ʜʦʙʘʚʢʘʤʠ ʝʣʝʢʪʨʦʣʽʪʘʤʠ ï ʧʨʠʩʢʦʨʶʚʘʯʘʤʠ ʻ ʭʣʦʨʠʜ ʢʘʣʴʮʽʶ ʪʘ ʥʽʪʨʘʪ 

ʢʘʣʴʮʽʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʫʪʚʦʨʝʥʥʷ ʽʟ ʉ3ɸ ʽ ʭʣʦʨʠʜʫ ʪʘ ʥʽʪʨʘʪʫ ʢʘʣʴʮʽʶ ʛʽʜʨʦʭʣʦʨʘʣʶʤʽʥʘʪʽʚ ʪʘ 

ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ. ɰʭ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʠ ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʠʡ 

ʧʦʚʝʨʭʥʝʚʠʡ ʟʘʨʷʜ ʽ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ 

ʝʣʝʢʪʨʦʛʝʪʝʨʦʛʝʥʥʠʭ ʢʦʥʪʘʢʪʽʚ ʫ ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʽʥʥʷ. 

5. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʙʫʜʦʚʘʥʦ ʥʦʤʦʛʨʘʤʤʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʭʣʦʨʠʜʫ ʪʘ ʥʽʪʨʘʪʫ ʢʘʣʴʮʽʶ, ʷʢʘ ʙʫʜʝ ʧʦʚʥʽʩʪʶ 

ʟʚôʷʟʘʥʦʶ ʫ ʛʽʜʨʦʭʣʦʨʘʣʶʤʽʥʘʪʠ ʽ ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ. ʎʷ ʢʽʣʴʢʽʩʪʴ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʫ ʢʣʽʥʢʝʨʽ ʉ3ɸ, ʫ ʮʝʤʝʥʪʽ ʛʽʧʩʫ ʽʮ ʚ ʩʫʤʽ ʥʝ ʤʘʻ 

ʧʝʨʝʚʠʱʫʚʘʠ 1,2 % ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʙʫʜʦʚʘʥʦ ʧʦʣʷ ʩʪʽʡʢʦʩʪʽ ʛʽʜʨʦʭʣʦʨʘʣʶʤʽʥʘʪʽʚ ʪʘ 

ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ, ʘʥʘʣʽʟ ʷʢʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʫʤʦʚʘʭ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʚʦʥʠ ʻ ʩʪʽʡʢʠʤʠ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ ʧʨʦʮʝʩʫ ʪʫʞʘʚʣʝʥʥʷ ʽ ʧʦʯʘʪʢʦʚʦʾ ʩʪʘʜʽʾ ʪʚʝʨʜʽʥʥʷ 

ʮʝʤʝʥʪʫ ʙʝʟ ʜʦʙʘʚʦʢ ʽ ʟ ʜʦʙʘʚʢʘʤʠ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ, ʭʣʦʨʠʜʫ ʪʘ ʥʽʪʨʘʪʫ 

ʢʘʣʴʮʽʶ, ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʧʦʷʩʥʝʥʦ 

ʤʝʭʘʥʽʟʤ ʚʧʣʠʚʫ ʜʦʙʘʚʢʠ ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʽ ʙʝʪʦʥʫ. ʅʘʡʙʽʣʴʰʠʡ ʧʨʠʩʢʦʨʶʶʯʠʡ ʝʬʝʢʪ ʜʦʙʘʚʢʠ 

ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʨʘʟʦʤ ʟ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʦʤ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʯʘʩʪʠʥʢʠ ʜʠʩʧʝʨʩʽʾ ɻʉʂ ʟʙʽʣʴʰʫʶʪʴ ʧʣʦʱʫ ʧʦʚʝʨʭʦʥʴ, ʥʘ 
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ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʘʙʦ ʢʦʥʜʝʥʩʘʮʽʷ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ, 

ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘʧʦʚʥʝʥʥʷ ʥʠʤʠ ʧʨʦʰʘʨʢʽʚ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ 

ʮʝʤʝʥʪʫ, ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʟʘʧʦʚʥʶʚʘʯʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʣʘʥʮʶʞʢʽʚ 

ʝʣʝʢʪʨʦʛʝʪʝʨʦʛʝʥʥʠʭ ʢʦʥʪʘʢʪʽʚ. 
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ʈʆɿɼɯʃ 4. ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɿ ʇɯɼɺʀʑɽʅʅʗ 

ʈɸʅʅʔʆɰ ʄɯʎʅʆʉʊɯ ɹɽʊʆʅʋ ɿɸʃɯɿʆɹɽʊʆʅʅʀʍ ʐʇɸʃ 

ʂʆʄʇʃɽʂʉʅʆʖ ɼʆɹɸɺʂʆʖ 

 

4.1 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʰʧʘʣ 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʥʘ 

ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʰʧʘʣ ʚʠʢʦʥʘʥʽ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʥʘ ɻʥʽʚʘʥʩʴʢʦʤʫ 

ʟʘʚʦʜʽ ʩʧʝʮʟʘʣʽʟʦʙʝʪʦʥʫ. ɺʠʟʥʘʯʝʥʦ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʫ ʟ ʜʦʙʘʚʢʘʤʠ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, 

ʜʦʩʷʛʥʫʪʦ ʧʽʩʣʷ ʪʝʧʣʦʚʦʣʦʛʽʩʥʦʾ ʦʙʨʦʙʢʠ (ʯʝʨʝʟ 24 ʛʦʜ ʧʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ). 

ɿʨʘʟʢʠ ʚʠʛʦʪʦʚʣʷʣʠ ʽʟ ʨʽʚʥʦʨʫʭʦʤʠʭ ʩʫʤʽʰʝʡ, ʪʝʤʧʝʨʘʪʫʨʘ ʽʟʦʪʝʨʤʽʯʥʦʾ 

ʚʠʪʨʠʤʢʠ ʩʢʣʘʜʘʣʘ 40ï50Áʉ. ɼʦʢʣʘʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʰʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘʚʝʜʝʥʽ ʫ ʜʦʜʘʪʢʫ ɻ. ʂʽʥʝʪʠʢʫ  ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʪʘ ʚʝʣʠʯʠʥʠ ʤʽʮʥʦʩʪʽ ʯʝʨʝʟ 24 

ʛʦʜʠʥʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.1. ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩ. 4.1, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ɺ/ʎ ʟ 0,272 ʜʦ 0,236 (ʄʽʩʪʽʤ), 0,222 

(ɸʨʭɹʫʜ), 0,25 (Plastidor) ʪʘ ʧʽʜʚʠʱʠʪʠ ʤʽʮʥʽʩʪʴ ʟ 44 ʄʇʘ ʜʦ 48,1 ʄʇʘ (ʥʘ 9,3 

%, ʄʽʩʪʽʤ), 54,3 ʄʇʘ (ʥʘ 23,5 %, ɸʨʭɹʫʜ), 55,4 ʄʇʘ (ʥʘ 25,9 %, Plastidor). 

ɿʘʩʪʦʩʫʚʘʥʥʷ VisoCrete ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʝ ʟʘʙʝʟʧʝʯʠʣʦ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ 

ʧʨʦ ʾʾ ʥʝʩʫʤʽʩʥʽʩʪʴ ʽʟ ʟʘʩʪʦʩʦʚʘʥʠʤ ʮʝʤʝʥʪʦʤ. 
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ʘ) 

 

ʙ) 

 

ʈʠʩ. 4.1 ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ f ʚʽʜ ʯʘʩʫ ʪʨʠʚʘʣʦʩʪʽ ʪʚʝʨʜʽʥʥʷ ʊ 

ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʦʢ (ʙ/ʜ) ʽ ʟ ʜʦʙʘʚʢʘʤʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ-

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘʤʠ ʧʽʩʣʷ ʪʝʧʣʦʚʦʣʦʛʽʩʥʦʾ ʦʙʨʦʙʢʠ (ʘ) ʪʘ ʚʝʣʠʯʠʥʠ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ f ʫ ʚʽʮʽ 24 ʛʦʜʠʥ 

ʅʘ ʨʠʩ. 4.2 ʥʘʚʝʜʝʥʦ ʦʪʨʠʤʘʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ f ʙʝʪʦʥʫ ʙʝʟ 

ʜʦʙʘʚʦʢ ʽ ʟ ʜʦʙʘʚʢʘʤʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ ʚʽʜ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

ɺ/ʎ. ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩ. 4.2, ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʦʢ ʽ ʟ 
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ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ ʄʽʩʪʽʤ ʽ ɸʨʭɹʫʜ, ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʣʦʛʘʨʠʬʤʽʯʥʠʤ 

ʨʽʚʥʷʥʥʷʤ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʣʷʮʽʾ 0,64. ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʄʽʩʪʽʤ ʽ ɸʨʭɹʫʜ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʽʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ɺ/ʎ. ʄʽʮʥʽʩʪʴ 

ʙʝʪʦʥʫ ʟ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʦʤ Plastidor ʚʠʱʘ, ʥʽʞ ʟʘ ʮʽʻʶ ʟʘʣʝʞʥʽʩʪʶ, ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʮʷ ʜʦʙʘʚʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʽʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʜʘʪʢʦʚʠʭ ʜʦ ʟʥʠʞʝʥʥʷ ɺ/ʎ ʝʬʝʢʪʽʚ. ʄʝʭʘʥʽʟʤ ʮʴʦʛʦ ʚʧʣʠʚʫ ʥʝʚʽʜʦʤʠʡ ʯʝʨʝʟ 

ʪʝ, ʱʦ ʚʠʨʦʙʥʠʢ ʜʦʙʘʚʢʠ ʥʝ ʨʦʟʢʨʠʚʘʻ ʾʾ ʩʢʣʘʜ ʢʨʽʤ ʟʘʛʘʣʴʥʦʾ ʚʢʘʟʽʚʢʠ ʥʘ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʫ ʦʩʥʦʚʫ. 

 

ʈʠʩ. 4.2 ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ f ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʦʢ ʽ ʟ ʜʦʙʘʚʢʘʤʠ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ ʚʽʜ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ɺ/ʎ 

 

ʆʪʞʝ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʰʧʘʣ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʽʣʴʢʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʧʽʩʣʷ ʪʝʧʣʦʚʦʣʦʛʽʩʥʦʾ ʦʙʨʦʙʢʠ ʟʘ 40ï50̄ ʉ ʥʘ 

9,3ï25,9% ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ɺ/ʎ. ʇʨʦʪʝ ʢʦʞʥʫ ʜʦʙʘʚʢʫ 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʷʪʠ ʥʘ ʩʫʤʽʩʥʽʩʪʴ ʽʟ ʟʘʩʪʦʩʦʚʘʥʠʤ ʮʝʤʝʥʪʦʤ. 

y = -47,13ln(x) - 19,65 
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4.2 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ 

ʙʝʪʦʥʫ ʰʧʘʣ  

ɼʦʩʣʽʜʞʝʥʦ ʢʽʥʝʪʠʢʫ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʧʽʜ ʯʘʩ ʧʨʠʨʦʜʥʦʛʦ 

ʪʚʝʨʜʽʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 18ï20Áʉ ʙʝʪʦʥʫ ʟ ʜʦʙʘʚʢʘʤʠ, ʫ ʪ.ʯ. ʢʦʤʧʣʝʢʩʥʠʤʠ. 

ɼʦʢʣʘʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʫ ɼ. ʆʪʨʠʤʘʥʽ ʢʽʥʝʪʠʯʥʽ 

ʢʨʠʚʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.3, ʚʝʣʠʯʠʥʠ ʜʦʩʷʛʥʫʪʦʾ ʤʽʮʥʦʩʪʽ ʧʽʩʣʷ ʪʝʧʣʦʚʦʣʦʛʽʩʥʦʾ 

ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʧʽʩʣʷ 1, 7 ʪʘ 28 ʜʽʙ ʧʨʠʨʦʜʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 4.1 ʽ 

ʥʘ ʨʠʩ. 4.4. 

ʊʘʙʣʠʮʷ 4.1 

ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʦʢ ʽ ʟ ʜʦʙʘʚʢʘʤʠ ʧʽʩʣʷ ʊɺʆ, ʘ ʪʘʢʦʞ 1, 7 

ʽ 28 ʜʽʙ ʧʨʠʨʦʜʥʦʛʦ ʪʚʝʨʜʽʥʥʷ 

 

ʉʧʦʣʫʯʝʥʥʷ 

ʜʦʙʘʚʦʢ 

ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ f, ʄʇʘ 
ʇʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ 

ʚʽʜʥʦʩʥʦ ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʢʠ, % 

ʧʽʩʣʷ 

ʊɺʆ 

45̄ ʉ 

ʧʽʩʣʷ ʧʨʠʨʦʜʥʦʛʦ 

ʪʚʝʨʜʽʥʥʷ, ʜʽʙ 

ʧʽʩʣʷ 

ʊɺʆ 

45̄ ʉ 

ʧʽʩʣʷ ʧʨʠʨʦʜʥʦʛʦ 

ʪʚʝʨʜʽʥʥʷ, ʜʽʙ 

1 7 28 1 7 28 

ʙ/ʜ 24,4 13,9 28,7 43,6     

ʇʂ 22,4 16,6 31,5 54,8 ï8,2 +19,4 +9,8 +25,7 

ʇʂ+ɻʉʂ 22,1 20,8 35,5 57,4 ï9,4 +49,6 +23,7 +31,7 

ʇʂ+ʍʅʂ 19,8 15,1 34,6 55,1 ï18,9 +8,6 +20,6 +26,4 

ʇʂ+ɻʉʂ+ʍʅʂ 14,3 15,2 42,1 55,3 ï41,4 +9,4 +46,7 +26,8 
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ʈʠʩ. 4.3 ʂʽʥʝʪʠʢʘ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʦʢ ʙ/ʜ 

ʽʟ ʜʦʙʘʚʢʘʤʠ ʇʂ,ʇʂ+ɻʉʂ, ʇʂ+ʍʅʂ, ʇʂ+ɻʉʂ+ʍʅʂ 
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ʘ)       ʙ) 

 

ʚ)       ʛ) 

 

 

ʈʠʩ. 4.4 ɼʽʘʛʨʘʤʠ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʟ ʜʦʙʘʚʢʘʤʠ ʧʽʩʣʷ ʧʨʦʧʘʨʶʚʘʥʥʷ (ʘ) 

ʪʘ ʧʽʩʣʷ 1 (ʙ), 7 (ʚ) ʪʘ 28 (ʛ) ʜʽʙ ʧʨʠʨʦʜʥʦʛʦ ʪʚʝʨʜʽʥʥʷ 

  

24,4 
22,4 

19,8 
22,1 

14,3 

f�*�*, �º�¿�� �Ã�¦�½�ð�ñ�V���í�����(�
�� 

13,9 
16,6 

15,1 

20,8 

15,2 

�
�l�� �¿�¶ �¿�¶�=�È�»�¶ �¿�¶�=�§�Á�¶ �¿�¶�=�§�Á�¶�=�È�»�¶ 

f1, �º�¿�� �*�,���,�X�V���í�����(�
�� 

28,7 
31,5 

34,6 35,5 

42,1 

f7, �º�¿�� �*�,���,�X�V��7 �����
 

43,6 

54,8 55,1 
57,4 

55,3 

�
�l�� �¿�¶ �¿�¶�=�È�»�¶ �¿�¶�=�§�Á�¶ �¿�¶�=�§�Á�¶�=�È�»�¶ 

f28, �º�¿�� �*�,���,�X�V���î�ô�������
 



 

97 

 

ɯʟ ʨʠʩ. 4.3, 4.4 ʽ ʪʘʙʣ. 4.1 ʚʠʜʥʦ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʽ ʢʦʤʧʣʝʢʩʥʽ ʜʦʙʘʚʢʠ ʥʝ 

ʪʽʣʴʢʠ ʥʝ ʧʽʜʚʠʱʠʣʠ ʤʽʮʥʽʩʪʴ ʧʽʩʣʷ ʪʝʧʣʦʚʦʣʦʛʽʩʥʦʾ ʦʙʨʦʙʢʠ ʚ ʙʫʜʴ-ʷʢʠʭ 

ʩʧʦʣʫʯʝʥʥʷʭ, ʘʣʝ ʡ ʟʥʠʟʠʣʠ ʾʾ ʥʘ 8,2ï41,4 %. ʅʘʚʧʘʢʠ, ʟʘ ʧʨʠʨʦʜʥʦʛʦ ʪʚʝʨʜʽʥʥʷ 

ʚʩʽ ʜʦʩʣʽʜʞʝʥʽ ʜʦʙʘʚʢʠ ʪʘ ʾʭ ʩʧʦʣʫʯʝʥʥʷ ʦʙʫʤʦʚʠʣʠ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʙʝʪʦʥʫ ʚ ʙʫʜʴ-ʷʢʽ ʾʾ ʪʝʨʤʽʥʠ. ʅʘʡʙʽʣʴʰʫ ʤʽʮʥʽʩʪʴ ʫ ʨʘʥʥʽʡ ʪʝʨʤʽʥ ʧʨʠʨʦʜʥʦʛʦ 

ʪʚʝʨʜʽʥʥʷ (1 ʜʦʙʘ) 20,8 ʄʇʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ ʥʘ 

49,6 % ʟʘʙʝʟʧʝʯʠʣʦ ʩʧʦʣʫʯʝʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ 

ʟ ʜʠʩʧʝʨʩʽʻʶ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ. ʊʘʢʝ ʩʧʦʣʫʯʝʥʥʷ ʜʦʙʘʚʦʢ ʟʘʙʝʟʧʝʯʠʣʦ 

ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʦʢ ʥʘ 49,6 %. 

ʅʘ ʨʠʩ. 4.5 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ f ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʦʢ ʽ ʟ 

ʜʦʙʘʚʢʘʤʠ ʚʽʜ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ɺ/ʎ. ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩ. 4.5, ʮʽ 

ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʦʢ ʽ ʟ ʜʦʙʘʚʢʘʤʠ, ʟʦʢʨʝʤʘ ʫ ʨʘʥʥʴʦʤʫ ʚʽʮʽ 1 

ʜʦʙʠ, ʷʢ ʽ ʟʘʣʝʞʥʽʩʪʴ ʨʠʩ. 4.2, ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʣʦʛʘʨʠʬʤʽʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ. ʎʝ 

ʧʽʜʪʚʝʨʜʞʫʻ ʪʝ, ʱʦ ʦʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʢʦʤʧʣʝʢʩʥʦʾ ʜʦʙʘʚʢʠ ʥʘ 

ʧʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʽʥʥʷ ʻ ʟʥʠʞʝʥʥʷ ɺ/ʎ ʟʘ ʨʘʭʫʥʦʢ ʫʚʝʜʝʥʥʷ 

ʩʫʧʝʨʧʣʘʪʠʬʽʢʘʪʦʨʘ.  
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ʘ) 

 

ʙ) 

 

  

y = -8,74ln(x) + 8,4693 
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ʚ) 

 

ʈʠʩ. 4.5 ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʟ ʜʦʙʘʚʢʘʤʠ ʚʽʜ ɺ/ʎ ʫ ʚʽʮʽ 1 (ʘ), 7 (ʙ) ʽ 

28 (ʚ) ʜʽʙ 

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʩʫʢʫʧʥʦʩʪʽ ʧʽʜʪʚʝʨʜʠʣʠ 

ʚʠʩʫʥʫʪʝ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʤʘʢʩʠʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʫ 

ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʪʦʥʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟ ʢʦʤʧʣʝʢʩʥʦʶ ʜʦʙʘʚʢʦʶ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ ʽ ʧʨʠʩʢʦʨʶʚʘʯʘ, ʱʦ ʥʝ ʩʧʨʠʯʠʥʷʻ 

ʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʘʨʤʘʪʫʨʫ, - ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʷʢ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʟʘʪʨʘʚʢʠ ʜʣʷ ʰʚʠʜʢʦʛʦ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ. ʇʨʦʪʝ 

ʚʝʣʠʯʠʥʠ ʧʝʨʝʜʘʪʦʯʥʦʾ ʤʽʮʥʦʩʪʽ 32 ʄʇʘ ʜʣʷ ʰʧʘʣ ʯʝʨʝʟ 24 ʛʦʜʠʥʠ ʪʚʝʨʜʽʥʥʷ 

ʜʦʩʷʛʪʠ ʥʝ ʚʜʘʣʦʩʴ (ʨʠʩ. 4.3, 4.4). ɰʾ ʦʪʨʠʤʘʥʥʷ ʙʝʟ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʦʞʣʠʚʦ ʯʝʨʝʟ 2 ʜʦʙʠ, ʦʪʞʝ, ʜʣʷ ʧʘʨʪʽʡ ʰʧʘʣ, ʟʘʬʦʨʤʦʚʘʥʠʭ ʫ ʧʝʨʝʜʚʠʭʽʜʥʽ ʪʘ 

ʧʝʨʝʜʩʚʷʪʢʦʚʽ ʜʥʽ. ɼʣʷ ʧʘʨʪʽʡ ʰʧʘʣ, ʟʘʬʦʨʤʦʚʘʥʠʭ ʫ ʟʚʠʯʘʡʥʽ ʨʦʙʦʯʽ ʜʥʽ, 

ʨʦʟʧʘʣʫʙʣʝʥʥʷ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ 24 ʛʦʜʠʥʠ, ʤʘʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ 

ʤʘʣʦʧʨʦʛʨʽʚʥʠʡ ʨʝʞʠʤ ʪʚʝʨʜʽʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ 40ï

50Áʉ. 

