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ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ ï ʀʚʘʥʦʚ ɸ.ʄ. ʜ-ʨ ʪʝʭ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

çɸʚʪʦʤʦʙʠʣʠè ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄɸɼʀ)è; 

ɿʘʤʝʩʪʠʪʝʣʴ ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ï ɿʘʛʘʨʠʥ ɼ.ɸ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʤ. ɻʝʥʝʨʘʣʴʥʦʛʦ 

ʜʠʨʝʢʪʦʨʘ ʌɻʋʇ çʅɸʄʀè ï ʜʠʨʝʢʪʦʨ ʎʝʥʪʨʘ ʠʩʧʳʪʘʥʠʡ, ʧʨʝʟʠʜʝʥʪ ɸʩʩʦʮʠʘʮʠʠ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠʥʞʝʥʝʨʦʚ; 

ɿʘʤʝʩʪʠʪʝʣʴ ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ï ʌʝʦʬʘʥʦʚ ʉ.ɸ. ï ʢ.ʪ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

çʕʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-

ʜʦʨʦʞʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄɸɼʀ)è; 

ʈʝʮʝʥʟʝʥʪ ï ʄʘʣʠʥʦʚʩʢʠʡ ʄ.ʇ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʪʷʛʘʯʝʡ ʠ ʘʤʬʠʙʠʡʥʳʭ 

ʤʘʰʠʥ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄɸɼʀ)è; 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʩʝʢʨʝʪʘʨʴ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ï ʌʝʦʬʘʥʦʚʘ ʃ.ʉ., ʢ.ʪ.ʥ., 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʕʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝè, ɼʠʨʝʢʪʦʨ ʮʝʥʪʨʘ 

ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄɸɼʀ)è; 

ʂʦʨʨʝʢʪʦʨ ï ʉʚʝʪʣʘʥʘ ʇʠʪʪ; 

ɺʝʨʩʪʢʘ ï ʅʘʩʠʙʫʣʦʚ ʀ.ʈ.; 

ʆʬʦʨʤʣʝʥʠʝ ʦʙʣʦʞʢʠ ï ɻʨʘʯʝʚʘ ʆ.ɸ. 

________________________________ 

ʀʟʜʘʥʠʝ ʚʢʣʶʯʝʥʦ ʚ ʩʠʩʪʝʤʫ ʈʀʅʎ 

ʇʦʣʥʦʪʝʢʩʪʦʚʳʝ ʚʝʨʩʠʠ ʜʦʩʪʫʧʥʳ ʥʘ ʩʘʡʪʝ htpp://elibrary.ru 

ʇʨʠ ʮʠʪʠʨʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩʙʦʨʥʠʢʘ ʩʩʳʣʢʘ ʦʙʷʟʘʪʝʣʴʥʘ. 

ʇʝʨʝʧʝʯʘʪʢʘ ʩʙʦʨʥʠʢʘ ʜʦʧʫʩʢʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʨʝʜʘʢʮʠʝʡ ʠ 

ʘʚʪʦʨʘʤʠ. 
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ʇʝʨʤʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 
ʛ. ʇʝʨʤʴ 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 
ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʣʠʜʘ çʌʦʨʤʫʣʘ ʩʪʫʜʝʥʪè 

ʇʅʀʇʋ 

Dmitriy Sergeevich Alikin 

Perm National Research Polytechnic University 
Perm 

DEVELOPMENT OF THE METHOD OF CALCULATION ANTI-ROLL 

BAR OF BOLIDE ñFORMULA STUDENTò PNRPU 

ɸʥʥʦʪʘʮʠʷ: ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʛʦʥʦʯʥʦʛʦ 

ʙʦʣʠʜʘ çʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪè ʢʦʤʘʥʜʳ ʇʅʀʇʋ. ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʜʦʩʪʫʧʥʦʤ ʠʟʣʦʞʝʥʠʠ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʧʝʨʝʯʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ (ʉʇʋ) ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʜʣʠʥʦʡ ʧʣʝʯ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʝʦʙʭʦʜʠʤʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʜʘʥʥʦʛʦ ʉʇʋ. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʠʪʦʛʘʤ ʨʘʩʯʝʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʝ.  

Abstract: This work is carried out within the framework of the development of 

the racing car ñFormula Studentò team PNRPU. The aim of the work is to provide an 

accessible presentation of the procedure for calculating the anti-roll bar (ARB) with an 

adjustable length of the arms. In the course of the work, the necessary initial data for 

the calculation and an example of calculating this ARB will be presented. The data 

obtained from the calculation results are presented in the summary table. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʙʠʣʠʟʘʪʦʨ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ; ʞʝʩʪʢʦʩʪʴ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ; ʜʠʘʤʝʪʨ ʩʪʘʙʠʣʠʟʘʪʦʨʘ; FSAE.  

Keywords: anti-roll bar; stiffness of stabilizer; stabilizer diameter; FSAE. 
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ɺɺɽɼɽʅʀɽ 

ɺ ʨʘʤʢʘʭ ʩʦʨʝʚʥʦʚʘʥʠʡ ʙʦʣʠʜʳ çʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪè ʧʨʦʭʦʜʷʪ 

ʨʷʜ ʠʩʧʳʪʘʥʠʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʘ ʦʪʨʘʞʘʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʫʶ ʨʦʣʴ 

ʠʛʨʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʪʘʢʠʝ 

ʜʠʩʮʠʧʣʠʥʳ ʢʘʢ ʪʝʩʪ ʥʘ ʫʩʢʦʨʝʥʠʝ, ʤʘʥʝʚʨʝʥʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ, ʛʦʥʢʘ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʙʦʣʠʜ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʳʩʦʢʠʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ. 

ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʫʣʝʚʦʝ ʫʧʨʘʚʣʝʥʠʝ, 

ʧʦʜʚʝʩʢʘ ʠ ʪʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ ð ʟʘ ʩʯʝʪ ʧʨʘʚʠʣʴʥʳʭ ʧʦʜʙʦʨʦʚ 

ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʦʢ ʧʦʜ ʨʘʟʥʳʝ ʜʦʨʦʞʥʳʝ 

ʫʩʣʦʚʠʷ. ʊʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʢ ʚʳʩʦʢʘʷ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʘʚʠʣʴʥʳʤ ʧʦʜʙʦʨʦʤ ʢʨʝʥʦʚʦʡ ʞʝʩʪʢʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʙʦʣʠʜʘ ʩ ʜʦʨʦʛʦʡ. ɿʘ ʩʯʝʪ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʉʇʋ) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʪʨʝʙʫʝʤʘʷ ʢʨʝʥʦʚʘʷ ʞʝʩʪʢʦʩʪʴ, ʘ ʨʘʩʰʠʨʝʥʥʳʝ ʨʝʛʫʣʠʨʦʚʢʠ ʜʘʥʥʦʛʦ 

ʫʟʣʘ ʧʦʟʚʦʣʷʪʁ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ, ʫʯʠʪʳʚʘʷ 

ʜʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ɼʣʷ ʨʘʩʯʝʪʘ ʙʳʣ ʚʳʙʨʘʥ ʉʇʋ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʜʣʠʥʦʡ ʧʣʝʯʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʈʠʩ. 1. 

 

ʈʠʩ. 1. ʉʪʘʙʠʣʠʟʘʪʦʨ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʜʣʠʥʦʡ ʧʣʝʯʘ  
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ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʩʯʝʪʘ, ʚʟʷʪʳ 

ʠʟ ʨʘʩʯʝʪʘ ʉʇʋ ʢʦʤʘʥʜʳ ʇʅʀʇʋ (ʊʘʙʣʠʮʘ 1, ʈʠʩ. 2). 

ʊʘʙʣʠʮʘ 1 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʉʇʋ ʙʦʣʠʜʘ çʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪè 

ʇʘʨʘʤʝʪʨʳ 
ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʇʝʨʝʜʥʷʷ ʦʩʴ ɿʘʜʥʷʷ ʦʩʴ 

l, ʤ 1,632 2,268 

B, ʤ 1,25 1,2 

h, ʤ 0,0261 0,14 

H, ʤ 0,32 

hʢʨ, ʤ 0,296 

Py, ʅ 5503,41 

ʄʨ, ʅʤ 1632 

ʩʧ, ʅ/ʤʤ 46 39 

ʩh, ʅ/ʤʤ 184,15 

 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʉʇʋ:  

Bo ð ʮʝʥʪʨ ʤʘʩʩʳ (ʎʄ), Ro ð ʮʝʥʪʨ ʢʨʝʥʘ (ʎʂ), Py ð ʙʦʢʦʚʘʷ ʩʠʣʘ, 

ʚʦʟʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʎʄ ʚ ʧʦʚʦʨʦʪʝ, l ð ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʰʠʥ 

ʜʦ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʣʶʩʦʚ ʦʩʝʡ ʨʳʯʘʛʦʚ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ, B ð ʢʦʣʝʷ,  

h ð ʚʳʩʦʪʘ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʣʶʩʦʚ ʦʩʝʡ ʨʳʯʘʛʦʚ ʦʪ ʦʧʦʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, H ð ʚʳʩʦʪʘ ʎʄ ʦʪ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ű ð ʫʛʦʣ ʢʨʝʥʘ 

ʢʫʟʦʚʘ, ʄʨ ð ʤʦʤʝʥʪ, ʩʦʟʜʘʶʱʠʡ ʢʨʝʥ ʢʫʟʦʚʘ, hʢʨ ð ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʎʂ ʠ 

ʎʄ  
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ʈʘʩʯʝʪ ʪʨʝʙʫʝʤʦʡ ʫʛʣʦʚʦʡ ʞʝʩʪʢʦʩʪʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1):  

̒̓
̑

̓
  ̒   ὧ                                  (1) 

ʛʜʝ •ʪ ð ʪʨʝʙʫʝʤʳʡ ʫʛʦʣ ʢʨʝʥʘ ʢʫʟʦʚʘ, 

ʩy1 ʠ cy2 ð ʩʫʤʤʘʨʥʳʝ ʫʛʣʦʚʳʝ ʞʝʩʪʢʦʩʪʠ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ 

ʧʦʜʚʝʩʦʢ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʬʦʨʤʫʣʘʤ: 

ʜʣʷ ʧʝʨʝʜʥʝʡ ʧʦʜʚʝʩʢʠ 

ὧ
ὧᴂ Ͻὧ

ὧᴂ ὧ
                                       (2) 

ʜʣʷ ʟʘʜʥʝʡ ʧʦʜʚʝʩʢʠ  

ὧ
ὧᴂ Ͻὧ

ὧᴂ ὧ
                                      (3) 

ʛʜʝ côy1 ʠ ʩôy2 ð ʫʛʣʦʚʳʝ ʞʝʩʪʢʦʩʪʠ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʜʚʝʩʦʢ, 

ʩx1 ʠ cx2 ð ʧʨʠʚʝʜʝʥʥʳʝ ʫʛʣʦʚʳʝ ʞʝʩʪʢʦʩʪʠ ʧʝʨʝʜʥʠʭ ʠ ʟʘʜʥʠʭ 

ʰʠʥ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʫʛʣʦʚʦʡ ʞʝʩʪʢʦʩʪʠ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʜʚʝʩʦʢ 

ʠʩʧʦʣʴʟʫʪʁʩʷ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ: 

ᴂ̒
ὧ̐ Ͻὄ

ς
ὬϽὄ
ὌϽὰ

                                     (4) 

    ᴂ̒
ὧ̐ Ͻὄ

ς
ὬϽὄ
ὌϽὰ

                                       (5) 

ʛʜʝ ʩʧ1 = 46 
ʅ

ʤʤ
 ð ʚʝʨʪʠʢʘʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʧʝʨʝʜʥʝʡ ʧʦʜʚʝʩʢʠ; 

ʩʧ2 = 39 
ʅ

ʤʤ
 ð ʚʝʨʪʠʢʘʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʟʘʜʥʝʡ ʧʦʜʚʝʩʢʠ. 

ʀʩʧʦʣʴʟʫʷ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ, ʧʨʦʠʟʚʦʜʠʤ ʧʦʜʩʯʝʪ ʫʛʣʦʚʦʡ 

ʞʝʩʪʢʦʩʪʠ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʜʚʝʩʢʠ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ (4, 5): 

ᴂ̒  
ὧ̐ Ͻὄ

ς
ὬϽὄ
ὌϽὰ

τφϽρȟςυ

ς
πȟπςφρϽρȟςυ
πȟσςϽρȟφσς

 σχȟπχ 
̋ Ͻ̊̍

̑́̅
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ᴂ̒   
ὧ̐ Ͻὄ

ς
ὬϽὄ
ὌϽὰ

σωϽρȟς

ς
πȟρτϽρȟς
πȟσςϽςȟςφψ

  σρȟχσ 
̋ Ͻ̊̍

̑́̅
 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥʥʦʡ ʫʛʣʦʚʦʡ ʞʝʩʪʢʦʩʪʠ ʧʝʨʝʜʥʠʭ ʠ ʟʘʜʥʠʭ 

ʰʠʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ: 

̒   
ὧ̙ Ͻὄ

ς
                                                    (6) 

   ̒   
ὧ̙ Ͻὄ

ς
                                            (7) 

 ʛʜʝ ʩʰ1 ʠ ʩʰ2 ð ʚʝʨʪʠʢʘʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʰʠʥ ʧʝʨʝʜʥʝʛʦ ʠ 

ʟʘʜʥʝʛʦ ʢʦʣʝʩʘ. 

ʅʘʛʨʫʟʢʘ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʢʦʣʝʩʦ 90 ʢʛ, ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ 

ʜʘʚʣʝʥʠʝ ʚ ʰʠʥʘʭ ʩʦʩʪʘʚʣʷʝʪ 1,12 ʙʘʨ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʞʝʩʪʢʦʩʪʴ ʰʠʥ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ  184,15 
ʅ

ʤʤ
, ʞʝʩʪʢʦʩʪʴ ʚʩʝʭ ʰʠʥ 

ʦʜʠʥʘʢʦʚʘʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʩʪʘʚʣʷʝʤ ʚ ʬʦʨʤʫʣʳ (6, 7) ʜʣʷ 

ʧʦʜʩʯʝʪʘ ʧʨʠʚʝʜʝʥʥʦʡ ʫʛʣʦʚʦʡ ʞʝʩʪʢʦʩʪʠ ʧʝʨʝʜʥʠʭ ʠ ʟʘʜʥʠʭ ʰʠʥ: 

̒
ὧ̙ Ͻὄ

ς

ρψτȟρυϽρȟςυ 

ς
 ρτσȟψχ

̋ Ͻ̊̍

̑́̅
 

̒
ὧ̙ Ͻὄ

ς

ρψτȟρυϽρȟς

ς
  ρσςȟυω

̋ Ͻ̊̍

̑́̅
 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ (2, 3) ʥʘʭʦʜʠʤ ʩʫʤʤʘʨʥʳʝ ʫʛʣʦʚʳʝ 

ʞʝʩʪʢʦʩʪʠ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʜʚʝʩʦʢ: 

ʇʝʨʝʜʥʝʡ ʧʦʜʚʝʩʢʠ: 

ὧ
ὧᴂ Ͻὧ

ὧᴂ ὧ

σχȟπχϽρτσȟψχ

σχȟπχ ρτσȟψχ
  ςωȟτχ 

̋ Ͻ̊̍

̑́̅
   

ɿʘʜʥʝʡ ʧʦʜʚʝʩʢʠ: 

ὧ
ὧᴂ Ͻὧ

ὧᴂ ὧ

σρȟχσϽρσςȟυω

σρȟχσ ρσςȟυω
  ςυȟφ 

̋ Ͻ̊̍

̑́̅
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ʇʦʣʥʳʡ ʫʛʦʣ ʢʨʝʥʘ ʢʫʟʦʚʘ ʙʦʣʠʜʘ ʚ ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʫʩʣʦʚʠʷʭ ʧʦ ʩʮʝʧʣʝʥʠʶ ʩʦʩʪʘʚʣʷʝʪ: 

•
ὓ̋

ὧ ὧ

ρȟφςω

ςωȟτχ ςυȟφ
  πȟπςωφ ̑́ ̅                  (8) 

ʇʦʣʥʳʡ ʫʛʦʣ ʢʨʝʥʘ ʢʫʟʦʚʘ ʩʦʩʪʘʚʣʷʝʪ 0,0296 ʨʘʜ. ʠʣʠ 1,697Á, 

ʪʨʝʙʫʝʤʳʡ ʫʛʦʣ (ű
ʪ
) ʜʣʷ ʦʜʥʦʤʝʩʪʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ [2], [3] ʩʦʩʪʘʚʣʷʝʪ 

1,5Á /0,0262 ʨʘʜ, ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʟʥʠʮʫ ʥʘ 0,197Á ʙʫʜʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʉʇʋ. 

ʇʦ ʬʦʨʤʫʣʝ (1) ʥʘʭʦʜʠʤ ʪʨʝʙʫʝʤʫʶ ʫʛʣʦʚʫʶ ʞʝʩʪʢʦʩʪʴ ʉʇʋ: 

̒̓
ρȟφσς

πȟπςφς
  ςωȟτχ  ςυȟφ  χȟς 

̋ Ͻ̊̍

̑́̅
 

ʇʦʣʫʯʝʥʥʘʷ ʪʨʝʙʫʝʤʘʷ ʫʛʣʦʚʘʷ ʞʝʩʪʢʦʩʪʴ ʉʇʋ ʧʨʠʚʝʜʝʥʘ ʢ ʎʄ, 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʫʛʣʦʚʦʡ ʞʝʩʪʢʦʩʪʴ ʜʣʷ ʧʝʨʝʜʥʝʡ ʠ 

ʟʘʜʥʝʡ ʧʦʜʚʝʩʢʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [2]: 

ˡ
̒ ὧ̓

ὧ ὧ ὧ̓

σφȟφω

φςȟσ
πȟυω 

ˡ ρ ˡ ρ πȟυω πȟτρ 

ʛʜʝ ʌ1, ʌ2 ð ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʦʚʦʡ ʞʝʩʪʢʦʩʪʴ ʤʝʞʜʫ ʧʝʨʝʜʥʝʡ 

ʠ ʟʘʜʥʝʡ ʧʦʜʚʝʩʢʦʡ (59/41). 

ʋʯʠʪʳʚʘʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʦʚʦʡ ʞʝʩʪʢʦʩʪʠ, ʥʘʭʦʜʠʤ 

ʪʨʝʙʫʝʤʫʶ ʞʝʩʪʢʦʩʪʴ ʜʣʷ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʜʚʝʩʢʠ: 

̒̓ ̒̓Ͻl χȟςϽπȟυω τȟςσ 
̋ Ͻ̊̍

̑́̅
 

̒̓ ̒̓Ͻl χȟςϽπȟτρ ςȟωφ 
̋ Ͻ̊̍

̑́̅
 

ʉʪʘʙʠʣʠʟʘʪʦʨ ʠʤʝʝʪ ʥʘʩʪʨʦʡʢʠ ʫʛʣʦʚʦʡ ʞʝʩʪʢʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʜʣʷ ʧʝʨʝʜʥʝʛʦ ʉʇʋ 3,2 ï 5,3 
ʢʅĀʤ

ʨʘʜ
, ʜʣʷ ʟʘʜʥʝʛʦ ʉʇʋ 2,2 ï 3,7 

ʢʅĀʤ

ʨʘʜ
. 

ɼʘʥʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʧʣʝʯʘ ʥʘ 25%. 
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ʈʘʩʯʝʪ ʜʠʘʤʝʪʨʘ ʧʨʫʪʢʘ ʉʇʋ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ὠ  ρȟυϽ̒̒Ͻ
Ͻ̓ ̋

ȟ Ͻ

Ͻ

ȟϽ
ȟ̍Ƞ                (9)  

ʛʜʝ l,lʪ,lʢ,l2,l3,l0 ð ʨʘʟʤʝʨʳ ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʚʟʷʪʳʝ ʠʟ ʈʠʩ. 3,  

ɽ ð ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 1-ʛʦ ʨʦʜʘ;  

G ð ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 2-ʛʦ ʨʦʜʘ. 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʧʝʨʝʜʥʝʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

cc ð ʞʝʩʪʢʦʩʪʴ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, 
ʢʅ

ʤ
 

̒̒
̒̓

ὓὙ

τȟςσ

πȟςχυ
υυȟω 

̋˚

̍
πȟπυυω 

˙˚

̍
Ƞ            (10) 

ὓὙ 
ί

ί
Ͻ
ὄ

ς

πȟπρρϽρȟςυ

ςϽπȟπςυ
πȟςχυȠ                            (11) 

ʛʜʝ s ð ʧʨʦʜʦʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʣʝʯʘ, ʤ (ʈʠʩ. 4), 

sS ð ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʢʦʣʝʩʘ, ʤ 
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ʈʠʩ. 4. ʉʭʝʤʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʧʣʝʯʘ ʩʪʘʙʠʣʠʟʘʪʦʨʘ:  

űʩʧʫ ð ʫʛʦʣ ʟʘʢʨʫʯʠʚʘʥʠʷ ʉʇʋ 

ʈʘʟʤʝʨʳ ʉʇʋ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2  

ʈʘʟʤʝʨʳ ʧʝʨʝʜʥʝʛʦ ʉʇʋ ʙʦʣʠʜʘ çʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪè ʢʦʤʘʥʜʳ 

ʇʅʀʇʋ 

ɼʣʠʥʳ, ʤ ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

l2 0,068 

l3 0 

lʢ 0,08 

lʪ 0,57 

l0 0,434 

l 0,08 

 

ʇʦ ʬʦʨʤʫʣʝ (12) ʧʨʦʠʟʚʦʜʷʪ ʨʘʩʯʝʪ ʜʠʘʤʝʪʨʘ ʧʨʫʪʢʘ ʧʝʨʝʜʥʝʛʦ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʠʟʛʦʪʦʚʣʷʝʤʦʛʦ ʠʟ 

ʤʘʪʝʨʠʘʣʘ ʉʪʘʣʴ 65 ɻ:  

Ὠ  ρȟυϽ ̒̓Ͻ
ὰϽὰ̓

Ὃ

ὰ̋

πȟχυϽὉ

ὰϽὰ ὰ

ρȟυϽὉ
 

ρȟυϽπȟπυυωϽ
πȟπψϽπȟυχ

ψȟτϽρπ

πȟπψ

πȟχυϽςȟρυϽρπ

πȟτστϽπȟπφψπ

ρȟυϽςȟρυϽρπ
 

 πȟπρρρ ̍  ρρ ̍  ̍
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ʇʨʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪ ʧʦʣʫʯʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʩʯʝʪʝ ʥʘʧʨʷʞʝʥʠʷ ʢʨʫʯʝʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ ʝʛʦ ʩ ʜʦʧʫʩʪʠʤʳʤ [4]: 

† 
ρφϽ̇ ̒̂

“ϽὨ
†                              (12) 

ʛʜʝ ʄʩʙ1 ð ʤʦʤʝʥʪ ʧʝʨʝʜʥʝʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʅĀʤ,  

† ð ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ, ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʨʘʚʥʦʝ 

1000 ʄʇʘ; 

˙̒ ̂

˙̑ Ͻ̒̓

̒ ὧ̓ ̒ ὧ̓

ρȟφσςϽτȟςσ

ςωȟτχ τȟςσ ςυȟφ ςȟωφ
 

 

πȟρρπψ ̋ Ͻ̊̍ ρρπȟψ ̊Ͻ̍                                                      (13) 

 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʣʝʯʘ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʫʛʣʦʚʦʡ ʞʝʩʪʢʦʩʪʠ 

ʠʟʤʝʥʷʝʪʩʷ ʤʦʤʝʥʪ. ɺ ʨʘʩʯʝʪʘʭ ʢʨʫʪʠʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʝ ʙʝʨʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʥʘ ʩʪʘʙʠʣʠʟʘʪʦʨʝ. ʆʥ 

ʩʦʩʪʘʚʣʷʝʪ 138,5 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʦʚʦʡ ʞʝʩʪʢʦʩʪʠ ʧʝʨʝʜʥʝʛʦ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘ 25%. 

