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ɼʀʉɽʈʊɸʎɯʗ 

ʄʋʃʔʊʀʄʆɼɸʃʔʅɯ ʂʆʄʇʆɿʀʎɯʁʅɯ ʇʆʈʊʃɸʅɼʎɽʄɽʅʊʀ  

ɿ ɺʀʉʆʂʆʖ ʈɸʅʅʔʆʖ ʄɯʎʅɯʉʊʖ ʊɸ ʄʆɼʀʌɯʂʆɺɸʅɯ ɹɽʊʆʅʀ 

ʅɸ ɰʍ ʆʉʅʆɺɯ 

05.23.05 ï ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʚʠʨʦʙʠ 

19 ï ɸʨʭʽʪʝʢʪʫʨʘ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ          

(ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ) 

 

ɯʜʝʥʪʠʯʥʽʩʪʴ ʫʩʽʭ ʧʨʠʤʽʨʥʠʢʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ɿɸʉɺɯɼʏʋʖ: 

ʋʯʝʥʠʡ ʩʝʢʨʝʪʘʨ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ 

 

ʚʯʝʥʦʾ ʨʘʜʠ  ________________ʍʦʣʦʜ ʇ.ʌ. 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ  

 

____________ ɻʝʚ`ʶʢ  ɯ.ʄ.  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʉʘʥʠʮʴʢʠʡ ʄʠʨʦʩʣʘʚ ɸʥʜʨʽʡʦʚʠʯ,  

                                   ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

 

ʃʴʚʽʚ ï 2018 
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ɸʅʆʊɸʎɯʗ 

ɻʝʚ`ʶʢ ɯ.ʄ. ʄʫʣʴʪʠʤʦʜʘʣʴʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ ʚʠʩʦʢʦʶ 

ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʽ ʙʝʪʦʥʠ ʥʘ ʾʭ ʦʩʥʦʚʽ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

(ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ) ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.23.05 çɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ 

ʚʠʨʦʙʠè (19 ï ɸʨʭʽʪʝʢʪʫʨʘ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ). ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ. ï ʃʴʚʽʚ, 2018. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʣʝʥʥʶ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ 

ʪʝʭʥʦʣʦʛʽʾ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ 

ʪʠʧʫ CEM II /B-ʄ (ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ - 65%) ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʯʦʚʠʥʥʦʛʦ 

ʪʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʽʚ ʢʣʽʥʢʝʨʫ ʪʘ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʪʘ 

ʾʭ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʝʭʥʽʯʥʽ, ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ 

ʧʝʨʝʚʘʛʠ ʜʘʥʦʛʦ ʪʠʧʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ.  

ɿʨʦʙʣʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʧʨʠʩʚʷʯʝʥʠʭ 

ʧʨʦʙʣʝʤʘʤ ʦʪʨʠʤʘʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʧʨʠʥʮʠʧʘʤʠ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʮʝʤʝʥʪʫʶʯʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʪʝʦʨʝʪʠʯʥʽ 

ʧʝʨʝʜʫʤʦʚʠ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʚʝʜʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʦʧʠʩʘʥʽ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʨʦʙʦʪʽ. 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ  ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ  ʨʘʥʥʴʦʶ  ʤʽʮʥʽʩʪʶ. ʇʨʦʚʝʜʝʥʦ 

ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʜʠʩʧʝʨʩʥʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʟʥʘʯʝʥʥʽ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʯʘʩʪʠʥʦʢ ʽ ʚʝʣʠʯʠʥʠ 

ʾʭ ʤʽʞʬʘʟʥʦʾ ʧʦʚʝʨʭʥʽ. ʆʪʨʠʤʘʥʦ ʢʦʤʧʣʝʢʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʯʝʪʚʝʨʪʠʥʥʠʭ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ, ʱʦ ʢʽʣʴʢʽʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʤʧʣʝʢʩʥʫ ʩʠʥʝʨʛʝʪʠʯʥʫ ʜʽʶ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʘʣʽʚ ʟ ʙʽʤʦʜʘʣʴʥʦʶ ʨʝʘʢʮʽʡʥʦ-
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ʭʽʤʽʯʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʘʢʪʠʚʥʽʩʪʶ ʫ ʤʝʭʘʥʽʟʤʽ ʟʨʦʩʪʘʥʥʷ ʾʭ ʨʘʥʥʴʦʾ ʪʘ 

ʩʪʘʥʜʘʨʪʥʦʾ ʤʽʮʥʦʩʪʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʢʦʤʙʽʥʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ 

ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʽʟʘʮʽʶ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʽʩʪʴ, 

ʩʪʘʥʜʘʨʪʥʘ ʪʘ ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʚʘʨʪʽʩʪʴ, ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ) ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʪʠʧʫ CEM II /B-M 42,5R      

(ʇʎ ɯɯ/ɹ-ʂ-500ʈ-ʅ).  

ʈʦʟʨʦʙʣʝʥʦ ʩʢʣʘʜʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʾʭ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʙʝʪʦʥʠ ʢʣʘʩʽʚ ʉ20/25éʉ32/40 ʟʘ 

ʦʮʽʥʢʦʶ ʧʠʪʦʤʦʾ ʤʽʮʥʦʩʪʽ fcm2/fcm28=0,32é0,35 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʝʨʝʜʥʽʤ 

ʥʘʨʦʩʪʘʥʥʷʤ ʤʽʮʥʦʩʪʽ. ʂʦʤʧʣʝʢʩʥʠʡ ʤʦʜʠʬʽʢʘʪʦʨ ʧʨʠʩʢʦʨʶʶʯʦʾ ʜʽʾ Glenium 

ACE 430 + Pozzolit 501 ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʰʚʠʜʢʦʪʚʝʨʜʥʫʯʠʭ ʙʝʪʦʥʽʚ 

(fʩm2=31,5 ʄʇʘ, fcm2/fcm28 = 0,58), ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʦʞ ʧʨʠʩʢʦʨʝʥʠʤ 

ʪʚʝʨʜʥʝʥʥʷʤ ʥʘ ʤʦʨʦʟʽ. 

ʇʨʦʚʝʜʝʥʦ ʚʠʧʫʩʢ ʧʨʦʤʠʩʣʦʚʠʭ ʧʘʨʪʽʡ ʯʝʪʚʝʨʪʠʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ). ɿʘ 

ʪʝʭʥʦʣʦʛʽʻʶ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʧʨʦʚʝʜʝʥʦ ʚʠʧʫʩʢ ʜʦʩʣʽʜʥʦʾ ʧʘʨʪʽʾ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ ɼʉʊʋ ɹ EN 197-1 - CEM ɯɯ/B-M (S-P-L) 42,5 Rï LH ʚ ʢʽʣʴʢʦʩʪʽ 600 

ʪʦʥʥ. ʇʨʠ ʚʠʧʫʩʢʫ ʪʦʚʘʨʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ɼʇ Ăʉʧʝʮʟʘʣʽʟʦʙʝʪʦʥò ʇʨɸʊ Ăɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʢʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʚʘʨʪʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʢʣʘʜʘʻ 75é100 ʛʨʥ ʥʘ 1 ʤ
3
 ʙʝʪʦʥʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʯʝʪʚʝʨʪʠʥʥʠʡ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ, ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʽ ʤʘʪʝʨʽʘʣʠ, 

ʧʦʚʝʨʭʥʝʚʘ ʘʢʪʠʚʥʽʩʪʴ, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʙʝʪʦʥ, ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ.  
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ABSTRACT 

Geviuk I.N. Multimodal Portland-composite cements with high early strength 

and modified concretes on their basis. ï On rights of the manuscript. 

PhD thesis (Doctor of Philosophy) in Engineering sciences by specialty 

05.23.05 ñBuilding materials and productsò (19 ï Architecture and Construction). 

ï Lviv Polyteʩhnic National University, Ministry of Education and Science of 

Ukraine. ï Lviv, 2018.  

The PhD thesis is devoted to the development of theoretical bases of 

multimodal Portland cement technology with high early strength of CEM II/B-M 

type (clinker-factor 65%) due to optimization of the main constituents and 

granulometric composition of clinker and supplementary cementitious materials of 

different genesis taking into account the particle size distribution and their surface 

energy, which provides the technical, ecological and economic benefits of this type 

of Portland composite cement. 

An analytical review of literary sources devoted to the problems of obtaining 

of concrete with improved operational characteristics was made, issues related to 

the principles of modification of cementing systems were considered, as well as 

theoretical preconditions of the research were determined. The characteristics of 

the materials and the main methods of research used in the work are described. 

The results of development and research of multimodal composite ʈortland 

cement with high early strength are presented. Complex estimation of dispersion of 

mineral components, based on determination of specific surface, granulometric 

composition of particles and magnitude of their interfacial surface is carried out. 
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The complex of experimental and statistical models of technological and physical 

and technical parameters of quaternary multimodal composite ʈortland cements 

with high early strength, quantitative characterizing the complex synergetic effect 

of highly dispersed cementitious substrates with bimodal reactive-chemical surface 

activity in the mechanism of growth of their early and standard strength are 

obtained. It is shown that the combination of the main constituents of different 

genesis provides optimization of properties (workability, standard and early 

strength, durability, cost, environmental impact) of a quaternary multimodal 

composite ʈortland cement with high early strength of CEM II/B-M 42.5R type. 

The compositions of modified concretes based on multimodal Portland 

composite cements have been developed and their construction and technical 

properties have been investigated. It is shown that modified concretes of classes 

C20/25...ʉ32/40 by the estimating specific strength fcm2/fcm28 =0,32...0,35 are 

characterized by average strength increase. The complex modifier with 

acceleration action Glenium ACE 430 + Pozzolit 501 provides the production of 

rapid-hardening concretes (fsm2=31,5 MPa, fcm2/fcm28 = 0,58), which are also 

characterized by accelerated hardening at frost. 

Industrial batches of Quaternary Portland composite cements of CEM II/B-M 

(S-P-L) type were produced. Pilot batch of multimodal Portland composite cement 

with high early strength DSTU B EN 197-1 - CEM II/B-M (S-P-L) 42.5R-LH has 

been produced on the basis of separate milling technology in the quantity of 600 t. 

At release of commercial concrete at the Subsidiary Enterprise "Spetszalizobeton" 

PJSC ñIvano-Frankivsk Cementò, the efficiency from the implementation of 

development, taking into account the cost of production, is 75 ... 100 UAH per      

1 m
3
 of concrete.  

Keywords: quaternary multimodal Portland composite cement with high 

early strength, supplementary cementitious materials, surface activity, modified 

concrete, constructional and technical properties. 
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ɿʄɯʉʊ 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔéééééééééééééé..  
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ʮʝʤʝʥʪʫ ʪʘ ʙʝʪʦʥʫ ʟʛʽʜʥʦ ʩʪʨʘʪʝʛʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫééé.. 
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1.4. ʊʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ  ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʥʘʫʢʦʚʘ ʛʽʧʦʪʝʟʘ ............ 

ʈʆɿɼɯʃ 2. ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʄɸʊɽʈɯɸʃɯɺ ɯ ʄɽʊʆɼʀ 

ɼʆʉʃɯɼɾɽʅʔ.......................................................................................... 

2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʽʘʣʽʚ............................................................... 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʙʫʜʽʚʝʣʴʥʘ ʛʘʣʫʟʴ ʤʘʻ ʙʫʪʠ 

ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʽʥʥʦʚʘʮʽʡʥʽ ʮʝʤʝʥʪʠ ʪʘ ʙʝʪʦʥʠ, ʧʦʪʝʥʮʽʘʣ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʤʦʛʘʤ ʨʝʩʫʨʩʦ- ʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʣʝʥʥʷ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʾ ʢʦʥʮʝʧʮʽʾ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʙʝʪʦʥʽʚ, 

ʷʢʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ ʦʙʣʘʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʮʝʤʝʥʪʽʚ ʟ ʧʦʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ ʚʠʩʦʢʦʝʥʝʨʛʦʻʤʥʦʾ ʢʣʽʥʢʝʨʥʦʾ ʩʢʣʘʜʦʚʦʾ. 

ɿʛʽʜʥʦ ʜʦʨʦʞʥʴʦʾ ʢʘʨʪʠ ʩʝʢʪʦʨʫ ʮʝʤʝʥʪʫ ʪʘ ʙʝʪʦʥʫ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʾ 

ʝʢʦʥʦʤʽʢʠ ɭʉ ʜʦ 2050 ʨʦʢʫ ʫʩʝʨʝʜʥʝʥʠʡ ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ ʫ ʮʝʤʝʥʪʘʭ ʤʘʻ ʙʫʪʠ 

ʥʘ ʨʽʚʥʽ 70%. ʈʠʥʢʦʚʘ ʝʚʦʣʶʮʽʷ ʮʝʤʝʥʪʽʚ ʫ ɭʉ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʨʦʩʪʘʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʠʧʫ ʉɽʄ ɯɯ/ɺ-ʄ, ʧʨʦʪʝ ʪʘʢʽ 

ʮʝʤʝʥʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʧʦʚʽʣʴʥʝʥʦʶ ʢʽʥʝʪʠʢʦʶ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ. ɺ ʪʦʡ 

ʞʝ ʯʘʩ, ʚʠʨʦʙʥʠʢʠ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʤ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʪʝʭʥʦʣʦʛʽʷ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʤʘʛʘʻ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʮʝʤʝʥʪʫʶʯʦʾ 

ʤʘʪʨʠʮʽ ʟ ʧʦʥʠʞʝʥʠʤ ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʦʤ, ʦʩʥʦʚʦʶ ʷʢʦʛʦ ʻ ʷʢʥʘʡʧʦʚʥʽʰʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚôʷʞʫʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʪʘ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʦʛʦ 

ʪʚʝʨʜʥʝʥʥʷ ʙʝʪʦʥʫ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʭʽʤʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʮʝʤʝʥʪʽʚ ʩʚʽʜʯʠʪʴ, ʱʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʦʜʝʨʞʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʙʝʪʦʥʽʚ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʣʝʥʥʷ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʽʾ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ ʪʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʟ ʧʽʜʚʠʱʝʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ ʬʨʘʢʮʽʡ ʚ ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ 

ʥʘʧʨʘʚʣʝʥʦʾ ʜʽʾ ʥʘ ʧʨʦʮʝʩʠ ʨʘʥʥʴʦʛʦ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʾʭ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ, ʱʦ 
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ʧʨʠʩʢʦʨʶʻ ʬʦʨʤʫʚʘʥʥʷ ʙʽʣʴʰ ʱʽʣʴʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʮʝʤʝʥʪʫʶʯʦʾ ʤʘʪʨʠʮʽ 

ʙʝʪʦʥʫ.  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʷ ʚʠʢʦʥʘʥʘ ʚ ʤʝʞʘʭ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ 

Ăʆʩʥʦʚʠ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʪʘ ʙʝʪʦʥʽʚ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘ ʾʭ 

ʦʩʥʦʚʽò (ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0115U000426) ʪʘ Ăʆʩʥʦʚʠ ʪʝʭʥʦʣʦʛʽʾ 

ʩʪʚʦʨʝʥʥʷ ʥʘʥʦʤʦʜʠʬʽʢʦʚʘʥʠʭ ʥʘʜʰʚʠʜʢʦʪʚʝʨʜʥʫʯʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʘ 

ʚʠʩʦʢʦʤʽʮʥʠʭ ʜʠʩʧʝʨʩʥʦ-ʘʨʤʦʚʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʫʜʘʨʥʦʶ 

ʚô̫ ʟʢʽʩʪʶ ʥʘ ʾʭ ʦʩʥʦʚʽò (ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0117U004446) ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʪʘ ʅɼʈ Ăʈʦʟʨʦʙʣʝʥʥʷ 

ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʮʝʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʇɸʊ çɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʦʛʦʚʦʨʫ ˉ 0502 (ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ  

0115U004209). ʋ ʟʘʟʥʘʯʝʥʠʭ ʨʦʙʦʪʘʭ ʘʚʪʦʨ ʙʫʣʘ ʚʠʢʦʥʘʚʮʝʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ 

ʨʦʟʨʦʙʣʝʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʯʝʪʚʝʨʪʠʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʧʦʥʠʞʝʥʠʤ ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʦʤ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʤʦʜʠʬʽʢʦʚʘʥʽ ʙʝʪʦʥʠ ʟ 

ʧʦʢʨʘʱʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ 

ʟʘʚʜʘʥʥʷ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ ʱʦʜʦ ʚʧʣʠʚʫ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʎɿʄ) ʥʘ ʪʝʭʥʽʯʥʽ, ʝʢʦʣʦʛʽʯʥʽ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʘ 

ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʪʚʝʨʜʥʝʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ; 

- ʜʦʩʣʽʜʠʪʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʘ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʾʭ 

ʜʠʩʧʝʨʩʥʦʩʪʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʚʝʣʠʯʠʥʠ ʾʭ ʤʽʞʬʘʟʥʦʾ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ; 
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- ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʝʨʽʾ ʚʧʣʠʚʫ ʧʦʚʝʨʭʥʝʚʦʾ ʪʘ ʛʽʜʨʘʚʣʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʎɿʄ 

ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ; 

- ʦʧʪʠʤʽʟʫʚʘʪʠ ʛʦʣʦʚʥʽ ʩʢʣʘʜʥʠʢʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʪʠʧʫ CEM II/B-ʄ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

- ʜʦʩʣʽʜʠʪʠ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʯʝʪʚʝʨʪʠʥʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʪʘ 

ʚʩʪʘʥʦʚʠʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʽʚ ʾʭ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ; 

- ʜʦʩʣʽʜʠʪʠ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʯʝʪʚʝʨʪʠʥʥʠʭ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ 

ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ; 

- ʟʜʽʡʩʥʠʪʠ ʧʨʦʤʠʩʣʦʚʠʡ ʚʠʧʫʩʢ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ  

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʘ ʪʘʢʦʞ ʥʘʜʘʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʨʦʮʝʩʠ ʥʘʧʨʘʚʣʝʥʦʛʦ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ ʪʘ ʢʝʨʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʪʠʧʫ ʉɽʄ ɯɯ/ɺ-ʄ ʽ 

ʤʦʜʠʬʽʢʦʚʘʥʽ ʙʝʪʦʥʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʨʦʚʝʜʝʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʟʦʢʨʝʤʘ ʣʘʟʝʨʥʦʾ ʛʨʘʥʫʣʦʤʝʪʨʽʾ, ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʜʠʬʨʘʢʪʦʤʝʪʨʽʾ, 

ʨʘʩʪʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ ʽʥ. ɺʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ, ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʪʘ 
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ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦ ʟʛʽʜʥʦ ʜʽʶʯʠʤ ʥʦʨʤʘʪʠʚʥʠʤ 

ʜʦʢʫʤʝʥʪʘʤ ʽ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʤʝʪʦʜʠʢʘʤ. ʆʧʪʠʤʽʟʘʮʽʶ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʧʨʦʚʝʜʝʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

- ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʯʝʪʚʝʨʪʠʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʪʠʧʫ CEM II /B-M 

(ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ - 65%) ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʯʦʚʠʥʥʦʛʦ ʪʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʽʚ ʢʣʽʥʢʝʨʫ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʪʘ ʾʭ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ; 

- ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʙʽʤʦʜʘʣʴʥʦʛʦ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʷʢ ʟʘ ʦʙôʻʤʦʤ, 

ʪʘʢ ʽ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʘʤʝ ʪʦʥʢʽ ʬʨʘʢʮʽʾ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 4é6 ʤʢʤ, ʚʤʽʩʪ 

ʷʢʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʝʨʝʚʠʱʫʻ 25%, ʚʥʦʩʷʪʴ ʦʩʥʦʚʥʠʡ ʚʢʣʘʜ ʫ 

ʨʦʟʚʠʪʦʢ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʮʝʤʝʥʪʫʶʯʦʾ ʩʠʩʪʝʤʠ, ʚʠʟʥʘʯʘʶʪʴ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʫʮʦʣʘʥʦʚʦʾ ʨʝʘʢʮʽʾ ʚ ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ ʪʘ ʩʠʥʪʝʟ 

ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʚ ʨʘʥʥʽʡ ʧʝʨʽʦʜ ʪʚʝʨʜʥʝʥʥʷ; 

-  ʦʪʨʠʤʘʥʦ ʢʦʤʧʣʝʢʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʯʝʪʚʝʨʪʠʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʱʦ ʢʽʣʴʢʽʩʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʤʧʣʝʢʩʥʫ ʩʠʥʝʨʛʝʪʠʯʥʫ ʜʽʶ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʙʽʤʦʜʘʣʴʥʦʶ ʨʝʘʢʮʽʡʥʦ-ʭʽʤʽʯʥʦʶ 

ʧʦʚʝʨʭʥʝʚʦʶ ʘʢʪʠʚʥʽʩʪʶ ʪʘ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʠʭ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ 

ʫ ʤʝʭʘʥʽʟʤʽ ʟʨʦʩʪʘʥʥʷ ʾʭ ʨʘʥʥʴʦʾ ʪʘ ʩʪʘʥʜʘʨʪʥʦʾ ʤʽʮʥʦʩʪʝʡ; 



 
 

16 

- ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʦʪʨʠʤʘʣʦ ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʟ ʦʧʪʠʤʽʟʦʚʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ 

ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʟʘ ʢʨʠʪʝʨʽʷʤʠ  ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʦʩʪʽ, 

ʩʪʘʥʜʘʨʪʥʦʾ ʪʘ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʝʡ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

- ʨʦʟʨʦʙʣʝʥʽ ʩʢʣʘʜʠ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʯʝʪʚʝʨʪʠʥʥʠʭ ʤʫʣʴʪʠ-

ʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ ʪʠʧʫ CEM II/B-ʄ (ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ - 65%) ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ  ʪʝʭʥʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ ʜʘʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʤʽʰʘʥʠʤʠ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʤʠ; 

- ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʝʢʪ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ (ʊʋ ʋ 

23.5-02071010-173:2017) òʄʫʣʴʪʠʤʦʜʘʣʴʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶò ʽ ʥʘ ʇʨɸʊ çɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʧʨʦʚʝʜʝʥʦ 

ʚʠʧʫʩʢ ʜʦʩʣʽʜʥʦʾ ʧʘʨʪʽʾ ʤʫʣʴʪʠ-ʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ (ʐ-ʇ-ɺ)-500ʈ-ʅ ʚ ʢʽʣʴʢʦʩʪʽ 600 ʪ. 

ʋʢʣʘʜʝʥʦ ʣʽʮʝʥʟʽʡʥʠʡ ʜʦʛʦʚʽʨ ʟ ʇʨɸʊ "ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪ" ʥʘ 

ʧʝʨʝʜʘʯʫ ʧʘʪʝʥʪʫ ʋʢʨʘʾʥʠ ˉ102599 ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ; 

- ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʩʫʤʽʩʥʦʛʦ ʧʦʤʝʣʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ,      

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ, ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ, ʚʘʧʥʷʢʫ ʪʘ 

ʛʽʧʩʦʚʦʛʦ ʢʘʤʝʥʶ ʚ ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ 4,2ʭ13,0 ʤ ʟ ʩʝʧʘʨʘʪʦʨʦʤ ʬʽʨʤʠ 

ñCristian Pfeifferò ʥʘ ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè ʟʜʽʡʩʥʝʥʦ ʚʠʧʫʩʢ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʘʨʪʽʡ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ 

ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-400ʈ-ʅ ɼʉʊʋ ɹ ɺ.2.7-46:2010 ʚ 

ʢʽʣʴʢʦʩʪʽ 700,0 ʪʠʩ. ʪ ʪʘ ʚʩʪʘʥʦʚʣʝʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʾʭ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʤʦʛʘʤ ɼʉʊʋ ɹ ɺ.2.7-46:2010 ñʎʝʤʝʥʪʠ 

ʟʘʛʘʣʴʥʦʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠò; 
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- ʨʦʟʨʦʙʣʝʥʽ ʩʢʣʘʜʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ  

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ         

ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠcʪʠʢʘʤʠ, ʘ ʩʘʤʝ ʟ ʧʽʜʚʠʱʝʥʦʶ ʩʫʣʴʬʘʪʦʩʪʽʡʢʽʩʪʶ (ʂʩ=1,17), 

ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ W18, ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ F200; 

- ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ  

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ  ʧʨʦʮʝʩʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè  ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥ ñʉʫʯʘʩʥʽ ʙʫʜʽʚʝʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴò, çɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʩʫʯʘʩʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚè 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 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, 12] ï ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʠʩʧʝʨʩʥʦʩʪʽ ʚʘʧʥʷʢʫ ʥʘ ʨʝʦʣʦʛʽʯʥʽ 

ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ; [2] ï 

ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʪʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʽʚ ʎɿʄ ʜʣʷ ʯʝʪʚʝʨʪʠʥʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ; [3, 11] ï ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ  ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ; [4] ï ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʤʝʪʦʜʦʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ; [5, 13] ï ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ  ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʟ 

ʢʘʨʙʦʥʘʪʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ;   [6, 16] ï ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ 

ʩʢʣʘʜʫ ʪʘ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ; [7] ï ʧʘʪʝʥʪʥʠʡ 

ʧʦʰʫʢ, ʨʦʟʨʦʙʣʝʥʥʷ ʩʢʣʘʜʽʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ; [8, 15] ï 
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ʦʧʪʠʤʽʟʘʮʽʷ ʎɿʄ ʫ ʩʢʣʘʜʽ ʯʝʪʚʝʨʪʠʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ; 

[9, 14] ï ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʎɿʄ ʥʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ.  

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʪʘ ʾʾ ʨʝʟʫʣʴʪʘʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

2.Weimar Gipstagung ʉonference (ɺʝʡʤʘʨ, ʅʽʤʝʯʯʠʥʘ, 2014), 19. Internationale 

Baustofftagung. F.A. Finger-Institut fur Baustoffkunde (ɺʝʡʤʘʨ, ʅʽʤʝʯʯʠʥʘ, 

2015), ɯɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ 

ʨʦʟʚʠʪʢʫ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʣʽʢʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚè (ʃʴʚʽʚ, 2016), 6th International 

Conference çNon-Traditional Cement and Concreteè (ɹʨʥʦ, ʏʝʩʴʢʘ ʨʝʩʧʫʙʣʽʢʘ, 

2017), ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʩʝʤʽʥʘʨ çʄʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʤʧʦʟʠʪʽʚè (ʆʜʝʩʘ, 2017), XIIɯ International 

Scientific Conference ĂCurrent issues of civil and environmental engineeringò 

(ʂʦʰʠʮʝ, ʉʣʦʚʘʯʯʠʥʘ, 2017), ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʧʨʦʬʝʩʦʨʩʴʢʦ-

ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ Ăʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò 

2014-2017 ʨʨ.  

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 16 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʟ ʥʠʭ 

7 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 3 ï ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʢʣʶʯʝʥʽ 

ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ (Scopus, Index Copernicus, Baz 

Tech, ʈʀʅʎ), 6 ʧʫʙʣʽʢʘʮʽʡ ʫ ʤʘʪʝʨʽʘʣʘʭ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʤʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʚʠʢʣʘʜʝʥʘ ʥʘ 129 ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, 

ʧôʷʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 162 ʩʪʦʨʽʥʢʠ ʪʘ 

ʚʢʣʶʯʘʻ 45 ʪʘʙʣʠʮʴ, 44 ʨʠʩʫʥʢʠ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 152 

ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 16 ʩʪʦʨʽʥʢʘʭ ʽ ʜʦʜʘʪʢʠ.   
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ʈʆɿɼɯʃ 1. ʉʊɸʅ ʇʀʊɸʅʅʗ ʊɸ ʊɽʆʈɽʊʀʏʅɯ ʇɽʈɽɼʋʄʆɺʀ 

ɼʆʉʃɯɼɾɽʅʔ 

 

 

 

1.1. ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʩʝʢʪʦʨʫ ʮʝʤʝʥʪʫ ʪʘ 

ʙʝʪʦʥʫ ʟʛʽʜʥʦ ʩʪʨʘʪʝʛʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

 

 

 

 

 

ɼʦʤʽʥʘʥʪʥʦʶ ʽʜʝʦʣʦʛʽʻʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʝʤʥʦʾ ʮʠʚʽʣʽʟʘʮʽʾ ʫ ʍʍɯ ʩʪ.  ʻ 

ʢʦʥʮʝʧʮʽʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʨʫʭ ʜʦ ʝʬʝʢʪʠʚʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʟʝʣʝʥʦʛʦ ʪʘ ʙʽʣʴʰ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ, ʘ ʪʘʢʦʞ 

ʩʪʚʦʨʝʥʥʷ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ ʝʢʦʥʦʤʽʢʠ, ʱʦ ʤʘʻ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʡ ʪʘ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʡ ʝʬʝʢʪ, ʘ ʦʪʞʝ, ʟʘʭʠʩʪ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʇʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʘʤʠ, ʱʦ 

ʚʠʟʥʘʯʝʥʽ ʥʘ ɺʩʝʩʚʽʪʥʴʦʤʫ ʩʘʤʽʪʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʻ ʽʥʪʝʛʨʘʮʽʷ ʪʨʴʦʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ: ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʩʦʮʽʘʣʴʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʘ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [101].   

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʟʘʚʜʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʩʘʜ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʥʘʜʟʚʠʯʘʡʥʦ ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʽ ʚ ʩʝʢʪʦʨʽ ʙʫʜʽʚʥʠʮʪʚʘ. ʆʩʥʦʚʥʦʶ ʪʝʥʜʝʥʮʽʻʶ 

ʨʦʟʚʠʪʢʫ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ ʻ ʧʝʨʝʭʽʜ ʥʘ ʝʢʦʥʦʤʥʽ ʝʥʝʨʛʦ- ʪʘ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ 

ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʧʝʨʝʜʫʤʦʚ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʫ ʜʣʷ 

ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʽʻʚʠʭ ʟʘʭʦʜʽʚ ʧʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʜʦ ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ 

ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʚʥʦʛʦ ʮʠʢʣʫ ʞʠʪʪʷ ʚʠʨʦʙʽʚ ʪʘ ʦʙôʻʢʪʽʚ [50]. 

 ʂʣʶʯʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʱʦ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʙʫʜʽʚʥʠʮʪʚʽ, ʥʘ 

ʩɹ ʦʛʦʜʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ. ʇʨʦʚʽʜʥʽ ʮʝʤʝʥʪʥʽ ʢʦʤʧʘʥʽʾ ʚʩʴʦʛʦ 
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ʩʚʽʪʫ ʚʠʨʦʙʣʷʶʪʴ ʧʦʥʘʜ 4,6 ʤʣʨʜ. ʪʦʥʥ ʮʝʤʝʥʪʫ ʟʘ ʨʽʢ ʽ ʧʨʠ ʮʴʦʤʫ ʚʠʢʠʜʘʶʪʴ 

ʙʣʠʟʴʢʦ 4 ʤʣʨʜ. ʪʦʥʥ CO2, ʱʦ ʩʢʣʘʜʘʻ 6-7% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʠʢʠʜʽʚ 

CO2 ʥʘ ʧʣʘʥʝʪʽ [139].  ʐʚʠʜʢʝ ʟʨʦʩʪʘʥʥʷ ʧʦʪʨʝʙ ʫ ʮʝʤʝʥʪʥʽʡ ʧʨʦʜʫʢʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʥʦʚʠʭ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʢʨʘʾʥʘʭ. ɿʘ ʜʘʥʠʤʠ 

CEMBUREAU [143], ʚʠʨʦʙʥʠʮʪʚʦ ʮʝʤʝʥʪʫ ʚ ʂʠʪʘʾ ʟʘ ʦʩʪʘʥʥʽ 20 ʨʦʢʽʚ 

ʟʙʽʣʴʰʠʣʦʩʴ ʫ 7 ʨʘʟʽʚ. ʊʘʢ,  ʫ 2005 ʨʦʮʽ ʚʦʥʦ ʩʢʣʘʜʘʣʦ 1,038 ʤʣʨʜ. ʪ, ʘ ʚ 2015 

ʨʦʮʽ ʟʙʽʣʴʰʠʣʦʩʴ ʙʽʣʴʰʝ, ʥʽʞ ʚ 2 ʨʘʟʠ ʽ ʩʪʘʥʦʚʠʣʦ 2,58 ʤʣʨʜ. ʪ (58,6%). ɼʣʷ 

ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ, ʪʘʢʠʭ ʷʢ ʉʐɸ ʽ ʗʧʦʥʽʷ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʝʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʦʪʝ ʚʦʥʠ ʚʩʝ ʱʝ ʤʘʶʪʴ ʟʥʘʯʥʫ ʯʘʩʪʢʫ ʚ 

ʩʚʽʪʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʮʝʤʝʥʪʫ - ʚʽʜʧʦʚʽʜʥʦ 1,9% ʽ 1,5%. ɺʠʨʦʙʥʠʮʪʚʦ 

ʮʝʤʝʥʪʫ ʚ ɸʟʽʾ ʪʘ ɸʬʨʠʮʽ ʫ 2008 ʨʦʮʽ ʩʢʣʘʜʘʣʦ 170-180 ʤʣʥ. ʪʦʥʥ, ʘ ʫ 2013 

ʨʦʮʽ ʟʙʽʣʴʰʠʣʦʩʴ ʫ 2,2-2,3 ʨʘʟʠ.  

ʎʝʤʝʥʪ, ʱʦ ʻ ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʝʪʦʥʫ, ʤʘʪʠʤʝ ʚʘʞʣʠʚʫ ʨʦʣʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʨʝʩʫʨʩʘʤʠ ʥʘ  ʧʣʘʥʝʪ ̔ [114]. ɺ ʋʢʨʘʾʥʽ ʩʧʦʞʠʚʘʥʥʷ ʙʝʪʦʥʫ ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʥʝ ʜʦʩʷʛʘʻ ʥʘʚʽʪʴ 1 ʤ
3
 ʙʝʪʦʥʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 300 ʢʛ ʮʝʤʝʥʪʫ 

ï ʧʦʢʘʟʥʠʢ çʤʽʥʽʤʫʤʫ ʢʦʤʬʦʨʪʫ ʮʠʚʽʣʽʟʘʮʽʾè. ʊʘʢ, ʚʠʨʦʙʥʠʮʪʚʦ ʮʝʤʝʥʪʫ ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʻ ʦʜʥʠʤ ʟ ʥʘʡʥʠʞʯʠʭ ʫ ɭʚʨʦʧʽ ʽ ʩʪʘʥʦʤ ʥʘ 2017 ʨʽʢ 

ʩʢʣʘʜʘʣʦ 220 ʢʛ, ʪʦʜʽ ʷʢ ʡʦʛʦ ʩʝʨʝʜʥʻ ʩʧʦʞʠʚʘʥʥʷ ʚ ʩʚʽʪʽ ʚʪʨʠʯʽ ʙʽʣʴʰʝ. ʊʦʤʫ 

ʟʨʦʩʪʘʥʥʷ ʚʠʧʫʩʢʫ ʮʝʤʝʥʪʫ ʚ ʋʢʨʘʾʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʠʞʝʥʥʷ ʩʪʫʧʝʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʘʻ ʚʘʞʣʠʚʝ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʝ 

ʟʥʘʯʝʥʥʷ ʪʘ ʜʦʟʚʦʣʷʻ ʥʘʙʣʠʟʠʪʠ ʥʘʩʝʣʝʥʥʷ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʩʪʨʘʪʝʛʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʮʝʤʝʥʪʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʚʽʜʥʦʚʣʶʚʘʥʦʾ ʧʨʠʨʦʜʥʦʾ 

ʩʠʨʦʚʠʥʠ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ; ʫʪʠʣʽʟʘʮʽʶ 

ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʘ ʪʘʢʦʞ ʚʩʝʩʪʦʨʦʥʥʶ ʦʭʦʨʦʥʫ ʜʦʚʢʽʣʣʷ ʽ ʟʥʠʞʝʥʥʷ 

ʝʤʽʩʽʾ  ʉʆ2. ʇʨʠ ʮʴʦʤʫ ʥʘʡʙʽʣʴʰʦʶ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʜʣʷ ʨʦʟʚʠʪʢʫ ʮʝʤʝʥʪʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʚʞʝ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʻ ʚʠʤʦʛʘ ʟʤʝʥʰʠʪʠ ʧʠʪʦʤʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʤʽʩʽʾ CO2 [ 119, 135, 136].  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʇʘʨʠʟʴʢʦʾ ʫʛʦʜʠ (Lôaccord de Paris) ʚ ʨʘʤʢʘʭ 

ʈʘʤʢʦʚʦʾ ʢʦʥʚʝʥʮʽʾ ʆʆʅ ʧʨʦ ʟʤʽʥʫ ʢʣʽʤʘʪʫ (UNFCCC) ʱʦʜʦ ʨʝʛʫʣʶʚʘʥʥʷ 

http://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B4%D1%85%D0%BE%D0%B4%D0%B8
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ʟʘʭʦʜʽʚ ʟʽ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʟ 2020 ʨʦʢʫ ʥʝʦʙʭʽʜʥʦ 

ʨʝʘʣʽʟʫʚʘʪʠ ʜʦ 2050 ʨ. ʩʚʽʪʦʚʫ ʩʪʨʘʪʝʛʽʶ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʨʦʟʚʠʪʢʫ ʱʦʜʦ 

ʩʪʨʠʤʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʣʘʥʝʪʽ ʜʦ ʨʽʚʥʷ ʩʫʪʪʻʚʦ ʤʝʥʰʦʛʦ 

ʥʽʞ ʥʘ 2
ʦ
ʉ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʇʘʨʠʟʴʢʦʾ ʋʛʦʜʠ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ, ʟʚʽʪʥʦʩʪʽ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʧʘʨʥʠʢʦʚʠʭ ʚʠʢʠʜʽʚ. 

ʊʘʢʠʡ ʤʝʭʘʥʽʟʤ ʻ ʢʣʶʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ 

ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʋʢʨʘʾʥʽ [31]. ɸʥʘʣʦʛʽʯʥʘ ʨʦʙʦʪʘ ʻ 

ʧʨʽʦʨʠʪʝʪʥʠʤ ʥʘʧʨʷʤʢʦʤ ʫ ɭʉ, ʟʦʢʨʝʤʘ  ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʩʢʦʨʦʪʠʪʠ ʚʠʢʠʜʠ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʜʦ 2050 ʨʦʢʫ ʥʘ 80-95%. 

ʅʘ ʰʣʷʭʫ ʜʦ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʇʘʨʠʟʴʢʦʾ ʫʛʦʜʠ ʱʦʜʦ ʟʘʭʦʜʽʚ ʧʦʤôʷʢʰʝʥʥʷ 

ʢʣʽʤʘʪʫ ʚ ʩʚʽʪʽ ʋʢʨʘʾʥʘ ʧʦʚʠʥʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʨʷʜ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʦʩʥʦʚ ʪʘ 

ʩʪʨʘʪʝʛʽʡ, ʟʦʢʨʝʤʘ ʧʨʠʰʚʠʜʰʠʪʠ ʨʝʘʣʽʟʘʮʽʶ ʟʘʩʘʜ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ 

ʨʦʟʚʠʪʢʫ. ɿʛʽʜʥʦ ʧʨʦʝʢʪʫ çɽʥʝʨʛʝʪʠʯʥʘ ʩʪʨʘʪʝʛʽʷ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2035 

ʨʦʢʫè ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʘʤʝ ʙʫʜʽʚʝʣʴʥʘ ʛʘʣʫʟʴ ʤʘʪʠʤʝ ʥʘʡʙʽʣʴʰʫ 

ʜʠʥʘʤʽʢʫ ʫʪʚʦʨʝʥʥʷ ɺɺʇ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ, ʪʦʤʫ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʇʘʨʠʟʴʢʦʾ ʋʛʦʜʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ, ʟʚʽʪʥʦʩʪʽ ʪʘ 

ʚʝʨʠʬʽʢʘʮʽʾ ʧʘʨʥʠʢʦʚʠʭ ʚʠʢʠʜʽʚ.  

ɺ ʜʦʢʫʤʝʥʪʽ ʎʝʤʙʶʨʦ ʧʨʦ ʨʦʣʴ ʮʝʤʝʥʪʫ ʪʘ ʙʝʪʦʥʫ ʚ ʥʠʟʴʢʦʝʤʽʩʽʡʥʽʡ 

ʛʦʩʧʦʜʘʨʮʽ ɭʚʨʦʧʠ ʜʦ 2050 ʨʦʢʫ [143] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʘ ʩʝʢʪʦʨʫ, 

ʟʛʽʜʥʦ ʷʢʦʾ ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ ʚʽʜ ʮʝʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʩʢʦʨʦʯʝʥʠʡ ʥʘ 32% ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʽʚʥʝʤ 1990 ʨʦʢʫ, ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʚʠʯʘʡʥʠʭ ʟʘʩʦʙʽʚ.  ɯʥʪʝʛʨʦʚʘʥʽ ʨʽʰʝʥʥʷ ʮʝʤʝʥʪʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʣʽʪʠʢʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʤʝʥʰʝʥʥʷ ʝʤʽʩʽʾ ʉʆ2 

ʰʣʷʭʦʤ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʚʠʩʦʢʦʝʥʝʨʛʦʻʤʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ 

ʚ ʩʢʣʘʜʽ ʮʝʤʝʥʪʽʚ (ʧʦʢʘʟʥʠʢ çʢʣʽʥʢʝʨ-ʬʘʢʪʦʨè) ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ. ɼʦʜʘʪʢʦʚʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ  

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʫʣʦʚʣʶʚʘʥʥʷ 

ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʉʆ2 (ʘʥʛʣ. CCS - carbon capture and storage) ʽ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ.  
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ʈʠʥʢʦʚʘ ʝʚʦʣʶʮʽʷ ʮʝʤʝʥʪʽʚ ʫ ɭʚʨʦʧʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʨʦʩʪʘʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʠʧʫ ʉɽʄ ɯɯ/ɺ [108, 129]. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʮʝʤʝʥʪʫ ʚ 2050 ʨʦʮʽ, ʚʤʽʩʪ ʢʣʽʥʢʝʨʫ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʙʫʜʝ ʩʢʣʘʜʘʪʠ 70%. ʇʨʠ ʮʴʦʤʫ, ʦʜʝʨʞʘʥʥʷ ʥʦʚʠʭ ʮʝʤʝʥʪʽʚ (ʜʣʷ 

ʷʢʠʭ ʚʠʢʠʜʠ CO2 ʟʤʝʥʰʘʪʴʩʷ ʥʘ 50% ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʘʡʥʠʤʠ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʤʠ) ʤʦʞʫʪʴ ʩʢʣʘʩʪʠ 5% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʮʝʤʝʥʪʫ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ CO2 ʥʘ 32% ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ 

ʮʝʤʝʥʪʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʤʽʩʽʾ, ʟ̔ 

ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʟʥʘʯʝʥʦʾ ʧʦʣʽʪʠʢʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʜʫʤʦʚ, ʘ ʪʘʢʦʞ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʫʯʘʩʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʫʣʦʚʣʶʚʘʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʮʶ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʝ 

ʧʦʪʝʥʮʽʡʥʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʥʘʚʽʪʴ ʜʦ 80% .  

ɺʠʨʦʙʥʠʮʪʚʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʨʝʩʫʨʩʦ- ʪʘ 

ʝʥʝʨʛʦʻʤʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɽʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʮʝʤʝʥʪʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘʢʦʞ ʦʙʫʤʦʚʣʝʥʽ ʟʥʘʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʊʘʢ, ʜʣʷ ʚʠʧʫʩʢʫ 1 ʪ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʦʪʨʽʙʥʦ ʚʠʜʦʙʫʪʠ 1,6 ʪ ʩʠʨʦʚʠʥʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʣʘʥʜʰʘʬʪʽʚ ʪʘ ʟʘʛʘʣʴʥʦʛʦ 

ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ. ɺʠʨʦʙʥʠʮʪʚʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ 

ʪʘʢʦʞ ʧʦʚôʷʟʘʥʝ ʟ ʧʨʦʙʣʝʤʦʶ ʝʤʽʩʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʟʦʢʨʝʤʘ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ, ʷʢʽ ʚʠʜʽʣʷʶʪʴʩʷ ʧʨʠ ʚʠʧʘʣʽ ʪʘ ʧʝʨʝʭʦʜʷʪʴ ʥʘ 35-96% ʚ ʛʘʟʦʚʫ ʬʘʟʫ ʽ 

ʘʢʫʤʫʣʶʶʪʴʩʷ ʤʘʪʝʨʽʘʣʘʤʠ ʘʙʦ ʮʝʤʝʥʪʥʠʤ ʧʠʣʦʤ. ʊʦʤʫ ʛʦʣʦʚʥʦʶ 

ʪʝʥʜʝʥʮʽʻʶ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʮʝʤʝʥʪʥʦʾ ʟʦʢʨʝʤʘ ʻ 

ʨʘʮʽʦʥʘʣʽʟʘʮʽʷ ʽ ʢʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ, ʚʪʦʨʠʥʥʠʭ ʪʘ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ, ʝʥʝʨʛʦʝʢʦʥʦʤʽʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʧʦʩʦʙʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ [6, 10, 36, 112, 134]. 

ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʚʠʢʠʜʽʚ ʉʆ2 ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʮʝʤʝʥʪʫ ʻ ʧʨʷʤʽ 

ʚʠʢʠʜʠ ʚʽʜ ʧʨʦʮʝʩʫ ʢʘʣʴʮʠʥʘʮʽʾ (50%), ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ (40%) ʪʘ ʥʝʧʨʷʤʽ 

ʚʠʢʠʜʠ, ʧʦʚôʷʟʘʥʽ ʟʽ ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (10%). ʅʝʟʘʣʝʞʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʄʽʞʥʘʨʦʜʥʝ ʝʥʝʨʛʝʪʠʯʥʝ ʘʛʝʥʪʩʪʚʦ, 

ʄʽʞʥʘʨʦʜʥʘ ʙʽʟʥʝʩ ʨʘʜʘ ʟʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ (WBCSD), ɭʚʨʦʧʝʡʩʴʢʘ ʘʢʘʜʝʤʽʷ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʮʝʤʝʥʪʫ (ECRA), ʢʦʥʩʘʣʪʠʥʛʦʚʘ ʢʦʤʧʘʥʽʷ McKinsey ʪʘ ʽʥ., 

ʚʠʟʥʘʯʠʣʠ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʰʣʷʭʠ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʉʆ2  ʚʽʜ ʮʝʤʝʥʪʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ (ʪʝʨʤʽʯʥʦʾ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʾ) ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʘʤʽʥʫ ʪʨʘʜʠʮʽʡʥʦʛʦ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʤʝʥʰ 

ʚʫʛʣʝʮʝʚʦʻʤʥʝ, ʟʘʤʽʱʝʥʥʷ ʯʘʩʪʠʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʥʘ 

ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʽ ʤʘʪʝʨʽʘʣʠ [117] .   

ɿʛʽʜʥʦ ʟ ʜʦʨʦʞʥʴʦʶ ʢʘʨʪʦʶ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ (ñCement Technology 

Roadmapò), ʨʦʟʨʦʙʣʝʥʦʶ ʄʽʞʥʘʨʦʜʥʠʤ ʘʛʝʥʪʩʪʚʦʤ ʟ ʧʠʪʘʥʴ ʝʥʝʨʛʝʪʠʢʠ, 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʮʝʤʝʥʪʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʟʥʘʯʥʽʡ 

ʤʽʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʰʫʢʦʤ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʰʣʷʭʽʚ 

ʟʘʤʽʥʠ ʯʘʩʪʠʥʠ ʚʠʩʦʢʦʝʥʝʨʛʦʻʤʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ 

ʚʪʦʨʠʥʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʩʢʣʘʜʽ ʮʝʤʝʥʪʽʚ, ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʥʷ 

ʪʘʢ ʟʚʘʥʠʭ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (Green and Eco Technologies) ʪʘ ʥʘʡʢʨʘʱʦ ʾ

ʜʦʩʪʫʧʥʦʾ ʪʝʭʥʽʢʠ (BAT ï Best Available Techniques). 

ɼʦʨʦʞʥʷ ʢʘʨʪʘ ʩʝʢʪʦʨʫ ʮʝʤʝʥʪʫ ʪʘ ʙʝʪʦʥʫ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʾ ʝʢʦʥʦʤʽʢʠ ɭʉ 

ʜʦ 2050 ʨʦʢʫ ʧʝʨʝʜʙʘʯʘʻ ʧôʷʪʴ ʧʘʨʘʣʝʣʴʥʠʭ ʥʘʧʨʷʤʢʽʚ [143], ʢʦʞʥʠʡ ʟ ʷʢʠʭ 

ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʝʤʽʩʽʾ ʉʆ2. ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʢʽʚ ʢʘʨʪʠ ʻ ʦʜʝʨʞʘʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʚʢʣʶʯʘʶʪʴ  ʥʠʟʴʢʦʚʫʛʣʝʮʝʚ ̔ʮʝʤʝʥʪʠ ʪʘ ʙʝʪʦʥʠ ʥʘ 

ʾʭ ʦʩʥʦʚʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ - ʎɿʄ 

(supplementary cementitious materials - SCMs), ʱʦ ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʙʫʜʽʚʥʠʮʪʚʽ. ʋ ʩʚʽʪʦʚʦʤʫ ʢʦʥʪʝʢʩʪʽ  

ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ  ̔ʦʙʤʝʞʝʥʥʷ  ʝʤʽʩʽʾ ʉʆ2 

ʚʠʨʦʙʥʠʢʠ ʮʝʤʝʥʪʽʚ ʧʨʘʛʥʫʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʫ. ʆʮʽʥʢʘ 

ʧʦʢʘʟʥʠʢʘ  ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʙʽʥʘʨʥʠʭ ʽ ʧʦʪʨʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʜʦʟʚʦʣʠʣʘ ʚʠʟʥʘʯʠʪʠ ʾʭ ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʙʝʪʦʥʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʎɿʄ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʝʢʦʥʦʤʽʯʥʠʡ 

ʘʩʧʝʢʪ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ, ʱʦ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦ, ʻ ʚʘʛʦʤʠʤ ʬʘʢʪʦʨʦʤ 

ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ɽʥʝʨʛʦʻʤʥʽʩʪʴ ʮʝʤʝʥʪʥʦʾ ʛʘʣʫʟʽ ʚʠʢʣʠʢʘʻ ʛʦʩʪʨʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ 

ʩʧʦʩʦʙʽʚ ʾʾ ʟʤʝʥʰʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʮʠʢʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʮʝʚʠʭ ʩʠʨʦʚʠʥʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ. ɺʠʧʫʩʢ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʚ 

ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʠʞʝʥʥʷ ʩʪʫʧʝʥʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷʤ 

ʝʬʝʢʪʠʚʥʠʭ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʟʤʽʰʘʥʠʭ ʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʪʘ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ [26, 118]. ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʫʪʪʻʚʘ ʝʢʦʥʦʤʽʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ ʽʟ ʟʥʠʞʝʥʥʷʤ ʚʠʢʠʜʽʚ ʉʆ2, ʪʘʢ ʷʢ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ ʥʘ ʧʦʤʝʣ 

ʮʝʤʝʥʪʫ (40 ʢɺʪ
.
ʛʦʜ/ʪ = 144 ʄɼʞ/ʪ) ʟʥʘʯʥʦ ʤʝʥʰʽ ʧʦʨʽʚʥʷʥʦ ʟ ʧʠʪʦʤʦʶ 

ʚʠʪʨʘʪʦʶ ʪʝʧʣʦʪʠ ʥʘ ʚʠʧʘʣ ʢʣʽʥʢʝʨʫ (3200 ʄɼʞ/ʪ ʢʣʽʥʢʝʨʫ). 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʧʝʨʝʜ ʙʫʜʽʚʝʣʴʥʦʶ ʽʥʜʫʩʪʨʽʻʶ ʩʪʦʾʪʴ ʟʘʚʜʘʥʥʷ ʩʢʦʨʦʪʠʪʠ 

ʝʤʽʩʽʶ ʚʽʜ ʙʝʪʦʥʫ ʜʦ 2020 ʨʦʢʫ ʥʘ 30% ʧʦʨʽʚʥʷʥʦ 1990 ʨʦʢʦʤ. ɺ ʧʝʨʝʜʦʚʠʭ 

ʢʨʘʾʥʘʭ ɭʉ  ʚʠʢʠʜʠ CO2 ʚʽʜ ʙʝʪʦʥʫ ʙʫʣʠ ʟʥʠʞʝʥʽ ʜʦ 83,4 ʢʛ CO2 ʥʘ ʪʦʥʥʫ 

ʙʝʪʦʥʫ, ʱʦ ʩʢʣʘʜʘʻ 19% ʚʽʜ ʨʽʚʥʷ 103,1 ʢʛ CO2 ʥʘ ʪʦʥʥʫ ʙʝʪʦʥʫ. ɼʣʷ 

ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ECO2 ʧʝʨʝʜʙʘʯʝʥʦ ʪʘʢʦʞ ʟʘʤʽʱʝʥʥʷ ʚ ʙʝʪʦʥʽ ʯʘʩʪʢʠ 

ʯʠʩʪʦʢʣʽʥʢʝʨʥʠʭ  ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʠʧʫ ʉɽʄ ɯ ʧʦʣʽʢʦʤʧʦʥʝʥʪʥʠʤʠ ʎɿʄ, 

ʱʦ ʪʘʢʦʞ  ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚ 

ʙʫʜʽʚʥʠʮʪʚʽ [98, 116]. 

ɸʥʘʣʽʟ ʧʨʦʙʣʝʤʠ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʉʆ2 ʚ ʮʝʤʝʥʪʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʋʢʨʘʾʥʽ ʟʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ 

ʧʦʥʠʞʝʥʠʤ ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʦʤ, ʪʘʢ ʷʢ ʧʨʠ ʟʘʤʽʱʝʥʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ 

ʢʣʽʥʢʝʨʫ ʥʘ ʘʢʪʠʚʥʽ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʪʘ ʥʘʧʦʚʥʶʚʘʯʽ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʬʘʢʪʦʨ  ʥʝʛʘʪʠʚʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʮʝʤʝʥʪʽʚ. ʊʘʢʽ ʮʝʤʝʥʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʥʠʞʝʥʦʶ ʝʥʝʨʛʦʻʤʥʽʩʪʶ, ʢʨʽʤ ʮʴʦʛʦ ʧʨʠ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ  ʪʘʢʽ ʪʝʭʥʽʯʥʽ ʧʝʨʝʚʘʛʠ ʷʢ ʙʽʣʴʰ ʥʠʟʴʢʘ ʪʝʧʣʦʪʘ 

ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʘ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʜʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʠʧʫ ɯɯ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, 
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ʷʢʠʡ ʦʙʤʝʞʫʻ ʚʤʽʩʪ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʫ ʾʭ ʩʢʣʘʜʽ ʻ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ 

ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʽʚ ʫ ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ.  

 

 

 

1.2. ɺʧʣʠʚ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʪʝʭʥʽʯʥʽ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ 

 

 

 

ʉʪʨʘʪʝʛʽʷ ʨʦʟʚʠʪʢʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʮʝʤʝʥʪʽʚ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ 

ʢʦʤʙʽʥʘʮʽʷ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʟʘʙʝʟʧʝʯʫʻ 

ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʉʆ2 ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ 

ʦʧʪʠʤʽʟʘʮʽʶ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʽʩʪʴ, ʩʪʘʥʜʘʨʪʥʘ ʪʘ ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ,  

ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʚʘʨʪʽʩʪʴ, ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ) [105-107]. ʎʝ ʤʘʻ 

ʜʫʞʝ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʊʦʤʫ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʽʡʥʦ ʧʨʦʚʦʜʠʪʠ 

ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʪʘ ʘʢʪʠʚʥʦʩʪʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʎɿʄ), 

ʦʧʪʠʤʽʟʘʮʽʶ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʮʝʤʝʥʪʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʝʭʘʥʽʟʤʫ 

ʛʽʜʨʘʪʘʮʽʾ ʚôʷʞʫʯʠʭ ʪʘ ʭʘʨʘʢʪʝʨʫ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ [137, 138].  

ɺʠʨʦʙʥʠʮʪʚʦ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʚôʷʞʫʯʠʭ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ, ʘ 

ʯʠʩʪʦʢʣʽʥʢʝʨʥʽ ʮʝʤʝʥʪʠ ʧʦʚʠʥʥʽ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʮʝʤʝʥʪʠ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʽ ʤʘʪʝʨʽʘʣʠ ʫ ʩʢʣʘʜʽ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʮʝʤʝʥʪʽʚ, ʷʢ ʧʨʘʚʠʣʦ,  ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʨʫʭʣʠʚʦʩʪʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʤʝʥʰ ʧʨʘʮʝʟʜʘʪʥʦʶ. ɿʤʝʥʰʝʥʥʷ 

ʚʤʽʩʪʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʫ ʨʘʥʥʴʦʤʫ ʚʽʮʽ ʜʣʷ ʚʩʽʭ ʟʤʽʰʘʥʠʭ ʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʪʘ 

ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ʊʦʤʫ ʜʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ, 
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ʦʩʦʙʣʠʚʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʠʧʫ ʉɽʄ ɯɯ/ɺ, ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʦʰʫʢ 

ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʢʽʥʝʪʠʢʠ ʥʘʨʦʩʪʘʥʥʷ ʾʭ ʤʽʮʥʦʩʪʽ ʚ ʨʘʥʥʴʦʤʫ ʚʽʮʽ [53].  

ɿʥʘʯʥʽ ʨʝʟʝʨʚʠ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʭʽʜ ʜʦ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ 

ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʛʽʜʨʘʚʣʽʯʥʦʾ ʪʘ 

ʧʫʮʦʣʘʥʽʯʥʦʾ ʜʽʾ. ʄ.ɸ. ʉʘʥʠʮʴʢʠʡ, ʍ.ʉ. ʉʦʙʦʣʴ ʪʘ ʽʥ. ʟʘʟʥʘʯʘʶʪʴ [9, 38, 57, 

59, 89], ʱʦ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʦʙʤʝʞʫʻ ʚʤʽʩʪ ʎɿʄ, ʻ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʝ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚ ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʽ ʧʨʠʨʦʜʠ ʘʢʪʠʚʥʠʭ ʎɿʄ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʾʭ ʨʽʟʥʠʡ 

ʚʧʣʠʚ ʥʘ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ.  

