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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʈʘʟʚʠʪʠʝ ʩʝʪʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʠ 

ʩʢʦʨʦʩʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʚʦʧʨʦʩʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʚ ʟʦʥʘʭ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʚʝʪʨʦʚʳʤʠ 

ʥʘʛʨʫʟʢʘʤʠ. ʅʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʢʨʳʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ 

ʰʠʨʦʢʠʭ ʨʝʢ, ʜʚʠʞʝʥʠʠ ʚʜʦʣʴ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʧʦ ʤʦʩʪʦʚʳʤ ʠ ʵʩʪʘʢʘʜʥʳʤ 

ʢʦʥʩʪʨʫʢʮʠʷʤ ʬʝʨʤʝʥʥʦʛʦ ʠ ʙʘʣʦʯʥʦʛʦ ʪʠʧʘ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʙʦʢʦʚʦʛʦ 

ʚʝʪʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʝʩʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚ ʧʦ ʦʩʷʤ 

ʢʦʣʝʩʥʳʭ ʧʘʨ ʭʦʜʦʚʳʭ ʪʝʣʝʞʝʢ. ɸʥʘʣʦʛʠʯʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʝʟʜʘ ʚʙʣʠʟʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʨʪʘʣʴʥʳʭ ʯʘʩʪʝʡ ʪʦʥʥʝʣʝʡ [1-3]. ʕʪʠ 

ʧʨʦʙʣʝʤʳ ʦʙʫʩʣʦʚʣʝʥʳ ʠʥʪʝʥʩʠʚʥʳʤ ʠ ʧʝʨʝʤʝʥʥʳʤ ʩʠʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʦʟʤʫʱʝʥʥʳʭ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʥʘ ʜʚʠʞʫʱʠʡʩʷ ʧʦʝʟʜ. ʋʩʠʣʝʥʠʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʦʢ ʥʘ ʦʩʠ ʠ ʢʦʣʝʩʥʳʝ ʧʘʨʳ 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʦʩʪʦʚ ʠ ʵʩʪʘʢʘʜ, ʧʦʩʢʦʣʴʢʫ ʧʦʷʚʣʷʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʣʠʷʥʠʝʤ ʩʦʚʤʝʩʪʥʳʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʭʦʜʦʚʦʡ ʯʘʩʪʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ, ʢʦʣʝʩʘ ʠ 

ʨʝʣʴʩʘ. ʇʨʠ ʵʪʦʤ ʥʘ ʭʘʨʘʢʪʝʨ ʠ ʬʦʨʤʫ ʢʦʣʝʙʘʥʠʡ ʫʟʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʫʧʨʫʛʠʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʚʘʛʦʥʘʤʠ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʝʟʜʘ. 

ʈʝhʝʥʠʝʤ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʵʨʦʫʧʨʫʛʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʝʛʦ 

ʦʙʲʝʢʪʘʤʠ ʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʟʘʥʠʤʘʣʠʩʴ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ: 

ɽ.ʃ. ɸʣʬʝʨʦʚʘ, ʆ.ɺ. ɹʘʪʫʨʠʥ, ɸ.ʉ. ɺʘʪʘʝʚ, ʗ.ʉ. ɺʘʪʫʣʠʥ, ɸ.ɼ. ɻʠʨʛʠʜʦʚ,  

ɼ. ɼ. ʫ. ʂʘʨʠʤʦʚ, ʖ.ʄ. ʃʘʟʘʨʝʥʢʦ, ɽ.ʄ. ʉʶʟʶʤʦʚʘ, ɸ.ʗ. ʉʘʛʦʤʦʥʷʥ,  

ɽ.ʗ. ʇʦʣʷʢʦʚʘ, ʅ. ɸ. ʏʫʨʢʦʚ, C. Baker, C. Harvey, S. Lee, S.C. Jordon,  

A. Sanz-Andres, A. Laveron, A. Cuerva ʠ ʜʨ. ɺ ʜʦʩʪʘʪʦʯʥʦ ʩʪʝʧʝʥʠ ʨʘʟʨʘʙʦʪʘʥʘ 

ʪʝʦʨʠʷ ʢʦʣʝʙʘʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʫʪʠ ʠ ʭʦʜʦʚʦʡ ʯʘʩʪʠ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʟʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʘʭ ʄ.ʌ. ɺʝʨʠʛʦ, ɸ.ʅ. ɻʦʨʩʢʦʛʦ,  
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ɸ.ʗ. ʂʦʛʘʥʘ, ɸ.ʄ. ʆʨʣʦʚʦʡ ʠ ʜʨ. ʫʯʝʥʳʭ. ʉ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʦʨʦʥʳ ʚ ʨʘʙʦʪʘʭ ʉ.ɸ. ɹʝʨʥʰʪʝʡʥʘ, ʅ.ʄ. ɹʝʣʷʝʚʘ,  

ɺ.ʉ. ʉʘʬʨʦʥʦʚʘ, ɺ.ʇ. ʊʘʨʘʩʝʥʢʦ, ʀ.ʀ. ʀʚʘʥʯʝʥʢʦ ʠ ʜʨ. ʠʟʫʯʝʥʳ ʢʦʣʝʙʘʥʠʷ 

ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʮʝʩʩʳ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʩʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʚʠʞʫʱʝʛʦʩʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʝʟʜʘ. ʆʜʥʘʢʦ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ ʚʦʧʨʦʩʳ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʩʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʦʩʷʤ ʢʦʣʝʩʥʳʭ ʧʘʨ ʭʦʜʦʚʳʭ 

ʪʝʣʝʞʝʢ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʩʦʯʝʪʘʥʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʦʪ ʢʦʣʝʙʘʥʠʡ 

ʜʚʠʞʫʱʝʛʦʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ 

ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʫʧʨʫʛʦ ʩʦʯʣʝʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʤʦʩʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʜʦʣʞʥʳ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʩʣʦʞʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʩʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʦʩʷʤ ʢʦʣʝʩʥʳʭ ʧʘʨ ʭʦʜʦʚʳʭ 

ʪʝʣʝʞʝʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʫʨʙʫʣʝʥʪʥʳʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʨʠ ʩʣʠʷʥʠʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʠ ʠʥʝʨʮʠʦʥʥʦʛʦ ʥʘʜʜʫʚʘ ʫʚʣʝʯʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʳ ʦʪ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ çʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ï ʠʩʢʫʩʩʪʚʝʥʥʦʝ 

ʩʦʦʨʫʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʧʨʦʩʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʚʠʞʫʱʝʛʦʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʙʲʝʢʪʘʤʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʚʦʟʦʢ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ 

ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʯʘʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʠʞʫʱʝʛʦʩʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʙʲʝʢʪʘʤʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʙʦʪʘʭ ʫʯʝʥʳʭ 

ʚʝʜʫʱʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠʥʩʪʠʪʫʪʦʚ (ɺʅʀʂʊʀ, ɺʅʀʀɾʊ, ɼɺɻʋʇʉ, 
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ʀʨɻʋʇʉ, ʈʋʊ (ʄʀʀʊ), ʆʤɻʋʇʉ, ʇɻʋʇʉ, ʇʨʠʚɻʋʇʉ, ʈɻʋʇʉ, ʉɻʋʇʉ, 

ʋʨɻʋʇʉ), ʘ ʪʘʢʞʝ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʠ ʚʥʝʜʨʷʝʤʦʡ ʢʘʢ ʜʣʷ ʛʨʫʟʦʚʦʛʦ, ʪʘʢ ʠ ʜʣʷ 

ʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʀʩʧʘʥʠʷ, ʌʨʘʥʮʠʷ, ʂʠʪʘʡ, ʉʐɸ, ʗʧʦʥʠʷ ʠ ʜʨ.). 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʩʢʦ-

ʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʙʲʝʢʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ 

ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ. 

ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦ-

ʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʫʩʣʦʚʠʷʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʲʝʢʪʘʤʠ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩ ʫʯʝʪʦʤ ʫʩʢʦʨʝʥʥʦ ʜʚʠʞʫʱʠʭʩʷ 

ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʪʦʯʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʳ çʢʦʣʝʩʦ ï ʨʝʣʴʩè ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʙʦ-

ʢʦʚʦʛʦ ʚʝʪʨʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʚʳʩʦʢʦʩʢʦ-

ʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʠʙʣʠʞʝʥʥʦʡ ʧʝʨʠʬʝʨʠʠ (ʵʩʪʘʢʘʜ, ʬʝʨʤʝʥʥʳʭ 

ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ) ʧʦʟʚʦʣʷʶʱʠʭ ʙʦʣʝʝ ʧʦʣʥʦ ʦʧʨʝʜʝʣʷʪʴ ʬʠʟʠʢʫ ʧʨʦʮʝʩ-

ʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩ ʫʯʝʪʦʤ ʜʝʤʧʬʠʨʫʶʱʠʭ ʠ ʞʸʩʪ-

ʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʠ ʭʦʜʦʚʦʡ ʯʘʩʪʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʩʪʦʚʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʝʡ-

ʩʪʚʠʶ ʫʩʢʦʨʝʥʥʦ ʜʚʠʞʫʱʝʡʩʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦ 

ʜʚʠʞʝʥʠʶ ʩʦʩʪʘʚʘ. 

3. ɺʳʧʦʣʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʨʘʟ-
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ʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ. 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦ-

ʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʬʝʨʤʝʥʥʦʡ ʤʦʩʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʩ ʫʯʝʪʦʤ ʜʝʤʧʬʠʨʫʶ-

ʱʠʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʧʦʝʟʜʘ ʠ ʥʝʩʫʱʝʡ ʤʝʪʘʣʣʦ-

ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʩʢʦʨʝʥʥʦ ʜʚʠʞʫʱʠʭʩʷ 

ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. 

5. ʋʪʦʯʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʳ çʢʦʣʝʩʦ ï ʨʝʣʴʩè ʚʳʩʦʢʦ-

ʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

6. ʈʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩ-

ʥʦʚʝ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ 

ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʠʞʫʱʝʛʦʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʩʠʩʪʝʤʝ çʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ï ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳè. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠʤʝʥʝʥʘ k-Ů ʤʦʜʝʣʴ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʩʨʝʜʥʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ. ɺ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ çʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ï ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʩʦʦʨʫ-

ʞʝʥʠʝè. ɸʥʘʣʠʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʘʥʘʣʠʟʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʠʞʫ-

ʱʝʛʦʩʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʤʦʩʪʦʚʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʢʦʣʝ-

ʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʜʚʠʞʫʱʠʡʩʷ çʧʦʝʟʜ ï ʤʦʩʪè ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ SolidWorks FlowSimultion, ʘ ʘʥʘʣʠʟ ʧʦ-

ʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ: 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʫʪʦʯʥʝʥʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ çʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ï ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʩʦʦʨʫʞʝʥʠʝ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳè, ʩ ʫʯʝʪʦʤ ʵʥʝʨʛʦ ï ʤʘʩʩʦʦʙʤʝʥʘ ʥʘ  

ʜʠʬʬʫʟʦʨʥʦ ï ʢʦʥʬʫʟʦʨʥʳʭ ʫʯʘʩʪʢʘʭ.  

2. ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʩʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ 

ʦʩʷʤ ʢʦʣʝʩʥʳʭ ʧʘʨ ʭʦʜʦʚʳʭ ʪʝʣʝʞʝʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʫʨʙʫʣʝʥʪʥʳʭ ʚʦʟʜʫʰ-

ʥʳʭ ʧʦʪʦʢʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʠ 

ʠʥʝʨʮʠʦʥʥʦʛʦ ʥʘʜʜʫʚʘ ʫʚʣʝʯʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʦʪ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ çʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ï ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʳè.  

3. ʈʘʟʨʘʙʦʪʘʥʘ ʫʪʦʯʥʝʥʥʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʙʦʣʝʝ ʧʦʣʥʦ ʫʯʠʪʳ-

ʚʘʪʴ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦ-

ʩʪʘʚʘ, ʠ ʞʝʩʪʢʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

4. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ çʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ï ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷè ʚ 

ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪ-

ʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

5. ʇʨʝʜʣʦʞʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʤʠʪʘʮʠʠ ʧʨʦʮʝʩʩʘ ʥʘʛʨʫʞʝʥʠʷ ʢʦʣʝʩʘ ʥʘ 

ʨʝʣʴʩ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʥʘʟʥʘʯʝʥʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʮʝʣʴʥʦʢʘʪʘʥʳʭ 

ʢʦʣʝʩ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʦʚʠʟʥʘ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʘʪʝʥʪʦʤ ʥʘ ʧʦʣʝʟ-

ʥʫʶ ʤʦʜʝʣʴ ˉ 201861 ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦ-

ʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ˉ 2021668716 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʘʫʯʥʦ-

ʦʙʦʩʥʦʚʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʢʦʤʧʝʥʩʘʮʠʠ ʚʣʠʷ-

ʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʩ ʦʙʲʝʢʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʩʪʨʦʝʥʘ ʠ ʚʝʨʠʬʠ-

ʮʠʨʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʪʨʘʥʩ-

ʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

2. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦ-

ʜʠʪʴ ʫʪʦʯʥʝʥʥʳʝ ʨʘʩʯʝʪʳ ʫʩʣʦʚʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞ-

ʥʦʛʦ ʩʦʩʪʘʚʘ, ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʢʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʜʘʪʣʠʚʦʩʪʠ ʧʫʪʝʚʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʪʠʧʘ ʬʝʨʤʝʥʥʳʡ ʤʦʩʪ, ʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʦʨʧʫʩʥʳʝ ʵʣʝʤʝʥʪʳ ʩʦ-

ʩʪʘʚʘ ʧʦʝʟʜʘ ʫʩʢʦʨʝʥʥʦ ʜʚʠʞʫʱʠʭʩʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

4. ʇʨʝʜʣʦʞʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʧʦʣ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞ-

ʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʙʲʝʢʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥ-

ʥʳʭ ʚʝʪʨʦʚʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

1. ʋʪʦʯʥʝʥʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʩʠʩʪʝʤʝ çʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ï ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳè, ʩ ʫʯʝʪʦʤ ʵʥʝʨʛʦ-ʤʘʩʩʦʦʙʤʝʥʘ ʥʘ ʜʠʬʬʫʟʦʨʥʦ-ʢʦʥʬʫʟʦʨʥʳʭ ʫʯʘʩʪ-

ʢʘʭ. 

2. ʄʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʩʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʦʩʷʤ ʢʦʣʝʩʥʳʭ ʧʘʨ 

ʭʦʜʦʚʳʭ ʪʝʣʝʞʝʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʫʨʙʫʣʝʥʪʥʳʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʦʙʨʘʟʫ-

ʶʱʠʭʩʷ ʧʨʠ ʩʣʠʷʥʠʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʠ ʠʥʝʨʮʠʦʥʥʦʛʦ ʥʘʜʜʫʚʘ ʫʚʣʝʯʝʥʥʦʡ ʚʦʟ-

ʜʫʰʥʦʡ ʩʨʝʜʳ ʦʪ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ çʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ï ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳè. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦ-

ʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʬʝʨʤʝʥʥʦʡ ʤʦʩʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʩ ʫʯʝʪʦʤ ʧʦ-

ʜʘʪʣʠʚʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʧʦʜʚʝʩʦʢ ʧʦʝʟʜʘ ʠ ʥʝʩʫʱʝʡ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʩʢʦʨʝʥʥʦ ʜʚʠʞʫʱʠʭʩʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. 

4. ʏʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ çʢʦ-

ʣʝʩʦ ï ʨʝʣʴʩè ʩ ʫʯʝʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʩʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʦʩʷʤ ʢʦʣʝʩ- 
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ʥʳʭ ʧʘʨ ʪʝʣʝʞʝʢ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʫʧʨʫʛʦ - ʧʦʜʘʪʣʠʚʦʡ ʧʦʜʚʝʩʢʠ ʭʦʜʦ-

ʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʫʧʨʫʛʠʭ ʩʚʷʟʝʡ ʢʦʨʧʫʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʘ ʧʦʝʟʜʘ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦ-

ʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʭʦʜʠʤʦʩʪʴʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴʶ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ.  

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʬʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ çʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ ʀʤʧʝ-

ʨʘʪʦʨʘ ɸʣʝʢʩʘʥʜʨʘ Iè (ʌɻɹʆʋ ɺʆ ʇɻʋʇʉ) ʥʘ ʢʘʬʝʜʨʝ çʅʘʟʝʤʥʳʝ ʪʨʘʥʩ-

ʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳè.  

ʆʧʳʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʝʘʣʴʥʦʤ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʘʚʝ çʉʘʧʩʘʥè (Velaro Rus) ʥʘ ʫʯʘʩʪʢʝ 

ʄʦʩʢʚʘ ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʆʢʪʷʙʨʴʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʬʠʣʠʘʣʘ  

ʆɸʆ çʈɾɼè.  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ ʧʨʝʜʣʦʞʝ-

ʥʠʷ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʟʘʩʝʜʘʥʠʷʭ ʢʘʬʝʜʨʳ çʅʘʟʝʤʥʳʝ ʪʨʘʥʩ-

ʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳè ʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʤʧʦʟʠʫʤʘʭ ʠ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: XX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫ-

ʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ʛ. ʊʦʤʩʢ, 2014 ʛ.), LXXVI ɺʩʝʨʦʩʩʠʡ-

ʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝ-

ʥʳʭ (ʛ. ʉʇʙ, 2016 ʛ.), 12th International Conference "Organization and Traffic 

Safety Management in Large Cities" (ʛ. ʉʇʙ, 2016 ʛ.), International Conference On 

Geotechnics Fundamentals And Applications In Construction: New Materials, 

Structures, Technologies And Calculations (ʛ. ʉʇʙ, 2019 ʛ.), LXXXII ɺʩʝʨʦʩʩʠʡ-

ʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝ-

ʥʳʭ (ʛ. ʉʇʙ, 2022 ʛ.), International Scientific Conference Transport Technologies 

in the 21st Century (ʛ. ʉʇʙ, 2023 ʛ.), ɺʪʦʨʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝ-

ʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ: ʧʨʦʙʣʝʤʳ, ʨʝʰʝ-

ʥʠʷ, ʧʝʨʩʧʝʢʪʠʚʳ (ʛ. ʉʇʙ, 2023 ʛ.), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥ-

ʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ: ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʛ. ɹʠʨʦʙʠʜʞʘʥ, 2023 ʛ.), V ɺʩʝʨʦʩʩʠʡ-

ʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʛ. ʉʘʤʘʨʘ, 2023 ʛ.), ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʘʫʢʠ: ʪʝʦʨʠʷ, ʤʝʪʦʜʦʣʦʛʠʷ, ʧʨʘʢʪʠʢʘ, ʠʥʥʦʚʘʪʠʢʘ (ʛ. ʋʬʘ, 2025 ʛ.), XII ʄʝʞ-

ʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çEltrans ï 2025è (ʛ. ʉʇʙ, 2025 ʛ.). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ çʧʦʜʚʠʞʥʦʡ 

ʩʦʩʪʘʚ ï ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳè, ʩ ʫʯʝʪʦʤ 

ʵʥʝʨʛʦ-ʤʘʩʩʦʦʙʤʝʥʘ ʥʘ ʜʠʬʬʫʟʦʨʥʦ-ʢʦʥʬʫʟʦʨʥʳʭ ʫʯʘʩʪʢʘʭ, ʘ ʪʘʢʞʝ ʨʝʢʦʤʝʥ-

ʜʘʮʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞ-

ʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ: 

- ʚ ʘʥʘʣʠʟʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʥʘʫʯʥʦʛʦ ʦʧʳʪʘ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʳ çʢʦʣʝʩʦ-ʨʝʣʴʩè ʚ ʫʩʣʦʚʠʷʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʙʲʝʢʪʘʤʠ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ 

- ʚ ʧʦʩʪʨʦʝʥʠʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʘ ̫

ʧʨʦʮʝʩʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ çʧʦʜʚʠʞʥʦʡ  

ʩʦʩʪʘʚ ï ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳè; 

- ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʚʦʜʠʪʴ 

ʫʪʦʯʥʝʥʥʳʝ ʨʘʩʯʝʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʢʠ ʧʦʜʚʠʞʥʦʛʦ  

ʩʦʩʪʘʚʘ, ʧʦʜʘʪʣʠʚʦʩʪʠ ʧʫʪʝʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʪʠʧʘ ʬʝʨʤʝʥʥʳʡ ʤʦʩʪ, ʠ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʥʘ ʢʦʨʧʫʩʥʳʝ ʵʣʝʤʝʥʪʳ ʫʩʢʦʨʝʥʥʦ ʜʚʠʞʫʱʠʭʩʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ; 

- ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʩʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʦʩʷʤ ʢʦʣʝʩ-

ʥʳʭ ʧʘʨ ʭʦʜʦʚʳʭ ʪʝʣʝʞʝʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʫʨʙʫʣʝʥʪʥʳʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʣʠʷʥʠʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʠ ʠʥʝʨʮʠʦʥʥʦʛʦ ʥʘʜʜʫʚʘ ʫʚʣʝʯʝʥ-

ʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʦʪ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ çʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ï 

ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳè; 

- ʚ ʧʦʣʫʯʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʬʝʨʤʝʥʥʦʡ ʤʦʩʪʦʚʦʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʩ ʫʯʝʪʦʤ ʧʦʜʘʪʣʠʚʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʧʦʜʚʝʩʦʢ ʧʦʝʟʜʘ ʠ ʥʝʩʫʱʝʡ ʤʝ-

ʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʩʢʦʨʝʥʥʦ ʜʚʠʞʫ-

ʱʠʭʩʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ; 

- ʚ ʨʘʟʨʘʙʦʪʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʢʦ-

ʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʧʦʣʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʩ ʦʙʲʝʢʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʚʝʪ-

ʨʦʚʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ ʥʘʫʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 16 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, ʠʟ ʥʠʭ 12 ï ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʠʟʜʘʥʠʷʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʇʝʨʝʯʝʥʴ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ ʜʣʷ 

ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʠ ʧʨʠʨʘʚʥʝʥʥʳʭ ʢ ʥʠʤ, ʦʜ-

ʥʦʡ ʤʦʥʦʛʨʘʬʠʠ, ʧʦʣʫʯʝʥʳ ʦʜʥʦ ʘʚʪʦʨʩʢʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ 

ʠ ʦʜʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ɼʠʩ-

ʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʘʩʧʦʨʪʦʤ ʩʧʝʮʠʘʣʴ-

ʥʦʩʪʠ ɺɸʂ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 2.9.3 ï 

ʇʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʪʷʛʘ ʧʦʝʟʜʦʚ ʠ ʵʣʝʢʪʨʠʬʠʢʘʮʠʷ, ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʘʤ çʆʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦ-

ʩʪʠ: ʧ. 1 çʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʧʦʜʚʠʞʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʠ ʩʠʩʪʝʤ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʥʘʜʸʞʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʉʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʝʣʝʟʥʳʭ ʜʦ-

ʨʦʛ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʨʝʣʴʩʦʚʦʛʦ ʛʦʨʦʜʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʤʝʪʨʦʧʦʣʠʪʝʥʦʚ. ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ, ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʷʛʠ ʧʦʝʟʜʦʚ ʠ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛè; ʧ.6 çʋʣʫʯʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ 

ʢʘʯʝʩʪʚ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʫʪʠ. 

ʉʥʠʞʝʥʠʝ ʠʟʥʦʩʘ ʵʣʝʤʝʥʪʦʚ ʧʫʪʠ ʠ ʭʦʜʦʚʳʭ ʯʘʩʪʝʡ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʦ-

ʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʭʦʜʦʚʳʭ 
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ʯʘʩʪʝʡ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘè; ʧ.7 çʊʷʛʦʚʳʝ ʠ ʪʦʨʤʦʟʥʳʝ ʨʘʩʯʸʪʳ. ʊʷʛʦʚʳʝ ʠ 

ʪʦʨʤʦʟʥʳʝ ʢʘʯʝʩʪʚʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝ-

ʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘè. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʚʚʝʜʝʥʠʝ, ʯʝʪʳʨʝ ʛʣʘʚʳ, ʟʘʢʣʶʯʝʥʠʝ ʠ ʠʟʣʦʞʝʥʘ ʥʘ 189 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩ-

ʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 38 ʪʘʙʣʠʮ, 64 ʨʠʩʫʥʢʘ, 1 ʧʨʠʣʦʞʝʥʠʝ. ʉʧʠʩʦʢ ʮʠʪʠʨʫʝ-

ʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 100 ʠʩʪʦʯʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 16 ʨʘʙʦʪ ʘʚʪʦʨʘ ʝʜʠʥʦ-

ʣʠʯʥʦ ʠ ʩ ʩʦʘʚʪʦʨʘʤʠ. 
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ɻʃɸɺɸ 1. ɸʅɸʃʀɿ ʉʆʉʊʆʗʅʀʗ ɺʆʇʈʆʉɸ.                                                 

ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏ ʀʉʉʃɽɼʆɺɸʅʀʗ 

1.1 ʆʙʟʦʨ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʦʪʢʨʳʪʦʤʫ ʫʯʘʩʪʢʫ ʚʜʦʣʴ ʙʝʨʝʛʦ-

ʚʦʡ ʣʠʥʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʩʣʦʞʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʳʤʝʱʝʥʠʝʤ ʠ ʠʥʝʨ-

ʮʠʦʥʥʳʤ ʫʚʣʝʯʝʥʠʝʤ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʜʚʠʞʫʱʠʤʩʷ ʢʦʨʧʫʩʦʤ ʧʦʜʚʠʞʥʦʛʦ ʩʦ-

ʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʧʦʪʦʢʦʚ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʙʦʢʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʦʪ-

ʢʨʳʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜʦʙ-

ʥʘʷ ʥʘʛʨʫʟʢʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ [1]. 

