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5 

ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ʉʴʦʛʦʜʥʽ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ ʚ ʋʢʨʘʾʥʽ ʻ ʚʢʨʘʡ ʘʢʪʫʘʣʴʥʦʶ. ɿʛʽʜʥʦ ʦʬʽʮʽʡʥʦʾ ʩʪʘʪʠʩʪʠʢʠ 

ʧʨʠʙʣʠʟʥʦ ʧôʷʪʘ ʯʘʩʪʠʥʘ ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ, ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʭ çʋʢʨʘʚʪʦʜʦʨʫè 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʥʝʟʘʜʦʚʽʣʴʥʦʤʫ ʩʪʘʥʽ ʽ ʧʦʪʨʝʙʫʶʪʴ ʨʝʤʦʥʪʫ ʯʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʮʝ 

ʧʦʚôʷʟʘʥʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʥʘʯʥʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ.  

ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ ʋʢʨʘʾʥʠ 

ʧʦʢʘʟʘʚ, ʱʦ  ʩʝʨʝʜʥʽʡ ʩʪʨʦʢ ʩʣʫʞʙʠ ʙʽʣʴʰʦʩʪʽ  ʧʨʦʛʦʥʦʚʠʭ ʙʫʜʦʚ ʩʢʣʘʜʘʻ 35 ï 50 

ʨʦʢʽʚ [7], ʪʦʜʽ ʷʢ ʥʦʨʤʘʪʠʚʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʤʘʻ ʩʢʣʘʜʘʪʠ ʤʽʥʽʤʫʤ 70 ï 100 

ʨʦʢʽʚ. ʇʦ ʜʘʥʠʤ ʦʙʣʘʩʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʢʽʣʴʢʽʩʪʴ ʤʦʩʪʽʚ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ 4 ʘʙʦ 5 ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ ʩʪʘʥʽ ʽ ʧʦʪʨʝʙʫʶʪʴ ʪʝʨʤʽʥʦʚʦ 

ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʘʙʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʚ 1996 ʨʦʮʽ ʩʪʘʥʦʚʠʣʘ 220 ʦʜʠʥʠʮʴ, ʪʦʜʽ 

ʷʢ ʟʘ ʩʪʘʥʦʤ ʥʘ 1.01.2013 ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʤʦʩʪʽʚ ʟʙʽʣʴʰʠʣʘʩʷ ʜʦ 1975 ʦʜʠʥʠʮʴ. 

ʉʴʦʛʦʜʥʽ 90-95% ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʨʦʛʦʥʦʚʠʭ ʙʫʜʦʚ ʤʦʩʪʽʚ ʤʘʶʪʴ ʜʝʬʝʢʪʠ ʙʝʪʦʥʫ 

ʡ ʘʨʤʘʪʫʨʠ, ʷʢʽ ʟʥʠʞʫʶʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʥʝʩʥʫ ʟʜʘʪʥʽʩʪʴ. 

ʇʨʠʯʠʥʠ ʟʥʠʞʝʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ ʨʝʩʫʨʩʫ ʻ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʩʧʦʨʫʜʠ. ɿʘʨʘʟ ʚʠʟʥʘʻʪʴʩʷ, ʱʦ ʟʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʟʘʢʣʘʜʘʻʪʴʩʷ 

ʱʝ ʥʘ ʩʪʘʜʽʾ ʚʠʰʫʢʫʚʘʥʥʷ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʧʦʨʫʜʠ, ʪʦʤʫ ʱʦ ʚ ʧʨʦʝʢʪʥʦʤʫ 

ʨʽʰʝʥʥʽ ʥʽʷʢ ʥʝ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʷʢʠʭ ʫʤʦʚʘʭ ʽ ʟ ʷʢʦʶ ʰʚʠʜʢʽʩʪʶ ʧʨʦʪʽʢʘʪʠʤʝ 

ʜʝʛʨʘʜʘʮʽʷ ʟʘʣʽʟʦʙʝʪʦʥʫ [37]. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʽʩʥʫʶʯʽ ʤʦʜʝʣʽ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʥʝ ʻ ʘʜʝʢʚʘʪʥʠʤʠ ʥʘʰʦʤʫ ʜʦʩʚʽʜʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʩʪʽʚ. ʊʦʤʫ 

ʥʘʟʨʽʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʚʝʨʥʝʥʥʷ ʜʦ ʥʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʥʦʚʠʤ ʤʦʜʝʣʷʤ 

ʧʨʦʛʥʦʟʫ ʨʝʩʫʨʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʢʨʘʾʥʩʴʢʠʤ ʨʝʘʣʽʷʤ. 

ʇʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʫ ʨʝʩʫʨʩʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢ ʥʘ ʝʪʘʧʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʘʢ ʽ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ï ʟʘʚʞʜʠ ʙʫʣʘ ʥʘʡʤʝʥʰ ʚʠʚʯʝʥʦʶ ʚ 

ʪʝʦʨʽʾ ʩʧʦʨʫʜ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ï ʥʘʡʙʽʣʴʰ ʚʘʛʦʤʦʶ ʚ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʤʫ 

ʧʣʘʥʽ. ʉʴʦʛʦʜʥʽ, ʚ ʫʤʦʚʘʭ ʚʢʨʘʡ ʦʙʤʝʞʝʥʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 
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ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ,  ʩʪʨʘʪʝʛʽʯʥʝ ʧʣʘʥʫʚʘʥʥʷ  ʚʠʜʘʪʢʽʚ ʥʘ ʫʪʨʠʤʘʥʥʷ ʩʧʦʨʫʜ 

ʤʘʻ ʦʧʠʨʘʪʠʩʷ ʥʘ ʨʝʘʣʽʩʪʠʯʥʠʡ ʧʨʦʛʥʦʟ ʨʝʩʫʨʩʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʅʘʫʢʦʚʽ ʧʦʰʫʢʠ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʟ ʩʪʚʦʨʝʥʥʷ ʟʘʩʘʜ ʦʮʽʥʶʚʘʥʥʷ ʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ [18, 19, 24, 51, 59, 60, 71,  

73, 79, 80, 84, 93, 102, 103, 115, 116, 161,] ʩʢʣʘʣʠ ʙʘʟʫ ʧʝʨʰʠʭ ʚ ʋʢʨʘʾʥʽ ʽ ʉʅɼ 

ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [7, 14, 26, 37], ʷʢʽ ʩʴʦʛʦʜʥʽ ʚ ʩʠʩʪʝʤʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʩʪʽʚ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʦʙʦʚôʷʟʢʦʚʫ ʧʨʦʮʝʜʫʨʫ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ 

ʧʨʦʛʥʦʟʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʩʧʦʨʫʜʠ ʮʽʣʢʦʤ ʚ ʬʫʥʢʮʽʾ 

ʯʘʩʫ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʾʾ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ.  ʇʨʦʪʝ, ʟʛʘʜʘʥʽ 

ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʱʝ ʜʘʣʝʢʽ ʚʽʜ ʜʦʩʢʦʥʘʣʦʩʪʽ ʽ ʧʦʪʨʝʙʫʶʪʴʩʷ ʟʥʘʯʥʽ ʟʫʩʠʣʣʷ 

ʟ ʧʦʜʘʣʴʰʦʛʦ ʾʭ ʨʦʟʚʠʪʢʫ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʛʥʦʟʫ ʨʝʩʫʨʩʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʝʪʘʧʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʦ ʥʘʤ ʥʝʚʽʜʦʤʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʘʙʦ ʚ ʈʦʩʽʾ, ʷʢʽ ʤʘʶʪʴ 

ʨʝʘʣʴʥʝ ʧʨʘʢʪʠʯʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚ ʮʠʭ ʫʤʦʚʘʭ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʮʽʥʢʫ ʽ ʧʨʦʛʥʦʟ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʨʦʛʦʥʦʚʠʭ ʙʫʜʦʚ 

ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ ʙʫʜʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʽʥʪʝʨʝʩʘʤ ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʜʝʨʞʘʚʥʽʡ 

ʧʦʣʽʪʠʮʽ ʚ ʩʬʝʨʽ ʪʝʭʥʦʛʝʥʥʦʾ ʽ ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʽ ʧʣʘʥʘʤʠ. 

ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʘʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ ʚ ʛʘʣʫʟʽ ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʶ ʥʘʜʽʡʥʽʩʪʶ ʽ 

ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʩʧʦʨʫʜ ʽ ʢʦʥʩʪʨʫʢʮʽʡ: ʟ ʇʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ 

ʚʽʜ 5 ʪʨʘʚʥʷ 1997 ˉ409 çʇʨʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʙʫʜʽʚʝʣʴ, ʩʧʦʨʫʜ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞè, ʘ ʪʘʢʦʞ ʟ ʈʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʘʙʽʥʝʪʫ 

ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 11 ʯʝʨʚʥʷ 2003 ˉ351-ʨ çʇʨʦ ʩʭʚʘʣʝʥʥʷ ʂʦʥʮʝʧʮʽʾ 

ʜʝʨʞʘʚʥʦʾ ʧʨʦʛʨʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚ ʦʩʥʦʚʥʠʭ ɻʘʣʫʟʷʭ 

ɽʢʦʥʦʤʽʢʠè, ʚʽʜʧʦʚʽʜʘʻ ʙʶʜʞʝʪʥʽʡ ʧʨʦʛʨʘʤʽ çʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 

ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʪʘ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚʘʭè (ʂʇʂɺ 2201020) ʪʘ 

ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʜʝʨʞʙʶʜʞʝʪʥʽʡ ʪʝʤʽ ˉ  3, ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʪʝʤʠ: 

0111U000095 çʊʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ ʦʮʽʥʢʠ ʨʝʩʫʨʩʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜè 2011-

2013 ʨʦʢʠ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʻ ʙʶʜʞʝʪʥʽʡ ʧʨʦʛʨʘʤʽ çʇʨʠʢʣʘʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 
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ʨʦʟʨʦʙʢʠ ʟʘ ʥʘʧʨʷʤʘʤʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ 

ʪʘ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚè (ʂʇʂɺ 2201040) ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʜʝʨʞʙʶʜʞʝʪʥʽʡ ʪʝʤ̔ ˉ 69, 

ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʪʝʤʠ: 0109U002145 çʇʨʦʛʥʦʟ ʽ ʦʧʪʠʤʽʟʘʮʽʷ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜè 2009-2010 ʨʦʢʠ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʜʝʛʨʘʜʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫ ʨʝʩʫʨʩʫ ʟʛʠʥʘʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʩʪʽʚ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ 

ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʦʛʘʭ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʨʽʰʝʥʽ ʪʘʢʽ 

ʟʘʜʘʯʽ: 

- ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʽ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʝʛʨʘʜʘʮʽʾ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʫʢʦʚʫ ʟʘʜʘʯʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ;  

- ʨʦʟʨʦʙʠʪʠ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ; 

- ʨʦʟʨʦʙʠʪʠ ʩʪʦʭʘʩʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ; 

- ʦʙˇʨʫʥʪʫʚʘʪʠ ʽ ʜʦʚʝʩʪʠ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ; 

- ʨʦʟʨʦʙʠʪʠ ʧʨʘʢʪʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʦʤ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ï ʪʝʦʨʽʷ ʩʪʘʨʽʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʝʪʦʜʠ 

ʘʥʘʣʽʪʠʯʥʦʾ ʪʝʦʨʽʾ ʜʠʬʫʟʽʾ, ʪʝʦʨʽʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, 

ʪʝʦʨʽʷ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, , ʪʝʦʨʽʷ ʥʘʜʽʡʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʤʝʪʦʜʠ 

ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʥʘʥʦ ʥʘʫʢʦʚʠʡ ʧʦʰʫʢ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ 
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ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʆʪʨʠʤʘʥʽ ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʻ ʧʝʨʰʦʶ ʩʧʨʦʙʦʶ ʟʚôʷʟʘʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʥʝʨʽʚʥʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ ʟ ʯʘʩʦʤ 

ʪʘ ʫʪʚʦʨʶʶʪʴ ʫ ʩʫʢʫʧʥʦʩʪʽ ʪʝʦʨʝʪʠʯʥʫ ʽ ʤʝʪʦʜʠʯʥʫ ʙʘʟʫ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ:  

- ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʩʪʦʭʘʩʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʝʩʫʨʩʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʩʪʽʚ ʫ ʬʫʥʢʮʽʾ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

- ʦʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʘ ʤʦʜʝʣʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʩʪʽʚ; 

- ʜʽʩʪʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʽ ʘʩʧʝʢʪʠ ʚʧʣʠʚʫ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ 

ʋʢʨʘʾʥʠ; 

- ʨʦʟʨʦʙʣʝʥʘ ʥʦʚʽʪʥʷ ʽʥʞʝʥʝʨʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, 

ʧʦʯʠʥʘʶʯʠ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ; 

- ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ; 

- ʨʦʟʨʦʙʣʝʥʽ ʧʨʦʧʦʟʠʮʽʾ ʟ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʜʦ ʧʘʢʝʪʫ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ çʉʧʦʨʫʜʠ ʪʨʘʥʩʧʦʨʪʫè. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ  

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʨʦʛʠʭ ʤʝʪʦʜʽʚ ʪʝʦʨʽʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ, ʤʝʪʦʜʽʚ ʘʥʘʣʽʪʠʯʥʦʾ ʪʝʦʨʽʾ ʜʠʬʫʟʽʾ, ʧʦʩʪʘʥʦʚʢʦʶ ʯʠʩʣʦʚʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʩʧʽʚʩʪʘʚʣʝʥʥʷʤ ʟ ʜʦʩʪʦʚʽʨʥʠʤʠ ʜʘʥʠʤʠ ʥʘʪʫʨʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, 

ʩʧʽʚʩʪʘʚʣʝʥʥʷʤ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ.   

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʽʥʞʝʥʝʨʥʦʾ ʤʝʪʦʜʠʢʠ 

ʦʮʽʥʢʠ ʽ ʧʨʦʛʥʦʟʫ  ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʝʣʝʤʝʥʪʽʚ ʤʦʩʪʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʈʦʟʨʦʙʣʝʥʽ 

ʧʨʦʧʦʟʠʮʽʾ ʟ ʧʨʦʛʥʦʟʫ ʨʝʩʫʨʩʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ ʥʘ 
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ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʜʦ ʧʘʢʝʪʫ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ çʉʧʦʨʫʜʠ 

ʪʨʘʥʩʧʦʨʪʫè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʅʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʤʦʜʝʣʽ, ʧʨʘʢʪʠʯʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʧʨʦʛʥʦʟʫ ʨʝʩʫʨʩʫ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʩʘʤʦʩʪʽʡʥʦ ʧʨʦʚʝʜʝʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʦʤ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʦʩʦʙʠʩʪʦ ʜʠʩʝʨʪʘʥʪʦʤ. ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʦʩʦʙʠʩʪʦ ʜʠʩʝʨʪʘʥʪʦʤ. ɿ ʪʨʠʥʘʜʮʷʪʠ ʧʫʙʣʽʢʘʮʽʡ 

ʦʜʠʥʘʜʮʷʪʴ ʧʽʜʛʦʪʦʚʣʝʥʽ ʘʚʪʦʨʦʤ ʜʠʩʝʨʪʘʮʽʾ ʦʜʥʦʦʩʽʙʥʦ. 

ʋ ʨʦʙʦʪʽ [131] ʚʠʚʝʜʝʥʽ ʨʦʟʚôʷʟʫʚʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ. 

ʋ ʨʦʙʦʪʽ [160] ʚʠʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ 

ʥʘʜʽʡʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘ ʜʦʧʦʚʽʜʘʣʠʩʴ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ ʽ 

ʩʝʤʽʥʘʨʘʭ: 64-70 ʅʘʫʢʦʚ ̔ ʢʦʥʬʝʨʝʥʮʽ ʾ ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ, 

ʘʩʧʽʨʘʥʪʽʚ, ʩʪʫʜʝʥʪʽʚ ʪʘ ʧʨʘʮʽʚʥʠʢʽʚ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ, ʂʠʾʚ, ʅʊʋ ï 

ʪʨʘʚʝʥʴ, 2008-2014, ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʧʨʠʩʚʷʯʝʥʘ 90-

ʨʽʯʯʶ ʟ ɼʥʷ ʥʘʨʦʜʞʝʥʥʷ ʘʢʘʜʝʤʽʢʘ ʄ. ɻ. ɹʦʥʜʘʨʷ ʪʘ 100-ʨʽʯʯʶ ʟ ɼʥʷ ʥʘʨʦʜʞʝʥʥʷ 

ʧʨʦʬʝʩʦʨʘ ʄ. ʅ. ɻʦʣʴʜʰʪʝʡʥʘ çʤʦʩʪʠ ʪʘ ʪʫʥʝʣʽ: ʪʝʦʨʽʷ, ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʘʢʪʠʢʘè, 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽʤʝʥʽ 

ʘʢʘʜʝʤʽʢʘ ɺ.ʃʘʟʘʨʷʥʘ 27.05 ï 28.05.2010. ʉʴʦʤʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʈʝʩʫʨʩʦʝʢʦʥʦʤʥʽ ʤʘʪʝʨʽʘʣʠ, ʢʦʥʩʪʨʫʢʮʽʾ, ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠè, ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʤ.ʈʽʚʥʝ, 27-29 

ʚʝʨʝʩʥʷ 2011ʨ., ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʄʦʩʪʠ ʪʘ ʪʫʥʝʣʽ: ʪʝʦʨʽʷ, 

ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʘʢʪʠʢʘè, 11-12 ʞʦʚʪʥʷ 2012 ʨʦʢʫ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽʤʝʥʽ ʘʢʘʜʝʤʽʢʘ ɺ.ʃʘʟʘʨʷʥʘ, 

ʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʡ ʩʝʤʽʥʘʨ çʈʘʩʯʝʪ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʩʨʝʜʝ SCAD Officeè, ʂʅʋɹɸ, ʂʠʾʚ, 4-6 ʣʠʩʪʦʧʘʜʘ 2013 ʨ., ʥʘʫʢʦʚʦ-
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ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʈʦʟʚʽʜʫʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʨʽʛ ʪʘ ʧʝʨʝʭʦʜʽʚ ʯʝʨʝʟ 

ʚʦʜʦʪʦʢʠè, ʂʠʾʚ: ʅʊʋ, 2013, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʽ 

ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ ʥʘ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʦʛʘʭè, ʂʠʾʚ. 4-5 ʢʚʽʪʥʷ 2013 ʨ., ɺʩʝʫʢʨʘʠʥʩʢʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʭʨʘʥʝʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ ʋʢʨʘʠʥʳ", ʍʘʨʴʢʦʚʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʍʘʨʢʽʚ 2013 ʨ, ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʄʦʩʪʠ ʪʘ ʪʫʥʝʣʽ: ʪʝʦʨʽʷ, ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʘʢʪʠʢʘè, 14-15 

ʞʦʚʪʥʷ 2014 ʨʦʢʫ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʽʤʝʥʽ ʘʢʘʜʝʤʽʢʘ ɺ.ʃʘʟʘʨʷʥʘ. 
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ʈʆɿɼɯʃ 1                                                  

ɸʅɸʃɯɿ ʇʋɹʃɯʂɸʎɯʁ ɿ ʆʎɯʅʂʀ ɼʆɺɻʆɺɯʏʅʆʉʊɯ 

ɿɸʃɯɿʆɹɽʊʆʅʅʀʍ ɽʃɽʄɽʅʊɯɺ 

1.1 ʊʝʨʤʽʥʠ ʽ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʴ 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʪʝʨʤʽʥʠ, ʱʦ ʥʘʚʝʜʝʥʽ 

ʚ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʧʘʢʝʪʫ çʄʦʩʪʠ ʽ ʪʨʫʙʠè [37], ʧʨʦʪʝ ʩʬʝʨʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʟ'ʷʚʣʷʶʪʴʩʷ ʥʦʚʽ 

ʪʝʦʨʝʪʠʯʥʽ ʧʽʜʭʦʜʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʪʨʝʙʫʻ ʬʦʨʤʫʣʶʚʘʥʥʷ ʥʦʚʠʭ ʪʝʨʤʽʥʽʚ. 

ʑʦʙʠ ʥʘʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʣʦ ʯʽʪʢʫ ʪʨʘʢʪʦʚʢʫ ʥʠʞʯʝ ʚʚʦʜʠʪʴʩʷ ʜʝʢʽʣʴʢʘ 

ʧʦʨʽʚʥʷʥʦ-ʥʦʚʠʭ ʜʣʷ ʪʝʦʨʽʾ ʩʧʦʨʫʜ ʪʝʨʤʽʥʽʚ. 

ɼʝʛʨʘʜʘʮʽʷ ï ʚʪʨʘʪʘ ʧʦʯʘʪʢʦʚʠʭ ʤʝʭʘʥʽʯʥʠʭ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʽ 

ʝʩʪʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʽʚʝʥʴ ʜʝʛʨʘʜʘʮʽʾ ʚ ʬʫʥʢʮʽʾ ʯʘʩʫ ʤʦʞʝ ʧʨʦʛʥʦʟʫʚʘʪʠʩʴ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʦʜʝʣʷʤʠ. 

ɼʝʬʝʢʪ ï ɺʽʜʭʠʣʝʥʥʷ ʷʢʦʩʪʽ, ʬʦʨʤʠ, ʬʘʢʪʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʽʚ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜ ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʦʾ ʘʙʦ ʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ, ʚʠʛʦʪʦʚʣʝʥʥʽ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ, ʙʫʜʽʚʥʠʮʪʚʽ ʘʙʦ  ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ ï ɿʜʘʪʥʽʩʪʴ ʩʧʦʨʫʜʠ ʟʙʝʨʽʛʘʪʠ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ 

ʨʦʙʦʪʦʩʧʨʦʤʦʞʥʠʡ ʩʪʘʥ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʽʡ ʩʠʩʪʝʤʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʨʦʢʘʭ. 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʩʪʘʥ ï ʊʝʭʥʽʯʥʠʡ ʩʪʘʥ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʜʦʙʽʨʢʦʶ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʯʠʩʣʦʚʠʭ ʽ ʥʝʬʦʨʤʘʣʴʥʠʭ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɿʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ï ʉʪʨʦʢ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʘ ʚ ʨʦʢʘʭ ʚʽʜ ʤʦʤʝʥʪʫ 

ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʚʧʨʦʜʦʚʞ ʷʢʦʛʦ ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʧʨʠʜʘʪʥʽʩʪʴ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʥʦʩ ʩʧʦʨʫʜʠ ïʇʦʛʽʨʰʝʥʥ ̫ʧʦʯʘʪʢʦʚʠʭ ʧʨʦʝʢʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ 

ʥʝʩʥʘ ʟʜʘʪʥʽʩʪʴ, ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ, ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʧʦʨʫʜʠ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ (ʥʘʧʨʠʢʣʘʜ, ʟʘ ʛʘʙʘʨʠʪʦʤ ʪʦʱʦ). 
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ʅʘʜʽʡʥʽʩʪʴ ï ɿʜʘʪʥʽʩʪʴ ʩʧʦʨʫʜʠ ʚʠʢʦʥʫʚʘʪʠ ʟʘʜʘʥʽ ʬʫʥʢʮʽʾ ʚ ʧʝʚʥʠʭ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʦʪʷʛʦʤ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʯʘʩʫ ʥʦʨʤʘʪʠʚʥʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ. ʅʘʜʽʡʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʶ ʪʦʛʦ, ʱʦ ʥʝ 

ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

ʇʦʰʢʦʜʞʝʥʥʷ ï ɼʝʬʝʢʪ, ʚʽʜʭʠʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ/ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜ ʧʝʨʝʜʙʘʯʝʥʠʭ ʧʨʦʝʢʪʦʤ, ʱʦ ʚʠʥʠʢʣʠ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʨʽʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʝʭʘʥʽʯʥʠʭ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ, ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ 

ʚʧʣʠʚʽʚ ʫ ʧʨʦʮʝʩʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʤʦʥʪʘʞʫ ʘʙʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʦʰʢʦʜʞʝʥʥʷ ʥʝ 

ʤʦʞʝ ʙʫʪʠ ʧʨʦʛʥʦʟʦʚʘʥʦ ʤʦʜʝʣʣʶ ʜʝʛʨʘʜʘʮʽʾ. 

ʈʝʩʫʨʩ ï ʉʪʨʦʢ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʘ ʚ ʨʦʢʘʭ, ʚʧʨʦʜʦʚʞ ʷʢʦʛʦ ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʧʨʠʜʘʪʥʽʩʪʴ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʦʨʤʘʪʠʚʥʽ ʚʠʤʦʛʠ. 

1.2 ʇʨʦʙʣʝʤʘ ʥʘʜʽʡʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʤʦʩʪʽʚ 

ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʜʝʨʞʘʚʠ ʻ 

ʤʦʩʪʠ. ɿ ʜʦʩʚʽʜʫ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ɭʚʨʦʧʠ ʚʽʜʦʤʦ, ʱʦ ʜʦ 50 ʚʽʜʩʦʪʢʽʚ ʚʠʪʨʘʪ ʥʘ 

ʤʦʩʪʦʚʫ ʛʘʣʫʟʴ ʧʨʠʧʘʜʘʻ ʥʘ ʫʪʨʠʤʘʥʥʷ ʩʧʦʨʫʜ, ʪʦʤʫ ʧʨʠʨʦʜʥʴʦ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ 

ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʤʦʩʪʽʚ. 

ʇʨʦʙʣʝʤʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʤʦʩʪʽʚ ʩʴʦʛʦʜʥʽ ʻ ʚʢʨʘʡ ʘʢʪʫʘʣʴʥʦʶ 

ʜʣʷ ʋʢʨʘʾʥʠ. ɺ ʨʽʰʝʥʥʽ ʚʽʜ 13 ʞʦʚʪʥʷ 2009 ʨ. ʄʽʞʚʽʜʦʤʯʦʾ ʢʦʤʽʩʽʾ ʟ ʧʠʪʘʥʴ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʨʠ ʈʘʜʽ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ 

ʚʽʜʤʽʯʘʻʪʴʩʷ ʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʽ ʧʨʠʨʦʜʥʦʛʦ 

ʭʘʨʘʢʪʝʨʽʚ ʪʘ ʩʪʘʥʦʚʠʪʴ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʪʪʽ 7 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʦʩʥʦʚʠ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠè, ʟʘʛʨʦʟʫ ʥʘʮʽʦʥʘʣʴʥʽʡ ʙʝʟʧʝʮʽ ʋʢʨʘʾʥʠ ʚ 

ʝʢʦʥʦʤʽʯʥʽʡ ʪʘ ʝʢʦʣʦʛʽʯʥʽʡ ʩʬʝʨʘʭ. ʉʪʦʩʦʚʥʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʜʦʨʦʞʥʽʭ 

ʤʦʩʪʽʚ, ʱʦ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ çʋʢʨʘʚʪʦʜʦʨʫè ʚ ʧʦʩʪʘʥʦʚʽ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ 52 % 

ʤʦʩʪʽʚ ʥʘ ʜʦʨʦʛʘʭ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʯʘʩʪʢʦʚʦ ʯʠ 

ʧʦʚʥʽʩʪʶ ʚʠʤʦʛʘʤ ʯʠʥʥʠʭ ʥʦʨʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ, ʪʠʤ ʩʘʤʠʤ, ʧʦʨʫʰʫʶʪʴʩʷ ʚʠʤʦʛʠ 

ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ ï ʙʽʣʷ 25%, 
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ʧʦʪʨʝʙʫʶʪʴ ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʘʙʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ. ʉʝʨʝʜʥʽʡ ʩʪʨʦʢ ʩʣʫʞʙʠ 

ʧʨʦʛʦʥʦʚʠʭ ʙʫʜʦʚ ʻ ʚʢʨʘʡ ʥʠʟʴʢʠʤ. ɿʘʫʚʘʞʠʤʦ, ʱʦ 93% ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ ʚ 

ʋʢʨʘʾʥʽ ʻ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤʠ. 

ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʤʦʩʪʦʚʠʭ ʩʧʦʨʫʜ ʧʦʢʘʟʘʚ, ʱʦ  

ʩʝʨʝʜʥʽʡ ʩʪʨʦʢ ʩʣʫʞʙʠ ʙʽʣʴʰʦʩʪʽ  ʧʨʦʛʦʥʦʚʠʭ ʙʫʜʦʚ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ 36 ʨʦʢʽʚ [7]. 

ʇʦ ʜʘʥʠʤ ʦʙʣʘʩʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʢʽʣʴʢʽʩʪʴ ʤʦʩʪʽʚ, ʩʪʘʥ ʷʢʠʭ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʣʴʥʠʤ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʠʤʘʛʘʶʪʴ ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ 

ʘʙʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʚ 1996 ʨʦʮʽ ʩʪʘʥʦʚʠʣʘ 220, ʟʘ ʩʪʘʥʦʤ ʥʘ 1.01.2001 ʢʽʣʴʢʽʩʪʴ 

ʪʘʢʠʭ ʤʦʩʪʽʚ ʟʙʽʣʴʰʠʣʘʩʷ ʜʦ 330, ʘ ʥʘ 1.01.2004 ʩʪʘʥʦʚʠʣʘ ʚʞʝ 428. ʉʴʦʛʦʜʥʽ 90-

95% ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʨʦʛʦʥʦʚʠʭ ʙʫʜʦʚ ʤʦʩʪʽʚ ʤʘʶʪʴ ʜʝʬʝʢʪʠ ʙʝʪʦʥʫ ʡ ʘʨʤʘʪʫʨʠ, 

ʷʢʽ ʟʥʠʞʫʶʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʥʝʩʥʫ ʟʜʘʪʥʽʩʪʴ. 

ʇʨʠʯʠʥʠ ʟʥʠʞʝʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ ʨʝʩʫʨʩʫ ʻ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʩʧʦʨʫʜ. ʅʠʟʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʪʘ ʤʘʣʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʤʦʩʪʽʚ 

ʧʦʷʩʥʶʶʪʴʩʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʠʟʴʢʦʶ ʷʢʽʩʪʶ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ 

ʥʘʣʝʞʥʦʾ ʩʠʩʪʝʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʦʪʝ, ʩʴʦʛʦʜʥʽ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʟʥʘʻʪʴʩʷ [59], ʱʦ 

ʟʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʜʦ 45 ï 50 ʨʦʢʽʚ ʟʘʢʣʘʜʘʻʪʴʩʷ ʱʝ ʥʘ ʩʪʘʜʽʾ 

ʚʠʰʫʢʫʚʘʥʥʷ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʧʦʨʫʜʠ, ʪʦʤʫ ʱʦ ʚ ʧʨʦʝʢʪʥʦʤʫ ʨʽʰʝʥʥʽ ʥʽʷʢ ʥʝ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʷʢʠʭ ʫʤʦʚʘʭ ʽ ʟ ʷʢʦʶ ʰʚʠʜʢʽʩʪʶ ʧʨʦʪʽʢʘʪʠʤʝ ʜʝʛʨʘʜʘʮʽʷ 

ʟʘʣʽʟʦʙʝʪʦʥʫ. ʅʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʠ ʥʝ ʤʘʻʤʦ ʥʽʷʢʠʭ ʚʘʞʝʣʽʚ ʢʦʥʪʨʦʣʶ ʽ 

ʧʨʦʛʥʦʟʫ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʨʦʟʨʘʭʫʥʢʦʚʽ ʥʝʨʽʚʥʦʩʪʽ ʟʘ ʧʝʨʰʠʤ ʽ ʜʨʫʛʠʤ ʛʨʘʥʠʯʥʠʤʠ 

ʩʪʘʥʘʤʠ ʥʝ ʟʚôʷʟʘʥʽ ʽʟ ʟʤʽʥʥʦʶ ʯʘʩʫ [27, 29]. ʅʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʟ ʨʦʟʨʘʭʫʥʢʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʩʪʽʚ ʥʝ ʤʘʶʪʴ ʘʧʘʨʘʪʫ ʢʝʨʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʽʩʪʶ, ʥʝ 

ʤʽʩʪʷʪʴ ʨʝʛʣʘʤʝʥʪʘʮʽʡ ʟ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʝʣʝʤʝʥʪʘ 

ʬʽʟʠʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ, ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟôʷʩʦʚʫʻʪʴʩʷ ʱʦ ʜʝʢʣʘʨʦʚʘʥʠʡ ʥʦʨʤʘʤʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʩʪʽʚ ʩʪʨʦʢ ʩʣʫʞʙʠ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʨʦʛʦʥʦʚʠʭ ʙʫʜʦʚ 80-100 

ʨʦʢʽʚ [30] ʜʣʷ ʋʢʨʘʾʥʠ ʻ ʥʝʨʝʘʣʴʥʠʤ.  

ʉʴʦʛʦʜʥʽ ʤʘʡʞʝ ʥʝʤʘʻ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ 

ʚʠʨʘʭʫʚʘʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʝʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʽ ʬʽʟʠʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʪʘ ʨʽʚʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʦʪʝ ʽʩʥʫʶʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʯʝʨʝʟ ʥʘʜʽʡʥʽʩʪʴ, ʷʢ ʬʫʥʢʮʽʶ ʯʘʩʫ. 

ɺ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʽʡ ʬʦʨʤʽ ʩʫʯʘʩʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʥʘʚʝʜʝʥʦ ʚ  

ʜʦʢʫʤʝʥʪʽ ʆʙôʻʜʥʘʥʦʛʦ ʢʦʤʽʪʝʪʫ ʟ ʙʝʟʧʝʢʠ ʩʧʦʨʫʜ (Joint Committee on Structural 

Safety [176] ï 2000 ʨ. ʪʘ ʚ ʤʦʥʦʛʨʘʬʽʾ ʈ. ʄʝʣʴʯʝʨʩʘ (Robert E.Melchers) [171] ï 

1999 ʨ., ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʟʘ ʯʘʩ t. ɼʣʷ ʮʴʦʛʦ ʚʚʦʜʠʪʴʩʷ 

ʬʫʥʢʮʽʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ, ʟʘʣʝʞʥʘ ʚʽʜ ʯʘʩʫ: 

g(X,t) = R(X,t) - Q(X,t), (1.1) 

ʜʝ R(X,t) ï ʫʟʘʛʘʣʴʥʝʥʠʡ ʦʧʽʨ ʝʣʝʤʝʥʪʘ;  

Q(X,t) ï ʫʟʘʛʘʣʴʥʝʥʠʡ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʝʬʝʢʪ;  

ʍ ï ʚʝʢʪʦʨ ʙʘʟʦʚʠʭ ʟʤʽʥʥʠʭ; 

t ï ʟʤʽʥʥʘ ʯʘʩʫ. 

ʉʘʤʘ ʬʫʥʢʮʽʷ ʥʘʜʽʡʥʦʩʪʽ, ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʟʘ 

ʯʘʩ t ʤʘʻ ʚʠʜ: 

P(t) = Prob[min g(X(Ű),Ű) < 0 ʜʣʷ 0 <Ű < t] (1.2) 

ʘʙʦ ʚ ʪʝʨʤʽʥʘʭ ʬʫʥʢʮʽʾ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ 

P(t) = Prob[R(X,t) - Q(X,t) < 0]. (1.3) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʣʝʞʥʦʩʪʷʤʠ (1.2), (1.3) ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʬʦʨʤʫʣʶʻʪʴʩʷ ʷʢ 

ʧʦʥʷʪʪʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʚôʷʟʘʥʝ ʟ ʥʘʜʽʡʥʽʩʪʶ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ t ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʻ ʟʘʣʝʞʥʦʩʪʷʤʠ (1.2), (1.3) ʽ ʻ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʊ. 

ʎʝʡ ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʙʫʣʦ ʚʠʢʣʘʜʝʥʦ, ʚ ʜʝʱʦ ʽʥʰʽʡ ʬʦʨʤʽ, ʚ ʤʦʥʦʛʨʘʬʽʾ 

ɺ.ɺ.ɹʦʣʦʪʽʥʘ 1971 ʨ. [9]. ʊʘʢ ʜʣʷ ʚʠʧʘʜʢʫ ʝʣʝʤʝʥʪʘ, ʝʢʩʧʣʫʘʪʘʮʽʷ ʷʢʦʛʦ 

ʟʘʢʽʥʯʫʻʪʴʩʷ ʧʽʩʣʷ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ, ʩʝʨʝʜʥʷ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʊ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʽʥʪʝʛʨʘʣʦʤ: 

ñ
¤

=
0

)( dttptT , (1.4) 

ʜʝ t ï ʯʘʩ;  

p(t) - ʯʘʩʪʦʪʘ ʚʽʜʤʦʚ, ʱʽʣʴʥʽʩʪʴ ʯʘʩʫ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ 
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dt

tdP
tp

)(
)(
-
=

, 
(1.5) 

ɯʥʪʝʛʨʫʚʘʥʥʷʤ (1.4) ʧʦ ʯʘʩʪʠʥʘʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ (1.2), ʦʪʨʠʤʫʻʪʴʩʷ 

ʽʥʪʝʛʨʘʣ, ʱʦ ʜʘʻ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪ ̔

ñ
¤

=
0

)( dttPT

, 
(1.6) 

ʜʝ P(t) ï ʚʠʧʘʜʢʦʚʘ ʬʫʥʢʮʽʷ ʥʘʜʽʡʥʦʩʪʽ. 

1.3 ɿʘʛʘʣʴʥʘ ʤʦʜʝʣʴ ʜʝʛʨʘʜʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʫ 

ʄʦʜʠʬʽʢʦʚʘʥʝ ʛʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʮʝʩʫ ʜʝʛʨʘʜʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʫ 

Tuutti [191], ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʚ 1982 ʨʦʮʽ, ʷʚʣʷʻ ʩʦʙʦʶ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʫ ʬʫʥʢʮʽʶ 

(ʨʠʩ. 1.1), ʱʦ ʦʧʠʩʫʻ ʦʟʥʘʢʠ ʜʝʛʨʘʜʘʮʽʾ ʟ ʧʣʠʥʦʤ ʯʘʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʥʫ 

ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ. ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʻ ʧʦʜʽʣ ʧʨʦʮʝʩʫ ʜʝʛʨʘʜʘʮʽʾ 

ʟʘʣʽʟʦʙʝʪʦʥʫ ʥʘ ʜʚʽ ʬʘʟʠ: ʧʘʩʠʚʘʮʽʷ (ʟʥʠʞʝʥʥʷ pH) ʙʝʪʦʥʫ ʽ ʘʢʪʠʚʥʘ ʢʦʨʦʟʽʷ 

ʘʨʤʘʪʫʨʠ.  

ɯʜʝʘʣʽʟʦʚʘʥʘ ʩʭʝʤʘ ʜʝʛʨʘʜʘʮʽʾ, ʱʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.1, ʤʘʻ ʯʦʪʠʨʠ 

ʭʘʨʘʢʪʝʨʥʠʭ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ: 

t0 ï ʯʘʩ ʧʘʩʠʚʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʘʨʤʘʪʫʨʠ; 

t1 - ʧʦʯʘʪʦʢ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ, ʯʘʩ ʨʫʡʥʫʚʘʥʥʷ ʧʘʩʠʚʫʶʯʦʛʦ ʰʘʨʫ 

ʘʨʤʘʪʫʨʠ ʽ ʥʝʟʥʘʯʥʦʛʦ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ; 

t2 ï ʯʘʩ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ ʥʝ ʟʘʭʠʱʝʥʦʾ ʧʘʩʠʚʫʶʯʠʤ ʰʘʨʦʤ ʪʘ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ; 

t3 - ʯʘʩ ʽʥʪʝʥʩʠʚʥʦʾ ʢʦʨʦʟʽʾ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʢʦʣʶʚʘʥʥʷʤ ʟʘʭʠʩʥʦʛʦ 

ʰʘʨʫ ʽ ʩʷʛʘʻ ʩʚʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʨʽʚʥʷ, ʧʨʠʧʠʥʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ.  
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ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʜʝʛʨʘʜʘʮʽʾ 

ɻ̔ ʧʦʪʝʟʘ Tuutti [191], ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʝʩʫʨʩ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ 

ʝʣʝʤʝʥʪʘ , ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

ʇʦʩʪʫʣʶʻʪʴʩʷ, ʱʦ ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʝʩʫʨʩ ʝʣʝʤʝʥʪʘ ʩʫʤʦʶ ʧʨʦʛʥʦʟʽʚ 

ʢʦʞʥʦʛʦ ʽʟ ʯʦʪʠʨʴʦʭ ʝʪʘʧʽʚ: 

pppp
ttttT 3210 +++= . (1.7) 

ɯʥʪʝʛʨʘʣʴʥʦ ʜʝʛʨʘʜʘʮʽʶ ʟʘʣʽʟʦʙʝʪʦʥʫ ʧʨʠʡʥʷʪʦ ʨʦʟʜʽʣʷʪʠ ʥʘ ʜʚʽ ʬʘʟʠ: 

ʥʘʩʠʯʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʢʘʨʙʦʥʘʪʘʤʠ ʪʘ ʭʣʦʨʠʜʘʤʠ ʽ ʘʢʪʠʚʥʘ ʢʦʨʦʟʽʷ 

ʘʨʤʘʪʫʨʠ. ʄʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʘ Tuutti [191] ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʥʘʫʢʦʚʦʤʫ ʩʚʽʪʽ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʮʝʩʫ ʜʝʛʨʘʜʘʮʽʾ. 

ɺ ʤʦʜʝʣʽ Tuutti ʨʽʚʝʥʴ ʢʦʨʦʟʽʡʥʦʛʦ ʫʰʢʦʜʞʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʫ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ʬʫʥʢʮʽʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʯʘʩʫ. ʈʠʩ. 1.1 ï ʧʨʝʜʩʪʘʚʣʷʻ 

ʤʦʜʠʬʽʢʦʚʘʥʫ ʤʦʜʝʣʴ Tuutti. ʊʫʪ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʽʜ 

ʚʧʣʠʚʦʤ ʢʦʨʦʟʽʾ ʽʜʝʘʣʽʟʦʚʘʥʦ ʷʢ ʜʚʦʬʘʟʥʠʡ ʧʨʦʮʝʩ: ʬʘʟʘ ʥʘʢʦʧʠʯʝʥʥʷ ʭʣʦʨʠʜʽʚ, 

ʢʘʨʙʦʥʽʟʘʮʽʷ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ (ʜʝʛʨʘʜʘʮʽʷ ʙʝʪʦʥʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʝʣʝʤʝʥʪʘ) ʪʘ 
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ʬʘʟʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʠʭ ʫʰʢʦʜʞʝʥʴ ʘʨʤʘʪʫʨʠ, ʚ ʷʢʽʡ ʯʝʨʝʟ ʥʝʙʝʟʧʝʯʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʭʣʦʨʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ, ʪʘ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ pH ʧʽʩʣʷ 

ʢʘʨʙʦʥʽʟʘʮʽʾ ʽ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʧʨʦʭʦʜʠʪʴ ʥʝʦʙʝʨʥʝʥʝ ʢʦʨʦʟʽʡʥʝ ʨʫʡʥʫʚʘʥʥʷ 

ʘʨʤʘʪʫʨʠ, ʱʦ ʧʨʷʤʠʤ ʯʠʥʦʤ ʟʤʝʥʰʫʻ ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʤʝʥʪʘ. ʇʨʦʮʝʩ 

ʜʝʧʘʩʠʚʘʮʽʾ ʧʨʠʭʦʜʠʪʴ ʚʧʨʦʜʦʚʞ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ, ʧʦʟʥʘʯʝʥʦʛʦ tP, ʷʢʠʡ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʧʦʯʠʥʘʶʯʠ ʟ ʤʦʤʝʥʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʜʦ ʧʦʯʘʪʢʫ ʘʢʪʠʚʥʦʾ ʢʦʨʦʟʽʾ 

ʘʨʤʘʪʫʨʠ. ʌʘʟʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʠʭ ʫʰʢʦʜʞʝʥʴ ʘʨʤʘʪʫʨʠ, ʧʦʟʥʘʯʘʻʪʴʩʷ 

tCORR, ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʯʘʩʫ ʟʘʢʽʥʯʝʥʥʷ ʜʝ ʧʘʩʠʚʘʮʽʾ ʙʝʪʦʥʫ tP, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷʤ, ʚʽʜʰʘʨʦʚʫʚʘʥʥʷʤ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʽ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ 

ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʘ tCR. ʄʦʜʝʣʽ ʦʮʽʥʢʠ ʪʨʠʚʘʣʦʩʪʽ ʢʦʞʥʦʛʦ ʟ ʜʦʜʘʥʢʽʚ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʦʢʨʝʤʦ. 

ɺʽʜʪʘʢ ʯʘʩ ʩʣʫʞʙʠ ʝʣʝʤʝʥʪʘ ʜʦ ʚʽʜʤʦʚʠ tCR ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʫʤʘ ʯʘʩʫ ʜʝ 

ʧʘʩʠʚʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ tP ʪʘ ʯʘʩʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʠʭ ʫʰʢʦʜʞʝʥʴ 

ʘʨʤʘʪʫʨʠ tCORR: 

tCR = tP + tCORR. (1.8) 

ʄʦʜʝʣʴ ʆʚʯʠʥʥʽʢʦʚʘ ɯ.ɻ. (ʨʠʩ 1.2), ʨʦʟʨʦʙʣʝʥʘ ʦʜʥʦʯʘʩʥʦ ʟ ʤʦʜʝʣʣʶ 

Tuutti (ʨʠʩ. 1.1) ʪʘ ʦʧʠʩʘʥʘ ʚ ʨʦʙʦʪʽ [76]. ɺ ʥʽʡ ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʧʨʦʮʝʩ 

ʜʝʛʨʘʜʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʨʠ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʭʣʦʨʠʜʚʤʽʩʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʪʨʠʚʘʣʦʩʪʽ ʚʩʽʭ ʝʪʘʧʽʚ.  

ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ [76] ʥʘʚʝʜʝʥʽ ʥʘʩʣʽʜʢʠ ʧʦʰʢʦʜʞʝʥʥʷ ʘʛʨʝʩʠʚʥʠʤ 

ʭʣʦʨʠʜʚʤʽʩʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʝʣʝʤʝʥʪʘ: ʟʤʝʥʰʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ, 

ʟʥʠʞʝʥʥʷ ʘʜʛʝʟʽʾ ʽ ʨʦʟʰʘʨʫʚʘʥʥʷ; ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʘʨʤʘʪʫʨʠ; ʟʤʽʥʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʧʣʘʩʪʠʯʥʦʩʪʽ) ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ; 

ʧʦʨʫʰʝʥʥʷ ʟʯʝʧʣʝʥʥʷ ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ; ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʙʝʪʦʥʫ ʟʘʭʠʩʥʦʛʦ 

ʰʘʨʫ ʚʽʜ ʟʨʦʩʪʘʶʯʦʛʦ ʪʠʩʢʫ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʧʨʦʜʫʢʪʘʤʠ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ, ʘ 

ʟʥʘʯʠʪʴ ʧʦʨʫʰʝʥʥʷ ʚ ʩʧʽʣʴʥʽʡ ʨʦʙʦʪʽ ʘʨʤʘʪʫʨʠ ʽ ʙʝʪʦʥʫ, ʱʦ ʧʨʷʤʦ ʦʟʥʘʯʘʻ 

ʟʥʠʞʝʥʥʷ ʥʝʩʥʦʾ ʟʜʘʪʥʦʩʪʽ ʽ ʨʝʩʫʨʩʫ ʟʘʣ̔ʟʦʙʝʪʦʥʥʦʛʦ ʝʣʝʤʝʥʪʘ. 
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0 ï ɿʘʭʠʩʥʠʡ ʰʘʨ ʧʦʚʥʽʩʪʶ ʚʠʢʦʥʫʻ ʩʚʦʶ ʬʫʥʢʮʽʶ; 1 ï ʇʨʦʥʠʢʘʥʥʷ ʭʣʦʨʠʜʽʚ ʫ ʟʘʭʠʩʥʠʡ ʰʘʨ; 

2 ï ʇʝʨʝʚʠʱʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ; 3 ï ʈʦʟʚʠʪʦʢ 

ʢʦʨʦʟʽʡʥʦʛʦ ʫʨʘʞʝʥʥʷ ʘʨʤʘʪʫʨʠ; 4 ï ʈʦʟʪʨʽʩʢʫʚʘʥʥʷ ʙʝʪʦʥʫ; 5 ï ʇʨʦʨʦʩʪʘʥʥʷ ʪʨʽʱʠʥ;                     

6 ï ɺʽʜʰʘʨʦʚʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ; 7 ï ʇʦʨʫʰʝʥʥʷ ʟʯʝʧʣʝʥʥʷ; 8 ï ʅʘʩʪʘʥʥʷ ʛʨʘʥʠʯʥʦʛʦ 

ʩʪʘʥʫ. 

ʈʠʩʫʥʦʢ 1.2  ï ʉʭʝʤʘ ʜʝʛʨʘʜʘʮʽʾ 

1.4 ɼʝʛʨʘʜʘʮʽʷ ʙʝʪʦʥʫ 

ɺ ʩʠʣʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠʜʢʽʩʪʴ ʜʝʛʨʘʜʘʮʽʾ 

ʟʘʣʽʟʦʙʝʪʦʥʫ, ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʜʝʛʨʘʜʘʮʽʷ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʷʢ ʜʚʘ ʧʨʦʮʝʩʠ: ʧʨʦʮʝʩ ʜʝʛʨʘʜʘʮʽʾ ʙʝʪʦʥʫ ʽ ʜʝʛʨʘʜʘʮʽʾ ʘʨʤʘʪʫʨʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʜʽʚ ʢʦʨʦʟʽʾ ʙʝʪʦʥʫ: ʟʘ ʥʘʟʚʦʶ 

ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʢʣʘʩʠʬʽʢʘʮʽʷ ɺ.ɺ. ʂʽʥʜʘ [46]) ʽ ʟʘ ʤʝʭʘʥʽʟʤʦʤ 

ʘʛʨʝʩʠʚʥʦʛʦ ʚʧʣʠʚʫ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʤʘʪʝʨʽʘʣ (ʢʣʘʩʠʬʽʢʘʮʽʷ ɺ.ʄ.ʄʦʩʢʚʽʥʘ [72]).  

ʂʦʨʦʟʽʷ ʙʝʪʦʥʫ ʧʝʨʰʦʛʦ ʚʠʜʫ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ɺ.ʄ. ʄʦʩʢʚʽʥʘ [72] ʜʦ ʧʝʨʰʦʛʦ ʚʠʜʫ ʭʽʤʽʯʥʦʾ 

ʢʦʨʦʟʽʾ ʙʝʪʦʥʫ ʡ ʟʘʣʽʟʦʙʝʪʦʥʫ ʚʽʜʥʦʩʷʪʴ ʢʦʨʦʟʽʶ ʚʠʣʫʛʦʚʫʚʘʥʥʷ.  
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ʇʨʦʮʝʩ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʚʠʥʠʢʘʻ ʚ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ, ʙʝʪʦʥʽ ʘʙʦ ʟ/ʙ ʧʨʠ 

ʜʽʾ ʥʘ ʥʠʭ ʩʣʘʙʢʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ. ɺʧʣʠʚ ʪʘʢʦʛʦ ʚʠʜʫ ʢʦʨʦʟʽʾ ʟʘʟʥʘʶʪʴ  

ʥʘʣʠʚʥʽ ʡ ʻʤʢʽʩʥʽ ʩʧʦʨʫʜʠ, ʪʨʫʙʠ, ʛʨʝʙʣʽ, ʤʦʩʪʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʠʯʘʣʴʥʽ ʩʪʽʥʢʠ 

ʤʦʨʩʴʢʠʭ ʽ ʨʽʯʢʦʚʠʭ ʧʦʨʪʽʚ, ʧʘʣʽ ʧʽʜʚʘʣʠʥ ʽ ʪ.ʧ.). ɺʠʣʫʛʦʚʫʚʘʥʥʷ ʚʠʥʠʢʘʻ ʚ 

ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ ʽ ʙʝʪʦʥʽ ʧʨʠ ʜʽʾ ʚʦʜ ʟ ʤʘʣʦʶ ʪʠʤʯʘʩʦʚʦʶ ʞʦʨʩʪʢʽʩʪʶ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ, ʘ ʜʣʷ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʽʜ ʥʘʧʦʨʦʤ ʪʘʢʠʭ ʚʦʜ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʥʦʩ 

ʨʦʟʯʠʥʝʥʠʭ ʩʢʣʘʜʦʚʠʭ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʨʘʟʦʤ ʟ ʚʦʜʦʶ, ʱʦ ʬʽʣʴʪʨʫʻʪʴʩʷ ʢʨʽʟʴ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʇʦʢʠ ʥʝʤʘʻ ʬʽʣʴʪʨʘʮʽʾ, ʫʩʽ ʛʽʜʨʘʪʥʽ ʩʧʦʣʫʢʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʷ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ ʽʟ ʉʘ(ʆʅ)2, ʨʦʟʯʠʥʥʽʩʪʴ ʷʢʦʛʦ ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʽ ʜʦʨʽʚʥʶʻ 

1,2 ʛ ʉʘʆ/ʣ. ʋ ʧʨʦʮʝʩʽ ʬʽʣʴʪʨʘʮʽʾ ʚʘʧʥʦ ʚʠʣʫʛʦʚʫʻʪʴʩʷ ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʩʭʽʜʯʘʩʪʝ 

ʨʦʟʯʠʥʝʥʥʷ ʚʩʽʭ ʛʽʜʨʘʪʥʠʭ ʩʧʦʣʫʢ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. ʗʢʱʦ 10 % ʚʘʧʥʘ 

ʚʠʥʦʩʠʪʴʩʷ, ʪʦ ʤʽʮʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 10 %, ʷʢʱʦ - 30 %, ʪʦ ʚʪʨʘʯʘʻʪʴʩʷ 30 % 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ: 

5CaʆÖ6Siʆ2Ö5,5H2O ­ 5ʉʘ(ʆʅ)2 + 2 Al(ʆʅ)3; 

ʉʘ(ʆʅ)2 = ʉʘ2+ + 2 ʆʅ-. 
(1.9) 

ʇʨʠ ʚʤʽʩʪʽ 1,05 ʤʤʦʣʴ ʅʉʆ3/ʣ ʽ ʤʝʥʰʝ ï ʚʦʜʘ ʻ ʩʣʘʙʦʘʛʨʝʩʠʚʥʦʶ ʩʪʦʩʦʚʥʦ 

ʙʝʪʦʥʫ ʟ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ W4, ʧʨʠ W6 ï ʩʝʨʝʜʦʚʠʱʝ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʥʝ 

ʘʛʨʝʩʠʚʥʠʤ. 