 ɺʠʨʦʙʥʠʮʪʚʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʜʝʢʽʣʴʢʦʤʘ ʦʩʥʦʚʥʠʤʠ ʩʢʣʘʜʥʠʢʘʤʠ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʥʢʨʝʪʥʠʭ 

ʫʤʦʚ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʮʝʤʝʥʪʥʠʭ ʟʘʚʦʜʘʭ ʽ ʧʨʘʢʪʠʢʠ ʚ ʛʘʣʫʟʽ ʙʫʜʽʚʥʠʮʪʚʘ. ɿʘ 

ʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʜʣʷ ʮʝʤʝʥʪʽʚ ʪʠʧʫ ʉɽʄ ɯɯ/ɺ ʫ 

ʅʽʤʝʯʯʠʥʽ ʧʦʢʘʟʥʠʢ çʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʫè ʟʥʠʟʠʚʩʷ ʟ 0,81 ʜʦ 0,75 [80]. ʊʦʤʫ 

ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʚ ʦʙʣʘʩʪʽ ʚôʷʞʫʯʠʭ ʨʝʯʦʚʠʥ ʩʧʨʷʤʦʚʘʥʽ ʜʦ ʟʥʘʯʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʢʣʽʥʢʝʨʫ ʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʭ ʰʣʷʭʦʤ 

ʟʘʤʽʥʠ ʡʦʛʦ ʎɿʄ [1, 78]. 

ɿʛʽʜʥʦ ɼʉʊʋ ɹ EN 197-1:2015 (EN 197-1:2011, IDT) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʪʝʨʤʽʥ çʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʢʦʤʧʦʟʠʮʽʡʥʠʡè (Portland - composite cement) ʜʣʷ 

ʚʩʽʻʾ ʛʨʫʧʠ ʮʝʤʝʥʪʽʚ ʉɽʄ II. ʅʘʷʚʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʩʢʣʘʜʥʠʢʽʚ 

ʚʽʜʽʛʨʘ ̒ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ, ʧʨʠ ʮʴʦʤʫ  ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʧʦʚʠʥʥʽ 

ʤʽʩʪʠʪʠ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ, ʢʨʽʤ ʢʣʽʥʢʝʨʫ, ʥʝ ʤʝʥʰʝ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ 

ʛʽʜʨʘʚʣʽʯʥʦʾ (ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ S) ʪʘ ʧʫʮʦʣʘʥʽʯʥʦʾ (ʧʨʠʨʦʜʥʽ 

ʧʫʮʦʣʘʥʠ  ʈ, ʩʠʣʽʢʘʪʥʘ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ V ʪʘ ʽʥ.) ʜʽʾ ʫ ʢʽʣʴʢʦʩʪʽ 21-35 ʤʘʩ.% 

ʜʣʷ ʮʝʤʝʥʪʽʚ ʪʠʧʫ ɯɯ ʛʨʫʧʠ ɺ (ʉɽʄ ɯɯ/ɺ)  [1, 76].  ɭʚʨʦʧʝʡʩʴʢʠʤ ʢʦʤʽʪʝʪʦʤ ʟ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʚ ʤʝʞʘʭ EN 197-1 ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʰʠʨʠʪʠ ɯɯ ʛʨʫʧʫ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʜʦʜʘʪʢʦʚʦʶ ʧʽʜʛʨʫʧʦʶ ʉɽʄ ɯɯ/ʉ ʰʣʷʭʦʤ 
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ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʢʦʤʧʦʟʠʮʽʾ ʟ ʜʚʦʭ ʥʝʢʣʽʥʢʝʨʥʠʭ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ (S - 

ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ, V - ʟʦʣʘ ʚʠʥʝʩʝʥʥʷ, L/LL - ʚʘʧʥʷʢ) ʚ ʾʭ 

ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʤʫ ʩʢʣʘʜʽ (ʂ-S-L/LL, ʂ-S-V ʽ ʂ-V-L/LL)  ʫ ʢʽʣʴʢʦʩʪʽ              

36-50 ʤʘʩ.% [113].  

ɿʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-128:2006 ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʜʦ ʮʝʤʝʥʪʫ, ʷʢ 

ʦʩʥʦʚʥʽ ʘʙʦ ʜʦʜʘʪʢʦʚʽ ʢʦʤʧʦʥʝʥʪʠ, ʧʦʜʽʣʷʶʪʴ ʥʘ ʘʢʪʠʚʥʽ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ 

ʟ ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʘʙʦ ʧʫʮʦʣʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ  ̔ ʜʦʙʘʚʢʠ-ʥʘʧʦʚʥʶʚʘʯʽ 

[21, 47]. ɻʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ (ɻɼʐ) ʻ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ 

ʥʝʢʣʽʥʢʝʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʮʝʤʝʥʪʫ 

ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ. ʅʘʷʚʥʽʩʪʴ ʧʨʠʭʦʚʘʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʪʘʣʘ ʛʦʣʦʚʥʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ɻɼʐ ʚ ʮʝʤʝʥʪʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɻʽʜʨʘʚʣʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ɻɼʐ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʬʦʨʤʫʻʪʴʩʷ 

ʟʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ ʩʪʫʧʝʥʶ ʧʦʤʝʣʫ ʽ ʧʨʦʭʦʜʞʝʥʥʶ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʘʢʮʽʾ ʫ 

ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. ʈʘʟʦʤ ʟ ʪʠʤ, ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ 

ɻɼʐ ʧʦʛʽʨʰʫʻʪʴʩʷ ʨʦʟʤʝʣʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʮʝʤʝʥʪʽʚ. ʑʽʣʴʥʘ ʩʢʣʦʚʠʜʥʘ 

ʩʪʨʫʢʪʫʨʘ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʚʠʱʝʥʘ ʘʙʨʘʟʠʚʥʽʩʪʴ ɻɼʐ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ 

ʚʠʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʧʦʤʝʣ ʰʣʘʢʦʚʤʽʩʪʥʠʭ ʮʝʤʝʥʪʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʘʨʦʯʥʦʾ ʤʽʮʥʦʩʪʽ, ʱʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʨʠʟʚʦʜʠʪʴ  ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʤʦʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ɻɼʐ ʚ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʭ ɯɯ ʪʠʧʫ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʢʽʥʝʪʠʢʫ ʥʘʨʦʩʪʘʥʥʷ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʽʚ, ʧʨʦʪʝ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʽʩʪʴ ʪʘ 

ʚʦʜʦʫʪʨʠʤʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ [70, 75].  

ɺʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʜʠʩʧʝʨʩʥʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʦʣʠ- 

ʚʠʥʝʩʝʥʥʷ ʨʦʙʣʷʪʴ ʾʾ ʦʜʥʠʤ ʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʽ ʟʨʫʯʥʠʭ ʚʠʜʽʚ ʰʪʫʯʥʠʭ 

ʎɿʄ ʧʫʮʦʣʘʥʽʯʥʦʾ ʜʽʾ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ [14, 17, 89-92, 112, 

145]. ʉʬʝʨʠʯʥʘ ʬʦʨʤʘ ʯʘʩʪʠʥʦʢ ʟʦʣʠ ʚʠʥʝʩʝʥʥʷ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʣʘʩʪʠʯʥʽʩʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʝʬʝʢʪʫ ʨʦʣʠʢʦʧʽʜʰʠʧʥʠʢʘ. 

ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ  20 ʤʘʩ.% ʟʦʣʠ ʚʠʥʝʩʝʥʥʷ ʜʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

(ʇʎ ɯɯ/ɿ) ʟʤʝʥʰʫʻʪʴʩʷ ʚʦʜʦʮʝʤʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ, ʧʨʦʪʝ ʟʥʠʞʫʶʪʴʩʷ 

ʧʦʢʘʟʥʠʢʠ ʨʘʥʥʴʦʾ ʪʘ ʩʪʘʥʜʘʨʪʥʦʾ ʤʽʮʥʦʩʪʝʡ.  
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ɺ ʷʢʦʩʪʽ ʧʨʠʨʦʜʥʦʛʦ ʧʫʮʦʣʘʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʢʨʝʤʥʠʩʪʦʛʦ ʮʝʦʣʪ̔ʦʚʦʛʦ ʪʫʬʫ ʦʩʥʦʚʥʠʤ 

ʤʽʥʝʨʘʣʦʤ ʷʢʦʛʦ ʻ ʢʣʠʥʦʧʪʠʣʦʣʽʪ (Na, K)6[Al 6Si30O72]Ț24H2O), ʱʦ ʚʦʣʦʜʽʻ 

ʫʥʽʢʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʚʠʩʦʢʘ ʧʠʪʦʤʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʪʘ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʢʘʪʽʦʥʥʦʛʦ ʦʙʤʽʥʫ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ɻ. ɯ. ʆʚʯʘʨʝʥʢʘ, ɺ.ʃ. 

ʉʚʽʨʽʜʦʚʘ,  ɯ. ʗʥʦʪʢʠ, ʪʘ ʽʥ.  [ 44, 48, 52, 58, 85, 109, 132, 150, 151] ʧʦʢʘʟʘʥʦ, 

ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ ʚ ʷʢʦʩʪʽ ʯʘʩʪʢʦʚʦʾ ʟʘʤʽʥʠ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʻ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʽ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ  ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʮʝʤʝʥʪʽʚ ʪʘ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʚʚʝʜʝʥʥʷ ʧʨʠʨʦʜʥʠʭ 

ʧʫʮʦʣʘʥʦʚʠʭ ʜʦʙʘʚʦʢ (10ï20 ʤʘʩ. %) ʚ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʦʪʠ ʪʽʩʪʘ ʥʘ 30ï35 %. ɿʘ ʜʘʥʠʤʠ           

ɺ. ʖʟʘʣ, ʃ.  ʊʶʨʘʥʣʽ [149], ʮʝʤʝʥʪʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʮʝʦʣʽʪʦʚʦʛʦ ʪʫʬʫ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʠʩʢʦʨʝʥʠʤʠ ʪʝʨʤʽʥʘʤʠ ʪʫʞʘʚʽʥʥʷ ʪʘ ʚʠʩʦʢʦʶ 

ʚʦʜʦʧʦʪʨʝʙʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʢʦʥʩʠʩʪʝʥʮʽʾ ʨʦʟʯʠʥʫ ʧʦʨʽʚʥʷʥʦ 

ʟ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʤʠ. ɿ ʽʥʦhʾ ʩʪʦʨʦʥʠ, ʧʨʠ ʚʚʝʜʝʥʥʽ 

ʰʪʫʯʥʠʭ ʎɿʄ (ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ ʪʘ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ) ʮʝʡ 

ʧʦʢʘʟʥʠʢ ʟʤʽʥʶʻʪʴʩʷ ʥʝʟʥʘʯʥʦ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʙʝʟ ʜʦʙʘʚʦʢ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ ʟʘ ʪʚʝʨʜʽʩʪʶ ʻ ʤ'ʷʢʰʠʤ ʤʘʪʝʨʽʘʣʦʤ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʤ ʢʣʽʥʢʝʨʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʪʦʥʠʥʫ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʪʘ ʟʤʝʥʰʠʪʠ ʡʦʛʦ ʯʘʩ ʧʦʤʝʣʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʝʭʥʽʯʥʽ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ ʧʨʦʜʫʢʪʫ.  

ʍʘʨʘʢʪʝʨ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʛʽʜʨʘʪʘʮʽʾ ʟʘʣʝʞʠʪʴ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʽʜ 

ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʎɿʄ. ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ɺ. ɺ. ʊʦʢʘʨʯʫʢʘ ʪʘ ʽʥ.     

[67], ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʤʘʻ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʽ 

ʭʽʤʽʯʥʠʡ ʩʪʘʥ ʢʨʝʤʥʝʟʝʤʠʩʪʦʾ ʽ ʘʣʶʤʽʥʘʪʥʦʾ ʩʢʣʘʜʦʚʠʭ ʩʠʣʽʢʘʪʥʠʭ ʜʦʙʘʚʦʢ 

ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʇʦʢʘʟʘʥʦ [96], ʱʦ ʧʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ ʪʘ ʟʥʘʯʝʥʥʷ ʾʭ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʧʦʚʝʨʭʥʽ ʥʝ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʚ ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ, 

ʘ ʚʠʟʥʘʯʘʶʪʴ ʪʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʛʽʜʨʘʪʘʮʽʾ.  ɺ ʮʝʤʝʥʪʘʭ ʟ 

ʜʦʙʘʚʢʘʤʠ ʧʨʠʨʦʜʥʴʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʜʦʙʘʚʢʠ ʟ ʧʨʦʜʫʢʪʘʤʠ 
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ʛʽʜʨʘʪʘʮʽʾ ʢʣʽʥʢʝʨʥʠʭ ʤʽʥʝʨʘʣʽʚ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʚʽʜʨʘʟʫ ʽ ʧʨʦʪʽʢʘʻ 

ʜʦʩʠʪʴ ʰʚʠʜʢʦ. ʅʘʷʚʥʽʩʪʴ ʩʢʣʦʬʘʟʠ ʚ ʜʦʙʘʚʢʘʭ ʜʝʱʦ ʫʧʦʚʽʣʴʥʶʻ ʧʨʦʮʝʩ 

ʛʽʜʨʘʪʘʮʽʾ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʪʚʝʨʜʥʝʥʥʷ, ʘʣʝ ʫ ʙʽʣʴʰ ʧʽʟʥʽ ʪʝʨʤʽʥʠ ʮʷ ʨʽʟʥʠʮʷ 

ʧʦʩʪʫʧʦʚʦ ʚʠʨʽʚʥʶʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʥʘʷʚʥʽʩʪʴ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʘʙʦ 

ʩʢʣʦʬʘʟʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʧʦʚʽʣʴʥʦʛʦ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʮʝʤʝʥʪʽʚ ʚ ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ, ʥʽʞ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʽʜʚʠʱʝʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʛʽʜʨʘʚʣʽʯʥʦ ʘʢʪʠʚʥʠʭ ʘʣʶʤʽʥʘʪʽʚ.  

ɺ ʨʦʙʦʪʽ ʗ. ɼʽʧʘʷʥ  [93] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʢʨʠʩʪʘʣʽʯʥʫ 

ʧʨʠʨʦʜʫ, ʚʠʩʦʢʫ ʜʠʩʧʝʨʩʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʦʩʘʜʦʚʠʭ ʮʝʦʣʽʪʽʚ, ʘ ʪʘʢʦʞ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʢʘʪʽʦʥʥʦʛʦ ʦʙʤʽʥʫ, ʾʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʷʢʦʩʪʽ ʧʫʮʦʣʘʥʦʚʦʛʦ 

ʩʢʣʘʜʥʠʢʘ ʫ ʮʝʤʝʥʪʘʭ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʚôʷʟʫʶʪʴ ʛʽʜʨʦʦʢʩʠʜ ʢʘʣʴʮʽʶ ʪʘ 

ʬʦʨʤʫʶʪʴ ʮʝʤʝʥʪʫʶʯʽ ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ                        

ʂ.ʂ. ʇʫʰʢʘʨʴʦʚʦʾ ʪʘ ʽʥ. [51, 52, 122] ʚʚʝʜʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʮʝʦʣʽʪʽʚ ʜʦ 

ʰʣʘʢʦʚʤʽʩʥʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʟʚôʷʟʫʚʘʪʠ ʥʘʜʣʠʰʢʦʚʽ ʣʫʛʠ (Na
+
, K

+
) ʚ 

ʥʝʨʦʟʯʠʥʥʽ ʛʽʜʨʦʘʣʶʤʦʩʠʣʽʢʘʪʠ ʚ ʩʢʣʘʜʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ.  ʋ ʪʦʡ ʞʝ 

ʯʘʩ, ʚʚʝʜʝʥʥʷ 20-30% ʮʝʦʣʽʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ 

ʥʘ 10-15% ʪʘ ʜʝʷʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʫʩʘʜʢʠ ʧʨʠ ʪʚʝʨʜʥʝʥʥʽ 

ʧʦʨʪʣʘʜʮʝʤʝʥʪʫ.  

 ɺ ʢʨʘʾʥʘʭ ɭʉ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʽʜʯʫʚʘʻʪʴʩʷ ʙʨʘʢ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ 

ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ. ɺ ʧʝʨʩʧʝʢʪʠʚʽ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʭʦʜʫ ʝʥʝʨʛʝʪʠʢʠ ʥʘ ɺɼɽ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦʶ ʩʪʘʥʝ ʪʘʢʦʞ ʟʦʣʘ ʚʠʥʝʩʝʥʥʷ ʊɽʉ. ʊʦʤʫ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʩʢʣʘʜʥʠʢʦʤ ʮʝʤʝʥʪʽʚ ʩʪʘʻ ʚʘʧʥʷʢ [25, 43, 86, 

126, 130, 159]. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ɺ.ɺ. ʊʠʤʘʰʦʚʘ, ɺ.ʄ. ʂʦʣʙʘʩʦʚʘ [64] ʧʦʢʘʟʘʥʦ 

ʚʧʣʠʚ ʢʘʨʙʦʥʘʪʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʩʪʨʫʢʪʫʨʫ ʮʝʤʝʥʪʦʛʦ ʢʘʤʝʥʶ ʪʘ ʙʫʜʽʚʝʣʴʥʦ-

ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʭʽʤʽʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ 

ʢʘʨʙʦʥʘʪʥʠʭ ʜʦʙʘʚʦʢ ʟ ʘʣʶʤʽʥʘʪʥʠʤʠ ʬʘʟʘʤʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ 

ʪʘ ʘʢʪʠʚʥʠʭ ʎɿʄ. ʇʽʜ ʯʘʩ ʪʚʝʨʜʥʝʥʥʷ ʪʘʢʦʾ ʮʝʤʝʥʪʫʶʯʦʾ ʩʠʩʪʝʤʠ ʢʘʨʙʦʥʘʪ 

ʢʘʣʴʮʽʶ ʘʢʪʠʚʽʟʫʻ ʨʝʘʢʮʽʾ ʛʽʜʨʘʪʘʮʽʾ ʟ ʫʪʚʦʨʝʥʥʷʤ ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʽʚ 

ʢʘʣʴʮʽʶ ʪʘ ʝʪʨʠʥʛʽʪʫ. ʈʦʟʚʠʪʦʢ ʢʨʠʩʪʘʣʽʚ ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ ʚ 

ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʚʝʨʜʥʝʥʥʷ ʽ 
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ʧʦʢʨʘʱʝʥʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʚ ʯʘʩʽ. ʊʦʥʢʦʜʠʩʧʝʨʩʥʽ ʢʘʨʙʦʥʘʪʥʽ ʯʘʩʪʠʥʢʠ 

ʚʥʘʩʣʽʜʦʢ ʝʬʝʢʪʫ ñʜʨʽʙʥʠʭ ʧʦʨʦʰʢʽʚò ʽ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʧʨʦʜʫʢʪʘʤʠ 

ʛʽʜʨʘʪʘʮʽʾ ʘʣʶʤʦʚʤʽʩʥʠʭ ʬʘʟ ʽʟ ʫʪʚʦʨʝʥʥʷʤ ʩʪʨʫʢʪʫʨʥʦ-ʘʢʪʠʚʥʠʭ AFmïʬʘʟ ʪʘ 

ʩʧʨʠʷʶʪʴ ʩʠʥʪʝʟʫ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ [57, 77, 115, 125 ]. 

ɿʛʽʜʥʦ ʜʘʥʠʭ [147], ʢʘʨʙʦʥʘʪʥʽ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʽ ʧʦʢʨʘʱʫʶʪʴ 

ʚʣʘʩʪʠʚʦʩʪʽ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ. ʇʨʠ ʚʚʝʜʝʥʥ ̔ ʜʦ ʩʢʣʘʜʫ 

ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʜʦ 3,0 ʤʘʩ.% ʉʘʉʆ3 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʉʘ(ʆʅ)2 ʟʘ ʨʘʭʫʥʦʢ ʘʢʪʠʚʘʮʽʾ ʰʣʘʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʷʢ ʚ ʨʘʥʥʽ, ʪʘʢ ʽ ʚ ʧʽʟʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ.  ʗʢ ʟʘʟʥʘʯʝʥʦ ʊ.ɺ. 

ʂʫʟʥʝʮʦʚʦʁ  [37], ʧʨʠ ʚʚʝʜʝʥʥʽ 5 ʤʘʩ.% ʤʝʣʝʥʦʛʦ ʧʽʩʢʫ ʽ ʚʘʧʥʷʢʫ ʜʦ ʩʢʣʘʜʫ 

ʮʝʤʝʥʪʫ ʤʦʞʥʘ ʝʢʦʥʦʤʠʪʠ ʜʦ 2é4 % ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʽ 

ʧʦʢʨʘʱʠʪʠ ʡʦʛʦ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʈ.ʌ. ʈʫʥʦʚʦʶ,                    

ʆ. ɺ. ʇʨʷʥʽʰʥʽʢʦʚʠʤ [55] ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ 

ʤʝʣʝʥʦʛʦ ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʯʝʨʝʟ     

1 ʽ 28 ʜʽʙ ʧʦʨʽʚʥʷʥʦ ʟ ʟʦʣʦʶ-ʚʠʥʝʩʝʥʥʷ ʪʘ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʽʶ.  

ʇʨʠʰʚʠʜʰʝʥʥʷ ʪʚʝʨʜʥʝʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ, ʱʦ 

ʤʽʩʪʷʪʴ ɻɼʐ, ʟʦʣʫ ʚʠʥʝʩʝʥʥʷ, ʧʨʠʨʦʜʥʠʡ ʮʝʦʣʽʪ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʚʝʜʝʥʥʷ ʣʫʛʦʚʤʽʩʥʠʭ ʜʦʙʘʚʦʢ. ɺ.ɼ. ɻʣʫʭʦʚʩʴʢʠʤ, ʇ.ɺ. ʂʨʠʚʝʥʢʦʤ,           

ʈ.ʌ. ʈʫʥʦʚʦʶ ʪʘ ʽʥ. [32, 54, 83] ʨʦʟʨʦʙʣʝʥʦ ʚʠʩʦʢʦʤʽʮʥʽ ʣʫʞʥʽ ʮʝʤʝʥʪʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ, ʩʪʽʡʢʽʩʪʶ ʜʦ ʘʛʨʝʩʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʶ, ʧʨʦʪʝ ʪʘʢʽ ʚôʷʞʫʯʽ ʱʝ ʥʝ ʦʪʨʠʤʘʣʠ ʜʦʩʪʘʪʥʴʦ 

ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʙʫʜʽʚʥʠʮʪʚʽ. 

ʗʢ ʟʘʟʥʘʯʘʻ ʍ. ʄʶʣʣʝʨ [42],  ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʤʝʥʪʽʚ ʟ 

ʜʝʢʽʣʴʢʦʤʘ ʩʢʣʘʜʥʠʢʘʤʠ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʤʽʩʪʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ 

ʟ ʪʝʭʥʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʠʤ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʤ. ʂʦʤʧʦʟʠʮʽʡʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʉɽʄ ɯɯ/ɺ-ʄ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʾʭ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʫ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ,  ʱʦ 

ʦʩʥʦʚʥʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʽʩʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʢʣʘʜʥʠʢʽʚ, ʪʦʥʠʥʠ ʾʭ 
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ʧʦʤʝʣʫ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʯʘʩʪʠʥʦʢ ʽ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʾʭ ʨʦʟʧʦʜʽʣʫ ʚ 

ʧʦʨʦʰʢʫ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʮʝʤʝʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʧʨʷʤʦʚʘʥʠʡ 

ʥʘ ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ. ɺʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʤʘʻ ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪ ɹʩʢʣʘʜʥʠʢʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʷ ʧʦʤʝʣʫ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ  

ʧʦʤʝʣ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ (ʚʠʪʨʘʯʘʻʪʴʩʷ ʙʣʠʟʴʢʦ 60% ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ). ʊʦʤʫ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʜʦʙʘʚʢʦʶ ʰʣʘʢʫ (ʪʠʧ ʇʎ ɯɯ/ɹ-ʐ ʫ 

ʩʝʨʝʜʥʴʦʤʫ ʧʦʪʨʝʙʫʻ 77% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʦʾ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ ʪʽʻʾ ʞ ʤʘʨʢʠ) ʪʘ 

ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʐʇʎ ɯɯɯ/ɸ (ʧʦʪʨʝʙʫʻ 64% ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ), 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʪʠʧʫ ʇʎ ɯɯ/ɸ-ʂ ʪʘ ʇʎ ɯɯ/ɹ-ʂ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʝʥʰʦʶ ʝʥʝʨʛʦʻʤʥʽʩʪʶ (ʚʽʜʧʦʚʽʜʥʦ 82 ʪʘ 77%). ɼʣʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʪʨʠʢʦʤʧʦʥʝʥʪʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʉɽʄ ɯɯ/ɺ-ʄ (S-L) ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʚʤʽʩʪʫ ʢʣʽʥʢʝʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʽʜ 82 ʜʦ 65 ʤʘʩ.% ʾʭ ʛʽʜʨʘʚʣʽʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ 28 ʜʽʙ ʻ ʥʘ 0,3-0,4 ʄʇʘ ʙʽʣʴʰʦʶ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʤʠ ʟ ʜʦʙʘʚʢʦʶ ɻɼʐ  [74, 88, 126, 132]. 

ɺ ʦʩʥʦʚʥʦʤʫ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʉɽʄ Iɯ/ɺ ʤʦʞʫʪʴ 

ʦʜʝʨʞʫʚʘʪʠ ʩʫʤʽʩʥʠʤ ʧʦʤʝʣʦʤ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʨʦʟʜʽʣʴʥʠʤ ʧʦʤʝʣʦʤ ʽ 

ʥʘʩʪʫʧʥʠʤ ʟʤʽʰʫʚʘʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʦʜʘʚʘʥʥʷʤ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 

ʩʝʧʘʨʘʪʦʨ, ʘ ʪʘʢʦʞ ʧʨʠ ʢʦʤʙʽʥʫʚʘʥʥ ̔ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ [128, 129]. ʇʦʢʨʘʱʝʥʘ 

ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪʴ ʪʘʢʠʭ ʎɿʄ, ʷʢ ʚʘʧʥʷʢ, ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ 

ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʚʦʩʪʫʧʝʥʝʚʦʛʦ ʧʦʤʝʣʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜ-

ʮʝʤʝʥʪʽʚ, ʧʨʠ ʷʢʦʤʫ ʧʦʧʝʨʝʜʥʴʦ ʧʦʜʨʽʙʥʝʥʠʡ ʢʣʽʥʢʝʨ ʜʦʤʝʣʶʻʪʴʩʷ ʟ 

ʤʽʥʝʨʘʣʴʥʠʤʠ ʩʢʣʘʜʥʠʢʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʽ 

ʥʘʩʪʫʧʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥ ̔

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʽ ʩʠʩʪʝʤʠ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʤʘʩʽ ʮʝʤʝʥʪʥʦʛʦ ʧʦʨʦʰʢʫ. ʗʢ ʟʘʟʥʘʯʘʶʪʴ 

ʁ. ʐʪʘʨʢ ʽ ɺ. ɹʝʨʥʜ [83], ʚʘʧʥʷʢ ʻ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʪʦʥʢʦʤʫ 
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ʧʦʜʨʽʙʥʝʥʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʘʛʘʪʠʪʠ ʩʠʩʪʝʤʫ ʜʨʽʙʥʽʰʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʽ ʪʠʤ 

ʩʘʤʠʤ ʟʤʝʥʰʠʪʠ ʦʙôʻʤ ʧʫʩʪʦʪ ʤʽʞ ʟʝʨʥʘʤʠ ʢʣʽʥʢʝʨʫ. ɼʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ 

ʪʦʥʠʥʠ ʧʦʤʝʣʫ ʩʧʨʠʷʻ ʧʨʠʩʢʦʨʝʥʥʶ ʧʨʦʮʝʩʽʚ ʛʽʜʨʘʪʘʮʽʾ ʽ ʛʽʜʨʦʣʽʟʫ ʟʝʨʝʥ 

ʮʝʤʝʥʪʫ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʦʪʞʝ, ʽ ʧʽʜʚʠʱʝʥʥ ̫

ʤʽʮʥʦʩʪʽ ʚ ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʽʥʥʷ.  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ 42,5, ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʦʤ 

32,5. ɺ ʨʦʙʦʪʘʭ ɸ. ɺʦʣʴʪʝʨ, ʉ. ʇʘʣʴʤ  [123, 146] ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʤʫʣʴʪʠʢʦʤʧʦʟʠʪʥʽ ʮʝʤʝʥʪʠ ʟ ʧʝʨʝʨʠʚʯʘʩʪʠʤ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ, ʦʜʝʨʞʘʥʥʷ ʷʢʠʭ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʎɿʄ 

ʦʢʨʝʤʠʭ ʬʨʘʢʮʽʡ ʟ ʨʽʟʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʟʝʨʝʥ, ʱʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ 

ʤʽʞ ʩʦʙʦʶ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʪʘʚʠʪʴʩʷ ʢʣʘʩʠʯʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʧʦʪʝʥʮʽʘʣʫ ʨʘʥʥʴʦʛʦ ʽ ʢʽʥʮʝʚʦʛʦ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʠʭ ʽ ʜʦʩʪʫʧʥʠʭ 

ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ, ʚʧʣʠʚʫ ʢʦʤʧʦʥʝʥʪʽʚ ʘʙʦ ʥʝʦʙʭʽʜʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ 

ʨʝʦʣʦʛʽʶ, ʚʘʨʪʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʾʭ ʧʽʜʛʦʪʦʚʢʫ [61].  

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ  ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʨʦʟʜʽʣʴʥʠʡ ʧʦʤʝʣ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ: ʟʨʦʩʪʘʥʥʷ ʚʽʜʥʦʰʝʥʥʷ 

ʎ/ʂʣ, ʝʢʦʥʦʤʽʷ ʢʣʽʥʢʝʨʫ, ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʉʆ2 ʽ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʦ, ʘ ʪʘʢʦʞ ʟʨʦʩʪʘʥʥʷ ʦʙôʻʤʫ ʮʝʤʝʥʪʫ  ʧʨʠ ʪʘʢʦʤʫ ʞ ʚʠʨʦʙʥʠʮʪʚʽ 

ʢʣʽʥʢʝʨʫ [65, 70]. ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʣʠʥʽʚ ʽ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ 

ʧʦʤʝʣ ʰʣʷʭʦʤ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʨʽʟʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʽʩʪʴ 

ʫʥʠʢʥʫʪʠ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʧʦʤʝʣ ʽ ʫʥʠʢʥʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʣʦʛʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ. ʂʨʽʤ ʮʴʦʛʦ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʧʦʢʨʘʱʝʥʽ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ  

ʮʝʤʝʥʪʫ ʪʘ ʙʽʣʴʰʘ ʛʥʫʯʢʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ 

ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦʜʫʢʮʽʾ. ɿʘʚʜʷʢʠ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʤʦʞʥʘ 

ʧʽʜʥʷʪʠ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ 

ʪʦʥʠʥʠ ʧʦʤʝʣʫ ʜʦʙʘʚʦʢ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʦʩʥʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʠ ʨʦʟʜʽʣʴʥʦʤʫ ʩʧʦʩʦʙ ̔ ʧʦʤʝʣʫ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ  ̔ʙʫʜʽʚʥʠʮʪʚʘ ʜʦʜʘʪʢʦʚʠʭ ʩʠʣʦʩʽʚ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʝʨʝʜ ʟʤʽʰʫʚʘʥʥʷʤ. ɺ ʪʦʡ ʞʝ ʯʘʩ, 
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ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʎɿʄ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʟʘʙʝʟʧʝʯʫʻ ʪʝʭʥʽʯʥʽ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ.  

ɺ ʢʨʘʾʥʘʭ ɭʉ  ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʧʝʨʝʨʚʥʠʡ ʨʦʟʚʠʪʦʢ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ, ʧʝʨʰ ʟʘ ʚʩʝ ʢʣʘʩʫ ʉɽʄ ɯɯ/ɺ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʨʠʪʝʨʽʷʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʟ ʘʢʮʝʥʪʘʤʠ ʥʘ ʙʽʣʴʰ ʥʠʟʴʢʽ 

ʚʠʢʠʜʠ ʉʆ2 ʪʘ ʧʽʜʚʠʱʝʥʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʾʭ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʯʠʩʪʦʢʣʽʥʢʝʨʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʉɽʄ ɯ. ʊʘʢʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʷʢ ʝʢʦʣʦʛʽʯʥʽ, ʪʘʢ ʽ ʪʝʭʥʽʯʥʽ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ, ʧʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ 

ʮʝʤʝʥʪʠ ʢʣʘʩʫ 42,5 ʟ ʦʧʪʠʤʽʟʦʚʘʥʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ [78, 79]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʚʽʪʦʚʦʤʫ ʨʽʚʥʶ ʥʘ ʩʫʯʘʩʥʦʤʫ 

ʝʪʘʧʽ ʻ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʽʟʦʚʘʥʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ ʜʝʢʽʣʴʢʦʤʘ ʦʩʥʦʚʥʠʤʠ ʩʢʣʘʜʥʠʢʘʤʠ [61, 121, 146]. 

ʉʪʨʘʪʝʛʽʷ ʪʘʢʦʛʦ ʨʦʟʚʠʪʢʫ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʢʦʤʙʽʥʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʉʆ2 

ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʦʧʪʠʤʽʟʘʮʽʶ ʚʣʘʩʪʠʚʦʩʪʝʡ 

(ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʽʩʪʴ, ʩʪʘʥʜʘʨʪʥʘ ʪʘ ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʚʘʨʪʽʩʪʴ, 

ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ). ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʧʝʨʝʜʙʘʯʘʻ ʦʧʪʠʤʘʣʴʥʝ ʢʦʤʙʽʥʫʚʘʥʥʷ ʢʣʽʥʢʝʨʫ, ʘʢʪʠʚʥʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʪʘ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ 

ʚôʷʞʫʯʦʛʦ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ɯʥʥʦʚʘʮʽʡʥʠʤ 

ʚôʷʞʫʯʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟ ʧʦʻʜʥʘʥʥʷʤ ʚʠʱʝʚʢʘʟʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʞʫʪʴ ʙʫʪʠ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ  ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ ʪʠʧʫ CEM II/B-M 42,5R (ʇʎ ɯɯ/ɹ-ʂ-500ʈ-ʅ) ʪʘ ʧʦʥʠʞʝʥʠʤ ʜʦ 65% 

ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʦʤ, ʚ ʦʩʥʦʚʫ ʷʢʠʭ ʧʦʚʠʥʥʦ ʙʫʪʠ ʟʘʢʣʘʜʝʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʝʤʝʥʪʽʚ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʧʫʩʢ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢ ʟʤʝʥʰʝʥʥʷ ʾʭ 
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ʝʥʝʨʛʦʻʤʥʦʩʪʽ, ʪʘʢ ʽ ʟʥʠʞʝʥʥʷ ʩʪʫʧʝʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʘʡʢʨʘʱʠʭ ʜʦʩʪʫʧʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʮʝʤʝʥʪʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

 

1.3. ʄʦʜʠʬʽʢʦʚʘʥʽ ʙʝʪʦʥʠ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ 

 

ɹʝʪʦʥ ʷʢ ʢʦʥʩʪʨʫʢʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʟʜʘʪʥʠʡ ʚʠʨʽʰʫʚʘʪʠ ʢʦʤʧʣʝʢʩ 

ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʟʘʜʘʯ ʫ ʙʫʜʽʚʥʠʮʪʚʽ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ 

ʙʫʜʽʚʥʠʮʪʚʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʨʠʥʢʫ ʚʠʥʠʢʘʻ ʛʦʩʪʨʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʙʝʪʦʥʽʚ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɺ 

ʟʥʘʯʥʽʡ ʤʽʨʽ ʮʝ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʨʘʟʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʩʢʣʘʜʫ ʷʢ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʢʣʘʜʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ, 

ʢʽʣʴʢʽʩʪʶ ʪʘ ʭʘʨʘʢʪʝʨʦʤ ʢʦʤʧʦʥʝʥʪʽʚ, ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʤʽʞʬʘʟʦʚʦʾ ʧʦʚʝʨʭʥʽ, 

ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʷʚʣʝʥʥʷʤ ʘʜʠʪʠʚʥʠʭ ʘʙʦ ʩʠʥʝʨʛʝʪʠʯʥʠʭ 

ʝʬʝʢʪʽʚ ʽ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʇʨʠ ʮʴʦʤʫ ʚ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʽʚ ʧʦʣ̔ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʦʜʥʠʤ ʟ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʻ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʭʽʤʽʯʥʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʱʦ  ʙʘʟʫ̒ʪʴʩʷ ʥʘ ʩʫʯʘʩʥʠʭ 

ʧʦʣʦʞʝʥʥʷʭ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʷʚʠʱ ʽ ʪʝʦʨʽʾ ʢʦʥʪʘʢʪʥʠʭ ʚʟʘʻʤʦʜʽʡ    

[11, 29, 30, 41, 49, 54, 69, 76, 84, 120].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʽ 

ʝʢʦʥʦʤʽʯʥʠʤʠ ʝʬʝʢʪʘʤʠ: ʟʤʝʥʰʝʥʥʷʤ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ, 

ʧʨʠʩʢʦʨʝʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʚʝʨʜʥʝʥʥʷ, ʧʽʜʚʠʱʝʥʥʷʤ ʤʽʮʥʦʩʪʽ, ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ, 

ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ, ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʽʥ. [24, 39, 60, 110]. ʄʝʭʘʥʽʟʤ 

ʧʣʘʩʪʠʬʽʢʫʶʯʦʾ ʜʽʾ ʧʦʚôʷʟʘʥʠʡ, ʧʝʨʰ ʟʘ ʚʩʝ, ʟ ʫʪʚʦʨʝʥʥʷʤ ʛʽʜʨʦʬʽʣʴʥʦʾ 

ʘʜʩʦʨʙʮʽʡʥʦʾ ʧʣʽʚʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥ ʮʝʤʝʥʪʫ ʪʘ ʛʽʜʨʘʪʥʠʭ ʫʪʚʦʨʝʥʴ. ʊʘʢʽ 

ʩʪʘʙʽʣʽʟʫʶʯʽ ʰʘʨʠ ʚʠʢʦʥʫʶʪʴ ʜʚʽ ʬʫʥʢʮʽʾ: ʧʦ-ʧʝʨʰʝ, ʚʦʥʠ ʟʤʝʥʰʫʶʪʴ ʩʠʣʠ 

ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʫ ʟʤʘʟʢʫ, ʪʦʙʪʦ 

ʟʤʝʥʰʫʶʪʴ ʪʝʨʪʷ ʤʽʞ ʥʠʤʠ, ʱʦ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʟʙʽʣʴʰʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ 
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ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ; ʧʦ-ʜʨʫʛʝ, ʮʽ ʛʽʜʨʦʬʽʣʴʥʽ ʘʜʩʦʨʙʮʽʡʥʽ ʰʘʨʠ ʛʘʣʴʤʫʶʪʴ 

ʛʝʪʝʨʦʛʝʥʥʽ ʧʨʦʮʝʩʠ ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʛʽʜʨʦʣʽʟʫ ʮʝʤʝʥʪʫ ʚ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʥʠʢʥʝʥʥʷ ʟʥʘʯʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʦʧʦʨʫ ʚ ʧʝʨʝʭʽʜʥʠʭ ʰʘʨʘʭ. ʂʨʽʤ 

ʮʴʦʛʦ, ʭʝʤʦʩʦʨʙʮʽʡʥʠʡ ʰʘʨ ʧʨʦʜʫʢʪʽʚ ʚʟʘʻʤʦʜʽʾ ʟʤʽʥʶʻ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʥʘ ʛʨʘʥʠʮʽ ʬʘʟ ñʮʝʤʝʥʪ - ʨʽʜʢʘ ʬʘʟʘò, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʝʬʝʢʪʽʚ 

ʜʝʬʣʦʢʫʣ̫ʮʽʾ ʪʘ ʜʠʩʧʝʨʛʫʚʘʥʥʷ. ɺʠʜ ʽ ʧʦʣʦʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʫ 

ʤʦʣʝʢʫʣʘʭ ʚʠʟʥʘʯʘʶʪʴ ʚʟʘʻʤʦʜʽʶ ʇɸʈ ʟ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʦʤ, ʷʢʠʡ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ ʘʣʽʪʦʚʦʾ ʬʘʟʠ ʮʝʤʝʥʪʫ, ʘ ʙʫʜʦʚʘ ʽ ʢʦʥʬʦʨʤʘʮʽʡʥʠʡ 

ʩʪʘʥ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʣʘʥʮʶʛʘ ï ʩʫʮʽʣʴʥʽʩʪʴ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ, 

ʱʦ ʛʽʜʨʘʪʫʶʪʴʩʷ. ɸʥʘʣʽʟ ʧʨʦʜʫʢʪʽʚ ʚʟʘʻʤʦʜʽʾ ʧʦʢʘʟʫʻ, ʱʦ ʜʽʷ ʇɸʈ ʥʘ 

ʮʝʤʝʥʪʥʽ ʩʠʩʪʝʤʠ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʪʽʣʴʢʠ ʫʪʚʦʨʝʥʥʷʤ ʘʜʩʦʨʙʮʽʡʥʠʭ ʰʘʨʽʚ, ʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʚôʷʞʫʯʦʛʦ 

ʰʣʷʭʦʤ ʫʪʚʦʨʝʥʥʷ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ, 

ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ ʽ ʛʽʜʨʦʘʣʶʤʦʬʝʨʠʪʽʚ ʢʘʣʴʮʽʶ [3, 30, 57]. 

ʆ.ɺ. ʋʰʝʨʦʚ-ʄʘʨʰʘʢ, ɺ. ʂʫʨʜʦʚʩʴʢʠ  [69, 112] ʚʠʜʽʣʷʶʪʴ ʜʝʢʽʣʴʢʘ 

ʛʨʫʧ ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ 

ʷʢʦʩʪʽ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ. ʇʝʨʰʘ ʛʨʫʧʘ ʚʢʣʶʯʘʻ ʧʦʣʽʤʝʨʠ, ʦʜʝʨʞʘʥʽ 

ʢʦʥʜʝʥʩʘʮʽʻʶ ʟ ʬʦʨʤʘʣʴʜʝʛʽʜʦʤ ʩʫʣʴʬʦʧʦʭʽʜʥʠʭ ʢʦʥʜʝʥʩʦʚʘʥʠʭ 

ʧʦʣʽʮʠʢʣʽʯʥʠʭ ʙʝʥʟʦʣʽʚ ʪʘ ʾʭ ʘʥʘʣʦʛʽʚ ʘʙʦ ʾʭ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʩʦʣʝʡ. ʄʝʭʘʥʽʟʤ 

ʜʽʾ ʮʠʭ ʜʦʜʘʪʢʽʚ ʧʦʣʷʛʘʻ ʚ ʨʝʘʣʽʟʘʮʽʾ ʤʝʭʘʥʽʟʤʫ Ăʟʤʘʱʫʚʘʥʥʷò ʟʘ ʨʘʭʫʥʦʢ 

ʩʪʚʦʨʝʥʥʷ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʰʘʨʫ ʥʘ ʯʘʩʪʠʥʢʘʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʜʝʬʣʦʢʫʣʷʮʽʶ. ʈʘʟʦʤ ʟ ʪʠʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʽʚ ʮʴʦʛʦ ʢʣʘʩʫ 

ʻ ʦʙʤʝʞʝʥʝ ʯʝʨʝʟ ʩʧʦʚʽʣʴʥʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʪʚʝʨʜʥʝʥʥʷ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʦʩʦʙʣʠʚʦ ʚ ʨʘʥʥʽʡ ʧʝʨʽʦʜ. ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ - ʩʫʣʴʬʦʥʦʚʘʥʽ ʤʝʣʘʤʽʥ- ʪʘ ʥʘʬʪʘʣʽʥʬʦʨʤʘʣʴʜʝʛʽʜʥʽ 

ʩʤʦʣʠ, ʩʫʣʴʬʦʥʘʪʠ ʘʨʦʤʘʪʠʯʥʠʭ ʥʘʬʪʦʚʠʭ ʩʤʦʣ, ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʠ ʪʘ ʽʥ.  

ɼʦʙʨʝ ʧʣʘʩʪʠʬʽʢʫʶʯʠ ʙʝʪʦʥʥʫ ʩʫʤʽʰ, ʜʦʙʘʚʢʠ I ʛʨʫʧʠ ʦʜʥʦʯʘʩʥʦ 

ʟʤʽʥʶʶʪʴ ʚ ʧʦʪʨʽʙʥʦʤʫ ʥʘʧʨʷʤʢʫ ʩʪʨʫʢʪʫʨʫ ʙʝʪʦʥʫ ʽ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 2...5 ʨʘʟʽʚ, ʧʽʜʚʠʱʫʻʪʴʩʷ 
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ʡʦʛʦ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ. ɿʘʜʘʥʘ ʨʫʭʣʠʚʽʩʪʴ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʧʨʦʪʷʛʦʤ 2...3 ʛʦʜ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʩʫʤʽʰʽ ʥʘ 

ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʽ ʧʨʠ ʙʝʪʦʥʫʚʘʥʥʽ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʞʘʨʢʦʛʦ ʢʣʽʤʘʪʫ. ʋ ʨʷʜʽ 

ʚʠʧʘʜʢʽʚ ʥʘ 5...10 % ʩʢʦʨʦʯʫʻʪʴʩʷ ʚʠʪʨʘʪʘ ʮʝʤʝʥʪʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʝʪʦʥʫ ʽʟ 

ʟʘʜʘʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ [20]. 

ʉʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ 

ʟʘʤʽʰʫʚʘʥʥʷ ʥʘ 20-30% ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʟʘʜʘʥʦʾ ʨʫʭʣʠʚʦʩʪʽ [68, 76]. ɼʽʷ ʮʠʭ 

ʜʦʙʘʚʦʢ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʥʝʛʘʪʠʚʥʠʭ ʟʘʨʷʜʽʚ ʥʘ ʯʘʩʪʠʥʢʘʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʜʠʩʧʝʨʛʘʮʽʶ ʟʘ ʨʘʭʫʥʦʢ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ. ʅʝʜʦʣʽʢʦʤ ʇɸʈ ʮʽʻʾ ʛʨʫʧʠ ʻ ʪʝ, ʱʦ ʚ 

ʧʨʦʮʝʩʽ ʚʟʘʻʤʦʜʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʦʜʦʶ ʤʦʣʝʢʫʣʠ ʇɸʈ ʧʦʢʨʠʚʘʶʪʴʩʷ 

ʧʨʦʜʫʢʪʘʤʠ ʛʽʜʨʘʪʘʮʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʾʭ ʧʣʘʩʪʠʬʽʢʫʶʯʘ ʜʽʷ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʄʝʭʘʥʽʟʤ ʜʽʾ ʪʨʘʜʠʮʽʡʥʠʭ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʾʭ ʘʜʩʦʨʙʮʽʻʶ 

ʥʘ ʛʽʜʨʘʪʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʥʷʭ (ʧʝʨʰ ʟʘ ʚʩʝ, ʛʽʜʨʦʘʣʶʤʽʥʘʪʘʭ), ʧʨʠʯʦʤʫ 

ʪʨʠʚʘʣʽʩʪʴ ʧʣʘʩʪʠʬʽʢʫʶʯʦʾ ʜʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʜʣʠʰʢʦʤ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʚ ʨʽʜʢʽʡ ʬʘʟʽ. ʋʪʚʦʨʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʰʘʨʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʬʣʦʢʫʣʷʮʽʾ, ʟʤʽʥʠ ʝʣʝʢʪʨʦʢʽʥʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ  ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʩʠʣ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ. 

ɼʦ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʇɸʈ ʚʽʜʥʦʩʷʪʴʩʷ ʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ 

ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽ ʪʝʦʨʝʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʚ ʙʫʜʽʚʝʣʴʥʽʡ 

ʧʨʘʢʪʠʮʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ [2, 39, 40]. ʈʦʟʨʦʙʢʠ ʚ 

ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʧʨʦʚʦʜʷʪʴʩʷ ʙʘʛʘʪʴʤʘ ʧʨʦʚʽʜʥʠʤʠ ʬʽʨʤʘʤʠ ʽ ʚ ʧʨʦʤʠʩʣʦʚʠʭ 

ʤʘʩʰʪʘʙʘʭ ʚʠʧʫʩʢʘʪ̒ʩɹ ̫ ʮʽʣʠʡ ʨʷʜ ʧʦʜʽʙʥʠʭ ʜʦʙʘʚʦʢ, ʷʢʽ ʦʪʨʠʤʘʣʠ 

ʢʦʤʝʨʮʽʡʥʫ ʥʘʟʚʫ çʛʽʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚè, ʦʩʢʽʣʴʢʠ ʨʝʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʟʥʠʞʝʥʥʷ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ (ʜʦ 40%) ʽ ʨʦʟʨʽʜʞʝʥʥʷ ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ ʫ ʥʠʭ ʟʥʘʯʥʦ ʚʠʱ,̔ ʥʽʞ ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʧʦʣʽʤʝʪʠʣʝʥ-

ʥʘʬʪʘʣʽʥʩʫʣʴʬʦʥʘʪʚ̔ (ʇʅʉ) ʽ ʧʦʣʽʤʝʪʠʣʝʥʤʝʣʘʤʽʥʩʫʣʴʬʦʥʘʪʚ̔ (ʇʄʉ). ʅʦʚʽ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʥʘ ʙʘʟʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 
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ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʜʽʾ. ɺ ʪʦʡ ʯʘʩ ʷʢ 

ʜʦʙʘʚʢʠ ɯɯ ʧʦʢʦʣʽʥʥʷ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʧʣʘʩʪʠʬʽʢʘʮʽʶ ʟʘ ʨʘʭʫʥʦʢ ʩʠʣ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, ʥʦʚʽ ʧʦʣʽʤʝʨʠ ʧʨʘʮʶʶʪʴ ʢʦʤʙʽʥʦʚʘʥʦ 

ʰʣʷʭʦʤ ʚʟʘʻʤʦʜʽʾ ʩʠʣ ʧʨʦʩʪʦʨʦʚʦʛʦ ʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ. 

ʇʦʣʽʤʝʨʠ ʤʠʥʫʣʠʭ ʧʦʢʦʣʽʥʴ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʦ ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʮʝʤʝʥʪʥʠʭ ʟʝʨʝʥ ʽ ʟʘʣʠʰʘʶʪʴʩʷ ʪʘʤ ʧʦʩʪʽʡʥʦ. ʇʨʠ ʮʴʦʤʫ, ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʽ 

ʪʠʧʠ ʜʦʙʘʚʦʢ ʥʘ ʧʦʯʘʪʢʫ ʥʝ ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʮʝʤʝʥʪʥʠʭ ʟʝʨʝʥ.  

ɺʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘʢʠʭ ʧʦʣʽʤʝʨʽʚ (ʧʝʨʰ ʟʘ ʚʩʝ ʘʜʩʦʨʙʮʽʻʶ) ʤʦʞʥʘ ʫʧʨʘʚʣʷʪʠ 

ʰʣʷʭʦʤ ʮʽʣʝʥʘʧʨʘʚʣʝʥʦʾ ʚʘʨʽʘʮʽʾ ʾʭ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʢʦʤʙʽʥʘʮʽʾ 

ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺ ʦʩʥʦʚʫ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʟʘʡʥʫ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʠʭ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʟʘʢʣʘʜʝʥʘ ʪʘʢʘ 

ʭʽʤʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʢʘʨʙʦʢʩʠʣʤʽʩʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʚʝʩʪʠ ʚ ʮʽ 

ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʜʦʚʛʽ ʙʽʯʥʽ ʦʣʽʛʦʘʣʢʽʣʝʥʦʢʩʠʜʥʽ ʣʘʥʮʶʛʠ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʢʣʘʜʥʦʝʬʽʨʥʠʭ ʘʙʦ ʘʤʽʜʥʠʭ ʛʨʫʧ [72, 127]. ʎʝ ʟʘʙʝʟʧʝʯʫʻ 

ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʥʪʨʦʣʶ ʭʽʤʽʯʥʦ ʾʪʘ ʬʽʟʠʯʥʦ ʾʧʦʚʝʜʽʥʢʠ 

ʧʦʣʽʤʝʨʽʚ ʽ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʮʝʤʝʥʪʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ 

ʜʦʚʞʠʥʠ ʦʩʥʦʚʥʦʛʦ ʽ ʙʽʯʥʦʛʦ ʣʘʥʮʶʛʽʚ, ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ, ʱʽʣʴʥʦʩʪʽ 

ʙʽʯʥʠʭ ʣʘʥʮʶʛʽʚ, ʚʽʣʴʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ. ʆʧʪʠʤʽʟʘʮʽʷ ʭʽʤʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪ̔ʚ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ 

(çʟʙʠʨʘʥʥʷè ʤʦʣʝʢʫʣ ʟʘʜʘʥʦ ʾʙʫʜʦʚʠ) ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʻʾ 

ʚʚʝʜʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ, ʱʦ ʧʦʤʽʪʥʦ ʟʥʠʞʫʻ ʾʭ ʜʦʟʫʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʾʭ ʯʫʪʣʠʚʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʮʝʤʝʥʪʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʤʝʥʰʝʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤʠ ʟʘʨʷʜʘʤʠ ʽ ʙʽʯʥʠʤʠ ʣʘʥʮʶʛʘʤʠ, ʟʙʝʨʝʞʝʥʽʩʪʴ 

ʧʦʚ'ʷʟʘʥʘ ʟʽ ʰʚʠʜʢʽʩʪʶ ʘʜʩʦʨʙʮʽʾ ʧʦʣʽʤʝʨʽʚ ʥʘ ʯʘʩʪʠʥʢʘʭ ʮʝʤʝʥʪʫ, ʘ ʨʦʟʚʠʪʦʢ 

ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ - ʬʦʨʤʦʶ (ʢʦʥʬʽʛʫʨʘʮʽʻʶ) ʧʦʣʽʤʝʨʥʦʾ ʤʦʣʝʢʫʣʠ, ʚ 

ʮʽʣʦʤʫ. 

ɯʥʰʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʟ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʘʤʠ 

ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʧʽʩʢʫ ʚ ʩʫʤʽʰʽ ʟʘʧʦʚʥʶʚʘʯʽʚ ʽ ʦʩʦʙʣʠʚʽ 
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ʚʠʤʦʛʠ ʱʦʜʦ ʛʨʘʥʫʣʦʤʝʪʨʽʾ ʟʘʧʦʚʥʶʚʘʯʽʚ, ʚ ʮʽʣʦʤʫ. ʇʦʣʽʢʘʨʙʦʢʩʠʣʘʪʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʟʙʝʨʝʞʝʥʽʩʪʴ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʱʦ ʨʦʙʠʪʴ ʾʭ 

ʜʫʞʝ ʧʨʠʚʘʙʣʠʚʠʤʠ ʜʣʷ ʤʦʥʦʣʽʪʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʪʨʠʚʘʣʦʤʫ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʤʽʪʥʦʛʦ ʚʧʣʠʚʫ 

ʩʧʝʮʽʘʣʴʥʠʭ ʚʠʜʽʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʥʘ ʢʽʥʝʪʠʢʫ ʪʚʝʨʜʥʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʊɺʆ 

ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʫ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʚ ʽʥʜʫʩʪʨʽʾ ʟʙʽʨʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʽʜʭʽʜ ʜʦ çʘʨʭʽʪʝʢʪʫʨʠè (çʢʦʥʩʪʨʫʶʚʘʥʥʷè) ʾʭ ʤʦʣʝʢʫʣʠ ʧʨʠ 

ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ: ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʚʘʞʣʠʚʦ ʫʧʦʚʽʣʴʥʠʪʠ ʪʫʞʘʚʽʥʥʷ ʪʘ 

ʧʨʠʩʢʦʨʠʪʠ ʥʘʙʽʨ ʤʽʮʥʦʩʪʽ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʫʢʣʘʜʘʥʥʷ, ʘ ʚ ʜʨʫʛʦʤʫ - ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʦʙʨʫ ʣʝʛʢʦʫʢʣʘʜʘʣʴʥʽʩʪʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʠʞʝʥʥʽ ʚʦʜʦʚʤʽʩʪʫ ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʪʚʝʨʜʥʝʥʥʷ ʪʘ ʟʥʘʯʥʝ 

ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ [56, 99]. 

ʊʘʢʽ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʦʟʚʦʣʠʣʠ ʨʦʟʚʠʥʫʪʠ ʢʦʥʮʝʧʮʽʶ ʚʩʝʦʩʷʞʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʫ (ʊʦtʘl ʈʝʛfʦʛmʘʧʩʝ ʉʦntʛʦl - ʊʈʉ) [28, 104], 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʨʝʦʣʦʛʽʾ ʩʚʽʞʦʧʨʠʛʦʪʦʚʘʥʦʾ ʩʫʤʽʰʽ ʪʘ ʟʘʢʽʥʯʫʶʯʠ ï 

ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʪʘ ʽʥʰʠʤʠ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʘ ʪʘʢʦʞ ʧʨʠʡʪʠ ʜʦ ʥʦʚʦʛʦ ʨʫʙʝʞʫ - ʥʘʧʨʘʚʣʝʥʦʛʦ ʩʠʥʪʝʟʫ çʘʜʘʧʪʠʚʥʠʭè 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪ̔ʚ, ʧʨʠʩʪʦʩʦʚʘʥʠʭ ʜʦ ʚʠʤʦʛ ʪʝʭʥʦʣʦʛʽʾ ʽ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

        ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ï 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʠʭ ʝʪʝʨʽʚ PCE - ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʚʠʩʦʢʦʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʙʝʪʦʥʠ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʠʡ ʧʨʦʛʨʝʩ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [2, 11, 120]. ʊʘʢ, ʦʩʦʙʣʠʚʫ ʨʦʣʴ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʽ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʦʪʨʠʤʘʣʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ (ʉʋɹ), ʨʝʘʢʪʠʚʥʦ-ʧʦʨʦʰʢʦʚʠʭ 

ʙʝʪʦʥʽʚ (ʈʇɹ), ʱʦ ʚʽʜʢʨʠʚʘ ̒ʥʦʚʠʡ ʚʝʣʴʤʠ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʝʪʘʧ ʚ ʪʝʭʥʦʣʦʛʽʾ 

ʙʝʪʦʥʽʚ. ɺʣʘʩʥʝ, ʣʠʰʝ ʟ ʧʦʷʚʦʶ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʠʭ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ 

ʩʪʘʣʦ ʨʝʘʣʴʥʠʤ ʰʠʨʦʢʝ ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʙʝʪʦʥʽʚ ʥʦʚʦʾ ʛʝʥʝʨʘʮʽʾ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʦʙ'ʻʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʤʽʰʘʥʠʭ ʮʝʤʝʥʪʽʚ, ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, 

ʥʘʧʦʚʥʶʚʘʯʽʚ, ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ("ʟʝʣʝʥʠʭ" ʮʝʤʝʥʪʽʚ ʪʘ ʙʝʪʦʥʽʚ), 
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ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʪʘ ʽʥʰʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʶʪʴ ʘʜʩʦʨʙʮʽʡʥʫ 

ʟʜʘʪʥʽʩʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ. ʅʘ ʜʘʥʠʡ ʯʘʩ, ʨʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʦʚ ʫ 

ʩʚʽʪʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 150 ʪʠʩ. ʪ 

(ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ: ʩʫʤʘʨʥʝ ʩʧʦʞʠʚʘʥʥʷ ʇʅʉ ʽ ʇʄʉ - 550 ʪʠʩ. ʪ, ʘ 

ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʽʚ - 700 ʪʠʩ. ʪ), ʚ ʪʦʡ ʞʝ ʯʘʩ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʮʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʽʩʥʫʶʯʦʾ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ï ʮʝ ʪʽʣʴʢʠ ʧʦʯʘʪʢʦʚʘ ʩʪʘʜʽʷ ʾʭ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ.   

            ʈʝʟʝʨʚʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʤʽʮʥʦʩʪʽ ʧʦʣʷʛʘʶʪʴ ʫ ʟʤʝʥʰʝʥʥʽ ʤʽʞʟʝʨʥʦʚʦʾ ʪʘ ʢʘʧʽʣʷʨʥʦʾ 

ʧʦʨʠʩʪʦʩʪʽ, ʟʥʠʞʝʥʥʽ ʪʦʚʱʠʥʠ ʧʨʦʰʘʨʢʫ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʤʽʞ ʟʝʨʥʘʤʠ 

ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʧʦʛʣʠʙʣʝʥʥʽ ʧʨʦʮʝʩʽʚ ʛʽʜʨʘʪʘʮʽʾ. ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʧʨʦʪʽʢʘʥʥʷ 

ʨʝʘʢʮʽʡ, ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʰʚʠʜʢʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʫʚʘʪʠ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʜʦ 

ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʭ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʟʨʦʩʪʘʻ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ 

ʢʚʘʜʨʘʪʫ ʨʘʜʽʫʩʫ ʯʘʩʪʠʥʦʢ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪ ʤʝʭʘʥʽʯʥʦʾ 

ʘʢʪʠʚʘʮʽʾ, ʱʦ ʧʦʚ'ʷʟʘʥʠʡ ʟʽ ʟʤʽʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʪʘ 

ʯʘʩʪʢʦʚʦ ʟ ʜʝʬʦʨʤʘʮʽʻʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʨʠ 

ʧʽʜʚʝʜʝʥʥʽ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ. ʊʦʤʫ ʦʜʥʠʤ ʟ̔ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʦʤʫ 

ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʯʘʩ ʧʨʠʜʽʣʷʻʪʴʩʷ ʟʥʘʯʥʘ ʫʚʘʛʘ ʽ ʷʢʠʡ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ  

ʩʫʪʪʻʚʫ ʝʢʦʥʦʤʽʶ ʮʝʤʝʥʪʫ, ʻ ʟʙʽʣʴʰʝʥʥʷ ʪʦʥʠʥʠ ʡʦʛʦ ʨʦʟʤʝʣʝʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʽʚ [27, 41, 55, 67].  

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʽʥʪʝʥʩʠʬʽʢʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʪʚʝʨʜʥʝʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʢʦʨʶʚʘʣʴʥʠʭ 

ʜʦʜʘʪʢʽʚ. ɺ ʦʩʥʦʚʽ ʾʭ ʜʽʾ ʣʝʞʠʪʴ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʯʠʥʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʚôʷʞʫʯʦʛʦ 

ʪʘ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʡʦʛʦ ʛʽʜʨʘʪʘʮʽʾ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʽʦʥʥʦʾ ʩʠʣʠ ʨʦʟʯʠʥʫ. 

ʇʨʠʩʢʦʨʶʚʘʣʴʥʽ ʜʦʜʘʪʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʦʟʯʠʥʽ ʫ ʚʠʛʣʷʜʽ ʽʦʥʽʚ, ʜʽʶʪʴ ʥʘ 

ʚôʷʞʫʯʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʽ, ʪʦʙʪʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʚʠʥʠʢʥʝʥʥʷ 

ʟʘʨʦʜʢʽʚ ʘʙʦ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ. ʉʝʨʝʜ ʜʦʜʘʪʢʽʚ-ʧʨʠʩʢʦʨʶʚʘʯʽʚ 

ʙʘʛʘʪʦ ʪʘʢʠʭ, ʷʢʽ ʨʝʘʛʫʶʪʴ ʟ ʚôʷʞʫʯʠʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ ʦʙʤʽʥʫ ʚʠʜʽʣʷʻʪʴʩʷ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜ ʫ ʨʦʟʯʠʥ ʽ 
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ʧʽʜʚʠʱʫʻʪʴʩʷ ʨʦʟʯʠʥʥʽʩʪʴ ʩʠʣʽʢʘʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʮʝʤʝʥʪʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʛʝʣʝʡ ʛʽʜʨʦʢʩʠʜʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʽ ʢʘʣʴʮʽʶ. ʈʘʟʦʤ ʟ ʪʠʤ, 

ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʚʽʜʦʤʽ ʧʨʠʩʢʦʨʶʚʘʯʽ ʪʚʝʨʜʥʝʥʥʷ ʤʘʶʪʴ ʟʘʩʪʝʨʝʞʝʥʥʷ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ, ʫ ʟʚôʷʟʢʫ ʟ ʽʤʦʚʽʨʥʽʩʪʶ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ ʯʠ ʟʥʠʞʝʥʥʷʤ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʝʪʦʥʫ [ 4, 5, 16, 32, 45, 60, 81, 82].  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʜʘʪʢʽʚ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʤʧʣʝʢʩʥʽ ʜʦʙʘʚʢʠ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʾ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʽ ʧʦʻʜʥʘʥʥʷ ʇɸʈ, 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʪʘ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ [28, 51, 57, 68]. ʄʝʭʘʥʽʟʤ ʜʽʾ 

ʢʦʤʧʣʝʢʩʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʷʢʽ ʥʝ ʚʩʪʫʧʘʶʪʴ ʤʽʞ ʩʦʙʦʶ ʚ ʭʽʤʽʯʥʫ 

ʚʟʘʻʤʦʜʽʶ, ʧʦʷʩʥʶʻʪʴʩʷ ʜʽʻʶ ʾʭ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ, ʜʦʧʦʚʥʶʶʯʠ ʦʜʠʥ 

ʦʜʥʦʛʦ, ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʘʜʠʪʠʚʥʠʡ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʩʠʥʝʨʛʽʯʥʠʡ 

ʝʬʝʢʪʠ. ʋ ʩʢʣʘʜʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʚʽʜʽʛʨʘʻ 

ʧʝʚʥʫ ʨʦʣʴ: ʇɸʈ ʤʦʜʠʬʽʢʫʻ ʩʪʨʫʢʪʫʨʫ ʽ ʢʨʠʩʪʘʣʽʯʥʽ ʬʘʟʠ ʛʽʜʨʘʪʥʠʭ ʫʪʚʦʨʝʥʴ, 

ʘ ʜʦʜʘʪʢʠ-ʝʣʝʢʪʨʦʣʽʪʠ ʧʨʠʩʢʦʨʶʶʪʴ ʧʨʦʮʝʩʠ ʛʽʜʨʘʪʘʮʽʾ ʽ ʧʦʢʨʘʱʫʶʪʴ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʧʦʟʠʪʠʚʥʠʡ 

ʝʬʝʢʪ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʾ ʢʦʤʧʣʝʢʩʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ ʮʝʤʝʥʪʥʠʭ ʧʘʩʪ, ʘ ʧʽʟʥʽʰʝ ï ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ, 

ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ, ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ, ʟʥʠʞʫʻ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ, ʫʩʘʜʢʫ ʙʝʪʦʥʽʚ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʠʭ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʝʪʦʥʠ ʟ ʥʠʟʴʢʠʤʠ ɺ/ʎ ʽ ʦʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʫ 

ʤʽʮʥʽʩʪʴ (60...80 ʄʇʘ) ʙʽʣʴʰ ʧʨʦʩʪʦ, ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʰʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʡʦʤʽʚ, ʘ ʪʘʢʦʞ ʰʠʨʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʪʪʻʚʠʡ ʩʧʦʩʽʙ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʥʦʣʽʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ ʘʙʦ ʚʢʣʘʜʘʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʽʟ 

ʟʥʠʞʝʥʠʤ ɺ/ʎ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʦʪʢʦʯʘʩʥʦʾ ʚʽʙʨʘʮʽʾ, ʫʩʧʽʰʥʦ ʙʝʪʦʥʫʚʘʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʣʘʜʥʦʛʦ ʧʨʦʬʽʣʶ, ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ, 

ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʣʠʮʴʦʚʠʭ ʧʦʚʝʨʭʦʥʴ, ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʫ ʮʝʤʝʥʪʫ. ʇʨʠ 

ʮʴʦʤʫ 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 
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ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʷʢʽ ʟʘ ʨʘʭʫʥʦʢ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ 

ʧʦʜ̒ʥʘʥʥʷ ʩʧʨʠʯʠʥʷʶʪʴ ʙʽʣʴʰ, ʥʽʞ ʦʜʠʥ ʝʬʝʢʪ ʧʦʟʠʪʠʚʥʦʾ ʜʽʾ.  

ʈʦʟʨʦʙʣʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʾ ʢʦʥʮʝʧʮʽʾ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʪʘ  

ʝʢʦʣʦʛʽʯʥʠʭ ʙʝʪʦʥʽʚ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʪʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʦʧʪʠʤʽʟʦʚʘʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ ʧʨʠ ʩʫʪʪʻʚʦʤʫ ʟʤʝʥʰʝʥʥʽ ʚʤʽʩʪʫ ʚʠʩʦʢʦʝʥʝʨʛʦʻʤʥʦʾ 

ʢʣʽʥʢʝʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʝʨʰʠʪʠ ʚʽʜʦʤʽ ʘʥʘʣʦʛʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʽ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʚʠʚʯʝʥʥʷ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʩʪʘʥʦʚʣʝʥʽ 

ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʽʚ ʥʘ 

ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʢʦʤʧʣʝʢʩʥʠʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʚ ʨʦʙʦʪʘʭ ʥʝʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ ʧʨʠʜʽʣʝʥʦ ʚʧʣʠʚʫ ʭʽʤʽʯʥʠʭ 

ʜʦʜʘʪʢʽʚ ʥʘ ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ, 

ʱʦ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʨʽʟʥʽ ʚʠʜʠ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ 

Ăʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʡ ʢʣʽʥʢʝʨ ï ʛʽʧʩ - ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʽ ʤʘʪʝʨʽʘʣʠ ï 

ʩʫʧʝʨʣʘʩʪʠʬʽʢʘʪʦʨʠ ʥʦʚʦʾ ʛʝʥʝʨʘʮʽʾ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ï

ʧʨʠʩʢʦʨʶʚʘʯʽ ʪʚʝʨʜʥʝʥʥʷò ʤʘʻ ʚʘʞʣʠʚʝ ʪʝʦʨʝʪʠʯʥʝ ʪʘ  ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʽ 

ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ 

ʧʦʣʚʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ. 

 

 

1.4. ʊʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ  ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʥʘʫʢʦʚʘ ʛʽʧʦʪʝʟʘ 

 

 

ɸʥʘʣʽʟ ʧʨʦʙʣʝʤʠ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʉʆ2 ʚ ʮʝʤʝʥʪʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʋʢʨʘʾʥʽ ʟʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ 
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ʧʦʥʠʞʝʥʠʤ ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʦʤ. ʊʘʢʽ ʮʝʤʝʥʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʥʠʞʝʥʦʶ 

ʝʥʝʨʛʦʻʤʥʽʩʪʶ, ʢʨʽʤ ʮʴʦʛʦ ʧʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʪʘʢʽ ʪʝʭʥʽʯʥʽ 

ʧʝʨʝʚʘʛʠ ʷʢ ʙʽʣʴʰ ʥʠʟʴʢʘ ʪʝʧʣʦʪʘ ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʘ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ 

ʙʝʪʦʥʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʠʧʫ ɯɯ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʦʙʤʝʞʫʻ ʚʤʽʩʪ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ ʫ ʾʭ ʩʢʣʘʜʽ ʻ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʽʚ ʫ ʨʘʥʥʽ 

ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ.  

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ (ʃ.ʁ. ɼʚʦʨʢʽʥ, ɺ.ɯ. 

ɻʦʮ, ʇ.ɺ. ʂʨʠʚʝʥʢʦ, ʂ.ʂ. ʇʫʰʢʘʨʴʦʚʘ, ʈ.ʌ. ʈʫʥʦʚʘ, ʄ.ɸ. ʉʘʥʠʮʴʢʠʡ,         

ʍ.ʉ. ʉʦʙʦʣʴ, ɸ. ɻʘʨʙʘʮʽʢ, ɿ. ɻʝʨʛʽʯʥʠ, ʍ. ʃʶʜʚʠʛ, ɻ.ɯ. ʆʚʯʘʨʝʥʢʦ, ʍ. ʊʝʡʣʦʨ,        

ʉ. ʍʣʘʜʟʠʥʴʩʢʽ, ʄ. ʐʥʘʡʜʝʨ) ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʫ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʧʝʨʝʜʙʘʯʘʻ ʦʧʪʠʤʘʣʴʥʝ ʢʦʤʙʽʥʫʚʘʥʥʷ 

ʢʣʽʥʢʝʨʫ, ʘʢʪʠʚʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʪʘ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʚ 

ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʚôʷʞʫʯʦʛʦ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ.  

ʇʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʽʚ ʧʦʣʽ-

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʘʪʦʨʽʚ  ̔ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʽʚ (ʖ.ʄ. ɹʘʞʝʥʦʚ,               

ɺ.ɻ. ɹʘʪʨʘʢʦʚ, ɯ.ɺ. ɹʘʨʘʙʘʰ, ɺ.ʄ. ɺʠʨʦʚʦʡ, ʉ.ɺ. ʂʦʚʘʣʴ, ɸ. ʅʝʚʽʣʴ,            

ɸ.ɸ. ʇʣʫʛʽʥ, ʉ.ʁ. ʉʦʣʦʜʢʠʡ, ɺ.ʇ. ʉʦʧʦʚ, ʉ.ʄ. ʊʦʣʤʘʯʝʚ, ʆ.ɺ. ʋʰʝʨʦʚ-

ʄʘʨʰʘʢ, ʃ.ʆ. ʐʝʡʥʽʯ, ɺ. ʂʫʨʜʦʚʩʢʽ, ʗ. ʄʘʣʦʣʝʧʰʠ, ʁ. ʐʪʘʨʢ). 

ʈʘʮʽʦʥʘʣʴʥʠʤ ʚʠʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʪʝʭʥʦʣʦʛʽʯʥʦ 

ʦʧʪʠʤʽʟʦʚʘʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ ʜʝʢʽʣʴʢʦʤʘ ʦʩʥʦʚʥʠʤʠ ʩʢʣʘʜʥʠʢʘʤʠ. 

ʉʪʨʘʪʝʛʽʷ ʪʘʢʦʛʦ ʨʦʟʚʠʪʢʫ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʢʦʤʙʽʥʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʉʆ2 

ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʦʧʪʠʤʽʟʘʮʽʶ ʚʣʘʩʪʠʚʦʩʪʝʡ 

(ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʽʩʪʴ, ʩʪʘʥʜʘʨʪʥʘ ʪʘ ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ, ʚʘʨʪʽʩʪʴ, ʚʧʣʠʚ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ). ɯʥʥʦʚʘʮʽʡʥʠʤ ʚôʷʞʫʯʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟ ʧʦʻʜʥʘʥʥʷʤ 

ʚʠʱʝʚʢʘʟʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ ʚʠʩʦʢʦʶ 
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ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʪʠʧʫ CEM II /B-M 42,5 R (ʇʎ ɯɯ/ɹ-ʂ-500ʈ-ʅ) ʪʘ 

ʧʦʥʠʞʝʥʠʤ ʜʦ 65% ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʦʤ.  

ɺʧʨʦʚʘʜʞʝʥʥʷ ʟʘʩʘʜ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʜʣʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʟʥʘʯʥʦ  ʁ ʤʽʨʦ  ʁ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʧʦʙʫʜʦʚʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʤʫʣʴʪʠʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ 

ʦʧʪʠʤʽʟʦʚʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ ʧʨʠ ʩʫʪʪʻʚʦʤʫ ʟʤʝʥʰʝʥʥʽ 

ʚʤʽʩʪʫ ʚʠʩʦʢʦʝʥʝʨʛʦʻʤʥʦʾ ʢʣʽʥʢʝʨʥʦʾ ʩʢʣʘʜʦʚʦʾ. ʇʨʠ ʮʴʦʤʫ ʦʜʥʠʤ ʟ ʙʘʟʦʚʠʭ 

ʧʨʠʥʮʠʧʽʚ ʩʪʚʦʨʝʥʥʷ ʙʝʪʦʥʽʚ ʚʠʩʦʢʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʮʝʤʝʥʪʽʚ ʻ ʾʭ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʠʤʠ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ. 

ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚ ʦʙʣʘʩʪʽ ʭʽʤʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʮʝʤʝʥʪʽʚ ʽ 

ʙʝʪʦʥʽʚ ʜʦʟʚʦʣʷʻ ʚʠʩʫʥʫʪʠ ʥʘʫʢʦʚʫ ʛʽʧʦʪʝʟʫ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ  ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ 

ʧʦʻʜʥʘʥʥʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʘʢʪʠʚʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ  ̔

ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʽʚ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ ʨʘʟʦʤ ʟ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ, ʱʦ ʩʧʨʠʷʻ ʦʜʝʨʞʘʥʥʶ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʧʨʦʝʢʪʦʚʘʥʠʡ ʢʣʘʩ ʤʽʮʥʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʧʦʢʨʘʱʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ. 
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ʈʆɿɼɯʃ 2. ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʄɸʊɽʈɯɸʃɯɺ ɯ ʄɽʊʆɼʀ 

ɼʆʉʃɯɼɾɽʅʔ 

 

 

2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʽʘʣʽʚ 

 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʯʠʩʪʦʢʣʽʥʢʝʨʥʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ   

ʇʎ ɯ-500ʈ-ʅ  ʪʘ ʰʣʘʢʦʚʤʽʩʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʇʎ ɯɯ/ɸ-ʐ-500ʈ-ʅ,              

ʇʎ ɯɯ/ɸ-ʐ-400ʈ-ʅ ʪʘ ʇʎ ɯɯ/ɹ-ʐ-400ʈ-ʅ ʇʨɸʊ ñɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò. 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.1.  

  ʊʘʙʣʠʮʷ 2.1 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ  

ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè 

ʊʠʧ ʮʝʤʝʥʪʫ 
Sʧʠʪ., 

 ʤ
2
/ʢʛ 

ɸ008, 

% 

ʅɻʊ, 

% 

ʊʝʨʤʽʥʠ 

ʪʫʞʘʚʽʥʥʷ,  

ʛʦʜ-ʭʚ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ, ʄʇʘ,  

 

ʧʦʯ. ʢ̔ ʥ. 2 7 28 

ʇʎ ɯ-500ʈ-ʅ 350 0,1 29,5 150 230 30,4 42,3 56,5 

ʇʎ ɯɯ/ɸ-ʐ-500ʈ-ʅ 340 1,6 29,5 190 260 27,5 38,1 52,9 

ʇʎ ɯɯ/ɸ-ʐ-400ʈ-ʅ 330 1,6 29,0 210 270 24,3 35,1 46,8 

ʇʎ ɯɯ/ɹ-ʐ-400ʈ-ʅ 310 2,8 27,5 200 280 16,7 32,6 41,6 

 

ʄʫʣʴʪʠʤʦʜʘʣʴʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ ʨʦʟʨʦʙʣʷʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʇʨɸʊ 

çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè ʥʦʨʤʦʚʘʥʦʛʦ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʭʽʤʽʯʥʠʡ ʽ 

ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜʠ ʷʢʦʛʦ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.2, 2.3. ʇʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʡ 

ʢʣʽʥʢʝʨ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʘʢʪʠʚʥʽʩʪʶ (52-54 ʄʇʘ), ʱʦ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʨʦʚʠʥʥʦʶ ʙʘʟʦʶ ʜʣʷ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (30-40% ʤʝʨʛʝʣʴ-

ʥʘʪʫʨʘʣ), ʣʝʛʢʠʤ ʩʧʽʢʘʥʥʷʤ ʩʫʤʽʰʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʘʣʽʪʦʚʦʾ ʬʘʟʠ ʫ ʚʠʛʣʷʜʽ 

ʧʝʨʝʚʘʞʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʨʽʙʥʠʭ ʢʨʠʩʪʘʣʽʚ ʨʦʟʤʽʨʦʤ 15-20 ʤʢʤ ʟ 
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ʪʦʥʢʦʨʦʟʧʦʜʽʣʝʥʦʾ ʤʘʪʨʠʮʽ ʢʣʽʥʢʝʨʥʠʭ ʬʘʟ C3A ʽ C4AF ʪʘ ʩʪʚʦʨʶʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʪʘ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ʇʎ ɯ-500ʈ-ʅ ʧʦʢʘʟʘʥ ̔ʥʘ ʨʠʩ. 2.1. 

ʊʘʙʣʠʮʷ 2.2 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ  

ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè 

ɺʤʽʩʪ ʦʢʩʠʜʽʚ, ʤʘʩ. % 

SiO2 Al 2O3 Fe2O3 CaO MgO SO3 R2O LOI 

20,84 5,12 3,99 66,69 0,78 0,87 0,78 0,97 

                       ʊʘʙʣʠʮʷ 2.3 

ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʢʣʽʥʢʝʨʫ  

                                                                                        

ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ 

ʩʢʣʘʜ 
ɿʥʘʯʝʥʥʷ, 

% 
ʉ3S 60,91 
C2S 13,62 

C3A 6,39 

C4AF 12,57 

ʉʘʆʚ 2,14 

ʈʽʜʢʘ ʬʘʟʘ 26,29 

                                                                                                                 ʘ 

 

                       ʙ                                                   ʚ 

ʈʠʩ. 2.1. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʢʣʽʥʢʝʨʫ (ʘ)  ʪʘ ʧʦʨʦʰʢʫ (ʙ) ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ʇʎ ɯ-500ʈ-ʅ,  ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ (ʚ) 
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ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʽ ʤʘʪʝʨʽʘʣʠ (ʎɿʄ) ʛʽʜʨʘʚʣʽʯʥʦʾ 

(ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ), ʧʫʮʦʣʘʥʽʯʥʦʾ (ʧʨʠʨʦʜʥʽʡ ʮʝʦʣʽʪ) ʜʽʾ ʪʘ 

ʢʘʨʙʦʥʘʪʥʠʡ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯ ï ʚʘʧʥʷʢ [21-23].  

ɺ ʷʢʦʩʪʽ ʎɿʄ ʛʽʜʨʘʚʣʽʯʥʦʾ ʜʽʾ ʟʘʩʪʦʩʦʚʘʥʦ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ 

ʰʣʘʢ (ɻɼʐ) ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʙʽʥʘʪʫ "ArcelorMittal 

ʂʨʠʚʠʡ ʈʽʛ" (ʚʤʽʩʪ ʉʘʆ, SiO2, Al2O3, Fe2O3 ï 93,94 ʤʘʩ.%). ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ɻɼʐ ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣ. 2.4. 

ʊʘʙʣʠʮʷ 2.4 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ɻɼʐ 

ɺʤʽʩʪ ʦʢʩʠʜʽʚ, % ʤʘʩ. 

SiO2 Al 2O3 Fe2O3 CaO MgO SO3 K2O Na2O Cl Mʦʩʥ Mʘʢʪ 

39,17 6,89 0,42 47,46 2,90 1,28 0,33 0,35 0,04 1,09 0,17 

 

ʗʢ ʎɿʄ ʧʫʮʦʣʘʥʽʯʥʦʾ ʜʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ ʉʦʢʠʨʥʠʮʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ. ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʚʢʣʶʯʘʻ ï ʢʣʠʥʦʧʪʠʣʦʣʽʪ (58,9 %), ʢʚʘʨʮ 

(29 %) ʪʘ ʽʥʰʽ ʬʘʟʠ (12,1 %). ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ           

(ʨʠʩ. 2.2, ʘ), ʤʽʥʝʨʘʣʴʥʠʤʠ ʬʘʟʘʤʠ ʮʝʦʣʽʪʠʟʦʚʘʥʠʭ ʪʫʬʽʚ ʻ ʢʣʠʥʦʧʪʠʣʦʣʽʪ 

(d/n=0,424; 0,334; 0,245; 0,228 ʥʤ), ʛʽʜʨʦʩʣʶʜʘ (d/n=0,98; 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). ʗʢ ʧʦʢʘʟʫʻ ʪʝʨʤʽʯʥʠʡ 

ʘʥʘʣʽʟ (ʨʠʩ. 2.2, ʙ), ʜʣʷ ʮʝʦʣʽʪʫ 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 ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

600-800 Áʉ, ʚ.ʧ.ʧ.=12%, ʚʤʽʩʪ ʉʘʉʆ3 ʩʢʣʘʜʘʻ 11,3 %. ɿ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʚʠʜʥʦ 

 (ʨʠʩ. 2.2, ʚ), ʱʦ ʜʣʷ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ ʭʘʨʘʢʪʝʨʥʽ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʽ ʘʛʨʝʛʘʪʠ, 

ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʣʫʩʢʦʧʦʜʽʙʥʠʭ ʢʨʠʩʪʘʣʽʚ ʨʦʟʤʽʨʦʤ 0,5é1 ʤʢʤ.  
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ʈʠʩ. 2.2. ʌʘʟʦʚʠʡ ʩʢʣʘʜ (ʘ), ʜʝʨʠʚʘʪʦʛʨʘʤʘ (ʙ) ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʚ) 

ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ 

 

ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʟʦʣʫ ʚʠʥʝʩʝʥʥʷ 

ɹʫʨʰʪʠʥʩʴʢʦʾ ʊɽʉ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.5. 

ʊʘʙʣʠʮʷ 2.5 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʦʣʠ ʚʠʥʝʩʝʥʥʷ 

ɺʤʽʩʪ ʦʢʩʠʜʽʚ, ʤʘʩ. % 

AI
2
O

3
 CaO Fe

2
O

3
 SiO

2
 K

2
O MgO Na

2
O SO

3
 LOE 

24,08 2,23 12,17 53,18 2,57 2,01 0,61 1,02 2,13 

 

ɺ ʷʢʦʩʪʽ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚʠʢʦʨʠʩʪʘʥʦ ʚʘʧʥʷʢ 

ɼʫʙʽʚʝʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʟ ʚʤʽʩʪʦʤ 95 ʤʘʩ.% ʉʘʉʆ3.  ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʘʧʥʷʢʫ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.6. ɺʘʧʥʷʢ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʩʘʜʦʚʠʭ, ʤʦʥʦʤʽʥʝʨʘʣʴʥʠʭ 
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ʧʦʨ̔ʜ ʥʘ ʦʩʥʦʚʽ ʢʘʣʴʮʽʶ ʢʘʨʙʦʥʘʪʫ ʫ ʬʦʨʤʽ ʢʨʠʩʪʘʣʽʚ ʢʘʣʴʮʠʪʫ ʨʽʟʥʦʛʦ 

ʨʦʟʤʽʨʫ ʪʘ ʜʦʤʽʰʦʢ (ʨʠʩ. 2.3).  

ʊʘʙʣʠʮʷ 2.6 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʘʧʥʷʢʫ 

ɺʤʽʩʪ ʦʢʩʠʜʽʚ, ʤʘʩ. % 

SiO2 Al 2O3 Fe2O3 CaO MgO SO3 K2O Na2O Cl LOI 

6,708 2,144 0,314 49,863 0,380 0,144 0,319 0 0 40,128 

 

 

 

 

ʘ ʙ 

ʈʠʩ. 2.3. ɼʠʬʨʘʢʪʦʛʨʘʤʘ (ʘ) ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʙ) ʚʘʧʥʷʢʫ 

 

ɼʣʷ ʩʪʘʥʜʘʨʪʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʤʽʮʥʦʩʪʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʧʦʨʪʣʘʥʮʝʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʤʦʥʦ- ʪʘ ʧʦʣʽʬʨʘʢʮʽʡʥ ̔ ʩʪʘʥʜʘʨʪʥ ̔

ʧʽʩʢʠ. ɿʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-185 ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠʨʦʜʥʠʡ ʢʚʘʨʮʦʚʠʡ 

ʤʦʥʦʬʨʘʢʮʽʡʥʠʡ ʧʽʩʦʢ ɻʫʩʘʨʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ (ʍʘʨʢʽʚʩʴʢʘ ʦʙʣ.) ʟ 

ʥʦʨʤʦʚʘʥʠʤ ʭʽʤʽʯʥʠʤ ʽ ʟʝʨʥʦʚʠʤ ʩʢʣʘʜʦʤ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʫ 

ʟʛʽʜʥʦ ʟ ɼʉʊʋ EN 196-3:2015 ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʠʡ CEN-ʧʽʩʦʢ. 

ɿʛʽʜʥʦ ʥʦʨʤʘʪʠʚʥʦʾ ʩʧʝʮʠʬʽʢʘʮʽʾ Normensand GmbH CEN-ʧʽʩʦʢ ʻ ʧʨʠʨʦʜʥʠʤ 

ʢʚʘʨʮʦʚʠʤ ʧʽʩʢʦʤ ʟ ʦʢʨʫʛʣʦʶ ʧʦʚʝʨʭʥʝʶ ʟʝʨʝʥ ʪʘ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ ʩʠʣʮ̔ʽʡ 

ʜ̔ʦʢʩʠʜʫ ʥʝ ʤʝʥʰʝ ʥʽʞ 98%. ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʉEN-ʧʽʩʢʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 2.7. 
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ʊʘʙʣʠʮʷ 2.7 

ɿʘʣʠʰʢʠ ʥʘ ʩʠʪʘʭ ʝʪʘʣʦʥʥʦʛʦ CEN-ʧʽʩʢʫ ʟʛʽʜʥʦ ʟ EN 196-1 

ʈʦʟʤʽʨʠ ʢʚʘʜʨʘʪʥʠʭ ʦʪʚʦʨʽʚ 

ʩʠʪʘ (ʤʤ)  
2,00 1,60 1,00 0,50 0,16 0,08 

ɺʠʤʦʛʠ ʜʦ ʟʘʣʠʰʢʫ ʥʘ ʩʠʪʽ, % 0 7 Ñ5 33 Ñ5 67 Ñ5 87 Ñ5 99 Ñ1 

 

ɼʨʽʙʥʠʤʠ ʟʘʧʦʚʥʶʚʘʯʘʤʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ 

ʩʣʫʞʠʣʠ ʧʽʩʢʠ ɾʦʚʢʽʚʩʴʢʦʛʦ ʪʘ ʈʦʛʘʪʠʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱ, ʘ ʪʘʢʦʞ ʧʽʩʦʢ 

ʢʘʨôʻʨʫ ʇʦʙʝʨʝʞʞʷ. ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʢʚʘʨʮʦʚʠʭ ʧʽʩʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.8.   

ʊʘʙʣʠʮʷ 2.8 

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʽʩʢʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʘ 

ʆʜʠʥʠʮ ̔

ʚʠʤʽʨʶ-

ʚʘʥʥʷ 

ɺʠʤʦʛʠ  

ɼʉʊʋ ɹ 

ɺ.2.7-32 

ʈʦʜʦʚʠʱʝ, ʟʥʘʯʝʥʥʷ  

ʈʦʛʘʪʠʥʩʴʢʝ ɾʦʚʢʽʚʩʴʢʝ ʇʦʙʝʨʝʞʞʷ 

ʄʦʜʫʣʴ ʢʨʫʧʥʦʩʪʽ 

(ʄʂ ) 

 

 

1,0-4,0 
(ʜʣʷ ʙʝʪʦʥʫ 

ʱʽʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ 

1,6-3,15) 

 

1,2 

 

1,83 

 

2,7 

ɯʩʪʠʥʥʘ ʛʫʩʪʠʥʘ 

ʅʘʩʠʧʥʘ ʛʫʩʪʠʥʘ 

ʛ/ʩʤ
3 

ʢʛ/ʤ
3 

2,0-2,8 

ʥʝ ʤʝʥʰʝ 

1100 

2,64 

 

1360 

2,64 

 

1420 

2,64 

 

1580 

ʇʦʨʦʞʥʠʩʪʽʩʪʴ % - 48,4 46,2 40,2 

ɺʤʽʩʪ ʧʠʣʦʚʠʜʥʠʭ 

ʽ ʛʣʠʥʠʩʪʠʭ ʯʘʩʪʦʢ 
ʤʘʩ.% ʥʝ ʙʽʣʴʰʝ 3,0 1,4 1,9 2,1 

 

ʗʢ ʢʨʫʧʥʠʡ ʟʘʧʦʚʥʶʚʘʯ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʛʨʘʥʽʪʥʠʡ ʱʝʙʽʥʴ 

ɺʽʨʦʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʬʨʘʢʮʽʾ 10-20 ʤʤ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʧʠʣʫʚʘʪʠʭ ʽ 

ʛʣʠʥʠʩʪʠʭ ʯʘʩʪʠʥʦʢ (0,8%). ɿʛ̔ʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻ  ʁʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ 

ʱʦʜʦ ʛʫʩʪʠʥʠ (ɼʉʊʋ ɹ ɺ.2.7-74-98), ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʛʨʘʥʽʪʥʠʡ ʱʝʙʽʥʴ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʱʽʣʴʥʠʭ, ʟʘ ʛʨʫʧʦʶ ʧʦ ʛʫʩʪʠʥʽ ï ʜʦ ʚʘʞʢʠʭ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ  ʛʨʘʥʽʪʥʦʛʦ  ʱʝʙʝʥʶ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 2.9. ɿʘ ʚʢʘʟʘʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʜʘʥʠʡ ʱʝʙʽʥʴ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ɼʉʊʋ ɹ ɺ.2.7-75-98  ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʘʞʢʠʭ ʙʝʪʦʥʽʚ [82]. 
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ʊʘʙʣʠʮʷ 2.9 

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʱʝʙʝʥʶ  

ʅʘʟʚʘ ʧʦʢʘʟʥʠʢʘ 

ʷʢʦʩʪʽ 

ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ʅʦʨʤʘʪʠʚʥʝ 

ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ 

ʌʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ 

ɿʝʨʥʦʚʠʡ ʩʢʣʘʜ: 

d - 5 

0,5(d+D) ï 12,5 ʤʤ 

D ï 20 ʤʤ 

1,25D ï 25 ʤʤ 

 

% 

% 

% 

% 

 

90-100 

30-80 

ɼʦ 10 ʚʢʣ. 

ɼʦ 0,5 ʚʢʣ. 

 

98,9 

56,5 

9,0 

11,25 

ɺʤʽʩʪ ʧʠʣʦʚʠʜʥʠʭ ʽ 

ʛʣʠʥʠʩʪʠʭ ʯʘʩʪʠʥʦʢ 
% 

 

ʥʝ ʙʽʣʴʰʝ 1 
0,8 

ɺʤʽʩʪ ʛʣʠʥʠ ʚ 

ʛʨʫʜʢʘʭ 
% 

 

ʥʝ ʙʽʣʴʰʝ 0,25 
0 

ʅʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ʢʛ/ʤ
3 

ʜʣʷ ʱʽʣʴʥʠʭ 

ʚʘʞʢʠʭ ï ʙʽʣʴʰʝ 

1100 ʜʦ 1550 ʚʢʣ. 

1440 

ɺʤʽʩʪ ʟʝʨʝʥ 

ʧʣʘʩʪʠʥʯʘʪʦʾ 

(ʣʝʱʘʜʥʦʾ) ʪʘ 

ʛʦʣʯʘʪʦʾ ʬʦʨʤʠ 

% ʥʝ ʙʽʣʴʰʝ 35 12,0 

ʄʘʨʢʘ ʟʘ ʜʨʦʙʠʤʽʩʪʶ - - 1200 

 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʪʘ ʙʝʪʦʥʽʚ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʠʬʽʢʘʪʦʨʠ: ʃʉʊ, Vianmix 38, Master Glenium
È
 ACE 430 

(BASF), ProconPave ʪʘ MasterPozzolith
È
 501 HE (BASF). ʍʽʤʽʯʥʫ ʜʦʙʘʚʢʫ 

ʧʣʘʩʪʠʬʽʢʫʶʯʦʾ ʛʨʫʧʠ Vianmix 38 ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʽʚ 

ʪʝʭʥʽʯʥʠʭ (ʤʘʛʥʽʻʚʦʾ ʩʦʣʽ ʣʽʛʥʦʩʫʣʴʬʦʥʦʚʦʾ ʢʠʩʣʦʪʠ) ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʪʘ ʙʝʪʦʥʽʚ. ʊʝʭʥʽʯʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʠʬʽʢʘʪʦʨʘ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 2.10. 

 MasterGlenium
È 

ACE 430 (PCE) ï ʚʠʩʦʢʦʚʦʜʦʨʝʜʫʢʫʶʯʘ 

(ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʫʶʯʘ) ʜʦʙʘʚʢʘ ʥʘ ʦʩʥʦʚʽ ʝʬʽʨʫ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʫ ʥʦʚʦʾ 

ʛʝʥʝʨʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴ ʘʢʪʠʚʥʽ ʛʨʫʧʠ ʆʅ, -ʉʆʆ, ʉʅʆ, -ʉ=ʆ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

MasterGlenium
È 

ACE 430 ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʫ ʮʝʤʝʥʪʫ ʚ ʙʝʪʦʥʘʭ ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʝʦʙʭʽʜʥʦʾ 

ʨʫʭʣʠʚʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʽ (ʘʙʦ) ʪʝʤʧʝʨʘʪʫʨʫ 
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ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʽ ʟʥʘʯʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ. ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ 

ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 2.11. ʄʝʭʘʥʽʟʤ ʡʦʛʦ ʜʽʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.4 [127]. 

ʊʘʙʣʠʮʷ 2.10 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʠʬʢ̔ʘʪʦʨʘ Vianmix  38 

ʇʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ 

ɻʫʩʪʠʥʘ, ʢʛ/ʤ
3
 1190  20 

pH 4,0 ï 6,0 

ʉʫʭʘ ʨʝʯʦʚʠʥʘ,% 38  2,0 

ɺʤʽʩʪ ʽʦʥʽʚ Clľ  0,10% 

ɺʤʽʩʪ ʣʫʛʽʚ Na2O   1,5% 

ʈʝʜʫʢʫʶʯʽ ʨʝʯʦʚʠʥʠ,% 10 Ñ 2,5 

 

ʊʘʙʣʠʮʷ 2.11 

ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ MasterGlenium ACE 430   

ʉʢʣʘʜ 

ʜʦʙʘʚʢʠ 

ʂʦʣʽʨ ɻʫʩʪʠʥʘ ʧʨʠ 

20 ʉ, ʢʛ/ʣ
 

ɺʤʽʩʪ 

ʭʣʦʨʠʜʽʚ, 

ʤʘʩ.%  

(EN 480-10) 

ɺʤʽʩʪ ʣʫʛʽʚ, 

ʤʘʩ.%  

( EN 480-12) 

ʇʦʣʽʢʘʨʙʦʢʩʠ-

ʣʘʪʥʽ ʝʬʽʨʠ 

ʉʚʽʪʣʦ 

ʢʦʨʠʯʥʝʚʠʡ 
1,04-1,08 <  0,1 < 3,0 

 

 

  

ʈʠʩ. 2.4. ʄʝʭʘʥʽʟʤ ʜʽʾ ʜʦʙʘʚʢʠ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ 
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ʗʢ  ʧʨʦʪʠʤʦʨʦʟʥʫ ʜʦʙʘʚʢʫ ʜʣʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʚ ʫʤʦʚʘʭ 

ʧʦʥʠʞʝʥʠʭ ʜʦʜʘʪʥʠʭ ʽ ʚʽʜ`ʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

MasterPozzolith 501 HE ʥʘ ʦʩʥʦʚʽ ʥʽʪʨʘʪʫ ʢʘʣʴʮʽʶ. MasterPozzolith 501 HE 

ʜʦʟʚʦʣʷʻ ʧʦʧʝʨʝʜʠʪʠ ʟʘʤʝʨʟʘʥʥʷ (ʜʦ -30 
0
ʉ) ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʧʽʜ ʯʘʩ ʾʾ 

ʧʝʨʝʚʝʟʝʥʥʷ, ʘ ʪʘʢʦʞ ʙʝʪʦʥʫʚʘʥʥ ̫ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦ 

ʧʦʯʘʪʢʫ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ ʘʙʦ ʚʠʪʨʠʤʫʚʘʥʥʷ ʤʝʪʦʜʦʤ çʪʝʨʤʦʩʘè.  ʐʚʠʜʢʘ 

ʢʽʥʝʪʠʢʘ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʯʘʩ ʧʨʦʛʨʽʚʘʥʥʷ ʽ ʦʙʦʨʦʪʥʽʩʪʴ 

ʦʧʘʣʫʙʢʠ. ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʙʘʚʢʠ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 2.12. ʇʦʢʘʟʥʠʢʠ 

ʨʅ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 2.13. 

ʊʘʙʣʠʮʷ 2.12 

ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʪʠʤʦʨʦʟʥʦʾ ʜʦʙʘʚʢʠ MasterPozzolith 501 HE  

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 
ɻʫʩʪʠʥʘ ʧʨʠ 

20 ʉ, ʢʛ/ʣ
 

ɺʤʽʩʪ ʭʣʦʨʠʜʽʚ, 

ʤʘʩ.%  

(EN 480-10) 

ɺʤʽʩʪ ʣʫʛʽʚ, 

ʤʘʩ.%  

( EN 480-12) 

ʇʨʦʟʦʨʘ ʦʜʥʦʨʽʜʥʘ 

ʨʽʜʠʥʘ 
1,45-1,5 <  0,1 < 10,0 

ʊʘʙʣʠʮʷ 2.13 

ʇʦʢʘʟʥʠʢʠ ʨʅ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ 

ʇʦʢʘʟʥʠʢ Vianmix 38
 MasterGlenium 

ACE 430   

MasterPozzolith 

501 HE 

pH 7,91 5,12 5,02 

 

2.2. ʌiʟʠʢʦ-ʤʝʭʘʥiʯʥi ʚʠʧʨʦʙʫʚʘʥʥʷ 

 

ʉʪʘʥʜʘʨʪʥʽ (ʬʽʟʠʯʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ) ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʟʤʽʰʘʥʠʭ ʧʦʜʚʽʡʥʠʭ, 

ʧʦʨʪʨʽʡʥʠʭ, ʯʝʪʚʝʨʪʠʥʥʠʭ ʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʡ̔ʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ.ɺ. 2.7-185:2009,                  

ɼʉʊʋ ɹ.ɺ. 2.7-186:2009,  ɼʉʊʋ ɹ.ɺ. 2.7-187:2009,  ɼʉʊʋ ɹ.ɺ. 2.7-188:2009 

ʪʘ ɼʉʊʋ ɹ EN 196-1:2015, ɼʉʊʋ ɹ EN 196-3:2015, ɼʉʊʋ ɹ EN 196-6:2015, 

ʱʦ ʚʢʣʶʯʘʣʠ ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʦʪʠ, ʪʝʨʤʽʥʽʚ ʪʫʞʘʚʽʥʥʷ, 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʦʙôʻʤʫ, ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ, ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ  ̔ʩʪʠʩʢ, ʪʦʥʠʥʠ 

ʧʦʤʝʣʫ.  
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ɺʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟʛʽʜʥʦ ʟ ɼʉʊʋ EN 196-1:2015 

ʚʢʣʶʯʘʻ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ  ̔ ʩʪʠʩʢ ʟʨʘʟʢʽʚ-ʧʨʠʟʤ ʨʦʟʤʽʨʘʤʠ          

40 ʤʤ Ĭ 40 ʤʤ Ĭ 160 ʤʤ, ʱʦ ʛʦʪʫʚʘʣʠ ʟ ʮʝʤʝʥʪʥʦʛʦ ʨʦʟʯʠʥʫ ʧʣʘʩʪʠʯʥʦʾ 

ʢʦʥʩʠʩʪʝʥʮʽʾ (ʚʦʜʦʮʝʤʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ 0,50), ʷʢʠʡ ʤʽʩʪʠʪʴ ʦʜʥʫ ʯʘʩʪʠʥʫ 

ʮʝʤʝʥʪʫ, ʪʨʠ ʯʘʩʪʠʥʠ ʩʪʘʥʜʘʨʪʥʦʛʦ CEN-ʧʽʩʢʫ ʟʘ ʤʘʩʦʶ. ɺʠʧʨʦʙʫʚʘʥʥʷ 

ʟʨʘʟʢʽʚ-ʧʨʠʟʤ ʥʘ ʟʛʠʥ ʽ ʩʪʠʩʢ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʦʛʦ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʨʝʩʫ ʥʘ ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè (ʨʠʩ. 2.5, ʘ, ʙ). 

  

ʘ ʙ 

ʈʠʩ. 2.5. ʉʫʯʘʩʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʨʝʩ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʛʨʘʥʠʮʽ 

ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ (ʘ) ʽ ʩʪʠʩʢ (ʙ) ʮʝʤʝʥʪʥʠʭ ʟʨʘʟʢʽʚ 

 

ɿʘʛʘʣʴʥʘ ʧʨʠʜʘʪʥʽʩʪʴ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʘ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-46:2010 ʪʘ ɼʉʊʋ ɹ EN 

197-1:2015 [75, 76]. ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʨʝʮʝʧʪʫʨʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʝʬʝʢʪʽʚ ʚʟʘʻʤʦʜʽʾ ʎɿʄ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɹʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʯʠʥʥʦʾ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦ ʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ɼʝʬʦʨʤʘʮʽʾ ʫʩʘʜʢʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ʖ.ʄ. ɹʫʪʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ʟ ʽʥʜʠʢʘʪʦʨʦʤ ʧʨʠ ʪʚʝʨʜʥʝʥʥʽ ʟʨʘʟʢʽʚ.  

ʇʦʢʘʟʥʠʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʧʨʠʜʘʪʥʦʩʪʽ  

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʪʘ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 
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ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʚʠʟʥʘʯʘʣʠ 

ʟʛʽʜʥʦ ʜʝʨʞʘʚʥʠʭ ʽ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ. ɿʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-114-2002 

ʚʠʟʥʘʯʘʣʠ ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʽʩʪʴ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ, ʱʦ 

ʦʮʽʥʶʚʘʣʠ ʧʦʢʘʟʥʠʢʦʤ ʨʫʭʦʤʦʩʪʽ ʟʘ ʦʩʽʜʘʥʥʷʤ ʢʦʥʫʩʘ; ʩʝʨʝʜʥʶ ʛʫʩʪʠʥʫ; 

ʨʦʟʰʘʨʦʚʫʚʘʥʽʩʪʴ, ʷʢʫ ʦʮʽʥʶʚʘʣʠ ʧʦʢʘʟʥʠʢʘʤʠ ʨʦʟʯʠʥʦʚʽʜʜʽʣʝʥʥʷ ʽ 

ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʦʪʨʠʤʘʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʯʘʩʽ. ʄʦʜʠʬʽʢʦʚʘʥʽ 

ʙʝʪʦʥʥʽ ʩʫʤʽʰʽ ʚʽʜʧʦʚʽʜʘʣʠ ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ ʱʦʜʦ ʢʦʥʩʠʩʪʝʥʮʽʾ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʪ.ʧ. ʉʢʣʘʜ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

ʟʘʙʝʟʧʝʯʫʚʘʚ ʤʽʥʽʤʘʣʴʥʝ ʾʾ ʨʦʟʰʘʨʫʚʘʥʥʷ ʽ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ. 

ʇʦʚʽʪʨʦʚʪʷʛʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ʬʽʨʤʠ ñTESTINGò.  

ʄʽʮʥ̔ʩʪɹ ʥʘ ʩʪʠʩʢ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚʠʟʥʘʯʘʣʠ ʥʘ ʟʨʘʟʢʘʭ ʢʫʙʽʯʥʦʾ ʬʦʨʤʠ  

(ʜʦʚʞʠʥʘ ʨʝʙʨʘ 100 ʤʤ) ʯʝʨʝʟ 2, 28, 180 ʪʘ 365 ʜʽʙ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-

214:2009.  ɺʠʟʥʘʯʝʥʥʷ ʧʨʠʟʤʦʚʦʾ ʤʽʮʥʦʩʪʽ, ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ 

ʇʫʘʩʩʦʥʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-217:2009. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ ʧʦʩʪʫʧʦʚʦʛʦ (ʩʪʫʧʝʥʷʤʠ) ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʨʘʟʢʽʚ-ʧʨʠʟʤ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʤʽʨʽʚ ʦʩʴʦʚʠʤ ʩʪʠʩʢʘʣʴʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʜʦ 

ʨʫʡʥʫʚʘʥʥʷ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʨʠʟʤʦʚʦʾ ʤʽʮʥʦʩʪʽ ʽ ʜʦ ʨʽʚʥʷ 30 % ʨʫʡʥʽʚʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ ʫ ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʽʚ ʾʭ ʜʝʬʦʨʤʘʮʽʡ, 

ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ. ʇʨʠʟʤʦʚʫ 

ʤʽʮʥʽʩʪʴ, ʤʦʜʫʣ ɹʧʨʫʞʥʦʩʪʽ ʽ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ 

ʦʙʯʠʩʣʶʚʘʣʠ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʫ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ Nu ʽ 

0,3Nu, ʧʦʟʜʦʚʞʥʽʤʠ ʽ ʧʦʧʝʨʝʯʥʠʤʠ ʚʽʜʥʦʩʥʠʤʠ ʧʨʫʞʥʦ ʤʠʪʪʻʚʠʤ 

ʜʝʬʦʨʤʘʮʽʷʤʠ  Ů1el ʽ Ů2el. 

ɺʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ, ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ, ʧʦʨʠʩʪʦʩʪʽ ʽ 

ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-

170:2008,  ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ï ɼʉʊʋ ɹ ɺ.2.7-49-96, ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ï ɼʉʊʋ 

ɻʆʉʊ 27677-2011.  
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ʄʝʪʦʜʦʤ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʜʠʣʘʪʦʤʝʪʨʽʾ ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʨʦʮʝʩʠ 

ʟʘʤʝʨʟʘʥʥʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʣʴʦʜʦʫʪʚʦʨʝʥʥʷ  ̔ ʜʝʬʦʨʤʘʮʽʡ ʨʦʟʰʠʨʝʥʥʷ. ʌʦʨʤʫ ʟ ʦʢʨʝʤʠʭ ʢʽʣʝʮʴ 

ʟʘʧʦʚʥʷʣʠ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʨʦʟʯʠʥʦʤ, ʨʦʟʤʽʱʫʚʘʣʠ ʫ ʭʦʣʦʜʠʣʴʥʽʡ ʢʘʤʝʨ ̔

çʄʽʢʨʦʪʦʤè ʽ ʬʽʢʩʫʚʘʣʠ ʫ ʰʪʘʪʠʚʽ ʟ ʽʥʜʠʢʘʪʦʨʦʤ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ (ʮʽʥʘ 

ʧʦʜʽʣʢʠ 0,001 ʤʤ). ʄʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʜʦʩʣʽʜʞʝʥʦ 

ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-47-96 ʟʘ ʧʨʠʩʢʦʨʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʚ ʪʝʨʤʦʢʘʤʝʨʽ 

HS280/75 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ -50Áʉ. 

 

2.3. ʌiʟʠʢʦ-ʭiʤiʯʥi ʤʝʪʦʜʠ ʜʦʩʣiʜʞʝʥʴ 

 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʎɿʄ ʪʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʦʤʝʪʨʘ ARL 9800 XP. ɺʠʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʧʨʦʚʦʜʠʣʠ ʩʠʪʦʚʠʤ ʘʥʘʣʽʟʦʤ, ʤʝʪʦʜʦʤ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ (Sʧʠʪ ) ʟʘ ɹʣʝʡʥʦʤ, 

ʘ ʪʘʢʦʞ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʾ ʛʨʘʥʫʣʦʤʝʪʨʽʾ [124] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʥʫʣʦʤʝʪʨʘ 

Master Sizer 3000. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʢʘʟʥʠʢʘ ʨʅ ʎɿʄ ʪʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʚʠʢʦʨʠʩʪʘʥʦ ʨʅ-ʤʝʪʨ ʨʅ-150ʄʀ, ʷʢʠʡ ʧʨʘʮʶʻ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ -

10..100Áʉ ʽ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʨʅ ʚʽʜ -1 ʜʦ 14.  

ʆʮʽʥʢʫ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʟʜʘʪʥʽʩʪʶ ʎɿʄ ʧʦʛʣʠʥʘʪʠ 

ʉʘ(ʆʅ)2 ʟ ʡʦʛʦ ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʟʘ ʤʝʪʦʜʠʢʦʶ ʖ.ʄ. ɹʫʪʪʘ [8]. 

ʇʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʩ̔ʪɹ ʎɿʄ ʧʫʮʦʣʘʥʽʯʥʦʾ ʜʽʾ ʦʮʽʥʶʚʘʣʠ ʟʛʽʜʥʦ ʟ ASTM 

C593-06. ɺʠʟʥʘʯʝʥʥʷ ʧʫʮʦʣʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʎɿʄ ʪʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ʧʨʦʚʦʜʠʣʠ ʪʘʢʦʞ ʟʛʽʜʥʦ ʟ EN 196-5:2005 ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʽʦʥʘ ʢʘʣʴʮʽʶ, ʚʠʨʘʞʝʥʦʛʦ ʷʢ ʦʢʩʠʜ ʢʘʣʴʮʽʶ, ʧʨʠʩʫʪʥʴʦʛʦ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʚ 

ʢʦʥʪʘʢʪʽ ʟ ʛʽʜʨʘʪʦʚʘʥʠʤ ʮʝʤʝʥʪʦʤ, ʧʽʩʣʷ ʚʠʟʥʘʯʝʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ, ʽʟ 

ʢʽʣʴʢʽʩʪʶ ʽʦʥʘ ʢʘʣʴʮʽʶ, ʱʦ ʤʦʞʝ ʥʘʩʠʪʠʪʠ ʧʝʚʥʠʡ ʨʦʟʯʠʥ ʪʘʢʦʾ ʞ ʩʘʤʦʾ 

ʣʫʞʥʦʩʪʽ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʛʽʜʨʦʢʩʠʣ ʽʦʥʫ , ʚ ʤʽʣʽʤʦʣʷʭ ʥʘ ʣʽʪʨ, 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

= ,  
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ʜʝ: V3 ï ʦʙôʻʤ 0,1 ʤʦʣʴ/ʣ ʨʦʟʯʠʥʫ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʥʘ 

ʪʠʪʨʫʚʘʥʥʷ, ʚ ʤʣ; f2 ï ʢʦʝʬʽʮʽʻʥʪ 0,1 ʤʦʣʴ/ʣ ʨʦʟʯʠʥʫ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ. 

ʂʦʥʮʝʥʪʨʘʮʽʶ  ʚʠʨʘʭʦʚʫʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

,  

ʜʝ: V4 ï ʦʙôʻʤ ʨʦʟʯʠʥʫ ɽɼʊɸ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʥʘ ʪʠʪʨʫʚʘʥʥʷ, ʚ ʤʣ 

F1ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʯʠʥʫ ɽɼʊɸ. 

ʇʦʢʘʟʥʠʢ ʘʢʪʠʚʥʦʩʪʽ ɻɼʐ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-302:2014  

(ɽʄ 15167-1:2006, ʄɽʆ) ʧʨʠ ʚʽʜʥʦʰʝʥʥ ̔ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʮʝʤʝʥʪʥʠʭ ʧʨʠʟʤ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ 50 % ʟʘ ʤʘʩʦʶ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʮʝʤʝʥʪʫ ʽ 50% ʟʘ ʤʘʩʦʶ 

ʤʝʣʝʥʦʛʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ, ʜʦ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʮʝʤʝʥʪʥʠʭ 

ʧʨʠʟʤ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ 100 % ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʮʝʤʝʥʪʫ, ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʚ 

ʦʜʥʘʢʦʚʦʤʫ ʚʽʮʽ. ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-187. 

ɺʠʚʯʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʎɿʄ ʪʘ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʚʠʢʦʥʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʜʠʬʨʘʢʪʦʤʝʪʨʽʾ 

ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ ɼʈʆʅ-3 ʪʘ PANalytical X'Pert Pro ʟ ʜʝʪʝʢʪʦʨʦʤ X'celerator 

ʚ ʜʽʘʧʘʟʦʥʽ 2ɗ ʚʽʜ 5Á ʜʦ 70Á (ʢʨʦʢ 0.033 Á, ʯʘʩ / ʢʨʦʢ 50 ʩ). ɼʠʬʝʨʝʥʮʽʡʥʦ-

ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʜʝʨʝʚʘʪʦʛʨʘʬʽ Qï1500D ʩʠʩʪʝʤʠ ʌ. ʇʘʫʣʠʢ, ʁ. ʇʘʫʣʠʢ, ʃ. ɽʨʜʝʽ. 

ɼʝʨʠʚʘʪʦʨʘʤʠ ʎɿʄ ʽ ʛʽʜʨʘʪʦʚʘʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ (ʤʘʩʘ ʥʘʚʘʞʢʠ 500-1000 

ʤʛ) ʟʥʽʤʘʣʠ ʟ̔ ʰʚʠʜʢʩ̔ʪʁ ʧʽʜʥʽʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ - 10 ʛʨʘʜ/ʭʚ.  

ʄʽʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʦʤ 

ʧʝʪʨʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ [15]. ʄʽʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʎɿʄ, 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʙʝʪʦʥʫ ʚʠʟʥʘʯʘʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʩʪʨʦʚʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ ʟ ʩʠʩʪʝʤʦʶ 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʈɽʄ 106ʀ  

(ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ï 4 ʥʤ, ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʟʙʽʣʴʰʝʥʴ - ʚʽʜ 15 ʜʦ 300 

000 ʨʘʟʽʚ, ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ - 0,2 - 5 000 ʤʢʤ).         

ʈɽʄ-106ʀ ʟʘʙʝʟʧʝʯʝʥʠʡ ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʦʤ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʜʽʻ ʫ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʘ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʧʦʚʥʽʰʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʦʙôʻʢʪʘ.  
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ʈʆɿɼɯʃ 3. ʈʆɿʈʆɹʃɽʅʅʗ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ 

ʄʋʃʔʊʀʄʆɼɸʃʔʅʀʍ ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʇʆʈʊʃɸʅɼʎɽʄɽʅʊɯɺ 

ɿ ɺʀʉʆʂʆʖ ʈɸʅʅʔʆʖ ʄɯʎʅɯʉʊʖ 

 

 

3.1. ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ 

 

 

ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ 

ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɺʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ 

ʘʢʪʠʚʥʦʩʪʽ ʎɿʄ ʚ ʩʢʣʘʜʘʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʻ ʾʭ ʭʽʤʽʢʦ-

ʤʽʥʝʨʘʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʜʠʩʧʝʨʩʥʽʩʪʴ. ʊʦʥʠʥʘ ʧʦʤʝʣʫ ʟʘ ʧʠʪʦʤʦʶ 

ʧʦʚʝʨʭʥʝʶ ʪʘ ʟʘʣʠʰʢʦʤ ʥʘ ʩʠʪʽ ɸ0045 (Ï = 45 ʤʢʤ)  ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ 

ʰʣʘʢʫ (ɻɼʐ), ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʫ (ɺɼʎ), ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʫ 

(ʋɼʎ), ʟʦʣʠ ʚʠʥʝʩʝʥʥʷ ʪʘ ʚʘʧʥʷʢʫ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 3.1.  