ʆʧʨʦʢʠʜʳʚʘʶʱʠʡ ʤʦʤʝʥʪ [4 - 6], ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʜʘʚʣʝʥʠʝ ʥʘ ʢʦ-

ʣʝʩʥʳʝ ʧʘʨʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʪʦʨʤʦʞʝʥʠʷ. ʂʨʠʪʝ-

ʨʠʝʤ ʧʨʝʜʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʢʦʣʝʩʥʳʝ ʧʘʨʳ ʷʚʣʷʝʪʩʷ ʧʦʥʠʞʝʥʠʝ 

ʚ ʧʨʝʜʝʣʘʭ 10 % ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʚʝʩʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ [7, 8]. ɿʘʜʘʯʘ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʩʪʚʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ ʫʩʣʦʞʥʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʜʚʠ-

ʞʝʥʠʷ ʧʦ ʤʦʩʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʘʣʦʯʥʦʛʦ ʪʠʧʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʷʷ ʷʚʣʷ-

ʝʪʩʷ ʫʧʨʫʛʠʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʪʘʢʞʝ ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ. ɼʚʠ-

ʞʝʥʠʝ ʞʝ ʧʦ ʬʝʨʤʝʥʥʦʤʫ ʤʦʩʪʫ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʢʦʣʝʙʘʪʝʣʴ-

ʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʥʝ ʪʦʣʴʢʦ ʜʝʡʩʪʚʠʝ ʚʦʟʤʫʱʘʶʱʠʭ 

ʩʠʣ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʝʟʜʘ, ʥʦ ʠ ʘʵʨʦʫʧʨʫʛʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʉʣʦʞʥʦʩʪʴ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʝʣʠ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʊʘʢ, ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘ-

ʥʠʷʭ ɽʉ ʧʦ ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (TSI) ʨʝʛʣʘʤʝʥʪʠʨʫ-

ʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʠ ʩʥʠ-

ʞʝʥʠʶ ʨʠʩʢʘ ʩʭʦʜʘ ʩ ʨʝʣʴʩʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʤʦʩʪʘʭ ʠ ʥʘʩʳʧʷʭ. 
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ɺ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʟʦʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʪʝʩʥʝʥʠʷ ʠ ʫʧʣʦʪʥʝʥʠʷ ʚʦʟ-

ʜʫʰʥʦʡ ʩʨʝʜʳ ʬʦʨʤʠʨʫʶʪʩʷ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʛʦ ʠ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʧʣʦʪʥʦʩʪʠ. ʈʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʫʧʣʦʪʥʝʥʥʦʡ ʠ ʨʘʟʨʷʞʝʥʥʦʡ ʟʦʥ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʨʦʬʠʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʦʨʧʫʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʚʠʞʥʳʭ ʝʜʠʥʠʮ ʧʦ-

ʝʟʜʘ, ʜʣʠʥʦʡ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ  

[1, 2, 5]. ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʦʙʲʝʤʥʳʭ ʟʦʥ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʚ ʨʘʡʦʥʝ ʛʦʣʦʚʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ ʩʦʩʪʘʚʘ (ʩʤ. ʨʠʩ. 1.1). 

 
ʈʠʩʫʥʦʢ 1.1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʙʣʠʟʠ ʜʚʠʞʫʱʝʛʦʩʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʝʟʜʘ ʚʙʣʠʟʠ ʛʦʣʦʚʳ ʩʦʩʪʘʚʘ ʥʘ ʦʪʜʘʣʝʥʠʠ ʦʪ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ (ʪʦʥʥʝʣʴ) 

ɿʘ ʭʚʦʩʪʦʚʳʤ ʦʙʪʝʢʘʪʝʣʝʤ ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʣʘʩʪʴ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʦʙʣʘʩʪʴ ʫʚʣʝʢʘʝʤʳʭ ʧʦʝʟʜʦʤ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, 

ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʳʭ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʦʝʟʜʘ. ʇʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ ʠ ʠʟʦʙʘʨʳ ʜʘʚʣʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.2. 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʷʚʣʷʝʪʩʷ ʪʫʨʙʫʣʝʥʪ-

ʥʳʤ ʠ ʠʤʝʝʪ ʜʚʘ ʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʘ (ʩʪʘʪʠʯʝʩʢʦʝ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ).  



16 
 

 
ʈʠʩʫʥʦʢ 1.2 ï ʕʧʶʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ                                                      

ʚ ʟʦʥʝ ʭʚʦʩʪʦʚʦʛʦ ʦʙʪʝʢʘʪʝʣʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚʙʣʠʟʠ ʢʦʥʩʪʨʫʢʮʠʠ ʬʝʨʤʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʢʦʨʝʥʥʦʛʦ ʩʞʘʪʠʷ ʚʦʟʜʫʰ-

ʥʦʡ ʩʨʝʜʳ ʚʩʣʝʜʩʪʚʠʝ ʚʷʟʢʦʩʪʠ ʚʦʟʜʫʭʘ ʚʦʟʥʠʢʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠ ʟʘʤʢʥʫʪʳʝ 

ʦʙʲʝʤʳ ʛʘʟʘ, ʦʢʘʟʳʚʘʶʱʠʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʢ ʥʘ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʝ ʦʙʲʝʢʪʳ, ʪʘʢ ʠ ʥʘ ʩʘʤ ʩʦʩʪʘʚ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚʦʟʜʫʰ-

ʥʳʝ ʧʦʪʦʢʠ ʩ ʚʳʩʦʢʠʤ ʛʨʘʜʠʝʥʪʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ, 

ʯʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʘʩʥʦʩʪʴ ʢʘʢ ʜʣʷ ʧʦʜʚʠʞ-

ʥʦʛʦ ʩʦʩʪʘʚʘ, ʪʘʢ ʠ  ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʩʢʦʣʴʢʫ 

ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʨʝʟʦʥʘʥʩʦʚ [1]. ɺ ʟʘʜʘʯʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʣʴʩʘ ʠ ʢʦʣʝʩʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪ-

ʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʤʦʩʪʦʚʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚ-

ʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʪʨʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦ-

ʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʜʚʠ-

ʞʝʥʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʤʦʩʪʦʚʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʩ ʫʯʝʪʦʤ ʧʦʜʘʪʣʠʚʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ ʠ ʧʦʜʚʝʩʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʠ 

ʨʝʣʴʩʘ ʧʨʠ ʥʘʣʠʯʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʘʵʨʦʫʧʨʫʛʠʤ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʩʠʩʪʝʤʝ çʧʦʝʟʜ ï ʤʦʩʪè. 
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ʂʘʯʝʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʧʦʚʝʜʝʥʠʷ ʧʦʪʦʢʦʚ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʥʝʩʢʦʣʴʢʦ ʦʪ-

ʣʠʯʘʶʪʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ (ʤʘʩʰʪʘʙ-

ʥʘʷ ʤʦʜʝʣʴ 1:15 TGV Duplex ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ 

(ʨʠʩ. 1.3.) [9- 10]. 

ʘ) 

 

ʙ) 

 

ʈʠʩʫʥʦʢ 1.3 ʀʩʧʳʪʘʥʠʷ ʤʘʩʰʪʘʙʥʦʡ ʤʦʜʝʣʠ ʧʦʝʟʜʘ TGV Duplex ʚ ʨʘʙʦʯʝʡ 

ʢʘʤʝʨʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ʧʨʠ ʙʦʢʦʚʦʤ ʦʙʜʫʚʝ ʚ ʛʦʣʦʚʥʦʡ (ʘ)  

ʠ ʭʚʦʩʪʦʚʦʡ (ʙ) ʯʘʩʪʷʭ [fr] 

ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʦʪʴ ʠ ʧʦʟʚʦʣʠʣʠ ʫʪʦʯʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʚʦʟʜʫʰʥʳʭ ʧʦ-

ʪʦʢʦʚ ʧʨʠ ʙʦʢʦʚʦʤ ʦʙʜʫʚʝ, ʦʜʥʘʢʦ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʪʦʢʦʚ, ʜʚʠ-

ʞʫʱʠʭʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʝʟʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʟʜʝʩʴ ʥʝʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʥʘʙʝʛʘʶʱʝʛʦ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʫʚʣʝʢʘʝʤʳʭ ʧʦʝʟʜʦʤ ʚʦʟʜʫʰʥʳʭ 

ʤʘʩʩ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ 

ʥʘ ʤʦʜʝʣʷʭ ʩʪʘʥʦʚʠʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʥʝʦʩʫʱʝʩʪʚʠʤʳʤ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʬʘʢ-

ʪʦʨʦʤ, ʩʪʘʚʷʱʠʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜ ʩʦʤʥʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʦʪ-

ʩʫʪʩʪʚʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʧʦʨ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ [5, 6] ʠ ʟʘ ʨʫʙʝʞʦʤ [7], ʜʘʥʥʳʝ 

ʦʙʲʝʢʪʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʝʥʷʶʪ ʭʘʨʘʢʪʝʨ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ-

ʝʟʜʘ ʧʦ ʤʦʩʪʫ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʦʪʦʢʠ, ʦʤʳʚʘʶʱʠʝ ʤʦʩʪʦʚʫʶ ʢʦʥ-

ʩʪʨʫʢʮʠʶ [11-13]. ʅʘ ʨʠʩʫʥʢʝ 1.4 ʚʠʜʥʳ ʩʨʳʚʥʳʝ ʧʦʪʦʢʠ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝ-

ʥʠʷ, ʦʢʘʟʳʚʘʶʱʠʝ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʠʞʥʶʶ ʯʘʩʪʴ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʭʨʝʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʙʣʠʟʠ ʛʦʣʦʚʥʦʡ ʠ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʝʡ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 



18 
 

 
ʈʠʩʫʥʦʢ 1.4 ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʨʳʚʥʳʭ ʚʠʭʨʝʡ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʝʟʜʘ ʧʦ ʵʩʪʘʢʘʜʝ ʚ ʫʩʣʦʚʠʷʭ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʧʨʘʢʪʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʘʵʨʦʜʠʥʘʤʠ-

ʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʙʲʝʢʪʦʚ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʩʪʨʦʝʥʠʡ, ʧʫʪʝʧʨʦʚʦʜʦʚ, ʬʝʨʤ ʤʦʩʪʦʚʳʭ 

ʧʨʦʣʝʪʦʚ ʠ ʧʨ.) ʩʣʦʞʠʣʦʩʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚ ʮʝʣʦʤ ʩʚʝʜʝʥʦ ʢ ʧʨʦʮʝʩʩʘʤ ʥʘ ʢʦʥʬʫʟʦʨ ï ʜʠʬʬʫʟʦʨ-

ʥʦʤ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʥʬʫʟʦʨ ʦʙʨʘʟʫʝʪ ʦʙʪʝʢʘʪʝʣʴ 

ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʝʟʜʘ ʠ ʧʨʦʣʝʪʥʦʝ ʩʪʨʦʝʥʠʝ ʬʝʨʤʝʥʥʦʛʦ ʤʦʩʪʘ, ʧʦʩʢʦʣʴʢʫ ʟʜʝʩʴ 

ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʧʝʨʝʤʝʱʘʝʤʳʭ ʧʦʝʟʜʦʤ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʩ ʵʣʝʤʝʥ-

ʪʘʤʠ ʬʝʨʤʳ, ʘ ʪʘʢʞʝ ʷʚʣʝʥʠʡ ʚʦʣʥʦʚʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʦʙʣʘʩʪʠ 

ʚʦʟʜʫʭʘ ʩ ʚʳʩʦʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ. ɿʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʨʘʩʪʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʘʚʣʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦ-

ʪʦʢʘ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʷʚʣʝʥʠʝ ʩʨʳʚʘ ʧʦʪʦʢʘ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʢʦʧʝ-

ʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʪʦʢʫ, ʘ ʚ ʩʣʫʯʘʝ ʩʦʚ-

ʧʘʜʝʥʠʷ ʯʘʩʪʦʪʳ ʜʘʥʥʦʡ ʚʦʟʤʫʱʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ʩ ʦʜʥʦʡ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘ-

ʩʪʦʪ ʵʣʝʤʝʥʪʘ ʩʪʝʨʞʥʝʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʝʩʫʨʩʘ 

ʦʙʲʝʢʪʘ [3]. ɹʦʣʴʰʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ, ʠʭ ʤʘʣʳʝ ʟʥʘʯʝʥʠʷ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʜʝʢʨʝʤʝʥʪʦʚ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʨʝʟʦʥʘʥʩ-

ʥʳʭ ʯʘʩʪʦʪ ʩʪʘʥʦʚʷʪʩʷ ʬʘʢʪʦʨʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ.  
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ʇʨʠ ʥʘʣʠʯʠʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʢʘʨʪʠʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠ-

ʩʪʝʤʝ ʤʦʩʪ ï ʜʚʠʞʫʱʠʡʩʷ ʧʦʝʟʜ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪʩʷ [12-13]. ɿʜʝʩʴ ʚʳʩʦ-

ʢʦʩʢʦʨʦʩʪʥʦʡ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ, ʜʚʠʞʫʱʠʡʩʷ ʚ ʛʘʙʘʨʠʪʘʭ ʬʝʨʤʝʥʥʦʛʦ ʧʨʦ-

ʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʦʙʪʝʢʘʝʤʳʭ ʪʝʣ ʠ ʬʝʨʤʘ 

ʤʦʩʪʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʣʦʭʦʦʙʪʝʢʘʝʤʳʤ ʪʝʣʦʤ, ʚʳʟʳʚʘʶʪ ʧʨʠ ʦʙʪʝʢʘʥʠʠ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʠʟʛʠʙ ʧʦʪʦʢʘ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʠ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝ ʟʘ 

ʪʝʣʦʤ, ʚ ʟʦʥʝ ʢʦʪʦʨʦʛʦ ʦʢʘʟʳʚʘʝʪʩʷ ʜʚʠʞʫʱʠʡʩʷ ʩʦʩʪʘʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʦʨ-

ʧʫʩ ʧʦʝʟʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ ʧʝʨʝʤʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʝʨʝʢʨʳʚʘʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʦʡ ʵʣʝʤʝʥʪʦʚ ʬʝʨʤ. 

ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʙʘʬʪʠʥʛ [14]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʧʨʫʛʠʭ ʠ 

ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʚʠʭʨʝʚʦʝ ʚʦʟʙʫʞ-

ʜʝʥʠʝ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʩʧʦʩʦʙʥʦ ʚʳʟʳʚʘʪʴ ʚʝʪʨʦʚʦʡ ʨʝʟʦʥʘʥʩ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʠ ʷʚʣʝʥʠʷ ʛʘʣʦʧʠʨʦʚʘʥʠʷ ʠ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʝʟʜʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ ʠ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ ʠ ʜʚʠʞʫ-

ʱʝʛʦʩʷ ʚ ʝʛʦ ʦʙʲʝʤʝ ʧʦʝʟʜʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʩʣʝʜʫʝʪ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʠʷ ʧʫʣʴʩʘʮʠʡ ʚʝʪʨʘ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʝʟʜʘ 

ʠ ʤʦʩʪʘ ʩ ʫʯʝʪʦʤ ʫʧʨʫʛʠʭ ʠ ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʧʦʜʚʝʩʢʠ ʠ ʤʦʩʪʦʚʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ. ʉʣʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ ʷʚʣʝʥʠʡ ʧʨʠ-

ʚʝʣʘ ʢ ʪʦʤʫ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʯʠʩʣʝʥʥʦʝ CFD ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʪʨʝʭʤʝʨʥʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ 

ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʘʛʦʥʦʚ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʢʦ-

ʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʫʢʘʟʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦ-

ʣʫʯʝʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʪʩʫʪʩʪʚʫʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʜʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʤʦʩʪ-ʧʦʝʟʜ ʩ ʫʯʝʪʦʤ ʧʦʜʘʪʣʠʚʦʩʪʠ ʤʦʩʪʦʚʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʠ ʫʧʨʫʛʦ-ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʜʚʠʞʫʱʝ-

ʛʦʩʷ ʧʦʝʟʜʘ. ɺʳʧʦʣʥʠʤ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 
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ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦ-

ʜʚʠʞʥʳʤ ʩʦʩʪʘʚʦʤ. 

1.2 ʆʙʟʦʨ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ                                   

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ                                     

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʜʚʠʞʥʳʤ ʩʦʩʪʘʚʦʤ 

ʀʩʪʦʨʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʦʣʝʙʘʥʠʡ ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʚʠʞʫʱʠʭʩʷ ʥʘʛʨʫʟʦʢ ʙʝʨʸʪ ʩʚʦʸ ʥʘʯʘʣʦ ʚ ʩʝʨʝʜʠʥʝ XX 

ʚʝʢʘ. ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʤʦ-

ʩʪʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʫʧʨʦʱʸʥʥʳʭ ʤʦʜʝʣʝʡ, 

ʙʝʟ ʫʯʸʪʘ ʜʠʥʘʤʠʢʠ ʧʫʪʠ ʠ ʩʣʦʞʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ. ʂ 

1960 ʛʦʜʘʤ ʥʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [15] ʜʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʙʘʟʝ 

ʥʘʫʯʥʦʛʦ ʦʙʦʙʱʝʥʠʷ ʠʤʝʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʣʦʞʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʝ-

ʪʦʜʳ ʫʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʥʘʛʨʫʟʦʢ ʜʣʷ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʠ ʨʘʩʯʸʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʵʢʩʧʣʫʘʪʠʨʫ-

ʝʤʳʭ ʤʦʩʪʦʚ [16]. ʕʪʠ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘʰʣʠ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʦʨʤʘʭ [17]. ɺ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ ɹʝʨʥʰʪʝʡʥʘ ʉ.ɸ., ʈʘʙʠʥʦʚʠʯʘ ʀ.ʄ., 

ʉʤʠʨʥʦʚʘ ɸ.ʌ. ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʤʦʩʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʜʚʠʞʥʳʭ ʥʘʛʨʫʟʦʢ. ʇʦʟʞʝ ʙʦʣʴʰʦʡ ʚʢʣʘʜ 

ʚ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʚʥʝʩʣʠ 

ʨʘʙʦʪʳ ɹʦʣʦʪʠʥʘ ɺ.ɺ., ʉʘʬʨʦʥʦʚʘ ɺ.ʉ., ʊʘʨʘʩʝʥʢʦ ɺ.ʇ. ʠ ʜʨ. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʨʘʟʨʘʙʦʪʢʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦ 

ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʙʘʣʦʢ, ʫʯʠʪʳʚʘʶʱʠʭ ʢʘʢ ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʘʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʕʪʠ ʨʘʙʦʪʳ ʩʪʘʣʠ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ɺ 1980-90-ʭ ʛʦʜʘʭ ʨʘʟʚʠʪʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʘ ʧʦʪʨʝʙʦʚʘʣʦ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʥʝ ʪʦʣʴʢʦ ʤʘʩʩʫ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠ-

ʩʪʝʤʳ ʧʦʜʚʝʩʢʠ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ.  
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ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʦʩʪʝʧʝʥʥʦʤʫ 

ʩʪʘʥʦʚʣʝʥʠʶ ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʠʟʦʰʸʣ ʢʘʯʝ-

ʩʪʚʝʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʫʧʨʦʱʸʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦ-

ʜʘʤ ʘʥʘʣʠʟʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 2000-ʭ ʧʦʩʚʷ-

ʱʸʥʥʳʝ ʜʘʥʥʦʤʫ ʘʩʧʝʢʪʫ ʨʘʙʦʪʳ ʚʥʝʩʣʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ 

ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʜʚʠ-

ʞʝʥʠʠ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʩʣʠ ʨʘʙʦʪʳ ʂʘ-

ʜʠʩʦʚʘ ɻ.ʄ., ʧʦʩʚʷʱʸʥʥʳʝ ʜʠʥʘʤʠʢʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʣʸʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʀʚʘʥʯʝʥʢʦ ʀ.ʀ., ʧʦʩʚʷʱʸʥʥʳʝ ʢʦʤʧʣʝʢʩʥʦʤʫ ʘʥʘʣʠʟʫ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʩʪʦʚ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞ-

ʥʳʭ ʩʦʩʪʘʚʦʚ, ʚʢʣʶʯʘʷ ʪʘʢ ʞʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ.  

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʪʨʸʭʤʝʨʥʳʭ 

ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʫʯʠʪʳʚʘʶʱʠʭ ʧʦʣʥʳʡ ʢʦʤʧʣʝʢʩ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ "ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ - ʧʫʪʴ - ʤʦʩʪ" (ʘʥʛʣ. Train-track-bridge in-

teraction, TTBI). ʈʘʙʦʪʳ ʏʞʘʡ ɺ., ʗʥ ʗ.ɹ. ʠ ʜʨ. ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʝʭʦʜ ʢ ʢʦʤ-

ʧʣʝʢʩʥʦʤʫ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʥʝʣʠʥʝʡʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʫʯʸʪʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʜʝ-

ʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʫʯʸʪʘ ʥʝʨʦʚʥʦʩʪʝʡ ʠ ʧʦʜʘʪʣʠʚʦʩʪʠ ʧʫʪʠ, ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰ-

ʥʠʭ ʬʘʢʪʦʨʦʚ (ʩʝʡʩʤʠʯʝʩʢʠʭ, ʘʵʨʦ- ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ), ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝ-

ʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʷʜʘ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʨʦʚ.  

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ 

ʧʝʨʝʡʪʠ ʢ ʩʦʟʜʘʥʠʶ ʛʠʙʨʠʜʥʳʭ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʤʦʜʝʣʝʡ, ʩʦʯʝʪʘʶʱʠʭ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʨʦʜʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʢʦʥʪʝʢʩʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʜ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʳʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʫʧ-

ʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝ-

ʣʷʤʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʷ ʢʘʢ ʩʪʝʥʜʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʪʘʢ ʠ ʧʦʣʝʚʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘ 
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ʨʝʘʣʴʥʳʭ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʷʭ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʦʣʸʪ-

ʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ, ʚʢʣʶʯʘʷ ʚʩʸ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʤʦʜʝʣʠ ʠ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʦʜʥʘʢʦ ʚʦʧʨʦʩʳ, ʦʪʨʘʞʘʶʱʠʝ ʩʪʝʧʝʥʴ ʠ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʦʩʪʦ-

ʚʦʡ ʬʝʨʤʳ, ʥʘ ʬʦʨʤʫ ʠ ʭʘʨʘʢʪʝʨ ʢʦʣʝʙʘʥʠʡ ʤʦʩʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʪʘʶʪʩʷ 

ʤʘʣʦ ʠʟʫʯʝʥʥʳʤʠ.  

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʨʦʨʘʙʦʪʘʥʳ ʚʦʧʨʦʩʳ ʢʦʣʝʙʘʥʠʷ ʥʘʜʨʝʩʩʦʨʥʦʛʦ ʩʪʨʦʝ-

ʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʞʝ-

ʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʥʠʷ 

ʫʜʝʣʷʝʪʩʷ ʚʣʠʷʥʠʶ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʤʦʩʪʦʚʳʭ ʬʝʨʤ, ʘ ʪʘʢʞʝ ʧʫʪʠ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʦʤʫ ʥʘ ʤʦʩʪʘʭ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝ ʫʯʪʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʥʘʛʨʫʟʢʠ ʢʦʣʝʩʥʳʭ ʧʘʨ ʠ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʘʵʨʦʫʧʨʫʛʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦ-

ʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʪ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʣʴʩʘ ʠ ʢʦʣʝʩʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʟʢʦ ʠʟʤʝʥʷʶʱʠʭʩʷ ʥʘʛʨʫʟʦʢ, ʦʙʫʩʣʦʚʣʝʥ-

ʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ. 

