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ɼʀʉɽʈʊɸʎɯʗ 

ʅʀɿʔʂʆɽʄɯʉɯʁʅɯ ɿʄɯʐɸʅɯ ʎɽʄɽʅʊʀ ʊɸ ʄʆɼʀʌɯʂʆɺɸʅɯ ɹɽʊʆʅʀ ɯ 

ɹʋɼɯɺɽʃʔʅɯ ʈʆɿʏʀʅʀ ʅɸ ɰʍ ʆʉʅʆɺɯ 

192 ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ  

19 ɸʨʭʽʪʝʢʪʫʨʘ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ 
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______________ / ɻ. ʉ. ɯʚʘʱʠʰʠʥ / 

  (ʧʽʜʧʠʩ, ʽʥʽʮʽʘʣʠ ʪʘ ʧʨʽʟʚʠʱʝ ʟʜʦʙʫʚʘʯʘ) 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ                                       ʉʘʥʠʮʴʢʠʡ ʄʠʨʦʩʣʘʚ ɸʥʜʨʽʡʦʚʠʯ, 

 ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

                                                         (ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ) 

ʃɹ ʚʽʚ ï 2020 



2 
 

ɸʅʆʊɸʎɯʗ 

 

ɯʚʘʱʠʰʠʥ ɻ. ʉ. ʅʠʟʴʢʦʝʤʽʩʽʡʥʽ ʟʤʽʰʘʥʽ ʮʝʤʝʥʪʠ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʽ ʙʝʪʦʥʠ ʽ 

ʙʫʜʽʚʝʣʴʥʽ ʨʦʟʯʠʥʠ ʥʘ ʾʭ ʦʩʥʦʚʽ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

192. ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ (19 ï ɸʨʭʽʪʝʢʪʫʨʘ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ). ï 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʃʴʚʽʚ, 2020. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʟʘʚʜʘʥʥʷ ʦʜʝʨʞʘʥʥʷ ʝʢʦʝʬʝʢʪʠʚʥʠʭ 

ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʣʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ, ʷʢʽ 

ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ ʟʚʠʯʘʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ (ʉɽʄ ɯ 42,5R) ʟ 

ʘʢʪʠʚʥʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʎɿʄ). ʇʝʨʝʚʘʛʘʤʠ ʪʘʢʠʭ ʮʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ ʻ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʥʠʟʴʢʽ ʚʠʢʠʜʠ ʉʆ2 ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʮʝʤʝʥʪʽʚ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʩʦʢʦʶ ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʢʦʤʙʽʥʦʚʘʥʽ 

ʧʫʮʦʣʘʥʦʚʽ ʜʦʙʘʚʢʠ (ʂʇɼ) ʟʘʚʜʷʢʠ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʯʦʚʠʥʥʦʛʦ ʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ 

ʩʢʣʘʜʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʦʢʨʝʤʠʤ ʩʢʣʘʜʥʠʢʦʤ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʝʬʝʢʪʠʚʥʠʭ ʙʝʪʦʥʽʚ ʪʘ 

ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ. ɰʭ ʤʦʞʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʤʽʰʫʚʘʪʠ ʟ ʉɽʄ ɯ ʚ ʙʝʪʦʥʦ-

ʨʦʟʯʠʥʦʟʤʽʰʫʚʘʯʽ ʘʙʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʯʘʩʪʠʥʦʶ  ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʟʘʚʦʜʩʴʢʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʧʫʮʦʣʘʥʦʚʦʾ ʨʝʘʢʮʽʾ ʤʽʞ ʚʠʩʦʢʦʘʢʪʠʚʥʠʤʠ 

ʩʫʧʝʨʮʝʦʣʽʪʦʤ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʦʤ, ʘ ʪʘʢʦʞ ʥʠʟʴʢʦʢʘʣʴʮʽʻʚʦʶ ʟʦʣʦʶ-ʚʠʥʝʩʝʥʥʷ ʟ 

ʛʽʜʨʦʢʩʠʜʦʤ ʢʘʣʴʮʽʶ ʩʪʠʤʫʣʶʶʪʴʩʷ ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʘʪʥʠʭ ʬʘʟ ʫ 

ʤʽʞʟʝʨʥʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʫʱʽʣʴʥʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʮʝʤʝʥʪʫʶʯʦʾ ʤʘʪʨʠʮʽ, ʱʦ ʚ 

ʧʦʻʜʥʘʥʥʽ ʟ ʜʦʙʘʚʢʘʤʠ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ ʟʘʙʝʟʧʝʯʫʻ ʪʝʭʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ʽ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ.   

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚʽʜʧʦʚʽʜʘʻ ʩʚʽʪʦʚʽʡ 

ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ (Sustainable Development), ʚʝʢʪʦʨʦʤ ʨʫʭʫ ʷʢʦʾ ʻ 
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ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʝʢʦʥʦʤʽʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʈʦʟʨʦʙʣʝʥʥʷ ʪʘʢʠʭ ʚôʷʞʫʯʠʭ ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʠʪʠ ʧʨʦʛʨʝʩʠʚʥʽ ʤʦʜʝʣʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʧʘʣʠʚʘ, ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʫʪʠʣʽʟʫʚʘʪʠ ʚʽʜʭʦʜʠ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ 

ʥʠʟʢʫ ʚʘʞʣʠʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʩʦʮʽʘʣʴʥʠʭ ʧʨʦʙʣʝʤ. 

ɿʨʦʙʣʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʨʝʘʣʽʟʘʮʽʷ 

ʢʦʥʮʝʧʮʽʾ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʩʝʢʪʦʨʽ ʮʝʤʝʥʪʫ ʪʘ ʙʝʪʦʥʫ, ʟʘʛʘʣʦʤ, 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʽ ʟʥʠʞʝʥʥʶ ʢʣʽʥʢʝʨ-

ʬʘʢʪʦʨʫ ʮʝʤʝʥʪʫ. ɿʽ ʩʪʦʨʦʥʠ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ 

ʝʢʦʥʦʤʽʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʭʦʜʫ ʟ ʤʦʢʨʦʛʦ ʩʧʦʩʦʙʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʩʫʭʠʡ, ʷʢʠʡ ʫʞʝ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ 90 %. ʊʦʤʫ ʥʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʫ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʩʫʯʘʩʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʦʩʥʦʚʥʽ ʩʢʣʘʜʥʠʢʠ ʮʝʤʝʥʪʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʨʦʟʤʝʣʦʟʜʘʪʥʦʩʪʽ, ʪʦʤʫ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʮʝʤʝʥʪʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʨʦʟʜʽʣʴʥʠʡ ʧʦʤʝʣ, ʦʩʢʽʣʴʢʠ ʪʘʢ ʜʦʩʷʛʘʻʪʴʩʷ 

ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ.  

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʧʨʷʤʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʢʣʽʥʢʝʨ-ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʙʝʪʦʥʽʚ. ɺ ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ ʥʘʡʯʘʩʪʽʰʝ 

ʜʦʜʘʶʪʴ ʎɿʄ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ ʧʨʠ ʩʫʤʽʩʥʦʤʫ ʯʠ ʨʦʟʜʽʣʴʥʦʤʫ ʧʦʤʝʣʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʨʽʚʝʥʴ ʟʘʤʽʱʝʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʽ 

ʢʦʤʧʦʥʝʥʪʥʠʡ ʩʢʣʘʜ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ (EN 197-1, EN 413). ɺ ʪʦʡ ʞʝ ʯʘʩ, 

ʚʩʝ ʙʽʣʴʰʝ ʥʘʙʫʚʘʻ ʧʦʧʫʣʷʨʥʦʩʪʽ ʜʦʩʚʽʜ ʉʐɸ, ʜʝ ʚʠʛʦʪʦʚʣʷʶʪʴ ʣʠʰʝ 5 ʪʠʧʽʚ ʮʝʤʝʥʪʽʚ 

ʟ ʥʦʨʤʦʚʘʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʩʢʣʘʜʥʠʢʽʚ (ASTM C150, ASTM C595), ʘ ʎɿʄ 

ʜʦʜʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʝʪʦʥʥʦʾ ʯʠ ʨʦʟʯʠʥʦʚʦʾ  ʩʫʤʽʰʽ. ʇʨʠ 

ʮʴʦʤʫ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʠʨʦʙʥʠʮʪʚʦ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ (ʆʄɼ) ʥʘ ʦʩʥʦʚʽ 

ʤʽʩʮʝʚʠʭ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʉɽʄ ɯ ʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʝʢʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʦʪʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ. ɿʦʢʨʝʤʘ, ʜʦ ʪʘʢʠʭ ʆʄɼ 
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ʥʘʣʝʞʠʪʴ PozzoSlag (ʉʐɸ), ʷʢʠʡ ʦʜʝʨʞʫʶʪʴ ʥʘ ʦʩʥʦʚʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʽ ɻɼʐ, ʘ ʪʘʢʦʞ  

çZeoSlagè (ʉʣʦʚʘʯʯʠʥʘ) ï ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʴʦʛʦ ʮʝʦʣʽʪʫ ʽ ɻɼʐ. ʈʘʟʦʤ ʟ ʪʠʤ, ʚ 

ʮʝʤʝʥʪʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫʞʝ ʚʽʜʯʫʚʘʻʪʴʩʷ ʜʝʬʽʮʠʪ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ, 

ʪʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʦʰʫʢ ʥʦʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ  ʚ ʙʝʪʦʥʘʭ ʽ ʙʫʜʽʚʝʣʴʥʠʭ 

ʨʦʟʯʠʥʘʭ. 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʫ ʦʙʣʘʩʪʽ ʭʽʤʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʮʝʤʝʥʪʽʚ ʪʘ ʙʝʪʦʥʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʦʤʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʜʦʟʚʦʣʷʻ ʚʠʩʫʥʫʪʠ ʨʦʙʦʯʫ ʛʽʧʦʪʝʟʫ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ  

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʽ ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʽʚ ʢʦʤʙʽʥʦʚʘʥʠʭ ʜʦʙʘʚʦʢ 

ʧʫʮʦʣʘʥʽʯʥʦʾ ʜʽʾ, ʷʢʽ ʧʨʠ ʾʭ ʧʦʻʜʥʘʥʥʽ ʟ ʜʦʙʘʚʢʘʤʠ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ ʩʪʚʦʨʶʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʢʣʽʥʢʝʨ-ʝʬʝʢʪʠʚʥʠʭ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʟʘʜʘʥʦʶ ʧʨʦʝʢʪʥʦʶ ʤʘʨʢʦʶ ʟʘ 

ʤʽʮʥʽʩʪʶ ʧʨʠ ʩʪʠʩʢʫ, ʧʨʦʝʢʪʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ, ʧʦʢʨʘʱʝʥʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʦʢʨʝʤʘ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷʤ 

ʧʦʢʘʟʥʠʢʘ ʉʆ2-ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʪʫ.  

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ. ɸʥʘʣʽʟ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ, 

ʱʦ ʚʤʽʩʪ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 10 ʤʢʤ ʜʣʷ ɻɼʐ ʽ ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ (36,19 ʽ 22,13 %) ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʉɽʄ ɯ 42,5 R (43,41 %), 

ʩʫʧʝʨʮʝʦʣʽʪʦʤ (48,86 %) ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʦʤ (100,00 %). ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʜʦʩʪʘʪʥʴʦ 

ʚʠʩʦʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ɻɼʐ ʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ,  ʱʦ ʚʠʟʥʘʯʘʻ 

ʩʧʦʚʽʣʴʥʝʥʥʷ ʢʽʥʝʪʠʢʠ ʥʘʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʽʚ ʟ ʚʤʽʩʪʦʤ ʪʘʢʠʭ ʎɿʄ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʚʤʽʩʪ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ 

ʯʘʩʪʠʥʦʢ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʡʦʛʦ ʽʥʜʝʢʩʫ ʘʢʪʠʚʥʦʩʪʽ ʯʝʨʝʟ 28 ʜʽʙ 
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ʪʚʝʨʜʥʝʥʥʷ ʥʘ 35 %. ʇʨʦʪʝ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʎɿʄ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʩʘʤʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ.  

ʇʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʟʛʽʜʥʦ EN 450-1:2009 ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʢʘʟʥʠʢʠ 

ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ (PSAI) ʜʣʷ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʜʦʙʘʚʦʢ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʽ 

ʩʫʧʝʨʮʝʦʣʽʪʫ ʯʝʨʝʟ 90 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ 1,28 ʽ 1,09. ɿʘ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʮʥʦʩʪʽ 

ʧʨʠ ʟʛʠʥʽ (Rʟʛ Ó 0,5 ʄʇʘ) ʽ ʩʪʠʩʢʫ (Rʩʪ Ó 2,5 ʄʇʘ) ʚʘʧʥʷʥʦ-ʧʫʮʦʣʘʥʦʚʦʛʦ ʪʽʩʪʘ 

(ɺ:ʇ=1:3) ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ çnorma wloskaè ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ 

(Rʟʛ = 4,6 ʄʇʘ, Rʩʪ=9,5 ʄʇʘ)  ʪʘ ʩʫʧʝʨʮʝʦʣʽʪ (Rʟʛ = 3,2 ʄʇʘ, Rʩʪ=7,9 ʄʇʘ)   ʚʽʜʥʦʩʷʪʴʩʷ 

ʜʦ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʧʫʮʦʣʘʥ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʯʝʨʝʟ ʥʠʟʴʢʫ ʢʽʣʴʢʽʩʪʴ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʦʾ 

ʬʨʘʢʮʽʾ 0-10 ʤʢʤ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ (PSAI=0,80) ʟʛʽʜʥʦ çnorma wloskaè ʚʦʥʘ ʥʝ ʥʘʣʝʞʠʪʴ 

ʜʦ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʧʫʮʦʣʘʥ (Rʟʛ = 0,6 ʄʇʘ, Rʩʪ=1,8 ʄʇʘ). ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʧʨʠʩʫʪʥʽʩʪʴ ʚ ʩʢʣʘʜʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʨʫʧʥʠʭ, ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ 

ʯʘʩʪʠʥʦʢ ʜʦʟʚʦʣʷʻ ʾʡ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘ ʧʣʘʩʪʠʬʽʢʫʶʯʦʾ ʜʽʾ (çʝʬʝʢʪ 

ʨʦʣʠʢʦ-ʧʽʜʰʠʧʥʠʢʘè). 

ɸʥʘʣʽʟ ʧʦʚʝʨʭʦʥʴ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ ʚʦʜʦʧʦʪʨʝʙʠ, ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʽ ʧʫʮʦʣʘʥʦʚʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʩʢʣʘʜʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ 

ʜʦʙʘʚʦʢ ʂʇɼ-02 (ɿɺ ï ʉʎ) ʽ ʂʇɼ-03 (ɿɺ ï ʉʎ ï ʄʂ) ʟ ʅɻʊ= 31,5 ʽ ʅɻʊ=33,0 ʪʘ 

ʂʦʙ=13,5 % ʽ ʂʦʙ=6,4 %, ʧʨʠ ʮʴʦʤʫ ʧʦʢʘʟʥʠʢʠ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʪʘʥʦʚʣʷʪʴ 

PSAI28=94 %, PSAI90=126 % ʽ PSAI28=99 %, PSAI90=134 % ʚʽʜʧʦʚʽʜʥʦ. 

ʊʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʦʜʝʨʞʘʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʪʠʧʫ CEM IV/B ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʝʯʦʚʠʥʥʦʛʦ ʪʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʽʚ ʥʝʢʣʽʥʢʝʨʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʨʽʟʥʦʾ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʨʦʟʧʦʜʽʣʫ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʪʘ ʾʭ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ. ʈʝʟʫʣʴʪʘʪʠ ɼʊɸ ʽ ʈʌɸ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʘʢʪʠʚʥʠʡ SiO2 ʩʫʧʝʨʮʝʦʣʽʪʫ ʙʽʣʴʰ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʡ ʧʦʨʽʚʥʷʥʦ ʟ  

SiO2 ̔ ʥʰʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ, ʪʦʤʫ ʨʝʘʢʮʽʷ ʟ ʉʘ(ʆʅ)2  ʘʢʪʠʚʥʦ ʧʨʦʪʽʢʘʻ ʫ ʨʘʥʥʽʡ ʽ 

ʧʽʟʥʽʡ ʧʝʨʽʦʜʠ ʪʚʝʨʜʥʝʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ C-S-H-
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ʛʝʣʶ ʽ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʚʽʜʥʦʩʥʦʛʦ ʦʙʩʷʛʫ ʛʽʜʨʘʪʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ ʚ ʤʽʞʟʝʨʥʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʽʟʦʚʘʥʽ ʩʢʣʘʜʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ ʽ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʪʠʧʫ ʉɽʄ ɯV/B ʥʘ ʾʭ ʦʩʥʦʚʽ ʩʪʘʶʪʴ ʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʨʽʰʝʥʥʷʤ 

ʧʨʦʙʣʝʤʠ ʧʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʉʪʨʘʪʝʛʽʷ ʪʘʢʦʛʦ 

ʨʦʟʚʠʪʢʫ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʢʦʤʙʽʥʫʚʘʥʥʷ ʎɿʄ ʧʫʮʦʣʘʥʽʯʥʦʾ ʜʽʾ ʨʽʟʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ ʥʘ 

ʦʩʥʦʚʽ ʩʫʧʝʨʮʝʦʣʽʪʫ, ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʪʘ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʝʤʽʩʽʾ ʉʆ2 

ʪʘ ʟʙʝʨʝʞʝʥʥʶ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻ ʦʧʪʠʤʽʟʘʮʽʶ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʫʪʪʻʚʘ ʝʢʦʥʦʤʽʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʽʟ 

ʟʥʠʞʝʥʥʷʤ ʚʠʢʠʜʽʚ ʉʆ2. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʾʭ ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ ʻ ʥʠʞʯʦʶ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʪʠʧʫ ʉɽʄ ɯ, ʪʦʤʫ ʜʣʷ ʧʦʚʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ 

ʮʝʤʝʥʪʽʚ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʢʽʥʝʪʠʢʫ ʥʘʨʦʩʪʘʥʥʷ 

ʤʽʮʥʦʩʪʽ  ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʩʢʣʘʜʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʾʭ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ, ʦʪʨʠʤʘʥʠʡ ʚʽʜ ʜʦʜʘʚʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ 

ʜʦ ʩʢʣʘʜʫ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ, 

ʩʪʘʥʦʚʠʪʴ ȹʈʂ=94 % ʙʝʟ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ. ɿʘ ʨʘʭʫʥʦʢ ʚʦʜʦʨʝʜʫʢʫʶʯʦʛʦ 

ʝʬʝʢʪʫ (ȹɺ/ʎ=20 %) ʪʝʭʥʽʯʥʠʡ ʝʬʝʢʪ (ȹRʩʪ) ʯʝʨʝʟ 2; 7 ʽ 28 ʜʽʙ ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʥʦʚʠʪʴ 

31; 19 ʽ 24 %. ɽʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ CEM IV/B ʩʢʣʘʜʘʻ 47 % ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʉʆ2, ʦʩʢʽʣʴʢʠ ʚʠʢʠʜʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʩʢʦʨʦʯʫʶʪʴʩʷ ʟ 865 

ʢʛ/ʪ ʮʝʤʝʥʪʫ (ʉɽʄ ɯ, ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ 0,95) ʜʦ 456 ʢʛ/ʪ ʮʝʤʝʥʪʫ (ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ 0,50). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʂʇɼ-03 ʚ 

ʩʢʣʘʜʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʟʘʤʽʩʪʴ 50 % ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʉɽʄ ɯ ʚ ʢʦʤʧʣʝʢʩʽ ʟ 

1,50 ʤʘʩ.% ʈʉɽ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʥʘ 16,5 % ʯʝʨʝʟ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʘʤʠ ʥʘ ʦʩʥʦʚʽ ʉɽʄ ɯ 42,5 R, ʱʦ ʥʝ ʤʽʩʪʷʪʴ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ.   
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ʈʝʘʣʽʟʘʮʽʷ ʧʨʠʥʮʠʧʽʚ ʩʪʚʦʨʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʦʤʧʣʝʢʩ ʷʢʽʩʥʦ ʥʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ (ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʴ, ʧʦʥʠʞʝʥʝ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ, ʧʽʜʚʠʱʝʥʘ ʢʦʨʦʟʽʡʥʘ 

ʩʪʽʡʢʽʩʪʴ, ʘʪʤʦʩʬʝʨʦʩʪʽʡʢʽʩʪʴ ʪʘ ʽʥ.), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ, ʪʝʭʥʽʯʥʠʡ, 

ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪʠ. ʄʦʜʠʬʽʢʦʚʘʥʽ ʢʣʽʥʢʝʨ-ʝʬʝʢʪʠʚʥʽ ʙʝʪʦʥʠ ʥʘ 

ʦʩʥʦʚʽ ʉɽʄ IV/B 32,5 R ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ (W10) ʪʘ 

ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ (F150), ʱʦ ʚʠʟʥʘʯʘʻ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʟʥʠʞʝʥʥʷ ʾʭ ʚʘʨʪʦʩʪʽ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʇʨʠ ʮʴʦʤʫ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ 

ʢʣʽʥʢʝʨʫ ʥʘ ʦʜʠʥʠʮʶ ʤʽʮʥʦʩʪʽ ʪʘ ʉʆ2-ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʣʽʥʢʝʨ-ʝʬʝʢʪʠʚʥʠʭ ʙʝʪʦʥʽʚ 

ʩʢʣʘʜʘʻ 2,9 ʢʛ/(ʤ3.ʄʇʘ) ʪʘ 2,5 ʢʛ ʉʆ2/(ʤ
3.ʄʇʘ) ʚʽʜʧʦʚʽʜʥʦ. 

ʇʽʜʪʚʝʨʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ 

(ʎ:ʇ:ʑ=1:1,27:1,69,  ɺ/ʎ=0,30) ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5 R 

ʟ ʚʠʪʨʘʪʦʶ 525 ʢʛ/ʤ3 ʙʝʪʦʥʫ (ʢʣʽʥʢʝʨ-ʽʥʪʝʥʩʠʚʥʽʩʪʴ 262,5 ʢʛ/ʤ3 ʙʝʪʦʥʫ). ɿʘ ʨʘʭʫʥʦʢ 

ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʽ 

ʨʘʮʽʦʥʘʣʴʥʦ ʧʽʜʽʙʨʘʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʷʚʠʱʘ ʩʝʛʨʝʛʘʮʽʾ. ɺʽʜʟʥʘʯʝʥʦ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ 

ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ ʯʝʨʝʟ 2; 7 ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ï ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ 

ʩʪʘʥʦʚʠʣʘ 19,5; 44,6 ʽ 76,4 ʄʇʘ ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʉ45/55. ʇʨʠ 

ʮʴʦʤʫ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʢʣʽʥʢʝʨʫ ʥʘ ʦʜʠʥʠʮʶ ʤʽʮʥʦʩʪʽ ï 3,4 ʢʛ/(ʤ3.ʄʇʘ); ʚʽʜʧʦʚʽʜʥʦ 

ʉʆ2-ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʙʝʪʦʥʫ ʩʢʣʘʜʘʻ 2,9 ʢʛ ʉʆ2/(ʤ
3.ʄʇʘ). 

ʄʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʚʝʜʝʥʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʩʢʣʘʜʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʜʣʷ 

ʤʫʨʫʚʘʥʥʷ ʄʉ 22,5ʍ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʤʽʩʪʽ ʮʝʤʝʥʪʫ (390 ʢʛ ʥʘ 

1 ʤ3 ʧʽʩʢʫ) ʪʘ ʢʦʤʧʣʝʢʩʥʦʾ ʭʽʤʽʯʥʦʾ ʜʦʙʘʚʢʠ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ 

Master Air  81 (0,11 ʤʘʩ. %) ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʩʦʢʘ ʨʫʭʦʤʽʩʪʴ ʨʦʟʯʠʥʫ ʪʘ ʦʜʝʨʞʫʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʘ ʤʘʨʢʘ ʟʘ ʤʽʮʥʽʩʪʶ ʄ100. ɺʠʩʦʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ 

ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʪʝʨʤʽʥʦʤ 

ʧʨʠʜʘʪʥʦʩʪʽ ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ ʚ ʥʝʦʙʭʽʜʥʠʭ ʤʝʞʘʭ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʦʚʥʦʾ 
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ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʫʨʫʚʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ. ʂʨʽʤ ʮʴʦʛʦ, ʪʘʢʽ ʙʫʜʽʚʝʣʴʥʽ ʨʦʟʯʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʥʠʞʝʥʠʤ ʚʠʩʦʣʦʫʪʚʦʨʝʥʥʷʤ.  

ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʤʠʩʣʦʚʠʡ ʚʠʧʫʩʢ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʂʇɼ-03 
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ABSTRACT 

Ivashchyshyn H. S. Low-carbon blended cements and modified concrete and building 

mortars on their basis. On rights of the manuscript. 

PhD thesis (Doctor of Philosophy) in Engineering sciences by specialty 192. ñ 
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Polyteʩhnic National University, Ministry of Education and Science of Ukraine. ï Lviv, 

2019. 

The dissertation is devoted to solving the problem of obtaining eco-efficient concretes 

and mortars due to the development of low-carbon cements, which are obtained by blending 

Ordinary Portland cement (CEM I) with active mineral additives of various types related to 

supplementary cementitious materials (SCMs). The advantages of such cement systems are 

the high level of energy saving and the low CO2 emissions of cement production combined 
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with the high durability of concrete on their basic. It has been shown that the combined 

pozzolanic additives thanks to optimizing the material and particle size distribution can be a 

dedicated component in the production of efficient concretes or mortars. They can be directly 

blended with CEM I in the concrete mixer or be part of factory blended cement. It is noted 

that during the pozzolanic reaction between high-activity superzeolite and micro silica, low-

calcium fly ash with calcium hydroxide stimulate the processes of formation the hydration 

phases in the intergranular space and the compaction of the microstructure of the cement 

matrix.  It and combination with additives of plasticizing and air-entering action provides the 

technical&technological effect and eco-economic efficiency. 

The topicality of developing low-carbon blended cements and modified concretes and 

mortars based on them is consistent with the worldwide concept of Sustainable 

Development, the vector of movement of which is the rational use and economy of material 

and energy resources. The development of such binders allows to create progressive models 

of rational use of natural raw materials, fuel, electricity, utilize production wastes and reduce 

greenhouse gas emissions. This approach addresses a number of important environmental, 

economic and social issues. 

An analytical review of the literature is made, and it is shown that the realization of the 

concept of low carbon development in the cement and concrete sector is mainly achieved by 

improving the production process and reducing the clinker factor of cement. Energy savings 

in Portland cement clinker production technology are realiz by 90 % through the transition 

from wet to dry production. So, the next step is to develop low-carbon cements through 

increased use of supplementary cementitious materials and application of modern 

equipment. It is noted that the main components of cement are characterized by different 

coefficients of grindability, so it is recommended to carry out separate grindingin the 

production of multicomponent cements. This achieves an effective particle distribution for 

each component of multicomponent cements. 

The directions of supplementary cementitious materials using for reducing clinker 

intensity are analyzed. In the countries of the European Union, SCMs is most often added 
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during cement production with compatible or separate grinding. In this way is control the 

level of substitution of the Portland cement clinker and the component composition of 

cement by regulatory documents (EN 197-1, EN 413). However, the experience of the USA, 

where only 5 types of cement with a regulatory ratio of components (ASTM C150, ASTM 

C595) are made, and SCMs are added directly during the manufacture of concrete or mortar 

is gaining popularity. At the same time, the production of organo-mineral additives (OMA) 

on the basis of local supplementary cementitious materials is being developed, which allows 

to reduce the costs of CEM I and to ensure the design properties of finished composites. In 

particular, these OMAs include PozzoSlag (USA), which is obtained on the basis of fly ash 

and ground granulated blast furnace slag (GGBFS), as well as çZeoSlagè (Slovakia) ï based 

on natural zeolite and GGBFS. However, the cement industry is already experiencing a 

shortage of slag, so it is important to look for new combinations of supplementary 

cementitious materials to reduce the specific consumption of Portland cement clinker in 

concrete and mortar. 

Analysis of data in the field of chemistry and technology of cements and concretes, as 

well as the known patterns of formation of artificial stone structure with the given properties 

allows to hypothesize the feasibility of developing low-carbon blended cements, obtained 

by separate grinding and rational design of granulometric and substance compositions of 

combined pozzolanic additives (CPA).The combination CPA with additives of plasticizing 

and air-entering action provides create the possibility of obtaining clinker-efficient 

modifided concretes and mortars with the a given design class of compressive strength, 

design quality properties,  improved performance properties. 

Results of research of supplementary cementitious materials' influence on structure 

formation and physical and mechanical properties of low-carbon blended cements are 

presented. The particle size distributions analysis of the output materials revealed that the 

content of reactive particles smaller than 10 ҡm for the GGBFS and fly ash (36.19 and 22.13 

%) were significantly lower compared to CEM I 42,5 R (43.41 %), superzeolite (48.86 %) 

and micro silica (100.00 %). This causes insufficiently high coefficients of surface activity, 
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which determines the deceleration of the kinetics of the increase in the strength of the cement 

with the content of low active SCMs. 

Experimental studies have shown that increasing the dispersion of graund granulated 

blast furnace slag allows to increase the content of reactive particles, which is confirmed by 

an increase the strength activity index (SAI) of GGBFS by 35 % after 28 days of curing. 

However, it is note that increasing the dispersion of SCMs significantly affects their physical 

properties, namely, leads to a decrease bleeding and increase water demand. 

Studies according to EN 450: 2009 shows that the pozzolanic activity (PSAI) for highly 

dispersed micro silica and superzeolite additives is equal to 1.28 and 1.09 after 90 days of 

curing. According to the çnorma wloskaè method the flexural and compresive strength 

(Rfs Ó 0.5 MPa, Rcs Ó 2.5 MPa) of lime-pozzolanic paste (L: P = 1: 3) were determined for 

micro silica (Rfs = 4.6 MPa, Rcs = 9.5 MPa) and superzeolite (Rfs = 3.2 MPa, Rcs = 7.9 MPa) 

after 28 days of curing. It allows them to be attributed to highly active pozzolans. At the 

same time, for fly ash PSAI is 0.80 due to the low amount of reactive fraction of 0-10 Õm, 

and according to çnorma wloskaè the FA does not belong to highly active pozzolan 

(Rfs = 0.6 MPa, Rcs = 1.8 MPa). It is conclud that the presence large number of coarse, 

spherical particlesin in the composition of fly ash allows it to perform the role of microfiller 

with plasticizing action (çball bearing effectè). 

The analysis of the functions surfaces of water demand, bleeding and pozzolanic 

activity allows to determine the optimal compositions of the combined pozzolanic additives 

CPA-02 (FA ï SZ) and CPA-03 (FA ï SZ ï MS) with WD=31,5 % and WD=33,0 %; 

KVol=13,5 % and KVol=6,4 %. At the same time indicators of pozzolanic activity are PSAI28 

= 94 %, PSAI90 = 126 % and PSAI28 = 99 %, PSAI90 = 134 % respectively. 

It is theoretically substantiated and experimentally confirmed the possibility of 

obtaining low-carbon blended cements type CEM IV / B by optimizing the material and 

particle size distribution of non-clinker components with different dispersion of the 

combined pozzolanic additive, taking into account the peculiarities of the particle size 

distribution and their surface energies.  The results of DTA and RFA confirm that the active 
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SiO2 of superzeolite is more reactive than SiO2 of other pozzolanic additives, so the reaction 

with Ca(OH)2 is active in the early and late time of hardening. This leads to the formation of 

an additional amount of C-S-H-gel and contributes to the increase of relative volume of 

hydrated products in the intergranular space. 

Thus, optimized formulations of combined pozzolanic additives and blended cements 

ʉɽʄ ɯV/B on their basis become a rational solution to the problem of improving the energy 

efficiency of cement production. The strategy of such development implies that the 

combination of SCMs pozzolanic action of different dispersion based on superzeolite, micro 

silica and fly ash, reduces CO2 emissions and conserves material resources. This approach 

also involves optimization of physical and mechanical properties. In the production of low-

carbon blended cements significant savings of fuel and energy resources while reducing CO2 

emissions are ensured. At the same time, their early strength is lower than CEM I, therefore, 

to fully evaluate the effectiveness of the developed cements, the study of the effect of 

modifiers on the kinetics of the strength increasing of concrete based on them. 

The compositions of modified concretes and mortars have been developed on the basis 

of low-carbon blended cements and their construction and technical properties have been 

investigated. It was found that the addition of superplasticizer to the composition of fine-

grained concrete based on low-carbon blended cement provides the technological effect 

ȹW = 94 % without reducing the compressive strength. The technical effect (ȹRcs) after 2, 

7 and 28 days, respectively, is 31, 19 and 24 % due to the water-reducing effect (ȹW/C = 

20 %). The ecological effect of blended cement CEM IV / B is 47 % due to the reduction of 

CO2 emission from 865 kg per tonne of cement (CEM I, clinker factor ï 0.95) to 456 kg per 

tonne of cement (clinker factor ï 0.50). 

It is established that the use of the combined pozzolanic additive CPA-03 in the 

composition of fine-grained concrete instead of 50 % Portland cement CEM I with adding 

PCE in the amount of 1.50 % allows to obtain higher strength values by 16.5 % after 28 days 

of hardening compared to the concrete based on CEM I 42,5 R without supplementary 

cementitious materials. 
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The implementation of the principles of creation modified concretes based on low-

carbon blended cements allows to obtain a complex of qualitatively new indicators 

(workability, reduced heat of hydration, increased corrosion resistance, weathering 

resistance, etc.), providing technological, technical, economic and environmental effects. 

Clinker-efficient concretes based on CEM IV/B 32,5 R are characterized by reduced water 

permeability (W10) and increased frost resistance (F150), which determines the rise of 

durability of structures, their decrease the cost at all stages of the life cycle. A significant 

reduction in the specific consumption of clinker per unit strength ï 2.9 kg/(m3ϊMPa) and the 

CO2 intensity of clinker-efficient concrete is 2.5 kg CO2/(m
3ϊMPa). 

The efficiency of obtaining self-compacting concretes (C: FA: CA = 1: 1,27: 1,69, W/C 

= 0.30) on the basis of low-carbon CEM IV/B 32.5 R cement with a consumption of 525 kg 

per m3 of concrete (clinker intensity 262.5 kg / m3 of concrete) and was confirmed. Due to 

the optimized particle size distribution of low-carbon blended cement and rationally selected 

modifiers, the stability of the manufacturability indicators and the absence of the segregation 

phenomenon are ensured. High strength indicators were noted ï after 2; 7 and 28 days of 

hardening the compressive strength were 19.5; 44.6 and 76.4 MPa, respectively, which 

corresponds to the strength class C45/55. Specific consumption of clinker per unit strength 

ï 3.4 kg/(m3ϊMPa); the CO2 intensity of the self-compacting concrete is 2.9 kg of 

CO2/(m
3ϊMPa). 

The design of building mortars compositions based on low-carbon blended cement for 

mortars MC 22,5X by the method of mathematical planning of the experiment is carried out. 

It is established that the optimum content of cement is 390 kg per 1 m3 of sand and the flow 

rate of the complex chemical additive plasticizing and air-entering action ï 0.11 %, in which 

the high workability of the system is ensured and the required class of strength M100 is 

obtained. The high functionality of building mortars on the basis of low-carbon blended 

cement is also determined by the shelf life of the mortar within the required limits while 
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ensuring full compliance with the performance requirements for building masonry mortars. 

In addition, such mortars are characterized by reduce the efflorescence formation. 

The industrial release of the combined pozzolanic additive CPA-03 at ñFerozitò LLC 

and low-carbon blended cement for mortars MC 22,5X DSTU B ɺ.2.7-124-2004 at PJSC 

ñIvano-Frankivsk Cementò and the production of modified concretes by the enterprise ñTPK 

ñBUDSPORTò LLC and building mortars by ñVESTBETONBUDò LLC based on the 

developed binders are presented. 

Keywords: low-carbon blended cement, supplementary cementitious materials, 

superzeolite, combined pozzolanic additive, pozzolanic activity, strength activity index, 

clinker-efficient concrete, specific cement consumption per unit strength, CO2 intensity. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

ʉɽʄ ɯ 42,5 R ï ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ 

ɼʉʊʋ ɹ EN 197-1:2015 

CEM Iɯ/ɸ-S 32,5 R ï ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʟ ʰʣʘʢʦʤ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ ɼʉʊʋ ɹ EN 197-1:2015 

ʎɹʈ 300 ï ʮʝʤʝʥʪ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ 

ɼʉʊʋ ɹ ɺ.2.7-124-2004 

ʄʉ 22,5ʍ ï ʮʝʤʝʥʪ ʜʣʷ ʤʫʨʫʚʘʥʥʷ ɼʉʊʋ ɹ EN 413-1:2015 

ʉʎ ï ʩʫʧʝʨʮʝʦʣʽʪ 

ɿɺ ï ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ 

ʄʂ ï ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ 

ʈʉɽ ï ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʽ ʝʪʝʨʠ 

ʃʉʊ ï ʣʽʥʛʦʩʫʣʴʬʦʥʘʪ ʪʝʭʥʽʯʥʠʡ 

ʇɺ ï ʜʦʙʘʚʢʘ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ 

ɻɼʐ ï ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ 

ʎɿʄ ï ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʽ ʤʘʪʝʨʽʘʣʠ 

ʅɿʎ ï ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʡ ʟʤʽʰʘʥʠʡ ʮʝʤʝʥʪ 

Sʧʠʪ ï ʧʠʪʦʤʘ ʧʦʚʝʨʭʥ ̫

ʂisa ï ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ 

ʯʘʩʪʠʥʦʢ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 

SAI ï ʥ̔ʜʝʢʩ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʤʽʮʥʽʩʪʶ 

PSAI ï ʥ̔ʜʝʢʩ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʤʽʮʥʽʩʪʶ 

ɺ/ʎ ï ʚʦʜʦ-ʮʝʤʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ 

ʅɻʊ ï ʥʦʨʤʘʣʴʥʘ ʛʫʩʪʦʪʘ ʪʽʩʪʘ 

ʂʦʙ ï ʢʦʝʬʽʮʽʻʥʪ ʚʦʜʦʚʽʜʜʽʣʝʥʥ ̫

ʂʩʪ,90 ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʟʘ ʤʽʮʥʽʩʪʶ ʧʨʠ 

ʩʪʠʩʢʫ ʯʝʨʝʟ 90 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʚ ʘʛʨʝʩʠʚʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ 

ʂʇɼ-02 ï ʢʦʤʙʽʥʦʚʘʥʘ ʧʫʮʦʣʘʥʦʚʘ ʜʦʙʘʚʢʘ ʥʘ ʦʩʥʦʚʽ ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ ʽ ʩʫʧʝʨʮʝʦʣʽʪʫ 

ʂʇɼ-03 ï ʢʦʤʙʽʥʦʚʘʥʘ ʧʫʮʦʣʘʥʦʚʘ ʜʦʙʘʚʢʘ ʥʘ ʦʩʥʦʚʽ ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ, ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ 

ʂʇɼ-ʄ2 ï ʤʦʜʠʬʽʢʦʚʘʥʘ ʢʦʤʙʽʥʦʚʘʥʘ ʧʫʮʦʣʘʥʦʚʘ ʜʦʙʘʚʢʘ 

ʥʘ ʦʩʥʦʚʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʽ ʩʫʧʝʨʮʝʦʣʽʪʫ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ 

ɼʊɸ ï ʜʠʬʝʨʝʥʮʽʡʥʦ-ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ 

ʈɽʄ ï ʨʘʩʪʨʦʚʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

ʆʂ ï ʦʩʘʜʢʘ ʢʦʥʫʩʘ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

Rcʪ ï ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ 

ɼɹɿ ï ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʡ ʙʝʪʦʥ 

ʉʋɹ ï ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʡ ʙʝʪʦʥ 
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ɺʉʊʋʇ 

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʈʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʨʦʟʚʠʪʢʫ ʻ 

ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ ʩʚʽʪʦʚʦʾ ʝʢʦʥʦʤʽʢʠ. ɯʥʪʝʛʨʦʚʘʥʽ ʨʽʰʝʥʥʷ 

ʮʝʤʝʥʪʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʣʽʪʠʢʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʟʤʝʥʰʝʥʥʷ ʝʤʽʩʽʾ ʉʆ2 ʰʣʷʭʦʤ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʚʠʩʦʢʦʝʥʝʨʛʦʻʤʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʚ ʩʢʣʘʜʽ ʮʝʤʝʥʪʽʚ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʜʽʻʚʠʭ ʤʝʪʦʜʽʚ 

ʟʥʠʞʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ ʩʝʢʪʦʨʫ ʮʝʤʝʥʪʫ ʪʘ ʙʝʪʦʥʫ ʻ ʨʦʟʰʠʨʝʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʎɿʄ), ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʢʣʘʜʥʠʢʦʤ ʟʤʽʰʘʥʦʛʦ 

ʮʝʤʝʥʪʫ ʯʠ ʜʦʜʘʚʘʪʠʩʷ ʚ ʙʝʪʦʥʦʟʤʽʰʫʚʘʯ ʷʢ ʦʢʨʝʤʠʡ ʢʦʤʧʦʥʝʥʪ ʙʝʪʦʥʥʦʾ ʘʙʦ 

ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ.  

ʊʝʭʥʦʣʦʛʽʷ ʦʜʝʨʞʘʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ (ʅɿʎ) ʧʝʨʝʜʙʘʯʘʻ 

ʩʫʤʽʩʥʠʡ ʘʙʦ ʨʦʟʜʽʣʴʥʠʡ ʧʦʤʝʣ ʟʚʠʯʘʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʉɽʄ ɯ 42,5 R ʪʘ ʨʽʟʥʠʭ 

ʚʠʜʽʚ ʎɿʄ. ʇʦʛʣʠʙʣʝʥʝ ʪʨʘʢʪʫʚʘʥʥʷ ʨʦʣʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ 

ʚʨʘʭʫʚʘʥʥʷ ʾʭ ʩʠʥʝʨʛʝʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʧʨʠʷʻ ʥʘʡʝʬʝʢʪʠʚʥʽʰʽʡ ʨʝʘʣʽʟʘʮʽʾ 

ʧʦʪʝʥʮʽʡʥʠʭ ʚ`ʷʞʫʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ. ʇʝʨʝʚʘʛʘʤʠ 

ʪʘʢʠʭ ʮʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ ʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʥʠʟʴʢʽ ʚʠʢʠʜʠ ʉʆ2 ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʮʝʤʝʥʪʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʱʦʶ ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ.  ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʠ ʚʚʝʜʝʥʥʽ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʎɿʄ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʥʘʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʚʠʨʦʙʽʚ ʥʘ ʦʩʥʦʚʽ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʙʤʝʞʝʥʥʷ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʚ'ʷʞʫʯʠʭ. ɿ ʤʝʪʦʶ 

ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʥʝʜʦʣʽʢʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʦʙʠʪʠ ʩʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ. ɺʽʥ ʚʢʣʶʯʘʪʠʤʝ ʚʧʣʠʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʨʽʟʥʠʭ ʚʠʜʽʚ  ̔ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ.  
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ʂʦʤʧʣʝʢʩ ʨʦʙʽʪ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʜʝʾ ʩʪʚʦʨʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʧʝʨʝʜʙʘʯʘʻ 

ʦʧʪʠʤʽʟʘʮʽʶ ʾʭ ʤʽʢʨʦ- ʪʘ ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ ʫʧʘʢʫʚʘʥʥʷ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ ʰʣʷʭʦʤ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʫʮʦʣʘʥʦʚʠʭ ʨʝʘʢʮʽʡ ʪʘ ʫʱʽʣʴʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ ʯʝʨʝʟ 

ʧʦʢʨʘʱʝʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ ʤʽʞ ʤʘʪʨʠʮʝʶ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʪʘ ʟʘʧʦʚʥʶʚʘʯʝʤ. ʇʨʠ 

ʪʚʝʨʜʥʝʥʥʽ ʪʘʢʠʭ ʮʝʤʝʥʪʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ, ʪʘʢ ʷʢ ʫ ʧʨʦʮʝʩʽ 

ʛʽʜʨʘʪʘʮʽʾ ʚʽʥ ʤʘʢʩʠʤʘʣʴʥʦ ʟʚ'ʷʟʫʻʪʴʩʷ ʩʫʧʝʨʧʫʮʦʣʘʥʦʶ ʚ ʤʽʮʥʽ ʛʽʜʨʘʪʥʽ ʫʪʚʦʨʝʥʥʷ, ʱʦ 

ʟʘʧʦʙʽʛʘʻ ʫʪʚʦʨʝʥʥʶ ʚʠʩʦʣʽʚ. 

ʆʪʞʝ, ʨʦʟʨʦʙʣʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩ̔ʡʥʠʭ  ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ 

ʾʭ ʦʩʥʦʚʽ ʻ ʘʢʪʫʘʣʴʥʠʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʚʽʪʦʚʽʡ ʢʦʥʮʝʧʮʽʾ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʟ ʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘ ʝʢʦʥʦʤʽʻʶ ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʷ 

ʚʠʢʦʥʘʥʘ ʚ ʤʝʞʘʭ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ çʊʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʮʝʤʝʥʪʽʚ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʽ 

ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽè (ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0117U007178) ʪʘ çʆʩʥʦʚʠ 

ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ ʥʘʥʦʤʦʜʠʬʽʢʦʚʘʥʠʭ ʥʘʜʰʚʠʜʢʦʪʚʝʨʜʥʫʯʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʘ 

ʚʠʩʦʢʦʤʽʮʥʠʭ ʜʠʩʧʝʨʩʥʦ-ʘʨʤʦʚʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʫʜʘʨʥʦʶ ʚôʷʟʢʽʩʪʶ ʥʘ 

ʾʭ ʦʩʥʦʚè̔ (ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0117U004446) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʪʘ ʅɼʈ çʈʦʟʨʦʙʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʮʝʤʝʥʪʽʚ ʜʣʷ ʤʫʨʫʚʘʣʴʥʠʭ ʽ ʰʪʫʢʘʪʫʨʥʠʭ ʨʦʙʽʪ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽè ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʦʛʦʚʦʨʫ ˉ 0528 (ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0115U004209); çʈʦʟʨʦʙʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʪʠʧʽʚ ʮʝʤʝʥʪʽʚ ʇʨɸʊ çɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè ʪʘ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽè ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʦʛʦʚʦʨʫ ˉ 0611 (ʥʦʤʝʨ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0119U102242). ʋ ʟʘʟʥʘʯʝʥʠʭ ʨʦʙʦʪʘʭ ʘʚʪʦʨ ʙʫʣʘ ʚʠʢʦʥʘʚʮʝʤ ʽ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʚʠʢʦʥʘʚʮʝʤ. 
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ʄʝʪʘ ʨʦʙʦʪʠ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʻʜʥʘʥʥʷ 

ʟʚʠʯʘʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʪʠʧʫ ʉɽʄ ɯ ʪʘ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ ʷʢ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠʨʦʜʥʦʛʦ ʽ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʟ ʭʽʤʽʯʥʠʤʠ 

ʜʦʙʘʚʢʘʤʠ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ ʫ ʥʘʧʨʷʤʢʫ ʬʦʨʤʫʚʘʥʥʷ ʟʘʜʘʥʠʭ 

ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ 

ʾʭ ʦʩʥʦʚʽ ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʚôʷʞʫʯʠʭ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʎɿʄ) ʥʘ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʪʘ ʝʢʦʝʬʝʢʪʠʚʥʠʭ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ; 

- ʜʦʩʣʽʜʠʪʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘ ʨʦʟʤʽʨʦʤ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʽ ʚʧʣʠʚ ʾʭ ʜʠʩʧʝʨʩʥʦʩʪʽ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʘʢʪʠʚʥʦʩʪʽ; 

- ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʎɿʄ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʙʽʥʘʨʥʠʭ ʮʝʤʝʥʪʽʚ ʽ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʚʝʩʪʠ 

ʦʧʪʠʤʽʟʘʮʽʶ ʩʢʣʘʜʫ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟ ʟʘʜʘʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ; 

- ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ ʪʠʧʫ ʉɽʄ IV/ɺ ʟ ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʦʤ 0,50 ʪʘ ʜʦʩʣʽʜʠʪʠ ʾʭ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ;  

- ʚʠʢʦʥʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʤʧʣʝʢʩʥʠʭ ʤʦʜʠʬ̔ʢʘʪʦʨʽʚ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽ ʢʽʥʝʪʠʢʫ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ; 

- ʟʘʧʨʦʝʢʪʫʚʘʪʠ ʢʣʽʥʢʝʨ-ʝʬʝʢʪʠʚʥʽ ʩʢʣʘʜʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʽ ʜʦʩʣʽʜʠʪʠ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʉɽʄ IV/ɺ; 

- ʜʦʩʣ̔ʜʠʪʠ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ;  
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- ʟʜʽʡʩʥʠʪʠ ʧʨʦʤʠʩʣʦʚʠʡ ʚʠʧʫʩʢ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʡ ʮʝʤʝʥʪʽʚ ʽ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʽ 

ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʥʘʜʘʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʨʦʮʝʩʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟʘ 

ʨʘʭʫʥʦʢ ʩʠʥʝʨʛʽʯʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ ʪʘ ʛʝʥʝʟʠʩʫ ʚ ʥʘʧʨʷʤʢʫ ʩʪʚʦʨʝʥʥʷ 

ʢʣʽʥʢʝʨ-ʝʬʝʢʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ.   

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʥʠʟʴʢʦʝʤʽʩʽʡʥʽ ʟʤʽʰʘʥʽ ʮʝʤʝʥʪʠ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥ̔ 

ʙʝʪʦʥʠ  ʙʫʜʽʚʝʣʴʥʽ ʨʦʟʯʠʥʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʷʢʽʩʥʦ ʧʨʦʚʦʜʠʪʠ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʽ 

ʨʦʙʦʪʠ ʽ ʟʚʦʜʠʪʠ ʤʦʥʦʣʽʪʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʛʽʜʥʦ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʙʫʜʽʚʥʠʮʪʚʽ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʩʪʦʩʦʚʘʥʦ 

ʢʦʤʧʣʝʢʩ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʚ̔ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ: ʣʘʟʝʨʥʫ ʛʨʘʥʫʣʦʤʝʪʨʽʶ, 

ʨʝʥʪʛʝʥʽʚʩʴʢʫ ʜʠʬʨʘʢʪʦʤʝʪʨʽʶ, ʨʘʩʪʨʦʚʫ ʝʣʝʢʪʨʦʥʥʫ ʤʽʢʨʦʩʢʦʧʽʶ ʪʘ ʽʥ. ɺʠʟʥʘʯʝʥʥʷ 

ʬʽʟʠʯʥʠʭ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʚ̔ ̔ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʧʨʦʚʝʜʝʥʦ ʟʛʽʜʥʦ ʜʽʶʯʠʤ ʥʦʨʤʘʪʠʚʥʠʤ ʜʦʢʫʤʝʥʪʘʤ ʽ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʤʝʪʦʜʠʢʘʤ. 

ʆʧʪʠʤʽʟʘʮʽʶ ʩʢʣʘʜʫ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʚʝʜʝʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʩʠʤʧʣʝʢʩ-ʨʝʰʽʪʯʘʩʪʦʛʦ ʧʣʘʥʫ ʐʝʬʬʝ çʩʫʤʽʰ-ʚʣʘʩʪʠʚʽʩʪʴè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ɻʽʙʙʩʘ. ɺ ʷʢʦʩʪʽ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʧʦʢʘʟʥʠʢʠ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ, ʚʦʜʦʧʦʪʨʝʙʠ ʪʘ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

- ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʘ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʦʜʝʨʞʘʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ʪʠʧʫ ʉɽʄ ɯ ʪʘ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʟʘ ʨʝʯʦʚʠʥʥʠʤ ʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ 
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ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ 

ʯʘʩʪʠʥʦʢ (ʩʫʧʝʨʮʝʦʣʽʪʫ, ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ) ʽ ʥʠʟʴʢʦʢʘʣʴʮʽʻʚʦʾ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ; 

- ʚʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ 

ʜʦʙʘʚʢʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʽʚ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʦʩʢʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʮʝʤʝʥʪʫ ʪʘ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʟʤʽʰʫʚʘʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʧʦʜʽʣ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ, ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʤʽʮʥʠʭ ʽ ʩʪʽʡʢʠʭ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ; 

- ʧʦʢʘʟʘʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʨʝʘʢʮʽʾ ʤʽʞ 

ʚʠʩʦʢʦʘʢʪʠʚʥʠʤʠ ʩʫʧʝʨʮʝʦʣʽʪʦʤ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʦʤ, ʘ ʪʘʢʦʞ ʥʠʟʴʢʦʢʘʣʴʮʽʻʚʦʶ 

ʟʦʣʦʶ-ʚʠʥʝʩʝʥʥʷ ʟ ʉʘ(ʆʅ)2 ʩʪʠʤʫʣʶʶʪʴʩʷ ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʘʪʥʠʭ ʬʘʟ ʫ 

ʤʽʞʟʝʨʥʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʱʽʣʴʥʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʮʝʤʝʥʪʫʶʯʦʾ 

ʤʘʪʨʠʮʽ, ʦʩʢʽʣʴʢʠ ʨʝʘʢʮʽʷ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ ʟ SiO2 ʘʢʪʠʚʥʦ ʧʨʦʪʽʢʘʻ ʫ ʧʽʟʥʽʡ ʧʝʨʽʦʜ 

ʪʚʝʨʜʥʝʥʥʷ; 

- ʦʪʨʠʤʘʥʦ ʢʦʤʧʣʝʢʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ 

ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʽ 

ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʱʦ ʢʽʣʴʢʽʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʜʽʶ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʠʭ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʥʦʚʦʾ ʛʝʥʝʨʘʮʽʾ ʽ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ ʫ ʥʘʧʨʷʤʢʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ; 

- ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʦʪʨʠʤʘʣʦ ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʦʧʪʠʤʽʟʦʚʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʦʩʪʽ, ʩʪʘʥʜʘʨʪʥʦʾ ʪʘ 

ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʝʡ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ. 
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

- ʨʦʟʨʦʙʣʝʥʦ ʩʢʣʘʜʠ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʪʠʧʫ CEM IV/B ʟ 

ʚʤʽʩʪʦʤ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ  

ʪʝʭʥʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ ʜʘʥʠʭ ʚôʷʞʫʯʠʭ ʧʦʨʽʚʥʷʥʦ ʽʟ ʙʽʥʘʨʥʠʤʠ ʮʝʤʝʥʪʘʤʠ; 

- ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʝʢʪ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ                                

(ʊʋ ʋ 23.5-02071010-177:2020) çʄʦʜʠʬʽʢʦʚʘʥʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʽ ʟʤʽʰʘʥʽ ʮʝʤʝʥʪʠè. 

ʅʠʟʴʢʦʝʤʽʩʽʡʥʽ ʟʤʽʰʘʥʽ ʮʝʤʝʥʪʠ ʪʠʧʫ ʉɽʄ IV ʦʜʝʨʞʫʶʪʴʩʷ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʟʤʽʰʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ, ʟʦʢʨʝʤʘ ʂʇɼ-03 (ʚʠʧʫʩʢ ʜʦʩʣʽʜʥʦʾ 

ʧʘʨʪʽʾ 50 ʪ), ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʉɽʄ ɯ 42,5 R; 

- ʨʦʟʨʦʙʣʝʥʽ ʩʢʣʘʜʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ 

ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠcʪʠʢʘʤʠ, ʘ ʩʘʤʝ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʩʫʣʴʬʘʪʦʩʪʽʡʢʽʩʪʶ (ʂʩʪ,90=1,17), ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ W10, 

ʤʦʨʦʟʦʩʪʽʡʢʽʩʪ ʁF150; 

- ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ  ʧʨʦʮʝʩʽ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè  ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥ 

çʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽè, çʊʝʭʥʦʣʦʛʽʾ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʫ ʙʫʜʽʚʥʠʮʪʚʽè 

ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 192 çɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʦʙʨʦʙʣʝʥʥʽ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ, ʚʧʨʦʚʘʜʞʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʫ 

ʚʠʨʦʙʥʠʮʪʚʦ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʪʘ ʬʦʨʤʫʣʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʽ ʚʠʩʥʦʚʢʽʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʥʘʫʢʦʚʦʛʦ ʢʝʨʽʚʥʠʢʘ ʜ.ʪ.ʥ., ʧʨʦʬ. ʉʘʥʠʮʴʢʦʛʦ ʄ.ɸ. ʪʘ 

ʧʨʠ ʥʘʫʢʦʚʦʤʫ ʢʦʥʩʫʣʴʪʫʚʘʥʥʽ ʢ.ʪ.ʥ., ʜʦʮ. ʂʨʦʧʠʚʥʠʮʴʢʦʾ ʊ.ʇ.  

ʋʩʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ 

ʦʩʦʙʠʩʪʦ. ɺ ʨʦʙʦʪʘʭ, ʷʢʽ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ: [1, 7] ï 

ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʫʨʫʚʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʥʝʨʛʦʻʤʥʦʛʦ ʮʝʤʝʥʪʫ; [2, 9, 10] ï ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʮʝʤʝʥʪʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ; [3, 12] ï 
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ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ ʽ ʚʠʪʨʘʪʠ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʮʝʤʝʥʪʫ 

ʜʣʷ ʤʫʨʫʚʘʥʥʷ ʥʘ ʢʽʥʝʪʠʢʫ ʥʘʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ; [4, 14] ï 

ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʮʝʤʝʥʪʽʚ; [5, 19] ï ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʫʤʽʰʽ ʎɿʄ ʚ ʩʠʩʪʝʤʽ ɻɼʐ-ɿɺ-ʉʎ ʥʘ ʾʭ 

ʚʦʜʦʧʦʪʨʝʙʫ ʽ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

[6] ï ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʫ ʜʣʷ ʤʫʨʫʚʘʥʥʷ ʟʛʽʜʥʦ EN 196-1; [8] ï 

ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʮʝʛʣʷʥʦʾ ʢʣʘʜʢʠ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʮʝʤʝʥʪʫ ʜʣʷ ʤʫʨʫʚʘʥʥʷ; [11, 17] ï ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ  ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ ʟ ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʦʤ 0,50; [13, 15] ï ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʝʬʝʢʪʫ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ; [16, 18] ï 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ; [20] ï ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ, ʨʦʟʨʦʙʣʝʥʥʷ ʩʢʣʘʜʽʚ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ 

ʾʾ ʨʝʟʫʣʴʪʘʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ: 7th International 

academic conference ñGeodesy, architecture & construction 2016ò (ʃʴʚʽʚ, ʋʢʨʘʾʥʘ, 2016), 

VI ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʤʽʩʴʢʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʛʦʩʧʦʜʘʨʩʪʚʽè (ʆʜʝʩʘ, ʋʢʨʘʾʥʘ, 2016), 6th International 

Scientific Conference ñReliability and Durability of Railway Transport Engineering 

Structures and Buildingsò (ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ, 2017), 20th International Conference on 

Building Materials ñIBAUSILò (ɺʝʡʤʘʨ, ʅʽʤʝʯʯʠʥʘ, 2018), Recent Advances in Concrete 

Technology and Sustainability Issues (ʇʝʢʽʥ, ʂʠʪʘʡ, 2018), 8th International Joint Youth 

Science Forum çLitteris et Artibusè (ʃʴʚʽʚ, ʋʢʨʘʾʥʘ, 2018), World Sustainable Energy 

Days (ʃʽʥʮ, ɸʚʩʪʨʽʷ, 2018, 2019), International seminar on sustainability, economics and 

safety (ʑʝʮʽʥ, ʇʦʣʴʱʘ, 2019), ɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʽ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ (ʆʜʝʩʘ, ʋʢʨʘʾʥʘ, 2019), International 

Conference Current Issues of Civil and Environmental Engineering Lviv ï Koġice ï
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Rzesz·w (ʃʴʚʽʚ, ʋʢʨʘʾʥʘ, 2019), V ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʊʝʦʨʽʷ ʽ ʤʝʪʦʜʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘè (ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ, 2019), 

ʤʽʞʥʘʨʦʜʥʠʡ ʩʝʤʽʥʘʨ çʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʤʧʦʟʠʪʽʚè (ʆʜʝʩʘ, 

ʋʢʨʘʾʥʘ, 2019). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 20 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʟ ʥʠʭ 4 ʩʪʘʪʪʽ 

ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 1 ï ʫ ʚʠʜʘʥʥ,̔ ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ (Scopus), 14 ʧʫʙʣʽʢʘʮʽʡ ʫ ʤʘʪʝʨʽʘʣʘʭ ʚʽʪʯʠʟʥʷʥʠʭ ʽ 

ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ (2 ʟ ʷʢʠʭ ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ 

ʜʘʥʠʭ Scopus) ʽ 1 ʧʘʪʝʥʪ ʥʘ ʚʠʥʘʭʽʜ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʚʠʢʣʘʜʝʥʘ ʥʘ 141 ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, ʧôʷʪʠ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 207 ʩʪʦʨʽʥʦʢ ʪʘ ʚʢʣʶʯʘʻ 48 

ʪʘʙʣʠʮʴ, 65 ʨʠʩʫʥʢʠ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 161 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 16 ʩʪʦʨʽʥʢʘʭ 

ʽ ʜʦʜʘʪʢʠ.  
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ʈʆɿɼɯʃ 1 

ʉʊɸʅ ʇʀʊɸʅʅʗ ʊɸ ʊɽʆʈɽʊʀʏʅɯ ʇɽʈɽɼʋʄʆɺʀ ɼʆʉʃɯɼɾɽʅʔ 

 

 

1.1. ɽʢʦʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʽʚ  

 

 

ʇʠʪʘʥʥʷ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʻ ʘʢʪʫʘʣʴʥʠʤ ʚʥʘʩʣʽʜʦʢ ʚʠʥʝʢʥʝʥʥʷ ʟʘʛʨʦʟʠ 

ʟʥʠʢʥʝʥʥʷ ʯʘʩʪʠʥʠ ʝʢʦʩʠʩʪʝʤʠ. ʂʘʪʘʩʪʨʦʬʠ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʦʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʪʘʶʪʴ ʧʨʦʙʣʝʤʘʤʠ ʮʽʣʦʛʦ ʩʚʽʪʫ, ʪʦʤʫ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʽʚ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ 

ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ɿʝʤʣʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʇʘʨʠʟʴʢʦʾ ʫʛʦʜʠ ʟʛʽʜʥʦ ʈʘʤʢʦʚʦʾ 

ʢʦʥʚʝʥʮʽʾ ʆʆʅ ʧʨʦ ʟʤʽʥʫ ʢʣʽʤʘʪʫ (UNFCCC) ʱʦʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʭʦʜʽʚ ʟʽ ʟʤʝʥʰʝʥʥʷ 

ʚʠʢʠʜʽʚ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʟ 2020 ʜʦ 2050 ʨʦʢʫ ʥʝʦʙʭʽʜʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʩʚʽʪʦʚʫ ʩʪʨʘʪʝʛʽʶ 

ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʨʦʟʚʠʪʢʫ ʱʦʜʦ ʩʪʨʠʤʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʣʘʥʝʪʽ 

ʜʦ ʨʽʚʥʷ, ʩʫʪʪʻʚʦ ʤʝʥʰʦʛʦ ʥʽʞ ʥʘ 2 0ʉ [132]. ʅʘ ʰʣʷʭʫ ʜʦ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʇʘʨʠʟʴʢʦʾ 

ʫʛʦʜʠ ʩʪʦʩʦʚʥʦ ʟʘʭʦʜʽʚ ʧʦʤôʷʢʰʝʥʥʷ ʢʣʽʤʘʪʫ ʚ ʩʚʽʪʽ ʋʢʨʘʾʥʘ ʧʦʚʠʥʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʨʷʜ 

ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʦʩʥʦʚ ʪʘ ʩʪʨʘʪʝʛʽʡ, ʟʦʢʨʝʤʘ ʧʨʠʰʚʠʜʰʠʪʠ ʚʠʢʦʥʘʥʥʷ ʟʘʩʘʜ 

ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʨʦʟʚʠʪʢʫ. ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʇʘʨʠʟʴʢʦʾ ʋʛʦʜʠ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ, ʟʚʽʪʥʦʩʪʽ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʧʘʨʥʠʢʦʚʠʭ ʚʠʢʠʜʽʚ, ʱʦ ʻ 

ʢʣʁʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʨʦʟʚʠʪʢʫ ʚ 

ʋʢʨʘʾʥʽ ʽ ʩʚʽʪʽ [37, 59].  