  

y = -51,02ln(x) + 3,9959 
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4.3 ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟ ʜʦʙʘʚʢʘʤʠ 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʽʜʜʘʣʠ ʮʝʤʝʥʪʥʠʡ ʢʘʤʽʥʴ ʫ ʚʽʮʽ ʧʦʥʘʜ 

28 ʜʽʙ: 1) ʙʝʟ ʜʦʙʘʚʦʢ, ɺ/ʎ = 0,38; 2) ʟ ʜʦʙʘʚʢʘʤʠ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ (ʇʂ) MC-PowerFlow 3100 ʚ ʢʽʣʴʢʦʩʪʽ 0,4 

%ʽ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʽʥʥʷ ʥʽʪʨʘʪʫ ʢʘʣʴʮʽʶ (ʅʂ) ʚ ʢʽʣʴʢʦʩʪʽ 1 % ʽ ʥʽʪʨʠʪʦʤ 

ʥʘʪʨʽʶ ʅʅ - 1 % ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ ʟʘ ʩʫʭʦʶ ʨʝʯʦʚʠʥʦʶ, ɺ/ʎ = 0,32. ʆʪʨʠʤʘʥʽ 

ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʪʘ ɯʏ-ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.6, 4.7. 

ɸʥʘʣʽʟ ʨʝʥʪʛʝʥʦʛʨʘʤ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʘʭ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ  ʧʨʠʩʫʪʥʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ: 

ʧʦʨʪʣʘʥʜʠʪ ʉʘ(ʆʅ)2- ʜʠʬʨʘʢʮʽʡʥʽ ʤʘʢʩʠʤʫʤʠ 4,93; 2,63; 1,93 ¡ (ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʘʢʦʚʽ ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ); ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ - 3,05-3,07 ¡ (ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʘʢʦʚʽ ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ, ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ C3S, 

ʢʘʣʴʮʠʪʫ); ʛʽʜʨʦʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ ʉ3ɸʅ6- 2,3; 2,23 ¡. 

ʄʽʞ ʟʨʘʟʢʘʤʠ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʚʽʜʤʽʥʥʦʩʪʽ: ʜʠʬʨʘʢʮʽʡʥʽ ʤʘʢʩʠʤʫʤʠ 9,73 ¡ 

ʝʪʨʠʥʛʽʪʫ ʉ3ɸ³3CaSO4³32ʅ2O, ʽ 9,44 ¡ ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪʫ ʢʘʣʴʮʽʶ 

ʉ3ɸ³3Ca(NO3)2³32ʅ2O- ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʣʠʰʝ ʫ ʩʢʣʘʜʽ, ʱʦ ʤʽʩʪʠʪʴ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ʽ ʧʨʠʩʢʦʨʶʚʘʯʽ ʪʚʝʨʜʽʥʥʷ ʥʽʪʨʘʪ 

ʢʘʣʴʮʽʶ ʽ ʥʽʪʨʠʪ ʥʘʪʨʽʶ. 

ɸʥʘʣʽʟ ɯʏ-ʟʩʧʝʢʪʨʽʚ ʪʘʢʦʞ ʧʦʢʘʟʘʚ ʧʨʠʩʫʪʥʽʩʪʴ ʚ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʘʭ 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ. ʉʧʝʢʪʨʠ ʟʨʘʟʢʽʚ ʙʝʟ 

ʜʦʙʘʚʦʢ ʽ ʟ ʜʦʙʘʚʢʤʠ ʩʭʦʞʽ, ʻʜʠʥʦʶ ʚʽʜʟʥʘʢʦʶ ʻ ʧʨʠʩʫʪʥʽʩʪʴ ʥʘ ʩʧʝʢʪʨʽ ʟ 

ʜʦʙʘʚʢʘʤʠ ʩʤʫʛʠ 1385 ʩʤ
-1
, ʷʢʘ ʤʦʞʝ ʥʘʣʝʞʘʪʠ AFm ʽ AFt-ʬʘʟʘʤ, ʚʽʜʟʥʘʯʝʥʠʤ ʽ 

ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʘʭ. ɺʽʜʩʫʪʥʽʩʪʴ ʩʫʪʪʻʚʠʭ ʚʽʜʟʥʘʢ ʤʽʞ ʩʧʝʢʪʨʘʤʠ ʚ ʮʽʣʦʤʫ ʤʦʞʝ 

ʩʚʽʜʯʠʪʠ ʧʨʦ ʚʧʣʠʚ ʥʘ ʧʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʽʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʽʜʨʘʪʘʮʽʾ, 

ʘ ʥʝ ʪʽʣʴʢʠ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ 

ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ ʙʝʟ ʜʦʙʘʚʦʢ ʽ ʟ ʜʦʙʘʚʢʘʤʠ ʧʨʠʩʫʪʥʽ ʚʩʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ: ʧʦʨʪʣʘʥʜʠʪ ʉʘ(ʆʅ)2, ʛʽʜʨʦʩʠʣʽʢʘʪʠ 

ʢʘʣʴʮʽʶ, ʛʽʜʨʦʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ ʉ3ɸʅ6. ʋ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ, ʱʦ ʤʽʩʪʠʪʴ 
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ʜʦʙʘʚʢʫ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ʽ ʧʨʠʩʢʦʨʶʚʘʯʽ 

ʪʚʝʨʜʽʥʥʷ ʝʣʝʢʪʨʦʣʽʪʠ, ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʝʪʨʠʥʛʽʪ ʉ3ɸ³3CaSO4³32ʅ2O ʪʘ 

ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪ ʢʘʣʴʮʽʶ ʉ3ɸ³3Ca(NO3)2³32ʅ2O.   
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ʘ) 

 

ʙ) 

 

ʈʠʩ. 4.6 ʈʝʥʪʛʝʥʦʛʨʘʤʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ: ʘ- ʙʝʟ ʜʦʙʘʚʦʢ, ɺ/ʎ = 0,38; ʙ- 

ʟ ʜʦʙʘʚʢʘʤʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ ʽ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʽʥʥʷ 

ʝʣʝʢʪʨʦʣʽʪʽʚ, ɺ/ʎ = 0,32. ʄʦʜʝʨʥʽʟʦʚʘʥʠʡ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅ-

3; ʇɿ DifWin1; ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʪʨʫʙʢʘ 1,6ɹʉɺ27-Fe; ʥʘʧʨʫʛʘ 30 ʢɺ, ʩʠʣʘ ʩʪʨʫʤʫ 

20 ʤɸ; ʽʥʪʝʨʚʘʣ ʢʫʪʽʚ 2q- 7ï80̄
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ʘ) 

 

ʙ) 

 

ʈʠʩ. 4.7 ɯʏ-ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ: ʘ- ʟ ɺ/ʎ = 0,38 ʙʝʟ 

ʜʦʙʘʚʦʢ; ʙ- ʟ ɺ/ʎ = 0,32 ʽ ʜʦʙʘʚʢʘʤʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʦʤ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ (MC-PowerFlow 3100, 0,4 %) ʽ ʧʨʠʩʢʦʨʶʚʘʯʽʚ 

ʪʚʝʨʜʽʥʥʷ ʥʽʪʨʘʪʫ ʢʘʣʴʮʽʶ 1 % ʽ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ 1 % ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ ʟʘ ʩʫʭʦʶ 
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ʨʝʯʦʚʠʥʦʶ. ɯʥʬʨʘʯʝʨʚʦʥʠʡ ʌʫʨôʻ-ʩʧʝʢʪʨʦʤʝʪʨ Bruker Alpha; ʇɿ OPUS; ʧʨʦʙʘ ʫ 

KBr; ʜʽʘʧʘʟʦʥ ʭʚʠʣʴ 4000-400 ʩʤ
-1

. 

 

4.5 ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʟ ʜʦʙʘʚʢʘʤʠ 

ɺʠʢʦʥʘʥʦ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟ 

ʜʦʙʘʚʢʘʤʠ. ʅʘ ʨʠʩ. 4.8 ʥʘʚʝʜʝʥʦ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʦʩʢʦʧʽʯʥʽ ʟʥʽʤʢʠ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʙʝʟ ʜʦʙʘʚʦʢ (ʙ/ʜ, ʨʠʩ. 4.8, ʘ) ʟ ʜʦʙʘʚʢʦʶ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ-

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ Master Glenium ɸʉɽ-430 (ʇʂ, ʨʠʩ. 4.8, ʙ), ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʜʦʙʘʚʢʘʤʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ-ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ ʽ ʧʨʠʩʢʦʨʶʚʯʘ-ʝʣʝʢʪʨʦʣʽʪʘ 

(ʇʂ+ʍʅʂ, ʨʠʩ. 4.8, ʚ) ʽ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ-ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ ʪʘ 

ʧʨʠʩʢʦʨʶʚʘʯʘ ʪʚʝʨʜʽʥʥʷ Master X-Seed 100 (ʇʂ+ɻʉʂ, ʨʠʩ. 4.8, ʛ). ɿʘ ʥʝʚʝʣʠʢʠʭ 

ʟʙʽʣʴʰʝʥʴ ³50ï100 (ʣʽʚʽ ʟʥʽʤʢʠ) ʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʤʘʡʞʝ ʥʝ 

ʨʦʟʨʽʟʥʷʻʪʴʩʷ. ɿʘ ʚʝʣʠʢʠʭ ʟʙʽʣʴʰʝʥʴ ³5000ï10000 (ʮʝʥʪʨʘʣʴʥʽ ʪʘ ʧʨʘʚʽ ʟʥʽʤʢʠ) 

ʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʚʽʜʨʽʟʥʷʻʪʴʩʷ, ʟʦʢʨʝʤʘ, ʫ ʧʨʦʜʫʢʪʘʭ ʛʽʜʨʘʪʘʮʽʾ 

ʚʩʽʭ ʟʨʘʟʢʽʚ ʥʘʷʚʥʽ ʷʢ ʛʝʣʝʧʦʜʽʙʥʽ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ, ʪʘʢ ʽ 

ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʠ, ʟ ʷʢʠʭ ʚ ʫʩʽʭ ʟʨʘʟʢʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʣʠʰʝ ʛʝʢʩʘʛʦʥʘʣʴʥʽ 

ʧʣʘʩʪʠʥʢʠ ʧʦʨʪʣʘʥʜʠʪʫ. ɿ ʽʥʰʠʭ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ ʣʠʰʝ ʚ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ 

ʙʝʟ ʜʦʙʘʚʦʢ ʽ ʟ ʜʦʙʘʚʢʦʶ ʇʂ ʧʨʦʛʣʷʜʘʶʪʴʩʷ ʦʢʨʝʤʽ ʢʫʙʽʯʥʽ ʢʨʠʩʪʘʣʠ 

ʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ, ʘ ʚ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ ʙʝʟ ʜʦʙʘʚʦʢ, ʟ ʜʦʙʘʚʢʘʤʠ ʇʂ ʽ 

ʇʂ+ɻʉʂ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʛʦʣʯʘʩʪʽ ʢʨʠʩʪʘʣʠ AFt-ʬʘʟʠ ï ʝʪʨʠʥʛʽʪʫ, ʧʨʠʯʦʤʫ ʫ 

ʟʨʘʟʢʘʭ ʙʝʟ ʜʦʙʘʚʦʢ ʽ ʟ ʜʦʙʘʚʢʦʶ ʇʂ ʾʭ ʜʦʚʞʠʥʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 2 ʤʢʤ, ʘ ʫ 

ʟʨʘʟʢʘʭ ʟ ʇʂ+ɻʉʂ ʜʦʩʷʛʘʻ 5ï7 ʤʢʤ. ʂʨʠʩʪʘʣʽʯʥʽ ʫʪʚʦʨʝʥʥʷ ʫ ʟʨʘʟʢʘʭ ʇʂ+ʍʅʂ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʽ ʻ, ʦʯʝʚʠʜʥʦ AFm-ʬʘʟʦʶ, ʫʪʚʦʨʝʥʦʶ ʟʘ 

ʫʯʘʩʪʶ ʥʝ ʪʽʣʴʢʠ ʩʫʣʴʬʘʪʫ, ʘ ʡ  ʭʣʦʨʠʜʫ ʪʘ ʥʽʪʨʘʪʫ ʢʘʣʴʮʽʶ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ ʣʦʢʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʥʦʛʦ 

ʩʢʣʘʜʫ, ʷʢʠʡ ʧʦʢʘʟʘʚ ʫ ʟʨʘʟʢʘʭ ʟ ʜʦʙʘʚʢʘʤʠ ʇʂ+ʍʅʂ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʭʣʦʨʫ, 

ʦʯʝʚʠʜʥʦ, ʟʚôʷʟʘʥʦʛʦ ʮʽʻʶ AFm-ʬʘʟʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʦʙʘʚʢʘ 
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ʣʠʰʝ ʉʇ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ. ʂʦʤʧʣʝʢʩʥʽ ʜʦʙʘʚʢʠ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ: ʇʂ+ʍʅʂ ï 

AFm-ʬʘʟʠ, ʱʦ ʤʽʩʪʠʪʴ ʭʣʦʨʠʜ ʪʘ ʥʽʪʨʘʪ ʢʘʣʴʮʽʶ, ʘ ʇʂ+ɻʉʂ ï AFt-ʬʘʟʠ 

ʝʪʨʠʥʛʽʪʫ ʟ ʙʽʣʴʰ ʜʦʚʛʠʤʠ ʢʨʠʩʪʘʣʘʤʠ ʜʦʚʞʠʥʦʶ ʜʦ 5ï7 ʤʢʤ. 

ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʫ ʧ. 3.4 ʩʭʝʤʫ ʨʠʩ. 3.7 ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ ʪʫʞʘʚʣʝʥʥʷ ʽ ʧʦʯʘʪʢʦʚʦʾ 

ʩʪʘʜʽʾ ʪʚʝʨʜʽʥʥʷ ʮʝʤʝʥʪʫ ʙʝʟ ʜʦʙʘʚʦʢ ʘʙʦ ʟ ʜʦʙʘʚʢʘʤʠ ʇʂ, ʇʂ+ʍʅʂ, ʇʂ+ɻʉʂ 

(ʨʠʩ. 3.7) ʪʘ ʤʝʭʘʥʽʟʤ ʚʧʣʠʚʫ ʜʦʙʘʚʢʠ ʜʠʩʧʝʨʩʥʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʥʘ 

ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʽ ʙʝʪʦʥʫ. 
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ʘ)                                                                 

 

ʙ) 

 

ʚ) 

 

ʛ)                                                                   

 

ʈʠʩ. 4.8 ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʥʽʤʢʠ ʚʽʜʢʦʣʽʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʙʝʟ 

ʜʦʙʘʚʦʢ ʙ/ʜ (ʘ) ʽ ʟ ʜʦʙʘʚʢʘʤʠʇʂ (ʙ), ʇʂ+ʍʅʂ (ʚ),ʇʂ+ɻʉʂ (ʛ). ɿʙʽʣʴʰʝʥʥʷ ʚʽʜ 

Ĭ50 ʜʦ Ĭ10000 
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4.6 ʇʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʽ ʪʘ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʦʛʦ ʩʪʘʥʫ 

ʩʪʘʣʝʚʦʾ ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥʽ ʟ ʜʦʙʘʚʢʘʤʠ 

ʂʦʨʦʟʽʡʥʠʡ ʚʧʣʠʚ ʜʦʙʘʚʦʢ ʥʘ ʩʪʘʣʝʚʫ ʘʨʤʘʪʫʨʫ ʜʦʩʣʽʜʞʝʥʦ ʰʣʷʭʦʤ 

ʧʦʪʝʥʮʽʦʜʥʘʤʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ 

(ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʢʨʠʚʠʭ) ʫ ʢʦʦʨʜʠʥʘʪʘʭ: ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ i, ʤʢɸ/ʩʤ
2
 ï ʧʦʪʝʥʮʽʘʣ 

ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʫ ɽ, ʤɺ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.9 ʽ ʚ ʪʘʙʣ. 4.2. ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩ. 4.9, 

ʟʘ ʧʦʪʝʥʮʽʘʣʫ 300 ʤɺ (ʥʘʩʠʯʝʥʠʡ ʢʘʣʦʤʝʣʴʥʠʡ ʝʣʝʢʪʨʦʜ) ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʷʢ ʜʣʷ 

ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʙʝʟ ʜʦʙʘʚʦʢ, ʪʘʢ ʽ ʜʣʷ ʙʝʪʦʥʫ ʟ ʜʦʙʘʚʢʘʤʠ ʧʽʩʣʷ 28 ʜʽʙ ʪʘ 6 

ʤʽʩʷʮʽʚ ʪʚʝʨʜʽʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 10 ʤʢɸ/ʩʤ
2
, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʘʨʤʘʪʫʨʥʘ 

ʩʪʘʣʴ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʧʘʩʠʚʥʦʤʫ ʩʪʘʥʽ. ɼʣʷ ʙʝʪʦʥʫ ʟ 

ʢʦʤʧʣʝʢʩʥʦʶ ʜʦʙʘʚʢʦʶ ʩʫʧʝʨʧʣʘʩʪʠʬʢʘʪʦʨʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ Master Glenium 

ɸʉɽ-430 ʪʘ ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶMaster X-Seed 100, ʩʫʜʷʯʠ ʟʘ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʢʫʪʦʤ ʥʘʭʠʣʫ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʢʨʠʚʠʭ ʪʘ ʚʝʣʠʯʠʥʘʤʠ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ (3; 2; 52; 34 ʤʢɸ/ʩʤ
2
), ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʡʤʝʥʰʘ ʢʦʨʦʟʽʡʥʘ ʥʝʙʝʟʧʝʢʘ, 

ʥʘʚʽʪʴ ʤʝʥʰʘ, ʥʽʞ ʜʣʷ ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʦʢ.  

ʊʘʙʣʠʮʷ 4.2 

ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ ʩʪʽʢʘʥʥʷ ʟ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ ʟ ʜʦʙʘʚʢʘʤʠ 

ɼʦʙʘʚʢʠ 

ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ, ʤʢɸ/ʩʤ2,ʟʘ ʥʘʢʣʘʜʝʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ɺ, ʫ ʚʽʮʽ ʙʝʪʦʥʫ 

300 900 

28 ʜʽʙ 6 ʤʽʩ. 28 ʜʽʙ 6 ʤʽʩ. 

