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ɿʄɯʉʊ 
ʂʃɯʄʆɺ ʖʣʽʡ 
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ʪʫʨʠ ʢʣʘʩʫ ɺ500ééééééééééééééééééééééééé.. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʩʢʣʷʥʠʭ ʙʘʣʦʢ ʥʘ ʯʦʪʠʨʴʦʭʪʦʯʢʦʚʠʡ ʟʛʠʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝ-

ʪʦʜʫ ʢʦʨʝʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʟʦʙʨʞʝʥʴ 
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ʉʂʆʈʋʂ ʃʝʦʥʽʜ  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʙʥ ʚ.2.6-

162:2010 çʢʘʤôʷʥʽ ʪʘ ʘʨʤʦʢʘʤôʷʥʽ ʢʦʥʩʪʨʫʢʮʽʾè 
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ɹɯʃʀʂ ɸʨʪʝʤ, ɹɯʃʀʂ ʉʝʨʛʽʡ,  ɻʃɯʊɯʅ ʆʣʝʢʩʘʥʜʨ, ɼɾɸʅʆɺ ʃʶʙʦʤʠʨ  

ʆʧʪʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʩʪʘʣʝʚʠʭ ʜʚʦʪʘʚʨʦʚʠʭ ʙʘʣʦʢ ʟʽ ʟʤʽʥʥʦʶ ʰʠʨʠʥʦʶ ʧʦ-

ʣʠʮʴ 
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ɹɸʈɸɹɸʐ ʄʘʨʽʷ, ʂʆɺɸʃʔʆɺ ɸʥʜʨʽʡ, ʈʆʄɸʐʂɯʅɸ ʄʘʨʠʥʘ  

ʈʦʟʨʘʭʫʥʢʦʚʝ ʦʮʽʥʶʚʘʥʥʷ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʚʦʛʥʝʟʘʭʠʱʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʩʦʙʘʤʠ ʇʂ çʃɯʈɸ-ʉɸʇʈè 
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ɿʆɿʋʃʀʅɽʎʔ ɺʽʢʪʦʨʽʷ, ʂʆɺɸʃʔʏʋʂ ʆʣʝʢʩʘʥʜʨ  

ɺʧʣʠʚ ʜʦʜʘʪʢʦʚʦʛʦ ʚʚʝʜʝʥʥʷ NA3PO4Ā12H2O ʥʘ ʧʦʢʘʟʥʠʢʠ ʢʠʩʣʦʪʦʩʪʽʡʢʦʩʪʽ 

ʛʽʙʨʠʜʥʠʭ ʣʫʞʥʠʭ ʮʝʤʝʥʪʽʚ 
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ʉʄʆʈʂɸʃʆɺ ɼʤʠʪʨʦ, ɺʀʅʆʂʋʈ ɺʦʣʦʜʠʤʠʨ 

ʄʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʧʦʧʝʨʝʜʥʽʤ 

ʥʘʧʨʫʞʝʥʥʷʤ ʘʨʤʘʪʫʨʥʠʭ ʢʘʥʘʪʽʚ 
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ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩ-

ʪʠʯʥʦʾ ʦʮʽʥʢʠ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʦʣʦʜʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500.  

ʉʪʘʪʠʩʪʠʯʥʘ ʦʮʽʥʢʘ ʚʠʢʦʥʘʥʘ ʥʘ ʧʽʜʩʪʘʚʽ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ  ʥʘ ʨʦʟʪʷʛ 485 

ʟʨʘʟʢʽʚ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʢʘʪʘ-

ʥʢʠ  ʟʽ ʩʪʘʣʽ ʤʘʨʢʠ ʉʪ3ʧʩ, ʜʽʘʤʝʪʨʘʤʠ 5 ʤʤ (160 ʟʨʘ-

ʟʢʽʚ), ʜʽʘʤʝʪʨʦʤ  6 ʤʤ (133 ʟʨʘʟʢʘ), ʜʽʘʤʝʪʨʦʤ 8 

ʤʤ(142 ʟʨʘʟʢʘ)  ̔ʜʽʘʤʝʪʨʦʤ 10 ʤʤ (50 ʟʨʘʟʢʽʚ), ʚʽʜʽ-

ʙʨʘʥʠʭ ʟ ʤʦʪʢʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɺ ʧʨʦ-

ʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʟʥʘʯʘʣʠʩʷ ʦʩʥʦʚʥʽ ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500 - ʤʝʞʘ ʪʝʢʫ-

ʯʦʩʪʽ (ůʊ), ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ (ůɺ), ʚʽʜʥʦʰʝʥʥʷ ʪʠʤ-

ʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ (ůɺ/ůʊ), ʧʦʚʥʝ 
ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘ-

ʞʝʥʥʽ (ŭmax), ʙʫʜʫʚʘʣʠʩʷ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʽ ʚʠʟʥʘʯʘ-

ʚʩʷ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʘʨʤʘʪʫʨʠ (Es). ʉʪʘʪʠʩʪʠʯʥʘ 

ʦʮʽʥʢʘ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʨʤʘʪʫʨʠ ʚʠʢʦ-

ʥʫʚʘʣʘʩʴ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

(ůʊ, ůɺ/ůʊ, ŭmax), ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʜʽʘʤʝʪʨʽʚ ʽ ʚ ʮʽʣʦʤʫ 

ʧʦ ʚʩʽ ʚʠʙʽʨʮʽ ʽ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʝ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘ-

ʣʴʥʦʛʦ, ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʴ, ʩʝʨʝ-

ʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘ-

ʮʽʾ, ʧʦʙʫʜʦʚʫ ʛʽʩʪʦʛʨʘʤ ʨʦʟʧʦʜʽʣʫ ʟ ʧʦʨʽʚʥʷʥʥʷʤ ʾʭ 

ʟ ʥʦʨʤʘʣʴʥʠʭ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ, ʚʠʟʥʘʯʝʥʥʷ ʟʘʙʝʟ-

ʧʝʯʝʥʦʩʪʽ ʽ ʧʦʨʽʚʥʷʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʥʦʨʤʦʚʘ-

ʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʽʡʥʦʩʪʽ ʟʘ ʤʘʪʝ-

ʨʽʘʣʦʤ ɔs ʜʣʷ  ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ ɺ500 

ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʧʝʨʰʦʶ ʛʨʫʧʦʶ 

ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʩʪʘ-

ʥʦʚʣʝʥʦ, ʱʦ ʧʦʢʘʟʥʠʢʠ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ ʜʣʷ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ ʘʨʤʘʪʫʨʠ ʤʘʶʪʴ ʙʣʠ-

ʟʴʢʽ ʟʥʘʯʝʥʥʷ, ʘ ʾʭ ʨʦʟʧʦʜʽʣ ʙʣʠʟʴʢʠʡ ʜʦ ʥʦʨʤʘʣʴ-

ʥʦʛʦ. ɺ ʮʽʣʦʤʫ ʧʦ ʚʠʙʦʨʮʽ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ ʟʤʽʥʶ-

ʻʪʴʩʷ ʫ ʤʝʞʘʭ 500,00é800,00 ʄʇʘ, ʪʠʤʯʘʩʦʚʠʡ 

ʦʧʽʨ ï ʫ ʤʝʞʘʭ 550,00é830,00 ʄʇʘ, ʚʽʜʥʦʰʝʥʥʷ 

ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï ʫ ʤʝʞʘʭ ï 

1,031é1,309, ʧʦʚʥʝ ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢ-

ʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ  ï ʫ ʤʝʞʘʭ 2,286é4,857. 

ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʟʥʘʯʝʥʥʷ ʤʝʞʽ ʪʝʢʫ-

ʯʦʩʪʽ ʩʢʣʘʜʘʚ - 0,088, ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ï 0,079, ʚʽ-

ʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï 

0,037, ʧʦʚʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ï 0,162 ʽ ʙʫʚ ʙʣʠʟʴʢʠʤ ʜʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʛʘʨʷʯʝʢʘʪʘʥʦʾ ʽ ʪʝʨʤʦʤʝʭʘ-

ʥʽʯʥʦʟʤʽʮʥʝʥʦʾ ʘʨʤʘʪʫʨʠ. ɿʘʙʝʟʧʝʯʝʥʽʩʪʴ ʤʝʞʽ ʪʝ-

ʢʫʯʦʩʪʽ ʩʢʣʘʣʘ 0,964, ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ 

ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï 0,939, ʧʦʚʥʦʛʦ ʚʽʜʥʦʩ-

ʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘ-

ʞʝʥʥʽ ï 0,946, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʦʚʘʥʠʤ ʟʥʘʯʝʥ-

ʥʷʤ ʜʣʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʩʢʣʘʜʘʶʪʴ 

0,95, 090, ʽ 0,90. ʂʦʝʬʽʮʽʻʥʪ ʥʘʜʽʡʥʦʩʪʽ ʟʘ ʤʘʪʝʨʽʘ-

ʣʦʤ ʚ ʮʽʣʦʤʫ ʧʦ ʚʠʙʦʨʮʽ ʩʢʣʘʚ 1,143, ʱʦ ʤʝʥʰʝ 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʟ ʧʨʦʝʢ-

ʪʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʠʡ ʜʦʨʽʚ-

ʥʶʻ 1,20. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʍʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʘ ʘʨʤʘ-

ʪʫʨʘ; ʢʣʘʩ ɺ500ʉ; ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ; ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ. 
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ɺʉʊʋʇ 

 

ʍʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʫ ʘʨʤʘʪʫʨʫ ʢʣʘʩʫ 

ɺ500 ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʚʦʣʦʯʽʥʥʷ ʽ ʜʝʬʦʨ-

ʤʫʚʘʥʥʷ ʥʠʟʴʢʦ ʚʫʛʣʝʮʝʚʦʾ ʧʨʦʚʦʣʦʢʠ (ʢʘʪʘ-

ʥʢʠ) ʟʘ [1] ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʣʽʥʽʷʭ. 

ɿʘʟʚʠʯʘʡ ʚʠʨʦʙʥʠʯʽ ʣʽʥʽʾ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ 

ʧʨʠʩʪʨʽʡ ʨʦʟʤʦʪʢʠ, ʤʝʭʘʥʽʟʤ ʚʠʜʘʣʝʥʥʷ ʦʢʘ-

ʣʠʥʠ, ʧʨʠʩʪʨʽʡ ʘʢʪʠʚʥʦʾ ʭʦʣʦʜʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, 

ʧʨʠʩʪʨʽʡ ʮʠʢʣʽʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʪʷʛʥʫʯʠʡ ʙʘʨʘ-

ʙʘʥ ʪʘ ʧʨʠʩʪʨʽʡ ʬʦʨʤʫʚʘʥʥʷ ʤʦʪʢʽʚ.  

ʇʨʦʮʝʩ ʚʦʣʦʯʽʥʥʷ ʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠʟ-

ʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ (ʟʤʽʮʥʝʥʥʷ) ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʧʨʦʚʦʣʦʢʠ ʟ 250..300 ʄʇʘ 

ʜʦ 540é600 ʄʇʘ ʟ ʦʜʥʦʯʘʩʥʦʾ ʯʘʩʪʢʦʚʦʶ 

ʚʪʨʘʪʦʶ ʾʾ ʧʣʘʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʜʦʩʣʽʜʞʝʥʥʷ ʭʦʣʦ-

ʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ ʚ ʦʩʥʦʚʥʦʤʫ 

ʟʚʦʜʠʣʦʩʷ ʜʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʟʤʽʮʥʝʥʥʷ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙ-

ʥʠʯʠʭ ʣʽʥʽʡ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʘʨʤʘʪʫʨʠ ʚ ʥʘ-

ʧʨʷʤʢʫ ʧʽʜʚʠʱʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʨʝʣʘʢʩʘ-

ʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʢʦʨʦʟʽʡʥʦʾ ʽ ʚʦʛʥʝʚʦʾ ʩʪʽʡ-

ʢʦʩʪʽ ʰʣʷʭʦʤ ʚʢʣʶʯʝʥʥʷ ʚ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚ-

ʣʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟ ʧʦʜʘʣʴʰʠʤ ʦʭʦ-

ʣʦʜʞʝʥʥʷʤ [2, 3, 4]. ʈʘʟʦʤ ʟ ʪʠʤ, ʜʦʩʣʽʜʞʝʥ-

ʥʷʤ ʚʠʟʥʘʯʘʣʴʥʠʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʦʣʦʜ-

ʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ ʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ, ʧʝʨʝʜ ʫʩʽʤ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʤʝ-

ʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʯʝʧʣʝʥʥʶ ʟ ʙʝʪʦ-

ʥʦʤ ʽ ʟʚʘʨʶʚʘʥʦʩʪʽ, ʥʝ ʧʨʠʜʽʣʷʣʦʩʴ ʜʦʩʪʘʪ-

ʥʴʦʾ ʫʚʘʛʠ. 

ɼʦʩʠʪʴ ʩʢʘʟʘʪʠ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 

ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʘ ʘʨʤʘʪʫʨʘ ʢʣʘʩʫ ɺ500 

ʚʢʣʶʯʝʥʘ ʫ ʥʦʨʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝ-

ʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [5, 6], ʚʽʜʩʫʪʥʽʡ ʙʫʜʴ-

ʷʢʠʡ ʥʦʨʤʘʪʠʚʥʠʡ ʜʦʢʫʤʝʥʪ ʨʽʚʥʷ ʜʝʨʞʘʚʥʦʛʦ 

ʩʪʘʥʜʘʨʪʫ, ʷʢʠʡ ʙʠ ʚʩʪʘʥʦʚʣʶʚʘʚ ʪʝʭʥʽʯʥʽ ʚʠ-

ʤʦʛʠ ʜʦ ʪʘʢʦʾ ʘʨʤʘʪʫʨʠ ʽ ʾʾ ʚʠʛʦʪʦʚʣʝʥʥʷ. ɿʘʛʘ-

ʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʘʨʤʘʪʫʨʠ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʢʣʘʜʝʥʽ ʫ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʩʪʘʥ-

ʜʘʨʪʽ [7] ʜʣʷ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ 

ʢʣʘʩʫ ɺ500 ʧʦʪʨʝʙʫʶʪʴ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʥʘ ʨʽʚʥʽ 

ʜʝʨʞʘʚʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʛʘʨʷʯʝʢʘ-

ʪʘʥʦʶ ʽ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʟʤʽʮʥʝʥʦʶ ʘʨʤʘʪʫʨʦʶ 

[8]. 

ʍʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʘ ʘʨʤʘʪʫʨʘ ʢʣʘʩʫ 

ɺ500, ʟʘʟʚʠʯʘʡ, ʤʘʻ ʪʨʴʦʭʩʪʦʨʦʥʥʽʡ ʘʙʦ ʯʦ-

ʪʠʨʴʦʭʩʪʦʨʦʥʥʽʡ ʩʝʨʧʦʚʠʜʥʠʡ ʧʨʦʬʽʣʴ, ʧʘ-

ʨʘʤʝʪʨʠ ʟʯʝʧʣʝʥʥʷ ʷʢʦʛʦ  ʟ ʙʝʪʦʥʦʤ, ʧʨʠ ʚʽ-

ʜʩʫʪʥʦʩʪʽ ʜʦʩʪʘʪʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦ-

ʩʣʽʜʞʝʥʴ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʪʽʣʴʢʠ 

ʪʝʦʨʝʪʠʯʥʦ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʚʽʜ-

ʥʦʩʥʦʾ ʧʣʦʱʽ ʟʤôʷʪʪʷ ʽ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʾʾ ʟ ʚʠ-

ʤʦʛʘʤʠ [7].  

ʉʪʦʩʦʚʥʦ ʟʚʘʨʶʚʘʥʥʷ - ʭʦʣʦʜʥʦʜʝʬʦʨʤʦ-

ʚʘʥʘ ʘʨʤʘʪʫʨʘ ʢʣʘʩʫ ɺ500 ʚʽʜʩʫʪʥʷ ʫ ʚʽʜʧʦ-

ʚʽʜʥʠʭ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ, ʷʢʽ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʪʠʧʠ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ ʘʨʤʘ-

ʪʫʨʠ [9], ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ, ʤʝʪʦʜʠ ʚʠʧʨʦʙʫ-

ʚʘʥʴ ʽ ʧʨʘʚʠʣʘ ʾʭ ʧʨʠʡʤʘʥʥʷ [10], ʱʦ ʫʥʝʤʦ-

ʞʣʠʚʣʶʻ ʟʚʘʨʶʚʘʥʥʷ ʪʘʢʦʾ ʘʨʤʘʪʫʨʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ 

ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘ-

ʥʦʾ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500, ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʚʘʛ 

ʚʠʧʫʩʢʫ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʦʛʦ ʢʣʘʩʫ ʘʨʤʘ-

ʪʫʨʠ ʚ ʤʦʪʢʘʭ, ʘ ʩʘʤʝ ʙʝʟʚʽʜʭʦʜʥʦʛʦ ʘʚʪʦʤʘ-

ʪʠʟʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʪʦʢ, ʘʨʤʘʪʫʨʥʠʭ 

ʚʠʨʦʙʽʚ (ʭʦʤʫʪʽʚ, ʚʽʜʛʠʥʽʚ ʪʘ ʽʥʰ.) ʥʝʦʙʭʽ-

ʜʥʦ ʧʦʝʪʘʧʥʦ ʚʠʢʦʥʘʪʠ ʩʪʘʪʠʩʪʠʯʥʫ ʦʮʽʥʢʫ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʨʤʘʪʫʨʠ, ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʾʾ ʟʯʝʧʣʝʥʥʷ ʟ ʙʝʪʦʥʦʤ ʽ ʟʚʘʨʶʚʘʥʦ-

ʩʪʽ, ʨʦʟʨʦʙʠʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʜʝʨʞʘʚʥʠʡ ʩʪʘʥ-

ʜʘʨʪ, ʷʢ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫ [11].  

ʋ ʮʽʡ ʨʦʙʦʪʽ, ʷʢ ʧʝʨʰʠʡ ʝʪʘʧ, ʥʘʚʦʜʷʪʴʩʷ 

ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘ-

ʪʫʨʠ ʢʣʘʩʫ ɺ500. 

 

ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ ʊɸ 

ɸʅɸʃɯɿ ʇʆʇɽʈɽɼʅɯʍ ɼʆʉʃɯɼɾɽʅʔ 

 

ʆʩʥʦʚʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ ʘʨʤʘʪʫʨʠ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫ-

ʢʮʽʡ, ʱʦ ʥʦʨʤʫʶʪʴʩʷ, ʻ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ (ůʊ), 

ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝ-

ʢʫʯʦʩʪʽ (ůɺ/ůʊ) ʽ ʧʦʚʥʝ ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ (ŭmax) [7, 

8].  

ʇʨʠ ʮʴʦʤʫ, ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʤʝʞʽ ʪʝʢʫʯʦ-

ʩʪʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʤʫ ʟʥʘ-

ʯʝʥʥʶ ʤʽʮʥʦʩʪʽ ʘʨʤʘʪʫʨʠ ʥʘ ʨʦʟʪʷʛ, ʚʩʪʘʥʦ-

ʚʣʝʥʘ ʥʘ ʨʽʚʥʽ 0,95, ʘ ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦ-

ʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʽ ʧʦʚʥʦʛʦ ʚʽʜ-

ʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ï ʥʘ ʨʽʚʥʽ 0,9 [7, 8]. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʘʨʤʘ-

ʪʫʨʠ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ 
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ʨʦʟʪʷʛ ʤʘʻ ʤʘʪʠ ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ 0,998 ʽ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʟʘ ʤʝʪʦʜʦʤ ʯʘʩʪʢʦʚʠʭ ʢʦʝʬʽʮʽ-

ʻʥʪʽʚ ʨʝʛʫʣʶʻʪʴʩʷ ʧʨʠʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻ-

ʥʪʘ ʥʘʜʽʡʥʦʩʪʽ ʟʘ ʤʘʪʝʨʽʘʣʦʤ ɔs. 

ʋ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʟ ʧʨʦʝ-

ʢʪʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [6] ʢʦʝ-

ʬʽʮʽʻʥʪ ʥʘʜʽʡʥʦʩʪʽ ɔs ʜʣʷ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ 

ɸ240ʉ ʩʢʣʘʜʘʻ 1,05, ʢʣʘʩʫ ɸ400ʉ ï 1,10, ʢʣʘʩʫ 

500ʉ, ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʽʘʤʝʪʨʫ, 1,15 ʽ 1,20 ʽ 

ʢʣʘʩʫ ɺ500 ï 1,20. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʫ ɭʚʨʦʧʝʡʩʴ-

ʢʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʩʠʩʪʝʤʠ ɭʚʨʦ-

ʢʦʜʽʚ ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʽʡʥʦʩʪʽ ʜʣʷ ʚʩʽʻʾ ʘʨʤʘʪʫʨʠ 

ɔs ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ 1,15 [12]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʛʦ ʧʨʦ-

ʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʝʨʤʦʤʝʭʘ-

ʥʽʯʥʦʟʤʽʮʥʝʥʦʶ ʽ ʛʘʨʷʯʝʢʘʪʘʥʦʶ ʘʨʤʘʪʫ-

ʨʦʶ, ʜʣʷ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ 

ʢʣʘʩʫ ɺ500 ʫ [5] ʚʩʪʘʥʦʚʣʝʥʠʡ ʦʜʠʥ ʟ ʥʘʡʙʽ-

ʣʴʰʠʭ ʟʘ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʽʡʥʦʩʪʽ 

ɔs. ʇʦʷʩʥʝʥʥʷʤ ʮʴʦʛʦ ʬʘʢʪʫ ʻ ʢʦʥʩʝʨʚʘʪʠʚ-

ʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʦʧʦʨʫ ʥʘ ʨʦʟʪʷʛ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘ-

ʪʫʨʠ ʚʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʾʾ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʮʽʻʾ ʘʨʤʘʪʫʨʠ.  

ɺ ʩʚʽʪʣʽ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ, ʩʪʘʪʠʩʪʠʯʥʘ 

ʦʮʽʥʢʘ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʦʣʦʜʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ ʣʘʩʫ ɺ500 ʟ ʧʦʩʣʽ-

ʜʫʶʯʠʤ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʢʦʝ-

ʬʽʮʽʻʥʪʘ ʥʘʜʽʡʥʦʩʪʽ ɔs ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘ-

ʯʝʶ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ 

ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʘʨʤʘʪʫʨʠ ʥʘ 

ʨʦʟʪʷʛ ʽ ʦʪʨʠʤʘʪʠ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʘʨʤʘ-

ʪʫʨʠ. 

 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ 

ʢʣʘʩʫ ɺ500 ʽ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʾʭ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ 

ʚʠʤʦʛʘʤ ʜʦ ʘʨʤʘʪʫʨʠ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʠʤʝ-

ʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ 

ʢʣʘʩʫ ɺ500 ʟ ʾʭ ʧʦʩʣʽʜʫʶʯʦʶ ʩʪʘʪʠʩʪʠʯʥʦʶ 

ʦʙʨʦʙʢʦʶ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘ-

ʨʘʤʝʪʨʽʚ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ. 

 

 

ɿʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ: 

- ʦʪʨʠʤʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʱʦʜʦ 
ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ (ůʊ), ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ 

(ůɺ), ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ 

ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ (ůɺ/ ůʊ) ʽ ʧʦʚʥʦʛʦ ʚʽʜʥʦʩ-

ʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ (ŭmax) ʜʣʷ ʥʦʤʝʥʢʣʘʪʫʨʠ 

ʜʽʘʤʝʪʨʽʚ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘ-

ʪʫʨʠ ʢʣʘʩʫ ɺ500, ʷʢʽ ʚʠʧʫʩʢʘʶʪʴʩʷ; 

- ʚʠʢʦʥʘʪʠ ʩʪʘʪʠʩʪʠʯʥʫ ʦʮʽʥʢʫ ʨʝʟʫʣʴʪʘ-
ʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʚʩʪʘʥʦʚʠʪʠ ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʥʦʨʤʦʚʘʥʠʭ 

ʟʥʘʯʝʥʴ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʽʡʥʦʩʪʽ ʟʘ 

ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500.  

 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʯ-

ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ 

ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500 ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʝ ʚʠ-

ʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ ʟʘ [7] ʟʨʘʟʢʽʚ ʘʨʤʘʪʫʨʠ 

ʢʣʘʩʫ ɺ500 ʜʽʘʤʝʪʨʘʤʠ 5, 6, 8  ̔10 ʤʤ, ʚʽʜʽʙ-

ʨʘʥʠʭ ʟ ʤʦʪʢʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɺʩʴʦʛʦ ʙʫʣʦ ʚʠʧʨʦʙʫʚʘʥʦ 485 ʟʨʘʟʢʽʚ ʘʨʤʘ-

ʪʫʨʠ, ʟ ̫ ʢʠʭ ʜʽʘʤʝʪʨʦʤ 5 ʤʤ ï 160 h ʪ, ʜʽʘʤʝ-

ʨʦʤ  6 ʤʤ ï 133 h ʪ, ʜʽʘʤʝʪʨʦʤ 8 ʤʤ ï 142 h ʪ 

 ̔ʜʽʘʤʝʪʨʦʤ 10 ʤʤ- 50 ʰʪ (ʪʘʙʣ.1). ɼʣʷ ʚʠʛʦ-

ʪʦʚʣʝʥʥʷ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ 

ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʢʘʪʘʥʢʘ  ʟʘ [1] ʟ ʨʽʟʥʠʭ ʧʣʘ-

ʚʦʢ ʩʪʘʣʽ ʤʘʨʢʠ ʉʪ3ʧʩ, ʭʽʤʽʯʥʠʭ ʩʢʣʘʜ ʷʢʠʭ 

ʥʘʚʝʜʝʥʠʡ ʫ ʪʘʙʣ.1. 

ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʟʨʘʟʢʽʚ ʘʨʤʘʪʫʨʠ ʥʘ 

ʨʦʟʪʷʛ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ: 

- ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ (ůʊ); 

- ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ (ůɺ); 

- ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ 

ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ (ůɺ/ ůʊ); 

- ʧʦʚʥʝ ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ  (ŭmax). 

ɺ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʤʽʨʶʚʘʣʠʩʷ ʧʦ-

ʟʜʦʚʞʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʨʘʟʢʽʚ ʘʨʤʘʪʫʨʠ, ʷʢʽ ʫ 

ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʧʦʙʫ-

ʜʦʚʠ ʟʘʣʝʞʥʦʩʪʽ  ů ï Ů  ʽ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʶ 

ʧʨʫʞʥʦʩʪʽ ʘʨʤʘʪʫʨʠ. 

ʉʪʘʪʠʩʪʠʯʥʘ ʦʮʽʥʢʘ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʘʨʤʘʪʫʨʠ ʚʠʢʦʥʫʚʘʣʘʩʴ ʜʣʷ ʢʦʞʥʦʛʦ  ʟ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ůʊ, ůɺ/ůʊ, ŭmax)  ʜʣʷ 

ʢʦʞʥʦʛʦ ʟ ʜʽʘʤʝʪʨʽʚ ʽ ʚ ʮʽʣʦʤʫ ʧʦ ʚʩʽ ʚʠʙʽʨʮʽ 

ʽ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʝ:
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- ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ, ʤʘʢʩʠʤʘʣʴ-
ʥʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ; 

- ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜ-
ʭʠʣʝʥʥʷ (S); 

- ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ (V); 

- ʧʦʙʫʜʦʚʫ ʛʽʩʪʦʛʨʘʤ ʨʦʟʧʦʜʽʣʫ ʟ ʧʦʨʽʚ-
ʥʷʥʥʷʤ ʾʭ ʟ ʥʦʨʤʘʣʴʥʠʭ ʟʘʢʦʥʦʤ ʨʦʟʧʦ-

ʜʽʣʫ; 

- ʚʠʟʥʘʯʝʥʥʷ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʢʦʞʥʦʛʦ ʟ 
ʧʦʢʘʟʥʠʢʽʚ ʽ ʧʦʨʽʚʥʷʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʥʦʨʤʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ; 

- ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʽʡʥʦʩʪʽ ʟʘ 

ʤʘʪʝʨʽʘʣʦʤ ɔs ʜʣʷ  ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘ-

ʥʦʾ ʘʨʤʘʪʫʨʠ ɺ500 ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥ-

ʩʪʨʫʢʮʽʡ ʟʘ ʧʝʨʰʦʶ ʛʨʫʧʦʶ ʛʨʘʥʠʯʥʠʭ 

ʩʪʘʥʽʚ. 

 

ʆʉʅʆɺʅʀʁ ʄɸʊɽʈɯɸʃ ʊɸ  

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʫ ʧʦʢʘʟ-

ʥʠʢʽʚ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʦʣʦʜʥʦʜʝ-

ʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500 ʥʘʚʝʜʝʥʽ ʫ 

ʚʠʛʣʷʜʽ: 

- ʛʨʘʬʽʢʽʚ ʟʘʣʝʞʥʦʩʪʽ  ů ï Ů ʜʣʷ ʘʨʤʘʪʫʨʠ 

ʜʽʘʤʝʪʨʽʚ 5, 6, 8 ʽ 10 ʤʤ (ʨʠʩ.1);  

- ʛʽʩʪʦʛʨʘʤ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢʽʚ ʤʝʭʘʥʽ-
ʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʮʽʣʦʤʫ ʧʦ ʚʠʙʦʨʮʽ 

ʽ ʾʭ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʟ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦ-

ʥʦʤ ʨʦʟʧʦʜʽʣʫ (ʨʠʩ.2-5); 

- ʪʘʙʣʠʮʴ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʘ-
ʨʘʤʝʪʨʽʚ ʧʦʢʘʟʥʠʢʽʚ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʽ ʧʦʨʽʚʥʷʥʥʷʤ ʾʭ ʟʘʙʝʟʧʝʯʝʥʦ-

ʩʪʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʥʦʨʤʦʚʘʥʠʤʠ ʟʥʘʯʝʥ-

ʥʷʤʠ ʟʘ [ 7, 8] (ʪʘʙʣ.2-5) ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʘ-

ʜʽʡʥʦʩʪʽ ɔs ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʜʽʘʤʝʪʨʽʚ ʽ ʚ ʮʽ-

ʣʦʤʫ ʧʦ ʚʠʙʽʨʮʽ (ʪʘʙʣ.2). 

 

 

ʊʘʙʣ. 1 ʉʢʣʘʜ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʽ. 

Tablʝ. 1 Composition of tests and chemical composition of steel. 

ˉ 

ʧ/ʧ 

ʄʘ-

ʨʢʘ 

ʩʪʘʣʽ 

ɼʽʘ-

ʤʝʪʨ, 

ʤʤ 

ʂʽʣʴ-

ʢʽʩʪʴ 

ʟʨʘʟʢʽʚ, 

ʰʪ 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ, % 

ʉ ʄn Si S P Cr Ni Cu 

1 

ʉʪ3ʧʩ 5 160 

0,21 0,48 0,01 0,021 0,011 0,04 0,02 0,03 

2 0,18 0,54 0,05 0,046 0,018 0,07 0,02 0,05 

3 0,19 0,55 0,06 0,041 0,014 0,03 0,02 0,02 

4 

ʉʪ3ʧʩ 6 143 

0,19 0,55 0,06 0,041 0,014 0,03 0,02 0,02 

5 0,18 0,60 0,08 0,028 0,008 0,03 0,02 0,03 

6 0,19 0,64 0,09 0,050 0,011 0,03 0,02 0,04 

7 

ʉʪ3ʧʩ 8 132 

0,21 0,57 0,06 0,015 0,020 0,02 0,03 0,04 

8 0,21 0,65 0,08 0,027 0,026 0,04 0,02 0,02 

9 0,02 0,55 0,06 0,030 0,018 0,03 0,02 0,02 

10 

ʉʪ3ʧʩ 10 50 

0,20 0,55 0,06 0,030 0,018 0,03 0,02 0,02 

11 0,19 0,52 0,09 0,023 0,008 0,04 0,02 0,04 

12 0,19 0,55 0,07 0,021 0,009 0,04 0,02 0,02 
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ʈʠʩ.1 ɼʽʘʛʨʘʤʘ ů ï Ů ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500 

Fig. 1. Diagram ů ï Ů of cold deformed reinforcement of class B500. 

 

 
ʈʠʩ.2 ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʟʥʘʯʝʥʴ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʘʨʤʘʪʫʨʠ ʜʽʘʤʝʪʨʽʚ 5, 6, 8, 10 ʤʤ ʢʣʘʩʫ ɺ500 

ʟ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ. 

Fig. 2. Comparison of the distribution of the values of the yield strength of reinforcing bars with diameters 

of 5, 6, 8, 10 mm class B500 with the normal distribution law 
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ʈʠʩ.3 ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʟʥʘʯʝʥʴ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʘʨʤʘʪʫʨʥʦʛʦ ʧʨʦʢʘʪʫ ʜʽʘʤʝʪʨʽʚ 5, 6, 8, 10 

ʤʤ ʢʣʘʩʫ ɺ500 ʟ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ. 

Fig.3. Comparison of the distribution of the values of the ultimate resistance of the reinforcing bars with 

diameters of 5, 6, 8, 10 mm class B500 with the normal distribution law. 

 

 

ʈʠʩ.4. ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʘʨʤʘʪʫʨʠ 

ʜʽʘʤʝʪʨʽʚ 5, 6, 8, 10 ʤʤ ʢʣʘʩʫ ɺ500 ʟ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ. 

Fig.4. Comparison of the distribution of the relative elongation at the maximum load of reinforcing bars 

with diameters of 5, 6, 8, 10 mm class B500 with the normal distribution law.  
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ʈʠʩ.5. ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʘʨʤʘʪʫʨʠ ʜʽʘʤʝʪ-

ʨʽʚ 5, 6, 8, 10 ʤʤ ʢʣʘʩʫ ɺ500 ʟ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ. 

Fig. 5. Comparison of the distribution of the ratio of ultimate resistance to the yield strength of rebar with 

diameters of 5, 6, 8, 10 mm class B500 with the normal distribution law. 

 

ʊʘʙʣ. 2. ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʧʨʦʙʫʚʘʥʴ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500. 

ʄʝʞʘ ʪʝʢʫʯʦʩʪʽ.  

Tablʝ. 2. Results of statistical processing of tests of cold deformed reinforcement of class B500. 

Yield strength. 

 

ɼʽʘ-

ʤʝʪʨ, 

ʤʤ 

  

ʂʽʣʴ-

ʢʽʩʪʴ 

ʟʨʘʟ-

ʢʽʚ, 

ʰʪ 

  

ʄʝʞʘ ʪʝʢʫʯʦʩʪʽ, ůʊ 

(max)ʊs  

ʅ/ʤʤ
2

 

  

(min)ʊs  

ʅ/ʤʤ
2

 

  

)(medʊs  

ʅ/ʤʤ
2

 

  

S 

ʅ/ʤʤ

2
 

V  

 

ɿʘʙʝʟʧʝʯʝʥʽʩʪʴ ɔs 

ʬʘʢʪʠ-

ʯʥʘ 

ʥʦʨ-

ʤʦ-

ʚʘʥʘ 

5 160 730,00 500,00 595,08 50,066 0,088 0,971 0,950 1,124 

6 133 683,00 500,00 579,64 39,777 0,069 0,977 0,950 1,086 

8 142 800,00 515,00 616,86 61,366 0,099 0,972 0,950 1,155 

10 50 652,00 500,00 568,24 32,441 0,057 0,982 0,950 1,062 

ɿʘ ʚʠ-

ʙʽʨ-

ʢʦʶ 

485 800,00 500,00 594,42 52,33 0,088 0,964 0,950 1,143 
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ʊʘʙʣ. 3. ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʧʨʦʙʫʚʘʥʴ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500. 
ʊʠʤʯʘʩʦʚʠʡ ʦʧʽʨ.  

Tablʝ. 3. Results of statistical processing of tests of cold deformed reinforcement of class B500. 

Ultimate strength. 
 

ɼʽʘ-

ʤʝʪʨ, 

ʤʤ 

  

ʄʘʨ

ʢʘ 

ʩʪʘʣ ̔

  

ʂʽʣʴ-

ʢʽʩʪʴ 

ʟʨʘʟʢʽʚ, 

ʰʪ 

  

ʊʠʤʯʘʩʦʚʠʡ ʦʧʽʨ, ůɺ 

(max)ɺs  

ʅ/ ʤʤ
2

 

(min)ɺs  

ʅ/ ʤʤ
2

 

)(medɺs  

ʅ/ ʤʤ
2

 

S 

 

ʅ/ ʤʤ
2

 

V  

 

ɿʘʙʝʟʧʝʯʝʥʽʩʪʴ 

ʬʘʢʪʠ-

ʯʥʘ 

ʥʦʨ-

ʤʦ-

ʚʘʥʘ 

5 3ʧʩ 160 780,00 550,00 642,90 51,548 0,080 0,977 - 

6 3ʧʩ 133 720,00 550,00 631,70 36,301 0,057 0,994 - 

8 3ʧʩ 142 830,00 590,00 678,33 57,065 0,084 0,992 - 

10 3ʧʩ 50 680,00 560,00 638,14 30,485 0,048 0,999 - 

ɿʘ ʚʠʙʽʨʢʦʶ 485 830,00 550,00 649,80 51,256 0,079 0,974 - 

 

 

 
ʊʘʙʣ. 4. ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʧʨʦʙʫʚʘʥʴ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500. 

ɺʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ.  

Tablʝ. 4. Results of statistical processing of tests of cold deformed reinforcement of class B500. 

Relative elongation at the maximum load. 

 

 
ɼʽʘʤʝʪʨ, 

ʤʤ 

  

ʄʘʨʢʘ 

ʩʪʘʣ ̔

ʂʽʣʴ-

ʢʽʩʪʴ 

ʟʨʘʟʢʽʚ, 

ʰʪ 

  

ʇʦʚʥʝ ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʚʘ-

ʥʪʘʞʝʥʥʷ, ŭmax 

ŭmax 

max 

% 

ŭmax 

min 

% 

ŭmax 

med 

% 

S, 
% 

V , 
ɿʘʙʝʟʧʝʯʝʥʽʩʪʴ 

ʬʘʢʪʠ-

ʯʥʘ 

ʥʦʨ-

ʤʦ-

ʚʘʥʘ 

5 3ʧʩ 160 4,571 2,286 3,263 0,494 0,151 0,939 0,90 

6 3ʧʩ 133 4,714 2,286 3,346 0,527 0,157 0,946 0,90 

8 3ʧʩ 142 5,002 2,441 3,289 0,575 0,175 0,915 0,90 

10 3ʧʩ 50 3,500 2,100 1,124 0,044 0,039 0,956 0,90 

ɿʘ ʚʠʙʽʨʢʦʶ 485 4,857 2,286 3,236 0,524 0,162 0,946 0,90 
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ʊʘʙʣ. 5. ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʧʨʦʙʫʚʘʥʴ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500. 

ɺʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ.  

Tablʝ. 5. Results of statistical processing of tests of cold deformed reinforcement of class B500. Ratio of 

ultimate resistance to the yield strength. 

 

ɼʽʘ-

ʤʝʪʨ

, 

ʤʤ 

  

ʄʘʨʢʘ 

ʩʪʘʣ ̔

  

ʂʽʣʴ-

ʢʽʩʪʴ 

ʟʨʘʟ-

ʢʽʚ, 

ʰʪ 

  

ɺʽʜʥʦʰʝʥʥʷ, ůɺ/ ůʊ 

ůɺ/ůʊ 

max 

ůɺ/ ůʊ 

mix 

ůɺ/ ůʊ 

med 

S, 

 

V  

 

ɿʘʙʝʟʧʝʯʝʥʽʩʪʴ 

ʬʘʢʪʠ-

ʯʥʘ 

ʥʦʨʤʦ-

ʚʘʥʘ 

5 3ʧʩ 160 1,208 1,032 1,103 0,030 0,027 0,962 0,90 

6 3ʧʩ 133 1,236 1,050 1,113 0,037 0,033 0,956 0,90 

8 3ʧʩ 142 1,309 1,046 1,124 0,053 0,047 0,921 0,90 

10 3ʧʩ 50 1,207 1,031 1,124 0,044 0,038 0,956 0,90 

ɿʘ ʚʠʙʽʨʢʦʶ 485 1,309 1,031 1,114 0,041 0,037 0,939 0,90 

 

ɺʀʉʅʆɺʂʀ ɯ ʇɽʈʉʇɽʂʊʀɺʀ 

ʇʆɼɸʃʔʐʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

ʉʠʩʪʝʤʘʪʠʟʘʮʽʷ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʽ ʘʥʘʣʽʟ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʦʣʦ-

ʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500 ʽ ʾʭ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ 

ʪʘʢʽ ʦʩʥʦʚʥʽ ʚʠʚʦʜʠ. 

ɼʽʘʛʨʘʤʘ ʟʘʣʝʞʥʦʩʪʽ ů ï Ů ʜʣʷ ʭʦʣʦʜʥʦʜʝ-
ʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500 ʥʝ ʤʘʻ ʚʠ-

ʨʘʞʝʥʦʾ ʧʣʦʱʘʜʢʠ ʪʝʢʫʯʦʩʪʽ (ʨʠʩ.1) ʽ ʪʦʤʫ 

ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ, ʷʢ ʘʨʤʘʪʫʨʘ ʟ ʫʤʦʚʥʦʶ 

ʤʝʞʝʶ ʪʝʢʫʯʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʤʦʜʫʣʴ ʧʨʫʞ-

ʥʦʩʪʽ ʘʨʤʘʪʫʨʠ ʩʢʣʘʚ Es =2,36  105  ʄʇʘ. 

ɼʣʷ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʛʦ ʧʨʦʢʘʪʫ 

ʢʣʘʩʫ ɺ500 ʜʽʘʤʝʪʨʦʤ 5 ʤʤ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ 

ʟʤʽʥʶʚʘʣʘʩʴ ʫ ʤʝʞʘʭ 500,00é730,00 ʄʇʘ 

(ʪʘʣ.2), ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ï ʫ ʤʝʞʘʭ 

550,00é780,00 ʄʇʘ (ʪʘʙʣ.3), ʧʦʚʥʝ ʚʽʜʥʦ-

ʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥ-

ʪʘʞʝʥʥʽ ï ʫ ʤʝʞʘʭ 2,286é4,571 (ʪʘʙʣ.4), ʚʽ-

ʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫ-

ʯʦʩʪʽ ï ʫ ʤʝʞʘʭ ï 1,032é1,208 (ʪʘʙʣ.5). ʇʨʠ 

ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʟʥʘʯʝʥʥʷ ʤʝʞʽ ʪʝ-

ʢʫʯʦʩʪʽ ʩʢʣʘʜʘʚ - 0,088, ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ 

ï 0,080, ʧʦʚʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ï 0,151, ʚʽʜ-

ʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦ-

ʩʪʽ ï ,027. ɿʘʙʝʟʧʝʯʝʥʽʩʪʴ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ 
ʩʢʣʘʣʘ 0,971, ʧʦʚʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚ-

ʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ï 

0,939, ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ 

ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï 0,962.  

ɼʣʷ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʛʦ ʧʨʦʢʘʪʫ 

ʢʣʘʩʫ ɺ500 ʜʽʘʤʝʪʨʦʤ 6 ʤʤ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ 

ʟʤʽʥʶʚʘʣʘʩʴ ʫ ʤʝʞʘʭ 500,00é683,00 ʄʇʘ 

(ʪʘʣ.2), ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ï ʫ ʤʝʞʘʭ 

550,00é720,00 ʄʇʘ (ʪʘʙʣ.3), ʧʦʚʥʝ ʚʽʜʥʦ-

ʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥ-

ʪʘʞʝʥʥʽ ïʫ ʤʝʞʘʭ 2,286é4,714 (ʪʘʙʣ.4), ʚʽʜ-

ʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦ-

ʩʪʽ ï ʫ ʤʝʞʘʭ ï 1,050é1,236 (ʪʘʙʣ.5).  

ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʟʥʘʯʝʥʥʷ 

ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʢʣʘʜʘʚ - 0,069, ʪʠʤʯʘʩʦʚʦʛʦ 

ʦʧʦʨʫ ï 0,057, ʧʦʚʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚ-

ʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ï 

0,157, ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ 

ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï 0,033. ɿʘʙʝʟʧʝʯʝʥʽʩʪʴ ʤʝʞʽ 
ʪʝʢʫʯʦʩʪʽ ʩʢʣʘʣʘ 0,977, ʧʦʚʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ 

ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘ-

ʞʝʥʥʽ ï 0,946, ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ 

ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï 0,956.  
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ɼʣʷ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʛʦ ʧʨʦʢʘʪʫ 

ʢʣʘʩʫ ɺ500 ʜʽʘʤʝʪʨʦʤ 8 ʤʤ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ 

ʟʤʽʥʶʚʘʣʘʩʴ ʫ ʤʝʞʘʭ 515,00é800,00 ʄʇʘ 

(ʪʘʣ.2), ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ï ʫ ʤʝʞʘʭ 590é830 

ʄʇʘ (ʪʘʙʣ.3), ʧʦʚʥʝ ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ïʫ ʤʝʞʘʭ 

2,441é5,002 (ʪʘʙʣ.4), ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦ-

ʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï ʫ ʤʝʞʘʭ ï 

1,046é1,308 (ʪʘʙʣ.5). ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ 

ʚʘʨʽʘʮʽʾ ʟʥʘʯʝʥʥʷ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʢʣʘʜʘʚ - 

0,099, ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ï 0,084, ʧʦʚʥʦʛʦ 

ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ï 0,175, ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦ-

ʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï 0,053. ɿʘʙʝʟ-
ʧʝʯʝʥʽʩʪʴ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʢʣʘʣʘ 0,972, ʧʦʚ-

ʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘ-

ʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ï 0,915, ʚʽʜʥʦʰʝʥʥʷ 

ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï 

0,921.  

ɼʣʷ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʛʦ ʧʨʦʢʘʪʫ 

ʢʣʘʩʫ ɺ500 ʜʽʘʤʝʪʨʦʤ 10 ʤʤ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ 

ʟʤʽʥʶʚʘʣʘʩʴ ʫ ʤʝʞʘʭ 500,00é652,00 ʄʇʘ 

(ʪʘʣ.2), ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ï ʫ ʤʝʞʘʭ 560é680 

ʄʇʘ (ʪʘʙʣ.3), ʧʦʚʥʝ ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ïʫ ʤʝʞʘʭ 

2,10é3,50 (ʪʘʙʣ.4), ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦ-

ʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï ʫ ʤʝʞʘʭ ï 

1,031é1,207 (ʪʘʙʣ.5). ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ 

ʚʘʨʽʘʮʽʾ ʟʥʘʯʝʥʥʷ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʢʣʘʜʘʚ - 

0,057, ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ï 0,048, ʧʦʚʥʦʛʦ 

ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ï 0,039, ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦ-

ʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï 0,038. ɿʘʙʝʟ-
ʧʝʯʝʥʽʩʪʴ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʢʣʘʣʘ 0,982, ʧʦʚ-

ʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘ-

ʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ï 0,956, ʚʽʜʥʦʰʝʥʥʷ 

ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï 

0,956. 

ɺ ʮʽʣʦʤʫ ʧʦ ʚʠʙʦʨʮʽ ʟ 485 ʟʨʘʟʢʽʚ (ʪʘʙʣ.1) 

ʤʽʥʽʤʘʣʴʥʽ, ʤʘʢʩʠʤʘʣʴʥʽ ʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʢʣʘʣʠ 500,00, 800,00 ʽ 594,42 

ʄʇʘ, ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ - 550,00, 830,00, ʽ 

649,80 ʄʇʘ, ʧʦʚʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚ-

ʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ  ï

2,286, 4,857 ʽ 3,236, ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ 

ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï1,309, 1,031 ʽ 1,114 

(ʪʘʙʣ.2-4). ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 

ʟʥʘʯʝʥʥʷ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʢʣʘʜʘʚ - 0,088, 

ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ï 0,079, ʧʦʚʥʦʛʦ ʚʽʜʥʦʩ-

ʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘ-

ʥʪʘʞʝʥʥʽ ï 0,162, ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ 

ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï 0,037, ʽ ʙʫʚ ʙʣʠʟʴ-

ʢʠʤ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʛʘʨʷʯʝʢʘʪʘ-

ʥʦʾ ʽ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʟʤʽʮʥʝʥʦʾ ʘʨʤʘʪʫʨʠ 

(ʪʘʙʣ.2-4).  

ɿʘʙʝʟʧʝʯʝʥʽʩʪʴ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʢʣʘʣʘ 

0,964, ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ 

ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ï 0,939, ʧʦʚʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ 

ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘ-

ʞʝʥʥʽ ï 0,946, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʦʚʘʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʜʣʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʚʽʜʧʦ-

ʚʽʜʥʦ ʩʢʣʘʜʘʶʪʴ 0,95, 090, ʽ 0,90 [12].  

ʂʨʽʤ ʧʦʢʘʟʥʠʢʽʚ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʤʝʭʘʥʽʯ-

ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫ [12] ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʢʣʘʩʠ ʧʣʘʩʪʠʯʥʦʩʪʽ ʘʨʤʘʪʫʨʠ ʜʣʷ ʟʘʣʽʟʦʙʝ-

ʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʜʣʷ ʷʢʠʭ ʚʽʜʥʦʰʝʥʥʷ 

ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʽ ʧʦʚ-

ʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘ-

ʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʤʘʶʪʴ ʩʢʣʘʜʘʪʠ ʜʣʷ 

ʢʣʘʩʫ ɸ ʥʝ ʤʝʥʰʝ 1,05 ʽ 2,5, ʜʣʷ ʢʣʘʩʫ ɺ ï 

1,08 ʽ 5,0, ʜʣʷ ʢʣʘʩʫ ɺ ï 1,15, ʘʣʝ ʤʝʥʰʝ 1,35, 

ʽ 7,5. ɿʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦ-

ʚʘʥʘ ʘʨʤʘʪʫʨʘ ʢʣʘʩʫ ɺ500 ʤʘʻ ʙʫʪʠ ʚʽʜʥʝ-

ʩʝʥʘ ʜʦ ʢʣʘʩʫ ɸ. 

ʂʦʝʬʽʮʽʻʥʪ ʥʘʜʽʡʥʦʩʪʽ ʟʘ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ 

ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500 

ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʮʽʣʦʤʫ ʧʦ ʚʠʙʦʨʮʽ ʩʢʣʘʚ 1,143, ʱʦ ʤʝʥʰʝ 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʟ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʟʥʘʯʝʥʥʷ 1,20 [5, 6].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʟʘʣʽʟʦʙʝ-

ʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʽʡʥʦʩʪʽ 

ʟʘ ʤʘʪʝʨʽʘʣʦʤ ɔs ʜʣʷ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɺ500 

ʤʦʞʝ ʙʫʪʠ ʟʥʠʞʝʥʠʡ ʜʦ ɔs =1,15, ʱʦ ʜʦʟʚʦ-
ʣʠʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʘʨʤʘʪʫʨʠ. 

ʅʘʩʪʫʧʥʠʤʠ ʝʪʘʧʘʤʠ ʨʦʙʦʪ ʟ ʚʧʨʦʚʘ-

ʜʞʝʥʥʷ ʭʦʣʦʜʥʦʜʝʬʦʨʤʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ 

ʢʣʘʩʫ ɺ500 ʤʘʶʪʴ ʩʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʾʾ ʟʯʝ-

ʧʣʝʥʥʷ ʟ ʙʝʪʦʥʦʤ, ʟʚʘʨʶʚʘʥʦʩʪʽ ʟ ʧʦʜʘʣʴ-

ʰʦʶ ʨʦʟʨʦʙʢʦʶ ɼʉʊʋ ʜʣʷ ʮʽʻʾ ʘʨʤʘʪʫʨʠ ʽ 

ʚʥʝʩʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʥ ʜʦ ʩʪʘʥʜʘʨʪʽʚ, ʷʢʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʪʠʧʠ ʟʚʘʨʥʠʭ ʽ ʧʨʘʚʠʣʘ ʢʦʥʪ-

ʨʦʣʶ ʾʭ ʚʠʢʦʥʘʥʥʷ.  
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STATISTICAL EVALUATION OF ME-

CHANICAL CHARACTERISTICS  

COLD-FORMED CLASS B500 REIN-

FORCEMENT  

 

Yulii KLYMOV 
 

Summary. The paper presents the results of a 

statistical evaluation of the mechanical characte-ris-

tics of cold-deformed reinforcement of class B500. 

The statistical evaluation was performed on the 

basis of the results of tensile tests of 485 samples of 

class B500 reinforcement, made of St3ps steel wire 

rod, with diameters of 5 mm (160 samples), with a 

diameter of 6 mm (133 samples), with a diameter of 

8 mm (142 samples) and 10 mm in diameter (50 

samples), selected from skeins of industrial produc-

tion. During the tests, the main mechanical charac-

teristics of B500 class reinforcement were deter-

mined - yield strength (ůʊ), ultimate resistance (ůɺ), 

ratio of ultimate resistance to yield strength (ůɺ/ůʊ), 

total relative elongation at maximum load (ŭmax), 

state diagrams were constructed and the modulus of 

elasticity of reinforcement (Es) was determined. 

Statistical evaluation of the mechanical characteris-

tics of the reinforcement was performed for each of 

the investigated parameters (ůʊ, ůɺ/ůʊ, ŭmax), for each 

of the diameters and for the whole sample and in-

cluded the determination of the minimum, maxi-

mum and average values, root mean square devia-

tion, coefficient of variation, construction of histo-

grams of distribution with a comparison of them 

with the normal law of distribution, reliability and 

comparison with the corresponding standardized 

values, the reliability coefficient for the material ɔs 

for cold-deformed reinforcement B500 when calcu-

lating structures according to the first group of limit 

states. 

As a result of the tests, it was found that the me-

chanical indicators characteristics for different di-

ameters have close values, and their distribution is 

close to normal. In general, for the sample, the yield 

strength varies within the range of 500.00...800.00 

MPa, the ultimate resistance - within the range of 

550.00...830.00 MPa, the ratio of the ultimate re-

sistance to the yield strength - within the range - 

1.031...1.309, the full relative elongation at maxi-

mum load - within 2.286...4.857. 

At the same time, the coefficient of variation of 

the yield strength was 0.088, the ultimate resistance 

was 0.079, the ratio of the ultimate resistance to the 

yield strength was 0.037, the total relative elonga-

tion at maximum load was 0.162 and was close to 

the corresponding values for hot-rolled and thermo-

mechanically strengthened reinforcement. The yield 

strength was 0.964, the ratio of temporary resistance 

to yield strength was 0.939, total relative elongation 

at maximum load was 0.946, which corresponds to 

the normalized values for these indicators, which 

are 0.95, 090, and 0.90, respectively. The reliability 

coefficient for the material as a whole for the sample 

was 1.143, which is less than that established in reg-

ulatory documents for the design of reinforced con-

crete structures. 

 

Keywords. Cold-formed reinforcement, class 

B500C, mechanical characteristics, statistical indi-

cators; security. 
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ɸʥʦʪʘʮʽʷ. ʆʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʩʢʣʷʥʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʫʜʽʚ-

ʥʠʮʪʚʽ ʮʝ ʝʣʝʤʝʥʪʠ ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʟʛʠʥ. ɿʘʩʪʦ-

ʩʫʚʘʥʥʷ ʩʢʣʷʥʠʭ ʙʘʣʦʢ ʟ ʚʝʣʠʢʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥ-

ʥʷʤ ʚʠʩʦʪʠ ʧʝʨʝʨʽʟʫ ʜʦ ʡʦʛʦ ʰʠʨʠʥʠ ʥʘʡʯʘʩʪʽʰʝ 

ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʫ ʧʨʘʢʪʠʯʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. 

ɼʣ̫ ʜʘʥʦʛʦ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʡ ʭʘʨʘʢʪʝʨʥʝ ʷʚʠʱʝ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʽʟ ʧʣʦʱʠʥʠ.  

ʆʧʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʝ ʙʽʣʴʰʝ ʥʘ-

ʙʫʚʘʶʪʴ ʧʦʧʫʣʷʨʥʦʩʪʽ ʫ ʟʚôʷʟʢʫ ʽʟ ʟʨʫʯʥʽʩʪʶ ʪʘ 

ʚʽʜʩʫʪʥʽʩʪʶ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʫ ʽʟ ʜʦʩʣʽʜʥʠʤ ʟʨʘ-

ʟʢʦʤ. ʊʘʢʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜ ʢʦʨʝ-

ʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘ-

ʜʢʫ ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʜʣʷ ʦʢʨʝʤʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʧʠʩʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʚʠʩʦʢʽʡ 

ʰʚʠʜʢʦʩʪʽ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ-

ʛʘʣʴʥʦʜʦʩʪʫʧʥʦʛʦ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʙʝʟ ʜʟʝʨʢʘ-

ʣʴʥʦʛʦ ʬʦʪʦʘʧʘʨʘʪʘ ʫ ʷʢʦʩʪʽ ʧʨʠʩʪʨʦʶ ʟʘʧʠʩʫ-

ʚʘʥʥʷ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʙʨʘʥʦ ʩʢʣʷʥʽ 

ʙʘʣʢʠ ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʯʦʪʠʨʴʦʭ ʪʦʯʢʦʚʠʡ ʟʛʠʥ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʰʽʩʪʴ ʩʢʣʷ-

ʥʠʭ ʜʚʦʭ ʰʘʨʦʚʠʭ ʙʘʣʦʢ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʣʦʢ ʚʽ-

ʜʙʫʚʘʣʦʩʴ ʽʟ ʩʪʫʧʝʥʝʚʠʤ ʧʨʠʨʦʩʪʦʤ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʥʘ ʩʧʝʮʽʘʣʴʥʽʡ ʜʦʩʣʽʜʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʚʠʛʦ-

ʪʦʚʣʝʥʽʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʷʥʠʭ ʙʘʣʦʢ. ɺʽʜʥʦ-

ʩʥʽ ʜʝʬʦʨʤʘʮʽʾ ʙʫʣʦ ʟʘʧʠʩʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝ-

ʪʦʜʫ ʢʦʨʝʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʤʝʭʘʥʽʯ-

ʥʠʭ ʝʢʩʪʝʥʟʦ-ʤʝʪʨʽʚ. ʆʧʠʩʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʙʝʟ ʜʟʝʨʢʘʣʴʥʠʭ ʬʦʪʦʢʘʤʝʨ ʟ ʢʦʣʴʦʨʦʚʦʶ 

ʤʘʪʨʠʮʝʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʷʥʠʭ ʙʘʣʦʢ ʥʘ ʯʦ-

ʪʠʨʴʦʭ ʪʦʯʢʦʚʠʡ ʟʛʠʥ. 

 

ʄʝʪʦʜʠʢʘ ʧʦʣʷʛʘʣʘ ʫ ʚʠʙʦʨʽ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙ-

ʣʘʜʥʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʢʘ-

ʤʝʨʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ ʟ ʟʦʙʨʘ-

ʞʝʥʴ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʾʭ ʜʣʷ ʘʥʘʣʽʟʫ. ɿʦʙʨʘʞʝʥʥʷ 

ʙʫʣʠ ʦʙʝʟʙʘʨʚʣʝʥʽ ʪʘ ʥʘʣʘʰʪʦʚʘʥʦ ʙʘʣʘʥʩ ʙʽʣʦʛʦ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʪʦʨʝʜʘʢʪʦʨʘ. ɻʦʪʦʚʽ ʜʦ ʘʥʘ-

ʣʽʟʫ ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʜʘʚʘʣʠʩʴ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ GOM Correlate Pro. 

ɺʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʷʥʠʭ ʙʘʣʦʢ ʥʘ ʯʦ-

ʪʠʨʴʦʭ ʪʦʯʢʦʚʠʡ ʟʛʠʥ. ɿʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚ-

ʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʧʝʨʝʨʽʟʫ, ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʦʪʨʠʤʘʥʠʭ ʟʛʽʜʥʦ ʟ ʧʦʢʘʟʘʤʠ ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʣʘ-

ʜʽʚ ʪʘ ʤʝʪʦʜʫ ʢʦʨʝʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʈʫʡʥʫʚʘʥʥʷ ʩʢʣʷʥʠʭ ʙʘʣʦʢ ʚʽʜʙʫʣʦʩʴ ʧʦʰʘ-

ʨʦʚʦ ʽʟ ʧʦʯʘʪʢʦʚʠʤ ʫʪʚʦʨʝʥʥʷʤ ʪʨʽʱʠʥʠ ʫ ʥʠʞ-

ʥʽʡ ʥʘʡʙʽʣʴʰ ʨʦʟʪʷʛʥʝʥʽʡ ʟʦʥʽ ʜʘʣʽ ʪʨʽʱʠʥʘ ʧʦ-

ʰʠʨʠʣʘʩʴ ʽʟ ʪʶʣʴʧʘʥʦʧʦʜʽʙʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʜʦ 

ʚʝʨʭʥʴʦʾ ʟʦʥʠ  

 

 

 
É ʈ.ʂʆɿɸʂ, ɹ.ɼɽʄʏʀʅɸ, 2023
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ʄʝʪʦʜ ʢʦʨʝʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʧʨʠ ʚʠ-

ʢʦʨʠʩʪʘʥʽ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦʛʦ ʢʦʨʠʩʪʫʚʘʮʴ-

ʢʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʢʘʟʘʚ ʩʝʙʝ ʜʦ-

ʙʨʝ, ʯʘʩʪʦ ʧʦʢʘʟʫʶʯʠ ʟʥʘʯʝʥʥʷ ʨʫʡʥʽʚʥʠʭ ʥʘ-

ʧʨʫʞʝʥʴ ʙʣʠʟʴʢʠʭ ʜʦ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʦʪʨʠ-

ʤʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʤ. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠ ʜʘʥʠʡ ʤʝʪʦʜ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʉʢʣʦ; ʩʢʣʷʥʘ ʙʘʣʢʘ; ʯʦʪʠ-

ʨʴʦʭ ʪʦʯʢʦʚʠʡ ʟʛʠʥ; ʤʽʮʥʽʩʪʴ ʩʢʣʘ ʥʘ ʟʛʠʥ; ʢʦʨʝ-

ʣʷʮʽʷ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. 

 

ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ 

 

ʗʢ ʽ ʙʫʜʴ ʷʢʘ ʩʫʯʘʩʥʘ ʛʘʣʫʟʴ, ʙʫʜʽʚʥʠʮʪʚʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʩʪʨʽʤʢʦ. ʇʦʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʤʘ-

ʪʝʨʽʘʣʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʘʨʭʽʪʝʢʪʦʨʘʤ ʧʨʦʧʦ-

ʥʫʚʘʪʠ ʚʩʝ ʩʤʽʣʠʚʽʰʽ ʽʜʝʾ ʪʘ ʚʩʝ ʯʘʩʪʽʰʝ ʫ ʾʭ-

ʥʽʭ ʨʦʙʦʪʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʢʣʘ. ʋʞʝ ʟʚʠʯʥʦ ʩʢʣʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ 

ʦʛʦʨʦʜʞʫ-ʚʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʪʘ ʚʩʝ ʙʽ-

ʣʴʰʝ ʥʘ ʪʝʨʝʥʘʭ ʋʢʨʘʾʥʠ ʧʦʷʚʣʷʶʪʴʩʷ 

ʩʢʣʷʥʽ ʝʣʝʤʝʥʪʠ ʷʢ ʥʝʩʫʯʽ ʢʦʥʩʪʨʫʢʮʽʾ. ɿʘʨʘʟ 

ʮʝ ʟʜʝʙʽʣʴʰʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʨʦʝʢʪʠ ʤʘʣʠʭ 

ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʬʦʨʤ. ʊʘ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʨʽʩʪ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʩʢʣʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚ ʋʢʨʘ-

ʾʥʽ ʜʦʩʽ ʥʝʤʘʻ ʨʦʟʨʦʙʣʝʥʦʾ ʥʦʨʤʘʪʠʚʥʦʾ ʜʦ-

ʢʫʤʝʥʪʘʮʽʾ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦ 

ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʷʢ ʥʝ-

ʩʫʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɿʘʟʚʠʯʘʡ ʩʢʣʷʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴ ʚ ʧʦʢʨʠʪʪʷʭ ʪʘ  ʧʝʨʝʢʨʠʪʪʷʭ, ʪʦʙʪʦ 

ʩʢʣʷʥʽ ʥʝʩʫʯʽ ʝʣʝʤʝʥʪʠ ʧʨʘʮʶʶʪʴ ʥʘ ʟʛʠʥ, 

ʪʦʙʪʦ ʪʘʢʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʻ ʙʘʣʢʠ ʪʘ ʧʣʠʪʠ. 

ɺʽʜʰʪʦʚʭʫʶʯʠʩʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦ-

ʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʣʦʘʪ ʩʢʣʘ, ʧʦʨʽʟʢʠ ʩʢʣʘ, 

ʪʘ ʪʨʠʧʣʝʢʩʫ ʟʥʘʯʥʦ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʥʘʪʠ 

ʙʘʣʢʫ ʽʟ ʚʝʣʠʢʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚʠʩʦʪʠ 

ʜʦ ʰʠʨʠʥʠ ʾʾ ʧʝʨʝʨʽʟʫ. ʊʘ ʪʘʢʠʡ ʧʽʜʭʽʜ ʤʘʻ 

ʩʚʦʾ ʥʝʜʦʣʽʢʠ. ɻʦʣʦʚʥʠʡ ʟ ̫ ʢʠʭ ʮʝ ʧʨʦʙʣʝʤʘ 

ʫʩʽʭ ʪʦʥʢʠʭ ʧʝʨʝʨʽʟʽʚ ï ʙʦʢʦʚʘ ʚʪʨʘʪʘ ʩʪʽʡʢʦ-

ʩʪʽ. ʊʘ ʜʦʜʘʪʢʦʚʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʘʤʦʨʬʥʘ 

ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝ ʤʦ-

ʞʣʠʚʦʩʪʽ ʦʮʽʥʶʚʘʪʠ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʘ 

ʥʦʨʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ, ʘ ʟʘ ʜʚʦʭ ʧʘʨʘʤʝʪ-

ʨʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ɺʝʡ-ʙʫʣʣʘ[1], ʱʦ ʚʨʘʭʦ-

ʚʫʻ ʡʤʦʚʽʨʥʽʩʥʠʡ ʨʦʟʧʦʜʽʣ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠ-

ʯʠʥʠ. 

ʈʫʡʥʫʚʘʥʥʷ ʩʢʣʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʨʘʧʪʦʚʦ ʪʘ ʜʫʞʝ ʯʘʩʪʦ ʽʟ ʢʦʣʘʧʩʦʤ 

ʚʩʽʻ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜ ʯʘʩ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʝ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʫ-

ʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʠʣʘʜʠ ʷʢʽ ʙʝʟʧʦʩʝʨʝʜ-

ʥʴʦ ʢʦʥʪʘʢʪʫʶʪʴ ʽʟ ʧʦʚʝʨʭʥʝʶ ʩʢʣʘ ʻ ʚ ʟʦʥʽ 

ʨʠʟʠʢʫ ʧʦʰʢʦʜʞʝʥʥʷ. ɺʠʭʦʜʦʤ ʽʟ ʮʽʻʾ ʩʠʪʫʘ-

ʮʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʦʧʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʤʝʪʦ-

ʜʽʚ ʻ ʢʦʨʝʣʷʮʽʷ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ [2]. 

 

ɸʅɸʃɯɿ ʇʆʇɽʈɽɼʅɯʍ ɼʆʉʃɯɼɾɽʅʔ 

 

ɺ ʩʫʯʘʩʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʧʦʤʽʪʥʘ ʪʝʥʜʝʥʮʽʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘ ʜʣʷ ʚʝʣʠʢʦʧʨʦʣʽʪʥʠʭ ʪʘ 

ʟʥʘʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʦʛʦ 

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʞʝ ʚʽʜʦʤʽ ʩʚʽʪʫ ʙʘʩʝʡʥ 

çʉʢʘʡʇʫʣè ʫ ʃʦʥʜʦʥʽ [3] ʪʘ ʩʣʘʚʥʦʟʚʽʩʥʽ 

ʩʢʣʷʥʽ ʢʫʙʠ ʢʦʤʧʘʥʽʾ Apple [4]. ɺ ʦʩʥʦʚʽ ʮʠʭ 

ʩʧʦʨʫʜ ʣʝʞʘʪʴ ʩʢʣʷʥʽ ʝʣʝʤʝʥʪʠ ʷʢʽ ʧʨʘʮʶ-

ʶʪʴ ʥʘ ʟʛʠʥ. 

