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ʂɺ ˉ 5256 ʚʽʜ 2 ʣʠʧʥʷ 2001 ʨʦʢʫ 
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ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʜʨʫʢʫ ɺʯʝʥʦʶ ʨʘʜʦʶ ʅʊʋ çʍʇɯè.  

ʇʨʦʪʦʢʦʣ ˉ 4 ʚʽʜ 28 ʢʚʽʪʥʷ 2017 ʨ. 
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ʆ. ʄ. ɸɻɸʇʆɺ, ɺ. ʄ. ʂʈɸʉʅʆʂʋʊʉʔʂʀʁ, ʅ. ɺ. ʇɸɺʃɯʁ, ɸ. ɼ. ɻɸʃʋʎʔʂʀʍ   

ʄɽʊʆɼʀʂɸ ʈʆɿʈɸʍʋʅʂʋ ɼʀʅɸʄɯʏʅʀʍ ʅɸɺɸʅʊɸɾɽʅʔ, ʗʂɯ ɼɯʖʊʔ ʅɸ ʂʆʃɽʉɸ 

ʊʈɸʂʊʆʈʅʆɻʆ ʇʆʊʗɻʋ. ʈɯɺʅʗʅʅʗ ʈʋʍʋ ʊʈɸʂʊʆʈʅʆɻʆ ʇʆʊʗɻʋ 

 
ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʚ'ʷʟʘʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ, ʧʨʦʜʦʚʞʥʦ-ʢʫʪʦʚʠʭ ʢʦʣʠʚʘʥʴ ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʪʷʛʫ ʚ ʩʢʣʘʜʽ 

ʪʨʘʢʪʦʨʘ  ʪʘ ʥʘʧʽʚʧʨʠʯʝʧʘ, ʘ ʪʘʢʦʞ ʢʨʫʪʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʣʽʩ, ʪʨʘʥʩʤʽʩʽʾ ʪʘ ʜʚʠʛʫʥʘ, ʷʢʘ ʜʦʟʚʦʣʠʪʠ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʦʢ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ 
ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ, ʷʢʽ ʜʽʪʁʴ ʥʘ ʢʦʣʝʩʘ ʪʨʘʢʪʦʨʘ ʪʘ ʥʘ ʧʽʚʧʨʠʯʝʧʘ, ʧʨʦʛʠʥʘʥʴ ʨʝʩʦʨ ʪʘ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʟ'ʻʜʥʘʥʥʽ ʪʨʘʢʪʦʨʘ ʟ ʥʘʧʽʚʧʨʠʯʝʧʦʤ.  

ʉʢʣʘʜʝʥʝ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʪʷʛʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʫ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ, ʷʢʽ ʜʽʶʪʴ ʥʘ 

ʢʦʣʝʩʘ ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʪʷʛʫ ʚ ʩʢʣʘʜʽ ʪʨʘʢʪʦʨʘ ʪʘ ʥʘʧʽʚʧʨʠʯʝʧʘ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʫʭʫ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʛʨʫʥʪʫ.  
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʘʢʪʦʨ, ʧʨʠʯʝʧ, ʪʨʘʢʪʦʨʥʠʡ ʧʦʪʷʛ, ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ, ʢʦʣʠʚʘʥʥʷ, ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ. 

 

ʇʨʝʜʣʦʞʝʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʩʚʷʟʘʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ, ʧʨʦʜʦʣʴʥʦ-ʫʛʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʝʟʜʘ ʚ ʩʦʩʪʘʚʝ 
ʪʨʘʢʪʦʨʘ ʠ ʧʦʣʫʧʨʠʮʝʧʘ, ʘ ʪʘʢʞʝ ʢʨʫʪʷʱʠʭ ʢʦʣʝʙʘʥʠʡ ʢʦʣʝʩ, ʪʨʘʥʩʤʠʩʩʠʠ ʠ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪʴ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʥʘʛʨʫʟʦʢ ʠ 

ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʣʝʩʘ ʪʨʘʢʪʦʨʘ ʠ ʥʘ ʧʦʣʫʧʨʠʮʝʧ, ʧʨʦʛʠʙʦʚ ʨʝʩʩʦʨ ʠ ʥʘʛʨʫʟʦʢ ʚ ʩʦʝʜʠʥʝʥʠʠ ʪʨʘʢʪʦʨʘ ʩ 

ʧʦʣʫʧʨʠʮʝʧʦʤ. ʉʦʩʪʘʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʝʟʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʩʯʝʪʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ, 
ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʣʝʩʘ ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʝʟʜʘ ʚ ʩʦʩʪʘʚʝ ʪʨʘʢʪʦʨʘ ʠ ʧʦʣʫʧʨʠʮʝʧʘ ʚʦ ʚʨʝʤʷ ʝʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʛʨʫʥʪʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʢʪʦʨ, ʧʨʠʮʝʧ, ʪʨʘʢʪʦʨʥʳʡ ʧʦʝʟʜ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʣʝʙʘʥʠʷ, ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ. 

 
The offered dynamic model is for the calculation of the constrained vertical, Longitudinally ï corner  vibrations of tractor train in composition of 

tractor  and semitrailer, and also trailer vibrations of wheels, transmission and engine, that to allow to conduct the calculation of loading and trailer 

moments that operate on the wheels of tractor and on a half-trailer, bending of springs and loading in connection of tractor with a semitrailer.  The 
worked an out equation of motion of tractor train is used in the calculation of the dynamic loading and trailer moments that operate on the wheels of 

tractor train in composition of tractor and semitrailer during his motion on horizontal soil.  
Keywords: tractor, twisting, tractor train, dynamic model, oscillation, trailer moment. 

 

ɺʩʪʫʧ.  

ʇʠʪʘʥʥʶ ʚʠʙʦʨʫ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ  ʪʘ 

ʩʢʣʘʜʝʥʥʶ ʨʽʚʥʷʥʴ ʨʫʭʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʢʦʣʝʩʘ 

ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʪʨʘʢʪʦʨʽʚ ʧʨʠʩʚʷʯʝʥʦ ʨʷʜ ʧʨʘʮʴ [1- 9, 

ʪʘ ʽʥʰʽ]. ɹʘʛʘʪʦ ʘʚʪʦʨʽʚ ʨʦʟʛʣʷʜʘʶʪʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ ʧʦʜʦʚʞʥʴʦ-

ʢʫʪʦʚʽ ʢʦʣʠʚʘʥʥʷ  ʢʦʨʧʫʩʫ ʪʨʘʢʪʦʨʘ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʢʨʫʪʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʣʽʩ, ʘ ʢʦʣʠʚʘʥʥʷ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ, ʷʢ ʧʨʠʨʽʩʪ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʢʦʯʝʥʥʷ ʢʦʣʝʩʘ ʚ 

ʥʘʩʣʽʜʦʢ ʢʦʣʠʚʘʥʴ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʢʦʣʝʩʘ 

[7].  

ʋ ʧʨʘʮʽ [4] ʨʦʟʛʣʷʥʫʪʽ ʧʦʚ'ʷʟʘʥʽ ʢʦʣʠʚʘʥʥʷ 

ʢʦʨʧʫʩʫ ʪʨʘʢʪʦʨʘ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ   ʧʦʜʦʚʞʥʽʡ ʧʣʦʱʠʥʽ 

ʪʘ ʢʨʫʪʥʽ ʢʦʣʠʚʘʥʥʷ ʢʦʣʽʩ ʪʘ ʪʨʘʥʩʤʽʩʽʡ, ʘʣʝ ʜʠʥʘʤʽʯʥʽ 

ʩʢʣʘʜʦʚʽ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʩʫʤʘ 

ʧʨʠʨʦʩʪʫ ʤʦʤʝʥʪʫ ʦʧʦʨʫ  ʢʦʯʝʥʥʶ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʦʧʦʨʫ ʟʥʘʨʷʜʜʷ. 

ʋ ʧʨʘʮʽ [5] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʦʚ'ʷʟʘʥʽ ʢʦʣʠʚʘʥʥʷ 

ʦʩʪʦʚʫ ʪʨʘʢʪʦʨʘ ʚ ʧʨʦʜʦʚʞʥʽʡ ʧʣʦʱʠʥʽ ʪʘ ʢʨʫʪʥʠʭ 

ʢʦʣʠʚʘʥʴ ʪʨʘʥʩʤʽʩʽʾ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝ ʫʨʘʭʦʚʫʻʪʴʩʷ 

ʚʧʣʠʚ ʜʠʩʠʧʘʪʠʚʥʠʭ ʤʦʤʝʥʪʽʚ ʚ ʰʠʥʘʭ ʪʘ ʙʫʢʩʫʚʘʥʥʷ 

ʢʦʣʽʩ. 

ʋ ʧʨʘʮʽ [2] ʧʦʢʘʟʘʥʦ, ʱʦ ʛʦʣʦʚʥʦʶ ʧʨʠʯʠʥʦʶ 

ʚʠʥʠʢʥʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʻ 

ʢʽʥʝʤʘʪʠʯʥʝ ʨʦʟʫʟʛʦʜʞʝʥʥʷ ʢʦʣʽʩ ʪʘ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ 

ʚ ʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʨʘʜʽʫʩʘ ʢʦʯʝʥʥʷ ʢʦʣʽʩ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʣʽʥʽʡʥʝ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʣʠʚʘʥʴ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ. ɸʣʝ  ʧʨʠ 

ʮʴʦʤʫ ʥʝ ʚʨʘʭʦʚʘʥʠʡ ʚʧʣʠʚ ʙʫʢʩʫʚʘʥʥʷ ʪʘ  

ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʣ ʤʦʤʝʥʪʽʚ ʚ ʰʠʥʘʭ. 

ʋ ʧʨʘʮʽ [3] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʝ, ʱʦ ʤʽʞ 

ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʪʨʘʢʪʦʨʠ ʽ ʢʦʣʠʚʘʥʥʷʤʠ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʻ ʥʝʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ.  

 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ 
ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ï ʨʦʟʚʠʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʘʥʽʰ 

ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʪʷʛʫ ʪʘ ʚʠʚʝʩʪʠ ʨ̔ʚʥʷʥʥʷ ʡʦʛʦ ʨʫʭʫ   ʚ 

ʨʦʟʨʘʭʫʥʢʘʭ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʢʨʫʪʥʠʭ 

ʤʦʤʝʥʪʽʚ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʦʣʝʩʘ ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʪʷʛʫ ʚ 

ʩʢʣʘʜʽ ʪʨʘʢʪʦʨʘ ʪʘ ʥʘʧʽʚʧʨʠʯʝʧʘ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʫʭʫ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʛʨʫʥʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 
ʅʘ ʥʘʰʫ ʜʫʤʢʫ ʧʨʠʯʠʥʦʶ ʢʦʣʠʚʘʥʴ ʢʨʫʪʥʠʭ 

ʤʦʤʝʥʪʽʚ ʻ ʢʽʥʝʤʘʪʠʯʥʝ ʨʦʟʫʛʦʜʞʝʥʥʷ ʢʦʣʽʩ ʪʘ 

ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ, ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʜʠʥʘʤʽʯʥʦʛʦ 

ʨʘʜʽʫʩʘ ʢʦʣʝʩʘ, ʙʫʢʩʫʚʘʥʥʷ ʢʦʣʽʩ, ʘ ʪʘʢʦʞ ʢʦʣʠʚʘʥʥʷ 

ʩʠʣʠ ʦʧʦʨʫ ʟʥʘʨʷʜʜʷ ʪʘ ʩʠʣʠ ʦʧʦʨʫ ʢʦʯʝʥʥʷ ʪʨʘʢʪʦʨʘ, 

ʢʨʫʪʥʠʭ ʢʦʣʠʚʘʥʴ ʜʚʠʛʫʥʘ ʽ ʪʨʘʥʩʤʽʩʽʾ ʪʘ ʧʨʦʜʦʚʞʥʠʭ 

ʢʦʣʠʚʘʥʴ ʪʨʘʢʪʦʨʠ. 

ʋ ʧʨʘʮʽ [10] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʚ'ʷʟʘʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ, ʧʨʦʜʦʚʞʥʦ-

ʢʫʪʦʚʠʭ ʢʦʣʠʚʘʥʴ ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʪʷʛʫ ʚ ʩʢʣʘʜʽ 

ʪʨʘʢʪʦʨʘ 4ʂ4 ʪʘ ʥʘʧʽʚʧʨʠʯʝʧʘ, ʘ ʪʘʢʦʞ ʢʨʫʪʥʠʭ 

ʢʦʣʠʚʘʥʴ ʢʦʣʽʩ, ʪʨʘʥʩʤʽʩʽʾ ʪʘ ʜʚʠʛʫʥʘ ʪʨʘʢʪʦʨʘ, ʷʢʘ 

ʜʦʟʚʦʣʠʪʠ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʦʢ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ 

ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʢʦʣʝʩʘ ʪʨʘʢʪʦʨʘ ʪʘ ʥʘ 

ʧʽʚ ʧʨʠʯʝʧʘ, ʧʨʦʛʠʥʘʥʴ ʨʝʩʦʨ ʪʘ ʥʘʚʘʥʪʘʞʝʥʴ ʫ 

ʟ'ʻʜʥʘʥʥʽ ʪʨʘʢʪʦʨʘ ʟ ʥʘʧʽʚʧʨʠʯʝʧʦʤ.  ʋʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʧʽʜ ʛʦʜʠʥʘ  ʨʫʭʫ ʪʨʘʢʪʦʨʘ ʟ ʥʘʧʽʚʧʨʠʯʝʧʦʤ, ʷʢ 

ʧʨʘʚʠʣʦ ʚʢʣʶʯʘʶʪʴ ʦʜʠʥ ʚʝʜʫʯʠʡ ʤʽʩʪ, ʘ ʜʨʫʛʠʡ ʤʽʩʪ 

ʚʢʣʶʯʘʶʪʴ ʥʘ ʚʘʞʢʽʡ ʩʣʠʟʴʢʠʡ ʜʦʨʦʟʽ, ʜʝ ʚ ʥʘʩʣʽʜʦʢ 

ʙʫʢʩʫʚʘʥʥʷ ʢʦʣʽʩ ʟʛʣʘʜʞʫʶʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʚ ʧʨʘʮʽ [10] ʜʠʥʘʤʽʯʥʫ 

ʤʦʜʝʣʴ ʤʦʞʣʠʚʦ ʩʧʨʦʩʪʠʪʠ.  ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ 

ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʪʷʛʫ ʚ ʩʢʣʘʜʽ ʪʨʘʢʪʦʨʘ ʟ ʟʘʜʥʽʤ 

ʚʝʜʫʯʠʤ ʤʦʩʪʦʤ ʪʘ ʥʘʧʽʚʧʨʠʯʝʧʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1 

ʪʘ ʨʠʩ.2. 

ʇʨʠ ʩʢʣʘʜʘʥʥʽ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʟʨʦʙʣʝʥʽ 
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ʥʘʩʪʫʧʥʽ ʧʨʠʧʫʱʝʥʥʷ: 

1. ɺʢʣʶʯʝʥʠʡ ʦʜʠʥ ʟʘʜʥʽʡ ʤʽʩʪ. 

2. ɺʧʣʠʚʠ ʧʦʧʝʨʝʯʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʘʢʪʦʨʘ  ʥʝ 

ʚʨʘʭʦʚʫʶʪʴʩʷ. 

3. ɿ'ʻʜʥʘʥʥʥʷ  ʪʨʘʢʪʦʨʘ ʟ ʥʘʧʽʚʧʨʠʯʝʧʦʤ ʚʠʢʦʥʘʥʦ ʫ 

ʚʠʛʣʷʜʽ ʞʦʨʩʪʢʦʛʦ ʰʘʨʥʽʨʫ. 

4. ɺʧʣʠʚ  ʢʨʫʪʥʠʭ ʢʦʣʠʚʘʥʴ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʪʘ 

ʥʘʧʽʚʧʨʠʯʝʧʘ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ, ʚ ʥʘʩʣʽʜʦʢ ʤʘʣʦʩʪʽ 

ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ. 

     

 
 

ʈʠʩ. 1ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʪʷʛʫ ʜʣʷ  

ʩʢʣʘʜʝʥʥʷ ʨʽʚʥʷʥʴ ʢʦʣʠʚʘʥʥʷ ʪʨʘʢʪʦʨʘ ʪʘ ʥʘʧʽʚʧʨʠʯʝʧʘ 

 ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʦʜʦʚʞʥʽʡ ʧʣʦʱʠʥʽ 

 

5. ʉʽʣʽ ʧʨʫʞʥʦʛʦ ʦʧʦʨʫ ʰʠʥ ʚʚʘʞʘʻʤʦ ʣʽʥʽʡʥʦ 

ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʾʭ ʧʨʦʛʠʥʽʚ. ʂʦʝʬʽʮʽʻʥʪʠ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʰʠʥ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʡʥʷʪʠʤʠ 

ʧʦʩʪʽʡʥʠʤʠ ʧʨʠ ʜʦʤʽʥʫʶʯʠʡ ʯʘʩʪʦʪʽ ʢʦʣʠʚʘʥʴ, 

ʯʠ ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ. 

6. ʇʨʠʡʤʘʻʤʦ ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʪʨʘʢʪʦʨʘ ʷʢ 

ʪʨʴʦʭ ʤʘʩʦʚʫ ʩʠʩʪʝʤʫ, ʦʩʢʽʣʴʢʠ ʜʘʥʘ ʤʦʜʝʣʴ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ 

ʢʦʣʠʚʘʥʴ, ʷʢʽ ʤʘʶʪʴ ʦʙʫʨʝʥʥʷ ʫ ʢʦʥʪʘʢʪʽ ʢʦʣʝʩʘ ʟ 

ˇʨʫʥʪʦʤ. 

ʈʠʩ. 2 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ  ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʪʷʛʫ ʜʣʷ ʩʢʣʘʜʘʥʥʷ 

ʢʨʫʪʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʘʥʩʤʽʩʽʾ ʪʨʘʢʪʦʨʘ ʪʘ ʧʦʜʦʚʞʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʪʷʛʫ

ʇʨʠʡʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ:  

ʉ̔ ʜ,  ʂʽ   (ʽ=1, 2, 3, 4) ʚʽʜʧʦʚʽʜʥʦ ʞʦʨʩʪʢʽʩʪʴ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʽ-ʪʦʾ ʰʠʥʠ ʪʨʘʢʪʦʨʘ ʧʨʠ 

ʨʘʜʽʘʣʴʥʽʡ ʜʝʬʦʨʤʘʮʽʾ; 

ʂʫ2, ʂʭ2 ï ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʢʦʝʬʽʮʽʻʥʪ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʰʠʥ ʚʝʜʫʯʦʛʦ ʢʦʣʝʩʘ ʧʨʠ ʦʢʨʫʞʥʽʡ 

ʜʝʬʦʨʤʘʮʽʾ; 

ʉʧʧ, ʂʧʧ ï ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʢʦʝʬʽʮʽʻʥʪ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʧʽʜʚʽʩʢʠ ʥʘʧʽʚʧʨʠʯʝʧʘ; 

ʉʪ, ʂʪ ï ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʽʨʫʚʘʥʥʷ 

ʪʨʘʥʩʤʽʩʽʾ ʪʨʘʢʪʦʨʘ;  

ʉʫʨ, ʂʫʨ ï ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʢʦʝʬʽʮʽʻʥʪ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʧʝʨʝʜʥʴʦʾ ʧʽʜʚʽʩʢʠ ʪʨʘʢʪʦʨʘ ʧʨʠ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʣʠʚʘʥʥʷʭ; 

ʉʭʨ, ʂʭʨ ï ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʢʦʝʬʽʮʽʻʥʪ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʧʝʨʝʜʥʴʦʾ ʧʽʜʚʽʩʢʠ ʪʨʘʢʪʦʨʘ ʧʨʠ 

ʧʨʦʜʦʚʞʥʠʭ ʢʦʣʠʚʘʥʥʷʭ; 

ɯʪ,  ɯʧ,  ɯʜ ï ʚʽʜʧʦʚʽʜʥʦ ʤʦʤʝʥʪʠ ʪʘ ʽʥʝʨʮʽʾ 

ʪʨʘʢʪʦʨʘ, ʥʘʧʽʚʧʨʠʯʝʧʘ ʪʘ ʜʚʠʛʫʥʘ; 

mʪ, mʧ ï ʤʘʩʘ ʪʨʘʢʪʦʨʘ ʪʘ ʥʘʧʽʚʧʨʠʯʝʧʘ; 

mʤʪ, mʤʧ ï ʤʘʩʘ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ ʪʨʘʢʪʦʨʘ ʪʘ 

ʤʦʩʪʘ ʥʘʧʽʚʧʨʠʯʝʧʘ; 

hi (ʽ=1, 2, 3, 4) ï ʚʠʩʦʪʘ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʰʣʷʭʫ 

ʧʽʜ ʽ-ʪʠʤ ʢʦʣʝʩʦʤ; 

ʭʤ,  ʭʪ, ʭʧ  ï ʚʽʜʧʦʚʽʜʥʦ ʜʠʥʘʤʽʯʥʽ ʩʢʣʘʜʦʚʽ 

ʧʝʨʝʤʽʱʝʥʴ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ, ʪʨʘʢʪʦʨʘ, ʪʘ 

ʥʘʧʽʚʧʨʠʯʝʧʘ; 

Y i (ʽ=1, 2, 3, 4) ï ʚʝʨʪʠʢʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʽ-ʪʦʛʦ 

ʢʦʣʝʩʘ; 
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Zi (ʽ=1, 2, 3, 4) ï ʚʝʨʪʠʢʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʘʤʠ 

ʪʨʘʢʪʦʨʘ ʪʘ ʥʘʧʽʚʧʨʠʯʝʧʘ ʥʘʜ ʽ-ʪʠʤ ʢʦʣʝʩʦʤ; 

Zʪ,  Zʧ - - ʚʝʨʪʠʢʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʮʝʥʪʨʽʚ 

ʪʷʞʢʦʩʪʽ   ʪʨʘʢʪʦʨʘ ʪʘ ʥʘʧʽʚʧʨʠʯʝʧʘ ; 

űʪ,  űʧ,  űʢ,   űʜ ï ʚʽʜʧʦʚʽʜʥʦ ʜʠʥʘʤʽʯʥʽ ʩʢʣʘʜʦʚʽ 

ʢʫʪʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʪʨʘʢʪʦʨʘ,  ʥʘʧʽʚʧʨʠʯʝʧʘ, 

ʚʝʜʫʯʦʛʦ ʢʦʣʝʩʘ ʪʘ ʜʚʠʛʫʥʘ; 

Ŭh ï ʜʠʥʘʤʽʯʥʘ ʩʢʣʘʜʦʚʘ ʢʫʪʘ ʟʘʢʨʫʪʢʠ ʰʠʥʠ; 

ʍʟʪ, ʍʟʧ ï ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʨʝʘʢʮʽʾ ʚ ʟôʻʜʥʘʥʥʽ,  ʷʢʽ 

ʜʽʶʪʴ ʥʘ ʪʨʘʢʪʦʨ ʥʘ ʥʘʧʽʚʧʨʠʯʝʧ; 

Ɉʟʪ, Ɉʟʧ ï ʚʝʨʪʠʢʘʣʴʥʽ ʨʝʘʢʮʽʾ ʚ ʟôʻʜʥʘʥʥʽ,  ʷʢʽ 

ʜʽʶʪʴ ʥʘ ʪʨʘʢʪʦʨ ʥʘ ʥʘʧʽʚʧʨʠʯʝʧ; 

ȹɀʜ ï ʜʠʥʘʤʽʯʥʘ ʩʢʣʘʜʦʚʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʜʚʠʛʫʥʘ; 

ŭʙ ï ʙʫʢʩʫʚʘʥʥʷ ʚʝʜʫʯʦʛʦ ʢʦʣʝʩʘ; 

f ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ʢʦʣʽʩ; 

F  ̔   (ʽ=1, 2, 3, 4) ï ʩʠʣʘ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ʽ-ʪʦʛʦ 

ʢʦʣʝʩʘ; 

rqi  (ʽ=1, 2, 3, 4) ï ʜʠʥʘʤʽʯʥʠʡ ʨʘʜʽʫʩ ʽ-ʪʦʛʦ 

ʢʦʣʝʩʘ. 