ʙ/ʜ 5 4 53 60 

ʇʂ 4,5 2 52 39 

ʇʂ+ʍʅʂ 4,5 2 66 48 

ʇʂ+ɻʉʂ 3 2 52 34 

 

ʈʝʟʫʣʴʪʘʪʠ ʩʚʽʪʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʙʝʪʦʥʫ ʟ ʜʦʙʘʚʢʘʤʠ ʫ 

ʚʠʛʣʷʜʽ ʟʥʽʤʢʽʚ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.10. ɺ ʮʽʣʦʤʫ ʚʦʥʠ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʠʩʥʦʚʢʠ ʧʦʪʝʥʮʽʦʜʥʘʤʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʅʘ ʘʨʤʘʪʫʨʽ, ʱʦ 
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ʝʢʩʧʦʥʫʚʘʣʘʩʴ ʚ ʙʝʪʦʥʽ ʙʝʟ ʜʦʙʘʚʦʢ ʽ  ʟ ʜʦʙʘʚʢʦʶ ʇʂ (ʨʠʩ. 4.10, ʘ, ʙ), ʩʣʽʜʽʚ 

ʢʦʨʦʟʽʾ ʥʝ ʚʠʷʚʣʝʥʦ ʟʦʚʩʽʤ. ʅʘ ʘʨʤʘʪʫʨʽ, ʱʦ ʝʢʩʧʦʥʫʚʘʣʘʩʴ ʚ ʙʝʪʦʥʽ ʟ ʜʦʙʘʚʢʘʤʠ 

ʇʂ+ʍʅʂ ʽ ʇʂ+ɻʉʂ, ʚʠʜʥʦ ʥʘʣʽʪ ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ (ʨʠʩ. 4.10, ʚ, ʛ), ʧʨʦʪʝ ʚʽʥ 

ʩʧʦʩʪʝʨʛʘʶʪʴʩʷ ʣʠʰʝ ʫ ʧʦʛʣʠʙʣʝʥʥʷʭ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʜʨʦʪʫ ʽ, ʦʯʝʚʠʜʥʦ, 

ʟʘʣʠʰʠʣʠʩʴ ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ ʘʨʤʘʪʫʨʠ ʥʘʞʜʘʯʥʠʤ ʧʘʧʝʨʦʤ ʱʝ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʨʘʟʢʽʚ. 

ʆʪʞʝ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʩʣʽʜʞʝʥʽ ʜʦʙʘʚʢʠ ʥʝ ʩʧʨʠʯʠʥʷʶʪʴ ʢʦʨʦʟʽʡʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʘʨʤʘʪʫʨʥʫ ʩʪʘʣʴ, ʦʩʦʙʣʠʚʦ ʇʂ+ɻʉʂ, ʟʘ ʷʢʦʾ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʩʪʽʢʘʥʥʷ 

ʟ ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥ ʟʘ ʥʘʢʣʘʜʝʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 0,9 ɺ, ʟʤʝʥʰʫʻʪʴʩʷ ʟ 60 ʜʦ 34 

ʤʢɸ/ʩʤ
2
, ʪʦʙʪʦ ʥʘ (60ï34)Ĭ100/60 = 54 %. 
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ʘ) 

 

ʙ) 

 

ʈʠʩ. 4.9 ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʢʨʠʚʽ ʩʪʘʣʴʥʠʭ ʩʪʝʨʞʥʽʚ ʫ ʙʝʪʦʥʽ ʟ ʜʦʙʘʚʢʘʤʠ ʧʽʩʣʷ 

28 ʜʽʙ (ʘ) ʪʘ 6 ʤʽʩʷʮʽʚ (ʙ) ʪʚʝʨʜʽʥʥʷ 
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ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ)  

 

ʈʠʩ. 4.10 ʉʪʘʥ ʘʨʤʘʪʫʨʥʦʛʦ ʜʨʦʪʫ ʧʽʩʣʷ ʚʠʪʨʠʤʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ 1 ʨʦʢʫ ʚ 

ʧʝʨʝʤʽʥʥʦʤʫ ʨʽʚʥʽ ʚʦʜʠ ʟʨʘʟʢʽʚ ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʦʢ ʙ/ʜ (ʘ) ʽ ʟ ʜʦʙʘʚʢʘʤʠʇʂ 

(ʙ),ʇʂ+ʍʅʂ (ʚ), ʇʂ+ɻʉʂ (ʛ).ʉʚʽʪʣʦʚʘ ʤʽʢʨʦʩʢʦʧʽʷ, ʟʙʽʣʴʰʝʥʥʷ Ĭ25 (ʣʽʚʦʨʫʯ), 

Ĭ88 (ʧʨʘʚʦʨʫʯ) 
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ɺʀʉʅʆɺʂʀ ɿɸ ʈʆɿɼɯʃʆʄ 4 

1. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ 

ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʰʧʘʣ, ʱʦ ʪʚʝʨʜʽʻ ʟʘ 

ʤʘʣʦʧʨʦʛʨʽʚʥʠʤ ʨʝʞʠʤʦʤ ʟʘ 40ï50̄ ʉ.  ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ɺ/ʎ ʟ 

0,272 ʜʦ 0,25ï0,222 ʪʘ ʧʽʜʚʠʱʠʪʠ ʤʽʮʥʽʩʪʴ ʟ 44 ʄʇʘ ʜʦ 48,1ï55,4 ʄʇʘ. 

ʇʦʣʽʢʘʨʙʦʢʩʠʣʘʪʠ ʜʝʷʢʠʭ ʚʠʨʦʙʥʠʢʽʚ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʝ ʟʘʙʝʟʧʝʯʠʣʠ, ʱʦ 

ʩʚʽʜʯʠʪ ɹ ʧʨʦ ʾʾ ʥʝʩʫʤʽʩʥʽʩʪʴ ʽʟ ʟʘʩʪʦʩʦʚʘʥʠʤ ʮʝʤʝʥʪʦʤ. ʆʪʞʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʽʣʴʢʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʧʽʩʣʷ ʪʝʧʣʦʚʦʣʦʛʽʩʥʦʾ ʦʙʨʦʙʢʠ ʟʘ 40ï50̄ ʉ ʥʘ 9ï26 % ʚ 

ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ɺ/ʎ. ʇʨʦʪʝ ʢʦʞʥʫ ʜʦʙʘʚʢʫ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʚʽʨʷʪʠ ʥʘ ʩʫʤʽʩʥʽʩʪʴ ʽʟ ʟʘʩʪʦʩʦʚʘʥʠʤ ʮʝʤʝʥʪʦʤ. 

2. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʰʧʘʣ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʧʨʠʨʦʜʥʴʦʛʦ ʪʚʝʨʜʽʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʦʢ ʟʘʙʝʟʧʝʯʠʣʦ 

ʟʙʽʣʴʰʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʫ ʚʽʮʽ 1 ʜʦʙʠ: ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ ï ʥʘ 19 %, 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ ʽ ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ï ʥʘ 50 %, ʫ ʚʽʮʽ 7 ʜʽʙ: 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ ï ʥʘ 10 %, ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ ʪʘ ʝʣʝʢʪʨʦʣʽʪʽʚ ï ʥʘ 21 %, 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ ʽ ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ï ʥʘ 24 %, 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ, ʝʣʝʢʪʨʦʣʽʪʽʚ ʽ ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ï ʥʘ 47 %. 

ʇʽʩʣʷ ʪʝʧʣʦʚʦʣʦʛʽʩʥʦʾ ʦʙʨʦʙʢʠ ʟʘ 45̄ ʉ ʜʦʙʘʚʢʠ ʚ ʙʫʜʴ-ʷʢʠʭ ʩʧʦʣʫʯʝʥʥʷʭ 

ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʝ ʟʘʙʝʟʧʝʯʠʣʠ. ʆʪʞʝ, ʥʘʡʙʽʣʴʰʫ ʤʽʮʥʽʩʪʴ ʫ ʨʘʥʥʽʡ ʪʝʨʤʽʥ 

ʧʨʠʨʦʜʥʦʛʦ ʪʚʝʨʜʽʥʥʷ 1 ʜʦʙʘ 20,8 ʄʇʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʚʽʜʥʦʩʥʦ 

ʢʦʥʪʨʦʣʶ ʥʘ 50 % ʟʘʙʝʟʧʝʯʠʣʦ ʩʧʦʣʫʯʝʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ ʟ ʜʠʩʧʝʨʩʽʻʶ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ.   

3. ɺ ʨʝʟʫʣʴʪʘʪʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʮʝʤʝʥʪʥʦʤʫ 

ʢʘʤʝʥʽ ʙʝʟ ʜʦʙʘʚʦʢ ʽ ʟ ʜʦʙʘʚʢʘʤʠ ʧʨʠʩʫʪʥʽ ʚʩʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ: ʧʦʨʪʣʘʥʜʠʪ ʉʘ(ʆʅ)2, ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ, 

ʛʽʜʨʦʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ ʉ3ɸʅ6. ʋ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ, ʱʦ ʤʽʩʪʠʪʴ ʜʦʙʘʚʢʫ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ʽ ʧʨʠʩʢʦʨʶʚʘʯʽ ʪʚʝʨʜʽʥʥʷ 
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ʝʣʝʢʪʨʦʣʽʪʠ, ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʝʪʨʠʥʛʽʪ ʉ3ɸ³3CaSO4³32ʅ2O ʪʘ ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪ 

ʢʘʣʴʮʽʶ ʉ3ɸ³3Ca(NO3)2³32ʅ2O.   

4. ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʘʥʽʰʝ ʩʭʝʤʠ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ ʪʫʞʘʚʣʝʥʥʷ ʽ ʧʦʯʘʪʢʦʚʦʾ ʩʪʘʜʽʾ 

ʪʚʝʨʜʽʥʥʷ ʮʝʤʝʥʪʫ ʙʝʟ ʜʦʙʘʚʦʢ ʘʙʦ ʟ ʜʦʙʘʚʢʘʤʠ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ, 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ ʪʘ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ ʪʘ ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ 

ʢʘʣʴʮʽʶ, ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʟʤ ʚʧʣʠʚʫ ʜʦʙʘʚʢʠ ʜʠʩʧʝʨʩʥʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ 

ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʽ ʙʝʪʦʥʫ. 

5. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʙʘʚʢʠ 

ʥʝ ʩʧʨʠʯʠʥʷʶʪʴ ʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʘʨʤʘʪʫʨʥʫ ʩʪʘʣʴ, ʦʩʦʙʣʠʚʦ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪ ʟ ʜʠʩʧʝʨʩʽʻʶ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ, ʜʣʷ ʷʢʦʾ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ 

ʩʪʽʢʘʥʥʷ ʟ ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥ ʟʘ ʥʘʢʣʘʜʝʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 0,9 ɺ, ʟʤʝʥʰʫʻʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʢʦʢ ʟ 60 ʜʦ 34 ʤʢɸ/ʩʤ
2
, ʪʦʙʪʦ ʥʘ 54 %. 

6. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʩʫʢʫʧʥʦʩʪʽ ʧʽʜʪʚʝʨʜʠʣʠ 

ʚʠʩʫʥʫʪʝ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʤʘʢʩʠʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʫ 

ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʪʦʥʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟ ʢʦʤʧʣʝʢʩʥʦʶ ʜʦʙʘʚʢʦʶ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ ʽ ʧʨʠʩʢʦʨʶʚʘʯʘ, ʱʦ ʥʝ ʩʧʨʠʯʠʥʷʻ 

ʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʘʨʤʘʪʫʨʫ, - ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʷʢ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʟʘʪʨʘʚʢʠ ʜʣʷ ʰʚʠʜʢʦʛʦ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ. ʇʨʦʪʝ 

ʚʝʣʠʯʠʥʠ ʧʝʨʝʜʘʪʦʯʥʦʾ ʤʽʮʥʦʩʪʽ 32 ʄʇʘ ʜʣʷ ʰʧʘʣ ʯʝʨʝʟ 24 ʛʦʜʠʥʠ ʪʚʝʨʜʽʥʥʷ 

ʜʦʩʷʛʪʠ ʥʝ ʚʜʘʣʦʩʴ. ɰʾ ʦʪʨʠʤʘʥʥʷ ʙʝʟ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʣʠʚʦ ʯʝʨʝʟ 2 

ʜʦʙʠ, ʦʪʞʝ, ʜʣʷ ʧʘʨʪʽʡ ʰʧʘʣ, ʟʘʬʦʨʤʦʚʘʥʠʭ ʫ ʧʝʨʝʜʚʠʭʽʜʥʽ ʪʘ ʧʝʨʝʜʩʚʷʪʢʦʚʽ ʜʥʽ. 

ɼʣʷ ʧʘʨʪʽʡ ʰʧʘʣ, ʟʘʬʦʨʤʦʚʘʥʠʭ ʫ ʟʚʠʯʘʡʥʽ ʨʦʙʦʯʽ ʜʥʽ, ʨʦʟʧʘʣʫʙʣʝʥʥʷ ʷʢʠʭ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ 24 ʛʦʜʠʥʠ, ʤʘʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʤʘʣʦʧʨʦʛʨʽʚʥʠʡ ʨʝʞʠʤ 

ʪʚʝʨʜʽʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ 40ï45Áʉ. 
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ʈʆɿɼɯʃ 5. ɺʇʈʆɺɸɼɾɽʅʅʗ ʈɽɿʋʃʔʊɸʊɯɺ ɼʆʉʃɯɼɾɽʅʔ ʋ 

ɺʀʈʆɹʅʀʎʊɺɯ ɿɹɯʈʅʀʍ ɿɸʃɯɿʆɹɽʊʆʅʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ ɯ 

ɹʋɼɯɺɽʃʔʅʀʍ ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

 

5.1 ʈʝʢʦʤʝʥʜʘʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʪʘ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʽʥʥʷ ʚ ʙʝʪʦʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʰʧʘʣ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʪʘ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʽʥʥʷ ʚ 

ʙʝʪʦʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ:  

ʈʝʢʦʤʝʥʜʘʮʽʾ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʧʝʨʝʜʘʪʦʯʥʦʾ ʤʽʮʥʦʩʪʽ 

ʙʝʪʦʥʫ ʫ ʚʩʪʘʥʦʚʣʝʥʽ ʪʝʨʤʽʥʠ ʟ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤʠ ʩʫʢʫʧʥʠʤʠ 

ʨʝʩʫʨʩʦʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ ï ʪʝʧʣʘ ʥʘ ʪʝʧʣʦʚʦʣʦʛʽʩʥʫ ʦʙʨʦʙʢʫ, ʮʝʤʝʥʪʫ ʪʦʱʦ, ʟʘ 

ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʰʠʭ ʥʦʨʤʦʚʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʫ ʽ ʰʧʘʣ - ʤʽʮʥʦʩʪʽ 

ʫ ʧʨʦʝʢʪʥʦʤʫ ʚʽʮʽ, ʤʘʨʢʠ ʟ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ, ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʙʝʪʦʥʫ, 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʰʧʘʣ. 

ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʠʩʦʢʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ (ʚʠʪʨʘʪʫ ʪʝʧʣʘ ʥʘ ʪʝʧʣʦʚʦʣʦʛʽʩʥʫ ʦʙʨʦʙʢʫ ʽ ʚʠʪʨʘʪʫ 

ʮʝʤʝʥʪʫ), ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʜʘʪʦʯʥʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʥʝ ʤʝʥʰʝ 

32 ʄʇʘ ʯʝʨʝʟ ʢʦʨʦʪʢʠʡ ʯʘʩ, ʦʙʫʤʦʚʣʝʥʠʡ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ: 

- ʱʦʜʝʥʥʦ ʫ 2 ʟʤʽʥʠ - ʯʝʨʝʟ 8 ʛʦʜʠʥ; 

- ʱʦʜʝʥʥʦ ʚ 1 ʟʤʽʥʫ - ʯʝʨʝʟ 24 ʛʦʜʠʥʠ; 

- ʯʝʨʝʟ ʜʝʥʴ ʚ 1 ʟʤʽʥʫ - ʯʝʨʝʟ 48 ʛʦʜʠʥ. 

ʄʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʪʝʧʣʘ ʽ ʮʝʤʝʥʪʫ ʜʦʩʷʛʘʶʪʴ ʟʘ ʨʘʭʫʥʦʢ:  

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʝʤʝʥʪʽʚ ʚʠʩʦʢʦʾ ʘʢʪʠʚʥʦʩʪʽ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʦʚʥʶʚʘʯʽʚ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ; 

- ʧʨʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʽʚ ʙʝʪʦʥʫ, ʚ ʷʢʠʭ ʟʘʙʝʟʧʝʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʩʫʥʝʥʥʷ ʟʝʨʝʥ ʱʝʙʝʥʶ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʤ ʨʦʟʯʠʥʦʤ, ʟʝʨʝʥ 

ʧʽʩʢʫ ʮʝʤʝʥʪʥʠʤ ʪʽʩʪʦʤ (ʢʘʤʝʥʝʤ), ʘ ʪʘʢʦʞ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ;  
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- ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʽ 

ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʽʥʥʷ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʮʝʤʝʥʪʫ ʧʽʜ ʯʘʩ ʪʚʝʨʜʽʥʥʷ ʜʣʷ 

ʧʽʜʡʦʤʫ ʽ ʧʽʜʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʦʧʘʨʶʚʘʣʴʥʠʭ  ʢʘʤʝʨʘʭ. 

ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʤʘʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʇʎ ɯ-500ʅ ʘʙʦ ʇʎ ɯ-500ʈ-ʅ ɼʉʊʋ ɹ ɺ.2.7-46 ʟ ʘʢʪʠʚʥʽʩʪʶ 

ʧʽʩʣʷ ʧʨʦʧʘʨʶʚʘʥʥʷ ʥʝ ʥʠʞʯʝ 40 ʄʇʘ, ʫ ʚʽʮʽ 2 ʜʽʙ ï ʥʝ ʥʠʞʯʝ 37,8, ʚʤʽʩʪʦʤ 

ʪʨʴʦʭʢʘʣʴʮʽʻʚʦʛʦ ʘʣʶʤʽʥʘʪʫ ʥʝ ʥʠʞʯʝ 6,82 %, ʚʠʨʦʙʥʠʮʪʚʘ ʇʨɸʊ çɼʽʢʝʨʛʦʬ 

ʎʝʤʝʥʪ ʋʢʨʘʾʥʘè - çɺʦʣʠʥʴ-ʎʝʤʝʥʪè (ʟʜʦʣʙʫʥʽʚʩʴʢʠʡ), çʖʛʎʝʤʝʥʪ 

(ʦʣʴʰʘʥʩʴʢʠʡ); ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ-ʮʝʤʝʥʪè.  

ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʤʘʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʱʝʙʽʥʴ 

ʛʨʘʥʽʪʥʠʡ ʩʫʤʽʰʽ ʬʨʘʢʮʽʡ 5ï20 ʤʤ, ʬʨʘʢʮʽʡ 5ï10 ʽ 10ï20 ʤʤ (ʜʣʷ ʩʧʽʣʴʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ), ʧʽʩʦʢ ʢʚʘʨʮʦʚʠʡ ʟ ʤʦʜʫʣʝʤ ʢʨʫʧʥʦʩʪʽ ʥʝ ʥʠʞʯʝ 1,75, ʛʨʘʥʽʪʥʠʡ 

ʚʽʜʩʽʚ ʟ ʤʦʜʫʣʝʤ ʢʨʫʧʥʦʩʪʽ ʥʝ ʥʠʞʯʝ 2,5 (ʜʣʷ ʟʙʘʛʘʯʝʥʥʷ ʧʽʩʢʫ). ʑʝʙʽʥʴ ʪʘ ʧʽʩʦʢ 

ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʯʠʥʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʋ ʩʢʣʘʜʽ ʙʝʪʦʥʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʚʽ ʬʨʘʢʮʽʾ ʱʝʙʝʥʶ - 5-10 ʽ 

10-20 ʤʤ ʽ ʜʚʽ ʬʨʘʢʮʽʾ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ - ʧʽʩʦʢ ʢʚʘʨʮʦʚʠʡ ʽ ʚʽʜʩʽʚ 

ʛʨʘʥʽʪʥʠʡ ʟ ʨʦʟʜʽʣʴʥʠʤ ʜʦʟʫʚʘʥʥʷʤ. ʋ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʱʝʙʝʥʶ ʩʫʤʽʰʽ 

ʬʨʘʢʮʽʡ 5ï20 ʤʤ ʡʦʛʦ ʜʦʮʽʣʴʥʦ ʟʙʘʛʘʯʫʚʘʪʠ ʰʣʷʭʦʤ ʨʦʟʜʽʣʴʥʦʛʦ ʜʦʟʫʚʘʥʥʷ 

ʱʝʙʝʥʝʤ ʬʨʘʢʮʽʾ 5ï10 ʤʤ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʨʘʢʮʽʡ ʱʝʙʝʥʶ ʪʘ ʧʽʩʢʫ ʫ ʨʘʟʽ 

ʨʦʟʜʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ.   

