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К ВОПРОСУ СОЗДАНИЯ ВЫСОКОСКОРОСТНОЙ 

ТРАНСПОРТНОЙ МАГИСТРАЛИ В САНКТ-ПЕТЕРБУРГЕ 
 

ɺ ʨʘʤʢʘʭ ʩʪʫʜʝʥʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʩʪʨʦʠʪʝʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ 

ʩʦʟʜʘʥʠʶ ʦʢʨʫʞʥʦʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ (ɺʉʊʄ) ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 

147,2 ʢʤ. ʉʭʝʤʘ ʧʨʝʜʣʦʞʝʥʘ ʚ ʚʠʜʝ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ ʩ ʊʇʋ ʚ ʫʟʣʘʭ ʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: 1 ï ʥʘʜʟʝʤʥʦʡ (62,6 ʢʤ), 2 ï ʥʘʜʚʦʜʥʦʡ (29,6 ʢʤ) ʠ 3 - ʥʘʟʝʤʥʦ-

ʧʦʜʟʝʤʥʦʡ (55,0 ʢʤ). ʆʩʥʦʚʥʳʝ ʧʫʪʠ ʨʘʟʤʝʱʝʥʳ ʚ ʯʝʪʳʨʝʭʪʨʫʙʥʦʡ ʩʪʘʣʴʥʦʡ ʙʘʣʢʝ, 

ʢʘʞʜʘʷ ʪʨʫʙʘ ʢʦʪʦʨʦʡ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʚʘʢʫʫʤʥʦʛʦ ʪʨʫʙʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ 

ʜʘʚʣʝʥʠʝʤ 10 % ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʧʦʝʟʜʦʚ ʥʘ ʤʘʛʥʠʪʥʦ-ʣʝʚʠʪʘʮʠʦʥʥʦʡ ʧʦʜʫʰʢʝ ʧʨʠ ʧʦʤʦʱʠ ʣʠʥʝʡʥʦʛʦ ʪʷʛʦʚʦʛʦ 

ʜʚʠʛʘʪʝʣʷ (ʪʝʭʥʦʣʦʛʠʷ Maglev). ʈʝʣʴʩʦʚʦʝ ʦʩʥʦʚʘʥʠʝ ʢʦʣʝʠ 1520 ʤʤ ʨʘʩʧʦʣʦʞʝʥʦ ʧʦ 

ʚʩʝʡ ʜʣʠʥʝ ʧʫʪʠ, ʢʘʢ ʥʘ ʩʪʦʷʥʢʘʭ, ʟʦʥʘʭ ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ, ʪʘʢ ʠ ʥʘ ʦʩʥʦʚʥʳʭ 

ʩʢʦʨʦʩʪʥʳʭ ʫʯʘʩʪʢʘʭ ʜʣʷ ʜʚʠʞʝʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 500 ʢʤ ʚ ʯʘʩ.  

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʥʝʩʫʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ɺʉʊʄ. ɺ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʰʫʤʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʝʛʘʧʦʣʠʩ, 

ʧʨʝʦʜʦʣʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ, ʧʦʚʳʰʝʥʠʷ 

ʘʥʪʠʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʡ ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʩʥʦʚʥʦʡ ʫʨʦʚʝʥʴ ʨʝʣʴʩʦʚʦʛʦ ʧʫʪʠ ʜʣʷ 

ʥʘʜʟʝʤʥʦʡ ʠ ʥʘʜʚʦʜʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʥʷʪ ʥʘ ʦʪʤʝʪʢʝ +88,00 ʚ ɹʘʣʪʠʡʩʢʦʡ ʩʠʩʪʝʤʝ 

ʚʳʩʦʪ. ɺʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʚʘʨʠʘʥʪʦʚ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ ʚ ʵʣʝʤʝʥʪʘʭ ʠ 

ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ñSCAD Office 21.1ò. 

ʧʨʠ ʫʯʝʪʝ ʧʦʣʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʛʨʫʟʦʢ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ 

ʥʝʣʠʥʝʡʥʦʩʪʠ. ɺʳʧʦʣʥʝʥ ʧʦʜʙʦʨ ʩʝʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʧʦ ʤʝʪʦʜʠʢʝ ʧʨʝʜʝʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʧʦ ʜʝʡʩʪʚʫʶʱʠʤ ʥʦʨʤʘʤ. ʇʦʢʘʟʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʘʨʦʯʥʦ-ʚʘʥʪʦʚʦʛʦ 

ʚʘʨʠʘʥʪʘ ʩ ʧʨʦʣʝʪʦʤ 360 ʤ ʧʦ ʧʨʦʯʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ, ʞʝʩʪʢʦʩʪʠ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʨʘʟʤʝʨʫ (ʚʳʩʦʪʝ ʦʧʦʨ).  

ʇʨʦʜʦʣʞʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ 

ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʦʢʨʫʞʥʦʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʛʨʘʥʠʮʘʭ ʩʚʷʟʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʤ, 

ʚʧʦʣʥʝ ʩʦʧʦʩʪʘʚʠʤʳʤ ʩ ʣʠʥʠʝʡ ʤʝʪʨʦʧʦʣʠʪʝʥʘ.  
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Обоснование: ɺ ʦʬʠʮʠʘʣʴʥʦʡ çʂʦʥʮʝʧʮʠʠ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘè ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʷʜ ʩʣʦʞʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʙʣʝʤ ʥʘ ʛʨʘʥʠʮʘʭ 

ʩʚʷʟʠ ʪʝʨʨʠʪʦʨʠʡ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ ʠʤʝʥʥʦ: 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʠ ʩʢʦʨʦʩʪʥʦʛʦ ʪʨʘʤʚʘʷ, ʦʪʩʫʪʩʪʚʠʝ ʩʝʪʠ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʧʝʨʝʩʘʜʦʯʥʳʭ ʫʟʣʦʚ, ʥʘʣʠʯʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʙʘʨʴʝʨʦʚ (ʞʝʣʝʟʥʳʝ 

ʜʦʨʦʛʠ, ʧʘʨʢʠ, ʨʝʢʠ ʠ ʢʘʥʘʣʳ ʠ ʪ.ʧ.), ʠʩʯʝʨʧʘʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʭʦʜʥʳʭ 

ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ, ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʩʪʨʦʡʢʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʦʨʦʜʩʢʠʭ ʠ ʧʨʠʛʦʨʦʜʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʧʦʣʠʪʠʢʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠʤʝʝʪ ʧʨʠʦʨʠʪʝʪʥʦʝ ʨʘʟʚʠʪʠʝ, ʧʨʠʚʦʜʷ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ. 

Цель: ʨʘʟʨʘʙʦʪʢʘ ʦʢʨʫʞʥʦʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʛʨʘʥʠʮʘʭ ʩʚʷʟʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʤ, 

ʩʦʧʦʩʪʘʚʠʤʳʤ ʩ ʣʠʥʠʝʡ ʤʝʪʨʦʧʦʣʠʪʝʥʘ.  

Материалы и методы: ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ "SCAD 

Office 21.1" ʨʘʩʩʯʠʪʘʥʳ ʵʩʪʘʢʘʜʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʩʦʯʝʪʘʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ, 

ʩʠʣ ʠ ʚʦʟʜʝʡʩʪʚʠʡ, ʚʢʣʶʯʘʷ ʫʯʝʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʠ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʚʳʙʦʨ ʩʝʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʝʪʦʜʦʤ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʵʩʪʘʢʘʜʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʢʦʨʦʩʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʘ 

ʠʤʝʥʥʦ ʚʳʩʦʪʥʳʭ ʠ ʜʣʠʥʥʦʤʝʨʥʳʭ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʙʘʣʢʫ 

ʧʫʪʝʧʨʦʚʦʜʘ, ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʩ ʧʦʜʙʦʨʦʤ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʜʣʷ ʯʝʪʳʨʝʭ 

ʚʘʨʠʘʥʪʦʚ ʚʘʥʪʦʚʦ-ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤ (ʘʨʦʯʥʦ-ʚʘʥʪʦʚʘʷ; ʚʘʥʪʦʚʦ-ʩʪʝʨʞʥʝʚʘʷ ʩ 

ʥʘʢʣʦʥʥʳʤʠ ʚʘʥʪʘʤʠ ʠ ʩʪʘʣʴʥʳʤʠ ʨʝʰʝʪʯʘʪʳʤʠ ʧʠʣʦʥʘʤʠ; ʪʦ ʞʝ, ʩʦ ʩʪʘʣʴʥʳʤʠ 

ʪʨʫʙʦʙʝʪʦʥʥʳʤʠ ʧʠʣʦʥʘʤʠ; ʚʘʥʪʦʚʦ-ʩʪʝʨʞʥʝʚʘʷ ʩʠʩʪʝʤʘ ʩ ʧʦʜʚʝʩʢʘʤʠ ʧʦ ʧʘʪʝʥʪʫ 

US5950543 (ɸ).  

Результаты: ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʘʨʠʘʥʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʥʷʪ ʘʨʦʯʥʦ-

ʚʘʥʪʦʚʳʡ ʚʘʨʠʘʥʪ ʩ ʧʨʦʣʝʪʦʤ 360 ʤ ʧʦ ʢʨʠʪʝʨʠʶ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʨʘʩʭʦʜ 

ʩʪʘʣʠ ʩʦʩʪʘʚʠʣ 20,9 ʪʦʥʥ ʥʘ 1 ʤ ʜʣʠʥʳ ʤʘʛʠʩʪʨʘʣʠ. ʀʟ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʘʛʠʩʪʨʘʣʠ ʥʘ ʟʝʤʥʳʭ ʫʯʘʩʪʢʘʭ (ʜʚʫʭʧʫʪʥʘʷ ʩʭʝʤʘ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʦʞʠʜʘʝʪʩʷ ʚ 5-6 ʨʘʟ ʥʠʞʝ, ʘ ʥʘ ʤʦʨʩʢʠʭ 

ʫʯʘʩʪʢʘʭ ï ʚ 3-4 ʨʘʟʘ ʥʠʞʝ ʟʘ ʩʯʝʪ ʚʳʩʦʢʠʭ ʧʠʣʦʥʦʚ ʠ ʛʣʫʙʦʢʠʭ ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ. 

Заключение: ʨʘʩʯʝʪʥʳʡ ʦʙʲʝʤ ʧʘʩʩʘʞʠʨʦʧʝʨʝʚʦʟʦʢ ʟʘ ʩʫʪʢʠ ʜʣʷ ʯʝʪʳʨʝʭʧʫʪʥʦʡ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʩʦʩʪʘʚʠʪ 280 ʪʳʩ. ʧʘʩʩʘʞʠʨʦʚ, ʘ ʚ ʛʦʜ ï 102 ʤʣʥ. 

ʧʘʩʩʘʞʠʨʦʚ, ʢʦʪʦʨʳʡ ʚʧʦʣʥʝ ʩʦʧʦʩʪʘʚʠʤ ʩ ʜʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʣʠʥʠʠ 

ʤʝʪʨʦʧʦʣʠʪʝʥʘ. 

 

Ключевые слова: ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʤʘʛʠʩʪʨʘʣʴ, ʵʩʪʘʢʘʜʘ ʠʟ ʪʨʫʙ 

ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ, ʤʘʛʥʠʪʥʦ-ʣʝʚʠʪʘʮʠʦʥʥʘʷ ʧʦʜʫʰʢʘ, ʧʦʥʠʞʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʪʨʫʙʘʭ, 

ʚʘʥʪʦʚʳʝ ʠ ʘʨʦʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ.  
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ON THE CREATION OF A HIGH -SPEED TRANSPORT  

HIGHWAY IN ST. PETERSBURG  
 

As part of student research at the St. Petersburg University of architecture and 

construction, alternative proposals are being developed for the creation of a circumferential 

high-speed highway with a total length of 147.2 km. ʊhe scheme is proposed in the form of a 

polygon with HUB in the nodes and consists of three main parts: 1 ï above-ground (62.6 km), 

2 ï above-water (29.6 km) and 3 ï surface-underground (55.0 km). The main tracks are 

located in a four-tube steel beam, each tube of which is organized by the technology of 

vacuum tube transport with a pressure of 10 % of the normal for high-speed passenger trains 

on a magnetic levitation cushion using a linear traction motor (Maglev system). The rail base 

of the 1520 mm gauge is located along the entire length of the track, both in parking lots, 

acceleration and braking zones, and on the main high-speed sections for movement with a 

maximum speed of 500 km per hour.  