ʈʽʚʥʷʥʥʷ  ʜʠʥʘʤʢ̔ʠ, ʷʢʽ  ʩʦʩʪʘʚʣʝʥʥʳʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ  ʩ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʴʶ ʧʨʠʚʝʜʝʥʳ 

ʥʠʞʝ: 

 

 

       ὍʜϽ•ʜ ʂʪϽ•ʜ •ʢ ʉʪϽ•ʜ •ʢ Ўʄʜ;                                                                      (1) 

Ὅʢ Ͻ•ʜ ʂʪϽ•ʜ •ʢ ʉʪϽ•ʜ •ʢ ςϽʂʰϽ‌h ςϽʉʰϽ‌h ;                                    (2) 

άʪϽὢʪ
ς

ὶ
ʂʰϽ‌h ʉʰϽ‌h ςϽὑ ὢʪ ὢʤ ςʉʭʨὢʪ ὢʤ  

ςὪὑ ὤ Ὤ ὅ ὤ Ὤ ὢʟʪ;                                                          (3) 

άʧὢʧ ςὪὑ ὣ ὣ Ὤ Ὤ ὅ ὣ ὣ Ὤ Ὤ ὢʟʧ;                                        (4) 

άʪὢʪ ςὑ ὢʭʨ ὢ ςʉʭʨὢʪ ὢ ςὪὑ ὤ Ὤ ὧὤ Ὤ ;                          (5) 

άʪὣʪ ςὑʫ ὤ ὣ ςὅʫ ὤ ὣ ςὑ ὣ Ὤ ςὅ ὣ Ὤ ;                                 (6) 

άʪὤʪ ςὑʫ ὤ ὣ ςὅʫ ὤ ὣ ςὑ ὤ Ὤ                                 

ςὅ ὤ Ὤ ςὅ ὤ Ὤ ὤʟʪ                                                                                           (7) 

Ὅʪ•ʪ ςὑʫ ὤ ὣ ὶ ςὅ ὤ ὣὶ ςὑ ὤ Ὤ ὶ ςὅ ὤ Ὤ ὶ                 

ςὑ ὢʪ ὢ Ὤ ςὅ ὢʪ ὢ Ὤ ςὑθʰᶿh Ὤ ςὅθʰ ᶿh Ὤ      

ὤʟʪὶ ὢʟʪὬʟʪ                                                                                                                                            (8) 

άʧὤʧ ςὑʧʧὤ ςὅʧʧὤ ὤʟʧ;                                                   (9) 

Ὅʧ•ʧ ςὑʧʧὤ
ὣ ὣ

ς
ʨ ςὅʧʧὤ

ὣ ὣ

ς
Ὤ                           

ςὪὊ ὑ ὣ ὣ Ὤ Ὤ ὅ ὣ ὣ Ὤ Ὤ ὤʟʧὬ ὢʟʧʍʟʧ                               (10) 

άʤʧὣ ὣ ὑ ὣ ὣ Ὤ Ὤ ὅ ὣ ὣ Ὤ Ὤ                     

ὑʧʧ ὤ ὅʧʧ
 
ὤ                                                                                           (11) 

ά ὣ ὣ ὑ Ὢ
ςὌ

ὰ
ὣ Ὤ ὅ Ὢ

ςὌ

ὰ
ὣ Ὤ                 

ὑ Ὢ ὣ Ὤ ὅ Ὢ ὣ Ὤ                                                                            (12) 

ʇʨʝʜʩʪʘʚʣʝʥʽ 12 ʨʽʚʥʷʥʴ ʨʫʭʫ ʤʽʩʪʷʪʴ 20 

ʥʝʚʽʜʦʤʠʭ ʟʤʽʥʥʠʭ. ʆʜʥʫ ʟ ʥʠʭ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, 

ʢʦʨʠʩʪʫʶʯʠʩʴ ʚʽʜʦʤʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʨʫʭʫ ʜʚʠʛʫʥʘ ʟ 

ʨʝʛʫʣʷʪʦʨʦʤ [4]. ʂʨʽʤ ʪʦʛʦ, ʟʘʧʠʰʝʤʦ 7 ʨʽʚʥʷʥʴ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ, ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʽ ʩʠʣʦʚʦʛʦ ʟʚ'ʷʟʢʫ. 

ʈʽʚʥʷʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ : 

                                                                                      ὤʪ ;                                                                          (13) 

                                                                                       •ʪ ;                                                                               (14) 
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                                                             ὤʧ ;                                                           (15) 

                                                               •ʧ .;                                                                  (16) 

 

 

ʈʽʚʥʷʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʢʦʯʝʥʥʷ ʢʦʣʝʩʘ ʧʦ ʛʨʫʥʪʦʚʦʤʫ ʬʦʥʫ: 

 

ʪ

ʙ
‫ • ‌h ὶ ;                                                               (17) 

ʜʝ           ὶ ὶ ὤ Ὤ ὸὪὥὶὧὧέί ; 

ὶï ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʨʘʜʽʫʩʫ ʧʨʦʚʽʜʥʦʛʦ ʢʦʣʝʩʘ; 

 ʙ - ʙʫʢʩʫʚʘʥʥʷ ʢʦʣʝʩʘ, ʚʠʟʥʘʯʘʻʤʦ ʧʦ ʥʘʩʪʫʧʥʽʡ‏
ʝʤʧʽʨʠʯʥʽʡ ʬʦʨʤʫʣʽ [7]: 

 

ʙ‏               ὒ Ὀ ;                   (18) 

 

ὖ ὖ ὑθ ᶿ ὅθ ᶿïʜʦʪʠʯʥʘ   ʩʠʣʘ  

ʪʷʛʠ   ʥʘ  ʚʝʜʫʯʦʤʫ ʢʦʣʝʩʽ;        

ὗ ὗ ὑ ὤ Ὤ ὅ ὤ Ὤ   ï 

ʨʘʜʽʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʝʜʫʯʝ ʢʦʣʝʩʦ.                                              

ὖ   ̔ὗ    ï ʚʽʜʧʦʚʽʜʥʦ, ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ 

ʜʦʪʠʯʥʦʾ ʩʠʣʠ ʪʷʛʠ ʽ ʨʘʜʽʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʧʨʦʚʽʜʥʦʤʫ ʢʦʣʝʩʽ. 

ʈʽʚʥʷʥʥʷ ʩʠʣʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʩʢʣʘʜʝʤʦ ʟ ʫʤʦʚʠ 

ʚʟʘʻʤʦʜʽʾ ʪʨʘʢʪʦʨʘ ʽ ʥʘʧʽʚʧʨʠʯʝʧʘ ʚ ʟʯʝʧʣʝʥʥʽ. ʗʢʱʦ 

ʧʨʠʡʥʷʪʠ ʜʦʧʫʱʝʥʥʷ, ʱʦ ʰʘʨʥʽʨ ʟʯʝʧʣʝʥʥʷ ʞʦʨʩʪʢʠʡ 

ʽ ʥʝ ʤʘʻ ʧʨʦʤʽʞʢʫ, ʨʽʚʥʷʥʥʷ ʩʠʣʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʤʘʶʪʴ 

ʚʠʛʣʷʜ: 

 

               ὤʩʧ ὤʩʪ π;                         (19) 

                   ὢʩʧ ὢʩʪ π.                         (20)  

ɺʠʩʥʦʚʦʢ  

ʉʢʣʘʜʝʥʝ ʨʚ̔ʥʷʥʥʷ ʨʫʭʫ ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʪʷʛʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʫ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʢʦʣʝʩʘ 

ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʪʷʛʫ ʚ ʩʢʣʘʜʽ ʪʨʘʢʪʦʨʘ ʪʘ ʥʘʧʽʚʧʨʠʯʝʧʘ 

ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʫʭʫ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʛʨʫʥʪʫ. 
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ɺ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʘʥʪʠʙʣʦʢʠʨʦʚʦʯʥʦʡ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʧʨʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʪʦʨʤʦʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʤʦʜʫʣʷʮʠʠ ʜʘʚʣʝʥʠʷ, ʚʳʷʚʣʝʥʳ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʥʝʛʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʨʘʩʢʨʳʪ 
ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʫʧʨʘʚʣʷʝʤʦʡ ʧʫʣʴʩʘʮʠʠ, ʚʦʟʤʦʞʥʳʝ ʨʘʩʭʦʜʳ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʜʘʚʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʪʠʙʣʦʢʠʨʦʚʦʯʥʘʷ ʩʠʩʪʝʤʘ, ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʤʦʜʫʣʷʪʦʨ ʜʘʚʣʝʥʠʷ, ʨʘʩʭʦʜ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, 
ʨʝʣʝʡʥʳʡ ʩʧʦʩʦʙ ʤʦʜʫʣʷʮʠʠ. 

 

Analysis of possibilities for the use of pulse width modulation in the automation braking process self-propelled machines (for example, anti-lock 
system) has been done in this scientific paper. Existing methods of modulating pressure were analyzed, positive and negative characteristics of each 

of them were detected, recommendations as to their improvement were formulated, the nature of the change in the controlled drive pressure 

pulsations, the possible costs of compressed air at the pressure modulation, and the influence on the quality of regulation was disclosed. 
Keywords: anti-lock system, pulse width modulation, the modulator of pressure, compressed air consumption, relay  method of modulation. 

 

ɺʩʪʫʧ. ʇʝʨʰʽ ʧʘʪʝʥʪʠ ʥʘ ʘʥʪʠʙʣʦʢʫʚʘʣʴʥʽ 

ʩʠʩʪʝʤʠ (ɸɹʉ) ʟôʷʚʠʣʠʩʷ ʱʝ ʚ ʢʽʥʮʽ 20 ʨʦʢʽʚ 20 

ʩʪʦʣʽʪʪʷ, ʩʝʨʽʡʥʝ ʦʩʥʘʱʝʥʥʷ ʣʝʛʢʦʚʠʭ ʪʘ ʚʘʥʪʘʞʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ɸɹʉ ʨʦʟʧʦʯʘʣʦʩʷ ʚ 1969 ʨ., ʢʦʣʽʩʥʠʭ 

ʪʨʘʢʪʦʨʽʚ ʚ 2010 ʨ. ʇʨʦʪʝ ʥʘ ʪʝʧʝʨʽʰʥʽ ʯʘʩ ʚʩʝ ʱʝ 

ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷ ʩʪʦʩʦʚʥʦ ʚʠʙʦʨʫ 

ʩʧʦʩʦʙʫ ʤʦʜʫʣʷʮʽʾ ʪʠʩʢʫ ʚ ɸɹʉ ʜʣʷ ʩʘʤʦʭʽʜʥʠʭ 

ʤʘʰʠʥ ʟ  ʧʥʝʚʤʘʪʠʯʥʠʤ ʛʘʣʴʤʽʚʥʠʤ ʧʨʠʚʦʜʦʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. 

ʄʦʜʫʣʷʮʽʷ    ʪʠʩʢʫ  ʚ ʛʘʣʴʤʽʚʥʦʤʫ ʧʨʠʚʦʜʽ 

ʘʚʪʦʤʦʙʽʣʽʚ  ʧʨʠ ʨʦʙʦʪʽ ɸɹʉ ʟʛʽʜʥʦ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʘʥʠʭ [1]  ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʦʜʥʠʤ ʟ ʪʨʴʦʭ ʩʧʦʩʦʙʽʚ: 

ʨʝʣʝʡʥʠʤ, ʟ ʢʝʨʦʚʘʥʦʶ ʧʫʣʴʩʘʮʽʻʶ ʪʘ  ʣʽʥʽʡʥʠʤ 

ʙʝʟʧʝʨʝʨʚʥʠʤ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ, ʷʢ ʟʘʫʚʘʞʫʶʪʴ ʘʚʪʦʨʠ ʨʦʙʦʪʠ 

[2], ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʻ ʙʘʛʘʪʦʬʘʟʥʠʡ ʥʝʨʝʣʝʡʥʠʡ 

ʩʧʦʩʽʙ ʤʦʜʫʣʷʮʽʾ ʪʠʩʢʫ. ʅʘʞʘʣʴ, ʽʥʬʦʨʤʘʮʽʷ ʱʦ ʜʦ 

ʘʣʛʦʨʠʪʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʝʨʝʣʝʡʥʠʭ ʩʧʦʩʦʙʽʚ 

ʤʦʜʫʣʷʮʽʾ ʪʠʩʢʫ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʥʦʟʝʤʥʽ ʢʦʤʧʘʥʽʾ 

ʚʽʜʩʫʪʥʷ. 

ʋ ʨʦʙʦʪʽ [1] ʜʦʚʝʜʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ (ʐɯʄ) (ʢʝʨʦʚʘʥʘ 

ʧʫʣʴʩʘʮʽʷ), ʢʦʪʨʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʽ ʘʜʘʧʪʠʚʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ɸɹʉ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʱʫ ʷʢʽʩʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʽʡ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʦʜʫʣʷʪʦʨʘ ʪʠʩʢʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʽ ʚ ʨʦʙʦʪʽ [3], 

ʧʨʦʪʝ, ʫ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʥʝʜʦʣʽʢʫ ʟʘʟʥʘʯʘʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʥʷ ʚʠʪʨʘʪʠ ʟʘʧʘʩʽʚ ʩʪʠʩʣʦʛʦ ʧʦʚʽʪʨʷ ʚ 

ʧʨʦʮʝʩʽ ʤʦʜʫʣʷʮʽʾ. 

ʂʦʞʝʥ ʟ ʥʘʚʝʜʝʥʠʭ ʩʧʦʩʦʙʽʚ ʤʦʜʫʣʷʮʽʾ: 

ʨʝʣʝʡʥʠʡ, ʟ ʢʝʨʦʚʘʥʦʶ ʧʫʣʴʩʘʮʽʻʶ,  ʣʽʥʽʡʥʠʡ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʪʘ ʥʝʨʝʣʝʡʥʠʡ ʤʘʻ ʷʢ ʩʚʦʾ ʥʝʜʦʣʽʢʠ ʪʘʢ ʽ 

ʧʝʨʝʚʘʛʠ.   

ʄʝʪʘ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʜʘʥʦʾ 

ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯʄ ʧʨʠ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ. 

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ 

ʩʧʦʩʦʙʠ ʤʦʜʫʣʷʮʽʾ ʪʠʩʢʫ ʚ ɸɹʉ, ʚʠʷʚʠʪʠ ʧʦʟʠʪʠʚʥʽ ʪʘ 

ʥʝʛʘʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʽʟ ʥʠʭ, ʩʬʦʨʤʫʣʶʚʘʪʠ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦ ʜʦ ʾʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ,  ʨʦʟʢʨʠʪʠ 

ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ ʧʨʠ ʢʝʨʦʚʘʥʽʡ 

ʧʫʣʴʩʘʮʽʾ, ʤʦʞʣʠʚʽ ʚʠʪʨʘʪʠ ʩʪʠʩʣʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠ 

ʤʦʜʫʣʷʮʽʾ ʪʠʩʢʫ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʨʦʪʥʦ-

ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ, ʦʙʩʷʛʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʜʦʮʽʣʴʥʦ ʚʠʜʽʣʠʪʠ ʯʦʪʠʨʠ ʛʨʫʧʠ 

ʩʧʦʩʦʙʽʚ ʤʦʜʫʣʷʮʽʾ: ʨʝʣʝʡʥʠʡ, ʟ ʢʝʨʦʚʘʥʦʶ 

ʧʫʣʴʩʘʮʽʻʶ,  ʣʽʥʽʡʥʠʡ ʙʝʟʧʝʨʝʨʚʥʠʡ ʪʘ ʥʝʨʝʣʝʡʥʠʡ 

[4].   

ʈʝʣʝʡʥʽ ʩʧʦʩʦʙʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʚʝʣʠʢʽ 

ʛʨʫʧʠ: ʨʝʣʝʡʥʽ ʮʠʢʣʽʯʥʽ ʪʘ ʙʘʛʘʪʦʬʘʟʦʚʽ ʥʝʮʠʢʣʽʯʥʽ.  

ʈʝʣʝʡʥʠʡ ʮʠʢʣʽʯʥʠʡ ʩʧʦʩʽʙ ʤʘʻ ʥʘ ʫʚʘʟʽ 

ʮʠʢʣʽʯʥʫ ʟʤʽʥʫ ʬʘʟ  ʧʽʜʚʠʱʝʥʥʷ, ʟʥʠʞʝʥʥʷ ʧʨʠ 

ʤʦʞʣʠʚʦʩʪʽ ʬʽʢʩʘʮʽʾ ʪʠʩʢʫ ʥʘ ʧʝʚʥʦʤʫ ʨʽʚʥʽ. 

ʇʝʨʝʤʠʢʘʥʥʷ ʬʘʟ ʩʪʘʨʘʶʪʴʩʷ ʦʨʛʘʥʽʟʫʚʘʪʠ ʪʘʢ, ʱʦʙ 

ʬʘʟʦʚʘ ʢʨʠʚʘ ʦʭʦʧʣʶʚʘʣʘ ʢʨʘʧʢʫ ʤʘʢʩʠʤʫʤʫ 

ʟʘʣʝʞʥʦʩʪʽ űïS ʜʽʘʛʨʘʤʠ [4].  

ʅʠʟʴʢʘ ʧʝʨʝʰʢʦʜʦʩʪʽʡʢʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʮʠʢʣʽʯʥʠʡ ʩʧʦʩʽʙ ʤʦʜʫʣʷʮʽʾ, ʟʫʤʦʚʠʣʘ 

ʧʦʰʫʢʠ ʽʥʰʠʭ, ʙʽʣʴʰ ʧʝʨʝʰʢʦʜʦʩʪʽʡʢʠʭ ʛʨʫʧ 

ʘʣʛʦʨʠʪʤʽʚ. ɼʦ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ ʥʘʣʝʞʠʪʴ ʛʨʫʧʘ, ʱʦ 

ʨʝʘʣʽʟʫʻ ʙʘʛʘʪʦʬʘʟʦʚʠʡ ʥʝʮʠʢʣʽʯʥʠʡ ʩʧʦʩʽʙ ʤʦʜʫʣʷʮʽʾ 

[4]. 

ʇʨʠ ʙʘʛʘʪʦʬʘʟʦʚʽʡ ʥʝʮʠʢʣʽʯʥʽʡ ʤʦʜʫʣʷʮʽʾ 

ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʯʘʩʫ ʛʘʣʴʤʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

É ɸ. ɯ. ɹʦʥʜʘʨʝʥʢʦ, ɼ. ʄ. ʂʣʝʮ, ɺ. ʖ. ʊʢʘʯʦʚ, 2017 
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ʧʦʚʽʣʴʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʪʘ ʟʥʠʞʝʥʥʽ ʪʠʩʢʫ ʧʨʠ 

ʟʘʟʜʘʣʝʛʽʜʴ ʥʝ ʧʝʨʝʜʙʘʯʝʥʽʡ ʽ ʥʝ ʦʙʫʤʦʚʣʝʥʽʡ 

ʘʣʛʦʨʠʪʤʦʤ ʯʝʨʛʦʚʦʩʪʽ ʟʤʽʥ ʬʘʟ ʽ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ 

ʧʝʨʝʤʠʢʘʥʥʷ ʤʽʞ ʜʚʦʤʘ ʥʘʡʙʣʠʞʯʠʤʠ ʬʘʟʘʤʠ.  

ʈʝʣʝʡʥʽ ʘʣʛʦʨʠʪʤʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʛʦ ʚʠʙʦʨʦʤ ʤʦʤʝʥʪʽʚ ʧʦʜʘʯʽ ʩʠʛʥʘʣʽʚ ʥʘ 

ʨʦʟʛʘʣʴʤʫʚʘʥʥʷ, ʟʘʛʘʣʴʤʦʚʫʚʘʥʥʷ, ʬʽʢʩʘʮʽʶ, 

ʢʦʨʠʛʫʚʘʥʥʷ ʪʝʤʧʫ ʟʤʽʥʠ ʪʠʩʢʫ. ɺʩʝ ʮʝ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʭʘʨʘʢʪʝʨʽ ʟʤʽʥʠ ʪʠʩʢʫ ʫ ʚʠʢʦʥʘʚʯʽʡ 

ʯʘʩʪʠʥʽ ʛʘʣʴʤʽʚʥʦʛʦ ʧʨʠʚʦʜʫ ʪʘ ʥʘ ʜʠʥʘʤʽʯʥʦʤʫ ʩʪʘʥʽ 

ʟʘʛʘʣʴʤʦʚʫʚʘʥʦʛʦ ʢʦʣʝʩʘ. 

ɺʩʽ ʨʝʣʝʡʥʽ ʩʧʦʩʦʙʠ ʤʦʜʫʣʷʮʽʾ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʥʝʚʤʘʪʠʯʥʦʤʫ ʛʘʣʴʤʽʚʥʦʤʫ 

ʧʨʠʚʦʜʽ, ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ [4]: 

ʜʚʦʬʘʟʥʘ, ʪʨʠʬʘʟʥʘ  ʪʘ ʙʘʛʘʪʦʬʘʟʥʘ ʤʦʜʫʣʷʮʽʾ,  

ʆʩʥʦʚʥʠʤ ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʘʜʘʧʪʠʚʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʣʝʡʥʠʭ ɸɹʉ ʻ ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʬʘʟ ʨʝʛʫʣʶʚʘʥʥʷ ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʯʠʩʣʘ. ʉʘʤʝ ʟ ʮʠʤ 

ʧʦʚ'ʷʟʘʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʬʘʟʦʚʠʭ ɸɹʉ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʽʩʪʦʪʥʦ ʥʘʙʣʠʟʠʪʠ ʚʝʣʠʯʠʥʫ ʛʘʣʴʤʽʚʥʦʛʦ 

ʤʦʤʝʥʪʫ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʢʦʣʝʩʘ, ʜʦ ʤʦʤʝʥʪʫ ʧʦ 

ʟʯʝʧʣʝʥʥʶ ʽ ʪʠʤ ʩʘʤʠʤ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ. ʇʨʦʪʝ, ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʥʘʚʯʘ ʯʘʩʪʠʥʘ 

ɸɹʉ ʫʩʢʣʘʜʥʶʻʪʴʩʷ [4].      

ʃʽʥʽʡʥʠʡ ʙʝʟʧʝʨʝʨʚʥʠʡ  ʩʧʦʩʽʙ ʤʦʜʫʣʷʮʽʾ 

ʪʠʩʢʫ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʦʩʦʙʫ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ɸɹʉ ʪʘ 

ʾʾ ʚʠʢʦʥʘʚʯʽʡ ʯʘʩʪʠʥʽ ʧʨʠʚʝʣʦ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ  

ʣʽʥʽʡʥʠʭ ʙʝʟʧʝʨʝʨʚʥʠʭ ɸɹʉ [4], ʱʦ ʚ ʜʘʥʠʡ ʯʘʩ 

ʚʚʘʞʘʶʪʴʩʷ ʩʢʣʘʜʥʠʤʠ ʽ ʜʦʨʦʛʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʘʣʝ 

ʜʦʩʠʪʴ ʽʥʪʝʥʩʠʚʥʦ ʚʝʜʫʪʴʩʷ ʨʦʙʦʪʠ ʧʦ ʫʜʦʩʢʦʥʘʣʝʥʥʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʣʘʧʘʥʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ 

ʫʩʪʘʥʦʚʣʶʚʘʪʠ ʪʠʩʢ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʥʘʧʨʫʟʽ ʥʘ 

ʢʦʪʫʰʮʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ. ʇʨʠʥʮʠʧ ʣʽʥʽʡʥʦʾ ʤʦʜʫʣʷʮʽʾ 

ʧʦʣʷʛʘʻ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʫʩʫʥʝʥʥʽ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʤʽʞ ʛʘʣʴʤʽʚʥʠʤ ʤʦʤʝʥʪʦʤ ʽ ʤʦʤʝʥʪʦʤ ʧʦ ʟʯʝʧʣʝʥʥʶ. 

ɿʤʽʥʘ ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ ʧʨʠ ʨʦʙʦʪʽ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʤʦʞʝ ʙʫʪʠ ʙʣʠʟʴʢʦʶ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ. 

ʃʽʥʽʡʥʘ ʙʝʟʧʝʨʝʨʚʥʘ ʤʦʜʫʣʷʮʽʷ ʷʚʣʷʻʪʴʩʷ 

ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ [5, 6]. ʅʘ ʮʝʡ ʯʘʩ ʚʞʝ 

ʽʩʥʫʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʢʣʘʧʘʥʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ  ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʤʽʞ ʧʝʨʝʤʽʱʝʥʥʷʤ 

ʩʝʨʜʝʯʥʠʢʘ ʪʘ ʥʘʧʨʫʛʦʶ, ʱʦ ʧʦʜʘʻʪʴʩʷ, ʘʣʝ ʣʠʰʝ ʧʨʠ 

ʤʘʣʦʤʫ ʭʦʜʽ ʩʝʨʜʝʯʥʠʢʘ. ɺʟʘʛʘʣʽ ʚʯʝʥʠʤʠ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʜʦʩʠʪʴ ʤʘʣʦ ʫʚʘʛʠ ʮʴʦʤʫ ʩʧʦʩʦʙʫ ʽʟ-ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʘʮʝʟʜʘʪʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ, ʷʢʽ ʤʦʞʥʘ 

ʙ ʙʫʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʜʫʣʷʪʦʨʽʚ 

ʪʠʩʢʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʣʽʥʽʡʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʤʦʜʫʣʷʮʽʾ. 

ʅʝʨʝʣʝʡʥʠʡ ʩʧʦʩʽʙ ʤʦʜʫʣʷʮʽʾ ʪʠʩʢʫ. 

ʆʜʥʦʢʘʥʘʣʴʥʽ ʤʦʜʫʣʷʪʦʨʠ ʪʠʩʢʫ ʚʠʢʦʥʫʶʪʴʩʷ ʷʢ 

ʨʝʣʝʡʥʠʤʠ, ʪʘʢ ʽ ʥʝʨʝʣʝʡʥʠʤʠ. ʈʝʣʝʡʥʽ ʢʣʘʧʘʥʠ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʥʘʧʽʚʧʨʠʯʝʧʘʭ ʽ ʧʨʠʯʝʧʘʭ. ʋ ʚʩʽʭ 

ʽʥʰʠʭ ʪʠʧʘʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʪʦʙʪʦ ʚ ʘʚʪʦʙʫʩʘʭ, 

ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ ʽ ʩʽʜʝʣʴʥʠʭ ʘʚʪʦʧʦʾʟʜʘʭ, ʘ 

ʪʘʢʦʞ ʚ ʧʨʠʯʝʧʘʭ ʽ ʘʚʪʦʤʦʙʽʣʷʭ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʨʝʣʝʡʥʽ ʢʣʘʧʘʥʠ. 

ʊʘʢʽ ʪʠʧʠ ʢʣʘʧʘʥʽʚ ʫʧʨʘʚʣʷʶʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ 

ʜʚʦʧʦʟʠʮʽʡʥʠʤʠ ʢʣʘʧʘʥʘʤʠ [2]. 

ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ 

ʥʝʨʝʣʝʡʥʦʤʫ ʩʧʦʩʦʙʽ ʤʦʜʫʣʷʮʽʾ  ʜʽʘʬʨʘʛʤʝʥʥʠʭ 

ʢʣʘʧʘʥʽʚ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʫ ʚ ʚʠʢʦʥʘʚʯʠʭ 

ʘʧʘʨʘʪʘʭ ʻ ʙʽʣʴʰʽ ʧʨʦʭʽʜʥʽ ʧʝʨʝʪʠʥʠ ʥʽʞ ʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʪʘ ʙʽʣʴʰʘ ʰʚʠʜʢʦʜʽʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʨʰʥʝʚʠʤʠ ʢʣʘʧʘʥʘʤʠ, ʦʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ  ï 

ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʛʨʦʤʽʟʜʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʜʫʣʷʪʦʨʽʚ 

ʪʠʩʢʫ.  