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ  ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʢʣʘʜʠ ʙʝʪʦʥʫ ʽʟ ʟʘʙʝʟʧʝʯʝʥʠʤʠ ʦʧʪʠʤʘʣʴʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʦʟʩʫʥʝʥʥʷ ʱʝʙʝʥʶ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʤ ʨʦʟʯʠʥʦʤ Ŭʦʧʪ, ʧʽʩʢʫ ʮʝʤʝʥʪʥʠʤ ʪʽʩʪʦʤ 

(ʢʘʤʝʥʝʤ) ɛʦʧʪ ʽ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ɺ/ʎʦʧʪ. 

ʉʢʣʘʜ ʙʝʪʦʥʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʥʘʚʝʜʝʥʦʶ ʫ 

ʧ.2.1.3. ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʚʠʟʥʘʯʘʣʴʥʦʾ ʬʨʘʢʮʽʾ ʮʝʤʝʥʪʫ ʤʘʻ ʚʠʟʥʘʯʘʪʠʩʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɼʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ 

ʚʠʟʥʘʯʘʣʴʥʦʾ ʬʨʘʢʮʽʾ ʮʝʤʝʥʪʫ ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʨʠʡʥʷʪʠ 10 ʤʢʤ. 
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ɺ/ʎ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʠʡʥʷʪʠ 0,28ï0,3. ʊʘʢʽ ʚʝʣʠʯʠʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʘʢʦʞ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʽ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʴ ʙʝʪʦʥʫ. 

ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ çʇʉɹ-ʋʢʨɼɸɿʊè. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʘʥʥʴʦʾ ʤʽʮʥʩʪʽ ʙʝʪʦʥʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʘʦʢ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 5.1.  ʇʦʪʨʽʙʥʘ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʴ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟ ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ɺ/ʎ ʤʘʻ ʜʦʩʷʛʘʪʠʩʴ ʟʘ ʨʘʭʫʥʦʢ 

ʫʚʝʜʝʥʥʷ ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ. ʇʨʠʩʢʦʨʝʥʥʷ 

ʪʚʝʨʜʽʥʥʷ ʚ ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʫʚʝʜʝʥʥʷʤ ʜʦʙʘʚʦʢ - 

ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ ï ʥʽʪʨʘʪʫ ʪʘ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ, ʜʠʩʧʝʨʩʽʾ 

ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʦʢ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʥʝʥʥʷ ʙʝʟ 

ʇʂ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ. ʇʝʨʝʜ ʧʨʠʟʥʘʯʝʥʥʷʤ ʜʦʙʘʚʢʠ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʾʾ ʥʘ 

ʩʫʤʽʩʥʽʩʪʴ ʟ ʮʝʤʝʥʪʦʤ. 

ʊʘʙʣʠʮʷ 5.1 

ɼʦʙʘʚʢʠ ʚ ʙʝʪʦʥ, ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʘʥʴʦʾ ʤʽʮʥʦʩʪʽ 

ʊʠʧ ʜʦʙʘʚʢʠ 
ʄʘʨʢʘ ʘʙʦ ʭʽʤʽʯʥʘ 

ʬʦʨʤʫʣʘ 

ɼʦʟʫʚʘʥʥʷ, ʤʘʩ. % 

ʚʽʜ ʚʠʪʨʘʪʠ 

ʮʝʤʝʥʪʫ 

ʉʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ - 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪ 

BASF Master Glenium 

ɸʉɽ-430 
1 

ʄʽʩʪʽʤ ʂ-17 0,8 

ɸʨʭɹʫʜ E.Fix-AB.27 0,7 

ɼʦʨʦʥʽʢ Plastidor 2 Extra 0,4 

Sika ViscoCrete-1030 0,4 

ʇʨʠʩʢʦʨʶʚʘʯʽ 

ʪʚʝʨʜʽʥʥʷ - ʩʦʣʽ-

ʝʣʝʢʪʨʦʣʽʪʠ 

ʍʣʦʨʠʜ ʢʘʣʴʮʽʶ CaCl2 

1 (0,5+0,5) 
ʅʽʪʨʘʪ ʢʘʣʴʮʽʶ Ca(NO3)2 

ʇʨʠʩʢʦʨʶʚʘʯ 

ʪʚʝʨʜʽʥʥʷ - ʜʠʩʧʝʨʩʽʷ 

ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ 

BASF Master X-Seed 100 2; 6,48...7,3 

 

ʇʝʨʝʜ ʧʨʠʟʥʘʯʝʥʥʷʤ ʜʦʙʘʚʢʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʾʾ 

ʩʫʤʽʩʥʽʩʪʴ ʟ ʮʝʤʝʥʪʦʤ. ɼʦʙʘʚʢʫ ʟ ʮʠʤ ʮʝʤʝʥʪʦʤ ʟʘʩʪʦʩʚʫʚʘʪʠ ʥʝʜʦʮʽʣʴʥʦ, ʷʢʱʦ: 
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- ʧʣʘʩʪʠʬʽʢʫʶʯʠʡ ʝʬʝʢʪ ʤʝʥʰʠʡ, ʥʽʞ ʜʣʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ - 

ʧʽʜʚʠʱʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʚʽʜ 4 ʩʤ ʜʦ ʤʝʥʰʝ ʥʽʞ 25 ʩʤ; 

- ʚʦʜʦʨʝʜʫʢʫʶʯʠʡ ʝʬʝʢʪ ʤʝʥʰʠʡ, ʥʽʞ ʜʣʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ - ʟʘ ʨʽʚʥʦʾ 

ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʦʩʪʽ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʤʝʥʰʝ ʥʽʞ ʥʘ 20 %; 

- ʧʽʩʣʷ ʟʥʠʞʝʥʥʷ ɺ/ʎ ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʥʝ ʜʦʩʷʛʘʻʪʴʩʷ (ʜʦʙʘʚʢʘ 

ʫʧʦʚʽʣʴʥʝʥʶʻ ʪʚʝʨʜʽʥʥʷ).  

ʉʧʽʣʴʥʠʡ ʚʧʣʠʚ ʜʦʙʘʚʦʢ ʧʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʽ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʽʥʥʷ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʡ ʙʝʪʦʥʫ ʩʣʽʜ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʧʝʨʝʜʥʴʦ ʧʝʨʝʚʽʨʷʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʫ ʪ.ʯ. ʚʧʣʠʚ ʥʘ ʚʦʜʦʧʦʪʨʝʙʫ ʩʫʤʽʰʽ, ʟʤʽʥʫ ʾʾ ʨʝʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʯʘʩʽ, ʤʽʮʥʽʩʪʴ, ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʙʝʪʦʥʫ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʽʻʾ ʧʝʨʝʚʽʨʢʠ ʩʣʽʜ ʢʦʨʠʛʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʾ, ʥʘʧʨʠʢʣʘʜ, 

ʦʙʤʝʞʫʚʘʪʠ ʯʘʩ ʚʽʜ ʧʨʠʛʦʪʫʚʘʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʜʦ ʾʾ ʫʢʣʘʜʘʥʥʷ, ʫʪʦʯʥʶʚʘʪʠ 

ʪʨʠʚʘʣʽʩʪʴ ʚʽʙʨʦʫʱʽʣʴʥʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʫ ʊɺʆ ʪʦʱʦ. ʋ ʨʘʟʽ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ, ʥʘʧʨʠʢʣʘʜ ʥʝʧʨʠʧʫʩʪʠʤʦʛʦ ʟʥʠʞʝʥʥʷ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, 

ʧʽʜʚʠʱʝʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ, ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ, 

ʧʦʧʝʨʝʜʥʴʦ ʜʦʩʣʽʜʞʝʥʝ ʩʧʦʣʫʯʝʥʥʷ ʜʦʙʘʚʦʢ ʻ ʥʝʜʦʮʽʣʴʥʠʤ.      

ʋ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʫ ʟʘʧʦʚʥʶʚʘʯʘʭ ʥʘʷʚʥʽ ʨʽʟʥʦʚʠʜʠ ʢʨʝʤʥʝʟʝʤʫ ʫ ʢʽʣʴʢʦʩʪʽ, 

ʧʨʠ ʷʢʽʡ ʤʦʞʣʠʚʘ ʣʫʞʥʘ ʢʦʨʦʟʽʷ ʙʝʪʦʥʫ, ʽ ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʮʝʤʝʥʪʫ ʟ ʚʤʽʩʪʦʤ ʣʫʛʽʚ ʥʝ ʙʽʣʴʰʝ 0,6 % (ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ Na2O) 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʙʘʚʢʠ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ 

ʢʦʨʦʟʽʾ, ʷʢʫ ʩʧʨʠʯʠʥʷʻ ʨʝʘʢʮʽʷ ʢʨʝʤʥʝʟʝʤʫ ʟʘʧʦʚʥʶʚʘʯʽʚ ʽʟ ʣʫʛʘʤʠ ʮʝʤʝʥʪʫ ʪʘ 

ʜʦʙʘʚʦʢ ʟʘ ɼʉʊʋ ɹ ɺ.2.7-171, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʢʘʦʣʽʥ ʚ ʢʽʣʴʢʦʩʪʽ 5 % ʚʽʜ ʤʘʩʠ 

ʮʝʤʝʥʪʫ. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʚ ʟʘʧʦʚʥʶʚʘʯʘʭ ʨʽʟʥʦʚʠʜʽʚ ʢʨʝʤʥʝʟʝʤʫ ʫ ʢʽʣʴʢʦʩʪʽ, ʧʨʠ ʷʢʽʡ 

ʤʦʞʣʠʚʘ ʣʫʞʥʘ ʢʦʨʦʟʽʷ ʙʝʪʦʥʫ, ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʚʚʝʜʝʥʥʷ ʚ ʙʝʪʦʥ ʜʦʙʘʚʦʢ, ʱʦ 

ʤʽʩʪʷʪʴ ʥʘʪʨʽʡ ʽ ʢʘʣʽʡ ʙʝʟ ʜʦʙʘʚʦʢ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʢʦʨʦʟʽʾ, ʷʢʫ 

ʩʧʨʠʯʠʥʷʻ ʨʝʘʢʮʽʷ ʢʨʝʤʥʝʟʝʤʫ ʟʘʧʦʚʥʶʚʘʯʽʚ ʽʟ ʣʫʛʘʤʠ ʮʝʤʝʥʪʫ ʪʘ ʜʦʙʘʚʦʢ, 

ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʢʘʦʣʽʥʫ ʚ ʢʽʣʴʢʦʩʪʽ 5 % ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ. 
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ɿʘʛʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʣʘʜʽʚ ʙʝʪʦʥʫ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʜʣʷ ʨʽʟʥʠʭ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚ, ʪʝʨʤʽʥʽʚ ʦʪʨʠʤʘʥʥʷ ʧʦʪʨʽʙʥʦʾ ʧʝʨʝʜʘʪʦʯʥʦʾ 

ʤʽʮʥʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʊɺʆ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 5.2. 

ʇʽʜ ʯʘʩ ʧʨʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʊɺʆ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ 

ʮʝʤʝʥʪʫ ʚ ʜʦʙʨʝ ʽʟʦʣʴʦʚʘʥʽʡ ʧʦʚʥʽʩʪʶ ʟʘʚʘʥʪʘʞʝʥʽʡ ʧʨʦʧʘʨʶʚʘʣʴʥʽʡ ʢʘʤʝʨʽ ʟʽ 

ʩʧʨʘʚʥʠʤʠ ʛʽʜʨʦʟʘʪʚʦʨʦʤ ʽ ʢʨʠʰʢʦʶ ʟʘʙʝʟʧʝʯʫʻ ʜʦʚʽʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 8-9 ʉ̄. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʧʦʨʷʜʠʪʠ ʧʨʦʧʘʨʶʚʘʣʴʥʽ ʢʘʤʝʨʠ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʜʦʚʽʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʱʝ ʥʘ 3-5 ʉ̄.  

ʊʘʙʣʠʮʷ 5.2 

ʉʢʣʘʜʠ ʙʝʪʦʥʫ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʧʝʨʝʜʘʪʦʯʥʦʾ 

ʤʽʮʥʦʩʪʽ ʟʘ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʪʚʝʨʜʥʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ 
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ʈʝʞʠʤ ʪʚʝʨʜʽʥʥʷ ʎ, ʢʛ/ʤ3 

ɼʦʙʘʚʢʠ 

ʧʇʂ ʅʍʂ 
ɻɻʉ

ʂ 

ʏʝʨʝʟ 

ʚʠʭʽʜʥʽ 

ʜʥʽ 

48 

ʃʽʪʥʽʡ ʇʨʠʨʦʜʥʠʡ ʜʦ 400 - - - 

ɿʠʤʦʚʠʡ 
ʄʘʣʦʧʨʦʛʨʽʚʥʠʡ ʜʦ 400 - - - 

ʇʨʠʨʦʜʥʠʡ ʜʦ 400 + - - 

 ʑʦʜʝʥʥʦ  

1-ʟʤʽʥʥʠʡ 
24 

ʃʽʪʥʽʡ 
ʄʘʣʦʧʨʦʛʨʽʚʥʠʡ ʜʦ 400 + - - 

ʇʨʠʨʦʜʥʠʡ ʜʦ 400 + + - 

ɿʠʤʦʚʠʡ 
ʄʘʣʦʧʨʦʛʨʽʚʥʠʡ ʜʦ 400 + + - 

ʇʨʠʨʦʜʥʠʡ ʜʦ 400 + + + 

ʑʦʜʝʥʥʦ 

2-ʟʤʽʥʥʠʡ 
8 

ʃʽʪʥʽʡ  

ʇʦʚʥʠʡ ʜʦ 400 - - - 

ʄʘʣʦʧʨʦʛʨʽʚʥʠʡ 
ʧʦʥ.400 - - - 

ʜʦ 400 + - - 

ɿʠʤʦʚʠʡ 
ʇʦʚʥʠʡ 

ʧʦʥ.400 + - - 

ʜʦ 400 + + - 

ʄʘʣʦʧʨʦʛʨʽʚʥʠʡ ʧʦʥ.400 + + + 

 

ʇʨʠʤʽʪʢʠ. ʈʝʞʠʤʠ ʪʚʝʨʜʽʥʥʷ ʚ ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʭ ʢʘʤʝʨʘʭ: ʧʨʠʨʦʜʥʠʡ - ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʮʝʤʝʥʪʫ; ʤʘʣʦʧʨʦʛʨʽʚʥʠʡ - ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 40-50Áʉ ʽ ʧʨʠʨʦʜʥʝ ʦʩʪʠʛʘʥʥʷ; ʧʦʚʥʠʡ - ʽʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ 

2-3 ʛʦʜʠʥʠ ʟʘ 40-50Áʉ. 
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ʊʝʧʣʦʚʠʜʽʣʝʥʥʷ ʮʝʤʝʥʪʫ ʚ ʜʦʙʨʝ ʽʟʦʣʴʦʚʘʥʽʡ ʧʦʚʥʽʩʪʶ ʟʘʚʘʥʪʘʞʝʥʽʡ 

ʧʨʦʧʘʨʶʚʘʣʴʥʽʡ ʢʘʤʝʨʽ  ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 8-9 ʉ̄. 

ʉʫʤʘʪʥʠʡ ʚʤʽʩʪ ʥʽʪʨʘʪʫ ʪʘ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 1 % 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʽʚ ʙʝʪʦʥʫ ʟ 

ʜʦʙʘʚʢʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʪʝʧʣʦʚʦʣʦʛʽʩʥʫ ʦʙʨʦʙʢʫ: 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ ʰʧʘʣ - ʇʨɸʊ "ɻʥʽʚʘʥʩʴʢʠʡ ʟʘʚʦʜ 

ʩʧʝʮʟʘʣʽʟʦʙʝʪʦʥʫ", ʟʙʽʨʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʚʠʨʦʙʽʚ - 

ʚʠʨʦʙʥʠʯʦʶ ʙʘʟʦʶ ʍʘʨʢʽʚʩʴʢʦʾ ʜʠʨʝʢʮʽʾ ʬʽʣʽʾ ɹʄɽʉ ɸʊ "ʋʢʨʟʘʣʽʟʥʠʮʷ" 

(ʜʦʜʘʪʦʢ ɾ). 

ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ, ʦʙʫʤʦʚʣʝʥʠʡ ʟʥʠʞʝʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʪʝʧʣʦʚʦʣʦʛʽʩʥʫ 

ʦʙʨʦʙʢʫ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʦʢ, ʩʢʣʘʚ ʜʣʷ ʇʨɸʊ "ɻʥʽʚʘʥʩʴʢʠʡ ʟʘʚʦʜ 

ʩʧʝʮʟʘʣʽʟʦʙʝʪʦʥʫ" 23 ʛʨʥ. ʥʘ 1 ʤ3 ʙʝʪʦʥʫ ʘʙʦ 2,5 ʛʨʥ. ʥʘ ʦʜʥʫ ʰʧʘʣʫ, 

ʚʠʨʦʙʥʠʯʦʾ ʙʘʟʠ ʍʘʨʢʽʚʩʴʢʦʾ ʜʠʨʦʝʢʮʽʾ ʬʽʣʽʾ ɹʄɽʉ - 30 ʛʨʥ. ʥʘ 1 ʤ3 ʙʝʪʦʥʫ.           

 

5.2 ʇʽʜʚʠʱʝʥʥʷ ʚʦʜʦʩʪʽʡʢʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʤʽʥʝʨʘʣʴʥʠʭ 

ʚ'ʷʞʫʯʠʭ ʢʦʤʧʣʝʢʩʥʠʤʠ ʜʦʙʘʚʢʘʤʠ  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʫ ʨʦʟʜʽʣʽ 4, ʚʠʢʦʨʠʩʪʘʥʽ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ 

ʩʧʽʣʴʥʦ ʟ ɸ.ʉ. ɭʬʽʤʝʥʢʦʤ ʪʘ ʽʥ. ʩʢʣʘʜʽʚ ʛʽʧʩʦʚʦʛʦ ʚ'ʷʞʫʯʦʛʦ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʧʽʜʚʠʱʝʥʦʾ ʚʦʜʦʩʪʽʡʢʦʩʪʽ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʨʦʟʤôʷʢʰʝʥʥʷ ʧʦʥʘʜ 0,8.  

ʅʘ ʩʢʣʘʜʠ ʛʽʧʩʦʚʦʛʦ ʚôʷʞʫʯʦʛʦ ʧʽʜʚʠʱʝʥʦʾ ʚʦʜʦʩʪʽʡʢʦʩʪʽ ʧʦʜʘʥʦ ʟʘʷʚʫ ʥʘ 

ʚʠʜʘʯʫ ʧʘʪʝʥʪʫ ʥʘ ʚʠʥʘʭʽʜ ʽ ʜʚʽ ʟʘʷʚʠ ʥʘ ʚʠʜʘʯʫ ʧʘʪʝʥʪʫ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ [9-

11] ʥʘ ʩʪʨ. 23-24, ɼʦʜʘʪʦʢ ɽ. ʌʦʨʤʫʣʘ ʟʘʷʚʢʠ ʤʽʩʪʠʪʴ ʜʚʘ ʥʝʟʘʣʝʞʥʠʭ ʧʫʥʢʪʠ: 

1. ɻʽʧʩʦʚʝ ʚôʷʞʫʯʝ, ʱʦ ʤʽʩʪʠʪʴ ʛʽʧʩ-ʧʽʚʛʽʜʨʘʪ, ʤʽʥʝʨʘʣʴʥʫ ʜʦʙʘʚʢʫ ʰʣʘʢʫ 

ʜʦʤʝʥʥʦʛʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʤʝʣʝʥʦʛʦ, ʥʘʥʦʜʠʩʧʝʨʩʥʫ ʤʽʥʝʨʘʣʴʥʫ ʜʦʙʘʚʢʫ, 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ, ʷʢʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʦʪʦʪʠʧʫ ʪʠʤ, ʱʦ ʷʢ ʥʘʥʦʜʠʩʧʝʨʩʥʘ 

ʤʽʥʝʨʘʣʴʥʘ ʜʦʙʘʚʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘʥʦʜʠʩʧʝʨʩʥʠʡ ʛʣʠʥʦʟʝʤ ʟ ʨʦʟʤʽʨʦʤ 

ʯʘʩʪʠʥʦʢ 50-80 ʥʤ ʟʘ ʥʘʩʪʫʧʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʤʘʩ. %: ʛʽʧʩ-
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ʧʽʚʛʽʜʨʘʪ ï 57ï75; ʰʣʘʢ ʜʦʤʝʥʥʠʡ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʤʝʣʝʥʠʡ ï 23ï40; 

ʥʘʥʦʛʣʠʥʦʟʝʤ ï 2ï4; ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ï 0,08ï1,4. 

