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ɿʘʨʝʻʩʪʨʦʚʘʥʠʡ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ (ʩʚʽʜʦʮʪʚʦ ʂɺ 22149-

12049ʈ ʚʽʜ 23.05.2016). 

ʄʘʪʝʨʽʘʣʠ ʟʙʽʨʥʠʢʘ ʩʭʚʘʣʝʥʽ ʥʘ ʟʘʩʽʜʘʥʥʽ ɺʯʝʥʦʾ ʨʘʜʠ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽ 

ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʦ ʚʠʜʘʥʥʷ (ʧʨʦʪʦʢʦʣ ˉ11 ʚʽʜ 30 ʙʝʨʝʟʥʷ 2018 ʨ.). 

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ 

ʧʨʦʛʨʝʩʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʤʝʪʦʜʠ ʧʽʜʩʠʣʝʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. 

ʇʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʥʘʫʢʦʚʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʩʧʝʮʽʘʣʽʩʪʽʚ ʧʨʦʝʢʪʥʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ, ʜʦʢʪʦʨʘʥʪʽʚ, 

ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ ʥʘʧʨʷʤʢʫ.  

 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ 

ɾʫʨʘʚʩʴʢʠʡ ʆ.ɼ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ï ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʨʝʜʘʢʪʦʨ (ʂʠʾʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ); ɹʽʣʠʢ ʉ.ɯ., ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʦʨ (ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ 

ʘʨʭʽʪʝʢʪʫʨʠ); ɹʦʡʢʦ ɯ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ); ʂʣʽʤʦʚ ʖ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 

(ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ); ʂʨʽʧʘʢ 

ɺ.ɼ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ 

ʘʨʭʽʪʝʢʪʫʨʠ); ʉʪʘʥʢʝʚʠʯ ɸ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ); ʋʩʘʢʦʚʩʴʢʠʡ ʉ.ɹ., ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʦʨ (ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ 

ʘʨʭʽʪʝʢʪʫʨʠ); ʂʦʣʷʢʦʚʘ ɺ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ï ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ 

(ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ); ɹʘʙʠʯ 

ɭ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ); ɹʘʤʙʫʨʘ ɸ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ɼʝʨʞʘʚʥʠʡ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ); ɹʣʽʭʘʨʩʴʢʠʡ ɿ.ʗ., 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè); 

ɼʘʚʠʜʝʥʢʦ ʆ.ɯ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ); ʂʣʠʤʝʥʢʦ ɭ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʆʜʝʩʴʢʘ 

ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ); ʇʘʚʣʽʢʦʚ ɸ.ʄ., ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʦʨ (ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. 

ʖ.ʂʦʥʜʨʘʪʶʢʘ); ʉʘʚʠʮʴʢʠʡ ʄ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ 

ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ); ʐʤʫʢʣʝʨ ɺ.ʉ., ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʦʨ (ʍʘʨʢʽʚʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤ. 

ʆ.ʄ.ɹʝʢʝʪʦʚʘ). 
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ʋɼʂ 624.042 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʂʆʊʃʆɺɸʅʋ ɼʆɺɻʆɹʋɼʋ ʅɸ 

ʅɸʇʈʋɾɽʅʆ-ɼɽʌʆʈʄʆɺɸʅʀʁ ʉʊɸʅ ʅɽʉʋʏʀʍ 

ʂʆʅʉʊʈʋʂʎɯʁ ɹʋɼɯɺʃɯ, ʑʆ ɽʂʉʇʃʋɸʊʋɭʊʔʉʗ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʂʆʊʃʆɺɸʅɸ ɼʆʃɻʆʉʊʈʆʗ ʅɸ 

ʅɸʇʈʗɾɽʅʅʆ-ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʅɽʉʋʑʀʍ 

ʂʆʅʉʊʈʋʂʎʀʁ ʕʂʉʇʃʋɸʊʀʈʋɽʄʆɻʆ ɿɼɸʅʀʗ 

 

RESEARCH OF INFLUENCE OF UNFINISHED CONSTRUCTION 

EXCAVATION  ON STRESS-STRAIN STATE OF EXPLOITED 

BUILDING  BEARING STRUCTURES 

 

ɹʘʥʘʭ ɸ.ɺ., ʢ.ʪ.ʥ., ʜʦʮ. (ɿʘʧʦʨʽʟʴʢʘ ʜʝʨʞʘʚʥʘ ʽʥʞʝʥʝʨʥʘ ʘʢʘʜʝʤʽʷ, ʤ. 

ɿʘʧʦʨʽʞʞʷ) 

 

ɹʘʥʘʭ ɸ.ɺ., ʢ.ʪ.ʥ., ʜʦʮ. (ɿʘʧʦʨʦʞʩʢʘ̫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʠʥʞʝʥʝʨʥʘ ̫

ʘʢʘʜʝʤʠ̫ , ʛ. ɿʘʧʦʨʦʞɹ ʝ) 

 

Banakh ɸ.V., candidate of technical sciences, docent (Zaporizhzhia State 

Engineering Academy, Zaporizhzhia) 

 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣ,̔ ʱʦ 

ʝʢʩʧʣʫʘʪʫʪ̒ʴʩʷ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʩʫʤʽʩʥʦ ʟ ˇʨʫʥʪʦʚʠʤ ʤʘʩʠʚʦʤ ʾʾ ʦʩʥʦʚʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʪʣʦʚʘʥʫ ʜʦʚʛʦʙʫʜʫ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʧʦʨʷʜ. 

 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʠʪʝʣʴʥʦ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʛʨʫʥʪʦʚʳʤ ʤʘʩʩʠʚʦʤ ʝʛʦ 

ʦʩʥʦʚʘʥʠ ̫ʩ ʫʯʝʪʦʤ ʢʦʪʣʦʚʘʥʘ ʜʦʣʛʦʩʪʨʦʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʨʷʜʦʤ. 

 

The results of computation of bearing structures of long-time exploited 

building together with a soil massif of its foundation base and the nearby 

located unfinished construction excavation are given. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ɹʫʜʽʚʣʷ, ʢʦʥʩʪʨʫʢʮʽʷ, ʜʝʬʦʨʤʘʮʽʾ, ʥʘʧʨʫʞʝʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʷ, 

ʜʦʚʛʦʙʫʜ, ʢʦʪʣʦʚʘʥ. 

ɿʜʘʥʠʝ, ʢʦʥʩʪʨʫʢʮʠʷ, ʜʝʬʦʨʤʘʮʠʠ, ʥʘʧʨʷʞʝʥʠʷ, ʵʢʩʧʣʫʘʪʘʮʠʷ, 

ʜʦʣʛʦʩʪʨʦʡ, ʢʦʪʣʦʚʘʥ. 

Building, structure, strains, stresses, exploitation, unfinished construction, 

excavation. 

 

ɺʩʪʫʧ. ʋ ʟʚôʷʟʢʫ ʟʽ ʩʢʣʘʜʥʦʶ ʪʘ ʥʝʩʪʘʙʽʣʴʥʦʶ ʝʢʦʥʦʤʽʯʥʦʶ ʩʠʪʫʘʮʽʻʶ, 
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ʘ ʪʘʢʦʞ  ʨʽʟʢʠʤ ʩʢʦʨʦʯʝʥʥʷʤ ʦʙʩʷʛʽʚ ʽʥʚʝʩʪʠʮʽʡ ʚ ʙʫʜʽʚʝʣʴʥʫ ʛʘʣʫʟʴ 

ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 10 ʨʦʢʽʚ, ʚ ʤʽʩʪʘʭ ʋʢʨʘʾʥʠ ʫʪʚʦʨʠʣʘʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʜʦʚʛʦʙʫʜʽʚ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʽ ʚʠʩʦʪʥʠʭ ʮʠʚʽʣʴʥʠʭ ʙʫʜʽʚʝʣʴ, ʧʝʨʝʚʘʞʥʦ 

ʞʠʪʣʦʚʠʭ. ɹʫʜʽʚʥʠʮʪʚʘ, ʨʦʟʧʦʯʘʪʽ ʚ ʩʧʨʠʷʪʣʠʚʠʡ ʧʝʨʽʦʜ ʩʪʨʽʤʢʦʛʦ 

ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ (ʥʘʚʝʩʥʽ-ʚʣʽʪʢʫ 2008 ʨʦʢʫ), ʨʽʟʢʦ ʧʨʠʧʠʥʷʣʠʩʷ ʥʘ ʩʪʘʜʽʾ 

ʨʦʙʽʪ ʥʫʣʴʦʚʦʛʦ ʮʠʢʣʫ, ʘ ʩʘʤʝ ï ʚʽʜʨʠʪʦʛʦ ʢʦʪʣʦʚʘʥʫ. 

ʅʦʚ̔ ʞʠʪʣʦʚʽ ʙʫʜʽʚʣʽ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʤʠ ʘʙʦ 

ʚʠʩʦʪʥʠʤʠ, ʱʦ ʧʦʪʨʝʙʫʻ ʦʨʛʘʥʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦʾ ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʫ ʾʭ ʤʝʞʘʭ. ʇʨʠ ʮʴʦʤʫ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʧʘʨʢʽʥʛ ʨʘʮʽʦʥʘʣʴʥʦ ʨʦʟʤʽʱʫʚʘʪʠ ʥʘ 

ʧʽʜʟʝʤʥʠʭ ʧʦʚʝʨʭʘʭ. ʏʠʥʥʽ ʥʦʨʤʠ ʱʦʜʦ ʚʣʘʰʪʫʚʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʧʘʨʢʽʥʛʽʚ 

ʚʠʤʘʛʘʶʪʴ ʟʙʽʣʴʰʝʥʦʾ ʙʫʜʽʚʝʣʴʥʦʾ ʚʠʩʦʪʠ ʧʦʚʝʨʭʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʾʤʢʠ ʚʽʜʧʦʚʽʜʥʦʾ ʪʦʚʱʽ ʨ̌ʫʥʪʫ ʪʘ ʟʥʘʯʥʦʾ ʛʣʠʙʠʥʠ ʢʦʪʣʦʚʘʥʫ. ɻʣʠʙʠʥʘ 

ʢʦʪʣʦʚʘʥʫ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʨʽʟʫ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ 

ʬʫʥʜʘʤʝʥʪʥʦʾ ʧʣʠʪʠ, ʱʦ ʟʜʘʪʥʘ ʩʧʨʠʡʤʘʪʠ ʚʝʣʠʯʝʟʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ. 

ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʦʚʽ ʙʫʜʽʚʣʽ ʧʨʦʝʢʪʫʶʪʴʩʷ ʩʝʨʝʜ ʽʩʥʫʶʯʦʾ 

ʟʘʙʫʜʦʚʠ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʱʽʣʴʥʦʾ), ʟʚʝʜʝʥʦʾ 40é50 ʽ ʙʽʣʴʰʝ ʨʦʢʽʚ ʪʦʤʫ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙôʻʢʪʽʚ ʚʠʩʦʪʦʶ 5é7 ʧʦʚʝʨʭʽʚ. ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʽʥʞʝʥʝʨʥʠʭ ʟʘʚʜʘʥʴ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ 

ʧʨʦʪʷʛʦʤ ʾʭ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʘ ʪʘʢʦʞ ʥʘʜʽʡʥʦʩʪʽ 

ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙôʻʢʪʽʚ. ɽʣʝʤʝʥʪʠ ʥʝʩʫʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ, ʦʜʝʨʞʫʶʪʴ ʜʝʬʦʨʤʘʮʽʾ 

ʪʘ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʟ ʯʘʩʦʤ ʪʽʣʴʢʠ ʟʙʽʣʴʰʫʶʪʴʩʷ ʽ ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʧʝʚʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʫʤʦʚʘʤʠ ʤʘʡʜʘʥʯʠʢʫ ʟʘʙʫʜʦʚʠ ʻ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʽʯʥʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʢʣʘʜʥʽ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʜʽʣʷʶʪʴʩʷ ʧʨʦʩʽʜʘʶʯʽ 

ʨ̌ʫʥʪʠ. ʆʢʨʽʤ ʨʽʚʥʦʤʽʨʥʠʭ ʦʩʽʜʘʥʴ ʙʫʜʽʚʝʣʴ, ʩʧʨʠʯʠʥʝʥʠʭ ʾʭ ʚʘʛʦʶ, 

ʚʥʘʩʣʽʜʦʢ ʟʘʤʦʯʫʚʘʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʽ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʥʘʜʤʽʨʥʠʭ ʢʨʝʥʽʚ ʽʩʥʫʶʯʠʭ ʦʙôʻʢʪʽʚ ʟʘʙʫʜʦʚʠ, ʟʥʘʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʘʙʦ 

ʨʫʡʥʫʚʘʥʥʷ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ ʚ 

ʮʽʣʦʤʫ. 

ʆʜʥʠʤ ʟ ʯʠʥʥʠʢʽʚ, ʷʢʠʡ ʩʧʨʠʷʻ ʟʘʤʦʯʫʚʘʥʥʶ ʨ̌ʫʥʪʽʚ ʦʩʥʦʚ 

ʬʫʥʜʘʤʝʥʪʽʚ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʧʦʨʷʜ ʟ ʨʦʟʧʦʯʘʪʠʤ 

ʥʦʚʠʤ ʙʫʜʽʚʥʠʮʪʚʦʤ, ʻ ʥʝʟʘʢʨʠʪʠʡ ʢʦʪʣʦʚʘʥ ʜʦʚʛʦʙʫʜʫ, ʚ ʷʢʠʡ 

ʧʦʪʨʘʧʣʷʶʪʴ ʜʦʱʦʚʘ ʚʦʜʘ, ʪʘʣʘ ʚʦʜʘ ʚʽʜ ʩʥʽʛʫ, ʩʪʽʢʘʶʪʴ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ ʟ 

ʧʨʠʣʝʛʣʦʾ ʪʝʨʠʪʦʨʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʣʠʚʦ ʟʘʤʦʯʫʚʘʥʥʷ ʨ̌ʫʥʪʫ ʥʠʞʯʝ 

ʢʦʪʣʦʚʘʥʫ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʩʪʽʥʦʢ (ʚʽʜʢʦʩʽʚ). ʂʨʽʤ ʪʦʛʦ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʘʛʘʣʴʥʝ ʦʩʣʘʙʣʝʥʥʷ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʧʨʠʣʝʛʣʦʾ ʜʽʣʷʥʢʠ ʟʘʙʫʜʦʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ ʡ ʫʪʚʦʨʝʥʥʷ ʟʘʛʨʦʟʠ ʟʩʫʚʫ. 

ɺ ʢʦʥʪʝʢʩʪʽ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʟʘʚʜʘʥʥʷ ʚʘʞʣʠʚʦ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ 

ʥʘʩʣʽʜʢʽʚ ʥʘʷʚʥʦʩʪʽ ʢʦʪʣʦʚʘʥʫ ʜʦʚʛʦʙʫʜʫ ï ʦʩʣʘʙʣʝʥʥʷ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ 

ʚ ʮʽʣʦʤʫ ʪʘ ʜʦʜʘʪʢʦʚʝ ʟʘʤʦʯʫʚʘʥʥʷ ʚʽʜʢʦʩʽʚ ʢʦʪʣʦʚʘʥʫ, ʱʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ 

ʜʦ ʧʨʦʩʽʜʘʥʥʷ ʨ̌ʫʥʪʫ ʧʽʜ ʽʩʥʫʶʯʠʤ ʦʙôʻʢʪʦʤ, ï ʥʘ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ (ʅɼʉ) ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣɹ, ʱʦ 
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ʝʢʩʧʣʫʘʪʫʪʁʴʩʷ ʧʦʨʷʜ. 

ʉʪʘʥ ʧʠʪʘʥʥʷ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʟʫʤʦʚʣʝʥʘ ʩʫʯʘʩʥʠʤʠ 

ʪʝʥʜʝʥʮʽʷʤʠ ʱʦʜʦ ʩʧʦʩʦʙʽʚ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʞʠʪʣʦʚʠʭ ʢʚʘʨʪʘʣʽʚ, ʩʝʨʝʜ ʷʢʠʭ 

ʥʝʘʙʠʷʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʱʽʣʴʥʝʥʥ ʁʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ [1]. ʇʨʠ ʮʴʦʤʫ 

ʩʫʪʦ ʪʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʚʝʜʝʥʥʽ ʚʠʩʦʪʥʠʭ ʽ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʦʙôʻʢʪʽʚ ʩʝʨʝʜ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʯʘʩʪʦ ʫ ʨʘʟʠ ʤʝʥʰʦʾ 

ʧʦʚʝʨʭʦʚʦʩʪʽ, ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʧʨʦʪʝ ʟʛʘʜʫʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ [2]. 

ʇʨʦʝʢʪʫʚʘʣʴʥʠʢʠ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʦʩʥʦʚ ʽ ʬʫʥʜʘʤʝʥʪʽʚ 

ʢʦʥʮʝʥʪʨʫʶʪʴʩ ̫ ʥʘ ʥʦʚʠʭ ʦʙôʻʢʪʘʭ ʙʫʜʽʚʥʠʮʪʚʘ  ̔ ʥʝ ʧʝʨʝʡʤʘʶʪʴʩʷ 

ʙʫʜʽʚʣʷʤʠ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʧʦʨʷʜ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʜʝʪʘʣʴʥʠʭ ʚʢʘʟʽʚʦʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ [3], ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʷʭ [4] ʪʘ ʽʥ. ʂʦʤʧʣʝʢʩʥʽ ʟʘʭʦʜʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʽʩʥʫʶʯʦʛʦ 

ʥʝʨʫʭʦʤʦʛʦ ʬʦʥʜʫ, ʪʘʢʦʞ ʚ̔ ʜʩʫʪʥʽ [5]. 

ʇʨʦʪʝ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʨʝʩ ʜʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ, 

ʥʘʩʘʤʧʝʨʝʜ ʧʨʠ ʾʭ ʨʝʢʦʥʩʪʨʫʢʮʽʾ. ʇʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʥʘʷʚʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ, ʘ ʪʘʢʦʞ ʧʨʦ 

ʤʝʭʘʥʽʯʥʽ ʜʽʾ ʥʘ ʽʩʥʫʶʯʽ ʦʙôʻʢʪʠ ʚʘʞʢʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, 

ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʟʚʝʜʝʥʥʽ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʡʜʝʪʴʩʷ ʫ [6]. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʽʚ, ʱʦ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ, ʧʨʠ ʾʭ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʜʦʚʝʜʝʥʘ ʫ [7]. 

ʋ [8] ʦʙ̌ʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʙʫʜʽʚʝʣʴ ʽ 

ʩʧʦʨʫʜ ʟʘʧʨʦʝʢʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʦʙʪʦ ʪʘʢʠʭ, ʷʢʽ ʚʠʥʠʢʣʠ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʥʝ ʤʦʛʣʠ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʦʙôʻʢʪʽʚ, ʦʜʥʘʢ ʟ 

ʧʝʚʥʦʛʦ ʤʦʤʝʥʪʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʯʠʥʘʶʪʴ ʜʽʷʪʠ. ɺ ʷʢʦʩʪʽ ʪʘʢʦʛʦ 

ʟʘʧʨʦʝʢʪʥʦʛʦ (ʜʦʜʘʪʢʦʚʦʛʦ) ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʙʫʜʽʚʣʶ, ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ, 

ʚ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʩʪʫʧʘʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʦʩʽʜʘʥʴ ʬʫʥʜʘʤʝʥʪʽʚ, ʚʠʢʣʠʢʘʥʠʭ 

ʧʨʦʩʽʜʘʥʥʷʤ ʨ̌ʫʥʪʫ ʦʩʥʦʚʠ ʧʨʠ ʡʦʛʦ ʥʝʦʜʥʦʢʨʘʪʥʦʤʫ ʟʘʤʦʯʫʚʘʥʥʽ ʯʝʨʝʟ 

ʚʽʜʢʽʩ ʢʦʪʣʦʚʘʥʫ ʜʦʚʛʦʙʫʜʫ. 

ʅʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʽ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʦʨʦʥʦʢ ʧʨʦʩʽʜʘʥʥʷ ʚʽʜʥʦʩʥʦ 

ʦʩʝʡ ʙʫʜʽʚʣʽ ʚ ʧʣʘʥʽ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʪʦʨʮʝʚʽ ʪʘ ʢʫʪʦʚʽ ʜʽʣʷʥʢʠ ʦʙôʻʢʪʫ, ʱʦ 

ʚʠʟʥʘʯʝʥʦ ʚ ʧʨʘʮʽ [9]. ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʙʦʨʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʚʝʜʝʥʽ ʫ [10], ʘʣʝ ʟʘ ʥʦʨʤʘʤʠ 

[11] ʦʜʥʦʟʥʘʯʥʦ ʤʘʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ 

ʙʫʜʽʚʣʽ ʩʫʤʽʩʥʦ ʟ ˇʨʫʥʪʦʚʠʤ ʤʘʩʠʚʦʤ ʾʾ ʦʩʥʦʚʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʽ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ, ʚʠʢʣʠʢʘʥʠʭ ʪʨʠʚʘʣʦʶ ʥʘʷʚʥʽʩʪʶ ʢʦʪʣʦʚʘʥʫ 

ʜʦʚʛʦʙʫʜʫ, ʥʘ ʅɼʉ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣ,̔ ʱʦ ʝʢʩʧʣʫʘʪʫʪ̒ʴʩʷ ʧʦʨʷʜ. 

ɼʦ ʟʛʘʜʘʥʠʭ ʧʨʦʮʝʩʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʟʘʤʦʯʫʚʘʥʥʷ ʚʽʜʢʦʩʽʚ ʢʦʪʣʦʚʘʥʫ, ʱʦ 

ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʧʨʦʩʽʜʘʥʥʷ ʨ̌ʫʥʪʫ ʧʽʜ ʽʩʥʫʶʯʠʤ ʦʙôʻʢʪʦʤ, ʪʘ ʦʩʣʘʙʣʝʥʥʷ 

ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʚ ʮʽʣʦʤʫ, ʱʦ ʫʪʚʦʨʶʻ ʟʘʛʨʦʟʫ ʟʩʫʚʫ. 

ɿʘʚʜʘʥʥʷʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ: ʧʦʙʫʜʦʚʘ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ 

ʙʫʜʽʚʣʽ, ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ, ʩʫʤʽʩʥʦ ʟ ̌ʨʫʥʪʦʚʠʤ ʤʘʩʠʚʦʤ ʾʾ ʦʩʥʦʚʠ ʟ 
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ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʦʯʥʦʛʦ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʘʣʝ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʢʦʪʣʦʚʘʥʫ (ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ); ʧʦʙʫʜʦʚʘ ʪʘ ʨʦʟʨʘʭʫʥʦʢ 

ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ, ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ, ʩʫʤʽʩʥʦ ʟ ˇʨʫʥʪʦʚʠʤ 

ʤʘʩʠʚʦʤ ʾʾ ʦʩʥʦʚʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʦʯʥʦʛʦ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷ ʢʦʪʣʦʚʘʥʫ; ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ 

ʤʦʜʝʣʝʡ ʤʽʞ ʩʦʙʦʶ (ʧʝʨʝʤʽʱʝʥʴ ʽ ʥʘʧʨʫʞʝʥʴ); ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʤʦʜʝʣʝʡ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ 

ʙʫʜʽʚʣʽ, ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ, ʚʠʢʣʠʢʘʥʠʭ 

ʪʨʠʚʘʣʦʶ ʥʘʷʚʥʽʩʪʶ ʢʦʪʣʦʚʘʥʫ ʜʦʚʛʦʙʫʜʫ, ʥʘ ʅɼʉ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʙʫʜʽʚʣ,̔ ʱʦ ʝʢʩʧʣʫʘʪʫʪ̒ʴʩʷ ʧʦʨʷʜ, ʦʙʨʘʥʘ ʜʽʣʷʥʢʘ ʪʝʨʠʪʦʨʽʾ ʤ. ɿʘʧʦʨʽʞʞʷ, 

ʟʘʙʫʜʦʚʘʥʦʾ ʞʠʪʣʦʚʠʤʠ ʙʫʜʽʚʣʷʤʠ ʫ ʜʚʘ ʝʪʘʧʠ ï 5é6-ʧʦʚʝʨʭʦʚʠʤʠ ʫ 

ʩʝʨʝʜʠʥʽ 60-ʭ ʨʨ. ʍʍ ʩʪ. ʽ 12é14-ʧʦʚʝʨʭʦʚʠʤʠ ʚ ʩʝʨʝʜʠʥʽ 80-ʭ ʨʨ. ɼʽʣʷʥʢʘ 

ʤʘʻ ʫʭʠʣ ʽ = 1:23 ʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
               

1 ï ʢʦʪʣʦʚʘʥ ʜʦʚʛʦʙʫʜʫ (ʤʝʞʽ ʧʦʟʥʘʯʝʥʦ ʫʤʦʚʥʦ); 

2 ï 5-ʧʦʚʝʨʭʦʚʘ ʞʠʪʣʦʚʘ ʙʫʜʽʚʣʷ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ; 

3 ï ʰʧʫʥʪʦʚʘ ʩʪʽʥʢʘ; 

4 ï 12-ʧʦʚʝʨʭʦʚʘ ʽʩʥʫʶʯʘ ʞʠʪʣʦʚʘ ʙʫʜʽʚʣʷ; 

5 ï 14-ʧʦʚʝʨʭʦʚʘ ʽʩʥʫʶʯʘ ʞʠʪʣʦʚʘ ʙʫʜʽʚʣʷ. 

 

ʈʠʩ. 1. ʉʠʪʫʘʮʽʡʥʠʡ ʧʣʘʥ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʫʜʽʚʣʽ ʪʘ ʢʦʪʣʦʚʘʥʫ 

 

ʆʩʥʦʚʠ ʩʢʣʘʜʝʥʽ ʧʨʦʩʽʜʘʶʯʠʤʠ ˇʨʫʥʪʘʤʠ, ʧʦʪʫʞʥʽʩʪʴ ʷʢʠʭ ʩʢʣʘʜʘʻ 

24é27 ʤ. ʃʠʰʝ ʜʦ ʟʙʫʜʦʚʘʥʠʭ ʧʽʟʥʽʰʝ 12é14-ʧʦʚʝʨʭʽʚʦʢ ʟʘʩʪʦʩʦʚʘʥʦ 

ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʨʦʪʠʧʨʦʩʽʜʘʶʯʠʭ ʟʘʭʦʜʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʧʘʣʴʦʚʽ ʬʫʥʜʘʤʝʥʪʠ. ɺ ʧʦʙʫʜʦʚʘʥʠʭ ʨʘʥʽʰʝ 5-ʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʣʷʭ 
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ʚʣʘʰʪʦʚʘʥʦ ʣʠʰʝ ʤʦʥʦʣʽʪʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʧʦʷʩʠ ʞʦʨʩʪʢʦʩʪʽ. 

 

 
 

ʈʠʩ. 2. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʽʩʥʫʶʯʦʾ ʙʫʜʽʚʣʽ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

 

ɹʫʜʽʚʣʷ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʙʝʟʢʘʨʢʘʩʥʘ ʮʝʛʣʷʥʘ 5-ʧʦʚʝʨʭʦʚʘ ʟ 

ʮʦʢʦʣʴʥʠʤ ʧʦʚʝʨʭʦʤ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ʅʝʨʝʘʣʽʟʦʚʘʥʠʡ 

ʧʨʦʝʢʪ ʻ ʞʠʪʣʦʚʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧôʷʪʠ ʩʝʢʮʽʡ ï 24, 24, 20, 

16 ʽ 9 ʧʦʚʝʨʭʽʚ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3. 

 

 
 

ʈʠʩ. 3. ʇʨʦʝʢʪ ʞʠʪʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʦʚʛʦʙʫʜʫ 

 

ʇʝʨʰʽ ʜʚʘ ʧʦʚʝʨʭʠ ʥʝʟʙʫʜʦʚʘʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʽʜʚʝʜʝʥʽ ʧʽʜ 

ʦʙôʻʢʪʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʰʢʘʥʮʽʚ ʤʽʢʨʦʨʘʡʦʥʫ. ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʧʘʨʢʽʥʛ 
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ʧʝʨʝʜʙʘʯʝʥʠʡ ʥʘ ʜʚʦʭ ʧʽʜʟʝʤʥʠʭ ʧʦʚʝʨʭʘʭ ʧʽʜ ʫʩʽʤ ʢʦʤʧʣʝʢʩʦʤ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʩʝʢʮʽʡ ʢʦʤʧʣʝʢʩʫ ʢʘʨʢʘʩʥʘ, ʟʚʝʜʝʥʥʷ ʧʝʨʝʜʙʘʯʘʣʦʩʷ 

ʟ ʤʦʥʦʣʽʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ. ɾʠʪʣʦʚʠʡ ʢʦʤʧʣʝʢʩ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʢʦʪʣʦʚʘʥ 

ʤʘʶʪʴ ʚ ʧʣʘʥʽ ʩʢʣʘʜʥʫ ʬʦʨʤʫ. ɻʣʠʙʠʥʘ ʢʦʪʣʦʚʘʥʫ ʩʢʣʘʜʘʻ 10,5 ʤ. ɹʫʣʦ 

ʧʝʨʝʜʙʘʯʝʥʦ ʧʘʣʴʦʚʠʡ ʬʫʥʜʘʤʝʥʪ ʟ ʧʘʣʷʤʠ-ʩʪʦʡʢʘʤʠ. 

 

ɹʫʜʽʚʥʠʮʪʚʦ ʦʙôʻʢʪʫ ʨʦʟʧʦʯʘʣʦʩʷ 

ʥʘʚʝʩʥʽ ʪʘ ʧʨʠʧʠʥʠʣʦʩʷ ʫ ʚʝʨʝʩʥʽ 

2008 ʨʦʢʫ. ɿʘ ʧʨʦʝʢʪʦʤ ʙʫʣʦ 

ʧʝʨʝʜʙʘʯʝʥʦ ʦʜʥʫ ʰʧʫʥʪʦʚʫ ʩʪʽʥʢʫ 

3 (ʜʠʚ. ʨʠʩ. 1), ʷʢʘ ʙ ʟʤʽʮʥʶʚʘʣʘ 

ʚʽʜʢʽʩ ʟ ʙʦʢʫ 12-ʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ, 

ʚʽʜʩʪʘʥʴ ʜʦ ʷʢʦʾ ʤʝʥʰʘ ʟʘ ʚʽʜʩʪʘʥʴ 

ʜʦ ʽʩʥʫʶʯʦʾ 5-ʧʦʚʝʨʭʽʚʢʠ ʽ ʩʢʣʘʜʘʻ 

ʙʣʠʟʴʢʦ 15 ʤ. 

 
 

ʈʠʩ. 4. ɺʠʛʣʷʜ ʢʦʪʣʦʚʘʥʫ ʜʦʚʛʦʙʫʜʫ 

ʩʪʘʥʦʤ ʥʘ ʩʽʯʝʥʴ 2018 ʨʦʢʫ 

 

ʅʘʡʤʝʥʰʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʽʩʥʫʶʯʦʾ 5-ʧʦʚʝʨʭʽʚʢʠ ʜʦ ʢʨʘʶ ʚʽʜʢʦʩʫ ʩʢʣʘʜʘʻ 

20 ʤ. ɺʠʛʣʷʜ ʢʦʪʣʦʚʘʥʫ ʩʪʘʥʦʤ ʥʘ ʩʽʯʝʥʴ 2018 ʨʦʢʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. 

ɼʝʬʦʨʤʘʮʽʾ 5-ʧʦʚʝʨʭʦʚʦʾ ʞʠʪʣʦʚʦʾ ʙʫʜʽʚʣʽ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʫ 2010 ʨʦʮʽ ʧʽʜ 

ʯʘʩ ʦʙʩʪʝʞʝʥʥʷ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ɿʘʧʦʨʽʟʴʢʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ɼʝʨʞʘʚʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ çɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡè ʧʽʩʣʷ ʯʠʩʝʣʴʥʠʭ ʟʚʝʨʥʝʥʴ ʤʝʰʢʘʥʮʽʚ. ʅʘʧʨʷʤʦʢ ʜʝʬʦʨʤʘʮʽʡ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʣʘʰʪʦʚʘʥʦ ʜʦʜʘʪʢʦʚʫ ʰʧʫʥʪʦʚʫ ʩʪʽʥʢʫ 

(ʨʠʩ. 5), ʷʢʘ ʧʽʜʩʠʣʶʻ ʚʽʜʢʽʩ ʟ ʙʦʢʫ 5-ʧʦʚʝʨʭʽʚʢʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʘʥʦ ʨʦʙʦʪʠ 

ʟ̔ ʟʤʽʮʥʝʥʥʷ ˇʨʫʥʪʽʚ ʦʩʥʦʚ ʤʝʪʦʜʦʤ ʛʣʠʙʠʥʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʩʧʦʩʦʙʦʤ 

ʮʝʤʝʥʪʘʮʽʾ. ʇʦʜʘʣʴʰʽ ʜʝʬʦʨʤʘʮʽʾ ʥʝ ʚʠʷʚʣʷʣʠʩʷ. 

 

 
ʈʠʩ. 5. ɼʦʜʘʪʢʦʚʘ ʰʧʫʥʪʦʚʘ ʩʪʽʥʢʘ (ʚʠʛʣʷʜ ʩʪʘʥʦʤ ʥʘ ʩʽʯʝʥʴ 2018 ʨʦʢʫ) 

 

ʆʙʯʠʩʣʁʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ çʃʽʨʘè ʚʝʨʩʽʾ 9.6 R8 (ʇʂ), ʱʦ ʨʝʘʣʽʟʫʻ ʤʝʪʦʜ 
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ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʤʦʜʝʣʷʤʠ, ʷʢʽ 

ʚʢʣʶʯʘʶʪʴ, ʦʢʨʽʤ ʽʩʥʫʶʯʦʾ ʙʫʜʽʚʣʽ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ: ʤʦʜʝʣʴ 1 ï ʤʘʩʠʚ 

ʨ̌ʫʥʪʫ ʦʩʥʦʚʠ; ʤʦʜʝʣʴ 2 ï ʤʘʩʠʚ ʨ̌ʫʥʪʫ ʦʩʥʦʚʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʪʣʦʚʘʥʫ 

ʜʦʚʛʦʙʫʜʫ ʡ ʟʘʤʦʯʫʚʘʥʥʷ ʩʪʽʥʦʢ ʽ ʜʥʠʱʘ ʢʦʪʣʦʚʘʥʫ. ʄʦʜʝʣʴ 1 ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 6, ʤʦʜʝʣʴ 2 ï ʥʘ ʨʠʩ. 7. 

 

ʇʦʩʪʦʷʥʥʘʷ

X

Y
Z

 
 

ʈʠʩ. 6. ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ 1 ʙʫʜʽʚʣʽ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʢʦʪʣʦʚʘʥʫ) 

 

ʇʦʩʪʦʷʥʥʘʷ

X

Y
Z

 
 

 

ʈʠʩ. 7. ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ 2 ʙʫʜʽʚʣʽ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʪʣʦʚʘʥʫ) 

 

ɽʣʝʤʝʥʪʠ ʨ̌ʫʥʪʫ ʤʦʜʝʣʶʚʘʣʠʩʷ ʦʙôʻʤʥʠʤʠ ʩʢʽʥʯʝʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 
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(ʉɽ), ʝʣʝʤʝʥʪʠ ʥʝʩʫʯʠʭ ʩʪʽʥ ʙʫʜʽʚʣʽ ʪʘ ʾʾ ʬʫʥʜʘʤʝʥʪʽʚ ï ʧʣʦʩʢʠʤʠ ʉɽ, 

ʧʦʷʩʽʚ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʧʝʨʝʢʨʠʪʴ ï ʩʪʝʨʞʥʝʚʠʤʠ ʉɽ. ɿʘʜʘʥʽ ʚ ʇʂ ʧʘʨʘʤʝʪʨʠ 

ʞʦʨʩʪʢʦʩʪʽ ʉɽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʘʣʴʥʠʤ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʘʪʝʨʽʘʣʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʨ̌ʫʥʪʠ 

ʦʩʥʦʚ. ɿʘʤʦʯʫʚʘʥʥʷ ʨ̌ʫʥʪʫ ʤʦʜʝʣʶʚʘʣʦʩʷ ʚʠʢʣʶʯʝʥʥʷʤ ʟ ʨʦʙʦʪʠ 

ʚʽʜʧʦʚʽʜʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʦʙôʻʤʥʠʭ ʉɽ (ʩʫʪʪʻʚʠʤ ʟʥʠʞʝʥʥʷʤ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ). 

ɺ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʧʦʩʪʽʡʥʝ, ʢʦʨʠʩʥʝ, ʩʥʽʛʦʚʝ ʪʘ 

ʚʽʪʨʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʦʢʨʝʤʠʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷʤʠ. ɿʥʘʯʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚʟʷʪʝ ʟʘ ʯʠʥʥʠʤʠ ʥʦʨʤʘʤʠ [12], ʱʦ ʪʘʢʦʞ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʥʫʣʦ ʥʘ ʅɼʉ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʽʪʨʫ ʧʨʠʢʣʘʜʝʥʝ ʟ ʥʘʡʙʽʣʴʰ 

ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʙʦʢʫ ʙʫʜʽʚʣʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʦʜʝʨʞʘʥʦ ʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʚʫʟʣʽʚ 

ʤʦʜʝʣʝʡ ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ ʟʘ ʦʢʨʝʤʠʤʠ 

ʟʘʚʘʥʪʘʞʝʥʥʷʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʤʘʨʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʥʘʡʙʽʣʴʰ 

ʥʝʙʝʟʧʝʯʥʠʭ ʜʽʣʷʥʢʘʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʘʣʠʩʷ ʜʦʜʘʚʘʥʥʷʤ 

ʧʝʨʝʤʽʱʝʥʴ ʚʽʜʧʦʚʽʜʥʠʭ ʚʫʟʣʽʚ ʟʘ ʦʢʨʝʤʠʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷʤʠ. ʉʫʤʘʨʥʽ 

ʝʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʝʣʝʤʝʥʪʘʭ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʘʣʠʩʷ ʜʦʜʘʚʘʥʥʷʤ ʥʘʧʨʫʞʝʥʴ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʝʣʝʤʝʥʪʘʭ ʟʘ ʦʢʨʝʤʠʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 

ʤʦʜʝʣʷʤʠ 1 ʽ 2, ʘ ʪʘʢʦʞ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʽʞ 

ʤʦʜʝʣʷʤʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 1. 

 
 

ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʤʦʜʝʣʷʤʠ 1 ʽ 2 ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ɺʘʨʽʘʥʪ 

ʤʦʜʝʣʽ 

ʇʝʨʝʤʽʱʝʥʥʷ, ʤʤ ʅʘʧʨʫʞʝʥʥʷ, ʪ/ʤ2 

ɺʽʩʴ ʍ ɺʽʩʴ Y ɺʽʩʴ Z 
NS NE 

max min min min 

1 4,57 -20,24 -21,38 -88,51 -159,681 73,110 

2 5,32 -27,78 -30,76 -90,85 -172,348 78,546 

ɺʜ̔ʭʠʣʝ-

ʥʥʷ, % 
14,04 27,15 30,49 2,57 7,35 6,92 

 

ʄʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ, ʦʜʝʨʞʘʥʝ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʚ 

ʥʘʧʨʷʤʢʫ ʤʝʥʰʦʾ ʞʦʨʩʪʢʦʩʪʽ ʙʫʜʽʚʣʽ, ʩʢʣʘʜʘʻ 30,49 % (ʟʘ ʦʢʨʝʤʠʤʠ 

ʟʘʚʘʥʪʘʞʝʥʥʷʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʙʽʣʴʰʝ ʫ 

ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ). ɿʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʙʽʣʴʰʽ ʟʘ ʚʘʨʽʘʥʪʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʤʦʜʝʣʽ 2 ï ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʪʣʦʚʘʥʫ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʚʢʣʶʯʘʶʪʴ ʨʽʚʥʦʤʽʨʥʽ ʦʩʽʜʘʥʥʷ ʙʫʜʽʚʣʽ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʩʢʣʘʜʘʻ 7,35 %, 

ʧʨʠʯʦʤʫ ʾʭ ʟʥʘʯʝʥʥʷ ʪʘʢʦʞ ʙʽʣʴʰʽ ʟʘ ʚʘʨʽʘʥʪʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ 2 ï ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʪʣʦʚʘʥʫ (ʟʘ ʦʢʨʝʤʠʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷʤʠ ʝʢʚʽʚʘʣʝʥʪʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʙʽʣʴʰʽ ʥʘ 22,26 %). 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʢʦʪʣʦʚʘʥʫ ʜʦʚʛʦʙʫʜʫ ʟôʷʚʣʷʶʪʴʩʷ 

ʜʦʜʘʪʢʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʧʦʛʽʨʰʫʶʪʴ ʅɼʉ ʥʝʩʫʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʙʫʜʽʚʣ̔  ʚ ʮʽʣʦʤʫ. ʋ ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʠʧʘʜʢʫ 

ʥʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʘʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʝ ʜʦʩʷʛʣʠ ʥʝʙʝʟʧʝʯʥʠʭ ʚʝʣʠʯʠʥ, ʘʣʝ ʟʘ 

ʧʝʚʥʠʭ ʦʙʩʪʘʚʠʥ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ. ʊʨʝʙʘ 

ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚʽʜʭʠʣʝʥʥʷ ʜʝʷʢʠʭ ʧʝʨʝʤʽʱʝʥʴ ʟʥʘʯʥʽ ʡ ʥʝ ʤʦʛʣʠ 

ʚʠʥʠʢʥʫʪʠ ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʥʘʯʝʥʴ 

ʥʘʚʘʥʪʘʞʝʥʴ ʟʘ ʥʦʨʤʘʤʠ [12]. 

ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʚʘʨʽʘʥʪʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʤʦʜʝʣʽ 2 ï ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʪʣʦʚʘʥʫ ʜʦʚʛʦʙʫʜʫ ï ʚʽʜ ʬʘʢʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʭ 

ʟʥʘʯʝʥʴ ʫ ʭʦʜʽ ʥʘʪʫʨʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ 2010 ʨʦʢʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 5 % ʽ 

ʙʽʣʴʰʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ, ʦʪʞʝ ʤʦʜʝʣʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʘʜʝʢʚʘʪʥʦʶ ʨʝʘʣʴʥʦʤʫ ʅɼʉ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ 

ʽ ʩʧʦʨʫʜ. 

ɺʠʩʥʦʚʢʠ.  
ʆʜʥʠʤ ʟ ʯʠʥʥʠʢʽʚ, ʷʢʠʡ ʩʧʨʠʷʻ ʟʘʤʦʯʫʚʘʥʥʶ ʨ̌ʫʥʪʽʚ ʦʩʥʦʚ 

ʬʫʥʜʘʤʝʥʪʽʚ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʧʦʨʷʜ ʟ ʨʦʟʧʦʯʘʪʠʤ 

ʥʦʚʠʤ ʙʫʜʽʚʥʠʮʪʚʦʤ, ʻ ʥʝʟʘʢʨʠʪʠʡ ʢʦʪʣʦʚʘʥ ʜʦʚʛʦʙʫʜʫ, ʚ ʷʢʠʡ 

ʧʦʪʨʘʧʣʷʶʪʴ ʜʦʱʦʚʘ ʚʦʜʘ, ʪʘʣʘ ʚʦʜʘ ʚʽʜ ʩʥʽʛʫ, ʩʪʽʢʘʶʪʴ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ ʟ 

ʧʨʠʣʝʛʣʦʾ ʪʝʨʠʪʦʨʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʣʠʚʦ ʟʘʤʦʯʫʚʘʥʥʷ ʨ̌ʫʥʪʫ ʥʠʞʯʝ 

ʢʦʪʣʦʚʘʥʫ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʩʪʽʥʦʢ (ʚʽʜʢʦʩʽʚ). ʂʨʽʤ ʪʦʛʦ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʘʛʘʣʴʥʝ ʦʩʣʘʙʣʝʥʥʷ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʧʨʠʣʝʛʣʦʾ ʜʽʣʷʥʢʠ ʟʘʙʫʜʦʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ ʡ ʫʪʚʦʨʝʥʥʷ ʟʘʛʨʦʟʠ ʟʩʫʚʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʅɼʉ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ. 

ɺ ʯʠʥʥʽʡ ʟʘʢʦʥʦʜʘʚʯʽʡ ʪʘ ʥʦʨʤʘʪʠʚʥʽʡ ʙʘʟʽ ʙʫʜʽʚʥʠʮʪʚʘ ʚʽʜʩʫʪʥʽ 

ʜʝʪʘʣʴʥʽ ʚʢʘʟʽʚʢʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ 

ʙʫʜʽʚʝʣ,ɹ ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʧʦʨʷʜ ʟ ʥʦʚʠʤ ʙʫʜʽʚʥʠʮʪʚʦʤ, ʚʨʘʭʦʚʫʶʯʠ ʾʭ 

ʬʘʢʪʠʯʥʠʡ ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʽ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʚ ʮʽʣʦʤʫ. ʈʦʟʨʦʙʢʘ ʪʘʢʠʭ 

ʚʠʤʦʛ ʩʧʨʠʷʣʘ ʙ ʟʙʝʨʝʞʝʥʥʶ ʽʩʥʫʶʯʦʛʦ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʫʨʘʭʫʚʘʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʧʦʪʦʯʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʫ, ʜʝʬʦʨʤʦʚʘʥʦʾ ʩʭʝʤʠ, ʦʜʝʨʞʘʥʦʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʥʘʪʫʨʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ, ʟʘʧʨʦʝʢʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʦʪʷʛʦʤ 

ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ, ʪʘ ʥʝ ʤʦʛʣʠ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʢʦʪʣʦʚʘʥʫ ʜʦʚʛʦʙʫʜʫ ʟôʷʚʣʷʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʧʦʛʽʨʰʫʶʪʴ ʅɼʉ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ 

ʚ ʮʽʣʦʤʫ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʙʫʜʽʚʣ̔ , ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ. ɿʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ 

ʽ ʥʘʧʨʫʞʝʥʴ ʙʽʣʴʰʽ ʟʘ ʚʘʨʽʘʥʪʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ 2 ï ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʦʪʣʦʚʘʥʫ. ʄʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʩʢʣʘʜʘʻ 30,49 %. 

ʄʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʩʢʣʘʜʘʻ 7,35 %. 

ʉʫʤʘʨʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʫʪʴ ʥʝ ʜʦʩʷʛʘʪʠ ʥʝʙʝʟʧʝʯʥʠʭ 

ʚʝʣʠʯʠʥ, ʘʣʝ ʟʘ ʧʝʚʥʠʭ ʦʙʩʪʘʚʠʥ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ. 

ʆʢʨʽʤ ʥʘʷʚʥʦʩʪʽ ʢʦʪʣʦʚʘʥʫ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʅɼʉ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 
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ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʽʥʰʽ 

ʟʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙôʻʢʪʫ, ʟʦʢʨʝʤʘ 

ʥʘʷʚʥʽʩʪʴ ʧʦʨʷʜ ʽʥʰʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʚʧʣʠʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʞʢʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ ʪʦʱʦ. 

ʊʘʢʦʞ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʧʨʦʚʦʜʠʪʠʩʴ ʫ ʥʘʧʨʷʤʢʫ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʅɼʉ ʢʦʥʩʪʨʫʢʮʽʡ ʦʪʦʯʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʚʽʜ ʛʣʠʙʠʥʠ 

ʢʦʪʣʦʚʘʥʫ, ʢʫʪʫ ʡʦʛʦ ʚʽʜʢʦʩʽʚ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʽʚ, 

ʫʭʠʣʫ ʧʦʚʝʨʭʥʽ ʟʘʙʫʜʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʫ 

ʢʦʪʣʦʚʘʥ ʥʘ ʨʽʢ, ʥʘʷʚʥʦʩʪʽ ʰʧʫʥʪʦʚʠʭ ʩʪʽʥʦʢ ʪʘ ʾʭ ʩʪʘʥʫ, ʨʦʟʤʽʨʽʚ ʽ 

ʧʦʚʝʨʭʦʚʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʘ ʦʩʦʙʣʠʚʦ ï ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʙʫʜʽʚʣʝʶ, ʱʦ 

ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ, ʪʘ ʤʝʞʝʶ ʢʦʪʣʦʚʘʥʫ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʱʽʣʴʥʦʾ 

ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʽʩʪʦʨʠʯʥʠʭ ʮʝʥʪʨʽʚ ʟʥʘʯʥʠʭ ʽ ʟʥʘʯʥʽʰʠʭ ʤʽʩʪ. 
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ɹʋʈʆʅɸɹʀɺʅʓʍ ʉɺɸʁ 

 

FEATURES OF LETTERING OF BURNABOVIC FUEL FUNCTIONS  

 

ʇʝʪʨʝʥʢʦ ʖ.ɺ. ʢ.ʪ.ʥ., ʜʦʮ. (ʅʋ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʢʘʬʝʜʨʘ 

ɸʨʭʽʪʝʢʪʫʨʥʦʛʦ  ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʽʥʞʝʥʝʨʽʾ, ʤ. ʃʴʚʽʚ) 

 

ʇʝʪʨʝʥʢʦ ʖ.ɺ. ʢ.ʪ.ʥ., ʜʦʮ. (ʅʋ çʃʴʚʦʚʩʢʘʷ ʧʦʣʠʪʝʭʥʠʢʘè, ʢʘʬʝʜʨʘ 

ɸʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʥʞʝʥʝʨʠʠ, ʛ. ʃʴʚʦʚ) 

 

Petrenko Y.V. phd., candidate of technical sciences, docent (Lviv 

Polytechnic National University, Department of Architectural Design and 

Engineering, Lviv) 

 

ɺ ʩʪʘʪʪʽ ʚʠʢʣʘʜʝʥʽ ʘʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʧʦ ʩʧʦʨʫʜʞʝʥʥʶ ʙʫʜʽʚʝʣʴ ʚ 

ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʦ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ. ʉʫʯʘʩʥʽ ʫʤʦʚʠ ʙʫʜʽʚʥʠʮʪʚʘ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽ ʧʝʨʝʜʦʚʽ ʤʝʪʦʜʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ  

ʩʧʦʨʫʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʥʘ ʜʽʣʷʥʢʘʭ, ʷʢʽ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʚʚʘʞʘʣʠʩʷ 

ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʚʥʘʩʣʽʜʦʢ ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʦ ʛʝʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ.  