The main direction of research was the development of load-bearing structures that 

provide the necessary functionality, reliability and safety of structures. In order to reduce the 

noise impact on the metropolis, overcome numerous artificial and natural obstacles, improve 

anti-terrorist protection, the main level of the rail track for the above-ground and above-water 

structures was adopted at +88.00 in the Baltic elevation system. Calculations of variants with 

determination of internal forces in elements and movements of nodes with use of the program 

complex ñSCAD Office 21.1òare executed, when accounting for the full range of loads taking 

into account dynamic effects and non-linearity. The selection of cross-sections of elements 

according to the method of limit states according to the current norms is carried out. The 

advantage of the arch-cable-stayed variant with a span of 360 m in strength, stability, stiffness 

and vertical size (height of supports) is shown.  

The continuation of research and design work on this topic should lead to the 

emergence of a district high-speed transport system at the borders of communication between 

St. Petersburg and the Leningrad region with passenger traffic, quite comparable to the metro 

line.  

Aim: To develop a district high-speed transport system at the borders of St. Petersburg 

and Leningrad region with passenger traffic comparable to the metro line. 

Materials and Methods: Using the software package "SCAD Office 21.1", the trestle 

structures are calculated for the combination of operating loads, forces and influences, 

including the consideration of dynamic aspects and nonlinearity, as well as the selection of 

cross-sections of elements by the method of limit states. To determine the optimal trestle 

structures of high-speed highways, namely high-rise and long-length metal structures 

supporting the overpass beam, calculations with the selection of cross sections of four variants 

of cable-stayed systems (arch-cable-stayed; cable-stayed rod with inclined cables and steel 
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lattice pylons; the same, steel pipe-concrete pylons; cable-stayed rod system with suspensions 

according to the patent US5950543 (A). 

Results: the results of the trial design adopted arch-cable option with a span of 360 m 

according to the criterion of metal consumption, the consumption of steel amounted to 20.9 

tons per 1 m length of highway. 

Conclusion: the estimated volume of passenger traffic per day for the four-track high-

speed line will be 280 thousand passengers, and 102 million passengers per year, which is 

quite comparable to this figure for the metro line.  

 

Keywords: high-speed transport highway, beam-overpass of large diameter pipes, 

magnetic levitation cushion, low pressure in the pipes, the trestle structures, cable-stayed and 

arched structures. 

 

ВВЕДЕНИЕ 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʂʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʧʘʩʩʘʞʠʨʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʠʩʪʝʤʳ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʫʪʚʝʨʞʜʝʥʥʘʷ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʘʚʠʪʝʣʴʩʪʚʘ 

ʛʦʨʦʜʘ ʦʪ 30.06.2014 ˉ 552 çʆ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ çʈʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʉʇʙè, ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʳʝ 

ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʨʘʟʚʠʪʠʷ [1, 2]. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʚʝʜʝʥ ʮʝʣʳʡ ʨʷʜ ʩʣʦʞʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʙʣʝʤ ʥʘ ʛʨʘʥʠʮʘʭ ʩʚʷʟʠ ʪʝʨʨʠʪʦʨʠʡ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ ʠʤʝʥʥʦ: ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʨʦʧʦʣʠʪʝʥʘ 

ʠ ʩʢʦʨʦʩʪʥʦʛʦ ʪʨʘʤʚʘʷ, ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʚʝʨʥʫʪʦʡ ʩʝʪʠ ʪʨʘʥʩʧʦʨʪʥʦ-

ʧʝʨʝʩʘʜʦʯʥʳʭ ʫʟʣʦʚ (ʊʇʋ), ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʨʝʛʨʘʜ (ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ, ʧʘʨʢʠ, ʨʝʢʠ ʠ ʢʘʥʘʣʳ), 

ʠʩʯʝʨʧʘʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ñʚʭʦʜʥʳʭò ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ, ʥʘʣʠʯʠʝ 

ʚʳʩʦʪʥʦʡ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʠ ʠ ʪ.ʧ. ʋʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʨʝʰʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʚʠʪʠʷ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʭʝʤʳ, 

ʚʢʣʶʯʘʶʱʝʡ ʚʥʝʫʣʠʯʥʫʶ ʩʢʦʨʦʩʪʥʫʶ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʣʴʩʦʚʫʶ 

(ʤʝʪʨʦʧʦʣʠʪʝʥ), ʠ ʧʦʜʚʦʟʷʱʫʶ ʢ ʥʝʡ ʩʠʩʪʝʤʫ ʥʘʟʝʤʥʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʠ 

ʧʨʠʛʦʨʦʜʥʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʦʨʦʜʩʢʠʭ ʠ ʧʨʠʛʦʨʦʜʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʦʣʠʪʠʢʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠʤʝʝʪ ʧʨʠʦʨʠʪʝʪʥʦʝ ʨʘʟʚʠʪʠʝ 

(ʥʘʧʨʠʤʝʨ, ɿʘʧʘʜʥʳʡ ʠ ɺʦʩʪʦʯʥʳʡ ʩʢʦʨʦʩʪʥʳʝ ʜʠʘʤʝʪʨʳ), ʧʨʠʚʦʜʷ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ [3].  

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʪʘʢʞʝ ʚʦʟʥʠʢʘʶʪ ʠ ʧʦ ʧʨʠʯʠʥʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʨʦʜʩʢʦʡ ʤʦʥʦʮʝʥʪʨʠʯʝʩʢʦʡ ʘʛʣʦʤʝʨʘʮʠʠ ʚʦʢʨʫʛ ʢʨʫʧʥʦʛʦ 

ʛʦʨʦʜʘ-ʷʜʨʘ, ʢʘʢʦʚʳʤ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʤʠʣʣʠʦʥʥʳʡ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʜʘʣʝʥʠʝ ʤʝʩʪʘ ʨʘʙʦʪʳ ʠ ʞʠʪʝʣʴʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ ʥʘʩʝʣʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʠ 

ñʟʘʧʠʨʘʥʠʶò ʛʦʨʦʜʩʢʠʭ ʫʣʠʮ ʠ ʜʦʨʦʛ [4]. ʉ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ 

ʤʝʛʘʧʦʣʠʩʘ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʠʩʪʝʤʥʦʤʫ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʤʫ ʢʨʠʟʠʩʫ, 

ʫʛʨʦʞʘʶʱʝʤʫ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘʚʪʦʨʳ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ 

ʧʨʝʜʣʘʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, 
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ʦʩʦʙʝʥʥʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʧʝʨʝʡʜʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʳʡ ʛʦʨʦʜʩʢʦʡ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʢʦʨʦʩʪʥʦʡ ʪʨʘʥʩʧʦʨʪ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʥʦʡ ʣʝʚʠʪʘʮʠʠ [5, 6]. ʇʨʠ ʵʪʦʤ ʚʳʭʦʜ 

ʚʠʜʠʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʠ ʢʦʤʬʦʨʪʥʦʩʪʠ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʧʨʠʙʣʠʞʝʥʠʠ ʝʛʦ ʦʩʪʘʥʦʚʦʢ ʢ ʩʪʘʥʮʠʷʤ ʤʝʪʨʦ, 

ʤʠʥʠʤʠʟʘʮʠʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʧʝʨʝʭʦʜʦʚ, ʚʦʟʚʝʜʝʥʠʠ ʊʇʋ ʠ 

ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʝʨʝʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.   

ɺ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʩʪʨʦʠʪʝʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ (ʉʇʙɻɸʉʋ) ʚ ʨʘʤʢʘʭ ʩʪʫʜʝʥʯʝʩʢʠʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘè, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʩʦʟʜʘʥʠʶ 

ʦʢʨʫʞʥʦʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ (ɺʉʊʄ), 

ʜʦʧʫʩʢʘʶʱʝʡ ʜʚʠʞʝʥʠʝ ʧʘʩʩʘʞʠʨʩʢʠʭ ʵʣʝʢʪʨʦʧʦʝʟʜʦʚ  ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ 500 ʢʤ ʚ ʯʘʩ ʠ ʙʦʣʝʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʄʘʛʣʝʚ ʠ ɽʊʊ 

(Evacuated Tube Transportation) [7ï11]. ʇʫʩʪʴ ʙʫʜʝʪ ʠʤʷ ʧʦʝʟʜʘʤ çʈʦʩʘè. 

ʀʟ ʤʥʦʛʦʣʝʪʥʝʛʦ ʦʧʳʪʘ ʢʦʤʧʘʥʠʠ Transrapid ʧʦ ʚʦʟʚʝʜʝʥʠʶ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʄʘʛʣʝʚ-ʣʠʥʠʡ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʟʘʪʨʘʪʳ ʥʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ ʜʦ 60ï80 % ʦʪ ʦʙʱʠʭ 

ʟʘʪʨʘʪ [12]. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʘʚʪʦʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʩʭʝʤʳ ɺʉʊʄ, ʘ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʥʦʚʳ 

ʤʘʛʠʩʪʨʘʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʳʩʦʪʥʳʭ ʠ ʙʦʣʴʰʝʧʨʦʣʝʪʥʳʭ ʥʝʩʫʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʩʪʘʢʘʜʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʪʨʝʙʫʝʤʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʥʘʜʝʞʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʵʢʦʣʦʛʠʠ ʤʝʛʘʧʦʣʠʩʘ. 

 

ПРЕДЛАГАЕМАЯ СХЕМА МАГИСТРАЛИ  
 

ʆʙʱʘ̫ ʩʭʝʤʘ ɺʉʊʄ ʜʣʠʥʦʡ 147,2 ʢʤ ʧʨʝʜʣʦʞʝʥʘ ʚ ʚʠʜʝ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ ʩ ʧʨʷʤʳʤʠ ʧʝʨʝʛʦʥʘʤʠ, ʩ ʊʇʋ ʚ ʫʛʣʘʭ ʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʫʯʘʩʪʢʦʚ (ʈʠʩ. 1): 1 ï ʩʝʚʝʨʥʳʡ ʥʘʜʟʝʤʥʳʡ çʉʝʩʪʨʦʨʝʮʢ ï ʉʝʨʪʦʣʦʚʦ ï 

ɼʝʚʷʪʢʠʥʦ ï ɺʩʝʚʦʣʦʞʩʢ ï ʅʦʚʦʢʫʜʨʠʥʦ (ʗʥʠʥʦ) ï ʈʳʙʘʮʢʦʝè (62,6 ʢʤ), 2 

ï ʤʦʨʩʢʦʡ ʥʘʜʚʦʜʥʳʡ çɹʨʦʥʢʘ (ʀʞʦʨʘ) ï ʂʨʦʥʰʪʘʜʪ ï ʉʝʩʪʨʦʨʝʮʢè (29,6 

ʢʤ) ʠ 3 - ʥʘʟʝʤʥʦ-ʧʦʜʟʝʤʥʳʡ çʈʳʙʘʮʢʦʝ ï ʇʫʣʢʦʚʦ ï ʇʝʪʝʨʛʦʬ ï ɹʨʦʥʢʘ 

(ʀʞʦʨʘ)è (55,0 ʢʤ).  

