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ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʧʦʜʚʝʩʢʠ ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ 

ʩʠʜʝʥʠʡ, ʚʳʜʝʣʝʥʳ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʩʠʩʪʝʤ 

ʧʦʜʨʝʩʩʦʨʠʚʘʥʠʷ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʪʨʘʢʪʦʨʥʦʝ ʩʠʜʝʥʴʝ, ʧʦʜʚʝʩʢʘ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʫʧʨʫʛʠʡ 

ʵʣʝʤʝʥʪ. 

Abstract: The article analyzes the pneumatic suspensions of autotractor seats, allocated their 

preferred traits in comparison with other types of suspension systems and the main directions of 

development of their structural schemes. 

Keywords: autotractor seat, suspension, pneumatic elastic element. 
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ʛʣʘʚʥʦʝ, ʥʘ ʧʦʩʣʝʜʫʶʱʝʤ ʬʠʟʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʢʪʦʨʦʤ. ʇʦʚʳʰʝʥʠʝ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʮʝʣʝʡ ʨʘʙʦʪ ʤʥʦʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʠʥʞʝʥʝʨʦʚ, 

ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ 

ʘʚʪʦʪʨʘʢʪʦʨʥʦʡ ʪʝʭʥʠʢʠ. 

ʉʠʜʝʥʴʝ ï ʧʦʩʣʝʜʥʝʝ ʟʚʝʥʦ ʚ ʩʣʦʞʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʮʝʧʠ ʧʝʨʝʜʘʯʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʢ ʪʝʣʫ ʯʝʣʦʚʝʢʘ. ʇʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʳ ʚʠʙʨʦʟʘʱʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʝʛʦ ʧʦʜʚʝʩʢʠ. 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʚʝʩʦʢ ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʩʠʜʝʥʠʡ 

ʧʘʩʩʠʚʥʦʛʦ ʪʠʧʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʫʧʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ 

ʛʘʩʠʪʝʣʷʤʠ ʢʦʣʝʙʘʥʠʡ (ʨʠʩ. 1) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʟʦʥʝ ʨʝʟʦʥʘʥʩʘ, ʧʨʠ 

ʩʧʣʦʰʥʦʤ ʩʧʝʢʪʨʝ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʣʘ ʢʘʙʠʥʳ [2]. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [1], 

ʩʥʠʞʝʥʠʷ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʜʨʝʩʩʦʨʝʥʥʦʡ ʤʘʩʩʳ ʙʫʜʝʪ ʧʦʯʪʠ ʚ 1,54 ʨʘʟʘ 

ʤʝʥʴʰʝ ʯʘʩʪʦʪʳ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʣʘ ʢʘʙʠʥʳ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʣʦʩʘ ʦʩʥʦʚʥʳʭ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʚʦʟʤʫʱʝʥʠʡ ʪʨʘʢʪʦʨʥʦʡ ʢʘʙʠʥʳ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 1é4 ɻʮ, ʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʧʦʜʚʝʩʦʢ ʨʘʚʝʥ 

0,3é0,35, ʵʪʦ ʪʨʫʜʥʦ ʦʙʝʩʧʝʯʠʪʴ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʫʜʘʨʦʚ ʚ 

ʦʛʨʘʥʠʯʠʪʝʣʠ ʠ ʥʝʫʜʦʙʩʪʚ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʭʦʜʘ [2]. 
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ʈʠʩʫʥʦʢ 1. ʇʦʜʨʝʩʩʦʨʝʥʥʦʝ ʩʠʜʝʥʴʝ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʫʧʨʫʛʠʤ ʵʣʝʤʝʥʪʦʤ ʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʘʤʦʨʪʠʟʘʪʦʨʦʤ 

 

ʇʦʜʚʝʩʢʠ ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʩʠʜʝʥʠʡ ʩ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʫʧʨʫʛʠʤ ʵʣʝʤʝʥʪʦʤ 

(ʨʠʩ. 2) [3,4] ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʧʦʜʚʝʩʦʢ ʦʙʣʘʜʘʶʪ 

ʮʝʣʳʤ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: 

- ʥʝʣʠʥʝʡʥʦʩʪʴ ʫʧʨʫʛʦʜʝʤʧʬʠʨʫʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʘʷ ʫʩʪʨʘʥʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʨʦʚ ʚ ʦʛʨʘʥʠʯʠʪʝʣʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʙʦʷ ʧʦʜʚʝʩʢʠ; 

- ʫʜʦʙʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʣʦʞʝʥʠʷ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ 

ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ; 

- ʤʘʣʘʷ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ; 

- ʚʳʩʦʢʠʝ ʰʫʤʦʠʟʦʣʠʨʫʶʱʠʝ ʢʘʯʝʩʪʚʘ. 
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ʈʠʩʫʥʦʢ 2. ʇʦʜʚʝʩʢʘ ʩʠʜʝʥʴʷ ʩ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʫʧʨʫʛʠʤ ʵʣʝʤʝʥʪʦʤ 

 

ʀʟ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʧʦʜʚʝʩʢʠ ʚʝʨʦʷʪʥʦʩʪʴ ʯʨʝʟʤʝʨʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʦʜʘ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ. ɺʩʝ ʵʪʦ ʦʙʦʩʥʦʚʳʚʘʝʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʠʩʪʝʤ ʧʦʜʨʝʩʩʦʨʠʚʘʥʠʷ ʩʠʜʝʥʠʡ ʚ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʟʘʨʫʙʝʞʥʳʭ, ʪʨʘʢʪʦʨʦʚ [5,6,7,8,9,10,11]. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʧʦʜʚʝʩʦʢ ʩʚʷʟʘʥʦ ʩ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʘʢʦʛʦ ʚʘʞʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʘʢ ʧʥʝʚʤʘʪʠʯʝʩʢʦʝ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢ ʦʩʥʦʚʥʦʡ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʧʦʜʩʦʝʜʠʥʷʶʪʩʷ ʦʜʥʘ, ʜʚʝ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʢʘʤʝʨ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʦʙʲʝʤʦʤ ʚʦʟʜʫʭʘ. ʋʧʨʘʚʣʷʪʴ ʛʘʰʝʥʠʝʤ ʢʦʣʝʙʘʥʠʡ ʧʦʜʨʝʩʩʦʨʝʥʥʦʡ ʤʘʩʩʳ ʤʦʞʥʦ 

ʟʘ ʩʯʝʪ çʚʢʣʶʯʝʥʠʷ-ʦʪʢʣʶʯʝʥʠʷè ʩʚʷʟʠ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʧʦʣʦʩʪʷʤʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʧʨʠ 
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ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʢʣʘʧʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʦʣʫʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ 

ʚʳʙʦʨ ʫʧʨʫʛʦʜʝʤʧʬʠʨʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʫʩʣʦʚʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ (ʘʤʧʣʠʪʫʜʳ, ʯʘʩʪʦʪʳ, 

ʥʘʧʨʘʚʣʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ). 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʨʘʙʦʯʝʡ ʢʘʤʝʨʦʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ 

ʧʝʨʝʪʝʢʘʶʱʝʛʦ ʚʦʟʜʫʭʘ (ʧʦʛʣʦʱʝʥʠʷ ʢʦʣʝʙʘʥʠʡ) ʚ ʩʚʦʠʭ ʮʝʣʷʭ, ʢ ʧʨʠʤʝʨʫ, ʜʣʷ 

ʩʦʚʝʨʰʝʥʠʷ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ. ʆʧʠʩʘʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʦʩʪʘʪʦʯʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʧʦʜʚʝʩʦʢ ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʩʠʜʝʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ ʩʪʘʥʜʘʨʪʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʵʪʘʧʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ 

ʧʨʦʠʟʚʦʜʩʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ; ʧʨʝʜʧʨʠʷʪʠʝ; ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ; ʢʦʥʪʨʦʣʣʝʨʳ 

Abstract: In this paper, we consider standards of process automation division into stages 

and characteristics which can determine that the produc automated. 

Keywords: automation; business; industry; controllers 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ï ɻ ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʘʤʦʨʝʛʫʣʠʨʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ, ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʩʚʦʙʦʞʜʘʶʱʠʭ ʯʝʣʦʚʝʢʘ ʦʪ ʫʯʘʩʪʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʧʦʣʫʯʝʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʝʨʝʜʘʯʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʠʥʬʦʨʤʘʮʠʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʶʱʠʭ ʩʪʝʧʝʥʴ ʵʪʦʛʦ ʫʯʘʩʪʠʷ ʠʣʠ ʪʨʫʜʦʸʤʢʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ. 

ʊʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʪʯʠʢʦʚ (ʩʝʥʩʦʨʦʚ), ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ, 
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ʫʧʨʘʚʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ʢʦʥʪʨʦʣʣʝʨʦʚ), ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʫʩʪʨʦʡʩʪʚ 

ʚʳʚʦʜʘ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʫʶ ʪʝʭʥʠʢʫ ʠ ʤʝʪʦʜʳ ʚʳʯʠʩʣʝʥʠʡ, ʠʥʦʛʜʘ 

ʢʦʧʠʨʫʶʱʠʝ ʥʝʨʚʥʳʝ ʠ ʤʳʩʣʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʯʝʣʦʚʝʢʘ. 

ʎʝʣʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʫʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʦʧʪʠʤʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʫʩʪʨʘʥʝʥʠʝ ʯʝʣʦʚʝʢʘ ʦʪ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʦʧʘʩʥʳʭ ʜʣʷ ʟʜʦʨʦʚʴʷ, ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʚʝʨʪʠʨʫʝʤʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ [1].  

ɸʚʪʦʤʘʪʠʟʘʮʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʦʩʪʝʡʰʠʭ ʩʣʫʯʘʝʚ, ʪʨʝʙʫʝʪ 

ʢʦʤʧʣʝʢʩʥʦʛʦ, ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ, ʧʦʵʪʦʤʫ ʨʝʰʝʥʠʷ ʩʪʦʷʱʠʭ 

ʧʝʨʝʜ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʟʘʜʘʯ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪʩʷ ʩʠʩʪʝʤʘʤʠ, ʥʘʧʨʠʤʝʨ: ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ); ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ 

(ʉɸʇʈ); ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ 

(ɸʉʋ ʊʇ). 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: 

ï ʟʘʤʝʥʘ ʯʝʣʦʚʝʢʘ ʚ ʟʘʜʘʯʘʭ, ʚʢʣʶʯʘʶʱʠʭ ʪʷʞʝʣʳʡ ʬʠʟʠʯʝʩʢʠʡ ʠʣʠ 

ʤʦʥʦʪʦʥʥʳʡ ʪʨʫʜ; 

ï ʟʘʤʝʥʘ ʯʝʣʦʚʝʢʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯ ʚ ʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭ (ʘ ʠʤʝʥʥʦ: 

ʧʦʞʘʨ, ʢʦʩʤʦʩ, ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ, ʷʜʝʨʥʳʝ ʦʙʲʝʢʪʳ, ʧʦʜ ʚʦʜʦʡ ʠ ʪ.ʜ.); 

ï ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʯʝʣʦʚʝʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʚʝʩʫ, ʩʢʦʨʦʩʪʠ, ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʪ.ʜ.; 

ï ɻ ʢʦʥʦʤʠʢʘ ʫʣʫʯʰʝʥʠʷ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʫʣʫʯʰʝʥʠʷ ʚ 

ʵʢʦʥʦʤʠʢʫ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʙʱʝʩʪʚʘ ʠʣʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚʘ.  

ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: 

ï ʨʦʩʪ ʫʨʦʚʥʷ ʙʝʟʨʘʙʦʪʠʮʳ ʠʟ-ʟʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʣʶʜʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 
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ʟʘʤʝʥʳ ʠʭ ʪʨʫʜʘ ʤʘʰʠʥʥʳʤ; 

ï ʪʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ; 

ï ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʫʷʟʚʠʤʦʩʪʴ); 

ï ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ; 

ï ʚʳʩʦʢʘʷ ʥʘʯʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ. 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ ʠ 

ʩʨʝʜʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʠʣʠ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʩʘʤʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʙʝʟ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ, ʣʠʙʦ ʦʩʪʘʚʣʝʥʠʷ ʟʘ ʯʝʣʦʚʝʢʦʤ ʧʨʘʚʘ 

ʧʨʠʥʷʪʠʷ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ [1]. 

ʆṦʩʥʦʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯṦʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï ʵʪʦ 

ʧʝʨʝʨʘʩṦʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ, ʵʥʝʨʛʝʪʠʯṦʝʩṦʢʠʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ 

ʩṦʦʦʪʚʝʪʩṦʪʚʠʠ ʩṦ ʧʨʠʥʷṦʪʳʤṦ ʢʨʠʪʝʨʠʝʤṦ ʫʧʨʘʚʣʝʥʠʷṦ (ʦʧʪʠṦʤṦʘʣʴʥʦʩṦʪʠṦ). 

ʆṦʩṦʥʦʚʥʳʝ ʮʝʣʠṦ ʘʚʪʦʤṦʘʪʠṦʟʘʮʠṦʠṦ ʪʝʭʥʦʣʦʛʠṦʯṦʝʩṦʢʠṦʭ ʧʨʦʮʝʩṦʩṦʦʚ: 

ï ʧʦʚʳʰʝʥʠṦʝ ʵʬʬʝʢʪʠṦʚʥʦʩṦʪʠṦ ʧʨʦʠṦʟʚʦʜʩṦʪṦʚʝʥʥʦʛʦ ʧʨʦʮʝʩṦʩṦʘ; 

ï ʧʦʚʳʰʝʥʠṦʝ ʙʝʟʦʧʘʩṦʥʦʩṦʪṦʠṦ; 

ï ʧʦʚʳʰʝʥʠṦʝ ʵʢʦʣʦʛʠṦʯṦʥʦʩṦʪṦʠṦ; 

ï ʧʦʚʳʰʝʥʠṦʝ ʵʢʦʥʦʤṦʠṦʯṦʥʦʩṦʪṦʠṦ. 

ɼṦʦʩṦʪṦʠṦʞṦʝʥʠṦʝ ʮʝʣṦʝʡ ʦʩṦʫʱʝʩṦʪṦʚʣṦ̫ṦʝʪṦʩṦ̫Ṧ ʧʦʩṦʨʝʜṦʩṦʪṦʚʦṦʤṦ ʨʝʰʝʥʠṦ̫Ṧ ʩṦʣṦʝʜṦʫ ṦɦʁʠṦʭ 

ʟʘʜṦʘʯṦ: 

ï ʫʣṦʫʯṦhʝʥʠṦʝ ʢʘʯṦʝʩṦʪṦʚʘ ʨʝʛʫʣṦʠṦʨʦṦʚʘʥʠṦ̫Ṧ; 

ï ʧʦṦʚʳʰʝʥʠṦʝ ʢʦṦɻṦʬʬʠṦʮʠṦʝʥʪṦʘ ʛʦṦʪṦʦṦʚʥʦṦʩṦʪṦʠṦ ʦṦʙṦʦṦʨṦʫʜṦʦṦʚʘʥʠṦ̫Ṧ; 

ï ʫʣṦʫʯṦhʝʥʠṦʝ ʵṦʨṦʛʦṦʥʦṦʤṦʠṦʢʠṦ ʪṦʨṦʫʜṦʘ ʦṦʧṦʝʨṦʘʪṦʦṦʨṦʦṦʚ ʧṦʨṦʦṦʮʝʩṦʩṦʘ; 
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ï ʦṦʙṦʝʩṦʧṦʝʯṦʝʥʠṦʝ ʜṦʦṦʩṦʪṦʦṦʚʝʨṦʥʦṦʩṦʪṦʠṦ ʠṦʥʬʦṦʨṦʤṦʘṦʮʠṦʠṦ ʦṦ ʤṦʘṦʪṦʝʨṦʠṦʘṦʣṦɹṦʥʳʭ ʢʦṦʤṦʧṦʦṦʥʝʥʪṦʘṦʭ, 

ʧṦʨṦʠṦʤṦʝʥṦ̫ʝʤṦrʭ ʚṦ ʧṦʨṦʦṦʠṦʟʚṦʦṦʜṦʩṦʪṦʚṦʝ (ʚṦ ʪṦ.ʯṦ. ʩṦ ʧṦʦṦʤṦʦṦɦ ṦʁɹṦ ʫʧṦʨṦʘṦʚṦʣṦʝʥʠṦ̫Ṧ ʢʘṦʪṦʘṦʣṦʦṦʛʦṦʤṦ); 

ï ʭʨṦʘṦʥʝʥʠṦʝ ʠṦʥʬṦʦṦʨṦʤṦʘṦʮṦʠṦʠṦ ʦṦ ʭʦṦʜṦʝṦ ʪṦʝṦʭʥʦṦʣṦʦṦʛʠṦʯṦʝṦʩṦʢṦʦṦʛʦṦ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʘṦ ʠṦ ʘṦʚṦʘṦʨṦʠṦʡṦʥṦrʭ 

ʩṦʠṦʪṦʫṦʘṦʮṦʠṦ̫Ṧʭ. 

ɸṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟʘṦʮṦʠṦ̫Ṧ ʪṦʝṦʭʥṦʦṦʣṦʦṦʛʠṦʯṦʝṦʩṦʢṦʠṦʭ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʦṦʚṦ ʚṦ ʨṦʘṦʤṦʢṦʘṦʭ ʦṦʜṦʥṦʦṦʛṦʦṦ 

ʧṦʨṦʦṦʠṦʟṦʚṦʦṦʜṦʩṦʪṦʚṦʝṦʥṦʥṦʦṦʛṦʦṦ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʘ ʧṦʦṦʟṦʚṦʦṦʣṦ̫ṦʝṦʪ ʦṦʨṦʛṦʘṦʥṦʠṦʟṦʦṦʚṦʘṦʪṦɹ ʦṦʩṦʥṦʦṦʚṦʫ ʜṦʣṦ̫ ʚṦʥṦʝṦʜṦʨṦʝṦʥṦʠṦ̫ 

ʩṦʠṦʩṦʪṦʝṦʤ ʫṦʧṦʨṦʘṦʚṦʣṦʝṦʥṦʠṦ̫ ʧṦʨṦʦṦʠṦʟṦʚṦʦṦʜṦʩṦʪṦʚṦʦṦʤ ʠ ʩṦʠṦʩṦʪṦʝṦʤ ʫṦʧṦʨṦʘṦʚṦʣṦʝṦʥṦʠṦ̫ ʧṦʨṦʝṦʜṦʧṦʨṦʠṦ̫ṦʪṦʠṦʝṦʤ [2]. 

ʂṦʘṦʢ ʧṦʨṦʘṦʚṦʠṦʣṦʦṦ, ʚ ʨṦʝṦʟṦʫṦʣṦɹṦʪṦʘṦʪṦʝ ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʘṦʮṦʠṦʠ ʪṦʝṦʭṦʥṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʦṦʛṦʦ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʘ 

ʩṦʦṦʟṦʜṦʘṦyʪṦʩṦ̫ ɸṦʉṦʋṦʊṦʇṦ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ 

(ɸʉʋʊʇ) ï ʢṦʦṦʤṦʧṦʣṦʝṦʢṦʩ ʧṦʨṦʦṦʛṦʨṦʘṦʤṦʤṦʥṦrṦʭ ʠ ʪṦʝṦʭṦʥṦʠṦʯṦʝṦʩṦʢṦʠṦʭ ʩṦʨṦʝṦʜṦʩṦʪṦʚṦ, ʧṦʨṦʝṦʜṦʥṦʘṦʟṦʥṦʘṦʯṦʝṦʥṦʥṦrṦʡ ʜṦʣṦ̫ 

ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʘṦʮṦʠṦʠ ʫṦʧṦʨṦʘṦʚṦʣṦʝṦʥṦʠṦ̫ ʪṦʝṦʭṦʥṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʠṦʤ ʦṦʙṦʦṦʨṦʫṦʜṦʦṦʚṦʘṦʥṦʠṦʝṦʤ ʥṦʘ ʧṦʨṦʝṦʜṦʧṦʨṦʠṦ̫ṦʪṦʠṦ̫ṦʭṦ. 

ʄṦʦṦʞṦʝṦʪ ʠṦʤṦʝṦʪṦɹ ʩṦʚṦ̫ṦʟṦɹ ʩ ʙṦʦṦʣṦʝṦʝ ʛṦʣṦʦṦʙṦʘṦʣṦɹṦʥṦʦṦʡ ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʠṦʨṦʦṦʚṦʘṦʥṦʥṦʦṦʡ ʩṦʠṦʩṦʪṦʝṦʤṦʦṦʡ 

ʫṦʧṦʨṦʘṦʚṦʣṦʝṦʥṦʠṦ̫ ʧṦʨṦʝṦʜṦʧṦʨṦʠṦ̫ṦʪṦʠṦʝṦʤ (ɸṦʉṦʋṦʇṦ). 