ɺ ʋʢʨʘʾʥʽ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʩʢʣʷʥʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ, ʟʦʢʨʝʤʘ ʪʠʭ ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʟʛʠʥ, 

ʧʦʯʠʥʘʶʯʠ ʽʟ 2012 ʨʦʢʫ, ʟʘʡʤʘʶʪʴʩʷ ʧʽʜ ʢʝ-

ʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬ. ɼʝʤʯʠʥʠ ɹ. ʚ ʅʋ çʃʴʚʽʚ-

ʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʩʢʣʷʥʠʭ ʙʘʣʦʢ ʥʝ ʻ ʥʦʚʠʥʢʦʶ. ʋ ʨʦ-

ʙʦʪʽ [5], ʙʫʣʦ ʚʠʧʨʦʙʫʚʘʥʦ ʩʢʣʷʥʽ ʙʘʣʢʠ ʥʘ 

ʯʦʪʠʨʴʦʭ ʪʦʯʢʦʚʠʡ ʟʛʠʥ ʽʟ ʩʢʣʘ ʪʦʚʱʠʥʦʶ 

19 ʤʤ. ɹʘʣʢʠ ʤʘʣʠ ʚʽʜʥʦʰʝʥʥʷ ʩʪʦʨʽʥ 1:1 ʪʘ 

1:2 ɺ ʧʨʘʢʪʠʯʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʽ ʧʝʨʝ-

ʨʽʟʠ ʻ ʩʠʨʦʚʠʥʦ ʟʘʪʨʘʪʥʠʤ ʽ ʧʝʨʝʚʘʞʘʶʪʴ 

ʩʘʤʝ ʙʘʣʢʠ ʽʟ ʚʝʣʠʢʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚʠ-

ʩʦʪʠ ʜʦ ʰʠʨʠʥʠ ʾʾ ʧʝʨʝʨʽʟʫ. ʅʘʡʙʽʣʴʰʦʶ 

ʧʨʦʙʣʝʤʦʶ ʪʘʢʠʭ ʧʝʨʝʨʽʟʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ 

ʥʘ ʟʛʠʥ, ʻ ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝ-

ʨʝʨʽʟʫ [6ï9]. 

ɺ ʫʥʽʚʝʨʩʠʪʝʪʽ ʎʽʥʭʫʘ [6] ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʩʪʽʡʢʽʩʪʴ ʩʢʣʷʥʠʭ ʙʘʣʦʢ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʰʘʨʽʚ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʰʝʩʪʠ. ɺʦʥʠ ʧʦʨʽʚʥʶ-

ʚʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʟ ʪʠʤʠ, ʷʢʽ 

ʦʪʨʠʤʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ɹʽʣʴʰʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʠ ʦʜʥʘ-

ʢʦʚʠʤʠ, ʘʣʝ ʙʫʣʠ ʜʝʷʢʽ ʚʠʧʘʜʢʠ ʚʠʧʘʜʢʦʚʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽ-

ʜʘʣʠ ʩʪʘʥʜʘʨʪʥʠʤ ʬʦʨʤʘʤ ʜʣʷ ʙʘʣʦʢ ʟ ʦʜ-

ʥʽʻʶ ʟʦʩʝʨʝʜʞʝʥʦʶ ʩʠʣʦʶ. 

ʊʘʢʦʞ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʩʧʨʦʙʠ ʦʮʽʥʢʠ ʚʦʛ-

ʥʝʩʪʽʡʢʦʩʪʽ ʩʢʣʷʥʠʭ ʙʘʣʦʢ ʧʽʜ ʜʽʻʶ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ [10]. 

ʄʝʪʦʜ ʢʦʨʝʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ [2] 

(ʜʘʣʽ ʂʎɿ) ï ʮʝ ʦʧʪʠʯʥʠʡ ʤʝʪʦʜ 
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ʨʝʻʩʪʨʘʮʽʾ ʜʚʦʭ ʚʠʤʽʨʥʠʭ ʟʤʽʥ ʧʦʚʝʨʭʦʥʴ ʫ 

ʧʽʢʩʝʣʷʭ ʟʦʙʨʘʞʝʥʥʷ. 

ɯʩʪʦʨʠʯʥʦ ʜʘʥʘ ʤʝʪʦʜʠʢʘ ʟ'ʷʚʠʣʘʩʷ ʫ 80-ʭ 

ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʢʦʣʠ ʟ'ʷʚʠʣʠʩʷ ʮʠ-

ʬʨʦʚʽ ʬʦʪʦʢʘʤʝʨʠ, ʷʢʽ ʜʦʟʚʦʣʷʣʠ ʟʘʧʠʩʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʩʚʽʪʣʦʯʫʪʣʠʚʠʭ ʤʘʪʨʠʮʷʭ 

[11]. ʂʨʦʩ-ʢʦʨʝʣʷʮʽʷ ʻ ʤʝʪʦʜʦʤ ʚʠʤʽʨʶ-

ʚʘʥʥʷ ʧʦʜʽʙʥʦʩʪʽ ʜʚʦʭ ʩʝʨʽʡ ʬʫʥʢʮʽʡ, ʷʢʽ ʤʘ-

ʶʪʴ ʟʩʫʚ ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʦʜʥʦʾ. ʋ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ, ʂʎɿ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ ʧʽʜ-

ʚʠʜʠ: ʤʦʥʦ (2D) [12] ʪʘ ʩʪʝʨʝʦ (3D) [13]. ʂʦ-

ʨʝʣʷʮʽʷ - ʮʝ ʧʦʰʫʢ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʜʚʦʤʘ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʊʦʙʪʦ ʫ 

ʚʠʧʘʜʢʫ ʂʎɿ ï ʮʝ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʜʝʬʦʨ-

ʤʘʮʽʻʶ ʛʨʫʧʠ ʧʽʢʩʝʣʽʚ ʪʘ ʜʝʬʦʨʤʘʮʽʻʶ ʜʦʩ-

ʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʫ. 

ɼʘʥʠʡ ʤʝʪʦʜ ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʩʝʙʝ ʜʣʷ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʜʝʨʝʚôʷʥʠʭ [14], ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

[15] ʪʘ ʩʪʘʣʝʚʠʭ [16] ʢʦʥʩʪʨʫʢʮʽʡ. 

ʋ ʚʠʱʝ ʟʛʘʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩ-

ʪʘʥʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ï 

ʮʝ ʂʎɿ ʢʘʤʝʨʠ ʽʟ ʤʦʥʦʭʨʦʤ-ʥʠʤʠ ʤʘʪʨʠ-

ʮʷʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʘʧʠʩʫʚʘʪʠ ʟʦʙʨʘ-

ʞʝʥʥʷ ʥʘ ʚʠʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ. ʄʽʞʥʘʨʦʜʥʘ 

ʩʧʽʣʴʥʦʪʘ ʽʟ ʂʎɿ [17] ʨʝʢʦʤʝʥʜʫʻ ʚʠʢʦʨʠʩ-

ʪʦʚʫʚʘʪʠ ʪʘʢʽ ʢʘʤʝʨʠ, ʪʘ ʫ ʪʦʡ ʞʝ ʯʘʩ ʥʝ ʩʢʘ-

ʩʦʚʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʛʘʣʴʥʦʜʦ-

ʩʪʫʧʥʦʛʦ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ. ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʫʤʦʚʠ ʝʢʩʧʝ-

ʨʠʤʝʥʪʫ ʜʝ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ ʟʘʧʠʩʽ ʚʝ-

ʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʜʨʽʚ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ, ʪʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʢʘʤʝʨ ʽʟ ʢʦ-

ʣʴʦʨʦʚʦʶ ʤʘʪʨʠʮʝʶ ʻ ʮʽʣʢʦʤ ʚʠʧʨʘʚʜʘʥʠʤ 

ʨʽʰʝʥʥʷʤ. 

ʉʧʨʦʙʠ ʚʠʢʦʨʠʩʪʘʪʠ ʩʘʤʝ ʢʦʨʠʩʪʫʚʘʮʴʢʝ 

ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʣʠ ʫ [18,19]. ʇʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʫ ʂʎɿ ʙʫʚ ʜʦʧʫʱʝʥʠʡ 

ʨʷʜ ʧʦʤʠʣʦʢ, ʱʦ ʜʘʚʘʚ ʟʘʜʦʚʽʣʴʥʠʡ ʨʝʟʫʣʴ-

ʪʘʪ, ʪʘ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʮʝ ʜʘʥʠʡ ʤʝʪʦʜ ʧʦʢʘ-

ʟʘʚ ʩʝʙʝ ʜʦʙʨʝ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʠ, ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

- ʉʢʣʷʥʽ ʙʘʣʢʠ ʽʟ ʚʝʣʠʢʠʤ ʩʧʽʚʚ̔ ʜʥʦʰʝʥ-

ʥʷʤ ʚʠʩʦʪʠ ʧʝʨʝʨʽʟʫ ʜʦ ʰʠʨʠʥʠ ʻ ʦʜʥʠʤ ʽʟ 

ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʘʥʠʭ ʩʢʣʷʥʠʭ ʢʦʥʩʪʨʫʢ-

ʮʽʡ. ʊʘ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ ʦʜʠʥ ʟ ʷʢʠʭ ʮʝ 

ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʟ ʧʣʦʱʠʥʠ. 

- ʄʝʪʦʜ ʂʎɿ ʻ ʧʦʧʫʣʷʨʥʠʤ ʦʧʪʠʯʥʠʤ ʤʝ-

ʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʝʨʝʜ ʥʘʫʢʦʚʮʽʚ ʨʽʟʥʠʭ 

ʥʘʧʨʷʤʢʽʚ. ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ 

ʥʝʦʙʭʽʜʥʝ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ, ʘʣʝ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦ-

ʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʛʘʣʴʥʦʜʦ-

ʩʪʫʧʥʠʭ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʬʦʪʦʢʘʤʝʨ.  

 

ʄɽʊɸ ɯ ʄɽʊʆɼʀ 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʢʦʥʘʪʠ ʝʢʩʧʝʨʠʤʝ-

ʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʷʥʠʭ ʙʘʣʦʢ, ʷʢʽ ʧʨʘ-

ʮʶʶʪʴ ʥʘ ʯʦʪʠʨʴʦʭ ʪʦʯʢʦʚʠʡ ʟʛʠʥ ʽʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʢʦʨʝʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘ-

ʞʝʥʴ. ɸ ʪʘʢʦʞ ʘʧʨʦʙʫʚʘʪʠ ʤʝʪʦʜ ʢʦʨʝʣʷʮʽʾ 

ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʫʪʦʯʥʝʥʥʷʤ ʧʘʨʘʤʝʪ-

ʨʽʚ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘ-

ʛʘʣʴʥʦʜʦʩʪʫʧʥʦʾ ʢʦʨʠʩ-ʪʫʚʘʮʴʢʦʾ ʙʝʟ ʜʟʝʨ-

ʢʘʣʴʥʦʾ ʬʦʪʦʢʘʤʝʨʠ ʽʟ ʢʦʣʴʦʨʦʚʦʶ ʤʘʪʨʠ-

ʮʝʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʙʦʢʦʚʠʭ ʧʦ-

ʚʝʨʭʦʥʴ ʩʢʣʷʥʠʭ ʙʘʣʦʢ. 
ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʛʦ-

ʪʦʚʣʝʥʦ ʟʨʘʟʢʠ ʜʚʦʭ ʰʘʨʦʚʠʭ ʩʢʣʷʥʠʭ ʙʘʣʦʢ 
ʢʦʤʧʘʥʽʻʶ çʉʢʣʦʨʝʩʫʨʩè ʽʟ ʬʣʦʘʪ ʩʢʣʘ ʤʝ-
ʪʦʜʦʤ ʪʨʠʧʣʝʢʩʫ. ʄʘʪʝʨʽʘʣ ʙʘʣʦʢ ʚʽʜʧʦʚʽʜʘʚ 
ʚʠʤʦʛʘʤ [20].ɿʨʘʟʢʠ ʙʫʣʠ ʧʦʜʽʣʝʥʽ ʥʘ ʩʝʨʽʾ 
ʚʽʜʥʦʩʥʦ ʚʠʩʦʪʠ ʧʝʨʝʨʽʟʫ: 

- ʉʝʨʽʷ 1 ï 100 ʤʤ; 
- ʉʝʨʽʷ 2 ï 150 ʤʤ; 
- ʉʝʨʽʷ 3 ï 200 ʤʤ. 
ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʽ 

ʥʘ ʨʠʩ.1. 

 
ʈʠʩ.1. ɻʝʦʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʩʢʣʷʥʠʭ ʙʘʣʦʢ. 
Fig.1. Geometric scheme of glass beams. 

 

ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʫʩʽʭ ʟʨʘʟʢʽʚ ʙʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʜʝʢʽʣʴ-

ʢʦʭ ʟʘʤʽʨʽʚ ʜʣʷ ʰʠʨʠʥʠ ʪʘ ʜʦʚʞʠʥʠ, ʪʘ ʪʨʴʦʭ 

ʟʘʤʽʨʽʚ ʜʣʷ ʪʦʚʱʠʥʠ. ʈʦʟʤʽʨʠ ʜʦʩʣʽʜʥʠʭ ʙʘ-

ʣʦʢ ʧʦʜʘʥʦ ʫ ʪʘʙʣ.1. 
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ʊʘʙʣ.1. ɻʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʣʷʥʠʭ ʙʘʣʦʢ. 
Tabl.1. Geometric characteristics of glass beams. 
 

ʉʝʨʽʷ ʄʘʨʢʘ 
ɼʦʚʞʠʥʘ l ɺʠʩʦʪʘ h ʐʠʨʠʥʘ b ʄʘʩʘ m 

[ʤʤ] [ʤʤ] [ʤʤ] [ʛ] 

1 
Bm-1.1 1001.00 100.53 20.72 5050 

Bm-1.2 1001.00 100.11 20.85 5050 

2 
Bm-2.1 1000.00 150.02 20.80 7802 

Bm-2.2 1001.00 150.00 20.16 7566 

3 
Bm-3.1 1000.75 200.00 20.70 10356 

Bm-3.2 1000.75 200.00 20.78 10398 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʥʘ ʙʘʟʽ ʥʘʫ-

ʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʅɼʃ-23 ʅʋ 

çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽ-

ʪʨʷ ʙʫʣʘ ʙʣʠʟʴʢʘ ʜʦ 20 , ʘ ʚʽʜʥʦʩʥʘ ʚʦʣʦ-

ʛ̔ ʩʪʴ ʩʪʘʥʦʚʠʣʘ 40%...70%.  

ʅʘ ʜʦʩʣʽʜʥʽʡ ʫʩʪʘʥʦʚʮʽ (ʨʠʩ.2) ʙʫʣʘ ʚʩʪʘ-

ʥʦʚʣʝʥʘ ʰʘʨʥʽʨʥʦ ʦʙʧʝʨʪʘ ʙʘʣʢʘ (9) ʥʘ ʷʢʫ 

ʜʽʷʣʦ ʜʚʽ ʟʦʩʝʨʝʜʞʝʥʽ ʩʠʣʠ ʷʢʽ ʧʝʨʝʜʘʚʘʣʠʩʷ 

ʥʘ ʙʘʣʢʫ ʯʝʨʝʟ ʪʨʘʚʝʨʩʫ (4). ɿʦʩʝʨʝʜʞʝʥʽ 

ʩʠʣʠ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʴ ʥʘ ʚʽʜʩʪʘʥʽ ʧʦ 10 ʩʤ ʚ 

ʨʽʟʥʽ ʩʪʦʨʦʥʠ ʚʽʜ ʩʝʨʝʜʠʥʠ ʙʘʣʢʠ ʧʦ ʜʦʚ-

ʞʠʥʽ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʦʧʦʨʘʤʠ (7) ʪʘ (8) ʩʢʣʘ-

ʜʘʣʘ 900 ʤʤ. ɹʘʣʢʘ ʤʘʣʘ ʜʦʜʘʪʢʦʚʽ ʟʘʢʨʽʧ-

ʣʝʥʥʷ ʽʟ ʧʣʦʱʠʥʠ (6) ï ʧʽʜʪʨʠʤʫʶʯʽ ʤʝʪʘ-

ʣʝʚʽ ʢʫʪʥʠʢʠ ʱʦ ʬʦʨʤʫʚʘʣʠ ʩʦʙʦʶ ʩʪʘʙʽʣʽ-

ʟʫʶʯʫ ʩʪʨʫʙʮʠʥʫ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʘʤʠ 

ʽʥʝʨʮʽʾ ʷʢʠʭ ʩʢʣʘʜʘʣʘ 800 ʤʤ. ɺʘʞʣʠʚʠʤ 

ʝʣʝʤʝʥʪʦʤ ʙʫʣʘ ʩʠʣʦʚʘ ʤʝʪʘʣʝʚʘ ʨʘʤʘ (5), 

ʷʢʘ ʚʠʩʪʫʧʘʣʘ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ ʜʣʷ ʪʨʘʚʝʨʩʠ, 

ʱʦ ʜʦʟʚʦʣʷʚ ʣʠʰʝ ʚʽʣʴʥʽ ʚʝʨʪʠʢʘʣʴʥʽ ʧʝʨʝ-

ʤʽʱʝʥʥʷ ʪʨʘʚʝʨʩʠ (4). ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢ-

ʣʘʜʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʤʢʨʘʪʫ (2) ʜʘʣʽ ʯʝ-

ʨʝʟ ʢʽʣʴʮʝʚʠʡ ʜʠʥʘʤʦʤʝʪʨ (3). 

 

  

ʘ ʙ 
ʈʠʩ.2. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʦʩʣʽʜʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʢʣʷʥʠʭ ʙʘʣʦʢ:  

ʘ- ʘʢʩʦʥʦʤʝʪʨʠʯʥʠʡ ʚʠʜ; ʙ- ʩʭʝʤʘ ʜʦʩʣʽʜʥʦʾ ʫʩʪʘʥʦʚʢʠ ʽʟ ʦʩʥʦʚʥʠʤʠ ʨʦʟʤʽʨʘʤʠ. 
1 ï ʥʝʨʫʭʦʤʘ ʙʘʟʘ; 2 ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʜʦʤʢʨʘʪ; 3 ïʢʽʣʴʮʝʚʠʡ ʜʠʥʘʤʦʤʝʪʨ; 4 ï ʪʨʘʚʝʨʩʘ;5 ï ʩʠ-
ʣʦʚʘ ʤʝʪʘʣʝʚʘ ʨʘʤʘ; 6 ï ʩʪʘʙʽʣʽʟʫʶʯʘ ʩʪʨʫʙʮʠʥʘ; 7 ï ʰʘʨʥʽʨʥʦ ʥʝʨʫʭʦʤʘ ʦʧʦʨʘ; 8 ï ʰʘʨʥʽʨʥʦ 
ʨʫʭʦʤʘ ʦʧʦʨʘ; 9 ï ʩʢʣʷʥʘ ʙʘʣʢʘ. 

Fig.2. General view of the glass beam testing setup:  
ʘ- axonometric view; ʙ- schematic of the experimental setup with main dimensions. 
1 - fixed base; 2 - hydraulic jack; 3 - ring dynamometer; 4 - traverse; 5 - power metal frame; 6 - sta-
bilizing clip; 7 - hinged fixed support; 8 - hinged movable support; 9 ï glass beam. 
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ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʙʫʣʦ 
ʚʠʟʥʘʯʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʣʘ-
ʜʽʚ ʪʘ ʤʝʪʦʜʫ ʂʎɿ. ʄʝʭʘʥʽʯʥʽ ʧʨʠʣʘʜʠ ʙʫʣʠ 
ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʛʨʘʥʽ ʩʢʣʘ ʫ ʚʝʨʭʥʽʡ ʪʘ ʥʠʞ-
ʥʽʡ ʟʦʥʽ ʧʦ ʩʝʨʝʜʠʥʽ ʧʝʨʝʨʽʟʫ. ʊʘʢʦʞ ʟʘ ʜʦ-
ʧʦʤʦʛʦʶ ʧʨʦʛʠʥʦʤʽʨʽʚ ɸʽʩʪʦʚʘ ʬʽʢʩʫ-ʚʘʣʦʩʴ 
ʟʤʽʱʝʥʥʷ ʩʝʨʝʜʠʥʫ ʧʝʨʝʨʽʟʫ ʽʟ ʧʣʦʱʠʥʠ. 
ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ʥʘʧʨʫʞʝʥʥʷ „ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʦʪʨʠ-
ʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʣʘʜʽʚ, ʘ 
ʪʘʢʦʞ ʤʝʪʦʜʫ ʂʎɿ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʬʦʨ-
ʤʫʣʫ: 

„ ‐ϽὉ, (1) 

ʜʝ, Ὁ χπ πππ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫ-
ʞʥʦʩʪʽ ʜʣʷ ʩʢʣʘ ˙̃ ;́ 

‐  ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 
‘̍ Ⱦ̍ Ȣ 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 
ʥʘʧʨʫʞʝʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʬʦʨʤʫʣʫ: 

„ȟ
Ͻ Ͻʩ

Ͻ
, (2) 

ʜʝ, ὔ  ʨʫʡʥʽʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ [ʅ]: 
ὧ συπ  ʚʝʣʠʯʠʥʘ ʧʣʝʯʘ ʟʫʩʠʣʣʷ 
(ʜʠʚ. ʨʠʩ. 2(ʙ)) [ʤʤ]; 

Ὤ  ʚʠʩʦʪʘ ʧʝʨʝʨʽʟʫ ʙʘʣʢʠ (ʜʠʚ. 
ʪʘʙʣ.1) [ʤʤ]; 

ὦ  ʰʠʨʠʥʘ ʧʝʨʝʨʽʟʫ ʙʘʣʢʠ (ʜʠʚ. 
ʪʘʙʣ.1) [ʤʤ]. 

ɸʜʘʧʪʘʮʽʷ ʤʝʪʦʜʫ ʢʦʨʝʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʟʦ-
ʙʨʘʞʝʥʴ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʟʛʽʜʥʦ ʽʟ ʧ.2.1 [17], ʘ 
ʩʘʤʝ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ (ʨʠʩ.3): 

¶ QOI ï ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ïʩʢʣʷʥʘ 
ʙʘʣʢʘ ʥʘ ʜʚʦʭ ʦʧʦʨʘʭ. 

¶ ROI ï ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʨʝʛʽʦʥ ï ʟʦʥʘ 
ʯʠʩʪʦʛʦ ʟʛʠʥʫ ʙʘʣʢʠ. 

¶ FOV ï ʧʦʣʝ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʽʜʧʦʚʽʜʘʻ 
ROI. 
 

 
ʈʠʩ.3. ɼʦʩʣʽʜʞʝʥʥʷ ʩʢʣʷʥʠʭ ʙʘʣʦʢ ʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʂʎɿ. 
1 ï QOI; 2 ï ROI ʪʘ FOV; 3 ï ʤʘʩʰʪʘ-
ʙʫʶʯʠʡ ʤʘʨʢʝʨ  

Fig.3. Examination of glass beams using DIC. 

1 - QOI; 2 - ROI and FOV; 3 - scaling 
marker 

 
ʉʭʝʤʘ ʜʦʩʣʽʜʫ ʧʦʜʘʥʘ ʥʘ ʨʠʩ.4. ʋ ʜʦʩʣʽʜ-

ʥʦʤʫ ʟʨʘʟʢʫ (1) ʙʫʚ ʦʙʨʘʥʠʡ ʨʝʛʽʦʥ ʜʦʩʣʽ-
ʜʞʝʥʥʷ ROI (2). ʅʘ ʬʽʢʩʦʚʘʥʽʡ ʚʽʜʩʪʘʥʽ ʪʘʢ 
ʱʦʙ ROI ʟʘʡʤʘʚ ʤʘʢʩʠʤʘʣʴʥʫ ʢʦʨʠʩʥʫ 
ʧʣʦʱʫ ʤʘʪʨʠʮʽ ʥʘ ʰʪʘʪʠʚʽ (3) ʙʫʣʘ ʨʦʟʪʘʰʦ-
ʚʘʥʘ ʬʦʪʦʢʘʤʝʨʘ (4), ʧʦʟʘʜʫ ʙʫʣʦ ʨʦʟʪʘʰʦ-
ʚʘʥʦ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ 

 

 
ʈʠʩ.4. ʉʭʝʤʘ ʜʦʩʣʽʜʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʂʎɿ. 

1 ï ʩʢʣʷʥʘ ʙʘʣʢʘ; 2 ï ʨʝʛʽʦʥ ʜʦʩʣʽ-
ʜʞʝʥʥʷ; 3 ï ʰʪʘʪʠʚ; 4 ï ʬʦʪʦʢʘʤʝʨʘ; 
5 ï ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ. 

Fig.4. Scheme of the experiment with the use of 
DIC. 
1 ï glass beam; 2 - research region;  
3 - tripod; 4 - camera; 5 - light source. 

 
ʋ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʟʯʠʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ  

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʬʦʪʦʢʘ-
ʤʝʨʘ SONY Ŭ6000. ɯʟ ʥʘʩʪʫʧʥʠʤʠ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʘʤʠ: 

¶ ʊʠʧ ʩʝʥʩʦʨʫ ï Exmor HD CMOS; 

¶ ʈʦʟʤʽʨ ʩʝʥʩʦʨʫ ï 23.5 x 15.6 ʤʤ 
APSʉ; 

¶ ʇʣʦʱʘ ʩʝʥʩʦʨʫ ï 366.6 ʤʤ2; 

¶ ʇʨʦʮʝʩʦʨ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ï BI-
ONZ Sony CXD4132; 

¶ ʈʦʟʤʽʨ ʧʽʢʩʝʣʷ 3.92 ɛʤ. 
ʊʘʢʦʞ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʦʙôʻʢʪʠʚ : E PZ 

16-50 mm F3.5-5.6 OSS, ʫ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦ-
ʚʫʚʘʣʘʩʴ ʬʦʢʫʩʥʘ ʚʽʜʜʘʣʴ ʚ ʝʢʚʽʚʘʣʝʥʪʽ 50 
ʤʤ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʫʥʠʢʥʫʪʠ ʚʧʣʠʚʫ ʢʨʠʚʠʟʥʠ 
ʣʽʥʟʠ ʦʙôʻʢʪʠʚʫ. 
ɿʛʽʜʥʦ ʽʟ ʨʝʢʦʤʝʥʜʘʮʽʻʶ 2.5 ʧ.2.1 [17] ʜʦ-

ʟʚʦʣʷʣʦʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʨʠʮʽ ʽʟ ʢʚʘʜ-
ʨʘʪʥʠʤʠ ʧʽʢʩʝʣʷ-ʤʠ, ʱʦ ʚʣʘʩʥʝ ʽ ʙʫʣʦ ʧʨʠ-
ʩʫʪʥʻ ʫ ʜʘʥʦʤʫ ʩʝʥʩʦʨʽ, ʪʘ ʚʠʤʘʛʘʣʦ 
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ʜʦʜʘʪʢʦʚʦʛʦ ʜʦ-ʦʧʨʘʮʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 
ʟʘʙʝʟʧʝʯʝʥʥʷ. ɿʦʙʨʘʞʝʥʥʷ ʫʩʽʭ ʝʪʘʧʽʚ ʙʫʣʠ 
ʟʘʬʽʢʩʦʚʘʥʽ ʫ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ ʙʝʟ ʘʚʪʦʤʘʪʠ-
ʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʽ, ʪʝʦʨʝʪʠ-
ʯʥʦ ʪʘ ʧʨʘʢʪʠʯʥʦ ʤʦʛʣʠ ʙ ʚʧʣʠʥʫʪʠ ʥʘ ʟʯʠ-
ʪʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. 
ʇʦʨʷʜʦʢ ʧʽʜʛʦʪʦʚʢʠ ʟʨʘʟʢʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʩʧʝʢʣ ʧʦʚʝʨʭʥʽ ʙʫʚ ʘʥʘʣʦʛʽʯʥʠʡ ʜʣʷ ʜʦʩʣʽ-
ʜʞʝʥʥʷ [18,19]. 
ʋʩʽ ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʠ ʚʠʢʦʥʘʥʥʽ ʫ ʬʦʨʤʘʪʽ 

ARW. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʦʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰʝ ʽʥ-
ʬʦʨʤʘʮʽʾ ʽʟ ʢʦʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʑʝ ʦʜʥʽʻʶ 
ʧʝʨʝʚʘʛʦ ʜʘʥʦʛʦ ʬʦʨʤʘʪʫ ʙʫʣʦ ʤʦʥʦʭʨʦʤʥʝ 
ʚʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ. ɿʦʙʨʘʞʝʥʥʷ ʬʦʨʤʘʪʫ 
ARW ʢʦʥʚʝʨʪʫʚʘʣʠʩʴ ʚ JPGE ʪʘ ʦʩʪʘʪʦʯʥʦ 
ʦʙʝʟʙʘʨʚʣʶʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʨʝʜʘ-
ʢʪʦʨʘ. ɼʘʣʽ ʦʪʨʠʤʫʚʘʣʠ ʩʚʦʾ ʧʦʨʷʜʢʦʚʽ ʥʦ-
ʤʝʨʠ ʪʘ ʟʘʚʘʥʪʘʞʫʚʘʣʠʩʴ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ 
ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 
ɼʘʣʽ ʛʦʪʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʟʚʘʥʪʘʞʫʚʘʣʠʩʴ 

ʜʦ GOM Correlate Pro. ɼʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥ-
ʩʪʨʫʤʝʥʪʽʚ ʧʨʦʛʨʘʤʠ ʚʠʟʥʘʯʘʣʠʩʴ ʜʝʬʦʨʤʽ-
ʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 
 

ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 6 ʩʢʣʷʥʠʭ ʙʘʣʦʢ ʪʨʴʦʭ 
ʩʝʨʽʡ. ʈʫʡʥʫʚʘʥʥʷ ʙʘʣʦʢ ʚʽʜʙʫʚʘʣʦʩʴ ʙʘʣʦʢ 
ʚʽʜʙʫʚʘʣʦʩʴ ʤʠʪʪʻʚʦ ʥʘ ʚʠʪʨʠʤʮʽ ʧʽʩʣʷ ʧʨʠ-
ʢʣʘʜʘʥʥʷ ʯʝʨʛʦʚʦʛʦ ʩʪʫʧʝʥʷ ʥʘʚʘʥʪʘ-ʞʝʥʥʷ. 
ʌʦʪʦ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ 
ʋʩʽ ʙʘʣʢʠ ʟʨʫʡʥʫʚʘʣʠʩʴ ʽʟ ʦʜʥʘʢʦʚʠʤ ʭʘʨʘʢ-
ʪʝʨʦʤ ʦʢʨʽʤ ʦʜʥʽʻʾ ʙʘʣʢʠ ʩʝʨʽʾ 3, ʨʫʡʥʫʚʘʥʥʷ 
ʚʽʜʙʫʣʦʩʴ ʚʽʜ ʦʧʦʨʠ ʜʦ ʨʦʣʠʢʘ ʧʨʠʢʣʘʜʘʥʥʷ 
ʥʘʚʘʥʪʘʞʝʥʥʷ. 
ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʷʥʠʭ ʙʘʣʦʢ 

ʥʘ ʯʦʪʠʨʴʦʭ ʪʦʯʢʦʚʠʡ ʟʛʠʥ ʧʦʜʘʥʽ ʚ ʪʘʙʣ.2. 
ɺʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ 
ʥʘʧʨʫʞʝʥʥʷ „ȟ  ʚʠʢʦʥʘʥʦ ʟʛʽʜʥʦ ʨʽʚʥʷʥʥʷ  

(2). ɺ ʪʘʙʣʠʮʽ ʧʦʜʘʥʽ ʟʘʤʽʨʠ ʤʘʢʩʠʤʘʣʴʥʠʭ 
ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚ ʤʦʤʝʥʪ ʨʫʡʥʫʚʘʥʥʷ 
ʜʣʷ ʚʝʨʭʫ ʪʘ ʥʠʟʫ ʧʝʨʝʨʽʟʫ ʙʘʣʢʠ. ɺʠʟʥʘ-
ʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʦʪʨʠʤʘʥʠʭ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʙʫʣʦ ʚʠʢʦʥʘʥʦ 
ʟʛʽʜʥʦ ʨʽʚʥʷʥʥʷ (1). 

ʅʘ ʨʠʩʫʥʢʫ 5 ʧʦʜʘʥʦ ʪʠʧʦʚʠʡ ʭʘʨʘʢʪʝʨ 

ʨʫʡʥʫʚʘʥʥʷ ʙʘʣʢʠ ʪʘ ʧʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʫ ʢʦʨʝʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ 

ʧʨʠʢʣʘʜʽ ʙʘʣʢʠ Bm-2.1. ʅʘ ʽʣʶʩʪʨʘʮʽʾ ʟʦʙʨʘ-

ʞʝʥʦ ʜʝʬʦʨʤʽʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʣʦʢ ʚ ʤʦʤʝ-

ʥʪʝ ʨʫʡʥʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ GOM Correlate 

ʪʘ ʤʝʪʦʜʫ ʂʎɿ. 

 
ʊʘʙʣ.2. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʷʥʠʭ ʙʘʣʦʢ ʥʘ ʯʦʪʠʨʴʦʭ ʪʦʯʢʦʚʠʡ ʟʛʠʥ. 
Tabl.2. Results of the study of glass beams in four-point bending. 
 

ʉʝʨʽʷ ʄʘʨʢʘ 

ʄʘʢʩ. 

ʥʘʚʘʥʪ. 
ὔ   

ʄʘʢʩ. 

ʥʘʧʨʫ-

ʞʝʥʥʷ 

„ȟ  

ʄʝʭʘʥʽʯʥʽ ʧʨʠʣʘʜʠ  ʂʎɿ 

ʄʘʢ. 

ʚʽʜ.ʜʝʬ 

(ʥʠʟ) 

‐ȟ  

ʄʘʢ. 

ʚʽʜ.ʜʝʬ 

(ʚʝʨʭ) 

‐ȟ  

ʄʘʢʩ. 

ʥʘʧʨʫ-

ʞʝʥʥʷ

„ȟ  

ʄʘʢ. 

ʚʽʜ.ʜʝʬ 

(ʥʠʟ) 

‐ȟ  

ʄʘʢ. 

ʚʽʜ.ʜʝʬ 

(ʚʝʨʭ) 

‐ȟ  

ʄʘʢʩ. 

ʥʘʧʨʫ-

ʞʝʥʥʷ 

„ȟ  

[ʢʅ] [ʄʇʘ] [ɛʤ/ʤ] [ɛʤ/ʤ] [ʄʇʘ] [ɛʤ/ʤ] [ɛʤ/ʤ] [ʄʇʘ] 

1 
Bm-1.1 4.21 21.09 1 31 2.19 94 151 29.16 

Bm-1.2 5.71 31.19 -14 52 3.67 253 413 19.63 

2 
Bm-2.1 13.2 28.31 -21 32 -1.48 335 360 25.42 

Bm-2.2 12.2 22.88 -38 17 -2.68 -14 -128 -9.04 

3 
Bm-3.1 24.3 30.85 -76 18 -5.37 -1 -19 -1.34 

Bm-3.2 26.3 33.25 -8 41 2.90 65 90 6.35 

ɹʘʣʢʠ ʩʝʨʽʾ 1. ɹʘʣʢʘ Bm-1.1 ʟʨʫʡʥʫʚʘ-
ʣʘʩʴ ʧʦʰʘʨʦʚʦ ʽʟ ʧʦʯʘʪʢʦʚʠʤ ʫʪʚʦʨʝʥʥʷʤ 
ʪʨʽʱʠʥʠ ʫ ʥʠʞʥʽʡ ʥʘʡʙʽʣʴʰ ʨʦʟʪʷʛʥʝʥʽʡ 
ʟʦʥʽ ʜʘʣʽ ʪʨʽʱʠʥʘ ʧʦʰʠʨʠʣʘʩʴ ʽʟ ʪʶʣʴʧʘʥʦ-
ʧʦʜʽʙʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʜʦ ʚʝʨʭʥʴʦʾ ʟʦʥʠ, ʜʨʫ-
ʛʠʡ ʰʘʨ ʪʘ ʪʨʝʪʽʡ ʰʘʨ ʩʢʣʘ ʟʨʫʡʥʫʚʘʚʩʷ ʽʜʝ-

ʥʪʠʯʥʦ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ. ɹʘʣʢʘ Bm-1.2 ʟʨʫʡ-
ʥʫʚʘʣʘʩʴ ʘʥʘʣʦʛʽʯʥʦ, ʘʣʝ ʽʟ ʟʤʽʱʝʥʥʷ ʤʽʩʮʷ 
ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʦʾ ʪʨʽʱʠʥʠ ʜʨʫʛʦʛʦ ʰʘʨʫ. 
ɹʘʣʢʠ ʩʝʨʽʾ 2. ɹʘʣʢʘ Bm-2.1 ʟʨʫʡʥʫʚʘ-

ʣʘʩʴ ʧʦʰʘʨʦʚʦ ʽʟ ʧʦʯʘʪʢʦʚʠʤ ʫʪʚʦʨʝʥʥʷʤ 
ʪʨʽʱʠʥʠ ʫ ʥʠʞʥʽʡ ʥʘʡʙʽʣʴʰ ʨʦʟʪʷʛʥʝʥʽʡ 
ʟʦʥʽ ʜʘʣʽ ʪʨʽʱʠʥʘ ʧʦʰʠʨʠʣʘʩʴ ʽʟ ʪʶʣʴʧʘʥʦ-
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ʧʦʜʽʙʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʜʦ ʚʝʨʭʥʴʦʾ ʟʦʥʠ, ʜʨʫ-
ʛʠʡ ʰʘʨ ʩʢʣʘ ʟʨʫʡʥʫʚʘʚʩʷ ʫ ʽʜʝʥʪʠʯʥʦʤʫ ʤʽ-
ʩʮʽ. ɹʘʣʢʘ Bm-2.2 ʟʨʫʡʥʫʚʘʣʘʩʴ ʘʥʘʣʦʛʽʯʥʦ, 
ʘʣʝ ʽʟ ʟʤʽʱʝʥʥʷ ʤʽʩʮʷ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʦʾ 
ʪʨʽʱʠʥʠ ʜʨʫʛʦʛʦ ʰʘʨʫ. 
ɹʘʣʢʠ ʩʝʨʽʾ 3. ɹʘʣʢʘ Bm-3.1 ʟʨʫʡʥʫʚʘ-

ʣʘʩʴ ʥʝʪʠʧʦʚʦ ʜʣʷ ʽʥʰʠʭ ʙʘʣʦʢ, ʧʦʰʘʨʦʚʦ ʽʟ 
ʧʦʯʘʪʢʦʚʠʤ ʫʪʚʦʨʝʥʥʷʤ ʧʦʧʝʨʝʯʥʦʾ ʪʨʽ-

ʱʠʥʠ ʫ ʚʝʨʭʥʽʡ ʟʦʥʽ, ʜʨʫʛʠʡ ʰʘʨ ʩʢʣʘ ʟʨʫʡ-
ʥʫʚʘʚʩʷ ʫ ʽʜʝʥʪʠʯʥʦʤʫ ʤʽʩʮʽ. ɹʘʣʢʘ Bm-3.2 
ʟʨʫʡʥʫʚʘʣʘʩʴ ʧʦʰʘʨʦʚʦ ʽʟ ʧʦʯʘʪʢʦʚʠʤ ʫʪʚʦ-
ʨʝʥʥʷʤ ʪʨʽʱʠʥʠ ʫ ʥʠʞʥʽʡ ʥʘʡʙʽʣʴʰ ʨʦʟʪʷʛ-
ʥʝʥʽʡ ʟʦʥʽ ʜʘʣʽ ʪʨʽʱʠʥʘ ʧʦʰʠʨʠʣʘʩʴ ʟʘ ʪʶ-
ʣʴʧʘʥʦʧʦʜʽʙʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʜʦ ʚʝʨʭʥʴʦʾ 
ʟʦʥʠ, ʜʨʫʛʠʡ ʰʘʨ ʩʢʣʘ ʟʨʫʡʥʫʚʘʚʩʷ ʫ ʽʜʝʥʪʠ-
ʯʥʦʤʫ ʤʽʩʮʽ. 

 
ʈʠʩ. 5. ɸʥʘʣʽʟ ʨʫʡʥʫʚʘʥʥʷ ʙʘʣʢʠ Bm-2.1 ʩʝʨʽʾ 2 ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʂʎɿ. 

Fig. 5. Failure analysis of beam Bm-2.1 series 2 using DIC. 

  
ʘ ʙ 

 
ʚ 

ʈʠʩ. 6. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ‐ʚʽʜ ʥʘʧʨʫʞʝʥʥʷ „: 

ʘ -ʩʝʨʽʷ 1 ʙʘʣʢʘ Bm-1.2; 

ʙ -ʩʝʨʽʷ 2 ʙʘʣʢʘ Bm-2.1; 

ʚ - ʩʝʨʽʷ 3 ʙʘʣʢʘ Bm-3.2. 

Fig. 6. Diagrams of the dependence of strain ‐ on stress „: 

ʘ - series 1 beam Bm-1.2; 

ʙ - series 2 beam Bm-2.1; 

ʚ - series 3 beam Bm-3.2. 
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ɼʣʷ ʢʦʞʥʦʛʦ ʽʟ ʙʘʣʦʢ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 
ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 
‐ʚʽʜ ʥʘʧʨʫʞʝʥʥʷ „. ʅʘ ʨʠʩ.6. ɿʦʙʨʘʞʝʥʦ 
ʭʘʨʘʢʪʝʨʥʽ ʛʨʘʬʽʢʠ ʜʣʷ ʙʘʣʦʢ ʢʦʞʥʦʾ ʽʟ ʩʝʨʽʡ 
ʥʘ ʧʨʠʢʣʘʜʽ ʙʘʣʦʢ Bm-1.2, Bm-2.1 ʪʘ Bm-3.2. 

 
ɿʘ ʜʦʧʦʤʦʛʦ ʧʨʦʛʠʥʦʤʽʨʽʚ ʧʦ ʩʝʨʝʜʠʥʽ 

ʧʨʦʣʴʦʪʫ ʙʘʣʢʠ ʪʘʢʦʞ ʚʜʘʣʦʩʴ ʚʩʪʘʥʦʚʠʪʠ 
ʬʦʨʤʫ ʧʦʚʦʨʦʪʫ ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʝʨʽʟʫ ʚʽʜ-
ʥʦʩʥʦ ʚʣʘʩʥʦʾ ʦʩʽ ʚ ʤʦʤʝʥʪ ʦʩʪʘʥʥʴʦʛʦ ʩʪʫ-
ʧʝʥʷ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ.7). 

  

 
ʘ ʙ ʚ 

ʈʠʩ. 7.ɺʽʜʭʠʣʝʥʥʷ ʧʝʨʝʨʽʟʫ ʙʘʣʢʠ ʚ ʤʦʤʝʥʪ ʦʩʪʘʥʥʴʦʛʦ ʩʪʫʧʝʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ: 

ʘ -ʩʝʨʽʷ 1 ʙʘʣʢʘ Bm-1.2; 

ʙ -ʩʝʨʽʷ 2 ʙʘʣʢʘ Bm-2.1; 

ʚ - ʩʝʨʽʷ 3 ʙʘʣʢʘ Bm-3.2. 

Fig. 7. Deflection of the beam section at the moment of the last stage of loading: 

ʘ - series 1 beam Bm-1.2; 

ʙ - series 2 beam Bm-2.1; 
ʚ - series 3 beam Bm-3.2. 

 
ɿʘ ʜʦʧʦʤʦʛʦ ʧʨʦʛʠʥʦʤʽʨʽʚ ʧʦ ʩʝʨʝʜʠʥʽ 

ʧʨʦʣʴʦʪʫ ʙʘʣʢʠ ʪʘʢʦʞ ʚʜʘʣʦʩʴ ʚʩʪʘʥʦʚʠʪʠ 
ʬʦʨʤʫ ʧʦʚʦʨʦʪʫ ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʝʨʽʟʫ ʚʽʜ-
ʥʦʩʥʦ ʚʣʘʩʥʦʾ ʦʩʽ ʚ ʤʦʤʝʥʪ ʦʩʪʘʥʥʴʦʛʦ ʩʪʫ-
ʧʝʥʷ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 
ɿʘ ʜʦʧʦʤʦʛʦ ʧʨʦʛʠʥʦʤʽʨʽʚ ʧʦ ʩʝʨʝʜʠʥʽ 

ʧʨʦʣʴʦʪʫ ʙʘʣʢʠ ʪʘʢʦʞ ʚʜʘʣʦʩʴ ʚʩʪʘʥʦʚʠʪʠ 
ʬʦʨʤʫ ʧʦʚʦʨʦʪʫ ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʝʨʽʟʫ ʚʽʜ-
ʥʦʩʥʦ ʚʣʘʩʥʦʾ ʦʩʽ ʚ ʤʦʤʝʥʪ ʦʩʪʘʥʥʴʦʛʦ ʩʪʫ-
ʧʝʥʷ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 
ʆʪʞʝ, ʷʢ ʚʠʜʥʦ ʽʟ ʨʠʩ.7 ʚʽʜʭʠʣʝʥʥʷ ʚʝʨʭ-

ʥʴʦʾ ʯʘʩʪʠʥʠ ʧʝʨʝʨʽʟʫ ʚʽʜʥʦʩʥʦ ʥʠʞʥʴʦʾ 
ʙʫʣʦ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʙʘʣʦʢ. ʊʘʢʘ ʬʦʨʤʘ ʜʝ-
ʬʦʨʤʘʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʠʯʥʽʡ ʬʦʨʤʽ ʚʪʨʘʪʠ 
ʩʪʽʡʢʦʩʪʽ ʧʝʨʝʨʽʟʫ. 
ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʠ ʚʠ-

ʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʘʣʠ ʟʘʜʦ-
ʚʽʣʴʥʽʡ ʨʝʟʫʣʴʪʘʪ, ʪʘ ʟʛʽʜʥʦ ʽʟ ʪʘʙʣ.2, ʟʥʘ-
ʯʝʥʥʷ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʢʦʨʝ-
ʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʙʫʣʦ ʙʣʠʟʴʢʝ ʜʦ 
ʨʫʡʥʽʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʙʘʣʢʘʭ ʩʝʨʽʾ 1 ʪʘ 2. 
ʊʘʢʦʞ ʟʛʽʜʥʦ ʽʟ ʨʠʩ.6. ʇʨʠʨʽʩʪ ʚʽʜʥʦʩʥʠʭ ʜʝ-
ʬʦʨʤʘʮʽʡ ʚʽʜʥʦʩʥʦ ʥʘʧʨʫʞʝʥʴ, ʜʣʷ ʟʥʘʯʝʥʴ 
ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʢʦʨʝʣʷʮʽʾ 

ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʤʘʚ ʙʽʣʴʰ ʟʥʘʯʝʥʥʷ 
ʜʣʷ ʪʘʢʦʛʦ ʨʦʜʫ ʜʦʩʣʽʜʞʝʥʴ. 

 
 

ɺʀʉʅʆɺʂʀ ɯ ʇɽʈʉʇɽʂʊʀɺʀ 
ʇʆɼɸʃʔʐʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 
1. ɹʫʣʦ ʦʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʷʥʠʭ ʙʘʣʦʢ ʥʘ ʯʦʪʠ-
ʨʴʦʭ-ʪʦʯʢʦʚʠʡ ʟʛʠʥ. ɿʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ 
ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʤʝʪʦʜʽʚ ʟʘʤʽʨʫ ʚʽʜʥʦʩʥʠʭ 
ʜʝʬʦʨʤʘʮʽʡ ʧʦʭʽʜʥʝ ʟʘ ʜʦʧʦʤʦʛʦ ʤʝʭʘʥʽʯ-
ʥʠʭ ʝʢʩʪʝʥʟʦʤʝʪʨʽʚ, ʪʘ ʤʝʪʦʜʫ ʂʎɿ ʪʘ ʚʽʨʪʫ-
ʘʣʴʥʠʭ ʝʢʩʪʝʥʟʦʤʝʪʨʽʚ. 
2. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʙʘʣ-

ʢʘʭ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʜʝʬʦʨʤʘʮʽʷ ʙʘʣʦʢ ʧʽʜ 
ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʷ ʙʽʣʴʰʠʤ 
ʟʥʘʯʝʥʥʷʤ ʫ ʚʝʨʭʥʽʡ ʟʦʥʽ, ʱʦ ʧʦ ʩʫʪʽ ʧʦʚʪʦ-
ʨʶʻ ʢʣʘʩʠʯʥʫ, ʜʣʷ ʪʘʢʠʭ ʙʘʣʦʢ, ʬʦʨʤʫ 
ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. 
3. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦ-

ʨʠʩʪʫʚʘʮʴʢʠʭ ʙʝʟ ʜʟʝʨʢʘʣʴʥʠʭ ʬʦʪʦʢʘʤʝʨ ʽʟ 
ʢʦʣʴʦʨʦʚʦʶ ʤʘʪʨʠʮʝʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 
ʩʢʣʷʥʠʭ ʙʘʣʦʢ ʥʘ ʯʦʪʠʨʴʦʭ ʪʦʯʢʦʚʠʡ ʟʛʠʥ. 
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ʇʦʢʨʦʢʦʚʘ ʤʝʪʦʜʠʢʘ ʧʦʣʷʛʘʣʘ ʫ ʚʠʙʦʨʽ ʧʨʘ-
ʚʠʣʴʥʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʚʠʟʥʘ-
ʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʢʘʤʝʨʠ, ʱʦ ʜʦʟʚʦ-
ʣʷʣʦ ʦʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʛʦʪʦ-
ʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʪʘ ʧʨʦʚʦʜʠʪʠ ʧʦʜʘʣʴʰʫ ʧʽʜ-
ʛʦʪʦʚʢʫ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ. 

4. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨ-

ʤʘʮʽʡ ʪʘ ʧʦʭʽʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʧʨʫʞʝʥʴ, 

ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʢʦʨʝʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘ-

ʞʝʥʴ, ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʦ ʙʣʠʞʯʽ ʟʥʘʯʝʥʥʷ ʜʦ 

ʟʥʘʯʝʥʴ ʨʫʡʥʽʚʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʥʽʞ ʨʝʟʫʣʴ-

ʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʠʭ 

ʧʨʠʣʘʜʽʚ. ʑʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʜʘʣʴʰʫ ʧʝʨʩ-

ʧʝʢʪʠʚʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʂʎɿ ʜʣʷ ʜʦʩ-

ʣʽʜʞʝʥʥʷ ʩʢʣʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 
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RESEARCH OF GLASS BEAMS FOR 

FOUR-POINT BENDING USING THE 

METHOD OF DIGITAL IMAGE 

CORRELATION  

 

Roman KOZAK,  

Bohdan DEMCHYNA 
 

Summary. The main elements of glass 

structures commonly used in construction are 

bending elements. The use of glass beams with a 

large ratio of cross-sectional height to width is most 

often encountered in practical use. This type of 

structure is characterized by the phenomenon of loss 

of stability from the plane.  

Optical research methods are becoming more 

and more popular due to the convenience and lack 

of direct contact with the test specimen. Such a 

research method is the method of digital image 

correlation. In general, the method requires 

specialized hardware and for a single experiment 

without the need to record images at high speed, it 

is also promising to use a publicly available user's 

mirrorless camera as a recording device. 

The subject of the study was glass beams 

subjected to four-point bending. Six double-layer 

glass beams were manufactured for the study. The 

beams were tested with a stepwise increase in load 

on a special test rig made for the study of glass 

beams. The relative deformations were recorded 

using the method of correlation of digital images 

and mechanical strain gauges. 

The paper describes the method of using 

mirrorless cameras with a colour matrix to study 

glass beams in four-point bending. The 

methodology consisted of selecting the right 

equipment and determining the characteristics of 

the camera to obtain more information from the 

images and prepare them for analysis. The images 

were de-colorized and the white balance was 

adjusted using a photo editor. The images ready for 

analysis were transferred to the specialized software 

GOM Correlate Pro. 

The glass beams were tested for four-point 

bending. The values of the maximum stresses were 

obtained using the equilibrium equation of the 

section, the relative deformations obtained 

according to the readings of mechanical devices, 

and the method of correlation of digital images. 

Failure of the glass beams occurred in layers 

with the initial crack formation in the lowe most 

tensile zone, then the crack propagated with a tulip-

like pattern to the upper zone. 

The study confirmed the disadvantage of glass 

beams with a large height-to-width ratio, namely the 

loss of in-plane stability. 

The method of digital image correlation using 

publicly available user hardware performed well, 

often showing values of destructive stresses close to 

the theoretical values obtained by calculation. It is 

recommended to use this method for further 

research. 

 

Keywords. Glass; glass beam; four-point 

bending; bending strength of glass; digital image 

correlation. 
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ɸʥʦʪʘʮʽʷ. ʅʘʨʘʟʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʦʜʥʦ-

ʯʘʩʥʦ ʻ ʯʠʥʥʠʤʠ ʪʨʠ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʠ, 

ʟʛʽʜʥʦ ʷʢʠʭ ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʽ ʧʨʦʝʢʪʫʚʘʪʠ 

ʢʘʤôʷʥʽ ʪʘ ʘʨʤʦʢʘʤôʷʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʨʠʨʦʜʥʴʦ, 

ʱʦ ʮʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʤʘʶʪʴ ʙʘʟʫʚʘʪʠʩʴ 

ʥʘ ʦʜʥʘʢʦʚʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜʘʭ ʪʘ ʥʝ ʩʫʧʝʨʝ-

ʯʠʪʠ ʦʜʠʥ ʦʜʥʦʤʫ. ʗʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʥʠʤ ʜʦʢʫ-

ʤʝʥʪʦʤ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ʩʪʦʩʦʚʥʦ ʷʢʦʛʦʩʴ 

ʥʘʧʨʷʤʢʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʻ ʧʝʚʥʠʡ ɼɹʅ. ʋ ʨʦʟʚʠ-

ʪʦʢ ɼɹʅ ʪʘ ʜʣʷ ʪʣʫʤʘʯʝʥʥʷ ʡʦʛʦ ʦʩʥʦʚʥʠʭ ʟʘʩʘʜ 

ʩʧʨʷʤʦʚʘʥʽ ʥʠʞʯʽ ʟʘ ʨʘʥʛʦʤ ɼʉʊʋ, ɼʉʊʋ-ʇ, 

ɼʉʊʋ-ʅ, ʉʆʋ, ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ ʪʦʱʦ. 

ɸʥʘʣʽʟ ʜʽʶʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʷʢʽ 

ʩʪʦʩʫʶʪʴʩʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʘʤôʷʥʠʭ ʪʘ ʘʨʤʦ-

ʢʘʤôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʢʘʟʫʻ, ʱʦ ʮʽ ʜʦʢʫʤʝʥʪʠ 

ʜʦʩʠʪʴ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. 

ɼʉʊʋ ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʙʫʪʠ ʣʦʛʽʯʥʠʤ ʧʨʦʜʦʚ-

ʞʝʥʥʷʤ ʦʩʥʦʚʥʦʛʦ ʜʦʢʫʤʝʥʪʫ ɼɹʅ ï ʥʘʚʧʘʢʠ, 

ʱʝ ʙʽʣʴʰʝ ʟʘʧʣʫʪʫʻ ʪʘ ʚʥʦʩʠʪʴ ʧʣʫʪʘʥʠʥʫ ʫ ʧʦ-

ʣʦʞʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ, ʦʩʢʽʣʴʢʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʦ-

ʚʩʽʤ ʽʥʰʦʤʫ ʽʜʝʦʣʦʛʽʯʥʦʤʫ ʧʽʜˇʨʫʥʪʽ, ʥʽʞ ɼɹʅ. 

ɹʽʣʴʰʝ ʪʦʛʦ, ʥʘʚʽʪʴ ʚ ʤʝʞʘʭ ʩʘʤʦʛʦ ʦʩʥʦʚʥʦʛʦ 

ʜʦʢʫʤʝʥʪʫ ɼɹʅ ʻ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʩʫʧʝʨʝʯʘʪʴ 

ʦʜʠʥ ʦʜʥʦʤʫ. 

ʆʜʥʘʢ, ʨʘʥʦ ʯʠ ʧʽʟʥʦ ʥʘʩʪʘʥʝ ʯʘʩ, ʢʦʣʠ ʚʩʝ ʞ 

ʪʘʢʠ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʧʝʨʝʛʣʷʥʫʪʠ, ʚʥʝʩʪʠ ʢʦʨʝʛʫ-

ʚʘʥʥʷ ʪʘ ʛʘʨʤʦʥʽʟʫʚʘʪʠ ʜʽʶʯʽ ʥʘʨʘʟʽ ʥʦʨʤʘʪʠʚʥʽ 

ʜʦʢʫʤʝʥʪʠ. 

ʅʘ ʞʘʣʴ, ʟ ʤʦʤʝʥʪʫ ʚʠʭʦʜʫ ʜʽʶʯʠʭ ʥʦʨʤʘʪʠ-

ʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʱʦʜʦ ʢʘʤôʷʥʠʭ ʪʘ ʘʨʤʦ-

ʢʘʤôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʾ ʥʽʭʪʦ ʨʝʪʝʣʴʥʦ ʥʝ ʟʘʡʤʘ-

ʚʩʷ ʾʭ ʘʥʘʣʽʟʦʤ ʪʘ ʨʝʘʣʽʟʘʮʽʻʶ ʥʘ ʧʨʘʢʪʠʮʽ. ɹʫʣʠ 

ʣʠʰʝ ʧʦʦʜʠʥʦʢʽ ʨʦʙʦʪʠ, ʷʢʽ ʩʫʪʪʻʚʦ ʥʝ ʟʘʛʣʠʙ-

ʣʶʚʘʣʠʩʴ ʫ ʟʘʟʥʘʯʝʥʫ ʧʨʦʙʣʝʤʘʪʠʢʫ. 

ɺ ʤʝʞʘʭ ʜʘʥʦʾ ʩʪʘʪʪʽ ʟʨʦʙʣʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʪʘ  

 

 

ʨʦʟʛʣʷʥʫʪʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʢʘʤʝ-

ʥʽʚ ʪʘ ʨʦʟʯʠʥʽʚ ʤʽʞ ʪʝʧʝʨʽʰʥʽʤ ʜʽʶʯʠʤ ɼɹʅ ʪʘ 

ʜʦʢʫʤʝʥʪʦʤ, ʷʢʠʡ ʜʽʷʚ ʜʦ ʮʴʦʛʦ. 

ɿʚʝʨʥʫʪʦ ʫʚʘʛʫ ʥʘ ʦʩʥʦʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝ-

ʞʥʦʩʪʽ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʫ ɼɹʅ ʪʘ ʥʦʚʽ ʧʦʥʷʪʪʷ, 

ʱʦ ʙʫʣʠ ʚʚʝʜʝʥʽ ʚ ʦʙʽʛ.  

ʅʘ ʧʨʠʢʣʘʜʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʤʝʥʽʚ ʪʘ ʨʦʟʯʠ-

ʥʽʚ, ʘ ʪʘʢʦʞ ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ ʧʦʢʘʟʘʥʽ ʩʫʧʝʨʝʯ-

ʥʦʩʪʽ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʫ ʩʘʤʦʤʫ ɼɹʅ. 

ʅʘʚʝʜʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʪʘ ʘʚʪʦʨʩʴʢʝ ʙʘʯʝʥʥʷ 

ʱʦʜʦ ʪʦʛʦ, ʷʢ ʤʘʶʪʴ ʚʠʛʣʷʜʘʪʠ ʪʘʙʣʠʮʽ ʟ ʨʦʟʨʘ-

ʭʫʥʢʦʚʠʤʠ ʦʧʦʨʘʤʠ ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ ʜʣʷ ʨʽʟʥʠʭ 

ʢʘʤʝʥʽʚ ʪʘ ʨʦʟʯʠʥʽʚ. ʇʦʢʘʟʘʥʽ ʦʙʤʝʞʝʥʥʷ ʧʨʠ 

ʧʝʚʥʠʭ ʢʦʤʙʽʥʘʮʽʷʭ ʢʘʤʝʥʽʚ ʪʘ ʨʦʟʯʠʥʽʚ ʪʘ ʾʭ ʨʦ-

ʟʨʘʭʫʥʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʂʘʤôʷʥʽ ʪʘ ʘʨʤʦʢʘʤôʷʥʽ ʢʦʥ-

ʩʪʨʫʢʮʽʾ; ʤʽʮʥʽʩʪʴ ʢʘʤʝʥʶ; ʤʽʮʥʽʩʪʴ ʨʦʟʯʠʥʫ; ʤʽ-

ʮʥʽʩʪʴ ʢʣʘʜʢʠ; ʛʨʫʧʠ ʢʘʤʝʥʽʚ. 

 

ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ 

 

ʋ ʧʦʧʝʨʝʜʥʽʡ ʧʫʙʣʽʢʘʮʽʾ [1] ʚʞʝ ʙʫʣʘ ʟʘ-

ʟʥʘʯʝʥʘ ʪʝʟʘ ʧʨʦ ʪʝ, ʱʦ ʥʘʨʘʟʽ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ ʻ ʯʠʥʥʠʤʠ ʪʨʠ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫ-

ʤʝʥʪʠ [2, 3, 4], ʟʛʽʜʥʦ ʷʢʠʭ ʤʦʞʥʘ ʧʨʦʝʢʪʫ-

ʚʘʪʠ ʢʘʤôʷʥʽ ʪʘ ʘʨʤʦʢʘʤôʷʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. 
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ɼʦ 2011 ʨʦʢʫ ʥʦʨʤʘʪʠʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ, 

ʷʢʠʡ ʚʠʟʥʘʯʘʚ ʧʨʘʚʠʣʘ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʧʨʦʝʢ-

ʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʥʝʘʨʤʦʚʘʥʦʾ ʪʘ ʘʨʤʦ-

ʚʘʥʦʾ ʢʣʘʜʢʠ ʙʫʚ ʉʅʠʇ ɯɯ-22-81 [5], ʜʦ ʷʢʦʛʦ 

ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʈʝʢʦʤʝʥ-ʜʘʮʽʾ ʪʘ 

ʇʦʩʽʙʥʠʢʠ ï ʫ ʨʦʟʚʠʪʦʢ ʜʘʥʦʛʦ ʉʅʠʇ ʽ ʷʢʽ 

ʥʝ ʩʫʧʝʨʝʯʠʣʠ ʦʜʠʥ ʦʜʥʦʤʫ. 

ʋ ʚʩʪʫʧʽ ʜʦ ɼɹʅ [3] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ 

ʡʦʛʦ ʨʦʟʨʦʙʮʽ ʚʨʘʭʦʚʘʥʽ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ 

ʪʘ ʧʨʠʥʮʠʧʠ EN 1996-1-1 [2], ʦʜʥʘʢ ʦʟʥʘʢʠ 

ʽʜʝʥʪʠʯʥʦʩʪʽ (IDT) ʫ ʮʴʦʛʦ ʜʦʢʫʤʝʥʪʘ ʥʝʤʘʻ. 

ʊʦʙʪʦ ʫ ʧʦʣʦʞʝʥʥʷʭ ʩʪʘʥʜʘʨʪʫ [3] ʻ ʧʝʚʥʽ ʚʽ-

ʜʭʠʣʝʥʥʷ ʽ/ʘʙʦ ʜʦʧʦʚʥʝʥʥʷ ʱʦʜʦ ʩʪʘʥʜʘʨʪʫ 

[2]. ʂʨʽʤ ʪʦʛʦ, ʥʘʨʘʟʽ ʦʜʥʦʯʘʩʥʦ ʪʘʢʦʞ ʜʽʻ 

ɼʉʊʋ ɹ ɺ.2.6-207:2015 [4], ʫ ʟʘʛʘʣʴʥʠʭ ʧʦ-

ʣʦʞʝʥʥʷʭ ʷʢʦʛʦ ʚʢʘʟʘʥʦ, ʱʦ ʮʝʡ ʩʪʘʥʜʘʨʪ 

ʨʦʟʨʦʙʣʝʥʦ ʫ ʨʦʟʚʠʪʦʢ ɼɹʅ ɺ.2.6-162:2010 

[3].  

ʇʨʠʨʦʜʥʴʦ, ʱʦ ʘʚʪʦʨʠ ʩʪʘʥʜʘʨʪʫ [3] ʭʦ-

ʪʣ̔ʠ ʧʨʠʚʥʝʩʪʠ ʫ ʥʦʚʠʡ ʥʦʨʤʘʪʠʚʥʠʡ ʜʦʢʫ-

ʤʝʥʪ ʜʦʩʚʽʜ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʥʘʢʦʧʠʯʝʥʠʡ ʥʘ-

ʰʦʶ ʽʥʞʝʥʝʨʥʦʶ ʜʫʤʢʦʶ ʟʘ ʤʠʥʫʣʽ ʨʦʢʠ. 

ʆʜʥʘʢ, ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʜʦʩʠʪʴ ʨʝ-

ʪʝʣʴʥʦ ʧʽʜʽʡʪʠ ʜʦ ʧʦʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʟʘ ʩʚʦʻʶ 

ʩʫʪʪʶ ʪʘ ʩʪʨʫʢʪʫʨʦʶ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝ-

ʥʪʘ [2] ʪʘ [5] ï ʦɦʙ ʫʥʠʢʥʫʪʠ ʢʦʣʽʟʽʡ ʪʘ ʨʽʟ-

ʥʦʛʦ ʨʦʜʫ ʩʫʧʝʨʝʯʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʘʜʘʧʪʫ-

ʚʘʪʠ ʪʝʢʩʪ ʜʦʢʫʤʝʥʪʫ [3] ʧʨʠ ʧʝʨʝʢʣʘʜʽ ʜʦ 

ʥʘʰʦʾ ʫʩʪʘʣʝʥʦʾ ʽʥʞʝʥʝʨʥʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ 

(ʥʘʧʨʠʢ-ʣʘʜ, ʪʝʨʤʽʥ çʟʛʠʥè-çʚʠʛʠʥè, çʛʥʫʯ-

ʢʽʩʪʴè-çʢʦʝʬʽʮʽʻʥʪ ʛʥʫʯʢʦʩʪʽè, çʢʦʨʦʪʢʦʯʘʩ-

ʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ɽ ʧʨʠ ʟʩʫʚʽ ʢʘʤôʷʥʦʾ 

ʢʣʘʜʢʠè-çʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ (ʧʦʯʘʪʢʦʚʠʡ 

ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʽʡ) ɽ0 ʧʨʠ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽè, çʧʦʟʘʧʣʦʱʠʥʥʠʡ ʝʢʩʮʝʥʪ-

ʨʠʩʠʪʝʪ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʽʥʫè ʪʦʱʦ). ʊʘ-

ʢʦʞ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝʨ-

ʤʽʥʦʣʦʛʽʶ ʽ ʚʠʟʥʘʯʝʥʥʷ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʫ ɼɹʅ 

ʪʘ ʫ ʨʽʟʥʠʭ ɼʉʊʋ ʥʘ ʷʢʽ ʻ ʧʦʩʠʣʘʥʥʷ ʚ [3] ï

ʚʦʥʠ ʤʽʩʮʷʤʠ ʪʘʢʦʞ ʩʫʧʝʨʝʯʘʪʴ ʦʜʠʥ ʦʜ-

ʥʦʤʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʘʣʽ ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʨʦʟʙʽʞ-

ʥʦʩʪʽ ʪʘ ʢʦʣʽʟʽʾ ʧʨʠ ʯʠʪʘʥʥʽ ʧʦʣʦʞʝʥʴ ɼɹʅ 

[3] ʥʘ ʧʨʠʢʣʘʜʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʢʘʤôʷʥʦʾ ʢʣʘ-

ʜʢʠ ï ʢʘʤʝʥʶ ʪʘ ʨʦʟʯʠʥʫ. 

 

ʆʉʅʆɺʅɽ ɼʆʉʃɯɼɾɽʅʅʗ 

ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʨʦʟʨʘʭʫ-

ʥʢʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʦʩʠʣʘʥʴ 

ʚ ʽʥʰʠʭ ʨʦʟʜʽʣʘʭ ʜʦʢʫʤʝʥʪʫ, ʫ ɼɹʅ [3]  

ʢʘʤʽʥʴ ʪʘ ʙʣʦʢʠ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʛʨʫʧʘʤʠ. 

ʏʦʪʠʨʠ ʛʨʫʧʠ ʢʣʘʩʠʬʽʢʫʶʪʴ ʢʘʤʽʥʴ ʪʘ ʙʣʦʢʠ 

ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʘ ʥʘʧʨʷʤʢʦʤ (ʚʝʨʪʠʢʘ-

ʣʴʥʠʤ ʘʙʦ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ) ʧʦʨʦʞʥʠʥ (ʤʘʢ-

ʩʠʤʘʣʴʥʠʡ ʚʽʜʩʦʪʦʢ ʧʦʨʦʞʥʠʥ ʤʦʞʝ ʙʫʪʠ ʜʦ 

70% ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʚʠʨʦʙʫ). ɼʣʷ ʢʨʘ-

ʱʦʛʦ ʫʷʚʣʝʥʥʷ ʛʨʘʬʽʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʛʨʫʧ 

ʢʘʤʝʥʽʚ ʟʘ ʥʘʷʚʥʽʩʪʶ ʧʦʨʦʞʥʠʥ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 1. 