2. ɻʽʧʩʦʚʝ ʚôʷʞʫʯʝ ʟʘ ʧ.1, ʷʢʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʷʢ ʥʘʥʦʜʠʩʧʝʨʩʥʘ 

ʤʽʥʝʨʘʣʴʥʘ ʜʦʙʘʚʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ ʟ ʚʤʽʩʪʦʤ ʯʘʩʪʠʥʦʢ 

ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ ʥʽʞ 5 ʤʢʤ ʥʝ ʤʝʥʰʝ ʥʽʞ 20 % ʟʘ ʥʘʩʪʫʧʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʤʘʩ. %: ʛʽʧʩ-ʧʽʚʛʽʜʨʘʪ ï 57ï75; ʰʣʘʢ ʜʦʤʝʥʥʠʡ ʛʨʘʥʫʣʴʦʚʘʥʠʡ 

ʤʝʣʝʥʠʡ ï 23ï40; ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ ï 2ï4; ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ï 0,08ï1,4. 

ʈʦʟʨʦʙʣʝʥʝ ʛʽʧʩʦʚʝ ʚôʷʞʫʯʝ, ʱʦ ʤʘʻ ʧʽʜʚʠʱʝʥʫ ʚʦʜʦʩʪʽʡʢʽʩʪʴ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʭʠʭ ʩʫʤʽʰʝʡ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʧʨʠʤʽʱʝʥʥʷʭ ʟ ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʽʩʪʶ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ: ʰʪʫʢʘʪʫʨʢʠ 

ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʥʘʥʝʩʝʥʥʷ; ʰʧʘʢʣʽʚʢʠ; ʤʦʥʪʘʞʥʦʛʦ ʢʣʝʷ ʜʣʷ ʛʽʧʩʦʢʘʨʪʦʥʥʠʭ 

ʣʠʩʪʽʚ; ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʽʜʣʦʛʠ ʰʘʨʦʤ ʪʦʚʱʠʥʦʶ ʜʦ 50 ʤʤ. 

   

5.3 ʆʮʽʥʢʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ 

ɽʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 1 ʤ
3
 ʰʧʘʣ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʮʽʥʶʚʘʪʠ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

ɽ = (ʎʙ-ʎ)³ʉʮ + (ʉʊɺʆʙ-ʉʊɺʆ) - 

- ʎ³(ɼʉʇ³ʉʉʇ+ɼʇʊ1³ʉʇʊ1+ ɼʇʊ2³ʉʇʊ2+ɼʄʂ³ʉʄʂ)/100,                 (5.1) 

ʘʙʦ: 

ɽ = (ʎʙ-ʎ)³ʉʎ + (ɻʙ-ɻ)³ʉɻ- 

- ʎ³(ɼʉʇ³ʉʉʇ+ɼʇʊ1³ʉʇʊ1+ ɼʇʊ1³ʉʇʊ1+ɼʄʂ³ʉʄʂ)/100,                  (5.2) 

ʜʝ ʎʙ- ʚʠʪʨʘʪʘ ʮʝʤʝʥʪʫ ʥʘ 1 ʤ
3
 ʙʝʪʦʥʫ ʙʘʟʦʚʦʛʦ ʩʢʣʘʜʫ, ʢʛ; 

ʎ - ʚʠʪʨʘʪʘ ʮʝʤʝʥʪʫ ʥʘ 1 ʤ
3
 ʙʝʪʦʥʫ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʢʣʘʜʫ, ʢʛ; 

ʉʮ- ʮʽʥʘ 1 ʢʛ ʮʝʤʝʥʪʫ, ʛʨʥ.; 

ʉʊɺʆʙ- ʚʘʨʪʽʩʪʴ ʊɺʆ 1 ʤ
3
 ʰʧʘʣ ʽʟ ʙʝʪʦʥʫ ʙʘʟʦʚʦʛʦ ʩʢʣʘʜʫ (ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʨʠʚʘʣʦʩʪʽ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ); 

ʉʊɺʆ- ʚʘʨʪʽʩʪʴ ʊɺʆ 1 ʤ
3
 ʰʧʘʣ ʽʟ ʙʝʪʦʥʫ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʢʣʘʜʫ; 

ɻʙ- ʚʠʪʨʘʪʘ ʛʘʟʫ ʥʘ ʊɺʆ 1 ʤ
3
 ʙʝʪʦʥʫ ʙʘʟʦʚʦʛʦ ʩʢʣʘʜʫ, ʢʛ; 
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ɻ - ʚʠʪʨʘʪʘ ʛʘʟʫ ʥʘ ʊɺʆ 1 ʤ
3
 ʙʝʪʦʥʫ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʢʣʘʜʫ, ʢʛ; 

ʉʛ - ʮʽʥʘ 1 ʤ
3
 ʛʘʟʫ, ʛʨʥ.; 

ɼʉʇ- ʜʦʟʫʚʘʥʥʷ ʜʦʙʘʚʢʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ, % ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ; 

ʉʉʇ- ʮʽʥʘ 1 ʢʛ ʜʦʙʘʚʢʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ, ʛʨʥ.; 

ɼʇʊ1- ʜʦʟʫʚʘʥʥʷ ʜʦʙʘʚʢʠ ʧʨʠʩʢʦʨʶʚʘʯʘ ʪʚʝʨʜʽʥʥʷ (1), % ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ; 

ʉʇʊ1- ʮʽʥʘ 1 ʢʛ ʜʦʙʘʚʢʠ ʧʨʠʩʢʦʨʶʚʘʯʘ ʪʚʝʨʜʽʥʥʷ (1),  ʛʨʥ.; 

ɼʇʊ2- ʜʦʟʫʚʘʥʥʷ ʜʦʙʘʚʢʠ ʧʨʠʩʢʦʨʶʚʘʯʘ ʪʚʝʨʜʽʥʥʷ (2), % ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ; 

ʉʇʊ2- ʮʽʥʘ 1 ʢʛ ʜʦʙʘʚʢʠ ʧʨʠʩʢʦʨʶʚʘʯʘ ʪʚʝʨʜʽʥʥʷ (2),  ʛʨʥ. 

ɼʄʂ- ʜʦʟʫʚʘʥʥʷ ʜʦʙʘʚʢʠ ʤʝʪʘʢʘʦʣʽʥʫ, % ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ; 

ʉʄʂ- ʮʽʥʘ 1 ʢʛ ʜʦʙʘʚʢʠ ʤʝʪʘʢʘʦʣʽʥʫ,  ʛʨʥ. 

 

ʎʽʥʠ ʥʘ ʤʘʪʝʨʽʘʣʠ ʟʘ ʩʪʘʥʦʤ ʥʘ 2019 ʩʢʣʘʜʘʶʪʴ, ʛʨʥ. ʟʘ 1 ʢʛ, ʫ ʪ.ʯ. ʇɼɺ: 

- ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500ʅ: ʜʣʷ ɻʥʽʚʘʥʩʴʢʦʛʦ ɿʉɿɹ - 1,193, 

ʂʦʨʦʩʪʝʥʩʴʢʦʛʦ ɿɿɹʐ - 1,196; ʉʪʘʨʦʢʦʩʪʷʥʪʠʥʽʚʩʴʢʦʛʦ ɿɿɹʐ ï 1,335; 

- ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ MC-PowerFlow 3100- 30; 

- ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʽʥʥʷ ʝʣʝʢʪʨʦʣʽʪʽʚ - 12; 

- ʘʚʪʠʚʥʦʭ ʤʽʥʝʨʘʣʴʥʦʾ ʜʦʴʘʚʢʠ - 7,2; 

- ʛʘʟʫ: ʜʣʷ ɻʥʽʚʘʥʩʴʢʦʛʦ ɿʉɿɹ - 6,452496; ʜʣʷ ʂʦʨʦʩʪʝʥʩʴʢʦʛʦ ɿɿɹʐ - 6,46. 

ɺʠʪʨʘʪʫ ʛʘʟʫ ʥʘ ʊɺʆ 1ʤ
3
 ʙʝʪʦʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽʟʦʪʝʨʤʽʯʥʦʾ 

ʚʠʪʨʠʤʢʠ ʚʠʟʥʘʯʝʥʦ ʰʣʷʭʦʤ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʜʘʥʠʭ: 

- ʋʇʇ ʋɿ ʟʘ 2007 ʨ. - 32 ʤ
3
 ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 80Üʉ; 

- ɻʥʽʚʘʥʩʴʢʦʛʦ ɿʉɿɹ ʟʘ 2014 ʨ. - 18,5 ʤ3 ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 55Üʉ; 

- ʂʦʨʦʩʪʝʥʩʴʢʦʛʦ ɿɿɹʐ ʟʘ 2014 ʨ. - 15 ʤ
3
 ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 55Üʉ. 

ɺʠʪʨʘʪʠ ʥʘ ʊɺʆ 1 ʰʧʘʣʠ ʥʘ ʉʪʘʨʦʢʦʩʪʷʥʪʠʥʽʚʩʴʢʦʤʫ ɿɿɹʐ ʩʢʣʘʜʘʶʪʴ: ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʊɺʆ 80Áʉ ï 8,78 ʛʨʥ., ʟʘ 60Áʉ ï 6,56 ʛʨʥ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʝʢʦʥʦʤʽʾ ʟʘ ʨʽʚʥʷʥʥʷʤʠ 5.1 ʽ 5.2 ʽ ʥʘʚʝʜʝʥʠʤʠ 

ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʤʽʩʪʷʪʴʩʷ ʫ ʪʘʙʣ.5.3.  
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 ʊʘʙʣʠʮʷ 5.3 

ʇʦʢʘʟʥʠʢʠ ʝʥʝʨʛʦʻʤʥʦʩʪʽ 1 ʤ
3
 ʙʝʪʦʥʫʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽʟʦʪʝʨʤʽʯʥʦʾ 

ʚʠʪʨʠʤʢʠ 

ʊʝʤʧʝʨʘʪ

ʫʨʘ 

ʽʟʦʪʝʨʤʽʯ

ʥʦʾ 

ʚʠʪʨʠʤʢʠ, 

ʉ 

ʇʦʢʘʟʥʠʢʠ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʊɺʆ ʥʘ 1 ʤ3 ʙʝʪʦʥʫ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ*: 

ɻʥɿʉɿɹ ʂʨɿɿɹʐ ʉʪɿɿɹʐ 

ɺʠʪʨʘʪʘ 

ʛʘʟʫ ʥʘ 

ʊɺʆ 1 

ʤ3 

ʙʝʪʦʥʫ, 

ʤ3 

ʎʽʥʘ 1 

ʤ3 ʛʘʟʫ, 

ʫ ʪ.ʯ. 

ʇɼɺ, 

ʛʨʥ. 

ɺʘʨʪʽʩʪʴ 

ʛʘʟʫ ʥʘ 

ʊɺʆ 1 ʤ3 

ʙʝʪʦʥʫ, 

ʛʨʥ. 

ɺʠʪʨʘʪʘ 

ʛʘʟʫ ʥʘ 

ʊɺʆ 1 

ʤ3 

ʙʝʪʦʥʫ, 

ʤ3 

ʎʽʥʘ 1 

ʤ3 ʛʘʟʫ, 

ʫ ʪ.ʯ. 

ʇɼɺ, 

ʛʨʥ. 

ɺʘʨʪʽʩʪʴ 

ʛʘʟʫ ʥʘ 

ʊɺʆ 1 ʤ3 

ʙʝʪʦʥʫ, 

ʛʨʥ. 

ɺʘʨʪʽʩʪ

ʴ ʊɺʆ 

1 

ʰʧʘʣʠ, 

ʛʨʥ. 

ʉʝʨʝʜʥʽ

ʡ ʦʙ'ʻʤ 

1 

ʰʧʘʣʠ, 

ʤ3 

ɺʘʨʪʽʩʪ

ʴ ʊɺʆ 1 

ʤ3 

ʙʝʪʦʥʫ, 

ʛʨʥ. 

80 32 

6,45249

6 

206,5 32 

6,46 

206,5 8,78 

0,117 

75,043 

60 21,6 139,4 18,4 118,7 6,56 56,068 

55 18,5 119,4 15 96,8 6,18 52,821 

50 15,2 98,1 11,6 74,8 5,17 44,188 

45 11,7 75,5 8,2 52,9 4,06 34,701 

40 8 51,6 4,8 31,0 2,85 24,359 

35 4,1 26,5 1,4 9,0 1,54 13,162 

30 0 0 0 0,0 0,13 1,111 

 

ʇʨʠʤʽʪʢʘ. ʈʽʟʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʨʽʟʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʦʙʫʤʦʚʣʝʥʽ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʢʦʪʝʣʴʥʠʭ, ʧʘʨʦʧʨʦʚʦʜʽʚ, ʧʨʦʧʘʨʶʚʘʣʴʥʠʭ ʢʘʤʝʨ. ɾʠʨʥʠʤ 

ʰʨʠʬʪʦʤ ʚʠʜʽʣʝʥʽ ʬʘʢʪʠʯʥʽ ʜʘʥʽ, ʚʠʟʥʘʯʝʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʽʥʰʽ ʜʘʥʽ ʦʪʨʠʤʘʥʽ 

ʰʣʷʭʦʤ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʝʢʩʪʨʘʧʦʣʷʮʽʾ.  
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ʘ) 

 

ʙ) 

 

 

ʈʠʩ.5.1 ɿʘʣʝʞʥʽʩʪʴ ʚʠʪʨʘʪʠ ʛʘʟʫ Vʛ ʥʘ ʊɺʆ 1 ʤ
3
 ʙʝʪʦʥʫʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ ʊʊɺʆ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ (ʪʘʙʣ. 5.3) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʘʚʦʜʘʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 2009 ʨ. ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʘʢʪʠʚʥʦʛʦ 

y = 0,68x - 22,4y = -0,004x2 + 1,08x - 28,8
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ʮʝʤʝʥʪʫ ʟʘʙʝʟʧʝʯʝʥʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʧʘʨʶʚʘʥʥʷ ʟ 80 ʜʦ 55-60̄ ʉ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʣʦ ʝʢʦʥʦʤʽʶ 19-101 ʛʨʥ. ʥʘ 1 ʤ
3
 ʙʝʪʦʥʫ ʚ ʩʫʯʘʩʥʠʭ ʮʽʥʘʭ. 

ɼʣʷ ʩʢʣʘʜʽʚ, ʱʦ ʧʨʦʡʰʣʠ ʚʠʨʦʙʥʠʯʫ ʧʝʨʝʚʽʨʢʫ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʢʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ʷʢ ʙʝʟ 

ʧʨʠʩʢʦʨʶʚʘʯʽʚ, ʪʘʢ ʽ ʟ ʦʜʥʠʤ ʧʨʠʩʢʦʨʶʚʘʯʝʤ ʪʚʝʨʜʽʥʥʷ ʚ ʙʽʣʴʰʦʩʪʽ  ʚʠʧʘʜʢʽʚ 

ʦʙʫʤʦʚʠʣʦ ʝʢʦʥʦʤʽʶ.  

 

5.4 ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʽ ʟ ʧʽʜʛʦʪʫʚʘʥʥʷ ʙʘʢʘʣʘʚʨʽʚ, ʤʘʛʽʩʪʨʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 192 ɹʫʜʽʚʥʠʮʪʚʦ 

ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ, ʦʩʚʽʪʥʽʤʠ ʧʨʦʛʨʘʤʘʤʠ çʇʨʦʤʠʩʣʦʚʝ ʪʘ ʮʠʚʽʣʴʥʝ 

ʙʫʜʽʚʥʠʮʪʚʦè ʽ çɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫè ʽ 273 ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʦʩʚʽʪʥʴʦʶ ʧʨʦʛʨʘʤʦʶ çɿʘʣʽʟʥʠʯʥʽ 

ʩʧʦʨʫʜʠ ʪʘ ʢʦʣʽʡʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦè ʫ ʩʢʣʘʜʽ ʣʝʢʮʽʡʥʠʭ ʢʫʨʩʽʚ, ʧʨʘʢʪʠʯʥʠʭ 

ʟʘʥʷʪʴ, ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʜʠʩʮʠʧʣʽʥ çɹʫʜʽʚʝʣʴʥʝ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè, 

çʌʽʟʠʢʦ-ʭʽʤʽʯʥʘ ʤʝʭʘʥʽʢʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡè, ʘ ʪʘʢʦʞ 

ʧʽʜʛʦʪʫʚʘʥʥʷ ʜʦʢʪʦʨʽʚ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 192 ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ 

ʽʥʞʝʥʝʨʽʷ ʫ ʩʢʣʘʜʽ ʣʝʢʮʽʡʥʦʛʦ ʢʫʨʩʫ ʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ ʟ ʜʠʩʮʠʧʣʽʥʠ 

çʄʦʜʠʬʽʢʘʮʽʷ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʭʽʤʽʯʥʠʤʠ, ʤʽʥʝʨʘʣʴʥʠʤʠ 

ʜʦʙʘʚʢʘʤʠ ʪʘ ʧʦʣʽʤʝʨʘʤʠè.  ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʚ̔ ʜʦʩʣʜ̔ʞʝʥʴ ʫ 

ʥʘʚʯʘʣʴʥʠʡ ʧʦʮʝʩ ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʫ ɾ.  
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ɺʀʉʅʆɺʂʀ ɿɸ ʈʆɿɼɯʃʆʄ 5 

1. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʙʘʚʦʢ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʪʘ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʚʝʨʜʽʥʥʷ ʚ 

ʙʝʪʦʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʧʝʨʝʜʘʪʯʥʦʾ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʫ ʚʩʪʘʥʦʚʣʝʥʽ ʪʝʨʤʽʥʠ ʟ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤʠ ʩʫʢʫʧʥʠʤʠ 

ʨʝʩʫʨʩʦʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ. 

2. ʈʝʢʦʤʝʥʜʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʽʚ ʙʝʪʦʥʫ ʟ 

ʜʦʙʘʚʢʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʪʝʧʣʦʚʦʣʦʛʽʩʥʫ ʦʙʨʦʙʢʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʚʠʨʦʙʽʚ ʇʨɸʊ "ɻʥʽʚʘʥʩʴʢʠʡ ʟʘʚʦʜ 

ʩʧʝʮʟʘʣʽʟʦʙʝʪʦʥʫ" ʪʘ ʚʠʨʦʙʥʠʯʦʶ ʜʽʣʷʥʢʦʶ ʍʘʨʢʽʚʩʴʢʦʾ ʜʠʨʝʢʮʽʾ ʬʽʣʽʾ ɹʄɽʉ 

ɸʊ "ʋʢʨʟʘʣʽʟʥʠʮʷ".  ʆʪʨʠʤʘʥʦ  ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ, ʦʙʫʤʦʚʣʝʥʠʡ ʟʥʠʞʝʥʥʷʤ 

ʚʠʪʨʘʪ ʥʘ ʪʝʧʣʦʚʦʣʦʛʽʩʥʫ ʙʨʦʙʢʫ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʦʫʚʘʥʥʷ ʜʦʙʘʚʦʢ, ʷʢʠʡ ʩʢʣʘʚ 

ʜʣʷ ʇʨɸʊ "ɻʥʽʚʘʥʩʴʢʠʡ ʟʘʚʦʜ ʩʧʝʮʟʘʣʽʟʦʙʝʪʦʥʫ" 23 ʛʨʥ. ʥʘ 1 ʤ
3
 ʙʝʪʦʥʫ ʘʙʦ 

2,5 ʛʨʥ. ʥʘ ʦʜʥʫ ʰʧʘʣʫ, ʜʣʷ ʚʠʨʦʙʥʠʯʦʾ ʙʘʟʠ ʍʘʨʢʽʚʩʴʢʦʾ ʜʠʨʝʢʮʽʾ ʬʽʣʽʾ ɹʄɽʉ - 

30 ʛʨʥ. ʥʘ 1 ʤ
3
 ʙʝʪʦʥʫ. 

3. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʩʢʣʘʜʠ ʛʽʧʩʦʚʦʛʦ ʚ'ʷʞʫʯʦʛʦ ʪʘ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʟ ʢʦʤʧʣʝʢʩʥʦʶ ʜʦʙʘʚʢʦʶ, ʱʦ ʤʘʶʪʴ 

ʧʽʜʚʠʱʝʥʫ ʚʦʜʦʩʪʽʡʢʽʩʪʴ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʦʟʤôʷʢʰʝʥʥʷ ʧʦʥʘʜ 0,8. ʅʘ ʩʢʣʘʜʠ 

ʧʦʜʘʥʦ ʟʘʷʚʫ ʥʘ ʚʠʜʘʯʫ ʧʘʪʝʥʪʫ ʥʘ ʚʠʥʘʭʽʜ ʽ ʜʚʽ ʟʘʷʚʠ ʥʘ ʚʠʜʘʯʫ ʧʘʪʝʥʪʫ ʥʘ 

ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ. ɺôʷʞʫʯʝ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʭʠʭ 

ʩʫʤʽʰʝʡ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʟ ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʽʩʪʶ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʰʪʫʢʘʪʫʨʢʠ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʥʘʥʝʩʝʥʥʷ; ʰʧʘʢʣʽʚʢʠ; 

ʤʦʥʪʘʞʥʦʛʦ ʢʣʝʷ ʜʣʷ ʛʽʧʩʦʢʘʨʪʦʥʥʠʭ ʣʠʩʪʽʚ; ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʽʜʣʦʛʠ ʰʘʨʦʤ 

ʪʦʚʱʠʥʦʶ ʜʦ 50 ʤʤ. 

4. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʟ ʧʽʜʛʦʪʫʚʘʥʥʷ ʙʘʢʘʣʘʚʨʽʚ, ʤʘʛʽʩʪʨʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 192 

ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ ʽ 273 ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʫ ʩʢʣʘʜʽ 

ʣʝʢʮʽʡʥʠʭ ʢʫʨʩʽʚ, ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ, ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʜʠʩʮʠʧʣʽʥ 

çɹʫʜʽʚʝʣʴʥʝ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè, çʌʽʟʠʢʦ-ʭʽʤʽʯʥʘ ʤʝʭʘʥʽʢʘ ʙʫʜʽʚʝʣʴʥʠʭ 
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ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡè, ʘ ʪʘʢʦʞ ʧʽʜʛʦʪʫʚʘʥʥʷ ʜʦʢʪʦʨʽʚ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 192 ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ ʫ ʩʢʣʘʜʽ ʣʝʢʮʽʡʥʦʛʦ ʢʫʨʩʫ 

ʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ ʟ ʜʠʩʮʠʧʣʽʥʠ çʄʦʜʠʬʽʢʘʮʽʷ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ 

ʭʽʤʽʯʥʠʤʠ, ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʪʘ ʧʦʣʽʤʝʨʘʤʠè. 
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ɿɸɻɸʃʔʅɯ ɺʀʉʅʆɺʂʀ 

1. ɿôʷʩʦʚʘʥʦ ʨʽʚʥʦʚʘʞʥʽ ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʧʦʪʝʥʮʽʘʣʠ ʩʢʣʘʜʦʚʠʭ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʪʘ ʙʝʪʦʥʫ: ʥʝʛʘʪʠʚʥʽ ʧʦʪʝʥʮʽʘʣ ʽ ʧʦʚʝʨʭʥʝʚʠʡ ʟʘʨʷʜ ʤʘʶʪʴ: 

ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ ʮʝʤʝʥʪʫ (ʉ3S, ʉ2S), ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ, ʟʘʧʦʚʥʶʚʘʯʽ 

(ʢʚʘʨʮ, ʛʨʘʥʽʪ); ʧʦʟʠʪʠʚʥʽ ï ʤʝʥʰʘ ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ ʮʝʤʝʥʪʫ (C3A, C4AF), 

ʢʨʠʩʪʘʣʠ ʛʽʜʨʦʢʩʠʜʫ, ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ, ʛʽʜʨʦʩʫʣʴʬʦʘʣʶʤʽʥʚʘʘʪʽʚ ʢʘʣʴʮʽʶ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʝʣʝʢʪʨʦʧʦʚʝʨʭʥʝʚʽ ʧʦʪʝʥʮʽʘʣʠ ʤʽʥʝʨʘʣʽʚ ʛʨʘʥʽʪʫ - ʢʚʘʨʮʫ, ʙʽʦʪʠʪʫ, 

ʦʨʪʦʢʣʘʟʫ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʣʴʥʠʡ - ʛʨʘʥʽʪʫ, ʷʢʠʡ ʩʢʣʘʚ ï0,89 ɺ. 

2. ʋʪʦʯʥʝʥʦ ʤʝʭʘʥʽʟʤ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʘʥʽʦʥʥʠʭ ʇɸʈ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʽ ʙʝʪʦʥʫ. ɺʽʥ ʦʙʫʤʦʚʣʝʥʠʡ ʾʭ ʚʠʙʽʨʢʦʚʦʶ ʘʜʩʦʨʙʮʽʻʶ ʥʘ 

ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ C3A: 

ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʠ ʯʝʨʝʟ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʛʨʫʧ SO3
ï
 ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ 

ʥʝʡʪʨʘʣʽʟʘʮʽʶ, ʫʩʫʥʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʨʠʪʷʞʽʥʥʷ ʽ 

ʩʝʨʝʜʥʴʦʧʣʘʩʪʠʬʽʢʫʶʯʠʡ ʝʬʝʢʪ, ʤʝʣʘʤʽʥʬʦʨʤʘʣʴʜʝʛʽʜʠ ʪʘ 

ʥʘʬʪʘʣʽʥʬʦʨʦʤʘʣʴʜʝʛʽʜʠ ʯʝʨʝʟ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʮʠʭ ʛʨʫʧ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʝʨʝʟʘʨʷʜʞʝʥʥʷ, ʟʤʽʥʫ ʧʨʠʪʷʞʽʥʥʷ ʥʘ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʽ ʩʠʣʴʥʦʧʣʘʩʪʠʬʽʢʫʶʯʠʡ 

ʝʬʝʢʪ, ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʠ ʯʝʨʝʟ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʛʨʫʧ ʉʆ2
ï
 ʘʙʦ ʈʆ3

2ï
 ʪʘ ʜʦʚʛʠʭ 

ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʨʘʜʠʢʘʣʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʟʘʨʷʜʞʝʥʥʷ ʮʠʭ ʜʽʣʷʥʦʢ, ʟʤʽʥʫ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʨʠʪʷʞʽʥʥʷ ʥʘ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, ʧʽʜʩʠʣʝʥʝ ʩʪʝʨʠʯʥʠʤ 

ʝʬʝʢʪʦʤ, ʽ ʥʘʡʙʽʣʴʰʠʡ ʚʦʜʦʨʝʜʫʢʫʶʯʠʡ ʝʬʝʢʪ. 

3. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʫʪʚʦʨʝʥʥʷ ʽʟ ʉ3ɸ, ʥʽʪʨʘʪʫ ʪʘ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪʽʚ ʽ 

ʛʽʜʨʦʭʣʦʨʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ, ʱʦ ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʟʘʨʷʜ ʽ 

ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʛʝʪʝʨʦʛʝʥʥʠʭ ʢʦʥʪʘʢʪʽʚ ʫ 

ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʽʥʥʷ. 

4. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʙʫʜʦʚʘʥʦ ʥʦʤʦʛʨʘʤʤʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʽʪʨʘʪʫ ʪʘ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ, ʷʢʘ ʙʫʜʝ ʟʚôʷʟʘʥʦʶ 

ʫ ʛʽʜʨʦʭʣʦʨʘʣʶʤʽʥʘʪʠ ʪʘ ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ. ʎʷ ʢʽʣʴʢʽʩʪʴ ʥʝ ʤʘʻ 
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ʧʝʨʝʚʠʱʫʚʘʠ 1,2 % ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʙʫʜʦʚʘʥʦ ʧʦʣʷ ʩʪʽʡʢʦʩʪʽ ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪʽʚ ʪʘ 

ʛʽʜʨʦʭʣʦʨʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ, ʘʥʘʣʽʟ ʷʢʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʚʦʥʠ ʻ ʩʪʽʡʢʠʤʠ. 

5. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʩʭʝʤʫ ʧʨʦʮʝʩʫ ʪʫʞʘʚʣʝʥʥʷ ʽ ʧʦʯʘʪʢʦʚʦʾ ʩʪʘʜʽʾ ʪʚʝʨʜʽʥʥʷ 

ʮʝʤʝʥʪʫ ʙʝʟ ʜʦʙʘʚʦʢ ʽ ʟ ʜʦʙʘʚʢʘʤʠ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ, ʥʽʪʨʘʪʫ ʪʘ ʭʣʦʨʠʜʫ 

ʢʘʣʴʮʽʶ, ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ 

ʧʦʷʩʥʝʥʦ ʤʝʭʘʥʽʟʤ ʚʧʣʠʚʫ ʮʠʭ ʜʦʙʘʚʦʢ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʽ 

ʙʝʪʦʥʫ. ʅʘʡʙʽʣʴʰʠʡ ʧʨʠʩʢʦʨʶʶʯʠʡ ʝʬʝʢʪ ʜʦʙʘʚʢʠ ʜʠʩʧʝʨʩʽʾ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ 

ʢʘʣʴʮʽʶ ʨʘʟʦʤ ʟ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʦʤ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʯʘʩʪʠʥʢʠ 

ɻʉʂ ʟʙʽʣʴʰʫʶʪʴ ʧʣʦʱʫ ʧʦʚʝʨʭʦʥʴ, ʥʘ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ 

ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʚʠʜʢʝ ʟʘʧʦʚʥʝʥʥʷ ʥʠʤʠ ʧʨʦʰʘʨʢʽʚ ʤʽʞ 

ʯʘʩʪʠʥʢʘʤʠ ʮʝʤʝʥʪʫ ʪʘ ʟʘʧʦʚʥʶʚʘʯʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʝʣʝʢʪʨʦʛʝʪʝʨʦʛʝʥʥʠʭ 

ʢʦʥʪʘʢʪʽʚ. 

6. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʪʘ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʨʘʥʥʶ 

ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʰʧʘʣ. ʋ ʨʘʟʽ ʪʚʝʨʜʽʥʥʷ ʟʘ ʤʘʣʦʧʨʦʛʨʽʚʥʠʤ ʨʝʞʠʤʦʤ ʟʘ 40ï50Áʉ 

ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ɺ/ʎ ʟ 0,27 ʜʦ 0,22 ʪʘ ʧʽʜʚʠʱʠʪʠ ʤʽʮʥʽʩʪʴ ʟ 

44 ʄʇʘ ʜʦ 55 ʄʇʘ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ɺ/ʎ. ɿʘ ʧʨʠʨʦʜʥʴʦʛʦ ʪʚʝʨʜʽʥʥʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʘʚʦʢ ʟʘʙʝʟʧʝʯʠʣʦ ʟʙʽʣʴʰʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʫ ʚʽʮʽ 1 ʜʦʙʠ: 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ ï ʥʘ 19 %, ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘ ʪʘ ʜʠʩʧʝʨʩʽʾ ɻʉʂ ï ʥʘ 50 %. 

7. ɺ ʨʝʟʫʣʴʪʘʪʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʮʝʤʝʥʪʥʦʤʫ 

ʢʘʤʝʥʽ ʙʝʟ ʜʦʙʘʚʦʢ ʽ ʟ ʜʦʙʘʚʢʘʤʠ ʧʨʠʩʫʪʥʽ ʚʩʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ: ʧʦʨʪʣʘʥʜʠʪ ʉʘ(ʆʅ)2, ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ, 

ʛʽʜʨʦʘʣʶʤʽʥʘʪ ʢʘʣʴʮʽʶ ʉ3ɸʅ6. ʋ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ, ʱʦ ʤʽʩʪʠʪʴ ʜʦʙʘʚʢʫ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ ʽ ʧʨʠʩʢʦʨʶʚʘʯʽ ʝʣʝʢʪʨʦʣʽʪʠ, ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʝʪʨʠʥʛʽʪ 

ʉ3ɸË3CaSO4Ë32ʅ2O ʪʘ ʛʽʜʨʦʥʽʪʨʦʘʣʶʤʽʥʘʪ ʢʘʣʴʮʽʶ ʉ3ɸË3Ca(NO3)2Ë32ʅ2O.  

8. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʙʘʚʢʠ 

ʥʝ ʩʧʨʠʯʠʥʷʶʪʴ ʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʘʨʤʘʪʫʨʥʫ ʩʪʘʣʴ, ʦʩʦʙʣʠʚʦ 
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ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪ ʟ ʜʠʩʧʝʨʩʽʻʶ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ, ʜʣʷ ʷʢʦʾ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ 

ʩʪʽʢʘʥʥʷ ʟ ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥ ʟʘ ʥʘʢʣʘʜʝʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 0,9 ɺ, ʟʤʝʥʰʫʻʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʢʦʢ ʟ 60 ʜʦ 34 ʤʢɸ/ʩʤ
2
, ʪʦʙʪʦ ʥʘ 54 %. 

9. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʙʘʚʦʢ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʪʘ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʚ ʙʝʪʦʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ, 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʧʝʨʝʜʘʪʦʯʥʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʫ 

ʚʩʪʘʥʦʚʣʝʥʽ ʪʝʨʤʽʥʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʩʫʢʫʧʥʠʤʠ ʨʝʩʫʨʩʦʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ. 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʇʨɸʊ "ɻʥʽʚʘʥʩʴʢʠʡ ʟʘʚʦʜ ʩʧʝʮʟʘʣʽʟʦʙʝʪʦʥʫ" ʪʘ 

ʚʠʨʦʙʥʠʯʦʶ ʜʽʣʷʥʢʦʶ ʍʘʨʢʽʚʩʴʢʦʾ ʜʠʨʦʝʢʮʽʾ ʬʽʣʽʾ ɹʄɽʉ ɸʊ "ʋʢʨʟʘʣʽʟʥʠʮʷ". 

ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ, ʦʙʫʤʦʚʣʝʥʠʡ ʟʥʠʞʝʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʪʝʧʣʦʚʦʣʦʛʽʩʥʫ ʙʨʦʙʢʫ 

ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʦʫʚʘʥʥʷ ʜʦʙʘʚʦʢ, ʩʢʣʘʚ 23 ʽ 30 ʛʨʥ. ʥʘ 1 ʤ
3
 ʙʝʪʦʥʫ, ʚʽʜʧʦʚʽʜʥʦ. 

10. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʟ 

ʧʽʜʛʦʪʫʚʘʥʥʷ ʙʘʢʘʣʘʚʨʽʚ, ʤʘʛʽʩʪʨʽʚ, ʜʦʢʪʦʨʽʚ ʬʣ̔ʦʩʦʬʽʾʭ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʷʤʠ 

192 ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ ʽ 273 ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʫ ʩʢʣʘʜʽ 

ʣʝʢʮʽʡʥʠʭ ʢʫʨʩʽʚ, ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ, ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʜʠʩʮʠʧʣʽʥ 

çɹʫʜʽʚʝʣʴʥʝ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè, çʌʽʟʠʢʦ-ʭʽʤʽʯʥʘ ʤʝʭʘʥʽʢʘ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡè, çʄʦʜʠʬʽʢʘʮʽʷ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ 

ʭʽʤʽʯʥʠʤʠ, ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʪʘ ʧʦʣʽʤʝʨʘʤʠè. 
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ɼʆɼɸʊʆʂ ɸ - ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʥʘ ʧʨʠʩʢʦʨʝʥʥʷ 

ʪʚʝʨʜʽʥʥʷ ʙʝʪʦʥʫ 

ʊʘʙʣʠʮʷ A.1 

ʉʢʣʘʜʠ ʙʝʪʦʥʫ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [75] 

ʂʦʤʧʦ-

ʥʝʥʪʠ 

ɺʠʪʨʘʪʘ ʢʦʤʧʦʥʝʥʪʽʚ, ʢʛ/ʤ3, ʫ ʩʢʣʘʜʘʭ: 

ʟʘʚʦʜʩʴʢʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʄ150 ʄ200 ʄ125 
ʄ200ï

10%ʎ 

ʄ200ï

20%ʎ 
ʄ200 

ʄ200ï

10%ʎ 

ʄ200-

20%ʎ 

ʎ 370 440 390 350 312 440 396 355 

ʇ 613 594 626 638 650 594 608 618 

ʑ 1190 1290 1180 1210 1240 1290 1320 1350 

ɺ 207ï230 235ï245 230 225 220 238 232 225 

ʊʘʙʣʠʮʷ A.3 

ʈʝʞʠʤʠ ʪʚʝʨʜʽʥʥʷ, ʨʝʢʦʤʝʥʜʦʚʘʥʽ [75] 

ʉʢʣʘʜ ʙʝʪʦʥʫ 

ʈʝʞʠʤ ʊɺʆ 

ʇʽʜʡʦʤ ʜʦ 

90Áʉ 

ʇʽʜʡʦʤ ʜʦ 

110Áʉ 
ɯʟʦʪʝʨʤʘ ʆʩʪʠʛʘʥʥʷ ɺʩʴʦʛʦ 

ɹʝʟ ʟʥʠʞʝʥʥʷ ʎ 

ʜʦ 100%R 
0,75 1,75 1 2 5,5 

ɿʽ ʟʥʠʞʝʥʥʷʤ ʎ 

ʥʘ 20% ʜʦ 70%R 
0,75 1,75 1 4 7,5 
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ʊʘʙʣʠʮʷ ɸ.2 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [75] 

ɹʝʪʦʥ 

ɼʦʙʘʚʢʠ, % 

ʎ 

Rʩʪ, ʢʛʩ/ʩʤ2, ʧʽʩʣʷ ʪʚʝʨʜʽʥʥʷ ʟʘ ʨʝʞʠʤʦʤ, ʫ ʚʽʮʽ 

ɽʩʪ. ʪʚʝʨʜ. 
ʊɺʆ 98Áʉ ʪʨʠʚʘʣʽʩʪʶ (ʧʽʜʡʦʤ+ʽʟʦʪʝʨʤʘ), ʛʦʜ.: 

ʍʅ ʉʅ ʅʅ1 
3 4 5 6 7 8 

7ʜʽʙ 28ʜʽʙ 3ʤʽʩ 4ʛʦʜ 28ʜʽʙ 3ʤʽʩ 4ʛʦʜ 4ʛʦʜ 28ʜʽʙ 3ʤʽʩ 4ʛʦʜ 4ʛʦʜ 28ʜʽʙ 3ʤʩ̔ 4ʛʦʜ 28ʜʽʙ 3ʤʽʩ 

ʄ150, 

ʆʂ=10-

11ʩʤ, 

98̄ ʉ 

2+3+0 

ʽ 2+4+0 

0 0 0 390               103     113             

0,5 0,5 0 390               130     134             

0,5 1 0 390               134     154             

1 0,5 0 390               125     128             

1 1 0 390               132     148             

1 1,5 0 390               156     167             

1,5 1,5 0 390               150     166             

1,5 2 0 390               161     177             

ʄ150 

0 0 0 390 85 161 210 83     93 107     112 119     121 163 204 

1 1,5 0 390 102 198 279 111     142 162 248 280 170 168     171     

1 1,5 0 350 94 179 251 95     121 133 230 258 141 148     147     

1 1,5 0 312 89 169 220 82     100 125 221 232 137 140     139     

ʄ200 

0 0 0 440 97 193 286 96     106 120     128 136     141 216 263 

1 1,5 0 440 124 253 344 136 247 297 154 172 263 303 180 185 280 308 181     

1 1,5 0,5         118     143 167 254 300 170 170           

1 1,5 1   117 221 275 117     145 161 250 289 164 165           

1 1,5 2   113 215 246 103     131 142 235 280 146 144           

1 1,5 0 396 112 220 315 129     143 160 245 275 168 169     163     

1 1,5 0 355 104 211 266 119     121 138 222 251 151 156     158     
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ʊʘʙʣʠʮʷ ɸ.4 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʝʤʝʥʪʽʚ, ʟʘʩʪʦʩʦʚʘʥʠʭ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [80] 