ɿʥʠʞʝʥʥʷ ʨʽʚʥʷ ʉʆ2 ʚʠʤʘʛʘʻ ʨʝʘʣʽʟʘʮʽʾ ʟʘʩʘʜ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʫʩʽʭ ʛʘʣʫʟʷʭ 

ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʦʩʦʙʣʠʚʦ ʚ ʙʫʜʽʚʝʣʴʥʽʡ, ʷʢʘ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʪʘ 

ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʢʨʘʾʥʠ [158]. 

ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʩʝʢʪʦʨʫ ʙʫʜʽʚʥʠʮʪʚʘ ʜʣʷ ʝʢʦʥʦʤʽʢʠ ʙʫʜʴ-ʷʢʦʾ ʢʨʘʾʥʠ ʧʦʷʩʥʶʻʪʴʩʷ 

ʪʠʤ, ʱʦ ʢʘʧʽʪʘʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʩʪʚʦʨʶʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʜʫʢʮʽʶ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ [48]. ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʨʦʟʚʠʪʢʫ 



31 
 

ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ ʧʦʣʷʛʘʻ ʫ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʤʫ ʝʬʝʢʪʽ ʢʦʰʪʽʚ, ʚʢʣʘʜʝʥʠʭ ʫ 

ʙʫʜʽʚʥʠʮʪʚʦ, ʪʦʤʫ ʱʦ ʟ ʡʦʛʦ ʧʨʦʛʨʝʩʦʤ ʨʦʟʚʠʚʘʪ̒ʴʩʷ: ʚʠʨʦʙʥʠʮʪʚʦ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʛʘʣʫʟʴ, ʤʝʪʘʣʫʨʛʽʷ ʪʘ 

ʤʝʪʘʣʦʦʙʨʦʙʢʘ, ʥʘʬʪʦʭʽʤʽʷ, ʝʥʝʨʛʝʪʠʢʘ ʪʦʱʦ. ʊʘʢʦʞ ʙʫʜʽʚʥʠʮʪʚʦ ʙʽʣʴʰʝ ʟʘ ʽʥʰ̔ 

ʛʘʣʫʟ ̔ʝʢʦʥʦʤʽʢʠ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʣʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʙʽʟʥʝʩʫ [155]. 

ɺ ʨʦʙʦʪʽ ʄ. ʐʥʘʡʜʝʨʘ [80] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʢʦʥʩʪʨʫʢʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʦʤ 

ʚ ʙʫʜʽʚʝʣʴʥʦʤʫ ʩʝʢʪʦʨʽ ʥʘ ʩʴʦʛʦʜʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʙʝʪʦʥ ʽ, ʟʛʽʜʥʦ ʧʨʦʛʥʦʟʫ, ʧʦʧʠʪ ʥʘ 

ʙʝʪʦʥ ʜʦ 2050 ʟʨʦʩʪʝ ʥʘ 12-13 %. ʆʩʢʽʣʴʢʠ, ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʨʦʟʚʠʚʘʶʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, 

ʪʦ ʧʨʽʦʨʠʪʝʪʥʠʤ ʻ ʟʘʚʜʘʥʥʷ ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ [133]. ʆʜʥʘʢ, 

ʩʫʯʘʩʥʽ ʙʝʪʦʥʠ ʤʽʩʪʷʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 350-500 ʢʛ ʮʝʤʝʥʪʫ/ʤ3 ʙʝʪʦʥʫ, ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʷʢʦʛʦ ʧʨʠʧʘʜʘʻ 5-8 % ʚʩʽʭ ʚʠʢʠʜʽʚ ʉʆ2 ʫ ʩʚʽʪʽ, ʪʦʤʫ ʟʘʚʜʷʥʥʷʤ ʪʝʭʥʦʣʦʛʽʚ ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʝʤʝʥʪʫ ʽ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʚʤʽʩʪʫ ʚ ʙʝʪʦʥʽ ʽ ʙʫʜʽʚʝʣʴʥʠʭ 

ʨʦʟʯʠʥʘʭ [127]. 

ɿʛʽʜʥʦ ʟʚʽʪʫ CEMBUREAU [83] ʮʝʤʝʥʪʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʜʦʩʷʛʣʘ ʟʥʘʯʥʦʛʦ 

ʧʨʦʛʨʝʩʫ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʨʦʪʝ ʨʽʚʝʥʴ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ ʧʦʩʪʽʡʥʦ 

ʟʨʦʩʪʘʻ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʚʠʢʠʜʠ ʉʆ2 ʩʢʣʘʜʘʶʪʴ 2,34 ɻʪ/ʨʽʢ, ʱʦ ʧʦʚôʷʟʘʥʝ ʽʟ 

ʧʨʠʰʚʠʜʰʝʥʥʷʤ ʪʝʤʧʽʚ ʙʫʜʽʚʥʠʮʪʚʘ ʫ ʩʚʽʪʽ. ʆʛʣʷʜ ʦʩʪʘʥʥʽʭ ʪʝʥʜʝʥʮʽʡ ʫ ʩʚʽʪʦʚʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʨʦʙʥʠʮʪʚʦ ʮʝʤʝʥʪʫ ʟʨʦʩʣʦ ʜʦ 4,65 ʤʣʨʜ. ʪ ʟʘ ʨʽʢ, ʧʨʠ ʪʦʤʫ 

52,0 % ʧʨʠʧʘʜʘʻ ʥʘ ʂʠʪʘʡʩʴʢʫ ʥʘʨʦʜʥʫ ʨʝʩʧʫʙʣʽʢʫ [157]. ʆʩʦʙʣʠʚʦ ʰʚʠʜʢʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ɯʥʜʽʷ (6,2 %), ʦʩʢʽʣʴʢʠ ʚ ʜʘʥʽʡ ʢʨʘʾʥʽ ʻ ʚʠʩʦʢʠʡ ʧʦʧʠʪ ʥʘ ʧʦʢʨʘʱʝʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ ʞʠʪʣʘ. ʂʨʘʾʥʘʤʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ ʚʠʨʦʙʣʷʻʪʴʩʷ 

5,3 % ʩʚʽʪʦʚʦʛʦ ʮʝʤʝʥʪʫ, ʘ ʥʘ ʋʢʨʘʾʥʫ ʧʨʠʧʘʜʘʻ ï 0,2 % (9 ʤʣʥ. ʪ/ʨʽʢ). ɺ ʪʦʡ ʞʝ ʯʘʩ, 

ʚʠʢʠʜʠ ʉʆ2 ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ 1 ʪ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ 

ʨʽʚʥʽ 0,865 ʪ. ɿʥʠʞʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʮʝʤʝʥʪ ʥʝ ʦʯʽʢʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʟʘ ʩʧʦʞʠʚʘʥʥʷʤ ʥʘ 

ʧʣʘʥʝʪʽ ʮʝʤʝʥʪ ʟʘʡʤʘʻ ʜʨʫʛʝ ʤʽʩʮʝ ʧʽʩʣʷ ʚʦʜʠ. ʊʦʤʫ ʽʥʪʝʛʨʦʚʘʥʽ ʨʽʰʝʥʥʷ ʮʝʤʝʥʪʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʨʘʪʝʛʽʾ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʨʦʟʚʠʪʢʫ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 
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ʩʢʦʨʦʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, 

ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʧʦʣʽʪʠʢʠ [101].  

ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʚʠʢʠʜʽʚ ʉʆ2 ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʮʝʤʝʥʪʫ ʻ ʧʨʷʤʽ ʚʠʢʠʜʠ ʚʽʜ 

ʧʨʦʮʝʩʫ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ (50 %), ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ (40 %) ʪʘ ʥʝʧʨʷʤʽ ʚʠʢʠʜʠ, ʧʦʚôʷʟʘʥʽ 

ʟʽ ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (10 %). ɺʠʢʠʜʠ ʚʫʛʣʝʮʶ ʚ ʮʝʤʝʥʪʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʝʥʰʝʥʽ ʟʘ ʨʘʭʫʥʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ, ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʫ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, 

ʧʽʜʚʠʱʝʥʥʷ ʮʽʥʥʦʩʪʽ ʚʽʜʭʦʜʽʚ ʫ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʘʭ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʚ ʷʢʦʩʪʽ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʱʦ ʚʠʢʣʶʯʘʻ ʧʨʦʙʣʝʤʫ ʩʪʚʦʨʝʥʥʷ ʩʤʽʪʪʻʟʚʘʣʠʱ ʪʘ 

ʩʧʘʣʶʚʘʥʥʷ ʚʽʜʭʦʜʽʚ [143].  

ɺʣʦʚʣʶʚʘʥʥʷ ʚʠʢʠʜʽʚ ʉʆ2 ʟʛʽʜʥʦ ʟ ʜʦʨʦʞʥʴʦʶ ʢʘʨʪʦʶ [157] ʟʘʡʤʘʻ ʢʣʶʯʦʚʝ 

ʤʽʩʮʝ ʩʝʨʝʜ ʤʝʪʦʜʽʚ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʘʣʝ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʻ ʥʘʙʽʣʴʰ 

ʢʘʧʽʪʘʣʦʻʤʥʦʶ. ʋ 2017 ʚ ʎʶʨʽʭʫ ʧʦʨʫʯ ʽʟ ʟʘʚʦʜʦʤ ʟ ʧʝʨʝʨʦʙʣʝʥʥʷ ʚʽʜʭʦʜʽʚ ʬʽʨʤʘ 

Climeworks ʚʽʜʢʨʠʣʘ ʧʝʨʰʫ ʚ ʩʚʽʪʽ ʢʦʤʝʨʮʽʡʥʫ ʩʪʘʥʮʽʶ, ʷʢʘ ʧʝʨʝʨʦʙʣʷ ̒

ʚʫʛʣʝʢʠʩʣʝʢʠʩʣʠʡ ʛʘʟ ʽ ʧʨʦʜʘʚʘ ̒ʡʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʫ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʦʚʦʯʽʚ. ɿʘ ʨʽʢ 

Climeworks ʫʪʠʣ̔ʟʫʚʘʚ 900 ʪʦʥʥ ʉʆ2, ʘʣʝ ʚʘʨʪʽʩʪʴ ʪʘʢʦʛʦ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʥʘ 

ʩʴʦʛʦʜʥʽ ʩʪʘʥʦʚʠʪʴ 600 USD/ʪ ʉʆ2 ï ʜʣʷ ʰʠʨʦʢʦʤʘʰʪʘʙʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʧʦʪʨʽʙʥʝ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʜʦ 150 USD/ʪ ʉʆ2 [94].  ʇʨʦʪʝ, ʷʢʱʦ ʤʝʪʦʜʠ ʧʨʷʤʦʛʦ 

ʚʣʦʚʣʶʚʘʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʩʪʘʥʫʪʴ ʜʝʰʝʚʰʠʤʠ ʽ ʜʦʩʪʫʧʥʽʰʠʤʠ, ʧʦʪʨʝʙʘ ʚ 

ʧʝʨʝʭʦʜʽ ʥʘ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʟʥʠʟʠʪʴʩʷ ʽ 

ʚʠʥʠʢʥʝ ʧʨʦʙʣʝʤʘ ʚ ʩʠʨʦʚʠʥʽʡ ʙʘʟʽ. ʊʦʤʫ ʚʣʦʚʣʶʚʘʥʥʷ ʉʆ2 ʨʦʟʛʣʷʜʘʶʪʴ ʣʠʰʝ ʷʢ 

ʦʩʪʘʥʥʽʡ ʢʣʶʯʦʚʠʡ ʝʣʝʤʝʥʪ ʟʥʠʞʝʥʥʷ ʪʝʤʧʽʚ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ, ʷʢʠʡ 

ʚʠʨʽʰʫʚʘʪʠʤʝ ʧʨʦʙʣʝʤʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʝʨʝʭʽʜ ʟ ʪʝʭʥʦʣʦʛʽʾ ʤʦʢʨʦʛʦ ʩʧʦʩʦʙʫ (6000-6500 ʄɼʞ/ʪʦʥʥʫ ʢʣʽʥʢʝʨʫ) 

ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ ʥʘ ʩʫʭʠʡ (3382-3605 ʄɼʞ/ʪʦʥʥʫ ʢʣʽʥʢʝʨʫ) ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ 

90 %, ʪʦʤʫ ʦʜʥʠʤ ʟ ʥʘʧʨʷʤʽʚ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʮʝʤʝʥʪʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ 
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ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʮʝʤʝʥʪʽʚ ʟ ʚʤʽʩʪʦʤ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʤʝʥʰʝ 65 % [105]. ʈʽʚʝʥʴ ʟʘʤʽʱʝʥʥʷ ʢʣʽʥʢʝʨʫ ʪʘ 

ʢʦʤʙʽʥʘʮʽʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʟʛʽʜʥʦ ʟ ɼʉʊʋ EN 197-1:2015  ̔  ɼʉʊʋ ɹ 

ɺ.2.7-46:2010 ʚʠʟʥʘʯʘʻ ʪʠʧ ʮʝʤʝʥʪʫ [25, 28]. ɼʦ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʉɽʄ ɯɯɯ/A,B,C ʟ ʚʤʽʩʪʦʤ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ 36 ï 95 ʤʘʩ.%, 

ʉɽʄ IV/ɺ ʟ ʚʤʽʩʪʦʤ ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ 36 ï 55 ʤʘʩ. %, ʢʦʤʧʦʟʠʮʽʡʥʽ ʮʝʤʝʥʪʠ ʉɽʄ 

V/ɸ,ɺ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʧʦʻʜʥʘʥʥʷ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʎɿʄ) ʟ 

ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʪʘ ʧʫʮʦʣʘʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʫ ʢʽʣʴʢʦʩʪʽ 36 ï 80 ʤʘʩ. %.  

ʅʠʟʴʢʦʝʤʽʩʽʡʥʠʤʠ ʚôʷʞʫʯʠʤʠ  ̒ʮʝʤʝʥʪʠ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ (ʎɹʈ) ʟʛʽʜʥʦ 

ɼʉʊʋ ɹ ɺ.2.7-124-2004 ʽ ʮʝʤʝʥʪʠ ʜʣʷ ʤʫʨʫʚʘʥʥʷ (ʄʉ) ʟʛʽʜʥʦ ɼʉʊʋ ɹ EN 413-1:2015, 

ʚʤʽʩʪ ʢʣʽʥʢʝʨʫ ʚ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʟʥʠʞʝʥʠʡ ʜʦ 20 ʽ 40 % ʚʽʜʧʦʚʽʜʥʦ, ʘ ʩʢʣʘʜ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʥʝ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ [26, 27]. ʊʘʢʽ ʮʝʤʝʥʪʠ ʻ ʦʜʥʠʤ ʽʟ 

ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʽ ʨʷʜʦʚʠʭ 

ʥʠʟʴʢʦʤʘʨʦʯʥʠʭ ʙʝʪʦʥʽʚ, ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʽ ʜʦʩʪʫʧʥʠʤ ʰʣʷʭʦʤ 

ʝʢʦʥʦʤʽʾ ʧʘʣʠʚʘ ʪʘ ʩʠʨʦʚʠʥʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʮʝʤʝʥʪʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [42, 60, 78]. 

ʆʩʥʦʚʥʠʤ ʚʠʨʦʙʥʠʢʦʤ ʮʝʤʝʥʪʽʚ ʜʣʷ ʤʫʨʫʚʘʥʥʷ ʚ ɭʚʨʦʧʽ ʻ ʢʦʥʮʝʨʥ Grupie 

LafargeHolcim  ï ʮʝʤʝʥʪ LepoÈ (ʇʦʣʴʱʘ) ʽ Multibat PLUS (ʏʝʭʽʷ). 

ʇʦʛʣʠʙʣʝʥʝ ʪʨʘʢʪʫʚʘʥʥʷ ʨʦʣʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ 

ʚʨʘʭʫʚʘʥʥʷ ʾʭ ʩʠʥʝʨʛʝʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʧʨʠʷʻ ʥʘʡʝʬʝʢʪʠʚʥʽʰʽʡ ʨʝʘʣʽʟʘʮʽʾ 

ʧʦʪʝʥʮʽʡʥʠʭ ʚ`ʷʞʫʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ [84]. ʇʨʦʪʝ 

ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ R. Snellings [149] ʪʘ ʊ. Markiv, Kh. Sobol, M. Franus, W. Franus [130] 

ʧʦʢʘʟʘʥʦ, ʱʦ ʨʽʚʝʥʴ ʟʘʤʽʱʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʦʙʤʝʞʝʥʠʡ ʚʥʘʩʣʽʜʦʢ 

ʩʧʦʚʽʣʴʥʝʥʦʛʦ ʥʘʙʦʨʫ ʾʭ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʯʝʨʝʟ ʥʠʟʴʢʫ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘʢʠʭ 

ʩʢʣʘʜʥʠʢʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʽʥʢʝʨʥʠʤʠ ʬʘʟʘʤʠ. ɿ ʤʝʪʦʶ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʥʝʜʦʣʽʢʽʚ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʟʨʦʙʣʝʥʽ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʚʠʜʽʚ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʚ ʨʦʙʦʪʘʭ ɺ. ɼ. ɻʣʫʭʦʚʩʴʢʦʛʦ, 

ʈ. ʌ. ʈʫʥʦʚʦʾ, ʉ. ɽ. ʄʘʢʩʫʥʦʚʘ [15] ʪʘ ʇ. ɺ. ʂʨʠʚʝʥʢʘ, ʆ. ʄ. ʇʝʪʨʦʧʘʚʣʦʚʩʴʢʦʛʦ, 

ʆ. ʖ. ʂʦʚʘʣʴʯʫʢʘ [117] ʟʥʘʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʪʚʝʨʜʥʝʥʥʷ ʮʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ 
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ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʫʞʥʦʾ ʘʢʪʠʚʘʮʽʾ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʻ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʣʫʞʥʠʭ ʮʝʤʝʥʪʽʚ, 

ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʽ ʤʦʞʣʠʚʦʩʪʽ ʰʚʠʜʢʦʾ ʟʤʽʥʠ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ ʥʘ ʾʭ ʦʩʥʦʚʽ.  

ɿʘʙʝʟʧʝʯʝʥʥʷ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ 32,5 ʽ 42,5 ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʦʩʥʦʚʥʠʭ 

ʩʢʣʘʜʥʠʢʽʚ ʮʝʤʝʥʪʫ, ʪʦʤʫ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘʢʠʭ ʮʝʤʝʥʪʽʚ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ 

ʧʦʤʝʣ [109, 118]. ɿʘ ʨʘʭʫʥʦʢ ʨʦʟʜʽʣʴʥʦʛʦ ʨʦʟʤʝʣʶʚʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ 

ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʮʝʤʝʥʪʫ ʜʦʚʦʜʠʪʴʩʷ ʜʦ ʧʨʝʢʪʥʦʾ ʪʦʥʠʥʠ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʥʘʜʪʦʥʢʠʭ ʽ ʢʨʫʧʥʠʭ ʬʨʘʢʮʽʡ [98, 102]. J.  Pawluk ʽ P. Zajd 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʩʫʤʽʩʥʠʤ ʧʦʤʝʣʦʤ ʮʴʦʛʦ ʜʦʩʷʛʪʠ ʩʢʣʘʜʥʦ, ʘʜʞʝ ʦʩʥʦʚʥʽ 

ʩʢʣʘʜʥʠʢʠ ʮʝʤʝʥʪʫ ʤʘʶʪʴ ʨʽʟʥ ̔ʧʦʢʘʟʠʥʠʢʠ ʨʦʟʤʝʣʦʟʜʘʪʥʦʩʪʽ [137]. ʗʢ ʧʦʢʘʟʘʥʦ ʚ 

ʨʦʙʦʪʽ De Weerdt K [99], ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʦʤʝʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʤʘʪʝʨʽʘʣʫ ʽ ʪʦʥʠʥʠ 

ʧʦʜʨʽʙʥʝʥʥʷ, ʧʨʠ ʪʦʤʫ ʟʘʪʨʘʪʠ ʥʘ ʧʦʤʝʣ ʽ ʚʠʢʠʜʠ ʉʆ2 ʫ ʢʽʣʴʢʘ ʨʘʟ ʥʠʞʯʽ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʚʠʧʘʣʦʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʦʤʝʣʫ ʤʦʞʝ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʝ ʟʘ ʨʘʭʫʥʦʢ ʤʣʠʥʽʚ ʚʘʣʢʦʚʦʛʦ ʪʠʧʫ, ʨʦʣʣʝʨ-ʧʨʝʩʽʚ, ʩʝʧʘʨʘʪʦʨʽʚ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ.    

ɺʝʨʪʠʢʘʣʴʥʽ ʚʘʣʢʦʚʽ ʤʣʠʥʠ ʧʦʨʽʚʥʷʥʦ ʟ ʢʫʣʴʦʚʠʤʠ ʤʘʶʪʴ ʤʝʥʰʽ ʧʦʢʘʟʥʠʢʠ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʛʘʙʘʨʠʪʠ, ʨʽʚʝʥʴ ʰʫʤʫ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʠ ʟʥʠʞʝʥʠʭ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʚʠʪʨʘʪʘʭ. ɿʘ ʨʘʭʫʥʦʢ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚʘʣʢʦʚʠʭ ʤʣʠʥʽʚ ʩʠʨʦʚʠʥʘ ʧʽʜʩʫʰʫʻʪʴʩʷ, ʪʦʤʫ ʥʝ ʧʦʪʨʽʙʥʦ ʩʫʰʠʪʠ 

ʤʘʪʝʨʽʘʣ ʚ ʩʫʰʠʣʴʥʠʭ ʙʘʨʘʙʘʥʘʭ. ɺʘʣʢʦʚʽ ʤʣʠʥʠ ʧʨʘʮʶʶʪʴ ʟ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʧʦʥʘʜ 300 ʪ/ʛʦʜ ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ (ʤʣʠʥ Loesche, ʜʚʦʚʘʣʢʦʚʠʡ ʤʣʠʥ PolysiusÈ, ʤʣʠʥ 

PfeifferÈ MPS) ʚ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʽ ʟ ʧʦʚʽʪʨʷʥʠʤ ʩʝʧʘʨʘʪʦʨʦʤ, ʣʝʛʢʦ ʧʨʦʛʨʘʤʫʶʪʴʩʷ 

ʥʘ ʥʝʦʙʭʽʜʥʫ ʪʦʥʢʽʩʪʴ ʧʦʤʝʣʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʧʦʤʦʣʴʥʦ-ʩʫʰʠʣʴʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʟ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʦʤ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ [135]. ʅʝʜʦʣʽʢʘʤʠ ʚʘʣʢʦʚʠʭ 

ʤʣʠʥʽʚ ʩʪʘʨʦʾ ʛʝʥʝʨʘʮʽʾ  ̒ʟʫʧʠʥʢʘ ʦʙʣʘʜʥʘʥʥʷ ʯʝʨʝʟ ʧʦʪʨʘʧʣʷʥʥʷ ʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ, 

ʘ ʪʘʢʦʞ ʨʝʞʠʤ ʨʦʙʦʪʠ ʣʠʰʝ ʟ ʩʫʭʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʦʩʢʽʣʴʢʠ ʚʽʜʙʫʚʘʣʦʩʷ ʥʘʣʠʧʘʥʥʷ 
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ʩʠʨʦʚʠʥʠ ʥʘ ʚʘʣʢʠ. ɺʘʣʢʦʚʽ ʤʣʠʥʠ ʥʦʚʦʾ ʛʝʥʝʨʘʮʽʾ ʚʠʨʽʰʠʣʠ ʮʽ ʧʨʦʙʣʝʤʠ ï ʩʪʽʣ-

ʦʩʥʦʚʘ, ʷʢʠʡ ʻ ʨʫʭʦʤʠʤ, ʥʝ ʜʦʪʦʨʢʘʻʪʴʩʷ ʜʦ ʚʘʣʢʽʚ, ʘ ʧʦʪʽʢ ʛʘʨʷʯʦʛʦ ʧʦʚʽʪʨʷ ʩʫʰʠʪʴ 

ʩʠʨʦʚʠʥʫ. 

ɸʚʪʦʨʘʤʠ De Weerdt K., Omurden G., Schnejder M. ʟʘʟʥʘʯʝʥʦ, ʱʦ ʩʢʦʨʦʯʝʥʥʷ 

ʝʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʧʦʤʝʣ ʚ ʢʫʣʴʦʚʠʭ ʤʣʠʥʘʭ ʜʦ 20 % ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʨʦʟʤʝʣʶʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʣʣʝʨ-ʧʨʝʩʽʚ [99, 135, 143]. ɽʥʝʨʛʦʻʤʥʽʩʪʴ 

ʨʦʙʦʪʠ ʨʦʣʣʝʨ-ʧʨʝʩʽʚ ʩʪʘʥʦʚʠʪʴ 2,5é3,5 ʢɺʪϊʛʦʜ/ʪ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʢʫʣʴʦʚʦʛʦ ʤʣʠʥʘ ï 

35é45 ʢɺʪϊʛʦʜ/ʪ. ʊʘʢʦʞ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʤʝʣʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʢʣʶʯʝʥʥʷ 

ʩʝʧʘʨʘʪʦʨʽʚ ʫ ʟʘʤʢʥʫʪʠʡ ʮʠʢʣ ʧʦʤʝʣʫ. ɼʣʷ ʪʨʝʪʴʦʛʦ ʧʦʢʦʣʽʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʩʝʧʘʨʘʪʦʨʽʚ ʭʘʨʘʢʪʝʨʥʽ ʦʙʝʨʪʦʚʠʡ ʨʝʰʽʪʯʘʩʪʠʡ ʙʘʨʘʙʘʥ ʽ ʟʦʚʥʽʰʥʽʡ ʩʝʧʘʨʘʪʦʨ ï ʪʘʢʠʤ 

ʯʠʥʦʤ ʢʨʫʧʥʘ ʬʨʘʢʮʽʷ ʥʝ ʤʦʞʝ ʧʨʦʡʪʠ ʢʨʽʟʴ ʧʣʘʩʪʠʥʠ ʦʙʝʨʪʦʚʦʛʦ ʨʝʰʽʪʯʘʩʪʦʛʦ 

ʙʘʨʘʙʘʥʫ ʽ ʚʽʜʚʦʜʷʪʴʩʷ ʚ ʢʦʥʫʩ ʩʝʧʘʨʘʪʦʨʘ. ʅʘ ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè 

ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʩʝʧʘʨʘʪʦʨʠ TGS 143-Z çChristian Pfeiferè, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʧʝʨʝʡʪʠ ʚʽʜ ʚʽʜʢʨʠʪʦʛʦ ʜʦ ʟʘʢʨʠʪʦʛʦ ʮʠʢʣʫ ʧʦʤʝʣʫ  ̔ʩʢʦʨʦʪʠʪʠ ʝʥʝʨʛʦʟʘʪʨʘʪʠ ʥʘ ʧʦʤʝʣ 

ʟ 33,0 ʜʦ 28,0 ʢɺʪ/ʪ ʮʝʤʝʥʪʫ, ʧʨʠ ʮʴʦʤʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʣʠʥʘ ʟʨʦʩʣʘ ʥʘ 18 %. 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʧʦʤʝʣʫ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʜʘʻ 

ʟʤʦʛʫ ʩʪʚʦʨʠʪʠ ʧʨʦʛʨʝʩʠʚʥʽ ʤʦʜʝʣʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʾ ʩʠʨʦʚʠʥʠ, 

ʧʘʣʠʚʘ, ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʫʪʠʣʽʟʫʚʘʪʠ ʚʽʜʭʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ [116, 148]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʥʠʟʢʫ ʚʘʞʣʠʚʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʩʦʮʽʘʣʴʥʠʭ ʧʨʦʙʣʝʤ. 

ɸʥʘʣʽʟ ʧʦʣʽʪʠʢʠ ɭʉ ʽʟ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʉʆ2 ʫ ʮʝʤʝʥʪʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ 

ʧʨʦʛʥʦʟ ʨʦʟʚʠʪʢʫ ʙʫʜʽʚʝʣʴʥʦʛʦ ʩʝʢʪʦʨʫ ʚ ʋʢʨʘʾʥʽ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟʘʛʘʣʴʥʦ-ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʮʝʤʝʥʪ ʟ ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʫ. ʎʝʤʝʥʪʠ, ʱʦ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ 

ʩʢʣʘʜʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʞʯʦʶ ʚʘʨʪʽʩʪʶ, ʦʩʢʽʣʴʢʠ 

ʚʽʜʩʫʪʥʽ ʚʠʪʨʘʪʠ ʥʘ ʾʭ ʚʠʧʘʣ. ʈʘʟʦʤ ʟ ʪʠʤ, ʪʠʧ ʎɿʄ ʽ ʾʭ ʢʽʣʴʢʽʩʪʴ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʽʚ ʽ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʪʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʤʽʰʘʥʠʭ 
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ʮʝʤʝʥʪʽʚ  ʚʠʤʘʛʘʻ  ʜʦʜʘʪʢʦʚʠʭ ʟʥʘʥʴ ʚ ʦʙʣʘʩʪʽ ʚʟʘʻʤʦʜʽʾ ʥʝʢʣʽʥʢʝʨʥʠʭ ʩʢʣʘʜʥʠʢʽʚ 

ʚôʷʞʫʯʦʛʦ. 

 

 

1.2. ʊʝʭʥʽʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʧʝʨʝʚʘʛʠ ʚʠʨʦʙʥʠʮʪʚʘ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ  

 

 

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʠʥʠʢʣʘ ʧʦʪʨʝʙʘ ʚ ʢʦʤʧʦʟʠʪʘʭ ʥʠʟʴʢʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʟ ʚʠʩʦʢʠʤʠ 

ʷʢʩ̔ʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʶ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʽʩʥʫʶʯʽ ʘʥʘʣʦʛʠ. ʎʝ 

ʟʘʟʚʠʯʘʡ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʰʫʚʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ CEM I 42,5R  ̔

ʘʢʪʠʚʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʎɿʄ) ʥʘ ʩʪʘʜʽʾ ʧʨʠʛʦʪʫʚʘʥʥʷ ʮʝʤʝʥʪʽʚ [144]. ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʚʽʪʯʠʟʥʷʥʠʭ ʽ 

ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ ʚ ʦʙʣʘʩʪʽ ʨʦʟʨʦʙʣʝʥʥʷ ʮʝʤʝʥʪʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʦʤʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʥʦʚʦʾ ʛʝʥʝʨʘʮʽʾ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʞʣʠʚʝ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʛʘʨʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʜʦʙʦʨʫ ʎɿʄ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ [11, 50, 81].  

ɺ ʨʦʙʦʪʽ B. Lothenbach, K. Scrivener, D. Hooton [126] ʟʘʟʥʘʯʝʥʦ, ʱʦ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʽ ʤʘʪʝʨʽʘʣʠ ï ʮʝ ʘʢʪʠʚʥʽ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʧʨʠʨʦʜʥʦʛʦ ʪʘ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʢʦʨʦʪʠʪʠ ʚʤʽʩʪ ʚʠʩʦʢʦʝʥʝʨʛʦʻʤʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʚ ʩʢʣʘʜʽ ʮʝʤʝʥʪʫ, ʙʝʪʦʥʫ ʯʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʝʦʙʭʽʜʥʠʭ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ R. Snellings, G. Mertens, J. Elsen [151] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʠʨʦʢʦʾ ʛʘʤʠ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʧʨʘʚʣʝʥʫ ʜʽʶ 

ʥʘ ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʛʽʜʨʘʪʥʠʭ ʬʘʟ ʫ ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ 

ʟ ʫʪʚʦʨʝʥʥʷʤ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʧʨʠʷʻ ʩʠʥʪʝʟʫ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʥʦʾ 
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ʤʘʪʨʠʮʽ ʟʘ ʨʘʭʫʥʦʢ ʾʾ ʫʱʽʣʴʥʝʥʥʷ. ʇʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʎɿʄ, ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʪʝʧʣʦʪʠ 

ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ, ʪʦʤʫ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʜʝʬʦʨʤʘʮʽʷʤʠ ʫʩʘʜʢʠ 

ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ, ʟʥʠʞʫʻʪʴʩʷ [67, 154]. 

H. F. W. Tʘylor [156] ʚʽʜʟʥʘʯʘʻ, ʱʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ (ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʚʘʧʥʷʢʫ) ʥʠʞʯʠʤ 

ʚʤʽʩʪʦʤ ʢʘʣʴʮʽʶ, ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʤ ʢʣʽʥʢʝʨʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʩʥʫʶʪʴ 

ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʛʽʜʨʘʪʘʭ, ʫʪʚʦʨʝʥʠʭ ʧʽʜ ʯʘʩ ʛʽʜʨʘʪʘʮʽʾ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʮʥʽʩʪʴ ʽ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ɺʽʜʦʤʦ, ʱʦ C-S-H ʚ ʩʠʩʪʝʤʘʭ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʨʝʤʥʽʻʚʦʚʤʽʩʥʽ ʎɿʄ, ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ C-S-H ʚ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʭ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʢʘʨʙʦʥʘʪʫ ʘʙʦ ʩʫʣʴʬʘʪʫ 

C3AH6 ʙʫʜʝ ʙʽʣʴʰ ʩʪʽʡʢʠʤ, ʥʽʞ ʬʘʟʠ AFm. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʩʢʣʘʜʽ ʮʝʤʝʥʪʽʚ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ 

ɼʉʊʋ ɹ ɺ.2.7-46:2010 ʽ ʛʘʨʤʦʥʽʟʦʚʘʥʠʤ ɼʉʊʋ ɹ EN 197-1:2015. ʆʩʥʦʚʥʠʤʠ 

ʩʢʣʘʜʥʠʢʘʤʠ ʩʽʤʝʡʩʪʚʘ ʟʚʠʯʘʡʥʠʭ ʮʝʤʝʥʪʽʚ ʢʨʽʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʻ 

ʜʦʙʘʚʢʠ ʛʽʜʨʘʚʣʽʯʥʦʾ (ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ) ʪʘ ʧʫʮʦʣʘʥʽʯʥʦʾ ʜʽʾ ʧʨʠʨʦʜʥʦʛʦ 

ʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʮʝʦʣʽʪʠ, ʤʝʪʘʢʘʦʣʽʥ, ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ), ʩʠʣʽʢʘʪʥʠʡ ʧʠʣ 

(ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ), ʚʠʧʘʣʝʥʠʡ ʩʣʘʥʝʮʴ ʽ ʚʘʧʥʷʢ. ɿʛʽʜʥʦ ʊʝʭʥʦʣʦʛʽʯʥʦʾ ʜʦʨʦʞʥʴʦʾ ʢʘʨʪʠ 

[157] ʛʨʘʥʫʣʴʦʚʘʥʽ ʜʦʤʝʥʥʽ ʰʣʘʢʠ (ɻɼʐ) ʽ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ (ɿɺ) ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (487 ʽ 225 ʄʪ/ʨʽʢ) ʽ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʴʦʛʦʜʥʽ ʫ ʮʝʤʝʥʪʥʽʡ ʛʘʣʫʟʽ ʩʪʘʥʦʚʠʪʴ 13,0 ʽ 6,0 % ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠʨʦʜʥʽ 

ʧʫʮʦʣʘʥʠ ʚ ʷʢʦʩʪʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘʢʦʞ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

(75 Mʪ/ʨʽʢ), ʘ ʾʭ ʨʝʟʝʨʚ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʠʤ. ʅʘ ʩʴʦʛʦʜʥʽ ʯʘʩʪʢʘ ʚʘʧʥʷʢʫ ʷʢ 

ʥʘʧʦʚʥʶʚʘʯʘ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʮʝʤʝʥʪʫ ʩʪʘʥʦʚʠʪʴ 8 %, ʧʨʠ ʮʴʦʤʫ ʧʨʦʛʥʦʟ ʥʘ 2050 ʨʽʢ  

ʧʝʨʝʜʙʘʯʘʻ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʨʦʣʽ ʜʦ 18 %. ʄʽʢʨʦʢʨʝʤʥʝʟʝʤ ʻ ʧʦʙʽʯʥʠʤ ʧʨʦʜʫʢʪʦʤ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʨʝʤʥʽʡʚʤʽʩʥʠʭ ʩʧʣʘʚʽʚ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ 

ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ, ʡʦʛʦ ʚʤʽʩʪ ʚ ʮʝʤʝʥʪʽ ʦʙʤʝʞʝʥʠʡ ʜʦ 10 %.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ A. Shamshad, Sh. Mohammad, A. Sirajuddin ʩʚʽʜʯʘʪʴ, ʱʦ 

ʮʝʤʝʥʪʠ ʟ ʜʦʜʘʚʘʥʥʷʤ ʤʝʣʝʥʦʛʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʠʟʴʢʦʶ ʪʝʧʣʦʪʦʶ ʛʽʜʨʘʪʘʮʽʾ, ʚʠʩʦʢʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʜʽʾ ʘʛʨʝʩʠʚʥʦʛʦ ʭʽʤʽʯʥʦʛʦ 
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ʩʝʨʝʜʦʚʠʱʘ, ʚʠʩʦʢʦʶ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ ʙʝʪʦʥʫ ʪʘ ʤʝʥʰʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ʫʩʘʜʢʠ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʤʠ ʪʠʧʫ ʉɽʄ ɯ [129, 145]. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ɻɼʐ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʧʦʚʽʣʴʥʝʥʥʷ ʢʽʥʝʪʠʢʠ ʥʘʙʦʨʫ 

ʤʽʮʥʦʩʪʽ, ʩʫʪʪʻʚʝ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ, ʣʫʱʝʥʥʷ ʙʝʪʦʥʫ ʯʝʨʝʟ ʧʦʧʝʨʝʤʽʥʥʝ ʟʘʤʦʨʦʞʫʚʘʥʥʷ 

ʽ ʚʽʜʪʘʶʚʘʥʥʷ [23, 39].  

ɼʦʩʣʽʜʞʝʥʥʷʤʠ M. Oleskow [134] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʠʭ ʮʝʤʝʥʪʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʜʨʽʙʥʦʾ 

ʬʨʘʢʮʽʾ ʨʦʟʤʽʨʦʤ ʜʦ 10 ʤʢʤ, ʪʘʢ ʷʢ ʩʘʤʝ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ ɻɼʐ ʚ ʩʢʣʘʜʽ 

ʰʣʘʢʦʚʤʽʩʥʦʛʦ ʮʝʤʝʥʪʫ ʧʨʠʰʚʠʜʰʫʶʪʴ ʡʦʛʦ ʛʽʜʨʘʪʘʮʽʶ ʫ ʨʘʥʥʴʦʤʫ ʚʽʮʽ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʥʝʪʠʢʠ ʥʘʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʘʥʘʣʦʛʽʯʥʠʤʠ 

ʩʢʣʘʜʘʤʠ ʮʝʤʝʥʪʫ ʟ ʚʤʽʩʪʦʤ ɻɼʐ ʛʨʫʙʦʾ ʬʨʘʢʮʽʾ 10-40 ʤʢʤ.  

ʇʽʜʚʠʱʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ɻɼʐ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʡʦʛʦ ʥʠʟʴʢʦʾ 

ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ. ɿʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʴ Pawluk J.  ̔Zajd P. ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ 28-ʜʝʥʥʫ ʘʢʪʠʚʥʽʩʪʴ ɻɼʐ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ 

(CaO + 1,4 MgO + 0,56 Al2O3)/ SiO2, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 1,65 ï 1,85 [137]. ʈʘʟʦʤ ʟ ʪʠʤ, 

ʷʢʱʦ ʪʘʢʠʡ ʧʦʢʘʟʥʠʢ ɻɼʐ ʥʠʞʯʠʡ 1,65, ʪʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ 

ʨʦʟʤʝʣʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚ ʩʢʣʘʜʽ ʮʝʤʝʥʪʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪʴ 

ɻɼʐ, ʷʢ ʧʨʘʚʠʣʦ, ʥʠʞʯʘ ʚʽʜ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ, ʪʦʤʫ ʧʨʠ ʩʫʤʽʩʥʦʤʫ 

ʧʦʤʝʣʽ ʯʘʩʪʠʢʠ ɻɼʐ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʫ ʛʨʫʙʰʽʡ ʬʨʘʢʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʝʨʞʘʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ 

ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʾʭ ʧʦʤʝʣ ï ʚ ʢʫʣʴʦʚʠʭ ʤʣʠʥʘʭ ʧʨʠ ʧʦʤʝʣʽ ɻɼʐ ʜʦ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ 

6000 ʩʤ2/ʛ (ʚʤʽʩʪ ʬʨʘʢʮʽʾ 0-10 ʤʢʤ ʩʢʣʘʜʘʻ 30-50 ʤʘʩ.%) ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʤʦʞʝ 

ʜʦʩʷʛʥʫʪʠ 140 ʢɺʪĿʛʦʜ/ʪ [111]. ʊʦʤʫ ʚʘʨʪʽʩʪʴ ʪʦʥʢʦʛʦ ʧʦʤʝʣʫ ɻɼʐ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ 

ʡʦʛʦ ʥʠʟʴʢʦʶ ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪʶ, ʻ ʚʠʱʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʤ ʢʣʽʥʢʝʨʦʤ. 

ɺ ʪʦʡ ʯʘʩ ʚʠʩʦʢʘ ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪʴ ʚʘʧʥʷʢʫ ̔  ʧʨʠʨʦʜʥʠʭ ʧʫʮʦʣʘʥ (ʥʘʧʨʠʢʣʘʜ, ʮʝʦʣʽʪʠ), 

ʟʫʤʦʚʣʶʻ ʥʠʞʯʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʫ 2,5-3,0 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ɻɼʐ. 

ɺ ʨʦʙʦʪʘʭ ɺ. ɯ. ɻʦʮʘ [16]  ʪʘ ʃ. ʁ. ɼʚʦʨʢʽʥʘ, ɺ. ɺ. ʄʘʨʯʫʢʘ [24, 45] ʧʦʢʘʟʘʥʦ, ʱʦ 

ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʮʝʤʝʥʪʥʽʡ ʛʘʣʫʟʽ ʚ ʷʢʦʩʪʽ ʘʢʪʠʚʥʦʾ 
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ʤʽʥʝʨʘʣʴʥʦʾ ʜʦʙʘʚʢʠ ʪʘ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʨʫʭʣʠʚʽʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʟʘ ʨʘʭʫʥʦʢ 

ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ (ñʝʬʝʢʪ ʨʦʣʠʢʦʧʽʜʰʠʧʥʠʢʘò) [18]. ʇʨʦʪʝ ʪʘʢʽ ʟʦʣʦʚʤʽʩʥʽ 

ʮʝʤʝʥʪʠ ʟʘʟʚʠʯʘʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ [71]. 

ɿʛʽʜʥʦ ʜʘʥʠʭ ɺ. ʈ. ʉʝʨʜʶʢʘ, ʆ. ʉ. ʉʽʜʣʘʢʘ [61] ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤ ʟ 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʚʠʨʽʰʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʻ ʚʚʝʜʝʥʥʷ ʜʦ ʾʭʥʴʦʛʦ ʩʢʣʘʜʫ 

ʣʫʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʘ ʪʘʢʦʞ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ. ʇʣʘʩʪʠʬʽʢʘʪʦʨ ʟʘʙʝʟʧʝʯʫʻ 

ʟʥʠʞʝʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ, ʩʪʠʩʥʝʥʽ ʫʤʦʚʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʝʟʜʝʬʝʢʪʥʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʣʫʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʭʠʙʥʦʤʫ 

ʪʫʞʘʚʣʝʥʥʶ, ʪʦʜʽ ʷʢ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨ ʛʘʨʘʥʪʫʻ ʜʦʚʛʦʪʝʨʤʽʥʦʚʝ ʟʙʝʨʽʛʘʥʥʷ ʚôʷʞʫʯʦʾ 

ʢʦʤʧʦʟʠʮʽʾ ʙʝʟ ʚʪʨʘʪʠ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʯʘʩʽ [65]. ɸʚʪʦʨʘʤʠ [36, 115] ʚʽʜʟʥʘʯʝʥʦ, ʦɦ 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʣʫʞʥʠʭ ʟʦʣʦʚʤʽʩʥʠʭ ʮʝʤʝʥʪʽʚ ʩʣʽʜ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʙʘʣʘʥʩʫ ʤʽʞ 

ʚʤʽʩʪʦʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʪʘ ʣʫʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ ʚʠʤʘʛʘʻ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʚʠʭʽʜʥʠʭ ʩʢʣʘʜʥʠʢʽʚ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ɹ. ɻ. ʈʫʩʠʥʘ [55] ʩʚʽʜʯʘʪʴ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ 

ʜʠʩʧʝʨʩʥʦʩʪʽ (SʧʠʪÓ10000 ʩʤ2/ʛ) ʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʟʨʦʩʪʘʻ ʾʾ 

ʧʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʚô̫ʟʘʥʦʛʦ ʉʘ(ʆʅ)2 

ʧʨʦʪʷʛʦʤ 30 ʜʥʽʚ. ɸʚʪʦʨʦʤ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʾ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ 

ʫ ʢʽʣʴʢʦʩʪʽ ʙʽʣʴʰʝ 40 % ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʧʣʘʩʪʠʬʽʢʫʶʯʦʛʦ ʝʬʝʢʪʫ ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ ʮʝʤʝʥʪʽʚ ʟ ʚʤʽʩʪʦʤ 50 ʤʘʩ. % ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʾ 

ɿɺ ʩʪʘʥʦʚʠʪʴ 13,8 ʄʇʘ, ʘ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 31,1 ʄʇʘ.  

ʅʝʩʪʘʙʽʣʴʥʠʡ ʩʢʣʘʜ ʽ ʷʢʽʩʪʴ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʻ ʩʪʨʠʤʫʶʯʠʤ ʬʘʢʪʦʨʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʽʚ. ɺ ʨʦʙʦʪʽ [52] ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʧʦʻʜʥʘʥʥʷ 

ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʽ ʧʫʮʦʣʘʥʠ ʜʦʟʚʦʣʷʻ  ʫʩʫʥʫʪʠ ʜʝʷʢʽ ʾʾ ʥʝʜʦʣʽʢʠ ï ʧʨʠʰʚʠʜʰʠʪʠ 

ʧʫʮʦʣʘʥʦʚʫ ʨʝʘʢʮʽʶ ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʽ ʫʱʽʣʴʥʠʪʠ ʩʪʨʫʢʪʫʨʫ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ, 

ʦʩʢʽʣʴʢʠ ʚʢʘʟʘʥʽ ʎɿʄ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʦʪʠʣʝʞʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [79, 136, 150]. 

ɺʠʩʦʢʦʜʠʩʧʝʨʩʥʠʤ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʤ ʤʘʪʝʨʽʘʣʦʤ ʻ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ (ʄʂ), ɦ ʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʫʮʦʣʘʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʻ ʨʦʣʴ 

ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘ [159]. ʄʂ ʟʘʧʦʚʥʶʻ ʧʫʩʪʦʪʠ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʘ 
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ʡʦʛʦ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ɺ ʨʦʙʦʪʘʭ                      

ʉ. ʉ. ʂʘʧʨʽʝʣʦʚʘ, ɺ. ɻ. ɹʘʪʨʘʢʦʚʘ, ɸ. ɺ. ʐʝʡʥʬʝʣʴʜʘ [32, 33] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʫʮʦʣʘʥʦʚʘ 

ʘʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʟʥʘʯʥʦ ʚʠʱʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ, 

ʥʘʧʨʠʢʣʘʜ, ʟʦʣʦʶ-ʚʠʥʝʩʝʥʥʷ. ɿʚôʷʟʫʚʘʥʥʷ ʉʘ(ʆʅ)2 ʟ ʘʤʦʨʬʥʠʤ ʢʨʝʤʥʝʟʝʤʦʤ 

ʧʦʯʠʥʘʻʪʴʩʷ ʚ ʨʘʥʥʴʦʤʫ ʚʽʮʽ ʧʨʠ ʦʩʘʜʞʝʥʥ ̔ʥʘ ʯʘʩʪʠʥʢʘʭ ʄʂ. ʇʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ 

ʥʠʟʴʢʦʦʩʥʦʚʥʽ ʛʽʜʨʦʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ ʟ ʦʩʥʦʚʥʽʩʪʶ ʤʝʥʰʝ 1,5. ɿʤʽʥʘ ʙʘʣʘʥʩʫ ʤʽʞ C-S-

H (I) ʽ C-S-H (ɯɯ) ʚ ʩʢʣʘʜʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʜʦʟʫʚʘʥʴ ʦʩʪʘʥʥʴʦʛʦ ʽ ʢʽʣʴʢʦʩʪʽ Siʆ2 ï ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ 

ʚʤʽʩʪ C-S-H (ɯ) ʧʽʜʚʠʱʫʻʪʴʩʷ, ʘ C-S-H (II) ï ʟʥʠʞʫʻʪʴʩʷ. ʇʨʦʪʝ ʧʽʜʚʠʱʝʥʘ ʚʦʜʦʧʦʪʨʝʙʘ 

ʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ [25] ʦʙʤʝʞʫʶʪʴ ʚʤʽʩʪ ʚʠʩʦʢʦʘʢʪʠʚʥʦʛʦ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʚ 

ʩʢʣʘʜʽ ʮʝʤʝʥʪʫ.  

ɺ ʨʦʙʦʪ ̔ [34] ʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʧʦʚʥʝʥʥʷ ʮʝʤʝʥʪʥʦʾ ʩʠʩʪʝʤʠ 

ʢʨʝʤʥʽʻʚʤʽʩʥʠʤʠ ʫʣʴʪʨʘ- ʪʘ ʛʨʫʙʦʜʠʩʧʝʨʩʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʽ 

ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʦʤ ʥʘʬʪʘʣʽʥ-ʬʦʨʤʘʣʴʜʝʛʽʜʥʦʛʦ 

ʪʠʧʫ ʷʢ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʤ ʤʦʜʠʬʽʢʘʪʦʨʦʤ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʠʭ 

ʙʝʪʦʥʽʚ. ʉ. ʉ. ʂʘʧʨʽʝʣʦʚʠʤ ʽ ɸ.ɺ. ʐʝʡʥʬʝʣʴʜʦʤ ʜʦʚʝʜʝʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ 

ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʧʦʩʪʫʧʦʚʦʤʫ ʥʘʜʭʦʜʞʝʥʥʽ ʧʦʤʽʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʫ ʨʽʜʢʫ ʬʘʟʫ 

ʮʝʤʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʤʽʩʪʦʤ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʩʪʚʦʨʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʫʧʨʘʚʣʷʪʠ ʨʝʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʽ ʥʘʧʨʘʚʣʝʥʦ 

ʤʦʜʠʬʽʢʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. ʂʦʞʥʘ ʯʘʩʪʠʥʢʘ ʤʦʜʠʬʽʢʘʪʦʨʘ ʻ 

ʘʛʨʝʛʘʪʦʤ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʘ ʘʙʦ ʡʦʛʦ 

ʩʫʤʽʰʽ ʟ ʛʨʫʙʦʜʠʩʧʝʨʩʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ.  ʎʝʤʝʥʪʦʟʘʤʽʱʫʶʯʽ 

ʤʘʪʝʨʽʘʣʠ ʨʽʚʥʦʤʽʨʥʦ ʧʦʢʨʠʪʽ ʪʦʥʢʠʤ ʰʘʨʦʤ ʦʨʛʘʥʽʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ - 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ, ʷʢʠʡ çʩʢʣʝʶʻè ʯʘʩʪʠʥʢʠ ʤʽʥʝʨʘʣʴʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʤʽʞ ʩʦʙʦʶ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʤʽʮʥʠʭ ʽ ʩʪʽʡʢʠʭ ʛʨʘʥʫʣ ʫ ʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʟʘʤʽʱʝʥʥʷ ʮʝʤʝʥʪʫ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʦʶ ʜʦʙʘʚʢʦʶ, ʱʦ 

ʤʽʩʪʠʪʴ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ ʽ ʟʦʣʫ-ʚʠʥʝʩʝʥʥʷ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 50/50 ʽ  ʉ-3 ʚ ʩʫʭʦʤʫ ʚʠʜʽ 
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ï 10 %, ʦʙʤʝʞʝʥʝ ʯʝʨʝʟ ʝʢʦʥʦʤʽʯʥʫ ʥʝʜʦʮʽʣʴʥʽʩʪʴ. ɺʘʨʪʽʩʪʴ ʽ ʧʨʦʙʣʝʤʠ ʽʟ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʚʠʤʘʛʘʶʪʴ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʚʤʽʩʪʫ ʚ ʩʢʣʘʜʽ 

ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʪʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʜʦʙʘʚʦʢ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜʚʠʱʝʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ ʰʪʫʯʥʠʭ ʽ ʧʨʠʨʦʜʥʠʭ ʧʫʮʦʣʘʥ 

ʚʫʣʢʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʥʷʤ ʩʫʧʝʨʧʫʮʦʣʘʥ, ʱʦ 

ʚʩʪʫʧʘʶʪʴ ʚ ʨʝʘʢʮʽʶ ʟ ʧʨʦʜʫʢʪʘʤʠ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʟʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ ʘʤʦʨʬʥʦʤʫ 

ʩʪʘʥʫ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦ ʧʽʜʽʙʨʘʥʦʤʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʤʫ ʩʢʣʘʜʫ [95, 114]. ʎʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʪʘ ʟʚôʷʟʫʚʘʥʥʷ ʛʽʜʨʦʢʩʠʜʫ 

ʢʘʣʴʮʽʶ [47]. ʊʘʢʘ ʚʟʘʻʤʦʜʽʷ ʩʫʧʝʨʧʫʮʦʣʘʥʠ ʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʟʫʤʦʚʣʶʻ 

ʟʤʝʥʰʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʤʽʮʥʦʩʪʽ ʪʘ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʫ 

ʽ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʜʦʚʛʦʚʽʯʥʽʩʪʴ [93]. 

ʄ. ɸ. ʉʘʥʠʮʴʢʠʤ, ʊ. ʇ. ʂʨʦʧʠʚʥʠʮʴʢʦ,ʁ ɯ. ʄ. ɻʝʚôʶʢ [13, 14] ʧʦʢʘʟʘʥʦ, ʱʦ 

ʧʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʮʝʦʣʽʪʽʚ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʥʠʥʠ ʧʦʤʝʣʫ, ʘ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ï ʟʥʠʞʫʻʪʴʩʷ. ʊʦʤʫ ʮʝʤʝʥʪʠ ʟ ʚʤʽʩʪʦʤ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʮʝʦʣʽʪʽʚ (ʩʫʧʝʨʧʫʮʦʣʘʥ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʚʦʜʦʫʪʨʠʤʫʶʯʦʶ ʟʜʘʪʥʽʩʪʶ. ʆʩʦʙʣʠʚʦʩʪʽ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ ʽ ʪʚʝʨʜʽʥʥʽ 

ʢʣʽʥʢʝʨʥʠʭ ʤʽʥʝʨʘʣʽʚ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ ʧʦʚ'ʷʟʘʥʽ ʟ ʽʥʪʝʥʩʠʚʥʠʤ 

ʟʚôʷʟʫʚʘʥʥʷʤ ʉʘ(ʆʅ)2, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ ʘʣʽʪʫ ʟʘ ʨʘʭʫʥʦʢ 

ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʴ ʨʝʘʢʪʠʚʥʠʭ SiO2 ʪʘ Al2O3 [63]. ʊʘʢʘ ʧʫʮʦʣʘʥʦʚʘ ʨʝʘʢʮʽʷ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ C-S-H (ɯ) ʽ ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ, ʱʦ ʫʱʽʣʴʥʶʻ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ [152]. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʮʝʦʣʽʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʤʽʢʨʦʧʦʨʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʜʠʩʧʝʨʩʥʦʩʪʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʚʦʜʦʧʦʪʨʝʙʠ, ʱʦ ʻ ʧʨʠʯʠʥʦʶ ʟʥʠʞʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʫ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʙʝʪʦʥʥʠʭ ʽ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ ʟ ʜʦʜʘʪʢʘʤʠ ʧʨʠʨʦʜʥʽʭ 

ʮʝʦʣʽʪʽʚ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ, ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ [57].  
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ɿʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʴ ʉʘʥʠʮʴʢʦʛʦ ʄ. ɸ., ʉʦʙʦʣʴ ʍ. ʉ., ʇʦʟʥʷʢ ʆ. ʈ [58] ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʙʘʚʦʢ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʢʦʤʧʣʝʢʩ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ 

ʚʢʣʶʯʘʻ ʪʠʧ ʮʝʤʝʥʪʫ, ʡʦʛʦ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ; ʚʠʜ, ʚʤʽʩʪ ʪʘ ʪʦʯʥʽʩʪʴ ʜʦʟʫʚʘʥʥʷ 

ʜʦʙʘʚʢʠ; ʢʦʤʧʘʪʠʙʽʣʴʥʽʩʪʴ ʟ ʽʥʰʠʤʠ ʭʽʤʽʯʥʠʤʠ ʪʘ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ; ʟʥʘʯʝʥʥʷ 

ɺ/ʎ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʧʦʚʥʶʚʘʯʘ; ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ; ʪʝʭʥʦʣʦʛʽʷ ʚʚʝʜʝʥʥʷ 

ʜʦʙʘʚʦʢ. ɸʚʪʦʨʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʭ̔ ʤʽʯʥʘ ʧʨʠʨʦʜʘ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʻ 

ʚʠʨʽʰʘʣʴʥʦʶ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʾʭ ʚʦʜʦʨʝʜʫʢʫʶʯʦʛʦ ʝʬʝʢʪʫ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʥʘ ʦʩʥʦʚʽ ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʽʚ ʪʝʭʥʽʯʥʠʭ (ʃʉʊ) ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʦʜʦʨʝʜʫʢʫʶʯʠʡ ʝʬʝʢʪ ʣʠʰʝ 5-15 %. ʉʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʥʘʬʪʘʣʽʥʩʫʣʴʬʦʥʘʪʥʦʛʦ 

ʪʠʧʫ  ̔ʧʦʣʽʘʢʨʠʣʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʚʤʽʩʪ ʚʦʜʠ ʥʘ 15-25 % ʽ 20-30 % ʚʽʜʦʚʽʜʥʦ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʩʴʦʛʦʜʥʽ ʻ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʠʭ ʝʩʪʝʨʽʚ, ʚʦʜʦʨʦʜʠʢʫʶʯʠʡ ʝʬʝʢʪ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 25-40 %.  