ʂʦʨʦʟʽʷ ʙʝʪʦʥʫ ʜʨʫʛʦʛʦ ʚʠʜʫ 

ɿʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʜʨʫʛʠʡ ʚʠʜ ʢʦʨʦʟʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʧʣʠʚʦʤ ʥʘ ʙʝʪʦʥ 

ʨʦʟʯʠʥʽʚ ʢʠʩʣʦʪ, ʣʫʛʽʚ ʽ ʤʘʛʥʝʟʽʘʣʴʥʠʭ ʩʦʣʝʡ. 

ʅʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʘ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʢʠʩʣʦʪʥʘ ʢʦʨʦʟʽʷ ʙʝʪʦʥʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʩʪʽʚ ï ʮʝ ʢʦʨʦʟʽʷ ʧʽʜ ʚʧʣʠʚʦʤ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ HCl. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ  CS 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʩʠʩʪʝʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ.  

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʩʠʩʪʝʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʩʪʽʚ ʉʐɸ. ʂʽʣʴʢʽʩʪʴ ʭʣʦʨʠʜʽʚ ʚ 

ʨʘʡʦʥʘʭ, ʜʝ ʜʣʷ ʦʯʠʩʪʢʠ ʚʽʜ ʩʥʽʛʫ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʘʪʝʨʽʘʣʠ ʟ 

ʭʣʦʨʠʜʘʤʠ, ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʠʪʠ ʤʦʩʪʦʚʦʛʦ ʧʦʣʦʪʥʘ ʤʦʞʝ ʙʫʪʠ ʫ ʤʝʞʘʭ: ʉs = 0,5 ï 

3,5 ʢʛ/ʤ3. 
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ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ  

ʜʣʷ ʨʘʡʦʥʽʚ, ʱʦ ʧʨʠʣʷʛʘʶʪʴ ʜʦ ʤʦʨʷ ʭʣʦʨʠʜʽʚ ʥʘʜʘʻʪʴʩʷ ʚ ʬʫʥʢʮʽʾ ʚʽʜʩʪʘʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜ ʛʨʘʥʠʮʽ ʤʦʨʩʴʢʦʾ ʧʦʚʝʨʭʥʽ: 

32,95ʢʛ/ʤ , 0,1ʢʤsC l= < , 

() 31,15 1,81 lg ʢʛ/ʤ , 0,1ʢʤ 2,84ʢʤsC l l= - Ö < <è øê ú , 

30,03ʢʛ/ʤ , 2,84ʢʤsC l= >   . 

(1.10) 

ʇʽʜ ʚʧʣʠʚʦʤ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ ʙʝʪʦʥ ʨʦʟʯʠʥʷʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ 

ʣʝʛʢʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ ʽ ʰʚʠʜʢʦ ʨʫʡʥʫʻʪʴʩʷ: 

5CaʆÖ6Siʆ2Ö5,5H2O + 10 HCl = 5ʉʘCl2 + 6Siʆ2 + 10,5H2O. 

ɿʛʽʜʥʦ ʟʽ [109] ʧʨʠ ʨʅ < 4 ʞʦʜʝʥ ʟʽ ʟʚʠʯʘʡʥʠʭ ʚʠʜʽʚ ʮʝʤʝʥʪʫ ʥʝ ʚʠʪʨʠʤʫʻ 

ʚʧʣʠʚʫ ʢʠʩʣʠʭ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱ. 

ɿʚʠʯʘʡʥʠʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʚʠʪʨʠʤʫʻ ʚʧʣʠʚ ʢʠʩʣʠʭ ʚʦʜ ʽʟ ʨʅ > 6, ʧʨʠ 

ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠ ʤʝʥʰʝ 0,1 ʤ/ʜʦʙʫ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʚôʷʞʫʯʦʛʦ ʽ ʪʠʧʫ ʩʪʘʣʽ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ ʢʨʠʪʠʯʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʭʣʦʨʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ ʟ [181] ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,06 

ʜʦ 0,2 ʚʽʜʩʦʪʢʘ ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʚ ʨʦʙʦʪʽ [175] ʮʝ ʟʥʘʯʝʥʥʷ 

ʬʽʢʩʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 0,2 ʚʽʜʩʦʪʢʘ ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ.  

ʇʦʚʝʨʭʥʝʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ Cl- ʟʤʽʥʶʻʪʴʩʷ ʫ ʤʝʞʘʭ 0,4-1,2 ʚʽʜʩʦʪʢʘ ʚʽʜ 

ʤʘʩʠ ʚôʷʞʫʯʦʛʦ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʫʤʦʚ. 

ʆʩʦʙʣʠʚʠʤ ʨʽʟʥʦʚʠʜʦʤ ʭʽʤʽʯʥʦʾ ʢʦʨʦʟʽʾ ʻ ʚʫʛʣʝʢʠʩʣʦʪʥʘ ʢʦʨʦʟʽʷ ʘʙʦ 

ʢʘʨʙʦʥʽʟʘʮʽʷ.  

ʉʝʨʝʜ ʢʠʩʣʠʭ ʛʘʟʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʤʽʩʪʠʪʴʩʷ ʜʦ 

0,03% ʉʆ2. ʎʝʡ ʧʦʩʪʽʡʥʦ ʜʽʶʯʠʡ ʬʘʢʪʦʨ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʪʽʢʘʥʥʷ ʢʘʨʙʦʥʽʟʘʮʽʾ ʚ 

ʙʝʪʦʥʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʩʫʪʥʦʩʪʽ ʚ ʧʦʚʽʪʨʽ ʽʥʰʠʭ ʛʘʟʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʚʘʞʘʪʠ 

ʢʘʨʙʦʥʽʟʘʮʽʶ ʙʝʪʦʥʫ ʦʜʥʠʤ ʽʟ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʰʚʠʜʢʽʩʪʴ ʥʝʡʪʨʘʣʽʟʘʮʽʾ 

ʙʝʪʦʥʫ ʧʨʠ ʜʽʾ ʥʘ ʥʴʦʛʦ ʩʫʤʽʰʽ ʢʠʩʣʠʭ ʛʘʟʽʚ. ɯʥʰʽ ʢʠʩʣʽ ʛʘʟʠ, ʷʢ ʧʨʘʚʠʣʦ, ʚʞʝ 

ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʯʘʩʪʢʦʚʦ ʢʘʨʙʦʥʽʟʦʚʘʥʠʤ ʟʦʚʥʽʰʥʽʤ ʰʘʨʦʤ ʙʝʪʦʥʫ. 

ʂʘʨʙʦʥʽʟʘʮʽʷ ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʥʘ 40-70 %, ʥʘ 5 % ʟʤʝʥʰʫʻ 

ʧʦʨʠʩʪʽʩʪʴ ʪʘ ʚʦʜʦʧʦʛʣʠʥʝʥʥʷ ʽ ʭʦʯʘ ʮʝʡ ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʩʘʜʢʦʶ ʜʦ 1,6 
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ʤʤ/ʤ, ʘʣʝ ʪʨʽʱʠʥʠ ʚ ʙʝʪʦʥʽ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ. ʊʦʤʫ ʜʣʷ ʙʝʪʦʥʫ ʉʆ2 ʧʨʠʡʥʷʪʦ 

ʚʚʘʞʘʪʠ ʙʝʟʧʝʯʥʠʤ. ɸʣʝ ʜʣʷ ʟ/ʙ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʻ ʘʛʨʝʩʠʚʥʠʤ, ʪʦʤʫ ʱʦ ʚʽʥ 

ʨʝʘʛʫʻ ʟ ʛʽʜʨʦʢʩʠʜʦʤ ʢʘʣʴʮʽʶ ʽ ʧʨʦʜʫʢʪʘʤʠ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʚʝʣʠʯʠʥʘ ʨʅ ʧʦʨʦʚʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʟʥʠʞʫʻʪʴʩʷ ʟ 12,6 - 13 ʜʦ 8,5 - 9, ʘ ʮʝ ʚʞʝ 

ʥʝʙʝʟʧʝʯʥʦ ʜʣʷ ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ, ʧʘʩʠʚʥʽʩʪʴ ʷʢʦʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʨʅ > 11,8. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʣʘʜʝʥʠʭ ʚ ʨʦʙʦʪʽ [109], ʧʦʢʘʟʥʠʢʦʤ 

ʘʛʨʝʩʠʚʥʦʩʪʽ ʮʴʦʛʦ ʚʠʜʫ ʢʦʨʦʟʽʾ ʻ ʚʤʽʩʪ ʫ ʚʦʜʽ ʘʛʨʝʩʠʚʥʦʛʦ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʉʆ2. 

ɺʫʛʣʝʢʠʩʣʦʪʘ ʜʠʩʦʮʽʶʻ ʫ ʚʦʜʽ ʚ ʜʚʘ ʝʪʘʧʠ: 

ʅ2ʉʆ3 ª ʅ+ + ʅʉʆ3
-, 

ʅʉʆ3- ª ʅ+ + ʉʆ3
2 ï. 

(1.11) 

ʗʢʱʦ ʙʝʪʦʥ ʙʫʚ ʚʞʝ ʯʘʩʪʢʦʚʦ ʢʘʨʙʦʥʽʟʦʚʘʥʠʡ, ʢʦʨʦʟʽʷ ʚ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ 

ʚʠʷʚʣʷʻʪʴʩʷ  ʚ ʨʦʟʯʠʥʝʥʥʽ ʢʘʨʙʦʥʘʪʥʦʾ ʧʣʽʚʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʙʝʪʦʥʫ: 

ʉʘʉʆ3 + ʅ2ʉʆ3 = ʉʘ 2+ + 2ʅʉʆ3
-. (1.12) 

ʇʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚʘʭ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʠʡ ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ. ɸʣʝ ʷʢʱʦ 

ʚʦʜʘ, ʚ ʷʢʽʡ ʨʦʟʯʠʥʝʥʘ ʚʽʣʴʥʘ ʢʠʩʣʦʪʘ, ʨʫʭʘʻʪʴʩʷ ʱʦʜʦ ʙʝʪʦʥʫ, ʚʢʨʠʪʦʛʦ 

ʢʘʨʙʦʥʘʪʥʦʶ ʧʣʽʚʢʦʶ, ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʘ 2+ ʽ ʅʉʆ3
- ʥʝ ʟʙʽʣʴʰʫʶʪʴʩʷ, ʪʦ 

ʢʘʨʙʦʥʘʪʥʘ ʧʣʽʚʢʘ ʨʦʟʯʠʥʷʻʪʴʩʷ ʙʝʟʧʝʨʝʰʢʦʜʥʦ, ʪʦʙʪʦ ʚʫʛʽʣʴʥʘ ʢʠʩʣʦʪʘ ʻ 

ʘʛʨʝʩʠʚʥʦʶ ʢʠʩʣʦʪʦʶ ʷʢ ʜʣʷ ʙʝʪʦʥʫ, ʪʘʢ ʽ ʜʣʷ ʤʝʪʘʣʽʚ.  

ʄʦʨʦʟʥʝ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ 

ʇʨʠ ʤʦʨʦʟʥʦʤʫ ʨʫʡʥʫʚʘʥʥʽ ʥʘ ʙʝʪʦʥ ʚʧʣʠʚʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʽ 

ʚʦʣʦʛʽʩʪʴ, ʘʣʝ ʽ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʦʜʠ ʡ ʦʩʤʦʪʠʯʥʽ ʩʠʣʠ. ʎʝ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʉ.ɺ. ʐʝʩʪʦʧʝʨʦʚ [123], ɹ.ɻ. ʉʢʨʘʤʪʘʻʚ [107], ʅʝʨʝʧʩʪ ʇ. [74] ʪʘ ʽʥʰʽ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʘʭ ʤʦʨʦʟʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ ʚʽʜʽʛʨʘʻ 

ʭʘʨʘʢʪʝʨ ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʟ ʜʦʚʢʽʣʣʷʤ.  

 ʄʦʜʝʣ ̔ʜʝʛʨʘʜʘʮʽʾ ʙʝʪʦʥʫ 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ ʜʝʛʨʘʜʘʮʽʾ ʙʝʪʦʥʫ 

- ʽʤʦʚʽʨʥʽʩʥʽ (ʟʘʩʪʦʩʫʚʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ ʧʨʦʮʝʜʫʨ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʝʣʝʤʝʥʪʘ) [12] ɺʘʩʠʣʴʻʚ ɸ.ɯ., Mejlbro-Poulsen [170]; 
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- ʬʽʟʠʯʥʽ (ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʢʦʥʽʚ ʜʠʬʫʟʽʾ ɸ.ʌʽʢʘ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ 

ʧʨʦʥʠʢʥʝʥʥʷ ʨʝʯʦʚʠʥ ʚ ʙʝʪʦʥ ʥʘ ʦʩʥʦʚʽ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʙʝʪʦʥʫ ʻ 

ʦʜʥʦʨʽʜʥʦʶ, ʽʟʦʪʨʦʧʥʦʶ ʽ ʽʥʝʨʪʥʦʶ.) ʜʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʤʦʜʝʣʽ Collepardi [141], 

L.Tang [189]; 

- ʝʤʧʽʨʠʯʥʽ (ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʥʘʪʫʨʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʢʨʠʚʦʾ ʜʝʛʨʘʜʘʮʽʾ ʝʣʝʤʝʥʪʘ) Takewaka, K. and Mastumoto, S. [188], HETEC [155]; 

- ʢʦʤʙʽʥʦʚʘʥʽ (ʟʘʩʪʦʩʫʚʘʥʥʷ ʡʤʦʚʽʨʥʩ̔ʥʠʭ ʧʨʦʮʝʜʫʨ ʽ ʟʘʢʦʥʽʚ ʜʠʬʫʟʽʾ 

ɸ.ʌʽʢʘ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʧʨʦʥʠʢʥʝʥʥʷ ʨʝʯʦʚʠʥ ʚ ʙʝʪʦʥ) DuraCrete [147], Life-

365 [164].  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʢʦʨʦʟʽʡʥʽ ʫʰʢʦʜʞʝʥʥʷ 

ʙʝʪʦʥʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʤʧʽʨʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ʋ ʨʷʜʽ ʽʥʰʠʭ 

ʦʜʥʠʤ ʟ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʨʦʧʦʟʠʮʽʡ ʟʛ̔ʜʥʦ [94] ʻ ʟʘʧʠʩ  ʜʣʷ ʛʣʠʙʠʥʠ 

ʫʰʢʦʜʞʝʥʥʷ: 

)1( 0
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t

e
ndd -

-= , (1.13) 

ʜʝ 0d - ʝʤʧʽʨʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʘʥʠʯʥʦʾ ʛʣʠʙʠʥʠ ʫʰʢʦʜʞʝʥʥʷ;  

t - ʯʘʩ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʦʾ ʨʝʯʦʚʠʥʠ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʧʦʪʝʟʠ ʧʨʦ 

ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʧʨʦʩʫʚʘʥʥʷ ʢʦʨʦʟʽʡʥʠʭ ʫʰʢʦʜʞʝʥʴ ʽ ʜʝʬʽʮʠʪʫ 

ʛʣʠʙʠʥʠ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʘʛʨʝʩʠʚʥʦʛʦ ʚʧʣʠʚʫ. 

ɼʝʛʨʘʜʘʮʽʶ ʙʝʪʦʥʫ ʦʧʠʩʫʶʪʴ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʘʥʘʣʽʪʠʯʥʦʾ 

ʪʝʦʨʽʾ ʜʠʬʫʟʽʾ ɸ.ʌʽʢʘ. ʊʘʢʠʡ  ʧʽʜʭʽʜ ʻ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ, ʟʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʴ, 

ʧʨʦʚʝʜʝʥʠʭ DuraCrete [147], ʘ ʪʘʢʦʞ McGee [169], ʚ ʷʢʠʭ ʜʦʩʣʽʜʥʠʢʠ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʧʨʠʩʪʦʩʦʚʫʚʘʥʽʩʪʴ ʤʦʜʝʣʝʡ ʜʦ ʨʽʟʥʠʭ ʫʤʦʚ. 

 ʆʛʣʷʜ ʤʦʜʝʣʝʡ ʥʘʩʠʯʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʭʣʦʨʠʜʘʤʠ 

ɹʽʣʴʰʽʩʪʴ ʤʦʜʝʣʝʡ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʠʬʫʟʽʡʥʠʭ, ʱʦ ʬʘʢʪʠʯʥʦ ʦʟʥʘʯʘʻ, ʱʦ 

ʘʚʪʦʨʠ ʚʚʘʞʘʶʪʴ ʩʘʤʝ ʜʠʬʫʟʽʶ ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʨʦʪʽʢʘʥʥʷ ʬʘʟʠ 

ʜʝʧʘʩʠʚʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ, ʽʩʥʫʶʪʴ ʤʦʜʝʣʽ, ʱʦ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, 

ʘ ʜʝʷʢʽ ʤʦʜʝʣʽ ʚʟʘʛʘʣʽ ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʽ ʭʽʤʽʯʥʠʡ ʥʽ ʬʽʟʠʯʥʠʡ ʧʨʦʮʝʩʠ, ʘʣʝ 

ʥʘʮʽʣʝʥʽ ʥʘ ʽʣʶʩʪʨʘʮʽʶ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʽ ʾʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʝʤʧʽʨʠʯʥʠʭ. 
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ɺʧʝʨʰʝ ʜʣʷ ʦʧʠʩʫ ʧʨʦʥʠʢʥʝʥʥʷ ʭʣʦʨʠʜʽʚ ʚ ʙʝʪʦʥ ʟʘʢʦʥʠ ɸ.ʌʽʢʘ ʙʫʣʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ Collepardi [141] ʫ 1970ʨ. ɼʠʬʫʟʽʷ ʭʣʦʨʠʜʽʚ ʚ ʙʝʪʦʥ ʚʠʨʘʞʝʥʘ 

ʽʦʥʥʠʤ ʧʦʪʦʢʦʤ J, ʜʦʜʘʪʥʦʛʦ ʟʥʘʢʫ, ʷʢʱʦ ʜʠʬʫʟʘʥʪ ʨʫʭʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ x, 

ʟʘʟʥʘʯʠʤʦ, ʱʦ ʧʨʠ ʩʧʘʜʘʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ x ʧʦʪʽʢ ʥʘʙʫʚʘʻ 

ʚʽʜ'ʻʤʥʦʛʦ ʟʥʘʢʫ. 
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ʜʝ J ï ʧʦʪʽʢ, ʢʛ/ʤ2ʩ; 

D ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ, ʤ2/ʩ; 

ʉ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ, ʢʛ/ʤ3;  

x ï ʛʣʠʙʠʥʘ, ʤ. 

ʌʦʨʤʫʣʘ 1.14 ʚʽʜʦʤʘ ʷʢ ʧʝʨʰʠʡ ʟʘʢʦʥ ʜʠʬʫʟʽʾ ɸ.ʌʽʢʘ. ɺ ʥʴʦʤʫ ʚʽʜʩʫʪʥʷ 

ʟʤʽʥʥʘ ʯʘʩʫ, ʪʦʤʫ ʡʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʨʦʟʨʦʙʮʽ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʾ ʚ ʟʤʽʥʥʠʭ ʧʨʦʩʪʦʨʫ ʽ ʯʘʩʫ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ  

ʜʨʫʛʠʡ ʟʘʢʦʥ ɸ.ʌʽʢʘ: 
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ʜʝ ʉ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ ʢʛ/ʤ3;  

t ï ʯʘʩ, ʩ;   

D ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ, ʤ2/ʩ;  

x - ʛʣʠʙʠʥʘ, ʤ. 

L.Tang ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ [189] ʨʦʙʠʪʴ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʘʢʦʥʽʚ ʜʠʬʫʟʽʾ ɸ.ʌʽʢʘ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʧʨʦʥʠʢʥʝʥʥʷ ʨʝʯʦʚʠʥ ʚ ʙʝʪʦʥ 

ʤʦʞʣʠʚʝ ʣʠʰʝ ʥʘ ʦʩʥʦʚʽ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʙʝʪʦʥʫ ʻ ʦʜʥʦʨʽʜʥʦʶ, 

ʽʟʦʪʨʦʧʥʦʶ ʽ ʽʥʝʨʪʥʦʶ. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ 

ɸ.ʌʽʢʘ  ̒ʪʝ, ʱʦ ʭʣʦʨʠʜ-ʽʦʥʠ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʙʝʪʦʥʦʤ ʽ ʱʦ ʜʠʬʫʟʽ ̫ʻʜʠʥʘ ʧʨʠʯʠʥʘ 

ʧʨʦʥʠʢʥʝʥʥʷ ʨʝʯʦʚʠʥ ʚ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ. ʂʨʽʤ ʪʦʛʦ, ʨʫʭ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ 

ʽʦʥʽʚ ʚʠʢʣʠʢʘʻ ʨʫʭ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʽʦʥʽʚ. ʊʘʢʦʞ ʚʽʜʦʤʠʡ ʬʘʢʪ, ʱʦ ʥʪ̔ʨʘʪʠ 

ʪʘ ʭʣʦʨʠʜʠ ʨʫʭʘʶʪʴʩʷ ʟ ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, ʷʢ ʟʘʟʥʘʯʘʻ L.Tang [189], ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʢʦʥʫ ɸ.ʌʽʢʘ. 
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ɺ ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʥʠʢʠ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʪʘʢʘ ʤʦʜʝʣʴ ʜʘʻ ʥʝʨʝʘʣʴʥʦ 

ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʜʝʛʨʘʜʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʧʨʦʛʥʦʟ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʘʥʠʭ ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢ 

ʟʘʟʥʘʯʘʻʪʴʩʷ ʚ ʪʨʫʜʽ 2003 ʨʦʢʫ J.Cairns ʪʘ D.Law [139]. ɿʘ ʾʭ ʧʽʜʨʘʭʫʥʢʘʤʠ ʬʘʟʘ 

ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʚʞʜʠ ʚʠʭʦʜʠʣʘ ʟʘʢʦʨʦʪʢʦʶ. ɺʦʥʠ ʜʦʩʣʽʜʠʣʠ, ʱʦ ʧʨʠʯʠʥʘ ʢʨʠʣʘʩʷ 

ʚ ʢʦʝʬʽʮʽʻʥʪʽ ʜʠʬʫʟʽʾ, ʷʢʠʡ ʧʨʠʡʤʘʚʩʷ ʷʢ ʢʦʥʩʪʘʥʪʘ. 

ɿʘʢʦʥ ʌʽʢʘ ʧʨʠʧʫʩʢʘʻ, ʱʦ ʽʦʥʠ ʨʫʭʘʶʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ 

(ʯʘʩʪʠʥʢʠ ʜʠʬʫʟʘʥʪʘ ʥʝ ʟʘʨʷʜʞʝʥʽ), ʽ ʱʦ ʾʭ ʚʟʘʻʤʦʜʽʷ ʟ ʤʘʪʨʠʮʝʶ ʩʠʩʪʝʤʠ ʜʫʞʝ 

ʩʣʘʙʢʘ ʘʙʦ ʚʟʘʛʘʣʽ ʚʽʜʩʫʪʥʷ. ʆʜʥʘʢ, ʽʦʥʠ ʨʫʭʘʶʪʴʩʷ ʚ ʩʠʣʴʥʦʤʫ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʤʫ ʧʦʣʽ, ʷʢʝ ʫʪʚʦʨʶʶʪʴ ʚʩʽ ʟʘʨʷʜʞʝʥʽ ʯʘʩʪʠʥʢʠ ʚ ʤʘʪʨʠʮʽ. 

ɹʘʛʘʪʦ ʽʦʥʽʚ ʜʫʞʝ ʩʠʣʴʥʦ ʚʟʘʻʤʦʜʽ ̒ ʟ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʛʽʜʨʘʪʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʧʨʦʥʠʢʥʝʥʥʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ ʚ ʙʝʪʦʥ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʘʜʝʢʚʘʪʥʦ ʟʘʢʦʥʫ ɸ.ʌʽʢʘ, ʦʩʦʙʣʠʚʦ ʚ ʱʽʣʴʥʠʭ ʙʝʪʦʥʘʭ ʟ ʥʠʟʴʢʦʶ ʧʦʨʠʩʪʽʩʪʶ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ ʜʨʫʛʠʡ ʟʘʢʦʥ ɸ.ʌʽʢʘ ʩʴʦʛʦʜʥʽ ʚʩʝ ʱʝ ʻ ʦʩʥʦʚʥʦʶ 

ʪʝʦʨʝʪʠʯʥʦʶ ʙʘʟʦʶ ʜʣʷ ʙʘʛʘʪʴʦʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʯʘʩ ʜʝʛʨʘʜʘʮʽʾ 

ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʥʘ ʦʩʥʦʚʽ ʜʠʬʫʟʽʾ ʭʣʦʨʠʜʽʚ ʟ ʧʦʧʨʘʚʢʘʤʠ, ʢʦʤʧʝʥʩʫʶʯʠʤʠ 

ʥʝʜʦʣʽʢʠ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ɸ.ʌʽʢʘ. 

1972 ʨʦʢʫ M.Collepardi [142] ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʠʢʦʨʠʩʪʘʪʠ ʜʨʫʛʠʡ ʟʘʢʦʥ 

ɸ.ʌʽʢʘ ʟ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ ʽ ʧʦʩʪʽʡʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʜʠʬʫʟʽʾ: 

,constD=  

,)0,0( Stx CC =>=  (ʇʦʚʝʨʭʥʝʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ ʥʝʟʤʽʥʥʘ) 

,0)0,0( ==> txC  (ʇʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ ʚ ʙʝʪʦʥʽ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ) 

.0)0,( =>¤= txC  (ʅʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ ʜʦʨʽʚʥʶʻ ʥʫʣʶ) 

(1.16) 

ʊʘʢ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʫʤʦʚʠ (1.16) M.Collepardi ʦʪʨʠʤʘʚ ʥʘʩʪʫʧʥʠʡ 

ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ɸ.ʌʽʢʘ: 
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ʜʝ C(x,t) ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ) ʫ ʯʘʩ 

t (ʫ ʨʦʢʘʭ) ʥʘ ʛʣʠʙʠʥʽ x (ʤ);  

CS ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ) ʥʘ ʜʝʥʥʽʡ 

ʧʦʚʝʨʭʥʽ ʚʩʝʨʝʜʠʥʽ ʙʝʪʦʥʫ;  

DC ï ʧʨʠʡʥʷʪʠʡ ʧʦʩʪʽʡʥʠʤ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʭʣʦʨʠʜ-ʽʦʥʽʚ ʚ ʙʝʪʦʥʽ. 

