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ɸʨʤʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʜʝʨʝʚʠʥʠ ʢʦʤʧʦʟʠʪʥʠʤʠ  ʤʘʪʝʨʽʘʣʘʤʠ, ʩʪʘʥ ʽ ʧʝʨʩʧʝʢʪʠʚʠ 

 

 

 

72 

 

ʉʂʆʈʋʂ ʃʝʦʥʽʜ 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʘʨʢʘʩʽʚ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʥʘ ʪʝʤʧʝʨʘʪʫ-

ʨʥʽ ʢʣʽʤʘʪʠʯʥʽ ʚʧʣʠʚʠ ééééééééééééééééééééééééé... 

 

 

 

 

81 

 

ʂʋʎʀʂ ʆʣʝʥʘ, ɾʋʈɸɺʉʔʂʀʁ ʆʣʝʢʩʘʥʜʨ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ 

ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʙʝʪʦʥʫéééééééééééééééééééééééééé 
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ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ  

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʢʦʨʦ-

ʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʘʨʤʘʪʫʨʠ ʧʝʨʽʦʜʠʯʥʦʛʦ 

ʚʥʘʩʣʽʜʦʢ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʦʟʽʾ  ʥʘ ʟʯʝʧʣʝʥʥʷ ʟ 

ʙʝʪʦʥʦʤ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶ-

ʯʘʣʠ ʚ ʩʝʙʝ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʟʯʝʧʣʝʥʥʷ ʟ ʙʝʪʦ-

ʥʦʤ ʟʨʘʟʢʽʚ ʘʨʤʘʪʫʨʠ ʙʝʟ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦ-

ʜʞʝʥʴ ʽ ʟ ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ ʫ ʚʠ-

ʛʣʷʜʽ ʽʨʞʽ, ʷʢʘ ʙʫʣʘ ʚʠʢʣʠʢʘʥʘ ʘʪʤʦʩʬʝʨʥʦʶ 

ʢʦʨʦʟʽʻʶ. ɿʨʘʟʢʠ ʘʨʤʘʪʫʨʠ ʟ ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰ-

ʢʦʜʞʝʥʥʷʤʠ ʚʽʜʙʠʨʘʣʠʩʷ ʚʽʜ ʘʨʤʘʪʫʨʠ, ʷʢʘ ʟʙʝ-

ʨʽʛʘʣʘʩʷ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ ʥʘ ʧʨʦʪʷʟʽ 10 

ʤʽʩʷʮʽʚ ʟ ʩʽʯʥʷ ʧʦ ʞʦʚʪʝʥʴ, ʘ ʟʨʘʟʢʠ ʘʨʤʘʪʫʨʠ 

ʙʝʟ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ï ʟ ʘʨʤʘʪʫʨʠ, ʷʢʘ 

ʟʙʝʨʽʛʘʣʘʩʷ ʚ ʫʤʦʚʘʭ ʮʝʭʫ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʘʨʤʘʪʫʨʠ ʥʘ ʟʯʝʧʣʝʥ-

ʥ̫  ʟ ʙʝʪʦʥʦʤ ʚʠʢʦʥʫʚʘʣʠʩʷ ʰʣʷʭʦʤ ʚʠʩʤʠʢʫ-

ʚʘʥʥʷ ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʥʠʭ ʧʨʠʟʤ,  ʜʦʚʞʠʥʘ 

ʷʢʠʭ ʜʦʨʽʚʥʶʚʘʣʘ  15d (d ï ʜʽʘʤʝʪʨ ʩʪʝʨʞʥʷ) ʟ 

ʚʠʤʽʨʶʚʘʥʥʷʤ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʟʩʫʚʫ 

ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ ʩʪʝʨʞʥʷ ʽ ʧʦʜʘʣʴʰʦʶ ʧʦʙʫʜʦ-

ʚʦʶ ʛʨʘʬʽʢʽʚ ʟʘʣʝʞʥʦʩʪʽ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫ ʚ 

ʘʨʤʘʪʫʨʽ ï ʟʩʫʚ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ ʩʪʝʨʞʥʶ. ɺ ʷʢʦ-

ʩʪʽ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʧʨʠʡʤʘʣʘʩʴ ʪʝʨʤʦʤʝʭʘʥʽ-

ʯʥʦʟʤʽʮʥʝʥʘ ʘʨʤʘʪʫʨʘ ʩʝʨʧʦʚʠʜʥʦʛʦ ʧʨʦʬʽʣʶ 

Ï12ɸ500ʉ,  Ï16ɸ500ʉ ʽ Ï25ɸ500 ʟʘ ɼʉʊʋ 

3760:2006. ʄʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ʩʢʣʘʜʘʣʘ 52é57,8 ʄʇʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʩʪʽʡʢʦʛʦ ʚʧʣʠʚʫ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ - ʙʝʟ 

ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʽ ʟ ʧʦʰʢʦʜʞʝʥʥʷʤʠ, 

ʚʠʢʣʠʢʘʥʠʤʠ ʘʪʤʦʩʬʝʨʥʦʶ ʢʦʨʦʟʽʻʶ, ʥʝ ʚʠʷʚ-

ʣʝʥʦ. ɺʠʥʷʪʦʢ ʩʢʣʘʜʘʻ ʘʨʤʘʪʫʨʘ ʥʘʡʤʝʥʰʦʛʦ ʟ 

ʜʽʘʤʝʪʨʽʚ - Ï12ɸ500ʉ, ʜʣʷ ʷʢʦʾ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʫ ʤʝʞʘʭ 

12é16%  . ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʠʡ ʪʠʤ, ʱʦ ʧʨʠ 

ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚʘʭ, ʦʜʥʘʢʦʚʠʡ ʦʙôʻʤ ʢʦʨʦ-

ʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʚʧʣʠʚʘʻ ʥʘ 

ʟʯʝʧʣʝʥʥʷ ʘʨʤʘʪʫʨʠ ʤʝʥʰʠʭ ʜʽʘʤʝʪʨʽʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ɸʨʤʘʪʫʨʘ ʧʝʨʽʦʜʠʯʥʦʛʦ 

ʧʨʦʬʽʣʶ; ʘʪʤʦʩʬʝʨʥʘ ʢʦʨʦʟʽʷ; ʟʯʝʧʣʝʥʥʷ ʟ ʙʝ-

ʪʦʥʦʤ. 

 

ɺʉʊʋʇ 

 

ʋʪʚʦʨʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʫ ʷʢ ʤʘʪʝʨʽʘʣʫ ʜʣʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʫʤʦʚʣʝʥʦ ʥʝʦʙ-

ʭʽʜʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʟʯʝʧʣʝʥʥʷ ʘʨʤʘʪʫ-

ʨʠ ʟ ʙʝʪʦʥʦʤ. ɿʘ ʨʘʭʫʥʦʢ ʟʯʝʧʣʝʥʥʷ ʟʫʩʠʣʣʷ 

ʨʦʟʪʷʛʫ ʘʙʦ ʩʪʠʩʢʫ ʚ ʘʨʤʘʪʫʨʽ ʧʝʨʝʜʘʶʪʴʩʷ 

ʥʘ ʙʝʪʦʥ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʟʫʩʠʣʴ 

ʤʽʞ ʘʨʤʘʪʫʨʦʶ ʽ ʙʝʪʦʥʦʤ ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ 

ʪʨʽʱʠʥ, ʘʥʢʝʨʫʚʘʥʥʷ ʢʽʥʮʽʚ ʘʨʤʘʪʫʨʠ ʚ 

ʦʧʦʨʥʠʭ ʚʫʟʣʘʭ, ʟ'ʻʜʥʘʥʥʷʭ, ʤʽʩʮʷʭ ʦʙʨʠʚʫ 

ʩʪʨʠʞʥʽʚ ʽ ʪʘʢʝ ʽʥʰʝ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʟʘʻʤʦʜʽʾ ʘʨʤʘʪʫʨʥʦʛʦ 

ʩʪʨʠʞʥʷ ʟ ʙʝʪʦʥʦʤ ʻ ʚʠʥʠʢʥʝʥʥʷ ʩʠʣ ʟʯʝʧ-

ʣʝʥʥʷ, ʷʢʽ ʽʥʪʝʛʨʘʣʴʥʦ ʦʮʽʥʶʶʪʴʩʷ ʚʝʣʠʯʠ-

ʥʦʶ ʫʤʦʚʥʠʭ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʜʽ-

ʶʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʢʦʥʪʘʢʪʫ ʘʨʤʘʪʫʨʠ ʟ ʙʝ-

ʪʦʥʦʤ. ɺʝʣʠʯʠʥʘ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ ʙʝʪʦʥʫ ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦ-
ʬʽʣʶ ʽ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ. 

ʅʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʧʣʠʚʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʫ ʻ ʡʦʛʦ ʤʽʮʥʽʩʪʴ, ʪʠʧ 

ʮʝʤʝʥʪʫ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʽ ʨʫʭʣʠ-

ʚʽʩʪʴ ʩʫʤʽʰʽ, ʪʝʭʥʦʣʦʛʽʷ ʫʱʽʣʴʥʝʥʥʷ, ʯʘʩ ʽ 

 
 

 

 
 
ʖʣʽʡ ʂʃɯʄʆɺ 

ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ  
ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʪʘ ʢʘʤô̫ʥʠʭ  
ʢʦʥʩʪʨʫʢʮʽʡ, 
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 
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ʫʤʦʚʠ ʪʚʝʨʜʽʥʥʷ, ʧʦʣʦʞʝʥʥʷ ʘʨʤʘʪʫʨʠ ʧʨʠ 

ʙʝʪʦʥʫʚʘʥʥʽ, ʪʦʚʱʠʥʘ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ. 

ʅʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʧʣʠʚʫ 

ʘʨʤʘʪʫʨʠ ʻ ʧʨʦʬʽʣʴ ʧʝʨʝʨʽʟʫ ʽ ʩʪʘʥ ʧʦʚʝʨʭ-

ʥʽ. ɼʣʷ ʘʨʤʘʪʫʨʠ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʬʽʣʶ 

ʟʯʝʧʣʝʥʥʷ ʟ ʙʝʪʦʥʦʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘ-

ʭʫʥʦʢ ʟʤôʷʪʪʷ ʙʝʪʦʥʫ ʤʽʞ ʧʦʧʝʨʝʯʥʠʤʠ 

ʚʠʩʪʫʧʘʤʠ ʧʨʦʬʽʣʶ,  ʘʜʛʝʟʽʻʶ ʽ ʩʠʣʘʤʠ ʪʝʨ-

ʪʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʘʨʤʘʪʫʨʠ ʽ ʙʝʪʦʥʫ. 

ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʧʣʠʚ 

ʘʜʛʝʟʽʾ ʽ ʩʠʣ ʪʝʨʪʷ ʥʘ ʟʯʝʧʣʝʥʥʷ ʟ ʙʝʪʦʥʦʤ ʻ 

ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ. ʂʦʨʦʟʽʡʥʽ ʧʦʰʢʦ-

ʜʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʤʘʪʫʨʠ, ʷʢʽ ʚʠʥʠʢʘ-

ʶʪʴ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʽ ʟʙʝʨʽʛʘʥʥʽ (ʘʪʤʦʩʬʝ-

ʨʥʘ ʢʦʨʦʟʽʷ) ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʘʜʛʝʟʽʶ 

ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ, ʧʽʜʣʷʛʘʶʪʴ ʚʠʚʯʝʥʥʶ 

ʜʣʷ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ 

ʘʨʤʘʪʫʨʠ. 

 

ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ ʊɸ 

ɸʅɸʃɯɿ ʇʆʇɽʈɽɼʅɯʍ ɼʆʉʃɯɼɾɽʅʔ 

 

ʇʨʦʙʣʝʤʽ ʟʯʝʧʣʝʥʥʷ ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ 

ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʫʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʟʘ ʙʘʛʘʪʦʨʽʯ-

ʥʠʭ ʧʝʨʽʦʜ ʥʘʚʝʜʝʥʽ ʫ ɹʶʣʝʪʝʥʽ 10 ʄʽʞʥʘ-

ʨʦʜʥʦʾ ʬʝʜʝʨʘʮʽʾ ʧʦ ʟʘʣʽʟʦʙʝʪʦʥʫ (fib) [1]. 

ɿʦʢʨʝʤʘ ʥʘʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʪʝʦʨʝʪʠ-

ʯʥʠʭ ʦʩʥʦʚ ʟʯʝʧʣʝʥʥʷ, ʤʝʭʘʥʽʟʤʽʚ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʟʯʝʧʣʝʥʥʷ ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ ʚ ʝʣʝ-

ʤʝʥʪʘʭ ʙʝʟ ʪʨʽʱʠʥ ʽ ʟ ʪʨʽʱʠʥʘʤʠ, ʟʯʝʧʣʝʥʥʷ 

ʘʨʤʘʪʫʨʠ ʟ ʚʠʩʦʢʦʤʽʮʥʠʤ ʙʝʪʦʥʦʤ, ʧʨʠ ʜʽʾ 

ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʟʯʝʧʣʝʥʥʷ ʟ ʙʝʪʦʥʦʤ ʘʨʤʘʪʫʨʠ ʟ ʢʦʨʦʟʽʡʥʠ-

ʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ, ʘʨʤʘʪʫʨʠ ʟʘʭʠʱʝʥʦʾ 

ʚʽʜ ʢʦʨʦʟʽʾ ʩʧʝʮʽʘʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʟʯʝʧ-

ʣʝʥʥʷ ʟ ʙʝʪʦʥʦʤ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʫʚʘʥʦʶ 

ʽ ʥʝʤʝʪʘʣʝʚʦʶ ʘʨʤʘʪʫʨʦʶ ʽ ʪʘʢʝ ʽʥʰʝ. 

ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʟʯʝʧʣʝʥʥʷ ʘʨʤʘʪʫʨʠ ʟ 

ʙʝʪʦʥʦʤ ʙʘʟʫʶʪʴʩʷ ʥʘ, ʪʘʢ ʟʚʘʥʠʭ, ʟʘʢʦʥʘʭ 

ʟʯʝʧʣʝʥʥʷ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʘʥʘʣʽ-

ʪʠʯʥʝ ʦʧʠʩʘʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʜʦʪʠʯʥʠʤʠ ʥʘ-

ʧʨʫʞʝʥʥʷʤʠ ʽ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ 

ʟʩʫʚʫ. ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤʠ ʟʘʢʦʥʘʤʠ ʟʯʝʧ-

ʣʝʥʥʷ, ʻ ʨʦʟʨʦʙʣʝʥʽ ʩʚʦʛʦ ʯʘʩʫ, ʩʪʫʧʽʥʠʡ 

ʟʘʢʦʥ ɻ. ʈʝʤʘ, ʧʨʫʞʥʦʧʣʘʩʪʠʯʥʠʡ ʟʘʢʦʥ ɯ. 

ɻʠʡʦʥʘ, ʥʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ ʄ.ʍʦʣʤʷʥ-

ʩʴʢʦʛʦ, ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʟʘʢʦʥ ɸ.ʆʘʪʫʣʘ, 

ʝʤʧʽʨʠʯʥʠʡ ʟʘʢʦʥ ʉ. ʄʠʨʟʘ ʽ ɼ.ʍʘʫʜʘ ʪʘ 

ʽʥʰʽ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʧʠ-

ʩʘʥʥʷ ʟʯʝʧʣʝʥʥʷ ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ ʟʘʩʪʦ-

ʩʦʚʫʚʘʣʠʩʷ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʟ ʟʘʩʪʦʩʫʚʘʥ-

ʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ [2,3], 

ʦʧʠʩʘʥʥʷ ʟʘʢʦʥʫ ʟʯʝʧʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʚʠ-

ʩʭʽʜʥʦʾ ʽ ʥʠʟʭʽʜʥʦʾ ʛʽʣʢʠ [4] ʪʘ ʽʥʰʽ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʯʝʧʣʝʥ-

ʥʷ ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ ʚʢʣʶʯʘʣʠ ʩʧʝʮʽʘʣʴʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʟʘʣʝʞʥʦʩʪʽ 

ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ-ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ, ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʥʘ-

ʧʨʫʞʝʥʴ ʥʘ ʩʪʘʜʽʾ ʚʪʨʘʪʠ ʟʯʝʧʣʝʥʥʷ,  ʙʘʣʢʦ-

ʚʠʤ ʤʝʪʦʜʦʤ [5],  ʚʠʩʤʠʢʫʚʘʥʥʷ ʘʨʤʘʪʫʨ-

ʥʠʭ ʩʪʝʨʞʥʽʚ ʟ ʙʝʪʦʥʥʠʭ ʧʨʠʟʤ ʘʙʦ ʢʫʙʽʚ 

[6]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚʧʣʠʚ ʥʘʡ-

ʙʽʣʴʰ ʟʥʘʯʠʤʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʥʘ ʟʯʝʧʣʝʥʥʷ 

ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ. ɼʣʷ ʙʝʪʦʥʫ ʮʝ ʤʽʮ-

ʥʽʩʪʴ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʨʫʧʥʠʤ ʽ ʜʨʽʙ-

ʥʠʤ ʟʘʧʦʚʥʶʚʘʯʘʤʠ, ʨʫʭʦʤʽʩʪʴ ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ, ʧʨʦʮʝʩ ʫʱʽʣʴʥʝʥʥʷ ʩʫʤʽʰʽ, ʫʤʦʚʠ 

ʪʚʝʨʜʽʥʥʷ. ɼʣʷ ʘʨʤʘʪʫʨʠ - ʮʝ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʛʝʦʤʝʪʨʽʷ ʧʨʦʬʽʣʶ ʽ ʩʪʘʥ ʧʦʚʝʨʭʥʽ. ʅʘ ʧʽʜʩ-

ʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʯʠʥʥʠʭ ʥʦʨ-

ʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ [7, 8] ʚʩʪʘʥʦʚʣʝʥʽ 

ʚʠʤʦʛʠ ʱʦʜʦ ʨʦʟʤʽʨʽʚ ʧʨʦʬʽʣʶ ʘʨʤʘʪʫʨʠ 

ʯʝʨʝʟ ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʧʣʦʱʽ 

ʟʤô̫ ʪʪʷ ʽ ʟʥʘʯʝʥʴ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʙʘʣʢʦʚʠʤ 

ʤʝʪʦʜʦʤ [5]. ɿʘʟʥʘʯʝʥʽ ʚʠʤʦʛʠ ʨʦʟʧʦʚʩʶ-

ʜʞʫʶʪʴʩʷ ʽ ʥʘ ʥʝʤʝʪʘʣʝʚʦʾ ʘʨʤʘʪʫʨʫ ʧʝʨʽʦ-

ʜʠʯʥʦʛʦ ʧʨʦʬʽʣʶ [9]. 

ʆʢʨʝʤʝ ʤʽʩʮʝ ʚ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʡʤʘʻ 

ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ 

ʥʘ ʟʯʝʧʣʝʥʥʷ ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ [10-14]. 

ʆʜʥʘʢ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʨʦʟʛʣʷʜʘʣʘʩʷ 

ʟʥʘʯʥʘ, ʟʘʟʚʠʯʘʡ ʭʽʤʽʯʥʘ ʢʦʨʦʟʽʷ, ʷʢʘ ʩʧʨʠ-

ʯʠʥʷʣʘ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʧʦʧʝ-

ʨʝʯʥʠʭ ʚʠʩʪʫʧʽʚ, ʘ ʚʧʠʚ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʦ-

ʟʽʾ, ʷʢʘ ʚʧʣʠʚʘʻ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʩʪʘʥ ʧʦʚʝʨ-

ʭʥʽ, ʤʘʡʞʝ ʥʝ ʨʦʟʛʣʷʜʘʣʘʩʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʪʝ, ʱʦ ʮʝ ʧʠʪʘʥʥʷ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ, ʦʩʦʙ-

ʣʠʚʦ ʜʣʷ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʟʤʽʮʥʝʥʦʾ ʘʨʤʘʪʫ-

ʨʠ ʟʘ ɼʉʊʋ-3760:2006 [15], ʚ ʷʢʽʡ ʘʪʤʦʩʬʝ-

ʨʥʘ ʢʦʨʦʟʽʷ, ʫ ʩʠʣʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʨʦʙʥʠ-

ʮʪʚʘ, ʧʨʦʪʽʢʘʻ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ, ʥʽʞ ʫ ʛʘ-

ʨʷʯʝʢʘʪʘʥʽʡ ʘʨʤʘʪʫʨʽ. 
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ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʯʝʧʣʝʥʥʷ ʟ ʙʝʪʦ-

ʥʦʤ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʟʤʽʮʥʝʥʦʾ ʘʨʤʘʪʫʨʠ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʟ ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰ-

ʢʦʜʞʝʥʥʷʤʠ ʚʥʘʩʣʽʜʦʢ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʦʟʽʾ.  

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ 

ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʥʘ ʟʯʝʧʣʝʥʥʷ ʪʝʨ-

ʤʦʤʝʭʘʥʽʯʥʦʟʤʽʮʥʝʥʦʾ ʘʨʤʘʪʫʨʠ ʩʝʨʧʦʚʠʜ-

ʥʦʛʦ ʧʨʦʬʽʣʶ ʟ ʙʝʪʦʥʦʤ.  

 

ɿʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ: 

- ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ 

ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʥʘ ʟʯʝʧʣʝʥʥʷ 

ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ;  

- ʦʮʽʥʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʝʨ-

ʤʦʤʝʭʘʥʽʯʥʦʟʤʽʮʥʝʥʦʾ ʘʨʤʘʪʫʨʠ ʩʝʨʧʦ-

ʚʠʜʥʦʛʦ ʧʨʦʬʽʣʶ ʟ ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰ-

ʢʦʜʞʝʥʥʷʤʠ ʚʥʘʩʣʽʜʦʢ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦ-

ʨʦʟʽʾ ʟ ʧʦʟʠʮʽʡ ʟʯʝʧʣʝʥʥʷ ʟ ʙʝʪʦʥʦʤ. 

 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʯʝʧʣʝʥʥʷ ʟ ʙʝʪʦʥʦʤ ʧʨʦʚʦʜʠʣʠʩʷ ʜʣʷ 

ʩʪʝʨʞʥʽʚ ʘʨʤʘʪʫʨʠ Ï12ɸ500ʉ, Ï16ɸ500ʉ ʽ 

Ï25ɸ500ʉ ʟʘ ɼʉʊʋ 3769:2006 [15] ʙʝʟ ʽ ʟ 

ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ ʚʥʘʩʣʽʜʦʢ 

ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʦʟʽʾ. ɺʩʴʦʛʦ ʙʫʣʦ 

ʚʠʧʨʦʙʫʚʘʥʦ ʧʦ 8 ʟʨʘʟʢʽʚ ʘʨʤʘʪʫʨʠ ʢʦʞʥʦʛʦ 

ʟ ʜʽʘʤʝʪʨʽʚ ʧʦ 4 ʟʨʘʟʢʠ ʙʝʟ ʽ ʟ ʢʦʨʦʟʽʡʥʠʤʠ 

ʧʦʰʢʦʜʞʝʥʥʷʤʠ. ɿʨʘʟʢʠ ʘʨʤʘʪʫʨʠ ʟ 

ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ ʚʽʜʙʠʨʘʣʠʩʷ 

ʚʽʜ ʘʨʤʘʪʫʨʠ, ʷʢʘ ʟʙʝʨʽʛʘʣʘʩʷ ʥʘ ʚʽʜʢʨʠʪʦʤʫ 

ʧʦʚʽʪʨʽ ʥʘ ʧʨʦʪʷʟʽ 10 ʤʽʩʷʮʽʚ ʟ ʩʽʯʥʷ ʧʦ 

ʞʦʚʪʝʥʴ, ʘ ʟʨʘʟʢʠ ʘʨʤʘʪʫʨʠ ʙʝʟ ʢʦʨʦʟʽʡʥʠʭ 

ʧʦʰʢʦʜʞʝʥʴ ï ʟ ʘʨʤʘʪʫʨʠ, ʷʢʘ ʟʙʝʨʽʛʘʣʘʩʷ ʚ 

ʫʤʦʚʘʭ ʮʝʭʫ. 

ʄʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʨʤʘʪʫʨʠ ʫ 

ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ 3-ʭ ʟʨʘʟʢʽʚ 

ʢʦʞʥʦʛʦ ʟ ʜʽʘʤʝʪʨʽʚ ʥʘ ʨʦʟʪʷʛ ʟʘ ɼʉʊʋ EN 

10080:2009 [16]. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ  

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

ɻʝʦʤʝʪʨʠʯʥʽ ʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʧʨʦʬʽʣʶ 

ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʚʠʩʦʪʠ (h) ʽ ʢʨʦʢʫ (t) 

ʧʦʧʝʨʝʯʥʠʭ ʚʠʩʪʫʧʽʚ ʟ ʧʦʜʘʣʴʰʠʤ 

ʚʠʟʥʘʯʝʥʥʷʤ  ʟʘ ɼʉʊʋ 3769:2006 [15] 

ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʧʣʦʱʽ ʟʤôʷʪʪʷ (fR). 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʽ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʫ 

ʪʘʙʣʠʮʽ 2. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ (ʪʘʙʣ.1), 

ʚʠʤʽʨʶʚʘʥʴ ʽ ʨʦʟʨʘʭʫʥʢʽʚ (ʪʘʙʣ.2) 

ʚʩʪʘʥʦʚʣʝʥʦ, ʟʘ ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʘʤʠ ʟʨʘʟʢʠ ʘʨʤʘʪʫʨʠ ʜʽʘʤʝʪʨʽʚ 12, 16 ʽ 

25 ʤʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʣʘʩʫ ɸ500ʉ, ʘ ʾʭ 

ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ  

ʚʠʤʦʛʘʤ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ 

[7,8,15]. 

 

 
ʊʘʙʣ. 1. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ ʘʨʤʘʪʫʨʠ 

Tablʝ. 1 Test results of reinforcement samples 

 

 ̄

ʧ/ʧ 

ɼʦʩʣʽʜʥʽ 

ʟʨʘʟʢʠ 

ʄʝʭʘʥʽʯʥʽ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

Å, 

ʤʤ 

ˉ  

ʟʨʘʟʢʘ 

ůʪ, 

ʄʇʘ 

ůʚ, 

ʄʇʘ 
d5,  
% 

  1 694,3 767,2 21,7 

1 12 2 673,4 739,4 20,0 

  3 711,6 770,4 20,0 

  1 605,3 720,5 21,3 

2 16 2 624,8 724,4 21,3 

  3 620,0 719,5 22,5 

  1 540,0 639,8 19,2 

3 25 2 560,0 649,8 23,1 

  3 559,9 699,8 23,1 
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ʊʘʙʣ. 2. ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʧʨʦʬʽʣʶ ʘʨʤʘʪʫʨʠ 

Table 2.Geometric dimensions of the reinforcement profile 

 

 ̄

ʧ/ʧ 

ɿʨʘʟʢʠ  

ʘʨʤʘʪʫʨʠ 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʅʦʨʤʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ɺʽʜʥʦʩʥʘ ʧʣʦʱʘ 

ʟʤô̫ ʪʪʷ 
Rf  

Å, 

ʤʤ 

ʂʽʣʴʢʽʩʪʴ 

ʟʨʘʟʢʽʚ 
h , 

ʤʤ 

t , 

ʤʤ 

h , 

ʤʤ 

ʥʝ ʤʝʥʝʝ 

t , 

ʤʤ 

ʬʘʢʪʠʯ-

ʥʘ 

ʥʦʨʤʦʚʘʥʘ 

ʥʝ  

ʤʝʥhʝ 

1 12 8 0,98..1,07 8,0é8,5 0,84 6,6é9,01) 0,065 0,056 

2 16 8 1,15é1,40 9,0é9,1 1,12 8,16é11,041) 0,073 0,056 

3 25 8 2,0é2,13 15,1é15,4 1,625 12,75..17,251) 0.069 0,056 

 

ʇʨʠʤʽʪʢʘ: 1) ï ʤʽʥʽʤʘʣʴʥʽ ʽ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 
Note: 1) - minimum and maximum values 

 

 

ʆʉʅʆɺʅʀʁ ʄɸʊɽʈɯɸʃ  

ʊɸ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥ-

ʥʷ ʚʢʣʶʯʘʣʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʚʠʩʤʠʢʫ-

ʚʘʥʥʷ ʘʨʤʘʪʫʨʥʦʛʦ ʩʪʝʨʞʥʷ ʟ ʙʝʪʦʥʥʦʾ ʧʨʠ-

ʟʤʠ ʟʘ ʩʭʝʤʦʶ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.1. ɼʦʩ-

ʣʽʜʥʽ ʟʨʘʟʢʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʶ ʙʝʪʦʥʥʽ 

ʧʨʠʟʤʠ ʜʦʚʞʠʥʦʶ L ʟ ʘʨʤʘʪʫʨʥʠʤ ʩʪʝʨʞ- 

 

 

ʥʝʤ, ʱʦ ʙʫʚ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʦ ʦʩʽ. ɺ ʧʨʦʮʝʩʽ 

ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʠʟʤʘ 1 ʩʧʠʨʘʣʘʩʷ ʥʘ ʫʧʦʨʥʫ 

ʧʣʘʩʪʠʥʫ 5, ʜʦ ʘʨʤʘʪʫʨʥʦʛʦ ʩʪʝʨʞʥʷ 2 ʧʨʠ-

ʢʣʘʜʘʣʦʩʷ ʟʫʩʠʣʣʷ ʨʦʟʪʷʛʫ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʷʢʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʠʢʘʪʦʨʘ 3 ʚʠʤʽʨʶ-

ʚʘʣʠ ʟʩʫʚ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ ʩʪʝʨʞʥʷ. 
 
 

 

 

3 

s 
s 

A 
s 

L
 

4 

5 

1 

2 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʚʠʩʤʠʢʫʚʘʥʥʷ 

ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʫ: 1 - ʙʝʪʦʥʥʘ ʧʨʠʟʤʘ;     

2 ï ʘʨʤʘʪʫʨʥʠʡ ʩʪʝʨʞʝʥʴ; 3 - ʽʥʜʠʢʘʪʦʨ ʟ 

ʮʽʥʦʶ ʧʦʜʽʣʫ 0,001 ʤʤ; 4 - ʩʪʨʫʙʮʠʥʘ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʥʜʠʢʘʪʦʨʫ; 5 ï ʫʧʦʨʥʘ ʧʣʘ-

ʩʪʠʥʘ. 

Fig. 1. Scheme of tests for pulling out reinforce-

ment from concrete: 1 - concrete prism; 2 - 

reinforcment bar; 3 - indicator with a separa-

tion price of 0.001 mm; 4 - clamp for instal-

lation of the indicator; 5 - thrust plate 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ 

ʙʝʪʦʥʫ ʙʫʣʠ ʚʠʧʨʦʙʫʚʘʥʽ ʟʨʘʟʢʠ ʢʫʙʽʚ ʨʦʟ-

ʤʽʨʦʤ 100ʭ100ʭ100 ʤʤ ʥʘ ʩʪʠʩʢ, ʧʨʠʟʤʠ 

ʨʦʟʤʽʨʦʤ 100ʭ100ʭ400 ʥʘ ʩʪʠʩʢ ʽ ʨʦʟʪʷʛ ʧʨʠ 

ʟʛʠʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ, ʢʫʙʠʢʦʚʽ, 

ʧʨʠʟʤʦʚʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʽ ʤʽʮʥʦʩʪʽ ʥʘ 

ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʘ 

ʪʘʢʦʞ ʨʦʟʤʽʨʠ ʟʨʘʟʢʽʚ, ʜʦʚʞʠʥʘ ʷʢʠʭ ʧʨʠʡ-

ʤʘʣʘʩʷ ʨʽʚʥʦʶ 15d (d ï ʜʽʘʤʝʪʨ ʩʪʝʨʞʥʷ), 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.  
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ʊʘʙʣ. 3. ʉʢʣʘʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

Table 3. Composition of experimental research 

 

 ̄

ʧ/ʧ 

ɸʨʤʘʪʫʨʘ 

ɺʠʜ ʟʨʘʟʢʘ 
a , 

ʤʤ 

L , 

ʤʤ 

ɿʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ 

ʟʨʘʟʢʽʚ, 

ʰʪ. 

f c, 

ʄʇʘ Rf  Ï ʂʣʘʩ 

1 2 3 4 5 6 7 8 9 

1 12 A500C 
 

 
150 180 8 52,2 0,059 

2 16 A500C 

 

 

 
150 240 8 52,0 0,082 

3 25 ɸ500C 

 

 

 150 375 8 57,8 0,069 

 

 

 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʥʘ 

ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ɿɼ-40. ʅʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʠʢʣʘʜʘʣʦʩʷ ʩʪʫʧʝʥʷʤʠ, ʱʦ ʜʦʨʽʚʥʶʚʘʣʠ 

0,1 ʚʽʜ ʟʫʩʠʣʣʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦʩʷʛʥʝʥʥʶ 

ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʘʨʤʘʪʫʨʥʦʛʦ ʩʪʝʨʞʥʷ.  

ɿʩʫʚ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ  ʩʪʨʠʞʥʷ ʚʽʜʤʽʨʶʚʘ-

ʚʩʷ ʥʘ ʢʦʞʥʽʡ ʩʪʫʧʝʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽʥʜʠʢʘ 

ʪʦʨʦʤ ʟ ʮʽʥʦʶ ʧʦʜʽʣʢʠ 0,001 ʤʤ ( ʨʠʩ. .1) ʜʦ 

ʜʦʩʷʛʥʝʥʥʷ ʜʝʬʦʨʤʘʮʽʷʤʠ ʟʩʫʚʫ ʟʥʘʯʝʥʴ 

0,15 ʤʤ ʘʙʦ ʥʘʧʨʫʞʝʥʴ ʚ ʘʨʤʘʪʫʨʽ ʨʽʚʥʠʭ 

ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ.  

 

 

 

 

 

 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʠ-

ʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʚ ʘʨʤʘʪʫʨʽ ʚʽʜ 

ʜʝʬʦʨʤʘʮʽʡ ʟʩʫʚʫ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ ʥʘʚʝʜʝʥʽ 

ʥʘ ʨʠʩ.2-.4. 

 

 

a L 

a L 

a L 
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ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ ʚ ʘʨʤʘʪʫʨʽ  Ï12ɸ500ʉ ʚʽʜ ʟʩʫʚʫ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ: ʘ- ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ 

ʘʨʤʘʪʫʨʘ ʙʝʟ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ; ʙ ï ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʘʨʤʘʪʫʨʘ ʟ ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰʢʦ-

ʜʞʝʥʥʷʤʠ; ʚ ï ʩʝʨʝʜʥʽ ʟʘ ʩʝʨʽʻʶ ʟʨʘʟʢʽʚ ʙʝʟ ʽ ʟ ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ. 

Fig. 2. Dependence of stresses in reinforcement Ï12A500C on the slip of the free end: a- test specimens of 

reinforcement without corrosion damage; b - test specimens of reinforcement with corrosion dam-

age; ʩ - average on a series of samples without and with corrosion damages. 
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ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ ʚ ʘʨʤʘʪʫʨʽ ʜʽʘʤʝʪʨʦʤ Ï16ɸ500ʉ ʚʽʜ ʟʩʫʚʫ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ: ʘ- ʜʦʩʣʽʜʥʽ 

ʟʨʘʟʢʠ ʘʨʤʘʪʫʨʘ ʙʝʟ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ; ʙ ï ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʘʨʤʘʪʫʨʘ ʟ ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰ-

ʢʦʜʞʝʥʥʷʤʠ; ʚ ï ʩʝʨʝʜʥʽ ʟʘ ʩʝʨʽʻʶ ʟʨʘʟʢʽʚ ʙʝʟ ʽ ʟ ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ. 

Fig. 3. Dependence of stresses in reinforcement Ï16A500C on the slip of the free end: a - test specimens of 

reinforcement without corrosion damage; b - test specimens of reinforcement with corrosion damage; 

ʩ - average on a series of samples without and with corrosion damages. 

ɿʩʫʚ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ,ȹ*103, ʤʤ

ʘ)

ɿʩʫʚ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ, ȹ*103, ʤʤ

ʙ)

ɿʩʫʚ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ, ȹ*103, ʤʤ

ʘʨʤʘʪʫʨʘ ʙʝʟ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ

ʘʨʤʘʪʫʨʘ ʟ ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ

ʚ)
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ʈʠʩ. 4. ɿʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ ʚ ʘʨʤʘʪʫʨʽ ʜʽʘʤʝʪʨʦʤ Ï12ɸ500ʉ ʚʽʜ ʟʩʫʚʫ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ: ʘ- ʜʦʩʣʽʜʥʽ 

ʟʨʘʟʢʠ ʘʨʤʘʪʫʨʘ ʙʝʟ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ; ʙ ï ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʘʨʤʘʪʫʨʘ ʟ ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰ-

ʢʦʜʞʝʥʥʷʤʠ; ʚ ï ʩʝʨʝʜʥʽ ʟʘ ʩʝʨʽʻʶ ʟʨʘʟʢʽʚ ʙʝʟ ʽ ʟ ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ. 

Fig. 4. Dependence of stresses in reinforcement Ï25A500C on the slip of the free end: a - test specimens of 

reinforcement without corrosion damage; b - test specimens of reinforcement with corrosion damage; 

ʩ - average on a series of samples without and with corrosion damages. 

 

ɿʩʫʚ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ,ȹ*103, ʤʤ

ʘ)

ɿʩʫʚ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ, ȹ*103, ʤʤ

ʙ)

ɿʩʫʚ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ,ɲ*103, ʤʤ

ʘʨʤʘʪʫʨʘʙʝʟ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ

ʘʨʤʘʪʫʨʘ ʟ ʢʦʨʦʟʽʡʥʠʢʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ

ʚ)
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ʋʟʘʛʘʣʴʥʝʥʥʷ ʽ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦ-

ʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʻ ʢʦʥʩʪʘʪʫʚʘʪʠ 

ʪʘʢʝ. 

ʍʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟ-

ʪʷʛʫ ʚ ʘʨʤʘʪʫʨʥʦʤʫ ʩʪʝʨʞʥʽ - ʟʩʫʚ ʚʽʣʴʥʦʛʦ 

ʢʽʥʮʷ ʜʣʷ ʘʨʤʘʪʫʨʠ ʙʝʟ ʽ ʟ ʢʦʨʦʟʽʡʥʠʤʠ ʧʦ-

ʰʢʦʜʞʝʥʥʷʤʠ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʟʘʛʘʣʴ-

ʥʠʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ. ʇʦʯʘʪʦʢ ʟʩʫʚʫ ʚʽʣʴ-

ʥʦʛʦ ʢʽʥʮʷ ʩʪʝʨʞʥʷ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʥʘʧʨʫ-

ʞʝʥʥʷʭ 100é200 ʄʇʘ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʥʘʷʚʥʦʩʪʽ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. ɼʦʩʷʛ-

ʥʝʥʥʷ ʢʦʥʪʨʦʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʟʩʫʚʫ ʚʽʣʴʥʦʛʦ 

ʢʽʥʮʷ ʫ 0,1 ʤʤ ʧʨʠ ʜʦʚʞʽʥʽ ʘʥʢʝʨʫʚʘʥʥʷ  

15d (ʜʦʚʞʠʥʘ ʧʨʠʟʤʠ) ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʥʘ-

ʧʨʫʞʝʥʥʷʭ ʚ ʘʨʤʘʪʫʨʽ 480é600 ʄʇʘ. ʉʪʽʡ-

ʢʦʛʦ ʚʧʣʠʚʫ ʥʘʷʚʥʦʩʪʽ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦ-

ʜʞʝʥʴ ʚʥʘʩʣʽʜʦʢ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʦʟʽʾ ʪʝʨ-

ʤʦʤʝʭʘ-ʥʽʯʥʦʟʤʽʮʥʝʥʦʾ ʘʨʤʘʪʫʨʠ ʩʝʨʧʦʚʠ-

ʜʥʦʛʦ ʧʨʦʬʽʣʶ ʥʘ ʟʯʝʧʣʝʥʥʷ ʟ ʙʝʪʦʥʦʤ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʝ ʚʠʷʚʣʝʥʦ.  

ʅʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘʷʚʥʦʩʪʽ ʢʦʨʦʟʽʡʥʠʭ 

ʧʦʰʢʦʜʞʝʥʴ ʥʘ ʟʯʝʧʣʝʥʥʷ ʟ ʙʝʪʦʥʦʤ, ʫ ʤʝ-

ʞʘʭ 12..16%, ʙʫʚ ʟʘʬʽʢʩʦʚʘʥʠʡ ʜʣʷ ʘʨʤʘʪʫ-

ʨʠ ʥʘʡʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʫ Ï12ɸ500ʉ ʽ ʤʦʞʝ 

ʙʫʪʠ ʧʦʷʩʥʝʥʠʡ ʪʠʤ, ʱʦ ʧʨʠ ʽʥʰʠʭ ʨʽʚʥʠʭ 

ʫʤʦʚʘʭ, ʦʜʥʘʢʦʚʠʡ ʦʙôʻʤ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰ-

ʢʦʜʞʝʥʴ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʚʧʣʠʚʘʻ ʥʘ ʟʯʝʧʣʝʥ-

ʥʷ ʘʨʤʘʪʫʨʠ ʤʝʥʰʠʭ ʜʽʘʤʝʪʨʽʚ. ɺʩʪʘʥʦʚʣʝ-

ʥʠʡ ʬʘʢʪ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩ-

ʣʽʜʞʝʥʴ. 

 

ɺʀʉʅʆɺʂʀ ɯ ʇɽʈʉʇɽʂʊʀɺʀ 

ʇʆɼɸʃʔʐʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

ɿʯʝʧʣʝʥʥʷ ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ ʻ ʦʩʥʦʚ-

ʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʅʘ ʟʯʝ-

ʧʣʝʥʥʷ ʟ ʙʝʪʦʥʦʤ ʟ ʙʦʢʫ ʘʨʤʘʪʫʨʠ ʚʧʣʠʚʘ-

ʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʧʨʦʬʽʣʶ ʽ ʩʪʘʥ 

ʧʦʚʝʨʭʥʽ, ʟʘʟʚʠʯʘʡ ʧʦʚôʷʟʘʥʠʡ ʟ ʢʦʨʦʟʽʡʥʠ-

ʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ.  ɿ ʤʦʞʣʠʚʠʭ ʚʠʜʽʚ 

ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʥʘʡʤʝʥʰ ʚʠʚʯʝ-

ʥʠʤʠ ʻ ʧʦʰʢʦʜʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʘʪʤʦʩʬʝʨ-

ʥʦʾ ʢʦʨʦʟʽʾ, ʜʣʷ ʷʢʦʶ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʦʶ ʻ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʟʤʽʮʥʝʥʘ ʘʨʤʘʪʫʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʝ ʚʠ-

ʧʨʦʙʫʚʘʥʥʷ ʥʘ ʚʠʩʤʠʢʫʚʘʥʥʷ ʟ ʙʝʪʦʥʥʠʭ 

ʧʨʠʟʤ ʩʪʝʨʞʥʽʚ Ï12ɸ500ʉ, Ï16ɸ500ʉ ʽ 

Ï25ɸ500 ʟ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʟʤʽʮʥʝʥʦʾ ʘʨʤʘ-

ʪʫʨʠ ʩʝʨʧʦʚʠʜʥʦʛʦ ʧʨʦʬʽʣʶ ʟʘ ɼʉʊʋ 

3760:2006 ʟ ʽ ʙʝʟ ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰʢʦʜʞʝʥ-

ʥʷʤʠ ʚʥʘʩʣʽʜʦʢ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʦʟʽʾ, ʩʪʽʡ-

ʢʦʛʦ ʚʧʣʠʚʫ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʥʘ 

ʟʯʝʧʣʝʥʥʷ ʘʨʤʘʪʫʨʠ ʟ ʙʝʪʦʥʦʤ ʥʝ ʚʠʷʚʣʝʥʦ.  

ɺʠʥʷʪʦʢ ʩʢʣʘʜʘʻ ʘʨʤʘʪʫʨʘ Ï12ɸ500ʉ, 

ʜʣ̫ ʷʢʦʾ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰ-

ʢʦʜʞʝʥʴ ʫ ʤʝʞʘʭ 12é16%,. ʤʦʞʝ ʙʫʪʠ ʧʦ-

ʷʩʥʝʥʠʡ ʪʠʤ, ʱʦ ʧʨʠ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚʘʭ, 

ʦʜʥʘʢʦʚʠʡ ʦʙôʻʤ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʚ 

ʙʽʣʴʰʽʡ ʤʽʨʽ ʚʧʣʠʚʘʻ ʥʘ ʟʯʝʧʣʝʥʥʷ ʘʨʤʘʪʫ-

ʨʠ ʤʝʥʰʠʭ ʜʽʘʤʝʪʨʽʚ.  

ɺʩʪʘʥʦʚʣʝʥʠʡ ʬʘʢʪ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ 

ʧʦʜʘʣʴʰʠʭ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʚʯʝʥʥʷ ʟʯʝʧʣʝʥʥʷ ʟ 

ʙʝʪʦʥʦʤ ʘʨʤʘʪʫʨʠ ʜʽʘʤʝʪʨʽʚ 8é14 ʤʤ ʟ 

ʢʦʨʦʟʽʡʥʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ ʚʥʘʩʣʽʜʦʢ 

ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʦʟʽʾ. 
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INFLUENCE OF CORROSION  

DAMAGE ON BOND  

OF REINFORCEMENT IN CONCRETE  

 

Yulii KLYMOV 
 

Summary. The paper presents the results of 

experimental studies of the influence of corrosion 

damage on bond of reinforcement in concrete. Ex-

perimental studies included tests for bond to con-

crete of reinforcement bars without corrosion dam-

age and with corrosion damage in the form of rust 

caused by atmospheric corrosion. Samples of rein-

forcement with corrosion damage were taken from 

reinforcement stored in the open air for 10 months 

from January to October, and samples of rein-

forcement without corrosion damage - from fittings 

stored in the production shop.  

Tests of reinforcement samples for bond to 

concrete were performed by pulling reinforcement 

from concrete prisms, the length of which was 15d 

(d - diameter of the bar) with measurement in the 

process of testing the shear of the free end of the 

bar and subsequent plotting of tensile stress in the 

reinforcement offset of the free end of the bar.  

According to the results of tests of stable im-

pact of the surface of the reinforcement - without 

corrosion damage and with damage caused by 

atmospheric corrosion, not detected. The exception 

is the fittings of the smallest of diameters - 

Ï12A500C, for which the negative impact of cor-

rosion damage in the range of 12é 16%. can be 

explained by the fact that, other things being equal, 

the same amount of corrosion damage to a greater 

extent affects the bond of valves of smaller diame-

ters. 

 

Keywords. Periodic profile reinforcement; at-

mospheric corrosion; adhesion to concrete. 
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ɸʥʦʪʘʮʽʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʢʨʠʪʪʽʚ ʟ ʧʦʨʦ-

ʞʥʠʩʪʠʤʠ ʚʢʣʘʜʠʰʘʤʠ ʻ ʦʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ 

ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ ʽ ʤʘʩʠ 

ʙʫʜʽʚʝʣʴ, ʟʚʝʜʝʥʠʭ ʟ ʤʦʥʦʣʽʪʥʦʛʦ ʙʝʪʦʥʫ, ʧʨʘʢ-

ʪʠʯʥʦ ʙʝʟ ʟʥʠʞʝʥʥʷ ʾʭ ʥʘʜʽʡʥʦʩʪʽ. ɿʥʠʞʝʥʥʷ 

ʚʘʛʠ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʧʨʠ 

ʙʫʜʽʚʥʠʮʪʚʽ ʦʙ'ʻʢʪʽʚ ʫ ʩʝʡʩʤʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʛʽ-

ʦʥʘʭ.  

ʆʜʥʘʢ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʧʣʠʪ ʚ ʙʫʜʽʚʥʠ-

ʮʪʚʽ ʩʪʨʠʤʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩ-

ʣʽʜʞʝʥʴ ʽ ʥʝʦʙʭʽʜʥʦʾ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʽ ʜʦʩʚʽ-

ʜʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʦʙʣʝʤʠ ʨʦʟʨʘʭʫʥ-

ʢʽʚ ʪʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʦʙʣʝʛʰʝʥʦʛʦ ʤʦʥʦʣʽʪʥʦʛʦ 

ʧʝʨʝʢʨʠʪʪʷ ʥʘ ʧʨʠʢʣʘʜʽ ʢʦʥʢʨʝʪʥʦʛʦ 18-ʪʠ ʧʦ-

ʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ. ʅʘʚʝʜʝʥʽ ʦʩʥʦʚ-

ʥ ̔ ʧʨʠʥʮʠʧʠ ʽ ʤʝʪʦʜʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘ-

ʭʫʥʢʫ ʧʦʨʦʞʥʠʩʪʠʭ ʤʦʥʦʣʽʪʥʠʭ ʧʝʨʝʢʨʠʪʪʽʚ.  

ʅʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʩʪʦ-

ʨʦʚʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʟ ʧʦʨʦʞʥʠʩ-

ʪʠʤʠ ʧʣʠʪʘʤʠ ʧʝʨʝʢʨʠʪʪʷ  ʷʚʣʷʻʪʴʩʷ ʤʝʪʦʜ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʧʣʠʪʦʶ ʧʨʠʚʝʜʝʥʦʾ ʞʦʨʩʪʢʦʩʪʽ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʧʦʨʦʞʥʠʩʪʝ ʧʝʨʝʢʨʠʪʪʷ ʤʘʻ ʧʝʨʝ-

ʚʘʛʠ ʧʝʨʝʜ ʩʫʮʽʣʴʥʠʤ ʪʠʧʦʚʠʤ ʫ ʙʘʛʘʪʴʦʭ ʧʘʨʘ-

ʤʝʪʨʘʭ. ʂʣʶʯʦʚʠʤʠ ʻ ʨʽʟʥʠʮʷ ʫ ʚʠʪʨʘʪʽ ʙʝʪʦʥʫ -

18,6%, ʚʠʪʨʘʪʽ ʩʪʘʣʽ - 24,2% ʪʘ ʫ ʚʣʘʩʥʽʡ ʚʘʟʽ 

ʧʝʨʝʢʨʠʪʪʷ - 32,9 %.  

ʇʦʣʝʛʰʝʥʽ ʧʣʠʪʠ ʥʘʡʙʽʣʴʰʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ 

ʙʫʜʽʚʝʣʴ ʟ ʚʝʣʠʢʠʤʠ ʧʨʦʣʴʦʪʘʤʠ ʽ ʥʠʟʴʢʠʤʠ 

ʢʦʨʠʩʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʦʜʥʘʢ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʝ ʝʬʝʢʪʠʚʥʠʤ  ʽ ʜʣʷ ʙʫʜʽʚʝʣʴ ʟ 

ʚʝʣʠʢʠʤʠ ʧʨʦʣʴʦʪʘʤʠ ʽ ʟʥʘʯʥʠʤʠ ʢʦʨʠʩʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. 

 

 

 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʄʦʥʦʣʽʪʥʘ ʧʣʠʪʘ; 
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ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ 

ʞʠʪʣʦʚʠʭ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʫ ʙʽʣʴ-

ʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʘʨʢʘʩʥʘ 

ʩʭʝʤʘ ʽʟ ʤʦʥʦʣʽʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ. ʅʘʡ-

ʙʽʣʴʰ ʤʘʩʦʚʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʪʘʢʠʭ ʙʫʜʽ-

ʚʝʣʴ ʻ ʧʣʦʩʢʽ ʙʝʟʙʘʣʢʦʚʽ ʧʝʨʝʢʨʠʪʪʷ. 
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ʉʴʦʛʦʜʥʽʰʥʻ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʩʧʦʨʫʜ ʧʝʨʝʜʙʘʯʘʻ, ʷʢ ʧʨʘʚʠʣʦ, ʫʪʚʦʨʝʥʥʷ 

ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ,  ʘʨʭʽʪʝʢʪʫʨ-

ʥʠʭ ʨʽʰʝʥʴ ʟ ʚʽʣʴʥʠʤʠ ʧʣʘʥʫʚʘʥʥʷʤ ʪʘ ʚʽʜ-

ʥʦʩʥʦ  ʚʝʣʠʢʠʭ  ʧʨʦʣʴʦʪʽʚ. ʂʦʥʩʪʨʫʢʮʽʷ ʪʘ 

ʤʘʪʝʨʽʘʣʠ  ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʝ-

ʨʝʢʨʠʪʴ  ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʙʽʣʴʰʦʩʪʽ ʮʠʭ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ.ɸʣʝ ʛʦʣʦʚ-

ʥʠʤ ʥʝʜʦʣʽʢʦʤ  ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪ ʻ ʚʝ-

ʣʠʢʘ ʚʣʘʩʥʘ ʚʘʛʘ, ʷʢʘ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʜʦ 

55é70%  ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʫʩʴʦʛʦ ʢʘʨʢʘʩʫ 

ʙʫʜʽʚʣʽ. ɿʥʠʞʝʥʥʷ ʚʣʘʩʥʦʾ ʚʘʛʠ ʤʦʥʦʣʽʪʥʠʭ 

ʧʝʨʝʢʨʠʪʴ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʥʝʦʙʭʽʜʥʦʾ ʤʽʮ-

ʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʻ ʘʢʪʫʘʣʴ-

ʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʫʯʘʩʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ.  

ɿʘʨʫʙʽʞʥʠʡ ʜʦʩʚʽʜ [1,2,3] ʩʚʽʜʯʠʪʴ, ʱʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʧʣʠʪ ʤʦʞʥʘ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ , ʷʢʱʦ ʾʭ 

ʚʠʢʦʥʫʚʘʪʠ ʯʘʩʪʢʦʚʦ ʧʦʨʦʞʥʠʩʪʠʤʠ.   

ʋ ʥʘʚʝʜʝʥʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʦ-

ʙʣʝʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʦʙʣʝʛ-

ʰʝʥʦʛʦ ʤʦʥʦʣʽʪʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʥʘ ʧʨʠʢʣʘ-

ʜʽ ʢʦʥʢʨʝʪʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ, ʘʥʘʣʽ-

ʟʫʻʪʴʩʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʧʝʨʩʧʝʢʪʠʚʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 

 

ʆʉʅʆɺʅɽ ɼʆʉʃɯɼɾɽʅʅʗ 

 

ʇʦʨʦʞʥʠʥʠ ʚ ʧʣʠʪʘʭ ʫʪʚʦʨʶʶʪʴ ʟʘ ʨʘ-

ʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʫ ʩʢʣʘʜ ʤʦʥʦʣʽʪʥʠʭ ʧʝʨʝʢ-

ʨʠʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʚʢʣʘʜʠʰʽʚ [1,2,3,4], ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ  ʢʦʥʬʽʛʫʨʘʮʽʻʶ, ʤʘʪʝʨʽʘʣʦʤ, 

ʬʦʨʤʦʶ ʧʝʨʝʨʽʟʫ, ʤʝʪʦʜʦʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ 

ʧʣʘʥʽ.   

ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʪʠ-

ʧʠ ʧʦʨʦʞʥʠʩʪʠʭ ʚʢʣʘʜʠʰʽʚ  ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ (ʨʠʩ.1).  

 

 

 

 

  
ʘ. ʙ. 

  

ʚ. ʛ. 
ʈʠʩ.1. ɺʢʣʘʜʠʰʽ ʩʠʩʪʝʤʠ: ʘ - çCobiax CLSè; ʙ - çBubbleDeck; ʚ - ɽʣʝʤʝʥʪ ʥʝʟʥʽʤʥʦʾ ʦʧʘʣʫʙʢʠ çU-

Boot Betonè; ʛ - ʬʨʘʛʤʝʥʪ ʧʣʠʪʠ ʟ ʝʣʝʤʝʥʪʘʤʠ çU-Boot Betonè. 

Fig.1. Inserts of the system: a - "Cobiax CLS"; b - çBubbleDeck; c - Element of non-removable form-

work "U-Boot Beton"; d - a fragment of a plate with elements of "U-Boot Beton". 

 

ʄʦʞʣʠʚʽ ʬʦʨʤʠ ʧʝʨʝʨʽʟʽʚ ʚʢʣʘʜʠʰʽʚ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.2. 
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ʘ. ʙ. 

 
 

ʚ. ʛ. 
ʈʠʩ.2. ɺʘʨʽʘʥʪʠ ʚʢʣʘʜʠʰʽʚ ʟʘ ʬʦʨʤʦʶ ʧʝʨʝʨʽʟʽʚ: ʘ - ʢʚʘʜʨʘʪʥʽ; ʙ -ʧʨʷʤʦʢʫʪʥʽ; ʚ - ʢʨʫʛʣʽ; ʛ - ʦʚʘʣʴʥʽ   

Fig.2. Variants of liners according to the shape of the sections: a - square; b - rectangular; c - round;  

d - oval 
ʅʘ ʨʠʩ.3 ʥʘʚʝʜʝʥʽ ʤʦʞʣʠʚʽ ʩʭʝʤʠ ʨʦʟʪʘ-

ʰʫʚʘʥʥʷ ʧʦʨʦʞʥʠʩʪʠʭ ʚʢʣʘʜʠʰʽʚ ʚ ʧʣʘʥʽ 

ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ. 

ɺʢʣʘʜʠʰʽ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʧʝʨʝʨʦʙʣʝʥʦʛʦ 

ʧʣʘʩʪʠʢʫ, ʧʦʣʽʝʪʠʣʝʥʫ, ʧʦʣʽʧʨʦʧʽʣʝʥʫ, ʧʽ-

ʥʦʧʦʣʽʩʪʠʨʦʣʫ ʢʘʨʪʦʥʫ ʟ ʚʦʜʦʩʪʽʡʢʠʤ ʧʦʢ-

ʨʠʪʪʷʤ  ʽ ʪ.ʧ.  
 

  
ʘ ʙ 

  
ʚ. ʛ. 

ʈʠʩ.3. ɺʘʨʽʘʥʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʨʦʞʥʠʩʪʠʭ ʚʢʣʘʜʠʰʽʚ ʚ ʧʣʘʥʽ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ: ʘ - ʟ ʫʪʚʦʨʝʥ-

ʥʷʤ ʨʝʙʝʨ; ʙ - ʟ ʨʝʙʨʘʤʠ ʧʦ ʦʩʷʭ ʢʦʣʦʥ; ʚ -         ; ʛ - ʣʽʥʽʡʥʝ  ʨʦʟʪʘʰʫʚʘʥʥʷ. 

Fig.3. Options for the location of hollow liners in terms of the floor slab: a - with the formation of 

ribs; b - with ribs along the axes of the columns; ʩ - ; d - linear arrangement 

ɺʢʣʘʜʠʰʽ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʧʝʨʝʨʦʙʣʝʥʦʛʦ 

ʧʣʘʩʪʠʢʫ, ʧʦʣʽʝʪʠʣʝʥʫ, ʧʦʣʽʧʨʦʧʽʣʝʥʫ, ʧʽ-

ʥʦʧʦʣʽʩʪʠʨʦʣʫ ʢʘʨʪʦʥʫ ʟ ʚʦʜʦʩʪʽʡʢʠʤ ʧʦʢ-

ʨʠʪʪʷʤ  ʽ ʪ.ʧ.  
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ʇʈʀʅʎʀʇʀ, ʄɽʊʆɼʀ 

ʂʆʅʉʊʈʋʖɺɸʅʅʗ ʊɸ ʈʆɿʈɸʍʋʅʂʋ 

ʇʆʈʆɾʅʀʉʊʀʍ ʄʆʅʆʃɯʊʅʀʍ 

ʇɽʈɽʂʈʀʊʊɯɺ 

 

ʇʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʧʦʨʦʞʥʠʩʪʠʭ ʧʣʠʪ 

ʧʝʨʝʢʨʠʪʪʷ ʩʣʽʜ ʨʦʟʪʘʰʦʚʫʚʘʪʠ ʧʦʨʦʞʥʠ-

ʥʦʫʪʚʦʨʶʚʘʯʽ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽʡ 

ʧʣʦʱʽ ʧʣʠʪʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʘʛʠ ʪʘ ʧʽʜʚʠ-

ʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʦ-

ʙʫʜʽʚʝʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʢʨʠʪʪʷ, ʘʣʝ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʞʥʠʥʦʪʚʦʨʶʚʘʯʽʚ ʥʝ ʜʦ-

ʧʫʩʢʘʻʪʴʩʷ ʚ ʟʦʥʘʭ: 

¶ ʚʽʣʴʥʦʾ ʢʨʘʡʦʚʦʾ ʜʽʣʷʥʢʠ ʧʣʠʪʠ ʧʝ-
ʨʝʢʨʠʪʪʷ; 

¶ ʚ ʟʦʥʘʭ ʜʽʾ ʟʥʘʯʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ - 
ʟʦʥʠ ʩʧʠʨʘʥʥʷ ʥʘ ʩʪʽʥʠ ʪʘ ʢʦʣʦʥʠ; 

¶ ʫ ʟʦʥʘʭ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽ-
ʯʥʠʭ ʦʪʚʦʨʽʚ ʫ ʧʝʨʝʢʨʠʪʪʽ; 

ʇʨʠʥʮʠʧʦʚʽ ʧʝʨʝʨʽʟʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʧʦ-

ʨʦʞʥʠʩʪʦʛʦ  ʧʝʨʝʢʨʠʪʪʷ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4-

7. 
 

 

 

ʈʠʩ. 4. ʆʧʠʨʘʥʥʷ ʧʣʠʪʠ ʥʘ ʢʨʘʡʥʶ ʢʦʣʦʥʫ. 

Fig. 4. Supporting the plate on the end column. 

ʈʠʩ. 5. ʆʧʠʨʘʥʥʷ ʥʘ ʮʝʥʪʨʘʣʴʥʫ ʢʦʣʦʥʫ. 

Fig. 5. Leaning on the central column. 

  
ʈʠʩ. 6. ʂʦʥʩʦʣʴʥʘ ʯʘʩʪʠʥʘ ʧʣʠʪʠ/ 

Fig. 6. Cantilever part of the slab 

ʈʠʩ. 7. ɺʽʣʴʥʘ ʢʨʘʡʥʷ ʜʽʣʷʥʢʘ ʧʣʠʪʠ/ 

Fig. 7. Free extreme section of the slab 

 

ʄɽʊʆɼʀ ʈʆɿʈɸʍʋʅʂɯɺ  

ʇʆʈʆɾʅʀʉʊʆɻʆ ʄʆʅʆʃɯʊʅʆɻʆ  

ʇɽʈɽʂʈʀʊʊʗ 

 

ʈʦʟʨʘʭʫʥʦʢ ʧʦʨʦʞʥʠʩʪʠʭ ʤʦʥʦʣʽʪʥʠʭ 

ʧʝʨʝʢʨʠʪʪʽʚ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦʛʦ ʂɽ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʘʭ. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʩʪʫʧ-

ʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʚ [5, 6, 7, 

8 ]: 

1) ʄʦʜʝʣʶʚʘʥʥʷ ʦʙʦʣʦʥʢʦʚʠʤʠ ʝʣʝʤʝ-
ʥʪʘʤʠ ʦʙʦʣʦʥʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ʇʦʣʠʮʽ ʪʘ ʨʝʙʨʘ ʩʪʚʦʨʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʦʙʦʣʦʥʢʦʚʠʭ ʉɽ 44. ʇʨʠʦʧʦʨʥʽ ʟʦʥʠ ʪʘ 

ʢʦʥʪʫʨ ʧʣʠʪʠ ʤʦʜʝʣʶʶʪʴʩʷ ʉɽ 36.  

  
 

ʈʠʩ. 8. ʉʭʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʦʙʦʣʦʥʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ  

Fig. 8. Scheme of modeling of the floor slab with shell elements 
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2) ʄʦʜʝʣʶʚʘʥʥʷ ʧʣʠʪʠ ʧʨʠʚʝʜʝʥʦʾ ʞʦʨ-

ʩʪʢʦʩʪʽ. 

ʇʝʨʝʢʨʠʪʪʷ ʤʦʜʝʣʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʙʦ-

ʣʦʥʢʠ (ʧʣʘʩʪʠʥʠ). ɽʬʝʢʪ ʧʦʨʦʞʥʠʩʪʦʛʦ  

ʧʝʨʝʢʨʠʪʪʷ ʜʦʩʷʛʘʻʪʴʩʷ ʚʚʝʜʝʥʥʷʤ ʟʥʠʞʝ-

ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʛʫʩʪʠʥʠ. 

ʇʨʠʦʧʦʨʥʽ ʟʦʥʠ ʪʦ ʢʦʥʪʫʨ ʧʣʠʪʠ ʟʘʣʠʰʘ-

ʻʪʴʩʷ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

ɿʤʝʥʰʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ: 

E1 = E - ȹ E; 

ɺʝʣʠʯʠʥʫ ʟʤʝʥʰʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ 

ʙʝʪʦʥʫ ʧʣʠʪʠ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ:  

ȹE = 100 (1- Ired / I); 

ʜʝ  E ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʙʝʪʦʥʫ;  

E1 ï ʟʤʝʥʰʝʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʙʝʪʦ-

ʥʫ;  

I ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʩʫʮʽʣʴʥʦʾ ʧʣʠʪʠ;  

Ired ï ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʣʠʪʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʦʞʥʠʥ. 

 

ɿʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʣʠʪʠ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

 

 

ȹV = 100 (1- Vred / V); 

 

ʜʝ V ï ʦʙôʻʤ  ʤ2 ʧʣʘʥʫ ʩʫʮʽʣʴʥʦʾ ʧʣʠʪʠ;   

Vred  ï ʦʙôʻʤ  ʤ
2 ʧʣʘʥʫ ʧʣʠʪʠ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʧʦʨʦʞʥʠʥ. 

 

ɿʥʠʞʝʥʘ ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʷʢ: 

R01 = R0 * ȹV; 

 

ʜʝ R0 ï ʥʦʨʤʦʚʘʥʘ ʱʽʣʴʥʽʩʪʴ ʤ
3 ʙʝʪʦʥʫ ʧʣʠ-

ʪʠ;   

R01 ï ʟʥʠʞʝʥʘ ʱʽʣʴʥʽʩʪʴ ʤ
3 ʙʝʪʦʥʫ ʧʣʠ-

ʪʠ. 

 

3) ʄʦʜʝʣʶʚʘʥʥʷ ʩʪʝʨʞʥʴʦʚʠʤʠ ʉɽ ʟ 

ʜʚʦʪʘʚʨʦʚʠʤ ʧʝʨʝʨʽʟʦʤ. 

ʈʝʙʨʘ ʧʣʠʪʠ ʤʦʜʝʣʶʶʪʴʩʷ ʩʪʝʨʞʥʝʚʠʤʠ 

ʉɽ, ʘ ʟʦʥʠ ʦʧʠʨʘʥʥʷ ʪʘ ʚʽʣʴʥʽ ʢʨʘʾ ʧʣʠʪʠ 

ʤʦʜʝʣʶʶʪʴ ʦʙʦʣʦʥʢʦʚʠʤʠ ʉɽ 44 ʬʘʢʪʠʯʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ. 

 

 

 
 

ʈʠʩ. 9. ʉʭʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʩʪʨʠʞʥʝʚʠʤʠ ʉɽ ʟ ʜʚʦʪʘʚʨʦʚʠʤ ʧʝʨʝʨʽʟʦʤ 

Fig. 9. Scheme of modeling of the floor slab with a cut of SE with an I-beam section 

ʆɹôɭʂʊ ɼʆʉʃɯɼɾɽʅʅʗ 

 

 ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʡʥʷʪʦ 18-ʪʠ 

ʧʦʚʝʨʭʦʚʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ʫ ʤ. ʂʠʻʚʽ 

(ʨʠʩ.10). 

ɹʫʜʽʚʣʷ ʤʘʻ ʢʘʨʢʘʩʥʫ ʩʠʩʪʝʤʫ ʥʝʩʫʯʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʽʣʦʥʽʚ, ʩʭʦʜʦ-

ʚʦ-ʣʽʬʪʦʚʠʤʠ ʙʣʦʢʘʤʠ ʪʘ ʟ ʩʫʮʽʣʴʥʠʤʠ ʤʦ-

ʥʦʣʽʪʥʠʤʠ ʧʣʠʪʘʤʠ ʧʝʨʝʢʨʠʪʪʷ.  

 

 

 

ʈʦʟʤʽʨʠ ʚ ʦʩʷʭ ʩʪʘʥʦʚʣʷʪʴ 34,4ʭ23,7 ʤ, 

ʚʠʩʦʪʘ 1-ʛʦ ʧʦʚʝʨʭʫ 4,2 ʤ, ʪʠʧʦʚʦʛʦ 3,0ʤ, 

ʟʘʛʘʣʴʥʘ ʚʠʩʦʪʘ ʙʫʜʽʚʣʽ 58,2 ʤ.  
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ʘ ʙ 

 

ʈʠʩ. 10. 18-ʪʠ ʧʦʚʝʨʭʦʚʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ʫ ʤ. ʂʠʻʚʽ. ʘ - ʧʣʘʥ ʪʠʧʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ; ʙ - 

ʨʦʟʨʽʟ ʙʫʜʠʥʢʫ.  

Fig. 10. 18-storey residential building in Kyiv. a - plan of a typical floor; b - section of the house. 

 

 

ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʧʦʨʦʞʥʠʩʪʦʛʦ ʧʝʨʝʢʨʠʪ-

ʪʷ ʩʣʽʜ ʧʦʯʠʥʘʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʦʟʤʽʨʽʚ ʧʦʨʦʞʥʠʥʦʫʪʚʦʨʶʚʘʯʽʚ, ʧʨʠʥʮʠ-

ʧʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ʧʣʠʪʠ (ʪʦʚʱʠʥʠ ʧʦʣʠʮʽ ʪʘ 

ʩʪʽʥʢʠ), ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ ʩʭʝʤʠ ʨʦʟʤʽ-

ʱʝʥʥʷ ʧʦʨʦʞʥʠʥʦʫʪʚʦʨʶʚʘʯʽʚ ʟ ʜʦʪʨʠʤʘʥ-

ʥʷʤ ʫʩʽʭ ʚʠʤʦʛ ʦʧʠʩʘʥʠʭ ʚʠʱʝ.  

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʧʣʠʪʫ ʧʝʨʝʢʨʠʪʪʷ ʙʫ-

ʜʽʚʣʽ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʘ ʚʨʘʭʫʚʘʚʰʠ ʚʩʽ 

ʦʙʦʚôʷʟʢʦʚʽ ʚʠʤʦʛʠ ʱʦʜʦ ʨʦʟʤʽʱʝʥʥʷ ʧʦ-

ʨʦʞʥʠʥ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʽ ʟʦʥʠ 

ʨʦʟʤʽʱʝʥʥʷ ʚʢʣʘʜʠʰʽʚ: 

ʈʦʟʛʣʷʥʫʪʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʪʦʚʱʠʥʠ ʧʣʠʪʠ: 

240 ʪʘ 260 ʤʤ. 

 

 

 

 

 

 

 

 

 
 

ʈʠʩ. 11. ʇʝʨʝʨʽʟʠ ʜʽʣʷʥʢʠ ʧʣʠʪʠ t = 240 ʤʤ 

Fig. 11. Cross-sections of the plate sec-

tion t = 240 mm 
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ʈʠʩ. 12. ʇʝʨʝʨʽʟ ʜʽʣʷʥʢʠ ʧʣʠʪʠ t = 260 ʤʤ/ 

Fig. 12. Cross-sections of the plate sec-

tion t = 260 mm 
 

 

ʆʙʨʘʚʰʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʝʪʦʜ ʧʣʘʩʪʠ-

ʥʠ ʟ ʧʨʠʚʝʜʝʥʦʶ ʞʦʨʩʪʢʽʩʪʶ ʚʠʢʦʥʫʻʤʦ 

ʨʦʟʨʘʭʫʥʦʢ ʧʨʠʚʝʜʝʥʠʭ ʞʦʨʩʪʢʦʩʪʝʡ ʧʦʨʦ-

ʞʥʠʩʪʠʭ ʜʽʣʷʥʦʢ ʜʚʦʭ ʪʠʧʽʚ ʧʣʠʪ ʧʝʨʝʢʨʠʪ-

ʪʷ. 

 

ɼʣʷ ʧʦʨʦʞʥʠʩʪʦʾ ʧʣʠʪʠ t = 240 ʤʤ 

 

 
ʈʠʩ. 13. ʍʘʨʘʢʪʝʨʥʠʡ ʧʝʨʝʨʽʟ ʧʣʠʪʠ t = 240 

ʤʤ 

Fig. 13 . Characteristic cross-section of the 

plate t = 240 mm 

 

ɿʤʝʥʰʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʙʝʪʦʥʫ: 

 

E1 = E - ȹ E = 30018,6 ʄʇʘ ï 20,35%= 

 = 23911,3 ʄʇʘ 

 

ȹE = 100 (1- Ired /I) = 100 * (1 ï 44046 / 

 / 55296) = 20,35% 

 

ʜʝ  E ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʙʝʪʦʥʫ;  

E1 ï ʟʤʝʥʰʝʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʙʝʪʦ-

ʥʫ;  

I   ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʩʫʮʽʣʴʥʦʾ ʧʣʠʪʠ;  

Ired   ï ʧʨʠʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʣʠʪʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʦʞʥʠʥ. 

 

ɿʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʣʠʪʠ: 

 

ȹV = 100 (1- Vred /V) = 100 * (1 - 0,0648 /  

/ 0,1152) = 43,75 % 

 

ʜʝ V    ï ʦʙôʻʤ  ʤ2 ʧʣʘʥʫ ʩʫʮʽʣʴʥʦʾ ʧʣʠʪʠ;   

Vred   ï ʦʙôʻʤ  ʤ2 ʧʣʘʥʫ ʧʣʠʪʠ ʟ ʫʨʘʭʫ-

ʚʘʥʥʷʤ ʧʦʨʦʞʥʠʥ. 

 

ɿʥʠʞʝʥʘ ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ: 

 

R01 = R0 -  ȹV = 2,5 ï 43,75% = 1,406 ʪ/ʤ3 

 

ʜʝ R0 ï ʥʦʨʤʦʚʘʥʘ ʱʽʣʴʥʽʩʪʴ ʤ
3 ʙʝʪʦʥʫ ʧʣʠ-

ʪʠ;   

R01 ï ʟʥʠʞʝʥʘ ʱʽʣʴʥʽʩʪʴ ʤ
3 ʙʝʪʦʥʫ ʧʣʠ-

ʪʠ. 

 

ɼʣʷ ʧʦʨʦʞʥʠʩʪʦʾ ʧʣʠʪʠ t = 260 ʤʤ: 

 

ɿʤʝʥʰʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʙʝʪʦʥʫ 

 

E1 = E - ȹ E = 30018,6 ʄʇʘ ï 23,29% = 

= 23026 ʄʇʘ 

 

ȹE = 100 (1- Ired /I)=100*(1 ï 53927 / 

/ 70304) = 23,29% 

 

ɿʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʣʠʪʠ: 

 

ȹV = 100 (1- Vred /V)=100 * (1 - 0,0677 /  

 / 0,1248) = 45,77 % 

 

ɿʥʠʞʝʥʘ ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ: 

 

R01 = R0 -  ȹV = 2,5 ï 45,77% = 1,356 ʪ/ʤ3 

 

ʆʪʨʠʤʘʥʽ ʞʦʨʩʪʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʨʦʞʥʠʩ-

ʪʠʭ ʜʽʣʷʥʦʢ ʧʣʠʪʠ ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥ-

ʢʘʭ.  

ʋ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʃɯʈɸ-ʉɸʇʈ 

2016 ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʤʦʜʝʣʴ ʢʘʨʢʘʩʫ ʙʫʜʽʚʣʽ ʟʛʽʜʥʦ ʟʘʛʘʣʴʥʦ-



ISSN 2522-4182  

 

22  ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ Å 09/2021 

ʧʨʠʡʥʷʪʠʭ ʧʨʘʚʠʣ ʽ ʚʠʤʦʛ [6,9]. ʇʨʠʟʥʘʯʘ-

ʶʪʴʩʷ ʨʽʟʥʽ ʪʠʧʠ ʞʦʨʩʪʢʦʩʪʝʡ ʜʣʷ ʚʽʜʧʦʚʽʜ-

ʥʦ ʩʫʮʽʣʴʥʠʭ ʽ ʧʦʨʦʞʥʠʩʪʠʭ ʜʽʣʷʥʦʢ ʧʣʠʪʠ 

ʧʝʨʝʢʨʠʪʪʷ. 
 

 

 

ʈʠʩ. 14. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ. 

Fig. 14 . General view of the calculated model of the building . 

 

 
 

 - ʟʚʠʯʘʡʥʘ ʞʦʨʩʪʢʽʩʪʴ; 

 -ʧʨʠʚʝʜʝʥʘ ʞʦʨʩʪʢʽʩʪʴ; 

  

 

ʈʠʩ. 15. ʉʭʝʤʘ ʧʨʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʤʦʜʝʣʽ ʧʣʠʪʠ. 

Fig. 15. Scheme of rigidity assignment in the calculation model of the plate . 

 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʚʘʨʪʠ ʧʨʠʜʽʣʠʪʠ ʚʣʘʩʥʽʡ 

ʚʘʟʽ ʧʣʠʪʠ. ɰʾ ʚʨʘʭʦʚʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʩʪʨʫʤʝʥʪʫ ʇʂ ʽ ʚʽʜʧʦʚʽʜʥʦ ʨʽʟʥʽ ʪʠʧʠ ʚʣʘ-

ʩʥʦʾ ʚʘʛʠ ʧʣʠʪʠ ʪʦʚʱʠʥʦʶ 240 ʤʤ ʟʦʙʨʘ-

ʞʝʥʦ ʥʘ ʨʠʩ.16.  
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ʘ ʙ ʩ 
 

ʈʠʩ.16. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʟʥʘʯʝʥʥʷ ( kH/m2) ʚʣʘʩʥʦʾ ʚʘʛʠ ʥʘ ʬʨʘʛʤʝʥʪʽ ʧʣʠʪʠ:  ʘ ï ʟʥʘʯʝʥʥʷ  ʜʣʷ 

ʧʣʠʪʠ 240 ʤʤ;  ʙ - ʟʥʘʯʝʥʥʷ  ʜʣʷ ʧʣʠʪʠ 260 ʤʤ; ʚ ï ʟʘʛʘʣʴʥʘ ʢʘʨʪʠʥʘ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚ-

ʥʦʩʪʽ.  

Fig. 16. Intensity and value ( kH/m 2 ) of own weight on a fragment of a plate: a - value for a plate of 

240 mm; b - value for the plate 260 mm; c - the general picture of intensity distribution.  

 

ʇʦ ʥʘʚʝʜʝʥʽʡ ʚʠʱʝ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʤʦʜʝʣʽ 

ʚʠʢʦʥʘʥʽ ʧʦʨʽʚʥʷʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʙʫʜʠʥʢʫ ʟ 

ʩʫʮʽʣʴʥʠʤʠ ʧʣʠʪʘʤʠ ʧʝʨʝʢʨʠʪʪʷ 

ʩʪʘʥʜʘʨʪʥʦʾ ʪʦʚʱʠʥʠ  200 ʤʤ ʪʘ ʟ 

ʦʙʣʝʛʰʝʥʠʤʠ ʧʣʠʪʘʤʠ ʪʦʚʱʠʥʦʶ 240 ʤʤ  

ʪʘ 260 ʤʤ.  

ʅʘ ʨʠʩ. 17-19 ʥʘʚʝʜʝʥʽ ʚʝʨʪʠʢʘʣʴʥʽ 

ʜʝʬʦʨʤʘʮʽʾ (ʧʨʦʛʠʥʠ) ʪʘ ʟʫʩʠʣʣʷ ʚ ʧʣʠʪʘʭ 

ʪʦʚʱʠʥʦʶ ʚʽʜʧʦʚʽʜʥʦ 240 ʤʤ ʪʘ 260 ʤʤ. 

  

   
   

ʘ ʙ ʩ 
 

ʈʠʩ.17. ɯʟʦʧʦʣʷ ʜʝʬʦʨʤʘʮʽʡ (ʧʨʦʛʠʥʽʚ) ʧʣʠʪ: ʘ ï ʟʥʘʯʝʥʥʷ ʚ ʤʤ ʜʣʷ ʪʦʚʱʠʥʠ 240 ʤʤ; ʙ - ʟʥʘʯʝʥʥʷ ʚ 

ʤʤ ʜʣʷ ʪʦʚʱʠʥʠ 260 ʤʤ; ʚ ï ʟʘʛʘʣʴʥʘ ʢʘʨʪʠʥʘ ʜʝʬʦʨʤʘʮʽʡ. 

Fig.17. Isofields of deformations (deflections) of plates: a - value in mm for thickness of 240 mm; b - 

value in mm for a thickness of 260 mm; ʩ - the general picture of deformations.  
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ʘ ʙ ʩ 
ʈʠʩ.18. ɿʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʄx ʚ ʧʣʠʪʘʭ: ʘ ï ʟʥʘʯʝʥʥʷ ʚ ʢH/m ʜʣʷ ʪʦʚʱʠʥʠ 240 ʤʤ; ʙ - ʟʥʘʯʝʥʥʷ ʚ 

ʢH/m ʜʣʷ ʪʦʚʱʠʥʠ 260 ʤʤ; ʚ ï ʟʘʛʘʣʴʥʘ ʢʘʨʪʠʥʘ ʨʦʟʧʦʜʽʣʫ ʤʦʤʝʥʪʽʚ ʚ ʧʣʠʪʘʭ.  

Fig.18. Bending moments Mx in slabs: a - value in kH / m for thickness 240 mm; b - value in kH / m for a 

thickness of 260 mm;ʩ - the general picture of distribution of the moments in slabs 

 

   
ʘ ʙ ʩ 

ʈʠʩ.19. ɿʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʄy ʚ ʧʣʠʪʘʭ: ʘ ï ʟʥʘʯʝʥʥʷ ʚ ʢH/m ʜʣʷ ʪʦʚʱʠʥʠ 240 ʤʤ; ʙ - ʟʥʘʯʝʥʥʷ ʚ 

ʢH/m ʜʣʷ ʪʦʚʱʠʥʠ 260 ʤʤ; ʚ ï ʟʘʛʘʣʴʥʘ ʢʘʨʪʠʥʘ ʨʦʟʧʦʜʽʣʫ ʤʦʤʝʥʪʽʚ ʚ ʧʣʠʪʘʭ.   

Fig. 19. Bending moments My in slabs: a - value in kH / m for thickness 240 mm; b - value in ʢH / m for 

a thickness of 260 mm; ʩ - the general picture of distribution of the moments in slabs 

 

ɿʚʝʜʝʥʽ ʧʦʢʘʟʥʠʢʠ ʜʚʦʭ ʪʠʧʽʚ 

ʧʦʨʦʞʥʠʩʪʠʭ ʧʣʠʪ ʪʦʚʱʠʥʦʶ 240 ʤʤ ʪʘ 260  

 

 

ʤʤ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1 ʪʘ ʧʦʢʘʟʘʥʽ ʥʘ 

ʨʠʩ.20.  
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ʊʘʙʣ. 1. ʇʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʪʠʧʽʚ ʧʦʨʦʞʥʠʩʪʠʭ ʧʣʠʪ 

Table 1. Comparison of two types of hollow slabs 

 ̄ ʇʦʢʘʟʥʠʢ 
ʇʣʠʪʘ  

t = 240 ʤʤ 

ʇʣʠʪʘ  

t = 260 ʤʤ 
ʈʽʟʥʠʮʷ, % 

1 ɺʠʪʨʘʪʠ ʙʝʪʦʥʫ, ʤ3 117.3 124.3 5.6 

2 ɺʣʘʩʥʘ ʚʘʛʘ, ʢʅ/ʤ2 335.6 350.4 4.2 

3 ɿʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ Mx, ʢʅ 73.9 81.4 9.2 

4 ɿʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ Mʫ, ʢʅ 56.0 58.7 4.6 

5 ʄʘʢʩ. ʘʨʤʫʚ. ʚ ʥʠʞʥʽʡ ʟʦʥʽ, ʩʤ2/ʤ 9.6 9.6 -0.5 

6 ʄʘʢʩ. ʘʨʤʫʚ. ʫ ʚʝʨʭʥʽʡ ʟʦʥʽ, ʩʤ2/ʤ 35.2 38.5 8.6 

7 ʇʨʦʛʠʥ, ʤʤ 10.3 9.6 -7.4 

8 
ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʽʣʦʥ 1-ʛʦ ʧʦʚ., 

ʢʅ 
6560.0 6730.0 2.5 

 

 
 

ʈʠʩ. 20. ɼʽʘʛʨʘʤʘ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʦʨʦʞʥʠʩʪʠʭ ʧʣʠʪ t = 240 ʤʤ ʪʘ t = 260 ʤʤ  

Fig. 20. Diagram comparing the indicators of hollow slabs t = 240 mm and t = 260 mm 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʢʘʟʘʚ ʥʘ-

ʩʪʫʧʥʝ: ʞʦʨʩʪʢʽʩʪʴ ʧʣʠʪʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚ-

ʱʠʥʠ ʙʫʟ ʫʤʦʚʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘʣʝ ʥʘ ʧʨʦʛʠ-

ʥʘʭ ʮʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʤʘʣʦ, ʪʘʢ ʧʨʦʛʠʥ ʧʣʠʪʠ 

ʪʦʚʱʠʥʦʶ 260 ʤʤ  ʚ ʩʝʨʝʜʥʴʦʤʫ ʣʠʰʝ ʥʘ 

7,5% ʤʝʥʰʝ  ʧʣʠʪʠ ʪʦʚʱʠʥʦʶ 240 ʤʤ; ʧʣʠ-

ʪʘ ʪʦʚʱʠʥʦʶ 240 ʤʤ ʤʘʻ ʥʝʟʥʘʯʥʫ ʧʝʨʝʚʘʛʫ 

ʚ ʚʠʪʨʘʪʘʭ ʙʝʪʦʥʫ ʽ ʢʽʣʴʢʦʩʪʽ ʥʝʦʙʭʽʜʥʦʾ 

ʘʨʤʘʪʫʨʠ. 

ɺ ʮʽʣʦʤʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ 

ʤʦʥʦʣʽʪʥʝ ʧʦʨʦʞʥʠʩʪʝ ʧʝʨʝʢʨʠʪʪʷ ʪʦʚʱʠ-

ʥʦʶ 240 ʤʤ ʻ ʝʬʝʢʪʠʚʥʽʰʝ ʟʘ ʙʽʣʴʰʽʩʪʶ 

ʧʘʨʘʤʝʪʨʽʚ.  

ʈʦʙʦʪʘ ʧʝʨʝʜʙʘʯʘʣʘ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʢʠ ʽ 

ʜʝʪʘʣʴʥʝ ʨʦʙʦʯʝ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʧʦʣʝʛʰʝ-

ʥʦʾ ʧʣʠʪʠ ʪʦʚʱʠʥʦʶ 240 ʤʤ ʽ ʩʫʮʽʣʴʥʦʾ 

ʧʣʠʪʠ ʟ ʪʠʧʦʚʠʤ ʨʽʰʝʥʥʷʤ ʪʦʚʱʠʥʦʶ 200 

ʤʤ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ ʱʦ ʧʣʠʪʠ ʟ ʧʦʨʦʞʥʠʥʘ-

ʩʪʠʤʠ ʚʢʣʘʜʠʰʘʤʠ ʤʘʶʪʴ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʨʠ ʘʨʤʫʚʘʥʥʽ (ʜʠʚ. ʨʠʩ.21). 

 

 

 
 

ʈʠʩ. 21. ʉʭʝʤʘ ʘʨʤʫʚʘʥʥʷ ʧʣʠʪʠ 

Fig. 21. Scheme of slab reinforcement 
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ʅʘ ʨʠʩ. 22 ʽ 23 ʥʘʚʝʜʝʥʽ ʚʝʨʪʠʢʘʣʴʥʽ 

ʜʝʬʦʨʤʘʮʽʾ (ʧʨʦʛʠʥʠ) ʪʘ ʟʫʩʠʣʣʷ ʚ ʧʣʠʪʘʭ 

ʪʦʚʱʠʥʦʶ ʚʽʜʧʦʚʽʜʥʦ 240 ʤʤ ʪʘ 260 ʤʤ. 

   

  `   

 

ʈʠʩ.22. ɺʝʨʪʠʢʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʩʫʮʽʣʴʥʦʾ 

ʧʣʠʪʠ ʪʦʚʱʠʥʦʶ 240ʤʤ. 

Fig.22. Vertical deformations of a continuous slab 

240 mm thick 

 

ʈʠʩ.23. ɺʝʨʪʠʢʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʦʨʦʞʥʠʩʪʦʾ 

ʧʣʠʪʠ ʪʦʚʱʠʥʦʶ 260 ʤʤ. 

Fig.23. Vertical deformations of a continuous slab 

260 mm thick 

 

 

 

ʘ ʙ 

 
ʈʠʩ.24. ʇʦʟʜʦʚʞʥʽ ʟʫʩʠʣʣʷ N ʚ ʥʘʡʙʽʣʴʰ ʟʘʚʘʥʪʘʞʝʥʦʤʫ ʧʽʣʦʥʽ ʚ ʢʅ:  

ʘ - ʧʨʠ ʧʦʨʦʞʥʠʩʪʽʡ ʧʣʠʪʽ ʪʦʚʱʠ-ʥʦʶ 240 ʤʤ: ʙ ï ʧʨʠ ʩʫʮʽʣʴʥʽʡ ʧʣʠʪʽ. 
Fig.24. Longitudinal forces N in the most loaded pylon in kN: a - at a hollow plate 240 mm thick: b - at 

a continuous slab. 
 

ɿʚʝʜʝʥʽ ʧʦʢʘʟʥʠʢʠ ʽ ʚʽʜʩʦʪʢʦʚʝ ʩʧʽʚʚʽʜ-

ʥʦʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʙʫʜʠʥʢʫ ʟ ʜʚʦʤʘ 

ʪʠʧʘʤʠ ʧʝʨʝʢʨʠʪʪʽʚ ʟ ʧʦʨʦʞʥʠʩʪʠʭ ʧʣʠʪ  

 

 

 

ʪʦʚʱʠʥʦʶ 240 ʤʤ ʪʘ ʩʫʮʽʣʴʥʠʭ ʪʦʚʱʠʥʦʶ 

260 ʤʤ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2 ʪʘ ʽʣʶʩʪʨʦʚʘʥʽ 

ʜʽʘʛʨʘʤʦʶ ʥʘ ʨʠʩ.25. 

 

 

 



ISSN 2522-4182 

ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ Å 09/2021 27 

 
ʊʘʙʣ. 2. ʇʦʨʽʚʥʷʥʥʷ ʧʣʠʪʠ ʩʫʮʽʣʴʥʦʛʦ ʪʘ ʧʦʨʦʞʥʠʩʪʦʛʦ ʧʝʨʝʨʽʟʽʚ 

Table 2. Comparison of a plate of continuous and hollow sections 

 

 ̄ ʇʦʢʘʟʥʠʢ 
ʇʣʠʪʘ  

t = 240 ʤʤ 

ʇʣʠʪʘ  

t = 200 ʤʤ 
ʈʽʟʥʠʮʷ, % 

1 ɺʠʪʨʘʪʠ ʙʝʪʦʥʫ, ʤ3 117.3 144.1 18.6 

2 ɺʠʪʨʘʪʠ ʩʪʘʣʽ, ʢʛ 15298.9 20190.0 24.2 

3 ɺʣʘʩʥʘ ʚʘʛʘ, ʢʅ/ʤ2 335.6 500.0 32.9 

4 
ɿʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ Mx ʥʘ 

ʦʧʦʨʽ, ʢʅ 
95.2 91.1 -4.5 

5 
ɿʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ Mʫ ʥʘ 

ʦʧʦʨʽ, ʢʅ 
48.2 46.2 -4.3 

6 
ɿʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ Mx ʚ ʧʨʦ-

ʣʴʦʪʽ, ʢʅ 
73.9 86.8 14.9 

7 
ɿʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ Mʫ  ʚ ʧʨʦ-

ʣʴʦʪʽ, ʢʅ 
56.0 64.0 12.5 

8 ʄʘʢʩ. ʘʨʤ. ʚ ʥʠʞʥʽʡ ʟʦʥʽ, ʩʤ2/ʤ 9.0 12.6 28.7 

9 ʄʘʢʩ. ʘʨʤ. ʫ ʚʝʨʭʥʽʡ ʟʦʥʽ, ʩʤ2/ʤ 35.2 38.4 8.3 

10 ʇʨʦʛʠʥ, ʤʤ 10.3 14.2 27.5 

11 
ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʽʣʦʥ 1-ʛʦ 

ʧʦʚ., ʢʅ 
6560.0 6950.0 5.6 

12 
ɿʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʚ ʨʦʩʪʚʝʨʢʫ 

Mx, ʢʅ 
2470.0 2630.0 6.1 

13 
ɿʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʚ ʨʦʩʪʚʝʨʢʫ 

Mʫ, ʢʅ 
1970.0 2130.0 7.5 

 

 
ʈʠʩ. 25 ɼʽʘʛʨʘʤʘ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʩʫʮʽʣʴʥʦʛʦ (t = 200 ʤʤ) ʪʘ ʧʦʨʦʞʥʠʩʪʦʛʦ (t = 240 ʤʤ) 

ʧʝʨʝʨʽʟʽʚ. 

Fig. 25.  Diagram comparing solid (t = 200 mm) and hollow (t = 240 mm) sections. 
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ɺʀʉʅʆɺʂʀ ɯ ʇɽʈʉʇɽʂʊʀɺʀ 
ʇʆɼɸʃʔʐʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 
ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥ-

ʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʧʦʨʦʞʥʠʩ-

ʪʝ ʧʝʨʝʢʨʠʪʪʷ ʤʘʻ ʧʝʨʝʚʘʛʠ ʫ ʙʘʛʘʪʴʦʭ ʧʘ-

ʨʘʤʝʪʨʘʭ. ʂʣʶʯʦʚʠʤʠ ʻ ʨʽʟʥʠʮʷ ʫ ʚʠʪʨʘʪʽ 

ʙʝʪʦʥʫ -18,6%, ʚʠʪʨʘʪʽ ʩʪʘʣʽ - 24,2% ʪʘ ʫ 

ʚʣʘʩʥʽʡ ʚʘʟʽ ʧʝʨʝʢʨʠʪʪʷ - 32,9 %.  

ʊʘʢʦʞ ʚʘʨʪʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʫ ʥʘʡ-

ʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʦʤʫ ʧʽʣʦʥʽ 1-ʛʦ ʧʦʚʝʨʭʫ 

ʩʪʠʩʢʘʶʯʝ ʟʫʩʠʣʣʷ ʟʥʠʟʠʣʦʩʴ ʤʘʡʞʝ ʥʘ 6%. 

ɿʘʣʽʟʦʙʝʪʦʥʥʽ ʤʦʥʦʣʽʪʥʽ ʧʣʠʪʠ 

ʧʝʨʝʢʨʠʪʪʷ ʟ ʧʦʨʦʞʥʠʩʪʠʤʠ ʚʢʣʘʜʠʰʘʤʠ 

ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʫʮʽʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ. ɰʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ 

ʧʨʦʣʴʦʪʠ, ʟʤʝʥʰʠʪʠ ʚʣʘʩʥʫ ʚʘʛʫ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʘʨʢʘʩ ʙʫʜʽʚʣʽ, 

ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʠʪʠ ʧʦʢʘʟʥʠʢʠ ʪʝʧʣʦ-, 

ʟʚʫʢʦʽʟʦʣʷʮʽʾ ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʢʨʠʪʴ  ʟ ʧʦʨʦʞʥʝʯʘʤʠ 

ʻ ʦʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ 

ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ  ʽ ʤʘʩʠ ʙʫʜʽʚʝʣʴ, ʟʚʝʜʝʥʠʭ 

ʟ ʤʦʥʦʣʽʪʥʦʛʦ ʙʝʪʦʥʫ, ʧʨʘʢʪʠʯʥʦ ʙʝʟ 

ʟʥʠʞʝʥʥʷ ʾʭ ʥʘʜʽʡʥʦʩʪʽ.  ɿʥʠʞʝʥʥʷ ʚʘʛʠ 

ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʧʨʠ 

ʙʫʜʽʚʥʠʮʪʚʽ ʦʙ'ʻʢʪʽʚ ʫ ʩʝʡʩʤʽʯʥʦ ʘʢʪʠʚʥʠʭ 

ʨʝʛʽʦʥʘʭ. 