 

ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʦ ʩʦʦʨʫʞʝʥʠʶ ʟʜʘʥʠʡ ʚ 

ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʦ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʧʝʨʝʜʦʚʳʝ ʤʝʪʦʜʳ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʚʦʟʚʝʜʝʥʠ ̫ʟʜʘʥʠʡ ʥʘ ʫʯʘʩʪʢʘʭ, ʜʦ ʩʠʭ ʧʦʨ ʩʯʠʪʘʚʰʠʭʩʷ 

ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʟ ʟʘ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʦ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ. 

 

In the articles expounded issues of the day are on building of buildings in 

difficult  engineer geological terms. The substantial increase of cost of earth 

in the Ukrainian cities compels investors and build campaigns to pay a 

regard to lot lands which to this time was considered useless for building as 

a result of difficult  engineer geological terms. The modern terms of 

building allow to utillize  new front -rank methods and technologies which 

provide building  of buildings on beforeinaccessible areas: in ravines, on 

bogs, steep slopes, etc.  
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ʇʘʣʷ, ʙʝʪʦʥ, ʛʨʫʥʪ, ʬʫʥʜʘʤʝʥʪ, ʢʘʨʢʘʩ, ʘʨʤʘʪʫʨʘ, ʦʩʥʦʚʘ, ʦʩʽʜʘʥʥʷ 

ʉʚʘʷ, ʙʝʪʦʥ, ʛʨʫʥʪ, ʬʫʥʜʘʤʝʥʪ, ʢʘʨʢʘʩ, ʘʨʤʘʪʫʨʘ, ʦʩʥʦʚʘ, ʦʩʝʜʘʥʠʝ 

Pile, concrete, soil, foundation, frame, fittings, foundation, settling 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʙʫʜʽʚʥʠʮʪʚʦ ʚ ʋʢʨʘʾʥʽ ʻ 

ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʦʪʫʞʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ 

ʧʨʠʩʢʦʨʝʥʠʤʠ ʪʝʤʧʘʤʠ. ʇʽʜʚʠʱʝʥʥʷ ʮʽʥ ʥʘ ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʧʽʜ ʟʘʙʫʜʦʚʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʽʥʚʝʩʪʦʨʠ ʪʘ ʙʫʜʽʚʝʣʴʥʽ 

ʢʘʤʧʘʥʽʾ ʟʘʮʽʢʘʚʣʝʥʽ ʚ ʩʧʦʨʫʜʞʝʥʥʽ ʦʙôʻʢʪʽʚ ʚ ʤʽʩʮʷʭ ʥʘʡʙʽʣʴʰ 

ʩʧʨʠʷʪʣʠʚʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʦʨʫʜ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜ ʟʘʙʫʜʦʚʫ ʜʽʣʷʥʦʢ, ʷʢʽ ʢʦʣʠʩʴ ʚʚʘʞʘʣʠʩʷ 

ʥʝʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʨʝʣʴʻʬʫ, ʱʽʣʴʥʽʩʪʴ ʧʨʠʣʝʛʣʦʾ 

ʟʘʙʫʜʦʚʠ, ʩʣʘʙʢʽ ˇʨʫʥʪʠ, ʯʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɺ ʦʩʪʘʥʥʽʡ ʯʘʩ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʜʽʣʷʥʦʢ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɺʦʜʥʦʯʘʩ ʙʫʜʽʚʥʠʮʪʚʦ ʚ ʪʘʢʠʭ ʤʽʩʮʷʭ ʧʦʚôʷʟʘʥʝ ʟ ʨʠʟʠʢʦʤ ʜʝʬʦʨʤʘʮʽʡ ʯʠ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʚ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʣʷʭ, ʨʠʟʠʢʦʤ ʧʽʜʪʦʧʣʝʥʥʷ ʯʠ 

ʨʫʡʥʫʚʘʥʥʷ ʩʪʽʥʦʢ ʢʦʪʣʦʚʘʥʽʚ. ʅʘʧʨʠʢʣʘʜ ʩʧʦʨʫʜʞʝʥʥʷ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ 

ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʥʘ ʚʽʣʴʥʠʭ ʚʽʜ ʟʘʙʫʜʦʚʠ ʜʽʣʷʥʢʘʭ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ 

ʤʽʩʪʘ ʟʽ ʱʽʣʴʥʦʶ ʧʨʠʣʝʛʣʦʶ ʟʘʙʫʜʦʚʦʶ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʽ, ʧʦʯʘʩʪʠ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʥʘʩʢʨʽʟʥʠʭ ʪʨʽʱʠʥ ʚ ʧʨʠʣʝʛʣʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʘʭ, 

ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʦʩʘʜʦʢ ʽʩʥʫʶʯʠʭ ʬʫʥʜʘʤʝʥʪʽʚ, ʱʦ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʯʠʩʣʝʥʥʽ 

ʩʢʘʨʛʠ ʤʝʰʢʘʥʮʽʚ ʧʨʠʟʫʧʠʥʝʥʥʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʩʫʜʦʚʽ ʧʦʟʦʚʠ.  

     ɹʫʜʽʚʥʠʮʪʚʦ ʚ ʪʘʢʠʭ ʤʽʩʮʷʭ ʚʝʣʦʩʷ ʨʘʥʽʰʝ, ʚʝʜʝʪʴʩʷ ʽ ʩʴʦʛʦʜʥʽ. ʇʨʠ 

ʮʴʦʤʫ ʧʨʦʝʢʪʘʤʠ, ʷʢ ʧʨʘʚʠʣʦ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʽʜʩʠʣʝʥʥʷ ʬʫʥʜʘʤʝʥʪʽʚ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʰʣʷʭʦʤ ʚʣʘʰʪʫʚʘʥʥʷ ʧʽʜʙʝʪʦʥʦʢ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʰʠʨʠʥʠ ʧʽʜʦʰʚʠ ʬʫʥʜʘʤʝʥʪʫ, ʚʣʘʰʪʫʚʘʥʥʷ ʩʫʮʽʣʴʥʠʭ ʙʝʪʦʥʥʠʭ ʧʣʠʪ ʧʦ 

ʧʝʨʠʤʝʪʨʫ ʢʘʧʽʪʘʣʴʥʠʭ ʩʪʽʥ ʱʦʙ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ˇʨʫʥʪʠ ʦʩʥʦʚʠ, ʱʦ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʦʚʝʨʭʦʚʦʩʪʽ, ʘ 

ʟ ʽʥʰʦʛʦ ï ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʥʘʧʨʠʢʣʘʜ ʩʧʦʨʫʜʞʝʥʥʷ ʚʠʩʦʪʥʦʾ ʙʫʜʽʚʣʽ. 

ʂʨʽʤ ʪʦʛʦ, ʚʣʘʰʪʫʚʘʥʥʷ ʧʽʜʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʥʦʚʦʙʫʜʦʚʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʧʨʠʣʝʛʣʠʭ ʬʫʥʜʘʤʝʥʪʽʚ ʤʽʣʢʦʛʦ ʟʘʢʣʘʜʘʥʥʷ ʻ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʨʠʟʠʢʽʚ. ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽ ʧʝʨʝʜʦʚʽ ʤʝʪʦʜʠ ʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʧʦʨʫʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʥʘ ʨʘʥʽʰʝ ʥʝʜʦʩʪʫʧʥʠʭ ʜʽʣʷʥʢʘʭ: ʚ 

ʷʨʘʭ, ʥʘ ʙʦʣʦʪʘʭ, ʢʨʫʪʠʭ ʩʭʠʣʘʭ , ʚ ʩʠʩʪʝʤʽ ʱʽʣʴʥʦʾ ʨʷʜʦʚʦʾ ʟʘʙʫʜʦʚʠ ʽ ʪ. ʽʥ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʽ ʩʪʘʪʪʽ. ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʜʝʪʘʣʴʥʦ ʨʦʟʢʨʠʚʘʻʪʴʩʷ 

ʦʜʠʥ ʟ ʤʝʪʦʜʽʚ ʚʣʘʰʪʫʚʘʥʥʷ ʬʫʥʜʘʤʝʥʪʽʚ ʟ ʙʫʨʦ ʥʘʙʠʚʥʠʭ ʧʘʣʴ ʟʘ 

ʥʦʚʽʪʥʽʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʇʦʜʘʻʪʴʩʷ ʧʨʠʥʮʠʧʦʚʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʪʘ 

ʟʘʭʦʜʠ ʧʦ ʟʘʙʝʟʧʝʯʝʥʥʶ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. 
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ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʣʘʰʪʫʚʘʥʥʷ ʪʘʢʦʛʦ ʪʠʧʫ ʬʫʥʜʘʤʝʥʪʽʚ 

ʥʝ ʣʽʤʽʪʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʦʚʦʙʫʜʦʚʫ. ʄʦʞʣʠʚʽʩʪʴ ʚʣʘʰʪʫʚʘʥʥʷ ʙʫʨʦ 

ʥʘʙʠʚʥʠʭ ʧʘʣʴ ʚʧʨʠʪʫʣ ʜʦ ʽʩʥʫʶʯʠʭ ʩʧʦʨʫʜ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʤʽʮʥʽʩʪʴ ʽ 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ. ɿʜʘʪʥʽʩʪʴ ʧʘʣʴ ʩʧʨʠʡʤʘʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʷʢ ʥʝʩʫʯʽ ʝʣʝʤʝʥʪʠ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ 

ʢʦʪʣʦʚʘʥʽʚ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʚʣʘʰʪʫʚʘʥʥʷ 

ʬʫʥʜʘʤʝʥʪʽʚ ʟ ʙʫʨʦ ʥʘʙʠʚʥʠʭ ʧʘʣʴ ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ:  

1. ʇʽʜʛʦʪʦʚʯʽ ʦʧʝʨʘʮʽʾ 

1.1.  ʅʘ ʪʝʨʠʪʦʨʽʾ ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʧʦʚʠʥʥʝ ʙʫʪʠ ʚʠʢʦʥʘʥʝ 

ʚʝʨʪʠʢʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ ʽ ʚʥʫʪʨʽʰʥʽ ʧʽʜ'ʾʟʥʽ ʰʣʷʭʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʙʝʟʧʝʨʝʰʢʦʜʥʦʛʦ ʧʝʨʝʩʫʚʘʥʥʷ ʩʘʤʦʭʽʜʥʦʾ ʙʫʨʦʚʦʾ ʽ ʙʫʜʽʚʝʣʴʥʦʾ ʪʝʭʥʽʢʠ 

(ʚʠʢʦʥʫʻʪʴʩʷ ɿʘʤʦʚʥʠʢʦʤ). 

1.2.  ʋ ʨʘʟʽ ʩʣʘʙʢʠʭ ʥʝʩʫʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ, ʱʦ ʟʘʣʷʛʘʶʪʴ 

ʧʦʙʣʠʟʫ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʨʠ ʚʣʘʰʪʫʚʘʥʥʽ ʢʦʪʣʦʚʘʥʫ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʘ ʧʽʜʛʦʪʦʚʢʘ ʧʽʜʦʩʥʦʚʠ ʢʦʪʣʦʚʘʥʫ ʰʣʷʭʦʤ ʫʢʣʘʜʘʥʥʷ ʟ ʧʦʰʘʨʦʚʠʤ 

ʪʨʘʤʙʫʚʘʥʥʷʤ ʱʝʙʝʥʶ ʘʙʦ ʮʝʛʣʷʥʦʛʦ ʙʦʶ ʧʦ ʛʝʦʪʝʢʩʪʠʣʴʥʦʤʫ ʧʦʣʦʪʥʫ 

ʪʠʧʘ çɼʦʨʥʽʪè, çʊʘʡʧʘʨè (ʚʠʢʦʥʫʻʪʴʩʷ ɿʘʤʦʚʥʠʢʦʤ) ʽ ʧʘʥʜʫʩ ʟ ʫʭʠʣʦʤ 5ð

7Á ʜʣʷ ʟ'ʾʟʜʫ ʙʫʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʚ ʢʦʪʣʦʚʘʥ.   

1.3. ʅʘ ʙʫʜʽʚʝʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʧʦʚʠʥʥʦ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʚʠʥʝʩʝʥʥʷ 

ʦʩʝʡ ʙʫʜʽʚʣʽ, ʱʦ ʙʫʜʫʻʪʴʩʷ, ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʛʝʦʜʝʟʠʯʥʦʾ ʨʦʟʙʠʚʢʠ ʧʘʣʝʚʦʛʦ 

ʧʦʣʷ (ʚʠʢʦʥʫʻʪʴʩʷ ɿʘʤʦʚʥʠʢʦʤ). 

1.4. ʋʩʪʘʥʦʚʢʘ ʽ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʘʛʨʝʛʘʪʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʧʨʦʮʝʩʫ ʙʫʨʽʥʥʷ ʽ ʙʝʪʦʥʫʚʘʥʥʷ ʧʘʣʴ ʚʢʣʶʯʘʻ: ʤʦʥʪʘʞ ʙʫʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʟ 

ʚʝʞʝʶ; ʧʽʜʢʣʶʯʝʥʥʷ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ; ʧʨʠʩʪʨʽʡ ʜʽʣʷʥʢʠ eʣʝʢʪʨʦ-

ʛʘʟʦʟʚʘʨʶʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʧʝʨʝʚʽʨʢʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʢʦʤʧʣʝʢʩʫ ʤʝʭʘʥʽʟʤʽʚ. 

2. ʇʽʜʛʦʪʦʚʢʘ ʦʙʩʘʜʥʦʾ ʙʫʨʦʚʦʾ ʪʨʫʙʠ (ʙʝʪʦʥʦʚʦʜʫ) 

2.1. ʉʪʘʣʝʚʽ ʪʦʚʩʪʦʩʪʽʥʥʽ ʪʨʫʙʠ (ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ 16é20 ʤʤ) 

ʧʦʩʪʘʚʣʷʶʪʴʩʷ ʥʘ ʩʢʣʘʜ ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʣʘʥʢʘʤʠ ʟʘʚʜʦʚʞʢʠ ʜʦ 

12ʤ. 

2.2. ʊʨʫʙʠ ʟʚʘʨʶʶʪʴʩʷ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʜʦʚʞʠʥʠ ʧʘʣʽ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 
ʧʦʣʦʞʝʥʥʽ ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʩʪʝʥʜʽ. ʅʘ ʦʜʠʥ ʢʽʥʝʮʴ ʪʨʫʙʠ ʧʨʠʚʘʨʶʻʪʴʩʷ 

ʩʧʝʮʽʘʣʴʥʠʡ ʢʦʥʥʝʢʪʦʨ (ʟ'ʻʜʥʫʚʘʯ) ʽʟ ʟʦʚʥʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ, ʚʽʜʧʦʚʽʜʥʠʤ 

ʜ̔ ʘʤʝʪʨʫ ʧʘʣʽ, ʱʦ ʩʣʫʞʠʪʴ ʜʣʷ ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʙʫʨʦʚʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʯʝʨʝʟ 

ʥʘʷʚʥʝ ʰʪʠʢʦʚʝ ʟ'ʻʜʥʘʥʥʷ.  

2.3. ʇʽʜʛʦʪʦʚʣʝʥʘ ʙʫʨʦʚʘ ʪʨʫʙʘ ʟ ʧʨʠʚʘʨʝʥʠʤ ʢʦʥʥʝʢʪʦʨʦʤ 

ʧʽʜʽʡʤʘʻʪʴʩʷ ʣʝʙʽʜʢʦʶ ʙʫʨʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʽ  ʬʽʢʩʫʻʪʴʩʷ ʚ ʜʚʦʭ ʪʦʯʢʘʭ: 

ʥʠʞʥʽʡ ʢʽʥʝʮʴ - ʚ ʦʪʚʦʨʽ ʙʫʨʦʚʦʛʦ ʩʪʦʣʫ, ʚʝʨʭʥʽʡ ʢʽʥʝʮʴ - ʩʧʝʮʽʘʣʴʥʠʤ 

ʦʙʭʚʘʪʦʤ ʜʦ ʥʘʧʨʘʚʣʷʶʯʦʾ (ʈʠʩ.1) 

3. ɿʘʥʫʨʝʥʥʷ ʧʘʣʽ 

3.1. ɹʫʨʦʚʘ ʫʩʪʘʥʦʚʢʘ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʥʘ ʪʦʯʢʫ ʟʘʥʫʨʝʥʥʷ ʧʘʣʽ ʽ ʪʨʫʙʘ 
ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦ ʚ ʜʚʦʭ ʧʣʦʱʠʥʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʘʚʣʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʱʦʛʣʠ ʙʫʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ. 
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3.2. ʇ'ʷʪʦʶ ʤʘʡʙʫʪʥʴʦʾ ʧʘʣʽ ʩʣʫʞʠʪʴ ʯʘʚʫʥʥʠʡ ʛʚʠʥʪʦʚʠʡ ʥʘʢʦʥʝʯʥʠʢ 

ʧʨʦʝʢʪʥʦʛʦ ʜʽʘʤʝʪʨʫ, ʷʢʠʡ ʚʠʩʪʘʚʣʷʻʪʴʩʷ ʨʦʙʽʪʥʠʢʘʤʠ ʚ ʟʘʜʘʥʽʡ ʪʦʯʮʽ 

ʧʦʚʝʨʭʥʽ ʦʩʥʦʚʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʧʝʨʝʜ ʫʩʪʘʥʦʚʢʦʶ ʪʨʫʙʠ, ʱʦ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚ ˇʨʫʥʪʽ (ʧʽʩʣʷ ʚʠʪʷʛʘʥʥʷ ʦʙʩʘʜʥʦʾ ʙʫʨʦʚʦʾ ʪʨʫʙʠ). ʇʦʪʽʤ ʜʦ 

ʥʘʢʦʥʝʯʥʠʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʠʢʦʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʯʝʨʝʟ ʛʽʜʨʦʽʟʦʣʶʶʯʫ 

ʤ'ʷʢʫ ʧʨʦʢʣʘʜʢʫ ʢʨʽʧʠʪʴʩʷ ʥʠʞʥʽʡ ʢʽʥʝʮʴ ʦʙʩʘʜʥʦʾ ʙʫʨʦʚʦʾ ʪʨʫʙʠ. 

 

 

ʈʠʩ.1. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʫʩʪʘʥʦʚʢʠ ʪʠʧʫ çKasagrandaè ʜʣʷ ʚʣʘʰʪʫʚʘʥʥʷ 

 ʙʫʨʦʥʘʙʠʚʥʠʭ ʧʘʣʴ 

3.3. ɿʘʙʽʡ ʜʣʷ ʤʘʡʙʫʪʥʴʦʾ ʧʘʣʽ ʩʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ ʦʙʝʨʪʘʣʴʥʦ-

ʚʜʘʚʣʶʶʯʦʛʦ  ʟʘʥʫʨʝʥʥʷ ʩʠʩʪʝʤʠ çʥʘʢʦʥʝʯʥʠʢ-ʙʫʨʦʚʘ ʪʨʫʙʘè ʜʦ ʟʘʜʘʥʦʾ 

ʚʽʜʤʽʪʢʠ ʧ'ʷʪʠ ʧʘʣʽ. (ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʦʙʝʨʪʘʣʴʥʠʤ ʤʦʤʝʥʪʦʤ ʄ ʦʙ. ʤʘʢʩ. = 

400 ʢʅʤ ʽ ʧʦʩʪʽʡʥʠʤ ʚʜʘʚʣʶʶʯʠʤ ʟʫʩʠʣʣʷʤ ʈ ʩʦnst* = 200ʢʅ). ɺ ʧʨʦʮʝʩʽ 

ʟʘʥʫʨʝʥʥʷ ʩʠʩʪʝʤʠ ʚ ʦʩʥʦʚʫ ˇʨʫʥʪ ʨʦʟʩʫʚʘʻʪʴʩʷ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʽ ʽ 

ʦʜʥʦʯʘʩʥʦ ʫʱʽʣʴʥʶʻʪʴʩʷ. ʊʠʤ ʩʘʤʠʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʽʣʴʰ ʪʽʩʥʠʡ 
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ʢʦʥʪʘʢʪ ʙʝʪʦʥʫ, ʟ ʮʠʣʽʥʜʨʠʯʥʦʶ ˇʨʫʥʪʦʚʦʶ ʧʦʚʝʨʭʥʝʶ ʟʘʙʦʶ. ʋʩʝʨʝʜʠʥʽ 

ʪʨʫʙʠ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʣʴʥʠʡ ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʩʪʽʨ. ɺʽʜʩʫʪʥʽʩʪʴ ʚʦʜʠ ʚ 

ʧʦʨʦʞʥʠʥʽ ʪʨʫʙʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʛʝʨʤʝʪʠʯʥʦʶ ʧʨʦʢʣʘʜʢʦʶ, ʱʦ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʟʦʥʽ ʟ'ʻʜʥʘʥʥʷ ʢʦʥʥʝʢʪʦʨʘ ʽ ʙʫʨʦʚʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ. 

3.4. ʂʦʥʪʨʦʣʴ ʛʣʠʙʠʥʠ ʧʨʦʙʫʨʝʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʽ ʧʦʢʘʟʥʠʢʽʚ ʪʠʩʢʫ ʥʘ 
ʤʘʥʦʤʝʪʨʘʭ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʙʫʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʫʨʦʚʠʤ ʤʘʡʩʪʨʦʤ. ɻʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ ʧʘʣʽ ʬʽʢʩʫʻʪʴʩʷ ʚ 

ʞʫʨʥʘʣʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʫʨʦʥʘʙʠʚʥʠʭ ʧʘʣʴ. 

4. ɸʨʤʫʚʘʥʥʷ ʧʘʣʽ ʽ ʙʝʪʦʥʫʚʘʥʥʷ 

4.1. ɸʨʤʘʪʫʨʥʠʡ ʢʘʨʢʘʩ ʧʘʣʽ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʥʘ ʙʫʜʽʚʝʣʴʥʦʤʫ 

ʤʘʡʜʘʥʯʠʢʫ ʩʧʦʩʦʙʦʤ ʝʣʝʢʪʨʦʜʫʛʦʚʦʾ ʟʚʘʨʢʠ, ʟʛʽʜʥʦ ʧʨʦʝʢʪʫ, ʽʟ 

ʩʪʨʠʞʥʴʦʚʦʾ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸɯɯɯ ʟ ʬʽʢʩʘʮʽʻʶ ʩʪʨʠʞʥʽʚ ʚ ʨʦʙʦʯʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʠʨʘʣʝʚʠʜʥʦʾ ʦʙʤʦʪʢʠ (ʈʠʩ.2). 

 

 

ʈʠʩ.2. ɿʦʚʥiʰʥiʡ ʚʠʛʣʷʜ ʧʨʦʩʪʦʨʦʚʠʭ ʘʨʤʘʪʫʨʥʠʭ ʢʘʨʢʘʩiʚ  

 

4.2. ɻʦʪʦʚʠʡ ʘʨʤʘʪʫʨʥʠʡ ʢʘʨʢʘʩ ʟʘʥʫʨʶʻʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʶ ʧʦʨʦʞʥʠʥʫ 
ʙʫʨʦʚʦʾ ʪʨʫʙʠ ʥʘ ʧʨʦʝʢʪʥʫ ʚʽʜʤʽʪʢʫ ʽ ʬʽʢʩʫʻʪʴʩʷ ʥʘ ʥʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʝʙʽʜʢʠ ʟ ʤʘʥʝʚʨʦʚʦʶ ʩʪʨʽʣʦʶ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʙʫʨʦʚʽʡ ʫʩʪʘʥʦʚʮʽ. 

4.3. ɹʝʪʦʥʥʘ ʩʫʤʽʰ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʨʦʝʢʪʫ, 

ʜʦʩʪʘʚʣʷʻʪʴʩʷ ʽʟ ʟʘʚʦʜʫ ʚʠʛʦʪʦʚʣʶʚʘʯʘ ʥʘ ʙʫʜʽʚʝʣʴʥʠʡ ʤʘʡʜʘʥʯʠʢ 

ʘʚʪʦʙʝʪʦʥʦʟʤʽʰʫʚʘʯʝʤ. ɿʘʧʦʚʥʝʥʥʷ ʙʫʨʦʚʦʾ ʪʨʫʙʠ, ʷʢʘ ʦʜʥʦʯʘʩʥʦ 

ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʙʝʪʦʥʦʚʦʜʫ, ʙʝʪʦʥʥʦʶ ʩʫʤʽʰʰʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ 

ʧʨʠʡʤʘʣʴʥʫ ʚʦʨʦʥʢʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʫʥʢʝʨʘ ʽʟ ʟʘʤʦʯʥʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʱʦ 

ʧʽʜʥʽʤʘʻʪʴʩʷ ʣʝʙʽʜʢʦʶ ʟ ʤʘʥʝʚʨʦʚʦʶ ʩʪʨʽʣʦʶ. 
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4.4. ʇʽʩʣʷ ʧʝʨʚʠʥʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʟʘʥʫʨʝʥʦʾ ʜʦ ʧʨʦʝʢʪʥʦʾ ʚʽʜʤʽʪʢʠ 

ʙʫʨʦʚʦʾ ʪʨʫʙʠ ʽ ʧʨʠʡʤʘʣʴʥʦʾ ʚʦʨʦʥʢʠ ʙʝʪʦʥʥʦʶ ʩʫʤʽʰʰʶ, ʧʨʦʚʦʜʠʪʴʩʷ 

ʚʠʪʷʛʘʥʥʷ ʪʨʫʙʠ ʟ ˇʨʫʥʪʫ ʦʩʥʦʚʠ, ʰʣʷʭʦʤ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʚ ʤʝʞʘʭ Ñ 180Á 

ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʦʙʝʨʪʘʥʥʷ, ʟ ʦʜʥʦʯʘʩʥʠʤ ʜʦʜʘʚʘʥʥʷʤ ʚʠʪʷʛʘʶʯʦʛʦ ʦʩʴʦʚʦʛʦ 

ʟʫʩʠʣʣʷ. 

4.5. ʋ ʤʽʨʫ ʚʠʪʷʛʘʥʥʷ ʙʫʨʦʚʦʾ ʪʨʫʙʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʢʣʘʜʘʥʥʷ ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ ʚ ʪʽʣʽ ʧʘʣʽ, ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʢʦʥʪʘʢʪʥʦʾ ʟʦʥʠ ʧʘʣʷ-ˇʨʫʥʪ (ʈʠʩ.3). 

ɼʦʜʘʪʢʦʚʘ ʧʦʜʘʯʘ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚ ʧʦʨʦʞʥʠʥʫ ʙʫʨʦʚʦʾ ʪʨʫʙʠ 

ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʥʝʦʙʭʽʜʥʽʡ ʢʽʣʴʢʦʩʪʽ, ʫ ʤʽʨʫ ʾʾ ʚʠʪʷʛʘʥʥʷ. ʈʽʚʝʥʴ ʙʝʪʦʥʥʦʾ 

ʩʫʤʽʰʽ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʨʦʙʦʯʠʤ-ʢʦʧʨʦʚʱʠʢʦʤ ʚʽʟʫʘʣʴʥʦ. 

 

 

ʈʠʩ.3. ɿʦʚʥiʰʥiʡ ʚʠʛʣʷʜ ʩʚʝʨʜʣʦʚʠʥʠ, ʱʦʡʥʦ ʟʘʧʦʚʥʝʥʦʾ ʙʝʪʦʥʦʤ  

 

5. ʂʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʧʘʣʽ 

5.1. ʇʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʣʽ ʽ ʧʽʩʣʷ ʥʴʦʛʦ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: 

5.1.1. ɺʝʨʪʠʢʘʣʴʥʽʩʪʴ ʧʘʣʽ ʚ ʜʚʦʭ ʧʣʦʱʠʥʘʭ - ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷ. 

5.1.2. ɻʝʨʤʝʪʠʯʥʽʩʪʴ ʧʦʨʦʞʥʠʥʠ ʙʫʨʦʚʦʾ ʪʨʫʙʠ - ʚʽʟʫʘʣʴʥʦ. 

5.1.3. ʆʧʽʨ ˇʨʫʥʪʫ ʧʽʜ ʯʘʩ ʟʘʥʫʨʝʥʥʷ ʦʙʩʘʜʥʦʾ ʙʫʨʦʚʦʾ ʪʨʫʙʠ ï ʤʘʥʦʤʝʪʨʦʤ ʥʘ 

ʙʫʨʦʚʽʡ ʫʩʪʘʥʦʚʮʽ (ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʧʝʨʝʜʙʘʯʫʚʘʥʫ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ 

ʧʘʣʽ). 

5.1.4. ʗʢʽʩʪʴ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ - ʚʽʜʙʦʨʦʤ ʟʨʘʟʢʽʚ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʽ ʧʦʜʘʣʴʰʠʤʠ 

ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ. 

ʆʜʥʦʨʽʜʥʽʩʪʴ ʙʝʪʦʥʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ (ʢʘʚʝʨʥʠ, ʪʨʽʱʠʥʠ) ð 

ʥʝʨʫʡʥʫʶʯʠʤ ʤʝʪʦʜʦʤ ʟʚʫʢʦʚʦʛʦ ʽʤʧʫʣʴʩʫ Intrgrity Sonic ʊʝst (IFʉʆ Iʊ 

System). 
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5.1.5. ɺʠʧʨʦʙʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʧʘʣʴ ʩʪʘʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʘʣʴ. 

5.2. ɺʩʽ ʨʦʙʦʪʠ ʧʦ ʙʫʨʽʥʥʶ, ʟʘʧʦʚʥʝʥʥʶ ʙʝʪʦʥʦʤ ʩʚʝʨʜʣʦʚʠʥ, ʚʽʜʙʦʨʫ 
ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʙʝʪʦʥʫ, ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʾʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘʧʠʩʫʶʪʴ ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʞʫʨʥʘʣʘʭ, ʩʢʣʘʜʝʥʠʭ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʨʦʙʽʪ ʟ ʧʘʣʷʤʠ, ʱʦ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘ ʫʩʪʘʪʢʫʚʘʥʥʽ Iʅʉ Fundex Equip( ʽ ʙʣʘʥʢʘʭ ʘʢʪʽʚ ʧʨʠʭʦʚʘʥʠʭ 

ʨʦʙʽʪ. 

5.3. ʇʝʨʝʚʽʨʢʫ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʘʣʴ ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ ʧʽʩʣʷ ʥʘʙʦʨʫ 
ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʥʝ ʤʝʥʰʝ 80% ʚʽʜ ʧʨʦʝʢʪʥʦʛʦ ʢʣʘʩʫ ʽ ʚʽʜʧʦʯʠʥʢʫ ʧʘʣʴ 

ʧʽʩʣʷ ʙʝʪʦʥʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɻʆʉʊ 5686-94. 

6. ɺʠʢʦʥʘʚʯʘ ʜʦʢʫʤʝʥʪʘʮʽʷ 

6.1. ɸʢʪʠ ʧʨʠʡʤʘʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʨʦʙʽʪ. 

6.2. ɾʫʨʥʘʣ ʚʣʘʰʪʫʚʘʥʥʷ ʥʘʙʠʚʥʠʭ ʧʘʣʴ 

6.3. ɻʝʦʜʝʟʠʯʥʘ ʚʠʢʦʥʘʚʯʘ ʩʭʝʤʘ. 

6.4. ɿʚʽʪ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʧʘʣʴ ʥʘ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʩʪʘʪʠʯʥʠʤ 
ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

6.5. ɿʚʽʪ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʧʘʣʴ ʥʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʟʘ 

ʤʘʪʝʨʽʘʣʦʤ ʤʝʪʦʜʦʤ Iʧtegrity Sonic ʊest ʧʨʠʣʘʜʦʤ ʥʝʨʫʡʥʫʶʯʦʛʦ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʘʣʴ ʬʽʨʤʠ ʈʛʦfound (ʅʽʜʝʨʣʘʥʜʠ). 

6.6. ʇʨʦʪʦʢʦʣʠ ʪʝʩʪʫʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ ʙʝʪʦʥʥʠʭ ʢʫʙʽʚ. 

6.7. ʇʘʩʧʦʨʪʠ ʥʘ ʪʦʚʘʨʥʠʡ ʙʝʪʦʥ. 

6.8. ʇʘʩʧʦʨʪʠ ʥʘ ʘʨʤʘʪʫʨʫ ʽ ʘʢʪʠ ʧʨʠʡʤʘʥʥʷ ʘʨʤʘʪʫʨʥʠʭ ʢʘʨʢʘʩʽʚ 

ʧʘʣʴ. 

7. ɿʘʭʦʜʠ ʱʦʜʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ 

7.1. ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʩʠʣʘʤʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʚʝʩʪʠ  ʥʘʛʣʷʜ ʟʘ ʜʠʥʘʤʽʢʦʶ ʦʩʽʜʘʥʴ ʩʫʩʽʜʥʽʭ ʙʫʜʽʚʝʣʴ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ ʤʦʞʣʠʚʦʛʦ ʚʧʣʠʚʫ ʙʫʨʦʚʠʭ ʨʦʙʽʪ (ʚʠʢʦʥʫʻʪʴʩʷ 

ɿʘʤʦʚʥʠʢʦʤ). 

8. ɼʦʜʘʪʢʦʚʽ ʟʘʭʦʜʠ ʧʨʠ ʙʝʪʦʥʫʚʘʥʥʽ ʧʘʣʴ ʚ ʟʠʤʦʚʠʡ ʯʘʩ 

8.1. ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʘʭʠʩʪʫ ʚʽʜ 
ʧʨʦʤʝʨʟʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʧʘʣʽ (ʙʝʪʦʥʫ), ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚ ʥʘʙʦʨʫ ʙʝʪʦʥʥʦʶ 

ʩʫʤʽʰʰʶ ʥʝʦʙʭʽʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʜʦ ʤʦʤʝʥʪʫ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ, ʚʠʥʠʢʘʻ ʚ ʧʝʨʽʦʜ ʚʽʜôʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʠʤʦʚʠʡ ʯʘʩ. 

8.2. ʗʢ ʜʦʜʘʪʢʦʚʽ ʟʘʭʦʜʠ ʱʦʜʦ ʟʘʭʠʩʪʫ ʙʝʪʦʥʫ ʚʽʜ ʧʨʦʤʝʨʟʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ: 

8.2.1. ɯʟʦʪʝʨʤʽʷ (ʧʽʜʪʨʠʤʢʘ ʧʦʩʪʽʡʥʦʾ ʧʦʟʠʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ) ʙʝʪʦʥʫ ʟʘ 
ʨʘʭʫʥʦʢ ʧʨʠʨʦʜʥʠʭ ʪʝʧʣʦʚʠʭ ʨʝʘʢʮʽʡ ʚ ʧʨʦʮʝʩʽ ʪʚʝʨʜʽʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. 

8.2.2. ɺʞʠʚʘʥʥʷ ʧʨʦʪʠʤʦʨʦʟʥʠʭ ʜʦʙʘʚʦʢ ʫ ʩʢʣʘʜʽ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʱʦ 
ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʝʭʘʥʽʟʤ ʪʚʝʨʜʽʥʥʷ ʧʨʠ ʚʽʜôʻʤʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

8.3. ɺʠʢʦʥʘʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʥʠʞʯʝ ʫʤʦʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʦʟʠʪʠʚʥʦʾ 

ʽʟʦʪʝʨʤʽʾ ʙʝʪʦʥʫ, ʚ ʧʦʻʜʥʘʥʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʪʠʤʦʨʦʟʥʠʭ ʜʦʙʘʚʦʢ, ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʥʘʙʽʨ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʥʦʶ ʩʫʤʽʰʰʶ ʜʦ ʤʦʤʝʥʪʫ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ: 
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8.3.1. ʇʦʩʪʘʚʢʘ ʜʣʷ ʧʨʠʩʪʨʦʶ ʧʘʣʴ ʙʝʪʦʥʫ ʟ ʚʚʝʜʝʥʥʷʤ ʧʨʦʪʠʤʦʨʦʟʥʠʭ 
ʜʦʙʘʚʦʢ (ʥʘʧʨʠʢʣʘʜ ʃʽʛʥʦʧʘʥ ɹ-4), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʪʚʝʨʜʽʥʥʷ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʧʨʠ ʚʽʜôʻʤʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ ʤʽʥʫʩ 5
0
ʉ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʥʝʥʥʷ ʥʝ ʤʝʥʰʝ 50% ʜʦ ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʤʦʤʝʥʪʫ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ. 

8.3.2. ʇʦʩʪʘʯʘʥʥʷ ʥʘ ʦʙ'ʻʢʪ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟ ʧʦʯʘʪʢʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʨʠ 
ʟʘʚʘʥʪʘʞʝʥʥʽ ʥʘ ʙʝʪʦʥʥʦʤʫ ʟʘʚʦʜʽ ʥʝ ʤʝʥʰʝ ʧʣʶʩ 50 

0
ʉ . 

8.3.3. ɺʣʘʰʪʫʚʘʥʥʷ ʪʝʨʤʦʩʘ ʚ ʟʦʥʽ ʦʛʦʣʦʚʢʘ ʧʘʣʽ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 
ʧʨʦʮʝʩʫ ʙʝʪʦʥʫʚʘʥʥʷ ʧʘʣʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʢʨʠʪʪʷ ʦʛʦʣʦʚʢʘ ʤʽʥʝʨʘʣʦʚʘʪʥʠʤʠ 

ʧʣʠʪʘʤʠ ʪʦʚʱʠʥʦʶ ʥʝ ʤʝʥʰʝ 50ʤʤ, ʟ ʬʽʢʩʘʮʽʻʶ ʾʭ ʚ ʟʦʥʽ ʦʛʦʣʦʚʢʘ ʟ ʤʝʪʦʶ 

ʦʙʤʝʞʝʥʥʷ ʧʨʠʪʦʢʫ ʭʦʣʦʜʥʦʛʦ ʧʦʚʽʪʨʷ ʧʽʜ ʫʢʣʘʜʝʥʝ ʤʽʥʝʨʘʣʦʚʘʪʥʝ ʧʦʢʨʠʪʪʷ. 

8.3.4. ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ, ʜʦʧʫʩʢʘʻʪʴʩʷ ʚʘʨʽʘʥʪ ʫʩʪʘʥʦʚʢʠ ʥʘ ʟʦʥʫ ʦʛʦʣʦʚʢʘ 

ʧʘʣʽ ʜʝʨʝʚ'ʷʥʦʛʦ ʢʦʨʦʙʘ ʟ ʜʦʰʢʠ ʟʘʚʪʦʚʰʢʠ 25 ʤʤ, ʢʚʘʜʨʘʪʥʦʾ ʬʦʨʤʠ 

ʨʦʟʤʽʨʦʤ 0,5 ʭ 0,5 ʤ, ʟʘʚʚʠʰʢʠ ʥʝ ʤʝʥʰʝ 0,25 ʤ, ʟ ʧʦʜʘʣʴʰʠʤ ʟʘʧʦʚʥʝʥʥʷʤ 

ʚʥʫʪʨʽʰʥʴʦʾ ʯʘʩʪʠʥʠ ʢʦʨʦʙʘ ʜʝʨʝʚ'ʷʥʦʶ ʪʠʨʩʦʶ ʽ ʫʢʨʠʪʪʷʤ ʢʦʨʦʙʘ 

ʧʦʣʽʝʪʠʣʝʥʦʚʦʶ ʧʣʽʚʢʦʶ. 

 

ɺʠʩʥʦʚʦʢ 

ɼʦʪʨʠʤʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʚʠʤʦʛ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʷʢʽʩʥʦʛʦ ʚʣʘʰʪʫʚʘʥʥʷ 

ʬʫʥʜʘʤʝʥʪʽʚ ʟ ʙʫʨʦ ʥʘʙʠʚʥʠʭ ʧʘʣʴ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʘʙʝʟʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʽʣʷʥʢʠ ʧʽʜ ʟʘʙʫʜʦʚʫ ʟʽ ʩʢʣʘʜʥʠʤʠ ʽʥʞʝʥʝʨʥʦ 

ʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʽ ʟʚʝʜʝ ʜʦ ʤʽʥʽʤʫʤʫ ʨʠʟʠʢ ʧʦʰʢʦʜʞʝʥʥʷ ʧʨʠʣʝʛʣʠʭ 

ʙʫʜʽʚʝʣʴ ʚ ʧʨʦʮʝʩʽ ʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴʥʦ ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ. 

 
1. ɻʦʨʙʫʥʦʚ-ʇʦʩʘʜʦʚ ʄ. ʀ. ʆʩʥʦʚʘʥʠʷ, ʬʫʥʜʘʤʝʥʪʳ ʠ ʧʦʜʟʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ / ʄ. 

ʀ. ɻʦʨʙʫʥʦʚ-ʇʦʩʘʜʦʚ, ɺ. ɸ. ʀʣʴʠʯʝʚ, ɺ. ʀ. ʂʨʫʪʦʚ. ï ʄʦʩʢʚʘ: ʉʪʨʦʡʠʟʜʘʪ, 1985. ï 

480 ʩ. 2. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʚʳʙʦʨʫ ʧʨʦʝʢʪʥʠʭ ʨʝʰʝʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ / ʅʀʀʆʉʇ ʠʤ. 

ʅ. ʄ. ɻʝʨʩʝʚʘʥʦʚʘ ï ʄʦʩʢʚʘ: ʉʪʨʦʡʠʟʜʘʪ, 1984. ï 207 ʩ. 3. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ / ʅʀʀʆʉʇ ʠʤ. ʅ.ʄ.ɻʝʨʩʝʚʘʥʦʚʘ. ï 

ʄʦʩʢʚʘ: ʉʪʨʦʡʠʟʜʘʪ, 1980. ï 151 ʩ. 4. ʉʚʘʡʥʳʝ ʬʫʥʜʘʤʝʥʪʳ: ʉʅʠʇ 2.02.03 - 85 ʄ., 

1985. 
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ʋɼʂ 624.012.26 

 

ʇʆʈɯɺʅʗʅʅʗ ɺɽʃʀʏʀʅʀ ʅɽʉʋʏʆɰ ɿɼɸʊʅʆʉʊɯ 

ʊʈʋɹʆɹɽʊʆʅʅʀʍ ɽʃɽʄɽʅʊɯɺ ɿɸ ʈɯɿʅʀʄʀ ʅʆʈʄɸʄʀ 

 

ʉʈɸɺʅɽʅʀɽ ɺɽʃʀʏʀʅʓ ʅɽʉʋʑɽʁ ʉʇʆʉʆɹʅʆʉʊʀ 

ʊʈʋɹʆɹɽʊʆʅʅʓʍ ʕʃɽʄɽʅʊʆɺ ʇʆ ʈɸɿʅʓʄ ʅʆʈʄɸʄ 

 

COMPARISON OF THE ULTIMATE LOAD CAPACITY OF 

CONCRETE FILLED CIRCULAR HOLLOW SECTIONS ACCORDING 

TO THE VARIOUS DESIGN CODES 
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ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ 

ʪʨʫʙʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʨʽʟʥʠʤʠ ʥʦʨʤʘʤʠ, ʘ ʪʘʢʦʞ ʧʦʨʽʚʥʷʣʴʥʠʡ 

ʯʠʩʝʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ.  

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʪʨʫʙʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʘʟʥʳʤ ʥʦʨʤʘʤ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ. 

 

The analysis of ultimate load capacity calculation of concrete filled circle 

hollow sections according to the various design codes has been conducted. 

Comparative numerical calculations for such structural sections has been 

also performed and described by the paper. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ʊʨʫʙʦʙʝʪʦʥ, ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʪʨʫʙʠ, ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ. 

ʊʨʫʙʦʙʝʪʦʥ, ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʪʨʫʙʽ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 

Concrete filled circular hollow sections, thickness of circular hollow section, 

ultimate load capacity. 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʩʪʘʶʪʴ ʢʦʤʙʽʥʦʚʘʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʫ ʩʦʙʽ ʨʽʟʥʽ ʧʦ ʚʣʘʩʪʠʚʦʩʪʷʤ ʤʘʪʝʨʽʘʣʠ, ʟʦʢʨʝʤʘ 

ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʪʨʫʙʦʙʝʪʦʥ. ʊʨʫʙʦʙʝʪʦʥ, ʟʘʚʜʷʢʠ 
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ʚʢʣʶʯʝʥʥʶ ʙʝʪʦʥʫ ʚ ʩʪʘʣʝʚʫ ʪʨʫʙʫ, ʙʫʜʴ-ʷʢʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, 

ʷʚʣʷʻ ʩʦʙʦʶ ʦʩʦʙʣʠʚʫ ʩʧʦʣʫʢʫ ʙʝʪʦʥʫ ʽ ʩʪʘʣʽ. ʇʨʠ ʮʴʦʤʫ ʩʪʘʣʝʚʽ ʪʨʫʙʠ 

ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʥʝʟʥʽʤʥʦʾ ʦʧʘʣʫʙʢʠ ʧʨʠ ʙʝʪʦʥʫʚʘʥʥʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʷʢ 

ʧʦʟʜʦʚʞʥʻ ʪʘʢ ʽ ʧʦʧʝʨʝʯʥʝ ʘʨʤʫʚʘʥʥʷ.  

ʈʦʙʦʪʘ ʪʨʫʙʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʙʦʪʠ ʩʪʘʣʝʚʠʭ ʪʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʄʝʪʘʣ, 

ʧʨʘʮʶʶʯʠ ʫ ʟʚôʷʟʮʽ ʟ ʙʝʪʦʥʦʤ, ʫ ʟʘʢʨʠʪʽʡ ʢʦʥʩʪʨʫʢʮʽʾ, ʟʘʙʝʟʧʝʯʫʻ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʫ ʩʪʽʡʢʽʩʪʴ, ʥʽʞ ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ ʟ ʘʨʤʦʚʘʥʠʤ ʚʽʜʢʨʠʪʠʤ ʙʝʪʦʥʦʤ. ʊʘʢ 

ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʫ ʙʝʪʦʥʫ ʟ ʯʘʩʦʤ ʟôʷʚʣʷʶʪʴʩʷ ʪʨʽʱʠʥʠ, ʷʢʽ ʤʘʶʪʴ 

ʪʝʥʜʝʥʮʽʶ ʨʦʟʰʠʨʶʚʘʪʠʩʷ. ʋ ʪʨʫʙʦʙʝʪʦʥʽ ʩʠʣʦʚʠʭ ʪʨʽʱʠʥ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʙʫʚʘʻ. ɹʦʢʦʚʠʡ ʪʠʩʢ ʪʨʫʙʠ ʦʧʠʨʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʦʤʫ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʪʨʽʱʠʥ 

ʚ ʙʝʪʦʥʥʦʤʫ ʦʩʝʨʜʽ, ʷʢʝ ʚ ʫʤʦʚʘʭ ʚʩʝʙʽʯʥʦʛʦ ʪʠʩʢʫ ʚʠʪʨʠʤʫʻ ʥʘʧʨʫʞʝʥʥʷ 

ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʧʨʠʟʤʦʚʫ ʤʽʮʥʽʩʪʴ.  

ʊʨʫʙʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʷʢ ʟʘʣʽʟʦʙʝʪʦʥʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʞʦʨʩʪʢʠʤ ʘʨʤʫʚʘʥʥʷʤ [3], ʷʢ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʥʝʧʨʷʤʠʤ ʘʨʤʫʚʘʥʥʷʤ [1], ʷʢ ʩʪʘʣʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʧʨʠʚʝʜʝʥʥʷʤ ʙʝʪʦʥʫ ʜʦ 

ʩʪʘʣʽ [2] ʽ ʟʛʽʜʥʦ Eurocode 4 [5-9]. ʈʦʟʨʘʭʫʥʦʢ ʪʘʢʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʦʨʤ ʧʨʦʝʢʪʫʚʘʥʥʷ.  

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʝʣʠʯʠʥʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʪʨʫʙʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʟʘ ʨʽʟʥʠʤʠ ʥʦʨʤʘʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʢʘʨʪʠʥʠ 

ʟʤʽʥʠ ʟʘʟʥʘʯʝʥʦʛʦ ʬʘʢʪʦʨʫ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʯʠʩʝʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ, ʱʦ 

ʩʢʣʘʜʘʚʩʷ ʽʟ ʜʝʢʽʣʴʢʦʭ ʩʝʨʽʡ. ɹʫʚ ʨʦʟʛʣʷʥʫʪʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ 

ʪʨʫʙʦʙʝʪʦʥʥʠʡ ʧʝʨʝʨʽʟ, ʱʦ ʩʢʣʘʜʘʚʩʷ ʽʟ ʢʨʫʛʣʦʾ ʪʨʫʙʠ ʜʽʘʤʝʪʨʦʤ D = 478 

ʤʤ, ʟʘʧʦʚʥʝʥʠʡ ʙʝʪʦʥʦʤ. 

ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʴ ʟʘ ʤʝʪʦʜʠʢʘʤʠ ʽ ʥʦʨʤʘʤʠ Eurocode 4 ʪʘ 

ʉʅʠʇ. ʋ ʧʝʨʰʽʡ ʩʝʨʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʟʤʽʥʥʦʶ ʚʝʣʠʯʠʥʦʶ ʙʫʚ ʢʣʘʩ ʤʽʮʥʦʩʪʽ 

ʙʝʪʦʥʫ ʟ ʉ12/25 ʜʦ ʉ35/45 ʜʣʷ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʪʨʫʙʠ ʚʽʜ 6-12 ʤʤ. ɺ 

ʨʦʟʨʘʭʫʥʢʘʭ ʟʘ Eurocode 4 ʜʣʷ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ 6 ʤʤ ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ 

ʟʙʽʣʴʰʠʣʘʩʴ ʫ 2 ʨʘʟʠ, ʜʣʷ ʝʣʝʤʝʥʪʘ ʟ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ 12 ʤʤ ʥʝʩʫʯʘ 

ʟʜʘʪʥʽʩʪʴ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 65 %. 