ʊʘʙʣʠʮʷ 3.1 

ʊʦʥʠʥʘ ʧʦʤʝʣʫ ʤʘʪʝʨʽʘʣʽʚ 

ʄʘʪʝʨʽʘʣ Sʧʠʪ   (ɹʣʝʡʥ) , ʩʤ
2
/ʛ   ɸ0045, % 

ʇʎ ɯ-500 3460 8,5 

ɻɼʐ 4000 5,1 

ɺɼʎ 6000 25,9 

ʋɼʎ 12000 18,9 

ɿʦʣʘ ʚʠʥʝʩʝʥʥʷ 2690 29,8 

ɺʘʧʥʷʢ 1006 29,4 

 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʇʎ ɯ-500ʈ ʽ ʎɿʄ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.2. ɿʚʽʜʩʠ 

ʚʠʜʥʦ, ʱʦ ʦʙ'ʻʤʥʠʡ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ D [4;3] ʜʣʷ ʇʎ ɯ-500ʈ ʚʽʜʧʦʚʽʜʘʻ 24,8 

ʤʢʤ, ʘ ʜʣʷ ʎɿʄ - ʚʽʜ 19,3 ʜʦ 53,7 ʤʢʤ. ʄʘʢʩʠʤʫʤ ʩʝʨʝʜʥʴʦʛʦ ʜʽʘʤʝʪʨʘ D[3;2] 
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ʧʦ ʨʦʟʧʦʜʽʣʫ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʜʣʷ ʋɼʎ ʩʪʘʥʦʚʠʪʴ 4,24 ʤʢʤ, ʜʣʷ ʇʎ ɯ-500ʈ ï 

5,21, ʘ ʜʣʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ - ʚʽʜ 5,42 ʜʦ 7,16 ʤʢʤ. 

ʊʘʙʣʠʮʷ 3.2 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʇʎ ɯ-500ʈ ʽ ʎɿʄ 

ʄʘʪʝʨʽʘʣ Ï <5 

ʤʢʤ, 

% 

Ï <10  

ʤʢʤ, % 

Ï <20 

ʤʢʤ 

% 

Ï <60 

ʤʢʤ, % 

D[3;2] 

ʤʢʤ 

D[4;3] 

ʤʢʤ 

D
v
(10) 

ʤʢʤ 

D
v
(50) 

ʤʢʤ 

D
v
(90) 

ʤʢʤ 

ʇʎ ɯ-500ʈ 21,86 37,46 60,41 97,52 5,21 24,8 2,76 18,1 56,5 

ɻɼʐ 27,04 47,21 66,01 93,45 5,42 19,3 2,24 10,9 50,2 

ɺɼʎ 14,21 23,87 37,49 69,85 11,0 47,3 3,68 32,7 115,0 

ʋɼʎ 34,58 48,86 68,79 90,67 4,24 21,2 1,53 11,2 55,6 

ɺʘʧʥʷʢ 25,71 35,72 45,15 65,79 7,08 48,7 2,29 28,7 128,0 

ɿʦʣʘ 

ʚʠʥʝʩʝʥʥʷ 
14,48 29,25 47,26 75,28 7,16 53,7 4,15 23,6 134,0 

 

 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʡ ʮʝʦʣʽʪ ʽ ʚʘʧʥʷʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʙʽʤʦʜʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ (ʨʠʩ. 3.1), ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʮʝʦʣʽʪʫ ʢʽʣʴʢʽʩʪʴ ʪʦʥʢʦʾ 

ʬʨʘʢʮʽʾ ʚ ʤʝʞʘʭ 0,3é10,0 ʤʢʤ ʩʢʣʘʜʘʻ 48,86 ʦʙ.%, ʘ ʜʣʷ ʚʘʧʥʷʢʫ ʪʦʥʢʘ 

ʬʨʘʢʮʽʷ (0,9é10,0 ʤʢʤ) ʩʢʣʘʜʘʻ 35,72 ʦʙ.%. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʘʢʪʠʚʥʦʾ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʬʘʟ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʨʦʟʨʘʭʦʚʘʥʦ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ Kisa, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʙʫʪʢʦʤ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʘ ʚʤʽʩʪ ʢʦʞʥʦʾ 

ʬʨʘʢʮʽʾ ʤʘʪʝʨʽʘʣʫ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.2, ʜʣʷ ʇʎ ɯ-500ʈ ʪʘ ɻɼʐ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʙʽʤʦʜʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦ ʧʠʪʦʤʽʡ ʧʦʚʝʨʭʥʽ, ʪʦʜʽ ʷʢ ʜʣʷ ʮʝʦʣʽʪʫ ʪʘ ʚʘʧʥʷʢʫ 

ʩʫʪʪʻʚʦ ʧʝʨʝʚʘʞʘʻ ʚʧʣʠʚ ʪʦʥʢʦʾ ʬʨʘʢʮʽʾ ʥʘ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ, ʘ ʛʨʫʙʦʾ -

ʥʝʟʥʘʯʥʠʡ (ʤʦʥʦʤʦʜʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦ ʧʠʪʦʤʽʡ ʧʦʚʝʨʭʥʽ). ɼʣʷ ʇʎ ɯ-500ʈ  

ʚʤʽʩʪ ʪʦʥʢʦʾ ʬʨʘʢʮʽʾ ʜʦ 1 ʤʢʤ ʩʢʣʘʜʘʻ 2 %, ʤʘʢʩʠʤʫʤ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ 

(K isa = 4,5 ʤʢʤ
-1.
ʦʙ.%) ʧʨʠʧʘʜʘʻ ʥʘ ʯʘʩʪʠʥʢʠ ʨʦʟʤʽʨʦʤ 0,2 ʤʢʤ; ʜʣʷ ɻɼʐ 

ʚʤʽʩʪ ʪʦʥʢʦʾ ʬʨʘʢʮʽʾ (ÏÒ1,5 ʤʢʤ) - ʚʩʴʦʛʦ 7%, ʧʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʫʤ 

ʢʦʝʬʽʮʽʻʥʪ Kisa = 5,1 ʤʢʤ
-1.
ʦʙ.% ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʠʥʢʘʤ ʨʦʟʤʽʨʦʤ 0,9 ʤʢʤ. 
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ʈʠʩ. 3.1. ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʎɿʄ: ʘ ï ʇʎ ɯ-500ʈ, ʙ ï ɻɼʐ, ʚ ï 

ɺɼʎ, ʛ ïʋɼʎ, ʜ ï ʚʘʧʥʷʢ, ʝ - ʟʦʣʘ ʚʠʥʝʩʝʥʥʷ 

 

 

ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʜʣʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʫ ʪʘ ʚʘʧʥʷʢʫ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ Kisa ʜʦʩʷʛʘʻʪʴʩʷ ʜʣʷ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ 1,0é1,5 ʤʢʤ ʽ ʩʢʣʘʜʘʻ 

ʚʽʜʧʦʚʽʜʥʦ 12,46 ʪʘ 5,93 ʤʢʤ
-1.
ʦʙ.%. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ Kisa ʜʣʷ ʮʝʦʣʽʪʫ 

ʜʦʩʷʛʘʻʪʴʩʷ ʜʣʷ ʬʨʘʢʮʽʾ 1,5 ʤʢʤ, ʘ ʜʣʷ ʬʨʘʢʮʽʾ 5é10 ʤʢʤ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʥʠʞʫʻʪʴʩʷ ʚ 2é3 ʨʘʟʠ, ʘ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʨʦʩʪʘʥʥʽ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ 

ʟʤʝʥʰʫʻʪʴʩʷ ʱʝ ʙʽʣʴʰ ʩʫʪʪʻʚʦ, ʭʦʯʘ ʦʙ'ʻʤʥʠʡ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ D [4; 3] 

ʩʢʣʘʜʘʻ 28,6 ʤʢʤ. ɼʣʷ ʚʘʧʥʷʢʫ ʟ ʦʙ'ʻʤʥʠʤ ʩʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʦʤ D [4; 3] ʥʘ 

ʨʽʚʥʽ 71,9 ʤʢʤ ʚʤʽʩʪ ʛʨʫʙʦʾ ʬʨʘʢʮʽʾ (ÏÓ10 ʤʢʤ) ʩʢʣʘʜʘʻ 65 ʦʙ.%, ʟʥʘʯʝʥʥʷ   
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K isa = 6,5 ʤʢʤ
-1.
ʦʙ.%, ʪʦʙʪʦ ʚʢʣʘʜ ʮʽʻʾ ʬʨʘʢʮʽʾ ʚ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 7%. ʎʝ ʩʚʽʜʯʠʪʴ, ʱʦ ʚ ʧʨʦʮʝʩʘʭ ʨʘʥʥʴʦʛʦ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ 

ʩʘʤʝ ʪʦʥʢʽ ʬʨʘʢʮʽʾ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 5 ʤʢʤ, ʚʤʽʩʪ ʷʢʠʭ ʩʢʣʘʜʘʻ 22é25 ʦʙ.%, 

ʚʥʦʩʷʪʴ ʦʩʥʦʚʥʠʡ ʚʢʣʘʜ ʫ ʨʦʟʚʠʪʦʢ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʮʝʤʝʥʪʫʶʯʦʾ ʩʠʩʪʝʤʠ 

ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʢʽʥʝʪʠʢʫ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʽʚ. ɼʣʷ ʟʦʣʠ ʚʠʥʝʩʝʥʥʷ K isa = 

0,5 ʤʢʤ
-1.
ʦʙ.% ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʬʨʘʢʮʽʾ 1-1,5 ʤʢʤ, K isa = 2,0 ʤʢʤ

-1.
ʦʙ.% - ʜʣʷ 

ʬʨʘʢʮʽʾ 10 ʤʢʤ, ʱʦ ʧʦʢʘʟʫʻ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʛʨʫʙʦʾ ʬʨʘʢʮʽʾ. 

  

  
a ʙ 

  
ʚ ʛ 

  
ʜ ʝ 

 

 

ʈʠʩ. 3.2. ʂʦʝʬʽʮʽʻʥʪ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦ ʧʦʚʝʨʭʥʽ:                     

a ï ʇʎ ɯ-500, ʙ - ɻɼʐ, ʚ - ɺɼʎ, ʛ ï ʋɼʎ, ʜ ï ʚʘʧʥʷʢ, ʝ ï ʟʦʣʘ ʚʠʥʝʩʝʥʥʷ 
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ʎɿʄ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʧʽʜʚʠʱʝʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ ʧʨʠ ʦʜʝʨʞʘʥʥʽ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʥʦʨʤʘʣʴʥʦʾ 

ʛʫʩʪʦʪʠ. ʆʩʦʙʣʠʚʦ ʚʝʣʠʢʘ ʚʦʜʦʧʦʪʨʝʙʘ ʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ 

ʜʦʙʘʚʢʘʤʠ ʦʩʘʜʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʮʝʦʣʽʪ). ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.3, ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʅɻʊ ʜʣʷ ɻɼʐ (Sʧʠʪ=4000 ʩʤ
2
/ʛ ) ʪʘ ʟʦʣʠ ʚʠʥʝʩʝʥʥʷ (Sʧʠʪ=2690 

ʩʤ
2
/ʛ) ʚʦʜʦʧʦʪʨʝʙʘ ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ 22 ʪʘ 27%; ʥʘʡʚʠʱʦʶ ʚʦʜʦʧʦʪʨʝʙʦʶ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʡ ʮʝʦʣʽʪ (Sʧʠʪ = 12000 ʩʤ
2
/ʛ) - 55%             

(ʫ ʚʠʩʫʰʝʥʦʤʫ ʩʪʘʥʽ) ʪʘ 46,5% (ʥ.ʫ.). ɼʣʷ ʚʘʧʥʷʢʫ (Sʧʠʪ=10060 ʩʤ
2
/ʛ) 

ʚʦʜʦʧʦʪʨʝʙʘ ʩʢʣʘʜʘʻ 24%.  

ʊʘʙʣʠʮʷ 3.3 

ɺʦʜʦʧʦʪʨʝʙʘ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʎɿʄ Sʧʠʪ , ʩʤ
2
/ʛ ʅɻʊ, % 

ɻɼʐ 4000 22 

ɺɼʎ (ʅʋ) 6000 40 

ʋɼʎ (ʚʠʩʫʰʝʥʠʡ ʧʨʠ ʊ=100
0
ʉ ) 14500 55 

ʋɼʎ (ʅʋ) 12000 46,5 

ɺʘʧʥʷʢ 1006 24 

ɿʦʣʘ ʚʠʥʝʩʝʥʥʷ 2690 27 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.3 ʘ, ʜ, ɻɼʐ ʪʘ ʟʦʣʘ ʚʠʥʝʩʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ  

ʚʠʩʦʢʠʤ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷʤ - ʯʝʨʝʟ 120 ʭʚ ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ 27,1 

ʪʘ 39,7 %. ʅʘʡʥʠʞʯʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ (ʂʦʙ=2,0-3,3%) 

ʭʘʨʘʢʪʝʨʠʟʫʪʁʴʩʷ ɺɼʎ ʪʘ ʋɼʎ (ʨʠʩ. 3.3, ʙ, ʚ). ɼʣʷ ʚʘʧʥʷʢʫ ʯʝʨʝʟ 2 ʛʦʜ 

ʂʦʙ=9,4 % (ʨʠʩ. 3.3, ʛ).  ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.3, ʝ, ʩʫʩʧʝʥʟʽʷ ʟ ʜʦʙʘʚʢʦʶ ʋɼʎ ʻ 

ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʶ - ʯʝʨʝʟ 2 ʛʦʜ ʧʦʢʘʟʥʠʢ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

ɼʣʷ ʩʫʩʧʝʥʟʽʾ (50% ʧʨʠʨʦʜʥʠʡ ʮʝʦʣʽʪ + 50% ʚʘʧʥʷʢ) ʯʝʨʝʟ 2 ʛʦʜ ʧʦʢʘʟʥʠʢ 

ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʩʢʣʘʜʘʻ 11,5%. ʉʫʤʽʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʎɿʄ ʛʽʜʨʘʚʣʽʯʥʦʾ 

(ʜʦʤʝʥʥʠʡ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʰʣʘʢ), ʧʫʮʦʣʘʥʽʯʥʦʾ (ʮʝʦʣʽʪ, ʟʦʣʘ ʚʠʥʝʩʝʥʥʷ) ʜʽʾ ʪʘ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘ (ʚʘʧʥʷʢ) ʟ ʨʽʟʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʽʟʘʮʽʶ ʜʦ ʨʦʟʰʘʨʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ 
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ʧʨʦʮʝʩʘʤʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ. 

 
 

ʘ ʙ 

  

ʚ ʛ 

 

ʜ 

 

ʝ 

ʈʠʩ. 3.3.  ɺʦʜʦʚʽʜʜʽʣʝʥʥʷ ɻɼʐ (ʘ) ɺɼʎ (ʙ), ʋɼʎ (ʚ), ʚʘʧʥʷʢ (ʛ),            

ʟʦʣʘ ʚʠʥʝʩʝʥʥʷ (ʜ) ʪʘ ʩʫʤʽʰʽ ʎɿʄ (ʝ)  
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ʄʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʝʪʦʥʽʚ ʥʘ ʾʭ 

ʦʩʥʦʚʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ ʎɿʄ, ʪʦʙʪʦ ʟʜʘʪʥʦʩʪʽ ʚʩʪʫʧʘʪʠ ʚ ʭʽʤʽʯʥʫ 

ʨʝʘʢʮʽʶ ʟ ʉʘ(ʆʅ)2. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.4, ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ 

ʨʦʟʯʠʥʫ (50% ʇʎ ɯ-500+50% ɻɼʐ) ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 7; 14 ʪʘ 

28 ʜʽʙ ʩʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ 16,0; 20,0 ʽ 25,6 ʄʇʘ. ɿʘ ʧʦʢʘʟʥʠʢʦʤ ʘʢʪʠʚʥʦʩʪʽ 

ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-302:2014 (ɽN 15167-1:2006) ʤʝʣʝʥʠʡ ɻɼʐ (Sʧʠʪ =4000 

ʩʤ
2
/ʛ) ʥʘʣʝʞʠʪʴ ʜʦ ʪʨʝʪʴʦʛʦ ʢʣʘʩʫ (72%). 

ʊʘʙʣʠʮʷ 3.4 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʽʚ 

ʎʝʤʝʥʪ ɿʘʣʠʰʦʢ ʥʘ ʩʠʪʽ, % Sʧʠʪ,  

ʩʤ
2
/ʛ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ, 

ʄʇʘ 

ɸ0045 ɸ009 7 28 

ʇʎ ɯ-500 10,42 0,85 3460 37,4 51,0 

50% ʇʎ ɯ-500+ 

50% ɻɼʐ 

14,90 1,72 4000 18,0 36,7 

 

ʄʝʪʦʜʦʤ ʧʦʛʣʠʥʘʥʥʷ ʜʦʙʘʚʢʦʶ ʚʘʧʥʘ ʟ ʚʘʧʥʷʥʦʛʦ ʨʦʟʯʠʥʫ [8] ʚʠʟʥʘʯʝʥʦ 

ʘʢʪʠʚʥʽʩʪʴ ʎɿʄ. ɺʤʽʩʪ ʘʢʪʠʚʥʠʭ SiO2 ʪʘ Al 2O3 ʫ ʎɿʄ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.4, ʘ. 

ɿʚʽʜʩʠ ʚʠʜʥʦ, ʱʦ ʥʘʡʚʠʱʠʤ ʚʤʽʩʪʦʤ SiO2 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʋɼʎ (68,65%), 

ʢʽʣʴʢʽʩʪʴ Al 2O3  ʩʢʣʘʜʘʻ 13,21%. ɿʤʽʥʘ ʨʽʚʥʷ ʦʩʘʜʫ ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ ʜʦʙʘʚʢʘʤʠ 

ʉʘ(ʆʅ)2 ʯʝʨʝʟ 2 ʜʦʙʠ ʽ 8 ʜʽʙ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.4, ʙ, ʚ. ʈʝʟʫʣʴʪʘʪʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ (ʨʠʩ. 3.4, ʛ), ʱʦ ʥʘʡʚʠʱʦʶ 

ʧʫʮʦʣʘʥʦʚʦʶ ʘʢʪʠʚʥʽʩʪʶ ʯʝʨʝʟ 30 ʜʽʙ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʡ 

ʮʝʦʣʽʪ ï 192 ʤʛ ʉʘʆ/ʛ, ʯʝʨʝʟ 38 ʜʽʙ - 230 ʤʛ ʉʘʆ/ʛ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʟʦʣʠ 

ʚʠʥʝʩʝʥʥʷ ʘʢʪʠʚʥʽʩʪʴ ʻ ʥʘʡʥʠʞʯʦʶ ʽ ʩʢʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ 30 ʽ 42 ʤʛ ʉʘʆ/ʛ. 

ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ CaO ʟ ʚʘʧʥʷʥʦʛʦ ʨʦʟʯʠʥʫ ʜʣʷ ʋɼʎ ʟʫʤʦʚʣʝʥʘ 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʚ ʡʦʛʦ ʩʢʣʘʜʽ ʪʘ ʧʽʜʚʠʱʝʥʦʶ 

ʜʠʩʧʝʨʩʥʽʩʪʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʋɼʎ ʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ. ʊʘʢ, ʧʨʠ ʚʚʝʜʝʥʥʽ 10é20 ʤʘʩ.% ʋɼʎ ʜʦ ʩʢʣʘʜʫ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500 ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ, ʧʨʠ ʮʴʦʤʫ ʤʽʮʥʽʩʪʴ 
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ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 7 ʪʘ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʩʢʣʘʜʘʻ 49,5 ʪʘ 58,7 ʄʇʘ 

ʧʦʨʽʚʥʷʥʦ ʟ ʇʎ ɯ-500. ʉʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʮʝʦʣʽʪʫ, ʡʦʛʦ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʽ 

ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ, ʟʜʘʪʥʽʩʪʴ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʪʠʩʷ ʚ ʩʢʣʘʜʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ. 

 

ʘ 

  
ʙ ʚ 

 

ʛ 

ʈʠʩ. 3.4.  ɺʤʽʩʪ SiO2 ʪʘ Al 2O3 ʫ ʎɿʄ (ʘ), ʟʤʽʥʘ ʨʽʚʥʷ ʦʩʘʜʫ ʧʨʠ 

ʧʦʛʣʠʥʘʥʥʽ ʜʦʙʘʚʢʘʤʠ ʉʘ(ʆʅ)2 ʯʝʨʝʟ 2 (ʙ) ʽ 8 (ʚ) ʜʽʙ ʪʘ ʢʽʥʝʪʠʢʘ ʧʦʛʣʠʥʘʥʥʷ 

ʉʘ(ʆʅ)2 ʎɿʄ (ʛ) 
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ɿʛʽʜʥʦ ɼʉʊʋ ɹ EN 196-5:2015 ʧʫʮʦʣʘʥʽʯʥʽʩʪʴ ʦʮʽʥʶʚʘʣʘʩʴ ʧʦʨʽʚʥʷʥʥʷʤ 

ʧʽʩʣʷ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʫ ʢʘʣʴʮʽʶ, ʚʠʨʘʞʝʥʦʛʦ ʷʢ 

ʢʘʣʴʮʽʶ ʦʢʩʠʜ, ʧʨʠʩʫʪʥʽʡ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʦʥʪʘʢʪʽ ʟ 

ʛʽʜʨʘʪʦʚʘʥʠʤ ʮʝʤʝʥʪʦʤ, ʟ ʢʽʣʴʢʽʩʪʶ ʽʦʥʫ ʢʘʣʴʮʽʶ, ʟʜʘʪʥʦʛʦ ʥʘʩʠʪʠʪʠ ʨʦʟʯʠʥ 

ʪʽʻʾ ʩʘʤʦʾ ʣʫʞʥʦʩʪʽ. ʇʫʮʦʣʘʥʽʯʥʽʩʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʜʦʙʘʚʢʦʶ ɺɼʎ ʪʘ 

ʋɼʎ ʦʮʽʥʶʚʘʣʘʩʴ ʯʝʨʝʟ 8 ʪʘ 15 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʧʨʠ ʚʠʪʨʠʤʫʚʘʥʥʽ ʨʦʟʯʠʥʽʚ 

ʧʨʠ 40
Ǔ
C. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.5, ʘ,  ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ ʚʤʽʩʪʦʤ 10 ʤʘʩ.% ɺɼʎ ʪʘ 

10 ʤʘʩ.% ʋɼʎ ʯʝʨʝʟ 8 ʜʽʙ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʧʨʦʙʫʚʘʥʥʶ ʥʘ ʧʫʮʦʣʘʥʽʯʥʽʩʪʴ, 

ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʧʦʢʘʟʥʠʢʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʩʠʯʝʥʥʷ ʽʦʥʫ ʢʘʣʴʮʽʶ ʷʢ ʧʝʚʥʦʾ 

ʬʫʥʢʮʽʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʽʜʨʦʢʩʠʣ ʽʦʥʫ ʧʨʠ 40 
0
ʉ (ʪʦʯʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚʠʱʝ 

ʢʨʠʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʩʠʯʝʥʦʩʪʽ ʢʘʣʴʮʽʡ-ʽʦʥʫ). ɺ ʪʦʡ ʞʝ ʯʘʩ, ʨʦʟʯʠʥʠ ʟ 20 

ʤʘʩ.% ɺɼʎ ʪʘ 20 ʤʘʩ.% ʋɼʎ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʧʫʮʦʣʘʥʽʯʥʽʩʪʴ 

(ʪʦʯʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʠʱʝ ʢʨʠʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʩʠʯʝʥʦʩʪʽ ʢʘʣʴʮʽʡ-ʽʦʥʫ). 

ɺʠʪʨʠʤʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʚʤʽʩʪʦʤ 10 ʤʘʩ.% ɺɼʎ ʪʘ 10 ʤʘʩ.% 

ʋɼʎ ʧʨʦʪʷʛʦʤ 15 ʜʽʙ ʧʨʠ 40 
0
ʉ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʥʘ ʧʫʮʦʣʘʥʽʯʥʽʩʪʴ 

(ʨʠʩ. 3.5, ʙ).  

 

 
 

ʘ ʙ 

ʈʠʩ. 3.5. ʆʮʽʥʢʘ ʧʫʮʦʣʘʥʽʯʥʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟʛʽʜʥʦ                        

ɼʉʊʋ ɹ EN 196-5 ʯʝʨʝʟ 8 (ʘ) ʪʘ 15 (ʙ) ʜʽʙ  

 

ʤʤʦʣʴ/ʣ [ʆʅ]
-
 

ʤʤʦʣʴ/ʣ [ʉʘʆ] 
ʤʤʦʣʴ/ʣ [ʉʘʆ] 

ʤʤʦʣʴ/ʣ [ʆʅ]
-
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ʇʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʽʩʪʴ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʫ ʚʠʟʥʘʯʝʥʦ ʟʛʽʜʥʦ ʟ 

EN 450-1:2009. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.5, ʟʘʤʽʥʘ 10é25 ʤʘʩ.% ʋɼʎ ʚ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ̔ ʇʎ ɯ-500 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ 

ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʠ ʚʚʝʜʝʥʥʽ 10 ʤʘʩ.% ʋɼʎ ʜʦ 

ʩʢʣʘʜʫ ʇʎ ɯɯ/ɸ-ʐ-400 ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ ʟʨʦʩʪʘʻ ʜʦ 22 ʄʇʘ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, 

ʱʦ ʯʝʨʝʟ 7;  28 ʪʘ 90 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪʴ ʇʎ ɯ-500 ʪʘ ʇʎ ɯɯ/ɸ-ʐ ʟ 

ʜʦʙʘʚʢʦʶ ʋɼʎ ʟʨʦʩʪʘʻ ʫ ʚʩʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʧʫʮʦʣʘʥʦʚʦʾ 

ʘʢʪʠʚʥʦʩʪʽ (ʂʧ
90
) ʜʦʙʘʚʢʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʫ ʚ ʩʢʣʘʜʽ ʇʎ ɯ-500 ʪʘ ʇʎ 

ɯɯ/ɸ-ʐ-400 ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ 1,03 ʽ 1,09.  

ʊʘʙʣʠʮʷ 3.5 

ʇʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʋɼʎ ʟʛʽʜʥʦ ʟ EN 450-1:2009  

ɺôʞ̫ʫʯʝ 
ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ, Mʇʘ / %,  

ʫ ʚʽʮʽ, ʜʽʙ ʂʧ
90

  

2 7 28 90 

ʇʎ ɯ-500  (100 %) 
37,4 

100 

43,4 

100 

52,6 

100 

58,1 

100 
- 

ʇʎ ɯ-500 (90%) +ʋɼʎ (10%) 
29,6 

79,1 

46,4 

102,3 

57,2 

103,8 

61,0 

105,0 1,05 

ʇʎ ɯ-500 (75%)+ʋɼʎ (25%) 
28,8 

77,0 

44,8 

107,4 

54,0 

108,4 

60,0 

103,3 1,03 

ʇʎ ɯɯ/ɸ-ʐ-400 (100%) 

 

21,2 

100 

34,8 

100 

44,9 

100 

51,0 

100 
- 

ʇʎ ɯɯ/ɸ-ʐ-400 (90%)+ʋɼʎ(10%) 
22,0 

104,7 

36,6 

105,2 

47,1 

104,9 

55,6 

105,9 
1,09 

ʇʎ ɯɯ/ɸ-ʐ-400 (75%)+ʋɼʎ(25%) 
20,8 

98,1 

35,4 

101,8 

51,2 

114,1 

54,1 

109,1 
1,06 

 

ɿʛʽʜʥʦ ʟ ASTM C593-06, ʜʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ ʥʘ ʦʩʥʦʚʽ ʘʢʪʠʚʥʦʾ 

ʧʫʮʦʣʘʥʠ ʧʦʚʠʥʥʽ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʤʽʮʥʽʩʪʶ Rʩʪ Ó 4,15 ʄʇʘ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ (ʪʘʙʣ. 3.6), ʱʦ ʜʣʷ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ 

ʮʝʦʣʽʪʫ ʧʦʢʘʟʥʠʢ ʤʽʮʥʦʩʪʽ ʩʢʣʘʜʘʻ 5 ʄʇʘ, ʘ ʜʣʷ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʟʦʣʠ 

ʚʠʥʝʩʝʥʥʷ - 4,7 ʄʇʘ. ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ çnormowa wloskaè [144] 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʟʦʣʠ ʚʠʥʝʩʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʛʨʘʥʠʮʽ 

ʤʽʮʥʦʩʪ̔ ʥʘ ʩʪʠʩʢ ʜʦ 1,8 ʄʇʘ, ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʽ (Rʩʪ Ó 2,5 ʄʇʘ). 
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ʇʦʢʘʟʥʠʢ ʤʽʮʥʦʩʪʽ ʜʣʷ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʋɼʎ 

ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʫ ʚ 2,2 ʨʘʟʠ ʽ ʩʢʣʘʜʘʻ 5,6 ʄʇʘ.  

ʊʘʙʣʠʮʷ 3.6 

ʇʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʎɿʄ  

ʎɿʄ ʅʦʨʤʘ  ʄʽʮʥʽʩʪʴ, ʄʇʘ 

ASTM C593-06 

ʋɼʎ Rʩʪ Ó 4,15 ʄʇʘ 5,0 

ɿʦʣʘ ʚʠʥʝʩʝʥʥʷ Rʩʪ Ó 4,15 ʄʇʘ 4,6 

ʄʝʪʦʜʠʢʘçnormowa wloskaè (ʚʘʧʥʷʥʦ-ʧʫʮʦʣʘʥʦʚʝ ʪʽʩʪʦ) 

ʋɼʎ Rʩʪ Ó 2,5 ʄʇʘ 5,6 

ɿʦʣʘ ʚʠʥʝʩʝʥʥʷ Rʩʪ Ó 2,5 ʄʇʘ 1,8 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʛʽʜʨʘʚʣʽʯʥʦʾ 

(ɻɼʐ), ʧʫʮʦʣʘʥʽʯʥʦʾ (ʮʝʦʣʽʪ, ʟʦʣʘ ʚʠʥʝʩʝʥʥʷ) ʜʽʾ ʪʘ ʢʘʨʙʦʥʘʪʥʦʛʦ 

ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘ (ʚʘʧʥʷʢ) ʟ ʨʽʟʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ ʜʦʟʚʦʣʷʻ 

ʢʝʨʫʚʘʪʠ ʧʨʦʮʝʩʘʤʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ [13]. 

 

 

3.2. ɺʧʣʠʚ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʰʘʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

 

 

ɿʥʘʯʥʽ ʨʝʟʝʨʚʠ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʘʣʽʪʦʚʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʭ 

ʚôʷʞʫʯʠʭ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʭʽʜ ʜʦ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʢʣʽʥʢʝʨʥʦʾ ʩʢʣʘʜʦʚʦʾ. ʆʩʢʽʣʴʢʠ ʛʽʜʨʘʚʣʽʯʥʘ ʽ ʧʫʮʦʣʘʥʦʚʘ 

ʘʢʪʠʚʥʽʩʪʴ ʜʦʙʘʚʦʢ ʥʠʞʯʘ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ  ʢʣʽʥʢʝʨʫ, 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʧʦʪʨʝʙʫʶʪʴ ʪʦʥʰʦʛʦ ʧʦʤʝʣʫ  ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʇʎ ɯ [9, 57, 86, 87, 103].  

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʜʦʙʘʚʢʠ ʚʘʧʥʷʢʫ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʠʧʫ ʇʎ ɯ-500 ʪʘ ʰʣʘʢʦʚʤʽʩʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʭ ʪʠʧʫ 
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ʇʎ ɯɯ/ɸ,ɹ [33]. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.7, ʚʚʝʜʝʥʥʷ 10é20 ʤʘʩ.% ʚʘʧʥʷʢʫ ʜʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʇʎ ɯ-500, ʇʎ ɯɯ/ɸ-ʐ-500, ʇʎ ɯɯ/ɸ-ʐ-400, ʇʎ ɯɯ/ɹ-ʐ-400 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʦʜʦʧʦʪʨʝʙʫ ʚôʷʞʫʯʦʛʦ ʚʽʜ 39 ʜʦ 36% ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʈʂ=112-116 ʤʤ. ʇʨʠ ʮʴʦʤʫ ʟʤʽʰʫʚʘʥʥʷ 10-20 ʤʘʩ.% ʚʘʧʥʷʢʫ ʟ ʇʎ ɯ-500 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʚ ʫʩʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ.  

 

ʊʘʙʣʠʮʷ 3.7 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʰʘʥʠʭ ʧʦʜʚʽʡʥʠʭ ʽ ʧʦʪʨʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ  ʜʦʙʘʚʢʦʶ ʚʘʧʥʷʢʫ (ʎ:ʇ=1:3
*
) 

ɺʘʧʥʷʢ 

ʤʘʩ.% 

ɺ/ʎ ʈʂ, 

ʤʤ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ, ʄʇʘ, ʫ ʚʽʮʽ, ʜʽʙ 

2 7 28 

ʇʎ ɯ-500 

- 0,39 116 36 40 49,9 

10 0,37 114 28,8 38 47,5 

20 0,36 114 22 35 43,9 

ʇʎ ɯɯ/ɸ-ʐ-500 

- 0,39 116 26,3 35,1 49,3 

10 0,37 116 27,7 35,4 48,3 

20 0,36 115 15,8 32,7 41,3 

ʇʎ ɯɯ/ɸ-ʐ-400 

- 0,39 113 12,5 29,5 40,3 

10 0,37 115 13,9 30,0 38,5 

20 0,36 112 8,0 21,8 32,0 

ʇʎ ɯɯ/ɹ-ʐ-400 

- 0,39 121 13 20,5 35,5 

10 0,37 116 10,5 21,6 30,8 

20 0,37 113 13,0 19,5 35,8 
*  

- ʧʽʩʦʢ ɾʦʚʢʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ 

 

ɼʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɸ-ʐ-500 ʙʝʟ ʜʦʙʘʚʢʠ ʚʘʧʥʷʢʫ (ʎ:ʇ=1:3) 

ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2 ʜʦʙʠ ʪʚʝʨʜʥʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 26,3 ʄʇʘ, ʘ ʯʝʨʝʟ 28 ʜʽʙ 

ï 49,3 ʄʇʘ. ʇʨʠ ʟʤʽʰʫʚʘʥʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʇʎ ɯɯ/ɸ-ʐ-500  ʽ ʇʎ ɯɯ/ɸ-ʐ-

400 ʟ 10 ʤʘʩ.% ʚʘʧʥʷʢʫ ʯʝʨʝʟ 2 ʜʦʙʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠʨʽʩʪ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ 
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ʚʽʜʧʦʚʽʜʥʦ ʜʦ 27,7 ʪʘ 13,9 ʄʇʘ. ʇʨʠ ʚʚʝʜʝʥʥʽ 10é20 ʤʘʩ. % ʚʘʧʥʷʢʫ ʜʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʐ-400 ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʢ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʚʩʽ 

ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʚʘʧʥʷʢʫ, ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʎɿʄ: ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʷʢʝ 

ʟʥʠʞʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʦʪʠ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ, ʧʨʠʩʢʦʨʝʥʥʷ ʨʘʥʥʴʦʛʦ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʧʦʯʘʪʦʢ ʪʫʞʘʚʽʥʥʷ ʩʢʦʨʦʯʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟʽ 

ʩʢʣʘʜʦʤ ʙʝʟ ʜʦʙʘʚʦʢ.  

ɺʚʝʜʝʥʥʷ ʚʘʧʥʷʢʫ ʚ ʢʽʣʴʢʦʩʪʽ 5-15 ʤʘʩ.% ʜʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɸ-

ʐ-400 (ʎ:ʇ=1:3; ʈʂ=113-115 ʤʤ) ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʦʜʦʧʦʪʨʝʙʫ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 7,7-15,4%. ɼʦʜʘʚʘʥʥʷ 5 ʪʘ 10 

ʤʘʩ.% ʚʘʧʥʷʢʫ ʩʧʨʠʷʻ ʧʨʠʩʢʦʨʝʥʥʶ ʥʘʙʦʨʫ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ, ʧʨʠ ʮʴʦʤʫ 

ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2 ʜʦʙʠ ʪʚʝʨʜʥʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 16,6 ʪʘ 

15,4 ʄʇʘ. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʚʘʧʥʷʢʫ ʜʦ 15 ʤʘʩ.% ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʧʦʚʽʣʴʥʝʥʥʷ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʫ ʚʩʽ 

ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʚʠʱʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʯʝʨʝʟ 28 

ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ (42,4 ʄʇʘ) ʜʦʩʷʛʘʻʪʴʩʷ ʜʣʷ ʟʤʽʰʘʥʦʛʦ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʟ ʚʤʽʩʪʦʤ 7 ʤʘʩ.% ʚʘʧʥʷʢʫ ʪʠʧʫ               

ʇʎ ɯɯ/ɹ-ʂ(ʐ-ɺ)-400 [34, 46].  

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʧʨʦʚʝʜʝʥʦ ʤʝʭʘʥʦ-ʘʢʪʠʚʘʮʽʶ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɸïʐ-400 (ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʟʤʽʥʶʚʘʣʘʩʷ ʚʽʜ 330 ʜʦ 

470 ʤ
2
/ʢʛ). ʇʨʦʙʠ ʛʦʪʫʚʘʣʠ ʟʤʽʰʫʚʘʥʥʷʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɸïʐ-400 

ʨʽʟʥʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʟ ʚʘʧʥʷʢʦʤ ʚ ʢʽʣʴʢʦʩʪʽ 7,5-15 ʤʘʩ.% ʫ ʣʘʙʦʨʘʪʦʨʥʦʤʫ 

ʤʣʠʥʽ (ʯʘʩ ʟʤʽʰʫʚʘʥʥʷ ï 10 ʭʚ). ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.8, ʜʣʷ ʇʎ ɯɯ/ɸ-ʐ-400 ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜ 330 ʜʦ 470 ʤ
2
/ʢʛ ɺ/ʎ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 0,36 

ʜʦ 0,38 ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʈʂ=110-111 ʤʤ. ʇʨʠ ʮʴʦʤʫ ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ ʟʨʦʩʪʘʻ ʫ ʚʩʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ ʜʣʷ ʚʩʽʭ ʩʢʣʘʜʽʚ. ɺʚʝʜʝʥʥʷ 7,5-15 

ʤʘʩ.% ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʚʘʧʥʷʢʫ (Sʧʠʪ=1006 ʤ
2
/ʢʛ) ʜʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ 

ɯɯ/ɸ-ʐ-400 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ ʧʨʠ  ʈʂ=110-111 ʤʤ. ɼʣʷ 

ʩʫʤʽʰʽ ʽʟ ʚʤʽʩʪʦʤ 92,5% ʇʎ ɯɯ/ɸïʐ-400  + 7,5% ʚʘʧʥʷʢʫ  ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ ʯʝʨʝʟ 2; 7; 28 ʽ 90 ʜʽʙ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 31,6; 11,6; 11 ʪʘ 3,3%. ɺʚʝʜʝʥʥʷ 
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15 ʤʘʩ.% ʚʘʧʥʷʢʫ ʜʦ ʇʎ ɯɯ/ɸïʐ-400 ʨʽʟʥʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʚ ʫʩʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ. ɼʣʷ ʟʤʽʰʘʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ (92,5% ʇʎ ɯɯ/ɸïʐ-400 (Sʧʠʪ=470 ʤ
2
/ʢʛ ) + 7,5% ɺʘʧʥʷʢ) 

ʧʨʠ ɺ/ʎ=0,39, ʈʂ=111 ʤʤ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʻ ʥʘʡʚʠʱʠʤʠ ʽ ʯʝʨʝʟ 2; 7; 28 ʪʘ 

90 ʜʽʙ ʜʦʩʷʛʘʶʪʴ ʟʥʘʯʝʥʴ 36,4; 50,3; 61,8 ʪʘ 69,4 ʄʇʘ ʚʽʜʧʦʚʽʜʥʦ. 

 

ʊʘʙʣʠʮʷ 3.8 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʰʘʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʜʦʙʘʚʢʦʶ 

ɻɼʐ ʽ ʚʘʧʥʷʢʫ (ʎ:ʇ
*
= 1:3,  ʧʽʩʦʢ ɾʦʚʢʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ) 

ʉʢʣʘʜ ɺ/ʎ 
ʈʂ, 

ʤʤ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ, 

ʄʇʘ,  ʫ ʚʽʮʽ, ʜʽʙ 

2 7 28 90 

ʇʎ ɯɯ/ɸïʐ-400 (Sʧʠʪ=330 ʤ
2
/ʢʛ ) 0,36 110 19,6 36,2 41,8 54,8 

92,5% ʇʎ ɯɯ/ɸïʐ-400 + 7,5% ɺʘʧʥʷʢ 0,37 110 25,8 40,4 46,4 56,6 

85% ʇʎ ɯɯ/ɸïʐ-400+ 15% ɺʘʧʥʷʢ  0,38 111 24,6 41,4 39,2 46,8 

ʇʎ ɯɯ/ɸïʐ-400 (Sʧʠʪ=400 ʤ
2
/ʢʛ ) 0,37 111 28 41,0 43,2 53,2 

92,5% ʇʎ ɯɯ/ɸïʐ-400+ 7,5% ɺʘʧʥʷʢ 0,38 111 28,9 42,6 47,6 61,0 

85% ʇʎ ɯɯ/ɸïʐ-400  + 15% ɺʘʧʥʷʢ 0,39 112 26,8 40,0 43,2 52,2 

ʇʎ ɯɯ/ɸïʐ-400 (Sʧʠʪ=470 ʤ
2
/ʢʛ ) 0,38 110 34,0 49,4 58,0 67,6 

92,5% ʇʎ ɯɯ/ɸïʐ-400 + 7,5% ɺʘʧʥʷʢ 0,39 111 36,4 50,3 61,8 69,4 

85% ʇʎ ɯɯ/ɸïʐ-400+ 15% ɺʘʧʥʷʢ  0,4 113 33,8 44,0 48,4 58,2 

 

 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʴʦʛʦ ʮʝʦʣʽʪʫ ʥʘ ʨʝʦʣʦʛʽʯʥʽ ʪʘ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʽʚ [13, 94]. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.9, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʫʮʦʣʘʥʦʚʦʾ ʜʦʙʘʚʢʠ ʋɼʎ (Sʧʠʪ=1200 ʤ
2
/ʢʛ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʦʜʦʧʦʪʨʝʙʠ ʚʩʽʭ ʩʢʣʘʜʽʚ ʮʝʤʝʥʪʽʚ, ʧʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩʠ ʪʫʞʘʚʽʥʥʷ 

ʧʨʠʩʢʦʨʶʶʪʴʩʷ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʚʚʝʜʝʥʥʷ 5-15 ʤʘʩ.% ʮʝʦʣʽʪʫ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ ʥʘ 14-36% ʧʦʨʽʚʥʷʥʦ ʟ ʇʎ ɯ, ʧʨʠ ʮʴʦʤʫ ʘʢʪʠʚʥʽʩʪʴ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʪʘʢʦʞ ʟʨʦʩʪʘʻ ʜʦ 41-47,8 ʄʇʘ. 

ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʮʝʦʣʽʪʫ ʜʦ 40 ʤʘʩ.% ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʫ ʚʩʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ. 
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 ʊʘʙʣʠʮʷ 3.9 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʰʘʥʠʭ ʧʦʜʚʽʡʥʠʭ ʮʝʤʝʥʪʽʚ 

 ʟ ʜʦʙʘʚʢʦʶ ʮʝʦʣʽʪʫ (ʎ:ʇ*= 1:3) 

ʉʢʣʘʜ ɺ/ʎ 
ʈʂ, 

ʤʤ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ/ʩʪʠʩʢ, 

ʄʇʘ  ʫ ʚʽʮʽ, ʜʽʙ 

2 7 28 

100% ʇʎ ɯ-500 0,39 110 1,8/20,5 2,07/29,5 2,1/ 38,0 

95% ʇʎ ɯ ï 500 + 5% ʋɼʎ 0,41 110 1,8/23,3  2,36/30,5 2,45/ 41,0 

90% ʇʎ ɯ ï 500 + 10% ʋɼʎ 0,42 111 2,2/25,0 2,5/38,9 2,34/48,5  

85% ʇʎ ɯ ï 500 + 15% ʋɼʎ 0,43 113 2,1/28,0 2,6/39,4 2,65/ 47,8 

80% ʇʎ ɯ ï 500 + 20% ʋɼʎ 0,44 113 1,8/22,5 2,6/36,1 2,8/42,6  

75% ʇʎ ɯ ï 500 + 25% ʋɼʎ 0,44 111 1,7/20,3 2,8/32,4 3,09/38,0  

70% ʇʎ ɯ ï 500 + 30% ʋɼʎ 0,45 113 1,7/19,4 2,6/29,6 3,14/ 37,4 

65% ʇʎ ɯ ï 500 + 35% ʋɼʎ 0,45 113 1,8/17,2 2,7/28,3 2,84/ 35,5 

60% ʇʎ ɯ ï 500 + 40% ʋɼʎ 0,46 113 1,6/16,7 2,4/28,2 3,5/34,7  

*
 -  ʧʽʩʦʢ ɾʦʚʢʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ 

 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʟʤʽʰʘʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʤʦʥʦʜʦʙʘʚʢʘʤʠ 

ʧʫʮʦʣʘʥʦʚʦʾ ʜʽʾ ʻ ʾʭ ʧʽʜʚʠʱʝʥʘ ʚʦʜʦʧʦʪʨʝʙʘ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ 

ʪʘʢʠʭ ʚôʷʞʫʯʠʭ ʜʦ ʩʢʣʘʜʫ ʚʚʦʜʷʪʴ ʢʘʨʙʦʥʘʪʥʽ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʽ, ʟʦʢʨʝʤʘ 

ʚʘʧʥʷʢ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.6, ʧʨʠ ʚʚʝʜʝʥʥʽ 5é20 ʤʘʩ.% ʚʘʧʥʷʢʫ ʜʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500 ʚʦʜʦʧʦʪʨʝʙʘ ʟʤʝʰʫʻʪʴʩʷ ʜʦ 28,8 %. ɺ ʪʦʡ ʞʝ ʯʘʩ, 

ʜʣʷ ʚôʷʞʫʯʦʛʦ (80 ʤʘʩ.% ʇʎ ɯ-500+20 ʤʘʩ. % ʚʘʧʥʷʢ-ʮʝʦʣʽʪ) ʚʦʜʦʧʦʪʨʝʙʘ 

ʟʨʦʩʪʘʻ ʜʦ 30,6%.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʝʭʘʥʦ-ʘʢʪʠʚʦʚʘʥʠʭ ʩʢʣʘʜʽʚ (Sʧʠʪ=4000-5000 

ʩʤ
2
/ʛ) ʟʤʽʰʘʥʠʭ ʧʦʜʚʽʡʥʠʭ ʽ ʧʦʪʨʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯ-500 

ʟ ʜʦʙʘʚʢʦʶ ʚʘʧʥʷʢʫ ʪʘ ʮʝʦʣʽʪʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.7. ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʟʛʽʜʥʦ 

ɼʉʊʋ ɹ ɺ.2.7-187 (ʨʠʩ. 3.7, ʘ) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ 10 ʤʘʩ. % ʚʘʧʥʷʢʫ 

ʟʘʙʝʟʧʝʯʫʻ ʟʨʦʩʪʘʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʜʦ 39,6 ʄʇʘ. ɼʣʷ ʟʤʽʰʘʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʜʦʙʘʚʢʦʶ 10-20 ʤʘʩ.% ʩʫʤʽʰʽ (ʚʘʧʥʷʢ-ʮʝʦʣʽʪ) ʛʨʘʥʠʮʷ 
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ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2 ʜʦʙʠ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 36-35,1 ʄʇʘ. ʇʨʠ ʮʴʦʤʫ ʯʝʨʝʟ 

28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʻ ʥʘʡʚʠʱʠʤʠ ʽ ʩʢʣʘʜʘʶʪʴ 63,5-65,2 

ʄʇʘ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʤʽʰʘʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʽ ʟʛʽʜʥʦ 

ɼʉʊʋ ɹ EN 196-1 (ʨʠʩ. 3.7, ʙ). 

 

ʈʠʩ. 3.6. ʅʦʨʤʘʣʴʥʘ ʛʫʩʪʦʪʘ ʇʎ ɯ-500, ʟʤʽʰʘʥʠʭ ʧʦʜʚʽʡʥʠʭ ʽ ʧʦʪʨʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʜʦʙʘʚʢʘʤʠ ʚʘʧʥʷʢʫ ʪʘ ʮʝʦʣʽʪʫ 

 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʚʠʱʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʩʪʘʥʜʘʨʪʥʦʾ ʤʽʮʥʦʩʪʽ (70,6 ʄʇʘ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʝʭʘʥʦ-ʘʢʪʠʚʦʚʘʥʠʡ ʩʢʣʘʜ 

ʟ ʜʦʙʘʚʢʦʶ 10-20 ʤʘʩ.% ʩʫʤʽʰʽ (ʚʘʧʥʷʢ-ʮʝʦʣʽʪ). ɿʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ 

ʢʣʽʥʢʝʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʜʦ 80% ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʨʘʥʥʴʦʾ ʪʘ 

ʩʪʘʥʜʘʨʪʥʦʾ ʤʽʮʥʦʩʪʝʡ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʩʫʤʽʰʽ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ 

ʰʣʘʢʫ ʪʘ ʮʝʦʣʽʪʫ (Sʧʠʪ=3500-4000 ʩʤ
2
/ʛ) ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʤʽʰʘʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ. ɼʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500 ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ 

ʯʝʨʝʟ 2 ʛʦʜ ʩʢʣʘʜʘʻ 24%, ʚ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʟʤʽʰʘʥʠʭ ʧʦʪʨʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʜʦʙʘʚʢʦʶ 10-20 ʤʘʩ.% ʩʫʤʽʰʽ ɼɻʐ-ʎʝʦʣʽʪ ʟʤʝʥʰʫʻʪʴʩʷ 

ʜʦ ʟʥʘʯʝʥʴ 20,5-21,0%. 
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ʈʠʩ. 3.7. ʄʽʮʥʽʩʪʴ ʤʝʭʘʥʦ-ʘʢʪʠʚʦʚʘʥʠʭ ʟʤʽʰʘʥʠʭ ʧʦʜʚʽʡʥʠʭ ʽ ʧʦʪʨʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʜʦʙʘʚʢʦʶ ʚʘʧʥʷʢʫ ʪʘ ʩʫʤʽʰʽ (ʮʝʦʣʽʪ+ʚʘʧʥʷʢ) ʟʛʽʜʥʦ: ʘ - 

ɼʉʊʋ ɹ ɺ.2.7-187, ʙ ï ɼʉʊʋ ɹ EN 196-1 

 

ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʟʤʽʰʘʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-

187 (ʨʠʩ. 3.8) ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʇʎ ɯ-500 ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2 

ʜʦʙʠ ʻ ʥʘʡʥʠʞʯʦʶ ʽ ʩʢʣʘʜʘʻ 2,6 ʄʇʘ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʟʤʽʰʘʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ 10-20 ʤʘʩ.% ʜʦʙʘʚʢʠ ɻɼʐ-ʎʝʦʣʽʪ ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʟʛʠʥ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 2-2,2 ʨʘʟʠ. ʇʨʠ ʮʴʦʤʫ, ʯʝʨʝʟ 28 ʜʽʙ ʧʦʢʘʟʥʠʢ ʤʽʮʥʦʩʪʽ 

ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 6,8 ʄʇʘ ʧʦʨʽʚʥʷʥʦ ʟ ʇʎ ɯ.  
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ʈʠʩ. 3.8. ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ (ʘ) ʪʘ ʩʪʠʩʢ (ʙ) ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ       

ʇʎ ɯ ʪʘ ʟʤʽʰʘʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʤʽʥʝʨʘʣʴʥʦʶ ʜʦʙʘʚʢʦʶ ɻɼʐ-ʮʝʦʣʽʪ  

 

ɺʚʝʜʝʥʥʷ 10-20 ʤʘʩ.% ʜʦʙʘʚʢʠ ɻɼʐ-ʎʝʦʣʽʪ ʧʨʠʟʚʠʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʚ 1,5 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʇʎ ɯ-500, ʧʨʦʪʝ ʜʦʩʷʛʘʻʪʴʩʷ 

ʚʠʩʦʢʘ ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ (Rc2=26,6-27,8 ʄʇʘ) ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-46:2010 ʜʣʷ 

ʤʘʨʢʠ 500. ʇʨʠ ʮʴʦʤʫ ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʜʘʨʪʥʦʾ ʤʽʮʥʦʩʪʽ ʜʣʷ ʟʤʽʰʘʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ (ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ 80%) ʟ ʜʦʙʘʚʢʦʶ ɻɼʐ-ʎʝʦʣʽʪ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʝʨʞʘʥʥʷ ʧʦʪʨʽʡʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ               

ʇʎ ɯɯ/ɸ-ʂ(ʐ-ʇ)-500ʈ-ʅ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʭ ʎɿʄ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ 

ʘʢʪʠʚʥʦʩʪʽ ʜʘʻ ʟʤʦʛʫ ʝʢʦʥʦʤʠʪʠ ʢʣʽʥʢʝʨʥʫ ʩʢʣʘʜʦʚʫ ʪʘ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ 

ʧʨʦʮʝʩʠ ʧʦʤʝʣʫ. ʊʦʤʫ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʢʣʽʥʢʝʨ 

ʬʘʢʪʦʨʫ ʜʦ 65 % ʪʠʧʫ ʇʎ ɯɯ/ɹ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʩʢʣʘʜʫ ʽʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʎɿʄ.  

 

3.3. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʢʣʘʜʥʠʢʽʚ ʥʘ ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ  ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʎɿʄ ʜʦ 35 ʤʘʩ.% ʫ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜ-

ʮʝʤʝʥʪʽʚ ʪʠʧʫ ʇʎ ɯɯ/ɹ-ʂ ʚʠʢʣʠʢʘʻ ʟʤʝʥʰʝʥʥʷ ʾʭ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ, ʱʦ 
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ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ 

ʚôʷʞʫʯʠʭ. ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʜʚʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʠʧʫ 

CEM II /B, ʦʜʝʨʞʘʥʠʭ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ 35 ʤʘʩ.% ʎɿʄ ʪʘ 65 ʤʘʩ.% CEM I 

(Sʧʠʪ=3400 ʩʤ
2
/ʛ), ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ɼʉʊʋ ɹ EN 196-1:2015 ʧʨʠ ɺ/ʎ=0,50, ʱʦ 

ʚ ʙʽʣʴʰʽʡ  ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʜʣʷ ʪʦʚʘʨʥʦʛʦ ʙʝʪʦʥʫ. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 

3.10, ʧʨʠ ʚʚʝʜʝʥʥ ̔35 ʤʘʩ.% ɻɼʐ ʜʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ Sʧʠʪ = 3650 ʩʤ
2
/ʛ 

ʨʦʟʧʣʠʚ ʢʦʥʫʩʘ ʩʢʣʘʜʘʻ 189 ʤʤ, ʧʨʠ ʮʴʦʤʫ ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ    

2; 28 ʽ 90 ʜʽʙ ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ 13,9; 27,8 ʪʘ 39,2 ʄʇʘ. ɼʣʷ ʟʤʽʰʘʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ 35 ʤʘʩ.% ʋɼʎ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʟʨʦʩʪʘʻ ʜʦ 4100 ʩʤ
2
/ʛ, 

ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʚʩʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ (65 ʤʘʩ.% CEM I 42,5+35 ʤʘʩ.% ɻɼʐ). ʇʨʠ ʚʚʝʜʝʥʥʽ       

35 ʤʘʩ.% ʚʘʧʥʷʢʫ ʜʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ CEM I 42,5 ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ 

ʚôʷʞʫʯʦʛʦ ʩʢʣʘʜʘʻ 3950 ʩʤ
2
/ʛ, ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 16,9 ʄʇʘ, 

ʧʨʦʪʝ ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 28 ʽ 90 ʜʽʙ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

26,8 ʪʘ 35,4 ʄʇʘ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʤʽʰʘʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʱʦʜʦ 

ʩʪʘʥʜʘʨʪʥʦʾ ʤʽʮʥʦʩʪʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ɼʉʊʋ ɹ EN 197-1:2015.  

ʊʘʙʣʠʮʷ 3.10 

ɺʧʣʠʚ ʎɿʄ ʥʘ  ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ (ɼʉʊʋ ɹ EN 196)  

ʉʢʣʘʜ ʮʝʤʝʥʪʫ 
Sʧʠʪ, 

ʩʤ
2
/ʛ 

ʈʂ, 

 ʤʤ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ, ʄʇʘ, ʫ ʚʽʮʽ, ʜʽʙ 

2 28 90 

100% CEM I 42,5 3400 185 32,1 47,6 51,2 

65% CEM I 42,5 +35 ʤʘʩ.% ɻɼʐ  3650 189 13,9 27,8 39,2 

65% CEM I 42,5 +35 ʤʘʩ.% ʋɼʎ 4100 160 15,6 29,0 40,2 

65% CEM I 42,5 +35 ʤʘʩ.% ʚʘʧʥʷʢ  3950 190 16,9 26,8 35,4 

 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʎɿʄ ʨʽʟʥʦʛʦ 

ʛʝʥʝʟʠʩʫ ʪʘ ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʨʘʥʥʴʦʾ ʪʘ ʩʪʘʥʜʘʨʪʥʦʾ ʤʽʮʥʦʩʪʝʡ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ (ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ ï 65 %) ʧʨʦʚʝʜʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʝʪʦʜʦʤ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦ-

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ [18]. ʌʘʢʪʦʨʘʤʠ ʦʧʪʠʤ̔ ʟʘʮʽʾ ʚʠʙʨʘʥʦ ʢʽʣʴʢʽʩʪʴ 
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ʋɼʎ (X1=0; 10; 20 ʤʘʩ.%) ʪʘ ʚʘʧʥʷʢʫ (ʍ2=0; 7,5; 15 ʤʘʩ.%) (ʚʽʜʧʦʚʽʜʥʦ ʚʤʽʩʪ 

ɻɼʐ ʩʢʣʘʜʘʚ 35é0 ʤʘʩ.%)  ʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʤʫ ʚôʷʞʫʯʦʤʫ (ʪʘʙʣ. 3.11).  

ʊʘʙʣʠʮʷ 3.11 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʇʘʨʘʤʝʪʨʠ ʧʣʘʥʫʚʘʥʥʷ 

ʋɼʎ, ʤʘʩ.% (ʍ1) ɺʘʧʥʷʢ, ʤʘʩ.% (ʍ2) 

ɻʦʣʦʚʥʠʡ  ʨʽʚʝʥʴ ñ0ò 10 7,5 

ʅʠʞʥʽʡ ʨʽʚʝʥʴ ñ-1ò 0 0 

ɺʝʨʭʥʽʡ ʨʽʚʝʥʴ ñ+1ò 20 15 

ɯʥʪʝʨʚʘʣ ʚʘʨʽʶʚʘʥʥʷ 10 7,5 

 

ʌʫʥʢʮʽʷʤʠ ʚʽʜʛʫʢʫ ʧʨʠʡʥʷʪʦ ʨʦʟʧʣʠʚ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʥʫʩʘ (Yʈʂ, ʤʤ) ʪʘ 

ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʯʝʨʝʟ 2; 28 ʜʽʙ (YRc2, YRc28, ʄʇʘ) ʫ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʪʚʝʨʜʥʝʥʥʷ. ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʚʥʦʛʦ 

ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 3.12.  