ʏʠʩʣʦʚʘ ʛʨʘʜʘʮʽʷ ʛʨʫʧ ʮʝʛʣʠ ʪʘ ʙʣʦʢʽʚ ʥʘ-

ʚʦʜʷʪʴʩʷ ʚ ʪʘʙʣʠʮʽ 8.1 [3] ʽ ʪʘʢʘ ʾʭ ʢʣʘʩʠʬʽ-

ʢʘʮʽʷ ʚʧʣʠʚʘʻ ʚ ʧʦʜʘʣʴʰʦʤʫ ʥʘ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʢʣʘʜʢʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʣʘʩʫ ʨʦʟʯʠʥʫ. ʊʘ-

ʢʦʾ ʛʨʘʜʘʮʽʾ ʢʘʤʝʥʽʚ ʪʘ ʙʣʦʢʽʚ ʟʘ ʛʨʫʧʘʤʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʨʦʞʥʠʥ ʫ ʉʅʠʇ [5] ʥʝ 

ʙʫʣʦ, ʦʜʥʘʢ ʜʦʟʚʦʣʷʣʠʩʴ ʧʦʨʦʞʥʠʥʠ ʜʦ 50% 

ʫ ʢʝʨʘʤʽʯʥʠʭ ʚʝʣʠʢʦʬʦʨʤʘʪʥʠʭ ʢʘʤʝʥʷʭ. 

ʅʘʟʚʘ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʩʘʤʠʭ ʢʘʤʝʥʽʚ ʜʣʷ 

ʢʣʘʜʢʠ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʫ ɼɹʅ [3] ʪʘ ʫ 

ʉʅʠʇ [5]. ʂʨʽʤ ʪʦʛʦ, ʥʘʚʽʪʴ ʚ ʤʝʞʘʭ ʩʘʤʦʛʦ 

ɼɹʅ ʻ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʫ ʥʘʟʚʘʭ ʢʘʤʝʥʽʚ, ʱʦ 

ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʦʜʚʽʡʥʝ ʪʣʫʤʘʯʝʥʥʷ, ʥʘ-

ʧʨʠʢʣʘʜ ʤʽʞ ʧ.8.1.1.1 ʪʘ ʪʘʙʣʠʮʷʤʠ 8.3-8.6, 

8.9 [3]. ʋ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʢʘʤʝʥʽʚ 

ʪʘ ʙʣʦʢʽʚ ʜʣʷ ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ ʟʛʽʜʥʦ ʟʘʟʥʘ-

ʯʝʥʠʭ ʜʦʢʫʤʝʥʪʽʚ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʙ ʥʘʚʝʩʪʠ ʫ 

ʥʦʨʤʘʭ ʧʦʷʩʥʶʚʘʣʴʥʫ (ʧʦʨʽʚʥʷʣʴʥʫ) ʪʘʙ-

ʣʠʮʶ ʥʘ ʧʨʝʜʤʝʪ ʪʣʫʤʘʯʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦ-

ʩʪʽ ʟʘʛʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʥʘʟʚʠ ʢʘʤʝʥʽʚ ʜʦ 

ʥʘʷʚʥʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʢʘʤʝʥʽʚ, ʷʢʽ ʽʩʥʫʶʪʴ ʫ 

ʥʘʰʽʡ ʢʨʘʾʥʽ ï ʥʘ ʟʨʘʟʦʢ ʪʘʙʣ. 2. 

ɹʫʜʽʚʝʣʴʥʽ ʨʦʟʯʠʥʠ ʫ ʉʅʠʇ [5] ʧʦʜʽʣʷ-

ʣʠʩʴ ʥʘ ʮʝʤʝʥʪʥʽ, ʚʘʧʥʷʥʽ ʪʘ ʟʤʽʰʘʥʽ. ʎʝʤʝ-

ʥʪʥʠʡ ʨʦʟʯʠʥ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʽʛ ʙʫʪʠ ʞʦʨʩʪ-

ʢʠʤ (ʚʘʞʢʠʤ), ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ ʽ ʦʨʛʘʥʽʯʥʠʤʠ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ ʪʘ ʜʦʙʘʚʢʘʤʠ ʧʦʪʘʰʫ ï ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʮʴʦʛʦ ʚʚʦʜʠʣʠʩʴ ʢʦʨʠʛʫʶʯʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʫʤʦʚ ʨʦʙʦʪʠ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʦʧʦʨʽʚ ʢʣʘʜʢʠ. ʋ ɼɹʅ [3] ʙʫʜʽʚʝʣʴʥʠʡ ʨʦʟ-

ʯʠʥ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʨʦʟʯʠʥ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟ-

ʥʘʯʝʥʥʷ, ʣʝʛʢʠʡ (ʧʦʣʝʛʰʝʥʠʡ) ʨʦʟʯʠʥ ʪʘ ʪʦ-

ʥʢʦʰʘʨʦʚʠʡ ʨʦʟʯʠʥ ʪʦʚʱʠʥʦʶ 0,5-3,0 ʤʤ. ʋ 

ʪʘʙʣʠʮʽ 3 ʥʘʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʨʦʟʯʠʥʽʚ ʜʣʷ 

ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ ʟʛʽʜʥʦ ʟʘʟʥʘʯʝʥʠʭ ʜʦʢʫʤʝʥ-

ʪʽʚ. 
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ʈʠʩ. 1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʢʘʤʝʥʽʚ ʟʘ ʛʨʫʧʘʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʢʫ ʧʦʨʦʞʥʠʥ. 

Fig. 1. Classification of stones by groups depending on the number and direction of cavities. 

 

ʋ ʉʅʠʇ [5] ʢʘʤʽʥʴ ʪʘ ʨʦʟʯʠʥ ʢʣʘʩʠʬʽʢʫ-

ʚʘʣʠʩʴ ʟʘ ʤʘʨʢʘʤʠ, ʱʦ ʧʦʟʥʘʯʘʣʘʩʴ ʣʽʪʝʨʦʶ 

ʄ ʽ ʮʠʬʨʦʶ ʙʽʣʷ ʥʝʾ, ʱʦ ʦʟʥʘʯʘʣʘ ʤʽʮʥʽʩʪʴ 

ʥʘ ʩʪʠʩʢ ʫ ʢʛ/ʩʤ2 ï ʥʘʧʨʠʢʣʘʜ, ʤʘʨʢʘ ʢʘʤʝʥʶ 

ʄ100 ʪʘ ʤʘʨʢʘ ʨʦʟʯʠʥʫ ʄ25. ʋ ɼɹʅ [3] 

ʢʘʤʽʥʴ ʪʘ ʨʦʟʯʠʥ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʢʣʘ-

ʩʘʤʠ, ʧʨʠ ʮʴʦʤʫ ʣʽʪʝʨʥʝ ʧʦʟʥʘʯʝʥʥʷ  ʪʽʣʴʢʠ 

ʜʣʷ ʨʦʟʯʠʥʫ, ʘ ʮʠʬʨʘ ʦʟʥʘʯʘʻ ʤʽʮʥʽʩʪʴ ʥʘ 

ʩʪʠʩʢ ʫ ʄʇʘ (ʅ/ʤʤ2) ï ʥʘʧʨʠʢʣʘʜ, ʤʽʮʥʽʩʪʴ 

ʢʘʤʝʥʶ ʥʘ ʩʪʠʩʢ 10 ʄʇʘ ʪʘ ʢʣʘʩ ʨʦʟʯʠʥʫ 

ʄ2,5.  
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Table 1. Classification of stones and blocks for masonry 

 

ʟʛʽʜʥʦ ɼɹʅ [3]: ʟʛʽʜʥʦ ʉʅʠʇ [5]: 
1) ʛʣʠʥʷʥʘ ʮʝʛʣʘ; 

2) ʩʠʣʽʢʘʪʥʽ ʮʝʛʣʘ; 

3) ʙʝʪʦʥʥʽ ʚʠʨʦʙʠ (ʟ ʚʘʞʢʠʤʠ ʽ ʣʝʛʢʠʤʠ ʟʘʧʦʚ-

ʥʶʚʘʯʘʤʠ); 

4) ʙʣʦʢʠ ʽʟ ʥʽʟʜʨʶʚʘʪʦʛʦ ʙʝʪʦʥʫ ʘʚʪʦʢʣʘʚʥʦʛʦ 

ʪʚʝʨʜʥʝʥʥʷ; 

5) ʙʝʪʦʥʥʽ ʢʘʤʝʥʽ ʽ ʙʣʦʢʠ ʟ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ; 

6) ʙʫʜʽʚʝʣʴʥʽ ʝʣʝʤʝʥʪʠ ʟ ʦʙʨʦʙʣʝʥʦʛʦ ʧʨʠʨʦʜ-

ʥʦʛʦ ʢʘʤʝʥʶ. 

1) ʮʝʛʣʘ ʛʣʠʥʷʥʘ ʧʣʘʩʪʠʯʥʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʧʦʚʥʦ-

ʪʽʣʘ ʪʘ ʧʫʩʪʦʪʽʣʘ; 

2) ʮʝʛʣʘ ʛʣʠʥʷʥʘ ʥʘʧʽʚʩʫʭʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʧʦʚʥʦ-

ʪʽʣʘ ʪʘ ʧʫʩʪʦʪʽʣʘ; 

3) ʮʝʛʣʘ ʩʠʣʽʢʘʪʥʘ ʧʦʚʥʦʪʽʣʘ ʪʘ ʧʫʩʪʦʪʽʣʘ; 

4) ʩʠʣʽʢʘʪʥʠʡ ʢʘʤʽʥʴ; 

5) ʢʝʨʘʤʽʯʥʠʡ ʢʘʤʽʥʴ; 

6) ʛʽʧʩʦʙʝʪʦʥʥʠʡ ʢʘʤʽʥʴ ʧʦʚʥʦʪʽʣʠʡ ʪʘ ʧʫʩʪʦʪʽ-

ʣʠʡ; 

7) ʰʣʘʢʦʙʝʪʦʥʥʠʡ ʢʘʤʽʥʴ ʧʦʚʥʦʪʽʣʠʡ ʪʘ ʧʫʩʪʦʪʽ-

ʣʠʡ; 

8) ʙʝʪʦʥʥʠʡ ʢʘʤʽʥʴ; 

9) ʙʝʪʦʥʥʠʡ ʢʘʤʽʥʴ ʟ ʚʝʣʠʢʦʧʦʨʠʩʪʠʭ ʪʘ ʧʦʨʠʩ-

ʪʠʭ ʙʝʪʦʥʽʚ; 

10) ʧʨʠʨʦʜʥʠʡ ʢʘʤʽʥʴ ʥʠʟʴʢʦʾ, ʥʦʨʤʘʣʴʥʦʾ ʪʘ ʥʠ-

ʟʴʢʦʾ ʤʽʮʥʦʩʪʽ; 

11) ʧʦʩʪʝʣʠʩʪʠʡ ʽ ʨʚʘʥʠʡ ʙʫʪ. 

 

 
ʊʘʙʣ. 2. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʛʘʣʴʥʠʭ ʚʠʟʥʘʯʝʥʴ ʨʽʟʥʠʭ ʢʘʤʝʥʽʚ ʪʘ ʥʦʤʝʥʢʣʘʪʫʨʠ ʚʠʨʦʙʽ, ʷʢʽ ʚʠʧʫʩʢʘʻ ʧʨʦ-

ʤʠʩʣʦʚʽʩʪʴ 

Table 2. Correspondence of general definitions of various stones and nomenclature to products produced by 

industry 

 

ɿʘʛʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʢʘʤʝʥʶ ʟʛʽʜʥʦ  

ɼɹʅ [3]: 

ʂʘʤʝʥʽ, ʷʢʽ ʧʽʜʧʘʜʘʶʪʴ ʧʽʜ ʟʘʛʘʣʴʥʝ  

ʚʠʟʥʘʯʝʥʥʷ 

ʛʣʠʥʷʥʘ ʮʝʛʣʘ ʛʣʠʥʷʥʘ ʮʝʛʣʘ ʧʦʚʥʦʪʽʣʘ ʪʘ ʧʫʩʪʦʪʽʣʘ; 

ʢʘʤʽʥʴ ʢʝʨʘʤʽʯʥʠʡ; 

ʩʠʣʽʢʘʪʥʽ ʮʝʛʣʘ ʩʠʣʽʢʘʪʥʘ ʮʝʛʣʘ ʧʦʚʥʦʪʽʣʘ ʪʘ ʧʫʩʪʦʪʽʣʘ; 

ʩʠʣʽʢʘʪʥʠʡ ʢʘʤʽʥʴ; 

ʙʝʪʦʥʥʽ ʚʠʨʦʙʠ (ʟ ʚʘʞʢʠʤʠ ʽ ʣʝʛʢʠʤʠ ʟʘʧʦʚʥʶ-

ʚʘʯʘʤʠ) 

ʙʝʪʦʥʥʠʡ ʢʘʤʽʥʴ ʧʦʚʥʦʪʽʣʠʡ ʪʘ ʧʫʩʪʦʪʽʣʠʡ; 

ʙʣʦʢʠ ʽʟ ʥʽʟʜʨʶʚʘʪʦʛʦ ʙʝʪʦʥʫ ʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝ-

ʨʜʥʝʥʥʷ 

ʛʘʟʦʙʣʦʢʠ; 

ʧʽʥʦʙʣʦʢʠ; 

ʙʝʪʦʥʥʽ ʢʘʤʝʥʽ ʽ ʙʣʦʢʠ ʟ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ ʙʝʪʦʥʥʠʡ ʢʘʤʽʥʴ ʽʟ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ; 

ʙʝʪʦʥʥʠʡ ʢʘʤʽʥʴ ʽʟ ʣʝʛʢʦʛʦ ʙʝʪʦʥʫ ʥʘ ʧʦʨʠʩʪʠʭ 

ʟʘʧʦʚʥʶʚʘʯʘʭ; 

ʙʝʪʦʥʥʠʡ ʢʘʤʽʥʴ ʽʟ ʱʽʣʴʥʦʛʦ ʩʠʣʽʢʘʪʥʦʛʦ ʙʝ-

ʪʦʥʫ; 

ʙʝʪʦʥʥʠʡ ʢʘʤʽʥʴ ʽʟ ʧʝʨʣʽʪʦʙʝʪʦʥʫ; 

ʙʫʜʽʚʝʣʴʥʽ ʝʣʝʤʝʥʪʠ ʟ ʦʙʨʦʙʣʝʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʢʘʤʝʥʶ (ʽʟ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ï ʚʫʣʢʘʥʽʯʥʠʭ, ʦʩʘʜʢʦ-

ʚʠʭ, ʤʝʪʘʤʦʨʬʽʯʥʠʭ) 

ʧʦʩʪʝʣʠʩʪʠʡ ʽ ʨʚʘʥʠʡ ʙʫʪ 



ISSN 2522-4182 

ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ Å 12/2023                                                                                                  31 

ʊʘʙʣ. 3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʨʦʟʯʠʥʽʚ ʜʣʷ ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ 

Table 3. Classification of solutions for masonry 

 

ʟʛʽʜʥʦ ɼɹʅ [3]: ʟʛʽʜʥʦ ʉʅʠʇ [5]: 

1) ʨʦʟʯʠʥ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ; 

2) ʣʝʛʢʠʡ (ʧʦʣʝʛʰʝʥʠʡ) ʨʦʟʯʠʥ; 

3) ʪʦʥʢʦʰʘʨʦʚʠʡ ʨʦʟʯʠʥ ʪʦʚʱʠʥʦʶ 0,5-3,0 ʤʤ. 

1) ʟʚʠʯʘʡʥʠʡ ʮʝʤʝʥʪʥʠʡ ʨʦʟʯʠʥ ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ; 

2) ʞʦʨʩʪʢʠʡ (ʚʘʞʢʠʡ) ʮʝʤʝʥʪʥʠʡ ʨʦʟʯʠʥ; 

3) ʮʝʤʝʥʪʥʠʡ ʨʦʟʯʠʥ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʧʣʘʩʪʠʬʽʢʘ-

ʪʦʨʘʤʠ; 

4) ʮʝʤʝʥʪʥʠʡ ʨʦʟʯʠʥ ʟ ʜʦʙʘʚʢʘʤʠ ʧʦʪʘʰʫ. 

 

 

ʊʘʙʣ. 4. ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʦʧʦʨʫ ʢʣʘʜʢʠ ʟʛʽʜʥʦ ɼɹʅ [3] 

Table 4. Determination of the calculated masonry resistance according to DBN [3] 

 

ʟʛʽʜʥʦ ʬʦʨʤʫʣ (8.1) ï (8.4) [3] ʟʛʽʜʥʦ ʪʘʙʣ. 1 ʜʦʜʘʪʢʫ 

ʈ [3] 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ (ʥʦʨʤʘʪʠʚʥʠʡ) ʦʧʽʨ ʢʣʘʜʢʠ: 
0,7 0,3 0,7 0,30,55 30 20k b mf K f f= Ö Ö = Ö Ö =14,61 ʄʇʘ 

 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʦʧʽʨ ʢʣʘʜʢʠ: 

14,61

2,0

k
d

M

f
f
g
= = =7,3 ʄʇʘ 

df =3,9 ʄʇʘ 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʦʧʽʨ ʢʣʘʜʢʠ fd ʦʙʨʘʭʦʚʘʥʠʡ ʟʘ ʨʽʟʥʠʤʠ ʧʫʥʢʪʘʤʠ [3] ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʫ 1,8 

ʨʘʟʠ!!! 

 

 
ʊʘʙʣ. 5. ʈʦʟʨʘʭʫʥʢʦʚʽ ʦʧʦʨʠ ʥʘ ʩʪʠʩʢ ʢʣʘʜʢʠ ʟ ʮʝʛʣʠ ʚʩʽʭ ʚʠʜʽʚ ʪʘ ʢʝʨʘʤʽʯʥʠʭ ʢʘʤʝʥʽʚ ʽʟ ʱʽʣʠʥʦʧʦʜʽʙ-

ʥʠʤʠ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʧʫʩʪʦʪʘʤʠ ʥʘ ʚʘʞʢʠʭ ʨʦʟʯʠʥʘʭ ʟʛʽʜʥʦ ʉʅʠʇ [5] 

Table. 5. Calculated compressive strengths of masonry of all types of bricks and ceramic stones with slit-like 

vertical voids on heavy mortars according to SNiP [5] 

 

ʄʽʮʥʽʩʪʴ 

ʮʝʛʣʠ ʘʙʦ 

ʢʘʤʝʥʶ fb, 

ʄʇʘ 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʦʧʦʨʠ fd, ʄʇʘ, ʥʘ ʩʪʠʩʢ ʢʣʘʜʢʠ ʟ ʮʝʛʣʠ ʚʩʽʭ ʚʠʜʽʚ ʪʘ 

ʢʝʨʘʤʽʯʥʠʭ ʢʘʤʝʥʽʚ ʽʟ ʱʽʣʠʥʦʧʦʜʽʙʥʠʤʠ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʧʫʩʪʦʪʘʤʠ 

ʰʠʨʠʥʦʶ ʜʦ 12 ʤʤ ʧʨʠ ʚʠʩʦʪʽ ʨʷʜʫ ʢʣʘʜʢʠ 50é150 ʤʤ ʥʘ ʚʘʞʢʠʭ 

ʨʦʟʯʠʥʘʭ ʧʨʠ ʤʽʮʥʦʩʪʽ fm ʨʦʟʯʠʥʫ 

ʇʨʠ ʤʽʮʥʦʩʪʽ 

ʨʦʟʯʠʥʫ 

20,0 15,0 10,0 7,5 5,0 2,5 1,0 0,4 0,2 0 

30,0 3,9 3,6 3,3 3,0 2,8 2,5 2,2 1,8 1,7 1,5 

25,0 3,6 3,3 3,0 2,8 2,5 2,2 1,9 1,6 1,5 1,3 

20,0 3,2 3,0 2,7 2,5 2,2 1,8 1,6 1,4 1,3 1,0 

15,0 2,6 2,4 2,2 2,0 1,8 1,5 1,3 1,2 1,0 0,8 

12,5 ï 2,2 2,0 1,9 1,7 1,4 1,2 1,1 0,9 0,7 

10,0 ï 2,0 1,8 1,7 1,5 1,3 1,0 0,9 0,8 0,6 

7,5 ï ï 1,5 1,4 1,3 1,1 0,9 0,7 0,6 0,5 

5,0 ï ï ï 1,4 1,0 0,9 0,7 0,6 0,5 0,35 

3,5 ï ï ï 0,9 0,8 0,7 0,6 0,45 0,4 0,25 
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ʂʨʽʤ ʪʦʛʦ, ʫ ʩʪʘʨʠʭ ʥʦʨʤʘʭ [5] ʜʣʷ ʚʠʟʥʘ-

ʯʝʥʥʷ ʤʽʮʥʽʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʤôʷʥʦʾ 

ʢʣʘʜʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʽʣʴʢʠ ʨʦʟʨʘʭʫʥ-

ʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ (ʬʦʨʤʫʣʠ) ʽ ʪʘʙʣʠʯʥʽ ʜʘʥʽ. 

ʋ ʥʦʨʤʘʭ [3] ʧʨʦʧʦʥʫʻʪʴʩʷ, ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ, ʚʠʟʥʘʯʘʪʠ ʤʽʮʥʽʩʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ ʧʨʷʤʠʤ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ 

ʢʦʥʢʨʝʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʝʚʥʦʛʦ ʦʙôʻʢʪʫ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ɯ ʪʽʣʴʢʠ ʚ ʜʨʫʛʫ ʯʝʨʛʫ, ʜʦʧʫʩ-

ʢʘʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ ʚʠʢʦʨʠʩʪʦ-ʚʫʚʘʪʠ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʽ ʪʘʙʣʠʯʥʽ ʜʘʥʽ 

(ʨʦʟʜʽʣ 8.6 [3]). ʉʧʨʘʚʘ ʪʫʪ ʫ ʪʦʤʫ, ʱʦ ʧʨʷʤʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ ʽʟ ʢʦʥʢʨʝʪ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ ʜʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʽ ʧʦ-

ʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʢʣʘʜʢʠ, ʥʽʞ ʦʙʝʨʝʞʥʽ ʧʦ-

ʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʢʣʘʜʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʬʦʨʤʫʣ ʽ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʝʢʦʥʦʤʽʾ ʢʘʤôʷʥʠʭ ʤʘʪʝ-

ʨʽʘʣʽʚ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʦʙôʻʢʪʽ. 

ʋ ʉʅʠʇ [5] ʚ ʪʘʙʣʠʮʷʭ 2-12 ʚʽʜʨʘʟʫ ʧʨʦ-

ʧʦʥʫʚʘʣʠʩʴ ʨʦʟʨʘʭʫʥʢʦʚʽ, ʘ ʥʝ ʥʦʨʤʘʪʠʚʥʽ 

ʦʧʦʨʠ ʢʣʘʜʢʠ ʧʨʠ ʨʽʟʥʠʭ ʚʧʣʠʚʘʭ. ɯ ʪʽʣʴʢʠ 

ʧʨʠ ʩʪʠʩʢʫ ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ ʧʝʨʝʭʽʜ ʜʦ ʥʦʨ-

ʤʘʪʠʚʥʠʭ ʦʧʦʨʽʚ ʧʨʦʧʦʥʫʚʘʣʦʩʴ ʨʦʙʠʪʠ ʯʝ-

ʨʝʟ ʢʦʝʬʽʮʽʻʥʪ k (ʥʘʜʘʚʘʣʦʩʴ ʚʩʴʦʛʦ ʜʚʘ ʟʥʘ-

ʯʝʥʥʷ ʫ ʪʘʙʣ. 14 [5]). ʋ ɼɹʅ [3] ʧʝʨʰʦʯʝʨ-

ʛʦʚʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ (ʥʦʨʤʘ-

ʪʠʚʥʘ) ʤʽʮʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ 

ʢʣʘʜʢʠ ʽ ʩʘʤʦʾ ʢʣʘʜʢʠ (fk), ʘ ʣʠʰʝ ʧʦʪʽʤ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʘʜʽʡʥʦʩʪʽ (fM) 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʢʣʘʜʢʠ (fd). 

ʊʘʢʦʞ ʥʦʨʤʠ [3] ʧʨʠ ʧʝʚʥʠʭ ʢʦʤʙʽʥʘʮʽʷʭ 

ʤʽʮʥʦʩʪʽ ʢʘʤʝʥʶ (fb) ʪʘ ʤʽʮʥʦʩʪʽ ʚʽʜʧʦʚʽʜ-

ʥʦʛʦ ʨʦʟʯʠʥʫ (fm) ʦʙʤʝʞʫʶʪʴ ʤʽʮʥʽʩʪʴ 

ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ, ʪʦʤʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʦʟ-

ʯʠʥʫ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ fb ʥʝ ʧʦʚʠʥʥʦ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 75 ʄʇʘ, ʘ ʟʥʘʯʝʥʥʷ fm ʥʝ ʧʦ-

ʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ 20 ʄʇʘ ʘʙʦ 2fb. ʇʨʠ ʟʘ-

ʩʪʦʩʫʚʘʥʥʽ ʪʦʥʢʦʰʘʨʦʚʦʛʦ ʨʦʟʯʠʥʫ fb ʥʝ ʧʦ-

ʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ 50 ʄʇʘ, ʘ ʧʨʠ ʟʘʩʪʦʩʫ-

ʚʘʥʥʽ ʣʝʛʢʦʛʦ ʨʦʟʯʠʥʫ fm ʥʝ ʧʦʚʠʥʥʝ ʧʝʨʝʚʠ-

ʱʫʚʘʪʠ 10 ʄʇʘ. 

ʇʨʫʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʣʘʜʢʠ (a=200-

1500) ʷʢʘ ʫ ʉʅʠʇ [5] ʟʘʣʝʞʘʣʘ ʚʽʜ ʚʠʜʫ ʢʣʘ-

ʜʢʠ ʪʘ ʤʘʨʢʠ ʨʦʟʯʠʥʫ ʽ ʷʢʘ ʚʧʣʠʚʘʣʘ ʥʘ ʚʠ-

ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ (ʧʦʯʘʪʢʦʚʦʛʦ 

ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʡ) ɽ0 ʧʨʠ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ 
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ʥʘʚʘʥʪʘʞʝʥʥʽ ï ʫ ɼɹʅ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ ʂɽ ʽ 

ʤʘʻ ʟʥʘʯʝʥʥʷ ʣʠʰʝ 700 ʪʘ 1000 (ʧ.7.8.2.2, ʜʦ-

ʜʘʪʦʢ ʂ [3]).ɿʚʘʞʘʶʯʠ ʥʘ ʚʩʝ ʥʘʚʝʜʝʥʝ ʚʠʱʝ 

ʚʠʛʣʷʜʘʻ ʜʦʩʠʪʴ ʩʫʤʥʽʚʥʠʤ ʥʘʷʚʥʽʩʪʴ ʫ ɼɹʅ 

[3] ʜʦʜʘʪʢʫ ʈ (ʭʦʯʘ ʜʣʷ ʥʴʦʛʦ ʽ ʟʘʟʥʘʯʝʥʦ, ʱʦ 

ʚʽʥ ʥʦʩʠʪʴ ʜʦʚʽʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ) ï ʦʩʢʽʣʴʢʠ 

ʚʽʥ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ ʩʫʧʝʨʝʯʠʪʴ ʧʦ ʙʘʛʘʪʴʦʤ 

ʧʘʨʘʤʝʪʨʘʤ, ʥʽʞ ʜʦʧʦʚʥʶʻ ʪʝʢʩʪ, ʥʘʚʝʜʝʥʠʡ 

ʫ ʦʩʥʦʚʥʽʡ ʯʘʩʪʠʥʽ ʜʦʢʫʤʝʥʪʫ ɼɹʅ. ɸʜʞʝ ʚʽ-

ʜʨʘʟʫ ʚʠʜʥʦ, ʱʦ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ɼɹʅ [3] 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʠʮʽ ʜʦʢʫʤʝʥʪʫ [2], ʘ ʜʦʜʘ-

ʪʦʢ ʈ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ ï ʮʝ ʢʦʧʽʷ ʧʝʚʥʠʭ ʤʘʪʝ-

ʨʽʘʣʽʚ ʉʅʠʇ [5], ʜʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʽ ʚʠʟʥʘ-

ʯʝʥʥʷ ʡʜʫʪʴ ʚʩʫʧʝʨʝʯ ʟ ʦʩʥʦʚʥʠʤʠ ʧʦʣʦʞʝʥ-

ʥʷʤʠ ɼɹʅ.  

ʗʢʱʦ ʧʦʨʽʚʥʷʪʠ ʤʽʞ ʩʦʙʦʶ ʨʦʟʨʘʭʫʥʢʦ-

ʚʠʡ ʦʧʽʨ ʢʣʘʜʢʠ ʥʘ ʩʪʠʩʢ ʟʛʽʜʥʦ ʪʘʙʣ. 1 ʜʦʜʘ-

ʪʢʫ ʈ [3] ʪʘ ʦʙʨʘʭʦʚʘʥʦʛʦ ʟʛʽʜʥʦ ʬʦʨʤʫʣʘʤʠ 

(8.1) ï (8.4), ʪʦ ʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʚʽʜʨʽʟʥʷ-

ʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʫ 1,8 ʨʘʟʠ (3,9 ʄʇʘ ʪʘ 7,3 

ʄʇʘ ʚʽʜʧʦʚʽʜʥʦ). 

ʊʦʤʫ ʫ ʥʘʩʪʫʧʥʠʭ ʨʝʜʘʢʮʽʷʭ ɼɹʅ [3] ʥʝ-

ʦʙʭʽʜʥʦ ʘʙʦ ʩʢʘʩʫʚʘʪʠ, ʘʙʦ ʩʫʪʪʻʚʦ ʟʤʽʥʠʪʠ 

ʜʦʜʘʪʦʢ ʈ. 
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CHARACTERISTICS OF MATERIALS 
AND MASONRY WHEN CALCULATING 

ACCORDING TO DBN V.2.6-162:2010 
"STONE AND REINFORCED STONE 

STRUCTURES" 
 

Leonid SKORUK 
 

Summary. Currently, three regulatory docu-
ments are in force on the territory of Ukraine at the 
same time, according to which it is possible to cal-
culate and design stone and stone structures. It is 
natural that these regulatory documents should be 
based on the same theoretical principles and not 
contradict each other. As a rule, the main document 
in the construction industry regarding a certain di-
rection of design is a certain DBN. Lower DSTU, 
DSTU-P, DSTU-N, SOU, technical conditions, etc. 
are aimed at the development of DBN and for the 
explanation of its basic principles. 

An analysis of the current regulatory documents 
relating to the design of stone and reinforced stone 
structures shows that these documents differ signif-
icantly from each other. Instead of being a logical 

continuation of the main document of the DBN, the 
DSTU, on the contrary, further confuses and intro-
duces confusion into the position of the calculation, 
as it is based on a completely different ideological 
foundation than the DBN. Moreover, even within 
the most basic document of the DBN there are pro-
visions that contradict each other. 

However, sooner or later the time will come 
when it will still be necessary to review, make ad-
justments and harmonize the current regulatory doc-
uments. 

Unfortunately, since the release of the current 
normative documents regarding stone and rein-
forced stone structures, no one has carefully ana-
lyzed them and implemented them in practice. 
There were only isolated works that did not really 
delve into the mentioned problem. 

This article compares and examines the differ-
ences between the classification of stones and mor-
tars between the current DBN and the document that 
was in effect before that. 

Attention is paid to the main calculation depend-
encies that take place in DBN and new concepts that 
have been introduced. 

On the example of the characteristics of stones 
and mortars, as well as masonry, the contradictions 
that take place in the DBN itself are shown. 

Recommendations and the author's vision of 
how the tables with the estimated supports of stone 
masonry for various stones and mortars should look 
are given. Limitations for certain combinations of 
stones and mortars and their calculation characteris-
tics are shown. 

 
Keywords. Stone and decorative stone struc-

tures; stone strength; solution strength; masonry 
strength; groups of stones. 
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ɸʥʦʪʘʮʽʷ. ɺ ʩʪʘʪʪʽ ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʦʣʦʛʽ-
ʯʥʠʡ ʧʽʜʭʽʜ  ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʦʛʦ ʨʽʰʝʥʥʷ ʙʘʣʢʠ ʽʟ ʟʚʘʨʥʦʛʦ ʩʪʘʣʝʚʦʛʦ ʜʚʦʪʘ-

ʚʨʘ ʽʟ ʟʤʽʥʥʦʶ ʰʠʨʠʥʦʶ ʧʦʣʠʮʽ. ʆʧʠʩʘʥʦ ʽʜʝʣʽ-

ʟʦʚʘʥʫ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʽʶ 

ʙʘʣʢʠ ʽʟ ʟʚʘʨʥʦʛʦ ʩʪʘʣʝʚʦʛʦ ʜʚʦʪʘʚʨʘ ʽʟ ʟʤʽʥʦʶ 

ʰʠʨʠʥʦʶ ʧʦʣʠʮʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʪʨʘʪ ʩʪʘʣʽ ʽ 

ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʨʽʟʫ. ɿʘ 

ʦʙʤʝʞʝʥʥʷ ʧʨʠʡʥʷʪʽ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʙʘʣʢʠ ʧʨʠ 

ʟʛʠʥʽ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʣʦ ʨʦʟʨʦʙʢʘ ʧʽʜʭʦʜʫ, 

ʱʦʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʘʮʽʦʥʘʣʴ-

ʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʤʽʥʥʦʩʪʽ  ʰʠʨʠʥʠ ʧʦʣʠʮʽ ʧʨʫʞʥʦʾ ʩʪʘʣʝʚʦʾ ʜʚʦ-

ʪʘʚʨʦʚʦʾ ʙʘʣʢʠ ʧʦ ʜʦʚʞʠʥʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʟʥʘ-

ʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨ-

ʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʪʘʣʝʚʠʭ ʙʘʣʦʢ ʟʽ ʟʤʽʥʥʦʶ ʰʠ-

ʨʠʥʦʶ ʧʦʣʠʮʴ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʚʠʩʦʪʽ ʧʝʨʝʨʽʟʫ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʟʤʽʥʠ ʰʠʨʠʥʠ ʧʦʣʠʮʽ ʜʚʦʪʘʚʨʘ 

ʥʘ ʦʧʪʠʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʩʪʘʣʽ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ. 

ɺʩʪʘʥʦʚʣʝʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʤʽʞ ʧʘʨʘʤʝʪʨʦʤ 

ʟʤʽʥʥʦʩʪʽ ʰʠʨʠʥʠ ʧʦʣʠʮʽ ʽ ʢʦʦʨʜʠʥʘʪʦʶ ʨʦʟʨʘ-

ʭʫʥʢʦʚʦʛʦ ʧʝʨʝʨʽʟʫ. ʇʽʜʪʚʝʨʜʞʝʥʦ ʝʬʝʢʪ ʟʤʽ-

ʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ʙʘʣʦʢ ʫ ʙʽʢ ʟʤʝ-

ʥʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʣʦʢ ʚ ʟʘ-

ʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʟʤʽʥʥʦʩʪʽ ʰʠʨʠʥʠ ʧʦʣʠʮʽ 

ʧʦ ʜʦʚʞʠʥʽ ʙʘʣʢʠ. ʊʘʢ ʚ ʙʘʣʢʘʭ ʟʽ ʟʤʽʥʥʦʶ ʰʠ-

ʨʠʥʦʶ ʧʦʣʠʮʽ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʚʠʩʦʪʽ ʩʪʽʥʢʠ  ʤʘʢ-

ʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʚ ʧʝʨʝʨʽʟʽ ʥʝ ʟ 

ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ. ʆʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʟʥʘ-

ʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥ-

ʥʦʩʪʽ ʰʠʨʠʥʠ ʧʦʣʠʮʽ. ʆʧʠʩʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʜʦ-

ʩʣʽʜʞʝʥʴ ʧʨʠ ʧʦʰʫʢʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦʛʦ ʨʽʰʝʥ-ʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʟʤʽʥ-

ʥʦʩʪʽ ʰʠʨʠʥʠ ʧʦʣʠʮʽ ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠ-

ʩʦʪʠ ʙʘʣʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘ-

ʥʪʘʞʝʥʥʷ ʧʦ ʜʦʚʞʠʥʽ ʙʘʣʢʠ.  

ɼʦʩʣʽʜʞʝʥʦ ʢʦʥʩʦʣʴʥʦ-ʟʘʱʝʤʣʝʥʫ ʧʨʫʞʥʫ 

ʙʘʣʢʫ ʜʚʦʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ. ʏʝʨʝʟ ʚʽʜʥʦʩʥʠʡ 

ʧʘʨʘʤʝʪʨ ʟʤʽʥʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝ-ʨʠʩ-

ʪʠʢ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʤʽʥʽ  ʧʘʨʘʤʝʪʨʘ ʟʤʽʥʥʦʩʪʽ 

ʰʠʨʠʥʠ ʧʦʣʠʮʽ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʝʨʽʟ ʧʝʨʝʤʽ-

ʱʫʻʪʴʩʷ ʫ ʙʽʢ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ  ʽʟ ʤʝʥʰʠʤʠ ʛʝʦʤʝ-

ʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

 

 

 

 
É ɸ. ɹɯʃʀʂ, ʉ. ɹɯʃʀʂ, O.ɻʃɯʊɯʅ, ʃ. ɼɾɸʅʆɺ, 2023

 

 
 
ɸʨʪʝʤ ɹɯʃʀʂ 
ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʤʝʪʘʣʝʚʠʭ ʪʘ 
ʜʝʨʝʚôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 
 

 

 
ʉʝʨʛʽʡ ɹɯʃʀʂ 
ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ, ʧʨʦʬʝʩʦʨ  
ʢʘʬʝʜʨʠ ʤʝʪʘʣʝʚʠʭ ʪʘ 
ʜʝʨʝʚôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 
 

 

 
 
ʆʣʝʢʩʘʥʜʨ ɻʃɯʊɯʅ 
ʜʦʮʝʥʪ  ʢʘʬʝʜʨʠ ʤʝʪʘʣʝʚʠʭ ʪʘ  
ʜʝʨʝʚôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

 

 
 
ʃʶʙʦʤʠʨ ɼɾɸʅʆɺ 
ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʤʝʪʘʣʝʚʠʭ ʪʘ  
ʜʝʨʝʚôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

mailto:artem.bilyk@gmail.com
mailto:vartist@ukr.net
http://orcid.org/0000-0001-8783-5892
mailto:o.glitin@gmail.com
mailto:4angeldl@ukr.net




ISSN 2522-4182 

ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ Å 12/2023                                                                                                  43 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ  ʦʙʠʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʨʦʟʤʽʨʠ ʩʪʘʣʝʚʦʛʦ ʟʚʘʨʥʦʛʦ ʜʚʦʪʘ-

ʚʨʘ ʽʟ ʟʤʽʥʦʶ ʰʠʨʠʥʦʶ ʧʦʣʠʮʴ ʜʣʷ ʙʘʣʢʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʩʧʨʠʡʤʘʶʪʴ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʩʪʫ-

ʧʽʥʴ ʟʤʽʥʥʦʩʪʽ ʧʝʨʝʨʽʟʫ ʜʣʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʩʪʘʣʝʚʠʭ ʜʚʦʪʘʚʨʦʚʠʭ ʙʘʣʦʢ ʽʟ ʟʤʽʥʥʦʶ 

ʰʠʨʠʥʦʶ ʧʦʣʠʮʴ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʉʪʘʣʝʚʽ ʙʘʣʢʠ; ʙʘʣʢʠ ʽʟ ʟʤʽʥ-

ʥʦʶ ʰʠʨʠʥʦʶ ʧʦʣʠʮʴ; ʙʘʣʢʠ ʽʟ ʟʤʽʥʥʦʶ ʞʦʨʩʪ-

ʢʽʩʪʶ; ʤʽʮʥʽʩʪʴ ʙʘʣʦʢ; ʦʧʪʠʤʘʣʴʥʠʡ ʧʝʨʝʨʽʟ ʙʘ-

ʣʦʢ. 

 

ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ 

 

ʇʨʠ ʰʚʠʜʢʠʭ ʪʝʤʧʘʭ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩ-

ʪʘʥʥʷ ʢʦʞʥʦʾ ʢʨʘʾʥʠ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʟʘʢʦʥʦ-

ʤʽʨʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʨʽʟʥʠʭ ʙʫʜʽʚʣʷʭ ʽ 

ʩʧʦʨʫʜʘʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʝ-ʚʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʩʢʦʨʦʯʫʻ ʪʝʨʤʽʥʠ ʙʫ-

ʜʽʚʥʠʮʪʚʘ ʦʙôʻʢʪʽʚ ʪʘ ʝʢʦʥʦʤʠʪʴ ʽʥʚʝʩʪʠ-

ʮʽʡʥʽ ʪʘ ʢʨʝʜʠʪʥʽ ʨʝʩʫʨʩʠ.  

ʇʦʰʫʢ ʥʘʡʢʨʘʱʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽ-

ʰʝʥʥʷ ʜʣʷ ʩʪʘʣʝʚʠʭ ʙʘʣʦʢ ʧʦʩʪʽʡʥʦʛʦ ʧʝʨʝ-

ʨʽʟʫ ʧʨʠʩʚʷʯʝʥʽ ʚʽʜʦʤʽ ʜʦʩʣʽʜʞʝʥʥʷ [1,2,3]. 

ʇʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʩʪʘʣʝʚʠʭ ʙʘʣʦʢ 

ʢʦʨʦʙʯʘʩʪʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʧʦʩʪʽʡʥʦʾ ʚʠʩʦʪʦʶ 

ʩʪʽʥʢʠ ʧʨʦʚʝʜʝʥʽ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ [6]. ʉʝʨʝʜ 

ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢ-ʮʽʡ ʧʦʩʪʽʡʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʚʠʜʽʣʷʶʪʴ ʩʪʘʣʝʚʽ ʙʘʣʢʠ ʟ ʛʦʬʨʦʚʘʥʦʶ ʩʪʽʥ-

ʢʦʶ, ʤʝʪʦʜʠʢʘ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ  

ʧʨʠʚʝʜʝʥʘ ʫ ʨʦʙʦʪʽ [9].  

ɼʦ ʩʫʯʘʩʥʠʭ ʨʘʮʽʦʥʘʣʴʥʠʭ ʟʘ ʚʠʪʨʘʪʘʤʠ 

ʩʪʘʣʽ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜʥʦʩʷʪʴ ʽ ʩʪʘ-

ʣʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʽʟ ʟʤʽʥʥʠʤʠ ʧʦ ʜʦʚʞʠʥʽ ʛʝ-

ʦʤʝʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [2,4]. ɺ ʙʘ-

ʣʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʽ ʙʘʛʘ-

ʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʤʦʩʪʽʚ, ʧʦʢʨʠʪ-ʪʽʚ 

ʩʪʘʜʽʦʥʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʪʘʚʨʽʚ ʟʽ ʟʤʽʥ-

ʥʦʶ ʰʠʨʠʥʦʶ ʧʦʣʠʮʴ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ 

ʝʬʝʢʪʠʚʥʠʤ [2,5]. ʊʘʢ ʜʦʩʣʽʜʞʝʥʥʷ [5] ʧʨʠ-

ʩʚʷʯʝʥʽ ʦʧʪʠʤʽʟʘʮʽʾ ʙʘʣʦʢ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʛʥʫʯʢʽʩʪʶ ʩʪʽʥʢʠ ʧʨʠ ʟʤʽʥʥʽʡ ʚʠʩʦʪʽ ʧʝʨʝ-

ʨʽʟʫ. 

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʘʣʦʢ ʽʟ 

ʩʪʘʣʝʚʠʭ ʜʚʦʪʘʚʨʽʚ ʟʽ ʟʤʽʥʥʦʶ ʚʠʩʦʪʦʶ ʩʪʽ-

ʥʢʠ [2,4] ʧʦʢʘʟʘʣʠ ʱʦ ʻ ʝʬʝʢʪ ʟʤʽʱʝʥʥʷ ʨʦʟ-

ʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʝʨʽʟʫ: ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫ-

ʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʥʝ ʚ ʧʝʨʝʨʽʟʽ ʽʟ ʤʘʢʩʠʤʘ-

ʣʴʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʧʝʨʝʨʽʟʫ. ʊʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝ-

ʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ ʟʤʽʥʥʦʾ ʞʦ-

ʨʩʪʢʦʩʪʽ ʚʘʞʣʠʚʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʞʠʚʫʯʦ-

ʩʪʽ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ [8]. ɺ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ 

ʚʘʞʣʠʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʦʟʤʽʨʽʚ ʜʚʦʪʘʚʨʦʚʠʭ ʙʘʣʦʢ ʟʤʽʥʥʦʛʦ ʧʝʨʝ-

ʨʽʟʫ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʨʦʟʚʠʪʢʫ ʦʙʤʝʞʝʥʠʭ 

ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʦ ʚʠʩʦʪʽ ʧʝʨʝ-

ʨʽʟʫ[5]. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦ-

ʛʦ ʩʪʘʥʫ ʩʪʘʣʝʚʠʭ ʙʘʣʦʢ ʽʟ ʟʤʽʥʥʦʶ ʰʠʨʠ-

ʥʦʶ ʧʦʣʠʮʴ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʚʠʩʦʪʽ ʧʝʨʝʨʽʟʫ 

ʧʨʠ ʧʦʰʫʢʘʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʘʢʦʾ 

ʙʘʣʢʠ ʪʘ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʬʦʨʤʠ. ɹʘʣʢʘʤ ʽʟ 

ʟʤʽʥʥʦʶ ʰʠʨʠʥʦʶ ʧʦʣʠʮʴ ʧʨʠʩʚʷʯʝʥʘ ʨʦ-

ʙʦʪʠ ʧʦ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʧʨʦʛʠʥʽʚ  [11]. 

 

ʆʉʅʆɺʅɽ ɼʆʉʃɯɼɾɽʅʅʗ 

 

ʉʪʚʦʨʝʥʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʘ-

ʣʢʠ ʟʤʽʥʥʦʛʦ ʧʝʨʝʨʽʟʫ: ʰʠʨʠʥʘ ʧʦʣʠʮʽ ʜʚʦ-

ʪʘʚʨʦʚʦʾ ʙʘʣʢʠ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤʠ ʟʘ-

ʢʦʥʦʤ, ʩʪʽʥʢʘ ʧʦʩʪʽʡʥʦʾ ʚʠʩʦʪʠ () ʪʦʚʱʠ-

ʥʦʶ (). ɹʘʣʢʘ ʩʠʤʝʪʨʠʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. ɻʥʫ-

ʯʢʽʩʪʴ ʩʪʽʥʢʠ ʙʘʣʢʠ ʻ ʚʽʜʥʦʰʝʥʥʷ ʾʾ ʚʠʩʦʪʠ 

ʜʦ ʪʦʚʱʠʥʠ: ‗ Ⱦὸ. 

ʈʦʟʛʣʷʥʫʪʘ  ʢʦʥʩʦʣʴʥʦ-ʟʘʱʝʤʣʝʥʘ ʙʘʣʢʘ  

ʜʚʦʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ, ʷʢʘ ʤʘʻ ʜʦʚʞʠʥʫ l. 

ʐʠʨʠʥʘ ʧʦʣʠʮʽ  ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ 

ʟʘʢʦʥʦʤ. 
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ʜʝ  ï ʤʘʢʩʠʤʘʣʴʥʘ ʰʠʨʠʥʘ ʧʦʣʠʮʽ ʙʘ-

ʣʢʠ ʚ  ʧʝʨʝʨʽʟʽ ʟʘʱʝʤʣʝʥʥʷ.  

ʄʘʢʩʠʤʘʣʴʥʠʡ ʧʝʨʝʨʽʟ ʙʘʣʢʠ ʩʧʽʚʧʘʜʘʻ ʟ 

ʧʝʨʝʨʽʟʦʤ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʣʦʱʝʶ ʧʦʣʠʮʴ. 

ɼʣʷ ʧʝʨʝʨʽʟʫ ʟ ʢʦʦʨʜʠʥʘʪʦʶ , ʰʠ-

ʨʠʥʘ ʧʦʣʠʮʽ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʦʶ: 
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ʜʝ
 

ï ʤʘʢʩʠʤʘʣʴʥʘ ʰʠʨʠʥʘ ʧʦʣʠʮʽ ʙʘ-

ʣʢʠ ʚ  ʧʝʨʝʨʽʟʽ ʟʘʱʝʤʣʝʥʥʷ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʧʝʨʝʨʽʟ ʙʘʣʢʠ ʩʧʽʚʧʘʜʘʻ ʟ 

ʧʝʨʝʨʽʟʦʤ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʣʦʱʝʶ ʧʦʣʠʮʴ. 

ɼʣʷ ʧʝʨʝʨʽʟʫ ʟ ʢʦʦʨʜʠʥʘʪʦʶ , ʰʠʨʠʥʘ 

ʧʦʣʠʮʽ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʦʶ: ï 

ʤʽʥʽʤʘʣʴʥʘ ʰʠʨʠʥʘ ʧʦʣʠʮʽ ʙʘʣʢʠ.   

ɿʘʫʚʘʞʠʤʦ, ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʨʽʟʽ ʧʦ-

ʣʠʮʴ  

 
(2,ʘ) 

ʜʝ - ʧʘʨʘʤʝʪʨ ʟʤʽʥʥʦʩʪʽ ʰʠʨʠʥʠ ʧʦ-

ʣʠʮʽ ʜʚʦʪʘʚʨʦʚʦʾ ʙʘʣʢʠ. 

ɺʘʨʽʘʥʪ 1. ɿʦʚʥʽʰʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʙʘ-

ʣʢʫ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʝ -  q. ɿʘʛʘʣʴʥʘ ʟʘ-

ʣʝʞʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʧʦ 

ʜʦʚʞʠʥʽ ʙʘʣʢʠ ʦʧʠʩʫʻʪʴʩʷ ʚʽʜʦʤʦʶ ʟʘʣʝʞʥʽ-

ʩʪʶ:. 

 
(3) 

ɺʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʨʘʭʫʥʢʦ-

ʚʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʙʫʜʝ ʨʽʚʥʠʤ  

. (3,ʘ) 

ɿʤʽʥʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝ-

ʨʽʟʫ ʙʘʣʢʠ ʤʘʻ ʪʘʢʽ ʟʘʣʝʞʥʦʩʪʽ (  ï ʤʦ-

ʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ,  ï ʧʦʪʦʯʥʠʡ ʤʦ-

ʤʝʥʪ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ,  ï ʧʦʪʦʯʥʘ ʧʣʦʱʘ 

ʧʝʨʝʨʽʟʫ ʧʦʣʠʮʽ).  
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φ
ὃὬ
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(3,ʚ) 

ὡ ὡ ὡ Ƞ (3,ʛ) 

ὡ ὬὸȾφȢ (3,ʜ) 

ὡ ὃ Ὤ ὦ ὸȾφὬ Ȣ (3,ʞ) 

ɺʽʜʧʦʚʽʜʥʦ ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʧʦʣʠʮʽ ʙʫʜʝ.  

ὃ ὦ ὸȢ  (4) 

ɿʘʟʚʠʯʘʡ ʧʨʠʡʥʷʪʦ ʙʨʘʪʠ ʧʨʠʙʣʠʟʥʠʡ ʚʠ-

ʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ, 

ʥʝʭʪʫʶʯʠ ʟʥʘʯʝʥʥʷʤʠ  ʧʘʨʘʤʝʪʨʫ , 

ʧʨʠʡʤʘʶʯʠ ʮʝ ʚʽʜʥʦʰʝʥʥʷ   ʜʦʩʪʘʪʥʴʦ ʤʘ-

ʣʠʤ ʟʘ ʟʥʘʯʝʥʥʷʤ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʥʘʯʝʥʥʷʤ  

:ὸȾφ Ḻ . (5) 

ʇʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʜʚʦʪʘ-

ʚʨʘ ʽʟ ʟʤʽʥʥʦʶ ʰʠʨʠʥʦʶ ʧʦʣʠʮʽ  ʙʫʜʝ. 

ὃ ςὃ ὃ ὦ ὸ Ὤὸ (6) 

ʄʦʤʝʥʪ  ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ ʧʦʪʦʯʥʦʛʦ ʧʝʨʝ-

ʨʽʟʫ ʟʘʧʠʩʫʻʪʴʩʷ ʯʝʨʝʟ ʤʦʤʝʥʪ ʦʧʦʨʫ ʧʣʦʱʽ 

ʧʝʨʝʨʽʟʫ ʧʦʣʠʮʽ ʽ ʩʪʽʥʢʠ. 

ὡ ὦ ὸ
ὸ

φ
Ȣ 

 

(7) 

ὡ ὦ ὸ ρ
ὸ

φὦ ὸ
Ȣ 

 

(7,ʘ) 

ʇʨʠʚʝʜʝʥʠʡ ʧʘʨʘʤʝʪʨ ʟʤʽʥʥʦʩʪʽ ʤʦʤʝʥʪʫ 

ʦʧʦʨʫ ʜʚʦʪʘʚʨʦʚʦʾ ʙʘʣʢʠ ʧʨʠ ʟʤʽʥʥʦʩʪʽ ʰʠ-

ʨʠʥʠ ʧʦʣʠʮʽ () ʙʫʜʝ. 

ὡ ὦ ὸ Ὧ  O

Ὧ ρ ὸ Ⱦφὦ ὸ Ȣ 

 

(8) 

 
ʋ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ (4 ʪʘ 8) ʧʦʟʥʘʯʝʥʦ: 

 ï ʤʦʤʝʥʪ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ ʧʦʣʠʮʴ, 

 ï ʧʦʩʪʽʡʥʽʡ ʤʦʤʝʥʪ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ 

ʩʪʽʥʢʠ 

 - ʧʦʩʪʽʡʥʘ ʚʠʩʦʪʘ ʩʪʽʥʢʠ 

 ï ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ 

 -ʟʤʽʥʥʘ ʧʣʦʱʘ ʧʦʣʠʮʽ 

 -ʟʤʽʥʥʘ ʰʠʨʠʥʘ ʧʦʣʠʮʽ 

 - ʪʦʚʱʠʥʘ ʧʦʣʠʮʽ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʙʘ-

ʣʢʠ ʽʟ ʟʤʽʥʥʦʶ ʰʠʨʠʥʦʶ ʧʦʣʠʮʽ ʩʣʽʜ ʧʦʙʫ-

ʜʫʚʘʪʠ  ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʾ. ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ 

ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʙʘʣʢʠ ʧʨʠʡʥʷʪʘ ʤʽʥʽʤʘ-

ʣʴʥʽ ʚʠʪʨʘʪʠ ʩʪʘʣʽ. ɺʘʛʘ ʙʘʣʢʠ ʙʫʜʝ:

ά ” ςὦ ρ ‎
ᾀ

ὰ
ὸ Ὤὸ ὨᾀȢ (9) 
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ɯʥʪʝʛʨʫʚʘʥʥʷ ʜʘʻ ʚʠʨʘʟ ʚʘʛʠ ʙʘʣʢʠ ʧʨʠʚʝ-

ʜʝʥʦʾ ʜʦ ʛʫʩʪʠʥʠ ʜʣʷ ʥʘ ʧʦʛʦʥʥʠʡ ʤʝʪʨ (

). 

ςὦ ὸ ρ Ὤὸ. (9,ʘ) 

ɼʣʷ ʩʢʣʘʜʘʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʤʘʻʤʦ ʥʝ-

ʦʙʭʽʜʥʦ ʟʘʧʠʩʘʪʠ ʦʙʤʝʞʝʥʥʷ ʟʘ ʤʽʮʥʽʩʪʶ.  

ʗʢʱʦ ʥʝ ʧʨʠʡʤʘʪʠ ʜʦ ʫʚʘʛʠ ʚʧʣʠʚ ʧʦʧʝʨʝʯ-

ʥʠʭ ʩʠʣ, ʫʤʦʚʘ ʤʽʮʥʦʩʪʽ ʙʫʜʝ. 

„
ὓ

Ὧὃ
πȠ (9,ʙ) 

ὓ  ρ
ᾀ
ὰ
 

Ὧ ὦ ὸρ ‎
ᾀ
ὰ

„

πȢ 

(9,ʚ) 

ʂʨʠʪʝʨʽʡ ʤʽʥʽʤʽʟʘʮʽʾ ʚʘʛʠ ʙʘʣʢʠ ʟʽ ʟʤʽʥ-

ʥʦʶ ʰʠʨʠʥʦʶ ʧʦʣʠʮʴ ʤʘʪʠʤʝ ʚʠʜ ʧʨʠ ʦʙʤʝ-

ʞʝʥʥʷʭ (9,ʚ).  

ά

”ὰ
ςὦ ὸ ρ

‎

ς
ὸ ᴼάὭὲ (10) 

ὦ ὸ
ὓ

„Ὤ ρ ‎
ᾀ
ὰ

Ὤὸ

φρ ‎
ᾀ
ὰ

 
 

(10,ʘ) 

 

ʇʦʻʜʥʘʥʥʷ ʦʙʤʝʞʝʥʴ ʟ ʮʽʣʴʦʚʦʶ ʬʫʥʢ-

ʮʽʻʶ ʧʨʠʚʦʜʠʪʴ ʜʦ ʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ 

(10,ʙ). 

 

 

 

ά

”ὰ
ς

ὓ
„

ρ ‎
ᾀ
ὰ

 ὸ ρ
ρ
‎
ς

σρ ‎
ᾀ
ὰ

ᴼάὭὲ (10,ʙ) 

ɸʙʦ ʧʨʠ ʚʚʝʜʝʥʥʽ ʛʥʫʯʢʦʩʪʽ    ʩʪʽʥʢʠ ʪʘʢ ʷʢ ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʙʘʣʢʠ (‗ Ⱦὸ), ʤʘʻʤʦ  

ʟʘʣʝʞʥʽʩʪʴ:  

ς  ρ ᴼάὭὲ (10,ʚ) 

ʇʨʠʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʚʘʛʠ ʜʚʦʪʘʚʨʦʚʦʾ ʙʘ-

ʣʢʠ ʽʟ ʟʤʽʥʥʦʶ ʰʠʨʠʥʦʶ ʧʦʣʠʮʴ () ʟʘ ʨʽ-

ʚʥʷʥʥʷʤ (10,ʚ) ʤʘʻ ʚʠʨʘʟ ʣʽʥʽʡʥʦʛʦ ʨʽʚ-

ʥʷʥʥʷ, ʷʢʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʨʴʦʭ ʟʤʽʥʥʠʭ: ʚʠ-

ʩʦʪʠ ʙʘʣʢʠ ( ), ʚʽʜʥʦʰʝʥʥʷ ʟʤʽʥʥʦʩʪʽ ʧʝʨʝ-

ʨʽʟʫ ʧʦʣʠʮʴ ( ), ʽ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚ̔ ʜ ʟʘ-

ʢʦʥʫ ʟʤʽʥʠ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʽ ʚʽʜʧʦ-

ʚʽʜʥʦ ʢʦʦʨʜʠʥʘʪʠ ʧʝʨʝʨʽʟʫ - z. ɿʘ ʧʨʠʡʥʷʪʦʶ 

ʤʝʪʦʜʦʣʦʛʽʻʶ ʧʦʰʫʢʫ ʨʘʮʽʦʥʘʣʴʥʦʾ ʚʠʩʦʪʠ 

ʙʘʣʢʠ (ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʙʘʣʢʠ) ʟʘ ʷʢʦʶ 

ʨʽʚʥʷʥʥʷʤ (4) ʤʘʻ ʚʠʨʘʟ ʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ, 

ʷʢʝ ʟʘʣʝʞʠʪʴ  ʚʽʜ  ʪʨʴʦʭ ʟʤʽʥʥʠʭ: ʚʠʩʦʪʠ ʙʘ-

ʣʢʠ ( ), ʚʽʜʥʦʰʝʥʥʷ ʟʤʽʥʥʦʩʪʽ ʧʝʨʝʨʽʟʫ ʧʦ-

ʣʠʮʴ ( ), ̔  ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚ̔ ʜ ʟʘʢʦʥʫ ʟʤʽʥʠ 

ʨʦʟʧʦʜʽʣʫ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʧʦ ʜʦʚʞʠʥʽ 

ʙʘʣʢʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ 

ʙʘʣʢʠ ʽʟ ʟʤʽʥʥʦʶ ʰʠʨʠʥʦʶ ʧʦʣʠʮʽ ʩʣʽʜ 

ʧʨʠʡʥʷʪʦ ʪʨʘʜʠʮʽʡʥʠʡ  ʢʨʠʪʝʨʽʡ ʤʽʥʽʤʘʣʴ-

ʥʠʭ ʚʠʪʨʘʪ ʩʪʘʣʽ (10,ʛ).  
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ʇʽʩʣʷ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʤʘʻʤʦ  ʟʘʣʝʞ-

ʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʜʚʦʪʘʚʨʦʚʦʾ ʙʘʣʢʠ  

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʥʦʩʪʽ ʧʝʨʝʨʽʟʫ ʧʦʣʠʮʴ ʪʘ 

ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ.

Ὤ
Ⱦ

. 

 

(11) 

ʇʨʠ 

2
0   [1 ( ) ].xz x

z
M M

l
= -  (11,ʘ) 

Ὤ

ρ
ᾀ
ὰ

ρ ‎
ᾀ
ὰ

ρ
σρ

‎
ς

ὓ   

„
‗  (12) 

 

ʇʘʨʘʤʝʪʨ ʟʤʽʥʥʦʩʪʽ ʧʝʨʝʨʽʟʫ ʪʘ ʟʛʠʥʘʣʴ-

ʥʠʭ ʤʦʤʝʥʪʽʚ ʙʫʜʝ ( zkl ). 

Ὧ . (12,ʘ) 

ɺʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠ-

ʩʦʪʠ ʩʪʘʻ. 

Ὧ
  
‗ . (12,ʙ) 

 

ɼʣʷ ʧʝʨʝʨʽʟʫ ʟ ʢʦʦʨʜʠʥʘʪʦʶ z=0 ʤʘʻʤʦ:  

 

Ὧ
ρ

ρ
ρ
σ
ρ
‎
ς

σ

ς
‎
ς

 

(12,ʚ) 

 

ʇʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʨʽʟʽ ʧʦʣʠʮʴ ʤʘʻʤʦ 

 

 
 

(12,ʛ) 

ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ 

ʙʘʢʠ ʩʧʽʚʧʘʜʘʻ ʟ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ [1],  ʱʦ 

ʜʦʚʦʜʠʪʴ ʧʨʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʘʥʘ-

ʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
‎ πO

ρ

ρ
ρ
σ

ὓ Ⱦ„ ‗Ƞ 

(12ʜ) 

σ

ς
ὓ Ⱦ„ ‗  

Ὧ
ὓ

„
‗ȟὯ

σ

ς

ρȟρυ 

(13) 

ʆʪʨʠʤʘʥʘ ʦʩʥʦʚʥʘ ʬʦʨʤʫʣʠ (12) ʧʦʚôʷʟʫʻ 

ʦʧʪʠʤʘʣʴʥʫ ʚʠʩʦʪʫ ʜʚʦʪʘʚʨʦʚʦʾ ʩʪʘʣʝʚʦʾ ʙʘ-

ʣʢʠ ʩʪʫʧʽʥʴ ʟʤʽʥʥʦʩʪʽ ʧʝʨʝʨʽʟʫ (ʧʘʨʘʤʝʪʨ 

ʟʤʽʥʥʦʩʪʽ ʧʝʨʝʨʽʟʫ - ), ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʡ 

ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ. ɺ ʬʦʨʤʫʣʽ (12,ʚ) ʤʦʞʥʘ 

ʧʝʨʝʡʪʠ ʥʘʟʘʜ ʜʦ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ. 

 
ὓ Ⱦ„
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ᾀ
ὰ
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ς
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ᾀ
ὰ

‗  

(14) 

ὓ Ⱦ„

ρ ‎
ᾀ
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ς
ὸ

 (14,ʘ) 

 

ʆʩʪʘʪʦʯʥʦ ʙʫʜʝ. 

Ὧ
ὓ Ⱦ„

ὸ
ȟ (15) 

Ὧ
σρ

ᾀ
ὰ

ς ‎ σ
ᾀ
ὰ
ρ
ς

 (15,ʘ) 

ɺʠʢʦʥʘʥʽ ʯʠʩʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞ-

ʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʙʘʣʢʠ 

( ) ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʤʽʥʥʦ-

ʩʪʽ ʧʝʨʝʨʽʟʫ ʧʦʣʠʮʴ (). ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦ-

ʚʝʜʝʥʽ ʜʣʷ ʢʦʥʩʦʣʴʥʦʾ ʙʘʣʢʠ ʟ ʨʽʚʥʦʤʽʨʥʦ-

ʨʦʟʧʦʜʽʣʝʥʠʤ  ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʧʦʢʘʟʘʥʽ ʥʘ 

ʨʠʩ. 1. 
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ʘ ʙ 

 
ʚ 

ʈʠʩ. 1. ʂʦʝʬʽʮʽʻʥʪ  ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʙʘʣʢʠ () ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʦʨʜʠʥʘʪ  ʧʝʨʝʨʽʟʽʚ ʽ ʧʘʨʘʤʝ-

ʪʨʘ ʟʤʽʥʥʦʩʪʽ ʰʠʨʠʥʠ ʧʦʣʠʮʽ ‎: ʘ - ‎=0,1; ʙ - ‎=0,5; ʚ - ‎=0,7.  

Fig. 1. The coefficient of the optimal height of the beam ( ) depending on the coordinates of the sections and 

the variable parameter of the shelf width ‎: ʘ - ‎=0,1; ʚ - ‎=0,5; ʩ - ‎=0,7. 

ɺ ʪʘʙʣʠʮʽ 1 ʧʨʠʚʝʜʝʥʽ ʤʘʢʩʠʤʘʣʴʥʽ ʯʠʩ-

ʣʦʚʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠ-
ʩʦʪʠ () ʜʣʷ ʢʦʞʥʦʛʦ ʧʝʨʝʨʽʟʫ ʙʘʣʢʠ  ʚ ʟʘ-

ʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʟʤʽʥʥʦʩʪʽ ʰʠʨʠʥʠ ʧʦ-

ʣʠʮʽ- .  

ʊʘʙʣ. 1. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

Tabl. 1. The value of the coefficient  

ʇʨʠ ʮʴʦʤʫ  = 0,9 ʚʽʜʧʦʚʽʜʥʦ =0,1 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ  ʫʤʦʚ 

ʤʽʮʥʦʩʪʽ ʽ ʧʣʘʚʥʦʩʪʽ ʧʝʨʝʨʽʟʫ (ʝʬʝʢʪ çʭʣʠ-

ʩʪʘè), ʪʦʙʪʦ ʢʽʥʝʮʴ ʙʘʣʢʠ ʩʣʽʜ ʨʦʙʠʪʠ ʙʽʣʴ-

ʰʦʶ ʚʠʩʦʪʦʶ  ʧʝʨʝʨʽʟʫ, ʜʝ ʚʠʥʠʢʘʻ ʤʘʢʩʠ-

ʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ. 
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0,0001 0,001 1,144619 

0,07 0,1 1,137371 

0,15 0,2 1,134177 

0,24 0,3 1,134924 

0,3 0,4 1,140552 

0,32 0,5 1,150121 

0,48 0,6 1,171504 

0,62 0,7 1,207868 

0,99 0,8 1,354943 
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ʊʦʤʫ ʻ ʟʘʜʘʯʘ ʜʦʩʣʽʜʠʪʠ  ʜʽʘʧʘʟʦʥ ʤʦʞʣʠ-

ʚʠʭ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʷʢʽ ʤʦʞʝ ʧʨʠʡ-

ʤʘʪʠ  ʧʘʨʘʤʝʪʨ . 

Ὧ
σρ

ᾀ
ὰ

ς ‎ σ
ᾀ
ὰ
ρ
ς

ᴼάὥὼ 

 

(16) 

 

ʋʤʦʚʘ (16) ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ ʫʤʦʚʽ  

( ): 

ς ‎ σ ᴼπ;  

 

ς ‎ σ
ᾀ

ὰ

ρ

ς
π 

(17) 

(17,ʘ) 

. (17,ʙ) 

ɼʘʣʽ, ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʢʦʦʨʜʠʥʘʪʽ  (17,ʙ) ʤʘ-

ʻʤʦ. 