ʇṦʦṦʜ ɸṦʉṦʋṦʊṦʇ ʦṦʙṦrṦʯṦʥṦʦ ʧṦʦṦʥṦʠṦʤṦʘṦʝṦʪṦʩṦ̫ ʢṦʦṦʤṦʧṦʣṦʝṦʢṦʩṦʥṦʦṦʝ ʨṦʝṦhṦʝṦʥṦʠṦʝṦ, ʦṦʙṦʝṦʩṦʧṦʝṦʯṦʠṦʚṦʘṦʁṦɦṦʝṦʝ 

ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʘṦʮṦʠṦʁ ʦṦʩṦʥṦʦṦʚṦʥṦrṦʭ ʪṦʝṦʭṦʥṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʠṦʭ ʦṦʧṦʝṦʨṦʘṦʮṦʠṦʡ ʪṦʝṦʭṦʥṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʦṦʛṦʦ 

ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʘ ʥṦʘ ʧṦʨṦʦṦʠṦʟṦʚṦʦṦʜṦʩṦʪṦʚṦʝṦ, ʚ ʮṦʝṦʣṦʦṦʤ ʠṦʣṦʠ ʢṦʘṦʢṦʦṦʤṦ-ʪṦʦ ʝṦʛṦʦ ʫṦʯṦʘṦʩṦʪṦʢṦʝṦ, ʚṦrṦʧṦʫṦʩṦʢṦʘṦʁṦɦṦʝṦʤ 

ʦṦʪṦʥṦʦṦʩṦʠṦʪṦʝṦʣṦɹṦʥṦʦ ʟṦʘṦʚṦʝṦʨṦhṦʝṦʥṦʥṦrṦʡ ʧṦʨṦʦṦʜṦʫṦʢṦʪṦ. 

ʊṦʝṦʨṦʤṦʠṦʥ çʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʠṦʨṦʦṦʚṦʘṦʥṦʥṦrṦʡṦè ʚ ʦṦʪṦʣṦʠṦʯṦʠṦʝ ʦṦʪ ʪṦʝṦʨṦʤṦʠṦʥṦʘ çʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʯṦʝṦʩṦʢṦʠṦʡṦè 

ʧṦʦṦʜṦʯṦʝṦʨṦʢṦʠṦʚṦʘṦʝṦʪ ʚṦʦṦʟṦʤṦʦṦʞṦʥṦʦṦʩṦʪṦɹ ʫṦʯṦʘṦʩṦʪṦʠṦ̫ ʯṦʝṦʣṦʦṦʚṦʝṦʢṦʘ ʚ ʦṦʪṦʜṦʝṦʣṦɹṦʥṦrṦʭ ʦṦʧṦʝṦʨṦʘṦʮṦʠṦ̫ṦʭṦ, ʢṦʘṦʢ ʚ ʮṦʝṦʣṦ̫Ṧʭ 

ʩṦʦṦʭṦʨṦʘṦʥṦʝṦʥṦʠṦ̫ ʯṦʝṦʣṦʦṦʚṦʝṦʯṦʝṦʩṦʢṦʦṦʛṦʦ ʢṦʦṦʥṦʪṦʨṦʦṦʣṦ̫ ʥṦʘṦʜ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʦṦʤṦ, ʪṦʘṦʢ ʠ ʚ ʩṦʚṦ̫ṦʟṦʠ ʩṦʦ ʩṦʣṦʦṦʞṦʥṦʦṦʩṦʪṦɹṦʁ 

ʠṦʣṦʠ ʥṦʝṦʮṦʝṦʣṦʝṦʩṦʦṦʦṦʙṦʨṦʘṦʟṦʥṦʦṦʩṦʪṦɹṦʁ ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʘṦʮṦʠṦʠ ʦṦʪṦʜṦʝṦʣṦɹṦʥṦrṦʭ ʦṦʧṦʝṦʨṦʘṦʮṦʠṦʡṦ. 

ʉṦʦṦʩṦʪṦʘṦʚṦʥṦrṦʤṦʠ ʯṦʘṦʩṦʪṦ̫ṦʤṦʠ ɸṦʉṦʋṦʊṦʇ ʤṦʦṦʛṦʫṦʪ ʙṦrṦʪṦɹ ʦṦʪṦʜṦʝṦʣṦɹṦʥṦrṦʝ ʩṦʠṦʩṦʪṦʝṦʤṦr 

ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʯṦʝṦʩṦʢṦʦṦʛṦʦ ʫṦʧṦʨṦʘṦʚṦʣṦʝṦʥṦʠṦ̫ (ʉṦɸṦʋṦ) ʠ ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʠṦʨṦʦṦʚṦʘṦʥṦʥṦrṦʝ ʫṦʩṦʪṦʨṦʦṦʡṦʩṦʪṦʚṦʘṦ, 

ʩṦʚṦ̫ṦʟṦʘṦʥṦʥṦrṦʝ ʚ ʝṦʜṦʠṦʥṦrṦʡ ʢṦʦṦʤṦʧṦʣṦʝṦʢṦʩṦ. ʂṦʘṦʢ ʧṦʨṦʘṦʚṦʠṦʣṦʦ ɸṦʉṦʋṦʊṦʇ ʠṦʤṦʝṦʝṦʪ ʝṦʜṦʠṦʥṦʫṦʁ ʩṦʠṦʩṦʪṦʝṦʤṦʫ 
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ʦṦʧṦʝṦʨṦʘṦʪṦʦṦʨṦʩṦʢṦʦṦʛṦʦ ʫṦʧṦʨṦʘṦʚṦʣṦʝṦʥṦʠṦ̫ ʪṦʝṦʭṦʥṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʠṦʤ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʦṦʤ ʚ ʚṦʠṦʜṦʝ ʦṦʜṦʥṦʦṦʛṦʦ ʠṦʣṦʠ 

ʥṦʝṦʩṦʢṦʦṦʣṦɹṦʢṦʠṦʭ ʧṦʫṦʣṦɹṦʪṦʦṦʚ ʫṦʧṦʨṦʘṦʚṦʣṦʝṦʥṦʠṦ̫Ṧ, ʩṦʨṦʝṦʜṦʩṦʪṦʚṦʘ ʦṦʙṦʨṦʘṦʙṦʦṦʪṦʢṦʠ ʠ ʘṦʨṦʭṦʠṦʚṦʠṦʨṦʦṦʚṦʘṦʥṦʠṦ̫ 

ʠṦʥṦʬṦʦṦʨṦʤṦʘṦʮṦʠṦʠ ʦ ʭṦʦṦʜṦʝ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʘṦ, ʪṦʠṦʧṦʦṦʚṦrṦʝ ʵṦʣṦʝṦʤṦʝṦʥṦʪṦr ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʢṦʠṦ: ʜṦʘṦʪṦʯṦʠṦʢṦʠṦ, 

ʢṦʦṦʥṦʪṦʨṦʦṦʣṦʣṦʝṦʨṦrṦ, ʠṦʩṦʧṦʦṦʣṦʥṦʠṦʪṦʝṦʣṦɹṦʥṦrṦʝ ʫṦʩṦʪṦʨṦʦṦʡṦʩṦʪṦʚṦʘṦ. ɼṦʣṦ̫ ʠṦʥṦʬṦʦṦʨṦʤṦʘṦʮṦʠṦʦṦʥṦʥṦʦṦʡ ʩṦʚṦ̫ṦʟṦʠ ʚṦʩṦʝṦʭ 

ʧṦʦṦʜṦʩṦʠṦʩṦʪṦʝṦʤ ʠṦʩṦʧṦʦṦʣṦɹṦʟṦʫṦʁṦʪṦʩṦ̫ ʧṦʨṦʦṦʤṦrṦhṦʣṦʝṦʥṦʥṦrṦʝ ʩṦʝṦʪṦʠ [2]. 

ɺ ʩṦʚṦ̫ṦʟṦʠ ʩ ʨṦʘṦʟṦʣṦʠṦʯṦʥṦʦṦʩṦʪṦɹṦʁ ʧṦʦṦʜṦʭṦʦṦʜṦʦṦʚ ʨṦʘṦʟṦʣṦʠṦʯṦʘṦʁṦʪ ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʘṦʮṦʠṦʁ ʩṦʣṦʝṦʜṦʫṦʁṦɦṦʠṦʭ 

ʪṦʝṦʭṦʥṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʠṦʭ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʦṦʚṦ: 

ï ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʘṦʮṦʠṦ̫ ʥṦʝṦʧṦʨṦʝṦʨṦrṦʚṦʥṦrṦʭ ʪṦʝṦʭṦʥṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʠṦʭ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʦṦʚ (Process 

Automation); 

ï ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʘṦʮṦʠṦ̫ ʜṦʠṦʩṦʢṦʨṦʝṦʪṦʥṦrṦʭ ʪṦʝṦʭṦʥṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʠṦʭ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʦṦʚ (Factory 

Automation); 

ï ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʘṦʮṦʠṦ̫ ʛṦʠṦʙṦʨṦʠṦʜṦʥṦrṦʭ ʪṦʝṦʭṦʥṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʠṦʭ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʦṦʚ (Hybrid 

Automation). 

 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ (ɸʉʋ) ï ʢṦʦṦʤṦʧṦʣṦʝṦʢṦʩ ʘṦʧṦʧṦʘṦʨṦʘṦʪṦʥṦrṦʭ 

ʠ ʧṦʨṦʦṦʛṦʨṦʘṦʤṦʤṦʥṦrṦʭ ʩṦʨṦʝṦʜṦʩṦʪṦʚṦ, ʧṦʨṦʝṦʜṦʥṦʘṦʟṦʥṦʘṦʯṦʝṦʥṦʥṦrṦʡ ʜṦʣṦ̫ ʫṦʧṦʨṦʘṦʚṦʣṦʝṦʥṦʠṦ̫ ʨṦʘṦʟṦʣṦʠṦʯṦʥṦrṦʤṦʠ 

ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʘṦʤṦʠ ʚ ʨṦʘṦʤṦʢṦʘṦʭ ʪṦʝṦʭṦʥṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʦṦʛṦʦ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʘṦ, ʧṦʨṦʦṦʠṦʟṦʚṦʦṦʜṦʩṦʪṦʚṦʘṦ, ʧṦʨṦʝṦʜṦʧṦʨṦʠṦ̫ṦʪṦʠṦ̫Ṧ. 

ɸṦʉṦʋ ʧṦʨṦʠṦʤṦʝṦʥṦ̫ṦʁṦʪṦʩṦ̫ ʚ ʨṦʘṦʟṦʣṦʠṦʯṦʥṦrṦʭ ʦṦʪṦʨṦʘṦʩṦʣṦ̫Ṧʭ ʧṦʨṦʦṦʤṦrṦhṦʣṦʝṦʥṦʥṦʦṦʩṦʪṦʠṦ, ʵṦʥṦʝṦʨṦʛṦʝṦʪṦʠṦʢṦʝṦ, 

ʪṦʨṦʘṦʥṦʩṦʧṦʦṦʨṦʪṦʝ ʠ ʪṦ.ʧṦ. ʊṦʝṦʨṦʤṦʠṦʥ çʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʠṦʨṦʦṦʚṦʘṦʥṦʥṦʘṦ̫Ṧè, ʚ ʦṦʪṦʣṦʠṦʯṦʠṦʝ ʦṦʪ ʪṦʝṦʨṦʤṦʠṦʥṦʘ 

çʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʯṦʝṦʩṦʢṦʘṦ̫Ṧè ʧṦʦṦʜṦʯṦyʨṦʢṦʠṦʚṦʘṦʝṦʪ ʩṦʦṦʭṦʨṦʘṦʥṦʝṦʥṦʠṦʝ ʟṦʘ ʯṦʝṦʣṦʦṦʚṦʝṦʢṦʦṦʤṦ-ʦṦʧṦʝṦʨṦʘṦʪṦʦṦʨṦʦṦʤ 

ʥṦʝṦʢṦʦṦʪṦʦṦʨṦrṦʭ ʬṦʫṦʥṦʢṦʮṦʠṦʡṦ, ʣṦʠṦʙṦʦ ʥṦʘṦʠṦʙṦʦṦʣṦʝṦʝ ʦṦʙṦɦṦʝṦʛṦʦṦ, ʮṦʝṦʣṦʝṦʧṦʦṦʣṦʘṦʛṦʘṦʁṦɦṦʝṦʛṦʦ ʭṦʘṦʨṦʘṦʢṦʪṦʝṦʨṦʘṦ, ʣṦʠṦʙṦʦ 

ʥṦʝ ʧṦʦṦʜṦʜṦʘṦʁṦɦṦʠṦʭṦʩṦ̫ ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʘṦʮṦʠṦʠ [3]. 

ɺṦʠṦʜṦr ɸṦʉṦʋṦ: 

ï ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʠṦʨṦʦṦʚṦʘṦʥṦʥṦʘṦ̫ ʩṦʠṦʩṦʪṦʝṦʤṦʘ ʫṦʧṦʨṦʘṦʚṦʣṦʝṦʥṦʠṦ̫ ʪṦʝṦʭṦʥṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʠṦʤ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʦṦʤ 

https://creativecommons.org/licenses/by/4.0/deed.ru|


˹˻˻ ζ˽ͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ͤ͊ͯ͊͟η ͙ͫͨͦ͡Έ͔ͯͭ͘ /ǊŜŀǘƛǾŜ /ƻƳƳƻƴǎ !ǘǘǊƛōǳǘƛƻƴ ό// .¸ пΦлύΥ ͙͡ͼ͔͙ͤ͘Ό ͤ͊ 
͙͍ͦͨͯ͋ͦ͊ͤͤ͟͡·͔ ͔͙ͣ͊ͭͪ͊͡· - https://creativecommons.org/licenses/by/4.0/deed.ru| 

 

Международная научно-практическая конференция «Технико-технологическое развитие 

отраслей и предприятий» 

СЕКЦИЯ 2. ИНФОРМАТИКА, ВЫЧИСЛИТЕЛЬНАЯ ТЕХНИКА И УПРАВЛЕНИЕ 

15 

 

(ɸṦʉṦʋṦʊṦʇṦ): ʨṦʝṦhṦʘṦʝṦʪ ʟṦʘṦʜṦʘṦʯṦʠ ʦṦʧṦʝṦʨṦʘṦʪṦʠṦʚṦʥṦʦṦʛṦʦ ʫṦʧṦʨṦʘṦʚṦʣṦʝṦʥṦʠṦ̫ ʠ ʢṦʦṦʥṦʪṦʨṦʦṦʣṦ̫ ʪṦʝṦʭṦʥṦʠṦʯṦʝṦʩṦʢṦʠṦʤṦʠ 

ʦṦʙṦ̡ṦʝṦʢṦʪṦʘṦʤṦʠ ʚ ʧṦʨṦʦṦʤṦrṦhṦʣṦʝṦʥṦʥṦʦṦʩṦʪṦʠṦ, ʵṦʥṦʝṦʨṦʛṦʝṦʪṦʠṦʢṦʝṦ, ʥṦʘ ʪṦʨṦʘṦʥṦʩṦʧṦʦṦʨṦʪṦʝṦ; 

ï ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʟṦʠṦʨṦʦṦʚṦʘṦʥṦʥṦʘṦ̫ ʩṦʠṦʩṦʪṦʝṦʤṦʘ ʫṦʧṦʨṦʘṦʚṦʣṦʝṦʥṦʠṦ̫ ʧṦʨṦʦṦʠṦʟṦʚṦʦṦʜṦʩṦʪṦʚṦʦṦʤ (ɸṦʉṦʋṦʇṦ): 

ʨṦʝṦhṦʘṦʝṦʪ ʟṦʘṦʜṦʘṦʯṦʠ ʦṦʨṦʛṦʘṦʥṦʠṦʟṦʘṦʮṦʠṦʠ ʧṦʨṦʦṦʠṦʟṦʚṦʦṦʜṦʩṦʪṦʚṦʘṦ, ʚṦʢṦʣṦʁṦʯṦʘṦ̫ ʦṦʩṦʥṦʦṦʚṦʥṦrṦʝ ʧṦʨṦʦṦʠṦʟṦʚṦʦṦʜṦʩṦʪṦʚṦʝṦʥṦʥṦrṦʝ 

ʧṦʨṦʦṦʮṦʝṦʩṦʩṦrṦ, ʚṦʭṦʦṦʜṦ̫ṦɦṦʫṦʁ ʠ ʠṦʩṦʭṦʦṦʜṦ̫ṦɦṦʫṦʁ ʣṦʦṦʛṦʠṦʩṦʪṦʠṦʢṦʫṦ. ʆṦʩṦʫṦɦṦʝṦʩṦʪṦʚṦʣṦ̫ṦʝṦʪ ʢṦʨṦʘṦʪṦʢṦʦṦʩṦʨṦʦṦʯṦʥṦʦṦʝ 

ʧṦʣṦʘṦʥṦʠṦʨṦʦṦʚṦʘṦʥṦʠṦʝ ʚṦrṦʧṦʫṦʩṦʢṦʘ ʩ ʫṦʯṦyʪṦʦṦʤ ʧṦʨṦʦṦʠṦʟṦʚṦʦṦʜṦʩṦʪṦʚṦʝṦʥṦʥṦrṦʭ ʤṦʦṦɦṦʥṦʦṦʩṦʪṦʝṦʡṦ, ʘṦʥṦʘṦʣṦʠṦʟ ʢṦʘṦʯṦʝṦʩṦʪṦʚṦʘ 

ʧṦʨṦʦṦʜṦʫṦʢṦʮṦʠṦʠṦ, ʤṦʦṦʜṦʝṦʣṦʠṦʨṦʦṦʚṦʘṦʥṦʠṦʝ ʧṦʨṦʦṦʠṦʟṦʚṦʦṦʜṦʩṦʪṦʚṦʝṦʥṦʥṦʦṦʛṦʦ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʘṦ. ɼṦʣṦ̫ ʨṦʝṦhṦʝṦʥṦʠṦ̫ ʵṦʪṦʠṦʭ 

ʟṦʘṦʜṦʘṦʯ ʧṦʨṦʠṦʤṦʝṦʥṦ̫ṦʁṦʪṦʩṦ̫ MIS ʠ MES-ʩṦʠṦʩṦʪṦʝṦʤṦrṦ, ʘ ʪṦʘṦʢṦʞṦʝ LIMS-ʩṦʠṦʩṦʪṦʝṦʤṦrṦ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʋṦʧṦʨṦʘṦʚṦʣṦʝṦʥṦʠṦʝ ʣṦʁṦʙṦrṦʤ ʪṦʝṦʭṦʥṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʠṦʤ ʧṦʨṦʦṦʮṦʝṦʩṦʩṦʦṦʤ ʠṦʣṦʠ ʦṦʙṦ̡ṦʝṦʢṦʪṦʦṦʤ ʚ ʬṦʦṦʨṦʤṦʝ 

ʨṦʫṦʯṦʥṦʦṦʛṦʦ ʠṦʣṦʠ ʘṦʚṦʪṦʦṦʤṦʘṦʪṦʠṦʯṦʝṦʩṦʢṦʦṦʛṦʦ ʚṦʦṦʟṦʜṦʝṦʡṦʩṦʪṦʚṦʠṦ̫ ʚṦʦṦʟṦʤṦʦṦʞṦʥṦʦ ʣṦʠṦhṦɹ ʧṦʨṦʠ ʥṦʘṦʣṦʠṦʯṦʠṦʠ 

ʠṦʟṦʤṦʝṦʨṦʠṦʪṦʝṦʣṦɹṦʥṦʦṦʡ ʠṦʥṦʬṦʦṦʨṦʤṦʘṦʮṦʠṦʠ ʦṦʙ ʦṦʪṦʜṦʝṦʣṦɹṦʥṦrṦʭ ʧṦʘṦʨṦʘṦʤṦʝṦʪṦʨṦʘṦʭṦ, ʭṦʘṦʨṦʘṦʢṦʪṦʝṦʨṦʠṦʟṦʫṦʁṦɦṦʠṦʭ 

ʧṦʨṦʦṦʮṦʝṦʩṦʩ ʠṦʣṦʠ ʩṦʦṦʩṦʪṦʦṦ̫ṦʥṦʠṦʝ ʦṦʙṦ̡ṦʝṦʢṦʪṦʘṦ. ʇṦʘṦʨṦʘṦʤṦʝṦʪṦʨṦr ṦɻʪṦʠ ʚṦʝṦʩṦɹṦʤṦʘ ʩṦʚṦʦṦʝṦʦṦʙṦʨṦʘṦʟṦʥṦrṦ. ʂ ʥṦʠṦʤ 

ʦṦʪṦʥṦʦṦʩṦ̫ṦʪṦʩṦ̫Ṧ: ʵṦʣṦʝṦʢṦʪṦʨṦʠṦʯṦʝṦʩṦʢṦʠṦʝ (ʩṦʠṦʣṦʘ ʪṦʦṦʢṦʘṦ, ʥṦʘṦʧṦʨṦ̫ṦʞṦʝṦʥṦʠṦʝṦ, ʩṦʦṦʧṦʨṦʦṦʪṦʠṦʚṦʣṦʝṦʥṦʠṦʝṦ, ʤṦʦṦɦṦʥṦʦṦʩṦʪṦɹ ʠ 

ʜṦʨṦʫṦʛṦʠṦʝṦ), ʤṦʝṦʭṦʘṦʥṦʠṦʯṦʝṦʩṦʢṦʠṦʝ (ʩṦʠṦʣṦʘṦ, ʤṦʦṦʤṦʝṦʥṦʪ ʩṦʠṦʣṦrṦ, ʩṦʢṦʦṦʨṦʦṦʩṦʪṦɹṦ) ʠ ʪṦʝṦʭṦʥṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʠṦʝ 

(ʪṦʝṦʤṦʧṦʝṦʨṦʘṦʪṦʫṦʨṦʘṦ, ʜṦʘṦʚṦʣṦʝṦʥṦʠṦʝṦ, ʨṦʘṦʩṦʭṦʦṦʜṦ, ʫṦʨṦʦṦʚṦʝṦʥṦɹ ʠ ʜṦʨṦʫṦʛṦʠṦʝṦ) ʧṦʘṦʨṦʘṦʤṦʝṦʪṦʨṦrṦ, ʘ ʪṦʘṦʢṦʞṦʝ 

ʧṦʘṦʨṦʘṦʤṦʝṦʪṦʨṦr ʭṦʘṦʨṦʘṦʢṦʪṦʝṦʨṦʠṦʟṦʫṦʁṦɦṦʠṦʝ ʩṦʚṦʦṦʡṦʩṦʪṦʚṦʘ ʠ ʩṦʦṦʩṦʪṦʘṦʚ ʚṦʝṦɦṦʝṦʩṦʪṦʚ (ʧṦʣṦʦṦʪṦʥṦʦṦʩṦʪṦɹṦ, ʚṦ̫ṦʟṦʢṦʦṦʩṦʪṦɹṦ, 

ṦɻʣṦʝṦʢṦʪṦʨṦʠṦʯṦʝṦʩṦʢṦʘṦ̫ ʧṦʨṦʦṦʚṦʦṦʜṦʠṦʤṦʦṦʩṦʪṦɹṦ, ʦṦʧṦʪṦʠṦʯṦʝṦʩṦʢṦʠṦʝ ʭṦʘṦʨṦʘṦʢṦʪṦʝṦʨṦʠṦʩṦʪṦʠṦʢṦʠṦ, ʢṦʦṦʣṦʠṦʯṦʝṦʩṦʪṦʚṦʦ ʚṦʝṦɦṦʝṦʩṦʪṦʚṦʘ 

ʠ ʪṦ.ʜṦ.). 

