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ʄʦʣʦʜʘʥ ɸ.ɸ., ɼʫʙʠʥʠʥ ɽ.ɸ., ʇʦʪʘʧʦʚ ʅ.ʅ., ʇʦʣʷʥʩʢʠʡ ɸ.ʉ. çʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʦʪʢʣʶʯʝʥʠʷ ʮʠʣʠʥʜʨʦʚ ʠʟʤʝʥʝʥʠʝʤ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʧʘʥʦʚè 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʪʢʣʶʯʝʥʠʷ ʮʠʣʠʥʜʨʦʚ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʧʘʥʦʚ. ʇʨʠʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʪʢʣʶʯʝʥʠʷ ʮʠʣʠʥʜʨʦʚ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʧʘʥʦʚ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʤ, 

ʯʪʦ ʩʦʜʝʨʞʠʪ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʢʣʘʧʘʥʘʤʠ. ʀʟʤʝʥʝʥʳ ʨʝʞʠʤʳ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʧʘʥʦʚ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠʭ ʨʝʩʫʨʩʦʝʤʢʠʭ ʜʝʪʘʣʝʡ. ʇʨʝʜʣʦʞʝʥʦ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʜʞʠʤʥʳʭ ʧʨʫʞʠʥ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʦʣʦʩʪʝʡ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʧʘʥʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʪʢʣʶʯʝʥʠʷ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʚ ʦʪʜʝʣʴʥʳʡ 

ʮʠʣʠʥʜʨ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʵʢʦʥʦʤʠʠ ʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʮʠʣʠʥʜʨʦʚ. 

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: ʥʘʜʝʞʥʦʩʪʴ, ʦʪʢʣʶʯʝʥʠʝ ʮʠʣʠʥʜʨʦʚ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ, ʧʦʜʘʯʘ ʪʦʧʣʠʚʘ, 

ʵʢʩʧʣʫʘʪʘʮʠʷ. 

 

A. Molodan, Ye. Dubinin, M. Potapov, O. Poljansôkyj " Improving the reliability of the cylinder shutdown 

system by changing the operating mode of the solenoid valves"   

The article proposes an approach to improving the reliability of the cylinder shutdown system using solenoid 

valves. The developed system for disabling the cylinders by changing the operating modes of the electromagnetic 

valves is presented. The proposed system differs from the existing ones in that it contains an electronic control unit 

for solenoid valves. The operating modes of the solenoid valves have been changed by reducing the load on their 

resource-intensive parts. A more efficient arrangement of compression springs outside the high-pressure cavities of 

the solenoid valves is proposed. 

The results obtained can be used to turn off the fuel supply to a separate cylinder, which contributes to its 

saving and it becomes possible to diagnose cylinder malfunction. 

Keywords: reliability, cylinder shutdown, solenoid valve, fuel supply, operation. 

 

ɺʩʪʫʧ 

 

ɺ ʜʘʥʠʡ ʯʘʩ ʚʦʜʽʡ ʷʢ ʽ ʨʘʥʽʰʝ ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ "ʚʦʜʽʡ-ʤʘʰʠʥʘ-

ʜʦʨʦʞʥʽ ʫʤʦʚʠ". ɺʽʜ ʡʦʛʦ ʩʫʙô̒ ʢʪʠʚʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʜʦʨʦʞʥʴʦʾ ʩʠʪʫʘʮʽʾ ʽ ʜʽʡ ʟʘʣʝʞʠʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ ʤʘʰʠʥʠ. ʇʨʠ ʧʨʠʟʥʘʯʝʥʥʽ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʟ 

ʚʽʜʢʣʶʯʝʥʠʤʠ ʮʠʣʽʥʜʨʘʤʠ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʨʠ ʚʠʢʣʶʯʝʥʥʽ ʮʠʣʽʥʜʨʽʚ ʽ ʦʩʦʙʣʠʚʦ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʫʭʫ ʧʦʨʫʰʫʶʪʴʩʷ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʚʠʛʫʥʘ (ʟʙʽʣʴʰʫʻʪʴʩʷ ʩʪʫʧʽʥʴ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʙʝʨʪʘʥʥʷ; ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʫʭʫ ʜʝʪʘʣʝʡ ʟʤʽʥʶʻʪʴʩʷ ʚʨʽʚʥʦʚʘʞʝʥʽʩʪʴ, 



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 
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ʧʦʩʠʣʶʶʪʴʩʷ ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ 

ʚʽʜʢʣʶʯʝʥʥʽ ʮʠʣʽʥʜʨʽʚ ʤʦʞʝ ʧʦʩʠʣʠʪʠʩʷ ʚʽʙʨʘʮʽʷ ʜʚʠʛʫʥʘ ʽ ʢʦʣʽʩʥʦʾ ʤʘʰʠʥʠ, ʱʦ 

ʩʧʨʠʯʠʥʠʪʴ ʧʦʜʘʣʴʰʝ ʟʥʠʞʝʥʥʷ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʽʜʢʣʶʯʝʥʥʷ ʧʘʣʠʚʦʧʦʜʘʯʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʢʣʘʧʘʥʽʚ, ʻ ʘʢʪʫʘʣʴʥʠʤʠ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ  

 

ʅʝʜʦʣʽʢʘʤʠ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʘʣʛʦʨʠʪʤʽ ʢʝʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ 

ʤʦʤʝʥʪʽʚ ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʘʣʠʚʘ ʫ ʣʽʥʽʾ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʽʜʞʠʤʥʠʭ 

ʧʨʫʞʠʥ ʫ ʢʦʨʧʫʩʘʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʣʘʧʘʥʽʚ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʾʭ ʩʪʘʥ ʧʽʜ 

ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʴ ʧʘʣʠʚʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ ʪʘ ʧʨʫʞʠʥʠ. 

ɺʽʜʦʤʽ ʨʦʙʦʪʠ [1-9], ʧʦʚô̫ ʟʘʥʽ ʟ ʦʮʽʥʢʦʶ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʨʦʟʨʦʙʢʦʶ ʤʝʪʦʜʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʷʢʦʩʪʝʡ ʤʘʰʠʥ. ɺʦʥʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʩʥʦʚʥʽ 

ʧʽʜʭʦʜʠ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʷʢ ʤʘʰʠʥʠ ʚ ʮʽʣʦʤʫ [1-3], ʪʘʢ ʽ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʽ ʩʠʩʪʝʤ 

[4,5]. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʝʪʠ ʜʦʩʣʽʜʞʝʥʴ 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʽʜʢʣʶʯʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ 

ʜʚʠʛʫʥʘ ʪʘ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʧʽʜʞʠʤʥʠʭ ʧʨʫʞʠʥ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʣʘʧʘʥʽʚ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚʽʜʢʣʶʯʝʥʥʷ ʧʘʣʠʚʦʧʦʜʘʯʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʭʝʤʫ ʩʠʩʪʝʤʠ ʧʘʣʠʚʦʧʦʜʘʯʽ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʙʣʦʢʦʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʢʣʘʧʘʥʘʤʠ ʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

 

ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʽʜʢʣʶʯʝʥʥʷ ʧʘʣʠʚʦʧʦʜʘʯʽ 

 

ɺʽʜʢʣʶʯʝʥʥʷ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʮʠʣʽʥʜʨʽʚ ʤʦʞʣʠʚʦ ʫ ʨʘʟʽ ʧʦʰʢʦʜʞʝʥʥʷ 

ʧʘʣʠʚʥʦʛʦ ʥʘʩʦʩʘ, ʬʦʨʩʫʥʦʢ, ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʧʨʠʚʦʜʫ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ, 

ʧʨʠ ʷʢʦʤʫ ʧʨʠʧʠʥʷʻʪʴʩʷ ʧʦʜʘʯʘ ʧʘʣʠʚʘ ʚ ʚʽʜʧʦʚʽʜʥʠʡ ʮʠʣʽʥʜʨ, ʘʙʦ ʫ ʨʘʟʽ ʧʨʦʛʘʨʫ ʢʣʘʧʘʥʘ, 

ʚʽʜʤʦʚʠ ʤʝʭʘʥʽʟʤʫ ʧʨʠʚʦʜʘ ʢʣʘʧʘʥʽʚ, ʢʦʣʠ ʚ ʮʠʣʽʥʜʨʽ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʘʣʘʭ ʯʝʨʝʟ ʤʘʣʠʡ 

ʪʠʩʢ (ʘ, ʦʪʞʝ, ̔  ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʥʝ ʜʦʩʷʛʘʻ ʥʝʦʙʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʘʤʦʟʘʡʤʘʥʥʷ ʧʘʣʠʚʘ) 

ʘʙʦ ʧʨʠʧʠʥʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʦʦʙʤʽʥʫ [5]. 

ʈʦʟʛʣʷʜʘʶʯʠ ʧʠʪʘʥʥʷ ʧʨʦ ʥʘʩʣʽʜʢʠ ʚʧʣʠʚʫ ʚʽʜʢʣʶʯʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʥʘʜʽʡʥʦʩʪʽ ʜʚʠʛʫʥʘ [5, 6], ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʝ. ɺʽʜʢʣʶʯʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʤʦʞʝ ʧʨʠʚʦʜʠʪʠ 

ʥʝ ʪʽʣʴʢʠ ʜʦ ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ [7], ʘʣʝ ʽ ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʩʢʣʘʜʦʚʠʭ 

ʡʦʛʦ ʚʫʟʣʽʚ ʽ ʘʛʨʝʛʘʪʽʚ. 

ʆʩʢʽʣʴʢʠ ʚ ʘʚʪʦʪʨʘʢʪʦʨʥʦʤʫ ʜʚʠʛʫʥʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʣʠ ʪʷʛʠ, ʧʠʪʘʥʥʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ/ʧʽʜʢʣʶʯʝʥʥʷ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʮʠʣʽʥʜʨʽʚ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ 

ʨʝʞʠʤʽ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʝ ʥʘ ʚʝʨʭʥʴʦʤʫ ʨʽʚʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ [8]. 

ɼʚʠʛʫʥ ʟ ʚʽʜʢʣʶʯʝʥʠʤʠ ʮʠʣʽʥʜʨʘʤʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʣʽʥʽʡʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʢʦʣʽʩʥʦʾ ʤʘʰʠʥʠ, ʱʦ ʟʙʽʣʴʰʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʦʪʠʙʫʢʩʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʽ ʜʦʟʚʦʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʡʦʛʦ ʪʷʛʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʧʘʣʠʚʦʧʦʜʘʯʽ ʟ ʧʨʦʧʦʥʦʚʘʥʠʤʠ 

ʙʣʦʢʦʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʢʣʘʧʘʥʘʤʠ. 

ʅʘ ʨʠʩ. 2ʘ ʟʦʙʨʘʞʝʥʦ ʥʦʨʤʘʣʴʥʦ ʟʘʢʨʠʪʠʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʢʣʘʧʘʥ ʫ ʚʽʜʢʨʠʪʦʤʫ 

ʩʪʘʥʽ, ʥʘ ʨʠʩ. 2ʙ ï ʚ ʟʘʢʨʠʪʦʤʫ ʩʪʘʥʽ. ʅʦʨʤʘʣʴʥʦ ʟʘʢʨʠʪʠʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʢʣʘʧʘʥ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʫ ʚʠʛʣʷʜʽ ʩʪʘʪʦʨʘ 2.1 ʟ ʟʦʚʥʽʰʥʽʤ ʧʨʠʚʦʜʥʠʤ ʷʢʦʨʝʤ 2.2, 

ʞʦʨʩʪʢʦ ʟô̒ ʜʥʘʥʠʤ ʟ ʧʽʜʧʨʫʞʠʥʝʥʠʤ 2.3 ʢʣʘʧʘʥʥʠʤ ʝʣʝʤʝʥʪʦʤ 2.4, ʚʩʪʘʥʦʚʣʝʥʠʤ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʤʽʱʝʥʥʷ ʩʧʽʣʴʥʦ ʟ ʷʢʦʨʝʤ.   
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ʈʠʩ. 1. ʉʭʝʤʘ ʚʽʜʢʣʶʯʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʣʘʧʘʥʽʚ 

1 ï ʬʦʨʩʫʥʢʠ; 2 ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʢʣʘʧʘʥʠ, 3,4 ï ʜʘʪʯʠʢʠ ʦʙʝʨʪʘʥʥʷ ʪʘ ʧʦʣʦʞʝʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʫ, 5 ï ʧʘʣʠʚʥʠʡ ʙʘʢ, 6 ï ʣʽʥʽʾ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʧʘʣʠʚʘ, 7 ï ʣʽʥʽʾ ʟʣʠʚʘʥʥʷ ʧʘʣʠʚʘ,  

8 ï ʟô̒ ʜʥʫʚʘʣʴʥʽ ʜʨʦʪʠ; 9 ï ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ (ɽɹʂ), 10 ï ʧʘʣʠʚʥʠʡ ʥʘʩʦʩ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʇʅɺʊ),  

11 ï ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʥʷ ʧʝʜʘʣʽ ʢʝʨʫʚʘʥʥʷ (ɼʇʇʂ), 12 ï ʜʚʠʛʫʥ 

 

ʇʨʠ ʟʙʫʜʞʝʥʥʽ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʢʣʘʧʘʥ ʧʝʨʝʥʘʧʨʘʚʣʷʻ ʧʘʣʠʚʦ ʚ 

ʣʽʥʽʶ ʟʣʠʚʫ 7 (ʨʠʩ. 1), ʟʥʠʞʫʶʯʠ ʡʦʛʦ ʪʠʩʢ ʫ ʣʽʥʽʾ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 6. ʇʨʠ ʚʽʜʢʣʶʯʝʥʥʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʧʽʜ ʜʽʻʶ ʧʨʫʞʠʥʠ 2.3 (ʨʠʩ. 2ʙ) ʢʣʘʧʘʥʥʠʡ ʝʣʝʤʝʥʪ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚ 

ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ, ʟʥʦʚʫ ʟʘʢʨʠʚʘʶʯʠ ʣʽʥʽʶ ʟʣʠʚʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʘʣʠʚʦ, ʱʦ ʥʘʛʥʽʪʘʻʪʴʩʷ ʚʽʜ 

ʧʘʣʠʚʥʦʛʦ ʥʘʩʦʩʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʇʅɺʊ) 10 (ʨʠʩ. 1), ʥʘʜʭʦʜʠʪʴ ʚ ʪʨʫʙʦʧʨʦʚʽʜ 6, ʜʝ 

ʥʘʨʦʩʪʘʻ ʡʦʛʦ ʪʠʩʢ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʪʠʩʢʫ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʬʦʨʩʫʥʢʘ 1 ʽ 

ʧʦʯʠʥʘʻʪʴʩʷ ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ ʚ ʮʠʣʽʥʜʨ ʜʚʠʛʫʥʘ. 

 
 

ʘ 

 
 

ʙ 
ʈʠʩ. 2. ʉʭʝʤʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʣʘʧʘʥʽʚ ʧʽʜ ʯʘʩ ʚʽʜʢʣʶʯʝʥʥʷ ʮʠʣʽʥʜʨʽʚ 
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ʊʠʩʢ ʧʘʣʠʚʘ ʫ ʤʘʛʽʩʪʨʘʣʽ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʱʽʣʴʥʝ ʟʘʢʨʠʪʪʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʢʣʘʧʘʥʘ 2.4 (ʨʠʩ. 2ʙ). ɿʘ ʢʦʤʘʥʜʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʫ ʢʝʨʫʚʘʥʥʷ (ɽɹʂ) 9, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ 

ʥʘ ʧʽʜʩʪʘʚʽ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʜʘʪʯʠʢʽʚ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʪʘ ʧʦʣʦʞʝʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ 

ʜʚʠʛʫʥʘ 3 ʽ 4 ʽ ʜʘʪʯʠʢʫ ʧʦʣʦʞʝʥʥʷ ʧʝʜʘʣʽ ʢʝʨʫʚʘʥʥʷ 11, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʢʨʠʪʪʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʢʣʘʧʘʥʫ 2.4 (ʨʠʩ. 2ʘ) ʚ ʤʦʤʝʥʪ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʧʘʣʠʚʘ ʫ ʤʘʛʽʩʪʨʘʣʽ ʧʽʩʣʷ 

ʪʦʛʦ, ʷʢ ʧʘʣʠʚʦ ʯʝʨʝʟ ʬʦʨʩʫʥʢʫ 1 ʥʘʜʽʡʰʣʦ ʚ ʮʠʣʽʥʜʨ ʜʚʠʛʫʥʘ. ɺʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʫ ʚ ʤʦʤʝʥʪ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ ʤʘʛʽʩʪʨʘʣʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʥʰ ʧʦʪʫʞʥʠʡ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪ 1 (ʨʠʩ. 2ʘ, 2ʙ). ʇʨʠʧʠʥʝʥʥʷ ʟʣʠʚʫ ʧʘʣʠʚʘ ʧʨʠʧʠʥʷʻʪʴʩʷ ʟʥʝʩʪʨʫʤʣʝʥʥʷʤ 

ʦʙʤʦʪʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ 2.1 (ʨʠʩ. 2ʙ) ʢʣʘʧʘʥʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʝʨʥʝʥʥʷ ʢʣʘʧʘʥʘ 2.4 ʚ 

ʟʘʢʨʠʪʝ ʧʦʣʦʞʝʥʥʷ ʧʽʜ ʜʽʻʶ ʧʨʫʞʠʥʠ 2.3. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʚʽʜʢʣʶʯʝʥʥʷ ʧʘʣʠʚʦʧʦʜʘʯʽ [9], ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ, ʤʘʻ ʚʜʦʩʢʦʥʘʣʝʥʽ ʧʨʦʮʝʩʠ ʚʽʜʢʣʶʯʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ 

ʜʚʠʛʫʥʘ, ʚʨʘʭʦʚʫʶʯʠ ʤʦʤʝʥʪʠ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʫ ʣʽʥʽʷʭ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʧʘʣʠʚʘ ʪʘ ʢʦʥʪʨʦʣʶ 

ʩʪʘʥʫ ʧʽʜʞʠʤʥʠʭ ʧʨʫʞʠʥ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʣʘʧʘʥʽʚ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʧʦʟʘ ʤʝʞʘʤʠ ʾʭʥʽʭ 

ʧʦʣʦʩʪʝʡ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʤʝʥʰ ʧʦʪʫʞʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ ʪʘ ʧʨʫʞʠʥʠ. 

 

ɺʠʩʥʦʚʢʠ 

 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʚʽʜʢʣʶʯʝʥʥʷ ʧʘʣʠʚʦʧʦʜʘʯʽ ʤʘʻ ʚʜʦʩʢʦʥʘʣʝʥʽ ʧʨʦʮʝʩʠ 
ʚʽʜʢʣʶʯʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ, ʚʨʘʭʦʚʫʶʯʠ ʤʦʤʝʥʪʠ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʫ 

ʣʽʥʽʷʭ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʧʘʣʠʚʘ ʪʘ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʧʽʜʞʠʤʥʠʭ ʧʨʫʞʠʥ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʢʣʘʧʘʥʽʚ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʧʦʟʘ ʤʝʞʘʤʠ ʾʭʥʽʭ ʧʦʣʦʩʪʝʡ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʤʝʥʰ ʧʦʪʫʞʥʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ ʪʘ ʧʨʫʞʠʥʠ. 

2. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʽʜʢʣʶʯʝʥʥʷ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʚ ʦʢʨʝʤʽ 
ʮʠʣʽʥʜʨʠ, ʱʦ ʩʧʨʠʷʻ ʡʦʛʦ ʝʢʦʥʦʤʽʾ ʪʘ ʟô̫ ʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ ʥʝʩʧʨʘʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʮʠʣʽʥʜʨʽʚ. 
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ʃʶʪʝʥʢʦ ɺ.ɭ., ʗʨʝʩʴʢʦ ʄ.ɺ. çɼʠʥʘʤʽʢʘ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟ ʧʨʠʚʦʜʦʤ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫè 

 ɺʠʟʥʘʯʝʥʥʷ ʪʷʛʦʚʦ-ʰʚʠʜʢʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʷʚʣʷʻʪʴʩʷ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠ ʚʠʙʦʨʽ ʥʦʚʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ 

ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʻ ʤʝʪʦʜ ʪʝʦʨʽʾ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ï ʥʘʫʢʠ 

ʧʨʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʧʨʦʤʦʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʚ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʽ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ  ʮʠʤ ʫʤʦʚʘʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʦʨʽʾ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʥʘ ʧʨʘʢʪʠʮʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʽ ʟʥʘʯʥʦ 

ʟʥʠʟʠʪʠ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʟʘʪʨʘʪʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʽ ʟʤʝʥʰʠʪʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ. 

ʊʷʛʦʚʦ ï ʰʚʠʜʢʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴ ʜʠʥʘʤʽʯʥʽʩʪʴ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ï ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʧʝʨʝʚʦʟʠʪʠ ʧʘʩʘʞʠʨʽʚ ʘʙʦ ʚʘʥʪʘʞʽʚ  ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ ʰʚʠʜʢʽʩʪʶ. ʏʠʤ ʚʠʱʘ ʜʠʥʘʤʽʯʥʽʩʪʴ 

ʝʣʝʢʪʨʦʤʦʙʽʣʷ, ʪʠʤ ʙʽʣʴʰʘ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ.   

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʪʘʢʦʞ ʷʚʣʷʶʪʴʩʷ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʷʢ 

ʩʠʣʦʚʠʡ ʽ ʧʦʪʫʞʥʦʩʪʥʠʡ ʙʘʣʘʥʩ, ʜʠʥʘʤʽʯʥʘ ʽ ʧʘʣʠʚʥʦ-ʝʢʦʥʦʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ.  

ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟ ʧʨʠʚʦʜʦʤ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʝʣʝʢʪʨʦʤʘʰʠʥʥʽʡ ʪʘ ʤʝʭʘʥʽʯʥʽʡ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. ʄʝʪʦʜʠʢʘ ʚʨʘʭʦʚʫʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʷʚʠʱʘ ʫ ʜʚʠʛʫʥʽ ʪʘ  ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ ʚ 

ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ MathCAD ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʷʛʦʚʦʛʦ ʙʘʣʘʥʩʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ, ʘ ʪʘʢʦʞ ï 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʝʣʝʢʪʨʦʤʘʰʠʥʥʽʡ ʪʘ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʘʭ, ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ʜʘʥʽʡ 

ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ.  

ɿʜʽʡʩʥʝʥʥʷ ʧʨʠʚʦʜʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ  ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ.   

ʇʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʪʷʛʦʚʠʡ ʙʘʣʘʥʩ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʜʠʥʘʤʽʢʫ 

ʧʫʩʢʫ ʧʨʠʚʦʜʘ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ MathCAD ʽ ʦʪʨʠʤʘʥʦ 

ʩʠʣʠ, ʤʦʤʝʥʪʠ, ʧʝʨʝʤʽʱʝʥʥʷ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʫʞʥʠʭ ʣʘʥʦʢ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʜʠʥʘʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ.  

ɺ ʜʘʥʠʡ ʯʘʩ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ  ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ  ʜʠʥʘʤʽʯʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ  ʧʨʠ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ. ʊʦʤʫ ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ, ʷʢʱʦ ʥʘ ʩʪʘʜʽʾ ʾʭ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʨʘʭʦʚʫʚʘʪʠ ʭʚʠʣʴʦʚʠʡ ʭʘʨʘʢʪʝʨ ʥʘʚʘʥʪʘʞʝʥʴ.  

ɼʠʥʘʤʽʢʘ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʥʘʤʠ ʨʦʟʛʣʷʜʘʣʘʩʷ ʫ ʚʟʘʻʤʦʜʽʾ ʤʝʭʘʥʽʯʥʠʭ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʨʦʙʦʪʽ, ʢʦʪʨʘ ʚʢʣʶʯʘʣʘ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʤʘʩ, ʘ ʪʘʢʦʞ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʷʚʠʱ ʚ ʜʚʠʛʫʥʽ 

ʧʨʠʚʦʜʫ.  

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʤʦʞʥʘ ʘʢʮʝʥʪʫʚʘʪʠ, ʱʦ ʜʠʥʘʤʽʮʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟ ʧʨʠʚʦʜʦʤ ʚʽʜ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʘʣʦ ʧʨʠʜʽʣʝʥʦ ʫʚʘʛʠ ʽ ʰʠʨʦʢʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ. 

ʊʦʤʫʷʚʣʷʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʩʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʠʭ ʟʨʘʟʢʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʤʝʪʦʜʠʢ ʾʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʢʠ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʮʠʭ ʤʘʰʠʥ ʥʘ ʱʦ ʽ ʥʘʧʨʘʚʣʝʥʘ ʜʘʥʘ ʨʦʙʦʪʘ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʽ ʨʦʟʨʘʭʫʥʢʫ ʪʷʛʦʚʦʛʦ ʙʘʣʘʥʩʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʜʦʩʣʽʜʞʝʥʥʶ ʜʠʥʘʤʽʢʠ ʧʨʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʜʠʥʘʤʽʢʘ, ʢʦʣʠʚʘʥʥʷ, ʝʣʝʢʪʨʦʤʦʙʽʣʴ, ʧʨʠʚʽʜ, ʤʝʭʘʥʽʯʥʘ, 

ʝʣʝʢʪʨʦʤʘʰʠʥʥʘ ʩʠʩʪʝʤʠ, ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʧʨʦʮʝʩʠ. 

 

V.Ye. Liutenko, M.V. Yaresko " Dynamics of the electric vehicle with the drive from the dc motor"  

Determining the traction and speed properties of an electric car is an important element in the design of new 

structures, including the choice of new types of electric vehicles that meet different operating conditions. To solve this 

problem, the most acceptable method is the theory of the electric car ï the science of operational properties that 

characterize the ability to use effectively electric car in certain conditions and allows you to assess the compliance of 

its design with these conditions. The use of the theory of the electric car in practice makes it possible to increase the 

productivity of the electric car and significantly reduce its operating costs. To do this, increase the average speed and 

reduce operating energy costs.  

Traction ï speed properties determine the dynamism of the electric car ï the ability to transport passengers 

or goods at the maximum possible speed. The higher the dynamics of the electric car, the greater its productivity. 
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An important element is also the methods of analysis of such characteristics of the electric car as power and 

power balance, dynamic and fuel-economic characteristics. 

The study of the dynamics of an electric car driven by a DC motor is performed. A method for calculating 

dynamic loads in electric and mechanical systems of electric vehicles has been developed. The technique takes into 

account electromagnetic phenomena in the engine and oscillating processes in the mechanical system. On  

Based on the developed mathematical model and using the mathematical software application MathCAD, calculations 

of the traction balance of the electric car, as well as transients in electrical and mechanical systems, graphs are 

constructed, which are given in this scientific work. 

The drive of the electric car is provided by means of one electric motor of a direct current. 

During the development of the mathematical model, the traction balance was calculated and the dynamics 

of starting the electric vehicle drive was investigated using the mathematical software MathCAD and the forces, 

moments, displacements, velocities and accelerations of the elastic parts of the electromechanical dynamic system 

were obtained. 

Currently, when designing electric vehicles, the dynamic factors that occur during their operation are not 

taken into account. Therefore, the reliability of electric vehicles can be increased if at the design stage to take into 

account the wave nature of the loads. We considered the dynamics of an electric car in the interaction of mechanical 

and electromagnetic processes and as a result obtained a mathematical model of dynamic processes at work, which 

included differential equations of mass motion, as well as the differential equation of electromagnetic phenomena in 

the drive motor. 

Analyzing the received information it is possible to emphasize that dynamics of the electric car driven by the 

electric motor of a direct current is paid little attention and the wide information is practically absent. Therefore, it 

is important to create productive samples of electric vehicles, methods of their calculations and research of the 

dynamics of the working processes of these machines, which is the purpose of this work. 

The purpose of the work is to analyze and calculate the traction balance of an electric vehicle with a DC 

motor, the study of the dynamics of the transient process. 

Keywords: mathematical model, dynamics, oscillations, electric car, drive, mechanical, electromechanical systems, 

dynamic loads, electromechanical processes. 

 

ɺʩʪʫʧ 

 

ʈʦʙʦʪʘ ʤʝʭʘʥʽʟʤʽʚ ʤʘʰʠʥ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʧʽʜ ʯʘʩ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ [1 ï 4], ʚʠʥʠʢʥʝʥʥʷ ʷʢʠʭ ʦʙʫʤʦʚʣʝʥʦ 

ʧʨʫʞʥʽʩʪʶ ʣʘʥʦʢ ʡ ʾʭʥʴʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʟʙʫʜʞʝʥʥʷ ʚ ʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʧʝʚʥʠʭ 

ʫʤʦʚ. ɿʤʽʥʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣ ʘʙʦ ʤʦʤʝʥʪʽʚ ʧʨʠ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʤʦʞʝ ʙʫʪʠ ʥʘʩʪʽʣʴʢʠ 

ʚʝʣʠʢʦʶ,  ʱʦ ʩʫʤʘʨʥʽ ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʾʭ ʧʝʨʝʚʠʱʫʶʪʴ ʩʪʘʪʠʯʥʽ ʪʘ ʽʥʝʨʮʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʎʝ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʽ ʾʭ ʚʠʭʦʜʫ ʟ ʣʘʜʫ. ʋʥʠʢʥʫʪʠ ʮʠʭ ʢʦʣʠʚʘʥʴ 

ʥʝʤʦʞʣʠʚʦ, ʧʨʦʪʝ ʤʦʞʥʘ ʾʭ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. 

ʆʪʞʝ, ʚʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʣʘʥʢʠ ʤʝʭʘʥʽʟʤʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ ʪʷʛʦʚʦʛʦ ʙʘʣʘʥʩʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʽ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʡʦʛʦ ʜʦʮʽʣʴʥʦ ʨʦʟʚô̫ ʟʫʚʘʪʠ ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ.     

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝ ʩʢʘʟʘʥʝ ʙʫʣʘ ʦʙʨʘʥʘ ʪʝʤʘ ʨʦʙʦʪʠ, ʷʢʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʠʨʽʰʝʥʥʷ 

ʚʠʢʣʘʜʝʥʦʾ ʚʠʱʝ ʧʨʦʙʣʝʤʠ, ʘ ʩʘʤʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʷʛʦʚʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʤʝʭʘʥʽʟʤʽ ʧʨʠʚʦʜʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ 

ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ.  

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ  

 

ʅʘʤʠ ʫʞʝ ʥʘʛʦʣʦʰʫʚʘʣʦʩʴ ʥʘ ʪʝ, ʱʦ ʙʘʛʘʪʦ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ, ʚ ʥʘʰ ʯʘʩ,  

ʩʪʚʦʨʝʥʥʶ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ.. ɿʥʘʯʥʘ  ʫʚʘʛʘ ʪʘʢʦʞ ʧʨʠʜʽʣʷʻʪʴʩʷ ʢʦʥʩʪʨʫʶʚʘʥʥʶ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʽʟ ʧʨʠʚʦʜʦʤ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʚʝʥʪʠʣʴʥʠʭ, ʟʤʽʥʥʦʛʦ ʪʘ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ. ɼʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʽʡʥʦ ʾʭ ʜʦʩʣʽʜʞʫʚʘʪʠ  ʽ ʥʘʭʦʜʠʪʠ 

ʰʣʷʭʠ  ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʧʦʩʦʙʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɽʣʝʢʪʨʦʤʦʙʽʣʴ ʻ ʧʨʦʛʨʝʩʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ, ʱʦ ʦʪʨʠʤʫʻ ʟʥʘʯʥʝ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ʎʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ, ʫ ʮʝʡ ʯʘʩ, ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʽ ʾʭ ʧʨʠʚʦʜʽʚ. ɺʽʜʩʫʪʥʽʩʪʴ ʞ ʫʪʦʯʥʝʥʦʾ ʤʝʪʦʜʠʢʠ  ʨʦʟʨʘʭʫʥʢʫ  

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʾʭ ʧʨʠʚʦʜʽʚ, ʫʩʢʣʘʜʥʶʻ ʾʭʥʻ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ. 
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ɼʦʩʣʽʜʞʝʥʥʶ ʪʘ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʦ ʪʘ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʾʭ ʧʨʠʚʦʜʽʚ, 

ʚʠʟʥʘʯʝʥʥʶ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ, ʧʨʠʩʚʷʯʝʥʽ ʧʨʘʮʽ ʥʘʫʢʦʚʮʽʚ ɹʘʭʤʫʪʦʚʘ ʉ.ɺ., ʂʘʨʫʥʽʥʘ ɸ.ʃ., 

ʂʨʫʪʘʰʦʚʘ ɸ.ɺ., ʂʘʧʫʩʪʽʥʘ ɸ.ɸ., ʈʘʢʦʚʘ ɺ.ɸ.,ʋʤʷʰʢʽʥʘ ɺ.ɸ, ʌʽʣʴʢʽʥʘ ʅ.ʄ., ʄʫʟʘʬʘʨʦʚʘ 

ʈ.ʉ., ɹʘʞʠʥʦʚʘ ʆ.ɺ., ʉʤʠʨʥʦʚʘ ʆ.ʇ., ʉʻʨʽʢʦʚʘ ʉ.ɸ., ɻʥʘʪʦʚʘ ɸ.ɺ., ʂʦʣʻʩʥʽʢʦʚʘ ɸ.ɺ. ʪʘ ʽʥ. ʋ 

ʮʠʭ ʨʦʙʦʪʘʭ ʝʣʝʢʪʨʦ ʪʘ ʛʽʙʨʠʜʥʽ ʘʚʪʦʤʦʙʽʣʽ ʦʧʠʩʫʚʘʣʠʩʷ ʨʽʟʥʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʩʭʝʤʘʤʠ 

 ̔ʾ ʭ ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ  ʨʦʟʛʣʷʜʘʣʠʩʴ  ʷʢ ʦʜʥʦ ï ʪʘ ʜʚʦʤʘʩʦʚʽ ʢʦʣʠʚʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʜʘʚʘʣʠ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ [1 ï 6].   ɺʠʟʥʘʯʝʥʥʶ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ ʤʝʭʘʥʽʯʥʠʭ 

ʩʠʩʪʝʤ ʪʘʢʦʞ ʧʨʠʩʚʷʯʝʥʽ ʧʨʘʮʽ ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ ʂʦʣʣʘʮʘ ʃ. [7] ʽ ʊʦʥʜʣʘ ɸ. [8], ʗʛʦʜʽʰʘ 

ʅ.ʈ. [9], ʂʘʧʣʘʥʘ ɼ. [10]. 

 
ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʴ 

 
ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʽ ʨʦʟʨʘʭʫʥʢʫ ʪʷʛʦʚʦʛʦ ʙʘʣʘʥʩʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʜʦʩʣʽʜʞʝʥʥʶ ʜʠʥʘʤʽʢʠ ʧʨʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ.  

 
ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 
ɼʣʷ  ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʧʨʠʡʤʘʻʤʦ: ʥʘ ʥʝʩʫʱʠʡ ʢʫʟʦʚ 

ʘʚʪʦʤʦʙʽʣʷ ɿɸɿï1102 ʧʽʜʙʠʨʘʻʤʦ ʽ ʚʩʪʘʥʦʚʣʶʻʤʦ ʥʝʦʙʭʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. 

ʇʨʠʚʽʜ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟʜʽʡʩʥʶʻʤʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʜʦʜʘʪʢʦʚʦ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʟʘʜʥʽʡ ʤʽʩʪ ʄʦʩʢʚʠʯʘ ï 2140. 

ɯʟ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ, ʷʢʝ ʟʚô̫ ʟʫʻ ʚʩʽ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ 

ʝʣʝʢʪʨʦʤʦʙʽʣʴ ʧʽʜ ʯʘʩ ʡʦʛʦ  ʨʫʭʫ ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ ʩʠʣʦʚʦʛʦ ʙʘʣʘʥʩʫ: 

 a ʊ ɼ ʇ

dV
m F F F

dt
= - -,     (1) 

ʜʝ  a

dV
m

dt
ï ʩʠʣʘ ʽʥʝʨʮʽʾ; 

Vï ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. ʇʨʠʡʤʘʻʤʦ 90 ʢʤ/ʛ; 

ʊF ï ʩʠʣʘ ʪʷʛʠ ʥʘ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ;  

ɼF ï ʩʠʣʘ ʜʦʨʦʞʥʴʦʛʦ ʦʧʦʨʫ; 

ʇF ï ʩʠʣʘ ʦʧʦʨʫ ʧʦʚʽʪʨʷ. 

ʉʠʣʘ ʦʧʦʨʫ ʜʦʨʦʛʠ ɼF ʨʽʚʥʘ ʩʫʤʽ ʩʠʣʠ ʦʧʦʨʫ ʧʽʜʡʦʤʫ 
GF  ʽ ʩʠʣʠ ʦʧʦʨʫ ʢʦʯʝʥʥʶ fF , 

ʪʦʙʪʦ: 

;ɼ G fF F F= +                                                 

sin 11025 sin 0,59 6505 ;GT aF G Hb= = Ö =                          (2)

cos 11025 cos 0,81 214 ,f aF G f Hb= Ö = Ö =  

ʜʝ 
aG ï ʧʦʚʥʘ ʚʘʛʘ ʝʣʝʢʪʨʦʤʦʙʽʣʷ,  1125 9,8 11025a aG m g H= = Ö = ; 

36ob=  ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʽʜʡʦʤ, ʱʦ ʜʦʣʘʻ ʝʣʝʢʪʨʦʤʦʙʽʣʴ; 

f ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʢʦʯʝʥʥʶ. ʅʘʤʠ ʚʠʟʥʘʯʝʥʠʡ  ʽ ʨʽʚʥʠʡ 0,024. 
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ʉʠʣʘ ʦʧʦʨʫ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 
2 21 1

0,3 1,293 90 1571 ,
2 2

ʇ xF C V Hr= Ö Ö = Ö Ö Ö =  (3) 

xC ï ʢʦʝʬʽʮʽʻʥʪ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ. ʇʨʠʡʤʘʻʤʦ ʧʦ [4] ʨʽʚʥʠʤ 0,3; 

rï ʱʽʣʴʥʽʩʪʴ ʧʦʚʽʪʨʷ. ʇʨʠʡʤʘʻʤʦ ʧʦ [4] ʨʽʚʥʠʤ 

2

4
1,293

H c

ʤ

Ö
.  

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʩʠʣʘ ʪʷʛʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

 ,ʊʊ

ʜ

M
F

r
=   (4) 

ʜʝ ʊM ï  ʪʷʛʦʚʠʡ ʤʦʤʝʥʪ; 

ʜr ï ʜʠʥʘʤʽʯʥʠʡ ʨʘʜʽʫʩ ʢʦʣʝʩʘ. 

ɯʟ ʜʞʝʨʝʣ  [1,6] ʪʷʛʦʚʠʡ ʤʦʤʝʥʪ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʧʦʩʣʽʜʦʚʥʠʤ 

ʟʙʫʜʞʝʥʥʷʤ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʥʘʩʪʫʧʥʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

 
2

0 1 2( ) ` ( ) ( )ʊ ʊM t A u A M t A u tV= + + ,       (5) 

ʜʝ ɸ0, ɸ1, ɸ2 ï ʧʦʩʪʽʡʥʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ɿʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ: 

 ; ; ,   (6) 

ʜʝ ʄʢ ï ʢʨʠʪʠʯʥʠʡ ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ; 

Sʢ ï ʢʨʠʪʠʯʥʝ ʢʦʚʟʘʥʥʷ ʨʦʪʦʨʘ; 

 ï ʩʠʥʭʨʦʥʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʜʚʠʛʫʥʘ; 

t ï ʯʘʩ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʨʘʟʠ (1 ï 6) ʦʜʝʨʞʠʤʦ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ: 

 
2( ) 1

`( ) .
2

ʊ
a a x

ʜ

M t
m V t G f C V

r
r= - Ö - Ö Ö    (7) 

ʆʪʨʠʤʘʥʠʡ ʚʠʨʘʟ (7) ʜʽʡʩʥʠʡ ʜʣʷ ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʦʨʦʟʽ. ʇʨʠ ʨʫʩʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʥʘ ʩʧʫʩʢ (ʨʠʩ.1 a) ʨʽʚʥʷʥʥʷ  ʙʫʜʝ ʤʘʪʠ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

  
2( ) 1

`( ) sin cos .
2

ʊ
a a a x

ʜ

M t
m V t G G f C V

r
b b r= + - Ö - Ö Ö   (8) 

ʇʨʠ ʨʫʩʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʥʘ ʧʽʜʡʦʤ (ʨʠʩ. 1 b) ʨʽʚʥʷʥʥʷ  ʙʫʜʝ ʤʘʪʠ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 
2( ) 1

`( ) sin cos .
2

ʊ
a a a x

ʜ

M t
m V t G G f C V

r
b b r= - - Ö - Ö Ö (9) 

ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʠʚʝʜʝʥʽ ʚʠʱʝ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʪʘʢʦʞ ʽ ʜʦ ʪʨʦʣʝʡʙʫʩʘ ʪʘʢ ʷʢ ʫ ʥʠʭ, ʜʣʷ ʧʨʠʚʦʜʘ, ʪʝʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʽ ʜʚʠʛʫʥʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʟʙʫʜʞʝʥʥʷʤ. 
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k
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M
A
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w
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ʈʠʩ. 1. ʈʦʟʢʣʘʜ ʩʠʣʠ ʚʘʛʠ 

G aF G=  ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʧʽʜ ʯʘʩ ʨʫʭʫ ʥʘ ʩʧʫʩʢ ï (ʨʠʩ. 1 ʘ)  

ʪʘ ʥʘ ʧʽʜʡʦʤ ï (ʨʠʩ. 1 b) 

 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʥʦʩʠʤʦ ʚ ʪʘʙʣʠʮʽ 1 ʪʘ 2. 

ʊʘʙʣʠʮʷ 1 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʤʦʙʽʣʷ 

ʇʘʨʘʤʝʪʨʠ 

ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʶ-

ʚʘʥʥʷ 

ʏʠʩʣʦʚʽ 

ʟʥʘʯʝʥʥʷ 
ʇʘʨʘʤʝʪʨʠ 

ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʶ- 

ʚʘʥʥʷ 

ʏʠʩʣʦʚʽ 

ʟʥʘʯʝʥʥʷ 

ma ʢʛ 1125 u ï 3,5 

G aF G=  ʅ 11025 rʜ ʤ 0,3 

GTF  ʅ 6505 fF  ʅ 214 

ʇF  ʅ 1571 Vmax ʤ/c 25 

ʊʘʙʣʠʮʷ 2 

ɿʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

ʊʠʧ ʝʣʝʢʪʨʦ-

ʜʚʠʛʫʥʘ 

ʈʝʞʠʤ 

ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦ- 

ʜʚʠʛʫʥʘ 

ʂʫʪʦʚʘ  

ʰʚʠʜʢʦʩʪʴ    

ʨʦʪʦʨʘ 

ʝʣʝʢʪʨʦ-

ʜʚʠʛʫʥʘ, 

ʨʘʜ/ʩ 

ʇʦʩʪʽʡʥʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

ɸ0 ɸ1 ɸ2 

Siemens IP V5135-

4WS14 

N =30  ʢɺʪ 

n = 3000 ʦʙ/ʭʚ 

ʨʦʙʦʯʘ 

ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ 

314,16 38951 ï  0,30726 

 

ï 498,3185 

 

 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʨʽʰʝʥʥʷ ʥʘ ɽʆʄ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (7 ï 9) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʩʪʦʩʫʥʢʫ MathCAD ʧʨʠʚʦʜʠʤʦ ʾʾ ʜʦ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ ʟ ʧʦʜʘʣʴʰʦʶ ʟʘʤʽʥʦʶ S = ;  

V = ( )V t ; V`= ; ( )TM M t= , ʜʝ S ï ʰʣʷʭ ʧʨʦʡʜʝʥʠʡ ʝʣʝʢʪʨʦʤʦʙʽʣʝʤ,  

V ï ʰʚʠʜʢʽʩʪʴ ʝʣʝʢʪʨʦʤʦʙʽʣʷ; V` =  ï ʧʨʠʩʢʦʨʝʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʷ: 

( ) ( )z t V t= ; 

( )
`( ) ( );GT f ʇ

ʜ a a

uM t u
V t F F F

r m m
= - + +  

( )z t

( )d t

( )d t
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2

0 2

1 1 1

( )
`( ) `( )

A u A u M t
M t z t

A A A
=- - + ;   (10) 

 
( )

( ) ( ).GT f ʇ

ʜ a a

uM t u
d t F F F

r m m
= - + +  

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʜʘʥʠʭ ʚʟʷʪʠʭ ʽʟ  ʪʘʙʣʠʮʴ 1 ʽ 2 ʙʫʜʝʤʦ ʤʘʪʠ: 

( ) ( )z t V t= ; 

`( ) 0.01036 ( ) 25.8;V t M t= -  

 `( ) 126769 19884 `( ) 3.26 ( )M t z t m t= - - ;  (11)

( ) 0.01036 ( ) 25.8.d t M t= -  

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʤʘʻʤʦ ʥʘʩʪʫʧʥʽ: 

t(0) = 0;   z(0)=0;   V=(0);    d(0)=0;   M(0)=0. 

ʈʦʟʚô̫ ʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (11) ʨʦʙʠʤʦ ʜʣʷ ʤʝʭʘʥʽʟʤʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʷ, ʱʦ 

ʤʘʶʪʴ ʧʘʨʘʤʝʪʨʠ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 1 ʽ 2. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚô̫ ʟʘʥʥʷ ʦʜʝʨʞʫʻʤʦ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, 

ʧʝʨʝʤʽʱʝʥʥʷ, ʘ ʪʘʢʦʞ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʷ (ʨʠʩ. 2 ï 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
ʈʠʩ. 2. ʇʝʨʝʤʽʱʝʥʥʷ ʤʘʩʠ Z(t) = S  ʪʘ ʟʤʽʥʘ ʤʦʤʝʥʪʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʤʝʭʘʥʽʟʤʫ ʧʨʠʚʦʜʫ 

ʝʣʝʢʪʨʦʤʦʙʽʣʷ  ʄ(t) = Mʪ 
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ʈʠʩ. 3. ʇʝʨʝʤʽʱʝʥʥʷ ʤʘʩʠ Z(t) = S  ʪʘ  ʰʚʠʜʢʦʩʪʽ V(t) = V ʝʣʝʢʪʨʦʤʦʙʽʣʷ  

 

ʇʦʙʫʜʦʚʘʥʠʡ ʟʘ ʚʠʢʦʥʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʛʨʘʬʽʢ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

ʫ ʬʫʥʢʮʽʾ ʯʘʩʫ (ʨʠʩ. 2) ʧʦʢʘʟʫʻ, ʱʦ ʨʦʟʛʽʥ ʧʨʠʚʦʜʘ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʪʨʠʚʘʻ ʙʣʠʟʴʢʦ 1,8 ʩ 

ʚʽʜ ʤʦʤʝʥʪʫ ʡʦʛʦ ʚʢʣʶʯʝʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪ ʜʦʩʷʛʘʻ ʧʨʠ t = 0,2 ʩ. 

 
 

ʈʠʩ. 4. ʇʝʨʝʤʽʱʝʥʥʷ ʤʘʩʠ Z(t) = S  ʪʘ  ʧʨʠʩʢʦʨʝʥʥʷ V`(t) = D(t) ʝʣʝʢʪʨʦʤʦʙʽʣʷ   

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ ʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʪʘʥʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʤʝʪʦʜʠʢʫ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʝʣʝʢʪʨʦʤʘʰʠʥʥʽʡ ʪʘ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʪʽ ʾʭ ʛʽʙʨʠʜʽʚ. 
ɺʠʩʥʦʚʢʠ 
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ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʪʷʛʦʚʦʛʦ ʙʘʣʘʥʩʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ 
ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʜʦʩʣʽʜʞʝʥʦ ʜʠʥʘʤʽʢʫ ʧʨʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʚʦʨʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ 
ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʨʦʟʨʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʠʯʥʦʾ 
ʤʘʰʠʥʠ ʽ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠʚʦʜʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʧʨʠʚʦʜʘ ʝʣʝʢʪʨʦʤʦʙʽʣʷ, ʟ 
ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ MathCAD, ʤʦʞʫʪʴ ʙʫʪʠ 
ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʨʦʟʨʘʭʫʥʢʫ ʪʷʛʦʚʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʜʠʥʘʤʽʯʥʠʭ 
ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʣʘʥʢʘʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. 
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ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʩʧʦʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʽ ʚʝʣʠʯʠʥʠ 
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ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʚʠʜʠ ʦʙʣʘʜʥʘʥʥʷ. ʅʘʚʝʜʝʥʦ, ʱʦ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʦʩʥʦʚʥʦʛʦ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ ʢʦʥʪʨʦʣʴ ʾʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʨʦʟʤʽʨʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʦʙʤʽʨʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʟʘ ɻʆʉʊ 7502,  

ɻʆʉʊ 427, ɻʆʉʊ 166. ɺʽʜʤʽʯʝʥʦ, ʱʦ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʧʨʦʬʽʣʶ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʧʨʠ ʦʙʨʦʙʮʽ ʥʘ 

ʚʘʣʴʮʝʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ çHERKULESè ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʅʉʉ / ʂʈʄ Electronics GmbH. ʅʘʜʘʥʦ ʦʧʠʩ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʽʚ ʧʨʦʬʽʣʶ ʚʘʣʢʽʚ ʚʘʣʢʦʚʠʭ ʩʠʩʪʝʤ ʢʚʘʨʪʦʩʪʘʥʽʚ ʛʘʨʷʯʦʾ 

ʧʨʦʢʘʪʢʠ. ʋʟʘʛʘʣʴʥʝʥʦ ʩʧʦʩʦʙʠ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʦʧʪʠʤʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʩʧʦʩʽʙ 
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ʢʦʥʫʩʥʦʾ ʬʨʝʟʠ ʩʪʨʦʛʦ ʚʠʟʥʘʯʝʥʦʾ ʬʦʨʤʠ ʥʘʥʦʩʷʪʴ ʰʪʫʯʥʫ ʙʘʟʫ ï ʧʦʛʣʠʙʣʝʥʥʷ ʫ ʬʦʨʤʽ ʢʦʥʫʩʘ. ʇʽʩʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʦʛʣʠʙʣʝʥʥʷ ʥʘ ʜʦʩʣʽʜʞʝʥʫ ʧʦʚʝʨʭʥʶ, ʧʦʨʫʯ ʟ ʧʦʛʣʠʙʣʝʥʥʷʤ ʨʦʟʤʽʱʫʶʪʴ ʢʦʥʪʨʦʣʴʥʽ ʨʦʟʤʽʨʥʽ 

ʝʣʝʤʝʥʪʠ. ʌʦʪʦʘʧʘʨʘʪʦʤ ʨʦʙʠʪʴʩʷ ʟʥʽʤʦʢ ʧʦʛʣʠʙʣʝʥʷ ʨʘʟʦʤ ʟ ʢʦʥʪʨʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ. ʇʽʩʣʷ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ 

ʻʢʩʧʣʫʘʪʘʮʽʾ ʧʦʚʪʦʨʥʦ ʨʦʙʣʷʪʴ ʬʦʪʦʛʨʘʬʽʶ ʰʪʫʯʥʦʾ ʙʘʟʠ. ʆʪʨʠʤʘʥʽ ʟʥʽʤʢʠ ʚ bmp ʘʙʦ jpg ʬʦʨʤʘʪʽ 

ʚʚʦʜʷʪʴʩʷ ʚ ʢʦʤʧôʁ ʪʝʨ, ʜʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʦʙʨʦʙʣʷʶʪʴʩʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʘʥʥʷ ʾʭ ʛʣʠʙʠʥʠ. 

ʌʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʚʘʣʢʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʟʥʘʯʘʻ ʨʽʟʥʠʮʷ ʛʣʠʙʠʥʠ ʰʪʫʯʥʦʾ ʙʘʟʠ ʜʦ ʧʦʯʘʪʢʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʧʽʩʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʢʘʪʥʽ ʚʘʣʢʠ, ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ, ʚʝʣʠʯʠʥʘ ʟʥʦʩʫ, ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʩʪʦʩʫʚʘʥʥʷ.. 

 

ɸʚʪʫʭʦʚ ɸ.ʂ., ʊʠʤʯʫʢ ʉ.ɸ., ʂʫʨʴʷʥʦʚ ɸ.ʉ. çʆʙʦʙʱʝʥʠʝ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ ʠ ʚʝʣʠʯʠʥʳ ʠʭ ʠʟʥʦʩʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠè 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ 

ʠ ʚʝʣʠʯʠʥʳ ʠʭ ʠʟʥʦʩʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʋʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʦʩʥʦʚʥʦʤʫ ʨʘʙʦʯʝʤʫ 

ʠʥʩʪʨʫʤʝʥʪʫ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ ʢʦʥʪʨʦʣʴ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʧʨʦʚʦʜʠʪʩʷ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʦ ɻʆʉʊ 7502, ɻʆʉʊ 427, ɻʆʉʊ 166.  

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʨʦʬʠʣʷ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘ ʚʘʣʴʮʝʰʣʠʬʦʚʘʣʴʥʳʭ 

ʩʪʘʥʢʘʭ çHERKULESè ʧʨʠʤʝʥʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʢʘʪʥʳʭ 

ʚʘʣʢʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʅʉʉ/ʂʈʄ Electronics GmbH. ʇʨʝʜʦʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʧʨʦʬʠʣʷ ʚʘʣʢʦʚ ʚʘʣʢʦʚʳʭ ʩʠʩʪʝʤ ʢʚʘʨʪʦʩʪʘʥʦʚ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ. 

ʆʙʦʙʱʝʥʽ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ ʚʦ ʚʨʝʤʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʝʩʪʴ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʫʩʥʦʡ ʬʨʝʟʳ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ 

ʥʘʥʦʩʷʪ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʙʘʟʫ ï ʫʛʣʫʙʣʝʥʠʝ ʚ ʬʦʨʤʝ ʢʦʥʫʩʘ. ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʫʛʣʫʙʣʝʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʨʷʜʦʤ ʩ ʫʛʣʫʙʣʝʥʠʝʤ ʨʘʟʤʝʱʘʶʪ ʢʦʥʪʨʦʣʴʥʳʝ ʨʘʟʤʝʨʥʳʝ ʵʣʝʤʝʥʪʳ.  

ʌʦʪʦʘʧʧʘʨʘʪʦʤ ʜʝʣʘʝʪʩʷ ʩʥʠʤʦʢ ʫʛʣʫʙʣʝʥʠʷ ʚʤʝʩʪʝ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ. ʇʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʚʪʦʨʥʦ ʜʝʣʘʶʪ ʬʦʪʦʛʨʘʬʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʙʘʟʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʩʥʠʤʢʠ ʚ bmp ʠʣʠ jpg ʬʦʨʤʘʪʝ ʚʚʦʜʷʪʩʷ ʚ ʢʦʤʧʴʶʪʝʨ, ʛʜʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʛʣʫʙʠʥʳ. ʌʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʠʟʥʦʩʘ ʚʘʣʢʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʥʠʮʘ ʛʣʫʙʠʥʳ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʙʘʟʳ ʜʦ ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʩʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʢʘʪʥʳʝ ʚʘʣʢʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, ʚʝʣʠʯʠʥʘ ʠʟʥʦʩʘ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. 
 

A.K. Avtukhov, S.A. Timchuk, A.S. Kuryanov "Generalization of methods for determining the geometric 

dimensions of rolling rolls and the magnitude of their wear during operation" 
The paper presents the main methods for determining the geometric parameters of the rolls and the value of 

their deterioration during the operation. It is shown that various types of equipment are used to determine the 
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geometric dimensions during manufacture and the amount of deterioration of the rolls during operation. It is shown 

that, in accordance with the technical requirements for the main working tool of rolling mills, control of their 

geometric dimensions is carried out with measuring instruments in accordance with GOST 7502, GOST 427,  

GOST 166. It is noted that a device for measuring the geometric parameters of rolling rolls manufactured by 

HCC/KRM Electronics GmbH is used to measure the profile of the rolls during processing on the HERKULES roll 

grinders. A description of the measuring device for determining the shape and size of the roll profile of roll systems 

of hot rolling quarters is provided. Methods for determining the amount of wear of rolling rolls during operation are 

generalized. It is shown that the optimal method for determining the amount of wear of the rolling rolls during 

operation is a method for determining the change in the size and shape of the surface of products, which consists in 

the fact that an artificial base is applied on the surface of the product using a cone cutter of a strictly defined shape ï

a cone-shaped depression. After creating a depression on the surface under study, control dimensional elements are 

placed next to the depression. 

The camera takes a picture of the recess together with the control element. After a certain period of operation, 

a photo of the artificial base is taken again. The resulting images in bmp or jpg format are entered into a computer, 

where they are processed using a special program to determine their depth. Actual values of roll deterioration during 

the operation are determined by the difference in the depth of the artificial base before the start of the operation and 

after operation.  

Keywords: rolling rolls, geometrical dimensions, wear value, measuring devices. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʟʘʜʘʯʽ 

 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ. ʋ ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʮʝ ʧʦʚô̫ ʟʘʥʦ ʟ 

ʨʦʟʰʠʨʝʥʥʷʤ ʩʦʨʪʘʤʝʥʪʫ ʤʝʪʘʣʦʧʨʦʢʘʪʫ, ʩʢʦʨʦʯʝʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʦ, 

ʟʙʽʣʴʰʝʥʥʷʤ ʤʽʞʨʝʤʦʥʪʥʦʛʦ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ [1]. ʅʘ ʟʥʠʞʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʟʥʦʩ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ. 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʟʥʦʩ ʚʘʣʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ: 

ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟ ʷʢʦʛʦ ʚʦʥʠ ʚʠʛʦʪʦʚʣʝʥʽ; ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʧʨʦʢʘʪʢʠ; ʧʠʪʦʤʦʛʦ ʪʠʩʢʫ 

ʤʝʪʘʣʫ, ʚʽʜʥʦʩʥʦʛʦ ʦʙʪʠʩʢʫ, ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʢʦʚʟʘʥʥʷ ʤʝʪʘʣʫ, ʱʦ ʧʨʦʢʦʯʫʻʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ ʚʘʣʢʽʚ; ʜʦʚʞʠʥʠ ʩʦʨʪʘʤʝʥʪʫ ʧʨʦʢʘʪʫ; ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʩʪʘʥʫ 

ʧʦʚʝʨʭʥʽ ʚʘʣʢʽʚ, ʯʠʩʪʦʪʠ ʦʙʨʦʙʢʠ ʾʾ ʧʦʚʝʨʭʥʽ ʪʘ ʽʥ. [2 ï 4]. 

ɼʦʩʣʽʜʞʝʥʥʶ ʟʥʦʩʫ ʽ ʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ʙʘʛʘʪʴʦʭ ʚʠʜʘʪʥʠʭ 

ʚʯʝʥʠʭ [5 ï 9]. ɿʥʘʯʥʽ ʨʦʙʦʪʠ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʚʠʢʦʥʘʥʽ ʬʘʭʽʚʮʷʤʠ ʟ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ 
[10 ï 11]. 

ɺ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʫ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʣʝʞʠʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʟʤʽʥʘ ʾʭ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ 

ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʚʠʜʠ ʦʙʣʘʜʥʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʥʝ ʟʘʚʞʜʠ ʝʢʦʥʦʤʽʯʥʦ ʚʠʧʨʘʚʜʘʥʦ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥ  ̫

 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʩʧʦʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʽ 

ʚʝʣʠʯʠʥʠ ʾʭ ʟʥʦʩʫ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥ  ̫

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʜʦ ʦʩʥʦʚʥʦʛʦ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ 

ʢʦʥʪʨʦʣʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʧʦ ɻʆʉʊ 7502, ɻʆʉʊ 427, ɻʆʉʊ 166 [12 ï 13]. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʦʢʘʪʥʠʭ 

ʚʘʣʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽ ʽʥʰʽ ʧʨʠʩʪʨʦʾ. ʊʘʢ, ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʧʨʦʬʽʣʶ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ 

ʧʨʠ ʾʭ ʦʙʨʦʙʮʽ ʥʘ ʚʘʣʴʮʝʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ çHERKULESè ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʙʣʘʜʥʘʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʅʉʉ/ʂʈʄ Electronics GmbH, ʅʽʤʝʯʯʠʥʘ, ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩ.1 [14]. 
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ʇʨʠʥʮʠʧ ʜʽʾ ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ 

(ʜʘʣʽ ï ʧʨʠʩʪʨʽʡ) ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʢʦʥʪʘʢʪʥʦʤʫ ʤʝʪʦʜʽ ʚʠʤʽʨʶʚʘʥʴ. ʂʦʥʩʪʨʫʢʮʽʷ ʷʚʣʷʻ ʩʦʙʦʶ 

ʩʢʦʙʫ, ʥʘ ʢʽʥʮʷʭ ʷʢʦʾ ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʧʦʚʝʨʭʥʝʶ 

ʚʘʣʢʘ. ʇʨʠ ʮʴʦʤʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʜʚʦʪʦʯʢʦʚʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ. 

ʉʪʽʡʢʘ ʧʨʠʩʪʨʦʾʚ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʥʠʞʥʽʭ ʩʘʥʯʘʪʘʭ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʩʫʧʦʨʪʘ. 

ɺʠʤʽʨʶʚʘʣʴʥʽ ʚʘʞʝʣʽ ʧʝʨʝʩʫʚʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʽ ʪʨʠʤʘʶʪʴ ʚʝʨʭʥʽʡ ʽ 

ʥʠʞʥʽʡ ʚʠʤʽʨʶʚʘʣʴʥʽ ʱʫʧʠ. ʃʽʥʽʡʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʱʫʧʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʫʥʽʬʽʢʦʚʘʥʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʝʣʠʯʠʥʫ ʽ ʥʘʧʨʷʤʢʠ 

ʧʝʨʝʤʽʱʝʥʥʷ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʦʙʨʦʙʢʠ ʚ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʮʠʬʨʦʚʦʾ ʽʥʜʠʢʘʮʽʾ. 

ɺ ʧʦʣʦʞʝʥʥʷ ʩʧʦʢʦʶ, ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʧʦʰʢʦʜʞʝʥʥʷ ʧʨʠʩʪʨʽʡ ʚʽʜʢʠʜʘʻʪʴʩʷ ʚʛʦʨʫ ʇʨʠ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠʩʪʨʽʡ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʧʦʟʠʮʽʶ ʚʠʤʽʨʶʚʘʥʥʷ. ɺʠʤʽʨʶʚʘʥʥʷ ʤʦʞʫʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʥʝʨʫʭʦʤʦʤʫ ʚʘʣʢʫ  ʘʙʦ ʧʽʜ ʯʘʩ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ.  

 

 

 

ʈʠʩ. 1. ʇʨʠʩʪʨʽʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ 

 

ɼʘʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ 

ʧʨʠ ʾʭ ʚʠʨʦʙʥʠʮʪʚʽ ʽ ʧʨʠ ʧʝʨʝʰʣʽʬʦʚʢʘʭ. ʆʜʥʘʢ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʧʽʜ ʯʘʩ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʥʝ ʥʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʠʤ. 

ʇʨʠ ʟʥʦʩʽ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʧʦʛʽʨʰʫʶʪʴʩʷ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ, ʪʘʢʽ ʷʢ 

ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʽ ʡʦʛʦ ʛʝʦʤʝʪʨʽʷ.  
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ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʢʦʥʪʨʦʣʴ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʽ ʟʤʽʥʘ ʬʦʨʤʠ ʚʘʣʢʽʚ ʻ ʦʙʦʚô̫ ʟʢʦʚʦʶ 

ʚʠʤʦʛʦʶ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʝʭʥʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʥʘ ʚʘʣʢʠ. 

ɿʤʽʥʫ ʬʦʨʤʠ ʚʘʣʢʽʚ ʟ ʛʣʘʜʢʦʶ ʙʦʯʢʦʶ ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ ʽʥʜʠʢʘʪʦʨʥʦʶ ʣʽʥʽʡʢʦʶ, 

ʘʙʦ ʩʧʝʮʽʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ. 

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʧʨʦʬʽʣʶ ʚʘʣʢʘ ʽʥʜʠʢʘʪʦʨʥʦʶ ʣʽʥʽʡʢʦʶ, ʦʩʪʘʥʥʶ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ 

ʢʨʘʡʦʚʽ ʙʦʯʢʠ. ʋʟʜʦʚʞ ʽʥʜʠʢʘʪʦʨʥʦʾ ʣʽʥʽʡʢʠ ʧʝʨʝʩʫʚʘʶʪʴ ʧʦʚʟʫʥ ʽʟ ʟʘʢʨʽʧʣʝʥʠʤ ʥʘ ʥʴʦʤʫ 

ʽʥʜʠʢʘʪʦʨʦʤ, ʟʘ ʧʦʢʘʟʘʥʥʷʤʠ ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʚʝʣʠʯʠʥʫ ʟʥʦʩʫ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʚʘʣʢʘ [1]. 

ɸʚʪʦʨʠ ʩʪʘʪʪʽ çɼʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʫ ʣʠʩʪʦʚʠʭ ʚʘʣʢʽʚ ʚʘʣʢʦʚʠʭ ʩʠʩʪʝʤ ʢʚʘʨʪʦʩʪʘʥʦʚ 

ʛʘʨʷʯʦʾ ʧʨʦʢʘʪʢʠè [15] ʜʣʷ ʚʠʚʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʥʦʩʫ ʚʘʣʢʽʚ ʯʠʩʪʦʚʦʾ ʛʨʫʧʠ ʩʪʘʥʫ  

2000 ʟʘʩʪʦʩʫʚʘʣʠ ʩʧʝʮʽʘʣʴʥʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʝ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʙʘʣʢʠ, ʷʢʝ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʙʦʯʮʽ ʚʘʣʢʘ (ʜʠʚ. ʨʠʩ. 2). ʇʦ ʜʦʚʞʠʥʽ ʙʘʣʢʠ ʚ ʣʽʥʽʶ, ʧʘʨʘʣʝʣʴʥʫ ʦʩʽ ʚʘʣʢʘ, ʙʫʣʠ ʚʤʦʥʪʦʚʘʥʽ 

ʽʥʜʠʢʘʪʦʨʠ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ (21 ʰʪʫʢʘ) ʟ ʮʽʥʦʶ ʨʦʟʧʦʜʽʣʫ 0,01 ʤʤ. ʂʨʦʢ ʨʦʟʤʽʱʝʥʥʷ 

ʽʥʜʠʢʘʪʦʨʽʚ ï 100 ʤʤ, ʢʨʽʤ ʢʨʘʡʥʽʭ. ʂʨʘʡʥʽ ʽʥʜʠʢʘʪʦʨʠ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʟ ʪʘʢʠʤ ʨʦʟʨʘʭʫʥʢʦʤ, 

ʱʦʙ ʚʠʤʽʨʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʚ ʪʦʯʢʘʭ, ʚʽʜʜʘʣʝʥʠʭ ʚʽʜ ʢʨʘʶ ʙʦʯʢʠ ʥʘ 20 ʤʤ. 

 
ʈʠʩ. 2. ɺʠʤʽʨʶʚʘʣʴʥʝ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʽʚ ʧʨʦʬʽʣʶ ʚʘʣʢʽʚ:  

1 ï ʜʚʦʪʘʚʨʦʚʘ ʙʘʣʢʘ; 2 ï ʽʥʜʠʢʘʪʦʨʠ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ; 3 ï ʩʢʦʙʠ; 4 ï ʚʪʫʣʢʘ; 5 ʫʧʦʨʠ;  

6 ï ʧʨʫʞʠʥʘ; 7 ï ʪʷʛʘ; 8 ï ʙʦʯʢʘ ʚʘʣʢʘ; 9 ï ʨʫʢʦʷʪʢʘ; 10 ï ʤʝʭʘʥʽʟʤ ʬʽʢʩʘʮʽʾ ʥʽʞʦʢ ʽʥʜʠʢʘʪʦʨʽʚ; ʘ ï ʚʽʩʴ 

 

ʇʨʠ ʚʠʤʽʨʘʭ ʦʧʦʨʥʠʭ ʚʘʣʢʽʚ ʚʽʜʩʪʘʥʴ ʤʽʞ ʫʧʦʨʘʤʠ 5 ʜʦʨʽʚʥʶʚʘʣʘ 350 ʤʤ. ɺʽʜʩʪʘʥʴ 

ʚʠʙʠʨʘʣʠ ʟ ʪʘʢʠʤ ʨʦʟʨʘʭʫʥʢʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʥʘ 

ʚʘʣʢʫ ʽ ʟʘʟʦʨ ʤʽʞ ʚʘʣʢʦʤ ʽ ʙʘʣʢʦʶ 10...15 ʤʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

ʚʠʟʥʘʯʘʣʠ ʟʥʦʩ ʯʘʚʫʥʥʠʭ ʨʦʙʦʯʠʭ ʚʘʣʢʽʚ (ʚʠʢʦʥʘʥʥʷ ʃʇʍʅɼ-71) ʜʽʘʤʝʪʨʦʤ 800...760 ʤʤ; ʽ 

ʩʪʘʣʝʚʠʭ ʦʧʦʨʥʠʭ ʚʘʣʢʽʚ (ʩʪʘʣʴ 9ʍʌ) ʜʽʘʤʝʪʨʦʤ 1600...1460 ʤʤ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʚʘʣʢʽʚ ʥʘ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʙʦʯʢʠ ʚ ʨʘʜʽʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʢʝʨʥʦʤ ʥʘʥʦʩʠʣʠ ʧʦʛʣʠʙʣʝʥʥʷ, ʷʢʽ ʥʘʟʠʚʘʣʠ çʢʝʨʥʘʤʠè. ɿʘ ʟʤʽʥʦʶ ʛʣʠʙʠʥʠ 

çʢʝʨʥʽʚè ʦʮʽʥʶʚʘʣʠ ʚʝʣʠʯʠʥʫ ʟʥʦʩʫ ʚ ʤʽʩʮʷʭ ʾʭ ʥʘʥʝʩʝʥʥʷ. çʂʝʨʥʠè ʥʘʥʦʩʠʣʠ ʧʦ 

ʢʦʦʨʜʠʥʘʪʘʤ z = (ï 0,9; 0,9; 0,8; 0,8; 0), ʜʝ z ï ʚʽʩʴ ʦʙʨʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ 

ʟʘ ʥʘʧʨʷʤʢʦʤ ʟ ʚʽʩʩʶ ʚʘʣʢʘ (ʮʠʬʨʠ ʜʘʥʽ ʚ ʤʝʪʨʘʭ). ʂʝʨʥʠ ʧʦ ʢʦʞʥʽʡ ʢʦʦʨʜʠʥʘʪʽ ʥʘʥʦʩʠʣʠ 

ʜʚʦʤʘ ʜʽʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʣʝʞʥʠʤʠ ʛʥʽʟʜʘʤʠ: ʧʦ 3 ʢʝʨʥʘ ʚ ʢʦʞʥʦʤʫ ʛʥʽʟʜʽ. ɻʣʠʙʠʥʫ ʢʝʨʥʽʚ 

ʚʠʤʽʨʶʚʘʣʠ ʽʥʜʠʢʘʪʦʨʦʤ (ʮʽʥʘ ʨʦʟʧʦʜʽʣʫ 0,01 ʤʤ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.  
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ʈʠʩ. 3. ʇʨʠʩʪʨʽʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʝʨʥʽʚ: 

1 ï ʩʪʘʥʜʘʨʪʥʠʡ ʽʥʜʠʢʘʪʦʨ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ ʟ ʮʽʥʦʶ ʨʦʧʦʜʽʣʫ 0,01 ʤʤ; 2 ï ʚʠʤʽʨʶʚʘʣʴʥʘ 

ʛʦʣʢʘ; 3 ï ʫʩʪʘʥʦʚʯʘ ʧʣʘʥʢʘ; 4 ï ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʛʚʠʥʪ; 5 ï ʬʽʢʩʫʶʯʠʡ ʛʚʠʥʪ; 6 ï ʦʧʦʨʘ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʟʥʦʩʫ 

ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ, ʘʣʝ ʚʦʥʦ ʩʢʣʘʜʥʝ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽ ʪʨʫʜʦʤʽʩʪʢʝ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʤʽʨʶʚʘʥʴ. 

ʆʧʪʠʤʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʩʧʦʩʽʙ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ (ʷʢ ʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥ ̔

ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʧʨʝʜʩʪʘʚʣʝʥʝ ʥʘ ʨʠʩ. 2 ï 3) ʥʘʥʦʩʷʪʴʩʷ ʰʪʫʯʥʽ ʙʘʟʠ ʫ ʚʠʛʣʷʜʽ ʟʘʛʣʠʙʣʝʥɹ . 

ɸʣʝ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʛʣʠʙʣʝʥʥʷ ʥʘʥʦʩʷʪʴ ʫ ʬʦʨʤʽ ʢʦʥʫʩʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʥʫʩʥʦʾ ʬʨʝʟʠ ʩʫʚʦʨʦ ʚʠʟʥʘʯʝʥʦʾ ʬʦʨʤʠ (ʨʠʩ. 4). ʅʘʜʘʣʽ ʟʽ ʟʤʽʥʠ ʛʣʠʙʠʥʠ ʰʪʫʯʥʦʾ 

ʙʘʟʠ, ʷʢʝ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ ʚʽʜʙʠʪʢʫ ʾʾ ʜʥʘ ʜʦ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ 

ʧʽʩʣʷ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʠʟʥʘʯʘʶʪʴ ʚʝʣʠʯʠʥʫ ʟʥʦʩʫ. 

 

ʈʠʩ. 4. ʅʘʥʝʩʝʥʥʷ ʰʪʫʯʥʦʾ ʙʘʟʠ ʥʘ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʧʨʦʢʘʪʥʦʛʦ ʚʘʣʢʘ 

 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʰʪʫʯʥʦʾ ʙʘʟʠ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʇ̔ ʩʣʷ ʫʪʚʦʨʝʥʥʷ 

ʟʘʛʣʠʙʣʝʥʥʷ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʧʦʚʝʨʭʥʽ, ʧʦʨʫʯ ʟ ʚʽʜʙʠʪʢʦʤ ʰʪʫʯʥʦʾ ʙʘʟʠ ʨʦʟʤʽʱʫʶʪʴ 

ʢʦʥʪʨʦʣʴʥʠʡ ʨʦʟʤʽʨʥʠʡ ʝʣʝʤʝʥʪ ʫ ʚʠʛʣʷʜʽ ʢʘʣʽʙʨʦʚʘʥʦʾ ʩʤʫʛʠ. ʌʦʪʦʘʧʘʨʘʪʦʤ (ʙʘʞʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʪʦʘʧʘʨʘʪ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ) ʨʦʙʠʪʴʩʷ ʟʥʽʤʦʢ ʧʦʛʣʠʙʣʝʥʠʤ 

ʨʘʟʦʤ ʟ ʢʦʥʪʨʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ. ʇʽʩʣʷ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʚʪʦʨʥʦ ʨʦʙʣʷʪʴ 

ʟʥʽʤʦʢ ʰʪʫʯʥʦʾ ʙʘʟʠ. ʊʘʢʦʞ, ʷʢ ʽ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʚʠʧʘʜʢʫ ʧʦʨʫʯ ʟ ʧʦʛʣʠʙʣʝʥʥʷʤ ʨʦʟʤʽʱʫʶʪʴ 

ʢʦʥʪʨʦʣʴʥʠʡ ʨʦʟʤʽʨʥʠʡ ʝʣʝʤʝʥʪ. 
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ʆʪʨʠʤʘʥʽ ʟʥʽʤʢʠ ʚ bmp ʘʙʦ jpg ʬʦʨʤʘʪʽ ʚʚʦʜʷʪʴʩʷ ʚ ʙʫʜʴ-ʷʢʫ ʟ ʧʨʦʛʨʘʤ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʢʨʝʩʣʷʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʝʢʪʦʨʥʫ ʛʨʘʬʽʢʫ, ʥʘʧʨʠʢʣʘʜ: Autocad, 

Inventor, Solid Works, ʂʦʤʧʘʩ ʪʦʱʦ. ʅʘ ʟʥʽʤʢʘʭ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʩʪʘʚʣʷʶʪʴʩʷ ʨʦʟʤʽʨʠ ʜʽʘʤʝʪʨʘ ʜʥʘ ʢʦʥʫʩʘ ʟʘʛʣʠʙʣʝʥʥʷ ʽ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʦʟʤʽʨʫ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ. ʇʨʠʨʦʜʥʦ, ʨʦʟʤʽʨʠ, ʚʠʟʥʘʯʝʥʽ ʧʨʦʛʨʘʤʦʶ, ʥʝ ʙʫʜʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ 

ʨʝʘʣʴʥʦʩʪʽ. ɸʣʝ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʩ ʮʽʢʘʚʠʪʴ ʥʝ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ, ʷʢʽ 

ʚʠʟʥʘʯʠʪʴ ʧʨʦʛʨʘʤʘ, ʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʜʥʘ ʢʦʥʫʩʘ ʟʘʛʣʠʙʣʝʥʥʷ ʜʦ ʨʦʟʤʽʨʫ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ. ɿʥʘʶʯʠ ʪʦʯʥʠʡ ʨʦʟʤʽʨ ʢʦʥʪʨʦʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʤʦʞʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʧʦʨʮʽʾ ʚʠʟʥʘʯʠʪʠ ʜʽʘʤʝʪʨ ʜʥʘ ʢʦʥʫʩʘ ʟʘʛʣʠʙʣʝʥʥʷ.    

ʅʘ ʧʽʜʩʪʘʚʽ ʜʽʘʤʝʪʨʘ ʜʥʘ ʢʦʥʫʩʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʘʶʪʴ ʛʣʠʙʠʥʫ 

ʚʽʜʙʠʪʢʘ. ʈʽʟʥʠʮʷ ʛʣʠʙʠʥʠ ʰʪʫʯʥʦʾ ʙʘʟʠ ʜʦ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʧʽʩʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʧʦʢʘʟʫʻ ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʚʘʣʢʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʘʥʠʡ ʤʝʪʦʜ ʧʨʦʩʪʠʡ ʽ ʟʨʫʯʥʠʡ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʢʣʘʜʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʜʦʟʚʦʣʷʻ ʟ ʪʦʯʥʽʩʪʶ 0,01 ʤʤ ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʨʦʟʤʽʨʽʚ 

ʽ ʬʦʨʤʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʧʨʦʢʘʪʥʦʛʦ ʚʘʣʢʘ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

ɺʠʩʥʦʚʢʠ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ 

ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʧʨʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʚʠʜʠ ʦʙʣʘʜʥʘʥʥʷ. 

ʋʩʪʘʪʢʫʚʘʥʥʷ, ʷʢʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʽ ʧʨʠ ʧʝʨʝʰʣʽʬʦʚʢʘʭ ʧʨʦʢʘʪʥʠʭ 

ʚʘʣʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ 

ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝ ʟʘʚʞʜʠ ʥʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʠʤ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʚʘʣʢʽʚ ʣʠʩʪʦʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʽʥʜʠʢʘʪʦʨʥʽ ʣʽʥʽʡʢʠ ʘʙʦ ʩʧʝʮʽʘʣʴʥʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʽ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʙʘʣʢʠ ʟ 

ʚʤʦʥʪʦʚʘʥʠʤʠ ʽʥʜʠʢʘʪʦʨʘʤʠ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ, ʷʢʽ ʩʢʣʘʜʥʽ ʚ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽ ʪʨʫʜʦʤʽʩʪʢʽ 

ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʤʽʨʶʚʘʥʴ. 

ʆʧʪʠʤʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʩʧʦʩʽʙ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʫʩʥʦʾ 

ʬʨʝʟʠ ʩʫʚʦʨʦ ʚʠʟʥʘʯʝʥʦʾ ʬʦʨʤʠ ʥʘʥʦʩʷʪʴ ʰʪʫʯʥʫ ʙʘʟʫ ï ʧʦʛʣʠʙʣʝʥʥʷ ʫ ʬʦʨʤʽ ʢʦʥʫʩʘ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʘʧʘʨʘʪʘ ʬʽʢʩʫʶʪʴʩʷ ʨʦʟʤʽʨʠ ʰʪʫʯʥʠʭ ʙʘʟ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʧʽʩʣʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʪʨʠʤʘʥʽ ʟʥʽʤʢʠ ʧʨʝʥʦʩʷʪʴ ʥʘ ʢʦʤʧôʁ ʪʝʨ, ʜʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ 

ʧʨʦʛʨʘʤʠ ʦʙʨʦʙʣʷʶʪʴʩʷ ʦʪʨʠʤʘʥʽ ʚ ʬʦʨʤʘʪʽ bmp ʟʦʙʨʘʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʰʪʫʯʥʠʭ ʙʘʟ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʛʣʠʙʠʥʘ. ʈʽʟʥʠʮʷ ʛʣʠʙʠʥʠ ʰʪʫʯʥʦʾ ʙʘʟʠ ʜʦ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʧʽʩʣʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʢʘʟʫʻ ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʚʘʣʢʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʜʦʟʚʦʣʷʻ ʟ ʪʦʯʥʽʩʪʶ 0,01 ʤʤ ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʨʦʟʤʽʨʽʚ 

ʽ ʬʦʨʤʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʧʨʦʢʘʪʥʦʛʦ ʚʘʣʢʘ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ɿʳʙʮʝʚ ʖ.ɺ. çʀʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʨʠʚʦʡ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ɼɺʉ ʧʨʠ ʨʘʟʛʦʥʝ 

ʘʚʪʦʤʦʙʠʣʷè 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʢʘʢ ʚ ʦʙʣʘʩʪʴ 

ʥʠʟʢʠʭ, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʦʙʦʨʦʪʦʚ, ʧʨʠʯʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʩʤʝʱʝʥʠʷ ʥʝʣʴʟʷ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʚʷʟʘʪʴ ʢ 

ʪʠʧʫ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʬʠʨʤʝ-ʠʟʛʦʪʦʚʠʪʝʣʶ, ʭʦʪʷ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʚʩʝʭ ʫʧʦʤʷʥʫʪʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʛʨʫʧʧʳ Volkswagen ʤʘʢʩʠʤʫʤʳ ʩʤʝʱʝʥʳ ʚʧʨʘʚʦ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʧʨʠ ʨʘʟʛʦʥʝ ʩʥʠʞʘʝʪʩʷ. ʅʘ ʧʨʦʚʝʨʝʥʥʳʭ 

ʘʚʪʦʤʦʙʠʣʷʭ ʩʥʠʞʝʥʠʝ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ 8 %. ʕʪʦ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʚʳʯʠʩʣʝʥʠʠ ʚʨʝʤʝʥʠ ʨʘʟʛʦʥʘ ʘʚʪʦʤʦʙʠʣʝʡ. ɺ ʟʦʥʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʫ ʥʝʢʦʪʦʨʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʤʦʤʝʥʪ ʧʘʜʘʝʪ ʚ 3ï6 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʤʠʥʘʣʴʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʪʝʧʝʥʴ ʵʪʦʛʦ ʧʘʜʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʥʘʧʨʠʤʝʨ, 

ʠʟʥʦʰʝʥʥʦʩʪʠ ʮʠʣʠʥʜʨʦ-ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʜʘʶʪ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʦʜʥʘʢʦ 

ʷʚʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʘ. ʅʫʞʥʳ ʙʦʣʝʝ ʦʙʰʠʨʥʳʝ ʠ ʪʱʘʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ ʜʚʠʛʘʪʝʣʷ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʦʪʨʘʞʘʶʪ ʢʨʠʚʳʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʝʡ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʩʥʠʤʘʝʤʳʝ ʥʘ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ 

ʥʘʛʨʫʟʢʘʭ ʧʨʠ ʨʘʟʛʦʥʝ, ʟʘʚʠʩʷʪ ʦʪ ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʝʡ ʠ ʦʪ ʪʝʤʧʘ ʨʘʟʛʦʥʘ.  

ʇʨʠ ʨʘʟʛʦʥʝ ʚ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ 

ʤʝʥʴʰʝʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʥʘ 100ï200 ʤʠʥï1. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʠʚʦʡ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʨʘʟʛʦʥʘ ʠ 

ʚʳʙʝʛʘ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʜʦʧʫʱʝʥʠʠ, ʯʪʦ ʩʪʘʪʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʨʘʟʛʦʥʝ ʠ ʚʳʙʝʛʝ ʦʜʠʥʘʢʦʚʝr, ʘ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʨʘʚʝʥ ʨʘʜʠʫʩʫ ʢʘʯʝʥʠ̫ . 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴ, ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʨʘʟʛʦʥ, ʯʘʩʪʦʪʘ, ʩʥʠʞʝʥʠʝ, ʩʤʝʱʝʥʠʝ, ʵʢʩʧʝʨʠʤʝʥʪ. 

 

ɿʠʙʮʝʚ ʖ.ɺ. çɿʤʽʥʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʢʨʠʚʦʾ ʤʦʤʝʥʪʫ ɼɺɿ ʧʽʜ ʯʘʩ ʨʦʟʛʦʥʫ ʘʚʪʦʤʦʙʽʣʷè 

ʋ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʩʫʚ ʯʘʩʪʦʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʷʢ ʚ ʦʙʣʘʩʪʴ 

ʥʠʟʴʢʠʭ, ʪʘʢ ʽ ʚ ʦʙʣʘʩʪʴ ʚʠʩʦʢʠʭ ʦʙʝʨʪʽʚ, ʧʨʠʯʦʤʫ ʥʘʧʨʷʤʦʢ ʟʩʫʚʫ ʤʦʞʥʘ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʚô̫ ʟʘʪʠ ʜʦ ʪʠʧʫ 

ʜʚʠʛʫʥʘ ʘʙʦ ʬʽʨʤʽ-ʚʠʨʦʙʥʠʢʫ, ʭʦʯʘ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʫ ʚʩʽʭ ʟʛʘʜʘʥʠʭ ʜʚʠʛʫʥʽʚ ʛʨʫʧʠ Volkswagen ʤʘʢʩʠʤʫʤʠ 

ʟʤʽʱʝʥʽ ʚʧʨʘʚʦ. 

ʋ ʙ̔ʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʧʨʠ ʨʦʟʛʦʥʽ ʟʥʠʞʫʻʪʴʩʷ. ʅʘ ʧʝʨʝʚʽʨʝʥʠʭ 

ʘʚʪʦʤʦʙʽʣʷʭ ʟʥʠʞʝʥʥʷ ʥʝ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ 8%. ʎʝ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ, 

ʥʘʧʨʠʢʣʘʜ, ʦʙʯʠʩʣʝʥʥʽ ʯʘʩʫ ʨʦʟʛʦʥʫ ʘʚʪʦʤʦʙʽʣʽʚ. ʋ ʟʦʥʽ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʫ ʜʝʷʢʠʭ ʜʚʠʛʫʥʽʚ ʤʦʤʝʥʪ ʧʘʜʘʻ ʚ 3ï

6 ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʦʤʽʥʘʣʴʥʠʤ, ʦʪʨʠʤʘʥʠʤ ʚ ʩʪʘʣʠʭ ʨʝʞʠʤʘʭ. ɯʤʦʚʽʨʥʦ, ʩʪʫʧʽʥʴ ʮʴʦʛʦ ʧʘʜʽʥʥʷ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʜʚʠʛʫʥʘ, ʥʘʧʨʠʢʣʘʜ, ʟʥʦʰʝʥʦʩʪʽ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʝ ʜʘʶʪʴ ʧʽʜʩʪʘʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʧʨʦʪʝ ʷʚʥʦ 

ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʧʠʪʘʥʥʷ. ʇʦʪʨʽʙʥʽ ʙʽʣʴʰ ʨʝʪʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʢʫ ʜʚʠʛʫʥʘ, ʱʦʙ ʚʠʢʣʶʯʠʪʠ ʚʧʣʠʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʢʨʠʚʽ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʽʚ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʟʥʽʤʘʶʪʴʩʷ ʥʘ ʩʪʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʧʨʠ ʨʦʟʛʦʥʽ, 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʽʘʧʘʟʦʥʫ ʰʚʠʜʢʦʩʪʝʡ ʽ ʚʽʜ ʪʝʤʧʫ ʨʦʟʛʦʥʫ. 

ʇʨʠ ʨʦʟʛʦʥʽ ʚ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚʠʭʦʜʠʪʴ ʧʨʠ ʤʝʥʰʽʡ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʥʘ 100-200 ʭʚ-1. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʽʜʥʦʚʣʝʥʥʷ ʢʨʠʚʦʾ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʟʛʦʥʫ ʽ ʚʠʙʽʛʫ 

ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʜʦʧʫʱʝʥʥʽ, ʱʦ ʩʪʘʪʠʯʥʽ ʦʧʦʨʫ ʧʨʠ ʨʦʟʛʦʥʽ ʽ ʚʠʙʽʛʫ ʦʜʥʘʢʦʚʽ, ʘ ʜʠʥʘʤʽʯʥʠʡ ʨʘʜʽʫʩ ʜʦʨʽʚʥʶʻ 

ʨʘʜʽʫʩʫ ʢʦʯʝʥʥ̫ . 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʽʣʴ, ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʨʦʟʛʽʥ, ʯʘʩʪʦʪʘ, ʟʥʠʞʝʥʥʷ, ʟʤʽʱʝʥʥʷ, ʝʢʩʧʝʨʠʤʝʥʪ. 

 

Y.V. Zybtsev " change of circuit current configuration during driving of a vehicle"  

In the cases considered, a frequency shift of the maximum moment is observed both in the region of low and 

in the region of high revolutions, and the direction of displacement cannot be unambiguously tied to the type of engine 

or the manufacturer, although it is worth noting that for all the mentioned Volkswagen engines, the maxima are shifted 

to the right. 

In most cases, the maximum torque during acceleration is reduced. On tested vehicles, the reduction does 

not go beyond 8%.  
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This should be used when solving practical problems, for example, calculating the acceleration time of cars. 

In the low-frequency zone of some engines, the moment falls by 3ï6 times in comparison with the nominal value 

obtained in steady-state modes. Presumably, the degree of this fall depends on the technical condition of the engine, 

for example, the deterioration of the cylinder-piston group. 

The results obtained do not give reason to develop practical recommendations, but they clearly indicate the 

need for further study of the issue. More extensive and thorough research is needed, in particular, taking into account 

the age of the engine, in order to exclude the influence of the technical condition. 

Experimental studies are presented in the form of experimental dependencies that reflect the torque curves 

of passenger car engines taken at steady loads during acceleration, depending on the speed range and the acceleration 

rate. 

During acceleration in road conditions, the maximum value of the torque is obtained at a lower angular 

speed of rotation of 100ï200 min ï 1. 

A technique has been developed for restoring the torque curve from the parameters of acceleration and 

coasting of the car, assuming that the static resistance during acceleration and coasting is the same, and the dynamic 

radius is equal to the radius of the rolling element. 

Keywords: car, torque, acceleration, frequency, decrease, displacement, experiment. 
 

ɺʚʝʜʝʥʠʝ 

 

ʇʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʙʦʪʫ 

ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʘʚʪʦʤʦʙʠʣʷ ï ʪʷʛʦʚʦʡ ʩʠʣʳ, ʫʩʢʦʨʝʥʠʷ ʨʘʟʛʦʥʘ ʠ ʪ.ʧ. ï ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʭʦʜʠʪʴ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʚʠʛʘʪʝʣʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʢʨʠʚʦʡ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ 

ʚʥʝʰʥʝʡ ʩʢʦʨʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ (ɺʉʍ). ʆʜʥʘʢʦ ʧʨʠ ʨʘʟʛʦʥʝ ʚʠʜ ʵʪʦʡ ʢʨʠʚʦʡ 

ʠʩʢʘʞʘʝʪʩʷ ï ʩʥʠʞʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʘ ʪʦʯʢʘ ʤʘʢʩʠʤʫʤʘ ʩʤʝʱʘʝʪʩʷ 

ʚʜʦʣʴ ʦʩʠ ʦʙʦʨʦʪʦʚ. ɾʝʣʘʪʝʣʴʥʦ ʫʤʝʪʴ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʵʪʠ ʠʟʤʝʥʝʥʠʷ. ʇʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʙʦʪʫ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʘʚʪʦʤʦʙʠʣʷ ï 

ʪʷʛʦʚʦʡ ʩʠʣʳ, ʫʩʢʦʨʝʥʠʷ ʨʘʟʛʦʥʘ ʠ ʪ.ʧ. ï ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʠʪʴ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʚʠʛʘʪʝʣʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʢʨʠʚʦʡ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʥʝʰʥʝʡ ʩʢʦʨʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

(ɺʉʍ). ʆʜʥʘʢʦ ʧʨʠ ʨʘʟʛʦʥʝ ʚʠʜ ʵʪʦʡ ʢʨʠʚʦʡ ʠʩʢʘʞʘʝʪʩʷ ï ʩʥʠʞʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʘ ʪʦʯʢʘ ʤʘʢʩʠʤʫʤʘ ʩʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʦʩʠ ʦʙʦʨʦʪʦʚ.  

ɺ ʍʅɸɼʋ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʜʦʩʪʫʧʥʳʝ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠ ʥʝʜʦʨʦʛʠʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʢʘʢ ʚ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʥʘ 

ʩʪʝʥʜʝ Rototest VPA-RX 2WD. 

 

ʌʦʨʤʫʣʠʨʦʚʘʥʠʝ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʥʦʨʤʠʨʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʥʫʞʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʫʯʠʪʴ ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʢʨʠʚʳʭ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ɼɺʉ, ʚʳʟʚʘʥʥʦʝ ʫʩʢʦʨʝʥʠʝʤ ʧʨʠ ʨʘʟʛʦʥʝ ʘʚʪʦʤʦʙʠʣʷ. 

 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ  ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʕʪʠ ʚʦʧʨʦʩʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩ 50-ʭ ʛʦʜʦʚ XX ʚʝʢʘ. ʀʤʠ ʟʘʥʠʤʘʣʠʩʴ: ʄ.ʀ. ʃʫʨʴʝ,  

ɹ.ʉ. ʌʘʣʴʢʝʚʠʯ, ɸ.ɻ. ʐʤʠʜʪ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ.  

ɺ ʨʘʙʦʪʘʭ ʘʢʘʜ. ɺ.ʅ. ɹʦʣʪʠʥʩʢʦʛʦ ʫʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʛʦʥʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʤʝʥʴʰʝʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʯʝʤ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʩʥʠʤʘʝʤʦʡ ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʥʘʛʨʫʟʢʘʭ, ʥʘ 20ï30 ʩï1, ʪ.ʝ. ʥʘ 100ï200 ʤʠʥï1.  

ʇʨʠʤʝʨʥʦ ʪʘʢʦʝ ʩʤʝʱʝʥʠʝ ʦʙʦʨʦʪʦʚ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʦʣʫʯʠʣ ɸ.ɻ. ʐʤʠʜʪ 

[1] ʥʘ ʘʚʪʦʤʦʙʠʣʝ ʢʣʘʩʩʘ çɾʠʛʫʣʝʡè. 

ʆʜʥʘʢʦ ʚ ʩʪʝʥʜʦʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ [2] ʫ ʘʚʪʦʤʦʙʠʣʷ çʄʦʩʢʚʠʯ-402è ʚʳʷʚʣʝʥʦ 

ʩʤʝʱʝʥʠʝ ʥʘ 1000 ʤʠʥï1, ʦʪ 2750 ʜʦ 1750 ʤʠʥï1, ʘ ʫ Volkswagen ï ʥʘ 400, ʦʪ 1800  

ʜʦ 2200 ʤʠʥï1, ʪ.ʝ. ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʦʙʦʨʦʪʦʚ (ʨʠʩ. 1).  

ʊʘʢʞʝ ʢ ʙʦʣʴʰʠʤ ʦʙʦʨʦʪʘʤ ʩʤʝʱʝʥ ʤʘʢʩʠʤʫʤ ʫ ʘʚʪʦʤʦʙʠʣʷ VW Passat 1.8 T [3] (ʨʠʩ. 

2). 
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ʈʠʩ. 1. ʂʨʠʚʳʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʘʚʪʦʤʦʙʠʣʝʡ çʄʦʩʢʚʠʯ-402è (ʩʣʝʚʘ) ʠ Volkswagen  

ʧʨʠ ʨʘʟʛʦʥʝ ʥʘ ʨʘʟʥʳʭ ʧʝʨʝʜʘʯʘʭ [2] (ʩʧʨʘʚʘ) 

 

 
 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʩʪʫʧʠʮʘʭ ʚʝʜʫʱʠʭ ʢʦʣʝʩ ʘʚʪʦʤʦʙʠʣʷ VW 

Passat 1.8 T ʥʘ ʩʪʝʥʜʝ Rototest VPA-RX 2WD (ʩʣʝʚʘ) ʠ ʠʭ ʦʙʨʘʙʦʪʢʘ [3] (ʩʧʨʘʚʘ) 

 

ʄʝʪʦʜʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʠʚʦʡ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʨʘʟʛʦʥʘ 

ʠ ʚʳʙʝʛʘ ʘʚʪʦʤʦʙʠʣʷ.  

 

ɿʥʘʯʝʥʠʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ 

hÖÖ

Ö
=

0uu

rP
M

ʢʧ

dʢʦ
e ,      (1) 

ʛʜʝ ʈʢʦ ï ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ ʪʷʛʠ ʥʘ ʚʩʝʭ ʚʝʜʫʱʠʭ ʢʦʣʝʩʘʭ, ʅ;  

rd ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʚʝʜʫʱʠʭ ʢʦʣʝʩ, ʤ;  

uʢʧ ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʚ ʨʘʩʯʝʪʥʦʤ ʩʣʫʯʘʝ;  

u0 ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʛʣʘʚʥʦʡ ʧʝʨʝʜʘʯʠ (ʛʣʘʚʥʦʡ ʧʘʨʳ);  

ɖ ï ʂʇɼ ʪʨʘʥʩʤʠʩʩʠʠ. 

dcaccpʢʦ mjmaPPP Ö+Ö=S+= ,     (2) 

ʛʜʝ ʈp ï ʨʝʟʝʨʚ ʪʷʛʠ, ʪ.ʝ. ʯʘʩʪʴ ʩʠʣʳ ʪʷʛʠ, ʨʘʩʭʦʜʫʝʤʘʷ ʥʘ ʨʘʟʛʦʥ ʘʚʪʦʤʦʙʠʣʷ, ʅ;  

Ɇʈʩ ï ʩʫʤʤʘ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʚʠʞʝʥʠʶ ʘʚʪʦʤʦʙʠʣʷ, ʅ;  

a ï ʫʩʢʦʨʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʨʘʟʛʦʥʝ, ʤ/ʩ2;  

j ï ʟʘʤʝʜʣʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʚʳʙʝʛʝ, ʤ/ʩ2;  

mac, mdc ï ʧʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʨʘʟʛʦʥʝ ʠ ʚʳʙʝʛʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʛ; 

ʜʚʧʨdcʘcʪʨʢʧʨadc mmmmmm ... ; +=+= ,    (3) 

ʛʜʝ ma ïʤʘʩʩʘ ʘʚʪʦʤʦʙʠʣʷ ʚ ʨʘʩʯʝʪʥʦʤ ʩʣʫʯʘʝ, ʢʛ;  

mʧʨ.ʢ.ʪʨ ï ʧʨʠʚʝʜʝʥʥʘʷ ʢ ʢʦʥʪʘʢʪʫ ʚʝʜʫʱʝʛʦ ʢʦʣʝʩʘ ʩ ʜʦʨʦʛʦʡ ʤʘʩʩʘ ʢʦʣʝʩ ʠ ʪʨʘʥʩʤʠʩʩʠʠ, ʢʛ;  

mʧʨ.ʜʚ ï ʧʨʠʚʝʜʝʥʥʘʷ ʢ ʢʦʥʪʘʢʪʫ ʚʝʜʫʱʝʛʦ ʢʦʣʝʩʘ ʩ ʜʦʨʦʛʦʡ ʤʘʩʩʘ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ 

ʜʚʠʛʘʪʝʣʷ, ʢʛ. 

ɿʜʝʩʴ ʧʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʩʪʘʪʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʨʘʟʛʦʥʝ ʠ ʚʳʙʝʛʝ 

ʦʜʠʥʘʢʦʚʳ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʳʤ ʨʘʜʠʫʩʫ ʢʘʯʝʥʠʷ ʙʝʟ 
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ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ, ʯʪʦ ʨʝʘʣʴʥʦ ʜʣʷ ʜʦʨʦʛʠ ʩ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ. ʂʇɼ ʪʨʘʥʩʤʠʩʩʠʠ 

ʧʨʠʥʷʪ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʀʟ ʨʠʩ. 3 ʚʠʜʥʦ, ʯʪʦ ʫ ɺɸɿ-21053 ʥʘ III ʠ IV ʧʝʨʝʜʘʯʘʭ ʦʙʦʨʦʪʳ ʤʘʢʩʠʤʫʤʘ ʤʦʤʝʥʪʘ 

ʩʤʝʱʝʥʳ ʚʧʨʘʚʦ ʧʨʠʤʝʨʥʦ ʥʘ 500 ʤʠʥï1, ʘ ʥʘ II ʠ I ʧʝʨʝʜʘʯʘʭ ï ʚʣʝʚʦ, ʪ.ʝ. ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ 

ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ, ʥʘ 1500é2000 ʤʠʥï1.  

ɿʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ II ʠ I ʧʝʨʝʜʘʯʘʭ ʙʦʣʴʰʝ ʥʦʤʠʥʘʣʴʥʳʭ. ʆʜʥʘʢʦ 

ʵʪʠ ʢʨʠʚʳʝ ʨʘʩʩʯʠʪʘʥʳ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʜʠʫʩʝ ʢʘʯʝʥʠʷ, ʚʟʷʪʦʤ ʠʟ ʩʪʘʥʜʘʨʪʘ. ʂʦʛʜʘ ʞʝ 

ʙʳʣʘ ʫʯʪʝʥʘ ʨʝʢʦʤʝʥʜʘʮʠʷ ɺ.ɸ. ʇʝʪʨʦʚʘ [4] ʠ ʟʥʘʯʝʥʠʷ ʨʘʜʠʫʩʘ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʩ ʫʯʝʪʦʤ 

ʧʦʜʚʝʜʝʥʥʦʛʦ ʢ ʚʝʜʫʱʠʤ ʢʦʣʝʩʘʤ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʪʦ ʢʨʠʚʳʝ ʦʧʫʩʪʠʣʠʩʴ ʥʠʞʝ 

ʥʦʤʠʥʘʣʴʥʦʡ ʢʨʠʚʦʡ, ʠ ʩʤʝʱʝʥʠʝ ʠʭ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʠʣʦʩʴ (ʩʤ. ʨʠʩ. 3, ʢʨʠʚʳʝ ʩ ʠʥʜʝʢʩʦʤ 

çʇè). 

 

 

ʈʠʩ. 3. ʂʨʠʚʳʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʨʘʟʛʦʥʘ ʟʘʜʥʝʧʨʠʚʦʜʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ɺɸɿ-21053 ʠ çɺʦʣʛʘè ɻɸɿ-31105 ʩ ʜʚʠʛʘʪʝʣʝʤ ɿʄɿ-4062.10 

 

ʂʨʠʚʳʝ (ʨʠʩ. 3), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ çɺʦʣʛʠè, ʚʝʨʦʷʪʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʣʝʚʦʡ ʚʝʪʚʠ ʥʦʤʠʥʘʣʴʥʦʡ ʢʨʠʚʦʡ (ʩʫʜʷ ʧʦ ʥʘʣʠʯʠʶ ʥʘ ʥʠʭ ʤʠʥʠʤʫʤʦʚ) ʠ ʟʘʤʝʪʥʦ ʩʜʚʠʥʫʪʳ 

ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʦʙʦʨʦʪʦʚ. ʄʘʢʩʠʤʫʤʳ ʥʘ ʥʠʭ ʙʣʠʟʢʠ ʢ 170 ʅʤ, ʪ.ʝ. ʤʘʢʩʠʤʫʤʫ ʥʘ 

ʣʝʚʦʡ ʚʝʪʚʠ ʥʦʤʠʥʘʣʴʥʦʡ ʢʨʠʚʦʡ. 

ʅʘ ʦʙʝʠʭ "ʇʨʠʦʨʘʭ" (ʨʠʩ. 4) ʦʙʦʨʦʪʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ IV ʠ III ʧʝʨʝʜʘʯʘʭ 

ʥʝ ʜʦʩʪʠʛʥʫʪʳ, ʥʘ II ʩʤʝʱʝʥʳ ʚʣʝʚʦ ʥʘ 1000 ʤʠʥï1.  

ʅʘʠʙʦʣʴʰʠʝ ʜʦʩʪʠʛʥʫʪʳʝ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʥʦʤʠʥʘʣʴʥʦʛʦ: ʥʘ II ʧʝʨʝʜʘʯʝ ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 4 %, ʥʘ III ʜʦʩʪʠʛʥʫʪ ʤʦʤʝʥʪ 148 ʅʤ, ʪ.ʝ. 

ʚʳʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ (ʵʪʦ ʚʦʟʤʦʞʥʦ ï ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʢʘʪʘʥʥʳʡ ʤʦʪʦʨ ɺɸɿ-21126 ʚʳʜʘʸʪ 

107 ʣ.ʩ. ʠ 157 ʅʤ ʧʨʠ 4800 ʤʠʥï1 [5]).  

ʅʘ II ʧʝʨʝʜʘʯʝ ʦʙʥʘʨʫʞʝʥʦ ʥʝʢʦʪʦʨʦʝ ʧʘʜʝʥʠʝ ʤʦʤʝʥʪʘ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ ʪʦʯʢʠ 

ʤʘʢʩʠʤʫʤʘ.  

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 5, ʫ ʘʚʪʦʤʦʙʠʣʷ Volkswagen Passat B4 ʥʘ II ʠ III ʧʝʨʝʜʘʯʘʭ 

ʦʙʦʨʦʪʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʩʜʚʠʥʫʪʳ ʚʧʨʘʚʦ ʥʘ 300 ʠ 800 ʤʠʥï1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʥʘʜʝʞʥʳʝ ʜʘʥʥʳʝ ʥʘ ʜʨʫʛʠʭ 

ʧʝʨʝʜʘʯʘʭ. 

ʋ Polo Sedan ʦʙʦʨʦʪʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʩʤʝʱʝʥʳ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪ ʚ ʩʨʝʜʥʝʤ ʥʘ 240 ʤʠʥï1. ʅʘ III, II ʠ I ʧʝʨʝʜʘʯʘʭ ï ʢʨʫʪʦʝ ʧʘʜʝʥʠʝ ʤʦʤʝʥʪʘ ʚ ʟʦʥʝ 

ʦʙʦʨʦʪʦʚ ʥʠʞʝ 2500 ʤʠʥï1. 
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ʈʠʩ. 4. ʂʨʠʚʳʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʨʘʟʛʦʥʘ ʩʝʜʘʥʘ (ʩʣʝʚʘ) ʠ 

ʭʵʪʯʙʝʢʘ Lada Priora 

 
 

 
ʈʠʩ. 5. ʂʨʠʚʳʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʨʘʟʛʦʥʘ ʘʚʪʦʤʦʙʠʣʝʡ 

Volkswagen Passat B4 (ʩʣʝʚʘ) ʠ Polo Sedan 
 

ʋ ʜʚʠʛʘʪʝʣʷ 1,4 ʣ ʘʚʪʦʤʦʙʠʣʷ Hyundai i-30 (ʨʠʩ. 6, ʩʣʝʚʘ) ʤʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʥʘ III 

ʧʝʨʝʜʘʯʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʣ ʩ ʥʦʤʠʥʘʣʴʥʳʤ, ʥʘ IV ʫʤʝʥʴʰʝʥ ʥʘ 4 ʅʤ, ʥʘ II ï ʥʘ 11 ʅʤ.  
 

  
 

ʈʠʩ. 6. ʂʨʠʚʳʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʨʘʟʛʦʥʘ Hyundai i30 ʩ 
ʜʚʠʛʘʪʝʣʝʤ 1,4 (ʩʣʝʚʘ) ʠ ɺɸɿ-2111 ʩ ʜʚʠʛʘʪʝʣʝʤ 21114 

 
ʆʙʦʨʦʪʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ III ʧʝʨʝʜʘʯʝ ʥʘ 200 ʤʠʥï1 ʤʝʥʴʰʝ, ʯʝʤ ʥʘ 

ʥʦʤʠʥʘʣʴʥʦʡ ʢʨʠʚʦʡ, ʥʘ IV ʧʝʨʝʜʘʯʝ ʤʝʥʴʰʝ ʥʘ 1500 ʤʠʥï1, ʥʘ II ʧʝʨʝʜʘʯʝ ʙʦʣʴʰʝ ʥʘ  1200 
ʤʠʥï1. ʅʘ III ʠ IV ʧʝʨʝʜʘʯʘʭ ï ʢʨʫʪʦʝ ʧʘʜʝʥʠʝ ʤʦʤʝʥʪʘ ʚ ʟʦʥʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʘʚʪʦʤʦʙʠʣʝʡ ɺɸɿ, ʧʨʦʚʝʨʝʥʥʳʭ ʥʘʤʠ, ʫ ɺɸɿ-2111 ʥʘ 
ʧʦʥʠʞʘʶʱʠʭ ʧʝʨʝʜʘʯʘʭ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʫʤʝʥʴʰʝʥ ʩʠʣʴʥʦ: ʥʘ III ʠ I 
ʧʝʨʝʜʘʯʘʭ ï ʥʘ 27 ʅʤ. ʆʜʥʘʢʦ ʥʘ II ʧʝʨʝʜʘʯʝ ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ʚʩʝʛʦ 10 ʅʤ. ʆʙʦʨʦʪʳ 
ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣʴʥʦ ʩʤʝʱʝʥʳ ʚʧʨʘʚʦ ï ʥʘ 1000ï2000 ʤʠʥï1.  
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ɺʳʚʦʜʳ 
 
ɺ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 

ʢʘʢ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʦʙʦʨʦʪʦʚ. ʇʨʠʯʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʩʤʝʱʝʥʠʷ 
ʥʝʣʴʟʷ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʚʷʟʘʪʴ ʢ ʪʠʧʫ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʬʠʨʤʝ-ʠʟʛʦʪʦʚʠʪʝʣʶ, ʭʦʪʷ ʩʪʦʠʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʚʩʝʭ ʫʧʦʤʷʥʫʪʳʭ ʜʚʠʛʘʪʝʣʝʡ ʛʨʫʧʧʳ Volkswagen ʤʘʢʩʠʤʫʤʳ ʩʤʝʱʝʥʳ 
ʚʧʨʘʚʦ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʧʨʠ ʨʘʟʛʦʥʝ ʩʥʠʞʘʝʪʩʷ. ʅʘ 
ʧʨʦʚʝʨʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʩʥʠʞʝʥʠʝ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ 8 %. ʕʪʦ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʚʳʯʠʩʣʝʥʠʠ ʚʨʝʤʝʥʠ ʨʘʟʛʦʥʘ ʘʚʪʦʤʦʙʠʣʝʡ. ɺ 
ʟʦʥʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʫ ʥʝʢʦʪʦʨʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʦʤʝʥʪ ʧʘʜʘʝʪ ʚ 3é6 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʥʦʤʠʥʘʣʴʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʪʝʧʝʥʴ ʵʪʦʛʦ 
ʧʘʜʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʥʘʧʨʠʤʝʨ, ʠʟʥʦʰʝʥʥʦʩʪʠ ʮʠʣʠʥʜʨʦ-
ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʜʘʶʪ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʨʝʢʦʤʝʥʜʘʮʠʡ, ʦʜʥʘʢʦ ʷʚʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʘ. 
ʅʫʞʥʳ ʙʦʣʝʝ ʦʙʰʠʨʥʳʝ ʠ ʪʱʘʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ 
ʜʚʠʛʘʪʝʣʷ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 
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ɿʫʻʚ ɺ.ʆ., ʂʨʠʚʦʰʘʧʦʚ ʉ.ɯ. çɼʽʘʛʥʦʩʪʫʚʘʥʥʷ ʜʚʠʛʫʥʘ ʟʘ ʚʠʪʨʘʪʦʶ ʧʘʣʠʚʘè 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʈʦʟʛʣʷʥʫʪʦ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʩʪʝʥʜʦʚʠʭ ʪʘ ʜʦʨʦʞʥʽʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ. ʅʘʜʘʥʦ ʦʮʽʥʢʫ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʘʣʠʚʥʦʾ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘ ɻʆʉʊ 20306-90. ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʜʣʷ ʝʢʩʧʨʝʩ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʜʚʠʛʫʥʘ ʘʚʪʦʤʦʙʽʣʽʚ 

ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʨʦʛʽ ʩʪʝʥʜʠ ʟ ʙʽʛʦʚʠʤʠ ʙʘʨʘʙʘʥʘʤʠ ʘʙʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʜʦʨʦʞʥʽʭ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʜʦʩʪʘʪʥʴʦ ʚʠʟʥʘʯʘʪʠ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʥʘ ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʥʦʨʤʫ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʘʚʪʦʤʦʙʽʣʷ, ʢʦʣʠ ʜʚʠʛʫʥ ʧʨʘʮʶʻ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ, ʷʢʘ ʚʽʜʩʫʪʥʷ ʚ 

ʥʦʨʤʘʪʠʚʘʭ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. ɿʘ ʦʩʥʦʚʫ ʙʫʣʦ ʦʙʨʘʥʦ 

ʤʝʪʦʜʠʢʫ ʧʨʦʬ. ɻʦʚʦʨʫʱʝʥʢʦ ʄ.ʗ., ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʦʜʠʥʠʮʶ 

ʧʨʦʙʽʛʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʝʷʢʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʽ ʧʨʠʡʥʷʪʠʭ ʧʨʠʧʫʱʝʥʴ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʬʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ ʛʦʜʠʥʥʦʾ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʷ ʬʦʨʤʫʣʘ ʧʦʚô̫ ʟʫʻ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʜʚʠʛʫʥʘ, ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʣʠʚʘ ʽ ʦʙʦʨʦʪʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʟ ʚʠʪʨʘʪʦʶ ʧʘʣʠʚʘ. 

ʆʪʨʠʤʘʥʦ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚʽʜ ʦʙʝʨʪʽʚ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ ʥʘ ʧʨʠʢʣʘʜʽ 

ʘʚʪʦʤʦʙʽʣʷ Skoda Octavia. ɼʣʷ ʮʴʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʦʪʨʠʤʘʥʘ ʩʧʨʦʱʝʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʫ 

ʚʠʛʣʷʜʽ ʧʦʣʽʥʦʤʘ ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ. ʊʘʢʫ ʤʦʜʝʣʴ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʜʣʷ 

ʧʦʨʪʘʪʠʚʥʦʛʦ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʦʙʤʝʞʝʥʥʷ ʟʘ ʦʙʩʷʛʦʤ 

ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤô̫ ʪʽ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʦʨʘ. ʋ ʩʪʘʪʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʂʂɼ ʜʣʷ ʘʚʪʦʤʦʙʽʣʷ 

Skoda Octavia. ʆʪʨʠʤʘʥʦ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʂʂɼ ʚʽʜ ʦʙʝʨʪʽʚ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ 

ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɯʥʜʠʢʘʪʦʨʥʠʡ ʂʂɼ ʤʦʞʝ ʪʘʢʦʞ ʚʠʩʪʫʧʘʪʠ ʚ ʷʢʦʩʪʽ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʛʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʜʚʠʛʫʥʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ɼʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʷ ʧʦʣʷʛʘʻ ʚ ʚʠʤʽʨʽ ʛʦʜʠʥʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʨʠ ʨʽʟʥʠʭ ʦʙʝʨʪʘʭ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ ʽ ʧʦʨʽʚʥʷʥʥʽ 

ʨʝʟʫʣʴʪʘʪʫ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ɺʝʩʴ ʧʨʦʮʝʩ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤ ʧʦʨʪʘʪʠʚʥʠʤ ʪʝʩʪʝʨʦʤ, ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʷʢʦʛʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʚʠʩʥʦʚʢʠ ʪʘ ʰʣʷʭʠ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʽʣʴ, ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ, ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʰʚʠʜʢʽʩʥʠʡ ʨʝʞʠʤ, ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ. 

 

ɿʫʝʚ ɺ.ɸ., ʂʨʠʚʦʰʘʧʦʚ ʉ.ʀ. çɼʠʘʛʥʦʩʪʠʢʘ ʜʚʠʛʘʪʝʣʷ ʧʦ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘè 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʪʝʥʜʦʚʳʭ ʠ ʜʦʨʦʞʥʳʭ ʤʝʪʦʜʦʚ ʠʩʧʳʪʘʥʠʡ. ʆʮʝʥʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦ ɻʆʉʊ 20306-90. ʆʙʦʩʥʦʚʘʥʦ, ʯʪʦ ʜʣʷ ʵʢʩʧʨʝʩʩ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʩʪʝʥʜʳ ʩ 

ʙʝʛʦʚʳʤʠ ʙʘʨʘʙʘʥʘʤʠ, ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʜʦʨʦʞʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 

ʥʘ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʙʝʟ ʥʘʛʨʫʟʢʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʥʦʨʤʫ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ 

ʘʚʪʦʤʦʙʠʣʷ, ʢʦʛʜʘ ʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʝ, ʢʦʪʦʨʘʷ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʥʦʨʤʘʪʠʚʘʭ. ʇʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. ɿʘ ʦʩʥʦʚʫ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʬ. 

ɻʦʚʦʨʫʱʝʥʢʦ ʅ.ʗ., ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʙʝʛʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʢʦʪʦʨʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʯʘʩʦʚʦʛʦ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʘʚʪʦʤʦʙʠʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʙʝʟ ʥʘʛʨʫʟʢʠ. ʕʪʘ ʬʦʨʤʫʣʘ ʩʚʷʟʳʚʘʝʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʷ, ʩʚʦʡʩʪʚʘ ʪʦʧʣʠʚʘ ʠ ʦʙʦʨʦʪʳ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʩ ʨʘʩʭʦʜʦʤ ʪʦʧʣʠʚʘ. 

ʇʦʣʫʯʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʪ ʦʙʦʨʦʪʦʚ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ 

ʥʘ ʧʨʠʤʝʨʝ ʘʚʪʦʤʦʙʠʣʷ Skoda Octavia. ɼʣʷ ʵʪʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʧʦʣʫʯʝʥʘ ʫʧʨʦʱʝʥʥʘʷ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ ʪʨʝʪʝʡ ʩʪʝʧʝʥʠ. ʊʘʢʫʶ ʤʦʜʝʣʴ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ ʜʣʷ ʧʦʨʪʘʪʠʚʥʦʛʦ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʦʙʲʝʤʫ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʨʘ. ɺ ʩʪʘʪʴʝ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ 

ʨʘʩʯʝʪʘ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʂʇɼ ʜʣʷ ʘʚʪʦʤʦʙʠʣʷ Skoda Octavia. ʇʦʣʫʯʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʂʇɼ ʦʪ ʦʙʦʨʦʪʦʚ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʝ ʙʝʟ ʥʘʛʨʫʟʢʠ. 

ʀʥʜʠʢʘʪʦʨʥʳʡ ʂʇɼ ʤʦʞʝʪ ʪʘʢʞʝ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʱʝʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʜʚʠʛʘʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ 

ʘʚʪʦʤʦʙʠʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʯʘʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʧʨʠ ʨʘʟʥʳʭ ʦʙʦʨʦʪʘʭ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ 

ʜʚʠʛʘʪʝʣʷ ʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʘ ʩ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 
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 ɺʝʩʴ ʧʨʦʮʝʩʩ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ ʧʦʨʪʘʪʠʚʥʳʤ 

ʪʝʩʪʝʨʦʤ, ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʠ ʧʫʪʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʧʦʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʦʡ ʨʝʞʠʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

 

V.A. Zuyev, S.I. Krivoshapov " Fuel consumption diagnostics of the engine"  

An analysis was made of the methods for diagnosing vehicles under operational conditions. The advantages 

and disadvantages of bench and road test methods are considered. The main parameters of fuel economy of engine 

for cars are estimated according to GOST 20306-90. It is proved that for express diagnostics of a car engine there is 

no need to use expensive stands with running drums or equipment for road tests, it is enough to determine fuel 

consumption at idle without load. To do this, it is necessary to establish the fuel consumption rate of the car when the 

engine is idling, which is not in the standards. An analysis was made of analytical methods for calculating fuel 

consumption. In the work was used the methodology of prof. Govorushchenko N.Ya., which allows you to calculate 

the fuel consumption of a car but per unit mileage. As a result of some transformations and accepted assumptions, a 

formula was obtained for calculating the hourly fuel consumption of an automobile idling without load. This formula 

relates the design parameters of the engine, the properties of the fuel and the speed of the crankshaft to the fuel 

consumption. Graphic dependencies of fuel consumption change on engine crankshaft speed are obtained using the 

Skoda Octavia as an example. A simplified regression model of fuel consumption in the form of a polynomial of the 

third degree was obtained for this car. This model is convenient to use in software for portable microprocessor 

diagnostic equipment, which have significant limitations on the amount of RAM and processor performance. The 

article obtained a formula for calculating of the performance coefficient indicator. An example has been performed 

of calculating a performance indicator for a Skoda Octavia. Graphical dependence of the change in indicator 

efficiency on the engine speed at idle without load is obtained. The indicator efficiency can also act as a diagnostic 

parameter that characterizes the general technical condition of the vehicle engine. Diagnosing a car consists in 

measuring the hourly fuel consumption at different engine speeds and comparing the result with the calculated values. 

The entire diagnostic process can be implemented by a portable microprocessor tester, in the software of which a 

mathematical model will be used to calculate fuel consumption. Based on the results of the research, conclusions were 

drawn and ways for further research were outlined. 

Keywords: car, fuel consumption, operating conditions, technical condition, diagnosis, loading and speed mode, 

efficiency. 

 

ɺʩʪʫʧ 

 

ʂʦʥʪʨʦʣʴ ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʩʫʨʩʫ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʟʚʦʣʷʻ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʠʡ ʧʦʩʪʽʡʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʜʦʨʦʞʥʽʭ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʘ ʘʪʤʦʩʬʝʨʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ.  

ʇʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʚʠʢʦʥʫʶʪʴʩʷ ʚ 

ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʦʙʣʘʜʥʘʥʠʭ ʜʽʣʷʥʢʘʭ ʘʙʦ ʥʘ ʩʪʝʥʜʘʭ ʟ ʙʽʛʦʚʠʤʠ ʙʘʨʘʙʘʥʘʤʠ 

ʷʢʽ ʽʤʽʪʫʶʪʴ ʜʦʨʦʞʥʽ ʫʤʦʚʠ. 

ʇʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʥʘ ʜʦʨʦʟʽ ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ ʤʘʻ ʦʜʥʫ ʽʩʪʦʪʥʫ ʧʝʨʝʚʘʛʫ ï ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʨʫʭʫ (ʚʟʘʻʤʦʜʽʷ ʢʦʣʝʩʘ ʟ ʦʧʦʨʥʦʶ 

ʧʦʚʝʨʭʥʝʶ, ʜʦʨʦʞʥʽʡ ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʦʨʠ, ʘʪʤʦʩʬʝʨʥʦ-ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ). ɸʣʝ ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ ʜʦʨʦʞʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʽ, ʪʦʤʫ ʱʦ ʨʝʞʠʤʠ ʨʫʭʫ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʥʝ ʟʙʽʛʘʶʪʴʩʷ ʟ ʨʫʭʦʤ ʚʩʴʦʛʦ ʧʦʪʦʢʫ ʘʚʪʦʤʦʙʽʣʽʚ. ʂʨʽʤ ʪʦʛʦ ʚʽʜ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʨʦʞʥʽ ʫʤʦʚʠ ʤʦʞʫʪʴ ʩʠʣʴʥʦ ʟʤʽʥʶʚʘʪʠʩʴ (ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ ʧʦʚʽʪʨʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʽ ʪ.ʧ.). 

ʇʝʨʝʚʘʛʠ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʫʤʦʚ ʽ 

ʨʝʞʠʤʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʛʦʜʠ, ʧʦʨʠ ʨʦʢʫ ʽ ʜʦʙʠ, ʩʪʘʥʫ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʩʪʝʥʜʽ, ʦʩʥʘʱʝʥʦʤʫ ʚʠʩʦʢʦʪʦʯʥʠʤʠ 

ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʽ ʧʨʠʩʪʨʦʷʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʶʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʽʥʪʝʛʨʘʣʴʥʽ 

ʧʦʢʘʟʥʠʢʠ, ʘ ʪʘʢʦʞ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʾʭ ʧʦ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʧʝʨʝʚʽʨʷʶʪʴʩʷ. 

ʅʘ ʩʪʝʥʜʽ ʤʦʞʥʘ ʪʘʢʦʞ ʟʽʤʽʪʫʚʘʪʠ ʝʢʩʪʨʝʤʘʣʴʥʽ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʰʚʠʜʢʽʩʥʽ ʨʝʞʠʤʠ 

ʨʦʙʦʪʠ ʘʚʪʦʤʦʙʽʣʷ, ʙʝʟ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ, ʪʦʙʪʦ ʙʝʟ ʨʠʟʠʢʫ ʜʣʷ ʣʶʜʝʡ.  
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ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 
 

ʅʝ ʚʘʨʪʦ ʟʘ ʙʫʜʴ ʷʢʦʾ ʧʽʜʦʟʨʠ ʧʽʜʜʘʚʘʪʠ ʘʚʪʦʤʦʙʽʣʴ ʧʦʚʥʦʤʫ ʦʙʩʪʝʞʝʥʥʶ  ʩʢʣʘʜʥʠʤ 

ʜʽʘʛʥʦʩʪʠʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʥʘʧʨʠʢʣʘʜ ʧʝʨʝʚʽʨʢʫ ʥʘ ʩʪʝʥʜʽ ʟ ʙʽʛʦʚʠʤʠ ʙʘʨʘʙʘʥʘʤʠ ʘʙʦ 

ʜʦʨʦʞʥʽʤ ʚʠʧʨʦʙʫʚʘʥʥʷʤ.  

ʉʧʦʯʘʪʢʫ ʧʦʪʨʽʙʝʥ ʷʢʽʡʩʴ ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ ʘʣʝ ʽʥʬʦʨʤʘʪʠʚʥʠʡ ʩʧʦʩʽʙ ʚʠʷʚʣʝʥʥʷ 

ʥʝʜʦʣʽʢʽʚ, ʟʘ ʷʢʠʤ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ: ʘʚʪʦʤʦʙʽʣʴ ʩʧʨʘʚʥʠʡ, ʯʠ ï ʥʽ ʪʘ ʥʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ. ʊʦʤʫ ʨʦʟʛʣʷʥʝʤʦ ʜʝ̫ ʢʽ ʧʦʢʘʟʥʠʢʠ ʧʝʨʝʚʽʨʢʠ ʥʘ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʟʘ 

ɻʆʉʊ 20306-90 [1]. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟʘ ʮʠʤ ɻʆʉʊʦʤ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʟʘ ʥʘʩʪʫʧʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ: 1.1 ï ʢʦʥʪʨʦʣʴʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, 1.4 ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʚ ʤʽʩʴʢʦʤʫ ʮʠʢʣʽ ʥʘ 

ʩʪʝʥʜʽ, 1.5 ï ʧʘʣʠʚʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʩʪʘʣʝʥʦʛʦ ʨʫʭʫ. 

ʇʦʢʘʟʥʠʢ 1.4 ʚʽʜʦʙʨʘʞʘʻ ʨʦʙʦʪʫ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʘʭ. ɸ ʧʦʢʘʟʥʠʢ 1.5 

ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʧʨʠ ʨʦʙʦʪʽ ʩʠʩʪʝʤ ʘʚʪʦʤʦʙʽʣʷ (ʟʦʢʨʝʤʘ ʜʚʠʛʫʥʘ ʪʘ 

ʪʨʘʥʩʤʽʩʽʾ) ʚ ʩʪʘʣʦʤʫ ʨʫʩʽ, ʪʦʙʪʦ ʧʨʦ ʾʭ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ.  

ɺʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʥʝ ʚʠʢʣʠʢʘʻ ʥʽ ʷʢʠʭ ʫʩʢʣʘʜʥʝʥʴ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʨʝʞʠʤʽʚ 

ʧʝʨʝʚʽʨʢʠ ʘ ʥʽ ʚ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ, ʥʽ ʚ ʩʪʝʥʜʦʚʠʭ. ɸʣʝ ʧʦʪʨʽʙʥʦ ʚʠʾʞʜʞʘʪʠ ʥʘ ʜʦʨʦʛʫ, ʘʙʦ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʡʦʛʦ ʥʘ ʩʪʝʥʜ.  

ʇʨʦʩʪʽʰʝ ʥʘ ʥʘʰ ʧʦʛʣʷʜ ʚʠʟʥʘʯʠʪʠ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʥʘ ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ (ʍ.ʍ.) 

ʜʚʠʛʫʥʘ ʧʨʠ ʨʽʟʥʦʾ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ. ʎʝʡ ʧʦʢʘʟʥʠʢ ʜʘʻ ʫʷʚʫ ʦ ʧʨʦʮʝʩʽ 

ʫʪʚʦʨʝʥʥʷ ʧʘʣʠʚʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ, ʛʘʟʦʨʦʟʧʦʜʽʣʫ, ʽʩʢʨʦʫʪʚʦʨʝʥʥʶ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʫ 

ʩʘʤʦʤʫ ʜʚʠʛʫʥʽ.  

ʑʦʙ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʮʽʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢ ʜʽʘʛʥʦʩʪʠʯʥʠʤ, ʪʨʝʙʘ ʟʥʘʪʠ ʥʦʨʤʫ ʟ ʷʢʦʶ 

ʙʫʜʝ ʧʦʨʽʚʥʶʚʘʪʠʩʴ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ.  

ʅʘʞʘʣʴ ʥʦʨʤʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ ʍ.ʍ. [2] ʫ ʧʦʰʠʨʝʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʥʝʤʘʻ, ʪʦʤʫ 

ʟʨʦʙʠʤʦ ʩʧʨʦʙʫ ʨʦʟʨʘʭʫʚʘʪʠ ʮʶ ʥʦʨʤʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʄʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʯʠʤʘʣʦ. ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʧʨʠʥʮʠʧʦʚʦ ʜʚʘ ʧʽʜʭʦʜʠ. ʆʜʥʠʥ ʧʽʜʭʽʜ ï ʮʝ ʦʮʽʥʠʪʠ ʦʩʥʦʚʥʽ ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ ʪʝʧʣʦʚʦʛʦ 

ʩʪʘʥʫ ʜʚʠʛʫʥʘ ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ, ʟ ʷʢʦʛʦ ʦʪʨʠʤʫʶʪʴ ʽʥʜʠʢʘʪʦʨʥʠʡ ʂʂɼ ʽ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ. 

ɯʥʰʠʡ ʧʽʜʭʽʜ ï ʮʝ ʚʠʟʥʘʯʘʪʠ ʥʝʦʙʭʽʜʥʫ ʝʥʝʨʛʽʶ, ʱʦ ʤʽʩʪʠʪʴ ʧʘʣʠʚʦ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʘʜʘʥʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʽ ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ. ʋ ʨʦʙʦʪʽ ʧʨʠʡʥʷʪʠʡ ʜʨʫʛʠʡ ʧʽʜʭʽʜ. 

ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [3]. ʈʽʟʥʠʮʷ ʧʦʣʷʛʘʻ ʚ ʧʽʜʭʦʜʽ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ ʨʝʞʠʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʦʙʣʽʢʫ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ.  

ɼʣʷ ʧʦʩʪʘʚʣʝʥʦʾ ʥʘʤʠ ʟʘʜʘʯʽ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʠʪʴ ʤʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ 

ʧʨʦʬ. ɻʦʚʦʨʫʱʝʥʢʦ ʄ.ʗ. [4, 5]. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʰʣʷʭʦʚʫ 

ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʘʚʪʦʤʦʙʽʣʷ ʚ ʣ/100 ʢʤ. ʅʝʦʙʭʽʜʥʦ ʘʜʘʧʪʫʚʘʪʠ ʮʶ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʛʦʜʠʥʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. 

ʌʦʨʫʣʶʚʘʥʥʷ ʤʝʪʠ  ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʜʘʧʪʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʦʜʠʥʥʦʾ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ, ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʧʨʦʮʝʜʫʨʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʜʚʠʛʫʥʘ ʘʚʪʦʤʦʙʽʣʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʚʠʚʝʜʝʥʥʷʤ ʬʦʨʤʫʣʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪʽ [5]. 

ʆʜʥʘʢ ʦʩʪʘʪʦʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʽʥʰʦʤʫ ʚʠʛʣʷʜʽ. 
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ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʬʦʨʤʫʣʘ ʜʣʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ (ʚ ʢʛ/ʛʦʜ) ʤʘʻ ʚʠʛʣʷʜ: 
 

eH

eh
3

eH

eh
ee1

H

nPV03,0

10120H

nPV3600
NgQ

hh Ö

ÖÖÖ
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ʜʝ ge ï ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, ʢʛ/(ʢɺʪĿʛʦʜ.);  

Ne ï ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ, ʢɺʪ;  

Pe ï ʩʝʨʝʜʥʽʡ ʝʬʝʢʪʠʚʥʝ ʪʠʩʢ, ʢʇʘ;  

HH ï ʥʠʞʯʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, ʢɼʞ/ʢʛ;  

ɖʝ ï ʝʬʝʢʪʠʚʥʠʡ ʂʂɼ;  

Vh ï ʨʦʙʦʯʠʡ ʦʙô̒ ʤ ʮʠʣʽʥʜʨʽʚ ʜʚʠʛʫʥʘ, ʣ;  

n ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʭʚ-1. 

ɺʠʨʘʟʠʤʦ ʝʬʝʢʪʠʚʥʠʡ ʂʂɼ ʯʝʨʝʟ ʤʝʭʘʥʽʯʥʠʡ  ̔ʽʥʜʠʢʘʪʦʨʥʠʡ ʂʂɼ ʽ ʧʽʜʩʪʘʚʠʤʦ ʫ 

ʬʦʨʤʫʣʫ (1): 
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ʜʝ Pn ï ʩʝʨʝʜʥʽʡ ʪʠʩʢ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʜʚʠʛʫʥʘ, ʢʇʘ;  

ɖ̔ ï ʽʥʜʠʢʘʪʦʨʥʠʡ ʂʂɼ ʜʚʠʛʫʥʘ;  

ɖʤ ï ʤʝʭʘʥʽʯʥʠʡ ʂʂɼ ʜʚʠʛʫʥʘ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʨʦʟʢʣʘʜʝʤʦ ʦʪʨʠʤʘʥʫ ʟʘʣʝʞʥʽʩʪʴ (3) ʥʘ ʜʚʽ ʩʢʣʘʜʦʚʠʭ, ʦʜʥʘ ʟ ʷʢʠʭ ʙʫʜʝ 

ʚʨʘʭʦʚʫʚʘʪʠ ʤʝʭʘʥʽʯʥʽ ʚʪʨʘʪʠ ʚ ʜʚʠʛʫʥʽ, ʘ ʜʨʫʛʘ ï ʚʪʨʘʪʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ, 

Q1, ʢʛ/ʛʦʜ.: 
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ʃʽʚʘ ʯʘʩʪʠʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʯʘʩʪʠʥʫ ʧʘʣʠʚʘ ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʧʦʜʦʣʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ 

ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʚ ʜʚʠʛʫʥʽ, ʘ ʧʨʘʚʘ ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʥʘ ʟʜʽʡʩʥʝʥʥʷ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ.  

ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʘʚʪʦʤʦʙʽʣʴ ʥʝ ʚʠʢʦʥʫʻ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ ʚʽʥ ʩʪʦʾʪʴ ʥʘ ʤʽʩʮʽ, 

ʪʦʙʪʦ ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ ʧʨʘʛʥʝ ʜʦ 0.  

ʅʘʟʚʝʤʦ ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ ʚʠʪʨʘʪʦʶ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ ʽ ʧʦʟʥʘʯʠʤʦ Qʭʭ, ʘ ʜʨʫʛʠʡ 

ʜʦʜʘʥʦʢ ʚʠʪʨʘʪʦʶ ʧʘʣʠʚʘ ʥʘ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʽ ʧʦʟʥʘʯʠʤʦ Qʝ. 

ʉʝʨʝʜʥʽʡ ʪʠʩʢ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʥʘ ʪʝʨʪʷ ʚ ʜʚʠʛʫʥʽ ʚʽʜ ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʶ ʚ ʨʦʟʛʦʨʥʫʪʦʤʫ ʚʠʛʣʷʜʽ [4]: 

2
ʧʧ.n.ʤ Cdʉbaʨ Ö+Ö+=

                                                     (5)
            

ʊʘʢ ̫ ʢ ʥʘʡʙʽʣʴʰʫ ʯʘʩʪʢʫ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʩʪʘʥʦʚʣʷʪʴ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʨʰʥʷ, ʪʦ ʥʝʨʽʜʢʦ ʜʦʩʣʽʜʥʠʢʘʤʠ ʟʘʣʝʞʥʽʩʪʴ ʨʤ.ʧ=f(Cʧ) 

ʥʘʙʣʠʞʘʶʪʴ ʜʦ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ [5], ʢʇʘ: 

)ʉba(ʨ ʧ.n.ʤ Ö+=
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ʜʝ ʘ, b ï ʧʦʩʪʽʡʥʽ ʜʣʷ ʜʘʥʦʛʦ ʜʚʠʛʫʥʘ ʢʦʝʬʽʮʽʻʥʪʠ, ʢʇʘ;  

Sn ï ʭʽʜ ʧʦʨʰʥʷ, ʤ. 
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ʋ ʣʽʪʝʨʘʪʫʨʽ [5] ʥʘʚʝʜʝʥʦ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘ  ̔b ʜʣʷ ʙʝʥʟʠʥʦʚʦʛʦ ʜʚʠʛʫʥʘ: 

ʘ = 45 ʢʇʘ, b = 13 ʢʇʘ, ʚ ʣʽʪʝʨʘʪʫʨʽ [6, 7] ʮʽ ʟʥʘʯʝʥʥʷ ʜʘʶʪʴʩʷ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʭʦʜʫ 

ʧʦʨʰʥʷ ʜʦ ʡʦʛʦ ʜʽʘʤʝʪʨʘ, S/D (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʷ 1 
ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ a  ̔b ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ S/D [6] 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ S/D a, ʄʇʘ b, ʄʇʘĀʩĀʤ-1 

>1 0,049 0,0152 

<1 0,039 0,0132 

 

ʊʘʙʣʠʮ ̫2 
ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ a  ̔b ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ S/D [7] 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ S/D a, ʄʇʘ b, ʄʇʘĀʩĀʤ-1 

>1 0,05 0,0155 

<1 0,04 0,0135 

 

ʗʢʱʦ ʧʽʜʩʪʘʚʠʪʠ ʚʠʨʘʟ (7) ʫ ʬʦʨʤʫʣʫ (4), ʚ ʣʽʚʫ ʯʘʩʪʠʥʫ ʽ ʚʨʘʭʫʚʘʪʠ ʛʫʩʪʠʥʫ ʧʘʣʠʚʘ 

ɟʪ ʦʪʨʠʤʘʻʤʦ, Qʭʭ, ʣ/ʛʦʜ.: 
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ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪʦʤ ɸʭʭ ʚʝʣʠʯʠʥʫ ʨʽʚʥʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ï                    ɸʭʭ=
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, ʪʦ ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ 

ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ ʚ ʣʽʪʨʘʭ ʟʘ ʛʦʜʠʥʫ: 
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ʜʝ ɸʭʭ, ɺʭʭ ï ʧʦʩʪʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʜʘʥʦʛʦ ʜʚʠʛʫʥʘ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ 

ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ. 

ʆʪ ʞʝ ʦʪʨʠʤʘʥʦ ʨʦʙʦʯʫ ʬʦʨʤʫʣʫ ʟʘ ʷʢʦʾ ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʦʨʤʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʘʚʪʦʤʦʙʽʣʝʤ, ʘʣʝ ʫ ʬʦʨʤʫʣʽ ʦʩʪʘʻʪʴʩʷ ʥʝ ʚʠʟʥʘʯʝʥʠʤ ʽʥʜʠʢʘʪʦʨʥʠʡ ʂʂɼ 

ʜʚʠʛʫʥʘ. 

ɼʣʷ ʡʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʻʤʦ ʮʶ ʞ ʩʘʤʫ ʬʦʨʤʫʣʫ ʚʠʨʽʰʠʚ ʡʦʛʦ ʚʽʜʥʦʩʥʦ ɖ̔ 
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(10) 

ɼʘʣʽ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ. ɿʘʟʚʠʯʘʡ ʫ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʜʽʶʪʴ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: ʦʙʠʨʘʶʪʴ ʢʦʥʪʨʦʣʴʥʫ ʛʨʫʧʫ ʘʚʪʦʤʦʙʽʣʽʚ (ʥʘʧʨʠʢʣʘʜ 5 ʦʜ.), ʫ ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ, ʷʢʽ 

ʧʨʦʡʰʣʠ ʧʝʨʽʦʜ ʦʙʢʘʪʢʠ ʪʘ ʚʠʧʨʦʙʫʶʪʴ ʾʭ ʥʘ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ.  

ʄʠ ʥʝ ʤʘʻʤʦ ʪʘʢʦʾ ʤʦʞʣʠʚʦʩʪʽ, ʪʦʤʫ ʩʢʦʨʠʩʪʘʣʠʩʷ ʜʘʥʠʤʠ ʷʢʽ ʟʥʘʡʰʣʠ ʫ ʟʚʽʪʽ 

ʢʘʬʝʜʨʠ ʊʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʩʝʨʚʽʩʫ ʘʚʪʦʤʦʙʽʣʽʚ ʍʅɸɼʋ. 

ɺ ʪʘʙʣʠʮʽ 3. ʥʘʚʝʜʝʥʦ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ ʜʣʷ ʘʚʪʦʤʦʙʽʣʷ Skoda 

Octavia ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʘ ʜʘʥʠʤʠ ʪʘʙʣʠʮʽ 3 ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 1 ʥʘʡʙʽʣʴʰ 

ʧʨʠʜʘʪʥʦʶ ʻ 3 ʩʪʫʧʽʥʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚʽʜ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ 

Skoda Octavia: 
 

Qʭʭ = 8,270075ʝ-11x3- 806795ʝ-07x2 + 2,526567ʝ-03x - 6,998274ʝ-01.            (11) 
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ʊʘʙʣʠʮʷ 3  

ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʦʚʦʛʦ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚʽʜ ʦʙʦʨʦʪʽʚ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʜʚʠʛʫʥʘ  

AGU 1.8 ʘʚʪʦʤʦʙʽʣʷ Skoda Octavia ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ 

ɿʘʜʘʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ, ʭʚ-1 ɼʽʡʩʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, 

ʭʚ-1 

ʏʘʩʦʚʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, 

ʣ/ʛʦʜ. 

850 833 1,08 

1000 923 1,33 

2000 2011 2,69 

3000 3025 3,89 

4000 3886 5,41 

5000 4999 7,75 

5400 5364 9,03 
 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ ʘʚʪʦʤʦʙʽʣʷ Skoda Octavia ʚʽʜ ʦʙʦʨʦʪʽʚ 

ʢʦʣʽʥʯʘʪʦʛʦ ʚʘʣʫ ɼɺɿ: ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ; ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ - ʘʧʨʦʢʩʠʤʘʮʽʷ (11)  

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 1 ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʦʶ ʻ 3 ʩʪʫʧʽʥʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚʽʜ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ Skoda Octavia: 

Qʭʭ = 8,270075ʝ-11x3- 806795ʝ-07x2 + 2,526567ʝ-03x - 6,998274ʝ-01.            (11) 

ɼʣʷ Skoda Octavia ʢʦʝʬʽʮʽʻʥʪʠ ɸʭʭ, ɺʭʭ ʩʪʘʥʦʚʠʪʴ: 
 

5
ʭʭ 1019,7

76,044000

781,14503,0
A -Ö=

Ö

ÖÖ
= ;  

8
ʭʭ 1098,5

76,0440001000

0864,0781,113
ɺ -Ö=

ÖÖ

ÖÖ
=

 
ʇʨʠ ʚʽʜʦʤʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ɸʭʭ, ɺʭʭ ʤʦʞʝʤʦ ʨʦʟʨʘʭʫʚʘʪʠ ʽʥʜʠʢʘʪʦʨʥʠʡ ʂʂɼ ʜʚʠʛʫʥʘ 

ʥʘʧʨʠʢʣʘʜ ʥʘ ʦʙʝʨʪʘʭ 850 ʭʚ -1 ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ.  
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ʊʘʙʣʠʮʷ 4 
ɿʘʣʝʞʥʽʩʪʴ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʂʂɼ ʚʽʜ ʦʙʦʨʦʪʽʚ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʜʚʠʛʫʥʘ AGU 1.8 ʘʚʪʦʤʦʙʽʣʷ 

Skoda Octavia ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ 

ʆʙʝʨʪʠ ʜʚʠʛʫʥʘ, ʭʚ-1 ɯʥʜʠʢʘʪʦʨʥʠʡ ʂʂɼ 

850 0,09 

1000 0,09 

2000 0,14 

3000 0,19 

4000 0,24 

5000 0,25 

5400 0,24 
 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʂʂɼ ʜʚʠʛʫʥʘ AGU 1.8 ʘʚʪʦʤʦʙʽʣʷ Skoda Octavia ʚʽʜ ʦʙʝʨʪʽʚ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʜʚʠʛʫʥʘ 

 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʛʦʜʠʥʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʨʠ ʨʽʟʥʠʭ ʦʙʦʨʦʪʘʭ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ, ʘ 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʪʠ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ɺʝʩʴ ʘʣʛʦʨʠʪʤ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʧʦʨʪʘʪʠʚʥʠʤ ʪʝʩʪʝʨʦʤ, ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʙʘʟʽ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ. ʅʘ ʚʭʽʜ ʢʦʥʪʨʦʣʝʨʘ ʧʦʜʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʟ ʜʘʪʯʠʢʽʚ ʦʙʝʨʪʽʚ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ ʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. ɺʙʫʜʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʻ ʨʝʞʠʤ ʧʝʨʝʚʽʨʢʠ (ʯʘʩʪʦʪʫ 

ʦʙʝʨʪʽʚ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʪʘ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ), ʦʙʨʦʙʣʷʻ ʽʥʬʦʨʤʘʮʽʶ ʟ ʜʘʪʯʠʢʽʚ, ʨʦʟʨʘʭʦʚʫʻ 

ʟ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, ʦʮʽʥʶʻ ʪʦʯʥʽʩʪʴ, ʧʦʨʽʚʥʶʻ ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʘ ʟʤʽʥʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʚʠʜʘʻ ʚʠʩʥʦʚʦʢ ʥʘ ʝʢʨʘʥ ʢʦʨʠʩʪʫʚʘʯʘ. ɿʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʟʦʚʥʽʰʥʽʡ ʧʘʤô̫ ʪʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʷʢʫ 

ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʤʘʨʢʠ ʘʚʪʦʤʦʙʽʣʽʚ. 

 

ɺʠʩʥʦʚʢʠ 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʫ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʨʫʯʥʠʡ ʩʧʦʩʽʙ ʷʢʠʡ ʥʝ ʧʦʪʨʝʙʫʻ ʙʘʛʘʪʦ ʯʘʩʫ 

ʪʘ ʩʢʣʘʜʥʦʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʟʨʦʙʠʪʴ 

ʚʠʩʥʦʚʢʠ ʦ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ ʪʘ ʚʠʟʥʘʯʠʪʠ, ʚ ʨʘʟʽ ʧʦʪʨʝʙʠ, ʧʦʜʘʣʴʰʠʡ ʥʘʧʨʷʤʦʢ ʧʦʰʫʢʫ 

ʥʝʜʦʣʽʢʽʚ. ɸʣʝ ʜʣʷ ʡʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʦʪʨʽʙʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʜʠʢʘʪʦʨʥʦʛʦ 

ʂʂɼ ʜʚʠʛʫʥʽʚ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ, ʪʘ ʡʦʛʦ ʧʨʠʧʫʩʪʠʤʦʛʦ ʟʥʠʞʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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/ [ʆʨʣʠʥ ɸ.ʉ., ɺʳʨʫʙʦʚ ɼ.ʅ., ʂʘʣʠʰ ɻ.ɻ ʠ ʜʨ.] ï ʄ: ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ 

ʠʟʜʘʪʝʣʴʩʪʚʦ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, 1957. ï 397 ʩ. 
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ɿʳʙʮʝʚ ʖ.ɺ. çʆʧʨʝʜʝʣʝʥʠʝ ʧʫʪʠ ʚʳʙʝʛʘ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʙʣʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡè 

ʂʦʥʪʨʦʣʴ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʧʨʦʙʣʝʤ. ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʍʅɸɼʋ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʘʛʨʝʛʘʪʦʚ ʪʨʘʥʩʤʠʩʩʠʠ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʘʚʪʦʤʦʙʠʣʷ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʝʣʠʯʠʥʦʡ ʧʫʪʠ ʧʦ ʚʳʙʝʛʫ. 

ʅʘ ʚʳʙʝʛ ʘʚʪʦʤʦʙʠʣʷ ʚʣʠʷʶʪ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ: ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ, ʢ ʢʦʪʦʨʳʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʚʪʦʤʦʙʠʣʷ ʠ ʩʦʩʪʦʷʥʠʝ ʘʛʨʝʛʘʪʦʚ ʪʨʘʥʩʤʠʩʩʠʠ ʠ ʭʦʜʦʚʦʡ 

ʯʘʩʪʠ. ʇʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʝʡ ʟʘʩʪʘʚʣʷʝʪ ʚʦʟʚʨʘʱʘʪʴʩʷ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʦʮʝʥʢʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʚʠʞʝʥʠʶ ʘʚʪʦʤʦʙʠʣʷ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʣʠʟʢʠʭ 

ʩʢʦʨʦʩʪʝʡ ʜʣʷ  ʪʘʢʦʡ ʦʮʝʥʢʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚʳʙʝʛʦʤ ʩ 50 ʢʤ/ʯ ʜʦ ʦʩʪʘʥʦʚʢʠ 

ʪʨʝʙʫʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʜʦʨʦʛʠ ʜʣʠʥʦʡ ʙʦʣʝʝ 750 ʤ, ʢʦʪʦʨʳʡ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʫʧʝʥ. ʅʘ ʙʦʣʝʝ 

ʢʦʨʦʪʢʠʭ ʫʯʘʩʪʢʘʭ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʚʳʙʝʛʠ ʩ 50 ʜʦ 10, ʩ 40 ʜʦ 20, ʩ 30 ʜʦ 10 ʢʤ/ʯ. ɺʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ 

ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʚʳʙʝʛʘ. ɺʳʚʝʜʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚʦʟʜʫʭʘ ʠ ʢʘʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʧʫʪʴ ʠ ʚʨʝʤʷ ʚʳʙʝʛʘ ʥʘʤʥʦʛʦ ʪʦʯʥʝʝ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʠʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʫʤʤʘʨʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ ʧʦ ʚʳʙʝʛʫ ʩ ʮʝʣʴʶ ʨʘʟʜʝʣʝʥʠʷ ʵʪʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʥʘ 

ʩʦʩʪʘʚʣʷʶʱʠʝ: ʜʦʨʦʞʥʳʝ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴ, ʜʦʨʦʞʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʯʝʥʠʶ ʢʦʣʝʩ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʳʙʝʛ. 

 
ɿʠʙʮʝʚ ʖ.ɺ. çɺʠʟʥʘʯʝʥʥʷ ʰʣʷʭʫ ʚʠʙʽʛʫ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʤʝʪʦʜʫ ʙʣʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʝʡè  

ʂʦʥʪʨʦʣʴ ʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʽʚ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʦʙʣʝʤ. 

ʇʨʦʚʝʜʝʥʽ ʚ ʍʅɸɼʋ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʦʚʦʜʷʪʴ, ʱʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʤʽʩʽʾ ʭʦʜʦʚʦʾ 

ʯʘʩʪʠʥʠ ʘʚʪʦʤʦʙʽʣʷ ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʚʝʣʠʯʠʥʦʶ ʰʣʷʭʫ ʧʦ ʚʠʙʽʛʫ.  

ʅʘ ʚʠʙʽʛ ʘʚʪʦʤʦʙʽʣʷ ʚʧʣʠʚʘʶʪʴ ʙʘʛʘʪʦ ʯʠʥʥʠʢʽʚ: ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʽ ʩʪʘʥ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʤʽʩʽʾ ʽ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ. ʇʦʩʪʽʡʥʝ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟʤʫʰʫʻ ʧʦʚʝʨʪʘʪʠʩʷ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʦʮʽʥʢʠ ʦʧʦʨʽʚ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʪʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʙʣʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʜʣʷ ʪʘʢʦʾ ʦʮʽʥʢʠ ʻ ʘʢʪʫʘʣʴʥʠʤ.  

ʋ ʩʪʘʪʪʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʚʠʙʽʛʦʤ ʟ 50 ʢʤ / ʛʦʜ ʜʦ ʟʫʧʠʥʢʠ ʧʦʪʨʽʙʥʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʜʽʣʷʥʢʫ ʜʦʨʦʛʠ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 750 ʤ, ʷʢʠʡ ʥʝ ʟʘʚʞʜʠ ʜʦʩʪʫʧʥʠʡ. ʅʘ ʙʽʣʴʰ ʢʦʨʦʪʢʠʭ ʜʽʣʷʥʢʘʭ 

ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʚʠʙʽʛʠ ʟ 50 ʜʦ 10, ʟ 40 ʜʦ 20, ʟ 30 ʜʦ 10 ʢʤ / ʛʦʜ. ɺʥʝʩʝʥʦ ʟʤʽʥʠ ʚ ʚʽʜʦʤʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

ʚʠʙʽʛʫ. ɺʠʚʝʜʝʥʦ ʝʤʧʽʨʠʯʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʦʧʦʨʽʚ ʧʦʚʽʪʨʷ ʽ ʢʦʯʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʰʣʷʭ ʽ ʯʘʩ 

ʚʠʙʽʛʫ ʥʘʙʘʛʘʪʦ ʪʦʯʥʽʰʝ, ʥʽʞ ʢʣʘʩʠʯʥʽ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʟʚʦʣʠʣʠ ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʫʤʘʨʥʠʭ ʦʧʦʨʽʚ ʧʨʠ 

ʨʫʩʽ ʘʚʪʦʤʦʙʽʣʷ ʧʦ ʚʠʙʽʞʫ ʟ ʤʝʪʦʶ ʧʦʜʽʣʫ ʮʠʭ ʦʧʦʨʽʚ ʥʘ ʩʢʣʘʜʦʚʽ: ʜʦʨʦʞʥʽ ʽ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʦʧʦʨʫ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʽʣʴ, ʜʦʨʦʞʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʦʧʽʨ ʢʦʯʝʥʥʶ ʢʦʣʽʩ, ʢʦʝʬʽʮʽʻʥʪ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ, 

ʚʠʙʽʛ. 

 
Yu.V. Zybtsev " Determination of the run-out path of a passenger car using the modified method of close 

speeds"  

Monitoring and diagnosing the technical condition of vehicles is one of the most important problems. 

Numerous studies carried out in KhNADU prove that the technical condition of the transmission units of the chassis 

of a car can be characterized by the length of the freewheel path.  

Many factors affect the run-out of the car: operational and design, which include the aerodynamic properties 

of the car and the state of the transmission and chassis units. The constant improvement of automobiles forces us to 

return to the experimental assessment of the resistance to movement of the vehicle, therefore, the use of a modified 

method of close speeds for such an assessment is relevant.  

The article shows that for checking passenger cars by coasting from 50 km / h to a stop, a horizontal road 

section with a length of more than 750 m is required, which is not always accessible. On shorter sections, you can 

coast down from 50 to 10, from 40 to 20, from 30 to 10 km / h. Changes have been made to the well-known run-out 

analysis method. Empirical formulas for air and rolling resistance are derived, which allow calculating the path and 

run-out time much more accurately than the classical ones.  
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The experimental results obtained made it possible to improve the method for assessing the total resistances 

when the vehicle is coasting in order to separate these resistances into components: road and aerodynamic resistance.  

Keywords: car, road tests, rolling resistance of wheels, coefficient of aerodynamic resistance, overrun. 
 

ɺʚʝʜʝʥʠʝ 

 

ʊʨʘʜʠʮʠʦʥʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʜʚʠʞʝʥʠʶ ʘʚʪʦʤʦʙʠʣʷ ʩʯʠʪʘʶʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦʩʪʠ. ʅʦ ʨʘʩʭʦʞʜʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʢʨʠʚʳʭ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʠ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ, ʛʜʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ 

ʧʨʝʚʘʣʠʨʫʶʪ, ʟʘʩʪʘʚʣʷʝʪ ʛʣʫʙʞʝ ʚʥʠʢʥʫʪʴ ʚ ʵʪʦʪ ʚʦʧʨʦʩ. 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʉʭ ï ʵʪʦ 

ʧʦʩʪʦʷʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʝʛʦ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʥʘʢʣʦʥ, ʢʣʠʨʝʥʩ) ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɺʘʨʠʘʮʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʩʣʝʜʫʝʪ ʦʙʲʷʩʥʷʪʴ ʥʝʧʦʩʪʦʷʥʩʪʚʦʤ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʚ 

ʬʦʨʤʫʣʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʉʭ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʝ ʉʭ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʧʨʦʜʫʚʢʠ ʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʪʨʫʙʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ 

ʜʦʨʦʛʝ, ʥʘ 5...10%. ʇʦʵʪʦʤʫ ʜʣʷ ʥʦʨʤʠʨʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʜʦ ʟʥʘʪʴ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʉʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʘʚʪʦʤʦʙʠʣʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʯʝʥʠʷ ʢʦʣʝʩʘ ʧʦ ʜʦʨʦʛʝ ʚʳʧʦʣʥʷʣʠ ʤʥʦʛʠʝ ʘʚʪʦʨʳ. ʆʜʥʘʢʦ ʚʩʝ ʵʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʘʨʳʭ ʜʠʘʛʦʥʘʣʴʥʳʭ ʰʠʥʘʭ. ʉʝʡʯʘʩ ʞʝ ʥʘ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʨʘʜʠʘʣʴʥʳʝ ʰʠʥʳ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʢʘʯʝʥʠʶ ʢʦʪʦʨʳʭ ʧʦ ʜʦʨʦʛʝ ʧʨʦʚʦʜʷʪ ʧʨʠ ʧʦʣʠʛʦʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʞʝ ʧʨʠ ʘʥʘʣʠʟʝ 

ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ, ʩʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʯʝʥʠʶ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʩʘ ʠ 

ʧʦʣʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. ʇʦʵʪʦʤʫ ʚʦʟʚʨʘʱʝʥʠʝ ʢ ʠʟʫʯʝʥʠʶ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʧʫʙʣʠʢʘʮʠʡ 

 

ʇʫʪʴ ʚʳʙʝʛʘ ʘʚʪʦʤʦʙʠʣʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠï ʦʜʠʥ ʠʟ ʥʝʤʥʦʛʠʭ ʜʦʩʪʫʧʥʳʭ 

ʨʜ̫ʦʚʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʘʨʘʤʝʪʨʦʚ ʜʦʨʦʞʥʦʡ ʧʨʦʚʝʨʢʠ. ʆʜʥʘʢʦ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʢʘʢ 

ʫʣʦʚʠʪʴ ʥʘʯʘʣʦ ʚʳʙʝʛʘ, ʠ ʢʘʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʩʣʝʜʠʪʴ ʟʘ ʩʧʠʜʦʤʝʪʨʦʤ, ʧʦʜʜʝʨʞʠʚʘʷ ʵʪʫ 

ʩʢʦʨʦʩʪʴ, ʟʘ ʜʦʨʦʛʦʡ, ʟʘ ʦʜʦʤʝʪʨʦʤ ʠ ʝʱʝ ʚʦʚʨʝʤʷ ʚʳʞʘʪʴ ʧʝʜʘʣʴ ʩʮʝʧʣʝʥʠʷ.  

ɺ ʢʦʥʮʝ ʦʩʪʘʝʪʩʷ ʛʨʫʙʘʷ ʠʥʜʠʢʘʮʠʷ ʧʫʪʠ ʦʜʦʤʝʪʨʦʤ ï ʰʘʛ 100 ʤ. ʅʝ ʩʣʫʯʘʡʥʦ ʤʳ 

ʨʝʢʦʤʝʥʜʦʚʘʣʠ ʠʟʤʝʨʷʪʴ ʥʝ ʧʫʪʴ, ʘ ʚʨʝʤʷ ʚʳʙʝʛʘ [1]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʥʠʤʘʶʪʩʷ ʚʩʝ 

ʪʨʫʜʥʦʩʪʠ ʠ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʛʨʝʰʥʦʩʪʴ ʟʘʩʝʯʢʠ ʚʨʝʤʝʥʠ. 

ɺʦ ʤʥʦʛʠʭ ʠʥʩʪʨʫʢʮʠʷʭ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʝʜʧʠʩʳʚʘʝʪʩʷ ʧʫʪʴ ʚʳʙʝʛʘ 

ʩ 50 ʢʤ/ʯ ʥʝ ʤʝʥʝʝ 500 ʤ (ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʜʘʞʝ 420 ʤ). ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʨʝʤʷ ʚʳʙʝʛʘ 

ʩʦʩʪʘʚʠʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 76 ʠ 64 ʩʝʢʫʥʜʳ. 

ʀʟʚʝʩʪʥʳ ʪʘʢʞʝ ʪʘʢʠʝ ʩʚʝʜʝʥʠʷ [2]: 

ï ʤʠʥʠʤʘʣʴʥʳʡ ʚʳʙʝʛ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ ~500 ʤʝʪʨʦʚ; 

ï ʦʙʳʯʥʳʡ ʨʘʟʙʨʦʩ ï 450é700 ʤʝʪʨʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʙʝʛ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʦʩʪʦʷʥʠʷ ʰʠʥ, ʟʘʛʨʫʟʢʠ ʠ ʢʣʘʩʩʘ 

ʘʚʪʦʤʦʙʠʣʷ.  

ʊʘʢ, ʫ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʩʦ ʩʥʘʨʷʞʝʥʥʦʡ ʤʘʩʩʦʡ ʦʥ ʙʫʜʝʪ ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʧʦʣʥʦʩʪʴʶ ʟʘʛʨʫʞʝʥʥʦʛʦ ʠʟ-ʟʘ ʨʘʟʥʦʡ ʠʥʝʨʮʠʠ, ʘ ʫ ʜʞʠʧʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʙʦʣʴʰʦʛʦ ʩʝʜʘʥʘ 

ʠʟ-ʟʘ ʧʦʪʝʨʴ ʚ ʪʨʘʥʩʤʠʩʩʠʠ. 

ʄʥʝʥʠʝ ʦ çʨʘʟʥʦʡ ʠʥʝʨʮʠʠè ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ, ʥʦ ʥʝʚʝʨʥʦ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʘ 1  
ɺʳʙʝʛ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩ 50 ʢʤ/ʯ (ʵʢʩʧʝʨʠʤʝʥʪʳ ʍʅɸɼʋ) 

ɸʚʪʦʤʦʙʠʣʴ 
ʄʘʩʩʘ, 

ʢʛ 

ɺʨʝʤʷ  

ʚʳʙʝʛʘ, ʩ 
ʐʠʥʳ ʠ ʉʭ 

DAEWOO Matiz 1111 109,1 ContiEcoContact EP  Cx=0,4 

DAEWOO Lanos 1360 124,1 Tigar (ʬʠʣ. Michelin) TG621 Cx=0,37 

ɺɸɿ-2105 1392 94,3 Belshina ɹʝʣ-103 Cx=0,52 

ɻɸɿ-31105  Chrysler 1650 103,2 Nokian Hakka I3 Cx=0,461 

ɻɸɿ-31105 ɿʄɿ 

1475 86,6 
Vredestein SnowTrac 2 M+S  

Cx=0,461 
1650 87,1 

1890 88,6 

Chery Tiggo ʤʦʥʦʧʨʠʚʦʜ 1625 143,5 GT Radʽal Champiro 128 Cx=0,384  

BMW 524 TD 1794 101,9 Bridgestone Cx=0,31 

Mercedes-Benz E 300 D 2022 141,7 Continental Premium Contact ʉʭ=0,28  

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʥʝ ʤʘʩʩʘ ʘʚʪʦʤʦʙʠʣʷ, ʘ ʢʘʯʝʩʪʚʦ ʰʠʥ.  

ʃʝʛʢʠʡ DAEWOO Matiz ʥʘ ʰʠʥʘʭ ECO ʧʦʢʘʟʘʣ ʚʨʝʤʷ ʚʳʙʝʛʘ 109,1 ʩ ï ʟʥʘʯʠʪʝʣʴʥʦ 

ʣʫʯʰʝ, ʯʝʤ çɺʦʣʛʘè ʩ ʙʦʣʴʰʦʡ ʠʥʝʨʮʠʝʡ, ʥʦ ʥʘ ʚʩʝʩʝʟʦʥʥʳʭ ʰʠʥʘʭ (86ï89 ʩ).  

ʋ "ʃʘʥʦʩʘ" ʥʘ ʭʦʨʦʰʠʭ ʰʠʥʘʭ ʚʳʙʝʛ ʥʘ 32% ʙʦʣʴʰʝ, ʯʝʤ ʫ ɺɸɿ-2105 ʧʨʘʢʪʠʯʝʩʢʠ 

ʪʘʢʦʡ ʞʝ ʤʘʩʩʳ.  

ʉʦʚʝʨʰʝʥʥʦ ʬʝʥʦʤʝʥʘʣʴʥʳʡ ʥʘʢʘʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʫʥʠʚʝʨʩʘʣ Mercedes-Benz E 

300 D, ʥʦ ʥʝ ʠʟ-ʟʘ ʤʘʩʩʳ, ʢʦʪʦʨʘʷ ʥʝʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ çɺʦʣʛʠè ʩ ʧʦʣʥʦʡ ʟʘʛʨʫʟʢʦʡ, ʘ 

ʙʣʘʛʦʜʘʨʷ ʦʪʣʠʯʥʳʤ ʰʠʥʘʤ (ʜʘ ʝʱʝ ʥʝ ʥʦʚʳʤ, ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʯʝʥʠʶ), 

ʚʝʣʠʢʦʣʝʧʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʝ ʠ ʙʦʣʴʰʦʤʫ ʚʦʟʨʘʩʪʫ ï ʩ ʧʨʦʙʝʛʦʤ ʪʨʫʱʠʝʩʷ ʧʘʨʳ ʚ 

ʘʚʪʦʤʦʙʠʣʝ ʧʨʠʨʘʙʘʪʳʚʘʶʪʩʷ, ʠ ʥʘʢʘʪ ʫʣʫʯʰʘʝʪʩʷ.  

ɽʱʝ ʣʫʯʰʝ ʚʳʙʝʛ ʫ Chery Tiggo ʥʘ ʠʥʜʦʥʝʟʠʡʩʢʠʭ ʰʠʥʘʭ ʠʟ ʥʘʪʫʨʘʣʴʥʦʛʦ ʢʘʫʯʫʢʘ 

(ʘ ʤʘʩʩʘ ʤʝʥʴʰʝ ʥʘ 400 ʢʛ).  

ʀʪʘʢ, ʜʘʞʝ ʥʘʠʭʫʜʰʝʝ ʚʨʝʤʷ ʚʳʙʝʛʘ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ (82 ʩ) ʦʢʘʟʘʣʦʩʴ 

ʟʘʤʝʪʥʦ ʣʫʯʰʝ ʟʥʘʯʝʥʠʷ 76 ʩ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʫʪʠ ʚʳʙʝʛʘ 500 ʤʝʪʨʦʚ.  

ʇʦʥʷʪʴ ʤʘʣʦʝ ʚʣʠʷʥʠʝ ʤʘʩʩʳ ʘʚʪʦʤʦʙʠʣʷ ʣʝʛʢʦ. ɽʩʣʠ ʙʳ ʥʝ ʙʳʣʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚʦʟʜʫʭʘ ʠ ʧʦʪʝʨʴ ʚ ʪʨʘʥʩʤʠʩʩʠʠ, ʟʘʤʝʜʣʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ ʦʧʨʝʜʝʣʷʣʦʩʴ ʙʳ ʪʦʣʴʢʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʯʝʥʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʩʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʟʘʤʝʜʣʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʯʝʥʠʶ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ, ʥʦ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʬʦʨʤʳ ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʠʣʷ.  

ʋ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʘʵʨʦʜʠʥʘʤʠʢʘ ʦʙʳʯʥʦ ʭʫʞʝ, ʯʝʤ ʫ ʙʦʣʴʰʦʛʦ ʩʝʜʘʥʘ, 

ʧʦʵʪʦʤʫ ʟʘʤʝʜʣʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ, ʫ ʥʝʝ ʚʳʰʝ, ʠ ʚʳʙʝʛ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʨʦʯʝ. 

 

ɸʥʘʣʠʟ ʚʳʙʝʛʘ ʩʝʜʘʥʘ Honda Civic D4 (2006) 

 

ɺ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʥʦʨʤʘ ʚʳʙʝʛʘ ʥʝ ʫʢʘʟʘʥʘ. ʅʦ 
ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʫʞʥʘ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ çɸʚʪʦʨʝʚʶè Civic ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʨʦʙʢʦʡ ʧʝʨʝʜʘʯ (ɸʂʇ) 

ʧʦʢʘʟʘʣ ʚʳʙʝʛ 631 ʠ 646 ʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʠ ʧʨʠʤʝʨʥʦ 96ï98 ʩ.  

ʄʳ ʧʨʦʚʝʣʠ ʩʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʦʨʦʛʝ ʩ ʭʦʨʦʰʠʤ ʧʦʢʨʳʪʠʝʤ [3]. 

ɸʚʪʦʤʦʙʠʣʴ ï Honda Civic D4 ʩ ɸʂʇ. ʄʘʩʩʘ ʩ ʫʯʘʩʪʥʠʢʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ï 1705 ʢʛ (ʧʦ 

ʚʟʚʝʰʠʚʘʥʠʶ). ʐʠʥʳ ʣʝʪʥʠʝ ContiPremiumContact_2 205/55 R16 91V. 

ʈʝʛʠʩʪʨʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʝʛʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʫʪʝʤ ʚʠʜʝʦʩʲʝʤʢʠ ʤʝʥʷʶʱʠʭʩʷ 

ʧʦʢʘʟʘʥʠʡ ʩʧʠʜʦʤʝʪʨʘ ʠ ʙʘʨʴʝʨʥʦʛʦ ʦʛʨʘʞʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ, ʢʘʢ ʨʘʟʤʝʪʢʫ 

ʜʦʨʦʛʠ.  

http://www.euroshina.ua/tyres/Continental/Premiumcontact
http://shina.infocar.ua/continental__contipremiumcontact_2.html
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ɺʠʜʝʦʟʘʧʠʩʠ ʚ ʬʦʨʤʘʪʘʭ .mts ʠ .mp4 ʦʙʨʘʙʘʪʳʚʘʣʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʚ 

ʚʠʜʝʦʤʦʥʪʘʞʥʦʡ ʧʨʦʛʨʘʤʤʝ AVS VideoEditor, ʚ ʬʦʨʤʘʪʝ .avi ï ʚ ʧʨʦʛʨʘʤʤʝ VirtualDub. 

ʇʨʠ ʵʪʦʤ ʥʘʭʦʜʠʣʠ ʧʨʠ ʧʦʢʘʜʨʦʚʦʤ ʧʨʦʩʤʦʪʨʝ ʤʦʤʝʥʪʳ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʠʥʜʠʢʘʮʠʠ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʠ ʠ ʩʪʨʦʠʣʠ ʜʠʘʛʨʘʤʤʫ v(t), ʦʪʥʦʩʷ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʢ ʩʝʨʝʜʠʥʝ 

ʫʯʘʩʪʢʘ ʚʨʝʤʝʥʠ ʦʪ ʥʘʯʘʣʘ ʜʦ ʢʦʥʮʘ ʠʥʜʠʢʘʮʠʠ.  

ʇʦ ʚʠʜʝʦʟʘʧʠʩʷʤ ʦʛʨʘʞʜʝʥʠʷ ʩʪʨʦʠʣʠ ʛʨʘʬʠʢʠ ʧʫʪʠ S(t), ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʩʛʣʘʞʠʚʘʣʠ 

ʧʦʣʠʥʦʤʘʤʠ 3-ʡ ʠʣʠ 4-ʡ ʩʪʝʧʝʥʠ ʠ ʜʘʣʝʝ ʯʠʩʣʝʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣʠ, ʧʦʣʫʯʘʷ ʜʠʘʛʨʘʤʤʳ 

ʠʩʪʠʥʥʦʡ ʩʢʦʨʦʩʪʠ v(t) ʠ ʟʘʤʝʜʣʝʥʠʷ j(v). ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʤʝʥʥʦ ʵʪʠ ʜʠʘʛʨʘʤʤʳ.  

ʇʦʩʣʝ ʦʪʙʨʘʢʦʚʢʠ ʥʝʧʦʣʥʳʭ ʠ ʥʝʥʘʜʝʞʥʳʭ ʟʘʧʠʩʝʡ ʦʩʪʘʣʦʩʴ ʚʦʩʝʤʴ ʢʨʠʚʳʭ  

(ʨʠʩ. 1, ʪʘʙʣ. 2). ʇʫʪʴ ʚʳʙʝʛʘ ʚ ʥʠʭ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 591 ʜʦ 746 ʤ ʩʦ ʩʨʝʜʥʠʤ 658 ʤ. ʕʪʦ 

ʧʨʝʚʳʰʘʝʪ ʜʣʠʥʫ ʜʦʩʪʫʧʥʳʭ ʚ ʥʘʰʝʡ ʤʝʩʪʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʜʦʨʦʛ (350é500 

ʤ), ʧʦʵʪʦʤʫ ʙʳʣ ʧʨʝʜʧʨʠʥʷʪ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ. 

 

 
ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʳ ʚʳʙʝʛʦʚ ʘʚʪʦʤʦʙʠʣʷ Honda Civic D4 ʦʪ 50 ʢʤ/ʯ ʜʦ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ 

 

ʊʨʝʙʦʚʘʣʦʩʴ ʥʘʡʪʠ ʪʘʢʦʡ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ, ʚ ʢʦʪʦʨʦʤ ʧʫʪʴ ʚʳʙʝʛʘ ʥʝ ʧʨʝʚʳʰʘʣ 

ʭʦʪʷ ʙʳ 500 ʤ, ʚʨʝʤʷ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʨʫʯʥʦʡ ʟʘʩʝʯʢʝ, 

ʘ ʚʘʨʠʘʮʠʷ ï ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ.  

ɹʳʣʠ ʦʮʝʥʝʥʳ ʦʙʱʝʧʨʠʥʷʪʳʝ ʚʳʙʦʨʦʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ï ʚʳʙʦʨʦʯʥʦʝ ʩʨʝʜʥʝʝ, 

ʨʘʟʤʘʭ, ʜʠʩʧʝʨʩʠʷ, ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ.  

ʏʪʦʙʳ ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʣʠʥʝ ʜʦʨʦʛʠ, ʤʦʞʥʦ ʟʘʤʝʨʷʪʴ ʚʳʙʝʛ ʥʝ ʜʦ ʦʩʪʘʥʦʚʢʠ, 

ʘ ʜʦ 20 ʠʣʠ 30 ʢʤ/ʯ. ʅʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʫʪʴ ʚʳʙʝʛʘ ʚʩʝ ʞʝ ʧʨʝʚʳʰʘʝʪ 500 ʤ, ʘ ʚʦ ʚʪʦʨʦʤ 

ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ ʚʢʣʘʜ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ.  

ʕʪʦ ʜʝʣʘʝʪ ʧʨʦʚʝʨʢʫ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʤʝʥʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʥʝʠʩʧʨʘʚʥʦʩʪʷʤ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʠ ʪʨʘʥʩʤʠʩʩʠʠ.  

ʃʫʯʰʝ ʦʛʨʘʥʠʯʠʚʘʪʴ ʜʠʘʧʘʟʦʥ ʩʚʝʨʭʫ. 

ʊʘʙʣʠʮʘ 2 
ɺʨʝʤʷ ʚʳʙʝʛʘ ʘʚʪʦʤʦʙʠʣʷ Honda Civic D4 ʦʪ 50 ʢʤ/ʯ ʜʦ ʩʢʦʨʦʩʪʠ V 

ʂʣʠʧ 
ʉʢʦʨʦʩʪʴ V, ʢʤ/ʯ 

40 30 20 10 0 

1 2 3 4 5 6 

192 13,87 29,70 49,38 74,74 107,63 

196 16,69 35,35 56,47 80,66 108,60 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 
 

1 2 3 4 5 6 

199 16,69 35,57 56,96 82,61 115,69 
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200 19,58 40,23 62,12 88,71 126,74 

201 15,40 31,61 49,47 70,23 95,58 

202 16,56 35,38 56,96 81,48 108,78 

203 17,14 36,56 58,55 83,12 110,05 

ʉʨʝʜʥʝʝ m 16,28693 34,44496 55,1222 79,55868 109,5863 

ʈʘʟʤʘʭ ȹ  5,71 10,53 12,74 18,48 31,16 

ɼʠʩʧʝʨʩʠʷ D 3,181196 11,74634 21,53607 34,65025 81,28929 

ʉʪʘʥʜ. ʦʪʢʣ. ů 1,783591 3,427294 4,640698 5,886446 9,016057 

ʂʦʵʬ. ʚʘʨʠʘʮʠʠ ɜ 0,109511 0,099501 0,084189 0,073989 0,082274 

 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʦ ʚʳʛʣʷʜʷʪ ʜʚʘ ʚʘʨʠʘʥʪʘ: ʦʪ 40 ʜʦ 20 ʢʤ/ʯ ʠ ʦʪ 30 ʜʦ 10 ʢʤ/ʯ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3 
ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʩʢʦʨʦʩʪʝʡ 

 ɼʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ, ʢʤ/ʯ ʆʪ 40 ʜʦ 20 ʆʪ 30 ʜʦ 10 

 ɺʨʝʤʷ ʚʳʙʝʛʘ, ʩ 38,6 44,9 

 ʇʫʪʴ ʚʳʙʝʛʘ, ʤ 317,3 242,6 

 ʈʘʟʤʘʭ ʟʘʤʝʜʣʝʥʠʷ, ʤ/ʩ2 0,0723 0,0711 

 

ʆʙʘ ʜʠʘʧʘʟʦʥʘ ʫʜʦʙʥʳ. ʉʨʝʜʥʠʡ ʧʫʪʴ ʚʳʙʝʛʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ 500 ʤ. ʉʨʝʜʥʝʝ 

ʚʨʝʤʷ ʚʳʙʝʛʘ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ, ʯʪʦʙʳ ʧʦʛʨʝʰʥʦʩʪʴ, ʚʳʟʚʘʥʥʘʷ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʟʘʩʝʯʢʠ, 

ʥʘʧʨʠʤʝʨ, 0,5 ʩ, ʥʝ ʚʳʟʳʚʘʣʘ ʦʙʱʫʶ ʦʰʠʙʢʫ ʙʦʣʝʝ 1,5 % (1,3 ʠ 1,1 %). ʈʘʟʤʘʭ ʟʘʤʝʜʣʝʥʠʷ 

ʚ ʚʳʙʦʨʢʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ. 

ʊʘʙʣʠʮʘ 4 
ʈʘʩʯʝʪʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ çɺʨʝʤʷ ʚʳʙʝʛʘè ʠ çʇʫʪʴ ʚʳʙʝʛʘè ʘʚʪʦʤʦʙʠʣʷ 

Honda Civic D4 

ɺʘʨʠʘʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʢʘʯʝʥʠʶ 
ʇʘʨʘʤʝʪʨ 

ɼʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʠ 

ʦʪ 50 ʜʦ 0 ʦʪ 40 ʜʦ 20 ʦʪ 30 ʜʦ10 ʦʪ 40 ʜʦ10 

ʭʫʜʰʠʡ  
ɺʨʝʤʷ, ʩ 90,6 32,4 37 52,3 

ʇʫʪʴ, ʤ 554,1 266,8 200,6 348,7 

ʩʨʝʜʥʠʡ  
ɺʨʝʤʷ, ʩ 106,2 37,3 43,2 60,7 

ʇʫʪʴ, ʤ 639,2 306,7 233,6 403 

ʣʫʯʰʠʡ  
ɺʨʝʤʷ, ʩ 129,4 44,2 52,3 72,8 

ʇʫʪʴ, ʤ 760 362,6 281,3 480,3 

 

ʎʠʬʨʦʚʦʡ ʩʧʠʜʦʤʝʪʨ ʘʚʪʦʤʦʙʠʣʷ Honda Civic ʠʥʜʠʮʠʨʫʝʪ ʩʢʦʨʦʩʪʴ ʚ ʮʝʣʳʭ ʢʤ/ʯ, 

ʧʦʵʪʦʤʫ ʥʘ ʜʠʩʧʣʝʝ ʦʜʥʦ ʟʥʘʯʝʥʠʝ ʫʜʝʨʞʠʚʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʜʦʣʛʦ ï ʘ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʟʘʩʝʯʴ 

ʚʨʝʤʷ ʢʘʢ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ, ʪʘʢ ʠ ʚ ʢʦʥʮʝ ʧʝʨʠʦʜʘ ʠʥʜʠʢʘʮʠʠ.  

ɺʧʨʦʯʝʤ, ʧʦʩʣʝ ʥʝʢʦʪʦʨʦʡ ʪʨʝʥʠʨʦʚʢʠ ʨʫʯʥʘʷ ʟʘʩʝʯʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ 

ʠ ʜʘʝʪ ʦʰʠʙʢʫ ʦʪ 0 ʜʦ 0,35 ʩ.  

ʇʦʛʨʝʰʥʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʩʝʢʫʥʜʦʤʝʨʘ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʟʥʘʢ, ʧʦʵʪʦʤʫ 

ʦʰʠʙʢʘ ʨʘʟʥʦʩʪʠ ʥʝʚʝʣʠʢʘ 0,1ï0,2 ʩ.  

ɺʪʦʨʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʮʠʬʨʦʚʦʛʦ ʩʧʠʜʦʤʝʪʨʘ ï ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʧʨʦʧʫʩʢʠ ʟʥʘʯʝʥʠʡ 

ʩʢʦʨʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝ 40 ʩʨʘʟʫ 38 ʢʤ/ʯ, ʧʦʩʣʝ 33 ï 31 ʠ ʪ.ʧ., ʯʪʦ ʚʳʥʫʞʜʘʝʪ ʧʦʚʪʦʨʷʪʴ 

ʟʘʤʝʨʳ. 

ɺ ʦʧʠʩʘʥʥʦʤ ʚʳʰʝ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʫʯʝʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ  

f = 0,01124 (ʜʣʷ ʩʢʦʨʦʩʪʠ 20 ʢʤ/ʯ). ʕʪʦ ʙʣʠʟʢʦ ʢ 0,01130 ï ʧʦ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʧʦʣʷ ʚʦʟʤʦʞʥʳʭ 

ʟʥʘʯʝʥʠʡ ʜʣʷ ʰʠʥ ʢʘʪʝʛʦʨʠʡ S ʠ T.  
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ʅʘʠʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ f (ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʧʦʣʷ ʜʣʷ ʰʠʥ H, V ʠ ʜʨʫʛʠʭ 

ʩʢʦʨʦʩʪʥʳʭ) ʚʳʰʝ ʚ 1,237 ʨʘʟʘ, ʥʘʠʤʝʥʴʰʠʝ (ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʧʦʣʷ ʜʣʷ ʰʠʥ ECO) ï  

0,756 ʨʘʟʘ.  

ʆʧʫʩʢʘʷ ʚʳʯʠʩʣʝʥʠʷ, ʧʨʠʚʝʜʝʤ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʫʪʠ ʠ ʚʨʝʤʝʥʠ ʚʳʙʝʛʘ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʠʘʧʘʟʦʥʦʚ ʩʢʦʨʦʩʪʠ. 

ʀʪʘʢ, ʫʩʪʘʥʦʚʣʝʥʳ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʨʝʞʠʤʳ ʧʨʦʚʝʨʢʠ ʘʚʪʦʤʦʙʠʣʷ Honda Civic D4 ʩ 

ʰʠʥʘʤʠ ʛʨʫʧʧʳ ECO ʠ ʥʦʨʤʘʪʠʚʳ ʜʣʷ ʵʪʠʭ ʨʝʞʠʤʦʚ.  

ʆʜʥʘʢʦ ʧʨʠ ʰʠʥʘʭ ʜʨʫʛʠʭ ʪʠʧʦʚ ʥʦʨʤʘʪʠʚʳ ʙʫʜʫʪ ʠʥʳʤʠ.  

ʅʝ ʠʤʝʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʪʦʨʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪ ʩʦ ʚʩʝʤʠ ʚʘʨʠʘʥʪʘʤʠ ʰʠʥ, ʤʳ 

ʧʦʧʳʪʘʣʠʩʴ ʨʘʩʩʯʠʪʘʪʴ ʵʪʠ ʚʘʨʠʘʥʪʳ, ʠʩʭʦʜʷ ʠʟ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʦʜʝʣʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʜʚʠʞʝʥʠʶ ʘʚʪʦʤʦʙʠʣʷ.  

ʆʜʥʘʢʦ ʥʠʢʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʉʭ ʠ ʟʘʚʠʩʠʤʦʩʪʠ f(v) ʥʝ ʜʘʣʦ 

ʢʨʠʚʦʡ ʟʘʤʝʜʣʝʥʠʷ j(v), ʧʨʠʙʣʠʞʘʶʱʝʡʩʷ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ.  

ʆʩʪʘʚʘʣʦʩʴ ʧʨʠʥʷʪʴ ʚʝʨʩʠʶ ʦ ʥʝʧʦʩʪʦʷʥʩʪʚʝ ʉʭ ʠ ʧʦʧʳʪʘʪʴʩʷ ʥʘʡʪʠ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʩʪʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʝʛʘ ʩ 50 ʢʤ/ʯ ʩ ʫʯʝʪʦʤ ʵʪʦʛʦ ʥʝʧʦʩʪʦʷʥʩʪʚʘ.  

ʍʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʉʭ(v) ʫʜʦʙʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʳʤ, ʥʘʧʨʠʤʝʨ ʚ [4]. 

ɺʳʙʠʨʘʶʪ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʦʡ j(v) ʜʚʝ ʙʣʠʟʢʠʝ ʧʦ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʠ ʧʨʠʥʠʤʘʶʪ 

ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʚ ʩʠʣʫ ʤʘʣʦʡ ʨʘʟʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʦʙʝʠʭ ʪʦʯʢʘʭ 

ʦʜʠʥʘʢʦʚʳ. ɼʘʣʝʝ ʩʦʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʫ ʠʟ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʩʠʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʵʪʠʭ ʜʚʫʭ 

ʪʦʯʝʢ ʠ ʨʝʰʘʶʪ ʝʝ. ɿʘʪʝʤ ʧʝʨʝʭʦʜʷʪ ʢ ʩʣʝʜʫʶʱʝʡ ʧʘʨʝ ʩʢʦʨʦʩʪʝʡ ï ʠ ʪʘʢ ʜʦ ʢʦʥʮʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ.  

ʄʳ ʥʘʟʳʚʘʝʤ ʵʪʫ ʧʨʦʮʝʜʫʨʫ çʤʝʪʦʜ ʙʣʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡè. 

ʀʩʭʦʜʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 
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jmvkFʈP

jmvkFʈP
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   (1) 

ʛʜʝ Pf ï ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ, ʅ;  

ʈʭʭ.ʪʨ ï ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʪʨʘʥʩʤʠʩʩʠʠ, ʅ;  

k ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʪʝʢʘʝʤʦʩʪʠ, ʅĿʩ2Ŀʤï4; k = 0,5ĿɟĿʉʭ (ɟĿï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʢʛ/ʤ3;  

ʉʭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ);  

F ï ʣʦʙʦʚʘʷ ʧʣʦʱʘʜʴ ʘʚʪʦʤʦʙʠʣʷ, ʤ2;  

v1, v2 ï ʚʳʙʨʘʥʥʳʝ ʙʣʠʟʢʠʝ ʩʢʦʨʦʩʪʠ, ʤ/ʩ;  

j1, j2 ï ʟʘʤʝʜʣʝʥʠʷ ʧʨʠ ʵʪʠʭ ʩʢʦʨʦʩʪʷʭ. 

ʂʘʢ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʧʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʚʥʳ.  

ʆʜʥʘʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʥʘ ʧʨʠʤʝʨʝ ʘʚʪʦʤʦʙʠʣʷ Honda Civic ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʘʟʣʠʯʥʘ (ʪʘʙʣ. 5, ʨʠʩ. 2).  

ʊʘʙʣʠʮʘ 5 
ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚʳʙʝʛʫ ʘʚʪʦʤʦʙʠʣʷ Honda Civic ʦʪ ʩʢʦʨʦʩʪʠ  

V 0 5 10 15 20 25 30 

Pw 0,0 0,8 3,3 7,3 13,0 20,4 29,3 

Pf 189,4 189,0 188,8 188,8 188,8 189,0 189,3 

Pxx 0,052 0,704 1,05 1,37 2,64 3,85 4,81 

V 35 40 45 50 55 60 65 

Pw 39,9 52,2 66,0 81,5 98,6 117,4 137,8 

Pf 189,6 190,2 190,8 191,5 192,4 193,4 194,5 

Pxx 5,72 6,78 8,07 9,46 10,85 12,4 15,1 

ʇʨʠ ʵʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʫʣʝ ʧʨʠ ɟ=1,208 

ʢʛ/ʤ3, ʉʭ=0,31, F=2,1 ʤ2; ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʯʝʥʠʶ ʧʨʠ ma=1703 ʢʛ, f ï ʧʦ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ 

ʧʦʣʷ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʰʠʥ ʢʘʪʝʛʦʨʠʡ S ʠ T [1]; Pxx ï ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ [5]. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚʳʙʝʛʫ Honda Civic ʦʪ ʩʢʦʨʦʩʪʠ 

 

ʅʘʠʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʯʝʥʠʶ, ʠʤʝʥʥʦ ʝʛʦ ʤʦʞʥʦ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ 

ʪʦʯʥʦʩʪʠ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʳʤ ʚ ʚʳʙʨʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʦʪ v1 ʜʦ v2  

(
1fP = 2fP = fP ).  

ʆʩʪʘʣʴʥʳʝ ʜʚʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ. ʀʭ ʫʜʦʙʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʚʠʜʝ 
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ɽʩʣʠ ʞʝ ʧʨʠʥʷʪʴ ʛʠʧʦʪʝʟʫ ʦ ʥʝʧʦʩʪʦʷʥʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ n [1], ʪʦ ʢʘʨʪʠʥʘ 

ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʠʪʩʷ: 
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʳʣʠ ʚʟʷʪʳ ʧʨʠʚʝʜʝʥʥʳʝ ʚ [6] ʜʘʥʥʳʝ ʚʳʙʝʛʘ ʩʝʜʘʥʘ Mitsubishi 

Lancer 2.0 (ʤʘʩʩʘ 1555 ʢʛ, ŭ=1,0373, rʢ=0,318 ʤ. ʄʝʪʦʜʦʤ [1] ʚʳʯʠʩʣʝʥʳ ʟʥʘʯʝʥʠʷ ʉʭ=0,364, 

f=0,0117) ʠ ʦʙʨʘʙʦʪʘʥʳ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚʦʟʜʫʭʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʝʧʝʥʠ ʧʨʠ ʩʢʦʨʦʩʪʠ n=2 ʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʩʪʝʧʝʥʠ n(v) (ʨʠʩ. 3).  

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ n ʦʪ ʩʢʦʨʦʩʪʠ ï ʫʩʨʝʜʥʝʥʥʘʷ ʧʦ 84 ʤʦʜʝʣʷʤ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʨʘʟʥʳʭ ʪʠʧʦʚ 

 

ʅʘ ʨʠʩ. 4 ʠ ʨʠʩ. 5 ʧʦʢʘʟʘʥʳ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʉʭ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ f ʦʪ 

ʩʢʦʨʦʩʪʠ. 

 

  
ʈʠʩ. 4. ʈʘʩʯʝʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʉʭ ʦʪ 

ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʙʣʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡ, ʚ ʧʦʣʥʦʤ (ʩʣʝʚʘ) ʠ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʘʭ ʩʢʦʨʦʩʪʝʡ 

 

ʅʝʦʞʠʜʘʥʥʦ ʚʳʛʣʷʜʠʪ ʩʥʠʞʝʥʠʝ ʜʦ ʥʫʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ ʚ ʥʘʯʘʣʝ ʠ, 

ʦʩʦʙʝʥʥʦ, ʚ ʢʦʥʮʝ ʜʠʘʛʨʘʤʤʳ.  

ʈʝʟʢʦʝ ʧʘʜʝʥʠʝ f ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʥʠʞʝ 20 ʢʤ/ʯ ʫʞʝ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ ʍʅɸɼʋ [1], ʥʦ 

ʜʣʷ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʦʥʦ ʥʝ ʦʪʤʝʯʘʣʦʩʴ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʦ ʩʣʝʜʩʪʚʠʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ 

ʤʦʜʝʣʠ. ɺʧʨʦʯʝʤ, ʜʣʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʪ ʚʦʧʨʦʩ ʥʝ ʚʘʞʝʥ: ʚʳʙʝʛʠ ʠʟʫʯʘʶʪʩʷ 

ʟʜʝʩʴ ʩʦ ʩʢʦʨʦʩʪʠ 50 ʢʤ/ʯ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʠʭ ʜʠʘʛʨʘʤʤ, ʚ ʚʘʨʠʘʥʪʝ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʝʧʝʥʠ ʄɹʉ 

ʜʘʝʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ.  
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ʈʠʩ. 5. ʈʘʩʯʝʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ ʦʪ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʘʷ 

ʤʝʪʦʜʦʤ ʙʣʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡ 

 

ʇʦʣʫʯʝʥʥʦʝ ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʜʣʷ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʝʡ ʟʥʘʯʝʥʠʝ  

Cx = 0,3656 ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʚʳʯʠʩʣʝʥʥʦʤʫ ʤʝʪʦʜʦʤ [1] 0,3639, ʘ ʟʥʘʯʝʥʠʝ f = 0,011748 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ f = 0,011706 (ʧʨʠ ʩʢʦʨʦʩʪʠ 23,75 ʢʤ/ʯ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʝʪʩʷ   

f ʤʝʪʦʜʦʤ [1]). 

ɺʦʟʥʠʢ ʚʦʧʨʦʩ: ʘ ʚ ʢʘʢʫʶ ʩʪʝʧʝʥʴ ʥʘʜʦ ʚʦʟʚʦʜʠʪʴ ʩʢʦʨʦʩʪʴ ʧʨʠ ʪʘʢʦʤ ʟʥʘʯʝʥʠʠ ʉʭ, 

ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʘʢʦʝ ʞʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, ʢʘʢʦʝ ʜʘʝʪ ʄɹʉ.  

ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʦʢʘʟʘʣʩʷ ʙʝʩʧʦʣʝʟʥʳʤ: ʢʨʠʚʘʷ ʵʪʦʛʦ ʫʩʣʦʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʩʪʝʧʝʥʠ (ʨʠʩ. 6) ʚ ʟʦʥʝ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ ʟʘʤʝʪʥʦ ʫʭʦʜʠʪ ʦʪ ʠʩʭʦʜʥʦʡ (n), ʫʩʪʨʝʤʣʷʝʪʩʷ ʢ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʠ ʦʙʨʘʟʫʝʪ ʨʘʟʨʳʚ ʚʙʣʠʟʠ 3,6 ʢʤ/ʯ.  

 

 
ʈʠʩ. 6. ʋʩʣʦʚʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʧʨʠ ʨʘʩʯʝʪʝ ʩ ʉʭ=0,3639 

 

ɹʦʣʝʝ ʧʨʘʢʪʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʪʘʢʘʷ ʦʧʝʨʘʮʠʷ ʜʘʣʘ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʩʢʦʨʦʩʪʠ ʚ ʢʤ/ʯ. 

ʂʨʠʚʘʷ nË km/h ʥʘ ʨʠʩ. 6 ʠʜʝʪ ʚ ʦʙʣʘʩʪʠ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ ʙʦʣʝʝ ʧʦʣʦʛʦ, ʥʘ ʫʯʘʩʪʢʝ  

ʦʪ 90 ʜʦ 30 ʢʤ/ʯ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʡ (1,4135), ʘ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 50 ʜʦ 20 ʢʤ/ʯ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ 1,418.  

ʇʨʘʚʜʘ, ʥʘ ʤʝʥʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʨʘʩʯʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʧʨʠ ʉʭ=0,3639 ʠ 

nË=1,418 ʜʘʝʪ ʥʘʨʘʩʪʘʶʱʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʥʦ ʥʘ ʬʦʥʝ ʧʨʦʯʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʥʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʜʘ ʠ ʩʘʤ ʨʘʩʯʝʪ ʧʦ ʄɹʉ ʥʝ ʠʜʝʘʣʝʥ. 

 

ɸʥʘʣʠʟ ʚʳʙʝʛʘ ʩʨʘʚʥʠʚʘʝʤʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʤʝʪʦʜʘ ʙʣʠʟʢʠʭ 

ʩʢʦʨʦʩʪʝʡè 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʯʝʪʳ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʨʝʟʢʦ ʦʪʣʠʯʘʶʱʝʡʩʷ ʘʵʨʦʜʠʥʘʤʠʢʦʡ: 

ʚʥʝʜʦʨʦʞʥʠʢʘ Toyota Land Cruiser 200 (ʉʭ=0,5063) ʠ ʩʝʜʘʥʘ Honda Civic D4 (ʉʭ=0,3092) 

ʜʘʣʠ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ nË=1,4396 ʠ nË=1,4228. ʉʨʝʜʥʝʝ ʠʟ ʪʨʝʭ ï 1,427.  

ʇʦʜʙʦʨ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ f 

ʪʘʢʞʝ ʦʧʠʨʘʣʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʳʙʝʛʘ Mitsubishi Lancer ʩ ʧʦʤʦʱʴʶ ʄɹʉ ʧʨʠ 

ʧʝʨʝʤʝʥʥʦʤ ʧʦʢʘʟʘʪʝʣʝ ʩʪʝʧʝʥʠ.  
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ʇʦʣʫʯʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ f(v) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 7. ʆʥʘ ʙʳʣʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ, ʥʦ ʢʨʠʚʘʷ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʥʠʞʝ 2 ʢʤ/ʯ ʫʭʦʜʠʣʘ ʚ 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʥʝ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ.  

ʇʦʵʪʦʤʫ ʬʫʥʢʮʠʷ ʙʳʣʘ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʘ ʩʤʝʱʝʥʠʝʤ ʘʨʛʫʤʝʥʪʘ ʥʘ 1,7 ʢʤ/ʯ.  

 

 
ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ f ʦʪ ʩʢʦʨʦʩʪʠ, ʚʳʯʠʩʣʝʥʥʘʷ 

ʤʝʪʦʜʦʤ ʙʣʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ [n(v)] ʧʦʢʘʟʘʪʝʣʝ ʩʪʝʧʝʥʠ 
 

ʋ ʜʚʫʭ ʜʨʫʛʠʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʬʦʨʤʘ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʢʨʠʚʦʡ ʪʘʢʘʷ 

ʞʝ, ʥʦ ʦʨʜʠʥʘʪʳ ʚʳʰʝ ʠʣʠ ʥʠʞʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʰʠʥʳ.  

ʕʪʦ ʫʜʦʙʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʤʘʩʰʪʘʙʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ Ci/CL, ʛʜʝ C ï ʩʚʦʙʦʜʥʳʡ 

ʯʣʝʥ ʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʤ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʢʘʯʝʥʠʶ f ʦʪ ʩʢʦʨʦʩʪʠ [1]; i ï ʠʥʜʝʢʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʘʚʪʦʤʦʙʠʣʷ; L ï ʠʥʜʝʢʩ ʘʚʪʦʤʦʙʠʣʷ 

Lancer.  

ɿʥʘʯʝʥʠʝ CL ʜʣʷ ʩʝʜʘʥʘ Lancer ʧʨʠʥʷʪʦ ʧʦ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʜʣʷ ʰʠʥ  

SR-TR (0,012467), ʜʣʷ ʚʥʝʜʦʨʦʞʥʠʢʘ Toyota ʧʦ ʚʝʨʭʥʝʡ ʣʠʥʠʠ ʜʣʷ ʰʠʥ  

HR-VR (0,0140095), ʜʣʷ ʩʝʜʘʥʘ Civic ʧʦ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʜʣʷ ʰʠʥ HR-VR (0,013261).  

ɺʳʙʦʨ ʉ ʦʧʨʝʜʝʣʷʣʩʷ ʩʢʦʨʦʩʪʥʦʡ ʢʘʪʝʛʦʨʠʝʡ ʰʠʥʳ ʩ ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʷ ɣ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʠʘʛʨʘʤʤʳ ʚʳʙʝʛʘ ʧʦ [1].  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʝʛʘ ʜʣʷ ʪʨʝʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 6 ʥʘʪʫʨʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ 

ʧʨʦʮʝʥʪʘʭ (Ů,  %). 

ʊʘʙʣʠʮʘ 6  
ʇʘʨʘʤʝʪʨʳ ʚʳʙʝʛʘ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʤ ʠ ʧʨʝʜʣʘʛʘʝʤʳʤ 

ʵʤʧʠʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ, ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

ʀʩʪʦʯʥʠʢ 

ʜʘʥʥʳʭ 

ɼʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ 

50é1 50é20 40é20 30é10 

ɺʨʝʤʷ, 

ʩ / Ů,  % 

ʇʫʪʴ, 

ʤ / 

Ů,  % 

ɺʨʝʤʷ, 

ʩ / Ů,  % 

ʇʫʪʴ, 

ʤ / 

Ů,  % 

ɺʨʝʤʷ, 

ʩ / Ů,  % 

ʇʫʪʴ, 

ʤ / 

Ů,  % 

ɺʨʝʤʷ, 

ʩ / 

Ů,  % 

ʇʫʪʴ, 

ʤ / 

Ů,  % 

ʩʝʜʘʥ Mitsubishi Lancer 2,0 

ʕʢʩʧʝʨʠʤʝʥʪ 154,96 654,81 50,11 470,21 35,90 293,02 46,35 243,92 

ʂʣʘʩʩ. ʨʘʩʯʝʪ 

Ů,  % 

101,92 667,12 56,96 540,51 40,13 330,66 61,90 240,21 

ï34,23 1,88 13,68 14,95 11,79 12,85 33,57 ï1,52 

  

f est = 4,38E-03*Ln(v+1,7) - 2,77E-03
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 6 
 

ʕʤʧʠʨ. ʨʘʩʯʝʪ 

Ů,  % 

151,93 656,17 50,85 474,92 36,79 299,65 47,48 250,63 

ï1,96 0,21 1,48 1,00 2,47 2,26 2,45 2,75 

ʚʥʝʜʦʨʦʞʥʠʢ Toyota Land Cruiser 200 

ʕʢʩʧʝʨʠʤʝʥʪ 141,91 583,95 44,30 415,06 31,83 259,54 41,65 218,58 

ʂʣʘʩʩ. ʨʘʩʯʝʪ 

Ů,  % 

89,04 579,89 49,41 468,75 34,82 286,79 53,89 209,28 

ï37,26 ï0,70 11,53 12,94 9,39 10,50 29,39 ï4,25 

ʕʤʧʠʨ. ʨʘʩʯʝʪ 

Ů,  % 

134,04 573,66 44,32 413,73 32,09 261,25 41,64 219,51 

ï5,55 ï1,76 0,03 ï0,32 0,80 0,66 ï0,04 0,43 

ʩʝʜʘʥ Honda Civic D4 

ʕʢʩʧʝʨʠʤʝʥʪ 136,91 628,58 49,33 465,50 34,98 286,44 43,27 229,77 

ʂʣʘʩʩ. ʨʘʩʯʝʪ 

Ů,  % 

103,02 680,53 58,22 554,23 40,73 336,07 62,43 241,28 

ï24,75 8,26 18,01 19,06 16,44 17,33 44,27 5,01 

ʕʤʧʠʨ. ʨʘʩʯʝʪ 

Ů,  % 

146,05 640,92 49,93 467,42 35,97 293,38 45,89 242,72 

6,68 1,96 1,23 0,41 2,85 2,42 6,05 5,63 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʵʤʧʠʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘʤʥʦʛʦ ʪʦʯʥʝʝ 

ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. 

 

ɺʳʚʦʜʳ 

 

1. ɺ ʦʧʠʩʘʥʥʦʤ ʚʳʰʝ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʫʯʝʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 
f = 0,01124 (ʜʣʷ ʩʢʦʨʦʩʪʠ 20 ʢʤ/ʯ). ʕʪʦ ʙʣʠʟʢʦ ʢ 0,01130 ï ʧʦ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʧʦʣʷ 

ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʰʠʥ ʢʘʪʝʛʦʨʠʡ S ʠ T.  

ʅʘʠʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ f (ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʧʦʣʷ ʜʣʷ ʰʠʥ H, V ʠ ʜʨʫʛʠʭ 

ʩʢʦʨʦʩʪʥʳʭ) ʚʳʰʝ ʚ 1,237 ʨʘʟʘ, ʥʘʠʤʝʥʴʰʠʝ (ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʧʦʣʷ ʜʣʷ ʰʠʥ  

ECO) ï 0,756 ʨʘʟʘ.  

2. ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʠʭ ʜʠʘʛʨʘʤʤ, ʚ ʚʘʨʠʘʥʪʝ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʝʧʝʥʠ  

ʄɹʉ ʜʘʝʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ.  

ʇʦʣʫʯʝʥʥʦʝ ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʜʣʷ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʝʡ ʟʥʘʯʝʥʠʝ  

Cx = 0,3656 ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʚʳʯʠʩʣʝʥʥʦʤʫ ʤʝʪʦʜʦʤ [1] 0,3639, ʘ ʟʥʘʯʝʥʠʝ f = 0,011748 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ f = 0,011706 (ʧʨʠ ʩʢʦʨʦʩʪʠ 23,75 ʢʤ/ʯ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʝʪʩʷ  

f ʤʝʪʦʜʦʤ [1]). 
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V. Ivanov, V. Bantkovskiy, E. Sinitsky " The influence of correlation on increasing the reliability of a 

complex object"  

On the example of an object consisting of serially connected equally reliable elements, the influence of 

correlation between elements (selection of elements) on increasing the reliability of the object is shown. 

Keywords: koefficient correlations, probability of faultless work, system, element, self-reactance refuses, mean value, 

rejection, distributing law, statistical dependence, interval. 

ɺʩʪʫʧ 

ʆʜʥʽʻʶ ʟ ʫʤʦʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʪʘ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʚʘʨʪʦʩʪʽ ʻ 

ʚʜʦʩʢʦʥʘʣʶʚʘʥʥʷ ʩʢʣʘʜʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ʈʦʣʴ ʩʧʦʩʦʙʫ ʽ ʷʢʦʩʪʽ ʩʢʣʘʜʘʥʥʷ ʜʦʩʠʪʴ ʚʝʣʠʢʘ. 

ɺʽʜ ʷʢʦʩʪʽ ʩʢʣʘʜʘʥʥʷ ʟʘʣʝʞʠʪʴ ʫʩʧʽʰʥʽʩʪʴ ʧʨʠʡʤʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʥʘʜʽʡʥʽʩʪʴ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʝʩʫʨʩ ʤʘʰʠʥʠ. ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʢʣʘʜʘʥʥʷ ʻ ʪʦʯʥʽʩʪʴ. 

ʉʝʣʝʢʪʠʚʥʝ ʩʢʣʘʜʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʩʢʣʘʜʘʣʴʥʠʡ ʢʦʤʧʣʝʢʪ ʫʪʚʦʨʶʶʪʴ ʜʝʪʘʣʽ, ʧʦʧʝʨʝʜʥʴʦ 

ʚʽʜʽʙʨʘʥʽ ʟʘ ʧʨʠʡʥʷʪʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟ ʯʠʩʣʘ ʧʨʠʜʘʪʥʠʭ, ʻ ʤʝʪʦʜʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʦʯʥʦʩʪʽ, ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʛʨʫʧʦʚʽʡ ʚʟʘʻʤʦʟʘʤʽʥʥʦʩʪʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʨʦʙʫ ʧʽʜ ʯʘʩ ʩʢʣʘʜʘʥʥʷ ʚ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʽ ʥʘ ʧʨʘʢʪʠʮʽ ʥʝ ʨʦʟʛʣʷʥʫʪʠʡ ʩʧʦʩʽʙ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʤʘʰʠʥʠ ʧʦ ʚʫʟʣʘʭ (ʫʟʜʦʚʞ ʤʘʰʠʥʠ) ʟʘ ʧʨʠʡʥʷʪʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʨʝʣʷʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʝʣʝʤʝʥʪʽʚ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ 

ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʢʦʨʝʣʴʦʚʘʥʦ, ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʾʾ ʥʘʜʽʡʥʽʩʪʴ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ̒  ʧʨʦʚʝʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʢʦʨʝʣʷʮʽʾ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʥʦʛʦ ʦʙô̒ ʢʪʫ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ɺʧʣʠʚ ʢʦʨʝʣʷʮʽʾ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʛʣʷʥʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ ʦʙô̒ ʢʪʫ, ʷʢʠʡ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ n ʧʦʩʣʽʜʦʚʥʦ ʟô̒ ʜʥʘʥʠʭ ʨʽʚʥʦ ʥʘʜʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʨʠʧʫʩʪʠʚʰʠ, ʱʦ ʝʣʝʤʝʥʪʠ 

ʢʦʨʝʣʴʦʚʘʥʦ ʢʨʽʟʴ ʥʘʚʘʥʪʘʞʝʥʥʷ N, ʘ ʥʝʩʫʯʽ ʟʜʘʪʥʦʩʪʽ ʾʭ ʥʝ ʢʦʨʝʣʴʦʚʘʥʦ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ N, 

ʪʦ ʜʣʷ ʜʚʦʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ, ʱʦ ʽʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ Rʩ  

ʜʦʨʽʚʥʶʻ: 

( ),Re1Re2 -+= rRR ɽC        

ʜʝ r ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ; Rʝ ï ʽʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʫ. 

ɿʚʽʜʩʠ: 

( )
( )

.
12
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r

Rcrrr
Rʝ

-

-++-
=       

ɿʘʚʜʘʶʯʠ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ Rʩ ʽ r, ʦʪʨʠʤʫʻʤʦ ʥʝʦʙʭʽʜʥʝ Rʝ1, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ Rʩ. 

ʇʦʪʽʤ ʧʽʜʩʪʘʚʠʤʦ Rʝ1 ʟʘʤʽʩʪʴ Rʩ ʽ ʜʣʷ ʪʦʛʦ ʞ r ʟʥʦʚʫ ʨʦʟʨʘʭʫʻʤʦ Rʝ = Rʝ2  ̔ʪ.ʜ. ʊʦʜʽ ʧʝʨʰʦʛʦ 

ʨʘʟʫ ʦʪʨʠʤʫʻʤʦ Rʝ ʜʣʷ ʜʚʦʭ ʝʣʝʤʝʥʪʽʚ, ʜʨʫʛʦʛʦ ʜʣʷ ʯʦʪʠʨʴʦʭ, ʧʦʪʽʤ ʜʣʷ ʚʦʩʴʤʠ ʽ ʪ.ʜ. 

ɺʘʨʽʶʶʯʠ ʟʥʘʯʝʥʥʷ r ʽ Rʩ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʩʝʨʽʶ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ ʟʚô̫ ʟʫʶʪʴ Rʝ, r, Rʩ. 

ʇʦʙʫʜʦʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʛʨʘʬʽʢʠ Rʝ ʜʣʷ Rʩ = 0,8;  r = 0,2é0,95 ʫ ʬʫʥʢʮʽʾ ʯʠʩʣʘ ʝʣʝʤʝʥʪʽʚ n 

ʧʦʢʘʟʘʣʠ, ʱʦ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ r ʧʦʪʨʽʙʥʽ ʚʩʝ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʢʦʝʬʽʮʽʻʥʪʘ Rʝ, ʟʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ Rʩ = 0,8. ʄʦʞʥʘ ʪʘʢ ʚʠʙʨʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ  

(r = 0,95), ʱʦʙ ʧʨʠ  n = 1000 ʽ Rʝ = 0,87 ʟʘʙʝʟʧʝʯʠʪʠ Rʩ = 0,8. ɽʬʝʢʪ ʢʦʨʝʣʷʮʽʾ ʚ ʧʝʚʥʦʤʫ ʩʝʥʩʽ 

ʥʽʚʝʣʶʻ ʥʝʛʘʪʠʚʥʠʡ ʝʬʝʢʪ ʧʽʜʚʠʱʝʥʥʷ ʯʠʩʣʘ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʾʭ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟô̒ ʜʥʘʥʥʽ. ʋ 

ʧʨʠʧʫʱʝʥʥʽ ʥʝʟʘʣʝʞʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʷʢ ʟʚʽʩʥʦ, Rʝ = (Rʩ.)
n

1  ʽ ʧʨʠ Rc = 0,8,  

n = 1000 ʤʘʻʤʦ Rʝ º 1, ʪʦʙʪʦ ʧʦʪʨʝʙʫʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʘʙʩʦʣʶʪʥʦ ʥʘʜʽʡʥʽ ʝʣʝʤʝʥʪʠ. ʇʨʠ 

ʚʨʘʭʫʚʘʥʥʽ ʢʦʨʝʣʷʮʽʾ ʦʪʨʠʤʘʥʽ ʮʽʣʢʦʤ ʧʨʠʡʥʷʪʥʽ ʟʥʘʯʝʥʥʷ. 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʧʨʠ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʧʨʠʧʫʱʝʥʥʷʭ: 

( ) 1

1
2+

=
NR

r
ss

,       

ʜʝ ᷂R ̔  ᷂N ï ʩʝʨʝʜʥʽ ʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʥʝʩʫʯʽʡ ʟʜʘʪʥʦʩʪʽ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʝʣʝʤʝʥʪʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʽʚ ʩʝʣʝʢʮʽʾ ʟʘ ʚʠʤʽʨʶʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʆʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʝʣʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʥʘ ʧʨʠʢʣʘʜʘʭ ʩʠʩʪʝʤ ʟ 

ʧʦʩʣʽʜʦʚʥʦʶ ʫ ʨʦʟʫʤʽʥʥʽ ʥʘʜʽʡʥʦʩʪʽ ʩʪʨʫʢʪʫʨʦʶ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʥʝʤʦ ʩʠʩʪʝʤʫ, ʨʝʩʫʨʩ 

ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʨʦʙʽʪʢʦʤ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʙʫʜʴ ʷʢʦʛʦ ʟ ʦʜʥʦʪʠʧʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʠʢʣʘʜʘʤʠ ʪʫʪ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʨʽʟʴʙʦʚʽ ʢʨʽʧʣʝʥʥʷ, ʷʢʱʦ ʚ ʥʠʭ ʨʫʡʥʫʚʘʥʥʷ ʭʦʯʘ ʙ ʦʜʥʦʛʦ 

ʙʦʚʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʨʝʰʪʠ; ʭʨʝʩʪʦʚʠʥʠ ʢʘʨʜʘʥʥʠʭ ʰʘʨʥʽʨʽʚ ʫ ʩʢʣʘʜʽ ʟ 

ʧʽʜʰʠʧʥʠʢʘʤʠ, ʨʝʩʫʨʩ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʨʦʙʽʪʢʦʤ ʜʦ ʧʦʯʘʪʢʫ ʧʨʦʛʨʝʩʫʶʯʦʛʦ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʚʠʢʨʘʰʫʚʘʥʥʷ ʭʦʯʘ ʙ ʥʘ ʦʜʥʦʤʫ ʟ ʰʠʧʽʚ; ʛʘʟʦʚʘ ʪʫʨʙʽʥʘ, ʚ ʷʢʽʡ ʨʫʡʥʫʚʘʥʥʷ 

ʭʦʯʘ ʙ ʦʜʥʽʻʾ ʣʦʧʘʪʢʠ ʥʘ ʜʠʩʢʘʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʽ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʚʩʽʻʾ ʪʫʨʙʽʥʠ. 

ʗʢʱʦ ʝʣʝʤʝʥʪʠ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʶʪʴʩʷ ʪʘʢʽ ʩʠʩʪʝʤʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʝʷʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʨʦʟô̒ ʜʥʘʥʽ ʥʘ ʩʝʣʝʢʪʠʚʥʽ ʛʨʫʧʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ʨʝʩʫʨʩʫ, 

ʪʦ ʨʘʮʽʦʥʘʣʴʥʠʡ ʩʧʦʩʽʙ ʾʭ ʦʙô̒ ʜʥʘʥʥʷ ʚ ʩʠʩʪʝʤʫ ʧʦʣʷʛʘʻ ʫ ʩʢʣʘʜʘʥʥʽ ʩʠʩʪʝʤ ʟ ʝʣʝʤʝʥʪʽʚ 

ʦʜʥʽʻʾ ʩʝʣʝʢʪʠʚʥʦʾ ʛʨʫʧʠ. ɺ ʽʜʝʘʣʽ, ʧʨʠ ʽʜʝʘʣʴʥʽʡ ʩʝʣʝʢʮʽʾ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʨʦʟô̒ ʜʥʘʥʥʽ 

ʝʣʝʤʝʥʪʽʚ ʥʘ ʛʨʫʧʠ ʟ ʦʜʥʘʢʦʚʠʤ ʨʝʩʫʨʩʦʤ, ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʩʢʣʘʜʘʥʥʷ ʩʠʩʪʝʤ ʪʝʦʨʝʪʠʯʥʦ 

ʤʦʞʣʠʚʦ ʜʦʩʷʛʥʫʪʠ ʟʙʽʛʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʩʠʩʪʝʤʠ ̔  ʝʣʝʤʝʥʪʫ. ʅʘ ʧʨʘʢʪʠʮʽ, ʦʯʝʚʠʜʥʦ, 

ʪʘʢʠʡ ʝʬʝʢʪ ʥʝ ʜʦʩʷʛʥʫʪʠʡ, ʦʜʥʘʢ ʨʦʟʛʣʷʜʘʥʥʷ ʙʽʣʴʰ ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʡ ʚʢʘʟʫʻ ʥʘ ʟʥʘʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʫ. 

 ʇʦʢʘʞʝʤʦ ʮʝ ʥʘ ʧʨʦʩʪʽʰʠʭ ʧʨʠʢʣʘʜʘʭ ʩʠʩʪʝʤʠ, ʩʢʣʘʜʝʥʦʾ ʟ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʦ 

ʟô̒ ʜʥʘʥʠʭ ʦʜʥʦʪʠʧʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʽʜʤʦʚʣʷʶʪʴ ʥʝʟʘʣʝʞʥʦ. 

ʅʝʭʘʡ ʚʠʨʘʟ ʜʣʷ ʚʽʨʦʛʽʜʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚʠʙʽʨʢʠ ʝʣʝʤʝʥʪʽʚ ʤʘʻ ʚʠʛʣʷʜ: 
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ÖD-+ÖD= 21 1 ,     (1) 

ʜʝ D ï ʜʦʣʷ (ʚʽʜʥʦʩʥʘ ʢʽʣʴʢʽʩʪʴ) ʝʣʝʤʝʥʪʽʚ ʧʝʨʰʦʾ ʩʝʣʝʢʪʠʚʥʦʾ ʛʨʫʧʠ; 

1a  ʽ 
2a  ï ʧʘʨʘʤʝʪʨʠ ʤʘʩʰʪʘʙʫ ʨʦʟʧʦʜʽʣʽʚ ʨʝʩʫʨʩʫ ʝʣʝʤʝʥʪʽʚ ʧʝʨʰʦʾ ʽ ʜʨʫʛʦʾ ʩʝʣʝʢʪʠʚʥʠʭ ʛʨʫʧ 

ʚʽʜʧʦʚʽʜʥʦ; 

b ï ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʽʚ ʨʝʩʫʨʩʫ ʝʣʝʤʝʥʪʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʧʨʦʚʝʜʝʥʘ ʩʝʣʝʢʮʽʷ ʝʣʝʤʝʥʪʽʚ ʥʘ ʜʚʽ ʛʨʫʧʠ, 

ʧʨʠʯʦʤʫ, ʨʝʩʫʨʩ ʝʣʝʤʝʥʪʽʚ ʚ ʢʦʞʥʽʡ ʛʨʫʧʽ ʨʦʟʧʦʜʽʣʝʥʠʡ ʟʘ ʟʘʢʦʥʦʤ ɺʝʡʙʫʣʘ ʟ ʨʽʟʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʩʰʪʘʙʫ ʽ ʦʜʥʠʤ ʽ ʪʠʤ ʞʝ ʧʘʨʘʤʝʪʨʦʤ ʬʦʨʤʠ. 

ɺʠʨʘʞʝʥʥʷ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʨʝʩʫʨʩʫ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʻ ʚʠʜ: 
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ʜʝ ɻ ï ʛʘʤʘ-ʬʫʥʢʮʽʷ. 

ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʽʚ ʧʝʨʰʦʾ ʩʝʣʝʢʪʠʚʥʦʾ ʛʨʫʧʠ 

ï R1ʝ (t) ʽ ʜʨʫʛʦʾ ʛʨʫʧʠ ï R2ʝ (t), ʪʦ ʟ (1) ʩʣʽʜʫʻ: 

Rʝ (t)=DÖR1ʝ (t)+(1ïD) R2ʝ (t) 

ɸʥʘʣʦʛʽʯʥʦ ʟ (2) ʦʪʨʠʤʫʻʤʦ: 

Tʝ = DÖT1ʝ+(1ïD) T2ʝ, 

ʜʝ T1ʝ ̔  T2ʝ ï ʩʝʨʝʜʥʽ ʨʝʩʫʨʩʠ ʝʣʝʤʝʥʪʽʚ ʧʝʨʰʦʾ ʽ ʜʨʫʛʦʾ ʩʝʣʝʢʪʠʚʥʠʭ ʛʨʫʧ ʚʽʜʧʦʚʽʜʥʦ. 
ʇʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʦʙô̒ ʜʥʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʷʢʽ ʚʽʜʤʦʚʣʷʶʪʴ ʥʝʟʘʣʝʞʥʦ, ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʧʦʩʣʽʜʦʚʥʦʾ ʩʠʩʪʝʤʠ ʟ ʜʚʦʭ ʦʜʥʦʪʠʧʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ (1) ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ɯʥʪʝʛʨʫʶʯʠ ʚʠʨʘʞʝʥʥʷ (3) ʚ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ ¤ ʦʪʨʠʤʘʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ 

ʨʝʩʫʨʩʫ ʪʘʢʦʾ ʩʠʩʪʝʤʠ: 
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ʇʨʠ ʦʙ ʻʜʥʘʥʥʽ ʫ ʩʠʩʪʝʤʫ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʦʜʥʽʻʾ ʡ ʪʽʻʾ ʞ ʩʝʣʝʢʪʠʚʥʽʡ ʛʨʫʧʽ, 

ʚʠʨʘʞʝʥʥʷ ʜʣʷ ʚʽʨʦʛʽʜʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 
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ʘʙʦ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ (1): 
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ɯʥʪʝʛʨʫʶʯʠ (5), ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʞʝʥʥʷ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʨʝʩʫʨʩʫ ʩʠʩʪʝʤʠ ʟ ʩʝʣʝʢʪʠʚʥʠʤ 

ʦʙô̒ ʜʥʘʥʥʷʤ ʜʚʦʭ ʝʣʝʤʝʥʪʽʚ: 
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ɯʟ ʚʠʨʘʞʝʥʥʷ (6), ʚʯʘʩʥʦʩʪʽ, ʚʠʭʦʜʠʪʴ, ʱʦ ʯʠʤ ʤʝʥʰʝ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʨʝʩʫʨʩʫ 

ʝʣʝʤʝʥʪʽʚ ʚ ʩʝʣʝʢʪʠʚʥʠʭ ʛʨʫʧʘʭ (ʯʠʤ ʷʢʽʩʥʽʡ ʩʝʣʝʢʮʽʷ) ʽ, ʚʠʭʦʜʷʯʠ, ʙʽʣʴʰʝ ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ b, 

ʪʠʤ ʙʽʣʴʰʝ ʚʝʣʠʯʠʥʘ ʩʝʨʝʜʥʴʦʛʦ ʨʝʩʫʨʩʫ ʩʠʩʪʝʤʠ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʨʝʩʫʨʩʫ ʝʣʝʤʝʥʪʘ. 

ʂʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʦʙô̒ ʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫ ʩʠʩʪʝʤʫ ʤʦʞʝ 

ʩʣʫʞʠʪʠ ʚʽʜʥʦʰʝʥʥʷ 
C

C
T

T
~
=y , ʷʢʝ ʧʦʢʘʟʫʻ ʚ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʟʨʦʩʪʘʻ ʩʝʨʝʜʥʽʡ ʨʝʩʫʨʩ ʩʠʩʪʝʤʠ ʧʨʠ 

ʩʝʣʝʢʪʠʚʥʦʤʫ ʩʢʣʘʜʘʥʥʽ.  

 

ɯʟ (4) ʽ (6) ʧʽʩʣʷ ʩʧʨʦʱʝʥʴ ʚʠʭʦʜʠʪʴ, ʱʦ ʧʨʠ ʜʚʦʭ ʩʝʣʝʢʪʠʚʥʠʭ ʛʨʫʧʘʭ: 
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ɺʠʨʘʞʝʥʥʷ (7) ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʝʬʝʢʪ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʧʨʠ ʨʽʟʥʠʭ 

ʚʝʣʠʯʠʥʘʭ ʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʽʭ ʨʝʩʫʨʩʽʚ ʝʣʝʤʝʥʪʽʚ ʩʝʣʝʢʪʠʚʥʠʭ ʛʨʫʧ (ʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʽʭ 

ʨʝʩʫʨʩʽʚ ʩʧʽʚʧʘʜʘʻ ʟ 
2 1/a a ), ʘ ʪʘʢʦʞ ʨʽʟʥʠʭ ʜʦʣʷʭ ʩʝʣʝʢʪʠʚʥʠʭ ʛʨʫʧ ʫ ʟʘʛʘʣʴʥʽʡ ʩʫʢʫʧʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʽ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʘ ʬʦʨʤʠ b. 

ʈʦʟʨʘʭʫʥʢʠ, ʧʨʦʚʝʜʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ (7) ʧʦʢʘʟʫʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʱʦ ʧʨʠ ʟʥʘʯʝʥʥʷʭ  

2 1/a a =0,3, D=0,8 ʽ b =1 ʚʝʣʠʯʠʥʘ ,18,12=y  ʘ ʧʨʠ b=2 ʦʪʨʠʤʫʻʤʦ 
2y =1,25. 

ʇʨʠ ʙʽʣʴʰʽʡ ʚʽʜʤʽʥʥʦʩʪʽ ʩʝʨʝʜʥʽʭ ʨʝʩʫʨʩʽʚ ʫ ʛʨʫʧʘʭ, ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ 
2 1/a a =0,2 ʽ D=2 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʨʦʩʪʘʻ: 

ʧʨʠ b=1   2y =1,31; 

ʧʨʠ b=2   
2y =1,4; 

ʧʨʠ b=3   2y =1,45. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʣʷ ʧʦʩʣʽʜʦʚʥʦʾ ʩʠʩʪʝʤʠ ʟ ʜʚʦʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʠ ʩʝʣʝʢʮʽʾ ʾʭ ʥʘ ʪʨʠ ʛʨʫʧʠ, 

ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʘʥʘʣʦʛʽʯʥʦ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ 

ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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2121 1     (8) 

ʌʦʨʤʫʣʘ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʨʝʩʫʨʩʫ ʝʣʝʤʝʥʪʘ ʤʘʻ ʚʠʜ: 
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ɺʽʨʦʛʽʜʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʩʝʣʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (8): 
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ʉʝʨʝʜʥʽʡ ʨʝʩʫʨʩ ʩʠʩʪʝʤʠ ʧʨʠ ʮʴʦʤʫ: 
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ʗʢʱʦ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʪʠ ʩʝʣʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ, ʰʣʷʭʦʤ ʦʙô̒ ʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʷʢʽ 
ʥʘʣʝʞʘʪʴ ʦʜʥʽʻʾ ʩʝʣʝʢʪʠʚʥʽʡ ʛʨʫʧʽ, ʪʦ ʚʽʨʦʛʽʜʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʙʫʜʝ 
ʚʠʟʥʘʯʘʪʠʩʴ ʟ ʚʠʨʘʟʫ: 
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ʘ ʩʝʨʝʜʥʽʡ ʨʝʩʫʨʩ ʪʘʢʦʾ ʩʠʩʪʝʤʠ: 
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ɺʠʨʘʞʝʥʥʷ ʜʣʷ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʝʣʝʢʮʽʾ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʜ: 
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ʈʦʟʨʘʭʫʥʢʠ, ʧʨʦʚʝʜʝʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (12) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʯʠʩʣʘ ʩʝʣʝʢʪʠʚʥʠʭ 

ʛʨʫʧ ʧʨʠʚʦʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʘʢ, ʷʢʱʦ 
2 1/a a =0,5;  

3 1/a a =0,1;  1D=0,2;   

2D=0,2; (ʧʨʠ ʮʠʭ ʫʤʦʚʘʭ ʩʝʨʝʜʥʽʡ ʨʝʩʫʨʩ ʝʣʝʤʝʥʪʫ ʪʘʢʠʡ ʞʝ ʷʢ ʽ ʫ ʜʨʫʛʦʤʫ ʧʨʠʢʣʘʜʽ ʟ 

ʨʦʟʙʠʚʘʥʥʷʤ ʥʘ ʜʚʽ ʩʝʣʝʢʪʠʚʥʽ ʛʨʫʧʠ), ʪʦ ʧʨʠ b=2 ʚʝʣʠʯʠʥʘ 3y=1,69, ʘ ʧʨʠ b=3 3y =1,75. 

ɺʠʭʦʜʷʯʠ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʣʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʩʢʣʘʜʘʥʥʷ ʩʠʩʪʝʤ ʟ 
ʧʦʩʣʽʜʦʚʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʩʝʣʝʢʪʠʚʥʠʭ ʛʨʫʧ ʤʦʞʣʠʚʦ ʧʽʜʚʠʱʠʪʠ 
ʩʝʨʝʜʥʽʡ ʨʝʩʫʨʩ ʫ 1,5 ʽ ʙʽʣʴʰʝ ʨʘʟʠ. ʇʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
ʩʝʨʝʜʥʽʭ ʨʝʩʫʨʩʽʚ ʝʣʝʤʝʥʪʽʚ ʚ ʢʦʞʥʽʡ ʛʨʫʧʽ. 

 
ɺʠʩʥʦʚʢʠ 

 

ɿʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʣʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʩʢʣʘʜʘʥʥʷ ʩʠʩʪʝʤ ʟ ʧʦʩʣʽʜʦʚʥʦʶ 
ʩʪʨʫʢʪʫʨʦʶ ʽ ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʩʝʣʝʢʪʠʚʥʠʭ ʛʨʫʧ ʤʦʞʣʠʚʦ ʧʽʜʚʠʱʠʪʠ ʩʝʨʝʜʥʽʡ ʨʝʩʫʨʩ ʫ 
1,5 ʽ ʙʽʣʴʰʝ ʨʘʟʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
 

1.  ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠʠ ʨʝʤʦʥʪʘ ʤʘʰʠʥ: ʋʯʝʙʥʠʢ ʚ 3-ʭ ʪ. / ʉʠʜʘʰʝʥʢʦ ɸ.ʀ., 
ʅʘʫʤʝʥʢʦ ɸ.ɸ., ʉʢʦʙʣʦ ʊ.ʉ. ʠ ʜʨ. / ʇʦʜ ʨʝʜ. ɸ.ʀ. ʉʠʜʘʰʝʥʢʦ, ɸ.ɸ. ʅʘʫʤʝʥʢʦ. ʊʦʤ 1. (ʊʝʦʨʠʷ ʠ 
ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʝʤʦʥʪʘ ʤʘʰʠʥ) ï ʍʘʨʴʢʦʚ: ʍʅʊʋʉʍ, 2005. ï 590 ʩ. 

2.  ɯʚʘʥʦʚ ɺ.ɯ., ʂʘʣʽʥʽʥ ɽ.ɯ. ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʤʝʪʦʜʦʤ ʩʝʣʝʢʮʽʾ ʾʾ ʝʣʝʤʝʥʪʽʚ // 
ɺʽʩʥʠʢ ʍʅʊʋʉɻ: çʇʨʦʙʣʝʤʠ ʥʘʜʽʡʥʦʩʪʽ ʤʘʰʠʥ ʪʘ ʟʘʩʦʙʽʚ ʤʝʭʘʥʽʟʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 
ʚʠʨʦʙʥʠʮʪʚʘè. ï  ɺʠʧ. 163. ï 2015. ï ʉ.142-146. 
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ʂʽʩʴ-ʂʦʨʢʽʱʝʥʢʦ ʃ.ɺ. çʇʨʦ ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʦʧʽʨ ʟʩʫʚʫ ʰʘʨʫ ʟʝʨʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚè 

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʝʨʥʦʚʦʛʦ 

ʰʘʨʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʫʱʽʣʴʥʶʶʯʦʛʦ ʪʠʩʢʫ. ʈʦʟʛʣʷʥʫʪʦ ʨʽʟʥʽ ʩʪʨʫʢʪʫʨʠ ʫʧʘʢʦʚʢʠ ʟʝʨʝʥ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʦʙʦʶ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʫʞʥʽʩʪʴ ʰʘʨʫ ʽ ʦʧʽʨ ʟʩʫʚʫ ʚʠʥʠʢʘʶʪʴ, ʷʢ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʦʣʘʥʥʷ 

ʩʠʣ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʟʝʨʥʘʤʠ, ʚ ʧʨʦʮʝʩʽ ʜʝʬʦʨʤʘʮʽʾ ʰʘʨʫ. ʇʨʠʡʥʷʪʦ, ʱʦ ʜʝʬʦʨʤʘʮʽʷ ʰʘʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʦʤʘ 

ʢʦʤʧʦʥʝʥʪʘʤʠ: ʟʩʫʚʦʤ ʟʝʨʝʥ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʧʫʭʢʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦ ʱʽʣʴʥʦʾ ʽ ʾʭ 

ʚʢʣʠʥʶʚʘʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʦʙʦʭ ʜʝʬʦʨʤʘʮʽʡ ʚʠʥʠʢʘʶʪʴ ʦʨʪʦʛʦʥʘʣʴʥʽ ʜʦ ʥʘʧʨʷʤʢʫ ʫʱʽʣʴʥʶʶʯʦʛʦ ʪʠʩʢʫ ʜʦʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʦʧʽʨ ʟʨʫʰʝʥʥʶ. ʈʝʟʫʣʴʪʫʶʯʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʝʣʝʤʝʥʪʽʚ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʜʣʷ ʜʠʩʢʨʝʪʥʠʭ ʩʠʧʢʠʭ ʩʝʨʝʜʦʚʠʱ, ʪʝʥʟʦʨʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʚʘʨʽʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ 

ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʝʟʫʣʴʪʫʶʯʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʩʫʚʫ, ʷʢʠʡ ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʢʫʪʦʚʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ ʽ ʪʝʨʪʷ ʧʨʠ ʚʢʣʠʥʶʚʘʥʥʽ. 

ɿʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʟʩʫʚʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʨʠʩʪʦʩʪʽ ʨʝʘʣʴʥʦʾ ʽ ʱʽʣʴʥʦʛʦ ʫʢʣʘʜʘʥʥʷ. ʇʨʠ 

ʚʽʜʦʤʦʤʫ ʟʥʘʯʝʥʥʽ ʢʫʪʦʚʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ʧʨʠ 

ʚʢʣʠʥʶʚʘʥʥʽ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʝʢʦʯʫʚʘʥʥʷ ʟʝʨʝʥ. ɽʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʩʫʚʫ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʛʨʘʥʠʯʥʠʡ ʢʫʪ ʥʘʭʠʣʫ ʧʦʚʝʨʭʥʽ, ʧʝʨʝʚʠʱʝʥʥʷ ʷʢʦʛʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʣʘʚʠʥʦʧʦʜʽʙʥʦʛʦ ʟʘʢʽʥʯʝʥʥʶ ʟʝʨʥʦʚʦʛʦ 

ʧʦʪʦʢʫ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʡʦʛʦ ʚʠʩʦʪʠ ʚʥʘʩʣʽʜʦʢ ʚʠʭʦʜʫ ʟʝʨʝʥ ʟ ʟʘʯʝʧʣʝʥʥʷ ʽ ʧʝʨʝʭʦʜʫ ʜʦ 

ʧʫʭʢʦʾ ʩʪʨʫʢʪʫʨʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʩʫʚʫ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ, ʚʠʟʥʘʯʘʶʯʦʛʦ ʟʘ ʢʫʪʦʤ ʧʨʠʨʦʜʥʦʛʦ ʫʢʦʩʫ, ʱʦ ʻ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʧʦʢʘʟʥʠʢʦʤ ʟʩʫʚʫ 

ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʝʨʥʦʚʠʡ ʰʘʨ, ʫʢʣʘʜʘʥʥʷ ʟʝʨʝʥ, ʟʨʫʰʝʥʥʷ, ʫʱʽʣʴʥʝʥʥʷ, ʪʠʩʢ, ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, 

ʜʝʬʦʨʤʘʮʽʷ, ʢʦʝʬʽʮʽʻʥʪ ʟʩʫʚʫ. 

 

L.V. Kis-Korkishchenko " About elastic properties and shear resistance layer of grain materials"  

The results of an analytical study of the physical model of structural deformations of the grain layer in the 

presence of sealing pressure are presented. Various packing structures of grains, which are bodies of revolution, are 

considered. It was found that the elasticity of the layer and the shear resistance arise as the need to overcome the 

forces of interaction between the grains in the process of deformation of the layer. It is accepted that the deformation 

of the layer is determined by two components: the shift of grains of the surface layer during the transition from a loose 

structure to a dense one and their wedging. In the process of both deformations, shear stresses orthogonal to the 

direction of the sealing pressure arise, which determine the shear resistance. The resulting shear stress is determined 

using elements of the theory of elasticity for discrete bulk media, tensor analysis and a variational method for solving 

the problem. It has been established that the resulting shear stress is determined by the effective shear coefficient, 

which is a complex indicator of the angular shear strain and wedging friction. The value of the effective shear 

coefficient depends on the porosity of the actual and dense packing. With a known value of the angular deformation, 

it seems possible to determine the rolling friction coefficient during wedging, accompanied by rolling of grains. The 

effective shear coefficient makes it possible to determine the limiting angle of inclination of the surface, the excess of 

which leads to an avalanche outflow of the grain flow, accompanied by an increase in its height due to the release of 

grains from engagement and transition to a loose structure. It has been established that the effective shear coefficient 

exceeds the value of the internal friction coefficient determined by the angle of repose, which is still an indicator of 

the shear of bulk materials. 

Keywords: grain layer, grain stacking, shear, compaction, pressure, shear stress, deformation, shear coefficient. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ  ʧʨʦʙʣʝʤʠ 

 

ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʦʙʨʦʙʢʘ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʦʜʥʠʤʠ ʟ ʤʘʩʦʚʠʭ ʦʧʝʨʘʮʽʡ ʚ 

ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʽ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽ ʧʝʨʝʨʦʙʢʠ ʟʝʨʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʩʪʚʦʨʝʥʦ ʙʘʛʘʪʦ ʨʽʟʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʨʦʪʝ ʦʜʥʦʟʥʘʯʥʦʛʦ ʥʘʫʢʦʚʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʭʘʥʽʢʠ ʩʠʧʢʠʭ ʪʽʣ ʜʦʩʽ ʥʝ ʽʩʥʫʻ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʮʽʡ ʧʨʦʙʣʝʤʽ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʤʝʭʘʥʽʢʘ ʩʠʧʢʠʭ ʪʽʣ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʟʝʨʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʽʣʴʰ ʰʠʨʦʢʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʩʪʨʫʢʪʫʨʥʘ ʙʫʜʦʚʘ, ʧʦʨʠʩʪʽʩʪʴ, ʩʧʝʮʠʬʽʯʥʽ ʧʨʫʞʥʽʩʪʴ ʽ ʦʧʽʨ 
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ʟʨʫʰʝʥʥʶ. ʊʦʤʫ ʘʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʩʫʚʫ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢ ʩʠʧʢʦʛʦ 

ʪʽʣʘ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʤʝʭʘʥʽʢʠ ʩʠʧʢʠʭ ʩʝʨʝʜʦʚʠʱ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ  

 

ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʝʭʘʥʽʢʠ ʩʠʧʢʠʭ ʪʽʣ ʚʽʜʦʤʽ ʜʚʘ ʥʘʧʨʷʤʢʠ. ʇʝʨʰʝ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʽ ʩʠʧʢʦʛʦ ʪʽʣʘ, ʷʢ ʩʫʮʽʣʴʥʠʡ ʽʟʦʪʨʦʧʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʽʡ ʯʘʩʪʠʥʢʠ ʞʦʨʩʪʢʦ 

ʧʦʚô̫ ʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ. ʇʝʨʝʤʽʱʝʥʥʷ ʾʭ ʧʽʜ ʩʠʣʦʚʠʤ ʚʧʣʠʚʦʤ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʧʨʠ 

ʧʝʨʝʚʠʱʝʥʥʽ ʛʨʘʥʠʯʥʠʭ ʥʦʨʤʘʣʴʥʠʭ ʽ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ [1-2] ʪʘ ʽʥ. ʆʜʥʘʢ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚ ʦʙʣʘʩʪʽ ʤʝʭʘʥʽʢʠ ˇʨʫʥʪʽʚ ʽ ʩʠʧʢʠʭ ʧʦʨʽʜ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʚʝʣʠʢʦʶ ʧʦʚô̫ ʟʘʥʽʩʪʶ ʯʘʩʪʠʥʦʢ, 

ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʢʦʥʠ ʩʫʮʽʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ ʜʣʷ ʥʠʭ ʥʝʧʨʠʡʥʷʪʥʽ, ʘʙʦ ʯʘʩʪʢʦʚʦ ʟʘʩʪʦʩʦʚʘʥʽ 

ʧʨʠ ʥʘʧʨʫʞʝʥʠʭ ʨʦʟʪʷʛʫʚʘʥʥʷ ʽ ʧʨʠ ʤʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ [3]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʨʫʛʦʛʦ ʥʘʧʨʷʤʢʫ [4-5] ʪʘ ʽʥ., ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʜʠʩʢʨʝʪʥʘ ʤʦʜʝʣʴ, ʷʢʘ 

ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʧʦʚô̫ ʟʘʥʠʭ ʩʠʣʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ. ʉʣʽʜ 

ʦʩʦʙʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ ʨʦʙʦʪʠ ʇ.ʄ. ʇʣʘʪʦʥʦʚʘ, ʷʢʠʡ ʥʘʡʙʣʠʞʯʝ ʧʽʜʽʡʰʦʚ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ, ʚʚʘʞʘʶʯʠ,ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʩʠʧʢʠʭ ʪʽʣ ʟʘʣʝʞʠʪʴ ʚʽʜ ʱʽʣʴʥʦʩʪʽ 

ʫʢʣʘʜʘʥʥʷ ʯʘʩʪʠʥʦʢ. ʇ.ʄ. ʇʣʘʪʦʥʦʚ ʧʨʠʟʚʦʜʠʪʴ ʦʪʨʠʤʘʥʫ ʥʠʤ ʝʤʧʽʨʠʯʥʫ ʬʦʨʤʫʣʫ, ʷʢʘ 

ʢʦʨʠʛʫʻ ʢʦʝʬʽʮʽʻʥʪ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ, ʚʠʟʥʘʯʝʥʦʛʦ ʟʘ ʢʫʪʦʤ ʧʨʠʨʦʜʥʦʛʦ ʫʢʦʩʫ, 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʱʽʣʴʥʽʩʪʴ ʫʢʣʘʜʘʥʥʷ ʯʘʩʪʠʥʦʢ. ɰʾ ʩʪʨʫʢʪʫʨʘ ʻ ʜʫʞʝ 

ʧʨʠʙʣʠʟʥʦʶ, ʦʩʢʽʣʴʢʠ ʥʝ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʘʣʴʥʽʡ ʬʽʟʠʯʥʽʡ ʤʦʜʝʣʽ ʟʩʫʚʫ ʯʘʩʪʠʥʦʢ ʚ ʰʘʨʫ. ʂʨʽʤ 

ʪʦʛʦ, ʷʢ ʟʘʟʥʘʯʘʻ ɽ.ɼʞʝʥʽʢ [6] ʢʫʪ ʧʨʠʨʦʜʥʦʛʦ ʫʢʦʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ ʽ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʤʝʞʘʭ 25%, ʪʦʤʫ ʧʦʢʘʟʥʠʢʦʤ ʟʘʢʽʥʯʝʥʥʷ ʩʠʧʢʠʭ ʪʽʣ ʥʝ ʻ. ɽ.ɼʞʝʥʽʢʝ ʚʚʘʞʘʻ, 

ʱʦ ʨʝʘʣʴʥʠʡ, ʟʘ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷʤ, ʝʬʝʢʪʠʚʥʠʡ ʢʫʪ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʰʣʷʭʦʤ ʟʩʫʚʫ ʰʘʨʫ ʽ ʛʨʘʬʽʯʥʦʶ ʧʦʙʫʜʦʚʦʶ ʟʘʣʝʞʥʦʩʪʽ 

ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʛ ʚʽʜ ʫʱʽʣʴʥʶʶʯʦʛʦ ʪʠʩʢʫ. ʊʘʢʦʞ ʞ ʜʫʤʢʠ ʜʦʪʨʠʤʫʻʪʴʩʷ ʽ ɼ.ʊʝʡʣʦʨ [3], 

ʥʘʟʠʚʘʶʯʠ ʮʝʡ ʢʫʪ ʽʩʪʠʥʥʠʤ ʢʫʪʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ. ʆʜʥʘʢ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʩʫʚʫ ʰʣʷʭʦʤ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʝ ʜʦʟʚʦʣʷʻ ʨʦʟʢʨʠʪʠ ʡʦʛʦ ʧʨʠʨʦʜʫ ʽ ʡʦʛʦ 

ʩʢʣʘʜʦʚʠʭ, ʪʘʢʠʭ ʥʝʦʙʭʽʜʥʠʭ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʨʽʟʥʠʭ ʚʠʜʽʚ ʟʘʢʽʥʯʝʥʥʷ.  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʦʧʦʨʫ ʟʩʫʚʫ ʰʘʨʫ ʟʝʨʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ  ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʟʩʫʚʫ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʧʨʫʞʥʦʩʪʽ ʟʝʨʥʦʚʦʛʦ ʰʘʨʫ ʧʨʠ ʟʩʫʚʽ ʨʦʟʛʣʷʥʝʤʦ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʚ ʧʨʦʮʝʩʽ ʟʩʫʚʫ ʯʘʩʪʠʥʦʢ ʧʽʜ ʜʽʻʶ ʫʱʽʣʴʥʶʶʯʦʛʦ ʪʠʩʢʫ. ɺʽʜʦʤʽ ʨʽʟʥʽ ʚʠʜʠ 

ʫʢʣʘʜʘʥʥʷ ʯʘʩʪʠʥʦʢ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ. ɼʦ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʪʘʢʽ ʟʝʨʥʦʚʽ, ʷʢ ʛʦʨʦʭ, ʧʨʦʩʦ ʪʘ ʽʥʰʽ, ʱʦ ʤʘʶʪʴ ʩʬʝʨʠʯʥʫ ʬʦʨʤʫ, ʽ ʝʣʽʧʩʦʾʜʥʽ: 

ʧʰʝʥʠʮʷ, ʞʠʪʦ, ʩʦʷ ʪʘ ʽʥʰʽ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʘʥʘʣʽʟʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʢʫʙʽʯʥʫ (ʨʠʩ.1, ʘ), 

ʪʘ ʨʦʤʙʦʝʜʨʠʯʥʫ (ʨʠʩ.1, ʙ). ʇʝʨʰʘ ʤʘʻ ʙʽʣʴʰʫ ʧʦʨʠʩʪʽʩʪʴ ʽ ʚʚʘʞʘʻʪʴʩʷ ʧʫʭʢʦʶ, ʜʨʫʛʘ ï 

ʤʝʥʰʦʶ ʧʦʨʠʩʪʽʩʪʶ ʽ ʚʚʘʞʘʻʪʴʩʷ ʱʽʣʴʥʦʶ. ʑʽʣʴʥʦʶ ʚʚʘʞʘʻʪʴʩʷ ʽ ʪʝʪʨʘʝʜʨʠʯʥʝ ʫʢʣʘʜʘʥʥʷ, 

ʫ ʷʢʽʡ ʛʝʦʤʝʪʨʽʷ ʫʢʣʘʜʘʥʥʷ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʦʤʙʦʝʜʨʠʯʥʦʾ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʧʝʨʝʨʽʟʽ. 

ʇʦʨʠʩʪʽʩʪʴ ʮʠʭ ʫʧʘʢʦʚʦʢ ʦʜʥʘʢʦʚʘ. ʇʨʠ ʜʦʜʘʪʢʫ ʜʦ ʰʘʨʫ ʟʩʫʚʥʦʛʦ ʟʫʩʠʣʣʷ ʦʩʪʘʥʥʽʤ 

ʧʦʯʠʥʘʻ ʟʨʦʩʪʘʪʠ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʫʭʢʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦ ʱʽʣʴʥʦʾ ʽ ʜʦʩʷʛʘʻ ʧʦʩʪʽʡʥʦʾ 

ʛʨʘʥʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʧʝʨʝʚʠʱʝʥʥʷ ʷʢʦʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʭʫ (ʟʘʢʽʥʯʝʥʥʶ) ʰʘʨʫ. ʇʝʨʝʭʽʜ ʚʽʜ 

ʧʫʭʢʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦ ʱʽʣʴʥʦʾ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʦʶ ʦʙʩʷʛʫ ʽ ʡʦʛʦ ʨʦʟʰʠʨʝʥʥʷʤ ( ʈʇ LL > ). 
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             ʘ)                                             ʙ)                                                   ʚ) 
ʈʠʩ. 1. ʈʦʟʧʦʜʽʣ ʩʠʣ ʫʱʽʣʴʥʶʶʯʦʛʦ ʪʠʩʢʫ ʧʨʠ ʟʩʫʚʽ 

 

ʈʦʟʛʣʷʥʝʤʦ ʩʠʣʦʚʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʯʘʩʠʥʢʘʤʠ ʚ ʛʨʘʥʠʯʥʦʤʫ ʩʪʘʥʽ, ʧʨʠʡʤʘʶʯʠ ʾʭ 

ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʠʤʠ (ʨʠʩ.1 ʙ). ʅʘ ʚʝʨʭʥʽ ʯʘʩʪʢʠ ʧʦʚʝʨʭʥʽ ʙʫʜʫʪʴ ʜʽʷʪʠ ʩʠʣʠ ʪʠʩʢʫ ʈ0, ʘ ʥʘ 

ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʥʠʤʠ ʥʠʞʥʽ ʯʘʩʪʢʠ ï ʾʭ ʦʨʪʦʛʦʥʘʣʴʥʘ ʩʢʣʘʜʦʚʘ jtgPP 00' = ,  

ʜʝ ű ï ʢʫʪ ʦʧʦʨʫ. ʅʘ ʢʦʞʥʫ ʥʠʞʥʶ ʯʘʩʪʢʫ ʙʫʜʫʪʴ ʜʽʷʪʠ ʜʚʽ ʩʢʣʘʜʦʚʽ 0'P  ʨʽʚʥʽ ʟʘ ʚʝʣʠʯʠʥʦʶ 

ʽ ʧʨʦʪʠʣʝʞʥʽ ʟʘ ʥʘʧʨʷʤʢʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʠʩʪʝʤʘ ʙʫʜʝ ʧʝʨʝʙʫʚʘʪʠ ʚ ʨʽʚʥʦʚʘʟʽ. ʊʘʥʛʝʥʩ ʢʫʪʘ 

ű ̒ ʢʫʪʦʚʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʰʘʨʫ Y. 

ɸʥʘʣʦʛʽʯʥʦ ʙʫʜʫʪʴ ʜʽʷʪʠ ʽ ʧʘʨʥʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ Yptgp Ö=Ö= jt ,  

ʜʝ p ï ʦʧʽʨ ʥʘ ʦʜʥʫ ʯʘʩʪʠʥʢʫ. 

ʋ ʟʝʨʝʥ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʱʦ ʤʘʶʪʴ ʝʣʽʧʩʦʾʜʥʫ ʬʦʨʤʫ, ʨʦʟʤʽʨʠ 

ʧʽʚʦʩʝʡ ʤʘʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ab
2

1
º  ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʦʙô̒ ʤʫ. ʊʦʤʫ ʢʫʪʦʚʘ ʜʝʬʦʨʤʘʮʽʷ 

ʙʫʜʝ ʪʘʢʦʶ ʞ, ʷʢ ʽ ʫ ʩʬʝʨʠʯʥʠʭ ʦʜʥʘʢʦʚʠʭ ʟʝʨʝʥ ʽ ʜʦʨʽʚʥʶʻ (ʨʠʩ. 1.ʘ ʠ 1.ʚ): 

0,5
r b

Y
d a
= = = . 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʧʨʠ ʫʱʽʣʴʥʶʶʯʦʾ ʪʠʩʢʫ ʟʤʽʥʘ ʦʙʩʷʛʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʨʦʟʰʠʨʝʥʥʷʤ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʤʽʥʦʶ ʬʦʨʤʠ ʫʢʣʘʜʘʥʥʷ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ 

ʜʣʷ ʟʝʨʥʦʚʦʛʦ ʰʘʨʫ, ʷʢ ʜʠʩʢʨʝʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʝʥʟʦʨ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ ʤʦʞʥʘ ʫʷʚʠʪʠ, ʷʢ 

ʩʫʤʫ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ: 

e
DTT += 0

ee
,     (1) 

ʜʝ 
0

e
T  ï ʰʘʨʦʚʠʡ ʪʝʥʟʦʨ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʜʝʬʦʨʤʘʮʽʾ ʦʙʩʷʛʫ ʙʝʟ ʟʤʽʥʠ ʬʦʨʤʠ;  

eD  ï ʜʝʚʽʘʪʦʨ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʠʡ ʟʤʽʥʘʤ ʬʦʨʤʠ ʙʝʟ ʟʤʽʥʠ ʦʙô̒ ʤʫ. 

ʋʱʽʣʴʥʝʥʠʡ ʪʠʩʢ p ʚ ʟʝʨʥʦʚʦʤʫ ʰʘʨʫ ʨʽʚʥʦʤʽʨʥʦ ʧʝʨʝʜʘʻʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ ʢʦʦʨʜʠʥʘʪ 

ʭ, ʫ ʽ ʨʽʰʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʣʦʩʢʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʚʜʘʥʥʷ.  

ʈʚ̔ʥʷʥʥʷ (1) ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ ʤʘʻ ʚʠʛʣʷʜ: 

*

*

* *

1 1
0 0

2 20 0
1 1

0 0 0 0
2 2

0 0 00 0 0 0 0 0

X YX X YX

XY Y XY Y

Y Y

Y Y

e e e
e

e e e e

ë û ë û
-î î î î

ë ûî î î î
î îî î î î
= + -ì ü ì ü ì ü

î î î î î î
í ýî î î î

î î î î
í ý í ý

,      (2) 

ʜʝ 
2

* Yʍ ee
e

+
=  ï ʩʝʨʝʜʥʷ ʜʝʬʦʨʤʘʮʽʷ ʦʙô̒ ʤʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ.  
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʟʘʧʠʩʫ ʜʝʣʴʪʘ ï ʩʠʤʚʦʣ ʂʨʦʥʝʢʝʨʘ jid , ʫ ʚʠʧʘʜʢʫ 

ʯʠʩʪʦʛʦ ʟʩʫʚʫ ʨʽʚʥʷʥʥʷ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ 

1
*

2
i j i j i jYe e d= Ö + Ö.     (3) 

ʆʩʢʽʣʴʢʠ ʟʤʽʥʠ ʦʙô̒ ʤʫ ʪʘ ʬʦʨʤʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ, ʪʦ 
*eʪʘ Y ʷʚʣʷʶʪʴʩʷ 

ʟʘʣʝʞʥʠʤʠ.  

ɺʨʘʭʦʚʫʶʯʠ ʨʘʥʽʰʝ ʚʩʪʘʥʦʚʣʝʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ YpÖ=t  ʽ ʛʝʦʤʝʪʨʠʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʂʦʰʽ ʜʣʷ ʰʘʨʫ ʫ ʚʠʛʣʷʜʽ 
Yµ

µ *e
, ʘ ʪʘʢʦʞ ʨʽʚʥʷʥʥʷ (2), ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

*e ʪʘ 

Y ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ:  
22* YÖ=le ,      (4) 

ʜʝ l ï ʢʦʝʬʽʮʽʻʥʪ, ʚʨʘʭʦʚʫʻ ʟʙʽʣʴʰʝʥʥʶ ʚʥʘʩʣʽʜʦʢ ʢʫʪʦʚʠʡ ʜʝʬʦʨʤʘʮʽʾ ʽ ʚʢʣʠʥʶʚʘʥʥʷ 

ʯʘʩʪʠʥʦʢ ʚ ʨʝʘʣʴʥʽʡ ʫʧʘʢʦʚʮʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʧʦʨʠʩʪʦʩʪʽ.  

ɼʣʷ ʧʣʦʩʢʦʛʦ ʩʪʘʥʫ ʪʝʥʟʦʨ ʥʘʧʨʫʞʝʥʴ ʧʨʝʜʩʪʘʚʠʤʦ ʷʢ ʩʫʤʫ ʰʘʨʦʚʦʛʦ ʪʝʥʟʦʨʘ ʽ 

ʜʝʚʽʘʪʦʨʘ:  

î
ý

î
ü

û

î
í

î
ì

ë

+-

+-

+

î
ý

î
ü

û

î
í

î
ì

ë

-

-

=

î
ý

î
ü

û

î
í

î
ì

ë

000

0

0

000

00

00

000

0

0

p

p

p

p

YXY

YXX

YXY
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st
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,  (5) 

ʜʝ ʨ ï ʪʠʩʢ ʥʘ ʰʘʨ; 

t ï ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʯʠʩʪʦʤʫ ʟʩʫʚʽ ʘʙʦ 

jijiji p tds +-= .     (6) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʚʘʨʽʘʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ [7]. ɺ ʦʩʥʦʚʫ ʡʦʛʦ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ, ʱʦ 

ʩʫʤʘ ʚʽʨʪʫʘʣʴʥʠʭ ʨʦʙʽʪ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʷ 

ʫʤʦʚʘ ʤʦʻ ʚʠʛʣʷʜ:  

0
*

* =Ö
ö
ö

÷

õ

æ
æ

ç

å

µ

µ
-=Ö+Ö-= ji

ji

jijijiji Y
Y

pYpw d
e

tdtde
,   (7)

 

ʜʝ jiw  ï ʩʫʤʘ ʚʽʨʪʫʘʣʴʥʠʭ ʨʦʙʦʪ ʚʽʜ ʨ ʪʘ Ű, ʘ ŭ ï ʩʠʤʚʦʣ ʚʘʨʽʘʮʽʾ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʤʧʦʥʝʥʪʠ 

ʫʷʚʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʤʠ. ɺ ʨʽʚʥʷʥʥʽ (7) ʧʝʨʰʠʡ 

ʩʧʽʚʤʥʦʞʥʠʢ ʜʦʨʽʚʥʶʻ ʥʫʣʶ  

0
*
=

µ

µ
-

ji

ji
Y

p
e

t ,      (8) 

ʟʚʽʜʢʠ ʩʣʽʜ  

ji

ji
Y

p
µ

µ
=

*e
t .      (9) 

ɺʨʘʭʦʚʫʶʯʠ (4) ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 

jiji
Yp ÖÖÖ= lt 2 .     (10) 

ʆʩʢʽʣʴʢʠ ʫ ʜʠʩʢʨʝʪʥʦʤʫ ʰʘʨʽ *eee == YX  
ʪʘ pYX ==ss  ʚ ʨʽʚʥʷʥʥʷʭ (2) ʪʘ (5) 

ʜʝʚʽʘʪʦʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʥʟʦʨʘʤ ʯʠʩʪʦʛʦ ʟʩʫʚʫ, ʧʨʠ ʷʢʠʭ: tt=i  ʽ YYi = . 
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ʈʽʚʥʷʥʥʷ (10) ʜʣʷ ʰʘʨʫ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

Yʨ ÖÖÖ= lt 2 .     (11) 

ɿ ʨʽʚʥʷʥʥʷ (11) ʩʣʽʜ, ʱʦ ʜʣʷ ʯʘʩʠʥʦʢ ʢʨʫʛʣʦʾ ʬʦʨʤʠ ʽ ʦʜʥʘʢʦʚʦʛʦ ʜʽʘʤʝʪʨʫ, ʷʢʱʦ 

Y=0.5 ʪʦ: 

lt Ö=ʨ .      (12) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʫʞʥʽʩʪʶ ʰʘʨʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʫʱʽʣʴʥʶʶʯʦʛʦ ʪʠʩʢʫ 

ʧʨ. ʟʤʽʱʝʥʥʽ ʽ ʚʜʘʚʣʶʚʘʥʥʽ ʯʘʩʪʠʥʦʢ,ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʫʞʥʦʩʪʽ ʩʘʤʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʠʤʠ.  

ɼʣʷ ʽʜʝʘʣʴʥʠʭ ʢʫʣʷʩʪʠʭ ʯʘʩʪʦʢ ʢʦʝʬʽʮʽʻʥʪ ɚ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ 

ʟʤʽʥʘ ʱʽʣʴʥʦʩʪʽ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʽʜʝʘʣʴʥʦʾ ʧʫʭʢʦʾ ʜʦ ʽʜʝʘʣʴʥʦʾ ʱʽʣʴʥʦʤʫ ʫʢʣʘʜʘʥʥʶ ʙʫʜʝ 

ʪʘʢʠʤ ʞʝ, ʷʢ ʧʨ. ʧʝʨʝʭʦʜʽ ʚʽʜ ʽʜʝʘʣʴʥʦʾ ʱʽʣʴʥʦʾ ʜʦ ʨʝʘʣʴʥʦ ʱʽʣʴʥʦʾ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ:  

m

n
Y
-

-
Ö=
1

1
l ,     (13) 

ʜʝ n = 0,258 ï ʧʦʨʠʩʪʽʩʪʴ ʪʝʪʨʘʝʜʨʠʯʥʠʭ ʱʽʣʴʥʦʛʦ ʫʢʣʘʜʘʥʥʷ ʰʘʨʽʚ,  

m = 0,476 ï ʧʦʨʠʩʪʽʩʪʴ ʧʫʭʢʦʾ ʢʫʙʽʯʥʦʾ ʫʢʣʘʜʢʠ [1].  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʜʣʷ ʟʘʦʢʨʫʛʣʝʥʠʭ ʯʘʩʪʠʥʦʢ 0,5Y= , ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ 

0,708l= .  

ʇʦʨʽʚʥʷʻʤʦ ʟʥʘʯʝʥʥʷ ɚ ʟʘ ʬʦʨʤʫʣʦʶ (13) ʟ ʡʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ɚʕ. 

ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ lt Ö=ʨ  ʽ ʟʫʩʠʣʣʷ ʟʩʫʚʫ SFt Ö=t , ʜʝ S ï ʧʣʦɦʘ 

ʧʽʜʩʪʘʚʠ ʰʘʨʫ. ʎʽ ʜʘʥʽ ʦʪʨʠʤʘʥʽ ʧʨʠ ʟʩʫʚʽ ʰʘʨʫ ʧʰʝʥʠʮʽ ʧʦ ʤʝʪʦʜʫ ɽ. ɼʞʝʥʽʢʝ ʟ ʥʘʩʠʧʥʦʶ 

ʱʽʣʴʥʽʩʪʶ 0,8 ʪ/ʤ3, ʟ ʨʦʟʤʽʨʦʤ ʧʽʜʩʪʘʚʠ 0,2ʤĬ0,091ʤ ʪʘ ʚʠʩʦʪʦʶ 0,08ʤ. ɿʛʽʜʥʦ ʟʘʣʝʞʥʦʩʪʽ 

lt Ö=P , tg 0,686l d= = , ʜʝ '3034a=d  (ʜʣʷ ʟʝʨʥʘ ʚʦʣʦʛʽʩʪʶ 12,8%). ʇʦʭʠʙʢʘ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʝʥʰʝ 2 %. ɽʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʩʫʚʫ ʻ 

ʩʪʘʙʽʣʴʥʠʤ ʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ, ʚʠʟʥʘʯʝʥʦʛʦ ʟʘ 

ʢʫʪʦʤ ʫʢʦʩʫ. ʊʘʢ ʚ ʨʦʙʦʪʽ [8] ʜʣʷ ʧʰʝʥʠʮʽ ʟ ʚʦʣʦʛʽʩʪʶ 12% ʥʘʚʦʜʷʪʴʩʷ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʢʫʪʦʤ ʫʢʦʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʝʬʽʮʽʻʥʪʘʤ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʝʨʪʷ  fô=0,53. 

 

 
ʈʠʩ. 2. ʃʽʥʽʾ ʛʨʘʥʠʯʥʠʭ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ (ʇʊ) ʽ ʛʨʘʥʠʯʥʠʭ ʩʠʣ ʟʩʫʚʫ (ʌʀ) 

 

ʃʽʥʽʶ lt Ö=p  ï ɽ. ɼʞʝʥʽʢʝ ʥʘʟʠʚʘʶʪʴ ʤʝʞʝʶ ʧʣʠʥʥʦʩʪʽ (ʄʊ), ʘ ʣʽʥʽʶ  

SFt Ö=t  ï ʬʫʥʢʮʽʻʶ ʚʠʪʽʢʘʥʥʷ (ʌɺ). ɺʩʽ ʪʦʯʢʠ ʟʥʘʯʝʥʴ ʟʫʩʠʣʴ, ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʰʘʨʫ, ʱʦ 

ʣʝʞʘʪʴ ʚʠʱʝ ʣʽʥʽʾ ʌɺ ʧʨʠʚʝʜʫʪʴ ʜʦ ʚʠʪʽʢʘʥʥʷ ʰʘʨʫ, ʜʣʷ ʣʝʞʘʯʠʭ ʥʠʞʯʝ ï ʚʠʪʽʢʘʥʥʷ 

ʚʽʜʩʫʪʥʷ.  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʪʦ, ʱʦ ɽ.ɼʞʝʥʽʢʝ ʥʘʟʠʚʘʻ ʝʬʝʢʪʠʚʥʠʤ ʢʫʪʦʤ ʪʝʨʪʷ, ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʢʫʪʦʤ ʟʩʫʚʫ, ʘ ʢʦʝʬʽʮʽʻʥʪ ɚ ï ʝʬʝʢʪʠʚʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʩʫʚʫ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʟʝʨʝʥ ʥʝ ʦʢʨʫʛʣʝʥʠʭ ʬʦʨʤ,ʪʦ ʚʽʜʦʤʠʤ ʩʧʦʩʦʙʦʤ ʚʠʟʥʘʯʝʥʥʷ ʥʘʩʠʧʥʦʾ 

ʱʽʣʴʥʦʩʪʽ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʚʝʨʜʦʾ ʬʘʟʠ (ʱʽʣʴʥʽʩʪʴ) ʽ ʧʦʨʠʩʪʽʩʪʴ ʜʣʷ 

ʧʫʭʢʦʛʦ ʽ ʱʽʣʴʥʦʛʦ ʫʢʣʘʜʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʩʫʚʫ ʪʘ 

ʦʧʽʨ ʟʨʫʰʝʥʥʶ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʢʣʠʥʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʰʘʨʫ,ʱʦ ʚ ʟʘʛʘʣʴʥʽʡ ʪʝʦʨʽʾ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʟʠʚʘʶʪʴ 

ʟʘʯʝʧʣʝʥʥʷʤ ʯʘʩʪʦʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʟʩʫʚʽ ʯʘʩʪʠʥʦʢ ʰʘʨʫ ʥʝʦʙʭʽʜʥʦ ʜʦʣʘʪʠ ʷʢ ʜʦʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʻ ʩʢʣʘʜʦʚʠʤʠ ʫʱʽʣʴʥʶʶʯʦʛʦ ʪʠʩʢʫ ʚʥʘʩʣʽʜʦʢ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ, ʪʘʢ ʽ 

ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʭʦʜʽ ʯʘʩʪʠʥʦʢ ʽʟ ʟʘʯʝʧʣʝʥʥʷ.  

ɼ. ʊʝʡʣʦʨ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʦʨʫ ʟʨʫʰʝʥʥʶ ʧʽʩʢʫ 

ʚʩʪʘʥʦʚʠʚ, ʱʦ ʦʧʽʨ ʟʨʫʰʝʥʥʶ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʟʘʯʝʧʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 

25% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʧʦʨʫ. ɽʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ (ʥʘʩʧʨʘʚʜʽ ʟʩʫʚʫ) ʜʣʷ ʧʽʩʢʫ ʩʢʣʘʜʝ 

0,645. ʇʨʠ ʮʴʦʤʫ, ʯʘʩʪʠʥʘ ʮʽʻʾ ʚʝʣʠʯʠʥʠ, ʚʠʪʨʘʯʝʥʠʤ ʥʘ ʪʝʨʪʷ (ʥʘʩʧʨʘʚʜʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʟʨʫʰʝʥʥʷ) ʩʢʣʘʣʘ 0,475, ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ ï 0,170, ʥʘ ʧʦʜʦʣʘʥʥʷ ʟʘʯʝʧʣʝʥʥʷ ʘʙʦ, ʷʢ ʚʽʥ ʚʚʘʞʘʻ, 

ʥʘ ʦʧʽʨ ʟʤʽʥʠ ʦʙʩʷʛʫ. ɼʣʷ ʟʝʨʥʽʚʦʢ, ʱʦ ʤʘʶʪʴ ʦʢʨʫʛʣʝʥʠʡ ʬʦʨʤʫ, ʘʙʦ ʪʘʢ ʟʚʘʥʫ ʦʢʨʫʛʣʝʥʫ 

ʬʦʨʤʫ, ʚʭʽʜ ʽ ʚʠʭʽʜ ʟ ʟʘʯʝʧʣʝʥʥʷ ʧʨʠ ʟʩʫʚʽ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʰʣʷʭʦʤ ʧʝʨʝʢʦʯʫʚʘʥʥʷ 

ʯʘʩʪʠʥʦʢ.  