†
ρφϽ̇ ̒̂

“ϽὨ

ρφϽρσψȟυ

σȟρτϽπȟπρρ
 υσπ ̇˜;́  

υσπ ̇˜ ́  ρπππ ̇˜ ́

ɼʘʥʥʳʡ ʨʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʯʝʪʥʳʡ ʜʠʘʤʝʪʨ ʧʝʨʝʜʥʝʛʦ 

ʉʇʋ ʚʳʜʝʨʞʠʪ ʚʩʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʭʦʜʠʪʴ ʥʘ ʥʝʛʦ. 

ɿɸʂʃʖʏɽʅʀɽ 

ʂʦʥʝʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ 

ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʜʣʷ ʙʦʣʠʜʘ ʢʦʤʘʥʜʳ ʇʅʀʇʋ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 

ʂʦʥʝʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʉʇʋ ʙʦʣʠʜʘ çʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪè ʇʅʀʇʋ 

ʇʘʨʘʤʝʪʨʳ 
ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʇʝʨʝʜʥʷʷ ʦʩʴ ɿʘʜʥʷʷ ʦʩʴ 

ʋʛʣʦʚʘʷ ʞʝʩʪʢʦʩʪʴ ʉʇʋ, 
ʢʅĀʤ

ʨʘʜ
 

4,23 2,96 

ɼʠʘʤʝʪʨ ʧʨʫʪʢʘ, ʤʤ 11 9 
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ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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OPTIMIZATION OF THE INTAKE SYSTEM ELEMENTS 
OF A RACING CAR FORMULA STUDENT CLASS 

ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʤʢʘʭ ʩʪʫʜʝʥʯʝʩʢʠʭ ʩʦʨʝʚʥʦʚʘʥʠʡ çFormula Studentè ʙʳʣʘ 

ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʧʫʩʢʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ 

ʩʧʦʨʪʠʚʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʢʣʘʩʩʘ çʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪè. ɼʣʷ ʙʦʣʠʜʦʚ ʜʘʥʥʦʛʦ 

ʢʣʘʩʩʘ ʛʣʘʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʨʘʙʦʪʳ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʤʦʙʠʣʷ ʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʠ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʨʘʙʦʪ: (1) ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʶ ʚʧʫʩʢʥʫʶ ʩʠʩʪʝʤʫ 

ʥʘ ʧʨʝʜʤʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʛʘʟʦʚʦʟʜʫʰʥʦʛʦ ʪʨʘʢʪʘ ʠ ʫʣʫʯʰʝʥʠʷ ʥʘʧʦʣʥʝʥʠʷ ʮʠʣʠʥʜʨʘ ʚʦʟʜʫʭʦʤ; (2) 

ʄʘʢʩʠʤʘʣʴʥʦ ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʠʭ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ; (3) ɺʝʨʠʬʠʮʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʫʪʝʤ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʦʜʠʤʳʭ ʨʘʙʦʪ ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʧʦʪʝʨʠ ʥʘ ʚʧʫʩʢʝ, ʫʣʫʯʰʠʪʴ ʥʘʧʦʣʥʝʥʠʝ ʠ ʧʦʚʳʩʠʪʴ ʤʦʱʥʦʩʪʴ ʠ ʢʨʫʪʷʱʠʡ 

ʤʦʤʝʥʪ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, ʥʦ ʠ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʫʶ ʢʦʤʧʦʥʦʚʢʫ 

ʤʦʪʦʨʥʦʛʦ ʦʪʩʝʢʘ, ʩʥʠʟʠʪʴ ʝʛʦ ʤʘʩʩʫ ʠ ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʣʫʯʰʝʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠ ʫʧʨʦʱʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

Abstract: Within the student competitions ñFormula Studentò the task was set 

to design and optimize the intake system for a sports car of the Formula Student class. 

For cars of this class, the main limitation of the operation of the power plant of the car 

is the restriction of air consumption, therefore, in order to achieve maximum efficiency 

of the engine and attachments, it is necessary to perform several stages of work. First, 

analyze the entire intake system for optimization in order to reduce losses throughout 

the gas-air path and improve the filling of the cylinder with air. Secondly, to minimize 

the weight of structures in order to simplify their manufacture and operation. Thirdly, to 

verify the results of calculations by making several real samples. 



6-͚ ˤ͔͙͚͙͚ͫͪͦͫͫͫ͟ ͺͦͪͯͣ ζ˿͔ͭͯ͒ͤ;͔͙͔ͫ͟ ͙͔͔ͤ͗ͤͪͤ·͔ ͔ͨͪͦͭ͟·η 

 

 

http://www.madi.ru/  
http:// autoengineer.org/ 

17 

 

As a result of the work carried out, it is possible not only to significantly reduce 

the intake losses, improve the filling and increase the power and torque of the power 

plant, but also to obtain a more perfect engine bay layout, reduce its weight and simplify 

the design to achieve better manufacturability and simplify operation. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʧʫʩʢʥʘʷ ʩʠʩʪʝʤʘ; ʦʧʪʠʤʠʟʘʮʠʷ; çʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪè. 

Keywords: intake system; optimization; ñFormula Studentò. 

ɺɺɽɼɽʅʀɽ 

ɺ ʘʚʪʦʩʧʦʨʪʝ ʪʨʝʙʫʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʘ, ʘ 

ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʩʝʭ ʩʠʩʪʝʤ, ʠ ʦʭʣʘʜʠʪʝʣʴ 

ʥʘʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ (ʆʅɺ) ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʬʦʨʤʳ ʚʭʦʜʘ ʚ ʆʅɺ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ 

ʜʘʚʣʝʥʠʷ ʠ ʫʤʝʥʴʰʠʪʴ ʟʘʚʠʭʨʝʥʠʷ ʠ ʤʘʩʩʫ ʜʝʪʘʣʠ, ʧʦʩʢʦʣʴʢʫ ʩʘʤ 

ʆʅɺ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʤʠʥʠʤʘʣʴʥʦʤʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʧʦʪʦʢʫ ʚʦʟʜʫʭʘ ʠ ʜʦʩʪʘʪʦʯʥʦʤʫ ʫʨʦʚʥʶ ʦʭʣʘʞʜʝʥʠʷ 

ʚʦʟʜʫʭʘ ʜʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʜʜʫʚʘ, ʘ ʚʳʭʦʜ ʠʟ ʆʅɺ 

ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʜʜʫʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ ʆʅɺ, ʧʨʦʚʝʜʝʥʥʦʡ ʜʣʷ 

ʦʜʥʦʮʠʣʠʥʜʨʦʚʦʛʦ ʙʝʥʟʠʥʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʢʣʘʩʩʘ çʌʦʨʤʫʣʘ 

ʉʪʫʜʝʥʪè, ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʵʣʝʤʝʥʪʦʚ ʚʧʫʩʢʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ: ʚʭʦʜʘ ʚ ʠʥʪʝʨʢʫʣʝʨ, ʥʘʯʠʥʘʷ ʦʪ ʜʨʦʩʩʝʣʴʥʦʡ 

ʟʘʩʣʦʥʢʠ, ʩʘʤʦʛʦ ʆʅɺ ʠ ʚʳʭʦʜʘ ʠʟ ʠʥʪʝʨʢʫʣʝʨʘ, ʟʘʢʘʥʯʠʚʘʶʱʝʛʦʩʷ ʫ 

ʚʧʫʩʢʥʳʭ ʢʣʘʧʘʥʦʚ [1-6]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (CFD) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʇʨʦʛʨʘʤʤʥʳʭ ʂʦʤʧʣʝʢʩʦʚ (ʇʂ) SolidWorks ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʠ ʇʂ ANSYS ʜʣʷ ʨʘʩʯʝʪʦʚ: ICEM ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʠ ʧʨʘʚʢʠ ʩʝʪʢʠ, CFX ʜʣʷ ʧʨʦʜʫʚʢʠ, Fluent ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʜʫʚʢʠ ʠ AVL Boost ʜʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʫʣʫʯʰʝʥʠʡ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ [7]. 



6-͚ ˤ͔͙͚͙͚ͫͪͦͫͫͫ͟ ͺͦͪͯͣ ζ˿͔ͭͯ͒ͤ;͔͙͔ͫ͟ ͙͔͔ͤ͗ͤͪͤ·͔ ͔ͨͪͦͭ͟·η 

 

 

http://www.madi.ru/  
http:// autoengineer.org/ 

18 

 

 

ʈʠʩ. 1. ʄʦʜʝʣʴ ʤʦʪʦʨʥʦʛʦ ʦʪʩʝʢʘ 

ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ k-ᴊ ʤʦʜʝʣʴ. ɼʣʷ 

ʫʪʦʯʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʦʙʤʝʥʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʆʅɺ. 

 

ʈʠʩ. 2. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ, ʚʠʜ ʩʙʦʢʫ 
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ʈʠʩ. 3. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ, ʚʠʜ ʩʚʝʨʭʫ 

1. ʊɺɽʈɼʆʊɽʃʔʅɸʗ ʄʆɼɽʃʔ ɼʃʗ ʈɸʉʏɽʊɸ 

ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ, ʩʦʟʜʘʥʥʘʷ 

ʚ ʇʂ SolidWorks. ʀʩʭʦʜʥʳʝ ʫʩʣʦʚʠʷ ʙʳʣʠ ʧʨʦʜʠʢʪʦʚʘʥʳ ʢʦʤʧʦʥʦʚʢʦʡ 

ʘʚʪʦʤʦʙʠʣʷ. 

ʉʝʪʴ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʯʝʥʠʷ ʛʘʟʘ 

ʩʦʟʜʘʥʘ ʚ ʇʂ ANSYS ʨʝʜʘʢʪʠʨʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʩʝʪʢʠ ʚ ICEM. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʟʘ ʦʩʥʦʚʫ ʤʦʜʝʣʠ ʙʳʣʘ ʚʟʷʪʘ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʛʘʟʘ ʙʝʟ ʫʯʝʪʘ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʚʭʦʜʘ ʚ ʆʅɺ. 
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ʆʩʥʦʚʥʦʡ ʤʦʜʝʣʴʶ ʨʘʩʯʝʪʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʘ ʚʳʙʨʘʥʘ k-ᴊ 

ʤʦʜʝʣʴ, ʭʦʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʘʷ ʢʘʢ ʧʨʦʩʪʘʷ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʯʥʘʷ ʜʣʷ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ ʨʘʩʯʝʪʘ. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʜʘʥʥʦʡ ʤʦʜʝʣʴʶ 

ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʪʦʣʴʢʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʦʨʘ. 

 

ʈʠʩ. 4. ʊʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʩ ʩʪʝʢʦʡ 

2. ʆɹɿʆʈ ʈɸʉʏɽʊʅʓʍ ʄʆɼɽʃɽʁ ʊʋʈɹʋʃɽʅʊʅʆʉʊʀ 

2.1. K-ᴊ ʤʦʜʝʣʴ 

ʆʩʥʦʚʥʳʤ ʫʨʘʚʥʝʥʠʝʤ k-ᴊ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝ 

ʀ
Ë
Ⱦ

Ì
 

ʛʜʝ l ð ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʠʥʘ ʧʫʪʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ, ʦʩʥʦʚʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ k ʠ Ů. 
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ɺ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʜʚʠʞʝʥʠʝ ʛʘʟʘ (ʠʣʠ ʞʠʜʢʦʩʪʠ) 

ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ, 

ʚʳʨʘʞʘʶʱʝʡ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʠ 

ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ [4, 8]: 

                                     

( ) 0;i

i

W
x

r
r

t

µ µ
+ =

µ µ
                                (1) 

( )
2

; , , 1,2,3
3

ji i k
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i j j i k
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D x x x x x
r m d
t

è øå õµµ µ µ µ
= - + + - =é ùæ öæ öµ µ µ µ µé ùç ÷ê ú                 
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( )j ij j j j r r R

j j j i

H H T p
W W G W w Q q

x x x x
r r l t r
t t

å õµ µ µ µ µ µ
+ = + + + - -Ðæ öæ öµ µ µ µ µ µç ÷         (3)

 

ʠ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

                                    

.p R Tr=                                                          (4) 

ɼʣʷ ʟʘʧʠʩʠ ʩʦʦʪʥʦʰʝʥʠʡ (1-4) ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: p ð ʜʘʚʣʝʥʠʝ; ɟ ð ʧʣʦʪʥʦʩʪʴ; W ð ʩʢʦʨʦʩʪʴ; T ð 

ʪʝʤʧʝʨʘʪʫʨʘ; Ű ð ʚʨʝʤʷ; h ð ʩʪʘʪʠʯʝʩʢʘʷ ʵʥʪʘʣʴʧʠʷ; 

2

2

W
H h= +  ð 

ʧʦʣʥʘʷ ʵʥʪʘʣʴʧʠʷ; ɚ ʠ Õ ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ;  ð ʦʧʝʨʘʪʦʨ ɻʘʤʠʣʴʪʦʥʘ (ʥʘʙʣʘ); G ð 

ʦʙʲʝʤʥʘʷ ʩʠʣʘ (ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ);
 rw ð ʩʢʦʨʦʩʪʴ 

ʛʦʨʝʥʠʷ, ʚʳʨʘʞʝʥʥʘʷ ʯʝʨʝʟ ʤʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʩʭʦʜʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ; rQ  ð ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 

ʚʳʜʝʣʷʝʤʦʝ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ; Rq ð ʨʘʜʠʘʮʠʦʥʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ 

ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ; ŭ ð ŭ-ʬʫʥʢʮʠʷ ʂʨʦʥʝʢʝʨʘ. ʋʯʝʪ ʧʨʦʮʝʩʩʦʚ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʧʦʪʦʢʝ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ k-Ů 

ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ [7, 8]. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ 

ʷʚʣʷʶʪʩʷ ʙʳʩʪʨʦʪʘ ʩʯʝʪʘ, ʤʠʥʠʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʣʠʯʝʩʪʚʫ 

ʠʩʭʦʜʥʳʭ ʠʟʚʝʩʪʥʳʭ ʠ ʭʦʨʦʰʘʷ ʩʭʦʜʠʤʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʩʪʦʪʳ 

ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʚ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʦʪʩʫʪʩʪʚʠʝ ʫʯʝʪʘ ʪʝʧʣʦʦʙʤʝʥʘ, ʯʪʦ ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʥʘ ʪʦʯʥʦʩʪʠ 

ʚʳʯʠʩʣʝʥʠʡ. 

Ð
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2.2. K- ꜡ -f ʤʦʜʝʣʴ 

ʆʩʥʦʚʥʳʤ ʫʨʘʚʥʝʥʠʝʤ k- -꜡f ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝ 

Ù
ρ

ʉ

4

0
Ù 

ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʩʣʦʞʥʝʝ ʠ ʪʷʞʝʣʝʝ, ʯʝʤ k-Ů ʤʦʜʝʣʴ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʘʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

k-Ů ʤʦʜʝʣʴʶ, ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ 

ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʠ ʥʝʧʣʦʭʘʷ ʩʭʦʜʠʤʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ 

ʚ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ ʫʯʝʪʘ 

ʪʝʧʣʦʦʙʤʝʥʘ, ʯʪʦ ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʥʘ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. 

3. ʈɸɹʆʊɸ ʉ ʀʉʍʆɼʅʆʁ ɻɽʆʄɽʊʈʀɽʁ 

ɼʣʷ ʧʝʨʚʠʯʥʦʛʦ ʨʘʩʯʝʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ k-  ꜡ ʤʦʜʝʣʴ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʪʝʧʣʦʦʙʤʝʥ. ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʇʂ ANSYS ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʝʡ Solid, Sketch ʠ CFX/CFD. ʊʚʝʨʜʦʪʝʣʴʥʘʷ 

ʤʦʜʝʣʴ ʙʳʣʘ ʠʤʧʦʨʪʠʨʦʚʘʥʘ ʠʟ ʇʂ SolidWorks ʩ ʧʦʤʦʱʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʦʜʫʣʷ ʚ ANSYS, ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʦʚ ʤʦʜʝʣʴ 

ʚʳʧʦʣʥʝʥʘ ʢʘʢ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʜʝʪʘʣʠ. ʉʝʪʢʘ ʧʦʩʪʨʦʝʥʘ ʜʣʷ 

ʨʘʩʯʝʪʘ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ CFX, ʚʝʣʠʯʠʥʘ ʷʯʝʡʢʠ 1 ʤʤ3, ʩ 

ʨʘʟʙʠʝʥʠʝʤ ʧʨʠʩʪʝʥʦʯʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ 

ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʚ 11 ʰʘʛʦʚ. ʇʨʘʚʢʘ ʩʝʪʢʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ Icem 

CFD, ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʯʨʝʟʤʝʨʥʳʭ ʫʩʣʦʞʥʝʥʠʡ ʩʝʪʢʠ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ, ʩʦʟʜʘʥʥʦʡ ʚ SolidWorks.  

ʈʘʩʯʝʪ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ CFX, ʠʤʝʣ ʩʣʝʜʫʶʱʠʝ ʥʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ: ʘʙʩʦʣʶʪʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ 2*105 ʇʘ, ʨʘʩʭʦʜ ʥʘ 

ʚʳʭʦʜʥʦʤ ʩʝʯʝʥʠʠ ð 73 ʛ/ʩʝʢ, ʨʘʩʯʝʪʥʘʷ ʩʨʝʜʘ ð ʠʜʝʘʣʴʥʳʡ ʛʘʟ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ð 180Áʉ, ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ð 1, ʩʪʘʨʪʦʚʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ð 1 000. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʟʘ 107 ʰʘʛʦʚ ʙʳʣʘ 

ʦʙʝʩʧʝʯʝʥʘ ʩʭʦʜʠʤʦʩʪʴ 103, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʯʝʪ ʙʳʣ ʦʩʪʘʥʦʚʣʝʥ.  

ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʬʫʥʢʮʠʷ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʠʝ 

ʧʦʪʦʢʦʚ Streamline ʠʟ 500 ʣʠʥʠʡ.  
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ʈʠʩ. 5. ʇʨʦʜʫʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ 

4. ʆʇʊʀʄʀɿɸʎʀʗ ʇʆ K-  ꜡ʄʆɼɽʃʀ 

ʇʦʩʢʦʣʴʢʫ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʠ ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʪʝʨʴ 

ʜʘʚʣʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʷ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʘ ʠ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ 

ʜʝʪʘʣʠ, ʩʨʘʚʥʝʥʠʝ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ 

ʧʦʪʝʨʷʤ ʜʘʚʣʝʥʠʷ ʠ ʤʘʩʩʝ ʩ ʧʨʠʦʨʠʪʝʪʦʤ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʩʚʝʜʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 1, ʬʦʨʤʘ ʟʘʚʠʭʨʝʥʠʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩ. 6ï9. 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʯʘʩʪʠ 

ˉ ʤʦʜʝʣʠ 1 2 3 4 5 

ȹʨ, ʇʘ 1 127 978 894 916 738 

m, ʛ 4 027,73 3 184,2 4 269,27 3 647,89 3 222,18 
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ʈʠʩ. 6. ʆʧʪʠʤʠʟʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ 1 

 

ʈʠʩ. 7. ʆʧʪʠʤʠʟʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ 2 



6-͚ ˤ͔͙͚͙͚ͫͪͦͫͫͫ͟ ͺͦͪͯͣ ζ˿͔ͭͯ͒ͤ;͔͙͔ͫ͟ ͙͔͔ͤ͗ͤͪͤ·͔ ͔ͨͪͦͭ͟·η 

 

 

http://www.madi.ru/  
http:// autoengineer.org/ 

25 

 

 

ʈʠʩ. 8. ʆʧʪʠʤʠʟʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ 3 

 

ʈʠʩ. 9. ʆʧʪʠʤʠʟʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ 4 
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5. ʈɸʉʏɽʊʓ ʇʆ K- -꜡F ʄʆɼɽʃʀ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ k-  ꜡ ʤʦʜʝʣʠ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʧʨʦʚʝʨʦʯʥʳʝ ʨʘʩʯʝʪʳ ʧʦ k- -꜡f ʤʦʜʝʣʠ. 