ʇʨʝʜʣʘʛʘʝʤʘʷ ɺʉʊʄ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʙʥʳʝ, ʙʳʩʪʨʳʝ ʠ ʙʝʟʦʧʘʩʥʳʝ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʷʟʠ ʤʝʛʘʧʦʣʠʩʘ ʩ ʧʨʠʛʦʨʦʜʘʤʠ ʠ 

ʙʣʠʟʣʝʞʘʱʠʤʠ ʧʦʩʝʣʝʥʠʷʤʠ ʃʝʥʦʙʣʘʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʪʥʳʤ ʨʝʛʣʘʤʝʥʪʦʤ 

ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʩʦ ʩʪʦʨʦʥʳ ʘʵʨʦʧʦʨʪʘ ñʇʫʣʢʦʚʦò ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʥʘ 3 ʫʯʘʩʪʢʝ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʥʘʟʝʤʥʳʭ ʵʣʝʢʪʨʦʧʦʝʟʜʦʚ (ʥʘ ʦʩʥʦʚʝ ʄʘʛʣʝʚ-

ʪʝʭʥʦʣʦʛʠʠ) ʠ ʩʢʦʨʦʩʪʥʦʛʦ ʪʨʘʤʚʘʷ, ʠʜʫʱʝʛʦ ʦʪ ʩʪʘʥʮʠʡ ʤʝʪʨʦʧʦʣʠʪʝʥʘ 
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ʈʳʙʘʮʢʦʝ ʠ ʐʫʰʘʨʳ ʜʦ ʘʵʨʦʧʦʨʪʘ ʇʫʣʢʦʚʦ. ɺʉʊʄ ʦʪʥʦʩʠʪʩʷ ʢ 

ʚʥʝʫʣʠʯʥʦʡ ʩʝʪʠ, ʪʘʢ ʢʘʢ ʧʦʩʪʨʦʝʥʘ ʥʘ ʚʳʩʦʪʥʳʭ ʠ ʙʦʣʴʰʝʧʨʦʣʝʪʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʥʘ ʵʩʪʘʢʘʜʥʦʡ ʦʩʥʦʚʝ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʪʠʤʘʣʴʥʦʝ 

ʧʨʝʦʜʦʣʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʨʝʛʨʘʜ, ʚʢʣʶʯʘʷ ʚʳʩʦʪʥʫʶ 

ʚʳʩʦʢʦʧʣʦʪʥʫʶ ʟʘʩʪʨʦʡʢʫ. 

 

 
 

ʈʠʩ. 1. ʇʨʝʜʣʘʛʘʝʤʘʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʤʘʛʠʩʪʨʘʣʴ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ  
 

ʅʝʩʦʤʥʝʥʥʦ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʩʢʠʟʥʳʡ ʚʘʨʠʘʥʪ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʥʦ, ʪʝʤ ʥʝ 

ʤʝʥʝʝ ʧʦʟʚʦʣʷʝʪ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʦʮʝʥʠʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɼʣʠʥʘ 

ʢʘʞʜʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʨʷʤʦʡ ʣʠʥʠʠ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ɺʉʊʄ, 

ʨʘʟʤʝʱʘʝʤʳʤʠ ʚ ʊʇʋ, ʧʨʠʥʷʪʘ ʚ ʠʥʪʝʨʚʘʣʝ 10ï22 ʢʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤʫ ʧʦʝʟʜʫ çʈʦʩʘè ʧʨʝʦʜʦʣʝʚʘʪʴ ʢʘʞʜʳʡ ʧʝʨʝʛʦʥ ʚʩʝʛʦ ʟʘ 

ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ. ɺʉʊʄ ʦʙʝʩʧʝʯʠʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʦʢʨʫʞʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʧʘʩʩʘʞʠʨʦʚ ʢʘʢ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ, ʪʘʢ ʠ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʠ 

ʦʙʨʘʪʥʦ, ʤʠʥʫʷ ʦʩʥʦʚʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʫʪʠ ʤʝʛʘʧʦʣʠʩʘ ʠ ʧʨʦʭʦʜʷ ʥʘʜ 

ʚʳʩʦʪʥʦʡ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʦʡ. ʅʘʧʨʠʤʝʨ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʝʟʜʘ ʦʪ 
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ʊʇʋ çʉʝʩʪʨʦʨʝʮʢè ʜʦ ʊʇʋ çʈʳʙʘʮʢʦʝè, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʭʝʤʝ 

ʜʠʘʤʝʪʨʘʣʴʥʦ, ʩʦʩʪʘʚʠʪ ʥʝ ʙʦʣʝʝ 20 ʤʠʥʫʪ.  

 

ТРАНСПОРТНО-ПЕРЕСАДОЧНЫЕ УЗЛЫ 

 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʷ ʊʇʋ ʥʘʟʥʘʯʝʥʳ ʚ ʤʝʩʪʘʭ ʧʝʨʝʭʚʘʪʘ ʧʨʠʭʦʜʷʱʠʭ ʠʟ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʠ ʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʙʣʠʟʦʩʪʠ ʢ 

ʩʫʱʝʩʪʚʫʶʱʠʤ (ɼʝʚʷʪʢʠʥʦ, ʈʳʙʘʮʢʦʝ) ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ (ʥʘʧʨʠʤʝʨ, 

ʇʫʣʢʦʚʦ, ʅʦʚʦʢʫʜʨʦʚʦ) ʩʪʘʥʮʠʷʤ ʤʝʪʨʦʧʦʣʠʪʝʥʘ.  
ɺʳʩʦʪʥʦʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʜʘʥʠʝ ʊʇʋ ʚʢʣʶʯʘʝʪ ʟʦʥʳ 

ʧʦʩʘʜʢʠ ʠ ʚʳʩʘʜʢʠ ʧʘʩʩʘʞʠʨʦʚ, ʟʦʥʳ ʪʨʘʥʟʠʪʘ ʠ ʦʞʠʜʘʥʠʷ, ʟʦʥʳ 
ʨʝʢʨʝʘʮʠʠ ʠ ʧʨʝʙʳʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ, ʢʘʩʩʦʚʳʝ, ʣʠʬʪʦʚʳʝ ʠ ʣʝʩʪʥʠʯʥʳʝ 
ʟʦʥʳ, ʩʘʥʠʪʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʤʝʱʝʥʠʷ, ʟʦʥʳ ʵʩʢʘʣʘʪʦʨʦʚ, ʪʨʘʚʦʣʘʪʦʨʦʚ, 
ʧʝʨʝʭʦʜʦʚ ʠ ʧʝʨʝʩʘʜʦʢ, ʟʦʥʳ ʩʚʷʟʠ ʩʦ ʩʪʘʥʮʠʷʤʠ ʠ ʦʩʪʘʥʦʚʢʘʤʠ 
ʧʨʠʛʦʨʦʜʥʦʛʦ, ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʚʢʣʶʯʘʷ ʤʝʪʨʦʧʦʣʠʪʝʥ [8ï10]. ɺ 
ʪʘʢʦʤ ʤʥʦʛʦʵʪʘʞʥʦʤ ʟʜʘʥʠʠ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
ʨʘʟʤʝʱʝʥʠʝ ʦʬʠʩʥʳʭ, ʫʯʝʙʥʳʭ, ʛʦʩʪʠʥʠʯʥʳʭ, ʩʧʦʨʪʠʚʥʳʭ, ʪʦʨʛʦʚʳʭ, 
ʢʫʣʴʪʫʨʥʦ-ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ, ʩʢʣʘʜʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ, 
ʚʢʣʶʯʘʷ ʩʪʦʷʥʢʠ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʜʘʞʝ ʚʝʨʪʦʣʝʪʦʚ.  

ʅʘʧʨʠʤʝʨ, ʟʜʘʥʠʝ ʊʇʋ ñʂʨʦʥʰʪʘʜʪò ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʦ ʢʘʢ 
ʤʥʦʛʦʵʪʘʞʥʳʡ ʥʝʙʦʩʢʨʝʙ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʜʚʝʩʢʫ ʧʫʪʝʧʨʦʚʦʜʘ ʥʘ 

ʜʦʩʪʘʪʦʯʥʦʡ ʚʳʩʦʪʝ с ʦʪʤʝʪʢʦʡ +88,00 ɹʉɺ (ɹʘʣʪʠʡʩʢʘʷ ʩʠʩʪʝʤʘ ʚʳʩʦʪ), 
ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʥʘʜ ʩʫʜʦʭʦʜʥʦʡ ʘʢʚʘʪʦʨʠʝʡ ʌʠʥʩʢʦʛʦ 
ʟʘʣʠʚʘ. ɿʜʘʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʨʫʢʦʪʚʦʨʥʦʤ ʧʦʣʫʦʩʪʨʦʚʝ, ʥʘʤʳʪʦʤ ʥʘ 
ʂʦʪʣʠʥʩʢʦʡ ʦʪʤʝʣʠ, ʦʛʨʘʞʜʝʥʥʦʤ ʢʦʥʪʫʨʥʦʡ ʜʘʤʙʦʡ ʠ ʧʨʠʤʳʢʘʶʱʝʤ ʢ 
ʦʩʪʨʦʚʫ ʂʦʪʣʠʥ ʠ ʂʦʣʴʮʝʚʦʡ ʘʚʪʦʜʦʨʦʛʝ (ʂɸɼ) ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʳ 
(ʈʠʩ. 2). ʇʦʤʠʤʦ ʬʫʥʢʮʠʦʥʘʣʘ ʊʇʋ ʪʝʨʨʠʪʦʨʠʷ ʥʘʤʳʚʥʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ 
ʙʣʘʛʦʧʨʠʷʪʥʘ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʦʪʜʳʭʘ (ʦʪʢʨʳʪʳʝ ʠ ʟʘʢʨʳʪʳʝ 
ʚʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʣʷʞʠ, ʩʧʦʨʪʠʚʥʳʝ ʩʦʦʨʫʞʝʥʠʷ), ʩʦʮʠʘʣʴʥʦ-ʙʳʪʦʚʳʭ, 
ʪʨʘʥʩʧʦʨʪʥʦ-ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʠ ʟʝʣʝʥʳʭ ʟʦʥ ʠ ʪ.ʧ. ʇʦ ʚʳʩʦʪʝ ʟʜʘʥʠʝ 
ʨʘʟʜʝʣʝʥʦ ʥʘ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʷʨʫʩʳ: ʥʠʞʥʠʡ ʩ ʦʩʪʘʥʦʚʢʘʤʠ 
ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʘʚʪʦʩʪʦʷʥʢʘʤʠ, ʢʘʩʩʦʚʳʤʠ ʟʦʥʘʤʠ, ʣʠʬʪʦʚʳʤʠ 
ʧʣʦʱʘʜʢʘʤʠ; ʚʳʰʝ ʜʦ ʦʪʤʝʪʢʠ ʩʢʦʨʦʩʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ - ʟʦʥʳ 
ʢʦʤʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʦʛʦ, ʪʦʨʛʦʚʦʛʦ ʠ ʢʫʣʴʪʫʨʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʦʛʦ 
ʥʘʟʥʘʯʝʥʠʷ, ʦʬʠʩʳ; ʚʳʰʝ ʧʣʘʪʬʦʨʤʳ ï ʦʬʠʩʥʘʷ ʠ ʜʘʞʝ ʞʠʣʘʷ ʟʦʥʳ [9]. 

ʅʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʝ ʫʯʘʩʪʢʘ ɺʉʊʄ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʚʘʨʠʘʥʪʫ ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʘʨʦʯʥʳʭ ʵʩʪʘʢʘʜ, ʦʙʦʟʥʘʯʝʥʳ ʦʩʥʦʚʥʳʝ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 
ʢʦʤʧʦʥʝʥʪʳ (ʈʠʩ. 3). ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʇ-ʦʙʨʘʟʥʦʝ ʟʜʘʥʠʝ ʊʇʋ 
ñɼʝʚʷʪʢʠʥʦò, ʥʘʜʩʪʨʘʠʚʘʝʤʦʝ ʥʘʜ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʦʚʤʝʱʝʥʥʳʤʠ 
ʦʜʥʦʠʤʝʥʥʳʤʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʪʘʥʮʠʝʡ ʠ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʝʡ 
ʤʝʪʨʦʧʦʣʠʪʝʥʘ [10].  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʊʇʋ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʚ ʚʠʜʝ ʟʜʘʥʠʡ ʩʦ 
ʩʪʘʣʴʥʳʤ ʣʠʙʦ ʩʪʘʣʝʞʝʣʝʟʦʙʝʪʦʥʥʳʤ ʨʘʤʥʳʤ ʢʘʨʢʘʩʦʤ ʩ ʦʧʠʨʘʥʠʝʤ ʥʘ 
ʪʨʫʙʦʙʝʪʦʥʥʳʝ ʩʚʘʠ-ʦʙʦʣʦʯʢʠ ʛʣʫʙʦʢʦʛʦ ʟʘʣʦʞʝʥʠʷ.  
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ʈʠʩ. 2. ʊʨʘʥʩʧʦʨʪʥʦ-ʧʝʨʝʩʘʜʦʯʥʳʡ ʫʟʝʣ ñʂʨʦʥʰʪʘʜʪò ʥʘ ʥʘʤʳʚʥʦʤ ʧʦʣʫʦʩʪʨʦʚʝ  
 
 
 

 
 

ʈʠʩ. 3. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ: 
 

1 ï ʟʜʘʥʠʝ ʊʇʋ ʩ ʧʘʩʩʘʞʠʨʩʢʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ;  
2 ï ʟʦʥʘ ʚʭʦʜʘ-ʚʳʭʦʜʘ ʧʫʪʝʧʨʦʚʦʜʘ;  

3 ï ʟʦʥʘ ʦʩʪʘʥʦʚʢʠ ʩʦʩʪʘʚʘ ʚ ʧʫʪʝʧʨʦʚʦʜʝ;  
4 ï ʟʦʥʘ ʨʘʟʛʦʥʘ-ʪʦʨʤʦʞʝʥʠʷ ʩʦʩʪʘʚʘ;  

5 ï ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 
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ʄʥʦʛʦʵʪʘʞʥʳʝ ʊʇʋ, ʦʙʲʝʜʠʥʷʝʤʳʝ ʩ ʦʙʲʝʢʪʘʤʠ ʩʦʮʠʘʣʴʥʦʡ, 
ʩʝʨʚʠʩʥʦʡ ʠ ʪʦʨʛʦʚʦ-ʨʘʟʚʣʝʢʘʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʩʦʙʦʡ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʚʳʩʦʪʥʳʝ ʜʦʤʠʥʘʥʪʳ ʚ ʨʘʡʦʥʘʭ ʤʝʛʘʧʦʣʠʩʘ. ʊʘʢʠʝ 
ʊʇʋ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 
ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʝʨʝʩʘʜʦʯʥʳʤ ʢʦʤʧʣʝʢʩʘʤ (ʊʇʂ), 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘ ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ [13].  

 

ТЕХНОЛОГИЧЕСКАЯ СИСТЕМА МАГИСТРАЛИ 
 

ʅʘ ʈʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ɺʉʊʄ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʣʝʜʫʶʱʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʟʦʥʘʤ: 1 ï ʟʦʥʘ ʩ 

ʧʣʘʪʬʦʨʤʘʤʠ ʜʣʷ ʧʦʩʘʜʢʠ-ʚʳʩʘʜʢʠ ʧʘʩʩʘʞʠʨʦʚ ʠ ʧʦʚʦʨʦʪʘ ʧʫʪʝʡ (ʟʜʘʥʠʝ 

ʊʇʋ); 2 ï ʟʦʥʘ ʚʭʦʜʘ-ʚʳʭʦʜʘ ʧʫʪʝʧʨʦʚʦʜʘ ʚ ʟʜʘʥʠʝ ʊʇʋ; 3 ï ʟʦʥʘ ʩʪʦʷʥʢʠ 

ʩʦʩʪʘʚʘ ʚ ʧʫʪʝʧʨʦʚʦʜʝ ʩʦ ʰʣʶʟʦʚʳʤʠ ʢʣʘʧʘʥʘʤʠ ʧʦ ʢʦʥʮʘʤ, ʩʥʘʙʞʝʥʥʘʷ 

ʚʘʢʫʫʤʥʳʤʠ ʥʘʩʦʩʘʤʠ ʠ ʢʦʤʧʨʝʩʩʦʨʘʤʠ; 4 ï ʟʦʥʘ ʨʘʟʛʦʥʘ-ʪʦʨʤʦʞʝʥʠʷ 

ʩʦʩʪʘʚʘ; 5 ï ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʠ ʧʨʠʛʦʨʦʜʥʦʛʦ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʚʢʣʶʯʘʷ ʤʝʪʨʦʧʦʣʠʪʝʥ ʠ ʧʨʠʛʦʨʦʜʥʳʝ ʧʦʝʟʜʘ. 

ʇʦʩʨʝʜʩʪʚʦʤ ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ɺʉʊʄ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʢʘʢ ʫʨʦʚʥʝʤ ʜʘʚʣʝʥʠʷ 

ʚʦʟʜʫʭʘ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʪʨʫʙ ʧʫʪʝʧʨʦʚʦʜʘ, ʪʘʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʩʢʦʨʦʩʪʥʳʤ ʨʝʞʠʤʦʤ ʜʚʠʞʝʥʠʷ ʩʦʩʪʘʚʦʚ. ʇʫʪʝʧʨʦʚʦʜ ʜʣʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʝʟʜʦʚ ñʈʦʩʘò ʧʨʠʥʠʤʘʝʪʩʷ ʯʝʪʳʨʝʭʧʫʪʥʳʤ, ʚʢʣʶʯʘʷ 

ʦʙʨʘʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ.  

ʈʠʩ. 4 ʠʣʣʶʩʪʨʠʨʫʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʫ  ʁʩʭʝʤʫ ɺʉʊʄ 

ʥʘ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ï ʧʝʨʝʛʦʥʝ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʊʇʋ çɼʝʚʷʪʢʠʥʦè 

ʠ ʊʇʋ çɺʩʝʚʦʣʦʞʩʢè ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 12,5 ʢʤ, ʪʘʢ ʞʝ 

ʩʦʩʪʘʚʣʝʥʥʫʶ ʠʟ ʙʦʣʴʰʝʧʨʦʣʝʪʥʳʭ ʘʨʦʯʥʳʭ ʵʩʪʘʢʘʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʥʘʜʝʞʥʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ ʧʦʜʚʝʩʢʫ ʙʘʣʢʠ ʧʫʪʝʧʨʦʚʦʜʘ. ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥ 

ʛʨʘʬʠʢ ʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʦʩʪʘʚʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ 

ʨʘʚʥʦʫʩʢʦʨʝʥʥʳʡ ʧʨʦʮʝʩʩ ʥʘʙʦʨʘ ʩʢʦʨʦʩʪʠ V ʩ ʫʩʢʦʨʝʥʠʝʤ a = 4,63 ʤ/ʩ
2
 

(0,47g) ʚ ʪʝʯʝʥʠʝ 0,5 ʤʠʥ. ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ Vmax = 500 ʢʤ/ʯ ʠ 

ʘʥʘʣʦʛʠʯʥʦ - ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʪʷʞʝʥʥʦʩʪ ɹʟʦʥʳ ʨʘʟʛʦʥʘ 

ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 2,1 ʢʤ ʠ ʘʥʘʣʦʛʠʯʥʦ ï ʟʦʥʳ 

ʪʦʨʤʦʞʝʥʠʷ. ʈʘʩʯʝʪʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʪʘʧʘ ˉ 1 (ʧʦʩʘʜʢʘ 

ʧʘʩʩʘʞʠʨʦʚ ʚ ʚʘʛʦʥʳ ʩʦʩʪʘʚʘ ʥʘ ʧʣʘʪʬʦʨʤʝ ʊʇʋ ʥʘ ʩʪʘʥʮʠʠ ʦʪʧʨʘʚʣʝʥʠʷ ʠ 

ʝʛʦ ʧʝʨʝʤʝʱʝʥʠ ̫ʚ ʟʦʥʫ ʩʪʦʷʥʢʠ ʚ ʪʨʫʙʥʦʤ ʧʫʪʝʧʨʦʚʦʜʝ) ʥʘʟʥʘʯʝʥʘ ʨʘʚʥʦʡ 

0,5 ʤʠʥ., ʢʘʢ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ˉ 2 (ʦʪʢʘʯʢʘ ʚʦʟʜʫʭʘ 

ʜʦ ʪʨʝʙʫʝʤʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʝ ʧʫʪʝʧʨʦʚʦʜʘ) ï 0,5 ʤʠʥ. ɸʥʘʣʦʛʠʯʥʦ 

ʥʘʟʥʘʯʝʥʳ ʫʩʣʦʚʠʷ ʜʣʷ ʚʪʦʨʦʛʦ ʊʇʋ (ʩʪʘʥʮʠʷ ʧʨʠʙʳʪʠ)̫: ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʝ ï 0,5 ʤʠʥ., ʚʲʝʟʜ ʥʘ ʧʣʘʪʬʦʨʤʫ ʚ ʊʇʋ ʠ 

ʚʳʩʘʜʢʘ ʧʘʩʩʘʞʠʨʦʚ ï 0,5 ʤʠʥ.  
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ʈʠʩ. 4. ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʘʛʠʩʪʨʘʣʠ c ʛʨʘʬʠʢʦʤ ʩʢʦʨʦʩʪʝʡ 

 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʡ ʚ ʊʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʝʟʜʘ ʥʘ ʧʝʨʝʛʦʥʘʭ 

ʤʘʛʠʩʪʨʘʣʠ ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʩ ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʩʢʦʨʦʩʪʝʡ Vmax. ɿʜʝʩʴ ʜʣʷ ʩʢʦʨʦʩʪʥʦʛʦ ʚʘʨʠʘʥʪʘ Vmax = 100 ʢʤ/ʯ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʢʘʯʢʠ ʧʨʠʥʷʪʘ 0,3 ʤʠʥ ʚ ʩʚʷʟʠ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʩʪʝʧʝʥʴʶ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʜʦ ʜʘʚʣʝʥʠʷ 10 % ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ. 