ɺʠʜ ɺʠʨʦʙʥʠʢ 

ʉʢʣʘʜ, % 
ʉʪʨʦʢʠ 

ʪʫʞʘʚʣʝʥʥʷ 
ʄʽʮʥʽʩʪʴ, ʄʇʘ, ʯʝʨʝʟ: 

C3S C2S C3A C4AF SO3 Na2O K2O 
ʧʦʯʘʪ

ʦʢ 

ʢ-̔

ʥʝʮʴ 

3 ʜʦʙʠ 7 ʜʽʙ 28 ʜʽʙ 

Rʟʛ Rʩʪ. Rʟʛ Rʩʪ. Rʟʛ Rʩʪ 

ʎʝʤ I 42,6ʅ ʉʣʘʥʮʝʚʩʴʢʠʡ ʎɿ çʎʝʩʣʘè 58,9 13,8 6,9 11,9 2,93 0,17 1,48 3-00 3-48   5,6 33,8 7,3 44,4 

ʇʎ 500ɼ0-ʅ ʇʠʢʘʣʴʦʚʩʴʢʠʡ ʎɿ 64,8 16,3 3,9 10,9 2,76 1,12 0,59 2-15 3-35 5,4 34,6   7,1 50,8 

ʇʎ 500ɼ0-ʅ ʄʘʣʴʮʦʚʩʴʢʠʡ ʎɿ 63,1 14,6 6,2 13,4 2,78 - - 2-00 4-15 5,1 33,2   7,1 50,9 

ʇʎ 500ɼ0-ʅ ɿɸʊ çʆʩʢʦʣʮʝʤʝʥʪè 58,01 18,23 6,18 16,24 2,57 - - 2-05 4-20 4,9 32,6   6,8 55,9 

ʊʘʙʣʠʮʷ ɸ.5 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʙʘʚʦʢ, ʟʘʩʪʦʩʦʚʘʥʠʭ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [80] 

ɼʦʙʘʚʢʘ ʅɼ ʉʦʩʪʘʚ ʅʘʟʥʘʯʝʥʠʝ 

ɼʦʟʫʚʘʥʥʷ, % 

ʚʽʜ ʎ ʅɻ ʎʊ* 

ʉʪʨʦʢʠ 

ʪʫʞʘʚʣʝʥʥʷ* 

ʈʝʢʦʤ. ɺ ʵʢʩʧ. ʧʦʯʘʪʦʢ ʢʽʥʝʮʴ 

ʇʦʣʠʧʣʘʩʪ 

ʉʇ-1 

ʊʋ 5870-005-

58042865-05 

ʅʌ ʉʇ - ʥʘʪʨʽʻʚʽ ʩʦʣʽ 

ʧʦʣʽʤʝʪʠʣʝʥʥʘʬʪʘʣʽʥʩʫʣʴʬʦʢʠʩʣʦʪ 

ʨʽʟʥʦʾ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ 

ʉʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ʜʣʷ ʩʫʤʽʰʝʡ 

ʇ4, ʇ5 ʽ ʙʝʪʦʥʽʚ ɺ40, W8, F300 ʽ 

ʚʠʱʝ 

0,4-0,8 

0 0,27 3-00 4-20 

0,5 0,24 3-35 5-25 

0,6 0,23 3-30 5-40 

ʇʦʣʠʧʣʘʩʪ 

ʉʇ ʉʋɹ 

ʊʋ 5870-002-

14153664-04 

ʅʌ ʉʇ + ʨʝʛʫʣʷʪʦʨ ʩʪʨʫʢʪʫʨʦ-

ʫʪʚʦʨʝʥʥʷ ʽ ʩʪʘʙʽʣʽʟʘʪʦʨ (ʙʝʟ ʍ) 
ɹʝʪʦʥʠ, ʱʦ ʩʘʤʦʫʱʽʣʴʥʶʶʪʴʩʷ 0,7-1,0 

0,8 0,24 3-40 5-05 

1,1 0,23 3-40 6-15 

ʈʝʣʘʤʠʢʩ 

ʊ-2 

ʊʋ 5870-002-

14153664-04 

ʅʌ ʉʇ + ʢʦʤʧʣʝʢʩ ʧʨʠʩʢʦʨʶʚʘʯʽʚ 

(ʙʝʟ ʍ) 

ɿʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʚ ʨʘʥʥʽ 

ʪʝʨʤʽʥʠ (1-2 ʜʦʙʠ) ʥʘ 50 % ʽ 

ʙʽʣʴʰʝ  

0,6-1,0 

0,6 0,23 3-30 5-40 

0,8 0,238 3-45 5-50 

ʇʦʣʠʧʣʘʩʪ 

3ʄɹ 

ʊʋ 5745-013-

58042865-2006 
ʅʌ ʉʇ + ɸʄɼ 

ɿʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ 40-80% 

ʘʙʦ ʝʢʦʥʦʤʽʷ ʮʝʤʝʥʪʫ ʥʘ 10-25% 
5-20 

5 0,257 3-35 5-15 

10 0,24 3-25 6-05 

*ʎʝʤ I 42,6ʅ çʎʝʩʣʘè
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ʊʘʙʣʠʮʷ ɸ.6 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʥʘ ʙʝʪʦʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ [80] 

ɹʝʪʦʥ  ̄ ʄʢʨ (ʇ) 

ʉʢʣʘʜ ʙʝʪʦʥʫ 

ɺ/ʎ 

ɼʦʙʘʚʢʘ 

ɾ, ʩ ʊɺʆ 
 r, 

ʢʛ/ʤ3 

Rʩʪ, ʄʇʘ 
Rʨʦʟʢʦʣ, ʄʇʘ 

(ʥʦʨʤ.3,7) ʢʛ/ʤ3 ʚʽʜʥ. 
ɺʠʜ 

ɼʦʟʫʚ., 

% ʚʽʜ ʎ ʎ ʇ ʑ ʎ ʇ ʑ ʧ/ʧ 1ʩʫʪ 28ʩʫʪ 7ʩʫʪ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

ɺ40 

ʰʧʘʣʠ 

1 2,78 471 593 1147 1 1,259 2,435 0,360 - 0 7 80(2+3+3+3) 2400 42,8 51,0 59,1     

2 2,78 424 689 1246 1 1,625 2,939 0,270 ʉʇ-ʉʋɹ 1,5 7 80(2+3+3+3) 2470 52,3 57,7 62,0     

3 2,78 401 668 1234 1 1,666 3,077 0,344 ʉʇ-ʉʋɹ 0,8 12 80(2+3+3+3) 2443 43,1 51,4 56,9     

4 2,78 382 692 1239 1 1,812 3,243 0,313 ʉʇ-ʉʋɹ 0,8 12 80(2+3+3+3) 2430 42,4 43,9 53,4     

5 2,78 340 730 1210 1 2,147 3,559 0,357 ʉʇ-ʉʋɹ 1,1 10 80(2+3+3+3) 2400 43,5 49,4 58,6     

6 2,78 342 734 1227 1 2,146 3,588 0,380 ʉʇ-ʉʋɹ 0,8 11 80(2+3+3+3) 2436 40,1 42,6 53,3     

7 2,78 338 726 1203 1 2,148 3,559 0,350 ʉʇ-ʉʋɹ 0,8 7 80(2+3+3+3) 2400 39,9 44,6 53,4     

8 2,78 381 690 1227 1 1,811 3,220 0,380 3ʄɹ 5 7 80(2+3+3+3) 2440 42,6 47,3 59,5     

9 2,78 378 684 1225 1 1,810 3,241 0,350 3ʄɹ 3 10 80(2+3+3+3) 2420 42,1 45,5 57,0     

10 2,78 338 726 1203 1 2,148 3,559 0,400 3ʄɹ 5 11 80(2+3+3+3) 2400 44,9 52,0 61,1     

11 2,78 337 724 1199 1 2,148 3,558 0,380 3ʄɹ 3 11 80(2+3+3+3) 2415 41,8 44,1 55,0     

12 2,78 340 730 1220 1 2,147 3,588 0,420 3ʄɹ 3 10 80(2+3+3+3) 2435 39,4 43,4 55,7     

13 2,78 385 697 1249 1 1,810 3,244 0,340 ʈʝʣʘʤʠʢʩ 0,6 9 80(2+3+3+3) 2453 46,4 43,9 54,1     

14 2,78 342 734 1227 1 2,146 3,588 0,367 ʈʝʣʘʤʠʢʩ 0,6 18 80(2+3+3+3) 2430 44,3 44,1 56,0     

15 2,78 344 739 1224 1 2,148 3,558 0,362 ʈʝʣʘʤʠʢʩ 0,9 11 80(2+3+3+3) 2425 49,1 53,3 62,1     

16 2,78 341 732 1214 1 2,147 3,560 0,375 ʈʝʣʘʤʠʢʩ 0,6 13 80(2+3+3+3) 2415 42,2 44,7 53,8     

17 2,78 343 736 1221 1 2,146 3,560 0,354 ʉʇ-1 0,8 11 80(2+3+3+3) 2420 48,6 53,4 58,8     

18 2,78 341 732 1214 1 2,147 3,560 0,398 ʉʇ-1 0,5 13 80(2+3+3+3) 2424 40,0 42,6 53,6     
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ʂʽʥʝʮʴ ʪʘʙʣʠʮʽ ɸ.6 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

ɺ50 

ʰʧʘʣʠ 

1 1,75 415 674 1219 1 1,624 2,937 0,350 - 0 15-20 80(2+3+3+3) 2456 40,4 49,7 63,1     

2 1,75 481 606 1195 1 1,260 2,484 0,324 - 0 15-20 80(2+3+3+3) 2440 47,0 48,8 59,9     

3 1,75 506 662 1099 1 1,308 2,172 0,340 - 0 15-20 80(2+3+3+3) 2422 48,0 55,2 67,8     

4 1,75 428 689 1246 1 1,610 2,911 0,270 ʉʇ-ʉʋɹ 1,5 15-20 80(2+3+3+3) 2472 52,3 57,7 69,2     

5 1,75 367 693 1233 1 1,888 3,360 0,338 ʉʇ-ʉʋɹ 1,1 15-20 80(2+3+3+3) 2415 46,3 54,0 62,8     

6 1,75 428 689 1246 1 1,610 2,911 0,330 ʉʇ-ʉʋɹ 0,8 15-20 80(2+3+3+3) 2408 47,0 52,4 66,0     

7 1,75 368 695 1237 1 1,889 3,361 0,325 ʉʇ-1 0,8 15-20 80(2+3+3+3) 2420 50,6 55,6 67,5     

8 1,75 386 699 1252 1 1,811 3,244 0,318 ʉʇ-1 0,5 15-20 80(2+3+3+3) 2465 47,9 54,2 66,0     

9 1,75 367 693 1233 1 1,888 3,360 0,344 ʈʝʣʘʤʠʢʩ 0,9 15-20 80(2+3+3+3) 2410 51,0 59,4 64,3     

10 1,75 370 695 1240 1 1,878 3,351 0,360 ʈʝʣʘʤʠʢʩ 0,6 15-20 80(2+3+3+3) 2440 47,9 49,9 60,4   

11 1,75 422 686 1240 1 1,626 2,938 0,288 3ʄɹ 20 15-20 80(2+3+3+3) 2470 57,1 63,0 73,0   

12 1,75 420 679 1228 1 1,617 2,924 0,320 3ʄɹ 10 15-20 80(2+3+3+3) 2460 56,7 61,0 72,9   

13 1,75 415 674 1219 1 1,624 2,937 0,332 3ʄɹ 5 15-20 80(2+3+3+3) 2450 51,3 57,2 66,3   

14 1,75 377 697 1240 1 1,849 3,289 0,356 3ʄɹ 3 15-20 80(2+3+3+3) 2448 46,8 55,3 62,0   

15 1,75 366 691 1230 1 1,888 3,361 0,365 3ʄɹ 5 15-20 80(2+3+3+3) 2422 49,5 56,2 63,7   

16 1,75 367 693 1233 1 1,888 3,360 0,338 ʉʇ-ʉʋɹ 1,1 15-20 80(2+3+3+3) 2415 46,3 54,0 62,8   

17 2,23 558 558 1154,5 1 1,000 2,069 0,291 ʉ-3 0,5 2 80(2+3+5+2) 2423 49,2 51,1 60,1 3,74 121,4 

18 2,23 463 602,8 1195,9 1 1,302 2,583 0,329 3ʄɹ 5 3 80(2+3+5+2) 2412 50,7 55,2 68,4   

19 2,23 489 596,6 1222,5 1 1,220 2,500 0,285 ʉʇ ʉʋɹ 0,8 4 80(2+3+5+2) 2448 53,1 58,9 70,3   

20 2,23 482 588 1205 1 1,220 2,500 0,302 ʉʇ-1 0,5 2 80(2+3+5+2) 2421 50,7 54,6 67,5 4,19 136 

21 2,23 484 591 1210 1 1,220 2,500 0,314 ʈʝʣʘʤʠʢʩ 0,6 3 80(2+3+5+2) 2439 49,8 55,3 66,2 3,93 127,6 

22 2,23 563 525 1126 1 0,933 2,000 0,337 - 0 2 80(2+3+5+2) 2402 45,2 46,9 59,3 3,08 106 

3   463 602,8 1196 1 1,302 2,583 0,329 3ʄɹ 5 3 80(2+3+5+2)         3,96 128,6 

4   489 596,6 1222,5 1 1,220 2,500 0,285 ʉʇ ʉʋɹ 0,8 4 80(2+3+5+2)         4,04 131,1 
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ʊʘʙʣʠʮʷ ɸ.7 

ʌʨʘʢʮʽʡʥʠʡ ʪʘ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʽʥʦʟʝʤʥʠʭ ʮʝʤʝʥʪʽʚ [90] 

ʈʦʟʤʽʨ ʬʨʘʢʮʽʾ, ʤʢʤ 
ɼʦʣʷ ʬʨʘʢʮʽʾ ʟʘ ʤʘʩʦʶ, %, ʮʝʤʝʥʪʫ ʤʘʨʢʠ, 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʢʨʘʾʥʠ ʚʠʨʦʙʥʠʢʘ 

ʅʠʞʥʦʾ 

ʛʨʘʥʠʮʽ 
ʉʝʨʝʜʥʽʡ 

ʇʎ-500ɼ0ʅ 

ʆɸʆ 

çʄʘʣʴʮʝʚʩʢʠʡ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪè 

(ʈʦʩʽʷ) 

CEM II/A-LL-

42.5 

çFinnsementtiè 

(ʌʽʥʣʷʥʜʽʷ) 

ʉɽʄ I-42,5R 

EVS 635:1999 

çKunda Nordic 

Cementè 

(ɽʩʪʦʥʽʷ) 

2 3,5 18,6 45,1 65,3 

5 6,5 44,4 34,7 24,2 

8 9,5 17,7 9,8 4,2 

11 12,5 8,8 4,9 2,0 

14 15,5 3,5 2,5 1,1 

17 18,5 0,9 1,2 0,6 

20 21,5 2,9 0,5 0,6 

23 24,5 1,8 0,5 0,4 

26 27,5 0,1 0,5 0,7 

29 30,5 0,6 0,2 0,9 

32 33,5 0,6 0,2 0,1 

35  ɺʩʴʦʛʦ 100 100 100 

ɺʤʽʩʪ 

ʤʽʥʝʨʘʣʽʚ ʫ 

ʢʣʽʥʢʝʨʽ, % 

C3S 63,3 63 66,7 

C2S 14,7 14 9,9 

C3A 6,3 9 11,87 

C4AF 12,8 8 8,5 
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ʘ)                                                                                                            

 
ʙ) 

  
ʚ) 

 

ʈʠʩ. ɸ.1 ɻʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʟʘ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ [90]: ʘ - 

ʇʎ-500ɼ0ʅ ʆɸʆ çʄʘʣʴʮʝʚʩʢʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪè (ʈʦʩʽʷ); ʙ - CEM II/A-LL-

42,5 çFinnsementtiè (ʌʽʥʣʷʥʜʽʷ); ʚ - ʉɽʄ I-42,5R EVS 635:1999 çKunda 

Nordic Cementè (ɽʩʪʦʥʽʷ) 

ʇʎ-500ɼ0ʅ ʄʘʣʴʮʝʚʩʴʢʠʡ

18,6

44,4

17,7

8,8

3,5

0,9
2,9

1,8
0,1 0,6 0,6

3,5 6,5 9,5 12,5 15,5 18,5 21,5 24,5 27,5 30,5 33,5

ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʬʨʘʢʮʽʾ, ʤʢʤ

CEM II/A-LL-42.5 ʌʽʥʩʴʢʠʡ

45,1

34,7

9,8

4,9
2,5

1,2 0,5 0,5 0,5 0,2 0,2

3,5 6,5 9,5 12,5 15,5 18,5 21,5 24,5 27,5 30,5 33,5

ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʬʨʘʢʮʽʾ, ʤʢʤ

CEM I-42,5R ɽʩʪʦʥʩʴʢʠʡ
65,3

24,2

4,2
2,0 1,1 0,6 0,6 0,4 0,7 0,9 0,1

3,5 6,5 9,5 12,5 15,5 18,5 21,5 24,5 27,5 30,5 33,5

ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʬʨʘʢʮʽʾ, ʤʢʤ
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ʊʘʙʣʠʮʷ A.8 

ɺʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʽ ʙʝʪʦʥʫ ʟ ʜʦʙʘʚʢʘʤʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ 

ʟʘ ʜʘʥʠʤʠ ʚʠʨʦʙʥʠʢʘ ʜʦʙʘʚʦʢ MC-Bauchemie 

 ̄

ʂʦʤʧʦʥʝʥʪʠ ʙʝʪʦʥʫ ʪʘ ʾʭ ʚʠʪʨʘʪʘ ʥʘ ʟʘʤʽʩ, ʢʛ 

ɺ/ʎ 

ʉʇ 

  ʎ, 

%  

ʎ, 

ʢʛ/ʤ3 

ɺ, 

ʢʛ/ʤ3 

ʂʦʥ-

ʩʠʩ-

ʪʝʥʮʽʷ 

ʇʋ, % 
rʙʩ, 

ʢʛ/ʤ3 
ʊɺʆ 

rʙ, ʢʛ/ʤ3, ʫ ʚʽʮʽ R, ʄʇʘ, ʫ ʚʽʮʽ 

ʑ8-16 ʑ2-8 ʇ0-2 ʎ ɺ ʉʇ 
10 

ʛʦʜ 

24 

ʛʦʜ 

16 

ʜʽʙ 

10 

ʛʦʜ 

24 

ʛʦʜ 

14 

ʜʽʙ 

28 

ʜʽʙ 

1 718 517 680 
CEM I 

42,5R 
380 130 MC-PowerFlow 3100 3,04 0,34 0,8 380 130 

1-4 

ʩʤ 
                

  
60 

2 17,95 12,93 17 
CEM I 

52,5N 
9,5 3,05 MC-PowerFlow 1102 0,076 0,32 0,8 380 122 26 ʩ 1,5 2456 55 2432 2434   57,97 71,97   

  

3 17,95 12,93 17 
CEM I 

52,5N 
9,5 3,05 Chryso FluidPremia205 0,076 0,32 0,8 380 122 26 ʩ 1,5 2450 55 2459 2450   62,12 77,29   

  

4 17,95 12,93 17 
CEM I 

52,5N 
9,5 3,05 MC-PowerFlow 3100 0,076 0,32 0,8 380 122 26 ʩ 1,5 2452 55 2473 2487   67,82 81,63   

  

5 17,95 12,93 17 
CEM I 

52,5R NA 
9,5 3,05 

Mapei 

Dynamon NRG 1020 
0,076 0,32 0,8 380 122 21 ʩ 1,7 2346   2507   2530 55,6   78,1 

  

6 17,95 12,93 17 
CEM I 

52,5R NA 
9,5 3,05 MC-PowerFlow 3102 0,076 0,32 0,8 380 122 24 ʩ 1,4 2469   2450   2459 63,2   86,5 
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ɼʆɼɸʊʆʂ ɹ  - ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʘʥʘʣʽʟʫ ʭʽʤʽʯʥʦʛʦ ʪʘ 

ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʮʝʤʝʥʪʫ 
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ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʮʝʤʝʥʪʫ ʇʎ ɯ-500ʈ-ʅ ɯʌʮʝʤ 
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ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɸ-ʐ-500ʈ-ʅ ɯʌʮʝʤ 
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ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɸ-ʇ-500ʈ-ʅ ɯʌʮʝʤ 
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ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500ʈ-ʅ ɺʦʣʠʥʴ-ʎʝʤʝʥʪ 
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ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500ʈ-ʅ ʖɻʝʤʝʥʪ 
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ɼʆɼɸʊʆʂ ɺ - ʆʩʥʦʚʥʽ ʪʠʧʠ ʧʣʘʩʪʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʚ ʙʝʪʦʥʠ ʪʘ ʽʥʰʽ ʩʠʣʽʢʘʪʥʽ ʢʦʤʧʦʟʠʪʠ (4 ʢʣʘʩʫ 1 ʛʨʫʧʠ ʟʘ 

ɺ.ɹ. ʈʘʪʽʥʦʚʠʤ) 

ʊʠʧʠ ʧʣʘʩʪʠʬʽʢʫʶʯʠʭ 

ʜʦʙʘʚʦʢ ʟʘ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ 

ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ, 

ʩʧʨʦʱʝʥʽ ʬʦʨʤʫʣʠ, ʫ ʪ.ʯ. 