ʆʙʣʝʛʰʝʥʽ ʧʣʠʪʠ  ʥʘʡʙʽʣʴʰʝ ʧʽʜʭʦʜʷʪʴ 

ʜʣʷ ʙʫʜʽʚʝʣʴ ʟ ʚʝʣʠʢʠʤʠ ʧʨʦʣʴʦʪʘʤʠ ʽ 

ʥʠʟʴʢʠʤʠ ʢʦʨʠʩʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, 

ʥʘʧʨʠʢʣʘʜ, ʣʽʢʘʨʥʷʥʠʭ ʧʘʣʘʪ ʘʙʦ ʞʠʪʣʦʚʠʭ 

ʢʚʘʨʪʠʨ,  ʚ ʷʢʠʭ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ 

ʢʦʥʩʪʨʫʢʮʽʡ ʬʦʨʤʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ 

ʨʘʭʫʥʦʢ ʚʣʘʩʥʦʾ ʚʘʛʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦ ʧʦʨʦʞʥʠʩʪʠʭ ʧʣʠʪ 

ʤʦʞʝ ʙʫʪʠ ʨʘʮʽʦʥʘʣʴʥʠʤ ʽ ʜʣʷ ʧʨʠʤʽʱʝʥʴ ʟʽ 

ʟʥʘʯʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʪʘ ʚʝʣʠʢʠʤʠ 

ʧʨʦʣʴʦʪʘʤʠ (ʟʘʣʠ, ʩʝʨʚʝʨʥʽ ʢʽʤʥʘʪʠ, ʘʚʪʦʩ-

ʪʦʷʥʢʠ, ʪʦʨʛʦʚʽ ʪʘ ʦʬʽʩʥʽ ʧʨʠʤʽʱʝʥʥʷ ʽ 

ʪ.ʧ.). ʆʙʣʝʛʰʝʥʽ ʧʝʨʝʢʨʠʪʪʷ ʙʫʜʫʪʴ ʜʦʩʠʪʴ 

ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʠʭ 

ʙʫʜʽʚʝʣʴ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʥʠʞʝʥʥʷ ʥʘʚʘʥ-

ʪʘʞʝʥʴ ʥʘ ʢʘʨʢʘʩ ʙʫʜʽʚʣʽ. 

     ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʦʙ-

ʣʝʛʰʝʥʠʭ ʧʣʠʪ ʜʦʮʽʣʴʥʦ ʩʢʦʥʮʝʥʪʨʫʚʘʪʠ ʚ 

ʪʘʢʠʭ ʥʘʧʨʷʤʢʘʭ: ʚʠʷʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʪʦʚʱʠʥʠ ʦʙʣʝʛʰʝʥʠʭ ʧʣʠʪ ʜʣʷ ʨʽʟ-

ʥʠʭ ʧʨʦʣʴʦʪʽʚ ʪʘ ʢʦʨʠʩʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ; 

ʧʦʰʫʢ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʬʦʨʤ ʧʦʨʦʞ-

ʥʠʥʦʫʪʚʦʨʶʚʘʯʽʚ, ʾʭ ʨʦʟʤʽʨʽʚ ʪʘ ʨʦʟʪʘʰʫ-

ʚʘʥʥʷ ʚ ʧʝʨʝʨʽʟʘʭ ʧʣʠʪ; ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝ-

ʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʧʣʠʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ 

ʥʝʣʽʥʽʡʥʦʾ ʨʦʙʦʪʠ. 
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INVESTIGATION  OF THE  

EFFECTIVENESS OF  REINFORCED  

CONCRETE MO NOLITHIC   OVERLAP   

WITH HOLLOW LINERS  
 

Volodymyr KRIPAK, V r̔a KOLɯAKOVA,  
ʄʘksim GAIDAI 

 
Summary. The use of floors with hollow liners 

is one of the possible ways to reduce the material 

consumption and weight of buildings made of 

monolithic concrete, almost without reducing their 

reliability. Reducing the weight of structures is an 

important advantage in the construction of facili-

ties in seismically active regions. 

However, the introduction of such plates in 

construction is constrained by the lack of theoreti-

cal research and the necessary regulatory frame-

work and experience in designing these structures. 

The article considers the problems of calcula-

tions and construction of a lightweight mono-

summer floor on the example of a specific 18-

storey residential building. The basic principles 

and methods of construction and calculation of 

hollow monolithic floors are given. 

The method of modeling a slab of reduced 

stiffness is the most expedient for the construction 

of a spatial calculation model of a building with 

different floor slabs. 

According to the results of the study, it was 

found that the hollow floor has advantages over the 

solid typical in many parameters. The key differ-

ences are in the consumption of concrete -18.6%, 

the consumption of steel - 24.2% and the own 

weight of the floor - 32.9%. 

Lightweight slabs are best suited for buildings 

with large spans and low payloads, but their use 

will be effective for buildings with large spans and 

significant payloads. 

 

 

 

Keywords. Monolithic slab; hollow liner; sags; 

modeling; house; Numerical Methods; plate rein-

forcement 
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ɸʥʦʪʘʮʽʷ. ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ 
ʘʥʘʣʽʟ ʪʘ ʧʨʘʢʪʠʯʥʘ ʦʮʽʥʢʘ  ʨʽʚʥʷ ʽʥʪʝʛʨʘʮʽʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʩʪʘʣʝʚʦʛʦ ʢʘʨʢʘʩʫ ʚ BIM-

cʝʨʝʜʦʚʠʱʝ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʟʘʩʦʙʽʚ ʽ ʽʥʩʪʨʫʤʝʥ-
ʪʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʽʟ 

ʩʧʝʮʠʬʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ. ʇʨʦʚʝʜʝʥʥʷ ʪʘʢʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʫʤʦʚʣʝʥʝ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʚʠʱʝʥ-

ʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʩʪʘʣʝʚʦʛʦ ʙʫʜʽ-
ʚʥʠʮʪʚʘ, ʧʦʧʫʣʷʨʠʟʘʮʽʾ ɺɯʄ-ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʧʝʨʝʭʦʜʫ ʥʘ ʦʜʥʦʩʪʘʜʽʡʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʪʘ-

ʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʥʫʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ 
ʨʽʰʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʾ ʙʫʜʽʚʣʽ ʟ ʧʽʜʚʠʱʝʥʠʤʠ 

ʚʠʤʦʛʘʤʠ ʞʦʨʩʪʢʦʩʪʽ. ɯʥʩʪʨʫʤʝʥʪʦʤ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʙʫʜʽʚʣʽ ʦʙʨʘʥʦ Autodesk Robot Structural 
Analysis Professional 2021. ɿʤʦʜʝʣʴʦʚʘʥʦ ʩʪʝʨ-

ʞʥʴʦʚʫ ʩʭʝʤʫ ʢʘʨʢʘʩʫ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. ɸʥʘ-

ʣʽʟ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠ-

ʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ ʚôʷʟʝʡ ʧʦ ʬʘʩʘʜʥʠʤ 
ʛʨʘʥʷʤ ʪʘ ʧʦʢʨʠʪʪʶ ʦʩʥʦʚʥʦʛʦ ʦʙôʻʤʫ ʙʫʜʽʚʣʽ. 

ʉʢʣʘʜʝʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧʝʨʝʨʽʟʠ ʝʣʝʤʝʥʪʽʚ ʪʘ  

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʬʫʥʜʘʤʝʥʪʠ.  
ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʽ ʨʦʟʨʦʙʢʠ ʢʨʝ-

ʩʣʝʥʴ ʂʄ-3D  ʽ ʂʄɼ-3D ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 3D 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʫʟʣʽʚ ʟ ʧʝʨʝʜʘʯʝʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʤʦʜʝʣʽ ʚ ʇʂ ʊekla Structures. ʂʦʥʮʝʧʮʽʷ ɺɯʄ 
ʨʝʘʣʽʟʦʚʘʥʘ ʰʣʷʭʦʤ ʽʥʪʝʛʨʘʮʽʾ  Tekla Structures 

ʟ  ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʢʦʤʧʣʝʢʩʦʤ  IdeaStatica.   

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʚôʷʟʢʘ ʇʂ ʊekla ʟ  ʨʦʟʨʘ-
ʭʫʥʢʦʚʠʤ ʢʦʤʧʣʝʢʩʦʤ  IdeaStatica ʻ ʨʘʮʽʦʥʘʣʴ-

ʥʦʶ  ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʽ-

ʚʝʣʴ ʽ ʩʧʦʨʫʜ ʚ 3D ʧʨʦʩʪʦʨʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴ-

ʪʘʪʠ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 
ʘʥʘʣʽʟʫ ʩʪʘʣʝʚʠʭ ʩʧʦʨʫʜ ʪʘ ʩʪʚʦʨʝʥʥʷ ʢʨʝʩʣʝʥʴ 

ʂʄ-3D  ʽ ʂʄɼ-3D, ʘ ʪʘʢʦʞ ʥʘʜʘʶʪʴ ʤʦʞʣʠ-

ʚʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʢʨʝʩʣʝʥʴ ʂʄ-ʂʄɼ-3D. 

 

 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. BIM-ʪʝʭʥʦʣʦʛʽʾ; 3D-

ʤʦʜʝʣʶʚʘʥʥʷ; ʤʝʪʘʣʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ; ʧʨʦʤʠʩʣʦ-

ʚʘ ʙʫʜʽʚʣʷ.  
 

ɺʉʊʋʇ 

 

ʆʜʥʽʻʶ ʟ ʚʠʤʦʛ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʩʪʚʦʨʶʚʘʪʠ ʪʘ 

ʨʝʜʘʛʫʚʘʪʠ ʤʦʜʝʣʴ ʩʧʦʨʫʜʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ  ʟʥʠʟʠʪʠ 

ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʦʧʪʠʤʽʟʫʚʘ-

ʪʠ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ, ʘ ʪʘʢʦʞ ʩʫʪʪʻʚʦ ʧʽʜʚʠ-

ʱʠʪʠ ʩʢʣʘʜʥʽʩʪʴ ʩʧʦʨʫʜʠ ʷʢ ʥʘ ʨʽʚʥʽ ʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʘʢ ʽ ʥʘ ʨʽʚʥʽ ʨʦʟʨʘʭʫʥʢʦ-

ʚʦʾ ʤʦʜʝʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢ-

ʪʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʇʨʠʥʮʠʧʦʚʦ ʥʦʚʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʧʨʦʝʢ-

ʪʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʩʪʘʣʝʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʻ 

ʪʝʭʥʦʣʦʛʽʷ BIMïʧʨʦʝʢʪʫʚʘʥʥʷ. ɺ ʩʬʝʨʽ 

ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʾ ʩʬʝʨʠ 

ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʽʜʨʽʟʥʷ-
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ʶʪʴʩʷ ʜʠʥʘʤʽʟʤʦʤ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʜʘʪʥʦ-

ʩʪʽ ʜʦ ʧʦʪʝʥʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ʩʪʘʣʝ-

ʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʻ ʚʘʞʣʠʚʠʤ ʟʜʽʡʩʥʝʥʥʷ 

ʘʥʘʣʽʟʫ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʧʨʦʛʥʦʟʽʚ ʾʾ 

ʨʦʟʚʠʪʢʫ, ʱʦ ʽ ʘʨʛʫʤʝʥʪʫʻ ʚʠʩʦʢʫ ʘʢʪʫʘʣʴ-

ʥʽʩʪʴ ʜʘʥʦʾ ʪʝʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɺʧʨʦʚʘʜʞʝʥʥʷ BIM-ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʚʽʪʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʶʯʠʤʠ ʪʝʤʧʘʤʠ, ʧʨʠ-

ʯʦʤʫ ʧʝʨʝʚʘʞʥʦ ʟʘ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ. ɺ 

ʋʢʨʘʾʥʽ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ 

ʽʥʪʝʨʝʩʫ ʜʦ  ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʩʠʩʪʝʤ, ʦʜʥʘʢ ʮʝʡ ʧʨʦʮʝʩ ʧʨʠ-

ʪʘʤʘʥʥʠʡ ʣʠʰʝ ʦʢʨʝʤʠʤ ʽʥʪʝʛʨʦʚʘʥʠʤ ʧʽʜ-

ʧʨʠʻʤʩʪʚʘʤ ʘʙʦ ʢʦʤʧʘʥʽʷʤ ʟ ʽʥʦʟʝʤʥʠʤʠ 

ʽʥʚʝʩʪʠʮʽʷʤʠ. 

ʗʢ ʚʚʘʞʘʶʪʴ ʧʨʦʚʽʜʥʽ ʩʧʝʮʽʘʣʽʩʪʠ ʚ ʛʘ-

ʣʫʟʽ ʩʪʘʣʝʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʧʝʨʩʧʝʢʪʠʚʥʠ-

ʤʠ ʢʨʦʢʘʤʠ ʱʦʜʦ ʨʦʟʚʠʪʢʫ ɺɯʄ ʚ ʋʢʨʘʾʥʽ 

ʤʘʶʪʴ ʙʫʪʠ ʪʘʢʽ [1]: 

ï ʉʫʯʘʩʥʽ ʩʪʘʥʜʘʨʪʠ ʧʦʚʠʥʥʽ ʤʽʩʪʠʪʠ 
ʦʧʠʩ ʪʘ ʟʘʢʨʽʧʠʪʠ ʩʪʘʪʫʩ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʤʦʜʝʣʽ. 

ï ʈʝʘʣʽʟʘʮʽʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ɺɯʄ ʥʘ 

ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ, ʩʧʝʮʽʘʣʴʥʽ ʧʨʦʛʨʘʤʠ ʥʦ-

ʨʤʘʪʠʚʥʦʾ ʘʜʘʧʪʘʮʽʾ ɺɯʄ-ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʨʦ-

ʟʚʠʪʢʫ ʚʣʘʩʥʦʛʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤ-

ʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ [17]). 

ï ɿʘʧʫcʢ ʧʽʣʦʪʥʠʭ ʧʨʦʝʢʪʽʚ ʽʟ ʨʦʟʨʦʙ-

ʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʪʠʧʦʚʠʭ 

ʦʙôʻʢʪʽʚ ʪʘ ʦʮʠʬʨʦʚʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʙʫʜʽ-

ʚʝʣʴ ʪʘ ʩʠʩʪʝʤ. 

ɿ ʤʝʪʦʶ ʧʦʧʫʣʷʨʠʟʘʮʽʾ BIM-ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʋʢʨʘʾʥʽ ʥʘ ʧʦʯʘʪʢʫ 2014 ʨ. ʋʢʨʘʾʥʩʴʢʠʡ 

ʎʝʥʪʨ ʉʪʘʣʝʚʦʛʦ ɹʫʜʽʚʥʠʮʪʚʘ ʫʢʣʘʚ ʧʘʨʪ-

ʥʝʨʩʴʢʫ ʫʛʦʜʫ ʽʟ ʢʦʤʧʘʥʽʻʶ Tekla, ʱʦ ʩʧʝ-

ʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʣʝʥʥʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ, ʽʥʞʝʥʝʨʥʦʛʦ ʽ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɺ ʨʘʤʢʘʭ ʫʢʣʘ-

ʜʝʥʦʾ  ʫʛʦʜʠ ʩʪʦʨʦʥʠ ʜʦʤʦʚʠʣʠʩʷ ʩʧʽʣʴʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʩʫʚʘʥʥʷ ʦʜʥʦʩʪʘʜʽʡʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ BIM-ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʨʠʥ-

ʢʫ ʋʢʨʘʾʥʠ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦ-

ʩʪʽ ʩʪʘʣʝʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ [1].  

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʠʜʘʯʽ 

ʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫ-

ʯʘʩʥʠʭ 3D BIM-ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ.  

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ, 

ʫʪʚʦʨʝʥʘ ʟʘʩʦʙʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʝ-

ʣʶʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʶʻ ʪʨʘʜʠʮʽʡʥʠʡ ʩʧʦʩʽʙ 

ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʪʝʢʩʪʦʚʠʭ 

ʜʦʢʫʤʝʥʪʽʚ  ʽ ʜʚʦʚʠʤʽʨʥʠʭ ʢʨʝʩʣʝʥʴ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢ ʧʨʦ-

ʛʨʘʤʠ Robot Structure Analysis, Tekla, 

IdeaStatica, ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʝʢʪʫ-

ʚʘʥʥʽ (ʚʢʣʶʯʥʦ ʟ ʚʘʨʽʘʥʪʥʠʤ ʧʨʦʝʢʪʫʚʘʥ-

ʥʷʤ) ʙʫʜʽʚʣʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʫʣʴʪʠʦʙ'ʻʤʥʫ ʩʧʦ-

ʨʫʜʫ ʽʟ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʱʦʜʦ ʞʦʨʩ-

ʪʢʦʩʪʽ ʢʘʨʢʘʩʫ  (ʨʠʩ. 1). 
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ʈʠʩ.1. ɸʨʭʽʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʙʫʜʽʚʣʽ: ʘ ï ʚʽʟʫʘʣʽʟʘʮʽʷ; ʙ ï 3D  ʩʪʨʫʢʪʫʨʥʘ ʤʦʜʝʣʴ ʚ 

Robot Structure Analysis 

Fig. 1. Architectural and constructive solution of the building: ʘ ï visualization; b ï 3D structural model in 

Robot Structure Analysis 
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ɺ ʋʢʨʘʾʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʽʥ-

ʪʝʨʝʩʫ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʩʠʩʪʝʤ, ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʤ 
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ʧʽʜʭʦʜʦʤ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʙʫʜʽʚʝ-

ʣʴʥʦʾ ʛʘʣʫʟʽ ʻ ʪʝʭʥʦʣʦʛʽʷ BIMï

ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʽʜʭʦ-

ʜʠ ʜʦ ʷʢʦʾ ʥʘʤʽʯʝʥʽ ʚ [1].   

ɺʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʙʫʜʽʚʝʣʴ  ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʪʝʭ-

ʥʦʣʦʛʽʡ ʧʨʦʝʢʪʫʚʘʥʥʷ [8]. ʇʨʠ ʪʘʢʦʤʫ ʙʘʛʘ-

ʪʦʨʽʚʥʝʚʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʝʣʠʢʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʨʽʰʝʥʥʶ ʧʠʪʘʥʴ ʘʥʘʣʽʟʫ 

ʩʫʤʽʞʥʠʭ ʟ ʢʦʥʩʪʨʫʶʚʘʥʥʷʤ ʽʥʞʝʥʝʨʥʠʭ 

ʧʨʦʙʣʝʤ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ. ɺ ʜʦʩ-

ʣʽʜʞʝʥʥʽ ʚʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ ʦʢʨʝʤʽ ʽʥʩʪʨʫʤʝ-

ʥʪʠ ɺɯʄ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʨʦʟʨʦʙʣʝʥʽ 

ʜʣʷ ʩʪʘʣʝʚʠʭ ʪʘ ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʩʝ 

ʱʝ ʥʝ  ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʽʜʦʙʨʘʞʘʶʪʴ  ʧʨʦ-

ʙʣʝʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʣʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ɺ [9] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʪʘʥ ʽʥ-

ʩʪʨʫʤʝʥʪʽʚ BIM ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʙʫʜʽʚʝ-

ʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʘʢʦʞ ʬʦʨʤʫʣʶʶʪʴʩʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʥʘʮʽʦʥʘʣʴʥʠʭ 

ʥʦʨʤ ʩʪʦʩʦʚʥʦ ʤʦʜʝʣʝʡ ɺɯʄ ʜʣʷ ʫʟʛʦʜʞʝʥ-

ʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʧʨʦʮʝʩʫ  

ʨʦʟʨʦʙʢʠ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʆʢʨʝʤʽ 

ʧʨʦʮʝʜʫʨʠ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʫ ɺɯʄ ʪʝʭʥʦʣʦ-

ʛʽʷʭ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʚ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ 

ʥʘʙʫʚʘʶʪʴ ʥʦʨʤʧʘʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ [10]. 

ʈʦʙʦʪʠ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʥʘʧʨʷʤʢʫ  ʨʦʟʨʦʙʢʠ 

ɺɯʄ-ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʚʘʞʥʦ ʤʘʶʪʴ ʤʽʞʜʠʩ-

ʮʠʧʣʽʥʘʨʥʠʡ ʭʘʨʘʢʪʝʨ [11]. 

ɯʩʪʦʨʠʯʥʦ ʩʢʣʘʣʦʩʷ ʪʘʢ, ʱʦ ʧʨʦʝʢʪʫʚʘʥ-

ʥʷ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʋʢʨʘʾʥʽ ʩʢʣʘʜʘ-

ʻʪʴʩʷ ʟ ʜʚʦʭ ʨʦʟʜʽʣʽʚ: ʂʄ (ʢʦʥʩʪʨʫʢʮʽʾ ʤʝ-

ʪʘʣʝʚʽ) ʽ ʂʄɼ (ʢʦʥʩʪʨʫʢʮʽʾ ʤʝʪʘʣʝʚʽ ʜʝʪʘ-

ʣʶʚʘʣʴʥʽ). BIM-ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʤʦʜʝ-

ʣʶʚʘʪʠ ʦʙôʻʢʪʠ ʙʫʜʴ-ʷʢʦʾ ʩʢʣʘʜʥʦʩʪʽ ʙʝʟ 

ʧʦʜʽʣʫ ʧʨʦʮʝʩʫ ʥʘ ʂʄ ʽ ʂʄɼ. ʇʦʚʥʽ ʽʥʬʦ-

ʨʤʘʮʽʡʥʽ ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʟʚʠʯʘʡʥʠʭ ʢʨʝʩʣʝʥʴ ʂʄ ʽ ʂʄɼ, ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʘʪʠ ʚʩʶ ʧʨʦʝʢʪʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ ʥʘ 

ʦʙôʻʢʪ. ɺʠʩʦʢʘ ʛʝʦʤʝʪʨʠʯʥʘ ʪʦʯʥʽʩʪʴ ʢʦʥʩ-

ʪʨʫʢʮʽʡ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

BIM, ʽ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʉɸʄ-

ʩʠʩʪʝʤʠ (ʫ ʚʠʨʦʙʥʠʯʝ ʫʩʪʘʪʢʫʚʘʥʥʷ) ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʘ ʩʢʦʨʦʯʫʶʪʴ ʯʘʩ ʤʦʥʪʘʞʫ, ʘ ʪʘʢʦʞ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʘʨʭʽʪʝʢʪʫ-

ʨʥʽ ʬʦʨʤʠ, ʤʽʥʽʤʽʟʫʶʪʴ ʪʝʨʤʽʥʠ ʥʘ ʨʦʟʨʦʙ-

ʣʝʥʥʷ ʧʨʦʝʢʪʫ, ʘ ʪʘʢʦʞ ʩʧʨʦʱʫʶʪʴ ʚʥʝʩʝʥ-

ʥʷ ʜʦ ʥʴʦʛʦ ʟʤʽʥ. 

ʅʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ɺɯʄ-ʧʨʦʝʢʪʫʚʘʥʥʷ, ʷʢʽ 

ʟʘʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ, ʚʠʤʘʛʘʶʪʴ ʥʦ-

ʚʠʭ ʧʽʜʭʦʜʽʚ  ʜʦ ʩʢʣʘʜʫ  ̔ʧʨʘʚʠʣ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʝʢʪʥʦʾ ʽ ʨʦʙʦʯʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʤʝʪʘʣʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ (ɼʉʊʋ ʪʘ ɼɹʅ) ʟ   ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʧʨʦʝʢʪʫʚʘʥʥʷ,  ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʥʦʾ ʽ ʨʦʙʦʯʦʾ ʜʦʢʫʤʝʥ-

ʪʘʮʽʾ çʂʦʥʩʪʨʫʢʮʽʾ ʤʝʪʘʣʝʚʽ (ʂʄ)è, ʢʦʤʧʣʝ-

ʢʪʫ ʨʦʙʦʯʠʭ ʢʨʝʩʣʝʥʴ çʂʦʥʩʪʨʫʢʮʽʾ ʤʝʪʘʣʝ-

ʚʽ ʜʝʪʘʣʶʚʘʣʴʥʽ (ʂʄɼ)è.  ʇʦʰʫʢʠ ʚʠʨʽ-

ʰʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ ʥʝ ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ ʚʽʜ 

ʧʦʧʝʨʝʜʥʽʭ ʥʘʜʙʘʥʴ ʫʢʨʘʾʥʩʴʢʦʾ ʰʢʦʣʠ ʧʨʦ-

ʝʢʪʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɹʽʣʴʰ 

ʪʦʛʦ,  ʨʷʜ  ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʧʦʧʝʨʝʜʥʽʭ 

ʩʪʘʥʜʘʨʪʽʚ ʟ ʦʬʦʨʤʣʝʥʥʷ ʢʨʝʩʣʝʥʴ ʙʫʜʽʚʝ-

ʣʴʥʠʭ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʢʣʶʯʘʶʪʴʩʷ   

ʜʦ ʩʢʣʘʜʫ ʨʦʟʨʦʙʦʢ ʥʦʚʦʛʦ ʩʪʘʥʜʘʨʪʫ ʪʘ 

ʫʪʦʯʥʶʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʜʽʶʯʠʭ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [2-7]. 

ʅʦʚʽ ʩʪʘʥʜʘʨʪʠ ʤʘʶʪʴ ʥʘ ʤʝʪʽ ʚʩʪʘʥʦʚ-

ʣʶʚʘʪʠ ʧʨʘʚʠʣʘ ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʥʦʾ ʨʦʙʦ-

ʯʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʤʝʪʘʣʝʚʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʪʘʜʽʡ ʧʨʦʝʢʪʫʚʘʥʥʷ çʇʨʦ-

ʝʢʪʫè (ʇ), çʈʦʙʦʯʦʛʦ ʧʨʦʝʢʪʫè (ʈʇ), çʈʦ-

ʙʦʯʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾè (ʈ). ʅʦʚʽ ʩʪʘʥʜʘʨʪʠ 

ʨʦʟʛʣʷʥʫʪʴ ʧʨʦʮʝʩ  ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʪʫ 

ʨʦʙʦʯʠʭ ʢʨʝʩʣʝʥʴ çʂʦʥʩʪʨʫʢʮʽʾ ʤʝʪʘʣʝʚʽ 

ʜʝʪʘʣʶʚʘʣʴʥʽè (ʂʄɼ ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʨʦʝʢ-

ʪʫʚʘʥʥʷ  ʜʣʷ ʩʪʚʦʨʝʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʬʦ-

ʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ  (ʇɯʄ) ʤʝʪʘʣʝʚʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʚ ʪʨʠʚʠʤʽʨʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ  ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʚʪʦ-

ʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʩʪʚʦ-

ʨʝʥʥʷʤ ʧʨʦʩʪʦʨʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝ-

ʣʝʡ ʟʤʽʥʶʶʪʴʩʷ ʪʝʨʤʽʥʦʣʦʛʽʯʥʽ ʤʘʨʢʝʨʠ: ʜʦ 

ʤʘʨʢʫʚʘʥʥʷ ʩʪʘʜʽʡ ʧʨʦʝʢʪʫ  ʜʦʜʘʻʪʴʩʷ ʧʦʟ-

ʥʘʯʢʘ ç3Dè ʘʙʦ ʧʦʟʥʘʯʢʘ çʇIMè   ï  ʧʨʦʩ-

ʪʦʨʦʚʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ (ʂʄ-3D,  

ʂʄɼ-3D, ʂʄ-ʂʄɼ-ʇɯʄ).  ʂʨʝʩʣʝʥʥʷ ʂʄ-

3D ʙʫʜʫʪʴ ʦʩʥʦʚʥʦʶ ʙʘʟʦʶ ʜʣʷ ʨʦʟʨʦʙʣʝʥ-

ʥʷ ʨʦʙʦʯʠʭ ʜʝʪʘʣʶʚʘʣʴʥʠʭ ʢʨʝʩʣʝʥʴ ʤʘʨʢʠ 

ʂʄɼ-3D, ʨʦʟʨʦʙʣʝʥʥʷ ʨʦʙʦʯʠʭ ʢʨʝʩʣʝʥʴ 

ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ  ʧʨʦʝʢʪʫ ʚʠʢʦʥʘʥ-

ʥʷ ʨʦʙʽʪ (ʇɺʈ), ʫ ʪʦʤʫ ʯʠʩʣʽ  ʽ ʜʣʷ ʟʘʤʦʚ-

ʣʝʥʥʷ ʤʝʪʘʣʫ. 

ʇʦʨʽʚʥʷʥʦ ʟ ʽʩʥʫʶʯʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʨʦ-

ʟʨʦʙʥʠʢʘʤʠ ʥʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ  
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ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ 

ʦʜʠʥ ʝʪʘʧ, ʱʦ ʦʙôʻʜʥʫʻ ʝʪʘʧʠ   ʧʨʦʝʢʪʫʚʘʥ-

ʥʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʧʣʝʢʪʫ ʨʦʙʦʯʠʭ ʢʨʝʩ-

ʣʝʥʴ ʨʦʙʦʯʦʛʦ ʧʨʦʝʢʪʫ çʂʦʥʩʪʨʫʢʮʽʾ ʤʝʪʘ-

ʣʝʚʽè ʽ ʝʪʘʧʫ çʂʦʥʩʪʨʫʢʮʽʾ ʤʝʪʘʣʝʚʽ ʜʝʪʘ-

ʣʶʚʘʣʴʥʽè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɺɯʄ-

ʪʝʭʥʦʣʦʛʽʡ ʽʟ ʩʪʚʦʨʝʥʥʷʤ ʧʨʦʩʪʦʨʦʚʠʭ ʽʥ-

ʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢ-

ʮʽʡ: çʂʦʥʩʪʨʫʢʮʽʾ ʤʝʪʘʣʝʚʽ ï ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʝʪʘʣʝʚʽ ʜʝʪʘʣʶʚʘʣʴʥʽ ʂʄ-ʂʄɼ-ʇɯʄè. 

ʈʦʟʨʦʙʢʘ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʱʦʜʦ 

ʦʬʦʨʤʣʝʥʥʷ ʢʨʝʩʣʝʥʴ ʤʘʨʢʠ ʂʄ-ʂʄɼ-ʇɯʄ 

ʦʙʫʤʦʚʣʝʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʥʘʩʢʨʽʟʥʠʤ 

ʧʨʦʮʝʩʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʝ-

ʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʩʪʚʦʨʝʥʥʷʤ ʧʨʦʩʪʦ-

ʨʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʤʝʪʘʣʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

  ʅʦʚʽ ʩʪʘʥʜʘʨʪʠ, ʱʦ ʨʦʟʨʦʙʣʶʶʪʴʩʷ, ʚʽ-

ʜʧʦʚʽʜʘʶʪʴ ʯʠʥʥʦʤʫ ʟʘʢʦʥʦʜʘʚʩʪʚʫ ʋʢʨʘʾ-

ʥʠ ʪʘ ʨʦʟʛʣʷʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʦʨʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ 

ɭʚʨʦʢʦʜʦʤ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ, ʨʝʟʫʣʴʪʘ-

ʪʠ   ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʚ-

ʥʠʤ ʚʠʤʦʛʘʤ, ʷʢʽ ʪʘʢʦʞ ʬʦʨʤʘʣʽʟʦʚʘʥʽ ʫ 

ʚʠʛʣʷʜʽ ʧʦʚʥʦʪʠ ʽ ʨʽʚʥʷ ʦʧʨʘʮʶʚʘʥʥʷ LOD  

(ʘʥʛʣ. Levels Of Detail).  

ɼʣʷ ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʩʪʘ-

ʥʦʚʣʶʻʪʴʩʷ ʩʚʦʾ ʨʽʚʥʽ LOD. ɼʣʷ ʤʝʪʘʣʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

LOD 300 - 400.  ʂʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʚʽʜʥʦʩʷʪʴ-

ʩʷ ʜʦ ʢʣʘʩʫ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʉʉ-3, ʘ ʪʘʢʦʞ 

ʚʩʽ ʫʥʽʢʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʧʦ-

ʧʝʨʝʜʥʽʤ ʥʘʧʨʫʞʝʥʥʷʤ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ  ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʽ 

ʨʝʛʫʣʶʚʘʪʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʢʦʥʩʪʨʫʢʮʽʾ  

ʱʦ ʤʘʶʪʴ ʨʫʭʦʤʽ ʯʘʩʪʠʥʽ, ʘʙʦ ʞ ʤʘʶʪʴ ʧʽʜ-

ʚʠʱʝʥʽ  ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ 

ʤʦʥʪʘʞʫ ʤʘʶʪʴ ʧʨʦʝʢʪʫʚʘʪʠʩʷ ʟ ʨʽʚʥʝʤ 

ʦʧʨʘʮʶʚʘʥʥʷ LOD 450.  ɼʣʷ ʪʘʢʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʘʪʢʦʚʽ ʚʠʤʦʛʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʽ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ, ʘʥʪʠ-

ʢʦʨʦʟʽʡʥʦʛʦ ʟʘʭʠʩʪʫ, ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰ-

ʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ,  ʟʘʭʠʩʪʫ ʣʶʜʝʡ. ʂʦʥʩ-

ʪʨʫʢʮʽʾ ʤʝʪʘʣʝʚʽ ʦʧʨʘʮʴʦʚʫʶʪʴʩʷ ʟ ʦʩʥʦʚ-

ʥʠʤ ʨʚ̔ʥʝʤ LOD 400 ʪʘ ʤʘʶʪʴ ʜʦʜʘʪʢʦʚʽ 

ʨʽʚʥʽ ʦʧʨʘʮʶʚʘʥʴ ʱʦʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦ-

ʜʝʣʽ LOD 450 ʜʣʷ ʮʠʬʨʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʤʦʜʝʣʝʡ   ʂʄ, ʂʄ-3D, ʂʄɼ, ʂʄɼ-3D, 

ʂʄ-ʂʄɼ-3D .  

ʊʘʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʟʤʽʥʶʻ ʪʨʘʜʠʮʽʡʥʠʡ ʩʧʦʩʽʙ ʥʘ-

ʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʪʝʢʩʪʦʚʠʭ ʜʦ-

ʢʫʤʝʥʪʽʚ  ʽ ʜʚʦʚʠʤʽʨʥʠʭ ʢʨʝʩʣʝʥʴ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʽ ʽʥʩʪʨʫ-

ʤʝʥʪʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʩʭʝʤʠ ʙʫ-

ʜʽʚʣʽ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʠʤʦ-

ʛʘʤʠ ʚ BIM-ʩʝʨʝʜʦʚʠʱʝ ʧʨʦʝʢʪʫʚʘʥʥʷ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʪʘ ʧʨʘʢʪʠʯʥʘ 

ʦʮʽʥʢʘ ʨʽʚʥʷ ʽʥʪʝʛʨʘʮʽʾ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ 

ʩʪʘʣʝʚʦʛʦ ʢʘʨʢʘʩʫ ʙʫʜʽʚʣʽ  ʚ BIM-

ʩʝʨʝʜʦʚʠʱʝ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʧʦʰʫʢ ʝʬʝʢʪʠʚ-

ʥʠʭ ʟʘʩʦʙʽʚ ʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʽʟ 

ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʞʦʨʩʪʢʦʩʪʽ ʜʦ ʢʦʥ-

ʩʪʨʫʢʮʽʾ.. 

ɿʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ: 

-  ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 3D ʽʥʬʦʨ-

ʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʚ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʢʦʤʧʣʝ-

ʢʩʽ Robot Structure Analysis ʟ ʚʢʣʶʯʝʥʥʷʤ ʚ 

ʨʦʙʦʪʫ ʬʘʩʘʜʥʦʾ ʚôʷʟʝʚʦʾ ʨʝʰʽʪʢʠ ʜʣʷ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ ʞʦʨʩʪʢʦʩʪʽ;  

- ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ ʢʘʨʢʘʩʫ, ʚʫʟʣʽʚ ʩʪʠʢʫʚʘʥʥʷ 

ʬʘʩʘʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʱʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ 3D-

ʤʦʜʝʣʝʡ ʚʫʟʣʽʚ ʚ ʇʂ Tekla ʪʘ ʾʭ ʨʦʟʨʘʭʫʥʢʫ 

ʚ ʇʂ IdeaStatica; 

- ʬʦʨʤʫʚʘʥʥʷ ʚʠʙʽʨʢʠ ʟʘʩʦʙʽʚ  ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥ-

ʢʠ ʛʣʠʙʠʥʠ ʽʥʪʝʛʨʘʮʽʾ ʨʽʰʝʥʴ ʚ BIM-

ʪʝʭʥʦʣʦʛʽʾ. 

 ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʧʦʨʫʜʘ ʢʘʨʢʘ-

ʩʥʘ ʟ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʦʩʪʦʨʦʚʫ 

ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʝʪʘ-

ʣʝʚʽ ʢʦʣʦʥʠ, ʤʝʪʘʣʝʚʽ ʬʝʨʤʠ,  ʬʘʩʘʜʥʽ ʨʠʛʝ-

ʣʽ ʪʘ ʩʪʦʷʢʠ.. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʙʫʜʽʚʣʽ 

ï  ʨʘʤʥʦ-ʚ`ʷʟʝʚʠʡ ʢʘʨʢʘʩ ʟ ʜʽʘʛʦʥʘʣʴʥʠʤʠ 

ʬʘʩʘʜʥʠʤʠ ʙʘʣʢʘʤʠ. ɿôʻʜʥʘʥʥʷ ʙʘʣʢʠ ʟ ʢʦ-

ʣʦʥʦʶ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʰʘʨʥʽʨʥʦʤʫ ʚʫʟʣʽ, ʟ 

ʧʦʜʘʣʴʰʠʤ ʟʘʤʢʥʝʥʥʷʤ ʰʘʨʥʽʨʫ ʽ ʧʝʨʝʪʚʦ-

ʨʝʥʥʷʤ ʡʦʛʦ ʫ ʞʦʨʩʪʢʠʡ ʚʫʟʦʣ. ʇʨʦʩʪʦʨʦʚʘ 

ʞʦʨʩʪʢʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʢʘʨʢʘʩʫ ʟʘʙʝʟʧʝʯʫ-

ʻʪʴʩʷ ʨʦʙʦʪʦʶ ʚʝʨʪʠʢʘʣʴʥʠʭ ʚôʷʟʝʡ ʚ ʦʙʦʭ 

ʥʘʧʨʷʤʢʘʭ, ʫʪʚʦʨʝʥʥʷʤ ʞʦʨʩʪʢʦʛʦ ʜʠʩʢʫ 

ʤʽʞʧʦʚʝʨʭʦʚʠʭ ʧʝʨʝʢʨʠʪʪʽʚ ʪʘ ʚʣʘʰʪʫʚʘʥ-

ʥʷʤ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚôʷʟʝʡ ʧʦʢʨʽʚʣʽ.  

ʂʦʣʦʥʠ ʧʨʦʝʢʪʫʶʪʴʩʷ ʽʟ ʜʚʦʪʘʚʨʽʚ ʻʚʨʦ-

ʧʝʡʩʴʢʦʛʦ ʩʦʨʪʘʤʝʥʪʫ ï ʧʨʦʬʽʣʴ HEB 500. 

ɺ ʷʢʦʩʪʽ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʢʽʥʮʝʚʦ-

ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʘ 3D ʤʦʜʝʣʴ, 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1, ʙ. 
 

ʆʉʅʆɺʅʀʁ ʄɸʊɽʈɯɸʃ  

ʊɸ ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 
 

ʈʦʟʨʦʙʣʝʥʥʷ 3D ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ.  

ɿʘʩʦʙʠ BIM-ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘ-

ʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ (ʚʢʣʶʯʥʦ ʟ ʚʘʨʽʘʥʪʥʠʤ 

ʧʨʦʝʢʪʫʚʘʥʥʷʤ) ʧʨʦʩʪʦʨʦʚʦʾ ʙʫʜʽʚʣʽ, ʷʢʘ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʫʣʴʪʠʦʙ'ʻʤʥʫ ʩʧʦʨʫʜʫ 

ʟ ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʩʧʨʷʞʝʥʥʷʤ ʦʙôʻʤʽʚ. ʆʩ-

ʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʣʽ 

ʦʙʨʘʥʦ Autodesk Robot Structural Analysis 

Professional 2021.  

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʤʦʜʫʣʴ  Autodesk Robot 

Structural Analysis ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʩʪʚʦ-

ʨʝʥʥʷ 3D- ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ, ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʢʦʥʪʨʦʣʴʦʚʘʥʘ ʫ  ʧʨʦʩʪʦʨʽ, ʘ ʩʢʽʥʯʝʥʥʦ-

ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ ʩʪʚʦʨʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯ-

ʥʦ ʥʘ ʢʽʥʮʝʚʦʤʫ ʝʪʘʧʽ.   

ʈʦʟʨʦʙʣʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʚ 

ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʫ ʩʭʝʤʫ, ʚ ʷʢʽʡ ʝʣʝʤʝʥʪʠ ʥʝʩʫʯʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡ ʪʘ ʧʦ-

ʚʝʨʭʦʥʴ, ʜʦʧʦʚʥʝʥʝ ʚôʷʟʷʤʠ ʪʘ ʥʘʚʘʥʪʘʞʝʥ-

ʥʷʤʠ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʠʢʦʥʘʥʘ ʽʟ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷʤ  ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɼʣʷ 

ʧʦʙʫʜʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʙʫʚ 

ʧʨʠʡʥʷʪʠʡ ʤʘʪʝʨʽʘʣ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ  ï  

ʩʪʘʣʴ S355 ʉʪʚʦʨʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2. 

ɺ ʷʢʦʩʪʽ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʩʪʦʩʦʚʘ-

ʥʽ ʩʪʘʣʝʚʽ ʢʦʣʦʥʠ ʪʘ ʬʝʨʤʠ ʟ ʦʙʧʠʨʘʥʥʷʤ ʫ 

ʚʫʟʣʘʭ ʚʝʨʭʥʴʦʛʦ ʧʦʷʩʫ. ɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʙʫʣʦ ʚʠʢʦ-

ʥʘʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʽʥʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥ-

ʢʫ. ɼʽʶʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʘ-

ʣʴʥʠʤ ʫʤʦʚʘʤ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɿ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʦʩʥʦʚʥʠʭ ʥʝʩʫʯʠʭ ʢʦʥ-

ʩʪʨʫʢʮʽʡ ʩʧʦʨʫʜʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʩʧʦʨʫʜʠ. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʚ Robot Structure Analysis 

ʧʝʨʝʜʙʘʯʘʻ ʽʤʧʦʨʪ ʽʥʬʦʨʤʘʮʽʥʦʾ ʤʦʜʝʣʷ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ, ʷʢʠʡ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʘʩʦʙʘʤʠ ʇʂ Robot. ʊʘʢʠʡ  ʽʥʩʪʨʫʤʝʥʪ 

 
ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

ʈʠʩ. 2. ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʚ Robot Structure 

Analysis: ʘ - ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʠʜ ʧʦ ʦʩʽ 

1; ʙ ï ʧʦ ʦʩʽ 4; ʚ ï ʧʦ ʦʩʽ 12; ʛ - ʨʦʟʤʽ-

ʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚ ʨʽʚʥʽ ʚʝʨʭʥʽʭ ʧʦʷʩʽʚ 

ʬʝʨʤ 
 

Fig. 2. Calculation model in Robot Structure 

Analysis: a - constructive view on axis 

1; b- on axis 4; c - on the axis 12; d - 

placement of elements in the plane of 

the roof 
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ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʝʣʝʤʝʥʪʠ ʾʭ ʦʩʷʤʠ, ʻ 
ʟʨʫʯʥʠʤ ʜʣʷ ʩʪʝʨʞʥʴʦʚʠʭ ʩʠʩʪʝʤ. ʇʨʦʝʢʪʫ-
ʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʂ Robot  ʜʦʟʚʦʣʠʣʠ 
ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʤʦʛʠ ɼɹʅ ʪʘ ʽʥʰʠʭ ʥʦʨʤʘ-
ʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʚʢʣʶʯʥʦ ʟ ɭʚʨʦʢʦʜ 3.  
ʈʦʟʨʘʭʫʥʦʢ ʢʘʨʢʘʩʫ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʧʨʦʛʨʘʤʠ Autodesk Robot Structural 
Analysis, ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʢʘʨʢʘʩʘ ʢʦʤ-
ʧʦʥʫʻʤʦ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ ʱʦʜʦ ʥʶʘʥʩʽʚ ʚʽʜ-
ʤʽʥʥʦʩʪʽ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜ 
ʨʫʯʥʦʛʦ. ʇʨʠ ʢʦʤʧʦʥʫʚʘʥʥʽ ʢʘʨʢʘʩʘ ʨʦʟʨʦ-
ʙʣʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʭʝʤʫ ʨʘʤʠ, ʪʦʙʪʦ. 
ʚʠʟʥʘʯʝʥʦ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʝʣʝʤʝʥʪʽʚ ʨʘ-
ʤʠ, ʪʠʧʠ ʦʢʨʝʤʠʭ ʩʪʨʠʞʥʽʚ ʢʘʨʢʘʩʫ (ʩʫ-
ʮʽʣʴʥʽ ʘʙʦ ˇʨʘʪʯʘʩʪʽ) ʪʘ ʦʙʨʘʥʠʡ ʩʧʦʩʽʙ ʚʫʟ-
ʣʦʚʠʭ ʩʧʦʣʫʯʝʥʴ.  
ɺ ʩʢʣʘʜʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʩʢʣʘʜʝʥʦ 

ʩʭʝʤʠ ʧʨʠʢʣʘʜʘʥʥʷ  ʥʘʚʘʥʪʘʞʝʥʴ, ʧʨʠʢʣʘʜʠ 
ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3. ɼʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴ-
ʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʠʷʚʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 
ʟʥʘʯʝʥʴ, ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʙʫʣʠ ʩʬʦʨ-
ʤʦʚʘʥʽ ʪʘʙʣʠʮʽ ʈʉʅ (ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʧʦʣʫ-
ʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤ 
ɭʚʨʦʢʦʜʫ. 
ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʘʨʢʘʩʫ ʚʩʪʘʥʦʚʣʝʥʘ 

ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʩʭʝʤʦʶ. ʋ ʨʦʟʨʘʭʫʥʢʦ-
ʚʽʡ ʩʭʝʤʽ ʚʠʢʨʝʩʣʶʶʪʴ ʩʭʝʤʘʪʠʯʥʝ ʢʨʝʩ-
ʣʝʥʥʷ ʟʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʷʤʠ ʩʪʨʠʞʥʽʚ. ɿʘ 
ʛʝʦʤʝʪʨʠʯʥʫ ʚʽʩʴ ʝʣʝʤʝʥʪʘ ʟʘʟʚʠʯʘʡ 
ʧʨʠʡʤʘʶʪʴ ʣʽʥʽʶ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥ-
ʪʨʠ ʡʦʛʦ ʧʝʨʝʨʽʟʽʚ. ɿʘʪʠʩʢʘʥʥʷ 
ʢʦʣʦʥ ʫ ʬʫʥʜʘʤʝʥʪʽ ʚʚʘʞʘʶʪʴ ʞʦʨʩʪʢʠʤ. 
ɺʝʨʪʠʢʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢʣʘʜʝʥʽ ʟ 
ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʛʝʦ-
ʤʝʪʨʠʯʥʠʭ ʦʩʝʡ ʢʦʣʦʥ, ʪʦʤʫ ʮʽ ʥʘʚʘʥʪʘ-
ʞʝʥʥʷ ʟʘʜʘʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʞʦʨʩʪʢʠʭ ʚʩʪʘʚʦʢ. 
ʇʝʨʝʨʽʟʠ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ 

ʩʭʝʤʠ ʟʘʧʨʦʝʢʪʦʚʘʥʽ ʥʘ ʙʘʟʽ ʻʚʨʦʧʝʡʩʴʢʦʛʦ 
ʩʦʨʪʘʤʝʥʪʫ.  
ʈʦʟʛʣʷʥʫʪʽ ʚʘʨʽʘʥʪʠ  ʨʦʟʤʽʱʝʥʥʷ ʚôʷʟʝʡ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʢʘʨʢʘʩʫ, ʩʝʨʝʜ 
ʷʢʠʭ ʨʦʟʨʘʭʦʚʘʥʦ ʩʭʝʤʫ ʟ ʬʘʩʘʜʥʦʶ ʨʝʰʽʪ-
ʢʦʶ ʟ ʧʝʨʝʜʘʯʝʶ ʟʫʩʠʣʴ ʥʘ ʜʽʘʛʦʥʘʣʴʥʽ ʙʘʣ-
ʢʠ, ʩʪʦʷʢʠ ʪʘ ʨʠʛʝʣʽ ʬʘʭʚʝʨʢʫ.  ɺʠʟʥʘʯʝʥʽ 
ʚʝʨʪʠʢʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʜʣʷ ʢʦʤʙʽʥʘʮʽʡ 
ʥʘʚʘʥʪʘʞʝʥʴ ʟʽ ʩʥʽʛʦʤ ʽ ʢʨʘʥʦʚʠʤ ʥʘʚʘʥʪʘ-
ʞʝʥʥʷʤ. ɺʠʟʥʘʯʝʥʷ ʤʘʢʩʠʤʘʣʴʥʽ ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʜʣʷ ʚʽʪʨʦʚʠʭ ʪʘ ʢʨʘʥʦʚʠʭ 
ʥʘʚʘʥʪʘʞʝʥʴ (ʨʠʩ. 5), ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʷʢʠʭ 
ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʢʦʨʠʛʦʚʘʥʽ ʞʦʨʩʪʢʦʩʪʽ 
ʚôʷʟʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. 
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ʈʠʩ. 3. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚ Robot Structure 

Analysis, ʟʘʚʘʥʪʘʞʝʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ-

ʤʠ: ʘ ï ʧʦʩʪʽʡʥʝ; ʙ ï ʩʥʽʛʦʚʝ; ʚ ï ʚʘʨʽ-

ʘʥʪ ʚʽʪʨʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʛ ï ʚʘʨʽ-

ʘʥʪ ʢʨʘʥʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 
 

Fig. 3. Calculation scheme in Robot Structure 

Analysis with loads: a - constant; b - 

snow; c - wind  load optio; d - crane 

load optio 
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ʈʠʩ.4. ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʬʫʥʜʘʤʝʥʪʠ ʚ Robot 

Structure Analysis 

Fig. 4. Load on foundations in Robot Structure 

Analysis 

ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʘʥʦ ʟ 

ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʯʥʠʭ ʩʧʦʩʦʙʽʚ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʪʘʢʠʭ ʷʢ ʝʧʶʨʠ ʟʫʩʠʣʴ 

ʩʪʝʨʞʥʝʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʽʟʦʧʦʣʷ ʥʘʧʨʫʞʝʥʴ 

ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʜʝʬʦʨʤʦʚʘʥʽ 

ʩʭʝʤʠ.  