 (18) 

ʊʝʧʝʨ ʟʥʘʭʦʜʠʤʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ

ʟʘ ʬʦʨʤʫʣʦʶ (16) ʧʨʠ . 

Ὧ
σρ

υ
φ

ς σ
υ
φ
ρ
ς

σσ

σφ

ρ

ς ς
ᴼқ 

(19) 

ʊʦʙʪʦ ʧʘʨʘʤʝʪʨ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʥʝ-

ʩʢʽʥʯʝʥʽ ʟʥʘʯʝʥʥʷ ʧʨʠ  ʪʘ ʜʣʷ ʧʝʨʝʨʽʟʽʚ 

.  

ʊʦʙʪʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ 

ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʧʝʨʝʨʽʟʦʤ  ʚ 

ʷʢʦʤʫ ʥʝ ʜʽʾ ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦ-

ʤʝʥʪ, ʪʘʢ ʷʢ ʪʨʝʙʘ ʟʙʽʣʴʰʠʪʠ ʩʪʫʧʽʥʴ ʟʤʽʥ-

ʥʦʩʪʽ ʧʝʨʝʨʽʟʫ ʧʦʣʠʮʴ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽ-

ʮʥʦʩʪʽ ʙʘʣʢʠ ʧʦ ʚʩʽʤ ʧʝʨʝʨʽʟʘʤ ʧʦ ʜʦʚʞʠʥʽ.  

ʎʝ ʷʚʠʱʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʝʬʝʢʪʫ ʟʣʘʤ ʢʽʥ-

ʮʽʚʢʠ ʢʦʥʩʦʣʴʥʽʡ ʙʘʣʮʽ ʟʤʽʥʥʦʾ ʞʦʨʩʪʢʦʩʪʽ 

(ʟʣʘʤ ʭʣʠʩʪʘ ʧʦʜʽʙʥʦ ʜʦ ʢʦʣʠʚʘʥʴ ʢʦʥʩʦʣʽ) ï 

ʚʠʥʠʢʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʝ ʚ 

ʧʝʨʝʨʽʟʽ, ʜʝ ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦ-

ʤʝʥʪ, ʘ ʚ ʧʝʨʝʨʽʟʽ, ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʚʽʣʴʥʦʛʦ ʢʽ-

ʥʮʷ, ʚ ʷʢʦʤʫ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʤʝʥʰʝ, ʘʣʝ 

ʾ ʤʦʤʝʥʪ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ ʪʝʞ ʤʝʥʰʠʡ.   

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʦʛʦ ʷʚʠʱʘ ʥʘʚʝ-

ʜʝʤʦ ʫʤʦʚʫ  ʤʽʮʥʦʩʪʽ ʙʘʣʢʠ  ʯʝʨʝʟ ʧʦʪʦʯʥʠʡ 

ʤʦʤʝʥʪ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʢʦʦʨ-

ʜʠʥʘʪʠ ʧʝʨʝʨʽʟʫ. 

ὦ ὸ ρ ‎
ᾀ

ὰ

ὸ

φ

ὓ  ρ
ᾀ
ὰ

Ὑ
 π 

 

 

(20) 

ɺ ʧʦʯʘʪʢʦʚʦʤʫ ʧʝʨʝʨʽʟʽ ʟ ʢʦʦʨʜʠʥʘʪʦʶ 

z=0 ʤʦʤʝʥʪ ʦʧʦʨʫ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʠʨʠ-

ʥʦʶ ʧʦʣʠʮʽ (ὡ ὦ ὸ ὸȾφ) ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʟ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ ʧʦʣʠʮʴ 

(ὡ ὦ ὸ )  ʽ ʩʪʽʥʢʠ ʚ ʧʝʨʝʨʽʟʽ (

). ʊʘʢʠʤ ʯʠʥʦʤ ʚʽʨʥʠʤ ʻ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. 
ὡ ὡ ὡ ᴼὡ ὡ ὡ  (21) 

ʆʙôʻʜʥʘʥʥʷ ʦʩʪʘʥʥʽʭ ʨʽʚʥʷʥʴ ʜʘʻ ʫʟʘʛʘʣʴ-

ʥʝʥʠʡ ʢʨʠʪʝʨʽʡ ʤʽʮʥʦʩʪʽ ʧʦʪʦʯʥʠʭ ʧʝʨʝʨʽʟʽʚ 

ʢʦʥʩʦʣʴʥʦʾ ʙʘʣʢʠ ʧʦ ʜʦʚʞʠʥʽ ʧʨʠ ʨʽʚʥʦʤʽ-

ʨʥʦ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʪʘ ʤʽʮʥʦ-

ʩʪʽ ʩʪʘʣʽ ʟʘʛʨʘʥʠʮʝʶ ʪʝʢʫʯʦʩʪʽ. 

Ⱦ

  Ⱦ
ρ. (22) 

ʇʨʠʡʥʷʪʦ, ʱʦ ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʘʥʠʡ ʟʘ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦ-

ʤʝʥʪʫ: 

ὓ ȾὙ ὡ ὡ ὡ  (23) 

ʊʝʧʝʨ ʫʤʦʚʘ ʤʽʮʥʦʩʪʽ (22) ʧʨʠʡʤʘʻ ʚʠʜ. 

ὡ ὡ ρ ‎
ᾀ
ὰ

ὡ

 ρ
ᾀ
ὰ
 ὡ

ρ (24) 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʻʤʦ ʚʽʜʥʦʰʝʥʥʷ. 

ὡ ρ ‎
ᾀ
ὰ

ρ
ᾀ
ὰ
 ὡ

ὡ

ὡ

ρ ρ ‎
ᾀ
ὰ

 ρ
ᾀ
ὰ
 

ρ (25) 

ρ
ὡ
ὡ

‎
ᾀ
ὰ

ρ
ᾀ
ὰ
 

ρ (26) 

ʋʤʦʚʘ (26) ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʚʞʜʠ ʧʨʠ.

zkl

0bg¸
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z
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å õ
= ­ = + =æ ö
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ὡ

ὡ
‎ πO

ὡ

ὡ
‎ (27) 

ʊʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʠʟʥʘ-

ʯʝʥʥʷ ʩʪʫʧʝʥʷ ʟʤʽʥʥʦʩʪʽ ʰʠʨʠʥʠ ʧʦʣʠʮʽ, 

ʩʣʽʜ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʚʽʜʥʦʰʝʥʥʷʤ  

ὡ Ⱦὡ ‎. ɼʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʨʦʟʨʘ-
ʭʫʥʢʫ ʧʨʦʚʦʜʠʪʠ ʯʠʩʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ-

ʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʘʣʢʠ ʟʘ ʬʦ-

ʨʤʫʣʘʤʠ (11,12,15).  

 
ɺʀʉʅʆɺʂʀ ɯ ʇɽʈʉʇɽʂʊʀɺʀ  

ʇʆɼɸʃʔʐʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

ʆʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʙʘʣʢʠ ʽʟ ʟʤʽʥʥʦʶ ʰʠʨʠ-

ʥʦʶ ʧʦʣʠʮʽ ʧʨʠ  ʧʦʩʪʽʡʥʽ ʚʠʩʦʪʽ ʧʝʨʝʨʽʟʫ 

(7,6,8). ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʥʝʩʫʯʦʾ ʩʧʨʦʤʦʞʥʦ-

ʩʪʽ ʙʘʣʢʠ    ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʛʠʥʘʣʴʥʠʤ ʤʦ-

ʤʝʥʪʦʤ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʥʘʚʘ-

ʥʪʘʞʝʥʥʽ ʧʦ ʜʦʚʞʠʥʽ ʙʘʣʢʠ ʚʠʥʠʢʘʶʪʴ ʜʽʣʷ-

ʥʢʠ,  ʚ ʷʢʠʭ ʥʝ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ. 

ʆʪʨʠʤʘʥʘ ʘʥʘʣʽʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ (12)  ʷʢʘ ʟʘ-

ʙʝʟʧʝʯʫʻ ʩʪʫʧʽʥʴ ʟʤʽʥʥʦʩʪʽ ʰʠʨʠʥʠ ʧʦʣʠʮʽ 

ʙʘʣʢʠ, ʜʣʷ  ʚʠʢʦʥʘʥʥʷ  ʫʤʦʚ  ʤʽʮʥʦʩʪʽ ʽ ʫʥʠ-

ʢʥʫʪʠ ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

ʟʛʠʥʽ ʜʚʦʪʘʚʨʦʚʦʾ ʙʘʣʢʠ ʧʦ ʜʦʚʞʠʥʽ ʧʨʠ ʟʤʝ-

ʥʰʝʥʥʽ ʰʠʨʠʥʠ ʧʦʣʠʮʴ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʽʟ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦ-

ʩʪʽ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚ-ʥʠʭ ʢʦʝ-

ʬʽʮʽʻʥʪʽʚ ʩʪʽʥʢʠ () ̔  ʧʦʣʠʮʽ ()ʥʘ ʚʠʙʽʨ  

ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʜʚʦʪʘʚʨʦʚʦʾ ʩʪʘʣʝʚʦʾ 

ʙʘʣʢʠ. ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʚʘʛʫ ʜʦʜʘʪʢʦʚʠʭ ʜʝ-

ʪʘʣʝʡ ʧʦʣʠʮʴ: , ʘ ʚʘʛʫ ʜʦʜʘʪ-

ʢʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʜʝʪʘʣʝʡ ʩʪʽʥʢʠ 

, ʪʦʜʽ ʧʨʠ ʚʘʟʽ ʧʦʣʠʮʽ ʙʘʣʢʠ - 

 ʪʘ ʩʪʽʥʢʠ ʙʘʣʢʠ - 

,  ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʩʪʽʥʢʠ ʽ ʧʦʣʠʮʴ 

ʽ ʟʘʛʘʣʴʥʘ ʚʘʛʘ ʙʘʣʢʠ ʧʨʠʡʤʫʪʴ ʚʠʜ.  
ά

”ὰ
ς‪ὦ ὸ ρ

‎

ς
‪ ὬὸȢ  

(28) 

 

‪
ά ά

ά
Ƞ (28,ʘ) 

‪
ά ά

ά
Ȣ (28,ʙ) 

ʊʝʧʝʨ ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʥʦʩʪʽ ʧʝʨʝʨʽʟʫ  ʟʛʠ-

ʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘ-

ʣʴʥʦʾ ʚʠʩʦʪʠ ʙʫʜʝ. 

Ὧ
‪ ρ

ᾀ
ὰ

‪ ρ ‎
ᾀ
ὰ

ρ
σ
ρ
‎
ς

 (29) 

ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʧʦʩʪʽʡʥʽʡ 

ʚʠʩʦʪʽ ʙʘʣʢʠ ʩʪʽʡʢʽʩʪʴ ʩʪʽʥʢʠ ʷʢʱʦ ʩʪʽʥʢʘ ʥʝ 

ʤʘʻ ʟʤʽʥʥʫ ʪʦʚʱʠʥʫ, ʟʘʟʚʠʯʘʡ ʟʘʙʝʟʧʝʯʝʥʘ, 

ʪʘʢʦʞ ʷʢ ʽ ʤʽʩʮʝʚʘ ʩʪʽʡʢʽʩʪʴ ʧʦʣʠʮʴ. 

ɺʘʞʣʠʚʠʤ ʻ ʚʧʣʠʚ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʦ-

ʨʩʪʢʦʩʪʽ ʙʘʣʢʠ ʟʘ ʜʨʫʛʠʤ ʛʨʘʥʠʯʥʠʤ ʩʪʘʥʦʤ. 
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OPTIMAL HEIGHT OF STEEL  

I -BEAMS WITH CHANGING THE 

WIDTH OF THE FLANGES  

 

Artem BILYK 

Sergio BILYK  

Oleksandr GLITIN 

Lubomir DZHANOV 

  
Summary. The article improves the methodo-

logical approach to finding the best constructive 

solution for a beam made of welded steel I-beams 

with a variable flange width. An idealized physical-

mathematical model of the construction of a beam 

made of welded steel I-beams with a tapered flange 

depending on the consumption of steel and changes 

in the geometric characteristics of the cross-section 

is described. The bending strength conditions of the 

beam are taken as limitations. The purpose of the 

research was to develop an approach to establish the 

regularity of a rational constructive solution 

depending on the variability of the width of the 

flanges of the elastic steel I-beam along its length. 

It is shown that determining the pattern of changes 

in the stress-strain state of steel beams with variable 

shelf width at a constant cross-section height is an 

urgent task. As a result on the optimal consumption 

of steel for the structure is shown. A pattern has 

been established between the variable parameter of 

the width of the flanges and the coordinate of the 

calculated section. The effect of displacement of the 

calculated section of the beams in the direction of a 

decrease in the geometric characteristics of the 

beams, depending on the degree of variability of the 

width of the shelf along the length of the beam, has 

been confirmed. Thus, in beams with a variable 

shelf width at a constant wall height, the maximum 

stresses occur in the cross-section that does not have 

the maximum geometric characteristics. 

Analytical dependences of determining the 

optimal height depending on the variability of the 

width of the flanges were obtained. The 

methodology of research in the search for a rational 

constructive solution is described. It is shown that 

in the case of the variability of the width of the 

flanges, the parameter of the optimal height of the 

beam depends on the load distribution function 

along the length of the beam. 

A cantilever-clamped elastic beam of I-beam 

cross-section was studied. Through the relative 

parameter of the variability of geometric 

characteristics, it is shown that when the parameter 

of the variability of the shelf width is changed, the 

calculated cross-section moves toward the free end 

with smaller geometric characteristics.  

Corresponding numerical studies have been 

carried out, which are illustrated by graphs. 

The conducted research allows choosing the 

optimal dimensions of a steel welded I-beam by 

changing the width of the flanges that perceive 

bending moments. According to the research 

results, the degree of variability of the cross-section 

is recommended for rational designs of steel I-

beams  by changing the width of the flanges. 

 

Keywords. Steel beams; beams with changing 

the width of the flanges; beams with variable 

stiffness; the strength of beams; an optimal section 

of beams.
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ʈʆɿʈɸʍʋʅʂʆɺɽ ʆʎɯʅʖɺɸʅʅʗ ɺʆɻʅɽʉʊɯʁʂʆʉʊɯ  
ɺʆɻʅɽɿɸʍʀʑɽʅʀʍ ɿɸʃɯɿʆɹɽʊʆʅʅʀʍ ɹʋɼɯɺɽʃʔʅʀʍ  

ʂʆʅʉʊʈʋʂʎɯʁ ɿɸʉʆɹɸʄʀ ʇʂ çʃɯʈɸ-ʉɸʇʈè 
 

ʄʘʨʽʷ ɹɸʈɸɹɸʐ1,2, ɸʥʜʨʽʡ ʂʆɺɸʃʔʆɺ3, ʄʘʨʠʥʘ ʈʆʄɸʐʂɯʅɸ2 
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2kovalev27051980@gmail.com, https://orcid.org/0000-0002-6525-7558 

3romashkina.liraland@gmail.com, https://orcid.org/0000-0002-7158-4037 
 

ɸʥʦʪʘʮʽʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʯʠʩʝʣʴ-

ʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ ʜʝʬʦʨʤʦ-ʚʘʥʦʛʦ 

ʩʪʘʥʫ ʚʦʛʥʝʟʘʭʠʱʝʥʥʦʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʢʦʥʩʪʨʫ-

ʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʦʣʽʚ ʪʝʤʧʝ-

ʨʘʪʫʨ ʚ ʙʝʪʦʥʽ ʪʘ ʘʨʤʘʪʫʨʽ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʝ-

ʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʧʦʞʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠ-

ʩʪʝʤʠ çʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴè ʇʂ çʃɯʈɸ-ʉɸʇʈè. 

ʆʧʠʩʘʥʦ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʽ ʤʦʜʝʣʽ ʜʣʷ ʦʮʽ-

ʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʦʛʥʝʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʽʡʩʥʦʾ 

ʤʝʞʽ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

ʄʝʪʦʜʠʢʘ ʽʣʶʩʪʨʫʻʪʴʩʷ ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʟʨʘʭʫ-

ʥʢʫ ʥʘ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ ʚʦʛʥʝʟʘʭʠʱʝʥʥʦʾ ʤʥʦʛʦ-

ʧʫʩʪʦʪʥʦʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʧʣʠʪʠ. ɺ ʩʪʘʪʪʽ ʧʨʦʧʦ-

ʥʫʶʪʴʩʷ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʽ ʤʦʜʝʣʽ ʚʦʛʥʝʟʘʭʠ-

ʱʝʥʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥ-

ʥʷʤ ʚʦʛʥʝʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ. 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʫ ʚʫʟʣʘʭ ʨʦʟ-

ʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʶʚʘʥʥʷ 

ʾʭ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ. ɺʠʢʦʥʫʻʪʴʩʷ ʢʦʨʠʛʫʚʘʥʥʷ ʬʽ-

ʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʪʘ ʧʝʨʝ-

ʚʽʨʢʘ ʥʝʩʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʜʽʶ ʩʠʣʦ-

ʚʠʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ.  

ʆʪʨʠʤʘʥʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʫ ʩʢʽʥʯʝʥʦ-

ʝʣʝʤʝʥʪʥʽʡ ʤʦʜʝʣʽ ʚʦʛʥʝʟʘʭʠʱʝʥʦʛʦ ʟʘʣʽʟʦʙʝ-

ʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʥʘ 120 ʪʘ ʥʘ 240 ʭʚʠʣʠʥʘʭ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʨʝʞʠʤʦʤ ʧʦʞʝʞʽ.  

 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦ-

ʥʘʨʥʦʛʦ ʧʨʦʛʨʽʚʫ ʚʦʛʥʝʟʘʭʠʱʝʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥ-

ʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʚ ʧʨʦʛʨʘʤʽ   çʃɯʈɸ-ʉɸʇʈ 

è ʙʫʣʦ ʧʦʨʽʚʥʷʥʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʚʠʧʨʦ-

ʙʫʚʘʥ-ʥʷʤʠ ʫ ʚʦʛʥʝʚʽʡ ʧʝʯʽ. ʆʪʨʠʤʘʥʦ ʟʘʜʦʚʽ-

ʣʴʥʫ ʟʙʽʞʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥ-

ʢʦʚʠʭ ʟʥʘʯʝʥʴ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʟʘ-

ʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ ʜʦʩʠʪʴ ʪʦʯʥʫ ʦʮʽ-

ʥʢʫ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫ-ʢʮʽʡ 

ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʾʭ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ ʧʽʜ ʯʘʩ ʧʦʞʝʞʽ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʉʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʽ ʤʦ-

ʜʝʣʽ; ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ; ʇʂ ʃɯʈɸ-ʉɸʇʈ; 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ; ʥʝʣʽʥʽʡʥʘ ʪʝʧʣʦʧʨʦʚʽʜ-

ʥʽʩʪʴ; ʩʪʘʮʽʦʥʘʨʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ; ʧʦʚʟʫʯʽʩʪʴ 

ʙʝʪʦʥʫ; ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ; ʚʦʛʥʝʟʘʭʠʩʪ. 

 
ɺʉʊʋʇ 

 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ, 

ʩʧʦʨʫʜ ʪʘ ʥʝʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ ʯʘʩʪʦ 

ʥʝ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʟʘʭʦʜʠ ʱʦʜʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʚʽʜ ʚʧʣʠʚʫ ʧʦ-

ʞʝʞʽ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ. ɿʘʟʚʠʯʘʡ ʧʽʜ 

ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʜʽʚʣʽ ʨʦʟʨʘʭʫʥʦʢ ʚʦʛʥʝ-

ʩʪʽʡʢʦʩʪʽ ʚʟʘʛʘʣʽ ʥʝ ʧʨʦʚʦʜʠʚʩʷ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʟʚôʷʟʢʫ ʟ ʚʽʡʩʴʢʦʚʠʤ 

ʩʪʘʥʦʤ ʜʫʞʝ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ  ʦʙʚʘʣʝʥʥʷ 

ʥʝʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʧʦʜʘʣʴʰʠʤ ʨʫʡʥʫʚʘʥ-

ʥʷʤ ʯʘʩʪʠʥʠ ʘʙʦ ʮʽʣʦʾ ʙʫʜʽʚʣʽ ʚʥʘʩʣʽʜʦʢ ʚʠ-

ʥʠʢʥʝʥʥʷ ʧʦʞʝʞʽ  ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʧʽ-

ʩʣʷ ʚʣʫʯʘʥʥʷ ʨʘʢʝʪʠ. ʅʘʩʣʽʜʢʦʤ ʪʘʢʠʭ ʧʦʜʽʡ 

ʻ ʟʥʘʯʥʽ ʤʘʪʝʨʽʘʣʴʥʽ ʟʙʠʪʢʠ ʪʘ ʟʘʛʨʦʟʘ 

ʞʠʪʪʶ ʪʘ ʙʝʟʧʝʮʽ ʣʶʜʝʡ. 

ʇʨʦʙʣʝʤʽ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʩʚʷʯʝʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʦʙʦʪʠ ɹ.ɻ. ɼʝʤʯʽʥʠ 

[1], ʉ.ʌ. ʂʣʦʚʘʥʽʯʘ [2], ʄ.ʁ ʂʦʣʷʢʦʚʘ [1], 

ɸ.ʌ. ʄʽʣʦʚʘʥʦʚʘ [3], ɺ.ʄ. ʈʦʡʪʤʘʥʘ [4], 

ʉ.ʃ. ʌʦʤʽʥʘ [5], ɸ.ɯ. ʗʢʦʚʣʝʚʘ [6], Bazant Z. 

P [7-10], J. Franssenc, T. Gernay [11], V.K.R. 

Kodur [12-16], ɺ.ʄ. ʂʦʣʷʢʦʚʦʾ [23,24] ʻ ʚʘʞ-

ʣʠʚʠʤʠ ʚʥʝʩʢʘʤʠ ʫ ʮʶ ʛʘʣʫʟʴ. ʎʽ ʘʚʪʦʨʠ 

ʧʨʦʚʦʜʠʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠʩʚʷʯʝʥʽ ʧʦʚʝʜʽ-

ʥʮʽ ʟʘʣʽʟʦʙʝʪʦʥʫ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʦʛʥʝʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ, 

ʚʧʣʠʚʫ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʧʽʜ ʯʘʩ ʧʦʞʝʞʽ, ʘ 

ʪʘʢʦʞ ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺ [17] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʙʣʝʤʫ ʜʦʩʣʽʜ-

ʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʙʘʛʘʪʦʧʫʩʪʦʪʥʠʭ ʟʘʣʽʟʦʙʝ-

ʪʦʥʥʠʭ ʧʝʨʝʢʨʠʪʪʽʚ ʧʨʠ ʚʧʣʠʚʽ ʚʠʩʦʢʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʯʠʩʣʦʚʽ ʤʝʪʦʜʠ ʪʘ 

ʤʦʜʝʣʽ ʜʣʷ ʘʥʘʣʽʟʫ ʾʭ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ. ɸʣʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫ-

ʥʢʫ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʥʝ ʚʨʘʭʦʚʫʻ ʚʟʘʻʤʦ-

ʜʽʶ ʤʽʞ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʙʝʪʦʥʫ, 

ʦʩʢʽʣʴʢʠ ʧʣʠʪʘ ʧʝʨʝʢʨʠʪʪʷ ʤʦʜʫʣʴʦʚʘʥʘ 

ʧʣʦʩʢʠʤʠ ʩʢʽʥʯʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʋ [18] 

ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʫ ʥʦʨ-

ʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʚʦʛʥʝ-

ʩʪʽʡʢʦʩʪʽ. ɸʣʝ ʥʝʤʘʻ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥ-

ʢʽʚ ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʨʽʟʥʠʤʠ ʥʦʨʤʘ-

ʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

ʆʪʞʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʦ-

ʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ ʟ ʫʨʘʭʫ-

ʚʘʥʥʷʤ ʜʽʾ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦʩʣʽʜ-ʞʝ-

ʥʠʡ ʥʝʜʦʩʪʘʪʥʴʦ. ɸ ʽʩʥʫʶʯʘ ʥʦʨʤʘʪʠʚʥʘ ʜʦ-

ʢʫʤʝʥʪʘʮʽʷ [19] ʥʝ ʜʘʻ ʥʘʤ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘ-

ʭʫʥʢʫ ʪʘ  ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʦʾ ʧʦʞʝʞʽ, 

ʷʢʘ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʧʨʦʛʨʝʩʫʶʯʝ ʦʙʚʘ-

ʣʝʥʥʷ. 

ʊʦʤʫ ʤʝʪʦʶ ʩʪʘʪʪʽ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʨʦ-

ʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘ-ʥʫ 

ʚʦʛʥʝʟʘʭʠʱʝʥʥʦʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʢʦʥʩʪʨʫʢ-

ʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʦʣʽʚ ʪʝʤ-

ʧʝʨʘʪʫʨ ʚ ʙʝʪʦʥʽ ʪʘ ʘʨʤʘʪʫʨʽ ʜʣʷ ʩʪʘʥʜʘʨʪ-

ʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʧʦʞʝʞʽ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʇʂ çʃɯʈɸ-ʉɸʇʈè (ʋʢʨʘʾʥʘ). ʑʦ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʶʚʘʪʠ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ 

ʚʦʛʥʝʟʘʭʠʱʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥ-ʥʠʭ ʢʦʥʩʪʨʫʢ-

ʮʽʡ ʟ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʚʦʛʥʝʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

 

ɿɸɼɸʏɯ ɼʆʉʃɯɼɾɽʅʅʗ 

 

ɼʣʷ ʦʮʽʥʢʠ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʚʦʛʥʝʟʘʭʠ-

ʱʝʥʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢ-

ʮʽʡ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʦʛʥʝʟʘʭʠʩʪʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʽ ʦʮʽʥʠʪʠ ʾʭ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʠʟʥʘʯʠʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦ ʧʝʨʝʨʽʟʫ ʙʫʜʽʚʝʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʧʝʨʝʚʽ-

ʨʠʪʠ ʥʝʩʥʫ ʟʜʘʪʥʽʩʪʴ ʽʟ ʟʤʽʥʝʥʠʤʠ ʞʦʨʩʪʢʽʩ-

ʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʽʜ ʚʧʣʠʚʫ ʥʘ ʢʦʥʩ-

ʪʨʫʢ-ʮʽʶ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʆʮʽʥʠʪʠ 

ʪʦʯʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʠʭ 

ʤʦʜʝʣʝʡ ʜʘʻ ʟʤʦʛʫ ʝʢʩʧʝʨʠʤʝʥʪ. 

 

ʊɽʆʈɽʊʀʏʅɯ ʇʆʃʆɾɽʅʅʗ  

 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʯʠʩʣʦʚʽ 
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ʤʝʪʦʜʠ. ɸʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʧʦʣʷʛʘʶʪʴ ʫ ʟʥʘ-

ʭʦʜʞʝʥʥʽ ʨʦʟʚ'ʷʟʢʫ ʰʣʷʭʦʤ ʧʽʜʙʦʨʫ ʬʫʥʢ-

ʮʽʡ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʜʠʬʝʨʝʥʮʽʘʣʴ-ʥʦʤʫ 

ʨʽʚʥʷʥʥʶ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʢʨʘʡʦʚʠʤ 

ʫʤʦʚʘʤ. ɼʦ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʘʥʘʣʽʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʥʘʣʝʞʘʪʴ ʤʝʪʦʜʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʝʨʝ-

ʪʚʦʨʝʥʴ, ʪʘʢʽ ʷʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʥʢʝʣʷ, ʃʘʧ-

ʣʘʩʘ ʪʘ ʌʫʨ'ʻ, ʘ ʪʘʢʦʞ ʤʝʪʦʜ ʜʞʝʨʝʣ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝ-

ʥʠʤ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘ-

ʜʘʯ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʻ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʄʉɽ ʘʙʦ FEM). ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦ-

ʣʷʻ ʧʨʦʚʦʜʠʪʠ ʦʙʯʠʩʣʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʚʢʣʶʯʘʻ ʨʝʘʣʴʥʽ 

ʜʘʥʽ ʧʨʦ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʣʘʩ-

ʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʫʻʪʴʩʷ ʧʦ-

ʚʥʘ ̔  ʜʝʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʣʷ ʪʝʤʧʝʨʘ-

ʪʫʨ ʫ ʩʠʩʪʝʤʽ. 

ʋ ʬʦʨʤʫʣʽ (1) ʥʘʚʝʜʝʥʦ ʨʽʚʥʷʥʥʷ ʢʨʘʡʦ-

ʚʦʾ ʟʘʜʘʯʽ ʜʣʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜ-

ʥʦʩʪʽ:
2 2 2

2 2 2xx yy zz

T T T T
K K K w c

x y z t
r

µ µ µ µ
+ + + =

µ µ µ µ 
(1) 

ʜʝ T = T (x, y, z, t) ï ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙʣʘʩʪʽ ɋ;  

Kxx, Kyy, Kzz ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʥʘʧʨʷʤʢʫ x, y, z ʚʽʜʧʦʚʽʜʥʦ; w = w (ʭ, y, z, t) ï 

ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʜʞʝʨʝʣ ʚʩʝʨʝʜʠʥʽ ʪʽʣʘ;  

ɟ ï ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ; ʩ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ 

ʈʦʟʚ'ʷʟʘʪʠ ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʤʝʪʦʜʦʤ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥ-

ʥʠʭ ʨʽʟʥʠʮʴ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʝʨʰʦʛʦ ʤʝ-

ʪʦʜʫ, ʢʦʥʩʪʨʫʢʮʽʶ ʤʦʜʝʣʶʶʪʴ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʉɽ) 

ʟ ʦʜʥʠʤ ʩʪʫʧʝʥʝʤ ʚʽʣʴʥʦʩʪʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʪʝʤʧʝʨʘʪʫʨʫ ʷʢ ʩʢʘʣʷʨʥʫ ʚʝʣʠʯʠʥʫ 

[20]. 

ɼʣʷ ʟʘʜʘʯ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʇʂ çʃɯʈɸ-

ʉɸʇʈè ʚ ʩʠʩʪʝʤʽ çʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴè ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴʩʷ ʦʜʥʦʤʽʨʥʽ, ʧʣʦʩʢʽ ʽ ʧʨʦʩʪʦʨʦʚʽ 

ʉɽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʥʽ ʟ ʩʝ-

ʨʝʜʦʚʠʱʝʤ ʩʣʫʞʘʪʴ ʩʧʝʮʽʘʣʴʥʽ ʩʢʽʥʯʝʥʥʽ 

ʝʣʝʤʝʥʪʠ ʢʦʥʚʝʢʪʠʚʥʦʾ ʪʝʧʣʦʚʽʜʜʘʯʽ. 

ɽʣʝʤʝʥʪʘʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʘʜʘʶʪʴʩʷ 

ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ (ʢʦʝʬʽ-

ʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʧʠʪʦʤʘ ʪʝʧʣʦʻʤ-

ʥʽʩʪʴ, ʧʠʪʦʤʘ ʚʘʛʘ). ɼʣʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʚʝʢʮʽʾ 

ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ. 

ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʚ ʩʪʝʨʞʥʝʚʦʤʫ ʝʣʝʤʝʥʪʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʟʜʦʚʞ ʩʪʝʨʞʥʷ, ʪʦʤʫ ʥʘ ʪʦ-

ʨʝʮʴ ʩʪʝʨʞʥʷ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʦʜʥʦ-

ʚʫʟʣʦʚʠʡ ʉɽ ʫ ʨʘʟʽ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʚʝʢ-

ʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ. ɯ ʚʢʘʟʘʪʠ ʧʣʦʱʫ ʢʦʥ-

ʪʘʢʪʫ. ɸʥʘʣʦʛʽʯʥʦ ʜʣʷ ʧʣʘʩʪʠʥ ï ʥʘʢʣʘ-ʜʘ-

ʻʪʴʩʷ ʝʣʝʤʝʥʪʠ ʢʦʥʚʝʢʮʽʾ ʥʘ ʨʝʙʨʘ ʧʣʘʩʪʠʥ, 

ʘ ʜʣʷ ʦʙ'ʻʤʥʠʭ ʉɽ ï ʥʘ ʛʨʘʥʴ (ʨʠʩ.1).  

 

 
 

ʘ ʙ 
ʈʠʩ.1. ʉʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʢʦʥʚʝʢʮʽʾ 

Fig.1. Finite elements of heat conductivity and convection 

ʈʝʘʣʽʟʘʮʽʷ ʚ ʇʂ çʃɯʈɸ-ʉɸʇʈè ʩʢʽʥʯʝʥ-

ʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʢʦʥʚʝʢ-

ʮʽʾ, ʜʘʣʦ ʟʤʦʛʦ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ çɺʦʛʥʝ-

ʩʪ̔ʡʢ̔ʩʪèɹ. ʎʷ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ 
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ʪʝʧʣʦʪʝʭʥʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʫ ʧʨʦʛʨʽʚʫ ʧʝʨʝʨʽʟʫ ʽ  ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʰʫʢʘʥʠʭ ʪʦʯʢʘʭ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙ-

ʭʽʜʥʦʾ ʤʝʞʽ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʧʦ ʪʝʧʣʦʽʟʦ-ʣʶʶ-

ʯʽʡ ʟʜʘʪʥʦʩʪʽ. ɸ ʪʘʢʦʞ, ʚʠʢʦʥʘʪʠ ʘʚʪʦʤʘʪʠ-

ʟʦʚʘʥʠʡ ʧʽʜʙʽʨ ʘʨʤʫʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʤʝʞʽ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥ-

ʥʠʭ ʪʘ ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦ 

ʚʪʨʘʪʽ ʥʝʩʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʛʽʜʥʦ ʟ ʥʦʨʤʘʤʠ 

ɼʉʊʋ-ʅ ɹ EN 1992-1-2:2012 [19]. ʈʦʟʨʘʭʫ-

ʥʦʢ ʤʝʞʽ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʪʘ 

ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʇʂ 

çʃɯʈɸ-ʉɸʇʈè ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʨʦ-

ʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʧʝʨʝʨʽʟʫ ʚʽʜʧʦ-ʚʽʜʥʦ 

ʜʦ ʟʘʜʘʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʚ ʫʤʦʚʘʭ ʧʦʞʝʞʽ; 

ʧʦʜʘʣʴʰʠʤ ʢʦʨʠʛʫʚʘʥʥʷʤ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯ-

ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʦʪʨʠʤʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ; ʧʝʨʝʚʽʨʮʽ 

ʥʝʩʥʦʾ ʟʜʘʪʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ 

ʜʽʶ ʥʦʨʤʘʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʫ ʨʘʟʽ ʥʝ-

ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ï ʥʘʨʦʱʫʚʘʥʥʷ ʘʨʤʫʚʘʥ-

ʥʷ. 

ʈʦʟʨʘʭʫʥʦʢ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʨʝʘʣʽʟʦʚʘʥʠʡ 

ʜʣʷ ʩʪʘʥʜʘʨʪʥʠʭ ʪʠʧʽʚ ʧʝʨʝʨʽʟʽʚ (ʮʝ ʧʨʷʤʦ-

ʢʫʪʥʠʢ, ʢʽʣʴʮʝ, ʪʘʚʨ, ʪʘʚʨ ʥʝʩʠʤʝʪʨʠʯʥʠʡ, 

ʜʚʦʪʘʚʨ, ʭʨʝʩʪ, ʢʫʪʦʯʦʢ), ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥ-

ʥʠʭ (ʮʝ ʧʨʷʤʦʢʫʪʥʠʡ ʙʝʪʦʥʥʠʡ ʧʝʨʝʨʽʟ ʟ ʨʽ-

ʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʞʦʨʩʪʢʦʾ 

ʘʨʤʘʪʫʨʠ ʪʘ ʨʽʟʥʽ ʪʨʫʙʦʙʝʪʦʥʥʽ ʧʝʨʝʨʽʟʠ) ʪʘ 

ʧʣʘʩʪʠʥ. ʇʽʩʣʷ ʟʘʚʜʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʚʠʙʨʘʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʤʧʝʨʘ-

ʪʫʨʥʽ ʧʦʣʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ʙʝ-

ʪʦʥʫ ʪʘ ʘʨʤʘʪʫʨʠ ʧʨʠ ʚʦʛʥʝʚʦʤʫ ʚʧʣʠʚʽ. ʑʦ 

ʜʘʻ ʟʤʦʛʫ, ʱʝ ʜʦ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ 

ʩʭʝʤʠ ʚʠʟʥʘʯʠʪʠ ʪʝʧʣʦʽʟʦʣʶʶʯʫ ʟʜʘʪʥʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʦʮʽʥʠʪʠ ʯʠ ʜʦʩʷʛʣʠ ʙʝʪʦʥ ʘʙʦ 

ʘʨʤʘʪʫʨʘ ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʛʨʽʚʫ. 

ʇʨʦʪʝ, ʥʘ ʩʴʦʛʦʜʥʽ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʙʝʟʣʽʯ ʚʦʛʥʝʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʷʢʽ 

ʥʘʜʘʶʪʴ ʜʦʜʘʪʢʦʚʠʡ ʰʘʨ ʟʘʭʠʩʪʫ ʚʽʜ ʚʧʣʠʚʫ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʚʦʛʥʶ, ʪʘ ʟʙʽʣʴʰʫ-

ʶʪʴ ʦʛʥʝʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʙʫʜʽʚʝʣʴ ʚ 

ʮʽʣʦʤʫ. ɺ ʩʠʩʪʝʤʽ çɺʦʛʥʝʩʪʽʡʢʽʩʪʴè ʥʝ ʧʝ-

ʨʝʜʙʘʯʝʥʦ ʤʦʞʣʠʚʦʩʪʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʟʘ-

ʚʜʘʥʥʷ ʚʦʛʥʝʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʊʦʤʫ ʜʣʷ 

ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʧʝʨʝʨʽʟʽʚ ʽ ʜʣʷ ʚʦʛʥʝʟʘʭʠ-

ʱʝʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ 

ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʩʭʝʤʠ. 

ʇʈʀʂʃɸɼ ʈʆɿʈɸʍʋʅʂʋ  

ɹɸɻɸʊʆʇʋʉʊʆʊʅʆɰ ʇʃʀʊʀ  

ɺɯɼ ɼɯɰ ʇɯɼɺʀʑɽʅʀʍ  

ʊɽʄʇɽʈɸʊʋʈ ɿ ʅɸʅɽʉɽʅʅʗʄ  

ɺʆɻʅɽɿɸʍʉʅʆɻʆ ʐɸʈʋ 

 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ. 

 

ɺʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ 

ʥʘ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ 

ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʟʘ-

ʣʽʟʦʙʝʪʦʥʥʦʾ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʽʟ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷʤ ʚʦʛʥʝʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʦʜʝʨ-

ʞʘʥʥʷ ʧʦʣʽʚ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʙʝʪʦʥʽ 

ʪʘ ʘʨʤʘʪʫʨʽ ʚ ʫʤʦʚʘʭ ʧʦʞʝʞʽ.  

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʨʠʛʫ-

ʚʘʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘ-

ʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʧʦʣʽʚ. ɿʘʢʦʥʠ ʥʝʣʽʥʽʡʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʦʩ-

ʥʦʚʥʦʛʦ ʪʘ ʘʨʤʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʽʚ ʟʘʜʘ-

ʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯ-

ʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʫ ʪʘ ʘʨʤʘʪʫʨʠ ʧʨʠ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʦʛʥʝʚʦʤʫ ʚʧʣʠʚʽ. 

ɹʘʟʦʚʽ ʪʦʯʢʠ ʜʽʘʛʨʘʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʫʨʘʭʫ-

ʚʘʥʥʷʤ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʙʝʪʦʥʫ ʚ ʢʦ-

ʞʥʽʡ ʦʢʨʝʤʽʡ ʜʽʣʷʥʮʽ ʧʝʨʝʨʽʟʫ ʧʣʠʪʠ, ʟʛʽʜʥʦ 

ʟ ʪʝʧʣʦʪʝʭʥʽʯʥʠʤ ʨʦʟʨʘʭʫʥʢʦʤ ʫ ʩʠʩʪʝʤʽ 

çʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴè ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ ʚʟʷ-

ʪʠʤʠ ʟ ɼʉʊʋ-ʅ ɹ EN 1992-1-2 [19]. ɼʘʣʽ ʚʠ-

ʢʦʥʫʻʪʴʩʷ ʩʪʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʚʧʣʠʚ 

ʩʠʣʦʚʠʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʽ-

ʩʣʷ ʷʢʦʛʦ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʥʘʧʨʫ-

ʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʘʛʘʪʦʧʦʨʦʞ-

ʥʠʩʪʦʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ. 

 

ɽʪʘʧ ˉ 1.  

ʇʦʙʫʜʦʚʘ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥ-ʪʥʦʾ ʤʦʜʝʣʽ 

ʚʦʛʥʝʟʘʭʠʱʝʥʥʦʛʦ ʙʘʛʘʪʦʧʫʩʪʦʪʥʦʛʦ ʟʘ-

ʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ. 

 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝ-

ʣʽ ʚʦʛʥʝʟʘʭʠʱʝʥʥʦʛʦ ʙʘʛʘʪʦʧʫʩʪʦʪʥʦʛʦ ʟʘʣʽ-

ʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʢʦʦʨʜʠʥʘʪʥʘ ʩʽʪʢʘ 

ʥʘʢʣʘʜʘʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʾʾ ʚʫʟʣʠ ʨʦʟʪʘʰʦʚʫʚʘ-

ʣʠʩʷ ʥʝ ʪʽʣʴʢʠ ʚ ʪʦʚʱʠʥʽ ʧʝʨʝʨʽʟʫ, ʘʣʝ ʽ ʧʦ 

ʡʦʛʦ ʧʝʨʠʤʝʪʨʫ. ʊʘʢʦʞ ʚʫʟʣʠ ʨʦʟʤʽʱʫʶʪʴʩʷ 

ʫ ʮʝʥʪʨʽ ʘʨʤʘʪʫʨʥʠʭ ʩʪʝʨʞʥʽʚ. 

ɹʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ 

ʙʘʛʘʪʦʧʫʩʪʦʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢ-

ʨʠʪʪʷ (ʜʣʷ ʪʦʛʦ ʱʦʙ ʚʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 
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ʚ ʩʠʩʪʝʤʽ çʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴè ʧʦʪʨʽʙʥʦ ʦʙ-

ʨʘʪʠ ʧôʷʪʥʘʜʮʷʪʫ ʦʟʥʘʢʫ ʩʭʝʤʠ). 

ɿʤʦʜʝʣʴʦʚʘʥʠʤ ʝʣʝʤʝʥʪʘʤ ʩʢʽʥʯʝʥʦ-ʝʣʝ-

ʤʝʥʪʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʧʨʠʟʥʘʯʝʥʦ ʪʝʧʣʦʬʽʟʠ-

ʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1 [22]. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʩʢ̔ʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʝʧʣʦʧʨʦ-

ʚʽʜʥʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʙʘʛʘʪʦʧʦʨʦʞʥʠʩʪʦʾ 

ʧʣʠʪʠ ʤʦʜʝʣʶʻʪʴʩʷ ʪʝʧʣʦʟʘʭʠʩʥʠʡ ʝʢʨʘʥ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩ-
ʪʷʤʠ ʤʘʪʝʨʽʘʣʫ (ʨʠʩ. 2). 

 
ʘ 

 
ʙ 

ʈʠʩ. 2. ʄʦʜʝʣʴ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ  

ʘ ï ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʙʘʛʘʪʦʧʫʩʪʦʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ; 

ʙ ï ʚʦʛʥʝʟʘʭʠʱʝʥʝ ʟʘʣʽʟʦʙʝʪʦʥʥʝ ʧʝʨʝʢʨʠʪʪʷ 3-D 

Fig. 2. Model of a reinforced concrete slab  

ʘ - cross-section  of the fireproof reinforced concrete slab;  

b ï fireproof reinforced concrete slab 3-D 

ɽʪʘʧ ˉ 2. 

ʆʮʽʥʶʚʘʥʥʷ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʚʦʛʥʝʟʘʭʠ-

ʱʝʥʦʛʦ ʙʘʛʘʪʦʧʫʩʪʦʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥ-

ʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝ-

ʥʠʭ ʤʦʜʝʣʝʡ. 

 

ʘ) ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʨʦ-

ʛʨʽʚʫ ʚʦʛʥʝʟʘʭʠʱʝʥʦʛʦ ʙʘʛʘʪʦʧʫʩʪʦʪʥʦʛʦ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʨʦʟʧʦʜʽ-

ʣʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʚʦ-

ʛʥʝʟʘʭʠʱʝʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢ-ʨʠʪʪʷ 

ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʥʝ-

ʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʤʘʪʝʤʘʪʠʯ-

ʥʠʡ ʘʧʘʨʘʪ ʷʢʦʾ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʧʨʦʛʨʘʤʽ 

çʃɯʈɸ-ʉɸʇʈè [20, 22]. ʄʦʜʝʣʴ ʷʚʣʷʻ ʩʦʙʦʶ 

ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʷʢʘ ʚʨʘʭʦʚʫʻ ʨʘʜʽʘʮʽʡʥʦ-ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧ-

ʣʦʦʙʤʽʥ ʚʽʜ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ ʚʦʛʥʝ-

ʟʘʭʠʱʝʥʦʾ ʧʦʚʝʨʭʥʽ ʧʝʨʝʢʨʠʪʪʷ, ʷʢʘ ʦʙʽʛʨʽ-

ʚʘʻʪʴʩʷ (ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ɯɯɯ-ʛʦ ʨʦʜʫ), ʪʝʧʣʦ-

ʦʙʤʽʥ ʪʝʧʣʦʧʨʦ-ʚʽʜʥʽʩʪʶ ʚ ʧʝʨʝʢʨʠʪʪʽ ʽ ʨʘʜʽ-

ʘʮʽʡʥʦ-ʢʦʥʚʝʢ-ʪʠʚʥʠʡ- ʪʝʧʣʦʦʙʤʽʥ ʟ ʙʦʢʫ 

ʧʦʚʝʨʭʥʽ ʧʝʨʝʢʨʠʪʪʷ, ʷʢʘ ʥʝ ʦʙʽʛʨʽʚʘʻʪʴʩʷ 

(ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ɯɯɯ-ʛʦ ʨʦʜʫ). 

ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦ-

ʧʨʦʚʽʜʥʦʩʪʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʤʦʜʝʣʶ-ʚʘʥʥʷ ʜʠ-

ʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʽ ʦʪʨʠʤʘʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʚ 

ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʚʦʛʥʝʟʘʭʠʱʝʥʦʛʦ ʟʘ-

ʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʩʢʽʥʯʝʥʥʦ-ʝʣʝ-

ʤʝʥʪʥʦʾ ʤʦʜʝʣʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʦʟʧʦʜʽʣʠ ʪʝ-

ʤʧʝʨʘʪʫʨ ʫ ʚʦʛʥʝʟʘʭʠʱʝʥʦʤʫ ʙʘʛʘʪʦʧʦʨʦʞ-

ʥʠʩʪʦʤʫ ʧʝʨʝʢʨʠʪʪʽ ʥʘ 120 ʪʘ 240 ʭʚʠʣʠʥʘʭ 

ʚʦʛʥʝʚʦʛʦ ʚʧʣʠʚʫ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤ ʪʝʤʧʝʨʘ-

ʪʫʨʥʠʤ ʨʝʞʠʤʦʤ ʧʦʞʝʞʽ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʫ ʬʨʘʛʤʝʥʪʽ ʚʦʛʥʝʟʘʭʠʱʝʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ: 

ʘ ï ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ ʚʦʛʥʝʟʘʭʠʱʝʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ;  

ʙ ï ʥʘ 120 ʭʚʠʣʠʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ; ʚ) ʥʘ 240 ʭʚʠʣʠʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

Fig. 3. Temperature distribution in a fragment of a fireproof reinforced concrete slab: 

a ï finite-elements model of fireproof reinforced concrete slab;  

ʙ- at the 120 minutes of testing; ʚ) at the 240 minutes of testing 

ʙ) ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦ-

ʚʘʥʦʛʦ ʩʪʘʥʫ ʚʦʛʥʝʟʘʭʠʱʝʥʦʛʦ  

ʙʘʛʘʪʦʧʦʨʦʞʥʠʩʪʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ 

ʧʝʨʝʢʨʠʪʪʷ. 

ɺʠʢʦʥʫʻʪʴʩʷ ʩʪʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʥʘ 

ʚʧʣʠʚ ʩʠʣʦʚʠʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʚʘʥʪʘ-

ʞʝʥʴ. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ ʽʟ ʚʨʘʭʫʚʘʥ-

ʥʷʤ ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ɼʣʷ 

ʚʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ çʃɯʈɸ-ʉɸʇʈè ʙʫʚ ʦʙʨʘʥʠʡ ʧʨʦʩ-

ʪʠʡ ʢʨʦʢʦʚʠʡ ʤʝʪʦʜ ʟ ʢʽʣʴʢʽʩʪʶ ʢʨʦʢʽʚ - 30. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʪʠʯʥʦʛʦ ʟʘʢʦʥʫ ʧʦʚʟʫʯʦʩʪʽ, 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʦʨʫ ʯʘʩʫ, ʧʦʧʝʨʝʜʥʴʦ ʦʙ-

ʯʠʩʣʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʟʫʯʦʩʪʽ  ʽ ʢʦʝ-

ʬʽʮʽʻʥʪ bH, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦ-

ʛʦʩʪʽ (RH, %) ʽ ʫʤʦʚʥʦʛʦ ʨʦʟʤʽʨʫ ʧʝʨʝʨʽʟʫ 

(h0, ʤʤ). ɺ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ çʃɯʈɸ-

ʉɸʇʈè ʟʘʩʪʦʩʦʚʘʥʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʟʘ-

ʢʦʥ ʥʝʣʽʥʽʡʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʙʝʪʦʥʫ ʪʘ ʢʫ-

ʩʢʦʚʦ-ʣʽʥʽʡʥʠʡ ʟʘʢʦʥ ʥʝʣʽʥʽʡʥʦʛʦ ʜʝʬʦʨʤʫ-

ʚʘʥʥʷ ʘʨʤʘʪʫʨʥʠʭ ʚʢʣʶʯʝʥʴ. 

ɿʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʟʘʣʝʞʥʠʭ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʚʝʜʝʥʽ ʫ ʩʪʘʪʪʽ 

[21]. ʅʘ ʨʠʩ. 4 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠ-

ʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ 

çʃɯʈɸ-ʉɸʇʈè.
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ʈʠʩ. 4. ɺʝʣʠʯʠʥʠ ʧʨʦʛʠʥʽʚ  ʙʘʛʘʪʦʧʫʩʪʦʪʥʦʾ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ, ʷʢʘ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ 

Fig. 4. Displacements of the reinforced concrete slab 

ɽʪʘʧ ˉ 3. 

ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ  

ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʠʭ ʤʦʜʝʣʝʡ  

ʚʦʛʥʝʟʘʭʠʱʝʥʦʛʦ ʙʘʛʘʪʦʧʦʨʦʞʥʠʩʪʦʛʦ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ-

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʨʦʛʨʽʚʫ ʚʦʛʥʝʟʘʭʠʱʝʥʦʛʦ ʟʘ-

ʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʚ ʧʨʦʛʨʘʤʽ 

çʃɯʈɸ-ʉɸʇʈè ʙʫʣʦ ʧʦʨʽʚʥʷʥʦ ʟ ʝʢʩʧʝʨʠʤʝ-

ʥʪʘʣʴʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʫ ʚʦʛʥʝʚʽʡ ʧʝʯʽ. 

ɼʘʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5, ʘ ʩʘʤʝ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʟ ʥʝʦʙʽʛʨʽʚʥʦʾ ʧʦʚʝʨʭʥʽ ʚʦʛʥʝʟʘʭʠʱʝ-

ʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ, ʩʧʽʚʧʘʜʘ-

ʶʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ.
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ʈʠʩ. 5. ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʥʝ ʦʙʽʛʨʽʚʥʦʾ ʧʦʚʝʨʭʥʽ ʚʦʛʥʝʟʘʭʠʱʝʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢ-

ʨʠʪʪʷ ʚʽʜ ʯʘʩʫ ʚʦʛʥʝʚʦʛʦ ʚʧʣʠʚʫ:  

ʊ1ïʊ5 ï ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʮʝʥʪʨʘʭ ʯʚʝʨʪʝʡ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ, ʦʪʨʠʤʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ; ʊ1ʩʝʨ. ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ; ʊ1ʩʝʨ.ʨʦʟʨ. ï ʩʝʨʝʜʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ.  

Fig. 5. Dependence of the temperature on the unheated surface of a fireproof reinforced concrete slab on 

the time of fire exposure:  

T1-T5 - temperatu res in the geometric centers of the quarters of the reinforced concrete slab ob-

tained experimentally; T1av. is the experimental average temperature; T1av.op - the average tem-

perature obtained because of numerical modeling. 

 
ʎʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʘʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 6, ʜʝ ʧʦʢʘʟʘʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʥʝ ʦʙʽʛʨʽʚ-

ʥʦʾ ʧʦʚʝʨʭʥʽ ʚʦʛʥʝʟʘʭʠʱʝʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥ-

ʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ, ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʦ ʪʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶ-

ʚʘʥʥʷ.

 
ʈʠʩ. 6. ʊʝʤʧʝʨʘʪʫʨʘ ʟ ʥʝʦʙʽʛʨʽʚʥʦʾ ʧʦʚʝʨʭʥʽ ʚʦʛʥʝʟʘʭʠʱʝʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ:  

1 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʢʨʠʚʘ;  

2 ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʢʨʠʚʘè. 

Fig. 6. Temperature from the unheated surface of a fireproof reinforced concrete floor:   

1 - experimental curve;  

2 - calculated curve. 
 
ʅʘʡʙʽʣʴʰʝ ʚʽʜʭʠʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ 

ʥʘ 160 180 ʭʚʠʣʠʥʘʭ ʨʦʟʨʘʭʫʥʢʫ ʽ ʩʪʘʥʦ-

ʚʠʣʦ 3 Áʉ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʭʠʙʮʽ ʥʝ ʙʽʣʴʰʝ 

4 %. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʢʦʨʝʢʪʥʽʩʪʴ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʽ çʟʘʣʽʟʦ-

ʙʝʪʦʥʥʝ ʧʝʨʝʢʨʠʪʪʷ ï ʚʦʛʥʝʟʘʭʠʩʥʝ ʧʦʢ-

ʨʠʪʪʷè ʪʘ ʻ ʚʝʨʠʬʽʢʘʮʽʻʶ ʨʝʘʣʽʟʦʚʘʥʠʭ ʤʝʪʦ-

ʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʽ ʥʝʩʪʘʮʽʦʥʘ-

ʨʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʇʂ çʃɯʈɸ-

ʉɸʇʈè. ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʦʟ-

ʨʦʙʣʝʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʧʨʠ ʤʦʜʝʣʶ-

ʚʘʥʥʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʻ 
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ʛʨʘʬʽʢʠ (ʨʠʩ. 7) [21], ʟ ʷʢʠʭ ʚʠʜʥʦ ʟʘʜʦʚʽ-

ʣʴʥʫ ʟʙʽʞʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʟʨʘ-

ʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʧʨʦʛʠʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ 

ʚʦʛʥʝʟʘʭʠʱʝʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʧʦ ʩʝʨʝʜʠʥʽ 

ʧʨʦʣʴʦʪʫ ʧʨʠ ʫʤʦʚʽ ʚʧʣʠʚʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʝ-

ʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʧʦʞʝʞʽ.  

 

 
ʈʠʩ. 7. ɻʨʘʬʽʢʠ ʧʝʨʝʤʽʱʝʥʴ ʚ ʢʦʥʪʨʦʣʴʥʽʡ ʪʦʯʮʽ ʚ ʩʝʨʝʜʠʥʽ ʧʨʦʣʴʦʪʫ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨ-

ʥʦʤʫ ʨʝʞʠʤʽ ʧʦʞʝʞʽ: 1 ï ʝʢʩʧʝʨʠʤʝʥʪ; 2 ï ʨʦʟʨʘʭʫʥʦʢ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ çʃɯʈɸ-

ʉɸʇʈè 

Fig. 7. Displacements of the control point in the middle of a span of a reinforced concrete fireproof slab 

during a standard fire temperature: 1 - experiment; 2 - calculation in the LIRA-SAPR software pack-

age 
 

ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩ. 7 ʧʨʦʛʠʥ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ 

ʧʝʨʝʢʨʠʪʪʷ ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʧʣʠʪʠ ʩʢʣʘʜʘʻ 

39,8 ʤʤ, ʱʦ ʟʘʜʦʚʽʣʴʥʦ ʢʦʨʝʣʶʻ ʟ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ (42 ʤʤ), ʘ ʧʦʭʠ-

ʙʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 %. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʨʷʜ ʚʝʨʠʬʽʢʘʮʽʡʥʠʭ ʪʝʩʪʽʚ ʩʪʦʩʦʚʥʦ ʨʦʙʦʪʠ 

ʤʦʜʫʣʷ çʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴè ʇʂ ʃçʃɯʈɸ-

ʉɸʇʈè, ʦʙˇʨʫʥʪʦʚʘʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʧʨʦʚʝ-

ʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʮʽʻʶ ʧʨʦʛʨʘʤʠ. 

 

ɺʀʉʅʆɺʂʀ 

 

ʋ ʩʪʘʪʪʽ ʧʦʢʘʟʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʦʮʽʥʢʠ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇʂ çʃɯʈɸ-ʉɸʇʈè.   

ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜ-

ʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚʦ-

ʛʥʝʟʘʭʠʱʝʥʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢ-

ʮʽʡ. ɿʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝ-

ʟʫʣʴʪʘʪʽʚ. ʆʪʨʠʤʘʥʦ ʟʘʜʦʚʽʣʴʥʫ ʟʙʽʞʥʽʩʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘ-

ʯʝʥʴ. ʇʨʦʛʠʥ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʚ 

ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʧʣʠʪʠ ʩʢʣʘʜʘʻ 39,8 ʤʤ, ʱʦ 

ʟʘʜʦʚʽʣʴʥʦ ʢʦʨʝʣʶʻ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ (42 ʤʤ), ʘ ʧʦʭʠʙʢʘ ʥʝ ʧʝʨʝʚʠ-

ʱʫʻ 5 % ʧʨʠ ʫʤʦʚʽ ʚʧʣʠʚʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʝ-

ʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʧʦʞʝʞʽ.  

ʅʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ, ʷʢʘ ʜʦ-

ʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʧʝʨʝʨʽʟʫ ʢʦʥʩʪʨʫʢʮʽʾ. ʈʝʘʣʽʟʦʚʘʥʘ ʥʝʣʽʥʽʡʥʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʜʣʷ ʩʪʝʨʞʥʝʚʠʭ, ʧʣʘʩʪʠʥ-

ʯʘʩʪʠʭ ʪʘ ʦʙ'ʻʤʥʠʭ ʉɽ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʟʘʢʦʥʠ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʪʘ ʚʨʘʭʦʚʫʚʘʪʠ  ʟʤʽʥʫ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ ʙʝʪʦʥʫ ʪʘ ʘʨʤʘʪʫʨʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝ-

ʤʧʝʨʘʪʫʨʠ ʧʨʦʛʨʽʚʫ ʧʝʨʝʨʽʟʫ. 
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CALCULATED ASSESSMENT OF FIRE 

RESISTANCE OF FIREPROOF  

REINFORCED CONCRETE BUILDING 

STRUCTURES BY PC LIRA-SAPR 

TOOLS 
 

Mariia BARABASH, 

Andrew KOVALIOV, 

Maryna ROMASHKINA 

 
Summary. The paper outlines a method for nu-

merical analysis of the stress-strain state in a fire-
proof RC structure with account of non-stationary 
temperature fields in concrete and reinforcement for 
a standard fire temperature using the 'Thermal Anal-
ysis' system of the LIRA-SAPR program.  

The paper also describes the finite element mod-
els that enable the user to evaluate the effectiveness 
of fire protection in the structures and determine the 
ultimate fire resistance of RC structures.  

To illustrate the method, an analysis of a fire-

proof multi-cavity RC slab on fire resistance is 

taken as an example. The paper demonstrates the fi-

nite element models of fireproof building structures 

with fireproof coatings of various types. For such 

structures, an analysis of fire resistance is carried 

out, and the temperature distribution is determined 

at nodes of the FE model. The physical and mechan-

ical properties of materials are modified according 

to the temperature fields obtained. The bearing ca-

pacity of the structure is checked for force and tem-

perature loads.  
The authors obtained the temperature distribu-

tion in the FE model of a fireproof RC slab at 120 

and 240 minutes under a standard fire temperature. 

The results of the numerical analysis of unsteady 

heating of a fireproof RC slab in the LIRA-SAPR 

software were compared with experimental tests in 

a fire furnace. The convergence of experimental 

data and values obtained in analysis is satisfactory.  
The application of the proposed method makes 

it possible to accurately evaluate the fire resistance 
of reinforced concrete structures and predict their 
stress-strain state during a fire. 

 
Keywords. Finite element models; numerical 

modelling; LIRA-SAPR software; temperature dis-

tribution; nonlinear thermal conductivity; steady 

and transient heat transfer; convective heat transfer; 

concrete creep; fire resistance; fire protection 
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ɺʇʃʀɺ ɼʆɼɸʊʂʆɺʆɻʆ ɺɺɽɼɽʅʅʗ NA3PO4Ā12H2O ʅɸ ʇʆʂɸɿʅʀʂʀ 
ʂʀʉʃʆʊʆʉʊɯʁʂʆʉʊɯ ɻɯɹʈʀɼʅʀʍ ʃʋɾʅʀʍ ʎɽʄɽʅʊɯɺ 

 
ɺ̔ ʢʪʦʨʽʷ  ɿʆɿʋʃʀʅɽʎʔ1, ʆʣʝʢʩʘʥʜʨ ʂʆɺɸʃʔʏʋʂ2 

 
1,2ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʚôʷʞʫʯʠʭ ʨʝʯʦʚʠʥ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʽʤ. ɺ.ɼ. ɻʣʫʭʦʚʩʴʢʦʛʦ 

2ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, 

ʧʨʦʩʧ. ʇʦʚʽʪʨʦʬʣʦʪʩʴʢʠʡ, 31, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ, 03037 
1zozulinets555@gmail.com, http://orcid.org/0000-0002-8066-2033 

 2kovalchuk.oyu@gmail.com,  http://orcid.org/0000-0001-6337-0488 
 

 

ɸʥʦʪʘʮʽʷ. ɼʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽ-

ʜʞʝʥʥʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʧʣʠʚʫ ʬʦʩ-ʬʘʪʥʦʾ 

ʩʦʣʽ, ʥʘ ʧʨʠʢʣʘʜʽ ʪʨʠʥʘʪʨʽʡ ʬʦʩʬʘʪʫ 

(Na3PO4Ā12H2O), ʥʘ ʧʦʢʘʟʥʠʢ ʢʠʩʣʦʪʦʩʪʽʡ-ʢʦ-

ʩʪʽ ʛʽʙʨʠʜʥʠʭ ʣʫʞʥʦʘʢʪʠʚʦʚʘʥʠʭ ʮʝʤʝʥʪʽʚ. 

ɸʜʞʝ ʟ ʢʦʞʥʠʤ ʜʥʝʤ ʢʠʩʣʦʪʦʩʪʽʡʢʽʩʪʴ ʩʪʘʻ ʚʩʝ 

ʙʽʣʴʰ ʚʘʞʣʠʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʜʣʷ ʮʝʤʝʥʪʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ ʯʝʨʝʟ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʴ, ʜʝ 

ʚʦʥʠ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʠʭ ʢʠʩʣʦʪʥʠʭ 

ʩʝʨʝʜʦʚʠʱ, ʦʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʦʙôʻʢʪʽʚ ʭʽ-

ʤʽʯʥʦʾ ʪʘ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʆʢʨʽʤ ʚʠʱʝ-

ʥʘʚʝʜʝʥʠʭ ʜʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʢʘʥʘʣʽʟʘʮʽʡʥʽ ʩʠʩ-

ʪʝʤʠ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ, ʥʘʬ-

ʪʦʚʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʢʠʩʣʦʪʥʽ ʦʧʘʜʠ ʪʘ ʙʘʛʘʪʦ ʽʥ-

ʰʦʛʦ.  

ɺʽʜʦʤʦ, ʱʦ ʟʚʠʯʘʡʥʽ ʚôʷʞʫʯʽ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪ-

ʣʘʥʜʮʝʤʝʥʪʫ ʯʫʪʣʠʚʽ ʜʦ ʢʠʩʣʦʪʥʦʛʦ ʚʧʣʠʚʫ ʯʝ-

ʨʝʟ ʭʽʤʽʯʥʫ ʧʨʠʨʦʜʫ ʾʭ ʦʩʥʦʚʥʠʭ ʛʽʜʨʘʪʦʚʘʥʠʭ 

ʬʘʟ. ɺôʷʞʫʯʽ, ʘʢʪʠʚʦʚʘʥʽ ʣʫʛʦʤ, ʻ ʘʣʴʪʝʨʥʘʪʠ-

ʚʦʶ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʽ ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʪʴʩʷ ʮʽʣʦʶ ʥʠʟʢʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦ-

ʩʪʝʡ, ʦʩʦʙʣʠʚʦ ʟʘ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʦʜʠʬʽʢʘʮʽʡ ʢʦʤʧʦʥʝʥʪʥʠʭ ʩʢʣʘʜʽʚ ʜʘʥʠʭ ʮʝʤʝ-

ʥʪʽʚ. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠ-ʚʦʩʪʝʡ, ʭʘʨʘʢʪʝ-

ʨʥʠʭ ʜʣʷ ʣʫʞʥʦ-ʘʢʪʠʚʦʚʘʥʠʭ ʚôʷʞʫʯʠʭ ʨʝʯʦʚʠʥ, 

ʻ ʾʭ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

ʅʘ ʦʩʥʦʚʽ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʙʝʨʫʯʠ ʜʦ 

ʫʚʘʛʠ ʚʽʪʯʠʟʥʷʥʽ ʪʘ ʩʚʽʪʦʚʽ ʥʘʜʙʘʥʥʷ ʚ ʜʘʥʦʤʫ 

ʥʘʧʨʷʤʢʫ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʤʦʜʝʣʴʥʠʭ ʩʠʩ-

ʪʝʤ ʥʘ ʦʩʥʦʚʽ ʜʦʤʝʥʥʦʛʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʰʣʘʢʫ 

ʪʘ ʣʫʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʩʬʘ-

ʪʥʦʾ ʩʦʣʽ ʟ ʨʽʟʥʠʤ ʾʾ ʚʽʜʩʦʪʢʦʚʠʤ ʚʤʽʩʪʦʤ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʰʣʘʢʦʣʫʞʥʘ ʩʠ-

ʩʪʝʤʘ çʜʦʤʝʥʥʠʡ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʰʣʘʢ ï ʣʫʞʥʠʡ 

ʢʦʤʧʦʥʝʥʪ (ʧʨʝ-ʜʩʪʘʚʣʝʥʠʡ ʤʝʪʘʩʠʣʽʢʘʪʦʤ ʥʘ-

ʪʨʽʶ ʧôʷʪʠʚʦʜʥʠʤ) ï ʪʨʠʥʘʪʨʽʡ ʬʦʩʬʘʪè. ɺ ʭʦʜʽ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚ-

ʥʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʨʦʙʣʝ-

ʥʠʭ ʩʢʣʘʜʽʚ ʪʘ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ  

ʨʝʟʫʣʴʪʘʪʽʚ. ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʢʠʩʣʦʪʦ-

ʩʪʽʡʢʦʩʪʽ (ʂʩÓ0,8,) ʧʽʜʪʚʝʨʜʠʣʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ Na3PO4Ā12H2O ʧʨʠ ʚʠʛʦʪʦʚ-ʣʝʥʥʽ 

ʢʠʩʣʦʪʦʩʪʽʡʢʠʭ ʣʫʞʥʦ-ʘʢʪʠʚʦʚʘʥʠʭ ʮʝʤʝʥ-

ʪʽʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʃʫʞʥʦʘʢʪʠʚʦʚʘʥʽ ʚôʷʞʫʯʽ 

ʨʝʯʦʚʠʥʠ; ʢʠʩʣʦʪʦʩʪʽʡʢʽʩʪʴ; ʬʦʩʬʘʪʥʽ ʟʚôʷʟʢʠ; 

ʥʦʨʤʘʣʴʥʽ ʫʤʦʚʠ; ʝʢʩʧʣʫʘʪʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ; 

ʪʨʠʥʘʪʨʽʡ ʬʦʩʬʘʪ. 