 
ʊʘʙʣʠʮʘ 1. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʝʟʜʘ ʚ ɺʉʊʄ ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʩʢʦʨʦʩʪʠ  

N Название 

станции 

(ТПУ) 

Тип Расстояние, км Время проезда 

при Vmax = 500 

км/ч, мин 

Время проезда 

при Vmax = 100 

км/ч, мин 

перегон итого перегон итого перегон итого 

1 ʉʝʩʪʨʦʨʝʮʢ  

 

 

 

 

I 

  

 

 

 

 

62,6 

  

 

 

 

 

19,67 

  

 

 

 

 

48,06 

  14,2 4,13 10,62 

2 ʉʝʨʪʦʣʦʚʦ    

  15,2 4,26 11,22 

3 ɼʝʚʷʪʢʠʥʦ    

  12,5 3,93 9,60 

4 ɺʩʝʚʦʣʦʞʩʢ    

  9,7 3,60 7,92 

5 ʅʦʚʦʢʫʜʨʦʚʦ    

 (ʗʥʠʥʦ) 11,0 3,75 8,70 

6 ʈʳʙʘʮʢʦʝ    

   

 

II  

13,6  

 

55,0 

4,06  

 

13,88 

10,26  

 

39,30 
7 ʇʫʣʢʦʚʦ    

  19,2 4,73 13,62 

8 ʇʝʪʝʨʛʦʬ    

  22,2 5,09 15,42 

9 ʀʞʦʨʘ   

 

III  

  

 

29,6 

  

 

8,41 

  

 

21,96 
 (ɹʨʦʥʢʘ) 13,6 4,06 10,26 

10 ʂʨʦʥʰʪʘʜʪ    

  16,0 4,35 11,70 

11 ʉʝʩʪʨʦʨʝʮʢ    

 ɺʩʝʛʦ:   147,2  41,96  109,32 
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ʀʟ ʊʘʙʣ. 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʝʟʜʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʚ ʪʨʫʙʝ, ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 

ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 210,5 ʢʤ/ʯ, ʘ ʜʣʷ ʩʢʦʨʦʩʪʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ï 80,8 ʢʤ/ʯ. ɿʜʝʩʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʝʟʜʘ ʧʝʨʝʛʦʥʦʚ ʤʝʞʜʫ 

ʩʪʘʥʮʠʤ̫ʠ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 

Vmax = 500 ʢʤ/ʯ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 ʤʠʥ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʚʳʯʥʦʤʫ ʠ 

ʫʜʦʙʥʦʤʫ ʜʣʷ ʛʦʨʦʜʩʢʦʛʦ ʧʘʩʩʘʞʠʨʘ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫ 

ʦʩʪʘʥʦʚʢʘʤʠ ʚ ʤʝʪʨʦʧʦʣʠʪʝʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʟʜʝʩʴ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʫʩʢʦʨʝʥʠʷ (ʟʘʤʝʜʣʝʥʠʷ) ʧʨʠʥʷʪʦ ʥʝ ʧʨʝʚʳʰʘʶʱʠʤ 50 % (0,5g) ʦʪ 

ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʧʫʩʪʠʤʳʤ ʜʣʷ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʚʪʦʤʦʙʠʣʠ ʤʥʦʛʠʭ ʝʚʨʦʧʝʡʩʢʠʭ 

ʙʨʝʥʜʦʚ ʠʤʝʶʪ ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʚʨʝʤʝʥʝʤ ʨʘʟʛʦʥʘ ʥʝ ʙʦʣʝʝ 6,0 ʩ ʜʦ 

ʩʢʦʨʦʩʪʠ 100 ʢʤ/ʯ. ɼʣʷ ʧʨʠʤʝʨʘ, ʘʚʪʦʤʦʙʠʣʴ ʤʘʨʢʠ ñOpel Inginia OPCò 

ʜʦʩʪʠʛʘʝʪ ʩʢʦʨʦʩʪʠ 100 ʢʤ/ʯ ʟʘ 6,0 ʩ ʧʨʠ ʫʩʢʦʨʝʥʠʠ 4,63 ʤ/ʩ
2
 (0,47g), 

ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʝʪʩ ̫ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ. 

ʈʘʩʯʝʪʥʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʦʚ ʥʘ ʢʘʞʜʦʤ ʧʝʨʝʛʦʥʝ ʥʘ 

ʦʜʥʦʤ ʧʫʪʠ ʥʘʟʥʘʯʘʝʪʩʷ ʨʘʚʥʳʤ 4 ʝʜʠʥʠʮʘʤ: 3 ï ʚ ʧʫʪʝʧʨʦʚʦʜʝ (ʦʜʠʥ ï ʥʘ 

ʩʢʦʨʦʩʪʥʦʡ ʯʘʩʪʠ ʠ ʜʚʘ ï ʚ ʟʦʥʘʭ ʩʪʦʷʥʢʠ) ʠ ʦʜʠʥ ʩʦʩʪʘʚ ï ʥʘ ʧʣʘʪʬʦʨʤʝ ʚ 

ʟʜʘʥʠʠ ʊʇʋ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʩʦʩʪʘʚʦʚ ʥʘ ʦʜʥʦʤ 

ʧʫʪʠ ɺʉʊʄ ʩʦʩʪʘʚʠʪ 40 ʝʜʠʥʠʮ, ʥʝ ʩʯʠʪʘʷ ʨʝʟʝʨʚʥʳʝ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ 

ʩʪʘʥʮʠʷʭ ʊʇʋ ʩ ʜʝʧʦ (ʈʠʩ. 1). ʇʘʩʩʘʞʠʨʩʢʠʡ ʩʦʩʪʘʚ ʥʘʟʥʘʯʘʝʪʩʷ ʦʙʱʝʡ 

ʜʣʠʥʦʡ 88,0 ʤ ʠʟ 8 ʚʘʛʦʥʦʚ ï ʤʦʜʫʣʝʡ ʩ ʦʙʱʝʡ ʚʤʝʩʪʠʤʦʩʪʴʶ 64 

ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʝʪʥʳʡ ʦʙʲʝʤ ʧʘʩʩʘʞʠʨʦʧʝʨʝʚʦʟʦʢ 

ʟʘ ʩʫʪʢʠ ʜʣʷ ʯʝʪʳʨʝʭʧʫʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʩʦʩʪʘʚʠʪ 280 ʪʳʩ. ʧʘʩʩʘʞʠʨʦʚ, ʘ ʚ 

ʛʦʜ ï 102 ʤʣʥ. ʧʘʩʩʘʞʠʨʦʚ, ʢʦʪʦʨʳʡ ʚʧʦʣʥʝ ʩʦʧʦʩʪʘʚʠʤ ʩ ʜʘʥʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʣʠʥʠʠ ʤʝʪʨʦʧʦʣʠʪʝʥʘ. 

 

ПУТЕПРОВОД И ПАССАЖИРСКИЙ СОСТАВ 

 
ɼʚʘ ʥʝʦʙʳʢʥʦʚʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʥʦʚʰʝʩʪʚʘ ʧʨʠʤʝʥʝʥʳ ʚ 

ʘʚʪʦʨʩʢʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 
ʤʘʛʠʩʪʨʘʣʠ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʩʪʘʚʘ çʙʝʟ ʪʨʝʥʠʷè: ʧʝʨʚʦʝ ï 
ʤʘʛʥʠʪʦʣʝʚʠʪʘʮʠʦʥʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ Maglev, ʨʝʘʣʠʟʫʶʱʘʷ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʧʦʜʫʰʢʫ ʠ ʜʚʠʞʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʣʠʥʝʡʥʦʛʦ ʪʷʛʦʚʦʛʦ 
ʜʚʠʛʘʪʝʣʷ [5]; ʚʪʦʨʦʝ ï ʪʝʭʥʦʣʦʛʠʷ ɽʊʊ (Evacuated Tube Transportation), 
ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ ʚʥʫʪʨʠʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʦ 
ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ [14ï19].  

ɺ ʠʤʧʝʨʘʪʦʨʩʢʦʡ ʈʦʩʩʠʠ ʧʝʨʚʝʥʩʪʚʦ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 
ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʬʝʩʩʦʨʫ ɹʦʨʠʩʫ ʇʘʚʣʦʚʠʯʫ ɺʝʡʥʙʝʨʛʫ, ʢʦʪʦʨʳʡ 31 ʤʘʨʪʘ 
1914 ʛʦʜʘ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʚ ʧʫʙʣʠʯʥʦʡ ʣʝʢʮʠʠ çɼʚʠʞʝʥʠʝ ʙʝʟ 
ʪʨʝʥʠʷè, ʧʨʝʜʩʪʘʚʠʣ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʚ ʊʦʤʩʢʦʤ 
ʫʥʠʚʝʨʩʠʪʝʪʝ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ 
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ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʚʥʫʪʨʠ ʩʪʘʣʴʥʦʡ ʠʣʠ 
ʩʪʝʢʣʷʥʥʦʡ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʪʨʫʙ  rʧʦʩʨʝʜʩʪʚʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ [14]. ʀʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʟʦʙʨʝʪʘʪʝʣʝʡ, 
ʧʨʝʜʣʦʞʠʚʰʠʭ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʨʠʛʠʥʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 
ʨʝʰʝʥʠʡ ʥʘ ʫʨʦʚʥʝ ʧʘʪʝʥʪʦʚ ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʥʦʚʰʝʩʪʚʘʤʠ ʚ ʥʘʯʘʣʝ 
ʍʍI ʚʝʢʘ, ʧʝʨʚʦʝ ʤʝʩʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʧʨʠʥʘʜʣʝʞʠʪ ʚʝʪʝʨʘʥʫ ï ʥʦʚʘʪʦʨʫ 
ʅ.ʈ. ʗʥʩʫʬʠʥʫ [15]. ʆʜʥʘʢʦ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʝ ʠ ʩʦʚʝʨʰʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 
ʨʝʰʝʥʠʷ, ʧʨʠʝʤʣʝʤʳʝ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ, ʙʳʣʠ 
ʟʘʧʘʪʝʥʪʦʚʘʥʳ ʘʤʝʨʠʢʘʥʩʢʠʤ ʠʟʦʙʨʝʪʘʪʝʣʝʤ Daryl G. Oster ʚ 1999 ʛʦʜʫ 
[16]. ɺ ʥʘʩʪʦʷʱʝʡ ʠʩʪʦʨʠʠ ʵʪʠ ʧʨʝʜʣʦʞʝʥʠʷ ʩʦʩʪʘʚʠʣʠ ʪʝʭʥʠʯʝʩʢʫʶ 
ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʘʢʫʫʤʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʣʠʥʝʡʥʳʤ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʚ ʂʠʪʘʝ [5] ʠ ʉʐɸ [17]. 

ɺ ʩʚʦʝʡ ʤʦʥʦʛʨʘʬʠʠ [17] ʪʘʣʘʥʪʣʠʚʳʡ ʠʥʞʝʥʝʨ ʠ ʙʠʟʥʝʩʤʝʥ Elon 
Musk ʜʘʣ ʦʧʠʩʘʥʠʝ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ Hyperloop ʜʣʷ 
ʧʨʦʝʟʜʘ ʤʝʞʜʫ ʃʦʩ-ɸʥʞʝʣʝʩʦʤ ʠ ʉʘʥ-ʌʨʘʥʮʠʩʢʦ (563 ʢʤ) ʟʘ 35 ʤʠʥ., 
ʠʩʧʦʣʴʟʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʶ ɽʊʊ (Evacuated Tube Transportation) ʜʣʷ 
ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʦʪ 480 ʜʦ 1220 ʢʤ/ʯ ʩ ʫʩʢʦʨʝʥʠʝʤ ʥʝ ʙʦʣʝʝ 1,0 g. 

ʇʘʩʩʘʞʠʨʩʢʘʷ ʚʝʨʩʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ (ʫʩʢʦʨʝʥʠʝ 
ʥʝ ʙʦʣʝʝ 0,5 g), ʚ ʯʘʩʪʥʦʩʪʠ, ʚʢʣʶʯʘʝʪ: ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʘʧʩʫʣʳ 
ʚʤʝʩʪʠʤʦʩʪʴʶ ʥʘ 28 ʤʝʩʪ, ʩʥʘʙʞʝʥʥʳʝ ʥʘʢʦʧʠʪʝʣʷʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 
ʦʭʣʘʜʠʪʝʣʷʤʠ ʠ ʢʦʤʧʨʝʩʩʦʨʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ ʚʤʝʩʪʦ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ; ʧʫʪʝʧʨʦʚʦʜ ʠʟ ʜʚʫʭ ʩʪʘʣʴʥʳʭ ʪʨʫʙ ʩ ʚʥʫʪʨʝʥʥʠʤ 
ʜʘʚʣʝʥʠʝʤ 100 ʇʘ (ʧʦʯʪʠ ʘʙʩʦʣʶʪʥʳʡ ʚʘʢʫʫʤ, ʚ 1000 ʨʘʟ ʥʠʞʝ 
ʥʦʨʤʘʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ); ʣʠʥʝʡʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʧʩʫʣ ʚʥʫʪʨʠ ʪʨʫʙ; ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ 
ʦʧʦʨʳ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʪʨʫʙ ʥʘ ʦʪʤʝʪʢʘʭ 6ï30 ʤ ʦʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 
ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʯʝʨʝʟ 30 ʤ ʧʦ ʜʣʠʥʝ ʤʘʛʠʩʪʨʘʣʠ; ʚʘʢʫʫʤʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 
ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʪʨʫʙ; ʧʘʥʝʣʠ ʩʦʣʥʝʯʥʳʭ 
ʙʘʪʘʨʝʡ, ʨʘʟʤʝʱʘʝʤrʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ. ɺ ʧʨʦʝʢʪʝ ʧʨʠʥʷʪʳʝ ʜʠʘʤʝʪʨ 
ʪʨʫʙʳ 2,23 ʤ, ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʧʘʩʩʘʞʠʨʩʢʦʡ ʢʘʧʩʫʣʳ 1,35 ʤ ʠ ʝʝ 
ʚʳʩʦʪʘ 1,10 ʤ, ʯʪʦ ʜʘʝʪ ʧʦʧʝʨʝʯʥʫʶ ʧʣʦʱʘʜʴ ʢʘʧʩʫʣʳ 1,4 ʤ