 

ʈʠʩ. 10. ʇʨʦʚʝʨʦʯʥʘʷ ʧʨʦʜʫʚʢʘ ʧʦ k- -꜡f ʤʦʜʝʣʠ 

ɿɸʂʃʖʏɽʅʀɽ 

ʇʦ ʠʪʦʛʘʤ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʚʧʫʩʢʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʙʦʣʠʜʘ çʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪè ʩ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʫʣʫʯʰʝʥʠʷʤʠ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʫʣʫʯʰʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʚʩʝʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʤʘʩʩʝ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʦ ʪʘʢʠʤ ʚʘʞʥʝʡʰʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʢʘʢ 

ʤʦʱʥʦʩʪʴ, ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʵʣʝʤʝʥʪʦʚ ʤʦʪʦʨʥʦʛʦ ʦʪʩʝʢʘ. 

ɹʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

¶ ʩʥʠʞʝʥʳ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 30%; 

¶ ʩʥʠʞʝʥʘ ʤʘʩʩʘ ʜʝʪʘʣʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 20%; 

¶ ʦʙʝʩʧʝʯʝʥʦ ʦʭʣʘʞʜʝʥʠʝ ʦʪ 200Áʉ ʜʦ 45Áʉ ʧʨʠ ʧʨʦʩʪʦʝ; 

¶ ʦʙʝʩʧʝʯʝʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʜʜʫʚ. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʛʝʦʤʝʪʨʠʷ ʥʝ 

ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʥʘʠʤʝʥʴʰʠʝ ʧʦʪʝʨʠ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚ ʮʝʣʦʤ. 

ɺʧʦʣʥʝ ʜʦʧʫʩʢʘʝʪʩʷ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʘʢʘʜʝʤʠʯʝʩʢʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʚʠʜʝ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ, ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʫʯʝʙʥʳʤʠ ʧʣʘʥʘʤʠ, ʩʨʦʢʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ 

ʠʥʞʝʥʝʨʥʦʛʦ ʬʦʨʫʤʘ çʉʪʫʜʝʥʯʝʩʢʠʝ ʠʥʞʝʥʝʨʥʳʝ ʧʨʦʝʢʪʳè, 

ʘʪʪʝʩʪʘʮʠʷʤʠ ʧʦ ʜʨʫʛʠʤ ʧʨʝʜʤʝʪʘʤ ʠ ʪ.ʜ. ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʫʣʫʯʰʝʥʠʝ 

ʢʦʥʝʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 
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DEVELOPMENT OF STEERING CONTROL RACING CAR 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʫʣʝʚʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʳʙʨʘʥ ʩʘʤʳʡ ʜʦʩʪʫʧʥʳʡ ʠ ʥʘʜʝʞʥʳʡ. ʇʨʠʚʝʜʝʥʳ ʦʙʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʫʣʝʚʦʡ ʩʠʩʪʝʤʳ. ʇʨʠʚʝʜʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʨʘʜʠʫʩʘ 

ʧʦʚʦʨʦʪʘ. ʇʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʫʣʝʚʦʡ ʨʝʡʢʠ ʠ ʝʝ ʯʘʩʪʝʡ.  

Abstract: The article presents various options for the steering and selected 

the most affordable and reliable one. The article includes general requirements to the 

steering system, theoretical calculation of turn radius and presents the process of 

manufacturing the steering rack and its parts. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʥʦʯʥʳʡ ʙʦʣʠʜ; ʨʫʣʝʚʦʝ ʫʧʨʘʚʣʝʥʠʝ; ʨʫʣʝʚʦʡ 

ʤʝʭʘʥʠʟʤ; ʨʘʜʠʫʩ ʧʦʚʦʨʦʪʘ. 

Keywords: racing car; steering; steering system; turning radius. 

ɺɺɽɼɽʅʀɽ 

ʈʫʣʝʚʘʷ ʩʠʩʪʝʤʘ ʚ ʘʚʪʦʤʦʙʠʣʝ ð ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʯʘʩʪʝʡ, 

ʪʨʝʙʫʶʱʘʷ ʙʦʣʴʰʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʠʥʪʝʨʝʩʘ ʦʪ ʠʥʞʝʥʝʨʘ. ɼʘʥʥʳʡ 

ʫʟʝʣ ʥʫʞʥʦ ʧʦʜʙʠʨʘʪʴ ʠ ʥʘʩʪʨʘʠʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ 

mailto:katya_devesilova@mail.ru
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ʙʦʣʠʜʘ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʥʘʠʣʫʯʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʆʜʥʘʢʦ ʜʘʥʥʘʷ 

ʥʘʩʪʨʦʡʢʘ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ. ʇʨʠ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʧʨʦʝʢʪʘ, ʧʦʢʫʧʢʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʟʘʪʨʫʜʥʝʥʘ, ʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ ʧʦʢʫʧʢʘ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʟʘʚʦʜʩʢʠʭ ʩʝʨʠʡʥʳʭ ʜʝʪʘʣʝʡ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʯʝʥʴ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʪʠʧʦʚʳʭ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʨʫʣʝʚʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʛʦʥʦʯʥʳʭ ʙʦʣʠʜʦʚ. 

1. ʆɹʑʀɽ ʊʈɽɹʆɺɸʅʀʗ ʂ ʈʋʃɽɺʆʁ ʉʀʉʊɽʄɽ 

¶ ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʘʚʠʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʢʦʣʝʩ 

¶ ʄʠʥʠʤʘʣʴʥʳʡ ʚʦʟʤʦʞʥʳʡ ʨʘʜʠʫʩ ʧʦʚʦʨʦʪʘ 

¶ ɺʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ 

¶ ɹʝʟʦʧʘʩʥʦʩʪʴ 

¶ ʄʠʥʠʤʘʣʴʥʳʡ ʣʶʬʪ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ 

2. ʊʀʇʓ ʈʋʃɽɺʓʍ ʄɽʍɸʅʀɿʄʆɺ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʦʟʤʦʞʥʳʭ 

ʚʘʨʠʘʥʪʘ ʨʫʣʝʚʦʛʦ ʤʝʭʘʥʠʟʤʘ: ʨʝʝʯʥʦʛʦ ʠ ʪʨʦʩʦʚʦʛʦ.  

2.1. ʊʨʦʩʦʚʳʡ ʨʫʣʝʚʦʡ ʤʝʭʘʥʠʟʤ 

ʊʨʦʩʦʚʦʡ ʤʝʭʘʥʠʟʤ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ, 

ʦʜʥʘʢʦ, ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ ʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟ-ʟʘ 

ʩʚʦʠʭ ʢʨʫʧʥʳʭ ʨʘʟʤʝʨʦʚ (ʙʦʙʠʥʳ, ʥʘʪʷʞʠʪʝʣʠ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʳʚʘ ʪʨʦʩʘ ʠ ʥʘʥʝʩʝʥʠʷ ʪʨʘʚʤ ʧʠʣʦʪʫ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʢʦʥʩʪʨʫʢʮʠʠ. [1] 

2.2. ʈʝʝʯʥʳʡ ʨʫʣʝʚʦʡ ʤʝʭʘʥʠʟʤ 

ʈʝʝʯʥʳʡ ʨʫʣʝʚʦʡ ʤʝʭʘʥʠʟʤ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ 

ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ ʠ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʜʦʩʪʦʠʥʩʪʚ: ʧʨʦʩʪʦʪʘ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʚʳʩʦʢʠʡ ʂʇɼ ʠ ʨʘʚʥʳʡ ʂʇɼ ʚ ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʨʘʚʥʳʡ 0,9-0,95 [2].  
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2.3. ɺʳʚʦʜ 

ʅʘʠʙʦʣʝʝ ʥʘʜʝʞʥʦʡ, ʙʝʟʦʧʘʩʥʦʡ ʠ ʧʨʦʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʝʝʯʥʳʡ ʨʫʣʝʚʦʡ 

ʤʝʭʘʥʠʟʤ. 

3. ʊɽʆʈɽʊʀʏɽʉʂʀʁ ʈɸʉʏɽʊ ʈɸɼʀʋʉɸ ʇʆɺʆʈʆʊɸ 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʚ ʧʦʚʦʨʦʪʝ ʢʘʞʜʦʝ ʢʦʣʝʩʦ ʜʚʫʭʦʩʥʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ ʜʚʠʞʝʪʩʷ ʧʦ ʩʚʦʝʡ ʪʨʘʝʢʪʦʨʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʘʜʠʫʩʦʤ R. ɺʝʜʫʱʝʝ ʥʘʨʫʞʥʦʝ (ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʮʝʥʪʨʘ ʧʦʚʦʨʦʪʘ) ð ʨʘʜʠʫʩʦʤ Rʣ, ʚʝʜʫʱʝʝ ʚʥʫʪʨʝʥʥʝʝ ð ʨʘʜʠʫʩʦʤ 

Rʧ (ʈʠʩ. 1) [5]. ʊʝʤ ʩʘʤʳʤ ʢʦʣʝʩʘ ʜʦʣʞʥʳ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʥʘ 

ʨʘʟʣʠʯʥʳʡ ʫʛʦʣ ð ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧʦʤ 

ɸʢʢʝʨʤʘʥʘ [3]. 

 

 

ʈʠʩ. 1. ɼʚʠʞʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ ʚ ʧʦʚʦʨʦʪʝ 

 

ʀʩʭʦʜʷ ʠʟ ʈʠʩ. 2, ʨʘʜʠʫʩ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʳ [8]: 

Ὑ  
ὒ

ÔÇ —
 ̍  
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ʈʠʩ. 2. ʄʦʜʝʣʴ ʧʦʚʦʨʦʪʘ ʘʚʪʦʤʦʙʠʣʷ 

ʊʘʢʞʝ ʚʘʞʥʳʤʠ ʘʩʧʝʢʪʘʤʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ 

ʘʚʪʦʤʦʙʠʣʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʨʘʜʠʫʩʘ ʧʦʚʦʨʦʪʘ ʷʚʣʷʶʪʩʷ: ʩʭʦʜ, ʨʘʟʚʘʣ 

ʠ ʢʘʩʪʝʨ [6]. 

ʋʛʦʣ ʧʨʦʜʦʣʴʥʦʛʦ ʥʘʢʣʦʥʘ (ʢʘʩʪʝʨ) ð ʫʛʦʣ ʤʝʞʜʫ ʦʩʴʶ 

ʧʦʚʦʨʦʪʘ ʢʦʣʝʩʘ ʠ ʚʝʨʪʠʢʘʣʴʶ ʥʘ ʚʠʜʝ ʩʙʦʢʫ (ʈʠʩ. 3). ʉʯʠʪʘʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʝʩʣʠ ʦʩʴ ʥʘʢʣʦʥʝʥʘ ʥʘʟʘʜ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ. 

ʈʘʟʚʘʣ ð ʥʘʢʣʦʥ ʧʣʦʩʢʦʩʪʠ ʢʦʣʝʩʘ ʢ ʧʝʨʧʝʥʜʠʢʫʣʷʨʫ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤʫ ʢ ʧʣʦʩʢʦʩʪʠ ʜʦʨʦʛʠ (ʈʠʩ. 3). ɽʩʣʠ ʚʝʨʭʥʷʷ ʯʘʩʪʴ 

ʢʦʣʝʩʘ ʥʘʢʣʦʥʝʥʘ ʥʘʨʫʞʫ ʘʚʪʦʤʦʙʠʣʷ, ʪʦ ʫʛʦʣ ʨʘʟʚʘʣʘ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ, ʘ ʝʩʣʠ ʚʥʫʪʨʴ ð ʪʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ. 

 

ʈʠʩ. 3. ʇʦʣʦʞʝʥʠʷ ʢʦʣʝʩ 
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ʉʭʦʞʜʝʥʠʝ ð ʫʛʦʣ ʤʝʞʜʫ ʧʨʦʜʦʣʴʥʦʡ ʦʩʴʶ ʘʚʪʦʤʦʙʠʣʷ ʠ 

ʧʣʦʩʢʦʩʪʴʶ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʰʠʥʳ ʫʧʨʘʚʣʷʝʤʦʛʦ ʢʦʣʝʩʘ 

(ʈʠʩ. 3). ʉʭʦʞʜʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʝʩʣʠ ʧʣʦʩʢʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ ʧʝʨʝʩʝʢʘʶʪʩʷ ʧʝʨʝʜ ʘʚʪʦʤʦʙʠʣʝʤ, ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʝʩʣʠ ʦʥʠ, ʥʘʦʙʦʨʦʪ, ʧʝʨʝʩʝʢʘʶʪʩʷ ʛʜʝ-ʪʦ ʩʟʘʜʠ. [4] 

4. ɺʓɹʆʈ ʈʋʃɽɺʆʁ ʈɽʁʂʀ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʨʫʣʝʚʘʷ ʨʝʡʢʘ çzRack358è.  

 

ʈʠʩ. 4. ʈʫʣʝʚʘʷ ʨʝʡʢʘ zRack358 (ʧʦ ʮʝʥʪʨʫ) 

 

ʈʠʩ. 5. ʈʫʣʝʚʘʷ ʨʝʡʢʘ ɺɸɿ 2108 ʧʦʩʣʝ ʦʙʨʝʟʢʠ 

ʆʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ ʧʨʦʝʢʪʘ 

ʧʨʠʰʣʦʩʴ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʦʢʫʧʢʠ ʜʘʥʥʦʡ ʜʝʪʘʣʠ ʚ ʧʦʣʴʟʫ ʙʦʣʝʝ 

ʜʝʰʝʚʦʡ (1500 ʨʫʙ. ʧʨʦʪʠʚ 1200 $). ɹʳʣʘ ʚʳʙʨʘʥʘ ʩʪʘʥʜʘʨʪʥʘʷ 

ʨʫʣʝʚʘʷ ʨʝʡʢʘ ʩ ʧʨʷʤʳʤ ʚʳʭʦʜʥʳʤ ʚʘʣʦʤ ʜʣʷ ʘʚʪʦʤʦʙʠʣʷ ɺɸɿ 2108. 

ɽʝ ʠʟʥʘʯʘʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʜʣʷ ʢʦʤʧʘʢʪʥʦʛʦ 

ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʢʦʨʧʫʩ ʨʝʝʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʙʳʣ 

ʦʙʨʝʟʘʥ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʦ ʚʝʩ ʠ ʫʤʝʥʴʰʠʣʦ ʜʣʠʥʫ ʨʝʡʢʠ [7].  
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4.1. ʊɽʍʅʆʃʆɻʀʗ ʀɿɻʆʊʆɺʃɽʅʀʗ 

1. ʂʦʨʧʫʩ ʙʳʣ ʫʢʦʨʦʯʝʥ ʜʦ ʪʨʝʙʫʝʤʳʭ ʨʘʟʤʝʨʦʚ ʠ ʦʪʰʣʠʬʦʚʘʥ 

ʥʘ ʪʦʢʘʨʥʦʤ ʩʪʘʥʢʝ. 

2. ʅʘ ʩʘʤʦʡ ʨʝʡʢʝ ʙʳʣʘ ʦʪʨʝʟʘʥʘ ʧʦʣʦʚʠʥʘ ʦʪ çʥʝʟʫʙʯʘʪʦʡè 

ʯʘʩʪʠ ʠ ʧʨʠʚʘʨʝʥʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ. 

3. ɼʣʷ ʢʨʝʧʣʝʥʠʷ ʨʫʣʝʚʳʭ ʪʷʛ ʙʳʣʘ ʥʘʨʝʟʘʥʘ ʚʥʫʪʨʝʥʥʷʷ ʨʝʟʴʙʘ 

ʧʦ ʢʨʘʷʤ. 

4. ʇʦ ʢʨʘʷʤ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʩʪʘʚʢʠ ʠʟ ʬʪʦʨʦʧʣʘʩʪʘ ʜʣʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʭʦʜʘ ʨʝʝʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

4.2. ʇʈʆɹʃɽʄʓ ʀ ʄʆɼɽʈʅʀɿɸʎʀʗ 

ɺ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʩʣʝʜʫʶʱʘʷ ʧʨʦʙʣʝʤʘ: 

ʬʪʦʨʦʧʣʘʩʪʦʚʳʝ ʚʩʪʘʚʢʠ ʚʳʣʝʪʘʣʠ, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʨʝʝʯʥʳʡ 

ʤʝʭʘʥʠʟʤ ʚʳʭʦʜʠʣ ʠʟ ʟʘʜʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʢʦʣʝʩʘ ʙʣʦʢʠʨʦʚʘʣʠʩʴ. 

ʈʝʰʝʥʠʝʤ ʵʪʦʛʦ ʩʪʘʣʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʚʩʪʘʚʦʢ ʚ ʥʘʪʷʛ, ʘ ʪʘʢʞʝ 

ʟʘʢʨʝʧʣʝʥʠʝ ʠʭ ʧʫʪʝʤ ʙʣʦʢʠʨʦʚʢʠ ʩ ʧʦʤʦʱʴʶ ʚʠʥʪʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʧʣʘʥʠʨʫʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʟʫʙʯʘʪʦʡ ʯʘʩʪʠ ʨʝʡʢʠ, ʘ ʠʤʝʥʥʦ 

ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʫʙʮʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʚʦʨʦʪʘ ʢʦʣʝʩ ʠ 

ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʙʦʨʦʪʦʚ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ ʦʪ ʫʧʦʨʘ ʜʦ ʫʧʦʨʘ ʩ 

3 ʜʦ 1.5. 

 

ʈʠʩ. 6 ɻʦʪʦʚʘʷ ʨʫʣʝʚʘʷ ʨʝʡʢʘ 
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ɿɸʂʃʖʏɽʅʀɽ 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʪʠʧʘ ʨʫʣʝʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ, ʨʫʣʝʚʘʷ ʨʝʡʢʘ ʙʳʣʘ 

ʠʟʛʦʪʦʚʣʝʥʘ. ʇʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʚʳʷʚʠʣʦ ʩʝʨʴʝʟʥʳʡ ʥʝʜʦʩʪʘʪʦʢ 

ʢʦʥʩʪʨʫʢʮʠʠ, (ʦʧʠʩʘʥʥʳʡ ʚ ʧ. 4.2). ʇʦʩʣʝ ʠʩʧʨʘʚʣʝʥʠʷ ʵʪʦʛʦ 

ʥʝʜʦʩʪʘʪʢʘ ʛʦʥʦʯʥʳʡ ʙʦʣʠʜ ʫʩʧʝʰʥʦ ʚʳʩʪʫʧʠʣ ʥʘ ʩʦʨʝʚʥʦʚʘʥʠʷʭ, 

ʜʨʫʛʠʭ ʧʨʦʙʣʝʤ, ʩ ʨʫʣʝʚʦʡ ʩʠʩʪʝʤʦʡ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʢʦʥʩʪʨʫʢʮʠʷ ʙʫʜʝʪ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴʩʷ, ʩ ʮʝʣʴʶ ʝʱʝ 

ʙʦʣʴʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ. 
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INVESTIGATION OF STRENGTH PROPERTIES OF STEEL 

DOCOL1000DP AND VERIFICATION OF STRENGTH CRITERIA  

FOR FINITE ELEMENT CALCULATION OF THE FORMULA STUDENT 

CAR UPRIGHT 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ 

ʦʙʨʘʟʮʦʚ ʩʦ ʩʚʘʨʥʳʤʠ ʰʚʘʤʠ ʠʟ ʩʪʘʣʠ DOCOL1000DP ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʧʨʦʯʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ ʚʙʣʠʟʠ ʩʚʘʨʥʦʛʦ ʰʚʘ ʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ʢʨʠʪʝʨʠʝʚ ʧʨʦʯʥʦʩʪʠ ʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʤ ʨʘʩʯʝʪʝ. ʇʦʩʣʝ ʚʝʨʠʬʠʢʘʮʠʠ 

ʢʨʠʪʝʨʠʝʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʚʦʨʦʪʥʦʛʦ ʢʫʣʘʢʘ ʠ ʜʘʣʴʥʝʡʰʠʡ 

ʧʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪ. 

Abstract: In this article, the method of testing samples with welded seams in 

steel DOCOL1000DP is examined to study the strength parameters of the material 

near the weld and verify the strength criteria in the finite-element calculation. After the 
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verification of the criteria, the upright was optimized and finite-element calculation was 

performed. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʡ ʨʘʩʯʝʪ; ʩʪʘʣʴ; ʩʚʘʨʥʦʡ ʰʦʚ; 

ʧʦʚʦʨʦʪʥʳʡ ʢʫʣʘʢ; ʦʧʪʠʤʠʟʘʮʠʷ; ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ; ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ 

ʦʧʪʠʤʠʟʘʮʠʷ; ʠʩʧʳʪʘʥʠʷ.  

Keywords: finite element calculation; steel; welded seam; rotary cam; 

optimization; finite element method; topological optimization; tests. 

ɺɺɽɼɽʅʀɽ 

ʉʥʠʞʝʥʠʝ ʤʘʩʩʳ ʛʦʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʫʣʫʯʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʙʦʣʠʜʘ [1, 2]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʜʚʝ ʮʝʣʠ:  

1. ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʩʪʘʣʴʥʦʡ ʩʚʘʨʥʦʡ ʣʠʩʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ; 

2. ʩʥʠʞʝʥʠʝ ʧʦʣʥʦʡ ʠ ʥʝʧʦʜʨʝʩʩʦʨʝʥʥʦʡ ʤʘʩʩ ʘʚʪʦʤʦʙʠʣʷ ʢʘʢ ʟʘ 

ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʪʘʢ 

ʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʘʢ 

ʛʦʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʪʘʢ ʠ ʜʦʨʦʞʥʦʛʦ. ʉʥʠʞʝʥʠʝ ʤʘʩʩʳ ʜʝʪʘʣʝʡ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʚʘʨʠʚʘʝʤʳʭ ʩʪʘʣʝʡ, ʧʦʟʚʦʣʠʪ 

ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʪʦʠʤʦʩʪʠ ʝʛʦ ʦʙʨʘʙʦʪʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʣʠ 

DOCOL1000DP ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʨʝʰʝʥʠʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʚʦʨʦʪʥʳʭ ʢʫʣʘʢʦʚ ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʚʘʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʙʢʠ. 

1. ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ɺʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʚʘʨʠʚʘʝʤʳʭ 

ʩʪʘʣʝʡ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʤʘʣʳʭ ʦʙʲʝʤʘʭ, ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʦ ʧʨʠʦʙʨʝʪʝʥʠʠ ʜʣʷ ʦʧʠʩʘʥʥʳʭ ʮʝʣʝʡ ʩʪʘʣʠ ʤʘʨʢʠ 



6-͚ ˤ͔͙͚͙͚ͫͪͦͫͫͫ͟ ͺͦͪͯͣ ζ˿͔ͭͯ͒ͤ;͔͙͔ͫ͟ ͙͔͔ͤ͗ͤͪͤ·͔ ͔ͨͪͦͭ͟·η 

 

 

http://www.madi.ru/  
http:// autoengineer.org/ 

37 

 

DOCOL1000DP, ʘʥʘʣʦʛʠʯʥʦʡ ʧʦ ʟʘʷʚʣʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʪʘʣʠ 

10ʍʉʅɼ.  

ʇʦ ʟʘʷʚʣʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʩʪʘʣʴ DOCOL1000DP ʥʝ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʩʚʘʨʠʚʘʝʤʦʡ. ʉʪʘʣʴ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

¶ ♫0,2 = 700ï950 ʄʇʘ 

¶ ♫ʚ = 1000ï1200 ʄʇʘ 

¶ ŭ% = 5 % 

¶ G = 210 ɻʧʘ  

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʟʘʷʚʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʨʛʦʥʥʦ-ʜʫʛʦʚʦʡ 

ʩʚʘʨʢʠ. ʌʦʨʤʘ ʧʣʦʩʢʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɻʆʉʊ 1497-84 ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 1.  

 

ʈʠʩ. 1. ʏʝʨʪʝʞ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ: ʩʦ ʩʢʦʨʦʩʪʴʶ 

10 ʤʤ/ʤʠʥ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ. ʉʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʈʠʩ. 2. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʅʠʞʥʠʡ ʟʘʭʚʘʪ ʥʝʧʦʜʚʠʞʝʥ, ʚʝʨʭʥʠʡ ʞʝ ʨʘʩʪʷʛʠʚʘʝʪ ʦʙʨʘʟʝʮ. 

ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʘʰʠʥʘ 

Zwick/Roell Allround Z100. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʪʘʪʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʠʟʛʠʙ, ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ, ʨʘʟʚʠʚʘʷ ʫʩʠʣʠʝ ʜʦ 100ʢʅ. 

ɼʣʷ ʫʜʝʨʞʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʢʣʠʥʦʚʳʝ 

ʟʘʭʚʘʪʳ, ʩʠʣʘ ʩʞʘʪʠʷ ʢʦʪʦʨʳʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʥʦʨʤʘʣʴʥʦʡ ʨʘʩʪʷʛʠʚʘʶʱʠʤ ʫʩʠʣʠʝʤ. ʉ ʤʘʰʠʥʦʡ ʧʦʩʪʘʚʣʷʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʦʝ ʇʆ TestXpert, ʧʦʟʚʦʣʷʶʱʝʝ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʨʘʩʢʨʳʪʴ 

ʝʝ ʧʦʪʝʥʮʠʘʣ (ʈʠʩ. 3). 

 

ʈʠʩ. 3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ɹʳʣʠ ʠʩʧʳʪʘʥʳ 8 ʦʙʨʘʟʮʦʚ: ʜʚʘ ʩ ʜʚʫʤʷ ʩʚʘʨʥʳʤʠ ʰʚʘʤʠ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 15 ʠ 30 ʤʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʜʚʘ ʩ ʦʜʥʠʤ ʰʚʦʤ, ʚʳʧʦʣʥʝʥʥʳʤ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʠʩʘʜʢʘ ʠ ʜʚʘ ð  
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ʩ ʥʝʨʞʘʚʝʶʱʠʤ. ʊʘʢʞʝ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʜʚʘ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘ 

(ʈʠʩ. 4). 

 

ʈʠʩ. 4. ʀʩʧʳʪʘʥʥʳʝ ʦʙʨʘʟʮʳ 

ɺ ʊʘʙʣʠʮʘʭ 1ï8 ʠ ʥʘ ʈʠʩ. 5ï13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 2 ʐɺɸ 15 ʤʤ 

ʄɸʂʉ. ʉʀʃɸ 5 132,90 ʅ 

ʄɸʂʉ. ʋɼʃʀʅ. 2,50 ʤʤ 

ʇʃʆʑɸɼʔ ʉɽʏ-ʗ 8,00 ʤʤ2 

ʇʈɽɼɽʃ ʇʈʆʏʅʆʉʊʀ 641,61 ʄʧʘ 

ʋɼʃʀʅɽʅʀɽ 1,86 % 

 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʦʪ ʫʜʣʠʥʝʥʠʷ ʦʙʨʘʟʮʘ 2 ʐɺɸ 15 ʤʤ 
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ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 2 ʐɺɸ 30 ʤʤ 

ʄɸʂʉ. ʉʀʃɸ 4 845,47 ʅ 

ʄɸʂʉ. ʋɼʃʀʅ. 1,86 ʤʤ 

ʇʃʆʑɸɼʔ ʉɽʏ-ʗ 8,00 ʤʤ2 

ʇʈɽɼɽʃ ʇʈʆʏʅʆʉʊʀ 605,68 ʄʧʘ 

ʋɼʃʀʅɽʅʀɽ 1,38 % 

 

ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʦʪ ʫʜʣʠʥʝʥʠʷ ʦʙʨʘʟʮʘ 2 ʐɺɸ 30 ʤʤ 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʳʯʥʳʭ ʧʨʠʩʘʜʦʢ (1) 

ʄɸʂʉ. ʉʀʃɸ 5 940,63 ʅ 

ʄɸʂʉ. ʋɼʃʀʅ. 2,07 ʄʤ 

ʇʃʆʑɸɼʔ ʉɽʏ-ʗ 8,00 ʤʤ2 

ʇʈɽɼɽʃ ʇʈʆʏʅʆʉʊʀ 742,57 ʄʧʘ 

ʋɼʃʀʅɽʅʀɽ 1,53 % 

 

ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʦʪ ʫʜʣʠʥʝʥʠʷ ʦʙʨʘʟʮʘ ʦʙʳʯʥʳʭ ʧʨʠʩʘʜʦʢ (1) 

0

1000

2000

3000

4000

5000

6000

0,0 0,5 1,0 1,5 2,0

ʉ
ʠ
ʣ
ʘ
,
 
ʅ

ʋʜʣʠʥʝʥʠʝ, ʤʤ

0

1000

2000

3000

4000

5000

6000

7000

0,0 0,5 1,0 1,5 2,0 2,5

ʉ
ʠ
ʣ
ʘ
,
 
ʅ

ʋʜʣʠʥʝʥʠʝ, ʤʤ



6-͚ ˤ͔͙͚͙͚ͫͪͦͫͫͫ͟ ͺͦͪͯͣ ζ˿͔ͭͯ͒ͤ;͔͙͔ͫ͟ ͙͔͔ͤ͗ͤͪͤ·͔ ͔ͨͪͦͭ͟·η 

 

 

http://www.madi.ru/  
http:// autoengineer.org/ 

41 

 

ʊʘʙʣʠʮʘ 4 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʳʯʥʳʭ ʧʨʠʩʘʜʦʢ (2) 

ʄɸʂʉ. ʉʀʃɸ 5 877,38 ʅ 

ʄɸʂʉ. ʋɼʃʀʅ. 2,09 ʤʤ 

ʇʃʆʑɸɼʔ ʉɽʏ-ʗ 8,00 ʤʤ2 

ʇʈɽɼɽʃ ʇʈʆʏʅʆʉʊʀ 734,67 ʄʧʘ 

ʋɼʃʀʅɽʅʀɽ 1,54 % 

 

ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʦʪ ʫʜʣʠʥʝʥʠʷ ʦʙʨʘʟʮʘ ʦʙʳʯʥʳʭ ʧʨʠʩʘʜʦʢ (2) 

ʊʘʙʣʠʮʘ 5 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʝʨʞʘʚʝʶʱʠʭ ʧʨʠʩʘʜʦʢ (1) 

ʄɸʂʉ. ʉʀʃɸ 6 187,24   ʅ 

ʄɸʂʉ. ʋɼʃʀʅ. 1,86   ʤʤ 

ʇʃʆʑɸɼʔ ʉɽʏ-ʗ 8,000 ʤʤ2 

ʇʈɽɼɽʃ ʇʈʆʏʅʆʉʊʀ 773,40   ʄʧʘ 

ʋɼʃʀʅɽʅʀɽ 1,38   % 

 

ʈʠʩ. 9. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʦʪ ʫʜʣʠʥʝʥʠʷ ʦʙʨʘʟʮʘ ʥʝʨʞʘʚʝʶʱʠʭ ʧʨʠʩʘʜʦʢ (1) 
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ʊʘʙʣʠʮʘ 6 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʝʨʞʘʚʝʶʱʠʭ ʧʨʠʩʘʜʦʢ (2) 

ʄɸʂʉ. ʉʀʃɸ 5 376,87   ʅ 

ʄɸʂʉ. ʋɼʃʀʅ. 1,73   ʄʤ 

ʇʃʆʑɸɼʔ ʉɽʏ-ʗ 8,000 ʤʤ2 

ʇʈɽɼɽʃ ʇʈʆʏʅʆʉʊʀ 672,11   ʄʧʘ 

ʋɼʃʀʅɽʅʀɽ 1,28   % 

 

ʈʠʩ. 10. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʦʪ ʫʜʣʠʥʝʥʠʷ ʦʙʨʘʟʮʘ ʥʝʨʞʘʚʝʶʱʠʭ ʧʨʠʩʘʜʦʢ (2) 

ʊʘʙʣʠʮʘ 7 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ (1) 

ʄɸʂʉ. ʉʀʃɸ 8 421,54   ʅ 

ʄɸʂʉ. ʋɼʃʀʅ. 8,44   ʤʤ 

ʇʃʆʑɸɼʔ ʉɽʏ-ʗ 8,000 ʤʤ2 

ʇʈɽɼɽʃ ʇʈʆʏʅʆʉʊʀ 1 052,69   ʄʧʘ 

ʋɼʃʀʅɽʅʀɽ 6,25   % 

 

ʈʠʩ. 11. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʦʪ ʫʜʣʠʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ (1) 
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ʊʘʙʣʠʮʘ 8 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ (1) 

ʄɸʂʉ. ʉʀʃɸ 8 421,54   ʅ 

ʄɸʂʉ. ʋɼʃʀʅ. 8,44   ʤʤ 

ʇʃʆʑɸɼʔ ʉɽʏ-ʗ 8,000 ʤʤ2 

ʇʈɽɼɽʃ ʇʈʆʏʅʆʉʊʀ 1 052,69   ʄʧʘ 

ʋɼʃʀʅɽʅʀɽ 6,25   % 

 

ʈʠʩ. 12. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʦʪ ʫʜʣʠʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ (2) 

 

ʈʠʩ. 13. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ, ʜʦʩʪʦʚʝʨʥʳ, 
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ʧʦʛʨʝʰʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʙʦʣʴʰʘʷ ʠ ʧʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʨʘʟʙʨʦʩʘ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ 

ʩʪʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ çʪʝʨʤʦʦʙʨʘʙʦʪʢʠè ʚʦ ʚʨʝʤʷ ʩʚʘʨʢʠ. ʋʩʧʝʰʥʘʷ 

ʚʝʨʠʬʠʢʘʮʠʷ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʣʠ ʧʦʩʣʝ ʩʚʘʨʢʠ ʧʦʟʚʦʣʠʣʠ 

ʧʝʨʝʡʪʠ ʢ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʤ ʨʘʩʯʝʪʘʤ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʦʚ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʦʚʦʨʦʪʥʳʭ 

ʢʫʣʘʢʦʚ ʦʧʠʩʘʥʦ ʚ [3]. 

 

ʈʠʩ. 14. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʂʕʄ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ [4] ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ (ʜʘʣʝʝ ð 

ʂʕʄ), ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʈʠʩ. 14. ʎʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ, 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ 0,3 ʦʪ ʠʟʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. 

ɿʥʘʯʝʥʠʝ 0,3 ʧʦʜʙʠʨʘʣʦʩʴ ʠʪʝʨʘʪʠʚʥʦ, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʧʨʦʯʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɿʘʪʝʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʂʕʄ. ʈʝʟʫʣʴʪʘʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʈʠʩ. 15. 
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ʈʠʩ. 15. ʈʝʟʫʣʴʪʘʪ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʩʪʨʦʝʥʘ ʪʚʝʨʜʦʪʝʣʴʥʘʷ 

ʤʦʜʝʣʴ, ʧʨʠʛʦʜʥʘʷ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ. ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʧʦʚʝʨʦʯʥʳʝ ʨʘʩʯʝʪʳ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ (ʈʠʩ. 16). 

 

ʈʠʩ. 16. ʈʝʟʫʣʴʪʘʪʳ ʧʦʚʝʨʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʜʣʷ ʥʘʛʨʫʟʦʯʥʦʛʦ ʨʝʞʠʤʘ 

çʊʦʨʤʦʞʝʥʠʝ ʚ ʧʦʚʦʨʦʪʝè 
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ɿɸʂʃʖʏɽʅʀɽ 

ʄʘʩʩʘ ʧʦʣʫʯʝʥʥʦʡ ʩʪʘʣʴʥʦʡ ʣʠʩʪʦʚʦʡ ʩʚʘʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʦʩʪʘʚʠʣʘ 571 ʛ, ʯʪʦ ʥʘ 131 ʛ, ʠʣʠ 19 %, ʣʝʛʯʝ ʘʥʘʣʦʛʠʯʥʦʡ ʜʝʪʘʣʠ, 

ʚʳʧʦʣʥʝʥʥʦʡ ʧʦ ʪʦʡ ʞʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟ ʩʪʘʣʠ 20. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʦʙʣʝʛʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʚʪʦʤʦʙʠʣʝʡ. 
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INDICATOR TAPE OF THE TACHOMETER 

ɸʥʥʦʪʘʮʠʷ: ɸʚʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʪʘʭʦʤʝʪʨʘ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʚ ʫʩʣʦʚʠʷʭ ʛʦʥʦʢ ʢʨʘʡʥʝ ʚʘʞʥʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʩʦʨʝʚʥʦʚʘʥʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʳ ʠ 

ʩʙʦʨʢʘ ʨʘʙʦʯʝʛʦ ʧʨʦʪʦʪʠʧʘ. 

Abstract: The author suggests an alternative version of the tachometer. As is 

known in racing, precise determination of engines RPMs affects competition results. 

The article describes whole process and technology of production, from creating 

electrical scheme to assembling completed system. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʘʭʦʤʝʪʨ; ʛʦʥʦʯʥʳʡ ʙʦʣʠʜ; ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ; 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. 

Keywords: tachometer; racing car; electrical engineering; microcontroller. 

ɺɺɽɼɽʅʀɽ 

ʊʘʭʦʤʝʪʨ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʣʶʙʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. ɼʣʷ 

ʧʠʣʦʪʘ ʛʦʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʦʥ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ. ʆʧʳʪʥʳʡ 

ʚʦʜʠʪʝʣʴ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʢʣʶʯʠʪʴ 

ʧʝʨʝʜʘʯʫ, ʧʦ ʧʦʚʝʜʝʥʠʶ ʘʚʪʦʤʦʙʠʣʷ, ʟʚʫʢʫ ʜʚʠʛʘʪʝʣʷ. ʅʦ ʚ ʫʩʣʦʚʠʷʭ 

ʩʦʨʝʚʥʦʚʘʥʠʡ, ʯʘʩʪʳʭ ʧʦʚʦʨʦʪʦʚ, ʫʩʢʦʨʝʥʠʡ ʠ ʪʦʨʤʦʞʝʥʠʡ, ʢʦʛʜʘ 

ʟʚʫʢ ʤʦʪʦʨʘ ʟʘʛʣʫʰʘʝʪʩʷ ʟʚʫʢʦʤ ʤʦʪʦʨʦʚ ʩʦʧʝʨʥʠʢʦʚ, ʧʠʣʦʪʫ 
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ʥʝʦʙʭʦʜʠʤʦ ʚʠʜʝʪʴ ʦʙʦʨʦʪʳ ʜʚʠʛʘʪʝʣʷ ʩʚʦʠʤʠ ʛʣʘʟʘʤʠ. ʕʪʦ ʧʦʤʦʞʝʪ 

ʧʝʨʝʢʣʶʯʘʪʴ ʧʝʨʝʜʘʯʠ ʚ ʥʫʞʥʳʡ ʤʦʤʝʥʪ ʠ ʧʦʣʥʦʮʝʥʥʦ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʧʨʦʭʦʞʜʝʥʠʠ ʪʨʘʩʩʳ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʪʘʭʦʤʝʪʨʘ ʜʣʷ ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ ʢʦʤʘʥʜʳ NEFTEGAZ Engineering ʩ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

1. ʉɹʆʈ ʀ ɸʅɸʃʀɿ ʀʅʌʆʈʄɸʎʀʀ 

1.1. ɼʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ 

ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʙʳʣʦ ʪʦ, ʯʪʦ ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʨʘʙʦʪʘʪʴ ʦʪ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ. 

ɺ ʙʦʣʠʜʘʭ ʢʦʤʘʥʜʳ NEFTEGAZ Engineering ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʚʠʛʘʪʝʣʴ ʦʪ ʤʦʪʦʮʠʢʣʘ Honda CBR600RR. ɺ ʜʘʥʥʦʤ ʜʚʠʛʘʪʝʣʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʜʫʢʮʠʦʥʥʳʡ ɼʇʂɺ ð ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ 

ʚʘʣʘ.  

ɼʘʪʯʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʛʥʠʪʥʳʡ ʩʝʨʜʝʯʥʠʢ ʩ 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʦʢʨʫʛ ʥʝʛʦ ʦʙʤʦʪʢʦʡ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ ʚ 

ʦʙʤʦʪʢʝ ʜʘʪʯʠʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʤʦʤʝʥʪ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʪʦʢʘ, ʧʝʨʝʩʝʢʘʶʱʝʛʦ ʦʙʤʦʪʢʫ ʜʘʪʯʠʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʘʪʯʠʢʘ ʩ ʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʜʠʩʢʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ [1].  

ɼʇʂɺ ʦʪʥʦʩʠʪʩʷ ʢ ʜʘʪʯʠʢʘʤ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʪʠʧʘ. ʇʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ ʠʥʜʫʢʮʠʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ʦʩʥʦʚʘʥ ʥʘ ʷʚʣʝʥʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ɺʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʠʥʜʫʢʮʠʦʥʥʳʭ 

ʜʘʪʯʠʢʦʚ ʷʚʣʷʝʪʩʷ ʕɼʉ, ʢʦʪʦʨʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʧʨʦʥʠʟʳʚʘʶʱʝʛʦ ʚʠʪʢʠ ʢʘʪʫʰʢʠ. ʕʪʦ 

ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʪʫʰʢʠ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʥʘ ʛʨʘʬʠʢʝ (ʈʠʩ. 1.). 
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ʈʠʩ. 1. ɻʨʘʬʠʢ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ɼʇʂɺ (ʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ) 

ʊ.ʢ. ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Arduino, 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʩʠʛʥʘʣ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ (ʈʠʩ. 2) [2]. 

 

ʈʠʩ. 2. ʀʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʥʫʞʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ð ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʠʤʧʫʣʴʩʦʚ. ɽʛʦ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʢʘʟʘʥʘ 

ʥʘ ʈʠʩ. 3. 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʠʤʧʫʣʴʩʦʚ 

ɼʘʪʯʠʢ ʨʘʩʧʦʣʦʞʝʥ ʨʷʜʦʤ ʩ ʟʘʜʘʶʱʠʤ ʜʠʩʢʦʤ ʢʦʣʝʥʯʘʪʦʛʦ 

ʚʘʣʘ ʠ ʠʤʝʝʪ 12 ʟʫʙʴʝʚ (ʈʠʩ. 4).  



6-͚ ˤ͔͙͚͙͚ͫͪͦͫͫͫ͟ ͺͦͪͯͣ ζ˿͔ͭͯ͒ͤ;͔͙͔ͫ͟ ͙͔͔ͤ͗ͤͪͤ·͔ ͔ͨͪͦͭ͟·η 

 

 

http://www.madi.ru/  
http:// autoengineer.org/ 

50 

 

 

ʈʠʩ. 4. ʉʚʷʟʢʘ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ɼʂʇɺ ʩ 58-ʟʫʙʦʚʳʤ ʟʘʜʘʶʱʠʤ ʜʠʩʢʦʤ 

2.2. ʄʦʱʥʦʩʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʛʘʪʝʣʷ 

ɼʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʨʘʟʚʠʚʘʶʪ ʩʚʦʶ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʣʠʰʴ ʚ 

ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʙʦʨʦʪʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʛʨʘʬʠʢʠ ʥʘ ʈʠʩ. 5. 

 

ʈʠʩ. 5. ʉʨʘʚʥʝʥʠʝ ʤʦʱʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʝʡ 

Honda CBR600RR ʠ Honda CBR600F 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʴ 

Honda CBR600RR ʨʘʟʚʠʚʘʝʪ ʚ ʨʘʡʦʥʝ 13750 ʦʙʦʨʦʪʦʚ, ʘ 
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ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚ ʨʘʡʦʥʝ 11400 ʦʙʦʨʦʪʦʚ. ʕʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʥʘʩʪʨʦʡʢʝ ʫʩʪʨʦʡʩʪʚʘ.  

2.3. ʈʘʟʤʝʨ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʣʘʪʳ 

ɹʳʣʦ ʨʝʰʝʥʦ ʨʘʟʤʝʩʪʠʪʴ ʪʘʭʦʤʝʪʨ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʫʣʝʚʦʛʦ 

ʢʦʣʝʩʘ, ʪ.ʢ. ʵʪʦʪ ʫʯʘʩʪʦʢ ʚʩʝʛʜʘ ʚʠʜʝʥ ʧʠʣʦʪʫ. ʊʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʩʨʘʟʫ ʞʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʟʤʝʨʳ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ. 