ɿʤʽʥʠʚʰʠ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ (1.16) ʪʘʢ, ʱʦʙʠ ʫʨʘʭʦʚʫʚʘʪʠ ʧʦʯʘʪʢʦʚʠʡ 

ʚʤʽʩʪ ʭʣʦʨʠʜʽʚ ʚ ʙʝʪʦʥʽ (C1) M.Collepardi [142] ʟʘʧʨʦʧʦʥʫʚʘʚ ʫʪʦʯʥʠʪʠ ʚʠʨʘʟ 

(1.17): 
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(1.18) 

ʜʝ C(x,t) ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ) ʫ ʯʘʩ 

t (ʫ ʨʦʢʘʭ) ʥʘ ʛʣʠʙʠʥʽ x (ʤ);  

CS ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ) ʥʘ ʜʝʥʥʽʡ 

ʧʦʚʝʨʭʥʽ ʚʩʝʨʝʜʠʥʽ ʙʝʪʦʥʫ;  

C1 ï ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʩʠ 

ʚôʷʞʫʯʦʛʦ) ʚʩʝʨʝʜʠʥʽ ʙʝʪʦʥʫ;  

DC ï ʧʨʠʡʥʷʪʠʡ ʧʦʩʪʽʡʥʠʤ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʭʣʦʨʠʜ-ʽʦʥʽʚ ʚ ʙʝʪʦʥʽ. 

ɿʚʽʜʩʠ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʚʠʨʘʟ ʜʣʷ ʦʮʽʥʢʠ ʯʘʩʫ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʥʝʙʝʟʧʝʯʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜ-ʽʦʥʽʚ ʥʘ ʟʘʜʘʥʽʡ ʛʣʠʙʠʥʽ: 
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(1.19) 

ʜʝ t ï ʯʘʩ ʥʘʢʦʧʠʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʨʦʢʘʭ) ʥʘ ʛʣʠʙʠʥʽ x 

(ʤ);  

CS ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ) ʥʘ ʜʝʥʥʽʡ 

ʧʦʚʝʨʭʥʽ ʚʩʝʨʝʜʠʥʽ ʙʝʪʦʥʫ;  

C1 ï ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʩʠ 

ʚôʷʞʫʯʦʛʦ) ʚʩʝʨʝʜʠʥʽ ʙʝʪʦʥʫ;  
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CCR ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ) ʥʘ 

ʛʣʠʙʠʥʽ x, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʦʯʘʪʢʫ ʘʢʪʠʚʥʦʾ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ;  

DC ï ʧʨʠʡʥʷʪʠʡ ʧʦʩʪʽʡʥʠʤ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʭʣʦʨʠʜ-ʽʦʥʽʚ ʚ ʙʝʪʦʥʽ;  

erfc() ï ʜʦʜʘʪʢʦʚʘ ʬʫʥʢʮʽʷ ʧʦʤʠʣʦʢ. 

ʆʯʝʚʠʜʥʠʤ ʩʣʘʙʢʠʤ ʤʽʩʮʝʤ ʚ ʤʦʜʝʣʷʭ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ M.Collepardi, ʙʫʚ 

ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ, ʱʦ ʥʝ ʟʘʣʝʞʘʚ ʘʥʽ ʚʽʜ ʯʘʩʫ, ʘʥʽ ʚʽʜ ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʫ. ʃʠʰʝ ʫ 

1988 K.Takewaka [188] ʟʘʧʨʦʧʦʥʫʚʘʚ ʦʧʠʩʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʷʢ ʬʫʥʢʮʽʶ 

ʯʘʩʫ. ʇʽʟʥʽʰʝ ʚʯʝʥʽ M.Maage [166] ʪʘ P.Mangat [167] ʫ 1994 ʚ ʭʦʜʽ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʜʦʩʣʽʜʽʚ, ʘ ʫ 1995 P.Sandberg [182] ʟ ʥʘʪʫʨʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʨʦʙʠʣʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʚ ʧʦʜʚʽʡʥʠʭ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʟʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ, ʟʘʣʝʞʥʦ 

ʚʽʜ ʯʘʩʫ ʚʠʛʣʷʜʘʻ ʷʢ ʧʨʷʤʘ ʣʽʥʽʷ, ʘ ʮʝ ʦʟʥʘʯʘʣʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʤʦʞʥʘ 

ʦʧʠʩʘʪʠ ʩʪʫʧʝʥʝʚʦʶ ʬʫʥʢʮʽʻʶ: 
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(1.20) 

ʜʝ, D(t) ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ, ʤ2/ʩ;  

tR ï ʯʘʩ, ʢʦʣʠ ʙʫʚ ʚʠʤʽʨʷʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ DR, c;  

t ï ʯʘʩ ʚ ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ D(t), ʩ;  

DR ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ tR, ʤ
2/ʩ;  

Ŭ ï ʝʤʧʽʨʠʯʥʠʡ ʧʘʨʘʤʝʪʨ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʟʘʜʘʯʫ ʥʘʙʣʠʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʟʛʽʜʥʦ ʟ ʘʥʘʣʽʪʠʯʥʠʤ ʨʦʟʚôʷʟʢʦʤ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ɸ.ʌʽʢʘ, ʜʦ ʨʝʘʣʴʥʠʭ. 

ʋ ʪʘʙʣʠʮʽ 1.1 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ Ŭ ʜʣʷ ʟʚʠʯʘʡʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʟʛʽʜʥʦ ʟ Duracrete Project [147] ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʚʧʣʠʚʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʡ ʝʣʝʤʝʥʪ. ʊʦʛʦ ʞ 1998 ʨʦʢʫ 

ʜʦʩʣʽʜʞʝʥʥʷ EuroLightCon [150] ʦʧʫʙʣʽʢʫʚʘʣʦ ʩʚʦʾ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʟʙʽʛʘʣʠʩʷ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ Duracrete Project. 

ɯʥʰʽ ʘʚʪʦʨʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʩʭʦʞʫ, ʘʣʝ ʽʥʰʫ ʬʦʨʤʫ ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʭʣʦʨʠʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʽ ʚʦʜʦ-

ʮʝʤʝʥʪʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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ʜʝ  Dcl,y ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʜʣʷ ʚʠʧʘʜʢʫ ʯʘʩʫ ʛʽʜʨʘʪʘʮʽʾ 1 ʨʽʢ;  

Dcl,t  - ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʥʘ ʯʘʩ t;  

m  ï ʧʘʨʘʤʝʪʨ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʦʜʦ-ʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ w/c . 

6,03 -Ö=
c

w
m . (1.22) 

ɺ ʮʽʡ ʤʦʜʝʣʽ ʧʨʠʡʤʘʻʪʴʩʷ ʜʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ m = 0,2 ï 0,3 ʽ ʜʣʷ 

ʟʦʣʴʥʦʛʦ ʪʘ ʰʣʘʢʦʚʦʛʦ ʮʝʤʝʥʪʫ m = 0,6 ï 0,7. 

 

ʊʘʙʣʠʮʷ 1.1 ï ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ Ŭ ʟʛʽʜʥʦ ʟ Duracrete Project [147] 

ʉʪʘʥ ʅʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ɹʝʪʘ (a=0; b=1) 

ɿʘʥʫʨʝʥʠʡ 0.30 0.05 24.9 58.1 

ʆʤʠʚʘʻʪʴʩʷ 

ʭʚʠʣʷʤʠ 
0.37 0.07 17.2 29.3 

ʅʘ ʚʽʜʢʨʠʪʦʤʫ 

ʧʦʚʽʪʨʽ 
0.65 0.07 29.5 15.9 

 

ʂʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʥʘ 28 ʜʝʥʴ ʛʽʜʨʘʪʘʮʽʾ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʮʝʤʝʥʪʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (ʩʪʘʥʜʘʨʪ ɸʉɯ (American Concrete Institute): 

Dcl,28 =10(-12,06 + 2,4 w/c) (ʚ ʤ2/ʩʝʢ). (1.23) 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʜʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʧʦʤʽʪʠʣʠ, ʱʦ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ 

ʧʦʩʪʽʡʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʙʝʪʦʥʫ ʥʝ ʻ 

ʧʦʩʪʽʡʥʠʤ. ʎʝ ʧʦʤʽʪʠʣʠ ʚʯʝʥʽ, ʱʦ ʟʘʡʤʘʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʧʦʙʫʜʦʚʘʥʠʭ ʫ ʤʦʨʽ ʘʙʦ ʥʘ ʫʟʙʝʨʝʞʞʽ. K.Uji [ 192] ʥʘ ʦʩʥʦʚʽ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘʧʨʦʧʦʥʫʚʘʚ ʦʧʠʩʘʪʠ ʟʤʽʥʫ CS ʷʢ ʬʫʥʢʮʽʶ ʚ ʷʢʽʡ ʯʘʩ ʙʫʜʝ ʧʽʜ 

ʢʚʘʜʨʘʪʥʠʤ ʢʦʨʝʥʝʤ, ʽ ʮʝ ʙʫʣʦ ʟʨʫʯʥʦ, ʘʜʞʝ ʫ 1986 ʨʦʮʽ ʚʯʝʥʠʡ ʟ ʆʢʩʬʦʨʜʫ 

J.Crank [144] ʟʘʧʠʩʘʚ ʜʨʫʛʠʡ ʟʘʢʦʥ ʌʽʢʘ ʜʦʧʫʩʢʘʶʯʠ ʪʘʢʝ ʧʨʠʧʫʱʝʥʥʷ. ʎʝ 

ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʣʠ ʚʯʝʥʽ R.L.Purvis [178] ʫ 1994ʨ ʪʘ S.L.Amey [134] ʚ 1996 ʨ. 
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ʆʜʥʘʢ ʫ 1995 ʨ R.N.Swamy [187] ʧʨʝʜʩʪʘʚʠʚ ʜʦʩʪʘʪʥʽʡ ʦʙôʻʤ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ 

ʜʦʢʘʟʫʚʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʣʠʰʝ ʚ ʷʢʦʩʪʽ 

ʯʘʩʪʢʦʚʦʛʦ ʚʠʧʘʜʢʫ, ʟʨʦʙʠʚʰʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʢʨʘʱʝ ʟʦʙʨʘʟʠʪʠ ʟʤʽʥʫ CS ʫ 

ʯʘʩʽ ʷʢ ʩʪʫʧʝʥʝʚʫ ʬʫʥʢʮʽʶ ʘʙʦ ʽʥʰʫ (ʜʠʚ ʨʠʩ.1.3).  

ɼʘʥ̔ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.1.3 ʽʣʶʩʪʨʫʶʪʴ ʟʤʽʥʫʠ CS ʚ ʯʘʩʽ, ʘʣʝ ʟ 

ʜʦʩʣʽʜʞʝʥʴ K.Uji [192] ʪʘ P.S.Mangat [167] ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ, ʱʦ CS ʟʘʣʝʞʠʪʴ ʱʝ ʽ 

ʚʽʜ ʪʠʧʫ ʮʝʤʝʥʪʫ. 
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ʏʘʩ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʨʦʢʠ)

ʉʪʘʥ ʧʦʚʝʨʭʥʽ

 ɿʚʦʣʦʞʝʥʘ ʥʘ ʩʫʭʦʜʦʣʽ

 ɿʚʦʣʦʞʝʥʘ

 ʇʽʜ ʚʧʣʠʚʦʤ ʧʨʠʣʠʚʽʚ

 ɿʘʥʫʨʝʥʘ

 

ʈʠʩʫʥʦʢ 1.3 ï ʇʦʚʝʨʭʥʝʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

 

ʊʦʤʫ ʫ 1996 ʨ. L.Mejlbro [170] ʟʘʧʨʦʧʦʥʫʚʘʚ ʦʧʠʩʫʚʘʪʠ CSɸ  ʧʦʚʝʨʭʥʝʚʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʙʝʪʦʥʫ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʝʪʦʥʫ ʪʘʢ:  
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(1.24) 

ʜʝ CSɸ ï ʧʦʚʝʨʭʥʝʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʙʝʪʦʥʫ ʫ ʯʘʩ t;  

CS ï ʧʦʯʘʪʢʦʚʘ ʧʦʚʝʨʭʥʝʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʙʝʪʦʥʫ;  

tR ï ʯʘʩ, ʢʦʣʠ ʙʫʚ ʚʠʤʽʨʷʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ DR, c;  

t ï ʯʘʩ ʚ ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ CS, ʩ;  

Dɸ ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ tR (Dɸ=D(t) ʟ ʬʦʨʤʫʣʠ 

1.12), ʤ2/ʩ;  

Ŭ ï ʝʤʧʽʨʠʯʥʠʡ ʧʘʨʘʤʝʪʨ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ;  

ʨ ï ʝʢʩʧʦʥʝʥʪʥʠʡ ʧʘʨʘʤʝʪʨ.  

ʎʷ ʬʦʨʤʫʣʘ ʚ ʩʦʙʽ ʤʽʩʪʠʪʴ ʽ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʚʽʜ ʯʘʩʫ ʽ 

ʮʝʤʝʥʪʫ, ʽ ʟʘʣʝʞʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʙʝʪʦʥʫ ʚʽʜ 

ʯʘʩʫ, ʧʦʻʜʥʫʶʯʠ ʥʝʦʙʭʽʜʥʫ ʛʥʫʯʢʽʩʪʴ, ʟʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʴ R.N.Swamy [187] (ʨʠʩ. 

1.4), ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʘʤʦʛʦ ʙʝʪʦʥʫ ʪʘ ʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʬʫʟʽʾ 

ʟʛʽʜʥʦ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʌʽʢʘ ʥʘ ʢʦʤʧôʶʪʝʨʽ.  

ʄʦʜʝʣʴ Mejlbro-Poulsen, ʟʘʩʥʦʚʘʥʘ ʥʘ ʬʦʨʤʫʣʽ: 

)()(),( 11 zCCCtxC PSA Y-+=
, (1.25) 
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ʜʝ ɻ(ʫ) ï ʛʘʤʘ ʬʫʥʢʮʽʷ: 
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ʏʘʩ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʨʦʢʠ)

 p=0,05

 p=0,2

 p=0,35

 p=0,5

 p=0,65

 p=0,8

 p=1

ʇʨʠʡʥʷʪʽ ʧʘʨʘʤʝʪʨʠ a=0,30; C
s
(t=10 ʜʥʽʚ)=0,1; t=0,1 ʨʽʢ.  

 

ʈʠʩʫʥʦʢ 1.4 ï ɻʥʫʯʢʽʩʪʴ ʬʦʨʤʫʣʠ (1.24 ʜʣʷ 0 < p < 1 ʪʘ CS ʟʘʬʽʢʩʦʚʘʥʦʛʦ ʥʘ 

ʨʽʚʥʽ 1.0 % ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ, ʫ ʯʘʩ t =100 ʨʦʢʽʚ  

ɺ ʨʦʙʦʪʽ Takewaka, K. and Mastumoto, S. [188] ʧʨʦʧʦʥʫʻʪʴʩʷ ʪʘʢʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʭʣʦʨʠʜʠʟʘʮʽʾ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

42.0

22.1129

CLCR CW

x
t

Ö

Ö
=

, 
(1.29) 

ʜʝ WCR- ʚʦʜʦ ʮʝʤʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ;  

ʉcl- ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ;  

x- ʪʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ. 

ɺ ʨʦʙʦʪʽ [12] ɺʘʩʠʣʴʻʚ ɸ.ɯ.  ʧʨʦʧʦʥʫʻ ʽʥʰʫ ʤʦʜʝʣʴ ʧʨʦʥʠʢʥʝʥʥʷ ʭʣʦʨʠʜʽʚ: 

axt= , (1.30) 

ʜʝ ʘ- ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ.  

ʆʢʨʽʤ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʽʩʥʫʶʪʴ ʤʦʜʝʣʽ ʨʝʘʣʽʟʦʚʘʥʽ ʷʢ ʧʨʦʛʨʘʤʥʽ 

ʢʦʤʧʣʝʢʩʠ, ʜʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: HETEC, DuraCrete, Life-365 ʪʘ DURACON. 
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ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ HETEC [155] ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʠʥʮʠʧʽ ʯʘʩʪʠʭ 

ʨʝʛʫʣʷʨʥʠʭ ʦʙʩʪʝʞʝʥʴ. ʗʢ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʢʨʠʚʫ ʜʝʛʨʘʜʘʮʽʾ, 

ʟʘʩʥʦʚʘʥʫ ʥʘ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ, ʱʦ ʜʫʞʝ ʟʨʫʯʥʦ ʽ ʧʦʚʥʽʩʪʶ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʝʘʣʴʥʠʤ 

ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʝʣʝʤʝʥʪʘ. ʊʘʢʠʤ ʯʠʥʦʤ HETEC ʻ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ, ʱʦ ʥʝ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʞʦʜʥʽʡ ʬʽʟʠʯʥʽʡ ʯʠ ʭʽʤʽʯʥʽʡ ʪʝʦʨʽʾ ʽ ʥʝ ʤʦʜʫʣʶʻ ʧʝʨʝʙʽʛ 

ʜʝʛʨʘʜʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʥʘʮʽʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʜʦʙʨʝ ʚʽʜʽʙʨʘʥʠʭ ʜʘʥʠʭ 

ʩʬʦʨʤʫʚʘʪʠ ʢʨʠʚʫ ʜʝʛʨʘʜʘʮʽʾ. ʇʨʦʙʣʝʤʦʶ ʮʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʻ ʩʢʣʘʜʥʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ: ʥʝʦʙʭʽʜʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ HETEC ʜʣʷ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʥʘ ʩʪʘʜʽʾ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʄʦʜʝʣʴ DuraCrete [147] ʟʘʩʥʦʚʘʥʘ ʥʘ ʡʤʦʚʽʨʥʽʩʥʽʡ ʧʨʠʨʦʜʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʛʨʝʩʠʚʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʨʽʟʽʚ. ɺ ʦʩʥʦʚʽ ʾʾ 

ʣʝʞʠʪʴ ʝʤʧʨ̔ʠʯʥʘ ʤʦʜʝʣʴ, ʚ ʷʢʽʡ ʚ ʷʢʦʩʪʽ ʙʘʟʠʩʫ ʟʘʢʣʘʜʝʥʠʡ ʜʨʫʛʠʡ ʟʘʢʦʥ ɸ.ʌʽʢʘ. 

ɺ ʤʦʜʝʣʽ DuraCrete ʧʦʩʪʫʣʶʻʪʴʩʷ ʱʦ ʘʢʪʠʚʥʘ ʢʦʨʦʟʽʷ ʘʨʤʘʪʫʨʠ 

ʧʦʯʠʥʘʻʪʴʩʷ, ʢʦʣʠ ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ ʩʷʛʘʻ ʧʝʚʥʦʛʦ 

ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ: 
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(1.31) 

ʜʝ cd
CR ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ;  

cd
S,CL ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ;  

xd ï ʧʨʦʝʢʪʥʘ ʪʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ;  

Rd
CL ï ʧʨʦʝʢʪʥʠʡ ʦʧʽʨ ʧʨʦʥʠʢʥʝʥʥʶ ʭʣʦʨʠʜʽʚ;  

t ï ʯʘʩ. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ 

ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

CR

c
CR

d
CR cc

g

1
= , 

(1.32) 
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ʜʝ cʩCR ï ʧʘʨʘʤʝʪʨʠʯʥʝ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ;  

ɔCL ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʽʡʥʦʩʪʽ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ: 

c
CLS

c
CLS

d
CRS cwAc ,,, )/( gÖ= , (1.33) 

ʜʝ ɸʩS,CL ï ʧʘʨʘʤʝʪʨ ʨʝʛʨʝʩʽʾ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʭʣʦʨʠʜʽʚ ʽ ɺ/ʎ;  

ɔʩS,CL ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʽʡʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ: 

xxx cd D-= , (1.34) 

ʜʝ xc ï ʧʘʨʘʤʝʪʨʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ;  

ȹx ï ʚʽʜʭʠʣʝʥʥʷ ʪʦʚʱʠʥʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ. 

ɯ, ʥʘʨʝʰʪʽ, ʟʘʣʝʞʥʘ ʚʽʜ ʯʘʩʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʽʨʥʦʩʪʽ ʧʨʦʥʠʢʥʝʥʥʶ 

ʭʣʦʨʠʜʽʚ ʚ ʙʝʪʦʥ: 
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ʜʝ RʩCL,0 ï ʦʧʽʨ ʧʨʦʥʠʢʥʝʥʥʶ ʭʣʦʨʠʜʽʚ ʚ ʙʝʪʦʥ, ʚʠʟʥʘʯʝʥʠʡ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ;  

kʩe,cl ï ʬʘʢʪʦʨ ʩʝʨʝʜʦʚʠʱʘ;  

kʩʩ,cl ï ʬʘʢʪʦʨ ʚʠʪʨʠʤʢʠ;  

ncl ï ʬʘʢʪʦʨ ʯʘʩʫ; t ï ʯʘʩ;  

tR ï ʚʽʢ ʙʝʪʦʥʫ ʥʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ;  

ɔR,cl ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʽʡʥʦʩʪʽ ʜʣʷ ʦʧʦʨʫ ʧʨʦʥʠʢʥʝʥʥʶ ʭʣʦʨʠʜʽʚ ʚ ʙʝʪʦʥ. 

ɺ ʤʦʜʝʣʽ DuraCrete ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʧʣʠʚʫ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʧʝʨʝʙʽʛ ʜʠʬʫʟʽʾ 

ʭʣʦʨʠʜʽʚ ʥʝ ʚʭʦʜʷʪʴ ʚ ʷʢʦʩʪʽ ʬʫʥʢʮʽʡ, ʘ ʙʝʨʫʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʝʤʧʽʨʠʯʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʥʘʪʫʨʠ. ɿ ʦʜʥʦʛʦ ʙʦʛʫ ʮʝ ʧʨʦʩʪʽʰʝ, ʘ ʟ ʽʥʰʦʛʦ 

ʨʦʟʨʦʙʥʠʢʠ ʤʦʜʝʣʽ ʩʪʘʚʣʷʪʴ ʜʫʞʝ ʞʦʨʩʪʢʽ ʫʤʦʚʠ ʜʦ ʧʨʦʮʝʜʫʨʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ 
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ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʪʦʯʥʦʩʪʝʡ ʫ ʨʘʟʽ ʚʽʜʭʠʣʝʥʴ, ʷʢʽ ʧʨʠ ʥʘʪʫʨʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ 

ʥʝʤʠʥʫʯʽ. 

ʇʦʜʽʙʥʠʡ ʧʽʜʭʽʜ ʚʠʤʘʛʘʻ ʟʙʦʨʫ ʜʫʞʝ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʪʝʣʴʥʦ ʚʽʜʽʙʨʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʝʨʝʜʦʚʠʱʝ, ʱʦʜʦ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ, ʷʢʫ ʙ ʤʦʞʥʘ 

ʙʫʣʦ ʧʝʨʝʨʦʙʠʪʠ ʚ ʟʤʽʥʥʽ ʤʦʜʝʣʽ. 

ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ Life-365 [164], ʤʘʻ ʚ ʦʩʥʦʚʽ ʜʨʫʛʠʡ ʟʘʢʦʥ ɸ.ʌʽʢʘ. 

ɺʧʣʠʚ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʧʝʨʝʙʽʛ ʜʠʬʫʟʽʾ ʚ ʤʦʜʝʣʽ Life-365 ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʚʠʨʘʞʝʥʠʡ ʯʝʨʝʟ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ, ʜʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʘ ʟʘʣʝʞʥʽʩʪʴ: 
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ʜʝ: D(T) ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʚ ʯʘʩ t ʪʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ;  

DR ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʥʘ ʯʘʩ tR=28 ʜʥʽʚ ʪʘ ʟʘ ʥʦʨʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

TR=20Áʉ;  

U ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ (35000 ɼʞ/ʤʦʣʴ);  

R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ;  

T ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ.  

ʅʘʡʙʽʣʴʰ ʧʦʚʥʦʶ, ʟ ʦʛʣʷʜʫ ʥʘ ʚʧʣʠʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ 

ʧʝʨʝʙʽʛ ʬʘʟʠ ʥʘʢʦʧʠʯʝʥʥʷ, ʻ ʤʦʜʝʣʴ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ R.M.Ferreira ʽ ʨʝʘʣʽʟʦʚʘʥʘ ʚ 

ʢʦʤʧʣʝʢʩʽ DuraCon. ʆʩʥʦʚʦʶ ʤʦʜʝʣʴ ʤʘʻ ʜʨʫʛʠʡ ʟʘʢʦʥ ɸ.ʌʽʢʘ, ʘʣʝ ʥʝ ʻ ʧʨʷʤʠʤ 

ʡʦʛʦ ʚʠʨʽʰʝʥʥʷʤ. ʄʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʦʧʠʩʘʪʠ ʚʧʣʠʚ ʯʘʩʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʨʦʮʝʩ ʜʠʬʫʟʽʾ. 

ɿʘʣʝʞʥʽʩʪʴ ʛʣʠʙʠʥʠ ʭʣʦʨʠʜʠʟʘʮʽʾ ʚʽʜ ʯʘʩʫ ʚ DuraCon: 
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ʜʝ, CCR ï ʢʨʠʪʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʩʠ 

ʚôʷʞʫʯʦʛʦ) ʥʘ ʛʣʠʙʠʥʽ x, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʦʯʘʪʢʫ ʘʢʪʠʚʥʦʾ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ;  
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C0 ï ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʩʠ 

ʚôʷʞʫʯʦʛʦ) ʚʩʝʨʝʜʠʥʽ ʙʝʪʦʥʫ;  

CS ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ) ʥʘ ʜʝʥʥʽʡ 

ʧʦʚʝʨʭʥʽ ʚʩʝʨʝʜʠʥʽ ʙʝʪʦʥʫ; 

D0 ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ, ʱʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ, ʤ2/ʩ; 

U ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ (35000 ɼʞ/ʤʦʣʴ);  

R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ;  

Ŭ ï ʝʤʧʽʨʠʯʥʠʡ ʧʘʨʘʤʝʪʨ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ; ʯʘʩ 

tR=28 ʜʥʽʚ ʪʘ ʥʦʨʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʠ TR=20Áʉ;  

T ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ.  

t ï ʯʘʩ ʥʘʢʦʧʠʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʨʦʢʘʭ) ʥʘ ʛʣʠʙʠʥʽ x (ʤ);  

erf-1() ï ʦʙʝʨʥʝʥʘ ʬʫʥʢʮʽʷ ʧʦʤʠʣʦʢ. 