ɯ ʥʘʚʧʘʢʠ, ʧʨʠ ʟʤʽʥʥʽʡ ʚʝʣʠʯʠʥʽ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʪʨʫʙʠ ʟ 6 ʤʤ ʜʦ 12 ʤʤ 

ʜʣʷ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʉ12/15 ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʪʨʫʙʦʙʝʪʦʥʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 46%, ʜʣʷ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʉ35/45 ï ʥʘ 20%. 

ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʟʘ ʉʅʠʇ ʧʨʠ ʟʤʽʥʽ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʥʝʩʫʯʘ 

ʟʜʘʪʥʽʩʪʴ ʝʣʝʤʝʥʪʫ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 58% ʜʣʷ ʝʣʝʤʝʥʪʫ ʟ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ 6 

ʤʤ, ʽ ʥʘ 30% ʜʣʷ ʝʣʝʤʝʥʪʫ ʟ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ 12 ʤʤ. ʇʨʠ ʟʤʽʥʽ ʪʦʚʱʠʥʠ 

ʩʪʽʥʢʠ ʟ 6 ʤʤ ʜʦ 12ʤʤ ʜʣʷ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʉ12/15 ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ 

ʪʨʫʙʦʙʝʪʦʥʥʦʛʦ ʝʣʝʤʝʥʪʫ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 73% ʜʣʷ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ 6 ʤʤ, ʽ 

ʥʘ 43% ʜʣʷ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ 12 ʤʤ. 

ʇʦʨʽʚʥʶʶʯʠ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʜʚʦʤʘ ʥʦʨʤʘʤʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʟʘ Eurocode 4 

ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ, 

ʢʦʝʬʽʮʽʻʥʪ ʘʨʤʫʚʘʥʥʷ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʙʝʪʦʥʥʫ ʩʢʣʘʜʦʚʫ ʧʝʨʝʨʽʟʫ, ʘ ʟʘ ʉʅʠʇ 

ʤʽʮʥʽʩʪʴ ʪʨʫʙʦʙʝʪʦʥʫ ʟʘʣʝʞʠʪʴ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ ʘʨʤʫʚʘʥʥʷ, 

ʧʨʠ ʪʦʤʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʘʨʤʫʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʝʩʫʯʘ 
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ʟʜʘʪʥʽʩʪʴ ʥʝ ʪʽʣʴʢʠ ʩʪʘʣʝʚʦʾ ʩʢʣʘʜʦʚʦʾ ʘʣʝ ʡ ʙʝʪʦʥʫ, ʱʦ ʜʘʻ ʤʘʡʞʝ 

ʨʽʚʥʦʮʽʥʥʠʡ ʨʝʟʫʣʴʪʘʪ ʷʢ ʧʨʠ ʟʤʽʥʽ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʪʘʢ ʽ ʧʨʠ ʟʤʽʥʽ 

ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʪʨʫʙʠ.  

 

 

ʈʠʩ. 1. ʇʦʨʽʚʥʷʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʠ ʟʤʽʥʽ ʢʣʘʩʫ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʪʨʫʙʠ ʟʘ Eurocode 4. 

 
ʈʠʩ. 2. ʇʦʨʽʚʥʷʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʠ ʟʤʽʥʽ ʢʣʘʩʫ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʪʨʫʙʠ ʟʘ ʉʅʠʇ. 
 

ʈʦʟʙʽʞʥʽʩʪʴ ʫ ʟʥʘʯʝʥʥʷʭ ʤʽʮʥʦʩʪʽ ʪʨʫʙʦʙʝʪʦʥʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 

Eurocode 4 ʪʘ ʉʅʠʇ ʩʷʛʘʻ 8% ʜʣʷ ʥʘʡʤʝʥʰ ʘʨʤʦʚʘʥʦʛʦ ʝʣʝʤʝʥʪʫ ʟ 

ʥʘʡʤʝʥʰʠʤ ʢʣʘʩʦʤ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʜʦ 14% ʜʣʷ ʥʘʡʙʽʣʴʰʦʛʦ ʢʣʘʩʫ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ. 

ʋ ʜʨʫʛʽʡ ʩʝʨʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʧʦʨʽʚʥʷʥʦ ʟʙʽʣʴʰʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʩʪʘʣʽ ʟ ʉ235 ʜʦ ʉ325 (ʟʽ ʩʪʘʣʦʶ ʤʽʮʥʽʩʪʶ 
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ʙʝʪʦʥʫ ʪʘ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ ʪʨʫʙʠ) ʪʘ ʧʨʠ ʟʤʽʥʽ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ (ʟʽ 

ʩʪʘʣʦʶ ʤʽʮʥʽʩʪʶ ʩʪʘʣʽ ʪʘ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ ʪʨʫʙʠ). 

ɿʘ Eurocode 4 ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʪʨʫʙʦʙʝʪʦʥʫ ʧʨʠ ʟʤʽʥʽ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ 

ʩʪʘʣʽ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 15%, ʘ ʧʨʠ ʟʤʽʥʽ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʥʘ 47 %. ʇʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʥʦʨʤʘʤʠ ʉʅʠʇ ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʪʨʫʙʦʙʝʪʦʥʫ ʧʨʠ ʟʤʽʥʽ 

ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʩʪʘʣʽ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 17%, ʘ ʧʨʠ ʟʤʽʥʽ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ 

ʥʘ 28 %. 

 

ʈʠʩ. 3. ʇʦʨʽʚʥʷʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʠ ʟʤʽʥʽ ʢʣʘʩʫ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʩʪʘʣʽ ʟʘ Eurocode 4. 

 

ʈʠʩ. 4. ʇʦʨʽʚʥʷʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʠ ʟʤʽʥʽ ʢʣʘʩʫ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʩʪʘʣʽ ʟʘ ʉʅʠʇ. 
 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ ʱʦ ʟʘ Eurocode 4 ʪʘʢ ʽ ʟʘ ʉʅʠʇ ʟʙʽʣʴʰʝʥʥʷ ʢʣʘʩʫ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʝʣʝʤʝʥʪʫ ʥʽʞ ʟʙʽʣʴʰʝʥʥʷ ʢʣʘʩʫ ʤʽʮʥʦʩʪʽ ʩʪʘʣʽ. 

ʋ ʪʨʝʪʽʡ ʩʝʨʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʩʪʘʣʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʙʫʚ ʢʣʘʩ ʤʽʮʥʦʩʪʽ ʩʪʘʣʽ 

ʪʘ ʢʣʘʩ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ, ʟʤʽʥʥʦʶ ʚʝʣʠʯʠʥʦʶ ï ʜʽʘʤʝʪʨ ʩʪʘʣʝʚʦʾ ʪʨʫʙʠ ʟ 

377 ʤʤ ʜʦ 630 ʤʤ. ɿʘ ʛʨʘʬʽʢʘʤʠ ʚʠʜʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʪʨʫʙʠ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʫ ʚʽʜʩʦʪʢʘʭ ʙʽʣʴʰʝ ʥʽʞ ʟʙʽʣʴʰʝʥʥʷ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ. 
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ʈʠʩ. 5. ʇʦʨʽʚʥʷʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʪʨʫʙʦʙʝʪʦʥʫ ʧʨʠ ʟʤʽʥʽ 

ʜʽʘʤʝʪʨʫ ʪʨʫʙʠ, ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʫ ʩʪʘʣʝʚʦʾ ʪʨʫʙʠ ʟʘ ʥʦʨʤʘʤʠ Eurocode 4 

ʪʘ ʉʅʠʇ. 
 

ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʪʨʫʙʦʙʝʪʦʥʥʽ ʝʣʝʤʝʥʪʠ ʝʬʝʢʪʠʚʥʽʰʝ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʽ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʠ ʟʘʤʽʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ 

ʪʨʫʙʦʙʝʪʦʥʥʽ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚʠʪʨʘʪʘ ʙʝʪʦʥʫ ʽ ʤʝʪʘʣʫ, ʤʘʡʞʝ ʚʜʚʽʯʽ 

ʟʥʠʞʫʶʪʴʩʷ ʪʨʫʜʦʚʠʪʨʘʪʠ. ɿʤʝʥʰʫʻʪʴʩʷ ʚʘʛʘ ʢʦʥʩʪʨʫʢʮʽʡ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʪʨʫʙʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʦ ʧʨʠ ʚʝʣʠʢʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚ ʮʝʥʪʨʘʣʴʥʦ ʩʪʠʩʥʫʪʠʭ ʽ ʧʦʟʘʮʝʥʪʨʦʚʦ-ʩʪʠʩʥʫʪʠʭ 

ʝʣʝʤʝʥʪʘʭ ʟ ʤʘʣʠʤʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ. 

 
1. ʉʅʠʇ 2.03.01-84*. ɹʝʪʦʥʥʳʝ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ï ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 

1985. 2. ʉʅʠʇ ʇ 23 81*. ʉʪʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ï ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 1981. 3. 

ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʞʸʩʪʢʦʡ 

ʘʨʤʘʪʫʨʦʡ / ʅʀʀɾɹ, ʎʅʅʀʇʨʦʤʟʜʘʥʠʡ. ï ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 1978. ï 54 ʩ. 4. ɼɹʅ 

ɺ.2.6-160:2010. ʉʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ. 5. ɼʉʊʋ-ʅ ɹ 

EN 1994-1-1:2010. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʏʘʩʪʠʥʘ 1-1. 

ɿʘʛʘʣʴʥʽ ʧʨʘʚʠʣʘ ʽ ʧʨʘʚʠʣʘ ʜʣʷ ʩʧʦʨʫʜ. 6. ɼʉʊʋ-ʅ ɹ EN 1992-1-1:2010. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʏʘʩʪʠʥʘ 1-1. ɿʘʛʘʣʴʥʽ ʧʨʘʚʠʣʘ ʽ ʧʨʘʚʠʣʘ 

ʜʣʷ ʩʧʦʨʫʜ. 7. ɼʉʊʋ-ʅ ɹ EN 1993-1-1:2010. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʏʘʩʪʠʥʘ 1-1. ɿʘʛʘʣʴʥʽ ʧʨʘʚʠʣʘ ʽ ʧʨʘʚʠʣʘ ʜʣʷ ʩʧʦʨʫʜ. 8. ɼʉʊʋ-ʅ ɹ EN 1992-1-

1:2010. ʇʨʦʝʢʪʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʏʘʩʪʠʥʘ 1-1. ɿʘʛʘʣʴʥʽ ʧʨʘʚʠʣʘ ʽ 

ʧʨʘʚʠʣʘ ʜʣʷ ʩʧʦʨʫʜ. 9. Eurocode 4. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʘʣʝʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʆʙʱʠʝ ʧʨʘʚʠʣʘ ʜʣʷ ʟʜʘʥʠʡ: ʇʝʨ. ʩ ʥʝʤ. ï ʇʦʣʪʘʚʘ: ʇʅʊʋ, 1997. ï 180 

ʩ. 
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ʋ ʩʪʘʪʪʽ ʧʨʠʚʝʜʝʥʦ ʫʟʘʛʘʣʴʥʝʥʽ ʨʽʰʝʥʥʷ ʨʷʜʫ ʟʘʜʘʯ ʟ ʧʣʘʩʪʠʯʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʠʟʥʘʯʝʥʦ ʧʨʠʚʝʜʝʥʝ ʟʥʘʯʝʥʥʷ 

ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ ʧʝʨʝʨʽʟʫ ʧʨʠ ʨʦʟʚʠʪʢʫ ʧʽʜʚʠʱʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ. ʇʦʢʘʟʘʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʧʽʜʚʠʱʝʥʠʤʠ ʧʣʘʩʪʠʯʥʠʤʠ 

ʜʝʬʦʨʤʘʮʽʷʤʠ ʽ ʨʘʜʽʫʩʦʤ ʢʨʠʚʠʥʠ ʙʘʣʢʠ. 

 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʧʨʝʜʝʣʝʥʦ ʧʨʠʚʝʜʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ ʩʝʯʝʥʠʷ ʧʨʠ ʨʘʟʚʠʪʠʠ ʧʦʚʳʰʝʥʥʳʭ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʦʢʘʟʘʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʧʦʚʳʰʝʥʥʳʤʠ ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ 

ʙʘʣʢʠ. 

 

In the article the generalized solutions of a number of tasks on plastic 

deformation of steel elements are given. The reduced value of the total 

deformation module of the cross section due to the development of 

increased plastic deformations is determined. The relationship between 

elevated plastic deformations of the cross section and radius of curvilinear 

beam is shown. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ʇʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʩʪʘʣʝʚʽ ʝʣʝʤʝʥʪʠ, ʙʘʣʢʘ, ʰʘʨʥʽʨ ʧʣʘʩʪʠʯʥʦʩʪʽ, 

ʪʨʠʣʽʥʽʡʥʘ ʜʽʘʛʨʘʤʘ ʨʦʟʪʷʛʫ, ʧʣʘʩʪʠʯʥʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ. 

ʇʣʘʩʪʠʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʙʘʣʢʘ, ʰʘʨʥʠʨ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʪʨʠʣʠʥʝʡʥʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʩʪʷʞʝʥʠʷ, ʧʣʘʩʪʠʯʥʳʡ 

ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
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Steel element, elevated plastic deformation, increased plastic deformation, 

plastic deformation, hinge of plasticity, plastic moment of resistance, 
plastic limit analysis of structural members subjected to bending. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ɾʠʚʫʯʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʫʤʦʚʣʝʥʘ ʟʜʘʪʥʽʩʪʶ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʢʦʥʫʚʘʪʠ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʦʪʨʠʤʘʥʽ 

ʧʦʰʢʦʜʞʝʥʥʷ. ɺ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʝʩʫʯʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʩʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʚʠʪʢʫ ʥʘʜʤʽʨʥʠʭ 

ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʾ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʨʦʙʦʪʫ 

ʙʘʣʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʚʠʪʢʫ ʥʘʜʤʽʨʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ɺ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʥʘʜʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʝʢʪʫʚʘʪʠ ʩʪʘʣʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʦʟʚʠʪʢʫ ʦʙʤʝʞʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ [1,2,3]. ɸ ʧʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ 

ʚʠʟʥʘʯʘʪʠ ʥʝʩʫʯʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʩʪʘʣʝʚʠʭ ʙʘʣʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʪʚʦʨʝʥʥʷ 

ʰʘʨʥʽʨʘ ʧʣʘʩʪʠʯʥʦʩʪʽ [2,3]. ʇʝʨʰʽ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ 

ʩʢʣʘʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʙʫʣʠ 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ [4,5,6]. ɺ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʦʢ ʘʥʘʣʽʪʠʯʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʣʘʩʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʥʘʙʫʚ ʫ ʚʽʜʦʤʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [7,8,9,10,11]. ɸʣʝ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʘʩʽʚ ʥʝʩʫʯʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʚʠʪʢʫ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʨʦʟʨʦʙʠʪʠ 

ʧʨʠʥʮʠʧʠ ʜʚʦʭ ʛʨʘʥʠʯʥʽ ʩʪʘʥʽʚ, ʪʦʤʫ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʩʪʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ 

ʪʘʢʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʟʘʢʣʘʜʝʥʽ ʫ ʚʽʜʦʤʠʭ ʨʦʙʦʪʘʭ [12,13,14,15]. ɺ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʙʤʝʞʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʙʫʚ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʥʘ ʰʠʨʦʢʦʤʫ 

ʢʣʘʩʽ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [16,17,18]. ʅʘʜʘʣʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴ ʫ 

ʥʘʧʨʷʤʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʘʧʨʦʢʩʠʤʘʮʽʡ ʜʽʘʛʨʘʤʠ ʨʦʟʪʷʛʫ 

ʩʪʘʣʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʨʦʟʚʠʪʢʫ ʦʙʤʝʞʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

[19,20,21]. ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʨʦʟʨʘʭʫʥʦʢ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʨʦʟʚʠʪʢʫ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

[22,23,24], ʘ ʪʘʢʦʞ ʚ ʙʘʣʢʘʭ ʟ ʛʥʫʯʢʦʶ ʩʪʽʥʢʦʶ ʧʦʩʪʽʡʥʦʛʦ ʽ ʟʤʽʥʥʦʛʦ 

ʧʝʨʝʨʽʟʽʚ [1,2,3,25]. ʈʦʟʨʘʭʫʥʦʢ ʨʘʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʚʠʪʢʫ ʰʘʨʥʽʨʽʚ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʞʣʠʚʦʛʦ ʛʨʘʥʠʯʥʦʛʦ 

ʩʪʘʥʫ ʥʘʙʫʚ ʫ ʨʦʙʦʪʘʭ [26-30]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɺʠʟʥʘʯʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʙʦʪʠ ʙʘʣʦʢ ʧʨʠ 

ʨʦʟʚʠʪʢʫ ʧʽʜʚʠʱʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʴ, ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. ʋʟʘʛʘʣʴʥʠʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʷʜʫ ʟʘʜʘʯ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʙʘʣʦʢ ʟ ʧʦʟʠʮʽʡ 

ʨʦʟʚʠʪʢʫ ʥʘʜʤʽʨʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ɺ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʘʥʘʣʽʪʠʯʥʽ ʪʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ ʽ ʧʽʜʭʦʜʠ ʨʦʟʚʠʪʢʫ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʧʦ ʚʠʩʦʪʽ ʧʝʨʝʨʽʟʫ ʙʘʣʦʢ. 

https://en.wikipedia.org/wiki/Limit_state_design
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʆʩʥʦʚʥʽ ʛʽʧʦʪʝʟʠ ʽ ʧʦʣʦʞʝʥʥʷ. ɺʠʩʦʪʘ ʧʝʨʝʨʽʟʫ ʙʘʣʢʠ ʚ ʧôʷʪʴ ʨʘʟʽʚ ʙʽʣʴʰʘ 

ʟʘ ʜʦʚʞʠʥʫ ʙʘʣʢʠ, ʚʽʨʥʘ ʛʽʧʦʪʝʟʠ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʧʨʠʡʥʷʪʠ, 

ʱʦ ʜʝʬʦʨʤʘʮʽʾ ʧʦ ʚʠʩʦʪʽ ʧʝʨʝʨʽʟʫ ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ. ʎʝ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʧʨʠʡʥʷʪʘ ʜʽʘʛʨʘʤʘ ʇʨʘʥʜʪʣʷ ʜʣʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʜʝʬʦʨʤʘʮʽʷʤʠ ʽ 

ʥʘʧʨʫʞʝʥʥʷʤʠ ʧʨʠ ʧʨʫʞʥʠʭ ʽ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʷʭ. 

ʇʨʠʡʤʘʻʪʴʩʷ ɼʝʢʘʨʪʦʚʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʟ ʮʝʥʪʨʦʤ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ 

ʫ ʮʝʥʪʨʽ ʚʘʛʠ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ. ʇʨʠʡʤʘʻʪʴʩʷ ʣʽʥʽʡʥʘ ʘʥʘʣʽʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʟʘ ʟʘʢʦʥʦʤ ɻʫʢʘ ʤʽʞ ʜʝʬʦʨʤʘʮʽʷʤʠ ʽ ʥʘʧʨʫʞʝʥʥʷʤʠ: 

 

Es e= . (1) 

ʂʨʠʚʠʟʥʘ ʩʪʝʨʞʥʷ, ʚʠʭʦʜʷʯʠ ʟ ʛʽʧʦʪʝʟʠ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ, ʧʦʚôʷʟʘʥʘ ʟ 

ʜʝʬʦʨʤʘʮʽʷʤʠ  ̔ʚ̔ʜʩʪʘʥʥʶ ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ (ʫ). 
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(2) 

ɺʽʜʧʦʚʽʜʥʦ ʟʘʢʦʥ ɻʫʢʘ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ ʪʘʢ: 

 

y
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ʇʨʠ ʟʛʠʥʽ ʙʘʣʦʢ ʫʤʦʚʦʶ ʨʽʚʥʦʚʘʛʠ ʚ ʧʝʨʝʨʽʟʽ, ʜʝ ʚʠʥʠʢʘʶʪʴ ʟʦʚʥʽʰʥʽ 

ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʭM , ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʻ ʨʽʚʥʽʩʪʴ (ʫʨʽʚʥʦʚʘʞʝʥʥʷ) 

ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʪʝʛʨʘʣʴʥʽʡ ʩʫʤʽ ʚʩʽʭ ʤʦʤʝʥʪʽʚ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ 

ʧʦ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ. 

 

ʭ ʭ

A

M ydAs=ñ , 
(4) 

ʜʝ dA ï ʧʣʦʱʘ ʝʣʝʤʝʥʪʘʨʥʦʾ ʧʣʦʱʘʜʢʠ; ʫ ï ʧʨʠʡʥʷʪʘ ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ ʆʍ ʜʦ ʝʣʝʤʝʥʪʘʨʥʦʾ ʧʣʦʱʘʜʢʠ, ʥʘ ʷʢʫ ʜʽʻ ʝʣʝʤʝʥʪʘʨʥʝ 

ʟʫʩʠʣʣʷ, ʩʪʚʦʨʶʶʯʠ ʥʘʧʨʫʞʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʡʥʷʪʘ ʬʦʨʤʫʣʘ ʪʝʦʨʽʾ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʦʙôʻʜʥʘʥʽ 

ʬʦʨʤʫʣ (3) ʽ (4). 
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ɺʽʜʦʤʦ, ʱʦ 
2

x

A

I y dA=ñ  ï ʮʝ ʧʨʠʡʥʷʪʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ, ʘ 

ʧʨʫʞʥʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ /x xW I ʫ= . 

ʗʢʦɦ ʧʦʚʝʨʥʫʪʠʩʴ ʜʦ ʥʘʧʨʫʞʝʥʴ (3), ʪʦ ʤʘʻʤʦ: 
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(6) 

ʇʨʠ ʧʨʫʞʥʽʡ ʨʦʙʦʪʽ ʩʪʘʣʽ ʧʨʠ ɽ=const ʟ (6) ʚʠʧʣʠʚʘʻ ʚʽʜʦʤʘ ʬʦʨʤʫʣʘ 

ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʥʘʧʨʫʞʝʥʴ: ʭ ʭ

x x

M M
y

I W
s s= ­ = . 

ʇʨʠ ʧʣʘʩʪʠʯʥʽʡ ʨʦʙʦʪʽ ʩʪʘʣʽ ʡ ʫʪʚʦʨʝʥʥʶ ʰʘʨʥʽʨʘ ʧʣʘʩʪʠʯʥʦʩʪʽ ʘʙʦ 

ʧʨʠ ʨʦʟʚʠʪʢʫ ʦʙʤʝʞʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʷʭ ʥʘ ʧʝʚʥʫ ʚʠʩʦʪʫ 

ʧʝʨʝʨʽʟʫ ʚʽʜ ʢʨʘʡʥʽʭ ʬʽʙʨʦʚʠʭ ʚʦʣʦʢʦʥ ʜʦ ʥʝʡʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʧʨʠʭʦʜʷʪʴ ʜʦ 

ʧʣʘʩʪʠʯʥʦʛʦ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʥʷʭ, 

ʨʽʚʥʠʭ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʪʘʣʽ: ʭ R yRs s= = . ɿ ʨʽʚʥʷʥʥʷ (4) ʤʘʻʤʦ ʜʣʷ 

ʩʢʣʘʜʝʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʣʘʩʪʠʯʥʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ (ʭplW ): 
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ɺʽʜʥʦʰʝʥʥʷ ʧʣʘʩʪʠʯʥʦʛʦ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ ʜʦ ʧʨʫʞʥʦʛʦ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ 

ʧʦʟʥʘʯʘʶʪʴ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ (ʭʩ) ï ʢʦʝʬʽʮʽʻʥʪ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʫʞʥʦʛʦ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ ʧʨʠ ʫʨʘʭʫʚʘʥʥʽ ʨʦʟʚʠʪʢʫ ʦʙʤʝʞʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ [1]: 
ʭpl

ʭ
ʭ

W
ʩ

W
= . 

ɼʣʷ ʧʦʪʦʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʜʝ ʜʽʻ ʥʝ ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ, 

ʚʚʝʜʝʥʦ ʧʦʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ 

ʭplz ʭpljW W= . ɺʽʜʧʦʚʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʙʽʣʴʰʝʥʥʷ ʧʨʫʞʥʦʛʦ ʦʧʦʨʫ 

ʧʦʪʦʯʥʦʛʦ ʧʝʨʝʨʽʟʫ (j) ʟ ʢʦʦʨʜʠʥʘʪʦʶ (z) ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʦʟʚʠʪʢʫ ʦʙʤʝʞʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʦʟʥʘʯʝʥʦ ʯʝʨʝʟ xz xjʩ ʩ= . 

ɿʘʜʘʯʘ 1. ɺʠʟʥʘʯʠʪʠ ʫʟʘʛʘʣʴʥʝʥʦ ʢʨʠʚʠʟʥʫ ʙʘʣʢʠ ʧʨʠ ʨʦʟʚʠʪʢʫ 

ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 
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ʇʨʠ ʚʽʨʥʦʩʪʽ ʛʽʧʦʪʝʟʠ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ ʩʣʽʜ ʟʘʧʠʩʘʪʠ ʬʦʨʤʫʣʫ ʜʣʷ 

ʙʘʣʢʠ ʚʠʩʦʪʦʶ (0h ) ʪʘ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʜʫʣʷ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʧʝʨʝʨʽʟʫ (plɽ ): 

 

0

0

/ 2 1

( / 2)

ʭ ʭ
R pl

pl pl pl pl pl

M h M
ɽ

W h ɽ W
s

r r
= = ­ =  (8) 

 

ɿʘʜʘʯʘ 2. ɺʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʧʨʠ ʨʦʟʚʠʪʢʫ ʦʙʤʝʞʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʫʞʥʦʾ 

ʟʦʥʠ ʚ ʮʝʥʪʨʽ ʧʝʨʝʨʽʟʫ. ʈʦʟʛʣʷʥʫʪʠ ʙʘʣʢʫ ʩʢʣʘʜʝʥʦʛʦ ʧʝʨʝʨʽʟʫ. ʇʨʠʡʥʷʪʠ, 

ʱʦ ʧʣʘʩʪʠʯʥʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ (6). ʇʨʠʡʤʘʻʤʦ, ʱʦ 

ʧʨʫʞʥʝ ʷʜʨʦ ʟʘʡʤʘʻ ʧʝʚʥʫ ʯʘʩʪʠʥʫ ʧʝʨʝʨʽʟʫ ʚʠʩʦʪʦʶ (0( / 2)ʘ hʫ eJ= ). 

ʄʘʢʩʠʤʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʥʠʢʘʪʠ ʚ ʢʨʘʡʥʽʭ ʬʽʙʨʦʚʠʭ 

ʚʦʣʦʢʥʘʭ ʚ ʧʝʨʝʨʽʟʽ ʨʦʟʚʠʪʢʫ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ 

ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʧʝʨʝʨʽʟʫ ʽ ʚʠʩʦʪʠ ʧʨʫʞʥʦʛʦ ʷʜʨʘ ʧʨʠ ʫʤʦʚʽ, ʱʦ ʚ ʽʥʰʽʡ 

ʯʘʩʪʠʥʽ ʧʝʨʝʨʽʟʫ ʙʫʜʫʪʴ ʚʠʥʠʢʘʪʠ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʥʘʧʨʫʞʝʥʥʷʭ, 

ʨʽʚʥʠʭ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ ʩʪʘʣʽ ʟʘ ʜʽʘʛʨʘʤʦʶ ʇʨʘʥʜʪʣʷ. ʊʘʢ, ʥʘ ʛʨʘʥʠʮʽ 

ʧʨʫʞʥʦʾ ʨʦʙʦʪʠ ʩʪʘʣʽ ʽ ʧʣʘʩʪʠʯʥʦʾ, ʥʘ ʚʠʩʦʪʽ 0 / 2)( ʘh ʫeJ=  ʚʽʜʥʦʩʥʽ 

ʜʝʬʦʨʤʘʮʽʾ ʙʫʜʫʪʴ ʜʦʨʽʚʥʶʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʠʤ ʜʝʬʦʨʤʘʮʽʷʤ ʧʨʫʞʥʦʾ 

ʨʦʙʦʪʠ ʩʪʘʣʽ ʘ ye e= . ɿ ʜʨʫʛʦʛʦ ʙʦʢʫ, ʜʝʬʦʨʤʘʮʽʾ ʢʨʘʡʥʽʭ ʬʽʙʨʦʚʠʭ 

ʚʦʣʦʢʦʥ ʧʝʨʝʨʽʟʫ (
0 /2h ple e= ) ʙʫʜʫʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤʠ (9). 

 

0 / 2)
. .

(
pl y pl

ʘ
y

ʫ

h
eJe e e e= =  (9) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʟʘʜʘʪʠ ʜʦʧʫʩʪʠʤʽ ʤʘʢʩʠʤʘʣʴʥ ̔ʟʥʘʯʝʥʥʷ ple , ʪʦʜʽ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʨʦʟʤʽʨʠ ʧʨʫʞʥʦʾ ʟʦʥʠ ʷʜʨʘ ʧʝʨʝʨʽʟʫ ʟʘ (10). ɸʙʦ ʟʘʜʘʶʪʴ 

ʨʦʟʤʽʨʠ ʧʨʫʞʥʦʾ ʟʦʥʠ ʷʜʨʘ ʧʝʨʝʨʽʟʫ ʽ ʚʠʟʥʘʯʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʽ ʧʣʘʩʪʠʯʥʽ 

ʜʝʬʦʨʤʘʮʽʾ ʟʘ (9). 
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pl

ʫ
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ʄʘʢʩʠʤʘʣʴʥʽ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʚôʷʟʘʥʽ ʟ ʢʨʠʚʠʟʥʦʶ ʙʘʣʢʠ ʟʛʽʜʥʦ 

ʛʽʧʦʪʝʟʠ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ ʘʥʘʣʦʛʽʯʥʦ (2). 
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pl
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h

e
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= ­ =  (11) 

 

ɿʘʜʘʯʘ 3. ɺʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʜʫʣʷ ʧʣʘʩʪʠʯʥʦʩʪʽ 

ʧʝʨʝʨʽʟʫ (plɽ ). ʋ ʧʝʨʝʨʽʟʽ ʙʘʣʢʠ, ʜʝ ʜʽʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ, 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʦʙʤʝʞʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʘ ʫʤʦʚʘʤʠ 

ʟʘʜʘʯ, ʜʝ ʥʘʚʝʜʝʥʦ ʬʦʨʤʫʣʠ:(2, 8, 9, 11). ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʚʘʞʣʠʚʘ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʙʘʣʢʦʚʠʭ ʩʠʩʪʝʤ ʽ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʛʠʥʽʚ ʙʘʣʦʢ, ʚ ʷʢʠʭ 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʦʙʤʝʞʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 
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R pl
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s
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(12) 

ʆʩʪʘʪʦʯʥʦ ʤʘʻʤʦ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʘʭ: pl yee Je= ,
pl

ʭ
ʭ

W
ʩ

W
= . 

 

. .
pl ʫ plR ʭ

pl pl pl
pl ʭ pl ʭ

W W ʩ
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W W e

e

e J

s

e
= = =  (13) 

 

ʇʨʠʢʣʘʜ. ʗʢʱʦeJ=3, ʘ ʚʽʜʥʦʰʝʥʥʷ ʧʣʘʩʪʠʯʥʦʛʦ ʤʦʤʝʥʪʫ ʦʧʦʨʫ 

ʧʝʨʝʨʽʟʫ ʜʦ ʧʨʫʞʥʦʛʦ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ ʭʩ=1,12, ʪʦ ʧʨʠʚʝʜʝʥʝ 

ʟʥʘʯʝʥʥʷ ʧʣʘʩʪʠʯʥʦʛʦ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ ʩʣʽʜ ʧʨʠʡʥʷʪʠ 

ʭ
pl

ʩ
ɽ ɽ

eJ
= =1,12/3=0,373ɽ. 

ɿʘʜʘʯʘ 4. ʇʦʨʽʚʥʷʪʠ ʢʨʠʚʠʥʫ ʩʪʘʣʝʚʦʾ ʙʘʣʢʠ ʧʨʠ ʧʨʫʞʥʽʡ ʨʦʙʦʪʽ ʩʪʘʣʽ 

(

0

1

/ 2

y

h

e

r
= ), ʽ ʧʨʠ ʨʦʟʚʠʪʢʫ ʦʙʤʝʞʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ 

pl yee Je= . 

ʂʨʠʚʠʥʘ ʙʘʣʢʠ ʚ ʤʽʩʪʽ ʨʦʟʚʠʪʢʫ ʦʙʤʝʞʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʙʫʜʝ: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʢʨʠʚʠʥʘ ʙʘʣʢʠ ʚ ʤʽʩʪʽ ʫʪʚʦʨʝʥʥʷ ʨʦʟʚʠʪʢʫ ʦʙʤʝʞʝʥʠʭ 

ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚ eJ  ʨʘʟ ʙʽʣʴʰʝ ʥʽʞ ʧʨʠ ʧʨʫʞʥʽʡ ʨʦʙʦʪʽ ʩʪʘʣʽ. 

 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʢʘʟʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ 
ʧʨʦʛʠʥʽʚ ʙʘʣʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʚʠʪʢʫ ʥʘʜʤʽʨʥʠʭ ʧʣʘʩʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ, ʷʢ ʙʣʦʢ ʟʽ ʟʤʽʥʥʠʤ ʤʦʜʫʣʝʤ ʜʝʬʦʨʤʘʮʽʡ ʧʦ ʜʦʚʞʠʥʽ ʙʘʣʢʠ. 
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ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ 

ʤʘʣʦʮʠʢʣʦʚʠʭ ʧʦʚʪʦʨʥʠʭ ʽ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʧʨʦʛʠʥʠ 

ʥʝʨʦʟʨʽʟʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ ʽ ʚʠʢʦʥʘʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʧʨʦʛʠʥʽʚ ʙʘʣʦʢ ʟʘ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʟʘʚʘʥʪʘʞʝʥʴ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ 

ʤʘʣʦʮʠʢʣʦʚʳʭ ʧʦʚʪʦʨʥʳʭ ʠ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʞʝʥʠʡ ʥʘ 

ʧʨʦʛʠʙʳ ʥʝʨʘʟʨʝʟʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʙʘʣʦʢ ʠ ʚʳʧʦʣʥʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʛʠʙʦʚ ʙʘʣʦʢ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ 

ʟʘʛʨʫʟʢʠ. 

The results of experimental studies of the influence of small cyclic repetitive 

and sign-loaded loads on the deflections of non-separable reinforced 

concrete beams are presented and a comparative analysis of beams 

deflections in different load modes is performed. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  

ʄʘʣʦʮʠʢʣʦʚʽ ʟʥʘʢʦʟʤʽʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʝʨʦʟʨʽʟʥʽ ʙʘʣʢʠ, ʧʨʦʛʠʥʠ, 

ʮʠʢʣʠ. 
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ʄʘʣʦʮʠʢʣʦʚʳʝ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʥʝʨʘʟʨʝʟʥʳʝ ʙʘʣʢʠ, 

ʧʨʦʛʠʙʳ, ʮʠʢʣʳ. 

Low-cycle sign-load loads, non-separable beams, deflections, cycles. 

ɺʩʪʫʧ. ʅʘʜʽʡʥʽʩʪʴ ʚ ʨʦʙʦʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʥʝ ʪʽʣʴʢʠ ʥʝʩʫʯʦʶ ʾʭ ʟʜʘʪʥʽʩʪʶ, ʘ ʡ ʜʦʧʫʩʪʠʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ï ʜʨʫʛʦʾ 

ʛʨʫʧʠ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ ï ʰʠʨʠʥʦʶ ʨʦʟʢʨʠʪʪʷ  ʪʨʽʱʠʥ, ʧʨʦʛʠʥʘʤʠ ʽ ʪ.ʧ. 

ʂʦʥʩʪʨʫʢʮʽʾ ʥʝʨʦʟʨʽʟʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ ʜʦʩʠʪʴ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʟʚʝʜʝʥʥʽ ʨʽʟʥʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʽ ʨʦʙʦʪʘ ʚ ʮʽʣʦʤʫ ʥʝʨʦʟʨʽʟʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ ʟʘ ʜʽʾ ʤʘʣʦ ʮʠʢʣʦʚʠʭ ʧʦʚʪʦʨʥʠʭ ʽ ʟʥʘʢʦʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚʠʚʯʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ 

ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚ ʪ.ʯ. ʽ ʨʦʟʚʠʪʦʢ ʧʨʦʛʠʥʽʚ, ʟʘ ʜʽʾ ʚʠʱʝ ʚʢʘʟʘʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʻ ʧʠʪʘʥʥʷʤ ʘʢʪʫʘʣʴʥʠʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʮʽʚ ʷʢ 

ʚʪ̔ʯʠʟʥʷʥʠʭ ʪʘʢ ʽ ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʥʝʨʦʟʨʽʟʥʠʭ ʙʘʣʦʢ ʟʘ ʦʜʥʦʟʥʘʯʥʠʭ ʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʊʘʢʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʚʽʪʣʝʥʽ ʚ ʨʦʙʦʪʘʭ [4-6]. ʈʦʙʦʪʘ ʥʝʨʦʟʨʽʟʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʙʘʣʦʢ ʟʘ ʜʽʾ ʤʘʣʦ ʮʠʢʣʦʚʠʭ ʧʦʚʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʫ 

ʨʦʙʦʪʘʭ [1-3]. ʋ ʚʠʱʝ ʚʢʘʟʘʥʠʭ ʧʨʘʮʷʭ ʥʘʫʢʦʚʮʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʨʽʟʥʽ 

ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʥʝʨʦʟʨʽʟʥʠʭ ʙʘʣʦʢ ʪʘʢʽ ʷʢ: ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ, ʤʽʮʥʽʩʪʴ 

ʥʦʨʤʘʣʴʥʠʭ ʽ ʧʦʭʠʣʠʭ ʧʝʨʝʨʽʟʽʚ, ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʽ ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ, 

ʰʠʨʠʥʫ ʨʦʟʢʨʠʪʪʷ ʥʦʨʤʘʣʴʥʠʭ ʽ ʧʦʭʠʣʠʭ ʪʨʽʱʠʥ, ʧʨʦʛʠʥʠ ʽ ʽʥ. 

ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʥʝʨʦʟʨʽʟʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ ʟʘ 

ʜʽʾ ʤʘʣʦ ʮʠʢʣʦʚʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʦ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʛʘʣʽ 

ʚʽʜʩʫʪʥʽ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʚʧʣʠʚ ʤʘʣʦ ʮʠʢʣʦʚʠʭ ʧʦʚʪʦʨʥʠʭ ʽ ʟʥʘʢʦʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʨʝʟʫʣʴʪʘʪ  ʧʨʦʛʠʥʽʚ ʥʝʨʦʟʨʽʟʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʪʝʢʩʪʫ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʘʚʪʦʨʘʤʠ 

ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʽ ʨʦʙʦʪʠ ʜʚʦʭʧʨʦʣʽʪʥʠʭ ʥʝʨʦʟʨʽʟʥʠʭ ʙʘʣʦʢ ʟʘ ʜʽʾ ʤʘʣʦ ʮʠʢʣʦʚʠʭ ʧʦʚʪʦʨʥʠʭ 

ʽ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʙʘʣʦʢ ʙʫʣʦ ʽʟ ʙʝʪʦʥʫ ʢʣʘʩʫ 

ʉ25/30. ɸʨʤʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʜʚʦʤʘ ʟʚʘʨʥʠʤʠ ʢʘʨʢʘʩʘʤʠ. ɺ ʷʢʦʩʪʽ 

ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ ʚʠʢʦʨʠʩʪʘʥʘ ʘʨʤʘʪʫʨʘ ʢʣʘʩʫ ɸ400 ʜʽʘʤʝʪʨʦʤ 12 ʤʤ, 

ʧʦʧʝʨʝʯʥʘ ʘʨʤʘʪʫʨʘ ʽʟ ʢʣʘʩʫ ɸ240, ʜʽʘʤʝʪʨʦʤ 6 ʤʤ. ɸʨʤʫʚʘʥʥʷ ʙʘʣʦʢ 

ʧʦʜʚʽʡʥʝ ʩʠʤʝʪʨʠʯʥʝ ï ʧʦ ʜʚʘ ʧʦʚʟʜʦʚʞʥʽʭ ʩʪʝʨʞʥʽ ʟʥʠʟʫ ʽ ʟʚʝʨʭʫ ʧʝʨʝʨʽʟʫ 

ʙʘʣʢʠ. ʂʨʦʢ ʧʦʧʝʨʝʯʥʠʭ ʩʪʝʨʞʥʽʚ ʥʘ ʧʨʠ ʦʧʦʨʥʠʭ ʜʽʣʷʥʢʘʭ 100 ʤʤ, ʚ 

ʧʨʦʣʴʦʪʘʭ ï 200ʤʤ. ʅʝʨʦʟʨʽʟʥʽ ʜʚʦʭ ʧʨʦʣʽʪʥʽ ʙʘʣʢʠ ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʧʨʦʣʴʦʪʘʤʠ ʧʦ 1500ʤʤ ʽ ʨʦʟʤʽʨʘʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 100ʭ160 ʤʤ, 

ʙʫʣʠ ʚʠʧʨʦʙʫʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʩʠʣʦʚʦʾ ʪʨʘʚʝʨʩʠ ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʝʩʘ ʇɻ-200. ɿʘʚʘʥʪʘʞʝʥʥʷ ʙʘʣʦʢ 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʯʦʪʠʨʤʘ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʩʠʣʘʤʠ, ʧʦ ʜʚʽ ʩʠʣʠ ʚ ʢʦʞʥʦʤʫ 

ʧʨʦʣʴʦʪʽ, ʷʢʽ ʧʨʠʢʣʘʜʘʣʠʩʷ ʟʘ ʩʭʝʤʦʶ, ʧʦʢʘʟʘʥʦʶ ʥʘ ʨʠʩ. 1, ʜʝ ʪʘʢʦʞ 

ʧʦʢʘʟʘʥʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 

ʉʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʙʘʣʦʢ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʩʠʣʦʚʽʡ ʫʩʪʘʥʦʚʮʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʝʩʘ ʇɻ-200 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʚʦʭ ʧʨʦʣʽʪʥʠʭ ʙʘʣʦʢ 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʪʘʢʠʤʠ ʨʝʞʠʤʘʤʠ 

ʟʘʚʘʥʪʘʞʝʥʴ: ʦʜʥʦʨʘʟʦʚʠʤ ʩʪʘʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʥʘʚʘʥʪʘʞʝʥʴ; ʤʘʣʦ ʮʠʢʣʦʚʠʤ ʧʦʚʪʦʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʟ ʚʝʨʭʥʽʤ ʨʽʚʥʝʤ 0,6 ʽ ʥʠʞʥʽʤ - 0,3; ʤʘʣʦ ʮʠʢʣʦʚʠʤ ʟʥʘʢʦʟʤʽʥʥʠʤ 
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ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟ ʨʽʚʥʝʤ 0,6. ʂʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʤʘʣʦ ʮʠʢʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʧʨʠʡʥʷʪʦ ʜʝʩʷʪʴ. ʇʽʩʣʷ ʜʝʩʷʪʠ ʮʠʢʣʽʚ ʤʘʣʦ ʮʠʢʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʙʘʣʢʠ 

ʜʦʚʦʜʠʣʠʩʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ. ʉʭʝʤʠ ʨʝʞʠʤʽʚ ʥʘʚʘʥʪʘʞʝʥʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 

ʉʭʝʤʠ ʨʝʞʠʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʘʣʦʢ 

ʐʠʬʨ 

ʙʘʣʦʢ 

ʈʝʞʠʤʠ ʥʘʚʘʥʪʘʞʝʥʴ ɺʠʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɹʆʉ-1 

ɹʆʉ-2 

ɹʆʉ-3 

 

ʆʜʥʦʨʘʟʦʚʝ 

ʢʦʨʦʪʢʦʯʘʩʥʝ, 

ʩʪʫʧʽʥʯʘʩʪʝ 

ʜʦ 

ʨʫʡʥʫʚʘʥʥ ̫

ɹʄʎʇ-1 

ɹʄʎʇ-2 

ɹʄʎʇ-3 

 

ʂʦʨʦʪʢʦʯʘʩʥʝ, 

ʤʘʣʦʮʠʢʣʦʚʝ 

ʧʦʚʪʦʨʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʨʽʚʝʥʴ (0,3-

0,6) ʟ 

ʨʫʡʥʫʚʘʥʥʷʤ 

ʧʽʩʣʷ ʜʝʩʷʪʠ 

ʮʠʢʣʽʚ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʊʘʙʣʠʮʽ 1 

ɹʄʎɿʅ-1 

ɹʄʎɿʅ-2 

ɹʄʎɿʅ-3 

 

ʂʦʨʦʪʢʦʯʘʩʥʝ, 

ʤʘʣʦʮʠʢʣʦʚʝ 

ʟʥʘʢʦʟʤʽʥʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʨʽʚʝʥʴ 0,6) ʟ 

ʨʫʡʥʫʚʘʥʥʷʤ 

ʧʩ̔ʣʷ ʜʝʩʷʪʦʛʦ 

ʮʠʢʣʫ 

 

ɺ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʙʘʣʦʢ ʚʠʤʽʨʶʚʘʣʠʩʴ ʜʝʬʦʨʤʘʮʽʾ ʙʝʪʦʥʫ ʽ 

ʘʨʤʘʪʫʨʠ, ʧʨʦʛʠʥʠ ʽ ʤʦʞʣʠʚʝ ʧʝʨʝʤʽʱʝʥʥʷ ʢʨʘʡʥʽʭ ʦʧʦʨ. ɼʝʬʦʨʤʘʮʽʾ 

ʙʝʪʦʥʫ ʚʠʤʽʨʶʚʘʣʠʩʴ ʽʥʜʠʢʘʪʦʨʘʤʠ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ ʟ ʮʽʥʦʶ ʧʦʜʽʣʦʢ 

0,002 ʤʤ ʥʘ ʙʘʟʽ 200 ʤʤ ʽ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ ʟ ʙʘʟʦʶ 50 ʤʤ, ʥʘʢʣʝʻʥʠʭ 

ʣʘʥʮʶʞʢʘʤʠ ʚ ʧʨʦʣʴʦʪʘʭ ʜʝ ʚʠʥʠʢʘʣʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʧʽʜ 

ʧʝʨʰʦʶ ʩʠʣʦʶ ʚʽʜ ʢʨʘʡʥʴʦʾ ʦʧʦʨʠ ʽ ʤʘʢʩʠʤʘʣʴʥʽ ʚʽʜôʻʤʥʽ ʤʦʤʝʥʪʠ ʥʘʜ 

ʮʝʥʪʨʘʣʴʥʦʶ ʦʧʦʨʦʶ, ʘ ʪʘʢʦʞ ʚ ʧʦʭʠʣʠʭ ʧʝʨʝʨʽʟʘʭ ʚʽʜ ʦʧʦʨʠ ʜʦ ʤʽʩʮʴ 

ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣ ʥʘ ʙʘʣʢʫ. ɼʝʬʦʨʤʘʮʽʾ ʘʨʤʘʪʫʨʠ ʚʠʤʽʨʶʚʘʣʠʩʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʥʟʦʤʝʪʨʽʚ ɻʫʛʝʥʙʝʨʛʝʨʘ ʥʘ ʙʘʟʽ 20 ʤʤ ʟ ʮʽʥʦʶ ʧʦʜʽʣʢʠ 0,001 

ʤʤ ʪʘ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʥʘ ʙʘʟʽ 20 ʤʤ, ʷʢʽ ʥʘʢʣʝʶʚʘʣʠʩʴ ʥʘ ʘʨʤʘʪʫʨʥʽ 

ʩʪʝʨʞʥʽ ʚ ʤʽʩʮʷʭ ʚʠʥʠʢʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʫʩʠʣʴ. ʇʨʦʛʠʥʠ ʙʘʣʦʢ 

ʚʠʤʽʨʶʚʘʣʠʩʴ ʧʨʦʛʠʥʦʤʽʨʘʤʠ ʪʠʧʫ 6 ʇɸʆ ʃʀʉʀ ʟ ʮʽʥʦʶ ʧʦʜʽʣʦʢ 0,01 ʤʤ. 

ɿʘ ʽʥʜʠʢʘʪʦʨʘʤʠ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ ʚʠʟʥʘʯʘʣʠ ʧʝʨʝʤʽʱʝʥʥʷ ʢʨʘʡʥʽʭ 

ʦʧʦʨ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʨʦʙʦʪʠ ʙʘʣʦʢ ʟ ʨʦʟʨʦʙʣʝʥʠʤ ʫʩʪʘʪʢʫʚʘʥʥʷʤ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʜʦʟʚʦʣʠʣʦ ʜʦʩʣʽʜʠʪʠ ʟʘ ʜʽʾ ʚʠʱʝ 

ʟʘʟʥʘʯʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʨʝʘʣʴʥʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʥʦʨʤʘʣʴʥʠʭ ʽ ʧʦʭʠʣʠʭ ʧʝʨʝʨʽʟʽʚ ʙʘʣʦʢ ʽ ʡʦʛʦ ʟʤʽʥʫ ʚ ʧʨʦʮʝʩʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ. 