ʉʧʦʩʦʙʠ ʟ ʢʝʨʦʚʘʥʦʶ ʧʫʣʴʩʘʮʽʻʶ ʪʠʩʢʫ. ʉʫʪʴ 

ʪʘʢʠʭ ʩʧʦʩʦʙʽʚ ʧʦʣʷʛʘʻ ʚ ʯʘʩʪʦʪʥʽʡ ʣʽʥʝʘʨʠʟʘʮʽʾ ʟʤʽʥʠ 

ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ, ʜʝ ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʽʡ (ʯʠʩʣʦ ʬʘʟ) 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʝ ʟʘʜʘʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʚ ʨʝʣʝʡʥʠʭ ɸɹʉ, ʘ 

ʧʨʠʤʫʩʦʚʦ ʧʫʣʴʩʘʪʦʨʦʤ. ɺʠʱʝ ʥʘʚʝʜʝʥʽ ʜʽʾ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ,  ʯʘʩʫ ʩʠʛʥʘʣʫ 

ʽ ʪ.ʧ. ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʟʯʝʧʣʝʥʥʷ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ [4 

ï 6]. ʇʝʨʝʚʘʛʦʶ ʪʘʢʦʛʦ ʟʘʩʦʙʫ ʚʽʜʥʦʩʥʦ ʽʥʰʠʭ ʻ ʪʝ, ʱʦ 

ʢʝʨʦʚʘʥʘ ʧʫʣʴʩʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʩʪʦʛʦ ʜʚʦʧʦʟʠʮʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʣʘʧʘʥʘ. 

ʈʝʘʣʽʟʘʮʽʷ ʢʝʨʦʚʘʥʦʾ ʧʫʣʴʩʘʮʽʾ ʤʦʞʣʠʚʘ, 

ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯʄ [4]. ʐɯʄ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʛʘʣʴʤʫʚʘʥʥʷʤ ʘʚʪʦʤʦʙʽʣʷ ʧʦʣʷʛʘʻ ʚ 

ʮʠʢʣʽʯʥʦʤʫ ʟʘʛʘʣʴʤʦʚʫʚʘʥʥʽ ʪʘ ʨʦʟʛʘʣʴʤʫʚʘʥʥʽ ʢʦʣʝʩʘ 

ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʪʨʠʚʘʣʦʩʪʽ ʮʠʢʣʫ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʢʦʨʝʢʪʫʚʘʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʬʘʟ 

ʟʘʛʘʣʴʤʦʚʫʚʘʥʥʷ ʽ ʨʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ. ʊʘʢʘ ʤʦʜʫʣʷʮʽʷ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʦʜʘʯʝʶ ʥʘ ʜʚʦʭʬʘʟʦʚʠʡ ʤʦʜʫʣʷʪʦʨ 

ʪʠʩʢʫ ʚ ʛʘʣʴʤʽʚʥʦʤʫ ʧʨʠʚʦʜʽ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ 

ʧʦʩʪʽʡʥʦʾ ʯʘʩʪʦʪʠ ʽ ʟʤʽʥʥʦʾ ʰʧʘʨʫʚʘʪʦʩʪʽ. 

ʋ ʣʽʪʝʨʘʪʫʨʽ [7] ʧʽʜ ʰʧʘʨʫʚʘʪʽʩʪʶ ʧʫʣʴʩʘʮʽʡ 

ʨʦʟʫʤʽʶʪʴ ʧʘʨʘʤʝʪʨ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʚʽʜʥʦʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʬʘʟʠ ʩʧʦʨʦʞʥʝʥʥʷ ʜʦ ʧʝʨʽʦʜʫ 

ʩʠʛʥʘʣʫ: 

 pt
C

T
= ,                                       (1) 

ʜʝ  tʨ ï ʪʨʠʚʘʣʽʩʪʴ ʬʘʟʠ ʩʧʦʨʦʞʥʝʥʥʷ; 

T ï ʧʝʨʽʦʜ ʩʠʛʥʘʣʫ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1 ï ʌʦʨʤʘ ʩʠʛʥʘʣʫ ʧʨʠ ʐɯʄ 

 

ʊʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʐɯʄ ʜʣʷ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ ʧʨʠʚʦʜʫ ʦʙʫʤʦʚʣʝʥʘ 

ʩʧʝʮʠʬʽʯʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥʠ ʪʠʩʢʫ ʚ ʛʘʣʴʤʽʚʥʽʡ 

ʢʘʤʝʨʽ ʧʨʠ ʾʭ ʥʘʧʦʚʥʝʥʥʽ ʪʘ ʩʧʦʨʦʞʥʝʥʥʽ, ʱʦ ʧʦʣʷʛʘʻ 

ʚ ʟʤʽʥʽ ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ ʧʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʭ 

ʟʘʣʝʞʥʦʩʪʷʭ (ʨʠʩ. 2). ɿ ʨʠʩ. 2 ʚʠʜʥʦ, ʱʦ ʧʽʜʪʨʠʤʢʘ ʚ 

ʛʘʣʴʤʽʚʥʽʡ ʢʘʤʝʨʽ ʪʠʩʢʫ Pcp= Pcp1  ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ 

ʰʣʷʭʦʤ ʯʝʨʛʫʚʘʥʥʷ ʬʘʟ ʥʘʧʦʚʥʝʥʥʷ ʪʘ ʩʧʦʨʦʞʥʝʥʥʷ 

ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʥʘʧʦʚʥʝʥʥʷ  tʟ1 ʽ ʪʨʠʚʘʣʦʩʪʽ 

ʩʧʦʨʦʞʥʝʥʥʷ  tʨ1. ʊʘʢʘ ʟʤʽʥʘ ʬʘʟ ʤʦʞʝ ʙʫʪʠ 

ʟʘʙʝʟʧʝʯʝʥʘ ʰʣʷʭʦʤ ʧʦʜʘʯʽ ʥʘ ʜʚʦʭʬʘʟʦʚʠʡ 
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ʤʦʜʫʣʷʪʦʨ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʧʝʨʽʦʜʦʤ  T ʽ 

ʰʧʘʨʫʚʘʪʽʩʪʶ C1. ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʚ ʢʘʤʝʨʽ ʪʠʩʢʫ  Pcp= 

Pcp2 ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʯʝʨʛʫʚʘʥʥʷ ʬʘʟ, 

ʘʣʝ ʚʞʝ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʥʘʧʦʚʥʝʥʥʷ tʟ2 ʽ ʪʨʠʚʘʣʦʩʪʽ 

ʩʧʦʨʦʞʥʝʥʥʷ tʨ2, ʪʦʙʪʦ ʰʧʘʨʫʚʘʪʦʩʪʽ ʩʠʛʥʘʣʫ C2 (ʨʠʩ. 

2) [4]. 

 

 
 

ʈʠʩ. 2 ï ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʚ ɻʂ ʧʨʠ ʟʚʠʯʘʡʥʦʤʫ 

ʥʘʧʦʚʥʝʥʥʽ ʪʘ ʩʧʦʨʦʞʥʝʥʥʽ (ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ) ʪʘ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ (ʧʫʥʢʪʠʨʥʽ ʣʽʥʽʾ) [7] 

 

ɸʥʘʣʽʟ ʬʘʟʦʚʠʭ ʜʽʘʛʨʘʤ (ʨʠʩ. 3), ʱʦ ʦʪʨʠʤʘʥʽ ʚ 

ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɸɹʉ ʟ ʐɯʄ 

ʪʘ ʨʝʣʝʡʥʦʾ ʪʨʠʬʘʟʥʦʾ ɸɹʉ, ʧʦʢʘʟʘʣʠ ʢʨʘʱʫ ʷʢʽʩʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʟʤʽʥʠ ʜʦʨʦʞʥʽʭ ʫʤʦʚ ʤʘʻ ɸɹʉ ʟ ʐɯʄ, ʥʽʞ ʨʝʣʝʡʥʽ 

ɸɹʉ [7]. ɺ ʨʦʙʦʪʘʭ [4, 7] ʜʦʚʝʜʝʥʽ ʮʽ ʞ ʧʝʨʝʚʘʛʠ  ɸɹʉ 

ʟ ʐɯʄ, ʘʣʝ ʥʘʜ ʙʘʛʘʪʦʬʘʟʥʦʶ ʥʝʮʠʢʣʽʯʥʦʶ ɸɹʉ. 

 

 
 

ʈʠʩ. 3 ï ʌʘʟʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʫ ʨʝʛʫʣʶʚʘʥʥʷ [7]: 1 

ï ʧʨʠ ʪʨʴʦʭʬʘʟʥʽʡ ʮʠʢʣʽʯʥʽʡ ʤʦʜʫʣʷʮʽʾ ʪʠʩʢʫ; 

2 ï ʧʨʠ ʘʜʘʧʪʠʚʥʽʡ ɸɹʉ ʟ ʐɯʄ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʐɯʄ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʚʠʩʦʢʽ 

ʘʜʘʧʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɸɹʉ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ 

ʰʧʘʨʫʚʘʪʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʛʘʣʴʤʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʯʝʧʣʝʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʱʫ 

ʷʢʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʽʡ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʜʫʣʷʪʦʨʘ ʪʠʩʢʫ.  

ʋʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʩʠʛʥʘʣʫ 

ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʧʨʠ ʐɯʄ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʨʦʙʦʪʽ 

[5, 6], ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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ʜʝ C0 ï ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ ʰʧʘʨʫʚʘʪʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʝ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ  ʪʠʩʢʫ ʚ ʛʘʣʴʤʽʚʥʦʤʫ ʧʨʠʚʦʜʽ; 

     Kh ï  ʢʦʝʬʽʮʽʻʥʪ ʯʫʪʣʠʚʦʩʪʽ; 

     ɣijï ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʢʦʣʝʩʘ (i=r ï ʧʨʘʚʠʡ ʙʦʨʪ, 

i=l ï ʣʽʚʠʡ ʙʦʨʪ, j=1 ï ʧʝʨʝʜʥʷ ʚʽʩʴ, j=2 ï ʟʘʜʥʷ 

ʚʽʩʴ); 

      Knij ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʙʥʠʭ ʜʽʡ; 

      ɔï ʧʦʚʟʜʦʚʞʥʻ ʫʧʦʚʽʣʴʥʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ; 

      rdij ï ʜʠʥʘʤʽʯʥʠʡ ʨʘʜʽʫʩ ʢʦʣʝʩʘ; 

      Kc ï ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝʤʧ 

ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ  ʧʨʠ ʙʣʦʢʫʚʘʥʥʽ ʢʦʣʽʩ; 

     t ï ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ; 

     C01ijï ʟʥʘʯʝʥʥʷ Cij ʫ ʤʦʤʝʥʪ ʧʝʨʝʤʠʢʘʥʥʷ ʥʘ ʫʤʦʚʫ 

(4) ʟ (2) ʘʙʦ (3); 

     ɤij ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʢʦʣʝʩʘ. 

ʅʝʜʦʩʪʘʪʥʷ ʚʝʣʠʯʠʥʘ Knij ʤʦʞʝ ʟʤʝʥʰʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʙʥʦʾ ʜʽʾ, ʱʦ ʧʨʠʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʫʥʘʩʣʽʜʦʢ ʧʦʚʽʣʴʥʦʾ 

ʥʘʩʪʨʦʡʢʠ ʥʘ ʤʘʢʩʠʤʘʣʴʥʝ ʫʧʦʚʽʣʴʥʝʥʥʷ, ʘ ʥʘʜʪʦ 

ʚʝʣʠʢʘ ï ʧʨʠʚʝʜʝ ʜʦ ʽʩʪʦʪʥʦʛʦ ʧʝʨʝʛʘʣʴʤʦʚʫʚʘʥʥʷ 

ʢʦʣʝʩʘ.  ɺʝʣʠʯʠʥʦʶ Kh ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʫʪʣʠʚʽʩʪʴ 

ʩʠʩʪʝʤʠ ʜʦ ʟʤʽʥʠ ʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʢʦʣʝʩʘ. ʇʨʠ 

ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʚʝʣʠʯʠʥʠ Kh ʨʝʘʢʮʽʷ ɸɹʉ ʥʘ ʟʤʽʥʫ 

ʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʝ ʩʧʦʚʽʣʴʥʝʥʦʶ,  ʧʨʠ ʥʘʜʤʽʨʥʦ 

ʚʝʣʠʢʦʤʫ ʟʥʘʯʝʥʥʽ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʤʦʞʣʠʚʘ 

ʟʥʠʞʝʥʘ ʩʪʽʡʢʽʩʪʴ ʧʨʦʮʝʩʫ ʨʝʛʫʣʶʚʘʥʥʷ ʽʟ-ʟʘ 

ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʫʥʘʩʣʽʜʦʢ ʧʽʜʚʠʱʝʥʦʾ ʨʝʘʢʮʽʾ 

ʩʠʩʪʝʤʠ ʥʘ ʟʤʽʥʫ ʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ [6]. 

ʇʽʜʚʠʱʝʥʥʷ ʛʘʣʴʤʽʚʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʢʝʨʦʚʘʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʩʘʤʦʭʽʜʥʦʾ ʤʘʰʠʥʠ ʟ 

ʧʥʝʚʤʘʪʠʯʥʠʤ ʛʘʣʴʤʽʚʥʠʤ ʧʨʠʚʦʜʦʤ ʪʘ ɸɹʉ ʟ ʐɯʄ 

ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʠʛʥʘʣʫ: ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʙʥʦʾ 

ʜʽʾ Knij ʪʘ ʯʫʪʣʠʚʦʩʪʽ  Kh  ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʤʽʥʥʠʤʠ, 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʜʦʨʦʞʥʽʭ ʫʤʦʚ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʦʣʝʩʘ. ʉʘʤʝ ʨʽʰʝʥʥʶ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʽ ʧʨʠʩʚʷʯʝʥʘ 

ʨʦʙʦʪʘ [8], ʚ ʷʢʽʡ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʯʫʪʣʠʚʦʩʪʽ Kh  

ʧʨʦʧʦʥʫʶʪʴ ʚʠʟʥʘʯʘʪʠ ʟ ʥʘʩʪʫʧʥʦʛʦ ʚʠʨʘʟʫ 
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ʜʝ Ű ï ʧʦʚʟʜʦʚʞʥʻ ʫʧʦʚʽʣʴʥʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ. 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʙʥʦʾ ʜʽʾ Knij 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ 
 

0nij n ijK K a S b c dt t b= - Ö + Ö + Ö ° Ö,               (6) 

 

ʜʝ  Kn0 ï ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʙʥʦʾ ʜʽʾ 

ʥʘ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʛʘʣʴʤʫʚʘʥʥʷ; 
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      a,b ï  ʧʦʩʪʽʡʥʽ  ʢʦʝʬʽʮʽʻʥʪʠ,  ʷʢʽ  ʚʠʟʥʘʯʘʶʪʴʩʷ  ʟʘ 

ʤʝʪʦʜʠʢʦʶ ʟ ʨʦʙʦʪʠ  [8]; 

      Sij ï ʢʦʚʟʘʥʥʷ ʢʦʣʝʩʘ; 

      c ï ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʤʽʥʫ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʢʦʣʝʩʘ ʧʦ ʦʩʷʭ ʢʦʣʽʩʥʦʾ ʤʘʰʠʥʠ ʧʽʜ 

ʜʽʻʶ ʧʦʚʟʜʦʚʞʥʴʦʾ ʩʠʣʠ ʽʥʝʨʮʽʾ; 

      d ï ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʤʽʥʫ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʢʦʣʝʩʘ  ʧʦ ʙʦʨʪʘʭ ʢʦʣʽʩʥʦʾ ʤʘʰʠʥʠ 

ʧʽʜ ʜʽʻʶ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʽʥʝʨʮʽʾ. 

      ɓ ï ʧʦʧʝʨʝʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ. 

ʋ ʨʽʚʥʷʥʥʽ (6) ʟʥʘʢ ç+è ï ʜʣʷ ʢʦʣʽʩ ʟʦʚʥʽʰʥʴʦʛʦ 

ʙʦʨʪʘ, çïè ï ʜʣʷ ʢʦʣʽʩ ʚʥʫʪʨʽʰʥʴʦʛʦ ʙʦʨʪʘ ʘʚʪʦʤʦʙʽʣʷ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ [9] ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʤʽʥʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʨʦʙʥʦʾ ʜʽʾ Knij ʪʘ ʯʫʪʣʠʚʦʩʪʽ  Kh  ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ 

ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʜʽʣʷʥʮʽ ʟ ɸɹʉ ʟ ʐɯʄ 

ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ 

ʰʣʷʭʫ ʥʘ 1,95 ï 19%, ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ʥʘ  0,39 ï 15% ʪʘ 

ʚʽʜʭʠʣʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜ ʟʘʜʘʥʦʾ 

ʪʨʘʻʢʪʦʨʽʾ ʥʘ 2,12 ï 9,37% ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʘʨʽʘʥʪʦʤ, 

ʢʦʣʠ Knij=const ʪʘ  Kh=const. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʐɯʄ ʜʦʥʝʜʘʚʥʘ 

ʟʘʣʠʰʘʣʘʩʴ ʧʽʜʚʠʱʝʥʘ ʚʠʪʨʘʪʘ ʟʘʧʘʩʽʚ ʩʪʠʩʣʦʛʦ 

ʧʦʚʽʪʨʷ ʥʘ ʤʦʜʫʣʷʮʽʶ ʪʠʩʢʫ ʫ ʚʠʢʦʥʘʚʯʠʭ ʘʧʘʨʘʪʘʭ. 

ɺʠʭʽʜ ʟʥʘʡʰʣʠ ʘʚʪʦʨʠ [10], ʷʢʽ ʟʘʧʨʦʧʦʥʫʚʘʣʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʷʪʦʨʘ ʪʠʩʢʫ ʟʽ ʟʤʽʥʥʠʤʠ 

ʧʨʦʭʽʜʥʠʤʠ ʧʝʨʝʪʠʥʘʤʠ (ʨʠʩ. 4). 
 

 
 

ʈʠʩ. 4 ï ʄʦʜʫʣʷʪʦʨ ʪʠʩʢʫ ʟʽ ʟʤʽʥʥʠʤʠ ʧʨʦʭʽʜʥʠʤʠ 

ʧʝʨʝʪʠʥʘʤʠ ʥʘ ʙʘʟʽ ʢʣʘʧʘʥʘ ʧʨʠʩʢʦʨʝʥʦʾ ʜʽʾ ʧʨʠ ʥʘʧʦʚʥʝʥʥʽ 

ʫʧʨʘʚʣʷʶʯʦʾ ʧʦʨʦʞʥʠʥʠ ʯʝʨʝʟ ʤʘʢʩʠʤʘʣʴʥʽ ʧʨʦʭʽʜʥʽ 

ʧʝʨʝʪʠʥʠ: 

1 ï ʢʦʨʧʫʩ; 2 ï ʢʣʘʧʘʥ; 3, 16, 17 ï ʧʨʫʞʥʽʡ ʝʣʝʤʝʥʪ;  

4 ï ʧʦʨʰʝʥʴ; 5 ï ʫʧʨʘʚʣʷʶʯʘ ʧʦʨʦʞʥʠʥʘ; 6 ï ʢʘʥʘʣ 

ʧʽʜʢʣʶʯʝʥʥʷ ʨʝʩʠʚʝʨʘ; 7 ï ʢʘʥʘʣ  ʧʽʜʢʣʶʯʝʥʥʷ ʛʘʣʴʤʽʚʥʠʭ 

ʢʘʤʝʨ; 8 ï ʢʣʘʧʘʥ; 9, 18 ï ʢʘʥʘʣʠ;  10 ï h ʪʦʢ; 11 ï ʧʠʣʴʦʚʠʢ; 12 

ï ʩʝʨʜʝʯʥʠʢ; 13,  14 ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʢʣʘʧʘʥʠ; 15 ï ʢʦʪʫʰʢʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ; 19 ï ɦ ʽʣʠʥʘ; 20 ï ʜʨʦʩʝʣʴ; 21,  22  ï ʦʪʚʽʨ. 

 

ʊʝʭʥʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʷʛʘʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʩʝʨʜʝʯʥʠʢ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʢʣʘʧʘʥʘʤʠ 

ʚʠʢʦʥʘʥʠʡ ʟ ʜʚʦʭ ʚʟʘʻʤʥʦ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ, ʦʜʥʘ ʟ 

ʷʢʠʭ ʚʠʢʦʥʘʥʘ ʟ ʤʘʛʥʽʪʥʦʛʦ, ʽʥʰʘ ï ʟ ʥʝʤʘʛʥʽʪʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʤʽʞ ʯʘʩʪʠʥʘʤʠ ʩʝʨʜʝʯʥʠʢʘ ʚʩʪʘʥʦʚʣʝʥʠʡ 

ʟʘʟʜʘʣʝʛʽʜʴ ʩʪʠʩʣʠʡ ʧʨʫʞʥʽʡ ʝʣʝʤʝʥʪ, ʘ ʚʟʘʻʤʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥ ʩʝʨʜʝʯʥʠʢʘ ʦʙʤʝʞʝʥʦ ʫʧʦʨʘʤʠ, 

ʧʨʠ ʮʴʦʤʫ ʨʫʭʦʤʠʡ ʝʣʝʤʝʥʪ ʢʣʘʧʘʥʘ ʩʧʦʣʫʯʝʥʥʷ 

ʫʧʨʘʚʣʷʶʯʦʾ ʧʦʨʦʞʥʠʥʠ ʟ ʘʪʤʦʩʬʝʨʦʶ ʨʦʟʤʽʱʝʥʠʡ ʥʘ 

ʥʝʤʘʛʥʽʪʥʽʡ ʯʘʩʪʠʥʽ ʩʝʨʜʝʯʥʠʢʘ, ʨʫʭʦʤʠʡ ʝʣʝʤʝʥʪ 

ʢʣʘʧʘʥʘ ʩʧʦʣʫʯʝʥʥʷ ʫʧʨʘʚʣʷʶʯʦʾ ʧʦʨʦʞʥʠʥʠ ʟ 

ʦʨʛʘʥʦʤ ʫʧʨʘʚʣʽʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʧʨʠʚʦʜʫ ʨʦʟʤʽʱʝʥʠʡ 

ʥʘ ʤʘʛʥʽʪʥʽʡ ʯʘʩʪʠʥʽ ʩʝʨʜʝʯʥʠʢʘ ʥʘ ʨʫʭʦʤʦʤʫ ʱʦʜʦ 

ʤʘʛʥʽʪʥʦʾ ʯʘʩʪʠʥʠ ʝʣʝʤʝʥʪʽ, ʧʽʜʧʨʫʞʠʥʝʥʦʤʫ 

ʚʽʜʥʦʩʥʦ ʡʦʛʦ ʫ ʙʽʢ ʟʘʢʨʠʪʪʷ ʮʴʦʛʦ ʢʣʘʧʘʥʘ, ʧʨʠʯʦʤʫ,  

ʩʝʨʜʝʯʥʠʢ ʱʦʜʦ ʢʦʨʧʫʩʫ ʧʽʜʧʨʫʞʠʥʝʥ ʫ ʙʽʢ ʚʽʜʢʨʠʪʪʷ 

ʮʴʦʛʦ ʢʣʘʧʘʥʘ ʧʨʫʞʥʽʤ ʝʣʝʤʝʥʪʦʤ ʽʟ ʩʪʫʧʽʥʯʘʩʪʦ 

ʟʤʽʥʥʦʶ ʫ ʙʽʢ ʟʨʦʩʪʘʥʥʷ ʧʦ ʭʦʜʫ ʩʝʨʜʝʯʥʠʢʘ 

ʞʦʨʩʪʢʽʩʪʶ, ʟʘʟʦʨ ʚ ʮʴʦʤʫ ʢʣʘʧʘʥʽ ʤʝʥʰʝ ʭʦʜʫ 

ʩʝʨʜʝʯʥʠʢʘ ʜʦ ʪʦʯʢʠ ʟʤʽʥʠ ʞʦʨʩʪʢʦʩʪʽ, ʤʝʥʰʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʟʘʻʤʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥ 

ʩʝʨʜʝʯʥʠʢʘ, ʤʝʥʰʝ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʩʝʨʜʝʯʥʠʢʘ ʱʦʜʦ ʢʦʨʧʫʩʫ, ʚ ʨʫʭʦʤʦʤʫ 

ʱʦʜʦ ʤʘʛʥʽʪʥʦʾ ʯʘʩʪʠʥʠ ʩʝʨʜʝʯʥʠʢʘ ʝʣʝʤʝʥʪʽ 

ʚʠʢʦʥʘʥʠʡ ʜʨʦʩʝʣʴ. 
 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʝʣʠ, 

ʱʦ ʚʠʪʨʘʪʠ ʩʪʠʩʣʦʛʦ ʧʦʚʽʪʨʷ  ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ 

ʩʘʤʦʭʽʜʥʦʾ ʤʘʰʠʥʠ ʟ ɸɹʉ ʟ ʐɯʄ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʫʣʷʪʦʨʘ ʪʠʩʢʫ ʟʽ ʟʤʽʥʥʠʤʠ ʧʨʦʭʽʜʥʠʤʠ 

ʧʝʨʝʪʠʥʘʤʠ ʥʘ ʙʘʟʽ ʢʣʘʧʘʥʘ ʧʨʠʩʢʦʨʝʥʦʾ ʜʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʠʥʥʠʤ ʧʨʘʚʠʣʘʤ ɭɽʂ ʆʆʅ ˉ13 [11] 

(ʟʘʧʘʩʫ ʩʪʠʩʣʦʛʦ ʧʦʚʽʪʨʷ ʧʦʚʠʥʥʦ ʚʠʩʪʘʯʘʪʠ ʥʘ ʨʦʙʦʪʫ 

ɸɹʉ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʟ ʧʦʯʘʪʢʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʥʝ 

ʤʝʥʰʝ 50 ʢʤ/ʛʦʜ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ 

ʟʯʝʧʣʝʥʥʷ ʥʝ ʙʽʣʴʰʝ 0,3 ʧʨʦʪʷʛʦʤ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʥʝ 

ʤʝʥʰʝ 15 ʩʝʢʫʥʜ. ʇʦʪʽʤ ʧʨʠ ʟʫʧʠʥʝʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ ʯʦʪʠʨʠ ʨʘʟʠ ʧʽʜʨʷʜ ʥʘʪʠʩʢʘʶʪʴ 

ʧʦʚʥʽʩʪʶ ʥʘ ʧʝʜʘʣʴ ʨʦʙʦʯʦʛʦ ʛʘʣʴʤʘ, ʧʨʠ ʧ'ʷʪʦʤʫ 

ʥʘʪʠʩʥʝʥʥʽ ʥʘ ʛʘʣʴʤʽʚʥʫ ʧʝʜʘʣʴ ʩʘʤʦʭʽʜʥʦʾ ʤʘʰʠʥʠ 

ʧʦʚʠʥʥʦ ʟʘʛʘʣʴʤʫʚʘʪʠ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʘʚʘʨʽʡʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʶ ʥʘʚʘʥʪʘʞʝʥʦʾ ʩʘʤʦʭʽʜʥʦʾ 

ʤʘʰʠʥʠ). ɺ ʷʢʦʩʪʽ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʪʫʧʘʚ 

ʧʨʦʮʝʩ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ (ʜʦʨʦʞʥʽ ʫʤʦʚʠ ï ʣʽʜ 

(űxmax=0,1),  ʚʘʛʘ ʘʚʪʦʤʦʙʽʣʷ  ʤʘʢʩʠʤʘʣʴʥʘ (ʂʨɸɿ-

6510), ʛʘʣʴʤʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʧʦʯʘʪʢʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ 60 ʢʤ/ʛʦʜ), ʚ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʛʘʣʴʤʫʚʘʥʥʷ  ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʘʚʪʦʤʦʙʽʣʴ ʟ ɸɹʉ 

ʟʘʛʘʣʴʤʫʚʘʚ ʟʘ 19,2 ʩ ʽ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʧʨʘʚʠʣ 

ɭɽʂ ʆʆʅ ˉ13 ʧʦʚʽʪʨʷ ʚʠʩʪʘʯʠʣʦ ʥʘ ʟʘʛʘʣʴʤʦʚʫʚʘʥʥʷ 

ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʘʚʘʨʽʡʥʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʶ ʥʘʚʘʥʪʘʞʝʥʦʾ  ʩʘʤʦʭʽʜʥʦʾ ʤʘʰʠʥʠ [12]. 