1.3 ʆʙʟʦʨ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ                     

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ                                      

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʆʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʣʴʩʘ ʠ ʢʦʣʝʩʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪ-

ʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʥʘʭʦʜʷʪʩʷ ʚ ʬʦʢʫʩʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʝʜʫ-

ʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ. ʆʥʠ ʥʦʩʷʪ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʭʘʨʘʢ-

ʪʝʨ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʘʥʘʣʠʟʦʤ ʨʘʙʦʪʳ ʢʦʥʪʘʢʪʥʦʡ ʧʘʨʳ çʢʦʣʝʩʦ-ʨʝʣʴʩè ʚ ʢʨʠʚʳʭ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʤʝʶʪ ʤʝʩʪʦ ʥʘʠʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʳʝ ʫʩʣʦʚʠʷ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ 
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ʥʘ ʙʦʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʟʦʚʦʚ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʠʟʙʝʞʥʦ ʩʤʝʱʝʥʠʝ ʛʦ-

ʣʦʚʥʦʡ ʠ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʝʡ ʧʦʝʟʜʘ, ʚ ʟʥʘʯʠʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʩʠʣʠʡ ʚ ʢʦʥʪʘʢʪʝ çʛʨʝʙʝʥʴ ʢʦʣʝʩʘ ï ʙʦʢʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘè, 

ʘʥʘʣʦʛʠʯʥʳʝ ʪʝʤ, ʯʪʦ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʚʧʠʩʳʚʘʥʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʫʯʘʩʪʢʠ ʧʫʪʠ [18-24]. ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʫʢʘʟʘʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʧʘʨʘʭ ʢʦʣʝʩ ʧʝʨʚʦʡ ʠ ʧʦʩʣʝʜʥʝʡ ʪʝʣʝ-

ʞʝʢ ʤʦʛʫʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʥʳʤʠ ʠ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʦʚʳʰʝʥʠʝʤ ʧʦʪʝʨʴ, ʩʚʷʟʘʥ-

ʥʳʤ ʩ ʪʨʝʥʠʝʤ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ 

ʧʦʝʟʜʘ, ʠʟʥʦʩʘ ʛʨʝʙʥʝʡ ʢʦʣʝʩ ʠ ʨʝʣʴʩʦʚ, ʠ ʟʘʪʨʘʪ ʥʘ ʪʷʛʫ. ʉʣʦʞʥʘʷ ʢʠʥʝʤʘʪʠʢʘ 

ʜʚʠʞʝʥʠʷ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʚ ʫʩʣʦʚʠʷʭ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʠ ʜʚʠʞʝʥʠ ̫ʧʦ ʤʦʩʪʦʚʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʠʤʠ ʢʦʥʪʘʢʪʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʩʢʦʨʦʩʪʷʤʠ 

ʩʢʦʣʴʞʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʟʘʢʣʘʜʳʚʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʨʘʟʣʠʯʥʳʭ ʜʝʬʝʢʪʦʚ ʢʦʣʝʩʥʳʭ ʧʘʨ ʠ ʨʝʣʴʩʦʚ (ʢ ʧʨʠʤʝʨʫ, ʚʳʢʨʘʰʠʚʘʥʠʝ ʤʝ-

ʪʘʣʣʘ ʠʟ ʛʨʝʙʥʷ ʠʣʠ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ, ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ 

ʪ.ʧ.) ʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʘʪʘʩʪʨʦʬʝ. ʇʨʘʢʪʠʢʘ ʩʦʚ-

ʤʝʩʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʨʫʟʦʚʳʭ ʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʝʞʝ-

ʛʦʜʥʳʤ ʨʦʩʪʦʤ ʩʨʝʜʥʝʡ ʛʨʫʟʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʜʝʬʝʢʪʦʚ ʨʝʣʴʩʦʚʦʛʦ ʧʫʪʠ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʠ ʬʨʠʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ çʢʦʣʝʩʦ-ʨʝʣʴʩè. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʩʫʱʝ-

ʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʥʪʘʢʪʥʦʡ ʧʘʨʝ ʢʦʣʝʩʦ-ʨʝʣʴʩ ʚ ʦʩ-

ʥʦʚʥʦʤ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʨʫʟʦʚʳʤ ʚʘʛʦʥʘʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʚʦʧʨʦʩʳ ʠʭ ʘʜʘʧʪʘʮʠʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʛʨʘʥʠʮ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʤʦʩʪʦʚʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʚ ʫʩʣʦ-

ʚʠʷʭ ʩʣʦʞʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʦʯʝʪʘʥʠʝʤ ʘʵʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʦʪ ʢʦʣʝʙʘʥʠʡ ʜʚʠʞʫʱʝʛʦʩʷ ʚʳʩʦʢʦ-

ʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʫʧʨʫʛʦ ʩʦ-

ʯʣʝʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʩʪʦʚʦʡ ʢʦʥʩʪʨʫʢ-

ʮʠʠ. ʂ ʪʦʤʫ ʞʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʜʦʣʞʥʳ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʩʣʦʞʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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ʥʘʛʨʫʟʦʢ ʥʘ ʢʦʣʝʩʘ ʠ ʦʩʠ ʩ ʫʯʝʪʦʤ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʠ ʧʨʦʮʝʩʩʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʩʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʧʨʦʩʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʜʚʠ-

ʞʫʱʝʛʦʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʙʲʝʢʪʘʤʠ ʞʝʣʝʟʥʦʜʦ-

ʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ, ʘ ʪʘʢʞʝ ʠ ʨʘʟʨʘ-

ʙʦʪʢʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʚʦʟʦʢ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

1.4 ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʫʯʘʩʪʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʊʝʨʨʠʪʦʨʠʷ ʈʦʩʩʠʠ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 16350-80 çʂʣʠʤʘʪ ʉʉʉʈ. ʈʘʡʦʥʠʨʦ-

ʚʘʥʠʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʮʝʣʝʡè [25, 26], ʜʝʣʠʪʩʷ ʥʘ 7 ʚʝʪʨʦʚʳʭ ʟʦʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 

ʚʝʪʨʦʚ, ʜʫʶʱʠʭ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʩʚʳʰʝ 12 ʤ/ʩ (ʩʤ. ʨʠʩ. 1.5).  

ɼʣʷ ʘʥʘʣʠʟʘ ʚʝʪʨʦʟʘʚʠʩʠʤʳʭ ʨʘʡʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʚʣʠʷʶʱʠʭ 

ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳ-

ʚʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʚʝʪʨʦʟʘʚʠʩʠʤʳʭ ʟʦʥ, ʪ. ʝ. ʚʠʜ 

ʤʝʩʪʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ: ʨʘʚʥʠʥʥʘʷ ʦʪʢʨʳʪʘʷ ʤʝʩʪʥʦʩʪʴ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʦ 

ʦʪʩʫʪʩʪʚʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʝʛʨʘʜ (ʛʦʨ, ʣʝʩʦʚ), ʫʩʠʣʠʚʘʶʱʠʭ ʚʝʪʨʦʚʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ. 

 
ʈʠʩʫʥʦʢ 1.5 ï ʂʘʨʪʘ ʚʝʪʨʦʚʳʭ ʨʘʡʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ  
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ʂ ʦʩʥʦʚʥʳʤ ʚʝʪʨʦʟʘʚʠʩʠʤʳʤ ʨʝʛʠʦʥʘʤ ʈʦʩʩʠʠ ʦʪʥʦʩʷʪʩʷ: 

¶ ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ (ʂʫʣʫʥʜʠʥʩʢʘʷ ʩʪʝʧʴ, ɹʘʨʘʙʠʥʩʢʘʷ ʥʠʟʤʝʥʥʦʩʪʴ) ï 

ʫʯʘʩʪʢʠ ʊʨʘʥʩʩʠʙʘ (ʥʘʧʨʠʤʝʨ, ʆʤʩʢ ï ʅʦʚʦʩʠʙʠʨʩʢ). 

¶ ʇʨʠʢʘʩʧʠʡʩʢʘʷ ʥʠʟʤʝʥʥʦʩʪʴ (ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʂʘʣʤʳʢʠʷ). 

¶ ɽʚʨʦʧʝʡʩʢʠʡ ʶʛ (ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʢʨʘʡ). 

¶ ʂʦʣʴʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ (ʄʫʨʤʘʥʩʢʘʷ ʦʙʣʘʩʪʴ) ï ʚʝʪʨʘ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ 

ʚʣʠʷʶʪ ʥʘ ʫʯʘʩʪʢʠ ʆʢʪʷʙʨʴʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʫʯʘʩʪʦʢ ʊʫʘʧʩʝ-ɸʜʣʝʨ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʡ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ (ʩʤ. ʨʠʩ. 1.6) [27-29].  

 
ʈʠʩʫʥʦʢ 1.6 ʇʨʠʙʨʝʞʥʳʡ ʫʯʘʩʪʦʢ ʊʫʘʧʩʝ ï ɸʜʣʝʨ 

ɿʜʝʩʴ ʧʨʘʢʪʠʯʝʩʢʠ 90 ʢʠʣʦʤʝʪʨʦʚ ʧʫʪʠ ʧʨʦʭʦʜʷʪ ʚʜʦʣʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, 

ʧʦʜʚʝʨʞʝʥʥʦʡ ʵʨʦʟʠʠ ʠ ʧʦʩʪʦʷʥʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʥʘʥʦʩʦʚ, ʘ ʪʘʢʞʝ ʩʠʣʴʥʳʤ 

ʰʪʦʨʤʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 8 ʙʘʣʣʦʚ (17-20 ʤ/ʩ). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [30] 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ, ʜʫʶʪ ʚʝʪʨʘ ʩʦ ʩʢʦʨʦ-

ʩʪʷʤʠ 12 ʤ/ʩ ʠ ʚʳʰʝ ʯʘʱʝ, ʯʝʤ 53 ʜʥʷ ʚ ʛʦʜʫ (ʨʠʩʫʥʦʢ 1.7).  

ʘ) 
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ʙ) 

 
ʈʠʩʫʥʦʢ 1.7 ʈʦʟʘ ʚʝʪʨʦʚ ʚ ʛ. ʊʫʘʧʩʝ (ʘ) ʠ ʉʦʯʠ (ʙ) 

ʕʪʦʪ ʫʯʘʩʪʦʢ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥ ʚ ʟʦʥʫ ʦʙʨʘʱʝʥʠʷ ʚʳʩʦ-

ʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʝʟʜʦʚ. ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫ-

ʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʣʘʙʳʭ ʛʨʫʥʪʦʚ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʧʨʦʩʳ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʩʦʦʨʫ-

ʞʝʥʠʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʛʨʫʥʪʳ ʚ ʧʦʥʠʞʝʥʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ.  



27 
 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

1. ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ çʧʦʝʟʜ ï ʤʦʩʪè ʷʚʣʷ-

ʝʪʩʷ ʥʝʧʦʣʥʳʡ ʫʯʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʦʚʦʡ ʬʝʨʤʳ ʠ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʥʝʡ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʠ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʶ ʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʘʛʨʫʟʦʢ ʚ ʧʘʨʘʭ çʢʦʣʝʩʦ-

ʨʝʣʴʩè ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ; 

2. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʚʳʩʦʢʦʩʢʦ-

ʨʦʩʪʥʳʭ ʧʦʝʟʜʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʝʟʜʦʚ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʤʝʪʦʜʦʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʨʝʭʤʝʨʥʦʡ ʥʝʩʪʘʮʠʦ-

ʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ.  

3. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʝʟʜʘ ʠ ʤʦ-

ʩʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫ-

ʯʝʥʳ ʚʦʧʨʦʩʳ ʢʦʣʝʙʘʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ 

ʥʘ ʤʦʩʪʦʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʠ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʤʦʩʪʦʚʦʡ ʬʝʨʤʳ, ʥʘ ʬʦʨʤʫ ʠ ʭʘʨʘʢʪʝʨ ʢʦʣʝʙʘʥʠʡ ʤʦʩʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

4. ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʮ ʧʨʠʤʝʥʠ-

ʤʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʥʪʘʢʪʥʦʡ ʧʘʨʝ çʢʦʣʝʩʦ 

ï ʨʝʣʴʩè ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʤʦʩʪʦ-

ʚʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʦʚ-

ʣʝʥʥʳʭ ʥʘʣʠʯʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʦʪ ʢʦʣʝʙʘʥʠʡ ʜʚʠʞʫʱʝʛʦʩʷ ʚʳʩʦʢʦ-

ʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʦʩʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʪʝʢʘ-

ʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʩʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ 

ʚ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ ʧʨʠ ʩʠʣʴʥʦʤ ʙʦʢʦʚʦʤ ʚʝʪʨʝ. 
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5. ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝ-

ʰʝʥʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʚʦ-

ʟʦʢ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ. 

6. ʆʧʨʝʜʝʣʝʥʳ ʟʦʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʚʝʪʨʦʟʘʚʠʩʠʤʳʭ ʨʘʡʦʥʘʭ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʫʯʘʩʪʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʫʯʘʩʪʦʢ ʊʫʘʧʩʝ ï ɸʜʣʝʨ ʉʝʚʝʨʦ-ʂʘʚʢʘʟ-

ʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʬʠʣʠʘʣʘ ʆɸʆ çʈɾɼè, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ 

ʠ ʧʦʜʚʝʨʞʝʥʥʳʡ ʠʥʪʝʥʩʠʚʥʦʤʫ ʰʪʦʨʤʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. 

7. ɼʣʷ ʫʯʘʩʪʢʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʚʝʪʨʦʟʘʚʠʩʠʤʳʝ ʨʘʡʦʥʳ (ʨʘʚʥʠʥʥʳʝ 

ʦʪʢʨʳʪʳʝ ʤʝʩʪʥʦʩʪʠ, ʧʨʠʙʨʝʞʥʳʝ ʟʦʥʳ), ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʧʝʮʠ-

ʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

8. ʅʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜʦʚ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʭ ʜʣʷ ʫʯʪyʘ ʩʦʚ-

ʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʢʦʣʝʙʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ, 

ʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ ʠ ʜʠʥʘʤʠʢʠ ʧʫʪʠ ʩ ʫʯʸʪʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʣʠʤʘʪʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʡ. 

9. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʠ ʦʮʝʥʢʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʣʸʪʥʳʭ ʩʪʨʦʝ-

ʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʪy ʠʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʦʪʦʢ 

ʚʦʟʜʫʭʘ, ʫʚʣʝʢʘʝʤʳʡ ʧʦʝʟʜʦʤ, ʩ ʫʯʸʪʦʤ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʇʉ, ʜʣʷ 

ʦʮʝʥʢʠ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʠʭʨʝʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʩʧʦʩʦʙ-

ʥʳʭ ʚʳʟʚʘʪʴ ʨʝʟʦʥʘʥʩ. 

ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.8. 

  



29 
  



30 
 

 
ʈʠʩʫʥʦʢ 1.8 ï ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ                                                                   

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ   
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ɻʃɸɺɸ 2. ʈɸɿʈɸɹʆʊʂɸ ʈɸʉʏɪʊʅʆʁ ʄʆɼɽʃʀ ɼʃʗ 

ʆʇʈɽɼɽʃɽʅʀʗ ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʆɻʆ                                 

ʉʆʇʈʆʊʀɺʃɽʅʀʗ ʇʈʀ ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʆɻʆ                                    

ʇʆɼɺʀɾʅʆɻʆ ʉʆʉʊɸɺɸ 

2.1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʚʠʞ-

ʥʦʛʦ ʩʦʩʪʘʚʘ ʚʳʧʦʣʥʝʥʦ ʥʘ ʦʩʥʦʚʝ [31-36] ʩʦʩʪʘʚʣʝʥʠʷ ʠ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʜʚʫʭʤʘʩʩʦʚʦʡ 

ʩʠʩʪʝʤʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣʦʚʳʭ ʬʘʢʪʦʨʦʚ ʚʦʟʤʫ-

ʝɦʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ [2, 3, 10, 37-45] ʧʦ ʢʨʠʪʝʨʠʶ 

ʩʤʝʱʝʥʠʷ ʧʨʦʝʢʮʠʠ ʮʝʥʪʨʘ ʤʘʩʩ ʚʘʛʦʥʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʩʪʝʤʳ ʚʦʟʤʫʱʘ-

ʶʱʠʭ ʧʦʜʲʝʤʥʳʭ ʠ ʙʦʢʦʚʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ:  

1. ʉʦʩʪʘʚʠʪʴ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚ-

ʣʝʥʠʷ ʥʘ ʢʦʨʧʫʩ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʝʟʜʘ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ ʠʩʧʦʣʴʟʫʷ 

ʧʦʜʭʦʜʳ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ;  

2. ʆʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʳ-

ʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʩʦʩʪʘʚʘ ʪʠʧʘ çʉʘʧʩʘʥè (Velaro Rus) ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ ʵʩ-

ʪʘʢʘʜʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʩʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ; 

3. ʆʧʨʝʜʝʣʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʫʧʨʫʛʦ ï ʧʦʜʘʪʣʠʚʦʡ ʧʦʜʚʝʩʢʠ ʧʦ-

ʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʚʦʟʤʫʱʝʥʠʝ ʦʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; 

4. ʆʧʨʝʜʝʣʠʪʴ ʫʩʠʣʠʷ ʚ ʢʦʥʪʘʢʪʥʳʭ ʛʨʫʧʧʘʭ çʭʦʜʦʚʳʝ ʢʦʣʝʩʘ ï ʛʦʣʦʚʢʘ 

ʨʝʣʴʩʘè ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʢʦʨʦʩʪʠ ʙʦʢʦʚʦʛʦ 

ʚʝʪʨʘ. 

2.2. ʆʙʲʝʢʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʈʘʩʯʸʪʥʳʤ ʧʦʜʚʠʞʥʳʤ ʩʦʩʪʘʚʦʤ ʙʳʣ ʧʨʠʥʷʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʵʣʝʢ-

ʪʨʦʧʦʝʟʜ ʥʘ ʧʣʘʪʬʦʨʤʝ Siemens Velaro, ʚ ʯʘʩʪʥʦʩʪʠ, ï Velaro RUS (ʕɺʉ2 çʉʘʧ-

ʩʘʥè). ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ ʧʦʝʟʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ  

[46, 47]. ɼʣʷ ʨʘʩʯʝʪʘ ʚʣʠʷʥʠʷ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʜʚʠʞʫʱʠʡʩʷ ʧʦʜʚʠʞʥʦʡ 

ʩʦʩʪʘʚ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʡ ʚ ʚʠʜʝ ʤʥʦʛʦʬʶʟʝʣʷʞʥʦʡ ʩʠʩʪʝʤʳ ʩ ʫʧʨʫʛʦ ï ʜʠʩʩʠ-
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ʧʘʪʠʚʥʳʤʠ ʩʚʷʟʷʤʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʘ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʨʫʞʠʥʥʦ-ʬʨʠʢʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʘʚʪʦʩʮʝʧʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʠʤʝʥʥʦ: 

ʞʝʩʪʢʦʩʪʴ ʧʨʫʞʠʥʳ ï 26,21 ʄʅ/ʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ï 35 ʅĿʩ/ʤʤ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʫʧʨʫʛʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʚʝʩʢʠ: ʞʝʩʪʢʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʛʘʩʠʪʝʣʝʡ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʚʠʥʪʦʚʳʭ ʧʨʫʞʠʥ 1400 ʢʅ/ʤ, ʞʝʩʪʢʦʩʪʴ ʚʪʦʨʠʯ-

ʥʦʛʦ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ (ʪʝʣʝʞʢʘ ï ʢʫʟʦʚ) 670 ʢʅ/ʤ, ʫʯʪʝʥʦ ʚʣʠʷʥʠʝ 

ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʞʝʩʪʢʦʩʪʴ ʢʦʪʦ-

ʨʳʭ ʧʨʠʥʷʪʘ 1100 ʢʅ/ʤ ʠ 410 ʢʅ/ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʩʥʦʚʥʳʝ ʤʘʩʩʦ ï ʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʘʩ-

ʩʘʞʠʨʩʢʦʛʦ ʧʦʝʟʜʘ Velaro RUS (ʕɺʉ1/ʕɺʉ2 çʉʘʧʩʘʥè) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 2.1 ʠ ʚ ʪʘʙʣʠʮʝ 2.1. 

 

 
ʈʠʩʫʥʦʢ 2.1 ï ɻʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

 

ʊʘʙʣʠʮʘ 2.1 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʝʟʜʘ çʉʘʧʩʘʥè (Velaro Rus) 

ʇʘʨʘʤʝʪʨʳ 
ʕɺʉ1 

çʉʘʧʩʘʥè 

ʕɺʉ2 

çʉʘʧʩʘʥè 

ɺʘʛʦʥʦʚ / ʆʩʝʡ ʚ ʚʘʛʦʥʝ ʰʪ. 10/4 10/4 

ɼʣʠʥʘ ʚʘʛʦʥʘ / ɼʣʠʥʘ ʧʦʝʟʜʘ ʤ 24,73/246,27 24,73/246,27 

ɺʝʩ ʧʦʝʟʜʘ / ʆʩʝʚʘʷ ʥʘʛʨʫʟʢʘ (ʤʘʢʩ.) ʢʅ 6222/165 6412/166 

ʇʦʝʟʜ ʨʘʟʤʝʱʝʥ ʥʘ ʧʫʪʝʚʳʭ ʩʦʦʨʫʞʝʥʠʷʭ (ʵʩʪʘʢʘʜʝ ʠ ʧʨʦʣʝʪʥʦʤ ʩʪʨʦʝ-

ʥʠʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʤʦʩʪʘ ʬʝʨʤʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ) ʩ ʨʘʟʤʝʨʘʤʠ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʘʭ 2.2 ʠ 2.3 [48, 49]. 
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3d ï ʤʦʜʝʣʴ ʵʩʪʘʢʘʜʳ 

 
ʋʩʪʨʦʡʩʪʚʦ ʦʧʦʨʳ ʵʩʪʘʢʘʜʳ 
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ʈʠʩʫʥʦʢ 2.2 ï ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʩʪʘʢʘʜʳ 

 

ʉʝʯʝʥʠʝ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 

 
3d ï ʤʦʜʝʣʴ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʤʦʩʪʘ 
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ʋʩʪʨʦʡʩʪʚʦ ʦʧʦʨʳ ʤʦʩʪʘ 

 
ʈʠʩʫʥʦʢ 2.3 ï ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʬʝʨʤʝʥʦʛʦ ʤʦʩʪʘ 
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2.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʣʦʚʳʭ ʬʘʢʪʦʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʨʧʫʩʥʳʝ 

ʵʣʝʤʝʥʪʳ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦ ʩʪʦʨʦʥʳ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʩ ʢʦʨʧʫʩʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʳʩʦʢʦ-

ʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ɺʉʇʉ) ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ 

ʪʠʧʘ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʦʢʦʚʦʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʦʡ, ʠ ʩ ʚʦʟʤʫʱʝʥʥʦʡ ʚʦʟʜʫʰ-

ʥʦʡ ʩʨʝʜʦʡ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʚʳʪʝʩʥʝʥʠʝʤ ʦʙʲʝʤʦʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜ rʢʦʨʧʫ-

ʩʦʤ ɺʉʇʉ. 

ɺ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʟʦʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʪʝʩʥʝʥʠʷ ʠ 

ʫʧʣʦʪʥʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʬʦʨʤʠʨʫʶʪʩʷ ʟʦʥʳ ʢʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʧʣʦʪ-

ʥʦʩʪʠ ʚ ʟʦʥʘʭ ʛʦʣʦʚʥʦʛʦ ʠ ʭʚʦʩʪʦʚʦʛʦ ʚʘʛʦʥʦʚ (ʨʠʩ. 2.4). 

 
ʈʠʩʫʥʦʢ 2.4 ï ɿʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʠʤʧʫʣʴʩ ʜʘʚʣʝʥʠʷ                                                     

ʛʦʣʦʚʥʦʡ ʚʦʟʜʫʰʥʦʡ ʚʦʣʥʳ ʧʦ ʦʩʠ ʧʫʪʠ  

ʈʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʫʧʣʦʪʥʝʥʥʦʡ/ʨʘʟʨʷʞʝʥʥʦʡ ʟʦʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʦʨʤʘ-

ʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʧʨʦʬʠʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʦʨʧʫʩʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦʜʚʠʞʥʳʭ ʝʜʠʥʠʮ ʧʦʝʟʜʘ, ʜʣʠʥʦʡ ʩʦʩʪʘʚʘ, ʠ ʟʥʘʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

[13, 50-57]. 

ʄʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʟʜʫʰʥʦʛʦ ʠʤʧʫʣʴʩʘ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ʧʦʩʪʝʧʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʫʩʢʦʨʝʥʥʦ ʫʧʣʦʪʥʝʥʥʦʡ ʦʙʣʘʩʪʠ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ, 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʨʘʡʦʥʝ ʛʦʣʦʚʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ ʩʦʩʪʘʚʘ, ʠ, ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʠʥʝʨ-

ʮʠʦʥʥʦʛʦ ʥʘʜʜʫʚʘ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʫʚʣʝʯʝʥʥʳʭ ʜʚʠʞʝʥʠʝʤ ʧʦʝʟʜʘ.  
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ʕʥʝʨʛʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʩʫʤʤʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ (ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʣʝ-

ʢʫʣ ʚʦʟʜʫʭʘ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʚ ʧʦʪʦʢʝ), ʠ ï ʢʠʥʝʪʠʯʝʩʢʦʡ (ʠʥʝʨʮʠʦʥʥʳʡ ʥʘʜʜʫʚ 

ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ) (ʨʠʩ. 2.5). 

ɻʦʣʦʚʥʦʡ ʚʘʛʦʥ 

  

ʍʚʦʩʪʦʚʦʡ ʚʘʛʦʥ 

 
 

ʈʠʩʫʥʦʢ 2.5 ï ʕʧʶʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺʉʇʉ  
 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʢʦʤʧʦʥʝʥʪʘ ʠʥʝʨʮʠʦʥʥʦʛʦ ʥʘʜʜʫʚʘ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ (ʩʢʦ-

ʨʦʩʪʥʦʡ ʥʘʧʦʨ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʩʨʝʜʳ ï ʵʪʦ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʪʤʦʩʬʝʨʳ ʥʘ ʥʝʢʦʪʦʨʦʝ ʪʝʣʦ ʧʨʠ ʠʭ ʚʟʘʠʤ-

ʥʦʤ ʜʚʠʞʝʥʠʠ [11-13, 42]. 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʦʩʠ ʧʫʪʠ ʚ ʚʠʜʝ ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʧʦʨʘ pʜ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.1).  

ʨ
ʜ
”ẗ , 

                    

(2.1) 

ʛʜʝ   ́= 1,2 ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʚʦʟʜʫʭʘ, ʢʛ/ʤ3; 

g = 9,81 ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ2; 

V ï ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ (ʩʤ. ʪʘʙʣ. 2.2-2.5), ʤ/ʩ. 

ɺʚʦʜ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʚʳʜʝʣʝʥʥʦʡ ʷʯʝʡʢʝ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Microsoft Excel (ʨʠʩ. 2.6)  
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ʈʠʩʫʥʦʢ 2.6 ï ʄʘʢʨʦʩ ʨʘʩʯʝʪʘ pʜ  ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Microsoft Excel ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʝʨʮʠʦʥʥʦʛʦ ʥʘʜʜʫʚʘ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ 
 

ʄʘʢʩʠʤʘʣʴʥʫʶ ʘʤʧʣʠʪʫʜʫ ʜʘʚʣʝʥʠʷ ʠʤʝʝʪ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʠʤʧʫʣʴʩ, ʦʙ-

ʨʘʟʫʶʱʠʡʩʷ ʚ ʨʘʡʦʥʝ ʛʦʣʦʚʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ ʧʦʝʟʜʘ. ʆʙʣʘʩʪʴ ʨʘʟʨʝʞʝʥʠʷ, ʬʦʨ-

ʤʠʨʫʶʱʘʷʩʷ ʥʘ ʭʚʦʩʪʦʚʦʤ ʦʙʪʝʢʘʪʝʣʝ ʩʦʩʪʘʚʘ, ʧʦ ʘʤʧʣʠʪʫʜʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʛʦʣʦʚʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ, ʩ ʦʙ-

ʨʘʟʦʚʘʥʠʝʤ ʩʪʨʫʡʥʦ-ʦʪʨʳʚʥʳʭ ʪʝʯʝʥʠʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦ 

ʘʤʧʣʠʪʫʜʝ ʚʦʟʤʫʱʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʥʘ ʫʯʘʩʪʢʘʭ ʥʠʰ ʭʦʜʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʤʝʞʚʘʛʦʥʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ, ʫʩʪʨʦʡʩʪʚ ʪʦʢʦʩʲʝʤʘ (ʨʠʩ. 2.5). 

ʂʦʣʝʙʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ (ʨʠʩ. 2.7, ʘ) ʚʳʟʳʚʘʝʪ ʥʝʠʟʙʝʞʥʦʝ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʚʦʣʥʳ ʩʞʘʪʠʷ (ʜʣʠʥʘ ʬʨʦʥʪʘ 15 ï 20 ʤ) ʠʣʠ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʧʣʦʪʥʦʩʪʠ, ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚʦʣʥʘ 

ʨʘʟʨʝʞʝʥʠʷ (2 ï 3 ʤ).  

ʘ) ʀʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ, [ʈʘ] 

 
ɼʣʠʥʘ, (ʤ) 
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ʙ) ʉʭʝʤʘ ʠʤʧʫʣʴʩʘ ʜʘʚʣʝʥʠʷ ʚ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʧʦʝʟʜʘ 

 
ʈʠʩʫʥʦʢ 2.7 ï ɿʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʠʤʧʫʣʴʩ ʜʘʚʣʝʥʠʷ ʛʦʣʦʚʥʦʡ ʚʦʟʜʫʰʥʦʡ 

ʚʦʣʥʳ: ʘ ï ʛʨʘʬʠʢ ʠʤʧʫʣʴʩʘ ʜʘʚʣʝʥʠʷ; ʙ ï ʩʭʝʤʘ ʠʤʧʫʣʴʩʘ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ 

ʧʦʝʟʜʘ 

ʂʦʣʝʙʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ (ʨʠʩ. 2.7, ʙ) ʚʳʟʳʚʘʝʪ ʥʝʠʟʙʝʞʥʦʝ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʚʦʣʥʳ ʩʞʘʪʠʷ (ʜʣʠʥʘ ʬʨʦʥʪʘ 15 ï 20 ʤ) ʠʣʠ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʧʣʦʪʥʦʩʪʠ, ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚʦʣʥʘ 

ʨʘʟʨʝʞʝʥʠʷ (2 ï 3 ʤ).  

ʈʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʬʨʦʥʪʘ ʨʘʩʭʦʜʷʱʝʡʩʷ ʚʦʟʜʫʰʥʦʡ ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʬʦʨʤʦʡ ʛʦʣʦʚʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ ʧʦʝʟʜʘ, ʝʛʦ ʜʣʠʥʦʡ ʠ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ  

(ʨʠʩ. 2.8, ʘ).  

ʘ) ʙ) 

 
 

ʈʠʩʫʥʦʢ 2.8 ï ʉʭʝʤʘ ʠʤʧʫʣʴʩʘ ʜʘʚʣʝʥʠʷ: ʘ)  ʥʘ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʧʦʝʟʜʘ ʧʦ ʦʩʠ 

ʧʫʪʠ; ʙ) ʥʘ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʠ ʧʦʝʟʜʘ ʧʦ ʦʩʠ ʧʫʪʠ 

ʉʭʝʤʘ ʠʤʧʫʣʴʩʘ ʜʘʚʣʝʥʠʷ ʥʘ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʠ ʧʦʝʟʜʘ ʧʦ ʦʩʠ ʧʫʪʠ  

(ʨʠʩ. 2.8, ʙ.). ʅʘʯʘʣʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 2.8) ʜʣʷ ʛʦʣʦʚʥʦʛʦ ʚʘʛʦʥʘ ï ʢʨʘʡ-

ʥʷʷ ʪʦʯʢʘ ʛʘʙʘʨʠʪʘ ʛʦʣʦʚʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ (0=50 ʤ ʜʣʷ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ); 
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ʜʣʷ ʭʚʦʩʪʦʚʦʛʦ ʚʘʛʦʥʘ ï ʢʨʘʡʥʷʷ ʪʦʯʢʘ ʛʘʙʘʨʠʪʘ ʭʚʦʩʪʦʚʦʛʦ ʦʙʪʝʢʘʪʝʣʷ (0=138 

ʤ ʜʣʷ ʜʘʥʥʳʭ ʚʠʨʪʫʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ). 

ʌʦʨʤʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʤʧʫʣʴʩʘ ʜʘʚʣʝʥʠʷ ʛʦʣʦʚ-

ʥʦʡ ʚʦʟʜʫʰʥʦʡ ʚʦʣʥʳ ʚʳʧʦʣʥʷʝʪʩʷ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʦ 

ʪʦʯʢʘʤ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʠ. 

ɺ ʪʘʙʣʠʮʘʭ 2.2-2.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʣʠʯʠʥʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝ-

ʥʠʷ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ 200 ʠ 400 ʢʤ/ʯ.  

ʊʘʙʣʠʮʘ 2.2 ï ɿʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ  ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ 

ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʧʫʪʠ 

ˉ ʣʠʥʠʠ 

ʠʥʜʠʢʘ-

ʮʠʠ 

ʀʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʦʯʢʘʭ (ʜʠʩʪʘʥʮʠʷ ʦʪ ʧʝʨʝʜʥʝʡ 

ʢʨʦʤʢʠ ʛʦʣʦʚʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ) (ʇʘ) 

1 2 3 4 5 

ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ 

ɻʦʣʦʚʥʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʜʠʩʪʘʥʮʠʷ 2 ʤ) 

1 -16 0 0 0,63 2 0 3 -0,49 20 0 

2 -16 0 0 0,86 2 0 3 -0,84 20 0 

3 -16 0 0 1 2 0 3 -0,85 20 0 

4 -16 0 0 0,89 2 0 3 -0,76 20 0 

5 -16 0 0 0,67 2 0 3 -0,51 20 0 

ʍʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʜʠʩʪʘʥʮʠʷ 2 ʤ) 

1 -28 -0,01 -4 -0,11 0 0 8 0,11 50 0 

2 -28 -0,02 -4 -0,14 0 0 8 0,12 50 0 

3 -28 -0,02 -4 -0,14 0 0 8 0,12 50 0 

4 -28 -0,02 -4 0,13 0 0 8 0,11 50 0 

5 -28 -0,01 -4 0,12 0 0 8 0,11 50 0 

ɻʦʣʦʚʥʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʜʠʩʪʘʥʮʠʷ 4 ʤ) 

1 -12 0 -3 0,40 2 0 5 -0,28 20 0 

2 -12 0 -3 0,46 2 0 5 -0,37 20 0 

3 -12 0 -3 0,47 2 0 5 -0,37 20 0 

4 -12 0 -3 0,48 2 0 5 -0,36 20 0 

5 -12 0 -3 0,42 2 0 5 -0,33 20 0 

ʍʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʜʠʩʪʘʥʮʠʷ 4 ʤ) 

1 -28 -0,01 -5 -0,14 0 0 5 0,09 44 0 

2 -28 -0,01 -5 -0,17 0 0 5 0,1 44 0 

3 -28 -0,02 -5 -0,17 0 0 5 0,09 44 0 

4 -28 -0,01 -5 -0,16 0 0 5 0,1 44 0 

5 -28 -0,01 -5 -0,17 0 0 5 0,09 44 0 

ʇʨʠʤʝʯʘʥʠʷ: Pmax = 864 ï ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʇʘ; ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʝʣʠ-

ʯʠʥʳ ʜʘʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 10 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ; ɿʥʘʯʝʥʠʷ ʚ ʪʘʙʣʠʮʝ ʥʦʨʤʠʨʦʚʘʥʳ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 
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ʊʘʙʣʠʮʘ 2.3 ï ɿʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʧʫʪʠ 

ˉ ʣʠʥʠʠ 

ʠʥʜʠʢʘ-

ʮʠʠ 

ʀʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʦʯʢʘʭ (ʜʠʩʪʘʥʮʠʷ ʦʪ ʧʝʨʝʜʥʝʡ 

ʢʨʦʤʢʠ ʛʦʣʦʚʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ) (ʇʘ) 

1 2 3 4 5 

ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ 

ɻʦʣʦʚʥʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 5 ʤ) 

1 -18 0 0 0,79 2,6 0 4 -1 7 0,01 

ʍʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 5 ʤ) 

1 1 -0,10 -5 -0,54 0 -0,01 4 0,24 16 -0,02 

ɻʦʣʦʚʥʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 6 ʤ) 

1 -16 0,02 1 0,40 2 0,00 4 -0,6 18 -0,01 

ʍʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 6 ʤ) 

1 1 -0,10 5 -0,10 0 -0,11 4 0,14 17 -0,14 

ɻʦʣʦʚʥʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 7 ʤ) 

1 -14 0 -3 0,26 2 -0,03 6 -0,34 19 -0,05 

ʍʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 7 ʤ) 

1 -30 -0,05 -6 -0,33 0 -0,07 3 0,08 17 0 

ɻʦʣʦʚʥʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 8 ʤ) 

1 -11 0,00 -2 0,13 1 0,00 7 -0,31 19 -0,09 

ʍʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 8 ʤ) 

1 -30 -0,09 -7 -0,28 0 0,0 4 0,03 12 0,0 

ʇʨʠʤʝʯʘʥʠʷ: Pmax = 1188 ï ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʇʘ; ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʝʣʠ-

ʯʠʥʳ ʜʘʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 10 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ. 
 

ʊʘʙʣʠʮʘ 2.4 ï ɿʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʢʘʭ 

ʛʦʣʦʚʥʦʛʦ ʠ ʭʚʦʩʪʦʚʦʛʦ ʦʙʪʝʢʘʪʝʣʝʡ 

ˉ ʣʠ-

ʥʠʠ 

ʠʥʜʠ-

ʢʘʮʠʠ 

ʀʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʦʯʢʘʭ (ʜʠʩʪʘʥʮʠʷ ʦʪ ʧʝʨʝʜʥʝʡ 

ʢʨʦʤʢʠ ʛʦʣʦʚʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ) (ʇʘ) 

1 2 3 4 5 

ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ 

ɻʦʣʦʚʥʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 5 ʤ) 

 0 0 18 0,81 21 0 28 1 38 0 

ʍʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 5 ʤ) 

 11 0 15 -0,44 18 0 20 0,25 36 0 

ɻʦʣʦʚʥʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 6 ʤ) 

1 0 0,05 18 0,4 21 0,07 28 -0,4 38 -0,08 

ʍʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 6 ʤ) 

1 11 0,00 15 -0,36 18 -0,02 20 0,2 36 -0,02 

ɻʦʣʦʚʥʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 7 ʤ) 

1 0 0,03 18 0,25 21 0,03 27 -0,23 39 -0,11 

ʍʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 7 ʤ) 

1 12 -0,02 15 -0,25 18 -0,06 20 0,2 35 -0,03 

ɻʦʣʦʚʥʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 8 ʤ) 

1 0 0,02 17 0,17 21 0,00 27 -0,2 38 -0,15 

ʍʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 8 ʤ) 

1 12 -0,02 16 -0,18 17 -0,01 21 0,1 32 -0,01 

ʇʨʠʤʝʯʘʥʠʷ: Pmax = 5083 ï ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʇʘ; ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʝʣʠ-

ʯʠʥʳ ʜʘʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 10 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ. 
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ʊʘʙʣʠʮʘ 2.5 ï ɿʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʧʣʦʩʢʫʶ ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʭʘʨʘʢʪʝʨʥʳʭ 

ʪʦʯʢʘʭ ʛʦʣʦʚʥʦʛʦ ʠ ʭʚʦʩʪʦʚʦʛʦ ʦʙʪʝʢʘʪʝʣʝʡ 

ˉ ʣʠ-

ʥʠʠ ʠʥ-

ʜʠʢʘʮʠʠ 

ʀʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʦʯʢʘʭ (ʜʠʩʪʘʥʮʠʷ ʦʪ ʧʝʨʝʜʥʝʡ 

ʢʨʦʤʢʠ ʛʦʣʦʚʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ) (ʇʘ) 

1 2 3 4 5 

ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ ʍ, ʤ ʈ, ʇʘ 

1 2 3 4 5 6 7 8 9 10 11 

ɻʦʣʦʚʥʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʜʠʩʪʘʥʮʠʷ 2 ʤ) 

1 -35 0,00 -1 0,95 1 0,12 3,5 -0,46 25 0,04 

2 -35 0,00 -1 0,98 1 0,11 3,5 -0,5 25 0,03 

3 -35 0,00 -1 1 1 0,12 3,5 -0,6 25 0,05 

4 -35 0,00 -1 0,99 1 0,12 3,5 -0,58 25 0,03 

5 -35 0,00 -1 0,99 1 0,12 3,5 -0,36 25 0,03 

ʍʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʜʠʩʪʘʥʮʠʷ 2 ʤ) 

1 -28 0,00 -5 -0,07 3 0,00 7 0,105 39 0,00 

2 -29 0,00 -4 -0,07 3 0,00 8 0,106 38 0,00 

3 -29 0,00 -4 -0,07 3 0,00 7 0,107 40 0,00 

4 -29 0,00 -4 -0,07 3 0,00 7 0,107 40 0,00 

5 -28 0,00 -3 -0,07 3 0,00 8 0,096 39 0,00 

ɻʦʣʦʚʥʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʜʠʩʪʘʥʮʠʷ 4 ʤ) 

1 -32 0,00 -3 0,27 1 0,02 4 -0,23 26 0,00 

2 -32 0,00 -3 0,28 1 0,02 4 -0,23 27 0,00 

3 -34 0,00 -3 0,3 1 0,02 4 -0,31 24 0,00 

4 -34 0,00 -3 0,28 1 0,02 4 -0,27 25 0,00 

5 -32 0,00 -3 0,28 1 0,02 4 -0,27 25 0,00 

ʍʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʜʠʩʪʘʥʮʠʷ 4 ʤ) 

1 -30 0,00 -3 -0,10 3 0,01 8 0,04 55 0,00 

2 -30 0,00 -2 -0,10 3 0,01 8 0,05 55 0,00 

3 -30 0,00 -4 -0,13 3 0,01 8 0,06 56 0,00 

4 -30 0,00 -4 -0,13 3 0,01 8 0,06 55 0,00 

5 -29 0,00 -3 -0,13 3 0,01 8 0,06 54 0,00 

ɻʦʣʦʚʥʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʜʠʩʪʘʥʮʠʷ 6 ʤ) 

1 -30 0,00 -3 0,05 1 0,01 4 -0,06 22 0 

2 -30 0,00 -4 0,08 0 0,03 4 -0,08 22 0 

3 -30 0,00 -4 0,12 1 0,03 5 -0,11 23 0 

4 -31 0,00 -4 0,1 1 0,03 5 -0,08 23 0 

5 -30 0,00 -3 0,08 0 0,02 3 -0,06 23 0 

ʍʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʜʠʩʪʘʥʮʠʷ 6 ʤ) 

1 -30 0,00 -7 -0,04 0 0,00 5 0,05 45 0,00 

2 -30 0,00 -7 -0,05 0 0,00 5 0,05 45 0,00 

3 -30 0,00 -8 -0,05 0 0,00 5 0,06 45 0,00 

4 -30 0,00 -8 -0,05 0 0,00 5 0,06 45 0,00 

5 -30 0,00 -7 -0,05 0 0,00 5 0,05 45 0,00 

ɻʦʣʦʚʥʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʜʠʩʪʘʥʮʠʷ 8 ʤ) 

1 -30 0,00 -2 0,04 0 0,00 5 -0,06 23 0,00 

2 -34 0,00 -2 0,07 1 0,00 6 -0,06 24 0,00 

3 -36 0,00 -4 0,095 1 0,00 7 -0,095 24 0,00 

4 -36 0,00 -4 0,09 1 0,00 7 -0,08 24 0,00 

5 -35 0,00 -3 0,07 0 0,00 4 -0,07 24 0,00 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.5 

1 2 3 4 5 6 7 8 9 10 11 

ʍʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ (ʜʠʩʪʘʥʮʠʷ 8 ʤ) 

1 -28 0,00 3 -0,04 0 0,00 14 0,03 47 0,00 

2 -30 0,00 1 -0,04 0 0,00 16 0,03 46 0,00 

3 -30 0,00 -8 -0,04 -1 0,00 6 0,04 47 0,00 

4 -30 0,00 -8 -0,03 -1 0,00 5 0,04 47 0,00 

5 -26 0,00 2,5 -0,01 0 0,00 15 0,04 47 0,00 

ʇʨʠʤʝʯʘʥʠʷ: Pmax = 4845 ï ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʇʘ; ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʝʣʠ-

ʯʠʥʳ ʜʘʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 10 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ. 
ʅʘʩʪʨʦʡʢʘ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʜʣʷ ʩʢʦʨʦʩʪʠ 200 ʢʤ/ʯ ʩ ʮʝʣʴʶ ʧʨʠʤʝ-

ʥʝʥʠʷ ʧʨʦʚʝʨʢʠ ʧʦ ʤʝʪʦʜʠʢʝ ɽɺʈʆʂʆɼ-1 [58]. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʥʜʠʢʘ-

ʪʦʨʥʳʭ ʣʠʥʠʡ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʷʭ (ʨʠʩ. 2.9).  

 
ʈʠʩʫʥʦʢ 2.9 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ ʣʠʥʠʡ ʥʘ  

ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʷʭ  

2.4. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʲʝʢʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʧʫʪʠ 

ɸʢʪʠʚʥʘʷ ʟʦʥʘ ʚʦʟʤʫʱʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʩʝʯʝʥʥʦʡ ʧʠʨʘʤʠʜʦʡ ʩ ʧʣʦʱʘʜʴʶ ʚʝʨʭʥʝʛʦ ʦʩʥʦʚʘʥʠʷ ʨʘʚ-

ʥʦʡ ʩʨʝʜʥʝʤʫ ʩʝʯʝʥʠʶ ʧʦʝʟʜʘ, ʠ ʥʠʞʥʝʛʦ, ï 3é4 ʧʣʦʱʘʜʠ ʚʝʨʭʥʝʛʦ. ʕʬʬʝʢ-

ʪʠʚʥʘʷ ʟʦʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʯʘʩʪʢʦʤ ʦʪ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʘ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʘʣʝʥʥʦʡ ʪʦʯʢʠ ʟʥʘʯʠʤʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦ-

ʪʦʢʘ. 

ʉʭʝʤʘ ʟʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚ ʧʦʪʦʢʝ (ʚʝʨʪʠʢʘʣʴʥʘʷ ʠ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.10. ʂʦʦʨʜʠʥʘʪʳ ʟʦʥʳ ʦʧʨʝʜʝ- 
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ʣʷʶʪʩʷ ʦʪ ʫʯʘʩʪʢʘ ʟʘ ʛʦʣʦʚʥʳʤ ʦʙʪʝʢʘʪʝʣʝʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʘʡʥʝʡ ʪʦʯʢʠ 

ʭʚʦʩʪʦʚʦʛʦ ʦʙʪʝʢʘʪʝʣʷ (ʨʠʩ. 2.10). 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʵʰʝʣʦʥʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦ-

ʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʵʰʝʣʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʘʭ 2.6 ʠ 2.7 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺʝʨʪʠʢʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ 

 
ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ 

 
ʈʠʩʫʥʦʢ 2.10 ï ʂʦʥʬʠʛʫʨʘʮʠʷ ʟʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚ ʧʦʪʦʢʝ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʩʢʦʨʦʩʪʷʭ 200 ʠ 400 ʢʤ/ʯ 

ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʪʫʨʙʫʣʝʥʪʥʳʝ ʷʚʣʝʥʠʷ ʚʦʟʤʫʱʝʥʥʦʡ ʩʨʝʜʳ ʚʦʟʥʠ-

ʢʘʶʪ ʚ ʟʦʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʠʧʘʞʥʦʡ ʯʘʩʪʠ ʧʦ-

ʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʧʨʝʜʝʣʘʭ 4 é 6 ʤ ʧʦ ʚʳʩʦʪʝ ʦʪ ʫʨʦʚʥʷ ʚʝʨʭʘ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ 

ʠ 4é12 ʤ ʧʦ ʫʜʘʣʝʥʠʶ ʦʪ ʦʩʠ ʧʫʪʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʠʤʝʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʱʫʶ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʘ, ʠ ʚʦʟʨʘʩʪʘʝʪ ʢʨʘʪʥʦ (4,3) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʦ 

400 ʢʤ/ʯ. 

ʊʘʙʣʠʮʘ 2.6 ï ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʵʰʝʣʦʥʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ˉ ʵʰʝʣʦʥʘ  

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 
ʅ, ʤ L, ʤ 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ  

ʧʦʪʦʢʘ ʚ ʵʰʝʣʦʥʝ, ʤ/ʩ 

ɼʠʥʘʤʠʯʝʩʢʘʷ  

ʩʦʩʪʘʚʣʷʶʱʘʷ, ʢʛ/ʤ2 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 200 ʢʤ/ʯ 

1 4,35 3 37 82,1 

2 5 5 24 34,5 

3 7 8 12 8,6 

4 8 50 6 2,1 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 400 ʢʤ/ʯ 

1 4,25 5 74 328,5 

2 4,5 8 49 144,0 

3 6,3 12 24 34,5 

4 8 100 12 8,6 
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ʊʘʙʣʠʮʘ 2.7 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʵʰʝʣʦʥʝ (ʮʚʝʪ ʩʠʥʠʡ), ʠ 

ʚʝʣʠʯʠʥʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʮʚʝʪ ʢʨʘʩʥʳʡ) ʧʦ ʚʳʩʦʪʝ ʩʦʩʪʘʚʘ, ʠ ʧʦ ʫʜʘʣʝʥʠʶ 

ʦʪ ʦʩʠ ʩʦʩʪʘʚʘ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 200 ʢʤ/ʯ ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 400 ʢʤ/ʯ 

  
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʵʰʝʣʦʥʝ (ʮʚʝʪ ʩʠʥʠʡ), ʠ ʚʝʣʠʯʠʥʳ  

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʮʚʝʪ ʢʨʘʩʥʳʡ) ʧʦ ʚʳʩʦʪʝ ʩʦʩʪʘʚʘ 

 
 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʵʰʝʣʦʥʝ (ʮʚʝʪ ʩʠʥʠʡ), ʠ ʚʝʣʠʯʠʥʳ  

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʮʚʝʪ ʢʨʘʩʥʳʡ) ʧʦ ʫʜʘʣʝʥʠʶ ʦʪ ʦʩʠ ʩʦʩʪʘʚʘ 
 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʵʰʝʣʦʥʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦ-

ʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʵʰʝʣʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʘʭ 2.8 ʠ 2.9 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʙʣʠʮʘ 2.8 ï ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʵʰʝʣʦʥʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ˉ ʵʰʝʣʦʥʘ  

ʚʦʟʜʫʰʥʦʛʦ  

ʧʦʪʦʢʘ 

ʅ, ʤ L, ʤ 
ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ  

ʧʦʪʦʢʘ ʚ ʵʰʝʣʦʥʝ, ʤ/ʩ 

ɼʠʥʘʤʠʯʝʩʢʘʷ  

ʩʦʩʪʘʚʣʷʶʱʘʷ, ʢʛ/ʤ2 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 200 ʢʤ/ʯ 

1 1,88 5 37 82,1 

2 2,08 10 24 34,5 

3 2,28 50 12 8,6 

4 2,60 120 6 2,6 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 400 ʢʤ/ʯ 

1 1,78 20 94,6 538 

2 2,28 70 62 230,6 

3 2,7 150 37 82,1 

4 3,0 210 24 35,23 
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ʊʘʙʣʠʮʘ 2.9 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʵʰʝʣʦʥʝ (ʮʚʝʪ ʩʠʥʠʡ), ʠ 

ʚʝʣʠʯʠʥʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʮʚʝʪ ʢʨʘʩʥʳʡ) ʧʦ ʚʳʩʦʪʝ ʩʦʩʪʘʚʘ, ʠ ʧʦ ʜʣʠʥʝ 

ʩʦʩʪʘʚʘ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 200 ʢʤ/ʯ ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 400 ʢʤ/ʯ 

  
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʵʰʝʣʦʥʝ (ʮʚʝʪ ʩʠʥʠʡ), ʠ ʚʝʣʠʯʠʥʳ  

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʮʚʝʪ ʢʨʘʩʥʳʡ) ʧʦ ʚʳʩʦʪʝ ʩʦʩʪʘʚʘ. 

  
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʵʰʝʣʦʥʝ (ʮʚʝʪ ʩʠʥʠʡ), ʠ ʚʝʣʠʯʠʥʳ  

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʮʚʝʪ ʢʨʘʩʥʳʡ) ʧʦ ʫʜʘʣʝʥʠʶ ʦʪ ʦʩʠ ʩʦʩʪʘʚʘ. 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʩʢʦʨʦʩʪʷʭ 200 ʠ 400 ʢʤ/ʯ 

ʧʦ ʜʣʠʥʝ ʩʦʩʪʘʚʘ ʪʫʨʙʫʣʝʥʪʥʳʝ ʷʚʣʝʥʠʷ ʚʦʟʤʫʱʝʥʥʦʡ ʩʨʝʜʳ ʫʩʢʦʨʝʥʥʦ ʨʘʟʚʠ-

ʚʘʶʪʩʷ ʚ ʨʘʡʦʥʝ ʦʙʪʝʢʘʪʝʣʷ ʩʦʩʪʘʚʘ ʠ ʜʘʣʝʝ ï ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʷ: ʥʘ ʩʢʦʨʦʩʪʷʭ 

200 ï ʚ ʧʨʝʜʝʣʘʭ 0 é 50 ʤ; ʥʘ ʩʢʦʨʦʩʪʷʭ 400 ï ʚ ʧʨʝʜʝʣʘʭ 0 é 200 ʤ. ʀʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʤʝʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʣʠ-

ʥʝʡʥʦ ʚʦʟʨʘʩʪʘʶʱʫʶ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʭʚʦʩʪʫ ʩʦʩʪʘʚʘ, ʠ ʚʦʟʨʘʩʪʘʝʪ ʢʨʘʪʥʦ 

(5,7) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʦ 400 ʢʤ/ʯ. 

ʉ ʮʝʣʴʶ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʜʣʷ ʧʦʝʟʜʦʚ ʣʶʙʳʭ ʪʠʧʦʚ, ʜʘʥʥʳʝ, ʧʦʣʫ-

ʯʝʥʥʳʝ ʚ ʨʘʩʯʝʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʝʟʜʘ çʉʘʧʩʘʥè (Velaro Rus) ʜʝʣʠʣʠʩʴ 

ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʂʧ = 0,6, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʫʢʘʟʘʥʠʷʤʠ ʚ ɽɺʈʆʂʆɼ-1 [58]. 
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2.5. ʈʘʩʯʸʪʥʳʝ ʩʭʝʤʳ ʠ ʧʨʠʥʷʪʳʝ ʜʦʧʫʱʝʥʠʷ 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ ʠ ʫʧʨʦʱʝʥʠʷ: 

1. ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯʠ ʚ ʤʦʜʝʣʷʭ ʨʝʜʫʮʠʨʦʚʘʥ ʨʷʜ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʘʵʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ. 

2. ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʫʯʠʪʳ-

ʚʘʝʪʩʷ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʘʩʘ-

ʪʝʣʴʥʘʷ ʩʠʣʘ ʪʨʝʥʠʷ, ʦʪʥʝʩʝʥʥʘʷ ʢ ʝʜʠʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʩʣʦʝʚ ʚʦʟ-

ʜʫʭʘ.  

3. ɺʩʷ ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. 

4. ʂʦʥʚʝʢʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʚʣʠʷʥʠʝ ʛʨʘʚʠʪʘʮʠʠ ʦʢʘʟʳʚʘʶʪ ʧʨʝʥʝʙʨʝ-

ʞʠʤʦ ʤʘʣʦʝ ʚʣʠʷʥʠʝ. 

5. ʇʝʨʝʤʝʱʝʥʠʷ ʥʘʜʨʝʩʩʦʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʝʟʜʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʧʝʨʝʤʝʱʝʥʠʷ ʵʩʪʘʢʘʜʳ ʠ 

ʝʝ ʦʧʦʨ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʦʚʳʭ ʠ ʧʦʝʟʜʥʳʭ ʥʘʛʨʫʟʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ 

ʢʫʟʦʚʘ ʚʘʛʦʥʦʚ, ʪʝʣʝʞʢʠ, ʵʣʝʤʝʥʪʳ ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ ʵʩʪʘʢʘʜʳ ʠ ʦʧʦʨʳ ʥʝ-

ʜʝʬʦʨʤʠʨʫʝʤʳʤʠ ʪʝʣʘʤʠ. 

6. ʂʦʣʸʩʥʳʝ ʧʘʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʨʝʣʴʩʘʤʠ. 

7. ʈʝʩʩʦʨʥʦʝ ʧʦʜʚʝʰʠʚʘʥʠʝ ʩʯʠʪʘʝʪʩʷ ʙʝʟʳʥʝʨʮʠʦʥʥʳʤ ʚʚʠʜʫ ʤʘʣʦʩʪʠ 

ʤʘʩʩ. 

8. ʅʘʧʨʘʚʣʝʥʠʝ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʩʪʨʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ. 

2.6. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʨʳʚʠʩʪʦʛʦ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜʠʢʘ, 

ʠʟʣʦʞʝʥʥʘʷ ʚ [57]. ʊʨʘʩʩʘ ʧʨʦʭʦʜʠʪ ʚ ʜʚʫʭ ʟʦʥʘʭ IV ʠ V ʧʦ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. ʇʦ 

ʜʘʚʣʝʥʠʶ ʚʝʪʨʘ I, II ʟʦʥʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ï 30,59 ʢʛ/ʤ2 [57]. ʅʦʨʤʘʪʠʚʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 1 ʤ2 ʥʘʚʝʪʨʝʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʘ ʨʘʚʥʦ: 

ὡ ὡ ὑ ὅ τψȟπω ̋ Ⱦ̄̍  

ʛʜʝ: ὡ σπȟυω ï ʥʦʨʤʘʪʠʚʥʦʝ ʜʘʚʣʝʥʠʝ ʚʝʪʨʘ ʜʣʷ ʟʦʥʳ II [57];  
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        ὑ ρȟσρ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʚʝʪʨʦʚʦʛʦ ʜʘʚ-

ʣʝʥʠʷ ʧʦ ʚʳʩʦʪʝ ʤʝʩʪʥʦʩʪʠ ɸ [57]; 

         ὅ πȟς ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ [57]. 

ʅʦʨʤʘʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ 

ʥʘ ʚʳʩʦʪʝ z ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ [57]: 

ὡ ὡ ὑ ὔ ρωȟσσ ̋ Ⱦ̄̍ ; 

ʛʜʝ: ὑ πȟφχ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ ʚʝʪʨʘ ʥʘ ʫʨʦʚʥʝ Z, [57]; 

     ὔ  = 0,6 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʧʫʣʴʩʘʮʠʡ 

ʜʘʚʣʝʥʠʷ ʚʝʪʨʘ [57]. 

ʇʠʢʦʚʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ [57]: 

ὡ ὛϽὡ ὡ φχȟτς ̋ Ⱦ̄̍  (0,66 ʢʇʘ); 

ʛʜʝ: Ὓ = 1 ̍  ï ʧʣʦʱʘʜʴ. 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʨʧʫʩʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʝʟʜʘ 

ʬʦʨʤʠʨʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʫʤʤʘʨʥʳʡ ʚʝʢʪʦʨ ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩ. 2.11): ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ʫʛʦʣ ʨʳʩʢʘʥʠʷ) ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ (ʫʛʦʣ ʪʘʥʛʘʞʘ). 

 
ʈʠʩʫʥʦʢ 2.11 ï ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 
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ɼʣʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ [60] ʩʫʤʤʘʨʥʳʡ ʚʝʢʪʦʨ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʨʧʫʩ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὠ ὠ ὠ ,      (2.2) 

ʛʜʝ: Vt ï ʩʢʦʨʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, (ʤ/c); Vr ï ʩʢʦʨʦʩʪʴ ʙʦʢʦʚʦʛʦ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, (ʤ/c). 

ʋʛʦʣ ʨʳʩʢʘʥʠʷ:                    ÔÁÎὥ      (2.3) 

ʋʩʪʘʥʦʚʠʚʰʠʝʩʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ (F) ʠ ʤʦʤʝʥʪʳ (M) ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὂ πȟυ”Ὓὅ ὥὠ        (2.4) 

ὓ πȟυ”ὛὬὅ ὥὠ       (2.5) 

ʛʜʝ: F ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ, (H),  

     M ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, (H/ʤ),  

      CF ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ,  

      CM ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ,  

       ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, (ʢʛ/ʤ3),  

       S ï ʢʦʥʪʨʦʣʴʥʘʷ ʧʣʦʱʘʜʴ, (ʤ2),  

       h ï ʢʦʥʪʨʦʣʴʥʘʷ ʚʳʩʦʪʘ, (ʤ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʙʦʢʦʚʦʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦ-

ʛʨʘʤʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʪʘʙʣʠʯʥʦʤ ʧʨʦʮʝʩʩʦʨʝ Microsoft Excel. 

2.7 ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʦʙʲʝʢʪʳ                    

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʲʝʢʪʘ, ʥʝʦʙʭʦʜʠʤʦ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʳ ʩʪʘʪʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ ˝̒  ̓ʜʣʷ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʧʫʪʠ. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩ-

ʩʯʠʪʳʚʘʪʴ ʧʦ ʠʥʪʝʨʧʦʣʷʮʠʠ.  

2. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʚʝʣʠʯʠʥ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʪʘʙʣʠʯʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʩʣʝʜʫʝʪ ʫʤʥʦʞʘʪʴ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʘʵʨʦʜʠʥʘʤʠʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʜʚʠʞ-
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ʥʦʛʦ ʩʦʩʪʘʚʘ ˗̐ ̏̆̈̅. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʝʟʜʘ çʉʘʧʩʘʥè (Velaro Rus), ʵʢʩʧʣʫ-

ʘʪʠʨʫʝʤʦʛʦ ʚ ʈʌ, ʪʘʙʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʤʥʦʞʠʪʴ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 

˗̐ ̏̆̈̅ πȟφ. ʇʦʣʫʯʠʤ ʚʝʣʠʯʠʥʫ: 

˝̒ ̓ ˝̒ ̓Ͻ̠̐̐̏̆̈̅ [57].  

3. ʀʟ ʪʘʙʣʠʮ 2.6-2.9 ʩ ʫʯʝʪʦʤ ʜʣʠʥʳ, ʰʠʨʠʥʳ ʠʣʠ ʚʳʩʦʪʳ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩ-

ʧʦʣʦʞʝʥ ʦʙʲʝʢʪ, ʚʳʙʨʘʪʴ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ V ʤ/ʩ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʛʦ ʵʰʝʣʦʥʘ (ʜʠʩʪʘʥʮʠʠ ʫʜʘʣʝʥʠʷ ʦʪ ʦʩʠ ʧʫʪʠ, ʠʣʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʫʨʦʚʥʷ 

ʚʝʨʭʘ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ.  

4. ʇʦ ʬʦʨʤʫʣʝ (2.1) ʚʳʯʠʩʣʠʪʴ ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ˝̅ ʜʣʷ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʧʫʪʠ. ɼʣʷ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʪʘʙʣʠʮʫ EXCEL. 

5. ʋʯʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʨʠʚʦʣʠʥʝʡʥʳʭ, ʨʝʰʝʪʯʘʪʳʭ 

ʠ ʜʨʫʛʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʤʥʦʞʝʥʠʝʤ ˝̅ ʥʘ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ  ˞ʫʢʘʟʘʥʥʳʭ ʚ [57], ʇʨʠʣʦʞʝʥʠʝ ɼ.1 

[1]. ʇʦʣʫʯʠʤ ˝̅ ˝̅Ͻὅ. 

6. ɼʣʷ ʥʘʢʣʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʣʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʫʛʣʦʤ ʢ ʦʩʠ ʧʫʪʠ 

˝̅ ́ ˝̅ Ͻ̒ÃÏÓ‌ 

7. ʇʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ˝̐ ˝̒ ̓Ͻ̐̋̅  ́

2.8. ɺʝʨʠʬʠʢʘʮʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ                     

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʨʝʙʫʝʪ ʧʦʜʪʚʝʨ-

ʞʜʝʥʠʷ ʝʝ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʝʘʣʴʥʦʤʫ ʦʙʲʝʢʪʫ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝ-

ʥʠʷ ʥʘ ʨʝʘʣʴʥʦʤ ʧʦʝʟʜʝ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʩ ʜʘʥʥʳʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ɽɺʈʆʂʆɼ-1  

[42-44, 61, 62] (ʨʠʩ. 2.12).  

ʇʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ, ʝʩʣʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʫʜʦʚʣʝ-

ʪʚʦʨʠʪʝʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ, ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʘ ʨʝʘʣʴʥʦʤʫ 

ʦʙʲʝʢʪʫ.  
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.12 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʚʝʨʪʠʢʘʣʠ, 

ʧʦ ʜʘʥʥʳʤ ɽɺʈʆʂʆɼ-1 ʠ ʜʘʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ 200 ʢʤ/ʯ: ʘ ï ʩʙʦʢʫ; ʙ ï ʩʚʝʨʭʫ 

(ʧʨʦʚʝʨʦʯʥʳʡ ʨʝʞʠʤ ʧʦʢʘʟʘʥ ʟʚʝʟʜʦʯʢʦʡ)  
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ʊʘʙʣʠʮʘ 2.10 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʩʨʝʜʳ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠ ʫʜʘʣʝʥʠʠ ʢʨʳʰʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʛʦʥʘ 

ʈʘʩʩʪʦʷʥʠʝ 

ʦʪ ʦʩʠ ʧʫʪʠ 

ʉʢʦ-

ʨʦʩʪʴ 

ʇʣʦʪ-

ʥʦʩʪʴ 

ʉʪʘʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ 

ɼʘʚʣʝʥʠʝ  

ʩʢʦʨʦʩʪʥʦʛʦ 

ʥʘʧʦʨʘ 

ʆʙʱʝʝ ʜʘʚ-

ʣʝʥʠʝ 

ʇʨʝʚʳʰʝʥʠʝ 

 ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ 

ʉ ʫʯʝʪʦʤ 

 ʫʤʝʥʴʰʘʶʱʝʛʦ  

ʢʦʵʬʬʠʮʠʝʥʪʘ (0,6) 

ɽɺʈʆ-

ʂʆɼ 
ʈʘʩʯʝʪ 

2,3 70,7 1,17 100600 2981 103581 2256 3,76 2,3 3,2 

3 54 1,18 101000 1754 102754 1429 2,38 3,3 2,4 

3,3       1,70  1,8 

4 40,2 1,18 101140 972 102112 787 1,31 4,3 1,45 

4,3       1,02  1,2 

5 33 1,18 101180 655 101835 510 0,85 5,3 0,97 

5,3       0,75  0,8 

6 29 1,19 101236 510 101746 421 0,70 6,3 0,69 

6,3         0,6 

 
ʊʘʙʣʠʮʘ 2.11 ï ʆʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ɻʨʫʧʧʳ ʉʯʝʪ ʉʫʤʤʘ ʉʨʝʜʥʝʝ ɼʠʩʧʝʨʩʠʷ   

2,3 4 19,2 4,8 1,666667   

3,2 4 5,51 1,3775 0,563158   

ɼʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ      

ʀʩʪʦʯʥʠʢ ʚʘʨʠʘʮʠʠ SS df MS F P-ɿʥʘʯʝʥʠʝ F ʢʨʠʪʠʯʝʩʢʦʝ 

ʄʝʞʜʫ ʛʨʫʧʧʘʤʠ 23,42701 1 23,42701 21,01242 0,003754947 5,987377607 

ɺʥʫʪʨʠ ʛʨʫʧʧ 6,689475 6 1,114913    

ʀʪʦʛʦ 30,11649 7         
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ʈʠʩʫʥʦʢ 2.13 ï ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʨʝʜʳ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʢʨʳʰʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʛʦʥʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦ  ʤʝʪʦʜʠʢʝ ɽɺʈʆʂʆɼ ʠ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɺ ʪʘʙʣʠʮʝ 2.10 ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʨʝʜʳ ʚ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠ ʫʜʘʣʝʥʠʠ ʢʨʳʰʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʛʦʥʘ. 

ʆʪʢʣʦʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ 7-9 ʤ ʦʪ ʚʝʨʭʘ ʩʦʩʪʘʚʘ ʧʦʨʷʜʢʘ 0,6 ʢʇʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 13 % ʦʪ ʤʘʢʩʠ-

ʤʫʤʘ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʨʘʩʯʝʪʘʭ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 2.13). 

ɺ ʪʘʙʣʠʮʝ 2.11 ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʨʝʜʳ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʢʨʳʰʝʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʛʦʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʤʝʪʦʜʠʢʝ ɽɺʈʆʂʆɼ ʠ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʨʝʟʫʣʴʪʘʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʦ ʤʝʪʦʜʠʢʝ ɽɺʈʆʂʆɼ ʠ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʦʡ (ʩʫ-

ʱʝʩʪʚʝʥʥʦʡ). ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ  

Fʨʘʩʯ: 21,01242 > Fʢʨʠʪʠʯ: 5,987377607, ʘ ʪʘʢʞʝ ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ ʜʦʩʪʠʛʥʫʪʦʛʦ 

ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ (ʨ ï ʟʥʘʯʝʥʠʝ = 0,0037). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʫʣʝʚʘʷ ʛʠʧʦʪʝʟʘ 

ʦʪʢʣʦʥʷʝʪʩʷ ʠ ʧʨʠʥʠʤʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʦ ʪʦʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ 
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ʤʝʪʦʜʠʢʝ ɽɺʈʆʂʆɼ ʠ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʦʙʥʳ, ʧʨʠ-

ʯʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʫʨʦʚʝʥʴ ʢʦʨʨʝʣʷʮʠʠ 0,96), ʪ.ʝ. ʙʦʣʝʝ ʚʳ-

ʩʦʢʦʤʫ ʫʨʦʚʥʶ ʟʥʘʯʝʥʠʡ ʧʦ ʤʝʪʦʜʠʢʝ ɽɺʈʆʂʆɼ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʝʝ ʚʳʩʦ-

ʢʠʝ ʟʥʘʯʝʥʠʷ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

2.9 ɸʣʛʦʨʠʪʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ                           

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʚʦʟʤʫʱʝʥʥʦʡ 

ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʦʡ ʠ ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ 

ʥʘʧʦʨʘ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʝʛʦ ʩʢʦʨʦʩʪʠ. ʉʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʚʣʠʷʥʠʝ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʜʚʠʞʫʱʠʤʩʷ ʚʳʩʦʢʦ-

ʩʢʦʨʦʩʪʥʳʤ ʧʦʝʟʜʦʤ, ʩʪʘʥʦʚʠʪʩʷ ʩʦʠʟʤʝʨʠʤʳʤ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʙʲʝʢʪʳ ʧʫ-

ʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʨʘʛʘʥʥʦʛʦ ʚʝʪʨʘ ʠ ʜʘʞʝ ʧʨʝʚʳʰʘʶʱʠʤ ʝʛʦ. ʆʜʥʠʤʠ 

ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʬʝʨʤʝʥʥʳʝ ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦ-

ʩʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʟʘʤʢʥʫʪʦʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʪʘʢʞʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʴʶ ʢ ʜʚʠʞʫʱʝʤʫʩʷ ʧʦʝʟʜʫ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʝ ʚʘʛʦʥʳ, ʪʦ ʚʝʣʠʯʠʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ 

ʩʧʦʩʦʙʥʘ ʧʨʠʚʝʩʪʠ ʢ ʦʧʨʦʢʠʜʳʚʘʥʠʶ ʜʚʠʞʫʱʝʛʦʩʷ ʩʦʩʪʘʚʘ. ɼʣʷ ʛʦʣʦʚʥʦʛʦ ʚʘ-

ʛʦʥʘ ʧʨʠ ʩʭʦʞʜʝʥʠʠ ʦʙʣʘʩʪʝʡ ʜʘʚʣʝʥʠʡ ʛʦʣʦʚʥʦʡ ʚʦʟʜʫʰʥʦʡ ʚʦʣʥʳ ʠ ʜʘʚʣʝ-

ʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʥʝʰʥʠʤ ʚʝʪʨʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʚʝʣʠʯʠʥʘ ʦʧʨʦʢʠʜʳʚʘʶ-

ʱʝʡ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʧʨʦʢʠʜʳʚʘʥʠʶ ʛʦʣʦʚʥʦʛʦ ʚʘʛʦʥʘ ʚʳ-

ʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʝʟʜʘ. 

ɺ ʊʝʭʥʠʯʝʩʢʦʤ ʨʝʛʣʘʤʝʥʪʝ çʆ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʞʝʣʝʟʥʦ-

ʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè (ʊʈ ʊʉ 002/2011) [58] ʫʢʘʟʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʤʝʥʴʰʝ-

ʥʠʶ ʚʣʠʷʥʠʷ ʙʦʢʦʚʦʛʦ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʞʝʣʝʟʥʦ-

ʜʦʨʦʞʥʳʡ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ. ɺ ʩʪʘʪʴʝ 83 ʧʦʜʧʫʥʢʪ ʫ) ʧʦʢʘʟʘʥʦ, ʯʪʦ: çʥʘ 

ʫʯʘʩʪʢʘʭ ʩʠʣʴʥʳʭ ʙʦʢʦʚʳʭ ʚʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʧʨʦʢʠʜʳʚʘʥʠʶ 

ʠ ʩʭʦʜʫ ʩ ʨʝʣʴʩʦʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʪʘʢʠʭ 
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ʚʝʪʨʦʚ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ, ʜʚʠʞʫ-

ʱʠʡʩʷ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶè. 

ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʚʦʟʤʫʱʝʥʥʦʡ ʚʦʟ-

ʜʫʰʥʦʡ ʩʨʝʜʦʡ ʠ ʦʙʲʝʢʪʦʚ ʧʫʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʨʝʭʤʝʨ-

ʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ Flow Simulation ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

SolidWorks, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ ʠ ʤʝʪʦʜʘ çFrozen Rotorè.   

 

ʈʠʩʫʥʦʢ 2.14 ï ɸʣʛʦʨʠʪʤ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ                                                                

çFrozen Rotorè (ʟʘʤʦʨʦʞʝʥʥʳʡ ʨʦʪʦʨ) 
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ɸʣʛʦʨʠʪʤ çFrozen Rotorè (ʨʠʩ. 2.14) ʨʝʘʣʠʟʫʝʪ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʚʠ-

ʞʫʱʠʡʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʘʜʠʫʩʫ ʩʦʩʪʘʚ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʧʦ-

ʣʦʞʝʥʠʠ, ʘ ʚʦʟʜʫʰʥʘʷ ʩʨʝʜʘ ʧʝʨʝʤʝʱʘʝʪʩʷ, ʦʤʳʚʘʷ ʝʛʦ ʢʦʥʪʫʨʳ. ʇʨʝʠʤʫʱʝ-

ʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ ʧʨʦʮʝʩʩʘ ʨʘʩʯʝʪʘ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʚʠʞʥʦʛʦ ʦʙʲʝʢʪʘ ʚʳʩʪʫʧʘʝʪ ʩʦʩʪʘʚ 

(ʨʦʪʦʨ), ʘ ʥʝʧʦʜʚʠʞʥʳʤ ʷʚʣʷʶʪʩʷ ʩʦʧʨʷʞʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʩʪʦʚʳʝ ʬʝʨʤʳ 

(ʩʪʘʪʦʨ). ʈʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʜʚʠʞʝʥʠʝ ʩʦʩʪʘʚʘ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʟʘʜʘʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʘʣʠʯʠʝʤ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ.  

ʇʦʜʛʦʪʦʚʢʘ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦ ʤʝʪʦʜʠʢʝ çFrozen Rotorè ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʉʦʟʜʘʥʠʝ ʦʩʠ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʢʦʪʦʨʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ (ʧʦ ʨʘʜʠʫʩʫ) 490 

ʤʝʪʨʦʚ ʙʫʜʝʪ ʚʨʘʱʘʪʴʩʷ ʩʦʩʪʘʚ. 

2. ʂʨʘʪʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʩ ʮʝʣʴʶ ʨʝʘʣʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ 

ʩʮʝʥʳ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ SolidWorks ï ρπππϽρπππ ̍.  

3. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʚʠʜʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʦʩʠ ʧʫʪʠ. 

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʚʝʨʜʦʪʝʣʴʥʘʷ 

ʤʦʜʝʣʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʵʣʝʢʪʨʦʧʦʝʟʜʘ çʉʘʧʩʘʥè (Velaro Rus), ʚʨʘʱʘʶʱʘ-

ʷʩʷ ʚʦʢʨʫʛ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ (ʧʦ ʨʘʜʠʫʩʫ) 490 ʤʝʪʨʦʚ ʩ ʫʛʣʦ-

ʚʦʡ ʩʢʦʨʦʩʪʴʶ ‫ πȟπυρ ὶὥὨȾί. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʧʨʠ ʧʷʪʠ ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʩʦ-

ʩʪʘʚʘ ʵʣʝʢʪʨʦʧʦʝʟʜʘ ʥʘ ʤʦʩʪʦʚʳʭ ʬʝʨʤʘʭ. ʇʝʨʚʦʝ ʧʦʣʦʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 

ʟʘʭʦʜʫ ʛʦʣʦʚʥʦʛʦ ʚʘʛʦʥʘ ʥʘ ʤʦʩʪʦʚʳʝ ʬʝʨʤʳ, ʚʪʦʨʦʝ ʧʦʣʦʞʝʥʠʝ ï ʟʘʭʦʜʫ ʩʦ-

ʩʪʘʚʘ ʥʘ ʧʝʨʚʫʶ ʬʝʨʤʫ ʮʝʣʠʢʦʤ, ʪʨʝʪʴʝ ʧʦʣʦʞʝʥʠʝ ï ʥʘʭʦʞʜʝʥʠʶ ʚʩʝʛʦ ʩʦ-

ʩʪʘʚʘ ʥʘ ʜʚʫʭ ʬʝʨʤʘʭ, ʯʝʪʚʸʨʪʦʝ ʧʦʣʦʞʝʥʠʝ ï ʧʨʦʭʦʞʜʝʥʠʶ ʩʦʩʪʘʚʦʤ ʧʝʨʚʦʡ 

ʬʝʨʤʳ ʠ ʥʘʭʦʞʜʝʥʠʶ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʠ ʩʦʩʪʘʚʘ ʥʘ ʚʪʦʨʦʡ ʬʝʨʤʝ ʠ ʧʷʪʦʝ ʧʦʣʦ-

ʞʝʥʠʝ ï ʥʘʭʦʞʜʝʥʠʶ ʭʚʦʩʪʦʚʦʛʦ ʚʘʛʦʥʘ ʥʘ ʚʪʦʨʦʡ ʬʝʨʤʝ. 
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ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʝʢʪ ʜʦʙʘʚʣʷʝʪʩʷ ʥʦ-

ʚʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʪʠʧ ï ʩʢʦʨʦʩʪʴ ʙʦʢʦʚʦʛʦ 

ʚʝʪʨʘ ʥʘ ʚʭʦʜʝ, ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ï ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʧʦ 

ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ï ςπ ̍Ⱦί. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʧʨʠ ʧʷʪʠ ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʩʦ-

ʩʪʘʚʘ ʵʣʝʢʪʨʦʧʦʝʟʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʩʪʦʚʳʭ ʬʝʨʤ. 