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʚʭʦʜʫ ʽ ʚʠʭʦʜʫ ʦʢʨʫʛʣʝʥʠʭ ʯʘʩʪʠʥʦʢ ʽʟ ʟʘʯʝʧ-ʣʝʥʥʷ ʧʨʠ 

ʟʩʫʚʽ. ʆʧʽʨ ʟʨʫʰʝʥʥʶ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʥʠʢʥʝʥʥʷ ʜʦʪʠʯ-ʥʠʭ ʥʘʧʨʫʞʝʥʴ Űô, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʢʦʥʪʘʢʪʽ ʯʘʩʪʠʥʦʢ ʚ ʨʫʩʽ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʫʤʘʨʥʫ ʜʦʪʠʯʥʘ ʥʘʧʨʫʛʘ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ "' ttt += , ʜʝ Yptgp Ö=Ö= jt' , jtt cos/"
ʊʈ

= , ʛʜʝ ʊʈt  - ʜʦʪʠʯʥʘ 

ʥʘʧʨʫʛʘ ʪʝʨʪʷ. ɺ ʨʝʟʫʣʴ-ʪʘʪʽ ʦʪʨʠʤʘʻʤʦ j
j

m
t cos

cos
pYp +Ö= , ʜʝ ʨ ï ʪʠʩʢ ʥʘ 

ʯʘʩʪʠʥʢʫ, Y  ï ʢʫʪʦʚʘ ʜʝʬʦʨʤʘʮʽʷ, Õ - ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʧʝʨʝʢʦʯʫʚʘʥʥʷ. 

ʆʩʪʘʪʦʯʥʦ )( mt +Ö= Yp , ʜʝ lm=+ )(Y  ʯʠ Y-=lm . ɼʣʷ ʧʰʝʥʠʮʽ ʧʨʠ 

5.0=Y 186,05,0686,0 =-=m . 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʚʽʜʪʚʦʨʝʥʥʷ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʟʩʫʚʽ ʟʝʨʥʦʚʦʛʦ ʰʘʨʫ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʯʘʩʪʠʥʘ ʦʧʦʨʫ ʟʨʫʰʝʥʥʶ ʜʣʷ ʧʰʝʥʠʮʽ ʚʽʜ ʩʠʣ ʪʝʨʪʷ ʩʪʘʥʦʚʠʪʴ  

0,186 (ʢʫʪ ʪʝʨʪʷ a5,10== mr arctg ), ʽ ʮʝ ʙʽʣʴʰʝ ʥʽʞ ʦʧʽʨ ʚʽʜ ʩʠʣ ʪʝʨʪʷ ʫ ʩʫʭʦʛʦ ʧʽʩʢʫ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʶ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ ʟʯʝʧʣʝʥʥʷ ʟʝʨʝʥ ʚʥʘʩʣʽʜʦʢ ʾʭ ʚʦʣʦʛʦʩʪʽ [9].  

ʇʨʠ ʚʠʭʦʜʽ ʽʟ ʟʘʯʝʧʣʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʢʦʯʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʟʘʦʢʨʫʛʣʝʥʠʭ 

ʯʘʩʪʠʥʦʢ, ʘʣʝ ʽ ʥʝ ʦʢʨʫʛʣʝʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [10], ʧʨʠʩʚʷʯʝʥʽʡ 

ʜʦʩʣʽʜʞʝʥʥʶ ʚʠʧʫʩʢʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʻʤʥʦʩʪʝʡ ʟ ʧʦʭʠʣʠʤʠ ʩʪʽʥʢʘʤʠ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʫʪʦʚʘ ʜʝʬʦʨʤʘʮʽʷ Y ʜʣʷ ʟʘʦʢʨʫʛʣʝʥʠʭ ʯʘʩʪʠʥʦʢ ʟ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʚ ʦʙʩʷʟʽ 

ʤʘʩʠʚʫ ʤʘʪʠʤʝ ʜʝʱʦ ʤʝʥʰʫ ʚʝʣʠʯʠʥʫ ʪʘʢʦʞ ʷʢ ʽ ʢʦʝʬʽʮʽʻʥʪ ɚ. 
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ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʧʝʨʝʢʦʯʫʚʘʥʥʷ ʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʟʝʨʥʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦ ʧʦʭʠʣʠʭ ʧʣʦʱʠʥʘʭ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʥ ʧʦʨʷʜ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʻ ʩʢʣʘʜʦʚʦʶ ʩʫʤʘʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ. ɺ ʨʦʙʦʪʽ [11] 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʢʫʪʘʭ ʥʘʭʠʣʫ, ʪʘʥʛʝʥʩ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ 0,3, ʨʫʭ ʧʦʪʦʢʫ 

ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʦʩʠʪʴ ʣʘʚʠʥʦʧʦʜʽʙʥʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʩʦʪʠ ʧʦʪʦʢʫ, ʘ ʜʣʷ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʥʝ ʦʢʨʫʛʣʝʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʤʘʻ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʠʚ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʽ ʡʦʛʦ ʨʫʭ ʟʽ ʰʚʠʜʢʽʩʪʶ, 

ʱʦ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʩʘʤʦʛʦ ʧʦʪʦʢʫ.  

ʎʝ ʷʚʠʱʝ ʤʘʻ ʤʽʩʮʝ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ,ʱʦ ʦʧʽʨ ʟʨʫʰʝʥʥʶ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ ʧʝʨʝʢʦʯʫʚʘʥʥʷ, ʟʥʘʯʥʦ ʤʝʥʰʝ ʦʧʦʨʫ ʧʝʨʝʤʽʱʝʥʥʶ ʥʠʞʥʴʦʛʦ ʰʘʨʫ, 

ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʘʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ, ʷʢʠʡ ʚ ʧʫʭʢʦʾ ʩʪʨʫʢʪʫʨʽ ʣʘʚʠʥ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʷʢ:  

n

m
ff ʉ

-

-
Ö+=
1

1
* m  .    (14) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʟʩʫʚʫ ʢʫʪ ʥʘʭʠʣʫ, ʚʽʜʧʦʚʽʜʥʠʡ ʧʦʯʘʪʢʫ 

ʫʪʚʦʨʝʥʥʷ ʣʘʚʠʥʠ ʩʢʣʘʜʝ ʘrctga l= . 

ɼʣʷ ʧʦʪʦʢʫ ʟ ʟʘʦʢʨʫʛʣʝʥʠʭ ʯʘʩʪʠʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʧʦʪʦʢʫ ʧʨʠ ʣʘʚʠʥʦʧʦʜʽʙʥʦʤʫ 

ʨʫʩʽ ʙʫʜʝ ʥʝʟʥʘʯʥʠʤ ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʡʦʛʦ ʪʦʚʱʠʥʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ  
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* tg
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n
h h
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-
= Ö

-
,     (15) 

ʜʝ h ï ʬʘʢʪʠʯʥʘ ʪʦʚʱʠʥʘ ʜʣʷ  ʥʝ ʣʘʚʠʥʦʧʦʜʽʙʥʦʛʦ ʧʦʪʦʢʫ. ɼʣʷ ʥʝ ʟʘʦʢʨʫʛʣʝʥʠʭ ʯʘʩʪʠʥʦʢ, 

ʥʘʧʨʠʢʣʘʜ ʯʘʩʪʠʥʦʢ ʩʫʭʦʛʦ ʧʽʩʢʫ, ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʟʥʘʯʥʠʤ, ʽ ʟʘ 

ʜʘʥʠʤʠ ʨʦʙʦʪʠ [11] ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʠʩʦʪʫ ʥʝ ʣʘʚʠʥʦʧʦʜʽʙʥʦʛʦ ʧʦʪʦʢʫ ʚ 2é3 ʨʘʟʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʥʘʭʠʣʫ. 

 

ɺʠʩʥʦʚʢʠ 

 

ʈʦʟʢʨʠʪʦ ʭʘʨʘʢʪʝʨ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʦʧʦʨʫ ʟʩʫʚʫ ʰʘʨʫ ʟʝʨʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʷʢ ʬʫʥʢʮʽʾ ʫʱʽʣʴʥʶʶʯʦʛʦ ʪʠʩʢʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʽʨ ʟʨʫʰʝʥʥʶ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʜʦʣʘʥʥʷ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʫʱʽʣʴʥʶʶʯʦʛʦ ʪʠʩʢʫ ʽ ʜʦʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ʧʨʠ ʚʠʭʦʜʽ ʟʝʨʝʥ ʽʟ ʟʘʯʝʧʣʝʥʥʷ. ʉʫʤʘʨʥʝ ʟʥʘʯʝʥʥʷ ʮʠʭ ʥʘʧʨʫʛ 
ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʩʫʚʫ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʪʝʦʨʽʡ ʟʘʢʽʥʯʝʥʥʷ 

ʟʝʨʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ: ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʫʩʢʫ ʩʠʧʢʠʭ ʩʝʨʝʜʦʚʠʱ ʩʫʜʠʥ ʽ ʻʤʥʦʩʪʝʡ, ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʨʝʞʠʤʽʚ ʩʝʧʘʨʘʮʽʾ, 

ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʨʫʭʫ ʧʦʪʦʢʽʚ ʚ ʧʨʦʮʝʩʽ ʟʘʧʦʚʥʝʥʥʷ ʥʦʨʽʡʥʠʭ ʢʦʚʰʽʚ ʽ ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ.  
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ʄʠʩʶʨʘ ʄ.ɯ., ʂʨʠʚʦʰʝʡ ɹ.ɯ. çɼʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘ ʚʠʙʽʛʦʤè 

ʈʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʚ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʣʷ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʜʚʦʭʦʩʴʦʚʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʜʚʦʭʦʩʴʦʚʦʛʦ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʦʛʘʭ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʱʦ ʤʘʶʪʴ ʜʦʚʦʣʽ ʩʢʣʘʜʥʠʡ 

ʨʝʣʴʻʬ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʾ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʨʘʟʽ ʚʠʢʦʥʘʥʥʷ 

ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʢʦʥʘʥʴ ʨʦʟʛʦʥʫ ʪʘ ʚʠʙʽʛʫ ʜʚʦʭʦʩʴʦʚʠʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ ʚ ʨʝʣʴʥʠʭ ʫʤʦʚʘʭ 

ʱʦʜʝʥʥʦʛʦ ʨʫʭʫ ʻ ʧʦʪʝʥʮʽʡʥʘ ʤʦʞʣʠʚʽʩʪʴ ʩʚʦʻʯʘʩʥʦ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ɸʊɿ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʥʠʭ ʩʪʘʥʮʽʷʭ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʨʦʛʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʦʟʚʦʣʠʪʴ  ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʥʘ ʥʘʣʝʞʥʦʤʫ ʨʽʚʥʽ. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʟʚô̫ ʟʢʫ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ 

ʥʝʧʦʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʨʝʞʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʪʘʥʮʽʡ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʾʭ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ, ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʽʚ ʧʨʝʜô̫ ʚʣʷʶʪʴʩʷ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ.  

ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʣʝʛʢʦʚʦʛʦ 

ʜʚʦʚʽʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʨʠ ʨʽʟʥʠʭ ʥʘʯʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʫʭʫ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ 0-100 

ʢʤ/ʛʦʜ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʪʘ ʥʘʧʨʷʤʫ ʡʦʛʦ ʨʫʭʫ ʚʝʣʠʯʠʥʘ ʟʤʽʥʠ ʚʠʙʽʛʫ 

ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʟʥʘʯʥʠʭ ʚʝʣʠʯʠʥ ʜʦ 5é7%. 

ɸʥʘʣʽʟ ʚʽʜʥʦʩʥʦʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʧʦʚʽʪʨʷ ʥʘ ʜʦʨʦʟʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʧʨʦʙʫʚʘʥʴ 

ʧʦʢʘʟʘʚ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1,77 ʜʦ 3,12 ʤ/ʩ ʥʘ ʧʨʦʪʷʟʽ 5 ʭʚʠʣʠʥ ʪʘ ʥʘʧʨʷʤ ʨʫʭʫ ʚʽʪʨʫ ʟʤʽʥʶʚʘʚʩʷ 

ʟ ʧʽʚʜʥʷ ʥʘ ʧʽʚʥʽʯ ʟ ʚʽʜʭʠʣʝʥʥʷʤʠ ʧʨʠʙʣʠʟʥʦ Ñ30 . 

ʆʜʥʘʢ, ʧʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʜʽʷʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʚʽʜʩʪʝʞʫʶʪʴ ʟʤʽʥʫ ʱʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʙʽʛ, ʟʽʩʪʘʚʣʝʥʥʷ, ʝʢʩʧʝʨʠʤʝʥʪ, ʦʧʽʨ ʧʦʚʽʪʨʷ,  ʨʦʟʛʽʥ, ʩʫʤʘʨʥʠʡ ʜʦʨʦʞʥʽʡ ʦʧʽʨ, ʪʷʛʦʚʠʡ 

ʙʘʣʘʥʩ, ʪʷʛʦʚʘ ʩʠʣʘ, ʯʘʩ. 
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ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʜʚʫʭʦʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʳʡ ʨʝʣʴʝʬ, ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʘʟʛʦʥʘ ʠ ʚʠʙʝʛʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʚ ʨʝʘʣʴʥʠʭ ʫʩʣʦʚʠʷʭ 

ʝʞʝʜʥʝʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ɸʊɿ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʠʭ ʩʪʘʥʮʠʷʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʨʦʛʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʟʚʦʣʠʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘ ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʚʷʟʠ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʨʦʩʪʦʤ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ 

ʥʝʧʦʣʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʪʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʪʘʥʮʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʣʝʛʢʦʚʦʛʦ ʜʚʫʭʦʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0-100 ʢʤ/ʯ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʚʠʙʽʛʫ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ ʢ 5é7%. 

ɸʥʘʣʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʜʦʨʦʛʝ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1,77 ʜʦ 3,12 ʤ/ʩ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 5 ʤʠʥʫʪ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʝʪʨʘ ʠʟʤʝʥʷʣʦʩʴ ʠʟ ʶʛʘ ʥʘ ʩʝʚʝʨ ʩ ʦʪʢʣʦʥʝʥʠʷʤʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ Ñ30 . ʆʜʥʘʢʦ, ʧʨʠ 

ʵʪʦʤ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʪʩʣʝʞʠʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ 

ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʙʝʛ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ, ʵʢʩʧʝʨʠʤʝʥʪ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, ʨʘʟʛʦʥ, ʩʫʤʤʘʨʥʦʝ ʜʦʨʦʞʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʪʷʛʦʚʳʡ ʙʘʣʘʥʩ, ʪʷʛʦʚʘʷ ʩʠʣʘ, ʚʨʝʤʷ.  
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M.I. Mysiura, B.I. Kryvozhej " Diagnostics of the technical state of cars on a stopway"  

The question of increase of efficiency of determination of the technical state of passenger car is considered 

in the conditions of exploitation. 

For the ground of possibility of increase of efficiency of work of ʜʚʫʭʦʩʥʠʭ of transport vehicles the method 

of mathematical design of motion of vehicle is used in an operating period, on the highways of the general use, that 

have difficult enough relief, taking into account the action of making forces of aerodynamic resistance. It is set that 

in case of implementation periodic acceleration and ʚʠʙʝʛʘ potential possibility in good time to define the necessity 

of servicing of ɸʊɿ on the stations appears in the ʨʝʘʣʴʥʠʭ terms of daily motion a vehicle, with the use of expensive 

equipment that as a result will allow to support the technical state up-to-the-mark. 

In addition, in connection with the forecast height of general amount of transport vehicles and ateliosis of 

network of the specialized technical service stations, and also to their carrying capacity, to providing of the 

corresponding technical state of cars enhanceable requirements are produced. 

Theoretical studies are undertaken an on the mathematical model of determination of the technical state of 

automobile biaxial transport vehicle at different initial velocities motions that change within the limits of 0-100 km/h. 

It is set that depending on the size of speed of wind and direction of his motion the size of change of ʚʠʙʽʛʫ can arrive 

at considerable sizes to 5é7%. 

The analysis of relative change of speed and direction of motion of air on the road during testing showed 

that speed changed a from 1,77 to 3,12 m/s during 5 minutes and direction of motion of wind changed from a south 

on a north with rejections approximately Ñ30 . However, here must be the involved devices that watch the change of 

speed of wind in a time of testing of transport vehicle. 

Keywords: stopway, comparison, experiment, windage, acceleration, total travelling resistance, hauling balance, 

propelling force, time. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

 

ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ (ɸʊɿ) 

ʧʽʜ ʜʽʻʶ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʧʦʛʽʨʰʫʶʪʴʩʷ ï ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʜʦʩʷʞʥʘ ʰʚʠʜʢʽʩʪʴ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʪʦʱʦ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʩʣʽʜ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʘʥ  

ɸʊɿ ï ʧʨʦʚʦʜʠʪʠ ʧʝʨʽʦʜʠʯʥʽ ʧʝʨʝʚʽʨʢʠ. ʗʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʫ, ʨʝʛʫʣʷʨʥʝ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʻ ʥʝʦʙʭʽʜʥʠʤ ʝʣʝʤʝʥʪʦʤ ʨʘʮʽʦʥʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ, ʟʦʢʨʝʤʘ, ʷʢʱʦ ʛʦʚʦʨʠʪʠ ʧʨʦ 

ʪʷʛʦʚʦ-ʝʢʦʥʦʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʙʦʪʫ ʜʚʠʛʫʥʘ, ʪʨʘʥʩʤʽʩʽʾ  ʽ ʧʝʚʥʦʶ 

ʤʽʨʦʶ, ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ, ʪʦ ʾʭʥʷ ʜʽʘʛʥʦʩʪʠʢʘ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʘʚʪʦʤʦʙʽʣʷ, ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʧʘʣʠʚʘ, ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʫ ʟʥʦʰʫʚʘʥʥʷ ʘʛʨʝʛʘʪʽʚ. ʇʨʦʪʝ ʩʴʦʛʦʜʥʽ ʚʣʘʩʥʠʢʠ 

ʘʚʪʦʤʦʙʽʣʽʚ ʧʨʘʢʪʠʯʥʦ ʧʦʟʙʘʚʣʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʩʚʦʾ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʧʫʙʣʽʢʘʮʽʡ  

 

ʇʠʪʘʥʥʷʤ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʚʠʙʽʛʦʤ ʪʘ ʨʦʟʛʦʥʦʤ ʚ ʧʝʨʽʦʜ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʩʚʷʯʝʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ [1ï6].  

ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʧʨʦʙʣʝʤʘ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʣʝʛʢʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʢʣʘʜʥʽ ʧʨʠʣʘʜʽ ʪʘ ʚʠʪʨʘʯʘʪʠ ʟʥʘʯʥʽ ʢʦʰʪʠ ʜʣʷ 

ʮʴʦʛʦ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʘʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ɸʊɿ ʟ ʧʨʠʧʫʩʪʠʤʦʶ 

ʧʦʭʠʙʢʦʶ ʪʘ ʩʚʦʻʯʘʩʥʦ ʚʠʢʦʥʫʚʘʪʠ ʧʣʘʥʦʚʽ ʜʽʾ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʪʘʥʮʽʷʭ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

 

ʌʦʨʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʄʝʪʘ ʩʪʘʪʪʽ ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʦʣʽʧʰʝʥʥʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʘʚʪʦʤʦʙʽʣʽʚ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʧʝʨʝʚʽʨʢʠ ʪʷʛʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʜʦʩʪʫʧʥʦʾ 

ʜʣʷ ʨʷʜʦʚʦʛʦ ʚʦʜʽʷ. 

ɿ ʚʽʜʦʤʠʭ ʜʞʝʨʝʣ [1ï3] ʤʦʞʝʤʦ ʦʪʨʠʤʘʪʠ ʟʦʚʥʽʰʥʶ ʰʚʠʜʢʽʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʜʚʠʛʫʥʘ Renault Kangoo 1.5 dci, ʷʢʠʤʠ ʦʙʣʘʜʥʘʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʫʯʘʩʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ɿʦʚʥʽʰʥʷ ʰʚʠʜʢʽʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʛʫʥʘ Renault Kangoo 1.5 dci [3] 

 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽ ʘʣʛʦʨʠʪʤ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

 

ɯʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʜʚʠʛʫʥ ʫ ʢʦʥʢʨʝʪʥʦʤʫ 

ʨʝʞʠʤʽ, ʟʘ ʧʨʦʩʪʦʶ ʤʝʪʦʜʠʢʦʶ. ʅʘʷʚʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʧʨʠʩʢʦʨʝʥʥʷ 

ʨʦʟʛʦʥʫ a(v) ʽ ʫʧʦʚʽʣʴʥʝʥʥʷ ʚʠʙʽʛʫ ʘʚʪʦʤʦʙʽʣʷ j(v) ʜʦʟʚʦʣʷʻ ʚʽʜʥʦʚʠʪʠ ʚ ʧʝʨʰʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʢʨʠʚʫ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʧʨʠʡʤʘʶʯʠ, ʱʦ ʩʫʤʘʨʥʘ ʩʠʣʘ ʪʷʛʠ ʥʘ ʚʩʽʭ ʚʝʜʫʯʠʭ 

ʢʦʣʝʩʘʭ [4ï6] 

,                        (1) 

ʜʝ mac, mdc ï ʧʨʠʚʝʜʝʥʘ ʜʦ ʢʦʥʪʘʢʪʫ ʚʝʜʫʯʦʛʦ ʢʦʣʝʩʘ ʟ ʜʦʨʦʛʦʶ ʤʘʩʘ ʘʚʪʦʤʦʙʽʣʷ ʧʽʜ ʯʘʩ  

ʨʦʟʛʦʥʫ ʪʘ ʚʠʙʽʛʫ ʚʽʜʧʦʚʽʜʥʦ, ʢʛ;  

,                       (2) 

ʜʝ mʧʨ.ʢ.ʪʨ ï ʧʨʠʚʝʜʝʥʘ ʤʘʩʘ ʢʦʣʽʩ ʽ ʪʨʘʥʩʤʽʩʽʾ, ʢʛ;  

mʧʨ.ʜʚ ï ʧʨʠʚʝʜʝʥʘ ʤʘʩʘ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʜʚʠʛʫʥʘ, ʢʛ. 

ʊʫʪ ʧʨʠʡʥʷʪʦ ʷʚʥʦ ʛʨʫʙʝ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʩʪʘʪʠʯʥʽ ʦʧʦʨʠ ʧʽʜ ʯʘʩ ʨʦʟʛʦʥʫ ʪʘ ʚʠʙʽʛʫ 

ʦʜʥʘʢʦʚʽ. ʅʘʩʧʨʘʚʜʽ ʧʽʜ ʯʘʩ ʚʠʙʽʛʫ ʜʽʶʪʴ ʧʦʨʷʜ ʟ ʽʥʰʠʤʠ ʦʧʦʨʘʤʠ ʚʪʨʘʪʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ 

ʪʨʘʥʩʤʽʩʽʾ ʈʭ, ʘ ʧʽʜ ʯʘʩ ʨʦʟʛʦʥʫ ʾʭ ʥʝ ʪʨʝʙʘ ʚʠʜʽʣʷʪʠ ï ʚʦʥʠ ʚʨʘʭʦʚʫʶʪʴʩʷ ʟʘʛʘʣʴʥʠʤ ʂʂɼ 

ʪʨʘʥʩʤʽʩʽʾ. ʊʦʤʫ ʟʽ ʟʥʘʯʝʥʥʷ j ʪʨʝʙʘ ʚʽʜʥʷʪʠ ʧʘʨʮʽʘʣʴʥʝ ʫʧʦʚʽʣʴʥʝʥʥʷ , ʷʢʝ 

ʩʪʚʦʨʶʚʘʣʠ ʙ ʚʪʨʘʪʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʰʠʭ ʩʠʣ. 

ʎʝʡ ʤʝʪʦʜ ʦʧʠʩʘʥʠʡ ʫ ʜʦʚʽʜʥʠʢʫ Bosch [1] ʙʝʟ ʧʦʩʠʣʘʥʥʷ ʥʘ ʘʚʪʦʨʽʚ ʽ ʫʜʦʩʢʦʥʘʣʝʥʠʡ 

ʚ ʨʦʙʦʪʽ [6]. ɿʛʽʜʥʦ ʟ ʮʠʤ ʤʝʪʦʜʦʤ ʧʽʜ ʯʘʩ ʚʽʣʴʥʦʛʦ ʚʠʙʽʛʫ ʘʚʪʦʤʦʙʽʣʷ ʬʘʢʪʠʯʥʦʶ ʤʘʩʦʶ ma 

ʚʠʤʽʨʶʶʪʴ ʫʧʦʚʽʣʴʥʝʥʥʷ j1 ʽ j2 ʫ ʟʦʥʘʭ ʙʽʣʴʰʦʾ v1 ʪʘ ʤʝʥʰʦʾ v2 ʰʚʠʜʢʦʩʪʝʡ ʽ ʦʙʯʠʩʣʶʶʪʴ 

ʢʦʝʬʽʮʽʻʥʪʠ ʦʧʦʨʫ ʧʦʚʽʪʨʷ Cx ʪʘ ʩʫʤʘʨʥʦʛʦ ʜʦʨʦʞʥʴʦʛʦ ʦʧʦʨʫ ɣ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ 

[6]: 
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     (4) 

ʜʝ ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʫʨʘʭʫʚʘʥʥʷ ʦʙʝʨʪʦʚʠʭ ʤʘʩ ʧʨʠ ʚʠʙʽʛʫ;  

Kv ï ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [5, 6] ʢʦʝʬʽʮʽʻʥʪ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʰʚʠʜʢʦʩʪʽ ʥʘ ʦʧʽʨ ʢʦʯʝʥʥʶ; 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʯʽʢʫʚʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ v1 ʽ v2 ʚ ʤ/ʩ. 

 

 
ʈʠʩ. 2. ɿʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ  

 

ɼʣʷ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʫ ʚʽʪʨʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʚʠʙʽʛʫ ʟʽ ʰʚʠʜʢʦʩʪʽ ʙʣʠʟʴʢʦ 100 ʢʤ/ʛʦʜ ʜʦ 0 ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʝʤʦʤʝʪʨʘ ʪʘ ʧʝʨʝʨʘʭʦʚʘʥʦ ʟʘ ʚʽʜʧʦʚʽʜʥʦʶ 

ʤʝʪʦʜʠʢʦʶ [7] (ʨʠʩ. 2). ɼʦ ʪʦʛʦ ʞ ʥʘʧʨʷʤʦʢ ʚʽʪʨʫ ʙʫʚ ʤʘʡʞʝ ʪʦʯʥʦ ʚʟʜʦʚʞ ʜʦʨʦʛʠ ʽ ʟ ʧʽʚʜʥʷ 

ʥʘ ʧʽʚʥʽʯ ʟ ʚʽʜʭʠʣʝʥʥʷʤʠ ʧʨʠʙʣʠʟʥʦ Ñ30ϊ (ʨʠʩ.3; ʦʙʠʜʚʘ ʬʦʪʦ ʟʨʦʙʣʝʥʽ ʥʘ ʧʨʦʪʷʟʽ ʦʜʥʽʻʾ 
ʭʚʠʣʠʥʠ).  

 
 

ʈʠʩ. 3. ɺʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ 

 

ʊʦʤʫ ʚʠʤʽʨʷʥʽ ʚʧʦʚʽʣʴʥʝʥʥʷ ʩʣʽʜ ʚʽʜʢʦʨʠʛʫʚʘʪʠ, ʚʽʜʥʷʚʰʠ ʚʽʜ ʥʠʭ ʧʘʨʮʽʘʣʴʥʽ 

ʚʧʦʚʽʣʴʥʝʥʥʷ ʚʽʜ ʫʭʠʣʫ (Jpc i), ʚʽʪʨʫ (Jpc w) ʪʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʪʨʘʥʩʤʽʩʽʾ (Jpc xx). 

ʈʘʥʽʰʝ [7] ʚʞʝ ʟʥʘʡʜʝʥʦ ʫʩʽ ʧʦʪʨʽʙʥʽ ʚʽʜʦʤʦʩʪʽ: ʧʨʠʚʝʜʝʥʘ ʤʘʩʘ ʯʦʪʠʨʴʦʭ ʢʦʣʽʩ ʟ 

ʰʠʥʘʤʠ ʽ ʪʨʘʥʩʤʽʩʽʻʶ 47 ʢʛ, ʧʨʠʚʝʜʝʥʘ ʤʘʩʘ ʘʚʪʦʤʦʙʽʣʷ ʟ ʫʩʽʤʘ ʫʯʘʩʥʠʢʘʤʠ ʧʽʜ ʯʘʩ ʚʠʙʽʛʫ 

1910 ʢʛ, ʧʽʜ ʯʘʩ ʨʦʟʛʦʥʫ ʥʘ III ʧʝʨʝʜʘʯʽ 2018 ʢʛ, ʥʘ IV ï 1999 ʢʛ. 
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ɿʚô̫ ʟʦʢ ʤʽʞ ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ ʄʝ ʪʘ ʩʠʣʦʶ ʈʢ ʚʠʚʦʜʠʤʦ ʟ ʬʦʨʤʫʣʠ [2] 

13,847

ʢ
ʝ

i

P
M

u
=
Ö

.                                                     (5) 

ɿʚô̫ ʟʦʢ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʡ ʦʙʝʨʪʘʤʠ ʚʽʜʦʤʠʡ ʟ ʬʦʨʤʫʣʠ [2] 

33,24 .in v u= Ö Ö
                                            (6) 

ɺʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʟʛʦʥʫ ʥʘ IV ʧʝʨʝʜʘʯʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ [7, 8] 

a = -2,34709E-06x
4
 + 8,06462E-04x

3
 - 1,02233E-01x

2
 + 

+ 5,66911E+00x - 1,15392E+02     (7) 

ʆʜʝʨʞʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʫʧʦʚʽʣʴʥʝʥʥʷ ʚʠʙʽʛʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ (97 ʢʤ/ʛʦʜ  

ʜʦ 0 ʢʤ/ʛʦʜ) ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʩʧʝʨʠʤʝʥʪʫ  

j = -5,22670E-09x
4
 + 1,30097E-06x

3
 - 8,58685E-05x

2
 + 

+ 4,09844E-03x + 2,56767E-01     (8) 

ɿʘ ʚʠʱʝ ʧʦʜʘʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʚʠʧʘʜʢʫ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʦʨʦʟʽ ʫ ʙʝʟʚʽʪʨʷʥʫ ʧʦʛʦʜʫ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ʜʦʨʦʟʽ ʟ ʫʭʠʣʦʤ ʟ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʧʦʜʦʚʞʥʽʤ ʧʨʦʬʽʣʝʤ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 2ï3 ʤ/ʩ (ʪʘʙʣ.1).  
 

ʊʘʙʣʠʮʷ 1 
ʐʚʠʜʢʽʩʪʴ ʚʽʪʨʫ vw ʟʘ ʧʦʢʘʟʘʥʥʷʤʠ ʘʥʝʤʦʤʝʪʨʘ ʫʥʠʟʫ 

ʐʣʷʭ ʚʽʪʨʫ, 

ʧʦʜʽʣʦʢ 
ʏʘʩ, ʩ 

ʐʚʠʜʢʽʩʪʴ 

ʧʦʜʽʣʦʢ, ʤ/ʩ 

ʐʚʠʜʢʽʩʪʴ 

ʚʽʪʨʫ, ʤ/ʩ 

ʐʣʷʭ ʚʽʪʨʫ, 

ʧʦʜʽʣʦʢ 
ʏʘʩ, ʩ 

ʐʚʠʜʢʽʩʪʴ 

ʧʦʜʽʣʦʢ, ʤ/ʩ 

ʐʚʠʜʢʽʩʪʴ 

ʚʽʪʨʫ, ʤ/ʩ 

20 6,3 3,175 3,791 10 4,667 3,505 4,147 

40 15,133 2,643 3,217 35 11,8 2,669 3,245 

60 27,433 2,187 2,721 60 21,166 2,613 3,184 

80 40,8 1,961 2,473 85 30,733 2,622 3,194 

100 53,633 1,865 2,367 110 40,266 3,456 4,094 

120 67,433 1,780 2,273 135 47,5 2,907 3,502 

140 82,133 1,705 2,190 160 56,099 3,061 3,668 

160 100,899 1,586 2,058 185 64,266 3,012 3,615 

180 112,632 1,598 2,072 210 72,566 2,907 3,502 

200 120,499 1,660 2,140 235 81,166 2,941 3,539 

220 139,899 1,573 2,043 260 89,666 2,162 2,693 

240 150,899 1,590 2,063 285 101,232 2,427 2,982 

260 162,432 1,601 2,075 310 111,532 2,907 3,502 

280 174,132 1,608 2,083 335 120,132 2,373 2,924 

300 191,498 1,567 2,037 360 130,665 2,033 2,552 

320 204,098 1,568 2,038 385 142,965 2,358 2,908 

340 218,864 1,553 2,022 410 153,565 2,508 3,070 

  ʉʝʨʝʜʥʻ 1,771   ʉʝʨʝʜʥʻ 3,120 

 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʣʝʛʢʦʚʦʛʦ ʜʚʦʚʽʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ Renault Kangoo 1.5 dci ʧʨʠ ʨʽʟʥʠʭ 

ʥʘʯʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʫʭʫ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ 0é100 ʢʤ/ʛʦʜ.  
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʪʘ ʥʘʧʨʷʤʫ ʡʦʛʦ ʨʫʭʫ 

ʚʝʣʠʯʠʥʘ ʟʤʽʥʠ ʚʠʙʽʛʫ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʟʥʘʯʥʠʭ ʚʝʣʠʯʠʥ ʜʦ 5é7%. 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʡ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʘʣʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʤʝʪʦʜʠʢʘ ʧʝʨʝʚʽʨʢʠ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʟʘ ʯʘʩʦʤ ʨʦʟʛʦʥʫ, ʘ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʟʘ ʯʘʩʦʤ ʚʠʙʽʛʫ 

ʜʘʻ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʜʦʙʨʝ ʟʙʽʛʘʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ.  

ɸʥʘʣʽʟ ʚʽʜʥʦʩʥʦʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʧʦʚʽʪʨʷ ʥʘ ʜʦʨʦʟʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1,77 ʜʦ 3,12 ʤ/ʩ ʥʘ ʧʨʦʪʷʟʽ 5 ʭʚʠʣʠʥ ʪʘ 

ʥʘʧʨʷʤ ʨʫʭʫ ʚʽʪʨʫ ʟʤʽʥʶʚʘʚʩʷ ʟ ʧʽʚʜʥʷ ʥʘ ʧʽʚʥʽʯ ʟ ʚʽʜʭʠʣʝʥʥʷʤʠ ʧʨʠʙʣʠʟʥʦ Ñ30ϊȢ 
 

ɺʠʩʥʦʚʢʠ 

 

ɼʣʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʧʝʨʝʚʽʨʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʝʦʙʭʽʜʥʦ ʦʙʠʨʘʪʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʜʽʣʷʥʢʠ ʜʦʨʦʛʠ ʪʘ ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʦʜʠʪʠ ʚʠʙʽʛʠ ʚ ʧʨʷʤʦʤʫ ʪʘ 

ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʘʭ ʥʘ ʦʜʥʦʤʫ ʚʽʜʨʽʟʢʫ ʜʦʨʦʛʠ.  

ʇʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ ʜʦʨʦʞʥʴʦʾ ʧʝʨʝʚʽʨʢʠ ʥʝʦʙʭʽʜʥʦ ʜʦʚʝʩʪʠ ʜʦ ʥʦʨʤʠ ʪʠʩʢ ʫ ʰʠʥʘʭ. 

ʗʢʱʦ ʯʘʩ ʚʠʙʽʛʫ ʥʦʨʤʘʣʴʥʠʡ, ʘ ʯʘʩ ʨʦʟʛʦʥʫ ʧʝʨʝʙʽʣʴʰʫʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʧʘʜʢʫ 

ʟʤʝʥʰʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʦ 90%, ʚʠʢʦʥʘʪʠ ʜʦʩʪʫʧʥʽ ʜʣʷ ʚʦʜʽʷ ʧʝʨʝʚʽʨʢʠ ʽ ʨʝʛʫʣʶʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʪʘ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʇʽʩʣʷ ʨʝʛʫʣʶʚʘʥʴ ʧʦʚʪʦʨʠʪʠ ʧʝʨʝʚʽʨʢʫ. 

ʗʢʱʦ ʧʦʢʘʟʥʠʢʠ ʥʝ ʧʦʣʽʧʰʠʣʠʩʷ, ʟʚʝʨʥʫʪʠʩʷ ʥʘ ʉʊʆ. 

ʄʦʞʥʘ ʪʘʢʦʞ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʩʧʨʦʱʝʥʠʡ ʚʘʨʽʘʥʪ ʧʝʨʝʚʽʨʢʠ ʪʷʛʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʅʘ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʙʨʘʥʽʡ ʜʽʣʷʥʮʽ ʜʦʨʦʛʠ, ʷʢʦʶ ʚʦʜʽʡ ʾʟʜʠʪʴ ʯʘʩʪʦ, ʧʨʦʚʝʩʪʠ ʟʘ ʦʧʠʩʘʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʨʦʟʛʽʥ ʽ ʚʠʙʽʛ, ʢʦʣʠ ʘʚʪʦʤʦʙʽʣʴ ʧʝʨʝʙʫʚʘʻ ʫ ʜʦʙʨʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʩʪʘʥʽ. ɿʘʧʠʩʘʪʠ 

ʟʥʘʯʝʥʥʷ ʯʘʩʫ ï ʮʝ ʙʫʜʫʪʴ ʢʦʥʪʨʦʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʮʴʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʮʽʡ 

ʢʦʥʢʨʝʪʥʽʡ ʜʽʣʷʥʮʽ ʜʦʨʦʛʠ ʟ ʾʾ ʢʦʥʢʨʝʪʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʧʨʠ ʮʠʭ ʢʦʥʢʨʝʪʥʠʭ ʰʠʥʘʭ. 

ʇʝʨʽʦʜʠʯʥʦ ʧʦʚʪʦʨʶʚʘʪʠ ʨʦʟʛʽʥ. ʗʢʱʦ ʯʘʩ ʨʦʟʛʦʥʫ ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ 4é5 ʩ, ʧʨʦʚʝʩʪʠ ʚʠʙʽʛ, 

ʱʦʙ ʧʝʨʝʚʽʨʠʪʠ, ʧʦʛʽʨʰʠʚʩʷ ʨʦʟʛʽʥ ʯʝʨʝʟ ʜʚʠʛʫʥ ʯʠ ʯʝʨʝʟ ʭʦʜʦʚʫ ʯʘʩʪʠʥʫ. ɺʠʢʦʥʘʪʠ 

ʚʽʜʧʦʚʽʜʥʽ ʨʝʛʫʣʶʚʘʥʥʷ ʘʙʦ ʨʝʤʦʥʪʠ. 
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ʈʦʟʛʣʷʥʫʪʦ ʥʘʧʨʷʤʢʠ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʬʨʠʢʮʽʡʥʠʭ ʧʘʨ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤʽʚʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʜʚʦʚʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʜʣʷ ʯʦʛʦ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʩʫʨʩʫ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʚʚʦʜʠʪʴʩʷ ʚʽʜʥʦʩʥʘ ʦʮʽʥʢʘ ʟʥʦʩʫ ʦʜʥʦʡʤʝʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʟ ʨʽʟʥʦʶ ʧʣʦʱʝʶ ʬʨʠʢʮʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ. ɺ 

ʦʩʥʦʚʫ ʧʦʩʪʘʚʣʝʥʦ ʟʘʜʘʯʫ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ 

ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʬʽʣʶ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ.  

ʄʝʪʘ ʜʦʩʷʛʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘ ʬʨʠʢʮʽʡʥʠʭ ʧʦʚʝʨʭʥʷʭ ʩʧʨʷʞʝʥʠʭ ʪʽʣ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʝ ʧʣʦʩʢʠʡ, ʷʢ 

ʧʨʠʡʥʷʪʦ ʪʨʘʜʠʮʽʡʥʦ, ʧʨʦʬʽʣʴ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʘ ʽ ʬʨʠʢʮʽʡʥʠʭ ʥʘʢʣʘʜʦʢ, ʘ ʢʨʠʚʦʣʽʥʽʡʥʠʡ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʬʘʢʪʠʯʥʘ ʧʣʦʱʘ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʙʝʟ ʟʤʽʥʠ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʪʽʣ ʪʝʨʪʷ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʠʩʢʫ ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʝʨʪʷ, ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ ï ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʦʩʫ 

ʽ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʨʝʩʫʨʩʫ. 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʰʠʨʠʥʘ ʬʨʠʢʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ, ʦʙʤʝʞʝʥʘ 

ʚʥʫʪʨʽʰʥʽʤ ʽ ʟʦʚʥʽʰʥʽʤ ʨʘʜʽʫʩʘʤʠ ʜʠʩʢʫ ʪʘ ʻ ʥʝʟʤʽʥʥʦʶ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʫ ʪʘʢʠʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʘʭ, ʟʨʦʩʪʘʻ ʬʘʢʪʠʯʥʘ ʰʠʨʠʥʘ 

ʬʨʠʢʮʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ. ʇʨʠ ʮʴʦʤʫ ʟʨʦʩʪʘʻ ʬʘʢʪʠʯʥʘ ʧʣʦʱʘ ʪʝʨʪʷ, ʷʢʘ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʧʨʠʣʷʛʘʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ, ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦ ʚʝʣʠʯʠʥʽ ʪʘ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʽʻʥʪʘ, ʱʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʧʣʦʱʽ ʬʨʠʢʮʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ, ʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʬʨʠʢʮʽʡʥʦʛʦ 

ʢʦʥʪʘʢʪʫ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʠʡ ʨʝʩʫʨʩ ʛʘʣʴʤ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʛʦ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤ, ʧʣʦʱʘ 

ʬʘʢʪʠʯʥʦʛʦ ʬʨʠʢʮʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʘ ʟʘ ʜʝʷʢʫ ʫʤʦʚʥʫ ʧʣʦʱʫ ʪʝʨʪʷ, ʷʢʘ ʜʦʨʽʚʥʶʻ 

ʜʦʙʫʪʢʫ ʬʘʢʪʠʯʥʦʾ ʰʠʨʠʥʠ ʬʨʠʢʮʽʡʥʦʾ ʥʘʢʣʘʜʢʠ ʽ ʩʝʨʝʜʥʴʦʛʦ ʨʘʜʽʫʩʘ ʪʝʨʪʷ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʘ.  

ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʦʜʝʨʞʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʪʝʦʨʽʾ ʪʝʨʪʷ ɯ.ɺ. ʂʨʘʛʝʣʴʩʴʢʦʛʦ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʫ ʚʝʣʠʯʠʥʫ ʟʥʦʩʫ ʬʨʠʢʮʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʜʠʩʢʦʚʠʭ ʛʘʣʴʤ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟʘ ʜʘʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʩʢʦʚʠʡ ʛʘʣʴʤʽʚʥʠʡ ʤʝʭʘʥʽʟʤ, ʧʨʦʮʝʩ ʟʥʦʰʫʚʘʥʥʷ, ʟʥʦʩ, ʧʦʚʝʨʭʥʷ ʪʝʨʪʷ, ʬʘʢʪʠʯʥʘ ʧʣʦʱʘ 

ʬʨʠʢʮʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ, ʫʤʦʚʥʘ ʧʣʦʱʘ ʪʝʨʪʷ, ʩʪʨʦʢ ʩʣʫʞʙʠ. 
 

ʅʘʟʘʨʦʚ ɸ.ʀ., ʎʳʙʫʣʴʩʢʠʡ ɺ.ɸ., ʅʘʟʘʨʦʚ ʀ.ɸ. çʆʙʝʩʧʝʯʝʥʠʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ʜʠʩʢʦʚʳʭ ʪʦʨʤʦʟʦʚ ʜʚʫʭʦʩʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚè 

ʈʘʩʩʤʦʪʨʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʠʟʥʦʩʘ ʬʨʠʢʮʠʦʥʥʳʭ ʧʘʨ ʜʠʩʢʦʚʳʭ ʪʦʨʤʦʟʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʜʚʫʭʦʩʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʜʣʷ ʯʝʛʦ, ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʩʫʨʩʘ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʚʦʜʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠʟʥʦʩʘ ʦʜʥʦʠʤʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʩ ʨʘʟʥʦʡ 

ʧʣʦʱʘʜʴʶ ʬʨʠʢʮʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ. ɺ ʦʩʥʦʚʫ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʥʦʩʘ ʪʦʨʤʦʟʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʬʠʣʷ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ.  

ʎʝʣʴ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʬʨʠʢʮʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʦʧʨʷʞʝʥʥʳʭ ʪʝʣ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ 

ʧʣʦʩʢʠʡ, ʢʘʢ ʧʨʠʥʷʪʦ ʪʨʘʜʠʮʠʦʥʥʦ, ʧʨʦʬʠʣʴ ʪʦʨʤʦʟʥʦʛʦ ʜʠʩʢʘ ʠ ʬʨʠʢʮʠʦʥʥʳʭ ʥʘʢʣʘʜʦʢ, ʘ ʢʨʠʚʦʣʠʥʝʡʥʳʡ, 

ʟʘ ʩʯʝʪ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʬʘʢʪʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ 

ʪʝʣ ʪʨʝʥʠʷ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʝʥʠʷ, ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ï ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʠʟʥʦʩʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʩʨʦʢʘ ʩʣʫʞʙʳ.  

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʜʠʩʢʦʚʳʭ ʪʦʨʤʦʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʰʠʨʠʥʘ ʬʨʠʢʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ, 

ʦʛʨʘʥʠʯʝʥʘ ʚʥʫʪʨʝʥʥʠʤ ʠ ʚʥʝʰʥʠʤ ʨʘʜʠʫʩʘʤʠ ʜʠʩʢʘ ʠ ʷʚʣʷʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʦ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʚ ʪʘʢʠʭ ʪʦʨʤʦʟʥʳʭ ʤʝʭʘʥʠʟʤʘʭ, ʨʘʩʪʝʪ 

ʬʘʢʪʠʯʝʩʢʘʷ ʰʠʨʠʥʘ ʬʨʠʢʮʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ. ʇʨʠ ʵʪʦʤ ʨʘʩʪʝʪ ʬʘʢʪʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ ʪʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʟʘ 

ʩʯʝʪ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʨʠʣʝʛʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ, ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʙʦʣʝʝ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʣʦʱʘʜʠ ʬʨʠʢʮʠʦʥʥʦʛʦ 

ʢʦʥʪʘʢʪʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʯʪʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʠʟʥʦʩʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʬʨʠʢʮʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʠʡ ʩʨʦʢ 

ʩʣʫʞʙʳ ʪʦʨʤʦʟʦʚ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʠʩʢʦʚʳʭ ʪʦʨʤʦʟʦʚ, ʧʣʦʱʘʜʴ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʬʨʠʢʮʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʫʩʣʦʚʥʦʡ ʧʣʦʱʘʜʠ ʪʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ 

ʬʘʢʪʠʯʝʩʢʦʡ ʰʠʨʠʥʳ ʬʨʠʢʮʠʦʥʥʦʡ ʥʘʢʣʘʜʢʠ ʠ ʩʨʝʜʥʝʛʦ ʨʘʜʠʫʩʘ ʪʨʝʥʠʷ ʪʦʨʤʦʟʥʦʛʦ ʜʠʩʢʘ.  
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ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʪʨʝʥʠʷ ʀ.ɺ. ʂʨʘʛʝʣʴʩʢʦʛʦ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʫʶ ʚʝʣʠʯʠʥʫ ʠʟʥʦʩʘ 

ʬʨʠʢʮʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʠʩʢʦʚʳʭ ʪʦʨʤʦʟʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʩʢʦʚʳʡ ʪʦʨʤʦʟʥʦʡ ʤʝʭʘʥʠʟʤ, ʧʨʦʮʝʩʩ ʠʟʥʘʰʠʚʘʥʠʷ, ʠʟʥʦʩ, ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʝʥʠʷ, 

ʬʘʢʪʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ ʬʨʠʢʮʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʫʩʣʦʚʥʘʷ ʧʣʦʱʘʜʴ ʪʨʝʥʠʷ, ʩʨʦʢ ʩʣʫʞʙʳ. 

 

A.I. Nazarov, V.A. Tsybulsky, I.A. Nazarov " Ensuring the regulated service life of disc brakes in two-axle 

vehicles"  

The directions for reducing the wear rate of friction pairs of disc brakes of biaxial vehicles are considered, 

for which, in order to ensure the resource during operation, a relative assessment of the wear of the same friction 

surfaces with different friction contact areas is introduced. The basis is the task of reducing the wear rate of brake 

mechanisms during operation by optimizing the profile of the mating friction surfaces.  

The goal is achieved by the fact that on the friction surfaces of mating bodies, not a flat, as is traditionally 

accepted, profile of the brake disc and friction linings is used, but a curvilinear one, due to which the actual area of 

friction surfaces increases without changing the overall dimensions of the friction bodies, which ultimately leads to a 

decrease pressure on the friction surfaces, and, as a consequence, to a decrease in the wear rate and an increase in 

their service life. Since for disc brakes, the width of the friction surface is limited by the inner and outer radii of the 

disc and is unchanged during operation, then when using a curved profile of friction surfaces in such brakes, the 

actual width of the friction contact increases.  

At the same time, the actual friction area increases, which, due to a more complete adhesion of the friction 

surfaces, creates conditions for a decrease in magnitude and a more uniform distribution of the temperature gradient, 

is distributed over the friction contact area, providing a more stable sliding friction coefficient, which leads to a 

decrease in the wear rate of the friction surfaces contact and ultimately provides a longer brake life. It has been 

established that to ensure the regulated service life of disc brakes, the area of the actual frictional contact must be at 

least the conditional friction area, which is equal to the product of the actual width of the friction pad and the average 

friction radius of the brake disc.  

Theoretical studies are presented in the form of analytical dependences obtained on the basis of the theory 

of friction by I.V. Kragelsky, which allow predicting the possible wear of the friction surfaces of disc brakes of vehicles 

under given operating conditions. 

Keywords: disc brakes, wear process, wear, friction surface, actual frictional contact area, nominal friction area, 

service life. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 
 

ɹʝʟʧʝʨʝʨʚʥʦ ʟʨʦʩʪʘʶʯʽ ʚʠʤʦʛʠ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚʠʟʥʘʯʘʶʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʾʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ [1]. 

ɺ ʜʘʥʠʡ ʯʘʩ ʜʠʩʢʦʚʽ ʛʘʣʴʤʘ ʧʦʚʩʶʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʧʝʨʝʜʥʽʭ ʽ ʟʘʜʥʽʭ ʢʦʣʝʩʘʭ 

ʤʘʡʞʝ ʫ ʚʩʽʭ ʩʫʯʘʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ [2].  

ɺ ʧʨʦʮʝʩʽ ʛʘʣʴʤʫʚʘʥʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜ ʢʝʨʫʶʯʠʤ ʚʧʣʠʚʦʤ ʛʘʣʴʤʽʚʥʦʛʦ 

ʧʨʠʚʦʜʘ ʥʘ ʬʨʠʢʮʽʡʥʠʭ ʧʦʚʝʨʭʥʷʭ ʛʘʣʴʤ ʚʠʥʠʢʘʻ ʩʠʣʘ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ, ʷʢʘ ʩʪʚʦʨʶʻ ʤʦʤʝʥʪ 

ʪʝʨʪʷ, ʱʦ ʩʧʦʚʽʣʴʥʶʻ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʩ, ʽ ʨʫʭ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʮʽʣʦʤʫ [3].  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʪʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʦʰʫʚʘʥʥʷ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ ʛʘʣʴʤʽʚʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ [4], ʥʝ ʪʽʣʴʢʠ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʘʣʴʤʫʚʘʥʥʷ [5], ʘʣʝ ʡ ʩʢʦʨʦʯʫʻ ʩʪʨʦʢ ʾʭ 

ʩʣʫʞʙʠ. 

ʂʨʽʤ ʪʦʛʦ, ʥʘʛʨʽʚ ʜʠʩʢʽʚ [6] ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʟʥʦʩʫ. ɼʦ ʪʦʛʦ ʞ, ʷʢʱʦ 

ʧʨʦʪʷʛʦʤ ʜʦʩʠʪʴ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʽʛʥʦʨʫʚʘʪʠ ʜʘʥʠʤʠ ʧʦʧʝʨʝʜʞʝʥʥʷʤʠ, ʪʦ ʤʦʞʥʘ ʥʘʥʝʩʪʠ 

ʩʝʨʡʦʟʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʜʠʩʢʘʤ [4]. ʊʦʤʫ ʧʝʨʽʦʜʠʯʥʦ ʧʦʪʨʽʙʥʘ ʾʭ ʧʦʚʪʦʨʥʘ ʤʝʭʘʥʽʯʥʘ 

ʦʙʨʦʙʢʘ, ʱʦʙ ʚʦʥʠ ʙʫʣʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʨʠʜʘʪʥʽ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʪʘʢʦʞ ʟʤʝʥʰʫʻ ʩʪʨʦʢ 

ʩʣʫʞʙʠ. 

ɺʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʛʦ ʨʝʩʫʨʩʫ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤʽʚʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʦʩʫ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ.  

ʆʩʢʽʣʴʢʠ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʘ ʯʘʩʪʠʥʘ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, 

ʷʢʦʶ ʻ ʛʘʣʴʤʽʚʥʠʡ ʤʝʭʘʥʽʟʤ, ʧʨʘʮʶʻ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʥʦʩʫ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʽ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ.  
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ʌʦʨʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ  

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʛʦ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʜʠʩʢʦʚʠʭ 

ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʾʭ 

ʬʨʠʢʮʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʟʥʦʰʫʚʘʥʥʷ ʪʘ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ.  

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ  

 

ʗʢ ʚʽʜʦʤʦ [6ï8], ʧʨʠ ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʛʘʣʴʤʽʚʥʽ ʜʠʩʢʠ ʤʦʞʫʪʴ ʥʘʛʨʽʚʘʪʠʩʷ ʜʦ 

ʜʫʞʝ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʽ ʷʢʱʦ ʮʝ ʪʝʧʣʦ ʥʝ ʚʽʜʚʦʜʠʪʠ ʩʧʝʮʽʘʣʴʥʠʤ ʯʠʥʦʤ, ʪʦ ʰʚʠʜʢʠʡ 

ʚʠʭʽʜ ʟ ʣʘʜʫ ʮʴʦʛʦ ʚʫʟʣʘ ʜʫʞʝ ʚʽʨʦʛʽʜʥʠʡ.  

ɺʠʨʦʙʥʠʢʠ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ ʡʜʫʪʴ ʥʘ ʨʽʟʥʽ ʪʝʭʥʽʯʥʽ ʥʦʚʦʚʚʝʜʝʥʥʷ.  

ʊʘʢ, ʙʘʛʘʪʦ ʬʽʨʤ ʧʨʦʧʦʥʫʶʪʴ ʨʦʟʙʽʨʥʽ ʛʘʣʴʤʽʚʥʽ ʜʠʩʢʠ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʦʙʦʯʠʡ ʜʠʩʢ ʫ ʚʠʛʣʷʜʽ ʷʨʤʘ, ʩʢʨʽʧʣʝʥʦʛʦ ʙʦʣʪʦʚʠʤ ʟô̒ ʜʥʘʥʥʷʤ ʽʟ ʩʝʨʝʜʥʴʦʶ 

ʯʘʩʪʠʥʦʶ, ʷʢʘ ʢʨʽʧʠʪʴʩʷ ʥʘ ʤʘʪʦʯʠʥʫ ʢʦʣʝʩʘ [2].  

ʊʘʢʦʞ ʯʘʩʪʦ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʛʘʣʴʤʽʚʥʽ ʜʠʩʢʠ ʟ ʧʝʨʬʦʨʘʮʽʻʶ ʽ ʢʘʥʘʚʢʘʤʠ. ʇʨʠ ʮʴʦʤʫ 

ʚʠʢʦʥʘʥʽ ʧʦ ʚʩʽʡ ʨʦʙʦʯʽʡ ʧʣʦʱʠʥʽ ʜʠʩʢʘ ʥʘʩʢʨʽʟʥʽ ʦʪʚʦʨʠ ʟʥʠʞʫʶʪʴ ʚʘʛʫ ʜʠʩʢʘ, ʩʧʨʠʷʶʪʴ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ ʟʥʠʞʝʥʥʶ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʨʦʙʦʪʽ, ʚʽʜʚʦʜʷʯʠ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ, ʱʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʪʝʨʪʽ ʥʘʢʣʘʜʦʢ ʢʦʣʦʜʦʢ ʧʦ ʜʠʩʢʫ [9]. 

ʂʨʽʤ ʮʴʦʛʦ, ʧʝʨʬʦʨʘʮʽʷ ʧʦʧʝʨʝʜʞʫʻ ʢʦʨʦʙʣʝʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʘ, ʘ ʢʘʥʘʚʢʠ 

ʩʧʽʣʴʥʦ ʟ ʦʪʚʦʨʘʤʠ ʩʧʨʠʷʶʪʴ ʚʠʜʘʣʝʥʥʶ ʚʦʜʠ, ʙʨʫʜʫ, ʧʠʣʫ ʪʘ ʽʥʰʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʥʠʞʫʻ ʨʠʟʠʢ ʧʦʷʚʠ ʧʦʜʨʷʧʠʥ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʛʘʣʴʤʦʚʦʛʦ ʜʠʩʢʘ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʧʝʨʬʦʨʘʮʽʷ ʥʘ ʛʘʣʴʤʽʚʥʦʤʫ ʜʠʩʢʫ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʚʽʜ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʬʨʠʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʜ̔ʪʨʠʤʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʣʦʜʦʢ ʤʽʞ ʧʦʪʦʯʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤʠ 

[5], ʦʜʥʦʯʘʩʥʦ ʟʥʠʞʫʶʯʠ ʾʭ ʨʝʩʫʨʩ.  

ʊʘʢʘ ʧʨʦʙʣʝʤʘ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʨʷʤʦʚʘʥʠʭ ʘʙʦ 

ʥʝʥʘʧʨʘʚʣʝʥʠʭ ʰʣʽʮʽʚ [9]. 

ɺʽʜʦʤʝ ʨʽʰʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʟʘʧʨʦʧʦʥʫʚʘʣʘ ʘʤʝʨʠʢʘʥʩʴʢʘ ʢʦʤʧʘʥʽʷ Delphi.  

ɺʦʥʘ ʟʘʧʨʦʚʘʜʠʣʘ ʢʦʥʩʪʨʫʢʮʽʶ ʜʚʦʜʠʩʢʦʚʦʛʦ ʛʘʣʴʤʘ ʜʣʷ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʱʦ ʦʪʨʠʤʘʚ ʥʘʟʚʫ Twin Disk [10], ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʩʴʦʛʦ 

ʜʠʩʢʦʚʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʜʚʽ, ʘ ʪʨʠ ʛʘʣʴʤʽʚʥʽ 

ʢʦʣʦʜʢʠ, ʜʣʷ ʯʦʛʦ ʜʦ ʟʚʠʯʘʡʥʦʾ ʧʘʨʠ ʜʦʜʘʻʪʴʩʷ ʩʝʨʝʜʥʷ ʢʦʣʦʜʢʘ, ʨʦʟʪʘʰʦʚʘʥʘ ʤʽʞ ʜʚʦʭ 

çʧʣʘʚʘʶʯʠʭè ʜʠʩʢʽʚ, ʥʝ ʧʦʚô̫ ʟʘʥʠʭ ʦʜʠʥ ʟ ʦʜʥʠʤ. ɿʘʚʜʷʢʠ ʪʘʢʽʡ ʢʦʤʧʦʥʦʚʮʽ ʛʽʜʨʘʚʣʽʯʥʠʡ 

ʧʦʨʰʝʥʴ ʧʝʨʝʥʦʩʠʪʴ ʩʚʦʻ ʟʫʩʠʣʣʷ ʥʝ ʥʘ ʜʚʽ ʧʣʦʱʠʥʠ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʘ, ʷʢ ʟʘʟʚʠʯʘʡ, ʘ 

ʚʽʜʨʘʟʫ ʥʘ ʯʦʪʠʨʠ. ʊʠʤ ʩʘʤʠʤ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʘʣʴʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʘʡʞʝ ʚ ʜʚʘ ʨʘʟʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʜʠʩʢʦʚʠʤʠ ʛʘʣʴʤʘʤʠ.  

ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʪʠʩʢʫ ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʝʨʪʷ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʚʜʚʽʯʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʠʡ ʨʝʩʫʨʩ. 

ʂʨʽʤ ʪʦʛʦ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʦʨʤʘʣʴʥʠʭ ʪʠʩʢʽʚ ʧʦ ʚʩʽʡ ʥʘʢʣʘʜʮʽ 

ʪʘʢʦʞ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʛʦ ʨʝʩʫʨʩʫ ʛʘʣʴʤ. ɼʣʷ ʮʴʦʛʦ 

ʟʤʽʱʫʶʪʴ ʪʦʯʢʫ ʧʨʠʢʣʘʜʘʥʥʷ ʧʨʠʪʠʩʢʥʦʾ ʩʠʣʠ ʧʦ ʜʦʚʞʠʥʽ ʥʘʢʣʘʜʢʠ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦ ʜʚʘ ʽ 

ʙʽʣʴʰʝ ʮʠʣʽʥʜʨʘ ʟ ʢʦʞʥʦʛʦ ʙʦʢʫ ʩʫʧʦʨʪʘ [2].  

ʊʘʢʫ ʟʘʜʘʯʫ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʬʦʨʤʠ ʥʘʢʣʘʜʢʠ [11]. 
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ɹʘʛʘʪʦʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [3ï5] ʧʦʢʘʟʘʣʠ, ʱʦ ʙʣʠʟʴʢʦ 70% ʚʠʭʦʜʫ ʽʟ ʣʘʜʫ ʛʘʣʴʤ 

ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʟʥʦʩ ʫ ʚʫʟʣʘʭ ʪʝʨʪʷ, ʦʩʦʙʣʠʚʦ ʚ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʘʭ 

ʜʠʩʢʦʚʦʛʦ ʪʠʧʫ, ʢʦʪʨʽ ʚ ʩʠʣʫ ʩʚʦʻʾ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʜʽʾ ʧʦʛʣʠʥʘʶʪʴ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ 

ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ.  

ʗʢ, ʚʽʜʦʤʦ, ʟʘʛʘʣʴʥʘ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ, ʱʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʜʠʩʢʦʚʠʤʠ ʛʘʣʴʤʘʤʠ, 

ʫʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ ʧʝʨʝʜʥʽʡ ʽ ʟʘʜʥʽʡ ʦʩʷʭ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚʧʨʦʜʦʚʞ ʦʜʥʦʛʦ ʝʢʩʪʨʝʥʦʛʦ 

ʛʘʣʴʤʫʚʘʥʥʷ ʙʝʟ ʙʣʦʢʫʚʘʥʥʷ ʢʦʣʽʩ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʦʙʝʨʪʦʚʠʭ ʤʘʩ, ʤʦʞʝ 

ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʥʘʙʣʠʞʝʥʦ [3] 

,104,2 25
T1 GW ʘÖÖÖ= - J     (1) 

ʜʝ Jʘ ï ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ; 

G ï ʚʘʛʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ʊʦʜʽ ʨʦʙʦʪʘ ʪʝʨʪʷ, ʷʢʘ ʟʜʽʡʩʥʶʶʪʴʩʷ ʛʘʣʴʤʘʤʠ ʧʨʠ ʧʦʩʣʽʜʦʚʥʠʭ ʛʘʣʴʤʫʚʘʥʥʷʭ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ  

,T1TP nWA Ö=       (2) 

ʜʝ n ï ʯʠʩʣʦ ʛʘʣʴʤʫʚʘʥʴ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. 

ɺʽʜʦʤʦ [3], ʱʦ ʨʦʙʦʪʘ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʜʥʽʤʠ ʛʘʣʴʤʘʤʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

,ʊʈʊ1 ɸɸ Ö=b       (3) 

ʜʝ b ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʦʩʷʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ɸʥʘʣʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʦʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʜʥʽʭ ʽ ʟʘʜʥʽʭ ʛʘʣʴʤ ʧʨʠ ʝʢʩʪʨʝʥʠʭ 

ʛʘʣʴʤʫʚʘʥʥʷʭ ʧʦʢʘʟʫʻ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ [12] ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ b ʤʦʞʝ ʙʫʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʟʥʦʩʫ, ʦʩʢʽʣʴʢʠ ʚʨʘʭʦʚʫʻ ʛʘʣʴʤʽʚʥʽ ʤʦʤʝʥʪʠ 

,
2211
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b     (4) 

ʜʝ 1TM  ï ʛʘʣʴʤʽʚʥʠʡ ʤʦʤʝʥʪ, ʩʪʚʦʨʶʚʘʥʠʡ ʛʘʣʴʤʘʤʠ ʧʝʨʝʜʥʴʦʾ ʦʩʽ; 

ä
=

2

1i
TiM  ï ʩʫʤʘʨʥʠʡ ʛʘʣʴʤʽʚʥʠʡ ʤʦʤʝʥʪ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ; 

1K , 2K  ï ʢʦʥʩʪʨʫʢʮʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʛʘʣʴʤ ʧʝʨʝʜʥʴʦʾ ʪʘ ʟʘʜʥʴʦʾ ʦʩʝʡ; 

1p , 2p  ï ʪʠʩʢ ʫ ʢʦʥʪʫʨʘʭ ʧʝʨʝʜʥʽʭ ʪʘ ʟʘʜʥʽʭ ʛʘʣʴʤ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

 

ɿʘ ʫʤʦʚʠ, ʱʦ ʥʘ ʢʦʣʝʩʽ ʜʽʻ ʛʘʣʴʤʽʚʥʠʡ ʤʦʤʝʥʪ TiM , ʟʫʩʠʣʣʷ Q  ʧʨʠʪʠʩʢʘʥʥʷ 

ʛʘʣʴʤʽʚʥʠʭ ʢʦʣʦʜʦʢ ʜʦ ʜʠʩʢʫ (ʨʠʩ. 1) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ  

mÖ
=

cp

Ti

R

M
Q ,      (5) 

ʜʝ TiM  ï ʛʘʣʴʤʽʚʥʠʡ ʤʦʤʝʥʪ, ʩʪʚʦʨʶʚʘʥʠʡ i-ʠʤ ʛʘʣʴʤʦʤ; 

ʩpR  ï ʩʝʨʝʜʥʽʡ ʨʘʜʽʫʩ ʪʝʨʪʷ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʫ; 

m ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ. 

ʆʮʽʥʢʫ ʟʥʦʩʫ ʧʝʨʝʜʥʽʭ ʽ ʟʘʜʥʽʭ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ 

ʧʨʠ ʨʝʞʠʤʘʭ ʝʢʩʪʨʝʥʠʭ ʛʘʣʴʤʫʚʘʥʴ ʟʘ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʙʣʦʢʫʚʘʥʥʷ ʢʦʣʽʩ, ʦʩʢʽʣʴʢʠ ʫ 

ʪʘʢʦʤʫ ʨʘʟʽ ʛʘʣʴʤʫʚʘʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ [3], ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʦʩʫ 

[4, 13] ʫ ʪʨʠʙʦʣʦʛʽʯʥʦʤʫ ʢʦʥʪʘʢʪʽ [14]. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʜʠʩʢʦʚʦʛʦ ʛʘʣʴʤʘ 

1 ï ʟʦʚʥʽʰʥʽʡ ʨʦʙʦʯʠʡ ʮʠʣʽʥʜʨ (ʣʽʚʦʛʦ) ʛʘʣʴʤʘ; 2, 6 ï ʧʦʨʰʝʥʴ; 3 ï ʟô̒ ʜʥʫʚʘʣʴʥʘ ʪʨʫʙʢʘ;  

4 ï ʛʘʣʴʤʽʚʥʠʡ ʜʠʩʢ ʧʝʨʝʜʥʴʦʛʦ (ʣʽʚʦʛʦ) ʢʦʣʝʩʘ; 5 ï ʛʘʣʴʤʽʚʥʽ ʢʦʣʦʜʢʠ ʟ ʬʨʠʢʮʽʡʥʠʤʠ ʥʘʢʣʘʜʢʘʤʠ;  

7 ï ʚʥʫʪʨʽʰʥʽʡ ʨʦʙʦʯʠʡ ʮʠʣʽʥʜʨ (ʣʽʚʦʛʦ) ʛʘʣʴʤʘ. 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʽʾ ʟʥʦʰʫʚʘʥʥʷ ʂʨʘʛʝʣʴʩʴʢʦʛʦ ɯ.ɺ. [13] ʚʝʣʠʯʠʥʘ ʟʥʦʩʫ ʬʨʠʢʮʽʡʥʠʭ 

ʪʽʣ (ʜʠʚ. ʨʠʩ. 1), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʨʪʷ, ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ: 

)2(1)2(1)2(1 T
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Q
kU Ö

-

Ö
Ö=
w

,     (6) 

ʜʝ )2(1k  ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʢʘ ʽ ʬʨʠʢʮʽʡʥʦʾ 

ʥʘʢʣʘʜʢʠ; 

w ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʠʩʢʫ; 

rR,  ï ʟʦʚʥʽʰʥʽʡ ʽ ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨʠ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʰʠʨʠʥʫ ʧʦʚʝʨʭʥʽ 

ʪʝʨʪʷ; 

)2(1T  ï ʯʘʩ ʪʝʨʪʷ ʬʨʠʢʮʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʠʩʢʘ ʽ ʢʦʣʦʜʢʠ (ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ 
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ʜʝ aJ  ï ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʛʘʣʴʤʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ; 

[]j  ï ʤʘʢʩʠʤʘʣʴʥʝ ʫʧʦʚʽʣʴʥʝʥʥʷ; 

Ts  ï ʛʘʣʴʤʽʚʥʠʡ ʰʣʷʭ ʘʚʪʦʤʦʙʽʣʷ (ʙʝʟ ʙʣʦʢʫʚʘʥʥʷ ʢʦʣʽʩ) [15]. 

ʇʽʩʣʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (5) ʽ (7) ʦʜʝʨʞʠʤʦ ʚʠʨʘʟ ʜʣʷ ʟʥʦʩʫ 

iïʦʾ ʬʨʠʢʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ (ʜʠʩʢ, ʥʘʢʣʘʜʢʘ): 
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ʜʝ n  ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʘ; 

kl  ï ʰʠʨʠʥʘ ʬʨʠʢʮʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ. 

ʋ ʨʘʟʽ, ʢʦʣʠ ʛʘʣʴʤʽʚʥʽ ʤʦʤʝʥʪʠ ʥʘ ʣʽʚʦʤʫ ʪʘ ʧʨʘʚʦʤʫ ʢʦʣʝʩʘʭ ʦʜʥʘʢʦʚʽ, ʟʘʣʝʞʥʽʩʪʴ 

ʟʥʦʩʫ iïʦʾ ʬʨʠʢʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜ ʦʩʴʦʚʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ ʤʦʤʝʥʪʘ: 
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ï ʥʘ ʟʘʜʥʽʡ ʦʩʽ 

[]
[]

ù
ù
ú

ø

é
é
ê

è Ö
-+ÖÖ

ÖÖ

ÖÖ
Ö=

2

2
)2(1)2(1

2
11

a

Ta

kcp

T
i

sj

jlR

Mn
kU

J

J

m

p
.   (10) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʫ (4) ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʽʞʦʩʴʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʮʽ ʟʘʣʝʞʥʦʩʪʽ ʧʨʠʡʤʫʪʴ ʚʠʛʣʷʜ ʚʽʜʧʦʚʽʜʥʦ: 
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ï ʜʣʷ ʬʨʠʢʮʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘʜʥʴʦʾ ʦʩʽ 
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ɸʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 
 

ɺʝʣʠʯʠʥʘ ʟʥʦʩʫ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ (ʜʠʩʢïʥʘʢʣʘʜʢʘ) ʜʠʩʢʦʚʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʟʘ ʫʤʦʚʠ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ [4, 13], ʷʢ ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʦʛʦ ʟʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

[16], ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦʶ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝ ʦʜʝʨʞʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ: 
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ï ʜʣʷ ʬʨʠʢʮʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘʜʥʴʦʾ ʦʩʽ 
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ʆʪʞʝ, ʚʝʣʠʯʠʥʘ ʟʥʦʩʫ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ (ʜʠʩʢïʬʨʠʢʮʽʡʥʘ ʥʘʢʣʘʜʢʘ) ʜʠʩʢʦʚʦʛʦ 

ʛʘʣʴʤʽʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʜʦʙʫʪʢʫ ʰʠʨʠʥʠ ʬʨʠʢʮʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ ʽ 

ʩʝʨʝʜʥʴʦʛʦ ʨʘʜʽʫʩʘ ʪʝʨʪʷ, ʪʦʙʪʦ ʜʝʷʢʽʡ ʫʤʦʚʥʽʡ ʧʣʦʱʽ ʫʷʚʥʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ (ʜʠʚ ʨʠʩ. 1), 

ʩʪʦʨʦʥʠ ʷʢʦʛʦ ʫʪʚʦʨʶʶʪʴ ʮʽ ʚʠʤʽʨʠ: 

kcpʫ lRS Ö= .      (15) 

ʆʯʝʚʠʜʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʫʤʦʚʥʦʾ ʧʣʦʱʽ ʪʝʨʪʷ ʟʥʦʩ ʟʥʠʞʫʻʪʴʩʷ. 

ʆʪʞʝ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʦʢʫ ʩʣʫʞʙʠ i-ʦʾ ʩʧʨʷʞʝʥʦʾ ʧʦʚʝʨʭʥʽ (ʯʘʩʫ iT  ʪʝʨʪʷ 

ʬʨʠʢʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ) ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʛʨʘʥʠʯʥʫ ʚʝʣʠʯʠʥʫ ʾʾ ʟʥʦʩʫ, ʪʨʠʙʦʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣ ʪʝʨʪʷ ʪʘ ʫʤʦʚʥʫ ʧʣʦʱʫ ʪʝʨʪʷ. 
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ɺʨʘʭʦʚʫʶʯʠ (7), ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʽʟ (13) ʽ (14) ʦʜʝʨʞʠʤʦ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʨʦʢʫ ʩʣʫʞʙʠ: 

ï ʜʣʷ ʬʨʠʢʮʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ ʛʘʣʴʤ ʧʝʨʝʜʥʴʦʾ ʦʩʽ 
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ʜʝ [ ])2(1iU  ï ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʚʝʣʠʯʠʥʘ ʟʥʦʩʫ i-ʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜʧʦʚʽʜʥʦʾ ʜʝʪʘʣʽ. 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʪʘʥʥʽʭ ʟʘʣʝʞʥʦʩʪʝʡ (16) ʽ (17) ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʚʩʪʘʥʦʚʠʤʦ, ʱʦ ʫ 
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ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʦʜʝʨʞʘʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ (16) ʽ (17) ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʟʘ ʨʽʚʥʠʭ ʽʥʰʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʩʪʨʦʢ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʠʩʢʦʚʠʭ 

ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʧʝʨʝʜʥʽʡ ʽ ʟʘʜʥʽʡ ʦʩʷʭ, ʙʫʜʝ ʙʽʣʴʰʠʤ, ʷʢʱʦ 

ʧʨʠʡʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʫʤʦʚʥʦʾ ʧʣʦʱʽ ʪʝʨʪʷ, ʟʙʽʣʴʰʫʶʯʠ ʩʝʨʝʜʥʽʡ ʨʘʜʽʫʩ ʪʝʨʪʷ 

ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʫ ʽ ʰʠʨʠʥʫ ʬʨʠʢʮʽʡʥʦʾ ʥʘʢʣʘʜʢʠ ʪʘ ʧʽʜʚʠʱʫʶʯʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ 

ʜʠʩʢʫ ʽ ʥʘʢʣʘʜʦʢ.  

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʷ ʫʤʦʚʥʦʾ ʧʣʦʱʽ ʪʝʨʪʷ ʥʘ 15% ʩʪʨʦʢ ʩʣʫʞʙʠ iïʦʾ 

ʬʨʠʢʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʛʘʣʴʤ ʟʛʽʜʥʦ ʟ (16) ʟʨʦʩʪʝ ʥʘ 
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ʧʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʟʛʽʜʥʦ ʟ (18) ʟʤʝʥʰʠʪʴʩʷ ʥʘ 
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ʇʨʦʪʝ, ʟʙʽʣʴʰʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʧʣʦʱʽ ʬʨʠʢʮʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ ʧʨʠʟʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʥʝ 

ʧʽʜʨʝʩʦʨʝʥʠʭ ʤʘʩ ʧʽʜʚʽʩʢʠ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ ʰʠʨʠʥʫ ʬʨʠʢʮʽʡʥʦʾ ʥʘʢʣʘʜʢʠ ʚ ʪʠʭ ʞʝ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʘʭ 

ʩʫʧʦʨʪʘ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʨʘʭʫʥʦʢ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʧʨʦʬʽʣʶ [17]. 

ɿʤʝʥʰʫʶʯʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʦʩʷʤʠ, 

ʩʪʨʦʢ ʩʣʫʞʙʠ ʬʨʠʢʮʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ ʛʘʣʴʤ ʧʝʨʝʜʥʴʦʾ ʦʩʽ ʟʨʦʩʪʘʻ, ʘ ʟʘʜʥʴʦʾ ʦʩʽ ï 

ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ 

ʚʩʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʚʧʘʢʠ.  

ʆʯʝʚʠʜʥʦ, ʱʦ ʢʦʤʧʨʦʤʽʩʦʤ ʻ ʨʽʚʥʠʡ ʨʦʟʧʦʜʽʣ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʦʩʷʤʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ.  
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ɺʠʩʥʦʚʢʠ 
 

1. ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʪʝʨʪʷ ʪʘ ʟʥʦʰʫʚʘʥʥʷ ɯ.ɺ. ʂʨʘʛʝʣʴʩʴʢʦʛʦ ʦʜʝʨʞʘʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʜʣʷ ʦʮʽʥʢʠ ʨʝʩʫʨʩʫ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤ, ʚʩʪʘʥʦʚʣʶʚʘʥʠʭ, ʷʢ ʥʘ ʧʝʨʝʜʥʽʡ, ʪʘʢ ʽ ʥʘ ʟʘʜʥʽʡ ʦʩʷʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

2. ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʬʨʠʢʮʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʤʦʚʥʦʾ ʧʣʦʱʽ ʪʝʨʪʷ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ 

ʰʠʨʠʥʠ ʬʨʠʢʮʽʡʥʦʾ ʥʘʢʣʘʜʢʠ ʽ ʩʝʨʝʜʥʴʦʛʦ ʨʘʜʽʫʩʘ ʪʝʨʪʷ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʘ.  

3. ʉʪʨʦʢ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʧʝʨʝʜʥʽʡ ʽ 

ʟʘʜʥʽʡ ʦʩʷʭ ʟʘ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʝ ʙʽʣʴʰʠʤ, ʷʢʱʦ ʧʨʠʡʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʫʤʦʚʥʦʾ ʧʣʦʱʽ ʪʝʨʪʷ, ʟʙʽʣʴʰʫʶʯʠ ʩʝʨʝʜʥʽʡ ʨʘʜʽʫʩ ʪʝʨʪʷ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʫ ʽ 

ʰʠʨʠʥʫ ʬʨʠʢʮʽʡʥʦʾ ʥʘʢʣʘʜʢʠ ʪʘ ʧʽʜʚʠʱʫʶʯʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʢʫ ʽ ʥʘʢʣʘʜʦʢ.  

4. ɻʘʣʴʤʽʚʥʽ ʤʝʭʘʥʽʟʤʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʽʥʰʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ, 

ʛʘʣʴʤʽʚʥʽ ʩʠʩʪʝʤʠ ʷʢʠʭ ʤʘʶʪʴ ʛʽʜʨʘʚʣʽʯʥʠʡ ʘʙʦ ʧʥʝʚʤʘʪʠʯʥʠʡ ʧʨʠʚʦʜ ʛʘʣʴʤ, ʜʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʠʩʢʦʚʽ ʛʘʣʴʤʽʚʥʽ ʤʝʭʘʥʽʟʤʠ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʛʦ 

ʩʪʨʦʢʫ ʩʣʫʞʙʠ, ʧʦʚʠʥʥʽ ʤʘʪʠ ʬʘʢʪʠʯʥʫ ʧʣʦʱʫ ʪʝʨʪʷ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʘʙʦ ʙʽʣʴʰʘ ʟʘ ʫʤʦʚʥʫ 

ʧʣʦʱʫ ʪʝʨʪʷ.  
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ʇʦʣʷʰʝʥʢʦ ʉ.ʆ., ɭʩʽʧʦʚ ɸ.ɺ., ʐʫʰʣʷʧʽʥ ʉ.ɺ. çɺʠʟʥʘʯʝʥʥʷ ʝʬeʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʟʙʠʨʘʣʴʥʠʭ 

ʤʘʰʠʥʠ ʟ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠè 

ʄʘʩʦʚʝ ʟʙʠʨʘʥʥʷ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʘ ʧʨʦʚʦʜʷʪʴ ʧʨʠ ʛʨʫʧʦʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʙʠʨʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʤʘʰʠʥ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʩʢʣʘʜʫ ʟʙʠʨʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʛʦʥʫ. ʈʦʙʦʪʫ ʦʨʛʘʥʽʟʦʚʫʶʪʴ, ʱʦʙ ʚʝʩʴ ʟʽʙʨʘʥʠʡ 

ʙʫʨʷʢ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʙʫʚ ʚʠʚʝʟʝʥʠʡ ʥʘ ʙʫʨʷʢʦʧʨʠʡʤʘʣʴʥʽ ʧʫʥʢʪʠ. ʅʝʜʦʪʨʠʤʘʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʠʭ ʚʪʨʘʪ ʚʨʦʞʘʶ, ʟʥʠʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ. ʇʦʪʨʝʙʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʚʠʚʝʟʝʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʟʙʠʨʘʥʥʷ ʙʫʨʷʢʘ ʤʘʻ ʚʝʣʠʯʝʟʥʝ ʟʥʘʯʝʥʥʷ. ʂʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ 

ʤʘʰʠʥʦʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʽʯʥʠʭ ʧʣʘʥʽʚ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʨʦʙʽʪ. ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʩʪʨʫʢʪʫʨʘ ʧʦʩʽʚʥʠʭ ʧʣʦʱ ʥʘ ʧʣʘʥʦʚʘʥʽ ʽ ʥʘʩʪʫʧʥʽ ʨʦʢʠ (ʩʽʚʦʟʤʽʥʘ) ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʘʨʪʠ 

ʦʙʨʦʙʽʪʢʫ ʧʣʘʥʦʚʘʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʪʠʧʘʞ ʤʘʰʠʥʦʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʛʨʦʪʝʭʥʽʯʥʠʭ 

ʚʠʤʦʛ ʜʦ ʦʙʨʦʙʽʪʢʫ ʨʽʟʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ʋ peaʣʴʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʢʣʘʜʦʚʽ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʚʨʘʭʦʚʫʚʘʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʽʩʪʦʪʥʦ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ. ʊʦʤʫ ʬʘʢʪʠʯʥʘ ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫ ʤʦʞʝ 

ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ, ʦʙʯʠʩʣʝʥʦʛʦ ʟʘ ʬʦʨʤʫʣʦʶ. ʉʧʽʣʴʥʘ ʨʦʙʦʪʘ ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ 

ʪʨʘʥʩʧʦʨʪʦʤ ʨʦʟʛʣʷʥʫʪʘ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʦʪʦʪʦʞʥʠʚʰʠ ʪʨʘʥʩʧʦʨʪ ʟ 

ʚʭʽʜʥʠʤ ʧʦʪʦʢoʤ ʚʠʤʦʛʠ, ʘ ʟʙʠʨʘʣʴʥʫ ʤʘʰʠʥʫ - ʟ ʢʘʥʘʣʦʤ oʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʮʠʢʣʽʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʜʦ ʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ. ʆʪʨʠʤʘʥʦ ʬʦʨʤʫʣʠ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʩʧopʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ ʟʙʠʨʘʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. ɺʠʟʥʘʯʝʥʦ ʚʝʨʦʷʪʥʽʩʪʴ ʽ ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʨʦʩʪʦʾʚ ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚ ʦʯʽʢʫʚʘʥʥʽ ʪʨʘʥʩʧopʪʥʠʭ 

ʟʘʩʦʙʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠ ʧoʪʦʯʥʦʤʫ ʘʙʦ ʧʝʨʝʚʘʣʦʯʥʦʤʫ ʩʧʦʩʦʙʘʭ 

ʟʙʠʨʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʙʠʨʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ, ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ, ʮʫʢʨʦʚʠʡ ʙʫʨʷʢ, ʪʝʦʨʽʷ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

 

ʇʦʣʷʰʝʥʢʦ ʉ.ɸ., ɽʩʠʧʦʚ ɸ.ɺ., ʐʫʰʣʷʧʠʥ ʉ.ɺ. çʆʧʨʝʜʝʣʝʥʠʝ ʝʬʬeʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʫʙʦʨʦʯʥʳʭ 

ʤʘʰʠʥʳ ʩ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ è  

ʄʘʩʩʦʚʫʶ ʫʙʦʨʢʫ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʧʨʦʚʦʜʷʪ ʧʨʠ ʛʨʫʧʧʦʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʙʦʨʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʘʰʠʥ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʦʩʪʘʚ ʫʙʦʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʪʨʷʜʘ. ʈʘʙʦʪʫ ʦʨʛʘʥʠʟʫʶʪ, ʯʪʦʙʳ ʚʩʷ ʩʦʙʨʘʥʥʘʷ 

ʩʚʝʢʣʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʙʳʣʘ ʚʳʚʝʟʝʥʘ ʥʘ ʩʚʝʢʣʦʧʨʠʝʤʥʳʝ ʧʫʥʢʪʳ. ʅʝʩʦʙʣʶʜʝʥʠʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʫʨʦʞʘʷ, ʩʥʠʞʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩʳʨʴʷ. ʇʦʪʨʝʙʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʜʣʷ ʚʳʚʦʟʘ ʢʦʨʥʝʧʣʦʜʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʫʙʦʨʢʠ ʩʚʝʢʣʳ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʤʘʰʠʥʦʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʦʜʦʚʳʭ ʧʣʘʥʦʚ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʥʘ 

ʧʣʘʥʠʨʫʝʤʳʝ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ (ʩʝʚʦʦʙʦʨʦʪ) ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʚʦʟʜʝʣʳʚʘʥʠʷ ʧʣʘʥʠʨʫʝʤʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧʘʞ ʤʘʰʠʥʦʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ ʩ ʫʯʝʪʦʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʙʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɺ peaʣʴʥʠʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʩʙʦʨʦʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʘ ʟʘʚʠʩʷʪ ʦʪ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʥʝʫʯʠʪʳʚʘʝʤʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʦʵʪʦʤʫ 

ʬʘʢʪʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʘʩʯʝʪʥʦʛʦ, ʚʳʯʠʩʣʝʥʥʦʛʦ ʧʦ 

ʬʦʨʤʫʣʝ. ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʫʙʦʨʦʯʥʦʡ ʤʘʰʠʥʳ ʩ ʪʨʘʥʩʧʦʨʪʦʤ ʨʘʩʩʤʦʪʨʝʥʘ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʩʠʩʪʝʤʳ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʪʦʞʜʝʩʪʚʠʚ ʪʨʘʥʩʧʦʨʪ ʩ ʚʭʦʜʥʳʤ ʧʦʪʦʢoʤ ʪʨʝʙʦʚʘʥʠʷ, ʘ ʫʙʦʨʦʯʥʫʶ ʤʘʰʠʥʫ - 

ʩ ʢʘʥʘʣʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʝʥ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʠʩʪʝʤ ʚ ʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ. ʇʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʧopʪʥʠʭ 

ʩʨʝʜʩʪʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʫʙʦʨʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʧʨʝʜʝʣʝʥʳ ʚʝʨʦʷʪʥʠʩʪʴ ʠ ʩʨʝʜʥʝʝ 

ʚʨʝʤʷ ʧʨʦʩʪʦʝʚ ʫʙʦʨʦʯʥʦʡ ʤʘʰʠʥʳ ʚ ʦʞʠʜʘʥʠʠ ʪʨʘʥʩʧopʪʥʠʭ ʩʨʝʜʩʪʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠ ʧoʪʦʯʥʦʤ ʠʣʠ ʧʝʨʝʚʘʣʦʯʥʦʤ ʩʧʦʩʦʙʘʭ ʫʙʦʨʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʙʦʨʦʯʥʳʡ ʢʦʤʧʣʝʢʩ, ʪʨʘʥʩʧopʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʩʘʭʘʨʥʘʷ ʩʚʝʢʣʘ, ʪʝʦʨʠʷ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 
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S. Polyashenko, A. Yesipov, S. Shushlyapin " Determining the efficiency of harvesting machines with 

vehicles "  

Mass harvesting of sugar beet is carried out with group use of harvesting complexes of machines included in 

the harvesting and transport detachment. The work is organized so that all harvested beets during the day were taken 

to the beet reception points. Failure to comply with this condition leads to significant crop losses, reducing the 

technological quality of raw materials. The need for vehicles for the export of root crops in the technological process 

of harvesting beets is of great importance. The quantitative composition of the machine-tractor fleet is determined on 

the basis of annual plans of mechanized works. The initial data in this case are the structure of sown areas for the 

planned and subsequent years (crop rotation) and technological maps of cultivation of planned crops. 

This approach allows to determine the type of machine-tractor fleet taking into account the agronomic 

requirements for the cultivation of different crops. In real conditions of operation of the harvesting complex, the 

components of the formula for determining the amount of transport depend on a large number of unaccounted factors 

that determine their significantly random nature. Therefore, the actual number of vehicles may differ significantly 

from the estimated, calculated by the formula. The joint work of the harvesting machine with the transport is 

considered on the basis of the theory of the queuing system, identifying the transport with the incoming flow of demand, 

and the harvesting machine - with the service channel. This approach is used to calculate the parameters of cyclic 

transport systems for harvesting machines. Formulas for calculating the required number of vehicles to ensure the 

smooth operation of the harvesting complex are obtained. The probability and average downtime of the harvesting 

machine in anticipation of vehicles using the theory of queuing in flow or transshipment methods of harvesting are 

determined. 

Keywords: harvesting complex, vehicle, sugar beet, queuing system theory. 

 

ɺʩʪʫʧ 

 

ʄʘʩʦʚʝ ʟʙʠʨʘʥʥʷ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʘ ʧʨʦʚʦʜʷʪʴ ʧʨʠ ʛʨʫʧʦʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʟʙʠʨʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʤʘʰʠʥ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʩʢʣʘʜʫ ʟʙʠʨʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʛʦʥʫ. 

ʈʦʙʦʪʫ ʦʨʛʘʥʽʟʦʚʫʶʪʴ, ʱʦʙ ʚʝʩʴ ʟʽʙʨʘʥʠʡ ʙʫʨʷʢ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʙʫʚ ʚʠʚʝʟʝʥʠʡ ʥʘ 

ʙʫʨʷʢʦʧʨʠʡʤʘʣʴʥʽ ʧʫʥʢʪʠ. ʅʝʜʦʪʨʠʤʘʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʚʪʨʘʪ ʚʨʦʞʘʶ, 

ʟʥʠʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ [1ï2]. ʇʦʪʨʝʙʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʚʠʚʝʟʝʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʟʙʠʨʘʥʥʷ ʙʫʨʷʢʘ ʤʘʻ ʚʝʣʠʯʝʟʥʝ ʟʥʘʯʝʥʥʷ.  

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ɽʢʦʥʦʤʽʷ ʨʝʩʫʨʩʽʚ ʚ ʘʛʨʘʨʥʦʤʫ ʩʝʢʪʦʨʽ ʟʘʣʝʞʠʪʴ, ʧʝʨʰ ʟʘ ʚʩʝ, ʚʽʜ ʤʝʭʘʥʽʟʤʫ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥʦʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʪʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚô̫ ʟʘʥʽ ʟ ʚʝʣʠʢʠʤʠ 

ʧʣʦʱʘʤʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ. ʂʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʤʘʰʠʥʦʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʫ ʚ ʨʦʙʦʪʘʭ [3ï4] 

ʚʠʟʥʘʯʘʚʩʷ ʥʘ ʦʩʥʦʚʽ ʨʽʯʥʠʭ ʧʣʘʥʽʚ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʨʦʙʽʪ.  

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʩʪʨʫʢʪʫʨʘ ʧʦʩʽʚʥʠʭ ʧʣʦʱ ʥʘ ʧʣʘʥʦʚʘʥʽ ʽ 

ʥʘʩʪʫʧʥʽ ʨʦʢʠ (ʩʽʚʦʟʤʽʥʘ) ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʘʨʪʠ ʦʙʨʦʙʽʪʢʫ ʧʣʘʥʦʚʘʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ [5].  

ɺ ʨʦʙʦʪʽ [6] ʬʦʨʤʫʚʘʥʥʷ ʤʘʰʠʥʦʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʦʪʨʝʙʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʪʠʧʘʞ ʤʘʰʠʥʦʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʫ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʜʦ ʦʙʨʦʙʽʪʢʫ ʨʽʟʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ.  

ɺ ʨʦʙʦʪʽ [6] ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʤʦʛʨʘʤʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʦʪʨʝʙʠ ʚ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʡ ʪʝʭʥʽʮʽ ʚʽʜ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʦʙʩʷʛʫ ʚʠʨʦʙʥʠʮʪʚʘ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ ʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ. 

 

 

 

 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 
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ʇʨʦʮʝʩ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ ʟʙʠʨʘʣʴʥʦʶ ʤʘʰʠʥʦʶ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʡʦʛʦ ʜʣʷ ʚʽʜʧʨʘʚʢʠ 

ʩʧʦʞʠʚʘʯʝʚʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʩʢʣʘʜʦʚʠʭ (ʨʠʩ. 1): 1
a

 ï ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ ʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʡʦʛʦ ʚ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ; 2
a

-ï ʧʽʜôʾ ʟʜ ʥʘʩʪʫʧʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʽʜ 

ʟʙʠʨʘʣʴʥʫ ʤʘʰʠʥʫ; 3
a

 ï ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʽʙʨʘʥʦʛʦ ʚʨʦʞʘʶ ʽ ʧʽʜôʾ ʟʜ ʜʦ ʤʽʩʮʷ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ; 4
a

 ï ʦʯʽʢʫʚʘʥʥʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ; 5
a

 ï ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ; 6
a

 ï ʚʽʜôʾ ʟʜ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚʽʜ ʤʽʩʮʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʽ ʧʝʨʝʾʟʜ ʜʦ ʟʙʠʨʘʣʴʥʦʾ 

ʤʘʰʠʥʽ; 7
a

 ï ʦʯʽʢʫʚʘʥʥʷ ʩʚʦʻʾ ʯʝʨʛʠ ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʨʦʞʘʶ. ʊʝʨʤʽʥʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ: 

71
...tt

 ï ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ; ʇʦʯʘʪʦʢ ʽ ʢʽʥʝʮʴ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʙʽʪ: 71,0
...AAA

. 

 

ʈʠʩ. 1. ʄʝʨʝʞʝʚʠʡ ʛʨʘʬ ʧʨʦʮʝʩʫ ʟʙʠʨʘʥʥʷ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ 

 

ɿʘ ʧʨʠʡʥʷʪʦʶ ʤʝʪʦʜʠʢʦʶ [7] ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʦ ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʟʘʧ

pʟʘʧ

t

tttt
ʂ

+++
=

21

,      (1) 

ʜʝ ʟʘʧ
t

 ï ʯʘʩ ʟʘʧʦʚʥʝʥʥʷ ʻʤʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫ;  

t1 ï ʯʘʩ ʨʫʭʫ ʟʘʚʘʥʪʘʞʝʥoʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʦ ʤʽʩʮʷ ʚʠʚʘʥʪʘʞʝʥʥʷ;  

t2 ï ʯʘʩ ʨʫʭʫ ʪpaʥcʧopʪa oʪ ʤʽʩʮʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʜʦ ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ;  

tp ï ʯʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʫ.  

ʋ peaʣʴʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʩʢʣʘʜʦʚʽ ʬʦʨʤʫʣʠ (1) ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʚʨʘʭʦʚʫʚʘʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʽʩʪʦʪʥʦ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ. 

ʊʦʤʫ ʬʘʢʪʠʯʥʘ ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫ ʤʦʞʝ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ, 

ʦʙʯʠʩʣʝʥʦʛʦ ʟʘ ʬʦʨʤʫʣʦʶ (1).  

ʉʧʽʣʴʥʫ ʨʦʙʦʪʫ ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʪʨʘʥʩʧʦʨʪʦʤ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ 

ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʉʄʆ) [8], ʦʪʦʪʦʞʥʠʚʰʠ ʪʨʘʥʩʧʦʨʪ ʟ ʚʭʽʜʥʠʤ ʧʦʪʦʢoʤ 

ʚʠʤʦʛʠ, ʘ ʟʙʠʨʘʣʴʥʫ ʤʘʰʠʥʫ ï ʟ ʢʘʥʘʣʦʤ oʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʚ 

ʨʦʙʦʪʽ [9] ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʮʠʢʣʽʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʜʦ ʟʙʠʨʘʣʴʥʠʭ 

ʤʘʰʠʥ. ʇʨʠ ʟʙʠʨʘʥʥʽ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦʪʦʢʦʚʠʡ, ʧʝʨʝʚʘʣʦʯʥʠʡ ʘʙʦ 

ʧʦʪʦʯʥʦ-ʧʝʨʝʚʘʣʦʯʥʠʡ ʩʧʦʩʦʙʠ [1, 2], ʦʩʦʙʣʠʚʦʩʪʽ ʷʢʠʭ ʥʝ ʚʨʘʭʦʚʘʥʽ ʚ ʤʦʜʝʣʷʭ, 

ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʨʦʙʦʪʽ [9]. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘʡʧʨʦʩʪʽʰʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʦʜʥʫ ʟʙʠʨʘʣʴʥʫ ʤʘʰʠʥʫ 

ʦʙʩʣʫʛʦʚʫʻ ʂ ʦʜʥoʪʠʧʥʠʭ ʦʜʠʥʠʮʴ ʪʨʘʥʩʧʦʨʪʫ ʧʨʠ ʧoʪʦʯʥʦʤʫ ʘʙʦ ʧʝʨʝʚʘʣʦʯʥoʤʫ ʩʧʦʩʦʙʘʭ 

ʟʙʠʨʘʥʥʷ ʩʘʭʘʨʥʦʛʦ ʙʫʨʷʢʘ.  
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ʇʨʠʡʤʘʻʤʦ, ʱʦ ʪʨʘʥʩʧʦʨʪ ʜʦ ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʫʪʚʦʨʶʻ ʚʭʽʜʥʠʡ ʧʨʦʩʪʠʡ ʧoʪʽʢ 

ʚʠʤʦʛ ʟ ʥʘʩʪʫʧʥʦʶ ʜʠʩʮʠʧʣʽʥʦʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ: ʥʘʜʽʡʰʦʚ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪpaʥcʧopʪ, 

ʟʘʩʪʘʚ ʟʙʠʨʘʣʴʥʫ ʤʘʰʠʥʫ ʧʨʘʮʶʶʯʫ ʟ ʪʨʘʥʩʧʦʨʪʦʤ, ʯʝʢʘʻ ʩʚʦʻʾ ʯʝʨʛʠ, ʪʦʙʪʦ ʪaʢʘ ʩʠʩʪʝʤʘ ʻ 

ʉʄʆ ʟ ʥʝʦʙʤʝʞʝʥʠʤ ʯʘʩʦʤ ʦʯʽʢʫʚʘʥʥʷ. ɽʬʬeʢʪʽʚʥʦʩrʴ ʩʠʩʪʝʤʠ ʧʨʠ ʧʨʠʡʥʷʪʠʭ 

ʧʨʠʧʫʱʝʥʥʷʭ ʤʘʪʠʤʝ ʤʽʩʮʝ ʽ ʚ ʽʥʰʠʭ ʫʤʦʚʘʭ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʧʨʠʡʥʷʪʠʭ [10].  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʻ ʡʦʛʦ ʛʫʩʪʠʥʘ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ): 

1 2

1

pt t t
l=

+ +
, 

ʜʝ 1 2, , pt t t  ï ʚʽʜʧʦʚʽʜʥʽ ʩʝʨʝʜʥʽ ʾʭ ʟʥʘʯʝʥʥʷ.  

ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ tʟʘʧ ʚ ʨʘʤʢʘʭ ʥʘʡʧʨʦʩʪʽʰʦʾ ʪeoʨʽʽ ʉʄʆ ʧʨʠʡʥʷʪʠʡ ʧʦʢʘʟʦʚʠʤ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʘʨʘʤʝʪʨ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʦʙʦʪʠ ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʜʦʨʽʚʥʶʻ 
1

.
ʟʘʧt

m=  

ʄʦʞʣʠʚʽ ʩʪʘʥʠ ʜʘʥʦʾ ʩʠʩʪʝʤʠ:  

ï ʂ ï ʟʙʠʨʘʣʴʥʘ ʤʘʰʠʥʘ ʦʙʩʣʫʛʦʚʫʻ ʪʨʘʥʩʧʦʨʪ, ʂ = 1,2, ..., ʘ ʚ ʯʝʨʟʽ ʥʘ ʦʙʩʣyʛʦʚʫʚʘʥʥʷ 

ʦʯʽʢʫʶʪʴ, ʧʨʦʩʪʦʶʶʯʠ, (ʂ-1) ʦʜʠʥʠʮʴ ʪʨʘʥʩʧʦʨʪʫ.  
ï 0 ï ʟʙʠʨʘʣʴʥʘ ʤʘʰʠʥʘ ʧʨʦʩʪʦʶʻ (ʙʣʦʢʦʚʘʥʘ) ʚ ʦʯʽʢʫʚʘʥʥʽ ʪʨʘʥʩʧʦʨʪʫ. 

ʉʢʣʘʚʰʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ ʩʪʘʥʽʚ ʈ ʨʦʟʛʣʷʥʫʪʦʾ ʩʠʩʪʝʤʠ, 

ʦʪʨʠʤʘʻʤʦ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʘʜʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʦʨʤʫʶʯʦʾ ʫʤʦʚʠ ʩʠʩʪʝʤʫ:  

( )1 1. 1 2.0

1. 2.0
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ʂ

ʽ

ʽ
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m l m l-
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- + + + =

+ =ä
 .   (2) 

ʈʽʰʝʥʥʷ (2) ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʘ ʩʠʩʪʝʤʠ  

1 2 p

ʟʘʧ

t t t

t

m
a
l

+ +
= = , ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʛo ʬʦʨʤʫʣʘ (1) ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ 

ʚʠʛʣʷʜʽ a+=1ʂ .  

ʁʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʟʙʠʨʘʣʴʥʦʶ ʤʘʰʠʥʦʶ ʪʨʘʥʩʧʦʨʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ ʙʣ
ʈʈ =

0.2 , 

ʜʝ 
=

ʙʣ
ʈ

ừ
ỬỬ
Ừ

ỬỬ
ứ( )

( )1

1

1

ʂ

ʂ

a a

a +

-

-
̐̑ ̉ 1>a   ̨ 1<a

( )1
1

+ʂ ̐̑ ̉ 1=a Ȣ

    (3) 

ɿʘʣʝʞʥʽʩʪʴ ʙʣ
ʈ

 ʚʽʜ ʧʘʨʘʤʝʪʨʘ a ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. ɰʾ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ a ʙʣ
ʈ

 ʟʨʦʩʪʘʻ ʜʣʷ ʚʩʽʭ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ ʂ, ʘʩʽʤʧʪoʪʽʯʝʩʢʽ ʧʨʘʛʥʫʯʠ ʜʦ 1. 

ʇʨʠ ʦʜʥʘʢʦʚʠʭ a ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʂ ʟʤʝʥʰʫʻʪʴʩʷ ʙʣ
ʈ
, ʧʨʠʯʦʤʫ ʧʦʯʠʥʘʶʯʠ ʟ 2²ʂ  ʽ 

2²a  ʮʝ ʟʤʝʥʰʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝʩʫʪʪʻʚʦ. ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʘʙoʪʠ ʟʙʠʨʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʟ ʪʨʘʥʩʧʦʨʪʦʤ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʢʨʠʪʝʨʽʻʤ ʚʘʨʪʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʽʻʾ ʩʠʩʪʝʤʠ. ɺ 

ʷʢʦʩʪʽ ʪaʢoʛo ʢʨʠʪʝʨʽʷ ʧpʠʡʤʘʻʤʦ ʥʘʚʝʜʝʥʽ (ʧʠʪʦʤʽ) ʚʠʪʨʘʪʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

( ) ( )ʂ
W

bʂa
W

F
ʤ

ʩʤ

ʧʨ 1

11
gg+++=

,    (4) 
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ʜʝ  ʕW BVt= ʽ 
1ʩʤW BVt=  ï ʚʽʜʧʦʚʽʜʥʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʽ ʟʤʽʥʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ (ʪʫʪ ɺ ï ʰʠʨʠʥʘ ʟʘʭʚʘʪʫ ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ);  

V ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ; tɻ  ʽ 
1ʩʤt  ï ʚʽʜʧʦʚʽʜʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʽ ʟʤʽʥʥʦʛʦ ʯʘʩʫ ʨʦʙʦʪʠ ʤʘʰʠʥʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʪaʢʞe ʾʾ ʧʨʦʩʪʦʾ ʚ 

ʦʯʽʢʫʚʘʥʥʽ ʪpaʥcʧopʪa; 

ba,  ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʦʧʪʦʚʽ ʮʽʥʠ ʤʘʰʠʥ, ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ, ʥʦʨʤʘʪʠʚʥʽ 

ʚʽʜʨʘʭʫʚʘʥʥʷ ʥʘ ʨʝʥʦʚʘʮʽʶ ʚʽʜʧʦʚʽʜʥo ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽ ʪʨʘʥʩʧʦʨʪʫ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʚʽʜʦʤʠʤʠ ʬʦʨʤʫʣʘʤʠ; 

1
,gg

ì  ï ʚʽʜʧʦʚʽʜʥo ʛʦʜʠʥʥʽ ʩʪʘʚʢʠ ʢʦʤʙʘʡʥʝʨʘ ʽ ʪpaʢʪʦʨʠʩʪʘ (ʚʦʜʽʷ). 

 

 
ʈʠʩ. 2. ʄʦʞʣʠʚʽʩʪʴ ʙʣʦʢʫʚʘʥʥʷ ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫ. 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʙʦʪʦʶ [11]: 

1

1

ʤ

ʵ

ʦʞ

ʊ

ʊ ʊ
t=

+
 ʽ 

1

2

ʤ

ʩʤ

ʦʞ

ʊ

ʊ ʊ
t =

+
, 

ʜʝ 1
ʤʊ  ï ʩʝʨʝʜʥʽʡ ocʥʦʚʥʠʡ ʯʘʩ ʨʦʙʦʪʠ ʤʘʰʠʥʠ;  

1 2,ʊ ʊï ʩʫʤʘ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʩʢʣʘʜʦʚʠʭ ʯʘʩʽʚ ʨʦʙʦʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʚʽʜʧʦʚʽʜʥo ʚ ʩʝʨʝʜʥʽʡ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʽ ʟʤʽʥʥʠʡ ʯʘʩ ʨʦʙʦʪʠ; 

ʦʞ ʙʣʊ ʈ ʊ= Ö ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʨʦʩʪʦʾʚ ʤʘʰʠʥʠ ʚ ʦʯʽʢʫʚʘʥʥʽ ʪpaʥcʧopʪa (ʪʫʪ ʊ ï ʦʙʣʽʢʦʚʠʡ 

ʯʘʩ ʨʦʙʦʪʠ ʤʘʰʠʥʠ). 

ʇʦʟʥʘʯʠʚʰʠ 
1 2
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʭ ʚʠʨʘʟʽʚ ʤʽʥʽʤʽʟʫʻʤʦ ʧʨF  ʽ ʚʠʟʥʘʯʘʻʤʦ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʦ ʙʫʨʷʢʦʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ  * ʂ . ʇʨʠ 1>a  ʽ 1<a  * ʂ  ʻ 

ʧʦʟʠʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʨʽʚʥʷʥʥʷ: 
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ʇʨʠ 1a<  * ʂ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

( ) ( ) ( )( ) ( )[ ]
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ʪbʪ
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gggggg
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2121
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2121
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--++++-+°+
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ɿʘʣʝʞʥʽʩʪʴ * ʂ  ʜʦ ʤʘʰʠʥʠ ʂʉ-6 ʚʽʜ ʧapaʤeʪpa a ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. ɰʾ ʘʥʘʣʽʟ 

ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʚʠʧʘʜʢʽʚ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʪpaʥʩʧʦpʪʥʠʭ ʢʦʰʪʽʚ 

ʧʦʪʨʽʙʥʦ ʧʨʠ 1a= . ʈʦʟʛʣʷʜ ʟʘʣʝʞʥʦʩʪʝʡ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 3, ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ 1,5a<

* ʂ  ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʮʽ ʟʥʘʯʝʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (1). ʇʨʠ ʮʴʦʤʫ ʚʽʜʧʦʚʽʜʥʽ * ʂ  

ʟʥʘʯʝʥʥʷ ʧʨF*  ʟʥʘʯʥʦ ʤʝʥʰʝ ʧʨF  ʜʣʷ  ʂ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʬʦʨʤʫʣʦʶ (1). 

 

 
ʈʠʩ. 3 ɿʘʣʝʞʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʦ ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʽ ʚʽʜ 

ʧʘʨʘʤʝʪʨʘ Ŭ ʧʨʠ m = 2, m = 0,05 ʪʘ m = 0,03: 

1 ï ʘʚʪʦʤʦʙʽʣʽ ɿɯʃ-ʄʄɿ; 2 ï ʪpaʢʪop ʄʊɿ-80 ʟ ʧʨʠʯʝʧʦʤ 2ʇTʉ-4-887ɸ; 3 ï ʦʢʨʫʛʣʝʥʽ ʟʥʘʯʝʥʥʷ 

ʂ, ʦʙʯʠʩʣʝʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (1) 

 

ɺʠʩʥʦʚʢʠ 

 

ʆʪʨʠʤʘʥʦ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʩʧopʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ ʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɺʠʟʥʘʯʝʥʦ ʚʽʨʦʛʽʜʥʽʩʪʴ  ʽ 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʨʦʩʪʦʾʚ ʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚ ʦʯʽʢʫʚʘʥʥʽ ʪʨʘʥʩʧopʪʥʠʭ ʟʘʩʦʙʽʚ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠ ʧoʪʦʯʥʦʤʫ ʘʙʦ ʧʝʨʝʚʘʣʦʯʥʦʤʫ ʩʧʦʩʦʙʘʭ 

ʟʙʠʨʘʥʥʷ. 
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ʪʨʘʥʩʧʦʨʪʥʦʾ ʰʚʠʜʢʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ ʛʽʜʨʦʤʦʪʦʨʘ ʽ ʟʫʧʠʥʢʫ ʪʨʘʢʪʦʨʘ ʧʨʠ 

ʟʥʠʞʝʥʥʽ ʧʦʜʘʯʽ ʥʘʩʦʩʘ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʘʥʘʣʽʟʽ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʽʜʨʦʬʽʢʦʚʘʥʠʭ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʚ ʫʯʙʦʚʦʤʫ ʧʨʦʮʝʩʽ ʟ ʧʦʛʣʠʙʣʝʥʠʤ ʚʠʚʯʝʥʥʷʤ 

ʩʪʫʜʝʥʪʘʤʠ-ʤʘʛʽʩʪʨʘʤʠ ʦʙô̒ ʤʥʠʭ ʛʽʜʨʦʧʨʠʚʦʜʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʙô̒ ʤʥʠʡ ʛʽʜʨʦʧʨʠʚʽʜ ʙʦʨʪʦʚʦʛʦ ʭʦʜʫ ʪʨʘʢʪʦʨʘ, ʨʝʛʫʣʶʚʘʣʴʥʽ ʥʘʩʦʩ ʽ ʛʽʜʨʦʤʦʪʦʨ, 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʧʘʢʝʪ VisSim, ʢʦʣʠʚʘʥʥʷ ʪʠʩʢʫ. 

 

ʉʘʤʦʨʦʜʦʚ ɺ.ɹ., ɸʚʨʫʥʠʥ ɻ.ɸ., ʄʦʨʦʟ ʀ.ʀ., ʑʝʨʙʘʢ ʆ.ɺ. çɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʙʦʨʪʦʚʦʛʦ ʦʙʲʸʤʥʦʛʦ 

ʛʠʜʨʦʧʨʠʚʦʜʘ ʛʫʩʝʥʠʯʥʦʛʦ ʪʨʘʢʪʦʨʘè 

ʎʝʣʴ ï ʥʘʫʯʥʳʡ ʧʦʠʩʢ ʩʥʠʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʦʙʲʝʤʥʦʤ ʛʠʜʨʦʧʨʠʚʦʜʝ ʭʦʜʘ 

ʛʫʩʝʥʠʯʥʦʛʦ ʪʨʘʢʪʦʨʘ ʩ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ, ʚʢʣʶʯʘʷ ʩʪʨʘʛʠʚʘʥʠʝ, ʨʘʟʛʦʥ ʠ 

ʪʦʨʤʦʞʝʥʠʝ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʛʠʜʨʦʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ ʜʚʫʭʤʘʰʠʥʥʘʷ ʩʭʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʢʘʞʜʦʛʦ 

ʙʦʨʪʘ ʪʨʘʢʪʦʨʘ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʦʙʲʝʤʦʚ ʛʠʜʨʦʤʘʰʠʥ ʚ ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʧʨʠʚʦʜʷʱʝʛʦ ɼɺʉ, ʚʢʣʶʯʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʣʝʞʝʥʠʷ ʟʘ ʙʦʨʪʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʠ 

ʤʦʱʥʦʩʪʴʶ ɼɺʉ. 

ɸʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʣʦʢʘ map ʮʠʬʨʦʚʦʛʦ ʟʘʜʘʥʠʷ ʚ ʧʘʢʝʪʝ VisSim ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦʜʘʯʠ ʥʘʩʦʩʘ, ʚʥʝʰʥʝʡ 

ʥʘʛʨʫʟʢʠ, ʨʘʙʦʯʝʛʦ ʦʙʲʝʤʘ ʛʠʜʨʦʤʦʪʦʨʘ ʠ ʝʛʦ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʂʇɼ. ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʟʘʜʘʚʘʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʩʢʘʯʢʦʚ ʜʘʚʣʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʠʭ ʜʦʧʫʩʪʠʤʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ. ɺʚʝʜʝʥʠʝ ʨʝʞʠʤʘ ʬʠʢʩʘʮʠʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʛʠʜʨʦʧʨʠʚʦʜʘ ʧʦʟʚʦʣʠʣʦ ʜʘʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʙʲʝʤʘ ʛʠʜʨʦʤʦʪʦʨʘ.  

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʠʥʠʤʠʟʘʮʠʠ ʩʢʘʯʢʦʚ ʜʘʚʣʝʥʠʷ ʚ ʛʠʜʨʦʧʨʠʚʦʜʝ ʪʨʘʢʪʦʨʘ ʧʫʪʝʤ 

ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʮʠʢʣʦʛʨʘʤʤʝ ʜʚʠʞʝʥʠʷ ʥʘ ʵʪʘʧʘʭ ʩʪʨʘʛʠʚʘʥʠʷ, ʨʘʟʛʦʥʘ, ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʢʦʨʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʦʙʲʝʤʘ ʛʠʜʨʦʤʦʪʦʨʘ ʠ ʦʩʪʘʥʦʚʘ 

ʪʨʘʢʪʦʨʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʧʦʜʘʯʠ ʥʘʩʦʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʘʥʘʣʠʟʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʬʠʮʠʨʦʚʘʥʥʳʭ ʤʦʙʠʣʴʥʳʭ ʤʘʰʠʥ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ 

ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʩ ʫʛʣʫʙʣʝʥʥʳʤ ʠʟʫʯʝʥʠʝʤ ʩʪʫʜʝʥʪʘʤʠ-ʤʘʛʠʩʪʨʘʤʠ ʦʙʲʝʤʥʳʭ ʛʠʜʨʦʧʨʠʚʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʲʝʤʥʳʡ ʛʠʜʨʦʧʨʠʚʦʜ ʙʦʨʪʦʚʦʛʦ ʭʦʜʘ ʪʨʘʢʪʦʨʘ, ʨʝʛʫʣʠʨʫʝʤʳʝ ʥʘʩʦʩ ʠ ʛʠʜʨʦʤʦʪʦʨ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʘʢʝʪ VisSim, ʢʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʷ. 
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V.B. Samorodov, G.A. Avrunin, I.I. Moroz, O.V. Shcherbak " Analysis of dynamics of the onboard hydraulic 

fluid power drive crawler tractor"  

The objective is a scientific search for a decrease in dynamic characteristics in the hydraulic fluid power 

travel of a caterpillar tractor with an onboard motion control system, including starting, acceleration and braking. A 

special feature of the hydraulic drive is a two-machine scheme for regulating the speed of each side of the tractor by 

adjusting the working volumes of the hydraulic machines in the mode of constant power of the driving internal 

combustion engine, which includes an electronic control unit for tracking the side speed and power of the internal 

combustion engine. 

Analysis of the dynamic characteristics of a hydraulic fluid power on a mathematical model using the map 

block of a digital task in the VisSim package of changes in pump delivery time, external load, working volume of a 

hydraulic motor and its hydromechanical efficiency. Adjustment of the set parameters in order to reduce pressure 

surges exceeding the permissible maximum value for the applied hydraulic fluid power. The introduction of the mode 

of fixing the output power of the hydraulic fluid power made it possible to give an energy assessment of the possibility 

of increasing the speed by reducing the working volume of the hydraulic motor. 

The possibility of minimizing pressure surges in the hydraulic fluid power of the tractor by optimizing the 

setting of parameters in the cyclogram of movement at the stages of starting, acceleration, reaching the maximum 

transport speed by adjusting the working volume of the hydraulic motor and stopping the tractor when the pump feed 

is reduced is shown. The research results can be used in the analysis of the dynamic characteristics of hydraulic 

mobile machines for various purposes, as well as in the educational process with an in-depth study of hydraulic fluid 

power by master students. 

Keywords: hydraulic fluid power of the side travel of the tractor, adjustable pump and hydraulic motor, mathematical 

model, VisSim package, pressure fluctuations 

 

ɺʩʪʫʧ 

 

ɻʫʩʝʥʠʯʥʠʡ ʧʨʦʤʠʩʣʦʚʠʡ ʪʨʘʢʪʦʨ ʍʊɿ ʟ ʙʫʣʴʜʦʟʝʨʥʠʤ ʽ ʨʦʟʧʫʰʫʚʘʯʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ ʊʉ-10 [1] ʟʘʙʝʟʧʝʯʝʥʠʡ ʦʙô̒ ʤʥʠʤʠ ʙʦʨʪʦʚʠʤʠ ʛʽʜʨʦʧʨʠʚʦʜʘʤʠ (ʆɻʇ) 

ʧʝʨʝʩʫʚʘʥʥʷ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʩʘʤʽ ʩʫʯʘʩʥʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʘʢʩʽʘʣʴʥʦʧʦʨʰʥʝʚʽ 

ʥʘʩʦʩʠ ʽ ʛʽʜʨʦʤʦʪʦʨʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ   ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʝʣʝʢʪʨʦʥʥʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ 

ʙʝʟʩʪʫʧʝʥʝʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʨʘʢʪʦʨʘ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷʤ ʚ ʆɻʇ ʽ ɼɺɿ [2]. 

ɸʥʘʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʆɻʇ [3] ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʽ ʚ ʽʥʰʠʭ ʪʨʘʢʪʦʨʘʭ.   ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʚʠʚʯʝʥʥʷ 

ʟʘʨʫʙʽʞʥʦʛʦ ʜʦʩʚʽʜʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʆɻʇ ʤʦʙʽʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʘʰʠʥ ʚʠʜʘʻʪʴʩʷ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ ʚʽʪʯʠʟʥʷʥʠʭ ʨʦʟʨʦʙʦʢ. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʩʪʫʧʽʥʯʘʩʪʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʨʘʢʪʦʨʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʧʝʨʘʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙô̒ ʤʥʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʘ ʟ ʤʘʰʠʥʥʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʻ ʧʝʨʝʜʫʤʦʚʦʶ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ 

ʙʫʜʽʚʝʣʴʥʦ-ʜʦʨʦʞʥʽʭ ʤʘʰʠʥʘʭ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʙʽʣʴʰ ʧʦʛʣʠʙʣʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ 

ʛʽʜʨʦʧʨʠʚʦʜʘ ʪʨʘʢʪʦʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ  ʘʢʪʫʘʣʴʥʠʤ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤ ʟʘʚʜʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʽʜʨʦʧʨʠʚʦʜʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʧʽʜʚʠʱʝʥʥʷ  ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ʇʨʦʙʣʝʤʘʤ ʆɻʇ ʟ ʤʘʰʠʥʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, ʧʽʜ ʷʢʠʤ ʨʦʟʫʤʽʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʨʫʭʫ ʚʠʭʽʜʥʦʾ ʣʘʥʢʠ ʨʝʛʫʣʴʦʚʘʥʠʤ ʥʘʩʦʩʦʤ ʘʙʦ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʛʽʜʨʦʤʦʪʦʨʦʤ 

ʘʙʦ ʦʙʦʤʘ ʛʽʜʨʦʤʘʰʠʥʘʤʠ [4], ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʫʚʘʛʘ. ʆʜʥʘʢ ʚʽʜʦʤʽ ʜʦʩʣʽʜʞʝʥʥʷ [5ï11] 

ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʦʩʫʶʪʴʩʷ ʚʠʙʦʨʫ ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʨʠʥʮʠʧʦʚʠʭ ʩʭʝʤ ʤʘʰʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʤʝʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʙʝʟʩʪʫʧʝʥʝʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʤʦʙʽʣʴʥʦʾ ʤʘʰʠʥʠ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʤʽʞ ʛʽʜʨʦʤʦʪʦʨʦʤ ʽ ʧʨʦʚʽʜʥʠʤ 

ʤʦʩʪʦʤ, ʘ ʪʘʢʦʞ ʚʠʚʯʝʥʥʷ ʟʘʨʫʙʽʞʥʦʛʦ ʜʦʩʚʽʜʫ. ʄʝʪʦʜʠʢʘ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʆɻʇ 

ʪʨʘʢʪʦʨʘ [12] ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʚʠʙʽʨ ʨʦʙʦʯʠʭ ʦʙô̒ ʤʽʚ  ʛʽʜʨʦʤʘʰʠʥ, ʟʘʩʦʙʽʚ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ (ʈʈ), ʦʮʽʥʠʪʠ ʂʂɼ ʆɻʇ ʽ ʜʘʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʩʪʘʪʥʽʩʪʴ 
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ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʥʦʛʦ ɼɺɿ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʜʘʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʽ ʜʠʥʘʤʽʢʘ ʆɻʇ ʟ ʟʘʤʢʥʝʥʠʤ ʣʘʥʮʶʛʦʤ ʮʠʨʢʫʣʷʮʽʾ ʈʈ, ʱʦ ʚʢʣʶʯʘʻ ʥʘʩʦʩ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ 

ʨʦʙʦʯʠʤ ʦʙô̒ ʤʦʤ ʽ ʛʽʜʨʦʤʦʪʦʨ ʟ ʧʦʩʪʽʡʥʠʤ ʨʦʙʦʯʠʤ ʦʙô̒ ʤʦʤ, ʜʦʩʠʪʴ ʜʦʢʣʘʜʥʦ  ʨʦʟʛʣʷʥʫʪʘ 

ʩʪʦʩʦʚʥʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʜʚʦʭʧʦʪʦʯʥʽʡ ʙʝʟʩʪʫʧʽʥʯʘʩʪʽʡ ʪʨʘʥʩʤʽʩʽʾ ʢʦʣʽʩʥʦʛʦ ʪʨʘʢʪʦʨʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ViSsim [13], ʦʜʥʘʢ ʙʫʣʘ ʣʦʢʘʣʽʟʦʚʘʥʘ ʪʽʣʴʢʠ 

ʧʫʩʢʦʚʠʤ ʨʝʞʠʤʦʤ ʪʘ ʚʚʝʜʝʥʥʷʤ  ʝʚʨʠʩʪʠʯʥʦʛʦ ʤʦʜʫʣʷ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʋʩʪʘʥʦʚʢʘ ʚ ʆɻʇ ʪʨʘʢʪʦʨʘ ʊʉ-10 ʨʝʛʫʣʴʦʚʘʥʠʭ ʙʦʨʪʦʚʠʭ ʛʽʜʨʦʤʦʪʦʨʽʚ ʽ ʜʦʩʷʛʥʝʥʥʷ 

ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ ʧʽʜʚʠʱʝʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʙʝʟ ʥʘʨʦʱʫʚʘʥʥʷ ʥʘʩʪʘʥʦʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ɼɺɿ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʚ ʦʙʝʨʪʘʥʥʷ ʥʘʩʦʩʠ, ʚʠʤʘʛʘʻ ʨʦʟʛʣʷʜʫ ʜʠʥʘʤʽʢʠ ʚ ʙʽʣʴʰ 

ʰʠʨʦʢʦʤʫ ʘʩʧʝʢʪʽ, ʧʦʯʠʥʘʶʯʠ ʟ ʨʝʞʠʤʫ ʟʨʫʰʫʚʘʥʥʷ, ʧʨʠ ʨʦʟʛʦʥʽ ʽ ʛʘʣʴʤʫʚʘʥʥʽ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʆɻʇ 

ʪʨʘʢʪʦʨʘ ʚ ʧʦʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʆɻʇ.  

ʋ ʟʚô̫ ʟʢʫ ʟ ʩʠʤʝʪʨʠʯʥʽʩʪʶ ʛʽʜʨʘʚʣʽʯʥʦʾ ʯʦʪʠʨʴʦʭʤʘʰʠʥʥʦʾ ʩʭʝʤʠ ʪʨʘʢʪʦʨʘ ʽ ʨʦʟʛʣʷʜʫ ʡʦʛʦ 

ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʨʫʭʫ ʜʠʥʘʤʽʯʥʦʤʫ ʘʥʘʣʽʟʫ ʧʽʜʣʷʛʘʻ ʦʜʠʥ ʙʦʨʪ ʆɻʇ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʉʠʩʪʝʤʘ ʨʫʭʫ ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʨʘʢʪʦʨʘ ʟ ʙʫʣʴʜʦʟʝʨʥʦ-ʨʦʟʧʫʰʫʚʘʣʴʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ 

ʊʉ-10 (ʨʠʩ. 1, ʘ) ʚʢʣʶʯʘʻ ʜʚʘ ʥʝʟʘʣʝʞʥʠʭ ʆɻʇ ʜʣʷ ʢʦʞʥʦʾ ʛʫʩʝʥʠʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʢʩʽʘʣʴʥʦʧʦʨʰʥʝʚʠʭ ʥʘʩʦʩʽʚ ʩʝʨʽʾ A4VG ʽ ʛʽʜʨʦʤʦʪʦʨʽʚ A6VE ʣʽʚʦʛʦ ʄʣ ʽ ʧʨʘʚʦʛʦ ʄʧʨ 

ʙʦʨʪʽʚ, ʫʩʪʘʥʦʚʣʝʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʙʦʨʪʦʚʠʭ ʨʝʜʫʢʪʦʨʘʭ ɹʈʣ ʽ ɹʈʧʨ [1;12]. ʅʘʩʦʩʠ ʅʣ ̔  

ʅʧʨ ʥʘʛʥʽʪʘʶʪʴ ʈʈ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʛʽʜʨʦʤʦʪʦʨʽʚ ʄʣ  ̔ʄʧʨ. ʇʦʜʘʯʘ ʈʈ ʜʦ ʛʽʜʨʦʤʦʪʦʨʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʫʢʘʚʽʚ ʈɺɼ ʽʩʪʦʪʥʦ ʩʧʨʦʱʫʻ ʢʽʥʝʤʘʪʠʯʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ  ɼɺɿ ʽ ʙʦʨʪʦʚʠʤʠ 

ʨʝʜʫʢʪʦʨʘʤʠ ʚʝʜʫʯʠʭ ʢʦʣʽʩ. ʈʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ ʥʘʩʦʩʽʚ ʽ ʛʽʜʨʦʤʦʪʦʨʽʚ ʟ ʤʝʪʦʶ 

ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʚʥʦʛʦ ʧʦʚʦʨʦʪʫ ʪʨʘʢʪʦʨʘ, ʧʨʦʧʦʨʮʽʡʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʶ ʨʫʢʦʷʪʢʠ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʈʋɼ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʭ ʛʽʜʨʦʧʨʠʩʪʨʦʾʚ ʟ ʧʨʦʧʦʨʮʽʡʥʠʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘʤʠ ʥʘ ʢʦʞʥʽʡ ʟ 

ʛʽʜʨʦʤʘʰʠʥ (ʩʠʛʥʘʣʠ ʢʝʨʫʚʘʥʥʷ ʋ1...ʋ4 ʚʽʜʧʦʚʽʜʥʦ). 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʜʘʪʯʠʢʘʤʠ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ɼʏʆʣ ̔  ɼʏʆʧʨ, ʝʣʝʢʪʨʠʯʥʽ ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ̫ ʢʠʭ ʧʦʜʘʶʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ 

ɹʂ (ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʢʦʥʪʨʦʣʝʨ ʈʉ6-9) ʷʢ ʩʠʛʥʘʣʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ɿɿ. ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʚʠʭʽʜʥʦʛʦ ʚʘʣʫ ʧʨʠʚʦʜʥʦʛʦ ɼɺɿ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʜʘʪʯʠʢʦʤ ʯʘʩʪʦʪʠ ɼʏʆʜʚʟ  ̔ ʪʘʢʦʞ 

ʥʘʜʭʦʜʠʪʴ ʜʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʢʝʨʫʚʘʥʥʷ ɹʂ. ʇʦʣʦʞʝʥʥʷ ʪʷʛʠ ʢʝʨʫʚʘʥʥʷ ʧʦʜʘʯʽ ʧʘʣʠʚʘ 

ʜʦ ɼɺɿ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʜʘʪʯʠʢʦʤ ʧʦʣʦʞʝʥʥʷ ɼʇʇ ʽ ʥʘʜʭʦʜʠʪʴ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ɿɿ ʜʦ ʙʣʦʢʘ ʢʝʨʫʚʘʥʥʷ ɹʂ. ɹʣʦʢ ɹʂ ʟʥʠʞʫʻ ʧʦʪʫʞʥʽʩʪʴ ʥʘʩʦʩʽʚ 

ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʢʫʪʘ ʧʦʭʠʣʦʛʦ ʜʠʩʢʘ  ̔ʧʦʜʘʯʽ ʈʈ, ʱʦ ʟʘʧʦʙʽʛʘʻ  ʟʫʧʠʥʮʽ ɼɺɿ.  

ʈʫʢʦʷʪʢʘ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʈʋɼ (ʜʞʦʡʩʪʠʢ) ʬʦʨʤʫʻ ʢʝʨʫʶʯʽ ʩʠʛʥʘʣʠ ʋ6 

ʝʣʝʢʪʨʦʥʥʦʤʫ ʙʣʦʢʫ ɹʂ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ɹʂ ʥʘʜʭʦʜʠʪʴ ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ 

ʚʽʜ ʨʫʢʦʷʪʢʠ ʢʝʨʫʚʘʥʥʷ ʈʋɼ ̔  ʩʠʛʥʘʣʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ɿɿ ʚʽʜ ʜʘʪʯʠʢʽʚ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ɼʏʆ ̔  ʧʦʣʦʞʝʥʥʷ ʪʷʛʠ ʢʝʨʫʚʘʥʥʷ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ɼʇʇ, ʘ ʢʝʨʫʶʯʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʱʦ ʚʠʭʦʜʷʪʴ 

ʟ ʝʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ, ʻ ʝʣʝʢʪʨʠʯʥʽ ʋ1...ʋ4 ʥʘ ʨʝʛʫʣʷʪʦʨʠ ʟʤʽʥʠ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ 

ʛʽʜʨʦʤʘʰʠʥ  ̔ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʋ5. ʊʘʢʝ ʚʠʢʦʥʘʥʥʷ ʨʘʟʦʤ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ DPCA ʜʦʟʚʦʣʷʻ ʪʨʘʢʪʦʨʠʩʪʫ ʢʝʨʫʚʘʪʠ ʷʢ 

ʥʘʧʨʷʤʢʦʤ, ʪʘʢ ʽ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ ʪʨʘʢʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʽʻʾ ʨʫʢʦʷʪʢʠ ʢʝʨʫʚʘʥʥʷ.  

ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʥʘ ʢʦʥʪʨʦʣʝʨ ʧʦʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ ʚʠʤʢʥʝʥʦʤʫ ʚʠʤʠʢʘʯʽ 

ʩʪʦʷʥʢʦʚʦʛʦ ʛʘʣʴʤʘ, ʘ çʤʘʩʘè ʚʤʠʢʘʻʪʴʩʷ ʧʨʠ ʚʠʤʢʥʝʥʦʤʫ ʚʠʤʠʢʘʯʽ ʘʚʪʦʩʪʦʧʘ, 

ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʚ ʩʠʜʽʥʥʷ ʪʨʘʢʪʦʨʠʩʪʘ. 

ʇʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʨʘʢʪʦʨʦʤ ʢʦʥʪʨʦʣʝʨ ʢʘʣʽʙʨʫʻ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʢʦʞʥʦʾ ʛʫʩʝʥʠʮʽ, ʜʦʟʚʦʣʷʶʯʠ ʚʠʢʦʥʫʚʘʪʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʦʯʥʽʩʪʶ ʨʦʟʚʦʨʦʪʠ ʥʘ ʤʽʩʮʽ, 

ʧʦʚʦʨʦʪʠ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʛʫʩʝʥʠʮʴ ʫʧʝʨʝʜ  ̔ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʅʘʷʚʥʽʩʪʴ ʬʫʥʢʮʽʾ 
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ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʟʘʧʦʙʽʛʘʥʥʷ  ʟʫʧʠʥʢʠ ɼɺɿ. 