ʊʘʙʣʠʮʷ 3.12  

ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʧʦʚʥʦʛʦ ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ  

 ̄

ʟ/ʧ 

 

 

ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ 

ʈʂ, 

ʤʤ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ 

ʥʘ ʩʪʠʩʢ, ʄʇʘ, 

ʫ ʚʽʮʽ, ʜʽʙ 

ʅʦʨʤʘʣʽʟʦʚʘʥ̔ 

ʬʘʢʪʦʨʠ 

ʅʘʪʫʨʘʣʴʥ ̔ʬʘʢʪʦʨʠ,  

ʢʽʣʴʢʽʩʪʴ ʎɿʄ, ʤʘʩ.% 

ʍ1 ʍ2 ʋɼʎ ɺʘʧʥʷʢ 2 28 

1 -1 -1 0 0 210 17,0 32,2 

2  0 -1 10 0 215 17,5 30,4 

3 +1 -1 20 0 175 15,6 29,1 

4 -1 0 0 7,5 218 18,2 36,2 

5  0 0 10 7,5 195 19,1 36,4 

6 +1 0 20 7,5 170 15,7 25,6 

7 -1 +1 0 15 223 17,2 30,2 

8  0 +1 10 15 181 18,5 31,2 

9 +1 +1 20 15 190 14,4 24,8 
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʪʨʠʤʘʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ (3.1): 

                        Y=b0+b1X1+b2X2+ b1X1
2
+ b2X2

2
+ b12X12

2 
                        (3.1) 

ʜʝ b0, bi, bik, bijï ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ, ʱʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

N

i

jyNb )/(

 
(3.2)

N

i

jkji

N

i

jjkji

ik

xx

yxx

b
 (3.3)

N

i

ij

N

i

jji

ij

x

yx

b
 

ʜʝ N ï ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ; i, k ï ʥʦʤʝʨ ʬʘʢʪʦʨʫ; j ï ʥʦʤʝʨ ʜʦʩʣʽʜʫ. 

Yʈʂ= 195,00-21,00ʍ1-2,66ʍ2 -ʍ1
2
+3,00 ʍ2

2
-2,00ʍ1ʍ2                                                     (3.5) 

YRc2= 18,95-1,10ʍ1-0,08ʍ2 -1,93 ʍ1
2
-0,88ʍ2

2
-0,47ʍ1ʍ2                                (3.6) 

YRc28= 34,72-3,18ʍ1-0,92ʍ2 -2,98 ʍ1
2
-3,08ʍ2

2
-0,57ʍ1ʍ2                                               (3.7) 

ɸʥʘʣʽʟʦʤ ʦʪʨʠʤʘʥʠʭ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʨʽʚʥʷʥʴ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʫ ʜʦ 20,0 

ʤʘʩ.% (ʚʽʜôʻʤʥʠʡ ʟʥʘʢ ʢʦʝʬʽʮʽʻʥʪʫ b2) ʩʧʨʠʯʠʥʷʻ ʟʤʝʥʰʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ 

(ʈʂ=175 ʤʤ) ʪʘ ʟʥʠʞʝʥʥʷ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʫ ʚʩʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ. 

ʇʨʠ ʚʚʝʜʝʥʥʽ 7,5 ʤʘʩ.% ʚʘʧʥʷʢʫ ʜʦ ʩʢʣʘʜʫ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʛʦ ʮʝʤʝʥʪʫ (ʙʝʟ 

ʚʤʽʩʪʫ ʋɼʎ) ʨʫʭʣʠʚʽʩʪʴ ʢʦʤʧʦʟʠʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 218 ʤʤ. ʇʨʠ ʮʴʦʤʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʜʦ 16,2 ʄʇʘ. ɺʚʝʜʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʋɼʎ (20 ʤʘʩ.%) ʪʘ ʚʘʧʥʷʢʫ  (15 ʤʘʩ.%) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʫ ʚʩʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʘʪʴ ʚʽʜôʻʤʥʽ ʟʥʘʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ b11 ʪʘ b22. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʾʭ ʛʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʥʝʢʣʽʥʢʝʨʥʠʤʠ ʩʢʣʘʜʥʠʢʘʤʠ (17,5 

ʤʘʩ.% ɻɼʐ; 10 ʤʘʩ.% ʋɼʎ; 6,5 ʤʘʩ.% ʚʘʧʥʷʢ) ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʧʦʨʪʘʣʥʜʮʝʤʝʥʪʫ CEM ɯɯ/B-M(S-P-L) 32,5R ɼʉʊʋ ɹ EN 197-1, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʫʭʣʠʚʽʩʪʴ ʙʽʣʴʰʝ 190 ʤʤ ʽ ʧʽʜʚʠʱʝʥʽ ʟʥʘʯʝʥʥʷ ʨʘʥʥʴʦʾ 

(Rʩʪ2=19,1 ʄʇʘ) ʪʘ ʩʪʘʥʜʘʨʪʥʦʾ (Rʩʪ28=36,4 ʄʇʘ) ʤʽʮʥʦʩʪʝʡ (ʨʠʩ. 3.9). 

 

(3.4) 
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ʈʦʟʧʣʠʚ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʥʫʩʘ, ʤʤ                    

 
 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2 ʜʦʙʠ 

 
 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 28 ʜ̔ʙ 
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ʈʠʩ. 3.9. ɯʟʦʧʘʨʘʤʝʪʨʠʯʥʽ ʜʽʘʛʨʘʤʠ (ʘ) ʪʘ ʽʟʦʣʽʥʽʾ (ʙ) ʟʤʽʥʠ ʨʦʟʧʣʠʚʫ 

ʢʦʥʫʩʘ ʪʘ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2 ʜʦʙʠ ʪʘ 28 ʜʽʙ ʟʛʽʜʥʦ ɼʉʊʋ ɹ EN 196-

1:2015 ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ  
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ʅʘ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʪʘʢʦʞ ʤʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ 

ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʊʘʢ, ʜʣʷ ɻɼʐ ʪʘ ʢʣʽʥʢʝʨʫ 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʤʝʣʦʟʜʘʪʥʦʩʪʽ, ʱʦ ʚʠʨʘʞʘʻ ʧʨʠʨʽʩʪ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ 

ʨʦʟʤʝʣʶʚʘʥʥʽ, ʩʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ 10é12 ʪʘ 15é20  ʩʤ
2
/(ʛ

.
ʩ), ʪʦʜʽ ʷʢ ʜʣʷ 

ʮʝʦʣʽʪʫ ʪʘ ʚʘʧʥʷʢʫ ï ʚʽʜʧʦʚʽʜʥʦ 55é65 ʪʘ 95é110 ʩʤ
2
/(ʛ

.
ʩ). ʊʦʤʫ ʧʨʠ 

ʩʫʤʽʩʥʦʤʫ ʧʦʤʝʣʽ ʤôʷʢʽ ʤʘʪʝʨʽʘʣʠ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʫ ʜʨʽʙʥʽʡ ʬʨʘʢʮʽʾ, ʘ 

ʢʣʽʥʢʝʨ ʪʘ ɻɼʐ ï ʫ ʛʨʫʙʽʰʽʡ ʬʨʘʢʮʽʾ. ʅʘʡʜʨʽʙʥʽʰʽ ʯʘʩʪʠʥʢʠ ʚʘʧʥʷʢʫ ʜʽʪʁɹ ʷʢ 

ʮʝʥʪʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʚʠʥʥʠʭ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʽ ʪʘʢʠʤ 

ʯʠʥʦʤ ʚʠʢʣʠʢʘʶʪʴ ʧʨʠʨʽʩʪ ʤʽʮʥʦʩʪʽ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʪʚʝʨʜʥʝʥʥʷ [71, 118]. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʫ ʜʨʽʙʥʽʡ ʬʨʘʢʮʽʾ ʜʦʣʷ ʢʣʽʥʢʝʨʫ ʪʘ ɻɼʐ ʻ ʥʠʟʴʢʦʶ, ʱʦ 

ʤʦʞʝ ʩʧʦʚʽʣʴʥʠʪʠ ʥʘʨʦʩʪʘʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ. ʊʦʤʫ ʜʣʷ  ʜʦʩʷʛʥʝʥʥʷ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʜʘʨʪʥʦʾ ʪʘ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʝʡ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʨʦʟʜʽʣʴʥʠʡ ʧʦʤʝʣ ʮʝʤʝʥʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʚʦʜʠʪʠ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʛʨʘʥʫʣʦʤʝʪʨʽʾ.  ɺʚʝʜʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʧʦʤʝʣʫ 

ʜʦʜʘʪʢʦʚʦ ʮʝʦʣʽʪʫ ʜʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʟ ʜʦʤʝʥʥʠʤ 

ʛʨʘʥʫʣʴʦʚʘʥʠʤ ʰʣʘʢʦʤ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʥʘ 12 % ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪʴ 

ʚôʷʞʫʯʦʛʦ, ʧʨʠ ʮʴʦʤʫ ʜʦʙʘʚʢʘ ʚʘʧʥʷʢʫ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʘʢʪʠʚʥʽʩʪʴ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʨʦʟʧʦʜʽʣʫ ʟʝʨʝʥ ʟʘ ʬʨʘʢʮʽʷʤʠ ʽ ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʧʫʩʪʦʪ ʤʽʞ 

ʟʝʨʥʘʤʠ ʢʣʽʥʢʝʨʫ.  

ɼʣʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ) (65 ʤʘʩ.% 

ʢʣʽʥʢʝʨʫ), ʦʜʝʨʞʘʥʠʭ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʩʫʤʽʩʥʦʛʦ  ̔ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ 

ʧʦʢʘʟʥʠʢʠ ʨʘʥʥʴʦʾ ʪʘ ʩʪʘʥʜʘʨʪʥʦʾ ʤʽʮʥʦʩʪʝʡ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʊʘʢ, ʜʣʷ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʦʜʝʨʞʘʥʦʛʦ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʩʫʤʽʩʥʦʛʦ 

ʧʦʤʝʣʫ (Sʧʠʪ=360 ʤ
2
/ʢʛ), ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-187 ʛʨʘʥʠʮʷ 

ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2 ʪʘ 28 ʜʽʙ ʩʢʣʘʜʘʻ 22,4 ʪʘ 45,2 ʄʇʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʪʠʧʫ ʇʎ ɯɯ/ɹ-ʂ-400ʈ ɼʉʊʋ ɹ ɺ.2.7-46; ʧʨʠ ʮʴʦʤʫ ʅɻʊ=29,5%, ʦʙ`ʻʤʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʩʢʣʘʜʘʻ 16%, ʚʦʜʦʫʪʨʠʤʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ - 99,2%. 
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ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʡʦʛʦ ʩʪʘʥʜʘʨʪʥʘ ʤʽʮʥʽʩʪʴ ʧʝʨʝʚʠʱʫʻ ʤʘʨʦʯʥʫ ʤʽʮʥʽʩʪʴ  ʇʎ 

ɯɯ/ɹ-ʐ-400 ʪʘ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʤʘʨʦʯʥʽʡ ʤʽʮʥʦʩʪʽ ʇʎ ɯɯ/ɸ-ʐ-400. ʇʨʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʛʽʜʥʦ ɼʉʊʋ ɹ EN 196-1:2015 ʜʣʷ ʜʘʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

CEM II/B-M(S-P-L) 32,5 R ʧʦʢʘʟʥʠʢ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 15% 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ CEM II/ɺ-S 32,5 R ʽ ʩʢʣʘʜʘʻ 19,3 ʄʇʘ. ʏʝʨʝʟ 

1-2 ʨʦʢʠ ʪʚʝʨʜʥʝʥʥʷ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ CEM II/B-M 

32,5R ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠʨʽʩʪ ʤʽʮʥʦʩʪʽ ʜʦ 55,0-62,4 ʄʇʘ (ʨʠʩ. 3.10). ɺ ʪʦʡ ʞʝ 

ʯʘʩ, ʜʣʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʦʜʝʨʞʘʥʦʛʦ ʟʘ 

ʪʝʭʥʦʣʦʛʽʻʶ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ (Sʧʠʪ=430 ʤ
2
/ʢʛ), ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 30,7 ʄʇʘ, ʘ ʩʪʘʥʜʘʨʪʥʘ ï ʜʦ 52,8 ʄʇʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʡʦʛʦ 

ʚʽʜʥʝʩʪʠ ʜʦ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ɼʉʊʋ ɹ ɺ.2.7-46:2010, ʘ ʧʨʠ 

ʚʠʧʨʦʙʫʚʘʥʥʽ ɼʉʊʋ ɹ EN 196-1:2015 - ʜʦ CEM ɯɯ/B-M (S-P-L) 42,5 R ɼʉʊʋ ɹ 

EN 197-1:2015. 
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ʈʠʩ. 3.10. ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-

187:2009 (ʘ) ʪʘ  ɼʉʊʋ ɹ EN 196-1:2015 (ʙ) 

 

ʄʫʣʴʪʠʤʦʜʘʣʴʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʯʝʪʚʝʨʪʠʥʥʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ         

ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ɼʉʊʋ ɹ ɺ.2.7-46:2010, ʦʜʝʨʞʘʥʠʡ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ, ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʨʘʥʥʶ ʤʽʮʥʽʩʪʴ, ʧʦʢʨʘʱʝʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ 

ʧʝʨʝʚʘʛʠ (ʨʠʩ. 3.11). 
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ʈʠʩ. 3.11. ɹʣʦʢ-ʩʭʝʤʘ  ʧʦʻʜʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʠʧʫ ɯɯ  

 

3.4. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ 

 

 

ʊʚʝʨʜʥʝʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ ʛʽʜʨʘʪʘʮʽʾ ʢʣʽʥʢʝʨʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʪʘ ʨʝʘʢʮʽʡ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʛʽʜʨʘʪʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ ʟ ʘʢʪʠʚʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ [131, 133, 141].  ʗʢ ʚʠʜʥʦ ʟ 

ʪʘʙʣ. 3.13, ʜʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500ʈ-H (Sʧʠʪ=336 ʤ
2
/ʢʛ) ʥʦʨʤʘʣʴʥʘ 

ʛʫʩʪʦʪʘ ʪʽʩʪʘ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʦʜʦʧʦʪʨʝʙʽ 29,5%, ʧʨʠ ʮʴʦʤʫ ʤʽʮʥʽʩʪʴ ʯʝʨʝʟ     

1; 3 ʪʘ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ (ʪʽʩʪʦ 1:0) ʩʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ 18,9; 40,1 ʪʘ 72,5 

ʄʇʘ.  
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ʊʘʙʣʠʮʷ 3.13 

ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʤʽʮʥʽʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ  ʥʘ ʦʩʥʦʚʽ ʇʎ ɯ-500 

ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ (ʪʽʩʪʦ 1:0) 

ʊʠʧ ʮʝʤʝʥʪʫ 
Sʧʠʪ, 

ʤ
2

/ʢʛ 

ɸ
009

, 

% 

ʅɻʊ 

% 

ʊʝʨʤʽʥʠ 

ʪʫʞʘʚʽʥʥʷ, 

ʛʦʜ-ʭʚ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ 

ʥʘ ʩʪʠʩʢ, ʄʇʘ, ʫ 

ʚʽʮʽ, ʜʽʙ 

ʧʦʯ. ʢʽʥ. 1 3 28 

 ʇʎ ɯ-500ʈ 336 1,2 29,6 150 230 18,9 40,1 72,5 

 ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ 430 0,6 30,5 180 260 19,5 39,8 72,0 

ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-400ʈ 340 2,4 29,0 190 270 12,5 32,4 61,8 

 

ʂʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-400ʈ (Sʧʠʪ=340 

ʤ
2
/ʢʛ), ʦʜʝʨʞʘʥʠʡ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʩʫʤʽʩʥʦʛʦ ʧʦʤʝʣʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʧʦʚʽʣʴʥʝʥʦʶ ʢʽʥʝʪʠʢʦʶ ʨʘʥʥʴʦʛʦ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ. ʊʘʢ, ʧʨʠ ʅɻʊ=29,0% 

ʧʦʯʘʪʦʢ ʪʫʞʘʚʽʥʥʷ ʚʽʜʪʷʛʫʻʪʴʩʷ ʥʘ 40 ʭʚ, ʤʽʮʥʽʩʪʴ ʯʝʨʝʟ 1 ʪʘ 3 ʜʦʙʠ 

ʪʚʝʨʜʥʝʥʥʷ ʩʢʣʘʜʘʻ 12,5 ʪʘ 32,4 ʄʇʘ ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-

500ʈ (Sʧʠʪ=430 ʤ
2
/ʢʛ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʷʢʝ ʟʙʽʣʴʰʝʥʥʷ ʚʦʜʦʧʦʪʨʝʙʠ ʪʽʩʪʘ 

(ʅɻʊ=30,5%), ʪʝʨʤʽʥʠ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʷ ʪʫʞʘʚʽʥʥʷ ʩʢʣʘʜʘʶʪʴ 180 ʪʘ 260 ʭʚ 

ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʩʢʦʨʶʶʪʴʩʷ ʧʨʦʮʝʩʠ ʨʘʥʥʴʦʛʦ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ï ʯʝʨʝʟ 1 ʜʦʙʫ ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 19,5 

ʄʇʘ ʪʘ  ʝʢʚʽʚʘʣʝʥʪʥʘ ʟ ʇʎ ɯ-500.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʣʝʢʩʫ ʤʝʪʦʜʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʚʯʝʥʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʛʽʜʨʘʪʘʮʽʾ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ 

ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 

3.12, ʘ), ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ɺ-ʇ)-

500ʈ ʯʝʨʝʟ 1 ʜʦʙʫ ʪʚʝʨʜʥʝʥʥʷ ʬʽʢʩʫʶʪʴʩʷ ʣʽʥʽʾ ʢʘʣʴʮʠʪʫ (d/n=0,303; 0,249 

ʥʤ), ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ (d/n=0,490; 0,263 ʥʤ) ʪʘ ʝʪʨʠʥʛʽʪʫ (d/n=0,973; 0,561 

ʥʤ). ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʎɿʄ ʧʫʮʦʣʘʥʽʯʥʦʾ ʜʽʾ ʚ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʤʫ 
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ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʝʬʣʝʢʩʽʚ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ ʧʦʨʽʚʥʷʥʦ ʟ ʇʎ ɯ-500. ɺ ʪʦʡ ʞʝ 

ʯʘʩ, ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʛʽʜʨʘʪʦʚʘʥʦʛʦ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ɺ-

ʇ)-500ʈ ʧʨʦʷʚʣʷʶʪʴʩʷ ʜʦʜʘʪʢʦʚʦ ʱʝ ʣʽʥʽʾ ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʫ ʢʘʣʴʮʽʶ 

(d/n=0,76; 0,38 ʥʤ); ʧʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʨʝʬʣʝʢʩʽʚ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ ʚ 2 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʢʘʤʝʥʝʤ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯ-

500ʈ (ʨʠʩ. 3.12, ʙ), ʪʦʙʪʦ ʮʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʪʦʥʢʘ ʬʨʘʢʮʽʷ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʫ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʫʮʦʣʘʥʽʟʘʮʽʾ. 

 

ʘ 

 

ʙ 

ʈʠʩ. 3.12. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯ-500ʈ-ʅ ʪʘ ʇʎ ɯɯ/ɹ-ʂ-500ʈ-ʅ 

ʯʝʨʝʟ 1 (ʘ) ʪʘ 28 (ʙ) ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

ʇʎ ɯɯ/ɹ-ʂ-500 

ʇʎ ɯ-500 

ʇʎ ɯ-500 

ʇʎ ɯɯ/ɹ-ʂ-500 
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ɿʛʽʜʥʦ ʜʘʥʠʭ ʨʘʩʪʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ʨʠʩ. 3.13, ʘ), ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʚ ʩʠʩʪʝʤʽ ñʉʘ(ʆʅ)2 ï ɻɼʐò ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

ʦʩʥʦʚʥʦʶ ʛʽʜʨʘʪʥʦʶ ʬʘʟʦʶ ʻ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʧʦʨʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʫ ʚʠʛʣʷʜʽ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʽ ʧʨʠʟʤʦʧʦʜʽʙʥʠʭ ʢʨʠʩʪʘʣʽʚ ʨʦʟʤʽʨʦʤ 50-

60 ʤʢʤ, ʘ ʪʘʢʦʞ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʛʽʜʨʦʘʣʶʤʽʥʘʪʽʚ ʢʘʣʴʮʽʶ 

ʉ4ɸʅ13. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʩʠʩʪʝʤʠ ñʉʘ(ʆʅ)2 ï ʢʣʠʥʦʧʪʠʣʦʣʽʪò ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʭʘʨʘʢʪʝʨʥʝ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ (ʨʠʩ. 3.13, ʙ), ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʾ ʧʫʮʦʣʘʥʠ ʚ ʧʨʦʮʝʩʘʭ 

ʛʽʜʨʘʪʘʮʽʾ. 

 

  

ʘ ʙ 

ʈʠʩ. 3.13. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ ʪʽʩʪʘ ñʉʘ(ʆʅ)2 ï ɻɼʐò (ʘ) 

ñʉʘ(ʆʅ)2 ï ʢʣʠʥʦʧʪʠʣʦʣʽʪò (ʙ) ʯʝʨʝʟ 28 ʜ̔ʙ ʪʚʝʨʜʥʝʥʥʷ 

 

ɺ ʩʠʩʪʝʤʽ çʉʘ(ʆʅ)2 ïʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ ï ʮʝʦʣʽʪè ʦʜʥʠʤ ʟ 

ʦʩʥʦʚʥʠʭ ʚʠʜ̔ʚ ʚʟʘʻʤʦʜʽʾ ʻ ʣʫʞʥʘ ʘʢʪʠʚʘʮʽʷ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʊʘʢ, 

ʜʣʷ ʮʝʦʣʽʪʦʚʦʾ ʧʦʨʦʜʠ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʟʜʘʪʥʽʩʪʴ ʜʦ ʛʽʜʨʦʣʽʟʫ ʩʢʣʦʧʦʜʽʙʥʦʾ 

ʩʢʣʘʜʦʚʦʾ, ʧʨʠʯʦʤʫ ʚʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʟʫʤʦʚʣʝʥʘ 

ʟʨʦʩʪʘʥʥʷʤ ʨʅ-ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʨʘʭʫʥʦʢ ʦʙʤʽʥʥʦʾ ʟʜʘʪʥʦʩʪʽ ʮʝʦʣʽʪʦʚʦʛʦ 

ʤʽʥʝʨʘʣʫ - ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ [87]:  

Na6Ā [(AlO2)6 Ā(SiO2)30]Ā 24H2O +  nHOH źNa6-n Āʅn Ā [ (AlO2)6 Ā(SiO2)30 ]Ā 24H2O 

+  nĀ Na
+
 + nĀOH

-
. 
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 ʂʣʠʥʦʧʪʠʣʦʣʽʪ ʚʠʩʪʫʧʘʻ ʚ ʷʢʦʩʪʽ ʘʢʪʠʚʫʶʯʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʩʠʩʪʝʤʠ 

çʢʣʽʥʢʝʨ ï ɻɼʐè, ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʥʘ 

ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʮʝʦʣʽʪʫ ʪʘ ʟʨʦʩʪʘʻ ʨʅ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʥʷ 

ʛʽʜʨʘʚʣʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. ɺʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʮʝʦʣʽʪʫ ʟʘ ʧʦʛʣʠʥʘʥʥʷʤ ʉʘʆ ʪʘ ʉʘSO4 ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʥʩʠʚʥʝ ʟʚôʷʟʫʚʘʥʥʷ 

ʉʘ(ʆʅ)2 ʫ ʥʠʟʴʢʦʦʩʥʦʚʥʽ ʛʽʜʨʦʩʠʣʽʢʘʪʠ, ʛʽʜʨʦʩʫʣʴʬʦʘʣʶʤʽʥʘʪʠ ʽ 

ʛʽʜʨʦʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ. ʈʘʟʦʤ ʟ ʪʠʤ, ʪʘʢʠʡ ʧʨʦʮʝʩ ʘʢʪʠʚʘʮʽʾ ʧʨʦʪʽʢʘʻ  ʚ 

ʪʨʠʚʘʣʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʊʦʤʫ ʥʘʷʚʥʽʩʪʴ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʾ ʬʨʘʢʮʽʾʾ ʮʝʦʣʽʪʫ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ, ʩʧʨʠʷʻ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾʾ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʚ ʨʘʥʥʽʡ ʧʝʨʽʦʜ ʛʽʜʨʘʪʘʮʽʾ. 

ʇʨʠ ʚʚʝʜʝʥʥʽ ʚʘʧʥʷʢʫ ʜʦ ʮʝʤʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʨʘʟʦʤ ʟ ɻɼʐ ʽ ʮʝʦʣʽʪʦʤ, 

ʘʢʪʠʚʽʟʫʶʪʴʩʷ ʧʨʦʮʝʩʠ ʛʽʜʨʦʣʽʟʫ ʘʣʽʪʦʚʦʾ ʬʘʟʠ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʛʝʢʩʘʛʦʥʘʣʴʥʽ ʛʽʜʨʦʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ ʚ ʧʨʠʩʫʪʥʦʩʪʽ CaCO3 ʟʘʤʽʱʘʶʪʴʩʷ ʥʘ 

ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽ ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʠ C4A
.
CO2

.
12H2O, ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʘ 

ʨʦʣʴ ʷʢʠʭ ʟ ʯʘʩʦʤ ʟʨʦʩʪʘʻ. ɻʨʫʧʠ [ʉʆ3]
2-
 ʚ ʩʪʨʫʢʪʫʨʽ ʉ3ɸ

.
ʉʘʉʆ3

.
12ʅ2ʆ 

ʫʧʘʢʦʚʘʥʽ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʰʘʨʽʚ [ʉʘ2Al(OH)6]
+
 ʽ ʩʪʘʙʽʣʽʟʫʶʪʴ ʾʭ.  ɺ ʪʦʡ ʞʝ ʯʘʩ, 

ʚ ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ ʤʦʞʝ ʟʚôʷʟʘʪʠʩʴ ʣʠʰʝ ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ (3-6 ʤʘʩ.%), ʷʢʠʡ ʚʽʜʽʛʨʘʻ ʘʢʪʠʚʥʫ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʫ 

ʨʦʣʴ ʟʘ ʨʘʭʫʥʦʢ ʚʭʦʜʞʝʥʥʷ ʚ ʩʪʨʫʢʪʫʨʫ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ AFm-ʬʘʟ [57]. ʊʦʤʫ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʥʘʷʚʥʽʩʪʴ ʩʘʤʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦ ʾʬʨʘʢʮʽ ʾʚʘʧʥʷʢʫ, ʱʦ 

ʩʪʘʙʽʣʽʟʫʻ ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ ʪʨʠʢʘʣʴʮʽʻʚʦʛʦ ʘʣʶʤʽʥʘʪʫ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʽʚ ʉ4ɸ
.
ʉʆ2

.
12ʅ2ʆ, ʷʢʽ ʚʥʘʩʣʽʜʦʢ 

ʝʧʽʪʘʢʩʽʘʣʴʥʠʭ ʟʨʦʱʝʥʴ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʙʨʝ ʚʥʫʪʨʽʰʥʻ ʟʯʝʧʣʝʥʥʷ ʤʽʞ 

ʩʢʣʘʜʦʚʠʤʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʢʨʫʧʥʽʰʘ ʬʨʘʢʮʽʷ 

ʯʘʩʪʠʥʦʢ ʉʘʉʆ3 ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʬʝʢʪʫ ñʜʨʽʙʥʠʭ ʧʦʨʦʰʢʽʚò ʚʠʩʪʫʧʘ ̒ ʷʢ 

ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯ: ʯʘʩʪʠʥʢʠ ʉʘʉʆ3 ʨʦʟʩʫʚʘʶʪʴ ʟʝʨʥʘ ʪʚʝʨʜʥʫʯʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʧʨʠ ʚʽʜʚʝʜʝʥʥʽ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩʠ ʪʚʝʨʜʽʥʥʷ, ʩʧʨʠʷʻ 

ʫʱʽʣʴʥʝʥʥʶ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʪʘ ʟʨʦʩʪʘʥʥʶ ʡʦʛʦ ʤʽʮʥʦʩʪʽ.     

ʋ ʨʘʥʥʽʡ ʧʝʨʽʦʜ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʫʪʚʦʨʝʥʥʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ 
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ʢʨʠʩʪʘʣʽʚ ʥʠʟʴʢʦʦʩʥʦʚʥʠʭ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʉ-S-H (ɯ), ʧʦʦʜʠʥʦʢʠʭ 

ʢʨʠʩʪʘʣʽʚ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ (ʨʠʩ. 3.14, ʘ,). ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.14, ʙ, ʚ ʧʨʦʮʝʩʽ 

ʛʽʜʨʘʪʘʮʽʾ ʚʽʜʢʨʠʪʘ ʧʦʨʘ ʢʦʣʴʤʘʪʫʻʪʴʩʷ ʛʦʣʯʘʪʠʤʠ ʢʨʠʩʪʘʣʘʤʠ ʝʪʨʠʥʛʽʪʫ 

ʨʦʟʤʽʨʦʤ 5-10 ʤʢʤ, ʱʦ ʩʧʨʠʷʻ ʫʱʽʣʴʥʝʥʶ ʩʪʨʫʢʪʫʨʠ ʢʘʤʝʥʶ. ɿ ʚʽʢʦʤ 

ʪʚʝʨʜʥʝʥʥʷ, ʯʝʨʝʟ 28 ʜʽʙ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʱʽʣʴʥʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ɸFm- ʽ ɸFt-ʬʘʟʘʤʠ ʚ ʤʘʩʽ 

ʛʝʣʝʧʦʜʽʙʥʦʾ ʬʘʟʠ ʉ-S-H (ʨʠʩ. 3.14, ʚ, ʛ).  

 

  

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩ. 3.14. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ  

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-

500ʈ ʯʝʨʝʟ 1 ʜʦʙʫ (ʘ, ʙ) ʪʘ 28 ʜʽʙ (ʚ, ʛ) ʪʚʝʨʜʥʝʥʥʷ 
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ʋʪʚʦʨʝʥʥʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʢʨʠʩʪʘʣʽʚ ʝʪʨʠʥʛʽʪʫ ʩʧʨʠʷʻ ʟʰʠʚʘʥʥʶ 

ʟʝʨʝʥ ʫ ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ ʚôʷʞʫʯʦʛʦ. ɽʪʨʠʥʛʽʪ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ 

ʤʽʞʧʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʫ ʚʠʛʣʷʜʽ ʜʨʽʙʥʠʭ ʛʦʣʯʘʩʪʠʭ ʢʨʠʩʪʘʣʽʚ (0,5 - 3,0 ʤʢʤ), 

ʷʢʽ ʩʧʨʠʷʶʪʴ ʩʠʥʪʝʟʫ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ 

ʫʱʽʣʴʥʝʥʥʷ. ʊʦʥʢʦʜʠʩʧʝʨʩʥʘ ʬʨʘʢʮʽʷ ʚʘʧʥʷʢʫ ʚ ʧʨʦʮʝʩʽ 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 ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ. 

ɿʛʽʜʥʦ ʜʘʥʠʭ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 3.15, ʘ, ʚ), ʜʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʇʎ ɯ-500ʈ ʪʘ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ ʥʘ ʢʨʠʚʽʡ ɼʊɸ ʯʝʨʝʟ 1 ʪʘ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʬʽʢʩʫʪ̒ʴʩʷ ʝʥʜʦʪʝʨʤʽʯʥʠʡ ʝʬʝʢʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 130Áʉ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘ ̒ʚʠʜʽʣʝʥʥʶ ʬʽʟʠʯʥʦ-ʟʚôʷʟʘʥʦʾ ʪʘ ʬʽʟʠʯʥʦ-ʘʜʩʦʨʙʦʚʘʥʦʾ ʚʦʜʠ ʟ ʧʦʨ ʽ 

ʢʘʧʽʣʷʨʽʚ. ɼʝʛʽʜʨʘʪʘʮʽʷ ʚ ʧʦʨʪʣʘʥʜʠʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ 460-520 Áʉ, ʚʤʽʩʪ ʉʘ(ʆʅ)2 ʚ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʭ ʇʎ ɯ-500 ʪʘ ʇʎ ɯɯ/ɹ-

ʂ(ʐ-ʇ-ɺ)-500ʈ ʩʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ 3,3 ʪʘ 1,7 %. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.15, ʙ, ʛ, 

ʯʝʨʝʟ 28 ʜʽʙ ʛʽʜʨʘʪʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʉʘ(ʆʅ)2 ʚ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʭ. ʇʨʦʪʝ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʉʘ(ʆʅ)2 ʫ 

ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-ʂ-500ʈ-ʅ ʩʢʣʘʜʘʻ 8,2 ʤʘʩ.%, ʱʦ ʚ 2 

ʨʘʟʠ ʤʝʥʰʝ ʧʦʨʽʚʥʷʥʦ ʟ ʢʘʤʝʥʝʤ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯ-500. 

ʆʪʞʝ, ʩʠʥʪʝʟ ʤʽʮʥʦʩʪʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʥʝʨʛʽʯʥʠʤ ʝʬʝʢʪʦʤ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ 

ʬʨʘʢʮʽʡ ʎɿʄ (0,1ï1,0 ʤʢʤ) ʛʽʜʨʘʚʣʽʯʥʦʾ ʪʘ ʧʫʮʦʣʘʥʽʯʥʦʾ ʜʽʾ, ʱʦ ʟʫʤʦʚʣʶʻ 

ʦʧʪʠʤʽʟʘʮʽʶ ʫʧʘʢʦʚʢʠ ʯʘʩʪʠʥʦʢ ʩʠʩʪʝʤʠ, ʨʘʥʥʶ ʧʫʮʦʣʘʥʦʚʫ ʨʝʘʢʮʽʶ ʤʽʞ 

ʨʝʘʢʮʽʡʥʦ-ʘʢʪʠʚʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʎɿʄ ʟ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʦʤ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʚ ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ [35, 36, 97]. 
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ʇʎ ɯ - 500ʈ 

  

ʘ ʙ 

ʇʎ ɯɯ/ɹ-ʂ-500ʈ 

  

ʚ ʛ 

ʈʠʩ. 3.15. ɼʝʨʠʚʘʪʦʛʨʘʤʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʇʎ ɯ (ʘ, ʙ) ʪʘ ʇʎ ɯɯ/ɹ-ʂ-400 

(ʚ, ʛ): ʘ, ʚ ï ʯʝʨʝʟ  1 ʜʦʙʫ ʪʚʝʨʜʥʝʥʥʷ; ʙ, ʛ ï ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

 

3.5. ɹʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ 

 

ɿʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-66-98 ʷʢʽʩʪʴ ʮʝʤʝʥʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ: ʪʝʭʥʽʯʥʠʡ ʨʽʚʝʥʴ (ʧʦʢʘʟʥʠʢʠ ʧʨʠʟʥʘʯʝʥʥʷ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ, 

ʟʙʝʨʽʛʘʥʥʷ, ʝʩʪʝʪʠʯʥʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʩʪʽ, 
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ʝʢʦʥʦʤʽʯʥʦʩʪʽ), ʩʪʘʙʽʣʴʥʽʩʪʴ ʷʢʦʩʪʽ, ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʪʘ ʽʥ. 

ʂʦʥʪʨʦʣʶʚʘʥʥʷ ʮʝʤʝʥʪʽʚ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʾʭ 

ʷʢʽʩʪʴ ʽ ʧʦʜʘʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʙʝʪʦʥʽʚ ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [6, 7, 16, 66]. 

ʄʽʮʥʽʩʪʴ. ʇʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʚʠʨʦʙʥʠʮʪʚʘ ʇʨɸʊ çɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè ʪʘ ʨʦʟʨʦʙʣʝʥʠʡ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʤʘʨʢʠ 500 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ 

(ʪʘʙʣ. 3.14). ʊʘʢ, ʯʝʨʝʟ 2 ʜʦʙʠ ʪʚʝʨʜʥʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʡ ʧʦʢʘʟʥʠʢ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-

500ʈ-ʅ (ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ ï 65%) ʧʝʨʝʚʠʱʫʻʪʴʩʷ ʚ 1,54 ʨʘʟʠ ʪʘ ʜʦʩʷʛʘʻʪʴʩʷ 50% 

ʩʪʘʥʜʘʨʪʥʦʾ ʤʽʮʥʦʩʪʽ. ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʚʞʝ ʯʝʨʝʟ 1 ʜʦʙʫ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ 

ʩʢʣʘʜʘʻ 20 ʄʇʘ (50% ʩʪʘʥʜʘʨʪʥʦʾ ʤʽʮʥʦʩʪʽ) ʽ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-281:2011 

ʟʘ ʢʽʥʝʪʠʢʦʶ ʥʘʙʦʨʫ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʚʢʘʟʘʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʷʢ ʰʚʠʜʢʦʪʚʝʨʜʥʫʯʽ. ʏʝʨʝʟ 28 ʜʽʙ ʘʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ  

ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ (ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ ï 65%) ʧʝʨʝʚʠʱʫʻ ʤʘʨʢʫ ʥʘ 5,6% 

ʽ ʩʢʣʘʜʘʻ 52,8 ʄʇʘ, ʪʦʙʪʦ ʪʘʢʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʚʠʩʦʢʦʤʽʮʥʠʭ. ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ CEM 

II/ɺ-M 42,5R ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ EN 196-1 ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2 ʪʘ 

28 ʜʽʙ ʩʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ 29,8 ʪʘ 44,9 ʄʇʘ (ʪʘʙʣ. 3.15).  

ʊʘʙʣʠʮʷ 3.14 

ʄʽʮʥʽʩʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-187 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʟʛʠʥ, ʫ ʚʽʮʽ, ʜʽʙ, ʄʇʘ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ, ʫ ʚʽʮʽ, ʜʽʙ, ʄʇʘ 

2 7 28 2  7  28  

ɺʠʤʦʛʠ ʟʛʽʜʥʦ   

ɼʉʊʋ ɹ ɺ.2.7-46:2010 
- - - Ó20 - Ó50 

ʇʎ ɯ-500ʈ-ʅ 6,2 8,3 9,2 32,8 44,2 53,4 

ʇʎ ɯɯ/ɸ-ʐ-500ʈ-ʅ 5,9 8,2 8,9 31,2 41,0 51,2 

ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ  5,8 8,1 8,9 30,7 42,9 52,8 
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ʊʘʙʣʠʮʷ 3.15 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ EN 196 

ʎʝʤʝʥʪ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʟʛʠʥ, ʫ ʚʽʮʽ, ʜʽʙ, ʄʇʘ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ, ʫ ʚʽʮʽ, ʜʽʙ, ʄʇʘ 

2 28 2 28 

CEM I 42,5 R 6,0 8,9 31,9 45,8 

CEM II/ɸ-S 42,5 R 5,8 8,7 30,7 44,6 

CEM II/ɺ-M(S-ʈ-L) 42,5 R 5,7 8,7 29,8 44,9 

 

ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʟ ʚʽʢʦʤ ʪʚʝʨʜʥʝʥʥʷ ʧʨʠʨʽʩʪ ʤʽʮʥʦʩʪʽ ʜʣʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ 

ʟ ʯʠʩʪʦʢʣʽʥʢʝʨʥʠʤ  ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ 60 ʜʽʙ ʤʽʮʥʽʩʪʴ CEM 

II/ɺ-M(S-ʈ-L) 42,5 R ʟʨʦʩʪʘʻ ʥʘ 28%, ʪʦʜʽ ʷʢ ʜʣʷ CEM I 42,5 R ï ʪʽʣʴʢʠ ʥʘ 

10%. ʏʝʨʝʟ 360 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪʴ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ CEM I ʥʘ 18 %. 

ɺʦʜʦʚʽʜʜʽʣʝʥʥʷ ʪʘ ʚʦʜʦʫʪʨʠʤʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ. ɺʠʟʥʘʯʝʥʥʷ 

ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ɹ ɺ.2.7-186-

2009. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.16, ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500ʈ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʡʙʽʣʴʰʠʤ  ʦʙ`ʻʤʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ (ʂʦʙ=24,8%) ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ. ɺ ʪʦʡ ʞʝ 

ʯʘʩ, ʜʣʷ ʇʎ ɯɯ/ɸ-ʐ-500ʈ (ʅɻʊ=29,2%) ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 12% 

ʧʦʨʽʚʥʷʥʦ ʟ ʯʠʩʪʦʢʣʽʥʢʝʨʥʠʤ ʇʎ ɯ-500ʈ.  

 

ʈʠʩ.  3.16. ʂʽʥʝʪʠʢʘ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ  
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ɼʣʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-

ʇ-ɺ)-500ʈ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʟʤʝʰʫʻʪʴʩʷ ʚ 1,6 ʨʘʟʠ (ʂʦʙ=15,8%), ʱʦ ʟʫʤʦʚʣʝʥʦ 

ʚʤʽʩʪʦʤ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʫ ʚ ʩʢʣʘʜʽ ʚôʷʞʫʯʦʛʦ. ʄʫʣʴʪʠʤʦʜʘʣʴʥʠʡ 

ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʦʶ ʚʦʜʦʫʪʨʠʤʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ (98,9%), ʪʦʜʽ ʷʢ ʜʣʷ ʇʎ ɯ-500 ʽ 

ʇʎ ɯɯ/ɸ-ʐ-500ʈ ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 96,3é97,8%. 

ʊʝʧʣʦʚʠʜʽʣʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʚ ʧʨʦʮʝʩʽ ʛʽʜʨʘʪʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ (ʨʠʩ. 3.17), ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

(t=98,2 Üʉ) ʜʦʩʷʛʘʻʪʴʩʷ ʜʣʷ ʇʎ ɯ-500ʈ ʯʝʨʝʟ 450 ʭʚ. ʇʽʜ ʯʘʩ ʛʽʜʨʘʪʘʮʽʾ ʇʎ 

ɯɯ/ɸ-ʐ-500 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʷʢʝ ʩʧʦʚʽʣʴʥʝʥʥʷ ʢʽʥʝʪʠʢʠ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚʽʜ 

270 ʭʚ, ʧʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʠ (t=96,7 Üʉ) ʟʤʽʱʫʻʪʴʩʷ ʥʘ 50 ʭʚ. 

ɼʣʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʧʦʚʽʣʴʥʝʥʥʷ ʢʽʥʝʪʠʢʠ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʥʘ 480 ʭʚ ʧʦʨʽʚʥʷʥʦ ʟ 

ʇʎ ɯ-500ʈ, ʧʨʠ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʛʽʜʨʘʪʘʮʽʾ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 75 Üʉ.  

 

ʈʠʩ 3.17. ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜ ʯʘʩ ʛʽʜʨʘʪʘʮʽʾ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ  

 

 ʄʝʪʦʜʦʤ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ                 

ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ʪʝʧʣʦʪʘ ʛʽʜʨʘʪʘʮʽʾ ʯʝʨʝʟ 41 ʛʦʜ (185,7 ɼʞ/ʛ) 
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ʟʤʝʥʰʫʻʪʴʩʷ ʚ 1,8 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʇʎ ɯ-500ʈ-ʅ (ʨʠʩ. 3.18). ʇʨʠ 

ʚʠʧʨʦʙʫʚʘʥʥʽ ʟʛʽʜʥʦ ɼʉʊʋ ɹ EN 196-1:2015 ʜʘʥʠʡ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʡ 

ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ, ʥʠʟʴʢʦʶ 

ʪʝʧʣʦʪʦʶ ʛʽʜʨʘʪʘʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ 42,5 (ɼʉʊʋ ɹ EN 197-1 -      

CEM ɯɯ/B-M (S-P-L) 42,5 Rï LH).  

 

ʈʠʩ. 3.18. ʊʝʧʣʦʚʠʜʽʣʝʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

 

ɼʝʬʦʨʤʘʮʽʾ ʫʩʘʜʢʠ.  ʉʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʭ 

ʨʦʟʯʠʥʽʚ (ʎ:ʇ=1:3; ʈʂ=110-115 ʤʤ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʚʝʨʜʥʝʥʥʽ ʚ ʧʦʚʽʪʨʷʥʦ-

ʩʫʭʠʭ ʫʤʦʚʘʭ. ʅʘʡʙʽʣʴʰʘ ʚʪʨʘʪʘ ʤʘʩʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦ 4 

ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ, ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʦʢʘʟʥʠʢʠ ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ. ʊʘʢ, ʥʘʡʙʽʣʴʰʦʶ 

ʚʪʨʘʪʦʶ ʤʘʩʠ ʯʝʨʝʟ 28 ʜʽʙ (ȹmx/m1=3,2%) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ 

ʇʎ ɯ-500ʈ.  ɼʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɸ-ʐ-500 ʚʪʨʘʪʠ ʤʘʩʠ ʯʝʨʝʟ 2 ʽ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ ʩʢʣʘʜʘʶʪʴ 1,2 ʽ 2,4 % ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-(ʐ-ʇ-ɺ)-500ʈ ʚʪʨʘʪʘ ʤʘʩʠ ʯʝʨʝʟ 

28 ʜʽʙ ʟʤʝʥʰʫʶʪʴʩʷ ʜʦ 2,0 %.  

ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʫʩʘʜʢʠ ʧʨʠ 

ʪʚʝʨʜʥʝʥʥʽ ʫ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʠʭ ʫʤʦʚʘʭ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.19, ʥʘʡʙʽʣʴʰʠʤʠ 
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ʜʝʬʦʨʤʘʮʽʷʤʠ ʫʩʘʜʢʠ (ȹl/l=0,69 ʤʤ/ʤ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ       

ʇʎ ɯ-500ʈ. ɼʣʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ 

II/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ ʧʨʠ ʪʚʝʨʜʥʝʥʥʽ ʧʨʦʪʷʛʦʤ 28 ʜʽʙ ʜʝʬʦʨʤʘʮʽʾ ʫʩʘʜʢʠ 

ʟʤʝʥʰʫʶʪʴʩʷ ʚ 1,24 ʨʘʟʠ. 

 

ʈʠʩ. 3.19. ɿʤʽʥʘ ʜʝʬʦʨʤʘʮʽʡ ʫʩʘʜʢʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʧʨʠ ʪʚʝʨʜʥʝʥʥʽ ʚ 

ʧʦʚʽʪʨʷʥʦ-ʩʫʭʠʭ ʫʤʦʚʘʭ  

 

ʄʫʣʴʪʠʤʦʜʘʣʴʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʟ ʎɿʄ ʜʦʤʝʥʥʦʛʦ 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʰʣʘʢʫ, ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ ʪʘ ʚʘʧʥʷʢʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʟʥʠʞʝʥʥʷʤ ʚʠʨʦʙʥʠʯʠʭ ʟʘʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʦʶ ʝʢʦʣʦʛʽʯʥʽʩʪʶ. ɿʤʝʥʰʝʥʥʷ 

ʚʤʽʩʪʫ ʢʣʽʥʢʝʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʮʝʤʝʥʪʘʭ ʇʎ ɯɯ/ɹ-ʂ-500ʈ-ʅ ʟʘʙʝʟʧʝʯʫʻ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʢʠʜʽʚ CO2 ʚ 1,46 ʨʘʟʠ. ʊʦʤʫ ʾʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʢʦʮʝʤʝʥʪʽʚ [94, 95]. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

1. ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʜʠʩʧʝʨʩʥʦʩʪʽ ʎɿʄ ʜʣʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʙ'ʻʤʥʠʡ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ D [4;3] ʜʣʷ ʇʎ ɯ-500ʈ 
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ʚʽʜʧʦʚʽʜʘʻ 24,8 ʤʢʤ, ʘ ʜʣʷ ʎɿʄ ʟʤʽʥʶʻʪʴʩʷ ï ʚʽʜ 28,6 ʜʦ 71,9 ʤʢʤ. ʄʘʢʩʠʤʫʤ 

ʩʝʨʝʜʥʴʦʛʦ ʜʽʘʤʝʪʨʘ D[3;2] ʧʦ ʨʦʟʧʦʜʽʣʫ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʜʣʷ ʇʎ ɯ-500ʈ-ʅ 

ʩʪʘʥʦʚʠʪʴ 5,21 ʤʢʤ, ʘ ʜʣʷ ʎɿʄ ï ʚʽʜ 4,62 ʜʦ 6,55 ʤʢʤ. ʊʦʥʢʦʤʝʣʝʥʽ ʮʝʦʣʽʪ ʽ 

ʚʘʧʥʷʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʤʦʜʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ ʟʘ ʦʙôʻʤʦʤ, ʧʨʠ 

ʮʴʦʤʫ ʜʣʷ ʮʝʦʣʽʪʫ ʢʽʣʴʢʽʩʪʴ ʪʦʥʢʦʾ ʬʨʘʢʮʽʾ ʚ ʤʝʞʘʭ 0,3é10,0 ʤʢʤ ʩʢʣʘʜʘʻ 39 

ʦʙ.%, ʘ ʜʣʷ ʪʦʥʢʦʾ ʬʨʘʢʮʽʾ (0,9é10,0 ʤʢʤ) ʚʘʧʥʷʢʫ ï 32 ʦʙ.%.  ɼʣʷ ʇʎ ɯ-500ʈ 

ʚʤʽʩʪ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʾ ʬʨʘʢʮʽʾ ʜʦ 1 ʤʢʤ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ 5,85%, ʤʘʢʩʠʤʫʤ 

ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ (Kisa=4,5 ʤʢʤ
-1.
ʦʙ.%) ʧʨʠʧʘʜʘʻ ʥʘ ʯʘʩʪʠʥʢʠ ʨʦʟʤʽʨʦʤ 

0,32 ʤʢʤ; ʜʣʷ ɻɼʐ ʚʤʽʩʪ ʪʦʥʢʦʾ ʬʨʘʢʮʽʾ (ÏÒ1,5 ʤʢʤ) ï ʚʩʴʦʛʦ 4,65%, ʧʨʠ 

ʮʴʦʤʫ ʤʘʢʩʠʤʫʤ Kisa=5,1 ʤʢʤ
-1.
ʦʙ.% ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʠʥʢʘʤ ʨʦʟʤʽʨʦʤ 0,9 ʤʢʤ. 

ʋʣʴʪʨʘʜʠʩʧʝʨʩʥʠʡ ʮʝʦʣʽʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʢʩʠʤʫʤʦʤ Kisa=5,32 ʤʢʤ
-1.
ʦʙ.% 

ʟ ʯʘʩʪʠʥʢʘʤʠ ʨʦʟʤʽʨʦʤ 1,5 ʤʢʤ; ʜʣʷ ʚʘʧʥʷʢʫ ʤʘʢʩʠʤʫʤ Kisa=5,93 ʤʢʤ
-1.
ʦʙ.% 

ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 2 ʤʢʤ, ʦʙ'ʻʤʥʠʡ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ D[4;3]=71,9 ʤʢʤ, ʧʨʠ 

ʮʴʦʤʫ ʚʤʽʩʪ ʛʨʫʙʦʾ ʬʨʘʢʮʽʾ (ÏÓ10 ʤʢʤ) ʩʢʣʘʜʘʻ 65 ʦʙ.%, ʘ ʟʥʘʯʝʥʥʷ Kisa=0,8 

ʤʢʤ
-1.
ʦʙ.%, ʪʦʙʪʦ ʚʢʣʘʜ ʮʽʻʾ ʬʨʘʢʮʽʾ ʚ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ ʥʝ ʧʝʨʝʚʠʱʫʻ 7%.  

2. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʎɿʄ ʟʘ ʧʦʛʣʠʥʘʥʥʷʤ 

ʉʘ(ʆʅ)2 ʩʚʽʜʯʘʪʴ, ʱʦ ʯʝʨʝʟ 28 ʜʽʙ ʜʣʷ ʋɼʎ ʟ ʨʦʟʤʽʨʦʤ ʟʝʨʝʥ ʜʦ 50 ʤʢʤ 

(Sʧʠʪ=1200 ʤ
2
/ʢʛ) ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘʡʚʠʱʘ ʘʢʪʠʚʥʽʩʪʴ (187 ʤʛ/ʛ), ʱʦ ʧʝʨʝʚʠʱʫʻ 

ʧʦʢʘʟʥʠʢ ʜʣʷ ɺɼʎ ʟ ʨʦʟʤʽʨʘʤʠ ʟʝʨʝʥ ʜʦ 115 ʤʢʤ (Sʧʠʪ=600 ʤ
2
/ʢʛ) ʚ 1,5 ʨʘʟʠ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ɻɼʐ (Sʧʠʪ=400 ʤ
2
/ʢʛ) ʪʘ ʟʦʣʠ ʚʠʥʝʩʝʥʥʷ (Sʧʠʪ=330 ʤ

2
/ʢʛ) 

ʧʦʛʣʠʥʘʥʥʷ ʉʘ(ʆʅ)2 ʟʤʝʥʰʫʻʪʴʩʷ ʚ 2,7 ʪʘ 7,0 ʨʘʟʽʚ. ɼʣʷ ʬʨʘʢʮʽʾ ɻɼʐ ʜʦ 50 

ʤʢʤ ʘʢʪʠʚʥʽʩʪʴ ʟʘ ʧʦʛʣʠʥʘʥʥʷʤ ʉʘ(ʆʅ)2 ʥʘ ʨʽʚʥʽ 28 ʤʛ/ʛ ʜʦʩʷʛʘʻʪʴʩʷ ʣʠʰʝ 

ʯʝʨʝʟ 7é8 ʜʽʙ. ʂʦʝʬʽʮʽʻʥʪ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʋɼʎ, ʚʠʧʨʦʙʫʚʘʥʦʛʦ 

ʟʛʽʜʥʦ ʟ EN 450-1:2009, ʩʪʘʥʦʚʠʪʴ 1,05. ɿʛʽʜʥʦ ʟ ASTM C593-06 ʜʣʷ ʋɼʎ 

ʧʦʢʘʟʥʠʢ ʤʽʮʥʦʩʪʽ ʻ ʥʘʡʚʠʱʠʡ ʽ ʩʢʣʘʜʘʻ 5 ʄʇʘ (Rʩ Ó4,15 ʄʇʘ), ʪʦʜʽ ʷʢ ʜʣʷ 

ʟʦʣʠ ʚʠʥʝʩʝʥʥʷ ï 4,6 ʄʇʘ. ɺʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʮʝʦʣʽʪʫ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʥʩʠʚʥʝ ʟʚôʷʟʫʚʘʥʥʷ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ ʚ ʥʠʟʴʢʦʦʩʥʦʚʥʽ 

ʛʽʜʨʦʩʠʣʽʢʘʪʠ, ʛʽʜʨʦʩʫʣʴʬʦʘʣʶʤʽʥʘʪʠ ʪʘ ʛʽʜʨʦʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ.  

3. ɺʦʜʦʧʦʪʨʝʙʘ ʜʣʷ ɻɼʐ ʪʘ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ 19 ʪʘ 

27%, ʜʣʷ ʚʘʧʥʷʢʫ ï 24%.  ʋɼʎ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʚʦʜʦʧʦʪʨʝʙʦʶ 
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(55%). ɻɼʐ, ʚʘʧʥʷʢ ʪʘ ʟʦʣʘ ʚʠʥʝʩʝʥʥʷ ʤʘʶʪʴ ʚʠʩʦʢʝ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ 

(ʚʽʜʧʦʚʽʜʥʦ 45,5; 36,5 ʪʘ 39,0%). ʅʘʡʥʠʞʯʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ 

(ʂʦʙ=2,0%) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʋɼʎ, ʧʨʠ ʮʴʦʤʫ ʩʫʩʧʝʥʟʽʷ ʟ ʜʦʙʘʚʢʦʶ ʮʝʦʣʽʪʫ ʻ 

ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʶ - ʯʝʨʝʟ 2 ʛʦʜ ʧʦʢʘʟʥʠʢ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ.  

4. ʄʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʫ 

ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʪʨʠʨʽʚʥʝʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ (ɻɼʐ, ʮʝʦʣʽʪʫ ʪʘ ʚʘʧʥʷʢʫ) ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ, ʦʜʝʨʞʘʥʠʭ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ 35 ʤʘʩ.% 

ʎɿʄ ʪʘ 65 ʤʘʩ.% ʇʎ ɯ-500ʈ-ʅ. ɼʣʷ ʤʦʜʝʣʴʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ CEM II /B-

M ʚʤʽʩʪ ʮʝʦʣʽʪʫ ʟʤʽʥʶʚʘʚʩʷ ʚ ʤʝʞʘʭ 0; 10; 20 ʤʘʩ.%, ʚʘʧʥʷʢʫ ï 0;  7,5; 15 

ʤʘʩ.% (ʚʽʜʧʦʚʽʜʥʦ ʚʤʽʩʪ ɻɼʐ ʩʢʣʘʜʘʚ 35é0 ʤʘʩ.%). ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ 

ʽʟʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʜʽʘʛʨʘʤ ʟʤʽʥʠ ʨʦʟʧʣʠʚʫ ʢʦʥʫʩʘ ʪʘ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʙʘʣʘʥʩ ʤʽʞ ʥʝʢʣʽʥʢʝʨʥʠʤʠ ʩʢʣʘʜʥʠʢʘʤʠ, 

ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʨʫʭʣʠʚʽʩʪʴ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʾ ʩʫʤʽʰʽ ʈʂÓ190 ʤʤ ʪʘ ʨʘʥʥʶ 

ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ Rʩ2=19,1 ʄʇʘ, ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ 17,5 ʤʘʩ.% ɻɼʐ, 10,0 

ʤʘʩ.% ʮʝʦʣʽʪʫ ʪʘ 7,5 ʤʘʩ.% ʚʘʧʥʷʢʫ; ʜʣʷ ʪʘʢʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʩʪʘʥʜʘʨʪʥʘ ʤʽʮʥʽʩʪʴ Rʩ28=36,4 ʄʇʘ. 

5. ɼʣʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ (Sʧʠʪ=340 ʤ
2
/ʢʛ), ʦʜʝʨʞʘʥʦʛʦ 

ʰʣʷʭʦʤ ʩʫʤʽʩʥʦʛʦ ʧʦʤʝʣʫ, ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ. 2.7-187 

ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2 ʪʘ 28 ʜʽʙ ʩʢʣʘʜʘʻ 22,4 ʪʘ 45,2 ʄʇʘ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-400ʈ-ʅ ɼʉʊʋ ɹ ɺ.2.7-46:2010; ʧʨʠ ʮʴʦʤʫ 

ʅɻʊ=29,5%, ʦʙ`ʻʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʩʢʣʘʜʘʻ 16%. 