ʄʝʭʘʥʽʟʤ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʥʝʨʦʟʨʽʟʥʠʭ 

ʙʘʣʦʢ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʙʦʪʠ ʦʜʥʦʧʨʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʟʛʠʥʘʣʴʥʠʭ 
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ʝʣʝʤʝʥʪʽʚ ʥʘʚʽʪʴ ʧʨʠ ʦʜʥʦʟʥʘʯʥʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ  (ʥʘ 

ʧʝʨʰʦʤʫ ʧʽʚʮʠʢʣʽ). ʇʨʠ ʧʦʜʘʣʴʰʠʭ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʟ ʢʦʞʥʠʤ 

ʮʠʢʣʦʤ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʙʘʣʦʢ ʟʤʽʥʶʚʘʚʩʷ. ʗʢʱʦ 

ʧʦʨʽʚʥʶʚʘʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʙʘʣʦʢ ʟʘ ʜʽʾ ʤʘʣʦ ʮʠʢʣʦʚʠʭ 

ʧʦʚʪʦʨʥʠʭ ʽ ʤʘʣʦ ʮʠʢʣʦʚʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʦ ʪʫʪ ʪʘʢʦʞ ʻ 

ʩʫʪʪʻʚʘ ʚʽʜʤʽʥʥʽʩʪʴ. ʊʘʢʦʞ ʧʨʦʛʠʥʠ ʙʘʣʦʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ 

ʥʘʚʘʥʪʘʞʝʥʴ ʟʘ ʩʚʦʾʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜʨʽʟʥʷʣʠʩʴ. ʈʝʟʫʣʴʪʘʪʠ ʟʥʘʯʝʥʴ 

ʧʨʦʛʠʥʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʥʘ ʢʦʞʥʦʤʫ ʥʘʧʽʚʮʠʢʣʽ ʽ ʥʘ ʢʦʞʥʦʤʫ ʮʠʢʣʽ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʛʠʥʽʚ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʨʘʟʢʘʭ ʟʘ ʦʜʥʦʟʥʘʯʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʠʥʠ ʧʽʜ ʯʘʩ 

ʨʫʡʥʫʚʘʥʥʷ ʩʢʣʘʜʘʣʠ ʪʘʢʽ ʚʝʣʠʯʠʥʠ: ɹʆʉ-1 ï 2,27 ʩʤ, ɹʆʉ-2 ï 2,24ʩʤ, 

ɹʆʉ-3 ï2,26 ʩʤ. 

 

 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʠʥʽʚ ʚ ʙʘʣʢʘʭ ʟʘ ʜʽʾ ʦʜʥʦʟʥʘʯʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɺʧʣʠʚ ʤʘʣʦʮʠʢʣʦʚʠʭ  ʧʦʚʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʨʦʟʚʠʪʦʢ ʧʨʦʛʠʥʽʚ 

ʙʘʣʦʢ ʚʠʚʯʘʚʩʷ ʥʘ ʙʘʣʢʘʭ ɹʄʎʇ-1,2,3. ʇʨʦʛʠʥʠ ʚʠʤʽʨʶʚʘʣʠʩʴ ʧʽʜ ʧʝʨʰʦʶ 

ʩʠʣʦʶ ʚʽʜ ʢʨʘʡʥʴʦʾ ʦʧʦʨʠ ʚ ʤʽʩʮʷʭ ʥʘʡʙʽʣʴʰʠʭ ʧʨʦʣʴʦʪʥʠʭ ʟʛʠʥʘʣʴʥʠʭ 

ʤʦʤʝʥʪʽʚ. ʍʘʨʘʢʪʝʨ ʨʦʟʚʠʪʢʫ ʧʨʦʛʠʥʽʚ ʚʠʚʯʘʚʩʷ ʥʘ ʚʠʱʝ ʚʢʘʟʘʥʠʭ ʙʘʣʢʘʭ ʽ 

ʟʤʽʥʘ ʾʭ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4. 
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ʈʠʩ. 4. ɿʤʽʥʘ ʧʨʦʛʠʥʽʚ ʙʘʣʦʢ ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʜʦ ʨʽʚʥʷ 6,0=h ʽ 

ʨʦʟʚʘʥʪʘʞʝʥʥʽ ʜʦ ʨʽʚʥʷ 3,0=h . (
)(cmf - ʧʨʦʛʠʥʠ ʧʨʠ ʨʽʚʥʽ 6,0=h , (ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

3-ʭ ʙʘʣʦʢ) '

)(cmf  - ʧʨʦʛʠʥʠ ʧʨʠ ʨʽʚʥʽ 3,0=h ) 

ʇʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʙʘʣʦʢ ʤʘʣʦ ʮʠʢʣʦʚʠʤʠ ʧʦʚʪʦʨʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ 

ʜʦ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ 6,0=h , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʠʣʽ F=16,5 ʢʅ, ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ 

ʜʦ ʥʠʞʯʦʛʦ ʨʽʚʥʷ 3,0=h , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʠʣʽ F=8,5 ʢʅ, ʷʢ ʚʠʜʥʦ ʽʟ ʛʨʘʬʽʢʘ                 

(ʨʠʩ. 4) ʚʽʜ ʮʠʢʣʫ ʜʦ ʮʠʢʣʫ ʟʤʽʥʘ ʧʨʦʛʠʥʽʚ, ʱʦ ʥʘ ʚʝʨʭʥʴʦʤʫ ʨʽʚʥʽ, ʱʦ ʥʘ 

ʥʠʞʥʴʦʤʫ ʙʫʣʘ ʥʝʟʥʘʯʥʦʶ. ʊʘʢ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʜʦ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʥʘ 

ʧʝʨʰʦʤʫ ʮʠʢʣʽ ʧʨʦʛʠʥ ʙʫʚ ʨʽʚʥʠʤ 0,82 ʩʤ, ʥʘ ʜʨʫʛʦʤʫ ï 0,87 ʩʤ, ʥʘ 

ʪʨʝʪʴʦʤʫ ï 0,74 ʩʤ ʽ ʟ ʯʝʪʚʝʨʪʦʛʦ ʧʦ ʜʝʩʷʪʠʡ ʮʠʢʣ ʧʨʦʛʠʥʠ ʙʫʣʠ ʚ ʤʝʞʘʭ 

0,75é0,76 ʩʤ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʥʠʞʯʦʛʦ ʨʽʚʥʷ (ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʙʘʣʦʢ ʜʦ 

3,0=h ), ʪʦ ʪʫʪ ʪʘʢʦʞ ʦʩʦʙʣʠʚʠʭ ʟʤʽʥ ʧʨʦʛʠʥʽʚ ʚʽʜ ʮʠʢʣʫ ʜʦ ʮʠʢʣʫ ʥʝ 

ʚʽʜʙʫʚʘʣʦʩʴ. ʊʘʢ ʥʘ ʧʝʨʰʦʤʫ ʮʠʢʣʽ ʧʨʦʛʠʥ ʙʘʣʦʢ 0,75 ʩʤ, ʥʘ ʜʨʫʛʦʤʫ ï 

0,65 ʩʤ, ʥʘ ʪʨʝʪʴʦʤʫ, ʯʝʪʚʝʨʪʦʤʫ ʽ ʧôʷʪʦʤʫ ʧʨʦʛʠʥ ʪʘʢʦʞ ʙʫʚ ʨʽʚʥʠʤ 0,64 

ʩʤ, ʘ ʟ ʰʦʩʪʦʛʦ ʧʦ ʜʝʩʷʪʠʡ ï 0,62ʩʤ. ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʧʨʦʛʠʥʽʚ ʟʘ 

ʜʽʾ ʤʘʣʦ ʮʠʢʣʦʚʠʭ ʧʦʚʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ 

ʧʨʦʛʠʥʠ ʧʨʠ ʥʝʚʠʩʦʢʠʭ ʨʽʚʥʷʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʘʢʪʠʯʥʦ ʩʪʘʙʽʣʴʥʽ. ʇʨʠ ʯʦʤʫ 

ʷʢʱʦ ʧʦʨʽʚʥʷʪʠ ʧʨʦʛʠʥʠ ʧʨʠ ʦʜʥʦʟʥʘʯʥʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʽ ʧʨʠ 

ʤʘʣʦ ʮʠʢʣʦʚʦʤʫ ʧʦʚʪʦʨʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʨʽʚʥʽ 

ʥʘʚʘʥʪʘʞʝʥʴ ʨʽʟʥʠʮʷ ʥʝ ʟʥʘʯʥʘ. ʊʘʢ ʧʨʠ ʩʠʣʽ ʨʽʚʥʽʡ 16,5 ʢʅ ʧʨʦʛʠʥʠ ʧʨʠ 

ʩʪʘʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʙʫʚ 0,83 ʩʤ, ʘ ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ï ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʧʨʦʛʠʥ ʙʫʚ 0,87 ʩʤ. ɿʙʽʣʴʰʝʥʥʷ ʧʨʦʛʠʥʽʚ ʧʨʠ ʮʴʦʤʫ ʚʠʢʣʠʢʘʥʦ 

ʟʤʝʥʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʙʘʣʦʢ, ʧʦ-ʩʢʽʣʴʢʠ ʟʘ ʜʽʾ ʮʠʢʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʪʨʽʱʠʥʠ ʷʢʽ ʚʠʥʠʢʣʠ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʙʘʣʦʢ ʥʘ ʧʝʨʰʦʤʫ ʮʠʢʣʽ 
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ʨʦʟʚʠʚʘʣʠʩʴ ʥʘ ʥʘʩʪʫʧʥʠʭ ʮʠʢʣʘʭ. ʇʦʨʽʚʥʶʶʯʠ ʟʥʘʯʝʥʥʷ ʧʨʦʛʠʥʽʚ ʧʨʠ 

ʨʫʡʥʫʶʯʠʭ ʟʫʩʠʣʣʷʭ, ʪʦ ʟʘ ʜʽʾ ʩʪʘʪʠʯʥʦʛʦ ʦʜʥʦʟʥʘʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʙʘʣʢʘʭ ʙʫʣʠ 2,24 ʩʤ, 2,27 ʩʤ ʽ 2,26 ʩʤ, ʚ ʙʘʣʢʘʭ ʱʦ ʟʘʟʥʘʚʘʣʠ ʜʽʾ ʤʘʣʦ 

ʮʠʢʣʦʚʠʭ ʧʦʚʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ï  ʚʽʜʧʦʚʽʜʥʦ 2,51 ʩʤ, 2,53 ʩʤ ʽ 2,53 ʩʤ. 

ʗʢ ʙʘʯʠʤʦ, ʨʦʟʢʠʜ ʟʥʘʯʝʥʴ ʧʨʦʛʠʥʽʚ ʥʝʟʥʘʯʥʠʡ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʦʜʥʘʢʦʚʽ 

ʤʽʮʥʽʩʥʽ ʽ ʜʝʬʦʨʤʘʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʣʦʢ. ʈʫʡʥʫʶʯʽ ʟʫʩʠʣʣʷ ʙʘʣʦʢ 

ʙʫʣʠ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʦʜʥʦʨʘʟʦʚʠʭ ï 32,5 ʢʅ; 32,53 ʢʅ; 32,51 ʢʅ ʽ ʧʨʠ 

ʧʦʚʪʦʨʥʠʭ 30,0 ʢʅ; 30,02 ʢʅ ʽ 30,0 ʢʅ. 

ɿʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʚʯʝʥʥʷ ʧʨʦʛʠʥʽʚ ʽ ʾʭ ʟʤʽʥʘ ʟʘ ʜʽʾ 

ʤʘʣʦʮʠʢʣʦʚʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʥʝʨʦʟʨʽʟʥʠʭ ʜʚʦʭʧʨʦʣʽʪʥʠʭ 

ʙʘʣʢʘʭ. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʧʨʦʛʠʥʽʚ ʟʘ ʜʽʾ ʤʘʣʦ ʮʠʢʣʦʚʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʥʘʧʽʚʮʠʢʣʘʭ çʘè ʽ çʙè ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 5. 

 

 

ʈʠʩ. 5. ɿʤʽʥʘ ʧʨʦʛʠʥʽʚ ʙʘʣʦʢ ʟʘ ʜʽʾ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʨʽʚʥʽ 

6,0=h (ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 3-ʭ ʙʘʣʦʢ). (
)(

)(

a

cmf - ʧʨʦʛʠʥ ʥʘ ʧʽʚ ʮʠʢʣʽ çʘè, 
)(

)(

ʙ

cmf - 

ʧʨʦʛʠʥ ʥʘ ʧʽʚ ʮʠʢʣʽ çʙè) 

ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ ʟʤʽʥʠ ʧʨʦʛʠʥʽʚ ʟʘ ʜʽʾ ʤʘʣʦ ʮʠʢʣʦʚʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʨʦʛʠʥʽʚ ʚ ʥʘʧʽʚʮʠʢʣʘʭ çʙè ʜʝʱʦ 

ʙʽʣʴʰʽ. ʅʘ ʧʝʨʰʦʤʫ ʥʘʧʽʚʮʠʢʣʽ çʘè ʧʨʦʛʠʥ ʩʢʣʘʚ -0,8 ʩʤ, ʘ ʚ ʥʘʧʽʚʮʠʢʣʽ 



42 

 

çʙè - 0,93 ʩʤ, ʘ ʥʘ ʧôʷʪʦʤʫ ï ʚʽʜʧʦʚʽʜʥʦ 0,96 ʩʤ ʽ 0,98 ʩʤ. ʇʦʯʠʥʘʶʯʠ  ʟ 

ʧôʷʪʦʛʦ ʮʠʢʣʫ ʧʨʦʛʠʥ ʧʨʘʢʪʠʯʥʦ ʥʘ ʦʙʦʭ ʥʘʧʽʚʮʠʢʣʘʭ ʩʪʘʙʽʣʽʟʫʚʘʣʠʩʴ. ʇʨʠ 

ʨʫʡʥʫʚʘʥʥʽ ʟʘ ʥʘʚʘʥʪʘʞʝʥʥʷ F=27,5 ʢʅ ʧʨʦʛʠʥʠ ʩʢʣʘʣʠ ï 3,2 ʩʤ (ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʧʦ 3-ʭ ʙʘʣʢʘʭ). 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʦʙʦʪʠ ʜʚʦʭʧʨʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ ʟʘ ʜʽʾ ʤʘʣʦ ʮʠʢʣʦʚʠʭ 

ʧʦʚʪʦʨʥʠʭ ʽ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʱʦ ʚʠʱʝ ʟʘʟʥʘʯʝʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʙʘʣʦʢ 

ʽ ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʦʛʠʥʽʚ. ɿʘ ʜʽʾ ʤʘʣʦ ʮʠʢʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘ ʨʽʚʥʷ 6,0=h  

ʧʨʦʛʠʥʠ ʟʙʽʣʴʰʠʣʠʩʴ ʥʘ 10%, ʘ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʧʨʦʛʠʥʠ ʟʙʽʣʴʰʠʣʠʩʴ ʥʘ 

12%, ʘ ʟʘ ʜʽʾ ʟʥʘʢʦʟʤʽʥʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 13% - ʽ ʥʘ 40% ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʦʜʥʦʟʥʘʯʥʠʤ. ɺʩʽ ʮʽ ʟʤʽʥʠ ʧʨʦʛʠʥʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ, 

ʷʢʽ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʟʥʘʶʪʴ ʪʘʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʭʦʯʘ ʜʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 
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ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʧʦʜʘʥʽ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʢʘʨʢʘʩʫ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ 

ʙʘʛʘʪʦʷʨʫʩʥʦʾ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʩʪʦʷʥʢʠ.   

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʪʘʣʝʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʢʘʨʢʘʩʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʤʥʦʛʦʷʨʫʩʥʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʩʪʦʷʥʢʠ. 

 

The article deals with the features and suggestions for the use of steel 

reinforced concrete frame for the construction of multi-tiered parking lot.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ʊʨʫʙʦʙʝʪʦʥ, ʩʪʘʣʝʟʘʣʟ̔ʦʙʝʪʦʥ, ʧʝʨʝʢʨʠʪʪʷ.  

ʊʨʫʙʦʙʝʪʦʥ, ʩʪʘʣʝʞʝʣʝʟʦʙʝʪʦʥ, ʧʝʨʝʢʨʳʪʠʝ 

Piping, steel reinforced concrete, floor. 

 

ɺʩʪʫʧ. ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʠʭ ʤʽʩʪ ʷʚʣʷʻʪʴʩʷ 

ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷʤʠ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʟʽʙʣʴʰʫʻʪʴʩʷ ʟ ʢʦʞʥʠʤ 

ʨʦʢʦʤ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʚ ʤʽʩʪʦʙʫʜʽʚʥʦʤʫ ʧʣʘʥʽ ʧʨʦʙʣʝʤʘ ʟʙʝʨʝʞʝʥʥʷ 

ʘʚʪʦʤʦʙʽʣʝʡ ï ʦʜʥʘ ʟ ʥʘʡʤʝʥʰ ʚʠʚʯʝʥʠʭ. ɼʝʬʽʮʠʪ ʧʘʨʢʫʚʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʚʠʩʫʚʘʻ ʟʘʜʘʯʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʢʦʚʢʘʤʠ. ʆʩʪʘʥʥʽʤ 
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ʯʘʩʦʤ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʦʩʦʙʣʠʚʦ ʚ ʢʨʫʧʥʠʭ ʤʽʩʪʘʭ, 

ʙʫʜʫʶʪʴ ʙʘʛʘʪʦʨʽʚʥʝʚʽ ʩʪʦʷʥʢʠ, ʷʢʽ ʷʚʣʷʶʪʴʩʷ ʟʨʫʯʥʽʰʽ ʟʘ ʧʘʨʢʫʚʘʣʴʥʽ 

ʤʘʡʜʘʥʯʠʢʠ ʪʘ ʟʘ ʩʚʦʻʶ ʧʣʦʱʝʶ ʟʘʡʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʽ ʪʝʨʠʪʦʨʽʾ [1, 2]. 

ʊʘʢʽ ʦʙô̒ ʢʪʠ ʤʘʶʪʴ ʜʦʩʠʪʴ ʝʩʪʝʪʠʯʥʠʡ ʚʠʛʣʷʜ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʚʦʾʤʠ 

ʧʦʧʝʨʝʜʥʠʢʘʤʠ ï ʛʘʨʘʞʥʠʤʠ ʤʘʩʠʚʘʤʠ. ʆʜʥʘʢ, ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʠʧʫ 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʩʪʦʷʥʢʠ ʧʦʚʠʥʝʥ ʟʘʜʦʚʦʣʴʥʷʪʠ ʤʽʩʪʦʙʫʜʽʚʥʠʤ ʚʠʤʦʛʘʤ, 

ʪʨʘʥʩʧʦʨʪʥʠʤ, ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʤ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʪʘ ʝʢʦʥʦʤʽʯʥʠʤ 

ʚʠʤʦʛʘʤ. ʆʙôʻʤʥʦ-ʧʨʦʩʪʦʨʦʚʝ ʪʘ ʦʙʨʘʟʥʝ ʨʽʰʝʥʥʷ ʪʘʢʠʭ ʩʪʦʷʥʦʢ ʧʦʚʠʥʥʦ 

ʧʦʻʜʥʫʚʘʪʠʩʷ ʟ ʘʨʭʽʪʝʢʪʫʨʦʶ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʦʨʛʦʚʠʭ ʮʝʥʪʨʽʚ, ʞʠʪʣʦʚʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʪʨʘʥʩʧʦʨʪʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʚʫʟʣʽʚ ʪʘ ʙʫʪʠ ʦʨʛʘʥʽʯʥʦ 

ʚʧʠʩʘʥʠʤʠ ʚ ʪʨʘʥʩʧʦʨʪʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʤʽʩʮʝʚʦʩʪʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʳʭ ʜʦʩʣʽʜʞʝʥʴ. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ 

ʩʪʦʷʥʢʠ ʚʢʣʶʯʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʜʥʘʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʡ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʝʢʦʥʦʤʽʯʥʫ ʥʝʩʫʯʫ ʩʠʩʪʝʤʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʠʧʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟ 

ʻʜʠʥʠʤ ʢʨʦʢʦʤ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʧʣʘʥʫʚʘʣʴʥʦ-

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʩʪʦʷʥʦʢ ʷʚʣʷʻʪʴʩʷ ʢʨʦʢ ʢʦʣʦʥ, 

ʜʦʚʞʠʥʘ ʛʦʣʦʚʥʠʭ ʙʘʣʦʢ ʘʙʦ ʬʝʨʤ. ʏʘʩʪʽʰʝ ʟʘ ʚʩʝ, ʧʨʠ ʟʚʝʜʝʥʥʽ ʦʢʨʝʤʠʭ 

ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʩʪʦʷʥʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʣʽʟʦʙʝʪʦʥʥʠʡ ʢʘʨʢʘʩ [3]. ʋ ʩʚʦʶ 

ʯʝʨʛʫ, ʟʘʣʽʟʦʙʝʪʦʥʥʠʡ ʢʘʨʢʘʩ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʚ ʟʙʽʨʥʦʤʫ, 

ʤʦʥʦʣʽʪʥʦʤʫ ʘʙʦ ʟʙʽʨʥʦ-ʤʦʥʦʣʽʪʥʦʤʫ ʚʘʨʽʘʥʪʘʭ. ʇʝʨʝʚʘʛʦʶ ʤʦʥʦʣʽʪʥʦʛʦ 

ʟʘʣʽʟʦʙʝʪʦʥʫ ʻ ʪʝ, ʱʦ ʙʫʜʽʚʣʷ ʤʦʞʝ ʙʫʪʠ ʚʧʠʩʘʥʘ ʚ ʩʢʣʘʜʥʫ ʬʦʨʤʫ ʜʽʣʷʥʢʠ 

ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʧʨʠ ʨʝʛʫʣʷʨʥʽʡ ʩʭʝʤʽ ʙʫʜʽʚʣʽ ʟ 

ʤʝʪʘʣʝʚʠʤ ʢʘʨʢʘʩʦʤ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʽ ʨʽʰʝʥʥʷ [4, 5].  

ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʽ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʰʫʢʦʤ ʥʦʚʠʭ ʚʠʜʽʚ 

ʩʧʦʣʫʯʝʥʴ ʙʝʪʦʥʫ ʡ ʩʪʘʣʽ ʜʣʷ ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ. ɺʦʜʥʦʯʘʩ, 

ʪʘʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʤʦʛʘʤ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ 

ʤʘʪʝʨʽʘʣʽʚ, ʤʘʩʠ, ʷʢ ʦʢʨʝʤʠʭ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʪʘʢ ʽ ʙʫʜʽʚʝʣʴ ʚʮʽʣʦʤʫ, 

ʟʥʠʞʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʤʦʥʪʘʞʫ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʥʝʦʙʭʽʜʥʦʾ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ. ʎʠʤ ʚʠʤʦʛʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʩʧʣʝʢʩʥʽ 

ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʧʨʦʢʘʪʥʽ ʧʨʦʬʽʣʽ, 

ʩʪʨʠʞʥʝʚʘ ʘʨʤʘʪʫʨʘ ʪʘ ʙʝʪʦʥ [6ï8]. ʉʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʤʘʶʯʠ 

ʚʝʣʠʢʫ ʚʽʜʥʦʩʥʫ ʞʦʨʩʪʢʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤʠ, ʜʦʟʚʦʣʷʶʪʴ 

ʟʙʽʣʴʰʠʪʠ ʧʨʦʣʴʦʪʠ ʽ ʧʦʢʨʘʱʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʷʢʦʩʪʽ ʙʫʜʽʚʣʽ, ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʶʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ. ʅʘ ʦʩʥʦʚʽ 

ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʦʤʠʭ ʦʙôʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʠʭ ʡ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʨʽʰʝʥʴ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʨʘʮʽʦʥʘʣʴʥʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʭʝʤʫ ʜʣʷ ʙʘʛʘʪʦʷʨʫʩʥʦʾ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʩʪʦʷʥʢʠ 

ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ. ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʝ ʘʚʪʦʨʘʤʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʢʘʨʢʘʩʫ ʜʣʷ 

ʧôʷʪʠʧʦʚʝʨʭʦʚʦʾ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʩʪʦʷʥʢʠ ʟ ʨʦʟʤʽʨʘʤʠ ʫ ʧʣʘʥʽ 40Ĭ60 ʤ (ʨʠʩ. 

1). 
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ʈʠʩ. 1.  ʇʣʘʥ ʪʠʧʦʚʦʛʦ ʧʦʚʝʨʭʫ (ʘ) ʪʘ ʨʦʟʨʽʟ 1ï1 (ʙ) 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʩʪʦʷʥʢʠ 

 

ʊʘʢʠʡ ʢʘʨʢʘʩ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʨʫʙʦʙʝʪʦʥʥʽ ʢʦʣʦʥʠ ʪʘ 

ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʽ ʧʣʠʪʠ, ʢʦʪʨʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʧʦʣʠʮʽ ʡ 

ʧʦʟʜʦʚʞʥʽʭ ʩʪʘʣʝʚʠʭ ʪʨʫʙ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʞʦʨʩʪʢʦʾ ʘʨʤʘʪʫʨʠ ʪʘ 

ʧʨʘʮʶʶʪʴ ʩʫʤʽʩʥʦ ʽʟ ʟʘʣʽʟʦʙʝʪʦʥʥʦʶ ʩʢʣʘʜʦʚʦʶ. ʊʨʫʙʦʙʝʪʦʥʥʘ ʢʘʣʦʥʘ 

ʷʚʣʷʻ ʩʦʙʦʶ ʟʦʚʥʽʰʥʶ ʩʪʘʣʝʚʫ ʦʙʦʣʦʥʢʫ (ʩʪʘʣʝʚʫ ʪʨʫʙʫ), ʟʘʧʦʚʥʝʥʫ 

ʙʝʪʦʥʦʤ, ʱʦ ʫʪʚʦʨʶʻ ʚʥʫʪʨʽʰʥʻ ʦʩʝʨʜʷ. ʉʪʘʣʝʚʘ ʦʙʦʣʦʥʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚ ʷʢʦʩʪʽ ʦʧʘʣʫʙʢʠ, ʚʦʥʘ ʪʘʢʦʞ ʫʪʚʦʨʶʻ 

ʽʜʝʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʨʦʙʦʪʠ ʙʝʪʦʥʥʦʛʦ ʦʩʝʨʜʷ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʪʨʫʙʦʙʝʪʦʥʥʠʭ ʢʦʣʦʥ ʷʚʣʷʻʪʴʩʷ ʾʭ ʧʽʜʚʠʱʝʥʘ 

ʞʦʨʩʪʢʽʩʪʴ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ 

ʟʘ ʨʘʭʫʥʦʢ ʟʥʘʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʤʝʪʘʣʫ ʦʙʦʡʤʠ [9]. ʇʨʠ ʮʴʦʤʫ ʥʝʤʘʻ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʩʢʣʘʜʥʠʭ ʚʫʟʣʽʚ ʩʧʦʣʫʯʝʥʥʷ ʟ ʧʝʨʝʢʨʠʪʪʷʤ. 

͊ύ 
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ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʣʘʰʪʫʚʘʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʽʜ 

ʚʝʣʠʢʽ ʧʨʦʣʴʦʪʠ ʪʘ ʟʥʘʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʨʝʢʨʠʪʪʽʚ ʽʟ ʚʠʥʝʩʝʥʠʤ ʘʨʤʫʚʘʥʥʷʤ. ʊʦʤʫ ʜʣʷ 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʩʪʦʷʥʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʧʝʨʝʢʨʠʪʪʷ ʟ ʦʢʨʝʤʠʭ ʧʣʠʪ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʧʦʣʠʮʽ ʪʘ ʧʦʟʜʦʚʞʥʽʭ ʩʪʘʣʝʚʠʭ ʪʨʫʙ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʞʦʨʩʪʢʦʾ ʘʨʤʘʪʫʨʠ ʡ ʧʨʘʮʶʶʪʴ ʩʫʤʽʩʥʦ ʽʟ ʟʘʣʽʟʦʙʝʪʦʥʥʦʶ 

ʩʢʣʘʜʦʚʦʶ. ɿʦʚʥʽʰʥʽ ʩʪʘʣʝʚʽ ʪʨʫʙʠ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʚʠʥʝʩʝʥʦʾ ʞʦʨʩʪʢʾ 

ʘʨʤʘʪʫʨʠ. ʊʨʫʙʘ ʟôʻʜʥʫʻʪʴʩʷ ʽʟ ʟʘʣʽʟʦʙʝʪʦʥʥʦʶ ʧʣʠʪʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʣʝʚʠʭ ʪʨʫʙʦʢ [10, 11].  

ɼʦ ʩʢʣʘʜʫ ʧʝʨʝʢʨʠʪʪʷ ʚʭʦʜʷʪʴ ʤʽʞʢʦʣʦʥʥʽ ʪʘ ʧʨʦʣʽʪʥʽ ʧʣʠʪʠ ʨʠʩ. 2. 

 
   

 
ɺʠʛʦʪʦʚʣʝʥʥʷ ʧʣʠʪ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʙʫʜʽʚʝʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʦʧʘʣʫʙʢʠ. 

ɿʘʣʽʟʦʙʝʪʦʥʥʘ ʧʣʠʪʘ ʙʝʪʦʥʫʻʪʴʩʷ ʧʝʨʝʚʝʨʥʫʪʦʶ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ. ʋ ʷʢʦʩʪʽ ʦʧʘʣʫʙʢʠ ʩʣʫʛʫʻ ʩʪʘʣʝʚʝ ʦʙʨʘʤʣʝʥʥʷ ʽʟ ʢʫʪʠʢʽʚ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʧʣʠʪ ʧʦʣʠʯʢʠ ʢʫʪʠʢʽʚ ʚʠʥʦʩʷʪʴ ʥʘʟʦʚʥʽ ʘʙʦ 

ʚʩʝʨʝʜʠʥʫ ʢʦʥʩʪʨʫʢʮʽʾ. ʄʽʞʢʦʣʦʥʥʽ ʧʣʠʪʠ ʤʘʶʪʴ ʩʪʘʣʝʚʝ ʦʙʨʘʤʣʝʥʥʷ ʟ 

ʢʫʪʠʢʽʚ ʽʟ ʚʠʥʝʩʝʥʠʤʠ ʛʨʘʥʷʤʠ ʥʘʟʦʚʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʣʦʱʠʥʘ ʜʣʷ ʦʙʧʠʨʘʥʥʷ ʧʨʦʣʽʪʥʠʭ ʧʣʠʪ. ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʤʽʞʢʦʣʦʥʥʦʾ 

ʧʣʠʪʠ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3.  

ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʧʝʨʝʢʨʠʪʪʷ:  
ʅʇ ï ʤʽʞʢʦʣʦʥʥʘ ʧʣʠʪʘ; ʇʇ ï ʧʨʦʣʽʪʥʘ ʧʣʠʪʘ 
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ʇʽʜ ʯʘʩ ʤʦʥʪʘʞʫ ʧʨʦʣʽʪʥʽ ʧʣʠʪʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʚʠʩʘʜʞʝʥʽ ʧʦʣʠʯʢʠ 

ʩʪʘʣʝʚʠʭ ʨʘʤ ʤʽʞʢʦʣʦʥʥʠʭ ʧʣʠʪ, ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʚʦʜʷʪʴʩʷ ʟʚʘʨʶʚʘʣʴʥʽ 

ʨʦʙʦʪʠ ʟʘʢʣʘʜʥʠʭ ʜʝʪʘʣʝʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʞʦʨʩʪʢʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʢʨʠʪʪʷ ʚ ʮʽʣʦʤʫ ʪʘ ʟʘʧʦʚʥʝʥʥʷ ʰʚʽʚ ʮʝʤʝʥʪʥʠʤ ʨʦʟʯʠʥʦʤ. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʩʥʦʚʘʥʝ ʥʘ ʫʧʨʘʚʣʽʥʥʽ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʤ ʩʪʘʥʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʦʥʦʤʽʯʥʠʭ ʨʽʰʝʥʴ. 

ɿʘ ʨʘʭʫʥʦʢ ʦʙô̒ ʜʥʘʥʥʷ ʩʠʩʪʝʤ ʩʪʘʣʝʚʠʭ ʙʘʣʦʢ ʽʟ ʟʘʣʽʟʦʙʝʪʦʥʥʦʶ 

ʩʢʣʘʜʦʚʦʶ ʚʠʪʨʘʪʠ ʤʝʪʘʣʫ ʽ ʙʝʪʦʥʫ ʟʜʝʙʽʣʴʰʦʛʦ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʚʠʪʨʘʪ 

ʘʥʘʣʦʛʽʯʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʢʘʨʢʘʩʫ ʧʨʠʡʥʷʪʦ ʜʦ ʫʚʘʛʠ, ʱʦ 

ʙʝʪʦʥʥʘ ʩʢʣʘʜʦʚʘ ʧʨʘʮʶʻ ʩʫʤʽʩʥʦ ʟ ʤʝʪʘʣʝʚʦʶ, ʘ ʤʝʪʘʣ, ʫ ʩʚʦʶ ʯʝʨʛʫ, 

ʧʦʨʽʚʥʷʥʦ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ʧʝʨʝʢʨʠʪʪʷ. ɽʬʝʢʪ 

ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʧʦʣʷʛʘʻ ʚ ʥʘʜʽʡʥʽʡ ʩʫʤʽʩʥʽʡ ʨʦʙʦʪʽ 

ʩʪʘʣʝʚʦʾ ʪʘ ʙʝʪʦʥʥʦʾ ʩʢʣʘʜʦʚʠʭ. ɿʘʣʽʟʦʙʝʪʦʥʥʘ ʧʣʠʪʘ ʧʦʚʥʽʩʪʶ ʚʢʣʶʯʝʥʘ ʚ 

ʨʦʙʦʪʫ ʷʢ ʩʪʠʩʥʝʥʠʡ ʝʣʝʤʝʥʪ, ʧʨʠʯʦʤʫ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʝʪʦʥ, 

ʱʦ ʤʘʡʞʝ ʥʝ ʧʨʘʮʶʻ ʥʘ ʨʦʟʪʷʛ. ʂʦʞʥʘ ʩʢʣʘʜʦʚʘ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ ʷʢ ʫ 

ʧʣʦʱʠʥʽ ʧʝʨʝʢʨʠʪʪʷ, ʪʘʢ ʽ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʋ ʪʘʢʽʡ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʻʜʥʘʥʽ ʦʩʥʦʚʥʽ ʧʦʟʠʪʽʚʥʽ ʷʢʦʩʪʽ ʟʙʽʨʥʠʭ ʽ ʤʦʥʦʣʽʪʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʉʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʝ ʧʝʨʝʢʨʠʪʪʷ ʽʟ ʟʦʚʥʽʰʥʽʤ ʘʨʤʫʚʘʥʥʷʤ 

ʪʨʫʙʘʤʠ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʝʨʽʘʣʠ, ʘ ʚ ʦʢʨʝʤʠʭ 

ʚʠʧʘʜʢʘʭ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʦʧʝʨʝʜʥʻ ʥʘʧʨʫʞʝʥʥʷ ʽʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʟʫʩʠʣʴ ʧʽʜ 

ʯʘʩ ʤʦʥʪʘʞʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ 

ʢʘʨʢʘʩʫ ʜʣʷ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʩʪʦʷʥʢʠ ʧʝʨʝʜʙʘʯʘʻ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʚʝʜʝʥʥʷ ʙʝʟ ʚʪʨʘʪʠ ʷʢʦʩʪʽ, ʟʥʠʞʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʚʠʪʨʘʪ ʡ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʤʦʥʪʘʞʫ, ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ɺ ʮʽʣʦʤʫ, ʟʙʠʨʘʥʥʷ 

ʢʘʨʢʘʩʫ ʟʽ ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʠʤ ʢʘʨʢʘʩʦʤ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʟ'ʻʜʥʘʥʥʽ ʦʢʨʝʤʠʭ 

ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ ʤʽʞ ʩʦʙʦʶ. ɺʩʽ ʟ'ʻʜʥʘʥʥʷ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʽ, ʟʨʦʟʫʤʽʣʽ ʡ ʥʝ 

ʷʚʣʷʶʪʴʩʷ ʪʨʫʜʦʤʽʩʪʢʠʤʠ. 

ʈʠʩ. 3. ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʤʽʞʢʦʣʦʥʥʦʾ ʧʣʠʪʠ ʅʇ-1 
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ɺʠʩʥʦʚʦʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʢʘʨʢʘʩʫ 

ʟʜʘʪʥʘ ʩʧʨʠʡʤʘʪʠ ʟʥʘʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʤʘʻ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʷʢ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʨʦʙʦʪʠ, ʪʘʢ ʽ ʟʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

ɺʘʞʣʠʚʠʤ ʻ ʽ ʪʝ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʢʘʨʢʘʩʫ 

ʜʣʷ ʜʘʥʦʛʦ ʦʙôʻʢʪʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʤʦʚʠʪʠʩʴ ʚʽʜ ʜʦʨʦʛʦʾ 

ʦʧʘʣʫʙʢʠ, ʜʦʜʘʪʢʦʚʠʭ ʧʽʜʪʨʠʤʫʶʯʠʭ ʟʘʩʦʙʽʚ, ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʘ ʪʘʢʦʞ 

ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʘʩ ʥʘ ʟʚʝʜʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʨʠ 

ʮʴʦʤʫ ʚʠʢʦʥʫʚʘʪʠ ʨʦʙʦʪʠ ʟ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʤʦʥʪʘʞʫ ʧʦʪʦʢʦʚʠʤ 

ʤʝʪʦʜʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʮʽʣʦʤʫ. 

ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʚʽʜʥʦʩʥʽʡ ʧʨʦʩʪʦʪʽ ʚʠʢʦʥʘʥʥʷ, ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʠʡ ʢʘʨʢʘʩ 

ʥʝ ʧʦʪʨʝʙʫʻ ʦʩʦʙʣʠʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʽʜ ʤʦʥʪʘʞʥʠʢʽʚ. ʈʽʚʝʥʴ ʧʽʜʛʦʪʦʚʢʠ 

ʘʨʤʘʪʫʨʥʠʢʽʚ, ʙʝʪʦʥʫʚʘʣʴʥʠʢʽʚ ʥʘ ʟʘʚʦʜʘʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʠʱʠʤ, ʥʽʞ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʽʻʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʧʨʦʜʫʢʮʽʾ, 

ʷʢʫ ʮʝʡ ʟʘʚʦʜ ʚʠʧʫʩʢʘʻ. 
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ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʝʨʝʢʨʠʪʪʷʭ ʙʘʣʦʢ 

ʧʦʨʦʞʥʠʩʪʦʛʦ ʪʨʠʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʬʝʢʪ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʙʦʪʠ. ʅʘʚʝʜʝʥʽ ʧʨʠʥʮʠʧʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʟʙʽʨʥʦ-

ʤʦʥʦʣʽʪʥʠʭ ʙʘʣʦʢ ʧʦʨʦʞʥʠʩʪʦʛʦ ʪʨʠʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʘ ʪʘʢʦʞ ʩʧʦʩʦʙʠ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʧʝʨʝʢʨʠʪʪʽʚ, ʩʢʣʘʜʝʥʠʭ ʟ ʪʘʢʠʭ ʙʘʣʦʢ.  

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʝʨʝʢʨʳʪʠʷʭ 

ʙʘʣʦʢ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ.   ʇʨʠʚʝʜʝʥʳ ʧʨʠʥʮʠʧʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʭ ʙʘʣʦʢ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʝʨʝʢʨʳʪʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʘʢʠʭ ʙʘʣʦʢ.  

 

The article describes that when using in the reinforced concrete floors of 

beams of a hollow triangular cross section, the effect of spatial work is 

significantly increased. The principles of designing prefabricated 

monolithic beams of a hollow triangular section are presented, as well as 

methods for constructing overlaps consisting of such beams. 
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ʉʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʟʚʝʩʪʥʦ [1], ʯʪʦ ʫʯʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʧʝʨʝʢʨʳʪʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʵʢʦʥʦʤʠʶ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ 

ʵʣʝʤʝʥʪʘʭ ʧʝʨʝʢʨʳʪʠʷ. ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʵʬʬʝʢʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʨʘʙʦʪʳ ʧʝʨʝʢʨʳʪʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʨʫʪʠʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ 

ʝʛʦ ʵʣʝʤʝʥʪʦʚ. ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʫʚʝʣʠʯʝʥʠʷ ʢʨʫʪʠʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʙʘʣʦʢ 

ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʘʭ [1], ʛʜʝ ʧʨʝʜʣʦʞʝʥʳ ʙʘʣʢʠ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ 

ʩʝʯʝʥʠʷ. ʀʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ ʪʘʢʠʭ ʙʘʣʦʢ  ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ ʞʝʩʪʢʦʩʪʠ 

ʪʘʚʨʦʚʳʭ ʙʘʣʦʢ ʩ ʨʘʚʥʦʡ ʰʠʨʠʥʦʡ ʩʞʘʪʦʡ ʧʦʣʢʠ, ʘ ʢʨʫʪʠʣʴʥʘʷ ï ʚ ʜʝʩʷʪʢʠ 

ʨʘʟ ʙʦʣʴʰʝ ʞʝʩʪʢʦʩʪʠ ʪʘʚʨʦʚʳʭ.  ɺ [2] ʧʨʝʜʣʦʞʝʥʘ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʙʘʣʢʠ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʘʷ ʥʘ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ. ʈʘʩʯʝʪ ʪʘʢʠʭ ʙʘʣʦʢ ʧʨʠ ʢʨʫʯʝʥʠʠ ʨʘʩʩʤʦʪʨʝʥ ʚ 

[3], ʨʘʙʦʪʘ ʧʨʠ ʠʟʛʠʙʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚ [4]. ɺʦʧʨʦʩʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʭ ʙʘʣʦʢ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ 

ʦ ʩʧʦʩʦʙʘʭ ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʝʢʨʳʪʠʡ ʠʟ ʪʘʢʠʭ ʙʘʣʦʢ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʙʘʣʦʢ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʠʷ ʩʧʦʩʦʙʦʚ 

ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʝʢʨʳʪʠʡ ʠʟ ʪʘʢʠʭ ʙʘʣʦʢ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʉʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʭ ʙʘʣʦʢ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ 

ʩʝʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ [1, 2] (ʨʠʩ. 1). ʅʘ ʙʝʪʦʥʠʨʫʝʤʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ (ʨʦʚʥʳʡ ʧʦʣ ʠʣʠ ʦʧʘʣʫʙʦʯʥʘʷ ʬʦʨʤʘ) ʫʢʣʘʜʳʚʘʶʪʩʷ 

ʜʝʨʝʚʷʥʥʳʝ ʥʠʞʥʠʝ ʧʨʦʢʣʘʜʢʠ 1 ʪʦʣʱʠʥʦʡ, ʨʘʚʥʦʡ ʧʦʣʦʚʠʥʝ ʪʦʣʱʠʥʳ 

ʩʪʝʥʢʠ ʧʦʣʦʡ ʙʘʣʢʠ. ʐʠʨʠʥʘ ʧʨʦʢʣʘʜʦʢ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 50-120 ʤʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʙʘʣʢʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʢʣʘʜʢʘʤʠ 

ʧʦʜʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʦʪʩʝʢʘ ʙʘʣʢʠ. ɿʘʪʝʤ ʥʘ ʧʨʦʢʣʘʜʢʠ 

ʫʢʣʘʜʳʚʘʝʪʩʷ ʘʨʤʘʪʫʨʥʘʷ ʩʝʪʢʘ 2.  

ɼʠʘʤʝʪʨ ʘʨʤʘʪʫʨʳ ʩʝʪʢʠ 3-8 ʤʤ ʧʦʜʙʠʨʘʝʪʩʷ ʨʘʩʯʝʪʦʤ ʧʨʦʯʥʦʩʪʠ 

ʥʘʢʣʦʥʥʳʭ ʩʝʯʝʥʠʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʙʘʣʢʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʫʢʣʘʜʳʚʘʶʪʩʷ 

ʚʝʨʭʥʠʝ ʜʝʨʝʚʷʥʥʳʝ ʧʨʦʢʣʘʜʢʠ 3 ʠ ʪʦʨʮʝʚʘʷ ʜʦʩʢʘ 4 (ʝʝ ʰʠʨʠʥʘ ʨʘʚʥʘ 

ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ ʙʘʣʢʠ). 
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ʈʠʩ. 1. ʉʭʝʤʘ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʙʘʣʢʠ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ 

 

 

ɿʘʪʝʤ ʤʝʞʜʫ ʧʨʦʢʣʘʜʢʘʤʠ ʫʢʣʘʜʳʚʘʝʪʩʷ ʙʝʪʦʥ ʢʦʥʩʪʨʫʢʮʠʠ ʙʘʣʢʠ ʧʦ 

ʩʝʢʮʠʷʤ 5, 6 ʠ 7. ɼʣʠʥʳ ʩʝʢʮʠʡ ʤʦʛʫʪ ʙʳʪʴ ʣʶʙʳʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʨʝʙʫʝʤʳʭ ʨʘʟʤʝʨʦʚ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʣʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʙʘʣʢʠ.  

ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʙʝʪʦʥʦʤ ʧʨʦʯʥʦʩʪʠ ʨʘʩʧʘʣʫʙʢʠ  ʪʦʨʮʝʚʘʷ ʦʧʘʣʫʙʢʘ 4 ʠ 

ʚʝʨʭʥʠʝ ʧʨʦʢʣʘʜʢʠ 3 ʫʜʘʣʷʶʪʩʷ. ʂʨʘʡʥʠʝ ʩʝʢʮʠʠ ʙʘʣʢʠ 5 ʠ 7 ʧʦʜʥʠʤʘʶʪʩʷ 

ʢ ʚʝʨʭʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʳʡ ʪʨʝʫʛʦʣʴʥʠʢ (ʨʠʩ. 2). ʂʨʘʡʥʠʝ 

ʫʯʘʩʪʢʠ ʩʝʪʢʠ ʧʝʨʝʭʣʝʩʪʳʚʘʶʪʩʷ ʠ ʩʚʷʟʳʚʘʶʪʩʷ ʚʷʟʘʣʴʥʦʡ ʧʨʦʚʦʣʦʢʦʡ. 

ɿʘʪʝʤ ʚ ʪʨʝʙʫʝʤʦʤ ʫʛʣʫ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʫʢʣʘʜʳʚʘʝʪʩʷ 

ʨʘʙʦʯʘʷ ʘʨʤʘʪʫʨʘ 8 ʙʘʣʢʠ (ʘʨʤʘʪʫʨʘ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʤʝʩʪʝ, ʛʜʝ ʚ ʨʘʙʦʯʝʤ 

ʩʦʩʪʦʷʥʠʠ ʙʫʜʝʪ ʨʘʩʪʷʥʫʪʘʷ ʟʦʥʘ ʙʘʣʢʠ). ʋʯʘʩʪʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʩʝʢʮʠʡ ʚ 

ʫʛʣʘʭ ʪʨʝʫʛʦʣʴʥʠʢʘ 9 ʙʝʪʦʥʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʚʷʟʳʚʘʝʤʦʡ ʦʧʘʣʫʙʢʠ 

(ʠʟ ʦʪʜʝʣʴʥʳʭ ʜʦʩʦʢ).  

 
ʈʠʩ. 2. ʉʝʯʝʥʠʝ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʙʘʣʢʠ ʧʦʣʦʡ 

ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ 

 

ʇʦʩʣʝ ʥʘʙʦʨʘ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʩʝʢʮʠʡ  ʠ ʤʦʥʦʣʠʪʥʳʭ ʫʯʘʩʪʢʦʚ 9 

ʙʘʣʢʘ ʛʦʪʦʚʘ ʢ ʧʨʠʤʝʥʝʥʠʶ. ʆʥʘ ʧʝʨʝʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʨʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʝ  

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʘʙʦʯʘʷ ʘʨʤʘʪʫʨʘ ʙʳʣʘ ʚ ʨʘʩʪʷʥʫʪʦʡ ʟʦʥʝ. 

ʉʝʯʝʥʠʝ ʨʘʩʪʷʥʫʪʦʡ ʘʨʤʘʪʫʨʳ 8, ʫʢʣʘʜʳʚʘʝʤʦʡ ʧʝʨʝʜ ʙʝʪʦʥʠʨʦʚʘʥʠʝʤ 

ʤʦʥʦʣʠʪʥʳʭ ʫʯʘʩʪʢʦʚ 9, ʘ ʪʘʢʞʝ ʪʦʣʱʠʥʘ ʩʞʘʪʦʡ ʧʦʣʢʠ (ʧʦʟ. 6 ʥʘ ʨʠʩ. 2) 

ʧʦʜʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʪʨʝʙʫʝʤʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʙʘʣʢʠ ʧʦ 
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ʥʦʨʤʘʣʴʥʦʤʫ ʩʝʯʝʥʠʶ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʤʦʥʪʘʞʘ ʥʘ ʦʧʦʨʘʭ ʙʘʣʢʠ ʚ ʨʝʙʨʘʭ  

ʤʦʞʥʦ ʫʩʪʨʘʠʚʘʪʴ ʦʧʦʨʥʳʝ ʜʠʘʬʨʘʛʤʳ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʝ ʙʘʣʢʠ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ 

ʠʤʝʶʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʣʝʜʫʝʪ ʦʪʜʝʣʴʥʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʙʘʣʦʢ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʘʣʢʠ ʚ ʧʣʦʩʢʦʤ ʚʠʜʝ 

ʪʨʝʙʫʝʪʩʷ ʫʢʣʘʜʢʘ ʘʨʤʘʪʫʨʥʦʡ ʩʝʪʢʠ (ʩʤ. ʨʠʩ. 1). ʕʪʘ ʩʝʪʢʘ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʝʜʠʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʘ ʩ ʜʨʫʛʦʡ ï ʠʛʨʘʝʪ ʨʦʣʴ 

ʩʚʷʟʝʡ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʧʦʣʢʫ ʙʘʣʢʠ ʩ ʝʝ ʨʝʙʨʘʤʠ ʧʨʠ ʨʘʙʦʪʝ ʙʘʣʢʠ ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ.  