2
 ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʩʝʯʝʥʠʷ ʪʨʫʙʳ 0,36, ʦʧʨʝʜʝʣʷʷ 
64 % ʩʝʯʝʥʠʷ ʥʘ ʟʘʟʦʨʳ. ʂʘʢ ʧʠʰʝʪ ʘʚʪʦʨ, ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʚ ʠʜʝʘʣʝ ʜʦʣʞʥʘ 
ʧʨʝʜʩʪʘʚʣʷʪɹ ʩʦʙʦʡ ʥʦʚʳʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ (ʧʷʪʳʡ ʧʦʩʣʝ ʩʘʤʦʣʝʪʘ, ʧʦʝʟʜʘ, 
ʘʚʪʦʤʦʙʠʣʷ ʠ ʣʦʜʢʠ), ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʡ, 
ʙʦʣʝʝ ʙʳʩʪʨʳʡ, ʙʦʣʝʝ ʜʝʰʝʚʳʡ, ʙʦʣʝʝ ʫʜʦʙʥʳʡ, ʥʝʟʘʚʠʩʷʱʠʡ ʦʪ ʧʦʛʦʜʳ, 
ʫʩʪʦʡʯʠʚʳʡ ʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʘʩʩʘʞʠʨʩʢʘʷ ʚʝʨʩʠʷ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ Hyperloop ʧʦʟʚʦʣʠʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ 7,4 ʤʠʣʣʠʦʥʘ 
ʧʘʩʩʘʞʠʨʦʚ ʚ ʛʦʜ ʧʦ ʢʘʞʜʦʤʫ ʧʫʪʠ, ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʦʩʪʘʚʷʪ 6 
ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ (ʤʝʥʝʝ 9 % ʦʪ ʩʪʦʠʤʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 
ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ), ʩʪʦʠʤʦʩʪʴ ʧʨʦʝʟʜʘ ʧʨʠ 
ʘʤʦʨʪʠʟʘʮʠʠ ʟʘ 20 ʣʝʪ ʩʦʩʪʘʚʠʪ 20 ʜʦʣʣʘʨʦʚ ʟʘ ʧʦʝʟʜʢʫ ʚ ʦʜʠʥ ʢʦʥʝʮ. ʇʨʠ 
ʵʪʦʤ, ʜʦʙʘʚʣʷʝʪ ʦʥ, ʚ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʧʦʢʘ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʡ 
ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʢʘ ʥʝ ʫʩʪʨʘʥʝʥʥʳʤʠ ʬʘʪʘʣʴʥʳʤʠ 
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ʥʝʜʦʩʪʘʪʢʘʤʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʝʨʥʳʤ ʨʝʰʝʥʠʝʤ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʨʦʙʣʝʤʳ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʳʩʦʢʦʤ ʪʨʘʬʠʢʝ ʛʦʨʦʜʩʢʦʛʦ 
ʪʨʘʥʩʧʦʨʪʘ [17].  

ɺ ʪʝʯʝʥʠʝ ʨʷʜʘ ʣʝʪ ʚ ʈʦʩʩʠʠ ʩʦʚʤʝʩʪʥʦ ʩ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʨʷʜʘ 
ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 
ʜʚʠʞʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ Maglev, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʫʯʝʥʳʤʠ 
ʨʷʜʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʚʳʩʰʝʡ ʰʢʦʣʳ, ʧʨʝʞʜʝ 
ʚʩʝʛʦ, ʚ ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ 
ʀʤʧʝʨʘʪʦʨʘ ɸʣʝʢʩʘʥʜʨʘ I ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬ. ɸ.ɸ. ɿʘʡʮʝʚʘ [5]. 
ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʫʜʝʣʝʥʦ ʨʘʟʨʘʙʦʪʢʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 
ʚʝʨʩʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ Hyperloop [18ï20]. ʊʘʢ ʚ ʙʦʣʴʰʦʡ ʩʪʘʪʴʝ   
29-ʪʠ ʘʚʪʦʨʦʚ ñRussia Integrated Transit Transport System (ITTS) Basid on 
Vacuum Magnetic Levitation Transport (VMLT)ò [18] ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʢʣʶʯʠʪʴ 
ʪʝʤʫ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʠ ʚʘʢʫʫʤʥʦʛʦ 
ʤʘʛʥʠʪʦʣʝʚʠʪʘʮʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ çʉʪʨʘʪʝʛʠʶ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʛʦ 
ʌʝʜʝʨʘʣʴʥʦʛʦ ʊʨʘʥʩʧʦʨʪʘ ʜʦ 2030è.  

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, 
ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʝʡ ʢʘʧʠʪʘʣʴʥʦʩʪʴʶ, ʧʨʝʞʜʝ ʚʩʝʛʦ 
ʧʦʚʳʰʝʥʥʦʡ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʙʘʣʢʠ ʧʫʪʝʧʨʦʚʦʜʘ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʝʥʘ 
ʠʟ 4-ʭ ʦʙʲʝʜʠʥʝʥʥʳʭ ʩʪʘʣʴʥʳʭ ʪʨʫʙ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ 3020 ʤʤ ʩ 
ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 16ï30 ʤʤ ʚ ʚʠʜʝ ʨʦʤʙʘ ʩ ʙʦʣʴʰʝʡ ʜʠʘʛʦʥʘʣʴʶ ʧʦ 
ʚʝʨʪʠʢʘʣʠ. ʄʝʞʜʫ ʪʨʫʙʘʤʠ ʚ ʮʝʥʪʨʝ ʩʝʯʝʥʠʷ ʧʦ ʜʣʠʥʝ ʙʘʣʢʠ ʨʘʩʧʦʣʦʞʝʥʘ 
ʧʨʦʜʦʣʴʥʘʷ ʢʦʨʦʙʯʘʪʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩ ʧʨʦʭʦʜʦʤ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 
ʢʦʤʤʫʥʠʢʘʮʠʡ ʩʚʷʟʠ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʨʝʛʫʣʠʨʦʚʢʠ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʙʘʣʢʠ. ɺ ʢʘʞʜʦʡ ʪʨʫʙʝ ʫʩʪʨʦʝʥʘ ʨʝʣʴʩʦʚʘʷ 
ʢʦʣʝʷ ʰʠʨʠʥʦʡ 1520 ʤʤ ʥʘ ʚʩʸʤ ʧʨʦʪʷʞʝʥʠʶ ʧʫʪʠ, ʢʘʢ ʥʘ ʩʪʦʷʥʢʘʭ, ʚ 
ʟʦʥʘʭ ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ, ʪʘʢ ʥʘ ʦʩʥʦʚʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʫʯʘʩʪʢʘʭ 
ʩ ʮʝʣʴʶ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠ 
ʧʦʪʝʨʝ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʪʨʫʙʳ. ʇʘʩʩʘʞʠʨʩʢʠʡ ʩʦʩʪʘʚ çʈʦʩʘè 
ʠʟ 8 ʚʘʛʦʥʦʚ ï ʤʦʜʫʣʝʡ ʦʙʱʝʡ ʚʤʝʩʪʠʤʦʩʪʴʶ 64 ʤʝʩʪʘ ʚʥʝʰʥʝ ʧʦʜʦʙʝʥ 
ʨʦʩʩʠʡʩʢʦʤʫ ʩʢʦʨʦʩʪʥʦʤʫ çʉʘʧʩʘʥʫè, ʥʦ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʚʳʧʦʣʥʝʥ 
ʙʦʣʝʝ ʫʟʢʠʤ ʧʦʯʪʠ ʚ 1,5 ʨʘʟʘ, ʦʙʝʩʧʝʯʝʥ ʧʨʦʜʦʣʴʥʳʡ ʧʨʦʭʦʜ ʩ ʘʚʘʨʠʡʥʳʤʠ 
ʚʳʭʦʜʘʤʠ ʚ ʧʝʨʚʦʤ ʠ ʧʦʩʣʝʜʥʝʤ ʚʘʛʦʥʘʭ ʩ ʜʚʫʭʨʷʜʥʦʡ ʧʦʩʘʜʢʦʡ 
ʧʘʩʩʘʞʠʨʦʚ. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʠʟʛʦʪʦʚʣʝʥ ʥʘ ʦʩʥʦʚʝ ʩʪʘʣʴʥʦʡ 
ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ 2300 ʤʤ ʩ ʧʨʦʜʦʣʴʥʳʤ ʧʨʦʭʦʜʦʤ ʠ ʜʚʝʨʷʤʠ çʢʨʳʣʴʷ 
ʯʘʡʢʠè, ʦʪʢʠʜʳʚʘʝʤʳʝ ʚʚʝʨʭ ʧʨʠ ʧʦʩʘʜʢʝ ï ʚʳʩʘʜʢʝ.  

ɼʣʷ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 
ʪʨʫʙʳ ʩʦʩʪʘʚʣʷʝʪ 0,59 ʠ ʥʘ ʟʘʟʦʨʳ ʦʩʪʘʝʪʩʷ ʣʠʰʴ 41 %. ɿʜʝʩʴ ʧʨʠʥʠʤʘʝʪʩʷ 
ʩʭʝʤʘ ʥʝ ʚʘʢʫʫʤʘ, ʘ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʨʘʚʥʦʛʦ 10 % ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ 
ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʦ 
Vmax = 500 ʢʤ/ʯ. ʇʨʠʯʝʤ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʢʦʥʩʪʨʫʢʮʠʡ 
ʙʫʜʝʪ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʚʥʫʪʨʠ ʪʨʫʙʳ 
ʧʫʪʝʧʨʦʚʦʜʘ, ʨʘʚʥʦʤ 50ï75 % ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ. ʕʪʦʪ ʧʦʜʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʥʝʜʘʚʥʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ Hyperloop, 
ʧʦʢʘʟʘʚʰʠʤ, ʯʪʦ ʧʨʠ ʪʘʢʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʩʦʟʜʘʥʠʝ ʚʘʢʫʫʤʘ ʪʨʘʪʠʪʩʷ ʙʦʣʴʰʝ 
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ʵʥʝʨʛʠʠ, ʥʝʞʝʣʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣ ʘʵʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʨʘʟʨʝʞʝʥʥʦʤ 
ʚʦʟʜʫʭʝ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥʦ ʢʘʢ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦʝ ʧʦʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ 
ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʝ ʚ 1,5ï2 ʨʘʟʘ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ, ʘ ʫʚʝʣʠʯʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʜʚʠʞʝʥʠʶ ʧʨʝʜʣʦʞʝʥʦ ʩʥʠʟʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʬʦʨʠʨʦʚʘʥʠʷ ʦʙʰʠʚʢʠ 
ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʧʘʩʩʘʞʠʨʩʢʦʡ ʢʘʧʩʫʣʳ [19].  