 

ɺʉʊʋʇ 

 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʦʜʥʽʻʶ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʚʠʤʦʛ ʩʫʯʘʩʥʦʛʦ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʟ ʦʛʣʷʜʫ ʥʘ ʧʦ-

ʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰ-ʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ.  
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ʆʜʥʽʻʶ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʨʠʯʠʥ ʨʫʡ-

ʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʻ ʥʘʷʚʥʽʩʪʴ ʚ ʝʢʩʧʣʫʘʪʘ-

ʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʢʠʩʣʦʪ ʪʘ ʾʭ ʟʘʣʠʰʢʽʚ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʫ ʙʫʜʽʚʝʣʴʥʦʤʫ ʤʘʪʝʨʽʘʣʦʟ-

ʥʘʚʩʪʚʽ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʢʠʩʣʦʪʦʩʪʽʡʢʽ ʮʝʤʝ-

ʥʪʠ [1-3]. ʇʨʦʪʝ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʰʪʫʯʥʦʛʦ ʢʘ-

ʤʝʥʶ ʥʘ ʾʭ ʦʩʥʦʚʽ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʢʩ-

ʧʣʫʘʪʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʽ ʧʨʠ ʟʤʽʥʽ pH ʥʘ 

ʥʝʡʪʨʘʣʴʥʝ, ʯʠ ʣʫʞʥʝ ï ʨʦʟʯʠʥʥʽʩʪʴ ʥʦʚʦ-

ʫʪʚʦʨʝʥʴ ʟʨʦʩʪʘʻ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫ-

ʚʘʥʥʷ ʢʘʤʝʥʶ. ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʣʫʞʥʠʭ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤ ʜʦʚʝʜʝʥʘ 

ʜʦʩʚʽʜʦʤ ʅɼɯɺʄ ʽʤ. ɺ.ɼ. ɻʣʫʭʦʚʩʴʢʦʛʦ, ʘ 

ʪʘʢʦʞ ʽʥʰʠʤʠ ʥʘʫʢʦʚʠʤʠ ʰʢʦʣʘʤʠ, ʱʦ ʧʽʜ-

ʪʚʝʨʜʞʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ ʫ 

ʨʽʟʥʠʭ ʘʛʨʝʩʠʚʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʝʨʝʜʦ-

ʚʠʱʘʭ [4-6]. ʇʨʦʪʝ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʢʠʩʣʦʪʦ-ʩʪʽʡʢʠʭ ʣʫʞʥʠʭ ʚôʷʞʫʯʠʭ 

ʨʝʯʦʚʠʥ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩ-

ʣʽʜʞʝʥʴ ʫ ʥʘʧʨʷʤʢʫ ʨʦʟʨʦʙʢʠ ʩʧʝʮʽʘʣʴʥʠʭ 

ʮʝʤʝʥʪʽʚ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʘʣʝʞʥʦ 

ʚʽʜ ʫʤʦʚ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ ʩʝʨʝʜʦʚʠʱʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ 

 

ʗʢ ʚʽʜʦʤʦ, ʮʝʤʝʥʪʥʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʣʫʞʥʫ 

ʧʨʠʨʦʜʫ. ʆʜʥʘʢ ʟʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʚʦʥʠ ʩʭʠ-

ʣʴʥʽ ʜʦ ʨʝʘʢʮʽʾ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʢʠʩʣʦʪʘʤʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟʘʪʚʝ-

ʨʜʽʣʦʛʦ ʢʘʤʝʥʶ [7,8]. ʅʝʧʨʠʜʘʪʥʽʩʪʴ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘ-

ʣʽʚ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟ ʥʠʟʴʢʠʤ 

pH ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʨʦʙʦʪʠ ʟ ʽʩʥʫʶʯʠʤʠ ʢʠʩʣʦ-

ʪʦʩʪʽʡʢʠʤʠ ʮʝʤʝʥʪʘʤʠ ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴ-

ʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʚʠʜʫ ʢʠʩʣʦʪʦʩʪʽʡʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʉʪʽʡʢʽʩʪʴ ʜʦ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩ-

ʪʝʡ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʣʫʞʥʠʭ ʮʝʤʝʥʪʽʚ, ʱʦ 

ʚʠʦʢʨʝʤʣʶʻ ʾʭ ʟ ʨʷʜʫ ʪʨʘʜʠʮʽʡʥʠʭ ʚôʷʞʫʯʠʭ 

ʨʝʯʦʚʠʥ. ʊʦʤʫ ʩʘʤʝ ʾʭ ʤʦʜʠʬʽʢʘʮʽʷ ʭʽʤʽʯ-

ʥʠʤʠ ʪʘ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʨʽʟʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʻ ʜʦʮʽʣʴʥʦʶ ʧʨʠ ʨʦʟʨʦʙʮʽ ʢʠʩ-

ʣʦʪʦʩʪʽʡʢʠʭ ʮʝʤʝʥʪʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ [9-

11]. 

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʚʘʣʠʩʴ ʥʘ 

ʟʥʠʞʝʥʥʽ ʦʩʥʦʚʥʦʩʪʽ ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ, ʱʦ ʬʦ-

ʨʤʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ 

ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ [12-14]. ɸ ʜʘʥʝ ï ʥʘ ʚʠ-

ʚʯʝʥʥʽ ʨʦʣʽ ʘʥʽʦʥʫ ʥʘ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʢʠ-

ʩʣʦʪʦʩʪʽʡʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʬʦʨʤʫ-

ʚʘʥʥʷ ʬʦʩʬʘʪʥʠʭ ʟʚôʷʟʢʽʚ. ʎʝ ʧʝʚʥʘ ʘʥʘʣʦʛʽʷ 

ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʢʠʩʣʦʪʦʩʪʽʡʢʠʤʠ ʚôʷʞʫ-

ʯʠʤʠ, ʘʣʝ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʰʣʘʢʦʣʫʞʥʠʭ ʩʠʩʪʝʤʘʭ ʟ 

ʜʦʜʘʚʘʥʥʷ ʬʦʩʬʘʪʥʦʾ ʩʦʣʽ (Na3PO4Ā12H2O) ʫ 

ʢʽʣʴʢʦʩʪʽ 2, 4 ʪʘ 6%. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʻ ʰʣʘʢʦʣʫʞʥʘ ʩʠʩʪʝʤʘ çʜʦʤʝʥʥʠʡ ʛʨʘʥʫʣʴʦ-

ʚʘʥʠʡ ʰʣʘʢ ï ʣʫʞʥʠʡ ʢʦʤʧʦʥʝʥʪ ï 

Na3PO4Ā12H2Oè. 

 

ʄɽʊɸ ɯ ʄɽʊʆɼʀ 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ̒  ʨʦʟʨʦʙʢʘ ʢʠʩʣʦʪʦ-ʩʪʽʡ-

ʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʛʽʙʨʠʜʥʠʭ ʣʫʞʥʠʭ 

ʮʝʤʝʥʪʽʚ ʚ ʩʠʩʪʝʤʽ R2O ï RO ï Al 2O3 ï SiO2 

ï H2O ʧʽʜʚʠʱʝʥʦʾ ʥʝʧʨʦ-ʥʠʢʥʦʩʪʽ ʪʘ ʟʤʝʥ-

ʰʝʥʦʾ ʚʽʜʢʨʠʪʦʾ ʧʦʨʠʩʪʦʩʪʽ ʜʣʷ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʫ ʚʠʨʦʙʘʭ ʽ ʢʦʥʩʪʨʫʢʮʽʷʭ ʟʘʛʘʣʴʥʦ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩ-

ʥʦʚʽ ʛʽʙʨʠʜʥʠʭ ʣʫʞʥʠʭ ʮʝʤʝʥʪʽʚ, ʷʢʽ ʚ ʧʨʦ-

ʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʜʽʾ ʘʛ-

ʨʝʩʠʚʥʠʭ (ʢʠʩʣʦʪʥʠʭ) ʩʝʨʝʜʦʚʠʱ. 

ʇʨʝʜʤʝʪʦʤ ʨʦʟʨʦʙʢʠ ʻ ʧʨʦʮʝʩʠ ʥʘʧʨʘʚ-

ʣʝʥʦʛʦ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʰʪʫʯʥʦʛʦ ʢʘ-

ʤʝʥʶ ʥʘ ʦʩʥʦʚʽ ʛʽʙʨʠʜʥʠʭ ʣʫʞʥʠʭ ʮʝʤʝʥʪʽʚ, 

ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ ʡʦʛʦ ʤʽʢʨʦ- ʪʘ ʤʘʢʨʦ-

ʩʪʨʫʢʪʫʨʠ, ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 

ɿʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ: 

- ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʫʤʦʚ ʩʠʥ-

ʪʝʟʫ ʢʠʩʣʦʪʦʩʪʽʡʢʠʭ ʬʘʟ ʥʘ ʦʩʥʦʚʽ ʣʫʞ-

ʥʦʾ ʚôʷʞʫʯʦʾ ʨʝʯʦʚʠʥʠ; 

- ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʩʢʣʘʜʽʚ ʢʠʩʣʦ-

ʪʦʩʪʽʡʢʠʭ ʣʫʞʥʠʭ ʮʝʤʝʥʪʽʚ ʽ ʚʠʷʚʣʝʥʥʷ 

ʤʝʭʘʥʽʟʤʫ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝ-ʩʦʤ ʩʪʨʫʢ-

ʪʫʨʦʫʪʚʦʨʝʥʥʷ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ ʥʘ 

ʤʽʢʨʦ- ʽ ʤʘʢʨʦʨʽʚʥʷʭ ʚ ʥʘʧʨʷʤʢʫ ʧʽʜʚʠ-

ʱʝʥʥʷ ʩʪʫʧʝʥʶ ʡʦʛʦ ʢʠʩʣʦʪʦʩʪʽʡʢʦʩʪʽ; 

- ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʨʽʟʥʦʾ 

ʧʨʠʨʦʜʠ, ʚʠʜʫ ʢʠʩʣʦʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʪʚʝʨʜʥʝʥʥʷ ʪʘ ʦʩ-

ʥʦʚʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʧ-

ʪʠʤʘʣʴʥʠʭ ʩʢʣʘʜʽʚ ʢʠʩʣʦʪʦʩʪʽʡʢʠʭ ʣʫʞ-

ʥʠʭ ʮʝʤʝʥʪʽʚ;
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- ʙʝʟʧʦʩʝʨʝʜʥʻ  ʚʠʚʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʽ-

ʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʦ-

ʙʣʝʥʠʭ ʩʢʣʘʜʽʚ ʢʠʩʣʦʪʦʩʪʽʡʢʠʭ ʣʫʞʥʠʭ 

ʮʝʤʝʥʪʽʚ ʚ ʥʘʧʨʷʤʢʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʝ-

ʨʝʞʝʥʥʷ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʪʷʛʦʤ ʯʘʩʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʚʯʝʥʥʷ ʦʩʦʙ-ʣʠ-

ʚʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʣʫʞ-

ʥʠʭ ʮʝʤʝʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʢʦʤʧʣʝʢʩʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʭʽ-

ʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʟʨʘʟʢʘʭ ʨʦʟ-

ʤʽʨʘʤʠ 20ʭ20 ʪʘ 40ʭ40 ʤʤ.  

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʣʫʞ-

ʥʦʛʦ ʮʝʤʝʥʪʫ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ɼʉʊʋ ɹ 

ɺ.2.7-185:2009, ɼʉʊʋ ɹ ɺ.2.7-187:2009, 

ɼʉʊʋ ɹ ɺ.2.7-188:2009, ʷʢʽ  ʦʭʦʧʣʶʚʘʣʠ ʚʠ-

ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʦʪʠ ʮʝʤʝʥʪʥʦʛʦ ʪʽ-

ʩʪʘ, ʩʪʨʦʢʠ ʪʫʞʘʚʣʝʥʥʷ, ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ ʪʘ ʟʛʠʥ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʪʘ ʪʦʥʢʦ-

ʩʪʽ ʧʦʤʝʣʫ ʮʝʤʝʥʪʫ. 

ʇʠʪʦʤʫ ʧʦʚʝʨʭʥʶ ʚʠʭʽʜʥʠʭ ʧʦʜʨʽʙʥʝʥʠʭ 

ʩʠʨʦʚʠʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʛʦʪʦʚʠʭ ʮʝʤʝʥʪʽʚ 

ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ɹʣʝʡʥʘ. 

ʂʠʩʣʦʪʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʦʮʽʥʶʚʘʣʠ: 

- ʟʘ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʦʤ ʰʣʷʭʦʤ ʢʠʧôʷʪʽʥ-ʥʷ 

ʟʨʘʟʢʽʚ ʟ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʧʨʦʪʷʛʦʤ 1 

ʛʦʜʠʥʠ ʫ 35% ʨʦʟʯʠʥʽ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ 

(H2SO4). ʗʢ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʙʫʣʦ ʦʙʨʘʥʦ 

ʧʦʢʘʟʥʠʢʠ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ, ʚʪʨʘʪʠ 

ʤʘʩʠ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʟʘʣʠʰʢʦʚʫ 

ʤʽʮʥʽʩʪʴ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

-  ʰʣʷʭʦʤ ʚʠʪʨʠʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʟ ʮʝʤʝʥ-
ʪʥʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ (ʩʧʽʚʚʽʜ-ʥʦʰʝʥʥʷ 

1:3) ʫ 5% ʨʦʟʯʠʥʽ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ 

(H2SO4) ʧʨʦʪʷʛʦʤ 30 ʜʽʙ, ʧʽʩʣʷ ʧʦʧʝʨʝʜ-

ʥʴʦʛʦ ʥʘʙʦʨʫ ʥʠʤʠ ʤʽʮʥʦʩʪʽ ʧʨʦʪʷʛʦʤ 

28 ʜʽʙ ʚ ʥ.ʫ. ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʩʢʣʘʜʘʣʠ 

ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ, ʟʘʣʠʰʢʦʚʘ ʤʽʮʥʽʩʪʴ 

ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʫʩʘ-

ʜʢʠ/ʨʦʟʰʠʨʝʥʥʷ. 

ʉʠʨʦʚʠʥʘ. ʗʢ ʦʩʥʦʚʥʠʡ ʘʣʶʤʦʩʠʣʽʢʘʪ-

ʥʠʡ ʢʦʤʧʦʥʝʥʪ ʣʫʞʥʦʛʦ ʮʝʤʝʥʪʫ ʙʫʣʦ ʚʠʢʦ-

ʨʠʩʪʘʥʦ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʜʦʤʝʥʥʠʡ ʰʣʘʢ  ʚʠ-

ʨʦʙʥʠʮʪʚʘ ʇɸʊ çɼʄɿè, ʤ. ʂʘʤ'ʷʥʩʴʢʝ (ʋʢ-

ʨʘʾʥʘ), ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ.ɺ.2.7-302:2014 ʨʦʟ-

ʤʝʣʝʥʠʡ ʜʦ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ Sʧʠʪ = 430 

ʤ2/ʢʛ ʟʘ ɹʣʝʡʥʦʤ ʪʘ ʤʦʜʫʣʝʤ ʦʩʥʦʚʥʦʩʪʽ ʄʦ 

= 1,11. ʗʢ ʜʞʝʨʝʣʦ ʜʦʜʘʪʢʦʚʦʾ ʘʣʶʤʦ-ʩʠʣ̔-

ʢʘʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʝʛʽʜʨʘ-

ʪʦʚʘʥʠʡ ʢʘʦʣʽʥ ɻʣʫʭʦʚʝʮʴʢʦʛʦ ʨʦʜʦ-ʚʠʱʘ 

(Al 2O3Ā2SiO2) ʟ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ Sʧʠʪ = 

1800 ʤ2/ʢʛ. 

ɺ ʷʢʦʩʪʽ ʣʫʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʙʫʣʦ ʚʠ-

ʢʦʨʠʩʪʘʥʦ ʤʝʪʘʩʠʣʽʢʘʪ ʥʘʪʨʽʶ ʧôʷʪʠ-ʚʦʜ-

ʥʠʡ Na2SiO3Ā5H2O ʟʛʽʜʥʦ ʟ ʊʋ 2145-5225. 

ʃʫʞʥʠʡ ʢʦʤʧʦʥʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚ ʩʫ-

ʭʦʤʫ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ. 

ɺ ʷʢʦʩʪʽ ʬʦʩʬʘʪʥʦʾ ʩʦʣʽ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ 

ʮʝʤʝʥʪʫ ʚʠʢʦʨʠʩʪʘʥʦ ʪʨʠʥʘʪʨʽʡ ʬʦʩʬʘʪ, 

Na3PO4Ā12H2O , ʟʛʽʜʥʦ ʟ CAS 7601-54-9 

ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʘʛʨʝʩʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʨʦʟʯʠʥʠ ʩʽ-

ʨʯʘʥʦʾ ʢʠʩʣʦʪʠ (H2SO4) 2-ʭ ʢʦʥʮʝʥʪʨʘ-ʮʽʡ: 

5% ʪʘ 35%. ɯʩʪʠʥʥʘ ʛʫʩʪʠʥʘ H2SO4 ʩʢʣʘʜʘʻ 

1,27 ʛ/ʩʤ3. 

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʥʠʭ 

ʩʢʣʘʜʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʽʜʩʦʪʢʦʚʠʡ 

ʚʤʽʩʪ Na3PO4Ā12H2O ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʧʦʢʘʟʥʠʢ ʪʽʩʪʘ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩ-

ʪʠʥʠ (ʊʅɻ) ʪʘ ʪʝʨʤʽʥʠ ʪʫʞʘʚʣʝʥʥʷ ʩʠʩʪʝʤʠ. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʩʦʣʽ ʧʦʢʘʟʥʠʢ ʊʅɻ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʪʝʨʤʽʥʠ ʪʫʞʘʚʣʝʥʥʷ, ʥʘ-

ʚʧʘʢʠ ʟʙʽʣʴʰʫʶʪʴʩʷ, ʱʦ ʪʘʢʦʞ ʤʘʻ ʧʦʟʠʪʠʚ-

ʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʨʫʢʪʫʨʦ-ʫʪʚʦʨʝʥʥʷ ʮʝʤʝʥʪ-

ʥʦʛʦ ʢʘʤʝʥʶ.  

ɿʘ ʥʘʷʚʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ 6% Na3PO4Ā12H2O, 

ʧʦʢʘʟʥʠʢ ʊʅɻ ʩʢʣʘʜʘʻ 18,5%, ʘ ʪʝʨʤʽʥʠ ʪʫ-

ʞʘʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʘʨʘʤʝʪ-ʨʘʤʠ: 

ʧʦʯʘʪʦʢ ʪʫʞʘʚʣʝʥʥʷ  ï 75 ʭʚ, ʢʽʥʝʮʴ ï 95 ʭʚ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʢʦʥʪʨʦʣʴʥʠʡ ʩʢʣʘʜ (ʙʝʟ ʜʦ-

ʜʘʚʘʥʥʷ Na3PO4Ā12H2O) ʤʘʻ ʙʽʣʴʰʫ ʚʦʜʦʧʦ-

ʪʨʝʙʫ (ʊʅɻ ï 22,0%), ʘ ʧʦʯʘʪʦʢ ʪʘ ʢʽʥʝʮʴ ʪʫ-

ʞʘʚʣʝʥʥʷ ʩʢʣʘʜʘʻ 30 ʭʚ ʪʘ 50 ʭʚ ʚʽʜʧʦʚʽʜʥʦ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣ.1. 

ʊʘʢʦʞ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʥʝʟʥʘʯʥʠʡ 

ʚʧʣʠʚ ʚʚʝʜʝʥʥʷ ʊʅʌ ʜʦ 6% ʥʘ ʧʦʢʘʟʥʠʢʠ ʤʽ-

ʮʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ çʰʣʘʢ ï ʣʫʞʥʠʡ ʢʦʤʧʦʥʝʥʪ 

ï Na3PO4Ā12H2Oè. ʊʦʜʽ ʷʢ ʚʟʘʻʤʦʜʽʷ ʟ ʤʝʪʘ-

ʢʘʦʣʽʥʦʤ ʚ ʩʠʩʪʝʤʽ çʰʣʘʢ ï ʣʫʞʥʠʡ ʢʦʤʧʦ-

ʥʝʥʪ ï ʤʝʪʘʢʘʦʣʽʥ ï Na3PO4Ā12H2Oè ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ ʚʩʪʘʪʠ ʤʽʮʥʦʩʪʽ ʥʘ 28 ʜʦʙʫ 

ʪʚʝʨʜʥʝʥʥʷ. ʅʘʚʽʪʴ ʧʨʠ ʚʚʝʜʝʥʥʽ ʬʦʩʬʘʪʥʦʾ 

ʩʦʣʽ ʫ ʢʽʣʴʢʦʩʪʽ 2% ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʩʢʣʘ-

ʜʘʻ ʤʝʥʰʝ 5 ʄʇʘ (ʨʠʩ. 1)..
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ʊʘʙʣ. 1. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʽʩʪʘ ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʪʘ ʩʪʨʦʢʽʚ ʪʫʞʘʚʣʝʥʥʷ ʢʠʩʣʦʪʦʩʪʽʡʢʠʭ ʣʫ-

ʞʥʠʭ ʮʝʤʝʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Na3PO4Ā12H2O 

Table 1. The results of the study of the dough of normal density and the hardening periods of acid-resistant 

alkaline cements using Na3PO4Ā12H2O 

  ̄  

ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ, % ʊʽʩʪʦ ʥʦʨʤʘ-

ʣʴʥʦʾ ʛʫʩ-

ʪʠʥʠ, % 

ʊʝʨʤʽʥʠ ʪʫʞʘʚʣʝʥʥʷ, ʭʚ 

ʤʝʪʘ-ʩʠ-

ʣʽʢʘʪ 

Na3PO4Ā1

2H2O 

ʤʝʪʘ-ʢʘʦ-

ʣʽʥ 
ʰʣʘʢ ʧʦʯʘʪʦʢ ʢʽʥʝʮʴ 

1 10 0 0 90 22,0 30 50 

2 10 2 0 88 20,5 60 80 

3 10 4 0 86 19,5 70 90 

4 10 6 0 84 18,5 75 95 

5 10 0 10 80 25,5 45 85 

6 10 2 10 78 25,0 60 100 

7 10 4 10 86 24,5 65 110 

8 10 6 10 84 23,5 70 115 

 

 
ʈʠʩ.1. ʇʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʢʠʩʣʦʪʦ-ʩʪʽʡʢʠʭ ʣʫʞʥʠʭ ʮʝʤʝʥʪʽʚ ʥʘ 28 ʜʦʙʫ ʪʚʝʨʜʥʝʥʥʷ. 

Fig.1. Compressive strength indicators of acid-resistant alkaline cements on the 28th day of hardening. 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʠʩʢʦʨʝʥʦʛʦ ʤʝʪʦʜʫ ʚʠ-

ʟʥʘʯʝʥʥʷ ʢʠʩʣʦʪʦʩʪʽʡʢʦʩʪʽ ʮʝʤʝʥʪʥʠʭ ʩʠʩ-

ʪʝʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʚʝʜʝʥʥʷ 

ʚ ʩʠʩʪʝʤʫ ʜʦ 6% Na3PO4Ā12H2O ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʠʩʣʦʪʦʩʪʽʡʢʦ-

ʩʪʽ. ʅʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʤʫʻʪʴʩʷ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʚ ʢʦʤʧʦʥʝʥʪ-ʥʦʤʫ ʩʢʣʘʜʽ 2% 

Na3PO4Ā12H2O, ʧʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʢʠʩʣʦ-

ʪʦʩʪʽʡʢʦʩʪʽ ʩʢʣʘʜʘʻ ʂʩ = 0,97, ʘ ʚʪʨʘʪʘ ʤʘʩʠ 

ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

10%. (ʊʘʙʣ. 2). 

 
 

ʊʘʙʣ. 2. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʟ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʨʦʟʤʽʨʦʤ 20ʭ20 ʤʤ ʟʘ ʝʢʩʧʨʝʩ ʤʝʪʦʜʦʤ 

Table 2. Test results of cement dough samples measuring 20x20 mm using the express method 

 

 ̄

ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ, % ʄʘʩʘ ʟʨʘʟʢʘ, ʛ 
ʇʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ, 

ʄʇʘ 
ʂʩ 

æm, 

% ʤʝʪʘ-

ʩʠʣʽʢʘʪ 

Na3PO4

Ā12H2O 

ʤʝʪʘ-

ʢʘʦʣʽʥ 
ʰʣʘʢ 

ʜʦ  

ʚʠʧʨʦʙ. 

ʧʽʩʣʷ  

ʚʠʧʨʦʙ. 

ʜʦ  

ʚʠʧʨʦʙ. 

ʧʽʩʣʷ  

ʚʠʧʨʦʙ. 

1 10 0 0 90 18,6 17,9 76,3 56,0 0,73 3,7 

2 10 2 0 88 17,9 16,1 75,0 72,5 0,97 10,1 

3 10 4 0 86 18,1 16,9 50,0 42,5 0,85 6,6 

4 10 6 0 84 18,0 16,2 57,5 50,0 0,87 10,0 

5 10 0 10 80 16,8 15,2 57,5 47,5 0,83 9,5 

6 10 2 10 78 17,0 15,3 40,0 22,5 0,56 10,0 

7 10 4 10 86 15,9 13,3 35,0 17,5 0,50 16,4 

8 10 6 10 84 15,5 13,3 40,0 20,0 0,50 14,2 
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ʄʝʪʦʜ ʚʠʪʨʠʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʫ 5% ʨʦʟ-

ʯʠʥʽ ʅ2SO4 ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʩʦʣʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʠʩʣʦ-

ʪʦʩʪʽʡʢʦʩʪʽ ʣʫʞʥʠʭ ʮʝʤʝʥʪʽʚ. ʆʧʪʠ-ʤʘʣʴ-

ʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʾʾ ʚʤʽʩʪ ʫ ʢʽʣʴʢʦʩʪʽ 2% 

(ʚʪʨʘʪʘ ʤʽʮʥʦʩʪʽ ʧʽʩʣʷ 30 ʜʽʙ ʚʠʪʨʠʤʫʚʘʥʥʷ 

ʩʢʣʘʜʘʻ 15,7%). ʇʽʩʣʷ 90 ʜʽʙ ʚʠʪʨʠʤʫʚʘʥʥʷ ʫ 

5% ʨʦʟʯʠʥʽ ʅ2SO4, ʥʘʡʤʝʥʰʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ (25,7%) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʢʣʘʜ ʟ ʜʦʜʘʚʘʥʥʷʤ  Na3PO4Ā12H2O ʫ ʢʽʣʴʢʦ-

ʩʪʽ 4%. ʇʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʟʨʘʟ-

ʢʽʚ ʧʽʜʚʠʱʠʣʦʩʴ ʜʦ 3,3%. (ʊʘʙʣ. 3). 
 

ʊʘʙʣ. 3. ʇʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ʢʠʩʣʦʪʦʩʪʽʡʢʠʭ ʣʫʞʥʠʭ ʮʝʤʝʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

Na3PO4Ā12H2O ʧʽʩʣʷ ʚʠʪʨʠʤʫʚʘʥʥʷ ʫ 5% ʨʦʟʯʠʥʽ ʅ2SO4 

Table 3. Compressive strength indicators of acid-resistant alkaline cements using Na3PO4Ā12H2O after aging 

in 5% ʅ2SO4 solution 

 

 ̄

ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ, % 

ɺ/ʎ 

ʇʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ, ʄʇʘ 

ʤʝʪʘ-ʩʠ-

ʣʽʢʘʪ 

Na3PO4Ā

12H2O 

ʤʝʪʘ-

ʢʘʦʣʽʥ 
ʰʣʘʢ 

60 ʜʽʙ ʧʨʠ 

ʥ.ʫ. 

30 ʜʽʙ ʧʨʠ ʜʽʾ 

ʨ-ʥʫ ʅ2SO4 

90 ʜʽʙ ʧʨʠ 

ʥ.ʫ. 

90 ʜʽʙ ʧʨʠ ʜʽʾ ʨ-

ʥʫ ʅ2SO4 

1 10 0 0 90 0,36 42,2  34,1 46,4 22,1 

2 10 2 0 88 0,36 35,6 30,0 47,8 29,9 

3 10 4 0 86 0,36 40,1 28,8 54,8 40,7 

4 10 6 0 84 0,35 57,0 29,0 55,5 39,6 

5 10 0 10 80 0,39 40,3 26,7 47,4 39,8 
6 10 2 10 78 0,39 5,4 1,6 - - 

7 10 4 10 86 0,38 2,4 1,2 - - 

8 10 6 10 84 0,37 3,0 2,6 - - 

ʉʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʟʨʘʟʢʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ 

ʜʘʥʠʤʠ ʨʝʮʝʧʪʫʨʘʤʠ ʩʢʣʘʜʘʻ 2300-2450 

ʢʛ/ʤ3 (ʨʠʩ.2).

 
ʈʠʩ.2. ʇʦʢʘʟʥʠʢʠ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ ʩʢʣʘʜʽʚ ʟ ʜʦʜʘʚʘʥʥʷʤ Na3PO4Ā12H2O. 

Fig.2. Indicators of the average density of compositions with the addition of Na3PO4Ā12H2O 

 

ɺʀʉʅʆɺʂʀ ɯ ʇɽʈʉʇɽʂʊʀɺʀ  

ʇʆɼɸʃʔʐʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ  ʧʦʢʘʟʥʠʢʘ ʢʠʩʣʦ-

ʪʦʩʪʽʡʢʦʩʪʽ ʣʫʞʥʠʭ ʮʝʤʝʥʪʽʚ ʰʣʷʭʦʤ ʚʚʝ-

ʜʝʥʥʷ Na3PO4Ā12H2O. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʢʠʩʣʦʪʦʩʪʽʡʢʦʩʪʽ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ ʂʩÓ0,8, 

ʮʝʤʝʥʪʠ ʨʦʟʨʦʙʣʝʥʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʢʦʤ-

ʧʦʟʠʮʽʡʥʠʭ ʩʢʣʘʜʽʚ ʻ ʢʠʩʣʦʪʦʩʪʽʡʢʠʤʠ. ʎʝ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʽ ʧʦʢʘʟʥʠʢʦʤ ʚʪʨʘʪʠ ʤʘʩʠ 

ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʠʡ 

ʩʢʣʘʜʘʻ ʤʝʥʰʝ 10%. ɸ ʜʦʜʘʪʢʦʚʝ ʚʚʝʜʝʥʥʷ 

Na3PO4Ā12H2O, ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 
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ʧʦʢʘʟʥʠʢʠ ʊʅɻ, ʪʝʨʤʽʥʽʚ ʪʫʞʘʚʣʝʥʥʷ ʪʘ ʤʽ-

ʮʥʦʩʪʽ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠ-

ʚʯʝʥʥʷ ʚʧʣʠʚʫ ʚʠʜʫ ʢʠʩʣʦʪʥʦʛʦ ʩʝʨʝʜʦ-

ʚʠʱʘ ʥʘ ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʨʦʟʨʦʙʣʝʥʠʭ ʩʢʣʘʜʽʚ ʢʠʩʣʦʪʦʩʪʽʡ-

ʢʠʭ ʮʝʤʝʥʪʽʚ ʟʘ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ ʪʚʝʨʜ-

ʥʝʥʥʷ ʟʨʘʟʢʽʚ: 

- ʥʦʨʤʘʣʴʥʽ (t - 20Ñ2ÜC; R.H. - 95Ñ5%);  

- ʨʦʟʯʠʥ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ (H2SO4), ʢʦʥ-

ʮʝʥʪʨʘʮʽʻʶ 5%;  

- ʨʦʟʯʠʥ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ (HCl), ʢʦʥʮʝʥ-

ʪʨʘʮʽʻʶ 5%;  

- ʨʦʟʯʠʥ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ (HNO3), ʢʦʥʮʝ-

ʥʪʨʘʮʽʻʶ 5%. 

 

ʇʦʜ̫ʢʘ. ɸʚʪʦʨʠ ʚʠʩʣʦʚʣʶʶʪʴ ʧʦʜʷʢʫ 

ʄʽʥʽʩʪʝʨʩʪʚʫ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʟʘ ʬʽ-

ʥʘʥʩʦʚʫ ʧʽʜʪʨʠʤʢʫ ʧʨʦʻʢʪʫ (ʨʝʻʩʪʨʘʮʽʡʥʠʡ 

ˉ 0122U001199), ʷʢʠʡ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʨʘ-

ʭʫʥʦʢ ʙʶʜʞʝʪʥʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ ʚ 2022-

2023 ʨʨ. 
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EFFECT OF ADDITIONAL INPUT OF 

Na3PO4Ā12H2O ON ACID RESISTANCE 

INDICATORS OF HYBRID 

ALKALINE CEMENTS  

 

Viktoriia ZOZULYNETS 

Oleksandr KOVALCHUK 
 

Summary. This work is devoted to the study of 

the direct influence of phosphate salt, using the 

example of trisodium phosphate (Na3PO4Ā12H2O), 

on the acid resistance index of hybrid alkali-

activated cements. After all, acid resistance is 

becoming an increasingly important property for 

cement materials due to a wide range of applications 

where they are exposed to aggressive acid 

environments, especially in the chemical and food 

industries. In addition to the above, these include 

sewage systems, agricultural environments, oil 

wells, acid rain, and much more. 

Conventional Portland cement binders are 

known to be sensitive to acid attack due to the 

chemical nature of their main hydrated phases. 

Binders activated by alkali are an alternative to 

traditional Portland cement and are characterized by 

a number of special properties, especially if 

appropriate modifications are made to the 

component compositions of these cements. One of 

the main properties characteristic of alkali-activated 

binders is their resistance to the influence of 

aggressive environments. 

Based on the literature analysis and taking into 

account the domestic and world assets in this 

direction, a number of model systems were 

developed based on blast furnace granulated slag 

and an alkaline component using phosphate salt 

with different percentages. Thus, the object of the 

research is the slag-alkaline system "furnace 

granulated slag - alkaline component (represented 

by sodium metasilicate pentahydrate) - trisodium 

phosphate". In the course of research, the main 

physical and mechanical characteristics of the 

developed compounds were determined and the 

results were analyzed. Determination of the acid 

resistance index (KsÓ0.8) confirmed the feasibility 

of using Na3PO4Ā12H2O in the production of acid-

resistant alkali-activated cements. 

 

Keywords. Alkaline-activated binders; acid 

resistance; phosphate bonds; normal conditions; 

operating environment; trisodium phosphate.
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ʅɸʇʈʋɾɽʅʅʗʄ ɸʈʄɸʊʋʈʅʀʍ ʂɸʅɸʊɯɺ 
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1,2ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 

31, ʧʨʦʩʧ. ʇʦʚʽʪʨʦʬʣʦʪʩʴʢʠʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 03037 
1smorkalov.dv@knuba.edu.ua, https://orcid.org/0000-0001-7890-2686 

2vinokur-vova@i.ua , https://orcid.org/0009-0002-3218-5620 

 
ɸʥʦʪʘʮʽʷ. ɺ ʋʢʨʘʾʥʽ ʟʘʨʘʟ ʩʧʦʩʪʝʨʽ-

ʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

"ʧʦʩʪʥʘʧʨʫʞʝʥʥʷ" ʘʙʦ "post-tensioning", ʷʢʘ 

ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʦʥʦʣʽʪʥʠʭ ʢʦʥʩʪ-

ʨʫʢʮʽʡ ʟ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʤʠ ʢʘʥʘ-

ʪʘʤʠ. ɺʽʪʯʠʟʥʷʥʘ ʙʫʜʽʚʝʣʴʥʘ ʧʨʘʢʪʠʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʨʤʽʥ "ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫ-

ʞʝʥʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʥʘʪʷʛʦʤ 

ʢʘʥʘʪʥʦʾ ʘʨʤʘʪʫʨʠ ʥʘ ʙʝʪʦʥ". ʊʝʭʥʦʣʦʛʽʷ 

ʧʦʩʪʥʘʧʨʫʞʝʥʥʷ ʻ ʩʫʯʘʩʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʤʦʥʦʣʽʪʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʚʝʣʠʢʦʶ ʤʽʮʥʽʩʪʶ ʽ 

ʩʪʽʡʢʽʩʪʶ. ɰʾ ʦʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʧʦʣʷʛʘʻ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ ʢʘʥʘ-

ʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʜʘʪʢʦʚʫ ʤʽʮʥʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʥʘʚʦʜʷʪʴʩʷ ʦʩʥʦʚʥʽ 

ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʠʭ ʤʦʥʦʣʽʪʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʥʘʚʦʜʠʪʴ 

ʜʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠ 

ʙʫʜʽʚʥʠʮʪʚʽ ʛʨʦʤʘʜʩʴʢʠʭ ʩʧʦʨʫʜ ʚ ʋʢʨʘʾʥʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʥʘʪʷʛʦʤ 

ʢʘʥʘʪʥʦʾ ʘʨʤʘʪʫʨʠ ʥʘ ʙʝʪʦʥ ʤʘʻ ʯʠʩʣʝʥʥʽ 

ʧʝʨʝʚʘʛʠ. ɺʦʥʠ ʚʠʷʚʣʷʶʪʴʩʷ ʙʽʣʴʰ 

ʤʽʮʥʠʤʠ, ʩʪʽʡʢʠʤʠ ʜʦ ʜʝʬʦʨʤʘʮʽʡ ʽ ʟʜʘʪ-

ʥʠʤʠ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʝʣʠʢʽ  ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʊʘʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʙʫʜʽʚʥʠ-

ʮʪʚʽ ʤʦʩʪʽʚ, ʰʣʷʭʦʧʨʦʚʦʜʽʚ, ʙʫʜʽʚʝʣʴ 

ʚʠʩʦʪʥʠʭ ʩʧʦʨʫʜ ʪʘ ʽʥʰʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ 

ʮʠʚʽʣʴʥʠʭ ʩʧʦʨʫʜ. 

ʋ ʟʨʦʩʪʘʶʯʽʡ ʤʽʨʽ ʚ ʋʢʨʘʾʥʽ ʩʧʦʩʪʝʨʽ-

ʛʘʻʪʴʩʷ ʧʨʠʡʥʷʪʪʷ ʩʫʯʘʩʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʙʫʜʽʚʥʠʮʪʚʘ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ. 

ʎʝ ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ ʷʢʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʟʘʙʝʟ-

ʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ʪʘ ʨʝʩʫʨʩʽʚ.  

ʋ ʮʽʣʦʤʫ, ʩʪʘʪʪʷ ʤʘʻ ʥʘ ʤʝʪʽ ʩʧʨʠʷʪʠ 

ʧʦʧʫʣʷʨʠʟʘʮʽʾ, ʚʠʚʯʝʥʥʶ ʽ ʨʦʟʚʠʪʢʫ ʤʦʥʦʣʽ-

ʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʧʦʧʝʨʝʜʥʽʤ ʥʘʧʨʫʞʝʥ-

ʥʷʤ ʢʘʥʘʪʥʦʾ ʘʨʤʘʪʫʨʠ ʥʘ ʙʝʪʦʥʽ, ʘ ʪʘʢʦʞ 

ʩʪʚʦʨʝʥʥʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦ-

ʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʙʫʜʽʚʥʠʮʪʚʘ. ʎʝ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ 

ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʧʦʜʘʣʴʰʠʡ ʧʨʦʛʨʝʩ ʫ ʙʫʜʽ-

ʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʇʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʽ 

ʤʦʥʦʣʽʪʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ; ʧʦʩʪ-
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ʨʦʟʨʘʭʫʥʦʢ ʢʦʥʩʪʨʫʢʮʽʡ. 

 

ɸʂʊʋɸʃʔʅɯʉʊʔ ɼʆʉʃɯɼɾɽʅʅʗ 

 

ʋʢʨʘʾʥʘ ʟʘ ʦʩʪʘʥʥʽʡ ʧʝʨʽʦʜ ʜʝʤʦʥʩʪʨʫʻ 

ʟʨʦʩʪʘʶʯʠʡ ʽʥʪʝʨʝʩ ʜʦ ʷʢʽʩʥʠʭ ʢʦʤʝʨʮʽʡʥʠʭ 

ʧʨʠʤʽʱʝʥʴ, ʟʦʢʨʝʤʘ ʜʦ ʪʦʨʛʦʚʝʣʴʥʦ-ʨʦʟʚʘ-

ʞʘʣʴʥʠʭ ʮʝʥʪʨʽʚ ʪʘ ʢʦʤʧʣʝʢʩʽʚ. ɿʘ ʦʩʪʘʥʥʽ 

10-15 ʨʦʢʽʚ ʚʠʤʦʛʠ ʜʦ ʪʦʨʛʦʚʝʣʴʥʠʭ ʢʦʤʧʣʝ-

ʢʩʽʚ ʩʫʪʪʻʚʦ ʟʤʽʥʠʣʠʩʷ. ʊʝʧʝʨ, ʥʘ ʩʫʯʘʩʥʦʤʫ 

ʨʠʥʢʫ, ʚʽʜʢʨʠʪʪʷ ʪʦʨʛʦʚʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ 

ʘʜʘʧʪʦʚʘʥʽʡ ʧʨʦʤʠʩʣʦʚʽʡ ʙʫʜʽʚʣʽ ʚʞʝ ʥʝ ʚʽʜ-

ʧʦʚʽʜʘʻ ʥʦʚʠʤ ʩʪʘʥʜʘʨʪʘʤ. ʉʫʯʘʩʥʽ ʪʦʨʛʦʚʝ-

ʣʴʥʽ ʢʦʤʧʣʝʢʩʠ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʥʝ 

ʪʽʣʴʢʠ ʝʩʪʝʪʠʯʥʽ ʚʠʤʦʛʠ, ʘʣʝ ʡ ʚʠʩʦʢʽ ʬʫʥʢ-

ʮʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ [1]. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʩʪʚʦʨʶʚʘʪʠ ʚʝʣʠʢʽ ʧʨʦʣʴʦʪʠ ʫ ʥʝʩʫʯʠʭ ʢʦʥ-

ʩʪʨʫʢʮʽʷʭ ʙʫʜʽʚʝʣʴʥʦʛʦ ʢʘʨʢʘʩʫ, ʷʢʽ ʽʥʦʜʽ 

ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ 20 ʤʝʪʨʽʚ. ʎʷ ʤʝʪʘ ʯʘ-

ʩʪʦ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩ-ʪʘʥʥʷ ʤʝ-

ʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʙʦ ʟʙʽʨʥʠʭ ʟʘʣʽʟʦʙʝ-

ʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʢʘʨʢʘʩʽ ʙʫʜʽʚʣʽ [1]. 

ʊʘʢʦʞ, ʩʫʯʘʩʥʽ ʢʦʤʧʣʝʢʩʠ, ʦʩʦʙʣʠʚʦ ʚ 

ʤʽʩʴʢʽʡ ʟʘʙʫʜʦʚʽ, ʟʘʟʚʠʯʘʡ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʴʩʷ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɺʠʢʦ-

ʥʘʥʥʷ ʪʘʢʠʭ ʚʠʩʦʢʦ ʧʦʚʝʨʭʦʚʠʭ ʩʧʦʨʫʜ ʟ ʤʦ-

ʥʦʣʽʪʥʠʤ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤ ʢʘʨʢʘʩʦʤ ʨʘʥʽʰʝ 

ʩʪʘʥʦʚʠʣʦ ʟʥʘʯʥʫ ʩʢʣʘʜʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʧʦʪ-

ʨʽʙʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʣʠ ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ, ʱʦ 

ʦʙʤʝʞʫʚʘʣʦ ʾʭ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʜ-

ʥʘʢ, ʩʘʤʝ ʤʦʥʦʣʽʪʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢ-

ʮʽʾ ʥʘʙʫʣʠ ʟʥʘʯʥʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽ 

ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ[1]. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷ-

ʛʘʻ ʚ ʧʦʰʠʨʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʥʦʣʽʪ-ʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʧʦʧʝʨʝʜʥʽʤ ʥʘʧʨʫʞʝʥʥʷʤ ʢʘ-

ʥʘʪʥʦʾ ʘʨʤʘʪʫʨʠ ʥʘ ʙʝʪʦʥʽ, ʘ ʪʘʢʦʞ ʫ ʥʝʦʙ-

ʭʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʠʯʝʨʧʥʠʭ ʨʝʛʫʣʷʪʠ-

ʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ ʾʭ ʧʨʦʢ̒ʪʫʚʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʣʠʪʥʠʭ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫ-

ʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʋʢʨʘʾʥʽ ʟʘʡʤʘ-ʶʪʴʩʷ ʥʝ 

ʙʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ [1...9] ʽ ʧʨʦʜʦʚʞʝʥʥʷ ʪʘ-

ʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ. 

ʋ ʩʫʯʘʩʥʽʡ ʋʢʨʘʾʥʽ ʚʠʥʠʢʘʻ ʟʥʘʯʥʘ ʧʨʦ-

ʙʣʝʤʘ, ʧʦʚ'ʷʟʘʥʘ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʚʽʪʯʠʟʥʷʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʥʘ ʧʨʘʢʪʠʮʽ, ʩʢʣʘʜʥʽʩʪʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʦʙ-

ʤʝʞʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʦʝʢʪʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, 

ʷʢʽ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫ-

ʢʮʽʡ ʟ ʧʦʩʪʥʘʧʨʫʞʝʥʥʷʤ ʘʨʤʘʪʫʨʠ. ʎʝʡ ʤʝ-

ʪʦʜ ʻ ʜʦʩʠʪʴ ʥʦʚʠʤ ʜʣʷ ʫʢʨʘʾʥʩʴʢʠʭ ʧʨʦʝʢ-

ʪʫʚʘʣʴʥʠʢʽʚ, ʪʦʤʫ ʚʠʤʘʛʘʻ ʜʝʪʘʣʴʥʦʛʦ ʪʘ 

ʛʣʠʙʦʢʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʟ ʚʚʝʜʝʥ-

ʥʷʤ ʥʦʚʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [10...13] 

ʽ ʛʘʨʤʦʥʽʟʘʮʽʾ ʟ ʥʦʨʤʘʤʠ ɭʚʨʦʩʦʶʟʫ [14]. 

 

ʆʉʅʆɺʅɸ ʂʆʅʉʊʈʋʂʊʀɺʅɸ ɯɼɽʗ 

 

ʋ ʟʘʢʦʨʜʦʥʥʠʭ ʜʞʝʨʝʣʘʭ, ʦʩʦʙʣʠʚʦ ʚ ʢʨʘ-

ʾʥʘʭ ɭʚʨʦʩʦʶʟʫ, ʪʝʭʥʦʣʦʛʽʷ, ʱʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻ ʢʘʥʘʪʥʫ ʘʨʤʘʪʫʨʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʧʨʫ-

ʞʝʥʥʷ ʚ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪ-

ʨʫʢʮʽʷʭ, ʥʘʟʠʚʘʻʪʴʩʷ "ʧʦʩʪʥʘʧʨʫ-ʞʝʥʥʷ" ʘʙʦ 

"post-tensioning". ʎʝʡ ʪʝʨʤʽʥ ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʚ ʦʬʽʮʽʡʥʦʤʫ ʜʦʢʫʤʝʥʪʽ, ʱʦ ʤʽʩʪʠʪʴ 

ʚʠʤʦʛʠ ʜʦ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʦʩʪʥʘʧʨʫʞʝʥʥʷ.[15, 16] 

ʋ ʧʨʦʮʝʩʽ ʧʦʩʪʥʘʧʨʫʞʝʥʥʷ, ʧʽʩʣʷ ʜʦʩʷʛ-

ʥʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ, ʘʨʤʘ-

ʪʫʨʘ ʧʽʜʜʘʻʪʴʩʷ ʥʘʪʷʛʫ. ɼʘʥʽ ʢʘʥʘʪʠ ʨʦʟʪʘ-

ʰʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʝʧʶʨʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝ-

ʥʪʽʚ. ʎʠʤ ʩʘʤʠʤ ʩʪʚʦʨʶʶʯʠ ʨʝʘʢʪʠʚʥʝ ʟʫ-

ʩʠʣʣʷ.  

ɺʠʤʦʛʠ ʱʦʜʦ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʜʣʷ ʥʘʪʷʛʫ 

ʢʘʥʘʪʽʚ ʟʘʟʥʘʯʘʶʪʴʩʷ ʫ ʧʨʦʝʢʪʽ. ɸʥʢʝʨʥʽ ʩʠ-

ʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ 

ʘʨʤʘʪʫʨʠ ʚʩʝʨʝʜʠʥʽ ʙʝʪʦʥʫ. ʉʧʝʮʽʘʣʴʥʽ ʢʽʥ-

ʮʝʚʽ ʘʥʢʝʨʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʢʽʥʮʷʭ ʢʦʥ-

ʩʪʨʫʢʮʽʾ, ʬʽʢʩʫʶʪʴ ʘʨʤʘʪʫʨʫ ʽ ʧʝʨʝʜʘʶʪʴ 

ʩʠʣʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʙʝʪʦʥ.  

ʇʨʠʥʮʠʧ ʧʦʩʪʥʘʧʨʫʞʝʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 1. 

ʋ ʙʫʜʽʚʥʠʮʪʚʽ, ʩʠʩʪʝʤʠ ʧʦʩʪʥʘʧʨʫʞʝʥʥʷ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʥʘʪʥʦʾ ʘʨʤʘʪʫʨʠ ʻ ʧʦʰʠ-

ʨʝʥʠʤ ʧʨʘʢʪʠʯʥʠʤ ʨʽʰʝʥʥʷʤ.  

ɯʩʥʫʶʪʴ ʜʚʽ ʧʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ:  

Å ʉʠʩʪʝʤʘ ʧʦʩʪʥʘʧʨʫʞʝʥʥʷ ʟʽ ʟʯʝʧʣʝʥʥʷʤ 

ʥʘʧʨʫʞʝʥʦʾ ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ  

Å ʉʠʩʪʝʤʘ ʧʦʩʪʥʘʧʨʫʞʝʥʥʷ ʙʝʟ ʟʯʝʧʣʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦʾ ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ (ʜʠʚ. ʨʠʩ.2, 

3).
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ʈʠʩ. 1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ ʢʘʥʘʪʽʚ (ʘ) ʪʘ ʨʝʘʢʪʠʚʥʽ ʟʫʩʠʣʣʷ 

ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ (ʙ). 

Fig. 1. Schematic diagram of the location of post-tensioning ropes (a) and reactive forces from post-

tensioning (ʙ). 

 

 
ʈʠʩ. 2. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʦʩʪʥʘʧʨʫʞʝʥʥʷ ʟʽ ʟʯʝʧʣʝʥʥʷʤ ʥʘʧʨʫʞʝʥʦʾ ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ 

Fig. 2. Schematic diagram of post-tensioning with the connection of stressed reinforcement to concrete 

 

ʋ ʛʨʦʤʘʜʩʴʢʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʚ ʋʢʨʘʾʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʙʝʟ ʟʯʝʧʣʝʥʥʷ 

ʢʘʥʘʪʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʻ ʟʨʫʯʥʽʰʦʶ, ʥʝ ʚʠ-

ʤʘʛʘʻ ʩʢʣʘʜʥʦʛʦ ʽʥ'ʻʢʪʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥ ʽ 

ʤʝʥʰʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʱʦ ʜʦ-

ʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʙʫʜʽʚʥʠʮʪʚʦ ʧʨʦʪʷʛʦʤ 

ʫʩʴʦʛʦ ʨʦʢʫ. ʇʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʥʽ ʢʘʥʘʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʧʣʠʪʘʭ ʪʘʢ ʽ ʚ ʙʘʣʢʘʭ.  

ʆʩʥʦʚʥʘ ʢʦʥʮʝʧʮʽʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦ ʧʽʜ ʯʘʩ ʘʨʤʘʪʫʨʥʠʭ ʨʦʙʽʪ ʤʽʞ ʚʝʨ-

ʭʥʴʦʶ ʪʘ ʥʠʞʥʴʦʶ ʩʽʪʢʦʶ ʘʨʤʘʪʫʨʠ ʚʩʪʘʥʦ-

ʚʣʶʻʪʴʩʷ ʘʨʤʘʪʫʨʥʠʡ ʢʘʥʘʪ, ʷʢʠʡ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʦʙʦʣʦʥʢʠ ʽ ʟʘʪʨʠʤʫʻʪʴʩʷ ʫ 

ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʝʧʶʨʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ. 

 
ʈʠʩ. 3. ʉʠʩʪʝʤʘ ʧʦʩʪʥʘʧʨʫʞʝʥʥʷ ʙʝʟ ʟʯʝʧ-

ʣʝʥʥʷ ʥʘʧʨʫʞʝʥʦʾ ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ  

Fig. 3. Post-tensioning system without coupling 

of stressed reinforcement to concrete 

ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʘʨʤʘʪʫʨʥʠʡ ʢʘʥʘʪ 

ʂ7 ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʝʢʽʣʴʢʦʭ 

ʜʽʘʤʝʪʨʘʭ ʘ ʩʘʤʝ 15.2 ʪʘ 15.7 ʤʤ (ʨʠʩ. 4). ʋ 
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ʧʨʦʮʝʩʽ ʘʨʤʘʪʫʨʥʠʭ ʨʦʙʽʪ ʢʘʥʘʪ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚ ʘʨʤʘʪʫʨʥʠʭ ʢʘʨʢʘʩʘʭ ʽ 

ʬʽʢʩʫʻʪʴʩʷ ʥʘ ʪʦʨʮʷʭ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʥʢʝʨʽʚ ʪʘ ʮʘʥʛ. ʅʘʪʷʛ ʢʘʥʘʪʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ 

 

.

 
ʈʠʩ. 4. ʂʘʥʘʪ ʜʽʘʤʝʪʨʦʤ 15,7 ʤʤ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

Fig.  4. Rope with a diameter of 15.7 mm for post-tensioning structures 

ʈʦʟʨʘʭʫʥʦʢ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʥʫʶʪʴ ʚ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʘʭ. ɺ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʇʂ ʃɯʈɸ ʉɸʇʈ  

ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ 

ʪʦ ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʯʦʪʠʨʠ ʘ ʩʘʤʝ:  

1. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ ʢʘʥʘʪʽʚ ʟʤʽʱʝʥʠʭ 

ʟʘ ʜʦʧʦʤʦʛʦʶ  ʞʦʨʩʪʢʦʾ ʚʩʪʘʚʢʠ (ʨʠʩ. 5) 

2. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ ʢʘʥʘʪʽʚ ʟʤʽʱʝʥʠʭ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʂ ʉɸʇʌɯʈ-3D (ʨʠʩ. 6) 

3. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ 

ʨʝʘʢʪʠʚʥʠʭ ʩʠʣ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫ-

ʞʝʥʥʷ (ʨʠʩ. 7) 

4. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ 

ʦʙôʻʤʥʠʭ  ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 8) 

 
ʈʠʩ. 5. ʄʦʜʝʣʶʚʘʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ ʢʘʥʘʪʽʚ ʟʤʽʱʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ  ʞʦʨʩʪʢʦʾ ʚʩʪʘʚʢʠ 

Fig.  5. Simulation of prestressed ropes displaced by rigid insertion 
 

 
ʈʠʩ. 6. ʄʦʜʝʣʶʚʘʥʥʷ ʢʘʥʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʂ ʉɸʇʌɯʈ-3D. 

Fig. 6. Modeling ropes using the SAPFIR-3D 
 

 
ʈʠʩ. 7. ʄʦʜʝʣʴ ʃʽʥʘ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ 

Fig. 7. Lin's model and load on the structure 
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ʈʠʩ. 8. ʄʦʜʝʣʴ ʽʟ ʦʙôʻʤʥʦ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʂʕ-236  

Fig. 8. Model of volumetric finite elements from KE-236 
 

ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʟ  

ʤʦʜʝʣʶʚʘʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦ  

ʥʘʧʨʫʞʝʥʠʭ ʢʘʥʘʪʽʚ ʟʤʽʱʝʥʠʭ ʟʘ  

ʜʦʧʦʤʦʛʦʶ ʞʦʨʩʪʢʦʾ ʚʩʪʘʚʢʠ 

 

ɺ ʦʩʥʦʚʽ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʣʝʞʠʪʴ ʟʤʽʱʝʥʥʷ 

ʢʘʥʘʪʽʚ ʧʦ ʢʦʥʪʫʨʫ ʝʧʶʨʠ ʟʛʠʥʘʣʴʥʠʭ 

ʤʦʤʝʥʪʽʚ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʡʙʽʣʴʰ 

ʪʦʯʥʦʾ ʨʦʙʦʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʨʠʩʪʫʚʘʯʝʤ 

ʚ ʇʂ ʃɯʈɸ. ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʢʣʶʯʘʶʪʴ: 

1. ʇʦʙʫʜʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ (ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ) 

2. ʄʦʜʝʣʶʚʘʥʥʷ ʞʦʨʩʪʢʠʭ ʚʩʪʘʚʦʢ ʜʣʷ 

ʢʘʥʘʪʫ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ 

ʝʧʶʨʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ (ʨʠʩ. 9) 

4. ʇʨʠʩʚʦʻʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ (ʨʠʩ. 10) 

 
ʈʠʩ. 9. ʇʘʨʘʤʝʪʨʠ ʞʦʨʩʪʢʠʭ ʚʩʪʘʚʦʢ ʝʣʝʤʝʥʪʽʚ 

Fig. 9. Parameters of rigid insertions of elements 
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ʈʠʩ. 10. ʊʝʤʧʝʨʘʪʫʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʻ 

ʥʘ ʢʘʥʘʪ  

Fig. 10. Temperature load acting on the rope 
 

ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʟ ʤʦʜʝʣʶʚʘʥ-

ʥʷʤ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ ʢʘʥʘʪʽʚ ʟʤʽ-

ʱʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʂ ʉɸʇʌɯʈ-3D 

 

ɺ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʢʘʥʘ-

ʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʂ ʉɸʇʌɯʈ ʟ ʧʦʜʘʣʴʰʦʶ 

ʧʝʨʝʜʘʯʝʶ ʜʘʥʠʭ ʚ ʃɯʈʋ-ʉɸʇʈ. 

ʆʩʥʦʚʽ ʝʪʘʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ: 

1. ʄʦʜʝʣʶʚʘʥʥʷ ʧʽʜʢʣʘʜʢʠ ʚ ʚʠʛʣʷʜʽ 

ʬʘʡʣʫ .dxf (ʨʠʩ. 11) ɺ ʷʢʽʡ ʟʤʦʜʝʣʴʦʚʘʥʘ ʙʘ-

ʣʢʘ ʪʘ ʢʦʥʪʫʨ ʢʘʥʘʪʫ  

2 . ʇʝʝʜʘʯʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʟ ʇʂ-

ʃɯʈɸ ɸʇʈ ʜʦ ʉɸʇʌɯʈ-3D (ʨʠʩ. 12)  

3. ʄʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ çʅʦʜʽʚè 

ʟʚôʷʟʢʫ ʤʽʞ .dxf ʧʽʜʣʦʞʢʦʶ ʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʤʦʜʝʣʽ ʨʠʩ. 13-14)  

ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʜʽʚ ʤʦ-

ʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʦʩʥʦʚʥʽ ʜʘʥʽ ʜʣʷ ʧʦʜʘʣʴ-

ʰʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʩʪʥʘʧʨʫʞʝʥʥʷ ʜʣʷ 1-

ʛʦ ʢʘʥʘʪʫ  

4. ʇʝʨʝʜʘʯʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ ʇʂ ʃɯʈɸ-

ʉɸʇʈ  ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʦʶ ʩʭʝʤʦʶ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʥʘʪʫ (ʨʠʩ. 15) 

ʇʝʨʝʜʘʚʰʠ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʦʜʝʣʴ ʨʘʟʦʤ ʟ 

ʢʘʥʘʪʦʤ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʥʘʙʣʠʞʝʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʥʘʪʫ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʝʧʶʨʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ. ʇʽʩʣʷ ʨʦʟʨʘ-

ʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʜʽʚ (ʨʠʩ. 14) ʤʦʞʣʠʚʦ 

ʚʽʜʨʘʟʫ ʧʝʨʝʢʣʘʜʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʽ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʽ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʧʨʦʛʠʥʠ ʧʽ-

ʩʣʷ ʧʦʩʪʥʘʧʨʫʞʝʥʥʷ ʝʣʝʤʝʥʪʫ 

 

. 

 
ʈʠʩ. 11. ʇʽʜʣʦʞʢʘ ʚ .dxf ʬʦʨʤʘʪʽ 

Fig. 11. Substrate in .dxf format 

 
ʈʠʩ. 12. ʇʝʨʝʜʘʯʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʟ ʇʂ-ʃɯʈɸ ʉɸʇʈ ʜʦ ʉɸʇʌɯʈ-3D 

Fig. 12. Transfer of the calculation model from LIRA-SAPR to SAPFIR-3D 
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ʈʠʩ. 13. ɺʠʢʦʨʠʩʪʘʥʽ ʥʦʜʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʟʚ'ʟʢʽʚ ʤʽʞ ʧʽʜʣʦʞʢʦʶ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʤʦʜʝʣʣʶ  

Fig. 13. Nodes are used to build connections between the substrate and the calculation model 

 
ʈʠʩ. 14. ʆʩʥʦʚʥʽ ʜʘʥʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 1-ʛʦ ʢʘʥʘʪʫ  

Fig. 14. Main data for the calculation of the 1 rope 

 

 
ʈʠʩ. 15. ʇʝʨʝʜʘʯʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ ʇʂ ʃɯʈɸ-ʉɸʇʈ 

Fig. 15. Transmission of results to LIRA-SAPR 
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ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ 

ʨʝʘʢʪʠʚʥʠʭ ʩʠʣ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ  

ʥʘʧʨʫʞʝʥʥʷ 

ɺ ʤʝʪʦʜʠʮʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʤʽʥʘ ʢʘʥʪʫ ʚ 

ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʤʦʜʝʣʽ ʥʘ ʨʝʘʢʪʠʚʥʽ ʩʠʣʠ ʱʦ 

ʨʦʟʧʦʜʽʣʝʥʽ ʨʽʚʥʦʤʽʨʥʦ ʧʦ ʝʣʝʤʝʥʪʫ ʽ ʥʘ 

ʪʦʨʮʷʭ. 

ɼʘʥʘ ʤʦʜʝʣʴ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 3 ʚʠʜʠ:  

1. ɯʜʝʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ ʘʙʦ ʄʦʜʝʣʴ ʃʽʥʘ 

(ʨʠʩ. 16) 

2. ʅʘʧʽʚʽʜʝʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ (ʨʠʩ. 17) 

3. ʌʘʢʪʠʯʥʘ ʤʦʜʝʣʴ (ʨʠʩ. 18) 

 

ɯʜʝʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ ʚʧʝʨʰʝ ʙʫʣʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʩʝʨʝʜʠʥʽ 1950-ʭ ʨʦʢʽʚ. 

ʘʤʝʨʠʢʘʥʩʴʢʠʤ ʚʯʝʥʠʤ ʃʽʥʦʤ. ʎʝʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʥʘʜʟʚʠʯʘʡʥʦ ʧʨʦʩʪʦ ʽ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʤʦʜʝʣʶʚʘʪʠ ʧʝʨʝʜʥʘʧʨʫʞʝʥʥʷ ʚ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʟʘʚʘʥʪʘʞʫʶʯʠ ʾʾ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʪʘ 

ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʩʠʣʘʤʠ. ɼʘʥʠʡ ʤʝʪʦʜ ʪʘʢʦʞ 

ʥʘʟʠʚʘʶʪʴ ʤʝʪʦʜʦʤ çʙʘʣʘʥʩʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷè 

ʅʘʧʽʚʽʜʝʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ 

ʥʘʷʚʥʽʩʪʴ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ 

ʥʘʧʨʫʞʝʥʦʾ ʘʨʤʘʪʫʨʠ ʥʘʜ ʢʦʣʦʥʘʤʠ. 

ʌʘʢʪʠʯʥʘ ʤʦʜʝʣʴ ʤʘʻ ʙʽʣʴʰ 

ʧʦʛʣʠʙʣʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ, ʚʨʘʭʦʚʫʶʯʠ ʪʦʯʢʠ 

ʧʝʨʝʛʠʥʫ ʽ ʜʽʣʷʥʢʠ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʽ ʥʘʡʙʽʣʴʰ ʥʘʙʣʠʞʝʥʘ  ʜʦ 

ʬʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ ʢʘʥʘʪʽʚ ʚ ʧʦʩʪʘʥʧʨʫʞʝʥʥʽ.

 

 
ʈʠʩ. 16. ɯʜʝʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ (ʄʦʜʝʣʴ ʃʽʥʘ)  

Fig. 16. Idealized model (Lin's model) 
 

 
ʈʠʩ. 17. ʅʘʧʽʚʽʜʝʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ 

Fig. 17. Semi-idealized model 
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ʈʠʩ. 18. ʌʘʢʪʠʯʥʘ ʤʦʜʝʣʴ 

Fig. 18. Actual model 

ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʟ 

ʤʦʜʝʣʶʚʘʥʥʷʤ ʦʙôʻʤʥʠʭ  

 ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʩʭʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʙôʻʤʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʚ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ 

ʤʘʡʞʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ , ʪʘʢ ʷʢ ʟʘʡʤʘʻ 

ʙʽʣʴʰʝ ʯʘʩʫ ʽ ʨʝʩʫʨʩʽʚ, ʘʣʝ ʙʽʣʴʰ ʧʦʰʠʨʝʥʝ 

ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʻ  ʚ ʥʘʫʢʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ 

ʟ ʥʝʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ[17]. 

 

ɺʀʉʅʆɺʂʀ  

 

ɺʩʝ ʙʽʣʴʰʝ ʣʶʜʝʡ ʚʠʷʚʣʷʻ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ 

ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘ-

ʧʨʫʞʝʥʥʷ ʢʘʥʘʪʥʦʾ ʘʨʤʘʪʫʨʠ "ʥʘ ʙʝʪʦʥʽ" ʽ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʧʦʩʪʽʡʥʦ ʟʨʦʩ-

ʪʘʻ.  

ɿʘʨʘʟ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʧʨʦʚʝ-

ʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʩʪʦʩʦʚʥʦ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ 

ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦʣʷʛʘʻ ʫ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʤʦʥʦʣʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʧʦʧʝʨʝʜʥʽʤ 

ʥʘʧʨʫʞʝʥʥʷʤ ʢʘʥʘʪʥʦʾ ʘʨʤʘʪʫʨʠ "ʥʘ ʙʝ-

ʪʦʥʽ". ʎʝ ʧʝʨʝʜʙʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʨʦʟʨʦʙʢʫ ʥʦ-

ʚʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ ʾʭ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ "ʥʘ ʙʝʪʦʥʽ" (ʧʦʩʪʥʘʧʨʫʞʝʥʥʷ) ʫ 

ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ʧʝʨʝʢʨʠʪʪʷ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨʠ ʤʽʞ 

ʥʝʩʫʯʠʤʠ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʢʦ-

ʣʦʥʘʤʠ ʪʘ ʧʽʣʦʥʘʤʠ) ʽ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨʠ ʧʦ-

ʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʙʘʣʦʢ ʪʘ ʧʣʠʪ ʧʝʨʝʢ-

ʨʠʪʪʷ.  

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʪʝ-

ʭʥʦʣʦʛʽʾ ʩʪʘʻ ʻʜʠʥʠʤ ʦʧʪʠʤʘʣʴʥʠʤ ʨʽʰʝʥ-

ʥʷʤ ʟ ʪʝʭʥʽʯʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʥʦʣʽʪʥʠʭ ʧʦʧʝʨʝʜʥʴʦ ʥʘ-

ʧʨʫʞʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘ-

ʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʽ ʚʽʜʢʨʠʚʘʶʪʴ ʧʝʨʩʧʝʢ-

ʪʠʚʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʤʘʩʦʚʦʛʦ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ. 

ɸʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ 

ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝ-

ʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʫ ʤʠ ʧʣʘʥʫʻʤʦ ʚʠʢʦʥʘʪʠ 

ʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 
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CALCULATION METHODS OF  

MONOLITHIC  

REINFORCEDCONCRETE  

STRUCTURES WITH POST-TENSION 

REINFORCING ROPES 
 

Dmytro SMORKALOV 

Volodymyr VYNOKUR 

  
Summary. In Ukraine, the use of "post-tension-

ing" technology, which consists in the use of mono-

lithic structures with pre-tensioned ropes, is grow-

ing. Domestic construction practice uses the term 

"prestressed reinforced concrete structures with ten-

sion of cable reinforcement on concrete." Post-ten-

sioning technology is a modern approach to con-

struction that allows you to create monolithic struc-

tures with great strength and stability. Its main ad-

vantage is the use of pre-tensioned ropes, which 

provide additional structural strength. 