ɺʠʩʥʦʚʢʠ.  
1. ʈʝʣʝʡʥʽ ɸɹʉ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʧʥʝʚʤʘʪʠʯʥʠʤ 

ʛʘʣʴʤʽʚʥʠʤ ʧʨʠʚʦʜʦʤ ʥʝ ʚ ʟʤʦʟʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʨʠʡʥʷʪʥʫ ʷʢʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʽʟ-ʟʘ ʥʠʟʴʢʠʭ 

ʘʜʘʧʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʾʭ 

ʚʠʢʦʥʘʚʯʦʾ ʯʘʩʪʠʥʠ. ʇʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʝʣʝʡʥʠʤʠ ɸɹʉ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʽʩʪʦʪʥʦʛʦ 

ʫʩʢʣʘʜʥʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ 
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ʚʠʢʦʥʘʚʯʦʾ ʯʘʩʪʠʥʠ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʚʘʨʪʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

2. ʃʽʥʽʡʥʘ ʙʝʟʧʝʨʝʨʚʥʘ ʤʦʜʫʣʷʮʽʷ ʪʠʩʢʫ 

ʷʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʚ ʟʚôʷʟʢʫ ʟ 

ʚʠʩʦʢʦʶ ʘʜʘʧʪʠʚʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ, ʟʤʝʥʰʝʥʦʶ 

ʚʠʪʨʘʪʦʶ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʥʘʡʤʝʥʰ 

ʧʦʰʠʨʝʥʦʶ ʧʦ ʧʨʠʯʠʥʽ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʘʮʝʟʜʘʪʥʦʾ 

ʚʠʢʦʥʘʚʯʦʾ ʯʘʩʪʠʥʠ ɸɹʉ ï ʤʦʜʫʣʷʪʦʨʽʚ ʪʠʩʢʫ. 

3. ɺʩʽ ʽʩʥʫʶʯʽ ɸɹʉ, ʷʢʠʤʠ ʦʙʣʘʜʥʫʶʪʴʩʷ 

ʩʘʤʦʭʽʜʥʽ ʤʘʰʠʥʠ ʟ ʧʥʝʚʤʘʪʠʯʥʠʤ ʛʘʣʴʤʽʚʥʠʤ 

ʧʨʠʚʦʜʦʤ, ʤʘʶʪʴ ʜʦʩʠʪʴ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ: ʧʽʜʚʠʱʝʥʫ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʜʫʣʷʪʦʨʘ ʪʠʩʢʫ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʧʨʠʩʪʨʦʾʚ, ʱʦ ʜʨʦʩʝʣʶʶʪʴ, ʜʽʘʬʨʘʛʤ ʽ ʪ.ʧ.)  ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʩʪʠʩʣʦʛʦ ʧʦʚʽʪʨʷ.  

4. ʆʧʪʠʤʘʣʴʥʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, 

ʘʜʘʧʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʩʦʙʽʚʘʨʪʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʻ ɸɹʉ ʟ ʐɯʄ. 

5. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʫʣʷʪʦʨʽʚ ʪʠʩʢʫ ʥʘ ʙʘʟʽ 

ʢʣʘʧʘʥʘ ʧʨʠʩʢʦʨʝʥʦʾ ʜʽʾ ʟʽ ʟʤʽʥʥʠʤʠ ʧʨʦʭʽʜʥʠʤʠ 

ʧʝʨʝʪʠʥʘʤʠ ʜʦʟʚʦʣʷʻ ʣʽʢʚʽʜʫʚʘʪʠ ʦʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ 

ɸɹʉ ʟ ʐɯʄ ï ʧʽʜʚʠʱʝʥʽ ʚʠʪʨʘʪʠ ʟʘʧʘʩʽʚ ʩʪʠʩʣʦʛʦ 

ʧʦʚʽʪʨʷ ʥʘ ʤʦʜʫʣʷʮʽʶ ʪʠʩʢʫ ʫ ʚʠʢʦʥʘʚʯʠʭ ʘʧʘʨʘʪʘʭ. 

6. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʤʽʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʙʥʦʾ 

ʜʽʾ ʪʘ ʯʫʪʣʠʚʦʩʪʽ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʘʚʪʦʤʦʙʽʣʷ ʥʘ 

ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʜʽʣʷʥʮʽ ʟ ɸɹʉ ʟ ʐɯʄ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ 

ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ, ʢʫʨʩʦʚʦʛʦ 

ʢʫʪʘ  ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜ ʟʘʜʘʥʦʾ 

ʪʨʘʻʢʪʦʨʽʾ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʘʨʽʘʥʪʦʤ, ʢʦʣʠ Knij=const ʪʘ  

Kh=const. 
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ɹ. ʀ. ʂɸʃʔʏɽʅʂʆ, ɺ. ɺ. ʈɽɼʏʀʎ, ɽ. ɺ. ɻʆʃʆɺʀʅɸ 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʈʀɺʆʃʀʅɽʁʅʆɻʆ ɼɺʀɾɽʅʀʗ ɼɺʋʍɿɺɽʅʅʆɻʆ ɸɺʊʆʇʆɽɿɼɸ ʅɸ 

ʇʈʀʄɽʈɽ ʄɸʅɽɺʈɸ çʇɽʈɽʉʊɸɺʂɸè  

 
ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʢʨʠʚʦʣʽʥʽʡʥʠʡ ʨʫʭ ʜʚʦʣʘʥʢʦʚʦʛʦ ʘʚʪʦʧʦʾʟʜʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʘʥʝʚʨʫ çʧʝʨʝʩʪʘʚʢʘè ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʦʧʨʘʮʴʦʚʘʥʽʡ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʢʣʘʜʝʥʦʾ ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʤʘʻ ʧʝʨʰʦʨʷʜʥʝ ʟʥʘʯʝʥʥʷ ʚ ʬʦʨʤʫʚʘʥʥʽ ʪʨʘʻʢʪʦʨʽʾ ʘʚʪʦʧʦʾʟʜʘ ʷʢ ʧʨʦʚʽʜʥʦʾ 
ʣʘʥʢʠ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʯʘʩ ʟʘʧʽʟʥʶʚʘʥʥʷ ʨʝʘʢʮʽʾ ʘʚʪʦʧʦʾʟʜʘ ʥʘ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʢʫʪʽʚ ʚʽʜʚʝʜʝʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʨʦʙʦʪʽ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʜʚʦʣʘʥʢʦʚʦʛʦ ʘʚʪʦʧʦʾʟʜʘ ʜʦʟʚʦʣʷʻ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʧʨʦʚʦʜʠʪʠ ʽʤʽʪʘʮʽʶ 

ʤʘʥʝʚʨʫ "ʧʝʨʝʩʪʘʚʢʘ" ʥʘ ʞʦʨʩʪʢʠʭ ʢʦʣʝʩʘʭ ʽ ʜʘʚʘʪʠ ʧʦʧʝʨʝʜʥʶ ʦʮʽʥʢʫ ʢʝʨʦʚʘʥʦʩʪʽ ʽ ʩʪʽʡʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ.  
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʨʠʚʠʟʥʘ ʪʨʘʻʢʪʦʨʽʾ, ʢʫʪ ʩʢʣʘʜʘʥʥʷ, ʯʘʩ ʟʘʧʽʟʥʶʚʘʥʥʷ, ʤʘʥʝʚʨ çʧʝʨʝʩʪʘʚʢʘè. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʨʠʚʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʜʚʫʭʟʚʝʥʥʦʛʦ ʘʚʪʦʧʦʝʟʜʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʘʥʝʚʨʘ çʧʝʨʝʩʪʘʚʢʘè ʩ ʧʦʤʦʱʴʶ ʜʦʨʘʙʦʪʘʥʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʦʩʪʘʚʣʝʥʥʦʡ ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʠʤʝʶʱʝʛʦ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʨʘʝʢʪʦʨʠʠ 

ʘʚʪʦʧʦʝʟʜʘ ʢʘʢ ʚʝʜʫʱʝʛʦ ʟʚʝʥʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʨʝʘʢʮʠʠ ʘʚʪʦʧʦʝʟʜʘ ʥʘ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʙʝʟ ʫʯʝʪʘ ʫʛʣʦʚ ʫʚʦʜʘ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʜʚʫʭʟʚʝʥʥʦʛʦ ʘʚʪʦʧʦʝʟʜʘ ʧʦʟʚʦʣʷʝʪ ʚ ʧʝʨʚʦʤ 
ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʦʚʦʜʠʪʴ ʠʤʠʪʘʮʠʶ ʤʘʥʝʚʨʘ "ʧʝʨʝʩʪʘʚʢʘ" ʥʘ ʞʝʩʪʢʠʭ ʢʦʣʝʩʘʭ ʠ ʜʘʚʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ  ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʚʠʟʥʘ ʪʨʘʝʢʪʦʨʠʠ, ʫʛʦʣ ʩʢʣʘʜʳʚʘʥʠʷ, ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ, ʤʘʥʝʚʨ çʧʝʨʝʩʪʘʚʢʘè. 

The article discusses the curvilinear motion of two section road-train at maneuver "lane changing" using the modified mathematical model drawn up 

for a single vehicle having paramount importance in shaping the trajectory of road-trains as a driving member. The mathematical model takes into 

account the time lag in the reaction road-train control action but without taking into slip angles. The proposed method for constructing the trajectory 
of two  section road-train allows a first approximation, to conduct simulation maneuver "lane changing" on hard wheels and give a preliminary 

assessment of the controllability and stability of the vehicle at the design stage. 

Keywords: curvature of the trajectory, the folding angle, delay time, maneuver "lane changing" curvature of the trajectory, the folding angle, 
delay time, manoeuvre "lane changing". 

ɺʚʝʜʝʥʠʝ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʘʚʪʦʧʦʝʟʜʘ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʧʨʦʚʝʨʢʘ ʢʦʪʦʨʳʭ 

ʧʨʦʚʦʜʠʪʩʷ ʚʦ ʚʨʝʤʷ ʟʘʚʦʜʩʢʠʭ ʠ ʧʨʠʝʤʦʯʥʳʭ 

ʠʩʧʳʪʘʥʠʡ. ʃʶʙʦʝ ʠʩʧʳʪʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ ʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 

ʬʠʥʘʥʩʦʚʳʭ  ʟʘʪʨʘʪ. ʇʦʵʪʦʤʫ, ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ 

ʜʦʚʦʜʢʠ ʠ ʩʦʟʜʘʥʠʷ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʥʦʚʳʭ 

ʘʚʪʦʧʦʝʟʜʦʚ, ʢʦʥʩʪʨʫʢʪʦʨʫ ʝʱʝ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʫʞʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ  ʦʥ ʙʳ ʤʦʛ ʝʱʝ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʦʩʥʦʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ  ʘʚʪʦʧʦʝʟʜʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʤʘʥʝʚʨʘ çʧʝʨʝʩʪʘʚʢʘè ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʜʦʚʦʜʢʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʧʳʪʥʳʭ 

ʦʙʨʘʟʮʦʚ ʥʦʚʳʭ ʘʚʪʦʧʦʝʟʜʦʚ ʠ ʧʨʦʚʝʩʪʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʠʭ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ.  

ɸʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ. ʀʩʩʣʝʜʫʝʤʦʤʫ ʚʦʧʨʦʩʫ 

ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʗ.ʍ. ɿʘʢʠʥʘ, ɺ.ʇ. ʉʘʭʥʦ, ɺ.ʄ. 

ʇʦʣʷʢʦʚʘ, ʈ.ʄ. ʂʫʟʥʝʮʦʚʘ, ʃ.ʀ. ɿʘʚʴʷʣʦʚʦʡ, ɼ.ɸ. 

ɸʥʪʦʥʦʚʘ, ɻ.ɸ. ʉʤʠʨʥʦʚʘ, ɺ.ɸ. ɻʦʨʝʣʦʚʘ, ɸ.ɻ. 

ɹʦʣʜʳʨʝʚʘ ʉ.ʉ. ʐʘʜʨʠʥʘ ʠ ʜʨ. 

ɸʥʘʣʠʟ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʜʝʣʷʶʪ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ  ʠʟʫʯʝʥʠʶ 

ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ  ʜʚʠʞʝʥʠʷ, ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, ʝʸ 

ʢʨʠʚʠʟʥʝ ʢʘʢ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʥʝʰʥʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ. ʀ ʵʪʦ ʥʝ ʩʣʫʯʘʡʥʦ, ʪʘʢ ʢʘʢ 

ʵʪʠ ʚʦʧʨʦʩʳ ʩʚʷʟʘʥʳ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʘʚʪʦʧʦʝʟʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ. ʇʦʵʪʦʤʫ, 

ʠʟʫʯʝʥʠʝ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʚʫʭʟʚʝʥʥʳʭ 

ʘʚʪʦʧʦʝʟʜʦʚ ʥʘ ʧʨʠʤʝʨʝ ʚʳʧʦʣʥʝʥʠʷ ʤʘʥʝʚʨʘ 

çʧʝʨʝʩʪʘʚʢʘè, ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʝʱʝ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʜʚʫʭʟʚʝʥʥʦʛʦ ʘʚʪʦʧʦʝʟʜʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʘʥʝʚʨʘ 

çʧʝʨʝʩʪʘʚʢʘè. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

ï ʨʘʟʨʘʙʦʪʘʪʴ  ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠ ʙʦʣʝʝ 

ʪʦʯʥʳʡ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʜʚʫʭʟʚʝʥʥʦʛʦ ʘʚʪʦʧʦʝʟʜʘ ʥʘ ʞʝʩʪʢʠʭ 

ʢʦʣʝʩʘʭ;  

ï ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭʟʚʝʥʥʦʛʦ ʘʚʪʦʧʦʝʟʜʘ 10Ĭ10 

ʂʨɸɿ-6010 ʧʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

ʨʘʩʯʝʪʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʥʘ ʞʝʩʪʢʠʭ ʢʦʣʝʩʘʭ 

ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ 

ʩʦʚʝʨʰʝʥʠʠ ʤʘʥʝʚʨʘ çʧʝʨʝʩʪʘʚʢʘè ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʇʘʨʘʤʝʪʨʳ 

ʪʨʘʝʢʪʦʨʠʠ ʘʚʪʦʧʦʝʟʜʘ (ʩʤ. ʨʠʩ. 1) ʥʘ ʞʝʩʪʢʠʭ ʢʦʣʝʩʘʭ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʙʝʟ ʫʯʝʪʘ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ ʠ 

ʤʦʤʝʥʪʦʚ, ʥʦ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ ʟʘʧʘʟʜʳʚʘʥʠʷ tɿʊ  ʠ tɿʇ  
ʨʝʘʢʮʠʠ ʧʦʚʦʨʦʪʘ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʪʷʛʘʯʘ ʠ 

ʧʦʣʫʧʨʠʮʝʧʘ ʥʘ ʧʦʚʦʨʦʪ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ (ʈʂ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʠ ʘʣʛʦʨʠʪʤʘ, ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ, ʠʟʣʦʞʝʥʥʳʭ ʚ [1]. 

ʈʘʜʠʫʩʳ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʪʷʛʘʯʘ ʠ 

ʧʦʣʫʧʨʠʮʝʧʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʟʘʚʠʩʠʤʦʩʪʝʡ (1-4). 
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, (4) 

ʛʜʝ VA ï ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʤʘʥʝʚʨʘ, ʤ/ʩ (VA =const 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʥʘ 

ʞʝʩʪʢʠʭ ʢʦʣʝʩʘʭ); 

ȹt ï ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʪʨʘʝʢʪʦʨʠʠ, ʩ, ä=
i

i )t(t
1

ȹ ; 

¶

ʚŬï ʩʢʦʨʦʩʪʴ ʧʦʚʦʨʦʪʘ ʚʥʫʪʨʝʥʥʝʛʦ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʢʦʣʝʩʘ, ʨʘʜ/ʩ, 
ʨʤ

ʈʂ
ʚ
ʽ

ɤ
Ŭ=
¶

; 

ʈʂɤ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʫʣʝʚʦʛʦ 

ʢʦʣʝʩʘ, ʟʘʜʘʚʘʝʤʘʷ ʚʦʜʠʪʝʣʝʤ, 7é9 ʨʘʜ/ʩ; 

ʨʤʽ  ï  ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʨʫʣʝʚʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

 
i

1

*

ɣtg
)(ɟ ʇ
ʇCi

L
AC == , (5) 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʤʘʥʝʚʨʘ: 

 
AV

*

ʇ
max

S
t = , (6) 

 

 

 

 

 

ʈʠʩ. 1 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʚʭʦʜʘ ʚ ʧʦʚʦʨʦʪ ʜʚʫʭʟʚʝʥʥʦʛʦ ʘʚʪʦʧʦʝʟʜʘ  

 ɿʇʇ

*

ʇ SLSS ++= , ɿʊɿ tS Ö= AV , (3) 

ʛʜʝ 
*

ʇS  ï ʧʫʪʴ ʧʨʦʡʜʝʥʥʳʡ ʘʚʪʦʧʦʝʟʜʦʤ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʤʘʥʝʚʨʘ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ ʟʘʧʘʟʜʳʚʘʥʠʷ 

ʨʝʘʢʮʠʠ ʧʦʚʦʨʦʪʘ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʪʷʛʘʯʘ ʠ 

ʧʦʣʫʧʨʠʮʝʧʘ ʥʘ ʧʦʚʦʨʦʪ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ, ʤ; 

ʇS  ï ʜʣʠʥʘ ʢʦʨʠʜʦʨʘ ʤʘʥʝʚʨʘ çʧʝʨʝʩʪʘʚʢʘè, 

ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ 
*

ʇS  = 20 ʤ. 

ɿS ï ʧʫʪʴ ʧʨʦʡʜʝʥʥʳʡ ʘʚʪʦʧʦʝʟʜʦʤ ʟʘ ʚʨʝʤʷ 

ʟʘʧʘʟʜʳʚʘʥʠʷ ʨʝʘʢʮʠʠ ʧʦʚʦʨʦʪʘ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

ʪʷʛʘʯʘ ʠ ʧʦʣʫʧʨʠʮʝʧʘ ʥʘ ʧʦʚʦʨʦʪ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ, ʤ; 

tɿʊ  ï ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʪʷʛʘʯʘ, ʩ. 

ɺʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʪʷʛʘʯʘ tɿʊ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʟʘʚʠʩʠʤʦʩʪʠ (8), ʢʦʪʦʨʘʷ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ [1]: 

 
Ai

Aii
ɿʊ

V

)t(Va
t

ȹ2 Ö+
= , (8) 

ʛʜʝ ia  ï ʧʨʦʜʦʣʴʥʘʷ ʦʩʴ ʢʦʥʪʘʢʪʥʦʛʦ ʦʪʧʝʯʘʪʢʘ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʢʦʣʝʩʘ (ʋʂ), ʤ.  

ɿʘʚʠʩʠʤʦʩʪʴ (8) ʧʦʣʫʯʝʥʘ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ 

ʧʦʚʦʨʘʯʠʚʘʶʱʠʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʋʂ ʪʷʛʘʯʘ ʟʘ 

ʵʪʦ ʚʨʝʤʷ ȹt ʫʨʘʚʥʦʚʝʩʠʪ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʚʦʨʦʪʫ ʘʚʪʦʧʦʝʟʜʘ. ʂʘʢ ʪʦʣʴʢʦ ʥʘʩʪʘʥʝʪ ʵʪʦ 

ʨʘʚʝʥʩʪʚʦ, ʪʷʛʘʯ ʥʘʯʥʝʪ ʜʚʠʞʝʥʠʝ ʧʦ ʪʨʘʝʢʪʦʨʠʠ 

ʟʘʜʘʚʘʝʤʦʡ ʋʂ ʯʝʨʝʟ ʚʦʜʠʪʝʣʷ ʩ ʫʯʝʪʦʤ ʫʛʣʘ ʫʚʦʜʘ 
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ʧʨʠ ʢʘʞʜʦʤ ʥʦʚʦʤ ʧʦʚʦʨʦʪʝ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʠ ʜʣʷ ʧʦʣʫʧʨʠʮʝʧʘ. 

ʇʦʚʦʨʘʯʠʚʘʶʱʠʡ ʤʦʤʝʥʪ ʧʦʣʫʧʨʠʮʝʧʘ ʩʦʟʜʘʝʪʩʷ 

ʪʷʛʘʯʦʤ ʩʠʣʦʡ ʥʘ ʦʩʠ ʰʢʚʦʨʥʷ ʩʝʜʝʣʴʥʦ-ʩʮʝʧʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʧʣʝʯʝ Lʇ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ (8) 

tɿ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ  

ʧʘʨʘʣʣʝʣʴʥʦʛʦʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʘʚʪʦʤʦʙʠʣʷ ʠ ʦʪ  

ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ  ʚ ʪʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʟʘʧʘʟʜʳʚʘʥʠʷ 

ʧʦʣʫʧʨʠʮʝʧʘ tɿʇ ʥʘ ʧʦʚʦʨʦʪ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ, 

ʫʯʠʪʳʚʘʷ ʯʪʦ tɿʇ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ 

ʟʘʧʘʟʜʳʚʘʥʠʷ ʪʷʛʘʯʘ tɿʊ: 

 
iAʇ

Ai
ɿʊɿʇ

V

V
tt = , (9) 

ʛʜʝ iAV ʇ  ï ʩʢʦʨʦʩʪʴ ʧʦʣʫʧʨʠʮʝʧʘ: 
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ȹ
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ɽʩʣʠ ʧʦʜʩʪʘʚʠʪʴ (10) ʚ (9), ʪʦ ʚʨʝʤʷ 

ʟʘʧʘʟʜʳʚʘʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴʶ: 
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, (11) 

ʇʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ʤʘʥʝʚʨʝ (ʚʨʝʤʷ ʚʭʦʜʘ ʚ 

ʧʦʚʦʨʦʪ ʨʘʚʥʦ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ Ct ) ʚʨʝʤʷ ʥʘʯʘʣʘ 

ʚʳʭʦʜʘ ʠʟ ʧʦʚʦʨʦʪʘ ʪʷʛʘʯʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʟʘʚʠʩʠʤʦʩʪʠ (12): 

 
Ai

*

ʇmax
C

V

St
t

22
== , (12) 

ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʚʧʠʩʳʚʘʝʤʦʩʪʠ ʜʚʫʭʟʚʝʥʥʦʛʦ 

ʘʚʪʦʧʦʝʟʜʘ ʚ ʛʘʙʘʨʠʪʥʳʡ  ʢʦʨʠʜʦʨ çʧʝʨʝʩʪʘʚʢʠè ʧʨʠ 

ʚʭʦʜʝ ʚ ʧʦʚʦʨʦʪ ʷʚʣʷʝʪʩʷ ʫʛʦʣ *

ʇj  (ʩʤ. ʨʠʩ. 2).  

ʋʛʦʣ *
ʇj  ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʪʷʛʘʯʘ ʠ 

ʧʦʣʫʧʨʠʮʝʧʘ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʚʳʭʦʜʘ ʘʚʪʦʧʦʝʟʜʘ ʠʟ 

ʧʦʚʦʨʦʪʘ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ tɿʊ  ʠ tɿʇ  . ʆʥ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʟ ʛʘʙʘʨʠʪʥʠʭ ʫʩʣʦʚʠʡ ʤʘʥʝʚʨʘ çʧʝʨʝʩʪʘʚʢʘè (ʩʤ. 

ʨʠʩ. 2): 
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S
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ʛʜʝ ɺʧ, ɺʊ, Bȹ , ʇS  ʠ ɿS ï ʧʦʷʩʥʷʶʪʩʷ ʨʠʩ. 2. 