ʀṦʟṦʤṦʝṦʨṦʝṦʥṦʠṦ̫ ʧṦʘṦʨṦʘṦʤṦʝṦʪṦʨṦʦṦʚ ʦṦʩṦʫṦɦṦʝṦʩṦʪṦʚṦʣṦ̫ṦʝṦʪṦʩṦ̫ ʩ ʧṦʦṦʤṦʦṦɦṦɹṦʁ ʩṦʘṦʤṦrṦʭ ʨṦʘṦʟṦʥṦʦṦʦṦʙṦʨṦʘṦʟṦʥṦrṦʭ 

ʪṦʝṦʭṦʥṦʠṦʯṦʝṦʩṦʢṦʠṦʭ ʩṦʨṦʝṦʜṦʩṦʪṦʚṦ, ʦṦʙṦʣṦʘṦʜṦʘṦʁṦɦṦʠṦʭ ʥṦʦṦʨṦʤṦʠṦʨṦʦṦʚṦʘṦʥṦʥṦrṦʤṦʠ ʤṦʝṦʪṦʨṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʠṦʤṦʠ 

ʩṦʚṦʦṦʡṦʩṦʪṦʚṦʘṦʤṦʠṦ. ʊṦʝṦʭṦʥṦʦṦʣṦʦṦʛṦʠṦʯṦʝṦʩṦʢṦʠṦʝ ʠṦʟṦʤṦʝṦʨṦʝṦʥṦʠṦ̫ ʠ ʠṦʟṦʤṦʝṦʨṦʠṦʪṦʝṦʣṦɹṦʥṦrṦʝ ʧṦʨṦʠṦʙṦʦṦʨṦr 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʤʠʩʩʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ 

ʫʛʦʣʢʦʚʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʴ ʵʤʠʩʩʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʪʦʧʣʠʚʦ/ʚʦʟʜʫʭ (ű). ʈʘʩʩʤʦʪʨʝʥʳ 

ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ. ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʫʣʘ 

ʜʣʷ ʨʘʩʯʝʪʘ ʵʤʠʩʩʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʫʛʦʣʢʦʚʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʋʛʦʣʢʦʚʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ, ʛʦʨʝʥʠʝ, ʧʣʘʤʷ, ʦʢʩʠʜʳ ʘʟʦʪʘ, ʧʦʜʘʯʘ 

ʪʦʧʣʠʚʘ  

Abstract. The article presents the results of an experimental study of the dependence of the 

emission of oxides of nitrogen from different types of fuel supple and types of v-gutter flameholders. 

On the basis of the experiment the dependences of NOx emissions from the fuel/air ratio (ű) were 

presented. The mechanisms of formation of nitrogen oxides were discussed. Also based on the 

experiments authors presented formula for calculating the emissions of nitrogen oxides while using 

various v-gutter flameholders. 

Keywords: V-gutter flameholders, combustion, flame, nitrous oxide, fuel supply 
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ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʛʘʟʦʚʳʝ ʪʫʨʙʠʥʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʯʝʥʴ ʥʠʟʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʚʳʙʨʦʩʦʚ, ʥʦ ʧʘʨʘʣʣʝʣʴʥʦ ʜʦʣʞʥʳ ʠʤʝʪʴ ʭʦʨʦʰʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʜʠʘʧʘʟʦʥʘ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʦʩʥʦʚʥʦʤ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʢʩʠʜʳ ʘʟʦʪʘ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ 

ʘʟʦʪʘ ʷʚʣʷʶʪʩʷ ï ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ, ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʛʘʟʦʚ ʚ 

ʟʦʥʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ [1-5].  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʤʝʪʦʜ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʚʦʟʜʫʰʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ, 

ʫʯʘʩʪʢʘ ʩʦ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ ʪʨʫʙʢʘʤʠ ʜʠʘʤʝʪʨʘʤʠ 4ʤʤ ʠ ʜʣʠʥʦʡ 400 ʤʤ, ʘ 

ʪʘʢʞʝ ʫʯʘʩʪʢʘ ʠʟ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʳ ʜʣʠʥʦʡ 500 ʤʤ. ɼʠʘʤʝʪʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ 60 ʤʤ, ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʳ 40 ʤʤ. ʉʠʩʪʝʤʘ ʧʦʜʘʯʠ 

ʪʦʧʣʠʚʘ ʩʦʩʪʦʠʪ ʠʟ ʙʘʣʣʦʥʘ ʩ ʧʨʦʧʘʥʦʤ (99%), ʢʣʘʧʘʥʦʤ ʪʦʥʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ, 

ʨʘʩʭʦʜʦʤʝʨʘ ʠ ʤʝʜʥʦʡ ʪʨʫʙʢʠ ʜʠʘʤʝʪʨʦʤ Ï5ʤʤ.  ɺ ʥʘʯʘʣʝ ʫʯʘʩʪʢʘ ʜʣʠʥʦʡ 500 ʤʤ 

ʫʩʪʘʥʦʚʣʝʥ 1 ʫʛʦʣʦʢ ʠ ʤʝʜʥʘʷ ʪʨʫʙʢʘ. ɺ ʢʦʥʮʝ ʫʯʘʩʪʢʘ ʫʩʪʘʥʦʚʣʝʥʳ ʛʨʫʧʧʘ 

ʪʝʨʤʦʧʘʨ Cr/Al, ʘ ʪʘʢʞʝ ʧʨʦʙʦʦʪʙʦʨʥʠʢ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ 

ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ï 1,2 ʢʛ/ʯ, ʩʢʦʨʦʩʪʴ 

ʚʦʟʜʫʭʘ 1õ10 ʤ/ʩ. çɹʝʜʥʳʡè ʩʨʳʚ ʟʘʤʝʨʷʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʪʦʧʣʠʚʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʥʠʞʘʣʦʩʴ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʚʠʟʫʘʣʴʥʦ ʥʝ ʫʛʘʩʘʣʦ ʧʣʘʤʷ. ɿʘʤʝʪ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʦʤʝʨʘ ʟʘʧʠʩʳʚʘʣʦʩʴ. 

ɿʥʘʯʝʥʠʝ ה ʨʘʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ 1. 

                                                          •
ά

ά ϽπȢς
                                                     ρ 

ɿʜʝʩʴ 0.2 ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ ʪʦʧʣʠʚʦ/ʚʦʟʜʫʭ ʜʣʷ ʧʨʦʧʘʥʘ. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʳ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʪʨʠ ʚʠʜʘ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ. ʇʝʨʚʳʡ ï ʥʘ ʩʪʝʥʢʠ ʫʛʦʣʢʘ. ʇʨʠ ʪʘʢʦʤ 

ʚʘʨʠʘʥʪʝ ʪʦʧʣʠʚʦ ʧʦʜʘʚʘʣʦʩʴ ʯʝʨʝʟ ʜʚʝ ʤʝʜʥʳʝ ʪʨʫʙʢʠ ʥʘ ʩʪʝʥʢʠ ʫʛʦʣʢʘ ʩ 

ʨʘʩʩʪʦʷʥʠʷ 20 ʤʤ. ɺʪʦʨʦʡ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʫʛʦʣʢʘ. ʇʨʠ ʪʘʢʦʤ ʪʠʧʝ ʧʦʜʘʯʝ ʤʝʜʥʘʷ ʪʨʫʙʢʘ ʚʩʪʘʚʣʷʣʘʩʴ ʚ ʫʛʦʣʦʢ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 

5 ʤʤ. ɺ ʪʨʝʪʴʝʤ ʚʘʨʠʘʥʪʝ ʪʦʧʣʠʚʦ ʧʦʜʘʚʘʣʦʩʴ ʩ ʥʠʞʥʝʡ ʯʘʩʪʠ ʫʛʦʣʢʘ, ʧʦ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʞʥʝʡ ʯʘʩʪʴʶ ʫʛʦʣʢʘ ʠ ʤʝʜʥʦʡ ʪʨʫʙʢʦʡ ï 20 ʤʤ. 

 
ʈʠʩʫʥʦʢ 3. ʉʭʝʤʳ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


˹˻˻ ζ˽ͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ͤ͊ͯ͊͟η ͙ͫͨͦ͡Έ͔ͯͭ͘ /ǊŜŀǘƛǾŜ /ƻƳƳƻƴǎ !ǘǘǊƛōǳǘƛƻƴ ό// .¸ пΦлύΥ ͙͡ͼ͔͙ͤ͘Ό ͤ͊ 
͙͍ͦͨͯ͋ͦ͊ͤͤ͟͡·͔ ͔͙ͣ͊ͭͪ͊͡· - https://creativecommons.org/licenses/by/4.0/deed.ru| 

 

Международная научно-практическая конференция «Технико-технологическое развитие 

отраслей и предприятий» 

СЕКЦИЯ 3. ЭНЕРГЕТИКА 

20 

 

ʕʤʠʩʩʠʷ NOx. ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʤʠʩʩʠʠ NOx ʦʪ ű ʠ 

ʪʠʧʘ ʫʛʦʣʢʘ ʧʨʠ ʚʘʨʠʘʥʪʝ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ˉ1. ʉʪʦʠʪ ʩʨʘʟʫ ʦʪʤʝʪʠʪʴ ʯʪʦ ʧʨʠ 

ʪʘʢʦʤ ʚʘʨʠʘʥʪʝ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʬʘʢʝʣʳ ʤʘʣʝʥʴʢʠʭ ʫʛʦʣʢʦʚ ʙʳʣʠ ʩʪʘʙʠʣʴʥʳ 5 ʤ/ʩ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʠʣʦ ʢ ʩʨʳʚʫ ʬʘʢʝʣʦʚ.  

ɺ ʩʣʫʯʘʝ ʫʛʦʣʢʦʚ ʙʝʟ ʧʝʨʬʦʨʘʮʠʠ ʠʤʝʶʪ ʚʣʠʷʥʠʝ ʜʚʘ ʬʘʢʪʦʨʘ. ʇʝʨʚʳʡ 

ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʦʧʣʠʚʘ ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ ʢʨʦʤʢʠ ʫʛʦʣʢʦʚ. ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʣʦʢʘʣʴʥʳʭ ʟʦʥ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ű, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʬʘʢʝʣʘ. ɺʪʦʨʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʟʦʥʘ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʪʴʝʡ [1] ʫʛʦʣʢʠ 

ʙʝʟ ʧʝʨʬʦʨʘʮʠʠ ʠʤʝʶʪ ʭʦʨʦʰʦ ʨʘʟʚʠʪʫʶ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʫʶ ʟʦʥʫ ʧʨʠ ʫʛʣʝ 45Á. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʛʘʟʦʚ ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʩʫʱʝʩʪʚʫʶʪ ʣʦʢʘʣʴʥʳʝ ʟʦʥʳ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʉʫʤʤʘ ʜʚʫʭ ʬʘʢʪʦʨʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʵʤʠʩʩʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ.  

 
ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʵʤʠʩʩʠʠ NOx ʦʪ ű ʠ ʪʠʧʘ ʫʛʦʣʢʘ ʧʨʠ ʧʦʜʘʯʝ ʪʦʧʣʠʚʘ ʧʦ 

ʚʘʨʠʘʥʪʫ ˉ1. 

 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʤʠʩʩʠʠ NOx ʦʪ ű ʠ ʪʠʧʘ ʫʛʦʣʢʘ ʧʨʠ 

ʚʘʨʠʘʥʪʝ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ˉ2.  
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ɺ ʜʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ, ʙʦʣʴʰʦʡ ʫʛʦʣʦʢ ʠʤʝʝʪ ʩʘʤʳʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʵʤʠʩʩʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ.  ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʦʩʥʦʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʷʚʣʷʶʪʩʷ ï ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʛʘʟʦʚ ʚ ʟʦʥʝ 

ʛʦʨʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʘ ʬʘʢʪʦʨʘ ʠʛʨʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ. 

ʉʫʤʤʘ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ ʚʳʩʦʢʦʝ ű ʟʦʥʝ ʛʦʨʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʥʦʝ ʚʨʝʤʷ 

ʥʘʭʦʞʜʝʥʠʷ ʟʘ ʩʯʝʪ ʨʘʟʚʠʪʦʡ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʟʦʥʳ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤ NOx  ʚ ʫʭʦʜʷʱʠʭ ʛʘʟʘʭ.  

 
ʈʠʩʫʥʦʢ 5. ɿʘʚʠʩʠʤʦʩʪʴ ʵʤʠʩʩʠʠ NOx ʦʪ ű ʠ ʪʠʧʘ ʫʛʦʣʢʘ ʧʨʠ ʧʦʜʘʯʝ ʪʦʧʣʠʚʘ ʧʦ 

ʚʘʨʠʘʥʪʫ ˉ2. 

 

ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʤʠʩʩʠʠ NOx ʦʪ ű ʠ ʪʠʧʘ ʫʛʦʣʢʘ ʧʨʠ 

ʚʘʨʠʘʥʪʝ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ˉ3. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʤʠʩʩʠʠ NOx ʙʳʣʠ ʫ 

ʙʦʣʴʰʠʭ ʫʛʦʣʢʦʚ ʙʝʟ ʧʝʨʬʦʨʘʮʠʠ. ɼʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʘʥʘʣʦʛʠʯʥʘ ʧʨʝʜʳʜʫʱʝʤʫ 

ʚʘʨʠʘʥʪʫ. ʏʠʩʪʦʝ ʪʦʧʣʠʚʦ ʧʦʧʘʜʘʝʪ ʚ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʫʶ ʟʦʥʫ. ɺ 

ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʟʦʥʝ ʟʘ ʩʯʝʪ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʝʨʝʤʝʰʘʥʥʦʩʪʠ ʧʦʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʩ ʙʦʛʘʪʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʪʦʧʣʠʚʘ, ʪ.ʝ. ʩ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ű. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʦʜʠʪ ʢ 

https://creativecommons.org/licenses/by/4.0/deed.ru|


˹˻˻ ζ˽ͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ͤ͊ͯ͊͟η ͙ͫͨͦ͡Έ͔ͯͭ͘ /ǊŜŀǘƛǾŜ /ƻƳƳƻƴǎ !ǘǘǊƛōǳǘƛƻƴ ό// .¸ пΦлύΥ ͙͡ͼ͔͙ͤ͘Ό ͤ͊ 
͙͍ͦͨͯ͋ͦ͊ͤͤ͟͡·͔ ͔͙ͣ͊ͭͪ͊͡· - https://creativecommons.org/licenses/by/4.0/deed.ru| 

 

Международная научно-практическая конференция «Технико-технологическое развитие 

отраслей и предприятий» 

СЕКЦИЯ 3. ЭНЕРГЕТИКА 

22 

 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʢʦʪʦʨʳʝ 

ʫʚʝʣʠʯʠʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʦʚ ʘʟʦʪʘ.  

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʫʛʦʣʢʠ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ.  

 
ʈʠʩʫʥʦʢ 6. ɿʘʚʠʩʠʤʦʩʪʴ ʵʤʠʩʩʠʠ NOx ʦʪ ű ʠ ʪʠʧʘ ʫʛʦʣʢʘ ʧʨʠ ʧʦʜʘʯʝ ʪʦʧʣʠʚʘ ʧʦ 

ʚʘʨʠʘʥʪʫ ˉ3. 

 

ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʫʛʦʣʢʦʚʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʘʚʪʦʨʘʤʠ (ʬʦʨʤʫʣʘ 2) ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʛʦʣʦʢʦʚʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ: 

˞ πȢπψςϽÅØÐ
˟ˏ

σππ
Ͻ̋ ȟϽὋ Ȣ Ͻ•Ȣ  ς 

ɿʜʝʩʴ 0,082 ï ɻ ʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʝʰʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʤʝʰʝʥʠʷ ʊɺʉ, ʊʚ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʫʩʪʘʥʦʚʢʠ, ʈ ï 

ʜʘʚʣʝʥʠʝ, G ï ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ű ï ɻʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ (ű=1/Ŭ). 
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ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦ 

ʬʦʨʤʫʣʝ 2 ʠ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

 

 
ʈʠʩʫʥʦʢ 7. ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʫʣʝ 2 ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

 

ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʙʝʜʥʦʛʦ ʩʨʳʚʘ ʧʨʠ ʠʩʦʧʣʴʟʦʚʘʥʠʠ ʫʛʦʣʢʦʚʳʭ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘʚʪʦʨʘʤʠ (ʬʦʨʤʫʣʘ 

3) ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʫʛʦʣʦʢʦʚʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ: 

             ‗ ὑ Ͻφ
ὄ

Ὠ

Ȣ ”

”

Ȣ

    σ 

ɿʜʝʩʴ kFH ï ɻʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʤʝʥʷʶʱʠʡʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,004-

0,013 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʫʛʦʣʢʦʚʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. B ï h ʠʨʠʥʘ ʫʛʦʣʢʘ, d ï 

ʜʠʘʤʝʪʨ ʩʦʧʣʘ, ɟʘ, ɤʘ ï ʧʣʦʪʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɟg, ɤgmin ï 

ʧʣʦʪʥʦʩʪʴ ʠ ʨʘʩʭʦʜ ʛʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 8. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʫʣʝ 3 

 

ɿʘʢʣʶʯʝʥʠʝ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʚʪʦʨʳ ʩʜʝʣʘʣʠ ʩʣʝʜʫʶʱʠʝ 

ʟʘʢʣʶʯʝʥʠʷ: 

1) ʉʧʦʩʦʙ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʠ ʧʨʦʮʝʩʩʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ; 

2) ɺʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʫʛʦʣʢʠ 

ʧʦʢʘʟʘʣʠ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʣʘʤʝʥʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʚʘʨʠʘʥʪʘ ˉ 2, ʛʜʝ ʙʦʣʴʰʠʝ ʫʛʦʣʢʠ ʥʝ ʧʦʟʚʦʣʷʣʠ ʩʦʟʜʘʪʴ ʩʪʘʙʠʣʴʥʳʡ ʬʘʢʝʣ 

3) ʅʘʠʤʝʥʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʙʳʣʠ ʟʘʤʝʯʝʥʳ ʧʨʠ ʧʦʜʘʯʝ 

ʪʦʧʣʠʚʘ ʥʘ ʩʪʝʥʢʠ ʫʛʦʣʢʘ. ʆʜʥʘʢʦ ʵʪʦ ʩʢʦʨʝʝ ʚʩʝʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ 

ʥʝʧʦʣʥʦʪʳ ʩʛʦʨʘʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʬʦʪʦʛʨʘʬʠʷʤʠ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Dias R.Umyshev, Abay M. Dostiyarov, Musagul Y.tumanov, Quiwang Wang, 

Experimental investigation of v-gutter flameholders, Thermal Science Journal,DOI: 

10.2298, TSCI151209072U 

2. В.А. Христич, В.Н Литошенко. Исследование размеров зоны обратных 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʟʝʤʣʝʜʝʣʠʠ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʦʥʦʚ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʪʦʯʥʦʝ ʟʝʤʣʝʜʝʣʠʝ, ʫʤʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʜʨʦʥ.  