2.10. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ                             

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʚʦʟʤʫʱʝʥʥʦʡ 

ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʦʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʵʩʪʘʢʘʜʝ 

ʉ ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʝʡ ʩʢʦʨʦʩʪʝʡ ʠ ʜʘʚʣʝʥʠʡ, ʦʢʨʫʞʘʶʱʠʭ ʧʦʝʟʜ ʚʦʟ-

ʜʫʰʥʳʭ ʤʘʩʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ çFrozen Rotorè 

(ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʨʦʪʦʨʘ) [2, 3, 43]. ʈʘʩʯʝʪ ʚʳʧʦʣʥʝʥ ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝ-

ʞʠʤʝ. ʉʤʦʜʝʣʠʨʦʚʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʙʦʢʦʚʳʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ 

ʜʣʷ ʩʠʣʴʥʦʛʦ ʰʪʦʨʤʘ ʠ ʫʨʘʛʘʥʘ (ʧʦ ʰʢʘʣʝ ɹʦʬʦʨʪʘ): 12 ʤ/ʩ - 6 ʙʘʣʣʦʚ,  

27 ʤ/ʩ -10 ʙʘʣʣʦʚ, 36 ʤ/ʩ -12 ʙʘʣʣʦʚ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʜ ʧʨʦʣʝʪʥʳʤ ʩʪʨʦʝ-

ʥʠʝʤ ʵʩʪʘʢʘʜʳ ʬʦʨʤʠʨʫʝʪ ʦʩʦʙʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʥʠ, ʩʦ-

ʟʜʘʚʘʝʤʦʡ ʢʦʨʧʫʩʦʤ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʵʩʪʘʢʘʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ ʥʘʚʝʪʨʝʥ-

ʥʦʡ ʩʪʦʨʦʥʳ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʦʤʳ-

ʚʘʝʪ ʢʨʳʰʝʚʫʶ ʠ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ, ʟʜʝʩʴ ʧʨʝʦʙʣʘʜʘʶʪ ʟʦʥʳ ʚʳ-

ʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʦʙʣʘʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʜʘʚ-

ʣʝʥʠʷ; ʚʪʦʨʘʷ ï ʥʘʧʨʘʚʣʝʥʘ ʚ ʟʦʥʫ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʜ ʧʨʦʣʝʪʥʳʤ 

ʩʪʨʦʝʥʠʝʤ ʵʩʪʘʢʘʜʳ (ʨʠʩ. 2.15). ʅʠʞʥʷʷ ʯʘʩʪʴ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ 

ʚʘʛʦʥʘ ʠ ʧʦʜʚʘʛʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘʭʦʜʷʪʩʷ ʚ ʟʦʥʝ ʨʝʟʢʦʡ ʩʤʝʥʳ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʨʘʟʜʝʣʷʶʱʠʭʩʷ ʧʦʪʦʢʦʚ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦ-

ʩʪʠ ʠ ʨʦʩʪ ʜʘʚʣʝʥʠʷ ʩʨʝʜʳ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʥʘʧʨʠʤʝʨ, 

ʧʦ ʚʳʩʦʢʦʡ ʥʘʩʳʧʠ, ʧʦʜʚʘʛʦʥʥʘʷ ʦʙʣʘʩʪʴ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʚʝʨʞʝʥʘ ʠʥ-

ʪʝʥʩʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʫʩʢʦʨʝʥʥʦ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. 
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ʈʠʩʫʥʦʢ 2.15 ï ʕʧʶʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ: ʩʢʦʨʦʩʪʴ ʧʦʝʟʜʘ ï 200 ʢʤ/ʯ, ʩʢʦʨʦʩʪʴ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ 12 ʤ/c 
 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʤʳʚʘʥʠʷ ʢʫʟʦʚʘ ʚʘʛʦʥʘ ʨʝ-

ʟʫʣʴʪʠʨʫʶʱʠʤ ʧʦʪʦʢʦʤ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʩʦʟʜʘʝʪ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢ-

ʪʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʨʳʚʥʳʭ ʚʠʭʨʝʡ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ 

ʥʘ ʨʠʩʫʥʢʝ 2.16 ʚʝʢʪʦʨʘʤʠ ʥʘʧʨʘʚʣʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. ʇʨʠ ʵʪʦʤ 

ʦʙʥʘʨʫʞʝʥʘ ʷʚʥʦ ʚʳʨʘʞʝʥʥʘʷ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʤʝʱʝʥʠʶ ʫʯʘʩʪʢʦʚ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ, ʥʘ ʨʘʜʠ-

ʫʩʥʦʡ ʯʘʩʪʠ ʢʨʳʰʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʧʦ ʤʝʨʝ ʨʦʩʪʘ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʘ) 
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ʙ) 

 
ʈʠʩʫʥʦʢ 2.16 ï ʀʣʣʶʩʪʨʘʮʠʷ ʷʚʣʝʥʠʷ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʩʥʦʩʘ ʩʫʤʤʘʨʥʦʛʦ 

ʧʦʪʦʢʘ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʚʘʛʦʥʘ:  

ʘ ï ʧʨʝʚʘʣʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʠʷ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ 200 é 300 ʢʤ/ʯ; ʙ ï ʩʥʦʩ ʵʧʠʮʝʥʪʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʨʳʚʥʳʭ ʧʦʪʦʢʦʚ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʭʚʦʩʪʦʚʦʛʦ ʚʘʛʦʥʘ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʙʦʣʝʝ 300 ʢʤ/ʯ ʧʨʠ 

ʙʦʢʦʚʦʤ ʚʝʪʨʝ 32 ʤ/ʩ 

ʉ ʮʝʣʴʶ ʫʥʠʬʠʢʘʮʠʠ ʦʧʠʩʘʥʠʷ ʬʦʨʤ ʧʣʦʱʘʜʝʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʧʫʩʘ ʚʘʛʦʥʘ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʩʝʢʪʦʨʘ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʩʝʪʢʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʦʧʠʩʘʥʠʝ ʫʯʘʩʪʢʦʚ (ʢʣʘʩʪʝʨʦʚ) ʥʘʛʨʫʞʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʥʘ ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 2.17. 

ʘ) 
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ʙ) 

 
ʈʠʩʫʥʦʢ 2.17 ï ʀʥʝʨʮʠʘʣʴʥʳʡ ʩʥʦʩ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʰʥʳʭ 

ʤʘʩʩ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʚʘʛʦʥʘ: ʘ ï ʧʨʝʚʘʣʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʠʷ 

ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 200 ʜʦ 300 ʢʤ/ʯ; ʙ ï ʩʥʦʩ 

ʵʧʠʮʝʥʪʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʨʳʚʥʳʭ ʧʦʪʦʢʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʭʚʦʩʪʦʚʦʛʦ ʚʘʛʦʥʘ 

ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʙʦʣʝʝ 300 ʢʤ/ʯ ʠ ʙʦʢʦʚʦʤ ʚʝʪʨʝ 32 ʤ/ʩ 
ʘ)

 
ʙ) 

 
ʚ) 

 
ʛ) 

 
ʈʠʩʫʥʦʢ 2.18 ï ʕʧʶʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʟʦʚʘ ʩʦʩʪʘʚʘ: ʘ ï ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʝʟʜʘ 200 ʢʤ/ʯ ʠ ʙʦʢʦʚʦʤ 

ʚʝʪʨʝ 27 ʤ/ʩ (ʘ), ʙ ï ʪʦ ʞʝ, ʥʦ ʧʨʠ ʩʢʦʨʦʩʪʠ 300 ʢʤ/ʯ; ʚ ï ʪʦ ʞʝ, ʥʦ ʧʨʠ 

ʩʢʦʨʦʩʪʠ 400 ʢʤ/ʯ; ʛ ï ʪʦ ʞʝ, ʥʦ ʧʨʠ ʩʢʦʨʦʩʪʠ 400 ʢʤ/ʯ ʠ ʙʦʢʦʚʦʤ ʚʝʪʨʝ 12 ʤ/ʩ. 

ʉʠʥʠʝ ʣʠʥʠʠ ï ʧʦʜʚʝʪʨʝʥʥʘʷ ʩʪʦʨʦʥʘ, ʢʨʘʩʥʳʝ - ʥʘʚʝʪʨʝʥʥʘʷ 

ʈʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʜʣʠʥʝ ʧʦʝʟʜʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʣʷ ʨʘʟ-

ʣʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ, ʘ ʠʤʝʥʥʦ: 200, 300, ʠ 400 ʢʤ/ʯ ʧʨʠ ʩʢʦʨʦ-

ʩʪʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ 27 ʤ/ʩ. ʇʨʠ ʩʢʦʨʦʩʪʠ 400 ʢʤ/ʯ ʙʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘʣʦʛʠʯʥʳʡ 
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ʨʘʩʯʝʪ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 12 ʤ/ʩ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 2.18 ʠ 2.19. 

ʘ) 

 
ʙ) 

 
ʚ) 

 
ʈʠʩʫʥʦʢ 2.19 ï ʀʟʦʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʚʙʣʠʟʠ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ 27 ʤ/ʩ ʠ ʩʢʦʨʦʩʪʠ ʧʦʝʟʜʘ 200 ʢʤ/ʯ (ʘ), 300 ʢʤ/ʯ (ʙ), 

400 ʢʤ/ʯ (ʚ) 
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ʆʙʲʝʤʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʟʦʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʚʙʣʠʟʠ ʜʚʠʞʫ-

ʱʝʛʦʩʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ 27 ʤ/ʩ 

ʠ ʩʢʦʨʦʩʪʠ ʧʦʝʟʜʘ 200, 300, 400 ʢʤ/ʯ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.19. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ 

ʚʜʦʣʴ ʩʦʩʪʘʚʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʝʟʜʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦ-

ʩʪʷʭ ʜʚʠʞʝʥʠʷ ʠ ʚʦʟʜʝʡʩʪʚʠʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʢʘʨʪʠʥʘ ʦʩʪʘʸʪʩʷ ʩʭʦʞʝʡ ʚ ʜʠʘ-

ʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʜʦ 300 ʢʤ/ʯ. ʆʜʥʘʢʦ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʚʦʟʥʠʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʝ ʢʫʟʦʚʘ, 

ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʧʝʨʚʳʭ ʥʝʩʢʦʣʴʢʠʭ ʚʘʛʦʥʦʚ ʩʦʩʪʘʚʘ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴ-

ʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʩʦ ʩʪʦʨʦʥʳ ʚʦʟʤʫʱʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʧʦʜʚʝʨʞʝʥʳ 

ʢʨʘʡʥʠʝ ʚʘʛʦʥʳ ʩʦʩʪʘʚʘ (ʧʨʠʯʝʤ ʚʦʟʜʝʡʩʪʚʠʝ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʭʚʦ-

ʩʪʦʚʦʛʦ ʚʘʛʦʥʘ). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʥʘʛʨʫʟʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʫʩʠʣʠʚʘʝʪʩʷ. ɺ ʪʘʙʣʠʮʝ 

2.12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʢʫʟʦʚʘ ʛʦʣʦʚʥʦʛʦ ʚʘʛʦʥʘ ʩ ʥʘʚʝʪʨʝʥʥʦʡ ʠ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʝʡ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ. 

ʊʘʙʣʠʮʘ 2.12 ï ɿʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʥʘ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʧʫʩʘ 

ʛʦʣʦʚʥʦʛʦ ʚʘʛʦʥʘ ʩ ʥʘʚʝʪʨʝʥʥʦʡ ʠ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥ  

ʉʢʦʨʦʩʪʴ ʧʦʝʟʜʘ, 

ʢʤ/ʯ 
ʉʪʦʨʦʥʘ ʥʘʛʨʫʞʝʥʠʷ 

ʉʢʦʨʦʩʪʴ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ, ʤ/ʩ 

12 27 36 

200 ʅʘʚʝʪʨʝʥʥʘʷ, (ʈʘ) -6,2 35,1 62,7 

200 ʧʦʜʚʝʪʨʝʥʥʘʷ, (ʈʘ) -128 -387 -653,6 

300 ʥʘʚʝʪʨʝʥʥʘʷ, (ʈʘ) -26,9 110,9 123,5 

300 ʧʦʜʚʝʪʨʝʥʥʘʷ, (ʈʘ) -191,2 -403,1 -650,5 

400 ʥʘʚʝʪʨʝʥʥʘʷ, (ʈʘ) -103,1 138,5 248,1 

400 ʧʦʜʚʝʪʨʝʥʥʘʷ, (ʈʘ) -319,7 -424 -669,1 

ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʨʝʘʢʮʠʡ ʚ ʢʦʥʪʘʢʪʥʳʭ ʛʨʫʧʧʘʭ çʭʦʜʦʚʳʝ ʢʦʣʝʩʘ ï ʛʦ-

ʣʦʚʢʘ ʨʝʣʴʩʘè ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʪʝʣʝʞʝʢ ʧʨʠ ʩʢʦʨʦʩʪʠ 12 ʤ/ʩ ʠ 36 ʤ/ʩ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.20 ï 2.23 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 2.20 ï ʈʝʘʢʮʠʠ ʚ ʢʦʥʪʘʢʪʥʳʭ ʛʨʫʧʧʘʭ çʭʦʜʦʚʳʝ ʢʦʣʝʩʘ ï ʛʦʣʦʚʢʘ ʨʝʣʴʩʘè 

 ʧʝʨʝʜʥʝʡ ʪʝʣʝʞʢʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 12 ʤ/ʩ 
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ʈʠʩʫʥʦʢ 2.21 ï ʈʝʘʢʮʠʠ ʚ ʢʦʥʪʘʢʪʥʳʭ ʛʨʫʧʧʘʭ çʭʦʜʦʚʳʝ ʢʦʣʝʩʘ ï ʛʦʣʦʚʢʘ ʨʝʣʴʩʘè  

ʟʘʜʥʝʡ ʪʝʣʝʞʢʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 12 ʤ/ʩ  
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ʈʠʩʫʥʦʢ 2.22 ï ʈʝʘʢʮʠʠ ʚ ʢʦʥʪʘʢʪʥʳʭ ʛʨʫʧʧʘʭ çʭʦʜʦʚʳʝ ʢʦʣʝʩʘ ï ʛʦʣʦʚʢʘ ʨʝʣʴʩʘè 

 ʧʝʨʝʜʥʝʡ ʪʝʣʝʞʢʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʙʦʢʦʚʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 36 ʤ/ʩ
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ʈʠʩʫʥʦʢ 2.23 ï ʈʝʘʢʮʠʠ ʚ ʢʦʥʪʘʢʪʥʳʭ ʛʨʫʧʧʘʭ çʭʦʜʦʚʳʝ ʢʦʣʝʩʘ ï ʛʦʣʦʚʢʘ ʨʝʣʴʩʘè  

ʟʘʜʥʝʡ ʪʝʣʝʞʢʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʙʦʢʦʚʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 36 ʤ/ʩ 
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ʅʘʛʨʫʟʢʠ ʥʘ ʭʦʜʦʚʳʝ ʢʦʣʝʩʘ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ  

12 ʤ/ʩ ʠ 36 ʤ/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.13 [11, 12].  

ʊʘʙʣʠʮʘ 2.13 ï ʅʘʛʨʫʟʢʠ ʥʘ ʭʦʜʦʚʳʝ ʢʦʣʝʩʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ  

12 ʤ/ʩ ʠ 36 ʤ/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʈʝʣʴʩ 
ʅʘʛʨʫʟʢʘ ʥʘ ʢʦʣʝʩʘ 

ʧʝʨʝʜʥʝʡ ʪʝʣʝʞʢʠ, ʢʅ 

ʅʘʛʨʫʟʢʘ ʥʘ ʢʦʣʝʩʘ 

ʟʘʜʥʝʡ ʪʝʣʝʞʢʠ, ʢʅ 

ʇʨʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 12 ʤ/ʩ 

ʇʨʘʚʳʡ  7,26 (11,6) 8,03 (12,8) 7,65 (12,24) 8,33 (13,32) 

ʃʝʚʳʡ  7,41 (11,8) 7,68 (12,28) 7,9 (12,64) 8,28 (13,24) 

ʇʨʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 36 ʤ/ʩ 

ʇʨʘʚʳʡ  10,57 (14,4) 10,58 (14,4) 8,08 (11) 12,3 (16,75) 

ʃʝʚʳʡ  7,27 (9,9) 7,97 (10,85) 8,13 (11) 8,5 (11,5) 

* (ʧʨʦʮʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʣʝʩʦ) 
 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʪʘʙʣ. 2.13) ʩʣʝʜʫʝʪ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʥʘʛʨʫʟʢʠ ʥʘ ʭʦʜʦʚʦʝ ʢʦʣʝʩʦ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 12 ʤ/ʩ ʥʝ ʧʨʝʚʳ-

ʰʘʝʪ ʧʨʝʜʝʣʴʥʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ 10 % ʦʪ ʚʝʩʦʚʦʡ ʥʦʤʠʥʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʪʦʛʜʘ ʢʘʢ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 36 ʤ/ʩ ʤʠʥʠʤʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʥʘʛʨʫʟʢʠ ʥʘ ʭʦʜʦʚʦʝ ʢʦʣʝʩʦ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘ-

ʯʝʥʠʝ 10 % ʦʪ ʚʝʩʦʚʦʡ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʝʨʝʜʥʝʡ ʪʝʣʝʞʢʝ ʥʘ ʣʝʚʦʤ 

ʢʦʣʝʩʝ [11, 12].  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʫʨʦʚʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚʦʟʤʫʱʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʢʦʨʠʜʦʨʝ ʜʚʠʞʝʥʠʷ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʨʝʘʢʮʠʡ ʚ ʢʦʥʪʘʢʪʥʳʭ ʛʨʫʧʧʘʭ 

çʭʦʜʦʚʳʝ ʢʦʣʝʩʘ ï ʛʦʣʦʚʢʘ ʨʝʣʴʩʘè ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʪʝʣʝʞʝʢ. ɺ ʧʨʝʜʝʣʘʭ 

ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ 300 ʢʤ/ʯ ʠ ʙʦʢʦʚʦʤ ʚʝʪʨʝ ʥʝ ʙʦʣʝʝ  

27 ʤ/ʩ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʚ ʢʦʥʪʘʢʪʥʳʭ ʛʨʫʧʧʘʭ çʭʦʜʦʚʳʝ  

ʢʦʣʝʩʘ ï ʛʦʣʦʚʢʘ ʨʝʣʴʩʘè ʠʤʝʝʪ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʙʦʣʝʝ 27 ʤ/ʩ ʠ ʩʢʦʨʦʩʪʥʦʤ ʨʝ-

ʞʠʤʝ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʩʚʳʰʝ 300 ʢʤ/ʯ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʘʷ ʩʤʝʥʘ ʨʝ-

ʞʠʤʘ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʢʦʥʪʘʢʪʥʳʭ ʛʨʫʧʧʘʭ çʢʦʣʝʩʦ ï ʨʝʣʴʩè, ʚ ʯʘʩʪ-

ʥʦʩʪʠ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʨʝʟʢʦ ʚʦʟʨʦʩʰʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʩʨʳʚʥʳʭ ʧʦʪʦʢʦʚ ʚʦʟ-

ʜʫʰʥʦʡ ʩʨʝʜʳ ʥʘ ʢʫʟʦʚʝ ʚʘʛʦʥʘ.  
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ʇʦʩʢʦʣʴʢʫ ʵʣʝʤʝʥʪʳ ʤʥʦʛʦʬʶʟʝʣʷʞʥʦʛʦ ʦʙʲʝʢʪʘ ʠʤʝʶʪ ʫʧʨʫʛʦ ï ʧʦʜʘʪ-

ʣʠʚʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʠ ʟʥʘʯʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʥʘʛʨʫʟʦʢ ʨʘʟʣʠʯʥʳ ʧʦ ʜʣʠʥʝ 

ʩʦʩʪʘʚʘ, ʟʥʘʯʝʥʠʝ ʫʛʣʦʚʦʛʦ ʢʨʝʥʘ ʚʘʛʦʥʦʚ ʚ ʨʘʡʦʥʝ ʭʚʦʩʪʘ ʧʦʝʟʜʘ ʙʫʜʝʪ ʦʪʣʠ-

ʯʘʪʴʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʚʟʘʠʤʦʚʣʠʷʥʠʶ ʩʦʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʠ ʫʩʣʦʞʥʠʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʚ ʢʦʥʪʘʢʪʥʳʭ ʛʨʫʧʧʘʭ çʢʦ-

ʣʝʩʦ ï ʨʝʣʴʩè [11, 12, 98-101] ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʠʪ ʦʧʘʩʥʦʩʪʴ ʩʭʦʜʘ ʧʦ-

ʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

2.11. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʚʦʟʤʫʱʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʦʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʧʨʦʣʝʪʥʦʤʫ ʩʦʦʨʫʞʝʥʠʶ ʬʝʨʤʝʥʥʦʛʦ ʤʦʩʪʘ 

ʅʘ ʨʠʩʫʥʢʝ 2.24 ʠ ʪʘʙʣʠʮʘʭ 2.14 ï 2.18 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʷʩ-

ʥʷʶʱʠʝ ʦʙʱʫʶ ʩʭʝʤʫ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠ ʁʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɺʉʇʉ ʩ ʚʦʟʤʫʱʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʦʡ ʠ ʦʙʲʝʢʪʦʚ ʧʫʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʈʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʣʠʩʴ ʧʦ ʣʠ-

ʥʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʜʦʣʴ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʦʩʪʘʚʘ ʥʘ ʜʠʩʪʘʥ-

ʮʠʠ 20 ʤʤ, ʥʘ ʚʳʩʦʪʝ 1 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʚʝʨʭʘ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ (ʋɻʈ) ʧʦ ʜʣʠʥʝ 

ʩʦʩʪʘʚʘ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʦʢʦʚʦʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦ-

ʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ï ʜʚʠ-

ʞʝʥʠʷ ʩʦʩʪʘʚʘ ʥʘ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʉ ʙʦʢʦʚʦʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʦʡ ʢʘʨʪʠʥʘ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ: ʨʘʩʪʝʪ ʜʠʥʘʤʠ-

ʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʛʦʣʦʚʥʦʤ ʦʙʪʝʢʘʪʝʣʝ ʚ ʩʨʝʜʥʝʤ ʥʘ 20 %; ʥʘ ʩʢʦʨʦʩʪʥʦʡ 

ʵʧʶʨʝ ʦʪʤʝʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦ-

ʢʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʩʦ-

ʩʪʘʚʘ; ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʷʚʣʝʥʠʷ ʚʷʟʢʦʩʪʠ 

ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ (ʟʘʚʠʭʨʝʥʥʦʩʪʴ) ʧʨʠ ʦʤʳʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʬʝʨ-

ʤʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʜʦʣʞʝʥʠʝ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʠʤʧʫʣʴʩʦʚ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʩʦʩʪʘʚʘ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʡʦʥʝ ʛʦʣʦʚʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ, ʛʜʝ ʫʩʢʦʨʝʥʥʘʷ ʤʘʩʩʘ ʫʚʣʝ-

ʯʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʧʦʜʚʠʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʬʝʨʤʳ 

ʤʦʩʪʘ (ʩʤ. ʪʘʙʣ. 2.14)  
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ʊʘʙʣʠʮʘ 2.14 ï ɿʘʭʦʜ ʛʦʣʦʚʥʦʛʦ ʚʘʛʦʥʘ ʥʘ ʤʦʩʪʦʚʳʝ ʬʝʨʤʳ ʙʝʟ ʫʯʝʪʘ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʠ ʩ ʫʯʝʪʦʤ. 

1-ʡ ʨʘʩʯʝʪʥʳʡ ʩʣʫʯʘʡ ï ɿʘʭʦʜ ʛʦʣʦʚʥʦʛʦ ʚʘʛʦʥʘ ʥʘ ʤʦʩʪʦʚʳʝ ʬʝʨʤʳ 

 
ɹʝʟ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʉ ʙʦʢʦʚʳʤ ʚʝʪʨʦʤ 
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ʊʘʙʣʠʮʘ 2.15 ï ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɺʉʇʉ ʩ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʬʝʨʤʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ 

2-ʡ ʨʘʩʯʝʪʥʳʡ ʩʣʫʯʘʡ ï ɿʘʭʦʜ ʩʦʩʪʘʚʘ ʥʘ ʧʝʨʚʫʶ ʬʝʨʤʫ ʮʝʣʠʢʦʤ 
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ʊʘʙʣʠʮʘ 2.16 ï ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɺʉʇʉ ʩ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʬʝʨʤʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ
 

3-ʡ ʨʘʩʯʝʪʥʳʡ ʩʣʫʯʘʡ ï ʉʦʩʪʘʚ ʥʘ ʜʚʫʭ ʬʝʨʤʘʭ 
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ʊʘʙʣʠʮʘ 2.17 ï ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɺʉʇʉ ʩ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʬʝʨʤʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ
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ʇʨʠ ʧʦʣʥʦʤ ʟʘʭʦʜʝ ʩʦʩʪʘʚʘ ʥʘ ʧʝʨʚʫʶ ʬʝʨʤʫ ʢʦʣʝʙʘʥʠʝ ʜʘʚʣʝʥʠʷ ʩʪʘʙʠ-

ʣʠʟʠʨʫʝʪʩʷ, ʛʦʣʦʚʥʦʡ ʠʤʧʫʣʴʩ ʦʪʩʫʪʩʪʚʫʝʪ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʘʤʧʣʠʪʫʜʳ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʳ (ʤʝʥʝʝ 2 ʇʘ); ʩʢʦʨʦʩʪʥʘʷ ʵʧʶʨʘ ʦʪʨʘʞʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʦʚ (ʤʝʥʝʝ 2 ʤ/ʩ), ʩ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʢʦʣʝʙʘʥʠʡ ʧʦʩʣʝ ʩʝʨʝʜʠʥʳ 

ʬʝʨʤʳ (ʪʘʙʣ. 2.16). 

ɺ ʦʪʩʫʪʩʪʚʠʝ ʙʦʢʦʚʦʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʧʦʣʥʦʤ ʟʘʭʦʜʝ ʩʦʩʪʘʚʘ ʥʘ 

ʦʙʝ ʬʝʨʤʳ ʢʦʣʝʙʘʥʠʝ ʜʘʚʣʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʛʦʣʦʚʥʦʡ ʠʤʧʫʣʴʩ ʦʪʩʫʪ-

ʩʪʚʫʝʪ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʘʤʧʣʠʪʫʜʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳ (ʤʝʥʝʝ 2 ʇʘ); ʩʢʦʨʦʩʪʥʘʷ 

ʵʧʶʨʘ ʦʪʨʘʞʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʦʚ (ʤʝʥʝʝ 2 ʤ/ʩ), ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʭʘʨʘʢʪʝʨʘ ʢʦʣʝʙʘʥʠʡ ʧʦʩʣʝ ʩʝʨʝʜʠʥʳ ʬʝʨʤʳ. 

ʉ ʙʦʢʦʚʦʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʦʡ ʨʘʩʪʝʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʛʦʣʦʚ-

ʥʦʤ ʦʙʪʝʢʘʪʝʣʝ ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʦʩʪʘʚʘ ʧʨʝʚʳʰʘʝʪ ʚ ʩʨʝʜʥʝʤ ʥʘ  

260 ʇʘ; ʥʘ ʩʢʦʨʦʩʪʥʦʡ ʵʧʶʨʝ ʦʪʤʝʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ ʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ, - ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʦʩʪ (ʚ 8 ʨʘʟ) ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ 

ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʩʦʩʪʘʚʘ; ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʷʚʣʝ-

ʥʠʷ ʚʷʟʢʦʩʪʠ ʚʦʟʜʫʭʘ ï ʟʘʚʠʭʨʝʥʥʦʩʪʴ, ʪʘʢʞʝ ʢʨʘʪʥʦ ʚʦʟʨʘʩʪʘʝʪ  

(ʚ ʩʨʝʜʥʝʤ ʚ 30 ʨʘʟ), ʠ ʠʤʝʝʪ ʧʨʦʜʦʣʞʝʥʠʝ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʠʤʧʫʣʴʩʦʚ ʚʦʟʨʘʩ-

ʪʘʶʱʝʡ ʤʦʱʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʩʦʩʪʘʚʘ. 

ʇʨʠ ʥʘʭʦʞʜʝʥʠʠ ʭʚʦʩʪʦʚʳʭ ʚʘʛʦʥʦʚ ʩʦʩʪʘʚʘ ʚ ʧʨʝʜʝʣʘʭ ʚʪʦʨʦʡ ʬʝʨʤʳ 

ʢʘʨʪʠʥʘ ʚʦʟʤʫʱʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʳʜʫʱʝʤʫ ʨʘʩʯʝʪ-

ʥʦʤʫ ʩʣʫʯʘʶ.  

ʇʨʠ ʧʨʦʭʦʜʝ ʭʚʦʩʪʦʚʳʤʠ ʚʘʛʦʥʘʤʠ ʩʦʩʪʘʚʘ ʧʨʝʜʝʣʦʚ ʚʪʦʨʦʡ ʬʝʨʤʳ ʢʘʨ-

ʪʠʥʘ ʚʦʟʤʫʱʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʳʜʫʱʝʤʫ ʨʘʩ-

ʯʝʪʥʦʤʫ ʩʣʫʯʘʶ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥ ʬʘʢʪ ʭʘʨʘʢʪʝʨʥʦʛʦ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʦʟʤʫʱʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʧʨʦʮʝʩʩʝ ʦʤʳʚʘʥʠʷ ʢʦʥʪʫʨʦʚ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦʚʤʝʩʪʥʦ ʩ ʧʝʨʠʬʝʨʠʡʥʦʡ ʧʫʪʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. 
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ʊʘʙʣʠʮʘ 2.18 ï ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɺʉʇʉ ʩ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʬʝʨʤʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ
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ʋʚʣʝʢʘʝʤʘʷ ʜʚʠʞʫʱʠʤʩʷ ʧʦʝʟʜʦʤ ʤʘʩʩʘ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʧʨʠ ʧʨʦʭʦʞʜʝ-

ʥʠʠ ʩʦʩʪʘʚʦʤ ʛʘʙʘʨʠʪʦʚ ʬʝʨʤʝʥʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʚʳʟʳʚʘʝʪ ʪʦʨʤʦʞʝʥʠʝ ʯʘʩʪʠ 

ʫʚʣʝʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʚʦʟʜʫʭʘ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʤʦ-

ʩʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʢʦʣʝʙʘʥʠʷʤʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ 

ʧʠʣʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʷʚʣʷ-

ʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʦʩʢʦʣʴʢʫ ʦʢʘʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʜʚʠʞʝʥʠʶ ʩʦʩʪʘʚʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʬʝʨʤʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʩʪʦʚʦʛʦ ʧʨʦʣʝʪʘ ʜʣʷ ʙʦʢʦʚʦʛʦ 

ʚʝʪʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʩʚʷʟʠ 

ʩ ʯʝʤ, ʧʦʪʦʢ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʜʝʣʠʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʦʪʦʢʠ, 

ʚʳʟʳʚʘʷ ʢʦʣʝʙʘʥʠʷ ʩʢʦʨʦʩʪʠ ʪʝʢʫʯʝʡ ʩʨʝʜʳ. ʜʘʚʣʝʥʠʷ, ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ  

(ʨʠʩ. 2.20), ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ ʭʘʨʘʢʪʝʨʥʳʤʠ, ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ 

ʟʫʙʮʘʤʠ ʧʦʜʦʙʥʦʡ ʬʦʨʤʳ. ɺ ʦʪʜʝʣʴʥʦʩʪʠ ʢʘʞʜʦʝ ʠʟ ʵʪʠʭ ʚʦʟʤʫʱʝʥʠʡ (ʩʠʣʦ-

ʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʨʧʫʩ ʧʨʦʭʦʜʷʱʝʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ) ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫ-

ʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ, ʥʦ ʠʭ ʩʪʨʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʧʦʚʪʦʨʝʥʠʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥ-

ʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʝ-

ʟʦʥʘʥʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʨʘʩʢʘʯʠʚʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ.  

ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʘʥʥʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʥʘʛʨʫ-

ʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʜʘʪʣʠʚʦʩʪʠ ʧʦʜʚʝʩʢʠ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ.

0

2

4

6

8

10

12

14

16

18

20

0 5 10 15 20 25

˭
͊
͍
͙
ͻ
ͪ
͔
ͤ
ͤ
ͦ
ͫ
ͭ
Έ
 
ώ
м
κ
ǎ
ϐ

˨͙ͤ͊͡ ώƳϐ



83 

 

 

 
ʈʠʩʫʥʦʢ 2.24 ï ʕʧʶʨʘ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʝʟʜʘ
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ɺ ʚrʦʜʳ ʧʦ ʛʣʘʚʝ 2 

1. ʇʨʝʜʣʦʞʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʦ-

ʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ ʵʩʪʘʢʘʜʝ ʠ ʧʨʦʣʝʪʥʦʤʫ ʩʪʨʦʝʥʠʶ ʤʦʩʪʘ 

ʬʝʨʤʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʚ ʫʩʣʦʚʠʷʭ ʜʝʩʷʪʠʙʘʣʴʥʦʛʦ 

ʰʪʦʨʤʘ (ʧʦ ʰʢʘʣʝ ɹʦʬʦʨʪʘ). 

2. ʅʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʢʘʨ-

ʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚʙʣʠʟʠ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʝʟʜʘ ʠ ʦʧʨʝ-

ʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʡ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʷʚʣʝʥʠʷʤʠ 

ʠʥʝʨʮʠʦʥʥʦʛʦ ʥʘʜʜʫʚʘ ʠ ʫʚʣʝʯʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʜʚʠʞʫʱʠʤʩʷ ʧʦʝʟʜʦʤ.  

3. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ ʜʘʚʣʝʥʠʡ ʥʘ ʥʘʚʝʪ-

ʨʝʥʥʦʡ ʠ ʧʦʜʚʝʪʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʫʟʦʚʘ ʚʘʛʦʥʘ ʦʙʫʩʣʦʚʣʝʥʦ ʷʚʣʝʥʠʷʤʠ 

ʩʥʦʩʘ ʩʨʳʚʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʭʚʦʩʪʦʚʳʭ ʚʘʛʦʥʦʚ. 

ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʤʝʞʜʫ ʚʘʛʦʥʘʤʠ ʩʦʧʨʷʞʝʥʥʳʭ ʫʧʨʫʛʦ ï 

ʧʦʜʘʪʣʠʚʳʭ ʩʚʷʟʝʡ ʚʳʟʳʚʘʝʪ ʫʩʣʦʞʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠʭ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ, ʩʦʟʜʘʝʪ ʦʧʘʩʥʳʡ ʙʦʨʪʦʚʦʡ ʢʨʝʥ ʯʘʩʪʠ ʩʦʩʪʘʚʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʦʙʝʟ-

ʛʨʫʞʠʚʘʥʠʝʤ ʢʦʣʝʩ. 

4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ 200 ʢʤ/ʯ, ʫʩʠʣʝʥʠʝ ʙʦ-

ʢʦʚʦʛʦ ʚʝʪʨʘ ʩ 12 ʤ/ʩ ʜʦ 36 ʤ/ʩ ʚʳʟʳʚʘʝʪ ʨʦʩʪ ʫʛʣʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʚʘʛʦʥʘ ʥʘ 32 %, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʜʨʝʩʩʦ-

ʨʝʥʥʳʭ ʤʘʩʩ ʥʘ 10 %. ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʥʘʛʨʫʟʢʠ ʥʘ ʣʝʚʦʝ ʭʦʜʦʚʦʝ ʢʦʣʝʩʦ ʥʘ 

ʧʝʨʝʜʥʝʡ ʪʝʣʝʞʢʝ ʥʠʞʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ  

10 % ʦʪ ʚʝʩʦʚʦʡ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʧʦʪʝʨʠ ʩʮʝʧʣʝʥʠʷ 

ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʪʦʨʤʦ-

ʞʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʩʢʦʨʦʩʪʥʦʤ ʨʝʞʠʤʝ. 

5. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʝʨʤʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʤʦʩʪʦʚ ʚʳʟʳʚʘʶʪ ʪʦʨʤʦʞʝʥʠʝ 

ʯʘʩʪʠ ʫʚʣʝʯʝʥʥʦʛʦ ʧʦʝʟʜʦʤ ʦʙʲʝʤʘ ʚʦʟʜʫʭʘ, ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʯʘʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʬʝʨʤʳ ʤʦʩʪʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʦʢʘʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʧʦʜʚʠʞʥʦʛʦ ʩʦ-

ʩʪʘʚʘ.  
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6. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʤʳʚʘʥʠʠ ʧʦʪʦʢʘʤʠ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʵʣʝʤʝʥʪʦʚ 

ʬʝʨʤʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʬʦʨʤʠʨʫ-

ʶʪʩʷ ʦʙʣʘʩʪʠ ʟʘʚʠʭʨʝʥʠʷ ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʬʦʨʤʳ, ʰʘʛ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʯʠʩʣʫ ʧʨʦʝʤʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʨʘʟʜʝʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʘʚʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʶ ʷʚʣʝʥʠʷ ʨʝʟʦʥʘʥʩʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʥʘʜʨʝʩʩʦʨ-

ʥʦʛʦ ʩʪʨʦʝʥʠʷ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʝʟʜʘ. 

7. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʭyʤʝʨʥʳʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʤʦʜʝʣʠ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʛʠʙʨʠʜʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦ-

ʣʷʶʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʫʯʠʪʳʚʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʩʪʦʚʳʭ ʬʝʨʤ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʠ ʫʩʣʦʚʠʷ, ʥʝʜʦʩʪʠʞʠʤʳʝ ʧʨʠ ʥʘʪʫʨʥʳʭ ʠ 

ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʷʭ (ʪʘʢʠʝ ʢʘʢ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʙʦʢʦʚʦʡ ʚʝʪʝʨ). 
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ɻʃɸɺɸ 3 ɼʀʅɸʄʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʆɻʆ  

ʇʆɼɺʀɾʅʆɻʆ ʉʆʉʊɸɺɸ ʉ ʋʏɽʊʆʄ ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʆɻʆ 

ɺʆɿɼɽʁʉʊɺʀʗ 
 

3.1 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʫʛʣʦʚʦʡ ʧʦʜʘʪʣʠʚʦʩʪʠ ʢʦʨʧʫʩʦʚ ʵʢʠʧʘʞʥʦʡ ʯʘʩʪʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʫʯʝʪʦʤ ʞʩyʪʢʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʛʦ ʭʦʜʦʚʦʡ ʯʘʩʪʠ  

ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʝʛʦ ʪʷʛʦ-

ʚʳʭ ʠ ʪʦʨʤʦʟʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʠʩʷʪ ʦʪ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʨʝʣʴʩʘ ʠ ʢʦʣʝʩʘ, 

ʘ ʪʘʢʞʝ ʦʪ ʫʩʠʣʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʝ. ɺ ʫʩʣʦʚʠʷʭ ʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʜʝʡʩʪʚʠʝʤ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʠ ʥʝʨʘʚʥʦʤʝʨ-

ʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʧʦ ʜʣʠʥʝ ʧʦʝʟʜʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʯʝʪʘ ʢʦʥ-

ʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʢʨʠʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʧʨʝʜ-

ʰʝʩʪʚʫʶʱʠʭ ʩʭʦʜʫ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʘʩʥʳʭ ʢʦʣʝʙʘ-

ʥʠʡ, ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʘʥʘʣʠʟʝ ʜʠʥʘʤʠʢʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʨʘʩʯʝʪʝ ʫʩʠ-

ʣʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʝʛʦ ʜʣʠʥʝ, ʧʦʝʟʜ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ 

ʚʠʜʝ ʩʠʩʪʝʤʳ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʤʘʩʩ, ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʫʧʨʫʛʦ-ʜʠʩʩʠ-

ʧʘʪʠʚʥʳʭ ʩʚʷʟʝʡ. ʇʨʘʢʪʠʢʘ ʪʘʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʘʥʘʣʠʟʝ ʚʣʠʷʥʠʷ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʫʯʝʪ ʵʪʠʭ 

ʷʚʣʝʥʠʡ ʧʨʠʦʙʨʝʪʘʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʫʶ ʚʘʞʥʦʩʪʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʘʥʘ-

ʣʠʟʘ ʪʘʢʠʭ ʷʚʣʝʥʠʡ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ FSI (Fluid-Structure Interaction) ï 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘ-

ʢʝʪʘʭ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʟʜʝʩʴ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʝ-

ʨʝʩʪʨʦʝʥʠʷ ʩʝʪʢʠ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʧʦʝʟʜ ï ʩʨʝʜʘ, ʧʦʩʢʦʣʴʢʫ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦ-

ʞʝʥʠʝ ʪʝʣʝʞʝʢ ʠ ʢʦʨʧʫʩʦʚ ʚʘʛʦʥʦʚ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʵʨʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʋʯʝʪ ʢʦʣʝʙʘʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʜʚʠʞʝʥʠʝʤ ʧʦʝʟʜʘ, ʜʝ-

ʣʘʝʪ ʵʪʫ ʟʘʜʘʯʫ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʟʨʝʰʠʤʦʡ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʟʘʜʘʯʠ: ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʚ ʧʦʜʚʝʩʢʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʚʘʛʦʥʦʚ ʠ ʪʝʣʝʞʝʢ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ, ʘ ʟʘʪʝʤ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʪʝʣʝʞʝʢ 
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ʠ ʚʘʛʦʥʦʚ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ. ʇʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʠʟʤʝʨʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʥʝ ʩʪʘʥʝʪ ʤʝʥʴʰʝ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦ-

ʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʨʘʩ-

ʯʝʪʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʦʩʦʙʝʥʥʦ ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʡ ʦʮʝʥʢʠ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪ-

ʥʳʭ ʫʩʠʣʠʡ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʝ ʢʦʣʝʩʦ-ʨʝʣʴʩ. 

ʉʠʩʪʝʤʘ ʧʦʜʚʝʰʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʧʦʝʟʜʘ Velaro RUS (ʕɺʉ1/ʕɺʉ2 

çʉʘʧʩʘʥè) ʜʚʫʭʫʨʦʚʥʝʚʘʷ:  

- ʧʝʨʚʠʯʥʦʝ ʨʝʩʩʦʨʥʦʝ ʧʦʜʚʝʰʠʚʘʥʠʝ (ʢʦʣʝʩʦ ï ʪʝʣʝʞʢʘ) ʨʝʘʣʠʟʫʝʪʩʷ ʦʜ-

ʥʦʧʦʚʦʜʢʦʚʳʤʠ ʙʫʢʩʘʤʠ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʛʘʩʠʪʝʣʷʤʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘ-

ʥʠʡ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʚʠʥʪʦʚʳʤʠ ʧʨʫʞʠʥʘʤʠ ï 1400 ʢʅ/ʤ; 

- ʚʪʦʨʠʯʥʦʝ ʨʝʩʩʦʨʥʦʝ ʧʦʜʚʝʰʠʚʘʥʠʝ (ʪʝʣʝʞʢʘ ï ʢʫʟʦʚ) ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʧʥʝʚʤʦʙʘʣʣʦʥʦʚ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʛʘʩʠʪʝʣʝʡ ʚʝʨʪʠʢʘʣʴʥʳʭ, ʧʦʧʝʨʝʯ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʚʠʣʷʥʠʷ ï 670 ʢʅ/ʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʩʪʨʫʢʮʠʷ ʭʦʜʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʝʟʜʘ ʦʙʦʨʫʜʦʚʘʥʘ ʫʩʪʨʦʡ-

ʩʪʚʦʤ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʦʪ ʨʘʩʢʘʯʠʚʘʥʠʷ): ʧʝʨʚʠʯʥʦʝ ï 1100 ʢʅ/ʤ; 

ʚʪʦʨʠʯʥʦʝ ï 410 ʢʅ/ʤ. 

ʂʦʥʩʪʨʫʢʮʠʶ ʧʦʜʚʝʰʠʚʘʥʠʷ ʭʦʜʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʝʟʜʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘ-

ʚʠʪʴ, ʢʘʢ ʜʚʫʭʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʚʝʨʪʠʢʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥ-

ʥʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʱʠʭ ʞʝʩʪʢʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʠ 

ʚʪʦʨʠʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʦʩʮʠʣʣʷ-

ʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʦʧʝʨʝʯʥʫʶ ʞʝʩʪʢʦʩʪʴ ʧʦʜʚʝʩʢʠ (ʨʠʩ. 3.1).  

ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʢʨʠʪʝʨʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʘʛʦʥʘ ʩʣʫʞʠʪ ʚʝ-

ʣʠʯʠʥʘ ʦʪʥʦʰʝʥʠʷ ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʢ ʦʧʨʦʢʠʜʳʚʘʶʱʝʤʫ [61] ʚ ʧʨʝ-

ʜʝʣʘʭ ʟʥʘʯʝʥʠʷ n = 1,25. 

ὲ
1  zὒ

Ὂ ὒ Ὂ ὒ Ὂ ὒ Ὂ ὒ
ρȟςυ (3.1) 
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ʈʠʩʫʥʦʢ 3.1 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʚʝʰʠʚʘʥʠʷ ʭʦʜʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʘʛʦʥʘ 
 

3.2 ɸʣʛʦʨʠʪʤ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʪʝʣʴʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ                                          

ʤʦʜʝʣʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʜʚʝʩʢʫ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʢʘʢ 

ʜʚʫʭʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʚʝʨʪʠʢʘʣʴʥʦ ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʱʠʭ ʞʝʩʪʢʦʩʪʴ ʧʝʨʚʠʯ-

ʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ (1), ʘ ʪʘʢʞʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʦʩʮʠʣʣʷʪʦʨʘʤʠ (2), ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʦʧʝʨʝʯʥʫʶ ʞʝʩʪʢʦʩʪʴ ʧʦʜʚʝʩʢʠ ʢʘʢ ʧʦ-

ʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.2.  

ʉʦʟʜʘʥʠʝ ʘʜʝʢʚʘʪʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʧʦʜʚʝʩʢʠ ʧʦʝʟʜʘ ï ʩʣʦʞʥʘʷ 

ʠʥʞʝʥʝʨʥʘʷ ʟʘʜʘʯʘ, ʪʨʝʙʫʶʱʘʷ ʫʯʸʪʘ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʠʥʘ-

ʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ, ʚʟʘʠʤʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʝʸ ʢʦʤ-

ʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʢʫʟʦʚʘ (ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʩʦʧʨʷʞʸʥʥʦʛʦ ʠ ʩʦʩʝʜʥʠʭ), ʪʘʢ ʠ ʢʦʥʪʘʢʪʥʳʭ ʧʘʨ ʢʦʣʝʩʦ-ʨʝʣʴʩ. ʇʝʨʝʜ 

ʥʘʯʘʣʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ: 

1. ʀʟʫʯʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʧʦʜʚʝʩʢʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

(ʨʳʯʘʛʠ, ʘʤʦʨʪʠʟʘʪʦʨʳ, ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʠ ʪ. ʜ.). 

2. ʆʧʨʝʜʝʣʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʤʘʩʩʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ. 

3. ʆʧʨʝʜʝʣʠʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʚʘʛʦʥʘ. 
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ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚʩʝ ʞʸʩʪʢʠʝ ʠ ʫʧʨʫʛʠʝ ʢʦʤʧʦ-

ʥʝʥʪʳ ʧʦʜʚʝʩʢʠ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʢʫʟʦʚʘ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʡ ʙʘʟʳ (ʧʨʠʤʝʤ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʘʤʫ ʪʝʣʝʞʢʠ): 

ʨʳʯʘʛʠ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʧʦʜʚʝʩʢʠ, ʧʦʧʝʨʝʯʥʫʶ ʙʘʣʢʫ, ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ 

ʫʧʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʜʝʤʧʬʝʨʳ. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʪʝʣʝʞʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.3 [64 - 68]. 
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3.3 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

3.3.1 ʂʫʟʦʚ ʠ ʪʝʣʝʞʢʘ 

ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʤʥʦʛʦʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ (ʘʥʛʣ. Multibody 

simulation) ʥʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʜʝʪʘʣʠʟʘʮʠʠ, ʧʦʵʪʦʤʫ ʤʦʜʝʣʴ ʧʦʜʚʠʞʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʜʦʦʧʨʝʜʝʣʸʥʥʫʶ ʩʙʦʨʢʫ ʩ ʫʧʨʦʱʸʥʥʦʡ ʛʝʦʤʝʪ-

ʨʠʝʡ, ʪ.ʝ. ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʤʧʦ-

ʥʝʥʪʦʚ. ʂʫʟʦʚ ʚʘʛʦʥʘ ʩʤʦʜʝʣʠʨʦʚʘʥ ʚ ʚʠʜʝ ʞʸʩʪʢʦʡ ʙʘʣʢʠ, ʦʙʣʘʜʘʶʱʝʡ ʤʘʩ-

ʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʫʟʦʚʘ ʚʘʛʦʥʘ. ʈʘʤʘ ʪʝʣʝʞʢʠ ʚʳʧʦʣ-

ʥʝʥʘ ʚ ʚʠʜʝ ʫʧʨʦʱʸʥʥʦʡ ʞʸʩʪʢʦʡ ʨʘʤʳ ʩ ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ, ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʦʜʝʣʠʨʫʝʤʦʡ ʨʝʘʣʴʥʦʡ ʪʝʣʝʞʢʝ. ʈʳʯʘʛʠ ʧʦʜʚʝʩʢʠ ʠ ʥʘʜʨʝʩ-

ʩʦʨʥʘʷ ʙʘʣʢʘ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ, ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ 
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ʩ ʨʘʤʦʡ ʪʝʣʝʞʢʠ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʦʙʨʘʪʥʦʝ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʧʘʨʳ ʤʦʜʝʣʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʧʨʷʞʝʥʠʡ (ʘʥʛʣ. mates). 

 
ʈʠʩʫʥʦʢ 3.4 ï ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ:  

ʘ) ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ; ʙ) ʦʙʱʠʡ ʚʠʜ ʤʦʜʝʣʠ 
 

3.3.2 ʇʝʨʚʠʯʥʘʷ ʧʦʜʚʝʩʢʘ 

ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ ʧʦʜʚʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠ-

ʩʪʝʤʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʢʦʣʸʩʥʦʡ ʧʘʨʦʡ (ʦʪʜʝʣʴʥʦʝ ʟʚʝʥʦ, ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʩʚʷʟʘʥ-

ʥʦʝ ʩ ʜʚʫʤʷ ʨʳʯʘʛʘʤʠ ʧʦʜʚʝʩʢʠ) ʠ ʨʘʤʦʡ ʪʝʣʝʞʢʠ. ʇʨʫʞʠʥʳ ʠ ʜʝʤʧʬʝʨʳ ʧʝʨ-

ʚʠʯʥʦʡ ʧʦʜʚʝʩʢʠ, ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʘʥʠʟʦʪʨʦʧʥʳʭ ʚʪʫʣʦʢ (ʘʥʛʣ. 

bushings). ɾʸʩʪʢʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʦ ʛʣʘʚʥʳʤ ʦʩʷʤ ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. 

3.3.3 ɺʪʦʨʠʯʥʘʷ ʧʦʜʚʝʩʢʘ 

ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ ʧʦʜʚʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠ-

ʩʪʝʤʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʨʘʤʦʡ ʪʝʣʝʞʢʠ ʠ ʥʘʜʨʝʩʩʦʨʥʦʡ ʙʘʣʢʦʡ, ʢʠʥʝʤʘʪʠʯʝʢʩʠ 

ʩʚʷʟʘʥʥʦʡ ʩ ʢʫʟʦʚʦʤ. ʇʥʝʚʤʦʙʘʣʣʦʥʳ ʠ ʜʝʤʧʬʝʨʳ ʚʪʦʨʠʯʥʦʡ ʧʦʜʚʝʩʢʠ ʤʦʜʝ-

ʣʠʨʫʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ, ʩ ʧʦʤʦʱʴʶ ʚʪʫʣʦʢ, ʫʯʠʪʳʚʘʶʱʠʭ ʨʘʟʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʞʸʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʦʩʷʤ. ʇʘʨʘʤʝʪʨʳ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. 

3.3.4 ʉʠʣʳ ʠ ʩʚʷʟʠ 

ʅʘʩʪʦʷʱʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʫʧʨʫʛʠʡ ʢʦʥʪʘʢʪ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ, ʢʦʪʦʨʳʡ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘ çʪʚʝʨʜʦʪʝʣʴʥʳʡ ʢʦʥʪʘʢʪè, ʧʦʜʨʘʟʫʤʝʚʘʶ-
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ʱʠʡ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʚʟʘʠʤ-

ʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʩʚʦʡʩʪʚ ʫʧʨʫʛʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝ-

ʥʠʝʤ ʚʝʢʪʦʨʘ ʩʠʣʳ ʨʝʘʢʮʠʠ. ʉʠʣʘ ʨʝʘʢʮʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ὂ̑ ὯϽὫ ίὸὩὴὫȟὨȟὧȟὨ ȟὧ
ὨὫ

Ὠὸ
ȟ (3.2) 

ʛʜʝ Ὧ ï ʞʸʩʪʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʛʨʘʥʠʮʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʪʘʢʪʥʦʡ 

ʧʘʨʳ; 

     Ὣ ï ʚʝʣʠʯʠʥʘ ʚʟʘʠʤʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥ-

ʪʘʢʪʥʦʡ ʧʘʨʳ;  

     e ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʚ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʢʦʥʪʘʢʪʘ ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ (ʚ ʥʘʩʪʦʷʱʝʡ ʤʦʜʝʣʠ ʧʨʠʥʷʪ               

e = 1,5 ʜʣʷ ʦʪʨʘʞʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʫʧʨʫʛʦʩʪʠ ʨʝʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʛʜʝ ʧʨʠ 

ʩʞʘʪʠʠ ʞʸʩʪʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʜʝʬʦʨʤʘʮʠʠ); 

     Ὠ  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʝʰʘʶʱʘʷ ʧʨʦ-

ʛʨʘʤʤʘ Solidworks Motion ʧʨʠʤʝʥʷʝʪ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ὧ ὧ ; ὨὫȾὨὸ ï ʩʢʦʨʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ; 

ίὸὩὴὫȟπȟπȟὨ ȟὧ  ï ʩʪʫʧʝʥʯʘʪʘʷ ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ g: step ὧ π 

ʧʨʠ g Ò (Ὠ π) (ʥʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ), step = cmax 

ʧʨʠ g Ó dmax (ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ);  ʚ ʧʨʦʤʝʞʫʪʢʝ 0 < g < dmax ʬʫʥʢ-

ʮʠʷ step ʧʣʘʚʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦ S-ʦʙʨʘʟʥʦʡ ʢʨʠʚʦʡ ʦʪ 0 ʜʦ cmax. 