 

 
ʘ 

 
ʙ 

ʈʠʩ. 5. ʇʝʨʝʤʽʱʝʥʥʷ ʩʠʩʪʝʤʠ ʚ Robot Struc-

ture Analysis: ʘ ï ʚʝʨʪʠʢʘʣʴʥʽ;  ʙ  ï  ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʽ  

Fig. 5. Moving the system in Robot Structure 

Analysis: a  ï vertical; b ï horizontal  

ʇʨʦʛʨʘʤʥʦ ʚʠʟʥʘʯʝʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʬʫʥʜʘʤʝʥʪʠ ʷʢ ʦʧʦʨʥʽ ʨʝʘʢʮʽʾ ʢʦʣʦʥ ʚ ʦʨʪʦ-

ʛʦʥʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ (ʨʠʩ. 4). 

ʗʢ ʦʩʪʘʪʦʯʥʠʡ ʚʘʨʽʘʥʪ ʨʦʟʤʽʱʝʥʥʷ 

ʚôʷʟʝʡ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʩʭʝʤʫ ʟ ʬʘʩʘʜʥʦʶ 

ʨʝʰʽʪʢʦʶ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʪʨʽʙʥʫ ʟʘ ʪʝʭ-

ʥʦʣʦʛʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʞʦʨʩʪʢʽʩʪʴ ʙʫʜʽʚʣʽ. 

ɯʥʩʪʨʫʤʝʥʪʠ 3D-ʤʦʜʝʣʶʚʘʥʥʷ ʚʫʟʣʽʚ 

ʪʘ ʩʢʣʘʜʘʥʥʷ ʢʨʝʩʣʝʥʴ ʂʄ-3D  ʽ ʂʄɼ-

3D. ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ 
ʚʫʟʣʦʚʠʭ ʩʧʨʷʞʝʥʴ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 3D 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʧʝʨʝʜʘʯʝʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʤʦʜʝʣʽ ʚ ʇʂ ʊekla Structures, ʷʢʠʡ ʻ ʩʧʝʮʽʘ-

ʣʽʟʦʚʘʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʨʦʟʜʽʣʫ ʧʨʦʝʢʪʫ.  

ʂʦʥʮʝʧʮʽʾ ɺɯʄ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʽʥ-

ʪʝʛʨʘʮʽʾ  ʊekla ʟ  ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʢʦʤʧʣʝʢ-

ʩʦʤ  IdeaStatica. ʊʘʢʘ ʟʚôʷʟʢʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʽʚ ʨʦʟʨʦʙʣʝʥʘ 

ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʽʚʝʣʴ 

ʽ ʩʧʦʨʫʜ ʚ 3D ʧʨʦʩʪʦʨʽ. 

     Tekla Structures ʻ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫ-

ʜʽʚʝʣʴ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʽ ʫʧʨʘʚʣʷ-

ʪʠ ʪʦʯʥʠʤʠ 3D-ʤʦʜʝʣʷʤʠ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫ-

ʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʙʫʜʴ-ʷʢʦʾ ʩʢʣʘʜʥʦʩʪʽ ʟ 

ʙʫʜʴ-ʷʢʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʄʦʜʝʣʽ Tekla 

Structures ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʚʩʽʭ 

ʝʪʘʧʘʭ ʙʫʜʽʚʥʠʮʪʚʘ ʚʽʜ ʝʩʢʽʟʽʚ ʜʦ ʚʠʨʦʙʥʠ-

ʮʪʚʘ, ʤʦʥʪʘʞʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʽʚʝʣʴʥʠʤʠ 

ʨʦʙʦʪʘʤʠ. ʗʢ ʽ ʽʥʰʽ BIM ʧʨʦʛʨʘʤʥʽ ʢʦʤ-

ʧʣʝʢʩʠ, Tekla Structures ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ 

ʨʦʟʨʘʭʫʥʦʢ ʽ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʦʾ ʤʦʜʝʣʽ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʛʝʥʝʨʫʻʪʴʩʷ, ʷʢ ʪʽʣʴʢʠ 

ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʘʥʘʣʽʟʫ, ʧʽʩʣʷ ʩʪʚʦ-

ʨʝʥʥʷ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʽ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘ-

ʥʪʘʞʝʥʴ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʢʽʣʴʢʘ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ ʟ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʬʽʟʠʯ-

ʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʟʘʧʫʩʢʫ ʨʽʟʥʠʭ ʚʠʜʽʚ ʘʥʘʣʽ-

ʟʫ. ʊʘʢʦʞ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ 

ʦʙôʻʢʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʚ ʤʦʜʝʣʴ 

ʘʥʘʣʽʟʫ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʧʨʦʩʪʫ ʨʘʤʫ, ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʪʠʧʫ 

ʟôʻʜʥʘʥʥʷ, ʘʙʦ ʞ ʚʨʘʭʦʚʫʚʘʪʠ ʪʠʧ ʚʫʟʣʘ ʽ 

ʜʝʪʘʣʝʡ ʚ ʥʴʦʤʫ (ʨʦʟʨʘʭʫʚʘʪʠ ʧʣʘʩʪʠʥʠ, 

ʙʦʣʪʠ ʽ ʪ.ʜ.). ɺ ʮʴʦʤʫ ʧʨʦʝʢʪʽ ʽʤʧʦʨʪ  ʽʥʬʦ-

ʨʤʘʮʽʾ ʧʨʦ ʟʫʩʠʣʣʷ ʪʘ ʧʽʜʽʙʨʘʥʽ ʧʝʨʝʨʽʟʠ 

ʝʣʝʤʝʥʪʽʚ ʟ Autodesk Robot Structural 

Analysis  ʫ ʇʂ ʊekla ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ IFC ʬʘʡʣʫ, ʧʨʦʪʝ ʯʝʨʝʟ ʧʝʚʥʫ 

ʨʽʟʥʠʮʶ ʤʦʜʝʣʝʡ ʪʘ ʟʘʟʦʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʩʫ-

ʧʨʦʚʦʜʞʫʚʘʪʠ ʧʝʨʝʭʦʜʠ ʤʽʞ ʨʦʟʨʘʭʫʥʢʦ-

ʚʦʶ ʜʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʩʭʝʤʘʤʠ, ʧʽʩʣʷ 

ʽʤʧʦʨʪʫ ʬʘʡʣʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʧʽ-



ISSN 2522-4182 

ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ Å 09/2021 37 

ʟʥʘʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʘ ʟʘ ʧʦʪʨʝʙʠ ʨʦʟʮʝʥʪ-

ʨʫʚʘʥʥʷ ʚʫʟʣʽʚ.    

ʈʽʚʝʥʴ ʜʝʪʘʣʽʟʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʽʥʬʦʨʤʘ-

ʮʽʡʥʦʾ ʤʦʜʝʣʽ ʚʽʜʧʦʚʽʜʘʚ ʨʽʚʥʶ LOD 400, 

ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʫʻ ʧʨʦ-

ʮʝʩ ʚʠʧʫʩʢʫ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ʇʽʩʣʷ 

ʩʪʚʦʨʝʥʥʷ ʽ ʫʟʛʦʜʞʝʥʥʷ ʤʦʜʝʣʽ ʙʫʣʘ ʩʪʚʦ-

ʨʝʥʘ ʪʝʭʥʽʯʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ ʤʘʨʢʠ ʂʄ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʦʪʨʠʤʘʥʥʷ  ʤʘʨʢʠ ʂʄɼ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʚʫʟʣʽʚ ʬʘʩʘʜʥʦʾ ʨʝʰʽʪ-

ʢʠ (ʨʠʩ. 6 - 8). ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʜʝʷʢʠʭ ʚʫʟʣʽʚ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʫʩʠʣʣʷ ʚ ʝʣʝʤʝʥʪʘʭ ʦʪʨʠʤʘʥʽ 

ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʢʘʨʢʘʩʫ ʚ ʇʂ Robot 

Structural Analysis. ʅʘ ʩʭʝʤʘʭ ʚʢʘʟʘʥʽ ʟʫ-

ʩʠʣʣʷ ʚʽʜʥʦʩʥʦ ʛʦʣʦʚʥʠʭ (ʣʦʢʘʣʴʥʠʭ) ʦʩʝʡ. 

ɿʫʩʠʣʣʷ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʩʧʦʣʫʯʝʥʥʷʭ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʫʟʣʽʚ ʬʘʩʘʜ-

ʥʦʾ ʨʝʰʽʪʢʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʫʩʠʣʣʷ ʥʘʚʝʜʝʥʽ 

ʥʘ ʨʠʩ. 6, ʘ ï ʚ.. 

ɼʘʥʠʡ ʚʫʟʦʣ ʟôʻʜʥʫʻʪʴʩʷ ʟ ʪʨʴʦʤʘ ʧʦʧʝ-

ʨʝʯʥʠʤʠ ʧʝʨʝʨʽʟʘʤʠ ʢʦʣʦʥ HEB 600, 

I400x15; -350x30 ʽ I440x15; -350x30. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʫ ʮʴʦʤʫ ʜʦʢʫʤʝʥʪʽ ʤʽʩʪʷʪʴʩʷ ʪʨʠ 

ʨʦʟʨʘʭʫʥʢʠ. ɺʩʽ ʩʪʠʢʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟ ʤʘʢʩʠ-

ʤʘʣʴʥʠʤʠ ʟʫʩʠʣʣʷʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʬʘ-

ʩʘʜʥʽʡ ʨʝʰʽʪʮʽ, ʘ ʪʘʢʦʞ ʩʪʨʠʞʥʷʭ HEB180. 

ɼʣʷ ʢʦʣʦʥ ʤʘʢʩʠʤʘʣʴʥʽ ʟʫʩʠʣʣʷ ʟʩʫʚʫ ʥʘʚʝ-

ʜʝʥʽ ʚ ʢʦʞʥʽʡ ʩʝʢʮʽʾ. 

ʅʘ ʨʽʚʥʽ ʤʦʜʝʣʝʡ ʚ IdeaStatica ʨʦʟʨʘʭʦ-

ʚʫʶʪʴʩʷ ʪʘ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʜʝʪʘʣʽ ʚʫʟʣʘ (ʧʝ-

ʨʝʚʘʞʥʦ ʧʣʘʩʪʠʥʠ ï ʨʝʙʨʘ, ʬʘʩʦʥʢʠ ʪʦʱʦ), 

ʟôʻʜʥʫʚʘʣʴʥʽ ʙʦʣʪʠ ʽ ʟʚʘʨʥʽ ʰʚʠ (ʨʠʩ. 7).  

 

  
ʘ ʙ 

  
ʚ ʛ 

ʈʠʩ. 6. ʈʦʟʨʘʭʫʥʦʢ ʚʫʟʣʘ ʬʘʩʘʜʥʦʾ ʨʝʰʽʪʢʠ. ɿʫʩʠʣʣʷ ʚ ʝʣʝʤʝʥʪʘʭ ʚ Robot Structural Analysis: ʘ ï 

ʟʫʩʠʣʣʷ ʫ ʬʘʩʘʜʥʽʡ ʚôʷʟʝʚʽʡ ʙʘʣʮʽ; ʙ ï ʟʫʩʠʣʣʷ ʚ ʩʪʽʡʢʘʭ ʩʪʽʥʦʚʦʛʦ ʬʘʭʚʝʨʢʘ; ʚ ï ʟʫʩʠʣʣʷ ʚ ʨʠ-

ʛʝʣʷʭ ʩʪʽʥʦʚʦʛʦ ʬʘʭʚʝʨʢʘ; ʛ ï ʤʦʜʝʣʴ ʚʫʟʣʘ ʬʘʩʘʜʥʦʾ ʨʝʰʽʪʢʠ ʚ ʇʂ ʊekla 
 

Fig. 6. Calculation of the facade lattice node. Efforts in elements in Robot Structural Analysis: ʘ ï forces 

in the facade beam; b ï efforts in wall racks; c ï efforts in the crossbars of the wall; d ï model of 

the fa­ade lattice node in the PK Tekla 
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ʘ ʙ 
ʈʠʩ. 7.ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʚʫʟʣʘ ʬʘʩʘʜʥʦʾ ʨʝʰʽʪʢʠ ʚ IdeaStatica (ʘ), ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ (ʙ) 

Fig. 7.Model of the facade lattice node in IdeaStatica (a), calculation results (b) 

 

  

 

  

ʘ ʙ 
ʈʠʩ. 8. ʇʝʨʝʚʽʨʢʘ ʜʝʪʘʣʝʡ ʚʫʟʣʘ ʚ IdeaStatica: ʘ ïʜʝʬʦʨʤʘʮʽʾ; ʙ  ï  ʥʘʧʨʫʞʝʥʥʷ    
Fig. 8. Check of node details in IdeaStatica: ʘ ï deformations; b  ï  stress 

  

 

ʄʦʜʝʣʶʚʘʥʥʷ ʦʧʦʨʥʠʭ ʚʫʟʣʽʚ ʬʝʨʤ ʪʘ 

ʦʛʦʣʦʚʢʽʚ ʢʦʣʦʥ. ʂʨʦʢʚʷʥʘ ʬʝʨʤʘ ʟʘʧʨʦʝʢ-

ʪʦʚʘʥʘ ʟ ʜʚʦʪʘʚʨʽʚ ʥʘ ʙʝʟʬʘʩʦʥʢʦʚʠʭ ʚʫʟ-

ʣʘʭ. ʂʨʽʧʣʝʥʥʷ ʜʦ ʢʦʣʦʥʠ ʰʘʨʥʽʨʥʝ, ʥʘ 

ʬʣʘʥʮʷʭ. ʄʦʥʪʘʞʥʽ ʝʣʝʤʝʥʪʠ  ï ʙʦʣʪʠ ʢʣʘ-

ʩʫ ʤʽʮʥʦʩʪʽ 8.8.  ʄʦʜʝʣʴ ʦʛʦʣʦʚʢʫ ʢʦʣʦʥʠ ʟ 

ʨʝʙʨʘʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 9. ʈʦʟʨʘʭʫʥʦʢ 

ʚʠʢʦʥʘʥʦ ʥʘ ʨʽʚʥʽ ʧʣʘʩʪʠʥ (ʨʠʩ. 10 ), 

     ʉʧʝʮʽʘʣʴʥʠʤ ʨʦʟʨʘʭʫʥʢʦʤ ʧʝʨʝʚʽʨʝʥʽ 

ʜʝʬʦʨʤʘʮʽʭ ʢʫʟʣʘ ʥʘ ʥʘʧʨʫʞʝʥʥʷ ʚ ʝʣʝʤʝʥ-

ʪʘʭ (ʨʠʩ. 11).  ʈʦʟʤʽʱʝʥʥʷ ʙʦʣʪʽʚ ʪʘ ʾʭ ʧʝʨʝ-

ʚʽʨʢʘ ʚʠʢʦʥʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʥʦʨʤ ʧʨʦ-

ʝʢʪʫʚʘʥʥʷ (ʨʠʩ. 12).    

 

 
 

ʈʠʩ. 9. ʄʦʜʝʣʴ ʦʧʦʨʥʦʛʦ ʚʫʟʣʘ ʚ ʇʂ ʊekla 

F g̔. 9.ʊruss support node model in Tekla PC 
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ʈʠʩ.10. ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʦʧʦʨʥʦʛʦ ʚʫʟʣʘ ʬʝʨʤʠ ʚ IdeaStatica 

Fig. 10. Model of the truss support node in IdeaStatica  

  

 

 

 

ʘ 

 
 

ʙ ʚ 

ʈʠʩ.11. ʇʝʨʝʚʽʨʢʘ ʜʝʪʘʣʝʡ ʚʫʟʣʘ ʬʝʨʤʠ ʚ IdeaStatica: ʘ ï ʜʝʬʦʨʤʘʮʽʾ; ʙ ï ʥʘʧʨʫʞʝʥʥʷ; ʚ ï ʢʨʝʩʣʝʥʥʷ  

Fig. 11. Check of node details in IdeaStatica: ʘ ï deformations; b  ï  stress; c ï drawing of the node 
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ʈʠʩ.12. ʈʦʟʨʘʭʫʥʦʢ ʙʦʣʪʽʚ ʦʧʦʨʥʦʛʦ ʚʫʟʣʘ                

ʬʝʨʤʠ ʚ IdeaStatica 
 

Fig.12. Calculation of truss support bolts in 

IdeaStatica 
 

ʄʦʜʝʣʶʚʘʥʥʷ ʦʧʦʨʥʠʭ ʚʫʟʣʽʚ ʢʦʣʦʥ. 

ʆʧʦʨʥʠʡ ʚʫʟʦʣ ʢʦʣʦʥʠ ʧʨʦʝʢʪʫʻʪʴʩʷ ʟʘ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʚ Robot Structural 

Analysis (ʨʠʩ. 13). ʇʨʠʻʜʥʘʥʥʷ ʜʦ ʬʫʥʜʘʤʝ-

ʥʪʫ ʞʦʨʩʪʢʝ, ʯʝʨʝʟ ʬʫʥʜʘʤʝʥʪʥʽ ʙʦʣʪʠ. ɸʥ-

ʢʝʨʠ  ʄ30 ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ 8.8, ʬʫʥʜʘʤʝʥʪʥʽ 

ʙʦʣʪʠ ï  ʨʽʟʴʙʦʚʽ ʩʪʨʠʞʥʽ ʟ ʙʦʣʪʦʚʠʤʠ ʧʣʘ-

ʩʪʠʥʘʤʠ ʚʥʠʟʫ. ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʽʟʴʙʦʚʽ 

ʩʪʨʠʞʥʽ ʧʨʦʧʫʩʢʘʶʪʴʩʷ ʯʝʨʝʟ ʚʝʣʠʢʽ ʦʪʚʦʨʠ 

(ʜʽʘʤʝʪʨʦʤ 50 ʤʤ), ʜʘʣʽ ʚ ʩʢʦʙʫ PL40, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʨʦʟʪʷʛʫ ʚʧʦʧʝʨʝʢ ʧʨʦʢʘʪʫ ʩʪʘʣʽ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʙʦʣʪʠ ʥʝ ʩʧʨʠʡʤʘʶʪʴ ʟʫ-

ʩʠʣʣʷ ʟʩʫʚʫ. ʉʪʠʩʢʫʚʘʣʴʥʝ ʟʫʩʠʣʣʷ ʧʝʨʝʜʘ-

ʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʦʧʦʨʥʫ ʧʣʘʩʪʠʥʫ, ʘ 

ʨʦʟʪʷʛ ʩʧʨʠʡʤʘʻʪʴʩʷ  ʨʽʟʴʙʦʚʠʤʠ ʩʪʨʠʞʥʷ-

ʤʠ (ʨʠʩ. 14 ï 16). 

  

ʘ ʙ 

ʈʠʩ.13. ʆʧʦʨʥʽ ʟʫʩʠʣʣʷ ʚ Robot Structural Analysis ʚ ʦʩʥʦʚʥʠʭ ʢʦʣʦʥʘʭ (ʘ) ʪʘ ʫ ʚôʷʟʝʚʠʭ ʢʦʣʦʥʘʭ (ʙ) 

Fig. 13. Support forces in Robot Structural Analysis in main columns (ʘ) and facade columns (b) 

 

 

 

 
 

ʙ 

 

ʘ 

ʈʠʩ.14. ʄʦʜʝʣʴ ʙʘʟʠ ʢʦʣʦʥʠ ʚ ʇʂ Tekla (ʘ); 

ʢʨʝʩʣʝʥʥʷ (ʙ)  

Fig.14. The column base model in the Tekla PC 

(ʘ); drawing (b) 
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ʈʠʩ.15. ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʦʧʦʨʥʦʛʦ ʚʫʟʣʘ ʢʦʣʦʥʠ ʚ IdeaStatica 

Fig. 15. The column support node model in IdeaStatica 

 

   
ʘ ʙ 

 
ʚ 

ʈʠʩ. 16. ʇʝʨʝʚʽʨʢʘ ʜʝʪʘʣʝʡ ʦʧʦʨʥʦʛʦ ʚʫʟʣʘ ʢʦʣʦʥʠ ʚ IdeaStatica: ʘ ï ʨʦʟʨʘʭʫʥʢʦʚʽ ʝʣʝʤʝʥʪʠ;  

 ʙ ï ʧʝʨʝʚʽʨʢʘ ʜʝʬʦʨʤʘʮʽʡ; ʚ  ï ʧʝʨʝʚʽʨʢʘ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ 

Fig. 16. Check of column basic node details in IdeaStatica Check: ʘ ï settlement elements; 

b ï check of deformations; c  ï check of stresses 
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ɺʀʉʅʆɺʂʀ ɯ ʇɽʈʉʇɽʂʊʀɺʀ 

ʇʆɼɸʃʔʐʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽ-

ʰʝʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʽ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʜʘʚ ʤʦʞʣʠ-

ʚʽʩʪʴ ʢʚʘʣʽʬʽʢʦʚʘʥʦ ʦʙʨʘʪʠ ʥʝʦʙʭʽʜʥʽ ʢʦʥʩ-

ʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʩʪʘʣʝʚʦʛʦ ʢʘʨʢʘʩʫ  ʩʧʦ-

ʨʫʜʠ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʞʦʨʩʪʢʦʩʪʽ. 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

3D ʤʦʜʝʣʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤ 

Autodesk Revit, Tekla, IdeaStatica ʜʦʟʚʦʣʠʣʦ 

ʚʠʨʽʰʠʪʠ ʘʢʪʫʘʣʴʥʫ  ʟʘʜʘʯʫ:  ʰʚʠʜʢʦ ʩʪʚʦ-

ʨʶʚʘʪʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ ʤʦʜʝʣʴ ʩʧʦʨʫʜʠ ʪʘ 

ʚʫʟʣʽʚ ʽ ʘʥʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ 

ʜʦʟʚʦʣʠʣʦ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʩʢʣʘʜʥʽʩʪʴ 

ʩʧʦʨʫʜʠ ʥʘ ʨʽʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ [19].  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʊekla ʟ  

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʢʦʤʧʣʝʢʩʦʤ  IdeaStatica  ï 

ʟʚôʷʟʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʽʚ, ʻ ʨʘʮʽʦʥʘʣʴʥʦʶ  ʜʣʷ ʢʦʥʩʪʨʫʶ-

ʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʚ 3D 

ʧʨʦʩʪʦʨʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʘʥʘʣʽʟʫ 

ʩʪʘʣʝʚʠʭ ʩʧʦʨʫʜ ʪʘ ʩʪʚʦʨʝʥʥʷ ʢʨʝʩʣʝʥʴ 

ʂʄ-3D  ʽ ʂʄɼ-3D, ʘ ʪʘʢʦʞ ʥʘʜʘʶʪʴ ʤʦʞ-

ʣʠʚʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʢʨʝʩʣʝʥʴ ʂʄ-ʂʄɼ-

3D.  

ɺʠʢʦʨʠʩʪʘʥʥʷ BIM-ʪʝʭʥʦʣʦʛʽʡ ʧʨʘʢʪʠʯ-

ʥʦ  ̒ ʻʜʠʥʠʤ ʤʦʞʣʠʚʠʤ ʰʣʷʭʦʤ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ʥʝʪʠʧʦʚʠʭ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ 

ʝʪʘʧʘʭ  ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʟʚʝʜʝʥʥʷ ʩʧʦʨʫʜʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʦʯʥʦʩʪʽ ʨʦʟʨʘ-

ʭʫʥʢʫ, ʟʚʝʜʝʥʥ ̫ʡ ʧʨʘʚʠʣʴʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘ-

ʮʽʾ ʙʫʜʽʚʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʨʝ-

ʥʦʚʘʮʽʾ [20].  

ɸʢʪʫʘʣʴʥʦʶ ʧʦʩʪʘʣʘ ʟʘʜʘʯʘ ʥʝ ʪʽʣʴʢʠ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʩʧʦʨʫʜʠ ʪʘ ʜʦʩʪʘʪ-

ʥʽʭ ʽ ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʧʦʧʝʨʝʯʥʠʭ ʧʝ-

ʨʝʨʽʟʽʚ ʝʣʝʤʝʥʪʽʚ, ʘ ʡ ʨʷʜ ʩʫʤʽʞʥʠʭ ʧʠʪʘʥʴ: 

ʦʙʤʝʞʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʚʠʩʦʪʠ ʫʤʦʚʘʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʤʦʥʪʘʞʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦ-

ʟʤʽʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ  ʫ 

ʧʨʦʩʪʦʨʽ ʧʝʨʝʢʨʠʪʪʽʚ [14], ʦʨʛʘʥʽʟʘʮʽʾ ʚʦʛ-

ʥʝʟʘʭʠʩʪʫ [21, 22].  
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INFORMATION MODELING OF 

STEEL STRUCTURAL WITH  

INCREASED RRIGIDITY  

REQUIREMENT  
 

Oleksiy BENZEL,  

Ludmila LAVRINENKO  
 

Summary. This article reports a study, analysis 

and practical assessment into the steel frame build-

ing model integration into the BIM-design envi-

ronment. Efficient tools for designing and calculat-

ing a building with specific requirements are con-

sidered. Such studies are associated with the need 

to increase the investment attractiveness of metal 

structures, popularize ɺIM-modeling and the tran-

sition to one-stage design of metal structures.  

The study examines the structural solution of an 

industrial building with increased requirements for 

rigidity. Autodesk Robot Structural Analysis Pro-

fessional has been selected as the modeling tool. A 

rod model of the frame structure with loads has 

been compiled.  

The deformability analysis of the model 

showed the need to match the metal joints along 

the perimeter and overlap of the main volume of 

the building. Information about sections of ele-

ments and loads on foundations was obtained. For 

the development of KM-3D and KMD-3D draw-

ings, 3D-modeling of nodes was performed with 

transfer of the information model to the Tekla 

Structures PC. The BIM concept is realized by 

integrating Tekla Structures with the IdeaStatica 

design complex. It was established  that connecting 

Tekla PC to the IdeaStatica computer complex is 

rational for the design and calculation of buildings 

and structures in three-dimensional space.  

The results obtained can be effectively used for 

the analysis of steel structures and the creation of 

KM-3D and KMD-3D drawings, and also allow 

the development of KM-KMD-3D drawings. 

 

Keywords. BIM-technologies; 3D-modeling; 

metal structures; industrial building 
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ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʘ ʦʜʥʘ ʟ ʤʦʞ-

ʣʠʚʠʭ ʧʨʠʯʠʥ ʟʥʠʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡ-

ʥʦʩʪʽ ʤʦʥʦʣʽʪʥʠʭ ʪʦʥʢʦʩʪʽʥʥʠʭ ʥʝʩʫʯʠʭ ʟʘʣʽʟʦ-

ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽʩʥʫʶʯʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʩʧʦʨʫʜ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʾʭ ʧʨʦʝʢʪʥʦʛʦ ʨʽʰʝʥ-

ʥʷ. ʋ ʷʢʦʩʪʽ ʮʽʻʾ ʧʨʠʯʠʥʠ ʨʦʟʛʣʷʥʫʪʘ ʤʽʥʣʠʚʽʩʪʴ 

ʚʽʜʜʘʣʝʡ ʤʽʞ ʦʩʷʤʠ ʩʪʨʠʞʥʽʚ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ, 

ʷʢʘ  ʧʨʠ ʦʙʩʪʝʞʝʥʥʽ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ  ʟʫʩʪʨʽ-

ʯʘʻʪʴʩʷ ʜʦʩʠʪʴ ʯʘʩʪʦ.  

ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ ʽʟ ʷʢʽʩʪʶ ʚʠ-

ʢʦʥʘʥʠʭ ʙʫʜʽʚʝʣʴʥʦ-ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʠʪʠ ʚʧʣʠʚ ʥʝʚʨʘʭʦʚʘʥʠʭ ʬʘʢ-

ʪʦʨʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʦʥʦʣʽʪʥʠʭ ʪʦʥʢʦʩʪʽʥ-

ʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ ʟʥʠʞʝʥʥʷ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ ʟʘ 

ʨʘʭʫʥʦʢ ʤʽʥʣʠʚʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ 

ʙʝʪʦʥʫ ʪʘ ʬʘʢʪʠʯʥʦʛʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʽ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʾʭ ʘʨʤʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʤʽʥʣʠʚʦʩʪʽ ʢʨʦʢʽʚ 

ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ ʥʘ ʜʽʣʷʥʢʘʭ ʦʙʩʪʝʞʝʥʠʭ ʝʣʝ-

ʤʝʥʪʘʭ. ɺ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʩʪʝ-

ʞʝʥʥʷ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʩʧʨʠʡʤʘʶʪʴ ʟʫʩʠʣʣʷ ʨʽʟʥʦʛʦ 

ʨʽʚʥʷ, ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ: ʷʢʠʡ ʢʨʦʢ ʨʦʙʦʯʦʾ ʘʨ-

ʤʘʪʫʨʠ, ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʠʯʥʦ ʟʘʤʽʨʷʥʠʭ 

ʢʨʦʢʽʚ, ʚʠʙʨʘʪʠ ʧʨʠ ʧʝʨʝʚʽʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ï 

ʩʝʨʝʜʥʽʡ ʯʠ ʤʘʢʩʠʤʘʣʴʥʠʡ, ʟ ʟʘʧʘʩʦʤ. 

ɺ ʜʽʶʯʠʭ ʥʦʨʤʘʭ, ʪʘʢʠʡ ʧʦʢʘʟʥʠʢ, ʷʢ ʩʝʨʝʜ-

ʥʻ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʤʦʥʦʣʽʪʥʠʭ ʧʣʠʪʥʠʭ ʢʦʥʩʪʨʫʢ-

ʮʽʡ ʥʝ ʬʽʛʫʨʫʻ, ʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʦ 

ʦʙʨ̌ʫʥʪʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ, ʷʢʝ 

ʚʨʘʭʦʚʫʻ ʥʦʨʤʦʚʘʥʫ ʡʦʛʦ ʤʽʥʣʠʚʽʩʪʴ ʟ 95% ʟʘ-

ʙʝʟʧʝʯʝʥʥʷʤ.  

ʅʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʩʪʘʪʠʩʪʠʯʥʦ ʦʮʽʥʫ-

ʶʪʴ ʤʽʥʣʠʚʽʩʪʴ ʤʽʮʥʦʩʪʽ ʘʨʤʘʪʫʨʠ. ʇʨʠ ʮʴʦʤʫ, 

ʚ ʥʠʭ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʤʽʥʣʠʚʽʩʪʴ ʬʘʢʪʠʯʥʦʛʦ 

ʘʨʤʫʚʘʥʥʷ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʜʦʜʘʪ-

ʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʷʢʽ ʚʠʢʦʥʘʥʽ ʙʝʟ ʜʦʪʨʠ-

ʤʘʥʥʷ ʧʨʦʝʢʪʥʠʭ ʚʽʜʜʘʣʝʡ ʤʽʞ ʘʨʤʘʪʫʨʦʶ ʚ 

ʮʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʧʝʨʝʚʽʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ-

ʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʨʽʟʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʠʪʫʘʮʽʾ, 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʦʙʦʯʠʭ ʧʨʦʝʢʪʽʚ ʜʣʷ ʢʘʧʽʪʘʣʴʥʦ-

ʛʦ ʨʝʤʦʥʪʫ, ʧʽʜʩʠʣʝʥʥʷ, ʨʝʢʦʥʩʪʨʫʢʮʽ ʾʘʙʦ ʜʝ-

ʤʦʥʪʘʞʫ, ʩʣʽʜ ʚʠʟʥʘʯʠʪʠʩʷ, ʷʢʠʡ ʬʘʢʪʠʯʥʦ ʢʨʦʢ 

ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ ʩʣʽʜ ʧʨʠʡʥʷʪʠ ʧʨʠ ʚʞʝ ʽʥʰʠʭ 

ʚʠʟʥʘʯʝʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʘʭ ʨʦʟʛʣʷ-

ʥʫʪʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 
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ɸʚʪʦʨʘʤʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʽ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʜʘʥʽ ʘʨʤʫʚʘʥʥʷ 

ʤʦʥʦʣʽʪʥʦʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʦʙʦʣʦʥʢʠ ʙʘʰʪʦʚʦʾ 

ʩʧʦʨʫʜʠ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʧʨʠʡʥʷʪʠ ʟʥʘʯʝʥʥʷ ʢʨʦʢʽʚ ʘʨʤʘʪʫʨʠ ʧʨʠ ʧʝʨʝ-

ʚʽʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ɹʘʰʪʦʚʘ ʧʨʦʤʠʩʣʦʚʘ ʩʧʦ-

ʨʫʜʘ; ʤʽʥʣʠʚʽʩʪʴ ʢʨʦʢʽʚ ʘʨʤʘʪʫʨʠ; ʤʦʥʦʣʽʪʥʘ 

ʟʘʣʽʟʦʙʝʪʦʥʥʘ ʦʙʦʣʦʥʢʘ. 

 

ɺʉʊʋʇ 

 

ʍʘʨʘʢʪʝʨʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʠʪʫʘʮʽʾ (ʫʩʪʘ-

ʣʝʥʽ ʯʠ ʧʝʨʝʭʽʜʥʽ [1]), ʦʩʦʙʣʠʚʦ ʽʩʥʫʶʯʠʭ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʤʦʥʦʣʽʪʥʠʭ ʧʣʠʪʥʠʭ ʢʦʥʩʪʨʫ-

ʢʮʽʡ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʘʞʢʦ, ʷʢʱʦ ʚ ʥʦʨʤʘʭ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʨʘʭʦʚʘʥʘ ʤʽʥʣʠʚʽʩʪʴ ʥʝ ʫʩʽʭ 

ʥʝʦʙʭʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʥʝ ʛʘʨʘʥʪʫʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʩʘʤʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ 

ʽʟ ʬʘʢʪʠʯʥʦ ʚʠʢʦʥʘʥʠʤʠ ʨʦʙʦʪʘʤʠ ʥʝ ʟʘʚ-

ʞʜʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʷʪʠ ʚʧʣʠʚ ʚʠʷʚ-

ʣʝʥʠʭ ʨʦʟʙʽʞʥʦʩʪʝʡ ʥʘ ʨʽʚʝʥʴ ʬʘʢʪʠʯʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʤʦ-

ʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʪʦʥʢʦʩʪʽʥʥʠʭ ʢʦʥ-

ʩʪʨʫʢʮʽʡ ʩʧʦʨʫʜ. 

ɼʦʩʣʽʜʞʝʥʦ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘ-

ʪʽʚ ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [2, 3] ʭʘʨʘʢʪʝʨʫ ʘʨ-

ʤʫʚʘʥʥʷ ʧʣʠʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦʜʦ ʦʩʥʦ-

ʚʥʠʭ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʟʘʥʠʞʫʶʪʴ ʾʭ ʬʘʢʪʠʯʥʫ 

ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʾʭ ʥʘʜʽʡ-

ʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʝʩʪʠ ʽ ʚʽʜʭʠʣʝʥʥʷ ʢʨʦ-

ʢʽʚ ʦʢʨʝʤʠʭ ʩʪʨʠʞʥʽʚ ʨʦʙʦʯʦʾ ʪʘ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦʾ ʘʨʤʘʪʫʨʠ (ʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ) 

ʚʽʜ ʧʨʦʝʢʪʥʠʭ ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ. ʎʽ 

ʚʽʜʭʠʣʝʥʥʷ ʜʝʢʦʣʠ ʩʫʪʪʻʚʦ ʨʽʟʥʷʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʚʽʜ ʧʨʦʝʢʪʥʠʭ ʢʨʦʢʽʚ, ʘ ʽ ʚʽʜ ʩʝʨʝʜʥʽʭ 

ʾʭ ʟʥʘʯʝʥʴ [5], ʷʢ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ, ʪʘʢ ʽ 

ʧʦ ʫʩʽʡ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʪʦʥʢʦʩ-

ʪʽʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʛʘʣʦʤ.  

ʉʫʪʪʻʚʽ ʚʽʜʭʠʣʝʥʥʷ ʢʨʦʢʽʚ ʦʩʝʡ ʩʪʨʠʞʥʽʚ 

ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ ʚ ʽʩʥʫʶʯʠʭ ʤʦʥʦʣʽʪʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʦʙʦʣʦʥʦʢ ʚʽʜ ʚʠʤʦʛ ʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ 

ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʜʝʬʝʢʪʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʥʘ ʩʪʘʜʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ ʙʫʜʽʚʝʣʴʥʦʤʫ 

ʤʘʡʜʘʥʯʠʢʫ ʘʨʤʘʪʫʨʥʠʭ ʢʘʨʢʘʩʽʚ ʪʘ ʩʽʪʦʢ ʟ 

ʦʢʨʝʤʠʭ ʩʪʨʠʞʥʽʚ ʜʣʷ ʤʦʥʦʣʽʪʥʠʭ ʢʦʥʩʪʨʫ-

ʢʮʽʡ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʦʧʝʨʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦ-

ʣʶ ʪʦʯʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ-

ʧʦʚʽʜʥʦ ʜʦ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ.  

ʇʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

[5] ʧʨʠ ʟʜʘʯʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʝ ʜʘʻ ʤʦʞ-

ʣʠʚʦʩʪʽ ʚʯʘʩʥʦ ʚʠʷʚʠʪʠ ʚʧʣʠʚ ʥʝ ʧʨʦʢʦʥʪ-

ʨʦʣʴʦʚʘʥʦʛʦ çʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘè ʥʘ ʷʢʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʙʫʜʽʚʝʣʴʥʦ-ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ. 

ʊʦʤʫ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽʩ-

ʥʫʶʯʠʭ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʪʦʥʢʦʩ-

ʪʽʥʥʠʭ ʦʙʦʣʦʥʦʢ ʪʨʝʙʘ ʨʦʟʛʣʷʥʫʪʠ ʾʭ ʚʽʜʧʦ-

ʚʽʜʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʠʪʫʘʮʽʾ [1]. ʉʣʽʜ ʚʠʢʦ-

ʥʘʪʠ ʧʝʨʝʚʽʨʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʜʚʦʤʘ ʛʨʫʧʘ-

ʤʠ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ ʟʘ ʜʽʶʯʠʤʠ ʥʦʨʤʘʤʠ 

[6] ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʟʝʨʚʫ ʾʭ ʥʝʩʫʯʦʾ ʟʜʘʪ-

ʥʦʩʪʽ. ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ, ʷʢʠʡ ʟʘ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ ʦʙʩʪʝʞʝʥʥʷ, ʧʨʠʡʥʷʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʡ 

ʢʨʦʢ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʟʘʤʽʨʷʥʠʭ ʚʽʜʜʘʣʝʡ ʤʽʞ ʦʩʷʤʠ ʬʘʢʪʠʯʥʦ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʨʦʙʦʯʠʭ ʘʨʤʘʪʫʨʥʠʭ ʩʪʨʠʞ-

ʥʽʚ: ʩʝʨʝʜʥʽʡ, ʯʠ ʤʘʢʩʠʤʘʣʴʥʠʡ, ʽʟ ʟʘʧʘʩʦʤ? 

ʌʘʢʪʠʯʥʘ ʤʽʥʣʠʚʽʩʪʴ ʘʨʤʫʚʘʥʥʷ ʤʦʥʦʣʽ-

ʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʟʘ ʨʘʭʫʥʦʢ ʥʝʜʦʪʨʠʤʘʥʥʷ ʧʨʦʝʢʪʥʠʭ ʟʥʘ-

ʯʝʥʴ ʢʨʦʢʽʚ ʘʨʤʘʪʫʨʠ, ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʽʣʦʤʫ ʪʘ, ʚʽʜʧʦʚʽʜ-

ʥʦ, ʽ ʾʾ ʥʘʜʽʡʥʦʩʪʽ ʥʘ ʧʨʦʝʢʪʥʽ ʛʨʘʥʠʯʥʽ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ. ʊʦʤʫ ʦʮʽʥʢʘ ʤʽʥʣʠʚʦʩʪʽ ʢʨʦʢʽʚ 

ʘʨʤʘʪʫʨʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘ-

ʜʽʡʥʦʩʪʽ ʟʘ ʢʨʦʢʦʤ ʘʨʤʫʚʘʥʥʷ ʧʣʠʪʥʠʭ ʢʦʥ-

ʩʪʨʫʢʮʽʡ ʻ ʘʢʪʫʘʣʴʥʦʶ, ʪʘ ʧʦʢʠ ʥʝʚʠʨʽʰʝ-

ʥʦʶ ʥʘ ʨʽʚʥʽ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʟʘʜʘʯʝʶ. 

 

ɸʅɸʃɯɿ ʇʆʇɽʈɽɼʅɯʍ ɼʆʉʃɯɼɾɽʅʔ  

 

ʋ ʜʽʶʯʠʭ ʥʦʨʤʘʭ [6], ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʤʦʥʦʣʽʪʥʠʭ ʧʣʠʪʥʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʫ ʚʝʣʠ-

ʯʠʥʫ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ï ʢʣʘʩ ʙʝʪʦʥʫ çʉè. ʎʽ 

ʥʦʨʤʠ ʚʨʘʭʦʚʫʶʪʴ ʤʽʥʣʠʚʽʩʪʴ ʤʽʮʥʦʩʪʽ ʙʝ-

ʪʦʥʫ ʯʝʨʝʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʦʟʨʘʭʫʥʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʥʘ ʩʪʠʩʢ fck,.cube ʟ 

95% ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʡʦʛʦ ʤʽʮʥʦʩʪʽ ʧʨʠ ʬʽʢ-

ʩʦʚʘʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʚʘʨʽʘʮʽʾ U=13,5%. 

ʏʝʨʝʟ ʬʽʢʩʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʽʡʥʦʩʪʽ ʧʦ 

ʙʝʪʦʥʫ ɔc=1,3, ʥʦʨʤʠ [6] ʥʘ 99,97% ʟʘʙʝʟʧʝ-

ʯʫʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝ-

ʪʦʥʫ ʥʘ ʩʪʠʩʢ fcd = fck,cube /ɔc. 
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ʄʽʥʣʠʚʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʘʨ-

ʤʘʪʫʨʠ ʥʦʨʤʠ [6] ʦʮʽʥʶʶʪʴ ʩʪʘʪʠʩʪʠʯʥʦ, 

ʯʝʨʝʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʘʨʤʘʪʫʨʠ ʥʘ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ fyk ʪʘ ʨʦʟʨʘ-

ʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ fyd ʦʧʦʨʫ ʘʨʤʘʪʫʨʠ ʰʣʷ-

ʭʦʤ ʜʽʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʤʽ-

ʮʥʦʩʪʽ ʘʨʤʘʪʫʨʠ ʥʘ ʬʽʢʩʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʥʘʜʽʡʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ, fyd= fyk/ɔs.  

ɼʽʶʯʽ ʥʦʨʤʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʬʘʢʪʠʯʥʫ 

ʤʽʥʣʠʚʽʩʪʴ ʢʨʦʢʽʚ ʘʨʤʘʪʫʨʠ ʧʽʜ ʯʘʩ ʘʨʤʫ-

ʚʘʥʥʷ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʟ ʧʦʨʫʰʝʥʥʷʤ 

ʜʦʧʫʩʪʠʤʠʭ ʚʽʜʭʠʣʝʥʴ ʤʽʞ ʦʩʷʤʠ ʦʢʨʝʤʠʭ 

ʘʨʤʘʪʫʨʥʠʭ ʩʪʨʠʞʥʽʚ ʽ ʥʘʚʽʪʴ ʟ ʜʦʧʫʩʪʠʤʠ-

ʤʠ ʜʦʧʫʩʢʘʤʠ [5] (ʪʘʙʣ. 1). ɯʩʥʫʶʯʠʡ ʩʪʘʥ-

ʜʘʨʪ [5] ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʢʦʥʪʨʦʣʴ ʪʘ ʧʨʠʡ-

ʤʘʥʥʷ ʨʦʙʽʪ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʦʥʦʣʽʪʥʠʭ ʟʘ-

ʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜ ʯʘʩ ʙʫʜʽʚʥʠ-

ʮʪʚʘ ʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʚ 

ʫʩʽʭ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ.  

 

 
ʊʘʙʣ. 1. ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʘʨʤʘʪʫʨʥʠʭ ʨʦʙʽʪ ʟʛʽʜʥʦ ʥʦʨʤ  [5] 

Table 1. Recommendations for reinforcement works according to the norms [5] 

 

ʇʘʨʘʤʝʪʨ 

ɺʝʣʠʯʠʥʘ  

ʧʘʨʘʤʝʪʨʘ,  

ʤʤ 

ʂʦʥʪʨʦʣʴ  

(ʤʝʪʦʜ, ʦʙôʻʤ, ʚʠʜ  

ʨʝʻʩʪʨʘʮʽʾ) 

ɺʽʜʭʠʣʝʥʥʷ ʫ ʚʽʜʜʘʣʽ ʤʽʞ ʦʩʷʤʠ ʦʢʨʝʤʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʨʦʙʦʯʠʭ 

ʩʪʨʠʞʥʽʚ ʘʨʤʘʪʫʨʠ ʜʣʷ:  ʊʝʭ. ʦʛʣʷʜ 

ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ, 

ʞʫʨʥʘʣ ʨʦʙʽʪ 

- ʢʦʣʦʥ, ʙʘʣʦʢ ʽ ʘʨʦʢ Ñ10 

- ʧʣʠʪ ʽ ʩʪʽʥ ʬʫʥʜʘʤʝʥʪʽʚ Ñ20 

ʤʘʩʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ Ñ30 

 

 

ɿʘ ʧ. 3.2.6.10 [6], ʨʦʟʨʘʭʫʥʦʢ ʙʝʪʦʥʥʠʭ ʪʘ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʣʽʜ ʚʠʢʦʥʫʚʘ-

ʪʠ ʟʘ ʛʨʘʥʠʯʥʠʤʠ ʩʪʘʥʘʤʠ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ 

ʛʨʫʧ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠ-

ʯʥʦʛʦ ʨʝʟʝʨʚʫ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʞʦʨʩʪ-

ʢʦʩʪʽ ʽʩʥʫʶʯʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʤʦʥʦʣʽʪʥʠʭ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʧʦʨʫʜ, ʧʦʨʷʜ ʽʟ 

ʚʧʣʠʚʦʤ ʽʥʰʠʭ ʚʽʜʦʤʠʭ ʯʠʥʥʠʢʽʚ, ʚʘʞʣʠ-

ʚʦʶ ʻ ʩʪʘʪʠʩʪʠʯʥʘ ʦʮʽʥʢʘ ʤʽʥʣʠʚʦʩʪʽ ʭʘʨʘʢ-

ʪʝʨʫ ʘʨʤʫʚʘʥʥʷ ʟʘ ʢʨʦʢʦʤ ʘʨʤʘʪʫʨʠ ʜʣʷ 

ʜʚʦʭ ʨʽʚʥʽʚ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ: 95% ʪʘ 99,97%.  