ʅʘ ʨʠʩ. 1, ʙ ʥʘʚʝʜʝʥʦ ʛʽʜʨʘʚʣʽʯʥʫ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ  ʘʢʩʽʘʣʴʥʦʧʦʨʰʥʝʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ 

ʄ ʟ ʧʦʭʠʣʠʤ ʙʣʦʢʦʤ A6VE160 ʟ ʧʣʘʥʝʪʘʨʥʠʤ ʨʝʜʫʢʪʦʨʦʤ ɹʈ ʤʦʜʝʣʽ GFT65T2 ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʦʥʮʝʨʥʫ Rexroth Bosch Group, ʱʦ ʚʢʣʶʯʘʻ: 

ï ʨʝʛʫʣʷʪʦʨ ʟʤʽʥʠ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʪʠʧʫ ʟ ʧʨʦʧʦʨʮʽʡʥʠʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʦʤ ʥʘ ʛʽʜʨʦʨʦʟʧʦʜʽʣʴʥʠʢʫ ʈ (ʪʠʧʫ EP2 ʟ  ʥʘʧʨʫʛʦʶ 24 ɺ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ), 

ʛʽʜʨʦʮʠʣʽʥʜʨʦʤ ʎ ʟʤʽʥʠ ʢʫʪʘ ʥʘʭʠʣʫ ʙʣʦʢʘ ʮʠʣʽʥʜʨʽʚ ʛʽʜʨʦʤʦʪʦʨʘ ʽ ʟʚʦʨʦʪʥʠʤ ʟʚô̫ ʟʢʦʤ ɿɿ; 

ï ʟʚʦʨʦʪʥʽ ʢʣʘʧʘʥʠ ʂʆ1 ʽ ʂʆ2 ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʪʠʩʢʫ ʢʝʨʫʚʘʥʥʷ yp  ʜʦ 

ʛʽʜʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ ʈ ʽ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʎ, ʷʢʽ ʩʧʦʣʫʯʝʥʽ ʟ ʤʘʛʽʩʪʨʘʣʷʤʠ ʛʽʜʨʦʩʠʩʪʝʤʠ ɸ ʽ ɺ 

ʚʽʜʧʦʚʽʜʥʦ; 

ï ʛʽʜʨʦʧʨʠʩʪʨʦʾ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʚʫʟʣʽʚ ʪʝʨʪʷ ʛʽʜʨʦʤʦʪʦʨʘ, ʚʢʣʶʯʘʶʯʠ 

ʛʽʜʨʦʨʦʟʧʦʜʽʣʴʥʠʢ ʈʧ ʩʢʠʜʘʥʥʷ ʯʘʩʪʠʥʠ ʧʦʪʦʢʫ ʈʈ ʟ ʣʽʥʽʾ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ (ʧʽʜʞʠʚʣʝʥʥʷ) ʚ 

ʛʽʜʨʦʙʘʢ ɹ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ, ʜʨʦʩʝʣʴ ɼʈ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʚʠʪʨʘʪʠ ʽ ʛʽʜʨʦʢʣʘʧʘʥ ʪʠʩʢʫ ʂɼ 

ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʪʠʩʢʫ ʚ ʣʽʥʽʾ ʟʣʠʚʫ ʥʘ ʨʽʚʥʽ ʪʠʩʢʫ ʧʽʜʞʠʚʣʝʥʥʷ. ɻʽʜʨʦʨʦʟʧʦʜʽʣʴʥʠʢ ʈʧ 

ʪʨʠʧʦʟʠʮʽʡʥʦʛʦ, ʪʨʠʧʨʦʚʽʜʥʦʛʦ ʪʠʧʫ ʟ ʧʨʫʞʠʥʥʠʤ ʧʦʚʝʨʥʝʥʥʷʤ ʚ ʥʝʡʪʨʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ, 

ʤʘʻ ʘʚʪʦʤʘʪʠʯʥʝ ʛʽʜʨʘʚʣʽʯʥʝ ʢʝʨʫʚʘʥʥʷ ʰʣʷʭʦʤ ʧʽʜʚʝʜʝʥʥʷ ʈʈ ʧʽʜ ʪʦʨʮʽ ʟʦʣʦʪʥʠʢʘ; 

ï ʜʘʪʯʠʢ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ɼʏʆ ʚʘʣʘ ʛʽʜʨʦʤʦʪʦʨʘ. 

ɹʦʨʪʦʚʠʡ ʨʝʜʫʢʪʦʨ ɹʈ ʧʣʘʥʝʪʘʨʥʦʛʦ ʪʠʧʫ, ʜʚʦʭʩʪʫʧʽʥʯʘʩʪʠʡ, ʟ ʚʙʫʜʦʚʘʥʠʤ 

ʛʽʜʨʘʚʣʽʯʥʦ-ʢʝʨʦʚʘʥʠʤ (ʨʫ.ʪ) ʙʘʛʘʪʦʜʠʩʢʦʚʠʤ ʩʪʦʷʥʢʦʚʠʤ ʛʘʣʴʤʦʤ ʥʦʨʤʘʣʴʥʦ-ʟʘʤʢʥʝʥʦʛʦ 

ʪʠʧʫ, ʟ ʦʙʝʨʪʦʚʠʤ ʢʦʨʧʫʩʦʤ, ʥʘ ʬʣʘʥʮʽ ʷʢʦʛʦ ʢʨʽʧʠʪʴʩʷ ʚʝʜʫʯʝ ʢʦʣʝʩʦ. ʈʦʙʦʪʘ ʨʝʛʫʣʷʪʦʨʘ 

ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʈʈ ʟ ʤʘʛʽʩʪʨʘʣʝʡ ɸ ʘʙʦ ɺ ʧʦʩʪʽʡʥʦ 

ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʰʪʦʢʦʚʦʾ ʧʦʨʦʞʥʠʥʠ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʎ ʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʠʩʢʫ ʢʝʨʫʚʘʥʥʷ ʨʫ 

ʰʪʦʢ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʚʩʪʘʥʦʚʣʶʻ ʙʣʦʢ ʮʠʣʽʥʜʨʽʚ ʛʽʜʨʦʤʦʪʦʨʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʫʪ, 

ʚʽʜʧʦʚʽʜʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʦʙʦʯʦʤʫ ʦʙô̒ ʤʫ. ʇʨʠ ʧʽʜʚʝʜʝʥʥʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʜʦ 

ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʤʘʛʥʽʪʫ ʋ ʛʽʜʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ ʈ ʟʦʣʦʪʥʠʢ ʦʩʪʘʥʥʴʦʛʦ ʟʤʽʱʫʻʪʴʩʷ ʚʥʠʟ ʽ ʈʈ 

ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚ ʙʝʟʰʪʦʢʦʚʫ  (ʧʦʨʰʥʝʚʫ) ʧʦʨʦʞʥʠʥʫ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʎ. ɿʘʚʜʷʢʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʧʦʨʰʝʥʴ ʦʩʪʘʥʥʴʦʛʦ ʟʤʽʱʫʻʪʴʩʷ ʫʚʝʨʭ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʙʣʦʢʘ ʮʠʣʽʥʜʨʽʚ ʛʽʜʨʦʤʦʪʦʨʘ ʽ  ʡʦʛʦ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ. 

ɿô̒ ʜʥʘʥʥʷ ʰʪʦʢʘ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʎ ʟ ʪʦʨʮʝʤ ʟʦʣʦʪʥʠʢʘ ʛʽʜʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ ʈ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʫʞʠʥʠ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʤʝʭʘʥʽʯʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ɿɿ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʟʥʘʯʥʦʾ 

ʚ̔ ʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʧʦʣʦʞʝʥʥʷʤ ʟʦʣʦʪʥʠʢʘ ʽ ʰʪʦʢʦʤ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʎ. ɽʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʡ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʨʝʛʫʣʷʪʦʨ ʩʪʝʞʥʦʛʦ ʪʠʧʫ ʟʘʙʝʟʧʝʯʫʻ ʣʽʥʽʡʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟʤʽʥʠ ʨʦʙʦʯʦʛʦ 

ʦʙô̒ ʤʫ ʛʽʜʨʦʤʦʪʦʨʘ ʚʽʜ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʢʝʨʫʚʘʥʥʷ ʥʘ ʤʘʛʥʽʪʽ ʛʽʜʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ ʈ. 

ʃʽʪʝʨʘʤʠ ɸ, ɺ, G, M1, T1, T2 ʽ U ʧʦʟʥʘʯʝʥʽ ʦʪʚʦʨʠ, ʚʠʢʦʥʘʥʽ ʚ ʢʦʨʧʫʩʽ ʛʽʜʨʦʤʦʪʦʨʘ (ʜʣʷ 

ʩʧʦʣʫʯʝʥʥʷ ʟ ʥʘʩʦʩʦʤ, ʜʨʝʥʘʞʫ ʪʘ ʽʥ.). 

ɸʥʘʣʦʛʽʯʥʠʡ ʆɻʇ  ʛʫʩʝʥʠʯʥʦʾ ʤʘʰʠʥʠ ʟ ʜʚʦʤʘ ʥʝʟʘʣʝʞʥʠʤʠ ʙʦʨʪʘʤʠ Dual Path ʽ 

ʢʦʥʪʨʦʣʝʨʦʤ PLUS+1ʊʄ  ̒ʚ ʥʦʤʝʥʢʣʘʪʫʨʽ ʬʽʨʤʠ SAUER-DANFOSS [3]. 

ʅʘ ʨʠʩ. 2  ʧʨʠʚʝʜʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʆɻʇ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʡʦʛʦ 

ʜʠʥʘʤʽʢʠ ʚ ʩʢʣʘʜʽ  ʛʫʩʝʥʠʯʥʦʛʦ ʪʨʘʢʪʦʨʘ. ʊʘʢ ʷʢ ʩʭʝʤʘ ʻ ʙʦʨʪʦʚʦʶ, ʪʦʙʪʦ ʢʦʞʥʠʡ ʙʦʨʪ ʤʘʻ  

ʩʚʽʡ ʆɻʇ ʟ ʥʘʩʦʩʦʤ ʪʘ ʛʽʜʨʦʤʦʪʦʨʦʤ, ʪʦ ʨʦʟʛʣʷʜʘʻʤʦ ʪʽʣʴʢʠ ʥʘʩʦʩ ʅ ʽ ʛʽʜʨʦʤʦʪʦʨ ʄ, ʢʦʞʝʥ 

ʟ ʢʦʪʨʠʭ ʤʘʻ ʨʝʛʫʣʴʦʚʘʥʠʡ ʨʦʙʦʯʠʡ ʦʙô̒ ʤ. 



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 

Technical service of agriculture, forestry and transport 

systems 

ˉ23ô 2021  

95 

 
ʈʠʩ. 1 ʌʫʥʢʮʽʦʥʘʣʴʥʘ  ʩʭʝʤʘ ʆɻʇ ʛʫʩʝʥʠʯʥʦʛʦ ʭʦʜʫ ʬʽʨʤʠ Rexroth Bosch Group ʥʘ ʪʨʘʢʪʦʨʽ ʊʉ-

10 (ʘ) ʽ ʛʽʜʨʘʚʣʽʯʥʘ  ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʙʦʨʪʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ (ʙ) [1;12] 

 

ʅʘʩʦʩ ʅ ʧʨʠʚʦʜʠʪʴ ʚ ʦʙʝʨʪʘʥʥʷ ʛʽʜʨʦʤʦʪʦʨ ʄ, ʘ ʦʩʪʘʥʥʽʡ ʙʦʨʪʦʚʠʡ ʨʝʜʫʢʪʦʨ  ɹʈ 

ʛʫʩʝʥʠʮʽ. ʅʘʩʦʩ ʪʘ ʛʽʜʨʦʤʦʪʦʨ ʤʘʶʪʴ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʟʦʚʥʽʰʥʽ ʪʘ ʚʥʫʪʨʽʰʥʽ 

ʚʠʪʦʢʠ ʈʈ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʦʝʬʽʮʽʻʥʪʫ  ʧʦʜʘʯʽ ʜʣʷ ʥʘʩʦʩʘ ʽ ʦʙô̒ ʤʥʦʛʦ ʂʂɼ ʜʣʷ 

ʛʽʜʨʦʤʦʪʦʨʘ, ʘ ʪʘʢʦʞ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʪʨʘʪʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʛʽʜʨʦʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ ʛʽʜʨʦʤʘʰʠʥ. ʇʦʟʥʘʯʢʠ ʥʘ ʩʭʝʤʽ  ʧʦʷʩʥʠʤʦ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʨʽʚʥʷʥʴ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʆɻʇ.  

ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʆɻʇ [13], ʜʦʧʦʚʥʠʚ ʾʾ ʚʚʝʜʝʥʥʷʤ 

ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ. ʌʦʨʤʘʣʴʥʦ ʮʷ ʤʦʜʝʣʴ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  

ʝʚʨʠʩʪʠʯʥʠʡ ʤʦʜʫʣʴ ʩʪʘʜʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʦʣʠ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ï ʙʫʣʴʜʦʟʝʨʥʠʡ ʚʽʜʚʘʣ 

ʘʙʦ ʨʦʟʧʫʰʫʚʘʯ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚ ʟʝʤʣʶ ʚʞʝ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʨʫʭʫ ʪʨʘʢʪʦʨʘ. 
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ʈʠʩ. 2. ʈʦʟʨʘʭʫʥʢʦʚʘ  ʩʭʝʤʘ ʆɻʇ ʦʜʥʦʛʦ ʙʦʨʪʫ ʪʨʘʢʪʦʨʘ ʊʉ-10   

 

ʋ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʨʦʙʣʷʪʴʩʷ ʥʘʩʪʫʧʥʽ ʜʦʧʫʱʝʥʥʷ: ʤʦʜʫʣʴ ʦʙô̒ ʤʥʦʾ ʧʨʫʞʥʦʩʪʽ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʱʽʣʴʥʽʩʪʴ ʽ ʚô̫ ʟʢʽʩʪʴ ʈʈ ʻ ʧʦʩʪʽʡʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ;  ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʨʘʢʪʦʨʘ 

ʧʨʠʡʤʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ; ʭʚʠʣʝʚʽ ʧʨʦʮʝʩʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ ʟʚô̫ ʟʢʫ ʟ ʾʭ 

ʥʝʟʥʘʯʥʦʶ ʧʨʦʪʷʞʥʽʩʪʶ (ʥʘʩʦʩ ʽ ʛʽʜʨʦʤʦʪʦʨ ʟô̒ ʜʥʘʥʽ  ʢʦʨʦʪʢʠʤʠ ʨʫʢʘʚʘʤʠ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ).  

ʊʘʢʠʤ ʯʠʥʦʤ  ʚʠʨʘʟʠ  ʜʣʷ ʪʠʩʢʫ ʤp  [ʄʇʘ] ʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ  ʛʽʜʨʦʤʦʪʦʨʘ ʤn  

[ʭʚï1] ʤʘʶʪʴ ʚʠʛʣʷʜ  

 
3
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ʜʝ ʥʪ, ʥʪeQ Q ʝ= Ö
 ï ʧʦʜʘʯʘ ʥʘʩʦʩʘ ʧʨʠ ʟʘʜʘʥʥʦʤʫ   ʚʽʜʥʦʩʥʦʤʫ ʢʫʪʫ ʧʦʚʦʨʦʪʫ ʧʦʭʠʣʦʛʦ 

ʜʠʩʢʘ e, ʷʢʠʡ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚ ʦʙʠʜʚʘ ʙʦʢʠ ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʚʽʜʥʦʩʥʠʭ 

ʚʝʣʠʯʠʥʘʭ 0... 1e= °, ʣ/ʭʚ, 
3

ʥʪ ʥ ʥ10Q V n-=
 ï ʪʝʦʨʝʪʠʯʥʘ ʧʦʜʘʯʘ ʥʘʩʦʩʘ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʦʙʦʯʠʤ ʦʙô̒ ʤʦʤ ʥ

V
 [ʩʤ3] ʽ 

ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ ɼɺɿ ʥn [ʭʚï1] ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʠʪʦʢʽʚ ʈʈ, ʣ/ʭʚ, 

ʤ, ʤiV V i= Ö
 ï ʧʦʪʦʯʥʝ ʚʩʪʘʥʦʚʣʝʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ ʛʽʜʨʦʤʦʪʦʨʘ [ʩʤ3], 

ʧʨʦʧʦʨʮʽʡʥʝ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʤV
 ʽ ʟʘʣʝʞʥʦʠʫ ʚʽʜ ʧʘʨʘʤʝʪʨʘ ʨʝʛʫʣʶʚʘʥʥʷ 0,38...1i=  [14], 

ʧʚʉ  ï  ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʫʤʢʦʚʠʭ ʟʦʚʥʽʰʥʽʭ (ʥ.ʟʥʉ  ʽ ʤ.ʟʥʉ ) ʪʘ ʚʥʫʪʨʽʰʥʽʭ (ʥ.ʚʥʉ  ʽ  ʤ.ʟʥʉ ) 

ʚʠʪʦʢʽʚ ʈʈ  ʥʘʩʦʩʘ (ʥ.ʟʚQD  ʪʘ ʥ.ʚʥQD ) ʽ ʛʽʜʨʦʤʦʪʦʨʘ (ʤ.ʟʚQD  ʪʘ ʤ.ʚʥQD ), ʣ/(ʭʚ.ʄʇʘ),  

ʪʨV
 ï ʦʙô̒ ʤ ʈʈ ʚʦ ʚʭʽʜʥʽʡ (ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ) ʧʦʨʦʞʥʠʥʽ (ʪʨʫʙʦʧʨʦʚʦʜʽ) ʛʽʜʨʦʤʦʪʦʨʘ ʟʽ 

ʟʚʝʜʝʥʠʤ ʜʽʘʤʝʪʨʦʤ ʟʚɼ
 [ʤʤ] ʪʘ ʜʦʚʞʠʥʦʶ L[ʤ], ʜʤ3, 
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ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʈʈ, ʷʢʠʡ ʚʠʢʣʠʢʘʻ ʜʝʬʦʨʤʘʮʽʡʥʫ ʚʠʪʨʘʪʫ ʈʈ ʥʜQD
, ʱʦ ʚʠʢʣʠʢʘʥʘ ʾʾ 

ʩʪʠʩʣʠʚʽʩʪʶ ʪʘ ʦʙô̒ ʤʦʤ ʪʨʫʙʦʧʨʦʚʦʜʫ ʪʨV
, ʄʇʘ, 

ʧ ʤ ʨ ʨʦJ J J J= + +
 ï ʧʽʜʩʫʤʢʦʚʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʚʘʣʫ ʛʽʜʨʦʤʦʪʦʨʘ, ʚ 

ʷʢʠʡ ʚʭʦʜʷʪʴ,   

ʤJ  ï ʤʦʤʝʥʪ  ʽʥʝʨʮʽʾ ʯʘʩʪʠʥ  ʛʽʜʨʦʤʦʪʦʨʘ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ,   

ʨJ
 ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʨʠʚʦʜʥʦʾ ʯʘʩʪʠʥʠ (ʨʝʜʫʢʪʦʨʘ) ʪʘ ʨʦJ

 ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ (ʪʨʘʢʪʦʨʘ), ʢʛ.ʤ2, 

ʥ ʤp pº
 ʽ ʟʣ

p
 ï ʪʠʩʢ ʚ ʣʽʥʽʷʭ ʥʘʛʥʽʪʘʥʥʷ ʥʘʩʦʩʘ (ʛʽʜʨʦʤʦʪʦʨʘ) ʽ ʟʣʠʚʫ ʈʈ ʜʦ ʥʘʩʦʩʘ, 

ʚʽʜʧʦʚʽʜʥʦ (ʪʠʩʢ ʟʣp
 ʧʨʠʡʤʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ), ʄʇʘ, 

ʤ.ʛʤh
 ï ʛʽʜʨʦʤʝʭʘʥʽʯʥʠʡ ʂʂɼ ʛʽʜʨʦʤʦʪʦʨʘ, 

ʩʄ  ï ʤʦʤʝʥʪ ʦʧʦʨʫ (ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ), ʅ.ʤ. 

ʇʨʠʚʝʜʝʥʽ ʨʽʚʥʷʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʦʮʽʥʮʽ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆɻʇ, 

ʟʤʽʥʥʠʤʠ ʚ ʯʘʩʽ ʽ ʱʦ ʟʘʜʘʶʪʴʩʷ ʟʘʟʜʘʣʝʛʽʜʴ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʴʩʷ: ʤʦʤʝʥʪ ʦʧʦʨʫ 

ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʄ ; ʧʦʜʘʯʘ ʥʘʩʦʩʘ ʥʪ,eQ
; ʨʦʙʦʯʠʡ ʦʙô̒ ʤ ʛʽʜʨʦʤʦʪʦʨʘ ʤ,iV

 ʽ ʡʦʛʦ 

ʛʽʜʨʦʤʝʭʘʥʽʯʥʠʡ ʂʂɼ (ʤ.ʛʤh ). ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʟʤʽʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʛʽʜʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʂʂɼ ʦʙʫʤʦʚʣʝʥʘ ʡʦʛʦ ʽʩʪʦʪʥʠʤ ʟʥʠʞʝʥʥʷʤ ʥʘ ʨʝʞʠʤʘʭ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ 

ʛʽʜʨʦʤʦʪʦʨʘ. ʊʘʢʝ ʷʚʠʱʝ ʦʙʫʤʦʚʣʝʥʦ ʜʚʦʤʘ ʬʘʢʪʦʨʘʤʠ. ʇʝʨʰ ʟʘ ʚʩʝ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʧʨʠ 

ʩʪʘʣʦʩʪʽ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʟʥʠʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ ʛʽʜʨʦʤʦʪʦʨʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʧʝʨʝʧʘʜʫ ʪʠʩʢʽʚ ʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ: 
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ɿʨʦʩʪʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʛʽʜʨʦʤʦʪʦʨʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ  

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʚʪʨʘʪ ʽ ʥʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʈʈ ʚ ʡʦʛʦ ʢʦʨʧʫʩʽ. ʅʘ ʟʥʠʞʝʥʥʷ 

ʛʽʜʨʦʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ ʛʠʜʨʦʤʦʪʦʨʘ ʥʘ ʨʝʞʠʤʽ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ ʽʩʪʦʪʥʠʡ 

ʚʧʣʠʚ ʤʘʶʪʴ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ, ʧʨʦʧʦʨʮʽʡʥʽ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʚʪʨʘʪʠ [4], ʧʨʦʧʦʨʮʽʡʥʽ ʰʚʠʜʢʦʩʪʽ ʈʈ ʧʦ ʜʦʚʞʠʥʽ ʽ ʤʽʩʮʝʚʠʭ ʦʧʦʨʘʭ ʽ ʪʘ 

ʯʘʩʪʠʥʘ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ï ʚ ʦʩʥʦʚʥʦʤʫ ʮʝ ʚʪʨʘʪʠ 

ʥʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʈʈ ʚ ʢʦʨʧʫʩʽ. ʎʽ ʚʪʨʘʪʠ ʯʘʩʪʦ ʢʣʘʩʠʬʽʢʫʶʪʴ ʷʢ ʚʪʨʘʪʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ. 

ɼʣʷ ʨʘʜʽʘʣʴʥʦʧʦʨʰʥʝʚʠʭ ʽ ʛʝʨʦʪʦʨʥʠʭ ʛʠʜʨʦʤʦʪʦʨʽʚ ʚ ʢʘʪʘʣʦʛʘʭ ʥʘʚʦʜʷʪʴʩʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʧʨʠ 

ʧʦʩʪʽʡʥʽʡ ʚô̫ ʟʢʦʩʪʽ ʈʈ [15 ï 17]. ɼʣʷ ʘʢʩʽʘʣʴʥʦʧʦʨʰʥʝʚʠʭ ʛʠʜʨʦʤʦʪʦʨʽʚ ʪʘʢʽ ʜʘʥʽ, ʷʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʧʨʠʚʦʜʷʪʴ, ʪʦʤʫ ʚʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʽʥʬʦʨʤʘʮʽʷ, ʦʪʨʠʤʘʥʘ ʧʨʠ 

ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ [18]. ʅʘʧʨʠʢʣʘʜ, ʚʪʨʘʪʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʚʠʷʚʣʷʶʪʴʩʷ ʜʦʩʠʪʴ 

ʽʩʪʦʪʥʠʤʠ, ʜʦʩʷʛʘʶʯʠ 1,5...3,5 ʄʇʘ ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʛʽʜʨʦʤʦʪʦʨʽʚ 

ʧʦʩʪʽʡʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ. ɺʽʜʧʦʚʽʜʥʦ, ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ ʛʽʜʨʦʤʦʪʦʨʘ 

ʚʘʨʪʦ ʦʯʽʢʫʚʘʪʠ ʧʽʜʚʠʱʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʽʚ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ. ɼʣʷ ʥʘʩʦʩʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʘʤʢʥʝʥʦʤʫ ʣʘʥʮʶʟʽ ʮʠʨʢʫʣʷʮʽʾ ʈʈ, ʽʩʪʦʪʥʠʤʠ ʚʠʷʚʣʷʶʪʴʩʷ ʚʪʨʘʪʠ ʚ 

ʨʝʞʠʤʽ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʭʠʣʦʛʦ ʜʠʩʢʫ, ʱʦ ʜʦʩʷʛʘʶʪʴ 12...20 ʢɺʪ. ʊʦʤʫ ʚ ʧʝʨʰʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʙʝʟ ʦʩʦʙʣʠʚʦʾ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ ʟʥʘʯʝʥʥʷ ʂʂɼ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʙô̒ ʤʥʠʭ ʽ 

ʛʽʜʨʦʤʝʭʘʥʠʯʥʠʭ ʚʪʨʘʪ ʟʘʜʘʚʻʤʦ ʥʘ ʧʽʜʩʪʘʚʽ ʜʦʩʚʽʜʯʝʥʠʭ ʜʘʥʠʭ ʜʣʷ ʛʽʜʨʦʤʘʰʠʥ 

ʘʢʩʽʘʣʴʥʦʧʦʨʰʥʝʚʦʛʦ ʪʠʧʫ. ɹʝʟʫʤʦʚʥʦ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦ ʢʦʥʢʨʝʪʥʠʭ 

ʛʽʜʨʦʤʘʰʠʥʘʭ ʜʦʟʚʦʣʷʪʴ ʫʪʦʯʥʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʩʧʨʘʚʞʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʝ ʚʧʣʠʚʘʶʯʠ ʥʘ 

ʟʘʛʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʽʚ. 
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ɿ ʤʝʪʦʶ ʦʭʦʧʣʝʥʥʷ ʚʩʽʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʆɻʇ, ʚʢʣʶʯʘʶʯʠ ʧʫʩʢʦʚʠʡ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ, 

ʧʨʠʩʢʦʨʝʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʫʭʫ ʽ ʟʫʧʠʥʢʠ, ʽ ʚʨʘʭʫʚʘʥʥʷ ʥʠʟʢʠ ʚʠʱʝʥʘʚʝʜʝʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʟʘʜʘʶʪʴʩʷ, ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʙʣʦʢʘʤʠ çVisSim-mapè  

[19 ï 20], ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘ ʧʦʧʝʨʝʜʥʴʦ ʩʢʣʘʜʝʥʦʶ ʮʠʢʣʦʛʨʘʤʦʶ  ʚʚʝʜʝʥʥʷ ʚ ʤʦʜʝʣʴ 

ʘʜʝʢʚʘʪʥʠʭ ʟʘ ʯʘʩʦʤ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʠ ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʆɻʇ ʙʣʦʢʠ çmapè ʜʦʟʚʦʣʷʶʪʴ ʚʥʦʩʠʪʠ ʥʝʦʙʭʽʜʥʽ ʢʦʨʝʢʪʠʚʠ ʚ 

ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ. 

ɼʣʷ ʦʮʽʥʢʠ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʤʘʻ ʢʦʨʝʢʪʥʝ ʟʘʚʜʘʥʥʷ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ. ʊʘʢ ʷʢ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʪʨʘʢʪʦʨʘ ʻ ʩʘʤʦʩʪʽʡʥʦʶ ʟʘʜʘʯʝʶ, ʪʦ ʚ ʧʝʨʰʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʟʘʜʘʻʤʦʩʷ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ, ʚʠʭʦʜʷʯʠ ʟ ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʙʘʛʘʪʦʭʦʜʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ CBm6000 [15], ʷʢʠʡ ʤʘʻ ʤʘʩʫ 7500 ʢʛ ʽ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʦʙʝʨʪʦʚʠʭ ʯʘʩʪʠʥ 593 ʢʛ.ʤ2. ʊʘʢ ʷʢ ʤʘʩʘ ʪʨʘʢʪʦʨʘ ʊʉ-10 ʟ ʦʙʣʘʜʥʘʥʥʷʤ  ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 

17 ʪ, ʘ ʜʦʩʣʽʜʞʝʥʥʶ ʧʽʜʣʷʛʘʻ ʆɻʇ ʦʜʥʦʛʦ ʙʦʨʪʫ, ʪʦ ʧʨʠʡʤʘʻʤʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʆɻʇ ʚ  

600 ʢʛ.ʤ2. ʋ ʤʽʨʫ ʦʪʨʠʤʘʥʥʷ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʫʪʦʯʥʝʥʘ. 

ɼʣʷ  ʛʽʜʨʦʤʦʪʦʨʽʚ ʆɻʇ ʪʨʘʢʪʦʨʘ ʚʠʨʦʙʥʠʢʦʤ ʚʩʪʘʥʦʚʣʝʥʽ ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ 3100 ʭʚï1 ʧʨʠ ʨʦʙʦʯʦʤʫ ʦʙô̒ ʤʽ 160 ʩʤ3 ( maxgV ) ʽ ʜʦ 4900 ʭʚï1 ʧʨʠ ʨʦʙʦʯʦʤʫ 

ʦʙô̒ ʤʽ 61 ʩʤ3 ( g xV ), ʘ ʧʨʠ ʥʫʣʴʦʚʦʤʫ ʟʥʘʯʝʥʥʽ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ ʜʦ 5500 ʭʚï1 [14]. 

ɻʽʜʨʦʤʦʪʦʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʥʦʤʽʥʘʣʴʥʦʤʫ ʪʠʩʢʫ ʜʦ 40 ʄʇʘ ʽ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʜʦ 

45 ʄʇʘ. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʦʙʤʝʞʝʥʠʡ ʚ ʯʘʩʽ 10 ʩʝʢʫʥʜʘʤʠ ʧʨʠ ʦʜʥʦʨʘʟʦʚʦʤʫ 

ʚʧʣʠʚʽ ʽ ʥʝ ʙʽʣʴʰʝ 300 ʛʦʜʠʥ ʟʘʛʘʣʴʥʦʛʦ ʥʘʧʨʘʮʶʚʘʥʥʷ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʘʢʝʪʫ VisSim ʧʨʠʡʤʘʚʩʷ ʤʝʪʦʜ ʽʥʪʝʛʨʘʮʽʾ ʈʫʥʛʝ-ʂʫʪʪʘ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʫ ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ  0,001cD= .  

ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʆɻʇ, ʱʦ ʟʘʜʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʽʚ VisSim-

map, ʚʢʣʶʯʘʶʯʠ ʤʦʤʝʥʪ ʦʧʦʨʫ cM , ʧʦʜʘʯʫ (ʚʠʪʨʘʪʫ) ʥʘʩʦʩʘ ʥʪ,eQ , ʨʦʙʦʯʠʡ ʦʙô̒ ʤ 

ʛʽʜʨʦʤʦʪʦʨʘ ʤ,iV  ̔  ʛʽʜʨʦʤʝʭʘʥʽʯʥʠʡ  ʂʂɼ ʛʽʜʨʦʤʦʪʦʨʘ ʂʇɼʤ.ʛʤ (ʤ.ʛʤh  ). ʄʦʤʝʥʪ ʦʧʦʨʫ 

ʥʦʩʠʪʴ  ʩʢʘʯʢʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʨʝʞʠʤʦʤ ʟʨʫʰʫʚʘʥʥʷ ʪʨʘʢʪʦʨʘ ʟ ʤʽʩʮʷ. ʅʘ 

ʜʽʣʷʥʮʽ ʧʨʦʪʷʞʥʽʩʪʶ ʚ 10 ʩ ʤʦʤʝʥʪ ʦʧʦʨʫ ʚʽʜʧʦʚʽʜʘʻ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʪʨʘʢʪʦʨʘ ʟ ʙʫʣʴʜʦʟʝʨʦʤ ʘʙʦ ʨʦʟʧʫʰʫʚʘʯʝʤ. ʅʘ ʜʽʣʷʥʮʽ 10é13 ʩ ʤʦʤʝʥʪ ʦʧʦʨʫ ʟʥʠʞʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʦʨʦʞʥʽʭ ʫʤʦʚ ʧʨʠ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ ʪʨʘʢʪʦʨʘ. ɿʘʣʝʞʥʽʩʪʴ cM  ʻ 

ʧʦʩʪʽʡʥʦʶ ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʇʦʜʘʯʘ ʥʘʩʦʩʘ ʥʪ,eQ  ʧʦʢʘʟʘʥʘ ʩʫʮʽʣʴʥʦʶ 

ʣʽʥʽʻʶ, ʷʢʘ ʙʣʠʟʴʢʘ ʜʦ ʦʧʪʠʤʘʣʴʥʦʾ, ʪʘʢ ʷʢ ʤʽʥʽʤʽʟʫʻ ʩʢʘʯʢʠ ʪʠʩʢʫ ʧʨʠ ʟʨʫʰʫʚʘʥʥʽ ʪʨʘʢʪʦʨʘ 

ʟ ʤʽʩʮʷ ʽ ʟʫʧʠʥʮʽ. ɺʽʜʭʠʣʝʥʥʷ ʧʦʜʘʯʽ ʥʘ ʮʠʭ ʨʝʞʠʤʘʭ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʾ ʧʦʢʘʟʘʥʦ 

ʧʫʥʢʪʠʨʥʠʤʠ ʣʽʥʽʷʤʠ. ʊʘʢʦʞ ʧʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʦ ʚʽʜʭʠʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ ʛʽʜʨʦʤʦʪʦʨʘ 

ʤ,iV  ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠ ʡʦʛʦ ʟʤʽʥʽ. 

ɻʽʜʨʦʤʝʭʘʥʽʯʥʠʡ ʂʂɼ ʛʽʜʨʦʤʦʪʦʨʘ ʂʇɼ ʤ.ʛʤ ʥʦʩʠʪʴ ʟʤʽʥʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʠʤʠ ʚʪʨʘʪʘʤʠ ʥʘ ʤʝʭʘʥʽʯʥʝ ʪʝʨʪʷ ʧʨʠ ʟʨʫʰʫʚʘʥʥʽ ʽ ʙʘʨʙʦʪʘʞʥʠʤʠ ʥʘ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʈʈ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʦʙʝʨʪʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ 

ʛʽʜʨʦʤʦʪʦʨʘ. 

ʅʘ ʨʠʩ. 4 ʽ 5 ʥʘʚʝʜʝʥʽ ʦʩʮʠʣʦʛʨʘʤʠ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʆɻʇ ʦʜʥʦʛʦ ʙʦʨʪʫ ʪʨʘʢʪʦʨʘ 

ʊʉ-10 (ʟʣʽʚʘ ʥʘʧʨʘʚʦ ʽ ʟʚʝʨʭʫ ʚʥʠʟ): ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʛʽʜʨʦʤʦʪʦʨʘ çnʤè; ʰʚʠʜʢʦʩʪʽ 

ʪʨʘʢʪʦʨʘ çVʪʨʘʢʪè; ʧʝʨʝʧʘʜʫ ʪʠʩʢʽʚ çʜʝʣʴʪʘ ʨʤè; ʧʦʜʘʯʽ ʥʘʩʦʩʘ çQʥè, ʤʦʤʝʥʪʫ ʦʧʦʨʫ çʄʩè 

ʽ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʽʜʨʦʤʦʪʦʨʘ çʈʤè. 

ʊʨʘʢʪʦʨ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʤʦʤʝʥʪʽ ʦʧʦʨʫ ʟʘ ʧʝʨʽʦʜ 8 ʩ ʤʘʻ ʜʚʽ ʩʪʫʧʝʥʽ ʰʚʠʜʢʦʩʪʽ 

ʚ 2 ʢʤ/ʛʦʜ ̔  3,2 ʢʤ/ʛʦʜ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʧʦʜʘʯʽ ʥʘʩʦʩʘ ʜʦ 116 ʣ/ʭʚ ʽ 192 ʣ/ʭʚ, ʚʽʜʧʦʚʽʜʥʦ. 

ʇʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʦ 9,7 ʢʤ/ʛʦʜ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʨʦʙʦʯʦʛʦ 

ʦʙô̒ ʤʫ ʛʽʜʨʦʤʦʪʦʨʘ ʟʽ 160 ʩʤ3 ʜʦ 53 ʩʤ3. 
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ʈʠʩ. 3. ʈʝʞʠʤʠ ʨʦʙʦʪʠ ʆɻʇ, ʷʢʽ ʟʘʜʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʫ VisSim-map  

 

ʈʫʭ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʟʘʚʝʨʰʫʻʪʴʩʷ ʜʦ 18 ʩʝʢʫʥʜʠ. ɼʘʣʽ ʰʣʷʭʦʤ 

ʟʤʝʥʰʝʥʥʷ ʧʦʜʘʯʽ ʥʘʩʦʩʘ ʰʚʠʜʢʽʩʪʴ ʪʨʘʢʪʦʨʘ ʟʥʠʞʫʻʪʴʩʷ ʘʞ ʜʦ ʡʦʛʦ ʟʫʧʠʥʢʠ. ɺʽʜʟʥʘʯʠʤʦ, 

ʱʦ ʨʝʞʠʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʨʘʢʪʦʨʘ ʜʦʩʷʛʘʻʪʴʩʷ ʥʝ ʰʣʷʭʦʤ ʥʘʨʦʱʫʚʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʥʦʛʦ ɼɺɿ ʥʘʩʦʩʘ, ʘ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ ʛʽʜʨʦʤʦʪʦʨʘ. 

ʊʘʢʠʡ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʧʘʣʠʚʥʦʶ ʝʢʦʥʦʤʽʯʥʽʩʪʶ ʪʨʘʢʪʦʨʘ ʽ ʡʦʛʦ 

ʥʘʟʠʚʘʶʪʴ ʨʝʞʠʤʦʤ ʟ ʧʦʩʪʽʡʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ ʤʦʞʣʠʚʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ ʪʨʘʢʪʦʨʘ, ʫʤʦʚʥʦ ʚʽʜʥʽʩʰʠ ʾʭ ʜʦ 

ʥʝ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʧʨʠ ʷʢʦʤʫ ʤʘʶʪʴ ʤʽʩʮʝ ʧʽʜʚʠʱʝʥʽ ʩʢʘʯʢʠ ʪʠʩʢʫ, ʽ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʧʨʠ 

ʷʢʦʤʫ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʤʽʥʽʤʘʣʴʥʽ ʩʢʘʯʢʠ ʪʠʩʢʫ ʽ ʥʝ ʚʠʥʠʢʘʻ ʢʘʚʽʪʘʮʽʷ ʈʈ. 

1. ʅʝ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʆɻʇ ʪʨʘʢʪʦʨʘ (ʨʠʩ. 4): 

1.1. ʇʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʟʨʦʩʪʘʥʥʽ ʧʦʜʘʯʽ ʥʘʩʦʩʘ ʧʨʠ ʟʨʫʰʫʚʘʥʥʽ ʪʨʘʢʪʦʨʘ ʟ ʤʽʩʮʷ 

(ʧʦʜʘʯʘ ʟʨʦʩʪʘʻ ʜʦ 116 ʣ/ʭʚ ʟʘ 0,3 ʩ) ʪʠʩʢ ʟʨʦʩʪʘʻ ʜʦ 43 ʄʇʘ ʧʨʠ ʩʪʘʣʦʤʫ (ʨʦʙʦʯʦʤʫ)  

26 ʄʇʘ; 

1.2. ʇʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʟʥʠʞʝʥʥʽ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ ʛʽʜʨʦʤʦʪʦʨʘ ʚ ʽʥʪʝʨʚʘʣʽ 8...12 ʩ ʤʘʻ 

ʤʽʩʮʝ ʩʪʨʠʙʦʢ ʪʠʩʢʫ ʜʦ 47 ʄʇʘ; 

1.3. ʇʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʟʥʠʞʝʥʥʽ ʧʦʜʘʯʽ ʥʘʩʦʩʘ ʥʘ ʨʝʞʠʤʽ ʟʫʧʠʥʢʠ ʪʨʘʢʪʦʨʘ  

(ʚ ʽʥʪʝʨʚʘʣʽ 18... 20 ʩ) ʪʠʩʢ ʧʘʜʘʻ ʥʠʞʯʝ ʘʪʤʦʩʬʝʨʥʦʛʦ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʘʚʽʪʘʮʽʾ ʚ ʆɻʇ; 

1.4. ʄʘʢʩʠʤʘʣʴʥʘ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʆɻʇ ʜʦʩʷʛʘʻ 115 ʢɺʪ. 

2. ʆʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʆɻʇ (ʨʠʩ. 5) ʟʘʙʝʟʧʝʯʫʶʪʴ: 

2.1. ʇʨʠ ʟʨʫʰʫʚʘʥʥʽ ʟ ʤʽʩʮʷ ʪʠʩʢ ʚ ʆɻʇ ʥʝ ʧʝʨʝʚʠʱʫʻ 31 ʄʇʘ ʧʨʠ ʩʪʘʣʦʤʫ ʟʥʘʯʝʥʥʽ 

26 ʄʇʘ; 

2.2. ʅʘ ʨʝʞʠʤʽ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ ʥʘʩʦʩʘ ʪʠʩʢ ʧʽʜʚʠʱʠʚʩʷ ʜʦ 29 ʄʇʘ, ʱʦ 

ʩʫʪʪʻʚʦ ʥʠʞʯʝ, ʥʽʞ ʥʘ ʨʝʞʠʤʽ 1.2 (47 ʄʇʘ); 
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2.3. ʇʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʪʨʘʢʪʦʨʘ, ʪʦʙʪʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʧʦʜʘʯʽ ʥʘʩʦʩʘ, ʪʠʩʢ ʚ ʆɻʇ 

ʟʥʠʞʫʻʪʴʩʷ ʥʝ ʤʝʥʰʝ ʯʠʤ ʜʦ ʟʥʘʯʝʥʥʷ 2,9 ʄʇʘ, ʱʦ ʥʘʚʽʪʴ ʚʠʱʝ ʥʦʨʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʪʠʩʢʫ ʧʽʜʞʠʚʣʝʥʥʷ ʚ ʟʘʤʢʥʝʥʦʤʫ ʣʘʥʮʶʟʽ ʮʠʨʢʫʣʷʮʽʾ ʈʈ; 

2.4. ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʆɻʇ ʥʝ ʧʝʨʝʚʠʱʫʻ 89 ʢɺʪ. 

 

 
ʈʠʩ. 4.  ʈʦʙʦʪʘ ʆɻʇ ʪʨʘʢʪʦʨʘ ʊʉ-10 ʥʘ ʨʝʞʠʤʘʭ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʜʘʯʽ ʥʘʩʦʩʘ ʽ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ 

ʛʽʜʨʦʤʦʪʦʨʘ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʪʨʠʙʢʽʚ ʪʠʩʢʫ ʽ ʢʘʚʽʪʘʮʽʾ 

 

 
 

ʈʠʩ. 5. ʈʦʙʦʪʘ ʆɻʇ ʪʨʘʢʪʦʨʘ ʊʉ-10 ʥʘ ʨʝʞʠʤʘʭ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʜʘʯʽ ʥʘʩʦʩʘ  ʽ  ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ 

ʛʽʜʨʦʤʦʪʦʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʥʽʤʘʣʴʥʽ ʩʢʘʯʢʠ ʪʠʩʢʫ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʢʘʚʽʪʘʮʽʾ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʟʤʽʥʠ ʧʦʜʘʯʽ ʥʘʩʦʩʘ ʽ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʦʙʦʯʦʛʦ ʦʙôʻʤʫ ʛʽʜʨʦʤʦʪʦʨʘ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʠʩʢ ʧʨʠ ʟʨʫʰʫʚʘʥʥʽ ʟ ʤʽʩʮʷ ʪʨʘʢʪʦʨʘ ʟ 43 

ʄʇʘ ʜʦ 31 ʄʇʘ, ʥʘ ʨʝʞʠʤʽ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟ 47 ʄʇʘ ʜʦ 29 ʄʇʘ, ʤʘʢʩʠʤʘʣʴʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʟ 115 ʢɺʪ ʜʦ 89 ʢɺʪ ʽ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʠʪʠ ʢʘʚʽʪʘʮʽʡʥʽ ʷʚʠʱʘ ʚ ʆɻʇ ʧʨʠ ʡʦʛʦ 

ʟʫʧʠʥʮʽ. 

 

ɺʠʩʥʦʚʢʠ 

 

1. ɿʘʚʜʘʥʥʷ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʙô̒ ʤʥʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʘ ʛʫʩʝʥʠʯʥʦʛʦ ʪʨʘʢʪʦʨʘ ʥʘ 

ʨʝʞʠʤʘʭ ʟʨʫʰʫʚʘʥʥʷ, ʨʦʟʛʦʥʫ, ʪʨʘʥʩʧʦʨʪʥʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʟʫʧʠʥʢʠ ʧʨʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʤʫ 

ʦʙʣʽʢʫ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʟʨʫʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʣʦʢʫ map ʧʘʢʝʪʘ VisSim. 

 2. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʠʥʘʤʽʢʫ ʛʽʜʨʦʧʨʠʚʦʜʘ ʪʨʘʢʪʦʨʘ ʽ 

ʚʠʷʚʣʷʶʪʴʩʷ ʩʪʨʠʙʢʘʤʠ ʪʠʩʢʫ ʽʩʪʦʪʥʦ ʚʠʱʝ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʽʥʠ 

ʧʦʜʘʯʽ ʥʘʩʦʩʘ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙô̒ ʤʫ ʛʽʜʨʦʤʦʪʦʨʘ. 

3. ʇʨʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʛʽʜʨʦʧʨʠʚʦʜʘ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʠʩʢ 

ʧʨʠ ʟʨʫʰʫʚʘʥʥʽ ʟ ʤʽʩʮʷ ʪʨʘʢʪʦʨʘ ʟ 43 ʄʇʘ ʜʦ 31 ʄʇʘ, ʥʘ ʨʝʞʠʤʽ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟ 

47 ʄʇʘ ʜʦ 29 ʄʇʘ, ʤʘʢʩʠʤʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʟ 115 ʢɺʪ ʜʦ 89 ʢɺʪ ʽ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʠʪʠ 

ʢʘʚʽʪʘʮʽʡʥʽ ʷʚʠʱʘ ʧʨʠ ʟʫʧʠʥʮʽ ʪʨʘʢʪʦʨʘ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ. ʁʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ ʥʘʤ ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʙʘʨʘʙʘʥ 

ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʛʥʦʶ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʢʣʘʜʘʪʠ ʦʪʨʠʤʘʥʫ ʛʥʦʡʦʚʫ ʩʫʤʽʰ ʚ ʙʫʨʪʠ ʽ ʜʣʷ ʚʥʝʩʝʥʥʷ ʛʥʦʶ ʥʘ 

ʧʦʣʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʚʝʨʜʽ ʦʨʛʘʥʽʯʥʽ ʜʦʙʨʠʚʘ, ʚʘʣ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʜʦʙʨʠʚ, ʧʦʜʨʽʙʥʶʚʘʯ, ʛʥʽʡ, ʩʽʤʝʡʥʘ ʬʝʨʤʘ. 

 

ʉʢʳʙʘ ʅ.ʅ., ɼʨʝʡʤʘʥ ʀ.ɺ., ɺʝʣʠʪ ʀ.ɸ. çʄʘʰʠʥʳ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʨʘʟʙʨʘʩʳʚʘʥʠʷ ʥʘʚʦʟʘ ʜʣʷ 

ʩʝʤʝʡʥʳʭ ʤʦʣʦʯʥʳʭ ʬʝʨʤè 

ʇʦʚʳʰʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʥʝʩʝʥʠʷ 

ʜʦʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ. ʂʘʯʝʩʪʚʦ ʚʥʝʩʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʛʦʪʦʚʢʦʡ 

ʫʜʦʙʨʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʘʰʠʥ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʙʠʣʴʥʳʭ ʤʘʰʠʥ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʨʘʟʙʨʘʩʳʚʘʥʠʷ ʥʘʚʦʟʘ ʥʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʬʝʨʤʘʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʛʦʪʦʚʠʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʠ ʨʘʟʙʨʘʩʳʚʘʪʝʣʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʢʦʥʩʪʨʫʢʮʠʝʡ. ʇʝʨʝʯʠʩʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʘʰʠʥ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʠ 

ʨʘʟʙʨʘʩʳʚʘʥʠʷ ʥʘʚʦʟʘ, ʪʘʢʠʭ, ʢʘʢ ʇʈʊ-10 ʈʆʋ-6, ʈʊɼ-5, ʄʊʋ-10. ʇʦ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ ʜʣʷ ʨʘʟʙʨʘʩʳʚʘʥʠʷ ʥʘʚʦʟʘ ʥʘ ʤʘʣʦʡ ʬʝʨʤʝ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟʤʝʣʴʯʠʪʝʣʷ 

ʢʦʨʤʦʚ ʥʘ ʙʘʟʝ ʇʈʊ-10. 

ɺ ʢʫʟʦʚʝ ʫʩʪʘʥʦʚʣʝʥ ʢʦʨʧʫʩ ʩ ʨʘʟʤʝʱʝʥʥʦʡ ʚ ʥʝʤ ʩʤʝʩʠʪʝʣʴʥʦʡ ʢʘʤʝʨʦʡ ʩ ʣʦʧʘʩʪʥʳʤ ʙʘʨʘʙʘʥʦʤ, 

ʫʧʣʦʪʥʠʪʝʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ. ɺ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʨʘʤʳ ʫʩʪʘʥʦʚʣʝʥ ʥʘʚʦʟʥʳʡ ʥʘʩʦʩ ʩ ʧʨʠʚʦʜʦʤ ʦʪ ɺʆʄ 

ʪʨʘʢʪʦʨʘ. ʃʦʧʘʩʪʥʦʡ ʙʘʨʘʙʘʥ ʠʟʛʦʪʦʚʣʝʥ ʚ ʚʠʜʝ ʚʘʣʘ ʩ ʰʘʨʥʠʨʥʦ - ʩʦʯʣʝʥʸʥʥʳʤʠ ʣʦʧʘʪʢʘʤʠ. 

ʋʧʣʦʪʥʠʪʝʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʜ ʨʘʟʥʳʤ ʫʛʣʦʤ, ʨʝʛʫʣʠʨʫʷ ʪʝʤ ʩʘʤʳʤ ʪʦʣʱʠʥʫ 

ʩʦʣʦʤʳ, ʢʦʪʦʨʘʷ ʧʦʜʘʝʪʩʷ ʚ ʩʤʝʩʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʤʘʰʠʥ ʜʣʷ 

ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʨʘʟʙʨʘʩʳʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʦʪ ʧʨʷʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʜʣʷ ʤʘʣʳʭ 

ʩʝʤʝʡʥʳʭ ʬʝʨʤ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥʳ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ 

ʠ ʨʘʟʙʨʘʩʳʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʙʘʟʝ ʇʈʊ-10 ʩʘʤʘʷ ʚʳʩʦʢʘʷ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʤʘʰʠʥʫ ʥʘ ʤʘʣʳʭ ʤʦʣʦʯʥʳʭ ʬʝʨʤʘʭ. 

ʅʘ ʩʝʤʝʡʥʳʭ ʤʦʣʦʯʥʳʭ ʬʝʨʤʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʙʠʣʴʥʳʭ ʩʤʝʩʠʪʝʣʝʡ ʇʈʊ-10. ʆʥ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ɽʛʦ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘʤ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʙʘʨʘʙʘʥ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘʚʦʟʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʢʣʘʜʳʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʥʘʚʦʟʥʫʶ 

ʩʤʝʩʴ ʚ ʙʫʨʪʳ ʠ ʜʣʷ ʚʥʝʩʝʥʠʷ ʥʘʚʦʟʘ ʥʘ ʧʦʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ, ʚʘʣ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʫʜʦʙʨʝʥʠʡ, ʠʟʤʝʣʴʯʠʪʝʣʴ, ʛʥʦʡ, 

ʩʝʤʝʡʥʘʷ ʬʝʨʤʘ. 
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M.M. Skiba, I.V. Draiman, I.A. Velyt "Machines for crushing and spreading manure for family dairy farms" 

Increasing soil fertility requires high-quality preparation and timely application the doses of organic 

fertilizers. The quality of organic fertilizers is ensured by the preparation fertilizers using universal machines. 

The use of mobile machines for shredding and spreading manure on livestock farms makes it possible to 

prepare high-quality organic fertilizers. 

The analysis of organic fertilizer spreaders with different working bodies, construction is carried out in the 

work. The advantages and disadvantages listed of machines for grinding and spreading manure, such as PRT-10 

ROU-6, RTD-5, MTU-10. According to the technical characteristics, the model for spreading manure on a small farm 

was chosen. Improved design of the feed shredder based on PRT-10. 

The basket has established corps placed in it with the mixing chamber with a paddle drum, the sealing 

conveyor. In the front part of the frame there is a manure pump driven by the GDP of the tractor. The paddle drum is 

made in the form of a shaft with articulated - articulated blades. The sealing conveyor can be installed at different 

angles, thus adjusting the thickness of the straw that is served into the mixing chamber.  

The work analyzes dependence of the efficiency of using mobile machines for grinding and spreading organic 

fertilizers in the direct operating costs for small family farms. It is established that the efficiency of using the machine 

for grinding and spreading of organic fertilizers PRT-10 is the highest, which makes it possible to operate the machine 

on small dairy farms. 

On family dairy farms it is advisable to use mobile mixers PRT-10. It is the most efficient to use. Its universal 

design allows us to upgrade the drum for shredding manure, which makes it possible to stack the resulting manure 

mixture in piles and to apply manure to the fields.  

Keywords: solid organic fertilizers, shaft for crushing fertilizers, shredder, manure, family farm 

ɺʩʪʫʧ 

ɻʥʦʡʦʚʘ ʙʽʦʤʘʩʘ ʪʚʘʨʠʥʥʠʮʪʚʘ ʻ ʮʽʥʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʷʢ ʜʞʝʨʝʣʦ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ. 

ʇʽʜʚʠʱʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʩʚʦʻʯʘʩʥʦʛʦ 

ʚʥʝʩʝʥʥʷ ʜʦʟ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ. ʗʢʽʩʪʴ ʚʥʝʩʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʽʜʛʦʪʦʚʢʦʶ ʦʨʛʘʥʽʯʥʠʭ 

ʜʦʙʨʠʚ, ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʭʝʤ ʤʘʰʠʥ, ʚʠʙʨʘʥʠʤ ʨʝʞʠʤʦʤ 

ʨʦʙʦʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʜʦʙʨʠʚ ʧʦ ʧʦʣʶ. ʈʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʨʠʚ ʦʮʽʥʶʻʪʴʩʷ ʥʘʨʦʱʫʚʘʥʥʷʤ, ʷʢʽʩʪʶ ʚʨʦʞʘʶ, ʟʘʪʨʘʪʘʤʠ ʧʨʘʮʽ ʪʘ ʢʦʰʪʽʚ. 

ʄʘʰʠʥʠ ʜʣʷ ʚʥʝʩʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʜʨʽʙʥʝʥʥʷ ʜʦʙʨʠʚ ʪʘ ʾʭ 

ʚʥʝʩʝʥʥʷ ʚ ˇʨʫʥʪ ʟ ʧʦʪʨʽʙʥʦʶ ʷʢʽʩʪʶ ʽ ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʘʪʨʘʪʘʤʠ ʢʦʰʪʽʚ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

ɺʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷ ʜʣʷ ʛʦʩʧʦʜʘʨʽʚ ʬʝʨʤʝʨʩʴʢʠʭ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʚʠʨʦʱʫʶʪʴ ʪʚʘʨʠʥ ʻ ʧʝʨʝʨʦʙʢʘ ʛʥʦʶ [1]. ʆʩʦʙʣʠʚʦ ʮʝ ʧʠʪʘʥʥʷ ʘʢʪʫʘʣʴʥʝ 

ʜʣʷ ʪʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʜʝ ʫʪʨʠʤʫʶʪʴ ʭʫʜʦʙʫ ʡ ʥʝʤʘʻ ʚʽʣʴʥʦʾ ʧʣʦʱʽ ʘʙʦ ʩʧʝʮʽʘʣʴʥʠʭ ʩʧʦʨʫʜ 

ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʭʦʜʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʪʚʘʨʠʥ. ʆʢʨʽʤ ʮʴʦʛʦ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʚ  ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʜʦʪʨʠʤʘʥʥʷ ʟʘʢʦʥʦʜʘʚʯʠʭ ʥʦʨʤʘʪʠʚʽʚ ʪʘ ʧʦʩʪʘʥʦʚ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʨʝʛʫʣʶʚʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʧʨʠ ʚʝʜʝʥʥʽ ʪʚʘʨʠʥʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʡ ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ʦʨʛʘʥʽʯʥʠʭ 

ʜʦʙʨʠʚ. ʅʘ ʪʚʘʨʠʥʥʠʮʴʢʠʭ ʬʝʨʤʘʭ ʩʪʘʻ ʤʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ 

ʧʝʨʝʨʦʙʢʠ ʛʥʦʶ [2 ï3], ʟʤʝʥʰʝʥʥʷ ʧʣʦʱ ʧʽʜ ʚʽʜʭʦʜʠ, ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʢʦʨʠʩʪʴ ʚʽʜ 

ʧʝʨʝʨʦʙʣʝʥʥʷ ʥʘʷʚʥʠʭ ʚʽʜʭʦʜʽʚ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʨʷʤʦʛʦ ʧʨʠʙʫʪʢʫ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʢʽʥʮʝʚʦʛʦ 

ʧʨʦʜʫʢʪʫ.ʅʘ ʩʴʦʛʦʜʥʽ ʜʫʞʝ ʤʘʣʦ ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʚʘʛʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʤʘʰʠʥ ʜʣʷ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʫ ʤʘʣʠʭʪʚʘʨʠʥʥʠʮʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʪʚʘʨʠʥ ʪʘ ʧʣʦʱʘʤʠ ʨʽʣʣʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʚʘʨʠʥʥʠʮʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ 

ʨʦʟʢʠʜʘʥʥʷ ʛʥʦʶ ʥʘʙʫʣʠ ʤʦʙʽʣʴʥʽ ʢʫʟʦʚʥʽ ʨʦʟʢʠʜʘʯʽ. ɹʽʣʴʰʽʩʪʴ ʨʦʟʢʠʜʘʯʽʚ ʦʨʛʘʥʽʯʥʠʭ 

ʜʦʙʨʠʚ ʦʙʣʘʜʥʘʥʦ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʰʥʝʢʦʚʠʤʠ ʚʘʣʘʤʠ ʜʣʷ ʨʦʟʢʠʜʘʥʥʷ 

ʛʥʦʶ [4,5].  

ɺ ʪʚʘʨʠʥʥʠʮʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʦʟʢʠʜʘʯ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʈʆʋ-

6 (ʨʠʩ.1), ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʨʦʟʢʠʜʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ 
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ʜʦʙʨʠʚ, ʘ ʪʘʢʦʞ ʪʦʨʬʫ, ʢʦʤʧʦʩʪʽʚ [6]. ʁʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʨʽʟʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʚʘʥʪʘʞʽʚ ʟ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʥʘʟʘʜ, ʧʨʠ ʟʥʷʪʠʭ ʙʽʪʝʨʘʭ, ʜʣʷ 

ʨʦʟʢʠʜʘʥʥʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʠʞʯʝ ï 5Áʉ ʤʘʰʠʥʘ ʈʆʋ-6 ʧʦʚʠʥʥʘ ʧʨʘʮʶʚʘʪʠ ʪʽʣʴʢʠ ʟ 

ʥʝʤʝʨʟʣʠʤʠ ʚʘʥʪʘʞʘʤʠ. ʈʆʋ-6 ï ʮʝ ʜʚʦʚʽʩʥʠʡ ʧʨʠʯʽʧ, ʥʘ ʡʦʛʦ ʦʩʥʦʚʫ ʟʤʦʥʪʦʚʘʥʠʡ ʢʫʟʦʚ ʟ 

ʙʦʨʪʠʢʘʤʠ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʚʠʧʘʜʘʥʥʶ ʛʥʦʶ. ʅʘ ʜʥʽ ʢʫʟʦʚʘ ʚʩʪʘʥʦʚʣʝʥʦ ʩʧʝʮʽʘʣʴʥʠʡ 

ʪʨʘʥʩʧʦʨʪʝʨ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʧʦʜʘʯʫ ʛʥʦʶ ʜʦ ʧʨʠʩʪʨʦʶ, ʱʦ ʨʦʟʢʠʜʘʻ. ʌʫʥʢʮʽʶ ʨʦʟʢʠʜʘʯʘ 

ʚʠʢʦʥʫʶʪʴ ʜʚʘ ʙʘʨʘʙʘʥʘ ʰʥʝʢʦʚʦʛʦ ʪʠʧʫ, ʦʜʠʥ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʟʧʦʜʽʣ ʜʦʙʨʠʚ, ʘ 

ʽʥʰʠʡ ʟʘ ʡʦʛʦ ʝʬʝʢʪʠʚʥʝ ʧʦʜʨʽʙʥʝʥʥʷ. ɺʫʟʦʣ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʛʥʦʶ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʟʘʜʥʽʡ 

ʯʘʩʪʠʥʽ ʢʫʟʦʚʘ ʽ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʜʽʶ ʚʽʜ ɺɺʇ ʪʨʘʢʪʦʨʘ. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʆʋ-6 

ʚʠʛʽʜʥʦ ʚʽʜʨʽʟʥʷʶʪʴ ʡʦʛʦ ʚʽʜ ʙʽʣʴʰʦʩʪʽ ʘʥʘʣʦʛʽʚ ʷʢ ʚʽʪʯʠʟʥʷʥʦʛʦ, ʪʘʢ ʽ ʟʘʨʫʙʽʞʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʠʩʪʨʽʡ ʧʝʨʝʜʙʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʤʽʩʥʦʾ ʪʨʘʢʪʦʨʥʦʾ ʪʝʭʥʽʢʠ. 

ʇʝʨʝʚʘʛʠ ʧʦʜʨʽʙʥʶʚʘʯʘ: ʜʦʩʪʘʪʥʷ ʪʨʘʥʩʧʦʨʪʥʘ ʰʚʠʜʢʽʩʪʴ, ʚʝʣʠʢʘ ʰʠʨʠʥʘ ʨʦʟʢʠʜʘʥʥʷ ï ʜʦ 

ʚʦʩʴʤʠ ʤʝʪʨʽʚ; ʤʽʩʪʢʠʡ ʢʫʟʦʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʦʟʠʪʠ ʚʘʥʪʘʞʽ; ʨʦʟʚʘʥʪʘʞʫʻ ʢʫʟʦʚ ʟʘ ʪʨʠ-

ʧô̫ ʪʴ ʭʚʠʣʠʥ. ɭʜʠʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ ʘʛʨʝʛʘʪ ʥʝ ʻ ʩʘʤʦʭʽʜʥʠʤ ï ʜʣʷ ʡʦʛʦ ʨʦʙʦʪʠ 

ʥʝʦʙʭʽʜʥʦ ʪʷʛʦʚʠʡ ʧʨʠʩʪʨʽʡ.  
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ʈʠʩ. 4.ʄʊʋ-10 

 

ʅʘ ʨʠʩʫʥʢʫ 2, 4 ʧʨʠʚʝʜʝʥʦ ʨʦʟʢʠʜʘʯʽ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʈʊɼ-5, ʄʊʋ-10 ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʩʫʮʽʣʴʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʚʥʝʩʝʥʥʷ ʪʚʝʨʜʠʭ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ, ʜʣʷ 

ʧʝʨʝʚʝʟʝʥʥʷ ʽʥʰʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʚʘʥʪʘʞʽʚ ʟ ʨʦʟʚʘʥʪʘʞʝʥʥʷʤ ʥʘʟʘʜ [7].ɺʫʟʦʣ ʜʣʷ 

ʨʦʟʢʠʜʘʥʥʷ ʛʥʦʶ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʙʘʨʘʙʘʥʽʚ (ʰʥʝʢʽʚ) 

ʘʙʦ ʜʚʦʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʙʘʨʘʙʘʥʽʚ ʽ ʜʚʦʭ ʨʦʪʦʨʽʚ (ʜʠʩʢʽʚ). ɼʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʧʦʜʨʽʙʥʝʥʦʾ 

ʪʨʘʚʠ ʪʘ ʽʥʰʠʭ ʚʘʥʪʘʞʽʚ ʟ ʤʘʣʦʶ ʦʙô̒ ʤʥʦʶ ʚʘʛʦʶ ʧʝʨʝʜʙʘʯʝʥʽ ʙʦʨʪʠ.  

ʅʘ ʨʠʩʫʥʢʫ 3 ʧʨʠʚʝʜʝʥʦ ʨʦʟʢʠʜʘʯ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʇʈʊ-10, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʚʥʝʩʝʥʥʷ ʪʚʝʨʜʠʭ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʚ ˇʨʫʥʪ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʧʝʨʝʚʝʟʝʥʥʷ ʢʦʨʤʽʚ ʪʘ ʽʥʰʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʚʘʥʪʘʞʽʚ ʟ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʥʘʟʘʜ [8]. 

ɺʩʝ ʫʧʨʘʚʣʽʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʢʘʙʽʥʠ ʪʨʘʢʪʦʨʘ. ʄʘʰʠʥʠ ʩʽʤʝʡʩʪʚʘ ʇʈʊ ʜʦʚʛʦʚʽʯʥʽ ʽ 

ʥʘʜʽʡʥʽ: ʤʘʶʪʴ ʤʽʮʥʽ ʙʦʨʪʠ, ʛʝʨʤʝʪʠʯʥʠʡ ʟʘʭʠʩʪ ʧʽʜʰʠʧʥʠʢʽʚ ʧʨʠʩʪʨʦʶ ʜʣʷ ʨʦʟʢʠʜʘʥʥʷ 
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ʛʥʦʶ. ɺʤʘʰʠʥʘʭ ʪʠʧʫ ʇʈʊ-10 ʟʘʩʪʦʩʦʚʘʥʘ ʧʦʩʠʣʝʥʘ ʧʽʜʚʽʩʢʘ ʭʦʜʦʚʘ ʩʠʩʪʝʤʠ. ʅʠʟʴʢʠʡ 

ʧʠʪʦʤʠʡ ʪʠʩʢ ʭʦʜʦʚʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʤʘʰʠʥʠ ʥʘ ʟʚʦʣʦʞʝʥʠʭ ˇʨʫʥʪʘʭ. 

ʄʘʰʠʥʘ ʤʘʻ ʛʘʨʥʝ ʟʯʝʧʣʝʥʥʷʤ ʟ ˇʨʫʥʪʦʤ ʧʣʘʚʥʠʤ ʭʦʜʦʤ. ʇʨʠʚʽʜ ʪʨʘʥʩʧʦʨʪʝʨʘ ï 

ʛʽʜʨʘʚʣʽʯʥʠʡ, ʨʝʚʝʨʩʠʚʥʠʡ ʚʽʜ ʛʽʜʨʦʩʠʩʪʝʤʠ ʪʨʘʢʪʦʨʘ. ʄʘʰʠʥʘ ʤʦʞʝ ʢʦʤʧʣʝʢʪʫʚʘʪʠʩʷ  

ʙʦʨʪʘʤʠ ʽ ʟʘʜʥʽʤ ʙʦʨʪʦʤ-ʢʣʘʧʘʥʦʤ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʧʦʜʨʽʙʥʝʥʦʾ ʤʘʩʠ ʚʽʜ ʢʦʨʤʦʟʙʠʨʘʣʴʥʠʭ 

ʢʦʤʙʘʡʥʽʚ. 

ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʦʾ ʥʦʨʤʠ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ ʚʩʽʭ ʤʘʰʠʥ ʧʝʨʝʙʫʚʘʻ ʚ ʤʝʞʘʭ ʚʽʜ 3,6% ʜʦ 4,8%, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʘʛʨʦʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ[3]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥ ʜʣʷʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʨʦʟʢʠʜʘʥʥʷ 

ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ, ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʤʘʣʠʭ ʩʽʤʝʡʥʠʭ ʬʝʨʤʘʭ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʦʙʽʣʴʥʠʡ ʟʤʽʰʫʚʘʯ ʢʦʤʧʦʥʝʥʪʽʚ ʛʥʦʶ ʥʘ ʙʘʟʽ ʨʦʟʢʠʜʘʯʘ ʦʨʛʘʥʽʯʥʠʭ 

ʜʦʙʨʠʚ ʇʈʊ-10, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʤʘʣʠʭ ʩʽʤʝʡʥʠʭ ʬʝʨʤʘʭ. ɺ ʢʫʟʦʚʽ 1 

ʚʩʪʘʥʦʚʣʝʥʦ ʢʦʨʧʫʩ 2 ʟ ʨʦʟʤʽʱʝʥʦʶ ʚ ʥʴʦʤʫ ʟʤʽʰʫʚʘʣʴʥʦʶ ʢʘʤʝʨʦʶ ʟ ʣʦʧʘʪʝʚʠʤ 

ʙʘʨʘʙʘʥʦʤ 3, ʫʱʽʣʴʥʶʚʘʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ 4. ɺ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʨʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ 

ʛʥʦʡʦʚʠʡ ʥʘʩʦʩ 5 ʟ ʧʨʠʚʦʜʦʤ ʚʽʜ ɺɺʇ ʪʨʘʢʪʦʨʘ. ʅʘʛʥʽʪʘʣʴʥʠʡ ʧʘʪʨʫʙʦʢ ʥʘʩʦʩʫ ʟô̒ ʜʥʘʥʠʡ ʟ 

ʥʘʛʥʽʪʘʣʴʥʦʶ ʪʨʫʙʢʦʶ 6 ʣʦʧʘʪʢʦʚʦʛʦ ʙʘʨʘʙʘʥʫ ʯʝʨʝʟ ʧʝʨʝʤʠʢʘʯ 7 ï ʟ ʻʤʥʽʩʪʶ ʜʣʷ 

ʥʘʧʽʚʨʽʜʢʦʛʦ ʛʥʦʶ. ʃʦʧʘʪʝʚʠʡ ʙʘʨʘʙʘʥ ʚʠʛʦʪʦʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʚʘʣʫ ʟ ʰʘʨʥʽʨʥʦ-

ʟʯʣʝʥʦʚʘʥʠʤʠ ʣʦʧʘʪʢʘʤʠ 8. ʋʱʽʣʴʥʶʚʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʝʨ 4 ʤʦʞʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʽʜ 

ʨʽʟʥʠʤ ʢʫʪʦʤ, ʨʝʛʫʣʶʶʯʠ ʪʠʤ ʩʘʤʠʤ ʪʦʚʱʠʥʫ ʩʦʣʦʤʠ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʚ ʟʤʽʰʫʚʘʣʴʥʫ ʢʘʤʝʨʫ. 

ʋʜʦʩʢʦʥʘʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʦʜʨʽʙʥʶʚʘʯʘ ʛʥʦʶ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 5. 

 

 

 

 

 

 

 

 

ʈʠʩ. 5. ʉʭʝʤʘ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ ʧʦʜʨʽʙʥʶʚʘʯʘ ʪʘ ʨʦʟʢʠʜʘʯʘ ʛʥʦʶ:  

1 ï ʢʫʟʦʚ; 2 ï ʢʦʨʧʫʩ; 3 ï ʣʦʧʘʪʝʚʠʡ ʙʘʨʘʙʘʥ; 4 ï ʫʱʽʣʴʥʶʚʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʝʨ; 5 ï ʛʥʦʡʦʚʠʡ 

ʥʘʩʦʩ; 6 ï ʥʘʛʥʽʪʘʣʴʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ; 7 ï ʧʝʨʝʤʠʢʘʯ; 8 ï ʣʦʧʘʪʢʘ, 9ïʩʢʨʝʧʝʨʥʠʡ ʪʨʘʥʩʧʦʨʪʝʨ. 

 

ʄʘʰʠʥʘ ʟʤʽʰʫʻ ʜʦʟʦʚʘʥʠʡ ʰʘʨ ʩʦʣʦʤʠ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ, ʟ 

ʩʫʤʽʰʰʶ ʥʘʧʽʚʨʽʜʢʦʛʦ ʛʥʦʶ ʽ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʥʘʩʦʩʦʤ ʽ ʫʢʣʘʜʘʻ 

ʦʪʨʠʤʘʥʫ ʩʫʤʽʰ ʚ ʙʫʨʪ ʣʦʧʘʪʝʚʠʤ ʙʘʨʘʙʘʥʦʤ, ʯʝʨʝʟ ʦʪʚʽʨ ʢʦʞʫʭʘ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʟʤʽʰʫʚʘʯʘ ʧʨʠ ʧʦʩʪʽʡʥʠʭ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʢʣʘʜʘʻ 6é27 ʪ/ʛʦʜ. ʄʘʰʠʥʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʽ ʜʣʷ ʚʥʝʩʝʥʥʷ ʛʥʦʶ ʥʘ ʧʦʣʷ. ɼʦ ʨʦʟʢʠʜʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʪʦʨ ʟ ʰʘʨʥʽʨʥʦ-

ʟʯʣʝʥʦʚʘʥʠʤʠ ʣʦʧʘʪʢʘʤʠ. ɸʛʨʝʛʘʪ ʧʝʨʝʤʽʱʫʻ ʤʘʩʫ ʥʘ ʭʦʜʫ ʨʫʭʫ ʽ ʬʦʨʤʫʻ ʚʘʣʦʢ ʟʘʜʘʥʠʭ 

ʨʦʟʤʽʨʽʚ, ʷʢʠʡ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʧʦʣʶ.  

ʄʘʪʝʨʽʘʣ, ʱʦ ʟʘʭʦʧʣʶʻʪʴʩʷ ʣʦʧʘʪʢʘʤʠ, ʜʝʷʢʠʡ ʯʘʩ ʟʤʽʰʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʥʠʭ ʧʽʜ ʜʽʻʶ 

ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ, ʧʦʪʽʤ ʚʽʷʣʦʤ ʚʠʢʠʜʘʻʪʴʩʷ ʜʦ ʛʦʨʠ, ʦʪʨʠʤʘʚ ʥʝʦʙʭʽʜʥʫ ʧʦʯʘʪʢʦʚʫ 



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 

Technical service of agriculture, forestry and transport 

systems 

ˉ23ô 2021  

108 

ʰʚʠʜʢʽʩʪʴ ʜʣʷ ʧʦʣʴʦʪʫ ʪʘ ʨʦʟʢʠʜʘʥʥʷ ʧʦ ʧʦʣʶ. ɼʘʣʴʥʽʩʪʴ ʧʦʣʴʦʪʫ ʯʘʩʪʠʥʦʢ ʜʦʙʨʠʚ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʪʦʨʘ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ 

ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʨʦʟʢʠʜʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʚʽʜ ʧʨʷʤʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʜʣʷ 

ʤʘʣʠʭ ʩʽʤʝʡʥʠʭ ʬʝʨʤ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʤʘʰʠʥʠ ʚʠʟʥʘʯʘʣʠʩʴ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ. ɺʽʜʩʪʘʥʴ ʚʽʜ ʬʝʨʤʠ ʜʦ ʧʦʣʷ ï2,5é3ʢʤ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʠʭ 

ʘʛʨʝʛʘʪʽʚ ʜʣʷ ʚʥʝʩʝʥʥʷ ʪʚʝʨʜʠʭ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʥʘ ʜʦʚʞʠʥʘʭ ʛʦʥʽʚ ï ʚʽʜ 0,1 ʛʘ/ʛʦʜ ʜʦ 0,3 

ʛʘ/ʛʦʜ, ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ï ʚʽʜ 25 ʢʛ/ʛʘ ʜʦ 50 ʢʛ/ʛʘ. ʅʠʟʴʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ 

ʧʦʚô̫ ʟʘʥʘ ʽʟ ʟʘʪʨʘʪʘʤʠ ʯʘʩʫ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʛʥʦʶ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩʫʥʢʫ 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 6. ɿʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ 

ʨʦʟʢʠʜʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʚʽʜ ʧʨʷʤʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ: 1ï ʄʊʋ-10 , 2 ï ʇʈʊ-10 3 ï ʈʆʋ-6, 

4 ï ʈʊɼ-5 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʠ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʨʦʟʢʠʜʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ 

ʜʦʙʨʠʚ ʇʈʊ-10 ʥʘʡʚʠʱʘ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʝʢʩʧʣʫʘʪʫʚʘʪʠ ʤʘʰʠʥʫ ʥʘ ʤʘʣʠʭ ʤʦʣʦʯʥʠʭ 

ʬʝʨʤʘʭ. 

 

ɺʠʩʥʦʚʢʠ  

 

ʆʪʞʝ ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʜʘʥʽ ʚʠʜʠ ʪʠʧʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʤʦʙʽʣʴʥʠʭ 

ʤʘʰʠʥ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʨʦʟʢʠʜʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʪʚʘʨʠʥʥʠʮʴʢʠʭ 

ʬʝʨʤʘʭ, ʤʠ ʧʨʠʡʤʘʻʤʦ ʜʦ ʫʚʘʛʠ ʤʦʙʽʣʴʥʠʭ ʟʤʽʰʫʚʘʯʽʚ ʇʈʊ-10. ɺʽʥ ʻ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ʚ 

ʚʠʢʦʨʠʩʪʘʥʥʽ. ʁʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʙʘʨʘʙʘʥ ʜʣʷ 

ʧʦʜʨʽʙʥʝʥʥʷ ʛʥʦʶ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʢʣʘʜʘʪʠ ʦʪʨʠʤʘʥʫ ʛʥʦʡʦʚʫ ʩʫʤʽʰ ʚ ʙʫʨʪʠ ʪʘ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʚʥʝʩʝʥʥʷ ʛʥʦʶ ʥʘ ʧʦʣʷ.ʄʽʩʪʢʽʩʪʴ ʙʫʥʢʝʨʘʤʘʰʠʥʠ10 ʤ3, ʜʣʷ 

ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʨʦʟʢʠʜʘʥʥʷʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚʇʈʊ-10 ʜʦʩʪʘʪʥʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ 

ʩʽʤʝʡʥʽʡ ʤʦʣʦʯʥʽʡ ʬʝʨʤʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʮʽʻʾ ʤʘʰʠʥʠ ʤʝʥʰʝ ʚ ʧʦʨʽʚʥʷʥʽ ʟ 

ʤʘʰʠʥʘʤʠ ʄʊʋ-10 , ʈʆʋ-6, ʈʊɼ-5. 
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www.belrusagro.com/techno/catalog/544/429/. 
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ʄʘʨʤʫʪ ɯ.ɸ., ʈʘʙʽʥʦʚʠʯ ɽ.ʍ. çɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʦʮʽʥʢʘ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʘ ʜʦʨʦʞʥʴʦʛʦ ʦʧʦʨʽʚ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʷè 

ʂʦʥʪʨʦʣʴ ʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʽʚ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʦʙʣʝʤ. ʇʨʦʚʝʜʝʥʽ 

ʚ ʍʅɸɼʋ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʧʠʩʘʥʽ ʚ ʧʨʘʮʷʭ ʧʨʦʬ. ʄ.ʗ. ɻʦʚʦʨʫʱʝʥʢʦ, ʜʦʚʦʜʷʪʴ, ʱʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ 

ʘʚʪʦʤʦʙʽʣʷ ʥʘʡʪʦʯʥʽʰʝ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʘʨʘʤʝʪʨ çʚʠʪʨʘʪʘ ʧʘʣʠʚʘè. 

ʅʘ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʚʧʣʠʚʘʶʪʴ ʙʘʛʘʪʦ ʯʠʥʥʠʢʽʚ: ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ. ɼʦ ʦʩʪʘʥʥʽʭ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʩʪʘʥ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ. ʇʦʩʪʽʡʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʰʠʥ ʽ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʤʫʰʫʻ ʧʦʚʝʨʪʘʪʠʩʷ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʦʮʽʥʢʠ ʦʧʦʨʽʚ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʪʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʪʘʢʦʾ ʦʮʽʥʢʠ ʚʘʞʣʠʚʽ ʽ ʘʢʪʫʘʣʴʥʽ.  

ʋ ʩʪʘʪʪʽ ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘ ʦʧʦʨʫ 

ʢʦʯʝʥʥʷ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʚʠʙʽʛʦʤ ʤʝʪʦʜʦʤ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʊʨʘʜʠʮʽʡʥʦ ʦʧʽʨ ʧʦʚʽʪʨʷ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʚʚʘʞʘʶʪʴ ʧʨʦʧʦʨʮʽʡʥʠʤ ʢʚʘʜʨʘʪʫ ʰʚʠʜʢʦʩʪʽ. ɸʣʝ 

ʨʦʟʙʽʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʨʠʚʠʭ ʚ ʦʙʣʘʩʪʽ ʩʝʨʝʜʥʽʭ ʽ, ʦʩʦʙʣʠʚʦ, ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʜʝ 

ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʩʠʣʠ ʧʨʝʚʘʣʶʶʪʴ, ʟʤʫʰʫʻ ʛʣʠʙʰʝ ʚʥʠʢʥʫʪʠ ʚ ʮʝ ʧʠʪʘʥʥʷ. 

ʇʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʉʭ ï ʮʝ ʧʦʩʪʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʡʦʛʦ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ (ʥʘʭʠʣ, ʢʣʽʨʝʥʩ) ʽ ʩʪʘʥʫ ʧʦʚʝʨʭʦʥʴ. 

ɺʘʨʽʘʮʽʶ ʦʧʦʨʫ ʧʦʚʽʪʨʷ ʩʣʽʜ ʧʦʷʩʥʶʚʘʪʠ ʥʝʧʦʩʪʽʡʥʽʩʪʶ ʧʦʢʘʟʥʠʢʘ ʩʪʫʧʝʥʷ ʫ ʬʦʨʤʫʣʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʉʭ. 

ʆʧʫʙʣʽʢʦʚʘʥʽ ʟʥʘʯʝʥʥʷ Cx ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʧʨʦʜʫʚʢʠ ʚ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʪʨʫʙʘʭ. ʗʢ ʚʽʜʦʤʦ, ʚ ʪʨʫʙʽ ʦʧʽʨ ʧʦʚʽʪʨʷ 

ʤʝʥʰʝ, ʥʽʞ ʥʘ ʜʦʨʦʟʽ, ʥʘ 5...10%. ʊʦʤʫ ʜʣʷ ʥʦʨʤʫʚʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʝʙʘ ʟʥʘʪʠ ʜʽʡʩʥʽ ʟʥʘʯʝʥʥʷ ʉʭ. 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʘʚʪʦʤʦʙʽʣʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʯʝʥʥʷ ʢʦʣʝʩʘ ʧʦ ʜʦʨʦʟʽ ʚʠʢʦʥʫʚʘʣʠ ʙʘʛʘʪʦ ʘʚʪʦʨʽʚ. ʆʜʥʘʢ ʚʩʽ ʮʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ 

ʥʘ ʩʪʘʨʠʭ ʜʽʘʛʦʥʘʣʴʥʠʭ ʰʠʥʘʭ. ɿʘʨʘʟ ʞʝ ʥʘ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʷʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʨʘʜʽʘʣʴʥʽ ʰʠʥʠ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ʷʢʠʭ ʧʦ ʜʦʨʦʟʽ ʧʨʦʚʦʜʷʪʴ ʜʣʷ ʧʦʣʽʛʦʥʥʠʭ ʫʤʦʚ. ʊʘʢʦʞ ʧʨʠ ʘʥʘʣʽʟʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, 

ʩʣʽʜ ʨʦʟʨʽʟʥʷʪʠ ʦʧʽʨ ʢʦʯʝʥʥʶ ʽʟʦʣʴʦʚʘʥʦʛʦ ʢʦʣʝʩʘ ʽ ʧʦʚʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ʊʦʤʫ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʚʠʚʯʝʥʥʷ ʮʴʦʛʦ 

ʧʠʪʘʥʥʷ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʘʢʪʫʘʣʴʥʠʤ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʟʚʦʣʠʣʠ ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʫʤʘʨʥʠʭ ʦʧʦʨʽʚ ʧʨʠ ʨʫʩʽ 

ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʚʠʙʽʛʦʤ ʟ ʤʝʪʦʶ ʧʦʜʽʣʫ ʮʠʭ ʦʧʦʨʽʚ ʥʘ ʩʢʣʘʜʦʚʽ: ʜʦʨʦʞʥʽʡ ʽ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʦʨʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʽʣʴ, ʜʦʨʦʞʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʦʧʽʨ ʢʦʯʝʥʥʶ ʢʦʣʽʩ, ʢʦʝʬʽʮʽʻʥʪ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ, 

ʚʠʙʽʛ. 

 

ʄʘʨʤʫʪ ʀ.ɸ., ʈʘʙʠʥʦʚʠʯ ʕ.ʍ. çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʜʦʨʦʞʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʚʠʞʝʥʠʶ ʘʚʪʦʤʦʙʠʣʷè 

ʂʦʥʪʨʦʣʴ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʧʨʦʙʣʝʤ. ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʍʅɸɼʋ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʚ ʪʨʫʜʘʭ ʧʨʦʬ. ʗ. ɻʦʚʦʨʫʱʝʥʢʦ, 

ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʦʙʠʣʷ ʪʦʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʘʨʘʤʝʪʨ çʨʘʩʭʦʜ ʪʦʧʣʠʚʘè. 

ʅʘ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚʣʠʷʶʪ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ: ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ. ʂ ʧʦʩʣʝʜʥʠʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʚʪʦʤʦʙʠʣʷ ʠ ʩʦʩʪʦʷʥʠʝ ʭʦʜʦʚʦʡ ʯʘʩʪʠ. ʇʦʩʪʦʷʥʥʦʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʝʡ, ʰʠʥ ʠ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʩʪʘʚʣʷʝʪ ʚʦʟʚʨʘʱʘʪʴʩʷ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʚʠʞʝʥʠʶ ʘʚʪʦʤʦʙʠʣʷ, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʪʘʢʦʡ ʦʮʝʥʢʠ ʚʘʞʥʳ ʠ ʘʢʪʫʘʣʴʥʳ. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ ʢʦʣʝʩ ʘʚʪʦʤʦʙʠʣʷ ʧʦ ʚʳʙʝʛʫ ʤʝʪʦʜʦʤ ʜʦʨʦʞʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʜʚʠʞʝʥʠʶ ʘʚʪʦʤʦʙʠʣʷ ʩʯʠʪʘʶʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʢʚʘʜʨʘʪʫ 

ʩʢʦʨʦʩʪʠ. ʅʦ ʨʘʩʭʦʞʜʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʠ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʝʡ, ʛʜʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʧʨʝʚʘʣʠʨʫʶʪ, ʟʘʩʪʘʚʣʷʝʪ ʛʣʫʙʞʝ ʚʥʠʢʥʫʪʴ ʚ ʵʪʦʪ ʚʦʧʨʦʩ. 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʉʭ ï ʵʪʦ ʧʦʩʪʦʷʥʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʦʣʦʞʝʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ʥʘʢʣʦʥ, ʢʣʠʨʝʥʩ) ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɺʘʨʠʘʮʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʩʣʝʜʫʝʪ 

ʦʙʲʷʩʥʷʪʴ ʥʝʧʦʩʪʦʷʥʩʪʚʦʤ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʚ ʬʦʨʤʫʣʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʉʭ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʝ ʉʭ 

ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʧʨʦʜʫʚʢʠ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʪʨʫʙʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʤʝʥʴʰʝ, 

ʯʝʤ ʥʘ ʜʦʨʦʛʝ, ʥʘ 5...10%. ʇʦʵʪʦʤʫ ʜʣʷ ʥʦʨʤʠʨʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʜʦ ʟʥʘʪʴ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʉʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʘʚʪʦʤʦʙʠʣʷ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʯʝʥʠʷ ʢʦʣʝʩʘ ʧʦ ʜʦʨʦʛʝ ʚʳʧʦʣʥʷʣʠ ʤʥʦʛʠʝ ʘʚʪʦʨʳ. ʆʜʥʘʢʦ ʚʩʝ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʘʨʳʭ ʜʠʘʛʦʥʘʣʴʥʳʭ ʰʠʥʘʭ.  
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ʉʝʡʯʘʩ ʞʝ ʥʘ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʨʘʜʠʘʣʴʥʳʝ ʰʠʥʳ, ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ ʢʦʪʦʨʳʭ ʧʦ ʜʦʨʦʛʝ ʧʨʦʚʦʜʷʪ ʧʨʠ ʧʦʣʠʛʦʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʞʝ ʧʨʠ ʘʥʘʣʠʟʝ ʜʚʠʞʝʥʠʷ 
ʘʚʪʦʤʦʙʠʣʷ, ʩʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʯʝʥʠʶ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʩʘ ʠ ʧʦʣʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. 
ʇʦʵʪʦʤʫ ʚʦʟʚʨʘʱʝʥʠʝ ʢ ʠʟʫʯʝʥʠʶ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʷʚʣʷʝʪʩʷ 
ʘʢʪʫʘʣʴʥʳʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʫʤʤʘʨʥʳʭ 
ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ ʧʦ ʚʳʙʝʛʫ ʩ ʮʝʣʴʶ ʨʘʟʜʝʣʝʥʠʷ ʵʪʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʥʘ 
ʩʦʩʪʘʚʣʷʶʱʠʝ: ʜʦʨʦʞʥʳʝ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴ, ʜʦʨʦʞʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʯʝʥʠʶ ʢʦʣʝʩ, ʢʦʵʬʬʠʮʠʝʥʪ 
ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʳʙʝʛ. 

 
I. Marmut, E. Rabinovich " Experimental assessment of aerodynamic and road resistance to vehicle 

movement"  

Monitoring and diagnosing the technical condition of vehicles is one of the most important problems. 
Numerous studies carried out in KNADU, described in the works of prof. M. Govorushchenko, prove that the technical 
condition of the car accurately characterizes the parameter "fuel consumption". 

Many factors affect fuel consumption: operational and design. The latter include the aerodynamic properties 
of the vehicle and the state of the chassis. The constant improvement of cars, tires and lubricants forces a return to 
the experimental assessment of the resistance to movement of a car, therefore, the study of methods and means of such 
an assessment is important and relevant. 

The article presents the results of experimental studies of aerodynamic resistance and rolling resistance of 
car wheels on coast by road tests. 

Traditionally, air resistance to vehicle movement is considered proportional to the square of the speed. But 
the discrepancy between the calculated and experimental curves in the region of average and especially high speeds, 
where aerodynamic forces prevail, forces us to delve deeper into this issue. 

It is generally accepted that the aerodynamic drag coefficient ʉʭ is a constant characteristic of a given car, 
which depends only on its configuration, position in space (inclination, clearance) and the state of surfaces. The 
variation in air resistance should be explained by the inconsistency of the exponent in the formula for calculating ʉʭ. 
The published ʉʭ value is obtained by blowing in wind tunnels. As you know, the air resistance in the pipe is less than 
on the road by 5...10%. Therefore, in order to standardize the diagnostic parameters, it is necessary to know the 
actual values of ʉʭ for a specific car model. 

Many authors have studied wheel rolling on the road. However, all of these studies were conducted on old 
bias tires. Now, only radial tires are used on passenger cars, the rolling resistance of which on the road is studied 
under test conditions. Also, when analyzing the movement of a car, one should distinguish between the rolling 
resistance of an insulated wheel and a complete car. Therefore, returning to the study of this issue for vehicles in 
service is relevant. 

The experimental results obtained made it possible to improve the method for assessing the total resistance 
when the vehicle is coasting in order to separate these resistances into components: road and aerodynamic resistance. 
Keywords: vehicle, road tests, wheel rolling resistance, drag coefficient, coasting. 
 

ɺʩʪʫʧ 
 

ʗʢ ʚʽʜʦʤʦ, ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʘʚʪʦʤʦʙʽʣʽʚ ʧʦʛʽʨʰʫʻʪʴʩʷ. 
ʂʦʥʪʨʦʣʴ ʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʟ ʪʦʯʢʠ ʟʦʨʫ 
ʙʝʟʧʝʢʠ ʨʫʭʫ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʦʙʣʝʤ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʡ ʮʝʡ ʢʦʥʪʨʦʣʴ ʜʣʷ 
ʩʠʩʪʝʤ, ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʷʢʠʭ ʚʧʣʠʚʘʻ ʥʘ ʙʝʟʧʝʢʫ ʨʫʭʫ, ʧʝʨʰ ʟʘ ʚʩʝ, ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ, ʘ 
ʪʘʢʦʞ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʚ ʨʝʞʠʤʽ ʪʷʛʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ.  

ʅʝʦʙʭʽʜʥʠʡ ʝʣʝʤʝʥʪ ʨʦʟʫʤʥʦʾ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ ï 
ʜʽʘʛʥʦʩʪʠʢʘ, ʪʦʙʪʦ ʨʝʛʫʣʷʨʥʝ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʦʙô̒ ʢʪʘ. ʎʝ ʤʦʞʥʘ 
ʟʜʽʡʩʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʅʘ ʥʝʚʝʣʠʢʠʭ ʤʘʩʦʚʠʭ 
ʦʙô̒ ʢʪʘʭ, ʥʘʧʨʠʢʣʘʜ, ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʷʭ, ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʤʽʨʢʫʚʘʥʥʷ ʩʴʦʛʦʜʥʽ 
ʦʙʤʝʞʫʶʪʴ ʪʘʢʽ ʤʦʞʣʠʚʦʩʪʽ (ʚʽʜʧʦʚʽʜʥʝ ʜʽʘʛʥʦʩʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʟʘʥʘʜʪʦ ʜʦʨʦʛʝ). 

ʊʫʪ ʧʦʪʨʽʙʥʽ ʤʝʪʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʩʪʘʥ ʦʙô̒ ʢʪʘ ʟʘ ʡʦʛʦ ʨʦʙʦʯʠʤʠ 
(ʚʠʭʽʜʥʠʤʠ) ʧʘʨʘʤʝʪʨʘʤʠ. ɼʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʷʢʦʩʪʽ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʨʦʟʛʦʥʫ ʘʙʦ ʚʠʙʽʛʫ ʥʘ ʜʦʨʦʟʽ. 

 
 

 

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 
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ʇʦʩʪʽʡʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʰʠʥ ʽ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʤʫʰʫʻ 
ʧʦʚʝʨʪʘʪʠʩʷ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʦʮʽʥʢʠ ʦʧʦʨʽʚ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ 
ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʪʘʢʦʾ ʦʮʽʥʢʠ ʚʘʞʣʠʚʽ ʽ ʘʢʪʫʘʣʴʥʽ. ʇʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʪʦʯʥʽ 
ʪʘʢʽ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ï ʨʦʣʠʢʦʚʠʭ ʩʪʝʥʜʘʭ, ʚ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 
ʪʨʫʙʘʭ, ʘʣʝ ʦʩʪʘʥʥʻ ʩʣʦʚʦ ʟʘʚʞʜʠ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘ ʜʦʨʦʞʥʽʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ. 

ʉʫʤʫ ʦʧʦʨʽʚ ʦʮʽʥʶʶʪʴ ʤʥʦʞʝʥʥʷʤ ʚʠʤʽʨʷʥʠʭ ʩʧʦʚʽʣʴʥʝʥʴ ʚʠʙʽʛʫ j ʥʘ ʧʨʠʚʝʜʝʥʫ 
ʤʘʩʫ ʘʚʪʦʤʦʙʽʣʷ ŭĿm, ʜʝ ŭ ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʦʙʝʨʪʦʚʽ ʤʘʩʠ. ʉʢʣʘʜʥʽʰʝ ʨʦʟʜʽʣʠʪʠ 
ʩʫʤʘʨʥʽ ʦʧʦʨʠ ʥʘ ʩʢʣʘʜʦʚʽ ʽ ʦʪʨʠʤʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʧʦʚʽʪʨʷ Cx ̔  ʦʧʦʨʫ 
ʢʦʯʝʥʥʶ f. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʘʚʪʦʤʦʙʽʣʷ ʚʠʢʣʘʜʝʥʽ ʚ [1 ï 2]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ ʜʣʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘʚʝʜʝʥʽ ʚ [3 

ï 4]. ɺʠʢʣʘʜʝʥʽ ʤʝʪʦʜʠ ʚʠʤʘʛʘʶʪʴ ʜʦʨʦʛʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢʦʛʦ ʷʢ 

ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʪʨʫʙʠ ʽ ʨʦʣʠʢʦʚʽ ʩʪʝʥʜʠ. 

ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʦʧʦʨʽʚ ʨʫʭʫ ʧʦ ʚʠʙʽʛʫ ʘʚʪʦʤʦʙʽʣʷ ʨʦʟʛʣʷʥʫʪʽ ʚ [5]. ɿʫʧʠʥʠʤʦʩʷ ʥʘ 

ʜʝʷʢʠʭ ʟ ʥʠʭ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʙʝʟ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʩʠʣʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ. ʋ [6] 

ʦʧʠʩʘʥʠʡ ʪʘʢʠʡ ʤʝʪʦʜ: çʘʚʪʦʤʦʙʽʣʴ ʤʘʩʦʶ m ʟ ʣʦʙʦʚʦʶ ʧʣʦʱʝʶ F ʨʫʭʘʻʪʴʩʷ ʥʘʢʘʪʦʤ ʥʘ 

ʥʝʡʪʨʘʣʴʥʽʡ ʧʝʨʝʜʘʯʽ ʚ ʫʤʦʚʘʭ ʟʘʪʠʰʥʦʩʪʽ ʧʦ ʨʽʚʥʽʡ ʜʦʨʦʟʽ. ɼʣʷ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ V1 ʽ V2 

(V1>V2) ʟʘʤʽʨʷʶʪʴ ʩʧʦʚʽʣʴʥʝʥʥʷ j1  ̔ j2è ʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ Cx ʽ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ɣ ʟʘ ʬʦʨʤʫʣʘʤʠ 
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ʄʝʪʦʜ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʣʷ ʰʚʠʜʢʦʩʪʝʡ ʜʦ 100 ʢʤ/ʛʦʜ, ʢʦʣʠ ʦʧʽʨ ʢʦʯʝʥʥʶ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʚʘʞʘʪʠ ʧʦʩʪʽʡʥʠʤ. ɺ ʨʦʙʦʪʽ [7] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʠ ʽ ʥʘ 

ʰʚʠʜʢʦʩʪʷʭ ʚʠʱʝ 100 ʢʤ/ʛʦʜ, ʘ ʚ ʤʦʜʝʣʴ ʚʚʝʩʪʠ ʢʦʝʬʽʮʽʻʥʪ KV ï ʦʯʽʢʫʚʘʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʤʝʥʰʦʾ ʰʚʠʜʢʦʩʪʽ ʜʦ ʙʽʣʴʰʦʾ: 

CVBVA

CVBVA
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1 ,                                                          (2) 

ʜʝ A, B, C ï ʢʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʛʽʧʦʪʝʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ 

ʢʦʯʝʥʥʶ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʰʠʥ (ʪʘʙʣ. 1). 

ʂʨʽʤ ʪʦʛʦ, ʚ ʤʦʜʝʣʴ ʚʚʝʜʝʥʘ ʬʘʢʪʠʯʥʘ ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ ɟ (ʢʛ/ʤ3), ʘ ʰʚʠʜʢʦʩʪʽ 

ʚʠʨʘʞʝʥʽ ʚ ʩʠʩʪʝʤʥʽʡ ʦʜʠʥʠʮʽ ï ʤ/ʩ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʧʨʠ ʮʴʦʤʫ ʧʨʠʡʥʷʣʠ ʚʠʛʣʷʜ: 
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ʈʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ Cx ʪʘ ɣ ʨʦʟʨʘʭʫʥʦʢ ʜʘʻ ʧʨʠ V1 = 113...123 ʢʤ/ʛʦʜ 

(31...34 ʤ/ʩ), V2 = 27...49 ʢʤ/ʛʦʜ (7...14 ʤ/ʩ). 

ɹʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʮʝʡ ʤʝʪʦʜ çʚʠʙʽʛʦʤ ʟ ʜʚʦʭ ʰʚʠʜʢʦʩʪʝʡè (ɺ2ʐ). ʁʦʛʦ ʧʝʨʝʚʘʛʠ: 

ʥʝʩʢʣʘʜʥʘ ʨʝʘʣʽʟʘʮʽʷ, ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʧʨʠʡʥʷʪʥʘ ʪʦʯʥʽʩʪʴ. ʅʝʜʦʣʽʢʠ: ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʤʽʨʽʚ 

ʫʢʣʦʥʫ ʜʦʨʦʛʠ, ʰʚʠʜʢʦʩʪʽ ʽ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʟ ʪʦʯʥʦʶ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʮʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟ 

ʨʫʭʦʤ ʘʚʪʦʤʦʙʽʣʷ; ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ (ʨʦʟʨʘʭʫʥʦʢ ʜʘʻ ʤʘʩʠʚ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʉʭ ̔  ʦʧʦʨʫ ʢʦʯʝʥʥʶ ɣ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ çʤʽʩʮʝè); 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʠʙʦʨʫ ʧʘʨʠ ʰʚʠʜʢʦʩʪʝʡ V1 ʽ V2. 

ʏʘʩʪʦ ʪʝʩʪʠ ʧʨʦʚʦʜʷʪʴ ʥʘ ʥʝʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʦʨʦʟʽ. ʎʝ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʩʢʣʘʜʥʦʩʪʽ 
ï ʪʨʝʙʘ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ ʫʢʣʦʥʽʚ ʚ ʢʦʥʢʨʝʪʥʠʭ ʤʽʩʮʷʭ ʥʘ ʜʦʨʦʟʽ. ɸʣʝ ʤʝʪʦʜ ʜʘʻ ʽ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ.  
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ʇʨʠ ʚʽʣʴʥʦʤʫ ʩʢʘʯʫʚʘʥʥʽ ʘʚʪʦʤʦʙʽʣʷ ʟ ʫʢʣʦʥʫ i ʰʚʠʜʢʽʩʪʴ ʜʦ ʢʽʥʮʷ ʧʨʦʮʝʩʫ 

ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ: ʥʘʧʨʠʢʣʘʜ, ʧʦʙʣʠʟʫ V=30...35 ʢʤ/ʛʦʜ. ʉʠʣʘ ʩʢʦʯʝʥʥʷ mgiPi =

ʚʨʽʚʥʦʚʘʞʫʻʪʴʩʷ ʦʧʦʨʦʤ ʧʦʚʽʪʨʷ EWVkF )( °  (ʰʚʠʜʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ V ʽ ʚʽʪʨʫ W ï ʚ ʤ/ʩ), 

ʦʧʦʨʦʤ ʢʦʯʝʥʥʶ mgf  ʽ ʚʪʨʘʪʘʤʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʪʨʘʥʩʤʽʩʽʾ ʍʍP : 
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ʊʘʙʣʠʮʷ 1 

ʂʦʝʬʽʮʽʻʥʪʠ ʛʽʧʦʪʝʪʠʯʥʠʭ ʨʽʚʥʷʥʴ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʣʷ 

ʨʽʟʥʠʭ ʰʠʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʩʮʷ ʚ ʧʦʣʽ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʢʦʯʝʥʥʶ 

ʐʠʥʠ ʄʽʩʮʝ A B C ʇʨʠʤʽʪʢʘ 

 ʥʠʞʥ. 1,24762E-07 -3,07143E-06 1,25095E-02 

ɺʝʨʭʥʻ ʽ ʥʠʞʥʻ 

ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʽ 

ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʢʨʠʚʠʭ, 

ʱʦ ʦʛʠʥʘʶʪʴ ʧʦʣʝ 

ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ f (V) 

ʧʦ [6], ʽʥʰʽ ï 

ʧʨʦʧʦʨʮʽʡʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʚʠʩʦʪʠ 

ʧʦʣʽʚ (ʧʨʠ ʜʦʧʫʱʝʥʥʽ, 

ʱʦ ʦʢʨʝʤʽ ʢʨʠʚʽ 

ʟʘʣʝʞʥʦʩʪʝʡ ʡʜʫʪʴ 

ʚʩʝʨʝʜʠʥʽ ʧʦʣʷ ʥʝ 

ʭʘʦʪʠʯʥʦ, ʘ 

ʧʨʘʚʠʣʴʥʠʤ ʚʽʷʣʦʤ). 

 0,2 1,13333E-07 5,85714E-07 1,28095E-02 

 0,4 1,01905E-07 4,24286E-06 1,31095E-02 

HV ʩʝʨʝʜʥ. 9,61905E-08 6,05714E-06 1,32613E-02 

  0,6 9,04762E-08 7,90000E-06 1,34095E-02 

  0,8 7,90476E-08 1,15571E-05 1,37095E-02 

  ʚʝʨʭʥ. 6,76190E-08 1,52143E-05 1,40095E-02 

  ʥʠʞʥ. 1,40190E-07 -4,40000E-06 1,13338E-02 

  0,2 1,74400E-07 -6,02857E-06 1,17871E-02 

  0,4 2,08610E-07 -7,65714E-06 1,22405E-02 

ST ʩʝʨʝʜʥ. 2,25714E-07 -8,47143E-06 1,24671E-02 

  0,6 2,42819E-07 -9,28571E-06 1,26938E-02 

  0,8 2,77029E-07 -1,09143E-05 1,31471E-02 

  ʚʝʨʭʥ. 3,11238E-07 -1,25429E-05 1,36005E-02 

  ʥʠʞʥ. 1,55429E-07 -1,05143E-05 8,56857E-03 

  0,2 1,51467E-07 -9,92000E-06 9,35162E-03 

  0,4 1,47505E-07 -9,32571E-06 1,01347E-02 

ECO ʩʝʨʝʜʥ. 1,45524E-07 -9,02857E-06 1,05262E-02 

  0,6 1,43543E-07 -8,73143E-06 1,09177E-02 

  0,8 1,39581E-07 -8,13714E-06 1,17008E-02 

  ʚʝʨʭʥ. 1,35619E-07 -7,54286E-06 1,24838E-02 
 

ʉʠʣʫ ʽʥʝʨʮʽʾ ma ʤʦʞʥʘ ʚʠʢʣʶʯʠʪʠ, ʷʢʱʦ ʧʨʠʩʢʦʨʝʥʥʷ 0@a . ɿʥʘʢ ʧʣʶʩ ʫ ʜʫʞʢʘʭ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʠʧʘʜʢʫ ʟʫʩʪʨʽʯʥʦʛʦ ʚʽʪʨʫ, ʤʽʥʫʩ ï ʧʦʧʫʪʥʦʛʦ. ʆʙʯʠʩʣʠʪʠ kF ʽ f ʥʝʟʘʣʝʞʥʦ 

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʝʤʦʞʣʠʚʦ. ɸʣʝ, ʷʢʱʦ ʚʽʜʦʤʠʡ ʬʘʢʪʦʨ ʦʙʪʽʯʥʦʩʪʽ kF ʽ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ W, 

ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʫʢʣʦʥ ʜʦʨʦʛʠ i: 

.
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mg

maWVkFP
fi

E +°+
+=                                               (5) 

ɿʘʟʚʠʯʘʡ ʜʘʥʠʭ ʧʨʦ ʫʢʣʦʥ ʥʝʤʘʻ. ʆʜʠʥ ʟ ʥʝʛʝʦʜʝʟʠʯʥʠʭ ʤʝʪʦʜʽʚ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ [8]. ɺʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʽʜʙʦʨʽ ʪʘʢʠʭ ʪʦʯʦʢ (ʪʦʯʦʢ ʦʜʥʘʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ 

(ʊʆʐ)) ʥʘ ʚʠʤʽʨʥʽʡ ʜʽʣʷʥʮʽ ʜʦʨʦʛʠ, ʷʢʽ ʘʚʪʦʤʦʙʽʣʴ ʧʨʦʭʦʜʠʪʴ ʟ ʦʜʥʘʢʦʚʦʶ ʟʘ ʤʦʜʫʣʝʤ 

ʰʚʠʜʢʽʩʪʶ ʧʨʠ ʨʫʩʽ ʧʦ ʫʢʣʦʥʫ ʥʘʢʘʪʦʤ ʚʛʦʨʫ ʽ ʚʥʠʟ. 
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ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʦʶ ʚʠʢʦʥʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʩʫʤʘʨʥʠʭ ʦʧʦʨʽʚ ʧʨʠ ʨʫʩʽ 

ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʚʠʙʽʛʦʤ ʟ ʤʝʪʦʶ ʧʦʜʽʣʫ ʮʠʭ ʦʧʦʨʽʚ ʥʘ ʩʢʣʘʜʦʚʽ: ʜʦʨʦʞʥʽʡ ʽ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ 

ʦʧʦʨʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʨʦʞʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ 

ɺɸɿ-2115 ʽ ZAZ Lanos ʽ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʜʦʨʦʞʥʽʭ ʽ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʦʧʦʨʽʚ ʜʣʷ ʮʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʭʦʜʠʤʦ ʟ ʪʦʛʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚʠʥʥʠʡ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ: ʦʙô̒ ʢʪʠʚʥʽʩʪʴ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʟʘʤʽʨʷʶʪʴʩʷ; ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʤʽʨʽʚ; 

ʧʨʦʩʪʦʪʫ ʽ ʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ; ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʽʚ. 
 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

1. ɼʦʨʦʞʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ɺɸɿ-2115. 

ɼʣʷ ʟʽʩʪʘʚʣʝʥʥʷ ʦʧʠʩʘʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʧʦʜʽʣʫ ʦʧʦʨʽʚ ʚʟʷʪʽ ʜʘʥʽ ʪʝʩʪʫ ʘʚʪʦʤʦʙʽʣʷ  

ɺɸɿ-2115: ʣʦʙʦʚʘ ʧʣʦʱʘ ï F = 1,874 ʤ2; ʤʘʩʘ ʟ ʚʠʧʨʦʙʫʚʘʯʘʤʠ ï 1460 ʢʛ. ʐʠʥʠ Matador Stella 

2 (175/70R13 82T M16), ʧʨʠʚʝʜʝʥʘ ʤʘʩʘ ʯʦʪʠʨʴʦʭ ʢʦʣʽʩ ʽ ʚʝʜʝʥʦʾ ʯʘʩʪʠʥʠ ʪʨʘʥʩʤʽʩʽʾ ï 33 ʢʛ. 

ɺʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʰʠʥʠ ʧʨʠ ʪʠʩʢʫ 1,9 bar ï 380 ʢʛ. ʂʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʰʠʥ ʧʦ [9]: 1,3 - 0,3 Ā 4 Ā 380/1460 = 0,965. ɻʫʩʪʠʥʘ ʧʦʚʽʪʨʷ  

ɟ = 1,19 ʢʛ/ʤ3. ʅʘʧʨʷʤʦʢ ʚʽʪʨʫ ï ʚʽʜ çʇʽʚʥʦʯʽè ʜʦ çʉʭʦʜʫè, ʪʦʙʪʦ ʚʽʜ 0 ʜʦ 90Á. ʐʚʠʜʢʽʩʪʴ 

ʚʽʪʨʫ ʥʘ ʨʽʚʥʽ 0,8...0,9 ʤ ʟʘ ʚʠʤʽʨʦʤ ʘʥʝʤʦʤʝʪʨʦʤ ï W = 2,4 ʤ/ʩ. ʇʨʠ ʩʝʨʝʜʥʴʦʤʫ ʢʫʪʽ 45Á: VW 

= 2,4 Ā 0,7 = 1,7 ʤ/ʩ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ (ʪʘʙʣ. 2) ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʚʽʜ ʚʠʙʦʨʫ 

ʰʚʠʜʢʦʩʪʝʡ V1 ʽ V2, ʟʥʘʯʝʥʴ ʫʢʣʦʥʫ, ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʚʪʨʘʪʘʤʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʪʨʘʥʩʤʽʩʽʾ 

ʈʍʍ ʽ ʦʯʽʢʫʚʘʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʢʦʯʝʥʥʶ KV ï ʪʦʙʪʦ, ʚʽʜ ʜʦʩʚʽʜʫ ʪʘ ʽʥʪʫʾʮʽʾ 

ʜʦʩʣʽʜʥʠʢʘ. 

ʊʘʙʣʠʮʷ 2 
ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʧʦʨʫ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ɺɸɿ-2115 ʤʝʪʦʜʦʤ ʚʠʙʽʛʫ ʟ ʜʚʦʭ ʰʚʠʜʢʦʩʪʝʡ (ɺ2ʐ) 

ɻʫʩʪʠʥʘ ʧʦʚʽʪʨʷ ɟ 1,19 1,19 1,19 
V1ʩʝʨ, ʢʤ/ʛʦʜ 119,2 103,43 89,16 
j1 m/s2 0,7278 0,5787 0,5365 
E1 1,9812 1,9900 2,0108 
ʐʠʨʦʪʘ 1 ʤʽʥʫʩ 49,9Á  0,05306 0,05143 0,05002 
ʋʢʣʦʥ gr1 0,0177 0,0186 0,0205 
jg=9,81*gr/ɓ 0,1698 0,1784 0,1967 
W1, ʤ/ʩ 1,7 1,7 1,7 
jW -0,01857 -0,00744 0,00542 

jʭʭ 0,04111 0,03537 0,03307 
j1-j-j-j 0,5355 0,3723 0,3013 
V2ʩʝʨ, ʢʤ/ʛʦʜ 27 27 27 
j2 m/s2 0,3388 0,3441 0,3475 
E2 2,13 2,13 2,13 
ʐʠʨʦʪʘ 2 ʤʽʥʫʩ 49,9Á 0,04969 0,04969 0,04969 
ʋʢʣʦʥ gr2 0,0201 0,0201 0,0201 
jg=9,81*gr/ɓ 0,1928 0,1928 0,1928 
W2, ʤ/ʩ 1,7 1,7 1,7 
jW -0,0081 -0,0081 -0,0081 
jʭʭ 0,0411 0,0387 0,0362 
j2-j-j 0,1129 0,1207 0,1266 
KV ʥʠʞʥ./ʚʝʨʭ. 1,1340/1,091500 1,0888/1,0626 1,0558/1,0412 
KV ʩʝʨʝʜʥ. 1,108698 1,07322 1,04712 
Cx ʥʠʞʥ./ʚʝʨʭ. 0,6088/0,6134 0,4650/0,4695 0,4062/0,4098 
Cx ʩʝʨʝʜʥ. 0,61154 0,46770 0,40834 
f ʥʠʞʥ./ʚʝʨʭ. 0,00768/0,00765 0,00945/0,00942 0,01046/0,01044 
f ʩʝʨʝʜʥ. 0,007663 0,009433 0,010449 
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ʇʨʦʜʫʚʘʥʥʷ ʚ ʘʝʨʦʜʠʥʘʤʽʯʥʽʡ ʪʨʫʙʽ ʅʀʎʀɸʄʊ ʜʘʚʘʣʘ ʉx = 0,429 [10]. ɹʣʠʞʯʝ ʽʥʰʠʭ 

ʜʦ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʧʘʨʠ ʰʚʠʜʢʦʩʪʝʡ 103 ʽ 27 ʢʤ/ʛʦʜ: ʉx ʚʽʜ 0,4650 

ʜʦ 0,4695 ʽʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 0,4677. ʎʝ ʚʠʱʝ ʦʧʫʙʣʽʢʦʚʘʥʦʛʦ ʥʘ 8,4...9,4%, ʱʦ 

ʚʢʣʘʜʘʻʪʴʩʷ ʚ ʟʚʠʯʘʡʥʠʡ ʜʽʘʧʘʟʦʥ 3...13% [11]. 

ʄʝʪʦʜ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʝʨʝʚʽʨʷʚʩʷ ʟʘ ʪʨʴʦʤʘ ʩʢʦʯʫʚʘʥʥʷʤ ʪʦʛʦ ʞ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʪʽʡ ʞʝ 

ʜʦʨʦʟʽ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʷ 3 
ɼʘʥʽ ʜʽʣʷʥʦʢ ʩʪʘʙʽʣʽʟʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʩʢʦʯʫʚʘʥʥʷ 

ʏʘʩ ʚʠʤʽʨʫ ʐʠʨʦʪʘ ï 49,9 ʋʢʣʦʥ (ʤʽʥ.-ʩʝʨ.-ʤʘʢʩ.) 

ʐʚʠʜʢʽʩʪʴ 

ʩʝʨʝʜʥʷ, 

ʢʤ/ʛʦʜ 

ʉʧʦʚʽʣʴ-

ʥʝʥʥʷ 

ʩʝʨʝʜʥʻ, 

ʤ/ʩ2 

37:55 ï 38:12 0,06020 ï 0,06172 0,01322 ï 0,01923 ï 0,02678 37,137 -0,00102 

44:46 ï 45:06 0,05744 ï 0,05926 0,01300 ï 0,01309 ï 0,01316 37,735 -0,00104 

08:30 ï 08:35 0,06062 ï 0,06107 0,01216 ï 0,01436 ï 0,01444 37,230 -0,0035 

ʉʝʨʝʜʥʽ 

ʟʥʘʯʝʥʥʷ 
 0,01577 37,367 -0,00185 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʦʧʫʙʣʽʢʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʉx = 0,429. ʂʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ 

ʢʦʯʝʥʥʶ ʧʨʠ ʮʴʦʤʫ ʩʢʣʘʚ 0,00816. 

ʗʢʱʦ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʫʢʣʦʥʫ ʜʦʨʦʛʠ ʚʽʜ kF ̔  W ʧʦʤʽʨʥʘ, ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ 

ʟʘʚʜʘʥʥʷ ʙʝʟ ʜʘʥʠʭ ʧʨʦ ʫʢʣʦʥ: ʧʨʠʡʥʷʪʠ ʧʦʧʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ kF ̔  f ʟʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, 

ʘ W ï ʟʘ ʜʘʥʠʤʠ ʤʝʪʝʦʩʪʘʥʮʽʡ (ʚʚʽʚʰʠ ʧʦʧʨʘʚʢʠ ʥʘ ʚʠʩʦʪʫ ʽ ʥʘʧʨʷʤ ʚʽʪʨʫ ʱʦʜʦ ʜʦʨʦʛʠ), 

ʦʙʯʠʩʣʠʪʠ ʫʢʣʦʥ ʜʦʨʦʛʠ, ʘ ʧʦʪʽʤ ʽ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ʘʙʦ kF. 

ʋ ʪʘʙʣ. 4 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʫʢʣʦʥʫ ʜʦʨʦʛʠ ʧʨʠ ʨʽʟʥʠʭ ʧʦʻʜʥʘʥʥʷʭ 

kF ʽ W. ʄʝʞʽ ʜʽʘʧʘʟʦʥʫ ʬʘʢʪʦʨʽʚ ʦʙʨʘʥʽ ʥʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦ ʰʠʨʦʢʽ ʜʣʷ ʮʴʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, 

ʰʠʥ ʽ ʜʦʨʦʛʠ (f = 0,00816 ʜʣʷ ʚʩʽʭ ʚʘʨʽʘʥʪʽʚ). 

 

ʊʘʙʣʠʮʷ 4 
ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʫʢʣʦʥʫ ʜʦʨʦʛʠ (ʧʨʦʤʽʣʝ) ʧʨʠ ʨʽʟʥʠʭ kF ʽ W 

Cx kF 

ʐʚʠʜʢʽʩʪʴ ʚʽʪʨʫ W (ʚʟʜʦʚʞ ʜʦʨʦʛʠ ʥʘ ʨʽʚʥʽ 0,8é0,9 ʤ), ʤ/ʩ 
ʉʝ-

ʨʝʜʥʽ 
ʉʂɺ 

0,7 0,9 1,1 1,3 1,5 1,7 1,9 2,1 2,3 m, ă 
ů, 

ă 

0,37 0,4447 14,53 14,67 14,81 14,96 15,10 15,25 15,40 15,56 15,71 15,111 0,40 

0,39 0,4688 14,74 14,89 15,03 15,19 15,34 15,50 15,66 15,82 15,98 15,349 0,43 

0,41 0,4928 14,94 15,10 15,26 15,41 15,58 15,74 15,91 16,08 16,25 15,586 0,45 

0,43 0,5168 15,15 15,31 15,48 15,64 15,81 15,99 16,16 16,34 16,52 15,823 0,47 

0,45 0,5409 15,36 15,53 15,70 15,87 16,05 16,23 16,42 16,60 16,79 16,061 0,49 

0,47 0,5649 15,56 15,74 15,92 16,10 16,29 16,48 16,67 16,86 17,06 16,298 0,51 

0,49 0,5890 15,77 15,95 16,14 16,33 16,52 16,72 16,92 17,13 17,33 16,535 0,54 

        ů 0,51 m 15,823  

 

ʅʘ ʞʘʣʴ, ʥʘʚʽʪʴ ʷʢʱʦ ʦʙʤʝʞʠʪʠ ʜʽʘʧʘʟʦʥ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ (15,99 Ñ 0,4 ă), ʨʦʟʨʘʭʫʥʦʢ ʜʘʻ ʟʥʘʯʝʥʥʷ ʉx ʚʽʜ 0,41 ʜʦ 0,48, ʱʦ ʟʘʥʘʜʪʦ ʛʨʫʙʦ. 

ʄʝʪʦʜ ʪʦʯʦʢ ʦʜʥʘʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ (ʊʆʐ). ʊʦʯʢʠ ʦʜʥʘʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʟʥʘʭʦʜʠʣʠʩʷ ʥʘ ʧʝʨʝʪʠʥʽ ʢʨʠʚʠʭ ʩʢʦʯʫʚʘʥʥʷ ʧʦ ʫʢʣʦʥʫ ʽ ʚʠʙʽʛʫ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʤʽʥʫʩ 49,9Á (ʨʠʩ.1). ʏʠʩʣʘ ʚ ʥʘʟʚʘʭ ʢʨʠʚʠʭ ï ʯʘʩ ʚ ʩʝʢʫʥʜʘʭ ʚʽʜ ʧʦʯʘʪʢʫ ʟʘʧʠʩʫ ʪʨʝʢʫ 

(ʩʪʦʚʧʝʮʴ ɸ ʚ ʪʨʝʢʫ), ʪʦʯʢʠ ï ʧʦʻʜʥʘʥʥʷ ʽʤʝʥ ʚʠʙʽʛʫ ʽ ʩʢʦʯʫʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, 478_702). 
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ʉʢʦʨʦʯʝʥʥʷ çɹɸè ï ʟʘ ʙʘʨʦʤʝʪʨʠʯʥʠʤ ʘʣʴʪʠʤʝʪʨʦʤ. ɼʘʥʽ ʚʠʙʨʘʥʠʭ ʜʣʷ ʧʨʠʢʣʘʜʫ ʪʦʯʦʢ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 5. 

ʈʠʩ. 1. ʇʦʰʫʢ ʪʦʯʦʢ ʦʜʥʘʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚ ʪʝʩʪʘʭ ʘʚʪʦʤʦʙʽʣʷ ɺɸɿ-2115 
 

ʊʘʙʣʠʮʷ 5 
ʇʨʠʢʣʘʜʠ ʪʦʯʦʢ ʦʜʥʘʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʊʦʯʢʘ j ʚʠʙʽʛʫ j ʩʢʦʯ. 
V, 

ʢʤ/ʛʦʜ 

ʐʠʨʦʪʘ 

-49,9 

ʋʢʣʦʥ 

ɹɸ 

ʋʢʣʦʥ 

ʊʆʐ 
f ʊʆʐ 

ʉʭ ɹɸ / 

W, ʤ/ʩ 

570_2050 -0,2893 0,0716 24,02 0,049593 0,02025 0,01968 0,007589 0,429/2,88 

978_222 -0,2602 -0,0008 37,58 0,057615 0,01613 0,01484 0,006866 0,445/3,30 

1294_2050 -0,2874 -0,0042 37,22 0,058635 0,01657 0,01791 0,010554 0,429/1,78 

 

ʉʢʣʘʜʝʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʜʝ ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʻ ʨʫʭ ʘʚʪʦʤʦʙʽʣʷ ʚʥʠʟ ʧʦ ʫʢʣʦʥʫ 

(ʽʥʜʝʢʩ dn, ʚʽʜ ʘʥʛʣ. down), ʜʨʫʛʝ ï ʚʛʦʨʫ (ʽʥʜʝʢʩ up): 

ά ὫὭὯὊὠ ύ ὖὼὼά ὫὪ ά Ὦ πȠ

ά ὫὭὯὊὠᶸύ ὖὼὼά ὫὪ ά Ὦ πȟ
                     (6) 

ʜʝ "+" ʚ ʧʦʜʚʽʡʥʠʭ ʟʥʘʢʘʭ ʦʟʥʘʯʘʻ ʟʫʩʪʨʽʯʥʠʡ ʚʽʪʝʨ, "-" ï ʧʦʧʫʪʥʠʡ. 

ɿʘ ʯʘʩ, ʱʦ ʨʦʟʜʽʣʷʻ ʧʨʦʮʝʩʠ ʚʠʙʽʛʫ ʪʘ ʩʢʦʯʫʚʘʥʥʷ, ʤʦʛʣʠ ʟʤʽʥʠʪʠʩʷ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ 

ʽ ʤʘʩʘ ʘʚʪʦʤʦʙʽʣʷ. 

ɺʚʝʜʝʤʦ ʢʦʝʬʽʮʽʻʥʪ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʩ ʚ ʜʚʦʭ ʨʝʞʠʤʘʭ: 

/ ;m dn up up m dnK m m m K m= Ö =. ʇʦʤʥʦʞʠʤʦ ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ ʥʘ Km ʽ ʚʽʜʥʽʤʝʤʦ ʡʦʛʦ ʟ 

ʧʝʨʰʦʛʦ: ʇʨʠ ʮʴʦʤʫ ʟʥʠʢʥʫʪʴ ʜʝʷʢʽ ʯʣʝʥʠ, ʱʦ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʡʪʠ ʰʫʢʘʥʠʡ ʬʘʢʪʦʨ 

ʦʙʪʽʯʥʦʩʪʽ kF. ʇʦʪʽʤ, ʧʽʜʩʪʘʚʠʚʰʠ ʡʦʛʦ ʚ ʙʫʜʴ-ʷʢʝ ʚʠʭʽʜʥʝ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʟʥʘʡʪʠ f: 

ςά ὫὭὯὊẗὠ ύ ὑ ὠᶸύ ὖὼὼρ ὑ ά Ὦ Ὦ πȠ 

ὯὊ
ςάὫὭάὮ Ὦ

τὠύ
ȠὪ

ά ὫὭὯὊὠ ύ ὖὼὼά Ὦ

ά Ὣ
Ȣ        χ 

ɸʣʝ ʮʽ ʬʦʨʤʫʣʠ ʥʝ ʧʨʠʥʦʩʷʪʴ ʢʦʨʠʩʪʽ, ʷʢʱʦ ʥʝʤʘʻ ʜʘʥʠʭ ʧʨʦ ʧʦʟʜʦʚʞʥʽʡ ʧʨʦʬʽʣʴ, 

ʪʦʙʪʦ ʟʥʘʯʝʥʴ ʫʢʣʦʥʫ ʚ ʧʦʪʨʽʙʥʠʭ ʪʦʯʢʘʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʫʢʣʦʥʫ ʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ (ʩʪʦʚʧʝʮʴ ʉʭ 

ɹɸ / W).  

 ʐʠʨʦʪʘ ʤʽʥʫʩ 49,9 
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ɯ ʥʘʚʧʘʢʠ, ʨʦʟʨʘʭʫʥʢʦʚʽ ʫʭʠʣʠ ʤʘʣʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʉʭ ʽ W (ʪʘʙʣ. 4) ʽ ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʜʦ 

ʚʠʤʽʨʷʥʠʭ ɹɸ (ʨʦʟʙʽʞʥʽʩʪʴ ʤʝʥʰʝ 1,5 ă). ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʚʽʪʴ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʦʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ ʫʢʣʦʥʫ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ. 

ɺʩʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʦ ʊʆʐ ʚ ʪʘʙʣ. 5 ʨʦʟʨʘʭʦʚʘʥʽ ʧʨʠ ʉʭ = 0,429 ʽ W = 1,7 ʤ/ʩ. 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ f ʧʦ ʪʘʙʣ. 5 ʩʪʘʥʦʚʠʪʴ 0,00834, ʱʦ ʜʦʩʠʪʴ ʙʣʠʟʴʢʦ ʜʦ 0,00816 ʟʘ ʤʝʪʦʜʦʤ 

ʩʪʘʙʽʣʽʟʘʮʽʾ (2,2%). 

ʆʪʞʝ, ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ ʜʦʩʪʫʧʥʽʩʪʴ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʽ 

ʜʦʟʚʦʣʠʣʠ ʦʮʽʥʠʪʠ ʧʝʨʝʜʙʘʯʫʚʘʥʫ ʪʦʯʥʽʩʪʴ. ɿʘʩʪʦʩʫʻʤʦ ʮʽ ʤʝʪʦʜʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʪʝʩʪʦʚʦʛʦ ʝʢʟʝʤʧʣʷʨʘ ZAZ Lanos. 

 

2. ɼʦʨʦʞʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ZAZ Lanos. 

ʇʦʢʘʟʥʠʢʠ ZAZ Lanos: F = 2,07 ʤ2 (ʚʠʟʥʘʯʝʥʘ ʬʦʪʦʩʧʦʩʦʙʦʤ ʟ ʢʦʨʝʢʮʽʻʶ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʧʦʪʚʦʨʝʥʴ), ʉʭ = 0,33...0,405 (ʨʽʟʥʽ ʜʞʝʨʝʣʘ). ʄʘʩʘ 1410 ʢʛ. ʐʠʥʠ TOYO 

PROXES T1R 195/50 R15 82V, ʦʧʽʨ ʢʦʯʝʥʥʶ ʧʦ ʢʘʪʝʛʦʨʽʾ F (f = 0,0106...0,012). ʂʦʝʬʽʮʽʻʥʪ 

ɓ = 1,02591. ɺʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʧʝʨʝʜʥʴʦʾ ʰʠʥʠ ʧʨʠ ʪʠʩʢʫ 2,2 bar ï 430 ʢʛ, ʟʘʜʥʴʦʾ ʧʨʠ 

ʪʠʩʢʫ 2,1 bar ï 415 ʢʛ. ʉʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʰʠʥ:  

1,3-0,3 Ŀ 2 Ŀ (430 + 415) / 1410 = 0,94. 

ɻʫʩʪʠʥʘ ʧʦʚʽʪʨʷ 1,2354 ʢʛ/ʤ3. ʅʘʧʨʷʤʦʢ ʚʽʪʨʫ ï ʚʽʜ çʇʽʚʥʦʯʽè ʜʦ çʉʭʦʜʫè, ʪʦʙʪʦ ʚ 

ʩʝʨʝʜʥʴʦʤʫ 45Á. ʐʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʨʽʚʥʽ 0,8...0,9 ʤ ʟʘ ʚʠʤʽʨʦʤ ʯʘʰʢʦʚʠʤ ʘʥʝʤʦʤʝʪʨʦʤ ï 

2,04...2,26 ʤ/ʩ. ʇʨʠ ʩʝʨʝʜʥʴʦʤʫ ʘʟʠʤʫʪʽ ʜʦʨʦʛʠ ʙʣʠʟʴʢʦ 200Á ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʩʝʨʝʜʥʶ 

ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ W = 1,968 ʤ/ʩ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʧʦʨʫ ʨʫʭʫ ʜʣʷ 

ʘʚʪʦʤʦʙʽʣʷ ZAZ Lanos ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 6. 

ʊʘʙʣʠʮʷ 6 
ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʧʦʨʫ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ZAZ Lanos ʤʝʪʦʜʦʤ ʚʠʙʽʛʫ ʟ ʜʚʦʭ ʰʚʠʜʢʦʩʪʝʡ 

(ɺ2ʐ) 

V1ʩʝʨ, ʢʤ/ʛʦʜ 103,8 103,8 103,8 

j1 m/s2 0,5472 0,54717 0,54717 

E1 1,98961 1,98961 1,98961 

j gr=9,81*i/ɓ 0,1562 0,1562 0,1562 

jW ï0,0465 ï0,0465 ï0,0465 

jxx 0,0571 0,0571 0,0571 

j1-j-j 0,3803 0,3803 0,3803 

V2ʩʝʨ, ʢʤ/ʛʦʜ 27 30,7 33,2 

j2 m/s2 0,3397 0,3441 0,3475 

E2 2,1579 2,21289 2,22191 

j gr=9,81*i/ɓ 0,1940 0,1948 0,1850 

jW ï0,0129 ï0,0176 ï0,0200 

jxx 0,0211 0,0229 0,0241 

j2-j-j 0,1375 0,1440 0,1584 

KV ʥʠʞʥ./ʚʝʨʭ. 1,08977 / 1,06326 1,09051 / 1,06317 1,0907 / 1,06293 

KV ʩeʨʝʜʥ. 1,07397 1,07421 1,07414 

Cx ʥʠʞʥ./ʚʝʨʭ. 0,3746 / 0,3792 0,3982 / 0,4026 0,3936 / 0,3985 

Cx ʩʨʝʜʥ. 0,3773 0,4008 0,3965 

f ʥʠʞʥ./ʚʝʨʭ. 0,01108 / 0,01104 0,00947 / 0,00940 0,00978 / 0,00970 

f ʩeʨʝʜʥ. 0,01105 0,00943 0,00973 

 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʉʭ = 0,39156å0,392 ʙʣʠʟʴʢʦ ʜʦ ʟʥʘʯʝʥʥʷ ʉʭ 

= 0,4, ʦʪʨʠʤʘʥʦʛʦ ʥʘʤʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʦʨʦʟʽ, ʽ ʜʦ ʟʥʘʯʝʥʥʷ 0,375 (ʟʘ ʥʝʦʬʽʮʽʡʥʠʤʠ 

ʜʘʥʠʤʠ ɸʚʪʦɿɸɿ). ʉʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʢʦʯʝʥʥʶ, ʩʢʦʨʠʛʦʚʘʥʠʡ ʥʘ ʧʦʚʥʝ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʰʠʥ 0,010069 / 0.94 = 0,010712, ʣʝʞʠʪʴ ʚ ʧʦʣʝ ʢʘʪʝʛʦʨʽʾ F (0,0106...0,012). 
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ʄʝʪʦʜ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʝʨʝʚʽʨʝʥʠʡ ʧʦ ʯʦʪʠʨʴʦʭ ʜʽʣʷʥʢʘʭ (ʜʚʘ ʟ ʥʠʭ ʜʠʚ. ʥʘ ʨʠʩ. 2). ʏʝʨʝʟ 

ʤʘʣʫ ʪʦʯʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʨʽʰʝʥʥʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʘʚʘʣʦ ʥʝʧʨʠʡʥʷʪʥʽ 

ʨʝʟʫʣʴʪʘʪʠ (f = 0,0146, 0,0125, 0,0221, 0,0505; kF = -0,041, 0,623, -0,839, 2,611). 