Abstract: In article the directions of implementation of innovative technologies in 

agriculture and livestock production, the prospects of use of drones in agricultural industry are 

considered. 

Keywords: agricultural industry, exact agriculture, clever technologies, drone. 

 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʛʨʘʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ, ʪʘʢ ʠ ʚ ʤʠʨʦʚʦʡ 

ʧʨʘʢʪʠʢʝ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʀʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʵʪʦʡ ʦʪʨʘʩʣʠ 

ʠʜʝʪ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʚʝʜʝʥʠʷ ʭʦʟʷʡʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ 

ʤʝʭʘʥʠʟʘʮʠʠ ʜʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʣʝʤʝʥʪʦʚ 
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ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ  ʢ ʵʪʦʤʫ ʤʦʞʥʦ 

ʜʦʙʘʚʠʪʴ ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʜʦʧʦʣʥʝʥʥʳʝ çʀʥʪʝʨʥʝʪʦʤ ʚʝʱʝʡè (ʢʦʛʜʘ ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʦʙʤʝʥʠʚʘʶʪʩʷ ʜʘʥʥʳʤʠ ʠ ʢʦʤʘʥʜʘʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ), 

ʙʦʣʴʰʠʤʠ ʜʘʥʥʳʤʠ ʠ ʝʱʝ ʙʦʣʝʝ ʪʦʥʢʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ, ʧʨʦʥʠʢʘʶʱʝʡ ʚʦ ʚʩʝ 

ʩʬʝʨʳ ʘʛʨʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʝʤʣʝʜʝʣʠʠ, ʚʦʣʥʘ ʢʦʪʦʨʳʭ 

ʜʦʰʣʘ ʜʦ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, ʩʪʘʣʠ ʥʘʟʳʚʘʪʴ çʪʦʯʥʳʤ ʟʝʤʣʝʜʝʣʠʝʤè. ʊʦʯʥʦʝ 

ʟʝʤʣʝʜʝʣʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʊʝʭʥʦʣʦʛʠʠ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, 

ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ (GPS, ɻʃʆʅɸʉʉ), ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʣʝʡ ʧʦʤʦʛʘʶʪ 

ʧʨʦʚʦʜʠʪʴ  ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʧʦʩʝʚʘ, ʚʥʝʩʝʥʠʷ 

ʫʜʦʙʨʝʥʠʡ, ʦʙʨʘʙʦʪʢʠ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ, ʫʯʠʪʳʚʘʷ ʘʛʨʦʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʧʦʣʷ. ɺ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʠʤʝʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʜʝʡʩʪʚʫʶʱʠʝ 

ʩʠʩʪʝʤʳ ʟʝʤʣʝʜʝʣʠʷ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. ɺʦ ʤʥʦʛʦʤ ʠʤʝʥʥʦ ʦʥʠ 

ʥʫʞʜʘʶʪʩʷ ʚ ʠʥʥʦʚʘʮʠʷʭ ʚʥʝʜʨʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʧʦ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʥʘʚʠʛʘʮʠʦʥʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʧʧʘʨʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʨʝʜʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʧʦʣʫʯʘʶʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 

ʙʝʩʧʠʣʦʪʥʠʢʦʚ. ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ, ʜʣʷ ʪʦʯʥʦʡ 

ʜʦʟʠʨʦʚʢʠ ʧʦʣʠʚʘ. ʏʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʦʥʳ ʠ ʧʦʣʫʯʘʪʴ ʦʪ ʵʪʦʛʦ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʪʝʭʥʦʣʦʛʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ 
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ʤʥʦʞʝʩʪʚʦ ʧʨʦʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʦʥʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ 

ʠʟʣʦʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʪʨʝʙʦʚʘʥʠʷ. ɹʝʩʧʠʣʦʪʥʳʡ ʘʧʧʘʨʘʪ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ 

ʤʦʥʠʪʦʨʠʥʛ ʥʘʩʘʞʜʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʢʘʟʘʥʥʦʤʫ 

ʤʘʨʰʨʫʪʫ. ɼʨʦʥ ʜʦʣʞʝʥ ʚʳʷʚʣʷʪʴ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʧʦʩʝʚʦʚ, ʚʝʜʷ ʩʲʝʤʢʠ ʩ 

ʨʘʟʥʦʡ ʚʳʩʦʪʳ, ʯʪʦʙʳ ʘʛʨʘʨʠʠ ʤʦʛʣʠ ʧʦʣʫʯʘʪʴ ʨʘʟʚʝʨʥʫʪʳʝ ʜʘʥʥʳʝ ʩ 

ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʧʣʦʱʘʜʠ ʧʦʣʝʡ. ʋʧʨʘʚʣʝʥʠʝ ʘʧʧʘʨʘʪʦʤ 

ʜʦʣʞʥʦ ʙʳʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʩʢʘʥʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ 

ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʬʝʨʤʝʨ ʤʦʞʝʪ ʧʦʣʫʯʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. 

ʇʦ ʩʥʠʤʢʘʤ, ʩʜʝʣʘʥʥʳʤʠ ʜʨʦʥʦʤ, ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʛʨʦʥʦʤ ʧʦʣʫʯʘʝʪ ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʚʦʠʭ ʧʦʣʷʭ ʩ ʘʥʘʣʠʟʦʤ ʠʭ ʩʦʩʪʦʷʥʠʷ. ɹʝʩʧʠʣʦʪʥʳʡ ʘʧʧʘʨʘʪ ʫʚʠʜʠʪ ʠʩʯʝʟʘʶʱʠʡ 

ʫʨʦʞʘʡ, ʚʳʯʠʩʣʠʪ ʧʦʷʚʠʚʰʠʝʩʷ ʧʨʠʟʥʘʢʠ ʧʦʨʘʞʝʥʠʡ ʙʦʣʝʟʥʷʤʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʫʢʘʞʝʪ ʤʝʩʪʘ, ʛʜʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʣʘʛʠ ʠ ʥʘ ʢʘʢʠʝ 

ʫʯʘʩʪʢʠ ʪʦʯʝʯʥʦ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʫʜʦʙʨʝʥʠʷ.  

ʉʥʠʤʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʧʦʣʝʡ ʧʦʟʚʦʣʷʶʪ ʩʦʩʯʠʪʘʪʴ   ʨʘʩʪʝʥʠʷ ʠ 

ʩʦʩʪʘʚʠʪʴ ʢʘʨʪʫ ʧʦʨʘʞʝʥʠʷ ʧʦʣʝʡ ʩʦʨʥʷʢʘʤʠ. ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʯʝʥʳʝ 

ʩʚʝʨʷʣʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʜʨʦʥʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʬʦʪʦʛʨʘʬʠʡ, ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʫʯʥʦʛʦ ʧʦʜʩʯʝʪʘ. ɺ ʦʧʳʪʘʭ ʩ ʨʘʩʪʝʥʠʷʤʠ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʦʜʩʯʝʪʘ, ʥʦ ʦʥʘ ʫʭʫʜʰʘʝʪʩʷ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʩʝʚʦʚ. ʉʦʨʥʷʢʘʤʠ ʧʨʦʛʨʘʤʤʘ ʩʯʠʪʘʝʪ ʪʝ ʨʘʩʪʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʤʝʞʜʫʨʷʜʴʷʭ. ɿʥʘʯʠʪ, ʫʥʠʯʪʦʞʘʪʴ ʩʦʨʥʷʢʠ ʠ ʚʨʝʜʠʪʝʣʝʡ 

ʤʦʞʥʦ ʪʦʯʝʯʥʦ, ʥʘʧʨʘʚʣʷʷ ʜʨʦʥ ʩ ʭʠʤʠʢʘʪʘʤʠ ʪʦʣʴʢʦ ʥʘ ʧʦʨʘʞʝʥʥʳʝ ʫʯʘʩʪʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʢʘʨʪʳ ʜʠʥʘʤʠʢʠ ʫʨʦʞʘʷ. ʇʦʜʦʙʥʘʷ ʢʘʨʪʘ 

ʩʯʠʪʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʤʦʜʫʣʝʤ ʦʧʨʳʩʢʠʚʘʪʝʣʷ, ʠ ʦʥ ʙʫʜʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ 
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ʥʝʦʙʭʦʜʠʤʳʤʠ ʭʠʤʠʢʘʪʘʤʠ ʪʦʣʴʢʦ ʧʦʚʨʝʞʜʝʥʥʳʝ ʫʯʘʩʪʢʠ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʣʦʱʘʜʠ. ɼʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʡ ʠ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʫʯʝʥʳʤ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʩʥʠʤʢʦʚ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʫʜʘʣʦʩʴ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʪʨʝʭʤʝʨʥʳʝ 

ʧʨʦʝʢʮʠʠ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ ʠ ʢʘʨʪʦʬʝʣʴʥʳʭ ʧʦʣʝʡ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʵʢʦʥʦʤʠʪʴ ʩʨʝʜʩʪʚʘ ʧʦ ʫʭʦʜʫ ʟʘ ʢʫʣʴʪʫʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʢʫʧʠʪʴ ʚʣʦʞʝʥʠʷ ʥʘ 

ʜʨʦʥʳ ʚ ʪʝʯʝʥʠʝ ʙʣʠʞʘʡʰʝʛʦ ʛʦʜʘ 

ʕʢʩʧʝʨʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ 

ʜʨʦʥʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʕʪʦ ʩʥʠʞʝʥʠʝ ʮʝʥʳ ʙʝʩʧʠʣʦʪʥʠʢʦʚ, 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢ ʥʝʤʫ. 

ʇʦʚʩʝʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʛʨʘʨʠʷʤʠ ʜʨʦʥʦʚ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥʠ 

ʩʪʘʥʫʪ ʜʝʰʝʚʣʝ. ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ð ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʙʦʣʴʰʠʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʫʤʝʶʱʠʭ ʣʝʪʘʪʴ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ ʤʠʨʘ ʦʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʥʘ ʧʫʪʠ 

ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʦʥʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʷʚʣʷʝʪʩʷ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʪʨʘʥʘʭ ʦʪʩʪʘʝʪ ʦʪ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʦʙʣʝʤʳ ʝʩʪʴ ʠ ʚ ʉʅɻ, 

ʠ ʚ ɽʉ, ʠ ʩʪʨʘʥʘʭ ɸʟʠʠ. ɹʝʣʘʨʫʩʴ ʪʫʪ ʥʝ ʠʩʢʣʶʯʝʥʠʝ. ɺʳʧʦʣʥʝʥʠʝ ʧʦʣʝʪʦʚ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʚ ʚʦʟʜʫʰʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʇʨʘʚʠʣʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʠ ʘʚʠʘʮʠʦʥʥʳʤʠ ʧʨʘʚʠʣʘʤʠ (ʇʨʘʚʠʣʘ ʀɺʇ). ʉʦʛʣʘʩʥʦ 

ɹʝʣʦʨʫʩʩʢʦʤʫ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ ʙʝʩʧʠʣʦʪʥʳʡ ʘʧʧʘʨʘʪ, ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ, ʢʘʢ 

ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ. ɼʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ɹʇʃɸ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʝʛʦ, 

ʚʳʧʦʣʥʠʪʴ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʵʢʠʧʘʞʫ (ʦʧʝʨʘʪʦʨʫ) 
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ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʨʦʥʦʚ ʘʛʨʘʨʠʠ 

ʚʳʥʫʞʜʝʥʳ ʧʨʝʦʜʦʣʝʪʴ ʵʪʠ ʪʨʫʜʥʦʩʪʠ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʟʘ ʨʫʙʝʞʦʤ ʪʘʢʞʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ 

ʙʝʩʧʠʣʦʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʤʠʨʝ ʩʪʘʥʫʪ ʬʝʨʤʝʨʳ. ʂ ʪʘʢʦʤʫ ʚʳʚʦʜʫ ʧʨʠʰʣʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʘʤʝʨʠʢʘʥʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ AUVSI, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ ʨʳʥʦʢ ɹʇʃɸ. 

ʇʨʠ ʵʪʦʤ, ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʫ ʈʦʩʩʠʠ  ʠ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʚʩʝ ʰʘʥʩʳ 

ʟʘʥʷʪʴ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʝʨʝʜʦʚʳʝ ʧʦʟʠʮʠʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʨʦʥʳ ï ʚʩʝʛʦ 

ʣʠʰʴ ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʙʝʟ ʧʦʥʠʤʘʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʧʦʣʷ 

ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ, ʙʝʟ ʠʩʪʦʨʠʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʥʘʙʣʶʜʝʥʠʷ, ʙʝʟ ʜʘʥʥʳʭ ʘʥʘʣʠʟʘ 

ʧʦʯʚʳ ʚʳʚʦʜʳ ʠ ʧʨʘʚʠʣʴʥʫʶ ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʚ ʧʦʣʝ ʚʳʨʘʙʦʪʘʪʴ ʪʷʞʝʣʦ. ɼʨʦʥʳ 

ð ʥʝ ʧʘʥʘʮʝʷ, ʥʦ ʢʨʘʡʥʝ ʚʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʚ ʨʘʙʦʪʝ. 

ʈʘʟʚʠʚʘʶʪʩʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʘʤʠ ʜʨʦʥʳ, ʥʦ ʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʢʦʪʦʨʳʝ ʩ ʥʠʤʠ ʩʚʷʟʘʥʳ. ʊʘʢ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʢʦʤʧʘʥʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ 

ʫʩʣʫʛʠ ʧʦ ʩʙʦʨʫ ʠ ʘʥʘʣʠʟʫ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʫʤʥʳʭ ʤʘʰʠʥ. 

ɺ ʩʫʱʥʦʩʪʠ, ʧʦʥʷʪʠʝ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʙʦʪʫ ʩ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦʛʨʦʤʥʦʛʦ ʦʙʲʝʤʘ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʝʩʴʤʘ ʯʘʩʪʦ 

ʦʙʥʦʚʣʷʝʤʦʡ ʠ ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʚ ʮʝʣʷʭ ʫʚʝʣʠʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ, ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʦʚʳʰʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʕʪʠ ʧʦʣʦʞʝʥʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʝʡʩʪʚʫʶʪ ʨʦʩʩʠʡʩʢʘʷ ʩʠʩʪʝʤʘ ɻʃʆʅɸʉʉ (ʥʘ ʦʨʙʠʪʝ 22 ʩʧʫʪʥʠʢʘ) ʠ 

ʘʤʝʨʠʢʘʥʩʢʘʷ NASTAR, ʙʦʣʝʝ ʠʟʚʝʩʪʥʘʷ ʢʘʢ GPS. ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʠʩʧʦʣʴʟʫʝʪ ʦʙʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʝʩʪʠ 

ʤʦʥʠʪʦʨʠʥʛ ʪʝʭʥʠʢʠ, ʠʩʢʣʶʯʠʪʴ ʩʣʫʯʘʠ ʩʣʠʚʦʚ ʪʦʧʣʠʚʘ, ʧʨʦʩʪʦʝʚ, 
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ʥʝʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʘʨʢʘʭ  

ʧʝʨʝʜʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ɸʇʂ ɻʨʦʜʥʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩʝʛʦʜʥʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʠʩʪʝʤʘ ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ çʅʘʚʠʛʘʪʦʨ-ɸʛʨʦè. ʑʫʯʠʥʩʢʠʡ ʨʝʤʦʥʪʥʳʡ 

ʟʘʚʦʜ ʚʳʧʫʩʢʘʝʪ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʘʛʨʝʛʘʪʳ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʤʘʰʠʥʳ, 

ʢʦʪʦʨʳʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʠ ʟʘ ʨʫʙʝʞʦʤ. ɹʝʣʦʨʫʩʩʢʠʝ 

ʭʦʟʷʡʩʪʚʘ ʩʤʦʛʫʪ ʩʚʦʙʦʜʥʦ ʢʫʧʠʪʴ ʩʘʤʦʭʦʜʥʳʝ ʚʳʩʦʢʦʢʣʠʨʝʥʩʥʳʝ 

ʦʧʨʳʩʢʠʚʘʪʝʣʠ, ʦʩʥʘʱʝʥʥʳʝ ʩʠʩʪʝʤʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ. ʆɸʆ 

çʃʠʜʘʛʨʦʧʨʦʤʤʘʰè ʥʘʯʘʣʦ ʚʳʧʫʩʢ ʪʘʢʦʛʦ ʘʛʨʝʛʘʪʘ ʆɺʉ-4224, ʩʦʟʜʘʥʥʦʛʦ ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʬʨʘʥʮʫʟʩʢʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʝʱʝ ʦʜʥʫ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʫʶ ʠ ʨʝʥʪʘʙʝʣʴʥʫʶ 

ʦʙʣʘʩʪʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ï ʵʪʦ ʩʠʩʪʝʤʫ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʦʞʜʝʥʠʷ ʠʣʠ ʥʘʚʠʛʘʮʠʷ. ʉʠʩʪʝʤʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʦʞʜʝʥʠʝ, ʚ 

ʦʩʥʦʚʥʦʤ, ʩʦʩʪʦʷʪ ʠʟ GPS-ʧʨʠʝʤʥʠʢʘ (ʜʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʧʫʪʥʠʢʠ ɻʃʆʅɸʉʉ) ʠ ʤʦʜʫʣʷ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʯʝʪ ʜʘʥʥʳʭ, ʥʘʩʪʨʦʡʢʘ 

ʩʠʩʪʝʤʳ ʠ ʚʳʚʦʜ ʫʢʘʟʘʥʠʷ ʢʫʨʩʘ ʥʘ ʤʦʥʠʪʦʨ. ʕʪʘ ʩʠʩʪʝʤʘ ʙʳʩʪʨʦ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʣʶʙʫʶ ʪʝʭʥʠʢʫ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʤʝʭʘʥʠʟʘʪʦʨʫ ʨʘʙʦʪʘʪʴ ʩ 

ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʧʦʜʨʦʙʥʳʡ GPS ɻʃʆʅɸʉʉ 

ʤʦʥʠʪʦʨʠʥʛ: ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʤʘʰʠʥʳ, ʫʨʦʚʝʥʴ ʪʦʧʣʠʚʘ, ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ 

ʜʚʠʛʘʪʝʣʷ, ʢʦʥʪʨʦʣʴ ʛʣʫʙʠʥʳ ʚʩʧʘʰʢʠ. ɺ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʪʘʢʞʝ ʚʘʞʝʥ 

ʤʦʥʠʪʦʨʠʥʛ ʪʝʭʥʠʢʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʘʨʪʘʤʠ ʧʦʣʝʡ. 

ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʤʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  ʚ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʷʚʣʷʶʪʩʷ: ʙʦʣʴʰʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʙʦʣʴʰʝ ʜʘʥʥʳʭ, ʙʦʣʴʰʝ 

ʟʘʙʦʪʳ ʦ ʤʦʣʦʜʥʷʢʝ, ʙʦʣʴʰʝ ʢʦʤʬʦʨʪʘ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʤʝʥʴʰʝ ʨʫʯʥʦʛʦ ʪʨʫʜʘ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʊʘʢ, ʩʦʚʨʝʤʝʥʥʘʷ GEA ʢʦʥʮʝʧʮʠʷ 
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ʦʧʪʠʤʠʟʠʨʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ, ʞʠʚʦʪʥʳʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʣʦʢʘ. ʅʘʨʷʜʫ ʩ ʤʦʥʠʪʦʨʠʥʛʦʤ ʵʪʘ ʩʠʩʪʝʤʘ ʩ ʧʦʤʦʱʴʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʝʪ ʤʘʩʪʠʪ ʠ ʜʨʫʛʠʝ ʦʪʢʣʦʥʝʥʠʷ 

ʟʜʦʨʦʚʴʷ ʞʠʚʦʪʥʦʛʦ. ʆʪʢʨʳʚʘʶʪʩʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʜʦʤ. 

ɽʜʠʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʦʟʚʦʣʷʝʪ ʘʛʨʘʨʠʷʤ ʦʙʲʝʜʠʥʠʪʴ 

ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʝʡ ʧʦʣʫʯʝʥʠʷ ʤʦʣʦʢʘ: ʚʳʨʘʱʠʚʘʥʠʝʤ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʢʦʨʤʦʚ, ʩʦʜʝʨʞʘʥʠʝʤ ʂʉʈ, ʜʦʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʟʜʦʨʦʚʴʝ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ.  

ʄʦʞʝʪ ʩʣʦʞʠʪʴʩʷ ʤʥʝʥʠʝ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʦ ʙʫʜʫʱʠʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʥʦ ʥʘ 

ʧʨʘʢʪʠʢʝ ʠʥʪʝʨʝʩ ʢ ʪʦʡ ʞʝ GEA ʢʦʥʮʝʧʮʠʠ ʧʨʦʷʚʣʷʶʪ ʭʦʟʷʡʩʪʚʝʥʥʠʢʠ ʠ ʠʟ 

ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, ʠ ʠʟ ʈʦʩʩʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʟʥʘʶʪ ʛʨʘʥʠʮ ʠ 

ʩʧʦʩʦʙʥʳ ʧʨʠʥʝʩʪʠ ʥʝʤʘʣʫʶ ʧʦʣʴʟʫ. ʀʩʧʦʣʴʟʫʷ ʪʝ ʞʝ ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʚ ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʟʚʠʪʠʠ ʧʦʩʝʚʦʚ, ʤʦʞʥʦ ʚʳʷʚʣʷʪʴ 

ʠʥʪʝʨʝʩʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ɺʝʜʴ ʙʣʘʛʦʜʘʨʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʫʯʝʥʦʛʦ, 

ʩʧʝʮʠʘʣʠʩʪʘ ʠ ʫʧʨʘʚʣʝʥʮʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʦʧʳʪʥʦʝ ʧʦʣʝ ʨʘʟʤʝʨʦʤ ʩ ʮʝʣʫʶ 

ʩʪʨʘʥʫ. 

ʋʤʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʨʝʰʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʟʘʜʘʯʠ: ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ; ʫʩʠʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʭʠʤʠʢʘʪʦʚ; ʵʢʦʥʦʤʠʶ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ; ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʱʠʪʫ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʧʦʯʚʳ; 

ʫʣʫʯʰʝʥʠʝ ʢʦʤʬʦʨʪʥʦʩʪʠ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ ʠ ʩʥʠʞʝʥʠʝ ʫʪʦʤʣʷʝʤʦʩʪʠ. 

ʋʯʠʪʳʚʘʷ ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʠʥʥʦʚʘʮʠʡ, ʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʘʚʠʣʴʥʳʤ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 
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ʩʨʝʜʩʪʚʘ ʙʶʜʞʝʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ, 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʚ ɸʨʢʪʠʯʝʩʢʦʤ 

ʨʝʛʠʦʥʝ, ʩʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤʳ ʧʝʨʝʚʘʣʢʠ ʛʨʫʟʦʚ ʚ 2015 ʛʦʜʫ. ʇʝʨʝʯʠʩʣʝʥʳ ʧʨʦʙʣʝʤʳ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ ɸʨʭʘʥʛʝʣʴʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠ, ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ, ʧʝʨʝʚʘʣʢʘ ʛʨʫʟʦʚ, 

ʦʙʲʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʛʨʫʟʦʚ, ʤʦʨʩʢʦʡ ʧʦʨʪ. 

Abstract: The article describes the features of maritime transport in the Arctic region, the 

structure and volume of cargo transshipment in 2015. Listed problems and prospects of development 

of Northern Sea Route, in particular, the Arkhangelsk sea port. 

Keywords: Sea freight, the Northern Sea Route, cargo handling, cargo handling volumes, 

seaport 

 

ʉ 2001 ʛʦʜʘ ʈʦʩʩʠʷ ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʙʦʛʘʪʳʡ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʫʯʘʩʪʦʢ 

ʰʝʣʴʬʘ, ʚʢʣʶʯʘʶʱʠʡ ʭʨʝʙʝʪ ʃʦʤʦʥʦʩʦʚʘ ʠ ʧʦʜʥʷʪʠʝ ʄʝʥʜʝʣʝʝʚʘ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʉʠʙʠʨʩʢʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ 

ʈʦʩʩʠʠ. ʉʚʦʠ ʧʨʘʚʘ ʥʘ ʵʪʫ ʯʘʩʪʴ ɸʨʢʪʠʢʠ, ʥʘʰʘ ʩʪʨʘʥʘ ʧʦʜʪʚʝʨʜʠʣʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 
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ʜʝʩʷʪʠʣʝʪʥʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʝʚʝʨʥʦʛʦ 

ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʣʘ ʚ ʂʦʤʠʩʩʠʶ ʧʦ ʛʨʘʥʠʮʘʤ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʰʝʣʴʬʘ ʆʆʅ ʚ ʘʚʛʫʩʪʝ 2015 ʛʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ɿʘʧʦʣʷʨʴʷ, ʚʳʧʦʣʥʝʥʥʳʝ ɸʨʢʪʠʯʝʩʢʠʤʠ ʵʢʩʧʝʜʠʮʠʷʤʠ, ʧʦʟʚʦʣʠʣʠ ʈʦʩʩʠʠ 

ʦʙʦʩʥʦʚʘʪʴ ʥʦʚʫʶ ʟʘʷʚʢʫ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʟʦʥʳ ʠ ʫʨʝʛʫʣʠʨʦʚʘʪʴ 

ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʅʦʨʚʝʛʠʝʡ ʦ ʨʘʟʛʨʘʥʠʯʝʥʠʠ ʤʦʨʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ 

ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ.  

ɺ ʨʦʩʩʠʡʩʢʦʤ ʩʝʛʤʝʥʪʝ ɸʨʢʪʠʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʢʨʫʧʥʝʡʰʠʝ ʟʘʧʘʩʳ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʥʝʬʪʠ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʠ ʵʢʦʣʦʛʠʠ ʈʌ, ʟʘʧʘʩʳ ʥʝʬʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʦʩʩʠʡʩʢʦʛʦ ʩʝʢʪʦʨʘ ɸʨʢʪʠʢʠ, 

ʩʦʩʪʘʚʣʷʶʪ ʜʦ 586 ʤʠʣʣʠʘʨʜʦʚ ʙʘʨʨʝʣʝʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʚ ɸʨʢʪʠʢʝ ʩʫʱʝʩʪʚʫʶʪ 

ʢʨʫʧʥʳʝ ʟʘʣʝʞʠ ʫʛʣʷ, ʨʝʜʢʠʭ ʠ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʘʣʤʘʟʦʚ [1]. ʇʨʠ 

ʦʩʚʦʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʙʦʛʘʪʩʪʚ ɸʨʢʪʠʢʠ ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʩʫʨʦʚʳʤ ʢʣʠʤʘʪʦʤ ʠ ʥʝʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʄʦʨʩʢʠʝ ʧʦʨʪʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠʤʝʶʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠ ʦʩʚʦʝʥʠʷ ɸʨʢʪʠʢʠ ʠ 

ʨʘʟʚʠʪʠʷ ʵʢʩʧʦʨʪʘ ʈʦʩʩʠʠ.  

ʉʦʚʨʝʤʝʥʥʳʡ ʤʦʨʩʢʦʡ ʧʦʨʪ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ 

ʮʝʥʪʨʦʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʝ ʧʝʨʝʚʦʟʢʠ, ʧʦʩʢʦʣʴʢʫ ʚʙʣʠʟʠ 

ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ ʩʦʟʜʘʶʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʦʨʩʢʦʡ 

ʧʦʨʪ ʷʚʣʷʝʪʩʷ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʩ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤʳ 

ʧʝʨʝʚʘʣʢʠ ʛʨʫʟʦʚ ʚ ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷʤʠ ʨʘʟʚʠʪʠʷ 

ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ. ɺ ʨʝʝʩʪʨ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ ʈʦʩʩʠʠ ʚʭʦʜʷʪ 67 ʧʦʨʪʦʚ ʧʷʪʠ 

ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʙʝʨʝʛʘʭ 12 ʤʦʨʝʡ ʠ ʪʨʸʭ ʦʢʝʘʥʦʚ [2].  

ɸʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʱʥʦʩʪʝʡ ʧʨʠʯʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʢʨʫʧʥʳʭ 

ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ ʩ ʧʨʦʝʢʪʥʦʡ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 20 ʤʣʥ. ʪʦʥʥ, ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ 
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ʥʝʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʧʦʨʪʦʚʳʭ ʤʦʱʥʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ ʧʦʨʪ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ 29,2%, ʚ ʄʫʨʤʘʥʩʢʝ ʥʘ 31,3%, ʪʦ ʝʩʪʴ, ʥʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʩʧʨʦʩʘ ʥʘ ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʨʪʦʚʳʝ ʤʦʱʥʦʩʪʠ. ʇʨʠʯʠʥʘʤʠ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ 

ʷʚʣʷʶʪʩʷ: ʦʪʩʫʪʩʪʚʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʯʘʣʦʚ ʜʣʷ ʩʫʜʦʚ ʩ ʦʩʘʜʢʦʡ ʜʦ 18 ʤʝʪʨʦʚ, 

ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʦʛʨʫʟʢʠ ʜʦ 3500 ʪʦʥʥ ʚ ʯʘʩ ʠʣʠ 150 ʢʦʥʪʝʡʥʝʨʦʚ ʚ ʯʘʩ 

ʥʘ 1 ʩʫʜʥʦ; ʦʪʩʫʪʩʪʚʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʬʨʝʞʝʨʘʪʦʨʥʳʭ ʪʝʨʤʠʥʘʣʦʚ, ʩʧʝʮʠʘʣʴʥʳʭ 

ʨʝʛʘʟʠʬʠʢʘʮʠʦʥʥʳʭ ʪʝʨʤʠʥʘʣʦʚ; ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʛʦʣʴʥʳʭ, ʢʦʥʪʝʡʥʝʨʥʳʭ 

ʧʨʠʯʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʯʘʣʦʚ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʦʚ; ʧʦʣʥʘʷ 

ʨʘʩʩʠʥʭʨʦʥʠʟʘʮʠʷ ʨʘʟʚʠʪʠʷ ʧʦʨʪʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ.  

ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʦʨʪʘʭ ʛʨʫʟʦʚ ï 

ʥʘʣʠʚʥʳʝ ï ʦʢʦʣʦ 51%, ʘ ʩʫʭʦʛʨʫʟʳ ʩʦʩʪʘʚʣʷʶʪ 47%, ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʛʨʫʟʦʦʙʦʨʦʪʘ (ʪʘʙʣʠʮʘ 1). ɿʘ 10 ʤʝʩʷʮʝʚ 2015 ʛ. ʦʙʲʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ 

ʛʨʫʟʦʚ ʧʦ ʚʠʜʘʤ ʚ ʩʨʝʜʥʝʤ ʫʚʝʣʠʯʠʣʦʩʴ, ʥʘ 14,3% ʫʚʝʣʠʯʠʣʩʷ ʦʙʲʝʤ ʧʝʨʝʚʘʣʢʠ 

ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʘ 16,6% ʦʙʲʝʤ ʣʝʩʥʳʭ ʛʨʫʟʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ ʞʝ 

ʧʝʨʠʦʜʦʤ 2014 ʛ. ʆʙʲʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘʣʠʚʥʳʭ ʛʨʫʟʦʚ ʫʚʝʣʠʯʠʣʠʩʴ ʥʘ 4,7 %, ʠʟ 

ʥʠʭ ʧʝʨʝʚʘʣʢʘ ʩʳʨʦʡ ʥʝʬʪʠ ʚʦʟʨʦʩʣʘ ʥʘ 5,9% [3]. 

ʊʘʙʣʠʮʘ 1  

ʆʙʲʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʛʨʫʟʦʚ ʧʦ ʚʠʜʘʤ 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʛʨʫʟʘ 

ɿʘ 10 

ʤʝʩʷʮʝʚ 2014 ʪ., 

ʪʳʩ. ʪʦʥʥ 

ɿʘ 10 ʤʝʩʷʮʝʚ  

2015 ʛ., ʪʳʩ. ʪʦʥʥ 

ʆʪʢʣʦʥʝʥʠʝ ʦʪ 

2014 ʛ. 

ʪʳʩ. ʪʦʥʥ % 

ɻʨʫʟʦʦʙʦʨʦʪ, ʚʩʝʛʦ 536,63 553,80 17,17 3,2 

ʆʙʲʝʤ ʧʝʨʝʚʘʣʢʠ 

ʩʫʭʦʛʨʫʟʦʚ 
202,27 205,3 3,03 1,5 

ʚ ʪʦʤ ʯʠʩʣʝ: 

ʫʛʦʣʴ 
97,22 101,3 4,08 4,2 

ʟʝʨʥʦ 23,31 24,9 1,59 6,8 
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ʯʝʨʥʳʝ ʤʝʪʘʣʣʳ 19,34 22,1 2,76 14,3 

ɻʨʫʟʳ ʥʘ ʧʘʨʦʤʘʭ 133,86 136 2,14 1,6 

ʚ ʪʦʤ ʯʠʩʣʝ: 

ʤʠʥʝʨʘʣʴʥʳʝ 

ʫʜʦʙʨʝʥʠʷ 

12,36 13,2 0,84 6,8 

ʨʫʜʘ 5,35 5,6 0,25 4,6 

ʣʝʩʥʳʝ ʛʨʫʟ  r 3,77 4,4 0,63 16,6 

ʮʚʝʪʥʳʝ ʤʝʪʘʣʣʳ 2,63 3 0,37 14,2 

ʆʙʲʝʤ ʧʝʨʝʚʘʣʢʠ 

ʢʦʥʪʝʡʥʝʨʦʚ 
39,27 33,3 -5,97 -15,2 

ʚ ʪʦʤ ʯʠʩʣʝ: 

ʤʘʪʘʣʣʦʣʦʤʘ  
3,92 3,6 -0,32 -8,1 

ʨʝʬʨʠʞʝʨʘʪʦʨʥʳʭ 

ʛʨʫʟʦʚ 
3,07 2,6 -0,47 -15,2 

ʆʙʲʝʤ ʧʝʨʝʚʘʣʢʠ 

ʥʘʣʠʚʥʳʭ ʛʨʫʟʦʚ 
289,88 303,5 13,62 4,7 

ʚ ʪʦʤ ʯʠʩʣʝ: 

ʩʳʨʦʡ ʥʝʬʪʠ 
158,36 167,7 9,34 5,9 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 118,36 122,5 4,14 3,5 

ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ 10,05 10,5 0,45 4,5 

 

ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʨʝʩʫʨʩʦʤ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʩʦʝʜʠʥʷʶʱʠʡ ʧʦʨʪʳ ʝʚʨʦʧʝʡʩʢʦʛʦ ʠ 

ʜʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʠʡ ʩ ʧʦʨʪʘʤʠ ʚ ʫʩʪʴʷʭ ʩʠʙʠʨʩʢʠʭ ʨʝʢ ʚ ʝʜʠʥʫʶ ʚʦʜʥʦ-

ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʠʩʪʝʤʫ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʢʨʘʪʯʘʡʰʠʤ ʤʦʨʩʢʠʤ ʧʫʪʝʤ ʤʝʞʜʫ 

ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʝʡ ʠ ɼʘʣʴʥʠʤ ɺʦʩʪʦʢʦʤ, ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʧʦ ʤʦʨʷʤ 

ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ (ɹʘʨʝʥʮʝʚʦ, ʂʘʨʩʢʦʝ, ʃʘʧʪʝʚʳʭ, ɺʦʩʪʦʯʥʦ-

ʉʠʙʠʨʩʢʦʝ, ʏʫʢʦʪʩʢʦʝ ʤʦʨʷ) ʠ ʯʘʩʪʠʯʥʦ ʊʠʭʦʛʦ ʦʢʝʘʥʘ (ɹʝʨʠʥʛʦʚʦ ʤʦʨʝ). ɼʣʠʥʘ 

ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ ʦʪ ʂʘʨʩʢʠʭ ɺʦʨʦʪ ʜʦ ʙʫʭʪʳ ʇʨʦʚʠʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 5600 ʢʤ. ʉʦʛʣʘʩʥʦ ʂʦʥʚʝʥʮʠʠ ʆʆʅ ʧʦ ʤʦʨʩʢʦʤʫ ʧʨʘʚʫ ʜʣʷ ʧʣʘʚʘʥʠʷ ʧʦ 

ʪʨʘʩʩʘʤ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ ʧʨʝʜʫʩʤʦʪʨʝʥ ʦʩʦʙʳʡ ʨʝʞʠʤ, ʧʨʘʚʠʣʘ 

ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪ ʈʦʩʩʠʷ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʉʝʚʝʨʥʦʤʫ ʤʦʨʩʢʦʤʫ ʧʫʪʠ ʷʚʣʷʶʪʩʷ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʘʨʪʝʨʠʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʉʫʵʮʢʠʡ ʠʣʠ ʇʘʥʘʤʩʢʠʡ ʢʘʥʘʣʳ. 

ʈʘʩʩʪʦʷʥʠʝ, ʧʨʦʭʦʜʠʤʦʝ ʩʫʜʘʤʠ ʠʟ ʧʦʨʪʘ ʄʫʨʤʘʥʩʢ ʚ ʧʦʨʪ ʀʦʢʦʛʘʤʫ (ʗʧʦʥʠʷ) 

https://creativecommons.org/licenses/by/4.0/deed.ru|


˹˻˻ ζ˽ͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ͤ͊ͯ͊͟η ͙ͫͨͦ͡Έ͔ͯͭ͘ /ǊŜŀǘƛǾŜ /ƻƳƳƻƴǎ !ǘǘǊƛōǳǘƛƻƴ ό// .¸ пΦлύΥ ͙͡ͼ͔͙ͤ͘Ό ͤ͊ 
͙͍ͦͨͯ͋ͦ͊ͤͤ͟͡·͔ ͔͙ͣ͊ͭͪ͊͡· - https://creativecommons.org/licenses/by/4.0/deed.ru| 

 

Международная научно-практическая конференция «Технико-технологическое развитие 

отраслей и предприятий» 

СЕКЦИЯ 5. ТРАНСПОРТ 

38 

 

ʯʝʨʝʟ ʉʫʵʮʢʠʡ ʢʘʥʘʣ, ʩʦʩʪʘʚʣʷʝʪ 23 780 ʢʤ, ʉʝʚʝʨʥʳʤ ʤʦʨʩʢʠʤ ʧʫʪʸʤ ï 10 686 

ʢʤ. ɸʨʢʪʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʟʘʥʠʤʘʝʪ 23ï28 ʜʥʝʡ ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʝʜʦʚʦʡ 

ʦʙʩʪʘʥʦʚʢʠ, ʪʦʛʜʘ ʢʘʢ ʧʫʪʝʰʝʩʪʚʠʝ ʧʦ ʶʞʥʳʤ ʤʦʨʷʤ ʯʝʨʝʟ ʉʫʵʮʢʠʡ ʢʘʥʘʣ ï 45ï

50 ʩʫʪʦʢ.  

ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ ʙʳʣ ʦʪʢʨʳʪ ʜʣʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ ʚ 

1991 ʛʦʜʫ, ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʉʉʉʈ. ʅʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʪʘʷʥʠʷ 

ʣʴʜʦʚ ɸʨʢʪʠʢʠ, ʤʘʨʰʨʫʪ ʩʪʘʣ ʧʨʠʚʣʝʢʘʪʴ ʠʥʦʩʪʨʘʥʥʳʝ ʢʦʤʧʘʥʠʠ. ɺ 2009 ʛʦʜʫ 

ʜʚʘ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʫʜʥʘ ʧʨʦʩʣʝʜʦʚʘʣʠ ʧʦ ʩʝʚʝʨʥʦʤʫ ʤʦʨʩʢʦʤʫ ʧʫʪʠ, ʚ 2012 ʛʦʜʫ 

ʫʞʝ 46 ʩʫʜʦʚ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʯʝʨʝʟ ʉʫʵʮʢʠʡ ʢʘʥʘʣ ʚ ʛʦʜ ʧʨʦʭʦʜʠʪ 18 000 ʩʫʜʦʚ). 

ʊʨʘʥʟʠʪʥʳʝ ʧʝʨʝʚʦʟʢʠ ʯʝʨʝʟ ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ ʚʳʨʦʩʣʠ ʩʦ 110 ʪʳʩ. ʪʦʥʥ 

(2 ʩʫʜʥʘ) ʚ 2009 ʛ. ʜʦ 1,26 ʤʣʥ. ʪʦʥʥ (46 ʩʫʜʦʚ) ʚ 2012 ʛ.  