ʉʮʝʧʢʠ ʚʘʛʦʥʦʚ ʦʙʣʘʜʘʶʪ ʞʸʩʪʢʦʩʪʴʶ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʊʘʢʞʝ ʫʯʠ-

ʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʛʨʘʚʠʪʘʮʠʠ. ʂʦʣʝʙʘʥʠʷ ʢʫʟʦʚʘ ʚʘʛʦʥʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝ-

ʞʠʤʝ ʤʦʜʝʣʠʨʫʶʪʩʷ ʩʠʣʦʡ, ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʮʝʥʪʨʫ ʪʷʞʝʩʪʠ ʢʫʟʦʚʘ, ʠ ʠʟʤʝʥʷ-

ʶʱʝʡʩʷ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʩʦʛʣʘʩʥʦ [69]. ɺʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ [57, 101] 

ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʚ ʚʠʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ, ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʚʦʟʜʝʡʩʪʚʠʶ 

ʚʝʪʨʘ ʩʦ ʩʢʦʨʦʩʪʴ 27 ʤ/ʩ, ʧʨʠʣʦʞʝʥʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʚʘ-

ʛʦʥʘ ʚ ʪʦʯʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʝʢʮʠʠ ʥʘ ʩʨʝʜʥʶʶ ʧʣʦʩʢʦʩʪʴ ʮʝʥʪʨʘ ʙʦʢʦ-

ʚʦʡ ʛʨʘʥʠ ʢʫʟʦʚʘ. ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʚʳʯʠʩʣʠʤ ʢʘʢ: 
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Ὂ̃̆̓̑πȟυ”ὠ̃̆̓Ὓ̑̂ȟ (3.3) 

ʛʜʝ  ” ρȟςυ ʢʛ/ʤį ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ὠ̃̆̓̑ ï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, Ὓ̂ ï ʧʣʦ-

ʱʘʜʴ ʙʦʨʪʘ ʚʘʛʦʥʘ. 

ʊʘʙʣʠʮʘ 3.1 ï ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʄʘʩʩʘ ʢʫʟʦʚʘ: 25400 ʢʛ 

ʄʘʩʩʘ ʪʝʣʝʞʢʠ: 2500 ʢʛ 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʪʝʣʝʞʝʢ 18 ʤ 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ ʪʝʣʝʞʢʠ 2,6 ʤ 

ʇʣʦʱʘʜʴ ʙʦʨʪʘ 13,29 ʤ2 

ɸʤʧʣʠʪʫʜʘ ʚʦʟʤʫʱʘʶʱʝʡ ʩʠʣʳ 17500 ʅ 

ʏʘʩʪʦʪʘ ʚʦʟʤʫʱʘʶʱʝʡ ʩʠʣʳ 1 ɻʮ 

ɺʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʙʦʨʪ 24558 ʅ 

ɾʸʩʪʢʦʩʪʴ ʧʝʨʚʠʯʥʦʡ ʧʦʜʚʝʩʢʠ ʥʘ ʙʫʢʩʫ, Y 4000 ʅ/ʤʤ 

ɾʸʩʪʢʦʩʪʴ ʧʝʨʚʠʯʥʦʡ ʧʦʜʚʝʩʢʠ ʥʘ ʙʫʢʩʫ, X, Z 5000 ʅ/ʤʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʡ ʧʦʜʚʝʩʢʠ 20 ʅĿʩ/ʤʤ 

ɾʸʩʪʢʦʩʪʴ ʙʘʣʣʦʥʘ ʚʪʦʨʠʯʥʦʡ ʧʦʜʚʝʩʢʠ, Y 880 ʅ/ʤʤ 

ɾʸʩʪʢʦʩʪʴ ʙʘʣʣʦʥʘ ʚʪʦʨʠʯʥʦʡ ʧʦʜʚʝʩʢʠ, X, Z 78 ʅ/ʤʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʡ ʧʦʜʚʝʩʢʠ 64 ʅĿʩ/ʤʤ 

ʆʩʝʚʘʷ ʞʸʩʪʢʦʩʪʴ ʩʮʝʧʢʠ 100 ʢʅ/ʤʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʮʝʧʢʠ 1000 ʅʩ/ʤʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʨʝʥʠʷ ʚ ʧʘʨʝ ʢʦʣʝʩʦ-ʨʝʣʴʩ 0,05 

ɾʸʩʪʢʦʩʪʴ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ ʚ ʧʘʨʝ ʢʦʣʝʩʦ-ʨʝʣʴʩ 100 ʢʅ/ʤʤ 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚ ʧʘʨʝ ʢʦʣʝʩʦ-ʨʝʣʴʩ 49,9 ʅĿʩ/ʤʤ 

3.4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʅʘʩʪʦʷʱʘʷ ʤʦʜʝʣʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʜʚʠʞʝʥʠʝ ʩʦʩʪʘʚʘ ʠʟ 5 ʚʘʛʦʥʦʚ ʚ ʫʩʪʘ-

ʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 350 ʢʤ/ʯ. ʅʘʯʘʣʴʥʘʷ ʜʠʩʢʨʝʪʘ ʧʦ ʚʨʝʤʝʥʠ 

ȹt = 0,02 c, ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ 0,0001. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʃʘʛʨʘʥʞʝʚʦʡ ʤʝʭʘʥʠʢʠ ʩ ʧʦʤʦʱʴʶ ʨʝʰʘʶʱʝʡ ʧʨʦ-

ʛʨʘʤʤʳ Solidworks Motion, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʬʦʨʢʦʤ MCS ADAMS, ʧʨʠʟʥʘʥ-

ʥʦʡ ʩʦʦʙʱʝʩʪʚʦʤ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʣʫʯʰʝʡ ʥʘ ʨʳʥʢʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʦʡ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘ-

ʥʠʟʤʦʚ. SolidWorks Motion ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʠʥʞʝʥʝʨʦʚ-ʧʨʘʢʪʠʢʦʚ, ʘ ʥʝ ʥʘ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ, ʧʦʵʪʦʤʫ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʢʦʪʦʨʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʤʝʪʦʜʘʤʠ ʩʠʤʫʣʷʮʠʠ, ʧʨʠʥʠʤʘʷ ʠʭ ʧʦ ʫʤʦʣʯʘʥʠʶ.  

ʉʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʧʘʨʘʤʝʪʨʘʤ ʤʦʜʝʣʠ ʠ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʩʦ-

ʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤʘ ʛʝʥʝʨʠʨʫʝʪ ʩʠʩʪʝʤʫ ʩʚʷʟʘʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-
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ʥʳʭ ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʨʝʰʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝ-

ʤʝʥʠ ʤʝʪʦʜʦʤ ɻʠʨʘ [70-72]. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʨʝʰʘʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.5. 

 

ʈʠʩʫʥʦʢ 3.5 ï ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʨʝʰʘʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʤʝʪʦʜʦʤ MBS 

ʥʘʯʘʣʦ 

ʉʙʦʨʢʘ ʤʘʪʨʠʮ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

ʄʘʪʨʠʮʘ ʤʘʩʩ: M(q)  

ʄʘʪʨʠʮʘ ʗʢʦʙʠ ʛʦʣʦʥʦʤʥʳʭ ʩʚʷʟʝʡ: Cq(q)  

ʄʘʪʨʠʮʘ ʗʢʦʙʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʚʷʟʝʡ: Gq(q, t) 
ɺʝʢʪʦʨ ʦʙʦʙʱʸʥʥʳʭ ʩʠʣ: 1 Ñȟ Ñȭȟ Õȟ Ô 

 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 
q", ʇ, ʈ ʤʝʪʦʜʦʤ GSTIFF  

ὓήήͼ ὅ ή‗ Ὃ ή‘ ὗήȟήȟόȟὸ

ὅή π

Ὃήȟὸ π

 

ʆʙʥʦʚʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ q ʠ ʩʢʦʨʦʩʪʝʡ qΩ 

ʈʘʩʯʸʪ ʨʝʘʢʮʠʡ ὅ ή‗, Ὃ ή‘ 

ʀʥʢʨʝʤʝʥʪ ʚʨʝʤʝʥʠ t+ ɝt, 

Ô  ÔÅÎÄ? 

 

ʢʦʥʝʮ 

ʥʝʪ 

ʜʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʧʘʨʘ-
ʤʝʪʨʦʚ: 

ɺʨʝʤʷ: t = [ t0 : tend],  
ʅʘʯʘʣʴʥʳʡ ʰʘʛ ʚʨʝʤʝʥʠ: ɝÔ, 
ʇʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʝʥʠʷ: u(t) , 

ʅʘʯʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ: q = q0,  

ʅʘʯʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ: Ñȭ  Ñȭ0 
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G(q,t) ï r ʫʧʨʘʚʣʷʶʱʠʭ ʩʚʷʟʝʡ (ʥʘʧʨʠʤʝʨ, ʟʘʜʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝ-

ʥʠʷ ʧʝʨʚʦʛʦ ʚʘʛʦʥʘ), 

Gq(q,t) ï ʤʘʪʨʠʮʘ ʗʢʦʙʠ ʜʣʷ G(q,t), 

ɛ ï ʤʥʦʞʠʪʝʣʠ ʃʘʛʨʘʥʞʘ ʜʣʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʚʷʟʝʡ. 

ʄʘʪʨʠʮʘ ʗʢʦʙʠ Cq(q) Gq(q,t) ʧʨʝʦʙʨʘʟʫʝʪ ʨʝʘʢʮʠʠ ʩʚʷʟʝʡ (ɚ, ɛ) ʚ ʦʙʦʙ-

ʱʸʥʥʳʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʟʘʧʨʝʱʸʥʥʳʭ ʩʚʷʟʷʤʠ. ʅʘʧʨʠ-

ʤʝʨ, ʜʣʷ ʰʘʨʥʠʨʘ ʦʥʘ "ʧʨʦʝʮʠʨʫʝʪ" ʩʠʣʳ ʨʝʘʢʮʠʡ ʥʘ ʦʩʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠ-

ʞʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʘʛʦʥ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʄʦʜʝʣʴ ʚʘʛʦʥʘ ʠʤʝʝʪ 31 ʩʪʝʧʝʥʴ 

ʩʚʦʙʦʜʳ. ɺʝʢʪʦʨ ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʦʜʥʦʛʦ ʚʘʛʦʥʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

ή

ὼ̋ ̔ ̈ώ̋̔ ̈ᾀ̋̔ ̈—̋ ̔  ̈—̋ ̔  ̈—̋ ̔ ̈ώ̓ ̆ ̌ᾀ̓̆ ̌—̓ ̆̌ —̓ ̆̌ —̓ ̆̌ȣ

 ώ̓ ̆  ̌ᾀ̓̆ ̌—̓ ̆̌ —̓ ̆̌ —̓ ̆̌ ώ̠ ˜ ᾀ̠˜ —̠ ˜  —̠ ˜ ȣ
ώ̠ ˜ ᾀ̠˜ —̠ ˜  —̠ ˜  ώ̠ ˜ ᾀ̠˜ —̠ ˜  —̠ ˜  ώ̠ ˜ ᾀ̠˜ —̠ ˜  —̠ ˜

ȟ 

ʛʜʝ x, y, z ï ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʦʩʷʤ,  —ȟȟ ï ʫʛʣʦʚʳʝ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʚʦʢʨʫʛ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʝʡ, ʠʥʜʝʢʩʦʤ ʢʫʟ ʦʪʤʝʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʢʫʟʦʚʘ 

ʚʘʛʦʥʘ, ʪʝʣ1,2 ï ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʪʝʣʝʞʝʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʂʇ1,2,3,4 ï ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʢʦʣʸʩʥʳʭ ʧʘʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦ-

ʥʝʥʪʘ ʤʦʜʝʣʠ, ʨʘʩʢʨʳʚ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ὅ ή‗ ʠ Ὃ ή‘. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

i ʢʦʣʸʩʥʦʡ ʧʘʨʳ ʧʨʠʤʫʪ ʚʠʜ: 

¶ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʂʇ: 

ά̠ ώ̠̃ ˜ В Ὂ̔̑ В Ὂ̔̑ В Ὂ̔̑ В Ὂ̔̑ Ὃ̠  ̃, 

ʛʜʝ В Ὂ̔  ̑ï ʩʫʤʤʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʧʨʫʛʠʭ ʩʠʣ ʚ ʧʝʨʚʠʯʥʦʡ 

ʧʦʜʚʝʩʢʝ ʜʣʷ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʢʦʣʝʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʂʇ, 

В Ὂ̔  ̑ï ʩʫʤʤʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʠʣ ʚ ʧʝʨ-

ʚʠʯʥʦʡ ʧʦʜʚʝʩʢʝ ʜʣʷ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʢʦʣʝʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʂʇ, 

Ὃ̠  ̃ï ʚʝʩ ʢʦʣʸʩʥʦʡ ʧʘʨʳ, 

В Ὂ̔  ̑ï ʩʫʤʤʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʧʨʫʛʠʭ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ 

ʧʘʨʳ ʢʦʣʝʩʦ-ʨʝʣʴʩ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʢʦʣʝʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʂʇ; 
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В Ὂ̔  ̑ï ʩʫʤʤʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʢʦʥʪʘʢʪ-

ʥʳʭ ʩʠʣ ʧʘʨʳ ʢʦʣʝʩʦ-ʨʝʣʴʩ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʢʦʣʝʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʂʇ; 

¶ ʜʣʷ ʧʦʚʦʨʦʪʘ ʂʇ ʚʦʢʨʫʛ ʦʩʠ X (ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʚʦʨʦʪʘ): 

Ὅ̠˜ —̠ ˜ ВὓὼὊ̔̑ ВὓὼὊ̔̑ ВὓὼὊ̔̑ ВὓὼὊ̔̑ , 

̄̅̆  ВὓὼὊ  ɀ ̒ ̜̔̍̍ ̍̏̍̆̎̓̏̃ ̜̖̋̏̎̓́̋̓̎ȟ ̖̔̐̑̔̄̉ ̉ ̜̖̅̉̒̒̉̐́̓̉̃̎ 

̒̉̌ ʜʣʷ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ ʢʦʣʝʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʂʇ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʠ X,  

Ὅ̠˜ ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʂʇ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ X; 

¶ ʜʣʷ ʧʦʚʦʨʦʪʘ ʂʇ ʚʦʢʨʫʛ ʦʩʠ Y (ʧʦʚʦʨʦʪʘ ʚ ʧʣʘʥʝ): 

Ὅ̠˜ —̠ ˜ ВὓώὊ̔̑ ВὓώὊ̔̑ ВὓώὊ̔̑

                          ВὓώὊ̔̑ ВὓώὊ̓ ,̑ 

̄̅̆  Ὂ̓  ̑ɀ ̒ ̜̉̌ ̠̓̑̆̎̉ ̃ ̋̏̎̓́̋̓̎̏̊ ̐́̑̆ ̋̏̌̆̒̏-̝̑̆̌̒ ̠̅̌ ̐̑́̃̏̄̏ ̉ 

̌̆̃̏̄̏ ̋̏̌̆̒́ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʂʇ. 

ˠ̠̑́̃̎̆̎̉ ̠̅̃̉̇̆̎̉ ̜̑́̍ i  ̓ ̆̌̆̇̋̉ ̍̏̇̎̏ ̝̈́̐̉̒́̓ ̃ ̃̉̅̆ȡ 

¶ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ: 

ά̓ ̆ώ̌̓ ̆̌ В Ὂ̔̑ В Ὂ̔̑ Ὃ̓ ̆̌В Ὂ̔̑ В Ὂ̔ ,̑ 

̄̅̆  В Ὂ̔ ȟ̑̔  ̑ɀ ̒ ̜̔̍̍ ̝̜̖̃̆̑̓̉̋́̌̎ ̠̟̖̒̏̒̓́̃̌̉̚ ̖̔̐̑̔̄̉ ̉ ̅̉̒̒̉Ȥ

̜̖̐́̓̉̃̎ ̒̉̌ ̃ ̘̐̆̑̃̉̎̏̊ ̐̏̅̃̆̒̋̆ ̠̅̌ ̌̆̃̏̄̏ ̉ ̐̑́̃̏̄̏ ̋̏̌̆̒́ 

̋́̇̅̏̊ ˗˜ ̑́̒̒̍́̓̑̉̃́̆̍̏̊ ̓̆̌̆̇̋̉Ƞ 

¶ ʜʣʷ ʧʦʧʝʨʝʯʥʦʛʦ ʜʚʠʞʝʥʠʷ: 

ά̓ ̆ᾀ̌̓̆̌ ВὊ̔̑ ВὊ̔̑ ВὊ̔̑ ВὊ̔ ,̑ 

¶ ̠̅̌ ̘̐̏̐̆̑̆̎̏̄̏ ̐̏̃̏̑̏̓́ ̋̑̆̎ ȡ 

Ὅ̓̆  ̌—̓ ̆̌ ВὓὼὊ̔̑ ВὓὼὊ̔̑ ВὓὼὊ̔̑ ВὓὼὊ̔̑ , 

¶ ̠̅̌ ̝̐̑̏̅̏̌̎̏̄̏ ̐̏̃̏̑̏̓́ ̓́̎̄́̇): 

Ὅ̓̆  ̌—̓ ̆̌ ВὓᾀὊ̔̑ ВὓᾀὊ̔̑ ВὓᾀὊ̔̑ ВὓᾀὊ̔̑ , 

¶ ̠̅̌ ̝̃̆̑̓̉̋́̌̎̏̄̏ ̐̏̃̏̑̏̓́ ̜̑̒̋́̎̉̆ ȡ 

Ὅ̓̆  ̌—̓ ̆̌ ВὓώὊ̔̑ ВὓώὊ̔̑ ВὓώὊ̔̑ ВὓώὊ̔̑ , 
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˚̗́̋̏̎̆ȟ ̠̔̑́̃̎̆̎̉ ̠̅̃̉̇̆̎̉ i  ̋ ̔̈̏̃́ ̍̏̇̎̏ ̝̈́̐̉̒́̓ ̃ ̃̉̅̆ȡ 

¶ ̠̅̌ ̠̅̃̉̇̆̎̉ ̝̃̅̏̌ ̏̒̉ȡ 

ά̋ ̔ὼ̈̋ ̔̈ В Ὂ̔̑ В Ὂ̔̑ В Ὂ̗̒̆̐В Ὂ̗̒̆̐, 

̄̅̆  В Ὂ̔ ȟ̑̔  ̑ɀ ̒ ̜̔̍̍ ̜̖̏̒̆̃ ̠̟̖̒̏̒̓́̃̌̉̚ ̖̔̐̑̔̄̉ ̉ ̅̉̒̒̉̐́̓̉̃Ȥ

̜̖̎ ̒̉̌ ̘̃̓̏̑̉̎̏̊ ̐̏̅̃̆̒̋̉ ̠̅̌ ̐̆̑̆̅̎̆̊ ̉ ̈́̅̎̆̊ ̓̆̌̆̇̆̋ ̑́̒Ȥ

̒̍́̓̑̉̃́̆̍̏̄̏ ̃́̄̏̎́Ƞ 

В Ὂ̗̒̆̐ȟ̒ ̗̆̐ ɀ ̒ ̜̔̍̍ ̜̖̏̒̆̃ ̠̟̖̒̏̒̓́̃̌̉̚ ̖̔̐̑̔̄̉ ̉ ̅̉̒̒̉̐́̓̉̃Ȥ

̜̖̎ ̒̉̌ ̗̜̖̒̆̐̎ ̔̒̓̑̏̊̒̓̃ Ὥ ρ ̉  Ὥ ρ ̃ ́̄̏̎̏̃Ƞ 

¶ ̠̅̌ ̘̐̏̐̆̑̆̎̏̄̏ ̠̅̃̉̇̆̎̉ȡ 

ά̋ ̔ᾀ̈̋̔̈ ВὊ̔̑ ВὊ̔̑ Ὂ̃̆̓̑, 

̄̅̆ Ὂ̃̆̓̑ ɀ ̐ ̧̠̑̉̃̆̅̎̎́ ̠̃̆̓̑̏̃́ ̎́̄̑̔̈̋́ ̎́ ̂̏̑̓Ƞ 

¶ ̠̅̌ ̝̃̆̑̓̉̋́̌̎̏̄̏ ̠̅̃̉̇̆̎̉ȡ 

ά̋ ̔ώ̈̋ ̔̈ ВὊ̔̑ ВὊ̔̑ Ὂ̃, 

̄̅̆ Ὂ̃ ɀ ̃ ̟̠̏̈̍̔́́̚̚ ̒̉̌́ȟ ̟̠̍̏̅̆̌̉̑̔́̚ ̠̋̏̌̆̂́̎̉ ̋̔̈̏̃́ ̃ ̔̒̓́̎̏Ȥ

̙̠̃̉̃̆̍̒ ̑̆̇̉̍̆ ̠̅̃̉̇̆̎̉Ƞ 

¶ ̠̅̌ ̘̐̏̐̆̑̆̎̏̄̏ ̐̏̃̏̑̏̓́ ̋̑̆̎ ȡ 

Ὅ̋̔  ̈—̋ ̔̈ ВὓὼὊ̔̑ ВὓὼὊ̔̑ ὓὼὊ̃̆̓,̑ 

¶ ̠̅̌ ̝̐̑̏̅̏̌̎̏̄̏ ̐̏̃̏̑̏̓́ ̓́̎̄́̇ ȡ 

Ὅ̋̔  ̈—̋ ̔̈ ВὓᾀὊ̔̑ ВὓᾀὊ̔̑ ВὓώὊ̗̒̆̐ВὓώὊ̗̒̆,̐ 

¶ ̠̅̌ ̝̃̆̑̓̉̋́̌̎̏̄̏ ̐̏̃̏̑̏̓́ ̜̑̒̋́̎̉̆ ȡ 

Ὅ̋̔  ̈—̋ ̔̈ ВὓώὊ̔̑ ВὓώὊ̔̑ ВὓώὊ̗̒̆̐ВὓώὊ̗̒̆.̐ 

3.5. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ                            

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʘ ʧʦʣʫʯʝʥʳ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʘ ʩʠʣʳ 

ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ ʜʣʷ ʢʘʞʜʦʡ ʢʦʣʸʩʥʦʡ ʧʘʨʳ ʩʦ-

ʩʪʘʚʘ ʠʟ 5 ʚʘʛʦʥʦʚ, ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 350 ʢʤ/ʯ. ʅʘ ʨʠʩʫʥʢʝ ʨʠʩ. 3.6. 

ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʜʣʷ ʧʝʨʚʦʡ ʢʦʣʸʩʥʦʡ ʧʘʨʳ ʧʝʨʚʦʡ ʪʝʣʝʞʢʠ ʚʪʦʨʦʛʦ ʚʘʛʦʥʘ. 

ɸʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
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ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ QY ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʩʥʦʚʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʥʘʛʨʫʟʢʫ ʦʪ ʢʦʣʝʩʘ ʥʘ ʨʝʣʴʩ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʟʛʨʫʟʢʘ ʢʦʣʸʩ ʩ ʥʘʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ. ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʟʤʫʱʘʶʱʝʡ ʩʠʣʳ, ʟʘʚʠʩʠʪ ʦʪ ʞʸʩʪʢʦʩʪʠ ʧʦʜʚʝʩʢʠ ʚʘʛʦʥʘ ʠ ʥʝ-

ʨʦʚʥʦʩʪʝʡ ʧʫʪʠ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ 

ʤʝʥʴʰʝʡ ʞʸʩʪʢʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʥʦʚʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʧʫʪʠ (ʥʘʧʨʠʤʝʨ, 

ʤʦʩʪʦʚ ʠ ʵʩʪʘʢʘʜ), ʢʦʣʝʙʘʥʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʧʨʝʜʚʠʜʝʥʥʳʤ ʷʚʣʝʥʠʷʤ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ. ɼʘʥʥʳʡ ʘʩʧʝʢʪ ʠʩʩʣʝ-

ʜʫʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʳ. 

 

ʈʠʩʫʥʦʢ 3.6 ï ʉʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʘ ʠ 

ʨʝʣʴʩʘ (1 ʢʦʣʝʩʥʘʷ ʧʘʨʘ 1 ʪʝʣʝʞʢʠ 2 ʚʘʛʦʥʘ): ʘ) ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ QY,  ʙ) ʧʦʧʝʨʝʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ QZ, ʚ) ʧʨʦʜʦʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ QX, ʛ) ʚʠʜ ʤʦʜʝʣʠ ʠ ʦʨʠʝʥʪʘʮʠʷ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ 

ʇʨʦʜʦʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ QX ʩʚʷʟʘʥʘ ʩ ʩʠʣʘʤʠ ʪʨʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷʤʠ ʢʦ-

ʣʝʩʘ ʥʘ ʫʯʘʩʪʢʘʭ ʨʘʟʛʦʥʘ, ʪʦʨʤʦʞʝʥʠʷ ʠʣʠ ʧʨʦʭʦʞʜʝʥʠʷ ʢʨʠʚʳʭ ʫʯʘʩʪʢʦʚ 

ʧʫʪʠ. ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʫʩʪʘ-












































































































































