ʄʫʣʴʪʠʤʦʜʘʣʴʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ (Sʧʠʪ=430 ʤ
2
/ʢʛ), ʷʢʠʡ 

ʦʜʝʨʞʘʥʠʡ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ 

ʨʘʥʥʴʦʶ (Rc2= 30,7 ʄʇʘ) ʪʘ ʩʪʘʥʜʘʨʪʥʦʶ (Rc28=52,8 ʄʇʘ) ʤʽʮʥʦʩʪʷʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʽʜʥʝʩʪʠ ʡʦʛʦ ʜʦ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ. ʄʝʪʦʜʦʤ 

ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʇʎ ɯɯ/ɹ-ʂ-500ʈ-ʅ ʪʝʧʣʦʪʘ 

ʛʽʜʨʘʪʘʮʽʾ ʯʝʨʝʟ 24 ʛʦʜ (185,7 ɼʞ/ʛ) ʟʤʝʥʰʫʻʪʴʩʷ ʚ 1,8 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʇʎ ɯ-

500ʈ-ʅ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʘʥʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʧʦʟʥʘʯʠʪʠ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ EN 

197-1 - CEM ɯɯ/B-M (S-P-L) 42,5 Rï LH.  
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6. ɿʛʽʜʥʦ ʜʘʥʠʭ ʈʌɸ ʜʣʷ ʇʎ ɯɯ/ɹ-ʂ-500ʈ-ʅ, ʛʽʜʨʘʪʦʚʘʥʦʛʦ 28 ʜʽʙ, 

ʬʽʢʩʫʶʪʴʩʷ ʣʽʥʽʾ ʢʘʣʴʮʠʪʫ ʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʽʜʨʘʪʥʠʭ ʬʘʟ: ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜʫ, 

ʝʪʨʠʥʛʽʪʫ, ʘ ʪʘʢʦʞ ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʫ. ʊʦʥʢʘ ʬʨʘʢʮʽʷ ʋɼʎ ʽʥʪʝʥʩʠʚʥʦ 

ʟʚôʷʟʫʻ ʢʘʣʴʮʽʶ ʛʽʜʨʦʢʩʠʜ ʽ ʯʝʨʝʟ 28 ʜʽʙ ʛʽʜʨʘʪʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʚʤʽʩʪʫ ʧʦʨʪʣʘʥʜʠʪʫ ʚ 2 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʢʘʤʝʥʝʤ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯ. ʋ ʨʘʥʥʽʡ 

ʧʝʨʽʦʜ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʚôʷʞʫʯʦʛʦ ʽʥʪʝʥʩʠʚʥʝ 

ʫʪʚʦʨʝʥʥʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʢʨʠʩʪʘʣʽʚ ʝʪʨʠʥʛʽʪʫ ʩʧʨʠʷʻ ʟʰʠʚʘʥʥʶ ʟʝʨʝʥ ʫ 

ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ, ʘ ʟ ʚʽʢʦʤ ʪʚʝʨʜʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʱʽʣʴʥʝʥʥʷ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ɸFm- ʽ ɸFt-ʬʘʟʘʤʠ ʚ ʤʘʩʽ ʛʝʣʝʧʦʜʽʙʥʦʾ 

ʬʘʟʠ ʉ-S-H. ʊʦʥʢʦʜʠʩʧʝʨʩʥʘ ʬʨʘʢʮʽʷ ʚʘʧʥʷʢʫ ʩʪʘʙʽʣʽʟʫʻ ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ 

ʉ3ɸ ʟ ʫʪʚʦʨʝʥʥʷʤ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʛʽʜʨʦʢʘʨʙʦʘʣʶʤʽʥʘʪʽʚ ʉ4ɸ
.
ʉʆ2

.
12ʅ2ʆ, ʘ 

ʢʨʫʧʥʽʰʘ ʬʨʘʢʮʽʷ ʯʘʩʪʠʥʦʢ ʉʘʉʆ3 ʚʠʩʪʫʧʘʻ ʷʢ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯ, ʱʦ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. ɿʘ ʜʘʥʠʤʠ ɼʊɸ, ʨʦʟʨʘʭʫʥʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʉʘ(ʆʅ)2 ʫ ʢʘʤʝʥʽ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-ʂ-500ʈ-ʅ ʩʢʣʘʜʘʻ 8,2 

ʤʘʩ.%, ʱʦ ʚ 2 ʨʘʟʠ ʤʝʥʰʝ ʧʦʨʽʚʥʷʥʦ ʟ ʢʘʤʝʥʝʤ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯ-500. 
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ʈʆɿɼɯʃ 4. ɼʆʉʃɯɼɾɽʅʅʗ ʄʆɼʀʌɯʂʆɺɸʅʀʍ ɹɽʊʆʅɯɺ ʅɸ 

ʆʉʅʆɺɯ ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʇʆʈʊʃɸʅɼʎɽʄɽʅʊɯɺ ɿ ɺʀʉʆʂʆʖ 

ʈɸʅʅʔʆʖ ʄɯʎʅɯʉʊʖ 

 

 

4.1. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʨʝʦʣʦʛʽʯʥʽ ʪʘ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

 

 

ʈʦʟʨʦʙʣʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʾ ʢʦʥʮʝʧʮʽʾ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʪʘ  

ʝʢʦʣʦʛʽʯʥʠʭ ʙʝʪʦʥʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʢʦʤʧʣʝʢʩʥʠʭ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ 

ʦʧʪʠʤʽʟʦʚʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ [88, 89, 100, 102, 111].  

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ɯɯ ʪʠʧʫ ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʝʱʦ ʩʧʦʚʽʣʴʥʝʥʦʶ ʢʽʥʝʪʠʢʦʶ ʥʘʙʦʨʫ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ. ɺ 

ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ 

ɯɯ/ɹ-ʂ-500ʈ-ʅ (ʎ:ʇ=1:3; ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ ʄʢ=1,72, ɺ/ʎ=0,39) ʧʦʢʘʟʥʠʢ 

ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʩʢʣʘʜʘʻ 32,0 ʄʇʘ, ʯʝʨʝʟ 28 ʜʽʙ ʤʽʮʥʽʩʪʴ ʜʦʩʷʛʘʻ 51,5 ʄʇʘ, 

ʯʝʨʝʟ 90 ʜʽʙ -  58,1 ʄʇʘ ʽ ʟ ʚʽʢʦʤ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʯʠʩʪʦʢʣʽʥʢʝʨʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500ʈ (ʨʠʩ. 4.1).  

ɺʣʘʩʪʠʚʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʘ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʨʝʛʫʣʶʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʘʚʦʢ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ. 

ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʦʨʛʘʥʽʯʥʦʶ ʩʢʣʘʜʦʚʦʶ ʜʘʻ ʟʤʦʛʫ, 

ʟʤʽʥʶʶʯʠ ʧʨʠʨʦʜʫ ʾʭ ʧʦʚʝʨʭʥʽ, ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʘʢʪʠʚʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʪʘ ʧʦʢʨʘʱʠʪʠ ʾʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ. ʋ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʭ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦ ʎɿʄ ʨʽʟʥʦʛʦ 

ʛʝʥʝʟʠʩʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʝʪʦʥʽʚ [4]. 
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ʈʠʩ. 4.1.  ʄʽʮʥʽʩʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ  

 

ɺ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʚʠʢʦʨʠʩʪʘʥʽ ʧʣʘʩʪʠʬʽʢʫʶʯʽ ʜʦʙʘʚʢʠ ʧʝʨʰʦʾ 

ʛʝʥʝʨʘʮʽʾ ï ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʠ ʪʝʭʥʽʯʥʽ (ʃʉʊ) Vianmix 38 - ʪʘ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʽʚ (PCE) 

Glenium ACE 430. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 4.1, ʜʣʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʥʘ 

ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ɺ-ʇ)-500ʈ (ʎ:ʇ=1:3) ʧʨʠ ɺ/ʎ=0,40 ʨʦʟʧʣʠʚ ʢʦʥʫʩʘ 

ʩʢʣʘʜʘʻ 110 ʤʤ, ʘ ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2; 7, 28 ʪʘ 90 ʜʽʙ ʜʦʩʷʛʘʻ 

28,9; 37,6; 49,0 ʪʘ 56,8 ʄʇʘ.  

ʊʘʙʣʠʮʷ 4.1 

ɺʧʣʠʚ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ʇʎ ɯɯ/ɹ-ʂ-500ʈ  (ʎ:ʇ
*
=1:3; ɺ/ʎ=0,40) 

ʂʽʣʴʢʽʩʪʴ 

ʤʦʜʠʬʽʢʘʪʦʨʘ, 

ʤʘʩ. % 

ʈʂ,  

ʤʤ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ, ʄʇʘ, ʫ ʚʽʮʽ, ʜʽʙ 

2 7 28 90 

 Vianmix 38 

- 110 28,0 37,6 49,0 56,8 

0,4 122 16,2 31,2 45,6 59,4 

0,7 147 13,5 31,2 44,8 57,2 

 Glenium ACE 430 

0,4 145 17,4 33,5 48,8 56,8 

0,7 169 14,8 33,9 47,4 57,4 

1,0 178 13,0 32,1 43,2 59,6 

* - ʧʽʩʦʢ ɾʦʚʢʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ  
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ʇʨʠ ʚʚʝʜʝʥʥʽ 0,4-0,7 ʤʘʩ.% ʜʦʙʘʚʢʠ Vianmix 38 (ɺ/ʎ=0,40) ʧʣʘʩʪʠʯʥʽʩʪʴ 

ʮʝʤʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʟʨʦʩʪʘʻ - ʨʦʟʧʣʠʚ ʢʦʥʫʩʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 10,9-33,6%, 

ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʟʤʝʥʰʫʶʪʴʩʷ ʯʝʨʝʟ 28 ʜʽʙ  ̔ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʟʥʘʯʥʝ ʾʭ 

ʟʙʽʣʴʰʝʥʥʷ ʯʝʨʝʟ 90 ʜʽʙ. ɺʚʝʜʝʥʥʷ 0,4-1,0 ʤʘʩ.% Glenium ACE 430 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʈʂ ʜʦ 145-178 ʤʤ ʪʘ ʩʧʦʚʽʣʴʥʝʥʥʷ ʢʽʥʝʪʠʢʠ ʥʘʙʦʨʫ 

ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ. 

ʇʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-187:2009 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ɺ-ʇ)-500ʈ ʧʨʠ ɺ/ʎ=0,39 

ʨʦʟʧʣʠʚ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʥʫʩʘ ʩʢʣʘʜʘʻ 117 ʤʤ (ʨʠʩ. 4.2, ʘ), ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ 

ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2; 7 ʪʘ 28 ʜʽʙ  ʩʪʘʥʦʚʠʪʴ 23,2; 38,4 ʪʘ 52,4 ʄʇʘ (ʨʠʩ. 4.2,ʙ).  

 

ʘ 

  

ʙ ʚ 

ʈʠʩ. 4.2. ɺʧʣʠʚ ʤʦʜʠʬʽʢʘʪʦʨʽʚ Vianmix 38 ʪʘ Glenium ACE 430 ʥʘ 

ʨʦʟʧʣʠʚ ʢʦʥʫʩʘ (ʘ) ʪʘ ʤʽʮʥʽʩʪʴ (ʙ, ʚ) ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 
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ʇʨʠ ʚʚʝʜʝʥʥʽ 0,7 ʤʘʩ.% Vianmix 38 ʧʣʘʩʪʠʯʥʽʩʪʴ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ 

ʨʦʟʯʠʥʫ (ɺ/ʎ=0,39) ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ ʈʂ=140 ʤʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʡʦʛʦ ʚʽʜʥʝʩʪʠ 

ʜʦ  ʧʣʘʩʪʠʬʽʢʦʚʘʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ (ʈʂ Ó 135 ʤʤ) ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-

46:2010.  ʇʨʠ ʮʴʦʤʫ ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʨʘʥʥʽʡ ʧʝʨʽʦʜ 

ʪʚʝʨʜʥʝʥʥʷ, ʧʨʦʪʝ ʯʝʨʝʟ 28 ʜʽʙ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 8 % ʧʦʨʽʚʥʷʥʦ ʟ ʇʎ ɯɯ/ɹ-ʂ(ʐ-

ɺ-ʇ)-500ʈ. ʇʨʠ ʚʦʜʦʨʝʜʫʢʫʶʯʦʤʫ ʝʬʝʢʪʫ ȹɺ/ʎ=12,8% (ʈʂ=113 ʤʤ) 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʽ ʧʦʢʘʟʥʠʢʠ ʨʘʥʥʴʦʾ (Rʩ2=32,4 ʄʇʘ) ʪʘ ʩʪʘʥʜʘʨʪʥʦʾ 

ʤʽʮʥʦʩʪʝʡ (Rʩ28=68,2 ʄʇʘ) ʽ ʜʦʩʷʛʘʶʪʴʩʷ ʪʝʭʥʽʯʥʽ ʝʬʝʢʪ ȹRʩ2= 36,4% ʪʘ 

ȹRʩ28=30,7% (ʪʘʙʣ. 4.2).   ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʠ ʚʚʝʜʝʥʥ ̔ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ Glenium ACE 430 ʜʦ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ 

(ɺ/ʎ=0,39) ʜʦʩʷʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʩʠʩʪʝʤʠ (ʈʂ=190 ʤʤ), ʱʦ 

ʜʦʟʚʦʣʷʻ ʾʾ ʚʽʜʥʝʩʪʠ ʜʦ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʦʚʘʥʠʭ. ɺ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ 

ʨʫʭʣʠʚʦʩʪʽ ʪʘʢʦʾ ʩʠʩʪʝʤʠ (ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ȹʈʂ=65,2 %) ʩʪʘʥʜʘʨʪʥʘ 

ʤʽʮʥʽʩʪʴ ʟʨʦʩʪʘʻ ʥʘ 18,2% (ʨʠʩ. 4.2,ʚ). ʇʨʠ ʮʴʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʩʫʪʪʻʚʦʛʦ 

ʚʦʜʦʨʝʜʫʢʫʶʯʦʛʦ ʝʬʝʢʪʫ (ʈʂ = 115 ʤʤ, ȹɺ/ʎ=33,4%) ʜʦʩʷʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʘ 

ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ Rʩ2=41,2 ʄʇʘ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʜʝʨʞʘʥʥʷ 

ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʚʷʞʫʯʦʛʦ Rʩ28=82,4 ʄʇʘ (ʪʝʭʥʽʯʥʠʡ ʝʬʝʢʪ).   

 

ʊʘʙʣʠʮʷ 4.2 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʪʘ ʪʝʭʥʽʯʥʠʡ ʝʬʝʢʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʘʪʦʨʽʚ  

ʂʨʠʪʝʨʽʡ 

ʝʬʝʢʪʠʚʥʦʩʠʪʽ 
Vianmix 38 Glenium

 
ACE 430 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ 

ȹ ʈʂ, % 19,6 65,2 

ȹRʩ28, % -7,8 -57,7 

ʊʝʭʥʽʯʥʠʡ ʝʬʝʢʪ 

ȹ ɺ/ʎ, % 12,8 33,4 

ȹRʩ2, % 36,4 76,2 

ȹRʩ7, % 39,3 59,0 

ȹRʩ28, % 30,7 57,7 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.3, ʘ, ʜʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ ʙʝʟ 

ʜʦʙʘʚʦʢ (ɺ/ʎ=0,5) ʫʤʦʚʥʘ ʚôʷʟʢʽʩʪʴ ʻ ʥʘʡʙʽʣʴʰʦʶ (57 ʩ), ʧʨʠ ʮʴʦʤʫ ʨʦʟʧʣʠʚ 

ʟʘ ʉʫʪʪʘʨʜʦʤ ʩʢʣʘʜʘʻ 210 ʤʤ. ʇʨʠ ʚʚʝʜʝʥʥʽ 0,7 ʤʘʩ.% Vianmix 38, ʫʤʦʚʥʘ 

ʚôʷʟʢʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 38,9%, ʧʣʘʩʪʠʯʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 360 ʤʤ. ɸʥʘʣʽʟ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʚʚʝʜʝʥʥʷ 1 ʤʘʩ.% Glenium
 
ACE 430 ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʡʤʝʥʰʫ ʚôʷʟʢʽʩʪʴ ʮʝʤʝʥʪʥʦʾ ʩʠʩʪʝʤʠ (ʯʘʩ ʚʠʪʽʢʘʥʥʷ - 16 ʩ) ʪʘ ʥʘʡʙʽʣʴʰʫ 

ʧʣʘʩʪʠʯʥʽʩʪʴ (ʨʦʟʧʣʠʚ ʟʘ ʉʫʪʪʘʨʜʦʤ ï 550 ʤʤ).  

 

  

ʘ ʙ 

ʈʠʩ. 4.3. ɺʧʣʠʚ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʫʤʦʚʥʫ ʚôʷʟʢʽʩʪʴ, ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʨʅ 

ʩʫʩʧʝʥʟʽʾ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ 

 

ɼʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ (ɺ/ʊ=10) ʚ ʧʦʯʘʪʢʦʚʠʡ 

ʧʝʨʽʦʜ ʟʥʘʯʝʥʥʷ ʨʅ =11,2, ʯʝʨʝʟ 280 ʭʚ ʟʨʦʩʪʘʻ ʜʦ ʨʅ=11,93. ʅʘʡʙʽʣʴʰʠʤ 

ʟʥʘʯʝʥʥʷ ʨʅ (11,24) ʚ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴ ʩʫʩʧʝʥʟʽʷ ʟ 

ʜʦʙʘʚʢʦʶ Glenium
 
ACE 430, ʧʨʦʪʝ ʚ ʧʝʨʽʦʜ ʚʽʜ 75 ʜʦ 280 ʭʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʜʝʷʢʝ ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʩʫʩʧʝʥʟʽʻʶ ʙʝʟ ʜʦʙʘʚʦʢ. ʉʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ 0,7 ʤʘʩ.% Vianmix 38 ʢʽʥʝʪʠʢʘ ʟʨʦʩʪʘʥʥʷ ʨʅ 

ʨʽʜʢʦʾ ʬʘʟʠ ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 270 ʭʚ (ʨʠʩ. 4.3, ʙ). 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

Vianmix 38 ʥʘ ʦʩʥʦʚʽ ʃʉʊ (ʨʠʩ. 4.4, ʘ) ʪʘ ʛʽʜʨʘʪʦʚʘʥʦʛʦ 1 ʜʦʙʫ, ʧʦʢʘʟʘʥʦ, ʱʦ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʧʦʨʠʩʪʽʩʪʶ; ʝʪʨʠʥʛʽʪ 

ʫʪʚʦʨʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʛʦʣʯʘʪʠʭ ʢʨʠʩʪʘʣʽʚ (3-5 ʤʢʤ) ʽʟ ʩʣʘʙʦ 
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ʚʠʨʘʞʝʥʠʤ ʛʘʙʽʪʫʩʦʤ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ ʈʉɽ  ʛʦʣʢʠ ʝʪʨʠʥʛʽʪʫ ʚ ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ 

ʬʦʨʤʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʨʽʙʥʠʭ, ʜʦʙʨʝ ʦʬʦʨʤʣʝʥʠʭ  ʢʨʠʩʪʘʣʽʚ ʤʝʥʰʠʭ 

ʨʦʟʤʽʨʽʚ (0,2-2,5 ʤʢʤ), ʱʦ ʨʦʩʪʫʪʴ ʥʘ ʛʽʜʨʘʪʥʠʭ ʫʪʚʦʨʝʥʥʷʭ, ʱʽʣʴʥʦ 

ʢʦʣʴʤʘʪʫʶʯʠ ʧʦʨʦʚʫ ʩʪʨʫʢʪʫʨʫ ʢʘʤʝʥʶ. 

 

   
ʘ ʙ 

ʈʠʩ. 4.4. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-ʂ-500ʈ, 

ʛʽʜʨʘʪʦʚʘʥʦʛʦ 1 ʜʦʙʫ (ɺ/ʎ=0,5), ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ Vianmix 38 (ʘ) ʪʘ Glenium
 

ACE 430 (ʙ) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ 

ʧʣʘʩʪʠʯʥʽʩʪʴ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-

ʂ(ʐ-ʇ-ɺ)-500ʈ ʽ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʧʽʜʚʠʱʝʥʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʤʽʮʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʫʱʽʣʴʥʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʢʘʤʝʥʶ. 

 

 

4.2. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʽʚ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ  

 

 

ɹʝʪʦʥ ʷʢ ʢʦʥʩʪʨʫʢʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʟʜʘʪʥʠʡ ʚʠʨʽʰʫʚʘʪʠ ʢʦʤʧʣʝʢʩ 

ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʟʘʜʘʯ ʫ ʙʫʜʽʚʥʠʮʪʚʽ. ɺ ʟʥʘʯʥʽʡ ʤʽʨʽ ʮʝ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʨʘʟʽ 
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ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʝʪʦʥʽʚ ʷʢ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʩʢʣʘʜʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ, ʢʽʣʴʢʽʩʪʶ ʪʘ ʭʘʨʘʢʪʝʨʦʤ ʢʦʤʧʦʥʝʥʪʽʚ [2, 19, 120, 142].  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷ  ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʡ 

ʙʝʪʦʥ (ʎ:ʇ=1:2) ʥʘ ʦʩʥʦʚʽ ʧʽʩʢʫ ʈʦʛʘʪʠʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ (ʄʢ=1,18) 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʚʦʜʦʧʦʪʨʝʙʦʶ (ɺ/ʎ=0,47) ʈʂ=110 ʤʤ, ʛʨʘʥʠʮʷ 

ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2, 7 ʪʘ 28 ʜʽʙ ʩʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ 4,25; 12,0 ʪʘ 29,4 

ʄʇʘ (ʪʘʙʣ. 4.3). 

 

ʊʘʙʣʠʮʷ 4.3 

ɺʧʣʠʚ ʧʽʩʢʽʚ ʨʽʟʥʠʭ ʛʨʫʧ ʪʘ ʤʦʜʠʬʽʢʘʪʦʨʘ Vianmix  38 ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ  

ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ (ʎ:ʇ = 1:2) 

ʂʽʣʴʢʽʩʪʴ ʜʦʙʘʚʢʠ,  
ʤʘʩ.% ɺ/ʎ ʈʂ, 

ʤʤ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪ ̔ʥʘ ʩʪʠʩʢ, 
ʄʇʘ, ʫ ʚʽʮʽ, ʜʽʙ 

2 7 28 

ʇʽʩʦʢ ɾʦʚʢʽʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ (ʄʢ=1,72) 

- 0,40 125 17, 5 32,0 49,4 

0,7 0,40 142 20,7 37,4 52,4 

ʇʽʩʦʢ ʨʦʜʦʚʠʱʘ ʇʦʙʝʨʝʞʞʷ (ʄʢ=2,7)  

- 0,40 165 23,0 39,0 58,0 
0,35 110 26,6 45,6 68,2 

0,7 0,35 155 24,7 51,1 72,6 

ʇʽʩʦʢ ʈʦʛʘʪʠʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ (ʄʢ=1,18) 

- 0,47 110 4,25 12,0 29,4 

0,7 0,47 142 11,7 29,4 40,4 

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʽʩʢʫ ʢʨʫʧʥʦʛʦ (ʄʢ=2,7) (ʨʦʜʦʚʠʱʝ ʇʦʙʝʨʝʞʞʷ) 

ʚʦʜʦʧʦʪʨʝʙʘ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 35% (ʈʂ=110 ʤʤ), ʘ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2, 7 

ʪʘ 28 ʜʽʙ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʚ 6,2; 3,8 ʪʘ 1,7 ʨʘʟʠ. ʇʨʠ ʚʚʝʜʝʥʥʷ 0,7 

ʤʘʩ.% Vianmix38 (ɺ/ʎ=0,35) ʨʦʟʧʣʠʚ ʢʦʥʫʩʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 155 ʤʤ, ʧʨʠ 

ʮʴʦʤʫ ʤʽʮʥʽʩʪʴ ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽ ʩʢʣʘʜʘʻ 40,4 ʄʇʘ. 

ɼʣʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʧʽʩʢʫ ɾʦʚʢʽʚʩʴʢʦʛʦ 
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ʨʦʜʦʚʠʱʘ (ɺ/ʎ=0,4) ʈʂ=142 ʤʤ ʭʘʨʘʢʪʝʨʥʽ ʧʽʜʚʠʱʝʥʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ 

Rc2=20,7 ʄʇʘ ʪʘ Rc28=52,4 ʄʇʘ. 

ʄʦʞʣʠʚʽʩʪʴ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʫ 

ʪʝʭʥʦʣʦʛʽʾ ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʘʞʢʠʭ ʙʝʪʦʥʽʚ. ɼʣʷ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʥʘ ʦʩʥʦʚʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʇʎ ɯ-500, ʇʎ ɯɯ/ɸ-ʐ-500, ʇʎ ɯɯ/ɹ-ʂ-500 

(ʎ:ʇ:ʑ=1:1,37:2,7; ʎ=430 ʢʛ/ʤ
3
), ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʜʦʙʘʚʢʦʶ 1,0 ʤʘʩ.% 

Vianmix 38 ʤʘʨʢʘ ʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ ʩʢʣʘʜʘʻ S4, ʩʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʤʝʞʘʭ 2380-2440 ʢʛ/ʤ
3
. ʅʘʡʚʠʱʠʤ ʧʦʢʘʟʥʠʢʦʤ ʤʘʨʦʯʥʦʾ ʤʽʮʥʦʩʪʽ    

(Rc28=60,0 ʄʇʘ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʙʝʪʦʥ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯ-500. 

ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʚ ʧʦʜʘʣʴʰʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪʴ ʪʘʢʦʛʦ ʙʝʪʦʥʫ 

ʟʨʦʩʪʘʻ ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʦ, ʘ ʯʝʨʝʟ 56 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʧʦʢʘʟʥʠʢ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽ ʩʪʘʥʦʚʠʪʴ 60,4 ʄʇʘ. ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʙʝʪʦʥ ʥʘ 

ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʩʧʦʚʽʣʴʥʝʥʫ ʢʽʥʝʪʠʢʫ ʥʘʙʦʨʫ ʨʘʥʥʴʦʾ ʪʘ ʤʘʨʦʯʥʦʾ ʤʽʮʥʦʩʪʝʡ 

ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʪʦʥʦʤ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯ-500, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰ ʩʫʪʪʻʚʠʤ 

ʧʨʠʨʦʩʪʦʤ ʤʽʮʥʦʩʪʽ ʚ ʧʝʨʽʦʜ ʧʽʩʣʷ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʪʘʢʦʛʦ 

ʙʝʪʦʥʫ ʜʦʩʷʛʘʻʪʴʩʷ ʢʣʘʩ ʤʽʮʥʦʩʪ̔ C32/40, ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ 

ʇʎ ɯɯ/ɸ-ʐ-500.  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʯʝʪʚʝʨʪʠʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʫ ʪʝʭʥʦʣʦʛʽʾ ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʢʦʨʠʩʪʘʥʦ 

ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ ʈʉɽ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʘʪʦʨʘ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ (ʤʘʨʢʘ 

ʟʘ ʨʫʭʣʠʚʽʩʪʶ ʈ3) ʪʘ ʚʘʞʢʠʭ ʙʝʪʦʥʽʚ ʚʠʢʦʥʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʫ 

ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʪʨʠʨʽʚʥʝʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚ ʷʢʦʩʪʽ ʟʤʽʥʥʠʭ ʬʘʢʪʦʨʽʚ ʷʢʦʛʦ 

ʚʠʙʨʘʥʦ ʚʠʪʨʘʪʫ ʇʎ ɯɯ/ɹ-ʂ-500ʈ-ʅ (X1=300; 350; 400 ʢʛ/ʤ
3
) ʽ ʢʽʣʴʢʽʩʪʴ 

Glenium
 
ACE 430 (X2=0,5; 1,0; 1,5 ʤʘʩ.%). ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʚʥʦʛʦ ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.4. ʇʨʠ ʧʣʘʥʫʚʘʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʚʠʙʨʘʥʽ ʧʘʨʘʤʝʪʨʠ YRc2  ̔  YRc28, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʟʤʽʥʫ 

ʤʽʮʥʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʯʝʨʝʟ 2 ̔  28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ. 
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ʊʘʙʣʠʮʷ 4.4 

ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʚʥʦʛʦ  ʜʚʦʬʘʢʪʦʨʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ 

 ̄

ʟ/

ʧ 

ʄʘʪʨʠʮʷ 

ʧʣʘʥʫʚʘʥʥʷ  

ʄʘʪʨʠʮʷ 

ʧʣʘʥʫʚʘʥʥʷ ʚ 

ʥʘʪʫʨʘʣʴʥʠʭ 

ʟʥʘʯʝʥʥʷʭ 

ɺ/ʎ 

ʉʝʨʝʜʥʷ 

ʛʫʩʪʠʥʘ 

ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ, 

ʢʛ/ʤ
3
 

ɻʨʘʥʠʮʷ 

ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ, ʄʇʘ, ʫ 

ʚʽʮʽ, ʜʽʙ 

ʂʣʘʩ 

ʤʽʮʥʦʩʪʽ 

X1 X2 ʇʎɯɯ/ɹ-ʂ PCE 2 28 

1 -1 -1 300 0,5 0,41 2390 11,5 40,5 ʉ25/30 

2 -1 0 300 1,0 0,39 2405 17,2 47,2 ʉ30/35 

3 -1 +1 300 1,5 0,36 2400 15,1 41,1 ʉ 25/30 

4 0 -1 350 0,5 0,40 2410 14,8 48,4 ʉ 30/35 

5 0 0 350 1,0 0,38 2420 18,9 52,9 ʉ 32/40 

6 0 +1 350 1,5 0,35 2420 16,8 52,8 ʉ 32/40 

7 +1 -1 400 0,5 0,39 2400 15,2 44,2 ʉ 30/35 

8 +1 0 400 1,0 0,36 2430 19,8 54,8 ʉ32/40 

9 +1 +1 400 1,5 0,33 2425 18,1 52,6 ʉ 32/40 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʧʣʘʥʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʱʦ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʙʝʪʦʥʽʚ, ʷʢ ʢʨʠʪʝʨʽʾʚ 

ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ 

ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.5.  

ʊʘʙʣʠʮʷ 4.5 

ʂʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ ʤʽʮʥʦʩʪʽ  ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ 

ʌʫʥʢʮʽʾ ʚʽʜʛʫʢʫ 
ʂʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ 

b0 b1 b2 b12 b11 b22 

YRc2 19,09 1,55 1,42 -0,17 -0,68 -3,38 

YRc28 54,72 3,80 2,23 1,95 -4,63 -5,03 
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ɸʥʘʣʽʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʩʚʽʜʯʠʪʴ, ʱʦ ʜʦʜʘʪʥʽ ʟʥʘʢʠ ʧʨʠ 

ʢʦʝʬʽʮʽʻʥʪʘʭ b1 ʽ b2 ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʚʝʜʝʥʥʷ 1 ʤʘʩ.% ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ 

Glenium
 
ACE 430 ʧʨʠ ʟʤʽʥʥʽʡ ʚʠʪʨʘʪʽ (300é400 ʤ

3
/ʢʛ ) ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ (ʆʂ 

= ʩʦnst=12-13 ʩʤ) ʟʘʙʝʟʧʝʯʫʻ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʯʝʨʝʟ 2 ʪʘ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ. ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʤʦʜʠʬʽʢʘʪʦʨʘ Glenium
 
ACE 430 (0,5 ʤʘʩ.%) 

ʧʨʠ ʥʘʡʤʝʥʰʘ ʚʠʪʨʘʪʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ (ʎ=300 ʤ
3
/ʢʛ) ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ 

ʥʘ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʚ ʫʩʽ ʪʝʨʤʽʥʠ ʪʚʝʨʜʥʝʥʥʷ. ɺʽʜ`ʻʤʥʽ ʟʥʘʢʠ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʘʭ 

b11 ʪʘ b22 ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʢʽʣʴʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʘ Glenium
 

ACE 430 (1,5 ʤʘʩ.%) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʷʢʦʛʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪ̔ ʷʢ ʫ 

ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʪʚʝʨʜʥʝʥʥʷ, ʪʘʢ ʽ ʯʝʨʝʟ 28 ʜʽʙ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ 

ʨʝʛʨʝʩʽʾ ʧʦʙʫʜʦʚʘʥʽ ʽʟʦʧʘʨʘʤʝʪʨʠʯʥʽ ʜʽʘʛʨʘʤʠ (ʨʠʩ. 4.5).   

  

 

ʘ ʙ 

 
 

ʚ ʛ 

ʈʠʩ. 4.5. ɯʟʦʧʘʨʘʤʝʪʨʠʯʥ ̔ʜʽʘʛʨʘʤʠ (ʘ, ʙ) ʪʘ ʽʟʦʣʽʥʽʾ (ʚ, ʛ) ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʯʝʨʝʟ 

2 ʪʘ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʪʨʘʪʠ ʇʎ ɯɯ/ɹ-ʂ-500ʈ ʽ PCE 
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ʅʘ ʦʩʥʦʚʽ ʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ ʦʙʣʘʩʪʴ ʚʚʝʜʝʥʥʷ ʜʦʙʘʚʢʠ ʈʉɽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʝʞʘʭ 0,75é1,25 ʤʘʩ.%. ʇʨʠ ʚʠʪʨʘʪʘʭ ʮʝʤʝʥʪʫ 300é400 ʢʛ/ʤ
3
 ʦʜʝʨʞʘʥʦ 

ʝʬʝʢʪʠʚʥʽ ʩʢʣʘʜʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʤʽʮʥʦʩʪʽ ʜʣʷ ʢʣʘʩʽʚ 

ʉ25/30éʉ32/40. ɿʘ ʦʮʽʥʢʦʶ ʧʠʪʦʤʦʾ ʤʽʮʥʦʩʪʽ fcm2/fcm28=0,32é0,35 ʜʘʥʽ 

ʙʝʪʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʝʨʝʜʥʽʤ ʥʘʨʦʩʪʘʥʥʷʤ ʤʽʮʥʦʩʪʽ.  

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʧʦʜʦʚʞʝʥʠʤ ʪʝʨʤʽʥʦʤ ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʦʩʪʽ ʪʦʚʘʨʥʠʭ ʙʝʪʦʥʥʠʭ 

ʩʫʤʽʰʝʡ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʢʦʤʧʣʝʢʩʥʦʾ ʭʽʤʽʯʥʦʾ ʜʦʙʘʚʢʠ ʥʘ ʦʩʥʦʚʽ ʃʉʊ ʪʘ ʈʉɽ (MasterGlenium 

ACE 430) ʥʘ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʫ ʚʽʮʽ 2 ʪʘ 28 ʜʽʙ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʣʘʥʦʤ 

ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʪʨʠʨʽʚʥʝʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʪʘʙʣ. 4.6), ʬʘʢʪʦʨʠ, ʷʢʦʛʦ 

ʟʤʽʥʶʚʘʣʠ ʟ ʥʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ - ʃʉʊ (0; 0,3; 0,6 ʤʘʩ.%) ʪʘ ʈʉɽ                     

(0; 0,75; 1,5 ʤʘʩ.%). ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʚʠʢʦʥʫʚʘʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʾ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ (ʎ:ʇ=1:3; ʈʂ=135 ʤʤ). 

 

ʊʘʙʣʠʮʷ 4.6 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʇʘʨʘʤʝʪʨʠ ʧʣʘʥʫʚʘʥʥʷ 

ʃʉʊ, ʤʘʩ.% (ʍ1) PCE, ʤʘʩ. % (ʍ2) 

ɻʦʣʦʚʥʠʡ  ʨʽʚʝʥʴ ñ0ò 0 0 

ʅʠʞʥʽʡ ʨʽʚʝʥʴ ñ-1ò 0,3 0,75 

ɺʝʨʭʥʽʡ ʨʽʚʝʥʴ ñ+1ò 0,6 1,5 

ɯʥʪʝʨʚʘʣ ʚʘʨʽʶʚʘʥʥʷ 0,3 0,75 

 

ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʚʥʦʛʦ ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣ. 4.7. ʂʨʠʪʝʨʽʻʤ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʙʨʘʥʦ ʛʨʘʥʠʮʶ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ ʯʝʨʝʟ 2 ʪʘ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 
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ʦʪʨʠʤʘʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ (4.1, 4.2) 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʫʥʢʮʽʡ (YRʩ2) ʪʘ  (YRʩ28): 

 

YRc2= 34,04+0,60 ʍ1+4,92ʍ2 -5,57 ʍ1
2
-2,22ʍ2

2
-0,80ʍ1ʍ2                                (4.1) 

YRc28= 43,28+1,2ʍ1+0,10ʍ2 -4,57 ʍ1
2
-4,37ʍ2

2
-0,65ʍ1ʍ2                                                    (4.2) 

 

ɿ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʠʭ ʜʽʘʛʨʘʤ (ʨʠʩ. 4.6) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ-500ʈ ʷʢ ʫ ʨʘʥʥʴʦʤʫ, ʪʘʢ ʽ ʚ ʧʨʦʝʢʪʥʦʤʫ ʚʽʮʽ ʤʦʞʝ 

ʨʝʛʫʣʶʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ. 

 

ʊʘʙʣʠʮʷ 4.7 

ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʚʥʦʛʦ  ʜʚʦʬʘʢʪʦʨʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ (ʎ:ʇ=1:3; ʈʂ=135 ʤʤ) 

 ̄

ʄʘʪʨʠʮʷ 

ʧʣʘʥʫʚʘʥʥʷ  

ʂʽʣʴʢʽʩʪʴ 

ʤʦʜʠʬʽʢʘʪʦʨʘ, ʤʘʩ.% ɺ/ʎ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ  

ʩʪʠʩʢ, ʄʇʘ, ʫ ʚʽʮʽ, ʜʽʙ 

2 28 
X1 X2 ʃʉʊ PCE 

1 -1 -1 0 0 0,5 19,4 50,0 

2 -1 0 0,3 0 0,47 20,0 53,0 

3 -1 +1 0,6 0 0,44 21,8 55,2 

4 0 -1 0 0,75 0,40 28,0 69,8 

5 0 +1 0,3 0,75 0,39 31,9 73,9 

6 +1 0 0,6 0,75 0,37 29,0 67,0 

7 0 0 0 1,5 0,35 26,6 71,8 

8 +1 -1 0,3 1,5 0,34 29,0 72,0 

9 +1 +1 0,6 1,5 0,32 27,2 69,8 
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ʘ 

 

ʙ 

ʈʠʩ. 4.6.  ɯʟʦʧʘʨʘʤʝʪʨʠʯʥ ̔ʜʽʘʛʨʘʤʠ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ 2 ʜʦʙʠ (ʘ) 

ʪʘ 28 ʜʽʙ (ʙ) ʪʚʝʨʜʥʝʥʥʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ (ʎ:ʇ=1:3) 

ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʜʦʙʘʚʦʢ ʃʉʊ  ̔ʈʉɽ   
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ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʃʉʊ ʩʢʣʘʜʘʻ 0,6 ʤʘʩ.%, ʘ PCE - 0,75 

ʤʘʩ.%. ʇʨʠ ʮʴʦʤʫ ʚʽʜʪʷʛʫʻʪʴʩʷ ʯʘʩ ʟʙʝʨʝʞʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʜʦ 120 ʭʚ ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʽ ʧʦʢʘʟʥʠʢʠ ʨʘʥʥʴʦʾ ʪʘ ʤʘʨʦʯʥʦʾ ʤʽʮʥʦʩʪʝʡ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ. ʄʽʥʝʨʘʣʴʥʽ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʽ ʜʦʙʘʚʢʠ ʧʨʠʨʦʜʥʦʛʦ 

ʮʝʦʣʽʪʫ ʪʘ ʚʘʧʥʷʢʫ ʫ ʩʢʣʘʜʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ-500ʈ-ʅ  ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʘʪʠ ʦʜʥʦʨʽʜʥʽ ʙʝʪʦʥʥʽ 

ʩʫʤʽʰʽ ʟ ʥʠʟʴʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʨʦʟʰʘʨʦʚʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʦʾ 

ʚʦʜʦʫʪʨʠʤʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ [133, 141]. 

 

 

4.3. ʊʚʝʨʜʥʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʫ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʫʤʦʚʘʭ 

 

 

ɺ ʧʨʦʮʝʩʽ ʤʦʥʦʣʽʪʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʟʠʤʦʚʠʭ ʫʤʦʚʘʭ ʧʨʠ ʧʦʥʠʞʝʥʠʭ 

ʜʦʜʘʪʥʽʭ ʪʘ ʚʽʜ`ʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣ̫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʥʝʪʠʢʠ 

ʥʘʙʠʨʘʥʥʷ ʤʽʮʥʦʩʪʽ ʪʘ ʽʥʪʝʥʩʠʬʽʢʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʪʚʝʨʜʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʦʜʠʬʽʢʘʪʦʨʠ ʧʨʠʩʢʦʨʶʶʯʦʾ ʜʽʾ ʟ ʧʨʦʪʠʤʦʨʦʟʥʠʤ ʝʬʝʢʪʦʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʩʢʣʘʜʽʚ ʙʝʪʦʥʽʚ ʥʘ 

ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ 

ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ, ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʂʍɼ-1 (1,0 ʤʘʩ.% 

Glenium+ 0,5 ʤʘʩ.% Viʘnmix) ʪʘ ʂʍɼ-2 (1,0 ʤʘʩ.% Glenium+ 1,5 ʤʘʩ.% 

Pozzolit), ʧʨʠ ɺ/ʎ=0,38 (ʆʂ=130é140 ʤʤ) ʩʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚ 

ʤʝʞʘʭ 2410é2430 ʢʛ/ʤ
3
, ʧʦʚʽʪʨʦʚʪʷʛʫʚʘʥʥʷ ï 3,0é3,5%.  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.7, ʘ, ʧʨʠ ʚʚʝʜʝʥʥʽ ʂʍɼ-1 ʜʦ ʩʢʣʘʜʫ ʙʝʪʦʥʫ, ʛʨʘʥʠʮʷ 

ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʯʝʨʝʟ ʯʝʨʝʟ 2, 7 ʪʘ 28 ʜʽʙ ʩʢʣʘʜʘʻ 13,4; 39,6 ʪʘ 57 ʄʇʘ. ɺ 

ʪʦʡ ʞʝ ʯʘʩ, ʚʚʝʜʝʥʥʷ ʂʍɼ-2 ʧʣʘʩʪʠʬʽʢʫʶʯʝ-ʧʨʠʩʢʦʨʶʶʯʦʾ ʜʽʾ ʜʦʟʚʦʣʷʻ 

ʦʜʝʨʞʘʪʠ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʰʚʠʜʢʦʪʚʝʨʜʥʫʯʠʡ ʙʝʪʦʥ (fʩm2=31,5 ʄʇʘ), ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʉ35/45. ɼʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 
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ʙʝʪʦʥʽʚ ʪʚʝʨʜʥʫʣʠ ʚ ʫʤʦʚʘʭ ʧʦʥʠʞʝʥʠʭ ʜʦʜʘʪʥʠʭ ʪʘ ʚʽʜ`ʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʗʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʂʍɼ-1, 

ʱʦ ʪʚʝʨʜʥʫʚ 28 ʜʽʙ ʧʨʠ ʟʥʘʢʦʟʤʽʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (-10é+8 
0
ʉ), ʩʢʣʘʜʘʻ           

15 ʄʇʘ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʙʝʪʦʥʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʂʍɼ-2 ʧʣʘʩʪʠʬʽʢʫʶʯʝ-

ʧʨʠʩʢʦʶʶʯʦʾ ʜʽʾ ʤʽʮʥʽʩʪʴ ʯʝʨʝʟ 28 ʜʽʙ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 3 ʨʘʟʠ ʽ ʩʢʣʘʜʘʻ              

44,5 ʄʇʘ (ʨʠʩ. 4.7, ʙ). ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.7, ʚ, ʧʽʩʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʪʨʠʤʫʚʘʥʥʷ 

(28+28 ʜʽʙ) ʟʨʘʟʢʽʚ ʫ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʂʍɼ-2 ʩʢʣʘʜʘʻ 56,6 ʄʇʘ, ʱʦ ʥʘ 41,5% ʙʽʣʴʰʝ ʚʽʜ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ, 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʂʍɼ-1.   

ʄʝʪʦʜʦʤ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʜʠʣʘʪʦʤʝʪʨʽʾ ʜʦʩʣʽʜʞʝʥʥʦ ʧʨʦʮʝʩʠ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʩʚʽʞʦʧʨʠʛʦʪʦʚʘʥʠʭ ʩʫʤʽʰʝʡ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʙʝʪʦʥʽʚ 

(ʎ:ʇ=1:2; ɺ/ʎ=0,41).  ɼʣʷ ʩʫʤʽʰʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-

ʂ-500ʈ ʙʝʟ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ  ʧʨʦʮʝʩʠ ʣʴʦʜʦʫʪʚʦʨʝʥʥʷ ʧʦʯʠʥʘʶʪʴʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ -2 
ʦ
ʉ, ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʰʠʨʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʩʢʣʘʜʘʶʪʴ 1,05 ʤʤ/ʤ. 

ʇʨʠ ʚʚʝʜʝʥʥʽ 1,5 ʤʘʩ. % Pozzolit ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʘʪʢʫ ʟʘʤʝʨʟʘʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ 

ʧʦʥʠʞʫʻʪʴʩʷ ʜʦ -8
 ʦ
ʉ,  ʧʨʠ ʮʴʦʤʫ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʰʠʨʝʥʥʷ ʟʤʝʥʰʫʶʪʴʩʷ ʜʦ 

0,82 ʤʤ/ʤ. ɼʣʷ ʩʫʤʽʰʽ, ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʂʍɼ-2 (1,0 ʤʘʩ.% Glenium+ 1,5 ʤʘʩ. % 

Pozzolit), ʜʝʬʦʨʤʘʮʽʾ ʟʤʝʥʰʫʶʪʴʩʷ ʚ 2,9 ʨʘʟʠ ʽ ʩʢʣʘʜʘʶʪʴ 0,28 ʤʤ/ʤ. 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 4.8, ʜʣʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ (ʪʽʩʪʦ 1:0) ʅɻʊ=30,5% ʧʦʯʘʪʦʢ ʪʫʞʘʚʽʥʥʷ ʪʽʩʪʘ ʩʢʣʘʜʘʻ 180 

ʭʚ ʤʽʮʥʽʩʪʴ ʯʝʨʝʟ 1, 7 ʪʘ 28 ʜʽʙ ʩʪʘʥʦʚʠʪʴ 11,2, 51,5 ʪʘ 80,3 ʄʇʘ ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʠ ʚʚʝʜʝʥʥʽ 1,5 ʤʘʩ.% Pozzolit ʅɻʊ=29,0% ʧʦʯʘʪʦʢ ʪʫʞʘʚʽʥʥʷ 

ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʥʘ 130 ʭʚ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠʰʚʠʜʰʝʥʥʷ 

ʨʘʥʥʴʦʛʦ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ï ʤʽʮʥʽʩʪʴ ʯʝʨʝʟ 1 ʜʦʙʫ ʪʚʝʨʜʥʝʥʥʷ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 1,87 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʢʘʤʝʥʝʤ ʙʝʟ ʜʦʙʘʚʦʢ. ʇʨʠ 

ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʢʘʤʝʥʶ ʂʍɼ-2 (1 ʤʘʩ.% Glenium + 1,5 ʤʘʩ.% Pozzolit) ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʅɻɻ ʚʦʜʦʧʦʪʨʝʙʘ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 21,7%, ʧʦʯʘʪʦʢ ʪʫʞʘʚʽʥʥʷ 

ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʥʘ 100 ʭʚ, ʨʘʥʥʷ ʤʽʮʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 3,2 ʨʘʟʠ ʧʨʽʚʥʷʥʦ ʟ 

ʢʘʤʝʥʝʤ ʙʝʟ ʜʦʙʘʚʦʢ. 
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ʈʠʩ. 4.7. ʄʽʮʥʽʩʪʴ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ, ʱʦ ʪʚʝʨʜʥʫʣʠ ʚ ʥʦʨʤʘʣʴʥʠʭ 

ʫʤʦʚʘʭ (ʘ),  ʯʝʨʝʟ 28 (ʙ) ʽ 56 (ʚ) ʜʽʙ ʚ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚʘʭ  

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.8, ʚʚʝʜʝʥʥʷ 1,5 ʤʘʩ.% Pozzolit ʜʦʟʚʦʣʷʻ ʧʦʥʠʟʠʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʛʽʜʨʘʪʘʮʽʾ ʜʦ 69,4 
ʦ
ʉ ʪʘ ʧʨʠʰʚʠʜʰʠʪʠ ʧʨʦʮʝʩ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʥʘ 6-7 ʛʦʜ. ʇʨʠ ʪʚʝʨʜʥʝʥʥʽ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʚ ʫʤʦʚʘʭ 

ʚʽʜ`ʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (-15 
ʦ
ʉ) ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦ 
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ʩʧʦʚʽʣʴʥʶʶʩʷ. ʇʨʠ ʚʚʝʜʝʥʥʽ 1,5 ʤʘʩ.% Pozzolit ʪʘ ʂʍɼ 2 (1 ʤʘʩ.%  Glenium + 

1,5 ʤʘʩ.% Pozzolit) ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʽʚ ʯʝʨʝʟ 28 ʜʽʙ ʩʢʣʘʜʘʻ 67,5-68,0 ʄʇʘ. 

 

ʊʘʙʣʠʮʷ 4.8 

ɺʧʣʠʚ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-ʂ-500ʈ (ʪʽʩʪʦ 1:0) 

ɺʠʜ ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʜʦʙʘʚʢʠ
 

ʅɻʊ, 

%
 

ʊʝʨʤʽʥʠ 

ʪʫʞʘʚʽʥʥʷ, 

ʭʚ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ, ʄʇʘ, 

ʫ ʚʽʮʽ, ʜʽʙ 

+20
ʦ
ʉ -15

 ʦ
ʉ +15é+20

ʦ
ʉ 

28+28 ʧʦʯ. ʢʽʥ. 1 7 28 28 

- 30,5 180 330 11,2 51,5 80,3 28,0 4,3 

1,0 ʤʘʩ.%  Glenium 22,5 160 400 19,0 70,2 91,4 51,8 60,5 

1,5 ʤʘʩ.% Pozzolit 29,0 30 280 21,0 59,8 71,3 31,6 39,3 

ʂʍɼ (1 ʤʘʩ.% Glenium 

+ 1,5 ʤʘʩ.% Pozzolit) 
21,7 80 440 35,8 63,0 87,3 45,9 51,9 

 

 

ʈʠʩ. 4.8.  ɺʧʣʠʚ ʧʨʠʩʢʦʨʶʚʘʯʘ ʪʚʝʨʜʥʝʥʥʷ ʪʘ ʂʍɼ ʧʣʘʩʪʠʬʽʢʫʶʯʝ-

ʧʨʠʩʢʦʨʶʶʯʦʾ ʜʽʾ ʥʘ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʛ̔ ʜʨʘʪʘʮʽʾ ʇʎ ɯɯ/ɹ-ʂ-500  

 

 ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʜʘʥʠʤʠ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ʨʠʩ. 4.9). ʊʘʢ, ʜʣʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʙʝʟ ʜʦʙʘʚʦʢ 
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ʯʝʨʝʟ 28 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ -15 
0
ʉ ʭʘʨʘʢʪʝʨʥʘ ʧʦʨʠʩʪʘ 

ʩʪʨʫʢʪʫʨʘ. ʗʢ ʚʠʜʥʦ ʟ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ, ʢʨʠʩʪʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʦʙʢʘʪʘʥʦʶ, ʣʫʩʢʦʧʦʜʽʙʥʦʶ ʬʦʨʤʦʶ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʧʦʚʽʣʴʥʝʥʠʡ ʧʨʦʮʝʩ 

ʛʽʜʨʘʪʘʮʽʾ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʂʍɼ-2 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʫʱʽʣʴʥʶʻʪʴʩʷ ʪʘ ʦʤʦʥʦʣʽʯʫʻʪʴʩʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʢʨʘʱʝʥʽ 

ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʚʽʜ`ʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ.  

  

ʘ ʙ 

ʈʠʩ. 4.9. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʱʦ ʪʚʝʨʜʥʫʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ -15 
0
ʉ: ʘ ï ʙʝʟ ʜʦʙʘʚʦʢ, ʙ ï ʂʍɼ (1 ʤʘʩ.% Glenium + 1,5 ʤʘʩ.% 

Pozzolit) 

 

4.4. ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ 

 

4.4.1. ʇʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ 

ʄʦʞʣʠʚʽʩʪʴ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʚ ʪʝʭʥʦʣʦʛʽʾ ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʪʘ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʝʪʦʥʫ [16, 19].  

ʈʫʭʦʤʽʩʪʴ  ̔ ʟʙʝʨʝʞʝʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʯʘʩʽ. ʊʝʭʥʦʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʾ ʩʢʣʘʜʦʤ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʘʧʨʦʝʢʪʦʚʘʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʙʝʪʦʥ 

(ʎ:ʇ:ʑ=1:1,88:3,61) ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 
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ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ɺ-ʇ)-500ʈ (ʎ=400 ʢʛ/ʤ
3
). ʗʢ ʢʦʤʧʣʝʢʩʥʫ 

ʭʽʤʽʯʥʫ ʜʦʙʘʚʢʫ ʚʠʢʦʨʠʩʪʘʥʦ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʩʢʣʘʜ ʤʦʜʠʬʽʢʘʪʦʨʘ ʂʍɼ-3          

(0,3 ʤʘʩ.% ʃʉʊ + 1 ʤʘʩ.% ʈʉɽ). ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ (ɺ/ʎ=0,38) ʙʝʟ ʜʦʙʘʚʦʢ ʦʩʽʜʘʥʥʷ ʢʦʥʫʩʘ ʩʢʣʘʜʘʻ 60-70 ʤʤ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʨʮʽ ʈ2 (ʨʠʩ. 4.10, ʘ). ɺʚʝʜʝʥʥʷ 1,25 ʤʘʩ.% ʤʦʜʠʬʽʢʘʪʦʨʘ PCE 

ʨʫʭʣʠʚʽʩʪʴ ʩʫʤʽʰʽ (ɺ/ʎ=ʩʦnst) ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ ʆʂ=170 ʤʤ. ʇʨʠ ʚʚʝʜʝʥʥ ̔

ʂʍɼ-3 ʜʣʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʆʂ=160-170 ʤʤ (ʤʘʨʢʘ ʈ4).   
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ʈʠʩ. 4.10. ʆʩʘʜʢʘ ʢʦʥʫʩʘ ʪʘ ʟʙʝʨʝʞʝʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʯʘʩʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-ʂ-500ʈ 

 

 ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚ ʫʤʦʚʘʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʻ ʾʭ ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʙʝʨʝʞʝʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʯʘʩʽ. ɿʛʽʜʥʦ 

ɼʉʊʋ ɹ ɺ.2.7-96-2000, ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʧʫʩʪʠʤʘ ʪʨʠʚʘʣʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʜʣʷ ʤʘʨʢʠ ʟʘ ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʩ̔ʪʁ ʈ4, ʟʘ ʫʤʦʚʠ ʟʙʝʨʝʞʝʥʥʷ 

ʩʚʦʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʢʣʘʜʘʻ 90 ʭʚ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.10,ʙ,  ʜʣʷ ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ, ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʈʉɽ, ʨʫʭʣʠʚʽʩʪʴ ʧʦʯʠʥʘʻ ʚʪʨʘʯʘʪʠʩʷ ʚʞʝ ʯʝʨʝʟ 40 ʭʚ ʽ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʪʨʽʤʢʠʤ ʾʾ ʟʤʝʥʰʝʥʥʷʤ ï ʤʘʨʢʘ ʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ ʈ4 

ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʤʘʨʢʫ ʈ3 ʯʝʨʝʟ 70 ʭʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʠ ʚʚʝʜʝʥʥʽ ʂʍɼ-3 ʯʘʩ 

ʟʤʽʥʠ ʨʫʭʣʠʚʦʩʪʽ ʚʽʜʪʷʛʫʻʪʴʩʷ ʜʦ 160 ʭʚ. 

ʈʦʟʰʘʨʦʚʫʚʘʥʽʩʪʴ. ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʚ 

ʫʤʦʚʘʭ ʤʦʥʦʣʽʪʥʦʛʦ ʙʝʪʦʥʫʚʘʥʥʷ ʻ ʾʾ ʦʜʥʦʨʽʜʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ 
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ʨʦʟʰʘʨʦʚʫʚʘʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʦʜʦ- ʪʘ ʨʦʟʯʠʥʦʚʽʜʜʽʣʝʥʥʷʤ. ɿʛʽʜʥʦ 

ɼʉʊʋ ɹ ɺ.2.7-96-2000 ʧʦʢʘʟʥʠʢ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʜʣʷ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ 

ʤʘʨʢʦʶ ʟʘ ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʽʩʪʶ ʈ4 ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,8 %, ʘ 

ʨʦʟʯʠʥʦʚʽʜʜʽʣʝʥʥʷ ï 4 %. ɹʝʪʦʥʥʘ ʩʫʤʽʰ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-ʂ-500, 

ʤʦʜʠʬʽʢʦʚʘʥʘ PCE (ʤʘʨʢʘ ʟʘ ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʽʩʪʶ ʈ4) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʦʜʦʚʽʜʜʽʣʝʥʥʷʤ - 0,7 % ʪʘ ʨʦʟʯʠʥʦʚʽʜʜʽʣʝʥʥʷʤ ï 1 %; ʧʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ 

ʩʫʤʽʰʽ ʂʍɼ ʧʦʢʘʟʥʠʢ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 0,6%, 

ʨʦʟʯʠʥʦʚʽʜʜʽʣʝʥʥʷ ʩʢʣʘʜʘʻ 1%.   ɺʠʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ 

ʩʪʘʥʜʘʨʪʫ ʱʦʜʦ ʧʦʢʘʟʥʠʢʽʚ ʨʦʟʰʘʨʦʚʫʚʘʥʦʩʪʽ.  

ʇʦʚʽʪʨʦʚʤʽʩʪ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʦʚʽʪʨʦʚʤʽʩʪ ʫ ʙʝʪʦʥ̔ʡ ʩʫʤʽʰʽ ʧʦʚʠʥʝʥ ʢʦʣʠʚʘʪʠʩʷ ʚ ʤʝʞʘʭ      

4-6 %. ɺʚʝʜʝʥʥʷ ʂʍɼ-3 ʜʦʟʚʦʣʷʻ ʧʽʜ ʯʘʩ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚʪʷʛʫʚʘʪʠ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʧʫʭʠʨʮʽ ʧʦʚʽʪʨʷ (ʜʽʘʤʝʪʨ ʚʽʜ 10 ʜʦ 

300 ʤʢʤ) ʟ ʫʪʚʦʨʝʥʥʷ ʟʘʤʢʥʫʪʠʭ ʧʦʨ ʽ ʧʝʨʝʚʘʥʥʷ ʢʘʧʽʣʷʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʧʽʜʚʠʱʝʥʷ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʽʚ.   