ɺ ʷʢʦʩʪʽ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘ ʚ ʩʢʣʘʜ ʮʝʤʝʥʪʫʶʯʦʾ ʩʠʩʪʝʤʠ ʚʚʦʜʷʪʴ ʚʘʧʥʷʢ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʟ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ (ʙʣʠʟʴʢʦ 95 % ʉʘʉʆ3). ɸʚʪʦʨʠ S. Liu 

ʪʘ P. Yan [125] ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʚʘʧʥʷʢ ʥʝ ʤʘʻ ʧʫʮʦʣʘʥʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘʣʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʱʽʣʴʥʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʤʽʞʬʘʟʥʦʾ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ ʚ ʩʠʩʪʝʤʘʭ, 

ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ɺ ʨʦʙʦʪʘʭ ʆ. ʉ. ɹʦʨʟʷʢ, ʉ. ʄ. ʏʝʧʫʨʥʘ [10] ʪʘ ʂ. De Weerdt, 

K. Kjellsen, E. Sellevold [100] ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʙʦʥʘʪʥʦʛʦ 

ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘ ʟʫʤʦʚʣʶʻ ʫʪʚʦʨʝʥʥʷ ʤʦʥʦʛʽʜʨʘʢʘʨʙʦʘʣʶʤʽʥʘʪʽʚ ʽ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ 

ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ. ʎʝʡ ʝʬʝʢʪ ʜʦʟʚʦʣʷʻ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʝʪʨʠʥʛʽʪ ʰʣʷʭʦʤ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙ'ʻʤʫ ʛʽʜʨʘʪʽʚ ʽ ʟʤʝʥʰʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ. ɸʚʪʦʨʘʤʠ [91] ʚʽʜʟʥʘʯʝʥʦ, ʱʦ 

ʧʨʠʩʫʪʥʽʩʪʴ ʘʣʶʤʽʥʘʪʽʚ ʫ ʜʦʜʘʪʢʦʚʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʶ ʤʽʮʥʦʩʪʽ ʽ 

ʟʥʠʞʝʥʥʶ ʧʦʨʠʩʪʦʩʪʽ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʦʤʫ ʚʤʽʩʪ ̔ ʚʘʧʥʷʢʫ. ɸʚʪʦʨʠ [138, 128] 

ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʥʘʡʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʘʧʥʷʢʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ 

ʜʠʩʧʝʨʩʥʦʩʪʽ. ɺʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ 

ʨʦʟʧʦʜʽʣʫ ʟʝʨʝʥ ʟʘ ʬʨʘʢʮʽʷʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʘʛʘʪʠʪʠ ʩʠʩʪʝʤʫ ʜʨʽʙʥʽʰʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

ʽ ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʠʪʠ ʦʙôʻʤ ʧʫʩʪʦʪ ʤʽʞ ʟʝʨʥʘʤʠ ʢʣʽʥʢʝʨʫ [43, 56]. ʇʽʜ ʯʘʩ ʪʚʝʨʜʥʝʥʥʷ 
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ʪʘʢʦʾ ʮʝʤʝʥʪʫʶʯʦʾ ʩʠʩʪʝʤʠ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʽʶ ʘʢʪʠʚʽʟʫʻ ʨʝʘʢʮʽʾ ʛʽʜʨʘʪʘʮʽʾ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ ʪʘ ʝʪʨʠʥʛʽʪʫ [70].  

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʤ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʩʠʩʪʝʤ, 

ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʦʩʦʙʣʠʚʦʩʪʷʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʝʚʥʦʛʦ ʪʠʧʫ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ [17, 54]. ɿʥʘʥʥʷ ʧʨʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʟʚ'ʷʟʢʠ ʤʽʞ 

ʟʘʛʘʣʴʥʠʤ ʩʢʣʘʜʦʤ ʽ ʫʪʚʦʨʝʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʛʽʜʨʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʾʭ ʚʧʣʠʚ ʥʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʻ ʥʝʜʦʩʪʘʪʥʽʤʠ. ʆʩʥʦʚʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʜʦʙʨʝ ʚʽʜʦʤʽ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʟʤʽʰʫʚʘʥʥʷ ʩʫʤʽʰʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ, ʚ ʷʢʽʡ ʛʽʜʨʘʪʘʮʽʷ 

ʢʣʽʥʢʝʨʫ ʪʘ ʛʽʜʨʘʚʣʽʯʥʘ ʪʘ/ʘʙʦ ʧʫʮʦʣʘʥʦʚʘ ʨʝʘʢʮʽʷ ʎɿʄ ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ [12]. 

ʇʝʨʝʭʽʜ ʜʦ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʘʢʪʠʚʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ ʛʽʜʨʘʚʣʽʯʥʦʾ ʪʘ ʧʫʮʦʣʘʥʽʯʥʦʾ ʜʽʾ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ 

ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ [30, 106, 124]. 

ʄ. ɸ. ʉʘʥʠʮʴʢʠʡ, ʍ. ʉ. ʉʦʙʦʣʴ ʪʘ ʽʥ. ʟʘʟʥʘʯʘʶʪʴ [57, 62], ʱʦ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʝ ʟʥʠʞʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ. ɿʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ ʽ ʧʨʠʨʦʜʠ ʘʢʪʠʚʥʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʾʭ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʚ ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ ʚôʷʞʫʯʦʛʦ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʥʠʡ ʚʧʣʠʚ ʥʘ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʽʚ. 

ʊʝʭʥʦʣʦʛʽʷ ʦʜʝʨʞʘʥʥʷ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʜʽʣʴʥʠʡ ʘʙʦ ʩʫʤʽʩʥʠʡ 

ʧʦʤʝʣ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʟʤʽʰʫʚʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʉɽʄ ɯ (ʢʣʽʥʢʝʨ-

ʬʘʢʪʦʨ ï 0,95...1,00) ʪʘ ʨʽʟʥʠʭ ʚʠʜʽʚ ʎɿʄ [142, 146]. ɼʦ ʪʝʭʥʽʯʥʠʭ ʧʝʨʝʚʘʛ ʪʘʢʠʭ 

ʮʝʤʝʥʪʽʚ ʥʘʣʝʞʘʪʴ ʧʽʜʚʠʱʝʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʫʱʽʣʴʥʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

ʮʝʤʝʥʪʫʶʯʦʾ ʤʘʪʨʠʮʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʎɿʄ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʢʝʨʫʚʘʥʥʷ ʨʝʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚôʷʞʫʯʠʭ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʽ ʪʠʧʫ 

ʎɿʄ [92]. ɽʢʦʣʦʛʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʚʢʣʶʯʘʻ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʚʠʧʘʣ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ, ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ 

ʽ ʢʦʥʪʨʦʣʴ ʚʠʢʠʜʽʚ ʉʆ2 [97].  ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ 

ʚʠʜʘʪʢʽʚ ʥʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʜʣʷ ʚʠʧʘʣʫ ʢʣʽʥʢʝʨʫ ʽ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʘ 
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ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʦʩʢʽʣʴʢʠ ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪʴ ʧʝʚʥʠʭ ʪʠʧʽʚ ʎɿʄ ʻ ʚʠʱʦʶ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʤ ʢʣʽʥʢʝʨʦʤ ʘʙʦ ʾʭ ʜʠʩʧʝʨʩʥʽʩʪʴ ʜʦʩʪʘʪʥʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʤʝʣʫ (ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ, ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ). 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʤʠʩʣʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ ʝʢʦʣʦʛʽʾ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʻ 

ʚʠʨʦʙʥʠʮʪʚʦ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʜʦʧʦʚʥʶʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʦʜʠʥ ʦʜʥʦʛʦ [113]. 

ɿʤʝʥʰʝʥʥʷ ʢʣʽʥʢʝʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʮʝʤʝʥʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚôʷʞʫʯʦʛʦ ʪʘ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ, ʪʦʤʫ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʫ 

ʩʫʯʘʩʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ.  

 

 

1.3. ɺʧʣʠʚ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ 

 

ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʪʝʭʥʽʯʥʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʨʦʟʨʦʙʢʫ ʝʬʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʻ ʝʢʦʥʦʤʽʯʥʦ 

ʜʦʮʽʣʴʥʠʤ, ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ ʪʘ ʚʠʪʨʘʪʫ ʩʠʨʦʚʠʥʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɸʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ ʩʚʽʪʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʮʝʤʝʥʪʽʚ, ʱʦ ʚʠʢʣʠʢʘʥʝ ʧʦʪʨʝʙʘʤʠ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ, ʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʞʠʪʣʦʚʦʛʦ, ʜʦʨʦʞʥʴʦʛʦ, ʢʦʤʝʨʮʽʡʥʦʛʦ ʪʘ ʛʨʦʤʘʜʩʴʢʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʽ 

ʚʠʤʘʛʘʻ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʚôʷʞʫʯʦʛʦ [6].  

ʎʝʤʝʥʪ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʚôʷʞʫʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʙʝʪʦʥʽ, ʱʦ 

ʻ ʦʩʥʦʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʙʫʜʽʚʝʣʴ (ʛʨʦʤʘʜʩʴʢʠʭ ʽ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ, 

ʜʦʨʽʛ, ʤʦʩʪʽʚ, ʛʨʝʙʝʣʴ ʽ ʪ.ʜ.). ɿʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʢʣʽʥʢʝʨʫ ʚ ʩʢʣʘʜʽ ʮʝʤʝʥʪʫ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʪʦʥʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ. 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʣʽ, ʚʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ ʽʩʪʦʪʥʫ ʨʦʣʴ 

ʙʝʪʦʥʫ [51]. ʁʦʛʦ ʪʝʧʣʦʚʘ ʽʥʝʨʮʽʷ ʦʟʥʘʯʘʻ, ʱʦ ʨʦʟʫʤʥʦ ʨʦʟʨʦʙʣʝʥʽ ʩʫʯʘʩʥʽ ʙʝʪʦʥʥʽ 
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ʙʫʜʽʚʣʽ ʤʦʞʫʪʴ ʩʧʦʞʠʚʘʪʠ ʥʘ 75 % ʤʝʥʰʝ ʝʥʝʨʛʽʾ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʦʩʽʙ ʽ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʪʦʥʫ ʤʘʻ ʚʘʛʦʤʠʡ ʚʧʣʠʚ ʥʘ 

ʛʣʦʙʘʣʴʥʽ ʚʠʢʠʜʠ [82, 86].  

ʎʝʤʝʥʪʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʻ ʣʽʜʝʨʦʤ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥ,̫ ʨʦʟʨʦʙʣʝʥʥʷ, 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʫ. ɿʛʽʜʥʦ ʧʨʦʛʥʦʟʽʚ CEMBUREAU, ʟʘʚʜʷʢʠ 

ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ ʚʥʝʩʦʢ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ 

ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʫ ʝʢʦʥʦʤʽʢʫ ʜʦ 2050 ʨ. ʚʠʡʜʝ ʟʘ ʨʘʤʢʠ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ, ʧʦʚ'ʷʟʘʥʠʭ 

ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʮʝʤʝʥʪʫ [83]. ɺ ʷʢʦʩʪʽ ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʝʪʦʥʫ, ʮʝʤʝʥʪ ʽ ʥʘʜʘʣʽ 

ʚʽʜʽʛʨʘʚʘʪʠʤʝ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʝʢʦʥʦʤʽʾ ʨʝʩʫʨʩʽʚ ʽ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ 

ʟʚ'ʷʟʢʫ ʟ ʨʦʩʪʦʤ ʥʘʩʝʣʝʥʥʷ ʽ ʫʨʙʘʥʽʟʘʮʽʻʶ. 

ʉʴʦʛʦʜʥʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʽ ʙʝʪʦʥʠ ʦʜʝʨʞʫʶʪʴʩʷ ʜʚʦʤʘ ʰʣʷʭʘʤʠ ï ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ 

ʝʥʝʨʛʦʻʤʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ, ʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦʜʘʶʪʴʩʷ ʫ ʙʝʪʦʥʘ ʧʽʜ ʯʘʩ ʡʦʛʦ ʧʨʠʛʦʪʫʚʘʥʥʷ [21, 22, 69, 77]. ʇʝʨʰʠʡ 

ʥʘʧʨʷʤ ʧʦʧʫʣʷʨʥʠʡ ʚ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʘ ʰʠʨʦʢʘ ʛʘʤʘ ʮʝʤʝʥʪʽʚ, 

ʜʨʫʛʠʡ ʥʘʧʨʷʤ ï ʧʦʰʠʨʝʥʠʡ ʚ ʉʐɸ. ɿʥʠʞʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ 

ʢʣʽʥʢʝʨʫ ʥʘ ʦʜʠʥʠʮʶ ʩʫʯʘʩʥʠʭ ʙʝʪʦʥʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʩʢʣʘʜʽ ʙʝʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʮʝʤʝʥʪʽʚ ʘʙʦ ʜʦʜʘʶʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʙʝʪʦʥʥʫ ʩʫʤʽʰ, ʽ ʭʽʤʽʯʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ. 

ɹʝʪʦʥʠ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʟ ʚʤʽʩʪʦʤ ʢʣʽʥʢʝʨʫ ʤʝʥʰʝ 50 % 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ ʤʽʮʥʽʩʪʶ ʫ ʨʘʥʥʴʦʤʫ ʚʽʮʽ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʶ ʚʦʜʦʧʦʪʨʝʙʦʶ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚ ʩʢʣʘʜʽ ʮʝʦʣʽʪʦʚʠʭ ʪʫʬʽʚ [96, 64, 108]. ɺʚʝʜʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʧʫʮʦʣʘʥʠ 

ʪʘ ʢʘʨʙʦʥʘʪʥʠʭ ʜʦʙʘʚʦʢ ʨʘʟʦʤ ʟ ʜʦʤʝʥʥʠʤ ʛʨʘʥʫʣʴʦʚʘʥʠʤ ʰʣʘʢʦʤ ʜʦ ʩʢʣʘʜʫ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ ʘʢʪʠʚʥʽʩʪʴ ʟʘʚʜʷʢʠ 

ʦʧʪʠʤʽʟʘʮʽʾ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ [104, 112,119, 123].  

ɿʥʠʞʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʚʠʩʦʢʦʝʥʝʨʛʦʻʤʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʥʘ 

ʦʜʠʥʠʮʶ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʽʚ ʯʠ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʮʝʤʝʥʪʽʚ ʟ ʢʣʽʥʢʝʨ-

ʬʘʢʪʦʨʦʤ Ó 0,65 ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʪʫ ʢʦʤʧʣʝʢʩʥʠʭ 
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ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ [120, 121]. ʋ ʉʣʦʚʘʯʯʠʥʽ ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʪʦʥʠʥʠ ʧʦʤʝʣʫ 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʰʣʘʢʫ ʟ ʜʦʜʘʚʘʥʥʷʤ ʥʘʪʫʨʘʣʴʥʦʛʦ ʮʝʦʣʽʪʫ ʦʪʨʠʤʫʶʪʴ ʜʦʙʘʚʢʫ 

çZeoSlagè ʜʣʷ ʙʝʪʦʥʽʚ ʽ ʨʦʟʯʠʥʽʚ, ʷʢʫ ʪʘʢʦʞ ʨʝʢʦʤʝʥʜʫʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ [88, 90]. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʨʠʩʪʘʥʥʷ çZeoSlagè 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ M. Kovac ʽ ɸ. Siʩʘkovʘ [114], ʚ 

ʷʢʠʭ ʧʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʻʜʥʘʥʥʷ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ ʽ 

ʧʨʠʨʦʜʥʴʦʛʦ ʮʝʦʣʽʪʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʽʥʜʝʢʩʦʤ ʘʢʪʠʚʥʦʩʪʽ ʟʘ 

ʤʽʮʥʽʩʪʶ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʦʩʥʦʚʥʦʩʪʽ ʽ ʛʽʜʨʘʚʣʽʯʥʦʩʪʽ, ʢʦʪʨʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʜʦʙʘʚʢʠ [147].  

ʋ ʉʐɸ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʭʦʜʠ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫ 

ʩʢʣʘʜʽ ʜʦʙʘʚʢʠ PozzoSlag, ʷʢʘ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʚʤʽʩʪ ʮʝʤʝʥʪʫ ʚ ʙʝʪʦʥʽ ʜʦ 60 % ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʡʦʛʦ ʤʽʮʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ʊʘʢʦʞ, ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʤʦʞʫʪʴ 

ʚʚʦʜʠʪʠʩʴ ʟʘʤʽʩʪʴ ʯʘʩʪʠʥʠ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʚʁʘʯʘ, ʦʩʦʙʣʠʚʦ ʮʝ ʘʢʪʫʣʴʥʦ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʢʣʘʜʽʚ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ [68, 107, 140]. ʇʨʦʪʝ ʪʘʢʽ 

ʢʦʤʧʣʝʢʩʥʽ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ, ʪʦʤʫ 

ʟʨʦʩʪʘʻ ʚʦʜʦʧʦʪʨʝʙʘ ʙʝʪʦʥʥʦʾ ʽ ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ ʜʣʷ ʟʘʙʝʨʧʝʯʝʥʥʷ ʧʨʦʝʢʪʥʦʾ 

ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʦʩʪʽ [130, 139]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤ ʟʙʽʨʥʦʛʦ ʪʘ ʤʦʥʦʣʽʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ ʥʘ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ ʻ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʝ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʪʘ ʟʘʪʚʝʨʜʽʣʦʛʦ ʙʝʪʦʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʥʝʨʛʽʯʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ [5, 35, 

49]. 

ʋ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ XX ʩʪ., ʦʩʦʙʣʠʚʦ ʚ ʦʩʪʘʥʥʽʡ ʯʚʝʨʪʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʩʦʚʝ 

ʦʩʚʦʻʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʜʦʙʘʚʦʢ, ʷʢʽ ʝʚʦʣʶʮʽʦʥʽʟʫʚʘʣʠ ʪʝʭʥʦʣʦʛʽʶ ʙʝʪʦʥʽʚ [1, 7, 

29]. ʉʴʦʛʦʜʥʽ ʚ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʜʦ 90 % ʚʩʴʦʛʦ ʦʙʩʷʛʫ ʙʝʪʦʥʫ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ ʩʪʫʧʝʥʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʘʙʦ ʘʢʨʠʣʦʚʦʛʦ ʪʠʧʫ ʾʤ ʚʽʜʚʦʜʠʪʴʩʷ ʨʦʣʴ 

ʩʚʦʻʨʽʜʥʦʛʦ çʮʝʥʪʨʫè ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʽʚ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ 
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ʜʦʙʘʚʦʢ.  ʇʨʠ ʧʽʜʙʦʨʽ ʩʢʣʘʜʽʚ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʭʽʤʽʯʥʽ ʪʘ 

ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʽ ʷʚʠʱʘ ʘʜʠʪʠʚʥʦʩʪʽ (ʜʦʜʘʚʘʥʥʷ), ʩʠʥʝʨʛʽʟʤʫ (ʧʦʩʠʣʝʥʥʷ) ʘʙʦ 

ʘʥʪʘʛʦʥʽʟʤʫ (ʧʨʦʪʠʜʽʾ) ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʜʦʙʘʚʦʢ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ [72, 74, 76]. ʋʤʦʚʠ, ʧʨʠ 

ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʮʽ ʷʚʠʱʘ, ʩʢʣʘʜʥʦ ʚʠʟʥʘʯʠʪʠ, ʘ ʪʠʤ ʙʽʣʴʰʝ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ, ʷʢ 

ʽ ʩʫʤʽʩʥʽʩʪʴ ʜʦʙʘʚʦʢ ʟ ʮʝʤʝʥʪʘʤʠ [75]. ʇʨʠʨʦʜʥʦ, ʱʦ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʪʚʝʨʜʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʙʘʚʢʠ-ʘʢʪʠʚʘʪʦʨʠ ʰʣʘʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ [40, 88].  

ɿʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʴ P. C. Aµtcin ʽ D. P. Benz [85, 89] ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʚ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʻ ʚʦʜʦʨʝʜʫʢʫʶʯʽ ʜʦʙʘʚʢʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʟʤʝʥʰʫʚʘʪʠ ʚʦʜʦ-ʮʝʤʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʚʽʜʩʪʘʥʥʶ ʤʽʞ 

ʯʘʩʪʠʥʢʘʤʠ ʮʝʤʝʥʪʫ ʚ ʮʝʤʝʥʪʥʽʡ ʧʘʩʪʽ. ɯʟ ʟʤʝʥʰʝʥʥʷʤ ɺ/ʎ ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ 

ʮʝʤʝʥʪʫ ʰʚʠʜʰʝ ʟʘʧʦʚʥʶʶʪʴ ʤʽʩʮʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʚôʷʞʫʯʦʛʦ, ʪʦʙʪʦ 

ʧʨʠʰʚʠʜʰʫʻʪʴʩʷ ʢʽʥʝʪʠʢʘ ʥʘʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ [160, 161]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʥʠʞʫʻʪʴʩʷ 

ʨʦʟʤʽʨʠ ʧʦʨ ʙʝʪʦʥʫ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʯʘʩ ʪʚʝʨʜʥʝʥʥʷ, ʽ ʟʤʝʥʰʫʶʪʴʩʷ ʫʩʘʜʦʯʥʽ 

ʜʝʬʦʨʤʘʮʽʾ.  

ʇʦʥʠʞʝʥʠʡ ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʻ ʥʠʟʴʢʝ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ 

ʙʝʪʦʥʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʝʬʝʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʘʩʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ [87]. 

ʇʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʎɿʄ ʫ ʩʢʣʘʜʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʩʪʚʦʨʶʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʦʛʦ ʙʝʪʦʥʫ [96]. ʊʘʢʠʡ ʙʝʪʦʥ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʽ ʤʝʣʽʦʨʘʪʠʚʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ 

ʚʧʣʠʚʘʤ ʨʽʟʥʠʭ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʘ ʪʘʢʦʞ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʦʩʦʙʣʠʚʠʤʠ ʚʠʤʦʛʘʤʠ (ʥʘʧʽʨʥʽ ʙʝʪʦʥʥʽ ʪʨʫʙʠ ʪʘ ʽʥ.).  

ɼʦʩʣʽʜʞʝʥʥʷ [38] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʰʣʘʢʫ (ʧʦʥʘʜ 65 %) ʯʝʨʝʟ 28 ʜʥʽʚ 

ʛʽʜʨʘʪʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʥʠʞʯʫ ʟʘʛʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʥʘʡʢʨʘʱʫ ʟʘʛʘʣʴʥʫ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʝʪʦʥʫ ʧʽʜ ʜʽʻʶ ʤʘʛʥʽʻʚʦʛʦ ʨʦʟʯʠʥʫ (ʤʘʛʥʝʟʽʘʣʴʥʦʾ ʢʦʨʦʟʽʾ). ɹʝʪʦʥ, ʷʢʠʡ 

ʩʪʽʡʢʠʡ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠ ʜʽʾ ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʯʝʨʝʟ 

ʚʧʣʠʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ (ʦʩʦʙʣʠʚʦʛʦ) ʥʘʜʤʽʨʥʦʛʦ 

ʫʪʨʠʤʘʥʥʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʥʘʜʽʡʥʠʤ (ʜʦʚʛʦʚʽʯʥʠʤ) ʙʝʪʦʥʦʤ. ʊʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ ʚʽʜʪʘʚʘʥʥʷ, ʟʤʽʥʥʠʡ ʨʽʚʝʥʴ ʚʦʜʠ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʟʥʠʞʝʥʥʷ 
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ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʙʝʪʦʥʫ ʧʨʦʪʷʛʦʤ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ. ʅʘʜʣʠʰʢʦʚʘ 

ʚʦʜʘ, ʱʦ ʧʨʠʩʫʪʥʷ ʚ ʙʝʪʦʥʽ ʽ ʧʽʜʜʘʻʪʴʩʷ ʟʘʤʝʨʟʘʥʥʶ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ [2]. ʇʨʠ ʟʘʤʝʨʟʘʥʥʽ ʚʦʜʠ ʚ ʧʦʨʘʭ ʙʝʪʦʥʫ ʩʪʚʦʨʶʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ 

ʦʩʤʦʪʠʯʥʠʡ ʪʘ ʛʽʜʨʘʚʣʽʯʥʠʡ ʪʠʩʢ, ɦ ʦ ʟʫʤʦʚʣʶʻ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥʠ. ʉʪʽʡʢʽʩʪʴ ʜʦ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ ʚʽʜʪʘʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: ʧʨʦʥʠʢʥʦʩʪʽ, ʩʪʫʧʝʥʷ 

ʥʘʩʠʯʝʥʥʷ, ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥ ̫ʪʘ ʰʚʠʜʢʦʩʪʽ ʟʘʤʝʨʟʘʥʥʷ [46].  

ʉ. ʁ. ʉʦʣʦʜʢʠʤ [66] ʩʬʦʨʤʫʣʶʚʘʥʥʦ ʥʘʡʟʘʛʘʣʴʥʽʰʽ ʢʨʠʪʝʨʽʾ ʦʧʦʨʫ ʙʝʪʦʥʫ ʟʘ 

ʨʘʭʫʥʦʢ ʧʝʨʝʭʦʜʫ ʚʽʜ ʢʦʥʮʝʧʮʽʾ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ ʟʘ ʤʽʮʥʽʩʪʶ ʜʦ ï ʨʫʡʥʫʚʘʥʥʷ ʟʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʧʽʜʙʦʨʫ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʟʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʠʜʠ ʚʧʣʠʚʽʚ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʜʘʶʪʴ ʟʤʦʛʫ ʟʘ ʨʘʭʫʥʦʢ ʩʧʨʷʤʦʚʘʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ 

ʦʪʨʠʤʫʚʘʪʠ ʛʦʪʦʚʽ ʧʨʦʜʫʢʪʠ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʄʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʧʦʚʥʶʚʘʯʽʚ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ, 

ʥʠʟʴʢʦʛʦ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ, ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʮʝʤʝʥʪʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚ ʜʦʛʣʷʜʫ ʟʘ ʙʝʪʦʥʦʤ [153]. ɿʤʽʥʥʠʡ ʨʽʚʝʥʴ ʚʦʜʠ ʩʧʨʠʷʻ 

ʨʫʡʥʫʚʘʥʥʶ ʙʝʪʦʥʫ. ʎʝ, ʚʧʝʨʰʫ ʯʝʨʛʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʦʨʩʴʢʠʭ ʚʦʜʘʭ, ʱʦ ʤʘʶʪʴ 

ʚʠʩʦʢʫ ʩʦʣʦʥʽʩʪʴ. ɿ ʯʘʩʦʤ ʩʽʣʴ ʧʨʦʥʠʢʘʻ ʚ ʙʝʪʦʥ ʯʝʨʝʟ ʢʘʧʽʣʷʨʠ ʽ ʧʫʩʪʦʪʠ, ʱʦ ʻ 

ʧʨʠʯʠʥʦʶ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ [4].  

ʋ ʨʦʙʦʪʽ [141] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠʨʽʩʪ ʤʽʮʥʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʇʎ ɯɯ/ɸ-ʇ-400 ʽ ʇʎ ɯɯ/ɹ-ʂ-400 ʚ ʧʽʟʥʽʡ ʧʝʨʽʦʜ ʪʚʝʨʜʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʫʮʦʣʘʥʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʘʥʥʷ, ʩʪʘʥʜʘʨʪʥʘ ʪʘ ʧʽʟʥʷ ʤʽʮʥʦʩʪʽ, ʚʘʨʪʽʩʪʴ 

ʙʝʪʦʥʫ ʟʥʠʞʫʻʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʟ ʝʢʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʚʠʨʦʙʥʠʮʪʚʦ ʮʝʤʝʥʪʫ ʛʝʥʝʨʫʻ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʝʥʴ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [8, 18, 53] ʩʧʨʷʤʦʚʘʥ ̔ ʥʘ 

ʨʦʟʰʠʨʝʥʥʷ ʟʥʘʥʴ ʧʨʦ ʥʘʣʝʞʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʎɿʄ ʫ ʙʝʪʦʥʽ ʽ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʣʴʥʦʛʦ ʟ 

ʭʽʤʽʯʥʠʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʚʧʣʠʚʫ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ. 
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ɺ ʨʦʙʦʪʽ ʃ. ɸ. ʋʨʭʘʥʦʚʘ ʪʘ ɺ. ɽ. ʈʦʟʠʥʘ [73] ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʟʘʛʘʣʴʥʘ ʧʦʨʠʩʪʽʩʪʴ 

ʙʝʪʦʥʫ ʧʨʠ ʚʚʝʜʝʥʥʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʟʘʤʽʩʪʴ ʮʝʤʝʥʪʫ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʪʘʢ ʷʢ ʢʽʣʴʢʽʩʪʴ 

ʭʽʤʽʯʥʦ ʟʚ'ʷʟʘʥʦʾ ʚʦʜʠ ʧʨʠ ʧʫʮʦʣʘʥʦʚʽʡ ʨʝʘʢʮʽʾ ʥʝ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɺʘʞʣʠʚʠʤ ʧʨʦʷʚʦʤ 

ʧʫʮʦʣʘʥʦʚʦʾ ʨʝʘʢʮʽʾ ʻ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʢʦʥʪʘʢʪʥʦʾ ʟʦʥʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ. ʋ ʟʚʠʯʘʡʥʠʭ ʙʝʪʦʥʘʭ ʧʫʮʦʣʘʥʦʚʘ ʨʝʘʢʮʽʷ ʟʫʤʦʚʣʝʥʘ ʟʚôʷʟʫʚʘʥʥʷʤ 

ʉʘ(ʆʅ)2, ʱʦ ʢʨʠʩʪʘʣʽʟʫʪ̒ɹ ʩʷ ʥʘ ʧʦʚʝʨʭʥʷʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʫ ʙʝʪʦʥʽ ʟ ʄʂ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʚ ʛʽʜʨʦʩʠʣʽʢʘʪʠ, ʱʦ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʻ 

ʟʯʝʧʣʝʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ, ʘ ʪʘʢʦʞ ʟʥʠʞʫʻʪʴʩʷ ʧʦʨʠʩʪʽʩʪʴ 

ʢʦʥʪʘʢʪʥʦʾ ʟʦʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʚʠʚʯʝʥʥʷ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʩʪʘʥʦʚʣʝʥʽ ʦʩʥʦʚʥʽ 

ʥʘʧʨʷʤʢʠ ʟʥʠʞʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ ʮʝʤʝʥʪʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʚʧʣʠʚ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʘʣʽʚ ʥʘ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ 

ʪʘ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ʈʘʟʦʤ ʟ ʪʠʤ, ʚ ʨʦʙʦʪʘʭ ʥʝʜʦʩʪʘʪʥʴʦ 

ʫʚʘʛʠ ʧʨʠʜʽʣʝʥʦ ʚʧʣʠʚʫ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʫʮʦʣʘʥʦʚʦʾ ʜʽʾ ʥʘ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ. 

ɺʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ Ăʉɽʄ ɯ ï ʢʦʤʙʽʥʦʚʘʥʘ 

ʧʫʮʦʣʘʥʦʚʘ ʜʦʙʘʚʢʘ ï ʜʦʙʘʚʢʠ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾò ʤʘʻ ʚʘʞʣʠʚʝ 

ʪʝʦʨʝʪʠʯʥʝ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʽ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ. 

 

 

1.4. ʊʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ  ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʥʘʫʢʦʚʘ ʛʽʧʦʪʝʟʘ 

 

 

ɿʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʟʘ ʨʘʭʫʥʦʢ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʥʮʠʧʘʤ ʩʪʨʘʪʝʛʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʻ 

ʧʨʘʢʪʠʯʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ, ʝʥʝʨʛʦʻʤʥʦʩʪʽ, ʝʤʽʩʽʾ ʉʆ2 ʚ ʧʨʦʮʝʩʽ 
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ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʽʚ ʪʘ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ.  ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʢʦʨʜʦʥʥʠʭ ʚʯʝʥʠʭ ʃ. ʁ. ɼʚʦʨʢʽʥʘ, ɺ. ɯ. ɻʦʮʘ, ʇ. ɺ. ʂʨʠʚʝʥʢʘ,                  

ʂ.  ʂ. ʇʫʰʢʘʨʴʦʚʦʾ, ʈ. ʌ. ʈʫʥʦʚʦʾ, ʄ. ɸ. ʉʘʥʠʮʴʢʦʛʦ, ʍ. ʉ. ʉʦʙʦʣʴ, B. Lothenbach, 

H-M. Ludvig, M. Muller, A. Garbacik, Z. Giergiczny, I. Janotka ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʙʦʨʫ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʥʠʟʴʢʦʢʣʽʥʢʝʨʥʠʭ ʮʝʤʝʥʪʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʥʝ ʣʠʰʝ ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ, ʘʣʝ ʡ ʧʽʜʚʠʱʝʥʥʷ 

ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʷʢ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ, ʩʫʣʴʬʘʪʦʩʪʽʡʢʽʩʪʴ, ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʴ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʫʤʦʚʣʶʻ ʟʨʦʩʪʘʥʥʷ 

ʚʦʜʦʧʦʪʨʝʙʠ ʮʝʤʝʥʪʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʧʣʝʢʩʥʽ ʭʽʤʽʯʥʽ ʜʦʙʘʚʢʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʷʢʠʭ ʧʽʜʪʚʝʨʜʞʝʥʘ ʫ ʨʦʙʦʪʘʭ ʖ. ʄ. ɹʘʞʝʥʦʚʘ, ɯ. ɺ. ɹʘʨʘʙʘʰʘ, ɺ. ʄ. ɺʠʨʦʚʦʛʦ,              

ɸ. ɸ. ʇʣʫʛʽʥʘ, ʉ. ʁ. ʉʦʣʦʜʢʦʛʦ, ɺ. ʇ. ʉʦʧʦʚʘ, ʉ. ʄ. ʊʦʣʤʘʯʝʚʘ, ʆ. ɺ. ʋʰʝʨʦʚʘ-

ʄʘʨʰʘʢʘ, ʃ. ʆ. ʐʝʡʥʽʯʘ, P. C. Aµtcin, W. Kurdowski, J. Mağolepszy, D. P. Bentz. 

 ʉʪʚʦʨʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ 

ʧʝʨʝʜʙʘʯʘʻ ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʟʘ ʨʘʭʫʥʦʢ ʧʫʮʦʣʘʥʦʚʠʭ ʨʝʘʢʮʽʡ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʠʩʪʝʤ ̔ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ  ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʧʦʢʨʘʱʝʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ ʤʽʞ ʤʘʪʨʠʮʝʶ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʪʘ ʟʘʧʦʚʥʶʚʘʯʝʤ. 

ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʦ ʘʢʪʠʚʥʠʭ ʬʨʘʢʮʽʡ ʫ ʩʢʣʘʜʽ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʟʨʦʩʪʘʥʥʷ ʘʢʪʠʚʥʦʾ ʧʣʦʱʽ ʨʦʟʜʽʣʫ ʬʘʟ, 

ʱʦ ʟʙʽʣʴʰʫʻ ʨʝʦʣʦʛʽʯʥʫ ʜʽʶ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ ʥʘ ʩʫʤʽʰ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʾ ʽʜʝʾ ʧʦʣʷʛʘʻ ʫ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʦʟʢʨʠʪʪʽ ʩʠʥʝʨʛʽʯʥʦʾ ʨʦʣʽ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʢʣʘʜʘʭ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʘʪʴ ʥʘʧʨʘʚʣʝʥʫ ʜʽʶ ʥʘ ʧʨʦʮʝʩʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ.   

ɸʥʘʣʽʟ ʜʘʥʠʭ ʫ ʦʙʣʘʩʪʽ ʭʽʤʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʮʝʤʝʥʪʽʚ ʽ ʙʝʪʦʥʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʦʤʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ ʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʜʦʟʚʦʣʷʻ ʚʠʩʫʥʫʪʠ ʨʦʙʦʯʫ ʛʽʧʦʪʝʟʫ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ  

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʦʩʥʦʚʥʠʭ 
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ʩʢʣʘʜʥʠʢʽʚ ʚôʷʞʫʯʦʛʦ ʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʾʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʽ 

ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʽʚ (ʨʠʩ. 1.1). ɺʠʢʦʨʠʩʪʘʥʥ ̫ ʪʘʢʠʭ ʮʝʤʝʥʪʽʚ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʭʤ̔ʽʯʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ ʩʪʚʦʨʶ ̒ ʤʦʞʣʠʚʽʩʪʴ 

ʦʜʝʨʞʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʟʘʜʘʥʦʶ ʧʨʦʝʢʪʥʦʶ 

ʤʘʨʢʦʶ ʟʘ ʤʽʮʥʽʩʪʶ ʧʨʠ ʩʪʠʩʢʫ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ 

ʧʦʢʨʘʱʝʥʦʶ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ. 

 

ʈʠʩʫʥʦʢ 1.1 ï ɹʣʦʢ-ʩʭʝʤʘ ʜʦʩʣʽʜʞʝʥʴ 
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ʈʆɿɼɯʃ 2 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɺʀʍɯɼʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ʊɸ ʄɽʊʆɼʀ        

ɼʆʉʃɯɼɾɽʅʔ 

 

 

2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

 

ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʩʢʣʘʜʽʚ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʡ  ʢʣʽʥʢʝʨ ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʷʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʪʘʙʣ. 2.1. ɿʛʽʜʥʦ ʜʘʥʠʭ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʚʤʽʩʪ ʘʣʽʪʫ ʩʪʘʥʦʚʠʪʴ 

68,78 ʤʘʩ. %, ʙʝʣʽʪʫ ï 8,00 ʤʘʩ. %, ʪʨʠʢʘʣʴʮʽʻʚʦʛʦ ʘʣʶʤʽʥʘʪʫ ʽ ʯʦʪʠʨʠʢʘʣʴʮʽʻʚʦʛʦ 

ʘʣʶʤʦʬʝʨʠʪʫ 7,00 ʽ 13,00 ʤʘʩ. % ʚʽʜʧʦʚʽʜʥʦ, ʢʽʣʴʢʽʩʪʴ ʚʽʣʴʥʦʛʦ ʉʘʆ 

ʩʪʘʥʦʚʠʪʴ 2,00 ʤʘʩ.%. 

ʊʘʙʣʠʮʷ 2.1 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ 

ɺʤʽʩʪ ʦʢʩʠʜʽʚ, ʤʘʩ. % 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 K2O Na2O 

20,71 5,13 4,28 66,13 0,80 0,84 1,14 0,05 

 

 ʊʘʢʦʞ ʚ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʇʨɸʊ çɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè - ʉɽʄ ɯ 42,5 R (ʇʎ ɯ-500 ʈ), ʉɽʄ ɯI/A-S 32,5 R 

(ʇʎ ɯɯ/A-ʐ 400ʈ-ʅ), CEM IV/A 42,5 R (ʇʎʎ IV/A 500ʈ-ʅ), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ɼʉʊʋ ɹ 

EN 197-1:2015 (ɼʉʊʋ ɹ ɺ.2.7-46:2010), ʽ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʘʥʦ ʚ ʪʘʙʣ. 2.2.  

ɼʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʽʚ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʚ ʷʢʦʩʪʽ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʣʝʥʠʡ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ 

ʰʣʘʢ (ɻɼʐ), ʤʽʢʨʦʢʨʝʤʝʥʟʝʤ (ʄʂ), ʩʫʧʝʨʮʝʦʣʽʪ (ʉʎ), ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ (ɿɺ) ʽ ʚʘʧʥʷʢ 

ʢ̫ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯ (ɺ), ʱʦ ʟʦʙʨʘʞʘʥʽ ʥʘ ʨʠʩ. 2.1. 
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ʊʘʙʣʠʮʷ 2.2 ï ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʊʠʧ ʮʝʤʝʥʪʫ 
Sʧʠʪ, 

ʩʤ2/ʛ 

ʂʦʙ, 

% 

ʊʝʨʤʽʥʠ 

ʪʫʞʘʚʽʥʥʷ, 

ʭʚ 

Rʩʪ, ʄʇʘ, ʯʝʨʝʟ, ʜʽʙ 

ɼʉʊʋ ɹ EN 

196-1:2007 

ɼʉʊʋ ɹ ɺ. 

2.7-187:2009 

ʧʦʯ. ʢʽʥ. 2 28 2 28 

ʉɽʄ ɯ 42,5 R 

(ʇʎ ɯ 500ʈ-ʅ ) 
3400é3900 16,5 140 210 29,8 49,5 31,3 52,3 

CEM II/A-S 32,5R  

(ʇʎ ɯɯ/ɸ-ʐ-400ʈ-ʅ) 
3750é4050 18,5 170 220 16,3 35,9 23,2 42,1 

CEM IV/A 42,5 R 

(ʇʎʎ IV/A -500ʈ) 
3870é4100 14,4 140 190 25,3 48,4 30,4 51,1 

 

   

ʄʝʣʝʥʠʡ ʛʨʘʥʫʣʴʦʚʘʥʠʡ 

ʜʦʤʝʥʥʠʡ ʰʣʘʢ  

ʄʽʢʨʦʢʨʝʤʥʝʟʝʤ  ʉʫʧʝʨʮʝʦʣʽʪ  

                    

ɿʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʊɽʉ                                            ɺʘʧʥʷʢ  

ʈʠʩʫʥʦʢ 2.1 ï ʆʩʥʦʚʥʽ ʩʢʣʘʜʥʠʢʠ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ 
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ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʉʘʆ (54,4 ʤʘʩ. %) ʧʨʠʩʫʪʥʽʡ ʫ ʚʘʧʥʷʢʫ, ʘ ʤʽʥʽʤʘʣʴʥʠʡ ï ʫ ʮʝʦʣʽʪ ̔

(1,63 ʤʘʩ. %). ʇʦʚʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʎɿʄ ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣ. 2.3 ʽ ʟʘʜʦʚʽʣʴʥʷʻ ʚʠʤʦʛʠ 

ɼʉʊʋ ɹ ɺ.2.7-128-2006.  

ʊʘʙʣʠʮʷ 2.3 ï ɺʤʽʩʪ ʦʢʩʠʜʽʚ ʫ ʩʢʣʘʜʽ ʮʝʤʝʥʪʦʟʘʤ̔ ʱʫʯʁʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʎʝʤʝʥʪʦʟʘʤʽʱʫʶʯʽ 

ʤʘʪʝʨʽʘʣʠ 
SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O Sʆ3 

ɻʨʘʥʫʣʴʦʚʘʥʠʡ 

ʜʦʤʝʥʥʠʡ ʰʣʘʢ 
39,76 6,55 0,82 48,9 3,97 - - - 

ʉʫʧʝʨʮʝʦʣʽʪ 70,50 12,65 3,05 1,63 0,18 0,53 3,28 0,16 

ɺʘʧʥʷʢ 0,29 0,40 0,11 54,40 0,40 0,00 0,07 0,08 

ɿʦʣʘ-ʚʠʥʝʩʝʥʥ ̫ 53,18 24,08 12,17 2,23 2,01 - - - 

ʄʽʢʨʦʢʨʝʤʥʝʟʝʤ 93,36 0,58 4,30 0,75 1,01 - - - 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʩʘʤʝ ʜʠʩʧʝʨʩʥʽʩʪʴ ʟʘ ʧʠʪʦʤʦʶ 

ʧʦʚʝʨʭʥʝʶ ʟʘ ɹʣʝʡʥʦʤ ʽ ʟʘʣʠʰʢʦʤ ʥʘ ʩʠʪʽ 008, ʧʦʢʘʟʥʠʢ ʣʫʞʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ 

ʝʥʝʨʛʦʟʘʪʨʘʪʠ ʥʘ ʧʦʤʝʣ ʜʣʷ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ, ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ ʚʘʧʥʷʢʫ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʢʘʟʘʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ ʦʜʘʥʦ ʚ ʪʘʙʣ. 2.4. 

ʊʘʙʣʠʮʷ 2.4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʄʘʪʝʨʽʘʣʠ Sʧʠʪ, ʩʤĮ/ʛ  ɸ008, % ʨʅ 
ɽʥʝʨʛʦʟʘʪʨʘʪʠ ʥʘ 

ʧʦʤʝʣ, ʢɺʪ ʛʦʜ/ʪ 

ɻʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ  3750 2 11,5 50 

ʉʫʧʝʨʮʝʦʣʽʪ  12000 0 12,0 20 

ɿʦʣʘ-ʚʠʥʝʩʝʥʥʷ 4300 2 10,3 - 

ʄʽʢʨʦʢʨʝʤʥʝʟʝʤ  150000 0 12,0 - 

ɺʘʧʥʷʢ  10500 0 8,4 22 
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ɻʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ. ɿʘ ʧʦʢʘʟʥʠʢʘʤʠ ʘʢʪʠʚʥʦʩʪʽ ʤʝʣʝʥʦʛʦ 

ʜʦʤʝʥʥʦʛʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʰʣʘʢʫ, ʚʠʟʥʘʯʝʥʠʤʠ ʯʝʨʝʟ 7 ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ, 

ʚʩʪʘʥʦʚʣʝʥʦ 3 ʢʣʘʩ (ʘʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ 7 ʜʽʙ ʪʚʝʨʜʝʥʥʷ ʤʝʥʰʝ 70 %), ʨʝʟʫʣʴʪʘʪʠ ʧʦʜʘʥʦ 

ʚ ʪʘʙʣ. 2.5. ʇʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ɻɼʐ ʧʨʦʚʦʜʠʣʠ 

ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ ɼʉʊʋ ɹ ɺ.2.7-302:2014. 

ʊʘʙʣʠʮʷ 2.5 ï ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʘʢʪʠʚʥʦʩʪʽ ɻɼʐ 

ɺôʷʞʫʯʝ ɺ/ʎ ʈʂ, ʤʤ 

Rʩʪ, ʫ ʚʽʮʽ, ʜʽʙ, Mʇʘ ʂʣʘʩ 

ɻɼʐ 7 28 

ʇʎ ɯ-500ʈ (100 %) 0,39 115 33,5 51,8 
3 

ʇʎ ɯ-500ʈ (50%) +ɻɼʐ (50%) 0,39 125 21,1 49,7 

 

ʉʫʧʝʨʮʝʦʣʽʪ. ʉʫʧʝʨʮʝʦʣʽʪ ʦʜʝʨʞʫʶʪʴ ʨʦʟʤʝʣʝʥʥʷʤ, ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʚʠʩʫʰʫʚʘʥʥʷ, ʧʨʠʨʦʜʥʽʭ ʮʝʦʣʽʪʽʚ ʉʦʢʠʨʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʜʦ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ 

ʙʽʣʴʰʝ 12000 ʩʤ2/ʛ. ʆʩʢʽʣʴʢʠ, ʧʨʠʨʦʜʥʽ ʮʝʦʣʽʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪʶ, ʪʦ ʟʘʪʨʘʪʠ ʥʘ ʧʦʤʝʣ ʜʦ ʪʘʢʦʾ ʝʬʝʢʪʠʚʥʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ 

ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 20 ʢɺʪĿʛʦʜ/ʪ. ʉʪʨʫʢʪʫʨʘ ʧʨʠʨʦʜʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ 

ʫʪʚʦʨʝʥʘ ʪʝʪʨʘʝʜʨʘʤʠ SiO2 ʽ AlO2, ʱʦ ʦʙ'ʻʜʥʘʥʽ ʩʧʽʣʴʥʠʤʠ ʚʝʨʰʠʥʘʤʠ ʚ ʪʨʠʚʠʤʽʨʥʠʡ 

ʢʘʨʢʘʩ, ʧʨʦʥʠʟʘʥʠʡ ʧʦʨʦʞʥʠʥʘʤʠ ʽ ʢʘʥʘʣʘʤʠ (ʚʭʽʜʥʠʤʠ ʚʽʢʥʘʤʠ) ʨʦʟʤʽʨʦʤ ʚʽʜ 0,2 ʜʦ 

1,5 ʥʤ, ʷʢʽ ʟʘʡʤʘʶʪʴ ʜʦ 50 % ʦʙʩʷʛʫ ʢʨʠʩʪʘʣʫ (ʨʠʩ. 2.2, ʘ). ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʪʝʨʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ (ʨʠʩ. 2.2, ʙ) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʩʫʧʝʨʮʝʦʣʽʪʫ ʥʘ ʢʨʠʚʽʡ ɼʊɸ ʬʽʢʩʫʻʪʴʩʷ 

ʝʥʜʦʪʝʨʤʽʯʥʠʡ ʝʬʝʢʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ     138 Áʉ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʚʠʜʽʣʝʥʥʶ ʢʘʧʽʣʷʨʥʦ-

ʟʚôʷʟʘʥʦʾ ʚʦʜʠ ʟ ʤʝʟʦʧʦʨ ʽ ʢʘʧʽʣʷʨʽʚ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ, ʘ ʪʘʢʦʞ ʬʽʟʠʯʥʦ-ʘʜʩʦʨʙʦʚʘʥʦʾ 

ʚʦʜʠ. ɼʝʛʽʜʨʘʪʘʮʽʷ ʚ ʢʣʠʥʦʧʪʠʣʦʣʽʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 600-

800 Áʉ, ʟʘʛʘʣʴʥʽ ʚʪʨʘʪʠ ʧʨʠ ʧʨʦʞʘʨʶʚʘʥʥʽ ʩʢʣʘʜʘʶʪʴ 12 %, ʚʤʽʩʪ ʉʘʉʆ3 ʩʢʣʘʜʘʻ 

11,3 %. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʤʽʥʝʨʘʣʴʥʠʤʠ ʬʘʟʘʤʠ 

ʩʫʧʝʨʮʝʦʣʽʪʫʻ ʢʣʠʥʦʧʪʠʣʦʣʽʪ (d/n=0,424; 0,334; 0,245; 0,228 ʥʤ), ʛʽʜʨʦʩʣʶʜʘ (d/n=0,98; 
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0,492; 0,297; 0,288; 0,257 ʥʤ), ʧʦʣʴʦʚʽ ʰʧʘʪʠ ʪʠʧʫ ʧʣʘʛʽʦʢʣʘʟʽʚ (d/n=0,402; 0,320; 0,290; 

0,257 ʥʤ), ʢʘʣʴʮʽʶ ʢʘʨʙʦʥʘʪ (d/n=0,303; 0,208; 0,191 ʥʤ). 

 

                                    ʘ                                                         ʙ 

ʈʠʩʫʥʦʢ 2.2 ï ʉʫʧʝʨʮʝʦʣʽʪ: ʘ ï ʤʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ; ʙ ï ʜʝʨʠʚʘʪʦʛʨʘʤʘ. 

ɿʦʣʘ-ʚʠʥʝʩʝʥʥʷ. ɿʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʻ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʤ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʰʪʫʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʱʦ ʭʘʨʘʢʝʪʨʠʟʫʻʪʴʩʷ ʧʫʮʦʣʘʥʦʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʩʬʝʨʠʯʥʠʭ ʩʢʣʦʧʦʜʽʙʥʠʭ ʯʘʩʪʠʥʦʢ, 

ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʢʘʤ'ʷʥʦʛʦ ʚʫʛʽʣʣʷ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʘʥʦ ʟʦʣʫ-

ʚʠʥʝʩʝʥʥʷ ɹʫʨʰʪʠʥʩʴʢʦʾ ʊɽʉ, ʪʠʧ ʉ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.3, ʘ.  

 

    

ʘ                                                                   ʙ 

ʈʠʩʫʥʦʢ 2.3 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʪʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ (ʙ) ʟʘ ʨʦʟʤʽʨʦʤ 

ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ɹʫʨʰʪʠʥʩʴʢʦʾ ʊɽʉ 
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ɺʪʨʘʪʠ ʧʨʠ ʧʨʦʞʘʨʶʚʘʥʥʽ ʩʪʘʥʦʚʣʷʪʴ 4 %. ɯʥʪʝʛʨʘʣʴʥʘ ʪʘ ʜʠʬʝʨʝʥʮʽʡʥʘ ʢʨʠʚʽ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.3, ʙ. 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ (Sʧʠʪ=4140 ʩʤ2/ʛ) ʚʤʽʩʪ 

ʬʨʘʢʮʽʾ Ï1; Ï5; Ï10; Ï20, Ï45 ʤʢʤ ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ 0.55; 9.07; 22.13; 39.39; 

64.68 %, ʘ ʨʦʟʤʽʨ ʟʝʨʝʥ Dv(10), Dv(50), Dv(90) ʚʽʜʧʦʚʽʜʘʻ 5.59, 30.8, 167.0 ʤʢʤ. ʉʝʨʝʜʥʽ 

ʦʙ'ʻʤʥ ̔ʜʽʘʤʝʪʨʠ D [3; 2] ʽ D [4; 3] ʜʣʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ 13.1 ʽ 60.7 ʤʢʤ. 

ʄʘʢʩʠʤʫʤ ʥʘ ʜʠʬʝʨʝʥʮʽʡʥʽʡ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʩʪʘʥʦʚʠʪʴ 

27.4 ʤʢʤ. ʅʘʷʚʥʽʩʪʴ ʚ ʟʦʣʽ-ʚʠʥʝʩʝʥʥʷ ʢʨʫʧʥʠʭ ʚʢʣʶʯʝʥʴ (ʨʠʩ. 2.4), ʷʢʽ ʧʦʧʘʜʘʶʪʴ ʚ ʾʾ 

ʩʢʣʘʜ ʯʝʨʝʟ ʟʙʽʡ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ, ʻ ʧʨʠʯʠʥʦʶ ʟʨʦʩʪʘʥʥʷ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ, ʟʥʠʞʝʥʥʷ 

ʧʣʘʩʪʠʬʽʢʫʶʯʦʛʦ ʝʬʝʢʪʫ ʜʦʙʘʚʢʠ ʽ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʫ (ʨʠʩ. 2.5).  

   

ʈʠʩʫʥʦʢ 2.4 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʢʨʫʧʥʠʭ ʚʢʣʶʯʝʥʴ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ 

 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʻ ʧʠʣʝʚʠʜʥʠʤ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʤ ʚʽʜʭʦʜʦʤ 

ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ʈʘʟʦʤ ʟ ʪʠʤ, ʜʣʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ɹʫʨʰʪʠʥʩʴʢʦʾ ʊɽʉ 

ʭʘʨʘʢʪʝʨʥʽ ʢʨʫʧʥʽ ʚʢʣʶʯʝʥʥʷ ʟʝʨʝʥ ʥʝʜʦʧʘʣʝʥʦʛʦ ʚʫʛʽʣʣʷ (ʟʘʣʠʰʦʢ ʥʘ ʩʠʪʽ 0,125 ʤʤ ï 

15 ʤʘʩ. %), ʷʢʽ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʶʪʴ ʚʦʜʦʧʦʪʨʝʙʫ ʪʘ ʟʥʠʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʦʤʫ ʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ 

ʩʝʧʘʨʦʚʘʥʘ ʟ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 4300 ʩʤ2/ʛ. 
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ʈʠʩʫʥʦʢ 2.5 ï ɯʥʪʝʛʨʘʣʴʥʘ ʪʘ ʜʠʬʝʨʝʥʮʽʡʥʘ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʪʠʥʦʢ 

ʥʝʜʦʧʘʣʝʥʦʛʦ ʚʫʛʽʣʣʷ ʚ ʩʢʣʘʜʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ 

ɼʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ, ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ 

ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʩʝʧʘʨʘʮʽʶ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʽʜʜʽʣʠʪʠ ʯʘʩʪʠʥʢʠ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʚʽʜ 

ʤʦʞʣʠʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʧʦʢʘʟʠʢʽʚ (ʨʠʩ. 2.6). 

 

ʘ                                                        ʙ 

ʈʠʩʫʥʦʢ 2.6 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʪʘ ʛʘʨʥʫʣʦʤʝʪʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ (ʙ) ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ ʧʽʩʣʷ ʩʝʧʘʨʘʮʽʾ 

ɺʘʧʥʷʢ.  ɯʥʪʝʛʨʘʣʴʥʘ ʪʘ ʜʠʬʝʨʝʥʮʽʡʥʘ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʚʘʧʥʷʢʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.7. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ 

ʚʘʧʥʷʢʫ (Sʧʠʪ=10500 ʩʤ2/ʛ) ʚʤʽʩʪ ʬʨʘʢʮʽʾ Ï5; 10; Ï20, Ï60 ʤʢʤ ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ 

22.17; 32.23; 41.30; 60.10%, ʘ ʨʦʟʤʽʨ ʟʝʨʝʥ Dv(10), Dv(50), Dv(90) ʚʽʜʧʦʚʽʜʘʻ 1.81, 38.5, 

180.0 ʤʢʤ. ʉʝʨʝʜʥʽʡ ʦʙ'ʻʤʥʠʡ ʜʽʘʤʝʪʨ D [4; 3] ʜʣʷ ʎɿʄ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 28,6 ... 
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71,9 ʤʢʤ. ʄʘʢʩʠʤʫʤ ʥʘ ʜʠʬʝʨʝʥʮʽʡʥʽʡ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚʘʧʥʷʢʫ ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ 1,84 ʽ 3,96 % ʜʣʷ ʨʦʟʤʽʨʽʚ 4.12 ʽ 100.23 ʤʢʤ.  

 

 

ʈʠʩʫʥʦʢ 2.7 ï  ɯʥʪʝʛʨʘʣʴʥʘ ʪʘ ʜʠʬʝʨʝʥʮʽʡʥʘ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚʘʧʥʷʢʫ 

 

ʄʽʢʨʦʢʨʝʤʥʝʟʝʤ. ʋʣʴʪʨʘʜʠʩʧʝʨʩʥʠʡ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʡ ʤʘʪʝʨʽʘʣ 

ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ (ʄʂ, Elkem Microsilica Grade 940-U) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ SiO2 ï 93,39 % (2.8, ʘ).  

 

     

ʘ                                                    ʙ 

ʈʠʩʫʥʦʢ 2.8 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʪʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ (ʙ) ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ 

ɺ ʩʢʣʘʜʽ ʤʽʢʨʦʢʨʤʥʝʟʝʤʫ ʧʝʨʝʚʘʞʘʻ ʘʤʦʨʬʥʘ ʬʘʟʘ, ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ 

ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ (ʨʠʩ. 2.8, ʙ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʠʬʨʘʢʮʽʡʥʝ ʛʘʣʦ ʟ ʥʝʟʥʘʯʥʠʤʠ 

ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ, ʷʢʽ ʥʘʣʝʞʘʪʴ ï ʛʽʜʨʦʘʣʶʤʽʥʘʪʫ ʢʘʣʴʮʽʶ (d/n = 0,442; 

0,313;). 
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ʗʢ ʜʨʽʙʥʠʡ ʟʘʧʦʚʥʶʚʘʯ ʜʣʷ ʙʝʪʦʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʽʩʢʠ ɾʦʚʢʽʚʩʴʢʦʛʦ ʪʘ 

ʄʠʢʦʣʘʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱ ʟ ʤʦʜʫʣʝʤ ʢʨʫʧʥʦʩʪʽ ʄʢʨ=1,7 ʽ ʄʢʨ=1,3 ʚʽʜʧʦʚʽʜʥʦ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʽʩʢʽʚ ʧʦʜʘʥʘ ʚ ʪʘʙʣ. 2.6, ʟʝʨʥʦʚʠʡ ʩʢʣʘʜ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.9. 

ʊʘʙʣʠʮʷ 2.6 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʽʩʢʽʚ 

ʈʦʜʦʚʠʱʝ 

ʄʦʜʫʣʴ 

ʢʨʫʧʥʦʩʪʽ, 

ʄʢʨ 

ʅʘʩʠʧʥʘ 

ʛʫʩʪʠʥʘ, ɟʥ, 

ʢʛ/ʤ3 

ʇʫʩʪʦʪʥʽʩʪʴ,  

Vʤʧ,% 

ɺʤʽʩʪ ʧʠʣʦʚʠʜʥʠʭ 

ʽ ʛʣʠʥʠʩʪʠʭ 

ʯʘʩʪʠʥʦʢ, % 

ɾʦʚʢʽʚʩʴʢʝ 1,7 1470 44,7 1,3 

ʄʠʢʦʣʘʾʚʩʴʢʝ 1,3 1360 48,6 2,9 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 2.9 ï ʂʨʠʚʘ ʨʦʟʩʽʶʚʘʥʥʷ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ: ɾʦʚʢʽʚʩʴʢʝ 

ʨʦʜʦʚʠʱʝ (ʘ); ʄʠʢʦʣʘʾʚʩʴʢʝ ʨʦʜʦʚʠʱʝ (ʙ) 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʨʢʠ ʮʝʤʝʥʪʫ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-187 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʩʪʘʥʜʘʨʪʥʠʡ ʤʦʥʦʬʨʘʢʮʽʡʥʠʡ ʧʽʩʦʢ, ʟʛʽʜʥʦ ʟ ɼʉʊʋ EN 196-1 ʧʦʣʽʬʨʘʢʮʽʡʥʠʡ CEN.  