ɺʩʝ ʧʦʨʪʳ ɸʨʢʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ 

ʛʨʫʧʧʳ. ʂ ʧʝʨʚʦʡ ʦʪʥʦʩʷʪʩʷ ʧʦʨʪʳ ʄʫʨʤʘʥʩʢ, ɸʨʭʘʥʛʝʣʴʩʢ, ɺʠʪʠʥʦ ʠ 

ʂʘʥʜʘʣʘʢʰʘ, ʠʤʝʶʱʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʦʜʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʠʩʪʝʤʦʡ ʩʪʨʘʥʳ. ʆʙʲʝʤ ʧʝʨʝʚʘʣʢʠ ʛʨʫʟʦʚ ʵʪʠʭ ʧʦʨʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 85%, 

ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʙʘʩʩʝʡʥ. ʂʦ ʚʪʦʨʦʡ ï ʧʦʨʪʳ, ʦʙʩʣʫʞʠʚʘʶʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ 

ʦʜʥʦʡ ʢʦʤʧʘʥʠʠ, ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ɺʘʨʘʥʜʝʡ ʠ ɼʫʜʠʥʢʘ. ɺ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ 

ʯʝʪʳʨʥʘʜʮʘʪʴ ʧʦʨʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʤʝʩʪʥʦʩʪʷʭ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʩʫʭʦʧʫʪʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʣʴʢʦ ʧʝʨʝʚʘʣʢʫ ʛʨʫʟʦʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ 

ʨʘʩʧʦʣʦʞʝʥʳ. ʀʭ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ 5ï50%, ʠ 

ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʛʨʫʟʦʚʦʡ ʙʘʟʳ ʠ ʨʦʩʪʘ ʛʨʫʟʦʦʙʦʨʦʪʘ ʥʝʪ [4, 5]. 

ʉʝʚʝʨʥʳʝ ʧʦʨʪʳ ʨʘʟʤʝʱʝʥʳ ʚʙʣʠʟʠ ʤʝʩʪ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʤʝʩʪʘʭ ʥʘ ʙʝʨʝʛʘʭ ʦʢʨʘʠʥʥʳʭ ʤʦʨʝʡ ʉʝʚʝʨʥʦʛʦ 

ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ ʠ ʥʠʟʦʚʴʝʚ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʨʝʢ (ɽʥʠʩʝʡ, ʍʘʪʘʥʛʘ, ʃʝʥʘ, 
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ʂʦʣʳʤʘ). ɸʥʘʣʠʟ ʪʨʘʥʟʠʪʥʦʛʦ ʛʨʫʟʦʧʦʪʦʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ 

ʧʫʪʴ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʝʩʣʠ ʧʦ 

ʥʝʡ ʙʫʜʝʪ ʭʦʜʠʪʴ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʡ ʬʣʦʪ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʳʤʠ ʛʨʫʟʘʤʠ ʜʣʷ 

ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ ʷʚʣʷʶʪʩʷ ʛʘʟ ʠ ʥʝʬʪʴ (ʪʘʙʣʠʮʘ 2). 
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ʊʘʙʣʠʮʘ 2  

ɻʨʫʟʦʦʙʦʨʦʪ ʧʦʨʪʦʚ ɸʨʢʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ 

 

 

ʂ ʧʨʦʙʣʝʤʝ ʨʘʟʚʠʪʠʷ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʉʝʚʝʨʥʳʤ ʤʦʨʩʢʠʤ ʧʫʪʝʤ ʜʣʷ 

ʚʩʝʭ ʧʦʨʪʦʚ ɸʨʢʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʢʨʦʤʝ ʄʫʨʤʘʥʩʢʘ) ʦʪʥʦʩʷʪʩʷ ʫʩʣʦʚʠʷ 

ʨʘʙʦʪʳ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʧʦʢʨʳʪʦʡ ʣʴʜʦʤ ʘʢʚʘʪʦʨʠʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʛʦʜʘ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʳ ʤʦʱʥʳʝ ʧʦʨʪʦʚʳʝ ʣʝʜʦʢʦʣʳ, ʘ ʪʘʢʞʝ ʤʘʣʳʝ ʛʣʫʙʠʥʳ 

ʜʣʷ ʧʨʦʚʦʜʘ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʫʜʦʚ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʘʨʢʪʠʯʝʩʢʠʝ ʧʦʨʪʳ ʙʫʜʫʪ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʝʨʝʚʘʣʢʫ ʪʦʧʣʠʚʥʦ-ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ (ʩʳʨʦʡ ʥʝʬʪʠ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʫʛʣʷ, ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ). ʇʨʠ ʵʪʦʤ ʥʝʬʪʴ ʠ ʛʘʟ ʙʫʜʫʪ ʧʦʩʪʫʧʘʪʴ ʚ 

ʧʦʨʪʳ ʩ ʰʝʣʴʬʦʚ ʩʝʚʝʨʥʳʭ ʤʦʨʝʡ, ʯʪʦ ʩʦʩʪʘʚʠʪ 66,5% ʚʩʝʭ ʨʝʩʫʨʩʦʚ, 

ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʰʝʣʴʬʳ ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ. ɼʣʷ ʠʭ ʧʝʨʝʚʘʣʢʠ 

ʧʦʩʪʨʦʝʥʳ ʧʦʨʪʳ ɺʘʨʘʥʜʝʡ, ʍʘʨʘʩʘʚʵʡ (ʧʦʨʪʦʧʫʥʢʪ) ʠ ʩʪʨʦʷʪʩʷ ʥʦʚʳʝ ʧʦʨʪʳ 

ʉʘʙʝʪʪʘ ʠ ʊʝʨʠʙʝʨʢʘ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʧʦʨʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ, ʯʪʦ ʪʨʝʙʫʝʪ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʠʥʚʝʩʪʠʮʠʡ, ʯʝʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʨʪʦʚ ʚ ʜʨʫʛʠʭ ʙʘʩʩʝʡʥʘʭ.  
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʕʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʝʡ ʈʦʩʩʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 

ʛʦʜʘ, ʠ ʧʨʦʝʢʪʦʤ ʧʨʦʛʨʘʤʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʨʝʩʫʨʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ 

ʩʳʨʴʷ ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 ʛʦʜʘ, ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʝʨʝʚʦʟʦʢ ʚ ʟʘʧʘʜʥʦʤ ʨʘʡʦʥʝ ɸʨʢʪʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʯʝʨʝʟ ʩʝʚʝʨʥʳʝ ʧʦʨʪʳ ʟʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʠ (ʄʫʨʤʘʥʩʢ, ɸʨʭʘʥʛʝʣʴʩʢ, 

ɺʠʪʠʥʦ), ʥʝʬʪʷʥʳʝ ʪʝʨʤʠʥʘʣʳ ʆʙʩʢʦʡ ʛʫʙʳ, ɺʘʨʘʥʜʝʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʚʘʣʢʘ ʦʢʦʣʦ 40 ʤʣʥ. ʪʦʥʥ ʛʨʫʟʦʚ ʚ ʛʦʜ. ʆʢʦʣʦ ʧʦʣʦʚʠʥʳ ʵʪʦʛʦ 

ʦʙʲʝʤʘ (19 ʤʣʥ. ʪʦʥʥ) ʩʦʩʪʘʚʣʷʶʪ ʥʝʬʪʷʥʳʝ ʛʨʫʟʳ, ʠʟ ʢʦʪʦʨʳʭ 16 ʤʣʥ. ʪʦʥʥ 

ʵʢʩʧʦʨʪʠʨʫʝʪʩʷ. 

ʈʘʟʚʠʪʠʝ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ ʧʦʟʚʦʣʠʪ ʫʢʨʝʧʠʪʴ ʥʘʮʠʦʥʘʣʴʥʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ɸʨʢʪʠʢʝ, ʦʙʝʩʧʝʯʠʪʴ ʪʨʘʥʩʧʦʨʪʥʦʝ ʦʩʚʦʝʥʠʝ ʘʨʢʪʠʯʝʩʢʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʘʟʚʠʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʵʢʩʧʦʨʪʥʳʝ, ʪʨʘʥʟʠʪʥʳʝ ʠ 

ʢʘʙʦʪʘʞʥʳʝ ʧʝʨʝʚʦʟʢʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʩʝʚʝʨʥʳʡ ʟʘʚʦʟ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ 

ʛʨʫʟʦʚ, ʧʦʟʚʦʣʠʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʘʤʦʦʢʫʧʘʝʤʫʶ ʘʨʢʪʠʯʝʩʢʫʶ ʤʦʨʩʢʫʶ 

ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʠʩʪʝʤʫ. ɿʘ ʩʯʝʪ ʩʚʦʝʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ɸʨʭʘʥʛʝʣʴʩʢʠʡ ʧʦʨʪ ʟʘʥʠʤʘʝʪ ʫʥʠʢʘʣʴʥʫʶ ʥʠʰʫ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʝ 

ʩʪʠʚʠʜʦʨʥʦʛʦ ʙʠʟʥʝʩʘ ʥʘ ʉʝʚʝʨʝ ʈʦʩʩʠʠ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ɸʨʭʘʥʛʝʣʴʩʢʦʛʦ 

ʧʦʨʪʘ ʩʚʷʟʘʥʳ ʩ ʘʢʪʠʚʥʳʤ ʠ ʤʘʩʰʪʘʙʥʳʤ ʦʩʚʦʝʥʠʝʤ ʘʨʢʪʠʯʝʩʢʠʭ ʥʝʬʪʝʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʨʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʜʚʠʞʝʥʠʷ ʛʨʫʟʦʚ ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ 

ʨʝʛʠʦʥʝ.  
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СЕКЦИЯ 6. СТРОИТЕЛЬСТВО И АРХИТЕКТУРА 

ʋɼʂ 624.21.012.36.04 

Петрова Г.В. Проектирование и расчёт железобетонных 
балочных пролётных строений автодорожного 
железобетонного моста схемой 5x24+15 м 

Design and calculation of reinforced concrete beam spans of reinforced concrete road 

bridge circuit 5x24 + 15 m 

ʇʝʪʨʦʚʘ ɻ. ɺ. 

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

 ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ 

Petrova G.V. 

Tomsk State Architecture and Construction University, Tomsk 

 

Аннотация: Целью статьи является разработка методики проектирования и расчёта 

железобетонных балочных пролётных строений автодорожного железобетонного моста схемой 

5x24+15 м. Разработаны: исходные данные для проектирования моста; описание принятого 

варианта моста; расчет плиты пролетного строения длиной 24м; вычислены постоянные 

(длительные) нагрузки; внутренние усилия в плите от нагрузки А11; внутренние усилия в плите 

от нагрузки НК80; итоговые усилия в плите от временных нагрузок; выполнен расчет плиты на 

прочность в середине пролета (для нижней сетки); расчет плиты на трещиностойкость в 

середине пролета(для нижней сетки); расчет плиты на прочность над опорой (для верхней 

сетки); расчёт плиты на трещиностойкость над опорой (для верхней сетки); расчет плиты на 

воздействие поперечной силы Q; также выполнен расчет главной балки пролетного строения; 

вычислены коэффициенты поперечной установки для А11и НК-80, изгибающие моменты, 

поперечные силы. 

Ключевые слова: Балка, пролетное строение, нагрузка, расчет, момент, сила. 

Abstract: The purpose of this paper is to develop a design methodology and calculation of 

reinforced concrete beam spans of reinforced concrete road bridge circuit 5x24 + 15 m have been 

developed: the original data for the design of the bridge;. description of the adopted version of the 

bridge; Plate calculation of the span length of 24m; calculated permanent (long-term) stress; internal 

forces in the slab from the A11 load; internal forces in the slab from NK80 load; the final effort in the 

plate from the temporary loads; Plate made of the strength in the middle of the span (for the bottom 

grid); Plate calculation of crack in the middle of the span (for the bottom grid); plate strength 

calculation of support (for the upper bracket); plate calculation on fracture above the support (for the 

upper bracket); Plate calculation of the effect of the transverse force Q; also calculated the main beams 

of the superstructure; vychisliny coefficients for transverse installation A11i NK-80, bending 

moments, shear forces. 

Keywords: Beam, superstructure, load calculation, the moment force. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʜʝʣʳ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʚʘʨʠʘʥʪʘ 

ʤʦʩʪʘ, ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʨʘʩʯʝʪʳ ʩʝʯʝʥʠʡ ʙʘʣʦʢ 

ʧʦ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʘ ʪʘʢʞʝ ʜʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʩʯʝʪʘ ʠ ʘʨʤʠʨʦʚʘʥʠʷ ʙʘʣʦʢ [1].  

ɺʩʝ ʨʘʩʯʝʪʳ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠʟʣʦʞʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʝʡʩʪʚʫʶʱʠʤ ʉʅʠʇ 2.05.03-84*. 

 

1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʩʪʘ. 

Номер продольного профиля 1 

Габарит проезжей части тротуаров  Г11,5+2х1.0 

Размет продольного профиля  а=9 

                               .                     в =0.7 

Класс судоходства 7 

Интенсивность ледохода ‒ слабый 

Уровень воды          ГМП-4в=2.8 

                                . ГВВ ‒ 7в=4.9 

••••••••.РСГ ‒ 6в =4.2 

Отверстия мост    - 12а=108 м  

Вид несущих элементов продольные строения ‒ ребристые 

Длины расчетного пролета ‒ 23.4м 

Расстояния между осями балок (плит) ‒ 210см 

Класс нормативной временной нагрузки ‒ К11 [2] 

 

2. ʆʧʠʩʘʥʠʝ ʧʨʠʥʷʪʦʛʦ ʚʘʨʠʘʥʪʘ ʤʦʩʪʘ 

В качестве основного варианта для проектирования принят 

железобетонный мост схемой  5х24+15м. 
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Пролетное строение в поперечном сечении состоит из 6 железобетонных 

балок армированных ненапрягаемой арматурой. Расстояния между балками 

принято равным 2.1 м. 

Толщина железобетонной плиты составляет 0.17м [3] 

 

3. ʈʘʩʯʝʪ ʧʣʠʪʳ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʜʣʠʥʦʡ 24ʤ 

3.1 ʇʦʩʪʦʷʥʥʳʝ (ʜʣʠʪʝʣʴʥʳʝ) ʥʘʛʨʫʟʢʠ [4] 

iin qhG Ö= ,                                                                                     

  

nfr GG Ö=g       

Gn-ʥʦʨʤʘʪʠʚʥʘʷ ʥʘʛʨʫʟʢʘ, (ʢʅ/ʤ
2) 

hi ï ʪʦʣʱʠʥʘ ʩʣʦʷ,(ʤ) 

qi ï ʫʜʝʣʴʥʳʡ ʚʝʩ, (ʢʅ/ʤ
3) 

fg - ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ 

Gr- ʨʘʩʯʝʪʥʘʷ ʥʘʛʨʫʟʢʘ, (ʢʅ/ʤ
2) 

Таблица 1.  

Постоянные нагрузки для расчета плиты 

ʅʘʟʚʘʥʠʝ hi, ʤ 
qi 

(ʢʅ/ʤ3) 
Gn (ʢʅ/ʤ

2) fg  
Gr 

(ʢʅ/ʤ2) 

1.ʉʦʙʩʪʚʝʥʥʳʡ ʚʝʩ 

ʧʣʠʪʳ    hʇ =17ʩʤ 
0,17 25 4,3 1,1 4,7 

2.ɺʳʨʘʚʥʠʚʘʶʱʠʡ 

ʩʣʦʡ  h =3ʩʤ 
0,03 24 0,7 1,3 0,9 

3. ʆʢʣʝʝʯʥʘʷ 

ʛʠʜʨʦʠʟʦʣʷʮʠʷ 

h=5.5ʤʤ 

0,0055 19 0,1 1,3 0,1 

4.ɿʘʱʠʪʥʳʡ ʩʣʦʡ 

ʛʠʜʨʦʠʟʦʣʷʮʠʠ 4ʩʤ 
0,04 24 1 1,3 1,3 

5.ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʦʝ 

ʨʦʢʨʳʪʠʝ hʘʙ=9ʩʤ 
0,09 23 2,1 1,5 3,2 
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 × 8.2  10.2 

 

 

3.2 ɺʳʯʠʩʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ ʚ ʧʣʠʪʝ ʦʪ ʥʘʛʨʫʟʢʠ ɸ11 [5]. 

 
Рисунок 1. Схема сбора временных нагрузок на плиту. 

 

ʂʦʣʝʩʦ ʰʠʨʠʥʦʡ bʂ=0,6 ʤ ʠ ʜʣʠʥʦʡ ʩʣʝʜʘ ʘʢ=0,2ʤ ʯʝʨʝʟ ʩʣʦʠ ʧʦʢʨʳʪʠʷ 

ʦʢʘʟʳʚʘʝʪ ʜʘʚʣʝʥʠʝ ʥʘ ʧʣʠʪʫ  ʩ ʨʘʟʤʝʨʘʤʠ ʧʣʦʱʘʜʢʠ [6]: 

b1=0.6+2ʭhʜ.ʦ=0,6+2ʭ0,175=0,95ʤ 

ʘ1=0,2+2ʭhʜ.ʦ=0,2+2ʭ0,175=0,55ʤ 

L0=Lʦʩ- bʙ=2,1-0,16=1,94ʤ 

Lʦʩ - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʙʘʣʢʘʤʠ ʧʦ ʦʩʷʤ 

bʙ- hʠʨʠʥʘ ʙʘʣʢʠ 

 

ʈʘʩʯʝʪʥʳʡ  ʧʨʦʣʝʪ ʧʣʠʪʳ  ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ: 

Lʨ= L0+ hʧÒ Lʦʩ 

Lʨ=1,94+0,17=2,11>2.1 
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Lʨ=2.1ʤ 

 

ʋʯʘʩʪʦʢ ʧʣʠʪʳ ʚʜʦʣʴ ʤʦʩʪʘ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʠʟʛʠʙ ʦʪ ʜʘʚʣʝʥʠʷ ʢʦʣʝʩʘ ʧʦ 

ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ: 

ʘ2=( ʘ1+ Lʨ/3)Ó2/3ʭ Lʨ       

0,55+2,1/3=1,25<1,4 

ʘ2=1,4 

 

ʇʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʫʯʘʩʪʢʝ ʘ2 ʙʫʜʝʪ ʨʘʚʥʘ 

nq0=q
n*ʘ2=8,2*1,4=11,48 ʢʅ/ʤ       

rq0= q
r* ʘ2=10,2*1,4=14,28 ʢʅ/ʤ       

 

ɼʘʚʣʝʥʠʝ ʦʪ ʢʦʣʝʩʘ ʪʝʣʝʞʢʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ: 

ʈr= fg*ʈʢ*(1+Õ),ʛʜʝ:       

fg=1,5 ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ 

ʈʢ=54ʢʅ ï ʥʦʨʤʘʪʠʚʥʦʝ ʜʘʚʣʝʥʠʝ ʢʦʣʝʩʘ 

(1+Õ) ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ 

(1+Õ)=1+(45- Lʨ)/135Ó1,0       

1+(45-2,1)/135=1,318 

ʈr=1,5*54,5*1,318=108,74 ʢʅ 

ɺʳʯʠʩʣʷʝʤ ʥʦʨʤʘʪʠʚʥʳʡ ʠ ʨʘʩʯʝʪʥʳʡ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʦʪ 

ʧʦʩʪʦʷʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʧʣʠʪʳ ï ʢʘʢ ʚ ʩʚʦʙʦʜʥʦ 

ʣʝʞʘʱʝʡ ʙʘʣʢʝ ʥʘ ʜʚʫʭ ʦʧʦʨʘʭ [7]: 

 

ʅʦʨʤʘʪʠʚʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ 

https://creativecommons.org/licenses/by/4.0/deed.ru|


˹˻˻ ζ˽ͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ͤ͊ͯ͊͟η ͙ͫͨͦ͡Έ͔ͯͭ͘ /ǊŜŀǘƛǾŜ /ƻƳƳƻƴǎ !ǘǘǊƛōǳǘƛƻƴ ό// .¸ пΦлύΥ ͙͡ͼ͔͙ͤ͘Ό ͤ͊ 
͙͍ͦͨͯ͋ͦ͊ͤͤ͟͡·͔ ͔͙ͣ͊ͭͪ͊͡· - https://creativecommons.org/licenses/by/4.0/deed.ru| 

 

Международная научно-практическая конференция «Технико-технологическое развитие 

отраслей и предприятий» 

СЕКЦИЯ 6. СТРОИТЕЛЬСТВО И АРХИТЕКТУРА 

48 

 

ʄn=
nq0* Lʨ/8+ ʈʢ/4(Lʨ- b1/2)=11.48*2.12/8+100/4*    

   

(2.1-1.15/2)=6.33+38.13=44.46 ʢʅ*ʤ 

 

ʈʘʩʯʸʪʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ 

ʄr=
rq0* Lʨ

2/8+ ʈr/4*( Lʨ- b1/2)=14.28*2.12/8+124.5/4*    

  

(2.1-1.15/2)=7.87+47.47=55.34 ʢʅ*ʤ 

 

3.3 ɺʳʯʠʩʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ ʚ ʧʣʠʪʝ ʦʪ ʥʘʛʨʫʟʢʠ ʅʂ80 

ʂʦʣʝʩʦ ʰʠʨʠʥʦʡ bʢ=0,8 ʤ ʠ ʜʣʠʥʦʡ ʩʣʝʜʘ aʢ=0,2 ʤ ʯʝʨʝʟ ʩʣʦʡ ʧʦʢʨʳʪʠʷ 

ʦʢʘʟʳʚʘʝʪ ʜʘʚʣʝʥʠʝ ʥʘ ʧʣʠʪʫ ʩ ʨʘʟʤʝʨʘʤʠ ʧʣʦʱʘʜʢʠ [8]: 

b1=0.8+2*hʜʦ=0,8+2*0,175=1,15 ʤ       

a1=0.2+2*hʜʦ=0,2+2*0,175=0,55 ʤ       

ɼʘʚʣʝʥʠʝ ʦʪ ʢʦʣʝʩʘ ʢʦʣʸʩʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ: 

( )íêkfr PP mg +ÖÖ= 1 , ʛʜʝ:       

fg=1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʸʞʥʦʩʪʠ 

Pʢ=100 ʢʅ ï ʥʦʨʤʘʪʠʚʥʦʝ ʜʘʚʣʝʥʠʝ ʦʪ ʢʦʣʝʩʘ 

( )íêm+1  - ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

( )íêm+1 =1,3 ʧʨʠ LʨÒ1,0 ʤ       

( )íêm+1 =1,1 ʧʨʠ LʨÓ5,0 ʤ       

ʇʨʠʥʠʤʘʝʤ: 

( )íêm+1 =1,3+(2,1-1)*(1,1-1,3)/(5,0-1,0)=1,254 

Pr=1*100*1.245=124,5 ʢʅ 
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ɺʳʯʠʩʣʷʝʤ ʥʦʨʤʘʪʠʚʥʳʡ ʠ ʨʘʩʯʸʪʥʳʡ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʦʪ 

ʧʦʩʪʦʷʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʸʪʘ ʧʣʠʪʳ ʢʘʢ ʚ ʩʚʦʙʦʜʥʦ 

ʣʝʞʘʱʝʡ ʙʘʣʢʝ ʥʘ ʜʚʫʭ ʦʧʦʨʘʭ. 