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʙʝʪʦʥʥʽʡ ʩʫʤʽʰʽ, ʤʦʜʠʬʽʢʦʚʘʥʽʡ 

PCE, ʚʤʽʩʪ ʟʘʭʦʧʣʝʥʦʛʦ ʧʦʚʽʪʨʷ ʩʢʣʘʜʘʻ 2,5%, ʧʨʠ ʚʚʝʜʝʥʥʽ ʂʍɼ - 3,5% 

(ʈʂ=160 ʤʤ=ʩʦnst). ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʙʝʟ ʜʦʙʘʚʦʢ 

ʧʦʚʽʪʨʦʚʤʽʩʪ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 7,8% (ʨʠʩ. 4.11). 

 

 

  

ʈʠʩ. 4.11. ʇʦʚʽʪʨʦʚʤʽʩʪ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-ʂ-500ʈ 
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4.4.2. ʇʦʢʘʟʥʠʢʠ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ 

ʄʽʮʥʽʩʪʴ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʘʞʢʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ-500ʈ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥ ̔

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʾ ʦʜʝʨʞʫʶʪʴʩʷ ʚʠʩʦʢʦʨʫʭʣʠʚʽ      

(ʆʂ=160-170 ʤʤ) ʙʝʪʦʥʥ ̔ʩʫʤʽʰʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʢʣʘʩ ʤʽʮʥʦʩʪʽ 

ʙʝʪʦʥʫ. ʊʘʢ, ʚʚʝʜʝʥʥʷ 1,25 ʤʘʩ.% ʈʉɽ ʜʦ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ (ɺ/ʎ=0,38) 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʽʜʚʠʱʝʥʽ ʧʦʢʘʟʥʠʢʠ ʨʘʥʥʴʦʾ (fcm2=19,8 ʄʇʘ) ʪʘ ʤʘʨʦʯʥʦʾ 

ʤʽʮʥʦʩʪʝʡ (fcm28=52,1 ʄʇʘ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʉ32/40. ʏʝʨʝʟ 180 

ʪʘ 365 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪ ɹʙʝʪʦʥʫ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ 65,3 ʪʘ 85,8 ʄʇʘ. ɼʣʷ 

ʙʝʪʦʥʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 0,3 ʤʘʩ.% ʃʉʊ +1,0 ʤʘʩ.% ʈʉɽ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʜʝʷʢʝ ʩʧʦʚʽʣʴʥʝʥʥʷ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ (fcm2=15,2 ʄʇʘ) ʪʘ ʤʽʮʥʦʩʪʽ ʯʝʨʝʟ 28 ʜʽʙ 

(fcm28=15,2 ʄʇʘ), ʧʨʠ ʮʴʦʤʫ ʦʜʝʨʞʫʻʪʴʩʷ  ʙʝʪʦʥ ʢʣʘʩʫ ʉ30/35. ʉʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʯʝʨʝʟ 180 ʪʘ 365 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ ʤʽʮʥʽʩʪʴ ʪʘʢʦʛʦ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʜʦʩʷʛʘʻ ʧʦʢʘʟʥʠʢʚ̔ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʈʉɽ (ʨʠʩ. 4.12).  

 

ʈʠʩ. 4.12. ʄʽʮʥʽʩʪʴ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ɺ-ʇ)-500ʈ 
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ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʧʦʨʠʩʪʽʩʪʴ. ʇʦʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʙʝʪʦʥʽʚ ʚʠʟʥʘʯʘʻ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ (ʤʽʮʥʽʩʪʴ, ʚʦʜʦʧʨʦʥʠʢʥʽʩʪʴ, ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʽʥ.) ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ 

ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [19, 140].  

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 4.9, ʜʣʷ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ɺ-ʇ)-500ʈ 

(ɺ/ʎ=0,52) ʩʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʩʪʘʥʦʚʠʪʴ 2360 ʢʛ/ʤ
3
. ʇʨʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʘ 

ʧʦʨʠʩʪʽʩʪʴ (ʇ) ʩʢʣʘʜʘʻ 8,17%, ʽʟ ʙʽʣʴʰʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚʽʜʢʨʠʪʦʾ ʢʘʧʽʣʷʨʥʦʾ 

ʧʦʨʠʩʪʦʩʪʽ (ʇʚ=5,41%). ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʙʝʪʦʥʫ ʟʘʙʝʟʧʝʯʫʻ 

ʾʾ ʫʱʽʣʴʥʝʥʥʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ ʜʦ 2420 ʢʛ /ʤ
3
 ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʢʘʧʽʣʷʨʥʠʭ ʧʦʨ ʚ 2,1-2,2 ʨʘʟʠ.  

 

ʊʘʙʣʠʮʷ 4.9 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʧʦʨʠʩʪʽʩʪʴ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ-500ʈ (ʆʂ=160-170 ʤʤ) 

ʄʦʜʠ-

ʬʽʢʘʪʦʨ 

ʩʫʭ, 

ʢʛ/ʤ
3
 

ɺʦʜʦʧʦʛ-

ʣʠʥʘʥʥʷ, % 

ʇʦʨʠʩʪʽʩʪʴ, % ʉʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨʫ ʧʦʨ, 

ɚ1 

ʆʜʥʦʨʽʜ-

ʥʽʩʪʴ ʧʦʨ ʟʘ 

ʨʦʟʤʽʨʘʤʠ, Ŭ Wm Wv ʇ ʇʚ ʇ3 

- 2360 2,29 5,41 8,17 5,41 2,76 4,2 0,38 

1,25 % ʈʉɽ 2420 1,00 2,42 5,89 2,41 3,48 2,0 0,45 

1,0%ʈʉɽ+ 

0,3% ʃʉʊ 
2405 1,06 2,55 6,05 2,55 3,5 2,4 0,45 

 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ  ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ 

ʢʽʥʝʪʠʢʦʶ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ (ɼʉʊʋ ɹ ɺ 2.7-170:2008), ʧʦʢʘʟʘʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰʠʡ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʧʦʨ (ɚ1=4,2) ʽ ʥʘʡʤʝʥʰʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʧʦʨ ʟʘ 

ʨʦʟʤʽʨʘʤʠ (Ŭ=0,38) ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʙʝʪʦʥʫ ʙʝʟ ʜʦʙʘʚʦʢ. ɺʚʝʜʝʥʥʷ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʦʜʥʦʨʽʜʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ 
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ʨʦʟʤʽʨʫ ʧʦʨ ʥʘ 43-52% ʪʘ ʦʜʝʨʞʘʥʥʷ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʭ ʨʦʟʤʽʨʽʚ ʧʦʨ 

(Ŭ=0,45). 

ʗʢ ʚʠʜʥʦ ʟ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ (ʨʠʩ. 4.13), ʙʝʪʦʥ, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʂʍɼ 

(0,3% ʃʉʊ+1,0% PCE), ʱʦ ʪʚʝʨʜʥʫʚ 28 ʜʽʙ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʱʽʣʴʥʦ 

ʫʧʘʢʦʚʘʥʦʶ ʤʝʟʦ- ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ. ʇʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʥʘʨʦʩʪʘʶʪʴ ʥʘ ʟʝʨʥʘʭ ʢʚʘʨʮʫ, ʩʪʚʦʨʶʶʯʠ ʤʦʥʦʣʽʪʥʠʡ 

ʤʘʪʝʨʽʘʣ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʨ ʪʘ ʧʫʩʪʦʪ (ʨʠʩ. 4.13, ʘ). ʄʦʜʠʬʽʢʫʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʟʘʙʝʟʧʝʯʫʻ ʤʽʮʥʝ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʟʘʧʦʚʥʶʚʘʯʝʤ ʽ 

ʤʘʪʨʠʮʝʶ (ʨʠʩ. 4.13, ʙ) ʪʘ ʩʪʚʦʨʶʻ ʤʦʥʦʣʽʪʥʫ ʢʦʥʪʘʢʪʥʫ ʟʦʥʫ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʧʽʜʚʠʱʝʥʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʝʪʦʥʫ. 

 

  
ʘ ʙ 

ʈʠʩ. 4.13. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʘʪʨʠʮʽ ʙʝʪʦʥʫ ʯʝʨʝʟ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ 

 

ʇʦʢʘʟʥʠʢʠ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ. ʄʽʮʥʽʩʪʴ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʥʘ 

ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ɺ-ʇ)-500ʈ (ʎ=400 ʤ
3
/ʢʛ) ʥʘ ʩʪʠʩʢ f

cm,cube
 ʚʠʟʥʘʯʘʣʠ ʯʝʨʝʟ 

ʢʣʘʩ ʤʽʮʥʦʩʪʽ, ʱʦ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʶ ʢʫʙʠʢʦʚʦʶ ʤʽʮʥʽʩʪʶ 

ʛʘʨʘʥʪʦʚʘʥʦʶ ʟ 95% ʡʤʦʚʽʨʥʽʩʪʶ. ʇʨʠʟʤʦʚʫ ʤʽʮʥʽʩʪʴ ʚʠʟʥʘʯʘʣʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʟʨʘʟʢʽʚ-ʧʨʠʟʤ 100ʭ100ʭ400 ʤʤ. ɺʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ 

ʧʨʫʞʥʦʩʪʽ ʪʘ ʧʨʠʟʤʦʚʦʾ ʤʽʮʥʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʥʘʚʝʜʝʥʦ ʥʘ                

ʨʠʩ. 4.14.  
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ʈʠʩ. 4.14. ɺʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʪʘ ʧʨʠʟʤʦʚʦʾ ʤʽʮʥʦʩʪʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʠʟʤ ʧʦʢʘʟʫʶʪʴ (ʪʘʙʣ. 4.10), ʱʦ ʜʣʷ ʙʝʪʦʥʫ, 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ PCE ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʉ32/40 ʧʨʠʟʤʦʚʘ ʤʽʮʥʽʩʪʴ f
cm,

 
prism

=48,5 

ʄʇʘ, ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʩʢʣʘʜʘʻ ɽ
cd=30,5 ɻʇʘ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ɼɹʅ ɺ.2.6-98:2009 ʱʦʜʦ ʚʠʟʥʘʯʝʥʦʛʦ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ. 

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʙʝʪʦʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʫʙʠʢʦʚʦʶ ʤʽʮʥʽʩʪʴ f
cm,cube= 46,5 ʄʇʘ 

ʪʘ ʧʨʠʟʤʦʚʦʶ ʤʽʮʥʽʩʪʶ f
cm,

 
prism
=40,2 ʄʇʘ, ʧʨʠ ʮʴʦʤʫ ɽ

cd= 28,9 ɻʇʘ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʉ30/35. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ  ʜʣʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʙʝʪʦʥʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʣʘʩʽʚ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ɜ= 0,17.  

ʊʘʙʣʠʮʷ 4.10 

ʇʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʪʘ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ 

ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ-500ʈ 

ʂʣʘʩ 

ʙʝʪʦʥʫ 

 

ʂʫʙʠʢʦʚʘ 

ʤʽʮʥʽʩʪʴ, 

f
cm, cube

 ʄʇʘ 

ʇʨʠʟʤʦʚʘ 

ʤʽʮʥʽʩʪʴ, 

f
cm,

 
prism

 ʄʇʘ 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, 

ɽ
cd

 
.

 10
-3

, ʄʇʘ 

ʂʦʝʬʽʮʽʻʥʪ 

ʇʫʘʩʦʥʘ, 

ɜ 
ʈʦʟʨʘʭʫʥʢʦʚʝ 

ʟʥʘʯʝʥʥʷ 

ʅʦʨʤʘ  

ɼɹʅ ɺ.2.6-98  

ʉ30/35 46,5 40,2 28,9 27,0é31,0 0,17 

ʉ32/40 54,2 48,5 30,5 28,5é32,0 0,17 



 
 

121 

ʂʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ. ɿʘʩʪʦʩʫʚʘʥʥʷ ɻɼʐ ʪʘ ʋɼʎ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ 

ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʽ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚ 

ʫʤʦʚʘʭ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ [148, 151]. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʠʭ 

ʭʽʤʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ ʢʣʘʩʫ ʍɸ ɼʉʊʋ ɹ ɺ.2.7-176:2008 ʥʘ ʩʪʽʡʢʽʩʪʴ ʇʎ ɯɯ/ɹ-

ʂ(ʐ-ʇ-ɺ)-500ʈ ʜʦ ʢʦʨʦʟʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʟʨʘʟʢʽʚ 40ʭ40ʭ160 ʤʤ ʧʨʠ 

ʪʚʝʨʜʥʝʥʥʽ ʚ ʫʤʦʚʘʭ ʩʫʣʴʬʘʪʥʦʛʦ ʪʘ ʤʘʛʥʝʟʽʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱ ʟʛʽʜʥʦ ɼʉʊʋ 

ɹ ɻʆʉʊ 27677:2011 ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʂʩ ʯʝʨʝʟ 90, 180 ʪʘ 360 

ʜʽʙ ʩʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ 1,17; 1,14; 1,1 ʪʘ 0,97; 0,95; 0,94, ʪʦʜʽ ʷʢ ʜʣʷ ʟʨʘʟʢʽʚ ʥʘ 

ʦʩʥʦʚʽ ʇʎ ɯ ʢʦʝʬʽʮʽʻʥʪ ʂʩ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 1,2-1,4 ʨʘʟʠ (ʨʠʩ. 4.15).  

 
 

ʘ ʙ 

 

ʚ 

ʈʠʩ. 4.15.  ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ: ʘ - Na2SO4 ʢʦʥʮʝʥʪʨʘʮʽʷ 

[SO4
2-
]=10 ʛ/ʣ; ʙ - MgCl2 ʢʦʥʮʝʥʪʨʘʮʽʷ [Mg

2+
]=10 ʛ/ʣ; ʚ - ʤʦʨʩʴʢʘ ʩʽʣʴ  
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ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ, ʩʧʨʠʯʠʥʝʥʦʾ ʭʣʦʨʠʜʘʤʠ ʟ ʤʦʨʩʴʢʦʾ 

ʚʦʜʠ (ʢʣʘʩ ʍS ɼʉʊʋ ɹ ɺ.2.7-176:2008), ʚʩʪʘʥʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʚʽʜ 0,98 ʜʦ 0,91, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʱʦʜʦ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʚ ʩʝʨʝʜʦʚʠʱʽ ʭʣʦʨʠʜʽʚ (ʂʩ=0,91) ʟʛʽʜʥʦ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ. ʎʝ ʩʚʽʜʯʠʪʴ, ʱʦ 

ʜʘʥʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ. 

ʄʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʽ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʴ. ʄʦʨʦʟʦʩʪʽʡʢʽʩʪʴ  

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʧʨʠʩʢʦʨʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʟʛʽʜʥʦ ʟ ɼʉʊʋ 

ɹ ɺ.2.7-49-96. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʨʘʟʢʠ ʙʝʪʦʥʫ (ʟʨʘʟʢʠ-ʢʫʙʠ 100ʭ100ʭ100 ʤʤ) 

ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ-

500ʈ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 1,25 ʤʘʩ.% ʈʉɽ ʪʘ 1,3 ʤʘʩ.% ʂʍɼ ʚʠʪʨʠʤʫʻ 300 ʮʠʢʣʽʚ 

ʧʦʧʝʨʝʤʽʥʥʦʛʦ ʟʘʤʦʨʦʞʫʚʘʥʥʷ-ʚʽʜʪʘʚʘʥʥʷ ʫ 5 % ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ  ʥʘʪʨʽʶ 

ʭʣʦʨʠʜʫ ʧʨʠ ʚʪʨʘʪʽ ʤʽʮʥʦʩʪʽ ʜʦ 5% ʪʘ ʤʘʩʠ ʜʦ 3%. ɼʣʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʟʨʘʟʢʽʚ 

ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʇʎ ɯ-500 ʙʝʟ ʎɿʄ ʤʘʨʢʘ ʟʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ ʜʦʩʷʛʘʻ F200. 

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʙʝʪʦʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʤʘʨʢʦʶ ʟʘ 

ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ W18, ʚ ʪʦʡ ʞʝ ʯʘʩ ʷʢ ʜʣʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʥʘ 

ʦʩʥʦʚʽ ʇʎ ɯ-500 ʧʦʢʘʟʥʠʢ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʤʘʨʢʠ W10.  

ʇʦʢʘʟʥʠʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʫ, ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʪʘ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ-400ʈ ʽ ʇʎ ɯɯ/ɹ-ʂ-500ʈ ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣ. 4.11-4.13.  

ɼʣʷ ʟʚʝʜʝʥʥʷ ʤʦʥʦʣʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʚʠʨʦʙʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ ʤʝʪʦʜʦʤ ʙʝʟʚʽʙʨʘʮʽʡʥʦʛʦ ʫʢʣʘʜʘʥʥʷ ʚʠʩʦʢʦʨʫʭʦʤʠʭ 

ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ. ɺʚʝʜʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʘʚʦʢ ʚʠʩʦʢʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ (ʧʨʠʨʦʜʥʠʡ ʮʝʦʣʽʪ ʽ ʚʘʧʥʷʢ) ʜʦ ʩʢʣʘʜʫ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ʜʦʟʚʦʣʷʻ 

ʦʜʝʨʞʘʪʠ ʦʜʥʦʨʽʜʥʽ ʙʝʪʦʥʥʽ ʩʫʤʽʰʽ ʟ ʥʠʟʴʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʨʦʟʰʘʨʫʚʘʥʥʷ ʪʘ 

ʧʽʜʚʠʱʝʥʦʾ ʚʦʜʦʫʪʨʠʤʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ.  
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ʊʘʙʣʠʮʷ 4.11 

ʇʦʢʘʟʥʠʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ  ʇʎ ɯɯ/ɹ-ʂ (ʎ=400 ʢʛ/ʤ
3   

) 

ʇʦʢʘʟʥʠʢ 
ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ɿʥʘʯʝʥʥʷ 

ʇʎ ɯɯ/ɹ-ʂ-400ʈ ʇʎ ɯɯ/ɹ-ʂ-500ʈ   

ɺ/ʎ    - 0,38 0,35 

ʇʦʚʽʪʨʦʚʤʽʩʪ  % 3,5 3,0 

 

ʊʘʙʣʠʮʷ 4.12 

 ʇʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ  ʇʎ ɯɯ/ɹ-ʂ (ʎ=400 ʢʛ/ʤ
3   

) 

ʇʦʢʘʟʥʠʢ 
ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ɿʥʘʯʝʥʥʷ 

ʇʎ ɯɯ/ɹ-ʂ-400ʈ ʇʎ ɯɯ/ɹ-ʂ-500ʈ   

ʈʫʭʦʤʽʩʪʴ, ʆʂ  ʩʤ 16 16,5 

ɿʙʝʨʝʞʝʥʽʩʪʴ  ʛʦʜ 2,5 3,0  

 

ʈʦʟʰʘʨʫʚʘʥʥʷ  

ʈʦʟʯʠʥʦʚʽʜʜʽʣʝʥʥʷ  

ɺʦʜʦʚʽʜʜʽʣʝʥʥʷ  

% 

% 

1,4 

- 

1,2 

- 

 

ʆʧʪʠʤʽʟʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʙʘʚʦʢ ʃʉʊ ʪʘ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ 

MasterGlenium ACE 430 ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʣʠʪʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ (ʢʣʘʩ 

ʨʦʟʧʣʠʚʫ SF3) ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʢʣʘʩʫ ʟʘ ʤʽʮʥʽʩʪʶ ʉ 35/45, ʱʦ  

ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ 

ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ʚ ʪʝʭʥʦʣʦʛʽʾ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ [62].  
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ʊʘʙʣʠʮʷ 4.13 

ʇʦʢʘʟʥʠʢʠ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ  ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ  ʇʎ ɯɯ/ɹ-ʂ (ʎ=400 ʢʛ/ʤ
3   

) 

ʇʦʢʘʟʥʠʢ 
ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ɿʥʘʯʝʥʥʷ 

ʇʎ ɯɯ/ɹ-ʂ-400ʈ ʇʎ ɯɯ/ɹ-ʂ-500ʈ   

ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ f
cm

  ʯʝʨʝʟ    

2 ʜʦʙʠ                 

 

ʄʇʘ 

 

22,8 

 

30,5 

28 ʜʽʙ  48,0 57,4 

90 ʜʽʙ  ʄʇʘ 62,4 67,8 

                                   365 ʜʽʙ  ʄʇʘ 76,5 83,2 

 ʂʣʘʩ ʤʽʮʥʦʩʪʽ  
 

ʉ30/35 ʉ32/40 

ʇʨʠʟʤʦʚʘ ʤʽʮʥʽʩʪʴ  ʄʇʘ 50,0 47,5 

ʂʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ   0,17 0,17 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ɽʩd 
. 
10

-3
  ʄʇʘ 29,5 30,5 

ʄʘʨʢʘ ʟʘ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ   W16 W18 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʟʘ ʤʘʩʦʶ, Wʤ  % 2,0 1,8 

ʇʦʨʠʩʪʽʩʪʴ, ʇ  % 4,5 3,7 

ʉʝʨʝʜʥʷ ʛʫʩʪʠʥʘ,  ɟ  ʢʛ/ʤ
3
 2410 2420 

 

ʆʪʞʝ, ʤʦʜʠʬʽʢʦʚʘʥʽ ʙʝʪʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʨʫʭʣʠʚʽʩʪʶ, 

ʦʜʥʦʨʽʜʥʽʩʪʶ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʪʘ ʢʽʥʮʝʚʦʶ ʤʽʮʥʽʩʪʶ, 

ʧʦʢʨʘʱʝʥʠʤʠ ʜʝʬʦʨʤʘʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʽʣʴʥʽʩʪʶ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ 

ʨʝʟʫʣʴʪʘʪʽ ʩʧʨʠʷʻ ʾʭ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʦʙʣʘʩʪʴ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

 

1. ɼʨʽʙʥʦʟʝʨʥʠʩʪʽ ʙʝʪʦʥʠ (ʎ:ʇ=1:3; ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ ʄʢ=1,72, 

ɺ/ʎ=0,39) ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʇʎ ɯɯ/ɹ-ʂ-400ʈ-ʅ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʜʝʱʦ ʩʧʦʚʽʣʴʥʝʥʦʶ ʢʽʥʝʪʠʢʦʶ ʥʘʙʦʨʫ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ. ɼʣʷ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ-500ʈ-ʅ ʧʦʢʘʟʥʠʢ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʚ 1,5 ʨʘʟʠ ʽ ʩʢʣʘʜʘʻ 32,0 ʄʇʘ. ʏʝʨʝʟ 28 ʜʽʙ ʤʽʮʥʽʩʪʴ ʪʘʢʦʛʦ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ 

ʙʝʪʦʥʫ ʜʦʩʷʛʘʻ 52,2 ʄʇʘ, ʯʝʨʝʟ 90 ʜʽʙ -  58,1 ʄʇʘ ʽ ʟ ʚʽʢʦʤ ʧʝʨʝʚʠʱʫʻ 

ʤʽʮʥʽʩʪʴ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʯʠʩʪʦʢʣʽʥʢʝʨʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯ-500.  

2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʈʉɽ 

ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ (ʤʘʨʢʘ ʟʘ ʨʫʭʣʠʚʽʩʪʶ ʈ3) ʪʘ ʚʘʞʢʠʭ ʙʝʪʦʥʽʚ 

ʚʠʢʦʥʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʫ ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʪʨʠʨʽʚʥʝʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚ 

ʷʢʦʩʪʽ ʟʤʽʥʥʠʭ ʬʘʢʪʦʨʽʚ ʷʢʦʛʦ ʚʠʙʨʘʥʦ ʚʠʪʨʘʪʫ ʇʎ ɯɯ/ɹ-ʂ-500ʈ-ʅ (X1=300; 

350; 400 ʢʛ/ʤ
3
) ʽ ʢʽʣʴʢʽʩʪʴ ʈʉɽ (X2=0,5; 1,0; 1,5 ʤʘʩ.%). ʅʘ ʦʩʥʦʚʽ ʛʨʘʬʽʯʥʦʾ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ 

ʦʙʣʘʩʪʴ ʚʚʝʜʝʥʥʷ ʜʦʙʘʚʢʠ ʈʉɽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 0,75é1,25 ʤʘʩ.%.  ʇʨʠ 

ʚʠʪʨʘʪʘʭ ʮʝʤʝʥʪʫ 300é400 ʢʛ/ʤ
3
 ʦʜʝʨʞʘʥʦ ʝʬʝʢʪʠʚʥʽ ʩʢʣʘʜʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʙʝʪʦʥʽʚ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʤʽʮʥʦʩʪʽ ʜʣʷ ʢʣʘʩʽʚ ʉ20/25éʉ32/40. ʄʽʮʥʽʩʪʴ ʙʝʪʦʥʫ 

ʯʝʨʝʟ 2 ʜʦʙʠ ʩʢʣʘʜʘʻ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʪʨʘʪʠ ʮʝʤʝʥʪʫ ï 17é20 ʄʇʘ. ɿʘ 

ʦʮʽʥʢʦʶ ʧʠʪʦʤʦʾ ʤʽʮʥʦʩʪʽ fcm2/fcm28=0,32é0,35 ʜʘʥʽ ʙʝʪʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʩʝʨʝʜʥʽʤ ʥʘʨʦʩʪʘʥʥʷʤ ʤʽʮʥʦʩʪʽ. 

3. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʧʦʢʘʟʥʠʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ (ʎ=400 ʢʛ/ʤ
3
) 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʤʘʨʢʠ ʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ ʈ4 (ʆʂ=170 

ʤʤ) ʩʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʩʢʣʘʜʘʻ 2420 ʢʛ/ʤ
3
, ʦʙ'ʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ï 2,5%; 

ʧʦʢʘʟʥʠʢʠ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ (0,6%) ʪʘ ʨʦʟʯʠʥʦʚʽʜʜʽʣʝʥʥʷ (1,0 %) ʚʽʜʧʦʚʽʜʘʶʪʴ 
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ʚʠʤʦʛʘʤ ɼʉʊʋ ɹ ɺ 2.7-96-2000 ʱʦʜʦ ʨʦʟʰʘʨʦʚʫʚʘʥʦʩʪʽ. ɼʣʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʙʝʪʦʥʫ ʢʣʘʩʫ ʉ32/40 ʧʨʠʟʤʦʚʘ ʤʽʮʥʽʩʪʴ f
c, prism

=48,5 ʄʇʘ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

ɽcm=30,5 ɻʇʘ, ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʦʥʘ ɜ=0,17; ʤʽʮʥʽʩʪʴ ʯʝʨʝʟ 365 ʜʽʙ ʪʚʝʨʜʥʝʥʥʷ 

ʟʨʦʩʪʘʻ ʜʦ 83,2 ʄʇʘ; ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʴ ʩʢʣʘʜʘʻ W18, ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ - F300 

ʪʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚ ʫʤʦʚʘʭ 

ʘʛʨʝʩʠʚʥʦʛʦ ʩʫʣʴʬʘʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʂʩ ʯʝʨʝʟ 30; 90 ʽ 180 ʜʽʙ ʩʢʣʘʜʘʻ 

ʚʽʜʧʦʚʽʜʥʦ 1,20; 1,17 ʽ 1,14).  

4. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʦʤʧʣʝʢʩʥʦʾ ʜʦʙʘʚʢʠ ʥʘ ʦʩʥʦʚʽ ʃʉʊ ʪʘ ʈʉɽ ʥʘ 

ʧʦʢʘʟʥʠʢʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʃʉʊ ʩʢʣʘʜʘʻ 0,6 ʤʘʩ.%, ʘ PCE - 0,75 

ʤʘʩ.%. ʇʨʠ ʮʴʦʤʫ ʚʽʜʪʷʛʫʻʪʴʩʷ ʯʘʩ ʟʙʝʨʝʞʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʜʦ 120 ʭʚ ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʽ ʧʦʢʘʟʥʠʢʠ ʨʘʥʥʴʦʾ ʪʘ ʤʘʨʦʯʥʦʾ ʤʽʮʥʦʩʪʝʡ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ. ʆʧʪʠʤʽʟʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʙʘʚʦʢ ʃʉʊ ʪʘ 

MasterGlenium ACE 430 ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʣʠʪʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ (ʢʣʘʩ 

ʨʦʟʧʣʠʚʫ SF3) ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʢʣʘʩʫ ʤʽʮʥʦʩʪ̔ ʉ 35/45, ʱʦ  

ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ʚ ʪʝʭʥʦʣʦʛʽʾ 

ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ.  

5. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʟ ʧʨʠʩʢʦʨʶʶʯʠʤ ʽ 

ʧʨʦʪʠʤʦʨʦʟʥʠʤ ʝʬʝʢʪʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ 1,0 ʤʘʩ.% Glenium ACE 430 ʪʘ 1,5 

ʤʘʩ.% Pozzolit 501, ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʰʚʠʜʢʦʪʚʝʨʜʥʫʯʠʭ ʙʝʪʦʥʽʚ 

(fʩm2=31,5 ʄʇʘ, fcm2/fcm28 = 0,58), ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʦʞ ʧʨʠʩʢʦʨʝʥʠʤ 

ʪʚʝʨʜʥʝʥʥʷʤ ʚ ʫʤʦʚʘʭ ʟʥʘʢʦʟʤʽʥʥʠʭ  ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʥʘ ʤʦʨʦʟʽ (ʜʦ -10
ʦ
ʉ). 

ʄʝʪʦʜʦʤ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʜʠʣʘʪʦʤʝʪʨʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʩʚʽʞʦʟʘʤʦʨʦʞʝʥʠʭ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʩʫʤʽʰʝʡ (ʎ:ʇ=1:2, 

ɺ/ʎ=0,41) ʟ ʧʽʜʚʠʱʝʥʦʶ ʧʣʘʩʪʠʯʥʽʩʪʶ (ʈʂ=250 ʤʤ), ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʘʪʢʫ 

ʟʘʤʝʨʟʘʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ ʟʥʠʞʫʻʪʴʩʷ ʜʦ -7Áʉ, ʘ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʰʠʨʝʥʥʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʞʦʨʩʪʢʦʶ ʩʫʤʽʰʰʶ ʙʝʟ ʤʦʜʠʬʽʢʘʪʦʨʽʚ (ʈʂ=110 ʤʤ) 

ʟʤʝʥʰʫʶʪʴʩʷ ʚ 3,7 ʨʘʟʠ. 
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ʈʆɿɼɯʃ 5. ʇʈʆʄʀʉʃʆɺʀʁ ɺʀʇʋʉʂ ʄʋʃʔʊʀʄʆɼɸʃʔʅʀʍ 

ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʇʆʈʊʃɸʅɼʎɽʄɽʅʊɯɺ ɿ ɺʀʉʆʂʆʖ ʈɸʅʅʔʆʖ 

ʄɯʎʅɯʉʊʖ ʊɸ ɺʇʈʆɺɸɼɾɽʅʅʗ ʄʆɼʀʌɯʂʆɺɸʅʀʍ ɹɽʊʆʅɯɺ ʅɸ 

ɰʍ ʆʉʅʆɺɯ 

 

 

 

5.1. ʇʨʦʤʠʩʣʦʚʠʡ ʚʠʧʫʩʢ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ 

ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ 

 

 

ɺʠʩʦʢʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ, ʘ 

ʪʘʢʦʞ ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʚʠʢʦʧʥʝ ʧʘʣʠʚʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

ʚʠʨʦʙʥʠʮʪʚʦ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʮʝʤʝʥʪʽʚ ʟ ʧʦʥʠʞʝʥʠʤ ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʦʤ ʩʪʘʻ 

ʦʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʽʷʣʴʥʦʩʪʽ ʮʝʤʝʥʪʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ ʰʣʷʭʫ 

ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦ-

ʢʦʤʧʦʥʝʥʪʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʪʽʣʴʢʠ ʝʢʦʥʦʤʠʪʠ ʧʘʣʠʚʦ 

ʪʘ ʝʥʝʨʛʽʶ, ʘʣʝ ʡ ʟʙʽʣʴʰʠʪʠ ʚʠʧʫʩʢ ʙʝʪʦʥʫ ʥʘ ʮʴʦʤʫ ʚôʷʞʫʯʦʤʫ [9, 142]. 

ʇʨʦʚʽʜʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʚ ʮʝʤʝʥʪʥʽʡ ʛʘʣʫʟʽ - ʇʨɸʊ ñɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò -  ʫ 2017 ʨʦʮʽ ʟʘʚʝʨʰʠʣʦ ʚʚʝʜʝʥʥʷ ʚ ʜʽʶ ʥʦʚʦʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʣʽʥʽʾ ʟ ʚʠʧʫʩʢʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʽ ʩʪʘʣʦ 

ʥʘʡʧʦʪʫʞʥʽʰʠʤ ʚʠʨʦʙʥʠʢʦʤ ʮʝʤʝʥʪʫ ʚ ʋʢʨʘʾʥʽ. ʇʨɸʊ çɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʫ ʪʘ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʫ 

ʪʝʭʥʦʣʦʛʽʶ çʩʫʭʠʡè ʩʧʦʩʽʙ ʽ ʰʠʨʦʢʦ ʚʧʨʦʚʘʜʞʫʻ ʜʦʩʷʛʥʝʥʥʷ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ 

ʪʘ ʧʝʨʝʜʦʚʠʡ ʜʦʩʚʽʜ ʫ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʧʦʤʝʣʫ ʚ ʟʘʤʢʥʝʥʦʤʫ ʮʠʢʣʽ ʜʦʟʚʦʣʠʣʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʧʦʪʫʞʥʦʩʪʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʦʜʝʨʞʫʚʘʪʠ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʮʝʤʝʥʪʽʚ ʰʣʷʭʦʤ ʷʢ 

ʩʫʤʽʩʥʦʛʦ, ʪʘʢ ʽ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʢʣʽʥʢʝʨʫ ʽ ʜʦʙʘʚʦʢ ʚ ʤʣʠʥʘʭ ʟ 

ʩʝʧʘʨʘʪʦʨʘʤʠ ʦʩʪʘʥʥʴʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʇʨʦʮʝʩʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʝʤʝʥʪʽʚ 
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ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʢʦʥʪʨʦʣʝʤ ʘʥʘʣʽʪʠʯʥʦʾ ʪʝʭʥʽʢʠ;  ʥʘʡʩʫʯʘʩʥʽʰʝ ʦʙʣʘʜʥʘʥʥʷ 

ʣʘʙʦʨʘʪʦʨʽʾ ʪʘ ʢʦʥʪʨʦʣʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʥʦ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʷʢʽʩʪʴ ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ, ʢʣʽʥʢʝʨʫ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʦʛʦ 

ʮʝʤʝʥʪʫ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ [12].  

ʆʧʪʠʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʥʘ ʧʦʤʝʣ, ʧʦʰʫʢ ʰʣʷʭʽʚ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ, 

ʩʢʦʨʦʯʝʥʥʷ ʧʠʪʦʤʠʭ ʚʠʢʠʜʽʚ ʉʆ2 ʥʘ 1 ʪ ʮʝʤʝʥʪʫ, ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ, ʧʨʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʥʘ ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʥʠʞʝʥʥʷ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢ ʢʣʽʥʢʝʨ-

ʬʘʢʪʦʨ. ʊʝʭʥʦʣʦʛʽʷ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʟʛʽʜʥʦ ʊʋ ʋ 23.5-02071010-173:2017 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʢʨʝʤʦʤʫ ʧʦʤʝʣʽ ʽ ʟʤʽʰʫʚʘʥʥʽ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʮʝʤʝʥʪʫ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʨʦʟʚʠʥʫʪʠ ʚʟʘʻʤʥʝ ʧʽʜʩʠʣʝʥʥʷ ʜʽʾ ʬʘʢʪʦʨʽʚ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ ʽ 

ʚʠʜʽʣʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʢʦʨʠʩʪʴ ʟ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ (ʜʦʜʘʪʦʢ ɸ). 

ʈʦʟʜʽʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʨʦʟʤʝʣʶʶʪʴ ʦʢʨʝʤʦ ʜʦ ʥʝʦʙʭʽʜʥʦʾ 

ʪʦʥʠʥʠ, ʧʨʠ ʷʢʽʡ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ ʪʠʭ ʜʦʙʘʚʦʢ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʮʝʤʝʥʪ ʟ ʢʨʘʱʠʤʠ ʨʝʦʣʦʛʽʯʥʠʤʠ ʪʘ ʤʽʮʥʽʩʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʷʢʦʩʪʽ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʘ ʧʦʤʝʣʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʪʨʠʝʪʘʥʦʣʘʤʽʥ, ʱʦ ʜʦʜʘʻʪʴʩʷ ʚ ʢʽʣʴʢʦʩʪʽ 0,02-0,03% ʟʘ ʤʘʩʦʶ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʣʠʥʘ. ʊʘʢ ʷʢ ʨʦʟʤʝʣʦʟʜʘʪʥʽʩʪʴ  ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚʘʨʽʶʻʪʴʩʷ (ʧʨʠʯʦʤʫ ʧʨʠ ʧʦʜʨʽʙʥʝʥʥʽ ʩʠʨʦʚʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ, 

ʥʽʞ ʧʨʠ ʧʦʜʨʽʙʥʝʥʥʽ ʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ, ʭʦʯʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ʚʠʤʦʛʠ ʜʦ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʦʤʝʣʫ ʮʝʤʝʥʪʫ ʚʠʱ)̔ ʧʦʨʷʜ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʽ ʪʦʥʢʽʩʪʴ ʧʦʤʝʣʫ. 

ɺʠʨʦʙʥʠʮʪʚʦ  ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-400 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʩʫʤʽʩʥʠʤ ʧʦʤʦʣʦʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ, 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ, ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ, ʚʘʧʥʷʢʫ ʪʘ ʛʽʧʩʦʚʦʛʦ 

ʢʘʤʝʥʶ ʚ ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ 4,2ʭ13,0 ʤ ʟ ʩʝʧʘʨʘʪʦʨʦʤ ʬʽʨʤʠ ñCristian Pfeifferò, 

ʱʦ ʧʨʘʮʶʻ ʟʘ ʟʘʢʨʠʪʠʤ ʮʠʢʣʦʤ ʨʦʟʤʝʣʶʚʘʥʥʷ. ʄʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ 

ʚʚʦʜʠʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʟʘʪʦʨʘ ʢʦʨʽʦʣʽʩʦʚʦʛʦ ʪʠʧʫ ʬʽʨʤʠ ñSʩhʝnʩkò. 

ɺʠʪʨʘʪʘ ʢʦʤʧʦʥʝʥʪʽʚ  ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ  1 ʪ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ (ʐ-

ʇ-ɺ) ʩʢʣʘʜʘʣʘ: 625 ʢʛ ʢʣʽʥʢʝʨʫ, 167 ʢʛ ɻɼʐ,  96 ʢʛ ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, 56 ʢʛ 
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ʚʘʧʥʷʢʫ, 40 ʢʛ ʛʽʧʩʦʚʦʛʦ ʢʘʤʝʥʶ. ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-400ʈ-ʅ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 5.1.  

ʊʘʙʣʠʮʷ 5.1 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ 

ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ɼʉʊʋ ɹ ɺ.2.7-46:2010  

ʇʎ ɯɯ/ɹ-ʂ (ʐ-ʇ-ɺ)-400ʈ-ʅ 

ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ  ɺʠʤʦʛʠ ʩʪʘʥʜʘʨʪʫ  ɿʥʘʯʝʥʥʷ 

ɺʤʽʩʪ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ (ɻɼʐ, 

ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ, ʚʘʧʥʷʢ), ʤʘʩ.%  

21ï35  35  

ʊʦʥʠʥʘ ʧʦʤʝʣʫ ʟʘ ʧʠʪʦʤʦʶ, Sʧʠʪ, ʤ
2
/ʢʛ - 360 

ʊʝʨʤʽʥʠ ʪʫʞʘʚʽʥʥʷ, ʭʚ: 

                                   - ʧʦʯʘʪʦʢ 

- ʢʽʥʝʮʴ  

  

 Ó 60 

Ò 600  

  

130 

190  

ʅʦʨʤʘʣʴʥʘ ʛʫʩʪʦʪʘ ʪʽʩʪʘ, ʅɻʊ, %  -  29,8  

ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ, ʄʇʘ  

- 2 ʜʦʙʠ 

- 28 ʜʽʙ 

  

 Ó 15,0  

Ó 40,0 

  

22,4 

45,2 

ʉʝʨʝʜʥʷ ʘʢʪʠʚʥʽʩʪʴ ʧʨʠ  

ʧʨʦʧʘʨʶʚʘʥʥʽ, ʄʇʘ 

Ó 27,0 

   

27,5  

ɻʨʫʧʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʧʨʦʧʘʨʶʚʘʥʥʽ 

ʟʛʽʜʥʦ ʟ  ɼʉʊʋ ɹ ɺ.2.7-112  

-   ɯ  

ʈʽʚʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ ʦʙôʻʤʫ 

(ʨʦʟʰʠʨʝʥʥʷ), ʤʤ  

Ò 10,0  0  

ʆʟʥʘʢʠ ʭʠʙʥʦʛʦ ʪʫʞʘʚʣʝʥʥʷ  ʥʝʤʘʻ  ʥʝʤʘʻ  

ɺʤʽʩʪ ʪʨʠʢʘʣʴʮʽʻʚʦʛʦ ʘʣʶʤʽʥʘʪʫ (C3A) ʚ 

ʢʣʽʥʢʝʨʽ, %  

Ò 8,0  5,8-7,8  

 

ɺʠʧʫʩʢ ʧʨʦʤʠʩʣʦʚʦʾ ʧʘʨʪʽʾ ʚ ʢʽʣʴʢʦʩʪʽ 700 ʪʠʩ. ʪ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʛʦ  ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ, ʧʨʦʚʝʜʝʥʽ ʥʘ ʇʨɸʊ ñɯʚʘʥʦ-
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ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò (ʜʦʜʘʪʦʢ ɹ, ɺ). ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.1. ʂʣʽʥʢʝʨ, 

ʜʦʤʝʥʥʠʡ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʰʣʘʢ, ʮʝʦʣʽʪ, ʚʘʧʥʷʢ ʪʘ ʜʚʦʚʦʜʥʠʡ ʛʽʧʩ ʟ ʙʫʥʢʝʨʽʚ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʛʦʚʠʭ ʜʦʟʘʪʦʨʽʚ ʪʘ ʞʠʚʠʣʴʥʠʢʽʚ ʧʦʜʘʶʪʴʩʷ ʫ ʮʝʤʝʥʪʥʠʡ 

ʤʣʠʥ ʥʘ ʧʦʤʝʣ. ɿ ʤʣʠʥʘ ʮʝʤʝʥʪ ʧʦʩʪʫʧʘʻ ʚ ʩʝʧʘʨʘʪʦʨ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʦʟʜʽʣʝʥʥʷ ʮʝʤʝʥʪʥʦʾ ʬʨʘʢʮʽʾ ʥʘ ʜʨʽʙʥʫ, ʷʢʘ ʧʦʩʪʫʧʘʻ ʚ ʩʠʣʦʩʠ, ʽ ʢʨʫʧʥʫ, ʷʢʘ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ ʜʦʤʝʣʶʚʘʥʥʷ.  

 

 

ʈʠʩ. 5.1. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ  

ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʩʫʤʽʩʥʦʛʦ ʧʦʤʝʣʫ   

 

ɼʣʷ ʧʦʤʝʣʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʪʠʧʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ɺ-ʇ)-400ʈ-ʅ 

ʨʦʟʜʽʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʢʦʨʠʩʪʘʥʽ ʮʝʤʝʥʪʥʽ ʤʣʠʥʠ ˉ5, ˉ7 ʪʘ ˉ8 ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʙʘʛʘʪʦʢʘʤʝʨʥʠʡ ʩʠʣʦʩ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʦʜʘʣʴʰʦʛʦ 

ʟʤʽʰʫʚʘʥʥʷ. ʄʣʠʥʦʤ ˉ5 ʧʨʦʚʝʜʝʥʦ ʧʦʤʝʣ ʜʦʤʝʥʥʦʛʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʰʣʘʢʫ, 

ʢʣʽʥʢʝʨ ʟ ʛʽʧʩʦʤ - ʤʣʠʥʦʤ ˉ7, ʘ ʮʝʦʣʽʪ ʯʠ ʚʘʧʥʷʢ -  ʤʣʠʥʦʤ ˉ8. ʇʦʤʦʣʴʥʘ 

ʫʩʪʘʥʦʚʢʘ ʦʩʥʘʱʝʥʘ ʘʩʧʽʨʘʮʽʷʤʠ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʧʠʣʫ ʚʽʜ ʧʦʚʽʪʨʷ. 

ɼʣʷ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ ʚ ʩʝʧʘʨʘʪʦʨ ʚʩʪʘʥʦʚʣʝʥʠʡ ʢʦʚʰʦʚʠʡ ʝʣʝʚʘʪʦʨ. ʇʽʩʣʷ 

ʩʝʧʘʨʘʮʽʾ ʤʘʪʝʨʽʘʣ ʟ ʥʝʦʙʭʽʜʥʦʶ ʪʦʥʠʥʦʶ ʧʦʤʝʣʫ  ʧʦʜʘʻʪʴʩʷ ʥʘ ʝʣʝʚʘʪʦʨ ʽ ʟ 

ʜʦʧʦʤʦʛʦʶ ʘʝʨʦʞʦʣʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʚ ʙʘʛʘʪʦʢʘʤʝʨʥʠʡ ʩʠʣʦʩ. ʇʨʦʮʝʩ 
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ʧʦʤʝʣʫ ʨʦʟʜʽʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʙʣʦʢ-ʩʭʝʤʦʶ, ʷʢʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 5.2, ʘ. 

 

ʘ 

 

ʙ 

ʈʠʩ. 5.2. ɹʣʦʢ-ʩʭʝʤʘ ʧʦʤʝʣʫ (ʘ) ʽ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʠʛʦʪʦʚʣʝʥʥʷ (ʙ) 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʨʦʟʜʽʣʴʥʠʤ ʩʧʦʩʦʙʦʤ 
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ɺʠʛʦʪʦʚʣʝʥʥʷ  ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ       

ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ 

ʟ ʩʝʧʘʨʘʪʦʨʘʤʠ ʬʽʨʤʠ ñCristian Pfeifferò ʪʘ ʥʘʩʪʫʧʥʠʤ ʟʤʽʰʫʚʘʥʥʷʤ 

ʢʦʤʧʦʥʝʥʪʽʚ (ʨʠʩ. 5.2, ʙ). ʇʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʡ ʢʣʽʥʢʝʨ ʟ ʜʦʙʘʚʢʦʶ ʛʽʧʩʦʚʦʛʦ 

ʢʘʤʝʥʶ ʨʦʟʤʝʣʶʚʘʚʩʷ ʚ ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ 4,2ʭ13,0 ʤ (Sʧʠʪ =  350é380 ʤ
2
/ʢʛ), 

ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ ï ʫ ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ 2,6 ʭ 13,0 ʤ                       

(Sʧʠʪ  = 400é420 ʤ
2
/ʢʛ), ʮʝʦʣʽʪʦʚʠʡ ʪʫʬ ʪʘ ʚʘʧʥʷʢ ʫ ʤʣʠʥʘʭ 3,2 ʭ 8,5 ʤ                 

(Sʧʠʪ  = 500é700 ʤ
2
/ʢʛ).  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʰʫʚʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʪʘ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʘʜʘʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ 

ʛʦʪʦʚʠʡ ʧʨʦʜʫʢʪ ʧʦʜʘʚʘʚʩʷ ʚ ʮʝʤʝʥʪʥʠʡ ʩʠʣʦʩ. ʊʦʥʠʥʘ ʧʦʤʝʣʫ ʦʩʥʦʚʥʠʭ 

ʩʢʣʘʜʥʠʢʽʚ ʪʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʥʘ 

ʧʨʠʣʘʜʽ ɹʣʝʡʥʘ ʪʘ ʟʘʣʠʰʢʦʤ ʥʘ ʩʠʪʽ 0045, ʘ ʟʝʨʥʦʚʠʡ ʩʢʣʘʜ ʘʥʘʣʽʟʫʚʘʚʩʷ 

ʣʘʟʝʨʥʠʤ ʛʨʘʥʫʣʦʤʝʪʨʦʤ ñMastersizer 3000ò. ʄʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ - ʮʝʦʣʽʪ ʪʘ 

ʚʘʧʥʷʢ, ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʙʽʤʦʜʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ.  

ʅʘ ʧʨʘʢʪʠʮʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʜʽʣʴʥʠʡ ʧʦʤʝʣ ʮʝʤʝʥʪʫ ʜʦʟʚʦʣʷʻ ʜʦʚʦʜʠʪʠ 

ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʜʦ ʦʧʪʠʤʘʣʴʥʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʛʨʘʥʫʣʦʤʝʪʨʽʾ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʜʘʨʪʥʦʾ ʪʘ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ 

(ʜʦʜʘʪʦʢ ɻ-ɽ). ʇʨʠ ʮʴʦʤʫ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʨʦʟʤʝʣʶʶʪʴ ʦʢʨʝʤʦ ʜʦ 

ʥʝʦʙʭʽʜʥʦʾ ʪʦʥʠʥʠ, ʱʦʙ ʜʦʩʷʛʥʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʥʠʢʽʚ, ʱʦ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʟ ʢʨʘʱʠʤʠ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʈʦʟʜʽʣʴʥʠʤ ʧʦʤʝʣʦʤ ʦʩʥʦʚʥʠʭ 

ʩʢʣʘʜʥʠʢʽʚ ʦʪʨʠʤʘʥʦ ʙʽʣʴʰ ʚʠʩʦʢʫ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥ ʁʽ ʤʝʥʰʠʡ ʟʘʣʠʰʦʢ ʥʘ 

ʩʠʪʽ  ̄0045, ʧʨʠ ʮʴʦʤʫ ʥʝ ʙʫʣʦ ʧʝʨʝʤʝʣʶʚʘʥʥʷ ʢʣʽʥʢʝʨʫ ʪʘ ʥʝʜʦʤʝʣʶʚʘʥʥʷ   

ɻɼʐ, ʪʘʢʦʞ ʜʦʩʷʛʥʫʪʦ ʧʽʜʚʠʱʝʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ ʮʝʦʣʽʪʫ ʪʘ ʚʘʧʥʷʢʫ, ʱʦ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʧʽʜʥʷʣʦ ʷʢʽʩʪʴ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʇʨʠ ʨʦʟʜʽʣʴʥʦʤʫ ʧʦʤʝʣʽ 

ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʪʦʥʠʥʠ ʩʪʚʦʨʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʥʘʣʘʰʪʫʚʘʪʠ ʤʣʠʥʠ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʽ ʚʠʚʝʩʪʠ ʾʭ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʪʦʙʪʦ ʟʙʽʣʴʰʝʠʪʠ ʚʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʎɿʄ ʫ 

ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʪʘ ʟʜʝʰʝʚʠʪʠ ʧʨʦʜʫʢʪ. 
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ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ 

ʰʣʷʭʦʤ ʩʫʤʽʩʥʦʛʦ ʪʘ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.3.  

 

 

 

ʘ 

 

ʙ 

ʈʠʩ. 5.3. ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ (ʘ) ʪʘ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ) (ʙ) 
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ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 5.2. ɼʘʥʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʢʦʤʧʦʟʠʮʽʡʥʠʡ 

ɼʉʊʋ ɹ EN 197-1 - ʉɽʄ ɯɯ/B - ʄ (S-P-L)42.5 R ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ 

ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ 42,5. ɿʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-46:2010 çʎʝʤʝʥʪʠ 

ʟʘʛʘʣʴʥʦʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè ʨʦʟʨʦʙʣʝʥʠʡ ʮʝʤʝʥʪ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ                            

ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ. 

 

ʊʘʙʣʠʮʷ 5.2 

ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ɼʉʊʋ ɹ EN 197-1 - CEM ɯɯ/B-M (S-P-L) 42,5 R-

LH ʪʘ ɼʉʊʋ ɹ ɺ.2.7-46:2010  ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ 
 

ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ɺʠʤʦʛʠ ʩʪʘʥʜʘʨʪʫ ɿʥʘʯʝʥʥʷ 

ɼʉʊʋ ɹ EN 197-1 ɼʉʊʋ ɹ 

ɺ.2.7-46 

CEM ɯɯ/B-M  ʇʎ ɯɯ/ɹ-ʂ 

ɺʤʽʩʪ ʜʦʙʘʚʦʢ, % 21ï35 21ï35 35 35 

ʅɻʊ, % ï ï 30,8 30,8 

ʊʝʨʤʽʥʠ 

ʪʫʞʘʚʣʝʥʥʷ,  

ʭʚ 

 

ʧʦʯʘʪʦʢ Ó75 Ó60 180 180 

ʢʽʥʝʮʴ ï Ò 600 260 260 

ʈʽʚʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ 

ʦʙôʻʤʫ, ʤʤ  

Ò 10,0 ï 0 0 

 

ɻʨʘʥʠʮʷ 

ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ, ʄʇʘ 

 

2 ʜʦʙʠ Ó 20,0 Ó20,0 29,8  30,7 

28 ʜʽʙ Ó 42,5 Ò 62,5 Ó50,0 44,9 52,8 

90 ʜʽʙ ï ï 58,7 64,2 

360 ʜʽʙ ï ï 65,2 70,1 

ʉʝʨʝʜʥʷ ʘʢʪʠʚʥʽʩʪʴ ʧʨʠ 

ʧʨʦʧʘʨʶʚʘʥʥʽ, ʄʇʘ ï 

ɼʉʊʋ ɹ 

ɺ.2.7-112 

Ó 27,0 
30,7 ï 

ɺʤʽʩʪ C3A ʚ ʢʣʽʥʢʝʨʽ, % Ò 8,0 ï 6,8ï7,2 6,8ï7,2 
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5.2. ɼʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʘ ʘʧʨʦʙʘʮʽʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ 

ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ 

ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ 

 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʜʦʩʣʽʜʥʦʾ ʧʘʨʪʽʾ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)500ʈ-ʅ ʚ 

ʢʽʣʴʢʦʩʪʽ 600 ʪ ʧʨʦʚʝʜʝʥʦ ʥʘ ɼʇ ñʉʧʝʮʟʘʣʽʟʦʙʝʪʦʥò ʇʨɸʊ ñɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʪʦʚʘʨʥʠʭ ʙʝʪʦʥʽʚ ʢʣʘʩʽʚ 

ʉ20/25éʉ30/35. ʇʨʠ ʮʴʦʤʫ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʚʜʘʥʥʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʨʦʟʰʘʨʦʚʫʚʘʥʦʩʪʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ ʨʫʭʣʠʚʦʩʪʽ, ʦʜʝʨʞʘʥʥʷ ʚʠʩʦʢʦʾ ʨʘʥʥʴʦʾ ʪʘ 

ʟʘʧʨʦʝʢʪʦʚʘʥʦʾ ʤʘʨʦʯʥʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʪʦʚʘʨʥʦʛʦ ʙʝʪʦʥʫ ʩʢʣʘʚ 1500 ʤ
3
 (ʜʦʜʘʪʦʢ ɾ).  

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʾ ʥʘ ɼʇ ñʉʧʝʮʟʘʣʽʟʦʙʝʪʦʥò ʇʨɸʊ 

ñɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.4.  

 

ʈʠʩ. 5.4. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʥʘ ɼʇ ñʉʧʝʮʟʘʣʽʟʦʙʝʪʦʥò  
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ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʥʝ ʚʽʜʨʽʟʥʷʣʘʩʴ ʚʽʜ ʩʪʘʥʜʘʨʪʥʦʾ, ʧʨʠʡʥʷʪʦʾ ʥʘ ɼʇ 

çʉʧʝʮʟʘʣʽʟʦʙʝʪʦʥè. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʜʦ ʩʢʣʘʜʫ 

ʚʚʦʜʠʣʠ ʢʦʤʧʣʝʢʩʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʥʘ ʦʩʥʦʚʽ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʈʉɽ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 5.3. 

ʇʨʦʚʝʜʝʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʙʝʪʦʥʥʽ ʩʫʤʽʰʽ ʤʘʨʢʠ ʟʘ ʦʩʽʜʘʥʥʷʤ 

ʢʦʥʫʩʘ S4, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʢʣʘʩʫ ʉ25/30. 

 

ʊʘʙʣʠʮʷ 5.3  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ 
ɿʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ 

ɺ/ʎ         0,38 

ʆʩʘʜʢʘ ʢʦʥʫʩʘ, ʩʤ 16 

ʉʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʢʛ/ʤ
3
 2400-2420 

ʆʙôʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ, %  3,5 

ʄʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʥʘ ʩʪʠʩʢ, fcm, ʄʇʘ, ʫ ʚʽʮʽ, ʜʽʙ 
3 22,1 

28 42,5 

 

ʄʦʜʠʬʽʢʦʚʘʥʽ ʙʝʪʦʥʥʽ ʩʫʤʽʰʽ ʪʘ ʙʝʪʦʥʠ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʤʦʥʦʣʽʪʥʦʛʦ 

ʙʝʪʦʥʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʣʠʚʥʠʭ ʧʽʜʣʦʛ. ʄʦʜʠʬʽʢʦʚʘʥʘ ʪʦʚʘʨʥʘ ʙʝʪʦʥʥʘ 

ʩʫʤʽʰ ʜʦʩʪʘʚʣʷʣʘʩʷ ʘʚʪʦʙʝʪʦʥʦʟʤʽʰʫʚʘʯʘʤʠ ʜʣʷ ʚʣʘʰʪʫʚʘʥʥʷ ʧʣʦʱʘʜʦʢ 

(ʨʠʩ. 5.5). ʄʦʜʠʬʽʢʦʚʘʥʘ ʙʝʪʦʥʥʘ ʩʫʤʽʰ (ʚʠʪʨʘʪʘ ʮʝʤʝʥʪʫ - 400 ʢʛ/ʤ
3
) ʧʨʠ 

ɺ/ʎ=0,39 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʜʥʦʨʽʜʥʽʩʪʶ ʪʘ ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʽʩʪʶ ʙʝʟ 

ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ. ʆʩʽʜʘʥʥʷ ʢʦʥʫʩʘ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʩʢʣʘʜʘʻ 16 

ʩʤ (ʤʘʨʢʘ ʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ ï S4), ʩʝʨʝʜʥʷ ʛʫʩʪʠʥʘ - 2420 ʢʛ/ʤ
3
. ɼʣʷ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʣʘʩ ʤʽʮʥʦʩʪʽ ʉ30/35. 
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 ʈʠʩ. 5.5. ɿʘʚʘʥʪʘʞʝʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚ ʘʚʪʦʙʝʪʦʥʦʟʤʽʰʫʚʘʯ (ʘ, ʙ), 

ʚʠʟʥʘʯʝʥʥʷ ʦʩʘʜʢʠ ʢʦʥʫʩʘ (ʚ) ʪʘ ʚʣʘʰʪʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʾ ʧʣʦʱʘʜʢʠ (ʛ) 

 

ʄʫʣʴʪʠʤʦʜʘʣʴʥʠʡ ʰʚʠʜʢʦʪʚʝʨʜʥʫʯʠʡ ʚʠʩʦʢʦʤʽʮʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ʛʘʨʘʥʪʫʻ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʚʠʨʦʙʽʚ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ  ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʙʫʜʽʚʝʣʴʥʠʭ 

ʨʦʙʽʪ, ʟʦʢʨʝʤʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʝʪʦʥʽʚ ʢʣʘʩʽʚ ʉ 20/25éʉ 35/45, ʚʠʨʦʙʥʠʮʪʚʘ 

ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫʩʽʭ ʚʠʜʽʚ ʙʫʜʽʚʥʠʮʪʚʘ, ʪʦʚʘʨʥʦʛʦ ʙʝʪʦʥʫ ʧʨʠ ʟʚʝʜʝʥʥʽ 

ʤʦʥʦʣʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ.  
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5.3. ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ 

 

 

 

ʅʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʜʦʙʦʨʽ ʨʝʯʦʚʠʥʥʦʛʦ 

ʩʢʣʘʜʫ  ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʘʢʪʠʚʥʦʩʪʽ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ 

ʨʦʙʽʪ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʦʾ ʧʘʨʪʽʾ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ  ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ  

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʽ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ (ʪʘʙʣ. 5.4) 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-46:2010, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʦʢʨʘʱʠʪʠ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʽʚ ʥʘ ʡʦʛʦ 

ʦʩʥʦʚʽ, ʘ ʪʘʢʦʞ ʨʦʟʰʠʨʠʪʠ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ (ʜʦʜʘʪʦʢ ɼ, ɽ).    

ʈʦʟʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ 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 

ʜʝ ɽ - ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʛʨʥ; 

    ʉ1, ʉ2 - ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʧʦ ʙʘʟʦʚʽʡ ʪʘ 

ʥʦʚʽʡ ʪʝʭʥʦʣʦʛʽʾ; 

    ɸ ï ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ. 

  ʉʦʙʽʚʘʨʪʽʩʪʴ ʜʦʩʣʽʜʥʦʾ ʧʘʨʪʽʾ ʚʠʟʥʘʯʘʣʠ, ʚʠʭʦʜʷʯʠ ʟ ʜʽʶʯʠʭ ʮʽʥ ʥʘ 

ʤʘʪʝʨʽʘʣʠ ʩʪʘʥʦʤ ʥʘ ʞʦʚʪʝʥʴ 2017 ʨ. ʗʢ ʙʘʟʦʚʠʡ ʚʘʨʽʘʥʪ ʚʠʢʦʨʠʩʪʘʥʦ                                    

ʇʎ ɯɯ/ɸ-ʐ-500ʈ-ʅ. 

 

http://cement.ua/catalog/tsement/tsement-m-400/tsement-portlandtsement-pts-b-sh-400-fasovannyi-po-25kg-1t
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ʊʘʙʣʠʮʷ 5.4 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɸ-ʐ-500ʈ-ʅ 

ʪʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ-500ʈ-ʅ 

ʅʘʟʚʘ 

ʤʘʪʝʨʽʘʣʽʚ 

ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʶ-

ʚʘʥʥʷ 

ɺʘʨʪʽʩʪʴ  

ʤʘʪʝʨʽʘʣʽʚ, 

ʛʨʥ 

ɺʠʪʨʘʪʘ 

ʤʘʪʝʨʽʘʣʽʚ  

ʥʘ 1 ʪ 

ɺʘʨʪʽʩʪʴ, 

ʛʨʥ 

ʇʎ ɯɯ/ɸ-ʐ-500ʈ-ʅ 

ʂʣʽʥʢʝʨ, ʚʠʧʘʣʝʥʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʫʛʽʣʣʷ 
ʪ 1020,00 0,850 867 

ɼʦʤʝʥʥʠʡ ʛʨʘʥ. ʰʣʘʢ ʪ 520,00 0,310 161,2 

ɻʽʧʩʦʚʠʡ ʢʘʤʽʥʴ ʪ 140,00 0,040 5,6 

ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ ʢɺʪʛʦʜ 2,20 42,0 92,4 

ɺʠʨʦʙʥʠʯʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʛʨʥ   1126,2 

ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ 

ʂʣʽʥʢʝʨ, ʚʠʧʘʣʝʥʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʫʛʽʣʣʷ 
ʪ 1020 0,625 637,50 

ɼʦʤʝʥʥʠʡ ʛʨʘʥ. ʰʣʘʢ ʪ 520 0,167 95,19 

ʎʝʦʣʽʪʦʚʠʡ ʪʫʬ ʪ 300 0,096 24,00 

ɺʘʧʥʷʢ ʪ 130 0,072 9,36 

ɻʽʧʩʦʚʠʡ ʢʘʤʽʥʴ ʪ 140 0,040 5,60 

ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ ʢɺʪʛʦʜ 2,20 44,0 96,8 

ɺʠʨʦʙʥʠʯʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʛʨʥ   868,45 

 

ʉʦʙʽʚʘʨʪʽʩʪʴ 1 ʪ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ  ʇʎ ɯɯ/ɸ-ʐ-500ʈ-ʅ ʩʢʣʘʜʘʻ ʉ1 = 

1126,2 ʛʨʥ. ʉʦʙʽʚʘʨʪʽʩʪʴ 1 ʪ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-

ʇ-ɺ)-500ʈ-ʅ ʩʢʣʘʜʘʻ ʉ2= 868,45 ʛʨʥ. ʇʠʪʦʤʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʧʨʠ 

ʚʠʧʫʩʢʫ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜ- ʮʝʤʝʥʪʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ ʪʘ ʚʘʧʥʷʢʫ ʩʢʣʘʜʘʻ 257,75 ʛʨʥ/ʪ. 

http://cement.ua/catalog/tsement/tsement-m-400/tsement-portlandtsement-pts-b-sh-400-fasovannyi-po-25kg-1t
http://cement.ua/catalog/tsement/tsement-m-400/tsement-portlandtsement-pts-b-sh-400-fasovannyi-po-25kg-1t
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ʌʘʢʪʠʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʘʨʪʽʡ 

ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ ʩʢʣʘʜʘʻ:  

 

ɽ=(1126,2 - 868,45) Ā 600 = 154,65 ʪʠʩ. ʛʨʥ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʦʜʝʨʞʘʥʥʷ ʙʝʪʦʥʽʚ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʙʫʜʽʚʝʣʴʥʦ-ʪʝʭʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʇʨʠ ʮʴʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʨʫʭʦʤʦʩʪʽ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ 

ʜʦ ʣʠʪʦʾ ʢʦʥʩʠʩʪʝʥʮʽʾ ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʚʝʨʜʥʝʥʥʷ ʙʝʪʦʥʫ ʧʨʠ ʟʚʝʜʝʥʥʽ 

ʤʦʥʦʣʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʦʙʦʨʦʪʥʦʩʪʽ ʦʧʘʣʫʙʢʠ.  

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ   

 

        1. ʈʦʟʨʦʙʣʝʥʽ ʩʢʣʘʜʠ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʯʝʪʚʝʨʪʠʥʥʠʭ ʤʫʣʴʪʠ-

ʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ 

ʪʠʧʫ CEM II/B-ʄ (ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨ - 65%) ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ  

ʪʝʭʥʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ ʜʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʤʽʰʘʥʠʤʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʤʠ.  

 2. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʝʢʪ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ      

(ʊʋ ʋ 23.5-02071010-173:2017) òʄʫʣʴʪʠʤʦʜʘʣʴʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶò ʽ ʥʘ ʇʨɸʊ çɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʧʨʦʚʝʜʝʥʦ ʚʠʧʫʩʢ 

ʜʦʩʣʽʜʥʦʾ ʧʘʨʪʽʾ ʤʫʣʴʪʠ-ʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ 

ɯɯ/ɹ-ʂ (ʐ-ʇ-ɺ)-500ʈ-ʅ ʚ ʢʽʣʴʢʦʩʪʽ 600 ʪ. ʇʦʨʽʚʥʷʥʦ ʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ     

ʇʎ ɯɯ/ɸ-ʐ-500ʈ-ʅ ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʢʣʘʜʘʻ 257,75 ʛʨʥ/ʪ, ʬʘʢʪʠʯʥʠʡ 

ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ - 154,65 ʪʠʩ. ʛʨʥ. ʋʢʣʘʜʝʥʦ ʣʽʮʝʥʟʽʡʥʠʡ ʜʦʛʦʚʽʨ ʟ ʇʨɸʊ 



 
 

141 

"ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪ" ʥʘ ʧʝʨʝʜʘʯʫ ʧʘʪʝʥʪʫ ʋʢʨʘʾʥʠ ˉ102599 ʥʘ ʢʦʨʠʩʥʫ 

ʤʦʜʝʣʴ. 

        3. ɿʘ ʪʝʭʥʦʣʦʛʽʻʶ ʩʫʤʽʩʥʦʛʦ ʧʦʤʝʣʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ,      

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ, ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ, ʚʘʧʥʷʢʫ ʪʘ ʛʽʧʩʦʚʦʛʦ 

ʢʘʤʝʥʶ ʚ ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ 4,2ʭ13,0 ʤ ʟ ʩʝʧʘʨʘʪʦʨʦʤ ʬʽʨʤʠ ñCristian Pfeifferò 

ʥʘ ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè ʟʜʽʡʩʥʝʥʦ ʚʠʧʫʩʢ ʧʨʦʤʠʩʣʦʚʠʭ ʧʘʨʪʽʡ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʇʎ ɯɯ/ɹ-

ʂ(ʐ-ʇ-ɺ)-400ʈ-ʅ ɼʉʊʋ ɹ ɺ.2.7-46:2010 ʚ ʢʽʣʴʢʦʩʪʽ 700,0 ʪʠʩ. ʪ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʤʦʛʘʤ 

ɼʉʊʋ ɹ ɺ.2.7-46:2010 ñʎʝʤʝʥʪʠ ʟʘʛʘʣʴʥʦʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʊʝʭʥʽʯʥʽ 

ʫʤʦʚʠò. 

4. ʇʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʨʠ ʚʠʧʫʩʢʫ ʪʦʚʘʨʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ɼʇ 

Ăʉʧʝʮʟʘʣʽʟʦʙʝʪʦʥò ʇʨɸʊ Ăɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʠʩʦʢʦʨʫʭʣʠʚʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʥʘ ʦʩʥʦʚʽ 

ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʢʠ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʘʨʪʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʢʣʘʜʘʥʥʷ ʩʢʣʘʜʘʻ    75é100 ʛʨʥ ʥʘ 1 ʤ
3
 

ʙʝʪʦʥʫ. ʈʦʟʨʦʙʣʝʥʽ ʩʢʣʘʜʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ  ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʢʨʘʱʝʥʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠcʪʠʢʘʤʠ, ʘ ʩʘʤʝ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʩʫʣʴʬʘʪʦʩʪʽʡʢʽʩʪʶ (ʂʩ=1,17), ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ W18, ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ 

F200. 

5.  ʊʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ  

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ  ʧʨʦʮʝʩʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè  ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥ ñʉʫʯʘʩʥʽ ʙʫʜʽʚʝʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴò, çɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʩʫʯʘʩʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚè ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 192 

çɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷè (ɼʦʜʘʪʦʢ ɯ). 
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ɿɸɻɸʃʔʅɯ ɺʀʉʅʆɺʂʀ   

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʨʽʰʝʥʦ ʥʘʫʢʦʚʝ 

ʟʘʚʜʘʥʥʷ ʟ ʨʦʟʨʦʙʣʝʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ 

ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʝʪʦʥʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɺʥʘʩʣʽʜʦʢ 

ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʥʘʩʪʫʧʥʝ: 

1. ʊʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʙʝʪʦʥʽʚ ʟ ʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʣʝʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʪʠʧʫ ʉɽʄ 

ɯɯ/ɺ-ʄ 42,5R ʟ ʧʦʥʠʞʝʥʠʤ ʜʦ 65% ʢʣʽʥʢʝʨ-ʬʘʢʪʦʨʦʤ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ, ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ 

ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʫ. 

2. ɼʦʩʣʽʜʞʝʥʦ ʨʦʟʧʦʜʽʣ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʯʘʩʪʠʥʦʢ ʽ ʚʝʣʠʯʠʥʠ 

ʤʽʞʬʘʟʥʦʾ ʧʦʚʝʨʭʥʽ ʎɿʄ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʪʦʥʢʦʤʝʣʝʥʽ 

ʮʝʦʣʽʪ ʪʘ ʚʘʧʥʷʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʤʦʜʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ ʟʘ 

ʦʙôʻʤʦʤ, ʪʦʥʢʽ ʬʨʘʢʮʽʾ ʷʢʠʭ ʚ ʤʝʞʘʭ ʜʦ 10,0 ʤʢʤ ʤʽʩʪʷʪʴ 39  ʪʘ 32 ʦʙ.% 

ʚʽʜʧʦʚʽʜʥʦ, ʘ ʜʣʷ ʇʎ ɯ-500ʈ ʪʘ ɻɼʐ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʽ ʬʨʘʢʮʽʾ 

0,15é1,0 ʤʢʤ ʪʘ 0,3é1,0 ʤʢʤ ʽʟ ʚʤʽʩʪʦʤ 5,85 ʪʘ 2,91 ʦʙ.%. ʅʘ ʦʩʥʦʚʽ 

ʨʦʟʨʘʭʫʥʢʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ Kisa 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʇʎ ɯ-500ʈ ʪʘ ɻɼʐ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʤʦʜʘʣʴʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ ʟʘ ʤʽʞʬʘʟʥʦʶ ʧʦʚʝʨʭʥʝʶ. ɼʣʷ ʇʎ ɯ-500ʈ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ Kisa = 4,5 ʤʢʤ
-1.
ʦʙ.% ʚʽʜʧʦʚʽʜʘʻ 0,32 ʤʢʤ; ʜʣʷ ɻɼʐ ʤʘʢʩʠʤʫʤ Kisa = 

5,1 ʤʢʤ
-1.
ʦʙ.% - ʧʨʠ 0,9 ʤʢʤ. ɼʣʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ ʮʝʦʣʽʪʫ ʪʘ ʚʘʧʥʷʢʫ 

ʤʘʢʩʠʤʫʤ Kisa ʩʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ 5,32 ʪʘ 5,93 ʤʢʤ
-1.
ʦʙ. ʜʣʷ ʯʘʩʪʠʥʦʢ 

ʨʦʟʤʽʨʦʤ 1,5 ʪʘ 2,0 ʤʢʤ. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʎɿʄ 

ʚʠʟʥʘʯʘʻ ʾʭ ʨʝʘʢʮʽʡʥʦ-ʭʽʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʩʠʥʪʝʟ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ.  
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3. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʎɿʄ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʚʠʱʦʶ ʚʦʜʦʧʦʪʨʝʙʦʶ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʮʝʦʣʽʪ (55%), ʥʘʡʥʠʞʯʠʤ ʧʦʢʘʟʥʠʢʦʤ - ɻɼʐ (19%) ʽ ʚʘʧʥʷʢ  

(24%). ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ ʜʣʷ ʮʝʦʣʽʪʫ ʻ ʥʘʡʤʝʥʰʠʡ ʽ 

ʩʢʣʘʜʘʻ 2%, ʪʦʜʽ ʷʢ ʜʣʷ ɻɼʐ ï 45,5%. ɼʣʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʫ ʟ 

ʨʦʟʤʽʨʦʤ ʟʝʨʝʥ ʜʦ 50 ʤʢʤ (Sʧʠʪ=1200 ʤ
2
/ʢʛ) ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘʡʚʠʱʘ 

ʧʫʮʦʣʘʥʦʚʘ ʘʢʪʠʚʥʽʩʪʴ (187 ʤʛ/ʛ), ʱʦ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢ ʜʣʷ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʫ ʟ ʨʦʟʤʽʨʘʤʠ ʟʝʨʝʥ ʜʦ 115 ʤʢʤ (Sʧʠʪ=600 ʤ
2
/ʢʛ) ʚ 

1,5 ʨʘʟʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ɻɼʐ (Sʧʠʪ=400 ʤ
2
/ʢʛ) ʪʘ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ (Sʧʠʪ=330 

ʤ
2
/ʢʛ) ʧʦʛʣʠʥʘʥʥʷ ʉʘ(ʆʅ)2 ʟʤʝʥʰʫʻʪʴʩʷ ʚ 2,7 ʪʘ 7,0 ʨʘʟʽʚ. ʂʦʝʬʽʮʽʻʥʪ 

ʧʫʮʦʣʘʥʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ (ʂʧ90) ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʮʝʦʣʽʪʫ ʟʛʽʜʥʦ ʟ EN 450-

1:2009 ʩʪʘʥʦʚʠʪʴ 1,05.  

4. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʦʧʪʠʤʽʟʦʚʘʥʦ ʚʤʽʩʪ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʥʠʢʽʚ (17,5 ʤʘʩ.% ɻɼʐ, 10,0 ʤʘʩ.% 

ʮʝʦʣʽʪʫ ʪʘ 7,5 ʤʘʩ.% ʚʘʧʥʷʢʫ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ (Sʧʠʪ=430 ʤ
2
/ʢʛ) ʟ ʧʽʜʚʠʱʝʥʦʶ ʨʘʥʥʴʦʶ 

(Rc2=30,7 ʄʇʘ) ʪʘ ʩʪʘʥʜʘʨʪʥʦʶ (Rc28=52,8 ʄʇʘ) ʤʽʮʥʦʩʪʷʤʠ ʪʠʧʫ ʇʎ ɯɯ/ɹ-

ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ. ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʟʛʽʜʥʦ ɼʉʊʋ ɹ EN 196-1:2015 

ʯʝʪʚʝʨʪʠʥʥʠʡ  ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʟ ʚʠʩʦʢʦʶ 

ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ, ʥʠʟʴʢʦʶ ʪʝʧʣʦʪʦʶ ʛʽʜʨʘʪʘʮʽʾ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ ʪʘʢ: ɼʉʊʋ 

ɹ EN 197-1 - CEM ɯɯ/B-M (S-P-L) 42,5 Rï LH. 

5. ɺʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʠʧʫ ʉɽʄ ɯɯ/ɺ-ʄ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʥʘʥʦ- ʪʘ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ 0,1é5,0 ʤʢʤ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ "ʥʘʜʣʠʰʢʦʚʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ", ʧʨʠ ʮʴʦʤʫ 

ʧʦʻʜʥʘʥʥʷ ʙʽʤʦʜʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʩʢʣʘʜʥʠʢʽʚ ʟʫʤʦʚʣʶʻ 

ʦʧʪʠʤʽʟʘʮʽʶ ʫʧʘʢʦʚʢʠ ʩʠʩʪʝʤʠ, ʧʦʯʘʪʢʦʚʫ ʾʾ ʱʽʣʴʥʽʩʪʴ, ʝʬʝʢʪʠ 

ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɻɼʐ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʮʝʦʣʽʪʦʤ, ʨʘʥʥʶ ʧʫʮʦʣʘʥʦʚʫ ʨʝʘʢʮʽʶ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʟ ʢʘʣʴʮʽʶ 

ʛʽʜʨʦʢʩʠʜʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʚ 

ʥʝʢʣʽʥʢʝʨʥʽʡ ʯʘʩʪʠʥʽ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ.  
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6. ɺʠʚʯʝʥʦ ʚʧʣʠʚ ʧʦʣʽʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ ʈʉɽ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʽ ʚʘʞʢʠʭ ʙʝʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ʪʘ ʚʩʪʘʥʦʚʣʝʥʘ 

ʦʧʪʠʤʘʣʴʥʘ ʦʙʣʘʩʪʴ ʚʚʝʜʝʥʥʷ ʜʦʙʘʚʢʠ ʈʉɽ (0,75é1,25 ʤʘʩ.%) ʧʨʠ ʚʠʪʨʘʪʘʭ 

ʮʝʤʝʥʪʫ 300é400 ʢʛ/ʤ
3
. ʈʦʟʨʦʙʣʝʥʦ ʩʢʣʘʜʠ ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʙʝʪʦʥʽʚ ʢʣʘʩʽʚ ʉ20/25éʉ32/40 ʽ ʟʘ ʦʮʽʥʢʦʶ ʧʠʪʦʤʦʾ ʤʽʮʥʦʩʪʽ 

fcm2/fcm28=0,32é0,35 ʧʦʢʘʟʘʥʦ, ʱʦ ʜʘʥʽ ʙʝʪʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʝʨʝʜʥʽʤ 

ʥʘʨʦʩʪʘʥʥʷʤ ʤʽʮʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʦ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʝʪʦʥʫ (ʎ=400 ʢʛ/ʤ
3
) ʽ

 
 

ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʤʘʨʢʠ ʟʘ ʦʩʘʜʢʦʶ ʢʦʥʫʩʘ S4 (ʆʂ=170 ʤʤ) 

ʩʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʩʢʣʘʜʘʻ 2420 ʢʛ/ʤ
3
, ʦʙ'ʻʤ ʚʪʷʛʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ï 2,5%; 

ʧʦʢʘʟʥʠʢʠ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ (0,6%) ʪʘ ʨʦʟʯʠʥʦʚʽʜʜʽʣʝʥʥʷ (1,0 %) ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʤʦʛʘʤ ɼʉʊʋ ɹ ɺ 2.7-96-2000 ʱʦʜʦ ʨʦʟʰʘʨʦʚʫʚʘʥʦʩʪʽ. ɼʣʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʙʝʪʦʥʫ ʢʣʘʩʫ ʉ32/40 ʧʨʠʟʤʦʚʘ ʤʽʮʥʽʩʪʴ f
c,
 
prism
=48,5 ʄʇʘ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

ɽcm=30,5 ɻʇʘ, ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʦʥʘ ɜ=0,17; ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʴ ʩʢʣʘʜʘʻ W18, 

ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ - F300, ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʚ ʫʤʦʚʘʭ ʩʫʣʴʬʘʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(ʂʩ =1,17).  

7. ʇʦʢʘʟʘʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʜʦʙʘʚʢʠ 0,6 ʤʘʩ.% ʃʉʊ ʪʘ 

0,75 ʤʘʩ.% ʈʉɽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʪʦʚʘʨʥʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ (ʢʣʘʩ ʨʦʟʧʣʠʚʫ 

SF3) ʥʘ ʦʩʥʦʚʽ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ʟ ʧʦʜʦʚʞʝʥʠʤ ʪʝʨʤʽʥʦʤ 

ʣʝʛʢʦʚʢʣʘʜʘʣʴʥʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-

500ʈ-ʅ ʚ ʪʝʭʥʦʣʦʛʽʾ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʙʝʪʦʥʽʚ. ʂʦʤʧʣʝʢʩʥʠʡ 

ʤʦʜʠʬʽʢʘʪʦʨ ʧʨʠʩʢʦʨʶʶʯʦʾ ʪʘ ʧʨʦʪʠʤʦʨʦʟʥʦʾ ʜʽʾ Glenium ACE 430 + Pozzolit 

501 ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʰʚʠʜʢʦʪʚʝʨʜʥʫʯʠʭ ʙʝʪʦʥʽʚ (fʩm2=31,5 ʄʇʘ, 

fcm2/fcm28 = 0,58), ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʦʞ ʧʨʠʩʢʦʨʝʥʠʤ ʪʚʝʨʜʥʝʥʥʷʤ ʚ 

ʫʤʦʚʘʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʪʘ ʚʽʜôʻʤʥʠʭ (ʜʦ -10
ʦ
ʉ) ʪʝʤʧʝʨʘʪʫʨ. 

8. ʅʘ ʇʨɸʊ òɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò ʟʜʽʡʩʥʝʥʦ ʚʠʧʫʩʢ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʘʨʪʽʡ ʯʝʪʚʝʨʪʠʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ). ɺʠʛʦʪʦʚʣʝʥʦ 700 ʪʠʩ. ʪʦʥʥ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 



 
 

145 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-400ʈ-ʅ, ʧʨʠ ʮʴʦʤʫ ʧʠʪʦʤʠʡ ʪʘ 

ʬʘʢʪʠʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪʠ ʩʢʣʘʜʘʶʪʴ 68,1 ʛʨʥ/ʪ ʪʘ  47670 ʪʠʩ. ʛʨʥ. ɿʘ 

ʪʝʭʥʦʣʦʛʽʻʶ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ ʧʨʦʚʝʜʝʥʦ ʚʠʧʫʩʢ ʜʦʩʣʽʜʥʦʾ ʧʘʨʪʽʾ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜ-ʮʝʤʝʥʪʫ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ 

ʤʽʮʥʽʩʪʶ ʇʎ ɯɯ/ɹ-ʂ(ʐ-ʇ-ɺ)-500ʈ-ʅ ʚ ʢʽʣʴʢʦʩʪʽ 600 ʪ; ʝʢʦʥʦʤʽʯʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʢʣʘʜʘʻ 257,75 ʛʨʥ/ʪ, ʬʘʢʪʠʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ - 154,65 

ʪʠʩ. ʛʨʥ. ʇʨʠ ʚʠʧʫʩʢʫ ʪʦʚʘʨʥʦʛʦ ʙʝʪʦʥʫ ʥʘ ɼʇ Ăʉʧʝʮʟʘʣʽʟʦʙʝʪʦʥò ʇʨɸʊ 

Ăɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʢʠ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʘʨʪʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʢʣʘʜʘʥʥʷ ʩʢʣʘʜʘʻ 75é100 ʛʨʥ ʥʘ 1 ʤ
3
 

ʙʝʪʦʥʫ. 
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1. ʉʌɽʈɸ ɿɸʉʊʆʉʋɺɸʅʅʗ 

 

ʎʽ ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ ʧʦʰʠʨʶʶʪʴʩʷ ʥʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥ ̔ ʢʦʤʧʦʟʠʮʽʡʥ ̔

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ, ʱʦ ʚʠʛʦʪʦʚʣʷʪʁʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʥʦʨʤʦʚʘʥʦʛʦ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ, ʮʝʦʣʽʪʦʚʠʡ 

ʪʫʬ, ʚʘʧʥʷʢ) ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʨʝʯʦʚʠʥʥʦʛʦ ʪʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʽʚ, 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʚʘʨʥʦʛʦ ʙʝʪʦʥʫ ʧʨʠ ʟʚʝʜʝʥʥʽ ʤʦʥʦʣʽʪʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ, ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʘʞʢʠʭ ʙʝʪʦʥʽʚ ʜʣʷ ʧʽʜʟʝʤʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʩʧʝʮʽʘʣʴʥʠʭ ʬʫʥʜʘʤʝʥʪʽʚ (ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʢʦʨʦʟʽʾ), ʥʘʣʠʚʥʠʭ 

ʧʽʜʣʦʛ ʪʘ ʽʥ. 

 

2. ʅʆʈʄɸʊʀɺʅɯ ʇʆʉʀʃɸʅʅʗ 

  

ɼʉʊʋ ɹ ɺ.2.7-44-96 ʎʝʤʝʥʪʠ. ɺʽʜʙʽʨ ʽ ʧʽʜʛʦʪʦʚʢʘ ʧʨʦʙ 

ɼʉʊʋ ɹ ɺ.2.7-46:2010 

 

ʎʝʤʝʥʪʠ ʟʘʛʘʣʴʥʦʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ  

 

ɼʉʊʋ ɹ ɺ.2.7-66-98 

 

ʎʝʤʝʥʪʠ. ʅʦʤʝʥʢʣʘʪʫʨʘ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ɼʉʊʋ ɹ ɺ.2.7-91-99 

 

ɺ'ʷʞʫʯʽ ʤʽʥʝʨʘʣʴʥʽ. ʂʣʘʩʠʬʽʢʘʮʽʷ 

ɼʉʊʋ ɹ ɺ.2.7-104-2000 ʂʘʤʽʥʴ ʽ ʱʝʙʽʥʴ ʛʽʧʩʦʚʽ ʽ ʛʽʧʩʦʘʥʛʽʜʨʠʪʦʚʽ ʜʣʷ  

ʚʠʨʦʙʥʠʮʪʚʘ ʚ'ʷʞʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʝʭʥʽʯʥʽ 

ʫʤʦʚʠ ɼʉʊʋ ɹ ɺ.2.7-185:2009 ɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ. ʎʝʤʝʥʪʠ. ʄʝʪʦʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʦʪʠ, ʩʪʨʦʢʽʚ 

ʪʫʞʘʚʣʝʥʥʷ ʪʘ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʦʙ'ʻʤʫ 

 

ɼʉʊʋ ɹ ɺ.2.7-186:2009 ɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ. ʎʝʤʝʥʪʠ. ʄʝʪʦʜ 

ʚʠʟʥʘʯʝʥʥʷ ʚʦʜʦʚʽʜʜʽʣʝʥʥʷ  

 

ɼʉʊʋ ɹ ɺ.2.7-187:2009 ɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ. ʎʝʤʝʥʪʠ. ʄʝʪʦʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ ʽ ʩʪʠʩʢ  

 

ɼʉʊʋ ɹ ɺ.2.7-188:2009 ɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ. ʎʝʤʝʥʪʠ. ʄʝʪʦʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʪʦʥʢʦʩʪʽ ʧʦʤʝʣʫ 

 

ɼʉʊʋ ɹ ɺ.2.7-189:2009 ɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ. ʇʽʩʦʢ ʩʪʘʥʜʘʨʪʥʠʡ ʜʣʷ 

ʚʠʧʨʦʙʫʚʘʥʴ ʮʝʤʝʥʪʽʚ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ 

 

ɼʉʊʋ ɹ ɺ.2.7-274:2011 

 

ɼʦʙʘʚʢʠ ʜʣʷ ʮʝʤʝʥʪʽʚ. ʂʣʘʩʠʬʽʢʘʮʽʷ  

 ɼʉʊʋ ɹ ɺ.2.7-281:2011 ʎʝʤʝʥʪʠ. ʂʣʘʩʠʬʽʢʘʮʽʷ 

ɼʉʊʋ ɹ EN 14216:2012  

 

ʎʝʤʝʥʪ. ʉʢʣʘʜ, ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ ʪʘ ʢʨʠʪʝʨʽʾ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʧʝʮʽʘʣʴʥʠʭ ʮʝʤʝʥʪʽʚ ʟ ʥʠʟʴʢʠʤ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷʤ 
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ɼʉʊʋ ɹ CEN/TR 196-

4:2009 

ʄʝʪʦʜʠ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʮʝʤʝʥʪʫ ï ʏʘʩʪʠʥʘ 4: 

ʂʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʘʥʥʷ ʩʢʣʘʜʥʠʢʽʚ  

ɼʉʊʋ ɹ EN 196-1:2015 ʄʝʪʦʜʠ  ʚʠʧʨʦʙʫʚʘʥʥʷ  ʮʝʤʝʥʪʫ.  ʏʘʩʪʠʥʘ 1. 

ɺʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ɼʉʊʋ ɹ EN 196-3:2015 ʄʝʪʦʜʠ  ʚʠʧʨʦʙʫʚʘʥʥʷ  ʮʝʤʝʥʪʫ. ʏʘʩʪʠʥʘ 3. 

ɺʠʟʥʘʯʝʥʥʷ ʩʪʨʦʢʽʚ ʪʫʞʘʚʣʝʥʥʷ ʪʘ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʦʙ'ʻʤʫ 
ɼʉʊʋ ɹ EN 196-5:2015 ʄʝʪʦʜʠ  ʚʠʧʨʦʙʫʚʘʥʥʷ  ʮʝʤʝʥʪʫ. ʏʘʩʪʠʥʘ 5. 

ɺʠʟʥʘʯʝʥʥʷ ʧʫʮʦʣʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʫʮʦʣʘʥʦʚʦʛʦ ʮʝʤʝʥʪʫ ɼʉʊʋ ɹ EN 196-7:2015 ʄʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʮʝʤʝʥʪʫ. ʏʘʩʪʠʥʘ 7. 

ʄʝʪʦʜʠ ʚʽʜʙʦʨʫ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʧʨʦʙ ʮʝʤʝʥʪʫ 

ɼʉʊʋ ɹ EN 197-1:2015 ʎʝʤʝʥʪʠ. ʏʘʩʪʠʥʘ 1. ʉʢʣʘʜ, ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ ʪʘ 

ʢʨʠʪʝʨʽʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʮʝʤʝʥʪʽʚ 

ɼʉʊʋ 2296-93 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʟʥʘʢ ʚʽʜʧʦʚʽʜʥʦʩʪʽ. ʌʦʨʤʘ, 

ʨʦʟʤʽʨʠ, ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʪʘ ʧʨʘʚʠʣʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

 

ɼʉʊʋ 2462-94 

 

ʉʝʨʪʠʬʽʢʘʮʽʷ. ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ. ʊʝʨʤʽʥʠ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ 

 

ɼʉʊʋ 2925-94 

 

ʗʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. ʆʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ. ʊʝʨʤʽʥʠ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ 

 

ɼʉʊʋ 3021-95 

 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ʊʝʨʤʽʥʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

 

ɼʉʊʋ 3413-96 

 

ʉʠʩʪʝʤʘ ʩʝʨʪʠʬʽʢʘʮʽʾ ʋʢʨʉɽʇʈʆ. ʇʦʨʷʜʦʢ 

ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʪʠʬʽʢʘʮʽʾ ʧʨʦʜʫʢʮʽʾ 

 
ɼʉʊʋ ISO 9000-2001 

 

ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ 

ʪʘ ʩʣʦʚʥʠʢ 

 

ɼɹʅ ɺ. 1.4-1.01-97 

 

ʉʠʩʪʝʤʘ ʥʦʨʤ ʪʘ ʧʨʘʚʠʣ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ 

ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʧʨʠʨʦʜʥʠʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʙʫʜʽʚʥʠʮʪʚʽ. ʈʝʛʣʘʤʝʥʪʦʚʘʥʽ 

ʨʘʜʽʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ. ɼʦʧʫʩʪʠʤʽ ʨʽʚʥʽ 

 

ɼɹʅ ɺ.1.4-2.01-97 

 

ʉʠʩʪʝʤʘ ʥʦʨʤ ʪʘ ʧʨʘʚʠʣ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ 

ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʧʨʠʨʦʜʥʠʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʙʫʜʽʚʥʠʮʪʚʽ. ʈʘʜʽʘʮʽʡʥʠʡ 

ʢʦʥʪʨʦʣʴ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʦʙ'ʻʢʪʽʚ 

ʙʫʜʽʚʥʠʮʪʚʘ 

 

ɼɹʅ ɻ. 1-4-95 

 

ʇʨʘʚʠʣʘ ʧʝʨʝʚʝʟʝʥʥʷ, ʩʢʣʘʜʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ, ʚʠʨʦʙʽʚ, ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ 

ʚ ʙʫʜʽʚʥʠʮʪʚʽ 

 

EN ISO 7500-1 ʄʝʪʘʣʝʚʽ ʤʘʪʝʨʽʘʣʠ - ɺʠʧʨʦʙʫʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ 

ʦʜʥʦʦʩʴʦʚʠʭ ʤʘʰʠʥ - ʏʘʩʪʠʥʘ 1:  ʄʘʰʠʥʠ ʜʣʷ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ ʪʘ ʥʘ ʩʪʠʩʢ - 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʧʨʠʣʘʜʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣʠ 

ISO 3310-1 ʉʠʪʘ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ - ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ ʪʘ 

ʚʠʧʨʦʙʫʚʘʥʥʷ - ʏʘʩʪʠʥʘ 1: ʉʠʪʘ ʜʣʷ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʟ ʤʝʪʘʣʝʚʦʛʦ ʜʨʦʪʷʥʦʛʦ ʧʦʣʦʪʥʘ ɼɹʅ ɸ.3.2-2-2009 ʆʭʦʨʦʥʘ ʧʨʘʮʽ ʽ ʧʨʦʤʠʩʣʦʚʘ ʙʝʟʧʝʢʘ ʫ 

ʙʫʜʽʚʥʠʮʪʚʽ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ 
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ɼɹʅ ɺ.1.4-1.01-97 ʉʠʩʪʝʤʘ ʥʦʨʤ ʪʘ ʧʨʘʚʠʣ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ 

ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʧʨʠʨʦʜʥʠʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʙʫʜʽʚʥʠʮʪʚʽ. ʈʝʛʣʘʤʝʥʪʦʚʘʥʽ 

ʨʘʜʽʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ. ɼʦʧʫʩʪʠʤʽ ʨʽʚʥʽ 

 

ɼɹʅ ɺ.2.5-28-2006 ɯʥʞʝʥʝʨʥʝ ʦʙʣʘʜʥʘʥʥʷ ʙʫʜʠʥʢʽʚ ʽ ʩʧʦʨʫʜ. 

ʇʨʠʨʦʜʥʝ ʪʘ ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ 

 ɼʉʊʋ ɹ ɸ.3.2-12:2009 ʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʙʝʟʧʝʢʠ ʧʨʘʮʽ. ʉʠʩʪʝʤʠ 

ʚʝʥʪʠʣʷʮʽʡʥʽ. ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ  

 ISO 2854:1976 

 

Statistical interpretation of data - Techniques of 

estimation and tests relating to means and variances 

  

 

3 ʊɽʍʅɯʏʅɯ ɺʀʄʆɻʀ 

 

3.1. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

3.1.1. ʄʫʣʴʪʠʤʦʜʘʣʴʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ ʚʠʩʦʢʦʶ 

ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʧʦʚʠʥʥʽ ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʨʦʟʜʽʣʴʥʦʛʦ ʧʦʤʝʣʫ 

ʘʙʦ ʟʤʽʰʫʚʘʥʥʷ ʩʢʣʘʜʥʠʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʮʠʭ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʨʝʛʣʘʤʝʥʪʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʘʪʚʝʨʜʞʝʥʠʤʠ ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ 

ʧʦʨʷʜʢʫ. 

3.1.2. ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʡ ʢʣʽʥʢʝʨ ʥʦʨʤʦʚʘʥʦʛʦ 

ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʢʘʣʴʮʽʡ ʩʫʣʴʬʘʪ, ʘʢʪʠʚʥʽ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʽ 

ʤʘʪʝʨʽʘʣʠ (ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ, ʧʨʠʨʦʜʥʠʡ ʮʝʦʣʽʪ) ʪʘ ʢʘʨʙʦʥʘʪʥʠʡ 

ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯ ï ʚʘʧʥʷʢ, ʘ ʪʘʢʦʞ ʜʦʙʘʚʢʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʮʝʩʫ ʡʦʛʦ ʧʦʤʝʣʫ ʽ/ʘʙʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 

 

3.2. ɺʠʤʦʛʠ ʜʦ ʩʢʣʘʜʥʠʢʽʚ 

 

3.2.1. ʎʝʤʝʥʪʦʟʘʤʽʱʫʶʯʽ ʤʘʪʝʨʽʘʣʠ, ʢʘʣʴʮʽʶ ʩʫʣʴʬʘʪ ʪʘ ʜʦʙʘʚʢʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 
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ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ, ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ 

ʜʽʶʯʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

3.2.2. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ: 

- ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʡ ʢʣʽʥʢʝʨ ʥʦʨʤʦʚʘʥʦʛʦ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ɼʉʊʋ ɹ ɺ.2.7-46; 

- ʩʫʣʴʬʘʪ ʢʘʣʴʮʽʶ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-104-2000; 

- ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-302:2014 (EN 

15167-1:2006); 

- ʧʨʠʨʦʜʥʠʡ ʮʝʦʣʽʪ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ 2.7-128:2006;  

- ʚʘʧʥʷʢ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ EN 197-1 ʪʘ ɼʉʊʋ ɹ ɺ.2.7-128:2006 

- ʪʨʠʝʪʘʥʦʣʘʤʽʥ (ʽʥʪʝʥʩʠʬʽʢʘʪʦʨ ʧʦʤʝʣʫ). 

3.2.3. ɺʘʧʥʷʢ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʱʦʜʦ ʚʤʽʩʪʫ ʟʘʛʘʣʴʥʦʛʦ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʟʛʽʜʥʦ ʟ EN 13639: LL - ʥʝ ʙʽʣʴʰʝ 

0,20 ʤʘʩ.%, L ï ʥʝ ʙʽʣʴʰʝ 0,50 ʤʘʩ.%. 

3.2.4. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʜʦʟʫʚʘʥʥʷ ʚʩʽʭ ʩʢʣʘʜʥʠʢʽʚ ʚʝʜʝʪʴʩʷ ʟʘ ʤʘʩʦʶ. 

 

3.3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʽ ʧʦʟʥʘʯʝʥʥʷ 

 

3.3.1. ɿʘ ʨʝʯʦʚʠʥʥʠʤ ʩʢʣʘʜʦʤ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʠʧʫ ɯɯ ï ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ 

ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʚʽʜ 6 ʜʦ 35 % (ʉɽʄ II /B) ʪʘ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʚʽʜ 36 ʜʦ 50 %               

(ʉɽʄ II/ʉ), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ɼʉʊʋ ɹ EN 197-1:2015 ʪʘ ʧʨʦʝʢʪʫ EN 

197-1. 

3.2.2. ɿʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʽʮʥʽʩʪʶ ʟ ʥʦʨʤʫʚʘʥʥʷʤ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ ʯʝʨʝʟ 2 ʜʦʙʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʢʣʘʩʠ ʟ ʧʦʟʥʘʯʝʥʥʷʤ ʚʠʩʦʢʦʾ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ 32,5R; 42,5R. 
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ʊʘʙʣʠʮʷ 1 ï ʊʠʧ ʽ ʩʢʣʘʜʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʊʠʧ 

ʮʝʤʝ-

ʥʪʫ 

 

 

 

 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʮʝʤʝʥʪʫ 

ʋʤʦʚʥʘ 

ʧʦʟʥʘʢʘ  

ʈʝʯʦʚʠʥʥʠʡ ʩʢʣʘʜ ʮʝʤʝʥʪʫ, ʫ ʚʽʜʩʦʪʢʘʭ ʟʘ 

ʤʘʩʦʶ
1)
 

ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ɼʦʜʘʪ-

ʢʦʚʽ 

ʢʦʤʧʦ-

ʥʝʥʪʠ 

ʇʦʨʪʣ-

ʘʥʜʮʝ-

ʤʝʥʪ-

ʥʠʡ 

ʢʣʽʥʢʝʨ       

 

ʂ 

ɻʨʘʥ-

ʫʣʴʦ-

ʚʘʥʠʡ 

ʜʦʤʝʥʥʠʡ 

ʰʣʘʢ  

 

S 

ʇʫʮʦ-

ʣʘʥʦʚʽ 

ʤʘʪʝʨʽ-

ʘʣʠ  

 

 

P 

ɺʘʧʥʷʢ      

 

 

 

 

 

L      LL 

 

ɯɯ 

ʄʫʣʴʪʠʤʦʜʘʣʴʥʠʡ 

ʢʦʤʧʦʟʠʮʽʡʥʠʡ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ  

ʄCEM ɯɯ/ B-M 65-79 Ŷïïïïïïïïï 21-35 ïïïïïïŸ 0-5 

ʄʫʣʴʪʠʤʦʜʘʣʴʥʠʡ 

ʢʦʤʧʦʟʠʮʽʡʥʠʡ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ 

ʄCEM ɯɯ/ ʉ-M 64-50 Ŷïïïïïïïïï 36-50 ïïïïïïŸ 0-5 

 

3.2.3. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ, ʷʢ̔ ʤʽʩʪʷʪʴ ʜʣʷ ʪʠʧʫ                

ʉEM II/B ʩʫʤʘʨʥʫ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ (S), 

ʧʨʠʨʦʜʥʦʾ ʧʫʮʦʣʘʥʠ (ʈ) ʪʘ ʚʘʧʥʷʢʫ (L) ʚʽʜ 21 ʜʦ 35 % ʽ ʜʣʷ ʪʠʧʫ ʉEM II/ʉ 

ʩʫʤʘʨʥʫ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ (S) ʪʘ ʚʘʧʥʷʢʫ (LL) 

ʚʽʜ 36 ʜʦ 50 % ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʟʛʽʜʥʦ ʟ ʧ.3.2.2: 

 

ʄʉEM II/B-M(S-P-L) 42,5R ʊʋ ʋ 23.5-02071010-173:2017 

ʄʉEM II/ʉ-M(S-LL) 32,5R ʊʋ ʋ 23.5-02071010-173:2017 

 
3.4. ɺʠʤʦʛʠ ʜʦ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

 

3.4.1. ʉʫʤʘʨʥʘ ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʩʢʣʘʜʘʭ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 35 ʤʘʩ. % (ʉEM II/B) ʪʘ  50 ʤʘʩ. % (ʉEM II/ʉ).  

3.4.2.ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʧʦʚʠʥʥʽ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ, ʥʘʚʝʜʝʥʠʤ ʫ ʪʘʙʣʠʮʽ 2. 
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3.4.3. ʄʫʣʴʪʠʤʦʜʘʣʴʥ ̔ ʢʦʤʧʦʟʠʮʽʡʥ ̔ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʧʦʚʠʥʥʽ 

ʚʠʪʨʠʤʫʚʘʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ ʦʙôʻʤʫ ʢʠʧôʷʪʽʥʥʷʤ ʫ ʚʦʜʽ 

ʟʨʘʟʢʽʚ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ. ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʟʛʽʜʥʦ ɼʉʊʋ ɹ EN 196-3 

ʨʦʟʰʠʨʝʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʥʝ ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ 10 ʤʤ. 

 

ʊʘʙʣʠʮʷ 2 - ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʠʤʦʛʠ 

ʂʣʘʩ 

ʤʽʮʥʦʩʪʽ  

ʇʦʯʘʪʦʢ  

ʪʫʞʘʚʽʥʥʷ, 

ʭʚ 

ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ,  ʄʇʘ, ʫ ʚʽʮʽ, ʜʽʙ  ʈʽʚʥʦʤʽʨʥʽʩʪʴ 

ʟʤʽʥʠ ʦʙôʻʤʫ, 

ʤʤ  
ʈʘʥʥʷ  

ʤʽʮʥʽʩʪʴ 

ʉʪʘʥʜʘʨʪʥʘ 

ʤʽʮʥʽʩʪʴ 

2 7 28 

32,5 R Ó 75 Ó 10 ï Ó 32,5        Ò 52,5 Ò 10 

42,5 R Ó 60 Ó 20 ï Ó 42,5        Ò 62,5 

 

3.4.4. ɿʘ ʧʦʢʘʟʥʠʢʘʤʠ ʚʪʨʘʪʠ ʤʘʩʠ ʧʨʠ ʧʨʦʞʘʨʶʚʘʥʥʽ, ʥʝʨʦʟʯʠʥʥʦʛʦ 

ʟʘʣʠʰʢʫ, ʚʤʽʩʪʫ ʭʣʦʨʠʜ-ʽʦʥʽʚ ʤʫʣʴʪʠʤʦʜʘʣʴʥ ̔ ʢʦʤʧʦʟʠʮʽʡʥ ̔

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ɼʉʊʋ ɹ EN 197-1. 

3.4.5. ɿʘʤʦʚʥʠʢ ʤʘʻ ʧʨʘʚʦ ʧʨʦʚʦʜʠʪʠ ʢʦʥʪʨʦʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʚʢʘʟʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʘʥʠʤ. 

 

4. ɺʀʄʆɻʀ  ɹɽɿʇɽʂʀ  ɯ ʆʍʆʈʆʅʀ ɼʆɺʂɯʃʃʗ, ʋʊʀʃɯɿɸʎɯʗ 
 

4.1. ʇʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʡ ʢʣʽʥʢʝʨ ʪʘ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ, ʚʽʜʧʦʚʽʜʘʶʪʴ IV ʢʣʘʩʫ ʟʛʽʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʟʘ ɻʆʉʊ 

12.1.007. ʎʝʤʝʥʪʥʠʡ ʧʠʣ ʚʠʷʚʣʷʻ ʬʽʙʨʦʛʝʥʥʫ ʽ ʰʢʽʨʦʧʦʜʨʘʟʥʶʶʯʫ ʜʽʶ. 

4.2. ʋ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʚʤʽʩʪ ʮʝʤʝʥʪʥʦʛʦ ʧʠʣʫ ʥʝ ʧʦʚʠʥʝʥ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 6 ʤʛ/ʤ
3
. ʉʝʨʝʜʥʴʦʟʤʽʥʥʠʡ ʚʤʽʩʪ ʧʠʣʫ ʥʝ ʧʦʚʠʥʝʥ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ (ɻɼʂ). 

4.3. ʄʫʣʴʪʠʤʦʜʘʣʴʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʟʘ ʨʘʜʽʦʥʫʢʣʽʜʥʠʤ 

ʩʢʣʘʜʦʤ ʽ ʨʘʜʽʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ɼɹʅ ɺ.1.4-

1.01. ʈʘʜʽʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʚʠʢʦʥʫʶʪʴ ʟʛʽʜʥʦ ʟ ɼɹʅ ɺ. 1.4-2.01. 

4.4. ʇʨʘʮʶʶʯʽ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʚʠʨʦʙʥʠʯʽ ʦʧʝʨʘʮʽʾ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʫ ʧʦʚʽʪʨʷʥʝ ʩʝʨʝʜʦʚʠʱʝ ʮʝʤʝʥʪʥʦʛʦ ʧʠʣʫ, 

ʧʦʚʠʥʥʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɻʆʉʊ 
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12.4.041, ʩʧʝʮʦʜʷʛ ʟʛʽʜʥʦ ʟ ɻʆʉʊ 27574 ʪʘ ɻʆʉʊ 27575, ʩʧʝʮʚʟʫʪʪʷ ï ɼʉʊʋ 

3835, ʟʘʭʠʩʪʥʽ ʦʢʫʣʷʨʠ - ɻʆʉʊ 12.4.013, ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ - 

ɻʆʉʊ 12.4.028 ʽ ɻʆʉʊ 12.4.034.  

4.5. ʄʽʢʨʦʢʣʽʤʘʪ ʫ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ 

ʚʠʤʦʛʘʤ ɼʉʅ 3.3.6.042. 

4.6. ɺʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʽ ʨʦʙʦʪʠ ʧʦʚʠʥʥʽ ʟʜʽʡʩʥʶʚʘʪʠʩʴ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɼɹʅ ɸ.3.2-2 ʽ ɻʆʉʊ 12.3.009. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʮʠʭ ʨʦʙʽʪ 

ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʴ ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʟʘʭʠʩʪʫ ʧʨʘʮʶʶʯʠʭ ʟʛʽʜʥʦ ʟ             

ɻʆʉʊ 12.4.011, ʘ ʜʣʷ ʟʘʭʠʩʪʫ ʰʢʽʨʠ ʨʫʢ ʧʨʘʮʶʶʯʠʭ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʟʘ ɻʆʉʊ 12.4.010 ʽ ɻʆʉʊ 12.4.068. 

4.7. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ ʚʠʢʠʜʠ ʚ ʘʪʤʦʩʬʝʨʫ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ (ʟʘ ʥʘʷʚʥʦʩʪʽ) ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ ʛʨʘʥʠʯʥʦ-

ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (ɻɼʂ), ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ɼʉʇ 201. 

 

5. ʇʈɸɺʀʃɸ ʇʈʀʁʄɸʅʅʗ 

5.1. ʇʨʠʡʤʘʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ 

ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʧʨʦʚʦʜʷʪʴ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-112 

ʚʠʛʦʪʦʚʣʶʚʘʯʝʤ ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ.  

5.2. ɺʠʛʦʪʦʚʣʶʚʘʯ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʶ ʚʩʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʱʦ ʛʘʨʘʥʪʫʶʪʴʩʷ, ʫ 

ʚʠʟʥʘʯʝʥʽ ʪʝʨʤʽʥʠ ʽ ʫ ʚʩʪʘʥʦʚʣʝʥʠʭ ʦʙʩʷʛʘʭ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. 

5.3. ʇʨʠʡʤʘʣʴʥʦ-ʟʜʘʚʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʢʦʞʥʦʾ ʧʘʨʪʽʾ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟʘ ʚʩʽʤʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-46.  

5.4. ʂʦʞʥʘ ʧʘʨʪʽʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ (ʘʙʦ ʯʘʩʪʠʥʘ ʾʾ, ʱʦ 

ʚʽʜʚʘʥʪʘʞʫʻʪʴʩʷ ʦʜʥʦʤʫ ʩʧʦʞʠʚʘʯʫ) ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʦʢʫʤʝʥʪʦʤ ʧʨʦ 

ʷʢʽʩʪʴ. 
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6. ʄɽʊʆɼʀ ʂʆʅʊʈʆʃʖɺɸʅʅʗ 

6.1. ɺʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʨʘʥʥʴʦʶ ʤʽʮʥʽʩʪʶ ʧʨʦʚʦʜʷʪʴ 

ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ EN 196-1, ɼʉʊʋ ɹ EN 196-3, ɼʉʊʋ ɹ EN 196-6. 

6.2. ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ: ʚʤʽʩʪ ʫ 

ʥʴʦʤʫ ʪʨʠʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ C3S, ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ C2S, 

ʪʨʠʢʘʣʴʮʽʻʚʦʛʦ ʘʣʶʤʽʥʘʪʫ ʉ3ɸ ʪʘ ʯʦʪʠʨʠʢʘʣʴʮʽʻʚʦʛʦ ʘʣʶʤʦʬʝʨʠʪʫ C4AF 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʤʝʪʦʜʦʤ ɺ.ɸ. ʂʽʥʜʘ ʟ ʧʦʧʝʨʝʜʥʽʤ ʚʠʟʥʘʯʝʥʥʷʤ ʡʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʩʠʯʝʥʥʷ ʂʅ. 

6.3. ʍʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʪʘ ʮʝʤʝʥʪʦʟʘʤʽʱʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ɼʉʊʋ ɹ ɺ.2.7-202 ʪʘ ɼʉʊʋ ɹ EN 196-2.  

6.4. ʈʝʯʦʚʠʥʥʠʡ ʩʢʣʘʜ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʚʠʟʥʘʯʘʶʪʴ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ CEN/TR 196-4 ʘʙʦ ʟʘ ʯʠʥʥʦʶ ʥʦʨʤʘʪʠʚʥʦ-

ʪʝʭʥʽʯʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ. 

6.5. ʅʘʷʚʥʽʩʪʴ ʦʟʥʘʢ ʭʠʙʥʦʛʦ ʪʫʞʘʚʽʥʥʷ ʧʝʨʝʚʽʨʷʶʪʴ ʟʘ ʛʘʣʫʟʝʚʦʶ 

ʽʥʩʪʨʫʢʮʽʻʶ. 

 

7. ʇɸʂʋɺɸʅʅʗ, ʄɸʈʂʋɺɸʅʅʗ, ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʊɸ 

ɿɹɽʈɯɻɸʅʅʗ 

7.1. ʇʘʢʫʚʘʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʧʨʦʚʦʜʷʪʴ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-112. 

7.2. ʄʘʨʢʫʚʘʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ 

ʚ ʤʽʰʢʘʭ ʚʠʢʦʥʫʶʪʴ ʥʘ ʣʠʮʝʚʽʡ ʩʪʦʨʦʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ɹ EN 197-1 ʪʘ 

ɼʉʊʋ ɹ ɺ.2.7-281. 

7.3. ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽʚ ʧʨʦʚʦʜʷʪʴ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.2.7-112 ʟ ʫʨʘʭʫʚʘʥʥʷʤ                    

ɼɹʅ ɻ.1-4. ʇʨʠ ʟʘʚʘʥʪʘʞʝʥʽ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʽ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʧʨʠʡʥʷʪʽ ʟʘʭʦʜʠ ʟʘʭʠʩʪʫ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. 

7.4. ʇʽʜʧʨʠʻʤʩʪʚʦ-ʚʠʨʦʙʥʠʢ ʟʦʙʦʚôʷʟʘʥʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠ ʧʘʨʪʽʶ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʜʦʢʫʤʝʥʪʦʤ, ʱʦ ʟʘʩʚʽʜʯʫʻ ʾʾ ʷʢʽʩʪʴ. 
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8. ɻɸʈɸʅʊɯɰ ɺʀʈʆɹʅʀʂɸ 

 

8.1. ʇʽʜʧʨʠʻʤʩʪʚʦ-ʚʠʨʦʙʥʠʢ ʛʘʨʘʥʪʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʮʝʤʝʥʪʫ ʚʩʽʤ 

ʚʠʤʦʛʘʤ ʜʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʪʘ ʜʽʶʯʠʭ ʩʪʘʥʜʘʨʪʽʚ ʧʨʠ ʜʦʪʨʠʤʘʥʽ ʧʨʘʚʠʣ 

ʡʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ: ʧʨʠ ʧʦʩʪʘʚʮʽ ʚ ʪʘʨʽ ï ʧʨʦʪʷʛʦʤ 45 ʜʽʙ 

ʧʽʩʣʷ ʚʽʜʚʘʥʪʘʞʝʥʥʷ; ʧʨʠ ʧʦʩʪʘʚʮʽ ʥʘʚʘʣʦʤ ï ʥʘ ʤʦʤʝʥʪ ʦʜʝʨʞʘʥʥʷ ʮʝʤʝʥʪʫ 

ʩʧʦʞʠʚʘʯʝʤ, ʘʣʝ ʥʝ ʙʽʣʴʰʝ 45 ʜʽʙ ʧʽʩʣʷ ʚʽʜʚʘʥʪʘʞʝʥʥʷ. 

8.2. ɿʘʤʦʚʥʠʢ ʟʘ ʜʦʤʦʚʣʝʥʽʩʪʶ ʟ ʚʠʛʦʪʦʚʣʶʚʘʯʝʤ ʤʦʞʝ ʦʜʝʨʞʘʪʠ 

ʜʦʜʘʪʢʦʚʫ, ʢʨʽʤ ʟʘʟʥʘʯʝʥʦʾ ʚ ʧʘʩʧʦʨʪʽ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʘʨʪʽʾ 

ʮʝʤʝʥʪʫ, ʱʦ ʚʽʜʚʘʥʪʘʞʫʻʪʴʩʷ ʥʘ ʡʦʛʦ ʘʜʨʝʩʫ. 
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ɸʈʂʋʐ ʈɽɭʉʊʈɸʎɯɰ ɿʄɯʅ  

ʊʋ ʋ 23.5-02071010-173:2017 

 
 

ɸʨʢʫʰ ʨʝʻʩʪʨʘʮʽʾ ʟʤʽʥ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ  

ʧʦʟʥʘʯʝʥʥʷ ʊʋ 

ʅʦʤʝʨ 
ʟʤʽʥʠ 

ʅʦʤʝʨʠ ʩʪʦʨʽʥʦʢ ʋʩʴʦʛʦ 
ʩʪʦʨʽʥʦʢ 
ʧʽʩʣʷ 
ʚʥʝʩʝʥʥʷ 
ʟʤʽʥʠ 

ɯʥʬʦʨʤʘʮʽʷ 
ʧʨʦ 

ʥʘʜʭʦʜʞʝʥʥ
ʷ ʟʤʽʥʠ 
(ʥʦʤʝʨ 

ʩʫʧʨʦʚʽʜʥʦʛ
ʦ ʣʠʩʪʘ) 

ʇʽʜʧʠʩ 
ʦʩʦʙʠ, 
ʱʦ 
ʚʥʝʩʣʘ 
ʟʤʽʥʫ 

ʇʨʽʟʚʠʱʝ 
ʮʽʻʾ ʦʩʦʙʠ 
ʽ ʜʘʪʘ 
ʚʥʝʩʝʥʥʷ 
ʟʤʽʥʠ 

 ʟʘʤʽʥʝʥʠʭ ʜʦʣʫʯʝʥʠʭ ʚʠʣʫʯʝʥʠʭ ʟʤʽʥʝʥʠʭ     

         

         
         

         

         

         

         

         

         

         

         

         

         

         

ʥʦʤʝʨ ʩʪʦʨʽʥʢʠ 
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