 ʂʘʨʙʦʥʽʟʘʮʽʷ ʙʝʪʦʥʫ 

ɼʝʛʨʘʜʘʮʽʷ ʙʝʪʦʥʫ ʟ ʯʘʩʦʤ, ʧʝʨʰ ʟʘ ʚʩʝ, ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʢʘʨʙʦʥʽʟʘʮʽʾ, ʱʦ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʻʤʦʜʽʾ ʟ ʚʫʛʣʝʮʝʤ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʂʘʨʙʦʥʽʟʘʮʽʷ ʻ ʦʜʥʠʤ 

ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʧʦʚʽʪʨʷʥʦ-ʚʦʣʦʛʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʂʘʨʙʦʥʽʟʘʮʽʷ ʚʠʢʣʠʢʘʻ 

ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʚ ʙʝʪʦʥʽ, ʥʝʡʪʨʘʣʽʟʘʮʽʶ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ. ɺ ʧʨʦʮʝʩʽ ʢʘʨʙʦʥʽʟʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʚ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʽʶ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʟʥʠʞʫʻʪʴʩʷ ʣʫʞʥʽʩʪʴ ʨʽʜʢʦʾ ʬʘʟʠ ʙʝʪʦʥʫ. ɺʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʨʅ 

= 12,5 ï 13,1 ʣʫʞʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʨʅ = 8 ï 9. ʇʨʠ ʮʴʦʤʫ ʙʝʪʦʥ ʚʪʨʘʯʘʻ ʩʚʦʾ 

ʧʘʩʠʚʫʶʯʽ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʨʤʘʪʫʨʠ. ʉʘʤʝ ʚʪʨʘʪʘ ʧʘʩʠʚʫʶʯʦʾ ʧʣʽʚʢʠ ʽ ʻ 

ʧʦʯʘʪʢʦʤ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʽ, ʧʦʯʘʪʢʦʤ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʜʝʛʨʘʜʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʫ. 

ɺʠʚʯʝʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʘʨʙʦʥʽʟʘʮʽʾ ʟʘʡʤʘʣʦʩʴ ʚʯʝʥʽ: ʄʦʩʢʚʽʥ ɺ.ʄ. 

[72], ɸʣʝʢʩʻʻʚ ʉ.ʅ. [1], ʈʦʟʝʥʪʘʣʴ ʅ.ʂ. [99], ʇʦʣʘʢ ɸ.ʌ.[86], ʪʘ ʽʥʰʽ. 

ʏʘʩ ʧʦʚʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʝʣʝʤʝʥʪʽʚ ʤʦʩʪʽʚ ʽʟ 

ʥʝʥʘʧʨʫʞʝʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ ʯʘʩʪʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ ʚ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ 

ʧʦʜʘʻʪʴʩʷ ʪʘʢ: 
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ʜʝ d ï  ʪʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ;  

De ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ;  

m ï ʢʦʝʬʽʮʽʻʥʪ ʫʤʦʚ ʨʦʙʦʪʠ, ʤʘʻ ʟʥʘʯʝʥʥʷ 1 ï 0,85, ʟʤʝʥʰʫʻʪʴʩʷ ʣʽʥʽʡʥʦ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 20 ʜʦ 400 C ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 75%. 

ɺ ʜʦʢʫʤʝʥʪʽ [100] ʯʘʩ ʧʦʚʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʟʥʘʯʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ x ï ʪʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ;  

m0 ï ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʙʝʪʦʥʫ, ʬʫʥʢʮʽʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʢʽʣʴʢʦʩʪʽ ʮʝʤʝʥʪʫ 

ʚ ʙʝʪʦʥʽ;  

De ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ;  

C ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʧʦʚʽʪʨʽ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ 

ʙʝʪʦʥʫ, ʢʛ/ʤ3. 

ɺʩʪʘʥʦʚʠʚʰʠ ʛʨʘʥʠʯʥʫ ʛʣʠʙʠʥʫ ʢʘʨʙʦʥʟ̔ʘʮ̔ʾ ὢ  ʨ̔ʚʥʦʁ ʪʦʚɦ ʠʥ̔ 

ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ Xc ʽ ʚʠʨʽʰʠʚʰʠ (1.14) ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʦʾ t, ʯʘʩ ʢʘʨʙʦʥʟ̔ʘʮ̔ʾ 

ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ tcarb ʙʫʜʝ: 

ὸ
ὥὢ

ςὈ ὅ˞ ˛
ȟ (1.41) 

Ὀ  ï ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʜʠʬʫʟʽʾ ʉʆ2 ʚ ʙʝʪʦʥ,̔ ʤ2/ʩ; 

t ï ʯʘʩ, ʩ;  

ʘ ï ʢʽʣʴʢʽʩʪʴ ʉʆ2, ʥʝʦʙʭʜ̔ʥʘ ʜʣ̫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʩ̔ʭ ʟʜʘʪʥʠʭ 

ʢʘʨʙʦʥʟ̔ʫʚʘʪʠʩʷ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ, ʢʛ/ʤ3. 

ɺʝʣʠʯʠʥʘ ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢ̫ [41]: 

,75,0 2

CaO

CO

CaO
M

M
ʎCa ÖÖÖ=  (1.40) 
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ʜʝ ʉCaO ï ʚʤʽʩʪ ʉʘʆ ʚ ʮʝʤʝʥʪʽ ʧʦ ʤʘʩʽ, %;  

ʎ ï ʚʠʪʨʘʪʘ ʮʝʤʝʥʪʫ, ʢʛ/ʤ3;  

MCO2, MCaO ï ʤʦʣʷʨʥʽ ʤʘʩʠ ʉʆ2 ʽ ʉʘʆ, ʢʛ/ʤʦʣʴ, ʚʽʜʧʦʚʽʜʥʦ. 

ɸ ʚ ʜʦʢʫʤʝʥʪʽ [173] ʥʘʜʘʻʪʴʩʷ ʽʥʰʘ ʤʦʜʝʣʴ ʢʘʨʙʦʥʽʟʘʮʽʾ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʯʘʩ 

ʧʦʚʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʥʘ ʩʪʘʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʚʠʢʦʨʠʩʪʘʚʰʠ 

ʟʘʣʝʞʥʽʩʪʴ: 

5.0

0

5.0
3212+-

Öö
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æ
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å ÖÖÖÖÖ
=

n nt
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CDkkk

x
t , 

(1.42) 

ʜʝ ʭ ï ʪʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ;  

k1 ï ʧʘʨʘʤʝʪʨ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʚ ʙʝʪʦʥʽ;  

k2 ï  ʧʘʨʘʤʝʪʨ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ;  

k3 ï ʢʦʝʬʽʮʽʻʥʪ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ;  

ʘ ï ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʚ ʢʘʨʙʦʥʽʟʦʚʘʥʦʤʫ ʙʝʪʦʥʽ;  

t0 ï ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ;  

n ï ʧʘʨʘʤʝʪʨ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 ʉʫʤʽʩʥʘ ʜʽʷ ʭʣʦʨʠʜʠʟʘʮʽʾ ʽ ʢʘʨʙʦʥʽʟʘʮʽʾ 

ʇʨʦʙʣʝʤʽ ʩʧʽʣʴʥʦʾ ʜʽʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʽ ʭʣʦʨʠʜʠʟʘʮʽʾ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ ʧʨʠʩʚʷʯʝʥʦ ʮʽʣʫ ʥʠʟʢʫ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ [2, 20, 

25, 37, 62, 72, 86, 124], ʚ ʷʢʠʭ ʘʚʪʦʨʠ ʨʦʙʣʷʪʴ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʚ ʚʠʧʘʜʢʘʭ, 

ʢʦʣʠ ʟʘʭʠʩʥʠʡ ʰʘʨ ʥʝ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʚʧʣʠʚʦʤ ʢʘʨʙʦʥʽʟʘʮʽʾ, ʽ ʟʘ ʥʦʨʤʘʣʴʥʦʾ 

ʚʦʣʦʛʦʩʪʽ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ ʜʦʩʷʛʥʝ ʟʥʘʯʝʥʥʷ 0.4 % 

ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ, ʪʦ ʰʘʨ ʙʝʪʦʥʫ, ʱʦ ʟʘʭʠʱʘʻ ʘʨʤʘʪʫʨʫ ʧʦʯʥʝ ʨʫʡʥʫʚʘʪʠʩʷ ʚʽʜ 

ʚʧʣʠʚʫ ʭʣʦʨʠʜʽʚ, ʘ ʟʘ ʫʤʦʚʠ ʧʦʚʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ, ʜʣʷ ʧʦʯʘʪʢʫ 

ʨʫʡʥʫʚʘʥʥʷ ʰʘʨʫ ʧʘʩʠʚʘʮʽʾ ʜʦʩʠʪʴ ʙʫʜʝ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ, ʨʽʚʥʦʾ 

0.2 % ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ. ʂʨʽʤ ʪʦʛʦ, ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʘʨʤʘʪʫʨʘ ʤʦʞʝ 

ʢʦʨʦʜʫʚʘʪʠ ʟ ʧʨʠʩʢʦʨʝʥʠʤ ʪʝʤʧʦʤ ʯʝʨʝʟ ʢʠʩʝʥʴ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʜʦ ʘʨʤʘʪʫʨʠ ʢʨʽʟʴ 

ʧʦʨʠ ʙʝʪʦʥʫ, ʥʝ ʟʘʡʥʷʪʽ ʚʦʜʦʶ. 



37 

1.5 ɼʝʛʨʘʜʘʮʽʷ ʘʨʤʘʪʫʨʠ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʂʦʨʦʟʽʡʥʘ ʘʛʨʝʩʠʚʥʽʩʪʴ ʘʪʤʦʩʬʝʨʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʬʘʢʪʦʨʘʤʠ (ʪʝʤʧʝʨʘʪʫʨʦʶ ʽ ʚʽʜʥʦʩʥʦʶ ʚʦʣʦʛʽʩʪʶ) ʽ ʟʘʙʨʫʜʥʝʥʥʷʤʠ ʫ ʚʠʛʣʷʜʽ 

ʢʠʩʣʠʭ ʛʘʟʽʚ CO2, SO2, NO, NO2, H2S ʪʘ ʽʥʰʠʭ, ʘ ʪʘʢʦʞ ʪʫʤʘʥʘʤʠ, ʚʤʽʩʪʦʤ 

ʧʠʣʦʧʦʜʽʙʥʠʭ ʯʘʩʪʦʢ ʫ ʚʠʛʣʷʜʽ ʨʦʟʧʠʣʝʥʠʭ ʫ ʧʦʚʽʪʨʽ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ (ʘʝʨʦʟʦʣʽʚ). 

ʐʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʦʙʫʤʦʚʣʝʥʘ ʨʽʚʥʝʤ ʢʨʠʪʠʯʥʦʾ ʚʦʣʦʛʦʩʪʽ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʴ. ɿʘʣʝʞʥʽʩʪʴ 

ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ ʜʝʷʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʚʠʜʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ 

ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 1.2. 

ʄʦʨʩʴʢʝ ʯʠʩʪʝ ʧʦʚʽʪʨʷ (ʙʝʟ ʧʨʦʤʠʩʣʦʚʠʭ ʟʘʙʨʫʜʥʝʥʴ) ʜʦʩʠʪʴ ʘʛʨʝʩʠʚʥʝ 

ʜʦ ʩʪʘʣʽ ʯʝʨʝʟ ʧʦʩʪʽʡʥʠʡ ʚʤʽʩʪ ʫ ʥʴʦʤʫ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʭʣʦʨʠʜʽʚ ʥʘʪʨʽʶ  (~ 

100 ʤʛ/ʤ3) ʽ ʧʽʜʚʠʱʝʥʫ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʫ ʧʨʠʙʝʨʝʞʥʽʡ ʩʤʫʟʽ (ʰʠʨʠʥʦʶ ʜʦ 1 ʢʤ).  

 

ʊʘʙʣʠʮʷ 1.2 ï ʐʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ 

ɺʠʜ ʤʝʪʘʣʫ 

ʘʙʦ ʩʧʣʘʚʫ 

ʐʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ, ʤʤ/ʤ2 ʨʽʢ 

(ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ) 

ʉ̔ ʣʴʩʴʢʝ ʤʽʩʴʢʝ 
ʧʨʦʤʠʩʣʦʚʠʭ 

ʨʘʡʦʥʽʚ 
ʤʦʨʩʴʢʝ 

ɺʫʛʣʝʮʝʚʘ 

ʩʪʘʣʴ 
6 ï 60 30 - 70 30 - 160 20 - 170 

 ʄʦʜʝʣʽ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʘʨʤʘʪʫʨʠ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ 

ʄʦʜʝʣʽ ʢʦʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ Liddart ɸ. [163], ʅʽʢʽʪʽʥʘ 

ɺ.ɯ.[75], ʆʚʯʠʥʥʢ̔ʦʚʘ ɯ.ɻ.[76], ʈʘʩʫʣʦʚʘ ɯ.ʈ.[92], ʎʠʢʝʨʤʘʥʘ ʃ.ʗ. ʪʘ ʽʥʰ., ʥʘʚʝʜʝʥʽ 

ʚ [51] ʧʨʠʥʮʠʧʦʚʦ ʜʦʩʠʪʴ ʧʦʜʽʙʥʽ: 



38 

[1 exp( )]

lg( )

1

.

exp( )

( )

k t

k t

bt

R

d
k

dt

d
t

dt

d
k b

dt

d a

d a

d

d
d

d
a b

d
d d

= -

= +

=
+

=

= -

= -

 
(1.43) 

ɺ (1.43) ʧʨʠʡʥʷʪʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: ŭ ï ʛʣʠʙʠʥʘ ʢʦʨʦʟʽʡʥʦʛʦ 

ʧʦʰʢʦʜʞʝʥʥʷ; t ï ʯʘʩ; b, k, R, Ŭ ɓ -  ʢʦʝʬʽʮʽʻʥʪʠ, ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʷʢʠʭ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ. 

ʅʘʚʝʜʝʥʽ ʤʦʜʝʣʽ ʥʝ ʫʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ɸʣʝ ʯʘʩʪʦ ʮʝʡ ʚʧʣʠʚ ʻ ʟʥʘʯʥʠʤ ʽ 

ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ ʫʨʘʭʦʚʫʚʘʪʠ. ɼʝʷʢʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʫʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʥʘʚʝʜʝʥʽ ʚ [33], [39], [85]. 

ɹʝʟ ʚʪʨʘʪʠ ʩʧʽʣʴʥʦʩʪʽ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʥʘʚʝʜʝʥʠʭ ʤʦʜʝʣʝʡ ʤʦʞʝ ʙʫʪʠ 

ʧʦʜʘʥʘ ʫ ʚʠʜʽ: 

()[ ]dsyn
d

0=
dt

d
, (1.44) 

ʜʝ 0n ï ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ,  

s ï ʥʘʧʨʫʞʝʥʥʷ,  

()[ ]dsy  ï ʜʝʷʢʘ ʚʽʜʦʤʘ ʬʫʥʢʮʽʷ. ɸʧʨʦʢʩʠʤʫʶʯʠ ʮʶ ʬʫʥʢʮʽʶ ʧʦʣʽʥʦʤʦʤ 

n-ʛʦ ʩʪʫʧʝʥʷ ʟʘ ʧʨʦʧʦʟʠʮʽʻʶ ɼ. ɿʝʣʝʥʮʦʚʘ [39], ʦʪʨʠʤʘʻʤ 
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210 . (1.45) 

ʋʪʨʠʤʫʶʯʠ ʯʣʝʥʠ, ʱʦ ʤʽʩʪʷʪʴ s ʫ ʩʪʫʧʝʥʽ 2 ʽ ʚʠʱʝ, ʜʦʩʣʽʜʥʠʢʠ 

ʦʜʝʨʞʫʶʪʴ ʨʽʟʥʽ ʤʦʜʝʣʽ. ɺʝʣʠʢʠʡ ʦʙʩʷʛ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʚ 

ʨʦʙʦʪʘʭ [33, 39, 51, 124], ʜʦʟʚʦʣʷ ̒ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʢʚʘʜʨʘʪʠʯʥʘ 

ʘʧʨʦʢʩʠʤʘʮʽʷ ʬʫʥʢʮʽʾ ʜʘʻ ʟʘʜʦʚʽʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʽ [124] 

ʧʦʜʘʥʦ ʪʘʢʽ ʟʘʣʝʞʥʦʩʪʽ:  
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, (1.46) 
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ɺ ʧʨʦʝʢʪʽ DuraCrete [147] ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ 

ʢʦʨʦʟʽʡʥʦʛʦ ʫʨʘʞʝʥʥʷ ʘʨʤʘʪʫʨʠ (ʚhʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ὠ  ʪʘ ʧʝʨʽʦʜ ʟʚʦʣʦʞʝʥʥʷ 7  

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʛʽʜʥʦ ʨʝʢʦʤʝʥʜʘʮʽʡ [147] ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʣʘʩʫ ʩʝʨʝʜʦʚʠʱʘ 

(ʪʘʙʣ. 1.2)) ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʧʨʠʡʥʷʪʦ ʧʽʜʭʽʜ, ʜʝ ʧʝʨʝʚʘʞʥʠʤ ʬʘʢʪʦʨʦʤ 

ʰʚʠʜʢʦʩʪʽ ʜʝʛʨʘʜʘʮʽʾ ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ ʻ ʥʝ ʥʘʧʨʫʞʝʥʥʷ, ʘ ʟʚʦʣʦʞʝʥʽʩʪʴ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚ ʤʦʜʝʣʽ DuraCrete ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʧʨʠʡʤʘʻʪʴʩʷ 

ʧʦʩʪʽʡʥʦʶ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʚʧʣʠʚʫ ʩʝʨʝʜʦʚʠʱʘ ʪʽʣʴʢʠ ʯʝʨʝʟ ʧʝʨʽʦʜ 

ʟʚʦʣʦʞʝʥʥʷ ʽ ʪʠʧʫ ʨʝʘʛʝʥʪʘ. 

ʄʦʜʝʣʴ DuraCrete [147] ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ 

ʢʦʨʦʟʽʡʥʦʛʦ ʫʨʘʞʝʥʥʷ ʘʨʤʘʪʫʨʠ 

ɿὸ ɻ ὠ ὡὸ ɻ 6 7 Ô Ôȟ 
 

(1.48) 

ʜʝ ɻ  ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʪʠʧ ʢʦʨʦʟʽʡʥʦʛʦ ʫʰʢʦʜʞʝʥʥʷ, 

ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ 1 ʟʘ ʫʤʦʚ ʨʽʚʥʦʤʽʨʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʢʦʨʦʟʽʾ ʪʘ ʨʽʚʥʠʤ 5 ʟʘ 

ʫʤʦʚ ʣʦʢʘʣʴʥʦʾ ʢʦʨʦʟʽʾ [147]; 

ὠ  ï ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʩʪʘʣʽ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʤʤ/ʨʽʢ; 

ὡ  ï ʧʝʨʽʦʜ ʟʚʦʣʦʞʝʥʥʷ, ʷʢ ʜʦʣʷ ʜʥʽʚ ʫ ʨʦʮʽ, ʱʦ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ 

ʢʦʨʦʟʽʾ; 

ὸ  ï ʯʘʩ, ʱʦ ʧʨʦʡʰʦʚ ʚʽʜ ʧʦʯʘʪʢʫ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ, ʨʦʢʽʚ; 

ὸ ï ʯʘʩ ʧʦʯʘʪʢʫ ʢʦʨʦʟʽʾ, ʨʦʢʽʚ. 
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ʊʘʙʣʠʮʷ 1.3 ï ʐʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ὠ  ʽ ʧʝʨʽʦʜ ʟʚʦʣʦʞʝʥʥʷ ὡ  ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʢʣʘʩʫ ʩʝʨʝʜʦʚʠʱʘ ʝʢʩʧʣʫʘʪʘʮʽʾ [147] 

ʇʦʟʥʘʯʝʥʥʷ 

ʢʣʘʩʫ 

ʩʝʨʝʜʦʚʠʱʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʝʨʝʜʦʚʠʱʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʤʝʥʪʽʚ 

ʧʨʦʛʦʥʦʚʦʾ ʙʫʜʦʚʠ ʤʦʩʪʽʚ ʪʘ ʫʤʦʚ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ (ʧʨʠʢʣʘʜʠ) 

ὠ , 

ʤʤ/ʨʽʢ 
ὡ  

ʂʦʨʦʟʽʷ ʘʨʤʘʪʫʨʠ, ʚʠʢʣʠʢʘʥʘ ʢʘʨʙʦʥʽʟʘʮʽʻʶ 

XC3 ɺʦʣʦʛʝ 

ɽʣʝʤʝʥʪʠ, ʧʨʦʛʦʥʦʚʦʾ ʙʫʜʦʚʠ, 

ʟʘʭʠʱʝʥʽ ʚʽʜ ʜʦʱʫ (ʧʨʦʤʽʞʥʽ 

ʨʝʙʨʠʩʪʽ ʪʘ ʧʣʠʪʥʽ ʧʨʦʛʦʥʦʚʽ ʫʜʦʚʠ) 

0,002 0,5 

XC4 
ʇʝʨʽʦʜʠʯʥʦ 

ʟʚʦʣʦʞʝʥʝ, ʩʫʭʝ 

ɽʣʝʤʝʥʪʠ, ʧʨʦʛʦʥʦʚʦʾ ʙʫʜʦʚʠ, ʱʦ 

ʧʝʨʽʦʜʠʯʥʦ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʚʦʜʦʶ 

(ʢʨʘʡʥʽ ʨʝʙʨʠʩʪʽ ʪʘ ʧʣʠʪʥʽ 

ʧʨʦʛʦʥʦʚʽ ʙʫʜʦʚʠ, ʧʣʠʪʘ ʧʨʦʾʟʥʦʾ 

ʯʘʩʪʠʥʠ ʟʘ ʫʤʦʚ ʧʦʨʫʰʝʥʥʷ 

ʛʽʜʨʦʽʟʦʣʷʮʽʾ) 

0,005 0,75 

ʂʦʨʦʟʽʷ ʘʨʤʘʪʫʨʠ, ʚʠʢʣʠʢʘʥʘ ʭʣʦʨʠʜʠʟʘʮʽʻʶ 

XD1 ɺʦʣʦʛʝ 

ɽʣʝʤʝʥʪʠ, ʧʨʦʛʦʥʦʚʦʾ ʙʫʜʦʚʠ, 

ʟʘʭʠʱʝʥʽ ʚʽʜ ʜʦʱʫ (ʧʨʦʤʽʞʥʽ 

ʨʝʙʨʠʩʪʽ ʪʘ ʧʣʠʪʥʽ ʧʨʦʛʦʥʦʚʽ ʫʜʦʚʠ) 

0,030 0,5 

XD3 
ʇʝʨʽʦʜʠʯʥʦ 

ʟʚʦʣʦʞʝʥʝ, ʩʫʭʝ 

ɽʣʝʤʝʥʪʠ, ʧʨʦʛʦʥʦʚʦʾ ʙʫʜʦʚʠ, ʱʦ 

ʧʝʨʽʦʜʠʯʥʦ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʚʦʜʦʶ 

(ʢʨʘʡʥʽ ʨʝʙʨʠʩʪʽ ʪʘ ʧʣʠʪʥʽ 

ʧʨʦʛʦʥʦʚʽ ʙʫʜʦʚʠ, ʧʣʠʪʘ ʧʨʦʾʟʥʦʾ 

ʯʘʩʪʠʥʠ ʟʘ ʫʤʦʚ ʧʦʨʫʰʝʥʥʷ 

ʛʽʜʨʦʽʟʦʣʷʮʽʾ) 

0,030 0,75 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʥʘʧʨʫʞʝʥʴ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ ʟ ʨʦʙʦʪʠ [25] ʰʚʠʜʢʽʩʪʴ ʜʝʛʨʘʜʘʮʽʾ ʘʨʤʘʪʫʨʠ: 

0

V
v exp
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µ å õ
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, (1.49) 

ʜʝ ŭï ʛʣʠʙʠʥʘ ʢʦʨʦʟʽʡʥʦʛʦ ʫʰʢʦʜʞʝʥʥʷ ʘʨʤʘʪʫʨʠ;  
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ɜ0ï ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ;  

V ï ʤʦʣʴʥʠʡ ʦʙôʻʤ ʢʦʨʦʜʫʶʯʦʛʦ ʤʝʪʘʣʫ;  

ů ï ʥʘʧʨʫʞʝʥʥʷ ʚ ʘʨʤʘʪʫʨʽ; R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ;  

T ï ʪʝʤʧʝʨʘʪʫʨʘ. 

1.6 ɺʠʩʥʦʚʢʠ ʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʽ ʽ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

1. ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʜʘʻ ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʦʙʣʝʤʘ 

ʧʨʦʛʥʦʟʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʚʩʽʭ ʢʨʘʾʥ ʩʚʽʪʫ, ʚʘʛʦʤʦʶ ʜʣʷ ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʦʤʫ ʧʣʘʥʽ [126]. ɺʝʣʠʢʘ ʛʨʦʤʘʜʘ ʥʘʫʢʦʚʮʽʚ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʘʢʪʠʚʥʦ 

ʰʫʢʘʻ ʚʘʞʝʣʽ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ. ɺ ʦʩʪʘʥʥʽ 15 ï 20 ʨʦʢʽʚ 

ʧʨʦʙʣʝʤʘ ʚʠʡʰʣʘ ʟ ʘʢʘʜʝʤʽʯʥʠʭ ʢʽʣ ʽ ʩʪʘʣʘ ʥʘʛʘʣʴʥʦʶ ʚ ʩʠʩʪʝʤʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʧʦʨʫʜ. ʊʘʢ ʚʠʨʦʙʥʠʯʥʠʢʠ ʋʢʨʘʾʥʠ ʚʞʝ ʚ 2002 ʨ. ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʫʯʘʩʥʠʡ ʥʘʫʢʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʟʜʘʪʥʠʡ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ [14]. ʇʦʜʽʙʥʠʡ ʘʧʘʨʘʪ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟ ʫʧʨʘʚʣʽʥʥʷ ʩʧʦʨʫʜʘʤʠ ʢʨʘʾʥ ɭʚʨʦʧʠ, 

ʉʐɸ, ʗʧʦʥʽʾ.  