 
КОНСТРУКЦИИ ТРАНСПОРТНОЙ МАГИСТРАЛИ 

 
ʈʘʟʨʘʙʦʪʢʘ ʥʝʩʫʱʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʪʨʝʙʫʝʤʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ɺʉʊʄ ʪʘʢʞʝ 
ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, 
ʦʩʥʦʚʥʦʡ ʫʨʦʚʝʥʴ ʨʝʣʴʩʦʚʦʛʦ ʧʫʪʠ ʜʣʷ ʥʘʜʟʝʤʥʦʛʦ ʠ ʥʘʜʚʦʜʥʦʛʦ ʦʧʦʨʥʦʛʦ 
ʙʘʟʠʩʘ ʧʨʠʥʷʪ ʥʘ ʦʪʤʝʪʢʝ +88,00 ɹʉɺ. ɼʘʣʝʝ ʜʣ̫ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʨʝʰʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʥʦʚʳ ʤʘʛʠʩʪʨʘʣʠ, ʘ ʠʤʝʥʥʦ ʚʳʩʦʪʥʳʭ ʠ 
ʙʦʣʴʰʝʧʨʦʣʝʪʥʳʭ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʙʘʣʢʫ 
ʧʫʪʝʧʨʦʚʦʜʘ, ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʩ ʧʦʜʙʦʨʦʤ ʩʝʯʝʥʠʡ ʯʝʪrʨʝʭ ʚʘʨʠʘʥʪʦʚ 
ʚʘʥʪʦʚʦ-ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤ (ɺʉʉ) ʵʩʪʘʢʘʜʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʳ 
(ʈʠʩ. 5): ʘ ï ʘʨʦʯʥʦ-ʚʘʥʪʦʚʳʡ, b ï ʚʘʥʪʦʚʦ-ʩʪʝʨʞʥʝʚʦʡ ʩ ʥʘʢʣʦʥʥʳʤʠ 
ʚʘʥʪʘʤʠ ʠ ʨʝʰʝʪʯʘʪʳʤʠ ʢʦʣʦʥʥʘʤʠ, c ï ʪʦ ʞʝ, ʩ ʢʦʣʦʥʥʘʤʠ ʠʟ 
ʪʨʫʙʦʙʝʪʦʥʘ; d ï ʩʠʩʪʝʤʘ ʩ ʚʘʥʪʘʤʠ-ʧʦʜʚʝʩʢʘʤʠ ʧʦ ʧʘʪʝʥʪʫ Daryl G. Oster 
[16].  

ɼʣʷ ʫʯʝʪʘ ʞʝʩʪʢʦʩʪʠ ʧʠʣʦʥʦʚ ʦʨʛʘʥʠʟʦʚʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 
ʨʘʩʯʝʪʥʳʝ ʙʣʦʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʨʝʭ ʙʦʣʴʰʠʭ ʧʨʦʣʝʪʦʚ L, ʩ ʥʘʛʨʫʟʢʘʤʠ ʦʪ 
ʩʦʩʪʘʚʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʨʦʣʝʪʝ. ɺʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʦʚ 
ʙʣʦʢʦʚ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ ʚ ʵʣʝʤʝʥʪʘʭ ʠ ʧʝʨʝʤʝʱʝʥʠʡ 
ʫʟʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ SCAD Office 21.1 ʥʘ 
ʩʦʯʝʪʘʥʠʷ ʥʘʛʨʫʟʦʢ ʠ ʚʦʟʜʝʡʩʪʚʠʡ (ʩʪʘʪʠʯʝʩʢʠʝ, ʜʠʥʘʤʠʯʝʩʢʠʝ, 
ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ 
ʢʦʥʩʪʨʫʢʮʠʡ, ʩʥʝʛʦʚʳʭ, ʚʝʪʨʦʚʳʭ, ʛʦʣʦʣʝʜʥʳʭ ʥʘʛʨʫʟʦʢ, ʧʦʥʠʞʝʥʥʦʛʦ ʠ 
ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʘʛʨʫʟʦʢ ʦʪ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʢʣʶʯʘʷ 
ʧʨʦʜʦʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪ ʝʛʦ ʪʦʨʤʦʞʝʥʠʷ-ʨʘʟʛʦʥʘ). ʈʘʩʯʝʪʥʦʝ ʩʦʯʝʪʘʥʠʝ 
ʥʘʛʨʫʟʦʢ ʚʢʣʶʯʘʣʦ ʥʘʛʨʫʟʢʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʠ 
ʧʫʪʝʧʨʦʚʦʜʘ ʠ ʚʨʝʤʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʦʪ 4-ʭ ʩʦʩʪʘʚʦʚ, 
ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʠʣ ʠʭ ʨʘʟʛʦʥʘ-ʪʦʨʤʦʞʝʥʠʷ, ʚʝʪʨʦʚʦʛʦ ʥʘʧʦʨʘ, ʛʦʣʦʣʝʜʘ ʠ 
ʩʥʝʛʘ. ɿʜʝʩʴ ʚ ʨʘʩʯʝʪʘʭ ʧʨʠʥʷʪʳ ʥʦʨʤʘʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʦʪ ʚʝʩʘ 
ʯʝʪʳʨʝʭ ʧʦʝʟʜʦʚ 83,4 ʢʅ/ʤ ʠ ʙʘʣʢʠ ʧʫʪʝʧʨʦʚʦʜʘ ï 10,0 ʢʅ/ʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʥʘʡʜʝʥʳ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʫʩʠʣʠʡ ʧʨʠ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʥʝʩʫʱʠʭ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʚʘʥʪ ʠ 
ʧʦʜʚʝʩʦʢ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜ ʨʝʟʦʥʘʥʩʥʳʭ 
ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤ ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ, 
ʚʢʣʶʯʘʷ ʫʯʝʪ ʥʝʣʠʥʝʡʥʦʩʪʠ [21ï23]. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ, ʚʢʣʶʯʘʷ ʟʜʘʥʠʷ ʊʇʋ, ʚʳʧʦʣʥʷʣʦʩʴ ʧʦ 
ʧʨʝʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʡʩʪʚʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ 
ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (ʅʊɼ) ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ 
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ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ [24ï36], ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʜʣʷ 
ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʜʦ 200 ʢʤ/ʯ.  

 
 

ʈʠʩ. 5. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʙʣʦʢʠ ʩ ʚʘʨʠʘʥʪʘʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʠʩʪʝʤ: 

a - aʨʦʯʥʦ-ʚʘʥʪʦʚʘʷ; b ï ʚʘʥʪʦʚʦ-ʩʪʝʨʞʥʝʚʘʷ ʩ ʨʝʰʝʪʯʘʪʳʤʠ ʧʠʣʦʥʘʤʠ;  

c ï ʪʦ ʞʝ, ʩ ʪʨʫʙʦʙʝʪʦʥʥʳʤʠ ʧʠʣʦʥʘʤʠ; d - ʚʘʥʪʦʚʦ-ʩʪʝʨʞʥʝʚʘʷ ʩ ʧʦʜʚʝʩʢʘʤʠ 
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ʅʘ ʈʠʩ. 5 ʦʙʦʟʥʘʯʝʥʳ ʙʫʢʚʘʤʠ: Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʨʭʥʠʤʠ ʚʝʪʚʷʤʠ 
ʧʠʣʦʥʘ; ɺ ï ʰʠʨʠʥʘ ʧʠʣʦʥʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ; ʅ ï ʚʳʩʦʪʘ ʧʠʣʦʥʘ ʜʦ ʟʝʤʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ; L ï ʙʦʣʴʰʦʡ ʧʨʦʣʝʪ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠʥʷʪʳʡ 360,0 
ʤ; l ï ʧʨʦʣʝʪ ʙʘʣʢʠ ʧʫʪʝʧʨʦʚʦʜʘ, ʧʨʠʥʷʪʳʡ 45,0 ʤ. ʊʦ ʞʝ, ʮʠʬʨʘʤʠ: 1 ï 
ʙʘʣʢʘ ʧʫʪʝʧʨʦʚʦʜʘ; 2 ï ʘʨʢʘ; 3 ï ʥʝʩʫʱʠʝ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʚʘʥʪʳ; 4 ï 
ʛʠʙʢʠʝ ʧʦʜʚʝʩʢʠ; 5 ï ʜʚʫʭʚʝʪʚʝʚʳʝ ʧʠʣʦʥʳ; 6 ï ʟʘʛʣʫʙʣʝʥʥʳʝ ʬʫʥʜʘʤʝʥʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʦ 200 
ʢʤ/ʯ ʚʝʨʪʠʢʘʣʴʥʳʝ ʫʧʨʫʛʠʝ ʧʨʦʛʠʙʳ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʨʝʤʝʥʥʦʡ 
ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 1/(800-1,25L) [26] ʠʣʠ 1030 
ʤʤ ʥʘ ʙʦʣʴʰʦʤ ʧʨʦʣʝʪʝ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ L = 360,0 ʤ. ʆʜʥʘʢʦ ʚ ʩʚʷʟʠ 
ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 
ʩʦʦʨʫʞʝʥʠʡ ʜʣʷ ʩʢʦʨʦʩʪʥʦʛʦ ʠ ʩʚʝʨʭʩʢʦʨʦʩʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʝʜʝʣʴʥʦʝ 
ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʛʠʙʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʟʥʘʯʠʪɹ ʨʘʚʥʳʤ 1/600 ʦʪ ʛʣʘʚʥʦʛʦ 
ʧʨʦʣʝʪʘ L, ʢʘʢ ʥʦʨʤʠʨʫʝʪʩʷ ʚ ʥʦʨʤʘʭ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʤʦʩʪʦʚ [26], ʯʪʦ 
ʜʘʝʪ ʧʨʝʜʝʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʠʣʠ ʧʨʦʛʠʙ fu = 600 ʤʤ ʧʨʠ L = 360 ʤ. ʊʘʢʞʝ 
ʜʚʠʞʝʥʠʝ ʧʦ ʨʝʣʴʩʘʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤʝ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʧʨʠ ʨʘʟʛʦʥʝ-ʪʦʨʤʦʞʝʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ, ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʝ 
ʙʦʣʝʝ 200 ʢʤ/ʯ, ʯʪʦ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʜʦʧʫʩʢʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ 
ʅʊɼ [26] ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʜʦ ʚʚʦʜʘ ʥʦʚʳʭ ʥʦʨʤ [20]. 

ʇʦʩʣʝʜʥʠʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʢʨʠʪʝʨʠʡ ʩʪʘʣ ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʣʷ 
ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʦʣʝʪʦʚ L ʠ l ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʝʨʠʡ ʙʘʣʦʢ 
ʧʫʪʝʧʨʦʚʦʜʦʚ 3-ʪʨʫʙʥʦʛʦ ʠ 4-ʪʨʫʙʥʦʛʦ ʩʝʯʝʥʠʡ ʚ ʯʝʪʳʨʝʭ ʵʩʪʘʢʘʜʥʳʭ 
ʩʭʝʤʘʭ ʩ ʙʦʣʴʰʠʤʠ ʧʨʦʣʝʪʘʤʠ L = 1000 ʤ, 990 ʤ, 810 ʤ, 630 ʤ ʠ 360 ʤ, 
ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʙʘʣʦʢ ʧʨʦʣʝʪʘʤʠ l = 90 ʠ 45 ʤ. ɿʜʝʩʴ ʚʘʨʴʠʨʦʚʘʣʠʩʴ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʘʨʠʘʥʪʦʚ ʩʭʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʩʪʨʝʣʘ ʘʨʢʠ F, ʫʛʦʣ 
ʤʝʞʜʫ ʚʝʨʭʥʠʤʠ ʚʝʪʚʷʤʠ Ŭ ʠ ʚʳʩʦʪʘ ʢʦʣʦʥʥ H. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ 
ʪʦʣʴʢʦ ʥʘʠʤʝʥʴʰʠʝ ʠʟ ʜʘʥʥʳʭ ʧʨʦʣʝʪʦʚ ʦʢʘʟʘʣʠʩʴ ʧʨʠʝʤʣʝʤʳʤʠ ʧʦ 
ʧʨʦʛʠʙʘʤ ʚ ʩʝʨʝʜʠʥʝ ʙʦʣʴʰʦʛʦ ʠ ʤʘʣʦʛʦ ʧʨʦʣʝʪʦʚ. ʆʢʦʥʯʘʪʝʣʴʥʦ ʥʘ 
ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʧʦ ʫʩʠʣʠʷʤ ʠ ʧʨʦʛʠʙʘʤ ʦʧʨʝʜʝʣʝʥ 
ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ï ʘʨʦʯʥʦ-ʚʘʥʪʦʚʘʷ ʩʠʩʪʝʤʘ ʠʩʧʦʣʥʝʥʠʷ ʩ ʧʨʦʣʝʪʘʤʠ 
L = 360,0 ʤ, l =  45,0 ʤ ʠ ʧʠʣʦʥʘʤʠ ʚʳʩʦʪʦʡ 81,0 ʤ (ʊʘʙʣ. 2). 