ʊʦʯʥʳʝ ʨʘʟʤʝʨʳ ʩʪʘʣʠ ʠʟʚʝʩʪʥʳ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ. ʇʦʜ ʪʘʭʦʤʝʪʨ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʥʠʰʘ, 

ʨʘʟʤʝʨʘʤʠ 102ʭ18ʭ32 ʤʤ (ʈʠʩ. 6). 

 

ʈʠʩ. 6. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʫʣʷ. ɺʠʜ ʩʟʘʜʠ 

2.4. ʆʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ 

ɹʳʣʠ ʧʨʦʜʫʤʘʥʳ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ ʦ 

ʢʦʣʠʯʝʩʪʚʝ ʦʙʦʨʦʪʦʚ ʜʚʠʛʘʪʝʣʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: 

¶ ʘʥʘʣʦʛʦʚʳʡ ʩʦ ʩʪʨʝʣʢʦʡ; 

¶ ʮʠʬʨʦʚʦʡ ʩ ʚʳʚʦʜʦʤ ʥʘ ʧʷʪʠʨʘʟʨʷʜʥʳʡ ʩʝʤʠʩʝʛʤʝʥʪʥʳʡ 

ʠʥʜʠʢʘʪʦʨ; 

¶ TFT-ʜʠʩʧʣʝʡ ʠʣʠ ʜʠʩʧʣʝʡ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʜʠʦʜʘʭ; 

¶ ʠʥʜʠʢʘʪʦʨʥʘʷ ʣʝʥʪʘ. 

ʅʘʠʙʦʣʝʝ ʫʜʘʯʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʥʘʷ ʣʝʥʪʘ, 

ʧʦʩʢʦʣʴʢʫ ʝʝ ʛʘʙʘʨʠʪʳ ʙʦʣʴʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʘ 

ʧʠʣʦʪʫ ʚ ʪʘʢʦʤ ʚʠʜʝ ʧʨʦʱʝ ʚʦʩʧʨʠʥʠʤʘʪʴ ʠʥʬʦʨʤʘʮʠʶ. 

2. ʇʆɼɹʆʈ ʕʃɽʄɽʅʊʅʆʁ ɹɸɿʓ ʀ ʈɸɿʈɸɹʆʊʂɸ ʉʍɽʄʓ 

ʇʨʦʜʫʤʘʚ ʩʭʝʤʫ ʫʩʪʨʦʡʩʪʚʘ, ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 14 

SMD-ʩʚʝʪʦʜʠʦʜʦʚ ʪʠʧʦʨʘʟʤʝʨʘ 5050 ʪʨʝʭ ʨʘʟʥʳʭ ʮʚʝʪʦʚ. ʆʥʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʦʢʘʤʠ ʧʦ 7 ʰʪʫʢ. ɹʣʦʢʠ ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ, 
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ʩʚʝʪʦʜʠʦʜʳ ʟʘʛʦʨʘʶʪʩʷ ʧʦʦʯʝʨʝʜʥʦ ʦʪ ʢʨʘʝʚ ʢ ʮʝʥʪʨʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʙʦʨʦʪʦʚ. 

ʋʧʨʘʚʣʷʝʪ ʨʘʙʦʪʦʡ ʫʩʪʨʦʡʩʪʚʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Arduino. ʀʟ-ʟʘ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚ ʝʛʦ ʮʝʥʪʨʝ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʦʷʚʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʦʜʦʚ. ʈʝʰʠʪʴ 

ʵʪʫ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ. ʉʦʝʜʠʥʷʷʩʴ ʩ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʧʦ ʰʠʥʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ ʧʨʦʚʦʜʦʚ, ʦʥ 

ʩʧʦʩʦʙʝʥ ʫʧʨʘʚʣʷʪʴ ʚʦʩʴʤʴʶ ʩʚʝʪʦʜʠʦʜʘʤʠ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʩʢʘʜʘ ʤʦʞʥʦ ʤʥʦʞʠʪʴ ʚʳʚʦʜʳ ʥʘ ʯʠʩʣʦ, ʢʨʘʪʥʦʝ 8). 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʥʦʚʘʷ ʧʨʦʙʣʝʤʘ ð 

ʥʝʭʚʘʪʢʘ ʧʠʪʘʥʠʷ ʜʣʷ ʩʚʝʪʦʜʠʦʜʦʚ. ʂʘʞʜʳʡ ʩʚʝʪʦʜʠʦʜ ʧʦʪʨʝʙʣʷʶʪ 

ʪʦʢ, ʨʘʚʥʳʡ 20 ʤɸ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 14 ʩʚʝʪʦʜʠʦʜʦʚ ʧʦʪʨʝʙʣʷʶʪ ʪʦʢ, 

ʨʘʚʥʳʡ 280 ʤɸ. ʉʫʤʤʘʨʥʳʡ ʪʦʢ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʧʨʦʧʫʩʪʠʪʴ 

ʩʜʚʠʛʦʚʳʡ ʨʝʛʠʩʪʨ, ʩʦʩʪʘʚʣʷʝʪ 70 ʤɸ. 

 

ʈʠʩ. 7. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

ɺʳʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʥʟʠʩʪʦʨʦʚ. ʆʜʥʘʢʦ ʥʘ 

ʧʣʘʪʝ ʩʪʦʣʴ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʥʝʚʦʟʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʜʘʞʝ ʩʝʤʴ 

ʤʘʣʦʤʦʱʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʧʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʙʦʨʢʫ ʤʦʱʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ɼʘʨʣʠʥʛʪʦʥʘ ʚ SMD-ʢʦʨʧʫʩʝ SOIC-16. 
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ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʤʝʩʪʦ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʠ 

ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʚ ʮʝʣʦʤ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ 

ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩ. 7. 

ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ ð 

ʜʚʫʭʩʣʦʡʥʘʷ, ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʥʪʘʞʘ, ʨʘʟʤʝʨʦʤ 100ʭ17.5ʭ1.5 

ʤʤ. ʉ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʦʣʱʠʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 3.47 

ʤʤ. ɼʣʷ ʙʦʣʝʝ ʥʘʜʝʞʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʧʣʘʩʪʠʢʦʚʳʝ 

ʧʨʦʩʪʘʚʢʠ (ʈʠʩ. 8, 9). 

 

ʈʠʩ. 8. ʏʝʨʪʝʞ ʧʣʘʪʳ ʩ ʨʘʟʤʝʨʘʤʠ 

 

ʈʠʩ. 9. 3D-ʤʦʜʝʣʴ ʧʣʘʪʳ ʩ ʧʣʘʩʪʠʢʦʚʳʤʠ ʧʨʦʩʪʘʚʢʘʤʠ 

3. ʉʆɿɼɸʅʀɽ ʄɸʂɽʊɸ 

ʏʪʦʙʳ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʭʝʤʳ, ʙʳʣ 

ʠʟʛʦʪʦʚʣʝʥ ʤʘʢʝʪ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʣʘʥ ʨʘʙʦʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʘʢʝʪʘ: 

¶ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʩ ʧʦʤʦʱʴʶ ʃʋʊ (ʣʘʟʝʨʥʦ-

ʫʪʶʞʥʦʡ ʪʝʭʥʦʣʦʛʠʠ); 

¶ ʩʙʦʨʢʘ ʫʩʪʨʦʡʩʪʚʘ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ; 
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¶ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ; 

¶ ʥʘʧʠʩʘʥʠʝ ʢʦʜʘ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

ʋʩʪʨʦʡʩʪʚʦ ʙʳʣʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʥʘ ʙʣʦʢʝ ʜʚʠʛʘʪʝʣʷ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʢʦʣʝʥʯʘʪʳʤ ʚʘʣʦʤ ʠ ɼʇʂɺ. ɺʘʣ ʧʨʠʚʦʜʠʣʩʷ ʚ 

ʜʚʠʞʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. 

ɿɸʂʃʖʏɽʅʀɽ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʪʘʭʦʤʝʪʨ ʜʣʷ ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ ʢʦʤʘʥʜʳ 

NEFTEGAZ Engineering ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
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Email: Yuridrivet@gmail.com 

ʅʫʙʘʝʚ ʈʫʩʣʘʥ ɹʫʣʘʪʦʚʠʯ 
Email: nubaevruslan@gmail.com 
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ELECTROMAGNETIC FUEL LEVEL SENSOR 

ɸʥʥʦʪʘʮʠʷ: ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʜʘʪʯʠʢʘ ʫʨʦʚʥʷ 

ʪʦʧʣʠʚʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʨʢʦʥʦʚ. ʇʦʜʦʙʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʫʧʨʦʩʪʠʪ ɹʢʦʥʩʪʨʫʢʮʠʶ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʠʣʦʪʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʧʘʩʝ ʭʦʜʘ ʠ ʦʩʪʘʪʦʯʥʦʤ 

ʦʙʲʝʤʝ ʪʦʧʣʠʚʘ. 

Abstract: This article is devoted to the development of a fuel level sensor which 

based on reed switches. Such a solution simplifies the construction of the measuring 

device. In the result sensor is to provide the pilot with information about the power 

reserve and the residual volume of the fuel. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʛʝʨʤʝʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʘʢʪ (ʛʝʨʢʦʥ); ʜʘʪʯʠʢ ʫʨʦʚʥʷ 

ʪʦʧʣʠʚʘ (ɼʋʊ); ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ (ʄʂ). 

Keywords: reed switch; fuel level sensor; microcontroller. 

ɺɺɽɼɽʅʀɽ 

ʇʝʨʝʜ ʘʚʪʦʨʘʤʠ ʩʪʦʷʣʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʜʘʪʯʠʢʘ ʫʨʦʚʥʷ 

ʪʦʧʣʠʚʘ (ɼʋʊ), ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʨʤʝʪʠʟʠʨʦʚʘʥʥʳʭ 

ʢʦʥʪʘʢʪʦʚ (ʛʝʨʢʦʥʦʚ). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ɼʋʊ ʧʦʧʣʘʚʢʦʚʦʛʦ ʪʠʧʘ, 

ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, ʠʤʝʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʦʩʦʙʝʥʥʦ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʙʦʣʠʜʘʭ ʢʣʘʩʩʘ çʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪè. ɺ ʥʘʰʝʤ 
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ʩʣʫʯʘʝ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɼʋʊ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʘʢʪʠʚʥʦʝ ʜʚʠʞʝʥʠʝ 

ʞʠʜʢʦʩʪʠ ʚ ʪʦʧʣʠʚʥʦʤ ʙʘʢʝ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ.  

1. ʉʊʈʆɽʅʀɽ ɼɸʊʏʀʂɸ ʋʈʆɺʅʗ ʊʆʇʃʀɺɸ 

1.1 ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʛʝʨʢʦʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ. 

ɻʝʨʢʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʟʘʤʳʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ [1]. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʛʝʨʢʦʥʦʚ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʣ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʤʝʞʜʫ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʪʝʣʘʤʠ. ʇʨʠ ʵʪʦʤ ʩʠʣʳ ʚʳʟʳʚʘʶʪ ʜʝʬʦʨʤʘʮʠʶ ʠ 

ʧʝʨʝʤʝʱʝʥʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʪʦʢʦʧʨʦʚʦʜʦʚ ʵʣʝʢʪʨʦʥʦʚ [2].  

 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ɼʋʊ: Rn ð ʨʝʟʠʩʪʦʨ; Dn ð ʜʠʦʜ; RSn ð ʛʝʨʢʦʥ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʩʭʝʤ, ʜʚʝ ʠʟ ʢʦʪʦʨʳʭ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʣʝʝ. ʂʘʞʜʳʡ ʚʘʨʠʘʥʪ 

ʩʭʝʤʳ ʠʤʝʝʪ 20 ʛʝʨʢʦʥʦʚ ʠ ʧʠʪʘʥʠʝ 5 ʚʦʣʴʪ. 

ɺ ʧʝʨʚʦʡ ʩʭʝʤʝ (ʈʠʩ. 1) ʢʘʞʜʳʡ ʛʝʨʢʦʥ ʩʦʝʜʠʥʝʥ ʩ ʨʝʟʠʩʪʦʨʦʤ, 

ʥʦʤʠʥʘʣʳ ʢʦʪʦʨʳʭ ʦʜʠʥʘʢʦʚʳ. ʄʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʚʝʪʚʷʤʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʠʦʜʳ. ʆʥʠ ʫʩʪʘʥʦʚʣʝʥʳ ʪʘʢ, ʯʪʦʙʳ ʧʨʦʧʫʩʢʘʪʴ ʪʦʢ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʚʦʡ ʧʘʨʳ ʛʝʨʢʦʥïʨʝʟʠʩʪʦʨ, ʩ ʢʦʪʦʨʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʄʂ. ɺ ʢʘʯʝʩʪʚʝ ʄʂ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʬʦʨʤʘ Arduinʦ Nano. 
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ʈʠʩ. 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ɼʋʊ ʩʦ ʩʯʝʪʯʠʢʘʤʠ: RS ð ʛʝʨʢʦʥ; CD4017 ð

ʜʝʩʷʪʠʯʥʳʡ ʩʯʝʪʯʠʢ 

ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʩʭʝʤʳ (ʈʠʩ. 2) ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ 

ʜʝʩʷʪʠʯʥʳʭ ʩʯʝʪʯʠʢʘ, ʚʳʚʦʜʳ ʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʳ ʩ ʛʝʨʢʦʥʘʤʠ. 

ɺʭʦʜʥʳʝ ʩʠʛʥʘʣ IN1 ʠ IN2, ʧʦʩʪʫʧʘʶʱʠʝ ʦʪ ʄʂ, ʟʘʩʪʘʚʣʷʶʪ ʠʭ 

ʧʨʦʚʝʨʷʪʴ ʩʚʦʠ ʚʳʚʦʜʳ ʥʘ ʥʘʣʠʯʠʝ ʩʠʛʥʘʣʘ. ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʚʩʝʭ 

ʚʳʚʦʜʦʚ ʧʝʨʚʦʛʦ ʩʯʝʪʯʠʢʘ, ʦ ʯʝʤ ʩʦʦʙʱʘʝʪ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ COUT2, 

ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʚʪʦʨʦʡ ʩʯʝʪʯʠʢ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʩʥʷʪʴ 

ʧʦʢʘʟʘʥʠʷ ɼʋʊ, ʥʝ ʧʦʜʘʚʘʷ 100 ʚʭʦʜʷʱʠʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʧʝʨʚʳʡ 

ʩʯʝʪʯʠʢ. 

ɸʚʪʦʨʘʤʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʝʨʚʘʷ ʩʭʝʤʘ, ʪʘʢ ʢʘʢ ʝʝ ʠʩʧʦʣʥʝʥʠʝ 

ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʠʡ ʨʘʟʤʝʨ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʩ.  
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1.2. ʂʦʨʧʫʩ 

 

ʈʠʩ. 3. ʆʙʱʠʡ ʚʠʜ ɼʋʊ: 1 ð ʘʣʶʤʠʥʠʝʚʳʡ ʢʦʨʧʫʩ; 2 ð ʛʝʨʢʦʥʳ; 3 ð ʧʦʧʣʘʚʦʢ; 

4 ð ʤʘʛʥʠʪ 

ʂʦʨʧʫʩ ɼʋʊ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʫʶ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ, ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʢʦʣʴʮʝʚʠʜʥʳʡ 

ʧʦʧʣʘʚʦʢ ʠʟ ʧʣʘʩʪʠʢʘ. ɺʥʫʪʨʠ ʧʦʧʣʘʚʢʘ ʥʘʭʦʜʷʪʩʷ ʤʘʛʥʠʪ. ʊʦʧʣʠʚʥʳʡ 

ʙʘʢ ʠ ʢʦʨʧʫʩ ʜʘʪʯʠʢʘ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʘʣʶʤʠʥʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʤʘʛʥʠʪʳ ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʪʦʣʴʢʦ ʥʘ ʛʝʨʢʦʥʳ [3]. 

1.3. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ɼʋʊ 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦʧʣʘʚʢʘ ʤʘʛʥʠʪʳ ʟʘʤʳʢʘʶʪ ʛʝʨʢʦʥʳ. ɺ ʩʣʫʯʘʝ 

ʟʘʤʳʢʘʥʠʷ ʧʝʨʚʦʛʦ ʛʝʨʢʦʥʘ RS1 ʪʦʢ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʟʠʩʪʦʨ R1, ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʤʘʢʩʠʤʘʣʴʥʳʡ. ʇʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʛʝʨʢʦʥʘ RS2 ʦʪʢʨʳʚʘʝʪʩʷ 

ʜʠʦʜ D1, ʧʦʩʣʝ ʯʝʛʦ ʪʦʢ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʳ R1 ʠ R2, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʙʫʜʝʪ ʤʝʥʴʰʝ. ʇʨʠ ʟʘʤʳʢʘʥʠʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʛʝʨʢʦʥʦʚ ʩʥʠʤʘʝʤʳʡ ʢʦʥʪʨʦʣʣʝʨʦʤ ʩʠʛʥʘʣ ʩ ʢʘʞʜʳʤ 

ʨʘʟʦʤ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʧʨʝʜʳʜʫʱʝʛʦ. ʄʂ ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʠ ʧʨʝʦʙʨʘʟʫʝʪ ʝʛʦ ʚ ʫʜʦʙʥʫʶ ʬʦʨʤʫ. 

ʇʦʢʘʟʘʥʠʷ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ ʚʦʟʤʦʞʥʦ ʚʳʚʝʩʪʠ ʥʘ ʵʢʨʘʥ ʚ ʯʠʩʣʝʥʥʦʡ 

ʬʦʨʤʝ, ʣʠʙʦ ʚ ʚʠʜʝ ʰʢʘʣʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʩʯʠʪʘʪʴ ʟʘʧʘʩ ʭʦʜʘ, ʫʯʠʪʳʚʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠ ʧʨʦʡʜʝʥʥʳʡ 

ʧʫʪʴ. 

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʘʪʯʠʢ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ 

ʥʘ ʙʘʟʝ ʛʝʨʢʦʥʦʚ ʜʣʷ ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʠʣʦʪʫ ʠʥʬʦʨʤʘʮʠ ʁ ʦ ʟʘʧʘʩʝ ʭʦʜʘ ʠ ʦʩʪʘʪʦʯʥʦʤ 

ʦʙʲʝʤʝ ʪʦʧʣʠʚʘ.  
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DESIGN CALCULATION OF A BRAKING SYSTEM 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ 

ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʢʦʥʪʫʨʘʤʠ 

ʩ ʫʯʝʪʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʜʣʷ ʙʦʣʠʜʘ ʢʣʘʩʩʘ çʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: çʌʦʨʤʫʣʘ ʩʪʫʜʝʥʪè; ʪʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ; 

ʙʘʣʘʥʩʠʨʥʳʡ ʩʪʝʨʞʝʥʴ; ʩʫʧʧʦʨʪ; ʛʠʜʨʦʮʠʣʠʥʜʨ. 

Abstract: The article proposes a methodic of calculating brake system with 

manual distribution of pressure between hydraulic lines and taking into account 

hydraulic losses for a ñFormula studentò class car. 

Keywords: ñFormula studentò; brake system; bias bar; caliper; master 

cylinder. 

ɺɺɽɼɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠʩʢʦʚʳʝ ʪʦʨʤʦʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʙʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʘʚʪʦʤʦʙʠʣʷʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʧʦʨʪʠʚʥʳʭ.  

1. ʆʉʅʆɺʅʓɽ ʇʆʃʆɾɽʅʀʗ 

ɸʚʪʦʤʦʙʠʣʴ ʜʦʣʞʝʥ ʙʳʪʴ ʦʩʥʘʱʝʥ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʦʡ ʠ 

ʮʝʥʪʨʦʤ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʢʦʥʪʫʨʘ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ, ʧʦ ʦʜʥʦʤʫ ʥʘ ʜʚʘ ʢʦʣʝʩʘ.  
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ʊʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʙʣʦʢʠʨʦʚʢʠ 

ʚʩʝʭ ʯʝʪʳʨʝʭ ʢʦʣʝʩ ʚʦ ʚʨʝʤʷ ʪʝʩʪʦʚ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʪʦʨʤʦʞʝʥʠʷ ʟʘʧʨʝʱʝʥʳ. 

ʅʝʟʘʱʠʱʝʥʥʳʝ ʧʘʪʨʫʙʢʠ ʠʟ ʧʣʘʩʪʠʢʘ ʟʘʧʨʝʱʝʥʳ. 

ʊʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʱʠʱʝʥʘ ʦʪ ʤʝʣʢʠʭ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʜʨʫʛʠʭ ʘʛʨʝʛʘʪʦʚ ʠ ʫʟʣʦʚ [3]. 

ʆʩʥʦʚʥʘʷ ʩʠʩʪʝʤʘ. ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʦʩʥʦʚʥʦʤ ʪʦʨʤʦʟʥʳʝ ʩʠʩʪʝʤʳ (ʊʉ), ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʪʦʨʤʦʟʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ ʠ ʪʦʨʤʦʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ 

ʪʦʨʤʦʟʥʫʶ ʧʝʜʘʣʴ ʚ ʛʠʜʨʦʧʨʠʚʦʜʝ ʦʩʥʦʚʥʦʡ ʊʉ ʚʦʟʥʠʢʘʝʪ 

ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʪʦʨʤʦʟʥʦʡ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʨʘʙʘʪʳʚʘʥʠʝ çʢʦʣʝʩʥʳʭè ʪʦʨʤʦʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʊʦʨʤʦʟʥʦʡ ʧʨʠʚʦʜ. ɺ ʛʠʜʨʦʧʨʠʚʦʜ ʦʩʥʦʚʥʦʡ ʊʉ ʚʭʦʜʷʪ:  

¶ ʛʣʘʚʥʳʝ ʪʦʨʤʦʟʥʳʝ ʮʠʣʠʥʜʨʳ;  

¶ ʨʝʛʫʣʷʪʦʨ ʜʘʚʣʝʥʠʷ;  

¶ ʨʘʙʦʯʠʡ ʢʦʥʪʫʨ (ʪʨʫʙʦʧʨʦʚʦʜ ʜʠʘʤʝʪʨʦʤ 3-8 ʤʤ).  