 

 

 

ʅʦʨʤʘʪʠʚʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ 
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qM ð
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n =11,48*2,12/8+100/4*(2,1-

1,15/2)=6,33+38,13=44,46 ʢʅ  

ʈʘʩʯʸʪʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ 
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r =14,28*2,12/8+124,5/4*(2,1-

1,15/2)=7,87+47,47=55,34 ʢʅ [9] 

 

3.4 ɺʳʯʠʩʣʝʥʠʝ ʠʪʦʛʦʚʳʭ ʫʩʠʣʠʡ ʚ ʧʣʠʪʝ ʦʪ ʚʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʤʦʤʝʥʪʦʚ ʦʪ ʚʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ɸ11 ʠ ʅʂ80 ʚʠʜʠʤ ʯʪʦ 

ʫʩʠʣʠʷ ʦʪ ʚʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʅʂ80 ʙʦʣʴʰʝ ʯʝʤ ʦʪ ɸ11. ʇʦʵʪʦʤʫ ʜʘʣʝʝ ʙʫʜʝʤ 

ʦʧʨʝʜʝʣʷʪʴ ʚʥʫʪʨʝʥʥʠʝ ʫʩʠʣʠʷ ʢʘʢ ʚ ʯʘʩʪʠʯʥʦ ʟʘʜʝʣʘʥʥʦʡ ʥʘ ʦʧʦʨʘʭ ʙʘʣʢʝ ʦʪ 

ʥʘʛʨʫʟʢʠ ʅʂ80 [10]. 

ɺʳʯʠʩʣʠʤ ʥʦʨʤʘʪʠʚʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʚ ʩʝʯʝʥʠʷʭ 

ʧʣʠʪʳ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ  ʠ ʚ ʦʧʦʨʥʦʤ ʩʝʯʝʥʠʠ ʥʘʜ ʨʝʙʨʘʤʠ ʙʘʣʦʢ 

n

LÌ 2/ =0.5*ʄn=0.5*44.46=22.23 ʪ*ʤ       

n

îïÌ =-0.65* ʄn=-0.65*44.46=-28.9 ʪ*ʤ       

2/LÌ =0.5* ʄr=0.5*55.34=27.67 ʪ*ʤ       
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îïÌ =-0.65* ʄr=-0.65*55.34=-35.97 ʪ*ʤ       

 

3.5 ʈʘʩʯʝʪ ʧʣʠʪʳ ʥʘ ʧʨʦʯʥʦʩʪʴ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ (ʜʣʷ ʥʠʞʥʝʡ ʩʝʪʢʠ) 

ɿʘʜʘʝʤʩʷ: ʢʣʘʩʩ ʙʝʪʦʥʘ ɺ30 

Rb=15500ʢʇʘ ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʝʪʦʥʘ ʥʘ ʩʞʘʪʠʝ 

ʂʣʘʩʩ ʘʨʤʘʪʫʨʳ ɸ III, ds=0.012 ʤ 

Rs=350000ʢʇʘ ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʨʤʘʪʫʨʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

 

ʈʘʙʦʯʘʷ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ ʧʣʠʪʳ ʙʫʜʝʪ ʨʘʚʥʘ [11]: 

hʦ = hʧ-( ds/2+ʘs) ʛʜʝ:       

ʘs= 2ʩʤ ï ʟʘʱʠʪʥʳʡ ʩʣʦʡ ʙʝʪʦʥʘ 

hʦ=17-(1,2/2+2)=14,4ʩʤ 

 

ɿʘʜʘʝʤʩʷ ʘʨʤʠʨʦʚʘʥʠʝʤ ʚ ʚʠʜʝ 7 ʩʪʝʨʞʥʝʡ d=12ʤʤ ʥʘ ʫʯʘʩʪʢʝ ʰʠʨʠʥʦʡ 

ʘ2=1.4 ʤ (ʰʘʛ ʩʪʝʨʞʥʝʡ S=1,4/7=0.2 ʤ) 

ɸs=7*ˊ*0,012
2/4 = 0,000792 ʤ2       

  

ʈʘʙʦʯʘʷ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ: 

h0= hʧ ï (ds/2 + ʘs) = 0.17-(
2

012.0
+0.02)=0.17-0.026=0.144 ʤ   

  

ɺʳʩʦʪʘ ʩʞʘʪʦʡ ʟʦʥʳ ʙʝʪʦʥʘ: 

 

ʭ =
2*

*

àR

ÀR

b

ss =
4,1*15500

000792,0*350000
=0,0128 ʤ      
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ʇʣʝʯʦ ʚʥʫʪʨʝʥʥʝʡ ʧʘʨʳ ʩʠʣ [12]: 

Z = h0-x/2=0.144-0.0128/2=0.138 ʤ       

  

ʇʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ʧʨʦʯʥʦʩʪʠ ʩʝʯʝʥʠʷ: 

ʄʧʨ=Rs*ɸs*ZÓʄL/2         

  

ʄʧʨ=350000*0.000792*0.138=38.25ʢʅ*ʤ Ó 2,767*9,81=27,14ʢʅ*ʤ 

ɺʳʚʦʜ: ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʴ ʚʳʧʦʣʥʷʝʪʩʷ, ʘʨʤʠʨʦʚʘʥʠʝ ʧʦ ʧʨʦʯʥʦʩʪʠ 

ʧʦʜʦʙʨʘʥʦ ʧʨʘʚʠʣʴʥʦ. 

 

3.6 ʈʘʩʯʝʪ ʧʣʠʪʳ ʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ(ʜʣʷ 

ʥʠʞʥʝʡ ʩʝʪʢʠ) [13] 

ʇʨʠ ʨʘʩʯʝʪʝ ʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ 

ʘcr Òȹʩr, ʛʜʝ:          

 (24)
 

ʘcr- ʬʘʢʪʠʯʝʩʢʘʷ ʰʠʨʠʥʘ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ (ʤ) 

ȹʩr= 0,0002 ʤ ï ʧʨʝʜʝʣʴʥʦ ï ʜʦʧʫʩʪʠʤʘʷ ʰʠʨʠʥʘ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ. 

ʘcr= y
s

sE
s , ʛʜʝ:           

ss=
n

LM 2/ / (ɸs*Z) ï ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʘʨʤʘʪʫʨʥʳʭ ʩʪʝʨʞʥʷʭ ʦʪ 

ʜʝʡʩʪʚʠʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʤʦʤʝʥʪʘ 

ɸs- ʧʣʦʱʘʜʴ ʩʪʝʨʞʥʝʡ ʥʠʞʥʝʡ ʩʝʪʢʠ. 

ɸs=0,000792 ʤ
2 

Z=0.138 ʤ 
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ss= 138.0*000792.0

81.9*223.2
=199528,16ʢʇʘ 

ɽs=200000000 ʢʇʘ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʘʨʤʘʪʫʨʳ 

y-ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʘʨʤʘʪʫʨʳ ʩ ʙʝʪʦʥʦʤ 

rR5.1=y ;            

ɻʜʝ Rr ï ʨʘʜʠʫʩ ʘʨʤʠʨʦʚʘʥʠʷ ʟʦʥʳ 

Rr=ɸr/(n*ds),           

 (27) 

ʛʜʝ ɸr-ʧʣʦʱʘʜʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ɸr=ʘ2*(ʘs+ds+r2)= a2(as+7ds)=1.4*(0.02+0.012)=0.146 ʤ   

  (28) 

Rr=0,146/(7*0,012)=1,738=173,8ʩʤ 

77.198.173*5.1 ==y  

 ʘʩr=199528,16*19,77/200000000=0,0197ʩʤ<ȹʩr=0,02ʩʤ 

ɺr ʚʦʜ: ʫʩʣʦʚʠʝ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʩʦʙʣʶʜʘʝʪʩʷ 

 

3.7 ʈʘʩʯʝʪ ʧʣʠʪʳ ʥʘ ʧʨʦʯʥʦʩʪʴ ʥʘʜ ʦʧʦʨʦʡ (ʜʣʷ ʚʝʨʭʥʝʡ ʩʝʪʢʠ) [14] 

ʇʨʠʥʠʤʘʝʤ ʚʝʨʭʥʶʶ ʩʝʪʢʫ ʠʟ 8 ʩʪʝʨʞʥʝʡ d=0.016 ʤ (ʰʘʛ ʘʨʤʘʪʫʨʳ  

S=1.4/8=0.175 ʤ) 

ɸr=8ˊ*0,016
2/4=0,001618 ʤ2 

ɸs=0.05 ʤ ï ʟʘʱʠʪʥʳʡ ʩʣʦʡ ʙʝʪʦʥʘ 

ʈʘʙʦʯʘʷ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ 

h0= hʧ-(ds/2+as)=0.17-( 05.0
2

016.0
+ )=0.112 ʤ     

 (29) 

ɺʳʩʦʪʘ ʩʞʘʪʠʷ ʟʦʥʳ ʙʝʪʦʥʘ 
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ʭ= 026.0
4.1*15500

001608.0*350000

*

*

2

==
aR

ÀR

b

ss ʤ        

ʇʣʝʯʦ ʚʥʫʪʨʝʥʥʝʡ ʧʘʨʳ ʩʠʣ: 

Z=h0-ʭ/2=0,112 ï 0,026/2=0,099       

 (31) 

ʇʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ʧʨʦʯʥʦʩʪʠ 

ʄʧʨ=Rs*As*ZÓMʦʧ         

 (32) 

ʄʧʨ=350000*0,001608*0,099=55,717 ʢʅ*ʤ>3,597*9,81=35,29 ʢʅ*ʤ 

ɺʳʚʦʜ: ʫʩʣʦʚʠʝ ʧʦ ʧʨʦʯʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ. ɸʨʤʠʨʦʚʘʥʠʝ ʧʦ ʧʨʦʯʥʦʩʪʠ 

ʧʦʜʦʙʨʘʥʦ ʧʨʘʚʠʣʴʥʦ. 

 

 

3.8 ʈʘʩʯʸʪ ʧʣʠʪʳ ʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʥʘʜ ʦʧʦʨʦʡ (ʜʣʷ ʚʝʨʭʥʝʡ 

ʩʝʪʢʠ) [15] 

ɸs=0.001608 ʤ
2    (ds=0.016 ʤ) 

Z=0.099 

n

îïÌ =2.89*9.81=28,35 ʢʅ*ʤ 

ʅʘʧʨʷʞʝʥʠʝ ʚ ʘʨʤʘʪʫʨʝ ʦʪ ʜʝʡʩʪʚʠʷ ʤʦʤʝʥʪʘ: 

ss=
n

îïÌ /(As*Z)=28.35/(0.001608*0.099)=178086,84ʢʇʘ   

  

ʇʣʦʱʘʜʴ ʟʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ɸs=ʘs*(ʘs+7ds)=1.4*(0.05+7*0.016)=0.227 ʤ     

  

ʈʘʜʠʫʩ ʘʨʤʠʨʦʚʘʥʠʷ: 
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Rr=Ar/(n*ds)=0.227/(8*0.016)=1.773 ʤ=177,3 ʩʤ    

   

 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʘʨʤʘʪʫʨʳ ʩ ʙʝʪʦʥʦʤ: 

Ɋ= 973.193.1775.15.1 ==rR  

ɽs=200000000 ʢʇʘ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʘʨʤʘʪʫʨʳ. 

ʌʘʢʪʠʯʝʩʢʘʷ ʰʠʨʠʥʘ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ 

acr= 018,0
200000000

973,19*84,178086
* ==y

s

s

s

E
ʩʤ      

  

ʇʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 

ʘʩr=0,018<ȹcr=0.02 cʤ          

ɺʳʚʦʜ: ʫʩʣʦʚʠʝ ʧʦ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ. ɸʨʤʠʨʦʚʘʥʠʝ ʧʦ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʦʜʦʙʨʘʥʦ ʧʨʘʚʠʣʴʥʦ. 

 

3.9 ʈʘʩʯʝʪ ʧʣʠʪʳ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ Q [16] 

ɺʳʯʠʩʣʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ ʦʪ ʥʘʛʨʫʟʢʠ ɸ11 

 

ʇʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʚ ʦʧʦʨʥʦʤ ʩʝʯʝʥʠʠ ʧʣʠʪʳ ʥʘʭʦʜʠʪʩʷ ʙʝʟ ʫʯʝʪʘ 

ʟʘʱʝʤʣʝʥʠʷ, ʢʘʢ ʚ ʩʚʦʙʦʜʥʦ ʦʧʦʨʥʦʡ ʙʘʣʢʝ. ʇʨʠ ʵʪʦʤ ʢʦʣʝʩʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʢʨʘʶ ʧʣʠʪʳ ʫ ʨʝʙʨʘ ʙʘʣʢʠ. 

 

Qʦʧ = rq0 *
 Lʨ/2 + Pr *(( Lʨ-b1/2)/ Lʨ) = 14.28*2.1/2+108.74*((2.1-0.95/2)/2.1)= 

=14.99+84.14=99.13 ʢʅ       
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ɺʳʯʠʩʣʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ ʦʪ ʥʘʛʨʫʟʢʠ ʅʂ80 

 

Qʦʧ = 14,28*2,1/2 + 124,5*((2,1-1,15/2)/2,1)= 14,99+90,41=103,4 ʢʅ 

 

ɼʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ: 

 

QʦʧÒ0,75* Rbt*ʘ2* hʦ       

Rbt- ʧʨʝʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʝʪʦʥʘ ʥʘ ʨʘʩʪʷʞʝʥʠʝ (ʄʇʘ) 

Qʦʧ Ò 0,75*1100*1,4*0,144=166,32 ʢʅ 

Qʦʧ=103,4<166,32 ʢʅ 

 

ɺʳʚʦʜ: ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ 

 

4. ʈʘʩʯʝʪ ʛʣʘʚʥʦʡ ʙʘʣʢʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ [17] 

ɺʳʧʦʣʥʠʤ ʩʙʦʨ ʥʘʛʨʫʟʦʢ ʦʪ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʦʡ ʙʘʣʢʠ. 

ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʩʙʦʨʘ ʥʘʛʨʫʟʦʢ b=2,1 ʤ 

hi, - ʪʦʣʱʠʥʘ ʩʣʦʷ, (ʤ) 

qi ï ʫʜʝʣʴʥʳʡ ʚʝʩ, (ʢʅ/ʤ
3) 

qn= hi, *b * qi, (ʢʅ/ʤ)         

  

q= fg*
 qn, (ʢʅ/ʤ)           

Таблица 4.1.  

Сбор нагрузок в пределах балки 

Название hi, м 
qi 

(кН/м3) 
qn (кН/м) fg  

q 

(кН/м) 
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1.Асфальтобетонное 

покрытие на тротуарах 

0,04*2 23 1,84 1,1 2,02 

2. Перильное 

ограждение 

  0,66 1,1 0,73 

3.Барьерное 

ограждение 

  1,6 1,1 1,76 

  ⅜ 4,1  4,51 

 

ɺʳʯʠʩʣʠʤ ʥʘʛʨʫʟʢʫ ʧʨʠʭʦʜʷʱʫʶʩʷ ʥʘ ʙʘʣʢʫ: 

ʅʦʨʤʘʪʠʚʥʘʷ 683.0
6

1.4
= ʢʅ/ʤ 

ʈʘʩʯʝʪʥʘʷ 752.0
6

51.4
= ʢʅ/2 

ɺʳʯʠʩʣʠʤ ʩʫʤʤʘʨʥʫʶ ʧʦʩʪʦʷʥʥʫʶ ʥʘʛʨʫʟʢʫ ʧʨʠʭʦʷʱʫʶʩʷ ʥʘ ʙʘʣʢʫ: 

ʅʦʨʤʘʪʠʚʥʘʷ: 24,44+0,65=25,12 ʢʅ/ʤ 

ʈʘʩʯʝʪʥʘʷ: 29,59+0,75=30,34ʢʅ/ʤ 

 

ɺʳʯʠʩʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ɸ11 

 

ʂʇʋ ʙʫʜʝʤ ʚʳʯʠʩʣʷʪʴ ʧʦ ʤʝʪʦʜʫ ʨʳʯʘʛʘ: 

 
Рисунок. 2. Вычисление КПУ для А11 
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ʂʇʋɸʂ=0,5(ʫ1+ʫ2)=0,5(1+0,095)=0,548       

 

 

Вычислим коэффициент поперечной установки для НК-80 
 

 
Рисунок 3. Вычисление КПУ для НК80 

 

ʂʇʋʅʂ=0,5(ʫ1+ʫ2)=0,5*(1+0)=0,5       

 

ɺʳʯʠʩʣʠʤ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʛʣʘʚʥʦʡ ʙʘʣʢʠ ʦʪ 

ʥʘʛʨʫʟʢʠ ɸ11 

 

ʅʦʨʤʘʪʠʚʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ. 