ʋ ʜʽʶʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʥʝ 

ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʤʽʥʣʠʚʦʩʪʽ 

ʘʨʤʫʚʘʥʥʷ ʟʘ ʢʨʦʢʦʤ ʘʨʤʘʪʫʨʠ ʧʨʠ ʦʙʨʦʙʮʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʘʨʤʫʚʘʥʥʷ ʤʦʥʦʣʽʪʥʠʭ ʧʣʠʪʥʠʭ ʢʦʥʩʪʨʫʢ-

ʮʽʡ ʥʘ ʽʩʥʫʶʯʠʭ ʩʧʦʨʫʜʘʭ.  

ɸʣʝ, ʫ ʧ. 3.2.6.10 [6] ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʧʣʠʚ 

ʭʘʨʘʢʪʝʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʘʨʤʘʪʫʨʠ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʽʥʰʠʭ ʫʤʦʚ ʨʦ-

ʙʦʪʠ, ʷʢʽ ʥʝ ʚʨʘʭʦʚʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʨʦʟ-

ʨʘʭʫʥʢʘʭ, ʩʣʽʜ ʚʨʘʭʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʫʤʦʚ ʨʦʙʦʪʠ ʘʨʤʘʪʫʨʠ  ɔs.ʽ. 

 

 

 

ʈɽɿʋʃʔʊɸʊʀ ʊɸ ʇʆʗʉʅɽʅʅʗ 

 

ʅʘʤʠ ʚʠʢʦʥʘʥʝ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽ- 

ʜʞʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʚʽʜʜʘʣʝʡ ʤʽʞ ʦʩʷʤʠ ʦʢ-

ʨʝʤʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʨʦʙʦʯʠʭ ʩʪʨʠʞʥʽʚ ʘʨʤʘ-

ʪʫʨʠ (ʢʨʦʢʽʚ ʘʨʤʘʪʫʨʠ) ʫ ʤʦʥʦʣʽʪʥʽʡ ʟʘʣʽʟʦ-

ʙʝʪʦʥʥʽʡ ʦʙʦʣʦʥʮʽ ʩʪʦʚʙʫʨʘ ʙʘʰʪʠ ʢ. 631ɻ 

ʥʘ ʇʨɸʊ Ăɸɿʆʊò ʧʽʜ ʯʘʩ ʾʾ ʢʘʧʽʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʫ. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʘʨʤʫʚʘʥ-

ʥʷ ʩʪʦʚʙʫʨʘ ʙʘʰʪʠ ʥʘ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʾʾ 

ʧʦʚʝʨʭʥʝʚʠʭ ʜʽʣʷʥʦʢ (ʨʠʩ.1, ʨʠʩ. 2), ʦʩʦʙ-

ʣʠʚʦ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʾʾ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʜʝʤʦ-

ʥʪʘʞʫ ʬʫʪʝʨʫʚʘʥʥʷ, ʙʫʚ ʚʽʜʩʫʪʥʽʡ ʟʘʭʠʩʥʠʡ 

ʰʘʨ ʙʝʪʦʥʫ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ ʚʽʜʰʘʨʫʚʘʥʥʷ 

ʚʽʜ ʜʽʾ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  ʎʝ ʩʧʨʦʩ-

ʪʠʣʦ ʧʨʦʮʝʩ ʟʘʤʽʨʽʚ ʢʨʦʢʽʚ ʤʽʞ ʦʩʷʤʠ ʚʝʨ-

ʪʠʢʘʣʴʥʦʾ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʘʨʤʘʪʫʨʠ ʚʥʫ-

ʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʩʽʪʦʢ ʩʪʦʚʙʫʨʘ ʙʘʰʪʠ, 

ʾʭ ʜʽʘʤʝʪʨʽʚ ʪʘ ʢʣʘʩʫ  ʘʨʤʘʪʫʨʠ, ʙʝʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦ-

ʜʽʚ [7, 8, 9, 10], ʷʢ,̔ ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴ ʧʨʠ ʦʙʩʪʝʞʝʥʥʷʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʦʢʽʚ ʘʨʤʘʪʫʨʠ ʪʘ ʪʦʚʱʠʥʠ ʟʘʭʠʩʥʠʭ ʰʘ-

ʨʽʚ ʙʝʪʦʥʫ. 
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Fig. 1. Designation of the measurement sites on the scan of the inner surface of the tower trunk 

ɼʽʣʷʥʢʠ ʟʦʥ ʢʦʥʪʨʦʣʶ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʨ-

ʤʘʪʫʨʠ, ʜʽʘʤʝʪʨʠ ʘʨʤʘʪʫʨʠ ʚʠʟʥʘʯʠʣʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʥʩ-

ʪʨʫʢʮʽʡ; ʚʠʧʘʜʢʦʚʦʩʪʽ ʟʤʽʱʝʥʥʷ ʘʨʤʘʪʫʨʠ ʟ 

ʧʨʦʝʢʪʥʦʛʦ ʧʦʣʦʞʝʥʥʷ; ʫʤʦʚ ʨʦʙʦʪʠ ʢʦʥʩ-

ʪʨʫʢʮʽʡ; ʢʽʣʴʢʦʩʪʽ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʭʘʨʘʢ-

ʪʝʨʥʠʭ ʜʽʣʷʥʦʢ ʢʦʥʪʨʦʣʶ, ʚ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʘʨʤʫʚʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶ-

ʚʘʥʴ ʬʘʢʪʠʯʥʠʭ ʢʨʦʢʽʚ ʘʨʤʘʪʫʨʠ ʽʟ ʩʪʘʪʠʩ-

ʪʠʯʥʦʶ ʦʙʨʦʙʢʦʶ ʟʘ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ 

ʨʦʟʧʦʜʽʣʫ,  ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 2. 

. 
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Fig. 2. View of some accessible areas of the inner surface of the tower trunk 
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Table 2. The results of instrumental measurements of the steps of the working reinforcement with their 

statistical processing in a monolithic thin-walled reinforced concrete cylindrical shell of the tower 

trunk 

 

ˉ ʜʽʣʷʥʢʠ 

ʟʘʤʽʨʽʚ 

ɺʽʜʤʽʪʢʘ ʨʦʟ-

ʪʘʰʫʚʘʥʥʷ ʜʽ-

ʣʷʥʢʠ ʟʘʤʽʨʽʚ 

ʂʨʦʢʠ ʪʘ ʜʽʘʤʝʪʨʠ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʘʨʤʘʪʫʨʠ  ʢʣʘʩʫ ɸ-ɯɯɯ (ʟʘʤʽʨʠ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʽ) 

ʂʨʦʢʠ ʪʘ ʜʽʘʤʝʪʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸ-ɯɯɯ (ʟʘʤʽʨʠ ʚʝʨʪʠ-

ʢʘʣʴʥʽ) 

Sg, ʤʤ Sg.m, ʤʤ Lg, ʤʤ Å, ʤʤ Sv, ʤʤ Sv.m, ʤʤ Lv, ʤʤ Å, ʤʤ 

1 2 3 4 5 6 7 8 9 10 

1 0,500 

270 

238 950 20 

170 

204 730 
12;  

16 

215 190 

240 210 

225 160 

240 290 

2 0,500 

190 

211 1055 20 

150 

213 1065 
12; 

20 

215 230 

230 245 

250 230 

170 210 

3 3,600 

200 

243 970 20 

150 

205 800 12 

215 200 

255 220 

300 230 

245 225 

4 3,600 

230 

231 1155 20 

190 

173 865 12 

190 215 

220 120 

215 140 

300 200 

5 7,600 

240 

231 1155 20 

225 

204 1020 
12;  

20 

175 160 

195 185 

260 210 

285 240 

6 7,600 

190 

218 1090 20 

210 

168 840 
12; 

 20 

105 115 

200 135 

235 160 

360 220 

7 7,600 

215 

231 1155 20 

140 

183 915 

12;  

16;   

20 

170 170 

220 190 

330 200 

220 215 
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ʇʨʦʜʦʚʞʝʥʥʷ ʊʘʙʣ.2 

Continuation of Table 2 

1 2 3 4 5 6 7 8 9 10 

8 12,100 

230 

221 1105 20 

220 

212 1060 12 

200 120 

210 190 

245 250 

220 280 

9 12,100 

200 

229 1145 20 

120 

208 1040 
12;  

20 

210 170 

235 200 

280 250 

220 300 

10 12,100 

210 

247 1480 20 

240 

207 1240 12 

250 230 

270 220 

210 160 

320 190 

220 200 

ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ: 223,2 230,0 

ʇ
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5
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0
ɸ-ɯ
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0
0
 
ʤ
ʤ

 
192,6 197,7 

ʇ
ʨ
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ʨ
ʦ
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ʉʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ: 54,5 11,1 52,6 16,6 

ʂʦʝʬʽʮʽʻʥʪ  ʚʘʨʽʘʮʽʾ, U: 0,24 0,05 0,27 0,08 

ʅʦʨʤʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ 95%: 312,5 248,1 278,8 224,8 

ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ 99,97%: 386,6 263,1 350,3 247,3 

 ɔs.i  ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʽʡʥʦʩʪʽ 

ʟʘ ʢʨʦʢʦʤ ʘʨʤʘʪʫʨʠ 
1,24 1,06 1,26 1,10 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ: 360 243 300 213 

ʂʦʝʬ. ɔs.99  ʟʙʽʣʴʰʝʥʥʷ ʧʨʦ-

ʝʢʪʥʦʛʦ ʢʨʦʢʫ ʜʦ ʛʨʘʥʠʯʥʦ-

ʛʦ ʢʨʦʢʫ SS.II 

1,93 1,32 1,75 1,24 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠʡʥʷʪʠ ʜʣʷ ʨʦʟʨʘ-

ʭʫʥʢʽʚ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ sS.II, ʦʪʨʠ-

ʤʘʥʽ ʟʘ ʩʪʘʪʠʩʪʠʯʥʦʶ ʦʙʨʦʙʢʦʶ 

ʩʝʨʝʜʥʽʭ ʜʘʥʠʭ ʧʦ ʜʽʣʷʥʢʘʭ ʟʦʥʜʫ-

ʚʘʥʥʷ 

250 

  

250 

4Å20ɸ-ɯɯɯ/1ʧ.ʤ 4Å12ɸ-ɯɯɯ/1ʧ.ʤ 

 

 

ʄʝʪʦʜ ʦʮʽʥʢʠ ʤʽʥʣʠʚʦʩʪʽ ʢʨʦʢʽʚ ʘʨʤʘ-

ʪʫʨʠ. ʅʘ ʧʦʚʝʨʭʥʽ ʤʦʥʦʣʽʪʥʦʾ ʟʘʣʽʟʦʙʝʪʦʥ-

ʥʦʾ ʦʙʦʣʦʥʢʠ ʚʠʙʠʨʘʣʠ ʭʘʨʘʢʪʝʨʥʽ ʜʽʣʷʥʢʠ 

ʢʦʥʪʨʦʣʶ (ʍɼʂ), ʚʽʣʴʥʽ ʚʽʜ ʟʘʭʠʩʥʠʭ ʰʘʨʽʚ 

ʙʝʪʦʥʫ ʽ ʥʘ ʷʢʽ ʤʘʣʠ ʜʦʩʪʫʧ ʟ ʨʠʰʪʫʚʘʥʴ.  

ɿʘ ʍɼʂ ʧʨʠʡʤʘʣʠ ʨʦʟʤʽʨ Lf, ʥʘʧʨʘʚʣʝ-

ʥʠʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʦʩʝʡ ʘʨʤʘʪʫʨʥʠʭ 

ʩʪʨʠʞʥʽʚ, ʢʨʦʢ ʷʢʠʭ ʢʦʥʪʨʦʣʶʻʪʴʩʷ: ʥʝ 

ʤʝʥʰʝ  Lf ²1 ʤ ʽ ʥʝ ʤʝʥʰʝ Lf ²siĬni=siĬ6, ʜʝ  

si ï ʦʜʠʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʦʢʫ ʘʨʤʘʪʫʨʠ; ni ï  

ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʦʜʠʥʦʯʥʠʭ ʟʥʘʯʝʥʴ ʢʨʦʢʽʚ 

ʘʨʤʘʪʫʨʠ ʥʘ ʦʜʥʽʡ -̔ʡ  ʍɼʂ. 
ʇʨʠʡʥʷʪʦ, ʱʦ ʩʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʦʯ-

ʥʠʭ ʟʥʘʯʝʥʴ ʢʨʦʢʽʚ ʘʨʤʘʪʫʨʠ ä
=

n

i

in
1

ʧʦ ʫʩʽʭ 

ʍɼʂ  ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʦʶ ʟʘ 30 ʰʪ.  

ʉʝʨʝʜʥʽʡ ʢʨʦʢ ʘʨʤʘʪʫʨʠ 
ims .
 ʧʦ ʍɼʂ ʚʠ-

ʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ (1).  
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ɼʣʷ ʫʩʽʭ ʍɼʂ ʚʠʨʘʭʦʚʫʚʘʣʠ ʩʝʨʝʜʥʽʡ 
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ʢʨʦʢ ʘʨʤʘʪʫʨʠ, ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠ-

ʣʝʥʥʷ ům.i. ɿʘ ʯʠʩʣʘ n²6·8 ʦʜʠʥʦʯʥʠʭ ʟʥʘ-

ʯʝʥʴ ʢʨʦʢʽʚ  si, ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠ-

ʣʝʥʥʷ ům,i ʢʨʦʢʽʚ ʘʨʤʘʪʫʨʠ ʥʘ ʢʦʞʥʽʡ ʍɼʂ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ (2): 
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s  (2) 

 

ʂʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʢʨʦʢʽʚ Us ʚʠʟʥʘʯʘʣʠ, 

ʧʦ ʫʩʽʭ ʦʙʩʪʝʞʝʥʠʭ ʍɼʂ ʥʘ ʧʦʚʝʨʭʥʽ ʦʙʦ-

ʣʦʥʢʠ,  ʟʘ ʬʦʨʤʫʣʦʶ (3): 

  

im

im
s

s
U

.

.s=  (3) 

 

ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʧʦʪʨʽʙʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦ-

ʚʦʛʦ ʢʨʦʢʫ stheor, ʫ ʷʢʦʤʫ ʚʨʘʭʦʚʘʥʦ ʤʽʥʣʠ-

ʚʽʩʪʴ ʢʨʦʢʽʚ ʘʨʤʘʪʫʨʠ, ʚʠʟʥʘʯʘʣʠ ʜʣʷ ʜʚʦʭ 

ʨʽʚʥʽʚ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ 95% ʪʘ 99,97% ʪʘ ʚʽʜ-

ʧʦʚʽʜʥʽ ʜʦ ʥʠʭ,  ʩʪʘʪʠʩʪʠʯʥʽ ʢʨʦʢʠ:  ʥʦʨʤʘ-

ʪʠʚʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ss.II ʽ ʛʨʘʥʠʯʥʠʡ ʨʦʟ-

ʨʘʭʫʥʢʦʚʠʡ ss.I:   

 

( )smIIs Uss Ö+Ö= 64,11.  (4) 

( )smIs Uss Ö+Ö= 31.  (5) 

 

ʂʦʝʬʽʮʽʻʥʪʠ gs.95, gs.99 ʥʝʦʙʭʽʜʥʦʛʦ ʟʙʽʣʴ-
ʰʝʥʥʷ ʧʨʦʝʢʪʥʦʛʦ ʢʨʦʢʫ ʘʨʤʘʪʫʨʠ s ʜʦ ʚʽʜ-

ʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ss.ɯI  ʪʘ ss.ɯ ʜʣʷ ʫʩʽʭ ʦʙʩʪʝ-

ʞʝʥʠʭ ʍɼʂ ʦʙʦʣʦʥʢʠ:  

 

ss IIss /.95. =g  (6) 

ss Iss /.99. =g  (7) 

 

ɼʣʷ ʧʝʨʝʚʽʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʦʥʢʦʩʪʽʥ-

ʥʦʾ ʧʣʠʪʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʟʘ ʜʚʦʤʘ ʛʨʫʧʘʤʠ 

ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ ʩʣʽʜ ʢʦʝʬʽʮʽʻʥʪ ɔs.i  ʟʘ ʧ. 

3.2.6.10 [6] ʧʨʠʨʽʚʥʷʪʠ ʜʦ gs.II ʘʙʦ gs.I  ʟʘ ʚʽʜ-

ʧʦʚʽʜʥʠʤʠ ʬʦʨʤʫʣʘʤʠ (6) ʪʘ (7) ʽ ʧʨʠʡʥʷʪʠ 

ʚʽʜʧʦʚʽʜʥʠʡ ʦʜʠʥ ʟ ʢʨʦʢʽʚ ss.II ʘʙʦ ss.I, ʧʨʠ 

ʷʢʦʤʫ ʦʜʥʝ ʟ ʤʦʞʣʠʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʟʫʩʠʣʴ 

(ʥʘʧʨʠʢʣʘʜ: Nɯ, Nɯ1 ʘʙʦ ʄɯ, ʄɯ1) ʧʦ ʘʨʤʘʪʫʨʽ 

ʥʘ ʰʠʨʠʥʽ 1 ʤ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʪʠʤʝ ʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʘʣʝ ʙʽʣʴʰʽ ʜʝ-

ʬʦʨʤʘʮʽʾ.  

 

ɺʀʉʅʆɺʂʀ 

 

ʗʢ ʧʦʢʘʟʘʣʠ ʥʘʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʘʨʤʫʚʘʥʥʷ ʤʦʥʦʣʽʪʥʦʛʦ ʩʪʦʚʙʫʨʘ ʙʘʰʪʠ 

ʚʠʢʦʥʘʥʝ ʟʽ ʟʥʘʯʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ ʚʽʜ 

ʧʨʦʝʢʪʥʦʛʦ ʨʽʰʝʥʥʷ - ʟʘʥʠʞʝʥʽ ʧʣʦʱʽ 

ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ ʟʘ ʨʘʭʫʥʦʢ 

ʥʝʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʨʦʢʽʚ ʤʽʞ 

ʦʩʷʤʠ ʘʨʤʘʪʫʨʥʠʭ ʩʪʨʠʞʥʽʚ. ɺʠʷʚʣʝʥʦ, ʱʦ 

ʢʨʦʢʠ ʨʦʙʦʯʦʾ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʘʨʤʘʪʫʨʠ 

ʤʘʶʪʴ ʟʥʘʯʥʫ ʤʽʥʣʠʚʽʩʪʴ.  

ɿʘʛʘʣʴʥʘ ʤʽʥʣʠʚʽʩʪʴ (Ui =24%·27%) 

ʢʨʦʢʽʚ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ, ʚʠʷʚʣʝʥʘ ʧʦ 

ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʤʦʥʦʣʽʪʥʦʛʦ ʩʪʦʚʙʫʨʘ 

ʙʘʰʪʠ, ʚʢʘʟʫʻ ʥʘ ʥʝʜʦʩʪʘʪʥʶ ʨʝʪʝʣʴʥʽʩʪʴ ʾʭ 

ʟʘʢʨʽʧʣʝʥʥʷ ʧʨʠ ʤʦʥʪʘʞʽ ʚ ʤʝʞʘʭ 

ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʩʽʪʦʢ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʟʫʩʠʣʴ ʧʨʠ ʫʤʦʚʥʦ ʨʽʚʥʦʤʽʨʥʦ-

ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʘ ʩʪʦʚʙʫʨ 

ʙʘʰʪʠ ʪʘ ʜʦ ʟʘʥʠʞʝʥʥʷ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ 

ʥʘʜʽʡʥʦʩʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʨʦʝʢʪʥʦʛʦ 

ʨʽʰʝʥʥʷ.  

ʋ ʜʽʶʯʠʭ ʥʦʨʤʘʭ ʥʝ ʨʦʟʨʦʙʣʝʥʘ 

ʤʝʪʦʜʠʢʘ ʚʨʘʭʫʚʘʥʥʷ ʤʽʥʣʠʚʦʩʪʽ ʧʨʠ 

ʟʥʘʯʥʠʭ ʚʽʜʭʠʣʝʥʥʷʭ ʫʢʣʘʜʘʥʥʷ 

ʘʨʤʘʪʫʨʥʠʭ ʩʪʨʠʞʥʽʚ ʟ ʬʘʢʪʠʯʥʠʤʠ ʾʭ 

ʢʨʦʢʘʤʠ ʥʘ ʬʽʢʩʦʚʘʥʠʭ ʭʘʨʘʢʪʝʨʥʠʭ 

ʜʽʣʷʥʢʘʭ ʢʦʥʪʨʦʣʶ ʫ ʤʦʥʦʣʽʪʥʠʭ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ. ɺʠʢʦʥʘʥʥʷ ʢʨʦʢʽʚ ʘʨʤʘʪʫʨʠ, 

ʟ ʧʦʨʫʰʝʥʥʷʤ ʜʦʧʫʩʢʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ, ʤʦʞʝ ʽʩʪʦʪʥʦ ʚʧʣʠʥʫʪʠ 

ʥʘ ʟʥʠʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʤʽʥʣʠʚʦʩʪʽ ʘʨʤʫʚʘʥʥʷ 

ʧʣʠʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʷʚʣʝʥʦ, ʱʦ 

ʥʝʜʦʣʽʢʦʤ ʻ ʧʦʩʪʽʡʥʝ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ 

ʚʽʜʭʠʣʝʥʴ °20 ʤʤ ʫ ʚʽʜʜʘʣʽ ʤʽʞ ʦʩʷʤʠ 
ʦʢʨʝʤʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʨʦʙʦʯʠʭ ʩʪʨʠʞʥʽʚ 

ʘʨʤʘʪʫʨʠ. ɿʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʨʦʝʢʪʥʠʭ 

ʢʨʦʢʽʚ ʤʽʞ ʦʩʷʤʠ ʘʨʤʘʪʫʨʠ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʢʨʦʢʽʚ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ, 

ʤʦʞʝ ʜʘʪʠ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʘʙʦ 

ʟʙʽʣʴʰʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʟʫʩʠʣʴ ʚ ʘʨʤʘʪʫʨʽ 

ʚʽʜ ʧʨʦʝʢʪʥʠʭ ʟʥʘʯʝʥʴ.  

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʢʨʦʢʽʚ ʘʨʤʫʚʘʥʥʷ si 
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ʤʦʥʦʣʽʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʩʪʦʚʙʫʨʘ 

ʙʘʰʪʠ ʪʘ ʾʭ ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʟʘʛʘʣʦʤ ʧʦ 

ʙʘʰʪʽ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʾʭ 

ʤʽʥʣʠʚʽʩʪʴ ʪʘ ʧʨʠʡʥʷʪʠ ʟʥʘʯʝʥʥʷ ʢʨʦʢʽʚ ss.ɯɯ 

ʪʘ ss.ɯ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʚʽʨʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʩʪʦʚʙʫʨʘ ʙʘʰʪʠ ʪʘ 

ʛʘʨʘʥʪʦʚʘʥʠʡ (ʫʩʪʘʣʝʥʠʡ ʯʠ ʧʝʨʝʭʽʜʥʠʡ) 

ʨʝʟʝʨʚ ʾʾ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʽʡʥʦʩʪʽ ʟʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʶ 

gn. 
ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʟʘʭʦʜʠ [11] ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʥʝʦʙʭʽʜʥʦʛʦ 

ʨʽʚʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʢʦʥ-

ʩʪʨʫʢʮʽʾ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʝ-

ʤʧʝʨʘʪʫʨʥʽ ʚʧʣʠʚʠ ʽ ʪʠʤ ʩʘʤʠʤ ʣʽʢʚʽʜʫʚʘʪʠ 

ʥʝʜʦʣʽʢʠ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʨʦʙʽʪ ʫ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʚʢʣʶʯʘʶʯʠ ʽ 

ʜʝʬʝʢʪ ʤʽʥʣʠʚʦʩʪʽ ʢʨʦʢʽʚ ʘʨʤʘʪʫʨʠ. 
 

ʃɯʊɽʈɸʊʋʈɸ 
 

1. ɼɹʅ ɺ.1.2-14:2018. ʉʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ. 
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ESTIMATION OF VARIABILITY OF 

STEPS OF ARMATURE IN A 

MONOLITHIC REINFORCED 

CONCRETE COVER OF A TOWER 

INDUSTRIAL CONSTRUCTION  
 

Hennadii HLADYSHEV,  
Dmytro HLADYSHEV,  
Roman ZHURAVLOV 

 
Summary. The work considers one of the pos-

sible reasons for reducing the operational reliabil-

ity of monolithic thin-walled load-bearing rein-

forced concrete structures of existing industrial 

structures in relation to their design solution. As 

this reason is considered the variability of distanc-

es between axes of cores of working inspected 

armature of such designs is quite common. 

Comparison of design solutions with the quality 

of construction and installation work makes it pos-

sible to identify the influence of unaccounted fac-

tors in the design of monolithic thin-walled rein-

forced concrete structures, which reduce their ser-

viceability due to variability of concrete strength 

characteristics and actual longitudinal and trans-

verse reinforcement due to variability of working 

steps. While processing the results of the survey of 

monolithic reinforced concrete thin-walled struc-

tures, which perceive the efforts of different levels, 

the question arises: which step of the working rein-

forcement, from a large number of actually meas-

ured steps, to choose in verified calculations ï 

average or maximum, with extras. 

In the current norms, an indicator as the average 

value of concrete strength for the calculation of 

reinforced concrete monolithic slab structures does 

not appear, but is used as a statistically reasonable 

value of concrete strength, which takes into ac-

count its normalized variability with 95% security. 

Regulatory documents statistically estimates the 

variability of reinforcement strength. At the same 

time, they do not take into account the variability 

of the actual reinforcement of monolithic rein-

forced concrete structures, which is the subject for 

reconstruction of additional loads, but they are 

made without observing the design distances be-

tween the reinforcement in these structures. 

When performing verified calculations of such 

structures for different design situations, to devel-

op working designs for overhaul, reinforcement, 

reconstruction or dismantling, it is necessary to 

determine which actual step of the working rein-

forcement should be taken with other defined de-

sign parameters of the structure. 

The authors instrumentally investigated and sta-

tistically analyzed the data of reinforcement of the 

monolithic reinforced concrete shell of the tower 

structure, which made it possible to reasonably 

accept the values of the reinforcement steps in the 

test calculations. 

 

Keywords. Tower industrial construction; var-

iability of reinforcement steps; monolithic rein-

forced concrete shell. 
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ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʟʤʘʪʠʯʥʠʭ ʪʽʣ ʟ 

ʧʦʩʪʽʡʥʠʤʠ ʚʟʜʦʚʞ ʦʜʥʽʻʾ ʟ ʢʦʦʨʜʠʥʘʪ ʤʝʭʘʥʽʯ-

ʥʠʤʠ ʽ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʡʙʽʣʴʰ 

ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʦ-

ʛʦ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʅʄʉɽ). ʉʫʪʴ 

ʡʦʛʦ ʧʦʣʷʛʘʻ ʚ ʧʦʻʜʥʘʥʥʽ ʩʢʽʥʯʝʥʦ ʝʣʝʤʝʥʪʥʦʾ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽ ʨʦʟʢʣʘʜʝʥʥʽ ʧʝʨʝʤʽʱʝʥʴ ʚ ʭʘʨʘ-

ʢʪʝʨʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʦ ʩʠʩʪʝʤʽ ʪʨʠʛʦʥʦʤʝʪʨʠʯ-

ʥʠʭ ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ. 

ʋ ʨʦʙʦʪʘʭ [8, 15] ʨʦʟʨʦʙʣʝʥʦ ʚʘʨʽʘʥʪ ʥʘʧʽʚʘ-

ʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʟʤʘʪʠʯʥʠʭ ʪʽʣ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʷʢ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ ʨʷʜʽʚ ʌʫʨôʻ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʭ ʨʷʜʽʚ ʟʘʙʝʟʧʝ-

ʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʧʽʚʘʥʘʣʽʪʠʯ-

ʥʦʛʦ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʦʜʥʘʢ, ʥʘ 

ʪʦʨʮʷʭ ʪʽʣʘ ʚʜʘʻʪʴʩʷ ʟʘʜʦʚʦʣʴʥʠʪʠ ʣʠʰʝ ʛʨʘʥʠ-

ʯʥʠʤ ʫʤʦʚʘʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʧʠʨʘʥʥʶ 

ʦʙôʻʢʪʘ ʥʘ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʫ ʫ ʩʚʦʾʡ ʧʣʦʱʠʥʽ 

ʪʘ ʛʥʫʯʢʫ ʜʽʘʬʨʘʛʤʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘ-

ʥʽ ʦʩʥʦʚʽ ʫʷʚʣʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʧʦʣʽʥʦʤʘʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ ʢʦʣʦ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʥʘ ʪʦʨʮʷʭ ʪʽʣʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʚʝʩʪʠ 

ʨʽʰʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ 

ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʚʦʚʠʤʽʨʥʠʭ ʟʘʜʘʯ ʥʝ ʻ ʤʦʞ-

ʣʠʚʠʤ, ʪʦʤʫ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʦʙ-

ˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʣʽʥʦʤ. ɺʽʜ ʾʭ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʟʘʣʝʞʠʪʴ ʷʢ ʦʙʫʤʦʚʣʝʥʽʩʪʴ 

ʤʘʪʨʠʮʽ ʩʠʩʪʝʤʠ ʨʦʟʜʽʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽ, ʦʪʞʝ, 

ʟʙʽʞʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʾʾ 

ʨʦʟʚôʷʟʘʥʥʷ, ʪʘʢ ʽ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʧʽʜʭʦʜʫ ʱʦʜʦ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʜʦʚʦʣʝʥʥʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʛʨʘ-

ʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʪʦʨʮʷʭ ʪʽʣʘ. 

ʂʨʽʤ ʮʴʦʛʦ, ʨʦʟʛʣʷʥʫʪʝ ʧʠʪʘʥʥʷ ʧʨʦ ʩʧʦʩʦʙʠ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʪ-

ʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʩʢʽʥʯʝʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʉɽ), ʷʢʝ 

ʤʘʻ ʜʦʩʠʪʴ ʟʘʛʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ 

ʟʥʘʯʥʦʶ ʪʨʫʜʦʤʽʩʪʢʽʩʪʶ ʟʘʟʥʘʯʝʥʦʾ ʧʨʦʮʝʜʫʨʠ. 
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(ʄʉɽ); ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝ-

ʤʝʥʪʽʚ (ʅʄʉɽ); ʧʨʠʟʤʘʪʠʯʥʠʡ ʩʢʽʥʯʝʥʠʡ ʝʣʝ-

ʤʝʥʪ (ʉɽ1); ʤʘʩʠʚʥʽ; ʪʦʥʢʦʩʪʽʥʥʽ ʧʨʠʟʤʘʪʠʯʥʽ 

ʪʽʣʘ; ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʨʝʘʢʮʽʡ; ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʪ-

ʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ. 

 

ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ 

 

ɿʥʘʯʥʝ ʯʠʩʣʦ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʨʦʟʨʦʙʢʦʶ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʅʄʉɽ [5, 6, 10, 

12, 14, 16, 17, 20, 21, 22, 24], ʷʢ ʧʨʘʚʠʣʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʦʥʢʠʭ 

ʦʙʦʣʦʥʦʢ (ʚ [20] ʚʨʘʭʦʚʘʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʦ-

ʧʝʨʝʯʥʦʛʦ ʟʩʫʚʫ). ʈʦʟʛʣʷʥʫʪʦ ʨʽʟʥʽ ʧʠʪʘʥʥʷ, 

ʧʦʚôʷʟʘʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʣʦʢʘʣʴʥʠʭ ʚʧʣʠʚʽʚ 

[21], ʨʦʟʨʘʭʫʥʢʦʤ ʨʦʟʛʘʣʫʞʝʥʠʭ ʽ ʩʢʣʘʜʦ-

ʚʠʭ ʩʠʩʪʝʤ [10, 14, 17, 24], ʚʠʟʥʘʯʝʥʥʷʤ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʨʝʙʨʠʩʪʠʭ 

ʦʙʦʣʦʥʦʢ ʟʤʽʥʥʦʾ ʪʦʚʱʠʥʠ ʧʨʠ ʪʝʨʤʦʩʠʣʦ-

ʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [12], ʦʨʽʻʥʪʘʮʽʻʶ ʧʽʜʢ-

ʨʽʧʣʶʻ ʥʘʙʦʨʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʘʥʽʟʦʪʨʦʧʥʦʾ 

ʦʙʦʣʦʥʢʠ [13]. ɺ [9] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦ-

ʜʠʢʫ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʮʠʢʣʽʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʭ ʚ ʢʨʫʛʦʚʦʤʫ 

ʥʘʧʨʷʤʢʫ ʦʙʦʣʦʥʦʢ. 

ʋ ʨʦʙʦʪʘʭ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥ-

ʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ 

[2,11,18,23,25-27], ʚʠʢʦʨʠʩʪʘʥʽ ʪʨʠʢʫʪʥʽ ʉɽ 

ʟ ʣʽʥʽʡʥʠʤ [2,18,26] ʽ ʢʚʘʜʨʘʪʠʯʥʠʤ [23] 

ʨʦʟʧʦʜʽʣʦʤ ʧʝʨʝʤʽʱʝʥʴ, ʧʨʷʤʦʢʫʪʥʽ ʯʦʪʠ-

ʨʴʦʭʚʫʟʣʦʚʽ [25] ʽ ʯʦʪʠʨʠʢʫʪʥʽ ʢʨʠʚʦʣʽʥʽʡʥʽ 

ʚʦʩʴʤʠʚʫʟʣʦʚʽ [27]. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘ-

ʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʝʥʘ 

ʨʦʟʚôʷʟʘʥʥʷʤ ʢʦʥʪʨʦʣʴʥʠʭ ʧʨʠʢʣʘʜʽʚ [23, 

25,26]. ʈʦʟʚôʷʟʘʥʽ ʪʘʢʦʞ  

ʢʦʥʢʨʝʪʥʽ ʟʘʜʘʯʽ ʧʨʦ ʧʨʫʞʥʝ [11,23,26] ʽ 

ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʝ [2,27] ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʨʷʜʫ ʦʙôʻʢʪʽʚ. 

ʈʽʟʥʽ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʢʠ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʽʜʭʦʜʫ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥ ̔ʫʥʽ-

ʚʝʨʩʘʣʴʥʦʛʦ ʩʢʽʥʯʝʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ ʜʦ-

ʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚ ʧʨʫʞʥʽʡ ʽ ʧʨʫʞʥʦ-

ʧʣʘʩʪʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʤʘʩʠʚʥʽ ʽ ʪʦʥʢʦʩʪʽʥ-

ʥʽ ʥʝ ʚʽʩʝʩʠʤʝʪʨʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʽ ʩʠʣʦʚʠʤʠ 

ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʚʧʣʠʚʘʤʠ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ, 

ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʙʦʪʘʭ [1,7]. ʆʩʥʦʚʥʽ ʧʨʠʥ-

ʮʠʧʠ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʘʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ 

ʅʄʉɽ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʧʨʫʞʥʦʛʦ ʽ 

ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ 

ʦʙôʻʢʪʽʚ ʟʽ ʟʤʽʥʥʠʤʠ ʧʦ ʢʨʫʛʦʚʽʡ ʢʦʦʨʜʠʥʘʪʽ 

ʤʝʭʘʥʽʯʥʠʤʠ ʽ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʚʠʢʣʘʜʝʥʽ ʚ [3]. ʇʫʙʣʽʢʘʮʽʾ [4,19] ʧʨʠʩʚʷʯʝ-

ʥ ̔ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʧʨʠʥʮʠʧʽʚ ʩʪʦʩʦʚʥʦ ʟʘʟʥʘ-

ʯʝʥʦʛʦ ʢʣʘʩʫ ʦʙôʻʢʪʽʚ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

ʧʦʢʘʟʫʻ, ʱʦ ʚ ʨʦʟʛʣʷʥʫʪʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʥʝ 

ʟʥʘʡʰʣʠ ʥʘʣʝʞʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʠʪʘʥʥʷ, 

ʧʦʚôʷʟʘʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʧʽʚʘʥʘʣʽʪʠʯ-

ʥʦʛʦ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦ ʨʦʟ-

ʨʘʭʫʥʢʫ ʪʦʥʢʦʩʪʽʥʥʠʭ ʧʨʠʟʤʘʪʠʯʥʠʭ ʪʽʣ, ʚ 

ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʽʡ, ʘ ʤʘʩʠʚʥʠʭ ʥʘʚʽʪʴ ʚ 

ʧʨʫʞʥʽʡ ʧʦʩʪʘʥʦʚʢʘʭ. ʂʨʽʤ ʪʦʛʦ ʚʽʜʩʫʪʥʽ 

ʧʫʙʣʽʢʘʮʽʾ ʟ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ, ʧʨʠʩʚʷʯʝʥʽ 

ʨʦʟʨʦʙʮʽ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʧʨʠʟʤʘʪʠʯʥʠʭ ʢʽʥ-

ʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʞʫ-

ʚʘʪʠ ʤʘʩʠʚʥʽ, ʪʦʥʢʦʩʪʽʥʥʽ ʽ ʢʦʤʙʽʥʦʚʘʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ. 
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ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʛʽʜʥʦ (2) ʪʘ ʥʘʚʝʜʝʥʽ ʫ 

ʪʘʙʣʠʮʷʭ 1 ʪʘ 2. ʚʽʜʧʦʚʽʜʥʦ. 

ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ ʚʘʨʽʘʮʽʾ ʝʥʝʨʛʽʾ ʯʝʨʝʟ 

ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʢʣʘʜʘʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʧʦ 

ʧʦʣʽʥʦʤʘʭ ʽ ʚʫʟʣʦʚʽ ʨʝʘʢʮʽʾ {}r
-

 ʢʽʥʮʝʚʦʛʦ 

ʝʣʝʤʝʥʪʘ: 
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ʊʘʙʣ. 1. 

Tabl. 1. 
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ʊʘʙʣ. 2. 

Tabl. 2. 
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ɯʥʪʝʛʨʫʶʯʠ ʧʦ 
3ʭ ʯʠʩʝʣʴʥʦ, ʦʪʨʠʤʫʻʤʦ 

ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʫʟʣʦʚʠʭ ʨʝʘʢʮʽʡ 

ʧʨʠʟʤʘʪʠʯʥʦʛʦ ʢʽʥʮʝʚʦʛʦ ʝʣʝʤʝʥʪʘ ʟʽ 

ʟʤʽʥʥʠʤʠ ʫ ʧʝʨʝʨʽʟʽ 
3ʭ const=  ʤʝʭʘʥʽʯ 

ʥʠʤʠ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʉɽ1) 

ʯʝʨʝʟ ʥʘʧʨʫʛʫ: 
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(8) 

 

ɺʠʨʘʟʠʚʰʠ ʜʝʬʦʨʤʘʮʽʾ ʯʝʨʝʟ 

ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʢʣʘʜʘʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʟʘ 

ʧʦʣʽʥʦʤʘʤʠ: 

 

{ } {} ()( )
( )3

1

1
m

M

m

m x

H
i

i

s s j
-

=

=ä , 

{ } {}
()

( )
( )3

2 ,3

1
m

M

m

m x

H
i

i

s s j
-

=

=ä  

(9) 

 

ɺʠʨʘʟʠʤʦ ʜʝʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʢʦʝʬʽʮʽʻʥʪʠ 

ʨʦʟʢʣʘʜʘʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʟʘ ʧʦʣʽʥʦʤʘʤʠ: 
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(11) 

 

ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʚʘʨʽʘʮʽʾ ʝʥʝʨʛʽʾ 

ʜʝʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ: 
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ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦ 
1x   ̔

2x , 

ʦʪʨʠʤʫʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ 

ʧʨʠʟʤʘʪʠʯʥʦʛʦ ʢʽʥʮʝʚʦʛʦ ʝʣʝʤʝʥʪʘ ʟʽ 

ʟʤʽʥʥʠʤʠ ʚ ʧʝʨʝʨʽʟʽ 
3x const=  ʤʝʭʘʥʽʯʥʠʤʠ 

ʽ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʉɽ1): 
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(13) 

 

ɺʀʉʅʆɺʂʀ  

 

ʆʪʨʠʤʘʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʫʟ-

ʣʦʚʠʭ ʨʝʘʢʮʽʡ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʪʨʠʮʽ ʞʦʨ-

ʩʪʢʦʩʪʽ ʜʦʟʚʦʣʷʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʨʽʟʥʽ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩ-

ʥʦʚʽ ʧʦʣʽʥʦʤʽʚ. ɺʽʜʤʽʥʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʮʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ, 

ʚʠʚʝʜʝʥʠʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʧʦʜʘʥʥʷ 

ʧʝʨʝʤʽʱʝʥʴ ʨʷʜʽʚ ʌʫʨôʻ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʥʝ ʨʽʚʥʽ ʥʫʣʶ ʢʦʝʬʽʮʽʻʥʪʠ ʥʝ ʪʽʣʴʢʠ ʜʽʘ-

ʛʦʥʘʣʴʥʠʭ, ʘʣʝ ʽ ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʽʜʤʘʪʨʠʮʴ ʽ 

ʨʽʰʝʥʥʷ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ, ʱʦ ʦʜʝʨʞʫʶʪʴʩʷ 

ʥʘ ʾʭ ʦʩʥʦʚʽ, ʧʨʷʤʠʤʠ ʤʝʪʦʜʘʤʠ ʩʪʘʻ ʥʝʜʦ-

ʮʽʣɹʥʠʤ. ɼʦ ʯʠʥʥʠʢʽʚ, ʚʠʟʥʘʯʘʣʴʥʠʭ ʫ ʨʘʟʽ 
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ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʩʪʘʚʣʷʪʴʩʷ, ʥʘʩʘʤʧʝ-

ʨʝʜ, ʧʨʦʩʪʦʪʘ ʟʘʚʜʘʥʥʷ ʫʤʦʚ ʟʘʢʨʽʧʣʝʥʥʷ ʥʘ 

ʪʦʨʮʷʭ ʪʽʣʘ, ʽ ʚʝʣʠʯʠʥʘ ʦʙʩʷʛʫ ʦʙʯʠʩʣʝʥʴ, 

ʦʙʫʤʦʚʣʝʥʘ ʰʚʠʜʢʽʩʪʶ ʟʙʽʞʥʦʩʪʽ ʽʥʪʝʛʨʘ-

ʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤ ʨʽʚ-

ʥʷʥʴ. 
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NODAL REACTIONS AND 

COEFFICIENTS OF THE STIFFNESS 

MATRIX OF A FINITE ELEMENT 

BASED ON THE REPRESENTATION OF 

DISPLACEMENTS BY POLYNOMIALS  
 

Yurii MAKSYMIUK,  

Oleksii SHKRYL,   

Ivan MARTYNIUK,  

Vladyslav BUCHKO 
 

Abstract. The study of prismatic bodies with 

constants along one of the coordinates of 

mechanical and geometric parameters is most 

appropriate to conduct on the basis of the semi-

analytical finite element method (NMSE). Its 

essence is a combination of finite element 

sampling and decomposition of displacements in 

the characteristic direction by a system of 

trigonometric coordinate functions. 

In [8, 15], a variant of the semivanalytic finite 

element method for the calculation of prismatic 

bodies when used as a system of coordinate 

functions of Fourier series was developed. The use 

of trigonometric series provides maximum 

efficiency of the semi-analytical finite element 

method, however, only the boundary conditions 

corresponding to the object's support on an 

absolutely rigid in its plane and flexible diaphragm 

can be satisfied at the ends of the body. 

As a result of the performed researches, the 

basis of the representation of displacements by 

polynomials is obtained, which allows to 

significantly expand the range of boundary 

conditions at the ends of the body. In this case, it is 

not possible to reduce the solution of the initial 

spatial boundary value problem to a sequence of 

two-dimensional problems, so a reasonable choice 

of appropriate polynomials becomes especially 

important.  

Both the conditionality of the matrix of the 

system of separate equations and, consequently, 

the convergence of integration algorithms for its 

solution, and the universality of the approach to the 

possibility of satisfying different variants of 

boundary conditions at the ends of the body 

depend on their correct choice. 

In addition, the question of methods of 

integration in the calculation of the coefficients of 

the stiffness matrix of a finite element (CE), which 

is quite common, due to the significant complexity 

of this procedure. 

 

Keywords. Finite element method (FEM); 

semi-analytic finite element method (SFEM),; 

prismatic finite element (CE1; massive; thin-

walled prismatic bodies; vector of nodal reactions, 

stiffness matrix coefficients. 
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ɸʥʦʪʘʮʽʷ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ, ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʙʫʜʽʚʝʣʴ, ʩʧʦʨʫʜ ʪʘ ʾʭ ʝʣʝʤʝʥʪʽʚ ʥʝʤʦʞʣʠʚʘ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʨʽʟʥʦʛʦ ʭʘʨʘʢ-

ʪʝʨʫ. ʋ ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʦʮʝʩʽ ʟʘʚʞʜʠ ʤʘʻ ʤʽʩʮʝ 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʩʪʘʻ ʜʞʝʨʝʣʦʤ 

ʚʽʙʨʘʮʽʡ, ʫʜʘʨʽʚ ʽ ʪʜ.  

ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʽ ʯʝʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥ-

ʥʷ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʘʣʝʬʽʙʨʦ-

ʙʝʪʦʥʥʠʭ ʧʝʨʝʢʨʠʪʪʽʚ ʽ ʮʝʛʣʷʥʠʭ ʩʪʽʥ ʩʢʽʥʯʝʥʦ-

ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ (ʜʘʣʽ ʉɽʄ) ʽʩʥʫʶʯʦʾ ʧʨʦ-

ʤʠʩʣʦʚʦʾ ʙʫʜʽʚʣʽ. 

ʇʦʙʫʜʦʚʘ ʉɽʄ ʮʝʛʣʷʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʙʫʜʽʚ-

ʣʽ ʚʠʢʦʥʘʥʘ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʥʘ 

ʦʩʥʦʚʽ ʬʘʢʪʠʯʥʠʭ ʦʙʤʽʨʥʠʭ ʢʨʝʩʣʝʥʴ, ʟ ʫʨʘʭʫ-

ʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦʛʦ ʦʙ-

ʩʪʝʞʝʥʥʷ ʙʫʜʽʚʣʽ. ɼʘʣʽ ʧʨʦʚʦʜʠʚʩʷ ʟʙʽʨ ʩʪʘʪʠʯ-

ʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʩʪʚʦʨʶʚʘʪʠʤʝ ʤʘʩʠ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʟʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ʧʦʣʷʛʘʚ ʫ ʩʪʘʪʠʯʥʦʤʫ ʨʦʟ-

ʨʘʭʫʥʦʢ ʉɽʄ ʚʽʜ ʚʣʘʩʥʦʾ ʚʘʛʠ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ 

ʤʘʩʠ ʚʣʘʰʪʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʩʪʽʥʘʭ ʽ ʧʝ-

ʨʝʢʨʠʪʪʷ ʩʧʦʨʫʜʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʫ ʚʣʘʩ-

ʥʠʭ ʢʦʣʠʚʘʥʴ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʩʧʦʨʫʜʠ ʪʘ ʧʦ-

ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʽʟ ʥʘʪʫʨʥʠʤʠ  ʚʠʤʽʨʘʤʠ. 