ɼʣʷ ʯʠʩʣʦʚʦʛʦ ʨʽʰʝʥʥʷ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ f ʟ ʨʷʜʫ W = 1,968 ʤ/ʩ ʽ Cx = 0.31...0.41, 

ʧʽʜʩʪʘʚʣʷʣʠ ʚ ʨʽʚʥʷʥʥʷ ʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʉʭ. ʈʝʟʫʣʴʪʘʪ ʚʚʘʞʘʚʩʷ ʟʘʜʦʚʽʣʴʥʠʤ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ 

ʉʭ ʟʥʘʭʦʜʠʣʦʩʷ ʚ ʤʝʞʘʭ 0,33...0,41 (ʛʨʘʥʠʯʥʽ ʦʧʫʙʣʽʢʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʨʠ ʧʨʦʜʫʚʮʽ ʫ 

ʘʝʨʦʜʠʥʘʤʽʯʥʽʡ ʪʨʫʙʽ), ʘ ʟʥʘʯʝʥʥʷ f, ʧʨʠʚʝʜʝʥʝ ʜʦ ʧʦʚʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ï ʚ ʤʝʞʘʭ 

0,0106...0,012 (ʢʘʪʝʛʦʨʽʷ F). ʇʨʠʡʥʷʪʦ ʚʘʨʽʘʥʪ ʰʚʠʜʢʦʩʪʽ ʩʪʘʙʽʣʽʟʘʮʽʾ 26,39 ʢʤ/ʛʦʜ: ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ f = 0,01113...0,01199 ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʉʭ = 0,36 (ʟ ɽ = 2 ʦʪʨʠʤʘʥʦ ʉʭ = 0,36 

ʧʨʠ f = 0,0123). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 2. ʇʨʠʢʣʘʜʠ ʜʽʣʷʥʦʢ, ʜʝ ʰʚʠʜʢʽʩʪʴ ʩʢʦʯʫʚʘʥʥʷ ʙʣʠʟʴʢʘ ʜʦ ʩʪʘʙʽʣʴʥʦʾ ʚ ʪʝʩʪʘʭ ʘʚʪʦʤʦʙʽʣʷ 

ZAZ Lanos 
 

ʄʝʪʦʜ ʊʆʐ. ʊʦʯʢʠ ʚ ʪʝʩʪʘʭ ʘʚʪʦʤʦʙʽʣʷ ZAZ Lanos (ʨʠʩ. 3) ʚʠʙʠʨʘʣʠ ʽ ʧʦʟʥʘʯʘʣʠ ʟʘ 

ʘʥʘʣʦʛʽʻʶ, ʷʢ ʽ ʜʣʷ ʘʚʪʦʤʦʙʽʣʷ ɺɸɿ-2115. 

ɿʘ ʚʩʽʤʘ ʪʦʯʢʘʤʠ ʧʝʨʝʪʠʥʫ ʦʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ ʰʠʨʦʪʠ, ʰʚʠʜʢʦʩʪʽ ʽ ʧʨʠʩʢʦʨʝʥʴ. ɿʘ 

ʮʠʤʠ ʜʘʥʠʤʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʫʢʣʦʥʽʚ ï ʨʠʩ. 4. 

ʋ ʜʝʷʢʠʭ ʊʆʐ ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʤ ʟʥʘʯʝʥʥʷ ʫʢʣʦʥʽʚ ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʘʶʪʴʩʷ ʟʽ 

ʟʥʘʯʝʥʥʷʤʠ, ʦʙʯʠʩʣʝʥʠʤʠ ʟʘ ʧʦʢʘʟʘʥʥʷʤʠ ʙʘʨʦʤʝʪʨʠʯʥʦʛʦ ʘʣʴʪʠʤʝʪʨʘ (ɹɸ) ʥʘʚʽʛʘʪʦʨʘ 

 

y = -3,200599E-04x + 2,065425E+01
wч Ґ тΣпуслур9-05 

нлΣср ͣ͟κ͎ͦ͒ -8,89E-05 m/s2
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Garmin: ʚʦʥʠ ʚʽʜʟʥʘʯʝʥʽ ʪʨʠʢʫʪʥʠʤʠ ʤʘʨʢʝʨʘʤʠ, ʽʥʰʽ ï ʢʨʫʛʣʠʤʠ. ʎʝʡ ʟʙʽʛ ʨʦʟʛʣʷʜʘʚʩʷ ʷʢ 

ʢʨʠʪʝʨʽʡ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʝʡ, ʷʢʦʩʪʽ ʚʠʤʽʨʽʚ ʽ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ. 

ɿʥʘʯʝʥʥʷ kF ʚ ʧô̫ ʪʠ ʪʦʯʢʘʭ, ʷʢʽ ʟʙʽʛʘʶʪʴʩʷ ʟ ɹɸ ʚʘʨʽʶʚʘʣʠ ʚʽʜ 0,353 ʜʦ 0,732 ʽʟ 

ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 0,4918. ɺʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʉʭ, ʥʘʚʝʜʝʥʽ ʜʦ ʨʽʚʥʷ ʧʨʦʜʫʚʦʢ ʚ 

ʘʝʨʦʜʠʥʘʤʽʯʥʽʡ ʪʨʫʙʽ ʢʦʝʬʽʮʽʻʥʪʦʤ 1,075 ï ʚʽʜ 0,254 ʜʦ 0,526 ʽʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 0,3536. 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ f, ʥʘʚʝʜʝʥʝ ʜʦ ʰʚʠʜʢʦʩʪʽ 25,6 ʢʤ/ʛʦʜ, ʩʢʣʘʣʦ 0,01251. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʜʘʥʠʭ ʧʨʦ ʧʦʟʜʦʚʞʥʽʡ ʧʨʦʬʽʣʴ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʚʩʽʤʘ ʪʦʯʢʘʤʠ ʜʘʚ ʙʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʉʭ = 

0,334. 

ʈʠʩ. 3. ʇʦʰʫʢ ʪʦʯʦʢ ʦʜʥʘʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚ ʪʝʩʪʘʭ ZAZ Lanos 
 

ʈʠʩ. 4. ʋʭʠʣʠ ʥʘ ʚʠʤʽʨʶʚʘʥʽʡ ʜʽʣʷʥʮʽ ʜʦʨʦʛʠ, ʷʢʽ ʦʙʯʠʩʣʝʥʽ ʟʘ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʚʠʩʦʪʠ 

ʙʘʨʦʤʝʪʨʠʯʥʠʤ ʘʣʴʪʠʤʝʪʨʦʤ (ʣʽʥʽʷ ʟ ʪʦʯʢʘʤʠ) ʽ ʟʘ ʤʝʪʦʜʦʤ ʊʆʐ 
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ɺʠʩʥʦʚʢʠ 

1. ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʘ ʚʠʙʽʛʦʤ ʘʚʪʦʤʦʙʽʣʽʚ ʧʽʜʪʚʝʨʜʠʣʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʩʠʣʘʤʠ 

ʢʦʨʠʩʪʫʚʘʯʘ ʦʧʠʩʘʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʽʚ ʨʫʭʫ ʽ ʧʦʜʽʣʫ ʾʭ ʥʘ ʩʢʣʘʜʦʚʽ ʟ ʧʨʠʡʥʷʪʥʦʶ 

ʪʦʯʥʽʩʪʶ. ɼʣʷ ZAZ Lanos ʦʪʨʠʤʘʥʽ ʪʨʴʦʤʘ ʤʝʪʦʜʘʤʠ ʟʥʘʯʝʥʥʷ ʉʭ ʚʽʜ 0,35 ʜʦ 0,39. 

2. ʅʘʡʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʡ ʤʝʪʦʜ ʪʦʯʦʢ ʦʜʥʘʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ (ʊʆʐ), ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʥʘʡʜʦʩʪʫʧʥʽʰʠʤʠ ʟʘʩʦʙʘʤʠ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ ʫʢʣʦʥʽʚ ʚ ʦʢʨʝʤʠʭ ʪʦʯʢʘʭ ʟʘ ʚʠʙʽʛʦʤ ʽ 

ʩʢʦʯʫʚʘʥʥʷʤ ʘʚʪʦʤʦʙʽʣʷ, ʘ ʜʘʣʽ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ Cx ʽ f. 

3. ʂʦʨʠʩʥʠʤ ʻ ʧʨʦʜʦʚʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʫ ʊʆʐ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ 

ʪʦʯʦʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ (ʙʘʞʘʥʦ ʟ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʣʦʙʦʚʦʾ 

ʧʣʦʱʽ ʽ ʉʭ). 
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ʇʦʜʨʠʛʘʣʦ ʄ.ɸ., ɻʘʨʤʘʰ ɺ.ʇ., ɹʘʫʣʽʥ ɼ.ʉ., ɻʦʨʻʣʠʰʝʚ ʉ.ɸ., ʇʦʙʝʨʝʞʥʠʡ ɸ.ɸ. çʆʮʽʥʢʘ ʢʝʨʦʚʘʥʦʩʪʽ 

ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʝʣʝʢʪʨʦʤʦʪʦʨ-ʢʦʣʝʩʘʤʠ ʧʝʨʝʜʥʴʦʛʦ ʧʦʚʦʨʦʪʥʦʛʦ ʤʦʩʪʫè 

ɸʚʪʦʤʦʙʽʣʽ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʽ ʛʽʙʨʠʜʥʠʤ ʧʨʠʚʦʜʦʤ ʚʝʜʫʯʠʭ ʢʦʣʝʩ ʦʪʨʠʤʘʣʠ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʰʠʨʦʢʝ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʫ ʩʚʽʪʽ. ɼʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽʟ ʢʦʤʙʽʥʦʚʘʥʠʤ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʫ ʧʦʚʦʨʦʪʥʠʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʾʭʥʶ ʤʘʥʝʚʨʝʥʽʩʪʴ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʜʽʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʧʝʨʝʜʥʴʦʛʦ 

ʧʦʚʦʨʦʪʥʦʛʦ ʚʝʜʫʯʦʛʦ ʤʦʩʪʫ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʢʝʨʫʚʘʥʥʷ ʧʦʚʦʨʦʪʦʤ ʤʘʰʠʥ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʮʽ 

ʜʦʪʠʯʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʧʝʨʝʜʥʽʭ ʢʦʣʝʩʘʭ. 

ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʢʝʨʦʚʘʥʦʩʪʽ ʜʚʦʭʚʽʩʥʦʾ ʤʘʰʠʥʠ ʟ ʧʝʨʝʜʥʽʤ ʧʦʚʦʨʦʪʥʠʤ 

ʤʦʩʪʦʤ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʨʽʟʥʠʮʽ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ ʧʝʨʝʜʥʽʭ ʢʦʣʝʩʘʭ. ʆʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʢʝʨʦʚʘʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʧʝʨʝʜʥʽʤ ʧʦʚʦʨʦʪʥʠʤ ʚʝʜʫʯʠʤ ʤʦʩʪʦʤ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʨʽʟʥʠʮʽ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ ʡʦʛʦ ʢʦʣʝʩʘʭ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʦʢʘʟʥʠʢʠ ʢʝʨʦʚʘʥʦʩʪʽ ʡ ʧʦʚʦʨʦʪʢʦʩʪʽ 

(ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʡ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ) ʧʨʠ ʧʝʨʝʜʥʴʦʤʫ ʧʦʚʦʨʦʪʥʦʤʫ ʚʝʜʫʯʦʤʫ ʤʦʩʪʫ ʪʘ ʩʪʚʦʨʝʥʥʽ ʥʘ 

ʡʦʛʦ ʢʦʣʝʩʘʭ ʨʽʟʥʠʮʽ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʚʠʱʝ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʨʽʚʥʦʩʪʽ ʟʘʟʥʘʯʝʥʠʭ ʤʦʤʝʥʪʽʚ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ 

ʟʘʢʦʥʫ ʟʤʽʥʠ ʨʽʟʥʠʮʽ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʦʨʦʪʫ ʘʚʪʦʤʦʙʽʣʷ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ 

ʢʦʞʥʦʤʫ ʽʟ ʪʨʴʦʭ ʟʘʢʦʥʽʚ ʟʤʽʥʠ ʨʽʟʥʠʮʽ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʚʽʜʥʦʩʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʦʨʦʪʫ ʘʚʪʦʤʦʙʽʣʷ 

ʽʟ ʯʘʩʦʤ ʟʨʦʩʪʘʻ. 

ʇʨʦʧʦʥʦʚʘʥʝ ʨʫʣʴʦʚʝ ʢʝʨʫʚʘʥʥʷ ʻ ʩʠʩʪʝʤʦʶ ʽʟ ʜʚʦʤʘ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ, ʦʩʢʽʣʴʢʠ ʥʘ ʾʾ ʚʭʦʜʽ 

ʩʪʚʦʨʶʶʪʴʩʷ ʜʚʘ ʥʝʟʘʣʝʞʥʽ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ï ʧʦʚʦʨʦʪ ʢʝʨʤʦʚʦʛʦ ʢʦʣʝʩʘ ʡ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʮʽ ʢʨʫʪʥʠʭ 

ʤʦʤʝʥʪʽʚ ʥʘ ʧʝʨʝʜʥʽʭ ʢʦʣʝʩʘʭ. ʊʦʤʫ, ʨʦʟʚô̫ ʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ 

ʩʢʣʘʜʥʦʛʦ ʨʫʭʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʛʣʷʜʘʣʠʩʷ ñʪʚʝʨʜʽò ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʽʣʷ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʝʣʘʩʪʠʯʥʠʤʠ ʚ ʙʽʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʢʦʣʝʩʘʤʠ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʥʦʛʦ ʨʫʭʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʧʝʨʝʥʦʩʥʦʛʦ ʡ ʜʚʦʭ ʚʽʜʥʦʩʥʠʭ ʨʫʭʽʚ. ɼʨʫʛʠʤ 

ʚʽʜʥʦʩʥʠʤ ʨʫʭʦʤ ʻ ʨʫʭ, ʦʙʫʤʦʚʣʝʥʠʡ ʜʝʬʦʨʤʘʮʽʻʶ ʰʠʥ ʧʨʠ ʾʭʥʴʦʤʫ ʙʽʯʥʦʤʫ ʚʽʜʚʦʜʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʽ ʽʥʞʝʥʝʨʘʤ ʪʘ ʘʩʧʽʨʘʥʪʘʤ, ʱʦ 

ʟʘʡʤʘʶʪʴʩʷ ʨʦʟʛʣʷʥʫʪʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʽʙʨʠʜʥʠʡ ʧʨʠʚʽʜ, ʢʝʨʦʚʘʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ, ʧʝʨʝʜʥʽʡ ʧʦʚʦʨʦʪʥʠʡ ʚʝʜʫʯʠʡ ʤʽʩʪ, 

ʝʣʝʢʪʨʦʤʦʪʦʨ-ʢʦʣʝʩʘ, ʤʦʜʝʣʴ ʩʢʣʘʜʥʦʛʦ ʨʫʭʫ. 

 

ʇʦʜʨʠʛʘʣʦ ʄ.ɸ., ɻʘʨʤʘʰ ɺ.ʇ., ɹʘʫʣʠʥ ɼ.ʉ., ɻʦʨʝʣʳʰʝʚ ʉ.ɸ., ʇʦʙʝʨʝʞʥʳʡ ɸ.ɸ. çʆʮʝʥʢʘ 

ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʵʣʝʢʪʨʦʤʦʪʦʨ-ʢʦʣʝʩʘʤʠ ʧʝʨʝʜʥʝʛʦ ʧʦʚʦʨʦʪʥʦʛʦ ʤʦʩʪʘè 

ɸʚʪʦʤʦʙʠʣʠ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʛʠʙʨʠʜʥʳʤ ʧʨʠʚʦʜʦʤ ʚʝʜʫʱʠʭ ʢʦʣʝʩ ʧʦʣʫʯʠʣʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʠʨʝ. ɼʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʢʦʣʝʩʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʜʥʝʛʦ ʤʦʩʪʘ ʧʦʚʦʨʦʪʥʳʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʭ ʤʘʥʝʚʨʝʥʥʦʩʪʴ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʜʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʧʝʨʝʜʥʝʛʦ 

ʧʦʚʦʨʦʪʥʦʛʦ ʚʝʜʫʱʝʛʦ ʤʦʩʪʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʧʦʚʦʨʦʪʦʤ ʤʘʰʠʥ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ 

ʨʘʟʥʦʩʪʠ ʢʘʩʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʥʘ ʧʝʨʝʜʥʠʭ ʢʦʣʝʩʘʭ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʜʚʫʭʦʩʥʦʡ ʤʘʰʠʥʳ ʩ ʧʝʨʝʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ 

ʤʦʩʪʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʟʥʦʩʪʠ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʥʘ ʧʝʨʝʜʥʠʭ ʢʦʣʝʩʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʧʝʨʝʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʚʝʜʫʱʠʤ  

ʤʦʩʪʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʟʥʦʩʪʠ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʥʘ ʝʛʦ ʢʦʣʝʩʘʭ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ 

ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ ʧʦʚʦʨʦʪʣʠʚʦʩʪʠ (ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʠ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ) ʧʨʠ ʧʝʨʝʜʥʝʤ ʧʦʚʦʨʦʪʥʦʤ  ʚʝʜʫʱʝʤ 

ʤʦʩʪʫ ʠ ʩʦʟʜʘʥʠʠ ʥʘ ʝʛʦ ʢʦʣʝʩʘʭ ʨʘʟʥʦʩʪʠ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʚʳʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʨʘʚʝʥʩʪʚʘ ʫʢʘʟʘʥʥʳʭ 

ʤʦʤʝʥʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʨʘʟʥʦʩʪʠ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʦʚʦʨʦʪʘ ʘʚʪʦʤʦʙʠʣʷ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʠʟ ʪʨʝʭ ʟʘʢʦʥʦʚ ʠʟʤʝʥʝʥʠʷ ʨʘʟʥʦʩʪʠ 

ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʦʚʦʨʦʪʫ ʘʚʪʦʤʦʙʠʣʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʚʦʟʨʘʩʪʘʝʪ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʫʣʝʚʦʝ ʫʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʝʝ 

ʚʭʦʜʝ ʩʦʟʜʘʶʪʩʷ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ï ʧʦʚʦʨʦʪ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ ʠ ʩʦʟʜʘʥʠʝ ʨʘʟʥʦʩʪʠ 

ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʥʘ ʧʝʨʝʜʥʠʭ ʢʦʣʝʩʘʭ.  



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 
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ʇʦʵʪʦʤʫ, ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʩʣʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ñʞʝʩʪʢʠʝò ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʠʣʷ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʩ ʵʣʘʩʪʠʯʥʳʤʠ ʚ ʙʦʢʦʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʢʦʣʝʩʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʣʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʜʥʦʛʦ ʧʝʨʝʥʦʩʥʦʛʦ ʠ ʜʚʫʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʜʚʠʞʝʥʠʡ. ɺʪʦʨʳʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʜʝʬʦʨʤʘʮʠʝʡ ʰʠʥ ʧʨʠ ʠʭ 

ʙʦʢʦʚʦʤ ʫʚʦʜʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʠʥʞʝʥʝʨʘʤ ʠ ʘʩʧʠʨʘʥʪʘʤ, 

ʟʘʥʠʤʘʶʱʠʤʠʩʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʙʨʠʜʥʳʡ ʧʨʠʚʦʜ, ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ, ʧʝʨʝʜʥʠʡ ʧʦʚʦʨʦʪʥʳʡ ʚʝʜʫʱʠʡ ʤʦʩʪ, 

ʵʣʝʢʪʨʦʤʦʪʦʨ-ʢʦʣʝʩʘ, ʤʦʜʝʣʴ ʩʣʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ 

 

ʄ. Podrigalo, V. Garmash, D. Baulin, S. Horielyshev, A. Poberezhnyi " Assessment of controllability of cars 

with electric motor wheels of the front swing axle"  

Cars with electric and hybrid drive wheels have become widespread in the world in recent years. For a wide 

class of wheeled vehicles with a combined electromechanical drive, it is possible to make the front axle swivel, which 

increases their maneuverability. The use of separate control of the motors of the front swivel drive axle allows you to 

control the rotation of the machines by creating a difference in tangential reactions on the front wheels. 

This article analyzes the controllability of a two-axle vehicle with a front swivel axle when creating a 

difference in torque on the front wheels. The obtained analytical dependencies make it possible to assess the 

controllability of cars with front driving steering axles when creating a difference in torque on its wheels. It is 

determined that the indicators of controllability and agility (angular acceleration and angular velocity) with the front 

driving steering axles when creating a difference in torque on its wheels is higher than in the case of equality of the 

indicated moments. The influence of the law of change in the difference in torques on the kinematic parameters of the 

vehicle rotation is investigated. It is determined that under any of the three laws of change in the difference in torque, 

the relative angular velocity rotation of the vehicle increases with time. 

The proposed steering is a system with two degrees of freedom, since two independent control actions are 

created at its input - turning the steering wheel and creating a torque difference on the front wheels. Therefore, the 

solution to the problem was carried out using a complex motion model. It should be noted that the vehicle with laterally 

ñrigidò wheels is considered. When studying the movement of a car with wheels elastic in the lateral direction, it is 

necessary to use a model of a multicomponent complex movement, consisting of one transferable movement and two 

relative movements. The second relative movement is the movement caused by the deformation of the tires during 

lateral withdrawal. 

The results of the presented research can be useful to engineers, graduate students dealing with the problem 

under consideration. 

Keywords: hybrid drive, vehicle handling, front drive steering axle, electric motor-wheels, complex motion model. 

 

ɺʩʪʫʧ 

 

ʅʘ ʧʨʦʪʷʟʽ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʽʩʪʘʣʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʡ 

ʘʚʪʦʤʦʙʽʣʽ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʚʝʜʫʯʠʭ ʢʦʣʽʩ, ʱʦ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ 

ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. 

ɼʣʷ ʮʽʣʦʛʦ ʨʷʜʫ ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʣʽʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʫ ʧʦʚʦʨʦʪʥʠʤ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʧʦʣʽʧʰʠʪʠ ʤʘʥʝʚʨʝʥʽʩʪʴ ʟʘʟʥʘʯʝʥʠʭ ʤʘʰʠʥ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʜʽʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʝʣʝʢʪʨʦʤʦʪʦʨ-ʢʦʣʝʩʘʤʠ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʫ ʜʦʟʚʦʣʷʻ ʧʦʣʝʛʰʠʪʠ ʢʝʨʫʚʘʥʥʷ ʧʦʚʦʨʦʪʦʤ 

ʤʘʰʠʥʠ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʮʽ ʜʦʪʠʯʥʠʭ ʨʝʘʢʮʽʡ ʜʦʨʦʛʠ ʥʘ ʧʝʨʝʜʥʽʭ ʢʦʣʝʩʘʭ. 

ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʢʝʨʦʚʘʥʦʩʪʽ ʜʚʦʭʚʽʩʥʦʾ ʤʘʰʠʥʠ ʟ 

ʧʝʨʝʜʥʽʤ ʧʦʚʦʨʦʪʥʠʤ ʤʦʩʪʦʤ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʨʽʟʥʠʮʽ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ ʧʝʨʝʜʥʽʭ ʢʦʣʝʩʘʭ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʥʝʚʨʝʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ, ʘ ʪʘʢʦʞ ʾʾ ʩʢʣʘʜʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

(ʢʝʨʦʚʘʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ, ʧʦʚʦʨʦʪʢʦʩʪʽ, ʚʧʠʩʫʚʘʥʥʷ) ʧʨʠʩʚʷʯʝʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ 

ʚʽʜʦʤʠʭ ʘʚʪʦʨʽʚ [1 ï 8]. ʋ ʟʘʟʥʘʯʝʥʠʭ ʨʦʙʦʪʘʭ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ ʘʚʪʦʤʦʙʽʣʽ, ʱʦ ʤʘʶʪʴ 

ʧʝʨʝʜʥʶ ʧʦʚʦʨʦʪʥʫ ʚʽʩʴ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʚʦʨʦʪʫ ʜʚʦʭʚʽʩʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʟ ʧʝʨʝʜʥʴʦʶ ʧʦʚʦʨʦʪʥʦʶ 

ʚʽʩʩʶ ʨʦʟʛʣʷʥʫʪʘ ʚ ʨʦʙʦʪʽ [9]. ʆʜʥʘʢ ʫ ʨʦʙʦʪʽ [9] ʜʦʩʣʽʜʞʝʥʦ ʪʽʣʴʢʠ ʧʦʚʦʨʦʪ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ 
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ʩʪʚʦʨʝʥʥʽ ʨʽʟʥʠʮʽ ʜʦʪʠʯʥʠʭ ʨʝʘʢʮʽʡ ʜʦʨʦʛʠ ʥʘ ʡʦʛʦ ʙʦʨʪʘʭ (ʢʦʤʙʽʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʧʦʚʦʨʦʪʫ 

ʤʘʰʠʥʠ). ʇʠʪʘʥʥʷ ʢʝʨʫʚʘʥʥʷ ʧʦʚʦʨʦʪʦʤ ʧʝʨʝʜʥʴʦʛʦ ʚʝʜʫʯʦʛʦ ʤʦʩʪʫ ʥʝ ʨʦʟʛʣʷʜʘʣʦʩʷ. 

ʂʝʨʫʚʘʥʥʷ ʧʝʨʝʜʥʽʤ ʧʦʚʦʨʦʪʥʠʤ ʤʦʩʪʦʤ ʜʚʦʭʚʽʩʥʦʾ ʢʦʣʽʩʥʦʾ ʤʘʰʠʥʠ 

ʜʦʩʣʽʜʞʫʚʘʣʦʩʷ ʚ ʨʦʙʦʪʽ [10]. ʆʜʥʘʢ ʫ ʨʦʙʦʪʽ [10] ʨʦʟʛʣʷʜʘʚʩʷ ʧʝʨʝʜʥʽʡ ʚʽʜʦʤʠʡ ʤʽʩʪ, 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʦʨʦʪʦʤ ʷʢʦʛʦ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʢʝʨʤʦʚʠʤ ʧʨʠʚʦʜʦʤ ʽ ʩʠʣʦʚʠʤ ʛʽʜʨʦʮʠʣʽʥʜʨʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʝʨʫʚʘʥʥʷ ʧʦʚʦʨʦʪʦʤ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʫ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʮʽ 

ʜʦʪʠʯʥʠʭ ʨʝʘʢʮʽʡ ʫ ʢʦʥʪʘʢʪʽ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ ʽʟ ʜʦʨʦʛʦʶ ʫ ʚʽʜʦʤʠʭ ʨʦʙʦʪʘʭ [9 ï 10] ʥʝ 

ʨʦʟʛʣʷʜʘʣʦʩʷ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʤʦʪʦʨ-ʢʦʣʽʩ ʥʘ ʧʝʨʝʜʥʴʦʤʫ ʧʦʚʦʨʦʪʥʦʤʫ ʤʦʩʪʫ ʧʨʠ 

ʥʝʟʘʣʝʞʥʦʤʫ ʾʭʥʴʦʤʫ ʢʝʨʫʚʘʥʥʽ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʧʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 
 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʤʘʥʝʚʨʝʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʝʣʝʢʪʨʦʤʦʪʦʨ-

ʢʦʣʝʩʘʤʠ ʥʘ ʧʝʨʝʜʥʴʦʤʫ ʧʦʚʦʨʦʪʥʦʤʫ ʤʦʩʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʮʽ ʜʦʪʠʯʥʠʭ ʨʝʘʢʮʽʡ 

ʜʦʨʦʛʠ ʥʘ ʢʦʣʝʩʘʭ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʜʽʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʝ ʟʘʚʜʘʥʥʷ ï 

ʚʠʟʥʘʯʠʪʠ ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʽʞ ʨʽʟʥʠʮʝʶ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ ʢʦʣʝʩʘʭ ʧʝʨʝʜʥʴʦʛʦ 

ʧʦʚʦʨʦʪʥʦʛʦ ʤʦʩʪʫ, ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʡ ʢʫʪʦʚʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ ʘʚʪʦʤʦʙʽʣʷ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 
 

ɼʠʥʘʤʽʯʥʘ ʡ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʽ ʧʦʚʦʨʦʪʫ ʘʚʪʦʤʦʙʽʣʷ ʟ ʧʝʨʝʜʥʽʤ ʧʦʚʦʨʦʪʥʠʤ 

ʤʦʩʪʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʨʦʙʦʪʽ [9]. ʅʘ ʨʠʩ. 1 ʽ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʧʦʚʦʨʦʪʫ ʡ ʩʭʝʤʘ ʩʠʣ, 

ʱʦ ʜʽʶʪʴ ʥʘ ʘʚʪʦʤʦʙʽʣʴ. 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʚʦʨʦʪʫ ʘʚʪʦʤʦʙʽʣʷ ʟ ʧʝʨʝʜʥʽʤ ʧʦʚʦʨʦʪʥʠʤ ʤʦʩʪʦʤ [9]. 
 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʘʚʪʦʤʦʙʽʣʴ ʽʟ ʧʝʨʝʜʥʽʤ ʧʦʚʦʨʦʪʥʠʤ ʤʦʩʪʦʤ ʫ ʧʦʧʝʨʝʯʥʽʡ 

ʧʣʦʱʠʥʽ [9]:  

ʘ) ʚʠʜ ʧʦʟʘʜʫ; ʙ) ʚʠʜ ʧʦʧʝʨʝʜʫ. 

ʋ ʨʦʙʦʪʽ [9] ʦʪʨʠʤʘʥʽ ʪʘʢʦʞ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʦʛʦ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʧʝʨʝʜʥʽʤ ʧʦʚʦʨʦʪʥʠʤ ʤʦʩʪʦʤ 
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,                                                  (3) 

ʜʝ mï ʤʘʩʘ ʘʚʪʦʤʦʙʽʣʷ; 

Ŭ ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʫ; 

z

z

dt

d
w

w
= ï ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʣʦʱʠʥʽ ʜʦʨʦʛʠ; 

L ï ʧʦʟʜʦʚʞʥʷ ʢʦʣʽʩʥʘ ʙʘʟʘ ʘʚʪʦʤʦʙʽʣʷ; 

1ʭ
V  ï ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʱʦʜʦ ʦʩʽ ʆʍ; 

ʘ, b ï ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʝʨʝʜʠʥʠ ʧʝʨʝʜʥʴʦʾ ʡ ʟʘʜʥʴʦʾ ʦʩʝʡ ʜʦ ʧʨʦʝʢʮʽʾ ʮʝʥʪʨʫ ʤʘʩ ʘʚʪʦʤʦʙʽʣʷ ʥʘ 

ʧʣʦʱʠʥʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʘʟʥʘʯʝʥʽ ʦʩʽ (ʨʠʩ. 1), Lba =+ ; 

z
i  ï ʨʘʜʽʫʩ ʽʥʝʨʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʱʦʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ OZ; 

21 dd
R,R  ï ʩʫʤʘʨʥʽ ʙʽʯʥʽ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʧʝʨʝʜʥʶ ʡ ʟʘʜʥʶ ʦʩʽ ʘʚʪʦʤʦʙʽʣʷ; 

21 kk
R;R  ï ʩʫʤʘʨʥʽ ʜʦʪʠʯʥʽ ʨʝʘʢʮʽʾ ʥʘ ʢʦʣʝʩʘʭ ʧʝʨʝʜʥʴʦʾ ʡ ʟʘʜʥʴʦʾ ʦʩʝʡ ʘʚʪʦʤʦʙʽʣʷ. 

ʈʽʚʥʷʥʥʷ (1) ï (3) ʫ ʨʦʙʦʪʽ [9] ʦʪʨʠʤʘʥʽ ʟ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʜʦʪʠʯʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʣʽʚʠʭ ʽ 

ʧʨʘʚʠʭ ʢʦʣʝʩʘʭ (±
=
¡±

=
¡

2211 kkkk
RR;RR ). 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʨʽʟʥʠʮʽ ʜʦʪʠʯʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʙʦʨʪʘʭ ʘʚʪʦʤʦʙʽʣʷ, ʦʙʫʤʦʚʣʝʥʦʾ 

ʨʽʟʥʠʮʝʶ ʥʦʨʤʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʜʦʨʦʛʠ ʡ ʨʽʟʥʠʮʝʶ ʩʠʣ ʦʧʦʨʫ ʢʦʯʝʥʥʶ, ʨʽʚʥʷʥʥʷ (3) ʧʨʠʡʤʝ 

ʚʠʛʣʷʜ [9] 
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aa ,                                                     (4) 

ʜʝ B  ï ʰʠʨʠʥʘ ʢʦʣʽʾ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʫ; 

f  ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʢʦʯʝʥʥʶ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʨʽʟʥʠʮʽ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ ʢʦʣʝʩʘʭ ʧʝʨʝʜʥʴʦʛʦ ʧʦʚʦʨʦʪʥʦʛʦ ʤʦʩʪʫ 
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ʜʝ 
11 kk

M,M ¡¡¡  ï ʢʨʫʪʥʽ ʤʦʤʝʥʪʠ ʥʘ ʢʦʣʝʩʘʭ ʧʝʨʝʜʥʽʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʡ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʣʽʩ; 

1ʜ
r  ï ʜʠʥʘʤʽʯʥʠʡ ʨʘʜʽʫʩ ʧʝʨʝʜʥʴʦʛʦ ʢʦʣʝʩʘ; 

zz
R,R ¡¡¡  ï ʩʫʤʘʨʥʽ ʥʦʨʤʘʣʴʥʽ ʨʝʘʢʮʽʾ ʜʦʨʦʛʠ ʥʘ ʢʦʣʝʩʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʡ ʟʦʚʥʽʰʥʴʦʛʦ ʙʦʨʪʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʤʦʜʝʣʣʶ ʩʢʣʘʜʥʦʛʦ ʨʫʭʫ. 

ɿʘʟʥʘʯʝʥʘ ʤʦʜʝʣʴ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʦʚʦʨʦʪʫ ʤʘʰʠʥʠ ʥʘ ʧʝʨʝʭʽʜʥʠʭ 

(ʥʝʩʪʘʣʠʭ) ʝʪʘʧʘʭ ʨʫʭʫ ï ʚʭʦʜʫ ʚ ʧʦʚʦʨʦʪ ʽ ʚʠʭʦʜʫ ʟ ʧʦʚʦʨʦʪʫ. 

ʇʝʨʝʥʦʩʥʠʤ ʨʫʭʦʤ ʙʫʜʝ ʨʫʭ ʧʨʠ ʧʦʚʦʨʦʪʽ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʫ ʟ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ 

dt

da ʟʘ ʨʘʭʫʥʦʢ ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʘ ʚʽʜʥʦʩʥʠʤ ʨʫʭʦʤ ï ʧʦʚʦʨʦʪ ʘʚʪʦʤʦʙʽʣʷ ʟ ʢʫʪʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ ()
ʚʽʜʥz

w ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ ʨʽʟʥʠʮʽ ʜʦʪʠʯʥʠʭ ʨʝʘʢʮʽʡ ʜʦʨʦʛʠ ʥʘ ʧʝʨʝʜʥʽʭ ʢʦʣʝʩʘʭ. ʊʫʪ 

ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʛʣʷʜʘʣʠʩʷ ñʪʚʝʨʜʽò ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʽʣʷ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʝʣʘʩʪʠʯʥʠʤʠ ʚ ʙʽʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʢʦʣʝʩʘʤʠ, ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʥʦʛʦ ʨʫʭʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʝʥʦʩʥʦʛʦ ʡ ʜʚʦʭ ʚʽʜʥʦʩʥʠʭ ʨʫʭʽʚ 

[11]. ɼʨʫʛʠʤ ʚʽʜʥʦʩʥʠʤ ʨʫʭʦʤ ʻ ʨʫʭ, ʦʙʫʤʦʚʣʝʥʠʡ ʜʝʬʦʨʤʘʮʽʻʶ ʰʠʥ ʧʨʠ ʾʭʥʴʦʤʫ ʙʽʯʥʦʤʫ 

ʚʽʜʚʦʜʽ.  
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ʢʝʨʫʚʘʥʥʷ ʻ ñʥʘʧʽʚʧʨʦʟʦʨʦʶò, ʱʦ ʥʝ ʧʝʨʝʜʘʻ ʟʫʩʠʣʴ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʧʦʚʦʨʦʪʥʦʤʫ ʤʦʩʪʫ ʫ 
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ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʨʽʟʥʠʮʷ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ ʧʝʨʝʜʥʽʭ ʢʦʣʝʩʘʭ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʟʘʢʦʥ ʟʤʽʥʠ ()ta . 

ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʥʦʩʥʦʛʦ ʨʫʭʫ [9] 
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ʂʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʣʦʱʠʥʽ ʜʦʨʦʛʠ ʻ ʧʦʢʘʟʥʠʢʦʤ ʢʝʨʦʚʘʥʦʩʪʽ [6, 9]. 

ʇʦʟʥʘʯʠʤʦ ʨʽʟʥʠʮʶ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ ʣʝʚʦʤ ʽ ʧʨʘʚʦʤ ʧʝʨʝʜʥʽʭ ʢʦʣʝʩʘʭ ʷʢ ʬʫʥʢʮʽʶ ʯʘʩʫ, 
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ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʣʦʱʠʥʽ ʜʦʨʦʛʠ ʻ ʧʦʢʘʟʥʠʢʦʤ ʧʦʚʦʨʦʪʢʦʩʪʽ.  

ɿ ʨʽʚʥʷʥʥʷ (17) ʚʠʟʥʘʯʘʻʤʦ ʚʽʜʥʦʩʥʫ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʣʦʱʠʥʽ ʜʦʨʦʛʠ 
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ʜʝ t1, t2 ï ʯʘʩ ʧʦʯʘʪʢʫ ʡ ʢʽʥʮʷ ʧʦʚʦʨʦʪʫ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʫ. 

ɿʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʢʦʥʫ ʟʤʽʥʠ ʨʽʟʥʠʮʽ ()tM
k1

D  

ʇʝʨʰʠʡ ʚʘʨʽʘʥʪ. ʌʫʥʢʮʽʷ ()tM
k1

D  ʤʘʻ ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ 

() constMtM
kk
==

11
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ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ (20) ʚ (19) ʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ (ʧʨʠ 
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ɿ ʦʪʨʠʤʘʥʦʛʦ ʨʽʚʥʷʥʥʷ (21) ʚʠʜʥʦ, ʱʦ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʦʨʦʪʫ ʤʘʰʠʥʠ ʟʨʦʩʪʘʻ 

ʣʽʥʽʡʥʦ ʽʟ ʯʘʩʦʤ. ɰʾ ʚʝʣʠʯʠʥʘ ʧʨʦʧʦʨʮʽʡʥʘ ʰʠʨʠʥʽ ʢʦʣʽʾ ɺ, ʨʽʟʥʠʮʽ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ 
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ʟʚʦʨʦʪʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʚʝʣʠʯʠʥʘʤ 
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r,b,h,f,m . ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ()()t
ʚʽʜʥz

w  ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ 

ʨʠʩ. 3. 

 

ʈʠʩ. 3. ɿʘʣʝʞʥʦʩʪʽ ()()t
ʚʽʜʥz

w  ʧʨʠ ʨʽʟʥʠʭ ʧʦʩʪʽʡʥʠʭ ʨʽʟʥʠʮʷʭ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ ʧʝʨʝʜʥʽʭ 
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ʈʠʩ. 4. ɿʘʣʝʞʥʦʩʪʽ ()()t

ʚʽʜʥz
w  ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʫʪʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʧʨʦʚʝʜʝʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʟʥʘʯʝʥʦ ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʽʞ ʨʽʟʥʠʮʝʶ 

ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ ʢʦʣʝʩʘʭ ʧʝʨʝʜʥʴʦʛʦ ʧʦʚʦʨʦʪʥʦʛʦ ʤʦʩʪʫ, ʢʫʪʦʚʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ ʽ 

ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʘʚʪʦʤʦʙʽʣʷ. 
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1. ʆʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʢʝʨʦʚʘʥʦʩʪʽ 

ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʧʝʨʝʜʥʽʤ ʚʝʜʫʯʠʤ ʽ ʧʦʚʦʨʦʪʥʠʤ ʤʦʩʪʦʤ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʨʽʟʥʠʮʽ ʢʨʫʪʥʠʭ 

ʤʦʤʝʥʪʽʚ ʥʘ ʡʦʛʦ ʢʦʣʝʩʘʭ. 

2. ʇʦʢʘʟʥʠʢʠ ʢʝʨʦʚʘʥʦʩʪʽ ʡ ʧʦʚʦʨʦʪʢʦʩʪʽ (ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ 
dt

d
z
w

 ʡ ʢʫʪʦʚʘ 

ʰʚʠʜʢʽʩʪʴ 
z
w) ʧʨʠ ʧʝʨʝʜʥʴʦʤʫ ʧʦʚʦʨʦʪʥʦʤʫ ʽ ʚʝʜʫʯʦʤʫ ʤʦʩʪʫ ʪʘ ʩʪʚʦʨʝʥʥʽ ʥʘ ʡʦʛʦ ʢʦʣʝʩʘʭ 

ʨʽʟʥʠʮʽ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʚʠʱʝ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʨʽʚʥʦʩʪʽ ʟʘʟʥʘʯʝʥʠʭ ʤʦʤʝʥʪʽʚ. 

3. ʇʨʠ ʢʦʞʥʦʤʫ ʟ ʪʨʴʦʭ ʨʦʟʛʣʷʥʫʪʠʭ ʟʘʢʦʥʽʚ ʟʤʽʥʠ ʨʽʟʥʠʮʽ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ 

ʢʦʣʝʩʘʭ ʧʝʨʝʜʥʴʦʛʦ ʧʦʚʦʨʦʪʥʦʛʦ ʤʦʩʪʫ, ʚʽʜʥʦʩʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʦʨʦʪʫ ()
ʚʽʜʥz

w  

ʘʚʪʦʤʦʙʽʣʷ ʽʟ ʯʘʩʦʤ ʟʨʦʩʪʘʻ. 
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ʟʘʩʦʙʫ ʧʽʜ ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷè  

ʉʪʘʙʽʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʽʜ ʯʘʩ ʨʫʭʫ ʥʘ ʜʦʨʦʟʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʥʘʧʨʠʢʣʘʜ ʩʠʩʪʝʤʦʶ ʜʠʥʘʤʽʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʘʥʪʠʙʣʦʢʫʚʘʣʴʥʦʶ ʪʘ 

ʧʨʦʪʠʙʫʢʩʫʩʥʦʶ ʩʠʩʪʝʤʘʤʠ ʪʘ ʽʥ.). ɹʽʣʴʰʽʩʪʴ ʚʠʧʘʜʢʽʚ ʧʦʨʫʰʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ ʥʘ ʜʦʨʦʟʽ ʧʦʚô̫ ʟʘʥʦ ʟ ʧʨʦʮʝʩʦʤ ʡʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʦʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʘ ʜʦʨʦʟʽ ʧʽʜ ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʽʥʰʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʡʦʛʦ ʛʘʣʴʤʽʚʥʦʶ ʩʠʩʪʝʤʦʶ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʪʘ ʩʭʝʤʠ ʧʦʣʦʞʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʧʨʦʮʝʩʽ ʛʘʣʴʤʫʚʘʥʥʷ. ʉʪʽʡʢʽʩʪʴ ʧʦʣʦʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʨʦʟʛʘʣʴʤʫʚʘʥʥʷʤ ʟʘʜʥʽʭ ʢʦʣʽʩ, ʘʙʦ ʨʦʟʛʘʣʴʤʫʚʘʥʥʷʤ ʦʜʥʦʛʦ ʽʟ ʟʘʜʥʽʭ ʢʦʣʽʩ (ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʥʘʧʨʷʤʫ ʟʘʥʦʩʫ), ʟʘ ʨʘʭʫʥʦʢ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʜʠʥʘʤʽʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ. ʈʦʟʛʘʣʴʤʫʚʘʥʥʷ ʟʘʜʥʽʭ 

ʢʦʣʽʩ ʧʨʠ ʧʦʯʘʪʢʦʚʦʤʫ ʟʘʥʦʩʽ ʚ ʧʨʦʮʝʩʽ ʛʘʣʴʤʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʢʫʨʩʦʚʠʡ ʢʫʪ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ (ʧʨʠ ʧʦʚʥʦʤʫ ʨʦʟʛʘʣʴʤʫʚʘʥʥʽ ʟʘʜʥʽʭ ʢʦʣʽʩ ʯʘʩ ʩʪʘʙʽʣʽʟʘʮʽʾ ʤʽʥʽʤʘʣʴʥʠʡ). ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ 

ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʦʩʢʽʣʴʢʠ ʛʘʣʴʤʽʚʥʠʤʠ ʻ ʪʽʣʴʢʠ ʧʝʨʝʜʥʽ ʢʦʣʝʩʘ. 

ʈʦʟʛʘʣʴʤʫʚʘʥʥʷ ʪʽʣʴʢʠ ʦʜʥʦʛʦ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʦʜʥʘʢʦʚʫ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ ʧʨʠ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ, ʩʪʽʡʢʽʩʪʴ, ʩʪʘʙʽʣʴʥʽʩʪʴ, ʧʨʦʮʝʩ ʛʘʣʴʤʫʚʘʥʥʷ, ʜʠʥʘʤʽʯʥʘ ʩʪʘʙʽʣʽʟʘʮʽʷ, 

ʥʝʣʽʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ, ʢʫʪ ʟʘʥʦʩʫ. 
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ʩʨʝʜʩʪʚʘ ʧʨʠ ʪʦʨʤʦʞʝʥʠʷè 

ʉʪʘʙʠʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʥʘ ʜʦʨʦʛʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ (ʥʘʧʨʠʤʝʨ ʩʠʩʪʝʤʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, 

ʘʥʪʠʙʣʦʢʠʨʦʚʦʯʥʦʡ ʠ ʧʨʦʪʠʚʦʙʫʢʩʫʩʥʦʡ ʩʠʩʪʝʤʘʤʠ ʠ ʜʨ.). ɹʦʣʴʰʠʥʩʪʚʦ ʩʣʫʯʘʝʚ ʥʘʨʫʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʜʦʨʦʛʝ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʝʛʦ ʪʦʨʤʦʞʝʥʠʷ. ɺ ʩʪʘʪʴʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʦʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʜʦʨʦʛʝ ʧʨʠ 

ʪʦʨʤʦʞʝʥʠʠ ʟʘ ʩʯʝʪ ʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʝʛʦ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʦʡ. ʇʨʝʜʣʦʞʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʠ ʩʭʝʤʳ ʧʦʣʦʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʪʦʨʤʦʞʝʥʠʷ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʦʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʩʪʦʨʤʦʞʝʥʠʝʤ ʟʘʜʥʠʭ ʢʦʣʝʩ, ʠʣʠ ʨʘʩʪʦʨʤʦʞʝʥʠʝʤ ʦʜʥʦʛʦ ʠʟ 

ʟʘʜʥʠʭ ʢʦʣʝʩ (ʚʥʫʪʨʝʥʥʝʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʟʘʥʦʩʘ), ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʫʨʩʦʚʦʛʦ ʫʛʣʘ. ʈʘʩʪʦʨʤʦʞʝʥʥʦʩʪʴ ʟʘʜʥʠʭ ʢʦʣʝʩ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʟʘʥʦʩʝ ʚ ʧʨʦʮʝʩʩʝ 

ʪʦʨʤʦʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʢʫʨʩʦʚʦʡ ʫʛʦʣ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʧʨʠ ʧʦʣʥʦʤ 

ʨʘʩʪʦʨʤʦʞʝʥʥʦʩʪʠ ʟʘʜʥʠʭ ʢʦʣʝʩ ʚʨʝʤʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʠʥʠʤʘʣʴʥʦʝ). ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʨʤʦʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʪʦʨʤʦʟʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ 

ʧʝʨʝʜʥʠʝ ʢʦʣʝʩʘ. ʈʘʩʪʦʨʤʦʞʝʥʥʦʩʪʴ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʟʘʜʥʝʛʦ ʢʦʣʝʩʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʦʜʠʥʘʢʦʚʫʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʨʤʦʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ, ʧʨʦʮʝʩʩ ʪʦʨʤʦʞʝʥʠʷ, 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ, ʥʝʣʠʥʝʡʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʫʛʦʣ ʟʘʥʦʩʘ. 

 

V.P. Volkov, I.V. Gritsuk, T.V. Volkova, N.G. Berezhna " Ensuring the stability of the vehicle when braking" 

A complex of automatic devices (for example, a dynamic stabilization system, anti-lock and anti-skid systems, 

and etc.) ensures the stable position of the vehicle while driving on the road. Most cases of violation of the stability of 

the vehicle on the road are associated with the process of its braking. The article considers an alternative approach 

to stabilizing the position of a vehicle on the road during braking due to a different approach to controlling its braking 

system. A mathematical description and diagrams of vehicle position during braking are proposed.  

The stability of the vehicle position they ensured by the release of the disinhibition wheels or the disinhibition 

of one of the rear wheels (internal with respect to the direction of the skid), due to the work of the dynamic stabilization 
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system of the heading angle. The disinhibition of the rear wheels during the initial drift during braking allows 

stabilizing the heading angle of the vehicle (with complete disinhibition of the rear wheels, the stabilization time is 

minimal). In this case, there is a significant decrease in the braking efficiency of the vehicle, since only the front 

wheels are braking. The disinhibition of only one rear wheel allows for the same duration of the transient process 

with the highest braking efficiency of the vehicle.  

Keywords: vehicle, sustainability, stability, braking process, dynamic stabilization, nonlinear oscillations, skid angle. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

 

ʇʨʦʙʣʝʤʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʽʜ ʯʘʩ ʨʫʭʫ ʥʘ ʜʦʨʦʟʽ ʚ 

ʧʨʦʮʝʩʽ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ [1 ï 3]. ɺʽʜʦʤʽ ʪʘʢʽ ʩʧʦʩʦʙʠ ʛʘʩʽʥʥʷ ʟʘʥʦʩʫ ʊɿ: 

ï ʟʚʽʣʴʥʝʥʥʷ ʢʦʣʽʩ ʚʽʜ ʦʢʨʫʞʥʦʾ (ʜʦʪʠʯʥʦʾ) ʩʠʣʠ; 

ï ʧʦʚʦʨʦʪ ʢʝʨʦʚʘʥʠʭ ʢʦʣʽʩ ʊɿ ʚ ʙʽʢ ʟʘʥʦʩʫ. 

ɸʚʪʦʨʠ ʟʘʟʥʘʯʝʥʠʭ ʨʦʙʽʪ [1 ï 3] ʨʦʟʛʣʷʥʫʪʽ ʚʠʧʘʜʢʠ ʟʘʥʦʩʫ ʧʦʚô̫ ʟʫʶʪʴ ʟ 

ʛʘʣʴʤʫʚʘʥʥʷʤ ʊɿ. ʊʦʤʫ ʧʨʦʧʦʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʩʧʦʩʦʙʠ ʙʦʨʦʪʴʙʠ ʽʟ ʟʘʥʝʩʝʥʥʷʤ [1 ï 3]: 

ï ʧʨʠʧʠʥʝʥʥʷ ʛʘʣʴʤʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʟʘʥʦʩʫ ʊɿ; 

ï ʜʦʚʝʜʝʥʥʷ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ ʜʦ ʤʝʞʽ ʙʣʦʢʫʚʘʥʥʷ. 
 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʊɿ ʧʽʜ ʯʘʩ ʨʫʭʫ ʥʘ ʜʦʨʦʟʽ 

ʚ ʧʨʦʮʝʩʽ ʛʘʣʴʤʫʚʘʥʥʷ ʨʦʟʛʘʣʴʤʫʚʘʥʥʷʤ ʡʦʛʦ ʢʦʣʽʩ ʟʘ ʨʘʭʫʥʦʢ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʜʠʥʘʤʽʯʥʦʾ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ʇʨʠ ʦʮʽʥʮʽ ʤʦʞʣʠʚʦʩʪʽ ʛʘʩʽʥʥʷ ʟʘʥʦʩʫ ʘʚʪʦʨ ʨʦʙʦʪʠ [2] ʨʦʟʛʣʷʜʘʻ ʢʨʠʪʠʯʥʫ ʢʫʪʦʚʫ 

ʰʚʠʜʢʽʩʪʴ ʊɿ ʷʢ: 

V

g
ɤʢʨ

jÖ
= .                                                                (1) 

ʇʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʜʽʡʩʥʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ɤʢʨ ʨʦʟʚʠʪʢʫ 

ʟʘʥʦʩʫ ʟʘʧʦʙʽʛʪʠ ʥʝ ʚʜʘʻʪʴʩʷ ʥʘʚʽʪʴ ʧʨʠ ʧʦʚʥʦʤʫ ʧʨʠʧʠʥʝʥʥʽ ʛʘʣʴʤʫʚʘʥʥʷ ʽ ʧʦʚʦʨʦʪʽ 

ʨʫʣʴʦʚʦʛʦ ʢʦʣʝʩʘ ʊɿ ʚ ʙʽʢ ʟʘʥʦʩʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ abi z =  ʊɿ ʥʝ ʨʝʘʛʫʻ ʥʘ ʧʦʚʦʨʦʪ 

ʨʫʣʴʦʚʦʛʦ ʢʦʣʝʩʘ, ʢʦʣʠ ʧʦʯʠʥʘʻʪʴʩʷ ʟʘʥʦʩ. ʆʯʝʚʠʜʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʝ ʟʤʝʥʰʝʥʥʷ ʟʘʥʦʩʫ ʊɿ 

ʤʦʞʣʠʚʦ ʚ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʚʝʣʠʢʦʶ ʰʚʠʜʢʦʜʽʻʶ 

ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʦʜʽʻʤ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟô̫ ʚʠʣʠʩʷ ʊɿ, ʷʢʽ ʦʩʥʘʱʝʥʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʠʥʘʤʽʯʥʦʾ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ʊɿ ʷʢ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ, ʪʘʢ ʽ ʧʨʠ ʽʥʰʠʭ ʨʝʞʠʤʘʭ ʨʫʭʫ. ʎʽ 

ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʜʽʣʴʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʢʦʣʽʩ ʨʽʟʥʠʭ ʙʦʨʪʽʚ ʊɿ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʩʪʘʙʽʣʽʟʫʶʯʠʭ ʤʦʤʝʥʪʽʚ. ɯʩʥʫʶʪʴ ʩʠʩʪʝʤʠ ʽ ʧʽʜʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʩʪʘʙʽʣʽʟʫʶʯʽ ʤʦʤʝʥʪʠ ʜʦ ʧʦʷʚʠ ʟʘʥʦʩʫ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʢʦʣʝʩʘʤʠ ʠ ʙʦʨʪʘʤʠ ʊɿ. 

ʈʘʜʠʢʘʣʴʥʠʤ ʟʘʩʦʙʦʤ, ʱʦ ʚʠʢʣʶʯʘʻ ʟʘʥʦʩ ʊɿ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ 

ʢʦʤʧʣʝʢʩʥʠʭ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ ʷʢ ʘʪʠʙʣʦʢʫʚʘʣʴʥʘ ʩʠʩʪʝʤʘ 

ʛʘʣʴʤʫʚʘʥʥʷ (ABS), ʧʽʜʩʠʣʶʚʘʯ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ (BA), ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʪʷʛʦʚʦʛʦ 

ʟʫʩʠʣʣʷ (TRC), ʝʣʝʢʪʨʦʥʥʘ ʩʠʩʪʝʤʘ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʦʛʦ ʟʫʩʠʣʣʷ (EBD), ʩʠʩʪʝʤʘ ʢʫʨʩʦʚʦʾ 

ʩʪʽʡʢʦʩʪʽ (VSC), ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʪʠʩʢʫ ʚ ʰʠʥʘʭ (TPWS), ʛʘʣʴʤʽʚʥʘ ʩʠʩʪʝʤʘ ʟ 

ʝʣʝʢʪʨʦʥʥʠʤ ʢʝʨʫʚʘʥʥʷʤ (ECB), ʝʣʝʢʪʨʠʯʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʨʫʣʴʦʚʦʛʦ ʢʝʨʤʘ (ɽʈS), 

ʽʥʪʝʛʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʊɿ (VDIM), ʜʝʷʢʠʤʠ ʟ ʷʢʠʭ, 

ʧʦʯʠʥʘʶʯʠ ʟ 2014 ʨʦʢʫ, ʧʦʚʠʥʥʽ ʦʙʣʘʜʥʫʚʘʪʠʩʷ ʚʩʽ ʊɿ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ [4].  
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ʆʜʥʘʢ ʮʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʙʣʘʜʥʘʥʽ ʱʝ ʥʝ ʚʩʽ ʊɿ, ʯʝʨʝʟ ʾʭ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ. 

ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʭʦʜʠʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʩʧʦʩʦʙʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʪʘʥʦʚʠʱʘ ʊɿ ʥʘ ʜʦʨʦʟʽ ʧʽʜ 

ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʽ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

 

ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʤʦʞʣʠʚʽ ʥʘʩʪʫʧʥʽ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʜʠʥʘʤʽʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ʧʨʠ ʟʘʥʝʩʝʥʥʽ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʨʦʮʝʩʽ ʛʘʣʴʤʫʚʘʥʥʷ: 

ï ʨʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ ʟʘʜʥʽʭ ʢʦʣʽʩ ʊɿ; 

ï ʨʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ ʦʜʥʦʛʦ ʽʟ ʟʘʜʥʽʭ ʢʦʣʽʩ (ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʥʘʧʨʷʤʢʫ ʟʘʥʦʩʫ); 

ï ʨʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ ʦʜʥʦʛʦ ʟ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ ʊɿ; 

ï ʨʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ ʢʦʣʽʩ ʦʜʥʦʛʦ ʙʦʨʪʫ ʊɿ; 

ï ʥʝʟʥʘʯʥʝ ʨʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ ʊɿ. 

ɺʽʜʦʤʦ, ʱʦ ʦʜʥʦʯʘʩʥʝ ʙʣʦʢʫʚʘʥʥʷ ʢʦʣʽʩ ʊɿ ʥʝ ʚʠʢʣʶʯʘʻ ʧʦʷʚʠ ʟʘʥʦʩʫ ʧʽʜ ʯʘʩ 

ʛʘʣʴʤʫʚʘʥʥʷ, ʘ ʪʽʣʴʢʠ ʟʥʠʞʫʻ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʧʝʨʝʜʞʘʶʯʠʤ 

ʙʣʦʢʫʚʘʥʥʷʤ ʟʘʜʥʽʭ ʢʦʣʽʩ. ʉʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʜʦʪʠʯʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʢʦʣʝʩʘʭ ʢʝʨʦʚʘʥʦʛʦ 

(ʧʝʨʝʜʥʴʦʛʦ) ʤʦʩʪʘ ʊɿ ʧʦʨʫʰʫʻ ʨʽʚʥʦʚʘʛʫ ʨʫʣʴʦʚʦʾ ʪʨʘʧʝʮʽʾ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʦʚʦʨʦʪʫ ʢʦʣʽʩ [5]. ʊʦʤʫ ʜʠʥʘʤʽʯʥʫ ʩʪʘʙʽʣʽʟʘʮʽʶ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ 

ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʛʘʣʴʤʫʚʘʥʥʷ ʦʜʥʦʛʦ ʽʟ ʟʘʜʥʽʭ ʢʦʣʽʩ ʊɿ. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʨʦʮʝʩ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʩʪʽʡʢʠʤ, ʦʩʢʽʣʴʢʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʠʷʚʣʝʥʦ, ʱʦ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʟʘʜʥʽʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʯʠʥʠʪʴ ʤʝʥʰʠʡ ʚʧʣʠʚ ʥʘ ʩʪʽʡʢʽʩʪʴ ʊɿ ʚ 

ʧʨʦʮʝʩʽ ʛʘʣʴʤʫʚʘʥʥʷ, ʥʽʞ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʝʨʝʜʥʽʭ. ʅʘ ʧʝʨʝʜʥʽʡ ʦʩʽ, ʥʘʚʧʘʢʠ, ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʦ ʨʽʚʥʠʡ ʨʦʟʧʦʜʽʣ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʢʦʣʝʩʘʤʠ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʥʘ ʧʝʨʝʜʥʽʭ ʢʦʣʝʩʘʭ ʽ ʻ ʧʨʠʯʠʥʦʶ ʧʦʷʚʠ ʟʘʥʦʩʫ ʊɿ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʤʠ ʨʝʢʦʤʝʥʜʫʻʤʦ ʧʨʠʩʪʨʽʡ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʛʘʣʴʤʽʚʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ ʢʦʣʝʩʘʭ ʦʜʥʽʻʾ ʦʩʽ ʊɿ. ɼʣʷ ʧʝʨʝʜʥʴʦʧʨʠʚʽʜʥʠʭ ʣʝʛʢʦʚʠʭ ʊɿ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʜʠʥʘʤʽʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ʧʽʜ ʯʘʩ ʨʫʭʫ ʤʦʞʝ ʙʫʪʠ 

ʧʦʻʜʥʘʥʥʷ ʟʘʛʘʣʴʤʦʚʫʚʘʥʥʷ ʟʘʜʥʴʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ (ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʧʨʷʤʢʫ ʟʘʥʦʩʫ) 

ʢʦʣʝʩʘ ʽ ʟʙʽʣʴʰʝʥʥʷ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʥʘ ʧʝʨʝʜʥʽʭ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ. 

ʆʜʥʦʯʘʩʥʝ ʜʦʚʝʜʝʥʥʷ ʧʝʨʝʜʥʽʭ ʽ ʟʘʜʥʽʭ ʢʦʣʽʩ ʊɿ ʜʦ ʤʝʞʽ ʙʣʦʢʫʚʘʥʥʷ ʽ ʧʦʜʘʣʴʰʝ ʾʭ 

ʙʣʦʢʫʚʘʥʥʷ ʥʝ ʚʠʢʣʶʯʘʶʪʴ ʟʘʥʝʩʝʥʥʷ ʊɿ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ʊɿ 

ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʟ ʟʘʙʣʦʢʦʚʘʥʠʤʠ ʟʘʜʥʽʤʠ ʢʦʣʝʩʘʤʠ ʽ ʢʫʪʦʚʦʤʫ ʟʤʽʱʝʥʥʽ ʡʦʛʦ ʧʦʟʜʦʚʞʥʴʦʾ 

ʦʩʽ ʻ ʨʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ ʢʦʣʽʩ ʟʘʜʥʴʦʾ ʦʩʽ [6 ï 10]. 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʢʫʪʦʚʦʛʦ ʨʫʭʫ ʊɿ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʛʣʷʜ 
 

   (2) 

 

ʈʽʚʥʷʥʥʷ (2) ʻ ʥʝʣʽʥʽʡʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟ ʧʨʘʚʦʶ 

ʯʘʩʪʠʥʦʶ. ʅʝʣʽʥʽʡʥʽʩʪʴ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʩʫʭʦʤʫ ʪʝʨʪʽ (ʨʠʩ. 1), ʷʢʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʤʽʥʦʶ ʥʘʧʨʷʤʢʫ ʜʽʾ ʨʝʘʢʮʽʾ  ʥʘ ʧʨʦʪʠʣʝʞʥʫ ʧʨʠ ʟʤʽʥʽ ʟʥʘʢʫ ʢʫʪʘ ɣ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ 

(ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʝʤ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʚ ʧʨʦʮʝʩʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʨʩʦʚʦʛʦ 

ʢʫʪʘ).  
. 

( ) ( ) . ɓ
L

b

L

ba
ȹɓȹɓɣɓ

L

a

ȹ
L

b
i

bg
ɣ

ʠʜʠʜ

z

îý

î
ü
û

îí

î
ì
ë

ù
ú

ø
é
ê

è
-Ö-

-
Ö-ÖD-Ö³

³

ö
÷

õ
æ
ç

å
-Ö

ÖÖ
=

12

2

b

b

j
""

2yR



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 

Technical service of agriculture, forestry and transport 

systems 

ˉ23ô 2021  

135 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʊɿ ʚ ʤʦʤʝʥʪ ʯʘʩʫ Űʟʘʧ ʧʽʜ ʯʘʩ ʨʦʟʛʘʣʴʤʫʚʘʥʥʷ ʟʘʜʥʽʭ ʢʦʣʽʩ 

(ʟʘʙʣʦʢʦʚʘʥʽ ʢʦʣʝʩʘ ʟʘʰʪʨʠʭʦʚʘʥʽ) 

 

ʊʦʤʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʾ ʟʤʽʥʠ ʟʥʘʢʫ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ɣ, ʨʽʚʥʷʥʥʷ (2) ʩʣʽʜ 

ʟʘʧʠʩʘʪʠ (ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʫʣʝʚʫ ʘʣʛʝʙʨʫ) ʫ ʚʠʛʣʷʜʽ: 

    (3) 

ʘʙʦ ʚʚʦʜʷʯʠ ʢʦʝʬʽʮʽʻʥʪʠ 

   (4) 

   (5) 

   (6) 

   (7) 

ʈʽʚʥʷʥʥʷ (3) ʦʧʠʩʫʻ ʥʝʣʽʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ [11]. ʈʫʭ ʩʠʩʪʝʤʠ ʧʨʠ ʟʘʟʥʘʯʝʥʠʭ 

ʢʦʣʠʚʘʥʥʷʭ ʻ ʥʝʛʘʨʤʦʥʽʡʥʠʤ, ʭʦʯʘ ʽ ʧʝʨʽʦʜʠʯʥʠʤ [12]. 

ɼʣʷ ʚʠʧʘʜʢʫ ʧʦʩʪʽʡʥʦʛʦ ʪʝʨʪʷ ʤʽʞ ʜʚʦʤʘ ʩʫʭʠʤʠ ʧʦʚʝʨʭʥʷʤʠ (ʩʫʭʦʛʦ ʪʝʨʪʷ) ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʘ ʢʦʣʝʩʘ) ʧʝʨʽʦʜ 

ʢʦʣʠʚʘʥʥʷ ʤʘʻ ʪʝ ʞ ʩʘʤʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʽ ʚ ʨʘʟʽ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ (ʙʝʟ ʩʠʣ ʦʧʦʨʫ). ɸʤʧʣʽʪʫʜʘ 

ʫʙʫʚʘʻ ʟʘ ʟʘʢʦʥʦʤ ʘʨʠʬʤʝʪʠʯʥʦʾ ʧʨʦʛʨʝʩʽʾ. 

ɺʠʨʽʰʠʤʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ (4) ʥʘ ʚʽʜʨʽʟʢʫ ʯʘʩʫ, ʟʘ ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ 

ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ʚʽʜ ʚʝʣʠʯʠʥʠ ɣ1 ʜʦ ʥʫʣʷ.  

ʂʨʘʡʦʚʠʤʠ ʫʤʦʚʘʤʠ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʫʪʴ: Ű=0; ɣ=ɣ1; . ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ 

(4) ʤʘʻ ʚʠʛʣʷʜ: 
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   (8) 

ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʦʨʦʪʫ ʘʚʪʦʤʦʙʽʣʷ 

   (9) 

ʂʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ 

   (10) 

ʇʽʩʣʷ ʨʦʟʛʘʣʴʤʫʚʘʥʥʷ ʟʘʜʥʽʭ ʢʦʣʽʩ ʟô̫ ʚʣʷʶʪʴʩʷ ʩʪʘʙʽʣʽʟʫʶʯʽ ʩʠʣʠ ʽ ʤʦʤʝʥʪʠ, ʷʢʽ 

ʧʨʘʛʥʫʪʴ ʧʦʚʝʨʥʫʪʠ ʊɿ ʫ ʥʝʡʪʨʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ. ʆʜʥʘʢ ʚ ʧʨʦʮʝʩʽ ʧʦʚʝʨʥʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ 

ʦʩʽ ʘʚʪʦʤʦʙʽʣʷ ʚ ʥʝʡʪʨʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʭʠʣʝʥʥʷ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʨʦʪʠʣʝʞʥʫ ʩʪʦʨʦʥʫ ʚʽʜ ʟʘʜʘʥʦʛʦ 

ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʽ ʧʦʷʚʽ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʚ ʧʣʦʱʠʥʽ ʜʦʨʦʛʠ (ʨʠʩʢʘʥʥʷ). 

ʊʦʤʫ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʨʦʮʝʩʫ ʜʠʥʘʤʽʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʟʥʘʯʠʤʦ ʜʚʘ ʡʦʛʦ ʝʪʘʧʠ: 

ï ʚʽʜ ʤʦʤʝʥʪʫ ʧʦʷʚʠ ʟʘʥʦʩʫ (Ű=Űʟʘʥ) ʜʦ ʧʦʚʝʨʥʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʚ ʥʝʡʪʨʘʣʴʥʝ 

(ʚʠʭʽʜʥʝ) ʧʦʣʦʞʝʥʥʷ (Ű=Űʩʪʘʙ); 

ï ʚʽʜ ʤʦʤʝʥʪʫ ʯʘʩʫ Űʩʪʘʙ ʜʦ ʤʦʤʝʥʪʫ ʯʘʩʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʧʠʥʝʥʥʶ ʢʦʣʠʚʘʥʴ 

ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ɣ (ʧʨʠʧʠʥʝʥʥʷ ʨʠʩʢʘʥʥʷ). 

ɺʠʟʥʘʯʠʤʦ ʯʘʩ Űʩʪʘʙ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ʘʚʪʦʤʦʙʽʣʷ ʧʽʩʣʷ ʨʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ 

ʟʘʜʥʽʭ ʢʦʣʽʩ. ɼʣʷ ʮʴʦʛʦ ʧʨʠʨʽʚʥʷʻʤʦ ʜʦ ʥʫʣʷ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʨʽʚʥʷʥʥʷ (8) ʽ ʚʠʨʘʟʠʤʦ ʡʦʛʦ 

ʚʽʜʥʦʩʥʦ .  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʘʻʤʦ: 

   (11) 
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ʈʽʰʝʥʥʷ ʢʚʘʜʨʘʪʥʦʛʦ ʨʽʚʥʷʥʥʷ (11): 

   (12) 

ɿʚʽʜʢʠ ʦʪʨʠʤʘʻʤʦ 

   (13) 

ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ  ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʮʝʩʫ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ (ŰʟʘʧÒŰÒŰʩʪʘʙ) ʜʣʷ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʧʨʠʡʥʷʪʦʛʦ ʚ ʷʢʦʩʪʽ 

ʧʨʠʢʣʘʜʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ Űʩʪʘʙ ï Űʟʘʧ=0,7ʩ. 

 
 

ʈʠʩ. 2. ɿʤʽʥʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʣʝʛʢʦʚʦʛʦ ʊɿ (j=0,8; a=b=1ʤ; bʠʜ=0,7; L=2ʤ; Db= -0,1; 

h=0,5ʤ; iz=0,8ʤ) ʧʽʜ ʯʘʩ ʨʦʟʛʘʣʴʤʫʚʘʥʥʷ ʟʘʜʥʽʭ ʢʦʣʽʩ ʧʽʩʣʷ ʧʦʷʚʠ ʟʘʥʦʩʫ (Y1=10Á; =0,385ʩ-1) 

 
ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 2 ʧʦʢʘʟʫʻ, ʱʦ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʟʥʘʯʝʥʥʷ ɣ ʩʪʘʻ 

ʨʽʚʥʠʤ ʥʫʣʶ (Ű>Űʩʪʘʙ) ʤʦʞʣʠʚʝ ʨʦʟʚʝʨʥʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʣʝʞʥʫ ʧʦʯʘʪʢʦʚʦʤʫ 
ʥʘʧʨʷʤʢʫ ʟʘʥʦʩʫ.  
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ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚ ʤʦʤʝʥʪ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ (ɣ=0) ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 
ʧʦʚʦʨʦʪʫ ʘʚʪʦʤʦʙʽʣʷ ʥʘʙʫʚʘʻ ʚʽʜô̒ ʤʥʠʭ ʟʥʘʯʝʥʴ (ʨʠʩ. 2). ʗʢʱʦ ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ ʊ ʟʥʘʯʥʦ 
ʙʽʣʴʰʝ Űʩʪʘʙ (ʛʘʣʴʤʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ), ʽ ʮʝ ʤʦʞʝ 
ʧʨʠʚʝʩʪʠ ʜʦ ʨʠʩʢʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ. 

ʂʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ  ʧʦʚʦʨʦʪʫ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ Ű=Űʩʪʘʙ ʚʠʟʥʘʯʠʤʦ, ʧʽʜʩʪʘʚʣʷʶʯʠ 

ʚʠʨʘʟ (13) ʚ ʨʽʚʥʷʥʥʷ (9). ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʻʤʦ 

                  (14) 

ɿ ʚʠʨʘʟʫ (14) ʚʠʜʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ  ʥʝʛʘʪʠʚʥʘ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʧʦʻʜʥʘʥʥʽ 

ʧʘʨʘʤʝʪʨʽʚ, ʪʦʙʪʦ ʧʽʜʙʦʨʦʤ ʚʝʣʠʯʠʥ W1, W2, W3 ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ . ʊʦʤʫ 

ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ʻ ʚʠʢʦʥʘʥʥʷ ʨʽʚʥʦʩʪʽ 

  (15) 

ʜʝ DŰ ï ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʚʽʜ ʧʦʯʘʪʢʫ ʛʘʣʴʤʫʚʘʥʥʷ ʜʦ ʤʦʤʝʥʪʫ ʧʦʷʚʠ ʟʘʥʦʩʫ. 
 

ɺʠʢʦʥʘʥʥʷ ʫʤʦʚʠ (15) ʤʦʞʣʠʚʦ ʧʨʠ ʧʝʚʥʦʤʫ ʧʦʻʜʥʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ W1, W2, W3, ʱʦ 

ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʊɿ, ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ j, ʪʘʢ ʽ ʚʽʜ ʚʝʣʠʯʠʥʠ Db. ʗʢʱʦ ʥʝ 
ʚʜʘʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʫʤʦʚʫ (15), ʪʦ ʧʨʠ ʊ>>Űʩʪʘʙ  ʚʠʥʠʢʘʻ ʨʠʩʢʘʥʥʷ ʊɿ. 

ɼʣʷ ʦʧʠʩʫ ʟʤʽʥʠ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ɣ ʊɿ ʚ ʧʨʦʮʝʩʽ ʧʦʷʚʠ ʨʠʩʢʘʥʥʷ ʘʚʪʦʤʦʙʽʣʶ 
ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʨʽʚʥʷʥʥʷ (4) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʟʥʦʩʫ. 

ʈʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (4) ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʥʘʧʽʚʭʚʠʣʽ ʢʦʣʠʚʘʥʴ ʤʘʻ ʚʠʛʣʷʜ 

   (16) 

ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʶ  

   (17) 

ʂʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ 

   (18) 

ʜʝ  ï ʧʦʯʘʪʢʦʚʽ ʢʫʪʦʚʽ ʟʤʽʱʝʥʥʷ ʽ ʰʚʠʜʢʽʩʪʴ. 

ʋ ʨʽʚʥʷʥʥʷʭ (16), (17), (18) ʜʣʷ ʧʦʯʘʪʢʫ ʢʦʞʥʦʾ ʥʘʧʽʚʭʚʠʣʽ ʧʨʠʡʤʘʻʤʦ Ű=0. 
ɺʠʟʥʘʯʝʥʥʷ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ɣ ʧʨʠ ʥʠʰʧʦʨʝʥʥʽ ʊɿ ʤʦʞʥʘ ʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ (16) 
ʤʝʪʦʜʦʤ çʧʨʠʧʘʩʦʚʫʚʘʥʥʷè.  
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ʈʽʰʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʢʽʥʮʽ ʢʦʞʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʘʥʦʩʫ 

ʘʚʪʦʤʦʙʽʣʷ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʚʝʣʠʯʠʥ ɣ ʠ .  

ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʘʨʘʤʝʪʨʠ ɣ=ɣʥ ʪʘ =  ʧʨʠʡʤʘʶʪʴʩʷ 

ʚ ʷʢʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ ʫ ʨʽʚʥʷʥʥʷʭ (16), (17), (18) ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʟʥʘʢʫ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ 
ʧʝʨʝʜ ʢʦʝʬʽʮʽʻʥʪʦʤ W3 ʫ ʟʘʟʥʘʯʝʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ. 

ʈʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ ʟʘʜʥʽʭ ʢʦʣʽʩ ʧʽʜ ʯʘʩ ʧʦʯʘʪʢʦʚʦʛʦ ʟʘʥʦʩʫ ʚ ʧʨʦʮʝʩʽ ʛʘʣʴʤʫʚʘʥʥʷ 
ʜʦʟʚʦʣʷʻ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʢʫʨʩʦʚʠʡ ʢʫʪ ʊɿ. ʇʨʠ ʧʦʚʥʦʤʫ ʨʦʟʛʘʣʴʤʫʚʘʥʥʽ ʟʘʜʥʽʭ ʢʦʣʽʩ ʯʘʩ 
ʩʪʘʙʽʣʽʟʘʮʽʾ Űʩʪʘʙ ʤʽʥʽʤʘʣʴʥʠʡ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ, ʦʩʢʽʣʴʢʠ ʛʘʣʴʤʫʶʯʠʤʠ ʻ ʪʽʣʴʢʠ ʧʝʨʝʜʥʽ ʢʦʣʝʩʘ. 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʊɿ ʧʨʠ ʨʦʟʛʘʣʴʤʫʚʘʥʥʽ ʦʜʥʦʛʦ ʟʘʜʥʴʦʛʦ 
ʢʦʣʝʩʘ ʚ ʧʨʦʮʝʩʽ ʟʘʥʦʩʫ. ʈʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʽʜʭʠʣʝʥʥʽ 
ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʊɿ ʥʘ ʢʫʪ ɣ ʚʽʜ ʟʘʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʨʫʭʫ. 

 
ʈʠʩ. 3 ʉʭʝʤʘ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʊɿ ʧʽʜ ʯʘʩ ʨʦʟʛʘʣʴʤʫʚʘʥʥʷ ʦʜʥʦʛʦ ʽʟ ʟʘʜʥʽʭ ʢʦʣʽʩ (ʟʘʙʣʦʢʦʚʘʥʽ 

ʢʦʣʝʩʘ ʟʘʰʪʨʠʭʦʚʘʥʽ) 

 

ʈʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ 

   (19) 

ʜʝ Rò2 ï ʩʫʤʘʨʥʘ ʨʝʘʢʮʽʷ ʚ ʧʣʦʱʠʥʽ ʜʦʨʦʛʠ ʥʘ ʟʘʜʥʴʦʤʫ ʟʘʙʣʦʢʦʚʘʥʦʤʫ ʢʦʣʝʩʽ, ʈôT2;  
PòT2 ï ʛʘʣʴʤʽʚʥʽ ʩʠʣʠ ʥʘ ʢʦʣʝʩʘʭ ʟʘʜʥʴʦʾ ʦʩʽ (ʚʽʜʧʦʚʽʜʥʦ ʚʥʫʪʨʽʰʥʴʦʤʫ ʽ ʟʦʚʥʽʰʥʴʦʤʫ ʧʦ 
ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʧʨʷʤʢʫ ʟʘʥʦʩʫ). 

ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʜʦ ʨʦʟʛʘʣʴʤʫʚʘʥʥʷ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ ʫʩʽ ʢʦʣʝʩʘ ʊɿ ʙʫʣʠ 
ʟʘʙʣʦʢʦʚʘʥʽ, ʪʦ 

PT2=űȚRz2 ï ȹPT2    (20) 
ʜʝ ȹPT2 ï ʟʤʝʥʰʝʥʥʷ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ ʥʘ ʟʘʜʥʴʦʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʢʦʣʝʩʽ. 

ɺʝʨʪʠʢʘʣʴʥʽ ʨʝʘʢʮʽʾ ʥʘ ʢʦʣʝʩʘʭ ʧʝʨʝʜʥʴʦʾ (Rz1) ʪʘ ʟʘʜʥʴʦʾ (Rz2) ʦʩʝʡ 

   (21) 

     (22) 

ʜʝ mʭ ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʯʽʧʥʦʾ ʚʘʛʠ ʊɿ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ (ʪʘʥʛʝʥʮʽʘʣʴʥʠʡ).  

ɼʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ              (23) 
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ɹʽʯʥʘ ʩʠʣʘ ʥʘ ʟʘʜʥʽʡ ʦʩʽ, ʱʦ ʚʠʥʠʢʘʻ ʧʽʩʣʷ ʨʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ ʦʜʥʦʛʦ ʢʦʣʝʩʘ 

     (24) 

ɼʽʡʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ ʥʘ ʧʝʨʝʜʥʶ ʚʽʩʴ ʧʽʜ ʯʘʩ ʨʦʟʛʘʣʴʤʫʚʘʥʥʷ 
ʟʘʜʥʴʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʣʝʩʘ: 

 

  (25) 

ɺʽʜʭʠʣʝʥʥʷ ʜʽʡʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʚʽʜ ʽʜʝʘʣʴʥʦʛʦ 

   (26) 

ɺʠʨʽʰʫʶʯʠ ʩʧʽʣʴʥʦ ʨʽʚʥʷʥʥʷ (25) ʽ (26), ʦʪʨʠʤʘʻʤʦ 

    (27) 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ (27) ʽ (22) ʚ (24) ʦʩʪʘʥʥʽʡ ʚʠʨʘʟ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (23) ʧʨʠʡʤʝ 
ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ 

   (28) 

ʇʽʜʢʦʨʝʥʝʚʠʡ ʚʠʨʘʟ ʫ ʨʽʚʥʷʥʥʽ (28) ʥʝ ʚʽʜô̒ ʤʥʠʡ, ʦʩʢʽʣʴʢʠ ȹɓ<0. ɿʘʣʝʞʥʽʩʪʴ (19) ʽʟ 
ʚʨʘʭʫʚʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ  (20), (27), (28) ʪʘ 

R1åűȚRz1  (29) 
ʦʪʨʠʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʜ 

   (30) 

ɺʠʨʘʟ (30) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

  (31) 

ʜʝ Wô1; Wô2; Wô3; W4 ï ʢʦʝʬʽʮʽʻʥʪʠ, 

;   (32) 

;  (33) 

( )

( )
222

222

222

2
22

222

2

1

4

1

'
4

1

TzT

Tzz

Tzy

PRP

PRR

PRR

D-ÖD=

=ö
÷

õ
æ
ç

å
D-Ö-Ö=

=-ÖÖ=

j

jj

j

2

221

1

1

ʊ

z

ʊzʊ

ʊ
ʜ

ʈȹG

R

ȹʈRʈ

ʈ
ɓ

-Ö

Ö
=

=
-Ö+

=

j

j

j

2

1

ʊ

z
ʠʜ

ʈȹG

R
ɓɓȹ

-Ö

Ö
-=
j

j

ȹɓ
L

b

ȹɓG
ȹʈʊ

-

ÖÖ
-=
j

2

)1(

2

bbb

b

j

D+-ÖD-³

³

D-

Ö
=

ʠʜ

y

L

b

L

b

G
R

( )

( )

( )
îý

î
ü
û

+---

-+ù
ú

ø
--

í
ì
ë
é
ê

è
--Ö

ö
÷

õ
æ
ç

å
-

ÖÖ
=

ɓȹɓ
L

b
ɓȹ

ɓȹ
b

B
ɣɓ

L

b
,

ɓȹ,ɓ
L

a

ɓȹ
L

b
i

bg
ɣ

ʠʜ

ʠʜ

ʠʜ

z

1

2
150

50
2

j
""

( )34121 W'WW'ɣW'W'ɣ -Ö=ÖÖ-""

ö
÷

õ
æ
ç

å
D-Ö

ÖÖ
=

b
L

b
i

bgq
W

z
2

'
1

( ) ( )ʠʜʠʜ ɓ
L

b
,ɓȹ,ɓ

L

a
W ---= 15050'

2



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 

Technical service of agriculture, forestry and transport 

systems 

ˉ23ô 2021  

141 

;  (34) 

.   (35) 

ɼʦʜʘʥʦʢ Wô3 ʤʦʜʝʣʶʻ ʥʝʣʽʥʽʡʥʽʩʪʴ ʪʠʧʫ ʩʫʭʦʛʦ ʪʝʨʪʷ, ʪʦʙʪʦ ʧʨʠ ʟʤʽʥʽ ʥʘʧʨʷʤʢʫ 
ʟʘʥʦʩʫ (ʟʤʽʥʽ ʟʥʘʢʘ ʢʫʪʘ ɣ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ) ʤʘʻ ʟʤʽʥʠʪʠ ʩʚʽʡ ʟʥʘʢ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ. ʗʢʱʦ 
ʥʝ ʟʤʽʥʶʚʘʪʠ ʤʽʞ ʩʦʙʦʶ ʟʘʛʘʣʴʤʦʚʘʥʝ ʽ ʨʦʟʛʘʣʴʤʦʚʘʥʝ ʢʦʣʝʩʘ ʟʘʜʥʴʦʾ ʦʩʽ, ʪʦ ʟʥʘʢ 
ʢʦʝʬʽʮʽʻʥʪʘ W4 ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʟʥʘʢʘ ʢʫʪʘ ɣ. 

ɺʠʨʽʰʫʶʯʠ ʨʽʚʥʷʥʥʷ (31) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ, ʦʪʨʠʤʘʻʤʦ 

    (36) 

ʜʝ ɣʅ,  - ʧʦʯʘʪʢʦʚʽ (ʜʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ʨʦʟʛʘʣʴʤʫʚʘʥʥʷ ʟʘʜʥʴʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʣʝʩʘ) 

ʢʫʨʩʦʚʠʡ ʢʫʪ ʽ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʦʨʦʪʫ ʘʚʪʦʤʦʙʽʣʷ. 
ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʦʨʦʪʫ ʘʚʪʦʤʦʙʽʣʷ 

   (37) 

ʂʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʶ 

   (38) 

ʇʨʦʮʝʩ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʣʦʱʠʥʽ ʜʦʨʦʛʠ ʧʽʜ ʯʘʩ ʨʦʟʛʘʣʴʤʫʚʘʥʥʷ ʟʘʜʥʴʦʛʦ 
ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʣʝʩʘ ʻ ʢʦʣʠʚʘʣʴʥʠʤ; ʧʨʠʯʦʤʫ ʢʦʣʠʚʘʥʥʷ ʻ ʥʝʟʘʪʫʭʘʶʯʠʤʠ. 

ʈʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷ ʪʽʣʴʢʠ ʦʜʥʦʛʦ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ (ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ ʙʦʨʪʫ, 
ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟʘʥʦʩʫ) ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʪʫ ʞ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ 
ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ. 
 

( )bbb D+-D-= ʠʜ
'

L

b
W 13

bDÖ=
b

B
W

2
4

()

()

( )

()

( )ŰW'W'

W'

W'
ɣSign

W'

W

W'W'

ɣ
ɣ

ŰW'W'

W'

W'
ɣSign

W'

W

W'W'

ɣ
ɣ

W'

W'
ɣSign

W'

W
ɣ

H
H

H
H

Ö-³

³
ù
ù

ú

ø

é
é

ê

è
-+-+

+Ö³

³
ù
ù

ú

ø

é
é

ê

è
-+++

++-=

21

2

3

2

4

21

21

2

3

2

4

21

2

3

2

4

exp

2

1

exp

2

1

"

"

Hɣ"

()

() ö
÷

õ
æ
ç

å
Ö-Ö

ù
ù

ú

ø

-+
éê

è
--

-ö
÷

õ
æ
ç

å
ÖÖ

ù
ù

ú

ø

-

-+
éê

è
+=

ty

yy

ty

yyy

'
2

'
1'

2

'
1'

3

'
2

'
1

4

.
1
2

'
1

'
2

'
1'

2

'
1'

3

'
3

'
1

4

.
1
2

'
1

.

exp

2

1

exp

2

1

WW
W

W
WSign

W

W
WWW

WW
W

W
WSign

W

W
WWW

HH

HH

() ]

]
ý
ü
û
ö
÷

õ
æ
ç

å
Ö--

é
ê

è
-+-

+ö
÷

õ
æ
ç

å
Ö-

îí

î
ì
ë
é
ê

è
++=

ty

yy

ty

yyy

'
2

'
1

'
3

'
1

'
14

'
2

'
1

.
'
2

'
1

'
2

'
1

'
3

'
1

'
2

'
1

.
'
2

'
1

..

exp)(

exp

2

1

WWWWSign

WWWWWW

WWWWSign

WWWW

HH

HH



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 

Technical service of agriculture, forestry and transport 

systems 

ˉ23ô 2021  

142 

ɺʠʩʥʦʚʢʠ 

 
ʆʪʨʠʤʘʥʽ ʨʽʚʥʷʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤ ʜʠʥʘʤʽʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ʊɿ ʚ ʧʨʦʮʝʩʽ ʛʘʣʴʤʫʚʘʥʥʷ. ʇʽʩʣʷ ʧʦʷʚʠ ʟʘʥʦʩʫ 
ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʨʦʮʝʩʽ ʛʘʣʴʤʫʚʘʥʥʷ ʟ ʫʩʽʤʘ ʟʘʙʣʦʢʦʚʘʥʠʤʠ ʢʦʣʝʩʘʤʠ ʨʦʟʛʘʣʴʤʫʚʘʥʥʷ ʜʚʦʭ 
ʟʘʜʥʽʭ ʢʦʣʽʩ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʨʩʫ ʘʚʪʦʤʦʙʽʣʷ, ʦʜʥʘʢ ʮʝ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ 
ʢʦʣʠʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʽʟ ʯʘʩʪʦʪʦʶ, ʷʢʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ 
ʢʦʣʽʩ ʽʟ ʜʦʨʦʛʦʶ ʡ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ɣ1, ʧʨʠ ʷʢʦʤʫ ʧʨʦʚʦʜʠʪʴʩʷ 
ʨʦʟʛʘʣʴʤʫʚʘʥʥʷ ʟʘʜʥʽʭ ʢʦʣʽʩ. ɼʣʷ ʧʨʠʧʠʥʝʥʥʷ ʢʦʣʠʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ 
ʧʦʚʪʦʨʥʝ ʟʘʛʘʣʴʤʦʚʫʚʘʥʥʷ ʟʘʜʥʽʭ ʢʦʣʽʩ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʘʚʪʦʤʦʙʽʣʝʤ ʫ ʧʨʦʮʝʩʽ ʩʪʘʙʽʣʽʟʘʮʽʾ 
ʢʫʨʩʫ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ɣ = ɣ1. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʨʩʫ 
ʘʚʪʦʤʦʙʽʣʷ ʟ ʨʦʟʛʘʣʴʤʦʚʫʚʘʥʥʷʤ ʦʜʥʦʛʦ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʙʽʣʴʰ ʚʠʩʦʢʫ 
ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʘʣʴʤʫʚʘʥʥʷ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʦʙʦʚô̫ ʟʢʦʚʠʤ ʻ ʧʦʚʪʦʨʥʝ ʟʘʛʘʣʴʤʦʚʫʚʘʥʥʷ 
ʟʘʟʥʘʯʝʥʦʛʦ ʢʦʣʝʩʘ (ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʘʚʪʦʤʦʙʽʣʴ ʦʯʽʢʫʻ ʟʘʥʦʩ ʫ ʧʨʦʪʠʣʝʞʥʫ ʩʪʦʨʦʥʫ). 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ ɸʉʂ ʚʠʧʘʨʥʠʤ ʚʽʜʜʽʣʝʥʥʷʤ, ʱʦ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʪʘ 

ʢʦʥʢʫʨʝʥʪʦ ʩʧʨʦʤʦʞʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʮʫʢʨʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʆʙʛʨʫʥʪʦʚʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʟʙʫʜʞʝʥʴ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ, ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʚʠʧʘʨʶʚʘʥʥʷ.  

ʅʘʚʝʜʝʥʦ ʘʣʛʦʨʠʪʤ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʦʜʝʣʽ ʫ ʩʠʩʪʝʤʽ ɸʉʂ ʊʇ. ʅʘ 

ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʻ ʧʽʜʩʪʘʚʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʷʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʧʘʨʶʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʶ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʧʘʨʶʚʘʥʥʷʤ ʩʦʢʫ ʫ ɹɺʋ ʮʫʢʨʦʚʦʛʦ 

ʟʘʚʦʜʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ,ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ, ʙʘʛʘʪʦʢʦʨʧʫʩʥʘ ʚʠʧʘʨʥʘ ʫʩʪʘʥʦʚʢʘ, ʢʨʠʪʝʨʽʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ. 

 
ʌʝʩʝʥʢʦ ɸ. ʄ. çʆʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʚʳʧʘʨʠʚʘʥʠʷ ʩʦʢʫ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɸʉʋ ʊʇ ʚʳʧʘʨʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʩʘʭʘʨʥʦʛʦ ʟʘʚʦʜʘè 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚʳʧʘʨʥʳʭ ʦʪʜʝʣʝʥʠʡ ʩʘʭʘʨʥʳʭ ʟʘʚʦʜʦʚ 

ʋʢʨʘʠʥʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʣʠʷʥʠʝ ʨʘʙʦʪʳ ɸʉʋ ʊʇ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʛʦ ʟʘʚʦʜʘ, ʧʦʩʢʦʣʴʢʫ  

ʜʘʥʥʦʝ ʦʪʜʝʣʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʘʨʦʤ ʚʩʝ ʦʩʥʦʚʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʩʘʭʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʩʘʭʘʨʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʙʣʝʤ ʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʛʣʘʚʥʦʤ ʦʪʜʝʣʝʥʠʠ ʩʘʭʘʨʥʦʛʦ ʟʘʚʦʜʘ ï ʚʳʧʘʨʥʦʤ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʨʘʙʦʪʘ ʚʳʧʘʨʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʚʦʜʘ ʚ ʮʝʣʦʤ ʠ ʥʘ 

ʢʘʯʝʩʪʚʦ ʩʘʭʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ʟʘʚʦʜʘ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʦʚʝʜʝʥʥʦʤ ʘʥʘʣʠʟʝ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʳʧʘʨʠʚʘʥʠʷ ʥʘ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʢʘ ʚʦ ʚʨʝʤʷ ʚʳʧʘʨʠʚʘʥʠʷ ʠ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʘʭʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï 

ʢʘʯʝʩʪʚʦ ʩʘʭʘʨʘ.  

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʚʳʧʘʨʠʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʦʪʨʘʞʝʥʳ ʧʫʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʯʪʦ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, 

ʥʘʨʫʰʝʥʠʠ ʨʝʞʠʤʘ ʚʳʧʘʨʠʚʘʥʠʷ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʝʘʛʠʨʦʚʘʥʠʠ ɸʉʋ ʊʇ ʥʘ ʵʪʠ ʚʦʟʤʫʱʝʥʠʷ. 

ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʚʳʧʘʨʠʚʘʥʠʷ ʩʦʢʘ ʚ ʤʥʦʛʦʢʦʨʧʫʩʥʦʡ ʚʳʧʘʨʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʄɺʋ) ʠ 

ʚʣʠʷʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ ʚʳʧʘʨʠʚʘʥʠʷ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʚʝʢʪʦʨʳ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ɸʉʋ ʊʇ ʚʳʧʘʨʠʚʘʥʠʷ ʩʦʢʘ. 

 

 



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 
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ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʝʜʣʦʞʝʥʳ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʢʨʠʪʝʨʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʘʭʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʧʨʠʤʝʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ. ʇʨʝʜʣʦʞʝʥʦ ʚʥʝʜʨʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ 

ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɸʉʋ ʚʳʧʘʨʥʳʤ ʦʪʜʝʣʝʥʠʝʤ, ʯʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʠʪʴ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʘʭʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʆʙʦʩʥʦʚʘʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʚʦʟʤʫʱʝʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʥʘ ʚʨʝʤʷ ʚʳʧʘʨʠʚʘʥʠʷ.   

ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʠʪʴ ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʦʜʝʣʠ ʚ ɸʉʋ ʊʇ. ʅʘ 

ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʳʧʘʨʠʚʘʥʠʷ ʠ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʚʳʰʘʶʪ 

ʪʦʯʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʘʨʠʚʘʥʠʝʤ ʩʦʢʘ ʚ 

ʄɺʋ ʩʘʭʘʨʥʦʛʦ ʟʘʚʦʜʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʤʥʦʛʦʢʦʨʧʫʩʥʘʷ ʚʳʧʘʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, 

ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ.  

 

A. Fesenko " Determination of the influence of the evaporation of juice on qualitative indicators for the 

mathematical support of Automated Process Control Systems of the Sugar Mill Evaporator"  

The article considers the effectiveness of Ukrainian sugar mill evaporator operation and the influence of 

their Automated Process Control Systems (APCS) on energy effectiveness of the whole factory because this department  

provides all main sections of sugar production with steam. 

Author worked out the analysis of current issues in sugar production and technological indicators in the 

main department of the sugar mill, evaporation department. It was determined the evaporation department operation 

considerably affects both the energy effectiveness of the factory and the quality of sugar products. Based on the 

analysis, the influence and dependence of technological indicators and indicators of the duration of the evaporation 

process on the qualitative indicators of juice during evaporation and on the quality of sugar were determined. 

The analysis of problems in functioning automated process control systems of evaporation process was 

conducted.  

The work shows the ways of solving problems that appear while decreasing the quality of products, the 

evaporation mode is violated and the inappropriate response of the APCS to these disturbances. 

Because of complexity of the juice evaporation in the multiple evaporation station (MES) and influence of 

various indicators of the evaporation both technological and qualitative nature, the main vectors of the management 

in automated process control systems of the juice evaporation were determined. 

To solve this issue, more modern criteria for the sugar production effectiveness are considered, and proposed 

on the basis of regulatory requirements and the application of modern the oretical approaches and practical 

experience. It is proposed to apply and use qualitative criteria for the mathematical support of the APCS at the 

evaporation department, which will make it possible to apply energy-efficient and competitive technologies in the 

production of sugar products. The effectiveness of the proposed criteria and mathematical models is substantiated, 

which take into account the influence of disturbances formed in the technological process on the evaporation duration. 

An algorithm has been developed that makes it possible to apply the proposed models in the automated 

process control system. On the basis of the studies and calculations, it can be argued that the obtained dependences 

of the qualitative indicators on the duration of the evaporation and its technological indicators increase the accuracy 

of the mathematical support of the automated process control system for juice evaporation in the MES of a sugar mill. 

Keywords: mathematical model, qualitative indicators, multiple evaporation station, criteria of effectiveness, 

technological process, Automated Process Control Systems.  

 

ɺʩʪʫʧ  

 

ʇʽʜʚʠʱʝʥʥʷ ʚʠʧʫʩʢʫ ʷʢʽʩʥʦʾ ʢʦʥʢʫʨʝʥʪʥʦʩʧʨʦʤʦʞʥʦʾ ʮʫʢʨʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʜʣʷ 

ʜʝʨʞʘʚʠ ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʜʣʷ ʧʨʦʜʫʢʪʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ. 

ʎʫʢʨʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʠʤʠ ʚʘʞʣʠʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. ʆʜʥʽʶ ʽʟ ʪʘʢʠʭ 

ʚʘʞʣʠʚʠʭ ʣʘʥʦʢ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʮʫʢʨʫ ʻ ʮʫʢʨʦʚʠʡ ʟʘʚʦʜ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʥʢʫʨʝʥʪʥʦʩʧʨʦʤʦʞʥʦʾ ʧʨʦʜʫʢʮʽʾ ʫ ʮʫʢʨʦʚʽʡ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ 

ʥʝʦʙʭʽʜʥʦ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʷʪʠ ʚʪʽʣʝʥʥʶ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ɸʉʂ ʊʇ.  

 

ɸʉʂ ʊʇ ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʦʤʧʶʪʝʨʥʦ-ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʦʙʫʜʦʚʘʥʝ ʥʘ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʫ ʩʠʩʝʤʽ  ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝʩʦʤ, ʘ ʪʘʢʦʞ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʥʦʚʪʥʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʮʫʢʨʦʚʠʭ ʟʘʚʦʜʘʭ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 

ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʽ ʜʦʩʷʛʥʝʥʥʷʤ ʥʘʫʢʠ ʪʘ ʪʝʭʥʽʢʠ [1].  
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ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

 

ʎʝ ʧʠʪʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ ʪʦʤʫ, ʱʦ ʮʫʢʨʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ, ʱʦ ʤʘʻ ʚʘʛʫ ʧʨʠ ʟʥʘʯʥʽʡ ʜʦʨʦʛʦʚʠʟʥʽ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ɺʽʜʧʦʚʽʜʥʦ, ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʱʦʜʘ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʮʫʢʨʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʪʘʢʠʭ ʩʢʣʘʜʦʚʠʭ, ʷʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʝʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʽ, 

ʚʠʧʫʩʢʫ ʷʢʽʩʥʦʾ ʢʦʥʢʫʨʝʥʪʥʦʩʧʨʦʤʦʞʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ ʜʦʮʽʣʴʥʦ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʫ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʚ, ʪʦʱʦ, 

ʤʦʜʝʣʷʤʠ, ʤʝʪʦʜʘʤʠ ʪʘ ʘʣʛʦʨʠʪʤʘʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʦʧʝʨʘʪʠʚʥʦ ʚʠʷʚʣʷʪʠ, ʨʦʟʧʽʟʥʘʚʘʪʠ ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʧʨʦʮʝʩʽ. ʇʨʠ ʮʴʦʤʫ, ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʽʚ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ 

ʧʦʢʘʟʥʠʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʽʜʜʽʣʝʥʥʷʤʠ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ, ʱʦ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʧʽʜʚʠʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʫʢʨʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦ ʩʫʯʘʩʥʧʭ ʚʠʤʦʛ [1 ï 2]. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ  

 

ʆʪʨʠʤʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʘ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʮʫʢʨʦʚʦʛʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʙʣʘʜʥʘʥʥʷ, ʢʦʤʧʶʪʝʨʽʟʘʮʽʻʶ ʪʘ 

ʙʝʟʧʝʯʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʮʫʢʨʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘ ʮʫʢʨʦʚʠʭ ʟʘʚʦʜʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʥʝʧʝʨʝʨʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʟʽ ʩʢʣʘʜʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʧʦʪʦʢʽʚ ʽ ʞʦʨʩʪʢʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʙʝʟʧʝʢʠ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʜʦ 

ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʱʦʜʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ.  

ʎʫʢʨʦʚʠʡ ʟʘʚʦʜ, ʱʦ ʻ ʩʢʣʘʜʦʚʦʶ ʮʫʢʨʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ 

ʛʦʣʦʚʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚʽʜʜʽʣʝʥʴ, ʷʢ ʜʠʬʫʟʽʡʥʝ, ʩʦʢʦʦʯʠʩʥʝ, ʚʠʧʘʨʥʝ ʪʘ 

ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʝ. ʆʩʥʦʚʥʠʤ ʚʽʜʜʽʣʝʥʥʷʤ, ʱʦ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʘʻ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʻ ʚʠʧʘʨʥʝ, ʷʢʝ ʧʨʠʡʤʘʻ, ʧʝʨʝʨʦʙʣʶʻ ʪʘ ʨʦʟʧʦʜʽʣʷʻ ʧʘʨ ʧʦ 

ʽʥʰʠʭ ʚʽʜʜʽʣʝʥʥʷʭ. ʅʝʧʝʨʝʨʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʥʘ ʮʫʢʨʦʚʠʭ ʟʘʚʦʜʘʭ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʘʛʘʪʴʤʘ ʟʚô̫ ʟʘʥʠʤʠ ʤʽʞ ʩʦʙʦʶ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

(ʊʊʇ), ʽ ʦʜʥʠʤ ʟ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʠʧʘʨʶʚʘʥʥʷ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʙʘʛʘʪʦʢʦʨʧʫʩʥʠʭ 

ʚʠʧʘʨʥʠʭ ʫʩʪʘʥʦʚʦʢʘʭ ʫ ʚʠʧʘʨʥʦʤʫ ʚʽʜʜʽʣʝʥʥʽ. ɹɺʋ ʟʜʽʡʩʥʶʻ ʚʠʧʘʨʶʚʘʥʥʷ ʩʦʢʫ ʜʦ ʟʘʜʘʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ (ʷʢʽʩʥʠʭ ʪʘ ʢʽʣʴʢʽʩʥʠʭ) ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʚʪʦʨʠʥʥʠʤʠ ʧʘʨʘʤʠ ʪʝʧʣʦʦʙʤʽʥʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʧʦ ʽʥʰʠʭ ʚʽʜʜʽʣʝʥʥʷʭ ʟʘʚʦʜʫ [3]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʙʦʪʘ ɹɺʋ ʩʢʝʨʦʚʘʥʘ ʥʘ ʧʽʜʪʨʠʤʢʫ ʥʝʦʙʭʽʜʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʨʝʞʠʤʫ ʚʠʧʘʨʶʚʘʥʥʷ, ʟ ʬʽʢʩʦʚʘʥʠʤʠ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʢʘʟʥʠʢʽʚ ʊʇ, 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʽʚʥʽʚ ʨʦʟʯʠʥʫ ʚ ʘʧʘʨʘʪʘʭ, ʦʪʨʠʤʘʥʥʷ ʩʠʨʦʧʫ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʷʢʽʩʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʘʨʦʶ.  

ɿʘʙʝʟʧʝʯʠʪʠ ʥʘʚʝʜʝʥʽ ʩʢʣʘʜʦʚʽ ʊʇ ʚʠʧʘʨʶʚʘʥʥʷ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ ʨʦʙʦʪʽ 

ʚʠʧʘʨʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ, ʤʦʞʥʘ ʣʠʰʝ ʪʽʣʴʢʠ ʧʨʠ: 

- ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢʽʩʥʦʾ ʩʠʨʦʚʠʥʠ ʟ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ; 

- ʢʦʥʪʨʦʣʽ ʜʠʥʘʤʽʯʥʽʩʪʽ ʟʤʽʥ ʨʦʟʯʠʥʫ ʧʨʠ ʨʦʙʦʪʽ ɹɺʋ, ʱʦ ʚʠʢʣʠʢʘʥʽ ʟʤʽʥʠʤʠ 

ʧʦʢʘʟʥʠʢʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ; 

- ʧʦʢʨʘʱʘʥʥʽ ʨʝʘʛʫʚʘʥʥʷ ɸʉʂ ʥʘ ʟʤʽʥʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʚʠʧʘʨʶʚʘʥʥʷ; 

- ʟʤʝʥʰʝʥʥʽ ʩʢʣʘʜʥʽʩʪʽ ʪʘ ʝʤʢʽʩʪʽ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ 

ʚʠʧʘʨʶʚʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ  ʚʽʜʜʽʣʝʥʥʷ. 

ʆʩʪʘʥʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦʚʷʟʘʥʽ ʟ ʪʨʠʚʘʣʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ, ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʦʩʦʙʣʠʚʫ ʚʘʞʣʠʚʽʩʪʴ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 
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ʇʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʮʫʢʨʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʚ ʋʢʨʘʾʥʽ, ʜʦ 

ʥʦʨʤʘʪʠʚʥʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʚʠʤʦʛ ʪʘ ʚʠʤʦʛ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʢʨʘʾʥʘʭ ʟ ʨʦʟʚʠʥʝʥʦʶ 

ʮʫʢʨʦʚʦʶ ʛʘʣʫʟʟʶ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʢʦʥʢʫʨʝʥʪʥʦʩʧʨʦʤʦʞʥʶ ʮʫʢʨʦʚʫ 

ʧʨʦʜʫʢʮʽʶ [4 ï 5]. 

ʉʝʨʝʜ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʷʢʽʩʪʴ ʩʦʢʫ ʧʨʠ ʚʠʧʘʨʶʚʘʥʥʽ 

ʚʽʜʥʦʩʷʪʴ ʯʠʩʪʦʪʫ, ʢʦʥʮʝʥʪʨʘʮʽʶ, ʢʦʣʴʦʨʦʚʽʩʪʴ, ʢʘʣʘʤʫʪʥʽʩʪʴ ʪʦʱʦ. ʅʝ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʽʩʪʽ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʧʽʩʣʷ ʚʠʧʘʨʶʚʘʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ 

ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʮʫʢʨʫ. ʅʘʡʯʘʩʪʽʰʝ, ʟʘʢʦʨʜʦʥʥʽ ʚʠʨʦʙʥʠʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʠʡ 

ʷʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ ʮʫʢʨʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢ ʢʦʣʴʦʨʦʚʽʩʪʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʝʯʦʚʠʥʘʤʠ, 

ʱʦ ʟʷʚʣʷʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʨʦʙʢʠ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʜʫʢʮʽʾ. ɿʥʘʯʥʝ ʥʘʨʦʩʪʘʥʥʷ 

ʢʦʣʴʦʨʦʚʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʟʛʫʱʝʥʥʽ ʩʦʢʫ ʟʥʠʞʝʥʦʾ ʷʢʦʩʪʽ ʪʘ ʧʨʠ ʽʥʰʠʭ ʧʦʨʫʰʝʥʥʷʭ 

ʨʝʞʠʤʫ ʚʠʧʘʨʶʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ ʽʟ-ʟʘ ʚʽʜʭʠʣʝʥʴ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ 

ʥʘ ʜʽʣʴʥʠʮʷʭ ʜʠʬʬʫʟʽʾ ʪʘ ʦʯʠʱʝʥʽ ʩʦʢʫ, ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘʛʦʨʷʥʥʷ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʘʥʥʷ 

ɹɺʋ, ʱʦ ʙʫʜʝ ʧʨʠʚʦʜʠʪʠ ʜʦ ʟʙʽʣʴʰʝʥʷ ʪʝʨʤʽʥʫ ʧʝʨʝʙʫʚʘʥʥʷ ʩʦʢʫ ʫ ʚʠʧʘʨʥʠʭ ʘʧʘʨʘʪʘʭ 

ʫʩʪʘʥʦʚʢʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʨʦʩʪʘʪʠʤʝ ʢʦʣʴʦʨʦʚʽʩʪʴ ʩʦʢʫ [4 ï 8]. 

ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʠʤʠ ʩʢʣʘʜʦʚʠʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʨʫʰʝʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɹɺʋ 

ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʧʣʠʚʘʶʪʴ ʽ ʥʘ ʢʦʣʴʦʨʦʚʽʩʪʴ ʩʦʢʫ, ʻ ʥʝʜʦʩʪʘʪʥʷ ʧʦʜʘʯʘ ʩʦʢʫ ʟ ʚʽʜʜʽʣʝʥʥʷ 

ʩʘʪʫʨʘʮʽʾ, ʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʶ ʩʦʢʫ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʙʫʚʘʥʥʷ 

ʩʦʢʫ ʫ ʢʦʨʧʫʩʘʭ ɹɺʋ. ʂʦʣʴʦʨʦʚʽʩʪʴ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʟʛʫʱʝʥʥʽ ʩʦʢʫ ʫ ʚʠʧʘʨʥʦʤʫ ʚʽʜʜʽʣʝʥʥʽ 

ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʦʢʫ, ʘ ʽ ʚʽʜ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ ʫ ɹɺʋ [9 ï 10]. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ ʟʘʭʦʜʽʚ ʟ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʋʛʦʜʠ ʧʨʦ ʘʩʦʮʽʘʮʽʶ ʤʽʞ ʋʢʨʘʾʥʦʶ ʪʘ 

ɭʚʨʦʧʝʡʩʴʢʠʤ ʉʦʶʟʦʤ ʽ ʾʭʥʽʤʠ ʜʝʨʞʘʚʘʤʠ-ʯʣʝʥʘʤʠ ʥʘ 2017-2019 ʨʦʢʠ, ʄʽʥʘʛʨʦʧʦʣʽʪʠʢʠ 

ʟʘʧʨʦʚʘʜʠʣʦ ʧʦʣʦʞʝʥʥʷ ɼʠʨʝʢʪʠʚʠ ʈʘʜʠ ɭʉ ˉ 2001/111/ɭʉ ʚʽʜ 20 ʛʨʫʜʥʷ 2001 ʨ. ʧʨʦ 

ʚʽʜʧʦʚʽʜʥʽ ʧʝʚʥʽ ʚʠʜʠ ʮʫʢʨʫ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʭʘʨʯʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʚʠʤʦʛ ɽʉ. 

ʆʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʦʩʪʽ ʮʫʢʨʫ ʻ ʟʤʽʩʪ ʩʘʭʘʨʦʟʠ, ʟʦʣʷ, ʨʝʜʫʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, 

ʚʦʣʦʛʦʩʪʽ ʪʘ ʢʦʣʴʦʨʦʚʦʩʪʴ [6 ï 7]. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʮʫʢʨʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ɭʚʨʦʧʝʡʩʴʢʠʤ ʉʧʽʚʪʦʚʘʨʠʩʪʚʦʤ ʽ ʜʝʨʞʘʚʘʤʠ, ʷʢʽ ʝʬʝʢʪʠʚʥʦ ʟʘʡʤʘʶʪʴʩʷ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʮʫʢʨʫ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʦ ɼʉʊʋ 4623:2006, ʻ ʢʦʣʴʦʨʦʚʽʩʪʴ. ʅʦʨʤʘʪʠʚʥʽ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʢʦʣʴʦʨʦʚʽʩʪʽ ʫ ʨʦʟʯʠʥʽ, ʜʣʷ 1-4 ʢʘʪʝʛʦʨʽʡ ʮʫʢʨʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ 

ʦʜʠʥʠʮʷʭ ICUMSA. ɸʥʘʣʽʟ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʠʤʦʛ ʜʦ ʮʫʢʨʫ ʫ ʮʫʢʨʦʚʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʥʘʚʝʜʝʥʦ ʫ ʨʦʙʦʪʘʭ [1, 4, 5, 8 ï 10]. 

ɿʨʦʩʪʘʥʥʷ ʢʦʣʴʦʨʦʚʦʩʪʽ ʟʘʣʝʞʠʪʴ ʽ ʚʽʜ ʚʽʜ ʚʠʪʨʠʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʫ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʘ ʩʘʤʝ: ʧʽʜʪʨʠʤʘʥʥʷ ʪʠʩʢʫ ʧʘʨʘ, ʨʽʚʥʷ ʩʦʢʫ ʚ ʢʦʨʧʫʩʘʭ ɹɺʋ, 

ʨʽʚʥʦʤʽʨʥʦʾ ʧʦʜʘʯʽ ʩʦʢʫ ʥʘ ɺʋ, ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʘʧʘʨʘʪʘʭ, ʘ ʪʘʢʦʞ ʧʦʷʚʠ ʥʘʢʠʧʫ ʫ ʪʨʫʙʢʘʭ 

ɹɺʋ ʪʦʱʦ. ʎʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʠ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʦʢʫ, ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ 

ʥʘ ʪʝʭʥʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ, ʽ ʚʽʜʭʠʣʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʦʧʪʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ 

ʚʧʣʠʚʘʻ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʩʦʢʫ ʚ ʘʧʘʨʘʪʘʭ ʽ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʽʜ ʯʦʛʦ ʽ ʟʘʣʝʞʠʪʴ 

ʥʘʨʦʩʪʘʥʥʷ ʢʦʣʴʦʨʦʚʦʩʪʽ. ɺʽʜʧʦʚʽʜʥʦ, ʚʠʭʦʜʷʯʠ ʟ ʩʫʪʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ, ʪʨʝʙʘ 

ʚʽʜʤʽʪʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥ 

ʧʦʢʘʟʥʠʢʽʚ ʨʦʟʯʠʥʫ ʫ ʧʨʦʮʝʩʽ ʚʠʧʘʨʶʚʘʥʥʷ. [3,11 ï 13]. 

ʂʦʥʪʨʦʣʴ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻ ɸʉʂ ʚʠʧʘʨʥʦʛʦ 

ʚʽʜʜʽʣʝʥʥʷ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʦʾ ʙʘʟʫʝʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʷ, 

ʫ ʷʢʦʤʫʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ, ʘʙʦ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ 

ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʷ.  

 

ʉʢʣʘʜʥʽʩʪʴ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, 

ʱʦ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʪʴ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʊʇ ʚʠʧʘʨʶʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʷʢʦʩʪʽ ʨʦʟʯʠʥʫ, 

ʚʠʪʨʘʪʫ ʨʦʟʯʠʥʫ, ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʟʯʠʥʫ, ʪʠʩʢ ʧʘʨʫ, ʪʦʱʦ. ʂʨʽʤ ʪʦʛʦ, ʫ ʨʦʟʨʘʭʫʥʢʫ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʦʢʫ.  
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ʇʨʠ ʮʴʦʤʫ, ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʫ ʢʽʥʮʽ ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚʠʧʘʨʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʚʠʪʨʘʪʠ 

ʧʘʨʫ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʪʴ ʨʽʟʥʦʛʦ ʚʠʜʫ ʢʨʠʪʝʨʽʾʚ (ʈʝʡʥʦʣʴʜʩʘ, ʅʫʥʩʝʣʴʪʘ, ʪʦʱʦ) ʪʘ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ 

ʧʦʢʘʟʥʠʢʽʚ.  

ɺʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʦʛʦ, ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ 

ʧʨʦʮʝʩʫ, ʜʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ ʪʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ 

ʧʦʢʘʟʥʠʢʽʚ, ʱʦ, ʫʩʢʣʘʜʥʶʶʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʊʇ ʚʠʧʘʨʶʚʘʥʥʷ, ʱʦ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʥʘ ʧʨʦʮʝʩ ʚʠʧʘʨʶʚʘʥʷ, ʽ ʚʽʜʧʦʚʽʜʥʦ, ʟʥʠʞʝʥʥʶ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ ʪʘ ʨʦʙʦʪʠ ɸʉʂ ʫ ʮʽʣʦʤʫ [3,11 ï 14]. 

ɺ ʥʘʰ ʯʘʩ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʦʙô̒ ʢʪʦʤ ʚʠʚʯʝʥʥʷ ʷʢʦʾ ʻ 

ʦʜʥʦʚʠʤʽʨʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ ʣʽʥʽʡʥʠʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʟ ʧʦʩʪʽʡʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʩʫʯʘʩʥʘ ʪʝʦʨʽʷ ʫʧʨʘʚʣʽʥʥʷ ʟʘʩʪʦʩʦʚʫʻ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʜʘʚʘʪʠʩʷ ʨʽʟʥʦʛʦ ʚʠʜʫ ʨʽʚʥʷʥʥʷʤʠ. ʉʫʯʘʩʥʘ 

ʪʝʦʨʽʷ ʫʧʨʘʚʣʽʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʝʦʨʽʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʪʦʙʪʦ ʦʧʪʠʤʘʣʴʥʽ ʩʠʩʪʝʤʠ, 

ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʷʢʠʭ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʘʙʦ ʤʘʢʩʠʤʽʟʫʻʪʴʩʷ ʟʘʜʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʷʢʦʩʪʽ. ʂʨʽʤ 

ʪʦʛʦ, ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ, ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʷʢʽʩʥʠʭ ʢʨʠʪʝʨʽʾʚ ʫʧʨʘʚʣʽʥʥʷ [15]. 

ɺʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ 

ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫʜʦʩʢʦʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʷ ɸʉʋ ʫ ʚʠʧʘʨʥʦʤʫ ʚʽʜʜʽʣʝʥʥʽ, 

ʷʢʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʚʝʩʪʠ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʟʯʠʥʫ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ. ʇʦʙʫʜʦʚʘ ʪʘ 

ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ɸʉʂ, ʱʦ ʨʝʘʛʫʶʪʴ ʥʘ ʟʤʽʥʠ ʫ ʊʇ ʚʠʧʘʨʥʦʛʦ 

ʚʽʜʜʽʣʝʥʥʷ ʜʘʜʫʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʷʢ̔ʩʪʴ ʧʨʦʜʫʢʮʽʾ. 
 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 
 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʚʧʨʦʜʦʚʞ ʚʠʧʘʨʶʚʘʥʥʷ ʩʦʢʫ ʫ ɹɺʋ 

ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, 

ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʷʢʽʩʥʽ ʢʨʠʪʝʨʽʾ 

ʚʠʧʘʨʶʚʘʥʥʷ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ɸʉʂ ʊʇ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: ʘʥʘʣʽʟ ʪʘ 

ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʦʜʝʣʝʡ ʱʦ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʪʴ ʮʫʢʨʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚʧʨʦʜʦʚʞ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʦʮʽʥʢʘ ʽ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʦʛʦ ʚʠʜʫ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʟʙʫʨʝʥʴ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ 

ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʚʠʧʘʨʶʚʘʥʥʷ, ʽ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ɸʉʂ ʊʇ 

ʚʠʧʘʨʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ. 
 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 
 

ɹɺʋ ʧʨʘʮʶʪʴ ʚ ʥʝʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʧʦʜʽʣʷʶʪʴʩʷ ʧʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʽ ʤʝʪʠ, 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʽ ʟʘʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʽ ʦʩʦʙʠ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ. 

ʆʩʥʦʚʦʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʊʇ ʚʠʧʘʨʶʚʘʥʥʷ ʻ ʧʨʘʚʠʣʴʥʘ ʚʠʟʥʘʯʝʥʽʩʪʴ ʤʝʪʠ - ʟʘʜʘʥʥʷ ʢʨʠʪʝʨʽʶ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɹɺʋ ʤʦʞʝ ʙʫʪʠ 

ʢʨʠʪʝʨʝʨʽʡ, ʷʢʠʡ ʙʠ ʚʨʘʚʭʦʚʫʚʘʚ ʚʩʽ ʧʨʦʙʣʝʤʥʽ ʧʠʪʘʥʷ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ. ɸʣʝ 

ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʨʦʙʦʪʠ ɹɺʋ, ʱʦ ʚʠʢʣʠʢʘʥʘ ʟʤʽʥʥʠʤʠ ʚ ʯʘʩʽ ʧʘʨʘʤʝʪʨʘʤʠ ʫʚʘʨʶʚʘʥʦʛʦ 

ʨʦʟʯʠʥʫ ʪʘ ʟʤʽʥʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʧʘʨʶʚʘʥʥʷ, 

ʫʩʢʣʘʜʥʶʻ ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʦʛʦ ʟʘʛʘʣʴʥʦʛʦ ʢʨʽʪʝʨʽʶ ʽ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʢʨʽʪʝʨʽʶ.  

ɺʩʽ ʟʙʫʨʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʚʘʨʶʚʘʥʥʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ 

ʨʦʙʦʪʠ ɹɺʋ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʥʘ ʚʠʧʘʨʶʚʘʥʥʷ, ʽ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʧʣʠʚʫ ʥʘ ʪʘʢʠʡ ʷʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ, ʷʢ ʢʦʣʴʦʨʦʚʽʩʪʴ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʚʠʧʘʨʶʚʘʥʥʷ ɹɺʋ ʧʦ ʷʢʽʩʥʦʤʫ 

ʧʦʢʘʟʥʠʢʫ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ɸʉʂ ʊʇ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 
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ʟʦʩʝʨʝʜʞʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʦʢʨʝʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʪʘ ʟʤʽʥʥʦʩʪʽ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʄʝʪʦʜ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʟʦʩʝʨʝʜʞʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʦ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʬʫʥʢʮʽʷʭ: 

1. ɯʥʬʦʨʤʘʮʽʡʥʽ ï ʟʙʠʨʘʥʥʷ, ʦʙʨʦʙʢʘ ʪʘ ʟʙʝʨʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʯʘʪʢʦʚʠʡ ʪʘ 

ʢʽʥʮʝʚʠʡ ʩʪʘʥ ʦʙô̒ ʢʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ ʦʙô̒ ʢʪʘ 

ʫ ʧʨʦʮʝʩʽ ʚʠʧʘʨʶʚʘʥʥʷ. 

2. ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʦʟʯʠʥʫ, ʱʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ. 

3. ʈʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥ ʪʘ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʠʤ 

ʩʧʦʩʦʙʦʤ. 

4. ɺʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʨʝʛʽʩʪʨʘʮʽʷ ʽʥʬʦʨʤʘʮʽʾ. 

5. ʆʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ ɸʉʂ ʟ ʽʥʰʠʤʠ ʚʠʨʦʙʥʠʯʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ ʮʫʢʨʦʚʦʛʦ 

ʟʘʚʦʜʫ ʪʘ ʦʧʝʨʘʪʦʨʦʤ. 

ʋʧʨʘʚʣʷʶʯʽ ʬʫʥʢʮʽʾ ʧʦʚʠʥʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʝʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʟʙʫʜʞʝʥʴ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʚʠʧʘʨʶʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʫʧʨʘʚʣʷʶʯʽ ʬʫʥʢʮʽʾ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: 

ï ʧʝʨʰʘ ï ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʧʣʠʚʫ; 

ï ʜʨʫʛʘ ï ʨʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ ʚʧʣʠʚʫ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʫʧʨʘʚʣʷʶʯʠʭ ʚʧʣʠʚʽʚ ʥʘ 

ʦʙô̒ ʢʪ ʫʧʨʘʚʣʽʥʥʷ(ʩʪʘʙʽʣʽʟʘʮʽʷ, ʧʨʦʛʨʘʤʥʝ ʫʧʨʘʚʣʽʥʥʷ, ʧʨʦʛʨʘʤʥʦ-ʣʦʛʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ).  

ɿʤʽʩʪ ʤʝʪʦʜʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ ʱʦ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʦʙʦʪʠ ɹɺʋ ʥʝʦʙʭʽʥʦ ʚʠʟʥʘʯʠʪʠ 

ʧʘʨʘʤʝʪʨʠ ʊʇ ʽ ʧʨʦʚʝʩʪʠ ʚ ɸʉʂ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɹɺʋ. ʉʪʘʥʜʘʨʪʥʠʡ 

ʪʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʦʢʘʟʥʠʢʽʚ ʚʠʧʘʨʶʚʘʥʥʽ, 

ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʪʘ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʽʚ.  

ʈʦʟʨʘʭʫʥʦʢ ʙʘʛʘʪʦʢʦʨʧʫʩʥʦʾ ʚʠʧʘʨʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʜʚʘ 

ʝʪʘʧʠ: ʩʧʦʯʘʪʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʻʢʪʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ 

ʫʩʪʘʥʦʚʢʠ ʫ ʢʦʨʧʫʩʘʭ, ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʽ ʨʦʟʤʽʨʽʚ ʛʨʽʶʯʦʾ ʢʘʤʝʨʠ, ʘ ʧʦʪʽʤ ʧʨʦʚʦʜʷʪʴ 

ʨʦʟʨʘʭʫʥʦʢ ʧʝʨʝʚʽʨʢʠ ʟ ʤʝʪʦʶ ʫʪʦʯʥʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʽ ʫʤʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ 

ʢʦʨʧʫʩʘʭ ɹɺʋ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ɹɺʋ ʧʦʚʠʥʥʽ ʚʢʣʶʯʘʪʠ: ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʪʘ 

ʯʠʩʣʦ ʢʦʨʧʫʩʽʚ, ʩʢʣʘʜ ʚʠʧʘʨʶʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʡʦʛʦ ʧʦʯʘʪʢʦʚʫ ʽ ʢʽʥʮʝʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ, 

ʧʘʨʘʤʝʪʨʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʽʶʯʦʾ ʧʘʨʠ (ʪʠʩʢ ʽ ʪʝʤʧʝʨʘʪʫʨʫ), ʘ ʪʘʢʦʞ ʪʠʩʢ ʚʪʦʨʠʥʥʦʾ ʧʘʨʠ. 

ʉʪʘʥʜʘʨʪʥʠʡ ʪʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ: ʨʦʟʨʘʭʫʥʦʢ 

ʚʠʧʘʨʶʚʘʥʥʷ ʚʦʜʠ, ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʝʧʨʝʩʽʡ ʪʘ ʛʫʩʪʠʥʠ ʨʦʟʯʠʥʫ ʟʘ ʢʦʨʧʫʩʘʤʠ, 

ʢʦʨʠʛʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʜʝʧʨʝʩʽʾ ʪʘ ʪʠʩʢʫ ʨʦʟʯʠʥʫ, ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ 

ʛʨʽʶʯʦʾ ʧʘʨʠ, ʚʪʦʨʠʥʥʦʾ ʧʘʨʠ, ʨʦʟʯʠʥʫ, ʨʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪʠ ʛʨʽʶʯʦʾ ʧʘʨʠ, ʚʠʧʘʨʝʥʦʾ ʚʦʜʠ ʧʦ 

ʢʦʨʧʫʩʘʤ, ʢʽʥʮʝʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʽʜʜʘʯʽ ʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, 

ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʣʦʱ ʥʘʛʨʽʚʫ ɺʋ[3 ï 4].  

ʈʽʟʥʠʮʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʩʪʘʥʜʘʨʪʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʥʦʩʠʪʴʩʷ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ - ʢʦʣʴʦʨʦʚʽʩʪʴ, ʽ ʚʞʝ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʤʦʛ ʱʦʜʦ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʧʨʦʚʦʜʷʪʴʩʷ ʪʝʧʣʦʚʠʡ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʡ 

ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ. ʗʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʪʦʢʦʣʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʴʦʨʦʚʦʩʪʽ, ʽ ʧʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ 

ʨʝʞʠʤʫ ʚʠʧʘʨʶʚʘʥʠʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʨʠʛʦʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ. ʇʦ ʚʭʽʜʥʠʭ 

ʧʦʢʘʟʥʠʢʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʦʨʽʶ ʪʝʧʣʦʚʦʛʦ ʪʘ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʧʦʢʘʟʥʠʢʠ ʢʦʣʴʦʨʦʚʦʩʪʽ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ 

ʚʠʧʘʨʶʚʘʥʥʷ.  

ʇʨʠ ʮʴʦʤʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʨʠʛʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ 

ʧʦ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʚ ɸʉʂ ʚʠʧʘʨʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʚʠʧʘʨʶʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʢʦʨʠʛʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʦʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʣʷ ʚʩʽʭ 4-ʭ ʢʘʪʝʛʦʨʽʡ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʷʢʦʩʪʴ ʮʫʢʨʫ.  

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʚʠʧʘʨʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʧʦʣʷʛʘʻ ʫ ʚʚʝʜʝʥʥʽ ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ ʨʦʟʯʠʥʫ ʫ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ɸʉʂ. ɸʣʛʦʨʠʪʤ 
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ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʦʩʝʨʝʜʞʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʚʠʧʘʨʶʚʘʥʥʷ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1[16].  
 

 
 

ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʫʜʦʩʢʦʥʘʣʝʥʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʚʠʧʘʨʶʚʘʥʠʷ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ɸʉʂ ʊʇ 
 

ʋ ʙʣʦʢ ʩʭʝʤʽ ʚʽʜʦʙʨʘʞʝʥʦ ʨʫʭ ʜʘʥʠʭ ʊʇ ʚʠʧʘʨʶʚʘʥʥʷ ʜʦ ʙʘʟʠ ʜʘʥʠʭ (ɸ, ɺ, ʉ) ʪʘ 

ʦʪʨʠʤʘʥʥʽ ʚʠʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ï ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘ 

ʢʽʣʴʢʦʩʪʽ ʧʘʨʫ ʪʘ ʨʦʟʯʠʥʫ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ɸʉʂ ʚʠʧʘʨʥʦʾ ʩʪʘʥʮʽʾ. 

ʊʠʧʦʚʽ ʟʙʫʨʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʨʦʙʦʪʠ ɸʉʂ, ʧʦʜʽʣʷʶʪʴ ʥʘ 

ʟʦʚʥʽʰʥʽ ʪʘ ʚʥʫʪʨʽʰʥʽ. ɺʩʽ ʮʽ ʟʙʫʨʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʨʦʙʦʪʠ ɹɺʋ, ʱʦ 

ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʥʘ ʚʠʧʘʨʶʚʘʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʟʥʘʯʝʥʴ ʪʘʢʦʛʦ ʷʢʽʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʷʢ ʢʦʣʴʦʨʦʚʽʩʪʴ. ɼʣʷ ʤʽʥʽʤʽʟʫʚʘʥʥʷ ʮʠʭ ʟʙʫʨʝʥʴ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʚ ʪʝʧʣʦʚʠʭ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʮʝʩʫ 

ʚʠʧʘʨʶʚʘʥʥʷ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ, ʷʢʠʡ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʢʦʣʴʦʨʦʚʽʩʪʴ ʚʧʨʦʜʦʚʞ 

ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶʚʘʪʠ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʟʯʠʥʫ, ʷʢʽ ʤʦʞʥʘ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ɸʉʂ ʚʠʧʘʨʥʠʤ ʚʽʜʜʽʣʝʥʥʷʤ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʊʇ 

ʚʠʧʘʨʶʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ 

ɸʉʂ.  

ʊʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʦʮʝʩ ʚʠʧʘʨʶʚʘʥʥʷ ʚʦʜʠ ʟ ʨʦʟʯʠʥʫ 

ʫ ɹɺʋ ʨʦʟʛʣʷʥʫʪʦ ʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ [2, 7, 9,13]: 
 

 

ʇ kG G W= +       (1) 
 

ʜʝ Ὃ̐ ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦ ʧʦʯʘʪʢʦʚʦʤʫ ʨʦʟʯʠʥʫ, ʢʛ/ʛʦʜ; 

Ὃ̋ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦ ʢʽʥʮʝʚʦʤʫ ʨʦʟʯʠʥʫ, ʢʛ/ʛʦʜ; 
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ὡ ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʧʘʨʝʥʦʾ ʚʦʜʠ, ʢʛ/ʛʦʜ. 

ʋ ʨʦʟʯʠʥʽ, ʱʦ ʚʠʧʘʨʶʻʪʴʩʷ ʫ ɹɺʋ, ʧʨʠʩʫʪʥʽʡ ʪʘʢʠʡ ʧʦʢʘʟʥʠʢ ʷʢ ʢʦʣʴʦʨʦʚʽʩʪʴ ὑ , 

ʷʢʠʡ ʟʘʪʚʝʨʜʞʝʥʦ ʥʦʨʤʘʪʠʚʥʠʤʠ ʚʠʤʦʛʘʤʠ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʘʪʚʝʨʜʞʝʥʦʾ ʤʝʪʦʜʠʢʠ, ʥʘʚʝʜʝʥʦʾ 

ʫ ɼʉʊʋ 4866:2007/ɻʆʉʊ 12572-2007, ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶʤ ʬʦʪʦʢʦʣʦʤʝʪʨʠʯʥʦʛʦ ʩʧʦʩʦʙʫ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

5601000 D
K

c l

Ö
=

Ö
             (2) 

ʜʝ ὧ ï ʢʦʥʮʝʥʪʨʘʮʽʷ, ̄̅̍ϳ ; Ὀ  ï ʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʮʫʢʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʫ ɹɺʋ ʟʘ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ 560 ʥʤ; ὰ ï ʜʦʚʞʠʥʘ ʢʶʚʝʪʠ, ʩʤ. (5 ʩʤ ï ʜʣʷ ʩʠʨʦʧʫ); 

1000 ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʨʘʭʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʦʩʪʽ ʚ ʦʜʠʥʠʮʽ ICUMSA [5]. 

ʎʝʡ ʧʦʢʘʟʥʠʢ ʚʧʨʦʜʦʚʞ ʚʠʧʘʨʶʚʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʨʘʟʦʤ ʟʽ ʟʤʽʥʦʶ ʙʘʣʘʥʩʫ ʨʦʟʯʠʥʫ, 

ʪʦʤʫ ʨʽʚʥʽʩʪʴ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

ʇ ʇ K KG K G K= ,                                                           (3) 

ʜʝ ὑ̐ ʪʘ ὑ̋ï ʧʦʯʘʪʢʦʚʝ ʪʘ ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ ʢʦʣʴʦʨʦʚʦʩʪʽ ʨʦʟʯʠʥʫ, ʱʦ ʚʠʧʘʨʶʻʪʴʩʷ, 
̏Ȣ̅)#5-3!. 

ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʬʦʨʤʫʣʘʤʠ (1) ʪʘ (3), ʚʠʟʥʘʯʠʤʦ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ ὡ ,̈ ʱʦ 

ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʧʨʠ ʢʦʣʴʦʨʦʚʦʩʪʽ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ ʧʨʦʜʫʢʪʫ: 

3 (1 )ʇʇ

ʂ

ʂ
W G

ʂ
= - .         (4) 

ɺʠʟʥʘʯʠʚʰʠ ʟʘʣʝʞʥʽʩʪʴ ʢʦʣʴʦʨʦʚʦʩʪʽ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʚʽʜ ʚʠʧʘʨʝʥʦʾ ʚʦʜʠ 

ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʣʴʦʨʦʚʦʩʪʽ ʨʦʟʯʠʥʫ, ʱʦ ʦʪʨʠʤʘʻʤʦ ʧʽʩʣʷ ʚʠʧʘʨʶʚʘʥʥʷ, ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ 

ʯʫʪʣʠʚʽʩʪʴ ɸʉʂ ʚʠʧʘʨʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʜʦ ʟʙʫʨʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʚʧʣʠʚʫ ʪʝʧʣʘ, ʱʦ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʜʣʷ ʚʠʧʘʨʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʩʢʣʘʜ ʨʦʟʯʠʥʫ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʚʠʧʘʨʶʚʘʥʥʷ. ɿ ʨʽʚʥʷʥʥʷ (4) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʷʢʝ ʙʫʜʝ ʤʘʪʠ 

ʚʠʛʣʷʜ: 

1

ʇ
ʂ

ʇ

ʂ v
ʂ

W s

G

Ö
=

Ö
-

,                                                     (5) 

ʜʝ Ö ï  ʝʤʧʽʨʠʯʥʠʡ ʢʦʝʬʽʮʽʝʥʪ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʨʦʟʯʠʥʫ (0,2é0,8); 

Ó ï ʛʨʘʜʫʣʴʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʚʠʧʘʨʝʥʦʾ ʚʦʜʠ [5]. 

ɺʽʜʦʙʨʘʞʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʫ ʯʝʨʝʟ ʢʦʣʴʦʨʦʚʽʩʪʴ ʫ ʬʦʨʤʫʣʽ (5) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ 

ʪʦʯʥʦ ʧʦʢʘʟʘʪʠ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʨʽʟʥʦʛʦ ʚʠʜʫ ʟʙʫʨʝʥʴ ʧʨʠ ʚʠʧʘʨʶʚʘʥʥʽ, ʨʝʟʫʣʴʪʘʪʠ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʤʦʜʝʣʣʶ, ʷʢʘ ʚʽʜʦʙʨʘʞʫʻ ʚʧʣʠʚ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɹɺʋ ʥʘ 

ʢʦʣʴʦʨʦʚʽʩʪʴ. ʏʫʪʣʠʚʽʩʪʴ ʟʤʽʥ ʢʦʣʴʦʨʦʚʦʩʪʽ ʨʦʟʯʠʥʫ ʜʦ ʟʤʽʥ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʧʘʨʶʚʘʥʥʷ ʩʢʣʘʜʘʻ 1é1,5% [16, 17]. 

ɿʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʚʠʧʘʨʶʚʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʚʪʨʘʪ ʮʫʢʨʫ ʚʽʜ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʫ ʪʘ ʥʘʨʦʩʪʘʥʥʷ ʢʦʣʴʦʨʦʚʦʩʪʽ ʩʠʨʦʧʫ. 

ʅʘʨʦʩʪʘʥʥʷ ʮʫʢʨʦʚʠʭ ʨʝʯʦʚʠʥ ʪʘ ʪʘ ʚʪʨʘʪʠ ʮʫʢʨʫ ʢʦʨʝʣʶʶʪʴ ʤʽʞ ʩʦʙʦʶ [19]. 

ɺʽʜʧʦʚʽʜʥʦ, ʟʥʘʶʯʠ ʚʝʣʠʯʠʥʫ ʦʙʻʤʥʦʾ ʚʪʨʘʪʠ ʨʦʟʯʠʥʫ ʽʟ ɹɺɸ, ʽ ʡʦʛʦ ʛʫʩʪʠʥʫ 

ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʩʝʨʝʜʥʴʦʛʦ ʪʝʨʤʽʥʫ ʧʝʨʝʙʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʫ ʢʦʞʥʦʤʫ ɺɸ, ʽ 
ʚʽʜʧʦʚʽʜʥʦ ʽ ʫ ʚʩʽʡ ɹɺʋ.  

ʅʦʨʤʘʪʠʚʥʽ ʪʘ ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʘ ʪʘʢʦʞ ʢʦʣʴʦʨʦʚʦʩʪʽ ʪʘ ʟʥʘʯʝʥʥʷ 

ʢʦʣʴʦʨʦʚʦʩʪʽ ʽʟ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʦʚʝʜʝʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʥʘʚʝʜʝʥʦʾ ʬʦʨʤʫʣʠ (5), ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 1. ʇʨʠ ʮʴʦʤʫ ʬʽʢʩʫʚʘʚʩʷ ʪʝʨʤʽʥ ʚʠʧʘʨʶʚʘʥʥʷ ʨʦʟʯʠʥʫ ʫ ɹɺʋ. 

ʇʦʢʘʟʥʠʢʠ ʢʦʥʪʨʦʣʶʚʘʣʠʩʴ ʧʨʠ ʨʦʙʦʪʽ ɹɺʋ ʟʘʚʦʜʫ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 3000 ʪ. 

ʙʫʨʷʢʘ/ʜʦʙʫ, ʟ ʧʣʦʱʘʤʠ ʪʝʧʣʦʦʙʤʽʥʫ ʧʦ ʢʦʨʧʫʩʘʭ ɹɺʋ - 1ʢ-2360ʤ2, 2ʢ-3000ʤ2; 3ʢ-

2360/1200ʤ2: 4ʢ-1200ʤ2; 5ʢ-100ʤ2, ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʢʦʣʴʦʨʦʚʦʩʪʽ ʨʦʟʯʠʥʫ ʜʣʷ ʮʠʭ 
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ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɹɺʋ(ʥʦʨʤʘʪʠʚʥʦʛʦ, ʬʘʢʪʠʯʥʦʛʦ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʭ) ʬʽʢʩʫʚʘʣʠʩʴ ʜʦ ʪʘ ʧʽʩʣʷ 

ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ [8, 19]. 

 

ʊʘʙʣʠʮʷ 1. 
ʋʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʫ ʚʠʧʘʨʶʚʘʥʥʷ ʪʘ ʢʦʣʴʦʨʦʚʦʩʪʽ ʫ ɹɺʋ ʮʫʢʨʦʚʠʭ ʟʘʚʦʜʽʚ ʟ  

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ  ʮʫʢʨʫ - 3000 ʪ/ʜʦʙʫ. 

 

ʈʝʞʠʤ 

ʚʠʧʘʨʶʚʘʥʥʷ 

ɺʋ ʟ ʧʣʦʱʝʶ ʪʝʧʣʦʦʙʤʽʥʫ 3000 ʤ2 

ɼʦ ʚʠʧʘʨʶʚʘʥʥʷ ʇʽʩʣʷ ʚʠʧʘʨʶʚʘʥʥʷ ʊʝʨʤʽʥ 

ʚʠʧʘʨʶʚʘʥʥʷ, 

ʭʚ 
ʂʦʣʴʦʨʦʚʽʩʪʴ 

ʨʦʟʯʠʥʫ, ʦʜ. 

IʉUMSA 

ʂʦʥʮʝʥʪʨʘ

ʮʽʷ 

ʨʦʟʯʠʥʫ, % 

ʂʦʣʴʦʨʦʚʽʩʪʴ 

ʨʦʟʯʠʥʫ ʦʜ. 

IʉUMSA 

ʂʦʥʮʝʥʪʨʘ

ʮʽʷ 

ʨʦʟʯʠʥʫ, % 

ʅʦʨʤʘʪʠʚʥʠʡ  210-260 13-17 260-320 62-70 50-70 

ʌʘʢʪʠʯʥʠʡ. 280-450 12-18 320-700 60-72 101-118 

ʈʦʟʨʘʭʦʚʘʥʠʡ

(ʧʦ ʷʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʘʭ) 

600-1500 4-16 60-120 40-83 - 

ʈʦʟʨʘʭʦʚʘʥʠʡ 

ʟ ʢʦʨʝʢʮʽʻʶ 

(ʧʦ ʷʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʘʭ) 

230-260 15-16 320-380 67-68 - 

 

ɸʥʘʣʽʟʫʶʯʠ  ʦʪʨʠʤʘʥʥʽ ʟʥʘʯʝʥʥʷ, ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʢʦʣʴʦʨʦʚʽʩʪʴ, ʫ ʩʝʨʝʜʥʴʦʤʫ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 30-50%. ɿʥʘʯʝʥʥʷ ʨʅ ʜʦ ʪʘ ʧʽʩʣʷ ɹɺʋ ʢʦʣʠʚʘʣʦʩʴ ʫ ʤʝʞʘʭ ʚʽʜ 8,3 ʪʘ 9,1, ʘ 

ʉʈ ʚʽʜ 14% ʜʦ 70%. ɺ ʧʨʦʮʝʩʽ ʚʠʧʘʨʶʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʨʽʟʥʦʛʦ ʚʠʜʫ ʭʽʤʽʯʥʽ 

ʧʨʝʧʘʨʘʪʠ ʜʣʷ ʦʯʠʩʪʢʠ ʨʦʟʯʠʥʫ ʫ ɹɺʋ ʪʘ ʨʽʟʥʽ ʚʠʜʠ ʬʽʣʴʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʥʘ ʧʝʨʝʜʜʠʬʽʢʘʮʽʾ 

ʧʝʨʝʜ ʚʠʧʘʨʶʚʘʥʥʷʤ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ  ʩʫʯʘʩʥʠʭ ʭʽʤʨʝʘʢʪʠʚʽʚ. 

 

ɺʠʩʥʦʚʢʠ 

 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʧʦ ʤʘʪʝʤʘʪʠʯʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʶ ɸʉʋ ʊʇ ʚʠʧʘʨʶʚʘʥʥʷ, ʱʦ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʦ ʧʽʜʚʠʱʝʥʥʶ 

ʢʦʥʢʫʨʝʥʪʥʦʩʧʨʦʤʦʞʥʦʩʪʽ ʮʫʢʨʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʈʦʟʛʣʷʥʫʪʦ ʚʠʜʠ ʟʙʫʨʝʥʴ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ 

ʧʨʠ ʚʠʧʘʨʶʚʘʥʥʽ ʩʦʢʫ, ʽ ʾʭ ʚʧʣʠʚ ʥʘ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. ɿʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʤʝʪʦʜʠʮʽ, ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʽ ɺʋ, ʜʽʡʩʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʤʽʥ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʪʘ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ 

ʨʦʟʯʠʥʫ, ʱʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ. ʂʦʨʠʛʦʚʘʥʽ ʧʦ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ, 

ʚʽʜʧʦʚʽʜʥʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɹɺʋ, ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʦʩʠʪʴ ʜʦʙʨʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʯʫʪʣʠʚʽʩʪʽ ʟʤʽʥ ʢʦʣʴʦʨʦʚʦʩʪʽ ʨʦʟʯʠʥʫ ʜʦ ʟʤʽʥʠ ʫ ʪʝʧʣʦʚʦʤʫ ʧʨʦʮʝʩʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜ ʪʘ ʘʣʛʦʨʠʪʤ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ɸʉʋ ʚʠʧʘʨʥʦʛʦ 

ʚ̔ ʜʜʽʣʝʥʥʷ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʫʢʨʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ [16].  
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
 

1. ɺʠʤʦʛʠ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘʮʫʢʨʫ ʧʨʠʚʝʜʝʥʦ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ. ʋʨʷʜʦʚʠʡ 
ʧʦʨʪʘʣ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.kmu.gov.ua/ua/news/vimogi-do-virobnictva-cukru-

privedeno-u-vidpovidnist-do-yevropejskih. 

2. ɺʣʘʩʝʥʢʦ ʃ. ʆ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʮʫʢʨʦʚʦʛʦ ʟʘʚʦʜʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ /ʃ. ʆ. ɺʣʘʩʝʥʢʦ, ɸ. ʇ. ʃʘʜʘʥʶʢ/ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʠʡ ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, 2010. ï ɺʠʧ. 2/3 (44). ï ʉ. 57-62. 

3. ʐʪʘʥʛʝʻʚ ʂ. ʆ. ɺʠʧʘʨʥʽ ʫʩʪʘʥʦʚʢʠ ʪʘ ʪʝʧʣʦʚʽ ʩʭʝʤʠ ʮʫʢʨʦʚʠʭ ʟʘʚʦʜʽʚ. ʖʅɯɼʆ, ʂʠʾʚ, 
2015.  



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 

Technical service of agriculture, forestry and transport 

systems 

ˉ23ô 2021  

153 

4. ɼʉʊʋ 4623-2006. ʅʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ. ʎʫʢʦʨ ʙʽʣʠʡ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ. 

ʂʠʾʚ, 2007.  

5. ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʴʦʨʦʚʦʩʪʽ ʽ ʢʘʣʘʤʫʪʥʦʩʪʽ ʨʦʟʯʠʥʫ. ɼʉʊʋ 4866:2007/ɻʆʉʊ 
12572-2007. ʂʠʾʚ: ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 2007.  

6. ʂʘʯʝʩʪʚʦ ʩʘʭʘʨʘ ʠ ʧʫʪʠ ʝʛʦ ʧʦʚʳʰʝʥʠʷ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://works.doklad.ru/view/1o83b5aGd64/all.html. 

7. ʐʪʘʥʛʝʝʚ ʂ.ʆ. ʏʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʫ ʚʠʧʘʨʥʽʡ ʫʩʪʘʥʦʚʮʽ / ʂ.ʆ. ʐʪʘʥʛʻʻʚ/ 

ʄʘʪʝʨʽʘʣʠ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʮʫʢʨʦʚʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠè. ʅʋʍʊ, ʂ., 2019. ïʉ. 98-101. 

8. ʂʨʠʚʦʚʦʟ ɸ.ɻ., ʎʚʝʪʥʦʩʪʴ ï ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ /ɸ. ɻ. ʂʨʠʚʦʚʦʟ, 

ʖ. ʀ. ʉʠʜʦʨʝʥʢʦ / ʇʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 2009. ïɺʠʧ. 11. ï ʉ. 14. 

9. ʃʷʰʝʥʢʦ ʉ.ʆ. Oʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚ ʝʥʝʨʛʦï ʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʝʬʝʢʪʠʚʥʠʭ ɸʉʋ ʮʫʢʨʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ / ʃʷʰʝʥʢʦ ʉ. ʆ., ɸ. ʄ. ʌʝʩʝʥʢʦ, ʆ. ʉ. 

ʃʷʰʝʥʢʦ, ɺ. ʄ. ʂʽʩʴ // ɯʥʞʝʥʝʨʽʷ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ: ʥʘʫʢʦʚʠʡ ʞʫʨʥʘʣ, 2019.ï

ɺʠʧ.4(14)ï ʉ. 47-56. 

10. ʅʘʨʘʩʪʘʥʠʝ ʮʚʝʪʥʦʩʪʠ ʥʘ ʚʳʧʘʨʥʦʡ ʫʩʪʘʥʦʚʢʝ. ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʧʦʨʪʘʣ ʈʦʩʩʠʠ. 

ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://agro-portal24.ru/tehnologiya-sahara/6927-narastanie-cvetnosti-na-

vyparnoy-ustanovke.html. 

11. ʃʷʰʝʥʢʦ ʉ.ɸ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʧʘʨʠʚʘʥʠʷ ʚ ʩʘʭʘʨʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ / ʉ.ɸ. ʃʷʰʝʥʢʦ,  

ɸ. ʄ. ʌʝʩʝʥʢʦ, ɸ.ʉ. ʃʷʰʝʥʢʦ /ɺʽʩʥʠʢ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʘ. çʄʝʭʘʥʽʟʘʮʽʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘè, 2017. ɺʠʧ. 180.ï ʉ. 182-190. 

12. ʇʨʦʮʝʩʠ ʪʘ ʘʧʘʨʘʪʠ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. Distance Learning. ʉʫʤɼʋ ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://dl.sumdu.edu.ua/textbooks/22852/266104/index.html. 

13. ɺʳʧʘʨʠʚʘʥʠʝ ʠ ʚʳʧʘʨʥʳʝ ʘʛʨʝʛʘʪʳ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://allbeton.ru/upload/iblock/188/viparivanie-i-viparnie-agregati.pdf. 

14. ʆʧʦʨʥʠʡ ʢʦʥʩʧʝʢʪ ʣʝʢʮʽʡ ʟ ʜʠʩʮʠʧʣʽʥʠ çʊʝʦʨʽʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴè ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://dspace.tneu.edu.ua/retrieve/52501/lek.pdf. 

15. ʂʦʚʨʠʛʦ ʖ. ʄ. ʉʫʯʘʩʥʘ ʪʝʦʨʽʷ ʫʧʨʘʚʣʽʥʥʷ. ʏʘʩʪʠʥʘ 2. ʇʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ ʩʫʯʘʩʥʦʾ 
ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ: ʧʽʜʨʫʯʥʠʢ ʜʣʷ ʩʪʫʜ. ʩʧʝʮʽʘʣʴʥʦʩʪʽ 151 çɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʁ ʪʝʨʥʦ-

ʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾè, ʩʧʝʮʽʘʣʽʟʘʮʽʡ çɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠè, çʂʦʤʧôʁ ʪʝʨʥʦ-iʥʪʝʛʨʦʚʘʥi ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘè / ʖ. ʄ. 

ʂʦʚʨʠʛʦ, ʆ. ɺ. ʉʪʝʧʘʥʝʮʴ, ʊ. ɻ. ɹʘʛʘʥ, ʆ. ʉ. ɹʫʥʢʝ /. ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʠʾʚ, 2017. 

ï 155 ʩ.ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ:https://ela.kpi.ua/bitstream/123456789/23117/1/Suchasna-teoriia-

upravlinnia_Kovrygo_et.al.pdf. 

16. Liashenko S. Determination and Estimation of the Influence of different Types of 

Disturbances on the Thick Juice Colour to Apply in Automated Process Control Systems of the 

Sugar Mill Evaporator /S. Liashenko, A. Fesenko, O. Liashenko, V. Kis, H. Ivashchenko 

/International Journal of Emerging Trends in Engineering Research, 2020. ï ʊʦʤ 8, ɺʠʧ. 5,ï ʉ. 

2133-2139. 

17. Ladanyuk A. Evaporator control under conditions of uncertainty: intellectualization of 

applied functions. / A. Ladanyuk, V. Kyshenko, O. Shkolna/ Scientific works of The National 

University of Food Technologies, 2015. ï volume 21, issue 6. ï  pp.7-15. 

 

 

References 

 

1. Requirements for sugar production are brought in line with European ones. Government 

portal. ï Available at: https://www.kmu.gov.ua/ua/news/vimogi-do-virobnictva-cukru-privedeno-

u-vidpovidnist-do-yevropejskih. 

2. Vlasenko L. ʆ. Improvement of the efficiency of the technological complex of the sugar 



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 

Technical service of agriculture, forestry and transport 

systems 

ˉ23ô 2021  

154 

mill through the use of diagnostic and forecasting methods /L. ʆ. Vlasenko, ɸ. P. Ladanyuk/ 

Eastern European Journal of Advanced Technology, 2010. ï Iss. 2/3 (44). ï pp.57-62. 

3. Shtangeyev ʂ. ʆ. Evaporators and thermal schemes of sugar factories. YuNIDO, ʂyiv, 

2015.  

4. DSTU 4623-2006. National standards of Ukraine. Whitesugar. Technical conditions, Kyiv, 

2007. 

5. Methods for determining the color and turbidity of the solution. DSTU 4866:2007/GOST 

12572-2007. Kyiv: Derzhspozhyvstandart of Ukraine, 2007.  

6. The quality of sugar and ways to improve it. ï Available at: 

https://works.doklad.ru/view/1o83b5aGd64/all.html. 

7. Shtangeyev ʂ. ʆ. The duration of staying the thin juicein the evaporator/  

ʂ. ʆ. Stangeyev/ Proceedings of the international scientific and technical conference "Prospects 

for the development of the sugar industry of Ukraine". NUFT,ʂ., 2019. ïpp. 98-101. 

8. Krivovoz ɸ. G. Color is an indicator of food quality/ɸ. G. Krivovoz, Yu. I. Sidorenko / 

Food industry, 2009. ïIss. 11. ï pp. 14. 

9. Liashenko S. O. Reasoning the use of qualitative in dicatorsinenergy efficient and 

environmental friendly automated process control systems of sugar production/ S. O. Liashenko, 

A. M. Fesenko, O. S. Liashenko, B. M. Kis // Engineering of nature management, 2019.ïIss.4(14)ï

pp. 47-56. 

10. Increase in color in the evaporator. Agroindustrial portal of Russia. ï Avaliable at: 

http://agro-portal24.ru/tehnologiya-sahara/6927-narastanie-cvetnosti-na-vyparnoy-

ustanovke.html. 

11. Lyashenko S. O. Determination of parameters of occupational hazards to model the 

evaporation processin sugar production/ S. ʆ. Lyashenko, ɸ. ʄ. Fesenko, ʆ. S. Lyashenko 

/Bulletin of the KhNTUSG. çMechanization of agricultureè, 2017. Iss. 180.ï pp. 182-190. 

12. Processes and apparatus of chemical production. Distance Learning. SumSU ï Avaliable 

at: https://dl.sumdu.edu.ua/textbooks/22852/266104/index.html. 

13. Evaporator sand evaporators ï Avaliable at: https://allbeton.ru/upload/ 

iblock/188/viparivanie-i-viparnie-agregati.pdf. 

14. Consice çDecision theoryè ï Avaliable at: http://dspace.tneu.edu.ua/ 

retrieve/52501/lek.pdf 

15. Kovrigo Yu. ʄ. Modern management theory. Part 2. Applied aspects of modern 

management theory: a textbook for students of specialties 151 çAutomation and computer-

integrated technologiesè, specializations çAutomated process controlè, çComputer-integrated 

technological processes and productionè / Yu. ʄ. Kovrigo, ʆ. V. Stepanets, ʊ. G. Bagan, ʆ. S. 

Bunke /KPI named after Igor Sikorsky, ʂyiv, 2017. ï pp. 155.ï Available 

at:https://ela.kpi.ua/bitstream/123456789/23117/1/Suchasna-teoriia-

upravlinnia_Kovrygo_et.al.pdf. 

16. Liashenko S. Determination and Estimation of the Influence of different Types of 

Disturbances on the Thick Juice Colour to Apply in Automated Process Control Systems of the 

Sugar Mill Evaporator /S. Liashenko, A. Fesenko, O. Liashenko, V. Kis, H. Ivashchenko 

/International Journal of Emerging Trends in Engineering Research, 2020. ï V. 8, Iss. 5. ïpp.2133-

2139. 

17. Ladanyuk A. Evaporator control under conditions of uncertainty: intellectualization of 

applied functions. / A. Ladanyuk, V. Kyshenko, O. Shkolna/ Scientific works of The National 

University of Food Technologies, 2015. ï vol.21, issue 6. ïpp. 7-15.  

ʌʨʦʣʦʚ ɭ.ɸ. 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

E-mail:  kaf054@i.ua 

ʇʦʧʦʚ ʉ.ɺ. 
ʇʦʣʪʘʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

E-mail:  stanislav.popov@pdaa.edu.ua 

ɼɽʊʆʅɸʎɯʁʅʆ-ɻɸɿʆɺɽ ɿʄɯʎʅɽʅʅʗ ɼɽʊɸʃɽʁ 

ɼɺʀɻʋʅɯɺ ɺʅʋʊʈɯʐʅʔʆɻʆ ɿɻʆʈɸʅʅʗ 



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 

Technical service of agriculture, forestry and transport 

systems 

ˉ23ô 2021  

155 

 

ʋɼʂ 621.78 
 

ʌʨʦʣʦʚ ɭ.ɸ., ʇʦʧʦʚ ʉ.ɺ. çɼʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʝ ʟʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷè 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʧʽʜʚʠʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʜʝʪʘʣʝʡ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ 

ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ. ɿʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʉʫʯʘʩʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʧʦʢʨʠʪʪʷ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʩʦʢʠʤ ʨʦʙʦʯʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʍʨʦʤʫʚʘʥʥʷ, ʙʦʨʫʚʘʥʥʷ ʪʘ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʷʢʦʩʪʽ. ɸʣʶʤʽʥʽʻʚʠʡ ʧʦʨʰʝʥʴ ʟʘʟʥʘʻ ʨʫʡʥʫʚʘʥʴ ʚ ʨʘʡʦʥʽ ʛʦʣʦʚʢʠ. ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ 

ʥʘʢʦʧʠʯʝʥʥʽ ʰʧʘʨʠʥ, ʢʘʥʘʣʽʚ, ʩʣʽʜʽʚ ʚʠʤʠʚʘʥʥʷ ʩʧʣʘʚʫ. ʆʢʨʽʤ ʮʴʦʛʦ, ʚʥʘʩʣʽʜʦʢ ʥʘʛʨʽʚʘʥʥʷ, ʚʪʨʘʯʘʻʪʴʩʷ 

ʤʽʮʥʽʩʪʴ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ʙʽʣʴʰʝ, ʥʽʞ ʫ 2 ʨʘʟʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʚʦʨʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ, ʷʢʝ ʙ ʚʠʪʨʠʤʫʚʘʣʦ ʨʦʙʦʯʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʘʜ 

2000Üʉ, ʘ ʪʘʢʦʞ ʫʜʘʨʥʦ-ʧʫʣʴʩʫʶʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʠʡ ʤʝʪʦʜ ʥʘʧʠʣʝʥʥʷ. ɺʽʥ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ ʤʘʪʝʨʽʘʣʽʚ: ʚʽʜ ʧʦʣʽʤʝʨʽʚ ʜʦ ʪʫʛʦʧʣʘʚʢʦʾ ʢʝʨʘʤʽʢʠ, ʣʶʙʽ ʤʝʪʘʣʠ ʽ ʩʧʣʘʚʠ. 

ʅʘʧʠʣʝʥʽ ʯʘʩʪʠʥʢʠ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʢʽʥʝʪʠʯʥʦʶ ʝʥʝʨʛʽʻʶ. ʇʦʢʨʠʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ 

ʤʽʮʥʽʩʪʶ, ʷʢʘ ʩʷʛʘʻ 180é200 ʄʇʘ, ʪʚʝʨʜʽʩʪʶ HRCe 60, ʤʽʥʽʤʘʣʴʥʦʶ ʰʧʘʨʠʥʥʽʩʪʶ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ 

ʧʨʠ ʥʘʧʠʣʝʥʥʽ ʥʘ ʟʘʛʦʪʦʚʢʫ ʥʝʟʥʘʯʥʠʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʽʜʛʦʪʦʚʯʠʭ ʦʧʝʨʘʮʽʡ. ɿʤʽʮʥʝʥʥʶ 

ʧʽʜʣʷʛʘʣʠ ʧʦʨʰʝʥʴ ʪʘ ʞʘʨʦʚʝ ʢʽʣʴʮʝ ʥʘ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʽʡ ʫʩʪʘʥʦʚʮʽ çʋʅ-102è. ɿʘʩʪʦʩʦʚʫʚʘʚʩʷ 

ʤʘʥʽʧʫʣʷʪʦʨ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʥʝʨʛʽʶ ʧʦʩʪʨʽʣʫ ʫʩʪʘʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʧʦʚʝʨʭʥʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʨʝʛʫʣʷʨʥʦʶ ʤʘʢʨʦʩʪʨʫʢʪʫʨʦʶ (ʭʚʠʣʷʩʪʽʩʪʶ). ʅʘʥʝʩʝʥʥʶ ʧʽʜʣʷʛʘʚ ʥʽʢʝʣʴ-ʘʣʶʤʽʥʽʻʚʠʡ ʩʧʣʘʚ. ʊʦʚʱʠʥʦʶ 

ʧʦʢʨʠʪʪʷ ï 150é270 ʤʢʤ, ʪʚʝʨʜʽʩʪʴ ï HV 550, ʘʜʛʝʟʽʷ ʜʦ ʦʩʥʦʚʠ ï 94é100 ʄʇʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʜʝʪʘʣʷʭ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʟʘʩʚʽʜʯʠʣʠ ʟʥʠʞʝʥʥʷ ʨʦʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʚʥʘʩʣʽʜʦʢ ʧʨʠʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʪʘ ʷʢʽʩʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ. ɼʦʚʛʦʚʽʯʥʽʩʪʴ 

ʢʽʣʝʮʴ ʩʪʘʥʦʚʠʪʴ 1,6Ā106é2,3Ā106, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʦʧʦʨʫ ʚʪʦʤʽ ʪʘ ʨʝʩʫʨʩʫ ʨʦʙʦʪʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʻ ʧʨʠʜʘʪʥʦʶ ʪʘ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʩʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʝ ʟʤʽʮʥʝʥʥʷ, ʧʦʨʰʝʥʴ, ʞʘʨʦʚʝ ʢʽʣʴʮʝ, ʥʘʧʠʣʝʥʥʷ, ʧʦʢʨʠʪʪʷ. 

 
ʌʨʦʣʦʚ ɽ.ɸ., ʇʦʧʦʚ ʉ.ɺ. çɼʝʪʦʥʘʮʠʦʥʥʦ-ʛʘʟʦʚʦʝ ʫʧʨʦʯʥʝʥʠʝ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷè 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ 

ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ʋʧʨʦʯʥʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʦʢʨʳʪʠʷ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʚʳʩʦʢʠʤ ʨʘʙʦʯʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʥʘʛʨʫʟʢʘʤ. ʍʨʦʤʠʨʦʚʘʥʠʝ, ʙʦʨʠʨʦʚʘʥʠʝ ʠ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢʘʯʝʩʪʚʘ. ɸʣʶʤʠʥʠʝʚʳʡ ʧʦʨʰʝʥʴ ʠʩʧʳʪʳʚʘʝʪ ʨʘʟʨʫʰʝʥʠʡ ʚ ʨʘʡʦʥʝ ʛʦʣʦʚʢʠ. 

ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʘʢʦʧʣʝʥʠʠ ʱʝʣʝʡ, ʢʘʥʘʣʦʚ, ʩʣʝʜʦʚ ʚʳʤʳʚʘʥʠʷ ʩʧʣʘʚʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚʩʣʝʜʩʪʚʠʝ 

ʥʘʛʨʝʚʘʥʠʷ, ʪʝʨʷʝʪʩʷ ʧʨʦʯʥʦʩʪʴ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ 2 ʨʘʟʘ. 

ʇʨʝʜʣʦʞʝʥʦ ʩʦʟʜʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʦʝ ʙʳ ʚʳʜʝʨʞʠʚʘʣʦ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʙʦʣʝʝ 

2000Üʉ, ʘ ʪʘʢʞʝ ʫʜʘʨʥʦ-ʧʫʣʴʩʠʨʫʶʱʠʝ ʥʘʛʨʫʟʢʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʝʪʦʥʘʮʠʦʥʥʦ-ʛʘʟʦʚʳʡ ʤʝʪʦʜ ʥʘʧʳʣʝʥʠʷ. ʆʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ: ʦʪ ʧʦʣʠʤʝʨʦʚ ʜʦ ʪʫʛʦʧʣʘʚʢʦʡ ʢʝʨʘʤʠʢʠ, ʣʶʙʳʝ ʤʝʪʘʣʣʳ ʠ 

ʩʧʣʘʚʳ. ʅʘʧʳʣʸʥʥʳʝ ʯʘʩʪʠʮʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ. ʇʦʢʨʳʪʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪ 180 ... 200 ʄʇʘ, ʪʚʝʨʜʦʩʪʴʶ HRCe 60, ʤʠʥʠʤʘʣʴʥʦʡ 

ʧʦʨʠʩʪʦʩʪʴʶ. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʥʘ ʟʘʛʦʪʦʚʢʫ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʨʝʜʣʦʞʝʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ʋʧʨʦʯʥʝʥʠʶ ʧʦʜʣʝʞʘʣʠ ʧʦʨʰʝʥʴ ʠ ʞʘʨʦʚʦʝ ʢʦʣʴʮʦ ʥʘ 

ʜʝʪʦʥʘʮʠʦʥʥʦ-ʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʝ çʋʅ-102è. ʇʨʠʤʝʥʷʣʩʷ ʤʘʥʠʧʫʣʷʪʦʨ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʵʥʝʨʛʠʶ ʚʳʩʪʨʝʣʘ 

ʫʩʪʘʥʦʚʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʝʛʫʣʷʨʥʦʡ ʤʘʢʨʦʩʪʨʫʢʪʫʨʦʡ (ʚʦʣʥʠʩʪʦʩʪʴʶ). 

ʅʘʥʝʩʝʥʠʶ ʧʦʜʣʝʞʘʣ ʥʠʢʝʣʴ-ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ. ʊʦʣʱʠʥʦʡ ʧʦʢʨʳʪʠʷ ï 150 ... 270 ʤʢʤ, ʪʚʝʨʜʦʩʪʴ ïHV 550, 

ʘʜʛʝʟʠʷ ʢ ʦʩʥʦʚʘʥʠʶ ï 94 ... 100 ʄʇʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʜʝʪʘʣʷʭ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʧʦʢʘʟʘʣʠ ʩʥʠʞʝʥʠʝ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʷ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʣʝʮ ʩʦʩʪʘʚʣʷʝʪ 1,6Ā106é2,3Ā106, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʩʪʘʣʦʩʪʠ ʠ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʛʦʜʥʘ ʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢ 

ʚʥʝʜʨʝʥʠʶ ʚ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʪʦʥʘʮʠʦʥʥʦ-ʛʘʟʦʚʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʧʦʨʰʝʥʴ, ʞʘʨʦʚʦʝ ʢʦʣʴʮʦ, ʥʘʧʳʣʝʥʠʝ, ʧʦʢʨʳʪʠʝ. 
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E. Frolov, S. Popov " Detonation and gas strengthening of internal combustion engine parts"  

The work is dedicated to improving the reliability and durability of parts of a piston cylinder group of internal 

combustion engines. Strengthening of machine parts is possible due to the application of special technological 

processes. Modern materials and coatings must meet high operating temperatures and loads. Chromium plating, 

boring and ion-plasma spraying do not meet the established quality requirements. The aluminium piston is destroyed 

in the area of the head. This is manifested in the accumulation of holes, channels, traces of alloy leaching. In addition, 

as a result of heating, the strength of the aluminium alloy is more than doubled. 

It is proposed to create and apply a coating that can withstand operating temperatures above 2000 Á C, as well 

as pulsating loads. A detonation and gas spraying method is proposed. It is characterized by the versatility of 

materials: from polymers to refractory ceramics, precious metals and alloys. The sawn particles have high kinetic 

energy. The coating is characterized by high strength, reaching up to 180é 200 MPa, HRCe 60 hardness, minimum 

width. The temperature influence during spraying on the workpiece is negligible. A sequence of preparatory 

operations is proposed. The piston and the heat ring on the UN-102 detonation gas plant were subject to hardening. 

A manipulator using the shot energy of the installation was used. The obtained surfaces are characterized by regular 

macrostructure (waviness). The application was subject to a nickel-aluminium alloy. The coating thickness is 150é 

270 microns, the hardness is HV 550, the adhesion to the base is 94é100 MPa. 

The results of the studies on the details of the cylindrical piston group showed a decrease in operating 

temperatures due to the finalization of the coating and the high-quality seal of the combustion chamber. The durability 

of the rings is 1.6Ā106é2.3Ā106, which indicates a significant increase in fatigue resistance and work life. The proposed 

technology is suitable and recommended for implementation in batch production. 

Keywords: detonation-gas hardening, piston, heat ring, spraying, coating. 

 

ɺʩʪʫʧ 

 

ʅʘʜʽʡʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʜʝʪʘʣʝʡ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʩʘʤʦʛʦ ʜʚʠʛʫʥʘ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʮʽʻʾ ʛʨʫʧʠ ʜʝʪʘʣʝʡ ʻ ʥʘʥʝʩʝʥʥʷ ʥʘ ʾʭ 

ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʟʤʽʮʥʶʚʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʧʦʚô̫ ʟʘʥʽ ʟ 

ʥʘʜʘʥʥʷʤ ʨʦʙʦʯʠʤ ʧʦʚʝʨʭʥʷʤ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʥʝʦʙʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [1 ï 3]. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

 

ɿʘʜʘʯʘ ʧʦʜʘʣʴʰʦʛʦ ʬʦʨʩʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʧʦʚô̫ ʟʘʥʘ ʧʝʨʝʜ ʫʩʽʤ 

ʽʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʦʢʨʘʱʝʥʥʷ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ 

ʛʨʫʧʠ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʞʘʨʦʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʩʫʯʘʩʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʘʥʥʷ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ɯʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ (ʭʨʦʤʫʚʘʥʥʷ, ʙʦʨʫʚʘʥʥʷ, ʽʦʥʥʦ-

ʧʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ) ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʩʪʘʥʦʚʣʝʥʽ ʚʠʤʦʛʠ ʜʦ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘ ʟʥʘʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

[4 ï 5]. 

ʇʦʨʰʝʥʴ, ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʂ4-1 ʽʟ ʟʘʰʪʘʤʧʦʚʘʥʠʤ 

ʢʽʣʴʮʝʪʨʠʤʘʯʝʤ ʪʘ ʢʘʤʝʨʦʶ ʟʛʦʨʘʥʥʷ ʽʟ ʞʘʨʦʤʽʮʥʦʾ ʩʪʘʣʽ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟʘʟʥʘʚʘʚ ʚʧʣʠʚʫ 

ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ ʽʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 2000Üʉ ʪʘ ʧʫʣʴʩʫʶʯʠʤ ʪʠʩʢʦʤ  

0,1é10 ʄʇʘ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʙʘʛʘʪʦʧʘʣʠʚʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʛʦʣʦʚʢʠ 

ʧʦʨʰʥʷ (ʪʦʨʮʝʚʘ ʽ ʙʽʯʥʘ ʧʦʚʝʨʭʥʽ) ʪʘ ʢʨʦʤʦʢ ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ. ʇʨʠ ʦʛʣʷʜʽ (ʧʽʩʣʷ 

ʚʠʧʨʦʙʫʚʘʥʴ ʦʙʢʘʪʢʠ ʦʙʩʷʛʦʤ 500 ʛʦʜʠʥ) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʰʢʦʜʞʝʥʽ ʜʽʣʷʥʢʠ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʥʘʢʦʧʠʯʝʥʥʷ ʰʧʘʨʠʥ ʪʘ ʢʘʥʘʣʽʚ ʟʽ ʟʛʣʘʜʞʝʥʠʤʠ ʩʪʽʥʢʘʤʠ ʪʘ ʩʣʽʜʘʤʠ ʚʠʤʠʚʘʥʥʷ 

ʩʧʣʘʚʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʣʠʚʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ ʟʘ ʢʘʚʽʪʘʮʽʡʥʦ-

ʝʨʦʟʽʡʥʠʤ ʤʝʭʘʥʽʟʤʦʤ [4]. 
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ʆʢʨʽʤ ʪʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʛʨʽʚʫ ʛʦʣʦʚʢʠ ʧʦʨʰʥʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 450Üʉ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʪʨʘʪʘ ʤʽʮʥʦʩʪʽ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ï ʪʚʝʨʜʽʩʪʴ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʚʠʤʽʨʷʥʘ ʧʦʙʣʠʟʫ 

ʧʦʚʝʨʭʥʽ ʛʦʣʦʚʢʠ, ʩʢʣʘʣʘ HB 52é56 ʧʦʨʽʚʥʷʥʦ ʽʟ ʧʦʯʘʪʢʦʚʦʶ HB 121é126 [4]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʭʠʩʪ ʧʦʚʝʨʭʦʥʴ ʧʦʨʰʥʷ, ʷʢʽ ʟʘʟʥʘʶʪʴ ʧʦʰʢʦʜʞʝʥʴ ʚʽʜ ʚʧʣʠʚʫ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʻ ʚʢʨʘʡ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʞʝ ʚʽʜʦʤʦʛʦ ʧʦʢʨʠʪʪʷ, ʷʢʝ ʙ 

ʚʠʪʨʠʤʫʚʘʣʦ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʘʜ 2000Üʉ, ʘ ʪʘʢʦʞ ʜʽʶʯʠʡ ʥʘ ʥʴʦʛʦ ʫʜʘʨʥʠʡ 

ʧʫʣʴʩʫʶʯʠʡ ʪʠʩʢ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

 

ʗʢ ʟʘʩʚʽʜʯʠʣʠ ʧʦʨʽʚʥʷʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʦʶ ʻ ʪʝʭʥʦʣʦʛʽʷ ʽ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʜʽʡʩʥʶʻ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʝ ʟʤʽʮʥʝʥʥʷ. 

ɼʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʠʡ ʤʝʪʦʜ ʥʘʧʠʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʚʽʜʥʦʚʣʶʚʘʪʠ ʨʦʙʦʯʽ 

ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʽʚ ʪʘ ʜʝʪʘʣʝʡ, ʘʣʝ ʡ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʨʝʩʫʨʩ. ɼʣʷ 

ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʮʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʘʢʪʠʯʥʦ ʣʶʙʽ ʤʘʪʝʨʽʘʣʠ: ʚʽʜ 

ʧʦʣʽʤʝʨʽʚ ʜʦ ʪʫʛʦʧʣʘʚʢʦʾ ʢʝʨʘʤʽʢʠ, ʘ ʪʘʢʦʞ ʣʶʙʽ ʤʝʪʘʣʠ ʽ ʩʧʣʘʚʠ. ʈʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ, 

ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 5é100 ʤʢʤ 

ʟʘʣʝʞʥʦ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʧʦʨʦʰʢʫ ʪʘ ʧʦʪʨʽʙʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʧʘʨʠʥʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ. ʏʘʩʪʠʥʢʠ, 

ʱʦ ʥʘʧʠʣʷʶʪʴʩʷ, ʚʦʣʦʜʽʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʶ ʢʽʥʝʪʠʯʥʦʶ ʝʥʝʨʛʽʻʶ. ʎʝ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ 

ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ. ɺʽʥ ʥʘ ʧʦʨʷʜʦʢ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ 

ʽʥʰʠʤʠ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʪʘ ʛʘʟʦʝʣʝʢʪʨʠʯʥʠʤʠ  ʩʧʦʩʦʙʘʤʠ. ʄʽʮʥʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʤʦʞʝ ʩʷʛʘʪʠ 

180é200 ʄʇʘ, ʟʘʣʝʞʥʦ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ʪʘ ʜʝʪʘʣʽ. ɼʦ ʪʦʛʦ ʞ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʽ 

ʧʦʢʨʠʪʪʷ ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʫ ʰʧʘʨʠʥʥʽʩʪʴ ï ʜʦ 0,5é1,0% (ʛʘʟʦʧʦʣʫʤʝʥʝʚʽ ï 10%, ʘ ʧʣʘʟʤʦʚʽ 

ï 2%). ʇʨʠ ʮʴʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʦʢʨʠʪʪʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʪʘʣʽ ʧʨʠ ʥʘʧʠʣʝʥʥʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʨʦʟʤʽʨʽʚ, ʥʝ ʧʝʨʝʚʠʱʫʻ 530 ʂ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʠʟʴʢʦʤʫ ʚʽʜʧʘʣʫ. ɺʥʘʩʣʽʜʦʢ 

ʤʘʣʦʾ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʥʘʧʠʣʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʥʝʟʥʘʯʥʠʡ. ɺʽʜʩʫʪʥʷ 

ʜʝʬʦʨʤʘʮʽʷ ʜʝʪʘʣʽ, ʱʦ ʥʘʧʠʣʶʻʪʴʩʷ. 

ɼʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʪʘʢʦʞ ʩʣʽʜ ʚʽʜʥʝʩʪʠ: 

ï ʤʦʞʣʠʚʽʩʪʴ ʧʣʘʚʥʦʛʦ ʪʘ ʩʪʽʡʢʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʚ ʰʠʨʦʢʠʭ 

ʜʽʘʧʘʟʦʥʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʣʷ ʢʦʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʩʪʘʥʦʚʠʪʠ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ 

ʥʘʧʠʣʝʥʥʷ; 

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʥʘʧʠʣʝʥʥʷ ʜʦʟʚʦʣʷʻ 

ʬʦʨʤʫʚʘʪʠ ʧʦʢʨʠʪʪʷ ʽʟ ʰʦʨʩʪʢʽʩʪʶ ʚʽʜ 10 ʜʦ 20 ʤʢʤ, ʱʦ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝ ʚʠʤʘʛʘʻ 

ʜʦʜʘʪʢʦʚʦʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ; 

ï ʚʠʩʦʢʘ ʝʥʝʨʛʽʷ ʧʨʦʜʫʢʪʽʚ ʜʝʪʦʥʘʮʽʾ, ʱʦ ʧʨʠʩʢʦʨʶʻ ʯʘʩʪʠʥʢʠ, ʽ ʧʽʜʚʠʱʫʻ ʾʭ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʧʦʢʨʠʪʪʷ ʽʟ ʪʫʛʦʧʣʘʚʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝ ʣʠʰʝ ʥʘ ʤʝʪʘʣʝʚʠʭ 

ʜʝʪʘʣʷʭ ʽʟ ʪʚʝʨʜʽʩʪʶ ʧʦʚʝʨʭʥʽ HRCe 60 ʪʘ ʚʠʱʝ, ʘʣʝ ʡ ʥʘ ʥʝʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʘʭ (ʩʢʣʦ, 

ʢʝʨʘʤʽʢʘ, ʜʝʨʝʚʦ, ʢʘʨʪʦʥ ʪʘ ʽʥ.). 

ʇʝʨʝʜ ʥʘʧʠʣʝʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʧʽʜʛʦʪʦʚʯʠʭ 

ʦʧʝʨʘʮʽʡ: 

ï ʜʝʪʘʣʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʩʪʘʪʦʯʥʦ ʤʝʭʘʥʽʯʥʦ ʦʙʨʦʙʣʝʥʽ ʦʢʨʽʤ ʤʽʩʮʴ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ 

ʟʤʽʮʥʝʥʥʶ. ɺ ʮʠʭ ʤʽʩʮʷʭ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʠʜʘʣʝʥʠʡ ʰʘʨ ʤʝʪʘʣʫ, ʱʦ ʜʦʨʽʚʥʶʻ ʪʦʚʱʠʥʽ 

ʟʤʽʮʥʶʚʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ; 

ï ʧʽʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʽ, ʟʙʝʨʽʛʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʧʽʜ ʟʤʽʮʥʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʧʨʠʤʽʱʝʥʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʝ ʥʠʞʯʝ 18Üʉ ʪʘ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʥʝ ʚʠʱʝ 

75%. ʇʨʠ ʮʴʦʤʫ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʨʝʯʦʚʠʥ, ʱʦ 

ʩʧʨʠʷʶʪʴ ʢʦʨʦʟʽʾ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʟʤʽʮʥʶʶʪʴʩʷ; 

ï ʧʦʚʝʨʭʥʽ ʟʤʽʮʥʝʥʥʷ ʧʽʜʣʷʛʘʶʪʴ ʩʪʨʫʡʥʦ-ʘʙʨʘʟʠʚʥʽʡ ʦʙʨʦʙʮʽ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʢʘʤʝʨʽ ʧʽʜ 
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ʪʠʩʢʦʤ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ 0,4é0,6 ʄʇʘ, ʚʽʜʩʪʘʥʴ ʚʽʜ ʟʨʽʟʫ ʩʦʧʣʘ ʧʦʚʽʪʨʷʥʦʛʦ ʧʽʩʪʦʣʝʪʘ ʜʦ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ 40é70 ʤʤ, ʢʫʪ ʥʘʭʠʣʫ ʧʦʪʦʢʫ 60é90Ü; 

ï ʧʦʚʝʨʭʥʽ, ʱʦ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʟʤʽʮʥʝʥʥʶ, ʟʘʭʠʱʘʶʪʴʩʷ ʚʽʜ ʚʧʣʠʚʫ ʩʪʨʫʡʥʦ-ʘʙʨʘʟʠʚʥʦʾ 

ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʧʦʜʘʣʴʰʦʛʦ ʥʘʧʠʣʝʥʥʷ, ʩʧʝʮʽʘʣʴʥʠʤʠ ʝʢʨʘʥʘʤʠ; 

ï ʧʽʩʣʷ ʩʪʨʫʡʥʦ-ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʜʫʚʘʥʥʷ ʩʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʘʙʨʘʟʠʚʫ; 

ï ʷʢʽʩʪʴ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʧʽʜ ʟʤʽʮʥʝʥʥʷ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤ ʦʛʣʷʜʦʤ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʫʧʠ 4-ʢʨʘʪʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ. ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʧʦʚʠʥʥʘ ʙʫʪʠ  

Rz 80é100 ʟʘ ɻʆʉʊ 2789. 

ɹʫʣʦ ʟʤʽʮʥʝʥʦ ʜʦʩʣʽʜʥʫ ʧʘʨʪʽʶ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ï ʧʦʨʰʝʥʴ ʪʘ 

ʞʘʨʦʚʝ ʢʽʣʴʮʝ. ʅʘʧʠʣʝʥʥʷ ʚʠʢʦʥʘʥʦ ʥʘ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʽʡ ʫʩʪʘʥʦʚʮʽ çʋʅ-102è, ʜʦ ʩʢʣʘʜʫ 

ʷʢʦʾ ʚʭʦʜʠʪʴ ʤʘʥʽʧʫʣʷʪʦʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʠʥʭʨʦʥʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʜʝʪʘʣʽ ʧʽʜ ʯʘʩ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʦʛʦ ʟʤʽʮʥʝʥʥʷ 

çʋʅ-102è ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1, ʘ ʪʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚ ʪʘʙʣ. 1. 

ɾʘʨʦʚʝ ʢʽʣʴʮʝ ʷʚʣʷʻ ʩʦʙʦʶ ʢʽʣʴʮʝ ʤʘʥʞʝʪʥʦʛʦ ʪʠʧʫ L-ʧʦʜʽʙʥʦʛʦ ʧʝʨʝʨʽʟʫ. ʆʜʥʠʤ 

ʩʚʦʾʤ ʝʣʝʤʝʥʪʦʤ ï ʤʘʥʞʝʪʦʶ, ʢʦʥʪʘʢʪʫʶʯʝ ʽʟ ʮʠʣʽʥʜʨʦʤ, ʘ ʜʨʫʛʠʤ ï ʧʦʣʢʦʶ ï ʽʟ ʧʦʨʰʥʝʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫʱʽʣʴʥʝʥʥʷ ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ. 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʞʘʨʦʚʝ ʢʽʣʴʮʝ ʟʘʟʥʘʻ ʪʝʨʤʽʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʞʘʨʦʚʦʛʦ ʢʽʣʴʮʷ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 300Üʉ ʥʘ ʤʘʥʞʝʪʽ ʜʦ 420Üʉ ʥʘ ʧʦʣʮʽ. 

ʈʫʡʥʫʚʘʥʥʷ ʢʽʣʝʮʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʯʠʥʘʻʪʴʩʷ ʟʘʚʞʜʠ ʟ ʤʘʥʞʝʪʠ ʪʘ ʤʘʻ ʚʪʦʤʥʠʡ ʭʘʨʘʢʪʝʨ. 

ɼʦʩʣʽʜʥʽ ʧʦʨʰʥʽ ʚʠʢʦʥʘʥʽ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʞʘʨʦʤʽʮʥʦʾ ʩʪʘʣʽ ʜʣʷ ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ, 

ʪʦʙʪʦ ʢʦʥʪʫʨ ʢʘʤʝʨʠ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʧʦʚʥʽʩʪʶ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ, ʘ ʛʦʩʪʨʽ ʢʨʦʤʢʠ 

ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ ʤʘʶʪʴ ʟʘʥʠʞʝʥʥʷ ʜʦ ʮʝʥʪʨʘ [6]. 

ɼʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʦʤʫ ʥʘʧʠʣʝʥʥʶ ʙʫʣʦ ʧʽʜʜʘʥʦ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ ʤʘʥʞʝʪʠ 

ʞʘʨʦʚʦʛʦ ʢʽʣʴʮʷ. ʅʘʧʠʣʝʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʥʝʨʛʽʶ ʧʦʩʪʨʽʣʫ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʞʘʨʦʚʦʛʦ ʢʽʣʴʮʷ 

ʧʦʢʨʠʪʪʷ ʽʟ ʩʫʚʦʨʦ ʨʝʛʫʣʷʨʥʦʶ ʤʘʢʨʦʩʪʨʫʢʪʫʨʦʶ (ʭʚʠʣʷʩʪʽʩʪʶ). ʎʝ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ 

ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʪʦʯʥʦʩʪʽ (Ñ0,05 ʤʤ) ʚʽʜʪʚʦʨʝʥʥʷ ʢʨʦʢʽʚ ʥʘʧʠʣʝʥʥʷ (ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ 

ʦʜʠʥʠʯʥʠʤʠ ʧʣʷʤʘʤʠ), ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʚʠʭʦʜʷʯʠ ʟ ʬʦʨʤʠ ʧʣʷʤʠ ʥʘʧʠʣʝʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʣʦ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʧʦʢʨʠʪʪʷ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤ ʨʽʚʥʝʤ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʽ, 

ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ, ʩʫʚʦʨʦ ʦʜʥʘʢʦʚʠʤ ʟʘ ʫʩʽʻʶ ʜʦʚʞʠʥʦʶ ʢʦʣʘ ʞʘʨʦʚʦʛʦ ʢʽʣʴʮʷ. 

 

 
 

ʈʠʩ. 1. ʋʩʪʘʥʦʚʢʘ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʦʛʦ ʟʤʽʮʥʝʥʥʷ çʋʅ-102è, ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʤʘʥʽʧʫʣʷʪʦʨʽ 
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ʊʘʙʣʠʮʷ 1 
ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʩʪʘʥʦʚʢʠ çʋʅ-102è 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ʂʘʣʽʙʨ ʩʪʚʦʣʘ, ʤʤ 20 

ɼʦʚʞʠʥʘ ʩʪʚʦʣʘ, ʤʤ 640é1840 

ʐʚʠʜʢʦʩʪʨʽʣʴʥʽʩʪʴ, ʮʠʢʣ/ʩ ʜʦ 15 

ʇʦʜʘʯʘ ʧʦʨʦʰʢʫ ʜʦ ʩʪʚʦʣʘ ʨʘʜʽʘʣʴʥʘ 

ʆʙô̒ ʤ ʙʫʥʢʝʨʘ ʜʦʟʘʪʦʨʘ, ʤʣ 160 

ʊʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ ʟʘ 1 ʧʦʩʪʨʽʣ, ʤʢʤ 2é20 

ʂʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʰʢʫ ʜʦ 0,8 

ʈʦʙʦʯʽ ʛʘʟʠ 

ʛʘʟʦʧʦʜʽʙʥʝ ʧʘʣʠʚʦ 

(ʘʮʝʪʠʣʝʥ, ʧʨʦʧʘʥ, ʚʦʜʝʥʴ), ʢʠʩʝʥʴ, 

ʘʟʦʪ (ʧʦʚʽʪʨʷ) 

ʈʦʙʦʯʠʡ ʪʠʩʢ ʫʩʽʭ ʛʘʟʽʚ, ʄʇʘ 0,12Ñ0,01 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʣʠʚʘ ʪʘ ʢʠʩʥʶ ʫ ʛʦʨʶʯʽʡ 

ʩʫʤʽʰʽ 
ʚʽʜ 1:1 ʜʦ 1:5 

ʐʚʠʜʢʦʜʽʷ: ʛʘʟʦʚʠʭ ʢʣʘʧʘʥʽʚ, ʧʦʨʦʰʢʦʚʠʭ 

ʜʦʟʘʪʦʨʽʚ, ʤʩ 
12+2; 16+2 

ʉʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚʦʜʷʥʘ, ʟʘʤʢʥʝʥʘ 

ʂʝʨʫʚʘʥʥʷ 
ʜʠʩʪʘʥʮʽʡʥʝ, ʘʚʪʦʤʘʪʠʯʥʝ, 

ʧʨʦʛʨʘʤʦʚʘʥʝ 

ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ, ɺ 380/220 

ʅʘʡʙʽʣʴʰʘ ʩʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʢɺʪ 5 

ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʤʤ 2500Ú644Ú1200 

ʄʘʩʘ, ʢʛ 360 
 

ʄʘʪʝʨʽʘʣ ʧʦʢʨʠʪʪʷ ï ʥʽʢʝʣʴ-ʘʣʶʤʽʥʽʻʚʠʡ ʩʧʣʘʚ ʽʟ ʪʦʚʱʠʥʦʶ ʧʦʢʨʠʪʪʷ  

150é270 ʤʢʤ, ʪʚʝʨʜʽʩʪʶ ï HV 550, ʘʜʛʝʟʽʻʶ ʜʦ ʦʩʥʦʚʠ ï 94é100 ʄʇʘ. ʇʽʩʣʷ ʧʦʢʨʠʪʪʷ 

ʢʽʣʴʮʝ ʰʣʽʬʫʚʘʣʦʩʷ. 

ʇʦʨʽʚʥʷʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʪʘʥʫ ʪʘ ʚʪʦʤʥʦʾ 

ʤʽʮʥʦʩʪʽ ʞʘʨʦʚʦʛʦ ʢʽʣʴʮʷ, ʱʦ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ-ʚʠʨʦʙʥʠʢʦʚʽ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ (ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çɿʘʚʦʜ ʽʤʝʥʽ ɺ.ʆ. ʄʘʣʠʰʝʚʘ, ʤ. ʍʘʨʢʽʚè), 

ʟʘʩʚʽʜʯʠʣʠ ʥʘʩʪʫʧʥʝ: 

ï ʥʘ ʢʽʣʴʮʷʭ ʽʟ ʟʤʽʮʥʶʚʘʣʴʥʠʤ ʧʦʢʨʠʪʪʷʤ ʜʦʩʷʛʥʫʪʦ (ʥʘ 45Üʉ ʥʘ ʤʘʥʞʝʪʽ ʪʘ 110Üʉ ʥʘ 

ʧʦʣʮʽ) ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʜʦʙʨʠʤ ʧʨʠʧʨʘʮʶʚʘʥʥʷʤ ʧʦʢʨʠʪʪʷ ʪʘ, 

ʷʢ ʥʘʩʣʽʜʦʢ, ʷʢʽʩʥʠʤ ʫʱʽʣʴʥʝʥʥʷʤ ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ; 

ï ʢʽʣʴʮʷ ʽʟ ʫʱʽʣʴʥʶʚʘʣʴʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʚʠʧʨʦʙʫʚʘʥʽ ʮʠʢʣʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

(ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʥʘʢʦʧʦʩʪʽʡʥʠʤ ʮʠʢʣʦʤ), ʤʘʣʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 1,6Ŀ106; 1,83Ŀ106 ʪʘ 2,3Ŀ106 

ʮʠʢʣʽʚ ï ʜʣʷ ʩʝʨʽʡʥʠʭ ʢʽʣʝʮʴ. 

ʆʪʞʝ, ʤʦʞʣʠʚʦ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʦʧʦʨʫ ʚʪʦʤʽ ʞʘʨʦʚʠʭ ʢʽʣʝʮʴ, 

ʟʤʽʮʥʝʥʠʭ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʠʤ ʤʝʪʦʜʦʤ. ʗʢ ʥʘʩʣʽʜʦʢ, ʤʘʻʤʦ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ. 
 

ɺʠʩʥʦʚʢʠ 
 

ʆʪʨʠʤʘʥʽ ʥʘʧʠʣʝʥʽ ʧʦʢʨʠʪʪʷ ʽʟ ʚʠʩʦʢʠʤʠ ʷʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ʅʘ ʦʩʥʦʚʽ ʧʦʚʝʜʝʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʥʘʥʝʩʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʪʘ ʤʽʮʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʠʤ ʥʘʧʠʣʝʥʥʷʤ ʥʘ ʜʝʪʘʣʽ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʝʢʦʥʦʤʽʶ ʤʝʪʘʣʫ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʟʘʤʽʥʫ ʜʘʥʠʭ ʜʝʪʘʣʝʡ. 

ʊʨʠʚʘʣʽ ʩʪʝʥʜʦʚʽ ʪʘ ʥʘʪʫʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʥʦʾ ʧʘʨʪʽʾ ʧʦʨʰʥʽʚ ʽʟ ʜʝʪʦʥʘʮʽʡʥʦ-

ʛʘʟʦʚʠʤ ʟʤʽʮʥʝʥʥʷʤ, ʧʨʦʚʝʜʝʥʽ ʟʘ ʧʦʚʥʦʶ ʧʨʦʛʨʘʤʦʶ ʧʽʜʧʨʠʻʤʩʪʚʘ-ʚʠʨʦʙʥʠʢʘ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ, ʧʦʢʘʟʘʣʠ ʧʦʚʥʫ ʧʨʠʜʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ ʜʣʷ 

ʨʽʟʢʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʚʠʛʫʥʘ. ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʘ ʫ ʩʝʨʽʡʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ. 
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ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

 

ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʢʽʚ ʩʢʦʨʦʯʝʥʥʷ ʦʙʩʷʛʫ ʨʦʙʽʪ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʧʨʠʚʝʜʝʥʥʷ ʡʦʛʦ ʜʦ ʪʠʧʦʚʦʛʦ ʘʙʦ ʤʦʜʫʣʴʥʦʤʫ ʚʠʜʫ ʷʢ ʥʘʡʙʽʣʴʰ 

ʧʨʦʛʨʝʩʠʚʥʦʛʦ ʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ [1]. 

ɸʥʘʣʽʟ ʜʝʪʘʣʝʡ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ ʟʘ ʬʦʨʤʦʶ, ʤʘʪʝʨʽʘʣʘʤʠ, ʨʦʟʤʽʨʘʤʠ ʽ 

ʩʣʫʞʙʦʚʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ ʧʦʢʘʟʘʚ, ʱʦ ʾʭ ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʛʨʫʧʠ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʧʝʚʥʠʭ ʪʠʧʽʚ, ʥʘʧʨʠʢʣʘʜ, ʜʝʪʘʣʽ ʪʠʧʫ ʚʘʣ, ʚʪʫʣʢʠ ʽ ʪ.ʜ. ɼʣʷ 

ʜʝʪʘʣʝʡ ʦʜʥʦʛʦ ʪʠʧʫ ʤʦʞʥʘ ʨʦʟʨʦʙʠʪʠ ʪʠʧʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʽʜʥʦʚʣʝʥʥʷ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʦʜʫʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ 

ʜʝʪʘʣʝʡ ʪʠʧʦʚʠʭ ʤʦʜʫʣʴʥʠʭ ʩʧʦʣʫʯʝʥʴ [2]. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʥʦʩ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʻ 

ʧʝʨʝʚʘʞʘʶʯʠʤ ʽ ʩʪʘʥʦʚʠʪʴ 52% [3]. ʊʦʤʫ ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʥʦʚʣʝʥʥʷ 

ʜʝʪʘʣʝʡ ʪʠʧʫ ʚʘʣ ʥʘʧʣʘʚʣʝʥʥʷʤ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʘʢʪʫʘʣʴʥʘ.  

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ  

 

ɯʜʝʾ ʪʠʧʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʢʣʘʚ ʆ.ʇ. ʉʦʢʦʣʦʚʩʴʢʠʡ. ʇʽʜ ʪʠʧʽʟʘʮʽʻʶ 

ʨʦʟʫʤʽʶʪʴ ʩʪʚʦʨʝʥʥʷ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʛʨʫʧ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʦʜʽʙʥʠʭ ʜʝʪʘʣʝʡ. ɼʣʷ 

ʾʭʥʴʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʙʠʨʘʶʪʴ ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ, ʟʘʩʦʙʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 
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ʦʩʥʘʱʝʥʥʷ ʡ ʬʦʨʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ. ʄʝʪʦʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʧʨʦʮʝʩʽʚ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʢʣʘʩʠʬʽʢʘʮʽʷ ʜʝʪʘʣʝʡ. ʂʣʘʩ ʧʦʻʜʥʫʻ ʜʝʪʘʣʽ, ʟʚô̫ ʟʘʥʽ 

ʩʧʽʣʴʥʽʩʪʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ. 

ʆʜʥʦʪʠʧʥʽ ʜʝʪʘʣʽ ʦʙʨʦʙʣʷʶʪʴ ʧʦ ʪʠʧʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʜʥʘʢʦʚʽʩʪʶ ʟʤʽʩʪʫ ʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʙʽʣʴʰʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʽ ʧʝʨʝʭʦʜʽʚ ʜʣʷ ʛʨʫʧ ʜʝʪʘʣʝʡ ʽʟ ʟʘʛʘʣʴʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʦʟʥʘʢʘʤʠ. ʊʝʭʥʦʣʦʛʽʯʥʘ ʪʠʧʽʟʘʮʽʷ ʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʦʜʝʨʞʘʣʘ ʰʠʨʦʢʝ 

ʧʦʰʠʨʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʪʠʧʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦ ʥʘʥʝʩʝʥʥʶ ʧʦʢʨʠʪʪʽʚ. 

ʄʝʪʦʜ ʛʨʫʧʦʚʦʾ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ, ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʉ.ʇ. ʄʠʪʨʦʬʘʥʦʚʠʤ ʥʘ ʦʩʥʦʚʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʝʪʘʣʝʡ. ʄʝʪʦʜ ʫʩʪʘʥʦʚʣʶʻ ʦʜʥʦʪʠʧʥʽ ʩʧʦʩʦʙʠ ʦʙʨʦʙʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʰʚʠʜʢʦ ʧʝʨʝʥʘʣʘʰʪʦʚʫʚʘʥʠʭ ʟʘʩʦʙʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʜʣʷ ʛʨʫʧ ʦʜʥʦʨʽʜʥʠʭ ʧʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʟʥʘʢʘʭ ʜʝʪʘʣʝʡ.  

ɯ.ɯ. ʃʫʥʝʚʩʢʠʤ ʨʦʟʨʦʙʣʝʥʘ ʟʙʽʣʴʰʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʜʝʪʘʣʝʡ ʚʘʞʢʠʭ ʛʫʩʝʥʠʯʥʠʭ 

ʪʨʘʢʪʦʨʽʚ. ʉʪʦʩʦʚʥʦ ʜʦ ʘʚʪʦʨʝʤʦʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʜʦʤʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʝʪʘʣʝʡ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ɺ.ɸ. ʐʘʜʨʠʯʝʚʠʤ. ɼʦ ʧʝʨʝʚʘʛʠ ʮʽʻʾ ʢʣʘʩʠʬʽʢʘʮʽʡ 

ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʧʦʜʽʣ ʜʝʪʘʣʝʡ ʥʝ ʪʽʣʴʢʠ ʧʦ ʢʣʘʩʘʭ, ʘʣʝ ʡ ʛʨʫʧʘʤ ʟ ʤʝʪʦʶ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʡ 

ʥʘʫʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʇʦʚʝʨʭʥʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʧʦʜʽʙʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʽʟ ʟʘʛʘʣʴʥʠʤʠ 

ʦʟʥʘʢʘʤʠ ʫʤʦʚ ʨʦʙʦʪʠ ʥʘʟʠʚʘʶʪʴ ʪʠʧʦʚʠʤʠ. ʋ ʨʦʙʦʪʽ ʅ.ɺ. ʄʦʣʦʜʠʢʘ, ʆ.ʉ. ɿʝʥʢʽʥʘ [4] 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʠʧʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʾʭ ʢʦʜʦʚʽ ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʤʘʰʠʥʥʦʾ 

ʦʙʨʦʙʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʆʄ. ʋʩʽ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʝʪʘʣʽ ʧʽʜʨʦʟʜʽʣʷʶʪʴ ʥʘ ʜʚʘ ʢʣʘʩʠ: ʪʽʣʘ 

ʦʙʝʨʪʘʥʥʷ ʡ ʥʝ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ. ɯʟ ʜʚʦʭ ʢʣʘʩʽʚ ʜʝʪʘʣʝʡ ʚʠʜʽʣʝʥʦ ʩʽʤ ʧʽʜʢʣʘʩʽʚ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʛʨʫʧʠ ʽ ʾʭ ʢʦʜʦʚʽ ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʤʘʰʠʥʥʦʾ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʆʄ.  

 

ʌʦʨʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ ʥʘʧʣʘʚʣʝʥʥʷʤ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʨʝʩʫʨʩʫ ʧʦ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ  

 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʚʘʣʽʚ ʥʘʧʣʘʚʣʝʥʥʷʤ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʤʽʩʪʠʪʴ ʷʢ ʦʩʥʦʚʥʽ ʦʧʝʨʘʮʽʾ ʟ ʧʽʜʛʦʪʦʚʢʠ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʽ 

ʥʘʧʣʘʚʣʝʥʥʷ ʧʦʢʨʠʪʪʷ, ʪʘʢ ʽ ʦʧʝʨʘʮʽʾ ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ ʤʦʜʠʬʽʢʫʶʯʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʄʂʄ) ʽ ʧʨʠʛʦʪʫʚʘʥʥʶ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʂʄ) ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ, 

ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ, ʨʠʩ. 1.  

ʇʦʧʝʨʝʜʥʷ ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʟʥʦʰʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʪʦʢʘʨʥʦ-

ʛʚʠʥʪʦʨʽʟʥʦʤʫ ʚʝʨʩʪʘʪʽ, ʥʘʧʨʠʢʣʘʜ 1ʄ63, ʨʽʟʮʝʤ 21010011 ʊ15ʂ6 ɻʆʉʊ 18879-86 ʟ ʢʫʪʦʤ 

600. ɻʣʠʙʠʥʘ ʦʙʨʦʙʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʝʩʫʨʩ ʚʽʜʥʦʚʣʝʥʠʭ 

ʜʝʪʘʣʝʡ ʽ ʩʧʦʣʫʯʝʥʥʷ ʥʘ ʨʽʚʥʽ ʘʙʦ ʧʝʨʝʚʠʱʫʻ ʨʽʚʝʥʴ ʥʦʚʠʭ. 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʝʦʙʭʽʜʥʠʡ ʨʝʩʫʨʩ, ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

1. ɿʘ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʚʩʪʘʥʦʚʣʶʻʤʦ 

ʚʝʣʠʯʠʥʠ ʛʨʘʥʠʯʥʦʛʦ ʟʘʟʦʨʫ (ɿʧ) ʚ ʩʧʦʣʫʯʝʥʥʽ ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʘʟʦʨ ʧʦ ʢʨʝʩʣʝʥʥʷʭ (ɿʯ). 

2. ɺʠʟʥʘʯʘʻʤʦ ʛʨʘʥʠʯʥʫ ʚʝʣʠʯʠʥʫ ʟʥʦʩʫ ʩʧʦʣʫʯʝʥʥʷ ʚʟʘʻʤʦʜʽʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʧ ʯɿ ɿ ɿD = -.       (1) 

3. ɺʠʟʥʘʯʘʻʤʦ ʪʦʚʱʠʥʫ ʚʽʜʥʦʚʥʦʛʦ ʧʦʢʨʠʪʪʷ (ʊ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 
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ʜʝ Uc, Uʚ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʩʝʨʽʡʥʦʾ ʽ ʚʽʜʥʦʚʣʝʥʦʾ ʜʝʪʘʣʝʡ; 

k ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʜʦʨʽʚʥʶʻ: 1 ï ʧʨʠ ʥʘʧʣʘʚʮʽ ʥʘ ʦʜʥʫ ʩʪʦʨʦʥʫ; 2 ï ʧʨʠ ʥʘʧʣʘʚʮʽ ʥʘ 

ʧʨʦʪʠʣʝʞʥʽ ʩʪʦʨʦʥʠ ʜʝʪʘʣʽ ʽ ʮʠʣʽʥʜʨʠʯʥʽ ʧʦʚʝʨʭʥʽ. 

 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʪʠʧʫ ʚʘʣ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ 

ʥʘʧʣʘʚʣʝʥʥʷʤ ʂʄ 

ɿ ʦʪʨʠʤʘʥʦʛʦ ʚʠʨʘʟʫ ʜʣʷ ʪʦʚʱʠʥʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ (2) ʚʠʜʥʦ, ʱʦ ʪʦʚʱʠʥʘ 

ʚʽʜʥʦʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʛʨʘʥʠʯʥʦʛʦ ʟʥʦʩʫ ʩʧʦʣʫʯʝʥʥʷ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. ʊʦʤʫ, ʯʠʤ ʤʝʥʰʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʥʦʰʫʚʘʥʥʷ ʚʽʜʥʦʚʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʪʠʤ ʤʝʥʰʝ ʡʦʛʦ ʪʦʚʱʠʥʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʠʡ 

ʨʝʩʫʨʩ ʜʝʪʘʣʽ. 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ ʨʦʟʨʦʙʣʷʻʤʦ ʨʝʤʦʥʪʥʽ 

ʢʨʝʩʣʝʥʥʷ ʜʝʪʘʣʽ ʘʙʦ ʾʾ ʝʣʝʤʝʥʪʘ (ʨʠʩ. 3) ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʢʦʥʪʫʨʫ  

(ʨʠʩ. 2). 
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ʈʠʩ. 2. ʄʦʜʝʣʴ ʫʪʚʦʨʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʢʦʥʪʫʨʫ ʝʣʝʤʝʥʪʘ ʜʝʪʘʣʽ 

 

 

ʈʠʩ. 3. ʈʝʤʦʥʪʥʝ ʢʨʝʩʣʝʥʥʷ ʝʣʝʤʝʥʪʘ ʜʝʪʘʣʽ, ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʥʘʧʠʣʝʥʥʷʤ ʧʦʢʨʠʪʪʷ 

 

ʇʨʦʮʝʜʫʨʘ ʧʽʜʛʦʪʦʚʢʠ ʟʥʦʰʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʥʘʧʣʘʚʣʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʧʦʣʷʛʘʻ ʚ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ, ʧʨʠ ʷʢʽʡ ʚʠʜʘʣʷʶʪʴʩʷ ʩʣʽʜʠ ʟʥʦʩʫ. ʊʦʚʱʠʥʘ 

ʚʠʜʘʣʷʻʤʦʛʦ ʰʘʨʫ ʜʝʪʘʣʽ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʚʝʣʠʯʠʥʽ, ʨʦʟʨʘʭʦʚʘʥʽʡ ʟʘ ʬʦʨʤʫʣʦʶ 2, ʢʦʣʠ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʥʦʩ ʥʝ ʧʝʨʝʚʠʱʫʻ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʘʙʦ ʜʦʨʽʚʥʶʻ ʡʦʤʫ, ʷʢʱʦ 

ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʤʝʥʰʝ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʟ 

ʪʚʝʨʜʽʩʪʶ ʙʽʣʴʰʝ 40 HRC ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜ ʝʣʝʢʪʨʦʽʩʢʨʦʚʦʛʦ ʣʝʛʫʚʘʥʥʷ 

[5]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʥʦʚʣʶʚʘʥʠʡ ʢʦʥʪʫʨ ʷʚʣʷʻ ʩʦʙʦʶ ʟʤʽʥʝʥʫ ʬʦʨʤʫ ʜʝʪʘʣʽ ʧʽʩʣʷ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʧʦʧʝʨʝʜʥʴʦʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʥʦʰʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʽʜ ʥʘʧʣʘʚʢʫ. 

ʇʽʩʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʚʦʜʠʪʴʩʷ ʦʧʝʨʘʮʽʷ ʧʦ ʟʥʝʞʠʨʝʥʥʶ ʥʘʧʠʣʶʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ. ʄʠʡʢʘ ʽ ʟʥʝʞʠʨʝʥʥʷ ʜʝʪʘʣʝʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʤʠʶʯʦʤʫ ʨʦʟʯʠʥʽ çʃʘʙʦʤʠʜ-102è 

ʘʙʦ çʃʘʙʦʤʠʜ-203è ʊʋ 3870738-73 ʟ ʨʦʟʨʘʭʫʥʢʫ 20 ʛ/ʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 353ʂ ʧʨʦʪʷʛʦʤ 10-

15 ʭʚ. ʇʽʩʣʷ ʤʠʡʢʠ ʜʝʪʘʣʽ ʥʝʦʙʭʽʜʥʦ ʦʧʦʣʦʩʥʫʪʠ ʚ ʯʠʩʪʽʡ ʛʘʨʷʯʽʡ ʚʦʜʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 353ʂ 

ʽ ʧʨʦʩʫʰʠʪʠ ʜʦ ʧʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ.  

ɼʦʜʘʪʢʦʚʦ ʥʘʧʣʘʚʣʷʻʤʫ ʧʦʚʝʨʭʥʶ ʤʦʞʥʘ ʟʥʝʞʠʨʠʪʠ ʦʨʛʘʥʽʯʥʠʤ ʨʦʟʯʠʥʥʠʢʦʤ 

(ʙʝʥʟʠʥʦʤ, ʫʘʡʪʩʧʠʨʠʪʦʤ, ʘʮʝʪʦʥʦʤ, ʪʝʪʨʘʭʣʦʨʝʪʽʣʝʥʦʤ, ʪʨʠʭʣʦʨʝʪʠʣʝʥʦʤ), ʪʦʤʫ ʱʦ ʚʽʜ 

ʯʠʩʪʦʪʠ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ. 
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ʥʘʧʣʘʚʣʝʥʥʷ 

ʧʦʢʨʠʪʪʷ 

ɼʝʬʝʢʪʥʠʡ ʢʦʥʪʫʨ ɺ̔ ʜʥʦʚʣʶ-

ʚʘʥʠʡ 

ʢʦʥʪʫʨ 

ʄʽʥ̔ʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʠʡ ʜʽʘʤʝʪʨ 

ʅʦʤʽʥʘʣʴʥʠʡ ʜʽʘʤʝʪʨ 

ɺ̔ ʜʥʦʚʣʶʚʘʣʴʥʝ 

ʧʦʢʨʠʪʪʷ 

¶
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ʇʝʨʝʜ ʥʘʧʣʘʚʣʝʥʥʷʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜʛʦʪʦʚʢʘ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʘ 

ʧʦʣʷʛʘʻ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʄʂʄ (ʨʠʩ. 4) ʽ ʟʤʽʰʫʚʘʥʥʽ ʡʦʛʦ ʟ ʧʦʨʦʰʢʦʤ ʇɻ-10ʅ-01, 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʽʾ (ʨʠʩ. 5) ʪʘ ʜʦʜʘʚʘʥʥʽ ʩʧʦʣʫʯʥʦʛʦ ʜʦ ʧʘʩʪʦʧʦʜʽʙʥʦʛʦ ʩʪʘʥʫ ʽ ʥʘʥʝʩʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʥʘʧʣʘʚʣʷʻʤʫ ʧʦʚʝʨʭʥʶ (ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 4. ʊʝʭʥʦʣʦʛʽʯʥʽ ʝʪʘʧʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʄʂʄ 

 

 

 

 

ʈʠʩ. 5. ʂʄ (10% ʄʂʄ ʽ 90% ʇɻ-10ʅ-01) ʧʽʩʣʷ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʽʾ 

ʈʠʩ. 6. ʂʄ, ʥʘʥʝʩʝʥʠʡ ʥʘ ʩʪʘʣʝʚʫ ʦʩʥʦʚʫ 

 

ʇʽʩʣʷ ʧʨʦʩʫʰʫʚʘʥʥʷ ʧʨʠ ʥ.ʫ. ʧʨʦʪʷʛʦʤ 1-2 ʜʽʙ ʚʠʢʦʥʫʶʪʴ ʜʫʛʦʚʝ ʥʘʧʣʘʚʣʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʚʝʨʪʦʨʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʇʘʪʦʥ ɺɼɯ-200ʈ DC TIG ʛʨʘʬʽʪʦʚʠʤ 

ʝʣʝʢʪʨʦʜʦʤ ʜʽʘʤʝʪʨʦʤ 10 ʤʤ, ʩʪʨʫʤ ʥʘʧʣʘʚʣʝʥʥʷ 80-120 ɸ, ʧʦʣʷʨʥʽʩʪʴ ï ʧʨʷʤʘ. 

ʅʝʦʙʭʽʜʥʘ ʪʦʚʱʠʥʘ ʥʘʧʣʘʚʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

b
dD

h +
-

=
2

,      (3) 

ʜʝ D ï ʜʽʘʤʝʪʨ ʚʘʣʘ ʟʘ ʢʨʝʩʣʝʥʥʷʤ, ʤʤ;  

d ï ʜʽʘʤʝʪʨ ʚʘʣʘ ʧʽʩʣʷ ʧʨʦʪʦʯʫʚʘʥʥʷ;  

b ï ʧʨʠʧʫʩʢ ʥʘ ʩʪʦʨʦʥʫ ʜʣʷ ʤʝʭʦʙʨʦʙʢʠ ʧʽʩʣʷ ʥʘʧʣʘʚʣʝʥʥʷ (0,1ï0,5 ʤʤ). 

ʂʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʥʘ ʥʘʷʚʥʽʩʪʴ ʪʨʽʱʠʥ, ʨʘʢʦʚʠʥ, ʧʦʨ, ʚʽʜʰʘʨʫʚʘʥʴ, 

ʰʣʘʢʦʚʠʭ ʚʢʣʶʯʝʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʫʧʠ 10-ʪʠ ʢʨʘʪʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʛʽʜʥʦ 

ɻʆʉʊ 8309-75. 

ʄʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʦʤʫ ʚʝʨʩʪʘʪʽ 1ʄ63. ɿ ʦʛʣʷʜʫ 

ʥʘ ʚʠʩʦʢʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʷ ʜʦʮʽʣʴʥʦ ʦʙʨʦʙʢʫ ʧʨʦʚʦʜʠʪʠ ʨʽʟʮʝʤ ʟ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʦʶ 

ʨʽʞʫʯʦʶ ʚʩʪʘʚʢʦʶ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʦʙʨʦʙʢʫ ʧʦʢʨʠʪʪʽʚ ʟ ʪʚʝʨʜʽʩʪʶ ʜʦ 72 HRʉ 

ʦʜʠʥʠʮʴ ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʽ ʯʠʩʪʦʪʦʶ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʰʣʽʬʫʚʘʥʥʷ 

ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʨʫʛʠ ʟ ʢʘʨʙʽʜʫ ʟʝʣʝʥʦʛʦ ʤʘʨʢʠ ʂ316 ʉʄ1ʂ5 

ʘʙʦ ʢʨʫʛʠ ʟ ʘʣʤʘʟʘʤʠ ɸʉʂʄ, ɸʉʂ, ɸʉɺ ʟʝʨʥʠʩʪʽʩʪʶ 200/160, 250/200 ʥʘ ʤʝʪʘʣʝʚʠʭ ʟʚô̫ ʟʢʘʭ 

ʄʆ16, ʄʆ13, ʄɺ1 ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ ʚʦʜʦʶ ʟ 5% ʝʤʫʣʴʩʦʣʫ ɽ-2. ʐʣʽʬʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ 

ʥʘ ʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʨʝʞʠʤʘʭ: ʰʚʠʜʢʽʩʪʴ ʢʨʫʛʘ Vʢʨ = 10-35 ʤ/ʩ, 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʽ 10-30 ʤ/ʭʚ, ʛʣʠʙʠʥʘ ʰʣʽʬʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʷ 0,01-0,25 ʤʤ, 

ʟʘʣʠʰʢʦʚʘ 0,005-0,015 ʤʤ, ʧʦʟʜʦʚʞʥʷ ʧʦʜʘʯʘ (0,3-0,7) ɺ, ʜʝ ɺ ï ʜʦʚʞʠʥʘ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ. 

ʇʽʩʣʷ ʦʩʪʘʪʦʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʟʫʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ. ʆʙʨʦʙʣʝʥʘ ʧʦʚʝʨʭʥʷ 

ʧʦʢʨʠʪʪʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʝʟ ʤʽʢʨʦʪʨʽʱʠʥ, ʚʽʜʰʘʨʫʚʘʥʴ, ʚʤô̫ ʪʠʥ ʽ ʽʥʰʠʭ. 

      50 ʤʢʤ 

ʇʨʦʩʫʰʫʚʘʥʥʷ 

ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʇʨʦʩʽʚʘʥʥʷ 

ʧʦʨʦʰʢʽʚ 

ɿʤʽʰʫʚʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ 

ʄʝʭʘʥʦʘʢʪʠʚʘʮʽʷ 

ʧʦʨʦʰʢʦʚʦʾ ʩʫʤʽʰʽ 

ɼʦʜʘʚʘʥʥʷ ʩʧʦʣʫʯʥʦʛʦ 

ʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʌʦʨʤʫʚʘʥʥʷ 

ʮʠʣʽʥʜʨʘ 

ʇʨʦʩʫʰʫʚʘʥʥʷ 

ʧʨʠ ʥ. ʫ. 
ʇʨʦʚʝʜʝʥʥʷ 

ʉɺʉ-ʧʨʦʮʝʩʫ 

ɼʨʦʙʣʝʥʥʷ 

ʩʧʽʢʘ 
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 ʇʨʠ ʚʠʷʚʣʝʥʥʽ ʜʝʬʝʢʪʫ ʡʦʛʦ ʚʠʜʘʣʷʶʪʴ ʽ ʧʦʚʪʦʨʶʶʪʴ ʧʨʦʮʝʩ ʥʘʧʣʘʚʣʝʥʥʷ ʧʦʢʨʠʪʪʷ. 

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʟʘ ɻʆʉʊ 166-80 ʽ 

ʤʽʢʨʦʤʝʪʨʽʚ ʟʘ ɻʆʉʊ 4381-78. 

ʂʨʽʤ ʮʴʦʛʦ, ʟʘ ʥʝʦʙʭʽʜʥʽʩʪʶ, ʧʨʠ ʢʦʥʪʨʦʣʽ ʧʦʢʨʠʪʪʽʚ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʩʪʨʫʢʪʫʨʫ, 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʱʽʣʴʥʽʩʪʴ, ʧʦʨʠʩʪʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʽ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʨʘʟʢʠ-ʩʚʽʜʢʠ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ 

ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

ɿʦʥʘ ʩʧʣʘʚʫ, ʧʦʢʨʠʪʪʷ ʽ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʫ ʟʨʘʟʢʽʚ, ʱʦ ʥʘʧʣʘʚʣʝʥʽ ʤʘʪʨʠʯʥʠʤ 

ʩʧʣʘʚʦʤ ʇɻ-10ʅ-01 ʙʝʟ ʄʂʄ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʫ ʜʝʥʜʨʠʜʥʫ ʩʪʨʫʢʪʫʨʫ, ʚʠʢʣʠʢʘʥʫ ʤʘʣʠʤʠ 

ʰʚʠʜʢʦʩʪʷʤʠ ʦʭʦʣʦʜʞʝʥʥʷ (ʨʠʩ. 7, ʘ). ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʂʄ ʻ 

ʤʘʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ï ʩʧʣʘʚ ʇɻ-10ʅ-01, ʚ ʷʢʦʤʫ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʪʚʝʨʜʽ ʚʢʣʶʯʝʥʥʷ 

(ʨʠʩ. 7, ʙ ʽ ʚ). 

 

   
ʘ ʙ ʚ 

ʈʠʩ. 7. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʘ ï ʇɻ-10ʅ-01; ʙ ï 10% ʄʂʄ + 90% ʇɻ-10ʅ-01; ʚ ï 20% ʄʂʄ + 80% ʇɻ-10ʅ-01 

 

ɺʽʜʩʫʪʥʽʩʪʴ ʜʝʥʜʨʠʪʽʚ ʚ ʥʘʧʣʘʚʣʝʥʥʦʤʫ ʰʘʨʽ ʻ ʬʘʢʪʦʨʦʤ, ʱʦ ʯʠʥʠʪʴ ʧʦʟʠʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʤʽʮʥʽʩʪʴ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʧʦʢʨʠʪʪʽʚ ʚ ʟʦʥʽ ʩʧʣʘʚʫ.  

ɻʨʫʥʪʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʚʝʨʜʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ ʚ ʥʘʧʣʘʚʣʝʥʦʤʫ ʰʘʨʽ ʂʄ (10% ʄʂʄ + 90% ʇɻ-10ʅ-01) ʻ ʯʘʩʪʠʥʢʠ ʜʠʙʦʨʠʜʫ 

ʪʠʪʘʥʫ (Tiɺ2), ʙʦʨʠʜʫ ʥʽʢʝʣʶ (Ni3B), ʦʢʩʠʜʠ ʪʠʪʘʥʫ (TiO) ʪʘ ʟʘʣʽʟʘ (Fe3O4) [6]. ʋ ʂʄ (20% 

ʄʂʄ + 80% ʇɻ-10ʅ-01) ʮʝ ʪʘʢʦʞ ʯʘʩʪʢʠ ʜʠʙʦʨʠʜʫ ʪʠʪʘʥʫ (Tiɺ2), ʙʦʨʠʜʫ ʥʽʢʝʣʶ (Ni3B), 

ʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO) ʽ ʚʠʷʚʣʝʥʠʡ ʙʦʨʠʜ ʭʨʦʤʫ (CrB), ʚ ʪʦʡ ʞʝ ʯʘʩ ʚʽʜʩʫʪʥʽʡ ʦʢʩʠʜ ʟʘʣʽʟʘ 

(Fe3O4) [7].  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʥʘʧʣʘʚʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʂʄ ʩʢʣʘʜʫ (10% 

ʄʂʄ + 90% ʇɻ-10ʅ-01) ʽ (20% ʄʂʄ + 80% ʇɻ-10ʅ-01), ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚ 

ʥʘʧʣʘʚʣʝʥʦʤʫ ʰʘʨʽ ʧʨʠʩʫʪʥʽ ʪʚʝʨʜʽ ʚʢʣʶʯʝʥʥʷ. ʊʘʢ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʥʘʧʣʘʚʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ, 

ʱʦ ʤʽʩʪʷʪʴ ʄʂʄ, ʧʝʨʝʚʠʱʫʻ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʥʘʧʣʘʚʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʇɻ-10ʅ-01, ʱʦ 

ʜʦʨʽʚʥʶʻ 520 HV, ʽ ʩʪʘʥʦʚʠʪʴ 740 HV ʫ ʧʦʢʨʠʪʪʷ, ʱʦ ʤʽʩʪʠʪʴ 10% ʄʂʄ, ʽ 978 HV ʧʨʠ 

ʫʪʨʠʤʘʥʥʽ 20% ʄʂʄ, ʚʽʜʧʦʚʽʜʥʦ ʪʚʝʨʜʽʩʪʴ ʧʦ ʈʦʢʚʝʣʣʫ ʜʦʨʽʚʥʶʻ 34, 40, 50 HRC.  

ʈʘʥʽʰʝ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ [6, 7], ʱʦ ʂʄ ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ 

ʟʽ ʩʧʣʘʚʦʤ ʇɻ-10ʅ-01 ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʢʨʽʧʣʝʥʠʭ ʯʘʩʪʠʥʦʢ ʘʙʨʘʟʠʚʫ, ʪʘʢ ʜʣʷ ʂʄ ʩʢʣʘʜʫ 

(10% ʄʂʄ + 90% ʇɻ-10ʅ-01) ʚʦʥʘ ʟʙʽʣʴʰʠʣʘʩʷ ʚ 1,5 ʨʘʟʠ, ʜʣʷ ʂʄ (20% ʄʂM + 80% ʇɻ-

10ʅ-01) ï ʚ 1,7 ʨʘʟ. 

 

ɺʠʩʥʦʚʢʠ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ 

ʥʘʧʣʘʚʣʝʥʥʷʤ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʦʨʦʰʢʫ ʇɻ-10ʅ-01 ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʾʭ ʨʝʩʫʨʩ ʧʦ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʚ 1,5é1,7 ʨʘʟ. 
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ʉʪʝʧʘʥʦʚ ʆ. ɺ. çʇʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʘ ʥʘʜʽʡʥʽʩʪʴ ʚʦʜʽʷ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽè 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʚʧʣʠʚʫ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʚʦʜʽʷ ʥʘ ʙʝʟʧʝʢʫ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ. ɿô̫ ʩʦʚʘʥʦ, ʱʦ ʧʨʘʮʷ ʚʦʜʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʧʣʠʚʦʤ ʥʘ ʥʴʦʛʦ ʥʝ ʪʽʣʴʢʠ 

ʢʦʤʧʣʝʢʩʫ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ, ʘʣʝ ʽ ʙʝʟʣʽʯʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʢʣʘʜʥʦʤʫ ʚʟʘʻʤʦʟʚô̫ ʟʢʫ, ʽ ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʡʦʛʦ ʩʪʘʥ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʩʫʪʥʽ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʽ 

ʧʦʢʘʟʥʠʢʠ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʚʦʜʽʷ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʘ ʥʘʜʽʡʥʽʩʪʴ ʚʦʜʽʷ, ʷʢ ʬʘʢʪʦʨ ʩʭʠʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ, 

ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʙʝʟʧʝʢʫ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʠʡ ʧʨʦʮʝʩ, ʚʦʜʽʡ, ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʷ, ʥʘʜʽʡʥʽʩʪʴ, ʙʝʟʧʝʢʘ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. 

 

ʉʪʝʧʘʥʦʚ ɸ. ɺ. çʇʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʚʦʜʠʪʝʣʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʨʦʮʝʩʩʝè 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʣʠʷʥʠʷ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʚʦʜʠʪʝʣʷ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʨʦʮʝʩʩʝ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʪʨʫʜ ʚʦʜʠʪʝʣʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʣʠʷʥʠʝʤ ʥʘ ʥʝʛʦ ʥʝ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʦ ʠ 

ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʣʦʞʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ, ʠ ʦʪ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʝʛʦ ʩʦʩʪʦʷʥʠʝ. ʇʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʦʙʱʝʧʨʠʟʥʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʥʘʜʝʞʥʦʩʪʠ ʚʦʜʠʪʝʣʷ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʚʦʜʠʪʝʣʷ, ʢʘʢ ʬʘʢʪʦʨ ʩʢʣʦʥʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʢ ʩʦʟʜʘʥʠʶ ʦʧʘʩʥʳʭ 

ʩʠʪʫʘʮʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʨʦʮʝʩʩ, ʚʦʜʠʪʝʣʴ, ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʷ, ʥʘʜʝʞʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

O. Stepanov " Psychophysiological reliability of the driver in the transport process"  

The article considers the problem of the influence of psychophysiological reliability of the driver on road 

safety in the transport process. It has been proven that the work of a driver is characterized by the impact on him or 

her of many different unfavorable production and external factors, which are in the complex relationship. There are 

no generally accepted indicators of psychophysiological reliability of the driver, which affect road safety. It is 

concluded that the main problem of road safety in the transport process is the psychophysiological reliability of the 

driver, which is the guarantor of safety in the transport process. 

Keywords: transport process, driver, psychophysiology, reliability, road safety. 

 

ɺʩʪʫʧ 

 

ʅaʩʠʯʝʥʽʩʪʴ ʩʫʯaʩʥoʛʦ ʜoʨoʞʥʴoʛo ʨʫʭʫ ʚ ʪʨaʥʩʧoʨʪʥoʤʫ ʧʨoʮʝʩʽ ʟʥaʯʥo ʧʽʜʚʠʱʫʻ 

ʥʝoʙʭʽʜʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʧʨoʮʝʩʫ ʩʧʨʠʡʥʷʪʪʷ ʚoʜʽʻʤ ʜoʨoʞʥʽʭ ʫʤoʚ ʽ ʙʽʣʴʰ ʧoʚʥoʛo oʙʣʽʢʫ 

ʡoʛʦ ʧʩʠʭoʬʽʟʽoʣoʛʽʯʥʠʭ oʩoʙʣʠʚoʩʪʝʡ. ʋ ʟʚᾷʷʟʢʫ ʟ ʮʠʤ, ʟʛʽʜʥo ʟʽ ʩʧʝʮʠʬʽʢoʶ ʤʝʪoʜʽʚ 

ʜoʩʣʽʜʞʝʥʥʷ ʫ ʧʩʠʭʦʣʦʛʽʾ ʪʘ ʪʝʭʥʽʮʽ, ʽʩʥʫʻ ʨoʟʨʠʚ ʤʽʞ ʧʽʜʭoʜʘʤʠ ʜʦ oʧʠʩʫ ʧʩʠʭoʣoʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʶʜʠʥʠ ʪʘ ʬʫʥʢʮʽoʥʫʚʘʥʥʷ ʤaʰʠʥʠ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʧʨʦʬʝʩʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʶʜʠʥʠ ʬʦʨʤʫʻʪʴʩʷ ʥʝ ʚ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘ ʚ ʧʨʦʮʝʩʽ ʾʾ ʞʠʪʪʷ ʽ 

ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʚʦʜʽʷ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ (ɹɼʈ), 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʥʘʫʢʦʚʽʡ ʦʩʥʦʚʽ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʾ ʣʶʜʠʥʠ ʱʝ ʻ ʜʫʞʝ ʙʘʛʘʪʦ 

ʥʝʚʠʨʽʰʝʥʠʭ ʧʠʪʘʥʴ ʽ ʮʷ ʥʘʫʢʘ, ʷʢ ʽ ʟʘʛʘʣʴʥʘ ʪʝʦʨʽʷ ʥʘʜʽʡʥʦʩʪʽ, ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʦʟʚʠʪʢʫ. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ ʥʘʫʢʦʚʦʛʦ ʧʽʟʥʘʥʥʷ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʚʯʝʥʥʷ ʩʢʣʘʜʥʠʭ 

(ʢʦʤʧʣʝʢʩʥʠʭ) ʧʽʟʥʘʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʨʦʟʛʣʷʜ 

ʦʙᾷʻʢʪʘ ʷʢ ʩʠʩʪʝʤʠ (ɯ. ɺ. ɹʣʘʫʙʝʨʛ, ʃ. ɹʝʨʪʘʣʘʥʬʽ) [1 ï 2]. ʊʝʦʨʽʷ ʩʠʩʪʝʤ ʚʠʜʽʣʷʻ ʦʩʥʦʚʥʽ 

ʘʩʧʝʢʪʠ, ʦʟʥʘʢʠ ʪʘ ʧʨʠʥʮʠʧʠ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʦʙᾷʻʢʪ 

ʷʢ ʩʠʩʪʝʤʥʝ ʷʚʠʱʝ [4 ï 7]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 
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ʥʘʫʢʦʚʮʷʤʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʙʣʝʤ ʷʢ ʙʝʟʧʝʢʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ɸʊɿ), ʪʘʢ ʽ 

ɹɼʈ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʝʟʧʝʢʠ ɸʊɿ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘʷʚʥʽʩʪʴ ʬʘʢʪʦʨʘ ʣʶʜʠʥʠ ʚʥʦʩʠʪʴ ʥʘʜʟʚʠʯʘʡʥʽ 

ʪʨʫʜʥʦʱʽ. ʇʨʠ ʮʴʦʤʫ ʬʫʥʢʮʽʾ, ʧʦʚᾷʷʟʘʥʽ ʟ ʬʽʟʽʦʣʦʛʽʯʥʦʶ ʥʘʜʽʡʥʽʩʪʶ ʚʦʜʽʷ, ʷʢ ʩʢʣʘʜʦʚʦʶ 

ʬʘʢʪʦʨʘ ʣʶʜʠʥʠ, ʧʦʢʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʬʦʨʤʘʣʽʟʦʚʘʥʽ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ʈʦʟʛʣʷʜʘʶʯʠ ʧʨʦʙʣʝʤʠ ɹɼʈ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘʫʢʦʚʮʷʤʠ ʟᾷʷʩʦʚʘʥʦ, ʱʦ 

ʚʦʜʽʡ, ʷʢ ʫʯʘʩʥʠʢ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ (ʋɼʈ), ʩʘʤ ʚʥʦʩʠʪʴ ʫ ʩʠʩʪʝʤʫ ɹɼʈ ʜʝʷʢʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʫ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ [3, 5 ï 9].  

ʋ ʨʽʟʥʦʧʣʘʥʦʚʠʭ ʧʨʘʮʷʭ ɺ. ɺ. ɸʤʙʘʨʮʶʤʷʥʘ, ɭ. ʄ. ʃʦʙʘʥʦʚʘ, ʖ. ɺ. ʄʠʟʫʥʘ,  

ɺ. ɺ. ʅʘʛʦʨʥʦʛʦ, ɯ. ʉ. ʅʘʛʣʶʢʘ, ɺ. ʇ. ʇʦʣʽʱʫʢʘ, ʇ. ɸ. ʇʻʛʽʥʘ, ʈ. ɺ. ʈʦʪʝʥʙʝʨʛʘ, ʖ. ɸ. 

ʍʦʣʦʜʦʚʘ, ɯ. ɭ. ʉʫʨʛʘʯʝʚʘ, ʃ. ɯ. ʉʦʧʽʣʴʥʠʢʘ, ɸ. ʉ. ʋʩʤʘʥʦʚʘ, ɯ. ɺ. ʋʩʦʣʴʮʝʚʘ, ɭ. ɹ. ʍʣʻʙʮʦʚʦʾ 

ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʥʘʫʢʦʚʮʽʚ ʜʦʚʝʜʝʥʦ, ʱʦ ʧʨʘʮʷ ʚʦʜʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʧʣʠʚʦʤ ʥʘ ʥʴʦʛʦ 

ʥʝ ʪʽʣʴʢʠ ʢʦʤʧʣʝʢʩʫ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ, ʘʣʝ ʽ ʙʝʟʣʽʯʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʢʣʘʜʥʦʤʫ ʚʟʘʻʤʦʟʚᾷʷʟʢʫ, ʽ ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʡʦʛʦ 

ʩʪʘʥ. ɿʦʢʨʝʤʘ, ʚʦʜʽʡ ʪʘ ʽʥʰʽ ʋɼʈ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʧʦʩʪʽʡʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭʥʽʡ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʡ ʩʪʘʥ, ʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʠʡʥʷʪʪʷ ʧʦʤʠʣʢʦʚʠʭ ʨʽʰʝʥʴ ʽ ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ɹɼʈ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ. ɿʦʢʨʝʤʘ, 

ʚʦʜʽʡ ʩʘʤ ʚʥʦʩʠʪʴ ʫ ʩʠʩʪʝʤʫ ɹɼʈ ʜʝʷʢʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʊʦʙʪʦ ʤʠ ʤʘʻʤʦ 

ʦʜʥʫ ʟ ʩʫʯʘʩʥʠʭ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ɹɼʈ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ï ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʾ ʚʦʜʽʷ, ʡʦʛʦ ʧʨʦʬʝʩʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ɹɼʈ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʛʣʷʜ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʚʦʜʽʷ ʪʘ ʾʾ ʚʧʣʠʚ ʥʘ ɹɼʈ ʫ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

 

ʈʦʟʛʣʷʜʘʶʯʠ ʥʘʜʽʡʥʽʩʪʴ ʚʦʜʽʷ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ 

ʜʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ çɺʦʜʽʡ ï ɸʚʪʦʤʦʙʽʣʴ ï ɼʦʨʦʛʘ 

ï ʉʝʨʝʜʦʚʠʱʝè (ɺɸɼʉ) ʦʢʨʝʤʦ [1]. ʇʨʠ ʮʴʦʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʤʝʪʘ ʩʠʩʪʝʤʠ ï 

ʟʙʝʨʝʞʝʥʥʷ ɹɼʈ ʟ ʤʝʪʦʶ ʧʦʧʝʨʝʜʞʝʥʥʷ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ (ɼʊʇ). ʅʘʧʨʠʢʣʘʜ, 

ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ɸʊɿ ʧʽʜʚʠʱʫʻ ʽʤʦʚʽʨʥʽʩʪʴ ʡʦʛʦ ʚʽʜʤʦʚ. ʅʝʟʘʜʦʚʽʣʴʥʠʡ ʩʪʘʥ 

ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ, ʥʝʜʦʩʢʦʥʘʣʘ ʦʨʛʘʥʽʟʘʮʽʷ ʨʫʭʫ ʥʘ ʘʚʪʦʰʣʷʭʘʭ ʟʥʠʞʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ 

ɹɼʈ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʙʝʟʚʽʜʧʦʚʽʜʘʣʴʥʝ ʩʪʘʚʣʝʥʥʷ ʚʦʜʽʷ ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɸʊɿ, ʥʝʚʤʽʥʥʷ 

ʦʮʽʥʶʚʘʪʠ ʩʠʪʫʘʮʽʶ ʥʘ ʜʦʨʦʟʽ ʘʙʦ ʧʦʚʝʜʽʥʢʫ ʽʥʰʠʭ ʋɼʈ ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʠ ʷʢ ʜʣʷ ʙʝʟʧʝʢʠ 

ɸʊɿ, ʪʘʢ ʽ ɹɼʈ ʫ ʮʽʣʦʤʫ. ɿʦʢʨʝʤʘ, ʦʙʣʘʰʪʫʚʘʥʥʷ ʜʦʨʦʛʠ ʽ ʨʽʚʝʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ ʤʦʞʫʪʴ ʧʦʣʝʛʰʫʚʘʪʠ ʘʙʦ ʫʩʢʣʘʜʥʶʚʘʪʠ ʨʦʙʦʪʫ ʚʦʜʽʷ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʥʘʜʘʚʘʪʠ ʧʨʷʤʠʡ 

ʚʧʣʠʚ ʥʘ ʡʦʛʦ ʧʩʠʭʦʝʤʦʮʽʡʥʠʡ ʩʪʘʥ, ʥʘ ʡʦʛʦ ʥʘʜʽʡʥʽʩʪʴ [6]. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ɹɼʈ ʚʧʣʠʚʘʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʟʘʻʤʦʜʽʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʩʪʦʩʫʶʪʴʩʷ ʢʦʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ɺɸɼʉ. ʇʨʠ ʮʴʦʤʫ ʧʽʜ ʧʦʥʷʪʪʷʤ 

çʉʝʨʝʜʦʚʠʱʝè ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʫʤʦʚʠ ʤʽʩʮʷ ʧʝʨʝʙʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, ʜʦʨʦʛʠ ʽ ʚʦʜʽʷ ʷʢ ʋɼʈ, 

ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʚʟʘʻʤʦʜʽʾ. ʉʝʨʝʜʦʚʠʱʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ, ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ, ʾʭ ʚʟʘʻʤʦʜʽʻʶ ʟ ʣʶʜʠʥʦʶ ʪʘ ʫʤʦʚʘʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ɸʊɿ. 

ʌʘʭʽʚʮʷʤʠ ʚ ʛʘʣʫʟʽ ʟʘʛʘʣʴʥʦʾ ʪʘ ʽʥʞʝʥʝʨʥʦʾ ʧʩʠʭʦʣʦʛʽʾ ʫ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʥʘʜʽʡʥʦʩʪʽ ʣʶʜʠʥʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʜʽʷʣʴʥʦʩʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʙʨʘʪʠ ʟʜʘʪʥʽʩʪʴ ʰʚʠʜʢʦ ʽ 

ʙʝʟʧʦʤʠʣʢʦʚʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʫ ʨʽʟʥʦʙʽʯʥʠʭ ʩʪʨʝʩʦʚʠʭ ʩʠʪʫʘʮʽʷʭ  [5, 7 ï 8]. 
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 ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʙʝʟʧʝʢʠ ɸʊɿ ʪʘ ɹɼʈ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ 

ʩʣʽʜ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʦʥʷʪʪʷʤ çʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʘ ʥʘʜʽʡʥʽʩʪʴ ʚʦʜʽʷè (ʇʅɺ). ɺʦʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʘʩʪʦʪʦʶ ʧʦʤʠʣʦʢ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʽʜʤʦʚ ʩʠʩʪʝʤ ɸʊɿ, ʪʨʠʚʘʣʽʩʪʶ ʘʙʦ 

ʪʦʯʥʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʦʧʝʨʘʮʽʡ ʱʦʜʦ ʢʝʨʫʚʘʥʥʷ ɸʊɿ, ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ (ʇɼʈ) ʪʦʱʦ. ʉʘʤʽ ʧʦ ʩʦʙʽ ʮʽ ʧʦʢʘʟʥʠʢʠ ʱʝ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʩʪʘʪʦʯʥʫ 

ʇʅɺ. ʇʨʦ ʾʭ ʟʥʘʯʠʤʽʩʪʴ ʤʦʞʥʘ ʩʫʜʠʪʠ ʣʠʰʝ ʧʽʩʣʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʚʟʘʻʤʦʟʚᾷʷʟʢʫ 

ʧʦʢʘʟʥʠʢʽʚ ʜʽʷʣʴʥʦʩʪʽ ʚʦʜʽʷ ʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ʚʩʽʻʾ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ [6].  

ɺʽʜʦʤʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ɹɼʈ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ʜʽʷʣʴʥʽʩʪʴ ʚʦʜʽʷ ʥʝ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʦʚʥʽʩʪʶ ʧʨʦʝʢʪʦʚʘʥʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʠ [5]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ 

ʢʽʣʴʢʽʩʥʝ ʚʠʨʘʞʝʥʥʷ ʇʅɺ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʝʣʴʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʘʙʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ. ʋ ʷʢʦʩʪʽ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʧʦʥʫʶʪʴʩʷ: ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʨʦʙʢʠ ʚʦʜʽʻʤ 

ʽʥʬʦʨʤʘʮʽʾ, ʯʘʩ ʧʩʠʭʦʤʦʪʦʨʥʦʾ ʨʝʘʢʮʽʾ ʚʦʜʽʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʚʦʜʽʷ ʪʦʱʦ. ʇʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʘ ʟʜʘʪʥʽʩʪʴ ʚʦʜʽʷ ɸʊɿ ʜʦ ʰʚʠʜʢʦʛʦ ʧʨʠʡʦʤʫ ʽ ʧʝʨʝʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ.  

ʂʨʽʤ ʪʦʛʦ ʚʦʜʽʻʚʽ ʜʦʚʦʜʠʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʽʥʰʠʤʠ ʋɼʈ. ʎʝʡ ʧʨʦʮʝʩ 

ʭʘʨʘʢʪʝʨʥʠʡ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ, ʪʦʤʫ ʱʦ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʘʤʽʨʠ ʽʥʰʠʭ ʋɼʈ ʥʽʢʦʣʠ ʥʝ ʙʫʚʘʻ 

ʧʦʚʥʦʶ ʽ ʦʩʪʘʪʦʯʥʦʶ. ʆʪʞʝ, ʧʦʚʝʜʽʥʢʘ ʋɼʈ, ʧʦʛʘʥʠʡ ʩʪʘʥ ʜʦʨʦʛʠ ʘʙʦ ʥʝʟʘʜʦʚʽʣʴʥʽ ʧʦʛʦʜʥʽ 

ʫʤʦʚʠ ʥʘʚᾷʷʟʫʶʪʴ ʚʦʜʽʻʚʽ ʧʝʚʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʜʣʷ ɹɼʈ. ʊʦʙʪʦ ʚʦʜʽʡ ɸʊɿ ï ʮʝ ʣʘʥʢʘ 

ʩʠʩʪʝʤʠ ɺɸɼʉ, ʬʫʥʢʮʽʷʤʠ ʷʢʦʛʦ ʻ ʦʙʨʦʙʢʘ ʩʧʨʠʡʥʷʪʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ɹɼʈ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ [9].  

ʅʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ɹɼʈ, ʩʪʚʦʨʶʶʪʴ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʘʤʦʾ ʙʝʟʧʝʢʠ. ʊʦʙʪʦ ʪʘʢʪʠʢʘ ʙʝʟʧʝʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʦʜʽʻʤ 

ɸʊɿ ï ʮʝ ʨʝʘʣʽʟʘʮʽʷ ʚʠʨʦʙʣʝʥʦʾ ʩʪʨʘʪʝʛʽʾ ʚʦʜʽʻʤ. ʇʨʠ ʮʴʦʤʫ ʩʪʨʘʪʝʛʽʷ ʚʦʜʽʷ ʜʦ ʙʝʟʧʝʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ɸʊɿ ʥʘʡʯʘʩʪʽʰʝ ʥʦʩʠʪʴ ʽʥʪʫʾʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʤʘʣʦ ʭʪʦ ʟ ʚʦʜʽʾʚ ʟʘʤʠʩʣʶʻʪʴʩʷ 

ʧʨʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚʦʜʽʻʤ ʻ 

ʥʘʩʣʽʜʢʦʤ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʥʴʦʛʦ ʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʢʽʥʮʝʚʦʤʫ 

ʧʽʜʩʫʤʢʫ ï ɹɼʈ [7 ï 8].  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚʦʜʽʻʚʽ ɸʊɿ ʜʦʚʦʜʠʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ 

ʩʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ, ʧʦʚᾷʷʟʘʥʽ ʟ ʨʝʬʣʝʢʪʦʨʥʦʶ ʨʝʘʢʮʽʻʶ, ʥʘʧʨʫʞʝʥʦʶ ʨʦʟʫʤʦʚʦʶ ʜʽʷʣʴʥʽʩʪʶ, 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʫʚʘʛʠ ʪʘ ʨʦʟʛʣʷʜʦʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ɸʊɿ. 

ʋ ʪʘʢʠʡ ʩʧʦʩʽʙ ʧʨʦʙʣʝʤʘ ɹɼʈ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ʧʦʣʷʛʘʻ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟᾷʷʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʽ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʨʠʡʥʷʪʪʷ ʡ ʧʝʨʝʨʦʙʢʠ ʚʦʜʽʻʤ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ɸʊɿ, ʜʦʨʦʞʥʶ ʦʙʩʪʘʥʦʚʢʫ, ʚʧʣʠʚʫ ʜʦʨʦʞʥʽʭ ʫʤʦʚ, ʨʦʟʨʦʙʮʽ 

ʧʦʢʘʟʥʠʢʽʚ ʽ ʤʝʪʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʫʨʘʭʦʚʫʚʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʬʘʢʪʦʨʘ ʣʶʜʠʥʠ 

ʥʘ ʇʅɺ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ [3, 7]. 

ɺʽʜʟʥʘʯʠʤʦ, ʚ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ ʦʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʻ ʧʦʥʷʪʪʷ çʚʽʜʤʦʚʘ ʩʠʩʪʝʤʠè. ʇʽʜ ʮʠʤ ʧʦʥʷʪʪʷʤ, ʟʘʟʚʠʯʘʡ, ʨʦʟʫʤʽʻʪʴʩʷ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʩʚʦʾʭ ʬʫʥʢʮʽʡ ʧʨʠ ʥʝʥʘʜʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʯʝʨʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʘʙʦ ʧʨʠ ʧʦʤʠʣʢʦʚʠʭ ʜʽʷʭ [8 ï 9].  

ʉʪʦʩʦʚʥʦ ʚʦʜʽʷ ɸʊɿ ʧʦʥʷʪʪʷ çʥʘʜʽʡʥʽʩʪʴè ʽ çʚʽʜʤʦʚʘè ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰ ʰʠʨʦʢʝ, 

ʥʽʞ ʜʣʷ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ. ɺʦʥʠ ʦʭʦʧʣʶʶʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜʤʦʚʫ ʯʝʨʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʘ ʡ 

ʟʤʽʥʫ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʽʷ ʧʽʜ ʚʧʣʠʚʦʤ ʜʦʚʢʽʣʣʷ. ʊʦʙʪʦ ʜʦ ʚʽʜʤʦʚʠ ʚʦʜʽʷ ɸʊɿ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʧʦʤʠʣʢʠ ʧʨʠ ʩʧʨʠʡʥʷʪʪʽ ʡ ʧʽʟʥʘʥʥʽ ʦʙᾷʻʢʪʽʚ ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʷʢʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʨʠʡʥʷʪʪʷ ʧʦʤʠʣʢʦʚʠʭ ʨʽʰʝʥʴ; ʚʠʢʦʥʘʥʥʷ ʢʝʨʫʶʯʠʭ ʜʽʡ, ʷʢʽ ʤʦʞʫʪʴ 

ʩʪʚʦʨʠʪʠ ʥʝʙʝʟʧʝʯʥʽ ʩʠʪʫʘʮʽʾ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ʘʙʦ ʧʨʠʚʝʩʪʠ ʜʦ ɼʊʇ; ʧʨʠʧʠʥʝʥʥʷ 

ʚʦʜʽʻʤ ʨʦʙʦʪʠ ʧʽʜ ʚʧʣʠʚʦʤ ʬʘʢʪʦʨʘ ʣʶʜʠʥʠ ï ʧʦʨʫʰʝʥʥʷ ʡʦʛʦ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʡ 

ʽʥ.  

ʊʘʢʠʤ ʯʠʥʦʤ ɹɼʈ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʯʝʨʝʟ ʇʅɺ ʪʘ 

çʚʽʜʤʦʚʫè ʚʦʜʽʷ, ʷʢʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʘʢʪʦʨʘ ʩʭʠʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ 

ʩʠʪʫʘʮʽʡ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ. ʇʨʠ ʮʴʦʤʫ ʦʙʦʚᾷʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʤʘʻ ʙʫʪʠ ʚʨʘʭʫʚʘʥʥʷ 

ʬʘʢʪʦʨʘ ʣʶʜʠʥʠ ï ʚʦʜʽʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ. 
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ʈʦʟʛʣʷʜʘʶʯʠ ʬʘʢʪʦʨ ʇʅɺ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ʧʨʠʭʦʜʠʤʦ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʇʅɺ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʨʠʡʥʷʪʦʾ ʚʦʜʽʻʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʋɼʈ ʪʘ ʟʤʽʥʫ 

ʜʦʨʦʞʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʢʦʥʘʚʯʠʭ 

ʢʘʥʘʣʘʭ. ʊʦʙʪʦ ʧʨʠ ʧʝʚʥʽʡ ʪʨʝʥʦʚʘʥʦʩʪʽ ʚʦʜʽʡ ʤʦʞʝ ʨʝʘʛʫʚʘʪʠ ʧʨʘʢʪʠʯʥʦ ʦʜʥʦʯʘʩʥʦ ʷʢ ʥʘ 

ʩʠʛʥʘʣʠ, ʦʙʨʦʙʢʘ ʷʢʠʭ ʚʠʤʘʛʘʻ ʘʢʪʠʚʥʦʛʦ ʟʦʩʝʨʝʜʞʝʥʥʷ ʫʚʘʛʠ, ʪʘʢ ʽ ʥʘ ʩʠʛʥʘʣʠ, ʨʝʘʢʮʽʷ ʥʘ 

ʷʢʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ. ʆʩʢʽʣʴʢʠ ʚʦʜʽʡ ʤʦʞʝ ʦʜʥʦʯʘʩʥʦ ʩʧʨʠʡʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟʦʨʦʚʠʤʠ ʪʘ 

ʩʣʫʭʦʚʠʤʠ ʘʥʘʣʽʟʘʪʦʨʘʤʠ, ʦʙʨʦʙʢʘ ʷʢʠʭ ʚʠʤʘʛʘʻ ʘʢʪʠʚʥʦʛʦ ʟʦʩʝʨʝʜʞʝʥʥʷ ʫʚʘʛʠ, ʪʦ ʡʦʛʦ 

ʤʦʞʥʘ ʙʫʣʦ ʙ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʙʘʛʘʪʦʢʘʥʘʣʴʥʫ ʩʠʩʪʝʤʫ ʧʨʠʡʦʤʫ ʽʥʬʦʨʤʘʮʽʾ [6]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʮʴʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʇʅɺ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ (ʨʠʩ. 1). 

ʇʆʏɸʊʆʂ

ɺʠ̫ʚʣʝʥʥ̫ 

ʩʠʛʥʘʣ̔ʚ 

ʟʦʚʥ̔h ʥɹʦʛʦ 

ʩʚ̔ʪʫ

ɸʥʘʣ̔ʟ 

ʚʠ̫ʚʣʝʥʠʭ 

ʩʠʛʥʘʣ̔ʚ

ʌʦʨʤʫʚʘʥʥ̫ 

ʘʩʦʮ̔ʘʪʠʚʥʠʭ 

ʟʚô̫ʟʢ̔ʚ ʩʠʛʥʘʣʫ

ʌʦʨʤʫʚʘʥʥ̫ 

ʧʝʨʝʣ̔ʢʫ ʩʠʛʥʘʣ̔ʚ 

ʟʘ ʨʝʟʫʣɹʪʘʪʘʤʠ 

ʘʥʘʣ̔ʟʫ

ʌʫʥʢʮ̔ʦʥʘʣɹʥʠʡ 

ʘʥʘʣ̔ʟ ʩʠʛʥʣ̔ʚ

ɺʧʦʨ̫ʜʢʫʚʘʥʥ̫ 

ʩʠʛʥʘʣ̔ʚ

ʌʦʨʤʫʚʘʥʥ̫ 

ʟʚô̫ʟʢʫ ʥʘ 

ʦʩʥʦʚ̔ 

ʩ̔ʥʫʁʯʠʭ

ʇʦʨ̔ʚʥ̫ʥʥ̫ 

ʘʩʦʮ̔ʘʪʠʚʥʠʭ 

ʟʚô̫ʟʢ̔ʚ

ʌʦʨʤʫʚʘʥʥ̫ 

ʥʦʚʦʛʦ ʟʚô̫ʟʢʫ

ʌʦʨʤʫʚʘʥʥ̫ ʜ̔ʾ 

ʫ ʚ̔ʜʧʦʚ̔ʜɹ

ʈʝʘʣ̔ʟʘʮ̫̔  ʜ̔ʾ ʫ 

ʚ̔ʜʧʦʚ̔ʜɹ

ʏʠ ʟʨʦʟʫʤ̔ʣʘ 

ʧʨʦʙʣʝʤʘ?

ʏʠ ʟʨʦʟʫʤ̔ʣʘ 

ʧʨʦʙʣʝʤʘ?

ʏʠ ʟʨʦʟʫʤ̔ʣʘ 

ʧʨʦʙʣʝʤʘ?

ʏʠ ʟʨʦʟʫʤ̔ʣʘ 

ʧʨʦʙʣʝʤʘ?

ʂɯʅɽʎʔ

ʊɸʂ

ʅɯ

ʊɸʂ

ʊɸʂ

ʊɸʂ

ʅɯ

ʅɯ

ʅɯ

 

ʈʠʩ.1. ɸʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʇʅɺ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ 

 

ʗʢʱʦ ʧʝʨʝʜ ʚʦʜʽʻʤ ɸʊɿ ʩʪʦʾʪʴ ʟʘʚʜʘʥʥʷ ʨʝʘʛʫʚʘʪʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʥʘ 

ʢʽʣʴʢʘ ʩʠʛʥʘʣʽʚ, ʪʦ ʢʽʣʴʢʘ ʥʝʨʚʦʚʠʭ ʰʣʷʭʽʚ ʧʨʠʭʦʜʷʪʴ ʫ ʩʪʘʥ ʧʽʜʚʠʱʝʥʦʾ ʟʙʫʜʣʠʚʦʩʪʽ. 

ɿʦʢʨʝʤʘ, ʧʨʠ ʡʤʦʚʽʨʥʠʭ ʩʠʛʥʘʣʘʭ ʟʙʫʜʣʠʚʽʩʪʴ ʫʩʽʭ ʥʝʨʚʦʚʠʭ ʰʣʷʭʽʚ ʦʜʥʘʢʦʚʘ.  
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ʇʨʠ ʨʽʟʥʦʡʤʦʚʽʨʥʠʭ ï ʩʠʛʥʘʣʫ ʙʽʣʴʰʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʟʙʫʜʣʠʚʦʩʪʽ [3, 7 ï 9]. ʊʦʙʪʦ ʰʚʠʜʢʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʜʽʾ ʚʦʜʽʷ ʚʠʟʥʘʯʝʥʦ ʯʝʨʝʟ 

ʟʙʫʜʞʝʥʥʷ ʥʝʨʚʦʚʠʭ ʰʣʷʭʽʚ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʧʨʠ ʨʦʟʛʣʷʜʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʠʡʦʤʫ, ʟʙʝʨʽʛʘʥʥʽ ʡ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚʦʜʽʻʤ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʪʝʦʨʽʶ ʽʥʬʦʨʤʘʮʽʾ [6 ï 9]. ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ 

ʚʠʥʠʢʘʶʪʴ ʜʝʷʢʽ ʪʨʫʜʥʦʱʽ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʨʠʡʦʤʽ ʟʦʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʝʚʽʜʦʤʠʡ 

ʘʣʛʦʨʠʪʤ, ʟʘ ʷʢʠʤ ʚʦʜʽʡ ʨʦʟʧʽʟʥʘʻ ʦʙᾷʻʢʪʠ ʜʦʨʦʞʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [9]. ɿʛʽʜʥʦ ʟ ʮʠʤ, 

ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʟʦʨʦʚʽʡ ʽʥʬʦʨʤʘʮʽʾ ʚʦʜʽʷ, ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʩʧʨʦʱʝʥʠʤʠ 

ʫʷʚʣʝʥʥʷʤʠ ʚʚʘʞʘʶʯʠ, ʱʦ ʚʦʜʽʡ ɸʊɿ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ʟʜʽʡʩʥʶʻ ʚʠʙʽʨ ʽʟ ʟʘʟʜʘʣʝʛʽʜʴ 

ʚʽʜʦʤʠʭ ʤʥʦʞʠʥ ʦʟʥʘʢ. ʎʶ ʢʦʥʮʝʧʮʽʶ ʤʦʞʥʘ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʥʘʩʪʫʧʥʦʶ ʙʣʦʢ-ʩʭʝʤʦʶ 

ʧʨʠʡʥʷʪʪʷ ʚʦʜʽʻʤ ʨʽʰʝʥʥʷ ʘʙʦ ʤʦʜʝʣʣʶ ʇʅɺ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ (ʨʠʩ. 2). 

ʂʘʥʘʣ ʟʚô̫ʟʢʫ

ɯʥʬʦʨʤʘʪʠʚʥ̔ʩʪɹ 

ʦʙô̒ʢʪ̔ʚ ɯʦ
ʇʝʨʝhʢʦʜʠ Sʦ

I1 I2 In S1 S2 Sn

SI

ɸʥʘʣ̔ʟʘʪʦʨ

ɼʦʨʦʞʥɹʦ-ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʪʫʘʮ̫̔  ɯʦ

ʉʧʦʪʚʦʨʝʥʘ ̔ʥʬʦʨʤʘʮ̫̔  ɯʘ

ʇʩʠʭʦʬ̔ʟʠʦʣʦʛ̔ʯʥʠʡ ʩʪʘʥ 

ʚʦʜ̫̔

ʇʨʦʬʝʩ̔ʡʥ̔ ʥʘʚʠʯʢʠ

ɯʥʬʦʨʤʘʮ̫̔  ʧʨʦ ʥʘʚʠʯʢʠ 

ʫʧʨʘʚʣ̔ʥʥ̫ ɸʊɿ

ɿʥʘʥʥ̫ ʇɼʈ

ʇʨʠʡʥ̫ʪʪ̫ 

ʨ̔h ʝʥʥ̫

ʎʝʥʪʨʘʣɹʥʘ ʥʝʨʚʦʚʘ ʩʠʩʪʝʤʘ

ɿʦʚʥ̔h ʥ̒ ʩʝʨʝʜʦʚʠɦ ʝ

ɼ̔  ʾʚʦʜ̫̔  ɸʊɿ
 

ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚʦʜʽʻʤ ɸʊɿ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ (ʤʦʜʝʣʴ ʇʅɺ ʫ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ) 

 

ʅʘʜʘʤʦ ʧʦʷʩʥʝʥʥʷ ʨʦʙʦʪʠ ʮʽʻʾ ʤʦʜʝʣʽ. ʇʨʠ ʧʨʠʡʥʷʪʪʽ ʚʦʜʽʻʤ ʨʽʰʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʛʨʫʧʠ ʦʙᾷʻʢʪʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʻʜʥʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ I1, I2...In, ʚ ʩʫʢʫʧʥʦʩʪʽ ʫʪʚʦʨʶʶʪʴ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʩʠʪʫʘʮʽʾ, ʪʦʙʪʦ ʚʠʭʽʜʥʫ ̔ ʥʬʦʨʤʘʮʽʶ Iʦ. ɺ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʾʾ ʩʧʦʪʚʦʨʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʧʝʨʝʰʢʦʜ S1, S2,...Sn ʽ ʾʭ ʧʦʻʜʥʘʥʥʷ Sʦ. ʎʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʚʝʩʴ ʧʨʦʮʝʩ ʩʧʨʠʡʥʷʪʪʷ ʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʜʽʾ ʜʞʝʨʝʣ ʧʝʨʝʰʢʦʜ ʥʘ ʚʩʽʭ 

ʧʨʦʤʽʞʥʠʭ ʝʪʘʧʘʭ.  

ʇʨʠ ʮʴʦʤʫ ʚʠʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʪʫʘʮʽʾ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʦʢʨʝʤʠʭ ʦʙᾷʻʢʪʽʚ, ʤʦʞʝ ʟʘʟʥʘʚʘʪʠ ʩʧʦʪʚʦʨʝʥʥʷ ʷʢ ʟʘ ʦʢʨʝʤʠʤʠ ʦʙᾷʻʢʪʘʤʠ, ʪʘʢ ʽ ʟʘ ʚʩʽʻʶ 
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ʢʘʨʪʠʥʦʶ ʚ ʩʫʢʫʧʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʫ ʮʝʥʪʨʘʣʴʥʫ ʥʝʨʚʦʚʫ ʩʠʩʪʝʤʫ ʚʦʜʽʷ ʥʘʜʭʦʜʠʪʴ 

ʧʝʨʝʢʨʫʯʝʥʘ ʽʥʬʦʨʤʘʮʽʷ Ia, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʪʠʥʥʦʾ ʥʘ ʚʝʣʠʯʠʥʫ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʽʾ ʧʝʨʝʰʢʦʜ ʽ ʧʨʦʥʠʢʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ:  

1 1 1 1

,
m n m n

a k a ij ij

i j i j

I K K I S
= = = =

è ø
= +é ù

ê ú
ää ää                                                       (1) 

ʜʝ   Ia ï ʧʝʨʝʢʨʫʯʝʥʘ ʽʥʬʦʨʤʘʮʽʷ; ʂʢ ï ʢʦʝʬʽʮʽʻʥʪ ʩʧʦʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʘʥʘʣʽ ʟʚᾷʷʟʢʫ; 

ʂʘ ï ʢʦʝʬʽʮʽʻʥʪ ʩʧʦʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʘʥʘʣʽʟʘʪʦʨʽ; ʂʢ ʂʘ = R ï ʟʘʛʘʣʴʥʘ ʧʨʦʥʠʢʥʽʩʪʴ 

ʩʝʨʝʜʦʚʠʱʘ; I ij ï ʽʥʬʦʨʤʘʮʽʷ ʧʽʜ ʚʧʣʠʚʦʤ ʧʝʨʝʰʢʦʜ; Sij ï ʩʫʢʫʧʥʽʩʪʴ ʧʝʨʝʰʢʦʜ.  

ʋ ʮʝʥʪʨʘʣʴʥʽʡ ʥʝʨʚʦʚʽʡ ʩʠʩʪʝʤʽ ʧʝʨʝʢʨʫʯʝʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʧʨʦʡʰʣʘ ʝʪʘʧ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, ʘʥʘʣʽʟʫʻʪʴʩʷ. ɸʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʽʡʰʣʘ, 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷʤ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʚʠʨʦʙʣʝʥʠʭ ʚʦʜʽʻʤ 

ʥʘʚʠʯʦʢ, ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ, ʟʥʘʥʥʷ ʇɼʈ. ɿ ʧʦʟʠʮʽʾ ɹɼʈ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʦʙᾷʻʢʪʘ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʙʣʠʟʴʢʦʶ ʜʦ ʦʧʪʠʤʘʣʴʥʦʾ ʟʘ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ɹɼʈ. ʇʨʠʯʦʤʫ ʨʦʟʫʤʽʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʫ ʚʦʜʽʷ ʜʝʷʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʚʦʜʽʾʚ ʽ ʧʦʜʘʣʴʰʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ 

ʜʦʩʚʽʜʫ ʢʽʣʴʢʽʩʪʴ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʧʝʚʥʦʛʦ ʨʽʚʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʣʶʜʠʥʘ ʩʪʘʻ ʟʜʘʪʥʦʶ ʙʝʟʧʝʯʥʦ ʢʝʨʫʚʘʪʠ ɸʊɿ, ʧʨʠ ʮʴʦʤʫ ʥʝ ʩʪʚʦʨʶʶʯʠ 

ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʜʦʨʦʟʽ. ʂʽʣʴʢʽʩʪʴ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʜʦʨʽʚʥʶʚʘʣʘ ʙ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ, ʚʽʜʧʦʚʽʜʘʻ ʪʘʢʦʤʫ ʨʽʚʥʶ ʧʽʜʛʦʪʦʚʢʠ, ʧʨʠ ʷʢʦʤʫ ʚʦʜʽʡ ʘʜʝʢʚʘʪʥʦ 

ʩʧʨʠʡʤʘʻ ʚʩʶ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʜʦ ʥʴʦʛʦ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʆʪʞʝ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙᾷʻʢʪʘ ʟʘʣʝʞʠʪʴ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʽʜ 

ʡʦʛʦ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʟ ʽʥʰʦʛʦ ï ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʟʚᾷʷʟʢʫ, ʚ ʷʢʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʨʠʡʥʷʪʪʷ ʩʠʛʥʘʣʫ, ʽ ʚʽʜ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʽʷ, ʡʦʛʦ 

ʥʘʜʽʡʥʦʩʪʽ. ʊʦʙʪʦ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʽʥʬʦʨʤʘʮʽʾ Ia ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʠʡ ʥʝ ʪʽʣʴʢʠ 

ʧʽʜʚʠʱʝʥʥʷʤ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʦʙᾷʻʢʪʘ Iʦ, ʘʣʝ ʽ ʧʽʜʚʠʱʝʥʥʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʽʷ, ʪʦʙʪʦ 

ʨʽʚʥʷ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʇʅɺ. 

ɼʣʷ ʦʮʽʥʢʠ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʣʴʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʦʜʽʷ ʤʦʞʥʘ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʩʠʩʪʝʤʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [4]. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʧʨʠʡʥʷʪʘ ʽʥʬʦʨʤʘʮʽʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʽʩʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʰʢʦʜ ʽ ʩʧʦʪʚʦʨʝʥʴ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʾʾ 

ʘʥʘʣʽʟʫ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʜʦ ʧʦʥʷʪʪʷ çʩʧʨʠʡʥʷʪʘ ʽʥʬʦʨʤʘʮʽʷè ʚʢʣʶʯʘʻʤʦ ʪʽʣʴʢʠ ʪʫ 

ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʻ ʥʝʦʙʭʽʜʥʦʶ ʟ ʧʦʟʠʮʽʾ ɹɼʈ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ.  

ʇʨʦʮʝʩ ʩʧʨʠʡʥʷʪʪʷ ʚʦʜʽʻʤ ɸʊɿ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ʆʙᾷʻʢʪ çʚʠʧʨʦʤʽʥʶʻè ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʫʪʚʦʨʶʻ ʥʘʚʢʦʣʦ ʩʝʙʝ ʧʦʣʝ, ʱʽʣʴʥʽʩʪʴ ʷʢʦʛʦ, 

ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙᾷʻʢʪʘ ʽ ʩʝʨʝʜʦʚʠʱʘ, ʤʦʞʝ ʙʫʪʠ ʥʝʦʜʥʦʨʽʜʥʠʤ ʟʘ ʥʘʧʨʷʤʢʘʤʠ. 