ʈʘʩʯʝʪʳ ʘʚʪʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʩʦʩʪʘʚʥʳʭ ʩʪʝʨʞʥʝʡ ʠ 

ʜʠʩʢʨʝʪʥʳʤ ʤʝʪʦʜʦʤ [4] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ 

ʤʦʥʦʣʠʪʥʦʛʦ ʰʚʘ ʙʘʣʢʫ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʤʦʥʦʣʠʪʥʫʶ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʜʠʘʤʝʪʨ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ ʩʝʪʢʠ ʧʦʜʦʙʨʘʥ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʪʦ ʙʘʣʢʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʦʥʦʣʠʪʥʦʡ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʥʝʦʙʜʫʤʘʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʧʦʧʝʨʝʯʥʳʭ ʩʪʝʨʞʥʝʡ ʩʝʪʢʠ 

ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʘʨʤʘʪʫʨʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʫʜʦʨʦʞʘʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʧʝʨʝʯʥʘʷ ʘʨʤʘʪʫʨʘ ʩʝʪʢʠ ʠʛʨʘʝʪ 

ʨʦʣʴ ʭʦʤʫʪʦʚ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʦʯʥʦʩʪʠ ʙʘʣʢʠ ʧʦ ʥʘʢʣʦʥʥʳʤ ʩʝʯʝʥʠʷʤ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʦʯʥʦʩʪʠ ʥʘ ʜʝʡʩʪʚʠʝ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ. 

ʇʨʦʜʦʣʴʥʘʷ ʘʨʤʘʪʫʨʘ ʩʝʪʢʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʙʲʝʜʠʥʷʝʪ ʩʝʪʢʫ ʚ ʝʜʠʥʦʝ 

ʮʝʣʦʝ, ʘ ʩ ʜʨʫʛʦʡ ï ʠʛʨʘʝʪ ʨʦʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʯʝʡ ʘʨʤʘʪʫʨʳ. 

ʇʦʵʪʦʤʫ ʰʘʛ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ ʩʣʝʜʫʝʪ ʥʘʟʥʘʯʘʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦ, 

ʩʛʫʱʘʷ ʝʛʦ ʥʘ ʢʦʥʮʘʭ ʛʨʘʥʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʫ ʦʩʥʦʚʥʦʡ ʨʘʙʦʯʝʡ ʘʨʤʘʪʫʨʳ ʠ 

ʨʘʟʨʝʞʘʷ ʥʘ ʫʨʦʚʥʝ ʧʦʣʢʠ ʙʘʣʢʠ. 

ɺ ʩʚʷʟʠ ʩʦ ʩʢʘʟʘʥʥʳʤ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ ʜʠʘʤʝʪʨʘ ʠ ʰʘʛʘ ʧʦʧʝʨʝʯʥʦʡ ʠ 

ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ ʩʝʪʢʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʝʝ: 

1. ʇʨʠ ʠʟʚʝʩʪʥʦʡ ʩʫʤʤʘʨʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʙʘʣʢʫ (ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʟʚʝʩʪʝʥ ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ) ʩʥʘʯʘʣʘ ʩʣʝʜʫʝʪ ʨʘʩʩʯʠʪʘʪʴ 

ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʦʣʴʥʦʡ ʨʘʙʦʯʝʡ ʘʨʤʘʪʫʨʳ (ʚʢʣʶʯʘʷ ʢʘʢ 

ʦʩʥʦʚʥʫʶ, ʪʘʢ ʠ ʧʨʦʜʦʣʴʥʳʝ ʩʪʝʨʞʥʠ ʩʝʪʢʠ). 

2. ʋʩʠʣʠʷ ʚ ʰʚʝ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʧʦʣʢʦʡ ʠ ʥʘʢʣʦʥʥʳʤʠ ʙʦʢʦʚʳʤʠ 

ʨʝʙʨʘʤʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʤʝʪʦʜʠʢʝ [4] ʢʘʢ ʩʦʩʪʘʚʥʦʛʦ ʜʚʫʭʩʣʦʡʥʦʛʦ ʩʪʝʨʞʥʷ 

(ʨʠʩ. 3), ʚʝʨʭʥʠʡ ʩʦʩʪʘʚʣʷʶʱʠʡ ʩʪʝʨʞʝʥʴ ʢʦʪʦʨʦʛʦ ï ʧʦʣʢʘ ʙʘʣʢʠ, ʥʠʞʥʠʡ 

ï ʥʘʢʣʦʥʥʳʝ ʨʝʙʨʘ. ʄʦʥʦʣʠʪʥʳʡ ʰʦʚ ʤʦʜʝʣʠʨʫʝʪʩʷ ʧʦʧʝʨʝʯʥʳʤʠ ʩʚʷʟʷʤʠ 

ʠ ʩʚʷʟʷʤʠ ʩʜʚʠʛʘ. ʉʫʤʤʘʨʥʘʷ ʩʜʚʠʛʦʚʘʷ ʧʨʦʯʥʦʩʪʴ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ 

ʩʝʪʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ ʧʨʦʯʥʦʩʪʠ ʨʘʙʦʯʝʡ ʘʨʤʘʪʫʨʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʬʘʢʪʦʤ, ʯʪʦ ʚʥʝʰʥʠʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʧʘʨʦʡ ʩʠʣ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3 (ʛʜʝ ʯʝʨʝʟ N3 ʠ N6 ʦʙʦʟʥʘʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʩʠʣʠʝ ʚ 

ʘʨʤʘʪʫʨʝ ʠ ʚ ʩʞʘʪʦʡ ʧʦʣʢʝ) ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʝʡ ʩʜʚʠʛʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʦʡ, ʯʪʦʙʳ ʚʦʩʧʨʠʥʠʤʘʪʴ ʫʩʠʣʠʝ ʚ ʩʞʘʪʦʡ ʧʦʣʢʝ. 
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ʈʠʩ. 3. ʉʭʝʤʘ ʜʝʡʩʪʚʠʷ ʧʘʨʳ ʩʠʣ ʚ ʩʦʩʪʘʚʥʦʡ ʙʘʣʢʝ 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʘʣʢʠ, ʚ 

ʢʦʪʦʨʦʡ ʚʳʩʦʪʘ ʩʞʘʪʦʡ ʟʦʥʳ ʚ ʧʨʝʜʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʘ ʪʦʣʱʠʥʝ 

ʧʦʣʢʠ, ʪʦ ʩʫʤʤʘʨʥʦʝ ʫʩʠʣʠʝ Ts, ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʦʡ, 

ʩʦʝʜʠʥʷʶʱʝʡ ʧʦʣʢʫ ʩ ʨʝʙʨʘʤʠ, ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ: 

 ,                                                (1) 

ʛʜʝ fck ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʝʪʦʥʘ; bf, hf -  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʰʠʨʠʥʘ ʠ ʪʦʣʱʠʥʘ ʧʦʣʢʠ ʙʘʣʢʠ. 

 

ɽʩʣʠ ʞʝ ʩʝʯʝʥʠʝ ʨʘʙʦʯʝʡ ʘʨʤʘʪʫʨʳ ʤʝʥʴʰʝ ʧʨʝʜʝʣʴʥʦʡ ʩʠʣʳ, 

ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ ʧʦʣʢʦʡ, ʪʦ ʫʩʠʣʠʝ  ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ: 

 ,                                                (2) 

ʛʜʝ fy, As ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʧʣʦʱʘʜʴ ʨʘʙʦʯʝʡ 

ʘʨʤʘʪʫʨʳ.  

3. ʋʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ ʩʝʪʢʠ ʤʦʞʥʦ 

ʫʩʪʨʦʡʩʪʚʦʤ ʰʧʦʥʦʢ ʥʘ ʛʨʘʥʷʭ ʙʘʣʢʠ ʧʨʠ ʙʝʪʦʥʠʨʦʚʘʥʠʠ. ʇʨʠ ʵʪʦʤ 

ʰʧʦʥʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʳ ʚʩʪʘʚʢʦʡ ʦʙʨʝʟʢʦʚ ʜʝʨʝʚʷʥʥʦʛʦ ʙʨʫʩʘ. ʐʘʛ 

ʠ ʨʘʟʤʝʨʳ ʰʧʦʥʦʢ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ [6]. 

4. ʇʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʧʨʦʯʥʦʩʪʠ ʥʘʢʣʦʥʥʳʭ ʩʝʯʝʥʠʡ ʙʘʣʢʠ ʥʘ ʜʝʡʩʪʚʠʝ 

ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ. ɼʠʘʤʝʪʨ ʠ ʰʘʛ ʧʦʧʝʨʝʯʥʦʡ 

ʘʨʤʘʪʫʨʳ ʩʝʪʢʠ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʷʤ ʧʨʦʯʥʦʩʪʠ ʧʦ ʥʘʢʣʦʥʥʳʤ 

ʩʝʯʝʥʠʷʤ.  

5. ɼʠʘʤʝʪʨ ʠ ʰʘʛ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʫʩʣʦʚʠʷʤ ʧʨʦʯʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʝʯʝʥʠʡ ʥʘ ʜʝʡʩʪʚʠʝ ʢʨʫʪʷʱʝʛʦ 

ʤʦʤʝʥʪʘ. 

ʐʘʛ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʴʰʠʤ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ, 

ʧʨʠʥʷʪʳʭ ʧʦ ʧʫʥʢʪʘʤ 1-5. ʈʘʩʯʝʪʳ ʧʨʦʯʥʦʩʪʠ ʥʘʢʣʦʥʥʳʭ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʝʯʝʥʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʧʦ ʠʟʚʝʩʪʥʳʤ 

ʤʝʪʦʜʠʢʘʤ, ʚʢʣʶʯʘʷ ʥʦʨʤʘʪʠʚʥʫʶ [5]. 

ɹʘʣʢʠ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ  ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʴʶ ʧʨʠ 

ʢʨʫʯʝʥʠʠ. ʕʪʦʪ ʬʘʢʪ ʜʝʣʘʝʪ ʧʝʨʝʢʨʳʪʠʷ ʠʟ ʪʘʢʠʭ ʙʘʣʦʢ  

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʧʝʨʝʢʨʳʪʠʡ. 
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ɹʘʣʢʘ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʥʝʩʝʪ ʚ ʩʝʙʝ ʬʫʥʢʮʠʠ ʙʘʣʢʠ ʠ ʧʣʠʪʳ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪ.ʢ. ʰʠʨʠʥʘ ʩʞʘʪʦʡ ʧʦʣʢʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ 

ʠ ʧʨʠʥʠʤʘʪʴʩʷ ʪʘʢʠʭ ʞʝ ʨʘʟʤʝʨʦʚ, ʢʘʢ ʠ ʰʠʨʠʥʘ ʧʫʩʪʦʪʥʳʭ ʠʣʠ ʇ-

ʦʙʨʘʟʥʳʭ ʩʙʦʨʥʳʭ ʧʣʠʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʘʢʠʝ ʙʘʣʢʠ ʠʤʝʶʪ ʩʚʦʶ 

ʩʧʝʮʠʬʠʢʫ ʧʨʠ ʫʩʪʨʦʡʩʪʚʝ ʧʝʨʝʢʨʳʪʠʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʙʘʣʢʠ ʪʘʢʦʚʘ, ʯʪʦ 

ʫʣʦʞʠʪʴ ʦʪʜʝʣʴʥʫʶ ʙʘʣʢʫ ʙʝʟ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʦ, ʪ.ʢ. ʚ ʨʘʙʦʯʝʤ ʧʦʣʦʞʝʥʠʠ ʙʘʣʢʘ ʫʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʫʛʦʣ 

ʪʨʝʫʛʦʣʴʥʠʢʘ. ʆʜʥʘʢʦ, ʜʚʝ ʠ ʙʦʣʝʝ ʙʘʣʢʠ, ʩʦʝʜʠʥʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ, 

ʷʚʣʷʶʪʩʷ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʦʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʠ 

ʫʩʪʨʦʡʩʪʚʝ ʧʝʨʝʢʨʳʪʠʷ ʜʦ ʫʢʣʘʜʢʠ ʚʪʦʨʦʡ ʙʘʣʢʠ ʧʝʨʚʫʶ ʙʘʣʢʫ ʩʣʝʜʫʝʪ 

ʨʘʩʢʨʝʧʠʪʴ ʚʨʝʤʝʥʥʳʤʠ ʨʘʩʯʘʣʢʘʤʠ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʧʨʠ 

ʤʦʥʪʘʞʝ ʩʪʨʦʧʠʣʴʥʳʭ ʙʘʣʦʢ ʠʣʠ ʬʝʨʤ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʚʩʝʭ ʙʘʣʦʢ ʧʝʨʝʢʨʳʪʠʷ ʚ ʝʜʠʥʳʡ ʜʠʩʢ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʚʝʜʝʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʘʭ. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ, ʢʦʛʜʘ ʚʩʝ ʪʨʠ 

ʤʦʥʦʣʠʪʥʳʭ ʫʯʘʩʪʢʘ ʙʘʣʦʢ ʟʘʙʝʪʦʥʠʨʦʚʘʥʳ ʜʦ ʠʭ ʤʦʥʪʘʞʘ ʚ ʧʝʨʝʢʨʳʪʠʠ. 

ʊʦʛʜʘ ʦʙʲʝʜʠʥʝʥʠʝ ʚ ʜʠʩʢ ʧʝʨʝʢʨʳʪʠʷ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩʚʘʨʢʦʡ 

ʟʘʢʣʘʜʥʳʭ ʜʝʪʘʣʝʡ, ʫʣʦʞʝʥʥʳʭ ʟʘʨʘʥʝʝ (ʨʠʩ. 4). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʧʨʦʠʩʭʦʜʠʪ ʫʜʦʨʦʞʘʥʠʝ ʧʝʨʝʢʨʳʪʠʷ, ʪ.ʢ. ʧʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʶʪ ʟʘʪʨʘʪʳ ʥʘ 

ʤʝʪʘʣʣ ʟʘʢʣʘʜʥʳʭ ʜʝʪʘʣʝʡ ʠ ʵʣʝʤʝʥʪʦʚ, ʠʭ ʦʙʲʝʜʠʥʷʶʱʠʭ. 

 
ʈʠʩ. 4. ɺʘʨʠʘʥʪ ʦʙʲʝʜʠʥʝʥʠʷ ʙʘʣʦʢ ʚ ʧʝʨʝʢʨʳʪʠʠ ʩ ʧʦʤʦʱʴʶ 

ʟʘʢʣʘʜʥʳʭ ʜʝʪʘʣʝʡ: 1 ï ʚʝʨʭʥʠʝ ʧʦʣʢʠ ʙʘʣʦʢ; 2, 3 ï ʩʝʪʢʠ ʙʘʣʦʢ, 

ʫʢʣʘʜʳʚʘʝʤʳʝ ʧʝʨʝʜ ʙʝʪʦʥʠʨʦʚʘʥʠʝʤ; 4 ʩʪʘʣʴʥʘʷ ʥʘʢʣʘʜʢʘ 

 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ. ʇʨʠ ʙʝʪʦʥʠʨʦʚʘʥʠʠ ʤʦʥʦʣʠʪʥʳʭ ʫʯʘʩʪʢʦʚ ʙʘʣʦʢ ʚ ʥʠʭ 

ʫʩʪʨʘʠʚʘʶʪʩʷ ʰʧʦʥʢʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ. ʇʦʩʣʝ ʤʦʥʪʘʞʘ ʙʘʣʦʢ ʚ 

ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʰʧʦʥʦʢ ʧʦʧʝʨʝʯʥʳʝ ʩʪʝʨʞʥʠ ʩʝʪʦʢ ʩʤʝʞʥʳʭ ʙʘʣʦʢ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʭʦʤʫʪʘʤʠ ʠʟ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʠ ʠ ʰʧʦʥʢʠ ʙʝʪʦʥʠʨʫʶʪʩʷ 

(ʨʠʩ. 5). ʐʘʛ ʰʧʦʥʦʢ, ʜʠʘʤʝʪʨ ʦʙʲʝʜʠʥʷʶʱʠʭ ʭʦʤʫʪʦʚ ʩʣʝʜʫʝʪ ʧʦʜʙʠʨʘʪʴ 

ʠʟ ʨʘʩʯʝʪʘ ʧʝʨʝʢʨʳʪʠʷ ʩ ʫʯʝʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʧʝʨʝʢʨʳʪʠʝ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʦ ʙʝʟ ʫʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ, ʪʦ 

ʰʧʦʥʢʠ ʠ ʦʙʲʝʜʠʥʷʶʱʠʝ ʭʦʤʫʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʠʟ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ. 
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ʈʠʩ. 5. ɺʘʨʠʘʥʪ ʦʙʲʝʜʠʥʝʥʠʷ ʙʘʣʦʢ ʚ ʧʝʨʝʢʨʳʪʠʠ ʩ ʧʦʤʦʱʴʶ ʰʧʦʥʦʢ: 1 

ï 1 ï ʵʣʝʤʝʥʪʳ ʙʘʣʦʢ; 2 ï ʤʦʥʦʣʠʪʥʳʝ ʫʯʘʩʪʢʠ ʙʘʣʦʢ; 3 ï ʩʝʪʢʠ ʙʘʣʦʢ, 

ʫʢʣʘʜʳʚʘʝʤʳʝ ʧʝʨʝʜ ʙʝʪʦʥʠʨʦʚʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʧʣʘʩʪʠʥ; 4 ï ʭʦʤʫʪ, 

ʦʙʲʝʜʠʥʷʶʱʠʡ ʩʝʪʢʠ ʩʤʝʞʥʳʭ ʙʘʣʦʢ. 

 

ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʘʣʦʢ ʙʝʪʦʥʠʨʫʝʪʩʷ ʪʦʣʴʢʦ 

ʤʦʥʦʣʠʪʥʳʡ ʫʯʘʩʪʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʫ ʥʠʞʥʝʡ ʛʨʘʥʠ (ʚ ʨʘʙʦʯʝʤ 

ʧʦʣʦʞʝʥʠʠ) ʙʘʣʢʠ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʨʘʙʦʯʘʷ ʘʨʤʘʪʫʨʘ. ʕʪʦ ʢʨʦʤʝ ʚʩʝʛʦ 

ʦʙʣʝʛʯʠʪ ʠʟʛʦʪʦʚʣʝʥʠʝ ʙʘʣʢʠ, ʪ.ʢ. ʩʨʘʟʫ ʧʦʩʣʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʘʣʢʠ ʠʟ 

ʧʣʦʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʧʦʣʦʞʝʥʠʷ ʥʘ ʧʦʣʫ) ʚ ʧʦʣʦʞʝʥʠʝ ʛʦʪʦʚʦʡ ʬʦʨʤʳ 

ʙʘʣʢʠ ʥʝ ʙʝʪʦʥʠʨʫʶʪʩʷ ʥʠʞʥʠʝ ʤʦʥʦʣʠʪʥʳʝ ʫʯʘʩʪʢʠ (ʨʠʩ. 6). 

 
ʈʠʩ. 6. ʉʭʝʤʘ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʤʦʥʦʣʠʪʥʳʭ ʫʯʘʩʪʢʦʚ ʙʘʣʢʠ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʦʥʪʘʞʘ 

 

ɺ ʪʘʢʦʤ ʚʠʜʝ ʙʘʣʢʠ ʧʝʨʝʚʦʟʷʪʩʷ (ʚ ʩʣʫʯʘʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʟʘʚʦʜʝ) ʠ 

ʤʦʥʪʠʨʫʶʪʩʷ (ʨʠʩ. 7). ɿʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ ʙʘʣʢʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʞʝʩʪʢʠʤ ʠ ʧʦʵʪʦʤʫ ʧʦʟʚʦʣʷʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʤʦʥʪʘʞ ʙʘʣʦʢ ʚ ʪʘʢʦʤ 

ʩʦʩʪʦʷʥʠʠ. 

ʇʦʩʣʝ ʤʦʥʪʘʞʘ ʚʩʝʭ ʙʘʣʦʢ ʩʝʪʢʠ ʩʤʝʞʥʳʭ ʙʘʣʦʢ ʦʙʲʝʜʠʥʷʶʪʩʷ 

ʭʦʤʫʪʘʤʠ ʠʟ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʠ ʠ ʤʦʥʦʣʠʪʥʳʝ ʫʯʘʩʪʢʠ ʙʝʪʦʥʠʨʫʶʪʩʷ. 

ɹʝʪʦʥʠʨʦʚʘʥʠʝ ʤʦʥʦʣʠʪʥʳʭ ʫʯʘʩʪʢʦʚ ʦʙʲʝʜʠʥʷʝʪ ʢʘʢ ʚʝʨʭʥʶʶ ʧʦʣʢʫ 

ʢʘʞʜʦʡ ʙʘʣʢʠ ʩ ʝʝ ʥʘʢʣʦʥʥʳʤʠ ʨʝʙʨʘʤʠ, ʪʘʢ ʠ ʚʩʝ ʙʘʣʢʠ ʚ ʝʜʠʥʳʡ ʜʠʩʢ 

ʧʝʨʝʢʨʳʪʠʷ. 
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ʈʠʩ. 7. ɺʘʨʠʘʥʪ ʦʙʲʝʜʠʥʝʥʠʷ ʙʘʣʦʢ ʚ ʧʝʨʝʢʨʳʪʠʠ ʩʦʚʤʝʩʪʥʳʤ 

ʙʝʪʦʥʠʨʦʚʘʥʠʝʤ ʚʝʨʭʥʠʭ ʫʟʣʦʚ ʙʘʣʦʢ: 1 ï ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʙʘʣʦʢ; 2 ï 

ʫʯʘʩʪʢʠ ʧʝʨʝʢʨʳʪʠʷ, ʧʦʜʣʝʞʘʱʠʝ ʙʝʪʦʥʠʨʦʚʘʥʠʶ; 3 ï ʭʦʤʫʪʳ ʜʣʷ 

ʦʙʲʝʜʠʥʝʥʠʷ ʩʝʪʦʢ ʩʤʝʞʥʳʭ ʙʘʣʦʢ 

 

ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʚʘʨʠʘʥʪʦʚ, ʦʯʝʚʠʜʥʦ, 

ʷʚʣʷʝʪʩʷ ʪʨʝʪʠʡ ʚʘʨʠʘʥʪ, ʪ.ʢ. ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʪʩʷ ʩʘʤʳʡ ʜʝʰʝʚʳʡ (ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʨʘʩʭʦʜʘ ʩʪʘʣʠ) ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʘʤʳʡ ʥʘʜʝʞʥʳʡ ʩʧʦʩʦʙ 

ʦʙʲʝʜʠʥʝʥʠʷ ʧʝʨʝʢʨʳʪʠʷ ʚ ʝʜʠʥʳʡ ʜʠʩʢ. 

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʝ ʙʘʣʢʠ 

ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʴʶ ʧʨʠ 

ʢʨʫʯʝʥʠʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ 

ʧʝʨʝʢʨʳʪʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʘʢʠʭ ʙʘʣʦʢ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʥʮʠʧʳ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʙʘʣʦʢ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʝʨʝʢʨʳʪʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʘʢʠʭ ʙʘʣʦʢ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʥʘ ʕɺʄ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʩʪʘʪʴʝ ʙʘʣʦʢ. 
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ʅʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʙʘʣʦʢ ʧʦʨʦʞʥʠʩʪʦʛʦ ʪʨʠʢʫʪʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʩʢʣʘʜʝʥʠʭ ʩʪʨʠʞʥʽʚ, ʷʢʘ ʘʜʘʧʪʦʚʘʥʘ ʜʦ 

ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʠʭ ʙʘʣʦʢ. ʈʽʰʝʥʥʷ ʧʨʠʡʥʷʪʦ ʫ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʭ 

ʨʷʜʘʭ, ʷʢʽ ʰʚʠʜʢʦ ʟʙʽʛʘʶʪʴʩʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ 

ʩʢʣʘʜʝʥʠʭ ʩʪʨʠʞʥʽʚ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʟʫʩʠʣʣʷ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʽʜʽʨʚʘʪʠ ʧʦʣʢʫ ʙʘʣʢʠ  ʚʽʜ ʨʝʙʝʨ. 

 

ʇʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʙʘʣʦʢ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʩʦʩʪʘʚʥʳʭ ʩʪʝʨʞʥʝʡ, ʢʦʪʦʨʘʷ ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ 

ʨʘʩʯʝʪʫ ʪʘʢʠʭ ʙʘʣʦʢ. ʈʝʰʝʥʠʝ ʧʨʠʥʷʪʦ ʚ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʨʷʜʘʭ, 

ʢʦʪʦʨʳʝ ʚʝʩʴʤʘ ʙʳʩʪʨʦ ʩʭʦʜʷʪʩʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ 

ʩʦʩʪʘʚʥʳʭ ʩʪʝʨʞʥʝʡ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʫʩʠʣʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʪʦʨʚʘʪʴ ʧʦʣʢʫ ʙʘʣʢʠ ʦʪ ʥʘʢʣʦʥʥʳʭ ʨʝʙʝʨ. 

 

The method of calculation of beams of a hollow triangular section is 

described in the article. The calculation was carried out using the theory of 

composite rods. This theory is adapted to the calculation of such beams. 

The decision is made in trigonometric series, which quickly converge. It is 
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shown that the application of the theory of composite rods allows to take 

into account the forces that can tear off the beam shelf from inclined ribs. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ʉʢʣʘʜʝʥʽ ʩʪʨʠʞʥʽ, ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʡ ʨʷʜ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ, 

ʙʘʣʢʘ, ʪʨʠʢʫʪʥʠʡ ʧʝʨʝʨʽʟ, ʚôʷʟʠ ʟʩʫʚʫ, ʧʦʧʝʨʝʯʥʽ ʚôʷʟʠ. 

ʉʦʩʪʘʚʥʳʝ ʩʪʝʨʞʥʠ, ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʨʷʜ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ, ʙʘʣʢʘ, ʪʨʝʫʛʦʣʴʥʦʝ ʩʝʯʝʥʠʝ, ʩʚʷʟʠ ʩʜʚʠʛʘ, ʧʦʧʝʨʝʯʥʳʝ 

ʩʚʷʟʠ. 

Composite rods, trigonometric series, differential equation, beam, 

triangular section, shear connections, transverse connections. 

 

ʉʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʝʨʝʢʨʳʪʠʷ ʠ ʧʦʢʨʳʪʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪ ʩ ʫʯʝʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ, ʢʦʛʜʘ ʫʩʠʣʠʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʕʬʬʝʢʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ 

ʧʨʦʷʚʣʷʝʪʩʷ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʢʨʫʪʠʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʠʟ 

ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʧʝʨʝʢʨʳʪʠʝ. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʝʯʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʢʨʫʪʠʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʙʦʣʴʰʘʷ, ʷʚʣʷʝʪʩʷ ʩʝʯʝʥʠʝ ʚ ʚʠʜʝ ʧʦʣʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ. ʇʨʠʤʝʥʝʥʠʝ ʚ ʧʝʨʝʢʨʳʪʠʷʭ ʙʘʣʦʢ ʪʘʢʦʛʦ ʪʠʧʘ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʚʠʜʫ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʘʢʠʭ ʙʘʣʦʢ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʭ ʚ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʤ ʚʘʨʠʘʥʪʝ, ʢʦʛʜʘ 

ʩʥʘʯʘʣʘ ʢʦʥʩʪʨʫʢʮʠʷ ʙʝʪʦʥʠʨʫʝʪʩʷ ʚ ʧʣʦʩʢʦʤ ʚʠʜʝ, ʧʦʪʦʤ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʙʘʣʢʫ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʠ 

ʟʘʤʦʥʦʣʠʯʠʚʘʶʪʩʷ ʰʚʳ. ʈʘʙʦʪʘ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʤʝʝʪ ʩʚʦʶ 

ʩʧʝʮʠʬʠʢʫ. ʀʭ ʢʨʫʪʠʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʘ, ʦʜʥʘʢʦ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʘʢʠʭ ʙʘʣʦʢ ʧʨʠ ʠʟʛʠʙʝ ʧʦʢʘ ʥʝ ʠʩʩʣʝʜʦʚʘʥʦ. 

 ɺ ʩʚʷʟʠ ʩʦ ʩʢʘʟʘʥʥʳʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʠʟʛʠʙʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʙʘʣʦʢ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʈʘʩʩʤʦʪʨʠʤ ʠʥʞʝʥʝʨʥʫʶ ʤʝʪʦʜʠʢʫ 

ʨʘʩʯʝʪʘ ʙʘʣʦʢ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʤʝʪʦʜʠʢʠ 

ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʤ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʩʯʝʪʘ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʨʘʟʤʝʨʦʚ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʘʣʢʠ, ʝʝ ʘʨʤʠʨʦʚʘʥʠʷ. ʆʥʘ 

ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʦʡ ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ ʩʚʦʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʤʝʪʦʜʠʢʠ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʩʪʦ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʞʝʩʪʢʦʩʪʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʘʣʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʉʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʫʶ ʙʘʣʢʫ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʚʫʭʩʣʦʡʥʦʛʦ ʩʦʩʪʘʚʥʦʛʦ ʩʪʝʨʞʥʷ (ʨʠʩ. 1). ʇʨʠ ʵʪʦʤ 

ʚʝʨʭʥʠʡ ʩʪʝʨʞʝʥʴ ʤʦʜʝʣʠʨʫʝʪ ʨʘʙʦʪʫ ʚʝʨʭʥʝʡ ʧʦʣʢʠ ʙʘʣʢʠ, ʥʠʞʥʠʡ 

ʩʪʝʨʞʝʥʴ ï V-ʦʙʨʘʟʥʫʶ ʥʠʞʥʶʶ ʯʘʩʪʴ ʙʘʣʢʠ (ʜʚʝ ʝʝ ʥʘʢʣʦʥʥʳʝ ʙʦʢʦʚʳʝ 

ʛʨʘʥʠ). ʆʙʘ ʩʪʝʨʞʥʷ ʩʦʝʜʠʥʝʥʳ ʰʚʦʤ, ʞʝʩʪʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʠʤʝʪʴ 
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ʢʘʢ ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʠ ʙʝʩʢʦʥʝʯʥʦʝ. ʐʠʨʠʥʘ (ʪʦʣʱʠʥʘ) ʰʚʘ ʪʘʢʞʝ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʥʫʣʝʚʦʡ, ʪʘʢ ʠ ʠʤʝʪʴ ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ. 

 
ʈʠʩ. 1. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʙʘʣʢʠ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʚʠʜʝ 

ʜʚʫʭʩʣʦʡʥʦʛʦ ʩʦʩʪʘʚʥʦʛʦ ʩʪʝʨʞʥʷ 

 

ʈʘʩʯʝʪ ʙʫʜʝʤ ʚʝʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʩʦʩʪʘʚʥʳʭ ʩʪʝʨʞʥʝʡ ɸ.ʈ. 

ʈʞʘʥʠʮʳʥʘ [2] ʩ ʥʝʢʦʪʦʨʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʦ [1]. ʇʦʜʦʙʥʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʘʚʪʦʨʘʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʨʠʛʝʣʝʡ ʠ ʩʙʦʨʥʦʛʦ 

ʥʘʩʪʠʣʘ. ʇʨʠʚʝʜʝʤ ʤʝʪʦʜʠʢʫ, ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʢ ʨʘʩʯʝʪʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɽʩʣʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʜʠʥʦʯʥʘʷ ʙʘʣʢʘ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʙʝʟ 

ʫʯʝʪʘ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʤʝʞʥʳʤʠ ʙʘʣʢʘʤʠ (ʥʘʧʨʠʤʝʨ, ʚ ʧʝʨʝʢʨʳʪʠʠ), 

ʪʦ ʚʚʠʜʫ ʤʘʣʦʛʦ ʚʣʠʷʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʩʠʣʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʨʭʥʝʛʦ 

ʩʪʝʨʞʥʷ (ʧʦʣʢʠ ʙʘʣʢʠ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ) ʩ ʥʠʞʥʠʤ  

(ʥʘʢʣʦʥʥʳʭ ʨʝʙʝʨ) ʞʝʩʪʢʦʩʪʴ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ ʩʦʩʪʘʚʥʦʛʦ ʩʪʝʨʞʥʷ 

ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʦʡ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ɾʝʩʪʢʦʩʪʴ ʞʝ ʩʚʷʟʝʡ ʩʜʚʠʛʘ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʞʝʩʪʢʦʩʪʴʶ ʤʦʥʦʣʠʪʥʦʛʦ ʰʚʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʚʝʨʭʥʶʶ 

ʧʦʣʢʫ ʩ ʙʦʢʦʚʳʤʠ ʛʨʘʥʷʤʠ. 

ʆʩʝʚʫʶ ʞʝʩʪʢʦʩʪʴ ʚʝʨʭʥʝʛʦ ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʩʪʝʨʞʥʷ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ  

ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʝʛʦ ʪʦʣʱʠʥʘ ʨʘʚʥʘ ʪʦʣʱʠʥʝ ʚʝʨʭʥʝʡ ʧʦʣʢʠ ʙʘʣʢʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʩʚʷʟʝʡ ʩʜʚʠʛʘ x ʧʨʠʤʝʤ ʢʘʢ ʜʣʷ ʙʝʪʦʥʥʦʡ ʧʦʣʦʩʳ 

ʰʠʨʠʥʦʡ ʩʝʯʝʥʠʷ 2bk (ʩʤ. ʨʠʩ. 1) ʠ ʚʳʩʦʪʦʡ, ʨʘʚʥʦʡ ʪʦʣʱʠʥʝ ʚʝʨʭʥʝʡ 

ʧʦʣʢʠ  hf ʩ ʚʢʣʶʯʝʥʠʝʤ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʨʞʥʝʡ ʘʨʤʘʪʫʨʳ ʢʘʢ ʩʫʤʤʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʝʡ ʙʝʪʦʥʘ ʦʤʦʥʦʣʠʯʠʚʘʥʠʷ ʠ ʘʨʤʘʪʫʨʳ.  

ɽʜʠʥʠʯʥʳʡ ʩʜʚʠʛ  ʙʝʪʦʥʥʦʡ ʧʦʣʦʩʳ  ʦʧʨʝʜʝʣʠʪʩʷ ʧʦ [3]: 

          

                                                  (1) 

ʛʜʝ db=2bkï ʪʦʣʱʠʥʘ ʰʚʘ ï ʫʜʚʦʝʥʥʘʷ ʰʠʨʠʥʘ ʤʦʥʦʣʠʪʥʳʭ ʫʯʘʩʪʢʦʚ; Gb ï 

ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʙʝʪʦʥʘ ʰʚʘ ʦʤʦʥʦʣʠʯʠʚʘʥʠʷ; C ï ʚʳʩʦʪʘ ʰʚʘ, ʫʩʣʦʚʥʦ 

ʨʘʚʥʘʷ ʪʦʣʱʠʥʝ ʧʦʣʢʠ hf. 

ʈʘʩʩʤʦʪʨʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʞʝʩʪʢʦʩʪʠ ʜʣʷ ʧʦʧʝʨʝʯʥʳʭ 

ʩʪʝʨʞʥʝʡ. ʉʭʝʤʫ ʜʣʷ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʪʝʨʞʥʷ, 

ʦʙʘ ʢʦʥʮʘ ʢʦʪʦʨʦʛʦ ʞʝʩʪʢʦ ʟʘʱʝʤʣʝʥʳ. ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʦʜʥʦʛʦ ʠʟ 
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ʢʦʥʮʦʚ ʩʪʝʨʞʥʷ ʥʘ ʚʝʣʠʯʠʥʫ ȹ=1 ʨʝʘʢʮʠʠ RA ʥʘ ʝʛʦ ʢʦʥʮʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʤʝʪʦʜʦʤ ʧʝʨʝʤʝʱʝʥʠʡ [4]: 

  ,                                                  (2) 

ʛʜʝ EJ ï ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ ʘʨʤʘʪʫʨʥʦʛʦ ʩʪʝʨʞʥʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ RA=1 ʙʫʜʝʤ ʠʤʝʪʴ: 

                                                      (3) 

ɽʩʣʠ ʥʘ ʝʜʠʥʠʮʝ ʜʣʠʥʳ ʨʘʩʧʦʣʦʞʝʥʦ n ʩʪʝʨʞʥʝʡ, ʪʦ ʝʜʠʥʠʯʥʳʡ ʩʜʚʠʛ: 

                                                      (4) 

 

ʉʫʤʤʘʨʥʳʡ ʩʜʚʠʛ ʙʝʪʦʥʘ ʠ n ʩʪʝʨʞʥʝʡ ʨʘʚʝʥ: 

                                 (5) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʣʠʯʠʥʫ, ʦʙʨʘʪʥʫʶ ȹ, ʪ.ʝ.: 

 

                                                   (6) 

 

ʇʝʨʝʡʜʝʤ ʪʝʧʝʨʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʨʘʩʯʝʪʫ ʩʠʩʪʝʤʳ çʚʝʨʭʥʷʷ ʧʦʣʢʘ - 

ʥʘʢʣʦʥʥʳʝ ʨʝʙʨʘè ʢʘʢ ʩʦʩʪʘʚʥʦʛʦ ʩʪʝʨʞʥʷ. 

ɺ [2] ʚʳʚʝʜʝʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʜʚʫʭʩʣʦʡʥʦʡ ʩʦʩʪʘʚʥʦʡ 

ʙʘʣʢʠ ʠʟ ʜʚʫʭ ʙʨʫʩʴʝʚ ʩ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤʠ ʧʦʧʝʨʝʯʥʳʤʠ ʩʚʷʟʷʤʠ ʠ 

ʧʦʜʘʪʣʠʚʳʤʠ ʩʚʷʟʷʤʠ ʩʜʚʠʛʘ. ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

 

D+Ö= T
T II

g
x

,                                                 (7) 

ʛʜʝ T=T(x) ï ʩʫʤʤʘʨʥʳʝ ʩʜʚʠʛʘʶʱʠʝ ʫʩʠʣʠʷ ʤʝʞʜʫ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʩʪʝʨʞʥʷʤʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʛʦʥʥʳʤʠ ʢʘʩʘʪʝʣʴʥʳʤʠ ʫʩʠʣʠʷʤʠ t(x) (ʨʠʩ. 2) 

ʟʘʚʠʩʠʤʦʩʪʴʶ: 

ñ Ö=

x

xdxxT
0

)()( t ,                 (8) 

g - ʧʘʨʘʤʝʪʨ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʠʟʛʠʙʥʳʭ ʠ ʦʩʝʚʳʭ ʞʝʩʪʢʦʩʪʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʩʪʝʨʞʥʝʡ: 

EI

C

EFEF S
++=

2

21

11
g ,       (9) 

EF1, EF2 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʩʝʚʳʝ ʞʝʩʪʢʦʩʪʠ  ʧʝʨʚʦʛʦ (ʚʝʨʭʥʝʛʦ) ʠ ʚʪʦʨʦʛʦ 

(ʥʠʞʥʝʛʦ) ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʝʡ; ʉ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʝʡ; SEI ï ʩʫʤʤʘʨʥʘʷ ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ ʜʚʫʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʝʡ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʥʘ ʙʫʜʝʪ ʨʘʚʥʘ ʩʫʤʤʝ ʠʟʛʠʙʥʦʡ 
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ʞʝʩʪʢʦʩʪʠ ʧʦʣʢʠ ʠ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ ʙʦʢʦʚʳʭ ʨʝʙʝʨ; D- ʚʝʣʠʯʠʥʘ, 

ʟʘʚʠʩʷʱʘʷ ʦʪ ʥʘʛʨʫʟʢʠ ʠ ʞʝʩʪʢʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʝʡ ʠ ʨʘʚʥʘʷ [2]: 

EI

CM

S

Ö
-=D

0

,        (10) 

 

ʛʜʝ ʉ ʠ SEI ï ʪʦ ʞʝ, ʯʪʦ ʠ ʚ ʬʦʨʤʫʣʝ (9); M
0
 ï ʩʫʤʤʘʨʥʳʡ  ʠʟʛʠʙʘʶʱʠʡ 

ʤʦʤʝʥʪ ʦʪ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʚ ʩʝʯʝʥʠʷʭ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʩʪʝʨʞʥʷ 

ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ. ʅʘ ʨʠʩ. 2. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩʦʩʪʘʚʥʦʛʦ ʩʪʝʨʞʥʷ, 

ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ [1] ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ 

ʩʙʦʨʥʦʛʦ ʥʘʩʪʠʣʘ ʩ ʨʠʛʝʣʝʤ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʨʦʣʴ 

ʚʝʨʭʥʝʛʦ ʩʪʝʨʞʥʷ ʠʛʨʘʝʪ ʚʝʨʭʥʷʷ ʧʦʣʢʘ, ʘ ʥʠʞʥʝʛʦ ï V-ʦʙʨʘʟʥʳʡ ʩʪʝʨʞʝʥʴ 

ʠʟ ʥʘʢʣʦʥʥʳʭ ʨʝʙʝʨ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʙʘʣʢʠ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ.  

 
ʈʠʩ. 2. ʋʩʠʣʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʩʩʝʯʝʥʠʷ ʩʦʩʪʘʚʥʦʛʦ ʩʪʝʨʞʥʷ 

 

ɺ [2] ʧʨʠʚʝʜʝʥʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ  (7) ʚ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʬʫʥʢʮʠʷʭ, ʯʪʦ 

ʧʨʠ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ, ʪ.ʢ. ʟʥʘʯʝʥʠʷ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʩʠʥʫʩʘ ʠ ʢʦʩʠʥʫʩʘ ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʛʦʨʘʟʨʷʜʥʳʤ ʯʠʩʣʦʤ. 

ɺʝʩʴʤʘ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (7) ʧʦʣʫʯʠʪʩʷ, ʝʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʨʷʜʳ ʌʫʨʴʝ ʧʦʜʦʙʥʦ [1]. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʜʚʠʛʫ ʪʦʨʮʦʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʝʡ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʘ ʥʠʯʝʛʦ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ (ʚ ʩʣʫʯʘʝ ʨʘʩʯʝʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘʤʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʵʪʦ ʠʤʝʥʥʦ ʪʘʢ), ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ T(x) ʙʫʜʫʪ ʠʤʝʪʴ 

ʚʠʜ: T(0)=T(L)=0. ʊʦʛʜʘ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (7) ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʚ ʚʠʜʝ: 

ä
¤

=

ÖÖ=
1

)()(
n

n
xSinTxT a  ,              (11) 

ʛʜʝ a=pÖn/L, Tn ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ, ʧʦʜʣʝʞʘʱʠʝ ʦʧʨʝʜʝʣʝʥʠʶ. 

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ (11) ʚ (7), ʨʘʟʣʦʞʠʚ ʬʫʥʢʮʠʶ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ 

ʪʘʢʞʝ ʚ ʨʷʜ ʧʦ ʩʠʥʫʩʘʤ ʠ ʩʦʢʨʘʪʠʚ ʥʘ Sin(aÖx), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ  ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Tn: 
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nnn
M

EI

C
TT Ö
S
=ÖÖ-Ö- gxa2 ,                 (12) 

ʨʝʰʠʚ ʢʦʪʦʨʦʝ, ʥʘʡʜʝʤ ʟʥʘʯʝʥʠʝ Tn: 

)(

1
2 gxa Ö+

Ö
S
Ö-=

EI

C
MT

nn

,     (13) 

 ʛʜʝ Mn ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʣʦʞʝʥʠʷ ʬʫʥʢʮʠʠ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʦʪ 

ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʚ ʨʷʜ ʧʦ ʩʠʥʫʩʘʤ.  

ɺʝʣʠʯʠʥʘ Tn ʦʧʨʝʜʝʣʷʝʪʩʷ m ʨʘʟ, ʛʜʝ m ï ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʩʫʤʤʠʨʦʚʘʥʠʷ 

ʨʷʜʘ (11), ʢʦʪʦʨʳʡ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʩʭʦʜʠʪʩʷ. 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ ʦʜʠʥ ʨʘʟ ʚʳʨʘʞʝʥʠʝ (11), ʧʦʣʫʯʠʤ ʬʫʥʢʮʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʦʥʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʫʩʠʣʠʡ t(x).  

ɺʳʰʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ, ʢʦʛʜʘ ʧʨʝʥʝʙʨʝʛʣʠ ʫʩʠʣʠʷʤʠ ʚ 

ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʷʭ (ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ).  

ʆʜʥʘʢʦ, ʚ ʩʠʩʪʝʤʝ çʚʝʨʭʥʷʷ ʧʦʣʢʘ ï ʙʦʢʦʚʳʝ ʨʝʙʨʘè ʧʦʷʚʣʷʶʪʩʷ ʝʱʝ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʫʩʠʣʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʧʦʩʦʙʥʳʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʊʘʢʦʡ 

ʩʣʫʯʘʡ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ, ʝʩʣʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʝ ʦʪʜʝʣʴʥʦ ʣʝʞʘʱʘʷ 

ʙʘʣʢʘ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʘ ʙʘʣʢʠ, ʩʦʚʤʝʩʪʥʦ ʨʘʙʦʪʘʶʱʠʝ ʚ 

ʧʝʨʝʢʨʳʪʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʩʠʣʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʤʝʞʥʳʭ ʙʘʣʦʢ ʤʦʛʫʪ 

ʦʪʨʳʚʘʪʴ ʚʝʨʭʥʶʶ ʧʦʣʢʫ ʦʪ ʥʘʢʣʦʥʥʳʭ ʨʝʙʝʨ (ʨʠʩ. 3). 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʜʝʡʩʪʚʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʩʠʣʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  

ʙʘʣʦʢ ʜʨʫʛ ʩ ʜʨʫʛʦʤ  

 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʚʝʨʭʥʝʡ 

ʧʦʣʢʦʡ ʠ ʙʦʢʦʚʳʤʠ ʨʝʙʨʘʤʠ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʦʩʥʦʚʘʥ  ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʦʨʠʠ ʩʦʩʪʘʚʥʳʭ ʩʪʝʨʞʥʝʡ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʩʠʩʪʝʤʫ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʫʶ ʚ [2] ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʦʙʘ 

ʚʠʜʘ ʩʚʷʟʝʡ ʩʦʩʪʘʚʥʦʛʦ ʩʪʝʨʞʥʷ ʷʚʣʷʶʪʩʷ ʫʧʨʫʛʦ-ʧʦʜʘʪʣʠʚʳʤʠ, ʜʣʷ 

ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ MS ʦʪ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʠʣ ʚ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʷʭ S ʠ 

ʢʘʩʘʪʝʣʴʥʳʭ ʩʠʣ T: 
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ʛʜʝ  ʦʙʦʟʥʘʯʝʥʦ [2]: 
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(16) 

 

h, x ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ ʠ 
ʩʚʷʟʝʡ ʩʜʚʠʛʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʦʪʥʦʰʝʥʠʝ ʫʩʠʣʠʷ ʚ ʩʚʷʟʠ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ ʜʝʬʦʨʤʘʮʠʠ. ʄʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʧʦʧʝʨʝʯʥʳʤʠ  

ʩʚʷʟʷʤʠ ʷʚʣʷʝʪʩʷ ʩʣʦʡ ʙʘʣʢʠ ʚʳʩʦʪʦʡ C ʤʝʞʜʫ ʫʩʣʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʩʪʝʨʞʥʷʤʠ; 

a, d ï ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʨʘʟʜʝʣʷʶʱʝʡ ʧʣʦʩʢʦʩʪʠ ʜʦ ʥʝʡʪʨʘʣʴʥʳʭ ʦʩʝʡ 

ʚʝʨʭʥʝʛʦ (ʫʩʠʣʠʚʘʝʤʘʷ ʙʘʣʢʘ ʠʣʠ ʧʣʠʪʘ) ʠ ʥʠʞʥʝʛʦ (ʩʣʦʡ ʫʩʠʣʝʥʠʷ) 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʝʡ; 

E1, E2 ï ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʝʡ; 

A1, A2, I1, I2 ï ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʡ ʠ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʩʪʝʨʞʥʝʡ; 

,0

1
M  ,0

2
M  ,0

1
N  0

2
N  - ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʠ ʧʨʦʜʦʣʴʥʳʝ ʩʠʣʳ ʚ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʷʭ ʦʪ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʦʪʣʠʯʥʳʤ ʦʪ ʥʫʣʷ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ 0

1M . 

  ɺ [2] ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (14) ʪʦʣʴʢʦ ʜʣʷ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ, 

ʢʦʛʜʘ ʞʝʩʪʢʦʩʪʠ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʝʡ ʨʘʚʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʰʝʡ ʙʘʣʢʠ ʥʝʧʨʠʝʤʣʝʤʦ. 

ʀʩʢʣʶʯʠʚ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (14) ʫʩʠʣʠʷ MS, ʧʦʣʫʯʠʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ T(x): 

 

( ) IVIIIVVI gkgikTgkikTTgT
000

2 Ö+Ö+Ö-=-+Ö+ÖÖ- xxhxhxhhx . (17) 

 

ɺʚʠʜʫ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʫʨʘʚʥʝʥʠʷ (17) ʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʝʥʦ. ʈʝʰʠʤ ʝʛʦ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʦʞʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʫʩʠʣʠʡ 

T(x) ʚ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʨʷʜ ʧʦ ʩʠʥʫʩʘʤ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚʳʰʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (17) ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ (11) 

ʧʨʘʚʦʤʝʨʥʦ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ: 

 

                                  T(0)=T
II
(0)=T(L)=T

II
(L)=0 ,                            (18)                 

 

ʘ ʪʘʢʞʝ (ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʠ): 
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                                              T
I
(L/2)=0.               (19) 

 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ (ʩʤ.ʨʠʩ.2) 

ʠʤʝʝʤ: 

 
ñ =
l

dxx
0

0)(t ,                                        (20) 

ʛʜʝ                                  

Ű(x)=T
I
(x).                        (21)          

                                                                                           

ʐʝʩʪʴ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (18), (19) ʠ (20) ʪʦʞʜʝʩʪʚʝʥʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ, 

ʝʩʣʠ ʨʝʰʝʥʠʝ ʧʨʠʥʷʪʴ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ (11). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʦʝ 

ʨʝʰʝʥʠʝ ʚʧʦʣʥʝ ʧʨʘʚʦʤʝʨʥʦ. 