ʜʠʩʦʮʽʡʦʚʘʥʦʾ ʤʦʣʝʢʫʣʠ 

ʄʝʭʘʥʽʟʤ ʧʣʘʩʪʠʬʽʢʫʶʯʦʾ ʜʽʾ 

ɺʦʜʦʨʝʜʫʢʫʶʯʠʡ 

ʝʬʝʢʪ, % (ʪʠʧ 

ʜʦʙʘʚʢʠ ʟʘ 

ʝʬʝʢʪʠʚʥʽʩʪʶ) 

ʄʘʨʢʠ ʜʦʙʘʚʦʢ 

(ʬʽʨʤʘ, ʢʨʘʾʥʘ ʨʦʟʨʦʙʥʠʢ, ʚʠʨʦʙʥʠʢ) 

ʃʽʛʥʦʩʫʣʴʬʦʥʘʪʠ 

ʈʠʩ. 3.1, ʘ 

 [R]n-(SO3Na)2 

[R]n-(SO3-)2 

ɸʜʩʦʨʙʮʽʷ [R]n-(SO3-)2 ʥʘ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ 

ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ (ʨʠʩ. 4.3, ʙ), ʾʭ 

ʥʝʡʪʨʘʣʽʟʘʮʽʷ ʽ ʚʠʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ 

ʧʨʠʪʷʛʘʥʥʷ ʤʽʞ ʥʠʤʠ ʽ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ 

ʜʽʣʷʥʢʘʤʠ ʧʦʚʝʨʭʥʽ ʩʫʤʽʞʥʠʭ ʯʘʩʪʠʥʦʢ(ʯʝʨʝʟ 

ʧʦʜʚʽʡʥʽ ʝʣʝʢʪʨʠʯʥʽ ʰʘʨʠ) 

5õ15 (ʚʽʜ ʩʣʘʙʦ- ʜʦ 

ʩʠʣʴʥʦʧʣʘʩʪʠʬʽʢʫʶ

ʯʠʭ) 

ʉɼɹ, ʉʉɹ, ʃʉʊ, ʃʊʄ, ʃʉʊʄ-2 (ʉʈʉʈ, ʈʦʩʽʷ); 

ʅʃʂ (ʂʫʨʷʟʴʢʠʡ ɼɹʂ, ʋʢʨʘʾʥʘ); SL (ʋʢʨɼʋɿʊ, 

ʋʢʨʘʾʥʘ); ʈʝʣʘʢʩʦʣ* (ɹʫʜʽʥʜʫʩʪʨʽʷ ʃʊɼ, ʋʢʨʘʾʥʘ);  

Stacheplast (Stachema, ʉʣʦʚʘʯʯʠʥʘ); 

ʋʥʠʚʝʨʩʘʣ-ʇ (ʉʂʊ-ʉʪʘʥʜʘʨʪ, ʈʦʩʽʷ)  

ʉʫʣʴʬʦʤʝʣʘʤʽʥ-

ʬʦʨʤʘʣʴʜʝʛʽʜʠ 

ʈʠʩ. 3.1, ʙ 

-[R-SO3Na]n- 

-[R-SO3-]n- ɸʜʩʦʨʙʮʽʷ -[R-SO3-]n-ʥʘ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ 

ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ (ʨʠʩ. 4.3, ʚ), ʾʭ 

ʧʝʨʝʟʘʨʷʜʞʝʥʥʷ ʽ ʟʘʤʽʥʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ 

ʧʨʠʪʷʛʘʥʥʷ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷʤ (ʯʝʨʝʟ ʧʦʜʚʽʡʥʽ 

ʝʣʝʢʪʨʠʯʥʽ ʰʘʨʠ ʟʛʽʜʥʦ ʟ ʪʝʦʨʽʻʶ ɼʃʌʆ) 

5õ25 (ʚʽʜ 

ʩʣʘʙʦʧʣʘʩʪʠʬʽʢʫʶʯ

ʠʭ ʜʦ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ

ʽʚ) 

Melment (SKW Trostberg, ʅʽʤʝʯʯʠʥʘ); 

10-03 (ʤ. ɭʥʘʢʽʻʚʝ, ʋʢʨʘʾʥʘ), ʄʌ-ɸʈ (ʤ. ʇʝʨʤ, 

ʈʦʩʽʷ); Peramin FS (Brenntag N.V., ɹʝʣʴʛʠʷ); 

Sikament-FF (Sika, ʐʚʝʡʮʘʨʽʷ)  

ʉʫʣʴʬʦʥʘʬʪʘʣʽʥ-

ʬʦʨʤʘʣʴʜʝʛʽʜʠ 

ʈʠʩ. 3.1, ʚ 

-[R-SO3Na]n- 

-[R-SO3-]n- 

15õ25 (ʚʽʜ 

ʩʠʣʴʥʦʧʣʘʩʪʠʬʽʢʫʶ

ʯʠʭ ʜʦ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ

ʽʚ) 

Irgament Mighty (Onoda Cement Co Ltd, Kao Soap 

Co, ʗʧʦʥʽʷ); ʉ-3, ʉʇ-1 (ʇʦʣʠʧʣʘʩʪ, ʈʦʩʽʷ); ɼʦʬʝʥ 

(ʄʦʜʠʬ, ʋʢʨʘʾʥʘ);Adi-Con SP100 (Jemite Products 

Inc., ʂʘʥʘʜʘ); Sikament-N (Sika, ʐʚʝʡʮʘʨʠʷ); 

Mapefluid IF (Mapei, ɯʪʘʣʽʷ); Muraplast (MC 

Bauchemie, ʅʽʤʝʯʯʠʥʘ); 

ʇʦʣʽʢʘʨʙʦʢʩʠʣʘʪʠ 

ʈʠʩ. 3.1, ʛ-ʟ 

-[R-COONa]n- 

-[R-(COO-]n- 

-[R-ʈO3Na2]n- 

-[R-(PO32-]n- 

ɸʜʩʦʨʙʮʽʷ -[R-(COO-)2]n-, -[R-(PO32-]n-ʥʘ 

ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ 

ʮʝʤʝʥʪʫ (ʨʠʩ. 4.3, ʛ), ʩʪʝʨʠʯʥʠʡ ʝʬʝʢʪ  

20õ45 (ʚʽʜ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ

ʽʚ ʜʦ 

çʛʽʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ

ʽʚè) 

Melflux (SKW Trostberg, ʅʽʤʝʯʯʠʥʘ);   

Sika VisoCrete (Sika, ʐʚʝʡʮʘʨʽʷ); Dynamon SR 

(Mapei, ɯʪʘʣʽʷ); MC-Powerflow (MC Bauchemie, 

ʅʽʤʝʯʯʠʥʘ); Stachement (Stachema, ʉʣʦʚʘʯʯʠʥʘ); 

ʍʠʜʝʪʘʣ-ɻʇ (ʉʂʊ-ʉʪʘʥʜʘʨʪ, ʈʦʩʽʷ)  

* ʜʦʙʘʚʢʘ ʙʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʙʫʣʘ ʧʨʦʜʫʢʪʦʤ ʢʦʢʩʦʭʽʤʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘʘ ʟ ʜʦʜʘʚʘʥʥʷʤ ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʽʚ   
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ɼʆɼɸʊʆʂ ɻ - ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʽʚ ʙʝʪʦʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇɿ 

ʇʉɹ-ʋʂʈɼɸɿʊ 
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ɼʆɼɸʊʆʂ ɼ - ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʥʘ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ 

ʙʝʪʦʥʫ ʰʧʘʣ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ 

ˉ ɼʦʙʘʚʢʘ ʑʢ ʑʜ ɻɺ ʇʜ ʎ ɺ ɼ ɼ/ʎ% ɺ/ʎ ʌʦʨʤʫʚ. 

ʊɺʆ, ʛʨʘʜ 

ɺʠʧʨʦʙ. ɺʽʢ r, ʢʛ/ʤ3 P, ʢʛʩ 

f, 

ʄʇʘ 
tʧʦʯ tʽʟ tʨʦʟ 

min max ʩʝʨ min max ʩʝʨ min max ʩʝʨ 

3 

ɸʨʭɹʫʜ  1163 200 100 610 340 85 2,38 0,7 0,25 28.12.2020                   

29.12.2020 1 

2520   51500 47,9 

45,4 
4 2535   51000 47,5 

6 2535   46375 43,2 

7 2520   46250 43,1 

1 

  28 

2552 2552 68750 64,0 

70,2 

2 2581 2581 84000 78,2 

3 2552 2552 83450 77,7 

4 2564 2565 85250 79,4 

5 2551 2551 77750 72,4 

6 2525 2526 76250 71,0 

7 2552 2552 78000 72,6 

8 2575 2574 79000 73,5 

9 2558 2557 82250 76,6 

10 2575 2573 76750 71,5 

11 2572 2570 80500 74,9 

12 2535 2534 78000 72,6 

13 2553 2553 82750 77,0 

14 2574 2571 81750 76,1 

15 2494 2492 77000 71,7 

16 2551 2549 82000 76,3 

17 2578 2579 83500 77,7 

18 2568 2565 71500 66,6 

ʙ/ʥ 2558     0,0 

ʙ/ʥ 2575   78750 73,3 

19 

ɸʨʭɹʫʜ 1163 200 100 617 340 78 2,38 0,7 0,229 30.12.2020                     28 

2535 2537 70500 65,6 

68,8 

20 2572 2572 69750 64,9 

3 2543 2544 73750 68,7 

4 2545 2546 73250 68,2 

5 2554 2554 70000 65,2 

6 2525 2525 71750 66,8 

7 2517 2515 77500 72,2 

8 2563 2560 73500 68,4 
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9 2528 2527 78750 73,3 

10 2558 2555 77500 72,2 

11 2573 2573 74750 69,6 

12 2534 2532 75250 70,1 

13 2579 2576 78500 73,1 

14 2545 2543 77000 71,7 

15 2527 2525 75750 70,5 

16 2550 2546 74000 68,9 

17 2533 2532 74750 69,6 

18 2575 2572 71250 66,3 

ʙ/ʥ 2565   75000 69,8 

ʙ/ʥ 2532   66000 61,4 

1-I ʙ/ʜ 1000 300 100 589 390 106 0 0 0,272 03.02.2021                   04.02.2021 1 
2540 

2546 
47000 43,8 

45,3 
2552 50250 46,8 

1-II  Plastidor 1000 300 100 637 360 88 1,44 0,4 0,244 03.02.2021                   04.02.2021 1 
2560 

2550 
54750 51,0 

51,0 
2540 54750 51,0 

1-III  ʄʽʩʪʽʤ 1000 300 100 640 360 85 2,88 0,8 0,236 03.02.2021                   04.02.2021 1 
2564 

2554 
50625 47,1 

45,7 
2543 47500 44,2 

1-IV ɸʨʭɹʫʜ 1000 300 100 645 360 80 2,52 0,7 0,222 03.02.2021                   04.02.2021 1 
2535 

2548 
55250 51,4 

51,6 
2560 55625 51,8 

2-I ʙ/ʜ 1000 300 100 589 390 106 0 0 0,272 09.02.2021 3 4 
       

10.02.2021 1 
2510 

2515 
42000 39,1 

38,3 
2520 40250 37,5 

2-II  ʄʽʩʪʽʤ 1000 300 100 590 360 88 3,06 0,85 0,244 09.02.2021 12 14 
       

10.02.2021 1 
2530 

2533 
41875 39,0 

37,6 
2535 39000 36,3 

2-III  Plastidor 1000 300 100 591 360 90 1,44 0,4 0,25 09.02.2021 
         

10.02.2021 1 
2500 

2507 
57500 53,5 

52,6 
2513 55500 51,7 

ɯ 

ɸʨʭɹʫʜ         360   2,52 0,7   
01.03.2021 10 15 12,5 40 50 45 32 42 37 02.03.2021 1 

2505 
2510 

47000 46,1 
46,1 

2515 47125 46,2 

ɯɯ 
2530 

2525 
50750 49,7 

49,6 
2520 50500 49,5 

ɯV 
2500 

2505 
50250 49,2 

49,1 
2510 50000 49,0 

ɯ 
2520 

2523 
46250 45,3 

45,4 
2525 46375 45,4 

ɯɯ 
2500 

2505 
48125 47,2 

47,1 
2510 48000 47,0 

ɯV 
2500 

2495 
46000 45,1 

45,1 
2490 46000 45,1 

ɯ 02.03.2021 15 20 17,5 40 50 45 35 45 40 03.03.2021 1 2500 2505 48000 47,0 46,8 
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2510 47500 46,6 

ɯɯ 
2520 

2513 
45500 44,6 

44,5 
2505 45250 44,3 

ɯV 
2530 

2533 
45000 44,1 

44,1 
2535 45000 44,1 

ɯ 

Visco 

Crete 
        360   1,44 0,4   

2500 
2503 

47500 46,6 
46,4 

2505 47250 46,3 

ɯɯ 
2520 

2515 
46000 45,1 

45,1 
2510 46000 45,1 

ɯV 
2545 

2538 
47000 46,1 

46,0 
2530 46875 45,9 

ɯ ʄʽʩʪʽʤ          360   2,88 0,8   

2550 
2548 

50000 49,0 
48,4 

2545 48750 47,8 

2525 
2528 

46250 45,3 
45,9 

2530 47500 46,6 

ɯ 

Visco 

Crete 
        360   1,44 0,4   

03.03.2021 15 20 17,5 45 55 50       04.03.2021 1 

2530 
2533 

45000 44,1 
44,2 

2535 45250 44,3 

ɯɯ 
2510 

2513 
40125 39,3 

39,3 
2515 40000 39,2 

ɯV 
2520 

2523 
46500 45,6 

45,3 
2525 46000 45,1 

ɯ 
2540 

2535 
40000 39,2 

39,3 
2530 40250 39,4 

ɯɯ 
2520 

2525 
44000 43,1 

43,2 
2530 44125 43,2 

ɯV 
2500 

2505 
43000 42,1 

42,3 
2510 43250 42,4 

ɯ 

15.03.2021 4 6 5 35 45 40 20 35 27,5 16.03.2021 1 

2540 
2533 

39000 38,2 
38,5 

2525 39500 38,7 

ɯɯ 
2525 

2535 
41500 40,7 

40,4 
2545 41000 40,2 

ɯV 
2515 

2520 
40000 39,2 

38,7 
2525 39000 38,2 

ɯ 
2510 

2515 
39000 38,2 

38,5 
2520 39500 38,7 

ɯɯ 
2510 

2508 
45000 44,1 

44,2 
2505 45125 44,2 

ɯV 
2520 

2518 
42500 41,7 

41,4 
2515 42000 41,2 



 
 
 
 

168 
 

ɯ Plastidor          350   1,4 0,4    
2530 

2530 
39000 38,2 

38,2 
2530 39000 38,2 

ɯ 

Visco 

Crete 
        360   1,44 0,4   

16.03.2021 15 20 17,5 40 50 45 35 40 37,5 17.03.2021 1 

2525 
2528 

41000 40,2 
40,3 

2530 41250 40,4 

ɯɯ 
2530 

2523 
45000 44,1 

44,5 
2515 45750 44,8 

ɯV 
2510 

2513 
41000 40,2 

39,7 
2515 40000 39,2 

ɯ 
2510 

2513 
40000 39,2 

39,4 
2515 40500 39,7 

ɯɯ 
2535 

2533 
43625 42,8 

42,4 
2530 43000 42,1 

ɯV 
2525 

2520 
45125 44,2 

44,2 
2515 45000 44,1 

ɯ 

17.03.2021 15 20 17,5 45 52 49 35 42 39 18.03.2021 1 

2505 
2510 

45000 44,1 
44,5 

2515 45750 44,8 

ɯɯ 
2530 

2535 
40000 39,2 

39,4 
2540 40500 39,7 

ɯV 
2540 

2545 
42000 41,2 

41,1 
2550 41875 41,0 

ɯ 
2550 

2543 
46000 45,1 

45,0 
2535 45750 44,8 

ɯɯ 
2510 

2513 
44625 43,7 

42,9 
2515 43000 42,1 

ɯV 
2535 

2538 
45750 44,8 

44,2 
2540 44375 43,5 

I/IV  

Plastidor  

        350   1,4 0,4   
2540 

2543 
44000 43,1 

43,0 
2545 43750 42,9 

        360   1,44 0,4   

2540 
2535 

48250 47,3 
46,7 

2530 47000 46,1 

ɯ 

18.03.2021 14 22 18 45 55 50 36 42 39,0 19.03.2021 1 

2545 
2543 

49000 48,0 
48,4 

2540 49750 48,8 

ɯɯ 
2560 

2550 
56000 54,9 

54,4 
2540 55000 53,9 

ɯV 
2525 

2523 
45000 44,1 

43,5 
2520 43750 42,9 

ɯ 
        350   1,4 0,4   

2515 
2520 

47000 46,1 
46,1 

2525 47125 46,2 

ɯɯ 2540 2533 47500 46,6 46,3 
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2525 47000 46,1 

ɯV 
2525 

2525 
46625 45,7 

45,4 
2525 46000 45,1 

ɯ 

        360  1,44 0,4  19.03.2021 15 20 17,5 45 50 47,5 32 45 38,5 20.03.2021 1 

2520 
2515 

46500 45,6 
44,8 

2510 45000 44,1 

ɯɯ 
2535 

2530 
45500 44,6 

44,3 
2525 45000 44,1 

ɯV 
2515 

2518 
50000 49,0 

48,8 
2520 49500 48,5 

ɯ 
2505 

2510 
44000 43,1 

43,0 
2515 43750 42,9 

ɯɯ 
2525 

2523 
43750 42,9 

42,3 
2520 42500 41,7 

ɯV 
2530 

2525 
46250 45,3 

45,7 
2520 47000 46,1 

ɯ 

ʙ/ʜ         380     0   20.03.2021 16 20 18 22 28 25 16 22 19 22.03.2021 2 

2520 
2518 

43750 42,9 
42,6 

2515 43125 42,3 

ɯɯ 
2540 

2538 
54000 52,9 

52,8 
2535 53750 52,7 

ɯV 
2525 

2520 
50000 49,0 

48,8 
2515 49500 48,5 

ɯ 

Plastidor  

        360  1,44 0,4  

22.03.2021 12 18 15 40 50 45 32 40 36 23.03.2021 1 

2505 
2510 

46825 45,9 
46,0 

2515 47125 46,2 

ɯɯ 
2515 

2518 
40500 39,7 

39,4 
2520 40000 39,2 

ɯV 
2500 

2508 
43750 42,9 

42,3 
2515 42500 41,7 

ɯɯ 

        350  1,4 0,4  

2540 
2530 

46250 45,3 
45,1 

2520 45750 44,8 

ɯV 
2520 

2510 
45500 44,6 

45,0 
2500 46250 45,3 

ɯ 

        360  1,44 0,4  23.03.2021 15 20 17,5 40 45 42,5 30 40 35 24.03.2021 1 

2495 
2498 

46500 45,6 
45,1 

2500 45500 44,6 

ɯɯ 
2510 

2508 
41000 40,2 

40,5 
2505 41750 40,9 

ɯV 

2505 
2510 

47500 46,6 
46,2 

2515 46750 45,8 

ʄʽʩʪʽʤ          360  3,24 0,9               
2475 

2488 
37750 37,0 

37,6 
2500 39000 38,2 


