ɺ ʷʢʦʩʪʽ ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʛʨʘʥʽʪʥʠʡ ʱʝʙʽʥʴ ɺʠʨʽʚʩʴʢʦʛʦ ʢʘʨôʻʨʫ, ʟʝʨʥʦʚʠʡ ʩʢʣʘʜ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʥʘ ʨʠʩ. 2.10, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʱʝʙʝʥʶ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 2.7. 
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ʈʠʩʫʥʦʢ 2.10 ï ɻʨʘʬʽʢ ʟʝʨʥʦʚʦʛʦ ʩʢʣʘʜʫ ʛʨʘʥʽʪʥʦʛʦ ʱʝʙʝʥʶ ɺʠʨʽʚʩʴʢʦʛʦ ʢʘʨôʻʨʫ 

ʊʘʙʣʠʮʷ 2.7 ï ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʱʝʙʝʥʶ 

ʅʘʩʠʧʥʘ 

ʛʫʩʪʠʥʘ, ɟʥ, 

ʢʛ/ʤ3 

ɯʩʪʠʥʥʘ 

ʛʫʩʪʠʥʘ, ɟʩ, 

ʢʛ/ʤ3 

ʇʫʩʪʦʪʥʽʩʪʴ, 

% 

ʇʦʨʠʩʪʽʩʪʴ, 

% 

ɼʨʦʙʠʤʽʩʪʴ, % 

1,42 2,70 42,8 3,4 4,77 

 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʪʘ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʚʚʦʜʠʣʠʩʷ ʭʽʤʽʯʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʚʠʨʦʙʥʠʮʪʚʘ BASF (ʪʘʙʣ. 2.8) ʪʘ Sika (ʪʘʙʣ. 2.9).  

ʊʘʙʣʠʮʷ 2.8 ï ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʙʘʚʦʢ ʬʽʨʤʠ BASF ʜʣʷ ʙʝʪʦʥʽʚ ʽ 

ʨʦʟʯʠʥʽʚ 

ʇʦʢʘʟʥʠʢ Master Glenium 430 ACE (ʈʉɽ) Master AIR 81 (ʇɺ) 

ʇʨʠʨʦʜʘ ʈʽʜʠʥʘ ʈʽʜʠʥʘ 

ʂʦʣʽʨ ʆʨʘʥʞʝʚʠʡ  ʂʦʨʠʯʥʝʚʠʡ 

ɻʫʩʪʠʥʘ, ʢʛ/ʤ
3
 1040-1080 1090-1130 

ʨʅ 3,5-7,5 6-8 

ʈʝʢʦʤʝʥʜʦʚʘʥʝ 

ʜʦʟʫʚʘʥʥʷ, % 

0,2-2,0 0,2-0,8 

0,25 0,2

49,95
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0

20

40

60

80

100

1,25*Dmax Dmax 0,5*(Dmin+Dmax ) Dmin

A
, 

%



62 
 

ʊʘʙʣʠʮʷ 2.9 ï ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʬʽʨʤʠ Sika 

ʇʦʢʘʟʥʠʢ ViscoCrete-5070 Mix Plus Stabilizer 4R 

ʇʨʠʨʦʜʘ ʈʽʜʠʥʘ ʈʽʜʠʥʘ ʈʽʜʠʥʘ 

ʂʦʣʽʨ ʂʦʨʠʯʥʝʚʠʡ ʊʝʤʥʦ-ʢʦʨʠʯʥʝʚʠʡ ɻʦʣʫʙʠʡ 

ɻʫʩʪʠʥʘ, ʢʛ/ʤ3 1100 1020 1020 

ʈʝʢʦʤʝʥʜʦʚʘʥʝ 

ʜʦʟʫʚʘʥʥʷ, % 

0,8-2,0 0,05 - 0,20 0,1 - 1,0 

 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ (ʈʉɽ) ʟ ʥʘʥʦʩʧʨʦʝʢʪʦʚʘʥʠʤʠ ʤʦʣʝʢʫʣʷʨʥʠʤʠ 

ʣʘʥʮʶʛʘʤʠ ʜʣʷ ʚʠʩʦʢʦʛʦ ʚʦʜʦʨʝʜʫʢʫʚʘʥʥʷ ʽ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. ɿ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʩeʛʨeʛaʮʽʾ ʽ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ 

ʩʘʤʦʫʱʽʣʶʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ, ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʽ ʜʦʙʘʚʢʠ, ʢʦʪʨʽ ʟʙʽʣʴʰʫʶʪʴ ʚʤʽʩʪ ʽ ʩʧʨʠʷʶʪʴ 

ʟʤʝʥʰʝʥʥʶ ʨʦʟʤʽʨʽʚ ʙʫʣʴʙʘʰʦʢ ʧʦʚʽʪʨʷ ʚ ʙʝʪʦʥʥʠʭ ʽ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʘʭ ʟʘʚʜʷʢʠ 

ʘʜʩʦʨʙʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʧʦʜʽʣʫ çʧʦʚʽʪʨʷ ï ʨʽʜʠʥʘè ʽ ʟʤʝʥʰʝʥʥʶ ʚʝʣʠʯʠʥʠ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʦʩʪʘʥʥʴʦʾ. ʄʝʭʘʥʽʟʤ ʜʽʾ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ʽ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.11.  

ʇʜ̔ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʤʝʭʘʥʦ-ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ 

ʜʦʙʘʚʦʢ ʽ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟʘʩʪʦʩʦʚʘʥʦ ʧʦʨʦʰʢʦʧʦʜʽʙʥʽ ʤʘʪʝʨʽʘʣʠ ʷʢ ʤʦʜʠʬʽʢʘʪʦʨʠ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʧʦʜʘʥʦ ʚ ʪʘʙʣ. 2.10. 
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ʘ    

 

  ʙ 

ʈʠʩʫʥʦʢ 2.11 ï ʄʝʭʘʥʽʟʤ ʜʽʾ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʦʣ̔ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ (ʘ) 

ʽ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ (ʙ) 

ʊʘʙʣʠʮʷ 2.10 ï ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʅʘʟʚʘ  

ɻʽʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ 

ʪʠʧʫ 

ʃʽʛʥʦʩʫʣʴʬʦʥʘʪ 

ʪʝʭʥʽʯʥʠʡ 

ʇʨʠʩʢʦʨʶʚʘʯ 

ʪʚʝʨʜʥʝʥʥʷ 

ʩʫʣʴʬʘʪ ʥʘʪʨʽʶ 

ʇʦʟʥʘʯʝʥʥʷ ʈʉɽ ʃʉʊ Na2SO4 

ʂʦʣʽʨ ʂʦʨʠʯʥʝʚʠʡ ʂʦʨʠʯʥʝʚʠʡ ɹʽʣʠʡ 

ɻʫʩʪʠʥʘ, ʢʛ/ʤ3 1050 1250 2680 

ʈʝʢʦʤʝʥʜʦʚʘʥʝ 

ʜʦʟʫʚʘʥʥʷ, % 

0,2-0,5 0,3 - 0,7 1,0 - 1,2 
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2.2. ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʽ ʪʦʥʠʥʠ ʨʦʟʤʝʣʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ 

ʚôʷʞʫʯʦʛʦ ʪʘ ʮʝʤʝʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-188:2009 ʽ EN 196-6 ʰʣʷʭʦʤ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʫ ʥʘ ʩʠʪʽ ˉ 008 ʽ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʦʤ 

ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʝʤʽʨʽ ʇʄʎ-500 ʪʘ ʧʨʠʣʘʜʽ ɹʣʝʡʥʘ. ʈʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ 

ʟʘ ʨʦʟʤʽʨʘʤʠ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʨʦʟʨʦʙʣʝʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʣʷʛʘʣʦ ʚ ʧʨʦʭʦʜʞʝʥʥʽ ʧʨʦʙʠ 

ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʜʠʩʧʝʨʩʥʦʩʪʽ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚ ʜʠʬʨʘʢʮʽʡʥʦʤʫ ʩʧʝʢʪʨʽ (ʨʠʩ. 2.12).  

 

    

ʘ                                              ʙ 

ʈʠʩʫʥʦʢ 2.12 ï ʉʠʪʦ ˉ 008 (ʘ) ʽ ʨʫʯʥʠʡ ʧʨʠʣʘʜ ɹʣʝʡʥʘ (ʙ) 

 

ʅʦʨʤʘʣʴʥʫ ʛʫʩʪʦʪʫ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ (ʅɻʊ) ʚʠʟʥʘʯʠ ʚʠʤʽʨʶʚʘʥʥʷʤ ʚʽʜʩʪʘʥʽ 

ʟʘʥʫʨʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʦʚʢʘʯʠʢʘ ʚ ʮʝʤʝʥʪʥʝ ʪʽʩʪʦ ʧʝʚʥʦʾ ʢʦʥʩʠʩʪʝʥʮʽʾ ʟʛʽʜʥʦ 

ɼʉʊʋ ɹ.ɺ. 2.7-185:2009. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʠʣʘʜ ɺʽʢʘ.  

ʊʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ ʮʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-185:2009 ʟʘ 

ʚʠʤʽʨʶʚʘʥʥʷʤ ʯʘʩʫ, ʢʦʣʠ ʩʪʘʥʜʘʨʪʥʘ ʛʦʣʢʘ ʧʨʦʥʠʢʘʻ ʥʘ ʚʠʟʥʘʯʝʥʫ ʛʣʠʙʠʥʫ ʚ 
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ʮʝʤʝʥʪʥʝ ʪʽʩʪʦ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʦʪʠ, ʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʫ 10 ʭʚ. ʇʦʯʘʪʦʢ ʪʫʞʘʚʽʥʥʷ 

ʧʨʠʡʥʷʪʦ ʷʢ ʯʘʩ ʚʽʜ ʧʦʯʘʪʢʫ ʚʣʠʚʘʥʥʷ ʚʦʜʠ ʚ ʮʝʤʝʥʪ ʜʦ ʤʠʪʽ, ʢʦʣʠ ʚʽʜʩʪʘʥʴ ʤʽʞ ʛʦʣʢʦʶ 

ʽ ʤʝʪʘʣʝʚʦʶ ʦʩʥʦʚʦʶ 2é4 ʤʤ, ʘ ʢʽʥʝʮʴ -  ʷʢ ʯʘʩ ʚʽʜ ʧʦʯʘʪʢʫ ʟʘʤʽʰʫʚʘʥʥʷ ʮʝʤʝʥʪʫ ʟ 

ʚʦʜʦʶ ʜʦ ʪʦʛʦ, ʷʢ ʛʦʣʢʘ ʟʘʥʫʨʶʻʪʴʩʷ ʚ ʮʝʤʝʥʪʥʝ ʪʽʩʪʦ ʥʘ 2 ʤʤ ʘʙʦ ʤʝʥʰʝ. 

ʄʘʨʢʫ ʽ ʢʣʘʩ ʮʝʤʝʥʪʽʚ ʟʘ ʤʽʮʥʽʩʪʶ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-187:2009 

(ɺ/ʎ=0,39, ʧʽʩʦʢ ʤʦʥʦʬʨʘʢʮʽʡʥʠʡ) ʽ ɼʉʊʋ EN 196-1:2007 (ɺ/ʎ=0,50, ʧʽʩʦʢ 

ʧʦʣʽʬʨʘʢʮʽʡʥʠʡ). ɿʨʘʟʢʠ-ʧʨʠʟʤʠ ʨʦʟʤʽʨʦʤ 40ʭ40ʭ160 ʟʙʝʨʽʛʘʣʠʩʷ ʫ ʬʦʨʤʘʭ 

ʚʠʪʨʠʤʫʚʘʣʠʩʴ ʧʨʦʪʷʛʦʤ 24 ʛʦʜ ʧʨʠ  t=20 Ñ1 Áʉ ʪʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ Ó 90 %. 

ʇʽʩʣʷ ʨʦʟʬʦʨʤʦʚʫʚʘʥʥʷ ʟʨʘʟʢʠ ʤʘʨʢʫʚʘʚʘʣʠʩʴ ʽ ʚʠʪʨʠʤʫʚʘʣʠʩʷ ʫ ʚʦʜʽ (tʚʦʜʠ=20,0 Ñ      

1,0 Áʉ) ʜʦ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʯʝʨʝʟ 2, 7 ʽ 28 ʜʽʙ. ʄʽʮʥʽʩʪʴ ʧʨʠ ʟʛʠʥʽ ʚʠʟʥʘʯʘʣʠ ʟ 

ʜʦʧʦʤʦʛʦʶ ʧʨʝʩʫ ʇ100. ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʚʠʟʥʘʯʘʣʠ ʥʘ ʦʪʨʠʤʘʥʠʭ ʧʦʣʦʚʠʥʢʘʭ 

ʧʨʠʟʤ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʣʦʱʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 25 ʩʤ2 ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-187:2009 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʘʣʝʚʽ ʧʣʘʩʪʠʥʠ-ʥʘʩʘʜʢʠ (ʨʠʩ. 2.13, ʘ), ʘ ʜʣʷ ʦʪʠʤʘʥʥʷ ʬʽʢʩʦʚʘʥʦʾ 

ʧʣʦʱʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 16 ʩʤ2 ʟʛʽʜʥʦ ɼʉʊʋ EN 196-1:2007 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʨʝʩʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ (ʨʠʩ. 2. 13, ʙ). 

 

                   

ʘ                                                 ʙ 

ʈʠʩʫʥʦʢ 2. 13 ï ɺʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-187:2009 (ʘ) ʽ 

ɼʉʊʋ EN 196-1:2007 (ʙ) 

 

ɺʤʽʩʪ ʧʦʚʽʪʨʷ ʚ ʙʝʪʦʥʥʠʭ ʽ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʘʭ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʟ ɼʉʊʋ 

ɹ.ɺ.2.7.144-2002ʟ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ LP-Topf (ʨʠʩ. 2.14). ʇʨʠʥʮʠʧ ʜʽʾ ʜʘʥʦʛʦ 

ʧʨʠʣʘʜʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʢʦʥʽ ɹʦʡʣʷʄʘʨʽʦʪʪʘ. 
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ʈʠʩʫʥʦʢ 2.14 ï ʇʨʠʣʘʜ LP-Topf ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʽʪʨʦʚʤʽʩʪʫ ʙʝʪʦʥʥʠʭ ʽ 

ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ ʫ ʥʝʫʱʽʣʴʥʝʥʦʤʫ ʩʪʘʥʽ 

 

ɺʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʜʦ ʮʝʤʝʥʪʫʶʯʠʭ ʩʠʩʪʝʤ ʪʘ ʨʦʟʯʠʥʦʚʠʭ 

ʩʫʤʽʰʝʡ ʥʘ ʾʭ ʦʩʥʦʚʽ ʽ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʜʽʾ ʟʜʽʡʩʥʶʚʘʣʠ ʟʛʽʜʥʦ 

ɼɹʅ ɺ.2.7-64-97, ɼʉʊʋ ɹ ɺ.2.7-69-98 ʪʘ ɼʉʊʋ ɹ ɺ.2.7-171:2008 (EN 934-2:2001).  

ɿʨʘʟʢʠ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʚʠʛʦʪʦʚʣʷʣʠ ʫ ʤʝʪʘʣʝʚʠʭ ʬʦʨʤʘʭ-ʧʨʠʟʤʘʭ 

ʨʦʟʤʽʨʦʤ 4ʭ4ʭ16 ʤ. ɿʨʘʟʢʠ-ʢʫʙʠ ʚʘʞʢʠʭ ʽ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ ʨʦʟʤʽʨʦʤ 

10ʭ10ʭ10 ʽ 15ʭ15ʭ15 ʩʤ ʚʠʛʦʪʦʚʣʷʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʟʛʽʜʥʦ 

ɼʉʊʋ ɹ ɺ.2.7-214:2009. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʽʚ ʨʦʟʯʠʥʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ɼʉʊʋ ɹ ɺ.2.7-215:2009. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʧʨʠʩʢʦʨʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʚ 

ʭʦʣʦʜʠʣʴʥʽʡ ʢʘʤʝʨʽ HS280/75 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ -50 0ʉ. ʈʦʟʤʝʨʟʘʥʥʷ ʟʨʘʟʢʽʚ 

ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʚʘʥʥʽ ʟ 5%-ʠʤ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʥʘʪʨʽʶ ʭʣʦʨʠʜʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʛʦ 

ʧʽʜʪʨʠʤʫʚʘʣʘʩʴ ʫ ʤʝʞʘʭ (2...- 2 0ʉ). ʆʮʽʥʢʘ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ 

ʜʣʷ ʢʦʥʪʨʦʣʶ ʤʘʨʢʠ ʙʝʪʦʥʫ ʱʦʜʦ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʧʨʦʚʦʜʠʣʘʩʴ ʟʛʽʜʥʦ 

ɼʉʊʋ ɹ ɺ.2.7-49-96. 

ʄʘʨʢʫ  ʙʝʪʦʥʫ  ʟʘ  ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ  (W)  ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ EN 12390-8  ʟʘ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʛʣʠʙʠʥʦʶ ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʠ ʧʽʜ ʪʠʩʢʦʤ ʫ ʟʨʘʟʦʢ ʙʝʪʦʥʫ 
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(150ʭ150ʭ150 ʤʤ) ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʽʩʣʷ ʜʽʾ ʥʝʟʤʽʥʥʦʛʦ 

ʪʠʩʢʫ ʚʦʜʠ (500Ñ50) ʢʇʘ ʥʘ ʟʨʘʟʦʢ ʧʨʦʪʷʛʦʤ (72Ñ2) ʛʦʜ (ʨʠʩ.2.14).  

 

 

ʈʠʩʫʥʦʢ 2.15 ï ɺʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʴ ʙʝʪʦʥʫ ʟʛʽʜʥʦ EN 12390-8 

 

ɼʝʬʦʨʤʘʮʽʾ ʫʩʘʜʢʠ ʽ ʨʦʟʰʠʨʝʥʥʷ ʚʠʟʥʘʯʘʣʠ ʥʘ ʟʨʘʟʢʘʭ-ʙʘʣʦʯʢʘʭ 4ʭ4ʭ16 ʩʤ, ʚ 

ʪʦʨʮʷʭ ʷʢʠʭ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ʤʝʪʘʣʝʚʽ ʘʥʢʝʨʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʘʨʘʪʦʨʘ ʟ ʽʥʜʠʢʘʪʦʨʦʤ 

ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ (ʮʽʥʘ ʧʦʜʽʣʢʠ 0,01 ʤʤ). 

 

 

2.3.   ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʮʝʤʝʥʪʫ ʚʠʢʦʨʠʩʪʘʥʦ 

ʭʚʠʣʴʦʚʠʡ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʠʡ ʘʥʘʣʽʟ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ ARL 9800 ʍʈ. ɺ ʦʩʥʦʚʽ 

ʡʦʛʦ ʨʦʙʦʪʠ ʣʝʞʠʪʴ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʥʘ 

ʨʘʜʽʻʚʫ ʨʝʥʪʛʝʥʽʚʩʴʢʫ ʪʨʫʙʢʫ ʥʘʜʭʦʜʠʪʴ ʚʠʩʦʢʘ ʥʘʧʨʫʛʘ, ʚʠʙʠʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʡ 

ʧʫʯʦʢ, ʷʢʠʡ ʧʦʪʨʘʧʣʷʻ ʥʘ ʟʨʘʟʦʢ, ʟ ʷʢʦʛʦ ʚʠʣʽʪʘʶʪʴ ʝʣʝʢʪʨʦʥʠ ʽ ʚʣʫʯʘʶʪʴ ʫ ʢʨʠʩʪʘʣ. 

ɺʽʜ ʢʨʠʩʪʘʣʫ ʧʫʯʦʢ ʟʘʣʦʤʣʶʻʪʴʩʷ ʽ ʧʦʩʪʫʧʘʻ ʥʘ ʜʝʪʝʢʪʦʨ, ʷʢʠʡ ʟʯʠʪʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʭʚʠʣʽ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʜʘʶʪʴʩʷ ʜʦ ʩʧʝʮʽʘʣʴʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʧʨʦʛʨʘʤʠ ʢʦʤʧôʶʪʝʨʘ, ʢʦʪʨʠʡ ʧʝʨʝʜʘʻ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ. 
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ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʨʅ ʧʨʦʚʦʜʠʣʠ ʟ ʜʦʧʦʤʦʛʦʶ ʨʅ-ʤʝʪʨʘ ʨʅ-150ʄʀ, ʷʢʠʡ 

ʧʨʘʮʶʻ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ -10...100Áʉ ʽ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʨʅ ʚʽʜ -1 ʜʦ 14. ʇʦʭʠʙʢʘ 

ʧʨʠʣʘʜʫ Ñ0,05 (ʨʠʩ.2.15). 

 

 

ʈʠʩʫʥʦʢ 2.16 ï ʨʅ-ʤʝʪʨ ʨʅ-150ʄʀ 

ɸʢʪʠʚʥʽʩʪʴ ʜʦʤʝʥʥʦʛʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʰʣʘʢʫ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ 

ɼʉʊʋ ɹ ɺ.2.7-302:2014 [25] ʷʢ ʚʽʜʥʦʰʝʥʥʷ (ʫ ʚʽʜʩʦʪʢʘʭ) ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʮʝʤʝʥʪʥʠʭ 

ʧʨʠʟʤ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ 50 ʤʘʩ. % ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʮʝʤʝʥʪʫ ʽ 50 ʤʘʩ. % ʤʝʣʝʥʦʛʦ 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ, ʜʦ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʮʝʤʝʥʪʥʠʭ ʧʨʠʟʤ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ 100 ʤʘʩ.  % ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʮʝʤʝʥʪʫ, ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʚ ʦʜʥʘʢʦʚʦʤʫ 

ʚʽʮʽ. ʊʚʝʨʜʥʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʠʟʤ ʚʽʜʙʫʚʘʣʦʩʴ ʟʛʽʜʥʦ ʫʤʦʚ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʫ 

ɼʉʊʋ ɹ ɺ.2.7-302:2014. ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʟ ɼʉʊʋ EN 196-1 ʟ 

ʚʤʽʩʪʦʤ ʧʦʣʽʬʨʘʢʮʽʡʥʦʛʦ ʧʽʩʢʫ.  

ʆʮʽʥʢʫ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ʖ.ʄ. ɹʫʪʪʘ ʯʝʨʝʟ 

ʚʠʟʥʘʯʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ, ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʧʦʛʣʠʥʘʪʠ 

ʉʘʆ ʟ ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʉʘ(ʆʅ)2 ʟ ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ [12]. ʊʘʢʦʞ ʚʠʟʥʘʯʘʣʠ ʽʥʜʝʢʩ 

ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ (PSAI) ʟʛʽʜʥʦ EN 450-1:2009 ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ 

ʩʪʠʩʢʫ ʮʝʤʝʥʪʦ-ʧʽʱʘʥʠʭ ʧʨʠʟʤ ʟ ʟʘʤʽʱʝʥʥʷʤ 25 ʤʘʩ. % ʉɽʄ ɯ 42,5 ʧʫʮʦʣʘʥʦʚʦʶ 

ʜʦʙʘʚʢʦʶ, ʜʦ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʢʦʥʪʨʦʣʴʥʠʭ ʮʝʤʝʥʪʦ-ʧʽʱʘʥʠʭ ʧʨʠʟʤ ʟ ʚʤʽʩʪʦʤ 

ʉɽʄ ɯ ʙʝʟ ʜʦʙʘʚʦʢ (ʚ ʦʜʥʘʢʦʚʦʤʫ ʚʽʮʽ ʪʚʝʨʜʥʝʥʥʷ). ɿʛʽʜʥʦ ʽʪʘʣʽʡʩʴʢʦʛʦ ʩʪʘʥʜʘʨʪʫ 

çnorma wloskaè ʧʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʽʩʪʴ ʚʠʟʥʘʯʝʥʦ ʟʘ ʤʽʮʥʽʩʪʶ ʧʨʠ ʩʪʠʩʢʫ ʚʘʧʥʷʥʦ-
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ʧʫʮʦʣʘʥʦʚʦʛʦ ʪʽʩʪʘ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ1:3, ʟ ʚʦʜʦʚʤʽʩʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ 

ʢʦʥʩʠʩʪʝʥʮʽʾ. ɿʨʘʟʢʠ-ʧʨʠʟʤʠ 40ʭ40ʭ160 ʤʤ ʚʠʪʨʠʤʫʚʘʣʠʩʷ 7 ʜʽʙ ʫ ʚʦʣʦʛʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʽ 21 ʜʦʙʫ ʫ ʚʦʜʽ. ʊʽʩʪʦ, ʱʦ ʤʽʩʪʠʪʴ ʚʠʩʦʢʦʘʢʪʠʚʥʫ ʧʫʮʣʘʥʫ, ʯʝʨʝʟ 28 ʜʽʙ 

ʪʚʝʜʥʝʥʥʷ ʧʦʚʠʥʥʦ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʤʦʛʠ: ʤʽʮʥʽʩʪʴ ʧʨʠ ʟʛʠʥʽ Ó 0,5 ʄʇʘ, ʤʽʮʥʽʩʪʴ ʧʨʠ 

ʩʪʠʩʢʫ Ó 2,5 ʄʇʘ. 

ʆʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʚʠʟʥʘʯʘʣʠ 

ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʤʧʣʝʢʩ-

ʨʝʰʽʪʯʘʩʪʦʛʦ ʧʣʘʥʫ ʐʝʬʬʝ çʩʫʤʽʰ-ʚʣʘʩʪʠʚʽʩʪʴè ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʨʦʟʢʠʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʦʯʦʢ ʫ ʬʘʢʪʦʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʪʘ ʘʥʘʣʽʟʽ 

ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʪʨʠʢʫʪʥʠʢ ɻʽʙʙʩʘ. ɺ ʷʢʦʩʪʽ 

ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʢʘʟʥʠʢʠ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ, ʚʦʜʦʧʦʪʨʝʙʠ ʪʘ 

ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʫʤʽʰʽ ʥʘ ʦʩʥʦʚʽ ʎɿʄ. 

ʂʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʮʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʟʤʽʥʦʶ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ ʟ ʮʝʤʝʥʪʥʦ-

ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʱʦ ʪʚʝʨʜʥʫʣʠ 28 ʜʽʙ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʾʭ 

ʟʙʝʨʽʛʘʥʥʽ ʚ ʘʛʨʝʩʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʴʥʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ 

ʧʨʦʮʝʩʦʤ ʨʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʠ ʢʦʨʦʟʽʾ, ʱʦ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʥʘ 

ʤʽʮʥʽʩʪʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʽʰʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʟʨʘʟʢʽʚ ʮʝʤʝʥʪʫ ʚ 

ʘʛʨʝʩʠʚʥʠʭ ʚʦʜʘʭ. ʊʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʰʠʨʝʥʥʷ ʟʨʘʟʢʽʚ ʨʦʟʤʽʨʦʤ 

20ʭ20ʭ160 ʧʽʜ ʚʧʣʠʚʦʤ ʩʫʣʴʬʘʪʥʦʾ ʢʦʨʦʟʽʾ. ɺ ʷʢʦʩʪʽ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 10 % ʨʦʟʯʠʥ Na2SO4 ʪʘ 10 % ʨʦʟʯʠʥ MgCl2.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʽʜʭʦʜʽʚ 

ʚʠʨʦʙʥʠʮʪʚ, ʘ ʪʘʢʦʞ ʥʘʚʝʜʝʥʽ ʤʝʪʦʜʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʩʪʫʧʠʪʠ ʜʦ ʧʦʜʘʣʴʰʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʠʩʪʝʤʠ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ. 
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ʈʆɿɼɯʃ 3 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʎɽʄɽʅʊʆɿɸʄɯʑʋʖʏʀʍ 

ʄɸʊɽʈɯɸʃɯɺ ʅɸ ʉʊʈʋʂʊʋʈʆʋʊɺʆʈɽʅʅʗ ʊɸ ʌɯɿʀʂʆ-

ʄɽʍɸʅɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʅʀɿʔʂʆɽʄɯʉɯʁʅʀʍ 

ɿʄɯʐɸʅʀʍ ʎɽʄɽʅʊɯɺ 

 

 

3.1. ɺʧʣʠʚ ʜʠʩʧʝʨʩʥʦʩʪʽ ʥʘ ʚʣʘʩʪʠʚʦʩʪ ̔ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʘʢʪʠʚʥʦʩʪʽ  

 

 

 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʴ ʫ ʥʘʧʨʷʤʢʫ ʨʦʟʨʦʙʣʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʮʝʤʝʥʪʽʚ ʩʚʽʜʯʠʪʴ, ʱʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʜʠʩʧʝʨʩʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʮʝʤʝʥʪʫ 

ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩʠ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʥʠʥʠ ʧʦʤʝʣʫ ʦʩʦʙʣʠʚʦ ʟʨʦʩʪʘʻ ʧʨʠ ʥʠʟʴʢʠʭ ʧʦʢʘʟʥʠʢʘʭ ʘʢʪʠʚʥʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ. ʊʦʤʫ ʧʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ 

ʮʝʤʝʥʪʫ ʽ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʉɽʄ ɯ 42,5 R ʽ ʎɿʄ 

ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʚʢʣʘʜ ʦʢʨʝʤʠʭ ʬʨʘʢʮʽʡ ʫ ʨʦʟʚʠʪʦʢ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ. ʗʢ ʚʠʜʥʦ ʟ 

ʪʘʙʣ. 3.1, ʚʤʽʩʪ ʬʨʘʢʮʽʡ ʤʝʥʰʝ 10 ʤʢʤ ʜʣʷ ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʻ ʚʠʱʠʡ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʉɽʄ ɯ 42,5 R ʽ ʩʪʘʥʦʚʠʪʴ 48,86 ʽ 100,00 % ʚʽʜʧʦʚʽʜʥʦ,  ʚ 

ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ɻɼʐ, ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʽ ʚʘʧʥʷʢʫ ʣʠʰʝ 36,19; 22,13 ʽ 32,43 %. ʆʙ'ʻʤʥʠʡ 

ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ D [4;3] ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʩʫʧʝʨʮʝʦʣʽʪʫ ʪʘ ʤʽʨʦʢʨʝʤʥʝʟʝʤʫ 

ʚʽʜʧʦʚʽʜʘʻ 21,20 ʽ 0,25 ʤʢʤ, ʉɽʄ ɯ 42,5 R ï 24,85 ʤʢʤ ʽ ʜʣʷ ɻɼʐ, ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʽ 

ʚʘʧʥʷʢʫ ï 27,40; 60,70 ʽ 46,40  ʤʢʤ ʚʽʜʧʦʚʽʜʥʦ. ʄʘʢʩʠʤʫʤ ʩʝʨʝʜʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʟʘ 

ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ D [3;2] ʟʘ ʨʦʟʧʦʜʽʣʦʤ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʜʣʷ ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ 
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ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʩʪʘʥʦʚʠʪʴ 4,24 ʽ 0,16 ʤʢʤ, ʜʣʷ ʉɽʄ ɯ 42,5 R ï  5,23 ʤʢʤ, ʘ ʜʣʷ ɻɼʐ, 

ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʽ ʚʘʧʥʷʢʫ ʚʽʜʧʦʚʽʜʥʦ ï 6,28; 13,10 ʽ 8,29 ʤʢʤ.  

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʩʫʧʝʨʮʝʦʣʽʪʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʤʽʥʝʨʘʣʫ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʪʨʠʨʦʟʤʽʨʥʫ 

ʘʣʶʤʦʩʠʣʽʢʘʪʥʫ ʛʨʘʪʢʫ, ʩʧʝʮʠʬʽʢʘ ʙʫʜʦʚʠ ʷʢʦʾ ʫʪʚʦʨʶʻ ʨʦʟʚʠʥʝʥʫ ʩʠʩʪʝʤʫ ʤʽʢʨʦʧʦʨ 

ʪʘ ʢʘʥʘʣʽʚ.  

ʊʘʙʣʠʮʷ 3.1 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʉɽʄ ɯ 42,5 R ̔  ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ 

ʉʢʣʘʜ-

ʥʠʢʠ 

ʮʝʤʝʥ-

ʪʫ 

Ï 

<1 ʤʢʤ, 

% 

Ï 

<5 ʤʢʤ, 

% 

Ï 

<10 ʤʢʤ, 

% 

Ï 

<20 ʤʢʤ, 

% 

Ï 

<45 ʤʢʤ, 

% 

D [3; 2] 

ʤʢʤ 

D [4; 3] 

ʤʢʤ 

ʉɽʄ ɯ 

42,5 R 

4,92 24,46 43,41 66,33 90,32 5,23 24,85 

ʄʂ 82,23 100,00 100,00 100,00 100,00 0,16 0,25 

ɻɼʐ 2,60 20,71 36,19 56,11 85,08 6,28 27,40 

ʉʎ 5,12 34,58 48,86 68,7 85,43 4,24 21,20 

ɿɺ 0,55 9,07 22,13 39,39 64,68 13,10 60,70 

ɺ 3,97 14,17 32,4323 41,30 58,32 8,29 46,40 

 

ɼʣʷ ʙʽʣʴʰ ʧʦʚʥʦʾ ʦʮʽʥʢʠ ʜʠʩʧʝʨʩʥʦʩʪʽ ʢʦʞʥʦʛʦ ʩʢʣʘʜʥʠʢʘ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʜʝʨʞʘʥʠʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʚʠʟʥʘʯʝʥʦ ʾʭ ʜʠʬʝʨʝʥʮʽʡʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʧʦʜʽʣʫ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ (ʂisa). ʄʘʢʩʠʤʘʣʴʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʂisa ʜʣʷ ʯʘʩʪʠʥʦʢ ʚʠʭʽʜʥʦʛʦ ʉɽʄ ɯ 42,5 R ʧʨʦʷʚʣʷʶʪʴʩʷ ʜʣʷ ʨʦʟʤʽʨʽʚ 

ʯʘʩʪʠʥʦʢ 0,20 ʽ 2,50 ʤʢʤ ʪʘ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʧʦʚʽʜʥʦ 4,50 ʽ 3,20 ʤʢʤï1Āʦʙ. % (ʨʠʩ. 3.1, ʘ).  

ʅʘʡʚʠʱʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ ï 325,30 ʤʢʤï1Ŀʦʙ.% ʜʣʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ 0,16 ʤʢʤ (ʨʠʩ. 3.1, ʙ). 
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ɺʠʩʦʢʦʜʠʩʧʝʨʩʥʽ ʩʫʧʝʨʮʝʦʣʽʪ (Sʧʠʪ=12000 ʩʤ2/ʛ) ʽ ʚʘʧʥʷʢ (Sʧʠʪ=10500 ʩʤ2/ʛ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʱʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʂisa ʧʦʨ̔ʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʉɽʄ ɯ ï  

5,93  ʽ 6,90 ʤʢʤï1Āʦʙ. % ʧʨʠ ʨʦʟʤʽʨʽ ʯʘʩʪʠʥʦʢ 1,5 ʽ 1,28 ʤʢʤ ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 3.1, ʚ, ʛ).  

  

ʘ                                                          ʙ     

  

ʚ                                                     ʛ 

 

ʜ                                                     ʝ 

ʈʠʩʫʥʦʢ 3.1 ï ʂʦʝʬʽʮʽʻʥʪ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʧʦʚʝʨʭʥʝʶ 

ʉɽʄ ɯ 42,5 R (ʘ), ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ (ʙ), ʩʧʝʨʮʝʦʣʽʪʫ (ʚ), ʚʘʧʥʷʢʫ (ʛ), ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ 

ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ (ʜ) ʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ 
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ɼʣʷ ɻɼʐ ʢʦʝʬʽʮʽʻʥʪ ʂisa=3,86 ʤʢʤ
ï1Āʦʙ. % ʜʣʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ 2,42 ʤʢʤ 

(ʨʠʩ. 3.1, ʜ). ɼʣʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪ ʂisa=3,47 ʤʢʤï1Āʦʙ. % ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 

ʨʦʟʤʽʨʽ ʯʘʩʪʠʥʦʢ 2,42 ʤʢʤ (ʨʠʩ. 3.1, ʝ). ɿʚʽʜʩʠ ʚʠʪʽʢʘʻ, ʱʦ ʙʣʠʟʴʢʦ 80 % ʧʠʪʦʤʦʾ 

ʧʦʚʝʨʭʥʽ ʉɽʄ ɯ 42,5 R ʪʘ ʎɿʄ ʚʠʟʥʘʯʘʶʪʴ ʩʘʤʝ ʪʦʥʢʽ ʬʨʘʢʮʽʾ ʨʦʟʤʽʨʦʤ ʜʦ 10 ʤʢʤ.  

ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʙʽʣʴʰ ʢʨʫʧʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʟʝʨʝʥ ʧʦʨʽʚʥʷʥʦ ʟ ʉɽʄ ɯ 42,5 R. ʊʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʚʤʽʩʪʫ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʩʢʣʘʜʽ ɻɼʐ ʧʨʦʚʝʜʝʥʦ ʡʦʛʦ ʤʝʭʘʥʽʯʥʫ ʘʢʪʠʚʘʮʽʶ 

ʫ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʚʽʙʨʦʤʣʠʥʽ ʄɺ-25. ʇʽʩʣʷ 3-ʭ ʮʠʢʣʽʚ ʘʢʪʠʚʘʮʽʾ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ɻɼʐ 

ʟʨʦʩʪʘʻ ʫ 1,6 ʨʘʟ (ʨʠʩ. 3.2, ʘ).  

ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʛʨʘʥʫʣʴʦʚʘʥʽ ʜʦʤʝʥʥʽ ʰʣʘʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʠʩʦʢʠʤ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷʤ: ʜʣʷ ɻɼʐ ʟ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 3750 ʩʤ2/ʛ ʢʦʝʬʽʮʽʻʥʪ 

ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ (ʂʦʙ) ʯʝʨʝʟ 2 ʛʦʜ ʩʪʘʥʦʚʠʪʴ 38,9 % (ʨʠʩ. 3.2, ʙ). ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ ʩʧʨʠʷʻ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʦʟʰʘʨʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ ʟ ʜʦʙʘʚʢʦʶ ɻɼʐ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʥʠʟʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʜʦ 24,0 %, ʧʨʠ ʮʴʦʤʫ ʚʦʜʦʧʦʪʨʝʙʘ ʟʨʦʩʪʘʻ 

ʥʘ 25,0 %.  

 

  

ʘ                                                        ʙ  

ʈʠʩʫʥʦʢ 3.2 ï ɼʠʩʧʝʨʩʥʽʩʪʴ ɻɼʐ ʧʽʩʣʷ 3-ʭ ʮʠʢʣʽʚ ʤʝʭʘʥʦ-ʘʢʪʠʚʘʮʽʾ (ʘ) ʽ ʡʦʛʦ 

ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʙ) 

 

ʈʝʟʫʣʴʪʘʪʠ ʣʘʟʝʨʥʦʾ ʛʨʘʥʫʣʦʤʝʪʨʽʾ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ 

ʤʝʭʘʥʦʘʢʪʠʚʦʚʘʥʠʭ ʫ ʚʽʙʨʦʤʣʠʥʽ (ʪʨʠ ʮʠʢʣʠ) ʧʦʜʘʥʦ ʚ ʪʘʙʣ. 3.2. ʆʙôʻʤʥʠʡ ʩʝʨʝʜʥʽʡ 



74 
 

ʜʽʘʤʝʪʨ D [4; 3] ʜʣʷ ɻɼʐ ʧʽʩʣʷ 3-ʭ ʮʠʢʣʽʚ ʘʢʪʠʚʘʮʽʾ (Sʧʠʪ=6000 ʩʤ
2/ʛ) ʟʤʽʱʫʻʪʴʩʷ ʜʦ 

23,70 ʤʢʤ, ʘ ʤʘʢʩʠʤʫʤ ʩʝʨʝʜʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ D [3; 2] ï ʜʦ         

4,50 ʤʢʤ. ʇʨʠ ʮʴʦʤʫ ʚʤʽʩʪ ʬʨʘʢʮʽʡ ʜʦ 10 ʤʢʤ ʟʨʦʩʪʘʻ ʜʦ 46,29 %.  

ʊʘʙʣʠʮʷ 3.2 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ɻɼʐ ʧʽʩʣʷ 3-ʭ ʮʠʢʣʽʚ ʘʢʪʠʚʘʮʽʾ 

ʎʠʢʣ Sʧʠʪ, 

ʩʤ2/ʛ 

Ï <5  

ʤʢʤ, % 

Ï <10  

ʤʢʤ, % 

Ï <20  

ʤʢʤ, % 

Ï <45  

ʤʢʤ, % 

D 

[3; 2] ʤʢʤ 

D 

[4; 3] ʤʢʤ 

0 3750 20,71 36,19 56,11 85,08 6,28 27,40 

2 5250 27,23 41,66 62,14 84,68 5,00 26,9 

3 6000 30,66 46,29 67,81 88,46 4,50 23,7 

 

ʇʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ɻɼʐ ʟ 3,86 ʜʦ 

5,80 ʤʢʤï1Āʦʙ. % (ʨʠʩ. 3.3, ʘ) ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ 

ʘʢʪʠʚʥʦʩʪʽ (SAI) ï ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʧʦʢʘʟʥʠʢ SAI  ʟʨʦʩʪʘʻ ʟ 70,4 ʜʦ 95,0 % 

(ʨʠʩ. 3.3, ʙ).  

 

  

ʘ                                                                     ʙ 

ʈʠʩʫʥʦʢ 3.3 ï ʂʦʝʬʽʮʽʻʥʪ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʧʦʚʝʨʭʥʝʶ (ʘ) ʽ 

ʧʦʢʘʟʥʠʢ ʘʢʪʠʚʥʦʩʪʽ SAI (ʙ) ʜʣʷ ɻɼʐ ʟ ʨʽʟʥʦʶ ʜʠʩʧʝʨʩʥʽʩʪʶ 
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ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʶʪʴ ʝʥʝʨʛʦʟʘʪʨʘʪʠ 

ʥʘ ʧʦʤʝʣ. ʊʘʢ, ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʦʤʝʣʫ ɻɼʐ ʫ ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ ʜʣʷ ʚʢʘʟʘʥʦʛʦ ʚʠʱʝ 

ʜʽʘʧʘʟʦʥʫ ʟʨʦʩʪʘʻ ʟ 50 ʜʦ 140 ʢɺʪĿʛʦʜ/ʪ. 

ɺʠʩʦʢʦʜʠʩʧʝʨʩʥʽ ʧʫʮʦʣʘʥʦʚʽ ʘʢʪʠʚʥʽ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ï ʩʫʧʝʨʮʝʦʣʽʪ ʽ 

ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ ʭʘʨʘʢʪʝʨʠʟʫʪʁʴʩʷ ʚʠʩʦʢʦʶ ʚʦʜʦʧʦʪʨʝʙʦʶ ï 42,5 ʽ 55,0 % ʪʘ ʥʠʟʴʢʠʤ 

ʚʦʜʦʚʽʜʜʽʣʝʥʥʷʤ ï 3,0 ʽ 1,0 % ʚʽʜʧʦʚʽʜʥʦ. ɺʘʧʥʷʢ ʚʠʢʦʥʫʻ ʨʦʣʴ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʤʘʻ 

ʚʠʩʦʢʫ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ, ʘʣʝ ʡʦʛʦ ʚʦʜʦʧʦʪʨʝʙʘ ʩʪʘʥʦʚʠʪʴ 24,0 % ʽ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ 

12,0 %. ɿʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʤʘʻ ʥʘʡʥʠʞʯʫ ʜʠʩʧʝʨʩʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʎɿʄ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʾʾ ʚʦʜʦʧʦʪʨʝʙʘ ï 

27 %, ʘʣʝ ʜʣʷ ʥʝʾ ʭʘʨʘʢʪʝʨʥʝ ʟʥʘʯʥʝ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ï 34 % (ʨʠʩ. 3.4).  

 

   

ʘ                                                                    ʙ  

ʈʠʩʫʥʦʢ 3.4 ï ɺʦʜʦʧʦʪʨʝʙʘ (ʘ) ʽ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ (ʙ) ʜʦʙʘʚʦʢ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘ 

 

ɿʛʽʜʥʦ EN 450-1:2009, ʧʦʢʘʟʥʠʢ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʙʽʣʴʰʝ 75 %, ʘ ʯʝʨʝʟ 90 ï ʙʽʣʴʰʝ 85 % (ʨʠʩ. 3.5). ʈʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʫʧʝʨʮʝʦʣʽʪ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ ʜʦʩʷʛʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʘʢʪʠʚʥʦʩʪʽ ʫʞʝ ʯʝʨʝʟ 2 ʜʦʙʠ ʪʚʝʨʜʥʝʥʥʷ.  
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ʈʠʩʫʥʦʢ 3.5 ï ʇʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʎɿʄ ʟʛʽʜʥʦ EN 450-1:2009 

ʇʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʟʘʜʦʚʽʣʷʥʷʻ ʚʠʤʦʛʠ EN 450-1:2009, ʘʣʝ ʻ 

ʟʥʘʯʥʦ ʥʠʞʯʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʤʠ ʩʫʧʝʨʮʝʦʣʽʪʦʤ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ çnorma wloskaè [63] ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʩʫʧʝʨʮʝʦʣʽʪ ʧʦʨʽʚʥʷʥʦ ʟ ʟʦʣʦ-ʁʚʠʥʝʩʝʥʥʷ ʻ ʚʠʩʦʢʦʘʢʪʠʚʥʦʶ ʧʫʮʦʣʘʥʦʚʦʶ ʜʦʙʘʚʢʦʶ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʩʪʝʤʘ çCaO ï ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷè (1:3) ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʽʮʥʽʩʪʶ ʧʨʠ ʟʛʠʥʽ 0,6 ʄʇʘ, ʧʨʠ ʩʪʠʩʢʫ ï 1,8 ʄʇʘ (ʪʘʙʣ. 3.3). 

ʄʽʮʥʽʩʪʴ ʧʨʠ ʟʛʠʥʽ ʽ ʩʪʠʩʢʫ ʚʘʧʥʥ̫ʦ-ʧʫʮʦʣʘʥʦʚʦʛʦ ʪʽʩʪʘ ʥʘ ʦʩʥʦʚʽ ʩʫʧʝʨʮʝʦʣʽʪʫ 

ʩʪʘʥʦʚʠʪʴ 3,2 ʽ 7,9 ʄʇʘ ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ çnorma wloskaè (Rʟʛ Ó 0,5 

ʄʇʘ, Rʩʪ Ó 2,5 ʄʇʘ).  

ʊʘʙʣʠʮʷ 3.3 ï ʇʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʎɿʄ ɺ/ʊ  ɺʠʤʦʛʠ çnorma wloskaè 

ʱʦʜʦ, ʤʽʮʥʽʩʪʴ, ʄʇʘ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ, ʄʇʘ, ʯʝʨʝʟ 28 

ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

ʧʨʠ ʟʛʠʥʽ ʧʨʠ ʩʪʠʩʢʫ ʧʨʠ ʟʛʠʥʽ ʧʨʠ ʩʪʠʩʢʫ 

ʄʂ 0,68 

0,5 2,5 

 4,05 8,86  

ʉʎ 0,64 3,81 7,95 

ɿɺ 0,28 0,12 1,80 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʨʦʩʪʘʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʦʣʦʜʽʶʪʴ ʛʽʜʨʘʚʣʯ̔ʥʠʤʠ ʘʙʦ ʧʫʮʦʣʘʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʾʭ 

ʘʢʪʠʚʥʦʩʪʽ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʎɿʄ  ʭʘʨʘʢʪʝʨʥʽ ʥʠʞʯʽ ʧʦʢʘʟʥʠʢʠ 

ʚʦʜʦʚʽʜʜʣʝʥʥʷ ʽ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʠʥʠ.  

 

 

3.2. ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥ ̔ʚʣʘʩʪʠʚʦʩʪ ̔ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ 

 

 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʩʢʣʘʜʥʠʢʽʚ ʛʽʜʨʘʚʣʽʯʥʦʾ ʪʘ ʧʫʮʦʣʘʥʦʚʦʾ ʜʽʾ, ʘ ʪʘʢʦʞ  

ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘ ʚ ʩʢʣʘʜʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʧʨʠʛʦʪʦʚʘʥʦ ʜʚʦʢʦʤʧʦʥʝʥʪʥʽ ʮʝʤʝʥʪʠ 

ʟ ʚʤʽʩʪʦʤ 50 ʤʘʩ. %  ʦʜʥʦʛʦ ʪʠʧʫ ʎɿʄ ʧʨʠ ɺ/ʎ = 0,5 (ʪʘʙʣ. 3.4). ɹʘʟʦʚʠʡ ʩʢʣʘʜ 

ʉɽʄ ɯ 42,5R (ʉɽʄ ɯ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 3400 ʩʤ2/ʛ. ʇʨʠ ʟʘʤʽʱʝʥʥʽ 

50 ʤʘʩ. % ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘ ɻɼʐ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʟʨʦʩʪʘʻ ʥʘ 9,7 %.  ɺʚʝʜʝʥʥʷ 

ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ ʚʘʧʥʷʢʫ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ï 12000 ʽ 

10500 ʩʤ2/ʛ ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ 

ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʮʝʤʝʥʪʫ.  

ʊʘʙʣʠʮʷ 3.4 ï ʉʢʣʘʜʠ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ 

ˉ ʩʢʣʘʜʫ 
ʆʩʥʦʚʥʽ ʩʢʣʘʜʥʠʢʠ, ʤʘʩ. % 

Sʧʠʪ, ʩʤ
2/ʛ 

ʉɽʄ ɯ 42,5 R ɻɼʐ ʉʎ ɺ 

1 100 - - - 3400 

2 50 50 - - 3730 

3 50 - 50 - 6370 

4 50 - - 50 7990 

 

ɺʧʣʠʚ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 3.6. ɹʘʟʦʚʠʡ ʩʢʣʘʜ  ʉɽʄ ɯ 42,5 R ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʦʜʦʧʦʪʨʝʙʦʶ 31,7 % ʜʣʷ 
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ʜʦʩʷʛʥʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʦʪʠ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʽ ʧʦʯʘʪʢʦʤ ʪʘ ʢʽʥʮʝʤ ʪʫʞʘʚʽʥʥʷ 235 

ʪʘ 340 ʭʚ ʚʽʜʧʦʚʽʜʥʦ. ʎʝʤʝʥʪ ʽʟ ʚʤʽʩʪʦʤ 50 ʤʘʩ.% ɻɼʐ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʞʯʦʶ 

ʚʦʜʦʧʦʪʨʝʙʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʦʪʠ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʧʦʨʽʚʥʷʥʦ ʟ 

ʙʘʟʦʚʠʤ ʩʢʣʘʜʦʤ - 27,5 %, ʘ ʪʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ ʚʽʜʪʷʛʫʶʪʴʩʷ ʥʘ 15 ʭʚ. ʉʫʧʝʨʮʝʦʣʽʪ 

ʧʽʜʚʠʱʫʻ ʅɻʊ ʜʦ 38,5 % ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʷ ʪʫʞʘʚʽʥʥʷ ʥʘ 40 ʽ 120 ʭʚ 

ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 3.6, ʘ)  ɺʘʧʥʷʢ ʫ ʢʽʣʴʢʦʩʪʽ 50 ʤʘʩ. % ʚ ʩʢʣʘʜʽ ʚóʷʞʫʯʦʛʦ ʜʦʟʚʦʣʷʻ 

ʟʥʠʟʠʪʠ ʚʦʜʦʧʦʪʨʝʙʫ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʥʘ 18 %, ʘ ʧʦʯʘʪʦʢ ʽ ʢʽʥʝʮʴ ʪʫʞʘʚʽʥʥʷ ʥʘ 80 ʭʚ ʽ 

120 ʭʚ (ʨʠʩ. 3.6, ʙ).  

 

   

ʘ                                                                 ʙ  

ʈʠʩʫʥʦʢ 3.6 ï ʅʦʨʤʘʣʴʥʘ ʛʫʩʪʦʪʘ (ʘ) ʪʘ ʪʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ (ʙ) ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ɹ ɺ.2.7-186:2009 ʧʨʠʛʦʪʦʚʘʥʦ ʮʝʤʝʥʪʥʝ ʪʽʩʪʦ ʧʨʠ ɺ/ʎ = 1,0 

ʽ ʚʠʤʽʨʷʥʦ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʚʽʜʜʽʣʠʣʘʩʴ. ʂʦʝʬʽʮʽʻʥʪ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʉɽʄ ɯ 42,5 R 

ʩʪʘʥʦʚʠʪʴ ʂʦʙ=23,1 %, ʩʪʘʙʽʣʽʟʘʮʽʷ ʢʽʥʝʪʠʢʠ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʥʘʩʪʘʻ ʯʝʨʝʟ 60 ʭʚ            

(ʨʠʩ. 3. 7). ɻʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʠʤ 

ʚʦʜʦʚʽʜʜʽʣʝʥʥʷʤ, ʪʦʤʫ ʜʣʷ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʮʝʤʝʥʪʫ ʟ ʚʤʽʩʪʦʤ 50 ʤʘʩ.% ɻɼʐ 

ʂʦʙ=24,7 %, ʩʪʘʙʽʣʽʟʘʮʽʷ ʥʘʩʪʘʻ ʯʝʨʝʟ 90 ʭʚ. ʂʽʥʝʪʠʢʘ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ ʽʟ 50 ʤʘʩ.% ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ ʚʘʧʥʷʢʫ ʧʦʚʽʣʴʥʽʰʘ, ʩʪʘʙʽʣʽʟʘʮʽʷ ʥʘʩʪʘʻ ʯʝʨʝʟ 

100é110 ʭʚ, ʘ ʢʦʝʬʽʮʽʻʥʪʠ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʩʪʘʥʦʚʣʷʪʴ ʂʦʙ=3,3 % ʽ ʂʦʙ=6,0 % 

ʚʽʜʧʦʚʽʜʥʦ. 



79 
 

ʂʽʥʝʪʠʢʘ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʎɿʄ 

ʧʫʮʦʣʘʥʦʚʦʾ ʽ ʛʽʜʨʘʚʣʽʯʥʦʾ ʧʨʠʨʦʜʠ ʘʢʪʠʚʥʦʩʪʽ. ʏʝʨʝʟ 2 ʽ 7 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪʴ ʧʨʠ 

ʩʪʠʩʢʫ ʙʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʩʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ 21,5 ʽ 30,1 ʄʇʘ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ 

ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʮʝʤʝʥʪʽʚ (ʪʘʙʣ. 3.5). 

 

  

ʈʠʩʫʥʦʢ 3. 7 ï ʂʽʥʝʪʠʢʘ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʉɽʄ ɯ ʪʘ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟ ʚʤʽʩʪʦʤ 

50 ʤʘʩ. % ʎɿʄ  

ʊʘʙʣʠʮʷ 3.5 ï ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʉɽʄ ɯ ʪʘ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ɼʉʊʋ ɹ ɽN 196-1:2007  

ˉ 

ʩʢʣʘʜʫ 

ʆʩʥʦʚʥʽ ʩʢʣʘʜʥʠʢʠ, ʤʘʩ. % ʈʂ, 

ʤʤ 

ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ, 

ʫ ʚʽʮʽ, ʜʽʙ, ʄʇʘ 
SAI90, 

% ʉɽʄ ɯ  ɻɼʐ ʉʎ ɺ 
2 7 28 90 

1 100 - - - 165 21,5 30,1 43,5 44,5 100,00 

2 50 50 - - 175 5,7 17 37,3 44,6 100,1 

3 50 - 50 - 117 3,8 16 28,6 39,9 89,70 

4 50 - - 50 160 5,2 11 17,7 24,5 55,10 

 

ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʚʽʜʥʦʩʥʦ ʉɽʄ ɯ 42,5 R ʯʝʨʝʟ 90 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʤʝʥʰʘ ʥʘ 10,3 ʽ 44,9 % ʜʣʷ ʩʢʣʘʜʽʚ ʽʟ ʚʤʽʩʪʦʤ 50 ʤʘʩ.% ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ 
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ʏʘʩ, ʭʚ

ʉɽʄ ɯ 42,5 R
50 ʤʘʩ.% ʉɽʄ ɯ 42,5 R+50 ʤʘʩ.% ɻɼʐ
50 ʤʘʩ.% ʉɽʄ ɯ 42,5 R+50 ʤʘʩ.% ʉʎ
50 ʤʘʩ.% ʉɽʄ ɯ 42,5 R+50 ʤʘʩ.% ɺ
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ʚʘʧʥʷʢʫ ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʟʘʤʽʱʝʥʥʽ 50 ʤʘʩ. % ʉɽʄ ɯ 42,5 R ʥʘ ɻɼʐ ʯʝʨʝʟ 90 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʽʮʥʽʩʪʴ ʪʘʢʦʛʦ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʥʘ 

ʨʽʚʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʉɽʄ ɯ 42,5 [31].  

ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ ʪʠʧʫ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʩʢʣʘʜʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʚʦʜʦʧʦʪʨʝʙʠ (ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʎɿʄ), ʧʽʜʚʠʱʝʥʥʷʤ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʽ ʟʥʠʞʝʥʥʷʤ 

ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ, ʪʦʤʫ ʚʘʞʣʠʚʦ ʜʦʩʣʽʜʠʪʠ ʩʫʤʽʩʥʫ ʜʽʶ ʢʽʣʴʢʦʭ ʪʠʧʽʚ ʘʢʪʠʚʥʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʟ ʤʝʪʦʶ ʧʦʜʦʣʘʥʥʷ ʚʠʱʝʚʢʘʟʘʥʠʭ ʥʝʜʦʣʽʢʽʚ. 

 

 

3.3. ʆʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʫ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

 

ɿʤʝʥʰʝʥʥʷ ʨʝʩʫʨʩʦ- ʪʘ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʮʝʤʝʥʪʥʦʾ ʛʘʣʫʟʽ, ʧʝʨʰ ʟʘ ʚʩʝ,  ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʮʠʢʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʽʜʭʦʜʽʚ, ʱʦ ʥʝ 

ʧʦʪʨʝʙʫʶʪʴ ʚʠʧʘʣʫ. ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʮʝʤʝʥʪʫ ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ 

ʚʤʽʩʪʫ ʢʣʽʥʢʝʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʝʦʙʭʽʜʥʠʭ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʩʝ ʙʽʣʴʰʝ ʥʘʙʫʚʘʶʪʴ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʽ ʟʤʽʰʘʥʽ ʮʝʤʝʥʪʠ, 

ʱʦ ʦʜʝʨʞʫʶʪʴʩʷ ʰʣʷʭʦʤ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʦʤʝʣʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʪʘ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʟʘʢʨʠʪʦʛʦ ʮʠʢʣʫ ʧʦʤʝʣʫ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʦʜʝʨʞʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʮʝʤʝʥʪʽʚ ʰʣʷʭʦʤ ʷʢ ʩʫʤʽʩʥʦʛʦ, ʪʘʢ ʽ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ 

ʢʣʽʥʢʝʨʫ ʽ ʎɿʄ ʚ ʤʣʠʥʘʭ ʟ ʩʝʧʘʨʘʪʦʨʘʤʠ ʦʩʪʘʥʥʴʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʇʨʦʮʝʩʠ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʝʤʝʥʪʽʚ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʢʦʥʪʨʦʣʝʤ ʘʥʘʣʽʪʠʯʥʦʾ ʪʝʭʥʽʢʠ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʡʩʫʯʘʩʥʽʰʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʽʾ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 
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ʧʨʦʮʝʩʫ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʷʢʽʩʪʴ ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ, ʢʣʽʥʢʝʨʫ ʪʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʦʛʦ ʮʝʤʝʥʪʫ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ. 

ʊʝʭʥʦʣʦʛʽʷ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʦʢʨʝʤʦʤʫ ʧʦʤʝʣʽ ʽ ʟʤʽʰʫʚʘʥʥʽ 

ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʮʝʤʝʥʪʫ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʝʬʝʢʪʫ ʤʽʞ 

ʩʢʣʘʜʦʚʠʤʠ ʽ ʦʜʝʨʞʘʪʠ ʝʬʝʢʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʜʠʩʧʝʨʩʥʦʩʪʽ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ. 

ʈʦʟʜʽʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʨʦʟʤʝʣʶʶʪʴ ʦʢʨʝʤʦ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʪʦʥʠʥʠ, 

ʧʨʠ ʷʢʽʡ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʦʙʘʚʦʢ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ 

ʮʝʤʝʥʪ ʟ ʢʨʘʱʠʤʠ ʨʝʦʣʦʛʽʯʥʠʤʠ ʪʘ ʤʽʮʥʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʘʢ ʷʢ 

ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʘʨʽʶʻʪʴʩʷ ʧʦʨʷʜ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ, ʥʝʦʙʭʽʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʽ ʪʦʥʢʽʩʪʴ ʧʦʤʝʣʫ.  

ʈʦʟʧʦʜʽʣ ʝʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʮʝʤʝʥʪʫ ʩʫʭʠʤ ʩʧʦʩʦʙʦʤ ʧʨʠ ʫʩʝʨʝʜʥʝʥʠʭ 

ʧʦʢʘʟʥʠʢʘʭ ʜʣʷ ʢʫʣʴʦʚʦʛʦ ʤʣʠʥʘ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ 3500ï

4000 ʩʤ2/ʛ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.6. ɽʥʝʨʛʦʟʘʪʨʘʪʠ ʥʘ ʦʪʨʠʤʘʥʥʷ ʎɿʄ ʟʥʘʯʥʦ ʤʝʥʰʽ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʤ ʢʣʽʥʢʝʨʦʤ, ʪʦʤʫ ʚʘʞʣʠʚʦ ʟʙʽʣʴʰʫʚʘʪʠ ʾʭ ʢʽʣʴʢʽʩʪʴ ʫ 

ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ.  

ʊʘʙʣʠʮʷ 3.6 ï ɺʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʮʝʤʝʥʪʫ 

ʇʨʦʮʝʩ 
ɽʥʝʨʛʦʻʤʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʄɼʞ/ʪ 

ʇʂ ʉʎ ɻɼʐ ɺ 

ɺʠʜʦʙʫʪʦʢ ʜʦʩʪʘʚʢʘ 25 24 16 25 

ʉʫʰʽʥʥʷ ʽ ʧʦʜʨʽʙʥʝʥʥʷ  160 52 152 120 

ɺʠʧʘʣ 3250 ï ï - 

ʇʦʤʝʣ*,(ʢɺʪĀʛʦʜ/ʪ) 152 (42) 72 (20) 180 (50) 125 (34) 

ɿʘʛʘʣʴʥʘ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ 3587 147 348 270 

 

ʊʚʝʨʜʽʩʪʴ ʟʘ ʰʢʘʣʦʶ ʄʦʦʩʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ (ʇʂ) ʽ ʜʦʤʝʥʥʦʛʦ 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʰʣʘʢʫ ʩʪʘʥʦʚʠʪʴ 7, ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ ï 4, ʚʘʧʥʷʢʫ ï 5. ɼʠʩʧʝʨʩʥʽʩʪʴ 
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ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʤʝʣʫ. ʇʽʜʚʠʱʝʥʘ ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʮʝʦʣʽʪʽʚ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʦʟʘʪʨʘʪʠ ʥʘ ʧʦʤʝʣ ʚ ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ ʜʦ 20 ʢɺʪĿʛʦʜ/ʪ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʧʦʢʘʟʥʠʢʘ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ 12000 ʩʤ2/ʛ. ɺʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʮʝʤʝʥʪʽʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʮʝʤʝʥʪʽʚ. ʎʷ 

ʪʝʭʥʦʣʦʛʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʛʦ 

ʛʝʥʝʟʠʩʫ ʪʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʟ ʧʽʜʚʠʱʝʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʬʨʘʢʮʽʡ ʚ ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ ʩʠʩʪʝʤʠ.  

ʄʝʪʦʜʦʤ ʩʠʤʧʣʝʢʩ-ʨʝʰʽʪʯʘʩʪʦʛʦ ʧʣʘʥʫ ʐʝʬʬʝ çʩʫʤʽʰ-ʚʣʘʩʪʠʚʽʩʪʴè ʜʦʩʣʽʜʞʝʥʦ 

ʩʫʤʽʩʥʫ ʜʽʶ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʽ 

ʚʦʜʦʧʦʪʨʝʙʠ. ʋ ʚʠʧʘʜʢʫ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʩʫʤʽʰʽ çɻɼʐ (ʍ1):ʉʎ (ʍ2):ɿɺ (ʍ3)è 

ʢʦʞʥʽʡ ʪʦʯʮʽ ʪʨʠʢʫʪʥʦʾ ʜʽʘʛʨʘʤʠ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʘ ʢʦʞʝʥ ʩʢʣʘʜ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʧʝʚʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʥʘʯʠʤʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚʦʜʦʧʦʪʨʝʙʘ (ʈʅɻʊ) ʽ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ (ʈʢʦʙ) 

ʩʫʤʽʰʽ ʎɿʄ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ:  

Pʥʛʪ=25,6889ĿX1+42,6344ĿX2+27,1253ĿX3ï4,55349ĿX1ĿX2ï

3,57167ĿX2ĿX3+11,012ĿX1ĿX2ĿX3 

Pʢʦʙ=38,8826ĿX1+1,80989ĿX2+41,3281ĿX3ï35,015ĿX1ĿX2ï3,97862ĿX1ĿX3ï

26,1241ĿX2ĿX3+166,235ĿX1ĿX2ĿX3 

ʅʘ ʨʠʩ. 3.8 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʨʚʽʩʥʠʡ ʢʦʥʪʫʨʥʠʡ ʛʨʘʬʽʢ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ ʫ 

ʚʠʛʣʷʜʽ ʢʦʥʪʫʨʥʠʭ ʣʽʥʽʡ ʨʽʚʥʠʭ ʟʥʘʯʝʥʴ ʧʨʦʝʢʮʽʡ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʈʅɻʊ ʽ ʈʢʦʙ ʥʘ 

ʪʨʠʢʦʤʧʦʥʝʥʪʥʠʡ ʩʠʤʧʣʝʢʩ. ɿʘʤʽʱʝʥʥʷ ʢʣʽʥʢʝʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʎɿʄ ʦʩʦʙʣʠʚʦ ʚʧʣʠʚʘʻ 

ʥʘ ʨʫʭʣʠʚʽʩʪʴ ʽ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʮʝʤʝʥʪʫ, ʱʦ 

ʚʝʜʝ ʟʘ ʩʦʙʦʶ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʽʚ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʽʚ ʽ ʨʦʟʯʠʥʽʚ 

ʥʘ ʾʭ ʦʩʥʦʚʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʽ ʚʦʜʦʧʦʪʨʝʙʫ 

ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʤʘʻ ʩʫʧʝʨʮʝʦʣʽʪ, ʚ ʪʦʡ ʯʘʩ ʷʢ ɿɺ ʽ ɻɼʐ ʤʘʶʪʴ ʤʘʡʞʝ 
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ʦʜʥʘʢʦʚʫ ʜʽʶ. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʉʎ ʜʦ 67 ʤʘʩ. % ʚ ʩʫʤʽʰʽ ʉʎ+ɿɺ ʟʘʙʝʟʧʝʯʫʻ 

ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʜʦ 7,3 %. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʪʘʢʦʛʦ ʞ ʚʤʽʩʪʫ ɻɼʐ 

ʽ ɿɺ ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ 30,9 ʽ 35,7 %. ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ ʉʎ ʚʦʣʦʜʽʻ 

ʚʠʩʦʢʦʶ ʚʦʜʦʧʦʪʨʝʙʦʶ ï 36,0 %, ʪʦʤʫ ʧʦʻʜʥʘʥʥʷ ʩʫʧʝʨʧʫʮʦʣʘʥʠ ʟ ʎɿʄ, ʱʦ 

ʚʦʣʦʜʽʶʪʴ ʧʨʦʪʠʣʝʞʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ 

ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ. 

 

  
ʘ                                                            ʙ 

ʈʠʩʫʥʦʢ 3.8 ï ɯʟʦʣʽʥʽʾ ʚʧʣʠʚʫ ʩʢʣʘʜʫ ʎɿʄ ʥʘ ʦʩʥʦʚʽ ɻɼʐ, ʩʫʧʝʨʮʝʦʣʽʪʫ, ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ ʥʘ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ (ʘ) ʪʘ ʚʦʜʦʧʦʪʨʝʙʫ (ʙ)  

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʮʝʤʝʥʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʉɽʄ ɯ 42,5 R (ʉɽʄ ɯ) ʟ 

ʘʢʪʠʚʥʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ɻɼʐ ʪʘ ʩʫʤʽʰʽ ʉʎ+ɿɺ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.7 ʪʘ 

ʨʠʩ. 3.10. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʩʫʪʪʻʚʦ ʥʠʞʯʽ ʝʥʝʨʛʦʟʘʪʨʘʪʠ ʥʘ ʧʦʤʝʣ ʧʫʮʦʣʘʥʦʚʦʛʦ ʮʝʤʝʥʪʫ 

ʧʦʨʽʚʥʷʥʦ ʟ ʰʣʘʢʦʚʠʤ. ʋ ʨʘʥʥʴʦʤʫ ʚʽʮʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʝ ʩʧʦʚʽʣʴʥʝʥʥʷ ʥʘʙʦʨʫ 

ʤʽʮʥʦʩʪʽ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ (ʨʠʩ. 3.9, ʘ). ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʽʥʜʝʢʩ ʘʢʪʠʚʥʦʩʪʽ ʟʘ 

ʤʽʮʥʽʩʪʶ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʛʦ ʮʝʤʝʥʪʫ ʟ ʚʤʽʩʪʦʤ ʧʫʮʦʣʘʥʠ (50 ʤʘʩ. % ʉɽʄ ɯ 42,5 R; 

27 ʤʘʩ. % ʉʎ; 23 ʤʘʩ. % ɿɺ) ʧʝʨʝʚʠʱʫʻ ʘʥʘʣʦʛʽʯʥʠʡ ʽʥʜʝʢʩ ʰʣʘʢʦʚʦʛʦ ʮʝʤʝʥʪʫ 
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(ʨʠʩ. 3.9, ʙ). ɿ ʚʽʢʦʤ ʪʚʝʨʜʥʝʥʥʷ ʨʽʟʥʠʮʷ ʚ ʤʽʮʥʦʩʪʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʟ ʚʤʽʩʪʦʤ 

ʧʫʮʦʣʘʥʠ ʧʦʨʽʚʥʷʥʦ ʟ ʯʠʩʪʦʢʣʽʥʢʝʨʥʠʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʉɽʄ ɯ 42,5 R ʟʤʝʥʰʫʻʪʴʩʷ, 

ʘ ʯʝʨʝʟ 90 ʜʽʙ ʽʥʜʝʢʩ ʘʢʪʠʚʥʦʩʪʽ ʩʪʘʻ ʥʘʡʚʠʱʠʤ.  

ʊʘʙʣʠʮʷ 3.7 ï ɺʧʣʠʚ ʎɿʄ ʥʘ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ  

ʉʢʣʘʜ, ʤʘʩ.% 
Sʧʠʪ, ʩʤĮ/ʛ ʈʂ, ʤʤ ʇʦʤʝʣ, ʢɺʪĿʛʦʜ/ʪ 

ʉɽʄ ɯ ɻɼʐ ʉʎ ɿɺ 

100 - - - 3590 145 41 

50 50 - - 4540 150 68 

50 25 25 - 6000 135 48 

50 15 20 15 4940 170 44 

50 - 27,0 23,0 7520 134 39 

 

    

ʘ                                                 ʙ 

ʈʠʩʫʥʦʢ 3.9 ï ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ (ʘ) ʪʘ ʽʥʜʝʢʩ ʘʢʪʠʚʥʦʩʪʽ SAI (ʙ) 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ 

 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʟ 

ʚʤʽʩʪʦʤ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʫʮʦʣʘʥʦʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʜʦ ʩʠʩʪʝʤʠ çɿɺ ï ʉʎè ʜʦʜʘʥʦ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ. ʆʩʢʽʣʴʢʠ ʜʣʷ 
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ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʧʦʢʘʟʥʠʢʠ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʽ ʚʦʜʦʧʦʪʨʝʙʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʚʥʽ ʩʫʧʝʨʮʝʦʣʽʪʫ, ʪʦ ʦʧʪʠʤʽʟʘʮʽʶ ʩʢʣʘʜʫ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ 

ʜʦʙʘʚʢʠ (ʂʇɼ-03) ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ ʩʠʤʧʣʝʢʩ-ʨʝʰʽʪʯʘʩʪʦʛʦ ʧʣʘʥʫ ʐʝʬʬʝ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʛʽʜʥʦ EN 450-1:2009 ʧʨʠ ʟʘʤʽʥʽ 25 % ʉɽʄ ɯ 42,5 

ʥʘ ʎɿʄ ʟ ʧʫʮʦʣʘʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʠʤʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʯʝʨʝʟ 2 (ʈSAI2ʜʦʙʠ) ʽ 28 (ʈSAI28ʜʽʙ)  ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʚ ʩʠʩʪʝʤʽ  ɿɺ ï ʉʎ ï ʄʂ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ:  

ʈSAI2ʜʦʙʠ=84,3456ĿX1+60,2381ĿX2+88,7843ĿX3ï20,349ĿX1ĿX2ï78,8945ĿX1ĿX3ï

67,9326ĿX2ĿX3 +27,6734ĿX1ĿX2ĿX3 

ʈSAI28ʜʽʙ=111,4523ĿX1+76,3598ĿX2+127,9043ĿX3ï40,641ĿX1ĿX2ï88,8047ĿX1ĿX3ï

35,9429ĿX2ĿX3 +8,6034ĿX1ĿX2ĿX3 

ʅʘ ʨʠʩ. 3.10 ʧʦʢʘʟʘʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ (PSAI28 = 99 %, PSAI90 = 

134 %) ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ɿɺ:ʉʎ:ʄʂ=0,6:0,3:0,1. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ 

(Ó 60 ʤʘʩ. %) ʚ ʩʫʤʽʰʽ ɿɺ-ʉʎ-ʄʂ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʜʦʙʘʚʢʠ.  

 

 

ʘ                                      ʙ 

ʈʠʩʫʥʦʢ 3.10 ï ʇʦʚʝʨʭʥʷ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ, ʱʦ ʦʧʠʩʫʻ ʚʧʣʠʚ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ ʉʎ ï ɿɺ ï ʄʂ ʥʘ ʧʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ 28 (ʘ) ʽ 90 (ʙ) ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ 
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ʇʦʻʜʥʘʥʥʷ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʧʫʮʦʣʘʥ (ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʽ ʩʫʧʝʨʮʝʦʣʽʪʫ) ʟ 

ʟʦʣʦʶ-ʚʠʥʝʩʝʥʥʷ, ʱʦ ʚʦʣʦʜʽʻ ʧʣʘʩʪʠʬʽʢʫʶʯʠʤ ʝʬʝʢʪʦʤ, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʪʨʠʢʦʤʧʦʥʝʥʪʥʫ ʢʦʤʙʽʥʦʚʘʥʫ ʧʫʮʦʣʘʥʦʚʫ ʜʦʙʘʚʢʫ ʂʇɼ-03 ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ 

ʨʝʦʣʦʛʽʯʥʠʤʠ ʽ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ʊʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʭʘʥʦ-ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʾ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʟʘ ʦʮʽʥʢʦʶ ʨʫʭʣʠʚʦʩʪʽ, ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ ʽ ʢʽʥʝʪʠʢʠ ʥʘʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ (ʎ:ʇ=1:3). ɺ 

ʨʦʣʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʟʘʩʪʦʩʦʚʘʥʦ ʧʦʨʦʰʢʦʧʦʜʽʙʥʽ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ (ʈʉɽ)  ʽ ʣʽʛʥʦʩʫʣʴʬʦʥʘʪ ʪʝʭʥʽʯʥʠʡ (ʃʉʊ) ʫ ʢʽʣʴʢʦʩʪʽ 1 % 

ʚʽʜ ʤʘʩʠ ʂʇɼ. ʈʽʚʝʥʴ ʟʘʤʽʱʝʥʥʷ ʉɽʄ I 42,5 R ʢʦʤʙʽʥʦʚʘʥʦ  ʁʧʫʮʦʣʘʥʦʚʦ  ʁʜʦʙʘʚʢʦ  ʁ

ʩʪʘʥʦʚʠʪʴ 50 ʤʘʩ. % ʜʣʷ ʚʩʽʭ ʩʢʣʘʜʽʚ ʮʝʤʝʥʪʦ-ʧʽʮʘʥʦʛʦ ʨʦʟʯʠʥʫ. ʂʦʥʪʨʦʣʴʥʠʤ 

ʧʨʠʡʥʷʪʦ ʩʢʣʘʜ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʟ ʚʤʽʩʪʦʤ 50 ʤʘʩ. % ʉɽʄ I 42,5 R ʽ 50 ʤʘʩ. % ʂʇɼ-

02 ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʧʣʠʚ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʥʫʩʘ ʮʝʤʝʥʪʦ-ʧʽʱʘʥʦʛʦ 

ʨʦʟʯʠʥʫ (ɺ/ʎ=0,5) ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥ ̔ ʈʉɽ ʚ ʩʢʣʘʜʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʜʦʙʘʚʢʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 144 ʜʦ 290 ʤʤ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʃʉʊ ï ʜʦ 225 ʤʤ (ʪʘʙʣ. 3.8).  

ʊʘʙʣʠʮʷ 3.8 ï ɺʧʣʠʚ ʤʝʭʘʥʦ-ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ 

ʜʦʙʘʚʢʠ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ 

ʂ-ʩʪʴ ʤʦʜʠʬʽ-

ʢʘʪʦʨʘ, % 
ɺ/ʎ ʈʂ, ʤʤ 

ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ, ʫ ʚʽʮʽ, ʜʽʙ, ʄʇʘ 

2 7 28 

- 0,5 144 11,9 32,5 40,7 

ʈʉɽ 

1,0 0,5 290 11,9 33,5 38,7 

1,0 0,4 145 20,6 38,8 54,4 

ʃʉʊ 

1,0 0,5 225 12,8 24,1 37,3 

1,0 0,4 141 18,3 35,6 48,1 
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ɺʽʜʟʥʘʯʝʥʦ, ʱʦ  ʚʦʜʦʨʝʜʫʢʫʶʯʠʡ ʝʬʝʢʪ (ȹ ɺ/ʎ = 20 %) ʜʦʙʘʚʦʢ ʦʜʥʘʢʦʚʠʡ, 

ʧʨʦʪʝ ʚʠʱʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʨʦʟʯʠʥʫ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʪʚʝʨʜʥʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʢʣʘʜ ʟ ʚʤʽʩʪʦʤ ʈʉɽ ʧʦʨʽʚʥʷʥʦ ʟ ʃʉʊ (ʨʠʩ. 3. 11). ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ 

ʚ ʩʢʣʘʜʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʂʇɼ-ʄ2 ʝʬʝʢʪʠʚʥʽʰʝ ʧʦʨʽʚʥʷʥʦ ʟ 

ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʦʤ ʪʝʭʥʽʯʥʠʤ.  

 

 

ʈʠʩʫʥʦʢ 3.11 ï ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʦʪʦʨʽʚ ʚ ʩʢʣʘʜʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʢʦʤʧʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʝʥʦ ʩʢʣʘʜʠ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʾ ʢʦʤʙʽʥʦʚʘʥʦ ʧʫʮʦʣʘʥʦʚʦʾ 

ʜʦʙʘʚʢʠ ʥʘ ʦʩʥʦʚʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʽ ʩʫʧʝʨʮʝʦʣʽʪʫ (ʂʇɼ-02), ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ï ʥʘ 

ʦʩʥʦʚʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ, ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ (ʂʇɼ-03), ʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ, ʷʢʫ ʦʜʝʨʞʫʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʤʝʭʘʥʦ-ʭʽʤʽʯʥʦʾ 

ʘʢʪʠʚʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʛʦ ʈʉɽ ʫ ʢʽʣʴʢʦʩʪʽ 1 % ʚʽʜ ʤʘʩʠ ʜʦʙʘʚʢʠ 

(ʂʇɼ-ʄ2). ɼʣʷ ʦʜʝʨʞʘʥʠʭ ʜʦʙʘʚʦʢ ʚʠʟʥʘʯʝʥʦ ʧʦʢʘʟʥʠʢʠ ʜʠʩʧʝʨʩʥʦʩʪʽ ʟʘ ʧʠʪʦʤʦʶ 

ʧʦʚʝʨʭʥʝʶ ʽ ʟʘʣʠʰʢʦʤ ʥʘʩʠʪʽ, ʜʦʩʣʽʜʞʝʥʦ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʚʦʜʦʧʦʪʨʝʙʘ, 

ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ, ʪʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ) ʽ ʤʝʭʘʥʽʯʥʽ (ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪʶʜʝʥʪʘ ʟʛʽʜʥʦ 

ɼʉʊʋ ɹ ɺ.2.7-100-2000, ʧʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʟʛʽʜʥʦ  EN 450-1:2009 ʽ ʤʝʪʦʜʠʢʠ, ʦ 

ʦʧʠʩʘʥʘ ʚ çnorma wloskaè). ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʜʠʩʧʝʨʩʽʾ ʯʝʨʝʟ ʚʚʝʜʝʥʥʷ 
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ʤʽʢʨʦʢʨʝʤʝʥʝʟʝʤʫ ʽ ʤʝʭʘʥʽʯʥʽʡ ʘʢʪʠʚʘʮʽʾ ʟʥʠʞʫʻʪʴʩʷ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʜʦʙʘʚʦʢ ʽ ʟʨʦʩʪʘʻ 

ʾʭ ʧʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ. ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ 

ʜʦʙʘʚʦʢ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.9. 

ʊʘʙʣʠʮʷ 3.9 - ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʢʦʤʧʣʝʢʩʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ 

ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʂʇɼ 02 ʂʇɼ 03 ʂʇɼ ʄ2 

ʉʢʣʘʜ 46 % ɿɺ 

54 % ʉʎ 

60 % ɿɺ 

30 % ʉʎ 

10 % ʄʂ 

46 % ɿɺ 

54 % ʉʎ 

1 % ʈʉɽ 

ʊʦʥʠʥʘ ʧʦʤʝʣʫ ʟʘ ʧʠʪʦʤʦʶ 

ʧʦʚʝʨʭʥʝʶ, Sʧʠʪ, ʩʤ
2/ʛ 

8670 11500 12450 

ʊʦʥʠʥʘ ʧʦʤʝʣʫ ʟʘ ʟʘʣʠʰʢʦʤ ʥʘ 

ʩʠʪʽ, ɸ008, ʤʘʩ.% 

0,9 1,1 0,0 

ɺʦʜʦʧʦʪʨʝʙʘ, % 31,5 33,0 25,0 

ɺʦʜʦʚʽʜʜʽʣʝʥʥʷ, ʂʦʙ, % 13,5 6,4 2,7 

ʊʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ, ʜʽʙ: 

- ʢʽʥʝʮʴ  

3 2 2 

ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪʶʜʝʥʪʘ 28,1 30,0 35,4 

ʇʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʟʛʽʜʥʦ 

EN 450-1:2009, ʯʝʨʝʟ ʜʽʙ 

- 28 

- 90 

 

 

94 

126 

 

 

99 

134 

 

 

124 

144 

ʇʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʟʛʽʜʥʦ 

çnorma wloskaè, ʤʽʮʥʽʩʪʴ ʯʝʨʝʟ 

28 ʜʽʙ ʧʨʠ, ʄʇʘ: 

- ʟʛʠʥʽ 

- ʩʪʠʩʢʫ 

 

 

 

1,8 

10,9 

 

 

 

2,2 

12,1 

 

 

 

2,7 

14,5 



89 
 

ɼʦʩʣʽʜʞʝʥʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʂʇɼ-03 ʟ 25 ʜʦ 75 ʤʘʩ. % ʚ ʩʢʣʘʜʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʨʦʩʪʘʥʥʷʤ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʟ 5920 ʜʦ 7680 ʩʤĮ/ʛ ʮʝʤʝʥʪʫ, ʧʽʜʚʠʱʝʥʥʷʤ ʚʦʜʦʧʦʪʨʝʙʠ 

ʥʘ 5 %, ʧʦʜʦʚʞʝʥʥʷʤ ʪʝʨʤʽʥʽʚ ʪʫʞʘʚʽʥʥʷ ʽ ʟʥʠʞʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʟ 

14,4 ʜʦ 6,8 % (ʪʘʙʣ. 3.10). 

ʊʘʙʣʠʮʷ 3.10 ï ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʫʮʦʣʘʥʦʚʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ 

ʉʢʣʘʜ ʮʝʤʝʥʪʫ, 

ʤʘʩ.% Sʧʠʪ, 

ʩʤĮ/ʛ 
ʅɻʊ 

ʊʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ, 

ʭʚ ʂʦʙ, % 

ʉɽʄ ɯ ʂʇɼ-03 ʇʦʯ. ʂʽʥ. 

100 0 3590 29,5 160 210 17,1 

75 25 5920 31,5 130 190 14,4 

50 50 6850 31,5 140 200 9,1 

25 75 7680 33,0 190 250 6,8 

 

ɺʧʣʠʚ ʢʽʣʴʢʦʩʪʽ ʂʇɼ-03 ʥʘ ʦʩʥʦʚʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʫʮʦʣʘʥʦʚʦʾ 

ʜʽʾ ʥʘ ʢʽʥʝʪʠʢʫ ʥʘʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʜʦʩʣʽʜʞʝʥʦ ʟʛʽʜʥʦ ɼʉʊʋ EN 

196-1 (ʨʠʩ. 3.12).  

 

 

ʈʠʩʫʥʦʢ 3.12 ï ɺʧʣʠʚ ʢʽʣʴʢʦʩʪʽ ʂʇɼ-03 ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʠʟʴʢʦʝʤʽʩʡʥʠʭ ʮʝʤʝʥʪʽʚ 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ ʮʝʤʝʥʪʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ ʟ ʚʤʽʩʪʦʤ ʂʇɼ-03 ʜʦ 25 ʤʘʩ. % ʥʝ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ (ʣʠʰʝ ʜʦ 13 %). ɯʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ 

ʧʨʦʧʦʨʮʽʡʥʦ ʟʥʠʞʫʻʪʴʩʷ. ɿʘ ʨʘʭʫʥʦʢ ʧʫʮʦʣʘʥʦʚʦʾ ʨʝʘʢʮʽʾ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

ʨʽʟʥʠʮʷ ʤʽʮʥʦʩʪʽ ʚ ʤʝʞʘʭ 13 % ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʂʇɼ-03 ʜʦ                   

50 ʤʘʩ. % ʚ ʩʢʣʘʜʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ. ɽʬʝʢʪʠʚʥʠʡ ʜʽʘʧʘʟʦʥ ʟʘʤʽʱʝʥʥʷ ʟʚʠʯʘʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʢʦʤʙʽʥʦʚʘʥʦʶ ʧʫʮʦʣʘʥʦʚʦʶ ʜʦʙʘʚʢʦʶ ʩʪʘʥʦʚʠʪʴ 25é50 ʤʘʩ. % ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʢʣʘʩʫ 32,5 ʽ 42,5 ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʟ ʢʣʽʥʢʝʨ-

ʬʘʢʪʦʨʦʤ 0,50 ʧʨʦʚʝʜʝʥʦ ʟʤʽʰʫʚʘʥʥʷ 50 ʤʘʩ. % ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ ʉɽʄ ɯ 42,5 R ʪʘ 50 ʤʘʩ. % ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ 

ʜʦʙʘʚʢʠ ʂʇɼ-03. ɿʘ ʨʝʯʦʚʠʥʥʠʤ ʩʢʣʘʜʦʤ ʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ 

ʩʪʠʩʢʫ ʧʦʟʥʘʯʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʟʛʽʜʥʦ 

ɼʉʊʋ ɹ ɺ.2.7-46:2010 ï çʇʫʮʦʣʘʥʦʚʠʡ ʮʝʤʝʥʪ ɼʉʊʋ ɹ ɺ.2.7-46:2010 

ʇʎʎ IV/ɹ (ʇ-ɿ)-400ʈè, ʟʛʽʜʥʦ ɼʉʊʋ ɹ EN 197-1:2015 ï ʇʫʮʦʣʘʥʦʚʠʡ ʮʝʤʝʥʪ           

ɼʉʊʋ ɹ EN 197-1 ï ʉɽʄ ɯV/ɺ (P-V-D) 32,5 R.  ʇʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ 

ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ 6850 ʩʤ2/ʛ, ʟʘʣʠʰʦʢ ʥʘ ʩʠʪʽ ɸ008 1,1 %, ʧʦʯʘʪʦʢ ʽ ʢʽʥʝʮʴ ʪʫʞʘʚʽʥʥʷ 

ʥʘʩʪʘʻ ʯʝʨʝʟ 140 ʽ 200 ʭʚ ʚʽʜʧʦʚʽʜʥʦ ʙʝʟ ʦʟʥʘʢ ʭʠʙʥʦʛʦ ʪʫʞʘʚʽʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ 

ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 9,1. 

ʎʝʤʝʥʪʠ ʟ ʚʤʽʩʪʦʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʤʝʥʰʝ 50 ʤʘʩ. % ʯʘʩʪʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ. ɿʛʽʜʥʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ ɹ ɺ.2.7-124-2004 ʮʝʤʝʥʪ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ (ʎɹʈ) ʧʦʚʠʥʝʥ 

ʤʽʩʪʠʪʠ ʥʝ ʤʝʥʰʝ 20 ʤʘʩ. % ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ. ɿʛʽʜʥʦ ʟ 

ɼʉʊʋ ɹ EN 413-1:2015 ʜʣʷ ʤʫʨʫʚʘʣʴʥʦʛʦ ʮʝʤʝʥʪʫ ʚʤʽʩʪ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ 

ʢʣʽʥʢʝʨʫ ʤʘʻ ʩʢʣʘʜʘʪʠ ï ʥʝ ʤʝʥʰʝ 40 ʤʘʩ. %. ɼʣʷ ʮʝʤʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʜʣʷ ʤʫʨʫʚʘʣʴʥʠʭ ʽ ʰʪʫʢʘʪʫʨʥʠʭ ʨʦʙʽʪ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʻʜʥʘʥʥʷ ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ ʚʘʧʥʷʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ 
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ʨʦʟʯʠʥʽʚ (ʪʘʙʣ. 3.11) ʩʚʽʜʯʘʪʴ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʫʧʝʨʮʝʦʣʽʪʫ ʚ ʩʢʣʘʜʽ ʪʘʢʠʭ 

ʮʝʤʝʥʪʽʚ ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ï ʟʥʠʞʫʻʪʴʩʷ ʚʦʜʦʚʽʜʜʣʝʥʥʷ ʟ 29,2 ʜʦ 4,3 %, ʘ ʪʘʢʦʞ 

ʟʨʦʩʪʘʻ ʤʽʮʥʽʩʪʴ ʯʝʨʝʟ 7 ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʮʝʤʝʥʪʦʤ, ʚ ʷʢʦʤʫ ʧʝʨʝʚʘʞʘʻ 

ʚʤʽʩʪ ʚʘʧʷʥʢʫ. 

ʊʘʙʣʠʮʷ 3.11 ï ɼʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ  

 

ʉʢʣʘʜ ʮʝʤʝʥʪʫ,  

ʤʘʩ. % 

Sʧʠʪ., 

ʩʤ2/ʛ 

ʊʝʨʤʽʥʠ 

ʪʫʞʘʚʽʥʥʷ, 

ʭʚ 
ʂʦʙ, 

% 

ʊɺʆ 

ʯʝʨʝʟ 1 

ʜʦʙʫ, 

ʄʇʘ 

Rʩʪ, ʄʇʘ, ʯʝʨʝʟ ʜʽʙ, 

(ʟʛʽʜʥʦ EN 196-1) 

ʇʦʯ. ʂʽʥ. 
ʉɽʄ ɯ ʉʎ ɺ 2 7 28 

40 15 45 6070 125 210 29,2 19,2 5,4 11,2 20,2 

44 28 28 7140 100 180 19,7 22,8 6,2 13,7 26,2 

40 35 25 7790 90 180 4,3 19,6 4,1 13,1 23,5 

 

ʆʪʞʝ, ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ CEM I 42,5R ʽ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʘ ʜʠʩʧʝʨʩʥʽʩʪʴ ʦʢʨʝʤʠʭ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʝʯʦʚʠʥʥʠʡ ʽ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜʠ ʥʝʢʣʽʥʢʝʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʮʝʤʝʥʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ  

ʥʠʟʴʢʦʝʤʽʩʽʡʥ ̔ʟʤʽʰʘʥ ̔ʮʝʤʝʥʪʠ  ʉɽʄ ɯV/ɺ (P-V-D) 32,5 R ʽ ʄʉ 22,5ʍ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

 

 

3.4. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʛʽʜʨʘʪʘʮʽʾ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ 

 

  

ʋ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥ ̔ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʦʜʥʦʯʘʩʥʦ ʙʝʨʫʪʴ 
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ʫʯʘʩʪʴ ʷʢ ʢʣʽʥʢʝʨʥʽ, ʪʘʢ ʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʽ ʤʘʪʝʨʽʘʣʠ, ʘʢʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʷʢʠʭ 

ʨʝʘʛʫʶʪʴ ʟ ʧʨʦʜʫʢʪʘʤʠ ʛʽʜʨʘʪʘʮʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ. ʐʚʠʜʢʽʩʪʴ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʫʮʦʣʘʥʦʚʦʾ ʨʝʘʢʮʽʾ ʧʽʜ ʯʘʩ ʛʽʜʨʘʪʘʮʽʾ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʽʚ ʟʚôʷʟʫʚʘʥʥʷ ʧʦʨʪʣʘʥʜʠʪʫ ʘʢʪʠʚʥʠʤʠ SiO2 ʪʘ Al2O3 ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʥʠʟʴʢʦʦʩʥʦʚʥʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʽ ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʩʢʣʘʜʽ 

ʅɿʎ ʧʦʻʜʥʫʶʪʴʩʷ ʜʝʢʽʣʴʢʘ ʧʫʮʦʣʘʥ, ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯ  ̔ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʡ ʢʣʽʥʢʝʨ, 

ʚʠʥʠʢʘʻ ʥʝʦʙʽʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥ ̫ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ çʉʘʆ ï ʧʫʮʦʣʘʥʘè ʽ çɻɼʐ ï 

ʧʫʮʦʣʘʥʘè, ʙʽʥʘʨʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ.  

ɿʛʽʜʥʦ ʜʘʥʠʭ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 3.13, ʘ, ʚ, 3.14, ʘ, ʚ) ʚ ʩʠʩʪʝʤʽ çʉʘʆ ï ʉʎè ʽ 

çʉʘʆ ï ʂʇɼ-03è ʥʘ ʢʨʠʚʽʡ ɼʊɸ ʯʝʨʝʟ 14 ʪʘ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʬʽʢʩʫʻʪʴʩʷ 

ʝʥʜʦʪʝʨʤʽʯʥʠʡ ʝʬʝʢʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 150-170Áʉ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʚʠʜʽʣʝʥʥʶ ʬʽʟʠʯʥʦ-

ʟʚôʷʟʘʥʦʾ ʪʘ ʬʽʟʠʯʥʦ-ʘʜʩʦʨʙʦʚʘʥʦʾ ʚʦʜʠ ʟ ʧʦʨ ʽ ʢʘʧʽʣʷʨʽʚ, ʘ ʪʘʢʦʞ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ. 

ɺʠʩʦʢʘ ʧʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʩʫʧʝʨʮʝʦʣʽʪʫ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦ-

ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʤʦʜʝʣʴʥʦʾ ʩʠʩʪʝʤʠ çʉʘʆ ï ʉʎè, ʣʽʥʽʾ (ʉʘʆʅ)2 ʥʝ ʬʽʢʩʫʶʪʴʩʷ ʯʝʨʝʟ 

14 ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʚʽʜʟʥʘʯʝʥʦ ʥʝʟʥʘʯʥʽ ʣʽʥʽʾ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ 

ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ ʪʠʧʫ AFm-ʬʘʟʠ (d/n=0,810; 0,395; 0,288 ʥʤ) (ʨʠʩ. 3. 13, ʙ, ʛ).  

ʏʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʡ ʢʘʣʴʮʠʪʫ ʉʘʉʆ3 (d/n=0,303; 0,249, 

0,228; 0,209 ʥʤ) ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʬʽʢʩʫʶʪʴʩʷ ʨʝʬʣʝʢʩʠ ʥʠʟʴʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʫ ʪʠʧʫ ʉ3ɸĿʉʘʉʆ3Ŀʅ2ʆ (d/n=0,76 ʥʤ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʟʥʘʯʥʠʡ 

ʧʝʨʝʭʽʜ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ ʫ ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʻ ʥʠʞʯʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʤʠ ʩʫʧʝʨʮʝʦʣʽʪʦʤ ʽ ʤʽʢʨʦʢʨʝʤʝʥʟʝʤʦʤ, ʪʦʤʫ ʟʚôʷʟʫʚʘʥʥʷ (ʉʘʆʅ)2 ʚ 

ʤʦʜʝʣʴʥʽʡ ʩʠʩʪʝʤʽ çʉʘʆ ï ʂʇɼ-03è ʧʨʦʭʦʜʠʪʴ ʧʦʚʽʣʴʥʽʰʝ ʧʦʨʽʚʥʷʥʦ ʟ çʉʘʆ ï ʉʎè 

(ʨʠʩ. 3. 14, ʙ, ʛ).  
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ʘ                                                      ʙ 

   

ʚ                                              ʛ 

ʈʠʩʫʥʦʢ 3.13 ï ɼʝʨʠʚʘʪʦʛʨʘʤʠ (ʘ, ʚ) ʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ (ʙ, ʛ) ʧʨʦʜʫʢʪʽʚ ʚʟʘʻʤʦʜʽʾ 

ʩʠʩʪʝʤ çʉʘʆ ï ʉʎè ʯʝʨʝʟ 14 ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ  

 

ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʟ ʯʘʩʦʤ ʪʚʝʨʜʥʝʥʥʷ ʣʽʥʽʾ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ 

ʪʠʧʫ AFm-ʬʘʟʠ (d/n=0,810; 0,395 ʥʤ) ʤʦʜʝʣʴʥʦʾ ʩʠʩʪʝʤʠ çʉʘʆ ï ʂʇɼ-03è  ʩʪʘʶʪʴ 

ʽʥʪʝʥʩʠʚʥʽʰʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʩʠʩʪʝʤʦʶ çʉʘʆ ï ʉʎè, ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʡ ʢʘʣʴʮʠʪʫ 

ʉʘʉʆ3 (d/n=0,303; 0,249, 0,228; 0,209 ʥʤ) ʟʤʝʥʰʫʻʪʴʩʷ. 
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ʘ                                                              ʙ 

 

ʚ                                                                    ʛ 

ʈʠʩʫʥʦʢ 3.14 ï ɼʝʨʠʚʘʪʦʛʨʘʤʠ (ʘ, ʚ) ʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ (ʙ, ʛ) ʧʨʦʜʫʢʪʽʚ ʚʟʘʻʤʦʜʽʾ 

ʩʠʩʪʝʤ çʉʘʆ ï ʂʇɼ-03è ʯʝʨʝʟ 14 ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ  

 

ʄʽʮʥʽʩʪʴ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ñɻɼʐ ï ʂʇɼ-02ò (1:1) ʯʝʨʝʟ 

180 ʜʙ̔ ʪʚʝʨʜʥʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 12,0 ʄʇʘ, ʪʦʙʪʦ ʧʫʮʦʣʘʥʦʚʘ ʜʦʙʘʚʢʘ ʧʨʦʷʚʣʷʻ 

ʘʢʪʠʚʥʽʩʪʴ ʥʘʚʽʪʴ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʎɿʄ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʠʭʦʚʘʥʠʤʠ 

ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʊʦʥʢʦʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ ʩʫʧʝʨʮʝʦʣʽʪʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʧʦʨʽʚʥʷʥʦ ʽʟ ʚʠʭʽʜʥʠʤ ʮʝʦʣʽʪʦʤ, ʱʦ ʩʧʨʠʷʻ ʘʢʪʠʚʽʟʘʮʽʾ 

ɻɼʐ ʚ ʧʨʦʮʝʩʽ ʪʚʝʨʜʥʝʥʥʷ. ɿʛʽʜʥʦ ʜʘʥʠʭ ʨʘʩʪʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ 

(ʨʠʩ. 3.15, ʘ, ʙ, ʛ), ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʚ ʩʠʩʪʝʤʽ ñɻɼʐ ï ʂʇɼ-02ò ʯʝʨʝʟ 180 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʨʦʟʤʽʨʦʤ ʜʦ 5 ʤʢʤ ʚʽʜʟʥʘʯʝʥʦ ʥʘʷʚʥʽʩʪʴ ʟʦʥʠ ʟʨʦʱʝʥʥʷ 

ʢʨʠʩʪʘʣʽʚ. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʟʝʨʥʘʤʠ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʱʽʣʴʥʦʾ 
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ʩʪʨʫʢʪʫʨʠ ʟ ʥʠʟʴʢʦʶ ʧʦʨʠʩʪʽʩʪʶ ʪʘ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʛʽʜʨʘʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ñɻɼʐ ï ʂʇɼ-02ò 

(ʨʠʩ. 3.15,ʚ) ʩʚʽʜʯʠʪʴ, ʱʦ ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ ʘʢʪʠʚʥʦʾ ʩʢʣʦʬʘʟʠ ɻɼʐ ʫ ʩʢʣʘʜʽ 

ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʩʫʤʽʰʽ ʎɿʄ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʭ C-S-H-ʬʘʟ 

(ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʨʠʩʫʪʥʽʩʪʶ ʛʘʣʦ ʚ ʦʙʣʘʩʪʽ 2Ū = 25é40ʦ); ʢʨʽʤ ʮʴʦʛʦ ʬʽʢʩʫʶʪʴʩʷ 

ʣʽʥʽʾ ʢʘʣʴʮʠʪʫ (d/n=0,303; 0,228 ʥʤ), ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʣʽʥʽʾ 

ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʫ ʢʘʣʴʮʽʶ (d/n=0,76; 0,38 ʥʤ) ʪʘ ɓ SiO2 (d/n=0,425; 0,334 ʥʤ).     

 

 
ʚ                                                          ʛ 

ʈʠʩʫʥʦʢ 3.15 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ, ʙ, ʛ) ʽ ʬʘʟʦʚʠʡ ʩʢʣʘʜ (ʚ)  ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ 

ʩʠʩʪʝʤʠ ñɻɼʐ ï ʂʇɼ-02ò ʯʝʨʝʟ 180 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

 

ɼʦʩʣʽʜʞʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʾʭ ʛʽʜʨʘʪʘʮʽʾ (ʨʠʩ. 3. 16). 

ʘ ʙ 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʯʝʨʝʟ 1 ʜʝʥʴ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ 

ʟ ʚʤʽʩʪʦʤ 50 ʤʘʩ. % ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʝʨʝʥ ɻɼʐ ʫʪʚʦʨʶʶʪʴʩʷ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʽ ʛʽʜʨʘʪʥʽ ʬʘʟʠ, ʷʢʽ ʫʱʽʣʴʥʶʶʪʴ ʩʪʨʫʢʪʫʨʫ 

ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ (3.16, ʙ).  

 

    

ʘ                                                            ʙ 

     

ʚ                                                              ʛ 

ʈʠʩʫʥʦʢ 3.16 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʥʘ ʦʩʥʦʚʽ ʉɽʄ ɯ 42,5 R (ʘ),             

50 ʤʘʩ. % ʉɽʄ ɯ 42,5 R + 50 ʤʘʩ. % ɻɼʐ (ʙ), 50 ʤʘʩ. % ʉɽʄ ɯ 42,5 R + 

50 ʤʘʩ. % ʉʎ (ʚ), 50 ʤʘʩ. % ʉɽʄ ɯ 42,5 R + 50 ʤʘʩ. % ɺ (ʛ) ʧʽʩʣʷ 1 ʜʥʷ ʪʚʝʨʜʥʝʥʥʷ 

 

ʉʪʨʫʢʪʫʨʘ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʨʽʙʥʠʭ ʧʦʚʽʪʨʷʥʠʭ ʧʦʨ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʟ ʚʤʽʩʪʦʤ 50 ʤʘʩ. % ʩʫʧʝʨʮʝʦʣʽʪʫ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʢʨʠʩʪʘʣʘʤʠ ʜʦʩʷʛʘʻ 

2-4 ʤʢʤ (ʨʠʩ. 3.16, ʚ). ɸʢʪʠʚʥʠʡ SiO2 ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ C-S-H-ʛʝʣʶ, ʱʦ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʚʽʜʥʦʩʥʦʛʦ ʦʙʩʷʛʫ 

ʚʥʫʪʨʽʰʥʽʭ ʛʽʜʨʘʪʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ. ʊʦʥʢʦʜʠʩʧʝʨʩʥʘ ʬʨʘʢʮʽʷ ʚʘʧʥʷʢʫ ʚ ʧʨʦʮʝʩʽ 
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ʛʽʜʨʘʪʘʮʽʾ ʢʣʽʥʢʝʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʘʙʽʣʽʟʫʻ ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ ʪʨʠʢʘʣʴʮʽʻʚʦʛʦ 

ʘʣʶʤʽʥʘʪʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʽʚ ʉ4ɸ
.ʉʆ2

.12ʅ2ʆ, ʘ 

ʢʨʫʧʥʽʰʘ ʬʨʘʢʮʽʷ ʯʘʩʪʠʥʦʢ ʉʘʉʆ3 ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʬʝʢʪʫ ñʜʨʽʙʥʠʭ ʧʦʨʦʰʢʽʚò ʚʠʩʪʫʧʘʻ 

ʷʢ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ (ʨʠʩ. 

3.16, ʛ). ʇʨʠ ʚʤʽʩʪʽ 50 ʤʘʩ. % ʚʘʧʥʷʢʫ ʚ ʩʢʣʘʜʽ ʮʝʤʝʥʪʫ ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʻ ʝʬʝʢʪ 

ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʽʮʥʽʩʪʴ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʉɽʄ ɯ 42,5 R. 

ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʛʽʜʨʘʪʘʮʽʾ 

ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʄʉ 22,5ʍ ʯʝʨʝʟ 1 ʜʦʙʫ. ʅʘ ʨʠʩ. 3. 17, ʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʢʘʤʝʥʽ 

ʬʽʢʩʫʶʪʴʩʷ ʣʽʥʽʾ ʢʘʣʴʮʠʪʫ ʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʽʜʨʘʪʥʠʭ ʬʘʟ: ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ,  

ʝʪʨʠʥʛʽʪʫ, ʘ ʪʘʢʦʞ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ ʉ4ɸʅ13 

(d/n = 0,81 ʥʤ). ʏʝʨʝʟ 28 ʜʽʙ ʛʽʜʨʘʪʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʣʽʥʽʡ ʢʘʣʴʮʠʪʫ 

ʉʘʉʆ3 ʽ ʬʽʢʩʫʶʪʴʩʷ ʨʝʬʣʝʢʩʠ ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʫ ʪʠʧʫ ʉ3ɸĿʉʘʉʆ3Ŀʅ2ʆ (d/n=0,76; 

0,380 ʥʤ) ʚʠʩʦʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʯʘʩʪʢʦʚʠʡ ʧʝʨʝʭʽʜ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ 

ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ ʫ ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʠ (ʨʠʩ. 3.17, ʙ).  

 

         

ʘ                                      ʙ 

ʈʠʩ. 3. 17. ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʄʉ 22,5ʍ ʯʝʨʝʟ 1 (ʘ) ʽ 28 (ʙ) ʜʽʙ ʛʽʜʨʘʪʘʮʽʾ 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʝʢʩʘʛʦʥʘʣʴʥʽ ʛʽʜʨʦʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ ʚ ʧʨʠʩʫʪʥʦʩʪʽ CaCO3 

ʟʘʤʽʱʘʶʪʴʩʷ ʥʘ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽ ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʠ C4A
.CO2

.12H2O, 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʘ ʨʦʣʴ ʷʢʠʭ ʟ ʯʘʩʦʤ ʟʨʦʩʪʘʻ. ʅʝʟʥʘʯʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʝʬʣʝʢʩʽʚ 
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ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʚʢʘʟʫʻ ʥʘ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʝʘʢʮʽʾ 

ʧʫʮʦʣʘʥʽʟʘʮʽʾ.  

ʆʪʞʝ, ʫ ʨʘʥʥʽʡ ʧʝʨʽʦʜ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʟʤʽʰʘʥʠʭ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ  

ʽʥʪʝʥʩʠʚʥʝ ʫʪʚʦʨʝʥʥʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʢʨʠʩʪʘʣʽʚ ʝʪʨʠʥʛʽʪʫ ʩʧʨʠʷʻ ʟôʻʜʥʘʥʥʶ ʟʝʨʝʥ 

ʫ ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ, ʘ ʟ ʚʽʢʦʤ ʪʚʝʨʜʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʱʽʣʴʥʝʥʥʷ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ɸFm- ʽ ɸFt-ʬʘʟʘʤʠ ʚ ʤʘʩʽ ʛʝʣʝʧʦʜʽʙʥʦʾ ʬʘʟʠ             

ʉ-S-H (ɯ). 

 

 

3.5. ɹʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥ ̔ʚʣʘʩʪʠʚʦʩʪ ̔ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ  

 

 

ɿʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-66-98 ʷʢʽʩʪʴ ʮʝʤʝʥʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤʠ ʢʨʠʪʝʨʽʷʤʠ:  

- ʪʝʭʥʽʯʥʠʡ ʨʽʚʝʥʴ (ʧʦʢʘʟʥʠʢʠ ʧʨʠʟʥʘʯʝʥʥʷ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʟʙʝʨʽʛʘʥʥʷ, 

ʝʩʪʝʪʠʯʥʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʩʪʽ, ʝʢʦʥʦʤʽʯʥʦʩʪʽ); 

- ʩʪʘʙʽʣʴʥʽʩʪʴ ʷʢʦʩʪʽ, ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ; 

- ʩʪʘʥ ʩʪʘʥʜʘʨʪʽʚ, ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʽ ʽʥʰʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ. 

ʂʦʥʪʨʦʣʶʚʘʥʥʷ ʮʝʤʝʥʪʽʚ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʾʭ 

ʷʢʽʩʪʴ ʽ ʧʦʜʘʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ 

ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʄʽʮʥʽʩʪʴ. ʅʠʟʴʢʦʝʤʽʩʽʡʥʠʡ ʟʤʽʰʘʥʠʡ ʮʝʤʝʥʪ ʉɽʄ ɯV/ɺ 32,5 R ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ (ʪʘʙʣ. 3.12). ʏʝʨʝʟ 2 ʜʦʙʠ ʪʚʝʨʜʥʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʡ 

ʧʦʢʘʟʥʠʢ ʉɽʄ ɯV/ɺ 32,5 R ʩʪʘʥʦʚʠʪʴ 15,0 ʄʇʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ɹ EN 196-1:2007, 

ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-187:2009 ï 17,5 ʄʇʘ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ 

ʩʪʠʩʢʫ ʯʝʨʝʟ 2 ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʧʦʟʥʘʯʝʥʥʷ ʮʝʤʝʥʪʫ ʉɽʄ ɯV/ɺ 32,5 R ʟʛʽʜʥʦ ʟ ɼʉʊʋ 

ɹ EN 197-1:2015 ̔  ʇʎʎ IV/ɹ (ʇ-ɿ)-400ʈ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-46:2010.  
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ʊʘʙʣʠʮʷ 3.12 ï ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ  

ʇʦʟʥʘʯʝʥʥʷ 

ʮʝʤʝʥʪʫ 
ɺ/ʎ ʈʂ, ʤʤ 

ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ, ʄʇʘ, ʯʝʨʝʟ, ʜʽʙ 

2 7 28 90 

ɼʉʊʋ ɹ EN 197-1:2015 

ʉɽʄ ɯV/ɺ 32,5 R 0,50 150 15,0 25,1 41,2 52,9 

ɼʉʊʋ ɹ ɺ.2.7-46:2010 

ʇʎʎ IV/ɹ (ʇ-ɿ)-

400ʈ 

0,39 108 17,5 33,2 44,5 58,7 

ɹʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʡ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʡ ʮʝʤʝʥʪ ʟ ʧʦʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ ʢʣʽʥʢʝʨʫ ï 

40 ʤʘʩ. % ʯʝʨʝʟ 7 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ (ʪʘʙʣ. 3.13) ʜʦʩʷʛʘʻ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ 13,1 ʄʇʘ 

ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ EN 196-1:2007 (ɺ/ʎ = 0,5, ʧʽʩʦʢ ʧʦʣʽʬʨʘʢʮʽʡʥʠʡ) ʽ 17,6 ʄʇʘ ʟʛʽʜʥʦ ʟ 

ɼʉʊʋ ɹ ɺ.2.7-187:2009 (ɺ/ʎ=0,39, ʧʽʩʦʢ ʤʦʥʦʬʨʘʢʮʽʡʥʠʡ). ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ, 

ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʫ EN 413-2, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʢʦʥʩʠʩʪʝʥʮʽʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ 

ʦʩʥʦʚʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʟʘ ʚʠʩʦʪʦʶ ʦʧʫʩʢʘʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʣʫʥʞʝʨʘ, ʷʢʘ 

ʩʪʘʥʦʚʠʪʴ 35 ʤʤ. 

ʊʘʙʣʠʮʷ 3.13 ï ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ  

ʇʦʟʥʘʯʝʥʥʷ 

ʮʝʤʝʥʪʫ 
ɺ/ʎ ʈʂ, ʤʤ 

ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ, ʄʇʘ, ʯʝʨʝʟ, ʜʽʙ 

2 7 28 90 

ɼʉʊʋ ɹ EN 413-1:2015 

ʄʉ 22,5ʍ 0,5 145 4,1 13,1 23,5 29,8 

ɼʉʊʋ ɹ ɺ.2.7-124-2004  

ʎɹʈ 300 0,39 107 8,6 17,6 30,2 35,7 

 

ʊʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ. ɿʤʽʰʘʥʽ ʮʝʤʝʥʪʠ ʟ ʧʦʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ ʢʣʽʥʢʝʨʫ ï 50..40 

ʤʘʩ. % ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʪʫʞʘʚʽʥʥʷ ʟʛʽʜʥʦ ɼʉʊʋ ɹ EN 196-3:2015 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ɼʉʊʋ ɹ EN 197-1:2015 (ʪʘʙʣ. 3.14). 
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ʊʘʙʣʠʮʷ 3.14 ï ʊʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ 

 

ɺʦʜʦʚʽʜʜʽʣʝʥʥʷ. ɺ̔ ʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ɹ ɺ.2.7-186-2009 ʚʦʜʦʚʽʜʜʣʝʥʥʷ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʉɽʄ ɯ 42,5  R ʩʪʘʥʦʚʠʪʴ 23,1 % (ʨʠʩ. 3.18). ɺ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ          

ʉɽʄ ɯV/ɺ 32,5 R (ʅɻʊ=31,5 %) ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 9,1 %, ʘ ʜʣʷ ʄʉ 22,5ʍ 

(ʅɻʊ=33,0 %) ï ʜʦ 4,95 %. 

 

 

ʈʠʩʫʥʦʢ 3.18 ï ɺʦʜʦʚʽʜʜʽʣʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ 

 

ʊʝʧʣʦʚʠʜʽʣʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʚ 

ʧʨʦʮʝʩʽ ʛʽʜʨʘʪʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ (ʨʠʩ. 3.19), ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (t=103,0 Üʉ) 

ʜʦʩʷʛʘʻʪʴʩʷ ʜʣʷ ʉɽʄ ɯ 42,5 R ʯʝʨʝʟ 450 ʭʚ. ɼʣʷ ʮʝʤʝʥʪʽʚ ʉɽʄ ɯV/ɺ 32,5 R ̔  ʄʉ 22,5ʍ 

ʽʟ ʚʤʽʩʪʦʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ 50 ʤʘʩ. % ʽ 40 ʤʘʩ. % ʚʽʜʧʦʚʽʜʥʦ, 

ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʽʜʨʘʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 50,5 ʽ 33,3 0ʉ. 
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ʇʦʟʥʘʯʝʥʥʷ 

ʮʝʤʝʥʪʫ 
ʅɻʊ, % 

ʊʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ, ʭʚ 

ʧʦʯʘʪʦʢ ʢʽʥʝʮʴ 

ʉɽʄ ɯV/ɺ 32,5 R 31,5 140 200 

ʄʉ 22,5ʍ 33,0 110 200 
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ʈʠʩʫʥʦʢ 3.19 ï ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜ ʯʘʩ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʽʚ 

 

ɺʠʟʥʘʯʝʥʥʷ ʪʝʨʤʦʢʽʥʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʽʚ ʟʜʽʡʩʥʶʚʘʣʠ 

ʤʝʪʦʜʦʤ ʽʟʦʪʝʨʤʽʯʥʦʾ ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʽʾ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʮʝʤʝʥʪʥʦʤʫ 

ʪʽʩʪʽ ʧʨʠ ɺ/ʎ=0,4, ʊ = 25 0ʉ. ʅʘ ʨʠʩ. 3.20 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫ ʚʠʛʣʷʜʽ 

ʪʝʨʤʦʢʽʥʝʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʰʚʠʜʢʦʩʪʽ dQ/dŰ = f(Ű) ʽ ʧʠʪʦʤʦʛʦ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ 

Q = f(Ű) ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ ʟʨʘʟʢʽʚ ʮʝʤʝʥʪʽʚ.  

 

 
ʘ                                                              ʙ 

ʈʠʩʫʥʦʢ 3.20 ï ʐʚʠʜʢʽʩʪʴ (ʘ) ʽ ʧʠʪʦʤʝ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ (ʙ) ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ ʟʨʘʟʢʽʚ 

ʮʝʤʝʥʪʽʚ: 1 ï ʉɽʄ ɯ 42,5 R; 2 ï ʉɽʄ ɯɯ/ɸ-S 32,5 R; 3 ï ʉɽʄ ɯɯ/ɺ-ʄ 32,5 R;                   

4 ï ʉɽʄ ɯV/ɺ 32,5 R 

ɿʘʢʦʥʦʤʽʨʥʘ ʙʽʣʴʰ ʚʠʩʦʢʘ ʛʽʜʨʘʪʘʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʇʎ ɯ-500 ʈ-ʅ (ʉɽʄ ɯ 42,5 R) ʽ 

ʾʾ ʟʥʠʞʝʥʥʷ ʧʨʠ ʟʨʦʩʪʘʥʽ ʚʤʽʩʪʫ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʪʘʙʣ. 3.15). ʎʝʤʝʥʪʠ 

ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʙʽʣʴʰʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 
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ʨʝʘʛʫʶʪʴ ʟ ʚʦʜʦʶ ʰʚʠʜʰʝ ʧʦʨʽʚʥʷʥʦ ʟ ʉɽʄ ɯ 42,5 R. ɯʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʧʝʨʰʦʛʦ ʝʢʟʦʝʬʝʢʪʫ ʜʣʷ ʉɽʄ ɯV/ɺ 32,5 R, ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʦʥʠʥʦʶ ʧʦʤʝʣʫ 

(Sʧʠʪ=6850 ʩʤ2/ʛ) ʽ ʤʽʥʝʨʘʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ ʮʝʤʝʥʪʫ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʚʝʣʠʯʠʥʠ ʧʝʨʰʦʛʦ ʝʢʟʦʝʬʝʢʪʫ ʜʣʷ ʉɽʄ ɯV/ɺ 32,5 R, ʚ ʷʢʦʤʫ ʧʫʮʦʣʘʥʦʚʘ 

ʘʢʪʠʚʥʽʩʪʴ ʥʠʞʯʘ ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʡʙʽʣʴʰ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ 

ʉɽʄ ɯ 42,5 R. ʊʨʠʚʘʣʽʩʪʴ ʽʥʜʫʢʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ ʫʩʽʭ ʮʝʤʝʥʪʽʚ ʤʘʻ 

ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ. ɺʝʣʠʯʠʥʘ ʜʨʫʛʦʛʦ ʝʢʟʦʝʬʝʢʪʫ ʜʣʷ ʉɽʄ ɯV/ɺ 32,5 R ʥʘ 40 % ʥʠʞʯʘ 

ʧʦʨʽʚʥʷʥʦ ʟ ʉɽʄ ɯ 42,5 R ʽ ʪʝʧʣʦʪʘ ʛʽʜʨʘʪʘʮʽʾ ʯʝʨʝʟ 72 ʛʦʜ ʜʣʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ 

ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʟʥʠʞʫʻʪʴʩʷ ʟ 340 ʜʦ 223 ɼʞ/ʛ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʢʦʨʝʣʷʮʽʡʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʘʥʠʭ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʚʝʨʜʥʝʥʥʷ 

ʮʝʤʝʥʪʽʚ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɿʘ ʨʘʭʫʥʦʢ ʥʠʟʴʢʦʛʦ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʧʽʜ 

ʯʘʩ ʛʽʜʨʘʪʘʮʽʾ, ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʡ ʟʤʽʰʘʥʠʡ ʮʝʤʝʥʪ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʫʮʦʣʘʥʦʚʠʡ 

ʮʝʤʝʥʪ ɼʉʊʋ ɹ EN 197-1 ï CEM ɯV/B (P-V-D) 32,5 Rï LH, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ɼʉʊʋ ɹ EN 197-1, ʤʽʩʪʠʪʴ ʚʽʜ 36 % ʜʦ 55 % ʟʘ ʤʘʩʦʶ ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ (P-V-D) 

ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ 32,5 ʽʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʥʠʟʴʢʦʶ ʪʝʧʣʦʪʦʶ ʛʽʜʨʘʪʘʮʽʾ. 