 

ʄn=q
n*ɤ+ɜ*ʂʇʋɸʂ* ɤ+P*(y1+ʫ2)* ʂʇʋɸʂ,     

 (44) 

 

ɻʜʝ ʫ1,ʫ2-ʦʨʜʠʥʘʪʳ ʣʠʥʠʠ ʚʣʠʷʥʠʷ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʚ ʩʝʨʝʜʠʥʝ 

ʙʘʣʢʠ ʦʪ ʪʝʣʝʞʢʠ ɸ11. 
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1.55.0*2.10
4.23

2*85.5
*)5.1

2

4.23
( ==- ) 

Рисунок 4. Сбор нагрузок от А11 вдоль моста 
 

ʄn=25.12*68.445+11*0.548*68.445+110*(5.85+5.1)*0.548=1719,338+412,

586+660,066=2791,99 ʢʅ*ʤ         

    

 

ʈʘʩʯʝʪʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ 

 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʥʘʜʝʞʥʦʩʪʠ ʜʣʷ ʥʘʛʨʫʟʢʠ ɸ11: 

ʇʦʣʦʩʦʚʘʷ: 
faïg =1,2 

ʊʝʣʝʞʢʘ: fatg =1,5-0,01*Lʙ=1,5-0,01*24=1,26     

  

ɼʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʥʘʛʨʫʟʢʠ ɸ11 

(1+Õ)ʘʢ=1+(
135

45 áL-
)=1+

135

2445-
=1,156      
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ʄr=qr* ɤ+ɔfaʧ*(1+Õ)ʘʢ*ɜ*ɤ*ʂʇɸɸʂ+ ɔfʘʪ*(1+Õ)ʘʢ*ʈ*(y1+y2)* ʂʇɸɸʂ= 

=30.34*68.445+1.2*1.156*11*68.445*0.548+1.26*1.156*110(5.85+5.1)*0.5

48= 

2076,62+572,34+961,43=3610,39ʢʅ*ʤ      

  

 

ɺʳʯʠʩʣʠʤ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʛʣʘʚʥʦʡ ʙʘʣʢʠ ʦʪ 

ʥʘʛʨʫʟʢʠ ʅʂ80 

 

 
Рисунок 5. Сбор нагрузок от тележки НК80 вдоль моста 

 
ʅʦʨʤʘʪʠʚʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ 

ʄn=qn*ɤ+Pʥʢ*(ʫ1+ʫ2+ʫ3+ʫ4)*ʂʇʋʅʂ= 

=25,12*68,445+200*(5,25+5,85+5,25+4,65)*0,5= 1719,338+2100=3819,34 ʢʅ*ʤ

          

 

ʈʘʩʯʝʪʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ 
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ɔfʥʢ=1,0 ʜʣʷ ʅʂ-80. 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

(1+Õ)ʥʢ=1,1 

ʄr=qr*ɤ+ ɔfʥʢ*(1+Õ)ʥʢ*Pʥʢ*(ʫ1+ʫ2+ʫ3+ʫ4) *ʂʇʋʅʂ= 

=30,34*68,445+1,0*1,1*200*(5,25+5,85+5,25+4,65)*0,5=2076,62+2310= 

=4386,62 ʢʅ*ʤ           

 

ɺʳʯʠʩʣʠʤ ʧʦʧʝʨʝʯʥʳʝ ʩʠʣʳ ʥʘʜ ʦʧʦʨʦʡ ʛʣʘʚʥʦʡ ʙʘʣʢʠ ʦʪ ʥʘʛʨʫʟʢʠ ɸ11 

 

 
Рисунок 6. Схема А11 на опоре 

 
ʅʦʨʤʘʪʠʚʥʘʷ ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ 

Qn=qn*ɤ+ɜ*ɤ*ʂʇʋɸʂ+P*(ʫ1+ʫ2)*ʂʇʋɸʂ= 

=25,12*11,7+11*11,7*0,548+110(1+0,936)*0,548= 

293,904+70,528+116,702= 

=481,134 ʢʅ          

  

 

ʈʘʩʯʝʪʥʘʷ ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ 
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Qr=qr*ɤ+ɔfʘʧ*(1+Õ)ʘʢ*ɜ*ɤ*ʂʇʋɸʂ+ɔfʘʪ*(1+Õ)ʘʢ*P(ʫ1+ʫ2)*ʂʇʋɸʂ= 

=30,34*11,7+1,2*1,156*11*11,7*0,548+1,26*1,156*110(1+0,936)*0,548= 

=354,98+97,84+169,98=622,8 ʢʅ       

  

 

ɺʳʯʠʩʣʠʤ ʧʦʧʝʨʝʯʥʳʝ ʩʠʣʳ ʥʘʜ ʦʧʦʨʦʡ ʛʣʘʚʥʦʡ ʙʘʣʢʠ ʦʪ ʥʘʛʨʫʟʢʠ ʅʂ-

80 

 

 

 
Рисунок 7. Схема НК80 на опоре 

 
Qn=qn* ɤ+ 

Pʥʢ(ʫ1+ʫ2+ʫ3+ʫ4)*ʂʇʋʅʂ=25,12*11,7+200*(1+0,949+0,897+0,846)*0,5= 

=293,90+369,2=663,1 ʢʅ       

 

ʈʘʩʯʝʪʥʘʷ ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ 

 

Qr=qr* ɤ+ ɔfʥʢ*(1+Õ)ʥʢ* Pʥʢ(ʫ1+ʫ2+ʫ3+ʫ4)* ʂʇʋʅʂ= 
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=30,34*11,7+1,0*1,1*(1+0,949+0,897+0,846)*200*0,5=354,98+406,12=761

,1ʢʅ   

 

4.1 ʈʘʩʯʝʪʳ ʩʝʯʝʥʠʷ ʙʘʣʢʠ ʧʦ I ʛʨʫʧʧʝ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

4.1.1 ʇʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʠ ʩʝʯʝʥʠʷ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʥʘ ʜʝʡʩʪʚʠʝ 

ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ  

ɺʳʯʠʩʣʠʤ ʰʠʨʠʥʫ ʧʣʠʪʳ ʫʯʠʪʳʚʘʝʤʦʡ ʚ ʨʘʩʯʝʪʝ. 

b0=2.1-0.16=1.94           

bʩʚmax= b0/2=1.94/2=0.97 ʤ        

  

6*hʧʣ=6*0,17=1,02 ʤ         

  

ʊʘʢ ʢʘʢ bʩʚmax=0,97<6* hʧʣ=1,02 ʤ ʧʨʠʥʠʤʘʝʤ , ʯʪʦ ʰʠʨʠʥʘ ʧʣʠʪʳ 

ʚʚʦʜʠʤʦʡ ʚ ʨʘʩʯʝʪ ʨʘʚʥʘ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʙʘʣʢʘʤʠ: bʧʣ=2,1ʤ. 

ɺʳʷʩʥʠʤ ʨʘʩʯʝʪʥʳʡ ʩʣʫʯʘʡ ʧʨʠ ʨʘʩʯʝʪʝ ʩʝʯʝʥʠʷ ʙʘʣʢʠ: ʧʨʦʭʦʜʠʪ ʧʨʠ 

ʨʘʩʯʝʪʝ ʩʝʯʝʥʠʷ ʙʘʣʢʠ: ʧʨʦʭʦʜʠʪ ʠʣʠ ʥʝʪ ʥʝʡʪʨʘʣʴʥʘʷ ʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʧʣʠʪʳ 

ʙʘʣʢʠ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʝʡʪʨʘʣʴʥʘʷ ʦʩʴ ʧʨʠ ʠʟʛʠʙʝ ʙʘʣʢʠ ʧʨʦʭʦʜʠʪ ʥʘ ʛʨʘʥʠʮʝ 

ʧʨʠʤʳʢʘʥʠʷ ʧʣʠʪʳ ʩ ʨʝʙʨʦʤ ʙʘʣʢʠ, ʪ.ʝ. ʚʩʸ ʩʝʯʝʥʠʝ ʧʣʠʪʳ ʨʘʙʦʪʘʝʪ ʥʘ ʩʞʘʪʠʝ 

ʀ ʧʨʠʤʝʤ ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʠʟʘ ʨʝʙʨʘ ʜʦ ʮ.ʪ. ʨʘʩʪʷʥʫʪʦʡ 

ʘʨʤʘʪʫʨʳ  

ʘs=12 cʤ.ʇʨʠ ʵʪʦʤ ʨʘʙʦʯʘʷ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ ʙʫʜʝʪ ʨʘʚʥʘ: 

 

ho=hʧ-ʘs=1.2-0.12=1.08 ʤ        
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ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʦʩʧʨʠʥʝʤʘʪʴ 

ʩʝʯʝʥʠʝ ʙʘʣʢʠ ʩ ʨʘʙʦʪʦʡ ʚʩʝʡ ʧʣʠʪʳ ʥʘ ʩʞʘʪʠʝ ʙʫʜʝʪ ʨʘʚʝʥ: 

 

I

ïðÌ =Rb*bʧʣ* hʧʣ*( ho- hʧʣ/2)=15500*2,1*0,17*(1,08-0,17/2)=5505,83 ʢʅ*ʤ

  

ʇʨʦʚʝʨʠʤ ʫʩʣʦʚʠʝ: 

I

ïðÌ =5505,83>ʄL/2=4386.62 ʢʅ*ʤ       

  

ɺʳʚʦʜ: ʥʝʡʪʨʘʣʴʥʘʷ ʦʩʴ ʧʨʦʭʦʜʠʪ ʚ ʧʨʝʜʝʣʘʭ ʧʣʠʪʳ ʠ ʩʝʯʝʥʠʝ ʙʫʜʝʤ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʘʢ ʦʙʳʯʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʰʠʨʠʥʦʡ 2,1 ʤ. 

ʇʨʠʤʝʤ ʘʨʤʠʨʦʚʘʥʠʝ ʚ ʚʠʜʝ 10 ʩʪʝʨʞʥʝʡ d=40 ʤʤ ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʨʝʙʨʝ 

ʙʘʣʢʠ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.4 

 
Рисунок 8. Схема расположения растянутой арматуры 

 
ɺʳʯʠʩʣʠʤ ʢʦʦʨʜʠʥʘʪʫ Yʮʪ ʨʘʩʪʷʥʫʪʦʡ ʘʨʤʘʪʫʨʳ 

 

Тʘʙʣʠʮʘ 4.2.  

ɺʳʯʠʩʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪʫ Yʮʪ ʨʘʩʪʷʥʫʪʦʡ ʘʨʤʘʪʫʨ r

€ dy, yi, n, ds, As0, (мм2) Asi, (мм2) Si=yi*Asi, (мм3) 
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ряда (мм) (мм) (шт) (мм) 

1 40 40 2 40 1256,637 2513,274 100530,96 

2 40 80 2 40 1256,637 2513,274 201061,92 

3 40 120 2 40 1256,637 2513,274 301592,88 

4 60 180 2 40 1256,637 2513,274 452389,32 

5 40 220 2 40 1256,637 2513,274 552920,28 

     Сумма: 12566,37 1608495,36 

 

ä
ä

=

iS

i

ÒÖ
A

S
Y .. =1608495,36/12566,37=128 ʤʤ     

  

ɺʳʯʠʩʣʠʤ ʨʘʙʦʯʫʶ ʚʳʩʦʪʫ ʩʝʯʝʥʠʷ      

  

ÖÒá Yhh -=0 =1,2-0,128=1,072 ʤ 

ʇʨʠ ʧʨʠʥʷʪʦʤ ʟʥʘʯʝʥʠʠ ʧʣʦʱʘʜʠ ʨʘʩʪʷʥʫʪʦʡ ʘʨʤʘʪʫʨʳ ʚʳʯʠʩʣʠʤ ʚʳʩʦʪʫ 

ʩʞʘʪʦʡ ʟʦʥʳ ʙʝʪʦʥʘ: 

ïëb

ss

bR

AR
x

Ö

Ö
= =350000*0,012566/(15500*2,1)=0,135 ʤ    

  

 

ʇʨʦʚʝʨʠʤ ʧʨʦʯʥʦʩʪʴ ʩʝʯʝʥʠʷ ʩ ʧʨʠʥʷʪʦʡ ʘʨʤʘʪʫʨʦʡ ʧʦ ʠʟʛʠʙʘʶʱʝʤʫ 

ʤʦʤʝʥʪʫ ML/2 

( ) 2/0 2/ Lssïð MxhARM ²-ÖÖ=          

Mʧʨ=350000*0,012566*(1,072-0,135/2)=4417,89 > ML/2=4386,62 ʢʅʤ 

 

ɺʳʚʦʜ: ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ. 

 

4.1.2 ʇʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʠ ʩʝʯʥʠʷ ʥʘ ʦʧʦʨʝ ʥʘ ʜʝʡʩʪʚʠʝ ʧʦʧʝʨʝʯʥʦʡ 
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ʩʠʣʳ 

ʇʨʦʯʥʦʩʪʴ ʧʦ ʩʞʘʪʦʤʫ ʙʝʪʦʥʫ ʨʝʙʨʘ ʙʘʣʢʠ ʤʝʞʜʫ ʥʘʢʣʦʥʳʤʠ ʪʨʝʱʠʥʘʤʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ: 

0113.0 hbRQ bbw ÖÖÖÖÖ¢ jj , ʛʜʝ:         

Q=761.1 ʢʅ ï ʨʘʩʯʸʪʥʘʷ ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʚ ʦʧʨʥʦʤ ʩʝʯʝʥʠʠ 

1wj =1,3 - ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʭʦʤʫʪʦʚ. ʇʨʠʥʠʤʘʝʤ ʢʘʢ ʜʣʷ 

ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʭʦʤʫʪʦʚ. 

b=0,16 ʤ ï hʠʨʠʥʘ ʨʝʙʨʘ 

h0=1,072 ʤ ï ʨʘʙʦʯʘʷ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ ʙʘʣʢʠ 

bb RÖ-= 01,011j =1-0,01*15,5=0,845 ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʇʨʦʚʝʨʠʤ ʫʩʣʦʚʠʝ: 

0,3*1,3*0,845*15500*0,16*1,072=876,13 ʢʅ < 761,1 ʢʅ 

ɺʳʚʦʜ: ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʧʦ ʩʞʘʪʦʤʫ ʙʝʪʦʥʫ ʤʝʞʜʫ ʥʘʢʦʥʥʳʤʠ 

ʪʨʝʱʠʥʘʤʠ ʚʳʧʦʣʥʷʝʪʩʷ. 

 

ʇʨʦʯʥʦʩʪʴ ʧʦ ʥʘʢʣʦʥʥʦʤʫ ʩʝʯʝʥʠʶ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʣʦʚʠʝ: 

QÒQ0+Qx+Qb+
Ã

SQ , ʛʜʝ:        

  

Q0 ï ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʦʪʦʛʥʫʪʳʤʠ ʩʪʝʨʞʥʷʤʠ 

Qx ï ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʚʦʩʧʨʠʥʠʘʤʝʤʘʷ ʭʦʤʫʪʘʤʠ 

Qb ï ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʚʦʩʧʨʠʥʠʘʤʝʤʘʷ ʙʝʪʦʥʦʤ ʩʞʘʪʦʡ ʟʦʥʳ ʨʝʙʨʘ 

Ã

SQ   ʧʨʦʜʦʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʦʡ 
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Рисунок 9. Схема проверки прочности наклонного сечения 

 

ʅʘʢʣʦʥʥʦʝ ʩʝʯʝʥʠʝ ʧʝʨʝʩʝʢʘʝʪ ʥʝ ʤʝʥʝʝ 2 ʦʪʦʛʥʫʪʳʭ ʩʪʝʨʞʥʝʡ ʧʦʜ ʫʛʣʦʤ 

Ŭ=45Á. 

ʇʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʦʪʦʛʥʫʪʳʤʠ ʩʪʝʨʞʥʷʤʠ ʙʫʜʝʪ ʨʘʚʥʘ: 

()asin040 ÖÖÖ= ssa ARmQ , ʛʜʝ:         

ma4=0.8  ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʘʨʤʘʪʫʨʳ. 

 

ʇʨʠʥʠʤʘʝʤ ʯʪʦ ʥʘʢʣʦʥʥʦʝ ʩʝʯʝʥʠʝ ʧʝʨʝʩʝʢʘʝʪ 2 ʦʪʦʛʥʫʪʳʭ ʩʪʝʨʞʥʷ d=40 

ʤʤ. 

As0=2*0,00125637=0,00251274 ʤ2 

Q0=0,8*350000*0,00251274*sin(45Á)=497,497 ʢʅ 

 

ʇʦʧʝʨʝʯʥʦʝ ʫʩʠʣʠʝ ʧʝʨʝʜʘʚʘʝʤʦʝ ʥʘ ʙʝʪʦʥ ʩʞʘʪʦʡ ʟʦʥʳ ʚ ʢʦʥʮʝ 
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ʥʘʢʣʦʥʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

C

hbR
Q bt

b

2

02 ÖÖÖ
= , ʛʜʝ:          

ʉ=h0-x ï ʧʨʦʝʢʮʠʷ ʥʘʢʣʦʥʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ ʧʨʠ Ŭ=45Á 

C=1,072-0,135=0,937 ʤ 

Rbt=1100 ʢʅ ï ʧʨʝʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʝʪʦʥʘ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

Qb=2*1100*0,16*1,072
2/0,937=431,71 ʢʅ 

 

ʇʨʠ ʵʪʦʤ ʧʝʨʝʜʘʚʘʝʤʦʝ ʥʘ ʙʝʪʦʥ ʫʩʠʣʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ: 

0hbRmQ btb ÖÖÖ¢ , ʛʜʝ:          

m=2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʥʠʤʘʝʤʳʡ ʜʣʷ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

2*1100*0,16*1,072=377,344 ʢʅ 

ʊʘʢ ʢʘʢ 431,71 > 377,344 ʪʦ ʧʨʠʥʤʘʝʤ Qb=377,344 ʢʅ 

 

ʇʦʧʝʨʝʯʥʦʝ ʫʩʠʣʠʝ ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʦʡ ʚ 

ʧʨʝʜʝʣʘʭ ʥʘʢʣʦʥʥʦʛʦ ʩʝʯʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ÊAQ Ã

S

Ã

S ÖÖ=1000 , (ʢʅ)          

Ã

SA =8*0,00125637=0,01005096 ʤ2 

K=0,125 ʧʨʠ Ŭ=45Á ʠ ɓ=45Á 

Ã

SQ =1000*0,01005096*0,125=1,256 ʢʅ 

 

ʆʩʪʘʚʰʝʝʩʷ ʫʩʠʣʠʝ, ʢʦʪʦʨʦʝ ʚʦʩʧʨʠʥʠʤʘʶʪ ʭʦʤʫʪʳ ʚ ʥʘʢʣʦʥʥʦʤ 

ʩʝʯʝʥʠʠʠ ʙʫʜʝʪ ʨʘʚʥʦ: 

Qx =Q-Q0-Qb-
Ã

SQ =761,1-497,497-377,344-1,256=-114,997 ʢʅ < 0  
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ʇʦʵʪʦʤʫ ʧʨʠ ʥʘʣʠʯʠʠ ʦʪʦʛʥʫʪʳʭ ʩʪʝʨʞʥʝʡ ʭʦʤʫʪʳ ʩʪʘʚʷʪʩʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ. 

 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ ʯʪʦ ʥʘʣʦʥʥʘʷ ʪʨʝʱʠʥʘ ʥʝ ʧʝʨʝʩʝʢʘʝʪ ʦʪʦʛʥʫʪʳʝ 

ʩʪʝʨʞʥʠ, ʪʦ ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʧʝʨʝʜʘʶʱʘʷʩʷ ʥʘ ʭʦʤʫʪʳ ʙʫʜʝʪ ʨʘʚʥʘ: 

Qx =Q- Qb-
Ã

SQ =761,1-497,497-1,256=262,347 ʢʅ    

   

 

ʊʨʝʙʫʝʤʳʡ ʰʘʛ ʭʦʤʫʪʦʚ ʚ ʨʘʩʩʯʠʪʳʚʘʝʤʦʤ ʩʝʯʝʥʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

÷

õsa

Q

ÑARm
s

ÖÖÖ
= 4 , ʛʜʝ:          

Aʭ=2*3,14*0,01
2/4=0,000157 ʤ2 ï ʧʣʦʱʘʜʴ 2 ʭʦʤʫʪʦʚ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ. 

ma4=0,8 ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʘʨʤʘʪʫʨʳ 

 

s=0,8*350000*0,000157*0,937/262,347=0,157 ʤ 

 

ʇʨʠʥʠʤʘʝʤ ʰʘʛ ʭʦʤʫʪʦʚ s=150 ʤʤ. 

 

4.2 ʈʘʩʯʸʪʳ ʙʘʣʢʠ ʧʦ II ʛʨʫʧʧʝ ʧʨʝʜʣʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ 

4.2.1 ʈʘʩʯʸʪ ʧʦ ʜʝʬʦʨʤʘʮʠʷʤ (ʧʨʦʛʠʙʘʤ) ʙʘʣʦʢ 

ʇʨʦʛʠʙ ʙʘʣʢʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ ʧʦ ʬʦʨʤʫʣʝ: 

ïðb

ðn

IEK

LM
f

ÖÖ

Ö
Ö=

2

48

5
, (ʤ), ʛʜʝ:         

ʂ=0,85 ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʥʝʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ 

ʙʝʪʦʥʘ 
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ïðb IE Ö  - ʠʟʛʠʙʥʘʷ ʞʸʩʪʢʦʩʪʴ ʧʨʠʚʝʜʸʥʥʦʛʦ ʩʝʯʝʥʠʷ ʙʘʣʢʠ, ʚ ʢʦʪʦʨʦʤ 

ʧʣʦʱʘʜʴ ʘʨʤʘʪʫʨʳ ʧʨʠʚʝʜʝʥʘ ʯʝʨʝʟ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʢ ʧʣʦʱʘʜʠ 

ʙʝʪʦʥʘ. 

 

4.2.2 ɺʳʯʠʩʣʝʥʠʝ ʧʨʠʚʝʜʸʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ ʙʘʣʢʠ 

 
Рисунок 10. Схема вычисления приведённого момента инерции балки 

 
A1=2,1*0,17=0,357 ʤ2 

A2=1,03*0,04/2=0,0206 ʤ2 

A3=0,16*1,03=0,1648 ʤ2 

a1=hʙ-hʧʣ/2=1,2-0,17/2=1,115 ʤ       
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