In this article, the main methods of calculating 

such monolithic reinforced concrete structures are 

presented and the experience of using this technol-

ogy in the construction of public buildings in 

Ukraine is presented. 

The use of prestressed reinforced concrete struc-

tures with the tension of cable reinforcement on 

concrete has numerous advantages. They are more 

durable, resistant to deformations and able to sup-

port large loads. Such structures are used in the con-

struction of bridges, overpasses, high-rise buildings 

and other industrial and civil structures. 

Ukraine is increasingly adopting modern and ef-

ficient construction methods, which is confirmed by 

the increased use of this technology. This helps to 

improve the quality and reliability of building struc-

tures, and also ensures optimal use of materials and 

resources. 

In general, the article aims to promote the popu-

larization, study and development of monolithic 

structures with pre-tensioning of cable reinforce-

ment on concrete, as well as the creation of an ap-

propriate regulatory and legal environment for their 

design and construction. This will help improve the 

quality and safety of building structures and ensure 

further progress in the construction industry of 

Ukraine. 

 

Keywords. Post-tensioned monolithic reinfor-

ced concrete structures; post-tensioned; rope; 

anchor; methods; calculation of structures
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ɸʥʦʪʘʮʽʷ. ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʧʨʦʙʣʝʤʽ ʚʠʨʽ-

ʰʝʥʥʷ ʘʢʪʫʘʣʴʥʦʾ ʟʘʜʘʯʽ ʝʢʦʣʦʛʽʾ ï ʨʘʮʽʦʥʘʣʴ-

ʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ʅʘʡʙʽʣʴʰ 

ʰʢʽʜʣʠʚʠʤʠ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʪʦʢʩʠʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ʩʪʽʯʥʠʭ ʚʦʜ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʽ 

ʧʨʠʨʦʜʥʽʭ ʻ ʩʧʦʣʫʢʠ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʟʦʢʨʝʤʘ 

ʢʘʜʤʽʶ, ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʜʦ 2-ʛʦ ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ.  

ʅʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʝʪʦʣʦʧʝʨʝʨʦʙ-

ʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʭʽʤʽʯʥʦʛʦ, ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ, 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʨʦʬʽʣʶ ʷʢʽ ʤʘʶʪʴ ʛʘʣʴʚʘʥʽʯʥʽ 

ʮʝʭʠ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʧʦʢʨʠʪʪʷ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʝʪʘ-

ʣʦʚʤʽʩʥʠʭ ʩʪʦʢʽʚ, ʱʦ ʨʦʙʠʪʴ ʧʨʦʙʣʝʤʫ ʦʯʠ-

ʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʟ ʚʤʽʩʪʦʤ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʜʦ-

ʚʦʣʽ ʘʢʪʫʘʣʴʥʦʶ.  

ʉʝʨʝʜ ʨʦʟʨʦʙʣʝʥʠʭ ʧʽʜʭʦʜʽʚ ʚʘʞʣʠʚʝ ʤʽʩʮʝ 

ʟʘʡʤʘʶʪʴ ʩʦʨʙʮʽʡʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʘʡʙʽʣʴʰ ʧʦʚʥʝ ʚʠʣʫʯʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʽʦʥʽʚ, ʦʩʦ-

ʙʣʠʚʦ ʽʟ ʨʦʟʯʠʥʽʚ ʟ ʥʠʟʴʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ, ʷʢʘ 

ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʽ ʥʦʨʤʠ. ʋʩʧʽʰʥʠʡ ʨʦʟʚʠ-

ʪʦʢ ʩʦʨʙʮʽʮʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʧʦʣʷ-

ʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʩʦʨʙʝʥʪʽʚ. 

ʈʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ ʩʪʽʯ-

ʥʠʭ ʚʦʜ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚʽʜ ʽʦʥʽʚ ʚʘʞ-

ʢʠʭ ʤʝʪʘʣʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʴʦʛʦ-

ʜʝʥʥʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʯʠʩʪʢʠ ʚʦʜʠ ʚʽʜ ʽʦʥʽʚ ʢʘʜʤʽʶ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʩʦʨʙʝʥʪʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʨʦʟ-

ʯʠʥʽʚ. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦ-

ʮʝʩʫ ʦʯʠʩʪʢʠ ʚʽʜ ʜʦʟʠ ʤʘʛʥʝʪʠʪʫ, ʨʅ ʩʝʨʝʜʦ-

ʚʠʱʘ, ʧʨʠ ʨʽʟʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʽ  Fe2+ : Fe3+
 ʚ ʤʘ-

ʛʥʝʪʠʪʽ. 
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ʎʝ ʟʘʛʨʦʞʫʻ ʟʜʦʨʦʚôʶ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ 

ʪʘ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʝʢʦʣʦʛʽʯʥʫ ʢʘʪʘʩʪʨʦʬʫ 

[1]. ʊʘʢʽ ʚʠʩʥʦʚʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜ-

ʞʝʥʥʷ ʦʧʨʠʣʶʜʥʠʣʘ ʧʨʝʩʩʣʫʞʙʘ ʈʘʭʫʥʢʦʚʦʾ 

ʧʘʣʘʪʠ ʋʢʨʘʾʥʠ. ʈʝʟʫʣʴʪʘʪʠ ʘʫʜʠʪʫ ʝʬʝʢʪʠʚ-

ʥʦʩʪʽ ʮʽʣʴʦʚʦʾ ʧʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ ʚʦʜʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʦʟʜʦʨʦʚʣʝʥʥʷ 

ʙʘʩʝʡʥʫ ʨʽʯʢʠ ɼʥʽʧʨʦ cʚʽʜʯʘʪʴ, ʱʦ ʧʦʢʘʟ-

ʥʠʢʠ ʷʢʦʩʪʽ ʚʦʜʠ ʚ ʨʽʯʮʽ ʥʝʚʧʠʥʥʦ ʧʦʛʽʨʰʫ-

ʶʪʴʩʷ. ʂʘʜʤʽʡ ʧʦʪʨʘʧʣʷʻ ʫ ʚʦʜʥʽ ʦʙôʻʢʪʠ ʽʟ 

ʧʦʛʘʥʦ ʦʯʠʱʝʥʠʤʠ ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ.  

ʉʪʽʯʥʽ ʚʦʜʠ, ʱʦ ʤʽʩʪʷʪʴ ʢʘʜʤʽʡ, ʫʪʚʦʨʶ-

ʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʭʥʦʣʦʛʽʯ-

ʥʠʭ ʦʧʝʨʘʮʽʡ ʚ ʛʘʣʴʚʘʥʦʪʝʭʥʠʮʽ, ʧʨʠ ʚʠʛʦʪʦ-

ʚʣʝʥʥʽ ʙʘʨʚʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʧʨʠ ʟʙʘʛʘʯʝʥʥʽ  

ʧʦʣʽʤʝʪʘʣʝʚʠʭ ʨʫʜ. ʂʘʜʤʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚ ʘʪʦʤʥʽʡ ʽ ʨʘʢʝʪʥʽʡ ʪʝʭʥʽʮʽ, ʚʠʨʦʙʥʠʮʪʚʽ ʣʫ-

ʞʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʚʽʥ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 

ʧʦʣʽʤʝʨʽʚ (ʚ ʷʢʦʩʪʽ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ), ʩʧʝʮʽʘʣʴ-

ʥʠʭ ʩʧʣʘʚʽʚ ʽ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ 

ʚʦʜʦʧʨʦʚʽʜʥʽʡ ʧʨʘʢʪʠʮʽ. 

ʉʧʦʣʫʢʠ ʢʘʜʤʽʶ ʥʘʜʟʚʠʯʘʡʥʦ ʦʪʨʫʡʥʽ. 

ɺʧʣʠʚʘʶʪʴ ʥʘ ʙʽʣʴʰʽʩʪʴ ʩʠʩʪʝʤ ʦʨʛʘʥʽʟʤʫ ï  

ʦʨʛʘʥʠ ʜʠʭʘʥʥʷ ʽ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʡ 

ʪʨʘʢʪ, ʮʝʥʪʨʘʣʴʥʫ ʽ ʧʝʨʠʬʝʨʠʯʥʫ ʥʝʨʚʦʚʫ 

ʩʠʩʪʝʤʠ [12]. ʄʝʭʘʥʽʟʤ ʜʽʾ ʩʧʦʣʫʢ  ʢʘʜʤʽʶ  

ʧʦʣʷʛʘʻ ʚ ʧʨʠʛʥʽʯʝʥʥʽ ʘʢʪʠʚʥʦʩʪʽ ʨʷʜʫ ʬʝʨ-

ʤʝʥʪʽʚ, ʧʦʨʫʰʝʥʥʽ ʬʦʩʬʦʨʥʦ-ʢʘʣʴʮʽʻ-ʚʦʛʦ 

ʦʙʤʽʥʫ, ʧʦʨʫʰʝʥʥʷ ʤʝʪʘʙʦʣʽʟʤʫ ʤʽʢʨʦʝʣʝ-

ʤʝʥʪʽʚ (Zn ,ʉu, ʄn, Sʝ). ɻɼʂ ʢʘʜʤʽʶ ʫ ʚʦʜʽ 

ʚʦʜʦʡʤʠʱ ʩʪʘʥʦʚʠʪʴ 0.001 ʤʛ/ʣ, ʣʽʤʽʪʫʶʯʠʡ 

ʧʦʢʘʟʥʠʢ ʰʢʽʜʣʠʚʦʩʪʽ ï ʩʘʥʽʪʘʨʥʦʪʦʢʩʠʢʦ-

ʣʦʛʽʯʥʠʡ [9].  

ɺ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʽʥ ʟʫʩʪʨʽʯʘ-

ʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚ ʥʝʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘ-

ʮʽʷʭ, ʷʢʽ ʥʝ ʚʠʢʣʠʢʘʶʪʴ ʙʽʦʣʦʛʽʯ-ʥʠʭ ʝʬʝʢ-

ʪʽʚ. ɺ ʥʦʨʤʘʣʴʥʠʭ ʛʝʦʭʽʤʽʯʥʠʭ ʫʤʦʚʘʭ ʚʤʽʩʪ 

ʢʘʜʤʽʶ ʚ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 

0.05 ï 1ʤʢʛ/ʣ, ʦʜʥʘʢ ʚ ʢʘʜʤʽʻʚʠʭ ʛʝʦʭʽʤʽʯʥʠʭ 

ʧʨʦʚʽʥʮʽʷʭ ʜʦʩʷʛʘʻ 10ʤʢʛ/ʣ. ɼʞʝʨʝʣʦʤ 

ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʘʜʤʽʶ (ʜʝʢʽ-

ʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʤʽʢʨʦʛʨʘʤʽʚ ʥʘ 1ʣ) ʫ ʚʦʜʽ ʩʣʫ-

ʞʘʪʴ ʥʝʦʯʠʱʝʥʽ ʩʪʦʢʠ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠ-

ʻʤʩʪʚ. ɿʘ ʢʦʨʜʦʥʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʝʚʠʭ 

ʪʨʫʙ ʽ ʨʝʟʝʨʚʫʘʨʽʚ ʟ ʛʘʣʴʚʘʥʽʯʥʠʤ ʧʦʢʨʠʪʪʷʤ 

ʪʘ ʥʝʷʢʽʩʥʠʭ ʧʣʘʩʪʤʘʩʦʚʠʭ ʪʨʫʙ ʜʣʷ ʧʦʜʘʯʽ 

ʚʦʜʠ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʩʫʧʨʦʚʦʜ-ʞʫʚʘʣʠʩʴ ʧʽ-

ʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʢʘʜʤʽʷ ʫ ʚʦʜʽ ʜʦ 0,2 ï 4 

ʤʛ/ʣ. ʋ ʚʦʜʦʡʤʘʭ ʢʘʜʤʽʡ ʩʦʨʙʫʻʪʴʩʷ ʟʘʚʠʩ-

ʣʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʽ ʟ ʥʠʤʠ ʦʩʽʜʘʻ ʥʘ ʜʥʦ. ʇʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʨʅ ʚʦʜʠ ʢʘʜʤʽʡ ʟʥʦʚʫ ʧʝʨʝʭʦ-

ʜʠʪʴ ʫ ʚʦʜʫ. ʂʘʜʤʽʡ ʰʢʦʜʠʪʴ ʨʦʩʣʠʥʘʤ ʽ ʝʢʦ-

ʩʠʩʪʝʤʘʤ ʚ ʮʽʣʦʤʫ, ʨʫʡʥʫʻ ʟʜʦʨʦʚôʷ ʣʶ-

ʜʠʥʠ, ʨʦʟʧʦʚʩʶʜʞʫʶʯʠʩʴ ʧʦ ʭʘʨʯʦʚʦʤʫ ʣʘ-

ʥʮʶʛʫ. ɯʦʥʠ ʢʘʜʤʽʷ ʥʘʣʝʞʘʪʴ ʜʦ ʟʘʙʨʫʜʥʶ-

ʚʘʯʽʚ 2-ʛʦ ʢʣʘʩʫ ʪʦʢʩʠʯʥʦʩʪʽ, ʱʦ ʦʙʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʽʜʜʽʣʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʽʟ ʚʤʽʩ-

ʪʦʤ  ʽʦʥʽʚ ʢʘʜʤʽʶ ʚ ʦʢʨʝʤʠʡ ʧʦʪʦʢ ʽ ʡʦʛʦ ʣʦ-

ʢʘʣʴʥʝ ʟʥʝʰʢʦʜʞʝʥʥʷ. ɺ ʟʚôʷʟʢʫ ʟ ʯʠʤ  ʚʠ-

ʣʫʯʝʥʥʷ ʽ ʥʝʡʪʨʘʣʽʟʘʮʽʷ ʢʘʜʤʽʶ ʻ  ʦʜʥʽʻʶ ʟ 

ʧʨʽʦʨʽʪʝʪʥʠʭ  ʝʢʦʣʦʛʽʯʥʠʭ  ʟʘʜʘʯ.   

ɼʣʷ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʢʘʜʤʽʶ ʟ ʨʦʟʯʠʥʽʚ 

ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʤʝʪʦʜʠ ʷʢ: 

ʨʝʘʛʝʥʪʘ ʦʙʨʦʙʢʘ, ʽʦʥʥʠʡ ʦʙʤʽʥ ʪʘ ʤʝʤʙʨʘʥ-

ʥʽ ʤʝʪʦʜʠ [10]. ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʣʫ-

ʯʝʥʥʷ ʽʦʥʽʚ  ʢʘʜʤʽʶ ʟ ʩʪʽʯʥʠʭ ʚʦʜ ʻ ʩʫʤʽʩʥʝ 

ʦʩʽʜʘʥʥʷ ʛʽʜʨʦʢʩʠʜʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʧʽʜ 

ʜʽʻʶ ʚʘʧʥʷʥʦʛʦ ʤʦʣʦʢʘ. ɯʩʥʫʶʯʽ ʥʘ ʩʴʦʛʦʜʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟ-

ʧʝʯʥʫ ʷʢʽʩʪʴ ʩʪʽʯʥʠʭ ʚʦʜ, ʥʝ ʟʥʘʡʰʣʠ ʰʠʨʦ-

ʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦ ʨʽʟʥʠʤ ʧʨʠʯʠʥʘʤ, 

ʦʩʥʦʚʥʘ ʟ ʷʢʠʭ ï ʝʢʦʥʦʤʽʯʥʘ ʥʝʜʦʮʽʣʴʥʽʩʪʴ.  

ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʨʦʟʨʦʙʮʽ ʽ ʚʧʨʦʚʘ-

ʜʞʝʥʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʨʦʟʛʘʣʫʞʝʥʠʭ ʪʝʭ-

ʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʥʘ ʙʘʟʽ ʽʩʥʫʶʯʠʭ, ʚʧʨʦʚʘ-

ʜʞʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʦʯʠʩʪʢʠ,  

ʥʝʦʙʭʽʜʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʦʯʠʩʪʢʠ 

ʽ ʦʙʣʘʜʥʘʥʥʷ. 

 

ʆʉʅʆɺʅɽ ɼʆʉʃɯɼɾɽʅʅʗ 

  

ʉʫʯʘʩʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ 

ʧʦʚô̫ ʟʘʥʠʡ ʟ ʧʦʩʪʽʡʥʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ ʪʝʤ-

ʧʽʚ ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʨʦʟʚʠʪʢʦʤ 

ʚʠʨʦʙʥʠʮʪʚ. ɹʫʜʴ-ʷʢʘ ʛʘʣʫʟʴ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʻ ʜʞʝʨʝʣʦʤ ʧʦʪʨʘʧʣʷʥʥʷ ʫ ʚʦʜʥʝ ʩʝʨʝʜʦ-

ʚʠʱʝ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʽʟ ʩʪʽʯʥʠʤʠ 

ʚʦʜʘʤʠ,  ʷʢʽ ʧʦʛʽʨʰʫʶʪʴ ʾʾ ʷʢʽʩʪʴ. ʂʽʣʴʢʽʩ-

ʥʠʡ ʽ ʷʢʽʩʥʠʡ ʩʢʣʘʜ ʩʪʽʯʥʠʭ ʚʦʜ ʨʽʟʥʦʤʘʥʽʪ-

ʥʠʡ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʘʣʫʟʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ.  

ɿʘʙʨʫʜʥʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʟʘʣʠʰʢʽʚ ʦʙʨʦʙʣʶʚʘʥʦʾ ʩʠʨʦ-

ʚʠʥʠ ʽ ʨʝʘʛʝʥʪʽʚ, ʟʘʩʪʦʩʦʚʘʥʠʭ ʚ ʪʝʭʥʦʣʦʛʽʯ-

ʥʦʤʫ ʧʨʦʮʝʩʽ. ʅʘʡʙʽʣʴʰ ʭʘʨʘʢ-ʪʝʨʥʠʤʠ ʽ ʥʝ-

ʙʝʟʧʝʯʥʠʤʠ ʟʘʙʨʫʜʥʶʶʯʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 
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ʩʪʽʯʥʠʭ ʚʦʜ ʦʩʥʦʚʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦ-

ʩʪʽ ʻ ʝʢʩʪʨʘʛʫʶʯʽ ʨʝʯʦʚʠʥʠ, ʇɸɺ, ʽʦʥʠ ʚʘʞ-

ʢʠʭ ʤʝʪʘʣʽʚ (ʤʽʜʴ, ʟʘʣʽʟʦ, ʮʠʥʢ, ʥʽʢʝʣʴ), ʨʽʟʥʽ 

ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ.[3] ʆʩʦʙʣʠʚʦʶ ʩʧʝʮʠʬʽ-

ʢʦʶ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʛʘʣʴʚʘʥʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʯʦʤʫ 

ʮʠʢʣʽ ʤʘʰʠʥʦʙʫʜʽʚʝʣʴʥʠʭ, ʧʨʠʣʘʜʦʙʫʜʽʚ-

ʥʠʭ, ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɿ ʦʜ-

ʥʦʛʦ ʙʦʢʫ, ʪʘʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʧʦʞʠʚʘʶʪʴ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʯʠʩʪʦʾ ʚʦʜʠ, ʟ ʽʥʰʦʛʦ ï 

ʫʪʚʦʨʶʻʪʴʩʷ ʚʝʣʠʢʠʡ  ʦʙôʻʤ ʨʽʜʢʠʭ ʚʽʜʭʦʜʽʚ 

(ʩʪʽʯʥʠʭ ʚʦʜ, ʝʣʝʢʪʨʦʣʽʪʽʚ ʽ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪ-

ʨʘʪʽʚ). ʇʨʠ ʾʭ ʧʝʨʝʨʦʙʮʽ ʨʝʘʛʝʥʪʥʠʤʠ, ʝʣʝʢ-

ʪʨʦʢʦʘʛʫʣʷʮʽʡʥʠʤʠ, ʽʦʥʦʦʙʤʽʥʥʠʤʠ ʽ ʽʥ-

ʰʠʤʠ ʤʝʪʦʜʘʤʠ ʫʪʚʦʨʶʶʪʴʩʷ ʪʦʢʩʠʯʥʽ ʚʽʜ-

ʭʦʜʠ ï ʛʘʣʴʚʘʥʽʯʥʽ ʰʣʘʤʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʚʘʞʢʦʨʦʟʯʠʥʥʠʭ ʛʽʜʨʦʢʩʠʜʽʚ, ʢʘʨʙʦʥʘʪʽʚ, 

ʩʫʣʴʬʽʜʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ [4]. ʅʘʡʙʽʣʴʰ ʜʦ-

ʮʽʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʫʪʠʣʽʟʘʮʽʾ ʛʘʣʴʚʘʥʽʯʥʠʭ 

ʰʣʘʤʽʚ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʝ ʚʠʣʫ-

ʯʝʥʥʷ ʟ ʥʠʭ ʢʦʰʪʦʚʥʠʭ ʨʝʯʦʚʠʥ, ʦʜʥʘʢ ʚʩʽ 

ʨʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʭ  ʧʨʦʮʝʩʽʚ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʦʢʩʠʯ-

ʥʠʭ ʨʝʘʛʝʥʪʽʚ (ʭʽʤʽʯʥʽ) ʘʙʦ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ 

ʝʥʝʨʛʽʾ (ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ) ʤʝʪʦʜʠ [5]. ʂʨʽʤ 

ʪʦʛʦ, ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʧʦʪʨʝʙʫʻ 

ʟʥʘʯʥʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ. ʆʜʥʠʤ ʟ ʧʝ-

ʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤ-ʢʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦ-

ʙʣʝʤʠ ʣʽʢʚʽʜʘʮʽʾ ʰʣʘʤʽʚ  ʻ ʾʭ ʭʽʤʽʯʥʘ  ʩʪʘʙʽ-

ʣʽʟʘʮʽʷ ʤʝʪʦʜʦʤ ʬʝʨʠʪʠʟʘʮʽʾ - ʤʦʜʠʬʽʢʘʮʽʾ 

ʨʝʘʛʝʥʪʥʦʛʦ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʽʦʥʽʚ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʣʽʟʦʚʤʽʩʥʠʭ 

ʨʝʘʛʝʥʪʽʚ [7]. 

ʇʨʠ ʧʦʩʪʽʡʥʦʤʫ ʟʨʦʩʪʘʥʥʽ ʜʝʬʽʮʠʪʫ ʚʦʜʠ 

çʩʚʽʞʦʾè ʷʢʦʩʪʽ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʪʘ ʨʦ-

ʟʨʦʙʥʠʢʽʚ ʧʨʦʧʦʥʫʶʪʴ ʦʯʠʱʝʥʽ ʩʪʽʯʥʽ ʚʦʜʠ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʚʘʞʣʠʚʝ ʜʞʝʨʝʣʦ ʚʦʜʦʧʦʩʪʘ-

ʯʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ.  

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘ-

ʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜ-

ʧʨʠʻʤʩʪʚʘ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʻʜʠʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʢʦʤʧʣʝʢʩ. ʇʨʦʙʣʝʤʘ ʦʯʠʩʪʢʠ 

ʽ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ 

ʩʪʽʯʥʠʭ ʚʦʜ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʪʽʣʴʢʠ 

ʧʦʰʫʢʘʤʠ ʙʘʛʘʪʴʦʭ ʧʨʠʚʘʪʥʠʭ ʩʧʦʩʦʙʽʚ, 

ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ ʧʽʜʧʨʠʻʤʩ-

ʪʚʘ. 

ɼʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʽ ʫʪʦʯ-

ʥʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ ʧʨʦ-

ʮʝʩʫ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʚʠ-

ʨʦʙʥʠʮʪʚʘ ʚʽʜ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʜʦʟʠ ʤʘ-

ʛʥʝʪʠʪʘ, ʯʘʩʫ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ, ʨʅ ʩʝʨʝʜʦ-

ʚʠʱʘ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʝʢʩʧʝʨʠʤʝ-

ʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ, ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ.1.  

 
ʈʠʩ.1. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʛʘʣʴʚʘʥʽ-

ʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʜ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ 

Fig. 1. Scheme of an experimental installation for the study of the process of purification of electroplating 

wastewater from heavy metal ions 
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ʋʩʪʘʥʦʚʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʝʘʢʪʦʨʘ ʟ ʤʽʰʘ-

ʣʴʥʠʢʦʤ (1), ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʩʪʘʣʴʥʫ ʝʤʘ-

ʣʴʦʚʘʥʫ ʻʤʥʽʩʪʴ ʜʽʘʤʝʪʨʦʤ 400 ʤʤ, ʚʠʩʦʪʦʶ 

535 ʤʤ, ʦʙôʻʤʦʤ 63 ʣ. ʅʘ ʚʘʣʫ ʥʘʥʝʩʝʥʦ ʧʦ-

ʜʽʣʢʠ ʚ ʩʤ. ʜʣʷ ʟʘʤʽʨʫ ʛʣʠʙʠʥʠ ʜʝʧʨʝʩʽʡʥʦʾ 

ʣʽʡʢʠ, ʧʦ ʷʢʽʡ ʚʠʟʥʘʯʘʣʠ ʚʠʩʦʪʫ ʧʽʜʡʦʤʫ ʨʽ-

ʚʥʷ ʨʽʜʠʥʠ ʚ ʨʝʘʢʪʦʨʽ. ʄʽʰʘʣʴʥʠʢ ʟ ʝʣʝʢʪʨʦ-

ʜʚʠʛʫʥʦʤ ʯʝʨʝʟ ʘʚʪʦʪʨʘʥʩ-ʬʦʨʤʘʪʦʨ ʤʘʻ 

ʟʤʽʥʥʫ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʚʽʜ 0,2 ʜʦ 5,8 ʩ-1. 

ʊʝʨʤʦʤʝʪʨ (2), ʜʘʪʯʠʢʠ ʨʅ-ʤʝʪʨʘ (3,4) ʽ ʧʦ-

ʣʽʝʪʠʣʝʥʦʚʘ ʪʨʫʙʢʘ (5) ʜʽʘʤʝʪʨʦʤ 5 ʤʤ ʜʣʷ 

ʚʽʜʙʦʨʫ ʧʨʦʙ, ʷʢʫ ʟʘʢʨʽʧʠʣʠ ʚ ʢʨʠʰʮʽ ʨʝʘʢ-

ʪʦʨʘ. ʂʨʘʥ (6) ʟ ʪʨʫʙʢʦʶ (5) ʧʨʘʮʶʚʘʣʠ ʚ ʨʝ-

ʞʠʤʽ ʩʠʬʦʥʫ. ʇʨʦʙʘ ʚʽʜʬʽʣʴʪʨʫʚʘʣʘʩʴ ʯʝʨʝʟ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʧʘʧʽʨ (7), ʷʢʠʡ ʙʫʣʦ ʨʦʟʤʽ-

ʱʝʥʦ ʚ ʣʽʡʮʽ. ʌʽʣʴʪʨʘʪ ʟʙʠʨʘʚʩʷ ʚ ʢʦʣʙʫ (8). 

ɭʤʥʽʩʪʴ (9) ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʙʦʨʫ ʧʨʦʜʫʚʘ-

ʻʤʠʭ ʩʪʦʢʽʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠ-

ʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʢʽʥʝʪʠʢʫ 

ʧʨʦʮʝʩʫ ʦʭʦʣʦʜʞʝʥʥʷ ʯʠ ʥʘʛʨʽʚʫ ʩʪʽʯʥʠʭ 

ʚʦʜ ʚʠʢʦʥʫʚʘʣʦʩʴ ʯʝʨʝʟ ʢʨʠʰʢʫ ʨʝʘʢʪʦʨʘ ʚʽʜ 

ʙʘʢʫ ʟ ʚʦʜʦʶ. ɺʦʜʘ ʯʝʨʝʟ ʢʨʠʰʢʫ ʨʝʘʢʪʦʨʘ 

ʧʨʦʢʘʯʫʚʘʣʘʩʴ ʧʦʙʫʪʦʚʠʤ ʥʘʩʦʩʦʤ ʧʨʦʜʫʢ-

ʪʠʚʥʽʩʪʶ 400 ʣ/ʛʦʜ. ɺʦʜʘ ʚ ʙʘʢʫ ʦʭʦʣʦʜʞʫ-

ʚʘʣʘʩʴ ʣʴʦʜʦʤ ʯʠ ʧʽʜʽʛʨʽʚʘʣʘʩʴ ʝʣʝʢʪʨʦ-

ʢʠʧôʷʪʠʣʴʥʠʢʦʤ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʩʫʩʧʝʥ-

ʟʽʾ ʤʘʛʥʝʪʠʪʫ ʚʽʜʙʠʨʘʣʠ 200 ʤʣ ʧʨʦʙʠ, ʚʽʜ-

ʤʠʪʦʾ ʜʦ ʨʅ=6é7, ʘ ʧʦʪʽʤ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʨʦʟʯʠʥʫ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʟʣʠʧʘʥʥʷ ʦʢʨʝʤʠʭ ʯʘ-

ʩʪʠʥʦʢ ʚ ʩʫʩʧʝʥʟʽʶ ʜʦʙʘʚʣʷʣʠ 25 ʤʣ 20% ʨʦ-

ʟʯʠʥʫ ʣʘʫʨʠʣʩʫʣʴʬʘʪ ʥʘʪʨʽʶ ʽ ʦʙʝʨʝʞʥʦ ʧʝ-

ʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ. ʈʦʟʯʠʥ 

ʚʽʜʩʪʦʶʚʘʣʠ ʽ  ʜʝʢʘʥʪʫʚʘʣʠ  ʚʽʜʩʪʦʷʥʫ ʯʘʩ-

ʪʠʥʫ. ɺ ʦʩʘʜ ʜʦʙʘʚʣʷʣʠ 25 ʤʣ 15% ʨʦʟʯʠʥʫ 

ʞʝʣʘʪʠʥʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 35é45 . ʇʽʩʣʷ 

ʮʴʦʛʦ ʧʨʦʙʫ ʧʨʠ ʥʝʧʝʨʝʨʚʥʦʤʫ ʦʙʝʨʝʞʥʦʤʫ 

ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʦʭʦʣʦʜʞʫʚʘʣʠ ʜʦ ʨʽʟʢʦʛʦ ʟʙʽ-

ʣʴʰʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʞʝʣʘʪʠʥʠ ʽ ʧʝʨʝʭʦʜʫ ʾʾ ʚ 

ʞʝʣʝʧʦʜʽʙʥʠʡ ʩʪʘʥ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʙʫ 

ʟʙʝʨʽʛʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 0é5 . 

ɼʣʷ ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʙʠʣʠ ʧʦ 

ʜʝʩʷʪʴ ʟʨʽʟʽʚ ʟ ʦʪʨʠʤʘʥʥʦʾ ʧʨʦʙʠ ʽ ʟ ʜʦʧʦʤʦ-

ʛʦʶ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ ʧʽʜʨʘʭʦ-

ʚʫʚʘʣʠ ʥʘ ʢʦʞʥʦʤʫ ʟʨʽʟʽ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ 

ʟ ʨʽʟʥʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ ʜʽʘʤʝʪʨʽʚ, ʧʦʪʽʤ 

ʧʽʜʨʘʭʫʥʢʠ ʩʫʤʫʚʘʣʠ ʽ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘ-

ʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʚʠʟʥʘʯʘʣʠ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ. ʉʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ 

ʩʢʣʘʜʘʻ 0,84 ʤʢʤ. 

ʑʽʣʴʥʽʩʪʴ ʯʘʩʪʠʥʦʢ ʚʠʟʥʘʯʘʣʠ ʧʽʩʣʷ 

ʬʽʣʴʪʨʘʮʽʾ ʽ ʩʫʰʢʠ ʦʩʘʜʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

105  ʧʨʦʪʷʛʦʤ 2-ʦʭ ʛʦʜʠʥ ʤʝʪʦʜʦʤ 

ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʟʚʘʞʫʚʘʥʥʷ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ  ʧʦ 

ʚʠʚʯʝʥʥʶ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ 

ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʦʙʫʤʦʚʣʶʚʘʣʘʩʴ 

ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʦ-ʧʝʨʰʝ, ʧʨʦʮʝʩ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʚ ʫʤʦʚʘʭ ʨʽʚʥʦʤʽʨ-

ʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʤʘʛʥʝʪʠʪʫ ʧʦ 

ʚʩʴʦʤʫ ʦʙôʻʤʫ ʢʘʤʝʨʠ ʨʝʘʢʮʽʾ, ʽ, ʧʦ-ʜʨʫʛʝ, ʥʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʴ 

ʚʧʣʠʚ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤ. ʊʦʤʫ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ 

ʤʽʰʘʣʴʥʠʢʘ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʦ ʧʝʚʥʦʾ 

ʚʝʣʠʯʠʥʠ, ʢʦʣʠ ʚʩʽ ʯʘʩʪʠʥʢʠ ʤʘʛʥʝʪʠʪʘ 

ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʟʚʘʞʝʥʦʤʫ ʩʪʘʥʽ, ʜʦʩʷʛʘʶʯʠ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ 

ʚʦʜ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʜ ʽʦʥʽʚ 

ʢʘʜʤʽʶ (ɯɯ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʛʥʝʪʠʪʘ 

(ʨʠʩ.2). 

 

 
ʈʠʩ.2. ɿʘʣʝʞʥʽʩʪʴ ʧʦʚʥʦʪʠ ʦʯʠʩʪʢʠ ʚʽʜ ʜʦʟʠ 

ʤʘʛʥʝʪʠʪʘ ( ʉCd2+ʧʦʯ. ï 62 ʤʛ/ʣ, ʨʅ=8,0, 

ʤʘʛʥʝʪʠʪ ʽʟ ʩʦʣʝʡ ʟʘʣʽʟʘ) 

Fig. 2. Dependence of the completeness of 

purification on the dose of magnetite 

(ʉcd2+initial ï 62 mg/l, pH=8.0, 

magnetite from iron salts) 
 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʛʥʝʪʠʪʘ, ʦʪʨʠʤʘʥʦʛʦ 

ʽʟ ʨʦʟʯʠʥʽʚ ʩʦʣʝʡ ʟʘʣʽʟʘ, ʧʦʚʥʦʪʘ ʦʯʠʩʪʢʠ 

85é90% ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

Fe3SO4 : ʉd2+ = 10:1. 

ɯʟ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʜʥʦ, ʱʦ ʧʦ-

ʚʥʦʪʘ ʦʯʠʩʪʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʽ ʩʪʨʫʢ-

ʪʫʨʠ ʯʘʩʪʠʥʦʢ ʧʨʠ ʦʪʨʠʤʘʥʽ ʤʘʛʥʝʪʠʪʘ. 

ɺ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʻʜʠ-

ʥʦʶ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʦʶ ʦʢʩʠʛʽʜʨʘʪʽʚ ʯʘʩʪʠ-

ʥʢʠ ʤʘʛʥʝʪʠʪʘ ʚ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ʽʦʥʥʦ-ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ, ʤʘʛʥʽʪʥʠʭ ʽ ʤʦʣʝ-

ʢʫʣʷʨʥʠʭ ʩʠʣ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʙʦʣʦʥʮʽ, ʱʦ 
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ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʽʦʥʽʚ ʽ ʛʽʜʨʦʢ-

ʩʠʜʽʚ ʟʘʣʽʟʘ, ʫʪʚʦʨʶʶʯʠ ʥʘʜʤʽʮʝʣʷʨʥʽ ʘʛʨʝ-

ʛʘʪʠ. ɼʦʚʦʜʘʤʠ ʥʘ ʢʦʨʠʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʭʽʤʽʟʤʫ ʦʯʠʩʪʢʠ ʚʦʜʠ  ʚʽʜ ʽʦʥʽʚ ʢʘʜʤʽʶ (ɯɯ) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʛʥʝʪʠʪʘ ʻ ʨʝʟʫʣʴʪʘʪʠ ʚʠ-

ʚʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʧʦʚʥʦʪʠ ʦʯʠʩʪʢʠ ʚʽʜ ʨʅ 

ʩʝʨʝʜʦʚʠʱʘ  (ʨʠʩ.3) ʽ ʬʽʣʴʪʨʘʮʽʾ ʧʽʜ ʥʘʧʦʨʦʤ 

ʧʨʠ ʟʥʝʚʦʜʥʝʥʥʽ ʦʩʘʜʫ (ʨʠʩ.4). ʄʘʛʥʝʪʠʪ 

ʦʪʨʠʤʫʚʘʣʠ ʽʟ ʩʦʣʝʡ ʟʘʣʽʟʘ, ʟ ʧʦʜʘʣʴʰʦʶ 

ʚʽʜʤʠʚʢʦʶ ʨʅ=7,0. 

 
 

ʈʠʩ.3. ɿʘʣʝʞʥʽʩʪʴ ʧʦʚʥʦʪʠ ʦʯʠʩʪʢʠ ʚʦʜʠ ʚʽʜ ʽʦ-

ʥʽʚ ʢʘʜʤʽʶ (ɯɯ) ʧʨʠ ʨʽʟʥʠʭ ʨʅ ʩʝʨʝʜʦ-

ʚʠʱʘ (ʉCd2+ʧʦʯ. ï 58 ʤʛ/ʣ, ʉFe2SO4: ʉCd2+ 

=10:1) 

Fig. 3. Dependence of the completeness of water 

purification on cadmium (II) ions at 

different pH of the environment (ʉcd2+ 

initial ï 58 mg/l, ʉFe2SO4: ʉcd2+ = 

10:1). 
 

 
ʈʠʩ.4. ɿʘʣʝʞʥʽʩʪʴ ʧʦʚʥʦʪʠ ʦʯʠʩʪʢʠ ʚʦʜʠ ʚʽʜ 

ʽʦʥʽʚ ʢʘʜʤʽʶ (ɯɯ) ʧʨʠ ʨʽʟʥʦʤʫ ʥʘʧʦʨʽ 

ʬʽʣʴʪʨʘʮʽʾ (ʨʅ=8,0, ʉCd2+ʧʦʯ. ï 61 ʤʛ/ʣ, 

ʉFe2SO4: ʉCd2+ =10:1)  

1 - dFe3SO4 = 1,42 ʤʢʤ; 2 - dFe3SO4 = 0,82 

ʤʢʤ; 3 - dFe3SO4 = 0,39 ʤʢʤ 

Fig. 4. Dependence of the completeness of water 

purification on cadmium (II) ions at 

different filtration pressures (pH=8.0, 

ʉcd2+ initial ï 61 mg/l, ʉFe2SO4: 

ʉcd2+ =10:1) 

1 - dFe3SO4 = 1.42 ɛm; 2 - dFe3SO4 = 

0.82 ɛm; 3 - dFe3SO4 = 0.39 ɛm 

 

ʇʨʠ ʚʚʝʜʝʥʥʽ ʩʫʩʧʝʥʟʽʾ ʤʘʛʥʝʪʠʪʘ ʚ ʩʪʽʯʥʽ 

ʚʦʜʠ ʟ ʨʅ < 5 ʚ ʛʽʜʨʘʪʥʽʡ ʦʙʦʣʦʥʮʽ ʦʩʪʘʥ-

ʥʴʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʽʦʥʽʚ 

ʆʅ , ʘ ʧʨʠ ʨʅ > 10 ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʯʠʥʝʥʥʷ 

ʫʪʚʦʨʶʚʘʥʦʛʦ ʛʽʜʨʦʢʩʠʜʘ ʢʘʜʤʽʶ ʟʘ ʨʘʭʫʥʦʢ 

ʥʘʜʣʠʰʢʦʚʦʾ ʣʫʞʥʦʩʪʽ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʥʘ-

ʧʦʨʫ ʬʽʣʴʪʨʘʮʽʾ ʙʽʣʴʰ ʥʽʞ 0,6 ʄʇʘ ʟʘ ʨʘʭʫ-

ʥʦʢ ʪʘʥʛʝʥʮʽʦʥʘʣʴʥʠʭ ʩʠʣ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ-

ʨʠʚ ʯʘʩʪʠʥʦʢ ʛʽʜʨʦʢʩʠʜʫ ʢʘʜʤʽʶ ʟ ʯʘʩʪʠʥʦʢ 

ʤʘʛʥʝʪʠʪʘ. 

ɺʠʭʦʜʷʯʠ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʭʽʤʽʟʤʫ 

ʦʯʠʩʪʢʠ ʚʦʜʠ ʚʽʜ ʽʦʥʽʚ ʢʘʜʤʽʶ (ɯɯ), ʥʘ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ (ʨʠʩ.1) ʜʦʩʣʽʜʞʝʥʥʦ 

ʚʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Fe2SO4 : Fe3+ ʧʨʠ 

ʦʪʨʠʤʘʥʽ ʤʘʛʥʝʪʠʪʘ ʥʘ ʧʦʚʥʦʪʫ ʦʯʠʩʪʢʠ, 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.5. 

 

 
ʈʠʩ.5. ɿʘʣʝʞʥʽʩʪʴ ʧʦʚʥʦʪʠ ʦʯʠʩʪʢʠ ʚʦʜʠ ʚʽʜ 

ʽʦʥʽʚ ʢʘʜʤʽʶ (ɯɯ) ʧʨʠ ʨʽʟʥʦʤʫ ʩʚʽʚʚʽʜʥʦ-

ʰʝʥʥʽ Fe2+ : Fe3+  ʚ ʤʘʛʥʝʪʠʪʽ (ʨʅ=7,0, 

ʈʬʽʣʴʪʨ=0,6 ʄʧʘ, ʉCd2+ʧʦʯ. =56 ʤʛ/ʣ) 

Fig. 5. Dependence of the completeness of water 

purification on cadmium (II) ions at 

different Fe2+ : Fe3+ ratios in magnetite 

(pH=7.0, Pfilter=0.6 Mpa, ʉcd2+ initial 

=56 mg/l) 
 

ʅʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʱʝ ʨʘʟ ʧʽʜʪʚʝʨʜʞʫʻ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʭʽʤʽʟʤ ʦʯʠʩʪʢʠ ʚʦʜʠ ʚʽʜ 

ʽʦʥʽʚ ʢʘʜʤʽʶ (ɯɯ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʛʥʝ-

ʪʠʪʘ. ʇʦʚʥʦʪʘ ʦʯʠʩʪʢʠ ʙʽʣʴʰʝ 95% ʜʦʩʷ-

ʛʘʻʪʴʩʷ ʥʘ ʯʘʩʪʠʥʢʘʭ ʤʘʛʥʝʪʠʪʘ, ʷʢʽ ʤʘʶʪʴ 

ʦʙʦʣʦʥʢʫ ʽʟ ʛʽʜʨʦʢʩʠʜʫ ʟʘʣʽʟʘ (ɯɯ). ʇʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ Fe2+ : Fe3+  =1:1 ʚ ʬʝʨʦʤʘʛʥʽ-

ʪʥʽʡ ʩʫʩʧʝʥʟʽʾ ʫʪʚʦʨʶʶʯʠʡʩʷ ʛʽʜʨʦʢʩʠʜ ʢʘʜ-

ʤʽʶ ʤʽʮʥʦ ʫʪʨʠʤʫʻʪʴʩʷ ʥʘ ʤʘʛʥʝʪʠʪʽ. 

ʅʘ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʩʧʦʣʫʢʘʭ ʧʦʚʠʥʝʥ 

ʧʨʦʪʽʢʘʪʠ ʧʨʦʮʝʩ ʩʦʨʙʮʽʾ ʽ ʽʥʰʠʭ ʽʦʥʽʚ ʚʘʞ-

ʢʠʭ ʤʝʪʘʣʽʚ. 

ɼʣʷ ʛʣʠʙʦʢʦʾ ʦʯʠʩʪʢʠ ʚʠʨʦʙʥʠʯʠʭ 

ʩʪʽʯʥʠʭ ʚʦʜ ʤʝʪʦʜʦʤ ʩʦʨʙʮʽʾ ʨʝʢʦʤʝʥʜʫʻ-
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ʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʧʘʨʘʪʠ ʟ ʤʝʭʘʥʽʯʥʠʤ ʧʝ-

ʨʝʤʽʰʫʚʘʥʥʷʤ. 

ʂʘʤʝʨʘ ʨʝʘʢʮʽʾ ʦʜʠʥ ʽʟ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʦʯʠʩʪʢʠ. ʌʘʢʪʦʨʦʤ, 

ʚʠʟʥʘʯʘʶʯʠʤ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ 

ʚʦʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʛʥʝʪʠʪʘ ʻ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʭʦʨʦʰʦʛʦ ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ 

ʤʘʛʥʝʪʠʪʘ ʟ ʦʯʠʱʫʚʘʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ɼʣʷ 

ʛʣʠʙʦʢʦʛʦ ʦʯʠʱʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʽʯʥʠʭ 

ʚʦʜ ʤʝʪʦʜʦʤ ʩʦʨʙʮʽʾ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦ-

ʩʦʚʫʚʘʪʠ ʘʧʧʘʨʘʪ ʟ ʤʝʭʘʥʽʯʥʠʤ ʤʽʰʘʣʴʥʠ-

ʢʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʶ 

ʩʪʫʧʽʥʴ ʪʫʨʙʫʣʽʟʘʮʽʾ ʧʦʪʦʢʫ. 

 

 
ʈʠʩ.6. ɿʘʣʝʞʥʽʩʪʴ ʧʦʚʥʦʪʠ ʦʯʠʩʪʢʠ ʚʽʜ ʯʘ-

ʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʤʽʰʘʣʴʥʠʢʘ ( m=const, 

t=const) 

Fig. 6. Dependence of the completeness of clean-

ing on the frequency of rotation of the 

mixer (m=const, t=const) 
ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜ-

ʞʝʥʴ ʧʦ ʚʠʷʚʣʝʥʥʶ ʚʧʣʠʚʫ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ (n) ʥʘ ʧʦʚʥʦʪʫ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ 

ʚʽʜ ʽʦʥʽʚ ʢʘʜʤʽʶ (ɯɯ) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.6. 

ɯʟ ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʤʽʰʘʣʴʥʠʢʘ n=1.8 ʩ-1, ʚ ʪʦʡ ʯʘʩ, ʷʢ 

ʟ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʧʝʨʝʤʽʰʫ-

ʚʘʥʥʷ, ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʤʽʰʘʣʴʥʠʢʘ, ʚʠ-

ʟʥʘʯʝʥʘ n=2,0 ʩ-1 . ʅʝʩʧʽʚʧʘʜʽʥʥʷ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʤʽʰʘʣʴʥʠʢʘ, ʚʠʟʥʘʯʝʥʥʦʾ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʜʦʪʨʠ-

ʤʘʥʥʽ ʫʤʦʚ ʦʜʥʦʨʽʜʥʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʘ 

ʚʤʽʩʪ ʤʘʛʥʝʪʠʪʘ ʚ ʩʪʽʯʥʠʭ ʚʦʜʘʭ ʧʨʠʡʤʘʚʩʷ 

ʚʘʛʦʚʠʡ ʚʤʽʩʪ ʡʦʛʦ ʚ ʧʨʦʙʽ. 

ʇʨʦʮʝʩ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʽʦʥʽʚ ʚʘ-

ʞʢʠʭ ʤʝʪʽʚ ʤʝʪʦʜʦʤ ʩʦʨʙʮʽʾ ʽ ʩʧʽʚʦʩʘʜʞʝʥʥʷ 

ʥʘ ʤʘʛʥʝʪʠʪʽ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷʤ ʦʩʘ-

ʜʞʝʥʥʷ (1): 

 

S+F1ŸF2 (1) 

ʜʝ S ï ʨʽʜʢʘ ʬʘʟʘ; 

F1 ï ʪʚʝʨʜʘ ʬʘʟʘ 

 

ʊʚʝʨʜʦʶ ʬʘʟʦʶ (F1 ) ʩʣʫʛʫʻ ʤʘʛʥʝʪʠʪ ʚ 

ʚʠʜʽ ʬʣʦʢʫʣ, ʧʨʦʡʰʦʚʰʠʭ ʩʪʘʜʽʾ ʭʽʤʽʯʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ: ʷʜʨʦ ï Fe3SO4, ʦʙʦʣʦʥʢʘ ï 

FeOOH i Fe(OH)2. ɯʦʥʠ ʢʘʜʤʽʶ (ɯɯ) ʟʥʘʭʦ-

ʜʷʪʴʩʷ ʚ ʨʦʟʯʠʥʽ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝ ʩʢʘʟʘʥʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʩʦʨʙʮʽʾ ʽʦʥʽʚ ʢʘʜʤʽʶ (ɯɯ) ʥʘ 

ʤʘʛʥʝʪʠʪʽ. ʅʝʭʘʡ ʚ ʨʦʟʯʠʥʥʽ ʤʽʩʪʠʪʴʩʷ m  ʯʘ-

ʩʪʠʥʦʢ ʤʘʛʥʝʪʠʪʫ ʽ n ʽʦʥʽʚ ʢʘʜʤʽʶ (ɯɯ). ʈʦʟʛ-

ʣʷʥʫʪʦ ʽʤʦʚʽʨʥʽʩʪʴ ʟʽʪʢʥʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʨʦ-

ʟʯʠʥʽ , ʱʦ ʟʘʢʽʥʯʫʻʪʴʩʷ ʾʭ ʦʙôʻʜʥʘʥʥʷʤ. ɯʤʦ-

ʚʽʨʥʽʩʪʴ ʦʙôʻʜʥʘʥʥʷ ʽʦʥʽʚ ʢʘʜʤʽʶ ʨʽʚʥʘ 0, ʪʘʢ 

ʷʢ, ʤʽʞ ʥʠʤʠ ʜʽʶʪʴ ʩʠʣʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ 

ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ; ʽʤʦʚʽʨʥʽʩʪʴ ʦʙôʻʜʥʘʥʥʷ ʯʘ-

ʩʪʠʥʦʢ ʤʘʛʥʝʪʠʪʘ ʪʘʢʦʞ ʙʣʠʟʴʢʘ ʜʦ 0, ʾʭ ʘʛ-

ʨʝʛʘʪʥʘ ʩʪʽʡʢʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ɕ 

ʧʦʪʝʥʮʽʘʣʫ. ʆʪʞʝ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ ʩʪʽ-

ʯʥʠʭ ʚʦʜ ʚʽʜ ʽʦʥʽʚ ʢʘʜʤʽʶ (ɯɯ) ʦʙʫʤʦʚʣʶ-

ʻʪʴʩʷ ʽʤʦʚʽʨʥʽʩʪʶ ʦʙôʻʜʥʘʥʥʷ  ʾʭ ʟ ʯʘʩʪʠʥ-

ʢʘʤʠ ʤʘʛʥʝʪʠʪʘ. 
 

ɺʀʉʅʆɺʂʀ ɯ ʇɽʈʉʇɽʂʊʀɺʀ  

ʇʆɼɸʃʔʐʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʟ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷʤ ʤʘʛʥʝʪʠʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ 

ʬʦʨʤʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʤʘʛʥʝʪʠʪʘ: ʨʘʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ, ʨʅ ʩʫʩʧʝʥʟʽʾ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʦ-

ʥʽʚ Fe2+ : Fe3+ .  

ʅʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʢʽʥʝʪʠʢʠ 

ʦʯʠʩʪʢʠ ʚʦʜʠ ʚʽʜ ʽʦʥʽʚ ʢʘʜʤʽʶ (ɯɯ) ʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʤʘʛʥʝʪʠʪʘ, ʷʢʝ ʧʦʢʘʟʫʻ, ʱʦ ʟʤʽʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʢʘʜʤʽʶ (ɯɯ) ʧʨʠ ʦʯʠʩʪʮʽ 

ʤʝʪʦʜʦʤ ʩʦʨʙʮʽʾ ʽ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʥʘ ʤʘʛʥʝ-

ʪʠʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦ 

ʚʠʜʘʣʷʻʤʠʤ ʽʦʥʘʤ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤ ʧʘʨʘ-

ʤʝʪʨʘʤ ʨʦʙʦʪʠ ʢʘʤʝʨʠ ʨʝʘʢʮʽʾ, ʯʘʩʫ ʧʨʦʚʝ-

ʜʝʥʥʷ ʧʨʦʮʝʩʫ ʽ ʜʦʟʠ ʤʘʛʥʝʪʠʪʘ. 

ɹʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘ-

ʥʦʚʢʘ (ʨʠʩ.1) ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʦʩʥʦʚ-

ʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʛʽʜʨʦʜʠʥʘ-

ʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʥʘ ʧʦʚʥʦʪʫ ʦʯʠʩʪʢʠ ʩʪʽ-

ʯʥʠʭ ʚʦʜ ʚʽʜ ʽʦʥʽʚ ʢʘʜʤʽʶ (ɯɯ) ʤʝʪʦʜʦʤ ʩʦʨʙ-

ʮʽʾ ʽ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʥʘ ʤʘʛʥʝʪʠʪ. 

ʇʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʶʪʴ ʤʦʞʣʠ-

ʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʦʟʙʝʨʽʛʘ-
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COMPOUNDS 
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Summary. The article is devoted to the problem 

of solving an urgent environmental problem - the 

rational use of water resources. The most harmful 

and widespread toxic substances in wastewater, and 

in some cases in natural waters, are heavy metal 

compounds, in particular cadmium, which belongs 

to the 2nd class of hazard. The presence of a large 

number of metal processing enterprises, chemical, 

machine-building, and metallurgical enterprises 

with electroplating shops for applying metal 

coatings leads to the formation of a large amount of 

metal-containing wastewater, which makes the 

problem of wastewater treatment containing heavy 

metals quite relevant.  

Among the developed approaches, sorption 

methods are important, as they ensure the most 

complete removal of toxic ions, especially from 

solutions with low concentrations that exceed 

permissible standards. The successful development 

of sorption water treatment technology is based on 

the development of high-quality sorbents. The 

development of effective methods for the treatment 

of industrial wastewater from heavy metal ions is an 

urgent problem of our time. The paper presents the 

results of experimental studies of water purification 

from cadmium ions using ferromagnetic sorbents 

obtained from waste industrial solutions. The 

optimal parameters of the purification process from 

the dose of magnetite, pH of the medium, at 

different ratios of Fe2+ : Fe3+ ratio in magnetite. 

 

Keywords. Wastewater; heavy metals; electro-

plating; purification effect; ferrite; iron oxides; cad-

mium.  
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ɯɿ ɿɸʉʊʆʉʋɺɸʅʅʗʄ ʉʇɽʎɯɸʃɯɿʆɺɸʅʀʍ ʇʈʆɻʈɸʄʅʀʍ  

ʂʆʄʇʃɽʂʉɯɺ 3D ʄʆɼɽʃʖɺɸʅʅʗ 
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1,2 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 
31, ʧʨʦʩʧ. ʇʦʚʽʪʨʦʬʣʦʪʩʴʢʠʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 03037 

1 kristianhitskov99@gmail.com, https://orcid.org/0000-0001-8787-3282 
2 ludmila.lavrinenko@gmail.com, http://ʦrcid.org/0000-0001-5601-0943 

ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʧʨʦʮʝʩ ʧʨʦʝʢ-

ʪʫʚʘʥʥʷ, ʘʥʘʣʽʟ ʪʘ ʧʨʘʢʪʠʯʥʘ ʦʮʽʥʢʘ ʚʫʟʣʦʚʠʭ 

ʟôʻʜʥʘʥʴ ʙʘʣʢʦʚʦ-ʩʪʦʷʢʦʚʦʛʦ ʢʘʨʢʘʩʫ ʤʘʣʦʧʦʚʝ-

ʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʚ ɺɯʄ-ʩʝʨʝʜʦʚʠʱʽ, ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʥʘ ʜʽʶ ʘʢʪʠʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʘʚʘʨʽʡʥʦʛʦ ʪʝʤ-

ʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʧʦʞʝʞʽ. ɺʠʢʦʥʘʥʦ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ʇʨʦʚʝʜʝʥʥʷ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʫ-

ʤʦʚʣʝʥʝ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʚʠ-ʱʝʥʥʷ  ʥʘʜʽʡʥʦʩʪʽ 

ʨʦʙʦʪʠ ʢʘʨʢʘʩʫ ʚ ʫʤʦʚʘʭ ʧʦʞʝʞʽ ʪʘ ʘʢʪʫʘʣʽʟʘʮʽʾ 

ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ɭʚʨʦʢʦʜ ʩʪʦʩʦ-

ʚʥʦ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɼʦ 

ʫʚʘʛʠ ʙʝʨʝʪʴʩʷ ʩʪʘʥʜʘʨʪʥʘ ʧʦʞʝʞʘ, ʧʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ ʥʘʛʨʽʚʫ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʨʠʻʜ-

ʥʫʶʪʴʩʷ ʫ ʚʫʟʣʘʭ. ʆʛʣʷʜ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʨʦ-

ʟʨʘʭʫʥʢʫ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʚʠʩʦʢʦʪʝʤʧʝ-

ʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʩʝʨʝʜʦʚʠʱʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʢʘ-

ʟʘʚ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʨʦʱʝʥʦʛʦ ʤʝ-

ʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘ-

ʛʨʽʚʫ ʟʘ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʘʥʠʤʠ. ɿʤʦʜʝʣʴʦʚʘʥʦ 

ʩʪʝʨʞʥʴʦʚʫ ʩʭʝʤʫ ʢʘʨʢʘʩʫ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ (ʅɼʉ) ʝʣʝʤʝʥʪʽʚ ʚ ʘʚʘʨʽʡʥʽʡ ʢʦʤʙʽʥʘʮʽʾ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʘʥʝ 3D ï 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʫʟʣʽʚ. ʂʦʥʮʝʧʮʽʷ ɺɯʄ ʨʝʘʣʽʟʦ-

ʚʘʥʘ ʰʣʷʭʦʤ ʽʥʪʝʛʨʘʮʽʾ ʇʂ Robot Structural 

Analysis ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʢʦʤʧʣʝʢʩʦʤ Idea-

Statica. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʚôʷʟʢʘ ʇʂ Robot 

Structural Analysis ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʢʦʤʧʣʝʢʩʦʤ 

IdeaStatica ʻ ʨʘʮʽʦʥʘʣʴʥʦʶ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʚ 3D ʧʨʦʩʪʦʨʽ 

ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʢʦʥʩ-

ʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʤʝʪʘ-

ʣʦʤʽʩʪʢʦʩʪʽ ʽ ʪʨʫʜʦʚʠʪʨʘʪ ʪʘ ʨʘʮʽʦʥʘʣʽʟʫ-ʚʘʪʠ 

ʟʘʧʘʩʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʦʮʝʩ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʫʟʣʽʚ ʢʘʨʢʘʩʫ ʫʟʘʛʘʣʴʥʶʻ ʧʽʜ-

ʭʦʜʠ ʜʦ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʬʦʨʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ 

ʩʧʨʦʩʪʠʣʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʦʧʪʠʤʽʟʫʚʘʣʦ ʨʦʙʦʯʽ 

ʧʨʦʮʝʩʠ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʩʢʣʘʜ-

ʥʽʩʪʴ ʚʫʟʣʽʚ ʷʢ ʥʘ ʨʽʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽ-

ʰʝʥʥʷ, ʪʘʢ ʽ ʥʘ ʨʽʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʟ ʫʨʘ-

ʭʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʧʣʠʚʫ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ.: 3D-ʤʦʜʝʣʶʚʘʥʥʷ; ʤʝʪʘʣʝʚʽ 

ʢʦʥʩʪʨʫʢʮʽʾ; ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʫʟʣʽʚ; ʪʝʤʧʝʨʘʪʫʨ-

ʥʠʡ ʚʧʣʠʚ. 

 

ɺʉʊʋʇ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ ʧʨʠʥʮʠʧʽʚ ʧʨʦʝ-

ʢʪʫʚʘʥʥʷ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʩʪʘʣʝʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʾʭ ʤʽʮʥʦʩʪʽ, ʤʽʩ-

ʮʝʚʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʧʦʢʨʘʱʫʶʪʴʩʷ 
ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʙʽʣʴʰ
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ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠ-

ʞʝʥʥʷ ʚʦʛʥʝʩʪʽʡʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʝʨʽʟʽʚ. 

ʈʦʟʨʘʭʫʥʦʢ ʚʫʟʣʽʚ ʟʘʚʞʜʠ ʙʫʚ ʥʝ ʤʝʥʰ 

ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʘʜʞʝ ʨʝʘʣʽʟʘʮʽʷ ʟôʻʜ-

ʥʘʥʥʷ ʪʘʢʠʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʽʜʝʘʣʽʟʦʚʘʥʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ï ʜʫʞʝ ʥʝ-

ʪʨʠʚʽʘʣʴʥʘ ʟʘʜʘʯʘ, ʘ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʩʢʣʘʜʦ-

ʚʠʭ ʅɼʉ ʜʣʷ ʧʝʨʝʜʘʯʽ ʟʫʩʠʣʣʷ ʙʝʟ ʽʤʧʣʝʤʝ-

ʥʪʘʮʽʾ ʟʘʡʚʠʭ ʟʘʧʘʩʽʚ ʤʽʮʥʦʩʪʽ, ʷʢʽ ʥʘʧʨʘʚ-

ʣʝʥʽ ʥʘ ʢʦʤʧʝʥʩʘʮʽʶ ʫʤʦʚʥʠʭ ʧʨʠʧʫʱʝʥʴ 

ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ, ï ʟʘʜʘʯʘ ʧʨʘʢʪʠ-

ʯʥʦ ʥʝʟʜʽʡʩʥʝʥʥʘ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʧʨʦʝʢ-

ʪʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʮʷ ʟʘʜʘʯʘ ʫʩʢʣʘʜʥʷʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʨʘʭʫʚʘʥʥʷ ʨʦʙʦʪʠ ʚ ʘʚʘʨʽʡ-

ʥʠʭ ʪʘ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʚ ʪʦʤʫ ʯʠ-

ʩʣʽ ʧʦʚôʷʟʘʥʠʭ ʟ ʧʦʞʝʞʘʤʠ [1-6].  

 

ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ ʊɸ 

ɸʅɸʃɯɿ ʇʆʇɽʈɽɼʅɯʍ ɼʆʉʃɯɼɾɽʅʔ 

ʈʦʟʚʠʪʦʢ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʧʨʦʝ-

ʢʪʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʦʮʽʥʢʠ ʚʦʛʥʝʩʪʽʡʢʦ-

ʩʪʽ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ, ʱʦ 

ʩʧʨʠʷʻ ʙʽʣʴʰ ʚʧʝʚʥʝʥʦʤʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʶ ʫ 

ʩʫʯʘʩʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ, ʟʤʝʥʰʫʶʯʠ ʡʦʛʦ ʚʘ-

ʨʪʽʩʪʴ ʪʘ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ [7]. ʉʪʘʪʪʷ [8] ʤʽʩ-

ʪʠʪʴ ʜʝʢʽʣʴʢʘ ʦʢʨʝʤʠʭ ʤʽʨʢʫʚʘʥʴ ʱʦʜʦ ʢʦʥ-

ʮʝʧʮʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʙʫʜʽ-

ʚʝʣʴ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

ʆʜʥʽʻʶ ʟ ʚʠʤʦʛ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʩʪʚʦ-ʨʶʚʘʪʠ ʪʘ 

ʨʝʜʘʛʫʚʘʪʠ ʤʦʜʝʣʴ ʩʧʦʨʫʜʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ, ʘ ʪʘʢʦʞ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ 

ʩʢʣʘʜʥʽʩʪʴ ʩʧʦʨʫʜʠ ʷʢ ʥʘ ʨʽʚʥʽ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʪʘʢ ʽ ʥʘ ʨʽʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ ʩʪʘʣʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʗʢ ʚʚʘʞʘʶʪʴ ʧʨʦʚʽʜʥʽ ʩʧʝʮʽʘ-

ʣʽʩʪʠ ʚ ʛʘʣʫʟʽ ʩʪʘʣʝʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʧʝʨʩ-

ʧʝʢʪʠʚʥʠʤ ʢʨʦʢʦʤ ʚ ʋʢʨʘʾʥʽ ʤʘʻ ʙʫʪʠ ʩʪʚʦ-

ʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ɺɯʄ [9], ʷʢʽ 

ʤʽʩʪʷʪʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʦʧʠʩ ʦʙʦʚôʷʟʢʦʚʠʭ ʚʠ-

ʤʦʛ ʩʪʦʩʦʚʥʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ. 

ʌʽʟʠʯʥʽ ʦʩʥʦʚʠ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʙʫʜʽʚʝʣʴ 
ʪʘ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʽʥʞʝʥʝʨʥʠʭ ʦʮʽʥʦʢ ʚʦ-
ʛʥʝʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʥʘ ʧʽʜˇʨʫʥʪʽ ʷʢʠʭ 
ʙʘʟʫʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʠ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʷʢ ʜʣʷ 
ʚʠʧʘʜʢʫ ʩʪʘʥʜʘʨʪʥʦʾ ʧʦʞʝʞʽ, ʪʘʢ ʽ ʚʨʘʭʫ-
ʚʘʥʥʷ ʨʝʞʠʤʽʚ ʤʦʞʣʠʚʠʭ ʨʝʘʣʴʥʠʭ ʧʦʞʝʞ, 

ʜʝʪʘʣʴʥʦ ʚʠʢʣʘʜʝʥʽ ʚ [10]. ɺ ʪʝʦʨʝʪʠʯʥʠʭ 
ʨʦʙʦʪʘʭ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 
ʧʦʟʠʮʽʡ ï ʪʝʨʤʽʯʥʦʾ ʪʘ ʤʝʭʘʥʽʯʥʦʾ. ɼʣʷ ʚʠʨʽ-
ʰʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʟʘʜʘʯʽ ʽʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ 
ʧʽʜʭʦʜʠ ï ʩʧʨʦʱʝʥʠʡ ʽ ʚʜʦʩʢʦʥʘʣʝʥʠʡ. 
ʉʧʨʦʱʝʥʠʡ ʧʽʜʭʽʜ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 
ʥʦʨʤʘʪʠʚʥʠʭ ʜʞʝʨʝʣʘʭ ʪʘ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘ-
ʥʠʡ ʚ [11, 12]. ʇʨʠ ʩʧʨʦʱʝʥʦʤʫ ʧʽʜʭʦʜʽ ʨʝ-
ʢʫʨʝʥʪʥʽ ʬʦʨʤʫʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 
ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʧʦʧʝʨʝʯ-
ʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʢʦʞʝʥ 
ʤʦʤʝʥʪ ʚʧʣʠʚʫ ʩʪʘʥʜʘʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦ-
ʛʥʶ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʦ ʚ ʨʦʙʦʪʽ 
[13]. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 
ʤʝʭʘ-ʥʽʯʥʦʾ ʟʘʜʘʯʽ ʚʨʘʭʦʚʫʻ ʟʤʽʥʫ ʤʝʭʘʥʽʯ-
ʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘ-
ʪʫʨʠ. ʇʨʠ ʮʴʦʤʫ ʩʪʘʥ ʨʫʡʥʫʚʘʥʥʷ ʩʪʘʣʝʚʦʛʦ 
ʝʣʝʤʝʥʪʘ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ 
ʟʤʽʥʠ ʡʦʛʦ ʦʧʦʨʫ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ 
ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʷ ʤʦʜʝʣʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 
ʚ ʧʨʠʧʫʱʝʥʥʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤ-
ʧʝʨʘʪʫʨʠ ʚʟʜʦʚʞ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. ʋ 
ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʫʥʦʢ ʝʣʝʤʝʥʪʽʚ ʥʘ ʤʽ-
ʮʥʽʩʪʴ ʧʨʠ ʧʦʞʝʞʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫ-
ʣʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʥʦʨʤʘʭ ʟ [3]  
ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʤʝʭʘʥʽʯʥʦʾ 

ʟʘʜʘʯʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʦʧʽʨ  ʧʨʠ ʚʽʜʧʦʚʽʜʥʽʡ 
ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʛʨʽʚʫ ʧʨʠ ʧʦʞʝʞʽ, ʱʦ ʚʨʘʭʦ-
ʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʟʥʠ-
ʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠ-ʚʦʩʪʝʡ ʩʪʘʣʽ. ʎʷ 
ʧʨʦʮʝʜʫʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʢʦ-
ʤʝʥʜʘʮʽʡ ʩʪʘʥʜʘʨʪʽʚ [12] 

ɼʣʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʪʝʦʨʪ̔ʠʯʥʠʡ ʤʝʪʦʜ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠ-ʩʪʘʥʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴ-

ʥʦʛʦ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦ 

ʚʽʜʥʦʩʪʽ [9], ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʮʠʭ ʜʚʦʭ ʤʝʪʦʜʽʚ ʥʘʚʦʜʠʪʴʩʷ, ʥʘʧʨʠ-

ʢʣʘʜ, ʚ ʨʦʙʦʪʽ [14]. ʈʦʟʨʘʭʫʥʦʢ ʚʦʛʥʝʩʪʽʡʢʦ-

ʩʪʽ ʟʘ ɼɹʅ ɺ.1.1-7:2016 çʇʦʞʝʞʥʘ ʙʝʟʧʝʢʘ 

ʦʙôʻʢʪʽʚ ʙʫʜʽʚʥʠʮʪʚʘè ʧʝʨʝʜʙʘʯʘʻ ʧʨʠ ʨʦʟ-

ʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʢʽ ʝʪʘʧʠ: 

- ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʝʢʪʥʠʭ ʩʮʝʥʘʨʽʾʚ 
ʧʦʞʝʞʽ; 

- ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʨʝʞʠʤʽʚ; 

- ʨʦʟʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʢʦʥʩʪʨʫʢʮʽʾ; 

- ʨʦʟʨʘʭʫʥʦʢ ʤʝʭʘʥʽʯʥʦʾ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫ-

ʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʚ ʫʤʦʚʘʭ ʧʦʞʝʞʽ (ʩʪʘ-

ʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ).
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ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʜʠʬʽʢʦʚʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʥʦʨʤʘʭ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʠʩʪʝʤ. 

ɺ ʧʨʘʢʪʠʮʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʧʽʜʭʦʜʠ, ʱʦ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʽʤʧʣʝʤʝʥ-

ʪʦʚʘʥʽ ʚ ʋʢʨʘʾʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʣʝ-

ʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ ɼʉʊʋ-ʅ 

ɹ EN 1993-1-2 çʇʨʦʝʢʪʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ ʢʦʥ-

ʩʪʨʫʢʮʽʡ. ʏʘʩʪʠʥʘ 1-2 ʈʦʟʨʘʭʫʥʦʢ ʢʦʥʩʪʨʫʢ-

ʮʽʡ ʥʘ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴè ʪʘ  ɭʚʨʦʢʦʜ 1 ɼʉʊʋ-

ʅ EN 1991-1-2:2010 çɼʽʾ ʥʘ ʢʦʥʩʪʨʫʢʮʽʾ . ʏʘ-

ʩʪʠʥʘ 1-2 . ɼʽʾ ʥʘ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜ ʯʘʩ ʧʦ-

ʞʝʞʽè. 

ʊʝʦʨʝʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘ EN 1993-1-2 ʨʦʟʛ-

ʣʷʜʘʻ ʟʤʽʥʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ 

ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. ɻʦʣʦʚʥʘ ʤʝʪʘ ʤʦʜʝʣʽ 

ï ʧʝʨʝʜʙʘʯʠʪʠ ʚʽʜʤʦʚʫ ʝʣʝʤʝʥʪʘ ʢʘʨʢʘʩʫ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟʤʽʥʠ ʡʦʛʦ ʦʧʦʨʫ ʧʽʜ 

ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʜʽʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʎʷ ʤʦʜʝʣʴ ʩʪʦʩʫʻʪʴʩʷ ʝʣʝʤʝʥʪʘ ʚ ʫʤʦʚʘʭ ʨʽ-

ʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʧʝʨʝ-

ʨʽʟʫ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷʛʘʻ ʚ ʦʙ-

ʯʠʩʣʝʥʥʽ ʦʧʦʨʫ ʝʣʝʤʝʥʪʽʚ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʝʨʝʜʦʚʠʱʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʧʦʪʽʤ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʜʫʢʮʽʾ ʟʘ EN 1993-1-2 ʚʠ-

ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(20ÜC, 100ÜC , 200ÜC ... ʜʦ 1200ÜC). ʄʝʪʦʜʠʢʘ 

ʪʘ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʜʫʢʮʽʾ ʨʦʟʨʦʙ-

ʣʝʥʽ ʜʣʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʦʽʣʶʩʪʨʦʚʘʥʽ 

ʚ [15] ʽ ʥʝ ʫʪʦʯʥʶʶʪʴʩʷ ʩʪʦʩʦʚʥʦ ʙʽʣʴʰ 

ʩʢʣʘʜʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. ɺ ʨʦʙʦʪʽ [21] ʚʢʘ-

ʟʘʥʦ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʪʦʯ-

ʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʚʦʛ-

ʥʝʩʪʽʡʢʦʩʪʽ ʩʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜ ʨʽʚʥʷ ʤʝ-

ʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʦʮʽʥʢʠ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʪʘ 

ʧʨʦʚʝʜʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʥʝʦʙʭʽʜʥʠʤʠ ʻ ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʪʠ  ʪʘ ʤʘʪʝʤʘ-

ʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʤʝʪʦʜ ʩʢʽʥʯʝ-

ʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʧʦʚʝʜʽʥʢʠ ʩʪʘʣʽ ʧʨʠ ʪʝʧʣʦʚʦʤʫ ʚʧʣʠʚʽ ʚʦʛʥʶ 

[16]. ʉʠʪʫʘʮʽʷ ʧʦʢʨʘʱʠʣʘʩʴ ʽʟ ʧʦʷʚʦʶ ʩʧʝʮʽ-

ʘʣʽʟʦʚʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ 

ʜʦʟʚʦʣʠʣʠ ʚʠʢʦʥʫʚʘʪʠ 3D-ʤʦʜʝʣʶʚʘʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʝʥʴ. 

ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʙʽʣʴʰʠʣʦ ʪʦʯʥʽʩʪʴ ʩʪʘʪʠʯ-

ʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ, ʜʘʣʦ ʟʤʦʛʫ ʨʘʮʽʦʥʘʣʽʟʫ-

ʚʘʪʠ ʟʘʧʘʩʠ ʤʽʮʥʦʩʪʽ, ʪʦʙʪʦ ʟʤʝʥʰʠʪʠ ʚʘʨ-

ʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʪʨʫʜʦʚʠʪʨʘʪʠ [17-20]. 

ʆʜʥʘʢ ʟʘʣʠʰʘʣʦʩʴ ʚʽʜʢʨʠʪʠʤ ʧʠʪʘʥʥʷ ʨʦʟ-

ʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʚʫʟʣʦʚʠʭ ʟôʻʜʥʘʥʴ ʥʘ ʪʝ-

ʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ. ʧʽʜ ʯʘʩ ʧʦʞʝʞʽ, ʟʤʽʥʘ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʥʝʩʫʯʦʾ ʟʜʘʪ-

ʥʦʩʪʽ ʟʘ ʫʤʦʚ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʧʦʞʝʞʽ.  

ʉʠʪʫʘʮʽʷ ʧʦʞʝʞʽ ʻ ʘʚʘʨʽʡʥʠʤ ʩʪʘʥʦʤ ʜʣʷ 

ʫʩʽʭ ʙʝʟ ʚʠʥʷʪʢʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʧʨʦʪʝ ʤʝʪʘʣʝʚʽ ʻ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤʠ ʜʣʷ 

ʚʦʛʥʝʚʦʛʦ ʚʧʣʠʚʫ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠ-

ʟʦʚʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝ-

ʥʪʽʚ ʢʘʨʢʘʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤ-

ʧʣʝʢʩʽʚ, ʪʦ ʚʽʥ ʙʫʚ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʫʩʧʽ-

ʰʥʦ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʘʣʝ ʜʣʷ 

BIM-ʩʝʨʝʜʦʚʠʱʘ ʜʦʩʪʫʧʥʘ ʪʘ ʧʦʨʽʚʥʷʥʦ ʟʨʫ-

ʯʥʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʚʽʨʠʪʠ 

ʨʦʙʦʪʫ ʩʘʤʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥ-

ʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʟʦʥʽ ʚʫʟʣʘ ʥʘ ʜʽʶ ʥʝʩʧʨʠʷ-

ʪʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘʜʤʽʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʟôʷʚʠʣʘʩʴ ʧʦʨʽʚʥʷʥʦ ʥʝʱʦʜʘʚʥʦ 

ï ʚ ʢʽʥʮʽ 2022 ʨʦʢʫ ʫ ʚʠʛʣʷʜʽ ʇʂ IdeaStatiʩa 

22.1.  

ʆʩʢʽʣʴʢʠ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʫ ʚʠʱʝʟʘʟʥʘ-

ʯʝʥʦʤʫ ʇʂ ʧʦʚʥʦʶ ʤʽʨʦʶ ʨʝʘʣʽʟʦʚʘʥʽ ʧʝʨʝ-

ʚʽʨʢʠ ʟʘ ʥʦʨʤʘʤʠ ɭʚʨʦʢʦʜ, ʪʦ ʧʨʦʚʝʜʝʥʠʡ 

ʘʥʘʣʽʟ ʜʘʣʽ ʥʘʚʦʜʠʪʴʩʷ ʩʘʤʝ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʮʠʭ ʚʠʤʦʛ. ɿʘʚʜʷʢʠ ʛʘʨʤʦʥʽʟʘʮʽʾ ʥʘʮʽʦʥʘʣʴ 

ʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ɼʉʊʋ ʪʘ ɭʚʨʦʢʦʜ, ʜʘʥʠʡ ʨʦ-

ʟʨʘʭʫʥʦʢ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʧʨʦʝʢ-

ʪʫʚʘʥʥʷ ʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʘʚʦʚʠʭ ʤʝʞʘʭ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ [12]. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʤʝʪʘ ʜʦʩ-

ʣʽʜʞʝʥʥʷ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʚʫ-

ʟʣʽʚ ʙʘʣʢʦʚʦ-ʩʪʦʷʢʦʚʦʛʦ ʢʘʨʢʘʩʫ ʥʘ ʦʩʥʦʚʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘ-

ʥʦʛʦ ʩʪʘʥʫ (ʅɼʉ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʦʛʦ 

ʚʧʣʠʚʫ ʧʦʞʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʧʨʦʱʝʥʦʤʫ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʤʝʪʦʜʽ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʙʽʨʢʠ ʟʘʩʦʙʽʚ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʧʨʦʚʝ-

ʜʝʥʥʷ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ ʛʣʠʙʠʥʠ ʽʥʪʝʛʨʘʮʽʾ 

ʨʽʰʝʥʴ ʚ BIM-ʪʝʭʥʦʣʦʛʽʾ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴ-

ʪʘʪʠ ʜʦʟʚʦʣʷʪʴ ʚʩʪʘʥʦʚʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜ-

ʩʠʣʝʥʥʷ ʯʠ ʚʦʛʥʝʟʘʭʠʩʪʫ ʚʫʟʣʦʚʠʭ ʟôʻʜʥʘʥʴ 

ʢʘʨʢʘʩʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʦʧʽʨʥʦʩʪʽ ʚʫ-

ʟʣʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʩʪʦʩʦʚʥʦ ʾʭ ʥʝʩʫʯʦʾ ʩʧʨʦ-

ʤʦʞʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ  ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ
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ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠ-
ʭʦʜʷʯʠ ʟ ʫʤʦʚʠ ʨʽʚʥʦʦʧʽʨʥʦʩʪʽ ʧʦʞʝʞʥʦʤʫ 
ʚʧʣʠʚʫ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʚʫʟʣʽʚ ʥʘ ʧʝʨ-
ʰʦʤʫ ʝʪʘʧʽ ʜʣʷ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʪʘʣʝ-
ʚʦʛʦ ʢʘʨʢʘʩʫ ʙʫʜʽʚʣʽ ʚ ʇʂ Robot Structural 
Analysis Professional 2023 ʙʫʣʦ ʚʠʢʦʥʘʥʦ 
ʫʪʦʯʥʶʶʯʠʡ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 
ʚʧʣʠʚ ʧʦʞʝʞʽ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʠ 
ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʅɼʉ, ʭʘʨʘ-
ʢʪʝʨʥʦʛʦ ʜʣʷ ʘʚʘʨʽʡʥʦʛʦ ʩʪʘʥʫ ʧʦʞʝʞʽ. 
ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ 
ʚʽʜʪʚʦʨʝʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ʅɼʉ ʚ ʇʂ 
IdeaStatiCa 22.1. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʅɼʉ ʚʫʟ-
ʣʽʚ, ʚʠʢʦʥʘʥʘ ʧʝʨʝʚʽʨʢʘ ʾʭ ʨʦʙʦʪʠ ʚ ʘʚʘʨʽʡ-
ʥʦʤʫ ʩʪʘʥʽ ʪʘ ʨʦʟʛʣʷʥʫʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽ-
ʰʝʥʥʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽ-
ʘʣʴʥʠʭ ʧʨʦʪʠʧʦʞʝʞʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʭʠʩʪʫ 
ʟʘʧʨʦʝʢʪʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʫʟʣʽʚ ʘʙʦ ʧʨʠ-
ʚʝʜʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʜʦ ʩʪʘʥʫ 
ʜʦʩʪʘʪʥʴʦʛʦ ʜʣʷ ʧʨʦʪʠʜʽʾ ʘʚʘʨʽʡʥʽʡ ʩʠʪʫʘʮʽʾ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʽ ʽʥʩʪʨʫʤʝ-

ʥʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʚʫʟʣʽʚ ʩʪʘ-

ʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʦʛʥʝʩ-

ʪʽʡʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

 

ʆʉʅʆɺʅʀʁ ʄɸʊɽʈɯɸʃ 

ʊɸ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʚ ʇʂ Robot 

Structural Analysis ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʩʧʝʮʽʘʣʴʥʘ 

ʘʚʪʦʤʘʪʠʯʥʘ ʢʦʤʙʽʥʘʮʽʷ çFIREè, ʟʛʽʜʥʦ ʽʟ 

ʥʦʨʤʘʤʠ Eurocode 0 EN 1990:2002 [6] ʘʙʦ ʞ 

ʛʘʨʤʦʥʽʟʦʚʘʥʠʤ ʚʽʜʧʦʚʽʜʥʠʢʦʤ - ɼʉʊʋ-ʅ ɹ 

EN 1990:2008 ɭʚʨʦʢʦʜ 0 [5] (ʨʠʩ. 1). 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʩʮʝʥʘʨʽʡ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 

ISO 834 , ʱʦ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ ʉʪʘʥʜʘʨʪʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʧʦʞʝʞʽ, ʪʦʙʪʦ ʚʚʦ-

ʜʠʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʧʨʠ 

ʷʢʽʡ ʧʨʠʡʥʷʪʦ, ʱʦ ʘʚʘʨʽʡʥʘ ʩʠʪʫʘʮʽʷ ʨʦʟʚʠ-

ʚʘʻʪʴʩʷ ʚ ʧʨʦʪʠʧʦʞʝʞʥʦʤʫ ʚʽʜʩʽʢʫ ʙʝʟ 

ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ʉʮʝʥʘʨʽʡ ʤʦʞʝ 

ʚʚʘʞʘʪʠʩʴ ʪʘʢʠʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʥʠʢʥʝʥ-

ʥʶ ʧʦʞʝʞʽ ʚ ʩʝʨʝʜʠʥʽ ʙʫʜʽʚʣʽ [12, 22]. 

ʉʪʘʥʜʘʨʪʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1):  

 

)18lg(34520 ++=Q tg , (1) 

  

ʜʝ: 
gQ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦ-

ʚʠʱʘ ʫ ʧʨʦʪʠʧʦʞʝʞʥʦʤʫ ʚʽʜ-

ʩʽʢʫ ( ); 

t  ï ʯʘʩ ʨʦʟʚʠʪʢʫ ʧʦʞʝʞʽ (ʭʚ). 

 

ɺ ʇʂ Robot Structural Analysis Profes-

sional 2023 ʨʝʘʣʽʟʦʚʘʥʝ ʯʠʩʣʦʚʝ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʪʝʨʽʘʣʫ ʢʦʞʥʦʛʦ ʢʦʥʩ-

ʪʨʫʢʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟ-

ʚʠʪʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(ʪʘʙʣ. 1). 

 

 
ʈʠʩ. 1. ʉʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʟʘʚʘʥʪʘʞʝʥʴ çFIREè ʚ Robot Structural Analysis  

Fig. 1. Generation of special combination çFIREè in Robot Structural Analysis 
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ʊʘʙʣ. 1. ɸʚʪʦʤʘʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʘʥʘʣʽʟʫ ʨʝʞʠʤʫ ʧʦʞʝʞʽ 

Tabl. 1. Automatic calculation parameters of fire mode analysis 

Analysis type ï Temperature/time domain 

treq 30.00 min Required time of fire resistance EN112(2.5) 

Curve Standard ISO  Temperature curve EN112(3.2) 

prot Unprotected  Steel member protection EN312(4.2.5) 

expos 3  Section exposition (e.g. 3 ï on three sides) EN312(4.2.5) 

gnr 1.00  Safety factor for radiation EN112(3.1) 

gnc 1.00  Safety factor for convection EN112(3.1) 

k1 1.00  Adaptation factor EN312(4.2.3.3) 

k2 1.00  Adaptation factor EN312(4.2.3.3) 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʦʪʨʠʤʫʻʪʴʩʷ 

ʫʪʦʯʥʝʥʠʡ ʅɼʉ ʝʣʝʤʝʥʪʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʫʤʽʱʝʥʦʛʦ ʚʧʣʠʚʫ ʩʧʝʮʽʘʣʴʥʦʾ ʘʚʘʨʽʡʥʦʾ 

ʢʦʤʙʽʥʘʮʽʾ ʟʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʥʘ-

ʧʨʫʞʝʥʴ ʚʽʜ ʜʝʛʨʘʜʘʮʽʾ ʤʘʪʝʨʽʘʣʫ. ʂʦʤʙʽʥʘ-

ʮʽʷ ʥʘʚʘʥʪʘʞʝʥʴ ʘʚʘʨʽʡʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʠ-

ʪʫʘʮʽʾ (2) ʟʘ [12]. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʜʦʤʽʥʫʶʯʦʛʦ 

ʟʤʽʥʥʦʛʦ ʚʧʣʠʚʫ 1Q  ʚʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʯʘʩʪʝ ɣ

11,2 Qy  ʘʙʦ, ʚ ʷʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʠ, ʷʢ ʤʘʡʞʝ 

ʧʦʩʪʽʡʥʝ 11,1 Qy  . 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʛʣʷʜʘ-

ʻʪʴʩʷ ʙʘʣʢʦʚʦ-ʩʪʦʷʢʦʚʠʡ ʢʘʨʢʘʩʫ ʙʘʛʘʪʦʧʦ-

ʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʪʘ ʪʘʢʽ ʡʦʛʦ ʚʫʟʣʠ: ʦʧʦʨʥʠʡ 

(ʙʘʟʘ ʢʦʣʦʥʠ), ʤʦʥʪʘʞʥʠʡ ʚʫʟʦʣ ʢʦʣʦʥʠ ʪʘ 

ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʙʘʣʢʠ ʜʦ ʢʦʣʦʥʠ. ʇʘʨʘʤʝ-

ʪʨʠ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫʪʯʥʶʶʪʴʩʷ ʟʛʽʜʥʦ 

ʽʟ ʥʦʨʤʘʤʠ Eurocode 3 EN1993-1-

2:2005/A1:2014  ʘʙʦ ʞ ʛʘʨʤʦʥʽʟʦʚʘʥʠʤ ʚʽʜ-

ʧʦʚʽʜʥʠʢʦʤ - ɼʉʊʋ-ʅ ɹ EN 1993-1-2: 2010 

ɭʚʨʦʢʦʜ 3 ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʜʘʨʪʫ ISO 

834. ʇʨʠʡʤʘʻʪʴʩʷ ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʥʝ ʟʘʭʠ-

ʱʝʥʘ ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʨʦʪʠʧʦʞʝʞʥʠʤʠ ʟʘʩʦ-

ʙʘʤʠ ʟʘʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʡʥʝʩʧʨʠʷʪʣʠʚʽ-

ʰʦʛʦ ʚʘʨʽʘʥʪʫ ʅɼʉ ʚ ʟʦʥʘʭ ʚʫʟʣʽʚ.  

ää
²²

ÄÄÄÄ
1

1,,21,1,2

1

1,1, ,)(
i

kik

j

djk QQʘʙʦAPG yyy  (2) 

ʜʝ: 
dA ς ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦʛʦ ʚʧʣʠʚʫ;  

1,1y ς ʢʦʝʬʽʮʽʻʥʪ 1y  ʜʣʷ ʯʘʩʪʦʛʦ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ikQ ,  ;  

i,2y ς ʢʦʝʬʽʮʽʻʥʪ 2y  ʜʣʷ ʢʚʘʟʽʧʦʩʪʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ikQ , . 

 
 

ʈʠʩ. 2. ʇʘʨʘʤʝʪʨʠ ʢʦʣʦʥʠ ʂ-1 

Fig. 2. Parameters of the K-1 column 

ʈʠʩ. 3. ʇʘʨʘʤʝʪʨʠ ʙʘʣʢʠ ɹ-1 

Fig. 3. Parameters of the B-1 beam 
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ʈʠʩ. 4. ʇʘʨʘʤʝʪʨʠ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʢʦʣʦʥʠ ʂ-1 

Fig. 4. Fire-resistance parameters of the K-1 column 

ʈʠʩ. 5. ʇʘʨʘʤʝʪʨʠ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʙʘʣʢʠ ɹ-1 

Fig. 5. Fire-resistance parameters of the B-1 beam 

ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʣʦʥʠ, ʘ ʥʘ 

ʨʠʩ. 3 ï ʙʘʣʢʠ, ʱʦ ʧʨʠʤʠʢʘʶʪʴ ʫ ʚʫʟʣʽ. 

ɺʫʟʣʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʩʪʨʫʢʪʫʨʥʘ ʯʘʩ-

ʪʠʥʘ ʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʚ ʩʪʘʥʽ ʩʧʨʠʡʥʷʪʪʷ ʘʢ-

ʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʧʣʠʚʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʙʫʣʘ ʨʦʟʨʦʙ-

ʣʝʥʘ ʧʨʦʮʝʜʫʨʘ ʨʦʟʨʘʭʫʥʢʫ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʥʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʂ-1 ʪʘ ɹ-1. 

ʅʘ ʨʠʩ. 4 ʥʘʚʝʜʝʥʽ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʘʩʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʦʥʠ, ʘ ʥʘ ʨʠʩ. 5 ï ʙʘʣʢʠ, 

ʱʦ ʧʨʠʤʠʢʘʶʪʴ ʫ ʚʫʟʣʘʭ.  ʈʝʟʫʣʴʪʘʪʠ ʘʥʘ-

ʣʽʟʫ ʦʪʨʠʤʘʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʅɼʉ ʥʘʚʝʜʝʥʽ 

ʥʘ ʨʠʩ. 6 - 8, ʘ ʪʘʢʦʞ ʚ ʪʘʙʣ. 2, ʜʝ ʥʘʚʝʜʝʥʽ 

ʜʘʥʽ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʝʣʝʤʝʥʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʦʧʨʘʚʦʯʥʽ ʢʦ-

ʝʬʽʮʽʻʥʪʠ ʜʣʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʩʪʘʣʽ ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʫ ʚʠʟʥʘʯʝʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʱʦ ʜʦʨʽʚ-

ʥʶʻ 30 ʭʚʠʣʠʥ ʜʣʷ ʟʘʜʘʥʦʛʦ ʨʦʟʚʠʪʢʫ ʘʚʘ-

ʨʽʡʥʦʛʦ ʩʪʘʥʫ ʧʦʞʝʞʽ.  

ʊʘʙʣ. 2. ʊʝʤʧʝʨʘʪʫʨʥʦ-ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʤʝʥʪʽʚ 

Tabl. 2. Temperature-time parameters of the members 

ʂʦʣʦʥʘ ʂ-1  

 

K-1 column  
 

Oa,max 806.18 C Max. member surface temperature EN312(4.2.5.1.(1)) 

ky,O 0.11  Reduction factor for the steel yield point EN312(3.2.1.(3)) 

kE,O 0.09  
Reduction factor for the steel modulus of 

elast. 
EN312(3.2.1.(3)) 

Oa,cr 488.92 C 
Member critical temperature at required 

time treq 
EN312(4.2.4) 

tfi,m

ax 
11.16 min Max. Time resistance of a member EN312(4.2.5.1.(1)) 

ɹʘʣʢʘ ɹ-1 

 

B-1 beam 

Oa,m

ax 
758.81 C Max. member surface temperature 

EN312(4.2.5.1.(1)) 

ky,O 0.16  Reduction factor for the steel yield point EN312(3.2.1.(3)) 

kE,O 0.11  
Reduction factor for the steel modulus of 

elast. 
EN312(3.2.1.(3)) 

Oa,cr 657.29 C 
Member critical temperature at required 

time treq 
EN312(4.2.4) 

tfi,m

ax 
20.51 min Max. Time resistance of a member EN312(4.2.5.1.(1)) 
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ʈʠʩ. 6. ɸʥʘʣʽʟ ʘʚʘʨʽʡʥʦʛʦ ʅɼʉ ʚʫʟʣʘ ʙʘʟʠ ʢʦʣʦʥʠ 

Fig. 6. Analysis of emergency SSB of the column base plate connection 

 
ʈʠʩ. 7. ɸʥʘʣʽʟ ʘʚʘʨʽʡʥʦʛʦ ʅɼʉ ʚʫʟʣʘ ʟôʻʜʥʘʥʥʷ ʙʘʣʢʠ ʪʘ ʢʦʣʦʥʠ 

Fig. 7. Analysis of emergency SSB of the beam to column connection 

 
ʈʠʩ. 8. ɸʥʘʣʽʟ ʘʚʘʨʽʡʥʦʛʦ ʅɼʉ ʤʦʥʪʘʞʥʦʛʦ ʚʫʟʣʘ ʢʦʣʦʥʠ 

Fig. 8. Analysis of emergency SSB of the assembly connection of the column 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʤʦʞʥʘ ʟʨʦ-

ʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʜʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʙʘʣ-

ʢʦʚʦ-ʩʪʦʷʢʦʚʦʛʦ ʢʘʨʢʘʩʫ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠ-

ʤʦʛʘʤ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ, ʪʦʤʫ ʧʦʪʨʝʙʫʻ ʦʙʨʦ-

ʙʢʠ ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʨʦʪʠʧʦʞʝʞʥʠʤʠ ʟʘʩʦ-

ʙʘʤʠ. ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʜʘ-ʻʪʴʩʷ 

ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʩʢʣʘ-

ʜʦʚʽ ʝʣʝʤʝʥʪʠ ʚʫʟʣʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ (ʨʝʙʨʘ 

ʞʦʨʩʪʢʦʩʪʽ, ʬʣʘʥʮʽ, ʙʦʣʪʦʚʽ ʟôʻʜʥʘʥʥʷ, ʦʧʦ-

ʨʥʽ ʧʣʠʪʠ ʽ ʪʜ.), ʪʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʙʘʣ-

ʢʦʚʦ-ʩʪʦʷʢʦʚʠʡ ʢʘʨʢʘʩ ʤʘʻ ʥʝʦʙʭʽʜʥʠʡ ʟʘ-

ʭʠʩʪ, ʘʙʠ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʥʦʨʤ ʽ ʣʠʰʝ 

ʫ ʤʽʩʮʷʭ ʧʨʠʤʠʢʘʥʥʷ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ ʧʨʦʪʠ-

ʧʦʞʝʞʥʠʡ ʟʘʭʠʩʪ ʚʽʜʩʫʪʥʽʡ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ ʣʦʢʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘʜʤʽʨ-

ʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʫʟʣʦʚʽ ʟôʻʜʥʘʥʥʷ ʟ ʫʨʘ-

ʭʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʾ ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ ʚʽʜ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʫʟʣʘ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʘʙʩʦʨ-

ʙʫʶʪʴ ʽ ʨʦʟʧʦʜʽʣʷʶʪʴ ʤʽʞ ʩʦʙʦʶ ʥʘʜʤʽʨʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ 

ʷʚʠʱʝ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ, 

ʦʩʢʽʣʴʢʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʪʝ-

ʨʽʘʣʫ - ʟʤʝʥʰʫʶʪʴʩʷ ʡʦʛʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʥʘʩʣʽʜʦʢ ʚʠʥʠʢʘʻ ʧʝʨʝʜ-

ʯʘʩʥʘ ʚʽʜʤʦʚʘ ʝʣʝʤʝʥʪʽʚ ʚʫʟʣʦʚʦʛʦ ʟôʻʜ-

ʥʘʥʥʷ ʪʘ ʧʦʪʝʥʮʽʡʥʦ ʤʝʪʘʣʝʚʦʛʦ ʢʘʨʢʘʩʫ ʚ 

ʮʽʣʦʤʫ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ 

ʟʫʩʠʣʣʷ ʚ ʨʘʤʥʠʭ ʝʣʝʤʝʥʪʘʭ ʧʨʠʢʣʘʜʝʥʽ ʫ 

ʚʫʟʣʘʭ ʪʘ ʽʤʧʣʝʤʝʥʪʦʚʘʥʽ ʫ ʟʤʦʜʝʣʴʦʚʘʥʽ ʚʫ-

ʟʣʠ ʚ ʇʂ IdeaStatiʩa. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 9 ï 11. ɺʦʥʠ ʜʘʶʪʴ ʤʦʞʣʠ-

ʚʽʩʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʧʦ-ʧʝʨʰʝ, ʧʨʦ ʧʨʠ-

ʜʘʪʥʽʩʪʴ ʦʙʨʘʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ 

ʜʦ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʚʦʛʥʝʚʦʛʦ ʚʧʣʠʚʫ ʘʙʦ 

ʞ ʧʽʜʩʠʣʝʥʥʷ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ ʚʫʟʣʘ, ʘ ʧʦ-

ʜʨʫʛʝ, ʧʨʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʥʦʨʤ ʧʨʦ-

ʝʢʪʫʚʘʥʥʽ ʩʪʦʩʦʚʥʦ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʪʘ ʥʝʦʙ-

ʭʽʜʥʽʩʪʴ (ʘʙʦ ʞ ʚʽʜʩʫʪʥʽʩʪʴ) ʜʦʜʘʪʢʦʚʦʛʦ 

ʧʨʦʪʠʧʦʞʝʞ-ʥʦʛʦ ʟʘʭʠʩʪʫ ʚ ʫʤʦʚʘʭ ʟʘʜʘʥʦʾ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʠʪʫʘʮʽʾ ʘʚʘʨʽʡʥʦʛʦ ʩʪʘʥʫ
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ʘ b 

ʈʠʩ. 9. ɺʫʟʦʣ ʙʘʟʠ ʢʦʣʦʥʠ: ʘ ï ʤʦʜʝʣʴ; ʙ ï ʅɼʉ ʚʫʟʣʘ  

Fig. 9. Column base plate connection: a ï model; b ï SSB of the connection 

 

 

  
ʘ ʙ 

ʈʠʩ. 10. ɺʫʟʦʣ ʟôʻʜʥʘʥʥʷ ʙʘʣʢʠ ʪʘ ʢʦʣʦʥʠ: ʘ ï ʤʦʜʝʣʴ; ʙ ï ʅɼʉ ʚʫʟʣʘ 

Fig. 10. Beam-to-column connection: a ï model; b ï SSB of the connection 
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ʘ ʙ 

ʈʠʩ. 11. ʄʦʥʪʘʞʥʠʡ ʚʫʟʦʣ ʢʦʣʦʥʠ: ʘ ï ʤʦʜʝʣʴ; ʙ ï ʅɼʉ ʚʫʟʣʘ 

Fig. 11. Assembly connection of the column: a ï model; b ï SSB of the connection 

 

ɺʀʉʅʆɺʂʀ ɯ ʇɽʈʉʇɽʂʊʀɺʀ 

ʇʆɼɸʃʔʐʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

1. ʇʨʦʚʝʜʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 3D ʤʦʜʝʣʶʚʘʥʥʷ, 

ʷʢʝ ʧʽʜʪʚʝʨʜʠʣʦ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦ 

ʩʪʚʦʨʶʚʘʪʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ ʤʦʜʝʣʴ ʩʢʣʘʜʥʠʭ 

ʚʫʟʣʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘ-ʮʽʡʥʠʭ ʤʦʜʝ-

ʣʝʡ ʜʦʟʚʦʣʠʣʦ ʩʧʨʦʩʪʠʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʦʧ-

ʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ, ʘ ʪʘʢʦʞ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʠʪʠ ʩʢʣʘʜʥʽʩʪʴ ʚʫʟʣʽʚ ʷʢ ʥʘ ʨʽʚʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ, ʪʘʢ ʽ ʥʘ ʨʽʚʥʽ ʨʦʟ-

ʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡ-

ʥʠʭ ʝʬʝʢʪʽʚ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ 

ʧʦʞʝʞʽ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʝʢʪʫ ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʘʢʪʠʚʥʦʾ ʽʥʪʝ-

ʛʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʫʟʣʽʚ 

ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦ-

ʚʠʱʝ BIM. 

2. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽ-

ʰʝʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽʥʬʦ-

ʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʜʘʚ ʤʦʞʣʠ-ʚʽʩʪʴ 

ʢʚʘʣʽʬʽʢʦʚʘʥʦ ʦʙʨʘʪʠ ʥʝʦʙʭʽʜʥʽ ʢʦʥʩʪʨʫʢʪʠ-

ʚʥʽ ʨʽʰʝʥʥʷ ʚʫʟʣʽʚ ʩʪʘʣʝʚʦʛʦ ʢʘʨʢʘʩʫ  ʩʧʦ-

ʨʫʜʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʥʥʠʭ ʥʦʨʤ ʧʨʦʝʢʪʫʚʘʥʥʷ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

3D ʤʦʜʝʣʝʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʇʂ IdeaStatica 

ʜʦʟʚʦʣʠʣʦ ʚʠʨʽʰʠʪʠ ʘʢʪʫʘʣʴʥʫ  ʟʘʜʘʯʫ: ʨʝ-

ʜʘʛʫʚʘʪʠ ʤʦʜʝʣʴ ʚʫʟʣʽʚ ʽ ʘʥʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴ-

ʪʘʪʠ ʩʪʦʩʦʚʥʦ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʧʘʩʽʚ ʧʨʠ ʟʘʙʝʟ-

ʧʝʯʝʥʥʽ ʤʽʮʥʦʩʪʽ ʪʘ ʤʽʩʮʝʚʦʾ ʩʪʽʡʢʦʩʪʽ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʇʂ 

Robot Structural Analysis ʪʘ ʇʂ  IdeaStatica ï 

ʟʚôʷʟʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʢʦʤ-

ʧʣʝʢʩʽʚ, ʻ ʨʘʮʽʦʥʘʣʴʥʦʶ ʜʣʷ ʢʦʥʩʪʨʫʶ-

ʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʚʫʟʣʽʚ ʩʪʘʣʝʚʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʚ 3D ʧʨʦʩʪʦʨʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʘʥʘʣʽʟʫ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʚʫʟʣʽʚ ʩʪʘʣʝʚʠʭ ʢʦʥ-

ʩʪʨʫʢʮʽʡ. 
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FIRE RESISTANCE DESIGN  

ANALYSIS FOR STEEL  

CONNECTIONS USING SPECIALIZED  

3D MODELING SOFTWARE   

 

Kristian HITSKOV, 

Liudmyla LAVRINENKO 

 
Summary. The work presents the design pro-

cess, analysis and practical evaluation of nodal con-

nections of the beam-column frame of a low-rise 

building in the BIM design environment for the ac-

tion of active loads and emergency temperature ef-

fects of fire. A study of the use of design tools was 

conducted. The conduct of such studies is due to the 

need to increase the reliability of the steel frame in 

fire conditions and to update the requirements of the 

normative documents of the Eurocodes regarding 

the fire resistance of metal structures. The standard 

fire mode was considered, the heating parameters of 

elements connected in nodes were analyzed. A re-

view of the theoretical foundations of the calcula-

tion of steel structures for the high-temperature ef-

fect of the working environment showed the feasi-

bility of applying a simplified method of calculation 

and determination of heating parameters according 

to normative data. 

Simulated rod diagram of the frame with loads. 

An analysis of the stress-strain behavior (SSB) of 

the elements under the action of the emergency 

combination was carried out. 3D modeling of the 

node was used for further calculation. The BIM con-

cept is implemented by integrating Robot Structural 

Analysis PC with the IdeaStatica calculation com-

plex. It has been established that the connection of 

PC Robot Structural Analysis with the IdeaStatica 

calculation complex is rational for the design and 

calculations of buildings and structures in 3D space 

and allows using the results of the temperature ef-

fect calculation to adjust the structural solution in 

order to reduce its metal consumption, labor costs 

and rationalize the reserves of bearing capacity. 

The presented process of designing frame nodes 

summarizes approaches to the development of ef-

fective structural forms. The use of information 

models simplified design, optimized work pro-

cesses, and also made it possible to increase the 

complexity of nodes both at the level of the design 

solution and at the level of the calculation model, 

taking into account the nonlinear effects of temper-

ature influence. 

 

Keywords. 3D modeling;  metal structures; steel 

connection design; temperature influenc

.
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ɸʥʦʪʘʮʽʷ. ʋ ʟʚôʷʟʢʫ ʟʽ ʬʽʟʠʯʥʠʤ ʪʘ ʤʦʨʘʣʴ-

ʥʠʤ ʟʥʦʰʝʥʥʷʤ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ, 

ʮʠʚʽʣʴʥʠʭ  ʙʫʜʽʚʝʣʴ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ ʫʚʝʩʴ 

ʯʘʩ ʟʙʽʣʴʰʫʶʪʴʩʷ ʦʙʩʷʛʠ ʨʦʙʽʪ ʱʦʜʦ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʪʝʞʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʪʘʢʠʭ ʨʦʙʽʪ 

ʚʠʥʠʢʘʻ ʫ ʚʠʧʘʜʢʘʭ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ, ʜʦʧʫʱʝ-

ʥʠʭ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʤʦʥʪʘʞʽ; 

ʫ ʧʨʦʮʝʩʽ ʣʽʢʚʽʜʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠ-

ʪʫʘʮʽʡ; ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʪʠʭʽʡʥʠʭ ʣʠʭ (ʟʝʤʣʝʪʨʫʩʽʚ, 

ʧʦʞʝʞ, ʚʠʙʫʭʽʚ, ʧʨʦʩʽʜʘʥʴ, ʧʦʚʝʥʝʡ ʪʦʱʦ); ʨʝʢʦ-

ʥʩʪʨʫʢʮʽʾ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʽʚʝʣʴ, ʦʮʽʥʶʚʘʥʥʷ 

ʬʽʟʠʯʥʦʛʦ ʪʘ ʤʦʨʘʣʴʥʦʛʦ ʟʥʦcʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʚʫʟʣʽʚ ʽ ʜʝʪʘʣʝʡ; ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʱʦʜʦ ʨʝʤʦʥʪʫ, ʧʦʩʠʣʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʥʩ-

ʪʨʫʢʮʽʡ; ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʪʦʩʪʽ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ 

ʧʽʜ ʯʘʩ ʧʨʠʚʘʪʠʟʘʮʽʾ; ʦʬʦʨʤʣʝʥʥʷ ʟʘʩʪʘʚʣʝʥʦʛʦ 

ʙʘʥʢʽʚʩʴʢʦʛʦ ʢʨʝʜʠʪʫ; ʪʝʭʥʽʯʥʦʾ ʧʘʩʧʦʨʪʠʟʘʮʽʾ 

ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. 

ʆʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ ï 

ʥʘʡʚʘʞʣʠʚʽʰʘ ʯʘʩʪʠʥʘ ʢʦʤʧʣʝʢʩʫ ʨʦʙʽʪ ʱʦʜʦ 

ʦʮʽʥʶʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʙʫʜʽʚʣʽ ʚ ʮʽʣʦʤʫ.  

ʇʽʜ ʯʘʩ ʦʙʩʪʝʞʝʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ 

ʥʘʩʪʫʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʝ-

ʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ: ʬʘʢʪʠʯʥʘ ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ, 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʧʨʠʜʘʪʥʽʩʪʴ ʯʘʩʪʠʥ ʙʫʜʽʚʝʣʴ ʪʘ 

ʦʩʥʦʚ ʽʟ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠ-

ʟʥʘʯʝʥʥʷ ʾʭ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʙʦ ʨʦʟʨʦ-

ʙʢʠ ʧʨʦʻʢʪʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫ-

ʶʪʴ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʪʠ-

ʚʥʦ-ʧʣʘʥʫʚʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ, ʩʧʦʩʦʙʽʚ ʤʦʞʣʠ-

ʚʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ  

 
ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʽʥʽʤʫʤʫ ʚʠʪʨʘʪ ʧʨʘʮʽ, ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʯʘʩʫ ʥʘ ʾʭ ʨʝʘʣʽʟʘʮʽʶ. ʆʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʶ ʟʥʦ-

ʰʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ ʘʙʦ ʽʥʞʝʥʝʨʥʦʾ ʩʧʦ-

ʨʫʜʠ ʚʠʢʦʥʫʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ,  ʧʨʠ ʪʝʭʥʽʯʥʦʤʫ 

ʦʙʩʪʝʞʝʥʥʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ 

ʪʘ ʜʦʮʽʣʴʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ (ʧʝʨʝʦʮʽʥʶʚʘʥʥʷ, 

ʫʤʦʚʠ ʧʨʦʜʘʞʫ, ʩʪʨʘʭʫʚʘʥʥʷ ʪʦʱʦ) ʨʽʰʝʥʴ. ɹʫ-

ʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʣʘʩʫ ʥʘʩʣʽʜʢʽʚ 

(ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ) ʧʽʜʚʣʘʜʥʽ ʬʽʟʠʯʥʦʤʫ ʪʘ ʤʦʨʘ-

ʣʴʥʦʤʫ ʟʥʦʩʫ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝ-

ʪʦʜʽʚ ʧʦʩʠʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʦ-

ʥʫʢʘʻ ʥʘʫʢʦʚʫ ʩʧʽʣʴʥʦʪʫ ʜʦ ʧʦʙʫʜʦʚʠ ʨʘʮʽʦʥʘʣʴ-

ʥʠʭ ʤʦʜʝʣʝʡ ʾʭ ʜʽʡʩʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʆʙʩʪʝʞʝʥʥʷ; ʥʘʜʽʡʥʽʩʪʴ; ʪʝ-

ʭʥʽʯʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ; ʤʦʥʽʪʦʨʠʥʛ ʧʨʠʣʝʛʣʠʭ ʪʝ-

ʨʠʪʦʨʽʡ.  
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ɺʉʊʋʇ 

 

ʉʫʯʘʩʥʘ ʪʝʥʜʝʥʮʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʠʭ 

ʞʠʪʣʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʥʝʜʽʶ-

ʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʽʩʪʦʨʠʯʥʠʭ ʨʘʡʦʥʘʭ ʂʠ-

ʻʚʘ ʩʧʦʥʫʢʘʻ ʜʦ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʢʦʥʘʥʥʷ ʮʽ-

ʣʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʢʣʘʜʥʠʭ ʥʝʦʨʜʠʥʘʨʥʠʭ ʽʥ-

ʞʝʥʝʨʥʠʭ ʟʘʜʘʯ [1]. ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʛʨʦʤʘʜ-

ʩʴʢʠʭ ʽ ʮʠʚʽʣʴʥʠʭ ʙʫʜʽʚʝʣʴ [2] ʻ ʧʦʰʪʦʚʭʦʤ 

ʜʦ ʨʦʟʨʦʙʢʠ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʽʥ-

ʞʝʥʝʨʥʠʭ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʧʽʜʩʠʣʝʥʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [3ï5].  

ɿʚʠʯʘʡʥʦ ʧʦʩʪʘʶʪʴ ʧʠʪʘʥʥʷ ʱʦʜʦ ʧʨʦʚʝ-

ʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ 

ʩʧʦʨʫʜ [6, 7]. ʎʽʣʘ ʧʣʝʷʜʘ ʥʘʫʢʦʚʮʽʚ [8ï10] 

ʟʦʩʝʨʝʜʞʫʻ ʫʚʘʛʫ ʥʘ ʧʦʙʫʜʦʚʽ ʜʽʡʩʥʠʭ ʨʦʟ-

ʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ ʚʞʝ ʧʦʰʢʦʜʞʝʥʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʥʘʩʣʽʜʦʢ ʟʝʤʣʝʪʨʫʩʫ, 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽ-

ʯʥʠʭ ʫʤʦʚ [11]. 

ʉʪʦʩʦʚʥʦ ʧʽʜʩʠʣʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ [12], ʚʠʚʯʝʥʥʷ ʥʦʚʠʭ ʝʬʝʢʪʽʚ 

ʦʧʦʨʫ, ʩʭʝʤ ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʪʨʽʱʠʥ ʧʦʪʨʝʙʫʻ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʧʽʜʭʦʜʽʚ [8ï

10, 13, 14]. 

ɹʝʟʧʝʢʘ ʧʨʠʣʝʛʣʦʾ ʟʘʙʫʜʦʚʠ ʽ ʪʝʨʠʪʦʨʽʾ 

ʦʙ'ʻʢʪʘ [15], ʱʦ ʙʫʜʫʻʪʴʩʷ, ʙʝʟʧʝʯʥʽʩʪʴ ʚʠ-

ʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʟ ʚʠʢʦʥʘʥʥʷ ʙʫʜʽʚʝʣʴʥʦ-

ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ ʚ ʫʤʦʚʘʭ ʫʱʽʣʴʥʝʥʦʾ ʟʘʙʫ-

ʜʦʚʠ ʤʦʞʣʠʚʘ ʣʠʰʝ ʟʘ ʧʦʚʥʦʛʦ ʜʦʪʨʠʤʘʥʥʷ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥ-ʪʽʚ [16, 17]. ʎʽ ʥʦʨʤʠ 

ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʧʨʠ ʽʥʞʝʥʝ-

ʨʥʠʭ ʚʠʰʫʢʫʚʘʥʥʷʭ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ [15], 

ʨʦʟʨʦʙʣʝʥʥʽ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʦʢʫ-

ʤʝʥʪʘʮʽʾ, ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʚʠʢʦʥʘʥʥʽ ʙʫʜʽʚʝʣʴʥʦ-

ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʧʨʠʣʝʛʣʦʾ ʟʘʙʫʜʦʚʠ, ʪʝʨʠʪʦʨʽʾ ʪʘ ʦʙ'ʻʢʪʘ, ʱʦ 

ʟʚʦʜʠʪʴʩʷ ʘʙʦ ʨʝʢʦʥʩʪʨʫʶʻʪʴʩʷ. 

 

ɸʅɸʃɯɿ ʆʉʊɸʅʅɯʍ ɼʆʉʃɯɼɾɽʅʔ 

ʊɸ ʇʋɹʃɯʂɸʎɯʁ 

 

ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʥʘʥʠʭ [18ï19], ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʫʯʘʩʪʶ ʘʚʪʦʨʽʚ ʦʙʩʪʝʞʝʥʴ [20ï

23], ʧʦʢʘʟʫʻ, ʱʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜ-

ʥʦʚʣʝʥʥʷ, ʧʦʜʘʣʴʰʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʟ ʟʘʤʽ-

ʥʦʶ (ʘʙʦ ʙʝʟ ʟʘʤʽʥʠ) ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʭʝʤʠ 

ʙʫʜʽʚʣʽ ʘʙʦ ʩʧʦʨʫʜʠ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʥʘʷʚʥʦ-

ʩʪʽ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʆʮʽʥʶʚʘʥʥʷʤ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ 

ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ ʟʘʡʤʘʣʠʩʷ ʪʘʢʽ ʫʢʨʘ-

ʾʥʩʴʢʽ ʚʯʝʥʽ ʷʢ ɺʘʭʥʝʥʢʦ ʇ.ʌ., ɹʘʨʘʰʠʢʦʚ 

ɸ.ʗ., ʄʘʣʠʰʝʚ ʆ.ʄ. ʪʘ ʽʥʰʽ [5, 7, 20]. ʇʨʦ-

ʜʦʚʞʫʶʪʴ ʮʝʡ ʰʣʷʭ ʥʘʫʢʦʚʽ ʰʢʦʣʠ ɭ.ʄ. ɹʘ-

ʙʠʯʘ [6], ɿ.ʗ. ɹʣʽʭʘʨʩʴʢʦʛʦ [3, 9], ʆ.ɹ. ɻʦʣʠ-

ʰʝʚʘ [14], ɭ.ɺ. ʂʣʠʤʝʥʢʘ [4, 8] ʪʘ ɺ.ʄ. 

ʂʘʨʧʶʢʘ [10], ɸ.ʄ. ʇʘʚʣʽʢʦʚʘ [13, 14] ʪʘ ʽʥ. 

ʅʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ɼɹʅ ɺ.1.2-

14 çɿʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡ-

ʥʦʩʪʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ ʙʫʜʽʚʝʣʴ, 

ʩʧʦʨʫʜ, ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʦʩʥʦʚè ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʾ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʟʜʦ-

ʨʦʚôʷ ʽ ʞʠʪʪʷ ʣʶʜʝʡ, ʝʢʦʥʦʤʽʯʥʠʭ ʟʙʠʪʢʽʚ ʽ 

ʚʪʨʘʪʠ ʦʙôʻʢʪʽʚ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʚʠʟʥʘ-

ʯʝʥʦ ʪʨʠ ʢʣʘʩʠ ʥʘʩʣʽʜʢʽʚ ʉʉ1, ʉʉ2, ʉʉ3. 

ʌʽʟʠʯʥʝ ʟʥʦʰʝʥʥʷ ï ʮʝ ʚʪʨʘʪʘ ʙʫʜʽʚʣʷʤʠ 

ʪʘ ʩʧʦʨʫʜʘʤʠ ʫ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʾʭʥʽʤʠ ʦʢʨʝ-

ʤʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʝʨʚʽʩʥʠʭ ʟʘʜʘʥʠʭ ʪʝʭ-

ʥʽʢʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʤʽʮʥʦʩʪʽ, 

ʩʪʽʡʢʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ, ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʪʦʱʦ) 

ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ, ʪʝʭʥʦ-

ʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʪʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶ-

ʜʠʥʠ. 

ɺʽʜʩʦʪʦʢ ʬʽʟʠʯʥʦʛʦ ʟʥʦʰʝʥʥʷ ʙʫʜʽʚʣʽ ʘʙʦ 

ʩʧʦʨʫʜʠ ʫ ʮʽʣʦʤʫ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʩʝʨʝʜʥʶ 

ʟʚʘʞʝʥʫ ʚʝʣʠʯʠʥʫ, ʚʠʟʥʘʯʝʥʫ ʟ ʚʽʜʩʦʪʢʘ ʟʥʦ-

ʰʝʥʥʷ ʦʢʨʝʤʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ: 
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(2) 

 

ʋ ʬʦʨʤʫʣʘʭ (1) ʽ (2) ʧʦʟʥʘʯʝʥʦ: 

Vï ʩʪʫʧʽʥʴ ʟʘʛʘʣʴʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʟʥʦ-

ʰʝʥʥʷ, %; 

n ï ʯʠʩʣʦ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ; 

igï ʧʠʪʦʤʘ ʚʘʛʘ ʚʘʨʪʦʩʪʽ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʫ ʫ ʟʘʛʘʣʴʥʽʡ ʚʘ-

ʨʪʦʩʪʽ ʙʫʜʽʚʣʽ ʘʙʦ ʩʧʦʨʫʜʠ ʥʘ 

ʤʦʤʝʥʪ ʦʙʩʪʝʞʝʥʥʷ, %. ʇʠʪʦʤʘ 

ʚʘʛʘ ʚʘʨʪʦʩʪʽ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ 

ʚ ʩʠʩʪʝʤʘʭ ʩʘʥʽʪʘʨʥʦ-ʪʝʭʥʽʯʥʦʛʦ 

ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 
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actijN ,

ï 

ʬʘʢʪʠʯʥʘ ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʽ-ʛʦ 

ʝʣʝʤʝʥʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʠʭ 

ʜʝʬʝʢʪʽʚ ʽ ʧʦʰʢʦʜʞʝʥʴ ʧʨʠ ʧʝ-

ʨʝʚʽʨʮʽ j-ʛʦ ʪʠʧʫ; 

dijN , ï ʪʝ ʞ ʩʘʤʝ, ʟʘ ʧʨʦʻʢʪʦʤ. 

 

ʄʽʥʽʤʫʤ ʫ ʟʘʣʝʞʥʦʩʪʽ (2) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʫʩʽʻʶ ʤʥʦʞʠʥʦʶ ʧʝʨʝʚʽʨʦʢ (ʤʽʮʥʽʩʪʴ, ʩʪʽʡ-

ʢʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʟôʻʜʥʘʥʴ ʪʦʱʦ) ʪʘ 

ʟʘ ʫʩʽʻʶ ʤʥʦʞʠʥʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝ-

ʥʪʽʚ -̔ʛʦ ʪʠʧʫ (ʧʦʷʩʠ, ˇʨʘʪʢʠ ʪʦʱʦ).  

ɺʘʨʪʽʩʪʴ ʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʟʥʦʰʝʥʥʷ ʝʢʩ-

ʧʣʫʘʪʦʚʘʥʠʭ ʙʫʜʽʚʝʣʴ ʘʙʦ ʩʧʦʨʫʜ ʫ ʮʽʣʦʤʫ 

ʚʠʟʥʘʯʘʶʪʴ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʚʽʜʥʦʚʣʶ-

ʚʘʥʦʾ ʚʘʨʪʦʩʪʽ, ʪʦʙʪʦ ʚʘʨʪʦʩʪʽ ʡʦʛʦ ʚʽʜʪʚʦ-

ʨʝʥʥʷ ʫ ʜʽʡʩʥʠʭ ʩʫʯʘʩʥʠʭ ʮʽʥʘʭ, ʽ ʚʽʜʩʦʪʢʦ-

ʚʦʛʦ ʚʠʨʘʟʫ ʚʝʣʠʯʠʥʠ ʬʘʢʪʠʯʥʦʛʦ ʟʥʦ-

ʰʝʥʥʷ: 
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ʜʝ V  ï ʬʽʟʠʯʥʝ ʟʥʦʰʝʥʥʷ ʙʫʜʽʚʣʽ ʘʙʦ 

ʩʧʦʨʫʜʠ, %;  

 B  ï ʚʽʜʥʦʚʣʶʚʘʥʘ ʚʘʨʪʽʩʪʴ ʙʫʜʽʚʣʽ 

ʘʙʦ ʩʧʦʨʫʜʠ, ʛʨʥ. ʘʙʦ ʽʥʰʘ ʛʨʦʰʦʚʘ 

ʦʜʠʥʠʮʷ. 
ɺʝʣʠʯʠʥʫ ʬʽʟʠʯʥʦʛʦ ʟʥʦʰʝʥʥʷ ʦʢʨʝʤʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ % ʚʠ-

ʟʥʘʯʘʶʪʴ ʟʘ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʤʠ ʪʘʙ-

ʣʠʮʷʤʠ ʟʦʚʥʽʰʥʽʭ ʦʟʥʘʢ ʟʥʦʰʝʥʥʷ ʧʽʜ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʦʙʩʪʝʞʝʥʥʷ. 

ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ [1, 18, 20] ʧʦʢʘʟʫʻ, ʱʦ 

ʩʪʦʩʦʚʥʦ ʜʦ ʚʠʟʥʘʯʝʥʠʭ ʪʠʧʽʚ ʙʫʜʽʚʝʣʴ ʟʘ-

ʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ 

[16, 17] ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʘʪʝʛʦʨʽʡ ʪʝʭʥʽʯ-

ʥʦʛʦ ʩʪʘʥʫ. 
 

ʄɽʊɸ ʊɸ ɿɸɺɼɸʅʅʗ  

ɼʆʉʃɯɼɾɽʅʅʗ 
 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʢʦʤʧʣʝʢʩʥʦʾ ʙʝʟʧʝʢʠ ʙʫʜʽʚʥʠʮʪʚʘ ʚʽʜʧʦ-

ʚʽʜʥʦ ʜʦ ʡʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʫʤʦʚ, ʜʦ ʨʦʙʽʪ 

ʽʟ ʡʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʤʘʻ ʙʫʪʠ ʜʦʣʫʯʝʥʦ: 

- ʦʙʩʪʝʞʝʥʥʷ ʧʨʠʣʝʛʣʠʭ ʦʙ'ʻʢʪʽʚ ʽʩʥʫʶʯʦʾ 

ʟʘʙʫʜʦʚʠ; 

- ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʻʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴ-

ʢʠʭ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽ-

ʰʝʥʴ ʱʦʜʦ ʟʘʭʠʩʪʫ ʦʙ'ʻʢʪʽʚ ʧʨʠʣʝʛʣʦʾ 

ʟʘʙʫʜʦʚʠ ʚʽʜ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʙʫʜʽ-

ʚʥʠʮʪʚʘ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚ ʾʭ ʥʦʨʤʘ-

ʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʘʭʠʩʪʫ ʦʙ'-

ʻʢʪʽʚ ʧʨʠʣʝʛʣʦʾ ʟʘʙʫʜʦʚʠ ʚʽʜ ʪʝʭʥʦʛʝʥ-

ʥʦʛʦ ʚʧʣʠʚʫ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʫʤʦʚ ʾʭ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

ʄɽʊʆɼʀʂɸ ʊɽʍʅɯʏʅʆɻʆ  

ʆɹʉʊɽɾɽʅʅʗ 

 

ʇʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʞʠʪʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ 

ʦʙôʻʢʪʘʤʠ ʩʦʮʽʘʣʴʥʦʛʦ ʽ ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʨʠʟ-

ʥʘʯʝʥʥʷ ʪʘ ʧʽʜʟʝʤʥʠʤ ʧʘʨʢʽʥʛʦʤ ʚ ʤʝʞʘʭ ʚʫ-

ʣʠʮʴ ʂʠʨʠʣʽʚʩʴʢʘ ʪʘ ʅʠʞʥʴʦʶʨʢʽʚʩʢʴʢʘ ʫ 

ʇʦʜʽʣʴʩʴʢʦʤʫ ʨʘʡʦʥʽ ʤ. ʂʠʻʚʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʤʦʛ [16, 17] ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʭʥʽʯʥʝ ʦʙ-

ʩʪʝʞʝʥʥʷ ʧʨʠʣʝʛʣʠʭ ʜʦ ʜʽʣʷʥʢʠ ʙʫʜʽʚʥʠʮʪʚʘ 

ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʪʘ ʙʫʜʽʚʣʽ ʧʦʞʝʞʥʦʾ ʯʘ-

ʩʪʠʥʠ. 

ʊʝʭʥʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʧʦ ʚʫʣ. 

ʅʠʞʥʴʦʶʨʢʽʚʩʴʢʘ, 3, 5, ʷʢʽ ʧʨʠʤʠʢʘʶʪʴ ʜʦ 

ʪʝʨʠʪʦʨʽʾ  ʢʦʣʠʰʥʴʦʛʦ ʟʘʚʦʜʫ çʂʝʨʘʤʙʣʦʢè 

ʨʠʩ. 1, ʚʠʢʦʥʘʥʦ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯ-

ʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ ʪʘ ʾʭʥʽʭ ʦʢʨʝʤʠʭ ʢʦʥʩ-

ʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʙʫʜʽ-

ʚʥʠʮʪʚʘ ʥʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ʋ ʟʚôʷʟʢʫ ʟ ʜʦʚʛʦʪʨʠʚʘʣʠʤ ʧʨʦʮʝʩʦʤ ʙʫ-

ʜʽʚʥʠʮʪʚʘ ʪʝʭʥʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ ʧʨʦʚʦʜʠ-

ʣʦʩʷ ʫ 2016 ʪʘ 2021 ʨʨ. ʚʽʜʧʦʚʽʜʥʦ. ɿʘ ʾʭ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʧʨʦʮʝʩ 

ʟʤʽʥʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʝʩʫʯʠʭ ʪʘ ʦʛʦʨʦ-

ʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ. 

ʊʝʭʥʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʚʠʢʦʥʘʥʝ 

ʥʘ ʦʩʥʦʚʽ:  

- ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʪʘ ʧʨʦʩʪʦ-

ʨʦʚʦ-ʧʣʘʥʫʚʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʙʫʜʽʚʝʣʴ; 

- ʚʽʟʫʘʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʥʝʩʫʯʠʭ ʽ ʦʛʦ-

ʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦ ʷʢʠʭ ʥʘʷ-

ʚʥʠʡ ʚʽʜʢʨʠʪʠʡ ʜʦʩʪʫʧ; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʫʧʝʥʶ ʬʽʟʠʯʥʦʛʦ ʟʥʦʩʫ 

ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʘʪʝʛʦʨʽʾ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʦʢʨʝʤʠʭ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ 

ʙʫʜʽʚʝʣʴ ʫ ʮʽʣʦʤʫ.
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ʈʠʩ.1. ʉʠʪʫʘʮʽʡʥʘ ʩʭʝʤʘ ʙʫʜʽʚʝʣʴ, ʱʦ ʧʽʜʣʷ-
ʛʘʶʪʴ ʦʙʩʪʝʞʝʥʥʶ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ  

ʧʝʨʰʦʾ ʯʝʨʛʠ ʟʘʙʫʜʦʚʠ ʞʠʪʣʦʚʦʛʦ ʢʚʘ-

ʨʪʘʣʫ ʥʘ ʨʦʟʽ ʚʫʣ. ʂʠʨʠʣʽʚʩʴʢʘ ʪʘ ʅʠ-

ʞʥʴʦʶʨʢʽʚʩʴʢʘ ʚ ʤ. ʂʠʻʚʽ 

Fig. 1. The situational diagram of the buildings to 

be inspected before the start of the first 

phase of construction of the residential 

quarter at the corner of the Kyrylivska 

and Nizhnyyurkivska street in Kyiv 

ʊʝʭʥʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ ʚʠʢʦʥʘʥʝ ʚʽʜʧʦ-

ʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʜʝʨʞʘʚʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦ-

ʢʫʤʝʥʪʽʚ, ʷʢʽ ʯʠʥʥʽ ʚ ʋʢʨʘʾʥʽ [16, 17 ʪʘ ʽʥ.]. 

ˆʨʫʥʪʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʽʣʷʥʢʠ, ʥʘ ʷʢʠʭ ʩʧʦ-

ʨʫʜʞʝʥʽ ʽʩʥʫʶʯʽ ʙʫʜʽʚʣʽ, ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʝ-

ʦʜʥʦʨʽʜʥʦʛʦ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʥʘʩʠʧʥʦʛʦ ˇʨʫ-

ʥʪʫ ʪʦʚʱʠʥʦʶ 0,2é18,5 ʤ ʧʽʜ ʷʢʠʤ ʟʘʣʷʛʘ-

ʶʪʴ ʛʣʠʥʘ ʤʝʨʛʝʣʴʥʘ ʛʦʣʫʙʦʚʘʪʦ-ʩʽʨʘ ʪʫʛʦʧ-

ʣʘʩʪʠʯʥʘ ʟ ʚʢʣʶʯʝʥʥʷʤ ʧʨʦʰʘʨʢʽʚ ʩʫʛʣʠʥ-

ʢʽʚ, ʷʢʘ ʻ ʚʦʜʦʪʨʠʚʢʠʤ ʰʘʨʦʤ. 

ɺʟʜʦʚʞ ʚʫʣ. ʅʠʞʥʴʦʶʨʢʽʚʩʴʢʘ ʧʨʦʭʦ-

ʜʠʪʴ ʩʪʘʨʠʡ ʢʦʣʝʢʪʦʨ ʨʽʯʢʠ, ʟ ʷʢʦʛʦ ʧʦʩʪʽʡʥʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʪʨʘʪʠ ʚʦʜʠ, ʷʢʘ ʧʽʜʪʦʧʣʶʻ 

ʧʨʠʣʝʛʣʫ ʪʝʨʠʪʦʨʽʶ. 

ʋ ʷʢʦʩʪʽ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʙʫ-

ʜʽʚʣʶ, ʷʢʘ ʥʘʡʙʣʠʞʯʝ ʨʦʟʪʘʰʦʚʘʥʘ ʜʦ ʙʫʜʽ-

ʚʝʣʴʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ, ʘ ʩʘʤʝ: ʙʫʜʽʚʣʷ ʧʦʞʝ-

ʞʥʦʾ ʯʘʩʪʠʥʠ. 

ɹʫʜʽʚʣʷ ʧʦʞʝʞʥʦʾ ʯʘʩʪʠʥʠ ʯʦʪʠʨʴʦʭ-ʧʦ-

ʚʝʨʭʦʚʘ, ʧʨʷʤʦʢʫʪʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʫ ʧʣʘʥʽ, 

ʟʤʽʰʘʥʦʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟ ʧʦʧʝʨʝ-

ʯʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʮʝʛʣʷʥʠʭ ʥʝʩʫʯʠʭ ʩʪʽʥ 

ʽ ʢʦʣʦʥ. ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʙʫʜʽʚʣʽ ï 

60,0Ĭ21,0 ʤ, ʨʠʩ. 2. ʇʣʦʱʘ ʟʘʙʫʜʦʚʠ ï 

1308,96 ʤ2.  

ʂʦʣʦʥʠ ʫ ʙʫʜʽʚʣʽ ʚʠʢʦʥʘʥʽ ʟʽ ʟʙʽʨʥʦʛʦ ʟʘ-

ʣʟ̔ʦʙʝʪʦʥʫ ʢʚʘʜʨʘʪʥʦʛʦ ʪʘ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʦ-

ʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 400Ĭ400, 400Ĭ600 ʤʤ. 

ʈʠʛʝʣʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ, ʚʠʩʦʪʦʶ 450 ʤʤ, ʰʠ-

ʨʠʥʦʶ 400 ʤʤ ʥʘ ʚʩʽʭ ʧʦʚʝʨʭʘʭ ʚʩʪʘʥʦʚʣʝʥʽ 

ʟʘ ʧʦʧʝʨʝʯʥʠʤʠ ʦʩʷʤʠ. 

 

 
ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʛʦʣʦʚʥʦʛʦ ʬʘʩʘʜʫ 

Fig. 2. Fragment of the main facade 

 

ʄʽʞʧʦʚʝʨʭʦʚʽ ʧʝʨʝʢʨʠʪʪʷ ʚʠʢʦʥʘʥʽ ʟʽ ʟʙʽ-

ʨʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪ ʟ ʢʨʫʛʣʠʤʠ ʧʦʨʦ-

ʞʥʠʥʘʤʠ, ʜʦʚʞʠʥʦʶ 6 ʤ ʪʘ ʰʠʨʠʥʦʶ 1,2 ʤ. 

ʊʦʚʱʠʥʘ ʧʣʠʪ ï 220 ʤʤ. ʇʣʠʪʠ ʟʘʣʽʟʦʙʝ-

ʪʦʥʥʽ ʪʘ ʾʭʥʽ ʟôʻʜʥʘʥʥʷ ʧʨʠʡʥʷʪʽ ʟʘ ʩʝʨʽʻʶ 

1.141-1 ʚ. 60é.64. 

ʇʦʢʨʠʪʪʷ ʩʫʤʽʱʝʥʝ ʟʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤʠ 

ʧʣʠʪʘʤʠ ʪʦʚʱʠʥʦʶ 220 ʤʤ, ʷʢʽ ʤʘʶʪʴ ʢʨʫʛʣʽ 

ʧʦʨʦʞʥʠʥʠ. ʇʦʢʨʽʚʣʷ ï ʤôʷʢʘ ʙʘʛʘʪʦʰʘʨʦʚʘ, 

ʟ ʨʫʙʝʨʦʡʜʫ ʧʦ ʰʘʨʫ ʧʦʣʽʤʝʨʥʦʛʦ ʫʪʝʧʣʶ-

ʚʘʯʘ, ʥʘʢʣʝʻʥʦʛʦ ʥʘ ʙʽʪʫʤʥʽʡ ʤʘʩʪʠʮʽ ʧʦ ʮʝ-

ʤʝʥʪʥʦ-ʧʽʱʘʥʽʡ ʩʪʷʞʮʽ ʪʦʚʱʠʥʦʶ 30 ʤʤ, 

ʤʘʻ ʫʭʠʣ 3é8%. ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫ-

ʜʽʚʣʽ, ʧʦʢʨʽʚʣʷ ʜʝʢʽʣʴʢʘ ʨʘʟ ʨʝʤʦʥʪʫ-ʚʘʣʘʩʷ. 

ɺʽʜʩʫʪʥʻ ʚʥʫʪʨʽʰʥʻ ʪʘ ʟʦʚʥʽʰʥʻ ʚʦʜʦʚʽʜʚʝ-

ʜʝʥʥʷ. 