ɺʝʣʠʯʠʥʳ g0 ʠ k0 ʚ ʫʨʘʚʥʝʥʠʠ (17) ï ʵʪʦ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʚ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʷʭ ʩ ʥʝʢʦʪʦʨʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ [2]: 

 

22110
// EIbMEIaMg --= ;   

22110
// EIMEIMk -=           (22) 

 

ʛʜʝ ʄ1, ʄ2 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʫʥʢʮʠʠ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʚ ʚʝʨʭʥʝʤ ʠ 

ʥʠʞʥʝʤ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʷʭ ʦʪ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʝʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʥʠʭ (ʟʜʝʩʴ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʘʢʞʝ M2=0;  

a, b ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʦʚ ʪʷʞʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ 

ʩʪʝʨʞʥʝʡ ʜʦ ʣʠʥʠʠ ʠʭ ʩʦʧʨʷʞʝʥʠʷ; 

EI1, EI2 ï ʠʟʛʠʙʥʳʝ ʞʝʩʪʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʝʡ. 

ʈʘʟʣʦʞʠʚ ʬʫʥʢʮʠʠ ʄ1 ʠ ʄ2 ʚ ʨʷʜʳ ʧʦ ʩʠʥʫʩʘʤ, ʧʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ (11) 

ʚ (17), ʧʨʦʠʟʚʝʜʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʠ ʩʦʢʨʘʪʠʚ ʥʘ Sin(Ŭx), ʧʦʣʫʯʠʤ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ Tn 

ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ T(x): 

 

( )[ ]
nnn

MBMBgkikgT
,22,11

2246 +=-+-Ö-- xhhaaxa ,         (23) 

ʛʜʝ ʦʙʦʟʥʘʯʝʥʦ: 

( )
11

/ EIkaiB xhxh+Ö-= ; ( )
22

/ EIkbiB xhxh-Ö= ;          (24)   

                            

M1,n, M2,n ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʤʦʤʝʥʪʦʚ ʦʪ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ M1 ʠ 

M2. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘ ʚʝʨʭʥʠʡ ʩʪʝʨʞʝʥʴ ʜʝʡʩʪʚʫʝʪ ʥʘʛʨʫʟʢʘ q1, ʘ ʥʘ 

ʥʠʞʥʠʡ q2 ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʄ1 ʠ ʄ2 ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ: 

 

2/2

11
xqM -= ;   2/2/2/ 2

2212
xqlxqlxqM -+= .                      (25) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʚʝʣʠʯʠʥ ʄ1 ʠ ʄ2 ʚ ʚʳʨʘʞʝʥʠʠ (25) ʚ ʨʷʜʳ 

ʌʫʨʴʝ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ [1]: 
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        ( )( )( )[ ]332

1,1
/21/2// aaa +--=

n

n
llqM ;               (26) 

( )( ) ( )( )( )[ ]( )( )nnn

n
lqllqlqM 1//21/2//1/

2

332

21,2
--+--+--= aaaaa

 

 

ʇʦʜʩʪʘʚʠʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟ (26) ʢʦʵʬʬʠʮʠʝʥʪʳ M1,n ʠ M2,n ʚ ʚʳʨʘʞʝʥʠʝ 

(23), ʦʧʨʝʜʝʣʠʤ Tn m ʨʘʟ, ʛʜʝ m ï ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʩʫʤʤʠʨʦʚʘʥʠʷ ʨʷʜʘ (11) 

(ʢʦʪʦʨʳʡ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ʩʭʦʜʠʪʩʷ ʦʯʝʥʴ ʙʳʩʪʨʦ) ʠ ʧʦʣʫʯʠʤ 

ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ ʫʩʠʣʠʡ T(x) ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʠ 

ʥʠʞʥʠʤ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʪʝʨʞʥʷʤʠ. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ T(x) ʠʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (14) 

ʦʧʨʝʜʝʣʠʤ ʚʝʨʪʠʢʘʣʴʥʳʝ ʫʩʠʣʠʷ S(x), ʫʯʠʪʳʚʘʷ, ʯʪʦ S(x)= - MS
II
(x): 

 

( )IIIIIV ggTTiS
0

/)/1( ++-= x .         (27) 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ g0 ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ (22,ʘ), ʘ ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʷ 

(25) ʜʣʷ ʤʦʤʝʥʪʦʚ ʄ1 ʠ ʄ2, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ 

g0: 

 

22110
// EIbqEIaqg II += .      (28) 

 

ʇʨʠʤʝʤ ʨʝʰʝʥʠʝ S ʧʦ (27) ʪʘʢʞʝ ʚ ʚʠʜʝ ʨʷʜʘ ʌʫʨʴʝ ʧʦ ʩʠʥʫʩʘʤ ʠ, 

ʨʘʟʣʦʞʠʚ g0
II
 ʧʦ (28) ʪʘʢʞʝ ʚ ʨʷʜ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʣʦʞʝʥʠʷ Sn: 

 

( )( )( )( )[ ]11/////2///
2211

24 --+-+-=
n

nn
EIbqEIaqiligiTS aaxa ,    (29) 

 

ʛʜʝ Tn ï ʫʞʝ ʦʧʨʝʜʝʣʝʥʦ ʚʳʰʝ ʧʦ (23). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʠʣʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʦʙʱʝʤ ʚʠʜʝ, ʢʦʛʜʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʳʝ S(x), ʪʘʢ ʠ ʢʘʩʘʪʝʣʴʥʳʝ T(x) ʫʩʠʣʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʧʦʣʢʦʡ ʠ ʙʦʢʦʚʳʤʠ ʨʝʙʨʘʤʠ ʩʙʦʨʥʦ-

ʤʦʥʦʣʠʪʥʦʡ ʙʘʣʢʠ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʢʠ 

ʢʘʢ ʥʘ ʚʝʨʭʥʶʶ ʧʦʣʢʫ, ʪʘʢ ʠ ʥʘ ʨʝʙʨʘ ʠ, ʥʘʢʦʥʝʮ, ʧʨʠ ʣʶʙʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʨʭʥʝʛʦ (ʠʤʠʪʠʨʫʶʱʝʛʦ ʨʘʙʦʪʫ ʧʦʣʢʠ) ʠ 

ʥʠʞʥʝʛʦ (ʠʤʠʪʠʨʫʶʱʝʛʦ ʨʘʙʦʪʫ ʙʦʢʦʚʳʭ ʨʝʙʝʨ) ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʝʡ. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ T(x) ʠ S(x) ʜʘʣʴʥʝʡʰʠʡ ʨʘʩʯʝʪ ʢʘʞʜʦʛʦ ʩʪʝʨʞʥʷ 

(ʚʝʨʭʥʝʡ ʧʦʣʢʠ ʠ V-ʦʙʨʘʟʥʦʛʦ ʥʠʞʥʝʛʦ ʩʪʝʨʞʥʷ) ʚʝʜʝʪʩʷ ʢʘʢ ʜʣʷ ʦʙʳʯʥʳʭ 

ʙʘʣʦʢ, ʥʘ ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʩʚʦʷ ʚʥʝʰʥʷʷ ʥʘʛʨʫʟʢʘ, ʘ ʪʘʢʞʝ ʫʩʠʣʠʷ T(x) ʠ 

S(x), ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ.   

ʋʯʝʪ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʩʠʣʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʩʴʤʘ ʚʘʞʝʥ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʘʭ. ʊʘʢ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʩʨʝʜʥʶʶ ʙʘʣʢʫ (ʩʤ. ʨʠʩ. 3), ʪʦ ʫʩʠʣʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ S ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ ʥʝʝ (ʦʪ ʜʝʡʩʪʚʠʷ ʩʦʩʝʜʥʠʭ ʙʘʣʦʢ) 
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ʙʫʜʫʪ ʦʪʨʳʚʘʪʴ ʧʦʣʢʫ ʦʪ ʨʝʙʝʨ. ʕʪʠ ʫʩʠʣʠʷ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʚʥʝʰʥʠʝ ʫʩʠʣʠʷ ʥʘ ʚʝʨʭʥʠʡ ʩʪʝʨʞʝʥʴ ʩʦʩʪʘʚʥʦʛʦ ʩʪʝʨʞʥʷ. ʀ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʣʝʜʫʝʪ ʟʘʜʘʯʫ ʨʝʰʘʪʴ ʩ ʫʯʝʪʦʤ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʩʠʣʠʡ  ʠ S(x). ʅʝ ʫʯʝʪ 

ʧʦʩʣʝʜʥʝʛʦ ʬʘʢʪʦʨʘ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʘʩʥʦʩʪʴ, ʝʩʣʠ ʧʦʣʢʘ ʥʝ 

ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʝʝ ʚʦʟʤʦʞʥʳʡ ʦʪʨʳʚ ʦʪ ʨʝʙʝʨ, ʪ.ʝ. ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʘʨʤʠʨʦʚʘʥʠʝ, ʪʦ ʵʪʦ  ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʙʘʣʢʠ. ʇʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ ʤʝʪʦʜʠʢʘ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʨʝʘʣʠʟʦʚʳʚʘʝʤʘʷ 

ʯʠʩʣʝʥʥʦ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘ ʕɺʄ, ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʪʘʢʦʡ ʥʝʜʦʦʮʝʥʢʠ 

ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʨʦʚ.  

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʪʘʪʴʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʨʘʩʯʝʪʘ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʧʦʣʦʢ ʠ ʥʘʢʣʦʥʥʳʭ ʨʝʙʝʨ ʙʘʣʦʢ ʧʦʣʦʛʦ 

ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʘʜʘʧʪʘʮʠʠ ʪʝʦʨʠʠ ʩʦʩʪʘʚʥʳʭ ʩʪʝʨʞʥʝʡ ʢ 

ʨʘʩʯʝʪʫ ʪʘʢʠʭ ʙʘʣʦʢ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ, ʚʳʚʝʜʝʥʥʦʡ ɸ.ʈ. ʈʞʘʥʠʮʳʥʳʤ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʪʘ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʙʝʪʦʥʘ 

ʦʤʦʥʦʣʠʯʠʚʘʥʠʷ ʠ ʙʝʪʦʥʘ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ ʙʘʣʢʠ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ 

ʩʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʯʝʪʘ ʨʘʟʣʠʯʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʙʘʣʦʢ.  

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʤʝʪʦʜʠʢʫ ʥʘ ʨʘʩʯʝʪ ʩ 

ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʞʝʩʪʢʦʩʪʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʞʥʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʠʭ ʪʨʝʱʠʥ. 
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ʅʘʚʝʜʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʜʘʣʝʥʥʷ ʟʙʽʨʥʠʭ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʽʚ ʚ ʢʘʨʢʘʩʥʠʭ 

ʙʫʜʽʚʣʷʭ ʧʨʠ ʢʘʧʽʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʽ ʽʟ ʟʘʤʽʥʦʶ ʟʙʽʨʥʠʭ ʧʝʨʝʢʨʠʪʪʽʚ ʥʘ 

ʤʦʥʦʣʽʪʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʽ ʢʦʥʩʪʨʫʢʮʽʷ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ. 

 

ʇʨʠʚʝʜʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʫʜʘʣʝʥʠʷ ʩʙʦʨʥʳʭ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʡ ʚ 

ʢʘʨʢʘʩʥʳʭ ʟʜʘʥʠʷʭ ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ ʩ ʟʘʤʝʥʦʡ ʩʙʦʨʥʳʭ 

ʧʝʨʝʢʨʳʪʠʡ ʥʘ ʤʦʥʦʣʠʪʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʠ ʢʦʥʩʪʨʫʢʮʠʷ 

ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

 

The technology of removing precast floor slabs in buildings of frame during 

overhaul with replacement of prefabricated reinforced concrete slab on a 

monolithic and non-standard device construction for this technology. 
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ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. 
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ʉʪʘʥ ʧʠʪʘʥʥʷ ʪʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʴ. ɼʫʞʝ ʯʘʩʪʦ ʚ ʧʨʘʢʪʠʮʽ ʙʫʜʽʚʥʠʮʪʚʘ 

ʚʠʥʠʢʘʶʪʴ ʚʠʧʘʜʢʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʤʽʥʠ ʧʝʨʝʢʨʠʪʪʽʚ. ʊʝʭʥʦʣʦʛʽʷ 

ʚʠʜʘʣʝʥʥʷ ʩʪʘʨʠʭ ʟʙʽʨʥʠʭ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʽʚ ʧʨʠ ʥʘʜʽʡʥʠʭ ʦʧʦʨʥʠʭ 

ʧʦʚʝʨʭʥʷʭ ʚʽʜʧʨʘʮʴʦʚʘʥʘ ʽ ʧʝʨʝʜʙʘʯʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʠʰʪʫʚʘʥʴ ʧʽʜ ʧʣʠʪʫ, 
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ʱʦ ʨʫʡʥʫʻʪʴʩʷ. ʗʢ ʧʨʘʚʠʣʦ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʙʽʨʥʦ-ʨʦʟʙʽʨʥʽ ʣʽʩʠ, ʷʢʽ 

ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʦʧʘʣʫʙʢʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʦʥʦʣʽʪʥʠʭ ʧʣʠʪ 

ʧʝʨʝʢʨʠʪʪʽʚ [1]. ɿʫʩʪʨʽʯʘʶʪʴʩʷ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʦʧʦʨʥʽ ʧʦʚʝʨʭʥʽ ʜʣʷ ʣʽʩʽʚ ʥʝ 

ʧʨʠʜʘʪʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʧʽʩʣʷ ʧʦʞʝʞʽ ʚ ʙʫʜʽʚʣʽ ʽ ʚʝʨʭʥʽ ʽ 

ʥʠʞʥʽ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʽʚ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʘʚʘʨʽʡʥʦʤʫ ʩʪʘʥʽ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʚʠʯʘʡʥʽ ʟʙʽʨʥʦ-ʨʦʟʙʽʨʥʽ ʣʽʩʠ ʥʝ ʤʦʞʥʘ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʦʟʨʦʙʢʘ ʥʝʙʝʟʧʝʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʜʘʣʝʥʥʷ ʟʙʽʨʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʽʚ ʚ ʢʘʨʢʘʩʥʠʭ ʙʫʜʽʚʣʷʭ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʈʝʢʦʥʩʪʨʫʢʮʽʾ ʽʟ ʟʘʤʽʥʦʶ ʧʣʠʪ 

ʧʝʨʝʢʨʠʪʪʽʚ ʥʘ ʤʦʥʦʣʽʪʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʧʝʨʝʢʨʠʪʪʷ ʧʽʜʜʘʚʘʣʘʩʷ ʢʘʨʢʘʩʥʘ 

ʙʫʜʽʚʣʷ ʟ ʩʽʪʢʦʶ ʢʦʣʦʥ 6 ʭ 6 ʤ. ʂʘʨʢʘʩ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʟʘ ʪʠʧʦʚʦʶ ʩʝʨʽʻʶ 

ʀʀ 04 ʟ ʨʠʛʝʣʴʥʠʤʠ ʨʘʤʘʤʠ ʽ ʚôʷʟʝʚʠʤʠ ʨʦʟʧʽʨʥʠʤʠ ʧʣʠʪʘʤʠ ʧʝʨʝʢʨʠʪʪʷ. 

ʉʪʘʣʘʩʷ ʧʦʞʝʞʘ, ʷʢʘ ʧʨʠʚʝʣʘ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʥʝʩʫʯʦʛʦ ʩʪʘʥʫ ʧʨʘʢʪʠʯʥʦ 

ʚʩʽʭ ʧʝʨʝʢʨʠʪʪʽʚ 8ïʤʠ ʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ. ɼʝʷʢʽ ʧʣʠʪʠ ʚʧʘʣʠ ʩʘʤʽ, ʥʝ 

ʚʠʪʨʠʤʘʚʰʠ ʚʣʘʩʥʦʾ ʚʘʛʠ. ʊʦ ʙʫʣʠ ʤʽʩʮʷ ʚʟʘʛʘʣʽ ʙʝʟ ʦʧʦʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɹʽʣʴʰ ʤʝʥʰ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʩʧʠʨʘʥʥʷ ʟʘʣʠʰʠʣʠʩʷ ʨʠʛʝʣʽ, ʷʢʽ ʤʘʣʠ 

ʜʦʩʪʘʪʥʶ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʣʽʩʽʚ ʦʩʥʘʩʪʢʠ. 

ɿʘʩʪʦʩʫʚʘʪʠ ʪʠʧʦʚʽ ʧʽʜʪʨʠʤʫʶʯʠ ʢʦʥʩʪʨʫʢʮʽʾ ʣʽʩʽʚ ʥʝ ʙʫʣʦ ʤʦʞʣʠʚʦʩʪʽ. 

ʇʦʪʨʽʙʥʦ ʙʫʣʦ ʟʨʦʙʠʪʠ ʪʘʢʽ ʧʨʠʩʪʦʩʫʚʘʥʥʷ, ʷʢʽ ʙ ʣʝʛʢʦ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʪʘ 

ʧʝʨʝʤʽʱʫʚʘʣʠʩʷ ʚʨʫʯʥʫ ʽʟ ʜʦʪʨʠʤʘʥʥʷʤ ʚʩʽʭ ʚʠʤʦʛ ʜʦ ʙʝʟʧʝʢʠ ʧʨʘʮʽ. ʅʘ 

ʧʽʜʩʪʘʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ [2, 3] ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʙʫʣʠ ʧʨʠʡʥʷʪʽ 

ʨʠʰʪʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʪʫʤʙ ʟ ʤʝʪʘʣʝʚʠʭ ʪʦʥʢʦʩʪʽʥʥʠʭ ʧʨʷʤʦʢʫʪʥʠʭ ʪʨʫʙ 

ʟʙʽʨʥʦ-ʨʦʟʙʽʨʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ. 1).  

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʽʜʪʨʠʤʫʶʯʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ ʥʘ ʧʦʚʝʨʩʽ 

ʙʫʜʽʚʣʽ ʧʽʜ ʧʣʠʪʫ, ʱʦ ʧʽʜʣʷʛʘʻ ʨʫʡʥʫʚʘʥʥʶ: 1 ï ʨʠʛʝʣʴ; 2 ï ʩʪʽʡʢʘ; 3 - 

ʜʦʰʢʫ ʟ ʧʝʨʝʨʽʟʦʤ 150ʭ40 ʤʤ; 4 ï ʥʘʩʪʠʣ ʟ ʤʝʪʘʣʝʚʠʭ ʙʘʣʦʢ ʪʘ ʜʦʱʦʢ 

120ʭ40 ʤʤ; 5 ï ʟʙʽʨʥʘ-ʨʦʟʙʽʨʥʘ ʪʫʤʙʘ; 6 ï ʱʠʪʠ; 7 ï ʧʣʠʪʘ, ʱʦ 

ʨʦʟʙʠʨʘʻʪʴʩʷ 
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ʈʦʟʨʦʙʣʝʥʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʷʢʘ 

ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʣʽʜʦʚʥʠʡ ʜʝʤʦʥʪʘʞ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ ʟʚʝʨʭʫ-ʚʥʠʟ ʚ ʤʝʞʘʭ 

ʦʜʥʽʻʾ ʩʝʢʮʽʾ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʤʘʶʪʴ ʙʫʪʠ ʟʘʚʝʨʰʝʥʽ 

ʨʦʙʦʪʠ ʟ ʜʝʤʦʥʪʘʞʫ ʦʧʦʨʷʜʞʫʚʘʣʴʥʦʛʦ ʰʘʨʫ ʧʝʨʝʢʨʠʪʪʷ 8-ʛʦ ʧʦʚʝʨʭʫ, 

ʚʣʘʰʪʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʤʯʘʩʦʚʦʛʦ ʧʽʜʢʨʽʧʣʝʥʥʷ ʟʛʽʜʥʦ ʦʢʨʝʤʦʛʦ 

ʧʨʦʝʢʪʫ, ʚʽʜʥʦʚʣʝʥʽ ʘʙʦ ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʤʫʛʦʚʽ ʚôʷʟʽ ʧʦ 

ʧʣʠʪʘʤ, ʚʽʜʥʦʚʣʝʥʽ ʘʙʦ ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʢʨʫʪʢʠ ʤʽʞ 

ʽʩʥʫʶʯʠʤʠ ʧʣʠʪʘʤʠ ʧʝʨʝʢʨʠʪʪʷ. 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʘʜʽʥʥʶ ʯʘʩʪʠʥ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʠʩʦʪʠ ʪʘ ʚʠʥʠʢʘʶʯʠʭ 

ʧʨʠ ʮʴʦʤʫ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ, ʘ ʪʘʢʦʞ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʧʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʱʦ ʜʝʤʦʥʪʫʶʪʴʩʷ ʧʽʜʚʦʜʷʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ 

ʧʝʨʝʩʪʘʚʥʽ ʪʫʤʙʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, 

ʜʦʪʨʠʤʫʶʯʠʩʴ ʚʠʤʦʛ ʽʩʥʫʶʯʠʭ ʥʦʨʤ [4], ʧʽʜ ʧʣʠʪʠ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ 

ʜʝʤʦʥʪʘʞʫ, ʚʣʘʰʪʦʚʫʶʪʴʩʷ ʧʽʜʪʨʠʤʫʶʯʽ ʪʠʤʯʘʩʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʤʝʞʘʭ 

ʜʽʣʷʥʢʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. ʅʝʪʠʧʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʩʪʘʚʥʠʭ ʪʫʤʙ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʟʙʽʨʥʦ-ʨʦʟʙʽʨʥʽ ʤʝʪʘʣʝʚʽ ʨʠʰʪʫʚʘʥʥʷ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʩʧʨʠʡʥʷʪʪʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʡʦʛʦ ʥʘ ʨʠʛʝʣʽ ʢʘʨʢʘʩʫ ʚʽʜ ʧʣʠʪ, ʱʦ 

ʜʝʤʦʥʪʫʶʪʴʩʷ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ ʾʭ ʦʙʚʘʣʝʥʥʽ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʝʨʝʩʪʘʚʥʠʭ ʪʫʤʙ ʦʧʠʨʘʶʪʴʩʷ ʥʘ ʩʫʮʽʣʴʥʠʡ ʱʠʪʦʚʠʡ ʥʘʩʪʠʣ ʧʦ ʤʝʪʘʣʝʚʠʤ 

ʙʘʣʢʘʤ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʨʝʩʪʘʚʥʠʭ ʪʫʤʙ ʧʨʦʚʦʜʷʪʴ ʚ ʪʘʢʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʉʧʦʯʘʪʢʫ ʨʦʟʯʠʱʘʶʪʴ ʤʽʩʮʷ ʩʧʠʨʘʥʥʷ ʩʪʘʣʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜ ʙʫʜʽʚʝʣʴʥʦʛʦ ʩʤʽʪʪʷ. ʇʦʪʽʤ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ 

ʥʘʧʨʷʤʢʫ ʨʠʛʝʣʷ ʦʧʦʨʥʫ ʜʝʨʝʚ'ʷʥʫ ʜʦʰʢʫ ʧʝʨʝʨʽʟʦʤ 150ʭ40 ʤʤ; ʥʘ ʥʝʾ 

ʦʧʠʨʘʶʪʴ ʤʝʪʘʣʝʚʽ ʙʘʣʢʠ ʥʘʩʪʠʣʫ ʟ ʢʨʦʢʦʤ ʨʦʟʨʘʭʦʚʘʥʠʤ ʧʽʜ ʢʨʦʢ ʩʪʽʡʦʢ 

ʧʽʜʪʨʠʤʫʶʯʠʭ ʪʫʤʙ. ʇʦʚʝʨʭ ʤʝʪʘʣʝʚʠʭ ʙʘʣʦʢ ʚʣʘʰʪʦʚʫʶʪʴ ʜʦʱʘʪʠʡ 

ʥʘʩʪʠʣ ʟ ʜʦʱʦʢ 120ʭ40 ʤʤ; ʫʢʣʘʜʘʶʪʴ ʘʨʤʦʚʘʥʫ ʧʣʽʚʢʫ ʜʣʷ ʟʙʦʨʫ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʾ ʚʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʨʽʞʫʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ. ʇʦʜʘʣʴʰʝ ʚʠʜʘʣʝʥʥʷ ʚʦʜʠ ʟ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ 

ʧʨʦʚʦʜʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʦʜʦ ʧʠʣʦʩʦʩʘ. 

ʂʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʩʪʘʚʥʠʭ ʪʫʤʙ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟ ʮʝʥʪʨʫʚʘʥʥʷʤ ʦʧʦʨ 

ʪʫʤʙʠ ʥʘ ʙʘʣʢʠ ʥʘʩʪʠʣʫ. ʇʝʨʝʚʽʨʷʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʴ, ʚʣʘʰʪʦʚʘʥʠʭ ʚ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʨʝʩʪʘʚʥʠʭ ʪʫʤʙ ʪʘ ʾʭ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʦʝʢʪʫ. 

ʇʣʠʪʠ ʨʦʟʙʠʨʘʶʪʴ ʩʤʫʛʘʤʠ ʰʠʨʠʥʦʶ 0,5 ... 0,6 ʤ ʫ ʥʘʧʨʷʤʢʫ ʨʦʙʦʯʦʛʦ 

ʧʨʦʛʦʥʫ ʚʽʜ ʩʝʨʝʜʠʥʠ ʜʦ ʢʨʘʾʚ (ʜʦ ʨʠʛʝʣʽʚ). ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ 

ʥʘʚʤʠʩʥʦʛʦ ʧʨʦʩʽʜʘʥʥʷ ʧʣʠʪʠ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʚʽʜ ʩʝʨʝʜʠʥʠ ʧʨʦʣʴʦʪʫ, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʥʝʩʧʦʜʽʚʘʥʫ ʧʦʚʝʜʽʥʢʫ ʧʣʠʪʠ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ. 

ʇʝʨʝʜ ʨʦʟʨʽʟʘʥʥʷ ʧʣʠʪʠ ʚʠʢʦʥʫʶʪʴ ʨʦʟʤʽʪʢʫ ʧʦʧʝʨʝʯʥʠʭ ʪʘ ʧʦʟʜʦʚʞʥʽʭ 

ʩʤʫʛ ʨʦʟʨʽʟʽʚ ʟʛʽʜʥʦ ʪʠʧʦʚʠʭ ʩʭʝʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥ. 

ʉʧʦʯʘʪʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʬʦʨʘʪʦʨʽʚ ʚʠʢʦʥʫʶʪʴʩʷ ʧʦʟʜʦʚʞʥʽ ʨʦʟʨʽʟʠ 

ʧʣʠʪʠ ʚ ʤʽʩʮʷʭ ʧʫʩʪʦʪ, ʜʘʣʽ ʚʽʜʙʽʡʥʠʤʠ ʤʦʣʦʪʢʘʤʠ ʚʠʢʦʥʫʶʪʴ ʧʦʧʝʨʝʯʥʽ 
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ʰʪʨʘʙʠ ʚ ʧʣʠʪʽ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʜʽʣʷʥʢʠ. ɿʘ ʜʽʣʷʥʢʫ ʧʨʠʡʤʘʻʪʴʩʷ ʦʜʥʘ 

ʩʪʦʷʥʢʘ ʧʽʜʪʨʠʤʫʶʯʠʭ ʪʫʤʙ. ʇʽʩʣʷ ʚʣʘʰʪʫʚʘʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʰʪʨʘʙ 

ʦʙʨʽʟʫʶʪʴʩʷ ʩʪʨʠʞʥʽ ʨʦʙʦʯʦʾ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʘʨʤʘʪʫʨʠ. ɿʨʫʡʥʦʚʘʥʠʡ 

ʙʝʪʦʥ ʽ ʦʙʨʽʟʘʥʫ ʘʨʤʘʪʫʨʫ ʥʝ ʜʦʟʚʦʣʷʻʪʴʩʷ ʩʢʠʜʘʪʠ ʥʘ ʧʝʨʝʢʨʠʪʪʷ ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʠʞʯʝ. ɺʽʜʦʢʨʝʤʣʝʥʽ ʢʫʩʢʠ ʧʣʠʪ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʜʦ ʤʽʩʮʴ 

ʟʙʦʨʫ ʩʤʽʪʪʷ (ʨʠʩ. 2.). 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʨʠ ʚʠʜʘʣʝʥʽ ʟʙʽʨʥʦʾ ʧʦʨʦʞʥʠʩʪʦʾ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 

 

ɿʘʛʘʣʴʥʠʤ ʧʦʧʝʨʝʜʥʽʤ ʧʨʦʮʝʩʦʤ ʜʣʷ ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ ʻ 

ʚʣʘʰʪʫʚʘʥʥʷ ʥʘʩʪʠʣʫ. ɼʣʷ ʙʝʟʧʝʢʠ ʚʣʘʰʪʫʚʘʥʥʷ ʥʘʩʪʠʣʫ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ 

ʬʘʣʘ ʟʘʧʦʙʽʞʥʦʛʦ ʧʦʷʩʘ ʥʘ ʚʠʩʦʪʽ 1,1 ʤ ʤʽʞ ʢʦʣʦʥʘʤʠ ʢʘʨʢʘʩʫ ʫ 

ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʙʫʜʽʚʣʽ ʩʣʽʜ ʟʘʢʨʽʧʠʪʠ ʩʪʘʣʴʥʽ ʪʨʦʩʠ ʜʽʘʤʝʪʨʦʤ ʥʝ 

ʤʝʥʰ 15 ʤʤ. ʅʘʪʷʛʥʫʪʠ ʾʭ ʬʘʨʢʦʧʬʘʤʠ ʥʘ ʟʫʩʠʣʣʷ ʧʨʠʙʣʠʟʥʦ 500 ʢʛ. 

ʉʭʝʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. 

ɺʩʪʘʥʦʚʠʪʠ ʧʽʜ ʨʠʛʝʣʷʤʠ ʪʨʴʦʭ ʧʦʚʝʨʭʽʚ, ʱʦ ʥʠʞʯʝ ʧʦʚʝʨʭʫ ʜʝ 

ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʪʠʤʯʘʩʦʚʽ ʩʪʦʡʢʠ (ʧʦ ʪʨʠ ʩʪʦʡʢʠ ʧʽʜ ʨʠʛʝʣʷʤʠ 

ʧʨʦʣʴʦʪʽʚ 6 ʤ ʽ ʧʦ ʦʜʥʽʡ ʩʪʦʡʢʠ ʜʣʷ ʧʨʦʣʴʦʪʽʚ 3 ʤ. 

ʂʘʪʝʛʦʨʠʯʥʦ ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʧʝʨʝʚʘʥʪʘʞʫʚʘʪʠ ʤʽʞʧʦʚʝʨʭʦʚʽ ʧʝʨʝʢʨʠʪʪʷ 

ʙʫʜʽʚʝʣʴʥʠʤ ʩʤʽʪʪʷʤ, ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʽʥ. ʄʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʝʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ ʥʝ ʧʦʚʠʥʥʦ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 200 ʢʛ/ʤ
2
, ʦʢʨʽʤ ʩʧʝʮʽʘʣʴʥʦ ʚʠʜʽʣʝʥʠʭ ʟʦʥ ʜʣʷ ʩʢʣʘʜʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʨʦʙʽʪ ʟʛʽʜʥʦ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʫ. ʇʝʨʝʢʨʠʪʪʷ ʥʝ ʧʦʚʠʥʥʽ ʤʘʪʠ ʥʝʦʙʛʦʨʦʜʞʝʥʠʭ ʦʪʚʦʨʽʚ. 

ʆʜʥʦʯʘʩʥʝ ʨʦʟʙʠʨʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʷʨʫʩʘʭ 

ʢʘʪʝʛʦʨʠʯʥʦ ʟʘʙʦʨʦʥʷʻʪʴʩʷ, ʧʨʠ ʨʦʟʙʠʨʘʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʧʦʚʝʨʩʽ ʜʦʩʪʫʧ 

ʥʘ ʥʠʞʯʝ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʚʝʨʭʠ ʟʘʢʨʠʪʠ. 

ʇʨʠ ʨʦʟʙʠʨʘʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʙʽʪʥʠʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ ʟʘʭʠʩʪʫ, ʚ ʪ.ʯ. ʟʘʭʠʩʥʠʤʠ ʢʘʩʢʘʤʠ, ʟʘʧʦʙʽʞʥʠʤʠ 
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ʧʦʷʩʘʤʠ, ʩʪʨʘʭʫʚʘʣʴʥʠʤʠ ʤʦʪʫʟʢʘʤʠ, ʨʝʩʧʽʨʘʪʦʨʘʤʠ, ʟʘʭʠʩʥʠʤʠ 

ʦʢʫʣʷʨʘʤʠ, ʩʧʝʮʦʜʷʛʦʤ ʪʘ ʽʥ.  

ɼʦ ʧʦʯʘʪʢʫ ʨʦʙʽʪ ʥʝʦʙʭʽʜʥʦ ʦʙʩʪʝʞʠʪʠ ʜʽʣʷʥʢʫ ʨʦʟʙʦʨʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʙʝʟʧʝʯʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʜʣʷ ʨʦʙʽʪʥʠʢʽʚ. 

ɼʣʷ ʪʨʴʦʭ ʧʨʦʣʴʦʪʥʦʾ ʩʭʝʤʠ ʢʘʨʢʘʩʫ ʟ ʬʦʨʤʫʣʦʶ ʧʨʦʣʴʦʪʽʚ 6 ï 3 ï 6 

ʧʝʨʰʠʤ ʩʣʽʜ ʚʣʘʰʪʦʚʫʚʘʪʠ ʥʘʩʪʠʣ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʨʦʣʴʦʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʦʥʠ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʣʴʦʪʫ ʜʦ ʢʨʘʡʥʽʭ ʦʩʝʡ 

ʚʣʘʰʪʫʚʘʪʠ ʨʝʰʪʫ ʥʘʩʪʠʣʫ ʚ ʟʦʥʘʭ ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʥʠʞʯʝ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʭʝʤʘʤʠ. 

ɺ ʢʦʞʥʽʡ ʩʝʢʮʽʾ ʥʘ 8-ʤʫ ʧʦʚʝʨʩʽ ʜʣʷ ʟʘʭʠʩʪʫ ʨʦʙʽʪʥʠʢʽʚ ʚʽʜ ʤʦʞʣʠʚʦʛʦ 

ʧʘʜʽʥʥʷ ʜʨʽʙʥʠʭ ʢʫʩʢʽʚ ʨʫʡʥʫʚʘʥʥʷ ʧʣʠʪ ʥʘ ʚʠʩʦʪʽ 2,4 ʤ ʥʘʜ ʤʽʩʮʷʤʠ 

ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ ʧʦ ʜʝʤʦʥʪʘʞʫ ʧʣʠʪ ʟʘʢʨʽʧʠʪʠ ʩʪʘʣʝʚʽ ʩʽʪʢʠ ʟ ʯʘʨʫʥʢʦʶ 

ʥʝ ʙʽʣʴʰ 50 ʭ 50 ʤʤ. 

ɺʠʢʦʥʘʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʣʦʱʘʜʦʢ ʽ ʦʙʣʘʜʥʘʥʥʷ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʢʣʶʯʘʻ ʪʘʢʠʡ ʩʢʣʘʜ ʧʨʦʮʝʩʽʚ: 

ʧʝʨʰʠʡ ʧʨʦʮʝʩ - ʜʝʤʦʥʪʘʞ ʧʣʠʪ ʽ ʙʘʣʦʢ ʧʝʨʝʢʨʠʪʪʷ, ʚʠʜʘʣʝʥʥʷ ʩʤʽʪʪʷ; 

ʜʨʫʛʠʡ ʧʨʦʮʝʩ - ʧʽʜʩʠʣʝʥʥʷ ʢʦʣʦʥ ʪʘ ʨʠʛʝʣʽʚ ʤʝʪʘʣʝʚʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ; 

ʪʨʝʪʽʡ ʧʨʦʮʝʩ - ʧʽʜʩʠʣʝʥʥʷ ʟʙʽʨʥʠʭ ʧʣʠʪ ʪʘ ʚʣʘʰʪʫʚʘʥʥʷ ʥʦʚʠʭ ʤʦʥʦʣʽʪʥʠʭ 

ʧʣʠʪ ʥʘ ʟʘʤʽʥʫ ʟʨʫʡʥʦʚʘʥʠʭ ʘʙʦ ʪʠʭ, ʱʦ ʙʫʣʠ ʚʽʜʩʫʪʥʽ; ʜʦ ʯʝʪʚʝʨʪʦʛʦ 

ʧʨʦʮʝʩʫ ʚʽʜʥʝʩʝʥʽ ʽʥʰʽ ʨʦʙʦʪʠ. 

 

 
 

ʈʠʩ.3. ɺʠʜ ʦʩʥʘʩʪʢʠ ʟ ʢʦʤʧʣʝʢʩʦʤ ʚʠʢʦʥʘʥʠʭ ʧʨʦʮʝʩʽʚ 

 

ɺʩʽ ʨʦʙʦʪʠ ʚʠʢʦʥʫʶʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʧʦʪʦʢʘʤʠ ʚ ʤʝʞʘʭ ʩʝʢʮʽʾ ʫ 

ʥʘʧʨʷʤʢʫ ʧʦ ʚʝʨʪʠʢʘʣʽ ʟ 8-ʛʦ ʜʦ 1-ʛʦ ʧʦʚʝʨʭʫ. ʇʝʨʝʭʽʜ ʥʘ ʥʘʩʪʫʧʥʠʡ 

ʧʦʚʝʨʭ ʜʦʟʚʦʣʷʻʪʴʩʷ, ʢʦʣʠ ʤʦʥʦʣʽʪʥʽ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʚʝʨʭʥʴʦʛʦ ʧʦʚʝʨʭʫ, 

ʧʦʯʠʥʘʶʯʠ ʟ ʧʝʨʰʦʾ ʟʘʭʚʘʪʢʠ ʥʘʙʝʨʫʪʴ ʤʽʮʥʽʩʪʴ ʥʝ ʤʝʥʰ 70% ʚʽʜ 

ʧʨʦʝʢʪʥʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ (ʨʠʩ. 3). 
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ʇʝʨʝʤʽʱʝʥʥʷ ʧʝʨʝʩʪʘʚʥʠʭ ʪʫʤʙ ʩʣʽʜ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʽʟʢʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʫʯʥʦʛʦ "ʈʦʢʣʘ" - DFS - 2000.  

ʈʦʟʨʘʭʫʥʦʢ ʤʝʪʘʣʝʚʠʭ ʪʫʤʙ ʽ  ʙʘʣʦʢ ʚʠʢʦʥʘʥʦ ʟʘ ʩʧʝʮʽʘʣʴʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ [5,6,7]. ʊʘʢʦʞ 

ʦʮʽʥʝʥʦ ʚʧʣʠʚ ʤʦʞʣʠʚʠʭ ʧʦʰʢʦʜʞʝʥʴ ʽ ʥʝʦʙʭʽʜʥʽ ʟʘʧʘʩʠ ʤʽʮʥʦʩʪʽ ʽ 

ʩʪʽʡʢʦʩʪʽ [6,7,8]. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʫʥʽʢʘʣʴʥʫ 

ʪʝʭʥʦʣʦʛʽʶ ʨʦʟʙʠʨʘʥʥʷ ʧʦʨʦʞʥʠʩʪʠʭ ʟʙʽʨʥʠʭ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦ ʟʘʧʨʦʝʢʪʦʚʘʥʠʭ ʤʦʥʪʘʞʥʦ-ʜʝʤʦʥʪʘʞʥʠʭ ʪʫʤʙ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʠʣʠ ʙʝʟʧʝʯʥʝ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ 

 
1. ɸʥʧʠʣʦʚ ʉ.ʄ. ʆʧʘʣʫʙʦʯʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʤʦʥʦʣʠʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ: 
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ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʽ ʫʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʘʩʪʠʥʠ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʫ 

ʱʦʜʦ ʙʫʜʽʚʝʣʴ ʚ ʫʤʦʚʘʭ ʤʦʞʣʠʚʦʛʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʧʣʠʚʫ ʟʥʘʯʥʠʭ 

ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚʠ ʪʘ ʩʝʡʩʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʜʠʥʘʤʽʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʘʢʠʭ ʙʫʜʽʚʝʣʴ ʧʽʩʣʷ 

ʚʧʣʠʚʫ ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚʠ.  
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘ 

ʢʘʩʘʪʝʣʴʥʦ ʟʜʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʩʥʦʚʘʥʠʷ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ, ʧʦʩʚʷʱʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʘʢʠʭ ʟʜʘʥʠʡ 

ʧʦʩʣʝ ʚʣʠʷʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʦʩʥʦʚʘʥʠʷ.  
 

Common results of part of the authorôs research on buildings in conditions of 

possible combined influence of seismic loads and base substantial 

differential settlements, devoted to the dynamic characteristics of such 

buildings after base settlements influence, are considered in the article.    
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ʉʝʡʩʤʽʢʘ, ʥʝʨʽʚʥʦʤʽʨʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʙʫʜʽʚʣʽ, ʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʝʡʩʤʠʢʘ, ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʟʜʘʥʠʷ, ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

Seismic, differential settlements, building, dynamic characteristics. 



74 

 

ʊʝʨʠʪʦʨʽʷ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ 
ʦʩʦʙʣʠʚʠʭ ʽ ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʚ ʪ.ʯ. ʩʝʡʩʤʽʯʥʦʾ 
ʥʝʙʝʟʧʝʢʠ, ʧʨʦʩʽʜʘʶʯʠʭ ʛʨʫʥʪʽʚ, ʧʽʜʨʦʙʣʶʚʘʥʥʷ, ʟʩʫʚʦʥʝʙʝʟʧʝʢʠ, ʢʘʨʩʪʽʚ 
ʪʦʱʦ. ʆʪʞʝ ʘʢʪʫʘʣʴʥʠʤʠ ʻ ʧʠʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʚ ʪʘʢʠʭ 
ʫʤʦʚʘʭ. ɯ ʟʝʤʣʝʪʨʫʩʠ, ʽ ʟʥʘʯʥʽ ʥʝʨʽʚʥʦʤʽʨʥʽ ʜʝʬʦʨʤʘʮʽʾ ʦʩʥʦʚʠ (ɿʅɼʆ) 
ʩʪʚʦʨʶʶʪʴ ʟʥʘʯʥʠʡ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʝʬʝʢʪ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʟ 
ʚʽʜʧʦʚʽʜʥʠʤ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʤ ʩʪʘʥʦʤ (ʅɼʉ) ʟ ʚʠʩʦʢʠʤ ʨʠʟʠʢʦʤ 
ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʘʙʦ ʙʫʜʽʚʝʣʴ ʚ ʮʽʣʦʤʫ. ʊʦʤʫ ʣʦʛʽʯʥʠʤ ʻ ʨʦʟʛʣʷʜ 
ʤʦʞʣʠʚʦʩʪʽ ʥʝʙʝʟʧʝʯʥʦʛʦ ʾʭ ʢʦʤʙʽʥʫʚʘʥʥʷ. ʂʨʽʤ ʮʴʦʛʦ ʢʦʨʠʩʥʠʤ ʽ 
ʘʢʪʫʘʣʴʥʠʤ ʻ ʨʦʟʛʣʷʜ ʪʝʤʠ ʦʮʽʥʢʠ ʟʤʽʥʠ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʧʽʜ ʚʧʣʠʚʦʤ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟ ʤʝʪʦʶ 
ʦʮʽʥʢʠ ʩʪʘʥʫ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʘʙʦ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʾʭ 
ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ.  
ʆʢʨʝʤʽ ʩʧʨʦʙʠ ʨʦʟʛʣʷʜʫ ʚʧʣʠʚʫ ʢʦʤʙʽʥʘʮʽʾ ʩʝʡʩʤʽʢʠ ʪʘ ʨʘʟʥʦʤʘʥʽʪʥʠʭ 

ʚʠʜʽʚ ɿʅɼʆ ʟʫʩʪʨʽʯʘʣʠʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʝʢʩ-ʉʈʉʈ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ, 
ʥʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʘʭ [1 - 5 ʪʘ ʽʥ.]. ʉʝʨʽʷ ʜʦʩʣʽʜʞʝʥʴ [5 - 9 ʪʘ ʽʥ.], 
ʧʨʦʚʝʜʝʥʘ ʂʠʾʚʩʴʢʠʤ ʟʦʥʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤ ʽʥʩʪʠʪʫʪʦʤ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʂʠʾʚɿʅɼɯɽʇ) ʟ 1982 ʧʦ 2009 ʨʦʢʠ ʟ 
ʧʝʨʝʨʚʘʤʠ ʙʫʣʘ ʥʘʡʙʽʣʴʰ ʢʦʤʧʣʝʢʩʥʦʶ ʟʘ ʜʘʥʦʶ ʪʝʤʘʪʠʢʦʶ. ʍʦʯʘ ʧʨʠ 
ʮʴʦʤʫ ʟʘʣʠʰʠʣʠʩʴ ʥʝʨʦʟʛʣʷʥʫʪʠʤʠ ʪʘ ʥʝʨʦʟʢʨʠʪʠʤʠ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 
ʧʠʪʘʥʴ ʽ ʧʨʦʙʣʝʤ. ʅʘʧʨʠʢʣʘʜ, ʽʥʰʽ ʜʞʝʨʝʣʘ ʟʥʘʯʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʭ 
ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚʠ ʢʨʽʤ ʧʨʦʩʽʜʘʶʯʠʭ ʛʨʫʥʪʽʚ, ʚʨʘʭʫʚʘʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ 
ʟʘʙʦʨʦʥʠ ʩʫʤʽʱʝʥʥʷ ʦʩʦʙʣʠʚʠʭ (ʘʚʘʨʽʡʥʠʭ) ʚʧʣʠʚʽʚ ʚ ʦʜʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ 
ʥʘʚʘʥʪʘʞʝʥʴ, ʨʦʟʨʦʙʢʘ ʧʨʠʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ, ʙʽʣʴʰ 
ʛʨʫʥʪʦʚʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʨʦʟʛʣʷʜ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʨʽʰʝʥʴ, ʨʦʟʨʦʙʢʘ 
ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ ʦʙôʻʢʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ 
ʢʣʘʩʫ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, ʦʮʽʥʢʘ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʬʦʨʤʦʚʘʥʠʭ 
ʙʫʜʽʚʝʣʴ ʪʦʱʦ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʚʪʦʨʦʤ ʧʨʦʚʦʜʠʪʴʩʷ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ 
ʟ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʧʨʦʛʘʣʠʥ, ʯʘʩʪʠʥʘ ʨʝʟʫʣʴʪʘʪʽʚ ʷʢʠʭ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʜʘʥʽʡ ʩʪʘʪʪʽ. 
ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʨʦʟʛʣʷʜ ʯʘʩʪʠʥʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʫ ʱʦʜʦ 

ʙʫʜʽʚʝʣʴ ʚ ʫʤʦʚʘʭ ʤʦʞʣʠʚʦʛʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʧʣʠʚʫ ɿʅɼʆ ʪʘ ʩʝʡʩʤʽʯʥʠʭ 
ʥʘʚʘʥʪʘʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʠʥʘʤʽʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʘʢʠʭ ʙʫʜʽʚʝʣʴ 
ʧʽʩʣʷ ʚʧʣʠʚʫ ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚʠ.  
ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ɿʅɼʆ ʙʫʜʽʚʝʣʴ ʟ ʞʦʨʩʪʢʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʩʠʩʪʝʤʦʶ 

(ʫʤʦʚʥʘ ʙʘʣʢʘ-ʩʪʽʥʢʘ ʥʘ ʧʨʫʞʥʴʦ-ʧʣʘʩʪʠʯʥʽʡ ʦʩʥʦʚʽ) ʩʫʪʪʻʚʽ ʜʦʜʘʪʢʦʚʽ 
ʟʫʩʠʣʣʷ ʚʠʟʠʚʘʶʪʴ ʨʦʟʚʠʪʦʢ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʽ ʧʦʰʢʦʜʞʝʥʴ 
ʢʦʥʩʪʨʫʢʮʽʡ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ 
ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʷʚʠʱʘ ʜʝʛʨʘʜʘʮʽʾ ʷʢ ʤʽʮʥʦʩʪʽ, ʪʘʢ ʽ ʞʦʨʩʪʢʦʩʪʽ 
ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ [4,6,8]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʥʠʞʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ 
ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʫʪʴ ʟʤʝʥʰʫʚʘʪʠʩʷ ʡ ʟʘʣʝʞʥʽ ʚʽʜ ʥʠʭ ʧʝʨʽʦʜʠ ʚʣʘʩʥʠʭ 
ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ.  
ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ, ʱʦ 

ʟʘʟʥʘʣʠ ʧʦʰʢʦʜʞʝʥʴ ʚʽʜ ɿʅɼʆ ʪʘ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʦʚʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ 
ʱʦʜʦ ʚʨʘʭʫʚʘʥʥʷ ʦʩʥʦʚʠ ʪʘ ʚʧʣʠʚʫ ɿʅɼʆ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʦʚʝʜʝʥʽ ʥʘʪʫʨʥʽ 
ʚʠʤʽʨʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʧʦʚʽʜʥʠʭ ʙʫʜʽʚʝʣʴ ʫ ʤ. ʂʠʾʚʽ 
(ʧʦ ʚʫʣ. ʉʘʢʩʘʛʘʥʩʴʢʦʛʦ, 70/16 ʪʘ ʧʦ ʚʫʣ. ɻʦʥʯʘʨʘ, 67). ɿʘʛʘʣʦʤ ʦʪʨʠʤʘʥʽ 
ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʦʩʥʦʚʥʦʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ: ʧʦ ʚʫʣ. ɻʦʥʯʘʨʘ, 67 
ʚʟʜʦʚʞ ʧʦʧʝʨʝʯʥʦʾ ʪʘ ʧʦʚʟʜʦʚʞʥʴʦʾ ʦʩʝʡ, ʚʽʜʧʦʚʽʜʥʦ, 2,5é2,6 ɻʮ 
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(ʊ=0,385é0,400 ʩ) ʪʘ 2,8é2,9 ɻʮ (ʊ=0,345é0,357 ʩ); ʧʦ ʚʫʣ. 
ʉʘʢʩʘʛʘʥʩʴʢʦʛʦ, 70/16 ʚʟʜʦʚʞ ʧʦʧʝʨʝʯʥʦʾ ʪʘ ʧʦʚʟʜʦʚʞʥʴʦʾ ʦʩʝʡ, 
ʚʽʜʧʦʚʽʜʥʦ, 2,8é3,0 ɻʮ (ʊ=0,333é0,357 ʩ) ʪʘ 3,3é3,5 ɻʮ (ʊ=0,286é0,303 
ʩ). ʊʘʢʦʞ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʙʫʜʽʚʝʣʴ ʚ ʇʂ ʃʀʈɸ-ʉɸʇʈ 2015 ʙʫʣʠ ʨʝʘʣʽʟʦʚʘʥʽ ʾʭ 
ʧʨʦʩʪʦʨʦʚʽ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʽ ʤʦʜʝʣʽ.  
ɼʣʷ ʜʦʜʘʪʢʦʚʦʾ ʦʮʽʥʢʠ ʦʪʨʠʤʘʥʠʭ ʥʘʪʫʨʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʫʜʽʚʝʣʴ 
ʚʠʢʦʨʠʩʪʘʥʽ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʦʩʥʦʚʥʠʭ ʧʝʨʽʦʜʽʚ ʢʦʣʠʚʘʥʴ ʟ [10-
14]. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ ʙʫʜʽʚʝʣʴ (ʚ ʜʫʞʢʘʭ 
ʥʘʚʝʜʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʙʫʜʽʚʝʣʴ ʟʘ ʘʜʨʝʩʦʶ ʧʦ ʚʫʣ. ɻʦʥʯʘʨʘ, 67 ʪʘ ʧʦ ʚʫʣ. 
ʉʘʢʩʘʛʘʥʩʴʢʦʛʦ, 70/16): ʢʽʣʴʢʽʩʪʴ ʧʦʚʝʨʭʽʚ N (5 ʧʦʚ., 4 ʧʦʚ.); ʚʠʩʦʪʘ ʚʽʜ 
ʨʽʚʥʷ ʧʽʜʣʦʛʠ ʧʽʜʚʘʣʫ ʅ (21,8 ʤ ʪʘ 16,9 ʤ); ʚʠʩʦʪʘ ʥʘʜ ʦʩʥʦʚʦʶ ʚ ʬʫʪʘʭ hn  
(76,8 ʬ. ʪʘ 58,7 ʬ.); ʛʘʙʘʨʠʪ ʚʟʜʦʚʞ ʥʘʧʨʷʤʫ ʢʦʣʠʚʘʥʥʷ b (13,4(81,2) ʤ ʪʘ 
24,1(29,0) ʤ); ʧʘʨʘʤʝʪʨ ʜʝʬʦʨʤʦʚʘʥʦʩʪʽ ʙʫʜʽʚʣʽ z (1 ʜʣʷ ʥʝʜʝʬʦʨʤʦʚʘʥʠʭ 
ʙʫʜʽʚʝʣʴ, >1 ʜʣʷ ʜʝʬʦʨʤʦʚʘʥʠʭ(~1,5)); ʢʦʝʬʽʮʽʻʥʪ ʚʨʘʭʫʚʘʥʥʷ ʦʩʥʦʚʠ 
ʩ=45/R, ʜʝ R ï ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʦʧʽʨ ʛʨʫʥʪʘ ʦʩʥʦʚʠ (ʩ=45/160=0,28 ʪʘ 
ʩ=45/350=0,13). 
ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

 
ʊʘʙʣʠʮʷ 1 

ʆʪʨʠʤʘʥʽ ʧʝʨʽʦʜʠ ʧʝʨʰʦʾ ʬʦʨʤʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʝʣʴ ʚ ʩʝʢ 

ɸʥʘʣʽʟ ʧʨʦʚʝʜʝʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ 
ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʚ ʇʂ ʃʀʈɸ-ʉɸʇʈ 2015 ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ 
ʥʘʩʪʫʧʥʝ:      

ɹʫʜʽʚʣʷ 
(ʥʘʧʨʷʤ 
ʚʠʤʽʨʶʚ.) 