ʈʘʙʦʯʠʡ ʢʦʥʪʫʨ ʩʦʝʜʠʥʷʝʪ ʤʝʞʜʫ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʘ 

ʛʠʜʨʦʧʨʠʚʦʜʘ ʠ ʪʦʨʤʦʟʥʳʝ ʤʝʭʘʥʠʟʤʳ. 

ɻʣʘʚʥʳʡ ʪʦʨʤʦʟʥʦʡ ʮʠʣʠʥʜʨ (ɻʊʎ). ɻʊʎ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʩʠʣʠʷ, ʧʨʠʣʘʛʘʝʤʦʛʦ ʢ ʧʝʜʘʣʠ ʪʦʨʤʦʟʘ, ʚ 

ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʪʦʨʤʦʟʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʧʦ 

ʨʘʙʦʯʠʤ ʢʦʥʪʫʨʘʤ. ɹʘʯʦʢ ʩ ʟʘʧʘʩʦʤ ʪʦʨʤʦʟʥʦʡ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ 

ʢʨʝʧʠʪʴʩʷ ʥʘ ɻʊʎ ʠʣʠ ʚʥʝ ʝʛʦ. ɺʤʝʩʪʝ ʩ ɻʊʎ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ 

ʘʚʪʦʤʦʙʠʣʝʡ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚʘʢʫʫʤʥʳʝ ʫʩʠʣʠʪʝʣʠ, ʢʦʪʦʨʳʝ 

ʫʚʝʣʠʯʠʚʘʶʪ ʩʠʣʫ, ʩʦʟʜʘʶʱʫʶ ʜʘʚʣʝʥʠʝ ʚ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʝ. ɼʣʷ 

ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʨʝʞʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚʦ ʚʧʫʩʢʥʦʤ 

ʢʦʣʣʝʢʪʦʨʝ ʜʚʠʛʘʪʝʣʷ. 

ʈʘʙʦʯʠʡ ʢʦʥʪʫʨ. ʉʦʛʣʘʩʥʦ ʨʝʛʣʘʤʝʥʪʫ, ʦʥ ʜʦʣʞʝʥ ʜʝʣʠʪʴʩʷ 

ʥʘ ʦʩʥʦʚʥʦʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ. ɽʩʣʠ ʚʩʷ ʩʠʩʪʝʤʘ ʠʩʧʨʘʚʥʘ, ʪʦ 

ʨʘʙʦʪʘʶʪ ʦʙʘ, ʥʦ ʧʨʠ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʦʜʥʦʛʦ ʜʨʫʛʦʡ ʧʨʦʜʦʣʞʘʝʪ 

ʨʘʙʦʪʘʪʴ, ʩʪʘʥʦʚʷʩʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ (ʘʚʘʨʠʡʥʳʤ). ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʨʠ ʢʦʤʧʦʥʦʚʢʠ ʨʘʟʜʝʣʝʥʠʷ ʨʘʙʦʯʠʭ ʢʦʥʪʫʨʦʚ 

(ʈʠʩ. 1): 
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-2+2 ʪʦʨʤʦʟʥʳʭ ʤʝʭʘʥʠʟʤʘ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ 

(ʧʝʨʝʜʥʠʝ + ʟʘʜʥʠʝ); 

-2+2 ʪʦʨʤʦʟʥʳʭ ʤʝʭʘʥʠʟʤʘ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʜʠʘʛʦʥʘʣʴʥʦ 

(ʧʨʘʚʳʡ ʧʝʨʝʜʥʠʡ+ +ʣʝʚʳʡ ʟʘʜʥʠʡ ʠ ʪ. ʜ.); 

-4+2 ʪʦʨʤʦʟʥʳʭ ʤʝʭʘʥʠʟʤʘ (ʚ ʦʜʠʥ ʢʦʥʪʫʨ ʧʦʜʢʣʶʯʝʥʳ 

ʪʦʨʤʦʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʩʝʭ ʢʦʣʝʩ, ʘ ʚ ʜʨʫʛʦʡ ʪʦʣʴʢʦ ʜʚʘ ʧʝʨʝʜʥʠʭ) 

[3]. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʛʠʜʨʦʧʨʠʚʦʜʘ 

1.1. ɼʠʩʢʦʚʳʝ ʢʦʣʝʩʥʳʝ ʪʦʨʤʦʟʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʂʦʣʝʩʥʳʡ ʜʠʩʢʦʚʳʡ ʪʦʨʤʦʟʥʦʡ ʤʝʭʘʥʠʟʤ ʩ ʛʠʜʨʦʧʨʠʚʦʜʦʤ 

ʩʦʩʪʦʠʪ ʠʟ ʪʦʨʤʦʟʥʦʛʦ ʜʠʩʢʘ 1, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʩʪʫʧʠʮʝ ʢʦʣʝʩʘ. 

ʊʦʨʤʦʟʥʦʡ ʜʠʩʢ ʚʨʘʱʘʝʪʩʷ ʤʝʞʜʫ ʧʦʣʦʚʠʥʢʘʤʠ 8 ʠ 9 ʩʢʦʙʳ, 

ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ ʩʪʦʡʢʝ 4 ʧʝʨʝʜʥʝʡ ʧʦʜʚʝʩʢʠ. ɺ ʢʘʞʜʦʡ ʧʦʣʦʚʠʥʝ 

ʩʢʦʙʳ ʚʳʪʦʯʝʥʳ ʢʦʣʝʩʥʳʝ ʮʠʣʠʥʜʨʳ ʩ ʙʦʣʴʰʠʤ 13 ʠ ʤʘʣʳʤ 12 

ʧʦʨʰʥʷʤʠ. 
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ʈʠʩ. 2. ʂʦʣʝʩʥʳʡ ʜʠʩʢʦʚʳʡ ʪʦʨʤʦʟʥʦʡ ʤʝʭʘʥʠʟʤ 

ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʪʦʨʤʦʟʥʫʶ ʧʝʜʘʣʴ ʞʠʜʢʦʩʪʴ ʠʟ ʛʣʘʚʥʦʛʦ 

ʪʦʨʤʦʟʥʦʛʦ ʮʠʣʠʥʜʨʘ ʧʝʨʝʪʝʢʘʝʪ ʧʦ ʰʣʘʥʛʘʤ 2 ʚ ʧʦʣʦʩʪʠ ʢʦʣʝʩʥʳʭ 

ʮʠʣʠʥʜʨʦʚ ʠ ʧʝʨʝʜʘʝʪ ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʨʰʥʠ, ʢʦʪʦʨʳʝ, ʧʝʨʝʤʝʱʘʷʩʴ ʩ 

ʜʚʫʭ ʩʪʦʨʦʥ, ʧʨʠʞʠʤʘʶʪ ʪʦʨʤʦʟʥʳʝ ʢʦʣʦʜʢʠ 10 ʢ ʜʠʩʢʫ 1, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʠ ʧʨʦʠʩʭʦʜʠʪ ʪʦʨʤʦʞʝʥʠʝ. ʆʪʧʫʩʢʘʥʠʝ ʧʝʜʘʣʠ ʚʳʟʳʚʘʝʪ 

ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʧʨʠʚʦʜʝ, ʧʦʨʰʥʠ 13 ʠ 12 ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʫʧʨʫʛʦʩʪʠ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʤʘʥʞʝʪ ʠ ʦʩʝʚʦʛʦ ʙʠʝʥʠʷ ʜʠʩʢʘ 

ʦʪʭʦʜʷʪ ʦʪ ʥʝʛʦ, ʠ ʪʦʨʤʦʞʝʥʠʝ ʧʨʝʢʨʘʱʘʝʪʩʷ (ʈʠʩ. 2) [1]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʠʩʢʦʚʳʭ ʪʦʨʤʦʟʦʚ: 

¶ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩʢʦʚʳʭ 

ʪʦʨʤʦʟʦʚ ʜʦʚʦʣʴʥʦ ʩʪʘʙʠʣʴʥʳ, ʪʦʛʜʘ ʢʘʢ ʫ ʙʘʨʘʙʘʥʥʳʭ 

ʩʥʠʞʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ;  

¶ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʦʡʢʦʩʪʴ ʜʠʩʢʦʚ ʚʳʰʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʟ-ʟʘ ʪʦʛʦ, 

ʯʪʦ ʦʥʠ ʣʫʯʰʝ ʦʭʣʘʞʜʘʶʪʩʷ;  

¶ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʨʤʦʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʪʦʨʤʦʟʥʦʡ ʧʫʪʴ;  

¶ ʤʝʥʴʰʠʝ ʚʝʩ ʠ ʨʘʟʤʝʨʳ;  

¶ ʧʦʚʳʰʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʦʨʤʦʟʦʚ;  

¶ ʫʤʝʥʴʰʘʝʪʩʷ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ;   
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¶ ʠʟʥʦʰʝʥʥʳʝ ʢʦʣʦʜʢʠ ʧʨʦʩʪʦ ʟʘʤʝʥʠʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ 

ʙʘʨʘʙʘʥʥʳʭ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʧʦ ʧʦʜʛʦʥʢʝ 

ʢʦʣʦʜʦʢ, ʯʪʦʙʳ ʥʘʜʝʪʴ ʙʘʨʘʙʘʥʳ;  

¶ ʦʢʦʣʦ 70% ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʘʚʪʦʤʦʙʠʣʷ ʛʘʩʠʪʩʷ 

ʧʝʨʝʜʥʠʤʠ ʪʦʨʤʦʟʘʤʠ, ʟʘʜʥʠʝ ʜʠʩʢʦʚʳʝ ʪʦʨʤʦʟʘ ʧʦʟʚʦʣʷʶʪ 

ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʧʝʨʝʜʥʠʝ ʜʠʩʢʠ; 

¶ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʩʰʠʨʝʥʠʷ ʥʝ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʨʠʣʝʛʘʥʠʷ ʪʦʨʤʦʟʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ [1]. 

1.2. ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʚʪʦʤʦʙʠʣʷ: 

¶ ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʪ: 1;  

¶ ʧʦʣʥʘʷ ʤʘʩʩʘ: 250 ʢʛ;  

¶ ʨʘʟʚʝʩʦʚʢʘ: 50/50;  

¶ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʚʠʛʘʪʝʣʷ: ʧʦʧʝʨʝʯʥʦ, ʩʟʘʜʠ;  

¶ ʢʦʣʝʩʥʘʷ ʬʦʨʤʫʣʘ: 4ʭ2 (ʟʘʜʥʠʡ ʧʨʠʚʦʜ);  

¶ ʧʝʨʝʜʥʠʝ ʰʠʥʳ: 16/53 ï 13;  

¶ ʟʘʜʥʠʝ ʰʠʥʳ: 16/53 ï 13;   

¶ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ: 42,7 ʤ/ʩ;  

¶ ʨʘʤʘ: ʩʚʘʨʥʘʷ ʪʨʫʙʯʘʪʘʷ (ʩʪʘʣʴ). 

2. ʈɸʉʏɽʊ ʊʆʈʄʆɿʅʆʁ ʉʀʉʊɽʄʓ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ. ʊʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

¶ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʣʦʢʠʨʦʚʢʫ ʢʦʣʝʩ; 

¶ ʩʦʟʜʘʚʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʨʤʦʟʥʳʭ ʫʩʠʣʠʡ ʧʦ 

ʦʩʷʤ; 

¶ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ ʪʦʨʤʦʟʥʳʭ 

ʫʩʠʣʠʡ; 

¶ ʠʤʝʪʴ ʧʨʠʝʤʣʝʤʳʝ ʟʥʘʯʝʥʠʷ ʭʦʜʘ ʧʝʜʘʣʠ ʠ ʫʩʠʣʠʷ ʥʘ ʧʝʜʘʣʠ. 

ʎʝʣʴ ʨʘʩʯʝʪʘ ð ʧʦʜʦʙʨʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ.  
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2.1. ʉʪʘʪʠʯʝʩʢʘʷ ʨʘʟʚʝʩʦʚʢʘ 

 

ʈʠʩ. 3. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

‪ πȢυ                                                         (1) 

… πȢρωυ                                                       (2) 

ʛʜʝ lR ð ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʙʘʟʳ ʜʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ,  

h ð ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʜʦ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ,  

L ð ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ. 

ʆʧʨʝʜʝʣʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ‪ ʠ …, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʝʘʢʮʠʡ (ʈʠʩ. 3) [2]. 

2.2. ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʘʢʮʠʡ 

ʈʝʘʢʮʠʠ ʚ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʤʦʤʝʥʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʝʢ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩ ʩ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ: 
Ὂ ͺ ρ ‪ …z ὥ ὡz                                          (3) 

Ὂ ͺ ‪ …z ὥ ὡz                                            (4) 

ʛʜʝ amaxG ð ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʘʤʝʜʣʝʥʠʝ, W ð ʚʝʩ ʤʘʰʠʥʳ. 

 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ 

ʘʚʪʦʤʦʙʠʣʷ (ʈʠʩ. 4), ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʈʠʩ. 4. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩ ʫʯʝʪʦʤ ʘʵʨʦʜʠʥʘʤʠʢʠ 

Ὂ ͺ Ὂᶻρ  ‪ Ὂ …z ὓ                                    (5) 

Ὂ ͺ Ὂ ‪z Ὂ …z ὓ                                          (6) 

ʛʜʝ Mᴆ ð ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, 

FL ð ʚʝʨʪʠʢʘʣʴʥʘʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ, 

FD ð ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ. 

ʇʦʣʥʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʤʘʰʠʥʫ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
Ὂ ͺ Ὂ ͺ Ὂ ͺ                                             (7) 

Ὂ ͺ Ὂ ͺ Ὂ ͺ                                             (8) 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ FzF_total ʠ FzR_total ʦʪ ʟʘʤʝʜʣʝʥʠʷ: 

 

ʈʠʩ. 5. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʤʘʰʠʥʫ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ, 

ʦʪ ʟʘʤʝʜʣʝʥʠʷ 
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ʄʦʤʝʥʪ ʥʘ ʦʜʥʦʤ ʢʦʣʝʩʝ: 

Ὕ Ὂ ͺ ᶻ
ᶻ

                                                  (9) 

Ὕ Ὂ ͺ ᶻ
ᶻ

                                                (10) 

ʛʜʝ R ð ʚʥʝʰʥʠʡ ʨʘʜʠʫʩ ʢʦʣʝʩʘ. 

ʉʠʣʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʙʣʦʢʠʨʦʚʢʠ ʢʦʣʝʩʘ: 

Ὂ
ᶻ Аz

ςψψψȢφς ὔ                                          (11) 

Ὂ
ᶻ Аz

ρςςωȢψρ ὔ                                         (12) 

ʛʜʝ rF, rR ð ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʜʠʫʩ ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ,  

nF, nR ð ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʦʜʦʢ ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʩʫʧʧʦʨʪʦʚ, 

ÕL ð ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʢʦʣʦʜʢʦʡ ʠ ʜʠʩʢʦʤ [2]. 

2.3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʞʠʤʥʦʡ ʩʠʣʳ ʧʦʨʰʥʷ ʩʫʧʧʦʨʪʘ 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʫʶ ʩʠʣʫ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʞʠʤʥʫʶ 

ʩʠʣʫ ʧʦʨʰʥʷ ʩʫʧʧʦʨʪʘ (ʈʠʩ. 6.). ʉʠʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ 

ʤʦʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ɸ ʥʘ ʈʠʩ. 6. ʧʦ ʬʦʨʤʫʣʝ: 

 

ʈʠʩ. 6. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩʫʧʧʦʨʪʘ 
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Ὂ Ὂ ᶻρ ‘ ‘z τπχςȢωχ ὔ                            (13) 

Ὂ Ὂ ᶻρ ‘ ‘z ρχστȢπσ ὔ                            (14) 

ʛʜʝ ÕL ð ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʢʦʣʦʜʢʦʡ ʠ ʜʠʩʢʦʤ, 

Õf ð ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʩʫʧʧʦʨʪʦʤ ʠ ʢʦʣʦʜʢʦʡ [2]. 

2.4. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʙʘʣʘʥʩʠʨʥʦʛʦ ʩʪʝʨʞʥʷ 

ʇʨʠ ʨʘʩʯʝʪʝ ʧʘʨʘʤʝʪʨʦʚ ʙʘʣʘʥʩʠʨʥʦʛʦ ʩʪʝʨʞʥʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʝʘʢʮʠʠ Ὑ  ʠ Ὑ  ʠʟ ʫʨʘʚʥʝʥʠʷ ʤʦʤʝʥʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʘʡʥʠʭ ʪʦʯʝʢ (ʈʠʩ. 7). 

 

ʈʠʩ. 7. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʙʘʣʘʥʩʠʨʥʦʛʦ ʩʪʝʨʞʥʷ: Ὑ , Ὑ  ð ʨʝʘʢʮʠʠ ʚ ʪʦʯʢʘʭ 

ʢʨʝʧʣʝʥʠʷ ɻʊʎ;  ὰ  ð ʜʣʠʥʘ ʙʘʣʘʥʩʠʨʥʦʛʦ ʩʪʝʨʞʥʷ; x ð ʢʦʦʨʜʠʥʘʪʘ 

ʧʦʣʦʞʝʥʠʷ ʧʝʜʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʮʘ ʙʘʣʘʥʩʠʨʥʦʛʦ ʩʪʝʨʞʥʷ; Ὂ ð ʩʠʣʘ 

ʥʘʞʘʪʠʷ ʥʘ ʧʝʜʘʣʴ 

ɼʣʷ ʨʘʩʯʝʪʘ ʟʘʜʥʝʛʦ ʢʦʥʪʫʨʘ ʚʳʙʝʨʝʤ ʩʫʧʧʦʨʪ ʩ ʜʚʫʤʷ 

ʮʠʣʠʥʜʨʘʤʠ ʜʠʘʤʝʪʨʘʤʠ ςυȢτ άά 

ὴͺ Аzᶻ
     (15) 

ʛʜʝ Õp ð ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʜʘʣʠ, 

lp ð ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ, 

AwcR ð ʧʣʦʱʘʜʴ ʮʠʣʠʥʜʨʘ ʩʫʧʧʦʨʪʘ. 

ὴ ὴͺ ᶻ                                                  (16) 

ὃ                                                        (17) 

Fpmax ð ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʥʘʞʘʪʠʷ ʥʘ ʧʝʜʘʣʴ [4]  



6-͚ ˤ͔͙͚͙͚ͫͪͦͫͫͫ͟ ͺͦͪͯͣ ζ˿͔ͭͯ͒ͤ;͔͙͔ͫ͟ ͙͔͔ͤ͗ͤͪͤ·͔ ͔ͨͪͦͭ͟·η 

 

 

http://www.madi.ru/  
http:// autoengineer.org/ 

69 

 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ɻʊʎ 

Ὠ
ᶻ

ρψȢχσ άά                                            (18) 

ɺʳʙʝʨʝʤ ʠʟ ʩʧʠʩʢʘ ʩʪʘʥʜʘʨʪʥʳʭ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ (ʈʠʩ. 8) 

ʜʠʘʤʝʪʨ  

Ὠ ρχȢτφ άά 

 

ʈʠʩ. 8. ʉʧʠʩʦʢ ʩʪʘʥʜʘʨʪʥʳʭ ʜʠʘʤʝʪʨʦʚ ɻʊʎ 

ɼʘʚʣʝʥʠʝ ʚ ʟʘʜʥʝʤ ʢʦʥʪʫʨʝ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ὴ σȢωτ ὓὖὥ 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʜʥʝʛʦ ʢʦʥʪʫʨʘ ʚʳʙʝʨʝʤ ʩʫʧʧʦʨʪ ʩ ʯʝʪʳʨʴʤʷ 

ʮʠʣʠʥʜʨʘʤʠ ʜʠʘʤʝʪʨʘʤʠ ςυȢτ άά 

ὴͺ ᶻ Аzᶻ
                                                 (19) 

ὴ ὴͺ ᶻ                                                    (20) 

ὃ                                                        (21) 

Ὠ
ᶻ

ςψȢωω άά                                           (22) 

ɺʳʙʝʨʝʤ ʜʠʘʤʝʪʨ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʥʘ ʈʠʩ. 8. 

Ὠ ρωȢπυ άά 
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ɼʘʚʣʝʥʠʝ ʚ ʧʝʨʝʜʥʝʤ ʢʦʥʪʫʨʝ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ὴ τȢφυ ὓὖὥ 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʦʪ ʧʦʣʦʞʝʥʠʷ ʙʘʣʘʥʩʠʨʥʦʛʦ 

ʩʪʝʨʞʥʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 9. 

ʇʦ ʛʨʘʬʠʢʫ ʚʠʜʥʦ, ʯʪʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʙʘʣʘʥʩʠʨʥʳʡ 

ʩʪʝʨʞʝʥʴ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʘʚʣʝʥʠʡ. 

 

ʈʠʩ. 9. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʦʪ ʧʦʣʦʞʝʥʠʷ ʙʘʣʘʥʩʠʨʥʦʛʦ ʩʪʝʨʞʥʷ 
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2.5. ʆʧʨʝʜʝʣʝʥʠʝ ʭʦʜʘ ʧʝʜʘʣʠ ʩ ʫʯʝʪʦʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʪʝʨʴ 

 

ʈʠʩ. 10. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʝʜʘʣʠ 

ʍʦʜ ʧʝʜʘʣʠ ʙʝʟ ʫʯʝʪʘ ʧʦʪʝʨʴ: 

ῳὰυȢφχ άά ð ʭʦʜ ɻʊʎ, 

Ὠ συȢψφ άά ð ʭʦʜ ʧʝʜʘʣʠ, 

ʫʛʦʣ ʭʦʜʘ ʧʝʜʘʣʠ            ῳ ÁÃÏÓρ
ᶻ

ρπȢψσ                (23) 

ʛʜʝ lped ð ʜʣʠʥʘ ʧʝʜʘʣʠ  

 

ʍʦʜ ʧʝʜʘʣʠ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ: 

Ὠ ὰ ὰz φφȢπυ ð ʥʘʠʙʦʣʴʰʠʡ ʭʦʜ ʧʝʜʘʣʠ              (24) 

ῳὰ ρπȢτψ άά ð ʥʘʠʙʦʣʴʰʠʡ ʭʦʜ ɻʊʎ                    (25) 

ʛʜʝ Vlosses ð ʦʙʲʝʤ ʪʦʨʤʦʟʥʦʡ ʞʠʜʢʦʩʪʠ, ʩʦʦʙʱʘʝʤʳʡ ʩʫʧʧʦʨʪʘʤ, ʩ 

ʫʯʝʪʦʤ ʧʦʪʝʨʴ, l0 ð ʩʚʦʙʦʜʥʳʡ ʭʦʜ ʧʝʜʘʣʠ [2] 

ʫʛʦʣ ʭʦʜʘ ʧʝʜʘʣʠ            ῳ ÁÃÏÓρ
ᶻ

ςπȢπς               (26) 
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2.6. ʈʘʩʯʝʪ ʜʘʚʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʣʥʦʛʦ 

ʪʦʨʤʦʞʝʥʠʷ, ʦʪ ʟʘʤʝʜʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 11. 