ʉʪʽʥʠ ʚʥʫʪʨʽʰʥʽ ʧʦʧʝʨʝʯʥʽ ï ʥʝʩʫʯʽ ʽ ʪʦʨ-

ʮʝʚʽ ï ʩʘʤʦʥʝʩʫʯʽ, ʚʠʢʦʥʘʥʽ ʟ ʮʝʛʣʠ ʢʝʨʘʤʽʯ-

ʥʦʾ ʥʘ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʤʫ ʨʦʟʯʠʥʽ ʟʽ ʚʩʪʘʚ-

ʢʘʤʠ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʮʝʛʣʷʥʠʭ ʙʣʦʢʽʚ ʪʦʚ-

ʱʠʥʦʶ 510 ʤʤ. ɿʦʚʥʽʰʥʽ ʧʦʚʝʨʭʥʽ ʙʫʜʽʚʣʽ 

ʦʙʣʠʯʢʦʚʘʥʽ ʢʝʨʘʤʽʯʥʦʶ ʧʣʠʪʢʦʶ ʥʘ ʮʝʤʝʥ-

ʪʥʦ-ʧʽʱʘʥʦʤʫ ʨʦʟʯʠʥʽ ʧʦ ʧʝʨʠʤʝʪʨʫ. ɺʥʫʪ-

ʨʽʰʥʽ ʧʦʚʝʨʭʥʽ ʩʪʽʥ ʦʟʜʦʙʣʝʥʽ ʧʣʘʩʪʠʢʦʚʦʶ 

ʚʘʛʦʥʢʦʶ. ʇʝʨʝʤʠʯʢʠ ʧʨʦʨʽʟʽʚ ʫ ʩʪʽʥʘʭ ʟʙʽ-

ʨʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʙʨʫʩʢʦʚʽ ʟʘ ʩʝʨʽʻʶ 1.138-

10. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ 

ʚʠʢʦʥʘʥʘ ʦʮʽʥʢʘ ʤʽʮʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʽ ʬʽʟʠʯ-

ʥʦʛʦ ʟʥʦʩʫ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ. ɺʠʷʚʣʝʥʽ 

ʜʝʬʝʢʪʠ ʽ ʧʦʰʢʦʜʞʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʣʠ ʧʨʠ  

ʩʧʦʨʫʜʞʝʥʥʽ ʪʘ ʟʘ ʯʘʩ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ.
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ʆʩʥʦʚʦʶ ʬʫʥʜʘʤʝʥʪʽʚ ʙʫʜʽʚʣʽ ʻ ʛʣʠʥʠ ʤʝ-

ʨʛʝʣʴʥʽ, ʷʢʽ ʥʝ ʧʨʦʩʽʜʘʶʪʴ.  

ʉʫʪʪʻʚʠʭ ʜʝʬʝʢʪʽʚ ʽ ʧʦʰʢʦʜʞʝʥʴ ï ʪʨʽ-

ʱʠʥ, ʨʘʢʦʚʠʥ, ʩʢʦʣʽʚ ʫ ʙʝʪʦʥʥʠʭ ʽ ʟʘʣʽʟʦʙʝ-

ʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʬʫʥʜʘʤʝʥʪʽʚ ʥʝ ʚʠʷʚ-

ʣʝʥʦ.  

ɸʩʬʘʣʴʪʦʚʝ ʚʠʤʦʱʝʥʥʷ, ʷʢʝ ʧʨʠʤʠʢʘʻ ʜʦ 

ʙʫʜʽʚʣʽ ʩʫʪʪʻʚʠʭ ʧʦʰʢʦʜʞʝʥʴ ʧʽʩʣʷ ʧʣʘʥʦ-

ʚʦʛʦ ʨʝʤʦʥʪʫ ʥʝ ʤʘʻ, ʘʣʝ ʥʘʷʚʥʽ ʪʨʽʱʠʥʠ ʤʽʞ 

ʮʦʢʦʣʴʥʦʶ ʯʘʩʪʠʥʦʶ ʩʪʽʥʠ ʪʘ ʚʠʤʦʱʝʥʥʷʤ 

ʱʦ ʚʠʥʠʢʣʠ ʟʘ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʧʨʦʩʽ-

ʜʘʥʥʽ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦ-

ʪʨʘʧʣʷʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʚʦʜ ʜʦ 

ʬʫʥʜʘʤʝʥʪʽʚ. ɺʽʜʩʫʪʥʽʩʪʴ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ 

ʘʪʤʦʩʬʝʨʥʠʭ ʚʦʜ ʫ ʧʨʦʮʝʩʽ ʧʦʜʘʣʴʰʦʾ ʝʢʩ-

ʧʣʫʘʪʘʮʽʾ ʙʫʜʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʨʦʩʽʜʘʥʥʷ 

ˇʨʫʥʪʫ ʙʽʣʷ ʙʫʜʽʚʣʽ [15]. 

ʆʙʩʪʝʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʥʝʩʫʯʘ ʟʜʘʪ-

ʥʽʩʪʴ ʬʫʥʜʘʤʝʥʪʽʚ ʜʦʩʪʘʪʥʷ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʬʫʥʜʘʤʝʥʪʠ 

ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʧʦʩʠʣʝʥʥʷ ʡ ʧʨʠʜʘʪʥʽ ʜʦ ʧʦ-

ʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʌʽʟʠʯʥʠʡ ʟʥʦʩ ʟʦʚʥʽ-

ʰʥʽʭ ʩʪʽʥ ʧʽʜʚʘʣʫ, ʚʠʢʦʥʘʥʠʭ ʽʟ ʬʫʥʜʘʤʝʥʪ-

ʥʠʭ ʙʝʪʦʥʥʠʭ ʙʣʦʢʽʚ ʩʢʣʘʜʘʻ 30%, ʚʦʥʠ ʟʥʘ-

ʭʦʜʷʪʴʩʷ ʫ ʟʘʜʦʚʽʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʩʪʘʥʽ (2 

ʢʘʪʝʛʦʨʽʷ). 

ʅʘ ʧʦʚʝʨʭʥʷʭ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʚʠʷʚʣʝʥʽ ʥʘ-

ʩʪʫʧʥʽ ʜʝʬʝʢʪʠ: ʥʘʤʦʢʘʥʥʷ, ʚʽʜʰʘʨʫʚʘʥʥʷ 

ʦʙʣʠʮʶʚʘʣʴʥʦʾ ʧʣʠʪʢʠ, ʚʥʘʩʣʽʜʦʢ ʧʨʠʨʦʜ-

ʥʠʭ ʚʧʣʠʚʽʚ (ʚʦʣʦʛʘ, ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨ ʪʘ 

ʽʥʝh). 

ʆʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʽʩʥʫʶʯʠʭ ʩʪʽʥ, ʚʠʢʦ-

ʥʘʥʠʭ ʽʟ ʮʝʛʣʠ ʪʦʚʱʠʥʦʶ 510 ʤʤ ʥʝ ʚʽʜʧʦʚʽ-

ʜʘʻ ʚʠʤʦʛʘʤ ʯʠʥʥʠʭ ʥʦʨʤ ʋʢʨʘʾʥʠ ʟ ʝʥʝʨʛʦ-

ʟʙʝʨʝʞʝʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʦʥʘʜ ʥʦʨʤʘʪʠʚʥʽ 

ʚʪʨʘʪʠ ʪʝʧʣʘ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ 

ʚʦʣʦʛʠ ʫ ʩʪʽʥʘʭ. ʆʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʦʚʥʽʰ-

ʥʽʭ ʩʪʽʥ ʙʫʜʽʚʝʣʴ ʫ ɯ ʪʝʤʧʝʨʘʪʫʨʥʽʡ ʟʦʥʽ ʋʢ-

ʨʘʾʥʠ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʤʝʥʰʠʤ 

ɺʪʂʤRq Ö= 2
min, 3,3 , ʘ ʽʩʥʫʶʯʠʭ ʩʪʽʥ 

ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ ɺʪʂʤR Ö= 2
0 85,0  ï ʦʧʽʨ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʙʫʜʽʚʣʽ ʧʦʪʨʝ-

ʙʫʻ ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʙʣʠʟʥʦ ʫ 4 ʨʘʟʠ. 

ʌʽʟʠʯʥʠʡ ʟʥʦʩ ʮʝʛʣʷʥʠʭ ʩʪʽʥ ʩʢʣʘʜʘʻ 

30%. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʽ ʩʪʽʡ-

ʢʽʩʪʴ ʩʪʽʥ ʙʫʜʽʚʣʽ ʻ ʜʦʩʪʘʪʥʴʦʶ, ʚʦʥʠ ʟʥʘʭʦ-

ʜʷʪʴʩʷ ʫ ʟʘʜʦʚʽʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʩʪʘʥʽ (2 

ʢʘʪʝʛʦʨʽʷ), ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝ-

ʤʦʥʪʫ ʪʘ ʫʪʝʧʣʝʥʥʷ. 

ʅʘ ʧʦʚʝʨʭʥʷʭ ʧʝʨʝʛʦʨʦʜʦʢ ʪʘ ʚʥʫʪʨʽʰʥʽʭ 

ʩʪʽʥ ʚʠʷʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʜʝʬʝʢʪʠ: ʥʘʤʦʢʘʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʧʨʦʪʽʢʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ 

(ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ), ʨʫʡʥʫ-

ʚʘʥʥʷ ʦʟʜʦʙʣʝʥʥʷ ʪʘ ʥʘʷʚʥʽʩʪʴ ʪʨʽʱʠʥ ʥʘ 

ʚʩʽʭ ʞʠʪʣʦʚʠʭ ʧʦʚʝʨʭʘʭ. ʎʽ ʪʨʽʱʠʥʠ ʥʝ ʷʚ-

ʣʷʶʪʴ ʟʘʛʨʦʟʠ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʥʝʩʫʯʠʤ ʢʦʥ-

ʩʪʨʫʢʮʽʷʤ ʙʫʜʽʚʣʽ. 

ʇʝʨʝʢʨʠʪʪʷ ʤʽʞʧʦʚʝʨʭʦʚʽ, ʚʠʢʦʥʘʥʽ ʽʟ 

ʟʙʽʨʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪ, ʥʝ ʤʘʶʪʴ ʩʫʪ-

ʪʻʚʠʭ ʧʦʰʢʦʜʞʝʥʴ. ʅʝʧʨʠʧʫʩʪʠʤʠʭ ʧʨʦʛʠ-

ʥʽʚ ʽ ʭʠʪʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʩʫʪʪʻʚʠʭ ʪʨʽʱʠʥ, ʨʘ-

ʢʦʚʠʥ ʽ ʩʢʦʣʽʚ ʫ ʧʣʠʪʘʭ ʧʝʨʝʢʨʠʪʪʽʚ ʥʝ ʚʠʷʚ-

ʣʝʥʦ. ɿʘʬʽʢʩʦʚʘʥʝ ʟʘʤʦʯʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʧʽʜʚʽʩʥʦʾ ʩʪʝʣʽ ʚʥʘʩʣʽʜʦʢ ʧʨʦʪʽʢʘʥʥʷ ʽʥʞʝʥʝ-

ʨʥʠʭ ʤʝʨʝʞ (ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʚʦʜʦʚʽʜʚʝ-

ʜʝʥʥʷ) (ʨʠʩ. 3). 

 
 

ʈʠʩ. 3. ɿʘʤʦʢʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʢʨʠʪʪʷ ʪʘ 

ʧʽʜʚʽʩʥʦʾ ʤʝʪʘʣʝʚʦʾ ʩʪʝʣʽ ʥʘ ʧʝʨʰʦʤʫ 

ʧʦʚʝʨʩʽ, ʢʦʨʦʟʽʷ ʩʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʨʽ-

ʧʣʝʥʥʷ ʩʪʝʣʽ, ʚʥʘʩʣʽʜʦʢ ʧʨʦʪʽʢʘʥʥʷ ʽʥ-

ʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ʚ ʦʩʷʭ çɹïɺè, ç7ï8è 

Fig. 3. Wetting the floor elements and sus-

pended metal ceiling on the first floor, cor-

rosion of steel elements fixing the ceiling 

due to leakage engineering networks in the 

axes "ɹïB", "7ï8"  

 

ʂʦʣʦʥʠ ʟʙʽʨʥʽ ʟʘʣʽʟʦʙʝʪʦʥʽ, ʦʟʜʦʙʣʝʥʽ ʦʙ-

ʣʠʮʶʚʘʣʴʥʦʶ ʧʣʠʪʢʦʶ ʧʦ ʮʝʤʝʥʪʥʦ-ʧʽʱʘ-

ʥʽʡ ʩʪʷʞʮʽ. ɺʠʷʚʣʝʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʫ ʟʘʣʽʟʦ-

ʙʝʪʦʥʥʽʡ ʢʦʣʦʥʽ ʫ ʚʠʛʣʷʜʽ ʚʝʨʪʠʢʘʣʴʥʦʾ ʪʨʽ-

ʱʠʥʠ ʥʘ ʧʝʨʝʪʠʥʽ ʦʩʝʡ ç8è, çɹè (ʨʠʩ. 4, ʙ),





ISSN 2522-4182  

110                                                                                                ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ Å 12/2023 

 ʰʠʨʠʥʘ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥʠ ʟʘ ʦʩʪʘʥʥʽ ʧôʷʪʴ 

ʨʦʢʽʚ ʟʙʽʣʴʰʠʣʘʩʴ.  

  
ʘ ʙ 

ʈʠʩ. 4. ɺʝʨʪʠʢʘʣʴʥʘ ʪʨʽʱʠʥʘ ʧʦ ʢʦʣʦʥʽ ʧʝʨʝ-

ʨʽʟʦʤ 400Ĭ600ʤʤ ʥʘ ʧʝʨʰʦʤʫ ʧʦʚʝʨʭʫ 

ʧʨʠʤʽʱʝʥʥʷ ʛʘʨʘʞʫ ʥʘ ʧʝʨʝʪʠʥʽ ʦʩʝʡ 

ç8è, çɹè ʟ ʰʠʨʠʥʦʶ ʨʦʟʢʨʠʪʪʷ 1,0ï3,0 

ʤʤ, ʜʦʚʞʠʥʦʶ 1,37 ʤ: ʘ) ï ʟʘ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ ʦʙʩʪʝʞʝʥʥʷ 2016 ʨ.; ʙ) ï ʪʝ ʞ, 

2021 ʨ.  

Fig. 4. A vertical crack along a column with a 

cross-section of 400Ĭ600 mm on the 1st 

floor of the garage at the intersection of 

axes "8", "ɹ" with a width of 1.0ï3.0 mm, 

a length of 1.37 m: a) ï according to the 

results of the inspection 2016 year; b) ï 

also in 2021  

ʇʨʠ ʦʙʩʪʝʞʝʥʥʽ ʨʠʛʝʣʽʚ ʧʝʨʝʢʨʠʪʪʷ ʚʠʷʚ-

ʣʝʥʦ ʪʨʽʱʠʥʫ ʥʘ ʦʧʦʨʥʽʡ ʯʘʩʪʠʥʽ ʨʠʛʝʣʷ ʧʝ-

ʨʝʢʨʠʪʪʷ ʧʦ ʦʩʽ ç6è ʚ ʦʩʷʭ çɻïɼè, 3 ʧʦʚʝʨʭ 

(ʨʠʩ. 5).  

 
ʈʠʩ. 5. ʊʨʽʱʠʥʘ ʥʘ ʦʧʦʨʥʽʡ ʯʘʩʪʠʥʽ ʟʘʣʽʟʦʙʝ-

ʪʦʥʥʦʛʦ ʨʠʛʝʣʷ ʧʝʨʝʢʨʠʪʪʷ ʧʦ ʦʩʽ ç6è 

ʚ ʦʩʷʭ çɻïɼè, ʪʨʝʪʴʦʛʦ ʧʦʚʝʨʭʫ 

Fig. 5. A crack on the bearing part of the floor 

reinforced concrete girder along the axis 

"6" in the "ɻïɼ" axes, third floor 
ɺʽʢʥʘ ʜʝʨʝʚôʷʥʽ, ʪʘ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʽ ʟ 

ʧʦʜʚʽʡʥʠʤ ʟʘʩʢʣʝʥʥʷʤ, ʟʘ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʜʝʨʝʚôʷʥʽ ʚʽʢʥʘ ʚʠʯʝʨʧʘʣʠ ʩʚʽʡ ʝʢʩʧʣʫʘʪʘ-

ʮʽʡʥʠʡ ʨʝʩʫʨʩ; ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʽʢʦʥ, 

ʷʢʠʡ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ ɺʪʂʤR Ö= 2
0 20,0 , ʫ 

ʪʨʠ ʨʘʟʠ ʤʝʥʰʠʡ ʟʘ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʡ 

ɺʪʂʤRq Ö= 2
min, 75,0 . ʅʘʷʚʥʝ ʟʘʤʦʯʫʚʘʥ-

ʥʷ ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ ʜʝʨʝʚôʷʥʠʭ ʨʘʤ 

ʚʽʢʦʥ. 

ʇʽʜ ʯʘʩ ʦʙʩʪʝʞʝʥʥʷ ʧʽʜʣʦʛ ʥʘ ʧʝʨʰʦʤʫ 

ʧʦʚʝʨʩʽ ʚ ʦʩʷʭ ç3ï9è, çɸïɾè ʚʠʷʚʣʝʥʽ ʧʦʰ-

ʢʦʜʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʩʢʦʣʽʚ. ʌʽʟʠʯʥʠʡ ʟʥʦʩ 

ʧʽʜʣʦʛ ʩʢʣʘʜʘʻ 30%. ɺʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʟʘ-

ʜʦʚʽʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʩʪʘʥʽ (2 ʢʘʪʝʛʦʨʽʷ).  

ʇʨʠ ʦʙʩʪʝʞʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡ ʩʭʦʜʦʚʠʭ 

ʢʣʽʪʦʢ ʪʨʽʱʠʥ ʪʘ ʟʘʤʦʯʫʚʘʥʥʷ ʩʪʽʥ ʥʝ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ. ʌʽʟʠʯʥʠʡ ʟʥʦʩ ʢʦʥʩʪʨʫʢʮʽʡ ʩʢʣʘ-

ʜʘʻ 25%, ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʟʘʜʦʚʽʣʴ-ʥʦʤʫ 

ʪʝʭʥʽʯʥʦʤʫ ʩʪʘʥʽ (2 ʢʘʪʝʛʦʨʽʷ).  

ʋ ʧʽʜʧʽʨʥʽʡ ʩʪʽʥʮʽ ʚʠʷʚʣʝʥʽ ʟʥʘʯʥʽ ʧʦʰʢʦ-

ʜʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʧʨʦʩʽʜʘʥʥʷ ˇʨʫʥʪʫ, ʘ ʪʘ-

ʢʦʞ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʨʠʩ. 6, 

7).  

 
ʈʠʩ. 6. ʊʨʽʱʠʥʘ ʫ ʧʽʜʧʽʨʥʽʡ ʩʪʽʥʮʽ wk=10é30 

ʤʤ, ʨʫʡʥʫʚʘʥʥʷ ʦʟʜʦʙʣʝʥʦʛʦ ʰʘʨʫ 

ʰʪʫʢʘʪʫʨʢʠ ʽ ʤʦʨʦʟʥʘ ʜʝʩʪʨʫʢʮʽʷ ʮʝ-

ʛʣʷʥʦʾ ʢʣʘʜʢʠ 

Fig. 6. A crack in supporting wall wk=10é30 

mm, destruction of the decorated layer 

of plaster and frost destruction of brick-

work  

 
ʈʠʩ. 7. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʚʝʨʪʠʢʘʣʽ ʦʛʦʨʦʜʞʫʚʘ-

ʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʘʜʽʦʥʫ, ʚʥʘʩʣʽʜʦʢ 

ʧʨʦʩʽʜʘʥʥʷ ʪʘ ʟʩʫʚʫ ˇʨʫʥʪʫ 

Fig. 7. Deviation from the vertical of the enclos-

ing structures of the stadium due to sub-

sidence and landslide 
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ɺʀʉʅʆɺʂʀ ɯ ʇɽʈʉʇɽʂʊʀɺʀ  
ʇʆɼɸʃʔʐʀʍ ɼʆʉʃɯɼɾɽʅʔ  

 

ɺʥʘʩʣʽʜʦʢ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʚʠʟʥʘ-

ʯʝʥʦ, ʱʦ ʬʽʟʠʯʥʠʡ ʟʥʦʩ ʙʫʜʠʥʢʫ ʫ ʮʽʣʦʤʫ 

ʩʢʣʘʜʘʻ 35%.  

ʇʨʠ ʦʙʩʪʝʞʝʥʽ ʙʫʜʽʚʣʽ ʚʠʷʚʣʝʥʦ, ʱʦ ʚʦʥʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʭʠʣʽ ʟ ʷʚʥʠʤʠ ʦʟʥʘʢʘʤʠ ʥʘ-

ʢʦʧʠʯʝʥʥʷ ʚʦʣʦʛʠ ʪʘ ʧʨʦʩʽʜʘʥʥʷ ʥʘʩʠʧʥʦʛʦ 

ʰʘʨʫ ˇʨʫʥʪʫ. ɺʨʘʭʦʚʫʶʯʽ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʡ 

ʩʪʘʥ ʜʘʥʦʛʦ ʩʭʠʣʫ, ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʙʫʜʽʚʥʠ-

ʮʪʚʘ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʟʘʭʦʜʠ ʱʦʜʦ 

ʟʘʢʨʽʧʣʝʥʥʷ ʩʭʠʣʫ [15]. 

ʇʽʜʧʽʨʥʘ ʩʪʽʥʢʘ ʥʘ ʧʦʜʚʽʨôʾ ʙʫʜʽʚʣʽ ʧʦʞʝ-

ʞʥʦʾ ʯʘʩʪʠʥʠ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʥʝʧʨʠʜʘʪ-ʥʦʤʫ 

ʜʦ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʽʯʥʦʤʫ ʩʪʘʥʽ 

ʟ ʚʽʟʫʘʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ ʜʝʬʦʨʤʘʮʽʡ ʫ ʚʠ-

ʛʣʷʜʽ ʪʨʽʱʠʥ ʪʘ ʟʘʤʦʯʫʚʘʥʥʷ. ʊʘʢʽ ʪʨʽʱʠʥʠ 

[7] ʥʝʦʙʭʽʜʥʦ ʧʦʟʥʘʯʠʪʠ ʥʘ ʢʦʥʩʪʨʫʢʮʽʷʭ ʽ 

ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʥʠʭ ʤʘʷʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʾʭ-

ʥʴʦʛʦ ʨʦʟʢʨʠʪʪʷ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʚʝ-

ʜʝʥʥʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ. ɿʘ ʫʤʦʚʠ ʥʝʛʘʪʠʚ-

ʥʦʾ ʜʠʥʘʤʽʢʠ ʨʦʟʢʨʠʪʪʷ ʚʠʢʦʥʘʪʠ ʨʝʤʦʥʪ ʟ 

ʧʦʩʠʣʝʥʥʷʤ. 

ɹʽʣʷ ʩʪʽʥ ʙʫʜʽʚʣʽ ʚʽʜʩʫʪʥʻ ʥʘʣʝʞʥʝ ʚʽʜʚʝ-

ʜʝʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, ʱʦ ʧʨʠʟʚʦ-ʜʠʪʴ 

ʜʦ ʟʘʤʦʯʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ. ɯʛʥʦʨʫʚʘʥʥʷ 

ʜʘʥʦʛʦ ʚʧʣʠʚʫ ʧʨʦʪʷʛʦʤ ʧʨʦʤʽʞʢʫ ʯʘʩʫ 2-

ʭ...3-ʭ ʨʦʢʽʚ ʩʧʨʠʯʠʥʠʪʴ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʥʝ 

ʙʫʜʫʪʴ ʧʦʚôʷʟʘʥʽ ʟ ʚʧʣʠʚʦʤ ʚʽʜ ʤʘʡʙʫʪʥʴʦʛʦ 

ʥʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. 

ɿʘʬʽʢʩʦʚʘʥʘ ʚʝʨʪʠʢʘʣʴʥʘ ʪʨʽʱʠʥʘ ʫ ʟʘʣʽ-

ʟʦʙʝʪʦʥʥʽʡ ʢʦʣʦʥʽ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʤʦ-

ʥʽʪʦʨʠʥʛʫ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʧʦʩʠ-

ʣʝʥʥʷ ʫ ʧʨʦʮʝʩʽ ʤʘʡʙʫʪʥʴʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ.  

ʈʘʟʦʤ ʽʟ ʮʠʤ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦʛʦ ʚʘ-

ʨʽʘʥʪʫ ʧʦʩʠʣʝʥʥʷ. ɺʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ ʜʦ-

ʟʚʦʣʷʶʪʴ ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʧʨʦʛʨʘʤ-

ʥʠʭ ʤʦʜʫʣʷʭ ʩʫʯʘʩʥʠʭ ʉɸʇʈ, ʟʦʢʨʝʤʘ ʇʂ 

çʃɯʈɸ ʉɸʇʈè[22, 23]. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʧʦʩʠʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʩʧʦʥʫʢʘʻ ʥʘʫʢʦʚʫ ʩʧʽʣʴʥʦʪʫ ʜʦ ʧʦʙʫʜʦʚʠ ʨʘ-

ʮʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʾʭʥʴʦʛʦ ʜʽʡʩʥʦʛʦ ʜʝʬʦ-

ʨʤʫʚʘʥʥʷ  ï ʟ ʥʘʷʚʥʽʩʪʶ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽ ʨʽʚʥʽʚ 

ʪʨʽʱʠʥ [14], ʷʢʽ ʙʝʟʫʤʦʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦ-

ʜʘʣʴʰʫ ʟʤʽʥʫ ʞʦʨʩʪʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ [11]. 
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ʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʇʂ çʃɯʈɸ-

ʉɸʇʈè. //ʋʢʨʘʾʥʩʴʢʠʡ ʞʫʨʥʘʣ ʙʫʜʽʚʥʠʮʪʚʘ 

ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ. ɼʥʽʧʨʦ. ï ̄  1(007). ï2022. ï

ʉ. 7-14.  
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FEATURES OF TECHNICAL  
INSPECTION OF ADJACENT  

EXISTING BUILDING OBJECTS   
 

Nataliia KOSTYRA  
Valentina BAKULINA 

 
Summary. In connection with the wear and tear 

of a large number of buildings and structures, the 
volume of work on the technical inspection of build-
ing structures is constantly increasing. The need to 
carry out such work arises in cases of elimination of 
defects made during design, manufacture and instal-
lation; in the process of eliminating the conse-
quences of emergency situations; as a result of nat-
ural disasters (earthquakes, fires, explosions, sub-

sidence, floods, etc.); reconstruction and moderni-
zation of buildings, evaluation of the physical and 
moral value of structural elements, nodes and de-
tails; making decisions about repair, strengthening 
and restoration of structures; determination of the 
value of fixed assets during privatization; execution 
of a secured bank loan; technical certification of 
buildings and structures. 

Inspection of buildings and engineering struc-
tures is the most important part of the complex of 
works on evaluating the technical condition of 
structures and the building as a whole. During the 
survey, the actual bearing capacity and operability 
of building structures and foundations should be es-
tablished in order to use these data to determine 
their further operation or development of the recon-
struction project. At the same time, they perform a 
search for optimal options for a constructive and 
planning solution, ways of possible strengthening of 
load-bearing structures taking into account manu-
facturability, ensuring a minimum of labor costs, 
material resources and time for their implementa-
tion. 

Evaluation of the degree of wear and tear of 
building structures or engineering structures is per-
formed, as a rule, during their technical inspection, 
as well as for making economic (revaluation, terms 
of sale, insurance, etc.) decisions. 

Buildings and structures, regardless of their class 
of consequences (responsibility), are subject to 
physical and moral wear and tear. 

The necessity to find effective methods for 
strengthening the future constructions is spontane-
ously scientifically advanced to induce rational 
models of the future deforming. 

 
Keywords: inspection; reliability; technical op-

eration; monitoring of adjacent territories
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ɸʥʦʪʘʮʽʷ. ɽʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ 

ʧʦʚôʷʟʘʥʘ ʟ ʨʦʟʰʠʨʝʥʥʷʤʠ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞ-

ʥʦʩʪʝʡ, ʪʝʭʥʽʯʥʠʤ ʧʝʨʝʦʩʥʘʱʝʥʥʷʤ ʜʽʶʯʠʭ ʧʽʜ-

ʧʨʠʻʤʩʪ, ʧʦʪʦʯʥʠʤʠ ʨʝʤʦʥʪʘʤʠ ʪʘ ʱʝ ʮʽʣʦʶ ʥʠ-

ʟʢʦʶ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʽ ʨʽʟʥʽ ʧʝ-

ʨʽʦʜʠ ʾʭ ʽʩʥʫʚʘʥʥʷ. ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʚʝ-

ʜʝʥʥʷ ʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʧʽʜʩʠʣʝʥʥʷ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʯʠ ʙʫʜʽʚʣʽ ʘʙʦ ʩʧʦʨʫʜʠ ʚ ʮʽʣʦʤʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʥʘ ʧʨʦʝʢʪʥʽ ʯʠ 

ʥʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺ ʥʘʰ ʯʘʩ ʩʝʨʝʜ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʙʫʜʽʚʣʷʭ ʽ ʩʧʦʨʫʜʘʭ, ʟʥʘʯʥʫ 

ʯʘʩʪʠʥʫ ʟʘʡʤʘʶʪʴ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʝʣʝʤʝʥʪʠ ʟʘʚʦʜ-

ʩʴʢʦʛʦ ʩʝʨʽʡʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. ʅʝ-

ʦʙʭʽʜʥʽʩʪʴ ʧʽʜʩʠʣʝʥʥʷ ʷʢʠʭ ʚʠʥʠʢʘʻ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝ ʪʽʣʴʢʠ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽ ʪʝʭʥʽ-

ʯʥʦʤʫ ʧʝʨʝʦʩʥʘʱʝʥʽ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʘ ʪʘʢʦʞ 

ʚ ʥʘʩʣʽʜʦʢ ʥʝʧʨʘʚʠʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʣʦʢʘʣʴ-

ʥʠʭ ʯʠ ʟʘʛʘʣʴʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʢʦʨʦʟʽʡʥʦʛʦ ʯʠ 

ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʩʫ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʯʠ ʙʫʜʽʚʣʽ ʚ ʮʽʣʦʤʫ. ɺʩʝ ʮʝ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʚʠʥʠʢ-

ʥʝʥʥʷ ʧʝʨʝʜ ʘʚʘʨʽʡʥʠʭ ʘʙʦ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ. 

ɽʣʝʤʝʥʪʠ ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʽʜʩʠʣʝʥʥʷ ʟʥʘʭʦ-

ʜʷʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʦʚʘʥʠʭ ʙʫʜʽʚʣʷʭ, ʜʝ ʧʨʦʚʝ-

ʜʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʫʩʢʣʘʜʥʶ-

ʻʪʴʩʷ ʪʘ ʚʠʤʘʛʘʻ ʰʚʠʜʢʦʛʦ ʚʠʢʦʥʘʥʥʷ. 

ʆʩʥʦʚʥʠʤʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʧʽʜʩʠ-

ʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʥʘʨʦʱʫʚʘʥʥʷ ʘʙʦ ʟʙʽʣʴ-

ʰʝʥʥʷ ʾʭʥʴʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʥʠʭ ʥʦʚʠʭ ʬʨʘʛʤʝʥʪʽʚ ʯʠ ʝʣʝʤʝ-

ʥʪʽʚ, ʚʚʝʜʝʥʥʷ ʪʷʞʽʚ ʯʠ ʰʧʨʝʥʛʝʣʽʚ ʟʽ ʩʪʚʦʨʝʥ-

ʥʷʤ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʪʷʛʫ, ʚʣʘʰʪʫʚʘʥʥʷ ʜʫʙʣʶ-

ʶʯʠʭ ʘʙʦ ʧʽʜʪʨʠʤʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʨʦʟʚʘʥʪʘ-

ʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʰʣʷʭʦʤ ʾʭ ʯʘʩʪʢʦʚʦʛʦ ʜʝʤʦ-

ʥʪʘʞʫ ʯʠ ʨʦʟʙʠʨʘʥʥʷ.  

ɺ ʫʤʦʚʘʭ ʜʽʶʯʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʘʙʦ ʝʢʩʧʣʫʘ-

ʪʘʮʽʾ ʙʫʜʽʚʣʽ ʯʠ ʩʧʦʨʫʜʠ ʜʘʥʽ ʩʧʦʩʦʙʠ ʧʽʜʩʠ-

ʣʝʥʥʷ ʥʝ ʟʘʚʞʜʠ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʯʝʨʝʟ ʩʪʠʩ-

ʥʝʥʥʽ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ, ʚʝʣʠʢʫ ʚʘʛʫ ʢʦʥʩʪʨʫʢ-

ʮʽʡ ʧʽʜʩʠʣʝʥʥʷ, ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʤʦʥʪʘʞʫ. 

ʈʽʰʝʥʥʷ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʝʤʦʥʪʫ ʘʙʦ ʧʽʜ-

ʩʠʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʤʝʪʦʶ ʚʽʜ-

ʥʦʚʣʝʥʥʷ ʯʠ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ ʦʩ-

ʥʦʚʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʾʭ ʚʽʜʧʦʚʽʜʥʦʤʫ ʦʙ-

ʩʪʝʞʝʥʥʽ ʟʛʽʜʥʦ ʜʽʶʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥ-

ʪʽʚ, ʽʥʞʝʥʝʨʥʠʭ ʚʠʰʫʢʫʚʘʥʦ, ʘ ʪʘʢʦʞ ʟ ʫʨʘʭʫ-

ʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʧʝʨʝʚʽʨʥʠʭ ʨʦʟ-

ʨʘʭʫʥʢʽʚ. 

ʆʙʩʷʛ ʽ ʥʦʤʝʥʢʣʘʪʫʨʘ ʦʙʩʪʝʞʝʥʴ ʽ ʚʠʰʫʢʫ-

ʚʘʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ, ʩʪʫʧʝʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʙʫʜʽʚʝʣʴ (ʩʧʦ-

ʨʫʜ), ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʧʣʘʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʨʝʤʦʥʪʫ ʽ ʧʽʜʩʠʣʝʥʥʷ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʇʽʜʩʠʣʝʥʥʷ; ʧʣʠʪʘ; ʬʽʙʨʦʙʝ-

ʪʦʥ; ʬʽʙʨʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ; ʬʽʙʨʘ. 

 

ɺʉʊʋʇ 

 

ʇʽʜʩʠʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽ-

ʚʝʣʴ ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʻ ʧʽʜʩ-

ʪʘʚʠ ʚʚʘʞʘʪʠ, ʱʦ ʪʘʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʥʘʭʦ-

ʜ̫ʪʴʩʷ ʚ ʥʝʧʨʠʜʘʪʥʦʤʫ, ʧʝʨʝʜʘʚʘʨʽʡʥʦʤʫ 

ʘʙʦ ʘʚʘʨʽʡʥʦʤʫ ʩʪʘʥʽ ʽ ʧʦʪʨʝʙʫʶʪʴ ʧʨʦʚʝ-

ʜʝʥʥʷ ʪʘʢʠʭ ʨʦʙʽʪ.

 

 
Éʆ.ʉʂʆʈʋʂ, 2023  

 

 
 
ʆʣʝʛ ʉʂʆʈʋʂ 
ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ 
ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʪʘ ʢʘʤô̫ʥʠʭ  
ʢʦʥʩʪʨʫʢʮʽʡ 
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ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʽ ʬʽʢʩʫʚʘʥʥʷ ʪʘʢʠʭ ʷʚʠʱ 

ʧʨʦʚʦʜʷʪʴ ʩʧʝʮʽʘʣʴʥʽ ʪʝʭʥʽʯʥʽ ʦʙʩʪʝʞʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʬʽʢʩʘʮʽʻʶ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝ-

ʥʪʽʚ ʯʠ ʬʨʘʛʤʝʥʪʽʚ ʙʫʜʽʚʣʽ ʟ ʧʦʩʣʽʜʫʶʯʦʶ 

ʨʦʟʨʦʙʢʦʶ ʨʝʢʦʤʝʥʜʘʮʽʡ ʽ ʤʝʪʦʜʽʚ ʾʭ ʧʽʜʩʠ-

ʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʦʙʩʪʝʞʝʥʥʽ 

ʜʘʥʠʭ. 

ʇʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʝʢʪʽʚ, ʱʦ 

ʩʧʨʠʯʠʥʷʶʪʴ ʧʦʛʽʨʰʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʯʠ ʬʨʘʛʤʝʥʪʽʚ ʙʫʜʽʚʣʽ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʝʥʥʷ ʾʭ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ 

ʻ: 

1. ʥʝʧʨʘʚʠʣʴʥʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ; 

2. ʟʦʚʥʽʰʥʽ ʤʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʢʦʥʩ-
ʪʨʫʢʮʽʡ; 

3. ʚʧʣʠʚ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚ ʫʤʦʚʘʭ 
ʭʽʤʽʯʥʠʭ ʽ ʭʘʨʯʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ; 

4. ʚʧʣʠʚ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʽ ʧʝʨʝʧʘʜʽʚ 
ʪʝʤʧʝʨʘʪʫʨ; 

5. ʚʧʣʠʚ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʧʦʞʝʞʽ; 

6. ʟʤʽʥʘ ʧʨʠʟʥʘʯʝʥʥʷ ʬʨʘʛʤʝʥʪʫ ʯʠ ʙʫʜʽʚʣʽ 

ʚ ʮʽʣʦʤʫ ʙʫʜʽʚʣʽ; 

7. ʚʣʘʰʪʫʚʘʥʥʷ ʥʘ ʧʝʨʝʢʨʠʪʪʷ ʥʝʧʨʠʟʥʘʯʝ-
ʥʠʭ ʧʨʦʝʢʪʦʤ ʥʦʚʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ; 

8. ʚʧʣʠʚʫ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʝʤʣʝ-
ʪʨʫʩʽʚ ʘʙʦ ʚʠʙʫʭʽʚ ʽ ʪʜ. 

 

ʄɽʊɸ ʈʆɹʆʊʀ 

 

ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʧʽʜʩʠʣʝʥʥʷ ʧʦʨʦʞʥʠʩ-

ʪʠʭ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ ʽʩʥʫʶʯʦʾ ʙʫʣʽʚʣʽ ʚ  

ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʜʽʶʯʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʡʦʛʦ ʨʦʙʦʪʫ. 

 

ɿɸɼɸʏɯ ʈʆɹʆʊʀ 

 

ɿʘʜʘʯʽ, ʷʢʽ ʚʠʨʽʰʫʚʘʣʠʩʷ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦ-

ʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ: 

1. ʇʨʦʚʝʜʝʥʥʷ ʦʛʣʷʜʫ ʧʦʰʢʦʜʞʝʥʠʭ ʬʨʘʛ-
ʤʝʥʪʽʚ ʧʝʨʝʢʨʠʪʪʷ. 

2. ɿʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʟʚʝ-
ʜʝʥʥʷ ʙʫʜʽʚʣʽ, ʬʨʘʛʤʝʥʪ ʢʦʥʩʪʨʫʢʮʽʡ 

ʷʢʦʾ ʧʦʩʠʣʶʶʪʴʩʷ; 

3. ʆʮʽʥʢʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ 
ʧʝʨʝʢʨʠʪʪʷ; 

4. ʇʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ ʧʽʜʩʠ-
ʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ; 

5. ʈʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜʩʠ-
ʣʝʥʥʷ; 

6. ʈʦʟʨʦʙʢʘ ʚʫʟʣʽʚ. 

 

ʄɽʊʆɼʀʂɸ ʇʈʆɺɽɼɽʅʅʗ. 

ɿɹɯʈ ʅɸɺɸʅʊɸɾɽʅʅʗ 

 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʦʰʢʦʜʞʝʥʦʛʦ ʧʝʨʝʢ-

ʨʠʪʪʷ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 1.  

 

 
ʈʠʩ.1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʥʠʞʥʴʦʾ ʧʦʚʝʨʭʥʽ ʧʦʰʢʦʜʞʝʥʦʾ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ. 

Fig.1. General view of the lower surface of the damaged floor slab. 
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ʅʘ ʨʠʩʫʥʢʫ ʚʠʜʥʦ ʧʦʩʣʽʜʦʚʥʫ ʩʠʩʪʝʤʫ 

ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʨʝʛʫʣʷʨʥʠʭ ʪʨʽ-

ʱʠʥ ʥʘ ʥʠʞʥʽ ʧʦʚʝʨʭʥʽ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 

ʚʠʨʦʙʥʠʯʦʾ ʙʫʜʽʚʣʽ. ʇʽʩʣʷ ʘʥʘʣʽʟʫ ʫʩʽʭ ʚʠʭʽ-

ʜʥʠʭ ʜʘʥʠʭ ʽ ʦʛʣʷʜʫ ʧʦʰʢʦʜʞʝʥʠʭ ʬʨʘʛʤʝʥ-

ʪʽʚ ʧʝʨʝʢʨʠʪʪʷ ʥʘ ʤʽʩʮʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʨʠʯʠʥʦʶ ʧʦʷʚʠ ʜʘʥʠʭ ʪʨʽʱʠʥ ʫ ʨʦʟʪʷʛʥʫ-

ʪʽʡ ʟʦʥʽ ʻ ʥʝʧʨʘʚʠʣʴʥʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʝʨʝʢ-

ʨʠʪʪʷ ʽ ʾʾ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʇʦ ʢʦʥʩʪʨʫʢʮʽʷʤ ʧʝʨʝʩʫʚʘʶʪʴʩʷ ʝʣʝʢʪʨʠ-

ʯʥʽ ʘʚʪʦʥʘʚʘʥʪʘʞʫʚʘʯʽ, ʱʦ ʧʝʨʝʤʽʱʫʶʪʴ ʙʦ-

ʢʩʠ ʪʘ ʢʦʥʪʝʡʥʝʨʘ. ɺʘʛʘ ʦʜʥʦʛʦ ʥʘʡʚʘʱʦʛʦ 

ʢʦʥʪʝʡʥʝʨʘ (ʟʽ ʩʣʽʚ ʧʝʨʩʦʥʘʣʫ) ʙʣʠʟʴʢʦ 700 

ʢʛ. ɿʘʬʽʢʩʦʚʘʥʦ, ʱʦ ʘʚʪʦʥʘʚʘʥʪʘʞʫʚʘʯʽ ʧʝ-

ʨʝʤʽʱʫʶʪʴ ʧʦ ʢʦʥʩʪʨʫʢʮʽʷʤ ʧʝʨʝʢʨʠʪʪʷ ʜʦ 

ʜʚʦʭ ʢʦʥʪʝʡʥʝʨʽʚ ʦʜʥʦʯʘʩʥʦ, ʟʘʛʘʣʴʥʘ ʚʘʛʘ 

ʷʢʠʭ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 1400 ʢʛ ʚʽʜʧʦʚʽʜʥʦ. 

ʊʘʢʦʞ ʧʦ ʧʣʠʪʘʤ ʧʝʨʝʢʨʠʪʪʷ ʟʚʝʨʭʫ ʚʣʘ-

ʰʪʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʽʜʣʦʛʠ ʪʦʚʱʠʥʦʶ 

ʙʣʠʟʴʢʦ 150 ʤʤ ʽ ʚʠʛʦʪʦʚʣʝʥʘ ʚʦʥʘ ʟ ʮʝʤʝʥ-

ʪʥʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʚʤʽʩʪʦʤ ʱʝʙʝʥʝʚʦʛʦ 

ʟʘʧʦʚʥʶʚʘʯʘ ʧʦʢʨʠʪʦʛʦ ʟʚʝʨʭʫ ʪʘ ʟʘʪʝʨʪʦʛʦ 

ʟʥʦʩʦʩʪʽʡʢʦʶ ʧʽʜʣʦʛʦʶ ʪʦʚʱʠʥʦʶ 3-6 ʤʤ, 

ʜʠʚ ʨʠʩ. 2. 

 

 
ʈʠʩ.2. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦʰʢʦʜʞʝʥʦʾ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ. 

Fig.2. General view of the floor structure of the damaged floor slab. 

 

ʊʘʙʣ. 1. ɺʠʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 1 ʤ2  ʧʝʨʝʢʨʠʪʪʷ ʟʘ ʧʨʦʝʢʪʦʤ.   

Table 1. Determination of the load per 1 m2 of the ceiling according to the project. 

ˉ ɺʠʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ɻʨʘʥʠʯʥʝ ʨʦʟʨʘʭʫʥʢʦʚʝ 

 ʟʥʘʯʝʥʥʷ, ʢʅ/ʤ2 
ʇʨʠʤʽʪʢʠ 

1. ʇʦʩʪʽʡʥʝ: ʟ/ʙ ʧʣʠʪʘ ʧʝʨʝʢʨʠʪʪʷ 3,85  

2. ʂʦʥʩʪʨʫʢʮʽʷ ʧʽʜʣʦʛʠ 3,86 ɿʛʽʜʥʦ ʨʦʟʢʨʠʪʪʷ 

3. ʊʠʤʯʘʩʦʚʝ: ʢʦʨʠʩʥʝ ʥʘ ʧʝʨʝʢʨʠʪʪʷ  2,4 ɿʘ ɼɹʅ 

4. ʈʘʟʦʤ ʧʦʩʪʽʡʥʝ: 7,71  

5.    ɺʩʴʦʛʦ: ʧʦʩʪʽʡʥʝ ʪʘ ʪʠʤʯʘʩʦʚʝ 10,11  

 

ʇʈʆɺɽɼɽʅʅʗ ʈʆɿʈɸʍʋʅʂɯɺ 

 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʥʝʩʫʯʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʝʣʝ-

ʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʨʝʢʨʠʪʪʷ ʙʫʜʽʚʣʽ ʥʘ ʽʩ-

ʥʫʶʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʧʝʨʝʚʽʨʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʧʝʨʰʠʤ ʪʘ ʜʨʫʛʠʤ ʛʨʘʥʠʯ-

ʥʠʤʠ ʩʪʘʥʘʤʠ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʙʨʘʥʦ ʧʦʰʢʦʜʞʝʥʫ ʧʦ-

ʨʦʞʥʠʩʪʫ ʪʠʧʦʚʫ ʧʣʠʪʫ ʧʝʨʝʢʨʠʪʪʷ ʰʠʨʠ-

ʥʦʶ 1200 ʪʘ 1500 ʤʤ, ʱʦ ʦʙʧʠʨʘʻʪʴʩʷ ʨʠʛʝʣʽ 

ʧʝʨʝʢʨʠʪʪʷ ʪʘ ʢʦʣʦʥʠ ʢʘʨʢʘʩʫ ʙʫʜʽʚʣʽ. ʇʨʠ 
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ʨʦʟʨʘʭʫʥʢʘʭ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʚʠʜʽʚ, ʜʠʚ. ʪʘʙʣ. 1 ʪʘ ʚʽʜ ʚʘʛʠ, ʨʦ-

ʟʧʦʜʽʣʫ ʽ ʨʦʙʦʪʠ ʘʚʪʦʥʘʚʘʥʪʘʞʫʚʘʯʘ ʧʨʠ ʥʘ-

ʩʪʫʧʥʠʭ ʢʦʤʙʽʥʘʮʽʷʭ ʜʠʚ. ʪʘʙʣ. 2. ʅʘʚʘʥʪʘ-

ʞʝʥʥʷ ʟʘʜʘʚʘʣʠʩʷ ʩʪʘʪʠʯʥʦ.
 

ʊʘʙʣ. 2. ʂʦʤʙʽʥʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʴ. 

Table 2. Load combinations. 

ʅʘʟʚʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʅʦʤʝʨ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɺʣʘʩʥʘ ʚʘʛʘ  1 

ʇʦʩʪʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʧʽʜʣʦʛʠ  2 

ʊʠʤʯʘʩʦʚʝ ʟʘ ɼɹʅ  3 

ʊʠʤʯʘʩʦʚʝ ʚʽʜ ʧʝʨʝʩʫʚʘʥʥʷ ʘʚʪʦʥʘʚʘʥʪʘʞʫʚʘʯʽʚ 4 

 

ʈʦʟʨʘʭʫʥʦʢ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʢʨʠʪʪʷ ʙʫʜʽʚʣʽ 

ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʯʠʥʥʠʭ 

ɼɹʅ.  

ʇʦʧʝʨʝʜʥʴʦ ʬʘʢʪʠʯʥʠʡ ʧʝʨʝʨʽʟ ʧʣʠʪʠ 

ʧʨʠʚʝʜʝʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʤʝʪʦʜʠʢʠ

.
ʊʘʙʣ. 3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʨʽʟʫ. 

Table 3. Characteristics of the section. 

 

ʇʨʠʚʝʜʝʥʠʡ ʧʝʨʝʨʽʟ ɺʝʣʠʯʠʥʠ, ʩʤ 

 

b = 25 ʩʤ; h = 22 ʩʤ; 

b1 = 115 ʩʤ; h1 = 3 ʩʤ; 

a1 = 2 ʩʤ; a2 = 2 ʩʤ 

 

ʈʦʟʨʘʭʫʥʦʢ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʢʨʠʪʪʷ ʙʫʜʽʚʣʽ  

ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʯʠʥʥʠʭ 

ɼɹʅ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʚʩʪʘʥʦʚʣʝʥʦ 

ʱʦ ʥʘ ʜʽʶ ʬʘʢʪʠʯʥʠʭ, ʟʘʬʽʢʩʦʚʘʥʠʭ ʧʨʠ 

ʦʛʣʷʜʽ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʟ ʚʨʘʭʫ-

ʚʘʥʥʷʤ ʚʘʛʠ ʘʚʪʦʥʘʚʘʥʪʘʞʫʚʘʯʽʚ ʪʘ ʪʦʛʦ ʱʦ 

ʚʦʥʠ ʧʝʨʝʚʦʟʷʪʴ ð ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʘʙʝʟʧʝʯʝʥʽ, ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 

8 % ʧʨʦʪʝ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʛʨʘʥʠʯʥʠʭ. ʇʨʦ-

ʛʠʥʠ ʧʣʠʪʠ ʩʢʣʘʜʘʶʪʴ ʙʽʣʴʰʝ ʯʠʤ 70 ʤʤ ʽ 

ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʽ ð ʙʽʣʴʰʝ 

ʯʠʤ ʫ 2 ʨʘʟʠ, ʱʦ ʽ ʧʦʷʩʥʶʻ ʥʘʷʚʥʽʩʪʴ ʥʘ ʧʦ-

ʚʝʨʭʥʽ ʪʘʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʽʱʠʥ ʫ ʨʦʟʪʷʛʥʫʪʽʡ 

ʟʦʥʽ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʧʦʜʘʣʴʰʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʰ-

ʢʦʜʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ ʙʝʟ ʧʨʦʚʝ-

ʜʝʥʥʷ ʧʽʜʩʠʣʝʥʥʷ ʦʢʨʝʤʠʭ ʬʨʘʛʤʝʥʪʽʚ ʧʝʨʝ-

ʢʨʠʪʪʷ ð ʥʝʜʦʧʫʩʪʠʤʘ. 

ʇʦʰʢʦʜʞʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʪʨʝʙʫʶʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʾʭ ʧʽʜʩʠʣʝʥʥʷ (ʟʘʤʽʥʠ) ʪʘ ʨʝʤʦʥ-

ʪʥʦ-ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ ʷʢʽ ʥʘʡʜʦʮʽʣʴ-

ʥʽʰʝ ʧʨʦʚʝʩʪʠ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʙʫʜʽʚʣʽ.
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ʊʘʙʣ. 4. ɺʥʫʪʨʽʰʥʽ ʟʫʩʠʣʣʷ ʝʣʝʤʝʥʪʘ ʧʝʨʝʢʨʠʪʪʷ. 

Table 4. Internal forces of the overlap element. 

 

ɽʧʶʨʘ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ, ʢʅ ɽʧʶʨʘ ʤʦʤʝʥʪʽʚ, ʪʤ 

 

 

 

ʈɽʂʆʄɽʅɼɸʎɯɰ ɿ ʇɯɼʉʀʃɽʅʅʗ 

ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʝʢʩʧʣʫʘʪʘ-

ʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʩʪʝʞʫʚʘʥʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʧʝʨʝʢʨʠʪʪʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʛʣʷʜʫ ʽ 

ʧʨʦʚʝʜʝʥʠʭ ʧʝʨʝʚʽʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʢʦʤʝ-

ʥʜʦʚʘʥʦ ʚʠʢʦʥʘʪʠ ʧʽʜʩʠʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ 

ʪʨʽʱʠʥʘʤʠ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ ʙʫʜʽʚʣʽ, ʟʛʽʜʥʦ ʡ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʥʘʚʝʜʝʥʦʾ ʥʠʱʝ, ʜʠʚ. ʨʠʩ. 3; 4, 

ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʝʢʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʝʨʝʢʨʠʪʪʷ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʙʝʟ-

ʧʝʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 
ʈʠʩ.3. ʉʭʝʤʘ ʧʽʜʩʠʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʨʝʢʨʠʪʪʷ, ʧʦʧʝʨʝʯʥʠʡ ʨʦʟʨʽʟ. 

Fig.3. Scheme of reinforcement of floor structures, cross section. 

 
ʈʠʩ.4. ʉʭʝʤʘ ʧʽʜʩʠʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʨʝʢʨʠʪʪʷ, ʧʦʚʟʜʦʚʞʥʽʡ ʨʦʟʨʽʟ. 

Fig.4. Scheme of reinforcement of floor structures, longitudinal section. 

-29,595 ʢʅ

41,311 ʢʅ

6,794 ʊ*ʤ
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ʇʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʛʦʚʦʨʝʥʥʷ ʽ ʧʦʛʦ-

ʜʞʝʥʥʷ ʝʢʩʧʣʫʘʪʫʶʯʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʙʫʣʦ 

ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜ-

ʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʧʝʨʝʢʨʠʪʪʷ ʙʫʜʽʚʣʽ ʟʛʽʜʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʚʠʱʝ ʩʭʝʤʠ.  

 

ɺʀʂʆʅɸʅʅʗ ʈʆɹɯʊ ɿ ʇɯɼʉʀʃɽʅʅʗ 

ʇʃʀʊ ʇɽʈɽʂʈʀʊʊʗ 

ʇʽʜʩʠʣʝʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʧʦ ʤʽʩʮʶ ʚ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʦʚʘʥʦʾ ʙʫʜʽʚʣʽ ʟ ʩʫʚʦʨʠʤ ʜʦ-

ʪʨʠʤʘʥʥʷʤ ʥʦʨʤ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ.  

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʜʝʤʦʥʪʘʞ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽʩʥʫʶʯʦʾ ʧʽʜʣʦʛʠ ʟ ʧʦʩʣʽʜʫʶ-

ʯʠʤ ʡʦʛʦ ʚʠʚʝʟʝʥʥʷʤ, ʨʦʟʢʨʠʪʪʷ ʧʦʨʦʞʥʠʥ 

ʧʣʠʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ, 

ʜʠʚ. ʨʠʩ. 3, 4 ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʤʝʪʘʣʝʚʠʭ ʙʘʣʦʢ ɹ1 ʧʽʜʩʠʣʝʥʥʷ. 

 

 

 
ʈʠʩ.5. ɼʝʤʦʥʪʘʞ ʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʦʾ ʧʽʜʣʦʛʠ ʚʣʘʰʪʦʚʘʥʦʾ ʧʦ ʧʣʠʪʘʤ. 

Fig.5. Dismantling the structure of the existing slab floor 
 

 
ʈʠʩ.6. ʈʦʟʢʨʠʪʪʷ ʧʦʨʦʞʥʠʥ ʧʣʠʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ. 

Fig.6. Opening of slab cavities. 
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ʈʠʩ.7. ɺʣʘʰʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ ʧʣʠʪʠ ʤʝʪʘʣʝʚʠʤʠ ʙʘʣʢʘʤʠ ʪʘ ʘʨʤʦʚʘʥʦʾ ʬʽʙʨʦʙʝʪʦ-

ʥʦʶ ʧʣʠʪʦʶ ʧʦ ʚʝʨʭ ʥʠʭ. 

Fig.7. Arrangement of elements to strengthen the slab with metal beams and a reinforced fiber concrete 

slab on top of them 
 

ɼʘʣʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʙʦʪʠ ʧʦ ʤʦʥʪʘʞʫ 

ʤʝʪʘʣʝʚʠʭ ʙʘʣʦʢ ɹ1 ʫ ʚʣʘʰʪʫʚʘʥʽ ʧʨʦʨʽʟʠ 

ʧʣʠʪʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʦʙʧʠʨʘʥʥʷ ʥʘ ʟʘʣʽ-

ʟʦʙʝʪʦʥʥʽ ʨʠʛʝʣʽ ʧʝʨʝʢʨʠʪʪʷ ʥʘ ʷʢʽ ʦʙʧʠʨʘ-

ʻʪʴʩʷ ʽ ʧʣʠʪʘ ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʟʘʢʨʽʧʣʝʥʥʷʤ 

ʥʠʞʥʴʦʾ ʧʦʣʠʯʢʠ ʧʣʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʣʦʢ 

ɹ2 ʽ ʰʧʠʣʴʦʢ ʪʘ ʚʽʜʧʦʚʽʜʥʝ ʚʢʣʶʯʝʥʥʷ ʾʭ ʚ 

ʨʦʙʦʪʫ ʟʘʪʷʛʫʚʘʥʥʷʤ ʛʘʡʦʢ ʧʦʟʠʮʽʾ 1, 2, ʜʠʚ. 

ʨʠʩ. 4 ʜʦ ʫʧʦʨʘ. ɼʘʣʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʟʢʣʘ-

ʜʢʫ ʩʪʝʨʞʥʽʚ ʘʨʤʫʚʘʥʥʷ ʧʦ ʨʽʚʥʽ ʚʝʨʭʥʴʦʾ 

ʧʦʣʠʯʢʠ ʧʣʠʪʠ ʟ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸ400ʉ ʪʘ 

ʟʘʢʨʽʧʣʝʥʥʷ ʜʦ ʤʝʪʘʣʝʚʠʭ ʙʘʣʦʢ ʟʚʘʨʶ-

ʚʘʥʥʷʤ, ʜʠʚ. ʨʠʩ. 7. ʇʽʩʣʷ ʙʫʣʦ ʚʣʘʰʪʦʚʘʥʦ 

ʬʽʙʨʦʙʝʪʦʥʫ ʧʣʠʪʫ ʪʦʚʱʠʥʦʶ 150 ʤʤ ʟ ʦʜ-

ʥʦʯʘʩʥʠʤ ʟʘʧʦʚʥʝʥʥʷʤ ʨʦʟʢʨʠʪʠʭ ʧʫʩʪʦʪ ʽʩ-

ʥʫʶʯʦʛʦ ʟʙʽʨʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 
 

 

 
ʈʠʩ.8. ɺʣʘʰʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʽʜʪʨʠʤʢʠ ʥʠʞʥʴʦʾ ʧʦʣʠʯʢʠ ʽʩʥʫʶʯʦʾ ʧʣʠʪʠ. 

Fig.8. Arrangement of supporting elements of the lower shelf of the existing slab 
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ʈʠʩ.9. ɺʽʜʥʦʚʣʝʥʘ ʧʽʜʣʦʛʘ ʧʽʩʣʷ ʧʽʜʩʠʣʝʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ. 

Fig.9. Restored floor after strengthening the floor slab. 
 

 

ɺʀʉʅʆɺʂʀ 

 

ɿ ʤʝʪʦʶ ʧʽʜʪʨʠʤʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝ-

ʥʪʽʚ ʙʫʜʽʚʣʽ ʫ ʨʦʙʦʪʦ ʩʧʨʦʤʦʞʥʦʤʫ ʩʪʘʥʽ, ʥʝ-

ʦʙʭʽʜʥʦ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʢʦʨʠʩʥʠʤʠ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘ-

ʪʘʮʽʾ. ʅʝ ʜʦʧʫʩʢʘʪʠ ʧʝʨʝʥʘʚʘʥʪʘ-ʞʝʥʥʷ ʦʢʨʝ-

ʤʠʭ ʬʨʘʛʤʝʥʪʽʚ ʯʠ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʙʫʜʽʚʣʽ ʚ 

ʮʽʣʦʤʫ.  

1. ʉʚʦʻʯʘʩʥʦ ʚʠʢʦʥʫʚʘʪʠ ʪʝʭʥʽʯʥʽ ʦʙʩʪʝ-

ʞʝʥʥʷ ʪʘ ʧʣʘʥʦʚʦ-ʟʘʧʦʙʽʞʥʽ ʨʝʤʦʥʪʠ ʫ ʨʘʟʽ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʟ ʚʽʜʥʦʚʣʝʥʥʷʤ ʦʢʨʝʤʠʭ ʝʣʝʤʝ-

ʥʪʽʚ, ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʮʽʣʦʤʫ, ʟʘʭʠʩʥʠʭ ʰʘʨʽʚ, 

ʦʧʦʨʷʜʞʝʥʥʷ ʽ ʣʽʢʚʽʜʘʮʽʾ ʤʦʞʣʠʚʠʭ ʤʽʩʮʴ ʟʘ-

ʪʽʢʘʥʥʷ, ʱʦ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʫ ʧʦʜʘʣʴʰʦʤʫ 

ʧʦʛʽʨʰʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ.  

2. ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʙʝʟʧʝʯʥʦʾ (ʙʝʟʘʚʘʨʽʡ-

ʥʦ)ʾ ʪʘ ʥʘʜʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙ'ʻʢʪʫ ʚ ʮʽʣʦ-

ʤʫ, ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʧʨʘʚʠʣ ʝʢʩʧʣʫ-

ʘʪʘʮʽʾ ʥʘʚʝʜʝʥʠʭ ʫ ʇʘʩʧʦʨʪʽ ʙʫʜʽʚʣʽ ʯʠ ʚʽʜʧʦ-

ʚʽʜʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ. 

ʋ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟ 

ʧʽʜʩʠʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʢʦʥʘʪʠ ʾʭ ʟʘ 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʶ ʪʘ ʧʦʛʦʜʞʝʥʦʶ ʚ 

ʫʩʪʘʥʦʚʣʝʥʦʤʫ ʧʦʨʷʜʢʫ ʧʨʦʝʢʪʥʦ-ʢʦʰʪʦʨʠʩ-

ʥʦʶ ʜʦʢʫʤʝʥʪʘ ʮʽʻʶ. 
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REINFORCEMENT OF CAVITY FLOOR 

SLAB STRUCTURES WITH METAL 

BEAMS AND REINFORCED  

FIBER CONCRETE  

 

Oleg SKORUK 
 

Summary. The operation of buildings and 

structures is connected with the expansion of 

production capacities, technical re-equipment of 

existing enterprises, current repairs and a whole 

series of different factors that arise and different 

periods of their existence. All this leads to carrying 

out and carrying out work on strengthening 

individual elements or a building or structure as a 

whole to ensure their bearing capacity for design or 

new loads. 

Nowadays, among the construction structures that 

are installed in buildings, a significant amount of 

time is occupied by reinforced concrete elements of 

industrial sulfur production, respectively. The need 
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to strengthen them arises in the process of operation 

not only during the reconstruction and technical re-

equipment of buildings and structures, but also as a 

result of improper operation, local or general 

overloads, corrosive or mechanical wear of the 

constituent elements of structures or buildings as a 

whole. All this leads to a decrease in non-

destructive ability and as a result of the occurrence 

of pre-emergency or emergency situations. 

Also, elements that require reinforcement are 

located in operated buildings, where the 

implementation of any construction work is 

complicated and requires quick execution. 

The main traditional methods of strengthening 

structures are building up or increasing their cross-

section due to the addition of new fragments or 

elements to them, the introduction of ties or 

sprengels with the creation of pre-tension, the 

arrangement of duplicating or supporting elements 

or the unloading of structures by their partial 

dismantling or disassembly. 

In the conditions of current production or operation 

of a building or structure, these methods of 

reinforcement cannot always be applied due to the 

compressed performance conditions, the heavy 

weight of the reinforcement structures, and the 

complexity of installation. 

The decision regarding the need to repair or 

strengthen building structures in order to restore or 

increase their bearing capacity and operational 

suitability is made on the basis of data obtained 

during their appropriate examination in accordance 

with current normative documents, engineering 

investigations, as well as taking into account the 

results performed verification calculations. 

The scope and nomenclature of inspections and 

searches is determined depending on the technical 

condition, the degree of responsibility of the 

buildings (structures), the features of the planned 

measures for repair and strengthening. 

 

Keywords. Strengthening; plate; fiber concrete; 

fiber concrete structures; fiber
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ɸʥʦʪʘʮʽʷ. ʉʪʘʪʪʷ ʧʨʝʜʩʪʘʚʣʷʻ ʫʜʦʩʢʦʥʘʣʝʥʫ 

ʤʝʪʦʜʠʢʫ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ 

ʩʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʧʨʠʢʣʘʜʽ 

ʙʘʣʢʠ ʧʝʨʝʢʨʠʪʪʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ 

ʚʦʛʥʝʟʘʭʠʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺ ʩʪʘʪʪʽ ʦʧʠʩʘʥʘ 

ʧʦʢʨʦʢʦʚʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʚʦʛʥʝ-

ʩʪʽʡʢʽʩʪʴ ʚ ʇʂ ʃɯʈɸ-ʉɸʇʈ, ʚ ʷʢʽʡ ʜʝʪʘʣʴʥʦ 

ʧʦʢʘʟʘʥʦ ʧʨʠʥʮʠʧʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʚʦʛʥʝ-

ʩʪʽʡʢʽʩʪʴ. 

ɺ ʮʽʡ ʤʝʪʦʜʠʮʽ ʚʨʘʭʦʚʫʻʪʴʩʷ ʥʝʣʽʥʽʡʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ ʪʝʧʣʦ-ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʻʤʥʦʩʪʽ ʪʘ 

ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ, ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʦʙʦʪʠ 

ʚʦʛʥʝʟʘʭʠʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʤʽʮʥʽʩʥʽ ʪʘ ʜʝʬʦʨʤʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʉʪʘʪʪʷ ʪʘʢʦʞ ʦʧʠʩʫʻ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʧʦ ʝʣʝʤʝʥʪʘʭ ʜʦʩʣʽʜʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʪʘ ʜʦʩʣʽʜʞʫʻ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʣʝʚʦʛʦ ʜʚʦʪʘʚʨʫ 

ʧʝʨʝʢʨʠʪʪʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ. ɿʧʨʦʧʦʥʦʚʘʥʦ 

ʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʚʦʛʥʝʟʘʭʠʩʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʫʢʨʘʾʥʩʴʢʦʛʦ ʚʠʨʦʙʥʠʢʘ. 

ʏʠʩʝʣʴʥʦ ʧʝʨʝʚʽʨʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʱʝ 

ʟʘʟʥʘʯʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʚʦʛʥʝʟʘʭʠʩʪʫ ʧʦʨʽʚʥʶʶʪʴʩʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʙʨʘʪʠ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʠʡ ʚʘʨʽʘʥʪ. ʊʘʢʦʞ 

ʧʦʨʽʚʥʶʶʪʴʩʷ ʪʘ ʦʧʠʩʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʘ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʥʝʣʽʥʽʡʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚ ʩʪʘʪʪʽ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʨʦʣʴ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʷʢ 

ʚʦʛʥʝʟʘʭʠʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʥʘ 

ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʦʜʘʪʢʦʚʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. 
ʉʪʘʪʪʷ ʙʫʜʝ ʢʦʨʠʩʥʦʶ ʜʣʷ ʽʥʞʝʥʝʨʽʚ-

ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʽ ʩʪʘʣʝʚʠʤʠ 

ʢʦʥʩʪʨʫʢʮʽʷʤʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʜʦʩʣʽʜʥʠʢʽʚ, ʷʢʽ 

ʮʽʢʘʚʣʷʪʴʩʷ ʚʧʣʠʚʦʤ ʚʦʛʥʝʟʘʭʠʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ. ɺʦʥʘ ʥʘʜʘʻ ʮʽʥʥʽ ʥʘʫʢʦʚʽ ʽ 

ʧʨʘʢʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʚʦʛʥʝʩʪʽʡʢʠʭ 

ʫʤʦʚʘʭ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ; ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ; ʥʝʣʽʥʽʡʥʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ; ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ; ʇʂ ʃɯʈɸ-

ʉɸʇʈ. 
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