 

ʈʠʩ. 2 ï ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ *

ʇj  

ʉʦʛʣʘʩʥʦ ʫʩʣʦʚʠʶ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʨʠʚʠʟʥʳ, ʫʛʦʣ 
ʇj  ʚ ʜʚʠʞʝʥʠʠ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʚʭʦʜʝ ʚ ʧʦʚʦʨʦʪ ʨʘʚʝʥ: 

 
ʇj ä ö

ö

÷

õ

æ
æ

ç

å Ö
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1 1
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ɟ

ȹ
*

C

ɸʇ tV
. (14) 

ɺ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʚʭʦʜʘ ʚ ʧʦʚʦʨʦʪ ʜʣʷ 

ʚʧʠʩʳʚʘʝʤʦʩʪʠ ʘʚʪʦʧʦʝʟʜʘ ʚ ʛʘʙʘʨʠʪʥʳʡ ʢʦʨʠʜʦʨ  

ʤʘʥʝʚʨʘ çʧʝʨʝʩʪʘʚʢʘè ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ 

ʫʩʣʦʚʠʝ: 

 
ʇʇ jj =* . (15) 

ʊʘʢ ʢʘʢ ʧʨʠʥʷʪʦ, ʯʪʦ consttt ii == +1ȹȹ , ʪʦ 

ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʚʭʦʜʘ ʚ ʧʦʚʦʨʦʪ ʩʦʛʣʘʩʥʦ ʫʩʣʦʚʠʶ 

(15): 
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ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ 

 Ci tt ¢ . (17) 

 

ʋʩʣʦʚʠʝ Ci tt >  ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʚʝʣʠʯʠʪʴ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ, ʠʩʭʦʜʷ 

ʠʟ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʦʜʠʪʝʣʷ (ʚ ʧʨʝʜʝʣʘʭ 

7é9 ʨʘʜ/ʩ) ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʝʨʝʜʘʪʦʯʥʦʤ ʦʪʥʦʰʝʥʠʠ 

ʨʫʣʝʚʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʊʘʢ ʢʘʢ constVAi =  (ʜʣʷ ʞʝʩʪʢʠʭ 

ʢʦʣʝʩ), ʪʦ ʚʨʝʤʷ  ʟʘʧʘʟʜʳʚʘʥʠʷ ʜʣʷ ʚʩʝʭ ʧʦʣʦʞʝʥʠʡ 

ʪʷʛʘʯʘ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʳʤ. ʇʦʵʪʦʤʫ ʥʘʯʘʣʦ ʦʪʯʝʪʘ 

ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʪ. çɸè ʪʷʛʘʯʘ ʥʝʦʙʭʦʜʠʤʦ 

ʩʜʚʠʥʫʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʧʫʪʠ ɿʊAiT tVS Ö=  ʚʧʝʨʝʜ ʧʦ 

ʭʦʜʫ ʜʚʠʞʝʥʠʷ. 
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ʈʝʟʫʣʴʪʘʪʳ  ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʨʠʩ. 3 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʘʝʢʪʦʨʠʷ ʤʘʥʝʚʨʘ "ʧʝʨʝʩʪʘʚʢʘ"è ʩ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ 7,5 

ʨʘʜ/ʩ, ʚʳʧʦʣʥʝʥʥʘʷ ʘʚʪʦʧʦʝʟʜʦʤ ʂʨɸɿ-6010 ʩ ʪʘʢʠʤʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʙʘʟʘ ʪʷʛʘʯʘ ï L=  5,3 

ʤ; ʢʦʣʝʷ ʪʷʛʘʯʘ ï ɺ = 2,16 ʤ; ʧʦʣʥʘʷ ʤʘʩʩʘ ʪʷʛʘʯʘ ï m 

= 20071 ʢʛ; ʙʘʟʘ ʧʦʣʫʧʨʠʮʝʧʘ ï Lʇ = 7,5 ʤ; ʙʘʟʘ 

ʪʝʣʝʞʢʠ ï lʊ = 1,4 ʤ;  

ʤʘʩʩʘ ʧʦʣʫʧʨʠʮʝʧʘ   ï   mʇ = 23547 ʢʛ;   ʥʘʛʨʫʟʢʘ   ʥʘ   

ʧʝʨʝʜʥʶʶ  ʦʩʴ  ʪʷʛʘʯʘ  ï   Rz(1-2)= 56650 ʅ; ʥʘʛʨʫʟʢʘ ʥʘ 

ʪʝʣʝʞʢʫ ʪʷʛʘʯʘ ï Rz(3-6) = 144060 ʅ; ʥʘʛʨʫʟʢʘ ʥʘ 

ʪʝʣʝʞʢʫ ʧʦʣʫʧʨʠʮʝʧʘ ï  Rzʇ = 144060 ʅ;  ʧʦʣʦʞʝʥʠʝ  

ʮʝʥʪʨʘ  ʤʘʩʩ  ʪʷʛʘʯʘ  ï  l1 = 3,76 ʤ, l2 = 1,54 ʤ; ʧʦ 

ʚʳʩʦʪʝ ï hz = 1,19 ʤ; ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ 

ʧʦʣʫʧʨʠʮʝʧʘ ï l1ʇ = 4,59 ʤ, l2ʇ = 2,91 ʤ; ʧʦ ʚʳʩʦʪʝ 

ʧʦʣʫʧʨʠʮʝʧʘ ï hzʇ= 1,85 ʤ. 

 

 
 

ʈʠʩ. 3 ï ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʘʚʪʦʧʦʝʟʜʘ ʂʨɸɿ-6010 ʥʘ ʞʝʩʪʢʠʭ ʢʦʣʝʩʘʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʘʥʝʚʨʘ çʧʝʨʝʩʪʘʚʢʘè 

 

ɺʳʚʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʜʚʫʭʟʚʝʥʥʦʛʦ ʘʚʪʦʧʦʝʟʜʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʤʘʥʝʚʨʘ çʧʝʨʝʩʪʘʚʢʘè ʧʦʢʘʟʘʣʠ: 

ï ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʨʝʘʢʮʠʠ ʧʦʚʦʨʦʪʘ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʧʦʣʫʧʨʠʮʝʧʘ ʥʘ ʧʦʚʦʨʦʪ ʨʫʣʝʚʦʛʦ 

ʢʦʣʝʩʘ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʟʘʧʘʟʜʳʚʘʥʠʷ ʪʷʛʘʯʘ, 

ʩʢʦʨʦʩʪʠ ʪʷʛʘʯʘ, ʫʛʣʘ ʩʢʣʘʜʳʚʘʥʠʷ, ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʧʦʚʦʨʦʪʘ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ, ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ 

ʪʨʘʝʢʪʦʨʠʠ; 

ï ʩʤʝʱʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʪʷʛʘʯʘ ʠ ʧʦʣʫʧʨʠʮʝʧʘ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʘʟʥʦʩʪʠ ʚʨʝʤʝʥʠ ʟʘʧʘʟʜʳʚʘʥʠʷ; 

ï ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʜʚʫʭʟʚʝʥʥʦʛʦ ʘʚʪʦʧʦʝʟʜʘ ʥʘ 

ʞʝʩʪʢʠʭ ʢʦʣʝʩʘʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʘʥʝʚʨʘ 

çʧʝʨʝʩʪʘʚʢʘè ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʝʛʦ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʝʱʝ 

ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ʊɽʆʈɽʊʀʏʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ʈʆɿɻʆʅʋ ʂʆʃɯʉʅʆɻʆ ʊʈɸʂʊʆʈɸ ɿ 

ɹɽɿʉʊʋʇɯʅʏɸʉʊʆʖ ɻɯɼʈʆʆɹôɭʄʅʆ-ʄɽʍɸʅɯʏʅʆʖ ʊʈɸʅʉʄɯʉɯɭʖ ʇʈʀ ʆʈɸʅʎɯ  

ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʧʽʜʭʽʜ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ʛʽʜʨʦʦʙôʻʤʥʦʾ ʧʝʨʝʜʘʯʽ ʜʣʷ ʢʦʣʽʩʥʠʭ 

ʪʨʘʢʪʦʨʽʚ, ʱʦ ʦʩʥʘʱʝʥʽ ʙʝʟʩʪʫʧʽʥʯʘʩʪʦʶ ʛʽʜʨʦʦʙôʻʤʥʦ-ʤʝʭʘʥʽʯʥʦʶ ʪʨʘʥʩʤʽʩʽʻʶ, ʚ ʫʤʦʚʘʭ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʦʨʘʥʢʘ. 

ʇʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʛʦʥʫ ʢʦʣʽʩʥʦʛʦ ʪʨʘʢʪʦʨʘ, ʚ ʩʢʣʘʜʽ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ 
ʦʨʘʥʢʘ. ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʽʥʽʡʥʦʾ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ʛʽʜʨʦʦʙôʻʤʥʦʾ 

ʧʝʨʝʜʘʯʽ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʟʥʘʯʝʥʦ ʟʤʽʥʫ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʷʢ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ.  

ʂʣʯʁʦʚʽ ʩʣʦʚʘ: ʪʨʘʢʪʦʨ, ʨʦʟʛʽʥ, ʛʽʜʨʦʦʙôʻʤʥʦ-ʤʝʭʘʥʽʯʥʘ ʪʨʘʥʩʤʽʩʽʷ, ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʛʽʜʨʦʦʙôʻʤʥʘ ʧʝʨʝʜʘʯʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʧʦʜʭʦʜ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʛʠʜʨʦʤʘʰʠʥ ʛʠʜʨʦʦʙʲʝʤʥʦʡ ʧʝʨʝʜʘʯʠ 

ʜʣʷ ʪʨʘʢʪʦʨʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʙʝʩʩʪʫʧʝʥʯʘʪʦʡ ʛʠʜʨʦʦʙʲʝʤʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʪʨʘʥʩʤʠʩʩʠʝʡ, ʚ ʫʩʣʦʚʠʷʭ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ 

ʚʩʧʘʰʢʘ. ʇʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʛʦʥʘ ʢʦʣʝʩʥʦʛʦ ʪʨʘʢʪʦʨʘ, ʚ ʩʦʩʪʘʚʝ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʧʨʠ 
ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʠ ʚʩʧʘʰʢʘ. ɺʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʣʠʥʝʡʥʦʡ ʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʛʠʜʨʦʤʘʰʠʥ ʛʠʜʨʦʦʙʲʝʤʥʦʡ ʧʝʨʝʜʘʯʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʧʨʝʜʝʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ 

ʘʛʨʝʛʘʪʘ, ʢʘʢ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʢʪʦʨ, ʨʘʟʛʦʥ, ʛʠʜʨʦʦʙʲʝʤʥʦ-ʤʝʭʘʥʠʯʝʩʢʘʷ ʪʨʘʥʩʤʠʩʩʠʷ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʛʠʜʨʦʦʙʲʝʤʥʘʷ 

ʧʝʨʝʜʘʯʘ. 

The paper forming a rational approach for changing the parameters of regulation of hydraulic transmission hydraulic machines for wheel tractors that 
are equipped with continuously variable hydrovolumetric manual transmission, in terms of implementation of technological operations plowing. 

Based on the analysis of recent research and kinematic calculation, power and energy performance of selected two promising hydrovolumetric 

mechanical transmission with differential circuits with input and differential output. A theoretical study of the process of acceleration wheeled tractor 
composed tractor unit, when executing plowing. A comparative analysis of the linear and in the course of optimization of parameters of rational 

regulation of hydraulic transmission hydraulic machines. On the basis of comparative analysis the changing technical and economic indicators tractor 

unit, namely, fuel consumption and performance. 
Key words: tractor, acceleration, continuously variable transmission, technical and economic indicators, hydraulic transmission. 

ɺʩʪʫʧ. ɸʛʨʦʧʨʦʤʠʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩ ʻ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤ ʩʝʢʪʦʨʦʤ ʚ ʝʢʦʥʦʤʽʮʽ ʜʝʨʞʘʚʠ, ʘʜʞʝ ʩʘʤʝ 

ʚʽʥ ʫʦʩʦʙʣʶʻ ʚ ʩʦʙʽ ʩʪʨʘʪʝʛʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʜʝʩʷʪʢʽʚ 

ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʠʤ ʩʘʤʠʤ ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʝʥʝʨʛʝʪʠʯʥʫ ʪʘ ʧʨʦʜʦʚʦʣʴʯʫ ʥʝʟʘʣʝʞʥʽʩʪʴ ʜʝʨʞʘʚʠ. 

ʆʜʥʠʤ ʟ ʰʣʷʭʽʚ ʨʦʟʚʠʪʢʫ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ ʻ 

ʩʪʚʦʨʝʥʥʷ ʘʙʦ ʤʦʜʝʨʥʽʟʘʮʽʷ ʪʨʘʢʪʦʨʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ.  

ʉʴʦʛʦʜʥʽ ʚʩʝʩʚʽʪʥʽ ʪʨʘʢʪʦʨʦʙʫʜʽʚʥʠʢʠ ʚʩʝ ʙʽʣʴʰʝ 

ʫʚʘʛʠ ʧʨʠʜʽʣʷʶʪʴ ʪʨʘʢʪʦʨʘʤ, ʷʢʽ ʦʩʥʘʱʫʶʪʴʩʷ 

ʙʝʟʩʪʫʧʽʥʯʘʩʪʠʤʠ ʪʨʘʥʩʤʽʩʽʷʤʠ [1]. ɸʜʞʝ ʤʦʞʣʠʚʽʩʪʴ 

ʙʝʟʩʪʫʧʽʥʯʘʩʪʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʠʤ 

ʘʛʨʝʛʘʪʦʤ; ʚʠʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʪʘ 

ʪʷʛʦʚʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʘʛʨʦʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ; ʧʽʜʚʠʱʝʥʥʷ ʝʨʛʦʥʦʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ ï ʻ ʨʦʟʰʠʨʝʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʪʨʘʢʪʦʨʘ ʪʘ ʧʨʠ ʘʛʨʝʛʘʪʫʚʘʥʥʽ ʨʽʟʥʠʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ.  

ɺʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ, ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʽ ʟʘ ʾʾ 

ʤʝʞʘʤʠ, ʥʘʙʫʚʘʶʪʴ ʢʦʣʽʩʥʽ ʪʨʘʢʪʦʨʠ, ʱʦ 

ʦʩʥʘʱʫʶʪʴʩʷ ʙʝʟʩʪʫʧʽʥʯʘʩʪʠʤʠ ʛʽʜʨʦʦʙô̒ ʤʥʦ-

ʤʝʭʘʥʽʯʥʠʤʠ ʪʨʘʥʩʤʽʩʽʷʤʠ (ɻʆʄʊ).  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. 
ɸʥʘʣʽʟʫʶʯʠ ʥʘʫʢʦʚʫ ʣʽʪʝʨʘʪʫʨʫ, ʷʢʘ ʧʨʠʩʚʷʯʝʥʘ 

ʨʦʟʛʣʷʜʫ ʧʠʪʘʥʴ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʙʝʟʩʪʫʧʽʥʯʘʩʪʠʭ ɻʆʄʊ, ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ 

ʨʽʟʥʦʧʣʘʥʦʚʽʩʪʴ ʮʠʭ ʨʦʙʽʪ. ʊʘʢ, ʟʦʢʨʝʤʘ, ʚ ʨʦʙʦʪʽ [2] 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʙʘʣʘʥʩʦʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʞ ʜʚʠʛʫʥʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʪʘ 

ʛʽʜʨʦʦʙôʻʤʥʦʶ ʧʝʨʝʜʘʯʝʶ (ɻʆʇ). ɸʣʝ ʘʚʪʦʨʠ 

ʥʘʛʦʣʦʰʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʦʢʨʝʤʦ ʚʠʟʥʘʯʘʪʠ ʨʝʛʫʣʶʚʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʛʽʜʨʦʥʘʩʦʩʫ, ʪʘʢ ʽ ʛʽʜʨʦʤʦʪʦʨʫ.  

ɺ ʨʦʙʦʪʽ [3] ʘʚʪʦʨʠ ʟʘʚʜʷʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʶ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʦʙʯʠʩʣʝʥʥʶ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʝʬʝʢʪʠʚʥʝ ʧʦʻʜʥʘʥʥʷ ʨʦʙʦʪʠ ɻʆʇ ʪʘ ʚ 

ʮʽʣʦʤʫ ʢʝʨʫʚʘʥʥʷʤ ʟʝʤʣʝʟʙʠʨʘʣʴʥʦʶ ʤʘʰʠʥʦʶ.  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʚʽʪʯʠʟʥʷʥʠʭ ʨʦʙʽʪ [4 ï 13], ʪʦ ʪʫʪ 

ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʧʨʘʮʽ ʍʘʨʢʽʚʩʴʢʠʭ 

ʥʘʫʢʦʚʮʽʚ, ʷʢʽ ʚʞʝ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ 

ʟʘʡʤʘʶʪʴʩʷ ʨʦʟʛʣʷʜʦʤ ʧʠʪʘʥʴ ɻʆʄʊ ʚ ʩʢʣʘʜʽ 

ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ ʪʘ ʘʚʪʦʤʦʙʽʣʽʚ ʜʣʷ ʨʝʤʦʥʪʫ 

ʥʘʬʪʦʛʘʟʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ. ɿʦʢʨʝʤʘ, ʚ ʨʦʙʦʪʘʭ [11 ï 

13] ʦʧʠʩʘʥʦ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʤʽʥʫ 

ʧʘʨʘʤʝʪʨʫ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ 

(ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʛʽʜʨʦʥʘʩʦʩʫ ʪʘ ʨʝʛʫʣʴʦʚʘʥʦʛʦ 

ʛʽʜʨʦʤʦʪʦʨʫ) ʚʽʜʥʦʩʥʦ ʯʘʩʫ ʨʦʟʛʦʥʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʪʷʛʦʚʠʭ ʨʦʙʽʪ. ʇʨʦʪʝ ʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ, ʥʽ 

ʪʝʦʨʝʪʠʯʥʠʤ ʰʣʷʭʦʤ ʥʝ ʜʦʚʝʜʝʥʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ ʥʘ ʧʨʠʢʣʘʜʽ ʦʙʨʦʙʢʠ 

ʟʝʤʝʣʴʥʦʛʦ ʫʛʽʜʜʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ ʚʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʚʩʪʘʥʦʚʣʝʥʽ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ 

ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ ʚ 

ʧʨʦʮʝʩʽ ʨʦʟʛʦʥʫ ʧʨʠ ʪʝʦʨʝʪʠʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʦʧʝʨʘʮʽʾ ʦʨʘʥʢʘ ʥʘ ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʘʭ ʟ 

ʙʝʟʩʪʫʧʽʥʯʘʩʪʠʤʠ ɻʆʄʊ ʨʽʟʥʦʛʦ ʩʭʝʤʥʦʛʦ ʚʠʢʦʥʘʥʥʷ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ 

ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 
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ʨʘʮʽʦʥʘʣʴʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 

ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ ʚ ʧʨʦʮʝʩʽ ʨʦʟʛʦʥʫ ʧʨʠ ʪʝʦʨʝʪʠʯʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʦʧʝʨʘʮʽʾ ʦʨʘʥʢʘ ʥʘ ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʘʭ ʟ 

ʙʝʟʩʪʫʧʽʥʯʘʩʪʠʤʠ ɻʆʄʊ ʨʽʟʥʦʛʦ ʩʭʝʤʥʦʛʦ ʚʠʢʦʥʘʥʥʷ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ:  

ï ʥʘʚʝʩʪʠ ʧʽʜʭʽʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ 

ʨʘʮʽʦʥʘʣʴʥʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 

ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ ʚ ʧʨʦʮʝʩʽ ʨʦʟʛʦʥʫ ʢʦʣʽʩʥʦʛʦ 

ʪʨʘʢʪʦʨʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ ʦʨʘʥʢʘ; 

ï ʪʝʦʨʝʪʠʯʥʠʤ ʰʣʷʭʦʤ ʜʦʩʣʽʜʠʪʠ ʟʤʽʥʫ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ 

ʘʛʨʝʛʘʪʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʣʽʥʽʡʥʦʾ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʾ 

ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ ʚ 

ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʦʨʘʥʢʠ. 

ɺʠʙʽʨ ʩʭʝʤʥʦʛʦ ʨʽʰʝʥʥʷ ɻʆʄʊ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʦʤʦ, ʱʦ ʙʝʟʩʪʫʧʽʥʯʘʩʪʘ ɻʆʄʊ 

ʧʨʘʮʶʻ ʟʘ ʪʨʴʦʤʘ ʪʠʧʘʤʠ ʩʭʝʤ ï ʟ ʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ 

ʚʭʦʜʽ (Fendt Vario), ʟ ʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ ʚʠʭʦʜʽ (S-

Matic) ʪʘ ʟʽ ʟʤʽʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (Case IH Magnum). 

ʍʘʨʘʢʪʝʨʠʟʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʜʚʦʧʦʪʦʢʦʚʠʭ ɻʆʄʊ ʟʽ 

ʟʤʽʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ ʢʦʣʽʩʥʠʡ 

ʪʨʘʢʪʦʨ ʤʘʪʠʤʝ, ʦʢʨʽʤ ʜʽʘʧʘʟʦʥʽʚ, ʱʝ ʡ ʧʽʜʜʽʘʧʘʟʦʥʠ, 

ʱʦ ʻ ʥʝʛʘʪʠʚʥʠʤ ʯʠʥʥʠʢʦʤ, ʦʩʢʽʣʴʢʠ ʚ ʩʫʯʘʩʥʦʤʫ 

ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʽ ʢʦʞʝʥ ʚʠʨʦʙʥʠʢ ʥʘʤʘʛʘʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʩʧʨʦʩʪʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʪʨʘʥʩʤʽʩʽʾ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʽʥʝʤʘʪʠʯʥʠʭ, ʩʠʣʦʚʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ɻʆʄʊ ʦʙʨʘʥʦ ʩʭʝʤʠ ʟ ʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ ʚʭʦʜʽ (ʨʠʩ. 1 

(ʘ)) ʪʘ ʥʘ ʚʠʭʦʜʽ (ʨʠʩ. 1 (ʙ)) [7 ï 13]. 

 

   

ʘ                                                                    ʙ 

ʈʠʩ. 1 ï ʉʧʨʦʱʝʥʘ ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʽʾ ɻʆʄʊ:  

ʘ ï ʟ ʚʭʦʜʦʤ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʩʦʥʷʯʥʫ ʰʝʩʪʝʨʥʶ; ʙ ï ʟ ʚʠʭʦʜʦʤ ʧʦʪʫʞʥʦʩʪʽ ʯʝʨʝʟ ʚʦʜʠʣʦ 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʪʝʦʨʝʪʠʯʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ 

ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ ʧʦʪʫʞʥʽʩʪʶ 160 ï 175 ʢɺʪ 

ʩʽʤʝʡʩʪʚʘ ʍʊɿ, ʪʦʤʫ ʧʘʨʘʤʝʪʨʠ ɻʆʄʊ (
1 2,  ,  k i i ) ʟ 

ʨʠʩ. 1 ʧʽʜʙʠʨʘʣʠʩʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʰʚʠʜʢʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʾ ʦʨʘʥʢʘ.  

ʇʽʜʭʽʜ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ ʚ 

ʧʨʦʮʝʩʽ ʨʦʟʛʦʥʫ. ɿʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ 

ʥʝʦʙʭʽʜʥʦ ʩʢʦʨʠʩʪʘʪʠʩʴ ʪʝʦʨʽʻʶ ʦʧʪʠʤʽʟʘʮʽʾ. ʆʩʢʽʣʴʢʠ 

ʚ ʧʨʦʮʝʩʽ ʦʧʪʠʤʽʟʘʮʽʾ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʣʠʰʝ 

ʢʨʠʪʝʨʽʾ, ʷʢʽ ʦʩʥʦʚʘʥʽ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ 

ʘʛʨʝʛʘʪʫ ʚ ʧʨʦʮʝʩʽ ʨʦʟʛʦʥʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ 

ʦʨʘʥʢʘ, ʪʦ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʙʫʜʫʪʴ 

ʨʘʮʽʦʥʘʣʴʥʠʤʠ.  

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ ʚʚʝʜʝʤʦ ʫʟʘʛʘʣʴʥʝʥʠʡ 

ʢʨʠʪʝʨʽʡ (KɆ) (ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʘʩʪʢʦʚʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʧʨʠ ʦʧʝʨʘʮʽʾ ʦʨʘʥʢʘ) [11 ï 13]  
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ʜʝ *

1 2( , )PQ e e  ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ; 

maxPQ  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ; 

1 2( , )MTA e eh*  ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʂʂɼ ʄʊɸ; 

max 1 2( , )MTA e eh  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʂʂɼ ʄʊɸ; 

*

1 2( , )t e e  ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʨʦʟʛʦʥʫ ʄʊɸ; 

maxt  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʨʦʟʛʦʥʫ ʄʊɸ, ʷʢʝ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ; 
*PD  ï 

ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʧʝʨʝʧʘʜʫ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʚ ɻʆʇ; 

maxPD  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚ 

ɻʆʇ; 
*

Sw  ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʩʘʪʝʣʽʪʘ;  
maxSw  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʩʘʪʝʣʽʪʘ; * *

1* 2*,  e ew w  ï ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ 

ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʥʘ ʚʘʣʘʭ ʛʽʜʨʦʥʘʩʦʩʘ ʪʘ 

ʛʽʜʨʦʤʦʪʦʨʘ; 
1*max 2*max,  e ew w  ï ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʥʘ ʚʘʣʘʭ ʛʽʜʨʦʥʘʩʦʩʘ ʪʘ 

ʛʽʜʨʦʤʦʪʦʨʘ. 