ʇʨʦʪʝ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʩʽ ʥʘʤ ʚʽʜʦʤʽ ʧʨʘʢʪʠʯʥʽ ʤʦʜʝʣʽ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ 

ʦʮʽʥʢʫ ʽ ʧʨʦʛʥʦʟ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʝʣʝʤʝʥʪʘ. ɭ ʣʠʰ ʜʝʢʽʣʴʢʘ ʧʫʙʣʽʢʘʮʽʡ ʚ ʷʢʠʭ 

ʧʦʩʪʘʥʦʚʢʘ ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʠʢʦʥʘʥʘ ʙʽʣʴʰ ʰʠʨʦʢʦ [3, 154, 

168, 175, 181, 194]. ɺ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʝʨʰʝ ʩʪʘʚʠʪʴʩʷ ʥʘʫʢʦʚʘ ʟʘʜʘʯʘ 

ʧʦʰʫʢʫ ʤʦʜʝʣʽ ʟʚôʷʟʢʫ ʨʽʚʥʷʥʴ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ ʟʽ ʟʤʽʥʥʦʶ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʪʦʙʪʦ ʩʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʥʘʩʢʨʽʟʥʦʾ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ, ʧʦʯʠʥʘʶʯʠ ʟ ʝʪʘʧʫ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɺ ʽʥʰʠʭ ʪʝʨʤʽʥʘʭ, ʩʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ 

ʧʦʰʫʢʫ ʘʧʘʨʘʪʘ ʟʜʘʪʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʝʩʫʨʩ ʝʣʝʤʝʥʪʘ ʥʝ ʪʽʣʴʢʠ ʧʨʦʪʷʛʦʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘ ʱʝ ʽ ʚ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ. 
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2. ʇʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʧʫʙʣʽʢʘʮʽʾ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʚʽʜʦʤʽ 

ʧʽʜʭʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʜʝʛʨʘʜʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʜʝʱʦ 

ʫʤʦʚʥʦ,  ʟʘ ʧôʷʪʴʤʘ ʛʨʫʧʘʤʠ:  

- ̔ ʤʦʚʽʨʥʽʩʥʽ ʩʪʘʪʠʩʪʠʯʥʽ, ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ [4, 12, 53, 112,  143, 170, 

176, 177, 181,], ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʘʭ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʪʘ ʜʦʩʚʽʜʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʦʨʫʜ; 

- ʘʥʘʣʽʪʠʯʥʽ ʩʪʦʭʘʩʪʠʯʥʽ ʤʦʜʝʣʽ [20, 61, 123, 154], ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʩʫʯʘʩʥʠʭ 

ʜʦʩʷʛʥʝʥʥʷʭ ʚ ʪʝʦʨʽʾ ʩʧʦʨʫʜ, ʷʢʽ ʪʨʘʢʪʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʚ ʬʫʥʢʮʽʾ ʯʘʩʫ (time 

dependent reliability); 

- ʬʽʟʠʯʥʽ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʽ ʤʦʜʝʣʽ [121, 144, 170], ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʩʫʯʘʩʥʠʭ 

ʫʷʚʣʝʥʥʷʭ ʬʽʟʠʢʠ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ ʪʘ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ; 

- ʝʤʧʽʨʠʯʥʽ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʙʘʟʽ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʦʨʫʜ [155, 188]; 

- ʢʦʤʙʽʥʦʚʘʥʽ ʩʪʦʭʘʩʪʠʯʥʽ ʤʦʜʝʣʽ [155, 164], ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʟʘʩʘʜʘʭ ʬʽʟʠʢʠ 

ʜʝʛʨʘʜʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʫ ʚ ʩʧʦʣʫʯʝʥʥʽ ʟ ʡʤʦʚʽʨʥʽʩʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʧʨʦʮʝʩʫ. 

ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʜʘʻ ʧʽʜʩʪʘʚʫ ʚʚʘʞʘʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʦʚʥʠʤ, 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʦʞʣʠʚʦʩʪʝʡ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʜʝʛʨʘʜʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʫ, ʻ ʬʽʟʠʯʥʠʡ 

ʧʽʜʭʽʜ. ɼʽʡʩʥʦ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʤʦʜʝʣʽ ʻ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʫ ʪʘ ʘʨʤʘʪʫʨʠ, ʧʘʨʘʤʝʪʨʠ ʘʛʨʝʩʠʚʥʦʩʪʽ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ.  

ʎʝʡ ʧʽʜʭʽʜ ʚ ʪʝʦʨʽʾ ʜʝʛʨʘʜʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʰʚʠʜʢʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ, ʘʣʝ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʦʩʠʪʴ ʽʥʪʫʾʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ. ɸʥʘʣʽʟ 

ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʚ ʟʥʘʯʥʫ ʾʭ ʛʥʫʯʢʽʩʪʴ ʽ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʘʣʴʥʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ, ʧʨʦʪʝ ʞʦʜʥʘ ʟ ʥʠʭ ʥʝ ʜʘʻ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʧʨʘʢʪʠʯʥʦʾ ʤʝʪʦʜʠʢʠ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʨʦʛʥʦʟʫ ʨʝʩʫʨʩʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʩʪʽʚ ʷʢ ʥʘ ʝʪʘʧʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʘʢ ʽ ʥʘ ʩʪʘʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

3. ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʟ ʧʨʦʙʣʝʤʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʘʫʢʦʚʽʡ 

ʽʜʝʾ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʯʘʩʫ ʜʝʛʨʘʜʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʅʘʫʢʦʚʠʤ ʧʽʜˇʨʫʥʪʷʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʟʘʢʦʥʠ ʜʠʬʫʟʽʾ ɸʜʦʣʴʬʘ ʌʽʢʘ [142, 189]. 

ʉʝʨʝʜ ʤʦʜʝʣʝʡ ʮʴʦʛʦ ʪʠʧʫ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʥʘʰʦʛʦ ʦʛʣʷʜʫ, ʥʘʡʙʽʣʴʰ ʧʦʚʥʦʶ ʻ 



43 

ʤʦʜʝʣʴ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ R.M.Ferreira [181], ʧʨʦʪʝ ʚʦʥʘ ʥʝ ʤʽʩʪʠʪʴ ʩʢʣʘʜʦʚʦʾ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʘ [133]. 

4. ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʦʢʘʟʘʚ, ʱʦ ʝʬʝʢʪʠʚʥʘ 

ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʬʽʟʠʯʥʦʤʫ ʧʽʜʭʦʜʽ ʤʘʻ ʤʽʩʪʠʪʠ 

ʚ ʩʦʙʽ ʪʘʢʦʞ ʤʦʜʝʣʴ ʜʝʛʨʘʜʘʮʽʾ ʘʨʤʘʪʫʨʠ. ʉʴʦʛʦʜʥʽ ʜʣʷ ʮʴʦʛʦ ʻ ʩʦʣʽʜʥʠʡ 

ʥʘʫʢʦʚʠʡ ʙʘʟʠʩ. ʇʨʦʮʝʩ ʜʝʛʨʘʜʘʮʽʾ ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ ʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʡ. ʄʦʜʝʣʽ 

ʢʦʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ ʩʪʘʣʽ Liddart ɸ. [163], ʅʽʢʽʪʽʥʘ ɺ.ɯ.[75], ʆʚʯʠʥʥʢ̔ʦʚʘ ɯ.ɻ.[76], 

ʈʘʩʫʣʦʚʘ ɯ.ʈ.[92], ɿʝʣʝʥʮʦʚʘ ɼ.ɻ. [39] ʫ ʚʽʪʯʠʟʥʷʥʽʡ ʥʘʫʮʽ ʻ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤʠ, 

ʧʝʨʝʚʽʨʝʥʠʤʠ ʽ ʜʘʶʪʴ ʨʝʘʣʽʩʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʨʦʟʨʘʭʫʥʢʘʭ. 

5. ʉʝʨʝʜ ʧʫʙʣʽʢʘʮʽʡ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʦʛʣʷʜʫ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ ʦʢʨʝʤʦ 

ʡʤʦʚʽʨʥʽʩʥʠʡ ʧʽʜʭʽʜ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʧʨʠʥʮʠʧʘʭ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ) DuraCrete [147], Life-365 

[164].  

 ʌʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʎʝʥʪʨʘʣʴʥʘ ʥʘʫʢʦʚʘ ʽʜʝʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʦʰʫʢʫ ʤʦʜʝʣʽ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ - ʘʥʘʣʽʪʠʯʥʦʾ ʧʨʦʮʝʜʫʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʯʘʩ ʙʝʟʧʝʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʘ (ʘʙʦ ʩʧʦʨʫʜʠ ʚ ʮʽʣʦʤʫ) ʧʨʠ ʟʘʜʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚ 

ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʬʫʥʢʮʽʷ ʯʘʩʫ, ʷʢʦʶ ʦʧʠʩʫʻʪʴʩʷ ʧʨʦʮʝʩ 

ʧʦʛʽʨʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʽ ʝʩʪʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʝʣʝʤʝʥʪʘ ʧʨʦʪʷʛʦʤ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʝʣʝʤʝʥʪʘ/ʩʧʦʨʫʜʠ ʧʽʜ ʜʽʻʶ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʌʫʥʢʮʽʶ, ʱʦ ʻ ʦʙôʻʢʪʦʤ ʥʘʫʢʦʚʦʛʦ ʧʦʰʫʢʫ, ʪʫʪ 

ʟʘʧʠʰʝʤʦ ʚ ʪʘʢʽʡ ʟʘʛʘʣʴʥʽʡ ʬʦʨʤʽ:  

Tl = R(t)ĀL(p1, p2, é, pn), (1.48) 

ʜʝlT  ï ʩʪʨʦʢ ʩʣʫʞʙʠ ʝʣʝʤʝʥʪʘ, ʱʦ ʧʨʦʛʥʦʟʫʻʪʴʩʷ - ʨʝʩʫʨʩ;  

)(tR - ʽʥʜʠʢʘʪʦʨ ʤʦʜʝʣʽ ʜʝʛʨʘʜʘʮʽʾ;  

L(p1, p2, é, pn) ï ʬʫʥʢʮʽʷ ʷʢʦʶ ʦʧʠʩʫʻʪʴʩʷ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ ʝʣʝʤʝʥʪʘ;  
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nppp ,...,, 21  ï ʧʘʨʘʤʝʪʨʠ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʽʘʣʽʚ ʝʣʝʤʝʥʪʘ, ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʪʠʧ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨʽʚʝʥʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʫʪʨʠʤʘʥʥʷ. 

ɺ ʪʝʨʤʽʥʘʭ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ, ʟʘʣʝʞʥʽʩʪʴ ʪʠʧʫ (1.48) ʚʽʜʦʙʨʘʞʘʻ 

ʽʥʪʝʛʨʘʣʴʥʦ ʧʨʦʮʝʩ ʜʝʛʨʘʜʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʬʫʥʢʮʽʾ ʯʘʩʫ ʽ ʻ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʤʦʜʝʣʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʌʫʥʢʮʽʷ L(p1, p2, é, pn) ʚ 

ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʬʽʟʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ï ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʘʥʘʣʽʪʠʯʥʦʾ ʪʝʦʨʽʾ ʜʠʬʫʟʽʾ ʛʘʟʽʚ ʪʘ ʘʧʨʦʙʦʚʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʧʨʦʮʝʩ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ (ʨʠʩ. 1.5). 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʌʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠʜʢʽʩʪʴ ʜʝʛʨʘʜʘʮʽʾ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ ʨʦʢʽʚ, ʟʘ ʧʣʘʥʦʤ 

ʧʦʢʘʟʘʥʠʤ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʽʡ ʩʭʝʤʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 1.6). 

ʐʚʠʜʢʽʩʪʴ 
ʜʝʛʨʘʜʘʮʽʾ

ɺʦʜʦ-ʮʝʤʝʥʪʥʝ 
ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ

ʉʪʨʦʢ 
ʝʢʩʧʣʫʘʪʘʮʽʾʾ

ʂʦʥʮʝʥʪʨʘʮʽʷ 
ʭʣʦʨʠʜʽʚʥʘ 
ʜʝʥʥʽʡ
ʧʦʚʝʨʭʥʽ

ʊʝʤʧʝʨʘʪʫʨʘ

ɺʦʣʦʛʽʩʪʴ

ʂʦʨʦʟʽʡʥʘ 
ʩʪʽʡʢʽʪʴ
ʘʨʤʘʪʫʨʥʦʾ 
ʩʪʘʣʽ

ʅʘʧʨʫʞʝʥʦ-
ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ
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ʈʠʩʫʥʦʢ 1.6 ï ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʉʪʚʦʨʝʥʥʷ ʽʥʞʝʥʝʨʥʦʾ 
ʤʝʪʦʜʠʢʠ ʧʨʦʛʥʦʟʫ 
ʜʦʚʛʦʚʽʯʥʦʩʪʽ

ʈʦʟʙʫʜʦʚʘ, ʘʥʘʣʽʟ 
ʩʪʦʭʘʩʪʠʯʥʦʾ ʤʦʜʝʣʽ

ʈʦʟʙʫʜʦʚʘ, ʘʥʘʣʽʟ 
ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʦʾ ʤʦʜʝʣʽ

ɸʥʘʣʽʟ

ʧʨʦʮʝʩʽʚ

ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ

ʤʦʜʝʣʝʡ ʜʝʛʨʘʜʘʮʽʾ

ɸʥʘʣʽʟ  ʩʪʘʥʫ

ʧʨʦʙʣʝʤʠ

ʄʦʜʝʣʽ ʜʝʛʨʘʜʘʮʽʾ 
ʟʘʣʽʟʦʙʝʪʦʥʫ

ɿʘʭʠʩʥʠʡ 
ʰʘʨ

ʂʘʨʙʦʥʽ-
ʟʘʮʽʷ

ʍʣʦʨʠ-

ʜʠʟʘʮʽʷ

ɿʘʭʠʩʥʠʡ 
ʰʘʨ

ɸʨʤʘʪʫʨʘ

ʂʦʨʦʟʽʷ ʚ 
ʢʘʨʙʦʥʽ-
ʟʦʚʘʥʦʤʫ 
ʙʝʪʦʥʽ

ʂʦʨʦʟʽʷ ʧʽʜ 
ʚʧʣʠʚʦʤ 
ʭʣʦʨʠʜʽʚ

ɸʨʤʘʪʫʨʘ

ɿʘʣʽʟʦʙʝʪʦʥʥʠʡ 
ʝʣʝʤʝʥʪ
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ʈʆɿɼɯʃ 2     

 ɼɽʊɽʈʄɯʅɯʉʊʀʏʅɸ ʄʆɼɽʃʔ ʇʈʆɻʅʆɿʋɺɸʅʅʗ 

ɼʆɺɻʆɺɯʏʅʆʉʊɯ ɽʃɽʄɽʅʊɯɺ ʄʆʉʊɯɺ 

2.1 ɼʝʪʝʨʤʽʥʽʩʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʝʣʝʤʝʥʪʽʚ ʤʦʩʪʽʚ 

 ɻʽʧʦʪʝʟʠ 

ɺʚʝʜʝʤʦ ʧʦʥʷʪʪʷ çʩʪʨʦʢ ʩʣʫʞʙʠè ʜʦ ʚʠʯʝʨʧʘʥʥʷ ʨʝʩʫʨʩʫ ʊ - ʮʝ ʬʫʥʢʮʽʷ 

ʯʘʩʫ, ʷʢʦʶ ʦʧʠʩʫʻʪʴʩʷ ʧʨʦʮʝʩ ʧʦʛʽʨʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ, 

ʭʽʤʽʯʥʠʭ ʽ ʝʩʪʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʤʝʥʪʘ ʧʨʦʪʷʛʦʤ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʝʣʝʤʝʥʪʘ 

[126]. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʘ ʬʫʥʢʮʽʷ ʤʘʻ ʚʠʜ: 

Tcr = f1(tP, pi, KRB) + f2(tcor1, pj, KRɸ) +f3(tcor2, pj, KRɸ), 

 i = 1, 2, .., k,  j = 1, 2, .., n,    (2.1) 

ʜʝ f1 ï ʤʦʜʝʣʴ ʜʝʛʨʘʜʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ ʝʣʝʤʝʥʪʘ;  

f2 ï ʤʦʜʝʣʴ ʜʝʛʨʘʜʘʮʽʾ ʘʨʤʘʪʫʨʠ ʝʣʝʤʝʥʪʘ ʚ ʫʤʦʚʘʭ ʢʘʨʙʦʥʽʟʦʚʘʥʦʛʦ 

ʙʝʪʦʥʫ;  

f3 ï ʤʦʜʝʣʴ ʜʝʛʨʘʜʘʮʽʾ ʘʨʤʘʪʫʨʠ ʝʣʝʤʝʥʪʘ ʚ ʫʤʦʚʘʭ ʭʣʦʨʠʜʥʦʾ ʢʦʨʦʟʽʾ;  

tP ï ʯʘʩ ʜʝʛʨʘʜʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ ʝʣʝʤʝʥʪʘ;  

tcor ï ʯʘʩ ʜʝʛʨʘʜʘʮʽʾ ʘʨʤʘʪʫʨʠ ʝʣʝʤʝʥʪʘ; pi ï ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʧʦʯʘʪʢʦʚʽ ʬʽʟʠʯʥʽ, ʭʽʤʽʯʥʽ, ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ ʪʘ ʚʧʣʠʚ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ;  

pj ï ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʦʯʘʪʢʦʚʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʨʤʘʪʫʨʠ, ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʴ ʚ ʘʨʤʘʪʫʨʽ ʪʘ ʚʧʣʠʚ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ;  

KRB ï ʢʨʠʪʝʨʽʡ ʜʦʩʷʛʥʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ 

ʝʣʝʤʝʥʪʘ;  

KRA ï ʢʨʠʪʝʨʽʡ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ ʚʪʨʘʪʘʤʠ 

ʘʨʤʘʪʫʨʠ. 
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ɻʽʧʦʪʝʟʘ 1: ɼʝʛʨʘʜʘʮʽʷ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ 

ʬʫʥʢʮʽʾ ʯʘʩʫ ʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ 

ʜʠʬʝʨʝʥʮʽʡʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʘʥʘʣʽʪʠʯʥʦʾ ʪʝʦʨʽʾ ʜʠʬʫʟʽʾ ɸ.ʌʽʢʘ (1.14, 1.15).  

ʄʦʜʝʣʣʶ ʜʝʛʨʘʜʘʮʽʾ ʙʝʪʦʥʫ ʦʧʠʩʫʻʪʴʩʷ ʧʨʦʮʝʩ ʢʘʨʙʦʥʽʟʘʮʽʾ ʪʘ ʥʘʩʠʯʝʥʥʷ 

ʭʣʦʨʠʜʘʤʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʝʣʝʤʝʥʪʘ. ʂʨʠʪʝʨʽʻʤ ʧʨʦʮʝʩʫ ʻ ʢʘʨʙʦʥʽʟʘʮʽʷ ʪʘ 

ʥʘʩʠʯʝʥʥʷ ʭʣʦʨʠʜʘʤʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʥʫ ʪʦʚʱʠʥʫ. ʂʘʨʙʦʥʽʟʘʮʽʷ ʽ 

ʥʘʩʠʯʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʭʣʦʨʠʜʘʤʠ ʧʦʯʠʥʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʦʜʨʘʟʫ ʧʽʩʣʷ 

ʨʘʟʦʧʘʣʫʙʢʠ ʪʘ ʧʨʦʭʦʜʷʪʴ ʥʝʟʘʣʝʞʥʦ ʽ ʧʘʨʘʣʝʣʴʥʦ.  

ɼʠʬʫʟʽʷ ʚ ʙʝʪʦʥ ʚʠʨʘʞʝʥʘ ʽʦʥʥʠʤ ʧʦʪʦʢʦʤ J, ʜʦʜʘʪʥʦʛʦ ʟʥʘʢʫ, ʷʢʱʦ 

ʜʠʬʫʟʘʥʪ ʨʫʭʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ x, ʟʘʟʥʘʯʠʤʦ, ʱʦ ʧʨʠ ʩʧʘʜʘʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ 

ʥʘʧʨʷʤʢʫ ʦʩʽ x ʧʦʪʽʢ ʥʘʙʫʚʘʻ ʚʽʜ'ʻʤʥʦʛʦ ʟʥʘʢʫ. 

x

C
DJ
µ

µ
-= , (1.14) 

ʜʝ J ï ʧʦʪʽʢ, ʢʛ/ʤ2ʩ;  

D ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ, ʤ2/ʩ;  

ʉ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ, ʢʛ/ʤ3;  

x ï ʛʣʠʙʠʥʘ, ʤ. 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʾ ʚ ʟʤʽʥʥʠʭ ʧʨʦʩʪʦʨʫ ʽ ʯʘʩʫ ʙʫʚ 

ʚʠʢʦʨʠʩʪʘʥʠʡ  ʜʨʫʛʠʡ ʟʘʢʦʥ ɸ.ʌʽʢʘ: 
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ʜʝ ʉ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ ʢʛ/ʤ3;  

t ï ʯʘʩ, ʩ;   

D ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ, ʤ2/ʩ;  

x - ʛʣʠʙʠʥʘ, ʤ. 

ɻʽʧʦʪʝʟʘ 2: ɼʝʛʨʘʜʘʮʽʷ ʘʨʤʘʪʫʨʠ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʬʫʥʢʮʽʾ ʯʘʩʫ 

ʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʧʨʦʮʝʩ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ (1.49) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʜʝʛʨʘʜʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ. 
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ʄʦʜʝʣʣʶ ʜʝʛʨʘʜʘʮʽʾ ʘʨʤʘʪʫʨʠ  ʦʧʠʩʫʻʪʴʩʷ ʧʨʦʮʝʩ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ, ʷʢʠʡ 

ʧʦʯʠʥʘʻʪʴʩʷ ʧʽʩʣʷ ʧʦʚʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʟʽ ʰʚʠʜʢʽʩʪʶ ʢʦʨʦʟʽʾ n1 ʚ 

ʢʘʨʙʦʥʽʟʦʚʘʥʦʤʫ ʙʝʪʦʥʽ. ɺ ʧʨʦʮʝʩʽ ʥʘʩʠʯʝʥʥʷ ʢʽʣʴʢʽʩʪʴ ʭʣʦʨʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ ʜʦʩʷʛʘʻ ʢʨʠʪʠʯʥʦʛʦ ʨʽʚʥʷ (ʧʦʚʥʝ ʥʘʩʠʯʝʥʥʷ ʭʣʦʨʠʜʘʤʠ 

ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ) ʽ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷn2  > n1. 

ʂʨʠʪʝʨʽʻʤ ʧʨʦʮʝʩʫ ʜʝʛʨʘʜʘʮʽʾ ʘʨʤʘʪʫʨʠ ʻ ʟʥʘʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʟʘ ʘʨʤʘʪʫʨʦʶ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʥʘʧʨʫʞʝʥʴ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ ʟ ʨʦʙʦʪʠ [25] ʰʚʠʜʢʽʩʪʴ ʜʝʛʨʘʜʘʮʽʾ ʘʨʤʘʪʫʨʠ: 
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 (1.49) 

ʜʝ ŭ ï ʛʣʠʙʠʥʘ ʢʦʨʦʟʽʡʥʦʛʦ ʫʰʢʦʜʞʝʥʥʷ ʘʨʤʘʪʫʨʠ;  

ɜ0 ï ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ;  

V ï ʤʦʣʴʥʠʡ ʦʙôʻʤ ʢʦʨʦʜʫʶʯʦʛʦ ʤʝʪʘʣʫ;  

ů ï ʥʘʧʨʫʞʝʥʥʷ ʚ ʘʨʤʘʪʫʨʽ;  

R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ;  

T ï ʪʝʤʧʝʨʘʪʫʨʘ. 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʚʠʨʘʟʠʤʦ ʯʝʨʝʟ ʥʘʜʽʡʥʽʩʪʴ, ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ 

ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʟʘ ʯʘʩ Ű [171,176]. ɼʣʷ ʮʴʦʛʦ ʚʚʦʜʠʪʴʩʷ ʬʫʥʢʮʽʷ ʛʨʘʥʠʯʥʦʛʦ 

ʩʪʘʥʫ, ʟʘʣʝʞʥʘ ʚʽʜ ʯʘʩʫ ʪʘʢʦʛʦ ʚʠʜʫ: 

( ) ( ) ( )ttt ,,, C-C=C SRg , (2.2) 

ʜʝ R(x,̱ ) ï ʫʟʘʛʘʣʴʥʝʥʠʡ ʦʧʽʨ ʝʣʝʤʝʥʪʘ;  

S(x,̱ ) ï ʫʟʘʛʘʣʴʥʝʥʠʡ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʝʬʝʢʪ;  

X ï ʚʝʢʪʦʨ ʙʘʟʦʚʠʭ ʟʤʽʥʥʠʭ,  

 ̱ ï ʟʤʽʥʥʘ ʯʘʩʫ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʝʢʪʦʨ X ̒  ʟʘʣʝʞʥʠʤ ʚʽʜ ʯʘʩʫ ʽ ʪʝʦʨʽʷ 

ʥʘʜʽʡʥʦʩʪʽ ʤʘʻ ʤʦʜʝʣʽ ʚ ʷʢʠʭ R(x,̱ ) ʪʘ S(x,̱ ) ʟ (2) ʻ ʬʫʥʢʮʽʷʤʠ ʚʠʧʘʜʢʦʚʠʭ ʟʤʽʥʥʠʭ 

ʪʘ ʯʘʩʫ. ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʶʻ ʨʦʟʨʘʭʫʥʦʢ, ʧʨʦʪʝ ʚʠʢʦʨʠʩʪʘʚʰʠ ʘʧʘʨʘʪ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ 
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ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʚʝʢʪʦʨ ʟʤʽʥʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʚʝʣʠʯʠʥ, ʪʦʙʪʦ ʥʝ ʩʘʤʠʭ ʬʫʥʢʮʽʡ, 

ʘ ʾʭ ʟʥʘʯʝʥʴ, ʷʢʽ ʙ ʚʽʜʧʦʚʽʜʘʣʠ ʧʝʚʥʠʤ ʫʤʦʚʘʤ. 

ɻʽʧʦʪʝʟʘ 3: ʇʨʦʮʝʩʠ ʜʝʛʨʘʜʘʮʽʾ ʙʝʪʦʥʫ ʽ ʘʨʤʘʪʫʨʠ ʧʨʦʭʦʜʷʪʴ ʧʦʩʣʽʜʦʚʥʦ, 

ʥʝ ʢʦʨʝʣʶʶʪʴ, ʧʝʨʝʭʽʜʥʽ ʬʘʟʠ ʚʽʜʩʫʪʥʽ. 

 ʄʦʜʝʣʴ 

ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʜʘʻ ʧʽʜʩʪʘʚʫ ʚʚʘʞʘʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʦʚʥʠʤ, 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʦʞʣʠʚʦʩʪʝʡ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʜʝʛʨʘʜʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʫ, ʻ ʬʽʟʠʯʥʠʡ 

ʧʽʜʭʽʜ. ɼʽʡʩʥʦ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʤʦʜʝʣʽ ʻ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʫ ʪʘ ʘʨʤʘʪʫʨʠ, ʧʘʨʘʤʝʪʨʠ ʘʛʨʝʩʠʚʥʦʩʪʽ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʇʦʻʜʥʘʚʰʠ ʤʦʜʝʣʴ ʜʝʛʨʘʜʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʫ Tuutti [191] ʪʘ 

ʆʚʯʠʥʥʽʢʦʚʘ ɯ.ɻ. [76], ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʨʦʟʜʽʣʽ 1 

ʤʦʜʝʣʴ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʛʨʘʬʽʯʥʽʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.1. 