ʋ ʷʢʦʩʪʽ ʜʠʥʘʤʽʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʜʣʷ ʦʮʽʥʢʠ 

ʩʪʘʥʫ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʦʨʫʜʠ ʙʫʣʠ ʚʠʢʦ-

ʨʠʩʪʘʥʽ ʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ, ʾʭ 

ʬʘʢʪʠʯʥʦʛʦ ʟʘʤʽʨʫ ʥʘ ʨʽʟʥʠʭ ʧʦʚʝʨʭʘʭ ʽʩʥʫʶʯʦʾ 

ʙʫʜʽʚʣʽ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʦʮʽ-

ʥʢʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʬʽʙʨʦʙʝʪʦʥʠʭ ʧʣʠʪ ʚ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʌʽʙʨʘ; ʬʽʙʨʦʙʝʪʦʥʥʽ ʢʦʥʩ-

ʪʨʫʢʮʽʾ; ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ; ʜʝʬʦʨʤʘʮʽʾ; ʩʢʽʥʯʝʥ-

ʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ. 

 

ɺʉʊʋʇ 

 

ʇʨʦʤʠʩʣʦʚʽ ʙʫʜʽʚʣʽ ʽ ʩʧʦʨʫʜʠ ʨʽʟʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʟʘʟʥʘʶʪʴ ʜʽʾ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘ-

ʥʪʘʞʝʥʴ, ʱʦ ʤʘʻ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʨʦʙʦʪʠ 

ʪʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʢʦʟʤʽʥʥʠʤ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷʤ. ɼʘʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʩʧʦʩʦʙʫ ʨʦʟʤʽʱʝʥʥʷ, ʚʣʘʰʪʫʚʘʥʥʷ ʽ ʢʨʽ-

ʧʣʝʥʥʷ ʚʣʘʰʪʦʚʫʶʪʴʩʷ ʥʘ ʩʪʽʥʘʭ ʯʠ ʧʝʨʝʢ-

ʨʠʪʪʷʭ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʙʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫ-

ʢʮʽʾ ʪʘ ʚʠʢʣʠʢʘʻ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʫ ʾʭ ʨʦʙʦʪʫ. 
 

ʄɽʊɸ ɼʆʉʃɯɼɾɽʅʔ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ ʚʽʜ ʨʦʙʦʪʠ ʚʣʘʰ-

ʪʦʚʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ 

ʧʦʚʝʨʭʘʭ ʮʝʛʣʷʥʦʾ ʯʦʪʠʨʠʧʦʚʝʨʭʦʚʦʾ ʧʨʦ-

ʤʠʩʣʦʚʦʾ ʙʫʜʽʚʣʽ. 
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ɿɸɼɸʏɯ ɼʆʉʃɯɼɾɽʅʔ 

 

ɿʘʜʘʯʽ, ʱʦ ʚʠʨʽʰʫʚʘʣʠʩʷ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦ-

ʥʘʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ʇʦʙʫʜʦʚʘ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ 

(ʜʘʣʽ ʉɽʄ) ʙʫʜʽʚʣʽ. 

2. ɿʙʽʨ ʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʤʦ-

ʞʫʪʴ ʩʪʚʦʨʠʪʠ ʤʘʩʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʣʴʥʠʭ ʢʦ-

ʣʠʚʘʥʴ ʩʠʩʪʝʤʠ. 

3. ʉʪʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʉɽʄ ʚʽʜ ʚʣʘʩ-

ʥʦʾ ʚʘʛʠ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʤʘʩʠ ʦʙʣʘʜ-

ʥʘʥʥʷ. 

4. ɺʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʫ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ 

ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʩʧʦʨʫʜʠ ʪʘ ʧʦʨʽʚ-

ʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʯʠʩʝʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ ʥʘʪʫʨʥʠʤʠ ʚʠʤʽʨʘʤʠ. 

5. ʈʦʟʨʦʙʢʘ ʚʠʩʥʦʚʢʽʚ ʱʦʜʦ ʥʝʩʫʯʦʾ ʟʜʘ-

ʪʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʣʽ ʪʘ ʨʝʢʦʤʝʥ-

ʜʘʮʽʡ ʟ ʫʩʫʥʝʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ 

ʚʽʜ ʨʦʙʦʪʠ ʜʚʠʛʫʥʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʩʧʦʨʫʜʫ. 

 

ʇʆɹʋɼʆɺɸ ʉʂɯʅʏɽʅʆ-ɽʃɽʄɽʅʊʅʆɰ 

ʄʆɼɽʃɯ ɹʋɼɯɺʃɯ 

 

ʇʦʙʫʜʦʚʘ ʉɽʄ ʮʝʛʣʷʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ 

ʙʫʜʽʚʣʽ ʚʠʢʦʥʘʥʘ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʢʦʤ-

ʧʣʝʢʩʽ ʥʘ ʦʩʥʦʚʽ ʦʙʤʽʨʥʠʭ ʢʨʝʩʣʝʥʴ, ʥʘʜʘ-

ʥʠʭ ɿʘʤʦʚʥʠʢʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʣʽ.  

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʦʜʝʣʽ ʪʘ ʞʦʨʩʪʢʦʩʪʽ 

ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1, 2. 

 

 

 
 

ʈʠʩ.1. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʙʫʜʽʚʣʽ. 

Fig.1. Estimated scheme of the building. 

 

 

ʉʪʽʥʠ ʪʘ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʽʚ ʟʤʦʜʝʣʴʦʚʘʥʽ 

44 ʪʠʧʦʤ ʉɽ "4-ʢʫʪʥʦʶ ʦʙʦʣʦʥʢʦʶ" , ʙʘʣʢʠ 

- 5-ʠʤ ʪʠʧʦʤ ʉɽ " ʧʨʦʩʪʦʨʦʚʠʤʠ ʩʪʝʨʞ-

ʥʝʤ". ʈʦʙʦʪʘ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʘʧʨʦʢʩʠʤʦ-

ʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʘʩʪʝʣʽ ʜʣʷ 

ʩʪʝʨʞʥʝʚʦʛʦ ʝʣʝʤʝʥʪʘ, ʦʙʯʠʩʣʝʥʠʭ ʥʘ ʦʩ-

ʥʦʚʽ ʥʘʜʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʽʯʥʠʭ ʚʠʰʫʢʫʚʘʥʴ 

.
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ʈʠʩ.2. ɾʦʨʩʪʢʦʩʪʽ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʽ. 

Fig.2. Stiffness of finite elements of the model. 

 

ɿɹɯʈ ʉʊɸʊʀʏʅʀʍ ʅɸɺɸʅʊɸɾɽʅʔ 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʜʽ-

ʚʣʽ ʙʫʣʠ ʟʘʜʽʷʥʽ ʤʘʩʠ, ʚʽʜ ʥʘʩʪʫʧʥʠʭ ʥʘʚʘʥ-

ʪʘʞʝʥʴ: 

- ʚʣʘʩʥʦʾ ʚʘʛʠ ʮʝʛʣʷʥʦʾ ʪʘ ʙʫʪʦʚʦʾ 

ʢʣʘʜʢʠ ʩʪʽʥ ʪʦʚʱʠʥʦʶ 400 ʪʘ 600 ʤʤ 

ʚʽʜʧʦʚʽʜʥʦ (790 ʢʛ/ʤ2 ʪʘ 1400 ʢʛ/ʤ2); 

- ʚʣʘʩʥʘ ʚʘʛʘ ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥʥʠʭ 

ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʽʚ ʪʘ ʧʦʢʨʠʪʪʷ ʪʦʚ-

ʱʠʥʥʦʶ ʚʽʜ 120 ʜʦ 160 ʤʤ ( ʚʽʜ 330 

ʢʛ/ʤ2 ʜʦ 440 ʢʛ/ʤ2); 

- ʙʝʪʦʥʥʽ ʧʽʜʦʩʥʦʚʠ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ 
ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (100 ʤʤ) 

ʪʘ ʥʘʜʙʝʪʦʥʢʫ ʥʘʜ ʧʣʠʪʦʶ ʧʦʢʨʠʪʪʷ 

ʪʦʚʱʠʥʦʶ 80 ʤʤ (230 ʢʛ/ʤ2 ʪʘ 220 

ʢʛ/ʤ2) ; 

- ʚʘʛʘ ʦʙʣʘʜʥʘʥʥʷ ʟʛʽʜʥʦ ʪʝʭʥʽʯʥʠʭ 
ʧʘʩʧʦʨʪʽʚ, ʥʘʜʘʥʠʭ ʟʘʤʦʚʥʠʢʦʤ. ʈʦ-

ʟʪʘʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʙʫʣʦ ʫʪʦʯ-

ʥʝʥʝ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʩʪʝʞʝʥʥʷ. 

ʄʘʩʠ ʚʽʜ ʩʥʽʛʦʚʦʛʦ, ʚʽʪʨʦʚʦʛʦ ʪʘ ʢʦʨʠʩ-

ʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʽ (ʧʝʨʩʦʥʘʣ) ʧʨʠ ʤʦʜʘʣʴ-

ʥʦʤʫ ʘʥʘʣʽʟʽ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʷ. 

ʉʊɸʊʀʏʅʀʁ ʈʆɿʈɸʍʋʅʆʂ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʦʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʮʝʛʣʷʥʠʭ 

ʩʪʽʥʘʭ ʙʫʜʽʚʣʽ (ʨʠʩ. 3), ʙʘʣʢʘʭ ʧʝʨʝʢʨʠʪʪʷ ʪʘ 

ʧʦʢʨʠʪʪʷ (1-ʘ ʛʨʫʧʘ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ) ʪʘ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʫʟʣʽʚ ʉɽʄ (2-ʘ ʛʨʫʧʘ ʛʨʘʥʠ-

ʯʥʠʭ ʩʪʘʥʽʚ)- ʜʠʚ. ʨʠʩ. 4 

. 
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ʈʠʩ.3. ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʚ ʮʝʛʣʷʥʠʭ ʩʪʽʥʘʭ ʚʽʜ ʩʫʤʘʨʥʦʾ ʜʽʾ ʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

Fig.3. Stress distribution in brick walls from the total action of static loads. 

 

 

 

 

 

 
 

 

 

 

 

 

 

ʈʠʩ. 4. ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʚʫʟʣʽʚ. 

Fig.4. Estimated values of vertical displacements of nodes. 
 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʛʨʘʥʠʯʥʽ ʟʥʘ-

ʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʮʝʛʣʷʥʠʭ ʩʪʽʥʘʭ ʪʘ  ʩʪʘ-

ʣʝʚʠʭ ʙʘʣʢʘʭ ʧʝʨʝʢʨʠʪʪʷ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

ʥʦʨʤʘʪʠʚʥʦ ʜʦʧʫʩʪʠʤʽ (1 ʄʇʘ ʜʣʷ ʮʝʛʣʷʥʦʾ 

ʢʣʘʜʢʠ ʟ ʮʝʛʣʠ ʤʘʨʢʠ  ʄ75 ʪʘ ʨʦʟʯʠʥʫ ʄ25 

ʪʘ 235 ʄʇʘ ʜʣʷ ʩʪʘʣʽ ʉ245). ʈʦʟʨʘʭʫʥʢʦʚʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʝʞ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʤʝʞʘʭ ʜʦ-

ʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. 
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ɺʀɿʅɸʏɽʅʅʗ ʉʇɽʂʊʈʋ ɺʃɸʉʅʀʍ 

ʂʆʃʀɺɸʅʔ ʏʀʉɽʃʔʅʆɰ  

ʄʆɼɽʃɯ ʉʇʆʈʋɼʀ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʩʧʦʨʫʜʠ ʦʪʨʠʤʘʥʠʡ ʩʧʝʢʪʨ ʽʟ ʧʝʨʰʠʭ ʜʚʘ-

ʜʮʷʪʠ ʬʦʨʤ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ, ʜʠʚ. ʪʘʙʣ. 1: 

 

ʊʘʙʣ. 1. ʉʧʝʢʪʨ ʽʟ ʧʝʨʰʠʭ ʜʚʘʜʮʷʪʠ ʬʦʨʤ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ 

Table 1. The spectrum of the first twenty forms of natural oscillations 

 

ɿʘʛʨʫʞʝʥʠʝ 
ʅʦʤʝʨ 

ʬʦʨʤʳ 

ʉʦʙ-

ʩʪʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʏʘʩʪʦʪʳ 
ʇʝʨʠʦʜ, 

ʩʝʢ 

ʄʦʜʘʣʴʥʳʝ ʤʘʩʩʳ (%) 

ʨʘʜ/ʩʝʢ ɻʮ 
X Y Z 

ʄʦʜʘ 1 1 0,248 4,04 0,643 1,555 68,432 0 0 

ʄʦʜʘ 1 2 0,155 6,449 1,026 0,974 0 67,443 0 

ʄʦʜʘ 1 3 0,066 15,176 2,415 0,414 0,022 0,033 0 

ʄʦʜʘ 1 4 0,052 19,158 3,049 0,328 0 0,017 98,481 

ʄʦʜʘ 1 5 0,043 23,442 3,731 0,268 20,2 0,368 0 

ʄʦʜʘ 1 6 0,037 27,064 4,307 0,232 0,334 25,838 0,046 

ʄʦʜʘ 1 7 0,024 42,327 6,737 0,148 1,046 0,016 0 

ʄʦʜʘ 1 8 0,023 44,385 7,064 0,142 3,1 0,037 0 

ʄʦʜʘ 1 9 0,022 46,133 7,342 0,136 0,053 0 0 

ʄʦʜʘ 1 10 0,019 52,13 8,297 0,121 0,549 0,048 0,017 

ʄʦʜʘ 1 11 0,019 53,372 8,494 0,118 0 0,081 0,047 

ʄʦʜʘ 1 12 0,018 54,928 8,742 0,114 0,021 0,781 0,223 

ʄʦʜʘ 1 13 0,017 57,658 9,177 0,109 0,839 0,019 0 

ʄʦʜʘ 1 14 0,017 58,362 9,289 0,108 0,043 1,97 0,069 

ʄʦʜʘ 1 15 0,017 59,447 9,461 0,106 0 0 0 

ʄʦʜʘ 1 16 0,016 62,204 9,9 0,101 0,536 0,112 0 

ʄʦʜʘ 1 17 0,015 66,545 10,591 0,094 0 0 0,061 

ʄʦʜʘ 1 18 0,015 67,836 10,796 0,093 0,334 0,088 0 

ʄʦʜʘ 1 19 0,014 69,132 11,003 0,091 0 0 0,074 

ʄʦʜʘ 1 20 0,014 69,841 11,116 0,09 0 0,146 0 

 ʉʫʤʤʘ ʤʦʜʘʣʴʥʳʭ ʤʘʩʩ 100 100 100 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ, ʧʦ ʚʽʜʩʦʪʢʫ ʟʘʣʫʯʝ-

ʥʠʭ ʤʘʩ, ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʻ 1, 2 , 5 ʪʘ 6 ʬʦʨ-

ʤʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ (ʜʠʚ. ʨʠʩ. 5....8). ʏʘʩ-

ʪʦʪʠ ʦʟʥʘʯʝʥʠʭ ʢʦʣʠʚʘʥʴ ʩʢʣʘʜʘʶʪʴ 0,64; 

1,03; 3,73; 4,31 ɻʮ. ʊʦʙʪʦ ʯʘʩʪʦʪʠ 5-ʾ ʪʘ 6-ʾ 

ʬʦʨʤ ʟʘ ʟʥʘʯʝʥʥʷʤʠ  ʙʣʠʟʴʢʽ ʜʦ ʚʠʤʽʨʷʥʠʭ 

ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʩʫʰʘʨʢʠ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ 

ʜʠʥʘʤʽʯʥʽʡ ʜʽʾ ʦʙʣʘʜʥʘʥʥʷ. ʆʪʞʝ, ʧʦʙʫʜʦ-

ʚʘʥʘ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ ʩʧʦʨʫʜʠ ʻ 
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ʮʽʣʢʦʤ ʚʽʨʦʛʽʜʥʦʶ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ 

ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʽ ʜʠʥʘʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

 

 

 
 

ʈʠʩ.5. ʇʝʨʰʘ, 2 , 5 ʪʘ 6 ʬʦʨʤʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ. 

Fig.5. The first, 2, 5 and 6 forms of natural oscillations of the building 

.

ʆʢʨʝʤʫ ʫʚʘʛʫ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʥʘ ʬʦʨʤʠ 

ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ˉ7, 19 ʪʘ 20. ɺʦʥʠ ʭʘʨʘ-

ʢʪʝʨʥʽ ʧʨʦʷʚʦʤ ʟʙʫʨʝʥʴ ʚ ʧʣʠʪʽ ʧʝʨʝʢʨʠʪʪʷ 

ʥʘ ʚʽʜʤ. + 11,260 ʪʘ ʧʦʧʝʨʝʯʥʽʡ ʟʦʚʥʽʰʥʽʡ  

ʩʪʽʥʽ 4-ʛʦ ʧʦʚʝʨʭʫ ʧʦ ʦʩʽ. ʏʘʩʪʦʪʠ ʦʟʥʘʯʝ-

ʥʠʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʟʘ ʚʝʣʠʯʠʥʦʶ ʙʣʠʟʴʢʽ 

ʜʦ ʧʽʢʦʚʠʭ ʟʥʘʯʝʥʴ, ʟʘʬʽʢʩʦʚʘʥʠʭ ʧʽʜ ʯʘʩ 

ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʽʚ ʧʨʠ ʧʨʘʮʶʶʯʦʤʫ ʪʝʭʥʦ-

ʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ.  

 

ʊʦʙʪʦ ʥʘ ʮʠʭ ʯʘʩʪʦʪʘʭ ʤʦʞʣʠʚʠʡ ʧʨʦʷʚ 

ʷʚʠʱʘ ʨʝʟʦʥʘʥʩʫ ʜʣʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʪʘ 

ʩʪʽʥʠ ʧʦ ʦʩʽ ɸ 4-ʛʦ ʧʦʚʝʨʭʫ. 
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ʈʠʩ.6. ʂʦʣʠʚʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 7-ʘ ʬʦʨʤʘ. 

Fig.6. Oscillations of the floor slab 7th form. 

 

 

ʈʠʩ.7. ʂʦʣʠʚʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 19-ʘ ʬʦʨʤʘ. 

Fig.7. Oscillations of the floor slab 19th form 

 

ʈʠʩ.8. ʂʦʣʠʚʘʥʥʷ ʩʪʽʥʠ 4-ʛʦ ʧʦʚʝʨʭʫ 20-ʘ ʬʦʨʤʘ. 

Fig.8. Oscillations of the wall of the 4th floor 20th 

form. 

 

 

ɺʀʉʅʆɺʂʀ 

1. ɿʘ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʣʽ (ʩʪʽʥ ʪʘ ʙʘʣʦʢ ʧʝʨʝ-

ʢʨʠʪʪʷ) ʻ ʟʘʙʝʟʧʝʯʝʥʦʶ ʚʽʜ ʜʽʾ ʩʪʘʪʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. 

2. ɼʠʥʘʤʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʧʦʨʫʜʠ ʟʘ ʨʦ-

ʟʢʣʘʜʦʤ ʥʘ ʚʣʘʩʥʽ ʢʦʣʠʚʘʥʥʷ ʚʠʷʚʠʚ ʟʘ-

ʛʨʦʟʫ ʧʦʷʚʠ ʷʚʠʱʘ ʨʝʟʦʥʘʥʩʫ ʜʣʷ ʧʣʠʪʠ 

ʧʝʨʝʢʨʠʪʪʷ ʥʘ ʚʽʜʤ. +11,260 ʪʘ ʧʦʧʝʨʝʯʥʦʾ 

ʩʪʽʥʠ 4-ʛʦ ʧʦʚʝʨʭʫ. 

3. ɿʛʽʜʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʦʙʩʪʝʞʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚʽʜʯʫʪʥʽ ʢʦʣʠʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʧʦʨʫʜʠ, ʱʦ 

ʟôʷʚʣʷʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʦʨʽʾ ˉ8, ʚ 

ʷʢʽʡ ʻ ʚʽʟʫʘʣʴʥʽ ʦʟʥʘʢʠ ʥʝʩʧʨʘʚʥʦʩʪʽ ʨʝʜʫ-

ʢʪʦʨʘ ʪʘ ʚʽʜʩʫʪʥʽ ʜʝʤʧʬʝʨʥʽ ʧʨʠʩʪʨʦʾ. 

4. ɿʚʘʞʘʶʯʠ ʥʘ ʟʘʟʥʘʯʝʥʝ ʚʠʱʝ, ʨʝʢʦʤʝʥ-

ʜʦʚʘʥʦ ʚʽʜʥʦʚʠʪʠ ʥʦʨʤʘʣʴʥʠʡ ʝʢʩʧʣʫʘʪʘ-
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ʮʽʡʥʠʡ ʩʪʘʥ  ʦʙʣʘʜʥʘʥʥʷ (ʨʝʜʫʢʪʦʨʘ ʥʦʨʽʾ 

ˉ 8) ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʘʥʪʠʚʽʙʨʘʮʽʡʥʽ ʧʨʦ-

ʢʣʘʜʢʠ ʧʽʜ ʦʧʦʨʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʦʙʢʣʘʜʘʥ-

ʥʷ.  

5. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʦʟʨʘʭʫʥʢʫ, ʷʢ ʚʠʜʥʦ ʟ 

ʪʘʙʣʠʮʽ 1, ʧʦ ʚʽʜʩʦʪʢʫ ʟʘʣʫʯʝʥʠʭ ʤʘʩ, ʚʠ-

ʟʥʘʯʘʣʴʥʠʤʠ ʻ 1, 2 , 5 ʪʘ 6 ʬʦʨʤʠ ʚʣʘʩʥʠʭ 

ʢʦʣʠʚʘʥʴ (ʜʠʚ. ʨʠʩ. 5....8). ʊʦʙʪʦ ʯʘʩʪʦʪʠ 

5-ʾ ʪʘ 6-ʾ ʬʦʨʤ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʙʣʠʟʴʢʽ ʜʦ 

ʥʘʪʫʨʥʦ ʚʠʤʽʨʷʥʠʭ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʩʫ-

ʰʘʨʢʠ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʜʠʥʘʤʽʯʥʽʡ ʜʽʾ ʦʙ-

ʣʘʜʥʘʥʥʷ.  

6. ʇʦʙʫʜʦʚʘʥʘ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ 

ʩʧʦʨʫʜʠ ʻ ʮʽʣʢʦʤ ʚʽʨʦʛʽʜʥʦʶ ʽ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʽ 

ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʙʣʠʟʴʢʦ ʜʦ ʥʘ-

ʪʫʨʥʠʭ ʜʦʩʣʽʜʝʥʴ. 

 

ʃɯʊɽʈɸʊʋʈɸ 

 
1. ʄʝʞʠʥ ɺ.ʉ., ʆʙʫʭʦʚ ɺ.ɺ. ʇʨʘʢʪʠʢʘ ʧʨʠʤʝ-

ʥʝʥʠʷ ʤʦʜʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʮʝʣʝʡ  ʚʝ-

ʨʠʬʠʢʘʮʠʠ  ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ  ʤʦʜʝʣʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʠ. ʂʦʩʤʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ ʠ 

ʪʝʭʥʦʣʦʛʠʠ. ˉ 1.4. 2014. ʉ. 86ï91. 

2. Giampaolo Cicogna. Symmetry and Perturba-

tion Theory in Nonlinear Dynamics. Giampaolo 

Cicogna, Giuseppe Gaeta. Berlin, Springer, 

1999. P. 208. 

3. Chong Zhen, Shakir Jiffri, Daochun 

Li,Jinwu Xiang, John E. Mottershead. Feed-

back linearisation of nonlinear vibration prob-

lems: A new formulation by the method of re-

ceptances. Vol.98.2018. P. 1056ï1065. 

4. ILAC -G18:04/2010. Guideline for the formula-

tion of Scopes of Accreditation for Laborato-

ries. 2010. 13p. 
5. ɼɹʅ ɺ.2.6-98:2009. ɹʝʪʦʥʥʽ ʪʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ 
ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ. ï ʂ.: ʄʽʥ-
ʨʝʛʽʦʥ ʋʢʨʘʾʥʠ, 2011. ï 71 ʩ.  

6. ɺ. ʂʦʣʷʢʦʚʘ (2020). ʇʨʦ ʚʠʤʦʛʠ ʱʦʜʦ ʩʪʘ-
ʪʝʡ, ʷʢʽ ʧʫʙʣʽʢʫʶʪʴʩʷ ʫ ʟʙʽʨʥʠʢʫ ʥʘʫʢʦʚʠʭ 
ʧʨʘʮʴ çɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʝʦʨʽʷ ʽ 
ʧʨʘʢʪʠʢʘè //ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʝʦʨʽʷ ʽ 
ʧʨʘʢʪʠʢʘ. ɿʙ. ʥʘʫʢ ʧʨʘʮʴ.- ʂʠʾʚ: ʚʠʧ.6,2020.-
ʉ. 114-118. 

https://doi.org/10.32347/2522-4182.6.2020.114-

118 

7. ɹʘʨʘʰʠʢʦʚ ɸ. ʗ. ʅʘʧʨʫʞʝʥʦ ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ ʙʝʪʦʥʥʠʭ ʧʣʠʪ ʧʨʠ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ 

ʜʚʦʚʽʩʥʦʤʫ ʩʪʠʩʢʫ / ɸ. ʗ. ɹʘʨʘʰʠʢʦʚ, ɺ. ɼ. 

ʂʨʽʧʘʢ, ɺ. ʄ. ʂʦʣʷʢʦʚʘ. // ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ ʈʝʩʫʨʩʦʝʢʦʥʦʤʥʽ ʤʘʪʝʨʽʘʣʠ, ʢʦʥ-

ʩʪʨʫʢʮʽʾ, ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ. ʈʽʚʥʝ.-ʈɼʊʋ. ï 

2003. ï ˉ20. ï ʉ. 112ï115. 
8.  ɾʫʨʘʚʩʴʢʠʡ ʆ.ɼ., ʊʠʤʦʱʫʢ ɺ.ɸ. ʈʦʟʨʘ-

ʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʧʣʦʩʢʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʧʣʠʪ, ʧʽʜʩʠʣʝʥʠʭ ʟʦʚʥʽʰʥʴʦʶ ʥʘʧʨʫʞʝʥʦʶ 

ʘʨʤʘʪʫʨʦʶ. // ɺʽʩʥʠʢ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴ-

ʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ : ɸʨʭʽ-

ʪʝʢʪʫʨʘ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʙʫʜʽʚʥʠʮʪ-

ʚʦ. - 2018. - ˉ 19. - ʉ. 41-45 

9.  ʉʤʦʨʢʘʣʦʚ ɼ. ɺ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʛʠʥʽʚ 

ʧʣʠʪ, ʦʧʝʨʪʠʭ ʧʦ ʢʦʥʪʫʨʫ // ɹʫʜʽʚʝʣʴʥʽ ʢʦʥ-

ʩʪʨʫʢʮʽʾ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ : ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ 

- ʂʠʾʚ : ʂʅʋɹɸ, 2017. - ɺʠʧ. 1. - ʉ. 136-143. 

10.  ɼʉʊʋ ɹ ɺ.3.1-2:2016. ʈʝʤʦʥʪ ʽ ʧʽʜʩʠʣʝʥʥʷ 

ʥʝʩʫʯʠʭ ʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʦʩʥʦʚ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ. ï ʂ.: 

ɼʇ çʋʢʨʅɼʅʎè 2017. ï 68 ʩ. 

11.  ʉʢʦʨʫʢ ʆ.ʄ., ʏʦʨʥʠʡ ɯ.ɺ., ʊʘʪʘʨʯʝʥʢʦ 

ɻ.ʆ. ʇʨʦʛʠʥʠ ʪʦʥʢʠʭ ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥʥʠʭ 

ʧʣʠʪ ʦʧʝʨʪʠʭ ʧʦ ʢʦʥʪʫʨʫ. ʅʘʫʢʦʚʽ ʚʽʩʪʽ ɼʘ-

ʣʽʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ˉ 12, 2017.  

12.  ʉʢʦʨʫʢ ʆ.ʄ.  ɼʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʩʪʘʣʝʬʽʙ-

ʨʦʙʝʪʦʥʥʠʭ ʧʣʠʪ ʦʧʝʨʪʠʭ ʧʦ ʢʦʥʪʫʨʫ ʧʨʠ 

ʧʦʚʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʇʽʜʚʦʜʥʽ ʪʝʭʥʦ-

ʣʦʛʽʾ ˉ 1, 2015. 

13.  Pawelczyk ʄ., Wrona S. WronaImpact of 

boundary conditions on shaping frequency 

response of a vibrating plate - modeling, 

optimization, and simulation. Procedia 

Computer Science, V. 80. 2016. ʈ. 1170ï1179. 

14.  ʉʢʦʨʫʢ ʆ.ʄ.  ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʚʧʣʠʚʫ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ 

ʨʦʙʦʪʫ ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥʥʠʭ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ 

// ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ : 

ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ - ʂʠʾʚ : ʂʅʋɹɸ, 2020. - ɺʠʧ. 

7. - ʉ. 121-128. 

 

REFERENCES 
 

1.  Mezhin V.S., Obukhov V.V. Practice of ap-

plication of modal tests for the purposes of veri-

fication of finite-element models of construc-

tion of rocket and space technology products. 

Space technology. ˉ 1.4. 2014. S. 86ï91. 

2.  Giampaolo Cicogna. Symmetry and Perturba-

tion Theory in Nonlinear Dynamics. Giampaolo 

Cicogna, Giuseppe Gaeta. Berlin, Springer, 

1999. P. 208. 

3. Chong Zhen, Shakir Jiffri, Daochun 

Li,Jinwu Xiang, John E. Mottershead. Feed-

back linearisation of nonlinear vibration prob-

lems: A new formulation by the method of re-

ceptances. Vol.98.2018. P. 1056ï1065. 

http://bctp.knuba.edu.ua/article/view/207839
http://bctp.knuba.edu.ua/article/view/207839
http://bctp.knuba.edu.ua/article/view/207839
http://bctp.knuba.edu.ua/article/view/207839
https://doi.org/10.32347/2522-4182.6.2020.114-118
https://doi.org/10.32347/2522-4182.6.2020.114-118


ISSN 2522-4182 

ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ Å 09/2021 71 

4. ILAC -G18:04/2010. Guideline for the formula-

tion of Scopes of Accreditation for Laborato-

ries. 2010. 13p. 

5. DBN V.2.6-98:2009. Betonni ta zalizobetonni 

konstruktsii. Osnovni polozhennia. ï K.: 

Minrehion Ukrainy, 2011. ï 71 s 

6. Koliak ova V.M. (2020) Pro vymohy shchodo 

statei, yaki publikuiutsia u zbirnyku naukovykh 

prats çBudivelni konstruktsii. Teoriia i prak-

tykaè // Budivelni konstruktsii. Teoriia i prak-

tyka: zb. nauk. pr. Kyiv, KNUBA, 2020. Vyp. 6. 

S. 114-118. 

7. Barashykov A. Ya. Napruzheno deformovanyi 

stan betonnykh plyt pry korotkochasnomu dvo-

visnomu stysku / A. Ya. Barashykov, V. D. 

Kripak, V. M. Koliakova. // Zbirnyk naukovykh 

prats Resursoekonomni materialy, konstruktsii, 

budivli ta sporudy. Rivne.-RDTU. ï 2003. ï 

ˉ20. ï S. 112ï115. 

8.  Zhuravskyi O.D., Tymoshchuk V.A.  

Rozrakhunkova model ploskykh 

zalizobetonnykh plyt, pidsylenykh zovnishnoiu 

napruzhenoiu armaturoiu. // Visnyk Lvivskoho 

natsionalnoho ah-rarnoho universytetu. Seriia: 

Arkhitektura i silskohospodarske budivnytstvo. - 

2018. - ˉ 19. - S. 41-45 

9.  Smorkalov D. V. Doslidzhennia prohyniv plyt, 

opertykh po konturu // Budivelni konstruktsii. 

Teoriia i praktyka : zb. nauk. prats - Kyiv : 

KNUBA, 2017. - Vyp. 1. - S. 136-143. 

10.  DBN B V.3.1-2:2016. Remont i pidsylennia 

nesuchykh i ohorodzhuvalnykh budivelnykh 

konstruktsii ta osnov budivel i sporud. ï K.: DP 

çUkrNDNTsè 2017. ï 68 s. 

11.  Skoruk ʆ.N., Chorny I.V., Tatarchenko 

G.O. Deflections of thin reinforced concrete 

slabs supported along the contour. Scientific 

news of Daliv University ˉ 12, 2017. 

12.  Skoruk ʆ.N. Deformability of reinforced con-

crete slabs supported on the contour under re-

peated loads. Underwater technologies ˉ 1, 

2015. 

13.  Pawelczyk ʄ., Wrona S. WronaImpact of 

boundary conditions on shaping frequency 

response of a vibrating plate - modeling, 

optimization, and simulation. Procedia 

Computer Science, V. 80. 2016. ʈ. 1170ï1179. 

14.  Skoruk ʆ.N. Research of dynamic influence 

from technological equipment on work of 

reinforced concrete slabs of overlapping // 

Budivelni konstruktsii. Teoriia i praktyka : zb. 

nauk. prats - Kyiv : KNUBA, 2020. - Vyp. 7. - S. 

121-128. 

 

INFLUENCE OF OPERATION OF 

TECHNOLOGICAL EQUIPMENT ON 

THE STRESS-STRAIN STATE  

OF LOAD-BEARING STRUCTURES OF 

A BRICK BUILDING WITH  

REINFORCED CONCRETE SLABS 

 

Oleg SKORUK 

 
Summary. In modern conditions, the operation 

of buildings, structures and their elements is im-

possible without taking into account the dynamic 

effects of different nature. In the production pro-

cess there is always technological equipment that 

becomes a source of vibration, shock, etc. 

This article presents frontal studies of the ele-

ments of load-bearing structures of reinforced con-

crete floors and brick walls of the finite element 

model of the existing industrial building. 

The construction of the SEM brick industrial 

building was performed in the computer system on 

the basis of actual measurement drawings, taking 

into account the results of the instrumental survey 

of the building. Next, static loads were collected, 

which will create masses to perform a numerical 

study of free oscillations of the general system. 

The next step was to statically calculate the 

CEM from the own weight of structures and the 

mass of the equipment on the walls and ceiling of 

the structure and determine the spectrum of natural 

oscillations of the numerical model of the structure 

and compare the obtained values of numerical 

research with field measurements. 

As a dynamic criterion for assessing the condi-

tion of the load-bearing structures of the building 

were used values of natural frequencies of oscilla-

tions, their actual measurement on different floors 

of the existing building. 

The obtained data will be used to assess the 

stress state of reinforced concrete slabs in real op-

erating conditions.. 

 

Keywords. Fiber; fiber concrete structures; 

load-bearing capacity; deformations; finite element 

model. 
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ɸʥʦʪʘʮʽʷ. ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ 

ʚʩʝ ʙʽʣʴʰʝ ʟôʷʚʣʷʻʪʴʩʷ ʧʦʪʨʝʙʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʽʩʴʢʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʴʦʛʦ 

ʨʝʩʫʨʩʫ, ʦʜʥʠʤ ʟ ʪʘʢʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʟ ʩʪʘʨʦʜʘʚʥʽʭ ʯʘʩʽʚ ʙʫʣʘ ʜʝʨʝʚʠʥʘ. ɺ ʫʩʴʦʤʫ 

ʩʚʽʪʽ ʟ ʩʪʘʨʦʜʘʚʥʽʭ ʯʘʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝ-

ʨʝʚôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʚʦʜʠʣʠʩʷ ʭʨʘʤʠ, ʟʘʤʢʠ, 

ʙʫʜʠʥʢʠ, ʤʦʩʪʠ ʪʘ ʽʥʰʽ ʩʧʦʨʫʜʠ. ɺʝʣʠʢʘ ʢʽʣʴ-

ʢʽʩʪʴ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʟ ʜʝʨʝʚʠʥʠ ʫʩʧʽʰʥʦ 

ʬʫʥʢʮʽʦʥʫʶʪʴ ʚʞʝ 300 - 400 ʨʦʢʽʚ ʽ ʩʣʫʞʘʪʴ 

ʷʩʢʨʘʚʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʮʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ. ɺ ʥʘʰʽ ʜʥʽ ʜʝʨʝʚ'ʷʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʩʪʨʽ-

ʤʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟ ʨʦʟʚʠʪʢʦʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦ-

ʛʽʡ. ɸʜʞʝ ʥʦʚʠʥʢʠ ʪʝʭʥʦʣʦʛʽʡ ʜʝʨʝʚʦʦʙʨʦʙʢʠ 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʟʨʦʱʝʥʠʡ ʤʘʩʠʚ ʜʝʨʝʚʘ, 

ʱʦ ʚʠʨʽʰʫʻ ʙʘʛʘʪʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʠʪʘʥʴ ʜʝʨʝ-

ʚʠʥʠ ʷʢ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʩʪʘʥʥʽʤ 

ʯʘʩʦʤ, ʦʩʦʙʣʠʚʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʥʘʙʫʣʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ (ʂʂɼ), ʢʦʥʩʪʨʫ-

ʢʮʽʾ ʟ ʷʢʦʶ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʧʝʨʝʢʨʠʪʪʷ 

ʚʝʣʠʢʠʭ ʧʨʦʣʴʦʪʽʚ (ʙʽʣʴʰ ʥʽʞ 100 ʤ) ʪʘ ʢʦʥʩ-

ʪʨʫʢʮʽʾ ʟ  ʧʦʧʝʨʝʯʥʦ-ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʘ (ʇʂɼ) 

ʘʙʦ CLT (cross laminated timber), ʷʢʽ ʩʢʣʘʜʘʶʪʴ-

ʩʷ ʟ ʥʝʧʘʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ ʜʦʰʦʢ ʟʽ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʫ ʩʫʤʽʞ-

ʥʠʭ ʰʘʨʘʭ. ɿ ʇʂɼ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʧʘʥʝʣʽ ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʘʥʝʣʴʥʦʤʫ ʪʘ ʧʘʥʝʣʴʥʦ-

ʢʘʨʢʘʩʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʩʧʦʨʫʜ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦ-

ʩʪʽ ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʬʦʨʤʠ ʪʘ ʧʦʚʝʨʭʦʚʦʩʪʽ. ɺ 

ʨʦʙʦʪʘʭ [1-3] ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʚʠʢʣʘʜʝʥʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʂʂɼ ʪʘ ʇʂɼ ʪʘ ʤʝʪʦʜʠʢʠ ʾʭ ʨʦʟʨʘʭʫʥ-

ʢʫ. ʇʨʦʪʝ, ʜʝʷʢʽ ʙʫʜʽʚʝʣʴʥʽ ʚʠʤʦʛʠ, ʥʘʧʨʠʢʣʘʜ 

ʫʤʦʚʠ ʦʙʤʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʦʾ ʚʠʩʦʪʠ, ʢʦʣʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʠʭ ʧʝʨʝʨʽʟʽʚ ʢʦʥ-

ʩʪʨʫʢʮʽʡ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʟ 

ʜʦʜʝʨʞʘʥʥʷʤ ʚʠʤʦʛ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ, ʻ ʥʝʤʦ-

ʞʣʠʚʠʤ. ʊʦʤʫ ʚʩʝ ʙʽʣʴʰʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ 

ʧʦʰʫʢ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʂʂɼ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʘʨʤʦʚʘʥʠʭ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʾʭʥʴʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ. ʎʷ ʧʫʙʣʽʢʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʦʛʣʷʜʫ ʧʨʦ-

ʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʨʤʦʚʘʥʠʭ ʪʘ ʧʽʜʩʠʣʝʥʠʭ 

ʢʦʤʧʦʟʠʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʂʂɼ. 
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʂʣʝʻʥʘ ʜʝʨʝʚʠʥʘ; ʢʦʥʩʪʨʫ-

ʢʮʽʾ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ; ʘʨʤʫʚʘʥʥʷ; ʧʽʜʩʠʣʝʥʥʷ; 

ʘʨʤʘʪʫʨʘ; ʢʦʤʧʦʟʠʪʥʘ ʘʨʤʘʪʫʨʘ; ʢʦʤʧʦʟʠʪʥʽ 

ʩʪʨʽʯʢʠ. 

 
ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ 

 

ʉʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴ-

ʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ, ʧʽʜʪ-

ʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ [1-3]. 

ʅʘʩʘʤʧʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʜʣʷ ʧʝʨʝʢʨʠʪ-

ʪʷ ʩʝʨʝʜʥʽʭ, ʚʝʣʠʢʠʭ ʽ ʥʘʚʽʪʴ ʜʫʞʝ ʚʝʣʠʢʠʭ 

ʧʨʦʣʴʦʪʽʚ (ʙʽʣʴʰ ʥʽʞ 100 ʤ). ʎʴʦʤʫ ʩʧʨʠʷʻ 

ʪʦʡ ʬʘʢʪ, ʱʦ ʢʣʝʻʥʘ ʜʝʨʝʚʠʥʘ ʝʬʝʢʪʠʚʥʦ 

ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʧʦʟʠʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʨʝ-

ʚʠʥʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʮʝ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʘ 

ʤʽʮʥʽʩʪʴ ʧʨʠ ʜʦʩʠʪʴ ʤʘʣʽʡ ʛʫʩʪʠʥʽ, ʱʦ ʚ 
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ʟʥʘʯʥʽʡ ʤʽʨʽ ʥʽʚʝʣʶʻ ʥʝʜʦʣʽʢʠ ʮʽʣʴʥʦʾ ʜʝʨʝ-

ʚʠʥʠ. ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʽʚ ʧʦʢʨʘʱʝʥʥʷ ʂʂɼ 

ʻ ʾʭ ʘʨʤʫʚʘʥʥʷ. ʊʦʤʫ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ 

ʜʦʩʣʽʜʞʝʥʴ ʘʨʤʦʚʘʥʠʭ ʂʂɼ ʪʘ ʘʨʤʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʥʦʚʽʪʥʽʤʠ ʢʦʤʧʦʟʠʪʥʠʤʠ ʤʘ-

ʪʝʨʽʘʣʘʤʠ, ʜʦʧʦʤʦʞʝ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʚʜʦʩ-

ʢʦʥʘʣʠʪʠ ʪʘ ʨʦʟʰʠʨʠʪʠ ʩʬʝʨʫ ʾʭʥʴʦʛʦ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ.  

ʄʝʪʘ ʮʽʻʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʜʦʩʣʽ-

ʜʞʝʥʴ ʘʨʤʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʢʣʝʻʥʦʾ 

ʜʝʨʝʚʠʥʠ, ʽʥʰʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜʩʠʣʝʥʠʭ 

ʥʦʚʽʪʥʽʤʠ ʢʦʤʧʦʟʠʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ 

ʽʩʥʫʶʯʦʤʫ ʜʦʩʚʽʜʫ ʧʽʜʩʠʣʝʥʥʷ ʢʦʤʧʦʟʠʪ-

ʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʂʂɼ. ʑʦ ʜʦʧʦʤʦʞʝ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʠʪʠ ʜʽʘʧʘʟʦʥ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʦʢʨʘ-

ʱʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʂʂɼ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʷʢ ʙʘʣʢʠ, ʘ ʽ ʽʥʰʠʭ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʧʘʥʝʣʝʡ ʟ 

ʇʂɼ, ʨʘʤ, ʘʨʦʢ ʪʘ ʽʥʰ.). 

 

ʆʉʅʆɺʅɽ ɼʆʉʃɯɼɾɽʅʅʗ 

 

1. ɸʨʤʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝ-
ʚʠʥʠ: 

 

¶ ʇʽʜʨʫʯʥʠʢ ʀʚʘʥʦʚʘ ɺ.ɸ., ʂʣʠʤʝʥʢʦ 
ɺ.ɿ. çʂʦʥʩʪʨʫʢʮʠʠ ʠʟ ʜʝʨʝʚʘ ʠ ʧʣʘʩʪʤʘʩʩè, 

[1], ʚ ʷʢʦʤʫ ʧʫʥʢʪ 52 çɸʨʤʦʚʘʥʽ ʜʦʱʘʪʦ-
ʢʣʝʻʥʽ ʙʘʣʢʠè ʧʨʠʩʚʷʯʝʥʠʡ ʪʦʤʫ, ʱʦ ʘʨ-

ʤʫʚʘʥʥʷ ʟʙʽʣʴʰʫʻ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ, 

ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʜʝʨʝʚôʷʥʠʭ ʙʘʣʦʢ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʘʨʤʫʚʘʥʥʷ ʨʦʟʪʷʛ-

ʥʫʪʦʾ ʪʘ ʩʪʠʩʥʫʪʦʾ ʟʦʥ. ʇʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʘʨ-

ʤʫʚʘʥʥʷ 1-3% ʤʽʮʥʽʩʪʴ ʪʘ ʞʦʨʩʪʢʽʩʪʴ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ 1,4-3,2 ʨʘʟʠ. ɺ ʧʫʥʢʪʽ ʨʝʢʦ-

ʤʝʥʜʫʶʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʝʨʞʥʝʚʦʾ ʛʘʨʷ-

ʯʝʢʘʪʘʥʦʾ ʘʨʤʘʪʫʨʠ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʬʽʣʶ 

ʟʽ ʩʪʘʣʽ ʢʣʘʩʫ ɸ-ɯɯ, ɸ-ɯɯɯ, ɸ-ɯV (A300C, 

A400C-A500C, A600C ʚʽʜʧʦʚʽʜʥʦ). ɸʨʤʘ-

ʪʫʨʘ ʚʢʣʘʜʘʻʪʴʩʷ ʚ ʧʘʟʠ, ʚ ʷʢʽ ʜʘʣʽ ʟʘʣʠʚʘ-

ʻʪʴʩʷ ʝʧʦʢʩʠʜʥʠʡ ʢʣʝʡ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ ʪʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʧʨʝʩʫʚʘʥʥʷ ʧʘʢʝʪʫ. ʊʘʢʦʞ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʘʨ-

ʤʦʚʘʥʠʭ ʙʘʣʦʢ ʥʘ ʤʽʮʥʽʩʪʴ ʟʘ ʥʦʨʤʘʣʴʥʠʤʠ 

ʪʘ ʜʦʪʠʯʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ, ʪʘ ʟʘʟʥʘʯʝʥʽ 

ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʣʷ ʙʘ-

ʣʦʢ ʟ ʧʦʜʚʽʡʥʠʤ ʘʨʤʫʚʘʥʥʷʤ; 

¶ ʇʦʩʽʙʥʠʢ ɻʨʠʥʴ ʀ.ʄ. çʉʪʨʦʠʪʝʣʴ-

ʥʳʝ ʢʦʥʩʪʨʫʢʮʳʠ ʠʟ ʜʝʨʝʚʘ ʠ ʩʠʥʪʝʪʠʯʝ-

ʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚè [2]. ɺ ʧʫʥʢʪʽ 5.3. çʂʣʝʻʥʽ 
ʙʘʣʢʠ ʘʨʤʦʚʘʥʽ ʩʪʘʣʴʥʠʤʠ ʩʪʝʨʞʥʷʤʠè 

ʡʜʝʪʴʩʷ, ʱʦ ʘʨʤʦʚʘʥʽ ʙʘʣʢʠ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝ-

ʚʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʘʙʦ 

ʟʤʝʥʰʠʪʠ ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʙʘʣʦʢ ʚ ʫʤʦʚʘʭ 

ʦʙʤʝʞʝʥʦʾ ʙʫʜʽʚʝʣʴʥʦʾ ʚʠʩʦʪʠ, ʘʙʦ ʟʤʝʥʰʠ-

ʪʠ ʚʠʪʨʘʪʠ ʜʝʨʝʚʠʥʠ. ʊʘʢʽ ʙʘʣʢʠ ʝʬʝʢʪʠʚʥʽ 

ʧʨʠ ʚʝʣʠʢʠʭ ʧʨʦʣʴʦʪʘʭ ʪʘ ʜʽʾ ʟʥʘʯʥʠʭ ʥʘʚʘ-

ʥʪʘʞʝʥʴ. ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʽʜʨʫʯʥʠʢʫ 

[1] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʝʨʞ-

ʥʴʦʚʫ ʛʘʨʷʯʝʢʘʪʘʥʫ ʘʨʤʘʪʫʨʫ ʧʝʨʽʦʜʠʯʥʦʛʦ 

ʧʨʦʬʽʣʶ ʟʽ ʩʪʘʣʽ ʢʣʘʩʫ ɸ-ɯɯ, ɸ-ɯɯɯ, ɸ-ɯV 

(A300C, A400C-A500C, A600C ʚʽʜʧʦʚʽʜʥʦ) 

ʚ ʤʝʞʘʭ 1-3% ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʙʘʣʢʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʝʨʞʥʽʚ ʘʙʦ 

ʩʪʨʽʯʦʢ ʦʜʥʦ ʥʘʧʨʘʚʣʝʥʠʭ ʩʢʣʦʧʣʘʩʪʠʢʽʚ (1-

5%). ɸʨʤʫʶʪʴʩʷ ʙʘʣʢʠ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʪʘ 

ʩʪʠʩʥʫʪʠʭ ʟʦʥʘʭ (ʩʠʤʝʪʨʠʯʥʝ ʘʨʤʫʚʘʥʥʷ), 

ʘʙʦ ʪʽʣʴʢʠ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ (ʦʜʠʥʘʨʥʝ 

ʘʨʤʫʚʘʥʥʷ).  ɼʘʣʽ ʦʧʠʩʘʥʦ ʤʝʪʦʜ ʚʠʢʦʥʘʥʥʷ 

ʧʘʟʽʚ ʜʣʷ ʘʨʤʘʪʫʨʠ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʾʾ ʫʢ-

ʣʘʜʘʥʥʷ. ʊʘ ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʘʨʤʦʚʘʥʠʭ ʙʘʣʦʢ; 

¶ ʇʽʜʨʫʯʥʠʢ ʂʘʣʫʛʠʥʘ ɸ. ɺ. çɼʝ-

ʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠè [4]. ɺ ʧʫʥʢʪʽ 6.8. 
çɸʨʤʦʚʘʥʽ ʢʣʝʻʥʽ ʜʝʨʝʚôʷʥʽ ʙʘʣʢʠè ʚʢʘʟʘʥʦ, 

ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʘʨʤʦʚʘʥʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ ʧʨʦʚʦʜʷʪʴʩʷ ʚ 

ʈʦʩʽʾ, ʌʽʥʣʷʥʜʽʾ, ʐʚʝʮʽʾ, ɻʝʨʤʘʥʽʾ, ʉʐɸ. 