ɸʥʘʣʽʟʫʶʯʠ ʨʽʚʥʷʥʥʷ (1) ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʥʘ 

ʫʟʘʛʘʣʴʥʝʥʽ ʢʨʠʪʝʨʽʾ ʪʘ ʚʝʣʠʯʠʥʠ 
1* 2*,  ,  ,  S e eP w w wD  

ʜʦʚʦʣʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʚʝʣʠʯʠʥʘ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʧʝʨʰ ʟʘ ʚʩʝ ʪʠʤ, ʱʦ 

ʰʪʨʘʬʥʽ ʬʫʥʢʮʽʾ jP  ʪʘ ʯʘʩʪʢʦʚʽ ʢʨʠʪʝʨʽʾ 
iK  

ʚʘʨʽʶʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ: 
1 1 20 ( , ) 1K e e< ¢, 

2 1 20 ( , ) 1K e e< ¢, 
3 1 20 ( , ) 1K e e< ¢, 0 ( )PP PD< D <-¤, 

0 ( )
S SPw w< <-¤, 

1* 1*0 ( )
e ePw w< <-¤, 

2* 2*0 ( )
e ePw w< <-¤. ʇʨʠ ʚʠʙʦʨʽ ʚʝʣʠʯʠʥ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʥʝʦʙʭʽʜʥʦ 

ʢʝʨʫʚʘʪʠʩʴ ʪʠʤ, ʱʦ ʩʫʤʘ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ 1. ʇʨʠ ʚʠʙʦʨʽ ʚʝʣʠʯʠʥ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʰʪʨʘʬʥʠʭ ʬʫʥʢʮʽʡ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʨʠ ʜʦʩʷʛʘʥʥʽ ʰʪʨʘʬʥʦʶ ʬʫʥʢʮʽʻʶ 

ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ, 

ɻʆʄʊ ʩʪʘʻ ʥʝ ʧʨʘʮʝʟʜʘʪʥʠʤ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʚ 

ʧʨʦʮʝʩʽ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙʠʨʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʘʭ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ: 
1Z 0,33= , 

2Z 0,33=

, 
3Z 0,33= , 1

PPZ
D
= , 1

S
PZ
w
= , 1

N
PZ
w
= , 1

M
PZ
w
= .  

ɿʘʜʘʯʘ ʧʦʰʫʢʫ ʨʘʮʽʦʥʘʣʴʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ ʧʦʣʷʛʘʻ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʦʜʥʦʛʦ ʟ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʘ ʩʘʤʝ ʤʝʪʦʜʫ 

ʧʨʷʤʦʛʦ ʧʦʰʫʢʫ. ʇʦʰʫʢ ʷʢʦʛʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʦʩʣʽʜʦʚʥʠʭ ʢʨʦʢʽʚ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʧʦʰʫʢʫ ʥʘʚʢʦʣʦ 

ʙʘʟʠʩʥʦʾ ʪʦʯʢʠ, ʟʘ ʷʢʦʶ, ʚ ʨʘʟʽ ʫʩʧʽʭʫ, ʩʣʽʜʫʻ ʧʦʰʫʢ 

ʧʦ ʟʨʘʟʢʫ. ɺ ʧʨʦʮʝʩʽ ʦʙʯʠʩʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟ ɻʆʄʊ (ʨʠʩ. 

1) ʩʬʦʨʤʦʚʘʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ, ʷʢʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. 

  

ʘ                                                                                      ʙ 

ʈʠʩ. 2 ï ɿʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ (
1( )e t  ʪʘ 

2( )e t ) (ʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 

ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ 1 2,e e  ʚʽʜ ʯʘʩʫ t): ʘ ï ʜʣʷ ɻʆʄʊ, ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1 (ʘ); ʙ ï ʜʣʷ ɻʆʄʊ, ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1(ʙ); ɸ ï 

ʟʦʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʥʘʩʦʩʘ; ɹ ï ʟʦʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʦʪʦʨʘ; 1 ï ʧʨʷʤʦʣʽʥʽʡʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 

ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ (
1( )e t  ʪʘ 

2( )e t ); 2 ï ʨʘʮʽʦʥʘʣʴʥʘ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ (
1( )e t  ʪʘ 

2( )e t ) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʬʦʨʤʦʚʘʥʦ ʧʽʜʭʽʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 

ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ ʚ ʧʨʦʮʝʩʽ ʨʦʟʛʦʥʫ ʢʦʣʽʩʥʦʛʦ 

ʪʨʘʢʪʦʨʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ ʦʨʘʥʢʘ. 

ʊʝʦʨʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ 

ʘʛʨʝʛʘʪʫ. ɺ ʭʦʜʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ ʟʤʽʥʫ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʣʽʥʽʡʥʦʛʦ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ (
1( )e t  ʪʘ 

2( )e t ), ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʫʤʦʚʥʽʡ ʜʽʣʷʥʮʽ ʧʦʣʷ (ʨʠʩ. 3) ʟ 

ʨʦʟʤʽʨʦʤ 800 300³  ʤ. 
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ʈʠʩ. 3 ï ʋʤʦʚʥʘ ʜʽʣʷʥʢʘ ʧʦʣʷ ʟ ʨʦʟʤʽʨʦʤ 800 300³  ʤ 

ʄʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʠʡ ʘʛʨʝʛʘʪ ʜʦʩʷʛʘʻ ʰʚʠʜʢʦʩʪʽ 

ʚ 10 ʢʤ/ʛʦʜ, ʘ ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ 

ʩʢʣʘʜʘʻ 0,25ʇh =  ʤ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʧʝʨʘʮʽʾ çʦʨʘʥʢʘè. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʪʷʛʠ 

ʥʘ ʛʘʢʫ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦʨʽʚʥʶʻ 49,0kpF =  ʢʅ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ ʟʤʽʥʫ 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʦʙʦʪʠ (
PT ) ʪʘ ʯʘʩ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʧʨʠ ʨʦʟʚʦʨʦʪʽ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ 

ʘʛʨʝʛʘʪʫ (
ʍʊ ). ɺ ʭʦʜʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʚʝʜʝʤʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʯʘʩ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʛʨʝʛʘʪʫ (
ʊɽʍT ), ʯʘʩ ʥʘ ʱʦʟʤʽʥʥʝ 

ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʢʪʦʨʘ (
ɽʊʆʊ ) ʪʘ ʯʘʩ ʥʘ 

ʧʽʜʛʦʪʦʚʯʦ-ʟʘʚʝʨʰʘʣʴʥʽ ʦʧʝʨʘʮʽʾ (
ʌʀɿʊ ) ʨʽʚʥʽ 0.  

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʯʘʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʦʙʦʪʠ (
PT ) 

ʥʝʦʙʭʽʜʥʦ ʟ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʦʙʦʪʠ, 

ʧʨʠ ʦʙʨʦʙʮʽ ʦʜʥʦʛʦ ʛʦʥʫ, ʚʽʜʦʢʨʝʤʠʪʠ ʯʘʩ ʨʦʟʛʦʥʫ.  

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟʘ ʟʤʽʥʫ ( ).T CMQ  

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʧʨʠ ʨʦʟʚʦʨʦʪʽ (
XQ ). ɺ ʭʦʜʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟôʷʩʦʚʘʥʦ, ʱʦ 7XQ =  ʢʛ/ʛʦʜ.   

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʟʘʫʚʘʞʠʪʠ, ʱʦ: ʘʛʨʦʬʦʥ ï 

ʩʪʝʨʥʷ ʟʝʨʥʦʚʠʭ ʢʦʣʦʩʦʚʠʭ ʥʘ ʩʝʨʝʜʥʽʭ ʩʫʛʣʠʥʢʘʭ; 

ʚʦʣʦʛʽʩʪʴ ï ʬʽʟʠʯʥʘ ʩʪʠʛʣʽʩʪʴ ˇʨʫʥʪʫ; ʱʽʣʴʥʽʩʪʴ ï 

ʨʽʚʥʦʚʘʞʥʘ; ʢʫʪ ʥʘʭʠʣʫ ʧʦʚʝʨʭʥʽ ï 0Á.  

ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʚʝʜʝʥʦ ʜʦ 

ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ ʟʤʽʥʫ 

ʇʘʨʘʤʝʪʨ 

ɻʆʄʊ 

ɿ ʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ ʚʭʦʜʽ ɿ ʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ ʚʭʦʜʽ 

ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ (
1( )e t  ʪʘ 

2( )e t )  

ʃʽʥʽʡʥʘ ʈʘʮʽʦʥʘʣʴʥʘ ʃʽʥʽʡʥʘ ʈʘʮʽʦʥʘʣʴʥʘ 

ɼʦʚʞʠʥʘ ʛʦʥʫ, ʤ 800 800 

ʐʠʨʠʥʘ ʛʦʥʫ, ʤ 300 300 

ʇʣʦʱʘ ʧʦʣʷ, ʛʘ 24,08 24,08 

ʐʠʨʠʥʘ ʟʘʭʚʘʪʫ, ʤ 3,5 3,5 

ʂʽʣʴʢʽʩʪʴ ʛʦʥʽʚ 86 86 

ʏʘʩ ʨʦʟʚʦʨʦʪʫ ʜʣʷ ʦʜʥʦʛʦ 

ʛʦʥʫ (ʜʣʷ 86 ʛʦʥʽʚ), ʩ 
30 (2580å0,717 ʯ) 30 (2580å0,717 ʯ) 

ʏʘʩ ʨʦʟʛʦʥʫ ʜʣʷ ʦʜʥʦʛʦ 

ʛʦʥʫ (ʜʣʷ 86 ʛʦʥʽʚ), ʩ 
8,8 (å0,22 ʯ) 5,2 (å0,12 ʯ) 5,76 (å0,13 ʯ) 5,12 (å0,12 ʯ) 

ʏʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʦʙʦʪʠ 

ʜʣʷ ʦʜʥʦʛʦ ʛʦʥʫ 

(ʜʣʷ 86 ʛʦʥʽʚ), ʩ 

283,4 

(å6,78 ʯ) 

287,8 

(å6,88 ʯ) 

287,6 

(å6,87 ʯ) 

287,8 

(å6,88 ʯ) 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ 

ʟʤʽʥʫ, ʛʘ/ʯ 

3,174 3,175 3,172 3,176 

ɺʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟʘ 

ʟʤʽʥʫ, ʢʛ 
191,2 189,0 241,5 238,5 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʣʽʥʽʡʥʦʾ ʪʘ 

ʨʘʮʽʦʥʘʣʴʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 

ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ 

ʘʛʨʝʛʘʪʫ ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʦʨʘʥʢʘ.  

ʈʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʫ 

ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ (

1( )e t  ʪʘ 
2( )e t ) ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 
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ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ 

ʟʤʽʥʫ ʥʘ ʫʤʦʚʥʠʭ ʜʽʣʷʥʢʘʭ ʧʦʣʷ ʟ ʨʦʟʤʽʨʦʤ 800 300³  

ʤ (ʨʠʩ. 3) ʪʘ ʟ ʨʦʟʤʽʨʦʤ 300 800³  ʤ (ʨʠʩ. 4), ʟʚʝʜʝʥʦ 

ʜʦ ʪʘʙʣ. 2. 

 

ʈʠʩ. 4 ï ʋʤʦʚʥʘ ʜʽʣʷʥʢʘ ʧʦʣʷ ʟ ʨʦʟʤʽʨʦʤ 300 800³  ʤ 

ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ ʟʤʽʥʫ 

ʇʘʨʘʤʝʪʨ 

ɻʆʄʊ 

ɿ ʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ ʚʭʦʜʽ ɿ ʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ ʚʭʦʜʽ 

ʈʦʟʤʽʨ ʧʦʣʷ, ʤ 

300 800³  800 300³  300 800³  800 300³  

ɼʦʚʞʠʥʘ ʛʦʥʫ, ʤ 300 800 300 800 

ʐʠʨʠʥʘ ʛʦʥʫ, ʤ 800 300 800 300 

ʂʽʣʴʢʽʩʪʴ ʛʦʥʽʚ 229 86 229 86 

ʏʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʦʙʦʪʠ 

ʜʣʷ ʦʜʥʦʛʦ ʛʦʥʫ (ʜʣʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʛʦʥʽʚ), ʩ 

107,6 

(å6,84 ʯ) 

287,8 

(å6,88 ʯ) 

104 

(å6,61 ʯ) 

287,8 

(å6,88 ʯ) 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ 

ʟʤʽʥʫ, ʛʘ/ʯ 

2,77 3,175 2,75 3,176 

ɺʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟʘ ʟʤʽʥʫ, ʢʛ 207,0 189,0 265,0 238,5 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʦʧʝʨʘʮʽʾ ʦʨʘʥʢʠ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʥʘ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ 

ʚʧʣʠʚʘʻ ʩʧʦʩʽʙ ʦʙʨʦʙʢʠ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʧʽʜʭʽʜ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ ʚ ʧʨʦʮʝʩʽ ʨʦʟʛʦʥʫ 

ʢʦʣʽʩʥʦʛʦ ʪʨʘʢʪʦʨʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ ʦʨʘʥʢʘ. 

ʇʨʠ ʟʽʩʪʘʚʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʦʪʨʠʤʘʥʦ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʤʽʩʪʴ ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ 

ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ (

1( )e t  ʪʘ 
2( )e t ), ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ: 

ï ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ ʟʤʽʥʫ ʥʘ 0,03 % (ʜʣʷ ɻʆʄʊ ʟ 

çʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ ʚʭʦʜʽè) ʪʘ ʥʘ 0,13 % (ʜʣʷ ɻʆʄʊ ʟ 

çʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ ʚʠʭʦʜʽè); 

ï ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʤʘʰʠʥʥʦ- 

ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ ʟʤʽʥʫ ʥʘ 1,16 % (ʜʣʷ ɻʆʄʊ ʟ 

çʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ ʚʭʦʜʽè) ʪʘ ʥʘ 1,26 % (ʜʣʷ ɻʆʄʊ ʟ 

çʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ ʚʠʭʦʜʽè).  

ʇʦʨʽʚʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʤʘʰʠʥ ɻʆʇ (
1( )e t  ʪʘ 

2( )e t ) ʥʘ 

ʜʽʣʷʥʮʽ ʧʦʣʷ ʨʦʟʤʽʨʦʤ 800 300³  ʤ ʟʘʤʽʩʪʴ ʜʽʣʷʥʢʠ 

ʧʦʣʷ ʨʦʟʤʽʨʦʤ 300 800³  ʤ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ: 

ï ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ ʟʤʽʥʫ ʥʘ 14,9% (ʜʣʷ ɻʆʄʊ ʟ 

çʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ ʚʭʦʜʽè) ʪʘ ʥʘ 13,4% (ʜʣʷ ɻʆʄʊ ʟ 

çʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ ʚʠʭʦʜʽè); 

ï ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ ʟʤʽʥʫ ʥʘ 9,52% (ʜʣʷ ɻʆʄʊ ʟ 

çʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ ʚʭʦʜʽè) ʪʘ ʥʘ 11,1% (ʜʣʷ ɻʆʄʊ ʟ 

çʜʠʬʝʨʝʥʮʽʘʣʦʤ ʥʘ ʚʠʭʦʜʽè). 
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ʆ. ɯ. ʅɸɿɸʈʆɺ, ɯ. ʆ. ʅɸɿɸʈʆɺ, ɺ. ɯ. ʅɸɿɸʈʆɺ, ɼ. ɺ. ɸɹʈɸʄʆɺ, ɸ. ɼ. ɻɸʃʋʎʂʀʍ 

 

ʉʊɽʅɼʆɺɯ ɼʆʉʃɯɼɾɽʅʅʗ ʈɽɻʋʃʗʊʆʈɯɺ ɻɸʃʔʄɯɺʅʀʍ ʉʀʃ, ʑʆ ɿɸɹɽɿʇɽʏʋʖʊʔ 

ʈʆɿʇʆɼɯʃ ɻɸʃʔʄɯɺʅʆɰ ʉʀʃʀ ʄɯɾ ɹʆʈʊɸʄʀ ʃɽɻʂʆɺʆɻʆ ɸɺʊʆʄʆɹɯʃʗ 

 
ɸʥʘʣʽʟʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʝʛʫʣʷʪʦʨʽʚ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʟʧʦʜʽʣ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ ʤʽʞ ʙʦʨʪʘʤʠ 

ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ʅʘ ʧʨʠʢʣʘʜʽ ʛʘʣʴʤʽʚʥʦʛʦ ʧʨʠʚʦʜʘ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ Lanos, ʦʙʣʘʜʥʘʥʦʛʦ ʪʘʢʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ, ʦʪʨʠʤʘʥʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʠ ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ ʚ ʢʦʥʪʫʨʘʭ, ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚ ʧʨʦʮʝʩʽ 
ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʝʛʢʦʚʠʡ ʘʚʪʦʤʦʙʽʣʴ, ʛʘʣʴʤʽʚʥʠʡ ʧʨʠʚʦʜ, ʨʝʛʫʣʷʪʦʨ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ, ʩʪʝʥʜʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʪʝʥʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʛʫʣʷʪʦʨʦʚ ʪʦʨʤʦʟʥʳʭ ʩʠʣ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʨʤʦʟʥʦʡ ʩʠʣʳ 
ʤʝʞʜʫ ʙʦʨʪʘʤʠ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. ʅʘ ʧʨʠʤʝʨʝ ʪʦʨʤʦʟʥʦʛʦ ʧʨʠʚʦʜʘ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ Lanos, ʦʩʥʘʱʝʥʥʦʛʦ ʪʘʢʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ, 

ʧʦʣʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʪʫʨʘʭ, ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʛʢʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ, ʪʦʨʤʦʟʥʦʡ ʧʨʠʚʦʜ, ʨʝʛʫʣʷʪʦʨ ʪʦʨʤʦʟʥʳʭ ʩʠʣ, ʩʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ. 

The results of bench tests brake force regulators that provide braking force distribution between the sides of the car. For example, the brake drive car 

Lanos, equipped with such controls obtained specifications change drive pressure in the circuits, the results of bench tests and analysis of the data 
obtained in the experiment. Analysis of theoretical braking parameters defined by refined and classical theory, showed that for Lanos cars at curb 

weight performing braking on dry asphalt concrete with an initial speed of 80 km/h, respectively with increasing intensity from braking to z=0,8 drive 

value back pressure in the circuits of brakes can be increased to 32,7 %. But for those cars with full weight growth and lower drive pressure to18,6 %, 
due to a decrease aerodynamic point of application of force and center of gravity in this case. It should also be noted that this is a necessary 

introduction airborne or combined brake distribution circuits drive. 

Keywords: passenger car, the brake actuator, the regulator of brake forces, bench tests. 
   

ɺʩʪʫʧ. ʉʪʝʥʜʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ 

ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʦʨʪʦʚʠʡ ʨʦʟʧʦʜʽʣ 

ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ, ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʘʣʴʤʽʚʥʦʛʦ ʧʨʠʚʦʜʘ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ Lanos 

ʙʘʟʦʚʦʾ ʢʦʤʧʣʝʢʪʘʮʽʾ [1]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʢʽʣʴʢʠ, ʢʦʣʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʢʩʪʨʝʥʝ ʛʘʣʴʤʫʚʘʥʥʷ, ʣʝʛʢʦʚʠʡ 

ʘʚʪʦʤʦʙʽʣʴ ʨʫʭʘʻʪʴʩʷ ʟ ʧʝʚʥʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ, ʪʦ ʚ 

ʨʘʟʽ ʡʦʛʦ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʽ ʥʦʨʤʘʣʴʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʘʜʥʽʭ ʢʦʣʝʩʘʭ ʟʨʦʩʪʘʶʪʴ, ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʪʘʪʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ, ʥʘ 5-12 % [2].  

ʂʨʽʤ ʪʦʛʦ, ʫ ʨʘʟʽ ʛʘʣʴʤʫʚʘʥʥʷ ʣʝʛʢʦʚʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʜʦʨʦʟʽ ʟ ʩʫʭʠʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʤ 

ʧʦʢʨʠʪʪʷʤ, ʱʦ ʤʘʻ ʧʦʜʦʚʞʥʽʡ ʫʭʠʣ (10 %), ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʚʝʣʠʯʠʥʘ 

ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʢʦʣʝʩʘʭ ʤʦʞʝ 

ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ: ʥʘ ʧʽʜʡʦʤʽ ʥʘ 28 %, ʥʘ ʩʧʫʩʢʫ ʥʘ 24 % 

[3]. 

ʋ ʨʘʟʽ ʛʘʣʴʤʫʚʘʥʥʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ 

ʨʽʚʥʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʦʨʦʟʽ ʟ ʩʫʭʠʤ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʤ ʧʦʢʨʠʪʪʷʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʾ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʚʝʣʠʯʠʥʘ ʨʝʘʣʽʟʦʚʘʥʦʛʦ 

ʛʘʣʴʤʽʚʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʢʦʣʝʩʘʭ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʻʶ, ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ ʥʘ 32 % [6]. 

ʋ ʨʘʟʽ ʛʘʣʴʤʫʚʘʥʥʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʦʨʦʟʽ, ʱʦ ʤʘʻ ʬʽʢʩʦʚʘʥʠʡ ʨʘʜʽʫʩ 

ʢʨʠʚʠʟʥʠ (300 ʤ), ʚʝʣʠʯʠʥʘ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ 

ʤʦʤʝʥʪʫ ʥʘ ʢʦʣʝʩʘʭ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʦʶ 

ʪʝʦʨʽʻʶ, ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ ʥʘ 39 % [4]. 

ʋ ʨʘʟʽ ʛʘʣʴʤʫʚʘʥʥʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʦʨʦʟʽ ʟ ʩʫʭʠʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʤ 

ʧʦʢʨʠʪʪʷʤ, ʱʦ ʤʘʻ ʧʦʧʝʨʝʯʥʠʡ ʫʭʠʣ (3,5 %), ʚʝʣʠʯʠʥʘ 

ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʢʦʣʝʩʘʭ, ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʻʶ, ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ 

ʥʘ 44 % [5]. 

ʆʪʞʝ, ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ 

ʛʘʣʴʤʫʚʘʥʥʷ ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʨʫʭʦʚʽ 

ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʛʘʣʴʤʫʚʘʥʥʷ ʥʘ 

ʢʦʣʝʩʘʭ ʙʽʣʴʰʫ ʛʘʣʴʤʽʚʥʫ ʩʠʣʫ, ʥʽʞ ʟʘ ʢʣʘʩʠʯʥʦʶ 

ʪʝʦʨʽʻʶ [2]. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʢʣʘʜʝʥʝ ʚʠʱʝ, ʘʢʪʫʘʣʴʥʦʶ ʻ 

ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ 

ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ [7], ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʠʡ 

ʨʽʚʝʥʴ ʪʠʩʢʫ ʚ ʢʦʥʪʫʨʘʭ ʟʘʜʥʽʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʛʘʣʴʤʽʚʥʦʛʦ 

ʤʦʤʝʥʪʫ ʥʘ ʾʭ ʢʦʣʝʩʘʭ ʫ ʢʦʞʥʦʤʫ ʽʟ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʠʧʘʜʢʽʚ. 

ʄʝʪʘ ʽ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʩʪʝʥʜʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʻ ʦʪʨʠʤʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʛʫʣʷʪʦʨʽʚ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʧʨʠ ʟʤʽʥʥʦʤʫ ʪʠʩʢʦʚʽ 

ʢʝʨʫʚʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʠʥʘʤʽʯʥʦʤʫ ʥʦʨʤʘʣʴʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥ ʁ ʥʘ ʧʝʨʝʜʥʴʦʤʫ ʢʦʣʝʩʽ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʙʦʨʪʫ ʧ̔ ʜ ʯʘʩ ʛʘʣʴʤʫʚʘʥʥ ̫ʘʚʪʦʤʦʙʽʣʷ Lanos ʚ ʨʽʟʥʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ. 

ɿʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥ ̫ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʪʠʩʢʦʤ ʚ ʢʦʥʪʫʨʘʭ ʟʘʜʥʽʭ 

ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʚʝʣʠʯʠʥʦʶ ʧʨʠʚʦʜʥʦʛʦ 

ʪʠʩʢʫ ʧʨʠ ʟʤʽʥʶʚʘʥʦʤʫ ʨʽʚʥʽ ʪʠʩʢʫ ʢʝʨʫʚʘʥʥʷ.  

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ 

ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʣʽʜ ʧʝʨʝʚʽʨʠʪʠ ʩʪʝʥʜ (ʨʠʩ. 1) 

ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ Lanos, ʦʙʣʘʜʥʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʠʤ 

ʛʘʣʴʤʽʚʥʠʤ ʧʨʠʚʦʜʦʤ 1, ʱʦ ʤʽʩʪʠʪʴ ʨʝʛʫʣʷʪʦʨʠ 

ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ, ʜʣʷ ʯʦʛʦ: 

- ʧʽʜôʻʜʥʘʪʠ ʰʣʘʥʛ ʜʦ ʰʪʫʮʝʨʘ ʢʦʣʽʩʥʦʛʦ 

ʮʠʣʽʥʜʨʘ 2, ʧʦʧʝʨʝʜʥʴʦ ʟʥʷʚʰʠ ʢʦʚʧʘʯʦʢ ʽ 

ʚʠʢʨʫʪʠʚʰʠ ʡʦʛʦ ʧʦʚʥʽʩʪʶ; 

-  ʚʠʢʨʫʪʠʪʠ ʰʪʫʮʝʨʠ ʨʝʛʫʣʷʪʦʨʽʚ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ 

ʽ ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʥʠʭ ʟʣʠʚʥʽ ʪʨʫʙʢʠ, ʧʦʤʽʩʪʠʚʰʠ ʾʭ ʫ 

É ʆ. ɯ. ʅʘʟʘʨʦʚ, ɯ. ʆ. ʅʘʟʘʨʦʚ, ɺ. ɯ. ʅʘʟʘʨʦʚ, ɼ. ɺ. ɸʙʨʘʤʦʚ, ɸ. ɼ. ɻʘʣʫʮʢʠʭ, 2017  
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- ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʣʴʤʽʚʥʦʾ ʧʝʜʘʣʽ 9 ʟʘʢʘʯʘʪʠ 

ʛʘʣʴʤʽʚʥʫ ʨʽʜʠʥʫ DOT-4 ʜʦ ʚʠʪʽʢʘʥʥʷ ʾʾ ʟ ʪʨʫʙʦʢ ʙʝʟ 

ʙʫʣʴʙʘʰʦʢ ʧʦʚʽʪʨʷ; 

- ʟʘʢʨʫʪʠʪʠ ʰʪʫʮʝʨʠ; 

- ʚʩʪʘʥʦʚʠʪʠ ʢʦʚʧʘʯʢʠ ʥʘ ʰʪʫʮʝʨʠ. 