ʆʪʨʠʤʘʥʽ ʧʝʨʽʦʜʠ ʢʦʣʠʚʘʥʴ ʟʘ ʦʩʥʦʚʥʦʶ ʬʦʨʤʦʶ, ʩ 

ʅʘʪʫʨʥʽ 
ʚʠʤʽʨʶ-
ʚʘʥʥʷ 

ʉʝʨʝʜʥʻ ʟʘ 
ʝʤʧʽʨʠʯ-
ʥʠʤʠ 

ʬʦʨʤʫʣʘʤʠ 

ʉʝʨʝʜʥʻ ʟʘ 
ʝʤʧʽʨʠʯ-
ʥʠʤʠ 

ʬʦʨʤʫʣʘʤʠ 
ʟ ʚʨʘʭʫʚʘʥ-
ʥʷʤ 

ʧʦʰʢʦʜ-
ʞʝʥʴ 

ʅʘʡʙʽʣʴʰ 
ʪʦʯʥʝ 

ʨʦʟʨʘʭʫʥʢʦʚʝ 
ʟ ʚʨʘʭʫʚʘʥ-
ʥʷʤ 

ʞʦʨʩʪʢʦʩʪʽ 
ʦʩʥʦʚʠ 

ʅʘʡʙʽʣʴʰ 
ʪʦʯʥʝ 

ʨʦʟʨʘʭʫʥʢʦʚʝ 
ʟ ʜʦʜʘʪʢʦʚʠʤ 
ʟʘʢʨʽʧʣʝʥ. 
ʦʩʥʦʚʠ 

ʇʦ ʚʫʣ. 
ɻʦʥʯʘʨʘ, 67 
(ʧʦʚʟʜʦʚʞʥʷ 
ʚʽʩʴ) 

0,345é 
0,357 

0,312 0,350 0,348 - 

ʇʦ ʚʫʣ. 
ɻʦʥʯʘʨʘ, 67 
(ʧʦʧʝʨʝʯʥʘ 
ʚʽʩʴ) 

0,385é 
0,400 

0,393 0,677 0,555 

0,404 
(ʟʘʱʝʤʣʝʥʥʷ ʚ 
ʦʩʥʦʚʽ ʪʘ 
ʟʙʽʣʴʰʝʥʥʷ ɽ 
ʢʣʘʜʢʠ) 

ʇʦ ʚʫʣ. 
ʉʘʢʩʘʛʘʥʩʴ-
ʢʦʛʦ, 70/16 
(ʧʦʚʟʜʦʚʞʥʷ 
ʚʽʩʴ) 

0,286é 
0,303 

0,271 0,323 
0,351é 
0,361 

0,304 
(ʟʘʱʝʤʣʝʥʥʷ ʚ 
ʦʩʥʦʚʽ ʪʘ 
ʟʙʽʣʴʰʝʥʥʷ ɽ 
ʢʣʘʜʢʠ) 

ʇʦ ʚʫʣ. 
ʉʘʢʩʘʛʘʥʩʴ-
ʢʦʛʦ, 70/16 
(ʧʦʧʝʨʝʯʥʘ 
ʚʽʩʴ) 

0,333é 
0,357 

0,277 0,345 
0,382é 
0,401 

0,332 
(ʟʘʱʝʤʣʝʥʥʷ ʚ 
ʦʩʥʦʚʽ) 
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- ʥʝʦʙʭʽʜʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʦʩʥʦʚʠ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ 
ʨʦʟʨʘʭʫʥʢʘʭ (ʙʝʟ ʧʦʙʫʜʦʚʠ ʤʘʩʠʚʫ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʛʨʫʥʪʫ ʦʩʥʦʚʠ) 
ʢʘʤôʷʥʠʭ ʘʙʦ ʽʥʰʠʭ ʞʦʨʩʪʢʠʭ ʙʫʜʽʚʝʣʴ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʧʨʷʤʫ ʜʽʾ 
ʢʦʣʠʚʘʥʥʷ. ʇʨʠ ʚʠʩʦʢʽʡ ʧʨʦʪʷʞʥʦʩʪʽ ʙʫʜʽʚʣʽ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 
ʜʦʚʞʠʥʦʶ ʪʘ ʚʠʩʦʪʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʙʽʣʴʰʝ 1,5) ʧʨʠ 
ʥʝʛʣʠʙʦʢʦʤʫ ʟʘʢʣʘʜʘʥʥʽ ʬʫʥʜʘʤʝʥʪʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʚ ʜʦʚʛʦʤʫ ʥʘʧʨʷʤʽ 
ʜʦʩʪʘʪʥʽʤ ʻ, ʷʢ ʧʨʘʚʠʣʦ, ʚʨʘʭʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʜʦʚʛʦʪʨʠʚʘʣʠʤ 
ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʝʨʪʠʢʘʣʴʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʦʩʥʦʚʠ. ʇʨʠ 
ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʽʞ ʛʘʙʘʨʠʪʦʤ ʚ ʧʣʘʥʽ ʪʘ ʚʠʩʦʪʦʶ ʤʝʥʰʝ 1,0 ʪʘ ʨʦʟʨʘʭʫʥʢʫ 
ʚ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ ʥʝʦʙʭʽʜʥʦ ʧʨʠʜʽʣʷʪʠ ʙʽʣʴʰʫ ʫʚʘʛʫ ʩʪʚʦʨʝʥʥʶ ʝʬʝʢʪʫ 
ʟʘʱʝʤʣʝʥʥʷ ʙʫʜʽʚʣʽ ʚ ʦʩʥʦʚʽ ʯʝʨʝʟ ʚʨʘʭʫʚʘʥʥʷ ʦʧʦʨʫ (ʞʦʨʩʪʢʦʩʪʽ) ʛʨʫʥʪʫ 
ʧʦ ʙʦʢʦʚʠʭ ʧʦʚʝʨʭʥʷʭ ʬʫʥʜʘʤʝʥʪʽʚ.  

- ʦʙʦʚôʷʟʢʦʚʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ ʝʬʝʢʪʽʚ ʧʽʜʚʠʱʝʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ 
ʦʩʥʦʚʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʪʘʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ʇʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ 
ʨʦʟʨʘʭʫʥʢʽʚ ʚʨʘʭʫʚʘʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʦʩʥʦʚʠ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ 
ʢʨʘʶ ʨʦʟʚʠʥʫʪʦʛʦ ʚ ʧʣʘʥʽ ʬʫʥʜʘʤʝʥʪʫ. 

- ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟ ʤʝʪʦʶ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘʪʫʨʥʠʭ 
ʚʠʤʽʨʶʚʘʥʴ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ ʧʨʠ ʤʽʢʨʦʩʝʡʩʤʽʯʥʠʭ 
ʚʧʣʠʚʘʭ ʙʽʣʴʰ ʪʦʯʥʠʤ ʻ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʟʽʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʴ 
ʪʠʤʯʘʩʦʚʠʭ ʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʧʦʯʘʪʢʦʚʠʭ ʤʦʜʫʣʽʚ 
ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʫʥʠʢʘʪʠ ʧʨʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʽʩʥʠʭ 
ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʾʭ ʤʽʮʥʦʩʪʽ, ʘ ʪʘʢʦʞ 
ʚʢʣʶʯʘʪʠ ʚ ʨʦʟʨʘʭʫʥʦʢ ʚʩʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʞʦʨʩʪʢʽʩʪʴ 
ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ, ʘʜʞʝ ʥʝʚʨʘʭʫʚʘʥʥʷ ʮʴʦʛʦ ʤʦʞʝ ʚʽʜʯʫʪʥʦ 
ʟʙʽʣʴʰʠʪʠ ʧʝʨʽʦʜʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ.            

- ʦʨʽʻʥʪʠʨʦʤ ʜʣʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʦʨʝʢʮʽʾ ʤʦʜʝʣʽ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ 
ʨʦʟʨʘʭʫʥʢʫ ʤʘʻ ʙʫʪʠ ʟʥʘʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʨʦʟʨʘʭʫʥʢʦʤ ʧʝʨʽʦʜʽʚ 
ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʩʠʩʪʝʤʠ ʚʽʜ ʪʠʧʦʚʠʭ ʟʥʘʯʝʥʴ, ʚʠʟʥʘʯʝʥʠʭ ʥʘʪʫʨʥʦ ʜʣʷ 
ʘʥʘʣʦʛʽʯʥʠʭ ʙʫʜʽʚʝʣʴ. 

- ʨʦʟʚʠʪʦʢ ʧʦʰʢʦʜʞʝʥʴ ʢʘʤôʷʥʦʾ ʙʫʜʽʚʣʽ ʚʽʜ ʟʥʘʯʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʭ 
ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚʠ ʧʽʜʚʠʱʫʻ ʧʝʨʽʦʜʠ ʾʾ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ. ʇʽʜʚʠʱʝʥʥʷ 
ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʴ ʚʽʜʧʦʚʽʜʘʻ ʟʥʠʞʝʥʥʶ ʞʦʨʩʪʢʦʩʪʽ ʢʘʤôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 
ʥʘ 20é30% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʧʦʰʢʦʜʞʝʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʩʣʽʜ 
ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʘʢʝ ʟʥʠʞʝʥʥʷ ʞʦʨʩʪʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʫ 
ʥʘʧʨʷʤʽ ʙʫʜʽʚʣʽ ʚ ʧʣʘʥʽ, ʤʝʥʰ ʧʦʰʢʦʜʞʝʥʦʤʫ ʚʽʜ ʜʝʬʦʨʤʘʮʽʡ (ʥʘʧʨʠʢʣʘʜ, 
ʧʦʧʝʨʝʯʥʦʤʫ), ʘ ʪʘʢʦʞ ʜʣʷ ʧʦʚʥʦʮʽʥʥʦ ʚʽʜʥʦʚʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 
ʊʘʢʦʞ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ ʚʧʣʠʚʫ ʟʤʝʥʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ 

ʦʩʥʦʚʠ ʥʘ ʦʩʥʦʚʥʽ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʝʣʴ (ʧʝʨʽʦʜʠ ʢʦʣʠʚʘʥʴ ʟʘ 
ʧʝʨʰʠʤʠ ʬʦʨʤʘʤʠ) ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʥʘʩʪʫʧʥʦʶ 
ʚʘʨʽʘʮʽʻʶ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ: ʟʚôʷʟʢʦʚʠʡ ʤʦʥʦʣʽʪʥʠʡ 
ʟʘʣʽʟʦʙʝʪʦʥʥʠʡ ʢʘʨʢʘʩ (1, 5, 10 ʧʦʚʝʨʭʽʚ) ʪʘ ʞʦʨʩʪʢʘ ʮʝʛʣʷʥʘ (1, 3, 5 
ʧʦʚʝʨʭʽʚ) ʙʫʜʽʚʣʽ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʧʣʘʥʫʚʘʣʴʥʠʤʠ ʪʘ 
ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ (ʜʣʷ ʩʝʡʩʤʦʩʪʽʡʢʠʭ ʙʫʜʽʚʝʣʴ [15]) ʨʽʰʝʥʥʷʤʠ. 
ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʝʨʽʦʜʽʚ ʢʦʣʠʚʘʥʴ ʤʦʜʝʣʝʡ ʫʟʘʛʘʣʴʥʝʥʦ ʪʘ 
ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 2. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ 
ʚʘʨʽʘʥʪʽʚ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʞʦʨʩʪʢʦʩʪʽ: ɹʆ ï ʙʝʟ ʦʩʣʘʙʣʝʥʥʷ ʦʩʥʦʚʠ, 
ʆʉ ï ʦʩʣʘʙʣʝʥʥʷ ʦʩʥʦʚʠ ʧʽʜ ʩʝʨʝʜʠʥʦʶ ʬʫʥʜʘʤʝʥʪʫ, ʆʊ ï ʦʩʣʘʙʣʝʥʥʷ 
ʦʩʥʦʚʠ ʧʽʜ ʪʦʨʮʝʤ ʬʫʥʜʘʤʝʥʪʫ, ʋʩ ï ʦʩʣʘʙʣʝʥʥʷ ʦʩʥʦʚʠ ʫ ʚʠʛʣʷʜʽ ʧʨʦʚʘʣʫ-
ʫʩʪʫʧʫ ʧʽʜ ʪʦʨʮʝʤ ʬʫʥʜʘʤʝʥʪʫ. 
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ʊʘʙʣʠʮʷ 2 
ʋʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʽʚ ʢʦʣʠʚʘʥʴ ʚʘʨʽʘʮʽʡ ʤʦʜʝʣʝʡ 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʪʘʙʣʠʮʽ ʚʠʷʚʣʝʥʦ, ʱʦ ʩʫʪʪʻʚʝ (ʙʽʣʴʰʝ 10é15%) 
ʧʽʜʚʠʱʝʥʥʷ ʧʝʨʽʦʜʽʚ ʦʩʥʦʚʥʠʭ ʪʦʥʽʚ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʣʷ 
ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʞʦʨʩʪʢʠʭ ʙʫʜʽʚʝʣʴ ʧʨʠ ʟʥʠʞʝʥʥʽ ʞʦʨʩʪʢʦʩʪʽ ʜʽʣʷʥʦʢ 

ʂʦʥʩʪʨ. 
ʩʠʩʪʝ
ʤʘ 

ʂʽʣʴʢ. 
ʧʦʚ. 

ʉʝʨ. 
ʞʦʨʩʪ. 
ʦʩʥʦʚʠ 

ʉʭʝʤʘ 
ʦʩʣʘʙʣ. 
ʦʩʥʦʚʠ 

ʇʝʨʽʦʜ ʟʘ ʥʘʧʨʷʤʦʤ ʩʝʡʩʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʪʘ 
ʥʦʤʝʨʦʤ ʪʦʥʫ ʢʦʣʠʚʘʥʥʷ 

X1 X2 Y1 Y2 Z1 Z2 

ʎʝʛʣʷʥʘ 

1 

ɿʤʝʥʰ. 

ɹʆ 0,122 0,064 0,132 0,050 0,122 - 
ʆʉ 0,127 0,064 0,144 0,051 0,134 - 
ʆʊ 0,139 0,064 0,140 0,050 0,139 - 
ʋʩ 0,199 0,064 0,150 0,050 0,199 0,122 

ʇʽʜʚʠʱ. 

ɹʆ 0,068 0,060 0,070 0,061 0,078 0,063 
ʆʉ 0,068 0,060 0,080 0,072 0,081 0,064 
ʆʊ 0,072 0,060 0,079 0,073 0,079 0,064 
ʋʩ 0,124 0,065 0,088 0,064 0,124 0,078 

3 

ɿʤʝʥʰ. 

ɹʆ 0,221 0,125 0,278 0,086 0,168 - 
ʆʉ 0,226 0,128 0,300 0,087 0,184 - 
ʆʊ 0,236 0,128 0,292 0,086 0,176 - 
ʋʩ 0,306 0,182 0,310 0,086 0,306 0,182 

ʇʽʜʚʠʱ. 

ɹʆ 0,175 0,056 0,171 - 0,096 0,080 
ʆʉ 0,175 0,056 0,178 - 0,103 0,081 
ʆʊ 0,177 0,056 0,177 - 0,099 0,082 
ʋʩ 0,208 0,126 0,192 - 0,208 0,126 

5 

ɿʤʝʥʰ. 

ɹʆ 0,362 0,092 0,479 0,096 0,208 - 
ʆʉ 0,368 0,092 0,516 0,097 0,226 - 
ʆʊ 0,380 0,092 0,501 0,096 0,219 - 
ʋʩ 0,458 0,237 0,530 0,096 0,458 0,237 

ʇʽʜʚʠʱ. 

ɹʆ 0,300 0,092 0,303 0,091 0,121 0,097 
ʆʉ 0,300 0,092 0,314 0,091 0,129 0,099 
ʆʊ 0,304 0,092 0,312 0,091 0,125 0,099 
ʋʩ 0,339 0,092 0,333 0,091 0,158 0,117 

ɿ/ʙ 
ʢʘʨʢʘʩ 

1 

ɿʤʝʥʰ. 

ɹʆ 0,103 0,046 0,115 0,049 0,102 - 
ʆʉ 0,107 0,046 0,126 0,049 0,111 - 
ʆʊ 0,115 0,046 0,122 0,049 0,115 - 
ʋʩ 0,047 - 0,128 0,049 0,153 0,102 

ʇʽʜʚʠʱ. 

ɹʆ 0,048 0,044 0,062 - 0,076 0,049 
ʆʉ 0,054 0,044 0,065 - 0,076 0,053 
ʆʊ 0,056 0,044 0,064 - 0,076 0,049 
ʋʩ 0,049 0,042 0,069 0,069 0,093 0,076 

5 

ɿʤʝʥʰ. 

ɹʆ 0,269 0,131 0,395 - 0,157 - 
ʆʉ 0,275 0,133 0,425 - 0,172 - 
ʆʊ 0,282 0,134 0,412 - 0,166 - 
ʋʩ 0,327 0,177 0,432 - 0,177 0,137 

ʇʽʜʚʠʱ. 

ɹʆ 0,218 - 0,255 - 0,108 0,065 
ʆʉ 0,221 - 0,265 - 0,111 0,084 
ʆʊ 0,221 - 0,262 - 0,111 0,068 
ʋʩ 0,240 - 0,275 - 0,125 0,107 

10 

ɿʤʝʥʰ. 

ɹʆ 0,643 0,122 0,926 0,126 0,211 - 
ʆʉ 0,654 0,122 0,996 0,126 0,229 - 
ʆʊ 0,664 0,122 0,968 0,126 0,222 - 
ʋʩ 0,735 0,122 1,012 0,126 0,245 0,190 

ʇʽʜʚʠʱ. 

ɹʆ 0,543 0,121 0,592 0,126 0,146 0,104 
ʆʉ 0,549 0,121 0,616 0,126 0,149 0,111 
ʆʊ 0,550 0,121 0,610 0,126 0,149 0,105 
ʋʩ 0,584 0,121 0,642 0,126 0,172 0,144 
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ʦʩʥʦʚʠ ʜʦ 65% ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ (ʢʨʽʤ ʚʠʥʠʢʥʝʥʥʷ ʢʘʨʩʪʦʚʦʛʦ ʘʙʦ ʽʥʰʦʛʦ 
ʧʨʦʚʘʣʫ ʧʽʜ ʪʦʨʮʝʤ). ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʛʥʫʯʢʦʩʪʽ ʙʫʜʽʚʣʽ ʪʘ ʜʣʷ ʚʠʩʰʠʭ 
ʬʦʨʤ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʚʧʣʠʚ ʪʘʢʦʛʦ ʦʩʣʘʙʣʝʥʥʷ ʻ ʩʫʪʪʻʚʦ ʤʝʥʰʠʤ ʘʙʦ 
ʚʟʘʛʘʣʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ. ɺʘʨʽʘʥʪ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʚʘʣʫ ʧʽʜ ʪʦʨʮʝʤ 
ʙʫʜʽʚʣʽ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʽʚ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ 
ʦʩʣʘʙʣʝʥʥʷ ʦʩʥʦʚʠ) ʧʦʢʘʟʘʚ ʟʥʘʯʥʫ ʟʤʽʥʫ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ 
ʩʫʪʪʻʚʦʶ ʢʦʨʝʢʮʽʻʶ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ, ʱʦ ʚʠʤʘʛʘʻ 
ʚʨʘʭʫʚʘʥʥʷ ʧʦʷʚʠ ʪʘʢʠʭ ʧʨʦʚʘʣʽʚ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʧʝʨʝʚʽʨʦʯʥʠʭ 
ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʩʝʡʩʤʽʢʫ (ʫ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʪʝʨʤʽʥʦʚʦʾ 
ʢʦʤʧʝʥʩʘʮʽʾ ʧʨʦʚʘʣʫ). ʍʦʯʘ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʧʨʦʚʘʣʫ ʘʥʘʣʦʛʽʯʥʦ 
ʟʤʝʥʰʫʻʪʴʩʷ ʜʣʷ ʙʽʣʴʰ ʛʥʫʯʢʠʭ ʩʠʩʪʝʤ. 
ʅʘ ʦʩʥʦʚʽ ʚʠʢʣʘʜʝʥʦʛʦ ʚʠʱʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. 

ʅʝʦʙʭʽʜʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʦʩʥʦʚʠ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ 
(ʙʝʟ ʧʦʙʫʜʦʚʠ ʤʘʩʠʚʫ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʛʨʫʥʪʫ ʦʩʥʦʚʠ) ʢʘʤôʷʥʠʭ ʘʙʦ 
ʽʥʰʠʭ ʞʦʨʩʪʢʠʭ ʙʫʜʽʚʝʣʴ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʧʨʷʤʫ ʜʽʾ ʢʦʣʠʚʘʥʥʷ. 
ʆʙʦʚôʷʟʢʦʚʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ ʝʬʝʢʪʽʚ ʧʽʜʚʠʱʝʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ 
ʦʩʥʦʚʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʪʘʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ɼʣʷ ʜʠʥʘʤʽʯʥʦʛʦ 
ʨʦʟʨʘʭʫʥʢʫ ʟ ʤʝʪʦʶ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʠʥʘʤʽʯʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ ʧʨʠ ʤʽʢʨʦʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʘʭ ʙʽʣʴʰ ʪʦʯʥʠʤ ʻ, ʷʢ 
ʧʨʘʚʠʣʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʟʽʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʴ ʪʠʤʯʘʩʦʚʠʭ ʩʪʘʪʠʯʥʠʭ 
ʥʘʚʘʥʪʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʧʦʯʘʪʢʦʚʠʭ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ 
ʮʴʦʤʫ ʩʣʽʜ ʫʥʠʢʘʪʠ ʧʨʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ 
ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʾʭ ʤʽʮʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʢʣʶʯʘʪʠ ʚ ʨʦʟʨʘʭʫʥʦʢ ʚʩʽ 
ʝʣʝʤʝʥʪʠ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ. 
ʆʨʽʻʥʪʠʨʦʤ ʜʣʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʦʨʝʢʮʽʾ ʤʦʜʝʣʽ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 
ʤʘʻ ʙʫʪʠ ʟʥʘʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʨʦʟʨʘʭʫʥʢʦʤ ʧʝʨʽʦʜʽʚ ʚʣʘʩʥʠʭ 
ʢʦʣʠʚʘʥʴ ʩʠʩʪʝʤʠ ʚʽʜ ʪʠʧʦʚʠʭ ʟʥʘʯʝʥʴ, ʚʠʟʥʘʯʝʥʠʭ ʥʘʪʫʨʥʦ ʜʣʷ 
ʘʥʘʣʦʛʽʯʥʠʭ ʙʫʜʽʚʝʣʴ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʤʧʽʨʠʯʥʠʭ ʬʦʨʤʫʣ ʜʣʷ 
ʜʦʜʘʪʢʦʚʦʾ ʦʮʽʥʢʠ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʝʨʽʦʜʽʚ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʝʣʴ ʯʝʨʝʟ 
ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʙʽʨ ʥʘʷʚʥʠʭ ʚʽʜʧʦʚʽʜʥʠʭ 
ʟʘʣʝʞʥʦʩʪʝʡ. ʈʦʟʚʠʪʦʢ ʧʦʰʢʦʜʞʝʥʴ ʢʘʤôʷʥʦʾ ʙʫʜʽʚʣʽ ʚʽʜ ʟʥʘʯʥʠʭ 
ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚʠ ʧʽʜʚʠʱʫʻ ʧʝʨʽʦʜʠ ʾʾ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ, 
ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʟʥʠʞʝʥʥʶ ʞʦʨʩʪʢʦʩʪʽ ʢʘʤôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ 20é30% ʫ 
ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʧʦʰʢʦʜʞʝʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʘʢʝ 
ʟʥʠʞʝʥʥʷ ʞʦʨʩʪʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʫ ʥʘʧʨʷʤʽ ʙʫʜʽʚʣʽ ʚ 
ʧʣʘʥʽ, ʤʝʥʰ ʧʦʰʢʦʜʞʝʥʦʤʫ ʚʽʜ ʜʝʬʦʨʤʘʮʽʡ (ʥʘʧʨʠʢʣʘʜ, ʧʦʧʝʨʝʯʥʦʤʫ), ʘ 
ʪʘʢʦʞ ʜʣʷ ʧʦʚʥʦʮʽʥʥʦ ʚʽʜʥʦʚʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʉʫʪʪʻʚʝ (ʙʦʣʴʰʝ 
10é15%) ʧʽʜʚʠʱʝʥʥʷ ʧʝʨʽʦʜʽʚ ʦʩʥʦʚʥʠʭ ʪʦʥʽʚ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ 
ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʣʷ ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʞʦʨʩʪʢʠʭ ʙʫʜʽʚʝʣʴ ʧʨʠ ʟʥʠʞʝʥʥʽ 
ʞʦʨʩʪʢʦʩʪʽ ʜʽʣʷʥʦʢ ʦʩʥʦʚʠ ʜʦ 65% ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ 
ʛʥʫʯʢʦʩʪʽ ʙʫʜʽʚʣʽ ʪʘ ʜʣʷ ʚʠʩʰʠʭ ʬʦʨʤ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʚʧʣʠʚ ʪʘʢʦʛʦ 
ʦʩʣʘʙʣʝʥʥʷ ʻ ʩʫʪʪʻʚʦ ʤʝʥʰʠʤ ʘʙʦ ʚʟʘʛʘʣʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ. ɺʘʨʽʘʥʪ ʟ 
ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʚʘʣʫ ʧʽʜ ʪʦʨʮʝʤ ʙʫʜʽʚʣʽ ʧʦʢʘʟʘʚ ʟʥʘʯʥʫ ʟʤʽʥʫ ʜʠʥʘʤʽʯʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʩʫʪʪʻʚʦʶ ʢʦʨʝʢʮʽʻʶ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ, 
ʱʦ ʚʠʤʘʛʘʻ ʚʨʘʭʫʚʘʥʥʷ ʧʦʷʚʠ ʪʘʢʠʭ ʧʨʦʚʘʣʽʚ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʧʝʨʝʚʽʨʦʯʥʠʭ 
ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʩʝʡʩʤʽʢʫ. 
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ʋʟʣʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʃɺʃ ʙʨʫʩʘ ʥʘ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʷʭ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʪʳʢʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʧʦʣʫ-ʞʝʩʪʢʠʤʠ ʠ 

ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʧʦʜʘʪʣʠʚʦʩʪʠ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʧʳʪʘʥʠʡ ʙʘʣʦʢ ʩ ʤʝʪʘʣʠʯʝʩʢʠʤ ʫʟʣʦʤ ʥʘ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʷʭ ʠ 

ʮʝʣʴʥʳʭ ʙʘʣʦʢ. ʇʨʝʜʣʦʞʝʥʦ ʤʦʜʝʣʴ ʨʘʟʨʫʰʝʥʠʷ ʩʪʝʨʞʥʝʡ, ʫʯʝʪ 

ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʩʷʤʠ ʩʪʝʨʞʥʝʡ ʠ ʦʪ ʦʩʠ 

ʩʪʝʨʞʥʷ ʜʦ ʛʨʘʥʝʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʙʘʣʢʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ 

ʚʳʧʦʣʥʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

 

ɺʫʟʣʦʚʽ ʟôʻʜʥʘʥʥʷ ʃɺʃ ʙʨʫʩʫ ʥʘ ʚʢʣʝʻʥʠʭ ʩʪʝʨʞʥʷʭ ʟ ʤʝʪʘʣʝʚʠʤʠ 

ʩʪʠʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʻ ʥʘʧʽʚ-ʞʦʨʩʪʢʠʤʠ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʚʨʘʭʫʚʘʥʥʷ 

ʧʽʜʘʪʣʠʚʦʩʪʽ. ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʙʘʣʦʢ 

ʟ ʤʝʪʘʣʝʚʠʤ ʚʫʟʣʦʤ ʥʘ ʚʢʣʝʻʥʠʭ ʩʪʝʨʞʥʷʭ ʪʘ ʮʽʣʴʥʠʭ ʙʘʣʦʢ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʨʫʡʥʫʚʘʥʥʷ ʩʪʝʨʞʥʽʚ, ʚʨʘʭʫʚʘʥʥʷ ʷʢʦʾ 

ʜʦʟʚʦʣʷʻ ʟʥʠʞʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʩʷʤʠ ʩʪʝʨʞʥʽʚ ʪʘ ʚʽʜ ʦʩʽ ʩʪʝʨʞʥʷ ʜʦ 

ʛʨʘʥʝʡ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʙʘʣʢʠ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʚʠʢʦʥʘʥʠʭ 

ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 
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The joints of the LVL elements with glued-in steel rods and metal 

connectors are considered as semi-rigid connection and requires taking of 

account compliance. In this study gives an analysis of the results of tests 

LVL beams with a metal connector on glued-in steel rods and solid LVL 

beams. Model of the destruction of rods in LVL is proposed, and allows for 

reduction the distance between the axis of the rods and from the axis of the 

rod to the edges in the cross section of the beam. This proposing is based on 

the analysis of the carried out investigations. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  

ɺʚʢʣʝʻʥʽ ʩʪʝʨʞʥʽ, ʥʘʧʽʚ- ʞʦʨʩʪʢʝ ʟôʻʜʥʘʥʥʷ, ʰʧʦʥʦʚʠʡ ʙʨʫʩ ʃɺʃ 

(Ultralam  ï R), ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʪʝʨʞʥʷʤʠ, ʤʦʜʝʣʴ ʨʫʡʥʫʚʘʥʥʷ, 

ʜʚʦʩʪʦʨʦʥʥʷ ʬʽʢʩʘʮʽʷ ʚʫʟʣʘ.    

ɺʢʣʝʝʥʳʝ ʩʪʝʨʞʥʠ, ʧʦʣʫ-ʞʝʩʪʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʰʧʦʥʦʚʳʡ ʙʨʫʩ ʃɺʃ  

(Ultralam  ï R), ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʝʨʞʥʷʤʠ, ʤʦʜʝʣʴ ʨʘʟʨʫʰʝʥʠʷ, 

ʜʚʫʩʪʦʨʦʥʥʷʷ ʬʠʢʩʘʮʠʷ ʫʟʣʘ.  

glued-in steel rods, semi-rigid  connection, laminated veneer lumber 

(Ultralam  ï R), axes and edge distance, model of rupture , two side fixing.   

 

ɺʚʝʜʝʥʠʝ 

ʐʧʦʥʦʚʳʡ ʙʨʫʩ ʠʣʠ ʃɺʃ ʥʘ ʦʩʥʦʚʝ ʜʨʝʚʝʩʠʥʳ ʭʚʦʡʥʳʭ ʧʦʨʦʜ 

ʧʨʦʠʟʚʦʜʠʤʳʡ ʢʦʤʧʘʥʠʷʤʠ Ultralam ʠ Kerto ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ 

ʩʪʨʦʠʪʝʣʴʥʦʤ ʨʳʥʢʝ ʜʝʨʝʚʷʥʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ 

ʧʨʦʯʥʦʩʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʩʪʦʠʤʦʩʪʠ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʝʡ 

ʩʪʦʠʤʦʩʪʴ ʢʣʝʝʥʦʡ ʜʨʝʚʝʩʠʥʳ, ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚʩʝ ʙʦʣʴʰʝ ʧʨʠʚʣʝʢʘʝʪ 

ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʟʘʢʘʟʯʠʢʦʚ, ʥʦ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ. ʐʧʦʥʦʚʘʷ 

ʩʪʨʫʢʪʫʨʘ ʃɺʃ ʙʨʫʩʘ ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʠʜʦʚ ʩʦʝʜʠʥʝʥʠʡ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʠʟ ʢʣʝʝʥʦʡ ʜʨʝʚʝʩʠʥʳ. ʍʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʠ 

ʨʘʟʨʫʰʝʥʠʷ ʃɺʃ ʧʨʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʫʟʣʦʚ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʝʝʥʦʡ ʜʨʝʚʝʩʠʥʳ ʠ ʪʨʝʙʫʝʪ ʚʥʝʩʝʥʠʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʜʠʘʤʝʪʨʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʚʝʨʣʝʥʳʭ ʦʪʚʝʨʩʪʠʡ, ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ 

ʥʘʛʝʣʷʤʠ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʃɺʃ ʙʨʫʩʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʝʡ ʪʘʢʞʝ ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʦʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ ʩʨʝʜʠ ʢʦʣʣʝʛ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

M. Stepinac, R. Steiger, E. Gehri, A. Buchanan, E. Serrano, N. Meyer, ʠ 

ʜʨʫʛʠʝ. ɺ ʩʪʨʘʥʘʭ ʉʅɻ ʚʢʣʝʝʥʳʝ ʩʪʝʨʞʥʠ ʢʘʢ ʞʝʩʪʢʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ ʠʥʞʝʥʝʨʥʳʤ ʨʝʰʝʥʠʝʤ 

ʫʟʣʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʘʨʢʘʩʦʚ ʙʦʣʴʰʝʧʨʦʣʝʪʥʳʭ ʟʜʘʥʠʡ. ɺ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʝʡ ʜʝʰʝʚʣʝ, ʯʝʤ 

ʚʠʥʪʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʧʫʣʷʨʥʳ ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ ʠ 

ʷʚʣʷʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʣʷ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʝʡ.       

ʉʦʝʜʠʥʝʥʠʝ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʚʢʣʝʝʥʳʭ ʩʪʨʝʞʥʷʭ ʚʦʟʤʦʞʥʦ 

ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: ʩʦʝʜʠʥʝʥʠʝ ʜʨʝʚʝʩʠʥʳ ʩ ʜʨʝʚʝʩʠʥʦʡ ʠʣʠ ʩ ʧʨʠʚʘʨʢʦʡ ʢ 
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ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʵʣʝʤʝʥʪʫ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʝʡ (ʨʠʩ. 1-ʘ) ʠ ʩʦʝʜʠʥʝʥʠʝ 

ʜʨʝʚʝʩʠʥʳ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʩʪʘʚʢʦʡ ʥʘ ʙʦʣʪʘʭ (ʨʠʩ. 1-ʙ).  

 

 

ʘ) ʞʝʩʪʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʧʦʨʥʦʛʦ ʫʟʣʘ ʢʦʣʦʥʥʳ ʩ ʬʫʥʜʘʤʝʥʪʦʤ ʠ ʢʘʨʥʠʟʥʦʛʦ 

ʫʟʣʘ ʪʨʝʭʰʘʨʥʠʨʥʦʡ ʨʘʤʳ 
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ʙ)  ʧʦʣʫʞʝʩʪʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʧʦʨʥʦʛʦ ʠ ʢʘʨʥʠʟʥʦʛʦ ʫʟʣʦʚ 

ʈʠʩ.1 ɾʝʩʪʢʠʝ ʠ ʧʦʣʫʞʝʩʪʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʷʭ 

ɺ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ ʵʪʠ ʚʘʨʠʘʥʪʳ ʥʘʟʳʚʘʶʪʩʷ ʢʘʢ ʞʝʩʪʢʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʠ ʧʦʣʫʞʝʩʪʢʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʟʛʦʪʦʚʣʝʥʠʝ ʫʟʣʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʢʦʪʦʨʳʝ ʥʝ ʨʘʟʙʦʨʥʳʝ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʫʟʣʦʚ ʠʣʠ ʧʦʣʫʞʝʩʪʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʢʘʨʢʘʩʘʭ ʠʣʠ ʩʣʦʞʥʳʭ 

ʩʠʩʪʝʤʘʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʛʜʝ ʙʝʟʤʝʪʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʥʝʚʦʟʤʦʞʥʳ.    

ʇʦʜʘʪʣʠʚʦʩʪʴ ʙʦʣʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʫʞʝʩʪʢʠʭ ʩʪʳʢʦʚ ʜʝʨʝʚʷʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʷʭ ʩʦʩʪʦʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʜʝʬʦʨʤʘʮʠʡ 

ʙʦʣʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʦ ʠ ʦʪ ʧʦʜʘʪʣʠʚʦʩʪʠ ʩʘʤʠʭ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʝʡ, 

ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʝʨʚʦʡ. ɼʣʷ ʥʘʢʣʦʥʥʳʭ 
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ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʝʡ ʩʦʛʣʘʩʥʦ ʥʦʨʤ ʈʦʩʩʠʠ ʉʇ 64.13330.2017 [1] 

ʧʦʜʘʪʣʠʚʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 0,001 ʤʤ/ʢʅ. ʀʟʚʝʩʪʥʳ ʤʝʪʦʜʳ ʫʯʝʪʘ 

ʧʦʜʘʪʣʠʚʦʩʪʴ ʥʘʛʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʘʢʠʭ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʢʘʢ 

ʬʝʨʤʳ, ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚʳʭ ʧʨʠʤʳʢʘʥʠʡ ʵʣʝʤʝʥʪʦʚ 

ʩʢʚʦʟʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʚʝʣʠʯʠʥʫ ʩʫʤʤʘʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʧʨʦʛʠʙʘ. ʆʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʛʠʙʘ ʜʣʷ ʬʝʨʤ ʩ ʟʘʥʠʞʝʥʥʦʡ ʚʳʩʦʪʦʡ. ɺ ʨʘʙʦʪʝ 

ʧʨʦʬ. ʉʝʨʦʚʘ ɽ.ʅ. [8] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʢʦʥʢʨʝʪʥʳʭ 

ʥʦʨʤʘʪʠʚʥʳʭ ʚʝʣʠʯʠʥ ʧʦʜʘʪʣʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʫʨʦʚʥʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʛʠʙʘ, ʚʳʟʚʘʥʥʦʝ 

ʧʦʜʘʪʣʠʚʦʩʪʴʶ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʥʠʭ ʫʩʠʣʠʡ ʩʣʝʜʫʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʬʦʨʤʫʣʝ:   

 

                   (1)                  

ʛʜʝ: 

fʧ.ʥ. ï ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʘʪʣʠʚʦʩʪʠ ʚ ʨʘʩʪʷʥʫʪʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʘʛʝʣʷʭ;  

fʧ.ʚ. ï ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʘʪʣʠʚʦʩʪʠ ʚʦ ʚʨʫʙʢʘʭ ʠ ʫʧʦʨʘʭ; 

k ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʳʢʦʚ ʥʘ ʥʘʛʝʣʷʭ; 

m ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʳʢʦʚ ʥʘ ʚʨʫʙʢʘʭ ʠ ʫʧʦʨʘʭ; 

ȹʥi ï ʥʦʨʤʘʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʜʘʪʣʠʚʦʩʪʠ i-ʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ 

ʧʦʣʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʛʦ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ;   

Nci ï ʜʝʡʩʪʚʫʶʱʝʝ ʫʩʠʣʠʝ ʚ i-ʤ ʩʦʝʜʠʥʝʥʠʠ; 

Nʥ.ci ï ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ i-ʛʦ ʥʘʛʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ; 

ů
Ŭ
ʩʤi ï ʜʝʡʩʪʚʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʷ ʩʤʷʪʠʷ ʚ i-ʤ ʩʦʝʜʠʥʝʥʠʠ; 

R
Ŭ
ʩʤi ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʤʷʪʠʷ ʚ i-ʤ ʩʦʝʜʠʥʝʥʠʠ. 

ɺ ʧʦʩʦʙʠʠ ʢ ʉʅʠʇ ʧʦ ʨʘʩʯʝʪʫ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ [10] 

ʧʨʝʜʣʦʞʝʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʫʟʣʦʚ ʬʝʨʤ ʩ ʫʯʝʪʦʤ ʧʦʜʘʪʣʠʚʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʧʨʘʚʠʣʘʤ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ʩ ʚʚʝʜʝʥʠʝʤ 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ (ʧ. 6.29). 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ 2016 ʛʦʜʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʫʟʣʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ 

ʚʢʣʝʥʳʭ ʩʪʝʨʞʥʷʭ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʩʪʘʚʢʦʡ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʩʝʨʝʜʠʥʝ 

ʙʘʣʢʠ ʠʟ ʃɺʃ ʙʨʫʩʘ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ ʙʘʣʦʢ 

ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ ʠ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ. ɼʨʝʚʝʩʠʥʘ ʙʘʣʦʢ ï LVL  ʙʨʫʩ ʩ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʰʧʦʥʦʤ Ultralam (ʪʠʧ R). ʀʩʧʳʪʘʥʠʷ ʫʟʣʘ ʩʪʘʣʠ 

ʢʣʶʯʝʚʳʤ ʠ ʟʘʚʝʨʰʘʶʱʠʤ ʣʦʛʠʯʝʩʢʠʤ ʵʪʘʧʦʤ ʮʠʢʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʃɺʃ 

ʙʨʫʩʘ [7, 9], ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʧʦʣʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʫʟʣʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʠʩʧʳʪʘʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʩʞʘʪʠʠ ʧʦʜ 

ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ, ʠʩʧʳʪʘʥʠʝ ʦʙʨʘʟʮʦʚ ʥʘ ʩʢʘʣʳʚʘʥʠʝ ʠ ʠʩʧʳʪʘʥʠʷ 

ʦʙʨʘʟʮʦʚ ʥʘ ʚʳʜʝʨʛʠʚʘʥʠʝ ʦʜʠʥʦʯʥʳʭ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʝʡ.  
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ʈʠʩ. 2 ʉʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ ʙʘʣʦʢ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʩʪʘʚʢʦʡ 

 

ʀʩʧʳʪʳʚʘʣʠʩʴ ʙʘʣʢʠ ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ 75ʭ200 ʤʤ, ʧʨʦʣʝʪʦʤ 2,25 

ʤ ʩ ʫʟʣʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʩʝʨʝʜʠʥʝ ʙʘʣʢʠ, ʛʜʝ ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʚ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʰʧʠʣʴʢʠ ʄ16. ɺʪʦʨʦʡ ʪʠʧ 

ʙʘʣʦʢ ʦʪʣʠʯʘʣʩʷ ʦʪ ʧʝʨʚʦʛʦ ʪʝʤ, ʯʪʦ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʙʳʣʠ ʚʢʣʝʝʥʳ ʰʧʠʣʴʢʠ ʄ10, ʘ ʚ ʥʠʞʥʝʡ - ʄ16. ʊʘʢʞʝ ʠʩʧʳʪʳʚʘʣʠʩʴ 

ʮʝʣʴʥʳʝ ʙʘʣʢʠ ʙʝʟ ʫʟʣʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʂʣʘʩʩ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʠ ʰʧʠʣʝʢ 

5.8. ʂʣʝʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʩʤʦʣʳ ʕɼ-20. ɻʣʫʙʠʥʘ ʚʢʣʝʡʢʠ 

ʩʦʩʪʘʚʣʷʣʘ 180 ʤʤ ʠ ʜʠʘʤʝʪʨ ʚʩʝʭ ʦʪʚʝʨʩʪʠʡ ʚʳʧʦʣʥʷʣʩʷ ʥʘ 2 ʤʤ ʙʦʣʴʰʝ 

ʜʠʘʤʝʪʨʘ ʚʢʣʝʠʚʘʝʤʦʛʦ ʩʪʝʨʞʥʷ. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʩʷʤʠ ʩʪʝʨʞʥʝʡ ʚʦ 

ʚʩʝʭ ʩʝʯʝʥʠʷʭ ʙʳʣʦ ʧʨʠʥʷʪʦ ʦʜʠʥʘʢʦʚʦʝ (ʨʠʩ. 3).  

ʀʩʧʳʪʘʥʠʷ ʙʘʣʦʢ ʧʨʦʚʦʜʠʣʦʩʴ ʧʫʪʸʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʠʭ 

ʜʦʤʢʨʘʪʦʤ  25 ʪ ʯʝʨʝʟ ʪʨʘʚʝʨʩʫ, ʨʘʩʧʨʝʜʝʣʷʶʱʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 2 ʪʦʯʢʠ ʚ 

ʪʨʝʪʷʭ ʧʨʦʣʸʪʘ. ʄʦʜʝʣʴ ʙʳʣʘ ʨʘʩʢʨʝʧʣʝʥʘ ʠʟ ʧʣʦʩʢʦʩʪʠ ʥʘ ʦʧʦʨʘʭ ʠ ʚ 

ʤʝʩʪʘʭ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ. ʇʝʨʝʜ ʠʩʧʳʪʘʥʠʝʤ ʢʘʞʜʘʷ ʙʘʣʢʘ 

ʥʘʛʨʫʞʘʣʘʩʴ ʥʘ 1 ʪ ʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʛʨʫʞʘʣʘʩʴ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʪʷʛʠʚʘʣʠʩʴ 

ʚʩʝ ʛʘʡʢʠ ʚ ʩʦʝʜʠʥʝʥʠʠ. ʐʘʛ ʥʘʛʨʫʞʝʥʠʷ 1 ʪ, ʩ ʚʳʜʝʨʞʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ 2 ʤʠʥ. 