 

ʈʠʩ. 11. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʣʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ, ʦʪ 

ʟʘʤʝʜʣʝʥʠʷ 

ὴ ὥ                                                  (27) 

ὴ ὥ                                                 (28) 
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ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʪʫʨʘʭ ʦʪ 

ʟʘʤʝʜʣʝʥʠʷ:  

 

ʈʠʩ. 12. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʪʫʨʘʭ 

ʦʪ ʟʘʤʝʜʣʝʥʠʷ 

 

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʪʦʨʤʦʟʥʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ. ʇʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ 

ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ ʪʘʢʠʝ 

ʢʘʢ: ʛʠʜʨʦʮʠʣʠʥʜʨʳ, ʩʫʧʧʦʨʪʘ, ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʣʠʥʠʡ. ʇʦ 

ʨʘʩʯʝʪʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʦʨʤʦʟʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʧʝʜʘʣʴʥʦʛʦ ʫʟʣʘ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʢʦʣʝʩʥʳʭ ʤʘʰʠʥ: ʋʯʝʙʥʠʢ ʜʣʷ 

ʚʫʟʦʚ: ɺ 3 ʪ. ʊ. 3 / ɹ.ɸ. ɸʬʘʥʘʩʴʝʚ [ʠ ʜʨ.]; ʧʦʜ ʨʝʜ. ɸ.ɸ. ʇʦʣʫʥʛʷʥʘ. ð 

ʄ.: ʀʟʜ-ʚʦ ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ, 2008.  

2. Limpert, R. Brake design and safety / R. Limpert. ð 3rd ed. ð SAE 

International, 2011. 
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http://www.formulastudent.de/uploads/media/FS-Rules_2018_V1.1.pdf  

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.01.2018). 

4. AP Racing Website.  ð URL:  http://apracing.com (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

25.12.2017). 
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ʨʝʛʫʣʠʨʫʝʤʦʡ ʞʝʩʪʢʦʩʪʠ ʜʣʷ ʩʧʦʨʪʠʚʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ 

ʢʣʘʩʩʘ çʌʦʨʤʫʣʘ ʩʪʫʜʝʥʪè 

Sergey Vitalevich Kontorshchikov 

Bauman Moscow State Technical University 
Moscow 

DEVELOPMENT OF THE  

ADJUSTABLE ANTI-ROLL BAR FOR A RACE CAR PARTICIPATING 

IN THE çFORMULA STUDENTè COMPETITION 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷʤ ʢ 

ʩʧʦʨʪʠʚʥʦʤʫ ʘʚʪʦʤʦʙʠʣ,ʁ ʧʨʠʥʠʤʘʶʱʝʤʫ ʫʯʘʩʪʠʝ ʚ ʩʦʨʝʚʥʦʚʘʥʠʷʭ çʌʦʨʤʫʣʘ 

ʉʪʫʜʝʥʪè. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʧʨʝʜʲʷʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɸʇʈ, ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʨʦʯʥʦʩʪʠ ʠ 

ʮʝʣʝʚʦʡ ʞʝʩʪʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʝʪʦʚ. 

Abstract: This article describes the process of creating a design of an anti-roll 

bar, meeting the requirements for a sports car, taking part in the ñFormula Studentò 

competition. The article reviews and analyzes existing designs, develops a design that 

meets the requirements of the ñFormula Studentò competition rules, creates a model 

using CAD, estimates the strength and target stiffness of the structure, and analyzes 

the resulting calculation results. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: çʌʦʨʤʫʣʘ ʩʪʫʜʝʥʪè; ʧʦʜʚʝʩʢʘ; ʣʝʧʝʩʪʢʦʚʳʡ 

ʩʪʘʙʠʣʠʟʘʪʦʨ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

Keywords: ñFormula Studentò; suspension; blade anti-roll bar. 

ɺɺɽɼɽʅʀɽ 

ʉʪʘʙʠʣʠʟʘʪʦʨ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʣʫʞʠʪ ʜʣ̫ 

ʫʤʝʥʴʰʝʥʠʷ ʢʨʝʥʘ ʘʚʪʦʤʦʙʠʣʷ, ʚʣʠʷʷ ʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ 

ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʚʦʨʦʪʦʚ. 
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ʂ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʘʚʪʦʤʦʙʠʣʷ ʢʣʘʩʩʘ çʌʦʨʤʫʣʘ ʩʪʫʜʝʥʪè ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ: 

1) ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʞʝʩʪʢʦʩʪʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 
ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʪʝʩʪʦʚʳʭ ʟʘʝʟʜʦʚ ʠ 
ʩʦʨʝʚʥʦʚʘʥʠʡ; 

2) ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʤʝʥʥʳʭ ʪʦʨʩʠʦʥʦʚ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 
ʨʘʟʣʠʯʥʦʡ ʞʝʩʪʢʦʩʪʠ; 

3) ʧʦʣʫʯʝʥʠʝ ʰʠʨʦʢʦʛʦ ʠ ʙʝʩʩʪʫʧʝʥʯʘʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʦʢ 
ʞʝʩʪʢʦʩʪʠ ʫʟʣʘ.  

1. ʆɹɿʆʈ ʉʋʑɽʉʊɺʋʖʑʀʍ ʂʆʅʉʊʈʋʂʎʀʁ 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʧʦʧʝʨʝʯʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ʉʪʘʙʠʣʠʟʘʪʦʨ, ʚʳʧʦʣʥʝʥʥʳʡ ʝʜʠʥʳʤ ʪʦʨʩʠʦʥʦʤ 

(ʈʠʩ. 1), ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʩʝʨʠʡʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʙʳʩʪʨʫʶ ʨʝʛʫʣʠʨʦʚʢʫ ʞʝʩʪʢʦʩʪʠ ʫʟʣʘ. 

 

ʈʠʩ. 1. ʉʪʘʙʠʣʠʟʘʪʦʨ, ʚʳʧʦʣʥʝʥʥʳʡ ʝʜʠʥʳʤ ʪʦʨʩʠʦʥʦʤ 

ʉʪʘʙʠʣʠʟʘʪʦʨ ʩʦ ʩʤʝʥʥʳʤ ʪʦʨʩʠʦʥʦʤ, ʩʦ ʩʪʫʧʝʥʯʘʪʦʡ 

ʨʝʛʫʣʠʨʦʚʢʦʡ ʞʝʩʪʢʦʩʪʠ (ʈʠʩ. 2) ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʨʝʛʫʣʠʨʦʚʢʠ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʦʜʥʘʢʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʧʣʘʚʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʢʠ. 

 

ʈʠʩ. 2. ʉʪʘʙʠʣʠʟʘʪʦʨ ʩʦ ʩʤʝʥʥʳʤ ʪʦʨʩʠʦʥʦʤ, ʩʦ ʩʪʫʧʝʥʯʘʪʦʡ ʨʝʛʫʣʠʨʦʚʢʦʡ 

ʞʝʩʪʢʦʩʪʠ (ʠʟʤʝʥʷʝʤʦʡ ʜʣʠʥʦʡ ʨʳʯʘʛʘ) 
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2. ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʉʊʈʋʂʎʀʀ ʉʊɸɹʀʃʀɿɸʊʆʈɸ 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ: ʩʪʘʙʠʣʠʟʘʪʦʨ ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʞʝʩʪʢʦʩʪʠ ʩʦ ʩʤʝʥʥʳʤ ʪʦʨʩʠʦʥʦʤ (ʈʠʩ. 3). 

 

ʈʠʩ. 3. ʉʪʘʙʠʣʠʟʘʪʦʨ ʨʝʛʫʣʠʨʫʝʤʦʡ ʞʝʩʪʢʦʩʪʠ ʩʦ ʩʤʝʥʥʳʤ ʪʦʨʩʠʦʥʦʤ 

(ʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʠʤʝʥʝʥʥʘʷ ʚ BRT-5) 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʢʣʘʩʩʘ çʌʦʨʤʫʣʘ 

ʉʪʫʜʝʥʪè, ʟʘ ʩʯʝʪ ʧʦʣʫʯʝʥʠʷ ʧʣʘʚʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʞʝʩʪʢʦʩʪʠ ʫʟʣʘ 

ʧʦʚʦʨʦʪʦʤ ʨʳʯʘʛʦʚ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʚʦʢʨʫʛ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ. ɺ 

ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʚʦʨʦʪʥʳʡ ʨʳʯʘʛ ʥʘʟʳʚʘʶʪ çʣʝʟʚʠʝè ʠʣʠ 

çʣʝʧʝʩʪʦʢè. 

ʈʝʛʫʣʠʨʦʚʢʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ 

ʩʝʯʝʥʠʷ ʨʳʯʘʛʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʝʛʦ ʧʦʜʘʪʣʠʚʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʥʷʝʪʩʷ ʞʝʩʪʢʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

 

ʈʠʩ. 4. ɺʠʜ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʦʪʜʝʣʴʥʦ ʦʪ ʢʨʦʥʰʪʝʡʥʘ ʢʨʝʧʣʝʥʠʷ ʢ ʨʘʤʝ 

ʘʚʪʦʤʦʙʠʣʷ 
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3. ʆʎɽʅʂɸ ʇʈʆʏʅʆʉʊʀ ʀ ʎɽʃɽɺʆʁ ɾɽʉʊʂʆʉʊʀ 

ʂʆʅʉʊʈʋʂʎʀʀ 

3.1. ʉʦʟʜʘʥʠʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʠ ʂʕʄ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ʈʘʩʯʝʪ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤ 

ʨʘʩʯʝʪʥʦʤ ʤʦʤʝʥʪʝ. ɿʥʘʯʝʥʠʝ ʤʦʤʝʥʪʘ ʙʝʨʝʪʩʷ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʨʘʩʯʝʪʘ ʞʝʩʪʢʦʩʪʠ ʧʦʜʚʝʩʢʠ [1]. ɿʥʘʷ ʟʥʘʯʝʥʠʝ ʤʦʤʝʥʪʘ ʠ ʨʘʩʯʝʪʥʦʝ 

ʧʣʝʯʦ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʠʣʫ, 

ʜʝʡʩʪʚʫʶʱʫʶ ʚ ʪʦʯʢʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʪʷʛʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʢ ʣʝʧʝʩʪʢʫ 

(ʈʠʩ. 5, 6). 

 

ʈʠʩ. 5. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

 

ʈʠʩ. 6. ʂʕʄ ʟʘʜʥʝʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 
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3.2. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʅʘ ʈʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʷ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. 

 

ʈʠʩ. 7. ʅʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʟʘʜʘʥʥʦʤ ʨʝʞʠʤʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʥʘʭʦʜʷʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ 

ʥʝʟʘʢʨʝʧʣʝʥʥʦʛʦ ʢʦʥʮʘ ʣʝʧʝʩʪʢʘ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʩ 

ʜʦʧʫʩʪʠʤʳʤ ʭʦʜʦʤ ʧʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʠ ʢʦʤʧʦʥʦʚʦʯʥʳʤ 

ʩʦʦʙʨʘʞʝʥʠʷʤ. 

ʅʘʧʨʷʞʝʥʠʷ ʧʦ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʣʝʧʝʩʪʢʘ ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ ʠ ʥʝ ʧʨʝʚʳʰʘʪɹ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʜʣʷ 

ʚʳʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʘ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʞʝʩʪʢʦʩʪʴʶ. 

ʇʦʩʣʝ ʮʠʢʣʘ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ 

ʟʘʢʨʫʪʢʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʧʦʚʦʨʦʪʘ ʣʝʧʝʩʪʢʦʚ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ 

(ʈʠʩ. 8). 
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ʈʠʩ. 8. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʘ ʟʘʢʨʫʪʢʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʣʝʧʝʩʪʢʦʚ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ 

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ ʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʪʠʧʘ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. ɹʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʳʩʪʨʫʶ ʠ 

ʙʝʩʩʪʫʧʝʥʯʘʪʫʶ ʨʝʛʫʣʠʨʦʚʢʫ ʞʝʩʪʢʦʩʪʠ ʫʟʣʘ. ʌʦʨʤʘ ʣʝʧʝʩʪʢʦʚ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʞʝʩʪʢʦʩʪʠ 

ʦʪ ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʚʦʨʦʪʘ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʙʳʣ 

ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʩʦʟʜʘʥʥʘʷ ʤʦʜʝʣʴ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʷʤ ʧʨʦʯʥʦʩʪʠ ʠ ʮʝʣʝʚʦʡ ʞʝʩʪʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 
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ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʧʦʩʦʙ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ʩʪʫʜʝʥʯʝʩʢʠʭ ʢʦʤʘʥʜ ʧʨʦʝʢʪʘ çʌʦʨʤʫʣʘ ʩʪʫʜʝʥʪè 

Ekaterina Vladislavovna Kosenkova 

Tatyana Vladimirovna Zibareva 

Industrial University of Tyumen 

Tyumen 

ENGENEERING GAME ñFORMULA CHILDRENò 

AS A SUPLIMENTARY WAY OF FINANCING THE STUDENT TEAMS 

OF ñFORMULA STUDENTò 

ɸʥʥʦʪʘʮʠʷ: ɺ ʭʦʜʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ ʬʦʨʤʫʣʴʥʦʛʦ ʢʣʘʩʩʘ 

ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʤʘʥʜʘ ʥʝ ʨʘʟ ʩʪʘʣʢʠʚʘʣʘʩʴ ʩ ʧʨʦʙʣʝʤʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. ɺ ʮʝʣʷʭ ʝʝ ʨʝʰʝʥʠʷ ʢʦʤʘʥʜʘ ʨʘʟʨʘʙʦʪʘʣʘ ʠʥʞʝʥʝʨʥʫʶ ʠʛʨʫ 

çFormula Childrenè ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ 13-15 ʣʝʪ. 

ʇʨʦʚʝʜʝʥʠʝ ʠʛʨʳ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʠ ʜʝʪʩʢʠʭ 

ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʣʘʛʝʨʷʭ ʛ. ʊʶʤʝʥʠ ʧʦʤʦʞʝʪ ʧʨʠʚʣʝʯʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ ʬʦʨʤʫʣʴʥʦʛʦ ʢʣʘʩʩʘ, ʘ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪ ʧʦʧʫʣʷʨʠʟʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʢʦʤʘʥʜʳ, ʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ 

Formula Student ʚ ʮʝʣʦʤ.  

Abstract: While designing and building a formula-class race car a student 

team repeatedly faces the problem of the lack of financing. In order to solve the 

problem, the team developed a new method of attracting the additional finances. Its 

description is presented in this article. 

The relevance of the game consists in the fact that its organizing and holding 

will lead to getting additional finances for building the race car, and also will provide 

the promotion of not only the team, but of the international project ñFormula Studentò 

in general. A game like this is the first of its kind, and will be interesting for school 

students from 13 to 15 years old and educational establishments in Tyumen.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: PR-ʧʨʦʜʚʠʞʝʥʠʝ ʢʦʤʘʥʜʳ; ʧʨʠʚʣʝʯʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚ; ʠʥʞʝʥʝʨʥʘʷ ʠʛʨʘ; çFormula Childrenè. 
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Keywords: PR-promotion of the team; attracting of additional finances; 

engineering game, ñFormula Childrenò. 

ɺɺɽɼɽʅʀɽ 

çʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪè ð ʵʪʦ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʫʜʝʥʯʝʩʢʠʝ 

ʠʥʞʝʥʝʨʥʳʝ ʩʦʨʝʚʥʦʚʘʥʠʷ, ʠʟʥʘʯʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ 

ʉʦʦʙʱʝʩʪʚʦʤ ɸʚʪʦʤʦʙʠʣʴʥʳʭ ʀʥʞʝʥʝʨʦʚ ʠ ʚʭʦʜʷʱʠʝ ʚ ʩʝʨʠʶ 

ʉʪʫʜʝʥʯʝʩʢʠʭ ʠʥʞʝʥʝʨʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʡ SAE. ʉ 2005 ʛ. ʜʘʥʥʳʝ 

ʩʦʨʝʚʥʦʚʘʥʠʷ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʚ ʈʦʩʩʠʠ [1]. 

ʉʫʪʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʤʘʥʜʝ ʩʪʫʜʝʥʪʦʚ ʥʫʞʥʦ 

ʩ ʥʫʣʷ ʩʦʟʜʘʪʴ ʛʦʥʦʯʥʳʡ ʙʦʣʠʜ ʬʦʨʤʫʣʴʥʦʛʦ ʢʣʘʩʩʘ ʠ ʧʨʝʟʝʥʪʦʚʘʪʴ 

ʝʛʦ ʧʝʨʝʜ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʠʥʚʝʩʪʦʨʘʤʠ, ʧʨʝʜʦʩʪʘʚʠʚ ʙʠʟʥʝʩ-ʧʣʘʥ. 

ʀ ʠʤʝʥʥʦ ʚ ʭʦʜʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ ʩʪʫʜʝʥʯʝʩʢʘʷ 

ʢʦʤʘʥʜʘ ʥʝ ʨʘʟ ʚʩʪʨʝʯʘʝʪʩʷ ʩ ʪʘʢʦʡ ʪʨʫʜʥʦʩʪʴʶ, ʢʘʢ ʥʝʜʦʩʪʘʪʦʢ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. 

ʏʪʦʙʳ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠ PR-ʧʨʦʜʚʠʞʝʥʠʝ ʢʦʤʘʥʜʳ ʙʳʣʦ 

ʙʦʣʝʝ ʫʩʧʝʰʥʳʤ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʥʦʚʳʡ ʧʦʜʭʦʜ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ [2, 6]. 

1. ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʝʪʠ ð ʵʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ. ʆʥʠ ʣʝʛʢʦ ʦʙʫʯʘʝʤ,r ʤʦʛʫʪ ʙʳʩʪʨʦ ʟʘʧʦʤʠʥʘʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʠʤʝʥʠʪʴ ʝʝ ʜʣʷ ʨʝʰʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʡ [3]. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʥʷʪʴ ʢʘʢʦʡ ʚʠʜ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʥʠʭ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʝʥ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʧʨʦʩ [4, 

5]. 

ʋʯʘʩʪʠʝ ʚ ʦʧʨʦʩʝ ʧʨʠʥʷʣʠ ʜʝʪʠ ʚ ʚʦʟʨʘʩʪʝ 13-15 ʣʝʪ 

52 ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʰʢʦʣ ʛ. ʊʶʤʝʥʠ, ʚ ʢʦʣʠʯʝʩʪʚʝ 

9828 ʯʝʣʦʚʝʢ. ʈʝʩʧʦʥʜʝʥʪʘʤ ʙʳʣʠ ʟʘʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

¶ ʂʘʢʦʡ ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ ɺʘʤ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʝʥ?  

¶ ʂʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ɺʘʤ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦ? 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 1 ʠ 2. 
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ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʚʝʪʦʚ ʨʝʩʧʦʥʜʝʥʪʦʚ ʥʘ ʚʦʧʨʦʩ ʦʙ ʠʥʪʝʨʝʩʫʶʱʝʤ 

ʚʠʜʝ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʚʝʪʦʚ ʨʝʩʧʦʥʜʝʥʪʦʚ ʥʘ ʚʦʧʨʦʩ ʦʙ ʠʥʪʝʨʝʩʫʶʱʝʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ  

ʂʘʢ ʚʠʜʥʦ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʦʩʘ ʥʘʠʙʦʣʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʰʢʦʣʴʥʠʢʦʚ ʠʥʪʝʨʝʩʥʦ ʙʳʣʦ ʙʳ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ ʚ ʠʛʨʝ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʪʝʭʥʠʢʦʡ ʠ ʪʦʯʥʳʤʠ ʥʘʫʢʘʤʠ. 

ʎʝʣʴ: ʇʨʠʚʣʝʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ ʬʦʨʤʫʣʴʥʦʛʦ ʢʣʘʩʩʘ, ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʜʘʞʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʫʯʨʝʞʜʝʥʠʷʤ ʛ. ʊʶʤʝʥʠ ʠʥʞʝʥʝʨʥʦʡ ʠʛʨʳ 

çFormula Childrenè. 

ɿʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʠʥʞʝʥʝʨʥʦʡ ʠʛʨʳ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʚʳʛʦʜʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʦʙʥʦʡ ʠʛʨʳ 

ʨʘʟʣʠʯʥʳʤ ʩʪʦʨʦʥʘʤ (ʢʦʤʘʥʜʘ, ʫʯʝʥʠʢ, ʰʢʦʣʘ ʠ ʪ.ʜ.). 

3. ɸʥʘʣʠʟ ʠ ʚʳʚʦʜ rʧʦ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ. 
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ʋʯʠʪʳʚʘʷ ʚʩʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʩʦʟʜʘʪʴ ʠʥʞʝʥʝʨʥʫʶ ʠʛʨʫ çFormula Childrenè, ʥʘʧʨʘʚʣʝʥʥʫʶ 

ʥʘ ʨʘʟʚʠʪʠʝ ʫ ʦʙʫʯʘʁɦ ʠʭʩʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ 

ʠʥʞʝʥʝʨʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʚʳʷʚʣʝʥʠʝ ʣʠʜʝʨʩʢʠʭ ʢʘʯʝʩʪʚ, ʘ ʪʘʢʞʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʜʚʠʞʝʥʠʷ ʧʨʦʝʢʪʦʚ. 