ʑʦ ʦʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʘʨʤʦʚʘʥʠʭ ʙʘ-

ʣʦʢ ʻ ʟʙʽʣʴʰʝʥʘ ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʪʘ ʞʦʨʩʪ-

ʢʽʩʪʴ ʙʘʣʦʢ, ʟʤʝʥʰʝʥʥʷ ʚʠʩʦʪʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʢʦʥʩʪʨʫʢʮʽʡ, ʝʢʦʥʦʤʽʷ ʷʢʽʩʥʦʾ ʜʝ-

ʨʝʚʠʥʠ ʜʦ 15%. ɼʦ ʥʝʜʦʣʽʢʽʚ ʪʘʢʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʘʚʪʦʨ ʚʽʜʥʦʩʠʪʴ ʟʙʽʣʴʰʝʥʥʷ ʪʨʫʜʦ-

ʤʽʩʪʢʦʩʪʽ ʪʘ ʚʘʨʪʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʅʘʚʝ-

ʜʝʥʽ ʦʩʥʦʚʥʽ ʩʭʝʤʠ ʘʨʤʫʚʘʥʥʷ ʙʘʣʦʢ ʪʘ ʾʭ 

ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ (ʨʠʩ.1). ɿʘʟʥʘʯʝʥʦ, ʱʦ 

ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʨʤʦʚʘʥʠʭ ʂʂɼ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʟʚʠʯʘʡʥʠʭ ʂʂɼ 

ʧʦʷʚʦʶ ʜʦʜʘʪʢʦʚʦʾ ʦʧʝʨʘʮʽʾ ʚʢʣʝʶʚʘʥʥʷ 

ʘʨʤʘʪʫʨʥʠʭ ʩʪʝʨʞʥʽʚ ʪʘ ʚʠʩʚʽʪʣʝʥʦ ʾʾ ʘʣʛʦ-

ʨʠʪʤ. ɿʘʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʧʨʘʚʠʣʘ ʢʦʥʩʪʨʫʶ-

ʚʘʥʥʷ ʘʨʤʦʚʘʥʠʭ ʙʘʣʦʢ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʦʩʦʙ-

ʣʠʚʦʩʪʽ ʾʭʥʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 
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ʈʠʩ.1. ɸʨʤʫʚʘʥʥʷ ʢʣʝʻʥʦʾ ʜʝʨʝʚôʷʥʦʾ ʙʘʣʢʠ: ʘ ï ʩʭʝʤʘ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ; ʙ ï ʩʭʝʤʘ ʘʨʤʫ-

ʚʘʥʥʷ ʙʘʣʢʠ ʦʜʠʥʦʯʥʠʤʠ ʩʪʨʠʞʥʷʤ; ʚ ï ʩʭʝʤʘ ʘʨʤʫʚʘʥʥʷ ʙʘʣʢʠ; ʛ ï ʪʠʧʠ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽ-

ʟʽʚ ʟ ʦʜʠʥʦʯʥʠʤ ʘʨʤʫʚʘʥʥʷʤ; ʜ ï ʪʠʧʠ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʟ ʛʨʫʧʦʚʠʤ ʘʨʤʫʚʘʥʥʷʤ.[4]. 

Fig.1. Reinforcement of glued wooden beam: a - scheme of application of loads; b - scheme of 

reinforcement of the beam by single rods; ʩ - the scheme of reinforcement of a beam; d - types of 

cross-sections with single reinforcement; ʝ - types of cross sections with group reinforcement.[ 4]. 

 

¶ ɼʠʩʝʨʪʘʮʽʷ, ʉʫʨʤʘʡ ʄ.ɯ., çʄʽʮʥʽʩʪʴ 
ʪʘ ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʜʦʱʘʪʦʢʣʝʻʥʠʭ ʙʘʣʦʢ 

ʘʨʤʦʚʘʥʠʭ ʩʢʣʦʧʣʘʩʪʠʢʦʚʦʶ ʪʘ ʙʘʟʘʣʴʪʦ-

ʚʦʶ ʘʨʤʘʪʫʨʦʶè [5]. ɸʚʪʦʨ ʜʠʩʝʨʪʘʮʽʾ ʜʦʩ-

ʣʽʜʞʫʻ ʤʽʮʥʽʩʪʴ ʪʘ ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʙʘʣʦʢ ʟ 

ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ ʘʨʤʦʚʘʥʠʭ ʢʦʤʧʦʟʠʪʥʦʶ 

ʘʨʤʘʪʫʨʦʶ. ɺ ʡʦʛʦ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʜʦʩʣʽʜʞʝʥʦ ʩʫʤʽʩʥʫ ʨʦʙʦʪʫ ʜʝʨʝʚʠʥʠ ʟ 

ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ ʥʘ ʝʧʦʢʩʠʜʥʦʤʫ 
ʢʣʝʶ. ɺ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʜʦ-

ʚʞʠʥʠ ʘʥʢʝʨʫʚʘʥʥʷ ʘʨʤʘʪʫʨʠ ʚ ʙʘʣʢʘʭ ʟ 

ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ ʪʘ ʫʪʦʯʥʝʥʦ ʽʥʞʝʥʝʨʥʫ 

ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʠʭ ʙʘʣʦʢ. ɸʚʪʦʨ 

ʚʠʩʚʽʪʣʠʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʯʠʩʣʦʚʽ ʜʦʩ-

ʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʘʨʤʦʚʘʥʠʭ ʙʘʣʦʢ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ ʧʨʠ 

ʨʦʙʦʪʽ ʥʘ ʟʛʠʥ ʪʘ ʚʠʚʽʚ ʢʦʝʬʽʮʽʻʥʪ ʟʤʝʥ-

ʰʝʥʥʷ ʧʨʦʛʠʥʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʙʘʣʦʢ ʫ ʇʂ 

çʃʀʈɸè. ʅʘʜʘʚ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʨʤʦʚʘʥʠʭ ʢʦʥʩʪʨʫ-

ʢʮʽʡ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ.)  

¶ ʉʪʘʪʪʷ ɼ. ɺ. ʄʠʭʘʡʣʦʚʩʴʢʠʡ, ʄ. ɸ. 
ʂʦʤʘʨ. çɯʥʞʝʥʝʨʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ 

ʝʣʝʤʝʥʪʽʚ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ, ʘʨʤʦʚʘʥʦʾ 

ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶè [6]. ɸʚʪʦʨʠ ʚ 
ʩʪʘʪʪʽ ʩʪʘʚʠʣʠ ʧʝʨʝʜ ʩʦʙʦʶ ʟʘʚʜʘʥʥʷ ʨʦʟ-

ʨʦʙʠʪʠ ʽʥʞʝʥʝʨʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ 

ʝʣʝʤʝʥʪʽʚ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ ʘʨʤʦʚʘʥʦʾ 

ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ (ʨʠʩ.2.). ɺ ʨʦʙʦʪʽ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜʠʢʫ ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦ-
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ʩʫʚʘʥʥʽ ʜʦ ʩʪʘʥʜʘʨʪʥʠʭ ʬʦʨʤʫʣ ʨʦʟʨʘʭʫʥʢʫ 

ʧʨʠʚʝʜʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ: ʧʨʠʚʝʜʝʥʠʭ ʧʣʦʱʽ, ʤʦʤʝʥʪʫ ʦʧʦ-

ʨʫ ʪʘ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ. ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʙʘʣʦʢ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ 

ʘʨʤʦʚʘʥʠʭ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ ʟʘ ʝʢʩ-

ʧʣʫʘʪʘʮʽʡʥʦʶ ʧʨʠʜʘʪʥʽʩʪʶ (ʜʨʫʛʠʤ ʛʨʘʥʠ-

ʯʥʠʤ ʩʪʘʥʦʤ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʪʘʢʦʞ, 

ʧʨʠʚʝʜʝʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʝʨʝʨʽʟʫ 

ʜʦʰʦʢ ʟʦʚʥʽʰʥʽʭ ʰʘʨʽʚ, ʚ ʷʢʠʭ ʽ ʙʫʜʫʪʴ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʴ ʤʘʢʩʠʤʘʣʴʥʽ ʥʦʨʤʘʣʴʥʽ ʥʘ-

ʧʨʫʞʝʥʥʷ. ɼʣʷ ʘʥʘʣʽʟʫ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʙʘʣʦʢ ʦʜʥʦʛʦ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝ-

ʚʠʥʠ ʪʘ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ ʘʨʤʦʚʘʥʠʭ ʢʦʤ-

ʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʥʘ-

ʣʽʪʠʯʥʠʭ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʇʂ) ʃɯʈɸ-

ʉɸʇʈ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʄʉɽ) ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʦʩʢʠʭ ʩʢʽʥʯʝʥ-

ʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʉɽ). ɺ ʨʦʙʦʪʽ ʜʦʚʝʜʝʥʦ, ʱʦ 

ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʝʣʝʤʝʥʪʽʚ ʧʨʷʤʦ-

ʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ ʘʨʤʦ-

ʚʘʥʠʭ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ ʨʝʢʦʤʝʥʜʫ-

ʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦ-

ʜʠʢʦʶ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʪʦʚʱʠʥʫ ʽ 

ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ʟ ʷʢʠʭ 

ʩʢʣʘʜʘʻʪʴʩʷ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʝʣʝʤʝʥʪʫ. 

ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʞʣʠʚʝ ʩʪʝʨʞʥʝʚʠʤʠ ʝʣʝʤʝʥ-

ʪʘʤʠ ʟ ʥʘʜʘʥʥʷʤ ʾʭʤ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʜʫʣʷ 

ʧʨʫʞʥʦʩʪʽ, ʱʦ ʩʫʪʻʚʦ ʩʧʨʦʱʫʻ ʨʦʟʨʘʭʫʥʦʢ 

ʩʢʣʘʜʥʠʭ ʩʪʝʨʞʥʝʚʠʭ ʩʠʩʪʝʤ. 

 

 

 

ʈʠʩ.2. ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʝʣʝʤʝʥʪʫ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ, 

ʘʨʤʦʚʘʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ ʚ ʥʠʞʥʽʡ ʟʦʥʽ 

[6]. 

Fig.2. Cross section of glued laminated timber element 

reinforced with composite reinforcement in the lower 

zone [6]. 

  

2. ʈʦʙʦʪʠ ʧʨʦ ʧʽʜʩʠʣʝʥʥʷ ʢʦʤʧʦʟʠʪ-
ʥʠʤʠ ʩʪʨʽʯʢʘʤʠ  ʽʥʰʠʭ ʢʦʩʪʨʫʢʮʽʡ:  

 

¶ ʇʽʜʨʫʯʥʠʢ ʐʠʣʠʥ ɸ.ɸ., ʇʰʝʥʠʯʥʳʡ 
ɺ.ɸ. ʂʘʨʪʫʟʦʚ ɼ.ɺ. çɺʥʝʰʥʝʝ ʘʨʤʠʨʦʚʘʥʠʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʤʧʦʟʠ-

ʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠè [7]  ʇʽʜʨʫʯʥʠʢ ʧʦ 

ʧʽʜʩʠʣʝʥʥʶ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʢʦʤʧʦʟʠʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ɺ ʥʴʦʤʫ ʚʠ-

ʢʣʘʜʝʥʽ ʦʩʥʦʚʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʟʦʚʥʽʰʥʴʦʛʦ ʘʨʤʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʩʫʯʘʩʥʠʤʠ ʢʦʤʧʦʟʠʪʥʠʤʠ ʤʘ-

ʪʝʨʽʘʣʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʚʦʜʥʠʭ, ʘʨʘʤʽʜ-

ʥʠʭ ʪʘ ʩʢʣʦʚʦʣʦʢʦʥ. ɺʠʢʣʘʜʝʥʽ ʦʩʥʦʚʥʽ ʧʦ-

ʣʦʞʝʥʥʷ ʧʦ ʧʨʦʝʢʪʫʚʘʥʥʶ ʧʽʜʩʠʣʝʥʥʷ ʟʛʠ-

ʥʘʣʴʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ 

ʧʝʨʰʦʶ ʪʘ ʜʨʫʛʦʶ ʛʨʫʧʘʤʠ ʛʨʘʥʠʯʥʠʭ ʩʪʘ-

ʥʽ. ʇʨʠʚʝʜʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʩʠʣʝʥʥʷ ʟʘʣʽ-
ʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʤʧʦʟʠʪʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʈʦʟʛʣʷʥʫʪʽ 

ʧʠʪʘʥʥʷ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʚʠʤʦʛʠ ʜʦ 

ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ 

ʨʦʙʽʪ ʧʦ ʧʽʜʩʠʣʝʥʥʶ, ʘ ʪʘʢʦʞ ʚʠʤʦʛʠ ʧʦ 

ʦʙʦʚôʷʟʢʦʚʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʜʩʠʣʝʥʦʾ ʢʦʥ-

ʩʪʨʫʢʮʽʾ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʦʩʚʽʜ ʨʦʙʦʪʠ 

ɿɸʆ çʊʨʠʘʜʘ-ʍʦʣʜʠʥʛè ʧʦ ʧʽʜʩʠʣʝʥʥʶ ʟʘ-

ʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʤʧʦʟʠʪʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ. ʇʦʩʽʙʥʠʢ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʧʨʦʝʢʪ-

ʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʷʢʽ 

ʟʘʡʤʘʶʪʴʩʷ ʧʠʪʘʥʥʷʤʠ ʨʝʤʦʥʪʫ ʪʘ ʨʝʢʦʥʩ-

ʪʨʫʢʮʽʾ ʨʽʟʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ .  

¶  ʉʪʘʪʪʷ ɿʷʪʶʢ ʖ. ʖ. ʆʧʝʨʘʮʽʡʥʽʩʪʴ 
ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʨʠ ʧʽʜʩʠʣʝʥʥʽ 

ʜʦʩʣʽʜʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʟʨʘʟʢʽʚ (ʤʘʪʝʨʽʘ-

ʣʘʤʠ ʬʽʨʤʠ Sika). [8] ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʥʘʚʝʜʝ-

ʥʦ ʪʝʭʥʦʣʦʛʽʶ ʧʽʜʩʠʣʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʙʘʣʦʢ ʥʘʢʣʝʶʚʘʥʥʷʤ ʢʦʤʧʦʟʠʪʽʚ ʟ ʚʫʛʣʝʮʝ-

ʚʠʭ ʚʦʣʦʢʦʥ ʚ  ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʝʣʝʤʝʥʪʫ  

¶ ʉʪʘʪʪʷ ʆ.ɺ. ʇʘʥʯʝʥʢʦ, ʆ.ɼ. ɾʫʨʘʚ-
ʩʴʢʠʡ, çʆʮʽʥʢʘ ʤʽʮʥʦʩʪʽ ʟʘʢʨʽʧʣʝʥʥʷ ʽ ʦʙ-

ʛʨʫʥʪʫʚʘʥʥʷ ʩʧʦʩʦʙʫ ʥʘʢʣʝʶʚʘʥʥʷ ʪʘ ʘʥʢʝ-

ʨʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʥʦʾ ʩʪʨʽʯʢʠ ʥʘ ʙʝʪʦʥè [9]. 
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ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʽʮʥʦʩʪʽ ʟʘʢʨʽʧʣʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʩʪʨʽʯʢʠ ʥʘ ʙʝʪʦʥ ʧʨʠ ʩʪʘʪʠ-

ʯʥʠʭ ʪʘ ʮʠʢʣʽʯʥʠʭ ʨʦʟʪʷʛʫʶʯʠʭ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷʭ.  

3. ʈʦʙʦʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʦʟʠʪ-
ʥʠʭ ʩʪʨʽʯʦʢ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝ-

ʚʠʥʠ: 

¶ ʉʪʘʪʪʷ ɹʘʰʠʥʩʴʢʠʡ ʆ.ɯ., ɹʦʥʜʘʨʯʫʢ 
ʊ.ɹ., ʇʝʣʝʰʢʦ ʄ.ɿ. çʅʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʪʘ 

ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ ʜʝʨʝʚôʷʥʠʭ ʙʘʣʦʢ ʘʨʤʦʚʘʥʠʭ 

ʟʦʚʥʽʰʥʴʦʶ ʩʪʨʽʯʢʦʚʦʶ ʘʨʤʘʪʫʨʦʶè [10] 
ʉʪʘʪʪʷ ʘʚʪʦʨʽʚ ʚʠʩʚʽʪʣʶʻ ʧʠʪʘʥʥʷʤ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʪʘ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʘʨʤʦʚʘʥʠʭ ʜʝ-

ʨʝʚôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʘʨʤʫʚʘʥʥʷ ʤʝʪʘʣʝʚʦʶ ʩʪʨʽʯʢʦʚʦʶ ʘʨʤʘʪʫ-

ʨʦʶ ʜʝʨʝʚôʷʥʠʭ ʙʘʣʦʢ ʜʘʻ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ 

ʤʘʡʞʝ ʚ ʜʚʘ ʨʘʟʠ ʾʭʥʶ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʪʨʠ ʤʝʪʦʜʠ ʧʽʜʩʠʣʝʥʥʷ ʙʘʣʢʠ 

ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ ʤʝʪʘʣʝʚʦʶ ʩʪʨʽʯʢʦʚʦʶ 

ʘʨʤʘʪʫʨʦʶ, ʘ ʩʘʤʝ: ʙʘʣʢʘ ʘʨʤʦʚʘʥʘ ʤʝʪʘʣʝ-

ʚʦʶ ʧʦʣʦʩʦʶ 40ʭ4ʤʤ, ʟôʻʜʥʘʥʥʷ ʷʢʦʾ ʚʠʢʦ-

ʥʫʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦ ʝʧʦʢʩʠʜʥʦʛʦ ʢʣʝʶ 

(ʨʠʩ.3.), ʙʘʣʢʘ ʘʨʤʦʚʘʥʘ ʤʝʪʘʣʝʚʦʶ ʩʤʫʛʦʶ 

40ʭ4 ʤʤ, ʧʦʩʪʘʚʣʝʥʦʶ ʥʘ ʨʝʙʨʦ, ʟôʻʜʥʘʥʥʷ 

ʷʢʦʾ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦ ʝʧʦʢʩʠʜʥʦʛʦ 

ʢʣʝʶ (ʨʠʩ.3ʘ.) ʪʘ ʙʘʣʢʘ ʘʨʤʦʚʘʥʘ ʤʝʪʘʣʝʚʦʶ 

ʩʤʫʛʦʶ 40ʭ4ʤʤ, ʧʨʠʻʜʥʘʥʥʷ ʷʢʦʾ ʚʠʢʦʥʫ-

ʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʘʤʦʥʘʨʽʟʽʚ (ʨʠʩ.2.).  

¶  

 

ʈʠʩ.3. ʉʭʝʤʘ ʘʨʤʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ʩʝʨʽʾ II ʪʘ IV. [10] 

Fig.3. Scheme of reinforcement of prototypes of 

series II and IV. [10] 

 

 

ʈʠʩ.3ʘ. ʉʭʝʤʘ ʘʨʤʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ʩʝʨʽʾ III. [10] 

Fig.3ʘ. Scheme of reinforcement of prototypes 

of series III. [10] 

 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʘʨʤʫʚʘʥʥʷ 

ʜʝʨʝʚôʷʥʠʭ ʙʘʣʦʢ ʩʪʨʽʯʢʦʚʦʶ ʘʨʤʘʪʫʨʦʶ 

ʚʠʷʚʠʚʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʾ ʚʝʨʪʠʢʘʣʴʥʦ ʚ 

ʧʣʦʱʠʥʽ ʜʽʾ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ. ʊʘʢʦʞ 

ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯ-

ʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʤʝʪʦʜʠʢʦʶ ʟʘʧʨʦʧʦʥʦ-

ʚʘʥʦʶ ʂʣʠʤʝʥʢʦʤ ɺ.ɿ. ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʑʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜ-

ʚʠʱʝʥʥʷ ʤʝʞʽ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʜʝʨʝʚôʷʥʠʭ 

ʙʘʣʦʢ, ʘʨʤʦʚʘʥʠʭ ʟʦʚʥʽʰʥʴʦʶ ʩʪʨʽʯʢʦʚʦʶ 

ʘʨʤʘʪʫʨʦʶ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʦʛ-

ʥʝʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ɽʥʜʦʪʝʨʤ ʍʊ 150.); 

¶ ʉʪʘʪʪʷ ɻʦʤʦʥ ʉ., ʇʦʣʽʱʫʢ ʄ., 
çɺʣʘʰʪʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʘʨʤʫʚʘʥʥʷ 

ʙʘʣʦʢ ʽʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠè [11]. ɸʚʪʦʨʠ 
ʩʪʘʪʪʽ ʩʪʘʚʠʣʠ ʧʝʨʝʜ ʩʦʙʦʶ ʟʘʚʜʘʥʥʷ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦ-

ʪʦʚʣʝʥʥʷ ʢʣʝʻʥʠʭ ʜʝʨʝʚôʷʥʠʭ ʙʘʣʦʢ ʘʨʤʦ-

ʚʘʥʠʭ ʩʪʝʨʞʥʝʚʦʶ ʘʨʤʘʪʫʨʦʶ ʪʘ ʢʦʤʧʦʟʠʪ-

ʥʠʤʠ ʩʪʨʽʯʢʘʤʠ (ʈʠʩ.4). ʈʦʙʦʪʫ ʚʠʢʦʥʫʚʘʣʠ 

ʟ ʜʝʨʝʚôʷʥʦʶ ʙʘʣʢʦʶ ʘʨʤʦʚʘʥʦʶ ʜʚʦʤʘ 

ʩʪʝʨʞʥʷʤʠ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʬʽʣʶ Ï12 ʤʤ 

ɸ500ʉ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʩʪʠʩʥʫʪʽʡ ʟʦʥʽ ʚ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʘʟʘʭ, ʪʘ ʢʦʤʧʦʟʠʪʥʦʶ ʚʫʛʣʝʧ-

ʣʘʩʪʠʢʦʚʦʶ ʩʪʨʽʯʢʦʶ ʬʽʨʤʠ Sika CarboDur 

S-512   ʥʘʢʣʝʻʥʦʶ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʥʘ 

ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʡ ʢʣʝʡ Sikadur-30 ʪʘ ʟʘʘʥ-

ʢʝʨʦʚʘʥʦʶ ʥʘ ʦʧʦʨʥʠʭ ʜʽʣʷʥʢʘʭ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʧʦʣʦʪʥʘ ʟ ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ 

SikaWrap-230ʉ ʥʘ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʤʫ ʢʣʝʶ 

Sikadur-330 ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʚʽʜʨʠʚʫ ʩʪʨʽʯʢʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. ɼʝ-

ʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʝʪʘʧʠ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʣʝ-

ʾʚ, ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʧʨʠʢʣʝʶʚʘʥʥʷ ʧʦʣʦʪʥʘ ʽ 
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ʩʪʨʽʯʢʠ. ɼʣʷ ʬʽʢʩʘʮʽʾ ʨʝʟʫʣʴʪʘʪʫ, ʧʽʩʣʷ ʚʠ-

ʛʦʪʦʚʣʝʥʥʷ ʘʨʤʦʚʘʥʦʾ ʙʘʣʢʠ ʥʘ ʥʝʾ ʟʘʢʨʽʧ-

ʣʶʚʘʣʠ ʪʝʥʟʦʜʘʪʯʠʢʠ ʚ ʟʦʥʽ ʯʠʩʪʦʛʦ ʟʛʠʥʫ. 

ʊʘʢʦʞ ʚʢʘʟʘʥʽ ʪʘʙʣʠʮʽ ʟ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʣʝʾʚ, ʧʦ-

ʣʦʪʥʘ ʪʘ ʩʪʨʽʯʢʠ. ɸʚʪʦʨʠ ʟʨʦʙʠʣʠ ʚʠʩʥʦʚʢʠ, 

ʱʦ ʢʦʤʧʦʟʠʪʥʘ ʘʨʤʘʪʫʨʘ Sika CarboDur ʻ 

ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʟʙʽʣʴʰʠʪʠ 

ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʜʝʨʝʚôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʪʘ ʨʝʢʦʤʝʥʜʫʚʘʣʠ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʟʠ-

ʪʠʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʦʪʨʽʙʥʦ ʜʦʪʨʠʤʫʚʘ-

ʪʠʩʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʚʠʢʦʥʫʚʘʪʠ 

ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʧʽʜʛʦʪʦʚʢʠ ʤʘʪʝʨʽʘʣʽʚ. 

 
ʈʠʩ.4. ʉʭʝʤʘ ʘʨʤʫʚʘʥʥʷ ʜʝʨʝʚôʷʥʦʾ ʢʣʝʻʥʦʾ ʙʘʣʢʠ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ ʬʽʨʤʠ Sika [11]. 

Fig.4. Scheme of reinforcement of a wooden glued beam with composite reinforcement of Sika firm 

[11]. 

4. ʅʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ : 

 

¶ ʋ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʋʢʨʘʾʥʠ 

ɼʉʊʋ-ɹ.ɺ.2.6-217-2016 [12] ʪʘ ɼɹʅ ɺ.2.6-

161:2017 [13] ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʨʦʟʨʘʭʫʥ-
ʢʫ ʯʠ ʽʥʰʠʡ, ʙʫʜʴ ʷʢʠʡ, ʽʥʞʝʥʝʨʥʠʡ ʧʽʜʭʽʜ 

ʜʦ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ, ʘʨʤʦʚʘ-

ʥʠʭ ʢʦʤʧʦʟʠʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʚʽʜʩʫʪʥʽʡ. 

¶ ʄʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ/ʪʝʩʪʠ ʩʪʨʽʯʦʢ 

ʟ ʚʫʛʣʝʚʦʜʥʠʭ ʚʦʣʦʢʦʥ ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ ʟʘʣʽ-

ʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ï ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ 

ʩʠʩʪʝʤ Sika CarboDur: 

ʌʨʘʥʮʽʷ: CSTB - Avis Technique 3/10-

669, SIKA CARBODUR SIKA WRAP. 

ʉʣʦʚʘʢʽʷ: TSUS, Building Testing and 

research institutes,Technical Approval TO-

09/0080, 2009: Syst®my dodatoļn®ho 

zosilŔovania konġtrukci² Sika CarboDurÈ a 
SikaWrapÈ (Slovak). 

ʇʦʣʴʱʘ: Technical Approval ITB AT-

15-5604/2011: Zestaw wyrob·w SikaÈ 

CarboDurÈ do wzmacniania i napraw 

konstrukcji betonowych (Polish). 

ʇʦʣʴʱʘ: Technical Approval IBDiM Nr 

AT/2008-03-0336/1 ĂPğaskowniki. prňty, 

ksztağtki i maty kompozytowe do wzmacniania 

betonu o nazwie handlowej: Zestaw 

materiağ·w SikaÈ CarboDurÈ do 

wzmacniania konstrukcji obiekt·w mostowych 

(Polish). 

Fib, Technical Report, bulletin 14: 

Externally bonded FRP reinforcement for RC 

structures, ʠʶʣʴ 2001 (ɯʥʪʝʨʥʘʮʽʦʥʘʣʴʥʽ). 

ʉʐɸ: ACI 440.2R-08, Guide for the 

Design and construction of Externally Bonded 

FRP Systems for strengthening concrete 

structures, ʠʶʣʴ 2008, (USA). 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ: Concrete Society 

Technical Report No. 55, Design guidance for 

strengthening concrete structures using fibre 

composite material, 2000 (UK). 

ʐʚʝʡʮʘʨʽʷ: SIA 166, Klebebeweh-

rungen, 2003 /2004 (CH). 

ɯʪʘʣʽʷ: CNR-DT 200/2004 - Guide for 

the Design and Construction of Externally 

Bonded FRP Systems for Strengthening 

Existing Structures. 

 

ɺʀʉʅʆɺʂʀ ɯ ʇɽʈʉʇɽʂʊʀɺʀ 

ʇʆɼɸʃʔʐʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

ʇʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʚ ʩʬʝʨʽ ʘʨ-

ʤʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ, 

ʽʥʰʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜʩʠʣʝʥʠʭ ʥʦʚʽʪʥʽʤʠ 

ʢʦʤʧʦʟʠʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʥʝʚʝʣʠʢʠʡ 
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ʜʦʩʚʽʜ ʧʽʜʩʠʣʝʥʥʷ ʢʦʤʧʦʟʠʪʥʠʤʠ ʤʘʪʝʨʽʘ-

ʣʘʤʠ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ, ʤʦʞ-

ʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ 

ʜʦʧʦʤʦʞʝ ʚ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʠʪʠ ʤʝʞʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʥʝ ʪʽʣʴʢʠ 

ʂʂɼ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʷʢ ʙʘʣʢʠ, ʘ ʽ 

ʽʥʰʠʭ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʨʘʤ, 

ʘʨʦʢ ʪʦʱʦ) ʪʘ ʧʘʥʝʣʝʡ ʟ ʇʂɼ (ʨʠʩ. 5, ʨʠʩ. 

6),. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʚʽʪʯʠʟʥʷʥʠʭ ʥʦʨʤʘʭ 

[12, 13] ʚʽʜʩʫʪʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʚʢʘʟʽʚʢʠ ʧʦ 

ʚʠʢʦʨʠʩʪʘʥʥʶ, ʙʫʜʴ ʷʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʢʣʝʻʥʦʾ ʪʘ ʧʦʧʝʨʝʯʥʦ-ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ ʘʨ-

ʤʦʚʘʥʠʭ ʢʦʤʧʦʟʠʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʮʝ 

ʧʠʪʘʥʥʷ ʟʘʩʣʫʛʦʚʫʻ ʥʘ ʫʚʘʛʫ ʪʘ ʷʢʥʘʡʰʚʠ-

ʜʰʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ Sika, ʨʽʟʥʠʭ ʢʨʘʾʥ 

ʻ ʪʝʭʥʽʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʧʦ ʾʭʥʴʦʤʫ ʚʠʢʦ-

ʨʠʩʪʘʥʥʶ ʪʽʣʴʢʠ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ, ʭʦʯʘ ʽ ʧʨʦʧʠʩʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʜʣʷ ʢʦʥʩʪʨʫʢ-

ʮʽʡ ʟ ʜʝʨʝʚʠʥʠ. ʇʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʽʥʞʝʥʝʨ-

ʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʧʨʘʢʪʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ʢʦʤʧʦʟʠʪ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʂɼ ʪʘ ʇʂɼ ʻ ʜʦʩʠʪʴ ʘʢʪʫʘ-

ʣʴʥʠʤ ʽ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʾʭ ʥʘʜʽʡʥʦ-

ʩʪʽ ʪʘ ʨʦʟʰʠʨʠʪʴ ʜʽʘʧʘʟʦʥ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠ ʟʚʝʜʝʥʥʽ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʨʽʟʥʦʤʘʥʽʪ-

ʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

 

ʈʠʩ.5. ʇʘʥʝʣʽ ʟ ʧʦʧʝʨʝʯʥʦ-ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ ʘʨʤʦʚʘʥʽ 

ʢʦʤʧʦʟʠʪʥʠʤʠ ʩʪʨʽʯʢʘʤʠ [14]. 

Fig.5. Panels from cross-laminated timber are reinforced 

with composite tapes[14]. 

 

 

 
ʈʠʩ. 6. ʇʘʥʝʣʽ ʟ ʧʦʧʝʨʝʯʥʦ-ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ ʘʨʤʦʚʘʥʽ ʥʝʥʘʧʨʫʞʝʥʦʶ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ 

ʚʢʣʘʜʝʥʦʶ ʚ ʩʧʝʮʽʘʣʴʥʽ ʧʘʟʠ ʜʦʰʦʢ ʟʦʚʥʽʰʥʽʭ ʰʘʨʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʩʪʠʩʢ ʟʽ ʟʛʠʥʦʤ 

[15]. 

Fig. 6. Panels from cross-laminated timber are reinforced by unstressed composite armature enclosed 

in special grooves of the boards of the external layers working on compression with a bend 

[15]. 
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REINFORCEMENT OF COMPOSITE 

WOODEN STRUCTURES MATERIALS, 

CONDITION AND PROSPECTS 

 

Denis MYKHAYLOVSKYI,  

Mykola KOMAR 

 
Summary. Today, there is a growing need in 

the construction industry for the introduction of 

ecological urban space and the use of materials 

from renewable natural resources, one of such 

building materials from ancient times was wood. 

Temples, castles, houses, bridges and other struc-

tures have been erected all over the world since 

ancient times with the help of wooden structures. 

A large number of buildings and structures made 

of wood have been operating successfully for 300-

400 years and are vivid examples of the durability 

of these structures. Nowadays, wooden construc-

tion is developing rapidly with the development of 

new technologies. After all, new woodworking 

technologies allow obtaining a spliced array of 

wood, which solves many different issues of wood 

as a structural material. Recently, the construction 

of glued timber (GT), which is often used to cover 

large spans (more than 100 m) and the construction 

of cross-laminated timber (CLT) or CLT (cross 

laminated timber), which are often from an odd 

number of layers of boards with their mutually 

perpendicular arrangement in adjacent layers. Pan-

els used in panel and panel-frame construction of 

buildings of various complexity of architectural 

form and number of storeys are made of CLT. In 

works [1-3] studies of efficiency and CLT and 

methods of their calculation are described in more 

detail. However, some building requirements, such 

as the conditions for limiting the building height, 

when the use of relatively large cross-sections of 

plywood constructions, calculated in compliance 

with the requirements of the boundary conditions, 

is not possible. Therefore, the search and study of 

modified efficiencies, including reinforced ones, to 

increase the bearing capacity while reducing their 

cross section is becoming increasingly important. 

This publication is devoted to the review of the 

conducted researches reinforced and reinforced 

with composite materials of various efficiencies. 

 

Keywords. Glued timber; laminated timber 

constructions; reinforcement; strengthening; arma-

ture; composite armature; composite tapes. 
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ɸʥʦʪʘʮʽʷ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʫ ʧʝʨʰʫ 

ʯʝʨʛʫ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʜʦʙʦʚʠʤʠ ʪʘ ʩʝʟʦʥʥʠʤʠ 

ʟʤʽʥʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦ-

ʚʠʱʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ ʯʠ ʩʧʦʨʫʜʠ. 

ɿʦʚʥʽʰʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʬʘʢʪʦʨʠ ʤʦʞʫʪʴ ʜʽʷʪʠ ʽ 

ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʧʝʚʥʠʤ (ʧʽʜʚʠʱʝʥʠʤ) ʪʝʧʣʦʚʠʤ 

ʨʝʞʠʤʦʤ ʪʘ ʽʥʰʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ 

ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʦʙôʻʢʪʫ . ʅʘʡʩʧʨʠʷʪʣʠʚʽʰʽ ʫʤʦʚʠ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ ʩʢʣʘʜʘʶʪʴʩʷ 

ʧʨʠ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʧʣʠʚʽ ʥʘ 

ʥʠʭ, ʚ ʫʤʦʚʘʭ ʩʪʘʣʦʛʦ ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʢʦʣʠ ʚʦʥʠ ʪʨʠʚʘʣʠʡ ʯʘʩ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʚʽʜʥʦʩ-

ʥʦ ʥʝʟʤʽʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚʘʭ. 

ʆʧʠʩʘʥʽ ʥʶʘʥʩʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʙʫʜʽʚʣʽ ʽ 

ʩʧʦʨʫʜʠ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʾʭ ʨʦʟʨʘʭʫʥʢʫ. 

ʅʘ ʧʨʠʢʣʘʜʽ ʧôʷʪʠʧʦʚʝʨʭʦʚʦʾ ʨʘʤʠ ʧʦʢʘʟʘʥʘ 

ʨʽʟʥʠʮʷ ʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ ʧʨʠ 

ʨʽʟʥʦʤʫ ʩʧʦʩʦʙʽ ʟʘʚʜʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʚʘ-

ʥʪʘʞʝʥʥʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ. 

ʅʘʚʝʜʝʥʠʡ ʚʘʨʽʘʥʪ ʷʢ ʤʦʞʥʘ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʠʤʠ ʟʘʭʦʜʘʤʠ ʥʽʚʝʣʶʚʘʪʠ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨ-

ʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʘʨʢʘʩ ʙʫʜʽʚʣʽ (ʤʽʥʽʤʽʟʫ-

ʚʘʪʠ ʨʽʟʥʠʮʶ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʦʶ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟôʻʜʥʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ), ʥʘ-

ʧʨʠʢʣʘʜ, ʟʘ ʨʘʭʫʥʦʢ ʢʽʥʮʝʚʦʛʦ ʟʘʤʦʥʦʣʽʯʫʚʘʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʰʚʽʚ ʧʽʩʣʷ ʟʚʝʜʝʥʥʷ ʚʩʴʦʛʦ ʢʘʨ-

ʢʘʩʫ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʽʭ ʢʦʥʩʪʨʫʢ-

ʮʽʡ ʪʘ ʩʝʨʝʜʦʚʠʱʘ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʊʝʤʧʝʨʘʪʫʨʥʽ ʚʧʣʠʚʠ; ʩʝʨʝ-

ʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ; ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʧʝ-

ʨʝʨʽʟʫ ʝʣʝʤʝʥʪʘ; ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʤʠʢʘʥʥʷ ʢʦʥʩ-

ʪʨʫʢʮʽʾ. 

 

 

 

 

 

 

ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ 

 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʫʜʽʚʝʣʴ 

ʪʘ ʩʧʦʨʫʜ ʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ (ʽ ʥʝ ʪʽʣʴʢʠ) 

ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʚʨʘʭʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫ-

ʨʥʠʭ ʚʧʣʠʚʽʚ, ʦʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʘ ʜʦʜʘʪʢʦ-

ʚʠʭ ʟʫʩʠʣʴ, ʱʦ ʚʠʢʣʠʢʘʥʘ ʪʘʢʠʤʠ ʚʧʣʠʚʘ-

ʤʠ, ʽʥʦʜʽ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʩʫʪʪʻʚʦʶ [3]. 

ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʪʘʢʠʭ ʙʫʜʽʚʝʣʴ ʽ 

ʩʧʦʨʫʜ ʪʨʠʚʘʣʽʩʪʴ ʙʫʜʽʚʥʠʮʪʚʘ ʷʢʠʭ ʪʨʠʚʘʻ 

ʤʽʩʷʮʷʤʠ ʽ ʥʘʚʽʪʴ ʨʦʢʘʤʠ [4-5, 16]. 

ɺ ʜʘʥʠʡ ʯʘʩ ʥʦʨʤʘʪʠʚʥʽ ʢʣʽʤʘʪʠʯʥʽ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʢʣʽ-

ʤʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʨʝ-

ʛʽʦʥʘʣʴʥʠʤʠ ʢʘʨʪʘʤʠ ʢʣʽʤʘʪʠʯʥʦʛʦ ʨʘʡʦʥʫ-

ʚʘʥʥʷ ʘʙʦ ʟʘ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʤʝʪʝʦʩ-

ʪʘʥʮʽʡ [2, 11-13, 15]. 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʫʩʠʣʣʷ ʚʠʥʠʢʘʶʪʴ ʣʠʰʝ ʫ 

ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ [7-8]. 

ɼʣʷ ʩʠʩʪʝʤ ʟ ʦʜʥʦʶ ʟʘʡʚʦʶ ʚôʷʟʟʶ ʮʽ ʟʫ-

ʩʠʣʣʷ ʚʠʥʠʢʥʫʪʴ ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʥʩ-

ʪʨʫʢʮʽʾ ʥʘ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʫ (ʧʽʩʣʷ ʟʘ-

ʤʠʢʘʥʥʷ ʩʠʩʪʝʤʠ), ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʧʝʚ-

ʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 0t (ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʤʠʢʘʥʥʷ 

ʩʠʩʪʝʤʠ). ʊʦʜʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʚʧʣʠʚʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʽʩʣʷ ʟʘʤʠʢʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʟʥʠʮʝʶ ʤʽʞ ʝʢʩʪʨʝʤʘʣʴʥʠ-

 

 
 
ʃʝʦʥʽʜ ʉʂʆʈʋʂ 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ  
ʪʘ ʢʘʤôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ. 
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ʆʜʥʘʢ ʙʽʣʴʰʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜʥʦʩʷʪʴ-

ʩʷ ʜʦ ʩʠʩʪʝʤ ʟ ʜʝʢʽʣʴʢʦʤʘ ʟʘʡʚʠʤʠ ʟʚ'ʷʟʢʘ-

ʤʠ, ʟʘʤʠʢʘʥʥʷ ʷʢʠʭ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʫ ʯʘʩʽ 

[6]. ɼʣʷ ʢʦʥʩʪʨʫʢʮʽʡ ʮʴʦʛʦ ʪʠʧʫ ʥʝʤʘʻ ʪʝʤ-

ʧʝʨʘʪʫʨʠ ʟʘʤʠʢʘʥʥʷ, ʚʠʨʘʞʝʥʦʾ ʙʫʜʴ-ʷʢʠʤ 

ʦʜʥʠʤ ʯʠʩʣʦʤ, ʷʢʽʡ ʙʠ ʚʽʜʧʦʚʽʜʘʣʠ ʥʫʣʴʦʚʽ 

ʧʦʯʘʪʢʦʚʽ ʟʫʩʠʣʣʷ. ɺʞʝ ʚ ʧʨʦʮʝʩʽ ʤʦʥʪʘʞʫ 

ʚʠʥʠʢʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʟʫ-

ʩʠʣʣʷ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʫʤʦʚ, ʪʘʢ ʽ ʚʽʜ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʦʥʪʘʞʫ [10, 

14]. ʍʘʨʘʢʪʝʨʥʠʡ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʫʪʦ ʫ 

ʨʦʙʦʪʽ [9]. 

ʆʩʢʽʣʴʢʠ ʧʦʯʘʪʢʦʚʽ ʟʫʩʠʣʣʷ, ʱʦ ʚʠʥʠʢʘ-

ʶʪʴ ʫ ʧʨʦʮʝʩʽ ʤʦʥʪʘʞʫ, ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ 

ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ, ʥʽʞ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʫʩʠʣʣʷ 

ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʟʘʤʠʢʘʥʥʷ ʩʠʩʪʝʤʠ, ʽ ʦʩʢʽʣʴ-

ʢʠ ʧʨʠ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʦʤʫ ʧʨʦʮʝʩʽ ʟʘʤʠ-

ʢʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʛʣʘʜʞʫʚʘʥʥʷ ʢʦʨʦʪʢʦ-

ʯʘʩʥʠʭ ʩʧʣʝʩʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦ ʜʦʧʫʩʪʠʤʦ 

ʥʘʙʣʠʞʝʥʦ ʧʨʠʡʤʘʪʠ ʚ ʷʢʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʘʤʠʢʘʥʥʷ ʜʝʷʢʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʻ ʩʝʨʝʜʥʽʤ ʟʘ 

ʧʝʨʽʦʜ ʙʫʜʽʚʥʠʮʪʚʘ. ʅʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʩʧʦʨʫʜʠ ʬʘʢʪʠʯʥʘ ʪʨʠʚʘʣʽʩʪʴ ʟʚʝʜʝʥʥʷ ʪʘ 

ʫʤʦʚʠ ʡʦʛʦ ʟʘʤʠʢʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʚʽʜʦ-

ʤʽ, ʪʦʤʫ ʚ ʷʢʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʽʥʮʷ ʟʘʤʠʢʘʥʥʷ ʯʘʩʪʦ ʧʨʠʡʤʘʶʪʴ ʩʝʨʝʜ-

ʥʴʦʨʽʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ. 

ʅʦʨʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ [1] ʨʝʢʦʤʝʥʜʫʶʪʴ 

ʚʠʟʥʘʯʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜ-

ʥʽʭ ʧʦ ʧʝʨʝʨʽʟʫ ʝʣʝʤʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ ʫ ʪʝʧ-

ʣʫ ʽ ʭʦʣʦʜʥʫ ʧʦʨʫ ʨʦʢʫ, ʘ ʪʘʢʦʞ ʟʤʽʥʫ ʾʭ ʫ 

ʯʘʩʽ. 

 

ʆʉʅʆɺʅɽ ɼʆʉʃɯɼɾɽʅʅʗ 

 

ɿʘʟʚʠʯʘʡ ʫ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʨʦʟʨʘʭʫʥʦʢ 

ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʩʫʯʘʩʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʦ-

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʫ ʷʢʠʭ, ʷʢ ʧʨʘʚʠ-

ʣʦ, ʻ ʧʝʚʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʟʘʚʜʘʥʥʷ ʪʝʤ-

ʧʝʨʘʪʫʨʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʚʧʣʠʚʽʚ. ʆʜʥʘʢ, 

ʟʘʚʯʘʩʥʦ ʧʦʪʨʽʙʥʦ ʦʙʨʘʭʫʚʘʪʠ ʟʘʟʥʘʯʝʥʽ 

ʚʠʱʝ ʚʠʭʽʜʥʽ ʜʘʥʽ ʟʛʽʜʥʦ ʥʦʨʤ. ʇʨʠ ʮʴʦʤʫ 

ʜʦʩʠʪʴ ʪʦʥʢʠʤ ʤʦʤʝʥʪʦʤ ʩʪʘʻ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʤʠʢʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʫ ʧʨʦ-

ʛʨʘʤʽ ʧʦʪʨʽʙʥʦ ʟʘʜʘʚʘʪʠ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʤʠʢʘʥʥʷ. 

ʊʘ ʥʘʚʽʪʴ ʚʠʟʥʘʯʠʚʰʠ ʧʦʧʝʨʝʜʥʴʦ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ ï ʧʨʠ ʟʘʜʘʥʥʽ ʮʠʭ 

ʜʘʥʠʭ ʫ ʧʨʦʛʨʘʤʽ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʪʝ ʥʘ 

ʷʢʽ ʝʣʝʤʝʥʪʠ ʽ ʷʢʠʤ ʩʘʤʝ ʯʠʥʦʤ ʧʦʪʨʽʙʥʦ 

ʟʘʜʘʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʦʤʫ 

ʱʦ ʚʽʜ ʮʴʦʛʦ ʟʘʣʝʞʠʪʴ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠ-

ʤʘʥʠʭ ʢʽʥʮʝʚʠʭ ʜʘʥʠʭ. 