ʊʘʙʣʠʮʷ 3.15 ï ʊʝʨʤʦʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʽʚ 

ɿʨʘʟʦʢ 

ʇʝʨʰʠʡ 

ʝʢʟʦʝʬʝʢʪ, 

ʤɺʪ/ʛ 

ɯʥʜʫʢʮʽʡʥʠ

ʡ ʧʝʨʽʦʜ, 

ʛʦʜ 

ɼʨʫʛʠʡ (ʦʩʥʦʚʥʠʡ) 

ʝʢʟʦʝʬʝʢʪ 

ʊʝʧʣʦʪʘ 

ʛʽʜʨʘʪʘʮʽʾ, 

ɼʞ/ʛ, ʛʦʜ 

ʄʦʤʝʥʪ 

ʜʦʩʷʛʥʝʥʥʷ, ʛʦʜ 

ɺʝʣʠʯʠ-ʥʘ, 

ʤɺʪ/ʛ 
24 48 72 

1 11,6 3,4 9,2 4,8 229 294 340 

2 19,7 2,9 8,2 3,65 192 253 297 

3 12,1 3,3 9,0 2,67 157 214 247 

4 8,9 3,2 8,5 2,88 148 198 223 
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ɼʝʬʦʨʤʘʮʽʾ ʧʨʠ ʪʚʝʨʜʥʝʥʥʽ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. ɼʦʩʣʽʜʞʝʥʦ ʟʤʽʥʫ ʜʝʬʦʨʤʘʮʽʡ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʉɽʄ ɯV/ɺ 32,5 R ʽ ʄʉ 22,5ʍ ʧʨʦʪʷʛʦʤ 90 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʚʠʪʨʠʤʫʚʘʥʥʷ ï ʧʦʚʽʪʨʷʥʦ-ʩʫʭʠʭ ʽ ʫ ʚʦʜʽ. ʎʝʤʝʥʪʦ-

ʧʽʱʘʥʽ ʨʦʟʯʠʥʠ ʧʨʠʛʦʪʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʬʨʘʢʮʽʡʥʦʛʦ ʧʽʩʢʫ ʎ:ʇ = 1:3, ʧʨʠ ɺ/ʎ = 0,5. 

ɼʝʬʦʨʤʘʮʽʾ ʟʩʽʜʘʥʥʷ ʜʣʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʫ ʧʝʨʰʽ ʩʽʤ ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʧʨʠ 

ʧʦʚʽʪʨʷʥʦ-ʩʫʭʠʭ ʫʤʦʚʘʭ ʦʜʠʥʘʢʦʚʽ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʮʝʤʝʥʪʫ (ʨʠʩ. 3.21, ʘ).  

 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 3.21 ï ɿʤʽʥʘ ʜʝʬʦʨʤʘʮʽʡ ʫʩʘʜʢʠ (ʘ) ʪʘ ʨʦʟʰʠʨʝʥʥʷ (ʙ) ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ ʧʨʠ ʪʚʝʨʜʥʝʥʥʽ ʚ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʠʭ ʫʤʦʚʘʭ ʪʘ ʫ ʚʦʜʽ ʚʽʜʧʦʚʽʜʥʦ  

 

ʎʝʤʝʥʪʦ-ʧʽʱʘʥʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ ʮʝʤʝʥʪʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ MC 22,5X 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʧʦʨʠʩʪʽʩʪʶ (ʇ=19,4 %) ʧʦʨʽʚʥʷʥʦ ʟ ʉɽʄ ɯV/ɺ 32,5 R, 

ʉɽʄ ɯV/ɸ 42,5 R ʽ ʉɽʄ ɯ 42,5 R. ʊʦʤʫ ʫ ʨʘʥʥʽʡ ʧʝʨʽʦʜ ʪʚʝʨʜʥʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ 

ʨʦʟʰʠʨʝʥʥʷ ʩʪʘʥʦʚʣʷʪʴ 0,23 ʤʤ/ʤ (26,1 %) ʜʣʷ ʟʨʘʟʢʽʚ ʥʘ ʦʩʥʦʚʽ MC 22,5X, ʱʦ 



104 
 

ʚʠʪʨʠʤʫʚʘʣʠʩʷ ʫ ʚʦʜʽ, ʘ ʜʣʷ ʽʥʰʠʭ ʟʨʘʟʢʽʚ ʟʘ ʘʥʘʣʦʛʽʯʥʠʡ ʧʝʨʽʦʜ ï ʜʦ 0,05 ʤʤ/ʤ 

(ʨʠʩ. 3.21, ʙ). 

ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʪʚʝʨʜʥʝʥʥʷ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʫʤʦʚ ʪʚʝʨʜʥʝʥʥʷ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʦ-ʧʽʱʘʥʦʛʦ 

ʨʦʟʯʠʥʫ (ʎ:ʇ=1:3) ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʉɽʄ IV/B 32,5 R ʽ 

ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʟ ʢʦʥʪʨʦʣʴʥʠʤ ʩʢʣʘʜʦʤ ʥʘ 

ʦʩʥʦʚʽ ʉɽʄ ɯ 42,5R ʪʘ ʟ ʉɽʄ ɯV/ɸ 42,5 R (ʪʘʙʣ. 3.16). ɿʨʘʟʢʠ ʮʝʤʝʥʪʦ-ʧʽʱʘʥʦʛʦ 

ʨʦʟʯʠʥʫ ʪʚʝʨʜʥʫʣʠ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ (ʥ.ʫ.), ʧʦʤʽʨʥʦ-ʩʫʭʠʭ (ʧ.ʩ.), ʧʨʠ ʧʦʥʠʞʝʥʠʭ 

ʜʦʜʘʪʥʽʭ ʪʝʤʧʝʨʘʪʫʨʘʭ +4é0 0ʉ (ʧ.ʜ.ʪ.) ʽ ʧʽʜʜʘʚʘʣʠʩʴ ʪʝʧʣʦ-ʚʦʣʦʛʽʩʥʽʡ ʦʙʨʦʙʮʽ (ʊɺʆ).  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʫ ʧʨʠ ʪʝʧʣʦ-ʚʦʣʦʛʽʩʥʽʡ 

ʦʙʨʦʙʮʽ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʉɽʄ ɯ 42,5R, ʧʫʮʦʣʘʥʦʚʦʛʦ ʮʝʤʝʥʪʫ 

ʉɽʄ ɯV/ɸ 42,5 R ʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʉɽʄ IV/B 32,5R ʦʜʥʘʢʦʚʘ ʽ 

ʩʪʘʥʦʚʠʪʴ 69,0-72,0 %. 

ʊʘʙʣʠʮʷ 3.16 ï  ʈʫʭʣʠʚʽʩʪʴ ʮʝʤʝʥʪʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠ ɺ/ʎ=0,5  

ʊʠʧ ʮʝʤʝʥʪʫ ʈʂ, ʤʤ 

ʉɽʄ ɯ 42,5R 190 

ʉɽʄ ɯV/ɸ 42,5 R 150 

ʉɽʄ IV/B 32,5 R 145 

 

ʇʨʠ ʪʚʝʨʜʥʝʥʥʽ ʫ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʩʪʘʪʥʷ ʚʦʣʦʛʽʩʪʴ ʽ ʯʝʨʝʟ 

28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ (ʨʠʩ. 3.22) ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʽʚ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ 

ʮʝʤʝʥʪʫ ʉɽʄ IV/B 32,5 R ʜʦʩʷʛʘʻ 82 % ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ 

ʉɽʄ ɯ 42,5R. 
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ʘ                                                                   ʙ 

 

ʚ                                                                  ʛ 

ʈʠʩʫʥʦʢ 3.22 ï ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʮʝʤʝʥʪʦ-

ʧʽʱʘʥʠʭ ʨʦʟʯʠʥʽʚ: ʊɺʆ (ʘ), ʥʦʨʤʘʣʴʥʽ ʫʤʦʚʠ (ʘ), ʧʦʤʽʨʥʦ-ʩʫʭʽ ʫʤʦʚʠ (ʚ), ʧʦʥʠʞʝʥʽ 

ʜʦʜʘʪʥʽ ʪʝʤʧʝʨʘʪʫʨʠ (ʛ) 

ʇʨʠ ʪʚʝʨʜʥʝʥʥʽ ʟʨʘʟʢʽʚ ʨʦʟʯʠʥʫ ʚ ʫʤʦʚʘʭ, ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚʘʤ ʪʚʝʨʜʥʝʥʥʷ ʚ 

ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʽ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʪʚʝʨʜʥʝʥʥʷ ʢʽʥʝʪʠʢʘ ʥʘʨʦʩʪʘʥʥʷ 

ʤʽʮʥʦʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʘʢʦʚʘ ʜʣʷ ʚʩʽʭ ʩʢʣʘʜʽʚ. ʇʨʠ ʪʚʝʨʜʥʝʥʥʽ ʚ ʫʤʦʚʘʭ ʧʦʥʠʞʝʥʠʭ 

ʜʦʜʘʪʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʉɽʄ ɯ 42,5R ʽ ʟʤʽʰʘʥʦʛʦ 

ʮʝʤʝʥʪʫ ʉɽʄ ɯV/ɸ 42,5 R ʟʥʠʞʫʻʪʴʩʷ ʥʘ 23...22 %, ʩʪʘʥʜʘʨʪʥʘ ï ʥʘ 46é47 % 

ʧʦʨʽʚʥʷʥʦ ʟ ʤʽʮʥʽʩʪʶ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚ ʘʥʘʣʦʛʽʯʥʦʤʫ ʚʽʮʽ, ʘ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʟ ʚʤʽʩʪʦʤ 50 ʤʘʩ. % ʂʇɼ-03 ï ʣʠʰʝ ʥʘ 12 % ʽ 30 %. 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ. ɼʽʷ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ ʧʦʩʠʣʶʻʪʴʩʷ, ʷʢʱʦ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʆʩʢʽʣʴʢʠ ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 
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ʙʝʪʦʥʥʠʭ ʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʮʝʤʝʥʪ, ʪʦ ʡʦʛʦ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʤʘʻ 

ʚʘʛʦʤʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʂʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʚʠʚʯʘʣʠ ʟʘ ʟʤʽʥʦʶ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ 

(ʎ:ʇ=1:3) ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ ʾʭ ʚ ʘʛʨʝʩʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʠʤ ʩʣʫʛʫʚʘʚ 10 % ʨʦʟʯʠʥ 

Na2SO4 ʪʘ 10 % ʨʦʟʯʠʥ Mgʉl2, ʟʘ ʣʽʥʽʡʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ʽ ʟʦʚʥʽʰʥʽʤ ʚʠʛʣʷʜʦʤ 

ʟʨʘʟʢʽʚ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʚʽʟʫʘʣʴʥʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʧʨʦʮʝʩʦʤ ʨʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʠ  

ʢʦʨʦʟʽʾ, ʱʦ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʥʘ ʤʽʮʥʽʩʪʴ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʽʰʝ 

ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʚ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʽ ʟʛʠʥʽ ʟʨʘʟʢʽʚ, ʷʢʽ ʚʠʪʨʠʤʫʚʘʣʠʩʴ ʫ 

ʘʛʨʝʩʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʫ ʚʦʜʽ ï ʚʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʩʪʽʡʢʦʩʪʽ ʜʦ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ 

(ʪʘʙʣ. 3.17). ʉʪʡ̔ʢʽʩʪʴ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʜʦ ʜʽʾ ʩʫʣʴʬʘʪʥʦʾ ʢʦʨʦʟʽʾ ʟʨʦʩʪʘʻ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʧʦʢʘʟʥʠʢʘ ɺ/ʎ, ʟʦʢʨʝʤʘ, ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ (ʂʩʪ,90) ʚ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʜʣʷ CEM IV/ɺ 32,5R ʧʨʠ ɺ/ʎ=0,40 ʩʪʘʥʦʚʠʪʴ 1,17, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʧʨʠ ɺ/ʎ=0,50  ï 1,06.  

ʃʽʥʽʡʥʝ ʨʦʟʰʠʨʝʥʥʷ ʟʨʘʟʢʽʚ-ʧʨʠʟʤ ʮʝʤʝʥʪʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ (ɺ/ʎ = 0,40) 

ʨʦʟʤʽʨʦʤ 20 ʭ 20 ʭ 160 ʤʤ ʧʽʜ ʚʧʣʠʚʦʤ  ʩʫʣʴʬʘʪʥʦʾ ʢʦʨʦʟʽʾ ʥʘ ʦʩʥʦʚʽ ʮʝʤʝʥʪʽʚ ʟ 

ʚʤʽʩʪʦʤ ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ 23 ʽ 50 ʤʘʩ. % ʥʝ ʧʝʨʝʚʠʱʫʻ 0,12 %, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ 

ʟʨʘʟʢʽʚ ʥʘ ʦʩʥʦʚʽ ʉɽʄ ɯ 42,5R ʮʝʡ ʧʦʢʘʟʥʠʢ ʜʦʨʽʚʥʶʻ 0,21 % (ʨʠʩ. 3.23). ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʜʦ 0,50 ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʰʠʨʝʥʥʷ ʟʨʦʩʪʘʶʪʴ 

ʜʣʷ ʚʩʽʭ ʩʢʣʘʜʽʚ ʥʘ 12,3..14,1 %. ɿʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʨʦʟʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʰʚʠʜʰʠʤ ʨʫʡʥʫʚʘʥʥʷʤ ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʏʝʨʝʟ 90 ʜʽʙ 

ʚʠʪʨʠʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʮʝʤʝʥʪʽʚ ʫ 10 % ʨʦʟʯʠʥʽ Na2SO4 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ +4 0ʉ 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰʝ 0,80. ʅʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʨʦʟʯʠʥʽʚ 

ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʉɽʄ ɯ 42,5R ʽ ʧʫʮʦʣʘʥʦʚʦʛʦ ʮʝʤʝʥʪʫ CEM IV/A  42,5R 

ʚʽʜʟʥʘʯʝʥʦ ʧʦʷʚʫ ʚʠʩʦʣʽʚ (ʨʠʩ. 3.24). 
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ʊʘʙʣʠʮʷ 3.17 ï ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ  

ʎʝʤʝʥʪ ɺ/ʎ ʈʂ,ʤʤ 
ʂʟʛ,90/ ʂʩʪ,90 

Na2SO4 MgCl Na2SO4 (+4 0ʉ) 

ʉɽʄ ɯ 42,5R 0,39 108 1,00/0,98 0,82/,80 0,99/0,95 

CEM IV/A 42,5R 0,40 106 1,00/1,06 0,82/0,98 1,08/1,04 

CEM IV/ɺ 32,5R 0,40 106 1,05/1,17 1,131/1,09 1,09/1,10 

ʉɽʄ ɯ 42,5R 0,5 190 0,95/0,96 0,93/1,16 1,15/0,93 

CEM IV/A 42,5R 0,5 145 1,27/1,01 0,99/1,09 1,15/0,94 

CEM IV/ɺ 32,5R 0,5 139 1,28/1,06 0,99/0,90 1,16/0,97 

 

           

ʘ                                                   ʙ  

ʈʠʩ. 3. 23 ï ɿʨʘʟʢʠ-ʧʨʠʟʤʠ ʢʦʥʪʨʦʣʴʥʽ (ʘ) ʽ ʚʠʪʨʠʤʘʥʽ ʚ ʨʦʟʯʠʥʽ  Na2SO4 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ +20 0ʉ (ʙ) 
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ʈʠʩ. 3. 24 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʨʘʟʢʽʚ ʮʝʤʝʥʪʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ ʧʽʜ ʜʽʻʶ ʩʫʣʴʬʘʪʥʦʾ 

ʢʦʨʦʟʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ +4 0ʉ 

 

ɸʪʤʦʩʬʝʨʦʩʪʽʡʢʽʩʪʴ. ɺʘʞʣʠʚʦʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʘʪʤʦʩʬʝʨʦʩʪʽʡʢʽʩʪʴ. ʇʨʠʩʢʦʨʝʥʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʘʪʤʦʩʬʝʨʦʩʪʽʡʢʦʩʪʽ ʩʣʫʞʠʪʴ ʧʦʧʝʨʝʤʽʥʥʝ ʟʚʦʣʦʞʝʥʥʷ ʽ ʚʠʩʫʰʫʚʘʥʥʷ. ɿʨʘʟʢʠ ʮʝʤʝʥʪʦ-

ʧʽʱʘʥʠʭ ʨʦʟʯʠʥʽʚ ʧʽʩʣʷ ʪʝʧʣʦ-ʚʦʣʦʛʽʩʥʦʾ ʦʙʨʦʙʢʠ ʚʠʩʫʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 6 ʛʦʜ ʽ 

ʧʽʜʜʚʘʣʠ ʧʦʧʝʨʝʤʽʥʥʦʤʫ ʥʘʩʠʯʝʥʥʶ ʚʦʜʦʶ ʽ ʚʠʩʫʰʫʚʘʥʥʶ (ʪʘʙʣ. 3.18).  

ʊʘʙʣʠʮʷ 3.18 ï ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʽʚ 

ʎʝʤʝʥʪ ɺ/ʎ ʈʂ,ʤʤ ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ, ʄʇʘ, ʯʝʨʝʟ ʮʠʢʣʽʚ 

0 25 50 

ʉɽʄ ɯ 42,5R 0,39 108 47,2 49,8 52,8 

ʉɽʄ ɯ 42,5R 0,5 170 46,0 52,8 56,2 

CEM IV/ɺ 42,5R 0,39 108 34,4 42,0 43,7 

CEM IV/ɺ 42,5R 0,5 150 28,1 38,1 39,8 
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ʇʽʩʣʷ 50 ʮʠʢʣʽʚ ʧʦʧʝʨʝʤʽʥʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʽ ʚʠʩʫʰʫʚʘʥʥʷ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ 

ʮʝʤʝʥʪʦ-ʧʽʱʘʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʉɽʄ ɯ 42,5R ʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5R ʟʨʦʩʣʘ ʜʣʷ ʚʩʽʭ ʩʢʣʘʜʽʚ.  

ɽʢʦʣʦʛʽʯʥʽʩʪʴ. ʅʠʟʴʢʦʝʤʽʩʽʡʥʽ ʟʤʽʰʘʥʽ ʮʝʤʝʥʪʠ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʪʫʯʥʦʛʦ ʽ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʟʘʚʜʷʢʠ ʟʥʠʞʝʥʥʶ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʽʜ 

ʯʘʩ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ (ʚʠʧʘʣʫ ʩʠʨʦʚʠʥʠ, ʢʘʣʴʮʠʥʘʮʽʾ, ʧʦʤʝʣʽ). ɽʤʽʩʽʷ ʉʆ2 ʥʘ 1 ʪ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʪʠʧʫ ʉɽʄ ɯ 42,5  R ʩʪʘʥʦʚʠʪʴ 865 ʢʛ, ʘ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ 

ʢʣʽʥʢʝʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 

360 ʢʛ ʉʆ2 (ʨʠʩ. 3.25). 

 

 

ʈʠʩ. 3. 25 ï ɺʠʢʠʜʠ ʉʆ2 ʥʘ 1 ʪ ʮʝʤʝʥʪʫ ʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʪʠʧʫ  

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʽʟʦʚʘʥʽ ʩʢʣʘʜʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ 

ʜʦʙʘʚʦʢ ʽ ʟʤʽʰʘʥʽ ʮʝʤʝʥʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʩʪʘʶʪʴ ʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ 

ʧʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʉʪʨʘʪʝʛʽʷ ʪʘʢʦʛʦ ʨʦʟʚʠʪʢʫ 

ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʢʦʤʙʽʥʫʚʘʥʥʷ ʎɿʄ ʧʫʮʦʣʘʥʽʯʥʦʾ ʜʽʾ ʨʽʟʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʩʫʧʝʨʮʝʦʣʽʪʫ, ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʪʘ ʟʦʣʠ-ʚʠʥʝʩʝʥʥ ̫ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʉʆ2 ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻ ʦʧʪʠʤʽʟʘʮʽʶ 

ɿ ʚʤʽʩʪʦʤ ɻɼʐ 
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ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɯʥʥʦʚʘʮʽʡʥʠʤʠ ʚôʷʞʫʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʟ 

ʧʦʻʜʥʘʥʥʷʤ ʚʠʱʝʚʢʘʟʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʧʫʮʦʣʘʥʦʚʠʡ ʮʝʤʝʥʪ ʉɽʄ ɯV/ɺ 32,5R ʟ 

ʧʦʥʠʞʝʥʠʤ ʜʦ 0,50 ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʦʤ ʽ ʮʝʤʝʥʪ ʜʣʷ ʤʫʨʫʚʘʥʥʷ ʄʉ 22,5X ʟ ʢʣʽʥʢʝʨ-

ʬʘʢʪʦʨʦʤ 0,40. ʇʨʠ ʾʭ ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʩʫʪʪʻʚʘ ʝʢʦʥʦʤʽʷ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʽʟ ʟʥʠʞʝʥʥʷʤ ʚʠʢʠʜʽʚ ʉʆ2, ʪʘʢ ʷʢ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʦ ʪʘʢʠʭ ʮʝʤʝʥʪʽʚ ʟʥʘʯʥʦ ʤʝʥʰʽ ʧʦʨʽʚʥʷʥʦ ʟ ʝʥʝʨʛʦʻʤʥʽʩʪʶ ʉɽʄ ɯ 42,5R. ɺ 

ʪʦʡ ʞʝ ʯʘʩ, ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʻ ʥʠʞʯʦʶ ʧʦʨʽʚʥʷʥʦ ʟ 

ʉɽʄ ɯ 42,5R. ʊʦʤʫ ʜʣʷ ʧʦʚʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʮʝʤʝʥʪʽʚ ʧʦʪʨʽʙʥʦ 

ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʢʽʥʝʪʠʢʫ ʥʘʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ  ʙʝʪʦʥʽʚ 

ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʦʜʘʣʴʰʠʡ ʥʘʧʨʷʤ ʨʦʟʚʠʪʢʫ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

 

1. ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʉɽʄ ɯ 42,5 R, 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ, ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ, ʩʫʧʝʨʮʝʦʣʽʪʫ, ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʪʘ 

ʚʘʧʥʷʢʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ɻɼʐ, ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʽ ʚʘʧʥʷʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʞʯʠʤ 

ʚʤʽʩʪʦʤ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 10 ʤʢʤ ʧʦʨʽʚʥʷʥʦ ʟ 

ʉɽʄ ɯ 42,5 R, ʩʫʧʝʨʮʝʦʣʽʪʦʤ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʦʤ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʟʨʦʩʪʘʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ, ʧʨʦʪʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʩʘʤʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʽ ʟʙʽʣʴʰʝʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ. ʇʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʟʛʽʜʥʦ EN 450-1:2009 ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʢʘʟʥʠʢʠ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʯʝʨʝʟ 90 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʜʣʷ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʥʘ 36...60 % ʚʠʱʽ  

ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʦʣʦʶ-ʚʠʥʝʩʝʥʥʷ. ɺʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʫ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʮʥʦʩʪʽ ʚʘʧʥʷʥʦ-

ʧʫʮʦʣʘʥʦʚʦʛʦ ʪʽʩʪʘ (ɺ:ʇ=1:3) ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ çnorma wloskaè. ʏʝʨʝʟ 28 ʜʽʙ 
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ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʽ ʟʛʠʥʽ ʟʨʘʟʢʽʚ ʥʘ ʦʩʥʦʚʽ ʩʫʧʝʨʮʝʦʣʽʪʫ ʪʘ 

ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʜʦʨʽʚʥʶʻ 4,6 ʽ 9,5 ʄʇʘ ʪʘ 3,2 ʽ 7,9 ʄʇʘ ʚʽʜʧʦʚʽʜʥʦ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ 

ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʣʠʰʝ 0,6 ʽ 1,8 ʄʇʘ.  

2. ʇʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʟʤʽʰʘʥʦʛʦ 

ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʮʝʤʝʥʪʫ ʽʟ ʚʤʽʩʪʦʤ 50 ʤʘʩ.% ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ 

(ʅɻʊ=27,5 %, ʂʦʙ=24,7 %) ʪʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ ʚʽʜʪʷʛʫʶʪʴʩʷ ʥʘ 15 ʭʚ ʧʦʨʽʚʥʷʥʦ ʟ   

ʉɽʄ ɯ 42,5 R. ʉʫʧʝʨʮʝʦʣʽʪ ʫ ʢʽʣʴʢʦʩʪʽ 50 ʤʘʩ.% ʚ ʩʢʣʘʜʽ ʮʝʤʝʥʪʫ ʧʽʜʚʠʱʫʻ ʅɻʊ ʜʦ 

38,5 %, ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʜʦ 3,3 %, ʧʦʯʘʪʦʢ ʽ ʢʽʥʝʮʴ ʪʫʞʘʚʽʥʥʷ ʥʘʩʪʘʻ 

ʯʝʨʝʟ 195 ʽ 215 ʭʚ ʚʽʜʧʦʚʽʜʥʦ.  ɺʘʧʥʷʢ ʫ ʢʽʣʴʢʦʩʪʽ 50 ʤʘʩ. % ʚ ʩʢʣʘʜʽ ʚóʷʞʫʯʦʛʦ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʦʜʦʧʦʪʨʝʙʫ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʜʦ 26,0 %, ʂʦʙ=6 %, ʧʦʯʘʪʦʢ ʽ ʢʽʥʝʮʴ 

ʪʫʞʘʚʽʥʥʷ ʩʢʦʨʦʯʫʶʪʴʩʷ ʜʦ 155 ʽ 215 ʭʚ. ʈʘʥʥʷ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʮʝʤʝʥʪʽʚ ʟʥʠʞʫʻʪʴʩʷ ʚ 3,8é5,6 ʨʘʟ ʧʦʨʽʚʥʷʥʦ ʟ ʉɽʄ ɯ 42,5 R, ʧʨʦʪʝ ʯʝʨʝʟ 90 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪʴ ʰʣʘʢʦ- ʽ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʮʝʤʝʥʪʽʚ ʟʨʦʩʪʘʻ ʥʘ 11 %. 

3. ʄʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ 

ʩʢʣʘʜʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ ʂʇɼ-02 (ɿɺ:ʉʎ =0,46:0,54) ʽ ʂʇɼ-03 

(ɿɺ:ʉʎ:ʄʂ =0,6:0,3:0,1). ɿʘ ʨʘʭʫʥʦʢ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʧʦʻʜʥʘʥʥʷ ʎɿʄ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʦʪʨʠʤʘʥʦ ʧʦʢʘʟʥʠʢʠ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʽ 

ʚʦʜʦʧʦʪʨʝʙʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ 

ʉɽʄ ɯ 42,5 R. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 10 % ʄʂ ʚ ʩʢʣʘʜʽ  ʂʇɼ-03 ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ 

ʧʦʢʘʟʥʠʢʘ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʨʘʥʥʴʦʤʫ ʚʽʮʽ ʥʘ 12 %.  

4. ʊʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʦʜʝʨʞʘʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʪʠʧʫ CEM IV/B 32,5 R  ʪʘ ʄʉ 22,5ʍ 

ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʯʦʚʠʥʥʦʛʦ ʪʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʽʚ ʥʝʢʣʽʥʢʝʨʥʠʭ 

ʩʢʣʘʜʥʠʢʽʚ ʨʽʟʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ ʪʘ ʛʝʥʝʟʠʩʫ. ʈʝʟʫʣʴʪʘʪʠ ɼʊɸ ʽ ʈʌɸ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, 

ʱʦ ʘʢʪʠʚʥʠʡ SiO2 ʩʫʧʝʨʮʝʦʣʽʪʫ ʙʽʣʴʰ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʡ ʧʦʨʽʚʥʷʥʦ ʟ  SiO2 ʽʥʰʠʭ 

ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ, ʪʦʤʫ ʨʝʘʢʮʽʷ ʟ ʉʘ(ʆʅ)2 ʘʢʪʠʚʥʦ ʧʨʦʪʽʢʘʻ ʫ ʨʘʥʥʽʡ ʽ ʧʽʟʥʽʡ ʧʝʨʽʦʜ 

ʪʚʝʨʜʥʝʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ C-S-H-ʛʝʣʶ ʽ ʩʧʨʠʷʻ 

ʟʙʽʣʴʰʝʥʥʶ ʚʽʜʥʦʩʥʦʛʦ ʦʙʩʷʛʫ ʚʥʫʪʨʽʰʥʽʭ ʛʽʜʨʘʪʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ. 
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5. ɼʣʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʉɽʄ IV/B 32,5 R             

(Sʧʠʪ=6850 ʩʤ
2/ʛ), ʦʜʝʨʞʘʥʦʛʦ ʰʣʷʭʦʤ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ, ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʧʨʠ 

ʩʪʠʩʢʫ ʯʝʨʝʟ 2 ʪʘ 28 ʜʽʙ ʩʢʣʘʜʘʻ 15,0 ʪʘ 41,2 ʄʇʘ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ EN 196-1:2007, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʉɽʄ IV/B 32,5 R ɼʉʊʋ ɹ EN 197-1:2015; ʧʨʠ ʮʴʦʤʫ ʅɻʊ=31,5 % ʽ 

ʦʙ`ʻʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʩʢʣʘʜʘʻ 9,1 %. ʅʠʟʴʢʦʝʤʽʩʽʡʥʠʡ ʟʤʽʰʘʥʠʡ 

ʮʝʤʝʥʪ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ (Sʧʠʪ=5800 ʤ
2/ʛ), ʷʢʠʡ ʦʜʝʨʞʘʥʠʡ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʩʫʤʽʩʥʦʛʦ ʧʦʤʝʣʫ ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ ʚʘʧʥʷʢʫ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʽʮʥʽʩʪʶ ʯʝʨʝʟ 7 ʽ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ 17,6 ʽ 30,2 ʄʇʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʡʦʛʦ ʷʢ ʎɹʈ 300 

ɼʉʊʋ ɹ ɺ.2.7-124-2004. ʄʝʪʦʜʦʤ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʉɽʄ IV/B 32,5 R ʪʝʧʣʦʪʘ ʛʽʜʨʘʪʘʮʽʾ ʯʝʨʝʟ 24 ʛʦʜ (148 ɼʞ/ʛ) ʟʤʝʥʰʫʻʪʴʩʷ ʚ 1,55 ʨʘʟʠ 

ʧʦʨʽʚʥʷʥʦ ʟ ʉɽʄ ɯ 42,5 R, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʝʥʠʡ ʧʫʮʦʣʘʥʦʚʠʡ ʮʝʤʝʥʪ ʧʦʟʥʘʯʠʪʠ 

ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ EN 197-1 ï CEM ɯV/B (P-V-D) 32,5 Rï LH. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʡ ʟʤʽʰʘʥʠʡ ʮʝʤʝʥʪ ʉɽʄ IV/B 32,5 R ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʱʦʶ 

ʩʫʣʴʬʘʪʦʩʪʽʡʢʽʩʪʶ ʧʦʨʽʚʥʷʥʦ ʟ ʉɽʄ ɯ 42,5 R. 
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ʈʆɿɼɯʃ 4 

ʄʆɼʀʌɯʂʆɺɸʅɯ ɹɽʊʆʅʀ ɯ ɹʋɼɯɺɽʃʔʅɯ ʈʆɿʏʀʅʀ ʅɸ ʆʉʅʆɺɯ 

ʅʀɿʔʂʆɽʄɯʉɯʁʅʀʍ ʎɽʄɽʅʊɯɺ 

 

 

4.1. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ 

 

 

ɹʝʪʦʥ ʷʢ ʢʦʥʩʪʨʫʢʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʟʜʘʪʥʠʡ ʚʠʨʽʰʫʚʘʪʠ ʢʦʤʧʣʝʢʩ ʥʘʡʩʢʣʘʜʥʽʰʠʭ 

ʟʘʜʘʯ ʫ ʙʫʜʽʚʥʠʮʪʚʽ, ʧʨʦʪʝ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʨʠʥʢʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʰʠʨʝʥʥʷ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ. ɺ 

ʪʝʭʥʦʣʦʛʽʾ ʩʫʯʘʩʥʠʭ ʙʝʪʦʥʽʚ ʦʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʧʦʢʨʘʱʝʥʥ ̫ʾʭ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʭʽʤʽʯʥʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʣʦʞʝʥʥʷʭ 

ʬʽʟʠʢʦ-ʭʽʤʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʷʚʠʱ ʽ ʪʝʦʨʽʾ ʢʦʥʪʘʢʪʥʠʭ ʚʟʘʻʤʦʜʽʡ [1, 6, 85, 87, 103].  ʋ ʪʦʡ 

ʞʝ ʯʘʩ, ʟʥʠʞʝʥʥʷ ʢʣʽʥʢʝʨ-ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʙʝʪʦʥʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʤʽʥʠʪʠ ʯʘʩʪʠʥʫ 

ʚʠʩʦʢʦʝʥʝʨʛʦʻʤʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ [45, 73,101, 152, 154]. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʘʞʣʠʚʠʤ ʻ ʚʠʚʯʝʥʥʷ ʩʫʤʽʩʥʦʾ ʜʽʾ ʭʽʤʽʯʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʽ  

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʽʚ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʂʇɼ-ʄ2 ʥʘ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ (ɼɹɿ) ʨʫʭʦʤʽʩʪʶ 110..115 ʤʤ. 

ɿʘʤʽʱʝʥʥʷ 25 ʤʘʩ. % ʉɽʄ ɯ 42,5R ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʧʫʮʦʣʘʥʦʚʦʶ ʜʦʙʘʚʢʦʶ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʥʠʞʝʥʥʷ ɺ/ʎ ʟ 0,39 ʜʦ 0,27, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʧʨʦʪʷʛʦʤ 

ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʪʚʝʨʜʥʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ɼɿɹ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

(ʨʠʩ. 4.1). ʇʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʂʇɼ-ʄ2 ʜʦ 50 ʤʘʩ. % ʚ ʩʢʣʘʜʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʟʥʘʯʥʦʾ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ ʯʝʨʝʟ 2 ʜʦʙʠ ʪʚʝʨʜʥʝʥʥʷ, ʧʨʦʪʝ ʫʞʝ ʯʝʨʝʟ 7 

ʜʽʙ ï ʤʽʮʥʽʩʪʴ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʻ ʚʠʱʦʶ 
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ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʩʢʣʘʜʦʤ. ʏʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʚ ʩʢʣʘʜʽ ʟʤʽʰʘʥʦʛʦ 

ʮʝʤʝʥʪʫ ʉɽʄ ɯ 42,5R ʜʦ 25 ʤʘʩ. % ʫʪʚʦʨʶʻʪʴʩʷ ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʉʘ(ʆʅ)2 ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʛʽʜʨʘʪʘʮʽʾ, ʪʦʤʫ  ʰʚʠʜʢʽʪʴ ʧʫʮʦʣʘʥʦʚʦʾ ʨʝʘʢʮʽʾ ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ ʽ ʤʝʭʘʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ɼɹɿ ʥʘ ʦʩʥʦʚʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʟ ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʦʤ 0,25 ʟʥʠʞʫʶʪʴʩʷ. 

 

ʈʠʩʫʥʦʢ 4.1 ï ɺʧʣʠʚ ʂʇɼ-ʄ2 ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʭʘʥʦ-ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʩʢʦʨʠʩʪʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʧʨʠʩʢʦʨʶʚʘʯʝʤ ʪʚʝʨʜʥʝʥʥʷ (Na2SO4) 

ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʨʫʭʣʠʚʽʩʪʴ ʩʫʤʽʰʽ ɼɹɿ ʟ 153 ʤʤ ʜʦ 290. ʇʨʠ ʟʥʠʞʝʥʥʽ ʚʦʜʦ-

ʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ  ʥʘ 20 % ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʯʝʨʝʟ 7 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

ʟʘʙʝʟʧʝʯʫʪ̒ʩɹʷ ʥʘ ʨʽʚʥʽ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʉɽʄ ɯ 42,5R (ʪʘʙʣ. 4. 1).  

ʊʘʙʣʠʮʷ 4.1 ï ɺʧʣʠʚ ʤʝʭʘʥʦ-ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ 

ʮʝʤʝʥʪʫ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ 

ʉʢʣʘʜ ʮʝʤʝʥʪʫ 
Sʧʠʪ, 

ʩʤĮ/ʛ 
ɺ/ʎ 

ʈʂ, 

ʤʤ 

ʄʽʮʥʽʩʪʴ ʧʨʠ 

ʩʪʠʩʢʫ, ʄʇʘ 

ɿʘʪʨʘʪʠ ʥʘ 

ʧʦʤʝʣ,  

ʢɺʪĿʛʦʜ/ʪ 

ɽʤʽʩʽʷ 

ʉʆ2 ʢʛ/ʪ 
2 7 28 

ʉɽʄ ɯ 42,5R 3900 0,5 153 30,1 43,8 50,6 42 865 

50 % ʉɽʄ ɯ 42,5R 

+ 50 % ʂʇɼ-02 

+ 1 % Na2SO4+0,5 % ʈʉɽ 

8000 

0,5 290 12,8 23,8 35,0 

56 520 

0,4 145 26,3 46,6 62,5 
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100 ʉɽʄɯ -0 ʂʇɼ-ʄ2
75 ʉɽʄɯ -25 ʂʇɼ-ʄ2
50 ʉɽʄɯ -50 ʂʇɼ-ʄ2
25 ʉɽʄɯ -75 ʂʇɼ-ʄ2
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʥʦʚʦʾ ʛʝʥʝʨʘʮʽʾ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ. ʈʦʟʧʣʠʚ ʢʦʥʫʩʘ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ 1,0 % ʈʉɽ ʜʦ ʩʢʣʘʜʫ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ 

(50 ʤʘʩ. % ʉɽʄ ɯ + 50 ʤʘʩ. % ʂʇɼ-02) ʧʨʠ ɺ/ʎ=0,5 ʟʨʦʩʪʘʻ ʟ 144 ʜʦ 280 ʤʤ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ, ʦʪʨʠʤʘʥʠʡ ʚʽʜ ʜʦʜʘʚʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ, 

ʩʪʘʥʦʚʠʪʴ ȹʈʂ=94 % ʙʝʟ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ. ɿʘ ʨʘʭʫʥʦʢ ʚʦʜʦʨʝʜʫʢʫʶʯʦʛʦ 

ʝʬʝʢʪʫ (ȹɺ/ʎ=20 %) ʪʝʭʥʽʯʥʠʡ ʝʬʝʢʪ (ȹRʩʪ) ʯʝʨʝʟ 2, 7 ʽ 28 ʜʽʙ ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʥʦʚʠʪʴ 

31, 27 ʽ 27 % (ʪʘʙʣ. 4.2).  

ʊʘʙʣʠʮʷ 4.2 ï ɺʧʣʠʚ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʈʉɽ ʥʘ ʤʽʮʥʽʩʪʴ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ 

ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ  

Master Glenium 430 

ACE, ʤʘʩ, % 

ɺ/ʎ ʈʂ, ʤʤ ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ, ʄʇʘ 

2 7 28 

- 0,5 144 11,9 32,5 43,7 

1,0 0,5 280 11,9 33,5 48,7 

1,0 0,4 144 15,6 38,8 54,4 

 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʜʦ ʾʭ ʩʢʣʘʜʫ ʚʚʦʜʷʪʴʩʷ 

ʜʦʙʘʚʢʠ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ɼʉʊʋ ɹ ɺ.2.7-65-97 

çɼʦʙʘʚʢʠ ʜʣʷ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ. ʂʣʘʩʠʬʽʢʘʮʽʷè. ʂʦʥʪʨʦʣʴʥʠʡ ʩʢʣʘʜ 

ʧʨʠʛʦʪʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ, ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʦʥʦʬʨʘʢʮʽʡʥʦʛʦ ʧʽʩʢʫ, ʧʨʠ ɺ/ʎ=0,41 ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʦʟʧʣʠʚʫ ʢʦʥʫʩʘ 110 ʤʤ. ʄʽʮʥʽʩʪʴ ʯʝʨʝʟ 2; 7 ʽ 28 ʜʽʙ ʩʪʘʥʦʚʠʪʴ 8,6; 17,3 ʽ 33,1 ʄʇʘ 

ʚʽʜʧʦʚʽʜʥʦ (ʪʘʙʣ. 4.3).  

ʇʨʠ ʚʚʝʜʝʥʥ ̔ 0,1 ʤʘʩ.% MasterɸɯR 81 ʜʦ ʩʢʣʘʜʫ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ (ʎ:ʇ=1:3) ʧʨʠ ɺ/ʎ=0,41 ʨʦʟʧʣʠʚ ʢʦʥʫʩʘ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 10 % ʽ ʩʪʘʥʦʚʠʪʴ 121 ʤʤ, ʦʪʞʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʣʘʩʪʠʬʽʢʫʶʯʠʡ 

ʝʬʝʢʪ. ʄʽʮʥʽʩʪʴ ʮʝʤʝʥʪʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ ʫ ʨʘʥʥʴʦʤʫ ʚʽʮʽ ʯʝʨʝʟ 2 ʜʦʙʠ ʪʚʝʨʜʥʝʥʥʷ 
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ʩʪʘʥʦʚʠʪʴ 8,0 ʄʇʘ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ɺ/ʎ ʜʦ 0,38 ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʡ ʨʦʟʧʣʠʚ 

ʢʦʥʫʩʘ 110 ʤʤ ʽ ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 12,0 ʄʇʘ, ʘ ʯʝʨʝʟ 7 ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 21,2 

ʽ 35,1 ʄʇʘ. 

 

ʊʘʙʣʠʮʷ 4.3 ï ɺʧʣʠʚ ʤʦʜʠʬʽʢʘʪʦʨʘ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ Master Air 81 (BASF) 

ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʮʝʤʝʥʪʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ  

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʚʝʜʝʥʥʷ ʜʦʙʘʚʦʢ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʩʪʠʯʥʽʩʪʴ 

ʩʫʤʽʰʽ ʪʘ ʥʝʦʙʭʽʜʥʫ ʱʽʣʴʥʽʩʪʴ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ. ʂʦʤʙʽʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʠʤʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ 

ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʪʝʢʫʯʫ ʟʜʘʪʥʽʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ (ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ), 

ʟʙʽʣʴʰʠʪʠ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɺ/ɺ (ʪʝʭʥʽʯʥʠʡ ʝʬʝʢʪ) ʪʘ 

ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʮʝʤʝʥʪʫ ʚ ʙʝʪʦʥʽ (ʝʢʦʣʦʛʽʯʥʠʡ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʝʬʝʢʪʠ). 

ʆʜʝʨʞʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ (ʘʙʦ ʷʢ 

ʦʢʨʝʤʠʭ ʩʢʣʘʜʥʠʢʽʚ) ʽ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʥʦʚʦʾ ʛʝʥʝʨʘʮʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʱʽʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʙʝʪʦʥʫ. ʊʦʤʫ ʚʧʣʠʚ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ 

ʂʇɼ-03 ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ (ʎ:ʇ=1:2) 

ʜʦʩʣʽʜʞʝʥʦ ʜʚʦʤʘ ʰʣʷʭʘʤʠ: ʧʨʠ ʟʘʤʽʱʝʥʥʽ ʉɽʄ ɯ 42,5 R ʽ ʷʢ ʜʦʙʘʚʢʠ-ʥʘʧʦʚʥʶʚʘʯʘ 

ʟʘʤʽʩʪʴ ʯʘʩʪʠʥʠ ʧʽʩʢʫ, ʽ ʨʽʟʥʦʤʫ ʜʦʟʫʚʘʥʥʽ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ. ɺʠʪʨʘʪʘ ʚʦʜʠ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʽʟ ʟʘʜʘʥʦʶ 

ʨʫʭʦʤʽʩʪʶ 180...200 ʤʤ ʥʘ ʦʩʥʦʚʽ ʉɽʄ ɯ 42,5 R ʩʪʘʥʦʚʠʪʴ 600 ʢʛ/ʤ3 ʙʝʪʦʥʫ, ʤʽʮʥʽʩʪʴ 

ʂʽʣʴʢʽʩʪʴ ʇɺ, 

ʤʘʩ.% 
ɺ/ʎ ʈʂ, ʤʤ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ, ʄʇʘ, 

ʯʝʨʝʟ, ʜʽʙ 

2 7 28 

- 0,41 110 8,6 17,3 33,1 

0,1 0,41 121 8,0 15,5 22,8 

0,1 0,38 110 12,0 21,2 30,0 
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ʧʨʠ ʩʪʠʩʢʫ ʯʝʨʝʟ 2; 7; 28 ʽ 180 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 37,6; 67,2; 76,0 ʽ 96,3 ʄʇʘ. 

ʇʨʠ ʟʘʤʽʥʽ 50 ʤʘʩ. % (300 ʢʛ/ʤ3 ʙʝʪʦʥʫ) ʉɽʄ ɯ 42,5 R ʢʦʤʙʽʥʦʚʘʥʦʶ ʧʫʮʦʣʘʥʦʚʦʶ 

ʜʦʙʘʚʢʦʶ  ʚʠʪʨʘʪʘ ʚʦʜʠ ʟʨʦʩʪʘʻ ʜʦ 252 ʢʛ/ʤ3 ʙʝʪʦʥʫ, ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʟʥʠʞʫʻʪʴʩʷ 

ʫ ʚʩʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ ʥʘ 30...54 % ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʩʢʣʘʜʦʤ. 

ʇʨʠ ʟʘʤʽʱʝʥʥʽ ʪʘʢʦʶ ʩʘʤʦʶ ʢʽʣʴʢʽʩʪʶ ʂʇɼ-03 ʯʘʩʪʠʥʠ ʧʽʩʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪʠ ʚʦʜʠ (ʪʘʙʣ. 4.4) ʜʦ 294 ʢʛ/ʤ3 ʙʝʪʦʥʫ, ʧʨʠ ʮʴʦʤʫ ʤʽʮʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ 

ʣʠʰʝ ʫ ʨʘʥʥʴʦʤʫ ʚʽʮʽ ʥʘ 8 %, ʘ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ï ʤʽʮʥʽʩʪʴ ʥʘ 2,6 ʄʇʘ ʻ ʚʠʱʦʶ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʩʢʣʘʜʦʤ ʥʘ ʦʩʥʦʚʽ ʉɽʄ ɯ 42,5 R. 

ʊʘʙʣʠʮʷ 4.4 ï ʂʦʤʙʽʥʦʚʘʥʘ ʧʫʮʦʣʘʥʦʚʘ ʜʦʙʘʚʢʘ ʚ ʩʢʣʘʜʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ 

ʇʦʟʥʘʯʝʥʥʷ 
ʉɽʄ ɯ 42,5 R, 

ʢʛ 

ʂʇɼ-03, 

ʢʛ 

ɺʦʜʘ, 

ʢʛ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ, ʄʇʘ, ʫ ʚʽʮʽ, ʜʽʙ 

2 7 28 180 

ʂʦʥʪʨʦʣʴʥʠʡ 600 - 240 37,6 67,2 76,0 96,3 

ʉɽʄ ɯ+ʂʇɼ-03 300 300 252 17,6 33,5 53,2 84,3 

ʇʽʩʦʢ + ʂʇɼ-03 600 300 294 35,2 62,4 78,6 105,7 

 

ɺ ʨʦʙʦʪʘʭ ɼʚʦʨʢʽʥʘ ʃ. ʁ., ɹʘʞʝʥʦʚʘ ʖ. ʄ., Varma M.B. [64-66] ʧʦʢʘʟʘʥʦ, ʱʦ ʟ 

ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʝʪʦʥʥʠʭ ʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʘʞʣʠʚʠʤ 

ʻ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʚʦʜʠ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʫ ʙʝʪʦʥʫ. ɼʣʷ 

ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ ʚʤʽʩʪ ʚʦʜʠ ʚ ʩʢʣʘʜʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʤʝʥʰʝ 200 ʢʛ/ʤ3 ʙʝʪʦʥʫ [67]. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʘʮʽʦʥʘʣʴʥʦ ʧʽʜʽʙʨʘʥʦʛʦ 

ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʽ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ. ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʚʦʜʦʚʤʽʩʪʫ ʚ ʩʢʣʘʜʽ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ Master Genium 430 ACE (ʈʉɽ) ʫ ʢʽʣʴʢʦʩʪʽ 0,75 ʽ  1,50 % ʥʘ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɼɹɿ. ɼʣʷ ʩʢʣʘʜʽʚ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ ʟ ʚʠʪʨʘʪʦʶ 

ʉɽʄ ɯ 42,5 R 600 ʢʛ/ʤ3 ʙʝʪʦʥʫ (ʢʦʥʪʨʦʣʴʥʠʡ) ʽ ʧʨʠ ʟʘʤʽʱʝʥʥʽ ʯʘʩʪʠʥʠ ʧʽʩʢʫ ʩʪʨʽʤʢʝ 
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ʟʥʠʞʝʥʥʷ ʚʦʜʦʚʤʽʩʪʫ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʜʦʟʫʚʘʥʥʽ ʈʉɽ 0,75 % ï ʥʘ 27,5  ʽ 26,2 % 

ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 4.2).  

 

ʈʠʩʫʥʦʢ 4.2 ï ɺʧʣʠʚ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ʥʘ ʚʤʽʩʪ 

ʚʦʜʠ ʚ ʩʢʣʘʜʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ  ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʈʂ=170..200 ʤʤ 

 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʠʪʨʘʪʠ ʈʉɽ ʜʦ 1,50 % ʜʣʷ ʜʘʥʠʭ ʩʢʣʘʜʽʚ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ 

ʙʝʪʦʥʫ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ 1 ʤ3 ʙʝʪʦʥʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʟʥʠʞʫʻʪʴʩʷ 

ʣʠʰʝ ʥʘ 28,5é35,0 %. ɼʣʷ ʩʢʣʘʜʫ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʉɽʄ ɯ+ʂʇɼ-03, 

ʚ ʷʢʦʤʫ 50 ʤʘʩ. % ʉɽʄ ɯ 42,5 R ʟʘʤʽʥʝʥʦ ʢʦʤʙʽʥʦʚʘʥʦʶ ʧʫʮʦʣʘʥʦʚʦʶ ʜʦʙʘʚʢʦʶ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʷʤʦʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʤʽʩʪʦʤ ʈʉɽ ʽ ʚʦʜʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʫʭʣʠʚʦʩʪʽ ʙʝʪʦʥʫ 170...200 ʤʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʦʜʦʚʤʽʩʪ ʧʨʠ ʜʦʟʫʚʘʥʥʽ 0,75 ʽ 

1,50 % ʟʥʠʞʫʻʪʴʩʷ ʥʘ 20,0 ʽ 38,7 % ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʚʤʽʩʪʦʤ ʚʦʜʠ ʽ ʢʽʣʴʢʽʩʪʶ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ Master Genium 430 ACE ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ ʟ ʨʫʭʣʠʚʽʩʪʶ 180é200 ʤʤ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

ɺʂʦʥʪʨʦʣʴʥʠʡ= 42,667 nʈʉɽ
2 - 120nʈʉɽ + 240; RĮ = 1       (4.1) 

ɺʈ(ʇʽʩʦʢ:ʂʇɼ-03) = 48 nʈʉɽ
 2 - 124 nʈʉɽ + 252; RĮ = 1                  (4.2) 

ɺʈ(ʉɽʄ ɯ+ʂʇɼ-03) = -76 nʈʉɽ + 293; RĮ = 0,9991                             (4.3) 

 

ɿʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʚʦʜʠ ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 1 ʤ3 ʙʝʪʦʥʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ 

ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ, ʱʦ 
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ʥʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʉɽʄ ɯ 42,5 R 

(ʢʦʥʪʨʦʣʴʥʠʡ ʩʢʣʘʜ) ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 0,75 % ʈʉɽ (ʨʠʩ. 4.4). ɺ ʪʦʡ ʞʝ 

ʯʘʩ, ʜʣʷ ʩʢʣʘʜʽʚ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ, ʱʦ ʤʽʩʪʷʪʴ ʢʦʤʙ̔ ʥʦʚʘʥʫ ʧʫʮʦʣʘʥʦʚʫ 

ʜʦʙʘʚʢʫ ʟʘʤʽʩʪʴ ʯʘʩʪʠʥʠ ʮʝʤʝʥʪʫ ʘʙʦ ʧʽʩʢʫ, ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ 

ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 1,20..1,50 % ʈʉɽ.  

 

   

ʘ                                       ʙ                                 ʚ                                                         

ʈʠʩʫʥʦʢ 4.3 ï ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʥʘ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʯʝʨʝʟ 2 ʜʦʙʠ (ʘ), 7 ʜʽʙ (ʙ) ʽ 28 ʜʽʙ (ʚ) 

 

ʅʘ ʨʠʩ. 4.3, ʚ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʈʉɽ ʫ ʢʽʣʴʢʦʩʪʽ 1,20...1,50 %, 

ʤʽʮʥʽʩʪʴ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ ʟ ʚʤʽʩʪʦʤ ʂʇɼ-03 ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʻ ʚʠʱʦʶ 

ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʘʤʠ ʥʘ ʦʩʥʦʚʽ ʉɽʄ ɯ 42,5 R ʙʝʟ ʎɿʄ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʟʘʤʽʱʝʥʥʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʢʦʤʙʽʥʦʚʘʥʦʶ ʧʫʮʦʣʘʥʦʚʦʶ ʜʦʙʘʚʢʦʶ ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ, 

ʧʨʠ ʮʴʦʤʫ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʜʣʷ ʩʢʣʘʜʫ ʽʟ ʚʤʽʩʪʦʤ 1,50 % ʈʉɽ ʤʽʮʥʽʩʪʴ ʧʨʠ 

ʩʪʠʩʢʫ ʜʦʩʷʛʘʻ 108,6 ʄʇʘ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ 1,20é1,50 % ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ 

ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʪʦʥʽʚ ʟ ʚʤʽʩʪʦʤ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʽ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ, 

ʦʩʦʙʣʠʚʦ ʫ ʧʽʟʥʴʦʤʫ ʚʽʮʽ ʪʚʝʨʜʥʝʥʥʷ, ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʦʤ ʥʘ ʦʩʥʦʚʽ ʉɽʄ ɯ 42,5 R ʟ 

ʜʦʟʫʚʘʥʥʷʤ ʈʉɽ ʜʦ 1,20%. 
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4.2. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʽʚ ʝʢʦʝʬʝʢʪʠʚʥʠʭ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ 

 

 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʝʨʥʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʨʫʧʥʦʛʦ ʽ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ 

ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʘʢʪʠʚʥʦʶ ʢʦʤʙʽʥʦʚʘʥʦʶ ʧʫʮʦʣʘʥʦʚʦʶ ʜʦʙʘʚʢʦʶ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʦʤʧʘʢʪʥʫ ʫʧʘʢʦʚʢʫ ʟʝʨʝʥ ʤʘʪʨʠʮʽ ʙʝʪʦʥʫ.   

ʊʝʭʥʦʣʦʛʽʷ ʝʢʦʝʬʝʢʪʠʚʥʠʭ ʙʝʪʦʥʽʚ ʧʝʨʝʜʙʘʯʘʻ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ (ʢʛ/ʤ3) ʥʘ ʦʜʠʥʠʮʶ ʤʽʮʥʦʩʪʽ (ʄʇʘ) ʙʝʪʦʥʫ. ɿʘ ʜʘʥʠʤʠ 

K. L. Scrivener ʪʘ ʽʥ. [139], ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʢʣʽʥʢʝʨʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚ ʤʝʞʘʭ 2-5 ʢʛ/ʄʇʘ 

ʜʣʷ ʧʨʦʝʢʪʥʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ 60 ʄʇʘ. ʎʝ ʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ (ʢʨʫʧʥʠʡ ʟʘʧʦʚʥʶʚʘʯ ï ʜʨʽʙʥʠʡ ʟʘʧʦʚʥʶʚʘʯ ï 

ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʽ ï ʘʢʪʠʚʥʽ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ - ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ) ʽ ʟʥʠʞʝʥʦʛʦ 

ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʥʦʚʦʾ 

ʛʝʥʝʨʘʮʽʾ.  

ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʱʽʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ ʧʽʜʽʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ 

ʜʨʽʙʥʦʛʦ ʽ ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʽʚ ʟʛʽʜʥʦ ʧʦʣʴʩʴʢʦʾ ʤʝʪʦʜʠʢʠ PN-B-06265:2018-10 

(ʨʠʩ. 4.4). ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʽʩʢʦʤ ɾʦʚʢʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʪʘ ʱʝʙʝʥʝʤ ʬʨʘʢʮʽʡ 

2,5-5,0; 5,0-10,0; 10,0-20,0 ʩʪʘʥʦʚʠʪʴ 1,00:0,37:0,91:1,17 ʚʽʜʧʦʚʽʜʥʦ. ʂʨʠʚʘ ʧʦʚʥʠʭ 

ʟʘʣʠʰʢʽʚ ʥʘ ʩʠʪʘʭ ʟ ʨʦʟʤʽʨʦʤ ʦʪʚʦʨʽʚ 0,125; 0,25; 0,5; 1,0; 2,0; 4,0; 8,0; 16,0 ʤʤ 

ʦʜʝʨʞʘʥʦʾ ʩʫʤʽʰʽ ʢʨʫʧʥʦʛʦ ʽ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʧʦʚʥʽʩʪʶ ʚʭʦʜʠʪʴ ʚ ʦʙʣʘʩʪʴ 

ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʽ ʻ ʧʣʘʚʥʦʶ. 

ʅʘʡʥʠʞʯʠʡ ʧʦʢʘʟʥʠʢ ʚʦʜʦʧʦʪʨʝʙʠ 0,34 ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʥʘ ʦʩʥʦʚʽ 75 ʤʘʩ. % ʉɽʄ I +25 ʤʘʩ. % ʂʇɼ-03 ʧʨʠ 

ʚʠʪʨʘʪʽ ʈʉɽ 1,0 %, ʧʨʠ ʮʴʦʤʫ ʤʘʨʢʘ ʟʘ ʨʫʣʠʚʽʩʪʶ S3 ʟʙʝʨʽʛʘʻʪʴʩʷ (ʪʘʙʣ. 4.5). 
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ʈʠʩʫʥʦʢ 4.4 ï ʆʙʣʘʩʪʴ ʟʝʨʥʦʚʦʛʦ ʩʢʣʘʜʫ ʟʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ ʙʝʪʦʥʽʚ 

 

ʊʘʙʣʠʮʷ 4.5 ï ʉʢʣʘʜʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ 

ʇʦʟʥʘʯʝʥʥʷ CEM I 42,5 R 75 ʤʘʩ. % ʉɽʄ I + 

25 ʤʘʩ. % ʂʇɼ-03 

50 ʤʘʩ. % ʉɽʄ I + 

50 ʤʘʩ. % ʂʇɼ-03 

CEM I 42,5 R, ʢʛ 350 263 175 

ʂʇɼ-03, ʢʛ - 87 175 

ɺ/ɺ, % 0,37 0,34 0,46 

ʈʉɽ, % 1,0 1,0 1,2 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʘʞʢʦʛʦ 

ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ 50 ʤʘʩ. % ʉɽʄ I + 50 ʤʘʩ. % ʂʇɼ-03 ʚʠʪʨʘʪʫ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʨʠʡʥʷʪʦ 1,2 %. ʌʽʟʠʯʥʠʡ ʧʽʜʭʽʜ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʫ ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ ʯʝʨʝʟ ʦʧʪʠʤʽʟʘʮʽʶ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʚʧʣʠʚ ʝʬʝʢʪʠʚʥʦʛʦ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ 47,7 

ʽ 24,2 ʄʇʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʢʦʝʬʝʢʪʠʚʥʠʭ ʙʝʪʦʥʽʚ ʟ ʚʤʽʩʪʦʤ 25 ʤʘʩ. % ʽ 50 ʤʘʩ. % 

ʂʇɼ-03 ʚ ʩʢʣʘʜʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʚʽʜʧʦʚʽʜʥʦ (ʪʘʙʣ. 4.6). ʎʝ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ 

ʧʠʪʦʤʫ ʚʠʪʨʘʪʫ ʢʣʽʥʢʝʨʫ ʥʘ ʦʜʠʥʠʮʶ ʤʽʮʥʦʩʪʽ ʟʘʧʨʦʝʢʪʦʚʘʥʠʭ ʝʢʦʝʬʝʢʪʠʚʥʠʭ 
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ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʟ 3,9 ʜʦ 2,6...2,9 ʢʛ/(ʤ3.ʄʇʘ), ʉʆ2-ʽʥʪʝʥʩʠʚʥʽʩʪʴ ï ʟ 3,4 ʜʦ 

2,2...2,5 ʢʛ ʉʆ2/(ʤ
3.ʄʇʘ). ɺʫʛʣʝʮʝʚʠʡ ʩʣʽʜ 1 ʤ3 ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ 

CEM I 42,5 R ʩʪʘʥʦʚʠʪʴ 303 ʢʛ ʉʆ2, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʙʝʪʦʥʽʚ ʟ ʚʤʽʩʪʦʤ 25 ʤʘʩ. % ʽ 50 ʤʘʩ. % ʂʇɼ-03 ʚ ʾʭ ʩʢʣʘʜʽ ï 238 ʽ 

171 ʢʛ ʉʆ2 ʚʽʜʧʦʚʽʜʥʦ.  