 
 

ʈʠʩ.1 ï ʉʭʝʤʘ ʩʪʝʥʜʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ: 

1 - ʛʘʣʴʤʽʚʥʠʡ ʧʨʠʚʦʜ; 2 - ʢʦʣʝʩʦ ʚ ʟʙʦʨʽ; 3 - ʙʘʨʘʙʘʥ; 4 - ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʙʘʨʘʙʘʥʘ; 

5 - ʮʠʣʽʥʜʨ ʢʝʨʫʚʘʥʥʷ; 6 - ʤʘʥʦʤʝʪʨʠ; 7 - ʜʠʥʘʤʦʤʝʪʨ; 8 - ʛʚʠʥʪʦʚʠʡ ʧʨʠʩʪʨʽʡ; 

9 - ʧʝʜʘʣʴ ʚ ʟʙʦʨʽ; 10 - ʧʨʠʣʘʜ ʢʦʤʙʽʥʦʚʘʥʠʡ ʮʠʬʨʦʚʠʡ; 11 - ʽʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ. 

 

ʅʘ ʩʪʝʥʜʽ (ʜʠʚ. ʨʠʩ. 1) ʽʤʽʪʫʚʘʣʦʩʷ ʟʘʛʘʣʴʤʫʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʷ Lanos, ʦʩʥʘʱʝʥʦʛʦ ʰʠʥʘʤʠ 185/75R14 ʟ 

ʥʦʚʠʤ ʤʘʣʶʥʢʦʤ ʧʨʦʪʝʢʪʦʨʘ. ʊʠʩʢ ʧʦʚʽʪʨʷ ʚ ʰʠʥʽ 

ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʽʥʩʪʨʫʢʮʽʾ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʥʦʨʤʘʭ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ [8]. 

ʋ ʩʪʝʥʜʦʚʠʭ ʫʤʦʚʘʭ ʧʨʠ ʽʤʽʪʘʮʽʾ ʛʘʣʴʤʫʚʘʥʴ 

ʚʝʣʠʯʠʥʘ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʣʝʩʽ 

ʚʽʜʧʦʚʽʜʘʣʘ ʥʦʨʤʘʣʴʥʦʤʫ ʜʠʥʘʤʽʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ 

ʥʘ ʧʝʨʝʜʥʽʭ ʢʦʣʝʩʘʭ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʷʭ Lanos ʚ 

ʩʧʦʨʷʜʞʝʥʦʤʫ ʩʪʘʥʽ (1096 ʢʛ) ʪʘ ʚ ʩʪʘʥʽ ʧʦʚʥʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ (1595 ʢʛ). 

ɿʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʣʝʩʽ, ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʜʠʥʘʤʦʤʝʪʨʦʤ 7 (ʜʠʚ. ʨʠʩ. 1), ʚʠʟʥʘʯʘʣʠʩʷ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ, windows-ʚʽʢʥʦ ʷʢʦʾ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2 ï Windows-ʚʽʢʥʦ ʧʨʦʛʨʘʤʠ 

ʇʽʜ ʯʘʩ ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʝʣʠʯʠʥʫ 

ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʝʜʥʴʦʤʫ ʢʦʣʝʩʽ 

(ʜʠʚ. ʨʠʩ. 1) ʟʤʽʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʚʠʥʪʦʚʦʛʦ 

ʧʨʠʩʪʨʦʶ 8, ʢʦʥʪʨʦʣʶʶʯʠ ʾʾ ʟʘ ʧʦʢʘʟʘʥʥʷʤʠ 

ʜʠʥʘʤʦʤʝʪʨʘ 7, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ 

 

Rzɼz iRR Ö= ,   (1) 

ʜʝ zɼR  - ʧʦʢʘʟʘʥʥʷ ʜʠʥʘʤʦʤʝʪʨʘ 7; 

Ri  - ʧʝʨʝʜʘʚʘʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ ʩʠʣ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʜʝ  1l , 2l  - ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʩʪʘʥʽ ʚʽʜ ʢʦʣʝʩʘ 2 ʽ 

ʜʠʥʘʤʦʤʝʪʨʘ 7 ʜʦ ʰʘʨʥʽʨʘ ʨʘʤʠ ʙʘʨʘʙʘʥʘ 3. 

ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʜʽʡʩʥʠʭ ʚʝʣʠʯʠʥ ʥʦʨʤʘʣʴʥʠʭ 

ʨʝʘʢʮʽʡ ʥʘ ʧʝʨʝʜʥʴʦʤʫ ʢʦʣʝʩʽ ʧʨʠ ʩʪʝʥʜʦʚʠʭ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʟʘʙʝʟʧʝʯʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ʩʪʝʥʜʫ ʪʘʢʽ, ʱʦ 3=Ri  ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʜʘʚʘʣʴʥʦʤʫ 

ʚʽʜʥʦʰʝʥʥʶ ʩʠʣ ʜʣʷ ʚʘʞʽʣʴʥʦ-ʰʘʨʥʽʨʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʘʚʪʦʤʦʙʽʣʽ Lanos. 

ʇʨʠ ʟʤʽʥʽ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʣʝʩʽ 2 

ʟʤʽʥʶʻʪʴʩʷ ʩʠʣʘ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʰʪʦʢ ʮʠʣʽʥʜʨʘ 

ʫʧʨʘʚʣʽʥʥʷ 5 (ʜʠʚ. ʨʠʩ. 1), ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʡ 

ʪʠʩʢ ʫʧʨʘʚʣʽʥʥʷ  
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ʜʝ 0d  - ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʮʠʣʽʥʜʨʘ ʫʧʨʘʚʣʽʥʥʷ 5. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʟʤʽʥʠ ʟʤʽʥʶʻʪʴʩʷ ʡ ʪʠʩʢ, ʱʦ 

ʩʪʚʦʨʶʻʪʴʩʷ ʛʘʣʴʤʽʚʥʠʤ ʧʨʠʚʦʜʦʤ 1 ʚ ʢʦʥʪʫʨʽ ʟʘʜʥʽʭ 

ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʥʘʨʦʩʪʘʥʥʷ ʷʢʦʛʦ ʬʽʢʩʫʻʪʴʩʷ 

ʤʘʥʦʤʝʪʨʦʤ 6 (ʜʠʚ. ʨʠʩ. 1). 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʭʦʜʽ 

ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʤʽʪʘʮʽʡʥʽ ʛʘʣʴʤʫʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʷ ʧʨʦʚʦʜʠʣʠʩʷ ʧʨʠ ʦʜʥʦʨʘʟʦʚʦʤʫ ʧʣʘʚʥʦʤʫ 

ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʛʘʣʴʤʽʚʥʫ ʧʝʜʘʣʴ ʪʘ ʟʤʽʥʽ ʟʫʩʠʣʣʷ ʚʽʜ 

0-490 ʅ, ʷʢʝ ʢʦʥʪʨʦʣʶʚʘʣʦʩʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʪʠʩʢʫ 

(0-10 ʄʇʘ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʥʦʤʝʪʨʘ 6 (ʜʠʚ. ʨʠʩ. 1). 

ɼʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʬʽʢʩʫʚʘʥʥʷ ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ ʚ 

ʢʦʥʪʫʨʘʭ ʧʽʜʪʨʠʤʫʚʘʚʩʷ ʢʨʦʢ ʡʦʛʦ ʟʨʦʩʪʘʥʥʷ 1 ʄʇʘ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʘʥʦʤʝʪʨʽʚ 6 (ʜʠʚ. ʨʠʩ. 1) ʬʽʢʩʫʚʘʣʠʩʷ 

ʨʽʚʥʽ ʪʠʩʢʫ ʚ ʢʦʥʪʫʨʘʭ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʢʘʭ. ʇʽʩʣʷ 

ʯʦʛʦ ʧʨʦʚʦʜʠʣʦʩʷ ʨʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ (ʛʘʣʴʤʽʚʥʘ 

ʧʝʜʘʣʴ ʧʣʘʚʥʦ ʚʽʜʧʫʩʢʘʣʦʩʷ ʜʦ ʟʥʠʢʥʝʥʥʷ ʪʠʩʢʫ ʚ 

ʢʦʥʪʫʨʽ) ʟ ʪʘʢʠʤ ʞʝ ʢʨʦʢʦʤ, ʽ ʨʝʻʩʪʨʫʚʘʣʘʩʷ ʟʤʽʥʘ 

ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʇʨʦʛʨʘʤʦʶ ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʜʙʘʯʝʥʦ 

ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʽʾ ʚʠʧʨʦʙʫʚʘʥʴ, ʚ ʢʦʞʥʽʡ ʟ ʷʢʠʭ 

ʚʠʢʦʥʫʚʘʣʦʩʷ 10 ʮʠʢʣʽʯʥʠʭ ʛʘʣʴʤʫʚʘʥʴ ʪʘ 

ʨʦʟʛʘʣʴʤʦʚʫʚʘʥʴ ʧʨʠ ʧʣʘʚʥʦʤʫ 

ʥʘʪʠʩʢʘʥʥʽ/ʚʽʜʧʫʩʢʘʥʥʽ ʛʘʣʴʤʽʚʥʦʾ ʧʝʜʘʣʽ. 

ʇʽʜ ʯʘʩ ʽʤʽʪʘʮʽʾ ʟʘʛʘʣʴʤʫʚʘʥʴ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ 

ʙʘʛʘʪʦʨʘʟʦʚʝ ʥʘʪʠʩʢʘʥʥʷ ʥʘ ʛʘʣʴʤʽʚʥʫ ʧʝʜʘʣʴ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʙʘʨʘʙʘʥʘ 3 ʚʽʜʧʦʚʽʜʘʣʘ ʧʦʯʘʪʢʦʚʽʡ ʰʚʠʜʢʦʩʪʽ 

ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʟʤʽʥʶʚʘʣʘʩʴ ʚ ʤʝʞʘʭ 

80-150 ʢʤ/ʛʦʜ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʢʦʞʥʦʛʦ ʮʠʢʣʫ ʛʘʣʴʤʫʚʘʥʴ 

ʬʽʢʩʫʚʘʣʠʩʷ ʚʝʣʠʯʠʥʠ ʪʠʩʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʥʦʤʝʪʨʽʚ 6 (ʜʠʚ. ʨʠʩ. 1): p1 ï ʥʘ ʚʭʦʜʽ ʨʝʛʫʣʷʪʦʨʘ, p2 

ï ʥʘ ʚʠʭʦʜʽ ʽ py ï ʪʠʩʢ ʫʧʨʘʚʣʽʥʥʷ. 

ʆʧʠʩ ʧʨʠʣʘʜʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʘʩʦʙʠ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʜʽʻʟʜʘʪʥʽ ʽ ʤʝʪʨʦʣʦʛʽʯʥʦ 

ʧʦʚʽʨʝʥʽ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʦʙʣʘʜʥʘʥʥʷ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʡ ʨʝʤʦʥʪʫ ʤʘʰʠʥ: ʛʘʣʴʤʽʚʥʠʡ 

ʧʨʠʚʦʜ ʚ ʟʙʦʨʽ (ʨʠʩ. 3); ʮʠʣʽʥʜʨʠ ʢʝʨʫʚʘʥʥʷ (ʨʠʩ. 4) 

[9, 10].  

ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ ʨʽʚʥʽʚ ʪʠʩʢʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ 

ʧʨʠʣʘʜʠ: ʤʘʥʦʤʝʪʨʠ ʆɹʄɻʥ 1-100 ɻʆʉʊ 8625-65 (ʟ 

ʤʝʞʘʤʠ ʚʠʤʽʨʶʚʘʥʴ 0-60 ʄʇʘ, ʮʽʥʦʶ ʧʦʜʽʣʢʠ 

1 ʄʇʘ), ʤʘʥʦʤʝʪʨ ʆɹʄ1-160 ɻʆʉʊ 2405-80 (ʟ 

ʤʝʞʘʤʠ ʚʠʤʽʨʶʚʘʥʴ 0-6 ʄʇʘ, ʮʽʥʦʶ ʧʦʜʽʣʢʠ 

0,1 ʄʇʘ). 

ɼʣʷ ʬʽʢʩʘʮʽʾ ʟʫʩʠʣʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʜʠʥʘʤʦʤʝʪʨ ɼʇʋ-0,5-2 ɻʆʉʊ 9409-60 (ʟ ʤʝʞʘʤʠ 

ʚʠʤʽʨʶʚʘʥʴ 0-5 ʢʅ, ʮʽʥʦʶ ʧʦʜʽʣʢʠ 50 ʅ).  

ɼʣʷ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ [11] 

ʛʘʣʴʤʽʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʩʪʝʥʜʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʽʨʦʤʝʪʨ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʽʚ ʪʠʩʢʽʚ ʚ ʧʨʦʮʝʩʽ ʩʪʝʥʜʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʦʜʠʣʦʩʷ ʚ ʧʦʚʥʽʡ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ [8].  

ʈʝʻʩʪʨʘʮʽʷ ʨʽʚʥʽʚ ʪʠʩʢʽʚ ʚʽʜʙʫʚʘʣʘʩʷ ʚʽʟʫʘʣʴʥʦ ʟʘ 

ʧʦʢʘʟʘʥʥʷʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʥʦʤʝʪʨʽʚ ʚ ʧʨʦʮʝʩʽ 

ʧʦʩʪʫʧʦʚʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ ʟ ʧʝʚʥʠʤ 

ʢʨʦʢʦʤ (ʧʽʜ ʯʘʩ ʟʘʛʘʣʴʤʦʚʫʚʘʥʥʷ) ʪʘ ʧʦʩʪʫʧʦʚʦʛʦ ʡʦʛʦ 

ʟʥʠʞʝʥʥʷ (ʧʽʜ ʯʘʩ ʨʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ). 

 

 
ʈʠʩ. 3 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʝʛʫʣʷʪʦʨʽʚ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʚ 

ʟʙʦʨʽ ʟ ʛʦʣʦʚʥʠʤ ʛʘʣʴʤʽʚʥʠʤ ʮʠʣʽʥʜʨʦʤ: 

1 - ʛʦʣʦʚʥʠʡ ʛʘʣʴʤʽʚʥʠʡ ʮʠʣʽʥʜʨ;  

2 - ʨʝʛʫʣʷʪʦʨ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ. 

 

 
 

ʈʠʩ. 4 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʮʠʣʽʥʜʨʽʚ ʫʧʨʘʚʣʽʥʥʷ ʚ ʟʙʦʨʽ: 

1 - ʰʣʘʥʛ ʛʘʣʴʤʽʚʥʠʡ ʚ ʟʙʦʨʽ; 2 - ʮʠʣʽʥʜʨ ʢʝʨʫʚʘʥʥʷ; 

3 - ʙʦʣʪ ʢʨʽʧʣʝʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʘʥʛʘ 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʠʩʢʽʚ ʚ ʪʦʯʢʘʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ Lanos ʟʚʝʜʝʥʦ ʜʦ ʪʘʙʣ. 1. 

ʆʮ̔ʥʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʝʥʜʦʚʠʭ (ʜʠʚ. ʪʘʙʣ. 1) ʽ 

ʪʝʦʨʝʪʠʯʥʠʭ (ʜʠʚ. ʪʘʙʣ. 2) ʜʦʩʣʽʜʞʝʥʴ ʨʝʛʫʣʷʪʦʨʽʚ 

ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʧʨʦʚʦʜʠʣʘʩʷ ʟʛʽʜʥʦ [8]. 

ʇʦʨʽʚʥʶʶʯʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʨʠʚʦʜʥʠʭ 

ʪʠʩʢʽʚ ʚ ʢʦʥʪʫʨʘʭ ʟʘʜʥʽʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʘʚʪʦʤʦʙʽʣʽʚ Lanos ʟʽ ʩʧʦʨʷʜʞʝʥʦʶ ʤʘʩʦʶ, ʚʠʟʥʘʯʝʥʽ 

ʟʘ ʫʪʦʯʥʝʥʦʶ [2] ʪʘ ʢʣʘʩʠʯʥʦʶ [3-6] ʪʝʦʨʽʷʤʠ, ʤʦʞʥʘ 

ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʛʘʣʴʤʫʚʘʥʥʷ z=0,5 

ʨʽʚʝʥʴ ʪʠʩʢʫ ʚ ʢʦʥʪʫʨʘʭ ʟʘʜʥʽʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʟʙʣ̔ʴʰʫʻʪʴʩʷ ʥʘ 18,6 %, ʘ ʧʨʠ z=0,8 ʟʨʦʩʪʘʻ ʥʘ 32,7 %, 

ʪʦʜʽ, ʷʢ ʚ ʩʪʘʥʽ ʧʦʚʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʽʥ ʟʨʦʩʪʘʻ ʥʘ 

10,9 % ʽ 18,6 % ʚʽʜʧʦʚʽʜʥʦ (ʪʘʙʣ. 2). 

ʄʝʥʰʽ ʟʥʘʯʝʥʥʷ ʪʠʩʢʽʚ ʚ ʢʦʥʪʫʨʘʭ ʟʘʜʥʽʭ ʛʘʣʴʤ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʧʦʚʥʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʧʦʷʩʥʶʶʪʴʩʷ 

ʟʥʠʞʝʥʥʷʤ ʧʦʣʦʞʝʥʥʷ ʤʝʪʘʮʝʥʪʨʘ ʽ ʮʝʥʪʨʫ ʤʘʩ. 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʽʚʥʽ ʪʠʩʢʽʚ ʜʣʷ 
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ʢʦʞʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʣʝʩʽ 

ʘʚʪʦʤʦʙʽʣʷ ʚ ʩʧʦʨʷʜʞʝʥʦʤʫ ʩʪʘʥʽ, ʥʘʧʨʠʢʣʘʜ, 

Rz=3600 H ʽ Rz=3750 H, ʪʘ ʟ ʧʦʚʥʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ, 

ʥʘʧʨʠʢʣʘʜ, Rz=4450 H ʽ Rz=5000 H (ʜʠʚ. ʪʘʙʣ. 1), 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʝʦʨʝʪʠʯʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ (ʜʠʚ. ʪʘʙʣ. 2) ʧʨʠ z=0,5 ʽ z=0,8. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʪʠʩʢʽʚ (ʜʠʚ. ʪʘʙʣ. 1), ʦʪʨʠʤʘʥʠʭ ʚ ʭʦʜʽ ʩʪʝʥʜʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ (ʜʠʚ. ʪʘʙʣ. 2), 

ʧʦʢʘʟʫʻ, ʱʦ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʝʣʠʯʠʥ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʦʤʫ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʤʫ ʩʪʘʥʫ 

ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʡʦʛʦ ʧʦʯʘʪʢʦʚʽʡ ʰʚʠʜʢʦʩʪʽ 

ʛʘʣʴʤʫʚʘʥʥʷ, ʥʝ ʧʝʨʝʚʠʱʫʻ 6 %, ʱʦ ʻ ʜʦʧʫʩʪʠʤʠʤ [8]. 

ʉʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʫʣʷʪʦʨʽʚ ʛʘʣʴʤʽʚʥʠʭ 

ʩʠʣ, ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ (ʜʠʚ. ʪʘʙʣ. 1) ʧʨʠʚʦʜʥʠʭ ʪʠʩʢʽʚ, ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ ʚ ʛʘʣʴʤʽʚʥʽʡ 

ʩʠʩʪʝʤʽ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ Lanos ʟʽ ʩʧʦʨʷʜʞʝʥʦʶ 

ʪʘ ʧʦʚʥʦʶ ʤʘʩʦʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ ʢʝʨʫʚʘʥʥʷ 

(ʟʤʽʥʠ ʥʦʨʤʘʣʴʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʢʦʣʝʩʽ).

 

ʊʘʙʣʠʮʷ 1 - ɿʥʘʯʝʥʥʷ ʪʠʩʢʽʚ ʚ ʪʦʯʢʘʭ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ 

 

ʅʦʨʤʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʦʣʝʩʽ, 

Rz, ʅ 

ʊʠʩʢ 

ʢʝʨʫʚʘʥʥʷ, 

py, ʄʇʘ 

ʈʽʚʝʥʴ ʪʠʩʢʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ, ʄʇʘ 

ʨʝʛʫʣʷʪʦʨ ˉ1 ʨʝʛʫʣʷʪʦʨ ˉ2 

p10 p20 p10 p20 

ʉ
ʧ
ʦ
ʨ
ʷ
ʜ
ʞ
ʝ
ʥ
ʘ
 
ʤ
ʘ
ʩ
ʘ
 
(
1
0
9
6
 

ʢ
ʛ
)

 

3400 3,5 1,0 0,8 1,0 0,8 1,0 0,8 1,0 0,8 

3450 3,6 1,7 1,6 1,2 1,2 1,5 1,4 1,1 1,1 

3500 3,7 2,6 2,5 1,7 1,6 2,5 2,4 1,6 1,6 

3550 3,8 3,6 3,4 2,2 2,0 3,5 3,3 2,1 2,0 

3600 3,9 4,2 4,0 3,2 3,0 4,1 4,0 3,1 3,0 

3650 4,0 5,2 5,0 3,5 3,4 5,1 5,0 3,4 3,2 

3700 4,1 6,2 6,0 4,0 3,9 6,1 6,0 4,0 3,9 

3750 4,2 7,0 6,8 4,4 4,2 7,1 7,0 4,5 4,4 

ʇ
ʦ
ʚ
ʥ
ʘ
 
ʤ
ʘ
ʩ
ʘ
 
(
1
5
9
5
 
ʢ
ʛ
)

 

4200 4,4 7,2 6,9 4,6 4,3 7,0 6,9 4,4 4,3 

4250 4,5 7,3 7,0 4,8 4,5 7,1 7,0 4,6 4,5 

4300 4,6 7,5 7,3 5,2 5,0 7,6 7,4 5,1 5,0 

4350 4,7 7,6 7,4 5,8 5,6 7,5 7,3 5,7 5,6 

4400 4,8 7,8 7,6 6,0 5,8 7,7 7,4 5,9 5,8 

4450 4,9 8,1 8,0 6,8 6,5 8,0 7,9 6,8 6,6 

4550 5,0 8,3 8,2 7,1 7,0 8,3 8,1 7,2 7,1 

5000 5,1 8,5 8,3 8,4 8,2 8,4 8,3 8,4 8,3 

ʇʨʠʤʽʪʢʘ. ɿʥʘʯʝʥʥʷ ʪʠʩʢʽʚ, ʟʘʟʥʘʯʝʥʽ ʚ ʛʨʘʬʘʭ ʟʣʽʚʘ, ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʘʛʘʣʴʤʫʚʘʥʥʷ, ʘ ʧʨʘʚʦʨʫʯ ï ʜʦ ʨʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ. 

 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʦʪʨʠʤʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʨʽʚʥʽʚ ʧʨʠʚʦʜʥʠʭ ʪʠʩʢʽʚ 

(ʚʠʜʽʣʝʥʦ ʞʠʨʥʠʤ, ʜʠʚ. ʪʘʙʣ. 1) ʧʦʙʫʜʦʚʘʥʦ ʩʪʘʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʫʣʷʪʦʨʽʚ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʽʤʝʡʩʪʚʦ ʢʨʠʚʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ 

ʨʠʩ. 5, ʜʣʷ ʚʠʙʽʨʢʦʚʠʭ ʯʦʪʠʨʴʦʭ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ 

ʩʪʘʥʽʚ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ Lanos. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʢʨʠʚʠʭ (ʜʠʚ. ʨʠʩ. 5) ʧʦʢʘʟʫʻ, 

ʱʦ ʧʽʜ ʯʘʩ ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʝʛʫʣʷʪʦʨʽʚ 

ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ [7], ʚʩʪʘʥʦʚʣʝʥʠʭ ʚ ʛʘʣʴʤʽʚʥʫ ʩʠʩʪʝʤʫ 

ʘʚʪʦʤʦʙʽʣʷ Lanos, ʤʘʶʪʴ ʤʽʩʮʝ ʭʘʨʘʢʪʝʨʥʽ ʜʽʘʧʘʟʦʥʠ 

ʟʤʽʥʠ ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʪʠʩʢʫ 

ʢʝʨʫʚʘʥʥʷ: 

ʘ) ʧʨʠ py=3,5-4,2 ʄʇʘ;  

p1=1,0-7,1 ʄʇʘ ʽ p2=0,8-4,5 ʄʇʘ; 

ʙ) ʧʨʠ py=4,4-5,0 ʄʇʘ;  

p1=7,0-8,3 ʄʇʘ ʽ p2=4,3-7,2 ʄʇʘ; 

ʚ) ʧʨʠ pyÓ5,1 ʄʇʘ; p1=p2=1,0-8,5 ʄʇʘ. 