ɸʨʦʯʥʦ-ʚʘʥʪʦʚʳʡ ʧʦʜʚʘʨʠʘʥʪ ʩ ʤʝʥʴʰʝʡ ʩʪʨʝʣʦʡ F = 36 ʤ ʦʢʘʟʘʣʩʷ 
ʤʝʥʝʝ ʤʝʪʘʣʣʦʝʤʢʠʤ ʥʘ 1,5 %, ʥʝʞʝʣʠ ʧʦʜʚʘʨʠʘʥʪ ʩ ʙʦʣʴʰʝʡ ʩʪʨʝʣʦʡ        
F = 45 ʤ, ʪʨʝʙʫʶʱʠʡ ʤʘʪʝʨʠʘʣʦʝʤʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʭʨʝʙʪʦʚʦʛʦ ʙʣʦʢʘ ʠʟ ʜʚʫʭ ʘʨʦʢ ʠʟ ʧʣʦʩʢʦʩʪʠ ʠʭ ʧʣʦʩʢʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ 
ʫʪʦʣʱʝʥʠʷ ʪʨʫʙ. ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʠʛʨʳʚʘʝʪ ʚʳʙʨʘʥʥʦʤʫ ʘʨʦʯʥʦ-ʚʘʥʪʦʚʦʤʫ 
ʚʘʨʠʘʥʪʫ ʩʘʤʳʡ ʢʦʥʢʫʨʝʥʪʥʳʡ ʚʘʨʠʘʥʪ ï ʚʘʥʪʦʚʦ-ʩʪʝʨʞʥʝʚʘʷ ʩʭʝʤʘ ʩ 
ʧʦʜʚʝʩʢʘʤʠ ʧʦ ʧʨʠʯʠʥʝ ʚʳʩʦʢʦʛʦ ʧʠʣʦʥʘ ʅ = 161 ʤ ʠ ʧʦʚʳʰʝʥʥʦʛʦ 
ʨʘʩʭʦʜʘ ʢʘʥʘʪʥʦʡ ʩʪʘʣʠ ʚ ʩʚʷʟʠ ʩ ʢʦʣʦʩʩʘʣʴʥʳʤʠ ʫʩʠʣʠʷʤʠ ʚ ʯʝʪʳʨʝʭ 
ʦʩʥʦʚʥʳʭ ʚʘʥʪʘʭ, ʢ ʢʦʪʦʨʳʤ ʧʦʜʚʝʰʠʚʘʝʪʩʷ ʙʘʣʢʘ ʧʫʪʝʧʨʦʚʦʜʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʝʥ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʨʘʩʭʦʜ 
ʥʘ ʚʩʝ ʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʙʦʣʴʰʦʛʦ ʧʨʦʣʝʪʘ L = 360 ʤ, ʚʢʣʶʯʘʷ ʧʠʣʦʥ, 
ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 7527,6 ʪʦʥʥ ʠʣʠ 20,9 ʪʦʥʥ ʥʘ 1 ʤ ʜʣʠʥʳ ʤʘʛʠʩʪʨʘʣʠ. 
ʅʘʧʨʠʤʝʨ, ʥʘ ʧʦʩʪʨʦʡʢʫ ʩʝʚʝʨʥʦʛʦ ʫʯʘʩʪʢʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ 
ʜʣʠʥʦʡ 62,6 ʢʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʟʨʘʩʭʦʜʦʚʘʪʴ 1309 ʢʠʣʦʪʦʥʥ ʩʪʘʣʠ.  
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ʊʘʙʣʠʮʘ 2. ʄʘʢʩʠʤʘʣʴʥʳʝ ʫʩʠʣʠʷ ʠ ʧʨʦʛʠʙʳ ʚ ʩʝʨʝʜʠʥʝ ʙʦʣʴʰʦʛʦ ʧʨʦʣʝʪʘ L 

 
ʀʟ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʩʯʝʪʥʘʷ ʩʪʦʠʤʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ (ʧʨʠ 
ʜʚʫʭʧʫʪʥʦʡ ʩʭʝʤʝ) ʥʘ ʩʫʭʦʧʫʪʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 
ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʙʫʜʝʪ ʥʠʞʝ ʚ 5ï6 ʨʘʟ, ʘ ʥʘ ʤʦʨʩʢʠʭ 
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ʫʯʘʩʪʢʘʭ ï ʚ 3ï4 ʨʘʟʘ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʠʤʠ ʧʠʣʦʥʘʤʠ ʠ ʛʣʫʙʦʢʠʤʠ ʩʚʘʡʥʳʤʠ 
ʬʫʥʜʘʤʝʥʪʘʤʠ. 

ɺ ʩʪʘʪʴʝ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʨʘʩʯʝʪʥʘʷ 
ʤʦʜʝʣʴ, ʜʦʩʪʦʚʝʨʥʦ ʦʪʦʙʨʘʞʘʶʱʘʷ ʘʨʦʯʥʦ-ʚʘʥʪʦʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ɺʉʊʄ 
ʠ ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʩʣʝʜʫʶʱʠʝ ʠʪʝʨʘʮʠʦʥʥʳʝ ʫʪʦʯʥʝʥʠʷ ʩ 
ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʝʝ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ. ʊʘʢ ʧʨʠ ʧʨʦʜʦʣʞʝʥʠʠ 
ʨʘʙʦʪʳ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʪʨʘʙʦʪʘʪʴ ʚʘʨʠʘʥʪ rʢʦʥʩʪʨʫʢʮʠʡ 
ʠ ʧʫʪʝʧʨʦʚʦʜʘ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ ʯʝʪʳʨʝʭ ʪʨʫʙ ʩ ʜʠʘʤʝʪʨʘʤʠ 3020 ʤʤ ʠ 
3820 ʤʤ ʧʨʠ ʚʥʫʪʨʝʥʥʝʤ ʨʘʟʨʷʞʝʥʠʠ ʜʦ 50ï75 % ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ 
ʜʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ Vmax, 
ʚʳʧʦʣʥʠʪʴ ʧʨʦʝʢʪ ʫʯʘʩʪʢʘ ɺʉʊʄ ʜʣʷ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʤʝʛʘʧʦʣʠʩʘ ʩ 
ʬʫʥʜʘʤʝʥʪʘʤʠ ʥʘ ʚʠʙʨʦʧʦʛʨʫʞʘʝʤʳʭ ʩʚʘʷʭ ʠ ʪ.ʜ.    

 

ЗАКЛЮЧЕНИЕ 

 

1. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʦʢ ʧʨʝʜʣʦʞʝʥʦ ʧʨʝʜʧʨʦʝʢʪʥʦʝ 

ʨʝʰʝʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʫʩʪʨʘʠʚʘʝʤʦʡ ʥʘ 

ʛʨʘʥʠʮʘʭ ʩʚʷʟʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʜʣʷ ʯʝʪʳʨʝʭʧʫʪʥʦʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ 

ʨʘʩʯʝʪʥʳʡ ʦʙʲʝʤ ʧʘʩʩʘʞʠʨʦʧʝʨʝʚʦʟʦʢ ʚ ʩʫʪʢʠ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪ ɹ280 ʪʳʩ. 

ʧʘʩʩʘʞʠʨʦʚ, ʘ ʚ ʛʦʜ ï 102 ʤʣʥ. ʧʘʩʩʘʞʠʨʦʚ, ʢʦʪʦʨʳʡ ʚʧʦʣʥʝ ʩʦʧʦʩʪʘʚʠʤ ʩ 

ʜʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʣʠʥʠʠ ʤʝʪʨʦʧʦʣʠʪʝʥʘ. 
2. ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʤʘʛʠʩʪʨʘʣʴ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, 

ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪ ɹʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʦʢʨʫʞʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʘʩʩʘʞʠʨʦʚ 
ʢʘʢ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ, ʪʘʢ ʠ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʠ ʦʙʨʘʪʥʦ, ʤʠʥʫʷ ʦʩʥʦʚʥʳʝ 
ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʫʪʠ ʤʝʛʘʧʦʣʠʩʘ, ʧʨʝʦʜʦʣʝʚʘʷ ʧʨʝʛʨʘʜʳ ʠ ʧʨʦʭʦʜʷ ʥʘʜ 
ʚʳʩʦʪʥʦʡ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʦʡ. ʊʘʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʝʟʜʘ ʦʪ 
ʊʇʋ çʉʝʩʪʨʦʨʝʮʢè ʜʦ ʊʇʋ çʈʳʙʘʮʢʦʝè, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʭʝʤʝ 
ʜʠʘʤʝʪʨʘʣʴʥʦ, ʩʦʩʪʘʚʠʪ ʥʝ ʙʦʣʝʝ 20 ʤʠʥʫʪ. 

3. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʘʨʠʘʥʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʥʷʪ ʘʨʦʯʥʦ-
ʚʘʥʪʦʚʳʡ ʚʘʨʠʘʥʪ ʩ ʧʨʦʣʝʪʦʤ 360 ʤ ʧʦ ʢʨʠʪʝʨʠʶ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ, ʧʨʠ 
ʵʪʦʤ ʨʘʩʭʦʜ ʩʪʘʣʠ ʩʦʩʪʘʚʠʣ 20,9 ʪʦʥʥ ʥʘ 1 ʤ ʜʣʠʥʳ ʤʘʛʠʩʪʨʘʣʠ. ʀʟ 
ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʘʛʠʩʪʨʘʣʠ 
ʥʘ ʟʝʤʥʳʭ ʫʯʘʩʪʢʘʭ (ʜʚʫʭʧʫʪʥʘʷ ʩʭʝʤʘ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ 
ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʦʞʠʜʘʝʪʩʷ ʚ 5ï6 ʨʘʟ ʥʠʞʝ, ʘ ʥʘ ʤʦʨʩʢʠʭ ʫʯʘʩʪʢʘʭ ï              
ʚ 3ï4 ʨʘʟʘ ʥʠʞʝ ʟʘ ʩʯʝʪ ʚʳʩʦʢʠʭ ʧʠʣʦʥʦʚ ʠ ʛʣʫʙʦʢʠʭ ʩʚʘʡʥʳʭ 
ʬʫʥʜʘʤʝʥʪʦʚ. 

4. ʇʨʠ ʧʨʦʜʦʣʞʝʥʠʠ ʨʘʙʦʪʳ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 
ʦʪʨʘʙʦʪʘʪʴ ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʫʪʝʧʨʦʚʦʜʘ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ 
ʯʝʪʳʨʝʭ ʪʨʫʙ ʜʠʘʤʝʪʨʦʤ 3020 ʤʤ ʠ 3820 ʤʤ ʧʨʠ ʚʥʫʪʨʝʥʥʝʤ ʨʘʟʨʷʞʝʥʠʠ 
ʜʦ 50ï75 % ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ 
ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ Vmax, ʚʳʧʦʣʥʠʪʴ ʧʨʦʝʢʪ ʫʯʘʩʪʢʘ ɺʉʊʄ 
ʜʣʷ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʤʝʛʘʧʦʣʠʩʘ ʩ ʬʫʥʜʘʤʝʥʪʘʤʠ ʥʘ ʚʠʙʨʦʧʦʛʨʫʞʘʝʤʳʭ 
ʩʚʘʷʭ ʠ ʪ.ʜ.    
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