ʊʘʙʣʠʮʷ 4.6 ï ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɿʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʚʦʜʠ ʧʨʠ ʚʚʝʜʝʥʥʽ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ, ʚʽʜʩʪʘʥʽ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʚôʷʞʫʯʦʛʦ ʚ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʟʤʝʥʰʫʶʪʴʩʷ ʽ ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ ʰʚʠʜʰʝ ʟʘʧʦʚʥʶʶʪʴ ʧʦʨʦʚʠʡ 

ʧʨʦʩʪʽʨ, ʪʦʤʫ ʟ ʚʽʢʦʤ ʪʚʝʨʜʥʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʱʽʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ (ʨʠʩ. 4.5). 

 

ʇʦʟʥʘʯʝʥʥʷ CEM I 42,5 R 75 ʤʘʩ. % ʉɽʄ I + 

25 ʤʘʩ. % ʂʇɼ-03 

50 ʤʘʩ. % ʉɽʄ I + 

50 ʤʘʩ. % ʂʇɼ-03 

ɻʫʩʪʠʥʘ, ʢʛ/ʤ3 2440 2432 2421 

ʆʩʘʜʢʘ ʢʦʥʫʩʘ, ʩʤ 12 15 15 

ʄʽʮʥʽʩʪʴ, ʄʇʘ  

ʯʝʨʝʟ 2 ʜʦʙʠ 

 

51,1 

 

47,7 

 

24,2 

ʯʝʨʝʟ 28 ʜʽʙ 90,9 99,3 60,1 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʝʢʪʥʦʾ 

ʤʽʮʥʦʩʪʽ, ʢʛ/ʄʇʘ 

ʯʝʨʝʟ 2 ʜʦʙʠ  6,8 5,5 7,2 

ʯʝʨʝʟ 28 ʜʽʙ  3,9 2,6 2,9 
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ʈʠʩʫʥʦʢ 4.5 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʟ ʚʤʽʩʪʦʤ 25 % ʂʇɼ-03 ʚ 

ʩʢʣʘʜʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

 

 

4.3. ʉʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʽ ʙʝʪʦʥʠ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ 

 

 

ʊʝʭʥʦʣʦʛʽʷ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ (ʉʋɹ) ʧʝʨʝʜʙʘʯʘʻ ʝʢʦʥʦʤʽʶ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ (ʚʽʜʤʦʚʘ ʚʽʜ ʚʽʙʨʫʚʘʥʥʷ) ʽ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʢʣʘʜʘʥʥʷ ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʾʾ ʨʫʭʣʠʚʦʩʪʽ [5, 35, 140].  ʊʘʢʽ ʙʝʪʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʘʯʥʦʛʦ ʚʤʽʩʪʫ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʥʠʞʝʥʦʛʦ 

ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ (ʚʦʜʦ-ʚôʷʞʫʯʦʛʦ) ʚʽʜʥʦʰʝʥʥ ̫ ï 0,5 (0,35) ʽ ʢʦʤʧʣʝʢʩʥʠʭ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ. ʆʩʢʽʣʴʢʠ ʪʘʢʽ ʤʦʜʠʬʽʢʦʚʘʥʽ ʙʝʪʦʥʠ ʚʠʤʘʛʘʶʪʴ ʧʽʜʚʠʱʝʥʦʾ ʚʠʪʨʘʪʠ 

ʮʝʤʝʥʪʫ, ʟʨʦʩʪʘʻ ʾʭ ʚʘʨʪʽʩʪʴ ʽ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʢʣʽʥʢʝʨʫ ʥʘ ʦʜʠʥʠʮʶ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ. 

ʊʦʤʫ, ʧʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ 

(ʎ:ʇ:ʑ=1:1,27:1,69) ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5 R ʟ ʚʠʪʨʘʪʦʶ 

525 ʢʛ/ʤ3 ʙʝʪʦʥʫ, ʦʩʢʽʣʴʢʠ ʚʘʨʪʽʩʪʴ ʽ ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ ʪʘʢʦʛʦ ʪʠʧʫ ʮʝʤʝʥʪʫ ʻ ʥʠʞʯʽ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ CEM I 42,5R.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʙʝʪʦʥʫ 

ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ, ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʫ 
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ʜʦʙʘʚʢʫ ʽ ʩʪʘʙʽʣʽʟʘʪʦʨ ʚôʷʟʢʦʩʪʽ ʬʽʨʤʠ Sika ʫ ʢʽʣʴʢʦʩʪʽ 1,5; 0,1 ʽ 0,1 % ʚʽʜʧʦʚʽʜʥʦ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʠʟʴʢʝ ʚʦʜʦʮʝʤʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ (ɺ/ʎ=0,30). ʉʝʨʝʜʥʷ ʛʫʩʪʠʥʘ 

ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʙʝʪʦʥʫ ʩʪʘʥʦʚʠʣʘ 2250 ʢʛ/ʤ3, ʚʤʽʩʪ ʫʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ 

ʚʠʟʥʘʯʘʚʩʷ ʟ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ LP-Topf ï 6,0 %. 

ɼʽʘʤʝʪʨ ʨʦʟʧʣʠʚʫ ʢʦʥʫʩʘ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ. ʈʫʭʦʤʽʩʪʴ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚʠʟʥʘʯʝʥʦ ʟʘ ʨʦʟʧʣʠʚʦʤ ʢʦʥʫʩʘ ɸʙʨʘʤʩʘ  (ʨʠʩ. 4.6). ɼ̔ ʘʤʝʪʨʠ 

ʨʦʟʧʣʠʚʫ ʩʪʘʥʦʚʣʷʪɹ D1=790 ̔  D2=820 ʤʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ ʟʘ ʨʦʟʧʣʠʚʦʤ FS3 ʟʛʽʜʥʦ 

EN 12350-5. 

 

 

ʈʠʩʫʥʦʢ 4.6 ï ʈʦʟʧʣʠʚ ʢʦʥʫʩʘ ɸʙʨʘʤʩʘ 

 

ʋʤʦʚʥʘ ʚôʷʟʢʽʩʪʴ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʾ ʙʝʪʦʥʥʦʾ ʩʫʤʫʰʽ. ɿʘ ʯʘʩʦʤ ʚʠʪʢ̔ʘʥʥʷ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟ ʧʨʷʤʦʢʫʪʥʦʾ ʚʦʨʦʥʢʠ (ʨʠʩ. 4.7) ʜʦ ʧʝʨʰʦʛʦ ʧʝʨʝʨʠʚʫ ʫ ʧʦʪʦʮʽ 

ʚʠʟʥʘʯʘʣʠ ʫʤʦʚʥʫ ʚôʷʟʢʽʩʪʴ. ɼʣʷ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5 R ʯʘʩ ʚʠʪʽʢʘʥʥʷ ʩʪʘʥʦʚʠʚ ï 9,2 ʩ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ VF2. 
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ʈʠʩʫʥʦʢ 4.7 ï ʇʨʷʤʦʢʫʪʥʘ ʚʦʨʦʥʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚʥʦʾ ʚôʷʟʢʦʩʪʽ 

ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʾ ʙʝʪʦʥʥʦʾ ʩʽʤʽʰʽ 

 

ɼʦʣʘʶʯʘ ʟʜʘʪʥʽʩʪʴ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʾ ʙʝʪʦʥʥʦʾ ʩʫʤʫʰʽ. ɸʥʘʣʽʟ ʨʦʟʪʽʢʘʥʥʷ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʨʠ ʧʦʜʦʣʘʥʥʽ ʧʝʨʝʰʢʦʜ 

(3 ʩʪʝʨʞʥʷ) ʧʨʦʚʦʜʠʣʠ ʟ ʜʦʧʦʤʦʛʦʶ L-ʧʦʜʽʙʥʦʛʦ ʷʱʠʢʘ (ʨʠʩ. 4.8). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʙʝʪʦʥʥʘ ʩʫʤʽʰ ʥʘ ʦʩʥʦʚʽ CEM IV/ɺ 32,5 R ʟʘʡʤʘʻ ʦʙôʻʤ ʷʱʠʢʘ ʨʽʚʥʦʤʽʨʥʦ ï ʚ̔ ʜʩʫʪʥʽʡ 

ʧʝʨʝʧʘʜ ʚʠʩʦʪ ʥʘ ʧʦʯʘʪʢʫ ʽ ʚ ʢʽʥʮʽ ʷʱʠʢʘ. ʏʘʩ ʟʘʧʦʚʥʝʥʥʷ ï 8 ʩ. ɿʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʪʝʢʫʯʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʝʪʦʥʥʘ ʩʫʤʽʰ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ PL2. 

 

 

ʈʠʩʫʥʦʢ 4.8 ï ɺʠʟʥʘʯʝʥʥʷ ʜʦʣʘʶʯʦ ʾʟʜʘʪʥʦʩʪʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

L-ʧʦʜʽʙʥʦʛʦ ʷʱʠʢʘ 
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ʊʘʢʦʞ, ʦʮʽʥʢʫ ʜʦʣʘʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ 

ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5 R ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ J-ʢʽʣʴʮʷ 

(16 ʩʪʝʨʞʥʽʚ), ʦʩʢʽʣʴʢʠ ʪʘʢʠʡ ʪʠʧ ʙʝʪʦʥʫ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʙʝʪʦʥʫʚʘʥʥʽ 

ʛʫʩʪʦʘʨʤʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʨʠʩ. 4.9). ɿʛʜ̔ʥʦ ʨʦʟʧʣʠʚʫ ʢʦʥʫʩʘ, ʷʢʠʡ ʩʪʘʥʦʚʠʚʪʴ 

71 ʩʤ, ʜʘʥʠʡ ʙʝʪʦʥ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ SFj3.  

 

     

ʈʠʩʫʥʦʢ 4.9 ï ʈʦʟʧʣʠʚ ʢʦʥʫʩʘ ʟ ʙʣʦʢʫʶʯʠʤ J-ʢʽʣʴʮʝʤ 

 

ʄʽʮʥʽʩʪʴ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ            

CEM IV/ɺ 32,5 R ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʾ (ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ, ʜʦʙʘʚʢʘ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ, 

ʩʪʘʙʽʣʽʟʘʪʦʨ ʚôʷʟʢʦʩʪʽ) ʦʜʝʨʞʫʶʪʴʩʷ ʣʠʪʽ ʙʝʪʦʥʥʽ ʩʫʤʽʰʽ (ʈʂ=805 ʤʤ) ʙʝʟ ʚʦʜʦ- ʪʘ 

ʨʦʟʯʠʥʦʚʽʜʜʽʣʝʥʥʷ. ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʯʝʨʝʟ 2, 7 ʽ 28 ʜʽʙ ʩʪʘʥʦʚʠʪʴ 19,5, 44,6 ʽ 76,4 

ʄʇʘ  ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʉ45/55. 

ʇʦʢʘʟʥʠʢʠ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ. ʇʨʠʟʤʦʚʘ ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʽʚ ʧʨʠʟʤ 

ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ  CEM IV/ɺ 32,5 R ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʚ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʩʪʘʥʦʚʠʪʴ 45,5 ʄʇʘ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 35,4 . 103 ʄʇʘ (ʜʽʘʧʘʟʦʥ 

ʟʥʘʯʝʥʴ ʟʛʽʜʥʦ ɼɹʅ ɺ.2.6-98 33,0é36,0 ʜʣʷ ʙʝʪʦʥʫ ʢʣʘʩʫ ʉ45/55), ʢʦʝʬʽʮʽʻʥʪ 

ʇʫʘʩʩʦʥʘ 0,17 (ʨʠʩ. 4.10). 
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ʘ                                                   ʙ  

ʈʠʩ. 4.10 ï ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ 

ʙʝʪʦʥʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ɹ ɺ.2.7-217:2009 (ʘ) ʪʘ ʡʦʛʦ ʟʨʫʡʥʦʚʘʥʠʡ ʟʨʘʟʦʢ (ʙ) 

 

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ (ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʫ, ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ) 

ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʾ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʪʘ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ   

ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5 R ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.7.  

ʆʩʢʽʣʴʢʠ ʜʣʷ ʟʚʝʜʝʥʥʷ ʩʫʯʘʩʥʠʭ ʛʫʩʪʦʘʨʤʦʚʘʥʠʭ ʤʦʥʦʣʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʫʢʣʘʜʘʥʥʷ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ, ʧʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʜʣʷ ʪʘʢʦʛʦ ʪʠʧʫ ʩʫʤʽʰʝʡ. ɺʤʽʩʪ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʩʫʧʝʨʮʝʦʣʽʪ, ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ) ʪʘ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʣʘʩʪʠʬʽʢʫʶʯʠʤ ʝʬʝʢʪʦʤ, ʚ ʩʢʣʘʜʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ 

ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5 R ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʢʣʘʜʽʚ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʦʜʥʦʨʽʜʥʠʭ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʟ ʩʪʘʙʽʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʪʘ 

ʚʠʩʦʢʦʾ ʚʦʜʦʫʪʨʠʤʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. 
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ʊʘʙʣʠʮʷ 4.7 ï ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ  

ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5 R 

ʇʦʢʘʟʥʠʢʠ 
ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ɿʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ 

ʜʣʷ ʙʝʪʦʥʽʚ 

ɺ/ʎ  0,30 

ʉʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ɟ ʢʛ/ʤ3 2250 

ʇʦʚʽʪʨʦʚʤʽʩʪ ʩʫʤʽʰʽ ʙʝʪʦʥʥʦʾ ʫ 

ʥʝʫʱʽʣʴʥʝʥʦʤʫ ʩʪʘʥʽ 
% 6,0 

ʈʦʟʧʣʠʚ ʢʦʥʫʩʘ ɸʙʨʘʤʩʘ, ʈʂ ʤʤ 805 

ʈʦʟʧʣʠʚ ʢʦʥʫʩʘ ʟ ʙʣʦʢʫʶʯʠʤ J-ʢʽʣʴʮʝʤ, 

ʈʂ 
ʩʤ 71 

ʋʤʦʚʥʘ ʚôʷʟʢʽʩʪʴ ʩ 9,2 

ɼʦʣʘʶʯʘ ʟʜʘʪʥʽʩʪʴ, h1/h2  1,0 

ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ fcm, ʫ ʚʽʮʽ, ʜʽʙ 

2 

7 

28 

 

ʄʇʘ 

 

 

 

19,5 

44,6 

76,4 

ʆʮʽʥʢʘ ʧʠʪʦʤʦʾ ʤʽʮʥʦʩʪʽ, fcm2/fcm28  25,5 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ɽ . 10-3 ʄʇʘ 35,4 

ʇʨʠʟʤʦʚʘ ʤʽʮʥʽʩʪʴ, Rʧʨ ʄʇʘ 45,5 

ʂʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ, n - 0,17 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ, %  2,7 

ʄʦʨʦʟʦʩʪʽʡʢʽʩʪʩʴ, ʤʘʨʢʘ F  200 
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4.4. ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ 

 

 

ɺʘʞʢʠʡ ʙʝʪʦʥ ʟʘ ʩʚʦʾʤ ʦʩʥʦʚʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʻ ʢʦʥʩʪʨʫʢʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʽ 

ʪʦʤʫ ʧʦʚʠʥʝʥ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʤʽʮʥʽʩʪʶ, ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʝʬʦʨʤʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʩʪʽʡʢʽʩʪʶ ʚ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦʙʪʦ ʤʦʨʦʟʦ- ʪʘ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ, ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟʘʧʨʦʝʢʪʦʚʘʥʦ ʙʝʪʦʥʠ ʥʘ ʦʩʥʦʚʽ ʮʝʤʝʥʪʫ CEM ɯV/ɺ 32,5 ʧʨʠ 

ɺ/ʎ=0,46, ʚʠʪʨʘʪʘ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ Master Glenium ʩʪʘʥʦʚʠʪʴ 1,2 % ʚʽʜ ʤʘʩʠ 

ʮʝʤʝʥʪʫ. ʉʢʣʘʜ ʙʝʪʦʥʫ ʟʘ ʤʘʩʦʶ ʎ:ʇ:ʑ = 1:1,87:3,6. ɸʥʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʟʘʧʨʦʝʢʪʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ 

ʄʉ 22,5ʍ ʧʨʠ ɺ/ʎ=0,56. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʫ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʧʨʦʚʦʜʠʣʠ 

ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ ʟʛʽʜʥʦ 

ʽʟ ɼʉʊʋ ɹ ɺ.2.7-215:2009. ɺʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 1 ʤ3 ʙʝʪʦʥʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.8. 

ʊʘʙʣʠʮʷ 4.8 ï ʉʢʣʘʜʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ 

 ̄ ʊʠʧ ʮʝʤʝʥʪʫ 
ɺʠʪʨʘʪʘ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ 1 ʤ3 ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ 

ʎʝʤʝʥʪ, ʢʛ ʑʝʙʥ̔ʴ, ʢʛ ʇʽʩʦʢ, ʢʛ ɺʦʜʘ, ʢʛ ɼʦʙʘʚʢʘ, % 

1 CEM ɯV/ɺ 32,5 350 1260 650 157,5 1,2 

2 ʄʉ 22,5ʍ 350 1260 650 195,0 1,2 

 

ʂʦʥʩʠʩʪʝʥʮʽʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʨʢʠ ʟʘ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʶ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ S3 ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-176:2008 ʚʦʜʦʮʝʤʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ  ʚʘʞʢʦʛʦ 

ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ CEM ɯV/ɺ 32,5 ʽ ʄʉ 22,5ʍ ʩʪʘʥʦʚʣʷʪʴ 0,46 ʽ 0,56 ʚʽʜʧʦʚʽʜʥʦ             

(ʪʘʙʣ. 4.9). ɿʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 
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ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʨʦʟʯʠʥʦ- ʽ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʥʘ ʦʩʥʦʚʽ   

CEM ɯV/ɺ 32,5 ʽ ʄʉ 22,5ʍ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ. 

ʊʘʙʣʠʮʷ 4.9 ï ʇʦʢʘʟʥʠʢʠ ʩʚʽʞʦʚʠʛʦʪʦʚʣʝʥʠʭ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ  

ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-176:2008  

 ̄ ʊʠʧ ʮʝʤʝʥʪʫ ɺ/ʎ ʆʩʘʜʢʘ ʢʦʥʫʩʘ, ʩʤ 
ʉʝʨʝʜʥʷ ʛʫʩʪʠʥʘ, 

ʢʛ/ʤ3 

ɺʤʽʩʪ 

ʧʦʚʽʪʨʷ, % 

1 CEM ɯV/ɺ 32,5 0,46 15,0 2420 3,4 

2 ʄʉ 22,5ʍ 0,56 10,5 2345 4,5 

 

ʄʽʮʥʽʩʪʴ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ. ʂʣʘʩ ʤʽʮʥʦʩʪʽ ʚʘʞʢʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ                        

CEM ɯV/ɺ 32,5 R ʽ ʄʉ 22,5ʍ ʚʠʟʥʘʯʘʣʠ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʨʫʡʥʽʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʩʪʠʩʢ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-176:2008. ɿʥʠʞʝʥʥʷ ʚʦʜʦʚʤʽʩʪʫ 

ʜʦ 157,5 ʢʛ/ʤ3 ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʩʝʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ, ʱʦ ʤʽʩʪʠʪʴ 50 ʤʘʩ. % ʂʇɼ-03, ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʽ 

ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ CEM ɯV/ɺ 32,5 R ï 24,2; 

40,4 ʽ 60,1 ʄʇʘ ʯʝʨʝʟ 2; 7 ʽ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ ʉ35/45 

(ʨʠʩ. 4.11). ʄʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʄʉ 22,5ʍ ʯʝʨʝʟ 2; 7 ʽ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 5,1; 9,6 ʽ 20,6 ʄʇʘ ʚʽʜʧʦʚʽʜʥʦ (ʢʣʘʩ ʙʝʪʦʥʫ ʟʘ ʤʽʮʥʽʩʪʶ ʉ12/15).  

 

 

ʈʠʩʫʥʦʢ 4.11 ï ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ 
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CEM ɯV/ɺ 32,5 ʄʉ 22,5ʍ 
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ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʧʦʨʠʩʪʽʩʪʴ. ʇʦʨʠ ʚ ʩʪʨʫʢʪʫʨʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʯʘʩ ʟʘʤʽʰʫʚʘʥʥʷ ʘʙʦ ʚʥʘʩʣʽʜʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ ʚ ʮʝʤʝʥʪʥʦʤʫ 

ʢʘʤʝʥʽ, ʤʘʶʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʝʪʦʥʫ [4, 19, 21]. ɿʛʽʜʥʦ ʟ                                   

ɼʉʊʋ ɹ ɺ.2.7-170:2008 ʚʠʟʥʘʯʝʥʦ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʙʝʪʦʥʫ ʟʘ ʤʘʩʦʶ ʽ ʢʽʥʝʪʠʢʦʶ ʡʦʛʦ 

ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ï ʧʦʢʘʟʥʠʢʠ ʧʦʨʠʩʪʦʩʪʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, 

ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ (Wm) ʥʘ ʦʩʥʦʚʽ CEM IV/ɺ 32,5 R ʯʝʨʝʟ 96 ʛʦʜ 

ʥʘʩʠʯʝʥʥʷ ʚʦʜʦʶ ʩʪʘʥʦʚʠʪʴ 2,60 % (ʪʘʙʣ. 4.10), ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʧʦʨ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʙʝʪʦʥʫ ɚ1=0,95 ʧʨʠ ʦʜʥʦʨʽʜʥʦʩʪʽ Ŭ=0,5. 

ʊʘʙʣʠʮʷ 4.10 ï ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5R 

ʏʘʩ, ʛʦʜ 0,25 1,00 24,00 96,00 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ, Wm, % 0,87 1,47 2,38 2,60 

 

ɺʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʴ.  ɺʘʞʢʠʡ ʙʝʪʦʥ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ 

ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5 R ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ (ʚʠʪʨʘʪʘ ʮʝʤʝʥʪʫ ï 350 ʢʛ/ʤ3 

ʙʝʪʦʥʫ), ʤʘʨʢʠ ʟʘ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʶ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ S3, ʚʽʜʧʦʚʽʜʘʻ ʤʘʨʮʽ ʟʘ 

ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ W10 (ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʦʩʪʽ 38-40 ʤʤ, ʪʘʙʣ. 4.11). 

ʊʘʙʣʠʮʷ 4.11 ï ɻʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʠ ʧʽʜ ʪʠʩʢʦʤ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ 

CEM IV/ɺ 32,5 R 

ˉ 

ʟʨʘʟʢʘ 

ɻʣʠʙʠʥʘ ʧʨʦʩʦʯʝʥʥʷ 

ʚʦʜʠ, ʤʤ 

ʌʘʢʪʠʯʥʘ ʤʘʨʢʘ ʟʘ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ, 

W  

1 38 10 

2 40 10 

3 44 8 
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ʇʦʢʘʟʥʠʢʠ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ. ɼʝʬʦʨʤʘʪʠʚʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʢʣʘʩʫ ʉ35/45 ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ 

CEM IV/ɺ 32,5 R ʚʠʟʥʘʯʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ɹ ɺ.2.7-217:2009 ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ 

ʧʨʠʟʤ 100ʭ100ʭ400 ʤʤ ʪʘ ʢʫʙʽʚ 100ʭ100ʭ100 ʤʤ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʚ ʥʦʨʤʘʣʴʥʠʭ 

ʫʤʦʚʘʭ (ʨʠʩ. 4.12, ʘ, ʙ). ʇʨʠʟʤʦʚʘ ʤʽʮʥʽʩʪʴ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʩʪʘʥʦʚʠʪʴ 54,5 ʄʇʘ, ʤʦʜʫʣʴ ʧʨʦʞʥʦʩʪʽ 

30,9.103 ʄʇʘ (ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʟʛʽʜʥʦ ɼɹʅ ɺ.2.6-98 30,5é34,0 ʜʣʷ ʙʝʪʦʥʫ ʢʣʘʩʫ 

ʉ35/45), ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ 0,18. 

 

  

ʘ                                      ʙ                                          

ʈʠʩʫʥʦʢ 4.12 ï ɺʠʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʙʝʪʦʥʫ (ʘ) ʪʘ ʡʦʛʦ ʟʨʫʡʥʦʚʘʥʠʡ ʟʨʘʟʦʢ (ʙ) 

 

ʄʦʨʦʟʦʩʪʽʡʢʽʩʪʴ. ʄʦʨʦʟʦʩʪiʡʢiʩʪʴ  ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʟʤʽʰʘʥʦʛʦ 

ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5 R ʚʠʟʥʘʯʘʣʠ  ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟʘ 

ʧʨʠʩʢʦʨʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-49-96. ɺʘʞʢʠʡ ʙʝʪʦʥ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʟ ʚʠʪʨʘʪʦʶ ʮʝʤʝʥʪʫ ï 350 ʢʛ/ʤ3 ʙʝʪʦʥʫ, ʤʘʨʢʠ ʟʘ 

ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʶ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ S3, ʚʠʧʨʦʙʫʚʘʥʠʡ ʧʨʠʩʢʦʨʝʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ 
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ʚʠʟʥʘʯʝʥʥʷ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ, ʧʽʩʣʷ 4 ʮʠʢʣʽʚ  ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ ʚʽʜʪʘʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʨʮʽ ʟʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ F150 (ʚʪʨʘʪʘ ʤʽʮʥʦʩʪʽ 4,4 %, ʨʠʩ. 4.13). 

 

   

ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 4.13 ï  ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʨʘʟʢʽʚ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ   

CEM IV/ɺ 32,5 R ʧʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʤʘʨʢʠ ʟʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ ʧʽʩʣʷ 2 (ʘ), 3 (ʙ) ʪʘ 

4 (ʚ) ʮʠʢʣʽʚ ʧʦʧʝʨʝʤʽʥʥʦʛʦ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ ʚʽʜʪʘʚʘʥʥʷ 

 

 

4.5. ɹʫʜʽʚʝʣʴʥʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

 

 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʢʣʘʜʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟʘʩʪʦʩʦʚʘʥʦ ʨʦʟʨʦʙʣʝʥʠʡ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʡ ʟʤʽʰʘʥʠʡ ʮʝʤʝʥʪ ʜʣʷ ʤʫʨʫʚʘʥʥʷ ʄʉ 22,5ʍ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʦʩʪʽ ʭʽʤʽʯʥʦʾ 

ʜʦʙʘʚʢʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʚʝʜʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʣʘʥʦʤ ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʪʨʠʨʽʚʥʝʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʪʘʙʣ. 4.12). ɿʘ 

ʬʘʢʪʦʨʠ, ʱʦ ʟʤʽʥʶʚʘʣʠʩʷ, ʧʨʠʡʥʷʪʦ ʚʠʪʨʘʪʫ ʮʝʤʝʥʪʫ ʚ ʩʢʣʘʜʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ 

(ʚʠʪʨʘʪʘ 275-465 ʢʛ ʥʘ 1 ʤ3 ʧʽʩʢʫ) (ʍ1) ʪʘ ʚʤʽʩʪ ʧʦʚʽʪʨʝʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ ʇɺ (0 ï 

2,0 ʤʘʩ.%) (ʍ2). ɺ ʷʢʦʩʪʽ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʚʠʢʦʨʠʩʪʘʥʦ ʧʽʩʦʢ ʄʠʢʦʣʘʾʚʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ ʟ ʤʦʜʫʣʝʤ ʢʨʫʧʥʦʩʪʽ 1,4. 



134 
 

ʊʘʙʣʠʮʷ 4.12 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 

ʇʘʨʘʤʝʪʨʠ ʧʣʘʥʫʚʘʥʥʷ 

ɺʠʪʨʘʪʘ ʮʝʤʝʥʪʫ, ʢʛ (ʍ1) ɺʤʽʩʪ ʇɺ, ʤʘʩ. % (ʍ2) 

ɻʦʣʦʚʥʠʡ  ʨʽʚʝʥʴ ñ0ò 370 0,11 

ʅʠʞʥʽʡ ʨʽʚʝʥʴ ñ-1ò 275 0 

ɺʝʨʭʥʽʡ ʨʽʚʝʥʴ ñ+1ò 465 0,22 

ɯʥʪʝʨʚʘʣ ʚʘʨʽʶʚʘʥʥʷ 95 0,11 

 

ʇʨʠ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʚʠʙʨʘʥʽ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: 

Yʚ/ʮ ï ʚʦʜʦʮʝʤʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ; 

YRʩʪ 7 ï ʤʽʮʥʽʩʪʴ ʨʦʟʯʠʥʫ ʯʝʨʝʟ 7 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʫ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʄʇʘ; 

YRʩʪ 28 ï ʤʽʮʥʽʩʪʴ ʨʦʟʯʠʥʫ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʫ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ , ʄʇʘ. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʾʭ ʛʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ. ʅʘ ʦʩʥʦʚʽ 

ʦʪʨʠʤʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʢʣʘʜʝʥʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʫʥʢʮʽʡ: 

Yʚ/ʮ=0,84 ï 0,14x1ï 0,138x2 ï 0,02ʭ1
2 ï 0,065ʭ2

2 +0,05x1x2; 

YRʩʪ 7=3,83 ï 1,317x1ï 0,083x2 + 0,85ʭ1
2 ï 1,35ʭ2

2 -0,025x1x2; 

YRʩʪ 28=8,411ï 3,517x1ï 0,3x2 ï 2,383ʭ1
2 ï 4,167ʭ2

2 ï 0,15x1x2. 

ɸʥʘʣʽʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʨʷʜ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʩʥʦʚʢʽʚ. ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ 

ʮʝʤʝʥʪʫ ʜʦ 465 ʢʛ ʥʘ ʤ3 ʧʽʩʢʫ (ʢʦʝʬʽʮʽʻʥʪ b1) ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ  ʤʽʮʥʽʩʪʴ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʜʦʙʘʚʢʠ ʇɺ (ʢʦʝʬʽʮʽʻʥʪ b2) 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ. ɺʚʝʜʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʴ ʜʦʙʘʚʢʠ (ʢʦʝʬʽʮʽʻʥʪ b22) ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ɺ/ʎ, ʧʨʠ ʮʴʦʤʫ 

ʤʽʮʥʽʩʪʴ ʨʦʟʯʠʥʫ ʟʥʠʞʫʻʪʴʩʷ (ʨʠʩ. 4.14). 
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ʘ                                                                   ʙ 

ʈʠʩʫʥʦʢ 4.14 ï ɯʟʦʧʘʨʘʤʝʪʨʠʯʥ ̔ʜʽʘʛʨʘʤʠ ʚʧʣʠʚʫ ʚʠʪʨʘʪʠ ʮʝʤʝʥʪʫ ʪʘ ʚʤʽʩʪʫ ʇɺ 

ʫ ʩʢʣʘʜʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ɺ/ʎ (ʘ) ʽ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʯʝʨʝʟ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ (ʙ) 

 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʟʘʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʤʽʥʠ ʢʽʣʴʢʽʩʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʙʫʜʽʚʝʣʴʥʦʤʫ 

ʨʦʟʯʠʥʽ ʩʚʽʜʯʠʪʴ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʄʉ 22,5ʍ ʩʪʘʥʦʚʠʪʴ 390 ʢʛ ʥʘ 1 ʤ3 ʧʽʩʢʫ ʪʘ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʭʽʤʽʯʥʦʾ ʜʦʙʘʚʢʠ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ ï 0,11 ʤʘʩ. %, 

ʟʘ ʷʢʦʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʩʦʢʘ ʨʫʭʦʤʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʦʜʝʨʞʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʤʘʨʢʘ ʟʘ 

ʤʽʮʥʽʩʪʶ ʄ100. ɿʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʨʦʟʯʠʥʫ ʩʪʚʦʨʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʝʢʦʥʦʤʽʾ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʮʝʤʝʥʪʫ ʪʘ ʦʜʝʨʞʘʥʥʷ 

ʧʨʠ ʮʴʦʤʫ ʚʠʩʦʢʦʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʤʽʮʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ. 

ɸʥʘʣʽʟʦʤ ʥʝʦʙʭʽʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ 

(ʎ:ʇ=1:3) ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʟ ʚʤʽʩʪʦʤ ʎɿʄ 60 ʤʘʩ. % 

ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʚʠʤʦʛʘʤ ʜʣʷ ʧʨʦʝʢʪʥʦʾ ʤʘʨʢʠ ʟʘ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ ʄ100 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʢʣʘʜʠ ʥʘ ʦʩʥʦʚʽ  ʎɹʈ 300, ʤʦʜʠʬʽʢʦʚʘʥʽ ʢʦʤʧʣʝʢʩʥʠʤʠ ʜʦʙʘʚʢʘʤʠ 

ʧʣʘʩʪʠʬʽʢʫʶʯʠ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʢʣʘʜʥʠʤ 

ʨʦʟʯʠʥʦʤ ʧʽʜʚʠʱʝʥʫ ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʽʩʪʴ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ (ʤʘʨʢʘ ʟʘ ʨʫʭʦʤʽʩʪʶ 
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ʇ8). ʈʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʨʫʭʦʤʦʩʪʽ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ 

7,5 ʩʤ (ʤʘʨʢʘ ʟʘ ʨʫʭʦʤʽʩʪʶ ʇ8) ʤʦʜʠʬʽʢʦʚʘʥʽ ʙʫʜʽʚʝʣʴʥʽ ʨʦʟʯʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʟʘʧʨʦʝʢʪʦʚʘʥʦʶ ʤʘʨʢʦʶ ʄ100 ʧʨʠ ʩʝʨʝʜʥʽʡ ʛʫʩʪʠʥʽ ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ 1840 ʢʛ/ʤ3.  

ɿʙʝʨʝʞʝʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ, ʟʦʢʨʝʤʘ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ. ʈʦʟʨʦʙʣʝʥʽ 

ʩʢʣʘʜʠ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʮʝʤʝʥʪʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʎɹʈ 300 ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʘʧʨʦʝʢʪʦʚʘʥʽʡ ʤʘʨʮʽ ʟʘ ʨʫʭʦʤʽʩʪʶ ʇ8 ʧʨʦʪʷʛʦʤ 3 ʛʦʜʠʥ. 

 

 

ʈʠʩ. 4.15 ï ʂʽʥʝʪʠʢʘ ʟʤʽʥʠ ʨʫʭʣʠʚʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ 

 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʟʘ ʤʘʩʦʶ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʎɹʈ 300 ʟ ʜʦʙʘʚʢʦʶ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ ʜʦʩʣʽʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ  ɼʉʊʋ ɹ ɺ.2.7-170-2008 ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʨʘʟʢʽʚ-ʢʫʙ̔ʚ 7,07ʭ7,07ʭ7,07 ʩʤ, ʚʠʩʫʰʝʥʠʭ ʜʦ ʩʪʘʣʦʾ ʤʘʩʠ. 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʟʨʘʟʢʘ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʩʪʘʥʦʚʠʪʴ 15,13 % ʧʽʩʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ  

ʯʝʨʝʟ 15 ʜʽʙ ʥʘʩʠʯʝʥʥʷ ʚʦʜʦʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʝʬʦʨʤʘʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʨʦʟʯʠʥʽʚ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʨʠʟʤʦʚʘ ʤʽʮʥʽʩʪʴ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʄʉ 22,5ʍ 

ʧʨʠ ʎ:ʇ=1:3 ʩʪʘʥʦʚʠʪʴ 14,87 ʄʇʘ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 17,1.103 ʄʇʘ ʪʘ ʢʦʝʬʽʮʽʻʥʪ 

ʇʫʘʩʦʥʘ 0,19.  

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ, ʷʢʽ ʚʠʟʥʘʯʘʣʠʩʷ ʟʛʽʜʥʦ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʤʝʪʦʜʠʢ, 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ ʪʘ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ 

ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʎɹʈ 300 ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4. 13.  
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ʊʘʙʣʠʮʷ 4.13 ï ʅʦʤʝʥʢʣʘʪʫʨʘ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʨʦʟʯʠʥʦʚʦʾ 

ʩʫʤʽʰʽ (ʤʘʨʢʘ ʟʘ ʨʫʭʦʤʽʩʪʶ ʇ8) ʪʘ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ (ʩʢʣʘʜ ʎ:ʇ=1:3, ʤʘʨʢʘ ʟʘ 

ʤʽʮʥʽʩʪʶ ʄ100) 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ 
ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ɿʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ 

ʈʫʭʦʤʽʩʪʴ ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ ʩʤ 7,5 

ʊʝʨʤʽʥ ʧʨʠʜʘʪʥʦʩʪʽ ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ, ɾ ʛʦʜ 3 

ɺʤʽʩʪ ʧʦʚʽʪʨʷ ʫ ʨʦʟʯʠʥʦʚʽʡ ʩʫʤʽʰʽ  % 11,5 

ʂʦʥʩʠʩʪʝʥʮʽʷ ʩʤ 3,5 

ʈʦʟʧʣʠʚ ʢʦʥʫʩʘ ʤʤ 235 

ʈʦʟʰʘʨʦʚʫʚʘʥʽʩʪʴ,  % 0,6 

ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʨʦʟʯʠʥʫ, Rʩ ʄʇʘ 10,2 

ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʤ`ʷʢʰʝʥʥʷ, ʂr  0,97 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ɽ . 103
 ʄʇʘ 17,1 

ʇʨʠʟʤʦʚʘ ʤʽʮʥʽʩʪʴ, Rʧʨ ʄʇʘ 8,7 

ʂʦʝʬʽʮʽʻʥʪ ʇʫʘʩʦʥʘ, n  0,19 

ʉʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ, ɟ ʢʛ/ʤ3 1840 

ʇʦʨʠʩʪʽʩʪʴ ʨʦʟʯʠʥʫ, ʇ % 36,55 

ɺʠʩʦʣʦʫʪʚʦʨʝʥʥʷ - ʥʝʤʘʻ 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʟʘ ʤʘʩʦʶ, Wm % 15,13 
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ɺʠʩʦʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ 

ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʪʝʨʤʽʥʦʤ ʧʨʠʜʘʪʥʦʩʪʽ ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ ʚ 

ʥʝʦʙʭʽʜʥʠʭ ʤʝʞʘʭ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʦʚʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʤʫʨʫʚʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ. ʊʘʢʽ ʙʫʜʽʚʝʣʴʥʽ 

ʨʦʟʯʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʥʠʞʝʥʠʤ ʚʠʩʦʣʦʫʪʚʦʨʝʥʥʷʤ. ʆʪʞʝ, ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʙʫʜʽʚʝʣʴʥʽ ʨʦʟʯʠʥʦʚʽ ʩʫʤʽʰʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʢʨʘʱʝʥʦʶ ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʽʩʪʶ, 

ʦʜʥʦʨʽʜʥʽʩʪʶ, ʧʦʜʦʚʞʝʥʠʤ ʪʝʨʤʽʥʦʤ ʧʨʠʜʘʪʥʦʩʪʽ ʧʨʠ ʟʘʧʨʦʝʢʪʦʚʘʥʽʡ ʤʘʨʮʽ ʟʘ 

ʤʽʮʥʽʩʪʶ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʪʴ ʢʣʘʜʢʠ.  

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

 

1. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʥʦʚʦʾ ʛʝʥʝʨʘʮʽʾ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ 

CEM IV/ɺ 32,5 R ʚ ʩʢʣʘʜʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʝʬʝʢʪ, ʦʪʨʠʤʘʥʠʡ ʚʽʜ ʜʦʜʘʚʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ, 

ʩʪʘʥʦʚʠʪʴ ȹʈʂ=94 % ʙʝʟ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ. ɿʘ ʨʘʭʫʥʦʢ ʚʦʜʦʨʝʜʫʢʫʶʯʦʛʦ 

ʝʬʝʢʪʫ (ȹɺ/ʎ=20 %) ʪʝʭʥʽʯʥʠʡ ʝʬʝʢʪ (ȹRʩʪ) ʯʝʨʝʟ 2, 7 ʽ 28 ʜʽʙ ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʥʦʚʠʪʴ 

31, 27 ʽ 27 %. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʂʇɼ-

03 ʚ ʩʢʣʘʜʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʟʘʤʽʩʪʴ ʯʘʩʪʠʥʠ ʮʝʤʝʥʪʫ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʈʉɽ ʫ 

ʢʽʣʴʢʦʩʪʽ 1,20..1,50 % ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʯʝʨʝʟ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʘʤʠ ʥʘ ʦʩʥʦʚʽ ʉɽʄ ɯ 42,5 R ʙʝʟ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ.   

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʝʨʥʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʢʨʫʧʥʦʛʦ ʽ ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʘʢʪʠʚʥʦʶ 

ʢʦʤʙʽʥʦʚʘʥʦʶ ʧʫʮʦʣʘʥʦʚʦʶ ʜʦʙʘʚʢʦʶ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʦʤʧʘʢʪʥʫ ʫʧʘʢʦʚʢʫ ʟʝʨʝʥ 
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ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʙʝʪʦʥʫ.  ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʚʦʜʠ ʧʨʠ 

ʚʚʝʜʝʥʥʽ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ, ʚʽʜʩʪʘʥʽ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ 

ʚôʷʞʫʯʦʛʦ ʚ ʧʝʨʚʠʥʥʠʡ ʧʝʨʽʦʜ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʟʤʝʥʰʫʶʪʴʩʷ ʽ ʧʨʦʜʫʢʪʠ 

ʛʽʜʨʘʪʘʮʽʾ ʰʚʠʜʰʝ ʟʘʧʦʚʥʶʶʪʴ ʤʽʞʟʝʨʥʦʚʠʡ ʧʨʦʩʪʽʨ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ 

ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ 47,7 ʽ 24,2 ʄʇʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʢʦʝʬʝʢʪʠʚʥʠʭ ʙʝʪʦʥʽʚ ʟ 

ʚʤʽʩʪʦʤ 25 ʤʘʩ. % ʽ 50 ʤʘʩ.% ʂʇɼ-03 ʚ ʩʢʣʘʜʽ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʚʽʜʧʦʚʽʜʥʦ. ʇʠʪʦʤʘ 

ʚʠʪʨʘʪʘ ʢʣʽʥʢʝʨʫ ʥʘ ʦʜʠʥʠʮʶ ʤʽʮʥʦʩʪʽ ʟʘʧʨʦʝʢʪʦʚʘʥʠʭ ʢʣʽʥʢʝʨ-ʝʬʝʢʪʠʚʥʠʭ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʩʪʘʥʦʚʠʪʴ 2,6é2,9 ʢʛ/(ʤ3.ʄʇʘ), ʉʆ2-ʽʥʪʝʥʩʠʚʥʽʩʪʴ ï 

2,2...2,5 ʢʛ ʉʆ2/(ʤ
3.ʄʇʘ). 

3. ʇʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ 

(ʎ:ʇ:ʑ=1:1,27:1,69) ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5 R ʟ ʚʠʪʨʘʪʦʶ 

525 ʢʛ/ʤ3 ʙʝʪʦʥʫ ʧʨʠ ɺ/ʎ=0,30. ɿʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʽ ʨʘʮʽʦʥʘʣʴʥʦ ʧʽʜʽʙʨʘʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ, 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʘ ʩʘʤʝ ʜʽʘʤʝʪʨʽʚ ʨʦʟʧʣʠʚʫ 

ʢʦʥʫʩʘ ɸʙʨʘʤʩʘ D1=790 ʽ D2=820 ʤʤ (ʢʣʘʩ FS3 ʟʛʽʜʥʦ ʟ EN 12350-5), ʧʦʢʘʟʥʠʢʘ 

ʫʤʦʚʥʦʾ ʚôʷʟʢʦʩʪʽ 9,2 ʩ (ʢʣʘʩ VF2), ʜʦʣʘʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘ ʟʘʧʦʚʥʝʥʥʷʤ  L-ʧʦʜʽʙʥʦʾ 

ʬʦʨʤʠ ʧʨʦʪʷʛʦʤ 8 ʩ (ʢʣʘʩ PL2) ʽ ʟʘ ʨʦʟʧʣʠʚʦʤ ʢʦʥʫʩʘ 71 ʩʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʙʣʦʢʫʶʯʦʛʦ J-ʢʣ̔ʴʮʷ (ʢʣʘʩ SFj3). ɺʽʜʟʥʘʯʝʥʦ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ï ʯʝʨʝʟ 2;7 ʽ 

28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʩʪʘʥʦʚʠʪʴ 19,5; 44,6 ʽ 76,4 ʄʇʘ ʚʽʜʧʦʚʽʜʥʦ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʉ45/55. ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʢʣʽʥʢʝʨʫ ʥʘ ʦʜʠʥʠʮʶ ʤʽʮʥʦʩʪʽ ï 

3,4 ʢʛ/(ʤ3.ʄʇʘ); ʚʽʜʧʦʚʽʜʥʦ ʉʆ2-ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʙʝʪʦʥʫ 

ʩʪʘʥʦʚʠʪʴ 2,9 ʢʛ ʉʆ2/(ʤ
3.ʄʇʘ). 

4. ʈʝʘʣʽʟʘʮʽʷ ʧʨʠʥʮʠʧʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʦʤʧʣʝʢʩ ʷʢʽʩʥʦ ʥʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ (ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʴ, ʧʦʥʠʞʝʥʝ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ, ʧʽʜʚʠʱʝʥʘ ʢʦʨʦʟʽʡʥʘ 

ʩʪʽʡʢʽʩʪʴ, ʘʪʤʦʩʬʝʨʦʩʪʽʡʢʽʩʪʴ ʪʘ ʽʥ.), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ, ʪʝʭʥʽʯʥʠʡ, 

ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪʠ. ʂʣʽʥʢʝʨ-ʝʬʝʢʪʠʚʥʽ ʙʝʪʦʥʠ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʉ35/45 

ʥʘ ʦʩʥʦʚʽ ʉɽʄ IV/B 32,5R (ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ 0,65-0,45) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 
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ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ W10 ʪʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ F150, ʱʦ ʚʠʟʥʘʯʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʥʠʞʝʥʥʷ ʾʭ ʚʘʨʪʦʩʪʽ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʽ 

ʽʩʪʦʪʥʠʤ ʟʥʠʞʝʥʥʷʤ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʢʣʽʥʢʝʨʫ ʥʘ ʦʜʠʥʠʮʶ ʤʽʮʥʦʩʪʽ ï ʜʦ 

2,9 ʢʛ/(ʤ3.ʄʇʘ); ʚʽʜʧʦʚʽʜʥʦ ʉʆ2-ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʣʽʥʢʝʨ-ʝʬʝʢʪʠʚʥʠʭ ʙʝʪʦʥʽʚ ʩʢʣʘʜʘʻ 

2,5 ʢʛ ʉʆ2/(ʤ
3.ʄʇʘ). 

5. ʇʨʦʚʝʜʝʥʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʜʣʷ ʤʫʨʫʚʘʥʥʷ ʄʉ 22,5ʍ ʤʝʪʦʜʦʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʤʽʩʪʽ 

ʮʝʤʝʥʪʫ (390 ʢʛ ʥʘ 1 ʤ3 ʧʽʩʢʫ) ʪʘ ʢʦʤʧʣʝʢʩʥʦʾ ʭʽʤʽʯʥʦʾ ʜʦʙʘʚʢʠ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ Master Air  81 (0,11 ʤʘʩ. %) ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʩʦʢʘ ʨʫʭʦʤʽʩʪʴ 

ʨʦʟʯʠʥʫ ʪʘ ʦʜʝʨʞʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʤʘʨʢʘ ʟʘ ʤʽʮʥʽʩʪʶ ʄ100. ɿʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʉʘ(ʆʅ)2, ʷʢʠʡ ʫ ʧʨʦʮʝʩʽ ʛʽʜʨʘʪʘʮʽʾ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʘʢʪʠʚʥʦ ʟʚôʷʟʫʻʪʴʩʷ 

ʩʫʧʝʨʧʫʮʦʣʘʥʦʶ ʚ ʤʽʮʥʽ ʛʽʜʨʘʪʥʽ ʫʪʚʦʨʝʥʥʷ, ʙʫʜʽʚʝʣʴʥʽ ʨʦʟʯʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʪʁʴʩʷ 

ʧʦʥʠʞʝʥʠʤ ʚʠʩʦʣʦʫʪʚʦʨʝʥʥʷʤ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʽʜʪʚʝʨʜʞʝʥʦ, 

ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʙʫʜʽʚʝʣʴʥʽ ʨʦʟʯʠʥʦʚʽ ʩʫʤʽʰʽ ʥʘ ʦʩʥʦʚʽ ʄʉ 22,5ʍ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʧʦʢʨʘʱʝʥʦʶ ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʽʩʪʶ, ʦʜʥʦʨʽʜʥʽʩʪʶ, ʧʦʜʦʚʞʝʥʠʤ ʪʝʨʤʽʥʦʤ ʧʨʠʜʘʪʥʦʩʪʽ 

ʧʨʠ ʟʘʧʨʦʝʢʪʦʚʘʥʽʡ ʤʘʨʮʽ ʟʘ ʤʽʮʥʽʩʪʶ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ. 
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ʈʆɿɼɯʃ 5 

 ʇʈʆʄʀʉʃʆɺʀʁ ɺʀʇʋʉʂ ʅʀɿʔʂʆɽʄɯʉɯʁʅʀʍ ɿʄɯʐɸʅʀʍ 

ʎɽʄɽʅʊɯɺ ʊɸ ɺʇʈʆɺɸɼɾɽʅʅʗ ʄʆɼʀʌɯʂʆɺɸʅʀʍ ɹɽʊʆʅɯɺ ɯ 

ɹʋɼɯɺɽʃʔʅʀʍ ʈʆɿʏʀʅɯɺ ʅɸ ɰʍ ʆʉʅʆɺɯ 

 

 

5.1. ʇʨʦʤʠʩʣʦʚʠʡ ʚʠʧʫʩʢ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʽ ʜʦʩʣʽʜʥʦ-

ʧʨʦʤʠʩʣʦʚʘ ʘʧʨʦʙʘʮʽʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ  

 

 

ɿʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ ʚ ʦʩʥʦʚʥʦʤʫ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʥʝ 

ʧʦʪʨʝʙʫʶʪʴ ʚʠʧʘʣʫ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ, ʟʘʟʚʠʯʘʡ, ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪʶ. ʊʘʢʦʞ 

ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘʢʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʷʢ ʧʨʘʚʠʣʦ, 

ʻ ʥʠʞʯʽ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʟʚʠʯʘʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ CEM I 42,5R.  

ʅʘ ʊʟʆɺ çʌʝʨʦʟʽʪè ʚʠʛʦʪʦʚʣʝʥʦ ʢʦʤʙʽʥʦʚʘʥʫ ʧʫʮʦʣʘʥʦʚʫ ʜʦʙʘʚʢʫ (ʂʇɼ-03) ʚ 

ʢʽʣʴʢʦʩʪʽ 50 ʪ ʥʘ ʦʩʥʦʚʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ, ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ (ɼʦʜʘʪʦʢ 

ɹ). ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʧʦʜʘʥʦ ʚ 

ʪʘʙʣ. 5.1. ʇʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʽʩʪʴ ʂʇɼ-03 (ʨʠʩ. 5.1, ʨʠʩ. 5.2) ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ 

EN 450-1:2009. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʦʾ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʚʠʤʦʛʘʤ 

ɼʉʊʋ ɹ ɺ.2.7-128:2006 çɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ. ɼʦʙʘʚʢʠ ʘʢʪʠʚʥʽ ʤʽʥʝʨʘʣʴʥʽ ʪʘ 

ʜʦʙʘʚʢʠ-ʥʘʧʦʚʥʶʚʘʯʽ ʜʦ ʮʝʤʝʥʪʫ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ. ɿʤʽʥʘ ˉ 1è. 
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ʊʘʙʣʠʮʷ 5.1 ï ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ 

ʜʦʙʘʚʢʠ 

ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ɺʠʤʦʛʠ ʩʪʘʥʜʘʨʪʫ 

ɼʉʊʋ ɹ ɺ.2.7-128:2006 

ɿʥʘʯʝʥʥʷ 

ʊʦʥʠʥʘ ʧʦʤʝʣʫ ʟʘ ʧʠʪʦʤʦʶ 

ʧʦʚʝʨʭʥʝʶ, Sʧʠʪ, ʩʤ
2/ʛ 

- 11500 

ʊʦʥʠʥʘ ʧʦʤʝʣʫ ʟʘ ʟʘʣʠʰʢʦʤ ʥʘ ʩʠʪʽ 

ɸ008, ʤʘʩ.% 

< 12,0 1,1 

ʂʽʥʝʮʴ ʪʫʞʘʚʽʥʥʷ, ʜʽʙ Ò 7 2 

ɺʦʜʦʩʪʽʡʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟʨʘʟʢʘ  ɿʙʝʨʝʞʝʥʥʷ ʯʽʪʢʦʩʪʽ 

ʢʨʘʾʚ 

ɿʙʝʨʝʞʝʥʦ 

ʯʽʪʢʽʩʪʴ ʢʨʘʾʚ 

ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ Ó 2,07 30,0 

ʇʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ, %  

- 28 ʜʽʙ 

- 90 ʜʽʙ 

 

Ó 75,0 

Ó 85,0 

 

111 

135 

ɺʦʜʦʚʽʜʜʽʣʝʥʥʷ, ʂʦʙ, % - 6,4 

 

 

ʘ                                                                      ʙ 

ʈʠʩʫʥʦʢ 5.1 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ (ʘ) ʽ ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʾ 

ʘʢʪʠʚʥʦʩʪʽ (ʙ) ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ 
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ʈʠʩʫʥʦʢ 5.2 ï ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ ʂʇɼ-03 ʥʘ ʊʟʆɺ çʌʝʨʦʟʽʪè 

 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʜʦʩʣʽʜʥʦʾ ʧʘʨʪʽʾ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʚ ʢʽʣʴʢʦʩʪʽ     

50 ʪ ʧʨʦʚʝʜʝʥʦ ʥʘ ʊʟʆɺ çʊʇʂèɹʋɼʉʇʆʈʊè ʜʣʷ ʙʝʪʦʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʙʝʪʦʥʥʦʾ 

ʦʩʥʦʚʠ ʧʽʜ ʯʘʩ ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʩʧʦʨʪʠʚʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʫ ʉɿʐ ˉ54 ʥʘ 

ʚʫʣ. ʍʚʠʣʴʦʚʦʛʦ, 16 ʫ ʤ. ʃʴʚʦʚʽ (ɼʦʜʘʪʦʢ ɺ). ʇʨʠ ʚʢʣʘʜʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ 

ʢʣʘʩʫ ʉ30/35 ʟ ʚʤʽʩʪʦʤ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ (200 ʢʛ/ʤ3 ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ) 

ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʨʷʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ, ʘ ʩʘʤʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʦʩʪʽ ʪʘ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ, ʩʝʜʠʤʝʥʪʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ, 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʧʨʠ ʩʪʠʩʢʫ. ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʚʢʣʘʜʝʥʦʛʦ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ï 

100 ʤ3. ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʤʘʨʢʠ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʉ30/35 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʇʎ ɯ-500ʈ-ʅ ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè 

(200 ʢʛ/ʤ3 ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ) ʪʘ ʢʦʤʙʽʥʦʚʘʥʫ ʧʫʮʦʣʘʥʦʚʫ ʜʦʙʘʚʢʫ (200 ʢʛ/ʤ3 ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ), ʱʦ ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ ʥʘ ʊʟʆɺ çʌʝʨʦʟʽʪè.  
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ɺ ʷʢʦʩʪʽ ʟʘʧʦʚʥʶʚʘʯʽʚ ʟʘʩʪʦʩʦʚʘʥʦ ʧʽʩʦʢ ʄʠʢʦʣʘʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ (ʄʢ=1,3) ʪʘ 

ʱʝʙʽʥʴ ɺʠʨʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʬʨʘʢʮʽʾ 5-20. ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʨʢʠ ʟʘ ʨʫʭʦʤʽʩʪʶ 

S4 ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʚʚʦʜʠʣʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ViscoCrete (1,0 %).  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ 

ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 5.2. 

ʊʘʙʣʠʮʷ 5.2 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʢʣʘʩʫ 

ʤʽʮʥʦʩʪʽ ʉ30/35 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʙʝʪʦʥʫ ʇʨʦʝʢʪʥʝ 

ʟʥʘʯʝʥʥʷ 

ɿʥʘʯʝʥʥʷ 

ɺ/ɺ, ɺ/ʎ - 0,45 (0,90) 

ɻʫʩʪʠʥʘ, ʢʛ/ʤ3 2200-2500 2350 

ʆʩʘʜʢʘ ʢʦʥʫʩʘ, ʩʤ 16..21 16,5 

ɿʙʝʨʝʞʝʥʽʩʪʴ, ʛʦʜ 2,0 2,5 

ʂʽʣʴʢʽʩʪʴ ʟʘʣʫʯʝʥʦʛʦ ʧʦʚʽʪʨʷ, % Ò 8 3,0 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ, % - 2,9 

ʄʽʮʥʽʩʪʴ ʯʝʨʝʟ 2 ʜʦʙʠ, ʄʇʘ - 13,9 

ʄʽʮʥʽʩʪʴ ʯʝʨʝʟ 28 ʜʽʙ, ʄʇʘ Ó 45,8 47,3 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ 

ʢʣʽʥʢʝʨʫ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʝʢʪʥʦʾ ʤʽʮʥʦʩʪʽ, 

ʢʛ/ʄʇʘ 

- 4,0 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʦʤ  ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʢʣʽʥʢʝʨ-

ʝʬʝʢʪʠʚʥʠʭ ʙʝʪʦʥʽʚ (ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʣʽʥʢʝʨʫ 4,0 ʢʛ/ʄʇʘ), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤ ʷʢʦʩʪʽ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚʦʜʦ- ʪʘ ʨʦʟʯʠʥʦʚʽʜʜʽʣʝʥʥʷ.  
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5.2. ʇʨʦʤʠʩʣʦʚʠʡ ʚʠʧʫʩʢ ʮʝʤʝʥʪʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʎɹʈ 300 

(ʮʝʤʝʥʪ ʜʣʷ ʤʫʨʫʚʘʥʥʷ MC 22,5ʍ) ʪʘ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʘ ʘʧʨʦʙʘʮʽʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ 

 

 

ʅʠʟʴʢʦʝʤʽʩʽʡʥʠʡ ʟʤʽʰʘʥʠʡ ʮʝʤʝʥʪ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʚʠʛʦʪʦʚʣʷʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʽ ʝʬʝʢʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʤʝʣʫ ʚ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʽ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʩʧʨʠʷʻ ʦʧʪʠʤʽʟʘʮʽʾ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʦʜʝʨʞʘʥʥʷ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.3.  

 

 

ʈʠʩʫʥʦʢ 5.3 ï ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ 

ʮʝʤʝʥʪʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʎɹʈ 300 ʥʘ ʇʨɸʊ çɯʚʘʥʦʌʨʘʥʢʽʚʩʴʢʮʝʤʝʪè 

 

ɿʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʮʦʣʘʥʦʚʦʾ ʤʽʥʝʨʘʣʴʥʦʾ ʜʦʙʘʚʢʠ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

ʉʦʢʠʨʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʽ ʷʢ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘ ï ʚʘʧʥʷʢʫ 

ɼʫʙʽʚʝʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʟʥʠʞʫʻʪʴʩʷ ʩʦʙʽʚʘʨʪʽʩʪʴ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʮʝʤʝʥʪʫ ʎɹʈ 300 ʽ 
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ʚʠʢʠʜʠ ʉʆ2 ʧʽʜ ʯʘʩ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʽʚʥʷʥʦ ʽʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʤʠ ɯ ʽ ɯɯ ʪʠʧʫ ʟ 

ʚʤʽʩʪʦʤ ʢʣʽʥʢʝʨʫ 65-100 %. ɺʠʨʦʙʥʠʮʪʚʦ ʮʝʤʝʥʪʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʎɹʈ 300 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʩʫʤʽʩʥʠʤ ʧʦʤʝʣʦʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ, ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ, 

ʚʘʧʥʷʢʫ ʪʘ ʛʽʧʩʦʚʦʛʦ ʢʘʤʝʥʶ ʚ ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ 4,2ʭ13,0 ʤ ʟ ʩʝʧʘʨʘʪʦʨʦʤ ʬʽʨʤʠ 

ñCristian Pfeifferò, ʱʦ ʧʨʘʮʶʻ ʟʘ ʟʘʢʨʠʪʠʤ ʮʠʢʣʦʤ ʧʦʤʝʣʫ  (ɼʦʜʘʪʦʢ ɻ).   