2. ʀɼɽʗ ʀ ʀʅɺɽʉʊʀʈʆɺɸʅʀɽ 

ʀʜʝʷ ʠʛʨʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʛʨʫʧʧʘ ʰʢʦʣʴʥʠʢʦʚ ʜʦʣʞʥʘ 

ʧʦʯʫʚʩʪʚʦʚʘʪʴ ʩʝʙʷ ʦʜʥʦʡ ʠʟ ʢʦʤʘʥʜ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʩʦʨʝʚʥʦʚʘʥʠʷʭ çFormula Studentè. ʆʥʠ ʦʢʫʥʫʪʩ̫ ʚ ʤʠʨ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʷ ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ, ʘ ʪʘʢʞʝ ʧʨʝʟʝʥʪʘʮʠʠ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɼʘʥʥʫʶ ʠʛʨʫ ʤʳ ʧʣʘʥʠʨʫʝʤ ʧʨʦʜʘʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ 

ʫʯʨʝʞʜʝʥʠʷʤ ʠ ʜʝʪʩʢʠʤ ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʤ ʣʘʛʝʨʷʤ. ʉʯʠʪʘʝʤ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʘʷ ʮʝʥʘ, ʟʘ ʢʦʪʦʨʫʶ ʜʘʥʥʘʷ ʠʛʨʘ ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʥʘ, 

ʩʦʩʪʘʚʣʷʝʪ 10000 ʨʫʙ. 

ʈʘʩʭʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʊʘʙʣʠʮʝ 1, ʙʫʜʫʪ ʧʦʣʥʦʩʪʴʶ 

ʧʦʢʨʳʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʘ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʜʝʥʴʛʠ 

ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʠʛʨʳ ʙʫʜʫʪ ʧʨʠʦʙʨʝʪʝʥʳ ʢʦʤʧʣʝʢʪʫʶʱʠʝ ʜʣʷ  

ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ çNEFTEGAZ 

Engineeringè. 
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ʊʘʙʣʠʮʘ 1 

ʃʦʢʘʣʴʥʦ-ʩʤʝʪʥʳʡ ʨʘʩʯʝʪ 

3. ʂʆʅʎɽʇʎʀʗ ʀʅɾɽʅɽʈʅʆʁ ʀɻʈʓ FORMULA CHILDREN 

ʂʦʣʠʯʝʩʪʚʦ:  20-70 ʯʝʣʦʚʝʢ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ: ʦʢʦʣʦ 4 ʯʘʩʦʚ. 

1 ʯʘʩʪʴ (60 ʤʠʥʫʪ) ð ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʤʘʥʜʳ ʧʨʠʚʝʪʩʪʚʫʶʪ 

ʫʯʘʩʪʥʠʢʦʚ ʠʥʞʝʥʝʨʥʦʡ ʠʛʨʳ  çFormula Childrenè, ʦʙʲʷʩʥʷʶʪ 

ʧʨʘʚʠʣʘ, ʨʝʛʣʘʤʝʥʪ ʨʘʙʦʪʳ. ʇʨʝʜʩʪʘʚʣʷʶʪ ʢʫʨʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʡ ʠʛʨʳ ʧʦʤʦʛʘʶʪ ʫʯʘʩʪʥʠʢʘʤ (ʟʘ ʢʘʞʜʦʡ ʢʦʤʘʥʜʥʦʡ 

ʟʘʢʨʝʧʣʝʥ ʦʜʠʥ ʢʫʨʘʪʦʨ), ʘ ʪʘʢʞʝ çʩʧʦʥʩʦʨʦʚè/ʩʫʜʝʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʄʝʨʦʧʨʠʷʪʠʝ: Formula Children 

ʉʤʝʪʥʘʷ ʩʪʦʠʤʦʩʪʴ: 143 650,00 

ˉ      
ʧ/ʧ 

ʅʘʠʤ. ʨʘʩʭʦʜʦʚ 
ʅʘʟʥʘʯʝʥʠʝ ʠ 
ʦʙʦʩʥʦʚʘʥʠʝ 
ʨʘʩʭʦʜʦʚ 

ɽʜ. 
ʠʟʤ. 

ʂʦʣ
-ʚʦ 

ʉʪʦʠʤ. 
ʝʜʠʥʠʮʳ, 
ʨʫʙ. 

ʉʫʤʤʘ, 
ʨʫʙ. 

1. ʆʙʦʨʫʜʦʚʘʥʠʝ  

3D-ʧʨʠʥʪʝʨ ð 
1 ʜʝʥʴ (ʘʨʝʥʜʘ) 

ʫʩʣʫʛʘ  1 1 500.00 1 500.00 

ʢʣʝʝʚʦʡ ʧʠʩʪʦʣʝʪ ʰʪ. 10 300.00 3 000.00 

ʤʝʭʘʥʠʟʤ ʨ/ʧ + 
ʢʦʣʝʩʘ 

ʰʪ. 12 1 200.00 14 400.00 

2. 
ʈʘʩʭʦʜʥʳʝ 
ʤʘʪʝʨʠʘʣʳ 

ʧʦʣʠʤʝʨ ð 
ʤʘʪʝʨʠʘʣ ʜʣʷ 3D-
ʧʝʯʘʪʠ 

ʰʪ. 50 1 400.00 70 000.00 

ʟʘʧʨʘʚʢʘ ʢ 
ʢʣʝʝʚʦʤʫ ʧʠʩʪʦʣʝʪʫ 

ʰʪ. 100 150.00 15 000.00 

ʣʠʩʪ ɼʉʇ ʰʪ. 10 500.00 5 000.00 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʤʘʪʝʨʠʘʣʳ  

ʰʪ. 1 10 000.00 10 000.00 

3. 
ʇʦʣʠʛʨʘʬʠʯʝʩʢʘʷ 
ʠ ʩʫʚʝʥʠʨʥʘʷ 
ʧʨʦʜʫʢʮʠʷ 

ʩʝʨʪʠʬʠʢʘʪʳ 
ʫʯʘʩʪʥʠʢʘʤ 

ʰʪ. 100 14.00 1 400.00 

ʙʝʡʜʞ ʫʯʘʩʪʥʠʢʘ ʰʪ. 100 9.50 950.00 

ʙʘʥʥʝʨ press-wall ʰʪ. 1 2 400.00 2 400.00 

ʙʫʤʘʛʘ, ʨʫʯʢʠ, 
ʢʘʨʘʥʜʘʰʠ ʠ ʪ.ʜ. 

ʰʪ. 1 5 000.00 5 000.00 

ʢʫʙʦʢ ʰʪ. 10 1 000.00 10 000.00 

5. 
ʅʝʧʨʝʜʚʠʜʝʥʥʳʝ 
ʨʘʩʭʦʜʳ 

ð ʰʪ. 1 5 000.00 5 000.00 

      ʀʪʦʛʦ:  143 650 
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ʷʚʣʷʪʴʩʷ ʦʙʣʘʜʘʪʝʣʷʤʠ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ (ʠʛʨʦʚʦʡ ʚʘʣʶʪʳ), ʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ. 

2 ʯʘʩʪʴ (60 ʤʠʥʫʪ) ð ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʧʨʦʪʦʪʠʧʘ 

ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ ʬʦʨʤʫʣʴʥʦʛʦ ʢʣʘʩʩʘ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʪʨʝʙʫʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʢʣʶʯʠʪʴʩʷ ʚ ʨʘʙʦʪʫ. ʆʯʝʥʴ ʚʘʞʥʘ ʣʦʛʠʩʪʠʢʘ ʨʘʙʦʪʳ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʯʘʩʪʥʠʢʦʚ ʢʦʤʘʥʜʳ ʠ, ʢʦʥʝʯʥʦ, ʩʣʘʞʝʥʥʦʩʪʴ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. 

3 ʯʘʩʪʴ (40 ʤʠʥʫʪ) ð ʢʫʨʘʪʦʨʳ ʥʘ ʚʨʝʤʷ ʧʦʢʠʜʘʶʪ ʢʦʤʘʥʜʳ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʯʘʩʪʥʠʢʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʦʨʘʙʦʪʘʣʠ ʥʘʜ ʜʠʟʘʡʥʦʤ 

ʧʨʦʪʦʪʠʧʘ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʧʨʦʠʩʭʦʜʠʪ ʚʩʪʨʝʯʘ ʢʦʤʘʥʜ ʩʦ 

ʩʧʦʥʩʦʨʘʤʠ, ʦʪʚʝʯʘʷ ʥʘ ʚʦʧʨʦʩʳ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʠʚʣʝʯʴ ʜʝʥʝʞʥʳʝ 

ʩʨʝʜʩʪʚʘ (ʠʛʨʦʚʫʶ ʚʘʣʶʪʫ). ʕʪʠ ʜʝʥʴʛʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʥʦ 

ʦʙʤʝʥʷʪʴ ʥʘ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ ʜʠʟʘʡʥʘ ʙʦʣʠʜʘ. ɺ 

ʜʘʥʥʦʡ ʠʛʨʝ ʩʫʜʴʠ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʨʝʘʣʴʥʳʭ ʩʧʦʥʩʦʨʦʚ ʢʦʤʘʥʜʳ 

çNEFTEGAZ Engineeringè. ʊʘʢ ʤʳ ʦʙʝʩʧʝʯʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʨʝʢʣʘʤʫ ʥʘʰʠʤ ʧʘʨʪʥʝʨʘʤ.  

4 ʯʘʩʪʴ (60 ʤʠʥʫʪ) ð ʟʘʱʠʪʘ (ʨʘʩʯʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʙʠʟʥʝʩ-

ʧʣʘʥ, ʦʪʯʝʪ ʦ ʜʠʟʘʡʥʝ). 

5 ʯʘʩʪʴ (30 ʤʠʥʫʪ) ð ʥʘʛʨʘʞʜʝʥʠʝ ʫʯʘʩʪʥʠʢʦʚ ʠʥʞʝʥʝʨʥʦʡ 

ʠʛʨʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʛʨʳ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʥʝʡ ʩʪʦʨʦʥ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʛʨʳ ʜʣʷ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ 

ʂʘʪʝʛʦʨʠʷ ʇʨʝʠʤʫʱʝʩʪʚʘ 

ʂʦʤʘʥʜʘ 

¶ ʍʦʨʦʰʘʷ PR-ʢʘʤʧʘʥʠʷ ʢʦʤʘʥʜʳ 

¶ ʇʨʠʚʣʝʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʚ ʢʦʤʘʥʜʫ 

¶ ʇʨʠʚʣʝʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚ ʚ ʢʦʤʘʥʜʫ 

ʋʥʠʚʝʨʩʠʪʝʪ 
¶ ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʰʢʦʣʴʥʠʢʦʚ 
(ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʯʝʥʠʢ-ʫʥʠʚʝʨʩʠʪʝʪ) 

¶ ʇʨʠʚʣʝʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʙʠʪʫʨʠʝʥʪʦʚ 

ʐʢʦʣʘ ¶ ɼʦʩʫʛ ʦʙʫʯʘʶʱʠʭʩʷ 

ɼʝʪʠ ¶ ʇʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʟʥʘʥʠʡ ʠ ʢʦʤʧʝʪʝʥʮʠʡ 

ʇʘʨʪʥʝʨʳ ¶ ʈʝʢʣʘʤʘ ʢʦʤʧʘʥʠʠ-ʧʘʨʪʥʝʨʘ 
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ɿɸʂʃʖʏɽʅʀɽ 

ʀʛʨʘ çFormula Childrenè ʫʯʠʪ ʰʢʦʣʴʥʠʢʦʚ ʥʝʦʨʜʠʥʘʨʥʦ 

ʤʳʩʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʠʭ ʠʜʝʡ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ 

ʫʯʘʩʪʥʠʢʦʚ, ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʠʥʞʝʥʝʨʥʦʡ ʠʛʨʳ 

çFormula Childrenè ð ʵʪʦ ʭʦʨʦʰʠʡ ʤʝʪʦʜ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʯʝʩʢʦʡ ʢʦʤʘʥʜʳ, ʘ ʪʘʢʞʝ 

ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ PR-ʧʨʦʜʚʠʞʝʥʠʷ ʢʦʤʘʥʜʳ. 
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ʅʠʢʠʪʘ ɽʚʛʝʥʴʝʚʠʯ ʂʦʩʠʮʢʠʡ 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ 
ʩʠʩʪʝʤʳ ʚʧʫʩʢʘ 4-ʪʘʢʪʥʦʛʦ ʦʜʥʦʮʠʣʠʥʜʨʦʚʦʛʦ 
ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʙʦʣʠʜʘ ʢʣʘʩʩʘ çʌʦʨʤʫʣʘ ʩʪʫʜʝʥʪè 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Ricardo Wave 

Nikita Evgenievich Kosickiy 

Peter the Great Saint-Petersburg Polytechnic University 

Saint-Petersburg 

INTAKE DESIGNING OF A 4-STROKE SINGLE-CYLINDER ENGINE 

FOR FSAE RACING CAR USING RICARDO WAVE PROGRAM 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʥʘʜʜʫʚʝ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʧʫʩʢʥʦʛʦ ʪʨʘʢʪʘ ʜʚʠʛʘʪʝʣʷ ʩ 

ʫʯʝʪʦʤ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ. 

Abstract: The article contains basic information on inertia supercharging, as 

well as designing with its consideration the engine's intake path. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ; ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʜʜʫʚ; 

ʤʦʱʥʦʩʪʴ; çʌʦʨʤʫʣʘ ʉʪʫʜʝʥʪè. 

Keywords: volumetric efficiency; inertia supercharging; power; ñFormula 

Studentò. 

ɺɺɽɼɽʅʀɽ 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ 

ʜʚʠʛʘʪʝʣʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʛʝʦʤʝʪʨʠʠ. ʆʜʠʥ ʠʟ ʩʘʤʳʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ð ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʚʝʞʝʛʦ ʟʘʨʷʜʘ 

ʛʦʨʶʯʝʡ ʩʤʝʩʠ ʥʘ ʚʭʦʜʝ ʚ ʮʠʣʠʥʜʨ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ 

(ʥʘʜʜʫʚʘ). ɼʦʙʠʪʴʩʷ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʠ ʧʦʤʦʱʠ ʥʘʛʥʝʪʘʪʝʣʷ 

(ʢʦʤʧʨʝʩʩʦʨ, ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨ) ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʥʘʜʜʫʚʘ, ʟʘ ʩʯʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʷʚʣʝʥʠʡ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ. ʅʠʞʝ 

ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ.  
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1. ʆɹʑʀɽ ʇʆʅʗʊʀʗ 

ɺ ʧʨʦʮʝʩʩʝ ʚʧʫʩʢʘ ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʮʠʣʠʥʜʨʘ ʟʘʧʦʣʥʷʝʪʩʷ 

ʩʚʝʞʠʤ ʟʘʨʷʜʦʤ. ʂʠʩʣʦʨʦʜ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʚʦʟʜʫʭʝ, ʩʣʫʞʠʪ 

ʦʢʠʩʣʠʪʝʣʝʤ ʪʦʧʣʠʚʘ, ʪ.ʝ. ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʜʣʷ 

ʧʨʝʚʨʘʱʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʦʧʣʠʚʘ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ. ʏʝʤ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʧʦʩʪʫʧʘʝʪ ʚ ʮʠʣʠʥʜʨ ʜʚʠʛʘʪʝʣʷ, ʪʝʤ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʚʘ ʤʦʞʝʪ ʙʳʪʴ ʩʦʞʞʝʥʦ ʠ ʪʝʤ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ, ʘ ʟʥʘʯʠʪ, ð ʠ ʙʦʣʴʰʘʷ 

ʤʦʱʥʦʩʪʴ. ɺ ʧʨʦʮʝʩʩʝ ʥʘʧʦʣʥʝʥʠʷ ʮʠʣʠʥʜʨʘ ʜʘʚʣʝʥʠʝ ʩʚʝʞʝʛʦ 

ʟʘʨʷʜʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʥʘʛʨʝʚ ʦʪ 

ʛʦʨʷʯʠʭ ʩʪʝʥʦʢ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʚʣʝʥʠʝʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʦ 

ʧʦʩʪʫʧʣʝʥʠʷ ʩʚʝʞʝʛʦ ʟʘʨʷʜʘ ʚ ʮʠʣʠʥʜʨ. ʇʦʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʘʩʩʦʚʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʚʝʞʝʛʦ ʟʘʨʷʜʘ G, ʧʦʩʪʫʧʠʚʰʝʛʦ ʚ ʮʠʣʠʥʜʨ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ Gʪ (ʧʨʠ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ) [1]. ʆʪʩʶʜʘ ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʧʦʥʷʪʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʦʣʥʝʥʠʷ ʮʠʣʠʥʜʨʘ (ʚʳʨʘʞʝʥʠʝ ʜʣʷ 4-ʪʘʢʪʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʙʝʟ ʥʘʛʥʝʪʘʪʝʣʷ): 

–
Ὃ

Ὃ
 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ ʮʠʣʠʥʜʨʘ ð ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʩʚʝʞʝʛʦ ʟʘʨʷʜʘ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʩʪʫʧʠʚʰʝʛʦ ʚ ʮʠʣʠʥʜʨ ʜʚʠʛʘʪʝʣʷ, ʢ 

ʢʦʣʠʯʝʩʪʚʫ ʟʘʨʷʜʘ, ʢʦʪʦʨʦʝ ʤʦʛʣʦ ʙʳ ʟʘʧʦʣʥʠʪʴ ʨʘʙʦʯʠʡ ʦʙʲʝʤ 

ʮʠʣʠʥʜʨʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ [1, ʩ. 

53ï87].  

2. ʌʀɿʀʏɽʉʂɸʗ ʂɸʈʊʀʅɸ 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʦʣʥʝʥʠʷ ʮʠʣʠʥʜʨʘ 

ʥʝʦʙʭʦʜʠʤʦ: 

¶ ʫʣʫʯʰʠʪʴ ʚʳʚʦʜ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ; 

¶ ʜʦʙʠʪʴʩʷ ʥʘʠʤʝʥʴʰʠʭ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʩʤʝʩʠ ʚ 

ʮʠʣʠʥʜʨ. 

ɺʪʦʨʦʡ ʧʫʥʢʪ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʚʧʫʩʢʥʦʡ 

ʩʠʩʪʝʤʳ (ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ). ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʚʦ ʚʧʫʩʢʥʦʤ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ ʥʘʙʣʶʜʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ 
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ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ. ʕʪʠ ʷʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʜʦʟʘʨʷʜʢʠ, ʪ.ʝ. ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʜʜʫʚʘ (ʜʘʣʝʝ ð ɼʅ). ʇʨʠ ʦʪʢʨʳʪʠʠ 

ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ, ʚʩʣʝʜʩʪʚʠʝ ʚʩʘʩʳʚʘʥʠʷ ʩʚʝʞʝʛʦ ʟʘʨʷʜʘ, ʚʦ 

ʚʧʫʩʢʥʦʤ ʢʘʥʘʣʝ ʥʘ ʚʭʦʜʝ ʚ ʮʠʣʠʥʜʨ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚʦʣʥʘ 

ʨʘʟʨʝʞʝʥʠʷ. ʈʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʠ ʜʦʡʜʷ ʜʦ ʝʛʦ 

ʥʘʯʘʣʘ, ʚʦʣʥʘ ʨʘʟʨʝʞʝʥʠʷ ʦʪʨʘʞʘʝʪʩʷ ʚʦʣʥʦʡ ʩʞʘʪʠʷ. ɿʘʜʘʯʘ 

ʩʦʩʪʦʠʪ ʚ ʧʦʜʙʦʨʝ ʪʘʢʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʫʙʳ (ʧʣʦʱʘʜʠ 

ʩʝʯʝʥʠʷ, ʜʣʠʥ)r, ʯʪʦʙʳ ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ ʧʦʜʦʰʣʘ ʢ ʢʣʘʧʘʥʫ ʙʣʠʞʝ 

ʢ ʤʦʤʝʥʪʫ ʝʛʦ ʟʘʢʨʳʪʠʷ, ʩʦʟʜʘʚ ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ [2]. 

ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ. ʅʘ ʈʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʜʘʚʣʝʥʠʷ ʚ 

ʮʠʣʠʥʜʨʝ ʜʦ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ ʚʧʫʩʢʘ ʠ ʧʦʩʣʝ. 

 

ʈʠʩ. 1. ɼʘʚʣʝʥʠʝ ʚ ʮʠʣʠʥʜʨʝ ʜʦ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ ʚʧʫʩʢʘ ʠ ʧʦʩʣʝ 

ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʥʦ ʫʩʠʣʠʪʴ, ʝʩʣʠ ʧʦʚʳʩʠʪʴ ʘʤʧʣʠʪʫʜʫ 

ʢʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʡ ʚʦ ʚʧʫʩʢʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʫʪʝʤ ʥʘʩʪʨʦʡʢʠ 

ʚʧʫʩʢʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʷʚʣʝʥʠʝ ʨʝʟʦʥʘʥʩʘ, ʪ.ʝ. ʧʫʪʝʤ ʩʦʚʧʘʜʝʥʠ̫, ʠʣʠ 

ʢʨʘʪʥʦʩʪʠ, ʯʘʩʪʦʪ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʦʩʪʘʪʦʯʥʳʭ, ʧʦʩʣʝ 

ʧʨʝʜʳʜʫʱʝʛʦ ʮʠʢʣʘ ʥʘʧʦʣʥʝʥʠʷ ʮʠʣʠʥʜʨʘ) ʠ ʚʳʥʫʞʜʝʥʥʳʭ 

(ʚʳʟʚʘʥʥʳʭ ʥʦʚʳʤ ʚʩʘʩʳʚʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʧʦʨʰʥʷ) ʢʦʣʝʙʘʥʠʡ 

ʜʘʚʣʝʥʠʷ ʚʦ ʚʧʫʩʢʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ʦʩʫʱʝʩʪʚʠʪʴ ʨʝʟʦʥʘʥʩʥʳʡ 

ʥʘʜʜʫʚ [1] ɼʣʷ ʨʘʩʯʝʪʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʧʣʘʚʘʶʱʝʡ ʩʝʪʢʦʡ ʠ ʩʢʚʦʟʥʦʛʦ ʩʯʝʪʘ. 
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