ɺʩʝ ʙʘʣʢʠ ʜʦʚʦʜʠʣʠʩʴ ʜʦ ʨʘʟʨʫʰʝʥʠʷ. ɺʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʡ 

ʟʘʤʝʨʷʣʠʩʴ ʥʘ ʦʧʦʨʘʭ ʠ ʚ ʧʨʦʣʝʪʝ ʩ ʧʦʤʦʱʴʶ ʠʥʜʠʢʘʪʦʨʦʚ ʯʘʩʦʚʦʛʦ ʪʠʧʘ ʩ 

ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,001 ʤʤ. 
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ʘ) ʩʭʝʤʘ ʨʘʩʩʪʘʥʦʚʢʠ ʩʪʝʨʞʥʝʡ 

 
ʙ) ʚʠʜ ʨʘʟʨʫʰʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 

ʈʠʩ. 3 ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʩʪʝʨʞʥʝʡ ʠ ʚʠʜ ʫʟʣʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠ ̫
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ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʉʭʝʤʘ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʤʝʝʪ ʪʠʧʠʯʥʳʡ ʭʨʫʧʢʠʡ ʭʘʨʘʢʪʝʨ ʚ ʚʠʜʝ 

ʚʳʜʝʨʛʠʚʘʥʠʷ ʩʪʝʨʞʥʝʡ ʧʦʢʨʳʪʳʭ ʩʣʦʝʤ ʜʨʝʚʝʩʠʥʳ ʠʣʠ ʢʣʠʥʦʚʠʜʥʦʝ 

ʩʢʘʣʳʚʘʥʠʝ ʜʨʝʚʝʩʠʥʳ ʚʦʢʨʫʛ ʩʪʝʨʞʥʝʡ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʚʝʨʣʝʥʠʷ 

ʦʪʚʝʨʩʪʠʡ ʙʳʣʦ ʧʨʠʥʷʪʦ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ ʨʘʩʩʪʦʷʥʠʝ ʢ ʛʨʘʥʷʤ 

ʤʝʥʴʰʝ, ʯʝʤ ʨʝʢʦʤʝʥʜʫʶʪ ʩʪʘʥʜʘʨʪʳ ʨʘʟʣʠʯʥʳʭ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ ʠ 

ʝʚʨʦʧʝʡʩʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʢʣʶʯʝʥʠʡ [1-5], ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 1, ʛʜʝ 

d-ʜʠʘʤʝʪʨ ʚʢʣʝʝʥʦʛʦ ʩʪʝʨʞʥʷ. ʋʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʦʜʠʥʦʯʥʳʭ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʝʡ ʧʨʠ ʦʩʝʚʦʤ ʥʘʛʨʫʞʝʥʠʠ ʚ 

ʦʙʨʘʟʮʘʭ ʃɺʃ ʙʨʫʩʘ ʩ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʰʧʦʥʦʤ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʭʝʤʘ 

ʨʘʟʨʫʰʝʥʠʷ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʦʝ ʨʘʩʢʘʣʳʚʘʥʠʝ ʠ ʥʝʙʦʣʴʰʫʶ ʦʙʣʘʩʪʴ 

ʚʳʢʘʣʳʚʘʝʤʦʡ ʜʨʝʚʝʩʠʥʳ, ʯʪʦ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʚ ʧʫʙʣʠʢʘʮʠʠ [7]. ʂʨʦʤʝ 

ʦʜʠʥʦʯʥʳʭ ʚʢʣʝʥʳʭ ʩʪʝʨʞʥʝʡ ʪʘʢʞʝ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʦʙʨʘʟʮʳ ʩ ʜʚʫʤʷ 

ʚʢʣʝʝʥʳʤʠ ʩʪʝʨʞʥʷʤʠ ʩ ʤʝʞʦʩʝʚʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʥʝʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ. 

ʅʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʥʦ ʥʦʨʤ ʈʦʩʩʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʜʝʨʝʚʷʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʉʇ64.13330.2017 [1] ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʨʘʥʝʡ 

ʧʘʢʝʪʘ ʜʦ ʦʩʠ ʩʪʝʨʞʥʷ ʧʨʠʥʠʤʘʝʪʩʷ ʥʝ ʤʝʥʝʝ 2d ʠ ʤʝʞʜʫ ʦʩʷʤʠ ʩʪʝʨʞʥʝʡ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 3d.   

ʊʘʙʣʠʮʘ 1  

ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʢʣʝʝʥʳʤʠ ʩʪʝʨʞʥʷʤʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʜʦʣʴ 

ʚʦʣʦʢʦʥ, ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ ʠ ʚ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʷʭ 
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a1 2d 2.5d 2.5d 2.5d 2.3d 1.75d 1.875d 

1.16d 

(18.5 

ʤʤ) 

a2 2d 2.5d 2.5d 2.5d 2.3d 1.75d 1.875d 

1.16d 

(18.5 

ʤʤ) 

a3 3d 5d 5d 2d 4d 3.5d 3.75d 

2.37d 

(38 

ʤʤ) 

 

ʉʥʠʞʝʥʥʳʝ ʤʝʞʦʩʝʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʝʡ ʠ ʨʘʩʩʪʦʷʥʠʷ ʢ 

ʛʨʘʥʷʤ ʥʝ ʥʘʨʫʰʠʣʠ ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ ʩʭʝʤʫ ʨʘʟʨʫʰʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʦʙʣʘʩʪʴ ʚʳʢʘʣʳʚʘʝʤʦʡ ʜʨʝʚʝʩʠʥʳ ʥʝ ʚʳʭʦʜʠʣʘ ʥʘ ʛʨʘʥʠ ʠʣʠ ʥʘʨʫʞʥʳʝ 
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ʢʨʦʤʢʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ ʩʪʝʨʞʥʝʡ 

ʧʦʟʚʦʣʷʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʚʘʣʠʟʘʮʠʷ ʦʙʣʘʩʪʠ ʩʢʘʣʳʚʘʝʤʦʡ 

ʜʨʝʚʝʩʠʥʳ ʚʦʢʨʫʛ ʚʢʣʝʝʥʦʛʦ ʩʪʝʨʞʥʷ. ʅʘʠʙʦʣʴʰʘʷ ʯʘʩʪʴ ʜʨʝʚʝʩʠʥʳ 

ʩʢʘʣʳʚʘʝʪʩʷ ʚʜʦʣʴ ʩʣʦʝʚ ʰʧʦʥʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʃɺʃ ʙʨʫʩʘ, ʛʜʝ 

ʚʳʢʘʣʳʚʘʝʪʩʷ ʦʙʣʘʩʪʴ ʜʨʝʚʝʩʠʥʳ ʥʝ ʧʨʝʚʳʰʘʶʱʘʷ 4 ʩʣʦʝʚ ʰʧʦʥʘ ʦʙʱʝʡ 

ʰʠʨʠʥʦʡ 13-15ʤʤ.    

  

  

ʈʠʩ. 4 ʉʭʝʤʘ ʨʘʟʨʫʰʝʥʠʷ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʝʡ 

ʊʘʢʞʝ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʙʘʣʢʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʫʟʣʘ, 

ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʰʧʠʣʝʢ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʚ ʚʝʨʭʥʝʡ ʟʦʥʝ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʚʣʠʷʣʠ ʥʘ ʚʝʣʠʯʠʥʫ 

ʨʘʟʨʫʰʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ʠ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʴ ʙʘʣʢʠ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ, ʩʤ. 

ʨʠʩ. 6. ɺʝʨʭʥʠʝ ʩʪʝʨʞʥʠ ʥʝ ʚʢʣʶʯʘʣʠʩʴ ʚ ʨʘʙʦʪʫ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ, ʘ 

ʪʦʣʴʢʦ ʬʠʢʩʠʨʦʚʘʣʠ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʚʩʪʘʚʢʫ, ʢʦʪʦʨʘʷ ʩʤʠʥʘʣʘ ʚʝʨʭʥʶʶ 

ʯʘʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʘʣʢʠ. ʊʘʢʞʝ  ʜʝʬʦʨʤʘʮʠʷ ʚ ʚʝʨʭʥʝʡ ʟʦʥʝ 

ʙʘʣʢʠ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʟʘ ʩʯʝʪ ʦʙʤʷʪʠʷ ʨʝʟʴʙʳ ʩʪʝʨʞʥʝʡ ʚ ʚʝʨʭʥʝʡ ʟʦʥʝ. 

ʋʨʦʚʝʥʴ ʟʘʪʷʞʢʠ ʚʠʥʪʦʚ ʥʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ.  

 



89 

 

  

ʘ) ʤʦʜʝʣʴ ʦʚʘʣʠʟʘʮʠʠ ʦʙʣʘʩʪʠ 

ʩʢʘʣʳʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ 
ʙ) ʜʚʫʩʪʦʨʦʥʥʷʷ ʫʩʪʘʥʦʚʢʘ ʛʘʝʢ 

ʈʠʩ. 5 ʄʦʜʝʣʴ ʨʘʟʨʫʰʝʥʠʷ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʝʡ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʜʦʣʴ ʚʦʣʦʢʦʥ 

ʃɺʃ ʙʨʫʩʘ 

ʇʨʠ ʠʩʧʳʪʘʥʠʠ 5 ʙʘʣʦʢ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʩʪʘʚʢʦʡ ʙʳʣʠ ʦʪʜʝʣʴʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʝʣʠʯʠʥʳ ʧʨʦʛʠʙʦʚ ʙʘʣʦʢ ʚ ʪʨʝʭ ʪʦʯʢʘʭ: ʚ ʩʝʨʝʜʠʥʝ 

ʧʨʦʣʝʪʘ ʠ ʚ ʪʨʝʪʷʭ ʧʨʦʣʝʪʘ ʙʘʣʢʠ, ʢʫʜʘ ʧʨʠʢʣʘʜʳʚʘʣʠʩʴ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ 

ʩʠʣʳ. ʈʝʟʫʣʴʪʘʪʳ ʜʝʬʦʨʤʘʮʠʡ ʙʘʣʦʢ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʫʨʦʚʥʷʭ ʟʘʛʨʫʞʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 6, ʛʜʝ ʚʠʜʥʦ ʩʠʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ 

ʢʨʠʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʙʘʣʦʢ b2, b3 ʠ b4. ʈʘʟʨʫʰʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʜʣʷ ʙʘʣʦʢ 

ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 48ʢʅ ʜʦ 55ʢʅ. ʈʘʩʭʦʞʜʝʥʠʝ ʢʨʠʚʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʙʘʣʦʢ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʧʨʠ ʥʘʨʘʩʪʘʥʠʠ 

ʥʘʛʨʫʟʢʠ ʙʣʠʟʢʦʡ ʢ ʨʘʟʨʫʰʘʶʱʝʡ.  

 

ʈʠʩ. 6 ʇʨʦʛʠʙ ʙʘʣʦʢ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʩʪʘʚʢʘʤʠ 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʙʘʣʢʠ ʩʦ ʚʩʪʘʚʢʦʡ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʠʩʧʳʪʘʥʠʷ ʮʝʣʴʥʳʭ ʙʘʣʦʢ ʙʝʟ ʫʟʣʘ. ʂʨʠʚʘʷ ʧ1 ʥʘ ʨʠʩ. 7 

ʧʦʢʘʟʳʚʘʝʪ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʙʘʣʢʠ, ʘ ʢʨʠʚʳʝ ʧ2 ʠ ʧ3 

ʜʝʬʦʨʤʘʮʠʠ ʙʘʣʢʠ ʚ ʪʨʝʪʷʭ ʧʨʦʣʝʪʘ. ʅʘ ʨʠʩ. 7-ʘ) ʧʦʢʘʟʘʥʳ ʜʝʬʦʨʤʘʮʠʠ 

ʮʝʣʴʥʦʡ ʙʘʣʢʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʚʳʰʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʠ 
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ʠʣʠ ʧʨʦʛʠʙʘ ʚ ʩʨʝʜʠʥʝ ʧʨʦʣʝʪʘ. ɹʘʣʢʘ ʩʦ ʚʩʪʘʚʢʦʡ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ 

ʥʘʛʨʫʞʝʥʠʷ ʠʤʝʣʘ ʜʝʬʦʨʤʘʮʠʶ ʚ ʧʨʦʣʝʪʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ 

ʪʨʝʪʷʭ ʧʨʦʣʝʪʘ, ʧʦʩʢʦʣʴʢʫ ʞʝʩʪʢʦʩʪʴ ʙʘʣʢʠ ʚ ʫʟʣʝ ʚʳʰʝ ʠʟ-ʟʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʝʜʠʥʝʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʘʪʣʠʚʦʩʪʠ 

ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʝʡ.      

 

ʘ) 

 

ʙ) 

ʈʠʩ. 7 ʂʨʠʚʳʝ ʧʨʦʛʠʙʘ ʮʝʣʴʥʦʡ ʙʘʣʢʠ (ʘ) ʠ ʙʘʣʢʠ ʩʦ ʚʩʪʘʚʢʦʡ (ʙ) 

ʀʥʪʝʥʩʠʚʥʳʡ ʧʨʠʨʦʩʪ ʜʝʬʦʨʤʘʮʠʠ ʚ ʦʜʥʦʡ ʠʟ ʙʦʢʦʚʳʭ ʪʦʯʝʢ 

ʠʟʤʝʨʝʥʠʷ ʠʣʣʶʩʪʨʠʨʫʝʪ ʥʘʨʘʩʪʘʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʘʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʢʘʢ ʦʙʤʷʪʠʝ ʜʨʝʚʝʩʠʥʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʙʘʣʢʠ ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʩʪʘʚʢʦʡ ʠ ʨʘʩʪʷʞʝʥʠʝ 

ʚʢʣʝʝʥʦʛʦ ʩʪʝʨʞʥʷ. ʇʦʩʣʝʜʥʠʡ ʢʦʤʧʦʥʝʥʪ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʣʩʷ 

ʩʣʦʞʥʦʩʪʷʤʠ ʧʨʠ ʨʘʩʢʨʫʯʠʚʘʥʠʠ ʫʟʣʘ ʠʟ-ʟʘ ʫʜʣʠʥʝʥʠʷ ʩʪʨʝʞʥʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʠʷ ʰʘʛʘ ʨʝʟʴʙʳ.  
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ɺʳʚʦʜʳ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʫʟʣʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʷʭ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʩʪʘʚʢʦʡ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʚʢʣʝʝʥʳʤʠ ʩʪʝʨʞʥʷʤʠ ʜʦ 2,4Ād ʠ ʨʘʩʩʪʦʷʥʠʝ ʢ ʛʨʘʥʷʤ 1,2Ād, ʧʨʠ ʵʪʦʤ, ʥʝ 

ʜʦʧʫʩʢʘʷ ʙʣʦʢʦʚʫʶ ʩʭʝʤʫ ʨʘʟʨʫʰʝʥʠʷ ʛʨʫʧʧʳ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʝʡ. 

ʍʨʫʧʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʩ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝʤ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ 

ʰʧʦʥʘ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʚʠʥʪʦʚ ʠʣʠ ʧʨʠʤʝʥʝʥʠʷ ʃɺʃ ʙʨʫʩʘ ʩ 

ʧʦʧʝʨʝʯʥʳʤʠ ʩʣʦʷʤʠ ʰʧʦʥʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ 

ʙʘʣʦʢ ʥʘ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʷʭ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʫʟʣʦʤ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʧʦʜʘʪʣʠʚʦʩʪʠ ʜʘʥʥʦʛʦ ʧʦʣʫ-ʞʝʩʪʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.    

ʊʘʢʞʝ ʦʯʝʚʠʜʥʳʤ ʠ ʥʝʦʙʭʦʜʠʤʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ 

ʚʠʜʫ ʩʦʝʜʠʥʝʥʠʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʩʪʘʚʢʦʡ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʩ 

ʜʚʫʩʪʦʨʦʥʥʝʡ ʫʩʪʘʥʦʚʢʦʡ ʛʘʝʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʩʪʘʚʢʠ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʚʢʣʶʯʝʥʠʝ ʚ ʨʘʙʦʪʫ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʚʢʣʝʝʥʳʭ 

ʩʪʝʨʞʥʝʡ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʞʘʪʦʡ ʟʦʥʝ ʠʟʛʠʙʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ.  

 1.ʉʇ 64.13330.2017 ʉʚʦʜ ʧʨʘʚʠʣ. ɼʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ 

ʨʝʜʘʢʮʠʷ ʉʅʠʇ II-25-80, ʄʠʥʨʝʛʠʦʥ ʈʌ, ʄʦʩʢʚʘ, 2017. ï 97ʩ. 2.  Allgemeine 

bauaufsichtliche Zulassung Nr. Z-9.1-791 vom 17. Januar 2012: Verbindungen mit 

faserparallel in Brettschichtholz eingeklebten Stahlstªben. Deutsches Institut f¿r 

Bautechnik, Berlin. 3. Allgemeine bauaufsichtliche Zulassung Nr. Z-9.1-778 vom 31. 

Oktober 2012: 2K-EPKlebstoff GSA-Harz und GSA-Hªrter f¿r das Einklebten von 

Stahlstªben in Holzbaustoffe. Deutsches Institut f¿r Bautechnik, Berlin. 4.  DIN EN 

1995-1-1: Eurocode 5: Bemessung und Konstruktion von Holzbauten - Teil 1-1mit NA 

(2013): Allgemeines ï Allgemeine Regeln f¿r den Hochbau. DIN-Deutsches Institut f¿r 

Normung e.V., 2010. 5.   ɽN B 1995-1-1:2015, Eurocode 5: Bemessung und 

Konstruktion von Holzbauten - Teil 1-1: Allgemeines - Allgemeine Regeln und Regeln 

f¿r den Hochbau, Austria, 2015.  6.     Standard SIA 265:2012 - Timber Structures. SIA 

Swiss Society of Engineers and Architects, Zurich, Switzerland, 2012. 7.  ɺ.ɺ. ʌʫʨʩʦʚ, 

ɸ.ʅ. ɹʠʜʘʢʦʚ, ɽ.ɸ. ʈʘʩʧʦʧʦʚ. ʇʨʦʯʥʦʩʪʴ ʚʢʣʝʝʥʳʭ ʩʪʝʨʞʥʝʡ ʥʘ ʚʳʜʝʨʛʠʚʘʥʠʝ ʧʨʠ 

ʦʩʝʚʦʤ ʥʘʛʨʫʞʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ LVL  ʵʣʝʤʝʥʪʳ ʩ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʰʧʦʥʘ. // ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨʘʾʥʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ ʩʪʘʣʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽʤʝʥʽ ɺ.ʄ. ʐʠʤʘʥʦʚʩʴʢʦʛʦ.ï 2016. ï ɺʠʧʫʩʢ 18. ï ʉ. 24-32.  8.  ɽ. ʅ. 

ʉʝʨʦʚ, ʖ. ɼ. ʉʘʥʥʠʢʦʚ, ɸ. ɽ. ʉʝʨʦʚ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɽ.ʅ. ʉʝʨʦʚʘ.- ʄʦʩʢʚʘ : ʀʟʜ-ʚʦ ɸʉɺ , 2011 ʛ. ð

 536 ʩʪʨ. 9.    ɹʠʜʘʢʦʚ, ɽ.ɸ. ʈʘʩʧʦʧʦʚ. ʇʨʦʯʥʦʩʪʥʳʝ ʠ ʫʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʰʧʦʥʦʚʦʛʦ ʙʨʫʩʘ LVL  ʧʨʠ ʩʞʘʪʠʠ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʢ ʥʘʢʣʦʥʫ ʚʦʣʦʢʦʥ. 

ʄʽʩʪʦʙʫʜʫʚʘʥʥʷ ʪʘ ʪʝʨʠʪʦʨʽʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ: ʅʘʫʢ.-ʪʝʭʥ. ʟʙʽʨʥʠʢ. ï ʂ., ʂʅʋɹɸ, 

2017. ï ɺʠʧ. 65. ï ʉ. 91-99. 10. ʇʦʩʦʙʠʝ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʜʝʨʝʚʷʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʎʅʀʀʉʂ ʠʤ. ʂʫʯʝʨʝʥʢʦ. ï ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 1986. ï 216 ʩ. 11.  New 

Zealand Design Guide (2007), Timber Industry Federation, NZW14085 SC. 12.   Steiger 

R, Gehri E, Widmann R (2007) Pull-out strength of axially loaded steel rods bonded in 

glulam parallel to the grain. Mater Struct J 40(1):69ï78. 
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ʋɼʂ 624.012.464 

 

ʄɽʊʆɼʀʂɸ ʈʆɿʈɸʍʋʅʂʋ ʂɽʉʆʅʅʆɰ ʇʃʀʊʀ ʇɽʈɽʂʈʀʊʊʗ ɿɯ 

ɿʄɯʐɸʅʀʄ ɸʈʄʋɺɸʅʅʗʄ 

 

ʄɽʊʆɼʀʂɸ ʈɸʉʏɽʊɸ ʂɽʉʆʅʅʓʍ ʇʃʀʊ ʇɽʈɽʂʈʀʊʀʗ ʉʆ 

ʉʄɽʐɸʅʅʓʄ ɸʈʄʀʈʆɺɸʅʀɽ 

 

METHOD OF CALCULATION  HOLLOW (CAISSON) SLABS WITH 

MIXED REINFORCEMENT  

 

ɹʦʚʘ ʗ.ʆ., ʢ.ʪ.ʥ., ʜʦʮ., ʂʘʰʦʾʜʘ ʆ.ʆ., ʩʪʫʜ. (ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 
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ʫʥʠʚʝʨʩʠʪʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʛ.ʂʠʝʚ) 

 

Bova Y.O., Ph.D, docent, Kashoyida O.O., stud. (Kyiv National University of 

Construction and Architecture, Kyiv) 

 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʩʢʦʾ ʪʘ ʢʝʩʦʥʥʦʾ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʽʟ 

ʨʽʟʥʠʤ ʪʠʧʦʤ ʘʨʤʫʚʘʥʥʷ ʪʘ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʣʦʩʢʦʡ ʠ ʢʝʩʩʦʥʥʦʡ ʧʣʠʪʳ ʧʝʨʝʢʨʳʪʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ 

 

In artical are presents the results of the calculation flat and caisson slabs with 

different types of reinforcement and comparison of the obtained results. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ʇʦʧʝʨʝʜʥʻ ʥʘʧʨʫʞʝʥʥʷ, ʢʝʩʦʥʥʝ ʧʝʨʝʢʨʠʪʪʷ, ʚʪʨʘʪʠ, ʰʠʨʠʥʘ 

ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ, ʧʨʦʛʠʥ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʝʩʩʦʥʥʦʝ ʧʝʨʝʢʨʳʪʠʷ, ʧʦʪʝʨʠ, 

ʰʠʨʠʥʘ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ, ʧʨʦʛʠʙ. 

Pre-stresses, caisson overlays, losses, width  of crack opening, deflection. 

 

ɺʩʪʫʧ. ʋ ʩʴʦʛʦʜʥʽʰʥʽʭ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʞʠʪʣʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʩʚʽʪʽ 

ʪʘ ʚ ʋʢʨʘʾʥʽ, ʩʧʦʥʫʢʘʻ ʜʦ ʧʦʰʫʢʫ ʥʦʚʠʭ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʭʝʤ ʽ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʟʜʝʙʽʣʴʰʦʛʦ ʤʦʥʦʣʽʪʥʽ ʢʘʨʢʘʩʠ ʟ ʧʣʦʩʢʠʤʠ ʧʣʠʪʘʤʠ ʧʝʨʝʢʨʠʪʪʷ. ʇʦʩʪʘʻ 

ʧʠʪʘʥʥʷ ʚ ʧʦʰʫʢʫ ʥʦʚʠʭ ʩʭʝʤ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʧʣʠʪ ʽʟ ʟʤʝʥʰʝʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ ʤʘʪʝʨʽʘʣʽʚ, ʪʘ ʧʨʠ ʮʴʦʤʫ ʟʙʝʨʝʞʝʥʥʽ ʦʩʥʦʚʥʠʭ ʤʽʮʥʽʩʥʠʭ ʪʘ 

ʜʝʬʦʨʤʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂʝʩʦʥʥʝ ʧʝʨʝʢʨʠʪʪʷ ʟʽ ʟʤʽʰʘʥʠʤ 
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ʘʨʤʫʚʘʥʥʷʤ ʮʝ ʦʜʠʥ ʽʟ ʚʘʨʽʘʥʪʽʚ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ. ʉʫʪʴ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, 

ʱʦ ʫ ʧʣʦʩʢʫ ʧʣʠʪʫ ʧʝʨʝʢʨʠʪʪʷ ʫ ʧʝʚʥʦʤʫ ʧʦʨʷʜʢʫ ʨʦʟʤʽʱʫʶʪʴ ʧʫʩʪʦʪʥʽ 

ʝʣʝʤʝʥʪʠ ʫ ʚʠʛʣʷʜʽ ʦʙôʻʤʥʠʭ ʢʚʘʜʨʘʪʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʙʝʪʦʥʫ ʚ ʧʝʨʝʨʽʟʽ. ʆʢʨʽʤ ʮʴʦʛʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʜʨʫʛʦʾ ʛʨʫʧʠ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʟʤʽʰʘʥʦʛʦ ʘʨʤʫʚʘʥʥʷ. ɿʤʽʰʘʥʝ 

ʘʨʤʫʚʘʥʥʷ ï ʮʝ ʢʦʤʙʽʥʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʾ ʪʘ ʟʚʠʯʘʡʥʦʾ 

ʘʨʤʘʪʫʨʠ, ʨʘʮʽʦʥʘʣʴʥʦ ʨʦʟʤʽʱʝʥʦʾ ʫ ʥʠʞʥʽʡ ʟʦʥʽ ʧʝʨʝʨʽʟʫ ʧʣʠʪʠ. ʉʫʪʴ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʦʨʽʚʥʷʥʥʽ ʢʝʩʦʥʥʠʭ ʧʣʠʪ ʽʟ ʨʽʟʥʠʤ 

ʘʨʤʫʚʘʥʥʷʤ ʟʘ ʧʝʨʰʦʶ ʪʘ ʜʨʫʛʦʶ ʛʨʫʧʦʶ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʂʝʩʦʥʥʝ ʧʝʨʝʢʨʠʪʪʷ ʥʝ 

ʥʦʚʠʡ ʪʠʧ ʧʝʨʝʢʨʠʪʪʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʞʠʪʣʦʚʠʭ 

ʦʙôʻʢʪʽʚ. ɸʥʘʣʽʟʦʤ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʡʤʘʣʠʩʴ ʙʘʛʘʪʦ ʚʽʜʦʤʠʭ ʥʘʫʢʦʚʮʽʚ ʪʘ 

ʽʥʞʝʥʝʨʽʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʽ ʟʤʽʰʘʥʦʤʫ ʘʨʤʫʚʘʥʥʶ ʧʨʠʜʽʣʝʥʦ ʜʦʩʪʘʪʥʴʦ 

ʫʚʘʛʠ [1, 2, 3]. 

ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʽ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʴ. ʇʦʩʪʘʣʦ ʧʠʪʘʥʥʷ, ʯʠ ʤʦʞʣʠʚʦ 

ʦʙô̒ʜʥʘʪʠ ʮʽ ʜʚʘ ʤʝʪʦʜʠ ʽ ʧʨʠ ʮʴʦʤʫ ʟʙʝʨʝʛʪʠ ʾʭ ʧʦʟʠʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɼʣʷ 

ʧʝʨʝʚʽʨʢʠ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʣʠ ʧʣʠʪʫ ʧʝʨʝʢʨʠʪʪʷ ʢʝʩʦʥʥʦʛʦ ʪʠʧʫ ʟ 

ʨʦʟʤʽʨʘʤʠ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.1. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʦ 

ʦʙʨʘʥʦ ʪʨʠ ʚʘʨʽʘʥʪʠ ʘʨʤʫʚʘʥʥʷ (ʪʘʙʣ.1). 

ʊʘʙʣʠʮʷ 1 

ɺʘʨʽʘʥʪʠ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 
ˉ ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʧʣʠʪʠ ʊʠʧ ʘʨʤʫʚʘʥʥʷ 

1 

ʂʝʩʦʥʥʝ ʧʝʨʝʢʨʠʪʪʷ 

ɿʚʠʯʘʡʥʝ 

2 ɿʤʽʰʘʥʝ 

3 ʇʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʝ 

ʇʣʠʪʘ ʤʘʻ ʢʚʘʜʨʘʪʥʫ ʬʦʨʤʫ ʚ ʧʣʘʥʽ, ʪʘ ʦʧʠʨʘʻʪʴʩʷ ʥʘ ʯʦʪʠʨʠ ʢʦʣʦʥʠ, 

ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦ ʢʫʪʘʭ ʧʣʠʪʠ (ʨʠʩ.1). 

 

 

 

ʈʠʩ. 1. ʇʣʠʪʘ ʚ ʧʣʘʥʽ ʪʘ ʾʾ ʧʦʧʝʨʝʯʥʠʡ ʪʘ ʧʦʚʟʜʦʚʞʥʽʡ ʨʦʟʨʽʟ 
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ɿʘʚʘʥʪʘʞʝʥʥʷ ʧʣʠʪʠ ʚʠʢʦʥʘʣʠ ʜʚʦʤʘ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʧʦʩʪʽʡʥʠʤ ʽ ʪʠʤʯʘʩʦʚʠʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʽʶʯʠʭ ʥʦʨʤ 

ʧʨʦʝʢʪʫʚʘʥʥʷ[5]. ʈʦʟʨʘʭʫʥʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ʥʘʚʝʜʝʥʽ ʫ 

ʪʘʙʣ.2.  

ʊʘʙʣʠʮʷ 2 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ 

ɹʝʪʦʥ ʉ20/25 ɸʨ-ʨʘ ʥʘʧʨʫʞʝʥʘ ʢʣʘʩʫ ɸ800 
fck, ʄʇʘ fcd, ʄʇʘ fctk , ʄʇʘ Ecm, ɻʇʘ fpk , ʄʇʘ fp0,1k, ʄʇʘ Ep, ʄʇʘ 

18,5 14,5 1,5 30 840 765 1,9*10
5
 

 ɸʨ-ʨʘ ʥʝʥʘʧʨʫʞʝʥʘ ɸ400ʉ 

fyd, ʄʇʘ fywd,ʄʇʘ Es, ʄʇʘ 

365 285 2,1*10
5
 

 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʣʠʪʠ ʚʠʢʦʨʠʩʪʘʣʠ 

ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ çʃʽʨʘ-ʉɸʇʈè ʟʘ ʤʝʪʦʜʠʢʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ 

ʃʦʩʢʫʪʦʚʠʤ ɯ.ʉ. [6]. ʈʦʟʨʘʭʫʥʢʦʚʫ ʤʦʜʝʣʴ ʪʘ ʧʦʧʝʨʝʯʥʠʡ ʨʦʟʨʽʟ 

ʤʦʜʝʣʶʚʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʘʚʝʜʝʥʽ ʚ [4]. ʈʦʟʨʘʭʫʥʢʦʚʘ 

ʤʦʜʝʣʴ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.2. 

 

 

 

 

 
ʈʠʩ. 2. ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʚ ʇɿ çʃʽʨʘ-ʉɸʇʈè 
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ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʪʨʠʤʘʣʠ ʜʘʥʽ ʧʨʦ ʟʛʠʥʘʣʴʥʠʡ 

ʤʦʤʝʥʪ ʫ ʚʝʨʭʥʽʡ ʧʦʣʠʮʽ ʪʘ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʨʝʙʨʘʭ (ʨʠʩ.3). 

 

ʘ) 

 
ʙ) 

 
ʚ) 

 
ʈʠʩ. 3. ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʧʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚ ʇɿ çʃʽʨʘ-ʉɸʇʈè: 

ʘ) ʟʛʠʥʘʶʯʠʡ ʤʦʤʝʥʪ ʫ ʚʝʨʭʥʽʡ ʧʦʣʠʮʽ; ʙ) ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʨʝʙʨʘʭ; ʚ) 

ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʨʝʙʨʘʭ 
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ʆʩʢʽʣʴʢʠ ʤʦʜʝʣʴ ʨʝʙʨʘ ʧʣʠʪʠ ʚʽʜʦʙʨʘʞʝʥʘ ʯʝʨʝʟ ʧʣʘʩʪʠʥʯʘʩʪʽ 

ʝʣʝʤʝʥʪʠ, ʪʦ ʧʽʜʙʽʨ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ ʚʠʢʦʥʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʨʤʘʣʴʥʠʭ 

ʥʘʧʨʫʞʝʥʴ (ʨʠʩ.4). 

 

  

ʘ) ʙ) 

ʈʠʩ.4. ʈʦʟʨʽʟ ʨʝʙʨʫ: ʘ) ʢʨʘʡʥʴʦʤʫ; ʙ) ʮʝʥʪʨʘʣʴʥʦʤʫ. 

ʇʨʠ ʮʴʦʤʫ ʧʣʦʱʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʙʨʘ, ʱʦ ʩʧʨʠʡʤʘʻ ʨʦʟʪʷʛ ʽ ʩʪʠʩʢ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ  

                
. .

.( ).( ) .
ʮ ʨ

ʨʦʟʪ ʩʪʠʩʢʨʦʟʪ ʩʪʠʩʢA b h= Ö                       (1) 

ɿʫʩʠʣʣʷ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʜʘʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚʠʟʥʘʯʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ 

            
. . . . . .

( ) .( ).
ʮ ʨ ʮ ʨ ʮ ʨ
ʨʦʟʪ ʩʪʠʩʢ Ed ʨʦʟʪ ʩʪʠʩʢP As= Ö                    (2) 

ʊʦʜʽ ʥʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʘʨʤʘʪʫʨʠ ʚ ʥʠʞʥʽʡ ʟʦʥʽ ʨʝʙʨʘ, ʱʦ ʩʧʨʠʡʤʘʻ 

ʟʫʩʠʣʣʷ ʨʦʟʪʷʛʫ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

 

. .

;

ʮ ʨ
ʨʦʟʪ

s
yd

P
A

f
=                                          (3) 

ʅʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʙʝʪʦʥʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʠ ʩʪʠʩʢʫ ʧʨʠ ʮʴʦʤʫ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ 

 

. .

;
ʮ ʨ
ʩʪʠʩʢ

c
cd

P
A

f
=                                        (4) 

ʆʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʙʝʪʦʥʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ 

ʩʪʠʩʢʘʶʯʦʛʦ ʟʫʩʠʣʣʷ ʻ ʤʝʥʰʦʶ, ʘʙʦ ʨʽʚʥʦʶ ʬʘʢʪʠʯʥʽʡ ʩʪʠʩʥʫʪʽʡ 

ʟʦʥʽ( )ʮc ʩʪA A< , ʪʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʙʫʜʝ 

ʟʘʙʝʟʧʝʯʝʥʘ ʩʘʤʠʤ ʙʝʪʦʥʥʠʤ ʧʝʨʝʨʽʟʦʤ. ɸʨʤʫʚʘʥʥʷ ʨʝʙʨʘ ʧʽʩʣʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʦʙʨʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.5. 
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ʘ) ʙ) 

ʈʠʩ.5. ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʨʝʙʨʘ:  

ʘ) ʟ ʥʘʧʨʫʞʝʥʦʶ ʘʨʤʘʪʫʨʦʶ ʙ) ʟʽ ʟʤʽʰʘʥʠʤ ʘʨʤʫʚʘʥʥʷ. 

ʈʦʟʨʘʭʫʥʦʢ ʟʘ ʜʨʫʛʦʶ ʛʨʫʧʦʶ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ ʚʠʢʦʥʫʻʤʦ ʟʛʽʜʥʦ 

ʜʽʶʯʠʭ ʥʦʨʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʫʩʽʭ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʱʦ 

ʧʨʝʜôʷʚʣʷʶʪʴ ʧʣʠʪʘʤ ʧʝʨʝʢʨʠʪʪʷʭ [5,7]. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʰʠʨʠʥʫ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ʜʦʨʽʚʥʶʻ 

 .k rm smSw b e= Ö Ö                                    (5) 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʛʠʥ ʚ ʩʝʨʝʜʠʥʽ ʧʨʦʣʴʦʪʫ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

2
,

max .
Sd n eff

k

M l

B
a a

Ö
= Ö                              (6) 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʙʽʣʴʰ ʟʨʫʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʠ 

ʥʘʚʝʜʝʥʽ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣ.3. 

ʊʘʙʣʠʮʷ 3. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʝʩʦʥʥʠʭ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ 

ɺʘʨʽʘʥʪ 

ʘʨʤʫʚʘʥʥʷ 

ʂʣʘʩ 

ʘʨ-ʨʠ 

,ɲ 
ʤʤ 

ʂ-ʩʪʴ, 

ʰʪ 

ɺʠʪʨʘʪʠ ʩʪʘʣʽ 

ʥʘ 1ʤ/ʧ ʨʝʙʨʘ, 

ʢʛ 

ɺʪʨʘʪʠ, 

kH 

Mw,ult , 

kHʤ 

ʐʠʨʠʥʘ 

ʪʨʽʱʠʥ, 

ʤʤ 

ʇʨʦʛ

ʠʥ, 

ʤʤ 

ɿʚʠʯʘʡʥʠʡ ɸ400ʉ 20 2 4,94 4,94 --- 26,88 0,253 12,00 

ɿ ʥʘʧʨʫʞʝʥʦʶ 

ʘʨʤʘʪʫʨʦʶ 
ɸ800 16 2 3,16 3,16 83,84 48,63 0,36 8,65 

ɿʤʽʰʘʥʠʡ 
ɸ800 16 1 0,89 

3,38 38,51 41,69 0,34 10,77 
ɸ400ʉ 14 2 2,42 

ɺʠʩʥʦʚʦʢ. ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʦ ʘʧʨʦʙʦʚʘʥʦ ʤʝʪʦʜʠʢʫ 

ʨʦʟʨʘʭʫʥʢʫ ʢʝʩʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʟ ʪʨʴʦʤʘ ʚʘʨʽʘʥʪʘʤʠ ʘʨʤʫʚʘʥʥʷ. 

ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʻ ʥʘʩʪʫʧʥʝ, ʟʤʽʰʘʥʝ ʘʨʤʫʚʘʥʥʷ ʫ 

ʢʝʩʦʥʥʽʡ ʧʣʠʪʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʽ ʟʽ 

ʟʚʠʯʘʡʥʠʤ ʘʨʤʫʚʘʥʥʷʤ ʪʘ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʧʨʦʮʝʩ ʥʘʪʷʛʫ 
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ʘʨʤʘʪʫʨʠ ʽ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʠʩʦʢʦʤʽʮʥʦʾ ʘʨʤʘʪʫʨʠ ʚ ʧʝʨʝʨʽʟʽ. ɿʘ 

ʜʨʫʛʦʶ ʛʨʫʧʦʶ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ, ʧʣʠʪʠ ʟʽ ʟʤʽʰʘʥʠʤ ʘʨʤʫʚʘʥʥʷʤ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʧʦ ʜʝʬʦʨʤʘʮʽʷʭ. ɺʘʨʪʦ ʟʚʝʨʥʫʪʠ 

ʫʚʘʛʫ ʥʘ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʢʝʩʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʚ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʘʭ, ʷʢ ʢʨʘʱʝ ñ̔ ʤʽʪʫʚʘʪʠò ʨʦʙʦʪʫ ʨʝʙʨʘ ʚ ʧʝʨʝʨʽʟʽ 

ʧʣʠʪʠ, ʽ ʷʢʽ ʝʣʝʤʝʥʪʠ ʢʨʘʱʝ ʚʽʜʦʙʨʘʞʘʪʠʤʫʪʴ ʨʝʘʣʴʥʫ ʨʦʙʦʪʫ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺʩʽ ʮʽ ʧʠʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʯʽʪʢʫ ʨʦʙʦʪʫ 

ʨʝʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 
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University of Construction and Architecture, Kyiv), 

Matyushchenko D.N. eng. (LLC ñSDB ñABPò, Kyiv) 

 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʩʪʚʦʨʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ ʛʥʫʪʦʢʣʝʻʥʠʭ 

ʨʘʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘʚʝʜʝʥʦ ʘʣʛʦʨʠʪʤ 

ʨʦʟʨʘʭʫʥʢʫ ʛʥʫʪʦʢʣʝʻʥʠʭ ʨʘʤ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʃɯʈɸ-ʉɸʇʈ. 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʦʟʜʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ ʛʥʫʪʦʢʣʝʸʥʳʭ ʨʘʤ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠʚʝʜʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ 

ʛʥʫʪʦʢʣʝʸʥʳʭ ʨʘʤ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʃʀʈɸ-ʉɸʇʈ. 

 

The method of creation of calculation schemes of flattened frames with the 

help of the finite element method is developed. The algorithm for 

calculation of bending frames in the software complex LIRA-CAD is 

presented. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ʄʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʣʝʻʥʘ ʜʝʨʝʚʠʥʘ, ʛʥʫʪʦʢʣʝʻʥʘ ʨʘʤʘ, 

ʥʘʧʨʫʞʝʥʥʷ, ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ. 

ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʣʝʸʥʘʷ ʜʨʝʚʝʩʠʥʘ, ʛʥʫʪʦʢʣʝʝʥʘʷ ʨʘʤʘ, 

ʥʘʧʨʷʞʝʥʠʷ, ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ. 

Finite element method, glued wood, glued loosen frame, stress, calculation 

algorithm. 
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ɺʩʪʫʧ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʛʥʫʪʦʢʣʝʻʥʠʭ ʨʘʤ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʪʦʯʥʫ ʤʝʪʦʜʠʢʫ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʥʝʙʝʟʧʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ʗʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʯʠʩʝʣʴʥʽ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʚ 

ʛʥʫʪʦʢʣʝʻʥʠʭ ʨʘʤʘʭ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʮʥʦʩʪʽ ʻ ʢʘʨʥʠʟʥʠʡ ʚʫʟʦʣ [1, 2]. 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʘʥʠʭ ʚ ʨʦʙʦʪʽ 

[2], ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ ʜʦʩʪʘʪʥʴʦ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʴ ʚ 

ʢʘʨʥʠʟʥʠʭ ʚʫʟʣʘʭ ʛʥʫʪʦʢʣʝʻʥʠʭ ʨʘʤ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ ʜʝʱʦ ʦʙʤʝʞʝʥʽ. 

ɼʝʪʘʣʴʥʽʰʝ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠʢʠ ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʙʦʪʽ [3]. ʄʝʪʦʜʠʢʠ, ʷʢʽ 

ʤʽʩʪʷʪʴʩʷ ʚ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʪʘ ʥʘʚʯʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʦʯʠʥʘʶʯʠ ʟ 

70-ʭ ʨʦʢʽʚ ʤʘʶʪʴ ʟʥʘʯʥʽ ʨʦʟʙʽʞʥʦʩʪʽ ʚ ʚʠʟʥʘʯʝʥʥʽ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʘʶʪʴ 

ʜʦʩʠʪʴ ʧʨʠʙʣʠʟʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʜʽʡʩʥʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʢʘʨʥʠʟʥʦʛʦ 

ʚʫʟʣʘ. ʊʦʤʫ ʻ ʥʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʚ ʨʦʟʨʦʙʮʽ ʷʢʽʩʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘʧʨʫʞʝʥʴ ʚ ʛʥʫʪʦʢʣʝʻʥʠʭ ʨʘʤʘʭ. 

ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʘ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʴ ʚ ʢʘʨʥʠʟʥʦʤʫ ʚʫʟʣʽ 

ʛʥʫʪʦʢʣʝʻʥʠʭ ʨʘʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʉɽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʪʨʝʙʘ 

ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

1. ʈʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʠ ʛʥʫʪʦʢʣʝʻʥʠʭ ʨʘʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʄʉɽ. 

2. ɺʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʚʠʱʝ ʥʘʚʝʜʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʽʡʩʥʦʛʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ (ʅɼʉ) ʚ 

ʢʘʨʥʠʟʥʠʭ ʚʫʟʣʘʭ ʛʥʫʪʦʢʣʝʻʥʠʭ ʨʘʤ. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʨʦʙʦʪʘʭ [5, 6, 7, 8, 9] ʜʦʚʝʜʝʥʦ, ʱʦ ʄʉɽ 

ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ (ʅɼʉ) ʚ 

ʝʣʝʤʝʥʪʘʭ ʙʫʜʴ-ʷʢʦʛʦ ʦʙʨʠʩʫ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʬʦʨʤʠ, ʧʨʠ ʨʽʟʥʠʭ ʚʠʜʘʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. ɻʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʟʨʫʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʪʽʣ ʟ ʥʝʨʝʛʫʣʷʨʥʠʤʠ ʤʝʞʘʤʠ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ 

ʚʨʘʭʫʚʘʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤʘʭ ʨʽʟʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʄʉɽ (çʃɯʈɸïʉɸʇʈè, çSCADè, 

çANSYSè, çABAQUSè ʪʘ ʽʥ.)  

ʅʘʡʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʚ ʋʢʨʘʾʥʽ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʜʦʩʪʘʪʥʴʦ ʷʢʽʩʥʦ ʚʠʟʥʘʯʘʪʠ ʅɼʉ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʃɯʈɸ-ʉɸʇʈ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʜʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʙʘʛʘʪʦʨʽʯʥʠʤ ʜʦʩʚʽʜʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʽʥʞʝʥʝʨʥʽʡ ʪʘ ʥʘʫʢʦʚʽʡ ʧʨʘʢʪʠʢʘʭ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ ʛʥʫʪʦʢʣʝʻʥʠʭ ʨʘʤ ʦʙʨʘʥʠʡ 

ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʃɯʈɸïʉɸʇʈ 2016 ʣʽʮʝʥʟʽʷ ˉ1/5627 (ʜʘʣʽ ʇʂ ʃɯʈɸ). 

ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ ʯʠʩʝʣʴʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʚʝʜʝʥʠʡ 
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ʚ [4], ʜʘʥʠʡ ʢʦʤʧʣʝʢʩ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʨʘʭʦʚʫʻ 

ʘʥʽʟʦʪʨʦʧʽʶ ʬʽʟʠʢʦïʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ. 

ʈʦʟʨʘʭʫʥʦʢ ʛʥʫʪʦʢʣʝʻʥʠʭ ʨʘʤ ʚʠʢʦʥʫʚʘʚʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʫʞʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ, ʟʛʽʜʥʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʷʢʘ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1. ɻʝʦʤʝʪʨʽʷ ʨʘʤ ʦʧʠʩʫʚʘʣʘʩʴ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʫʟʣʽʚ ʧʦ ʟʦʚʥʽʰʥʴʦʤʫ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʢʦʥʪʫʨʘʭ, ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ. ɼʦʩʣʽʜʞʫʚʘʥʽ ʨʘʤʠ ʧʦʜʽʣʷʣʠʩʴ 

ʦʨʪʦʛʦʥʘʣʴʥʦʶ ʩʽʪʢʦʶ ʥʘ ʯʦʪʠʨʴʦʭʢʫʪʥʽ ʧʣʘʩʪʠʥʯʘʩʪʽ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ 

(ʉɽ), ʷʢʽ ʧʦʪʽʤ ʨʦʟʜʽʣʷʣʠʩʴ ʥʘ ʤʝʥʰʽ ʝʣʝʤʝʥʪʠ ʘʚʪʦʤʘʪʠʯʥʦ. 

ɼʠʩʢʨʝʜʠʪʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦ ʚʠʩʦʪʽ ʧʝʨʝʨʽʟʫ ʚʠʢʦʥʫʚʘʣʘʩʴ ʘʚʪʦʤʘʪʠʯʥʦ, 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʨʦʟʙʠʪʪʽʚ. 

ʈʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢʣʘʜʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʦʩʝʨʝʜʞʝʥʠʭ ʩʠʣ, ʷʢʽ ʨʦʟʤʽʱʫʶʪʴʩʷ ʫ ʚʫʟʣʘʭ ʩʽʪʦʢ ʉɽ. ʊʘʢʦʞ ʚ 

ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ ʚʨʘʭʦʚʫʚʘʣʦʩʴ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʣʦʢʘʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʘʛʠ ʧʦʢʨʠʪʪʷ ʪʘ ʩʪʽʥʦʚʦʛʦ ʦʛʦʨʦʜʞʝʥʥʷ ʚ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʢʘʨʥʠʟʥʦʛʦ ʚʫʟʣʘ ʫ ʚʠʛʣʷʜʽ ʟʙʽʣʴʰʝʥʦʾ ʟʦʩʝʨʝʜʞʝʥʦʾ ʩʠʣʠ. 

ʈʦʟʨʘʭʫʥʦʢ ʛʥʫʪʦʢʣʝʻʥʠʭ ʨʘʤ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʧʦ ʘʣʛʦʨʠʪʤʫ 

(ʨʠʩ. 2), ʷʢʠʡ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʩʪʚʦʨʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ. 

 

ʈʠʩ. 2. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʛʥʫʪʦʢʣʝʻʥʦʾ ʨʘʤʠ ʟʘ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʽʡʩʥʦʛʦ ʅɼʉ ʛʥʫʪʦʢʣʝʻʥʠʭ ʨʘʤ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʘʤ ʪʠʧʫ ɼɻʈʇ ʟ ʧʨʦʣʴʦʪʘʤʠ ʚʽʜ 12 ʜʦ 65 ʤ ʟ 

ʨʽʟʥʠʤʠ ʨʘʜʽʫʩʘʤʠ ʢʨʠʚʠʟʥʠ ʦʩʽ ʩʠʤʝʪʨʽʾ ʢʘʨʥʠʟʥʦʛʦ ʚʫʟʣʘ, ʘ ʩʘʤʝ 2, 3 ʪʘ 

4 ʤ, ʟ ʢʨʦʢʦʤ 3 ʤ ʟʘ ʚʠʱʝ ʥʘʚʝʜʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. ʋʭʠʣ ʨʠʛʝʣʶ ʧʨʠʡʥʷʪʠʡ 

14̄ . 

ʇʦʧʝʨʝʜʥʽʡ ʧʽʜʙʽʨ ʧʝʨʝʨʽʟʫ ʨʘʤ ʚʠʢʦʥʫʚʘʚʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʟʛʽʜʥʦ ʚʢʘʟʽʚʦʢ [10]. ɺʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ 

ʧʨʠʡʤʘʚʩʷ ʚʠʭʦʜʷʯʠ ʟ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʘʜʽʫʩʫ ʢʨʠʚʠʥʠ ʜʦ 

ʪʦʚʱʠʥʠ ʜʦʰʢʠ 150r
h
² , ʧʨʠ ʫʤʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʰʦʢ  10, 19 ʪʘ 26 ʤʤ. 
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ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʦʭʦʧʠʪʠ ʧʨʘʢʪʠʯʥʦ ʚʝʩʴ ʨʝʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʨʘʜʽʫʩʽʚ 

ʢʨʠʚʠʟʥʠ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʚ ʛʥʫʪʦʢʣʝʻʥʠʭ ʨʘʤʘʭ. 

 

ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʛʥʫʪʦʢʣʝʻʥʦʾ ʨʘʤʠ ʚ ʇʂ ʃɯʈɸ 

 