ʎʝʤʝʥʪ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ (ʎɹʈ) ʦʜʝʨʞʘʥʦ ʪʦʥʢʠʤ ʧʦʤʝʣʦʤ ʫ ʢʫʣʴʦʚʠʭ 

ʤʣʠʥʘʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ, ʛʽʧʩʫ ʪʘ ʧʨʠʨʦʜʥʽʭ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʪʘʙʣ. 5.3) ʜʣʷ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʮʝʤʝʥʪʫ ʎɹʈ 300 ɼʉʊʋ ɹ ɺ.2.7-124-2004 (MC 22,5X 

ɼʉʊʋ ɹ EN 413-1:2015) ʚʤʽʩʪ ʬʨʘʢʮʽʡ Ï5; Ï10; Ï20, Ï60 ʤʢʤ ʩʪʘʥʦʚʠʪʴ 32,62; 46,43; 

62,30; 88,66%, ʘ ʨʦʟʤʽʨ ʟʝʨʝʥ Dv(10), Dv(50), Dv(90) ʚʽʜʧʦʚʽʜʘʻ 1,12; 11,19; 62,2 ʤʢʤ. 

ɺʤʽʩʪ ʘʢʪʠʚʥʦʾ ʬʨʘʢʮʽʾ ʮʝʤʝʥʪʫ (Ï<10 ʤʢʤ) ʜʦʨʽʚʥʶʻ 46,43 %. ʄʘʢʩʠʤʫʤ ʥʘ 

ʜʠʬʝʨʝʥʮʽʡʥʽʡ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʮʝʤʝʥʪʫ ʎɹʈ 300 ʟʘ ʨʦʟʤʽʨʘʤʠ ʚʽʜʧʦʚʽʜʘʻ 

3,59 ʤʢʤ (ʨʠʩ. 5.4, ʘ). ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ K isa 

ʜʣʷ ʎɹʈ 300 ʩʪʘʥʦʚʠʪʴ 8,6 ʤʢʤ-1 . ʦʙ.% ʜʣʷ ʬʨʘʢʮʽʾ 0,314 ʤʢʤ. ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ ʜʦ 5 ʤʢʤ K isa ʟʤʝʥʰʫʻʪʴʩʷ ʚ 3,1 ʨʘʟʠ (ʨʠʩ. 5.4, ʙ). 

 

ʊʘʙʣʠʮʷ 5.3 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʮʝʤʝʥʪʫ ʎɹʈ 300 (MC 22,5X) 

ʎʝʤʝʥʪ Ï <1 

ʤʢʤ, 

% 

Ï <5 

ʤʢʤ, 

% 

Ï <10 

ʤʢʤ, 

% 

Ï<20 

ʤʢʤ,  

% 

Ï <60 

ʤʢʤ, 

% 

Dv 

(10), 

ʤʢʤ 

Dv 

(50, 

ʤʢʤ 

Dv 

(90), 

ʤʢʤ 

ʎɹʈ 300 

(MC 

22,5X) 

8,81 32,62 46,43 62,30 88,66 1,12 11,9 62,2 
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ʘ                                                         ʙ 

ʈʠʩʫʥʦʢ 5.4 ï ɯʥʪʝʛʨʘʣʴʥʘ ʪʘ ʜʠʬʝʨʝʥʮʽʡʥʘ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʪʠʥʦʢ (ʘ) ʽ 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ (ʙ) ʮʝʤʝʥʪʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʎɹʈ 300 

(ʤʫʨʫʚʘʣʴʥʦʛʦ ʮʝʤʝʥʪʫ MC 22,5X) 

 

ʇʽʜ ʯʘʩ ʧʦʤʝʣʫ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʚʚʝʜʝʥʥʷ ʮʝʦʣʽʪʫ ʜʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ 

ʢʣʽʥʢʝʨʫ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʥʘ 12 % ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪʴ, ʧʨʠ ʮʴʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʙʘʚʢʠ ʚʘʧʥʷʢʫ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʘʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʮʝʤʝʥʪʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʨʦʟʧʦʜʽʣʫ ʟʝʨʝʥ ʟʘ ʬʨʘʢʮʽʷʤʠ ʽ ʪʠʤ ʩʘʤʠʤ ʜʦʩʷʛʥʫʪʠ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʧʫʩʪʦʪ ʤʽʞ 

ʟʝʨʥʘʤʠ ʢʣʽʥʢʝʨʫ. ʇʦʢʨʘʱʝʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ ʜʦ ʧʦʤʝʣʫ ʟ ʤʦʞʣʠʚʠʤ 

ʜʝʷʢʠʤ ʟʥʠʞʝʥʥʷʤ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʧʦʤʝʣ ʮʝʤʝʥʪʫ, ʟʫʤʦʚʣʶʻ ʽ ʙʽʣʴʰ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʚʦʩʪʫʧʝʥʝʚʦʛʦ ʧʦʤʝʣʫ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ, ʧʨʠ ʷʢʦʤʫ 

ʧʦʧʝʨʝʜʥʴʦ ʧʦʜʨʽʙʥʝʥʠʡ ʢʣʽʥʢʝʨ ʜʦʤʝʣʶʻʪʴʩʷ ʟ ʢʘʨʙʦʥʘʪʥʦʶ ʜʦʙʘʚʢʦʶ. ɺʘʧʥʷʢ ʻ 

ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʪʦʥʢʦʤʫ ʧʦʜʨʽʙʥʝʥʥʽ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʨʦʟʧʦʜʽʣʫ ʟʝʨʝʥ ʟʘ ʬʨʘʢʮʽʷʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʘʛʘʪʠʪʠ 

ʩʠʩʪʝʤʫ [14]. ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʮʝʤʝʥʪʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ ʎɹʈ 300 (ʄʉ 22,5ʍ) ʧʨʦʚʝʜʝʥʽ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʟʘʚʦʜʩʴʢʽʡ ʣʘʙʦʨʘʪʦʨʽʾ 

ʇʨɸʊ ñɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò ʥʘ ʤʝʪʨʦʣʦʛʽʯʥʦ ʧʦʚʽʨʝʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʨʝʟʫʣʴʪʘʪʠ 

ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 5.4.  
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ʊʘʙʣʠʮʷ 5.4 ï ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ 

ʎɹʈ 300 (ʮʝʤʝʥʪ ʜʣʷ ʤʫʨʫʚʘʥʥʷ MC 22,5ʍ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ EN 413-1:2015)  

ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ  ɺʠʤʦʛʠ 

ʩʪʘʥʜʘʨʪʫ 

ɼʉʊʋ ɹ ɺ.2.7-

124-2004  

ɿʥʘʯʝʥʥʷ ɺʠʤʦʛʠ 

ʩʪʘʥʜʘʨʪʫ 

ɼʉʊʋ ɹ 

EN 413-

1:2015 

ɿʥʘʯʝʥʥʷ 

ʊʦʥʠʥʘ ʧʦʤʝʣʫ ʟʘ ʧʠʪʦʤʦʶ 

ʧʦʚʝʨʭʥʝʶ, Sʧʠʪ, ʩʤ
2/ʢ 

- 5800 - 5800 

ʊʦʥʠʥʘ ʧʦʤʝʣʫ ʟʘ ʟʘʣʠʰʢʦʤ 

ʥʘ ʩʠʪʽ ɸ008, ʤʘʩ.% 

< 12,0 4,0 Ò 15,0 4,0 

ʊʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ, ʭʚ: 

- ʧʦʯʘʪʦʢ 

- ʢʽʥʝʮʴ  

  

 Ó 600 

Ò 720  

  

110 

200  

 

Ó 100 

- 

  

110 

200  

ʆʟʥʘʢʠ ʭʠʙʥʦʛʦ ʪʫʞʘʚʣʝʥʥʷ  ʥʝʤʘʻ  ʥʝʤʘʻ  - ʥʝʤʘʻ  

ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ, ʄʇʘ  

- 2 ʜʦʙʠ 

- 7 ʜʽʙ 

- 28 ʜʽʙ 

  

 -  

Ó 15,0 

Ó 30,0 

  

8,6 

17,6 

30,2 

 

- 

Ó 7,0 

 Ò 22,5 

  

4,1 

13,1 

23,5 

ɺʦʜʦʚʽʜʜʽʣʝʥʥʷ, ʂʦʙ, % Ò 30 4,95  4,95 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʦʛʦ ʮʝʤʝʥʪʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʎɹʈ 300 ʚʠʤʦʛʘʤ 

ɼʉʊʋ ɹ ɺ.2.7-124-2004 ñʎʝʤʝʥʪ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠò. ʎʝʤʝʥʪ 

ʜʣʷ ʤʫʨʫʚʘʥʥʷ ʄʉ 22,5ʍ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ɼʉʊʋ ɹ EN 413-1:2015 çʎʝʤʝʥʪ ʜʣʷ 

ʤʫʨʫʚʘʥʥʷ. ʏʘʩʪʠʥʘ 1. ʉʢʣʘʜ, ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ ʪʘ ʢʨʠʪʝʨʽʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽè. 
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ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʫ ʘʧʨʦʙʘʮʽʶ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ  ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʎɹʈ 300 ɼʉʊʋ ɹ ɺ.2.7-124:2004 (ʮʝʤʝʥʪ ʜʣʷ 

ʤʫʨʫʚʘʥʥʷ ʄʉ 22,5ʍ ɼʉʊʋ ɹ EN 413-1:2015) ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè ʫ 

ʢʽʣʴʢʦʩʪʽ 28 ʪ ʥʘ ʊʟʆɺ çɺʝʩʪʙʝʪʦʥʙʫʜè (ʚʫʣ. ʂʨʫʛʣʘ) ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʫʨʫʚʘʣʴʥʠʭ ʪʘ 

ʰʪʫʢʘʪʫʨʥʠʭ ʨʦʙʽʪ ʩʪʽʥ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʥʘ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙôʻʢʪʘʭ 

ʢʦʨʧʦʨʘʮʽʾ  Ăʂʘʨʧʘʪʙʫʜò ʧʦ ʚʫʣ. ʂʨʫʛʣʘ, ʤ. ʃʴʚʽʚ (ɼʦʜʘʪʦʢ ɼ). ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʧʽʩʦʢ ʄʠʢʦʣʘʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ (ʤʦʜʫʣʴ 

ʢʨʫʧʥʦʩʪʽ ʄʢ=1,27, ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ɟ=1390 ʢʛ/ʤ
3). 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʦʩʪʽ (ʤʘʨʢʘ 

ʟʘ ʨʫʭʦʤʽʩʪʶ ʇ8) ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʤʽʮʥʦʩʪʽ (ʄ75) ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʨʦʟʯʠʥʫ ʚʠʢʦʨʠʩʪʘʥʦ ʜʦʙʘʚʢʠ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ. ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʨʦʙʥʠʮʪʚʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʧʥʘ.  

ʈʦʟʯʠʥʦʚʘ ʩʫʤʽʰ ʚʠʛʦʪʦʚʣʷʣʘʩʴ ʥʘ ʙʫʜʽʚʝʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʴ ʤʘʨʢʦʶ ʟʘ ʨʫʭʦʤʽʩʪʶ ʇ8 (ʛʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ ʢʦʥʫʩʘ ʚʽʜ 5 ʜʦ  8 ʩʤ), 

ʟʙʝʨʽʛʘʣʘ ʥʝʦʙʭʽʜʥʫ ʤʘʨʢʫ ʟʘ ʨʫʭʦʤʽʩʪʶ ʽ ʥʝ ʨʦʟʰʘʨʦʚʫʚʘʣʘʩʴ ʧʨʦʪʷʛʦʤ 4,0 ʛʦʜ ʟ 

ʤʦʤʝʥʪʫ ʾʾ ʧʨʠʛʦʪʫʚʘʥʥʷ. ʉʢʣʘʜʠ ʨʦʟʯʠʥʫ ʤʽʩʪʠʣʠ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʫ ʜʦʙʘʚʢʫ, 

ʬʦʨʤʽʘʪ ʢʘʣʴʮʽʶ ʷʢ ʧʨʦʪʠʤʦʨʦʟʥʫ ʜʦʙʘʚʢʫ ʘʙʦ ʛʦʪʫʚʘʣʠʩʷ ʙʝʟ ʚʚʝʜʝʥʥʷ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ ʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 5.5. 

ʈʦʟʯʠʥʦʚʽ ʩʫʤʽʰʽ ʜʣʷ ʤʫʨʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʨʠ ʟʚʝʜʝʥʥʽ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʮʝʛʣʷʥʠʭ ʩʪʽʥ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ (ʤ. ʃʴʚʽʚ, ʚʫʣ. ʂʨʫʛʣʘ). ʇʨʠ 

ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʩʦʢʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ ʙʝʟ 

ʨʦʟʰʘʨʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʚʘʧʥʦ ʟ ʾʭ ʩʢʣʘʜʫ. ɿʘʚʜʷʢʠ ʜʽʾ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʦʙʘʚʢʠ, ʷʢʘ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʽʜʢʨʠʪʠʭ ʧʦʨ ʫ ʟʘʪʚʝʨʜʽʣʦʤʫ 

ʨʦʟʯʠʥʽ, ʚʽʥ ʩʪʘʻ ʙʽʣʴʰ ʱʽʣʴʥʠʤ, ʤʝʥʰʝ ʚʙʠʨʘʻ ʚʦʣʦʛʫ, ʩʪʽʡʢʽʰʠʡ ʜʦ ʜʽʾ ʘʪʤʦʩʬʝʨʥʠʭ 

ʦʧʘʜʽʚ ʪʘ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ.  
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ʊʘʙʣʠʮʷ 5.5 ï ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʯʠʥʫ ʟ ʦʙôʻʢʪʫ ʧʦ ʚʫʣ. ʂʨʫʛʣʘ (ʚʠʪʨʘʪʘ ʎɹʈ 300 ï 300 ʢʛ/ʤ3) 

 ̄

ʟ/ʧ 

ʄʦʜʠʬʽʢʘʪʦʨ 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ 

ʪʚʝʨʜʥʝʥ-

ʥʷ, 0ʉ  

Vʚ.ʧ, 

% 

ʈʂ,ʤʤ 
ʈʫʭʣʠ-

ʚʽʩʪʴ, ʩʤ 

ɻʫʩʪʠʥʘ, 

ʢʛ/ʤ3 

 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ, ʫ 

ʚʽʮʽ,  ʜʽʙ, ʄʇʘ    ʄʘʨʢʘ 

ʨʦʟʯʠʥʫ 

4 7 28 

1 ʇɺ 15-18 14 210 9 1735 4,5 6 11,2 ʄ100 

2 

ʇɺ 

 

15-18 13 210 9,5 1785 5 7,7 15,7 ʄ150 

3 -   14-15 - 200 7 1820 2,4 3,9 7,53 ʄ75 

4 - 15-18 - 230 8 1802 2,22 3,22 7,55 ʄ75 

5 

 

ʌʦʨʤʽʘʪ 

ʂʘʣʴʮʽʶ  

 

14-15 13,7 190 7,9 1795 - 3,0 7,2 ʄ50 

6 
ʌʦʨʤʽʘʪ 

ʂʘʣʴʮʽʶ 
-10...+3 13,7 190 7,9 1795 - 2,8 6,8 ʄ50 
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ʈʦʙʦʯʠʡ ʧʨʦʮʝʩ ʧʨʠʛʦʪʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʜʣʷ ʤʫʨʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʥʘ 

ʦʩʥʦʚʽ ʎɹʈ 300 ʽ ʤʫʨʫʚʘʣʴʥʽ ʨʦʙʦʪʠ ʥʘ ʜʘʥʦʤʫ ʦʙôʻʢʪʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.5.  

 

   

ʈʠʩʫʥʦʢ 5.5 ï ʇʨʠʛʦʪʫʚʘʥʥʷ ʤʫʨʫʚʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʎɹʈ 300 ʥʘ 

ʙʫʜʽʚʝʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ (ʚʫʣ. ʂʨʫʛʣʘ) 

 

ɾʠʪʪʻʟʜʘʪʥʦʩʪʽʴ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʎɹʈ 300 ï ʙʽʣʴʰʝ ʪʨʴʦʭ 

ʛʦʜʠʥ, ʱʦ ʜʦʟʚʦʣʷʻ ʛʦʪʫʚʘʪʠ ʡʦʛʦ ʫ ʚʝʣʠʢʠʭ ʦʙôʻʤʘʭ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘ ʟʥʘʯʥʽ 

ʚʽʜʩʪʘʥʽ. ʊʘʢʦʞ ʧʝʨʝʚʘʛʦʶ ʪʘʢʦʛʦ ʨʦʟʯʠʥʫ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʨʦʟʰʘʨʦʚʘʥʥʷ ʽ 

ʟʙʝʨʝʞʝʥʽʩʪʴ ʨʫʭʣʠʚʦʩʪʽ ʙʝʟ ʧʦʚʪʦʨʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʚʦʜʠ.     

 

 

5.3. ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ  

 

 

ʊʝʭʥʦʣʦʛʽʷ ʦʜʝʨʞʘʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʧʽʜʙʦʨʽ ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʻʜʥʘʥʥʷ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʧʫʮʦʣʘʥ (ʩʫʧʝʨʮʝʦʣʽʪ, ʤʽʢʨʦʢʨʝʤʥʝʟʝʤ) ʟ 

ʥʠʟʴʢʦʘʢʪʠʚʥʠʤʠ (ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ) ʽ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘʤʠ (ʚʘʧʥʷʢ). ɿ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ, ʚʠʟʥʘʯʝʥʦ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʮʝʤʝʥʪʽʚ ʟ 
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ʚʨʘʭʫʚʘʥʥʷʤ, ʱʦ ʚʘʨʪʽʩʪʴ ʪʝʧʣʦʚʦʾ ʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʧʦʜʘʪʢʫ ʥʘ ʚʠʢʠʜʠ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʩʪʘʥʦʚʣʷʪʴ 1 ʄʜʞ = 0,34 ʛʨʥ, 1 ʢɺʪĿʛʦʜ = 0,84 ʛʨʥ, 1 ʪ ʉʆ2 = 

120,00 ʛʨʥ ʚʽʜʧʦʚʽʜʥʦ (ʪʘʙʣ. 5. 6). ɺʠʢʠʜʠ ʉʆ2 ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ (30..100 ʢʛ ʉʆ2/ʪ ʤʘʪʝʨʽʘʣʫ), ʱʦ ʫ ʜʝʩʷʪʢʠ ʨʘʟ 

ʤʝʥʰʝ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʤ ʢʣʽʥʢʝʨʦʤ (865 ʢʛ ʉʆ2/ʪ ʤʘʪʝʨʽʘʣʫ). 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʩʦʙʽʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ  

ʂʇɼ-02 ʽ ʂʇɼ-03 ʥʠʞʯʘ ʥʘ 1065,44 ʽ 376,24 ʛʨʥ/ʪ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʤ 

ʢʣʽʥʢʝʨʦʤ. ʊʘʢʦʞ, ʩʦʙʽʚʘʨʪʽʩʪʴ ʂʇɼ-02 ʻ ʥʠʞʯʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʛʨʘʥʫʣʴʦʚʘʥʠʤ 

ʜʦʤʝʥʥʠʤ ʰʣʘʢʦʤ, ʩʫʧʝʨʮʝʦʣʽʪʦʤ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʦʤ ʟʘ ʨʘʭʫʥʦʢ ʚʤʽʩʪʫ ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ, ʩʦʙʽʚʘʨʪʽʩʪʴ ʷʢʦʾ 270,40 ʛʨʥ/ʪ. 

ʊʘʙʣʠʮʷ 5. 6 ï ʉʦʙʽʚʘʨʪʽʩʪʴ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʮʝʤʝʥʪʽʚ 

ʄʘʪʝʨʽʘʣ Sʧʠʪ, 

ʩʤ/ʛ 

ʉʦʙʽʚʘʨʪʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ, 

ʛʨʥ/ʪ 

ʊʝʧʣʦʚʘ 

ʝʥʝʨʛʽʷ, 

ʄɼʞ 

ɽʣʝʢʪʨʦ-

ʝʥʝʨʛʽʷ*, 

ʢɺʪϊʛʦʜ 

ʇʦʜʘʪʦʢ 

ʥʘ CO , 

ʛʨʥ/ʪ 

ʉʦʙʽʚʘʨ-

ʪʽʩʪʴ, 

ʛʨʥ/ʪ 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʡ 

ʢʣʽʥʢʝʨ 

3500 200,00 1088,00 34,44 103,80 1426,24 

ɻɼʐ 5000 880,00 0,00 80,64 12,00 972,64 

ʉʫʧʝʨʮʝʦʣʽʪ 12000 350,00 0,00 50,40 10,80 411,20 

ɿʦʣʘ-ʚʠʥʝʩʝʥʥʷ 4300 250,00 0,00 16,80 3,60 270,40 

ɺʘʧʥʷʢ 10500 170,00 0,00 80,64 12,00 262,64 

ʄʽʢʨʦʢʨʝʤʥʝʟʝʤ 150000 7500,00 0,00 0,00 0,00 7500,00 

ʂʇɼ-02 8670 346,40 0,00 8,40 6,00  360,80 

ʂʇɼ-03 11500 1035,60 0,00 8,40 6,00 1050,00 

*  ɿʘʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʧʦʤʝʣ ʚ ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ ʘʙʦ ʟʤʽʰʫʚʘʥʥʷ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʠʚʰʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʮʝʤʝʥʪʽʚ, 

ʨʦʟʨʘʭʦʚʘʥʦ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ (ʨʠʩ. 5. 6). ʎʽʥʦʚʘ 

ʢʘʪʝʛʦʨʽʷ ʦʙʣʘʩʪʽ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ 32,5 R ï 1336é894 ʛʨʥ/ʪ 
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ʮʝʤʝʥʪʫ, ʧʨʠ ʮʴʦʤʫ ʚʘʨʪʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ 

ʟʘʤʽʩʪʴ ɻɼʐ.  

 

ʈʠʩ. 5. 6 ï ɺʠʨʦʙʥʠʯʽ ʩʦʙʽʚʘʨʪʦʩʪʽ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ 

 

ʈʦʟʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʚʠʢʦʥʘʥʦ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ñɯʥʩʪʨʫʢʮʽʾ ʧʦ ʚʠʟʥʘʯʝʥʥʶ 

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʥʦʚʦʾ ʪʝʭʥʽʢʠ, ʚʠʥʘʭʦʜʽʚ ʽ 

ʨʘʮʧʨʦʧʦʟʠʮʽʡò ʉʅ 509-78 ʟʘ ʬʦʨʤʫʣʦʶ:  

ɽ = (ʉ1 ï ʉ2)Āɸ,                                                        (5.1) 

 ʜʝ ɽ ï ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʛʨʥ;  

ʉ1, ʉ2 ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʧʦ ʙʘʟʦʚʽʡ ʪʘ ʥʦʚʽʡ 

ʪʝʭʥʦʣʦʛʽʾ;  

ɸ ï ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ.  

ɺʠʨʦʙʥʠʯʘ ʩʦʙʽʚʘʨʪʽʩʪʴ 1 ʪ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʜʣʷ 

ʤʫʨʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʄʉ 22,5ʍ ʩʢʣʘʜʘʻ ʉ2 = 780,00 ʛʨʥ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʦʥʦʤʽʯʥʠʡ 

ʝʬʝʢʪ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ 600 ʪ ʄʉ 22,5ʍ (ʎɹʈ 300) ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʤʠ, 

ʷʢʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ,           
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CEM ɯɯ/ɸ-S 32,5 R (ʉ1 = 1336,00 ʛʨʥ, 556 ʛʨʥ/ʪ) ʽ CEM ɯɯ/B-M 32,5 R 

(ʉ3 = 1159,00 ʛʨʥ, 379 ʛʨʥ/ʪ) ʩʢʣʘʜʘʻ  333,000 ʽ 227,400 ʪʠʩ. ʛʨʥ ʚʽʜʧʦʚʽʜʥʦ, 

ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ʩʪʘʥʦʚʠʪʴ ï 259,7 ʢʛ ʉʆ2/ʪ. 

ʉʦʙʽʚʘʨʪʽʩʪʴ 1 ʪ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʉɽʄ ɯ 42,5R ʩʢʣʘʜʘʻ ʉ4 = 1404,00 ʛʨʥ. 

ʉʦʙʽʚʘʨʪʽʩʪʴ 1 ʪ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5 R ʩʢʣʘʜʘʻ ʉ5 

= 1238,00é894,00 ʛʨʥ. ʇʠʪʦʤʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʧʨʠ ʚʠʧʫʩʢʫ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ 

ʧʫʮʦʣʘʥʦʚʦʛʦ ʮʝʤʝʥʪʫ ʟ ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʦʤ 0,50 ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ, ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʪʘ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʩʢʣʘʜʘʻ 166...510 ʛʨʥ/ʪ, 

ʚʠʢʠʜʠ ʉʆ2 ʟʥʠʞʫʶʪʴʩʷ ʥʘ  409 ʢʛ/ʪ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʉɽʄ ɯ 42,5 R. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʪʨʘʪ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʾʭ ʚʘʨʪʦʩʪʽ, 

ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʚʘʨʪʦʩʪʽ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ 

ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5 R ʽ ʉɽʄ ɯ 42,5 R (ʪʘʙʣ. 5.7). ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʩʢʣʘʚ 144 ʛʨʥ/ʤ3, ʧʠʪʦʤʠʡ ʝʬʝʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ï 14,400 ʪʠʩ. ʛʨʥ. 

ʊʘʙʣʠʮʷ 5.7 ï ʉʦʙʽʚʘʨʪʽʩʪʴ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

ʅʘʟʚʘ 

ʤʘʪʝʨʽʘʣʽʚ 

ʉɽʄ ɯ 42,5 R CEM IV/ɺ 32,5 R 

ɺʠʪʨʘʪʘ ʥʘ 

1 ʤ3, ʢʛ 

ʎʽʥʘ, 

ʛʨʥ/ʢʛ 

ɺʘʨʪʽʩʪʴ, 

ʛʨʥ 

ɺʠʪʨʘʪʘ ʥʘ 

1 ʤ3, ʢʛ 

ʎʽʥʘ, 

ʛʨʥ/ʢʛ 

ɺʘʨʪʽʩʪʴ, 

ʛʨʥ 

ʎʝʤʝʥʪ, ʪ 400 2,82 1128,00 200 2,82 564,00 

ʇʽʩʦʢ 560 0,40 224,00 560 0,40 224,00 

ʑʝʙʽʥʴ 5-20 1040 0,60 624,00 1040 0,60 624,00 

ʈʉɽ (1,0 % ʚʽʜ 

ʤʘʩʠ ʮʝʤʝʥʪʫ) 
4,0 48 192,00 4,0 48 192,00 

ʂʇɼ-03 - - - 200 2,10 420,0 

ɺʦʜʘ 180 0,01 1,80 180 0,01 1,80 

ʈʘʟʦʤ 2169,8 ʈʘʟʦʤ 2025,8 

ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ, ʛʨʥ/ʤ3  144,00 

ɽʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ, ʢʛ ʉʆ2/ʤ
3 173,00 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʙʝʪʦʥʽʚ 

ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʨʠ ʮʴʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʨʫʭʦʤʦʩʪʽ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ, ʱʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʟʘʪʨʘʪ ʥʘ ʚʽʙʨʦʫʱʽʣʴʥʝʥʥʷ ʧʽʜ 

ʯʘʩ ʙʝʪʦʥʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

ʈʦʟʯʠʥʠ ʙʫʜʽʚʝʣʴʥʽ ʛʦʪʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ  ʚʠʤʦʛ ɼʉʊʋ ɹ ɺ.2.7-23-95 ʟʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ, ʟʘʪʚʝʨʜʞʝʥʦʶ ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʧʦʨʷʜʢʫ. ʉʫʯʘʩʥʠʡ 

ʙʫʜʽʚʝʣʴʥʠʡ ʨʠʥʦʢ ʧʨʦʧʦʥʫʻ ʩʧʦʞʠʚʘʯʫ ʮʝʤʝʥʪʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʣʠʰʝ 

ʚʠʨʦʙʥʠʢʘʤʠ, ʘʣʝ ʚʤʽʩʪʦʤ ʢʣʽʥʢʝʨʫ, ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʜʦʜʘʪʢʦʚʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘ ʪʘʢʦʞ ʦʙʣʘʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʘʢ ʷʢ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʡ ʢʣʽʥʢʝʨ 

ʻ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʫ ʮʝʤʝʥʪʥʦʤʫ ʚôʷʞʫʯʦʤʫ, ʪʦ ʟʥʠʞʝʥʥʷ ʡʦʛʦ 

ʚʤʽʩʪʫ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʽ ʚʘʨʪʽʩʪʴ ʷʢ ʮʝʤʝʥʪʫ, ʪʘʢ ʽ ʨʦʟʯʠʥʫ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ɹ ɺ.2.7-46:2010 ʮʝʤʝʥʪʠ ʟʘʛʘʣʴʥʦʙʫʜʽʚʝʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʥʘ 5 ʪʠʧʽʚ, ʟ ʷʢʠʭ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʫʨʫʚʘʣʴʥʠʭ ʽ ʰʪʫʢʘʪʫʨʥʠʭ ʨʦʟʯʠʥʽʚ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʪʠʧʫ II (ʇʎ 

ɯɯ/ɸ-ʐ-400,  ʇʎ ɯɯ/ɹ-ʂ-400) ʪʘ ʪʠʧʫ III (ʐʇʎ ɯɯɯ/ɸ, ʐʇʎ ɯɯɯ/ɹ). ʍʘʨʘʢʪʝʨʥʦ, ʱʦ 

ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʦʟʯʠʥʽʚ ʻ 

ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʇʎ ɯɯ/ɹ-ʂ-400. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʚ ʥʦʨʤʘʭ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ɸɺʂ-5 ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʤʫʨʫʚʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʄ25 ʽ ʄ50 ʚʢʘʟʘʥʠʡ 

ʮʝʤʝʥʪ ʄ300. ɿʛʽʜʥʦ ʟ ʥʦʨʤʦʶ ɽ8-6-4 ɸɺʂ-5 ʜʣʷ ʟʚʝʜʝʥʥʷ 1 ʤ3 ʢʣʘʜʠ ʟʦʚʥʽʰʥʴʦʾ 

ʮʝʛʣʷʥʦʾ ʩʪʽʥʠ ʧʨʠ ʚʠʩʦʪʽ ʧʦʚʝʨʭʫ ʧʦʥʘʜ 4 ʤ ʚʠʪʨʘʯʘʻʪʴʩʷ 0,25 ʤ3 ʤʫʨʫʚʘʣʴʥʦʛʦ 

ʨʦʟʯʠʥʫ ʄ50, ʘ ʜʦ 4 ʤ (ʥʦʨʤʘ ʈ8-6-1 ɸɺʂ-5) ï 0,24 ʤ3 ʨʦʟʯʠʥʫ ʄ25 ʥʘ ʦʩʥʦʚʽ 

ʮʝʤʝʥʪʫ ʄ300.  ʅʘ ʜʘʥʠʡ ʯʘʩ, ʮʝʤʝʥʪ ʤʘʨʢʠ ʟʘ ʤʽʮʥʽʩʪʶ ʄ300 ʪʠʧʫ ʐʇʎ ɯɯɯ 

ʚʠʨʦʙʣʷʻʪʴʩʷ ʇɸʆ çʍʘʡʜʝʣʴʙʝʨʛʎʝʤʝʥʪ ʋʢʨʘʾʥʘè. ʇʨʠ ʮʴʦʤʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʠʧʫ ʐʇʎ ɯɯɯ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʽʩʪʴ ʪʘ ʚʦʜʦʫʪʨʠʤʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 

ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ.  

ʅʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʤʫʨʦʚʘʥʠʭ ʮʝʛʣʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʮʥʦʩʪʽ 

ʮʝʛʣʠ, ʷʢʦʩʪʽ ʽ ʤʘʨʢʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʽ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 



156 
 

ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʤʦʥʦʣʽʪʥʽʩʪʴ ʤʫʨʫʚʘʥʥʷ, ʟʜʘʪʥʦʛʦ ʚʠʪʨʠʤʫʚʘʪʠ ʧʝʨʝʜʙʘʯʝʥʝ 

ʧʨʦʝʢʪʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʟʚʝʜʝʥʥʷ ʮʝʛʣʷʥʠʭ ʩʪʽʥ ʟʘʩʪʦʩʦʚʫʶʪʴ ʮʝʤʝʥʪʥʽ 

ʨʦʟʯʠʥʠ ʤʘʨʦʢ ʄ50, ʄ75, ʄ100. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 5. 6, ʘ, ʜʣʷ ʩʢʣʘʜʥʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʨʦʟʯʠʥʫ ʤʘʨʢʠ ʄ75 ʚʠʪʨʘʪʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʤʘʨʦʢ ʄ500, ʄ400, ʄ300 ʩʢʣʘʜʘʻ 

ʚʽʜʧʦʚʽʜʥʦ 195, 240 ʪʘ 310 ʢʛ ʥʘ 1 ʤ3 ʨʦʟʯʠʥʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʪʨʘʪʠ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʮʝʤʝʥʪʫ ʎɹʈ 300 ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʤʘʨʦʢ ʄ25éʄ100. ʗʢ 

ʚʠʜʥʦ ʟ ʨʠʩ. 5.7, ʙ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ (ʤʘʨʢʘ ʟʘ ʨʫʭʣʠʚʽʩʪʶ ʇ8) 

ʤʘʨʦʢ ʟʘ ʤʽʮʥʽʩʪʶ ʄ25, ʄ50, ʄ75, ʄ100 ʚʠʪʨʘʪʘ ʎɹʈ 300 ʩʪʘʥʦʚʠʪʴ 212, 280, 350, 

432 ʢʛ ʥʘ 1 ʤ3 ʨʦʟʯʠʥʫ ʚʽʜʧʦʚʽʜʥʦ. ɺʚʝʜʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʜʦʙʘʚʢʠ 

ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʫ ʚôʷʞʫʯʦʛʦ ʥʘ 1 ʤ3 ʨʦʟʯʠʥʫ ʜʣʷ 

ʚʩʽʭ ʩʢʣʘʜʽʚ. 

 

 

ʘ                                                         ʙ  

ʈʠʩʫʥʦʢ 5.7 ï ɺʠʪʨʘʪʘ ʟʚʠʯʘʡʥʠʭ (ʘ) ʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ (ʙ) ʮʝʤʝʥʪʽʚ ʥʘ 1 ʤ3 

ʨʦʟʯʠʥʫ 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʚʠʪʨʘʪ ʎɹʈ 300 ʟ ʚʠʪʨʘʪʘʤʠ ʮʝʤʝʥʪʫ ʄ300, ʷʢʽ ʥʘʚʝʜʝʥʽ 

ʚ ʉʇ 82-101-98, ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʜʣʷ ʇʎ ɯɯ/ɹ-ʂ-400 

ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè. ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 5. 8. ʂʨʠʚʽ ʚʠʪʨʘʪ, ʧʦʙʫʜʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʉʇ 82-101-98, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʫʪʦʤ ʥʘʭʠʣʫ, ʷʢʠʡ ʚʣʘʩʪʠʚʠʡ ʜʣʷ ʤʘʨʢʠ ʚôʷʞʫʯʦʛʦ. ʗʢʱʦ ʚʟʷʪʠ 

ʮʽ ʢʨʠʚʽ ʷʢ ʝʪʘʣʦʥ, ʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʧʝʨʝʚʠʪʨʘʪʫ ʯʠ ʝʢʦʥʦʤʽʶ 
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ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚôʷʞʫʯʦʛʦ. ʆʪʞʝ, ʜʣʷ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʎɹʈ 300 ʙʝʟ ʚʚʝʜʝʥʥʷ 

ʤʦʜʠʬʽʢʫʶʯʦʾ ʜʦʙʘʚʢʠ  ʧʝʨʝʚʠʪʨʘʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʙʘʟʦʚʦʛʦ ʩʪʘʥʦʚʠʪ ɹʙʣʠʟʴʢʦ 

100 ʢʛ. ɺʚʝʜʝʥʥʷ ʜʦʙʘʚʢʠ-ʤʦʜʠʬʽʢʘʪʦʨʘ ʟʤʽʥʶʻ ʢʨʠʚʫ ʚʠʪʨʘʪ, ʽ ʧʦʨʽʚʥʷʥʥʷ 

ʚʝʜʝʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʙʘʟʦʚʦʛʦ ʮʝʤʝʥʪʫ ʄ400 ʉʇ 82-101-98, ʪʘʢ ʷʢ ʟʤʽʥʠʚʩʷ ʢʫʪ 

ʥʘʭʠʣʫ ʧʨʷʤʦʾ ʟ ʧʝʨʝʚʠʪʨʘʪʦʶ 150 ʢʛ. ɿʘ ʢʨʠʚʠʤʠ ʚʠʪʨʘʪ ʥʘ ʦʩʥʦʚʽ ʎɹʈ 300 ʟ 

ʜʦʙʘʚʢʦʶ ʽ ʙʝʟ ʥʝʾ ʚʠʜʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʤʦʜʠʬʽʢʘʪʦʨʘ ʟʥʠʞʫʻ ʚʠʪʨʘʪʠ ʚôʷʞʫʯʦʛʦ.  

 

 

ʈʠʩʫʥʦʢ 5.8 ï ɺʧʣʠʚ ʤʦʜʠʬʽʢʘʪʦʨʘ ʥʘ ʚʠʪʨʘʪʠ ʎɹʈ 300 ʪʘ ʇʎ ɯɯ/ɹ-ʂ-400 ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜʧʦʚʽʜʥʦʾ ʤʘʨʢʠ ʟʘ ʤʽʮʥʽʩʪʶ ʧʨʠ ʩʪʠʩʢʫ 

 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʜʠʥʠʯʥʫ ʚʘʨʪʽʩʪʴ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʄ75 ʥʘ ʦʩʥʦʚʽ ʎɹʈ 300 ʽ ʟ ʜʦʙʘʚʢʦʶ Master Air  81. 

ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʝʜʝʥʦ ʚ ʢʦʰʪʦʨʠʩʥʽʡ ʧʨʦʛʨʘʤʽ ɸɺʂ-5 3.4.1.1 (ɼʦʜʘʪʦʢ ɭ). 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

 

1. ʇʨʦʚʝʜʝʥʦ ʧʨʦʤʠʩʣʦʚʠʡ ʚʠʧʫʩʢ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʟʘ 

ʪʝʭʥʦʣʦʛʽʻʶ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʥʘ ʊʟʆɺ çʌʝʨʦʟʽʪè, ʚʩʪʘʥʦʚʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʽ 

ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʾʾ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʫ ʘʧʨʦʙʘʮʽʶ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʧʨʦʚʝʜʝʥʦ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʊʟʆɺ 

çʊʇʂèɹʋɼʉʇʆʈʊè ʜʣʷ ʙʝʪʦʥʫʚʘʥʥʷ ʬʫʥʜʘʤʝʥʪʫ ʧʽʜ ʯʘʩ ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ 

ʩʧʦʨʪʠʚʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʫ ʉɿʐ ˉ54 ʥʘ ʚʫʣ. ʍʚʠʣʴʦʚʦʛʦ, 16 ʫ ʤ. ʃʴʚʦʚʽ, 

ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʢʠ ʩʢʣʘʣʘ 144,00 ʛʨʥ ʥʘ 1 ʤ3 

ʙʝʪʦʥʫ, ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ï 173,00 ʉʆ2/ʤ
3. 

2. ʅʘ ʇʨɸʊ òɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò ʧʨʦʚʝʜʝʥʦ ʚʠʧʫʩʢ ʧʨʦʤʠʩʣʦʚʦʾ 

ʧʘʨʪʽʾ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʮʝʤʝʥʪʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʎɹʈ 300 

ɼʉʊʋ ɹ ɺ.2.7-124-2004 (ʮʝʤʝʥʪ ʜʣʷ ʤʫʨʫʚʘʥʥʷ MC 22,5ʍ ɼʉʊʋ ɹ EN 413-1:2015) 

ʚ ʢʽʣʴʢʦʩʪʽ     600 ʪ, ʷʢʠʡ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ 

ʧʨʠ ʟʚʝʜʝʥʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʮʝʛʣʷʥʠʭ ʩʪʽʥ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʫ ʤʽʩʪʽ ʃʴʚʦʚʽ ʥʘ 

ʊʟʆɺ çɺɽʉʊɹɽʊʆʅɹʋɼè. 

3. ɺʠʟʥʘʯʝʥʦ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʣʝʢʩʥʠʭ 

ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ ʂʇɼ-02 ʽ ʂʇɼ-03, ʱʦ ʩʪʘʥʦʚʠʪʴ 1065,44 ʽ 376,24 ʛʨʥ/ʪ 

ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠ ʪʦʤʫ ʩʫʪʪʻʚʦ ʟʥʠʞʫʶʪʴʩʷ ʚʠʢʠʜʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʽʜ ʯʘʩ ʾʭ 

ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ï ʜʦ 50 ʢʛ ʉʆ2/ʪ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ 600 ʪ ʄʉ 22,5ʍ (ʎɹʈ 300) ʚʽʜʥʦʩʥʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ       CEM ɯɯ/ɸ-S 32,5 R ʩʢʣʘʜʘʻ 333,000 ʪʠʩ. ʛʨʥ, ʘ  ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ CEM ɯɯ/B-M 32,5 R ï 227,400 ʪʠʩ. ʛʨʥ, ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ 

ʚʽʜʥʦʩʥʦ ʚʢʘʟʘʥʠʭ ʮʝʤʝʥʪʽʚ ʩʪʘʥʦʚʠʪʴ ï 259,7 ʢʛ ʉʆ2/ʪ ʮʝʤʝʥʪʫ. 
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ɿɸɻɸʃʔʅɯ ɺʀʉʅʆɺʂʀ 

 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʨʽʰʝʥʦ ʥʘʫʢʦʚʝ ʟʘʚʜʘʥʥʷ 

ʦʜʝʨʞʘʥʥʷ ʢʣʽʥʢʝʨ-ʝʬʝʢʪʠʚʥʠʭ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ. ɺʥʘʩʣʽʜʦʢ ʧʨʦʚʝʜʝʥʠʭ 

ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʩʪʫʧʥʝ: 

1. ʊʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʙʝʪʦʥʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʨʘʮʽʦʥʘʣʴʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʣʝʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ 

ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ (ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ 0,40 ï 0,50), ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ 

ʟʤʽʰʫʚʘʥʥʷ ʟʚʠʯʘʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ (ʉɽʄ ɯ 42,5R) ʟ ʘʢʪʠʚʥʠʤʠ 

ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ. 

2. ɼʦʩʣʽʜʞʝʥʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ ʦʩʥʦʚʥʠʭ 

ʩʢʣʘʜʥʠʢʽʚ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ɻɼʐ ʽ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʞʯʠʤ ʚʤʽʩʪʦʤ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 

10 ʤʢʤ ʧʦʨʽʚʥʷʥʦ ʟ ʉɽʄ ɯ 42,5 R, ʩʫʧʝʨʮʝʦʣʽʪʦʤ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʦʤ. ʇʦʢʘʟʘʥʦ, 

ʦɦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ (325,30 ʤʢʤ-1ϊʦʙ.%) ʫ ʜʝʩʷʪʢʠ ʨʘʟʠ ʙʽʣʴʰʠʡ ʧʦʨʽʚʥʷʥʦ ʟ 

ʦʩʥʦʚʥʠʤʠ ʩʢʣʘʜʥʠʢʘʤʠ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ (3,47..6,89 ʤʢʤ-1ϊʦʙ.%). ʅʠʟʴʢʽ 

ʧʦʢʘʟʥʠʢʠ ʂisa ʻ ʧʨʠʯʠʥʦʶ ʩʧʦʚʽʣʴʥʝʥʥʷ ʢʽʥʝʪʠʢʠ ʥʘʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ ʟ ʚʤʽʩʪʦʤ ʤʘʣʦʘʢʪʠʚʥʠʭ ʎɿʄ, ʧʨʦʪʝ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʬʨʘʢʮʽʡ ʤʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʾʭ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ 

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. ʇʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ 

ʯʘʩʪʠʥʦʢ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ ʟʘʙʝʟʧʝʯʫʻ ʟʨʦʩʪʘʥʥʷ ʽʥʜʝʢʩʫ 

ʘʢʪʠʚʥʦʩʪʽ ɻɼʐ (SAI) ʥʘ 35 %, ʧʨʦʪʝ ʩʫʧʨʦʚʦʜʞʫʻʪʩɹʷ ʟʙʽʣʴʰʝʥʥʷʤ ʝʥʝʨʛʦʟʘʪʨʘʪ 

ʟ 50 ʜʦ 140 ʢɺʪĿʛʦʜ/ʪ. ʇʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ  ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʦʣʠ-
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ʚʠʥʝʩʝʥʥʷ, ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ ʟʘ ʧʦʛʣʠʥʘʥʥʷʤ ʉʘʆ ʟʛʽʜʥʦ EN 450-

1:2009 ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ çnorma wloskaè ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ, 

ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʽʡ ʚʤʽʩʪ ʬʨʘʢʮʽʾ 0-5 (16, 98 %), ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ (ʧʦʛʣʠʥʘʥʥʷ ʉʘʆ ï 16 ʤʛ/ʛ, PSAI90=0,80  % ʪʘ 

ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʚʘʧʥʷʥʦ-ʧʫʮʦʣʘʥʦʚʦʛʦ ʪʽʩʪʘ Rʟʛ=0,6 ʄʇʘ; Rʩʪ=1,8 ʄʇʘ) 

ʧʦʨʽʚʥʷʥʦ ʟ ʩʫʧʝʨʮʝʦʣʽʪʦʤ ʽ ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʦʤ. 

3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʜʥʦʛʦ ʪʠʧʫ ʎɿʄ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʟ ʢʣʽʥʢʝʨ-

ʬʘʢʪʦʨʦʤ 0,50 ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʽʥʘʨʥʠʭ 

ʮʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷʤ ʾʭ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ. ʄʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʚʝʜʝʥʦ ʦʧʪʠʤʽʟʘʮʽʶ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʎɿʄ ʽ ʚʠʟʥʘʯʝʥʦ 

ʦʧʪʠʤʘʣʴʥʽ ʩʢʣʘʜʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ ʥʘ ʦʩʥʦʚʽ ʂʇɼ-02 

(ɿɺ:ʉʎ=0,46:0,54, ʅɻʊ=31,5 %, ʂʦʙ=13,5 %, PSAI28=94 %, PSAI90=126 %) ʪʘ 

ʂʇɼ-03 (ɿɺ:ʉʎ:ʄʂ=0,6:0,3:0,1, ʅɻʊ=33,0 %, ʂʦʙ=6,4 %, PSAI28=99 %, 

PSAI90=134 %). ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʚʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ 

ʧʦʣʽʢʘʨʙʦʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ʽ ʤʝʭʘʥʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ ʫ ʚʽʙʨʦʤʣʠʥʽ ʦʜʝʨʞʘʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʫ ʢʦʤʧʣʝʢʩʥʫ ʧʫʮʦʣʘʥʦʚʫ ʜʦʙʘʚʢʫ ʂʇɼ-ʄ2, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʥʠʞʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʦʜʦʧʦʪʨʝʙʠ (25,0 %) ʽ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ (2,7 %) ʧʨʠ 

ʟʨʦʩʪʘʥʥʽ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʛʽʜʥʦ  EN 450-1:2009 ʯʝʨʝʟ 28 ʽ 90 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʜʦ 124 ʽ 144 %. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʘʤʽʱʝʥʥʽ ʜʦ 25 ʤʘʩ. % 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʉɽʄ ɯ 42,5 R ʥʘ ʂʇɼ-03 ʢʣʘʩ ʤʽʮʥʦʩʪʽ ʜʣʷ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ 

ʟʙʝʨʽʛʘʻʪʴʩʷ.  ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʂʇɼ-03 ʜʦ 50 ʤʘʩ. % ʦʜʝʨʞʫʻʪʴʩʷ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʡ ʟʤʽʰʘʥʠʡ ʮʝʤʝʥʪ ʢʣʘʩʫ 32,5 R, ʘ ʧʨʠ ʚʤʽʩʪʽ ʩʫʧʝʨʮʝʦʣʽʪʫ ʽ ʚʘʧʥʷʢʫ 

ʫ ʢʽʣʴʢʦʩʪʽ 60 ʤʘʩ. % ï ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʡ ʟʤʽʰʘʥʠʡ ʮʝʤʝʥʪ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ 

ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ 22,5. 

4. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʨʝʘʢʮʽʾ ʤʽʞ 

ʚʠʩʦʢʦʘʢʪʠʚʥʠʤʠ ʩʫʧʝʨʮʝʦʣʽʪʦʤ, ʟʦʣʦʶ-ʚʠʥʝʩʝʥʥʷ ʪʘ ʉʘ(ʆʅ)2 ʩʪʠʤʫʣʶʶʪʴʩʷ 

ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʘʪʥʠʭ ʬʘʟ ʫ ʤʽʞʟʝʨʥʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫʱʽʣʴʥʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʮʝʤʝʥʪʫʶʯʦʾ ʤʘʪʨʠʮʽ. ʈʝʘʢʮʽʷ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ ʟ 

SiO2 ʩʫʧʝʨʮʝʦʣʽʪʫ ʘʢʪʠʚʥʦ ʧʨʦʪʽʢʘʻ ʫ ʧʽʟʥʽʡ ʧʝʨʽʦʜ ʪʚʝʨʜʥʝʥʥʷ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ 
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ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʟʝʨʥʘʤʠ ʚ ʩʠʩʪʝʤʽ çɻɼʐ ï ʂʇɼ-02è ʩʧʨʠʷʻ 

ʫʪʚʦʨʝʥʥʶ ʱʽʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʥʠʟʴʢʦʶ ʧʦʨʠʩʪʽʩʪʶ, ʱʦ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʎɿʄ. ɼʦʩʣʽʜʞʝʥʦ, ʱʦ 

ʫ ʨʘʥʥʽʡ ʧʝʨʽʦʜ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʅɿʎ ʽʥʪʝʥʩʠʚʥʝ ʫʪʚʦʨʝʥʥʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʝʪʨʠʥʛʽʪʫ ʩʧʨʠʷʻ ʟôʻʜʥʘʥʥʶ ʟʝʨʝʥ ʫ ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ, ʘ ʟ ʚʽʢʦʤ 

ʪʚʝʨʜʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʱʽʣʴʥʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ɸFm- ̔  ɸFt-

ʬʘʟʘʤʠ ʚ ʤʘʩʽ ʛʝʣʝʧʦʜʽʙʥʦʾ ʬʘʟʠ ʉ-S-H. 

5. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʽʣʴʢʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʂʇɼ-ʄ2 ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ 

ʮʝʤʝʥʪʽʚ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ (ʟ ʨʫʭʣʠʚʽʩʪʶ 

110é115 ʤʤ) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʧʣʘʩʪʠʬʽʢʫʶʯʦʾ ʜʽʾ ʂʇɼ-ʄ2 ʟʥʠʞʫʻʪʴʩʷ 

ʚʦʜʦ-ʚóʷʞʫʯʝ ʚʽʜʥʦʰʝʥʥʷ ʜʦ 0,26 ʽ ʧʨʠʰʚʠʜʰʫʶʪʴʩʷ ʛʽʜʨʘʪʘʮʽʷ ʅɿʄ ʟ ʢʣʽʥʢʝʨ-

ʬʘʢʪʦʨʦʤ 0,75 ʽ 0,50. ɺ̔ ʜʟʥʘʯʝʥʦ ʟʨʦʩʪʘʥʥʷ ʢʽʥʝʪʠʢʠ ʥʘʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ 

ʫʞʝ ʯʝʨʝʟ 7 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ɼɹɿ ʽʟ ʚʤʽʩʪʦʤ 25 ʽ 50 ʤʘʩ. % 

ʂʇɼ-ʄ2 ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ɼɹɿ ʥʘ ʦʩʥʦʚʽ ʉɽʄ ɯ 42,5 R ʙʝʟ ʤʦʜʠʬʽʢʘʪʦʨʽʚ. ɸʥʘʣʽʟ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʧʣʝʢʩʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʽ ʜʦʩʣʽʜʞʝʥʥʽ ʢʽʥʝʪʠʢʠ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ ʥʘ 

ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʂʇɼ-02 ʽ ʂʇɼ-03 ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʈʉɽ, ʻ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʚʠʛʽʜʥʝ ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʂʇɼ-ʄ2 ʽ ʅɿʎ ʧʽʩʣʷ ʤʝʭʘʥʦ-

ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʥʝ ʟʘʪʨʘʯʘʶʪʴʩʷ ʢʦʰʪʠ ʥʘ ʜʦʜʘʪʢʦʚʠʡ ʧʦʤʝʣ, ʘ 

ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʯʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʤʦʞʥʘ ʢʦʨʝʛʫʚʘʪʠ ʚ ʩʢʣʘʜʽ ɼɹɿ ʚʽʜʥʦʩʥʦ 

ʚʠʪʨʘʪʠ ʚôʷʞʫʯʦʛʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʝʢʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʝʪʦʥʫ. 

6. ʈʝʘʣʽʟʘʮʽʷ ʧʨʠʥʮʠʧʽʚ ʩʪʚʦʨʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʭ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʦʤʧʣʝʢʩ ʷʢʽʩʥʦ ʥʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ, ʪʝʭʥʽʯʥʠʡ, ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ 

ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪʠ. ʂʣʽʥʢʝʨ-ʝʬʝʢʪʠʚʥʽ ʙʝʪʦʥʠ ʥʘ ʦʩʥʦʚʽ ʉɽʄ IV/B 32,5R 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ (W10) ʪʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ 

(F150), ʱʦ ʚʠʟʥʘʯʘʻ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʥʠʞʝʥʥʷ ʾʭ ʚʘʨʪʦʩʪʽ ʥʘ 

ʚʩʽʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʽ ʩʫʪʪʻʚʠʤ ʟʥʠʞʝʥʥʷʤ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʢʣʽʥʢʝʨʫ ʥʘ 

ʦʜʠʥʠʮʶ ʤʽʮʥʦʩʪʽ ï 2,9 ʢʛ/(ʤ3.ʄʇʘ); ʉʆ2-ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʣʽʥʢʝʨ-ʝʬʝʢʪʠʚʥʠʭ 
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ʙʝʪʦʥʽʚ ʩʢʣʘʜʘʻ 2,5 ʢʛ ʉʆ2/(ʤ
3.ʄʇʘ). ʇʽʜʪʚʝʨʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ 

ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ (ʎ:ʇ:ʑ=1:1,27:1,69) ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ 

ʮʝʤʝʥʪʫ CEM IV/ɺ 32,5 R ʟ ʚʠʪʨʘʪʦʶ 525 ʢʛ/ʤ3 ʙʝʪʦʥʫ ʧʨʠ ɺ/ʎ=0,30. ɺʽʜʟʥʘʯʝʥʦ 

ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ ï ʯʝʨʝʟ 2; 7 ʽ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʫ ʩʪʘʥʦʚʠʣʘ 19,5; 44,6 ʽ 76,4 ʄʇʘ ʚʽʜʧʦʚʽʜʥʦ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʉ45/55. ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʢʣʽʥʢʝʨʫ ʥʘ ʦʜʠʥʠʮʶ ʤʽʮʥʦʩʪʽ ï 

3,4 ʢʛ/(ʤ3.ʄʇʘ); ʚʽʜʧʦʚʽʜʥʦ ʉʆ2 ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʙʝʪʦʥʫ 

ʩʢʣʘʜʘʻ 2,9 ʢʛ ʉʆ2/(ʤ
3.ʄʇʘ). 

7. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥɹʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʮʝʤʝʥʪʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʎɹʈ 300 ʪʘ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ 

ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʣʴʥʦʾ ʜʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʩʦʢʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʘ 

ʷʢʽʩʪʴ ʨʦʟʯʠʥʦʚʠʭ ʩʫʤʽʰʝʡ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʨʦʟʰʘʨʫʚʘʥʥʷʤ (0,6 %). ʄʦʜʠʬʽʢʦʚʘʥʘ 

ʨʦʟʯʠʥʦʚʘ ʩʫʤʽʰ ʧʨʦʝʢʪʥʦʾ ʤʘʨʢʠ ʄ100 ʟ ʩʝʨʝʜʥʴʦʶ ʛʫʩʪʠʥʦʶ 1820 ʢʛ/ʤ3,  ʟʙʝʨʽʛʘʻ 

ʥʝʦʙʭʽʜʥʫ ʤʘʨʢʫ ʟʘ ʨʫʭʦʤʽʩʪʶ (ʇ8) ʽ ʥʝ ʨʦʟʰʘʨʦʚʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 3,0 ʛʦʜ ʟ ʤʦʤʝʥʪʫ 

ʾʾ ʧʨʠʛʦʪʫʚʘʥʥʷ. ɽʬʝʢʪ ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ 

ʨʦʟʯʠʥʦʚʦʾ ʩʫʤʽʰʽ ʥʘ 20 % ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʨʦʟʯʠʥʦʤ ʘʥʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʙʝʟ ʜʦʙʘʚʢʠ. ɿʘʚʜʷʢʠ ʘʝʨʘʮʽʾ ʟʘʪʚʝʨʜʽʣʠʡ ʨʦʟʯʠʥ ʩʪʘʻ ʙʽʣʴʰ ʱʽʣʴʥʠʤ, ʤʝʥʰʝ ʚʙʠʨʘʻ 

ʚʦʣʦʛʫ, ʩʪʽʡʢʽʰʠʡ ʜʦ ʜʽʾ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʪʘ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʮʠʢʣʽʚ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʪʘ ʚʽʜʪʘʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʜʝʬʦʨʤʘʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠʟʤʦʚʘ ʤʽʮʥʽʩʪʴ ʨʦʟʯʠʥʫ (ʎ:ʇ=1:3) ʥʘ ʦʩʥʦʚʽ ʎɹʈ 300 ʩʪʘʥʦʚʠʪʴ 

14,87 ʄʇʘ,  ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ï 17,1.10-3 ʄʇʘ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ï 0,19. 

ɿʘʛʘʣʴʥʘ ʧʦʨʠʩʪʽʩʪʴ ʘʝʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʩʢʣʘʜʘʻ 32,7 % (ʚʽʜʢʨʠʪʘ ï 15,5%, ʟʘʢʨʠʪʘ 

ï 17,2%). ɿʙʽʣʴʰʝʥʥʷ ʟʘʢʨʠʪʦʾ ʧʦʨʠʩʪʦʩʪʽ ʧʽʜʚʠʱʫʻ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʣʘʜʢʠ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʽ ʧʽʜʚʠʱʝʥʥʷ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ.  

8. ʇʨʦʚʝʜʝʥʦ ʚʠʧʫʩʢ ʜʦʩʣʽʜʥʦʾ ʧʘʨʪʽʾ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʂʇɼ 

ʚ ʢʽʣʴʢʦʩʪʽ 50 ʪ ʥʘ ʊʟʆɺ çʌʝʨʦʟʽʪè. ʅʘ ʇʨɸʊ òɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò 

ʨʝʘʣʽʟʦʚʘʥʦ ʚʠʧʫʩʢ ʧʨʦʤʠʩʣʦʚʦʾ ʧʘʨʪʽʾ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʮʝʤʝʥʪʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ ʎɹʈ 300 ɼʉʊʋ ɹ ɺ.2.7-124-2004 (ʮʝʤʝʥʪ ʜʣʷ ʤʫʨʫʚʘʥʥʷ MC 22,5ʍ ɼʉʊʋ 

ɹ EN 413-1:2015) ʚ ʢʽʣʴʢʦʩʪʽ 600 ʪ. ʇʨʠ ʟʚʝʜʝʥʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʮʝʛʣʷʥʠʭ ʩʪʽʥ 

ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʫ ʤ. ʃʴʚʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʊʟʆɺ çɺɽʉʊɹɽʊʆʅɹʋɼè 
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ʚʠʢʦʨʠʩʪʘʥʦ ʨʦʟʯʠʥʦʚʽ ʩʫʤʽʰʽ ʜʣʷ ʤʫʨʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ 

ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ ʎɹʈ 300 (ʄʉ 22,5ʍ). ʅʘ ʊʟʆɺ çʊʇʂèɹʋɼʉʇʆʈʊè ʧʨʦʚʝʜʝʥʦ 

ʙʝʪʦʥʫʚʘʥʥʷ ʬʫʥʜʘʤʝʥʪʫ ʧʽʜ ʯʘʩ ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʩʧʦʨʪʠʚʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʫ 

ʉɿʐ ˉ54 ʥʘ ʚʫʣ. ʍʚʠʣʴʦʚʦʛʦ, 16 ʫ ʤ. ʃʴʚʦʚʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʙʝʪʦʥʽʚ ʢʣʘʩʫ ʉ30/35 ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʮʝʤʝʥʪʫ 

CEM ɯV/ɺ 32,5 R, ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʢʠ ʩʢʣʘʜʘʻ 144 ʛʨʥ ʥʘ 1 ʤ3 

ʙʝʪʦʥʫ. ʇʠʪʦʤʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʧʨʠ ʚʠʧʫʩʢʫ ʉɽʄ IV/B 32,5R ʽ ʄʉ 22,5ʍ  

ʩʢʣʘʜʘʻ 166,00 ʽ 379,00 ʛʨʥ/ʪ ʧʦʨʽʚʥʷʥʦ ʟ CEM ɯ 42,5R ʽ CEM ɯɯ/B-M 32,5 R 

ʚʽʜʧʦʚʽʜʥʦ. 
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