ɿʚʽʜʢʠ ʩʣʽʜʫʻ, ʱʦ ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ (ʜʣʷ 

ʘʚʪʦʤʦʙʽʣʽʚ ʽʟ ʧʦʚʥʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ) ʨʝʛʫʣʷʪʦʨʠ 

ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ [7] ʚʽʜʪʚʦʨʶʶʪʴ ʽʩʥʫʶʯʠʡ ʧʦʩʪʽʡʥʠʡ 

ʨʦʟʧʦʜʽʣ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ (ɸɺ, ʜʠʚ. ʨʠʩ. 5), 

ʟʘʙʝʟʧʝʯʫʚʘʥʠʡ ʛʘʣʴʤʽʚʥʠʤ ʧʨʠʚʦʜʦʤ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɸʚʪʦʨʠ 

ʚʚʘʞʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ, 

ʧʦʚôʷʟʘʥʽ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʛʽʜʨʘʚʣʽʯʥʠʭ ʛʘʣʴʤʽʚʥʠʭ 

ʧʨʠʚʦʜʽʚ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʛʘʣʴʤʽʚʥʽ ʩʠʩʪʝʤʠ 

ʷʢʠʭ ʥʝ ʦʙʣʘʜʥʘʥʦ ʝʣʝʢʪʨʦʥʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʩʣʽʜʢʫʚʘʥʥʷ ʟʘ ʧʨʦʮʝʩʦʤ ʛʘʣʴʤʫʚʘʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʦʨʪʦʚʠʡ ʨʦʟʧʦʜʽʣ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ, ʷʢ 

ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʚʽʜʥʦʩʥʦ ʥʝ ʜʦʨʦʛʠʭ. 
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ʇʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʨʽʚʥʠʥʥʽʡ ʤʽʩʮʝʚʦʩʪʽ, 80 ʢʤ/ʛʦʜ 

ʄʘʩʘ 

ʘʚʪʦʤʦʙʽʣʷ 

ʇʘʨʘʤʝʪʨʠ 

ʛʘʣʴʤʫʚʘʥʥʷ 

ɻʦʨʠʟʦʥʪʘʣʴʥʘ ʜʦʨʦʛʘ ʽʟ ʩʫʭʠʤ ʘʩʬʘʣʴʪʦʚʠʤ ʧʦʢʨʠʪʪʷʤ 

ʂʦʝʬʽʮʽʻʥʪ ʛʘʣʴʤʫʚʘʥʥʷ, z 

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 

1096 ʢʛ 

Rz1, ʅ 6766 6872 6978 7083 7189 7295 7400 7506 

Rz2, ʅ 3986 3880 3774 3668 3563 3457 3351 3245 

PT1, ʅ 677 1374 2093 2833 3595 4377 5181 6005 

PT2, ʅ 399 776 1132 1467 1781 2074 2846 2596 

Rz1
o, ʅ 6899 7139 7378 7618 7857 8096 8306 8575 

Rz2
o , ʅ 3852 3613 3374 3134 2895 2655 2446 2177 

PT1
o, ʅ 690 1428 2213 3047 3928 4858 5835 6860 

PT2
o, ʅ 385 723 1012 1254 1447 1593 1691 1741 

p1, ʄʇʘ 0,79 1,62 2,47 3,35 4,24 5,17 6,12 7,10 

p2, ʄʇʘ 0,68 1,33 1,95 2,52 3,06 3,56 4,03 4,46 

p1
o, ʄʇʘ 0,82 1,68 2,61 3,59 4,64 5,79 6,89 8,1 

p2
o, ʄʇʘ 0,66 1,24 1,74 2,16 2,49 2,74 2,91 3,0 

py, ʄʇʘ 3,59 3,65 3,70 3,76 3,82 3,87 3,92 3,98 

1595 ʢʛ 

Rz1, ʅ 8387 8485 8583 8682 8779 8878 8976 9074 

Rz2, ʅ 7260 7162 7063 6965 6867 6769 6671 6573 

PT1, ʅ 839 1697 2575 3473 4890 5327 6283 7259 

PT2, ʅ 726 1432 2119 2786 3434 4062 4670 5258 

Rz1
o, ʅ 8539 8788 9038 9288 9537 9787 10036 10286 

Rz2
o , ʅ 7108 6859 6609 6359 6109 5860 5611 5361 

PT1
o, ʅ 854 1758 2711 3715 4769 5872 7025 8229 

PT2
o, ʅ 711 1372 1983 2544 3055 3516 3927 4289 

p1, ʄʇʘ 0,99 2,0 3,04 4,1 5,18 6,28 7,42 8,57 

p2, ʄʇʘ 1,25 2,46 3,64 4,78 5,89 6,97 8,02 9,03 

p1
o, ʄʇʘ 1,01 2,1 3,2 4,38 5,63 6,94 8,3 9,71 

p2
o, ʄʇʘ 1,22 2,36 3,41 4,37 5,25 6,1 6,75 7,35 

py, ʄʇʘ 4,45 4,50 4,56 4,6 4,66 4,71 4,76 4,82 

ʇʨʠʤʽʪʢʘ. ɿʥʘʢʦʤ çÁè ʧʦʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʻʶ. 

 

 
ʈʠʩ. 5 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ: 

ɸɺ ï ʚ ʩʪʘʥʽ ʧʦʚʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ py=5,1 ʄʇʘ; 

ɸɺ1 ï ʚ ʩʪʘʥʽ ʧʦʚʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ py=4,9 ʄʇʘ; 

ɸɺ2 ï ʚ ʩʪʘʥʽ ʧʦʚʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ py=4,7 ʄʇʘ; 

ɸɺ3 ï ʚ ʩʪʘʥʽ ʯʘʩʪʢʦʚʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ py=4,2 ʄʇʘ. 

 

 

 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʨʝʛʫʣʷʪʦʨʠ 

ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ, ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʢʦʥʪʫʨʠ ʟʘʜʥʽʭ 

ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʘʚʪʦʤʦʙʽʣʷ Lanos, ʤʘʶʪʴ 

ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ 

p2=1,0-8,5 ʄʇʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ ʫʧʨʘʚʣʽʥʥʷ 

3,5ÒpyÓ5,1 ʄʇʘ (ʟʤʽʥʠ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʧʝʨʝʜʥʽʭ ʢʦʣʝʩʘʭ). 

ɸʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʘʣʴʤʫʚʘʥʥʷ, 

ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʫʪʦʯʥʝʥʦʶ ʪʘ ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʷʤʠ, 

ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ Lanos ʟʽ 

ʩʧʦʨʷʜʞʝʥʦ ʁ ʤʘʩʦʶ, ʟʘʛʘʣʴʤʦʚʫʚʘʥʠʭ ʥʘ ʩʫʭʦʤʫ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʽ ʟ ʧʦʯʘʪʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ 80 ʢʤ/ʛʦʜ, 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʚʽʜ z=0,5 

ʜʦ z=0,8 ʚʝʣʠʯʠʥʘ ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ ʚ ʢʦʥʪʫʨʘʭ ʟʘʜʥʽʭ 

ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ ʚʽʜ 

18,6 % ʜʦ 32,7 %. ɸʣʝ, ʜʣʷ ʪʘʢʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟ 

ʧʦʚʥʦʶ ʤʘʩʦʶ ʪʝʤʧ ʟʨʦʩʪʘʥʥʷ ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ 

ʜʝʱʦ ʥʠʞʯʠʡ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʧʦʣʦʞʝʥʥʷ 

ʤʝʪʘʮʝʥʪʨʘ ʽ ʮʝʥʪʨʫ ʤʘʩ ʚ ʪʘʢʦʤʫ ʨʘʟʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʨʦʙʦʪʫ 

ʨʦʟʨʦʙʣʝʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʦʨʪʦʚʠʡ ʨʦʟʧʦʜʽʣ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ. 

ʉʣʽʜ ʪʘʢʦʞ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʻ ʥʝʦʙʭʽʜʥʠʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʦʨʪʦʚʦ ʾ ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʭʝʤʠ 

ʚʢʣʶʯʝʥʥʷ ʢʦʥʪʫʨʽʚ ʛʘʣʴʤʽʚʥʦʛʦ ʧʨʠʚʦʜʘ. 
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ɺ. ɹ. ʉɸʄʆʈʆɼʆɺ, ʄ. ʆ. ʄɯʊʎɽʃʔ, ɭ. ʉ. ʇɽʃʀʇɽʅʂʆ 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʈʆɿʄɯʑɽʅʅʗ ʂɯʅɽʄɸʊʀʏʅʆɻʆ ʈʆɿʈʀɺʋ ɺ ɹɽɿʉʊʋʇɽʅɽɺɯʁ 

ɻɯɼʈʆʆɹ'ɭʄʅʆ-ʄɽʍɸʅɯʏʅɯʁ ʊʈɸʅʉʄɯʉɯɰ ʂʆʃɯʉʅʆɻʆ ʊʈɸʂʊʆʈɸ 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ ʨʦʟʤʽʱʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ ʜʣʷ ʜʚʦʧʦʪʦʢʦʚʠʭ ʙʝʟʩʪʫʧʝʥʝʚʠʭ 

ʛʽʜʨʦʦʙ'ʻʤʥʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʨʘʥʩʤʽʩʽʡ ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ ʪʷʛʦʚʦʛʦ ʢʣʘʩʫ 4ï5 ʪ. ʊʝʦʨʝʪʠʯʥʦ ʚʠʟʥʘʯʝʥʦ ʧʝʨʝʧʘʜ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʚ ʛʽʜʨʦʦʙ'ʻʤʥʽʡ 

ʧʝʨʝʜʘʯʽ ʪʘ ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʚʘʣʽʚ ʛʽʜʨʦʥʘʩʦʩʫ ʪʘ ʛʽʜʨʦʤʦʪʦʨʫ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ. ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ 
ʚʠʧʘʜʢʫ ʛʘʣʴʤʫʚʘʥʥʷ ʪʨʘʢʪʦʨʘ ʟ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ. ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʧʨʠʡʦʤʫ ʨʝʘʣʽʟʘʮʽʾ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ ʜʣʷ ʙʝʟʩʪʫʧʝʥʝʚʠʭ ʪʨʘʥʩʤʽʩʽʡ ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ ʪʠʧʫ ʍʊɿ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʘʢʪʦʨ, ʛʽʜʨʦʦʙôʻʤʥʦ-ʤʝʭʘʥʽʯʥʘ ʪʨʘʥʩʤʽʩʽʷ, ʛʽʜʨʦʦʙôʻʤʥʘ ʧʝʨʝʜʘʯʘ, ʢʽʥʝʤʘʪʠʯʥʠʡ ʨʦʟʨʠʚ, ʤʫʬʪʘ ʟʯʝʧʣʝʥʥʷ. 
 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʜʣʷ ʜʚʫʭʧʦʪʦʯʥʳʭ 

ʙʝʩʩʪʫʧʝʥʯʘʪʳʭ ʛʠʜʨʦʦʙʲʝʤʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʪʨʘʥʩʤʠʩʩʠʡ ʪʨʘʢʪʦʨʦʚ ʪʷʛʦʚʦʛʦ ʢʣʘʩʩʘ 4ï5 ʪ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʝʧʘʜ ʨʘʙʦʯʝʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʛʠʜʨʦʦʙʲʝʤʥʦʡ ʧʝʨʝʜʘʯʝ ʠ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚʘʣʦʚ ʛʠʜʨʦʥʘʩʦʩʘ ʠ ʛʠʜʨʦʤʦʪʦʨʘ ʧʨʠ ʵʢʩʪʨʝʥʥʦʤ ʪʦʨʤʦʞʝʥʠʠ . ʇʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʩʣʫʯʘʷ ʪʦʨʤʦʞʝʥʠʷ ʪʨʘʢʪʦʨʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʠʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʜʣʷ ʙʝʩʩʪʫʧʝʥʯʘʪʦʡ ʪʨʘʥʩʤʠʩʩʠʠ 
ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦʨʦʚ ʪʠʧʘ ʍʊɿ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʢʪʦʨ, ʛʠʜʨʦʦʙʲʝʤʥʦ-ʤʝʭʘʥʠʯʝʩʢʘʷ ʪʨʘʥʩʤʠʩʩʠʷ, ʛʠʜʨʦʦʙʲʝʤʥʘʷ ʧʝʨʝʜʘʯʘ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʨʘʟʨʳʚ, ʤʫʬʪʘ 

ʩʮʝʧʣʝʥʠʷ. 
 

Article is devoted to analysis of existing and future circuit kinematic rupture location solutions for power split continuously variable hydrostatic-

mechanical transmission tractors of 4-5 tons. Theoretically determined drop in operating pressure hydrostatic transmission and angular velocity shafts 
of hydraulic pump   and motor  during emergency braking. A comparative analysis of the results braking for the case of a  tractor with a maximum 

deceleration speed and technical operations. Proposed the possible ways implementation of the kinematic design reception gap for CVT wheeled 

tractor HTZ type. 
Keywords: tractor, hydrostatic-mechanical transmission, hydrostatic transmission, kinematic rupture, clutch. 
 

ɺʩʪʫʧ. ʊʨʘʢʪʦʨ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤʠ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ɺʽʥ ʤʘʻ ʙʫʪʠ ʟʜʘʪʥʠʤ ʚʠʢʦʥʫʚʘʪʠ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʦʣʽ, 

ʪʚʘʨʠʥʥʠʮʪʚʽ ʪʘ ʪʨʘʥʩʧʦʨʪʽ. ʊʦʤʫ ʱʦʨʽʯʥʦ ʚ ʩʚʽʪʽ 

ʟ'ʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʤʦʜʝʣʽ ʢʦʣʽʩʥʠʭ ʪʘ ʛʫʩʝʥʠʯʥʠʭ 

ʪʨʘʢʪʦʨʽʚ, ʨʽʟʥʠʭ ʷʢ ʟʘ ʧʦʪʫʞʥʽʩʪʶ, ʪʘʢ ʽ ʟʘ 

ʢʦʥʩʪʨʫʢʮʽʻʶ.  

ɿʘʛʘʣʴʥʦʩʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʱʦʜʦ ʦʩʥʘʱʝʥʥʷ 

ʪʨʘʢʪʦʨʽʚ ʙʝʟʩʪʫʧʽʥʯʘʩʪʠʤʠ ʜʚʦʧʦʪʦʢʦʚʠʤʠ 

ʛʽʜʨʦʦʙôʻʤʥʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʪʨʘʥʩʤʽʩʽʷʤʠ (ɻʆʄʊ) 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʧʨʘʮʽ ʤʝʭʘʥʽʢʘ-

ʚʦʜʽʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ (ʊɽʇ) ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ 

(ʄʊɸ) ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʦʧʝʨʘʮʽʡ ʪʘ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʨʝʞʠʤʽ [1]. 

ɺ ʋʢʨʘʾʥʽ ʨʦʙʦʪʠ ʟ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʧʝʨʰʦʾ ʫʢʨʘʾʥʩʴʢʦʾ ʙʝʟʩʪʫʧʽʥʯʘʩʪʦʾ 

ɻʆʄʊ-1ʉ ʪʠʧʫ ʟ ʜʠʬʝʨʝʥʮʽʘʣʦʤ "ʥʘ ʚʠʭʦʜʽ" ʜʣʷ 

ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ ʧʦʪʫʞʥʽʩʪʶ 210-240 ʢ.ʩ. ʙʫʣʠ 

ʨʦʟʧʦʯʘʪʽ ʥʘ ɸʊ "ʍʊɿ" ʩʫʤʽʩʥʦ ʟ ʅʊʋ "ʍʇɯ"  ʚ 

2013 ʨ. ʪʘ ʫʩʧʽʰʥʦ ʟʘʚʝʨʰʝʥʽ ʫ ʣʶʪʦʤʫ 2015 ʨ. ʎʝ 

ʜʘʣʦ ʩʫʪʪʻʚʠʡ ʧʦʰʪʦʚʭ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʪʘ ʥʘʙʣʠʟʠʣʦ 

ʪʝʭʥʽʯʥʠʡ ʨʽʚʝʥʴ ʚʽʪʯʠʟʥʷʥʠʭ ʪʨʘʢʪʦʨʽʚ ʜʦ ʨʽʚʥʷ 

ʟʨʘʟʢʽʚ ʩʚʽʪʦʚʠʭ ʣʽʜʝʨʽʚ ʛʘʣʫʟʽ Fendt, John Deere, 

Massey Ferguson, CASE, Deutz-Fahr ʪʘ ʽʥ.  

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʣʷ ʚʽʪʯʠʟʥʷʥʦʾ 

ʥʘʫʢʠ ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʨʦʟʨʦʙʢʘ ʙʝʟʩʪʫʧʝʥʝʚʠʭ 

ʪʨʘʥʩʤʽʩʽʡ ʜʣʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʪʝʭʥʽʢʠ ʥʘ ʙʘʟʽ 

ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ, ʪʘʢʦʾ ʷʢ ʬʨʦʥʪʘʣʴʥʽ 

ʥʘʚʘʥʪʘʞʫʚʘʯʽ ʪʘ ʤʘʥʝʚʨʦʚʽ ʟʘʣʽʟʥʠʯʥʽ ʤʦʪʦʚʦʟʠ, 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʷʢʠʭ ʜʦʟʚʦʣʷʶʪʴ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʨʝʘʣʽʟʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʙʝʟʩʪʫʧʽʥʯʘʩʪʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ.  

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʢʘʟʫʻ, ʱʦ ʫ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʙʦʪʘʭ ɹʘʙʘʻʚʘ ʆ.ʄ.,  ɯʛʥʘʪʦʚʘ 

ʃ.ɯ,  ʂʽʩʪʦʯʢʽʥʘ ɭ.ʉ., ʇʝʪʨʦʚʘ ɺ.ɸ., ɸʚʨʘʤʦʚʘ ɺ.ʇ., 

ʂʨʘʩʥʝʥʴʢʦʢʘ ɺ.ɯ., ɺʘʰʝʮʘ ɸ.ɼ., ʉʘʤʦʨʦʜʦʚʘ ɺ.ɹ.,  

ɻʦʨʦʜʝʮʴʢʦʛʦ ʂ. ɯ.  [2 ï 7] ʫʟʘʛʘʣʴʥʝʥʦ 

ʥʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ ʫ ʛʘʣʫʟʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʥʠʭ ʩʭʝʤ, ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ, 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ʛʽʜʨʦʦʙôʻʤʥʠʭ ʧʝʨʝʜʘʯ (ɻʆʇ) ʪʘ ɻʆʄʊ. 

ʇʠʪʘʥʥʷʤ ʜʠʥʘʤʽʢʠ ʛʘʣʴʤʫʚʘʥʥʷ ʢʦʣʽʩʥʠʭ 

ʪʨʘʢʪʦʨʽʚ ʦʩʥʘʱʝʥʠʭ ɻʆʄʊ ʧʨʠʩʚʷʯʝʥʽ ʥʘʫʢʦʚʽ 

ʧʫʙʣʽʢʘʮʽʾ  ɹʦʥʜʘʨʝʥʢʘ ɸ.  ɯ. [8 ï 9]. ɺ ʨʦʙʦʪʘʭ  

ʊʘʨʘʥʘ ɯ. ɸ. [10 ï 11] ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʫʛʦʚʦʛʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ɻʆʄʊ ʪʘ ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ. 

ʋ ʈʦʩʽʾ ʪʘ ʢʨʘʾʥʘʭ ʉʅɼ ʚʝʜʫʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʛʘʣʫʟʽ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʚ ɻʆʇ [12], ʪʘʢʦʞ ʚʽʜʦʤʽ 

ʨʦʟʨʦʙʢʠ ʤʘʰʠʥ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʭʽʜʥʦʩʪʽ [13] ʪʘ 

ʣʽʩʦʪʝʭʥʽʯʥʠʭ ʪʨʘʢʪʦʨʽʚ [14] ʟ ʧʦʚʥʦʧʦʪʦʢʦʚʠʤʠ 

ʛʽʜʨʦʦʙ'ʻʤʥʠʤʠ ʪʨʘʥʩʤʽʩʽʷʤʠ, ʦʜʥʘʢ, ʧʨʦʙʣʝʤʠ 

ʜʚʦʧʦʪʦʢʦʚʠʭ ɻʆʄʊ ʥʝ ʚʠʚʯʘʶʪʴʩʷ.   

ʇʨʦʚʝʜʝʥʠʡ ʣʽʪʝʨʘʪʫʨʥʠʡ ʘʥʘʣʽʟ ʚʢʘʟʫʻ, ʱʦ 

ˇʨʫʥʪʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʦʟʤʽʱʝʥʥʷ 

ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ ʜʣʷ ʜʚʦʧʦʪʦʢʦʚʠʭ ɻʆʄʊ ʥʘ 

ʢʽʥʝʤʘʪʠʯʥʽ ʪʘ ʩʠʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʪʨʘʥʩʤʽʩʽʾ ʪʘ ʾʭ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʜʦʩʽ ʥʝ ʚʝʣʠʩʴ, ʱʦ ʨʦʙʠʪʴ ʜʘʥʠʡ 

ʥʘʧʨʷʤʦʢ  ʜʦʩʣʽʜʞʝʥʴ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʩʫʯʘʩʥʦʾ  

ʥʘʫʢʠ ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. 

ɹʝʨʫʯʽ ʜʦ ʫʚʘʛʠ ʘʢʪʠʚʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ɻʆʄʊ, 

É ɺ. ɹ. ʉʘʤʦʨʦʜʦʚ, ʄ. ʆ. ʄʽʪʮʝʣʴ, ɭ. ʉ. ʇʝʣʠʧʝʥʢʦ,  2017  
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ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʦʞʣʠʚʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʥʝʦʙʭʽʜʥʦ ʚʽʜʢʠʥʫʪʠ 

ʟʘʟʜʘʣʝʛʽʜʴ ʥʝʧʨʘʮʝʟʜʘʪʥʽ ʚʘʨʽʘʥʪʠ ʱʝ ʥʘ ʝʪʘʧʽ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ. ɼʦʩʚʽʜ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʪʯʠʟʥʷʥʠʭ 

ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʪʨʘʢʪʦʨʥʠʭ ɻʆʄʊ ʩʚʽʜʯʠʪʴ, ʱʦ ʥʘ 

ʚʽʜʤʽʥʫ  ʚʽʜ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʙʝʟʩʪʫʧʝʥʝʚʠʭ 

ʪʨʘʥʩʤʽʩʽʡ ʧʝʜʘʣʴ ʟʯʝʧʣʝʥʥʷ ʥʝʦʙʭʽʜʥʘ ʪʨʘʢʪʦʨʫ 

ʟʘʜʣʷ ʚʽʜ'ʻʜʥʘʥʥʷ ʜʚʠʛʫʥʘ ʚʽʜ ʪʨʘʥʩʤʽʩʽʾ ʧʨʠ 

ʟʘʧʫʩʢʫ ʚ ʭʦʣʦʜʥʫ ʧʦʨʫ ʨʦʢʫ, ʧʨʠ ʨʦʙʦʪʽ ʥʘ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʘʭ ʟ ʚʚʽʤʢʥʝʥʠʤ ʚʘʣʦʤ ʚʽʜʙʦʨʫ 

ʧʦʪʫʞʥʦʩʪʽ, ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʪʘ ʽʥ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʪʘ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ɻʆʄʊ ʪʠʧʫ ʟ ʜʠʬʝʨʝʥʮʽʘʣʦʤ "ʥʘ ʚʠʭʦʜʽ" ʢʦʣʽʩʥʦʛʦ 

ʪʨʘʢʪʦʨʫ, ʟʦʢʨʝʤʘ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚʘʣʽʚ 

ʛʽʜʨʦʥʘʩʦʩʘ ʪʘ ʛʽʜʨʦʤʦʪʨʘ ʽ ʧʝʨʝʧʘʜʫ ʨʦʙʦʯʦʛʦ 

ʪʠʩʢʫ, ʚ ʨʝʞʠʤʽ ʚʽʣʴʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʪʨʘʢʪʦʨʘ ʟ 

ʚʽʜ'ʻʜʥʘʥʥʠʤ ʜʚʠʛʫʥʦʤ ʥʘ ʨʽʟʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʪʘ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʝʞʠʤʘʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʽʩʮʷ 

ʨʦʟʤʽʱʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ. 

ɹʝʟʩʪʫʧʝʥʝʚʘ ɻʆʄʊ-1ʉ ʚʞʝ ʜʦʚʝʣʘ ʩʚʦʶ 

ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜ ʯʘʩ ʥʘʪʫʨʥʠʭ ʪʘ ʩʪʝʥʜʦʚʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʮʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʚʠʩʚʽʪʣʝʥʽ ʚ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ [1]. ʉʘʤʘ ʪʨʘʥʩʤʽʩʽʷ 

ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽ ʾʾ 

ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ ʛʽʜʨʦʧʽʜʪʠʩʢʥʽ 

ʤʫʬʪʠ ʥʘ ʛʽʜʨʦʤʦʪʦʨʽ ʯʠ ʛʽʜʨʦʥʘʩʦʩʽ ʘʙʦ ʰʪʘʪʥʫ 

ʤʫʬʪʫ ʟʯʝʧʣʝʥʥʷ, ʷʢʘ ʤʦʞʝ ʧʦʩʪʘʚʣʷʪʠʩʷ ʨʘʟʦʤ ʟ 

ʜʚʠʛʫʥʦʤ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ:  

ï ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʙʽʨ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʪʘ 

ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʽʚ ʢʦʣʽʩʥʦʛʦ ʪʨʘʢʪʦʨʫ; 

ï ʪʝʦʨʝʪʠʯʥʦ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʨʦʟʤʽʱʝʥʥʷ 

ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ ʥʘ ʦʩʥʦʚʥʽ ʢʽʥʝʤʘʪʠʯʥʽ ʪʘ 

ʩʠʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʪʨʘʥʩʤʽʩʽʾ ʧʨʠ ʚʽʜ'ʻʜʥʘʥʦʤʫ 

ʜʚʠʛʫʥʽ; 

ï ʚʠʨʦʙʠʪʠ  ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ɻʆʄʊ. 

ʉʧʦʩʦʙʠ ʨʝʘʣʽʟʘʮʽʾ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ ʚ 

ɻʆʄʊ. ɺʽʜʦʤʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʚʦʧʦʪʦʢʦʚʦʾ ɻʆʄʊ-1ʉ 

(ʨʠʩ. 1) ʤʽʩʪʠʪʴ ʜʚʽ ʛʽʜʨʦʧʽʜʪʠʩʢʥʽ ʤʫʬʪʠ. ʄʫʬʪʘ 

ʛʽʜʨʦʥʘʩʦʩʫ ʟʘʜʽʶʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʠʞʯʽʡ ʟʘ "ʤʽʥʫʩ" 5
ʦ
ʉ 

ʜʣʷ ʧʨʦʛʨʽʚʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ ɻʆʇ, 

ʤʫʬʪʘ ʛʽʜʨʦʤʦʪʦʨʫ ʟʚ'ʷʟʘʥʘ ʟ ʧʝʜʘʣʣʶ ʟʯʝʧʣʝʥʥʷ 

ʪʨʘʢʪʦʨʘ.

 

 
ʈʠʩ. 1 ï ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʪʨʘʥʩʤʽʩʽʾ ɻʆʄʊ-1ʉ: 

1 ï ʨʝʛʫʣʴʦʚʘʥʠʡ ʛʽʜʨʦʥʘʩʦʩ; 2 ï ʥʝʨʝʛʫʣʴʦʚʘʥʠʡ ʛʽʜʨʦʤʦʪʦʨ; 3 ï ʢʦʨʦʙʢʘ ʜʽʘʧʘʟʦʥʽʚ; 4 ï ʧʣʘʥʝʪʘʨʥʠʡ ʩʫʤʘʪʦʨ;  5 ï 

ʨʦʟʜʘʚʘʣʴʥʘ ʢʦʨʦʙʢʘ.  

 