ʅʘ ʨʠʩ. 2.1 ʟʦʙʨʘʞʝʥʦ ʤʦʜʝʣʴ ʩʫʢʫʧʥʦʛʦ ʚʧʣʠʚʫ ʢʘʨʙʦʥʽʟʘʮʽʾ ʽ 

ʭʣʦʨʠʜʠʟʘʮʽʾ ʥʘ ʨʝʩʫʨʩ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ. ʇʦʩʪʫʣʶʻʪʴʩʷ, ʱʦ ʧʝʨʰʠʡ ʧʝʨʽʦʜ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ t1 ̫ ʚʣʷʻ ʩʦʙʦʶ ʧʨʦʮʝʩ ʢʘʨʙʦʥʽʟʘʮʽʾ ʽ ʧʨʦʭʦʜʠʪʴ ʚ ʧʝʨʽʦʜ tC, ʫ ʮʝʡ 

ʩʘʤʠʡ ʯʘʩ ʫ ʟʘʭʠʩʥʦʤʫ ʰʘʨʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʭʣʦʨʠʜʠ; ʘʨʤʘʪʫʨʘ ʥʝ ʢʦʨʦʜʫʻ. 

ɿʘʚʝʨʰʝʥʥʷ ʧʝʨʰʦʛʦ ʧʝʨʽʦʜʫ ʜʘʻ ʧʦʯʘʪʦʢ ʜʨʫʛʦʤʫ ʧʝʨʽʦʜʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ t2 

ʱʦ ʧʨʦʜʦʚʞʫʻʪʴʩʷ, ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʘʨʤʘʪʫʨʠ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʘʢʪʠʚʘʮʽʾ ʭʣʦʨʠʜʥʦʾ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ. ʇʨʦʪʷʛʦʤ 

ʮʴʦʛʦ ʧʝʨʽʦʜʫ ʘʨʤʘʪʫʨʥʘ ʩʪʘʣʴ ʢʦʨʦʜʫʻ ʟʽ ʰʚʠʜʢʽʩʪʶ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ 

ʢʘʨʙʦʥʽʟʦʚʘʥʦʛʦ ʙʝʪʦʥʫ. ʇʦʯʘʪʦʢ ʪʨʝʪʴʦʛʦ ʧʝʨʽʦʜʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ t3 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʪʠʧʫ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ, ʘʜʞʝ ʯʝʨʝʟ ʥʘʢʦʧʠʯʝʥʥʷ 

ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ ʘʢʪʠʚʫʻʪʴʩʷ ʧʨʦʮʝʩ 

ʭʣʦʨʠʜʥʦʾ ʢʦʨʦʟʽʾ. ɿʘʢʽʥʯʝʥʥʷʤ ʧʝʨʽʦʜʫ t3  ʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚ ʮʽʣʦʤʫ ʻ ʤʦʤʝʥʪ, 

ʢʦʣʠ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ ʩʷʛʘʻ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ As,cr. 
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As0 ï ʧʨʦʝʢʪʥʘ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ; As,cr ïʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ ʟʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ; tC ï ʯʘʩ ʢʘʨʙʦʥʽʟʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ; tCl ï ʯʘʩ 

ʥʘʩʠʯʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʭʣʦʨʠʜʘʤʠ; tcorr1 ï ʧʝʨʽʦʜ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ ʚ ʢʘʨʙʦʥʽʟʦʚʘʥʦʤʫ 

ʙʝʪʦʥʽ; tcorr2 ï ʧʝʨʽʦʜ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥʽ ʥʘʩʠʯʝʥʦʤʫ ʭʣʦʨʠʜʘʤʠ; t1, t2, t3, ï ʧʝʨʽʦʜʠ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ; T ï ʨʝʩʫʨʩ.  

ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʜʝʛʨʘʜʘʮʽʾ ʟʘʣʽʟʦʙʝʪʦʥʫ 

 

ʉʢʦʨʠʩʪʘʻʤʦʩʴ ʚʞʝ ʚʽʜʦʤʠʤʠ ʨʦʟʚôʷʟʢʘʤʠ, ʟʘʩʥʦʚʘʥʠʤʠ ʥʘ ʨʽʚʥʷʥʥʷʭ 

ɸ.ʌʽʢʘ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʭʣʦʨʠʜʠʟʘʮʽʾ tCl (ʤʦʜʝʣʴ DuraCon (1.37)) ʽ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʫ ʤʦʜʝʣʴ (1.38) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʢʘʨʙʦʥʽʟʘʮʽʾ tC. 

ʄʦʜʝʣʽ (1.19) ʽ (1.39), ʷʢʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʝʤʧʽʨʠʯʥʽ ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʩʫʤʽʩʥʦʾ ʜʽʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʽ ʭʣʦʨʠʜʠʟʘʮʽʾ, ʘʣʝ ʟʘ ʫʤʦʚʠ ʦʢʨʝʤʦʛʦ ʨʦʟʛʣʷʜʘʥʥʷ 

ʢʦʞʥʦʛʦ ʟ ʧʨʦʮʝʩʽʚ ʜʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʪʘʪʥʴʦʾ ʪʦʯʥʦʩʪʽ [127]. 

ɺʠʨʘʟ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʯʘʩʫ ʭʣʦʨʠʜʠʟʘʮʽʾ: 
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ʜʝ tCL ï ʯʘʩ ʥʘʢʦʧʠʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʨʦʢʘʭ) ʥʘ ʛʣʠʙʠʥʽ x 

(ʤ);  

CS ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ) ʥʘ ʜʝʥʥʽʡ 

ʧʦʚʝʨʭʥʽ ʚʩʝʨʝʜʠʥʽ ʙʝʪʦʥʫ;  

C1 ï ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʩʠ 

ʚôʷʞʫʯʦʛʦ) ʚʩʝʨʝʜʠʥʽ ʙʝʪʦʥʫ;  

CCR ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ) ʥʘ 

ʛʣʠʙʠʥʽ x, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʦʯʘʪʢʫ ʘʢʪʠʚʥʦʾ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ;  

DC ïʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʭʣʦʨʠʜ-ʽʦʥʽʚ ʚ ʙʝʪʦʥʽ;  

erfc() ï ʜʦʜʘʪʢʦʚʘ ʬʫʥʢʮʽʷ ʧʦʤʠʣʦʢ. 

ʂʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʭʣʦʨʠʜ-ʽʦʥʽʚ ʚ ʙʝʪʦʥʽ [37]: 

( )
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ʜʝ ɺ/ʎ ï ʚʦʜʦ-ʮʝʤʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ;  

H ï ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ (%);  

Hc ï ʢʨʠʪʠʯʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ (75%);  

q ï ʢʦʥʩʪʘʥʪʘ ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ;  

K0ï ʥʦʨʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ;  

K ïʪʝʤʧʝʨʘʪʫʨʘ;  

A ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʥʘʧʨʫʞʝʥʴ ʚ ʙʝʪʦʥʽ (ʧʨʠ ʩʪʠʩʢʘʥʥʽ -

0,0236, ʨʦʟʪʷʛʫ +0,0496);  

ů ï ʥʘʧʨʫʞʝʥʥʷ ʚ ʙʝʪʦʥʽ;  

f ï ʛʨʘʥʠʯʥʠʡ ʦʧʽʨ ʙʝʪʦʥʫ. 

ɺ ʜʦʢʫʤʝʥʪʽ [100] ʯʘʩ ʧʦʚʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʟʥʘʯʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ x ï ʪʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ;  

m0- ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʙʝʪʦʥʫ, ʬʫʥʢʮʽʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʢʽʣʴʢʦʩʪʽ ʮʝʤʝʥʪʫ 

ʚ ʙʝʪʦʥʽ;  

De ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ (ʪʘʙʣ. 2.1 ʟʛʽʜʥʦ ʉʅʠʇ 2.03.11-85 

[109]); 

C ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʧʦʚʽʪʨʽ ʥʘ ʧʦʚʝʨʭʥʽ ʙʝʪʦʥʫ (ʚʽʜ 

0,02% ʜʦ 0,04%).  

ʈʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʙʝʪʦʥʫ, ʬʫʥʢʮʽʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʢʽʣʴʢʦʩʪʽ ʮʝʤʝʥʪʫ ʚ 

ʙʝʪʦʥʽ ʟʛʽʜʥʦ ʜʦʢʫʤʝʥʪʫ [37]: 

,6,0/3 -Ö= cm w  (2.6) 

ʄʦʞʥʘ ʧʨʠʡʤʘʪʠ ʜʣʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ m = 0,2 ï 0,3 ʽ ʜʣʷ ʟʦʣʴʥʦʛʦ ʪʘ 

ʰʣʘʢʦʚʦʛʦ ʮʝʤʝʥʪʫ m = 0,6 ï 0,7. 

ʉʪʨʦʢ ʩʣʫʞʙʠ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʚʧʣʠʚʽ ʭʣʦʨʠʜʚʤʽʩʥʦʛʦ 

ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʚʦʤʘ ʧʝʨʽʦʜʘʤʠ. ʇʨʦʪʷʛʦʤ 

ʧʝʨʰʦʛʦ, ʽʥʢʫʙʘʮʽʡʥʦʛʦ, ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʘʩʠʚʥʠʡ ʩʪʘʥ ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ. ʅʘ 

ʧʦʯʘʪʢʫ ʧʝʨʰʦʛʦ ʧʝʨʽʦʜʫ ʩʪʘʣʝʚʘ ʘʨʤʘʪʫʨʘ ʟʘʭʠʱʝʥʘ ʚʽʜ ʢʦʨʦʟʽʾ ʧʣʽʚʢʦʶ 

ʧʘʩʠʚʫʶʯʦʛʦ ʰʘʨʫ , ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʩʠʜʫ ʟʘʣʽʟʘ [1, 77]. ɽʣʝʢʪʨʦʭʽʤʽʯʥʘ 

ʧʘʩʠʚʘʮʽʷ ʩʪʘʣʽ ʻ ʥʘʩʣʽʜʢʦʤ ʣʫʞʥʦʩʪʽ ʙʝʪʦʥʫ (ʧʨʠʩʫʪʥʦʩʪʽ ʩʧʦʣʫʢ NaOH, ʂʆʅ, ʽ 

ʉʘ(ʆʅ)2) , ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʨʅ ʧʘʨʦʚʦʾ ʚʦʜʠ ʷʢʦʛʦ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ 

ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰʝ 12.5. 

ʇʨʦʪʷʛʦʤ ʽʥʢʫʙʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʧʦʩʪʫʧʦʚʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ ʚʥʘʩʣʽʜʦʢ ʢʘʨʙʦʥʽʟʘʮʽʾ ʽ ʜʠʬʫʟʽʷ ʭʣʦʨʠʜʽʚ 

ʜʦ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ , ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʩʪʫʧʦʚʠʤ ʟʥʠʞʝʥʥʷʤ ʣʫʞʥʦʩʪʽ 

ʙʝʪʦʥʫ ʜʦ ʨʅ=9 ʽ ʥʠʞʯʝ. ʇʨʠ ʤʽʩʮʝʚʦʤʫ ʘʙʦ ʟʘʛʘʣʴʥʦʤʫ ʨʫʡʥʫʚʘʥʥʽ ʧʘʩʠʚʘʮʽʡʥʦʾ 

ʧʣʽʚʢʠ, ʱʦ ʧʦʢʨʠʚʘʻ ʧʦʚʝʨʭʥʶ ʘʨʤʘʪʫʨʠ, ʧʦʯʠʥʘʻʪʴʩʷ ʘʢʪʠʚʥʘ ʢʦʨʦʟʽʷ ʘʨʤʘʪʫʨʠ. 

ʎʝ ʻ ʧʦʯʘʪʢʦʤ ʜʨʫʛʦʛʦ ʧʝʨʽʦʜʫ - çʨʦʟʚʠʪʢʫ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ è. ɿʘʭʠʩʥʘ 

ʟʜʘʪʥʽʩʪʴ ʧʘʩʠʚʘʮʽʡʥʦʾ ʧʣʽʚʢʠ ʤʦʞʝ ʙʫʪʠ ʧʦʨʫʰʝʥʘ , ʷʢʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ 
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ʧʝʨʝʚʠʱʝʥʘ ʢʨʠʪʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ . ʎʝʡ ʧʘʨʘʤʝʪʨ ʥʝʦʜʥʦʟʥʘʯʥʠʡ ʽ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ 0,2 % ʜʦ 0,4 % ʤʘʩʠ ʮʝʤʝʥʪʫ, ʪʘʢ ʷʢ ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʫ 

ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʙʝʪʦʥʫ, ʚʽʜ ʚʦʣʦʛʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ , ʘ ʪʘʢʦʞ ʚʽʜ ʢʘʨʙʦʥʽʟʘʮʽʾ ʙʝʪʦʥʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʪʘ ʥʠʟʢʠ ʽʥʰʠʭ 

ʯʠʥʥʠʢʽʚ [77, 154]. 

 

ʊʘʙʣʠʮʷ 2.1 ï ʇʦʢʘʟʥʠʢʠ ʧʨʦʥʠʢʥʦʩʪʽ ʙʝʪʦʥʫ [109] 

ʄʘʨʢʘ ʙʝʪʦʥʫ ʟʘ 

ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ 

ʂʦʝʬʽʮʽʻʥʪ 

ʬʽʣʴʪʨʘʮʽʾ, ʩʤ/ʩ 

ʂʦʝʬʽʮʽʻʥʪ 

ʜʠʬʫʟʽʾ ʜʣʷ 

ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ, ʩʤ2/ʩ 

ʂʦʝʬʽʮʽʻʥʪ 

ʜʠʬʫʟʽʾ ʜʣʷ 

ʭʣʦʨʠʜʽʚ, ʩʤ2/ʩ 

ɺʦʜʦʮʝʤʝʥʪʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ɺ/ʎ, ʥʝ ʙʽʣʴʰʝ 

W4 ɹʽʣʴʰʝ 2 Ŀ 10-9 

ʜʦ 7 Ŀ 10-9 

2 Ŀ 10-4 - 0,6 

W6 ɹʽʣʴʰʝ 6 Ŀ 10-10 

ʜʦ 2 Ŀ 10-9 

1,4 Ŀ 10-4 - 0,55 

W8 ɹʽʣʴʰʝ 1 Ŀ 10-10 

ʜʦ 6 Ŀ 10-10 

0,6 Ŀ 10-4 ɹʽʣʴʰʝ 1 Ŀ 10-8 

ʜʦ 5 Ŀ 108 

0,45 

W10 - W14 ɹʽʣʴʰʝ 5 Ŀ 10-11 

ʜʦ 1 Ŀ 10-10 

0,15 Ŀ 10-4 ɹʽʣʴʰʝ 5 Ŀ 10-9 

ʜʦ 1 Ŀ 10-8 

0,35 

W16 - W20 ʄʝʥʰʝ 5 Ŀ 10-11 0,02 Ŀ 10-4 ʄʝʥʰʝ 5 Ŀ 10-9 0,3 

 

ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʠʢʣʘʜʝʥʠʤʠ ʫ [77], ʛʘʟʦʚʝ ʩʝʨʝʜʦʚʠʱʝ ʧʨʦʥʠʢʘʻ 

ʧʦ ʪʨʽʱʠʥʘʭ, ʧʦʨʘʭ ʽ ʥʝʱʽʣʴʥʦʩʪʷʭ ʚ ʙʝʪʦʥ (ʨʠʩ 2.1), ʧʦʪʽʤ ʧʦʛʣʠʥʘʻʪʴʩʷ ʚʦʜʦʶ , 

ʷʢʘ ʧʨʠʩʫʪʥʷ ʚ ʢʘʧʽʣʷʨʘʭ , ʫʪʚʦʨʶʻ ʨʦʟʯʠʥ ʥʝʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʘʛʨʝʩʠʚʥʠʡ 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʶ. ʇʨʦʜʫʢʪʠ ʛʘʟʦʚʦʾ ʢʦʨʦʟʽʾ ʥʝ ʚʠʥʦʩʷʪʴʩʷ 

ʥʘʟʦʚʥʽ, ʘ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʤʽʩʮʽ ʨʝʘʢʮʽʾ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʫʱʽʣʴʥʝʥʥʷ 

ʙʝʪʦʥʫ. ʆʮʽʥʢʠ ʰʚʠʜʢʦʩʪʝʡ ʢʦʨʦʟʽʾ ʜʣʷ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʚʽʮʽ ʙʝʪʦʥʫ 50 

ʨʦʢʽʚ ʦʪʨʠʤʘʥʽ ʅ.ʂ. ʈʦʟʝʥʪʘʣʝʤ ( ʅɼɯɿɹ ɼʝʨʞʙʫʜʫ ʈʌ): - ʚʫʛʣʝʢʠʩʣʝ ʩʝʨʝʜʦʚʠʱʝ 

: 5-10 ʩʤ ʜʣʷ ʙʝʪʦʥʽʚ ʟ ʚʠʩʦʢʦʶ ʧʨʦʥʠʢʥʽʩʪʶ (W<4) ; 1-2 ʩʤ ʜʣʷ ʙʝʪʦʥʽʚ ʟ W=4 ʽ 

ʚʠʱʝ; ï ʩʽʨʢʦʚʤʽʩʥʝ ʩʝʨʝʜʦʚʠʱʝ: ʚʽʜ 0.1 ʩʤ/ʨʽʢ ʜʦ 1,0 ʩʤ/ʨʽʢ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʽʚ; ï ʭʣʦʨʠʜʚʤʽʩʥʽ ʩʝʨʝʜʦʚʠʱʘ: 1-2 ʩʤ ʟʘ 10 ʨʦʢʽʚ. ʎʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʾʭ ʨʝʟʫʣʴʪʘʪʠ ʙʝʟʫʤʦʚʥʦ ʤʘʶʪʴ ʚʝʣʠʢʫ ʚʘʛʫ, ʧʨʦʪʝ ʨʦʟʙʨʦʩ ʜʘʥʠʭ 

ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚ ʜʚʘ ʨʘʟʠ (ʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ 
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ʤʽʥʽʤʘʣʴʥʦʛʦ) ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʨʦʙʣʝʤʘ ʱʝ ʦʩʪʘʪʦʯʥʦ ʥʝ ʚʠʨʽʰʝʥʘ, ʪʦʤʫ 

ʢʝʨʫʚʘʪʠʩʷ ʮʠʤʠ ʜʘʥʠʤʠ ʤʦʞʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʷʜʢʫ ʮʠʬʨ. 

ʉʆ2

Sʆ2

Hʉl2

ʉl2

1 2 3 4

ɿʘʭʠʩʥʠʡ ʰʘʨ

 

1 ï ʟʦʥʘ, ʥʘʩʠʯʝʥʘ SO2, HCl2,Cl2; 2 ï ʢʘʨʙʦʥʽʟʦʚʘʥʠʡ ʙʝʪʦʥ, ʥʘʩʠʯʝʥʠʡ CO2; 3 ï ʥʦʨʤʘʣʴʥʠʡ 

ʙʝʪʦʥ; 4 ï ʘʨʤʘʪʫʨʘ. 

ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʧʨʦʥʠʢʥʝʥʥʷ ʢʠʩʣʠʭ ʛʘʟʽʚ ʚ ʙʝʪʦʥ 

 

ɿʘʚʜʘʥʥʷʤ  ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʻ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʦʾ ʽʩʥʫʶʯʦ ʾʤʦʜʝʣ ̔ʽ ʜʘʥʠʭ ʥʘʪʫʨʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ.  

 ɸʥʘʣʽʟ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʝʛʨʘʜʘʮʽʾ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʅʘʩʠʯʝʥʥʷ ʭʣʦʨʠʜʘʤʠ. ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

ʥʘʩʠʯʝʥʥʷ ʭʣʦʨʠʜʘʤʠ 2.2 ʧʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.2.2. 

ʆʜʥʦʟʥʘʯʥʠʡ ʽ ʧʝʨʰʦʯʝʨʛʦʚʠʡ ʚʧʣʠʚ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘ 

ʨʝʩʫʨʩ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʦʧʠʩʘʥʠʡ ʚ ʧʨʘʮʽ [190]. ɸ ʚ ʧʨʘʮʽ [186] Stephan 

ʘʥʘʣʽʟʫʶʯʠ ʚʧʣʠʚ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʟʘʣʽʟʦʙʝʪʦʥʫ ʟʘʫʚʘʞʠʚ, ʱʦ ʨʽʟʥʽ ʧʦʢʘʟʥʠʢʠ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʥʩʪʘʥʪʦʶ ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ (ʨʠʩ 2.3).  
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ʊʘʙʣʠʮʷ 2.2 ï ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʭʣʦʨʠʜʠʟʘʮʽʾ 

ʇʘʨʘʤʝʪʨ 
ɼʽʘʧʘʟʦʥ 

ʟʥʘʯʝʥʴ 

ɿʥʘʯʝʥʥʷ, 

ʦʙʨʘʥʝ ʜʣʷ 

ʧʨʠʢʣʘʜʫ 

ʅʦʤʝʨ ʨʠʩʫʥʢʫ, 

ʱʦ ʚʽʜʦʙʨʘʞʘʻ 

ʨʝʟʫʣʴʪʘʪ 

ʊʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ x, ʤ 0,025-0,05 0,05 2.6 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ ʥʘ 

ʜʝʥʥʽʡ ʧʦʚʝʨʭʥʽ ʚʩʝʨʝʜʠʥʽ ʙʝʪʦʥʫ 

CS, % ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ 

0,1-0,4 0,3 2.8 

ʇʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-

ʽʦʥ̔ʚ ʚʩʝʨʝʜʠʥʽ ʙʝʪʦʥʫ C1, % ʚʽʜ 

ʤʘʩʠ ʚôʷʞʫʯʦʛʦ 

0,1-0,5 0,1 2.7 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ ʥʘ 

ʛʣʠʙʠʥʽ x, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʦʯʘʪʢʫ 

ʘʢʪʠʚʥʦʾ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ CCR, % ʚʽʜ 

ʤʘʩʠ ʚôʷʞʫʯʦʛʦ 

0,2-0,5 0,4 2.9 

ɺʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ H, % 70-80 81 2.10- 

ʂʨʠʪʠʯʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ Hc, % - 75 - 

ɺʦʜʦʮʝʤʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɺ/ʎ 0,2-0,6 0,4 2.3 

ʂʦʥʩʪʘʥʪʘ ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ (ʨʠʩ 

2.2) q 
3800-7500 6000 - 

ʅʦʨʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ K0, ʂ - 274 - 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ ʨʘʡʦʥʽ 

ʙʫʜʽʚʥʠʮʪʚʘ K, ʂ 
280-298 284,7 2.4 

ʂʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ 

ʥʘʧʨʫʞʝʥʴ ʚ ʙʝʪʦʥʽ A 

0,0496(ʨʦʟʪʷʛ) 

-0,0236 (ʩʪʠʩʢ) 
0,0496 - 

ʅʘʧʨʫʞʝʥʥʷ ʚ ʙʝʪʦʥʽ ů, ʄʇʘ 0,6-1,5 1,3 2.5 

ɻʨʘʥʠʯʥʠʡ ʦʧʽʨ ʙʝʪʦʥʫ ʨʦʟʪʷʛʫ f, 

ʄʇʘ 
- 2,1 - 

ʈʠʩʫʥʦʢ 2.3 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʩʪʘʥʪʠ ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ ʽ ɺ/ʎ 

3 10
3

³ 4 10
3

³ 5 10
3

³ 6 10
3

³ 7 10
3

³

0.2

0.3

0.4

0.5

0.6

WC

q
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ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʘʥʘʣʽʟʫʶʯʠ ʚʧʣʠʚ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ (ʨʠʩ. 2.3), ʧʨʦ ʪʝ ʱʦ ʮʷ 

ʟʘʣʝʞʥʽʩʪʴ ʥʝ ʣʽʥʽʡʥʘ. ɿʘ ʫʤʦʚ ʟʤʽʥʠ ɺ/ʎ ʚ ʜʽʘʧʘʟʦʥʽ 0,2-0,6 ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪʠ 

ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 6500 ʜʦ 3800 ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʩʢʣʘʜʘʻ 

ʨʽʟʥʠʮʶ ʚ 42%. 

 

ʈʠʩʫʥʦʢ 2.4 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʽ ɺ/ʎ 

 

ʈʠʩ. 2.4 ʽʣʶʩʪʨʫʻ ʥʝʣʽʥʽʡʥʽʩʪʴ ʟʘʣʝʞʥʦʩʪʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʝʪʦʥʫ ʽ 

ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ɺʽʜʟʥʘʯʠʤʦ ʟʥʘʯʥʠʡ ʩʧʘʜ ʨʝʩʫʨʩʫ ʫ ʧʨʦʤʽʞʢʫ 

ʚʽʜ 0,6 ʜʦ 0,4 ɺ/ʎ. ɿʘ ʫʤʦʚ ʟʤʽʥʠ ɺ/ʎ ʚ ʜʽʘʧʘʟʦʥʽ 0,2-0,6 ʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʫ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 70 ʜʦ 8 ʨʦʢʽʚ ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʩʢʣʘʜʘʻ ʨʽʟʥʠʮʶ ʚ 88,5%. 

ʇʽʜʩʪʘʚʠʚʰʠ ʩʝʨʝʜʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʫ ʜʽʘʧʘʟʦʥʽ 280-298 ʂ ʚ 

ʤʦʜʝʣʴ, ʧʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʩʝʨʝʜʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʨʘʡʦʥʫ ʙʫʜʽʚʥʠʮʪʚʘ (ʨʠʩ. 2.5). 
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ʈʠʩʫʥʦʢ 2.5 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʩʝʨʝʜʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʨʘʡʦʥʫ ʙʫʜʽʚʥʠʮʪʚʘ 

 

ʆʯʝʚʠʜʥʦ, ʚ ʜʽʘʧʘʟʦʥʽ ʟʘʟʥʘʯʝʥʠʭ ʫ ʪʘʙ.2.2 ʪʝʤʧʝʨʘʪʫʨ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʚʢʣʘʜʘʻʪʴʩʷ ʫ ʨʘʤʢʠ ʚʩʽʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥ. ʂʨʠʚʘ 

ʟʘʣʝʞʥʦʩʪʽ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʨʘʡʦʥʫ 

ʙʫʜʽʚʥʠʮʪʚʘ ʥʘʙʣʠʞʝʥʘ ʜʦ ʧʨʷʤʦʾ ʣʽʥʽʾ (ʨʠʩ2.5) ʪʘ ʫ ʜʽʘʧʘʟʦʥʽ 280-296ʂ ʨʝʩʫʨʩ 

ʩʧʘʜʘʻ ʟ 11 ʜʦ 44 ʨʦʢʽʚ ʚʽʜʧʦʚʽʜʥʦ, ʨʽʟʥʠʮʷ ʩʢʣʘʜʘʻ 75%. 