ɿʦʢʨʝʤʘ, ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʪʘʢʠʭ ʤʽʩʮʴ, ʢʦʣʠ 

ʯʘʩʪʠʥʘ ʙʫʜʽʚʣʽ ʯʠ ʩʧʦʨʫʜʠ ʟʘʛʣʠʙʣʝʥʘ ʫ 

ʟʝʤʣʶ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʜʝʷʢʘ ʾʾ ʯʘʩʪʠʥʘ ʟʥʘ-

ʭʦʜʠʪʴʩʷ ʫ ʟʦʥʽ ʧʝʚʥʦʾ ʩʪʘʣʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʦʢʘʞʝʤʦ ʮʝ ʥʘ ʧʨʠʢʣʘʜʽ 

ʧôʷʪʠʧʦʚʝʨʭʦʚʦʾ ʨʘʤʠ, ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʷʢʦʾ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʟʝʤʣʝʶ ʪʘ ʤʝʥʰʝ ʟʘʟʥʘʻ 

ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦ-

ʚʠʱʘ, ʥʽʞ ʾʾ ʥʘʜʟʝʤʥʘ ʯʘʩʪʠʥʘ. 

ʊʘʢʦʞ ʧʨʠ ʟʘʚʜʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʣʝʤʝʥʪʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʩʭʝʤʠ ʧʦʪʨʽʙʥʦ ʨʦʟʫʤʽʪʠ, ʱʦ ʚ ʜʽʡʩʥʦʩʪʽ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʤʽʥʶʻʪʴʩʷ ʥʝ ʤʠʪʪʻʚʦ ʧʦ ʜʦ-

ʚʞʠʥʽ ʝʣʝʤʝʥʪʘ (ʱʦ ʽ ʧʦʪʨʽʙʥʦ ʚʽʜʦʙʨʘʟʠʪʠ 

ʫ ʩʭʝʤʽ), ʘ ʧʦʩʪʫʧʦʚʦ ï ʱʦ ʧʦʪʨʝʙʫʻ ʨʦʟ-

ʙʠʪʪʷ ʝʣʝʤʝʥʪʘ ʥʘ ʢʦʨʦʪʰʽ ʜʽʣʷʥʢʠ. 

ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʫ ʷʢʽʡ ʟʘʛʣʠʙʣʝʥʠʡ 

ʦʜʠʥ ʧʽʜʟʝʤʥʠʡ ʧʦʚʝʨʭ, ʜʣʷ ʷʢʦʛʦ ʧʨʠʡʤʝ-

ʤʦ ʩʪʘʣʫ ʪʝʤʧʝʨʘʪʫʨʫ ʫ ʪʝʧʣʫ ʽ ʭʦʣʦʜʥʫ 

ʧʦʨʫ ʨʦʢʫ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʚʝʣʠʯʠʥʠ ʟʤʽʥʫ ʪʝʤ-

ʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʤʠʢʘʥʥʷ. 

ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʜʣʷ ʧʦʨʽʚ-

ʥʷʥʥʷ ʫ ʨʘʤʽ ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʩʧʨʘʚʘ ʢʦʣʦʥʠ 

ʥʠʞʥʽʭ ʜʚʦʭ ʧʦʚʝʨʭʽʚ ʨʦʟʜʨʦʙʣʝʥʽ ʥʘ ʙʽʣʴ-

ʰʫ ʢʽʣʴʢʽʩʪʴ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʤʦ-

ʞʣʠʚʦʩʪʽ ʟʘʚʜʘʥʥʷ ʧʦʩʪʫʧʦʚʦʾ ʟʤʽʥʠ ʪʝʤʧʝ-

ʨʘʪʫʨʠ ʧʦ ʚʠʩʦʪʽ. 

ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʽ ʝʧʶʨʠ ʚʥʫʪʨʽʰʥʽʭ ʟʫ-

ʩʠʣʴ ʫ ʨʘʤʽ ʧʨʠ ʨʽʟʥʠʭ ʩʧʦʩʦʙʘʭ ʟʘʚʜʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʚʧʣʠʚʽʚ. ʗʢ ʚʠʜʥʦ ʟʘʣʝʞʥʦ 

ʚʽʜ ʮʴʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʭʘʨʘʢʪʝʨ ʪʘ ʟʥʘʢʦ-

ʟʤʽʥʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʟʫʩʠʣʴ, ʱʦ ʫ ʢʽʥʮʝʚʦʤʫ 

ʚʠʧʘʜʢʫ ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʛʠʥʠ, ʧʝʨʝ-

ʤʽʱʝʥʥʷ ʥʘ ʰʠʨʠʥʫ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʨʘʤʠ. 
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ʈʠʩ.1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʨʘʤʠ 

Fig.1. General view of the calculation scheme of the frame 
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ʈʠʩ.2. ɿʘʚʜʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʘ ī ʣʽʪʦ; ʙ ī ʟʠʤʘ 

Fig.2. Tasks of temperature loading: aī summer; b ī winter 
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ʈʠʩ.3. ɽʧʶʨʠ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ: ʘ ī ʣʽʪʦ; ʙ ī ʟʠʤʘ  

Fig.3. Diagrams of internal efforts: aī summer; b ī winter 

 

 
ʈʠʩ.4. ʈʦʟʙʠʪʪʷ ʙʫʜʽʚʣʽ ʥʘ ʦʢʨʝʤʽ ʙʣʦʢʠ ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʟʘʤʦʥʦʣʽʯʫʚʘʥʥʷʤ ʟʘʣʠʰʝʥʠʭ ʰʚʽʚ ʧʽʩʣʷ 

ʟʚʝʜʝʥʥʷ ʚʩʴʦʛʦ ʢʘʨʢʘʩʫ 

Fig.4. Dividing the building into separate blocks with the subsequent self-counting of the monolithic 

treatment seams after the construction of the entire frame 
 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ-

ʤʠʢʘʥʥʷ ʥʝ ʻ ʩʪʘʣʦʶ ʚʝʣʠʯʠʥʦʶ ʥʘ ʧʨʦʪʷʟʽ 

ʚʩʴʦʛʦ ʯʘʩʫ ʙʫʜʽʚʥʠʮʪʚʘ ʦʙôʻʢʪʫ. ʊʦʤʫ ʧʝʚ-

ʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʟʘʭʦʜʘʤʠ ʤʦʞʥʘ 

ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʥʘ ʢʘʨʢʘʩ ʙʫʜʽʚʣʽ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʨʘ-

ʭʫʥʦʢ ʢʽʥʮʝʚʦʛʦ ʟʘʤʦʥʦʣʽʯʫʚʘʥʥʷ ʜʝʬʦʨʤʘ-

ʮʽʡʥʠʭ ʰʚʽʚ ʧʽʩʣʷ ʟʚʝʜʝʥʥʷ ʚʩʴʦʛʦ ʢʘʨʢʘʩʫ 

ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʽʭ ʢʦʥʩʪʨʫʢ-

ʮʽʡ ʪʘ ʩʝʨʝʜʦʚʠʱʘ (ʨʠʩ. 4). ɯʜʝʷ ʧʦʣʷʛʘʻ ʫ 

ʪʦʤʫ, ʱʦ ʧʽʜ ʯʘʩ ʙʫʜʽʚʥʠʮʪʚʘ ʙʫʜʽʚʣʷ ʨʦʟ-

ʙʠʚʘʻʪʴʩʷ ʥʘ ʧʝʚʥʽ ʦʢʨʝʤʽ ʙʣʦʢʠ ʟ ʨʦʟʨʠʚʘ-

ʤʠ ʙʝʪʦʥʫʚʘʥʥʷ ʧʦ ʧʣʠʪʘʭ ʧʝʨʝʢʨʠʪʪʷ (ʟ 

ʥʘʷʚʥʦʶ ʘʨʤʘʪʫʨʦʶ). ʇʽʩʣʷ ʟʚʝʜʝʥʥʷ ʚʩʴʦ-
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ʛʦ ʢʘʨʢʘʩʫ ʪʘ ʚʣʘʰʪʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʽ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʤʦ-

ʥʦʣʽʯʝʥʥʷ ʟʘʣʠʰʝʥʠʭ ʨʦʟʨʠʚʽʚ. 

 
ɺʀʉʅʆɺʂʀ  

 
ʊʝʤʧʝʨʘʪʫʨʥʽ ʢʣʽʤʘʪʠʯʥʽ ʚʧʣʠʚʠ ʤʦʞʫʪʴ 

ʧʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʜʦʩʠʪʴ ʩʫʪʪʻʚʦ ʟʤʽʥʶ-
ʚʘʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʙʫʜʽ-
ʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. ɯʥʦʜʽ ʾʭ ʚʧʣʠʚ ʤʦʞʝ ʙʫʪʠ 
ʚʠʟʥʘʯʘʣʴʥʠʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʧʝ-
ʨʝʨʽʟʽʚ ʦʩʥʦʚʥʠʭ ʥʝʩʫʯʠʭ ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʾʭ 
ʘʨʤʫʚʘʥʥʷ. 
ʅʝʦʙʭʽʜʥʦ ʨʝʪʝʣʴʥʦ ʧʽʜʭʦʜʠʪʠ ʜʦ ʚʠʟʥʘ-

ʯʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʚʧʣʠʚʽʚ (ʧʦʯʘʪʢʦʚʘ 
ʪʝʤʧʝʨʘʪʫʨʘ) ʪʘ ʨʦʟʫʤʽʪʠ ʧʨʦʮʝʩ 
ʦʙôʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʙʫʜʽʚʣʽ ʯʠ ʩʧʦ-
ʨʫʜʠ ʫ ʦʜʠʥ ʙʣʦʢ (ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʤʠʢʘʥʥʷ). 
ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʥʘ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʠʤʠ ʟʘʭʦʜʘʤʠ ʥʽʚʝʣʶʚʘʪʠ ʚʧʣʠʚ ʪʝʤʧʝʨʘ-
ʪʫʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʘʨʢʘʩ ʙʫʜʽʚʣʽ 
(ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʽʟʥʠʮʶ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʦʶ 
ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟôʻʜʥʫʚʘʣʴʥʠʭ 
ʝʣʝʤʝʥʪʽʚ), ʥʘʧʨʠʢʣʘʜ, ʟʘ ʨʘʭʫʥʦʢ ʢʽʥʮʝʚʦ-
ʛʦ ʟʘʤʦʥʦʣʽʯʫʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʰʚʽʚ 
ʧʽʩʣʷ ʟʚʝʜʝʥʥʷ ʚʩʴʦʛʦ ʢʘʨʢʘʩʫ ʪʘ ʩʪʘʙʽʣʽʟʘ-
ʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʽʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʩʝʨʝʜʦ-
ʚʠʱʘ. 
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FEATURES OF CALCULATION OF 
REINFORCED CONCRETE FRAMES OF 

BUILDINGS AND STRUCTURES FOR 
TEMPERATURE AND CLIMATIC 

INFLUENCES 
 

Leonid SKORUK 
 

Summary. Temperature exposure is primarily 
related to daily and seasonal changes in ambient 
temperature during the operation of a building or 
structure. External temperature factors can also act 
in combination with a certain (increased) thermal 
regime and other external factors that occur during 
the operation of the construction site. The most 
favorable operating conditions for construction 
sites are formed under stationary temperature in-
fluence on them, in the conditions of steady mode 
of operation, when they are in relatively constant 
temperature conditions for a long time. 

The nuances of determining the temperature 
and climatic influences on reinforced concrete 
buildings and structures during their calculation are 
described. 

The example of a five-storey frame shows the 
difference in the stress-strain state with different 
methods of setting the temperature load on the 
structure. 

This option is possible to reduce the impact of 
temperature load on the building frame (minimize 
the difference between the ambient temperature 
and the connecting elements), for example, due to 
the final self-healing of expansion joints after erec-
tion of the entire frame and temperature stabiliza-
tion all structures and environments. 

 
Keywords. Temperature influences; average 

temperature; temperature difference in the cross 
section of the element; the closing temperature of 
the structure. 
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ɸʥʦʪʘʮʽʷ.  ɺʠʢʦʨʠʩʪʘʥʥʷ ʷʢʽʩʥʠʭ ʤʘʪʝʨʽʘ-

ʣʽʚ  ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʝʩʫʯʠʭ ʟʘʣʽ-

ʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʟʘʟʥʘʶʪʴ ʜʽʾ ʚʝʣʠ-

ʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʠʭ ʚʠ-

ʤʦʛ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʩʦʢʦʤʽʮʥʠʡ 

ʙʝʪʦʥ, ʷʢʠʡ ʤʘʻ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ, ʚʦ-

ʜʦ- ʪʘ ʛʘʟʦʥʝʧʨʦʥʠʢʥʽʩʪʴ, ʢʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʟʘ-

ʚʜʷʢʠ ʩʚʦʻʾ ʱʽʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʩʦʢʦʤʽʮʥʠʭ ʙʝʪʦʥʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠ-

ʪʠ ʨʦʟʤʽʨʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʠʪʠ ʚʘʛʫ ʢʦʥʩʪʨʫʢʮʽʡ, ʫ ʧʦʨʽ-

ʚʥʷʥʥʽ ʟ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʟ ʪʨʘʜʠʮʽʡʥʠʭ ʢʣʘʩʽʚ 

ʙʝʪʦʥʫ. 

ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ ʟ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʪʘ ʟʚʠ-

ʯʘʡʥʦʛʦ ʙʝʪʦʥʫ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤʫ ʟʛʠʥʘʥʥʽ.  

ʈʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʷʢʘ ʚʢʣʶʯʘʻ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʠ-

ʧʨʦʙʫʚʘʥʥʷ ʙʝʪʦʥʥʠʭ ʟʨʘʟʢʽʚ ʧʨʠʟʤ ʪʘ ʢʫʙʽʚ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʽʩʪʥʠʭ ʪʘ ʜʝʬʦʨʤʘʪʠʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʽʚ ʨʽʟʥʠʭ ʩʢʣʘʩʽʚ, ʚʠʛʦʪʦʚ-

ʣʝʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥ-

ʥʠʭ ʙʘʣʦʢ ʥʘ ʜʽʶ ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɹʫʣʦ ʚʠʧʨʦʙʫʚʘʥʦ ʪʨʠ ʩʝʨʽʾ ʙʘʣʦʢ ʧʦ ʯʦʪʠʨʠ ʚ 

ʢʦʞʥʽʡ ʩʝʨʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʢʣʘʜ ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ ʜʣʷ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʙʝʪʦʥʫ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʤʝʪʘʢʘʦʣʽʥʫ ʪʘ ʛʽʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʥʝʩʫ-

ʯʦʾ ʟʜʘʪʥʦʩʪʽ ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʙʘʟʫ-

ʻʪʴʩʷ ʥʘ ʜʝʬʦʨʤʘʮʽʡʥʦʤʫ ʤʝʪʦʜʽ, ʜʘʻ ʤʦʞʣʠ-

ʚʽʩʪʴ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʦʪʨʠʤʫʚʘʪʠ ʨʝ-

ʟʫʣʴʪʘʪʠ. ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʘʥʦ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʧʨʦʛʨʘʤʽ 

Mathcad. 

ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝ-

ʦʨʝʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘʣʽʟʦʙʝ-

ʪʦʥʥʠʭ ʙʘʣʦʢ ʟ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʪʘ ʟʚʠʯʘʡʥʦʛʦ 

ʙʝʪʦʥʫ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤʫ ʟʛʠʥʽ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ɺʠʩʦʢʦʤʽʮʥʠʡ ʙʝʪʦʥ; ʥʝʩʫ-

ʯʘ ʟʜʘʪʥʽʩʪʴ; ʧʨʠʟʤʦʚʘ ʤʽʮʥʽʩʪʴ; ʟʛʠʥʘʣʴʥʠʡ 

ʤʦʤʝʥʪ; ʢʨʠʚʠʟʥʘ; ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ; ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ. 

 

ʇʆʉɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ 

 

ʉʫʯʘʩʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʚʝʨʭʦʚʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʧʨʠ 

ʮʴʦʤʫ ʟʨʦʩʪʘʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʝʩʫʯʽ 

ʢʦʥʩʪʨʫʢʮʽʾ.  

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ 

ʜʦ ʚʠʩʦʢʦʤʽʮʥʠʭ ʙʝʪʦʥʽʚ ʚʽʜʥʦʩʷʪʴ ʙʝʪʦʥʥʽ 

ʩʫʤʽʰʽ ʟ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ ʚʽʜ 60 ʜʦ 130 

ʄʇʘ. ʊʘʢʽ ʙʝʪʦʥʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʯʽʪʢʦ ʟʘ 

ʨʦʟʨʦʙʣʝʥʠʤʠ ʥʦʨʤʘʤʠ ʽ ʧʨʘʚʠʣʘʤʠ, ʱʦ 
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ʥʘʚʝʜʝʥʥʽ ʫ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʨʽʟ-

ʥʠʭ ʧʝʨʝʜʦʚʠʭ ʢʨʘʾʥʘʭ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʨʦʟ-

ʤʽʨ ʟʝʨʝʥ ʚôʷʞʫʯʦʛʦ ʜʦ 600 ʤʢʤ ʪʘ ʟʤʝʥ-

ʰʫʶʯʠ ʚʦʜʦ-ʮʝʤʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦ 

0,15, ʜʦʩʷʛʘʻʪʴʩʷ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʜʦ 200 

ʄʇʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʦʚʦʨʷʪʴ ʧʨʦ ʥʘʜʤʽ-

ʮʥʽ ʙʝʪʦʥʠ [1, 3, 7]. 

ʋʧʝʨʰʝ ʚʠʨʘʟ çʚʠʩʦʢʦʤʽʮʥʠʡ ʙʝʪʦʥè ʙʫʚ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ 1929 ʨ. ʚ ʉʐɸ, ʜʝ ʜʣʷ ʙʫ-

ʜʽʚʥʠʮʪʚʘ ʚʠʩʦʪʥʠʭ ʙʫʜʽʚʝʣʴ ʜʦʩʣʽʜʞʫʚʘ-

ʣʠʩʴ ʥʦʚʽ ʙʝʪʦʥʠ ʪʘ ʾʭ ʢʦʤʧʦʥʝʥʪʠ, ʤʽʮʥʽʩʪʴ 

ʥʘ ʩʪʠʩʢ ʷʢʠʭ ʜʦʩʷʛʘʣʘ 130 ʄʇʘ. ɺ ɭʚʨʦʧʽ, 

ʘ ʩʘʤʝ ʫ ʅʽʤʝʯʯʠʥʽ, ʧʝʨʰʽ ʚʠʩʦʢʦʤʽʮʥʽ ʙʝ-

ʪʦʥʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ 40-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ 

ʩʪʦʣʽʪʪʷ. ɺ 1966 ʨ. ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʙʝʪʦʥ ʟ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ 

140 ʄʇʘ, ʘ ʚ 1988 ʨ. ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ 

ʚʠʛʦʪʦʚʣʷʣʠʩʴ ʪʶʙʽʥʛʠ ʟ ʙʝʪʦʥʫ ʢʣʘʩʫ ʉ85 

[1, 3, 7]. 

ʇʝʨʰʽ ʚʠʩʦʢʦʤʽʮʥʽ ʙʝʪʦʥʠ ʚʠʛʦʪʦʚʣʷʣʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʞʦʨʩʪʢʽ ʩʫʤʽʰʽ, ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʯʠ ʩʧʝʮʠʬʽʯʥʽ ʩʧʦʩʦʙʠ ʫʱʽʣʴʥʝʥʥʷ 

ʪʘ ʘʚʪʦʢʣʘʚʥʝ ʪʚʝʨʜʽʥʥʷ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, 

ʱʦ ʚ ʙʝʪʦʥʽ ʥʘʡʩʣʘʙʰʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʻ 

ʮʝʤʝʥʪʥʠʡ ʢʘʤʽʥʴ. ʄʽʮʥʽʩʪʴ ʚ ʮʴʦʤʫ ʚʠʧʘ-

ʜʢʫ ʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʦʜʦ-

ʮʝʤʝʥʪʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ʊʦʤʫ ʡʦʛʦ 

ʟʥʠʞʝʥʥʷ ʙʫʣʦ ʧʝʨʰʠʤ ʟʘʚʜʘʥʥʷʤ ʧʝʨʝʜ 

ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩ-

ʥʠʭ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʠʪʠ ʤʽʮʥʽʩʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦ-

ʥʽʚ. 

ɿ ʤʝʪʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ 

ʙʝʪʦʥʽʚ ʚ ʩʫʯʘʩʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢ-

ʮʽʡ ʟ ʪʘʢʠʭ ʙʝʪʦʥʽʚ. ʅʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʙʦʪʠ ʟʘʣʽʟʦʙʝʪʦʥ-

ʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʪʘ ʟʚʠ-

ʯʘʡʥʦʛʦ ʙʝʪʦʥʽʚ. 

 

ʄɽʊʆɼʀʂɸ ʈʆɿʈɸʍʋʅʂʋ 

 

ɿʛʽʜʥʦ ʜʽʶʯʦʛʦ ɼʉʊʋ ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ 

ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠ-

ʟʥʘʯʘʪʠ ʟʘ ʬʦʨʤʫʣʘʤʠ [4, 9]: 

 

ὦὪ ὥ

Ὧ ρ
‎ „ὃ πȠ (1) 

  

ὦὪ ὥ

Ὧ ς
‎ „ὃ ὼ ᾀ ὓ πȢ (2) 

 

ɺ ʟʘʣʝʞʥʦʩʪʷʭ (1), (2) ʟʛʽʜʥʦ [5]: 

 - ʢʨʠʚʠʟʥʘ ʚʠʛʥʫʪʦʾ ʦʩʽ ʚ 

ʧʝʨʝʨʽʟʽ (1/ʤ): 
 

ρ

ὶ

‐ ‐
Ƞ (3) 

 

‐ -ʚʽʜʥʦʩʥʽ ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʣʝʬʽʙʨʦ-

ʙʝʪʦʥʫ ʚ ʩʪʠʩʥʫʪʽʡ ʟʦʥʽ ʧʝʨʝʨʽʟʫ; 

‐  - ʚʽʜʥʦʩʥʽ ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʣʝʬʽʙʨʦ-

ʙʝʪʦʥʫ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʧʝʨʝʨʽʟʫ; 

ɔ - ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʩʪʠʩʢʫ  Ůʩ(1) ʜʦ ʛʨʘʥʠʯʥʠʭ Ůʩ1: 
 

‎ ;  (4) 

ὼ - ʚʠʩʦʪʘ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ (ʤ): 
 

ὼ ;  (5) 

¿ - ʚʽʜʥʦʩʥʘ ʢʨʠʚʠʟʥʘ: 
 

; (6) 

 

„  - ʥʘʧʨʫʞʝʥʥʷ ʚ ʘʨʤʘʪʫʨʽ;
 

ᾀ  - ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʘ ʚʘʛʠ ʘʨʤʘʪʫʨʠ ʜʦ 
ʢʨʘʡʥʴʦʾ ʩʪʠʩʥʫʪʦʾ ʛʨʘʥʽ ʧʝʨʝʨʽʟʫ;  

ὥ - ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʣʽʥʦʤʘ, ʷʢʽ ʚʠʟʥʘʯʘ-

ʶʪʴʩʷ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʨʠʟʤʦʚʦʾ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ [9].  

ʈʽʚʥʷʥʥʷ (1), (2) ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ 

 

ὔ ὔ πȠ (7) 

ὓ ὓ ὓȟ (8) 

 

ʜʝ: 
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ὔ, ὓ   - ʟʫʩʠʣʣʷ ʚ ʩʪʠʩʥʫʪʽʡ ʟʦʥʽ ʙʝʪʦ-

ʥʫ; 

ὔ, ὓ  - ʩʫʤʘʨʥʽ ʟʫʩʠʣʣʷ ʚ ʘʨʤʘʪʫʨʽ. 
 

ʈʦʟʧʠʰʝʤʦ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ 

 

ὔ
ὦὪ ὥ

Ὧ ρ
‎ Ƞ (9) 

 

ὔ „ ὃ „ ὃ Ƞ (10) 

ὓ
ὦὪ ὥ

Ὧ ς
‎ Ƞ (11) 

  

ὓ ὃ Ὁ ὼ ᾀ  

ὃ Ὁ ὼ ᾀ Ȣ 
(12) 

 

ʅʘʧʨʫʞʝʥʥʷ ʚ ʘʨʤʘʪʫʨʽ: 

„ Ὁ ὼ ᾀ  (13) 

 

ɿ ʨʽʚʥʷʥʴ (9), (10) ʦʪʨʠʤʘʻʤʦ ʟʘʣʝʞ-

ʥʽʩʪʴ ʜʣʷ ʢʨʠʚʠʟʥʠ 

 

ὦВ ὦВ τὥВὧВ

ςὥВ
ȟ 

(14) 

 

ʜʝ:         

ὥВ ὃ Ὁ ᾀ ὃ Ὁ ᾀ ; (15) 

  

ὦВ ‐ ὃ Ὁ

ὃ Ὁ Ƞ 
(16) 

ὧВ ὦὪ‐
ὥ

Ὧ ρ
‎  (17) 

ɿʥʘʯʝʥʥʷ ʢʨʠʚʠʟʥʠ ¿ ʧʽʜʩʪʘʚʣʷʻʤʦ ʫ 

ʬʦʨʤʫʣʠ (11), (12) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʦʤʝʥʪʽʚ ὓ , ὓ. ɿʘ ʬʦʨʤʫʣʦʶ (8) 

ʚʠʟʥʘʯʘʻʤʦ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʄ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʚʠʟʥʽ . ʈʦʟʨʘʭʫʥʦʢ 
ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʢʨʦʢʦʚʦ ʜʣʷ ʢʦʞʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚ ʩʪʠʩʥʫʪʽʡ 

ʟʦʥʽ ʧʝʨʝʨʽʟʫ ‐ , ʷʢʝ ʧʦʩʣʽʜʦʚʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ῳ‐ . 

ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʧʨʦʛʨʘʤʽ 

Mathcad. 

 
ʈʠʩ. 1. ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʜʦʩʣʽʜʥʠʭ 

ʙʘʣʦʢ 

Fig. 1. Cross section of experimental beams 

 

ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʴ 

ʜʣʷ ʜʦʩʣʽʜʥʠʭ ʙʘʣʦʢ ʧʨʷʤʦʤʫʪʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʟ ʧʦʜʚʽʡʥʠʤ ʘʨʤʫʚʘʥʥʷʤ (ʨʠʩ. 1). 

ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʴ ʜʣʷ ʪʨʴʦʭ 

ʩʝʨʽʡ ʙʘʣʦʢ, ʷʢʽ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʙʝʪʦʥʫ 

ʨʽʟʥʦʛʦ ʢʣʘʩʫ (ʪʘʙʣ. 1). 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʙʘʣʦʢ ʷʚʣʷʻ ʩʦʙʦʶ 

ʦʜʥʦʧʨʦʛʦʥʦʚʫ ʙʘʣʢʫ ʟ ʰʘʨʥʽʨʥʠʤʠ 

ʦʧʦʨʘʤʠ, ʷʢʘ ʟʘʚʘʥʪʘʞʝʥʘ ʜʚʦʤʘ 

ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʩʠʣʘʤʠ ʚ ʪʨʝʪʠʥʘʭ ʧʨʦʛʦʥʫ. 

ɼʦʚʞʠʥʘ ʧʨʦʛʦʥʫ ʩʪʘʥʦʚʠʪʴ 1000 ʤʤ. 
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Table 1. Strength and deformability characteristics of concrete for experimental beams 

ʉʝʨʽʷ 
ʂʫʙʠʢʦʚʘ ʤʽʮʥʽʩʪʴ, ʄʇʘ ʇʨʠʟʤʦʚʘ ʤʽʮʥʽʩʪʴ, ʄʇʘ ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

ɽʩ³10-3, ʄʇʘ fcm,cube fck,cube fcm,prism fcd 

ɹ-ɯ 31,45 24,49 22,86 13,69 26,47 

ɹ-ɯɯ 79,50 61,90 71,14 42,61 37,42 

ɹ-ɯɯɯ 85,05 66,22 79,51 47,62 42,83 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʚʦʜʠʤʦ ʫ 

ʛʨʘʬʽʢʠ çʤʦʤʝʥʪ-ʢʨʠʚʠʟʥʘè, ʷʢʠʡ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 2.  

ʅʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʙʘʣʢʠ ʤʘʨʢʠ ɹ-ɯ 

ʩʪʘʥʦʚʠʪʴ ʄu= 2,83 ʢʅʤ, ʙʘʣʢʠ ʤʘʨʢʠ ɹ-ɯɯ 

ʩʪʘʥʦʚʠʪʴ ʄu= 3,69 ʢʅʤ, ʙʘʣʢʠ ʤʘʨʢʠ ɹ-ɯɯɯ 
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ʩʪʘʥʦʚʠʪʴ ʄu= 3,91 ʢʅʤ.
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Fig. 2. Theoretical graphs of "moment-curvature" for experimental beams 

 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫ-

ʚʘʣʠʩʴ ʥʘ ʢʘʬʝʜʨʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʪʘ 

ʢʘʤôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘ-

ʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢ-

ʪʫʨʠ [4, 9]. ɿʨʘʟʢʠ ʚʠʛʦʪʦʚʣʷʣʠʩʴ ʟ ʙʝʪʦʥʫ, 

ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʷʪʴ: ʛʨʘʥʽʪʥʠʡ ʱʝʙʽʥʴ 

(ʜʚʦʭ ʬʨʘʢʮʽʡ 5é10 ʤʤ ʪʘ 10é20 ʤʤ), ʢʚʘ-

ʨʮʦʚʠʡ ʧʽʩʦʢ (ʤʦʜʫʣʴ ʢʨʫʧʥʦʩʪʽ 0,95 ʤʤ), 

ʮʝʤʝʥʪ ʤʘʨʢʠ ʄ500, ʜʦʙʘʚʢʠ ʟ  ʤʝʪʘʢʘʦʣʽʥʫ 

ʪʘ ʛʽʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ (STACHEMENT 

2597), ʚʦʜʘ (ɺ/ʎ=0,32). ʄʽʮʥʽʩʪʥʽ ʪʘ ʜʝʬʦʨ-

ʤʘʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʽʚ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 1.  

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʪʨʠ ʩʝʨʽʾ ʟʨʘʟʢʽʚ (ʧʦ ʯʦʪʠʨʠ 

ʙʘʣʢʠ ʚ ʢʦʞʥʽʡ ʩʝʨʽʾ). ɹʘʣʢʠ ʜʦʚʞʠʥʦʶ 

1200 ʤʤ ʪʘ ʧʝʨʝʨʽʟʦʤ 100Ĭ50 ʤʤ ʘʨʤʫʚʘ-

ʣʠʩʴ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʜʚʦʤʘ ʩʪʝʨʞʥʷʤʠ 

Ï12ɸ400, ʘ ʚ ʩʪʠʩʥʫʪʽʡ ʟʦʥʽ ʦʜʥʠʤ ʩʪʝʨʞ-

ʥʝʤ Ï5ɺʨ-ɯ (ʨʠʩ. 1). ʇʦʧʝʨʝʯʥʘ ʘʨʤʘʪʫʨʘ 

Ï5ɺʨ-ɯ, ʷʢʘ ʚʩʪʘʥʦʚʣʝʥʘ ʟ ʢʨʦʢʦʤ 50 ʤʤ ʚ 

ʧʨʠʦʧʦʨʥʠʭ ʟʦʥʘʭ ʜʦʚʞʠʥʦʶ 400 ʤʤ. 

ɹʘʣʢʠ ʦʧʠʨʘʣʠʩʴ ʥʘ ʜʚʽ ʦʧʦʨʠ ʟ ʧʨʦʣʴʦ-

ʪʦʤ 1000 ʤʤ ʪʘ ʟʘʚʘʥʪʘʞʫʚʘʣʠʩʴ ʜʚʦʤʘ ʟʦ-

ʩʝʨʝʜʞʝʥʠʤʠ ʩʠʣʘʤʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 

ʚʽʜʩʪʘʥʽ 333 ʤʤ ʚʽʜ ʦʧʦʨ (ʨʠʩ. 3). 

ʅʘ ʢʦʞʥʽʡ ʩʪʫʧʝʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʤʽʨʶ-

ʚʘʣʠʩʴ ʧʨʦʛʠʥʠ ʙʘʣʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʠ-

ʢʘʪʦʨʘ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ ɯ-1 ʟ ʮʽʥʦʶ ʧʦ-

ʜʽʣʢʠ 0,01 ʤʤ. 

ɺ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʘʭ ʚʠʤʽʨʶʚʘʣʠʩʴ ʽʥʜʠ-

ʢʘʪʦʨʘʤʠ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ ɯ-2éɯ-5 ʮʽ-

ʥʦʶ ʧʦʜʽʣʢʠ 0,001 ʤʤ ʥʘ ʙʘʟʽ 200 ʤʤ ʪʘ ʪʝʥ-

ʟʦʨʝʟʠʩʪʦʨʘʤʠ ʊ-5éʊ-14 ʥʘ ʙʘʟʽ 50 ʤʤ. 

ɼʝʬʦʨʤʘʮʽʾ ʘʨʤʘʪʫʨʥʠʭ ʩʪʝʨʞʥʽʚ ʚʠʤʽʨʶ-

ʚʘʣʠʩʴ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ ʊ-1éʊ-4 ʥʘ ʙʘʟʽ 

20 ʤʤ. ʐʠʨʠʥʫ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ʚʠʤʽʨʶ-

ʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʘ ɹʨʽʥʝʣʷ ʟ 

ʮʽʥʦʶ ʧʦʜʽʣʢʠ 0,05 ʤʤ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ-

ʢʣʘʜʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʜʦʤ-

ʢʨʘʪʘ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʪʷʞʽʚ ʪʘ ʪʨʘʚʝʨʩ, ʘ ʟʥʘ-

ʯʝʥʥʷ ʩʠʣʠ F1 ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʠʥʘʤʦʤʝʪʨʘ ʢʘʤʝʨ ʪʦʥʥʦʛʦ ʪʠʧʫ, ʷʢʠʡ ʙʫʚ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʦʜʥʽʡ ʟ ʦʧʦʨ (ʨʠʩ. 3). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʙʘ-

ʣʦʢ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ Fcrc,1, 

ʧʨʠ ʷʢʠʭ ʟôʷʚʠʣʠʩʴ ʥʦʨʤʘʣʴʥʽ ʪʨʽʱʠʥʠ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʴ Fu,1, ʧʨʠ ʷʢʠʭ ʟʨʫʡʥʫʚʘʣʠʩʴ 

ʙʘʣʢʠ. ɿʥʘʯʝʥʥʷ ʮʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʣʷ ʢʦʞ-

ʥʦʾ ʙʘʣʢʠ ʪʘ ʩʝʨʝʜʥʻ ʾʭ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ 

ʩʝʨʽʾ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʢʘʟʘʚ, 

ʱʦ ʚ ʙʘʣʢʘʭ ʟ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʙʝʪʦʥʫ (ʩʝʨʽʷ 

ɹ-ɯɯɯ) ʪʨʽʱʠʥʠ ʟôʷʚʠʣʠʩʴ ʨʘʥʽʰʝ ʥʽʞ ʚ ʙʘʣ-

ʢʘʭ ʩʝʨʽʾ ɹ-ɯɯ ʪʘ ɹ-ɯ, ʪʦʙʪʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʨʠ 

Fcrc,1=5,1 ʢʅ. ʎʝ ʥʘ 19,6% ʤʝʥʰʝ ʚʽʜ ʪʨʽʱʠ-

ʥʦʩʪʽʡʢʦʩʪʽ ʙʘʣʦʢ ʩʝʨʽʾ ɹ-ɯɯ (Fcrc,1=6,4 ʢʅ) ʪʘ 

ʥʘ 31,0% ʤʝʥʰʝ ʚʽʜ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʘʣʦʢ 

ʩʝʨʽʾ ɹ-ɯ (Fcrc,1=7,3 ʢʅ). 
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Fig. 3. Bench for testing experimental beams. 
 

ʊʘʙʣ. 2. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʘʣʦʢ 

Table 2. The results of experimental studies of beams 

ʉʝʨʽʷ 
ʄʘʨʢʘ 

ʙʘʣʢʠ 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ 

Fcrc,1, ʢʅ 
ʈʫʡʥʫʶʯʝ ʥʘʚʘʥʪʘʞʝʥʥʷ Fu,1, ʢʅ 

ʦʜʥʦʛʦ ʟʨʘʟʢʘ ʩʝʨʝʜʥʻ ʦʜʥʦʛʦ ʟʨʘʟʢʘ ʩʝʨʝʜʥʻ 

ɹ-ɯ 

ɹ-ɯ-1 8,1 

7,3 

13,5 

10,75 
ɹ-ɯ-2 6,0 10,0 

ɹ-ɯ-3 6,2 10,0 

ɹ-ɯ-4 8,9 9,5 

ɹ-ɯɯ 

ɹ-ɯɯ-1 6,7 

6,4 

11,5 

11,05 
ɹ-ɯɯ-2 6,0 11,0 

ɹ-ɯɯ-3 6,1 10,8 

ɹ-ɯɯ-4 6,8 10,9 

ɹ-ɯɯɯ 

ɹ-ɯɯɯ-1 4,6 

5,1 

11,5 

13,03 
ɹ-ɯɯɯ-2 5,1 13,5 

ɹ-ɯɯɯ-3 5,9 12,9 

ɹ-ɯɯɯ-4 4,8 14,2 

 

ʊʘʙʣ. 3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʧʨʠ ʨʫʡʥʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ 

ʙʘʣʦʢ 

Table 3. Experimental and theoretical values of bending moments at destruction of experimental beams 

ʉʝʨʽʷ 
ʄʦʤʝʥʪ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʄu, ʢʅʤ 

ʪʝʦʨʝʪʠʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ 

ɹ-ɯ 2,83 3,58 

ɹ-ɯɯ 3,69 3,68 

ɹ-ɯɯɯ 3,91 4,34 

ɸʥʘʣʽʟ ʨʫʡʥʫʶʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦʢʘʟʘʚ 

ʟʦʚʩʽʤ ʧʨʦʪʠʣʝʞʥʽ ʟʥʘʯʝʥʥʷ ʥʘʡʤʝʥʰʽ ʟʥʘ-

ʯʝʥʥʷ ʙʫʣʠ ʚ ʙʘʣʢʘʭ ʩʝʨʽʾ ɹ-ɯ, ʪʦʙʪʦ 

Fu,1=10,75 ʢʅ. ʎʝ ʥʘ 2,7% ʤʝʥʰʝ ʚʽʜ ʤʽʮʥʦ-

ʩʪʽ ʙʘʣʦʢ ʩʝʨʽʾ ɹ-ɯɯ (Fu,1=11,05 ʢʅ) ʪʘ ʥʘ 

17,5% ʤʝʥʰʝ ʚʽʜ ʤʽʮʥʦʩʪʽ ʙʘʣʦʢ ʩʝʨʽʾ ɹ-ɯɯɯ 

(Fu,1=13,03 ʢʅ). 

ʊʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨ ʨʫʡʥʫ-

ʚʘʥʥʷ ʙʘʣʦʢ ʩʝʨʽʾ ɹ-ɯ ʚʽʜʙʫʚʘʣʦʩʴ ʟʘ ʟʚʠʯʘʡ-

ʥʦʶ ʩʭʝʤʦʶ ï ʚʠʥʠʢʥʝʥʥʷ ʥʦʨʤʘʣʴ-ʥʠʭ 

ʪʨʽʱʠʥ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʧʝʨʝʨʽʟʫ, ʾʭ ʨʦʟ-

ʚʠʪʦʢ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʨʫʡʥʫ-

ʚʘʥʥʷ ʙʘʣʦʢ ʚʥʘʩʣʽʜʦʢ ʜʦʩʷʛʥʝʥʥʷ ʜʝʬʦʨ-

ʤʘʮʽʡ ʪʝʢʫʯʦʩʪʽ ʨʦʟʪʷʛʥʫʪʦʾ ʘʨʤʘʪʫʨʠ ʪʘ 

ʨʫʡʥʫʚʘʥʥʷ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ ʙʝʪʦʥʫ. ʈʫʡʥʫ-

ʚʘʥʥʷ ʤʘʣʠ ʧʣʘʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʨʽʱʠʥʦ-

ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʙʘʣʦʢ ʩʝʨʽʡ ɹ-ɯɯ ʪʘ 

ɹ-ɯɯɯ ʤʘʣʠ ʜʝʱʦ ʽʥʰʠʡ ʭʘʨʘʢʪʝʨ. ɺʠʥʠʢʥʝʥ-

ʥʷ ʪʨʽʱʠʥ ʧʦʯʘʣʦʩʴ ʨʘʥʽʰʝ ʥʽʞ ʚ ʙʘʣʢʘʭ 

ʩʝʨʽʾ ɹ-ɯ. ʆʜʥʘʢ ʾʭ ʨʦʟʚʠʪʦʢ ʪʘ ʨʦʟʢʨʠʪʪʷ ʥʝ 

ʙʫʚ ʪʘʢʠʤ ʽʥʪʝʥʩʠʚʥʠʤ ʷʢ ʚ ʙʘʣʢʘʭ ʩʝʨʽʾ ɹ-ɯ. 

ʇʨʠ ʨʫʡʥʫʚʘʥʥʽ ʙʘʣʦʢ ʩʝʨʽʡ ɹ-ɯɯ ʪʘ ɹ-ɯɯɯ 
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ʚʠʩʦʪʘ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ ʙʫʣʘ ʟʥʘʯʥʦ ʙʽʣʴʰʦʶ 

ʥʽʞ ʚ ʙʘʣʢʘʭ ʩʝʨʽʾ ɹ-ɯ. ʇʨʠ ʯʦʤʫ ʚʠʢʘʣʠ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʽ ʪʨʽʱʠʥʠ, ʷʢʽ ʨʦʟʜʽʣʷʣʠ ʨʦʟʪʷʛ-

ʥʫʪʫ ʪʘ ʩʪʠʩʥʫʪʫ ʟʦʥʠ ʙʝʪʦʥʫ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝ-

ʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʧʨʠ 

ʨʫʡʥʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʙʘʣʦʢ ʚʩʪʘʥʦʚʣʝʥʦ 

ʾʭʥʻ ʜʦʙʨʝ ʩʧʽʚʧʘʜʽʥʥʷ ʜʣʷ ʙʘʣʦʢ ʤʘʨʢʠ ɹ-

ɯɯ. ɼʣʷ ʙʘʣʦʢ ʤʘʨʦʢ ɹ-ɯ ʪʘ ɹ-ɯɯɯ ʪʝʦʨʝʪʠʯʥʽ 

ʟʥʘʯʝʥʥʷ ʄu ʚʠʷʚʠʣʠʩʴ ʥʠʞʯʠʤʠ ʚʽʜ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 20,9% ʪʘ 9,9%. 

ʇʦʜʽʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʚ ʨʦ-

ʙʦʪʘʭ [10é12]. 

 

ɺʀʉʅʆɺʂʀ 

 

1. ɺʠʢʦʥʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ ʟ ʚʠʩʦʢʦʤʽʮ-

ʥʦʛʦ ʪʘ ʟʚʠʯʘʡʥʦʛʦ ʙʝʪʦʥʽʚ ʧʦʢʘʟʘʣʠ ʜʝʷʢʽ 

ʚʽʜʤʽʥʥʦʩʪʽ ʾʭʥʴʦʾ ʨʦʙʦʪʠ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤʫ 

ʟʛʠʥʽ. ʇʨʠ ʨʫʡʥʫʚʘʥʥʽ ʙʘʣʦʢ ʩʝʨʽʡ ɹ-ɯɯ ʪʘ ɹ-

ɯɯɯ ʚʠʢʘʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʪʨʽʱʠʥʠ, ʷʢʽ ʨʦʟʜʽ-

ʣʷʣʠ ʨʦʟʪʷʛʥʫʪʫ ʪʘ ʩʪʠʩʥʫʪʫ ʟʦʥʠ ʙʝʪʦʥʫ. 

2. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʢʘ-

ʟʘʚ, ʱʦ ʚ ʙʘʣʢʘʭ ʟ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʙʝʪʦʥʫ 

(ʩʝʨʽʷ ɹ-ɯɯɯ) ʪʨʽʱʠʥʠ ʟôʷʚʠʣʠʩʴ ʨʘʥʽʰʝ ʥʽʞ ʚ 

ʙʘʣʢʘʭ ʩʝʨʽʾ ɹ-ɯɯ ʪʘ ɹ-ɯ. 

3. ʅʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʙʘʣʦʢ ʟ ʚʠʩʦʢʦʤʽʮʥʦ-

ʛʦ ʙʝʪʦʥʫ ʟʥʘʯʥʦ ʚʠʱʘ ʚʽʜ ʙʘʣʦʢ ʟʽ ʟʚʠʯʘʡ-

ʥʦʛʦ ʙʝʪʦʥʫ ʙʽʣʴʰ ʥʽʞ ʫ 1,3 ʨʘʟʠ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʝʬʦʨʤʘʮʽʡʥʦʤʫ ʤʝʪʦʜʽ, ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʦʪʨʠʤʫ-

ʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ. 
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EXPERIMENTAL AND THEORETICAL 

STUDIES OF REINFORCED CONCRETE 

BENDING ELEMENTS MADE OF  

HIGH -STRENGTH CONCRETE 

 

Olena KUTSYK, Oleksandr ZHURAVSKYI 
 

Summary. The use of quality materials is nec-

essary for the manufacture of load-bearing rein-

forced concrete structures that are subject to heavy 

loads. To meet such requirements, it is necessary to 

use high-strength concrete, which has high com-

pressive strength, water and gas tightness, corro-

sion resistance due to its dense structure. The use 

of high-strength concrete makes it possible to re-

duce the cross-sectional dimensions of structures, 

thereby reducing the weight of structures compared 

to structures of traditional classes of concrete. 

The results of experimental and theoretical re-

searches of work of reinforced concrete beams 

from high-strength and ordinary concrete at cross 

bending are resulted in work. 

A program of experimental research has been 

developed, which includes the manufacture and 

testing of concrete samples of prisms and cubes to 

determine the strength and deformation character-

istics of concrete of different composition, the 

manufacture and testing of experimental reinforced 

concrete beams for transverse loading. Three series 

of rays were tested, four in each. The composition 

of the concrete mixture for high-strength concrete 

using metakaolin and hyperplasticizer is proposed. 

The proposed algorithm for calculating the 

bearing capacity of bending elements, based on the 

method of deformation, allows obtaining results 

with sufficient accuracy. The calculation is per-

formed according to the developed algorithm, 

which is implemented in the Mathcad program. 

The analysis of experimental and theoretical 

values of bearing capacity of reinforced concrete 

beams from high-strength and usual concrete at 

transverse bend 

 

Keywords. High-strength concrete; load-

bearing capacity; prismatic strength; bending 

moment; curvature; crack resistance; modulus of 

elasticity. 
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ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 

 

ɺʠʧʫʩʢ 9/2021 

 

ʆʬʦʨʤʣʝʥʥʷ, ʩʪʠʣʴ ʪʘ ʟʤʽʩʪ ʞʫʨʥʘʣʫ ʻ ʦʙôʻʢʪʦʤ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʽ ʟʘ-

ʭʠʱʘʻʪʴʩʷ ʟʘʢʦʥʦʤ. ɺʽʜʧʦʚʽʜʘʣʴʥʩʪʴ ʟʘ ʟʤʽʩʪ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ 

ʥʝʩʫʪʴ ʘʚʪʦʨʠ ʧʫʙʣʽʢʘʮʽʡ. 

ʈʝʜʘʢʮʽʷ ʟʘʣʠʰʘʻ ʟʘ ʩʦʙʦʶ ʧʨʘʚʦ ʨʝʜʘʛʫʚʘʪʠ ʪʘ ʩʢʦʨʦʯʫʚʘʪʠ ʧʦʜʘʥʽ ʤʘ-

ʪʝʨʽʘʣʠ. 

ʋʩʽ ʩʪʘʪʪʽ ʦʜʝʨʞʘʣʠ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʥʝʟʘʣʝʞʥʠʭ ʨʝʮʝʥʟʝʥʪʽʚ. 
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03142, ʤ. ʂʠʾʚ, ʚʫʣ. ɺ.ʉʪʫʩʘ, 22/1. 
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