ʈʝʩʫʨʩ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʞʝʥʴ ʚ ʙʝʪʦʥʽ. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʨʝʩʫʨʩʫ 

ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʥʘʧʨʫʞʝʥʴ ʚ ʙʝʪʦʥʽ ʜʣʷ ʢʘʨʢʘʩʥʦ ʘʨʤʦʚʘʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.2.6. ɺʽʜʟʥʘʯʠʤʦ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ 

ʥʘʧʨʫʞʝʥʴ ʚ ʙʝʪʦʥʽ ʨʠʩ.2.6, ʧʨʠ ʯʦʤʫ ʚ ʜʽʘʧʘʟʦʥʽ ů/f ʚʽʜ 0,3 ʜʦ 0,7 ʨʝʩʫʨʩ 

ʟʤʽʥʶʻʪʴʩʷ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʜʣʷ ʢʘʨʢʘʩʥʦ ʘʨʤʦʚʘʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ ʪʘ 

ʨʽʟʥʠʮʷ ʩʢʣʘʜʘʻ 5%. ɼʣʷ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ ʦʪʨʠʤʘʻʤʦ 

ʟʚʦʨʦʪʥʽʡ ʨʝʟʫʣʴʪʘʪ (ʨʠʩ.2.7). ʊʘʢ ʚ ʜʽʘʧʘʟʦʥʽ ů/f ʚʽʜ 0,1 ʜʦ 0,7 ʨʝʩʫʨʩ ʟʤʽʥʶʻʪʴʩʷ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʜʣʷ ʢʘʨʢʘʩʥʦ ʘʨʤʦʚʘʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ ʪʘ ʨʽʟʥʠʮʷ ʩʢʣʘʜʘʻ ʪʽ 

ʞ 5%. 
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ʈʠʩʫʥʦʢ 2.6 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʥʘʧʨʫʞʝʥʴ ʚ ʙʝʪʦʥʽ ʜʣʷ 

ʢʘʨʢʘʩʥʦ ʘʨʤʦʚʘʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ 

 

ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʥʘʧʨʫʞʝʥʴ ʚ ʙʝʪʦʥʽ ʜʣʷ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.2.7: 

 

ʈʠʩʫʥʦʢ 2.7 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʥʘʧʨʫʞʝʥʴ ʚ 

ʙʝʪʦʥʽ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ 

 

ʆʜʥʠʤ ʟ ʥʘʡʚʘʛʦʤʽʰʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʚʘʞʘʻʪʴʩʷ ʩʘʤʝ ʪʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ. ɻʨʘʬʽʢ ʟʘʣʝʞʥʽʩʪʴ 

ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʪʦʚʱʠʥʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ 2.8. 
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ʈʠʩʫʥʦʢ 2.8 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʪʦʚʱʠʥʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ 

 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʟ ʨʠʩ.2 .8 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʤʘʡʞʝ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʪʦʚʱʠʥʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ, 

ʪʘʢ ʫ ʤʝʞʘʭ ʪʦʚʱʠʥʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ 0,025-0,05ʤ ʨʝʩʫʨʩ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 10 ʜʦ 40 

ʨʦʢʽʚ. 

ʈʝʩʫʨʩ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʧʨʷʤʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ ʥʘ 

ʜʝʥʥʽʡ ʧʦʚʝʨʭʥʽ. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.2.9: 

 

ʈʠʩʫʥʦʢ 2.9 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ ʥʘ 

ʜʝʥʥʽʡ ʧʦʚʝʨʭʥʽ 
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ɿ ʨʠʩ.2.9 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ ʥʘ ʜʝʥʥʽʡ 

ʧʦʚʝʨʭʥʽ ʟ 0,01% ʜʦ 0,17% ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ ʨʝʩʫʨʩ ʧʘʜʘʻ ʟ 38 ʜʦ 17 ʨʦʢʽʚ. 

 

ʈʠʩʫʥʦʢ 2.10 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ ʥʘ ʝʪʘʧʽ ʙʫʜʽʚʥʠʮʪʚʘ 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ ʥʘ ʝʪʘʧʽ ʙʫʜʽʚʥʠʮʪʚʘ ʧʦʢʘʟʘʣʠ (ʨʠʩ 

2.10) ʥʝʣʽʥʽʡʥʫ ʧʘʨʘʙʦʣʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ. ɿ ʨʠʩ.2.10 ʚʠʜʥʦ ʱʦ ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʭʣʦʨʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ ʥʘ ʝʪʘʧʽ ʙʫʜʽʚʥʠʮʪʚʘ 1-5% ʚʽʜ ʤʘʩʠ ʚôʷʞʫʯʦʛʦ 

ʨʝʩʫʨʩ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 75 ʜʦ 15 ʨʦʢʽʚ, ʘ ʥʘ ʜʽʣʷʥʢʘʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʣʴʰʝ 4,5% ʪʘ 

ʤʝʥʝh 1% ʛʨʘʬʽʢ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʘʩʠʤʧʪʦʪ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʢʨʠʪʠʯʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ ʥʘ ʝʪʘʧʽ ʙʫʜʽʚʥʠʮʪʚʘ ʧʦʢʘʟʘʣʠ (ʨʠʩ 2.11) 

ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ. 

ɿ ʨʠʩ.2.11 ʧʨʦʩʣʽʜʞʫʻʪʴʩʷ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ 

ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ, ʷʢʘ ʚʠʢʣʠʢʘʻ ʢʦʨʦʟʽʶ ʘʨʤʘʪʫʨʠ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚ ʜʽʘʧʘʟʦʥʽ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ ʚʽʜ 0,1% 

ʜʦ 0,3% ʨʝʩʫʨʩ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 8 ʜʦ 36 ʨʦʢʽʚ. 
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ʈʠʩʫʥʦʢ 2.11 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ, ʷʢʘ ʚʠʢʣʠʢʘʻ ʢʦʨʦʟʽʶ ʘʨʤʘʪʫʨʠ 

 

ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ 

ʧʦʚʽʪʨʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ 2.12: 

ʈʠʩʫʥʦʢ 2.12 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʚʽʜʥʦʩʥʦʾ 

ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 

 

ɿ ʜʘʥʠʭ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ.2.12 ʚʠʜʥʦ, ʱʦ ʢʨʠʚʘ ʟʘʣʝʞʥʦʩʪʽ ʨʝʩʫʨʩʫ 

ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ, ʥʘʙʣʠʞʝʥʘ ʜʦ ʧʨʷʤʦʾ. ɺ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʚʽʜ 70% ʜʦ 80% ʨʝʩʫʨʩ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ 29 ʜʦ 37 ʨʦʢʽʚ. 
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ʂʘʨʙʦʥʽʟʘʮʽʷ. ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʢʘʨʙʦʥʽʟʘʮʽʾ 2.4 

ʧʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ 

ʢʦʞʥʦʛʦ ʟ ʥʠʭ. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.2.3 

 

ʊʘʙʣʠʮʷ 2.3 ï ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʢʘʨʙʦʥʽʟʘʮʽʾ 

ʇʘʨʘʤʝʪʨ 
ɼʽʘʧʘʟʦʥ 

ʟʥʘʯʝʥʴ 

ɿʥʘʯʝʥʥʷ, 

ʦʙʨʘʥʝ ʜʣʷ 

ʧʨʠʢʣʘʜʫ 

ʅʦʤʝʨ ʨʠʩʫʥʢʫ, 

ʱʦ ʚʽʜʦʙʨʘʞʘʻ 

ʨʝʟʫʣʴʪʘʪ 

ʊʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ x, ʤ 0,025-0,050 0,050 2.13 

m0- ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʙʝʪʦʥʫ, 

ʬʫʥʢʮʽʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʢʽʣʴʢʦʩʪʽ 

ʮʝʤʝʥʪʫ ʚ ʙʝʪʦʥʽ 

0,35-0,70 0,53 2.14 

De ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ 

(ʪʘʙ.2.1 ʟʛʽʜʥʦ ʉʅʠʇ 2.03.11-85 

[109])ʭ10-4ʩʤ2/ʩ 

0,02-2,00 1,00 2.15 

C ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ 

ʫ ʧʦʚʽʪʨʽ ʥʘ ʧʦʚʝʨʭʥʽ ʙʝʪʦʥʫ (ʚʽʜ 

0,01% ʜʦ 0,04%) 

0,01-0,04 0,02 2.16 

 

 

ʈʠʩʫʥʦʢ 2.13 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʪʦʚʱʠʥʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.13 ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʪʠʧʦʚʽʡ 

ʪʦʚʱʠʥʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʫ 3ʩʤ ʟʛʽʜʥʦ ʤʦʜʝʣʽ ʚʽʜʧʦʚʽʜʘʻ ʨʝʩʫʨʩ ʫ 11 ʨ, ʪʦʜʽ ʷʢ ʜʣʷ 

ʪʦʚʱʠʥʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʫ 5 ʩʤ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʨʝʩʫʨʩ ʫ 35 ʨʦʢʽʚ. 
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ʈʠʩʫʥʦʢ 2.14 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʙʝʪʦʥʫ 

 

ɺʽʜʟʥʘʯʠʤʦ ʣʽʥʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ 

ʚʽʜ 22 ʜʦ 47 ʨʦʢʽʚ ʨʠʩ.2.14 ʟʘ ʫʤʦʚ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʙʝʪʦʥʫ ʚʽʜ 0,35 ʜʦ 0,7. 

 

ʈʠʩʫʥʦʢ 2.15 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ 

ʜʠʬʫʟʽʾ 

ʂʨʠʚʘ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.15 ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʜʣʷ ʙʝʪʦʥʫ ʟ ɺ/ʎ, ʱʦ 

ʜʦʨʽʚʥʶʻ 0,5 ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ W-7 ʨʝʩʫʨʩ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ 

ʩʢʣʘʜʘʻ 25 ʨʦʢʽʚ. 
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ʈʠʩʫʥʦʢ 2.16 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ ʫ ʧʦʚʽʪʨʽ ʥʘ ʧʦʚʝʨʭʥʽ ʙʝʪʦʥʫ 

 

ɺʽʜʟʥʘʯʠʤʦ ʟʥʘʯʥʠʡ ʧʨʠʨʽʩʪ ʨʝʩʫʨʩʫ ʟʘʭʠʩʥʦʛʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʧʦʚʽʪʨʽ ʥʘ ʧʦʚʝʨʭʥʽ ʙʝʪʦʥʫ ʥʠʞʯʝ 0,02%. 

 ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʝʛʨʘʜʘʮʽʾ 

ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ɺ ʰʪʘʪʽ ʂʘʥʟʘʩ ʉʐɸ ʜʽʘʧʘʟʦʥ ʥʦʨʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʩʦʣʽ ʚʽʜ 28 ʜʦ 85 ʢʛ/ʢʤ 

ʥʘ ʩʤʫʛʫ ʨʫʭʫ. ɿʛʽʜʥʦ ʩʪʘʪʠʩʪʠʢʠ ɼʝʧʘʨʪʘʤʝʥʪʫ ʪʨʘʥʩʧʦʨʪʫ ʂʘʥʟʘʩʘ ( KDOT ) 

District 1, ʷʢʘ ʦʭʦʧʣʶʻ 17 ʦʢʨʫʛʽʚ ʚ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ ʂʘʥʟʘʩʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʘʤ'ʷʥʦʾ ʩʦʣʽ ʩʪʘʥʦʚʠʪʴ 85 ʢʛ/ʩʤʫʛʘ ʨʫʭʫẗʢʤ. ʂʨʽʤ ʪʦʛʦ, KDOT ʟʘʩʪʦʩʦʚʫʻ ʩʽʣʴ ʚ 

ʩʫʤʽʰʘʭ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʧʨʦʪʠ ʦʞʝʣʝʜʠʮʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʥʘ 23% ʟ 

NaCl. 

ɿʘ ʫʤʦʚ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚʽʜ -9 ʜʦ 0 Á ʉ. ʉʽʣʴ ʚ 

ʩʫʤʽʰʘʭ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʢʽʣʴʢʦʩʪʽ ʚʽʜ 94 ʜʦ 118 

ʣ/ʩʤʫʛʫ ʨʫʭʫẗʢʤ. ɿʘʛʘʣʴʥʘ ʦʩʴʦʚʘ ʜʦʚʞʠʥʘ ʜʦʨʽʛ, ʦʙʨʦʙʣʝʥʠʭ ʚ ʨʘʡʦʥʽ 1  ̒2889 

ʢʤ , ʘ ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʚʩʽʭ ʩʤʫʛ ʨʫʭʫ ʻ 7313 ʢʤ, ʜʘʥʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.4. 

ʇʨʠ ʩʝʨʝʜʥʽʡ ʰʠʨʠʥʽ ʩʤʫʛʠ 3,7 ʤ , ʩʝʨʝʜʥʷ ʚʠʪʨʘʪʘ ʩʦʣʽ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʧʨʦʪʷʛʦʤ 

ʩʝʤʠʨʽʯʥʦʛʦ ʧʝʨʽʦʜʫ ʙʫʣʘ 1.24 ʢʛ/ʤ2. ʎʝ ʟʥʘʯʝʥʥʷ ʥʠʞʯʝ ʪʦʛʦ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩʷ ʜʣʷ ʤʦʩʪʦʚʠʭ ʧʦʢʨʠʪʪʽʚ. 
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ʊʘʙʣʠʮʷ 2.4 ï ʆʙʩʷʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʤ'ʷʥʦʾ ʩʦʣʽ ʜʣʷ ʦʙʨʦʙʢʠ ʜʦʨʽʛ ʚ 

ʰʪʘʪʽ ʂʘʥʟʘʩ, ʉʐɸ 

 ʂʽʣʴʢʽʩʪʴ ʢʘʤôʷʥʦʾ ʩʦʣʽ 

ʈʽʢ ʢʛĀ1000 ʢʛ/ʤ2 

1998 34,443 1.29 

1999 30,956 1.16 

2000 28,519 1.07 

2001 43,906 1.65 

2002 29,544 1.10 

2003 23,903 0.89 

2004 39,639 1.48 

ʉʝʨʝʜʥʻ 32,987 1.24 

 

ɿʛʽʜʥʦ ʩʪʘʪʠʩʪʠʢʠ ɼʝʧʘʨʪʘʤʝʥʪʫ ʪʨʘʥʩʧʦʨʪʫ ʂʘʥʟʘʩʘ ʨʠʩ. 2.17-20 

ʽʣʶʩʪʨʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʣʷʥʦʢ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʩʪʽʚ ʙʝʟ ʪʨʽʱʠʥ ʥʘ 

ʚʤʽʩʪ ʭʣʦʨʠʜʽʚ (ʥʘ ʛʣʠʙʠʥʘʭ 25,4; 50,2; 63,5; 76,2  ʤʤ ʚʽʜʧʦʚʽʜʥʦ) ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʽ ʚʽʢʫ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɿ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʝʛʨʘʜʘʮʽʾ ʟʘʭʠʩʥʦʛʦ 

ʰʘʨʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʛʨʘʬʽʢʠ, ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʛʨʫʧʦʶ. ɸʚʪʦʨʽʚ Will D.Lindquist, David Darwin, JoAnn 

Browning, Gerald G.Miller [193], ʥʘʥʝʩʝʥʦ ʢʨʠʚʽ, ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʙʯʠʩʣʝʥʴ ʧʨʦʛʥʦʟʫ ʨʝʩʫʨʩʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʡʥʷʪʦ ʾʤʦʜʝʣʝʡ. ʆʩʥʦʚʥʽ ʟʤʽʥʥʽ 

ʤʦʜʝʣʽ 2.2 ʧʨʠʡʥʷʪʦ ʪʘʢʠʤʠ: CS ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ ʥʘ ʜʝʥʥʽʡ ʧʦʚʝʨʭʥʽ 

ʚʩʝʨʝʜʠʥʽ ʙʝʪʦʥʫ 13 ʢʛ/ʤ3; C1 ï ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ 0,1 ʢʛ/ʤ3; 

ɺ/ʎ ï ʚʦʜʦ-ʮʝʤʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 0,4; H ï ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʜʣʷ ʰʪʘʪʫ ʂʘʥʟʘʩ 

54,4%; Hc ï ʢʨʠʪʠʯʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ (75%); q ï ʢʦʥʩʪʘʥʪʘ ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ 

6300; K0ï ʥʦʨʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 281,4 ʂ; K ïʩʝʨʝʜʥʴʦʨʽʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 293,1 

ʂ; A ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʥʘʧʨʫʞʝʥʴ ʚ ʙʝʪʦʥʽ +0,0496; ů ï 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʙʝʪʦʥʽ 1,5 ʄʇʘ; f ï ʛʨʘʥʠʯʥʠʡ ʦʧʽʨ ʙʝʪʦʥʫ 2,1 ʄʇʘ. 



 

 

6
6 

ʈʠʩʫʥʦʢ 2.17 ï ɺʤʽʩʪ ʭʣʦʨʠʜʽʚ ʥʘ ʛʣʠʙʠʥʽ 25,4 ʤʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʽ ʚʽʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʜʽʣʷʥʢʘʭ ʙʝʟ 

ʪʨʽʱʠʥ 
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ʃʽʥʽʡʥʠʡ ʪʨʝʥʜ A1 y(x)=0.0097x-0.2862
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3

ʉʢʣʘʜ ʙʝʟ ʤʦʜʠʬʽʢʘʮʽʡʉʢʣʘʜ ʟ 5-7% ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ

 ʄʦʥʦʣʽʪʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 20% ʧʨʦʛʥʦʟʦʚʘʥʠʡʽʥʪʝʨʚʘʣ

 ʇʨʷʤʘ ɸ1 ʇʨʦʛʥʦʟ ʤʦʜʝʣʽ 2.2

ʈʠʩʫʥʦʢ 2.18 ï ɺʤʽʩʪ ʭʣʦʨʠʜʽʚ ʥʘ ʛʣʠʙʠʥʽ 50,8 ʤʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʽ ʚʽʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʜʽʣʷʥʢʘʭ ʙʝʟ 

ʪʨʽʱʠʥ 
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ʃʽʥʽʡʥʠʡ ʪʨʝʥʜ A1 y(x)=0.0051x-0.1308
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,5
 ʤ
ʤ,
 ʢ
ʛ/ʤ

3

ʉʢʣʘʜ ʙʝʟ ʤʦʜʠʬʽʢʘʮʽʡʉʢʣʘʜ ʟ 5-7% ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ

 ʄʦʥʦʣʽʪʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 20% ʧʨʦʛʥʦʟʦʚʘʥʠʡʽʥʪʝʨʚʘʣ

 ʇʨʷʤʘ ɸ1 ʇʨʦʛʥʦʟ ʤʦʜʝʣʽ 2.2

ʈʠʩʫʥʦʢ 2.19 ï ɺʤʽʩʪ ʭʣʦʨʠʜʽʚ ʥʘ ʛʣʠʙʠʥʽ 63,5 ʤʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʽ ʚʽʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʜʽʣʷʥʢʘʭ ʙʝʟ 

ʪʨʽʱʠʥ 
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ʈʠʩʫʥʦʢ 2.20 ï ɺʤʽʩʪ ʭʣʦʨʠʜʽʚ ʥʘ ʛʣʠʙʠʥʽ 76,2 ʤʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʽ ʚʽʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʜʽʣʷʥʢʘʭ ʙʝʟ 

ʪʨʽʱʠʥ
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ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʧʨʠ ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʣʠ 

ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ2.17 ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫ ʤʦʜʝʣʽ 2.2 

ʦʢʨʝʩʣʶʶʪʴ ʚʝʨʭʥʶ ʤʝʞʫ, ʫʪʚʦʨʶʶʯʠ ʧʝʚʥʠʡ ʟʘʧʘʩ, ʥʝʩʧʽʚʩʪʘʚʥʠʡ ʟ ʣʽʥʽʡʥʠʤ 

ʪʨʝʥʜʦʤ, ʥʘʥʝʩʝʥʠʤ ʜʦʩʣʽʜʥʠʢʘʤʠ. ʇʨʦʪʝ ʧʽʩʣʷ 10 ʨʦʢʽʚ ʢʨʠʚʘ ʧʨʦʛʥʦʟʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ 2.2 ʧʦʩʪʫʧʦʚʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʨʷʤʦʾ ɸ1 ʪʘʢ, ʱʦ ʜʣʷ 20-

ʪʠ ʨʽʯʥʦʛʦ ʚʽʜʤʽʪʢʠ ʨʝʟʫʣʴʪʘʪʠ ʩʧʽʚʩʪʘʚʥʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ, ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ.2.18 ʜʝʤʦʥʩʪʨʫʶʪʴ ʙʽʣʴʰʝ 

ʥʘʙʣʠʞʝʥʥʷ ʧʨʦʛʥʦʟʫ ʨʝʩʫʨʩʫ ʤʦʜʝʣʽ 2.2 ʜʣʷ ʪʦʚʱʠʥʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʫ 50,6 ʤʤ 

ʥʽʞ ʜʣʷ ʪʦʚʱʠʥʠ 25,4 ʤʤ ʥʘ ʚʽʜʪʠʥʢʫ 5-15 ʨʦʢʽʚ, ʧʨʦʪʝ ʧʦʯʠʥʘʶʯʠ ʟ ʚʽʜʤʽʪʢʠ 15 

ʨʦʢʽʚ ʪʨʝʥʜ ɸ1 ʪʘ ʧʨʦʛʥʦʟ ʤʦʜʝʣʽ 2.2 ʨʦʟʭʦʜʷʪʴʩʷ. 

ɺʤʽʩʪ ʭʣʦʨʠʜʽʚ ʥʘ ʛʣʠʙʠʥʽ 63,5 ʤʤ ʚ ʜʽʣʷʥʢʘʭ ʙʝʟ ʪʨʽʱʠʥ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ 

ʨʠʩ 2.19 ʪʘ ʢʨʠʚʘ ʧʨʦʛʥʦʟʫ, ʧʦʙʫʜʦʚʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ 2.2, ʜʫʞʝ ʙʣʠʟʴʢʽ, 

ʟʚʽʜʢʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ ʜʘʥʠʭ ʫʤʦʚ ʤʦʜʝʣʴ ʜʘʻ ʥʘʡʙʽʣʴʰ 

ʨʝʘʣʽʩʪʠʯʥʠʡ ʨʝʟʫʣʴʪʘʪ. 

ɿʘ ʫʤʦʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʥʘ ʛʣʠʙʠʥʽ 76,2 ʤʤ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫ, 

ʦʪʨʠʤʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ 2.2 ʨʦʟʭʦʜʷʪʴʩʷ ʟ ʜʘʥʠʤʠ ʥʘʪʫʨʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, 

ʪʘ ʩʫʜʷʯʠ ʟ ʭʘʨʘʢʪʝʨʫ ʢʨʠʚʦʾ ʥʝ ʥʘʙʣʠʟʷʪʴʩʷ (ʨʠʩ 2.20), ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ ʜʘʥʠʭ ʫʤʦʚ ʤʦʜʝʣʽ 2.2 ʜʘʻ ʥʝʨʝʘʣʽʩʪʠʯʥʠʡ 

ʨʝʟʫʣʴʪʘʪ. 

ɺ ʨʦʙʦʪʽ [65] ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʣʴʦʚʠʭ ʽ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ 71 ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʤʦʩʪʘ ʫ ʚʽʮʽ ʚʽʜ 2 ʜʦ 70 ʨʦʢʽʚ (ʨʠʩ. 2.15). ʄʦʩʪʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʨʽʟʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ ʈʦʩʽʾ. ɿʘʣʝʞʥʦ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʚʩʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʣʠ ʧʦʜʽʣʝʥʽ ʥʘ ʛʨʫʧʠ ʧʦ ʉʅʠʇ 23-01-99 çɹʫʜʽʚʝʣʴʥʘ ʢʣʽʤʘʪʦʣʦʛʽʷè 

[110]. 

ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʧʦʚʥʘ ʢʘʨʙʦʥʽʟʘʮʽʷ 

ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ (ʨʅ < 9.0) ʤʘʻ ʤʽʩʮʝ ʫ 26.5 % ʦʙʩʪʝʞʝʥʠʭ ʤʦʩʪʽʚ. 

ʇʨʠʡʥʷʪʘ ʢʨʠʪʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ, ʨʽʚʥʘ 0.4 % ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ ʫ 

ʙʝʪʦʥʽ, ʜʦʩʷʛʥʫʪʘ ʫ 32% ʦʙʩʪʝʞʝʥʠʭ ʤʦʩʪʽʚ. 
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ʈʠʩʫʥʦʢ 2.21 ï ɺʤʽʩʪ ʭʣʦʨʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ (ʛʣʠʙʠʥʘ 20-30ʤʤ) 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʩʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʢʫ ʪʘ ʢʣʽʤʘʪʠʯʥʦʛʦ ʨʘʡʦʥʫ 

(ʟʛʽʜʥʦ ʟ [110]): ʘ) ʨʘʡʦʥ ɯɺ; ʙ) ʨʘʡʦʥ ɯɯɺ; ʚ) ʨʘʡʦʥ ɯɯɯɺ 

 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ 0.2% ʪʘ ʧʦʚʥʘ ʢʘʨʙʦʥʽʟʘʮʽʷ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ 19% ʦʙʩʪʝʞʝʥʠʭ ʤʦʩʪʽʚ. ɺʩʴʦʛʦ ʞ ʤʦʩʪʽʚ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʭʣʦʨʠʜʽʚ ʙʽʣʴʰʝ 0.2% - 49%. ɿʘ ʫʤʦʚʠ ʧʦʚʥʦʾ  ʢʘʨʙʦʥʽʟʘʮʽʾ ʙʝʪʦʥʫ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ 

ʫ ʪʘʢʠʭ ʤʦʩʪʽʚ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʨʠʟʠʢ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ. 

ʎʽʢʘʚʠʤʠ ʻ ʨʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥ ̫ʥʝʩʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʤʽʩʴʢʦʛʦ ʘʚʪʦʜʦʨʦʞʥʴʦʛʦ ʰʣʷʭʦʧʨʦʚʦʜʫ ʚ ʤ. ʉʘʨʘʥʩʴʢʫ (ʽʥʩʪʠʪʫʪ 

"ʇʨʦʝʢʪʤʦʩʪʦʨʝʢʦʥʩʪʨʫʢʮʠʷ", ʤ.ʉʘʨʘʪʦʚ), ʷʢʠʡ ʝʢʩʧʣʫʘʪʫʚʘʚʩʷ 36 ʨʦʢʽʚ ʚ 

ʫʤʦʚʘʭ ʜʽʾ ʩʦʣʝʡ-ʘʥʪʠʦʙʤʦʨʦʞʫʚʘʯʽʚ, ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: 

ʬʘʢʪʠʯʥʘ ʪʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ, ʛʣʠʙʠʥʘ ʢʘʨʙʦʥʽʟʘʮʽʾ ʙʝʪʦʥʫ (ʩʧʦʩʦʙʦʤ 

ʭʽʤʽʯʥʦʾ ʽʥʜʠʢʘʮʽʾ), ʚʤʽʩʪ ʭʣʦʨʠʜʽʚ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ, ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ 

(ʥʝʨʫʡʥʽʚʥʠʤ ʤʝʪʦʜʦʤ). 


















































































































































































































































