ʋ ʩʚʦʶ ʯʝʨʛʫ ʣʶʜʠʥʘ çʚʠʧʨʦʤʽʥʶʻè çʩʝʥʩʦʨʥʝ ʧʦʣʝè, ʱʦ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʧʨʷʤʦʚʘʥʽʩʪʶ, ʰʚʠʜʢʽʩʪʶ ʩʢʘʥʫʚʘʥʥʷ ʽ ʱʽʣʴʥʽʩʪʶ. ʉʧʨʠʡʥʷʪʪʷ ʦʙᾷʻʢʪʘ ʤʦʞʣʠʚʦ ʣʠʰʝ ʚ 

ʨʘʟʽ ʧʝʨʝʪʠʥʫ ʩʝʥʩʦʨʥʦʛʦ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʽʚ [8, 9]. 

ɼʘʤʦ ʧʦʷʩʥʝʥʥʷ. ʂʦʞʝʥ ʘʥʘʣʽʟʘʪʦʨ ʤʘʻ ʩʚʦʻ ʧʦʣʝ ʩʧʨʠʡʥʷʪʪʷ. ɼʣʷ ʟʦʨʦʚʦʛʦ 

ʘʥʘʣʽʟʘʪʦʨʘ ï ʮʝ ʧʦʣʝ ʟʦʨʫ, ʜʣʷ ʩʣʫʭʦʚʦʛʦ ï ʥʘʚʢʦʣʠʰʥʽʡ ʧʨʦʩʪʽʨ, ʜʣʷ ʪʘʢʪʠʣʴʥʦʛʦ ï 

ʧʦʚʝʨʭʥʷ ʦʨʛʘʥʽʚ ʜʦʪʠʢʫ. ʆʩʢʽʣʴʢʠ ʢʦʞʝʥ ʦʙᾷʻʢʪ ʻ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ, ʪʦ ʽʥʬʦʨʤʘʮʽʡʥʝ 

ʧʦʣʝ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʚʢʦʣʠʰʥʶ ʜʽʡʩʥʽʩʪʴ. ʂʦʞʥʦʤʫ ʦʙᾷʻʢʪʫ ʚʽʜʧʦʚʽʜʘʻ ʩʫʢʫʧʥʽʩʪʴ ʚʽʜʯʫʪʪʽʚ 

ʫ ʩʚʽʜʦʤʦʩʪʽ ʚʦʜʽʷ ï ʧʝʨʮʝʧʪʠʚʥʠʡ ʦʙʨʘʟ, ʷʢʠʡ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʥʝ ʪʽʣʴʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ 

ʧʦʜʨʘʟʥʠʢʽʚ ʥʘ ʘʥʘʣʽʟʘʪʦʨʠ, ʘʣʝ ʪʘʢʦʞ ʚʠʣʫʯʘʪʠʩʴ ʟ ʧʘʤᾷʷʪʽ, ʜʦʧʦʚʥʶʶʯʠ ʟʘʛʘʣʴʥʫ 

ʩʧʨʠʡʥʷʪʫ ʢʘʨʪʠʥʫ. ʋʚʘʛʘ ʚʦʜʽʷ ʫ ʮʝʡ ʤʦʤʝʥʪ ʤʦʞʝ ʙʫʪʠ ʟʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʦʙᾷʻʢʪ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʜʘʣʝʢʦ ʚ ʩʪʦʨʦʥʽ ʚʽʜ ʮʝʥʪʨʫ ʧʦʣʷ ʩʧʨʠʡʥʷʪʪʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ.  

ʎʝ ʙʫʚʘʻ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʙᾷʻʢʪ ʨʽʟʢʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʦʙᾷʻʢʪʽʚ. ʋ ʮʴʦʤʫ 

ʽ ʧʦʣʷʛʘʻ ʚʠʷʚʣʝʥʥʷ, ʪʦʙʪʦ ʥʝ ʪʽʣʴʢʠ ʚ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʘʥʘʣʽʟʘʪʦʨʽʚ, ʘ ʡ ʚ ʧʝʨʝʥʝʩʝʥʥʽ ʫʚʘʛʠ 

ʥʘ ʪʫ ʜʽʣʷʥʢʫ ʧʝʨʮʝʧʪʠʚʥʦʾ ʢʘʨʪʠʥʠ ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʧʝʨʮʝʧʪʠʚʥʠʡ ʦʙʨʘʟ, ʚʽʜʧʦʚʽʜʥʠʡ 
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ʦʙᾷʻʢʪʫ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʫ ʚʦʜʽʷ ɸʊɿ 

ʧʝʨʮʝʧʪʠʚʥʦʛʦ ʦʙʨʘʟʫ (ʨʠʩ. 3). 

ʇʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʇʅɺ ʯʝʨʝʟ ʧʝʨʮʝʧʪʠʚʥʠʡ ʦʙʨʘʟ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙᾷʻʢʪʘ 

ʙʝʟʫʤʦʚʥʦ ʟʘʡʤʘʶʪʴ ʧʝʚʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ, ʦʩʢʽʣʴʢʠ ʧʦʚᾷʷʟʘʥʽ ʟ ʧʝʨʝʜʘʯʝʶ ʟʙʫʜʞʝʥʴ ʧʦ 

ʥʝʨʚʦʚʠʭ ʚʦʣʦʢʥʘʭ. ʊʨʠʚʘʣʽʩʪʴ ʮʠʭ ʧʨʦʮʝʩʽʚ ʤʘʣʘ, ʪʦʤʫ ʽʥʦʜʽ ʾʭ ʚʚʘʞʘʶʪʴ ʤʠʪʪʻʚʠʤʠ. 

ɸʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ ʻ ʩʢʣʘʜʥʠʤ ʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʫ ʩʚʽʜʦʤʦʩʪʽ ʟʘ ʫʯʘʩʪʶ 

ʦʪʨʠʤʘʥʦʾ ʽ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʋ ʭʦʜʽ ʘʥʘʣʽʟʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʤʠʩʣʝʥʥʷ ʦʢʨʝʤʠʭ 

ʧʝʨʮʝʧʪʠʚʥʠʭ ʦʙʨʘʟʽʚ, ʧʨʠʡʤʘʻʪʴʩʷ ʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʨʽʰʝʥʥʷ. ʊʦʙʪʦ ʧʨʠʡʥʷʪʝ ʚʦʜʽʻʤ ʨʽʰʝʥʥʷ 

ï ʮʝ ʥʘʤʽʨ ʚʯʠʥʠʪʠ ʜʽʶ, ʱʦ ʩʧʨʠʷʻ ʜʦʩʷʛʥʝʥʥʶ ʤʝʪʠ ʇʅɺ ï ɹɼʈ. 

ʇʆʏɸʊʆʂ

ɺʠ̫ʚʣʝʥʥ̫ 
ʩʠʛʥʘʣʫ 
ʟʙʫʜʞʝʥʥ̫

ɸʥʘʣ̔ʟ 
ʚʠ̫ʚʣʝʥʥ̫ 
ʩʠʛʥʘʣ̔ʚ 
ʟʙʫʜʞʝʥʥ̫

ɺʧʦʨ̫ʜʢʫʚʘʥʥ̫ 
ʩʠʛʥʘʣ̔ʚ 
ʟʙʫʜʞʝʥʥ̫

ʏʠ ʟʨʦʟʫʤ̔ʣʘ 

ʧʨʦʙʣʝʤʘ?

ʌʦʨʤʫʚʘʥʥ̫ 
ʟʚ' ʟ̫ʢʫ çʩʠʛʥʘʣ-
ʚ̔ʜʧʦʚ̔ʜɹè 

ʌʦʨʤʫʚʘʥʥ̫ ʪʘ 
ʨʝʘʣ̔ʟʘʮ̫̔  
ʚ̔ʜʧʦʚ̔ʜʥʦʾ ʜ̔ʾ

ʄʝʪʫ ʜʦʩ̫ʛʥʝʥʦ?

ʏʠ ʟʨʦʟʫʤ̔ʣʘ 

ʧʨʦʙʣʝʤʘ?

ʌʦʨʤʫʚʘʥʥ̫ 
ʥʦʚʦʛʦ, ʨʘʥ̔h ʝ 
ʥʝ ̔ʩʥʫʁʯʦʛʦ 
ʟʚô̫ʟʢʫ

ɸʥʘʣ̔ʟ ʨ̔ʚʥ̫ 
ʩʠʛʥʘʣ̔ʚ 
ʟʙʫʜʞʝʥʥ̫

ʂɯʅɽʎʔ

ʪʘʢ

ʥ̔

ʪʘʢ

ʪʘʢ

ʥ̔

ʥ̔

 

ʈʠʩ. 3. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʬʦʨʤʫʚʘʥʥʷ ʫ ʚʦʜʽʷ ɸʊɿ ʧʝʨʮʝʧʪʠʚʥʦʛʦ ʦʙʨʘʟʫ  

 

ʂʦʥʮʝʧʪʫʘʣʴʥʦ, ʱʦʜʦ ʜʽʷʣʴʥʦʩʪʽ ʚʦʜʽʷ ɸʊɿ, ʜʦ ʧʽʜʛʦʪʦʚʢʠ ʚ ʘʚʪʦʰʢʦʣʽ ʢʦʞʥʘ 

ʣʶʜʠʥʘ ʤʘʻ ʜʝʷʢʫ ʢʽʣʴʢʽʩʪʴ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʂʽʣʴʢʽʩʪʴ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʨʽʚʥʝ 

ʢʨʠʪʠʯʥʦʤʫ ʟʥʘʯʝʥʥʶ, ʚʽʜʧʦʚʽʜʘʻ ʪʘʢʦʤʫ ʨʽʚʥʶ ʧʽʜʛʦʪʦʚʢʠ, ʧʨʠ ʷʢʦʤʫ ʚʦʜʽʡ ʨʦʟʫʤʽʻ ʚʩʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʜʦ ʥʴʦʛʦ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿ ʦʛʣʷʜʫ ʥʘ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʽ ʨʽʟʥʦʙʽʯʥʽʩʪʴ ʮʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʩʣʽʜ ʚʠʟʥʘʪʠ ʧʨʦʙʣʝʤʘʪʠʯʥʦʶ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʩʷʛʥʝʥʥʷ ʚʦʜʽʻʤ ʨʽʚʥʷ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʦʮʽʥʢʠ ʜʽʷʣʴʥʦʩʪʽ ʚʦʜʽʷ ʫ ʧʝʨʽʦʜ ʥʘʚʯʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʝʜʝʥʠʤ 

ʤʽʨʢʫʚʘʥʥʷʤ, ʘʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟʘʚʞʜʠ ʧʨʝʜʩʪʘʚʣʷʻ ʩʫʤʫ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʩʚʽʜʦʤʦ ʚʽʜʦʤʫ 

ʽʥʬʦʨʤʘʮʽʶ.  
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ʉʣʽʜ ʜʦʜʘʪʠ, ʱʦ ʩʢʣʘʜʥʽʩʪʴ ʫʤʦʚ ʩʧʨʠʡʥʷʪʪʷ ʚʦʜʽʻʤ ʟʦʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʤʦʚʽʨʥʦʩʪʽ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʈ ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ 

ʤʽʥ̔ʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ I. ɯʥʬʦʨʤʘʮʽʶ ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ, ʱʦʙ ʚʠʷʚʠʪʠ ʽ 

ʨʦʟʨʽʟʥʠʪʠ ʦʙᾷʻʢʪ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʚʘʛʠ ʚʦʜʽʷ ʥʘ ʰʣʷʭʫ ʧʨʦʭʦʜʞʝʥʥʷ 

ɸʊɿ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ, ʘ ʩʘʤʝ: 

2log (1 ) ,=- - -I P P P n                                                    (2) 

ʜʝ  I ï ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ (ʙʽʪ/ʦʙᾷʻʢʪ); 

n ï ʢʽʣʴʢʽʩʪʴ ʦʙᾷʻʢʪʽʚ ʫ ʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʚʘʛʠ ʚʦʜʽʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʘʷʚʥʽʩʪʴ ʫ ʚʦʜʽʷ ʧʨʦʬʝʩʽʡʥʠʭ ʟʥʘʥʴ ʽ ʫʤʽʥʴ ʟʘʙʝʟʧʝʯʫʻ ʜʣʷ ʡʦʛʦ 

ʜʽʷʣʴʥʦʩʪʽ ʧʝʚʥʠʡ ʩʪʫʧʽʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ. ɺʦʥʠ ʚ ʧʽʜʩʫʤʢʫ ʩʧʨʠʷʶʪʴ 

ʜʦʩʷʛʥʝʥʥʶ ʢʽʥʮʝʚʦʾ ʤʝʪʠ ï ʇʅɺ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ʈ. ʊʦʙʪʦ, ʷʢʱʦ 

ʧʨʠʡʥʷʪʠ, ʱʦ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʢʘ ʡʤʦʚʽʨʥʽʩʪʴ 

ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʈ, ʪʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʈ ʻ ʩʪʘʪʠʩʪʠʯʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ, 

ʚʽʜʧʦʚʽʜʥʦ ʨʽʚʥʶ ʢʚʘʣʽʬʽʢʘʮʽʾ ʚʦʜʽʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʇʅɺ. ʊʘʢʘ ʧʦʪʝʥʮʽʡʥʘ ʦʮʽʥʢʘ ʤʘʻ 

ʧʨʠʨʦʜʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ. ʊʦʙʪʦ, ʷʢʱʦ ʈ ʜʦʨʽʚʥʶʻ 1, ʪʦ ʇʅɺ ʚʦʜʽʷ ʟʘ ʮʽʻʶ ʦʟʥʘʢʦʶ 

ʧʦʟʠʪʠʚʥʘ. ʗʢʱʦ ʞ ʫ ʚʦʜʽʷ ʟʥʘʥʥʷ ʇɼʈ ʚʽʜʩʫʪʥʽ (ʈ ï ʙʣʠʟʴʢʘ ʜʦ ʥʫʣʷ), ʪʦ ʇʅɺ ʚʦʜʽʷ ʙʫʜʝ 

ʧʨʘʛʥʫʪʠ ʜʦ ʥʫʣʷ. 

 

ɺʠʩʥʦʚʢʠ 

 

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʦʢ, ʟʘʟʥʘʯʠʤʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʇʅɺ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʝʨʝʨʦʙʢʠ 

ʚʥʫʪʨʽʰʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʨʝʛʫʣʶʻʪʴʩʷ ʧʘʤᾷʷʪʪʶ ʽ ʤʠʩʣʝʥʥʷʤ. ʗʢ ʥʘʩʣʽʜʦʢ, ʚʦʜʽʡ ʧʨʠʡʤʘʻ 

ʨʽʰʝʥʥʷ ʧʝʚʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʪʠ ʥʘ ɹɼʈ. ʋ ʤʽʨʫ ʥʘʢʦʧʠʯʝʥʥʷ ʚʦʜʽʻʤ ʜʦʩʚʽʜʫ ʟ ʢʝʨʫʚʘʥʥʷ ɸʊɿ 

ʬʦʨʤʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʚʦʜʽʷ ʱʦʜʦ ɹɼʈ ʟʥʠʞʫʻ ʩʭʠʣʴʥʽʩʪʴ ʚʦʜʽʷ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ɼʊʇ. ʇʨʠ ʮʴʦʤʫ ʇʅɺ 

ʻ ʛʘʨʘʥʪʦʤ ɹɼʈ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ.  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʧʽʜ ʇʅɺ ʤʦʞʥʘ ʨʦʟʫʤʽʪʠ ʟʜʘʪʥʽʩʪʴ ʚʦʜʽʷ ɸʊɿ ʦʙʨʦʙʣʷʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ɸʊɿ, ʜʦʨʦʞʥʽ ʫʤʦʚʠ, ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʘ. ʂʨʽʤ ʪʦʛʦ, 

ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʙʝʟʧʝʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ɸʊɿ ʪʘ ɹɼʈ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʨʠʟʠʢʦʤ ʚʠʥʠʢʥʝʥʥʷ ʢʦʥʬʣʽʢʪʥʠʭ ʩʠʪʫʘʮʽʡ ʘʙʦ ɼʊʇ. 

ʇʨʦʙʣʝʤʠ ɹɼʈ ʩʢʣʘʜʥʽ ʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʫʢʫʧʥʦʩʪʽ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ 

ʩʠʩʪʝʤʠ ɺɸɼʉ. ɸʣʝ ʛʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ɹɼʈ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ʟʘʣʠʰʘʻʪʴʩʷ ʇʅɺ. 

ʊʦʙʪʦ ʥʘ ɹɼʈ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ ʚʧʣʠʚʘʻ ʇʅɺ, ʷʢʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʘʢʪʦʨʘ ʩʭʠʣʴʥʦʩʪʽ 

ʣʶʜʠʥʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ. ʇʨʠ ʮʴʦʤʫ ʦʙʦʚᾷʷʟʢʦʚʦʶ 

ʫʤʦʚʦʶ ʤʘʻ ʙʫʪʠ ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʧʨʠʡʥʷʪʪʷ ʚʦʜʽʻʤ ʜʦʚʢʽʣʣʷ ʪʘ ʜʦʨʦʞʥʽʭ ʫʤʦʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʻ ʧʠʪʘʥʥʷʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

 

1. ɹʣʘʫʙʝʨʛ ʀ. ɺ. ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ / ʀ. ɺ. ɹʣʘʫʙʝʨʛ, ɺ. ʅ. ʉʘʜʦʚʩʢʠʡ, ʕ. ɻ. ʖʜʠʥ // 

ʅʦʚʘʷ ʬʠʣʦʩʦʬʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ / ʀʥ-ʪ ʬʠʣʦʩʦʬʠʠ ʈɸʅ; ʅʘʮ. ʦʙʱʝʩʪʚ.-ʥʘʫʯ. ʬʦʥʜ. ï 2-ʝ ʠʟʜ., 

ʠʩʧʨ. ʠ ʜʦʧʦʣ. ï ʄ.: ʄʳʩʣʴ, 2010. 
2. ɼʘʚʽʜʽʯ ʖ. ʆ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʾ ʚʦʜʽʷ / ʖ. ʆ. ɼʘʚʽʜʽʯ. ï ʍʘʨʢʽʚ : ʍʅɸɼʋ, 2006. ï 292 ʩ. 

3. ɼʝʥʠʩʦʚ A. A. ʊʝʦʨʠʷ ʙʦʣʴʰʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ /  

A. A. ɼʝʥʠʩʦʚ, ɼ. ʅ. ʂʦʣʝʩʥʠʢʦʚ. ï ʃ.: ʕʥʝʨʛʦʠʟʜʘʪ, 1982. ï 288 ʩ. 

4. ɼʫʰʢʦʚ ɹ. ɸ. ʆʩʥʦʚʳ ʠʥʞʝʥʝʨʥʦʡ ʧʩʠʭʦʣʦʛʠʠ / ɹ. ɸ. ɼʫʰʢʦʚ, A. B. ʂʦʨʦʣʝʚ,  

ɹ. ɸ. ʉʤʠʨʥʦʚ.ï ɸʢʘʜʝʤʠʯʝʩʢʠʡ ʧʨʦʝʢʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ: ɼʝʣʦʚʘʷ ʢʥʠʛʘ, 2002. ï 576 ʩ. 

5. ɾʫʢ ʄ. ʄ. ɯʥʬʦʨʤʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʷʢ ʯʠʥʥʠʢ ʚʧʣʠʚʫ ʥʘ ʙʝʟʘʚʘʨʽʡʥʫ ʨʦʙʦʪʫ ʚʦʜʽʷ 
/ ʄ. ʄ. ɾʫʢ, ɺ. ɺ. ʂʦʚʘʣʠʰʠʥ, ɯ. ɸ. ʂʠʩʽʣʴ // ʅʘʫʢʦʚʽ ʥʦʪʘʪʢʠ. ʃʫʮʴʢʠʡ ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. ï 2016. ï ̄  55. ï ʉ. 148-151. 

https://ru.wikipedia.org/wiki/%D0%91%D0%BB%D0%B0%D1%83%D0%B1%D0%B5%D1%80%D0%B3,_%D0%98%D0%B3%D0%BE%D1%80%D1%8C_%D0%92%D0%B8%D0%BA%D1%82%D0%BE%D1%80%D0%BE%D0%B2%D0%B8%D1%87
http://iph.ras.ru/elib/2745.html
https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0%B4%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9,_%D0%92%D0%B0%D0%B4%D0%B8%D0%BC_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B5%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%AE%D0%B4%D0%B8%D0%BD,_%D0%AD%D1%80%D0%B8%D0%BA_%D0%93%D1%80%D0%B8%D0%B3%D0%BE%D1%80%D1%8C%D0%B5%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D0%B2%D0%B0%D1%8F_%D1%84%D0%B8%D0%BB%D0%BE%D1%81%D0%BE%D1%84%D1%81%D0%BA%D0%B0%D1%8F_%D1%8D%D0%BD%D1%86%D0%B8%D0%BA%D0%BB%D0%BE%D0%BF%D0%B5%D0%B4%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%81%D1%82%D0%B8%D1%82%D1%83%D1%82_%D1%84%D0%B8%D0%BB%D0%BE%D1%81%D0%BE%D1%84%D0%B8%D0%B8_%D0%A0%D0%90%D0%9D
https://ru.wikipedia.org/wiki/%D0%9C%D1%8B%D1%81%D0%BB%D1%8C_(%D0%B8%D0%B7%D0%B4%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D1%81%D1%82%D0%B2%D0%BE)


ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 

Technical service of agriculture, forestry and transport 

systems 

ˉ23ô 2021  

176 

6. ʃʦʙʘʥʦʚ ɽ. ʄ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʦʨʦʛʠ ʦʨʛʘʥʠʟʘʮʠʷ ʜʚʠʞʝʥʠʷ ʩ ʫʯʸʪʦʤ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʠ ʚʦʜʠʪʝʣʷ / ɽ.ʄ.ʃʦʙʘʥʦʚ. ï ʄ.: ʊʨʘʥʩʧʦʨʪ, 1980 ï 307 ʩ. 

7. ʆʩʦʙʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʚʦʜʽʾʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘ ʝʪʘʧʘʭ 
ʤʝʜʠʢʦʧʩʠʭʦʣʦʛʽʯʥʦʾ ʨʝʘʙʽʣʽʪʘʮʽʾ / ʃ.ʄ. ʐʘʬʨʘʥ, ʖ.ɺ. ʏʫʤʘʻʚʘ, ʆ.ʇ. ʆʛʫʣʝʥʢʦ,  

ʉ.ɻ. ʉʠʜʦʨʝʥʢʦ // ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʜʠʮʠʥʠ. ï 2016. ï ̄  4 (46). ï ʉ. 34-43. 

8. ʋʪʢʠʥ A. B. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʠʥʝʤʘʪʠʢʠ ʜʦʨʦʞʥʦʡ ʩʨʝʜʳ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʚʦʜʠʪʝʣʷ / A. 
B. ʋʪʢʠʥ // ʆʬʪʘʣʴʤʦʵʨʛʦʥʦʤʠʢʘ: ʠʪʦʛʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ: ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʩʠʤʧʦʟʠʫʤʘ. ï ʄ., 1991. ï ʉ. 16ï17. 

9. ʖʨʴʝʚ ʅ. ʏʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ / ʅ. ʖʨʴʝʚ // ʊʝʭʥʠʢʘ ʠ ʚʦʦʨʫʞʝʥʠʝ ʚʯʝʨʘ, ʩʝʛʦʜʥʷ, 
ʟʘʚʪʨʘ. ï  ʄ., 2003. ï̄  9. ï ʉ. 14-15. 

 

References 

 

1. Blauberg I. V. System approach / I. V. Blauberg, V. N. Sadovsky, E. G. Yudin // New 

philosophical encyclopedia / Institute of Philosophy RAS; Nat. socio-scientific fund. - 2nd ed., 

Rev. and add. - M .: Thought, 2010. 

2. Davidich Yu. O. Design of motor transport technological processes taking into account the 

psychophysiology of the driver / Yu. O. Davidich. - Kharkiv: KhNADU, 2006. ï 292 p. 

3. Denisov A. A. The theory of large control systems. Textbook for universities / A. A. 

Denisov, D. N. Kolesnikov. - L .: Energoizdat, 1982. - 288 p. 

4. Dushkov BA Fundamentals of engineering psychology / BA Dushkov, A. B. Korolev, BA 

Smirnov. - Academic project, Yekaterinburg: Business book, 2002 .-- 576 p. 

5. Zhuk MM Information load as a factor influencing the accident-free work of the driver / 

MM Zhuk, VV Kovalishin, IA Kisil // Scientific notes. Lutsk National Technical University. - 

2016. - ˉ 55. - P. 148-151. 

6. Lobanov E.M. Designing the road organization of traffic taking into account the 

psychophysiology of the driver. / E.M. Lobanov. - M.: Transport, 1980. ï 307 p. 

7. Peculiarities of restoration of psychophysiological functions of motor vehicle drivers at the 

stages of medico-psychological rehabilitation / L.M. Saffron, Yu.V. Chumaeva, OP Ogulenko, SG 

Sidorenko // Actual problems of transport medicine. ï 2016. ï ˉ 4 (46). ï           P. 34-43. 

8. Utkin A. B. Methodology for calculating the kinematics of the road environment in the 

driverôs field of vision / A. B. Utkin // Ophthalmoergonomics: results and prospects: abstracts of 

the International Symposium. ï M., 1991. - S. 16-17. 

9. Yuryev N. Human factor / N. Yuryev // Equipment and weapons yesterday, today, 

tomorrow. ï M., 2003. - ˉ 9. ï  S. 14-15. 

  



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 

Technical service of agriculture, forestry and transport 

systems 

ˉ23ô 2021  

177 

ɹʘʞʠʥʦʚ ʆ.ɺ., 

ɿʘʚʝʨʫʭʘ ʈ.ʈ. 
ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ  

E-mail: alexey.bazhinov@gmail.com 

ɹʘʞʠʥʦʚʘ ʊ.ʆ.  
ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 
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ɹʘʞʠʥʦʚ ʆ.ɺ., ɿʘʚʝʨʫʭʘ ʈ.ʈ., ɹʘʞʠʥʦʚʘ ʊ.ʆ. çʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʩʠʣʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ ʛʽʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷè 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʨʦʟʚʠʪʢʫ ʨʠʥʢʫ ʽ ʦʥʦʚʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟʫʤʦʚʣʶʶʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʮʽʥʢʠ ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟ ʤʝʪʦʶ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʛʽʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. 

ʈʦʟʨʦʙʣʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ  ʛʽʙʨʠʜʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʧʽʜʩʪʘʚʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʠʥʪʝʟʫ ʫʧʨʘʚʣʷʶʯʠʭ ʚʧʣʠʚʽʚ ʟʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʽ ʷʢʽʩʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘʚʝʜʝʥʦ ʻʜʠʥʠʡ ʧʽʜʭʽʜ ʢ ʜʦʩʣʽʜʞʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʽʙʨʠʜʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʤʦʙʽʣʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʭʝʤʠ ʙʫʜʦʚʠ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ɺʠʪʨʘʪʠ ʝʥʝʨʛʽʾ (ʧʘʣʠʚʘ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ) ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʘʥʪʘʞʥʦ-ʰʚʠʜʢʽʩʥʠʤ ʨʝʞʠʤʦʤ ʛʽʙʨʠʜʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ. ʅʘ ʮʽʡ ʧʽʜʩʪʘʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʚʠʟʥʘʯʘʶʪʴ ʧʨʠ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʛʽʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ʂʨʽʤ ʪʦʛʦ, ʤʝʪʦʜ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʛʽʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʽʥʚʘʨʽʘʥʪʥʘ ʨʽʟʥʠʤ ʩʠʣʦʚʠʤ ʫʩʪʘʥʦʚʢʘʤ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʪʨʠʤʘʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʩʪʘʥʦʚʣʷʪʴ ʻʜʠʥʠʡ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ (ʢʦʥʮʝʧʮʽʷ, ʧʨʠʥʮʠʧʠ, ʤʝʪʦʜʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ), 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʛʽʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ʅʘʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʘʶʪʴ ʪʝʦʨʝʪʠʯʥʫ ʙʘʟʫ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʛʨʝʛʘʪʽʚ ʛʽʙʨʠʜʥʦʾ ʩʠʣʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ, ʥʘʫʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʙʘʟʦʚʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʽʘʛʥʦʩʪʠʢʘ, ʛʽʙʨʠʜʥʠʡ ʘʚʪʦʤʦʙʽʣʴ, ʩʠʣʦʚʘ ʫʩʪʘʥʦʚʢʘ, ʪʷʛʦʚʘ ʘʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ, 

ʤʝʪʦʜ, ʚʠʪʨʘʪʘ ʧʘʣʴʥʦʛʦ, ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. 

 

ɹʘʞʠʥʦʚ ɸ.ɺ., ɿʘʚʝʨʫʭʘ ʈ.ʈ., ɹʘʞʠʥʦʚ ʊ.ɸ. çʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷè 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʠ ʦʙʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ 

ʥʘʠʣʫʯʰʝʡ ʪʝʭʥʦʣʦʛʠʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ 

ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʩ ʫʯʝʪʦʤ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠʚʝʜʝʥ ʝʜʠʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʙʨʠʜʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʤʦʙʠʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤʳ ʩʪʨʦʝʥʠʷ 

ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ɿʘʪʨʘʪʳ ʵʥʝʨʛʠʠ (ʪʦʧʣʠʚʘ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʤ ʨʝʞʠʤʦʤ 

ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠʥʚʘʨʠʘʥʪʥʘʷ ʨʘʟʣʠʯʥʳʤ 

ʩʠʣʦʚʳʤ ʫʩʪʘʥʦʚʢʘʤ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʥʘʫʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʩʪʘʚʣʷʶʪ ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʢʦʥʮʝʧʮʠʷ, ʧʨʠʥʮʠʧʳ, ʤʝʪʦʜʳ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ), ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʛʠʙʨʠʜʥʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ. ʇʨʠʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʙʘʟʫ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʘʛʨʝʛʘʪʦʚ ʛʠʙʨʠʜʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʙʘʟʦʚʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʘʛʥʦʩʪʠʢʘ, ʛʠʙʨʠʜʥʳʡ ʘʚʪʦʤʦʙʠʣʴ, ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ, ʪʷʛʦʚʘʷ ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ 

ʙʘʪʘʨʝʷ, ʤʝʪʦʜ, ʨʘʩʭʦʜ ʛʦʨʶʯʝʛʦ, ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. 

 

O. Bazhinov, R. Zaverukha, T. Bazhynova " Method for determining the effective operation the power plant 

of a hybrid car"  

The current state of market development and updating the structure of hybrid cars necessitate a 

comprehensive approach to assessing their technical condition in order to select the best technology for diagnosing 

the power plant of a hybrid car. 
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Theoretical bases of increase of efficiency of operation of power plant of the hybrid car on the basis of 

operative synthesis of operating influences on power and qualitative criteria taking into account external operating 

conditions are developed. The only approach to research of efficiency of operation of hybrid power plant of the car 

depending on the scheme of a structure and design features is resulted. 

Energy consumption (fuel, electricity) is determined by the load-speed mode of the hybrid car. On this basis, 

energy costs are determined under specified operating conditions, the efficiency of the power plant of the hybrid car. 

In addition, the method of evaluating the efficiency of the power plant of a hybrid car is invariant to different power 

plants. 

The practical significance of the obtained results is that the obtained scientific results are a single set of 

research (concept, principles, methods and mathematical models), a method for determining the effective operation 

of the power plant of a hybrid car is proposed. These studies form the theoretical basis for the diagnosis of the 

technical condition of the units of the hybrid power plant, the scientific substantiation of the basic diagnostic 

parameters of hybrid cars. 

Keywords: diagnostics, hybrid car, power plant, traction battery, method, fuel consumption, internal combustion 

engine. 

 

ɺʩʪʫʧ 

 

ɻʽʙʨʠʜʥʘ ʩʠʣʦʚʘ ʫʩʪʘʥʦʚʢʘ (ɻʉʋ), ʷʢ ʦʙô̒ ʢʪ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʩʫʪʪʻʚʦʶ ʥʝʣʽʥʽʡʥʽʩʪʶ ʦʩʥʦʚʥʠʭ ʩʚʦʾʭ ʝʣʝʤʝʥʪʽʚ, ʧʘʨʘʤʝʪʨʠʯʥʦʶ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ɻʉʋ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʾʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉɸʋ), ʷʢʘ ʧʦʚʠʥʥʘ ʚʠʨʽʰʫʚʘʪʠ 

ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ:  

ï ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ɻʉʋ; 

ï ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʷʛʦʚʦ-ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ; 

ï ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ (ʚʘʨʽʘʥʪʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ) ɻʉʋ ʟʘʣʝʞʥʦ 

ʚʽʜ ʾʾ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʽ ʨʝʞʠʤʫ ʨʫʭʫ ʊɿ; 

ï ʦʧʪʠʤʘʣʴʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ ʘʛʨʝʛʘʪʘʤʠ ɻʉʋ ʥʘ ʚʩʽʭ ʪʷʛʦʚʦ-

ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʘʭ, ʱʦ ʟʘʜʘʶʪʴʩʷ; 

ï ʫʧʨʘʚʣʽʥʥʷ ʨʝʢʫʧʝʨʘʮʽʻʶ ʝʥʝʨʛʽʾ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ; 

ï ʫʧʨʘʚʣʽʥʥʷ ʟʘʨʷʜʞʘʥʥʷʤ ʽ ʚʠʪʨʘʯʘʥʥʷʤ ʝʥʝʨʛʽʾ ʥʘʢʦʧʠʯʫʚʘʯʘ; 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʦʧ-ʩʪʘʨʪʦʚʦʛʦ ʨʝʞʠʤʫ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ 

ɼɺɿ ʧʨʠ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʟʫʧʠʥʢʘʭ ʊɿ; 

ï ʩʪʘʙʽʣʽʟʘʮʽʷ ʟʘʜʘʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʘʛʨʝʛʘʪʽʚ; 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʚʦʜʽʷ, ʱʦ ʽʤʽʪʫʻ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʜʠʮʽʡʥʠʤ ʊɿ. 

ɿʘʜʘʯʽ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʉɸʋ ɻʉʋ, ʤʘʶʪʴ ʽʻʨʘʨʭʽʯʥʫ ʦʨʛʘʥʽʟʘʮʽʶ.  

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

 

ɯʩʥʫʻ ʪʨʠ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ ʉɸʋ ɻʉʋ, ʷʢʽ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʧʨʠʥʮʠʧʘʤʠ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʽʻʨʘʨʭʽʾ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʦʛʽʯʥʠʭ ʧʨʘʚʠʣ ʚʠʙʦʨʫ 

ʩʪʨʘʪʝʛʽʾ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʘʜʘʧʪʘʮʽʾ ʜʦ ʧʦʪʦʯʥʦʛʦ ʾʟʜʦʚʦʛʦ ʮʠʢʣʫ ʽ ʦʯʽʢʫʚʘʥʠʭ ʡʦʛʦ ʟʤʽʥ. 

ʅʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʙʫʣʠ ʉɸʋ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʤʝʪʦʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʦʛʽʯʥʠʭ ʧʨʘʚʠʣ ʚʠʙʦʨʫ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ɻʉʋ, ʭʦʯ ʚʦʥʠ ʽ ʥʝ ʜʦʟʚʦʣʷʶʪʴ 

ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʠʷʚʠʪʠ ʚʩʽ ʧʝʨʝʚʘʛʠ ʛʽʙʨʠʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɹʽʣʴʰʽʩʪʴ ʚʠʢʣʘʜʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ  ʛʽʙʨʠʜʥʠʭ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʦʙô̒ ʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʠ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʘ 

ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʩʢʽʣʴʢʠ ʥʝ ʚʽʜʧʨʘʮʴʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʾʭ ʩʧʽʣʴʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ 

ʽ ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʻʜʠʥʦʾ ʰʢʘʣʠ ʚʠʤʽʨʶʚʘʥʥʷ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ʈʷʜ ʘʚʪʦʨʽʚ [1 ï 2] ʧʨʠ ʜʦʩʣʽʜʞʝʥʽ ʫʧʨʘʚʣʽʥʥʷ ʩʠʣʦʚʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ  ʘʚʪʦʤʦʙʽʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ.  
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ʋʧʨʘʚʣʽʥʥʷ ʥʘ ʧʽʜʩʪʘʚʽ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʽ ʩʠʩʪʝʤ ʥʝʯʽʪʢʦʛʦ ʚʠʩʥʦʚʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [3], ʘ ʚ ʨʦʙʦʪʽ [4] ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʥʘʣʘʛʦʜʞʫʚʘʥʥʷ ʩʠʩʪʝʤ ʥʝʯʽʪʢʦʛʦ ʚʠʩʥʦʚʢʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (ʐʅʄ) ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ 

[5 ï 6]. ʉʫʤʽʩʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʐʅʄ ʪʘ ʩʠʩʪʝʤ ʥʝʯʽʪʢʦʛʦ ʚʠʩʥʦʚʢʫ ʧʨʠʩʚʷʯʝʥʘ ʨʦʙʦʪʘ 

[7]. ʅʘʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʙʨʠʜʥʠʭ  ʥʘ ʧʽʜʩʪʘʚʽ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʫʞʥʽʩʪʶ  ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʧʦʰʠʨʝʥʠʤ ʻ ʚʠʙʽʨ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʩʠʣʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ ʥʘ 

ʧʽʜʩʪʘʚʽ ʣʦʛʽʯʥʠʭ ʧʨʘʚʠʣ ʪʘ ʪʘʙʣʠʯʥʝ ʟʘʜʘʥʥʷ ʟʘʢʦʥʽʚ ʨʝʛʫʣʶʚʘʥʥʷ (logic based control 

strategies). ʊʘʢʠʡ ʧʽʜʭʽʜ ʤʘʻ ʥʘʟʚʫ Rule Based (RB). 

ʇʨʘʚʠʣʘ ʪʘ ʟʘʢʦʥʠ ʫʧʨʘʚʣʽʥʥʷ ʚʩʪʘʥʦʚʣʶʶʪʴ ʨʦʟʨʦʙʥʠʢʠ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ. ʆʪʞʝ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ. ʗʢʱʦ ʩʪʨʘʪʝʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʟʦʚʥʽʰʥʽʤ ʫʤʦʚʘʤ ʨʦʙʦʪʠ ʘʚʪʦʤʦʙʽʣʷ ʪʦ ʩʠʣʦʚʘ ʫʩʪʘʥʦʚʢʘ ʤʦʞʝ ʤʘʪʠ ʛʽʨʰʽ 

ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʪʘ ʪʦʢʩʠʯʥʦʩʪʽ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʙʘʟʦʚʠʤ ʘʚʪʦʤʦʙʽʣʝʤ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʛʽʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ 

ʰʣʷʭʦʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʠʥʪʝʟʫ ʫʧʨʘʚʣʷʶʯʠʭ ʚʧʣʠʚʽʚ ʟʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʽ ʷʢʽʩʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʽʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʚʠʨʽʰʘʣʴʥʠʤ ʯʠʥʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʙʨʘʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɻʉʋ ʪʷʛʦʚʦ-ʰʚʠʜʢʽʩʥʦʤʫ ʨʝʞʠʤʫ ʨʫʭʫ, ʘ ʪʘʢʦʞ ʚʽʜ 

ʢ̫ʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ ʦʩʥʦʚʥʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ɻʉʋ. 

ʎʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʪʘʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ ʚʠʢʠʜʽʚ ʪʦʢʩʠʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ ɼɺɿ ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ, ʦʙʫʤʦʚʣʝʥʠʭ ʚʠʤʦʛʘʤʠ 

ʢʝʨʦʚʘʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ, ʟʘʧʘʩʫ ʝʥʝʨʛʽʾ ʚ ʊɸɹ ʽ ʪʘʢ ʜʘʣʽ [8]. ʏʘʩʪʦ ʨʽʰʝʥʥʷ ʜʘʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʧʨʠʧʫʩʢʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʢʚʽʚʘʣʝʥʪʥʫ 

ʢʽʣʴʢʽʩʪʴ ʩʧʘʣʶʚʘʥʦʛʦ ʧʘʣʠʚʘ ʜʣʷ ʪʦʛʦ, ʱʦ ʙ ʦʮʽʥʠʪʠ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ [9]. ɿʛʦʜʦʤ 

ʦʧʪʠʤʘʣʴʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ ɼɺɿ ʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ 

ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʩʪʘʪʠʯʥʠʭ ʢʘʨʪ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ɻʉʋ. ʆʧʪʠʤʽʟʘʮʽʷ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʘʢʪʫʘʣʴʥʘ, ʥʘʩʘʤʧʝʨʝʜ, ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʧʘʨʘʣʝʣʴʥʦʶ ʽ ʧʦʩʣʽʜʦʚʥʦ-

ʧʘʨʘʣʝʣʴʥʦʶ ʩʭʝʤʘʤʠ ʧʦʙʫʜʦʚʠ ɻʉʋ.  

ʉʧʨʦʱʝʥʠʡ ʟʤʽʩʪʦʚʥʠʡ ʦʧʠʩ ʘʣʛʦʨʠʪʤʫ ʣʦʛʽʯʥʦʛʦ ʚʠʙʦʨʫ ʚʧʣʠʚʽʚ, ʱʦ ʫʧʨʘʚʣʷʶʪʴ,  

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ. 

ʇʨʠ ʛʘʣʴʤʫʚʘʥʥʽ, ʢʦʣʠ ʧʦʪʨʽʙʥʠʡ ʤʦʤʝʥʪ ʦʙʝʨʪʘʥʥʷ ɻʉʋ 
. 0GSU zdM < : 

ï  ɼɺɿ ʚʠʤʢʥʝʥʠʡ, ɓ 1D =-; 

ï  ʧʝʨʝʜʘʚʘʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ ʪʨʘʥʩʤʽʩʽʾ ʥʘ k -ʦʤʫ ʢʨʦʮʽ ʫʧʨʘʚʣʽʥʥʷ () ( )1k kg g= - ; 

ï  ʧʨʠ ʧʦʚʥʽʩʪʶ ʟʘʨʷʜʞʝʥʽʡ ʪʷʛʦʚʽʡ ʘʢʫʤʫʣʷʪʦʨʥʽʡ ʙʘʪʘʨʝʾ ( ʊɸɹ), ʢʦʣʠ 

.maxTAB exq ²q  ʨʝʢʫʧʝʨʘʪʠʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ɓ 0M = . ʉʠʛʥʘʣ 

ʫʧʨʘʚʣʽʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʶ ʩʠʩʪʝʤʦʶ ʛʘʣʴʤʫʚʘʥʥʷ  

 .

.max

ɓ GSU zd
T

trm

M

M

-
= ;, (1) 
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ï  ʧʨʠ ʥʝ ʧʦʚʥʽʩʪʶ ʟʘʨʷʜʞʝʥʽʡ ʊɸɹ, ʢʦʣʠ .maxTAB exq <q , ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʛʘʣʴʤʽʚʥʠʡ ʤʦʤʝʥʪ ɺɽɼ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʨʝʞʠʤʽ 
.min

ogr

VDM  ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʝʥʪʠʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ (ɺɽɼ) ʽ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʩʪʨʫʤʫ ʟʘʨʷʜʢʠ ʊɸɹ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʾʾ ʧʦʪʦʯʥʦʤʫ ʩʪʘʥʫ   

 ( ).
.min max , ,ɓ 1ogr VD TAB

VD VD M M

M VD

P
M M w

w h

ë û
= =-ì ü

Öí ý
,  (2) 

ʜʝ ( ) 1

. . .maxVD TAB TAB chg dop invP P P h-= - Ö ï ʦʙʤʝʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ɺɽɼ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʨʝʞʠʤʽ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʊɸɹ; VDh  ï ʂʂɼ ɺɽɼ; invh  ï ʂʂɼ ʪʨʠʬʘʟʥʦʛʦ ʽʥʚʝʨʪʦʨʘ ʟ ʐʀʄ; 

( ). .max . .max . .maxTAB chg TAB TAB chg TAB TAB chgP E I R I= - Ö Ö  ï ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʊɸɹ ʧʨʠ 

ʟʘʨʷʜʮʽ ʤʘʢʩʠʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʠʤ ʩʪʨʫʤʦʤ; 
dopP  ï ʧʦʪʫʞʥʽʩʪʴ, ʩʧʦʞʠʚʘʥʘ ʚʽʜ ʙʦʨʪʦʚʦʾ 

ʤʝʨʝʞʽ ʜʦʜʘʪʢʦʚʠʤ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷʤ; 
. .maxTAB chgI  ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ ʟʘʨʷʜʫ ʊɸɹ; 

TABR  ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ ʊɸɹ; TABE  ï ʝʢʚʽʚʘʣʝʥʪʥʘ ɽɼʉ ʊɸɹ. 

ʗʢʱʦ ( ). .min

ogr

GSU zd VD MM M g> Ö , ʛʽʜʨʘʚʣʽʯʥʘ ʩʠʩʪʝʤʘ ʛʘʣʴʤʫʚʘʥʥʷ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ɓ 0T = , ʛʘʣʴʤʽʚʥʝ ʟʫʩʠʣʣʷ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ɺɽɼ:  

 
.

.max

ɓ GSU zd
M

VD M

M

M g
=

Ö
. (3) 

ï  ʗʢʱʦ ( ). .min

ogr

GSU zd VD MM M g¢ Ö , ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʛʘʣʴʤʽʚʥʠʡ 

ʤʦʤʝʥʪ ɺɽɼ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʨʝʞʠʤʽ: ɓ 1M =-. ʅʝʩʪʘʯʘ ʛʘʣʴʤʽʚʥʦʛʦ ʤʦʤʝʥʪʫ 

ʜʦʧʦʚʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʛʘʣʴʤʫʚʘʥʥʷ  

 
( ) .

.max

,ɓ
ɓ VD M M M GSU zd

T

trm

M M

M

w gÖ -
= . (4) 

ʇʨʠ ʥʝʦʙʭʽʜʥʦʤʫ ʤʦʤʝʥʪʽ ʦʙʝʨʪʘʥʥʷ ɻʉʋ 
. 0GSU zdM ² : 

ï  ʛʽʜʨʘʚʣʽʯʥʘ ʩʠʩʪʝʤʘ ʛʘʣʴʤʫʚʘʥʥʷ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ɓ 0T = ; 

ï  ʚʠʙʽʨ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʪʨʘʥʩʤʽʩʽʾ ʥʘ k -ʦʤʫ ʢʨʦʮʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʨʠ 

()ɓ 1D k ¸- ʚʠʢʦʥʫʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʪʘʢʠʭ ʧʨʘʚʠʣ  

 
( )

( )( ) ( )

1 .1

.1 2

ʧʨʠ

ɔ 1 >ɔ ;

P P

P P k

g g w w w

w w w

= < -D Ù

Ù < +D Ø -
 (5) 

 

 

( ) ( )( ) ( )( )

( ) ( )

( ) ( )( ) ( )( )

2 .1 .1 2

.1 .2

.2 .2 3

ʧʨʠ ɔ 1 ɔ

ɔ 1 >ɔ ;

P P P P

P P P P

P P P P

k

k

g g w w w w w

w w w w w

w w w w w

= -D ¢ < +D Ø - ¢ Ù

Ù +D ¢ < -D Ù

Ù -D ¢ < +D Ø -

 (6) 

 

 

( ) ( )( ) ( )( )

( ) ( )

( ) ( )( ) ( )( )

3 .2 .2 3

.2 .3

.3 .3 4

ʧʨʠ ɔ 1 ɔ

ɔ 1 >ɔ ;

P P P P

P P P P

P P P P

k

k

g g w w w w w

w w w w w

w w w w w

= -D ¢ < +D Ø - ¢ Ù

Ù +D ¢ < -D Ù

Ù -D ¢ < +D Ø -

 (7) 
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( ) ( )( ) ( )

( ) ( )

( ) ( )( ) ( )( )

4 .3 .3 4

.3 .4

.4 .4 5

ʧʨʠ ɔ 1 ɔ

ɔ 1 >ɔ ;

P P P P

P P P P

P P P P

k

k

g g w w w w w

w w w w w

w w w w w

= -D ¢ < +D Ø - ¢ Ù

Ù +D ¢ < -D Ù

Ù -D ¢ < +D Ø -

 (8) 

 

 
( )( ) ( )

( )

5 .4 5

.4

ʧʨʠ ɔ 1 ɔ

,

P P

P P

kg g w w w

w w w

= -D ¢ Ø - ¢ Ù

Ù +D ¢
 (9) 

ʜʝ [ ].1 .2 .3 .4, , ,P P P Pw w w w=
P
ɤ  ï ʚʝʢʪʦʨ ʧʦʨʦʛʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʂʂɼ ɼɺɿ ʚʽʜ ʡʦʛʦ ʪʷʛʦʚʦ-ʰʚʠʜʢʽʩʥʦʛʦ 

ʨʝʞʠʤʫ.  

ʇʨʠ ( )ɓ 1 0,5D k- >  ʚʝʢʪʦʨ 
Pɤ  ʧʦʤʥʦʞʫʻʪʴʩʷ ʥʘ ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

() ( )( )1 0,58 ɓ 1 0,5PP DK k k= + Ö - -, ʱʦ ʚʨʘʭʦʚʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ɼɺɿ; PwD  ï ʧʨʠʨʽʩʪ 

ʧʦʨʦʛʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ çʙʨʷʟʢʦʪʫè ʧʝʨʝʤʠʢʘʥʥʷ ʧʝʨʝʜʘʯ. 

ʇʨʠ ()ɓ 1D k =-, ʢʦʣʠ ɼɺɿ ʚʽʜʢʣʶʯʝʥʠʡ, ʧʝʨʝʜʘʪʦʯʥʝ ʚʽʜʥʦʰʝʥʥʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ: 

() ( )1k kg g= - ; 

ï  ̫ ʢɦʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ( )( ). .minP DVS TAB exw w q q< Ø > , ʜʝ 
.P DVSw  ï ʧʦʨʦʛʦʚʘ 

ʰʚʠʜʢʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ɼɺɿ, ʨʫʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦʛʦ ʟʘʧʘʩʫ ʝʥʝʨʛʽʾ ʚ ʊɸɹ.  

ʄʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʤʦʤʝʥʪ ʦʙʝʨʪʘʥʥʷ ɺɽɼ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʡʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ ʩʪʘʥʫ ʊɸɹ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʽʟ ʚʠʨʘʟʫ  

 ( ).
.max min , ,ɓ 1ogr VD TAB VD

VD VD M M

M

P
M M

h
w

w

ë ûÖ
= =ì ü

í ý
,  (10) 

ʜʝ  ( ). .maxVD TAB TAB dop invP P P h= - Ö;            

2

.max
4

TAB
TAB

TAB

E
P

R
=
Ö

. 

 ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ( ). .max

ogr

GSU zd VD MM M g¢ Ö  ʩʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ʪʷʛʦʚʠʤ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ( ). .maxɓM GSU zd VD MM M g= Ö , ʘ ʩʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ɼɺɿ 

ʚʽʜʧʦʚʽʜʘʻ ʡʦʛʦ ʚʠʤʢʥʝʥʦʤʫ ʩʪʘʥʫ ɓ 1D =-. 

ʇʨʠ ( ). .max

ogr

GSU zd VD MM M g> Ö  ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʧʝʨʝʡʤʘʻ ʥʘ ʩʝʙʝ ʤʘʢʩʠʤʘʣʴʥʦ-

ʤʦʞʣʠʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ: ɓ 1M =, ʘ ʥʝʩʪʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʜʦʧʦʚʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ɼɺɿ:  

 

 ( )1

.ɓ ,D DVS KV DVS zdM Mw-= , (11) 

 

ʜʝ 
( ).

.

,ɓGSU zd VD M M M

DVS zd

scp

M M
M

K

w g

g

- Ö
=

Ö
 ï ʥʝʦʙʭʽʜʥʠʡ ʝʬʝʢʪʠʚʥʠʡ ʤʦʤʝʥʪ ɼɺɿ;  

scpK  ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʩʣʠʟʘʥʥʷ ʟʯʝʧʣʝʥʥʷ  

 ( )
.min

.0

.0 .min

.min

1, ʧʨʠ

1
ʧʨʠ ;

KV KV

scp KV scp

scp KV KV

KV

K K
K

w w

w
w w

w

²ë
î
= Ö -ì

+ <î
í

 (12) 
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ʜʝ 
.0scpK  ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʩʣʠʟʘʥʥʷ ʟʯʝʧʣʝʥʥʷ ʧʨʠ 0KVw = . 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ɼɺɿ ʫ ʚʠʧʘʜʢʫ 
.minKVw g wÖ <   ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʫʢʩʫʚʘʥʥʷ ʤʫʬʪʠ 

ʟʯʝʧʣʝʥʥʷ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ 
.minKV KVw w= ; ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

( )( ). .minP DVS TAB exw w q q< Ø ¢ , ʢʦʣʠ ʊɸɹ ʨʦʟʨʷʜʞʝʥʘ, ʨʫʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ɼɺɿ ʧʨʠ ʚʽʜʢʣʶʯʝʥʦʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ: ɓ 0M = .  

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ( )1

.ɓ ,D DVS KV DVS zdM Mw-= ,    ʜʝ    
1

. .DVS zd GSU zdM M g-= Ö ; 

ï  ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʧʦʨʦʛʦʚʫ ʰʚʠʜʢʽʩʪʴ ʚʢʣʶʯʝʥʥʷ 

ɼɺɿ, ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ .P DVSw w² , ɺɽɼ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʙʣʠʞʝʥʥʷ ʪʷʛʦʚʦ-

ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ ɼɺɿ ʜʦ ʦʙʣʘʩʪʽ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ. ʆʧʪʠʤʘʣʴʥʠʡ ʤʦʤʝʥʪ 

ʦʙʝʨʪʘʥʥʷ ɼɺɿ ʜʣʷ ʧʦʪʦʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʂɺ KVw  ʟʥʘʭʦʜʠʪʴʩʷ ʽʟ ʫʤʦʚʠ  

 ( ),ɓDVS DVS KV DM M w* *= ,        ( ){ }ɓ argmin ,
D

D e KV Dg*

b

= w b . (13) 

ï  ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ ( )( ). .GSU zd DVS TAB ex optM M g q q*² Ö Ù ²  ʚʽʜʚʝʜʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ɼɺɿ ʜʣʷ ʟʘʨʷʜʞʘʥʥʷ ʊɸɹ ʥʝʜʦʮʽʣʴʥʦ. 

ï  ̫ ʢʱʦ ( )( ) ( ). .min,ɓ 1GSU zd DVS KV D TAB exM Mg w q q> Ö = Ø ² , ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʽ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʧʦʚʥʠʪʠ ʥʝʩʪʘʯʫ ʧʦʪʫʞʥʦʩʪʽ ɼɺɿ ʟʘ ʜʦʧʦʤʦʛʦʶ ɺɽɼ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʩʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ɼɺɿ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ ɓ 1D=, ʘ ʩʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʪʫʞʥʽʩʪʶ ɺɽɼ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʚʠʨʘʟʫ  

 

.

. .max

.max

. .max

ʧʨʠ  
ɓ

1 ʧʨʠ  ,

VD zd ogr

VD zd VD

VDM

ogr

VD zd VD

M
M M

M

M M

ë
<î

=ì
î ²í

 (14) 

ʜʝ 
( ).

.

,ɓGSU zd DVS KV D

VD zd

M

M M
M

g w

g

- Ö
=  , 

 ( )
2

.max min , ,ɓ 1
4

ogr TAB inv VD
VD dop VD M M

TAB M

E
M P M

R

h h
w

w

ë ûå õ Öî î
= - Ö =ì üæ ö

Öî îç ÷í ý
. (15) 

ï  ̔ ʥʘʢʰʝ, ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ  

 ( )( ) ( ). .min,ɓ 1GSU zd DVS KV D TAB exM Mg w q q¢ Ö = Ù < , (16) 

ʨʫʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ: ɓ 0D = . ʉʠʛʥʘʣ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ɼɺɿ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ( )1

.ɓ ,D DVS KV DVS zdM Mw-= ,  ʜʝ  

 ( ).
. min , ,ɓ 1GSU zd

DVS zd DVS KV D

M
M M w

g

ë û
= =ì ü

í ý
. (17) 

ï  ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ ( )( ). .GSU zd DVS TAB ex optM M g q q*< Ö Ø <  ɼɺɿ ʧʨʘʮʶʻ ʚ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ, ʘ ʥʘʜʣʠʰʦʢ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʚʦʜʠʪʴʩʷ ʜʣʷ ʟʘʨʷʜʞʘʥʥʷ ʊɸɹ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɽɼ ʚ ʨʝʞʠʤʽ ʛʝʥʝʨʘʪʦʨʘ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʤʝʥʪ ʦʧʦʨʫ ɺɽɼ, ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʝʞʠʤʫ ɼɺɿ 

 
.

.
GSU zd DVS

VD zd

M

M M
M

g

g

*- Ö
= . (18) 
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ʆʙʤʝʞʝʥʥʷ ʜʘʥʦʛʦ ʤʦʤʝʥʪʫ ʦʧʦʨʫ, ʦʙʫʤʦʚʣʝʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ɺɽɼ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʤ ʩʪʨʫʤʦʤ ʟʘʨʷʜʢʠ ʊɸɹ, ʚʽʜʧʦʚʽʜʥʠʤ ʾʾ ʧʦʪʦʯʥʦʤʫ ʩʪʘʥʫ  

 ( ).
.min max , ,ɓ 1ogr VD TAB

VD VD M M

M VD

P
M M w

w h

ë û
= =-ì ü

Öí ý
, (19) 

ʜʝ  

 
( ). .max . .max

.

TAB TAB chg TAB TAB chg dop

VD TAB

inv

E I R I P
P

h

- Ö Ö -
=  . (20) 

ʇʨʠ 
. .min

ogr

VD zd VDM M>  ʫʧʨʘʚʣʷʶʯʽ ʚʧʣʠʚʠ ʥʘ ɺɽɼ ʽ ɼɺɿ  

 
.

.max

ɓ
VD zd

M

VD

M

M
= ;           ( )1ɓ ,D DVS KV DVSM Mw- *= . (21) 

ʇʨʠ 
. .min

ogr

VD zd VDM M¢  ʨʝʞʠʤ ɼɺɿ ʤʦʞʝ ʚʽʜʭʠʣʷʪʠʩʷ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʽʟ ʟʘ ʦʙʤʝʞʝʥʴ 

ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʝʞʠʤʽʚ ɺɽɼ  

 ɓ 1M =-;          ( )1

.ɓ ,D DVS KV DVS zdM Mw-= , (22) 

ʜʝ  

 ( ).
. min , ,ɓ 1GSU zd

DVS zd DVS KV D

M
M M w

g

ë û
= =ì ü

í ý
. (23) 

ʄʦʤʝʥʪ ʦʙʝʨʪʘʥʥʷ ɻʉʋ .GSU zdM , ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʪʷʛʦʚʦ-

ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ ʛʽʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ  

 () () (). . .

0

k

GSU zd p V i V

n

M k k e k k e n
=

= Ö + Öä , (24) 

ʜʝ () () ()zde k V k V k= -  ï ʧʦʤʠʣʢʘ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ; 

.p Vk , .i Vk  ï ʧʘʨʘʤʝʪʨʠ ʇɯ ï ʨʝʛʫʣʷʪʦʨʘ. 

ʅʘʚʝʜʝʥʘ ʩʪʨʘʪʝʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ɻʉʋ ʥʘ ʧʽʜʩʪʘʚʽ ʣʦʛʽʯʥʠʭ ʧʨʘʚʠʣ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʛʽʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. 

ɺʠʩʥʦʚʢʠ 

ɺʠʨʽʰʝʥʘ ʟʘʜʘʯʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʛʽʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʧʽʜʩʪʘʚʽ ʥʦʚʦʾ  ʢʦʥʮʝʧʮʽʾ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʾʾ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. ʅʘʚʝʜʝʥʦ ʻʜʠʥʠʡ ʧʽʜʭʽʜ ʢ ʜʦʩʣʽʜʞʝʥʥʶ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʭʝʤʠ ʙʫʜʦʚʠ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ 

ʛʽʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʡʨʦʤʝʨʝʞʝʚʫ ʘʧʨʦʢʩʠʤʘʮʽʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʛʽʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 
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ʋɼʂ 621.78 

 
ʂʥʷʟʻʚ ʉ. ɸ. çɺʩʪʘʥʦʚʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʥʘ ʩʪʘʣʽ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ ʧʽʩʣʷ 

ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪè 

ʅʘʨʷʜʫ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʽ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʫʜʘʨʥʦʾ 

ʚô̫ ʟʢʦʩʪʽ. ʋʜʘʨʥʘ ʚô̫ ʟʢʽʩʪʴ ʛʘʨʘʥʪʫʻ ʪʦʡ ʟʘʧʘʩ, ʧʨʠ ʷʢʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʷ ʚô̫ ʟʢʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʨʫʡʥʫʚʘʥʥʷ. ʂʨʠʭʢʠʡ ʤʘʪʝʨʽʘʣ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʷʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ. ʊʦʤʫ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʤʽʮʥʝʥʥʷ ʩʣʽʜ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ. ʅʝʨʞʘʚʽʶʯʽ ʩʪʘʣʽ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ ʤʘʶʪʴ ʚʠʩʦʢʽ ʘʥʪʠʢʦʨʦʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ, ʦʜʥʘʢ ʤʦʞʫʪʴ 

ʤʘʪʠ ʥʠʟʴʢʽ ʧʦʢʘʟʥʠʢʠ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʧʨʠ ʧʝʚʥʠʭ ʚʠʜʘʭ ʦʙʨʦʙʢʠ.  

 ɼʣʷ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʩʪʘʣʽ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʯʥʝ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʝ 

ʙʦʨʫʚʘʥʥʷ. ɹʦʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʟ ʧʘʩʪ ʫ ʦʢʠʩʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʽʯʥʦʾ ʘʪʤʦʩʬʝʨʠ. ʉʘʤ ʧʨʦʮʝʩ ʥʝ ʧʦʪʨʝʙʫʻ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʦʢʨʽʤ ʟʚʠʯʘʡʥʦʾ ʪʝʨʤʽʯʥʦʾ ʧʝʯʽ ʟ ʝʣʝʢʪʨʦʥʘʛʨʽʚʦʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʘʩʪ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʣʦʢʘʣʴʥʝ ʟʤʽʮʥʝʥʥʷ, ʝʢʦʥʦʤʠʪʠ ʨʝʘʛʝʥʪʠ ʽ ʟʘʭʠʱʘʪʠ ʧʦʚʝʨʭʥʶ ʚʽʜ ʦʢʠʩʣʝʥʥʷ ʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʩʪʘʣʽ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ ʦʪʨʠʤʘʥʦ ʰʘʨʠ ʪʦʚʱʠʥʦʶ 30 ï 60 ʤʢʤ ʥʘ ʧʨʦʪʷʟʽ ʪʨʴʦʭ 

ʛʦʜʠʥ. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 20000 ʄʇʘ. ʇʦʢʘʟʥʠʢʠ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ 

ʩʪʘʥʦʚʣʷʪʴ 67 ï 58 ɼʞ/ʩʤ2. ʇʘʨʘʤʝʪʨ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ, 

ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʙʽʣʴʰʝʥʥʷʤ ʛʦʣʦʢ ʤʘʨʪʝʥʩʠʪʫ ʪʘ ʢʦʘʛʫʣʷʮʽʻʶ ʢʘʨʙʽʜʽʚ. ʆʩʦʙʣʠʚʦ ʧʦʤʽʪʥʠʤʠ 

ʟʤʽʥʘʤʠ ʫ ʤʘʢʨʦʩʪʨʫʢʪʫʨʽ ʟʣʘʤʫ ʤʘʶʪʴ ʟʨʘʟʢʠ, ʙʦʨʦʚʘʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1100 ʦʉ. ʇʨʠ ʪʘʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ. ʇʨʠ ʤʝʥʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʦʙʢʠ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʘ ʟʣʘʤʫ ʻ ʙʽʣʴʰ ʨʝʣʴʻʬʥʦʶ. ɼʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʜʘʻ ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʟʦʥ ʟʣʘʤʫ. ʊʘʢʠʡ 

ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʥʝʩʦʢ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ ʪʘ ʦʩʥʦʚʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʦʨʦʚʘʥʠʡ ʰʘʨ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ, ʫʜʘʨʥʘ ʚô̫ ʟʢʽʩʪʴ, ʧʘʩʪʘ, ʧʽʯʥʠʡ ʥʘʛʨʽʚ, ʟʣʘʤ. 

 

ʂʥʷʟʝʚ ʉ. ɸ. çʋʩʪʘʥʦʚʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʥʘ ʩʪʘʣʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʩʘ 

ʧʦʩʣʝ ʧʝʯʥʦʛʦ ʙʦʨʠʨʦʚʘʥʠʷ ʠʟ ʧʘʩʪè  

ʅʘʨʷʜʫ ʩ ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ. ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʛʘʨʘʥʪʠʨʫʝʪ ʪʦʪ ʟʘʧʘʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ 

ʚʷʟʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʘʟʨʫʰʝʥʠʷ. ʍʨʫʧʢʠʡ ʤʘʪʝʨʠʘʣ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʦʯʥʝʥʠʷ ʩʣʝʜʫʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ. ʅʝʨʞʘʚʝʶʱʠʝ ʩʪʘʣʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʩʘ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʘʥʪʠʢʦʨʨʦʟʠʡʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʜʥʘʢʦ ʤʦʛʫʪ ʠʤʝʪʴ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʘʭ ʦʙʨʘʙʦʪʢʠ.  

ɼʣʷ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʩʘ ʧʨʝʜʣʦʞʝʥʦ ʧʝʯʥʦʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʙʦʨʠʨʦʚʘʥʠʝ. ɹʦʨʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟ ʧʘʩʪ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ ʧʝʯʥʦʡ 

ʘʪʤʦʩʬʝʨʳ. ʉʘʤ ʧʨʦʮʝʩʩ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʨʦʤʝ ʦʙʳʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʯʠ ʩ 

ʵʣʝʢʪʨʦʥʘʛʨʝʚʦʤ. ʇʨʠʤʝʥʝʥʠʝ ʧʘʩʪ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʣʦʢʘʣʴʥʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʵʢʦʥʦʤʠʪʴ ʨʝʘʛʝʥʪʳ ʠ 

ʟʘʱʠʱʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪ ʦʢʠʩʣʝʥʠʷ ʠ ʦʙʝʟʫʛʣʝʨʦʞʠʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʢʣʘʩʩʘ ʧʦʣʫʯʝʥʦ ʩʣʦʠ ʪʦʣʱʠʥʦʡ 30 - 60 ʤʢʤ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʯʘʩʦʚ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 20000 ʄʇʘ. ʇʦʢʘʟʘʪʝʣʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ 67 - 58 ɼʞ / ʩʤ2. ʇʘʨʘʤʝʪʨ 

ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʠʛʣ ʤʘʨʪʝʥʩʠʪʘ ʠ ʢʦʘʛʫʣʷʮʠʝʡ ʢʘʨʙʠʜʦʚ. ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʤʘʢʨʦʩʪʨʫʢʪʫʨʝ 

ʠʟʣʦʤʘ ʠʤʝʶʪ ʦʙʨʘʟʮʳ, ʙʦʨʦʚʘʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100 Áʉ. ʇʨʠ ʪʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʟʚʠʚʘʶʪʩʷ 

ʧʨʦʮʝʩʩʳ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʇʨʠ ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʘʙʦʪʢʠ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʘ ʠʟʣʦʤʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʨʝʣʴʝʬʥʦʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ ʟʦʥ ʠʟʣʦʤʘ. ʊʘʢʦʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʠ ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʦʨʠʨʦʚʘʥʥʳʡ ʩʣʦʡ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʧʘʩʪʘ, ʧʝʯʥʦʡ ʥʘʛʨʝʚ, ʠʟʣʦʤ. 

 

S.A. Knyazev " Establishment of Impact Toughness Indices on Martensitic Steel after Furnace Boring 

from Pastes"  

Along with increasing the strength and wear resistance, it is necessary to control the parameters of impact 

toughness. Impact toughness guarantees the margin at which the ductile fracture mechanism is realized. A fragile 

material cannot be used as a structural material. Therefore, when developing effective hardening technologies, the 

impact toughness parameter should be controlled. Martensitic stainless steels have high anti-corrosion properties 

and strength characteristics, however, they can have low impact toughness in certain types of processing. 

For hardening the surface of martensitic steel, high-temperature furnace borating is proposed. Boring was 

carried out from pastes in an oxidizing environment of an oven atmosphere.  
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The process itself does not require special equipment, except for the usual electric heating furnace. The use 

of pastes allows for local hardening, saving reagents and protecting the surface from oxidation and decarburization. 

As a result of the processing of martensitic steel, layers with a thickness of 30 - 60 microns were obtained for three 

hours. The microhardness on the surface is approximately 20,000 MPa. Impact strength indicators are 67 - 58 J / 

cm2. The impact toughness parameter decreases with increasing heating temperature, which is mainly due to an 

increase in martensite needles and coagulation of carbides. Specimens boiled at a temperature of 1100 ÁC have 

especially noticeable changes in the macrostructure of the fracture. At this temperature, processes of increasing the 

size of structural components develop. At lower processing temperatures, the fracture macrostructure becomes more 

prominent. A quantitative analysis of the kink zones provides additional information. This analysis makes it possible 

to evaluate the contribution of surface hardening and the basic structure. 

Keywords: Borovan layer, microhardness, impact strength, paste, furnace heating, fracture. 

 

ɺʩʪʫʧ  

 

ʋʜʘʨʥʘ ʚô̫ ʟʢʽʩʪʴ ʚʘʞʣʠʚʦʶ ʤʝʭʘʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʡ ʟʤʽʮʥʝʥʥʷ ʚʘʞʣʠʚʠʤ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʘʨʘʣʝʣʴʥʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʤʽʮʥʦʩʪʽ 

ʧʦʢʘʟʥʠʢʠ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʤʘʰʠʥ ʪʘ ʝʣʝʤʝʥʪʠ ʘʛʨʝʛʘʪʽʚ ʤʘʣʠ ʜʦʧʫʩʪʠʤʠʡ 

ʨʽʚʝʥʴ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʪʦʙʪʦ ʢʦʥʩʪʨʫʢʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʥʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʢʨʠʭʢʠʤ. 

ɺʠʩʦʢʦʣʝʛʦʚʘʥʽ ʩʪʘʣʽ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ ʻ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʥʝʨʞʘʚʽʶʯʠʤʠ 

ʩʪʘʣʷʤʠ ʷʢʽ ʫ ʙʘʛʘʪʴʦʭ ʨʝʞʠʤʘʭ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ 

ʤʽʮʥʦʩʪʽ. ʊʦʤʫ ʜʣʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟʽ ʩʪʘʣʝʡ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ ʝʬʝʢʪʠʚʥʠʤ ʻ ʧʦʚʝʨʭʥʝʚʝ ʟʤʽʮʥʝʥʥʷ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʚô̫ ʟʢʦʾ 

ʩʝʨʮʝʚʠʥʠ. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

 

ɺʽʜʧʦʚʽʜʘʣʴʥʽ ʜʝʪʘʣʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʪʘ ʚ ʫʤʦʚʘʭ 

ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʠʡ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʙô̒ ʤʥʘ 

ʟʤʽʮʥʶʶʯʠ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʜʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʠʡ ʢʦʤʧʣʝʢʩ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʦʤʫ 

ʧʨʦʛʨʝʩʠʚʥʽʰʦʶ ʻ ʪʝʭʥʦʣʦʛʽʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʙʦʨʫʚʘʥʥʷ. ʊʦʤʫ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟ ʤʝʪʦʶ ʾʾ ʟʤʽʮʥʝʥʥʷ ʽ 

ʟʙʝʨʝʞʝʥʥʷ ʨʽʚʥʷ ʫʜʘʨʥʦʾ ʚô̫ʟʢʦʩʪʽ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ  

 

ɹʦʨʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʰʘʨʫ ʟ ʙʦʨʠʜʽʚ FeB (18000 ʄʇʘ) ʪʘ Fe2B 

(14000 ʄʇʘ) [1]. ʎʽ ʩʪʨʫʢʪʫʨʠ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʢʨʠʭʢʽʩʪʴ [2]. ʆʢʨʽʤ ʮʴʦʛʦ ʟʙʠʨʘʣʴʥʘ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨ ʮʠʭ ʩʢʣʘʜʦʚʠʭ [3]. ɺʽʜʦʤʽ 

ʩʧʦʩʦʙʠ ʙʦʨʫʚʘʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʽ (6 - 8 ʛʦʜʠʥ), ʘ ʥʦʚʽ ʩʧʦʩʦʙʠ ʚʠʤʘʛʘʶʪ ɹʚʠʪʨʘʪʠ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ ʽ ʧʦʪʨʝʙʫʶʪʴ ʢʦʰʪʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [4]. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʙʨʦʙʢʠ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʞʝ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

[5 ï 6].  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʬʦʨʤʫʚʘʥʥʷ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʪʘ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ. ʇʦʢʘʟʘʪʠ ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʽʞ ʤʘʢʨʦ-, ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ 

ʪʘ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʘ ʪʘʢʦʞ ʧʦʨʽʚʥʷʪʠ ʨʝʟʫʣʴʪʘʪʠ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʦʨʫʚʘʥʥʷ ʟ ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʩʪʨʫʤʘʤʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʽ ʚʠʷʚʠʪʠ 

ʧʨʠʜʘʪʥʽʩʪʴ ʤʝʪʦʜʫ ʟʤʽʮʥʝʥʥʷ ʜʦ ʚʠʤʦʛ, ʤʘʪʝʨʽʘʣʫ ʣʦʧʘʪʢʠ ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ. ɼʘʥʥʽ ʧʦ 

ʜʦʩʣʽʜʞʝʥʥʶ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʥʘʛʨʽʚʘʥʥʷʤ 

ʉɺʏ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥ  ̫

 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʙʦʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʩʪʘʥʜʘʨʪʥʠʭ ʟʨʘʟʢʘʭ ʟʽ ʩʪʘʣʽ 15ʍ11ʄʌ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ t = 1000é1100  Áʉ ʧʨʦʪʷʛʦʤ 

3ïʭ ʛʦʜʠʥ. ʅʘʩʠʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʘʩʪʫ, ʷʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ 60% ʧʦʨʦʰʢʫ ʢʘʨʙʽʜʫ ʙʦʨʫ ʪʘ 40% ʘʢʪʠʚʘʪʦʨʫ NaF. ʎʝʡ ʧʦʨʦʰʦʢ ʟʘʤʽʰʫʚʘʚʩʷ ʥʘ 

ʟʚô̫ ʟʫʶʯʦʤʫ, ʷʢʠʡ ʩʢʣʘʜʘʚʩʷ ʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʢʣʝʶ ʂʄʎ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʧʘʩʪʠ. 

 
ʈʠʩ. 1. ɿʨʘʟʢʠ ʥʘ ʫʜʘʨʥʠʡ ʟʛʠʥ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʥʘʩʠʯʫʶʯʦʾ ʧʘʩʪʠ 

 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʷ 1  
ʇʝʨʝʣʽʢ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ 

T, ʦʉ  ɯʥʜʝʢʩ ʟʨʘʟʢʽʚ ʉʪʘʣʴ 

1000 ʇ1.1, ʇ1.2 

15ʍ11ʄʌ 1050 ʇ2.1, ʇ2.2 

1100 ʇ3.1, ʇ3.2 

 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʙʦʨʫʚʘʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʥʷ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʥʘ ʚʩʽʭ ʟʨʘʟʢʘʭ (ʨʠʩ. 2). 

ʅʘ ʚʩʽʭ ʟʨʘʟʢʘʭ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʦʩʪʘʪʥʴʦ ʨʽʚʥʦʤʽʨʥʠʡ ʙʦʨʦʚʘʥʠʡ ʰʘʨ ʟ ʦʜʥʘʢʦʚʦʶ 

ʤʦʨʬʦʣʦʛʽʻʶ. 

 ʈʠʩ.2. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘ ʩʪʘʣʽ 15ʍ11ʄʌ ʦʪʨʠʤʘʥʦʛʦ ʟ ʧʘʩʪʠ ʧʨʠ ʧʽʯʥʦʤʫ 

ʙʦʨʫʚʘʥʥʽ ʟ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 1000, 1050 ʪʘ 1100 ʦʉ ʚʽʜʧʦʚʽʜʥʦ 

 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʽʘʛʨʘʤʘ, ʷʢʘ ʧʦʢʘʟʫʻ ʟʥʘʯʝʥʥʷ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʟʨʘʟʢʽʚ ʟʽ 

ʩʪʘʣʽ 15ʍ11ʄʌ ʟ U ʧʦʜʽʙʥʠʤ ʥʘʜʨʽʟʦʤ (ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠ 20 ʦʉ). 
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ʈʠʩ.3. ɿʥʘʯʝʥʥʷ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʙʦʨʫʚʘʥʥʷ ʫ ʧʝʯʽ  

 

ɯʥʪʝʨʚʘʣ ʚʽʩʽ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʩʧʝʮʽʘʣʴʥʦ ʚʠʙʨʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʭʦʧʠʪʠ 

ʤʽʥʽʤʘʣʴʥʝ ʽ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ (ʜʦʧʫʩʪʠʤʠʡ ʜʽʘʧʘʟʦʥ), ʱʦ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʚʠʤʦʛʘʤʠ 

ɺɸʊ çʊʫʨʙʦʘʪʦʤè ʜʣʷ ʟʘʛʦʪʽʚʝʣʴ ʣʦʧʘʪʦʢ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ.  

ɼʦʢʣʘʜʥʠʡ ʘʥʘʣʽʟ ʤʘʢʨʦʩʪʨʫʢʪʫʨ ʟʣʘʤʽʚ ʤʦʞʣʠʚʠʡ ʯʝʨʝʟ ʦʧʠʩ ʭʘʨʘʢʪʝʨʥʠʭ ʟʦʥ 

ʨʫʡʥʫʚʘʥʥʷ, ʦʜʥʘʢ ʙʽʣʴʰ ʧʦʚʥʫ ʢʘʨʪʠʥʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʽʩʣʷ ʦʮʽʥʢʠ ʚʽʜʥʦʩʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʣʦʱʠʥʠ ʟʦʥʠ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʟʣʘʤʫ. ɻʨʘʥʠʮʽ ʟʦʥ ʚʠʟʥʘʯʘʣʠʩʷ ʚʽʟʫʘʣʴʥʦ ʟʘ ʯʽʪʢʦ 

ʚʠʨʘʞʝʥʦʶ ʛʨʘʥʠʮʝʶ ʟʤʽʥʠ ʤʦʨʬʦʣʦʛʽʾ ʨʫʡʥʫʚʘʥʥʷ. ɿʥʘʯʝʥʥʷ ʧʣʦʱʠʥ ʚʠʟʥʘʯʘʣʦʩʴ 

ʘʚʪʦʤʘʪʠʯʥʦ, ʫ ʧʽʢʩʝʣʷʭ ʽ ʧʝʨʝʨʘʭʦʚʫʚʘʣʦʩʴ ʫ ʚʽʜʩʦʪʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʝʭʪʫʚʘʪʠ ʪʦʯʥʽʩʪʶ 

ʟʙʽʣʴʰʝʥʥʷ ʧʨʠ ʤʘʢʨʦʟʡʦʤʮʽ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʚʽʜʥʦʩʥʠʭ ʧʣʦʱʠʥ ʟʦʥ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2 

(ʢʦʣʦʥʢʠ 2-4). 

ʅʘ ʨʠʩ. 4 - 6 ʧʦʢʘʟʘʥʦ ʤʘʢʨʦʩʪʨʫʢʪʫʨʠ ʟʣʘʤʽʚ ʫʜʘʨʥʠʭ ʟʨʘʟʢʽʚ ʟ ʚʠʜʽʣʝʥʠʤʠ ʪʨʴʦʤʘ 

ʤʘʢʨʦʟʦʥʘʤʠ. 1 ʟʦʥʘ ï ʟʦʥʘ ʙʦʨʫʚʘʥʥʷ ʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ (ʷʢ ʧʨʘʚʠʣʦ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʘ, ʙʝʟ ʧʝʨʝʧʘʜʽʚ ʧʦ ʨʝʣʴʻʬʫ); 2 ʟʦʥʘ ï ʟʦʥʘ ʟʘʨʦʜʞʝʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥʠ; 3 

ʟʦʥʘ ï ʟʦʥʘ ʩʝʨʮʝʚʠʥʠ. 

 
ʈʠʩ.4. ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʟʣʘʤʽʚ ʟʨʘʟʢʽʚ ʇ1.1, ʇ1.2 ʙʦʨʦʚʘʥʠʭ ʫ ʧʝʯʽ ʧʨʠ 1000 ʦʉ. ɿʦʥʘ ʨʫʡʥʫʚʘʥʥʷ 

ʫ ʟʨʘʟʢʫ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʫʜʘʨʥʦʶ ʚô̫ ʟʢʽʩʪʶ 
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ʈʠʩ.5. ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʟʣʘʤʽʚ ʟʨʘʟʢʽʚ ʇ2.1, ʇ2.2 ʙʦʨʦʚʘʥʠʭ ʫ ʧʝʯʽ ʧʨʠ 1050 ʦʉ 

 

 
ʈʠʩ.6. ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʟʣʘʤʽʚ ʟʨʘʟʢʽʚ ʇ3.1, ʇ3.2 ʙʦʨʦʚʘʥʠʭ ʫ ʧʝʯʽ ʧʨʠ 1100 ʦʉ. ʍʘʨʘʢʪʝʨ ʟʣʘʤʫ 

ʨʽʟʢʦ ʟʤʽʥʠʚʩʷ. ɿʦʥʘ ʨʫʡʥʫʚʘʥʥʷ ʫ ʟʨʘʟʢʫ ʟ ʤʽʥʽʤʘʣʴʥʦ ʦʪʨʠʤʘʥʦʶ ʫʜʘʨʥʦʶ ʚô̫ ʟʢʽʩʪʶ 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʚʝʜʝʥʽ ʫ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʷ 2  
ʉʫʢʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʘʣʽʟʫ ʟʣʘʤʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʥʘ 

ʟʨʘʟʢʘʭ ʟʽ ʩʪʘʣʽ 15ʍ11ʄʌ, ʙʦʨʦʚʘʥʠʭ ʫ ʧʝʯʽ 

ʅʘʟʚʘ ʟʨʘʟʢʘ ɺʽʜʥʦʩʥʘ 

ʢʽʣʴʢʽʩʪʴ ʟʦʥʠ 1 

ɺʽʜʥʦʩʥʘ 

ʢʽʣʴʢʽʩʪʴ ʟʦʥʠ 2 

ɺʽʜʥʦʩʥʘ 

ʢʽʣʴʢʽʩʪʴ ʟʦʥʠ 3 

KCU, ɼʞ/ʩʤ2 

ʇ1.1 2,07 10,16 87,77 67 

ʇ1.2 2,46 8,8 89,74 67 

ʇ2.1 6,77 11,24 81,99 60 

ʇ2.2 4,21 9,9 85,89 60 

ʇ3.1 16,15 6,83 77,02 58 

ʇ3.1 12,51 5,98 81,51 58 

 

  



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 

Technical service of agriculture, forestry and transport 

systems 

ˉ23ô 2021  

190 

ɺʠʩʥʦʚʢʠ 

 

1. ʄʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʧʝʨʝʯʥʠʭ ʨʦʟʨʽʟʽʚ ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʪʦʚʩʪʠʭ 

( 30é60 ʤʢʤ) ʦʪʨʠʤʘʥʠʭ ʟ ʧʘʩʪ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʫ ʙʦʨʫ ʥʘ ʧʨʦʪʷʟʽ 3- ʭ ʛʦʜʠʥ ʦʙʨʦʙʢʠ. 

2. ʇʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʽʯʥʦʤʫ ʙʦʨʫʚʘʥʥʽ ʚʥʘʩʣʽʜʦʢ ʽʥʪʝʥʩʠʚʥʦʾ ʜʠʬʫʟʽʾ ʙʦʨʫ, ʘʙʦ 

ʜʦʚʛʦʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʙʦʨʫʚʘʥʥʷ, ʬʦʨʤʫʻʪʴʩʷ ʱʽʣʴʥʠʡ ʜʠʬʫʟʽʡʥʠʡ ʰʘʨ. 

3. ʇʦʢʘʟʥʠʢʠ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʣʝʞʘʪʴ ʫ ʤʝʞʘʭ 67 ï 58 ɼʞ/ʩʤ2, ʱʦ ʻ ʚʠʩʦʢʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʩʪʘʣʽ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ. 

4. ʆʩʥʦʚʥʠʤ ʣʽʤʽʪʫʶʯʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʧʦʢʘʟʥʠʢʠ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʻ 

ʜʠʩʧʝʨʩʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʩʝʨʮʝʚʠʥʠ. ɺʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʙʦʨʫʚʘʥʥʷ ʽ 

ʟʘʛʨʫʙʣʶʻʪʴʩʷ ʧʨʠ ʾʾ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜ 1050 ʜʦ 1100 ʦʉ. ʊʘʢʘ ʟʤʽʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʚʠʜʽ ʟʣʘʤʫ ʽ ʦʙʫʤʦʚʣʶʻ ʟʤʽʥʫ ʨʝʣʴʻʬʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʣʘʤʫ.  
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ʧʨʠ ʨʘʩʯʝʪʝ ʩʠʣʳ ʪʷʛʠ ʭʦʜʦʚʳʭ ʩʠʩʪʝʤè 

ɺ ʦʩʥʦʚʝ ʨʷʜʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʩʠʣʳ ʪʷʛʠ ʭʦʜʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʜʝʬʦʨʤʘʮʠʠ 

ʣʝʞʠʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʠʣʦʡ ʪʨʝʥʠʷ (ʩʮʝʧʣʝʥʠʷ) ʠ ʚʝʣʠʯʠʥʦʡ ʩʤʝʱʝʥʠʷ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʂʨʠʚʘʷ ʩʤʝʱʝʥʠʷè. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʥʘʛʨʫʞʝʥʥʦʡ ʧʣʘʩʪʠʥʳ (ʰʪʘʤʧʘ) ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʷʟʘʥʥʦʛʦ 

ʛʨʫʥʪʘ, ʪʘʢʞʝ, ʢʘʢ ʠ ʧʨʠ ʩʜʚʠʛʝ ʜʚʫʭ ʛʨʫʥʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʠʣʘ ʪʨʝʥʠʷ (ʩʮʝʧʣʝʥʠʷ) ʩʥʘʯʘʣʘ ʠʥʪʝʥʩʠʚʥʦ 

ʨʘʩʪʝʪ, ʧʦʪʦʤ ʦʙʳʯʥʦ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʜʚʠʞʝʥʠʠ ʰʪʘʤʧʘ ʧʦʩʪʝʧʝʥʥʦ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. 
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ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʦʨʤʘ ʢʨʠʚʦʡ ʩʜʚʠʛʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʧʦʯʚʦʡ 

ʤʘʪʝʨʠʘʣʘ. 
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M. Shulyak, R. Petrov, Y. Kolesnik, G. Cherevatenko "Offset curve and its use in calculating the traction 

force of running systems" 

A number of modern methods for calculating the traction force of running gear based on deformation are 

based on the relationship between the friction force (adhesion) and the magnitude of the displacement of the contact 

surfaces in the initial period of their relative motion, the so-called "shear curve". 

It is known that when moving the loaded plate (stamp) on the surface of the bound soil, as well as when 

shifting the two soil surfaces, the friction force (adhesion) first increases rapidly, then usually passes through the 

maximum and with further movement of the stamp gradually stabilizes. 

Our studies, which were conducted on peat soil with known elasticity, showed that the shape of the shear 

curve to some extent depends on the nature of the material in contact with the soil. 

Keywords: running gear, deformation, friction force, shear curve, stamp, soil. 

 

ɺʩʪʫʧ 

 

ɺ ʦʩʥʦʚʽ ʨʷʜʫ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʩʠʣʠ ʪʷʛʠ ʭʦʜʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʩʥʦʚʽ 
ʜʝʬʦʨʤʘʮʽʾ ʣʝʞʠʪʴ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʩʠʣʦʶ ʪʝʨʪʷ (ʟʯʝʧʣʝʥʥʷ) ʽ ʚʝʣʠʯʠʥʦʶ ʟʤʽʱʝʥʥʷ 
ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʾʭ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ. ɸʣʝ ʜʣʷ ʧʦʜʽʙʥʠʭ 
ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ 
ʟʩʫʚʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟ ʷʚʠʱ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʦʛʦ 
ʬʦʨʤʫʚʘʥʥʷ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʘʨʘʤʝʪʨ, ʱʦ ʜʦʮʽʣʴʥʦ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʭʦʜʦʚʠʭ ʩʠʩʪʝʤ. 
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ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʦʾ ʧʣʘʩʪʠʥʠ (ʰʪʘʤʧʘ) ʧʦ ʧʦʚʝʨʭʥʽ 

ʧʦʚôʷʟʘʥʦʛʦ ˇʨʫʥʪʫ, ʪʘʢʦʞ, ʷʢ ʽ ʧʨʠ ʟʩʫʚʽ ʜʚʦʭ ˇʨʫʥʪʦʚʠʭ ʧʦʚʝʨʭʦʥʴ, ʩʠʣʘ ʪʝʨʪʷ (ʟʯʝʧʣʝʥʥʷ) 

ʩʧʦʯʘʪʢʫ ʽʥʪʝʥʩʠʚʥʦ ʟʨʦʩʪʘʻ, ʧʦʪʽʤ ʟʘʟʚʠʯʘʡ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ ʽ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʨʫʩʽ ʰʪʘʤʧʘ ʧʦʩʪʫʧʦʚʦ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ, ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨ ʬʦʨʤʠ ʢʨʠʚʦʾ 

ʟʩʫʚʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ ˇʨʫʥʪʦʤ ʪʘ ʡʦʛʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʜ̔ʞʝʥʥ  ̫

 

ʅʘ ʢʨʠʚʽʡ ʪʠʧʫ 1 (ʨʠʩ. 1) ʟʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʟʤʝʥʰʝʥʥʷ ʩʠʣʠ ʪʝʨʪʷ ʧʽʩʣʷ 

ʤʘʢʩʠʤʫʤʫ ʽ ʧʦʜʘʣʴʰʝ ʯʘʩʪʢʦʚʝ ʚʽʜʥʦʚʣʝʥʥʷ ʾʾ ʜʦ ʷʢʦʛʦʩʴ ʚʽʜʥʦʩʥʦ ʩʪʘʙʽʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ. ʄʦʞʥʘ ʙʫʣʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʪʘʢʠʡ ʧʝʨʝʙʽʛ ʢʨʠʚʦʾ 

ʚʠʢʣʠʢʘʥʦ ʽʥʝʨʮʽʡʥʽʩʪʶ ʧʨʫʞʠʥʥʦʾ ʩʠʩʪʝʤʠ ʩʠʣʦʚʠʤʽʨʫ ʧʨʠʣʘʜʫ (ʦʩʥʦʚʥʽ ʜʦʩʣʽʜʠ 

ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ʪʝʨʪʷ ɺɯʉʍʆʄ ʩʠʩʪʝʤʠ ɻ.ʅ. ʉʽʥʝʦʢʦʚʘ ʟʽ ʟʙʽʣʴʰʝʥʠʤ 

ʤʘʩʰʪʘʙʦʤ ʦʧʠʩʫ ʧʝʨʝʤʽʱʝʥʴ). ʆʜʥʘʢ ʩʧʝʮʽʘʣʴʥʽ ʜʦʩʣʽʜʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʥʟʦʤʝʪʨʠʯʥʦʾ 

ʘʧʘʨʘʪʫʨʠ ʪʘʢʦʞ ʚʠʷʚʠʣʠ ʥʘ ʢʨʠʚʽʡ ʤʽʥʽʤʫʤ; ʧʦʷʩʥʶʻʪʴʩʷ ʚʽʥ, ʤʘʙʫʪʴ, ʷʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ 

ʜʘʣʽ, ʧʨʫʞʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʩʥʦʚʠ. 

ɺʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʘ ʤʘʢʩʠʤʫʤʫ ʜʦʪʠʯʥʽʡ ʩʠʣʠ ʊ, ʩʪʘʥʦʚʠʣʘ ʚ ʥʘʰʠʭ 

ʜʦʩʣʽʜʘʭ ʚʽʜ 1,5 ʜʦ 3 ʩʤ, ʧʨʠʯʦʤʫ ʟʘʢʦʥʦʤʽʨʥʦʛʦ ʟʚô̫ ʟʢʫ ʤʽʞ ʮʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʥʝ 

ʚʠʷʚʣʷʣʦʩʷ. ʉʪʘʙʽʣʽʟʘʮʽʷ ʩʠʣʠ ʪʝʨʪʷ ʥʘʩʪʫʧʘʣʘ ʧʽʩʣʷ ʟʩʫʚʫ ʚ 5-6 ʩʤ. 

ʋ ʟʚô̫ ʟʢʫ ʟ ʰʠʨʦʢʠʤ ʽ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʥʝ ʟʘʚʞʜʠ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʢʨʠʚʠʭ ʟʩʫʚʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʠʣʠ ʪʷʛʠ ʭʦʜʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʤ 

ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʾʭ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʽ ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ.  

ʄ.ɻ. ɹʝʢʢʝʨ ʜʣʷ ʦʧʠʩʫ ʢʨʠʚʦʾ, ʱʦ ʚʠʨʘʞʘʻ ʟʘʣʝʞʥʽʩʪʴ ʟʩʫʚʥʦʛʦ ʟʫʩʠʣʣʷ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʟʩʫʚʫ, ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ʘʧʝʨʽʦʜʠʯʥʠʭ ʟʛʘʩʘʶʯʠʭ ʢʦʣʠʚʘʥʴ: 
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    (1) 

ʜʝ maxT
 ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʨʫʰʫʶʯʦʾ ʩʠʣʠ; 

maxY
 ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʫ, ʫʢʣʘʜʝʥʦʛʦ ʚ ʢʚʘʜʨʘʪʥʽ ʜʫʞʢʠ; 

1k ʽ 2k  ï ʧʘʨʘʤʝʪʨʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ ʽ ʧʨʦʙʫʢʩʦʚʢʠ; 

u  ï ʚʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ. 

 

ɺʽʜʟʥʘʯʠʤʦ ʧʦʧʫʪʥʦ, ʱʦ ʢʨʠʚʘ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (1), ʤʘʻ ʘʩʠʤʧʪʦʪʦʶ 

ʣʽʥʽʶ ʊ = 0 ʽ, ʦʪʞʝ, ʧʨʠ ʜʫʞʝ ʚʝʣʠʢʦʤʫ ʟʩʫʚʽ ʚʝʣʠʯʠʥʘ ʩʠʣʠ ʪʝʨʪʷ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʩʢʽʥʯʝʥʥʦ 

ʤʘʣʦʶ ʚʝʣʠʯʠʥʦʶ, ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʣʴʥʦʤʫ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ ʪʝʨʪʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ɹʝʢʢʝʨʦʤ ʨʽʚʥʷʥʥʷ ʻ ʝʤʧʽʨʠʯʥʠʤ, ʦʪʞʝ, ʷʢ ʟʘʟʥʘʯʘʻ ʽ ʡʦʛʦ ʘʚʪʦʨ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʽ ʚʠʢʦʨʠʩʪʘʥʽ ʽ ʽʥʰʽ ʟʘʣʝʞʥʦʩʪʽ, ʚ ʙʽʣʴʰʽʡ ʘʙʦ ʤʝʥʰʽʡ ʤʽʨʽ ʚʨʘʭʦʚʫʶʪʴ 

ʨʽʟʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʨʠʚʠʭ. ɿʦʢʨʝʤʘ, ʜʘʣʽ ʥʘʚʦʜʠʪʴʩʷ ʦʜʥʝ ʟ ʪʘʢʠʭ 

ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʻ ʢʨʠʚʽ ʪʠʧʫ 1 (ʨʠʩ. 1).  

ɿʤʽʥʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʚʠʨʘʟʫ ʢʨʠʚʦʾ ʤʦʞʝ ʜʘʪʠ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʘʣʝ ʧʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʦ ʜʘʪʠ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ: ʚʠʩʣʦʚʣʶʻ ʯʠ ʢʨʠʚʘ 

ʩʧʨʘʚʞʥʶ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʩʠʣʦʶ ʪʝʨʪʷ ʽ ʟʤʽʱʝʥʥʷʤ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʝʣʝʤʝʥʪʘʨʥʦʾ ʧʣʦʱʘʜʢʠ 

ʘʙʦ ʞ ʚʦʥʘ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʩʫʢʫʧʥʦʾ ʜʽʾ ʨʽʟʥʠʭ ʟʘ ʚʝʣʠʯʠʥʦʶ ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʠʣ ʪʝʨʪʷ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʢʦʥʪʘʢʪʫ? ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʯʠ ʧʨʘʚʦʤʽʨʥʦ ʜʣʷ ʟʚô̫ ʟʢʦʚʠʭ ʛʨʫʥʪʽʚ 

ʧʨʠʡʥʷʪʝ ɹʝʢʢʝʨʦʤ ʜʦʧʫʱʝʥʥʷ, ʱʦ ʩʠʣʠ ʪʝʨʪʷ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʢʦʥʪʘʢʪʥʽʡ ʧʦʚʝʨʭʥʽ 

ʨʽʚʥʦʤʽʨʥʦ? ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ, ʪʦʙʪʦ ʷʢʱʦ ʢʨʠʚʘ ʚʠʨʘʞʘʻ ʜʽʡʩʥʠʡ ʟʚô̫ ʟʦʢ ʩʠʣʠ ʪʝʨʪʷ ʟʽ 

ʟʤʽʱʝʥʥʷʤ ʙʫʜʴ-ʷʢʦʛʦ ʟʘ ʨʦʟʤʽʨʦʤ ʽ ʬʦʨʤʦʶ ʤʘʡʜʘʥʯʠʢʘ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʩʠʣʫ ʪʝʨʪʷ 

ʭʦʜʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʽʥʪʝʛʨʘʮʽʻʶ ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʠʣ ʪʝʨʪʷ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʨʽʚʥʷʥʥʷʤ (1) (ʘʙʦ 
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ʘʥʘʣʦʛʽʯʥʦʛʦ) ʧʦ ʚʩʽʡ ʦʧʦʨʥʽʡ ʧʦʚʝʨʭʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʱʝʥʥʷ ʦʢʨʝʤʠʭ ʪʦʯʦʢ ʽ ʝʧʶʨʠ 

ʥʦʨʤʘʣʴʥʠʭ ʪʠʩʢʽʚ, ʫ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʙʝʟ ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʦʩʥʦʚʠ ʮʴʦʛʦ ʨʦʙʠʪʠ ʥʝ ʤʦʞʥʘ. 

 
 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ  ʬʦʨʤʠ ʢʨʠʚʦʾ ʟʩʫʚʫ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʛʨʫʥʪʫ ʷʢʠʡ ʟ ʥʝʶ ʢʦʥʪʘʢʪʫʻ 

 

 
ʈʠʩ. 2. ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʧʦʚʝʨʭʥʽ ʚ ʥʘʧʨʷʤʢʫ ʜʽʾ ʜʦʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

 
ɼʣʷ ʟô̫ ʩʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʧʦʚʝʨʭʥʝʚʠʭ ʜʦʪʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʟʚô̫ ʟʢʦʚʦʾ ʛʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʟʘ ʜʦʮʽʣʴʥʝ 
ʩʢʦʨʠʩʪʘʪʠʩʷ ʚʽʜʦʤʦʶ ʚ ʤʝʭʘʥʽʮʽ ʛʨʫʥʪʽʚ ʤʦʜʝʣʣʶ ʛʨʫʥʪʫ ʫ ʚʠʛʣʷʜʽ ʧʨʫʞʥʦʛʦ (ʣʽʥʽʡʥʦ-
ʜʝʬʦʨʤʦʚʘʥʦʛʦ) ʧʽʚʧʨʦʩʪʦʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʪʠ ʨʽʰʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʪʝʦʨʽʾ 
ʧʨʫʞʥʦʩʪʽ. 

ʇʨʠʡʤʝʤʦ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʠʡ ʤʘʡʜʘʥʯʠʢ ʤʘʻ ʚʝʣʠʢʫ ʰʠʨʠʥʫ ʽ ʥʘʧʨʫʛʠ ʚʟʜʦʚʞ ʥʝʾ 
ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ, ʪʦʙʪʦ ʤʘʻ ʤʽʩʮʝ ʧʣʦʩʢʘ ʜʝʬʦʨʤʘʮʽʷ. ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ 
ʧʦʚʝʨʭʥʽ ʚ ʥʘʧʨʷʤʢʫ ʜʽʾ ʜʦʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʘ ʜʦʚʞʠʥʽ ʢʦʥʪʘʢʪʫ 2ʘ ʟʛʽʜʥʦ 

ʽʟ ʟʘʢʦʥʦʤ()f x, ʧʨʠʯʦʤʫ a ax- < < (ʨʠʩʫʥʦʢ 2) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʘʞʝʥʽ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ: 
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 ï çʥʘʚʝʜʝʥʠʡè ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ; E  ï ʤʦʜʫʣʴ ʖʥʛʘ; m ï ʢʦʝʬʽʮʽʻʥʪ 

ʇʫʘʩʩʦʥʘ; C  ï ʧʦʩʪʽʡʥʘ. 

ɼʝʷʢʽ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʚʽʜʥʦʩʥʦʛʦ ʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʜʣʷ ʨʽʟʥʠʭ 

ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ()f x, ʦʪʨʠʤʘʥʽ ʥʘ ʧʽʜʩʪʘʚʽ ʨʽʚʥʷʥʥʷ (2). 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʜʝʬʦʨʤʘʮʽʾ ʫʤʦʚʥʦ ʚʠʜʽʣʝʥʠʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ 
ʧʽʜʩʪʘʚʠ ʧʽʜ ʚʧʣʠʚʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 
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ɼʦʪʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʣʠʢʘʶʪʴ ʩʪʠʩʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʦʩʥʦʚʠ ʚ 
ʧʝʨʝʜʥʽʡ (ʫ ʥʘʧʨʷʤʢʫ ʜʽʾ ʩʠʣ) ʯʘʩʪʠʥʠ ʢʦʥʪʘʢʪʫ ʽ ʨʦʟʪʷʛʥʝʥʥʷ ʚ ʟʘʜʥʽʡ ʯʘʩʪʠʥʽ. ʎʽ ʥʘʧʨʫʛʠ 
ʜʦʩʷʛʘʶʪʴ ʤʘʢʩʠʤʫʤʫ ʚ ʪʦʯʢʘʭʭ ʘ=°.  

ʅʘʡʙʽʣʴʰʝ ʟʤʽʱʝʥʥʷ ʱʦʜʦ ʥʝʜʝʬʦʨʤʦʚʘʥʦʾ ʯʘʩʪʠʥʠ ʤʘʩʠʚʫ ʧʨʠ ʩʠʤʝʪʨʠʯʥʦʤʫ 

ʨʦʟʧʦʜʽʣʽ ʜʦʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ (ʧʘʨʥʦʾ ʬʫʥʢʮʽʾ ()f x/ ʤʘʻ ʩʝʨʝʜʠʥʘ ʥʘʚʘʥʪʘʞʝʥʦʛʦ 

ʤʘʡʜʘʥʯʠʢʘ (ʪʦʯʢʘ ʭ = 0). 
ɿʘʟʥʘʯʝʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʶʪʴ ʤʽʩʮʝ, ʷʢʱʦ ʤʦʞʣʠʚʝ ʚʽʜʥʦʩʥʝ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʚ 

ʦʢʨʝʤʠʭ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʫ ʘʙʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ çʙʝʟʨʦʟʤʽʨʥʠʡè ʰʪʘʤʧ. ɺ 
ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʠ ʧʝʨʝʜʘʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ ʞʦʨʩʪʢʠʡ ʰʪʘʤʧ, ʷʢʠʡ ʤʘʻ ʟʯʝʧʣʝʥʥʷ ʟ 
ʧʦʚʝʨʭʥʝʶ, ʚʩʽ ʪʦʯʢʠ ʧʨʫʞʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʢʦʥʪʘʢʪʽ ʟʽ ʰʪʘʤʧʦʤ, 
ʦʪʨʠʤʫʶʪʴ ʦʜʥʘʢʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʧʽʜ ʢʨʘʡʥʽʤʠ ʪʦʯʢʘʤʠ ʰʪʘʤʧʘ ʜʦʪʠʯʥʽ 
ʥʘʧʨʫʞʝʥʥʷ, ʪʝʦʨʝʪʠʯʥʦ ʜʦʩʷʛʘʶʪʴ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʦʾ ʚʝʣʠʯʠʥʠ. ʇʨʠʨʦʜʥʦ, ʱʦ ʥʘ 
ʧʨʘʢʪʠʮʽ ʪʘʢʽ ʥʘʧʨʫʛʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ, ʪʘʢ ʷʢ ʚʦʥʠ ʦʙʤʝʞʫʶʪʴʩʷ ʜʝʬʦʨʤʘʮʽʷʤʠ 
ʽ ʛʨʘʥʠʯʥʦʶ ʚʝʣʠʯʠʥʦʶ ʩʠʣʠ ʪʝʨʪʷ. 

ʉʢʘʟʘʥʝ ʚʠʱʝ ʜʦʟʚʦʣʷʻ ʫʷʚʠʪʠ ʧʨʦʮʝʩ ʟʤʽʱʝʥʥʷ ʞʦʨʩʪʢʦʛʦ ʰʪʘʤʧʘ ʧʦ ʜʝʬʦʨʤʦʚʘʥʽʡ 
ʦʩʥʦʚʽ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ʅʘ ʩʘʤʦʤʫ ʧʦʯʘʪʢʫ ʨʫʭʫ ʚʠʥʠʢʘʻ ʧʦʧʝʨʝʜʥʻ ʟʤʽʱʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʽ 
ʚʽʜʧʦʚʽʜʥʘ ʡʦʤʫ ʥʝʧʦʚʥʘ ʩʠʣʘ ʪʝʨʪʷ ʩʧʦʢʦʶ. ʎʷ ʩʠʣʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʧʦʜʽʣʫ 
ʥʦʨʤʘʣʴʥʠʭ ʪʠʩʢʽʚ; ʝʧʶʨʘ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʤʘʻ ʩʽʜʣʦʦʙʨʘʟʥʫ ʬʦʨʤʫ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʽʜ 
ʢʨʘʡʥʽʤʠ ʪʦʯʢʘʤʠ ʰʪʘʤʧʘ. ʗʢ ʪʽʣʴʢʠ ʚ ʮʠʭ ʪʦʯʢʘʭ ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʠʣʠ 
ʪʝʨʪʷ ʩʧʦʢʦʶ, ʧʦʯʥʝʪʴʩʷ ʢʦʚʟʘʥʥʷ, ʽ ʧʠʪʦʤʘ ʩʠʣʘ ʪʝʨʪʷ ʪʫʪ ʟʤʝʥʰʠʪʴʩʷ ʜʦ ʚʝʣʠʯʠʥʠ ʩʠʣʠ 
ʪʝʨʪʷ ʨʫʭʫ, ʚʽʜʧʦʚʽʜʥʦʾ ʥʦʨʤʘʣʴʥʦʤʫ ʪʠʩʢʫ ʚ ʮʠʭ ʪʦʯʢʘʭ (ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ 
ʪʝʨʪʷ ʩʧʦʢʦʶ ʽʩʪʦʪʥʦ ʙʽʣʴʰʝ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʨʫʭʫ). ʋ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʟʩʫʚʫ ʟʦʥʠ 
ʢʦʚʟʘʥʥʷ ʧʦʜʦʚʞʫʶʪʴʩʷ, ʘ ʟʦʥʘ ʟʯʝʧʣʝʥʥʷ (ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʢʦʥʪʘʢʪʫ) ʚʽʜʧʦʚʽʜʥʦ 
ʩʢʦʨʦʯʫʻʪʴʩʷ; ʚ ʥʽʡ ʷʢ ʽ ʨʘʥʽʰʝ ʙʫʜʝ ʤʘʪʠ ʤʽʩʮʝ ʥʝʧʦʚʥʘ ʩʠʣʘ ʪʝʨʪʷ ʩʧʦʢʦʶ, ʷʢʘ ʜʦʩʷʛʘʻ 
ʩʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʛʨʘʥʠʮʷʭ ʟʦʥʠ. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʩʠʣʠ ʪʝʨʪʷ ʚ 
ʮʽʡ ʟʦʥʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʩʫʚʫ ʟʨʦʩʪʘʻ. ʅʘʨʝʰʪʽ, ʧʨʠ ʟʩʫʚʽ, ʱʦ ʜʦʨʽʚʥʶʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 
ʧʦʧʝʨʝʜʥʴʦʤʫ ʟʤʽʱʝʥʥʽ ʚ ʩʝʨʝʜʠʥʽ ʤʘʡʜʘʥʯʠʢʘ, ʥʘʩʪʘʥʝ ʢʦʚʟʘʥʥʷ ʧʦ ʚʩʽʡ ʧʣʦʱʽ. ʆʜʥʘʢ ʮʝ 
ʥʝ ʚʠʢʣʶʯʘʻ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚ ʦʢʨʝʤʠʭ ʪʦʯʢʘʭ çʩʭʦʧʣʶʚʘʥʥʷè ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʪʨʫʪʴʩʷ ʽ 
ʚʠʥʠʢʥʝʥʥʷ ʥʘ ʷʢʠʡʩʴ ʧʝʨʽʦʜ ʣʦʢʘʣʴʥʠʭ ʟʦʥ ʟʯʝʧʣʝʥʥʷ. 

ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʩʠʣʠ ʪʝʨʪʷ ʚ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʫ ʷʢʦʾ-ʥʝʙʫʜʴ ʜʽʣʷʥʢʠ ʽʟ 
ʟʦʥʠ ʟʯʝʧʣʝʥʥʷ ʚ ʟʦʥʫ ʢʦʚʟʘʥʥʷ ʟʤʝʥʰʫʶʪʴʩʷ ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ɺʠʛʥʫʪʠʡ 
ʨʘʥʽʰʝ ʝʣʝʤʝʥʪ (ʨʠʩ. 2) ʜʝʢʽʣʴʢʘ ʚʠʧʨʷʤʣʷʻʪʴʩʷ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʡʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷʤ 
ʧʦ ʧʦʚʝʨʭʥʽ ʰʪʘʤʧʘ. ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʥʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ 
ʚʠʥʠʢʥʝʥʥʷ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ, ʙʽʣʴʰ-ʤʝʥʰ ʰʚʠʜʢʦ ʟʛʘʩʘʶʯʠʭ ʟʘ ʨʘʭʫʥʦʢ ʩʠʣ ʟʦʚʥʽʰʥʴʦʛʦ 
ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ. ʅʘʦʯʥʫ ʢʘʨʪʠʥʫ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ 
ʪʚʝʨʜʦʾ ʧʣʘʩʪʠʥʠ ʧʦ ʧʦʚʝʨʭʥʽ, ʧʦʢʨʠʪʦʾ ʧʨʫʞʥʠʤʠ ʚʦʨʩʠʥʢʘʤʠ (ʱʽʪʮʽ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʢʦʥʪʘʢʪʥʽʡ ʧʦʚʝʨʭʥʽ ʚ ʧʝʨʝʭʽʜʥʠʡ ʧʝʨʽʦʜ ʜʦ ʧʦʯʘʪʢʫ ʟʘʛʘʣʴʥʦʛʦ 
ʢʦʚʟʘʥʥʷ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʟʦʥʠ ʟ ʨʽʟʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʝʨʪʷ: ʟʦʥʫ, ʜʝ ʚʽʜʥʦʩʥʝ ʟʤʽʱʝʥʥʷ 
ʚʽʜʩʫʪʥʻ, ʽ ʩʠʣʘ ʪʝʨʪʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʥʦʨʤʘʣʴʥʦʛʦ ʪʠʩʢʫ, ʜʚʽ ʟʦʥʠ 
ʢʦʚʟʘʥʥʷ, ʜʝ ʩʠʣʘ ʪʝʨʪʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʦʨʤʘʣʴʥʠʤ ʪʠʩʢʦʤ ʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ ʨʫʭʫ, ʽ 
ʧʝʨʝʭʽʜʥʽ ʦʙʣʘʩʪʽ ʟ ʥʝʩʪʘʙʽʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ. ʂʨʠʚʘ ʟʘʣʝʞʥʦʩʪʽ ʩʠʣʠ ʪʝʨʪʷ ʚʽʜ ʟʩʫʚʫ 
ʧʦʚʠʥʥʘ ʚʽʜʦʙʨʘʞʘʪʠ ʮʽ ʷʚʠʱʘ, ʘ ʪʘʢʦʞ ʥʝʤʠʥʫʯʫ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʫʥʪʫ 
ʥʘʚʽʪʴ ʧʽʜ ʤʘʡʜʘʥʯʠʢʦʤ ʦʙʤʝʞʝʥʠʭ ʨʦʟʤʽʨʽʚ. ʊʦʤʫ ʥʘ ʧʦʩʪʘʚʣʝʥʝ ʚʠʱʝ ʧʠʪʘʥʥʷ ʤʦʞʥʘ 
ʚʽʜʧʦʚʽʩʪʠ, ʱʦ ʢʨʠʚʘ ʥʝ ʚʠʨʘʞʘʻ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʜʠʥʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ, ʘ ʤʘʻ ʟʘ ʩʚʦʻʶ 
ʧʨʠʨʦʜʦʶ ʩʪʘʪʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʙʝʟʟʘʩʪʝʨʝʞʥʦ ʧʦʰʠʨʶʚʘʪʠ ʾʾ ʥʘ ʚʩʶ ʦʧʦʨʥʫ ʧʦʚʝʨʭʥʶ 
ʰʣʷʭʦʤ ʽʥʪʝʛʨʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʠʣ ʪʝʨʪʷ, ʷʢ ʮʝ ʧʨʦʧʦʥʫʻ ʄ.ɻ. ɹʝʢʢʝʨ, ʥʝ ʤʦʞʥʘ. 

ʎʝʡ ʚʠʩʥʦʚʦʢ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʘʢʦʞ ʨʦʟʙʽʞʥʽʩʪʶ ʢʨʠʚʦʾ ʟʩʫʚʫ ʟ ʝʧʶʨʘʤʠ ʨʦʟʧʦʜʽʣʫ 
ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʽʜ ʢʦʣʝʩʦʤ ʽ ʛʫʩʝʥʠʮʝʶ. 

ɿ ʤʦʞʣʠʚʽʩʪʶ ʦʜʥʦʯʘʩʥʦʛʦ ʽʩʥʫʚʘʥʥʷ ʤʘʡʜʘʥʯʠʢʽʚ ʟʯʝʧʣʝʥʥʷ ʽ ʢʦʚʟʘʥʥʷ ʩʣʽʜ 
ʨʘʭʫʚʘʪʠʩʷ ʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʜʽʡʩʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʪʷ ʩʧʦʢʦʶ ʽ ʨʫʭʫ. 

ʏʠ ʥʝ ʚʠʩʣʦʚʣʶʶʯʠ ʧʨʠʧʫʱʝʥʴ ʧʨʦ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʠʢʣʘʜʥʠʭ 
ʨʦʟʨʘʭʫʥʢʘʭ ʟʘʣʝʞʥʦʩʪʽ ʩʠʣʠ ʪʝʨʪʷ ʚʽʜ ʟʩʫʚʫ ʰʪʘʤʧʘ, ʥʘʚʝʜʝʤʦ ʩʧʨʦʱʝʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ 
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ʚʠʨʘʟ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ, ʦʪʨʠʤʘʥʝ ʥʘ ʦʩʥʦʚʽ ʚʠʱʝʚʠʢʣʘʜʝʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʨʽʟʥʠʭ 
ʟʦʥ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʽ ʥʘʩʪʫʧʥʠʭ ʧʨʠʧʫʱʝʥʴ: 

ʘ) ʋ ʟʦʥʽ ʟʯʝʧʣʝʥʥʷ ʩʝʨʝʜʥʷ ʚʝʣʠʯʠʥʘ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ tʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 
ʟʤʽʱʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʦ ʦʩʪʘʥʥʴʦʤʫ ʘʙʦ ʞ ʧʨʦʧʦʨʮʽʡʥʦ ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʝʥʶ ʟ ʥʴʦʛʦ; ʧʝʨʰʝ 
ʧʨʠʧʫʱʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʧʨʫʞʥʦʤʫ ʧʽʚʧʨʦʩʪʦʨʫ, ʜʨʫʛʝ - ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʢʨʠʚʠʤ, 
ʦʪʨʠʤʘʥʠʤ ʚ ʫʤʦʚʘʭ ʯʠʩʪʦʛʦ ʟʩʫʚʫ ʜʣʷ ʪʦʨʬô̫ ʥʦʛʦ ʛʨʫʥʪʫ; 

ʙ) ʧʣʦʱʘ ʟʦʥʠ ʟʯʝʧʣʝʥʥʷ ʚ ʤʽʨʫ ʟʩʫʚʫ ʰʪʘʤʧʘ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʚʝʣʠʯʠʥʽ 
ʟʩʫʚʫ; 

ʚ) ʧʠʪʦʤʘ ʩʠʣʘ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ mt  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʩʫʚʫ (ʧʨʠʡʤʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ); 

ʛ) ʟʦʥʠ ʥʝʩʪʽʡʢʦʛʦ ʪʝʨʪʷ ʩʢʣʘʜʘʶʪʴ n-ʫ ʯʘʩʪʠʥʫ ʧʣʦʱʽ ʟʦʥ ʢʦʚʟʘʥʥʷ; ʧʠʪʦʤʘ ʩʠʣʘ 
ʪʝʨʪʷ ʚ ʮʠʭ ʟʦʥʘʭ ʧʦʩʪʽʡʥʘ ʽ ʤʝʥʰʝ ʧʠʪʦʤʦʾ ʩʠʣʠ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ. 

ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ: 

U  ï ʚʽʜʥʦʩʥʝ ʟʤʽʱʝʥʥʷ, ʷʢʝ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʚʝʣʠʯʠʥʠ ʟʩʫʚʫ ʰʪʘʤʧʘ ʚ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʩʫʚʫ maxU , ʧʨʠ ʢʦʪʨʠʭ ʱʝ ʟʙʝʨʽʛʘʻʪʴʩʷ ʟʯʝʧʣʝʥʥʷ ʭʦʯʘ 

ʙ ʚ ʦʜʥʽʡ ʪʦʯʮʽ; 

, ,ʩ ʪ ʢt t t¡ ¡ ¡ ï ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʩʠʣʠ ʪʝʨʪʷ ʢʦʞʥʦʾ ʟʦʥʠ, ʚʽʜʥʝʩʝʥʽ ʜʦ ʚʩʽʻʾ 

ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ. 
ɿʛʽʜʥʦ ʟ ʧʨʠʡʥʷʪʠʤʠ ʧʨʠʧʫʱʝʥʥʷʤʠ: 

ʩ ʩUt t¡= Ö.      (3) 

ʇʨʠ ʣʽʥʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʩt ʚʽʜ ʟʩʫʚʫ 
maxʩ ʩ Ut t= Ö, ʜʝ

maxʩt  ï ʟʥʘʯʝʥʥʷ ʩt, 

ʚʽʜʧʦʚʽʜʥʝ 
maxU ; ʫ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ maxʩ ʩ Ut t= . 

ɺʝʣʠʯʠʥʘ 
maxʩt  ʻ ʜʝʷʢʦʶ ʬʫʥʢʮʽʻʶ ʤʦʜʫʣʷ ʟʩʫʚʫ ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ; 

(1 )m m n Ut t¡= - ,     (4) 

k k n Ut t¡= Ö Ö.     (5) 

ʐʫʢʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʩʝʨʝʜʥʴʦʶ ʧʠʪʦʤʦʶ ʩʠʣʦʶ ʪʝʨʪʷ t ʽ U  ʧʨʠ 1U <  

ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ. 
ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ: 

( )max (1 ) 1c m k ʩ m kU U n n Ut t t t t t t¡ ¡ ¡= + + = - + - +è øê ú.  (6) 

ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ: 

( )max (1 ) 1m m kU U n n Ut t t t= - + - +è øê ú.    (7) 

ʇʨʠ 0> 1 ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʦ 

mt t= .     (8) 

 
ʈʠʩ. 3. ʂʨʠʚʽ, ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʨʽʚʥʷʥʥʷʤ 6 ʽ 7 

ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ 
maxʩt  ʽ mt  ʢʨʠʚʽ ʧʝʨʝʭʦʜʷʪʴ ʧʦʩʣʽʜʦʚʥʦ ʚ 2-ʡ ʽ 3-ʡ 

ʪʠʧ (ʨʠʩ. 1) ʟ ʙʽʣʴʰ ʪʨʠʚʘʣʠʤ ʥʘʨʦʩʪʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
 

ɺʠʩʥʦʚʢʠ 
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ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʢʣʘʜʝʥʝ, ʚ ʷʢʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʟʨʫʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ 
maxt  ̔  mt

, ʗʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʚʨʘʭʦʚʫʶʯʠ ʩʪʘʪʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʨʦʟʛʣʷʥʫʪʠʭ ʷʚʠʱ, ʧʦ ʚʝʣʠʢʦʤʫ 
ʯʠʩʣʫ ʚʠʧʨʦʙʫʚʘʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʚ ʫʤʦʚʘʭ, ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʭ ʜʦ ʜʽʡʩʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʨʦʙʦʪʠ 
ʤʘʰʠʥ. ʆʩʪʘʥʥʽʡ ʚʠʤʦʛʽ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʧʨʠʣʘʜʫ ɺʀʉʍʆʄ ʩʠʩʪʝʤʠ ɻ.ʅ. ʉʽʥʝʦʢʦʚʘ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʠʣʠ maxt , ʧʦ ʚʠʢʣʘʜʝʥʠʤ ʫʷʚʣʝʥʥʷʤ, ʥʝ ʻ ʽʩʪʠʥʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʩʠʣʠ ʪʝʨʪʷ ʩʧʦʢʦʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʞmaxt  ʚ ʷʢʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʚʠʧʨʘʚʜʦʚʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʧʨʘʢʪʠʯʥʠʭ ʜʦʜʘʪʢʘʭ, ʟʦʢʨʝʤʘ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʭʦʜʦʚʠʭ 
ʧʨʠʩʪʨʦʾʚ, ʟʘʚʞʜʠ ʜʦʚʦʜʠʪʴʩʷ ʩʪʠʢʘʪʠʩʷ ʟ ʤʘʡʜʘʥʯʠʢʘʤʠ ʢʽʥʮʝʚʠʭ ʨʦʟʤʽʨʽʚ ʽ ʥʝʤʠʥʫʯʠʤʠ 
ʬʣʫʢʪʫʘʮʽʷʤʠ ʩʠʣ ʪʝʨʪʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ. 
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ɹʦʣʪʷʥʩʴʢʘ ʅ.ɯ. ʄʘʥʽʪʘ ɯ.ʖ. çʆʩʦʙʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʘʮʽʷʭè 

ʉʧʝʮʠʬʽʢʘ ʫʧʨʘʚʣʽʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʚ ʩʴʦʛʦʜʥʽʰʥʽʭ ʫʤʦʚʘʭ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʦ 

ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʝ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʫ ʚʣʘʩʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʜʝʨʞʘʚʥʦʛʦ 

ʬʽʥʘʥʩʫʚʘʥʥʷ, ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʦʣʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʫ ʨʝʛʫʣʶʚʘʥʥʽ 

ʚʠʨʦʙʥʠʮʪʚʦʤ. ʆʩʦʙʣʠʚʽʩʪʶ ʩʫʯʘʩʥʦʛʦ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʥʘʷʚʥʽʩʪʴ ʚ 

ʡʦʛʦ ʚʠʨʦʙʥʠʯʽʡ ʩʪʨʫʢʪʫʨʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʽʚ: ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʩʠʩʪʝʤʠ ʦʧʝʨʘʮʽʡ; ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʧʨʦʮʝʩʽʚ; ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʩʠʩʪʝʤʠ ʧʽʜʧʨʠʻʤʩʪʚ. ʋ ʩʪʘʪʪʽ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʩʫʯʘʩʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʚ ʷʢʦʩʪʽ 

çʢʘʨʢʘʩʘè ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ, ʘ ʩʧʝʮʠʬʽʢʦʶ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʦʛʦ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʥʘʷʚʥʽʩʪʴ ʫ ʩʪʨʫʢʪʫʨʽ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʛʘʣʫʟʝʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, 

ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʦʛʦ ʽʻʨʘʨʭʽʶ. ʉʴʦʛʦʜʥʽ ʚʝʣʠʢʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʢʣʶʯʘʶʪʴ ʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʩʠʩʪʝʤʠ: ʛʘʣʫʟʴ ʪʚʘʨʠʥʥʠʮʪʚʘ, ʨʦʩʣʠʥʥʠʮʪʚʘ ʪʘ ʧʝʨʝʨʦʙʢʠ. ʅʘʚʝʜʝʥʦ ʩʭʝʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʧʽʜʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ.  

ɺʠʟʥʘʯʝʥʦ ʧʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʢʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʘʛʨʘʨʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ï ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʘʨʘʣʝʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʨʦʟʚʠʪʦʢ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʮʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʙʽʣʴʰ ʩʪʽʡʢʽ ʚ 

ʢʦʥʢʫʨʝʥʪʥʽʡ ʙʦʨʦʪʴʙʽ, ʚ ʥʠʭ ʩʢʦʨʦʯʫʻʪʴʩʷ ʨʠʟʠʢ ʟʙʠʪʢʽʚ, ʜʦʩʷʛʘʻʪʴʩʷ ʝʬʝʢʪ ʢʨʘʱʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, 

ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʚʠʩʫʚʘʶʪʴʩʷ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʚʠʩʫʚʘʻ ʥʦʚʽ ʚʠʤʦʛʠ ʜʦ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʦʧʦʤʦʛʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʻ ʧʨʦʮʝʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʧʣʘʥʫʚʘʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʷʢʽʩʥʦ ʟʤʽʥʠʪʠ ʜʽʷʣʴʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘ 

ʦʧʝʨʘʮʽʡʥʦʤʫ, ʫʧʨʘʚʣʽʥʩʴʢʦʤʫ, ʤʽʞʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʽ ʤʽʞʦʨʛʘʥʽʟʘʮʽʡʥʦʤʫ ʨʽʚʥʷʭ ʽ ʦʨʛʘʥʽʟʦʚʘʥʝ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʫʟʛʦʜʞʝʥʥʷ ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʩʽʣʴʛʦʩʧʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʝʬʝʢʪʠʚʥʽʩʪʴ, ʜʠʚʝʨʩʠʬʽʢʘʮʽʷ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ, ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ, 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ. 

 

ɹʦʣʪʷʥʩʢʘʷ ʅ.ʀ., ʄʘʥʠʪʘ ʀ.ʖ. çʆʩʦʙʝʥʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭè 

ʉʧʝʮʠʬʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʚ ʩʝʛʦʜʥʷʰʥʠʭ ʫʩʣʦʚʠʷʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʦʥʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʵʬʬʝʢʪʠʚʥʦʝ ʚʝʜʝʥʠʝ ʭʦʟʷʡʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʨʦʣʠ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʦʧʝʨʘʮʠʡ; ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʦʮʝʩʩʦʚ; ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʩʪʘʪʴʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ çʢʘʨʢʘʩʘè ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘʤʠ, ʘ ʩʧʝʮʠʬʠʢʦʡ ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ 

ʩʪʨʫʢʪʫʨʝ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʪʨʘʩʣʝʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʝʛʦ ʠʝʨʘʨʭʠʶ. ʉʝʛʦʜʥʷ 

ʢʨʫʧʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʢʣʶʯʘʶʪ ʪʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ: ʦʪʨʘʩʣʴ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ. ʇʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʜʩʠʩʪʝʤʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ʆʧʨʝʜʝʣʝʥʳ ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʛʨʘʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ï ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʨʘʟʚʠʪʠʝ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʭ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʵʪʠ ʧʨʝʜʧʨʠʷʪʠʷ 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʝ, ʚ ʥʠʭ ʩʦʢʨʘʱʘʝʪʩʷ ʨʠʩʢ ʫʙʳʪʢʦʚ, ʜʦʩʪʠʛʘʝʪʩʷ ʵʬʬʝʢʪ ʣʫʯʰʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʳʜʚʠʛʘʶʪʩʷ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʙʦʩʥʦʚʘʥʠʶ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʯʪʦ ʧʨʝʜʲʷʚʣʷʝʪ ʥʦʚʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʚʠʪʠʶ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ 

ʧʦʤʦʱʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʝʩʪʴ ʧʨʦʮʝʩʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, 

ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʦʧʝʨʘʮʠʦʥʥʦʤ, ʫʧʨʘʚʣʝʥʯʝʩʢʦʤ, 

ʤʝʞʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʠ ʤʝʞʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤ ʫʨʦʚʥʷʭ ʠ ʦʨʛʘʥʠʟʦʚʘʥʦ ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʦʛʣʘʩʦʚʘʥʠʷ ʚʩʝʭ ʦʩʥʦʚʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ. 
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N. Boltianska , ɯ. Manita  " Features of production management in agricultural organizations"  

The specificity of the management of an agricultural enterprise in todayôs conditions lies in the fact that it is aimed 

at efficient management of the economy in conditions of a shortage of its own resources and insufficient state funding, 

intensification of production and a decrease in the role of administrative methods in regulating production. A feature of a 

modern transformed agricultural enterprise is the presence of technological systems in its production structure, which are 

subdivided into several hierarchical levels: technological systems of operations; technological process systems; 

technological systems of production units and technological systems of enterprises. The article emphasizes that a modern 

technological system can act as a "framework" for the formation of a process control system, and the specificity of a 

diversified agricultural enterprise is the presence in the structure of its production, sectoral technological systems that affect 

its hierarchy. Today, large agricultural enterprises include three technological systems: livestock, crop and processing 

industries. A diagram of a technological system with management subsystems for a diversified agro-industrial complex is 

presented.  

The priority directions of transformation of an agricultural enterprise are determined ï an increase in the number 

of parallel technological systems, their development and improvement. It is noted that these enterprises are more stable in 

the competition, they reduce the risk of losses, the effect of better use of resources is achieved, but at the same time, more 

stringent requirements are put forward for the organization and justification of management decisions and the improvement 

of technological process management, which makes new requirements for the development of new technologies. production 

management. The most effective tool in helping to make decisions on production management is process-oriented planning, 

which allows you to qualitatively change the activities of an organization at the operational, management, inter-functional 

and inter-organizational levels and is organized on the principles of harmonization of all the main production processes of 

an agricultural enterprise. 

Keywords: agriculture, efficiency, diversification, technological system, production process, management system. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʯʠʥʥʠʢʽʚ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʝʬʝʢʪʠʚʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ, ʫʧʨʦʚʘʜʞʝʥʥʷ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʨʛʘʥʽʟʘʮʽʶ 

ʙʽʟʥʝʩʫ. ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʢʦʥʢʫʨʝʥʪʥʽ ʧʝʨʝʚʘʛʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʬʦʨʤʫʚʘʥʴ 

ʟʘʣʝʞʘʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʥʘʷʚʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʨʽʚʥʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʡ ʚʽʜ 

ʥʝʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʽʟ ʷʢʠʭ ʻ ʫʧʨʘʚʣʽʥʩʴʢʠʡ. ɺʠʢʦʥʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʠʤʘʛʘʻ ʧʦʰʫʢʫ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʦʚʽ 

ʚʠʢʣʠʢʠ [1 ï 3]. ʋ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʨʦʩʪʝʞʫʻʤʦ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ ʡ ʪʚʘʨʠʥʥʠʮʪʚʘ, ʧʦʩʠʣʝʥʫ ʜʝʛʨʘʜʘʮʽʶ 

ʟʝʤʝʣʴ ʯʝʨʝʟ ʚʠʩʦʢʫ ʦʩʚʦʻʥʽʩʪʴ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʫ ʪʘ ʝʢʩʪʝʥʩʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ. ɺʽʜʪʚʦʨʝʥʥʷ ʡ ʦʥʦʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ 

ʘʛʨʘʨʥʠʭ ʬʦʨʤʫʚʘʥʴ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʟʫʧʠʥʠʣʦʩʷ. ʊʨʫʜʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦʩʠʪʴ ʥʝʝʬʝʢʪʠʚʥʦ. ʂʨʠʟʦʚʽ ʧʨʦʮʝʩʠ ʯʠʥʷʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʨʦʟʚʠʪʦʢ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ ʩʝʣʘ, ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʽʜʥʦʛʦ ʞʠʪʪʻʚʦʛʦ ʨʽʚʥʷ ʥʘʩʝʣʝʥʥʷ. ʈʠʥʢʠ 

ʨʝʩʫʨʩʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʧʨʦʟʦʨʠʤʠ, ʥʝ ʬʫʥʢʮʽʦʥʫʶʪʴ ʣʝʛʘʣʴʥʽ ʧʦʩʝʨʝʜʥʠʮʴʢʽ ʤʝʭʘʥʽʟʤʠ, 

ʥʝʜʦʩʪʘʪʥʴʦʶ ʻ ʜʽʷʣʴʥʽʩʪʴ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʩʪʨʫʢʪʫʨ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ 

ʨʦʟʚʠʪʢʫ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ [4 ï 6]. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ 

ʦʙʫʤʦʚʣʝʥʘ ʢʽʣʴʢʽʩʥʠʤʠ ʽ ʷʢʽʩʥʠʤʠ ʟʤʽʥʘʤʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ɸʇʂ. ʋʧʨʘʚʣʽʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʽ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʢʨʽʟʴ ʧʨʠʟʤʫ 

ʩʧʝʮʠʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʘʥʦʾ ʛʘʣʫʟʽ. ʊʘʢ, ɯʚʘʩʝʥʢʦ ɸ. ɻ. ʧʽʜʢʨʝʩʣʶʻ, ʱʦ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘʢʣʘʜʘʻ ʧʝʚʥʽ ʟʦʙʦʚô̫ ʟʘʥʥʷ ʧʦ ʚʨʘʭʫʚʘʥʥʶ ʚʧʣʠʚʫ 

ʮʽʣʦʛʦ ʢʦʤʧʣʝʢʩʫ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʻʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʘʛʨʘʨʥʦʾ ʩʬʝʨʠ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʘʛʘʪʴʦʭ ʘʚʪʦʨʽʚ 

ʢʦʥʢʨʝʪʠʟʫʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʠʚʯʘʻʪʴʩʷ ʚʧʣʠʚ 

ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ ʽ ʾʭ ʢʦʤʙʽʥʘʮʽʡ. ʎʝ ʥʘʫʢʦʚʽ ʧʨʘʮʽ: ɺ. ɻ. ɼʫʜʽʥʦʚʘ, ɺ. ɻ. ɸʥʜʨʽʡʯʫʢʘ, 

ɸ. ɸ. ɯʝɦʥʢʘ, ɯ. ɯ. ʃʫʢʽʥʦʚʘ, ʆ. ɺ. ɿʦʨʝʥʢʘ, ʆ. ʉ. ɺʽʪʢʦʚʩʴʢʦʛʦ ʪʘ ʽʥ.  
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ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ 

ʧʨʦʜʦʚʞʝʥʥʷ ʚʠʚʯʝʥʥʷ ʧʨʦʙʣʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʘʮʽʷʭ [7 ï 12]. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʄʝʪʦʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʮʠʬʽʢʠ ʩʫʯʘʩʥʦʛʦ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʦʛʦ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ. 
 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥ  ̫

 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʠʥʢʦʚʠʭ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʨʽʟʥʠʭ 

ʩʫʙô̒ ʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʦʤ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ, ʷʢ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʠʥʢʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʻ ʩʪʚʦʨʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ. ʉʴʦʛʦʜʥʽ ʚʩʝ ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʦʧʝʨʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ. ʇʽʜʚʠʱʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚ ʽ ʚʠʤʦʛʠ ʜʦ ʨʽʚʥʷ ʾʭ ʢʚʘʣʽʬʽʢʘʮʽʾ. ɯʩʪʦʪʥʠʤ ʬʘʢʪʦʨʦʤ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʩʪʘʚ ʚʠʨʦʙʥʠʯʠʡ ʽ ʢʦʨʧʦʨʘʪʠʚʥʠʡ ʤʝʥʝʜʞʤʝʥʪ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʧʫʩʢ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʐʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ ʣʦʛʽʩʪʠʢʠ, ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʽ 

ʬʽʥʘʥʩʫʚʘʥʥʷ. ʇʽʜʚʠʱʫʻʪʴʩʷ ʨʦʣʴ ʚʠʨʦʙʥʠʯʦʾ ʢʫʣʴʪʫʨʠ ʽ ʩʦʮʽʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʘʮʽʚʥʠʢʽʚ [13 ï 17]. 

ʆʩʦʙʣʠʚʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʚ ʩʴʦʛʦʜʥʽʰʥʽʭ 

ʫʤʦʚʘʭ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʦ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʝ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʜʝʬʽʮʠʪʫ ʚʣʘʩʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ, ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʦʣʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʫ ʨʝʛʫʣʶʚʘʥʥʽ ʚʠʨʦʙʥʠʮʪʚʦʤ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʩʫʯʘʩʥʦʛʦ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ 

ʥʘʷʚʥʽʩʪʴ ʚ ʡʦʛʦ ʚʠʨʦʙʥʠʯʽʡ ʩʪʨʫʢʪʫʨʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ 

ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʽʚ: ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʦʧʝʨʘʮʽʡ; ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʩʠʩʪʝʤʠ ʧʨʦʮʝʩʽʚ; ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʉʫʯʘʩʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʚ ʷʢʦʩʪʽ çʢʘʨʢʘʩʘè ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʽ ʩʧʝʮʠʬʽʢʦʶ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʦʛʦ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʥʘʷʚʥʽʩʪʴ ʚ ʡʦʛʦ ʩʪʨʫʢʪʫʨʽ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦ ʩʠʭ ʧʽʨ 

ʛʘʣʫʟʝʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʮʶ ʽʻʨʘʨʭʽʶ. 

ʉʴʦʛʦʜʥʽ ʚʝʣʠʢʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʢʣʶʯʘʶʪʴ ʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʩʠʩʪʝʤʠ: ʛʘʣʫʟʴ ʪʚʘʨʠʥʥʠʮʪʚʘ, ʨʦʩʣʠʥʥʠʮʪʚʘ ʪʘ ʧʝʨʝʨʦʙʢʠ (ʨʠʩ. 1).  

ɻʘʣʫʟʝʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʧʦʚô̫ ʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʧʦʪʦʢʘʤʠ, 

ʷʢʽ ʜʣʷ ʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʦʜʫʢʪʠ (ʥʘʧʽʚʬʘʙʨʠʢʘʪʠ), ʘ ʜʣʷ 

ʽʥʰʠʭ ʩʣʫʞʘʪʴ ʩʠʨʦʚʠʥʦʶ (ʨʠʩ. 2). 

ʊʘʢ, ʚ ʨʦʩʣʠʥʥʠʮʪʚʽ ʧʘʨʘʣʝʣʴʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʽʜʩʠʩʪʝʤʘʤʠ, ʟʘ ʧʨʦʜʫʢʪʦʚʦʶ 

ʦʟʥʘʢʦʶ, ʻ ʚʠʨʦʙʥʠʮʪʚʦ ʟʝʨʥʘ, ʚʠʨʦʙʥʠʮʪʚʦ ʪʝʭʥʽʯʥʠʭ ʢʫʣʴʪʫʨ, ʚʠʨʦʙʥʠʮʪʚʦ ʦʚʦʯʽʚ ʽ ʪ.ʧ. ʋ 

ʪʚʘʨʠʥʥʠʮʪʚʽ, ʚʽʜʧʦʚʽʜʥʦ, ï ʚʠʨʦʙʥʠʮʪʚʦ ʤô̫ ʩʘ, ʤʦʣʦʢʘ, ʷʻʮʴ, ʚʦʚʥʠ ʽ ʪ.ʧ. ʊʝʭʥʦʣʦʛʽʯʥʘ 

ʩʠʩʪʝʤʘ ʧʝʨʝʨʦʙʢʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʚʢʣʶʯʘʻ ʜʚʽ ʧʘʨʘʣʝʣʴʥʽ ʧʽʜʩʠʩʪʝʤʠ: 

ʧʽʜʩʠʩʪʝʤʫ ʧʝʨʝʨʦʙʢʠ ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ ʽ ʧʽʜʩʠʩʪʝʤʫ ʧʝʨʝʨʦʙʢʠ ʧʨʦʜʫʢʮʽʾ 

ʪʚʘʨʠʥʥʠʮʪʚʘ [12, 14, 18]. 
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ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ 

 

ɿʘ ʚʠʭʦʜʘʤʠ ʧʨʦʜʫʢʮʽʾ ʛʘʣʫʟʝʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ, 

ʬʦʨʤʫʶʯʠ ʩʢʣʘʜʥʫ ʣʦʛʽʩʪʠʯʥʫ ʩʠʩʪʝʤʫ ʨʦʟʧʦʜʽʣʫ ʧʨʦʜʫʢʮʽʾ ʚʣʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʊʘʢ 

ʧʝʚʥʘ ʯʘʩʪʠʥʘ ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ ʽ ʪʚʘʨʠʥʥʠʮʪʚʘ ʚ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘʜʭʦʜʠʪʴ 

ʥʘ ʨʝʘʣʽʟʘʮʽʶ, ʘ ʯʘʩʪʠʥʘ ʚ ʷʢʦʩʪʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʧʦʜʘʣʴʰʫ ʧʝʨʝʨʦʙʢʫ, ʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʩʠʨʦʚʠʥʠ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ 

ʢʦʨʤʽʚ. ʋ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʧʨʦʜʫʢʮʽʾ ʟʘʟʥʘʻ ʮʽʣʠʡ ʨʷʜ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡ, ʚ ʧʨʦʮʝʩʽ ʷʢʠʭ ʚʦʥʘ ʟʤʽʥʶʻ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ, ʜʽʣʠʪʴʩʷ ʥʘ ʥʦʚʽ ʚʠʜʠ 

ʧʨʦʜʫʢʮʽʾ, ʩʪʘʻ ʩʠʨʦʚʠʥʦʶ, ʥʘʧʽʚʬʘʙʨʠʢʘʪʦʤ ʘʙʦ ʢʽʥʮʝʚʦʶ ʧʨʦʜʫʢʮʽʻʶ.  

ʅʘʧʨʠʢʣʘʜ, ʧʽʩʣʷ ʟʙʦʨʫ ʚʨʦʞʘʶ ʟʝʨʥʦ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʥʘ 

ʜʦʦʧʨʘʮʶʚʘʥʥʷ, ʜʝ ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʩʠ ʧʝʨʚʠʥʥʦʛʦ ʽ ʚʪʦʨʠʥʥʦʛʦ ʦʯʠʱʝʥʥʷ. ʅʘ ʚʠʭʦʜʽ 

ʫʪʚʦʨʶʻʪʴʩʷ ʚʞʝ ʮʽʣʠʡ ʥʘʙʽʨ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ: ʧʨʦʜʦʚʦʣʴʯʝ ʟʝʨʥʦ I ʩʦʨʪʫ, 

ʬʫʨʘʞʥʝ ʟʝʨʥʦ, ʥʘʩʽʥʥʻʚʝ ʟʝʨʥʦ, ʟʝʨʥʦ II ʩʦʨʪʫ, ʟʝʨʥʦʚʘ ʜʦʤʽʰʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʽ 

ʥʝʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʚʽʜʭʦʜʠ. ɼʘʣʽ ʧʨʦʜʦʚʦʣʴʯʝ ʟʝʨʥʦ ʚ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʤʦʞʝ ʙʫʪʠ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʙʦʨʦʰʥʘ), ʘ ʙʦʨʦʰʥʦ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʚ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ï ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʭʣʽʙʘ, ʚʠʩʽʚʢʠ ï ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʢʦʤʙʽʢʦʨʤʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʝʨʥʦ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʚʽʜ ʚʨʦʞʘʶ ʧʨʦʭʦʜʠʪʴ ʷʢ ʤʽʥʽʤʫʤ ʯʝʨʝʟ ʦʜʠʥ 

ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʝʨʝʜʽʣ (ʧʝʨʚʠʥʥʘ ʽ ʚʪʦʨʠʥʥʘ ʦʯʠʩʪʢʘ), ʘ ʤʘʢʩʠʤʫʤ - ʯʝʨʝʟ ʪʨʠ ʽ 

ʙʽʣʴʰʝ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʬʦʨʤʫʻʪʴʩʷ ʮʽʣʠʡ ʩʧʝʢʪʨ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʚʠʨʦʙʥʠʮʪʚʦ ʽ 

ʩʧʦʞʠʚʘʥʥʷ ʷʢʠʭ, ʪʽʩʥʦ ʚʟʘʻʤʦʧʦʚô̫ ʟʘʥʝ ʚ ʥʘʪʫʨʘʣʴʥʦʤʫ ʽ ʚʘʨʪʽʩʥʦʤʫ ʚʠʨʘʞʝʥʥʽ. ʗʢ ʮʝ ʥʝ 

ʧʘʨʘʜʦʢʩʘʣʴʥʦ, ʚ ʙʘʛʘʪʴʦʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʢʦʥʪʨʦʣʴ ʥʘʜ ʨʝʩʫʨʩʘʤʠ 

ʚʣʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʦʩʣʘʙʣʝʥʠʡ. ʂʝʨʽʚʥʠʮʪʚʦ ʧʨʠʜʽʣʷʻ ʩʝʨʡʦʟʥʫ ʫʚʘʛʫ ʧʨʦʮʝʩʘʤ 

ʟʘʢʫʧʽʚʣʽ ʽ ʩʧʦʞʠʚʘʥʥʷ ʧʦʢʫʧʥʠʭ ʪʦʚʘʨʥʦ-ʤʘʪʝʨʽʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ (ʥʘʧʨʠʢʣʘʜ, ʇʄʄ, 

ʜʦʙʨʠʚ, ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ, ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ ʽ ʪ.ʧ.), ʪʘʢ ʷʢ ʥʘ ʥʠʭ ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʘʯʘʪʠ 

ʦʙʤʝʞʝʥʽ ʢʦʰʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʴʦʛʦʜʥʽ. 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʟʛʘʣʫʞʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʽ ʫʩʢʣʘʜʥʝʥʥʷ ʚʠʱʝʦʟʥʘʯʝʥʠʭ ʩʠʩʪʝʤ.  

ʅʘ ʨʠʩ. 2 ʚʠʜʽʣʝʥʽ ʜʚʘ ʦʩʥʦʚʥʠʭ ʩʪʨʘʪʝʛʽʯʥʠʭ ʥʘʧʨʷʤʢʠ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʚ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ:  

Å ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʠʪʢʫ ʯʠʩʣʘ ʧʘʨʘʣʝʣʴʥʠʭ ʩʠʩʪʝʤ; 

Å ʨʦʟʚʠʪʦʢ ʧʦʩʣʽʜʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʗʢ ʚʽʜʦʤʦ, ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʝʤʦʥʩʪʨʫʶʪʴ ʮʽʣʠʡ ʨʷʜ ʧʝʨʝʚʘʛ ʷʢ ʚ 

ʝʢʦʥʦʤʽʯʥʦʤʫ, ʪʘʢ ʽ ʚ ʩʦʮʽʘʣʴʥʦʤʫ ʧʣʘʥʽ: 

¶ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʭʽʜ ʥʘ ʜʦʜʘʪʢʦʚʽ ʨʠʥʢʠ; 

¶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʚʠʪʽʩʥʝʥʥʷ ʽʤʧʦʨʪʥʦʾ ʧʨʦʜʫʢʮʽʾ ʽ ʥʘʩʠʯʝʥʥʷ ʤʽʩʮʝʚʠʭ ʨʠʥʢʽʚ 
ʧʨʦʜʫʢʮʽʻʶ ʚʣʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; 

¶ ʩʧʨʠʷʻ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʤʫ ʥʘʜʭʦʜʞʝʥʥʶ ʜʦʭʦʜʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʧʨʦʜʦʚʞ 

ʢʘʣʝʥʜʘʨʥʦʛʦ ʨʦʢʫ; 

¶ ʟʥʠʞʫʻʪʴʩʷ ʧʦʪʨʝʙʘ ʚ ʩʪʨʘʭʫʚʘʥʥʽ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʬʽʥʘʥʩʦʚʘ ʩʪʽʡʢʽʩʪʴ; 

¶ ʩʪʚʦʨʶʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʨʦʙʦʯʽ ʤʽʩʮʷ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʧʽʜʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ ɸʇʂ 

 

ʑʝ ʦʜʥʘ ʧʝʨʝʚʘʛʘ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ, ʷʢʝ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʫʤʦʚ ʜʣʷ ʚʟʘʻʤʥʦʛʦ 

ʟʙʘʛʘʯʝʥʥʷ ʦʜʥʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʽʥʰʦʶ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʤʽʞʥʠʭ ʧʨʠʥʮʠʧʽʚ ʽ ʧʽʜʭʦʜʽʚ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ ʟʘ ʨʘʭʫʥʦʢ çʝʬʝʢʪʫ ʧʝʨʝʥʝʩʝʥʥʷè ʽʜʝʾ ʘʙʦ 

ʧʽʜʭʦʜʫ. ɼʠʚʝʨʩʠʬʽʢʦʚʘʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʙʽʣʴʰ ʩʪʽʡʢʽ ʚ ʢʦʥʢʫʨʝʥʪʥʽʡ ʙʦʨʦʪʴʙʽ, ʫ ʥʠʭ 

ʩʢʦʨʦʯʫʻʪʴʩʷ ʨʠʟʠʢ ʟʙʠʪʢʽʚ ʚʽʜ ʨʽʟʥʦʛʦ ʨʦʜʫ ʢʦʣʠʚʘʥʴ (ʢʦʥôʁ ʥʢʪʫʨʥʠʭ, ʩʪʨʫʢʪʫʨʥʠʭ ʘʙʦ 

ʮʠʢʣʽʯʥʠʭ), ʜʦʩʷʛʘʻʪʴʩʷ ʝʬʝʢʪ ʢʨʘʱʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʘʨʽʶʚʘʪʠ 

ʧʨʦʜʫʢʮʽʻʶ ʧʨʠ ʟʤʽʥʽ ʧʦʧʠʪʫ. ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʚʠʩʫʚʘʻ 

ʙʽʣʴʰ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʚʥʫʪʨʽʰʥʴʦʚʠʨʦʙʥʠʯʠʭ ʚʽʜʥʦʩʠʥ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʪʘ ʢʝʨʦʚʘʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʯʠʤ ʤʝʥʰʝ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʦʨʛʘʥʽʟʘʮʽʷ ʟʘ ʨʦʟʤʽʨʦʤ, ʪʠʤ ʟ ʙʽʣʴʰʦʶ ʯʘʩʪʢʦʶ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʨʦʙʣʝʤ ʚʦʥʘ ʩʪʠʢʘʻʪʴʩʷ.  
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ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ, ʧʝʨʰ ʟʘ ʚʩʝ, ʜʝʬʽʮʠʪʦʤ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʢʘʜʨʽʚ ï ʩʘʤʝ 

ʮʷ ʧʨʦʙʣʝʤʘ ʚʠʷʚʠʣʘʩʷ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʦʶ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʽʟ ʩʝʨʝʜʥʴʦʨʽʯʥʦʶ 

ʯʠʩʝʣʴʥʽʩʪʶ ʧʨʘʮʶʶʯʠʭ ʤʝʥʰʝ 200 ʯʦʣʦʚʽʢ. ɸ ʦʩʴ ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ ï 

ʦʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʚʝʣʠʢʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʱʦ ʮʽʣʢʦʤ ʟʨʦʟʫʤʽʣʦ. 

ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ, ʫʩʢʣʘʜʥʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʷʢ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʪʘʢ ʽ ʛʦʩʧʦʜʘʨʩʴʢʦʶ ʜʽʷʣʴʥʽʩʪʶ ʚ 

ʮʽʣʦʤʫ [17,19]. 

ʇʨʦʮʝʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʧʣʘʥʫʚʘʥʥʷ ʽ ʦʙʣʽʢ, ʦʨʛʘʥʽʟʦʚʘʥʽ ʥʘ ʧʨʠʥʮʠʧʘʭ ʫʟʛʦʜʞʝʥʦʩʪʽ 

ʚʩʽʭ ʚʭʦʜʽʚ ʽ ʚʠʭʦʜʽʚ ʚ ʨʘʤʢʘʭ ʣʘʥʮʶʞʢʘ ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʯʦ-ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʨʦʮʝʩʽʚ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʩʧʨʠʷʶʪʴ ʛʣʠʙʰʦʤʫ ʨʦʟʫʤʽʥʥʶ ʚʥʫʪʨʽʰʥʽʭ 

ʦʧʝʨʘʮʽʡ, ʽ ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ʏʠʩʣʦ ʧʨʠʭʠʣʴʥʠʢʽʚ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʦʩʚʦʻʥʥʷ ʧʨʦʮʝʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʟʨʦʩʪʘʻ ʟ ʨʦʩʪʦʤ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʨʝʩʧʦʥʜʝʥʪʠ, ʘ ʪʘʢʦʞ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʚʠʜʽʚ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ 

(ʨʦʩʣʠʥʥʠʮʪʚʦ, ʪʚʘʨʠʥʥʠʮʪʚʦ, ʧʝʨʝʨʦʙʢʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ).  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʫ ʛʦʩʧʦʜʘʨʩʴʢʽʡ ʧʨʘʢʪʠʮʽ ʧʨʦʮʝʩʥʦ-ʦʨʽʻʥʪʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʜʘʪʠ 

ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʢʝʨʽʚʥʠʮʪʚʦ ʤʦʞʝ ʦʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʫ 

ʽ ʩʚʦʻʯʘʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʧʨʦʮʝʩʽʚ; ʚʪʨʫʯʘʥʥʷ ʢʝʨʽʚʥʠʮʪʚʘ ʚ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʥʘ 

ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʽʚʥʽ ʙʫʜʝ ʟʚʝʜʝʥʠʡ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʤʽʥʽʤʫʤʫ; ʟʥʽʤʘʻʪʴʩʷ ʨʠʟʠʢ ʟʘʣʝʞʥʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʝʨʘʮʽʡ ʽ ʧʨʦʮʝʩʽʚ ʚʽʜ çʥʝʟʘʤʽʥʥʠʭ ʣʶʜʝʡè; ʟô̫ ʚʠʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʾ 

ʘʜʘʧʪʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ ʢʫʣʴʪʫʨ ʥʘ ʚʝʩʴ ʮʠʢʣ ʚʠʨʦʙʥʠʮʪʚʘ (ʚʽʜ ʩʽʚʙʠ ʜʦ 

ʟʙʝʨʽʛʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ) ʜʦ ʫʤʦʚ ʟʤʽʥʠ ʷʢ ʧʦʛʦʜʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢ ʽ ʢʦʥôʁ ʥʢʪʫʨʠ ʨʠʥʢʫ, 

ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

 

ɺʠʩʥʦʚʢʠ 

 

ʉʧʝʮʠʬʽʢʘ ʫʧʨʘʚʣʽʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʚ ʩʴʦʛʦʜʥʽʰʥʽʭ ʫʤʦʚʘʭ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʦ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʝ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʫ 

ʚʣʘʩʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ, ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʦʣʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʫ ʨʝʛʫʣʶʚʘʥʥʽ ʚʠʨʦʙʥʠʮʪʚʦʤ. 

ɼʠʚʝʨʩʠʬʽʢʦʚʘʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʙʽʣʴʰ ʩʪʽʡʢʽ ʚ ʢʦʥʢʫʨʝʥʪʥʽʡ ʙʦʨʦʪʴʙʽ, ʚ ʥʠʭ ʩʢʦʨʦʯʫʻʪʴʩʷ 

ʨʠʟʠʢ ʟʙʠʪʢʽʚ, ʜʦʩʷʛʘʻʪʴʩʷ ʝʬʝʢʪ ʢʨʘʱʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ 

ʚʠʩʫʚʘʶʪʴʩʷ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ 

ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʚʠʩʫʚʘʻ ʥʦʚʽ ʚʠʤʦʛʠ ʜʦ 

ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʜʦʧʦʤʦʛʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʻ ʧʨʦʮʝʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ 

ʧʣʘʥʫʚʘʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʷʢʽʩʥʦ ʟʤʽʥʠʪʠ ʜʽʷʣʴʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘ ʦʧʝʨʘʮʽʡʥʦʤʫ, 

ʫʧʨʘʚʣʽʥʩʴʢʦʤʫ, ʤʽʞʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʽ ʤʽʞʦʨʛʘʥʽʟʘʮʽʡʥʦʤʫ ʨʽʚʥʷʭ ʽ ʦʨʛʘʥʽʟʦʚʘʥʝ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʫʟʛʦʜʞʝʥʥʷ ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʩʽʣʴʛʦʩʧʧʽʜʧʨʠʻʤʩʪʚʘ. 
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ʌʨʦʣʦʚ ɭ.ɸ., ʄʫʨʘʚʣʴʦʚ ɺ.ɺ., ɼʝʨʷʙʢʽʥʘ ɭ.ʉ., ɸʛʘʨʢʦʚ ɺ.ɺ. çɺʧʣʠʚ ʜʝʪʦʥʘʮʽʡʥʦ - ʛʘʟʦʚʦʾ ʦʙʨʦʙʢʠ ʥʘ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʬʦʨʤʦʪʚʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʰʪʘʤʧʽʚè 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ, ʷʢʝ ʚʧʣʠʚʘʻ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʰʪʘʤʧʽʚ, ʻ ʥʘʥʝʩʝʥʥʷ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʠʭ ʟʥʦʩʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʾʭ 

ʨʦʙʦʯʽ ʯʘʩʪʠʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʬʦʨʤʦʪʚʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʠʭ ʰʪʘʤʧʽʚ, ʱʦ 

ʟʤʽʮʥʝʥʽ ʤʝʪʦʜʦʤ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʦʛʦ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʦʙʠʪʠ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʭʽʜʥʠʤ ʚʠʤʦʛʘʤ ʟ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʬʦʨʤʦʪʚʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʦʛʦ ʟʛʠʥʘʣʴʥʦʛʦ ʰʪʘʤʧʫ.  

ɺ ʟʘʜʘʯʫ ʜʦʩʣʽʜʞʝʥʴ ʚʭʦʜʠʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʮʥʶʶʯʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʦʩʥʦʚʥʠʭ ʬʦʨʤʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʰʪʘʤʧʽʚ ʥʘ ʾʭ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ɺ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʫ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʰʪʘʤʧʫʶʪʴ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʪʘʣʽ ʉʪ3 ʪʘ 1ʍ18ʅ10ʊ ʪʦʚʱʠʥʦʶ 4 ʽ 8 ʤʤ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ 

ʦʜʥʦʢʨʠʚʦʰʠʧʥʦʤʫ ʧʨʝʩʽ ʧʨʦʩʪʦʾ ʜʽʾ ʤʘʨʢʠ ʂ2130ʄ ʟʫʩʠʣʣʷʤ 1000ʢʅ. ʋ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʧʨʠʡʤʘʣʘʩʷ ʟʙʽʣʴʰʝʥʥʷ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʟʛʠʥʘʣʴʥʦʶ ʤʘʪʨʠʮʝʶ ʪʘ ʧʫʘʥʩʦʥʦʤ ʚ ʤʝʞʘʭ 0,15é0,20 

ʤʤ ʥʘ ʜʦʚʞʠʥʽ ʟʛʠʥʘʥʥʷ ʜʦ 100 ʤʤ. ʅʘ ʢʦʞʥʦʤʫ ʟ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚʽʜ 10 ʜʦ 

15ʪʠʩ. ʜʝʪʘʣʝʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ ʫʤʦʚʘʤ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. ɿʤʽʮʥʝʥʥʷ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʬʦʨʤʦʪʚʦʨʯʠʭ ʝʣʝʤʝʥʪʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʰʪʘʤʧʽʚ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʠʤ ʤʝʪʦʜʦʤ 

ʧʽʜʚʠʱʫʻ ʾʭ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚ 1,8-2,4 ʨʘʟʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʦʨʤʦʪʚʦʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʽ ʩʪʘʣʽ 

ʋ8ɸ ʽ ʪʝʨʤʦʦʙʨʦʙʣʝʥʽ ʜʦ ʪʚʝʨʜʦʩʪʽ 52é56 ʅRC. ʇʨʠ ʮʴʦʤʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʟʤʽʥʥʠʭ ʧʣʘʩʪʠʥ ʧʫʘʥʩʦʥʽʚ ʚ 2,3-

2,5 ʨʘʟʠ ʚʠʱʝ, ʥʽʞ ʫ ʟʤʽʥʥʠʭ ʚʢʣʘʜʠʰʽʚ ʤʘʪʨʠʮʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʽ ʟʛʠʥʘʣʴʥʽ ʰʪʘʤʧʠ, ʚʠʧʨʦʙʫʚʘʥʥʷ, ʬʦʨʤʦʪʚʦʨʯʽ ʝʣʝʤʝʥʪʠ, ʧʫʘʥʩʦʥ, 

ʤʘʪʨʠʮʷ, ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʝ ʥʘʧʠʣʶʚʘʥʥʷ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. 

 

ʌʨʦʣʦʚ ɭ. ɸ., ʄʫʨʘʚʣʴʦʚ ɺ.ɺ., ɼʝʨʷʙʢʽʥʘ ɭ.ʉ., ɸʛʘʨʢʦʚ ɺ.ɺ. "ɺʣʠʷʥʠʝ ʜʝʪʦʥʘʮʠʦʥʥʦ-ʛʘʟʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʥʘʣʘʞʠʚʘʝʤʳʭ ʛʠʙʦʯʥʳʭ ʰʪʘʤʧʦʚ" 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ, ʚʣʠʷʶʱʠʤ ʥʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʥʘʣʘʞʠʚʘʝʤʳʭ ʛʠʙʦʯʥʳʭ ʰʪʘʤʧʦʚ, ʷʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʜʝʪʦʥʘʮʠʦʥʥʦ - ʛʘʟʦʚʳʭ 

ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʠʭ ʨʘʙʦʯʠʝ ʯʘʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʥʘʣʘʞʠʚʘʝʤʳʭ ʰʪʘʤʧʦʚ, ʫʧʨʦʯʥʝʥʥʳʭ ʤʝʪʦʜʦʤ ʜʝʪʦʥʘʮʠʦʥʥʦ-ʛʘʟʦʚʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ 

ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʩʭʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʧʦʚʳʰʝʥʠʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʨʝʥʘʣʘʞʠʚʘʝʤʦʛʦ ʛʠʙʦʯʥʦʛʦ ʰʪʘʤʧʘ. 

ɺ ʟʘʜʘʯʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʭʦʜʠʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʫʧʨʦʯʥʷʶʱʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʦʩʥʦʚʥʳʭ 

ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʰʪʘʤʧʦʚ ʥʘ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʰʪʘʤʧʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʣʠ ʉʪ3 ʠ 1ʍ18ʅ10ʊ ʪʦʣʱʠʥʦʶ 4 ʠ 8 ʤʤ. ʀʩʧʳʪʘʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʜʥʦʢʨʠʚʦʰʠʧʥʦʤ ʧʨʝʩʩʝ ʧʨʦʩʪʦʛʦ ʜʝʡʩʪʚʠʷ ʤʘʨʢʠ ʂ2130ʄ ʫʩʠʣʠʝʤ 1000ʢʅ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʨʠʪʝʨʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʠʥʠʤʘʣʘʩʴ ʫʚʝʣʠʯʝʥʠʷ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʛʠʙʦʯʥʦʡ ʤʘʪʨʠʮʝʡ ʠ 

ʧʫʘʥʩʦʥʦʤ ʚ ʧʨʝʜʝʣʘʭ 0,15 ... 0,20 ʤʤ ʥʘ ʜʣʠʥʥʝ ʛʠʙʢʠ ʜʦ 100 ʤʤ. ʅʘ ʢʘʞʜʦʤ ʠʟ ʠʩʧʳʪʘʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʦʙʨʘʙʦʪʘʥʦ ʦʪ 10 ʜʦ 15 ʪʳʩ. ʜʝʪʘʣʝʡ, ʯʪʦ ʦʪʚʝʯʘʣʦ ʫʩʣʦʚʠʷʤ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʋʧʨʦʯʥʝʥʠʝ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʠʙʦʯʥʳʭ ʰʪʘʤʧʦʚ ʜʝʪʦʥʘʮʠʦʥʥʦ-ʛʘʟʦʚʳʤ ʤʝʪʦʜʦʤ ʧʦʚʳʰʘʝʪ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʚ 

1,8-2,4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʩʪʘʣʠ ʋ8ɸ ʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʜʦ ʪʚʝʨʜʦʩʪʠ 52 ... 56 ʅRC. ʇʨʠ ʵʪʦʤ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʩʤʝʥʥʳʭ ʧʣʘʩʪʠʥ ʧʫʘʥʩʦʥʦʚ ʚ 

2,3-2,5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ  ʫ ʩʤʝʥʥʳʭ ʚʢʣʘʜʳʰʝʡ ʤʘʪʨʠʮ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʥʘʣʘʞʠʚʘʝʤʳʝ ʛʠʙʦʯʥʳʝ ʰʪʘʤʧʳ, ʠʩʧʳʪʘʥʠʷ, ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʝ ʵʣʝʤʝʥʪʳ, ʧʫʘʥʩʦʥ, 

ʤʘʪʨʠʮʘ, ʜʝʪʦʥʘʮʠʦʥʥʦ-ʛʘʟʦʚʦʝ ʥʘʧʳʣʝʥʠʝ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. 
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ɽ.A. Frolov, V.V. Muravlyov, E.S. Deryabkina, V.V. Agarkov "ɯnfluence of detonation and gas treatment on 

wear resistance of forming forming elements of pre-adjustable bending stamps"  

It has been experimentally determined that the most promising solution that affects the performance of 

reconfigurable bending dies is the application of detonation-gas wear-resistant coatings on their working parts. 

Studies of wear resistance of forming elements of reconfigurable dies, reinforced by detonation-gas coating, allowed 

to develop the most rational design and technological solutions that meet the initial requirements to increase the wear 

resistance of forming elements of the developed design of adjustable bending stamp. 

The research task included the study of the influence of reinforcing methods of processing the main forming 

elements of dies on their wear resistance. During the tests, steel St3 and 1ʍ18ʅ10ʊ with a thickness of 4 and 8 mm 

were used as a stamping material. The test was performed on a single-crank press of simple action brand K2130M 

with a force of 1000 kN. As a criterion of wear resistance was taken to increase the bilateral gap between the bending 

matrix and the punch in the range of 0.15é 0.20 mm at a bending length of up to 100 mm. In each of the test 

experiments was found from 10 to 15 thousand parts that met the conditions of mass production in modern conditions. 

Strengthening the working surfaces of the forming elements of specialized bending dies by detonation-gas method 

increases their wear resistance by 1.8-2.4 times compared with the forming elements, which are made of U8A steel 

and heat treated to a hardness of 52é 56 HPC. At the same time wear resistance of replaceable plates of punches is 

2,3-2,5 times higher, than at replaceable inserts of matrices. 

Keywords: adjustable bending dies, tests, forming elements, punch, matrix, detonation-gas spraying, wear resistance. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

 

ʅʘʜʽʡʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʰʪʘʤʧʽʚ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʥʘʧʨʷʤʢʫ ʽ ʩʧʦʩʦʙʫ ʧʝʨʝʜʘʯʽ ʥʘʚʘʥʪʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʚʽʜ ʬʽʟʠʯʥʦʛʦ 

ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ, ʩʧʠʨʘʥʥʷ ʪʘ ʟʘʢʨʽʧʣʝʥʥʷ ʰʪʘʤʧʽʚ ʥʘ ʩʪʦʣʘʭ ʧʨʝʩʽʚ [1-5]. 

ɿʦʚʥʽʰʥʽʡ ʚʧʣʠʚ, ʪʦʙʪʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʙʦʯʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʩʢʣʘʜʥʦʛʦ ʥʘʧʨʫʞʝʥʦ - ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚ ʟʦʥʽ ʜʽʾ ʬʦʨʤʦʪʚʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʰʪʘʤʧʫ. ɼʣʷ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʤʘʪʝʨʽʘʣ ʜʣʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʝ ʧʽʜʜʘʚʘʚʩʷ ʟʤʠʥʘʥʥʶ, ʥʝ ʚʠʢʨʘʰʫʚʘʚʩʷ ʽ 

ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʦ ʥʘʛʨʽʚʘʚʩʷ. 
 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 
 

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʦʙʦʯʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʝʨʝʥʘʣʘʛʦʜʞʫʻʤʦʛʦ ʟʛʠʥʘʣʴʥʦʛʦ ʰʪʘʤʧʫ ʽ ʡʦʛʦ ʦʩʥʦʚʥʠʭ ʜʝʪʘʣʝʡ (ʨʠʩ.1 ʧʦʟ. 3, 5) ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʤʝʪʦʜʫ ʟʤʽʮʥʝʥʥʷ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʜʝʪʦʥʘʮʽʡʥʦ ï ʛʘʟʦʚʠʭ 

ʧʦʢʨʠʪʪʽʚ ʥʘ ʾʭ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ (ʧʫʘʥʩʦʥ ï ʤʘʪʨʠʮʷ) [6 ï 14].  
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ʈʠʩ.2. ɹʘʟʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʤʽʥʥʦʛʦ ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʦʛʦ ʧʘʢʝʪʫ 

1 ï ʤʘʪʨʠʮʝʫʪʨʠʤʫʚʘʯ; 2 ï ʧʦʣʫʤʘʪʨʽʮʷ; 3 ï ʟʤʽʥʥʠʡ ʚʢʣʘʜʠʰ; 4 ï ʧʣʘʥʢʘ ʫʩʪʘʥʦʚʯʘ;  

5 ï ʨʘʤʢʘ, ʱʦ ʬʽʢʩʫʻ; 6 ï ʛʚʠʥʪ ʨʝʛʫʣʶʚʘʣʴʥʠʡ; 7 ï ʙʦʣʪ ʩʪʷʛʥʫʪʠʡ; 8 ï ʛʘʡʢʘ; 9 ï ʚʠʰʪʦʚʭʫʚʘʚ-ʧʨʠʪʠʩʢʘʯ; 

10 ï ʰʪʦʚʭʘʯ; 11 ï ʪʨʠʤʘʯ; 12 ï ʰʧʦʥʢʘ ʫʩʪʘʥʦʚʯʘ; 13 ï ʧʽʜʩʪʘʚʘ ʧʫʘʥʩʦʥʘ; 14 ï ʧʣʘʩʪʠʥʘ ʨʝʛʫʣʶʚʘʣʴʥʘ; 15 

ï ʧʣʘʩʪʠʥʘ ʙʽʯʥʘ; 16 ï ʰʧʦʥʢʘ; 17 ï ʛʚʠʥʪ; 18 ï ʧʣʘʩʪʠʥʘ ʧʨʠʪʠʩʢʥʘ; 19 ï ʰʧʦʥʢʘ ʫʩʪʘʥʦʚʯʘ 



ʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ 

Technical service of agriculture, forestry and transport 

systems 

ˉ23ô 2021  

208 

ɺ ʣʽʪʝʨʘʪʫʨʽ ʽ ʢʝʨʽʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʥʝ ʟʥʘʡʜʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦ ʟʘʩʪʦʩʫʚʘʥʥʶ ʤʝʪʦʜʫ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʩʪʽʡʢʽʩʪʴ ʧʫʘʥʩʦʥʽʚ ʽ ʤʘʪʨʠʮʴ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʟʛʠʥʘʥʥʷ ʣʠʩʪʦʚʠʭ ʰʪʘʤʧʫʚʘʥʴ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʰʪʘʤʧʽʚ ʟ ʨʦʙʦʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʟʤʽʮʥʝʥʽ 

ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʠʤ ʙʘʛʘʪʦʰʘʨʦʚʠʤ ʧʦʢʨʠʪʪʽʚ ʚʝʣʠʢʦʾ ʱʽʣʴʥʦʩʪʽ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʦʛʦ ʧʦʢʨʠʪʪʷ 

ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʬʦʨʤʦʪʚʦʨʯʠʭ ʝʣʝʤʝʥʪʽʚ ʟʛʠʥʘʣʴʥʠʭ ʰʪʘʤʧʽʚ, ʧʘʨʘʤʝʪʨʠ 

ʪʦʯʥʦʩʪʽ ʟʛʠʥʘʥʥʷ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥ  ̫ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʬʦʨʤʦʪʚʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʰʪʘʤʧʽʚ, ʟʤʽʮʥʝʥʠʭ ʤʝʪʦʜʦʤ 

ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʦʛʦ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʜʦʟʚʦʣʠʣʠ ʚʠʨʦʙʠʪʠ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʭʽʜʥʠʤ ʚʠʤʦʛʘʤ ʚ ʯʘʩʪʠʥʽ 

ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʫ ʨʦʟʨʦʙʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [10] ʆʜʥʘʢ, ʷʢ ʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤʘʭ, ʪʘʢ ʽ 

ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ, ʜʦʩʠʪʴ ʚʘʞʢʦ ʚʨʘʭʫʚʘʪʠ ʚʝʩʴ ʥʘʙʽʨ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʪʘʤʧʽʚ ʫ ʚʠʨʦʙʥʠʯʦʤʫ ʮʠʢʣʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʫʩʪʘʥʦʚʢʠ, ʟʘʢʨʽʧʣʝʥʥʷ ʽ 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʰʪʘʤʧʽʚ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʥʝʚʨʘʭʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʧʦʭʠʙʦʢ 

ʦʙʯʠʩʣʝʥʴ ʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʬʦʨʤʦʪʚʦʨʯʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʷʢʽʩʪʴ 

ʰʪʘʤʧʦʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʤ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʰʪʘʤʧʦʚʦʛʦ ʦʩʥʘʱʝʥʥʷ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ 

ʟʘʚʜʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʭʦʜʠʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʠʜʫ ʽ ʨʝʞʠʤʽʚ 

ʥʘʧʠʣʶʚʘʥʥʷ, ʤʘʨʢʠ ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ ʽ ʧʦʢʨʠʪʪʷ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ 

ʩʝʨʽʡʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʨʽʞʫʯʠʭ ʝʣʝʤʝʥʪʽʚ ʰʪʘʤʧʽʚ. 

ɼʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʝ ʟʤʽʮʥʝʥʥʷ ʬʦʨʤʦʪʚʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʰʪʘʤʧʽʚ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʩʣʫʞʙʦʚʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʣʷʭʦʤ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ 

ʽʤʧʫʣʴʩʥʦʛʦ ʥʘʧʠʣʶʚʘʥʥʷ ʥʘ ʾʭ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʩʪʘʥʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʚʘʚʩʷ ʰʘʨ ʧʦʢʨʠʪʪʷ, ʱʦ ʤʘʻ ʥʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʤʽʥʥʽ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʬʦʨʤʦʪʚʦʨʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʰʪʘʤʧʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʽ ʩʪʘʣʽ ʋ8ɸ, ʷʢʘ 

ʪʝʨʤʦʦʙʨʦʙʣʝʥʘ ʜʦ ʪʚʝʨʜʦʩʪʽ 58 ... 63 HRC, ʧʨʠ ʰʪʘʤʧʫʚʘʥʥʽ ʘʥʘʣʦʛʽʯʥʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ 

ʜʝʪʘʣʝʡ ʚ ʫʤʦʚʘʭ ʜʽʶʯʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  

ʋ ʚʩʽʭ ʚʠʧʨʦʙʦʚʫʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʥʘʧʨʷʤʥʽ ʝʣʝʤʝʥʪʠ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʥʘ 

ʙʘʟʦʚʠʭ ʧʽʜʩʪʘʚʘʭ ʽ ʟʘʢʨʽʧʣʶʚʘʣʠʩʷ ʰʣʷʭʦʤ ʟʘʣʠʚʘʥʥʷ ʝʧʦʢʩʠʜʥʠʤ ʢʦʤʧʘʫʥʜʦʤ ɽɼ6, ʘ ʾʭ 

ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʟʤʽʮʥʶʚʘʣʠ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʠʤ ʤʝʪʦʜʦʤ. 

ɺ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʰʪʘʤʧʫʶʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʪʘʣʽ 

ʉʪ3 ʽ 1ʍ18ʅ10ʊ ʪʦʚʱʠʥʦʶ 4 ʽ 8 ʤʤ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʦʜʥʦʢʨʠʚʦʰʠʧʥʦʤʫ 

ʧʨʝʩʽ ʧʨʦʩʪʦʾ ʜʽʾ ʤʘʨʢʠ ʂ2130ʄ ʟʫʩʠʣʣʷʤ 1000 ʢʅ. ʋ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʧʨʠʡʤʘʣʦʩʷ ʟʙʽʣʴʰʝʥʥʷ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʟʛʠʥʘʣʴʥʦʶ ʤʘʪʨʠʮʝʶ ʽ ʧʫʘʥʩʦʥʦʤ ʚ 

ʤʝʞʘʭ 0,15...0,20 ʤʤ ʥʘ ʜʦʚʞʠʥʽ ʟʛʠʥʘʥʥʷ ʜʦ 100 ʤʤ. ʅʘ ʢʦʞʥʦʤʫ ʟ ʚʠʧʨʦʙʦʚʫʚʘʥʠʭ 

ʰʪʘʤʧʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʜ 10 ʜʦ 15 ʪʠʩ. ʜʝʪʘʣʝʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ ʫʤʦʚʘʤ ʩʝʨʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. 

ɼʝʪʦʥʘʮʽʡʥʦʛʘʟʦʚʝ ʥʘʥʝʩʝʥʥʷ ʟʤʽʮʥʶʶʯʦʛʦ ʧʦʢʨʠʪʪʷ ʚʠʨʦʙʣʷʣʦʩʷ ʥʘ 

ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʫʩʪʘʥʦʚʮʽ çɸɼʋ-ʆʙè ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ, 

ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ ï 0,2...0,25 ʤʤ ʟ ʧʽʜʰʘʨʦʤ ʪʦʚʱʠʥʦʶ 0,07 ʤʤ. ʈʦʙʦʯʠʡ ʮʠʢʣ ʩʢʣʘʜʘʚʩʷ ʟ 

ʨʷʜʫ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʠʢʦʥʫʚʘʣʠʩʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʦʛʦ 

ʥʘʧʠʣʶʚʘʥʥʷ: 
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ï ʧʨʦʜʫʚʘʥʥʷ ʩʪʚʦʣʘ ʬʣʝʛʤʘʪʠʟʫʶʯʠʤ ʛʘʟʦʤ (ʘʟʦʪʦʤ) ʚʽʜ ʛʘʨʷʯʠʭ ʧʨʦʜʫʢʪʽʚ 

ʜʝʪʦʥʘʮʽʾ (ʇɼ) ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʩʪʨʽʣʫ; 

ï ʟʘʧʦʚʥʝʥʥʷ ʩʪʦʚʙʫʨʘ ʛʦʨʶʯʦʶ ʩʫʤʽʰʰʶ (ɻʉ); 

ï ʩʪʚʦʨʝʥʥʷ ʜʝʤʧʬʠʨʫʶʯʦʾ ʧʨʦʙʢʠ (ʚʽʜʩʽʯʝʥʥʷ); 

ï ʧʦʜʘʯʘ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

ï ʽʥʽʮʽʶʚʘʥʥʷ ʚʠʙʫʭʫ. 

ʊʦʯʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʷ 

ʛʽʜʨʘʚʣʽʯʥʠʤ ʤʘʥʽʧʫʣʷʪʦʨʦʤ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. ɼʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʜʝʪʘʣʝʡ, ʱʦ 

ʥʘʧʠʣʶʶʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʨʠ ʛʦʣʦʚʥʽ ʨʫʭʠ ʤʘʥʽʧʫʣʷʪʦʨʘ: 

ï ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʨʫʭ ʩʪʦʣʫ ʤʘʥʽʧʫʣʷʪʦʨʘ ʧʦ ʣʽʥʽʡʥʦʾ ʢʦʦʨʜʠʥʘʪʽ; 

ï ʚʝʨʪʠʢʘʣʴʥʠʡ ʨʫʭ ʩʪʦʣʫ-ʪʨʘʚʝʨʩʠ ʧʦ ʢʦʦʨʜʠʥʘʪʽ; 

ï ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʦʙʝʨʪʘʥʥʷ ʧʘʪʨʦʥʘ ʽʟ ʟʘʢʨʽʧʣʝʥʦʶ ʚ ʥʴʦʤʫ ʜʝʪʘʣʣʶ ʥʘʚʢʦʣʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ ï ʢʨʫʛʦʚʠʡ ʨʫʭ ʚ ʢʫʪʦʚʽʡ ʢʦʦʨʜʠʥʘʪʽ j. 

ʆʩʢʽʣʴʢʠ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦ ʪʦʚʱʠʥʽ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʷʢʽʩʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʬʦʨʤʦʪʚʦʨʯʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʫʤʦʚ, ʧʝʨʰ ʟʘ 

ʚʩʝ, ʧʨʠʡʤʘʣʘʩʷ ʨʽʚʥʦʤʽʨʥʘ ʱʽʣʴʥʽʩʪʴ ʦʜʠʥʠʯʥʦʾ ʧʣʷʤʠ ʥʘʧʠʣʶʚʘʥʥʷ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ, ʷʢʫ 

ʟʤʽʮʥʶʶʪʴ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʤʽʥʽʤʽʟʘʮʽʾ ʯʠʩʣʘ ʢʦʤʘʥʜ ʥʘ ʤʘʨʰʦʚʽ 

ʧʝʨʝʤʽʱʝʥʥʷ (ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ) ʜʝʪʘʣʝʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʷʢʽʩʪʴ. 

ʗʢ ʧʦʢʘʟʘʣʠ ʚʠʨʦʙʥʠʯʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦ ʪʦʚʱʠʥʽ ʧʦʢʨʠʪʪʷ, ʱʦ 

ʥʘʧʠʣʶʶʪʴ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʯʦʨʥʦʪʠ ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʘʙʦ ʜʦ ʟʘʡʚʦʾ ʚʠʪʨʘʪʠ 

ʤʘʪʝʨʽʘʣʫ. ʅʘʧʽʚʤʘʪʨʠʮʽ ʽ ʧʽʜʩʪʘʚʠ ʧʫʘʥʩʦʥʽʚ ʚʠʛʦʪʦʚʣʷʣʠʩʷ ʟʽ ʩʪʘʣʽ 12ʍʅ3ɸ ʟ ʧʦʜʘʣʴʰʦʶ 

ʮʝʤʝʥʪʘʮʽʻʶ ʽ ʟʘʛʘʨʪʫʚʘʥʥʷʤ ʜʦ ʪʚʝʨʜʦʩʪʽ 56...62 HRC. ɿʤʽʥʥʽ ʚʢʣʘʜʠʰʽ ʤʘʪʨʠʮʴ ʽ ʨʦʙʦʯʽ 

ʧʣʘʩʪʠʥʠ ʧʫʘʥʩʦʥʽʚ ʚʠʛʦʪʦʚʣʷʣʠʩʷ ʟʽ ʩʪʘʣʽ 45 ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʾ ʜʦ ʪʚʝʨʜʦʩʪʽ 28...32 HRC. 

ɺʠʭʦʜʷʯʠ ʟ ʜʽʶʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʫ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʤʽʮʥʶʶʯʦʛʦ ʧʦʢʨʠʪʪʷ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʧʦʨʦʰʢʠ ʇʊ-19ʅ-01, ʇʊ-10ʅ-01 ʽ ɺʂ 20. ʊʚʝʨʜʽʩʪʴ ʧʦʢʨʠʪʪʷ ʜʣʷ ʤʘʪʨʠʮʴ 

1200 HV, ʜʣʷ ʧʫʘʥʩʦʥʽʚ ï 1100 HV. ɸʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ï 250...350 ʄʇʘ, ʥʘʧʨʫʞʝʥʥʷ, ʱʦ 

ʟʨʽʟʫʶʪʴ ï 
ʩʨt =500 ʄʇʘ. ʇʦʢʨʠʪʪʷ ʥʘʥʦʩʠʣʦʩʴ ʥʘ ʚʽʜʢʨʠʪʽ ʟʦʚʥʽʰʥʽ ʧʦʚʝʨʭʥʽ 

ʬʦʨʤʦʪʚʦʨʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʫʪ ʥʘʧʠʣʶʚʘʥʥʷ ï (90 Ñ1,5)0. ʂʨʘʾ ʟʤʽʮʥʶʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʦʢʨʫʛʣʽʩʪʴ ʨʘʜʽʫʩʦʤ ʥʝ ʤʝʥʰʝ 1 ʤʤ, ʜʦʧʫʩʢʘʣʦʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʘʩʦʢ 1ʭ45ʦ. 

ɼʝʪʘʣʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʩʪʘʪʦʯʥʦ ʦʙʨʦʙʣʝʥʽ ʢʨʽʤ ʤʽʩʮʴ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʟʤʽʮʥʝʥʥʶ. ʋ ʮʠʭ 

ʤʽʩʮʷʭ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʠʣʫʯʝʥʠʡ ʰʘʨ ʤʝʪʘʣʫ, ʱʦ ʜʦʨʽʚʥʶʻ ʪʦʚʱʠʥʽ, ʧʦʢʨʠʪʪʷ, ʱʦ ʟʤʽʮʥʶʻ. 

ʇʽʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʽ, ʟʙʝʨʽʛʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʧʽʜ ʟʤʽʮʥʝʥʥʷ 

ʜʝʪʘʣʝʡ ʧʨʦʚʦʜʠʣʦʩʷ ʫ ʧʨʠʤʽʱʝʥʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʝ ʥʠʞʯʝ 18Áʉ ʽ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʥʝ 

ʚʠʱʝ 75%. ʇʨʠ ʮʴʦʤʫ ʥʝ ʜʦʧʫʩʢʘʣʘʩʷ ʥʘʷʚʥʽʩʪʴ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʨʝʯʦʚʠʥ, ʱʦ 

ʩʧʨʠʷʶʪʴ ʢʦʨʦʟʽʾ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʟʤʽʮʥʶʶʪʴ. ʇʦʚʝʨʭʥʽ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʟʤʽʮʥʝʥʥʷ, 

ʧʽʜʜʘʚʘʣʠʩʷ ʩʪʨʫʤʝʥʝʚʦ-ʘʙʨʘʟʠʚʥʽʡ ʦʙʨʦʙʢʠ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʢʘʤʝʨʽ ʧʨʠ ʪʠʩʢʫ ʩʪʠʩʥʝʥʦʛʦ 

ʧʦʚʽʪʨʷ 0,4...0,6 ʄʇʘ, ʚʽʜʩʪʘʥʴ ʚʽʜ ʟʨʽʟʫ ʩʦʧʣʘ ʧʦʚʽʪʨʷʥʦʛʦ ʧʽʩʪʦʣʝʪʘ ʜʦ ʦʙʨʦʙʣʶʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ 40...70 ʤʤ, ʢʫʪ ʥʘʭʠʣʫ ʧʦʪʦʢʫ 60...90 Á. 

ʇʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ, ʱʦ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʟʤʽʮʥʝʥʥʷ, ʟʘʭʠʱʘʣʠʩʷ ʚʽʜ ʚʧʣʠʚʫ ʩʪʨʫʤʝʥʝʚʦ-

ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ (ʘ ʪʘʢʦʞ ʧʦʜʘʣʴʰʦʛʦ ʥʘʧʠʣʶʚʘʥʥʷ) ʩʧʝʮʽʘʣʴʥʠʤʠ ʝʢʨʘʥʘʤʠ. ʇʽʩʣʷ ʜʝʪʘʣʽ 

ʦʙʜʫʚʘʣʠʩʷ ʩʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʘʙʨʘʟʠʚʫ. ʗʢʽʩʪʴ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʽ ʧʽʜ ʟʤʽʮʥʝʥʥʷ ʢʦʥʪʨʦʣʶʚʘʣʦʩʷ ʟʦʚʥʽʰʥʽʤ ʦʛʣʷʜʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʫʧʠ 4-ʢʨʘʪʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ, ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ Rz 80...100 ʧʦ ɻʆʉʊ 2789. 

ʇʦʨʦʰʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʧʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʩʫʰʫʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ: ʜʣʷ 

ʤʝʪʘʣʝʚʠʭ ʽ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ï 120...150Áʉ; ʜʣʷ ʢʝʨʘʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ï 

250...300Áʉ ʧʨʦʪʷʛʦʤ ʥʝ ʤʝʥʰʝ 1,5 ʛʦʜʠʥ ʥʘ ʜʝʢʘʭ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʽ ʧʝʨʽʦʜʠʯʥʦ 

ʧʝʨʝʤʽʰʫʚʘʣʠ. ʊʦʚʱʠʥʘ ʰʘʨʫ ʥʘʩʠʧʘʥʥʷ ʧʦʨʦʰʢʫ ʧʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ 

15 ʤʤ. ʇʨʠʛʦʪʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʩʫʤʽʰʝʡ ʧʦʨʦʰʢʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ ʙʘʨʘʙʘʥʽ, 

ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʟʤʽʰʫʚʘʣʴʥʽ ʪʽʣʘ (ʡʦʨʞʽ, ʢʫʣʽ ʽ ʪ.ʧ.). 

ɺ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ ʛʘʟʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ: ʘʮʝʪʠʣʝʥ ʪʝʭʥʽʯʥʠʡ ʧʦ ɻʆʉʊ 5457, ʢʠʩʝʥʴ 

ʛʘʟʦʧʦʜʽʙʥʠʡ ʧʦ ɻʆʉʊ 5583, ʘʟʦʪ ʛʘʟʦʧʦʜʽʙʥʠʡ ʧʦ ɻʆʉʊ 9293 ʽ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʧʦ  

ɻʆʉʊ 8673.  
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ʉʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʨʫʤʝʥʝʚʦ - ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ, 

ʧʦʚʠʥʥʝ ʙʫʪʠ ʦʯʠʱʝʥʝ ʚʽʜ ʤʘʩʪʠʣʘ, ʚʦʣʦʛʠ ʽ ʙʫʪʠ ʥʝ ʥʠʞʯʝ 7 - 9 ʢʣʘʩʽʚ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʧʦ 

ɻʆʉʊ 17433. 

ʊʨʠʚʘʣʽʩʪʴ ʧʝʨʝʨʚʠ ʤʽʞ ʩʪʨʫʤʝʥʝʚʦ-ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʦʶ ʽ ʥʘʧʠʣʶʚʘʥʥʷʤ 

ʟʤʽʮʥʶʶʯʦʛʦ ʧʦʢʨʠʪʪʷ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 6...8 ʛʦʜ. ʇʝʨʝʜ ʥʘʧʠʣʶʚʘʥʥʷʤ ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʫʭʦʶ ʽ ʯʠʩʪʦʶ ʽ ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʨʰʦʤʫ ʩʪʫʧʝʥʶ ʦʙʝʟʞʠʨʶʚʘʥʥʷ ʧʦ ɻʆʉʊ 9.402. 

ɼʝʪʘʣʴ, ʷʢʫ ʟʤʽʮʥʶʶʪʴ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʟʘʢʨʽʧʣʶʚʘʣʘʩʷ ʥʘ 

ʤʘʥʽʧʫʣʷʪʦʨʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʩʚʦʙʦʜʫ ʧʝʨʝʤʽʱʝʥʥʷ ʱʦʜʦ ʩʪʦʚʙʫʨʘ ʜʝʪʦʥʘʮʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʠʢʣʶʯʠʪʠ ʧʝʨʝʰʢʦʜʠ ʥʘ ʰʣʷʭʫ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ, ʱʦ 

ʥʘʧʠʣʶʶʪʴ. ʇʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʷʢʽ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʧʦʢʨʠʪʪʶ, ʙʫʣʠ ʟʘʭʠʱʝʥʽ ʤʝʪʘʣʝʚʠʤʠ 

ʝʢʨʘʥʘʤʠ. 

ɼʠʩʪʘʥʮʽʷ ʥʘʧʠʣʶʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʨʝʞʠʤʫ 

ʢʦʣʠʚʘʣʘʩʷ ʚʽʜ 35 ʜʦ 200 ʤʤ. 

ʇʽʜʰʘʨʦʢ ʽ ʦʩʥʦʚʥʝ ʧʦʢʨʠʪʪʷ ʥʘʧʠʣʶʶʪʴ ʟ ʦʜʥʽʻʾ ʫʩʪʘʥʦʚʢʠ ʧʦʰʘʨʦʚʦ, ʧʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʘ ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ ʜʦʩʷʛʘʣʘʩʷ ʰʣʷʭʦʤ ʮʠʢʣʽʯʥʦʛʦ ʥʘʧʠʣʶʚʘʥʥʷ ʦʜʠʥʠʯʥʠʭ ʧʣʷʤ, 

ʟʽ ʟʤʽʱʝʥʥʷʤ ʦʜʥʽʻʾ ʧʣʷʤʠ ʱʦʜʦ ʽʥʰʦʾ ʥʘ ʢʨʦʢ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʦʣʦʚʠʥʫ ʜʽʘʤʝʪʨʘ 

ʩʪʦʚʙʫʨʘ ʫʩʪʘʥʦʚʢʠ ʜʦ 10 ʤʤ. 

ʇʨʠʧʫʩʢ ʧʽʜ ʰʣʽʬʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʙʫʚ ʥʝ ʤʝʥʰʝ 0,05 ʤʤ ʥʘ ʩʪʦʨʦʥʫ. 

ɼʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʢʨʠʪʪʷ, ʷʢʝ ʥʘʧʠʣʶʚʘʣʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʦʙʜʫʚ ʩʪʨʫʤʝʥʝʤ 

ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ. 

ɺ ʧʨʦʮʝʩʽ ʥʘʧʠʣʶʚʘʥʥʷ ʜʦʧʫʩʢʘʣʠʩʷ ʢʦʨʦʪʢʦʯʘʩʥʽ (ʜʦ 10 ʭʚ.) ʧʘʫʟʠ ʤʽʞ ʥʘʥʝʩʝʥʥʷʤ 

ʦʢʨʝʤʠʭ ʰʘʨʽʚ ʟ ʤʝʪʦʶ ʦʭʦʣʦʜʞʝʥʥʷ, ʟʦʚʥʽʰʥʴʦʛʦ ʦʛʣʷʜʫ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ 

ʧʦʢʨʠʪʪʷ. ʇʽʩʣʷ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʦʛʦ ʟʤʽʮʥʝʥʥʷ, ʜʝʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤʠ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʽʜʜʘʚʘʣʠʩʷ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʰʦʨʩʪʢʦʩʪʽ 

ʟʤʽʮʥʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ʄʝʭʘʥʽʯʥʘ 

ʦʙʨʦʙʢʘ ʜʝʪʦʥʘʮʽʡʥʦʤʫ-ʛʘʟʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʤʝʪʦʜʦʤ ʰʣʽʬʫʚʘʥʥʷ. ɼʣʷ 

ʰʣʽʬʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʘʙʨʘʟʠʚʥʽ ʤʘʪʝʨʽʘʣʠ; ʝʣʝʢʪʨʦʢʦʨʫʥʜ ʙʽʣʠʡ ʽ ʥʦʨʤʘʣʴʥʠʡ, 

ʝʣʝʢʪʨʦʢʦʨʫʥʜ ʣʝʛʦʚʘʥʠʡ ʭʨʦʤʦʤ ʽ ʪʠʪʘʥʦʤ (ʤʘʨʦʢ 91ɸ ʽ 92ɸ), ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ ʟʝʣʝʥʠʡ 

(ʢʘʨʙʦʨʫʥʜ), ʘ ʪʘʢʦʞ ʘʣʤʘʟ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʰʣʽʬʫʚʘʣʴʥʽ ʢʨʫʛʠ ʟ 

ʢʝʨʘʤʽʯʥʠʤʠ ʟʚô̫ ʟʢʘʤʠ ʩʝʨʝʜʥʴʦʾ ʤô̫ ʢʦʩʪʽ (ʉʄ1, ʉʄ2) ʽ ʤô̫ ʢʽ ʘʣʤʘʟʥʽ ʢʨʫʛʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʥʘ ʤʝʪʘʣʝʚʽʡ ʟʚô̫ ʟʮʽ. ʇʦʧʝʨʝʯʥʘ ʧʦʜʘʯʘ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʙʫʣʘ ʚ ʤʝʞʘʭ 0,01 ... 0,04 ʤʤ/ʭʽʜ. 

ɿʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʽʥʪʝʥʩʠʚʥʝ ʦʭʦʣʦʜʞʝʥʥʷ 0,3% - ʚʠʤ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ. 

ʂʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʟʤʽʮʥʝʥʠʭ ʜʝʪʘʣʝʡ ʚʠʢʦʥʫʚʘʚʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɻʆʉʊ 27953 ʽ 

ɻʆʉʊ 9.304. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʥʘʧʠʣʝʥʦʾ ʽ ʧʨʦʰʣʽʬʦʚʘʥʦʾ ʜʝʪʘʣʽ ʢʦʥʪʨʦʣʶʚʘʚʩʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʫʧʠ 4-ʢʨʘʪʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ (ɻʆʉʊ 25706). ʇʦʢʨʠʪʪʷ ʤʘʻ ʙʫʪʠ ʨʽʚʥʦʤʽʨʥʠʤ, 

ʙʝʟ ʪʨʽʱʠʥ, ʨʘʢʦʚʠʥ, ʩʢʦʣʽʚ, ʚʽʜʰʘʨʫʚʘʥʴ (ʟʜʫʪʪʷ).  

ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʷ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʽ ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ ʰʣʷʭʦʤ ʚʽʟʫʘʣʴʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʟʽ ʟʨʘʟʢʘʤʠ ʰʦʨʩʪʢʦʩʪʽ ʧʦ 

ɻʆʉʊ 2789. ʆʙʤʽʨʠ ʟʤʽʮʥʝʥʦʾ ʜʝʪʘʣʽ ʧʨʦʚʦʜʠʣʠʩʷ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ 

ʟʘʩʦʙʘʤʠ. ʂʦʥʪʨʦʣʴ ʪʦʚʱʠʥʠ ʥʘʧʠʣʷʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʜʽʡʩʥʶʚʘʚʩʷ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʽ ʜʦ ʽ ʧʽʩʣʷ ʥʘʧʠʣʶʚʘʥʥʷ ʽ ʧʦʜʘʣʴʰʦʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

ʂʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʷ ʧʦ ʧʦʢʘʟʥʠʢʘʤ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠ ʨʫʡʥʽʚʥʠʭ ʤʝʪʦʜʘʭ 

ʢʦʥʪʨʦʣʶ, ʘ ʩʘʤʝ: ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ ʽ ʡʦʛʦ ʪʚʝʨʜʽʩʪʴ, ʧʨʦʚʦʜʠʚʩʷ ʥʘ 

ʟʨʘʟʢʘʭ-ʩʚʽʜʢʘʭ. ɺʠʛʦʪʦʚʣʷʣʦʩʷ ʪʨʠ ʟʨʘʟʢʘ-ʩʚʽʜʢʘ ʥʘ ʧʘʨʪʽʶ ʦʜʥʦʪʠʧʥʠʭ ʜʝʪʘʣʝʡ, ʟʤʽʮʥʝʥʠʭ 

ʟʘ ʟʤʽʥʫ (ʦʜʥʠʤ ʽ ʪʠʤ ʞʝ ʧʦʢʨʠʪʪʷʤ). ɿʨʘʟʢʠ-ʩʚʽʜʢʠ ʚʠʛʦʪʦʚʣʷʣʠʩʷ ʟ ʪʦʛʦ ʞ ʤʘʪʝʨʽʘʣʫ, 

ʧʨʦʭʦʜʠʣʠ ʪʫ ʞ ʪʝʨʤʦʦʙʨʦʙʢʫ ʽ ʤʘʣʠ ʪʘʢʫ ʞ ʪʚʝʨʜʽʩʪʴ, ʱʦ ʽ ʜʝʪʘʣʽ, ʷʢʽ ʟʤʽʮʥʶʚʘʣʠ. 

ɼʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʝ ʟʤʽʮʥʝʥʥʷ ʽ ʧʦʜʘʣʴʰʘ ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʧʦʢʨʠʪʪʷ ʥʘ ʟʨʘʟʢʘʭ-ʩʚʽʜʢʘʭ 

ʚʠʢʦʥʘʥʽ ʧʦ ʪʽʡ ʞʝ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʽ ʟʤʽʮʥʝʥʽ ʜʝʪʘʣʽ. ɿʨʘʟʢʠ-ʩʚʽʜʢʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʶ 

ʰʪʠʬʪʦʚʽ ʟʨʘʟʢʠ ʟ ʢʫʪʦʤ ʢʦʥʫʩʥʦʩʪʽ 30ʦ. 

ʇʦʢʨʠʪʪʷ ʪʦʚʱʠʥʦʶ 0,3 ʤʤ ʥʘʧʠʣʶʚʘʣʠ ʥʘ ʪʦʨʝʮʴ ʢʦʥʫʩʥʦʛʦ ʰʪʠʬʪʘ, ʚʩʪʘʚʣʝʥʦʛʦ ʽ 

ʟʘʢʨʽʧʣʝʥʦʛʦ ʫ ʚʪʫʣʢʫ, ʧʦʪʽʤ ʰʪʠʬʪ ʚʽʜʨʠʚʘʚʩʷ ʚʽʜ ʧʦʢʨʠʪʪʷ ʥʘ ʨʦʟʨʠʚʥʽʡ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ 
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ʤʘʰʠʥʽ ʈ-05 ɻʆʉʊ 7855, ʧʨʠ ʮʴʦʤʫ ʚʠʤʽʨʶʚʘʣʦʩʷ ʟʫʩʠʣʣʷ ʚʽʜʨʠʚʫ. ʄʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ 

ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ (ʘʜʛʝʟʽʷ) ʚʠʟʥʘʯʘʣʘʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʟʫʩʠʣʣʷ ʚʽʜʨʠʚʫ ʜʦ ʧʣʦʱʽ ʪʦʨʮʷ 

ʰʪʠʬʪʘ. 

ʊʚʝʨʜʽʩʪʴ ʧʦʢʨʠʪʪʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʤʝʪʦʜʦʤ ɺʽʢʢʝʨʩʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɻʆʉʊ 2999, 

ʚʠʧʨʦʙʫʚʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 50 ʅ.  

ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʢʨʠʪʪʷ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʽ ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʽʚ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʽ ʞ ʟʨʘʟʢʠ. 

ʋ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʥʝʷʢʽʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʚʦʥʦ ʚʠʜʘʣʷʣʦʩʷ ʤʝʭʘʥʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ʽ 

ʥʘʥʦʩʠʣʦʩʷ ʧʦʚʪʦʨʥʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʨʦʙʥʠʯʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ ʚ ʢʽʣʴʢʦʩʪʽ 15 ʪʠʩ. ʰʪʫʢ ʟʽ ʩʪʘʣʽ ʉʪ3 ʪʦʚʱʠʥʦʶ 4 ʤʤ ʟʥʦʩʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʟʤʽʥʥʠʭ ʧʣʘʩʪʠʥ ʟʛʠʥʘʣʴʥʠʭ ʧʫʘʥʩʦʥʽʚ ʽ ʟʤʽʥʥʠʭ ʚʢʣʘʜʠʰʽʚ ʟʛʠʥʘʣʴʥʠʭ ʤʘʪʨʠʮʴ ʟʤʽʮʥʝʥʠʭ 

ʧʦʨʦʰʢʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ɺʂ20 ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ. ʐʦʨʩʪʢʽʩʪʴ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟʤʽʥʥʠʭ 

ʜʝʪʘʣʝʡ ʤʘʪʨʠʮʴ ʽ ʧʫʘʥʩʦʥʽʚ ʚʽʜʧʦʚʽʜʘʣʘ Rz 80. 

ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ ʟʤʽʥʥʠʭ ʜʝʪʘʣʝʡ ʟʛʠʥʘʣʴʥʠʭ ʧʫʘʥʩʦʥʽʚ ʽ ʤʘʪʨʠʮʴ ʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ ʚ ʢʽʣʴʢʦʩʪʽ 15 ʪʠʩ. ʰʪʫʢ ʟʽ ʩʪʘʣʽ ʉʪ3 ʪʦʚʱʠʥʦʶ 8 ʤʤ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʷ 1 
ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ ʬʦʨʤʦʪʚʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʰʪʘʤʧʽʚ, ʟʤʽʮʥʝʥʠʭ ɺʂ 20 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʜʝʪʘʣʝʡ  

ɿʥʦʩ ʬʦʨʤʦʪʚʦʨʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʤʢʤ 

ʂʽʣʴʢʽʩʪʴ ʜʝʪʘʣʝʡ, ʷʢʽ ʚʽʜʰʪʘʤʧʫʚʘʣʠ, ʪʠʩ. ʰʪ. 

2,0 4,0 6,0 8,0 10,0 12,0 14,0 15,0 

ɿʤʽʥʥʽ ʚʢʣʘʜʠʰʽ ʤʘʪʨʠʮʽ 1,0 1,5 2,5 4,0 6,3 8,5 9,8 10,5 

ɿʤʽʥʥʽ ʧʣʘʩʪʠʥʠ ʧʫʘʥʩʦʥʽʚ ï ï 1,0 1,5 2,45 3,51 4,2 4,5 

ʉʫʤʘʨʥʝ ʟʥʦʰʫʚʘʥʥʷ 1,0 1,5 3,5 5,5 8,75 12,01 14,0 15,0 

 

ɿʤʽʮʥʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʬʦʨʤʦʪʚʦʨʯʠʭ ʝʣʝʤʝʥʪʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʛʠʥʘʣʴʥʠʭ 

ʰʪʘʤʧʽʚ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʠʤ ʤʝʪʦʜʦʤ ʧʽʜʚʠʱʫʻ ʾʭ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚ 1,8...2,4 ʨʘʟʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʦʨʤʦʪʚʦʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʚʠʛʦʪʦʚʣʝʥʠʤʠ ʟʽ ʩʪʘʣʽ ʋ8ɸ, ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʾ ʜʦ 

ʪʚʝʨʜʦʩʪʽ 52...56 HRC. ʇʨʠ ʮʴʦʤʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʟʤʽʥʥʠʭ ʧʣʘʩʪʠʥ ʧʫʘʥʩʦʥʽʚ ʚ 2,3é2,5 ʨʘʟʠ 

ʚʠʱʝ, ʥʽʞ ʫ ʟʤʽʥʥʠʭ ʚʢʣʘʜʠʰʽʚ ʤʘʪʨʠʮʴ. 

ɺʠʩʦʢʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʦʚô̫ ʟʘʥʘ ʷʢ ʟ ʧʨʠʨʦʜʦʶ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʫ ʾʭ ʩʢʣʘʜ, ʪʘʢ ʽ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʧʦʢʨʠʪʪʽʚ. ʊʚʝʨʜʘ ʩʢʣʘʜʦʚʘ ʧʦʢʨʠʪʪʷ 

(ʢʘʨʙʽʜ ʚʦʣʴʬʨʘʤʫ) ʚʢʨʘʧʣʝʥʘ ʚ ʤô̫ ʢʫ ʦʩʥʦʚʫ ʤʘʪʨʠʮʽ (ʩʪʘʣʴ 45). 

ʋ ʧʦʢʨʠʪʪʽ ʽ ʚ ʤʘʪʝʨʽʘʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʨʠʡʤʘʻ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʪʚʝʨʜʘ ʩʢʣʘʜʦʚʘ, 

ʟʤʝʥʰʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʛʣʠʙʠʥʫ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʄô̫ ʢʘ ʦʩʥʦʚʘ ʟʛʠʥʘʣʴʥʦʾ ʤʘʪʨʠʮʽ 

ʧʝʨʝʰʢʦʜʞʘʻ ʢʨʠʭʢʦʤʫ ʨʫʡʥʫʚʘʥʥʶ ʟʝʨʝʥ ʢʘʨʙʽʜʫ ʚʦʣʴʬʨʘʤʫ, ʪʦʙʪʦ ʩʪʨʫʢʪʫʨʘ ʪʚʝʨʜʦʛʦ 

ʩʧʣʘʚʫ ʷʚʣʷʻ ʩʦʙʦʶ ʢʣʘʩʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʘʥʪʠʬʨʠʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʨʠ ʚʠʨʦʙʥʠʯʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʰʪʘʤʧʽʚ ʟʘ ʩʚʦʾʤ ʭʘʨʘʢʪʝʨʦʤ ʧʦʢʘʟʥʠʢʽʚ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʚʽʜ ʟʥʦʩʫ ʬʦʨʤʦʪʚʦʨʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʩʪʘʣʽ 

ʋ8ɸ [5, 6]. 
ʅʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʬʦʨʤʦʪʚʦʨʯʠʭ ʝʣʝʤʝʥʪʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʰʪʘʤʧʽʚ, 

ʚʠʢʦʥʘʥʠʭ ʟ ʜʝʪʦʥʘʮʽʡʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ɺʂ 20, ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘʜʘʶʪʴ ʜʦʤʽʥʫʶʯʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʯʠʥʥʠʢʠ: ʪʦʚʱʠʥʘ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʰʪʘʤʧʫʶʪʴ, ʡʦʛʦ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʟʘʟʦʨ ʤʽʞ ʤʘʪʨʠʮʝʶ ʽ ʧʫʘʥʩʦʥʦʤ, ʡʦʛʦ 

ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦ ʚʩʴʦʤʫ ʧʝʨʠʤʝʪʨʫ ʟʛʠʥʘʥʥʷ, ʤʘʪʝʨʽʘʣ ʬʦʨʤʦʪʚʦʨʯʠʭ ʝʣʝʤʝʥʪʽʚ ʽ 

ʡʦʛʦ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʟʘʟʦʨʫ ʤʽʞ ʬʦʨʤʦʪʚʦʨʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʰʪʘʤʧʽʚ, ʟʤʽʮʥʝʥʠʭ ɺʂ 20, ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʯʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, 

ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ ʚ ʢʽʣʴʢʦʩʪʽ 15 ʪʠʩ. ʰʪʫʢ ʟ ʤʘʪʝʨʽʘʣʫ ʉʪ3 ʪʦʚʱʠʥʦʶ 8 ʤʤ. 
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ʈʠʩ. 2. ɿʤʽʥʘ ʟʘʟʦʨʫ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʯʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʯʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʨʽʚʥʦʤʽʨʥʝ ʟʙʽʣʴʰʝʥʥʷ ʟʘʟʦʨʫ ʤʽʞ ʬʦʨʤʦʪʚʦʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʰʪʘʤʧʽʚ ʧʨʠ ʰʪʘʤʧʫʚʘʥʥʽ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ 15 ʪʠʩ. ʰʪʫʢ. 

ʇʨʠ ʮʴʦʤʫ ʩʫʤʘʨʥʘ ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʫ ʬʦʨʤʦʪʚʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʣʘ ʥʝʟʥʘʯʥʦʶ ʽ ʥʝ 

ʯʠʥʠʣʘ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʘʨʘʤʝʪʨʠ ʪʦʯʥʦʩʪʽ (ʧʨʫʞʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ) ʟʛʠʥʘʥʥʷ. 

 

ɺʠʩʥʦʚʢʠ  

 

1. ʄʘʢʩʠʤʘʣʴʥʘ ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʟʘʟʦʨʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʫʤʘʨʥʦʛʦ ʟʥʦʩʫ 

ʟʤʽʮʥʝʥʠʭ ʬʦʨʤʦʪʚʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʰʪʘʤʧʽʚ ʩʢʣʘʣʘ 12,0 

ʤʢʤ, ʧʨʠ ʰʪʘʤʧʫʚʘʥʥʽ ʜʝʪʘʣʝʡ ʟʽ ʩʪʘʣʽ ʉʪ3 ʪʦʚʱʠʥʦʶ 8 ʤʤ, ʱʦ ʚ 2,5 - 3,0 ʨʘʟʠ ʤʝʥʰʝ, ʥʽʞ 

ʧʨʠ ʰʪʘʤʧʫʚʘʥʥʽ ʟ ʬʦʨʤʦʪʚʦʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʚʠʛʦʪʦʚʣʝʥʠʤʠ ʟʽ ʩʪʘʣʽ ʋ8ɸ, ʱʦ ʧʨʦʡʰʣʠ 

ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ. 

2. ɿʤʽʮʥʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʬʦʨʤʦʪʚʦʨʯʠʭ ʝʣʝʤʝʥʪʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʘʛʘʣʴʥʠʭ 

ʰʪʘʤʧʽʚ ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʠʤ ʤʝʪʦʜʦʤ ʧʽʜʚʠʱʫʻ ʾʭ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚ 1,8é2,4 ʨʘʟʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʦʨʤʦʪʚʦʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟʽ ʩʪʘʣʽ ʋ8ɸ ʽ ʪʝʨʤʦʦʙʨʦʙʣʝʥʽ ʜʦ 

ʪʚʝʨʜʦʩʪʽ 52é56 ʅRC. ʇʨʠ ʮʴʦʤʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʟʤʽʥʥʠʭ ʧʣʘʩʪʠʥ ʧʫʘʥʩʦʥʽʚ ʚ 2,3é2,5 ʨʘʟʠ 

ʚʠʱʝ, ʥʽʞ ʫ ʟʤʽʥʥʠʭ ʚʢʣʘʜʠʰʽʚ ʤʘʪʨʠʮʴ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʰʪʘʤʧʽʚ ʟ ʬʦʨʤʦʪʚʦʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʟʤʽʮʥʝʥʠʤʠ 

ʜʝʪʦʥʘʮʽʡʥʦ-ʛʘʟʦʚʠʤ ʤʝʪʦʜʦʤ, ʧʦʢʘʟʘʣʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʤʦʞʣʠʚʽʩʪʴ ʽ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ 

ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʜʦ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠ 

ʟʛʠʥʘʥʥʽ ʜʝʪʘʣʝʡ ʧʨʦʩʪʦʾ ʪʘ ʩʢʣʘʜʥʦʾ ʬʦʨʤ ʪʦʚʱʠʥʦʶ ʚʽʜ 0,5 ʜʦ 10 ʤʤ. 
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ʨʘʩʯʝʪʦʚ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʛʦʣʴʯʘʪʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʧʦʨʰʥʝʚʦʡ 

ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʠʟʝʣʷ. ʋʩʪʘʥʦʚʣʝʥʳ ʧʨʠʯʠʥʳ ʥʘʨʫʰʝʥʠʷ ʥʦʤʠʥʘʣʴʥʦʡ ʨʘʙʦʪʳ ʦʩʥʦʚʥʳʭ 

ʫʟʣʦʚ ʤʝʭʘʥʠʟʤʘ. ʇʨʝʜʣʦʞʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʩʢʦʨʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ.  

ʇʨʝʜʣʘʛʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʤʠʥʘʣʴʥʦʡ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʛʦʣʴʯʘʪʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʧʦʨʰʥʝʚʦʡ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ (ʇɻʐ) ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʠʟʝʣʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩ ʫʯʝʪʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʯʝʡ ʥʘʛʨʫʟʢʠ ʧʦ ʪʝʣʘʤ ʢʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʘ ʠ ʚʪʫʣʢʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʤʠʥʘʣʴʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʛʦʣʴʯʘʪʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʇɻʐ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʛʨʫʟʦʢ ʥʘ ʪʝʣʘ ʢʘʯʝʥʠʷ (ʨʦʣʠʢʠ) ʧʨʠ ʨʘʟʥʳʭ ʨʘʙʦʯʠʭ ʨʝʞʠʤʘʭ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʢʦʨʝʥʥʦʩʪʠ 10, ʩʪʨʦʠʪʩʷ ʥʘ ʜʚʫʢʨʘʪʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʩʠʣʦʚʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʣʝʤʝʥʪʳ ʠʛʦʣʴʯʘʪʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʇɻʐ. ʕʪʦ ʜʦʩʪʠʛʥʫʪʦ ʩʙʦʨʢʦʡ 

ʧʦʜʰʠʧʥʠʢʘ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʨʘʜʠʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʨʘʙʦʯʠʝ ʨʦʣʠʢʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʰʪʘʪʥʦʡ ʧʦʜʘʯʠ ʤʘʩʣʘ ʚ ʧʦʜʰʠʧʥʠʢ 

ʧʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʫʚʝʣʠʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʨʦʣʠʢ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʫʩʢʦʨʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩ ʜʦʩʪʦʚʝʨʥʳʤ 

ʚʳʭʦʜʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʳʪ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʢʦʨʨʝʣʠʨʫʶʪ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʷʩʥʷʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʰʘʪʫʥʦʚ ʩ ʠʛʦʣʴʯʘʪʳʤʠ ʧʦʜʰʠʧʥʠʢʘʤʠ ʚ ʇɻʐ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʛʦʣʴʯʘʪʳʡ ʧʦʜʰʠʧʥʠʢ, ʧʦʨʰʥʝʚʘʷ ʛʦʣʦʚʢʘ ʰʘʪʫʥʘ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 
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ɸ.V. ʆrobynsky, V.M. Petukhov, N.ɸ. ɸksenova " The methodics for determination longevity of the needle 

bearing of the connecting-rod piston end in diesel engine"  

The authors proposes theoretical and experimental methodic for determination the nominal longevity of the 

needle bearing of the connecting-rod piston end in two-stroke Diesel engine. The reasons for the malfunction of the 

main nodes of the mechanism are determined. reducing the heat load of the bearing and, as a consequence, improving 

the quality and duration service piston group. 

The theoretical methodic gives to receive the right results of longevity with take into account the distribution 

of firing load falling at the bearing between rollers and moving all elements of the needle bearing. The calculations 

made it possible to correct the standard mathematical model determination of the nominal service life of the needle 

bearing for depending on the distribution of loads per rolling body (rollers) in different operating modes. Proposed 

recommendations for accelerated endurance tests,  

The experimental methodic with the coefficient of speedy are 10, have building on a double increase of the 

power influence for the elements of the needle bearing. That has been reached for the compilation of bearing one the 

special technology. Significant reduction in thermal impact and radial loads on working rollers. 

These investigation results and constructions experience have corrective explanations of the proposed 

methodic. That is permissions to use these methodic for doing perfect and modern the needle bearing of the 

connecting-rod piston end. 

Keywords: needle bearing, connecting rod piston head, l endurance. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

 

ɽʢʩʧʣʫʘʪʘʮʽʷ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʽ ʨʦʟʨʦʙʢʠ ʟ ʦʩʥʘʱʝʥʥʷ ʟʘʩʦʙʽʚ 

ʪʨʘʥʩʧʦʨʪʫ ʜʠʟʝʣʝʤ 6ɼʅ ʚʠʟʥʘʯʠʣʠ ʜʦʮʽʣʴʥʠʤ ʧʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʡʦʛʦ 

ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʚʫʟʣʽʚ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚʠʥʠʢʘʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʝʧʣʦ-ʤʝʭʘʥʽʯʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʜʠʟʝʣʷ. ʄʽʨʢʫʚʘʥʥʷ ʪʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʨʦʟʨʘʭʫʥʢʠ [1, 2] ʟ 

ʮʴʦʛʦ ʧʨʠʚʦʜʫ ʧʨʠʚʝʣʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʦʨʰʥʝʚʽʡ ʛʦʣʽʚʮʽ ʰʘʪʫʥʘ (ʇɻʐ) ʛʦʣʯʘʩʪʦʛʦ 

ʧʽʜʰʠʧʥʠʢʘ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʫʰʢʦʜʞʝʥʥʷ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ ʩʪʘʻ ʧʨʠʯʠʥʦʶ ʚʽʜʤʦʚʠ 

ʜʚʠʛʫʥʘ ʚ ʮʽʣʦʤʫ, ʚʝʣʠʢʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʨʦʟʨʦʙʢʘ ʜʦʩʪʦʚʽʨʥʠʭ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ 

ʡʦʛʦ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ɻʦʣʯʘʩʪʽ ʧʽʜʰʠʧʥʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʫ ʨʽʟʥʠʭ 

ʤʝʭʘʥʽʟʤʘʭ, ʚʫʟʣʘʭ ʪʘ ʘʛʨʝʛʘʪʘʭ. ɼʦ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʽʷʣʴʥʦʩʪʽ, ʫ ʷʢʠʭ ʟʘʜʽʷʥʽ ʛʦʣʯʘʩʪʽ 

ʨʦʣʠʢʦʚʽ ʧʽʜʰʠʧʥʠʢʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʚʘʞʢʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, 

ʙʫʜʽʚʥʠʮʪʚʦ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʚʠʪʨʠʚʘʣʽʩʪʴ.  

ʂʦʥʩʪʨʫʢʮʽʷ ʨʘʜʽʘʣʴʥʠʭ ʛʦʣʯʘʩʪʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʢʘʨʜʠʥʘʣʴʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʩʪʘʥʜʘʨʪʥʦʾ ʩʭʝʤʠ ʢʫʣʴʢʦʚʠʭ ʧʽʜʰʠʧʥʠʢʽʚ (ʨʠʩ.1). ʆʨʠʛʽʥʘʣʴʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʣʷʛʘʻ ʫ 

ʪʦʤʫ, ʱʦ ʜʦʚʞʠʥʘ ʨʦʣʠʢʘ ʙʽʣʴʰʝ ʡʦʛʦ ʪʦʚʱʠʥʠ ʫ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ.  

 

           
 
ʈʠʩ. 1. ʉʭʝʤʘ ʪʘ ʚʠʛʣʷʜ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʚ ʧʝʨʝʨʽʟʽ  
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ɻʦʣʯʘʩʪʽ ʧʽʜʰʠʧʥʠʢʠ ʥʘʡʯʘʩʪʽʰʝ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʧʦ ʙʝʟʩʝʧʘʨʘʪʦʨʥʽʡ ʩʭʝʤʽ, ʪʦʤʫ 

ʚʦʥʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʧʽʜ ʯʘʩ ʟʥʘʯʥʠʭ ʨʘʜʽʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʨʘʢʪʠʯʥʦ 

ʥʝʯʫʪʣʠʚʽ ʜʦ ʨʽʟʢʠʭ ʪʘ ʧʦʪʫʞʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ.  

ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [3 ï 5] ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʪʘ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʇɻʐ  ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʠʟʝʣʷ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʞʝʨʝʣ [6 ï 8] ʟʦʩʝʨʝʜʞʫʻ ʫʚʘʛʫ ʥʘ ʪʦʤʫ ʬʘʢʪʽ, ʱʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʚʥʦʛʦ ʮʠʢʣʫ ʧʦʪʨʝʙʫʶʪʴ ʙʘʛʘʪʦ ʯʘʩʫ ʪʘ ʯʘʩʪʦ ʧʨʠʚʦʜʷʪʴ ʜʦ ʧʦʚʥʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʇɻʐ ʚ ʮʽʣʦʤʫ. ɼʘʥʽ ʚʠʩʥʦʚʢʠ ʽ ʦʙʫʤʦʚʠʣʠ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʚ 

ʧʦʜʘʣʴʰʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʙʦʪʽ ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʢʦʨʝʥʠʭ ʤʝʪʦʜʠʢ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʨʠ ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʮʠʢʣʘʭ ʪʘ ʥʘʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ. 

 

ʄʝʪʦʜʠʯʥʠʡ ʧʽʜʭʽʜ ʚ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ 

 

ʈʦʟʛʣʷʜʘʶʯʠ ʢʦʥʩʪʨʫʢʮʽʶ ʇɻʐ ʜʚʦʭʪʘʢʪʥʦʛʦ ʜʠʟʝʣʷ 6ɼʅ ʟ ʥʝʩʪʘʥʜʘʨʪʥʠʤ 

ʜʚʦʭʨʷʜʥʠʤ ʛʦʣʯʘʩʪʠʤ ʧʽʜʰʠʧʥʠʢʦʤ, ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʥʦʤʽʥʘʣʴʥʦʾ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ L ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʢʘʯʘʣʴʥʠʡ ʪʘ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭʠ. ɺ 

ʟʘʛʘʣʴʥʫ ʬʦʨʤʫʣʫ ʚʥʝʩʝʥʦ ʜʦʜʘʪʢʠ, ʷʢʽ ʚʠʷʚʣʝʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʪʘ 

ʚʘʥʪʘʞʥʠʭ ʨʝʞʠʤʽʚ. ʈʽʟʥʠʮʷ ʚ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘʡʙʽʣʴʰ 

ʫʰʢʦʜʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʟ 

ʥʝʨʫʭʦʤʠʤ ʟʦʚʥʽʰʥʽʤ ʢʽʣʴʮʝʤ ʪʘ ʢʘʯʘʣʴʥʠʡ ʟ ʨʫʭʦʤʠʤʠ ʚʪʫʣʢʦʶ, ʧʘʣʴʮʝʤ ʪʘ ʨʦʣʠʢʘʤʠ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ. ʇʨʦʚʝʜʝʥʦ ʪʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʠʟʝʣʷ ʢʦʞʥʝ 

ʪʨʠʚʘʣʽʩʪʶ 100 ʛʦʜʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʛʦʣʯʘʩʪʽ ʨʦʣʠʢʠ ʰʝʩʪʴʦʭ ʧʽʜʰʠʧʥʠʢʽʚ ʦʪʨʠʤʘʣʠ 

ʨʦʟʚʠʥʫʪʝ ʧʦʰʢʦʜʞʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʘʥʘʣʦʛʽʯʥʝ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ. ɸʥʘʣʽʟʫʶʯʠ 

ʦʪʨʠʤʘʥʝ, ʨʦʟʨʦʙʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ ʽ ʤʝʪʦʜʠʢʘ ʧʨʠʩʢʦʨʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ, ʷʢʽ ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ ʢʦʨʝʣʷʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ. ɼʚʦʢʨʘʪʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʽʣʘ ʢʦʯʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʽʡ ʢʦʝʬʽʮʽʻʥʪ (10=K ) 

ʧʨʠʩʢʦʨʝʥʦʩʪʽ ʚʠʧʨʦʙʫʚʘʥʴ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥ  ̫

 

ʂʦʥʩʪʨʫʢʮʽʶ ʇɻʐ ʜʚʦʭʪʘʢʪʥʦʛʦ ʜʠʟʝʣʷ 6ɼʅ ʟ ʥʝʩʪʘʥʜʘʨʪʥʠʤ ʜʚʦʭʨʷʜʥʠʤ 

ʛʦʣʯʘʩʪʠʤ ʧʽʜʰʠʧʥʠʢʦʤ ʥʘʜʘʥʦ ʚ ʨʦʙʦʪʽ [1].  

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʰʘʪʫʥ ʟʜʽʡʩʥʶʻ ʢʘʯʘʣʴʥʠʡ ʨʫʭ ʥʘʚʢʨʫʛʠ ʧʘʣʴʮʷ ʟ ʘʤʧʣʽʪʫʜʦʶ  

ɓ = 0,29 ʨʘʜ (ʚʽʜʧʦʚʽʜʥʦ 170), ʧʘʣʝʮʴ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʝʨʪʘʪʠʩʴ ʫ ʧʦʨʰʥʽ, ʘ ʚʪʫʣʢʘ ï 

ʧʨʦʢʦʚʟʫʚʘʪʠ ʚʽʜʥʦʩʥʦ ʛʦʣʽʚʢʠ ʰʘʪʫʥʘ. 

ɺ ʨʦʙʦʪʽ [2] ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʦʤʽʥʘʣʴʥʦʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ L ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ, 

ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʢʘʯʘʣʴʥʠʡ ʨʫʭ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ: 
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dldiC -= ,                               (1) 

ʜʝ z  ï ʢʽʣʴʢʽʩʪʴ ʨʦʣʠʢʽʚ ʚ ʦʜʥʦʤʫ ʨʷʜʽ; 
n  ï ʯʠʩʣʦ ʧʦʚʥʠʭ ʢʘʯʘʥʴ ʚʘʣʫ ʧʽʜʰʠʧʥʠʢʘ ʟʘ ʭʚʠʣʠʥʫ; 

ʉ ï ʜʠʥʘʤʽʯʥʘ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʧʽʜʰʠʧʥʠʢʘ; 
R  ï ʝʢʚʽʚʘʣʝʥʪʥʝ ʜʠʥʘʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

i  ï ʯʠʩʣʦ ʨʷʜʽʚ ʪʽʣ ʢʦʯʝʥʥʷ; 

1d  ï ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʧʽʜʰʠʧʥʠʢʘ; 
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l  ʽ d  ï ʚʽʜʧʦʚʽʜʥʦ, ʜʦʚʞʠʥʘ ʪʘ ʜʽʘʤʝʪʨ ʨʦʣʠʢʘ; 

T  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʢʫʪʘ ɓ ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʢʫʪʘ 

ʦʙʝʨʪʘʥʥʷ ʧʽʜʰʠʧʥʠʢʘ 
z

p
t

2
2= , ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʦʯʦʢ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʙʽʛʦʚʠʭ ʜʦʨʽʞʦʢ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʝʢʩʧʣʫʘʪʘʮʽʷ ʧʽʜʰʠʧʥʠʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʪʘ 

ʚʘʥʪʘʞʥʠʭ ʨʝʞʠʤʘʭ, ʟʥʘʯʝʥʥʷ n  ʽ R  ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʟʥʘʯʘʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤʠ ʣʽʥʽʡʥʦʾ 

ʪʝʦʨʽʾ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ: 
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ʜʝ jq , jn , jR  ï ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʥʦʩʥʘ ʪʨʠʚʘʣʽʩʪʴ, ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʚʘʣʘ ʟʘ ʭʚʠʣʠʥʫ ʪʘ ʩʝʨʝʜʥʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ j -ʤʫ ʨʝʞʠʤʽ; 

m  ï ʯʠʩʣʦ ʨʝʞʠʤʽʚ. 

 

ʅʦʤʽʥʘʣʴʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ ʜʠʟʝʣʷ 6ɼʅ, ʱʦ ʦʙʯʠʩʣʝʥʘ ʟʘ 

ʬʦʨʤʫʣʦʶ (1) ʟ ʫʨʘʭʫʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2) ʩʢʣʘʜʘʻ 62 ʛʦʜʠʥʠ. ɸʣʝ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʥʘʨʦʙʽʪʢʠ ʙʽʣʴʰ ʥʽʞ ʚ 20 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʶʪʴ ʦʪʨʠʤʘʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʮʽʥʢʫ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜʠʢʘ [2] ʥʝ ʥʘʜʘʻ ʜʦʩʪʘʪʥʴʦ ʜʦʩʪʦʚʽʨʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʦʤʽʥʘʣʴʥʦʾ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ.  

ɺ ʨʦʙʦʪʽ [3] ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʤʽʥʘʣʴʥʦʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 0L  ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ, 

ʚʘʣ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ, ʘ ʟʦʚʥʽʰʥʻ ʢʽʣʴʮʝ ʥʝʨʫʭʦʤʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʽʚʥʷʥʥʷ: 
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ɸʤʧʣʽʪʫʜʘ ʢʫʪʘ ʢʘʯʘʥʥʷ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ ʜʠʟʝʣʷ 6ɼʅ ʟʘʜʦʚʦʣʴʥʷʻ ʥʝʨʽʚʥʦʩʪʽ: 
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ʘ ʪʦʤʫ, ʫʤʦʚʠ ʟʤʘʱʝʥʥʷ ʪʘ ʤʝʭʘʥʽʟʤ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʧʦʚʝʨʭʦʥʴ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ 

ʧʨʠ ʢʘʯʘʣʴʥʦʤʫ ʪʘ ʦʙʝʨʪʘʣʴʥʦʤʫ ʨʫʩʽ ʝʢʚʽʚʘʣʝʥʪʥʽ [2]. 

ʇʨʠʡʤʝʤʦ ʟʘ ʦʩʥʦʚʫ ʨʦʟʨʘʭʫʥʢʫ ʥʦʤʽʥʘʣʴʥʦʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ 

ʇɻʐ ʬʦʨʤʫʣʠ (3) ʪʘ ʧʨʝʦʙʨʘʟʠʤʦ ʾʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʟʥʠʮʴ ʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ 

ʪʘ ʝʣʝʤʝʥʪʽʚ ʛʦʣʯʘʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ, ʚʘʣ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ, ʘ ʟʦʚʥʽʰʥʻ ʢʽʣʴʮʝ 

ʥʝʨʫʭʦʤʝ. 

ɿʘ ʦʜʥʝ ʧʦʚʥʝ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʧʽʜʰʠʧʥʠʢʘ ʟ ʥʝʨʫʭʦʤʠʤ ʟʦʚʥʽʰʥʽʤ ʢʽʣʴʮʝʤ ʢʦʞʥʘ 

ʪʦʯʢʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ (ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʧʦʚʥʠʡ ʨʝʩʫʨʩ) ʚʠʧʨʦʙʫʻ ʥʘʩʪʫʧʥʝ ʯʠʩʣʦ ʮʠʢʣʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ: 
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ʜʣʷ ʚʘʣʫ (ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ), ʟʦʚʥʽʰʥʴʦʛʦ ʢʽʣʴʮʷ (ʚʪʫʣʢʠ), ʛʦʣʯʘʩʪʦʛʦ ʨʦʣʠʢʘ, ʚʽʜʧʦʚʽʜʥʦ. 

ʊʫʪ j ï ʢʫʪ ʜʫʛʠ ʟʦʥʠ ʢʦʥʪʘʢʪʫ ʨʦʣʠʢʽʚ ʟ ʚʘʣʦʤ ʪʘ ʟʦʚʥʽʰʥʽʤ ʢʽʣʴʮʝʤ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʨʘʜʽʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ R, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʜʣʷ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ ~ 1200 ( p
3

2
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ppt  ï ʤʽʥʽʤʘʣʴʥʠʡ ʢʫʪ, ʥʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʧʦʚʝʨʥʫʪʠ ʚʘʣ ʜʣʷ ʧʦʚʥʦʛʦ 

ʦʙʝʨʪʫ ʨʦʣʠʢʘ. 

 

ʌʦʨʤʫʣʘ ʜʣʷ 3n  ʦʪʨʠʤʘʥʘ, ʫ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʨʦʣʠʢ ʨʫʭʘʻʪʴʩʷ ʙʝʟ ʢʦʚʟʘʥʥʷ, 

ʧʦʚʪʦʨʶʶʯʠ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ ʚ ʧʽʜʰʠʧʥʠʢʫ, ʧʨʘʢʪʠʯʥʦ, ʟʘ 2 ʦʙʦʨʦʪʠ ʚʘʣʘ, ʪʘ ʢʦʥʪʘʢʪʫʻ ʷʢ 
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ʟ ʚʘʣʦʤ, ʪʘʢ ʽ ʟ ʟʦʚʥʽʰʥʽʤ ʢʽʣʴʮʝʤ. ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʰʠʧʥʠʢʘ 33,81=n , 

252 =n , 53 =n . ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʙʽʣʴʰ ʫʰʢʦʜʞʝʥʠʤ ʝʣʝʤʝʥʪʦʤ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ, 

ʚʘʣ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ, ʻ ʥʝʨʫʭʦʤʝ ʟʦʚʥʽʰʥʻ ʢʽʣʴʮʝ. 

ɿʘ ʦʜʥʝ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʧʽʜʰʠʧʥʠʢ ʇɻʐ ʟʜʽʡʩʥʶʻ ʢʫʪʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ 

ʟ ʰʘʪʫʥʦʤ, ʷʢʝ ʜʦʨʽʚʥʶʻ b4 , ʘ ʢʦʞʥʘ ʪʦʯʢʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ (ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʧʦʚʥʠʡ 

ʨʝʩʫʨʩ) ʚʠʧʨʦʙʫʻ ʮʠʢʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʚʢʘʟʘʥʦʾ ʚʠʱʝ ʨʫʭʦʤʦʩʪʽ 

ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ ʪʘ ʚʪʫʣʢʠ): 

                             
t
b4

1=k ,     
t
b4

2 =k ,     **
4

3 t
b

=k ,                                (6) 

ʜʣʷ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ (ʚʘʣʘ), ʚʪʫʣʢʠ (ʟʦʚʥʽʰʥʴʦʛʦ ʢʽʣʴʮʷ), ʛʦʣʯʘʩʪʦʛʦ ʨʦʣʠʢʘ, ʚʽʜʧʦʚʽʜʥʦ. 

ʊʫʪ )1(
22**

2

2

2 d
d

zd
d -==

ppt  ï ʤʽʥʽʤʘʣʴʥʠʡ ʢʫʪ ʨʫʭʫ ʰʘʪʫʥʘ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʧʦʚʥʦʛʦ ʦʙʝʨʪʫ ʨʦʣʠʢʘ, ʘ 2d  ï ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʧʽʜʰʠʧʥʠʢʘ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ 

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʟʤʽʱʝʥʥʷ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ, ʚʪʫʣʢʠ ʪʘ ʛʦʣʯʘʩʪʠʭ ʨʦʣʠʢʽʚ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ 

ʧʽʜʰʠʧʥʠʢʘ ʬʦʨʤʫʣʠ (6) ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜ: 

                                      )3,..1(,
2

== jkk jj
p

j
.                                                      (7) 

ɼʣʷ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ ʟʥʘʯʝʥʥʷ jk  ʚʽʜʧʦʚʽʜʘʶʪʴ: 57,11=k , 57,12 =k , 

16,23=k . ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʙʽʣʴʰ ʫʰʢʦʜʞʝʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ 

ʟ ʨʫʭʦʤʠʤ ʧʘʣʴʮʝʤ, ʚʪʫʣʢʦʶ ʪʘ ʨʦʣʠʢʘʤʠ ʻ ʛʦʣʯʘʪʽ ʨʦʣʠʢʠ, ʱʦ ʚʦʜʥʦʯʘʩ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʜʦʩʚʽʜʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʠʟʝʣʷ. 

ʈʽʟʥʠʮʷ ʚ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘʡʙʽʣʴʰ ʫʰʢʦʜʞʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʟ ʥʝʨʫʭʦʤʠʤ ʟʦʚʥʽʰʥʽʤ 

ʢʽʣʴʮʝʤ ʪʘ ʢʘʯʘʣʴʥʠʡ ʟ ʨʫʭʦʤʠʤʠ ʚʪʫʣʢʦʶ, ʧʘʣʴʮʝʤ ʪʘ ʨʦʣʠʢʘʤʠ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʦʤ: 

                                       )1(
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ʉʫʪʪʻʚʘ ʨʽʟʥʠʮʷ ʟʥʘʯʝʥʴ d  ʪʘ 2d  ʜʣʷ ʛʦʣʯʘʩʪʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʚʢʘʟʫʻ ʥʘ ʩʣʘʙʢʫ 

ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ s  ʚʽʜ ʜʽʘʤʝʪʨʫ d . 

ʇʦʨʽʚʥʷʻʤʦ ʢʦʥʪʘʢʪʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʚ 

ʩʧʽʚʧʦʩʪʘʚʣʝʥʠʭ ʚʘʨʽʘʥʪʘʭ. ʈʦʟʧʦʜʽʣʝʥʥʷ ʨʘʜʽʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʪʽʣʘʤ ʢʦʯʝʥʥʷ 

ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʞʦʨʩʪʢʦʤʫ ʢʦʨʧʫʩʽ, ʧʽʜʣʷʛʘʻ ʟʘʢʦʥʫ: 

                                 1.1)(cos
08.4

jR
iz

q= ,    
2
pj< ,                                           (9) 

ʜʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ j ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʣʦʞʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʠʭ ʨʦʣʠʢʽʚ. 

ʇʦʟʥʘʯʠʤʦ ʟʘ q  ʚʝʣʠʯʠʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʝʥʥʽ R  ʧʦ ʪʽʣʘʤ 

ʢʦʯʝʥʥʷ. ɿʥʘʯʝʥʥʷ q  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

                                         
iz

R
q
p
= ,    

2
pj= .                                                 (10) 

ɺʨʘʭʦʚʫʶʯʠ ʬʦʨʤʫʣʫ (10), ʬʦʨʤʫʣʘ (9) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜ: 

                                1.1)(cos
08.4

j
p

qq= ,    
2
pj= .                                          (11) 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʟ ʥʝʨʫʭʦʤʠʤ ʟʦʚʥʽʰʥʽʤ ʢʽʣʴʮʝʤ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤʦʤ q, ʷʢʠʡ ʩʢʣʘʜʘʻ: 

                                                  qqq
p

08,4
max* == .                                              (12) 
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ʈʦʟʧʦʜʽʣʝʥʥʷ ʨʘʜʽʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ R  ʧʦ ʪʽʣʘʤ ʢʦʯʝʥʥʷ ʚ ʛʦʣʯʘʪʦʤʫ 

ʧʽʜʰʠʧʥʠʢʫ ʇɻʐ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʽ [1]. ɿʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ q, ʱʦ ʜʽʻ ʥʘ 

ʨʦʣʠʢʠ, ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1.  
ʈʦʟʧʦʜʽʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʛʦʣʯʘʩʪʠʤʠ ʨʦʣʠʢʘʤʠ ʚ ʧʽʜʰʠʧʥʠʢʫ ʇɻʐ ʜʠʟʝʣʷ 6ɼʅ. 

j, 

ʨʘʜ 

0 0,12 0,25 0,38 0,5 0,63 0,75 0,88 1,0 1,13 

q

q

 

0,79 0,89 1,37 1,51 1,49 1,26 0,89 0,51 0,24 0,08 

 

ʅʘʡʙʽʣʴʰ ʩʣʘʙʢʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ ʻ ʨʦʣʠʢʠ. ʂʦʞʥʠʡ ʟ 

ʥʠʭ, ʧʝʨʝʙʫʚʘʶʯʠ ʚ ʟʦʥʽ j, ʚʽʜʯʫʚʘʻ ʚʝʩʴ ʩʧʝʢʪʨ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣʠʮʽ 1. ʊʦʜʽ, 

ʝʢʚʽʚʘʣʝʥʪʥʝ ʟʘ ʧʦʰʢʦʜʞʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʥʘʢʦʧʠʯʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʴ, ʩʢʣʘʜʘʻ: 

                                         ä
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1 º  ï ʯʠʩʣʦ ʥʘʚʘʥʪʘʞʝʥʠʭ ʨʦʣʠʢʽʚ ʚ ʧʽʜʰʠʧʥʠʢʫ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʟʨʘʭʫʥʢʽʚ 
3.0

1
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qq . ʊʦʜʽ ʚʚʝʜʝʤʦ ʢʦʝʬʽʮʽʻʥʪ 

92.0
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q
q

f , ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʨʽʟʥʠʮʶ ʚ ʢʦʥʪʘʢʪʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʘʡʙʽʣʴʰ 

ʫʰʢʦʜʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʚ ʜʚʦʭ ʩʧʽʚʧʦʩʪʘʚʣʝʥʠʭ ʚʘʨʽʘʥʪʘʭ ʽ ʢʦʨʝʛʫʻ 

ʚʝʣʠʯʠʥʫ ʧʨʠʚʝʜʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ R  

                                                     RfRf = .                                                   (14) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʘʭʫʥʢʦʚʫ ʥʦʤʽʥʘʣʴʥʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ 

ʪʨʝʙʘ ʚʠʟʥʘʯʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

                                                0

33,3 LsjL -=
,                                                    (15) 

ʜʝ 0L  ʟʥʘʭʦʜʠʪʴʩʷ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (3).  

ʅʦʤʽʥʘʣʴʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʟʛʣʷʥʫʪʦʛʦ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ, ʱʦ ʚʠʟʥʘʯʝʥʘ 

ʟʘ ʬʦʨʤʫʣʦʶ (15), ʩʢʣʘʜʘʻ 1100 ʛʦʜʠʥ ʽ ʙʣʠʟʴʢʘ ʜʦ ʨʝʘʣʴʥʠʭ ʥʘʨʦʙʦʪʦʢ ʧʽʜʰʠʧʥʠʢʘ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʮʽʥʠʤʦ ʜʦʚʛʦʚʽʯʥʽʩʪʴ L  ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ, ʚ ʷʢʦʤʫ ʚʪʫʣʢʘ ʚʩʪʘʥʦʚʣʝʥʘ 

ʚ ʰʘʪʫʥ ʟ ʥʘʪʷʛʦʤ, ʪʦʙʪʦ ʧʦʟʙʘʚʣʝʥʘ ʨʫʭʦʤʦʩʪʽ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʡʙʽʣʴʰ ʫʰʢʦʜʞʝʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʻ ʚʪʫʣʢʘ. ʊʦʜʽ, ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ s  ʽ f  ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʟ ʨʽʚʥʷʥʴ 
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f . ʊʫʪ ʟʘ ʚʝʣʠʯʠʥʫ **q  ʦʙʠʨʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʣʠʢ ʚ ʧʽʜʰʠʧʥʠʢʫ (ʪʘʙʣʠʮʷ 1). ʊʦʜʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʛʦʣʯʘʩʪʦʛʦ 

ʧʽʜʰʠʧʥʠʢʘ ʟ ʟʘʧʨʝʩʦʚʘʥʦʶ ʚʪʫʣʢʦʶ ʜʦʨʽʚʥʶʻ L
f

f

s

s
L 33,3)( -= , ʱʦ ʚ ~ 4,5 ʨʘʟʠ ʤʝʥʰʝ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʟ ʫʩʽʤʘ ʨʫʭʦʤʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ʆʪʨʠʤʘʥʘ ʚʠʱʝ ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ ʜʘʻ 

ʜʦʩʪʘʪʥʴʦ ʟʘʜʦʚʦʣʴʥʷʶʯʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʠʟʝʣʷ. ʆʜʥʘʢ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʜʠʟʝʣʷ ʧʦʪʨʝʙʫʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʠʢ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʰʠʧʥʠʢʘ 

ʇɻʐ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʠʢ ʪʨʝʙʘ ʚʚʘʞʘʪʠ ʧʨʠʩʢʦʨʝʥʫ ʦʮʽʥʢʫ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 
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ɺʽʜʦʤʘ [4] ʤʝʪʦʜʠʢʘ ʚʠʧʨʦʙʫʚʘʥʴ ʛʦʣʯʘʩʪʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʰʘʪʫʥʘ, ʫ ʷʢʽʡ ʩʢʦʨʦʯʝʥʥʷ 

ʩʪʨʦʢʽʚ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʤʘʩʪʠʣʘ, ʧʽʜʚʝʜʝʥʦʛʦ ʜʦ 

ʧʽʜʰʠʧʥʠʢʽʚ. ɼʦʩʚʽʜ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʜʠʟʝʣʷ ʩʚʽʜʯʠʪʴ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʧʨʦʢʘʯʢʠ ʤʘʩʪʠʣʘ 

ʯʝʨʝʟ ʧʽʜʰʠʧʥʠʢ ʇɻʐ ʥʘ ~ 30 % ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʠʭ ʷʢʽʩʥʠʭ ʟʤʽʥ ʚ ʡʦʛʦ ʨʦʙʦʪʽ, ʷʢʽ 

ʚʠʢʣʠʢʘʥʽ ʧʝʨʝʚʠʱʝʥʥʷʤ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʧʫʩʢʫ ʪʨʘʜʠʮʽʡʥʠʭ 

ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʩʪʘʣʝʡ (ʙʽʣʴʰʝ 2000 ʉ). ʊʦʤʫ, ʚ ʷʢʦʩʪʽ ʬʘʢʪʦʨʘ ʧʨʠʩʢʦʨʶʶʯʦʛʦ ʧʨʦʮʝʩ 

ʚʠʧʨʦʙʫʚʘʥʥʷ, ʦʙʠʨʘʻʪʴʩʷ ʤʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʨʝʰʪʘ ʫʤʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ, 

ʟʤʘʱʫʚʘʥʥʷ ʽ ʪ.ʽ.) ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. ɼʦʩʷʛʥʫʪʠ ʧʦʪʨʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʇɻʐ ʜʦʩʠʪʴ ʥʝʪʨʠʚʽʘʣʴʥʘ ʟʘʜʘʯʘ. ʊʘʢ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʩʫʚʘʥʥʷ ʜʠʟʝʣʷ ʥʝ ʻ ʜʦʮʽʣʴʥʠʤ ʟ ʥʘʩʪʫʧʥʠʭ ʧʨʠʯʠʥ: 

ʬʦʨʩʫʚʘʥʥʷ ʤʦʞʣʠʚʝ ʥʘ ʥʝʟʥʘʯʥʠʡ ʨʽʚʝʥʴ ʧʦʨʽʚʥʷʥʦ ʟ ʧʝʨʚʠʥʥʠʤ ʩʪʘʥʦʤ; ʚʦʥʦ ʤʦʞʝ 

ʧʨʠʚʝʩʪʠ ʜʦ ʚʽʜʤʦʚʠ ʽʥʰʦʛʦ ʝʣʝʤʝʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ.2.ʉʧʨʦʱʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʫʟʣʘ ʇɻʐ ʟ ʫʜʦʩʢʦʥʘʣʝʥʠʤ ʛʦʣʯʘʩʪʠʤ ʧʽʜʰʠʧʥʠʢʦʤ 

 

ɼʚʦʢʨʘʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʦʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʣʝʤʝʥʪʠ ʇɻʐ ʜʦʩʷʛʥʫʪʦ ʦʨʠʛʽʥʘʣʴʥʠʤ 

ʩʧʦʩʦʙʦʤ: ʟʙʽʨʢʘ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʩʧʝʮʽʘʣʴʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʧʨʠ ʷʢʽʡ 

ʚ ʧʽʜʰʠʧʥʠʢ ʯʝʨʝʟ ʦʜʠʥ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʰʪʘʪʥʽ ʨʦʣʠʢʠ ʪʘ ʨʦʣʠʢʠ ʟʤʝʥʰʝʥʦʛʦ ʜʽʘʤʝʪʨʘ 

(ʨʠʩʫʥʦʢ 2). ʈʦʟʤʽʨ ʰʪʘʪʥʠʭ ʨʦʣʠʢʽʚ 3 ʤʤ, ʘ ʟʤʝʥʰʝʥʠʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘ 30 ʤʢʤ (ʥʘ ʨʠʩ. 2 

ʨʦʣʠʢʠ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ ʟʦʙʨʘʞʝʥʽ ʪʝʤʥʠʤ ʪʘ ʩʚʽʪʣʠʤ). ɿʤʝʥʰʝʥʽ ʨʦʣʠʢʠ ʦʪʨʠʤʘʶʪʴ ʙʽʣʴʰʫ 

ʢʽʣʴʢʽʩʪʴ ʤʘʩʪʠʣʘ ʽ ʻ ʥʝʥʘʚʘʥʪʘʞʝʥʠʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʽʣʴʢʽʩʪʴ ʨʦʣʠʢʽʚ, ʱʦ ʪʨʠʤʘʶʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʤʝʥʰʫʻʪʴʩʷ ʚ 2 ʨʘʟʠ. ʇʨʠ ʮʴʦʤʫ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ 

ʨʦʣʠʢʘʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʝʡ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ ʪʘ ʚʣʘʩʥʦ 

ʇɻʐ, ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

 ʇʨʦʚʝʜʝʥʦ ʪʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʠʟʝʣʷ ʢʦʞʥʝ ʪʨʠʚʘʣʽʩʪʶ 100 ʛʦʜʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʽ, 

ʛʦʣʯʘʩʪʽ ʨʦʣʠʢʠ ʰʝʩʪʴʦʭ ʧʽʜʰʠʧʥʠʢʽʚ ʦʪʨʠʤʘʣʠ ʨʦʟʚʠʥʫʪʝ ʧʦʰʢʦʜʞʝʥʥʷ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʘʥʘʣʦʛʽʯʥʝ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ. ʇʽʩʣʷ ʢʦʞʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʠʟʝʣʴ ʟʙʠʨʘʣʠ ʟ 

ʥʦʚʠʤʠ ʧʽʜʰʠʧʥʠʢʘʤʠ (ʚʩʴʦʛʦ 36 ʧʽʜʰʠʧʥʠʢʽʚ). ʏʘʩʪʠʥʘ ʥʝʟʨʫʡʥʦʚʘʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ 

ʩʢʣʘʣʘ 84 %.  

ʅʦʤʽʥʘʣʴʥʦʶ ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʧʽʜʰʠʧʥʠʢʘ ʢʦʯʝʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʜʣʷ 90 % 

ʧʽʜʰʠʧʥʠʢʽʚ ʚʠʧʨʦʙʫʚʘʥʦʾ ʧʘʨʪʽʾ. ʊʦʙʪʦ, ʥʘʨʦʙʦʪʢʘ ʚ 100 ʛʦʜʠʥ ʛʦʣʯʘʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ 

ʇɻʐ ʟ ʧʦʜʚʦʻʥʠʤ ʢʦʥʪʘʢʪʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ ʧʦʚʠʥʥʘ ʥʘʙʣʠʞʫʚʘʪʠʩʴ ʜʦ 

ʡʦʛʦ ʥʦʤʽʥʘʣʴʥʦʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ [9].  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʬʦʨʤʫʣʘʤʠ (3), (15), ʥʦʤʽʥʘʣʴʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ L  

ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ, ʷʢʠʡ ʧʨʘʮʶʻ ʟ ʧʦʜʚʦʻʥʠʤ ʤʝʭʘʥʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʩʢʘʣʘ 110 ʛʦʜʠʥ 

(ʚʝʣʠʯʠʥʘ R  ʚ ʨʦʟʨʘʭʫʥʢʘʭ). ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ ʽ ʤʝʪʦʜʠʢʘ 

ʧʨʠʩʢʦʨʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʛʦʣʯʘʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ ʢʦʨʝʣʷʮʽʶ 
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ʨʝʟʫʣʴʪʘʪʽʚ. ɼʚʦʢʨʘʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʽʣʘ ʢʦʯʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʢʦʝʬʽʮʽʻʥʪ 

ʧʨʠʩʢʦʨʝʥʦʩʪʽ ʚʠʧʨʦʙʫʚʘʥʴ 102 3
10

==K . 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʜʦʩʚʽʜ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ 

ʜʦʩʪʘʪʥʴʦ ʧʦʷʩʥʶʶʪʴʩʷ ʨʦʟʨʦʙʣʝʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʰʘʪʫʥʽʚ ʟ ʛʦʣʯʘʪʠʤʠ ʧʽʜʰʠʧʥʠʢʘʤʠ ʚ ʇɻʐ. 

 

ʇʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

 

ɺʩʪʘʥʦʚʣʝʥʽ ʫʤʦʚʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʠʩʢʦʨʝʥʠʭ ʤʝʪʦʜʠʢ (ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ) ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ. ʉʢʣʘʜʝʥʽ 

ʚʽʜʧʦʚʽʜʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʨʽʟʥʽ ʫʤʦʚʠ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʮʠʢʣʽʚ ʨʦʙʦʪʠ ʪʘ ʩʢʣʘʜ ʝʣʝʤʝʥʪʽʚ ʨʦʙʦʯʦʾ ʛʨʫʧʠ ʇɻʐ. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ 

ʧʨʠʩʢʦʨʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʽʜʰʠʧʥʠʢ ʦʨʠʛʽʥʘʣʴʥʦʾ ʟʙʦʨʢʠ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʪʘ ʟʤʝʥʰʝʥʠʤʠ 

ʨʦʣʠʢʘʤʠ. 

 

ɺʠʩʥʦʚʢʠ 

 

1. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʮ̔ʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʛʦʣʯʘʩʪʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʇɻʐ. ɺʩʪʘʥʦʚʣʝʥʘ ʜʦʩʪʦʚʽʨʥʘ ʢʦʨʝʣʷʮʽʷ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ.  

2. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʤʝʥʪʽʚ ʇɻʐ ʨʦʟʨʦʙʣʝʥʽ ʧʨʠʩʢʦʨʝʥʽ ʤʝʪʦʜʠʢʠ. 
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ʈʦʛʦʚʩʴʢʠʡ ɯ.ʃ. çʄʝʪʦʜʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʘʤʦʭʽʜʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥè 

ɺ ʩʪʘʪʪʽ ʨʦʟʢʨʠʪʦ ʧʨʦʙʣʝʤʘʪʠʢʫ ʧʦʰʫʢʫ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ 
ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʽ, ʥʘʩʘʤʧʝʨʝʜ, ʷʢ ʧʦʢʘʟʥʠʢʘ 
ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʥʦʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ, ʱʦ ʧʨʠ ʜʦʩʠʪʴ ʚʝʣʠʢʽʡ 

ʩʪʘʪʠʩʪʠʮʽ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʧʦʪʦʢʫ ʚʽʜʤʦʚ ʘʛʨʝʛʘʪʫ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ 
ʧʨʘʛʥʝ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʽ ʧʘʨʘʤʝʪʨʫ ʧʦʪʦʢʫ ʚʽʜʤʦʚ ʜʦʧʫʩʪʠʤʦ ʥʘʜʘʪʠ ʮʝʡ ʩʪʘʪʫʩ. ɺʥʘʩʣʽʜʦʢ 
ʧʨʦʮʝʜʫʨ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʧʨʠ ʪʝʭʥʽʯʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ, ʧʘʨʘʤʝʪʨʠ 

ʧʦʪʦʢʽʚ ʚʽʜʤʦʚ ʘʛʨʝʛʘʪʽʚ ʩʠʩʪʝʤ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʨʽʚʥʽ. ɹʽʣʴʰʝ 
ʪʦʛʦ, ʚʝʨʭʥʽ ʤʝʞʽ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʽʚ ʚʽʜʤʦʚ ʦʙʤʝʞʫʶʪʴʩʷ ʥʦʨʤʘʪʠʚʘʤʠ, ʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʦʟʥʘʯʥʦ 
ʧʦʚôʷʟʘʥʽ ʟ ʧʘʨʘʤʝʪʨʦʤ ʧʦʪʦʢʫ ʚʽʜʤʦʚ. ɺ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʜʘʶʪʴ ʧʽʜʩʪʘʚʠ ʜʣʷ ʩʫʤʥʽʚʽʚ ʷʢ ʫ 
ʧʨʘʚʦʤʽʨʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʘʤʦʭʽʜʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ, ʪʘʢ ʽ ʚ ʤʦʞʣʠʚʦʩʪʽ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ, 
ʘ ʪʘʢʦʞ ʧʝʨʝʢʦʥʫʶʪʴ ʚ ʥʝʧʨʘʚʦʤʽʨʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʤʦʚʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʫʤʦʚʥʠʭ ʱʽʣʴʥʦʩʪʝʡ ʚ 
ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. ɿʘʜʘʯʘ 

ʚʠʨʽʰʫʚʘʣʘʩʴ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ. ɺ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʚʠʷʚʣʝʥʥʷ ʮʠʢʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ 
ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʠʷʚʣʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 
ʩʪʨʫʢʪʫʨ ʥʘ ʢʦʥʪʨʦʣʴʥʽʡ ʢʘʨʪʽ ʍʦʪʝʣʣʽʥʛʘ. ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʨʫʰʝʥʴ 

ʧʨʠ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʢʦʥʪʨʦʣʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʪʨʘʪʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʘʤʦʭʽʜʥʠʭ 
ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. ɺʠʭʽʜʥʽ ʜʘʥʽ ï ʨʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ ï 
ʚʢʣʶʯʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʚʠʙʽʨʮʽ, ʢʽʣʴʢʽʩʪʴ ʚʠʙʽʨʦʢ, ʨʝʟʫʣʴʪʘʪʠ 
ʚʠʤʽʨʶʚʘʥʴ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ 

ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ ʢʽʣʴʢʽʩʪʶ 
ʩʧʦʩʪʝʨʝʞʝʥʴ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʨʫʰʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʜʣʷ ʧʨʘʢʪʠʢʠ ʟʥʘʯʝʥʴ 
ʧʘʨʘʤʝʪʨʘ ʥʝʮʝʥʪʨʘʣʴʥʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 ʜʦ 3 ʚ 1,3ï2,8 ʨʘʟʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ, ʤʦʜʝʣʴ, ʤʘʰʠʥʘ, ʡʤʦʚʽʨʥʽʩʪʴ, ʧʘʨʘʤʝʪʨ, ʨʦʟʧʦʜʽʣ, ʱʽʣʴʥʽʩʪʴ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʢʨʳʪʦ ʧʨʦʙʣʝʤʘʪʠʢʫ ʧʦʠʩʢʘ ʘʣʛʦʨʠʪʤʘ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʘʤʦʭʦʜʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʘʢ 
ʧʦʢʘʟʘʪʝʣʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʩʣʦʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʩʪʘʪʠʩʪʠʢʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʘʛʨʝʛʘʪʘ ʩʘʤʦʭʦʜʥʳʭ 
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʩʪʨʝʤʠʪʩʷ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʞʠʜʘʥʠʶ ʠ ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ 
ʜʦʧʫʩʪʠʤ ʧʨʝʜʦʩʪʘʚʠʪʴ ʵʪʦʪ ʩʪʘʪʫʩ. ɺʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʜʫʨ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʧʨʠ ʪʝʭʥʠʯʝʩʢʦʤ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʩʘʤʦʭʦʜʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ, ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʦʚ ʦʪʢʘʟʦʚ ʘʛʨʝʛʘʪʦʚ ʩʠʩʪʝʤ 
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ. ɹʦʣʝʝ ʪʦʛʦ, ʚʝʨʭʥʠʝ ʧʨʝʜʝʣʳ 
ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʦʚ ʦʪʢʘʟʦʚ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʥʦʨʤʘʪʠʚʘʤʠ, ʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʳ ʩ 
ʧʘʨʘʤʝʪʨʦʤ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʩʦʤʥʝʥʠʡ ʢʘʢ 

ʚ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 
ʩʘʤʦʭʦʜʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ, ʪʘʢ ʠ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʩʯʝʪʘʭ ʧʦʢʘʟʘʪʝʣʝʡ 
ʙʝʟʦʪʢʘʟʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʙʝʞʜʘʶʪ ʚ ʥʝʧʨʘʚʦʤʝʨʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʫʩʣʦʚʥʳʭ 

ʧʣʦʪʥʦʩʪʝʡ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʘʤʦʭʦʜʥʳʭ 
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ 
ʘʣʛʦʨʠʪʤʘ ʚʳʷʚʣʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚʳʷʚʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʢʘʨʪʝ ʍʦʪʝʣʣʠʥʛʘ. 
ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘʨʫʰʝʥʠʡ ʧʨʠ ʤʥʦʛʦʤʝʨʥʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ 
ʢʦʥʪʨʦʣʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʪʝʨʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʘʤʦʭʦʜʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. 
ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ï ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ ï ʚʢʣʶʯʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ, 

ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʝʥʠʡ ʚ ʚʳʙʦʨʢʝ, ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʦʨʦʢ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 
ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʘʤʦʭʦʜʥʳʭ 
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʧʦʚʳʰʘʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʥʘʙʣʶʜʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʥʘʨʫʰʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʜʣʷ ʧʨʘʢʪʠʢʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʥʝʮʝʥʪʨʘʣʴʥʦʩʪʠ ʚ 
ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 3 ʚ 1,3ï2,8 ʨʘʟʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʦʪʢʘʟʥʦʩʪʴ, ʤʦʜʝʣʴ, ʤʘʰʠʥʘ, ʚʝʨʦʷʪʥʦʩʪʴ, ʧʘʨʘʤʝʪʨ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ. 
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I.L. Rogovskii çMethodical provisions for determining the probability of failure-free operation of self-

propelled agricultural machinesè 

The article reveals the problem of finding the algorithm of the methodological position for determining the 

probability of failure-free operation of self-propelled agricultural machines and, above all, as an indicator of 

operational reliability of a complex technical system. In the paper it is given that at rather big statistics the average 

value of parameter of a stream of failures of the unit of self-propelled agricultural machines aspires to mathematical 

expectation and parameter of a stream of failures it is admissible to give this status. Due to the procedures provided 

for the maintenance of self-propelled agricultural machinery, the parameters of the failure flows of the units of 

agricultural machinery systems are maintained at a constant level. Moreover, the upper limits of the failure flow 

parameters are limited by the regulations, and thus are uniquely related to the failure flow parameter. The article 

presents result that give grounds for doubt both in the legitimacy of constructing an exponential model for determining 

the probability of failure-free operation of self-propelled agricultural machines, and in the possibility of its use in the 

calculation of failure rates, and also convince in the illegality of conditional probabilities and conditional densities 

trouble-free operation of self-propelled agricultural machines. The problem was solved by numerical method. The 

paper shows a block diagram of the algorithm for detecting cyclic structures of the software package for the practical 

implementation of the proposed algorithms for detecting special structures on the control chart of Hotelling. The 

software package is designed to diagnose violations in multidimensional statistical control of the technological 

process of disability of self-propelled agricultural machinery. The initial data ï the results of observations of process 

parameters ï include the number of parameters, the number of observations in the sample, the number of samples, 

the measurement results. The application of the proposed algorithm to control the process of determining the 

probability of failure of self-propelled agricultural machines increases its efficiency by the number of observations 

required to detect violations in the range of most important for practice values of non-centrality in the range from 1 

to 3 in 1.3ï2.8 times. 

Key words: failure, model, machine, probability, parameter, distribution, density. 

 

ɺʩʪʫʧ 

 

ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʢʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʘʤʦʭʽʜʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʧʨʠ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ ʻ ʩʪʘʪʠʩʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ ʚʪʨʘʪʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. ʇʨʠ ʢʦʥʪʨʦʣʽ ʥʝʟʘʣʝʞʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʥʦʨʤʘʪʠʚʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʨʪ ʐʫʭʘʨʪʘ ʽ 

ʢʫʤʫʣʷʪʠʚʥʠʭ ʩʫʤ. ʋ ʨʘʟʽ ʢʦʥʪʨʦʣʶ ʜʝʢʽʣʴʢʦʭ ʢʦʨʝʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ 

ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʪʠ 

ʍʦʪʝʣʣʽʥʛʘ ʽ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʟʚʘʞʝʥʠʭ ʩʝʨʝʜʥʽʭ, ʘ ʪʘʢʦʞ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

 

ʈʽʟʥʽ ʥʘʫʢʦʚʽ ʧʨʘʮʽ ʟʘʨʫʙʽʞʥʠʭ ʽ ʚʽʪʯʠʟʥʷʥʠʭ ʘʚʪʦʨʽʚ ʨʦʟʛʣʷʜʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʪʨʘʪʠ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. ɺʠʷʚʣʝʥʥʷ ʧʦʨʫʰʝʥʴ ʧʨʦʮʝʩʫ, 

ʷʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʠʭʦʜʫ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʟʘ ʟʘʜʘʥʽ ʤʝʞʽ ʢʘʨʪʠ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʢʦʥʪʨʦʣʶ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ ʽʥʰʽ ʢʨʠʪʝʨʽʾ, 

ʟʦʢʨʝʤʘ, ʧʦʰʫʢ ʩʪʨʫʢʪʫʨ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʜʫ ʥʘ ʢʘʨʪʽ ʐʫʭʘʨʪʘ: ʷʢʱʦ ʥʘ ʢʘʨʪʽ ʤʘʻ ʤʽʩʮʝ 

ʩʪʨʫʢʪʫʨʘ, ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʷʢʦʾ ʤʦʞʝ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚʠ, 

ʪʦ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʨʫʰʝʥʥʷ ʧʨʦʮʝʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ ʢʘʨʪʠ ʟ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʤʠ ʤʝʞʘʤʠ: ʧʦʪʨʘʧʣʷʥʥʷ ʢʽʣʴʢʦʭ 

ʪʦʯʦʢ ʤʽʞ ʢʦʨʜʦʥʘʤʠ ʪʘʢʦʞ ʚʢʘʟʫʻ ʥʘ ʧʦʨʫʰʝʥʥʷ ʧʨʦʮʝʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʘʤʦʭʽʜʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. ʉʫʯʘʩʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʽʢʘ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʟʚʦʣʷʶʪʴ ʟʘʩʪʦʩʫʚʘʪʠ ʘʥʘʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʽ ʧʨʠ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʢʦʥʪʨʦʣʽ 

ʧʨʦʮʝʩʫ ʚʪʨʘʪʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʚ ʦʩʪʘʥʥʽ 

ʜʝʩʷʪʠʣʽʪʪʷ ʢʽʣʴʢʦʩʪʽ ʧʫʙʣʽʢʘʮʽʡ ʟ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʚʪʨʘʪʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʚ ʟʘʨʫʙʽʞʥʠʭ ʽ 

ʚʽʪʯʠʟʥʷʥʠʭ ʚʠʜʘʥʥʷʭ.  

ʎʝ ʥʘʫʢʦʚʽ ʧʨʘʮʽ ʟ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʪʨʦʣʶ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʪ ʥʘ ʛʦʣʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʘʭ, ʥʘ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʠʰʢʘʭ, ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʟʤʽʥʽ 
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ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʩʘʤʦʭʽʜʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘʜʽʡʥʦʩʪʽ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʪʘ ʽʥʰʠʭ 

ʢʨʠʪʠʯʥʠʭ ʧʦ ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ [1], ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʥʘʜʽʡʥʦʩʪʽ ʘʛʨʝʛʘʪʽʚ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ 

ὴὸ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ [2]: 

ὴὸ Ὡ ,      (1) 

ʜʝ: ï ʧʘʨʘʤʝʪʨ ʧʦʪʦʢʫ ʚʽʜʤʦʚ ʘʛʨʝʛʘʪʫ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ, ʷʢʠʡ  

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʣʘʥʦʤ ʚʠʧʨʦʙʫʚʘʥʴ [3] ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʘʛʨʝʛʘʪʽʚ ʽ ʜʦʨʽʚʥʶʻ ʩʝʨʝʜʥʴʦʤʫ 

ʟʥʘʯʝʥʥʶ ʯʠʩʣʘ ʚʽʜʤʦʚ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ ὸ. 
ʇʨʠ ʜʦʩʠʪʴ ʚʝʣʠʢʽʡ ʩʪʘʪʠʩʪʠʮʽ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʧʦʪʦʢʫ ʚʽʜʤʦʚ ʘʛʨʝʛʘʪʫ 

ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʧʨʘʛʥʝ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʽ ʧʘʨʘʤʝʪʨʫ 

ʧʦʪʦʢʫ ʚʽʜʤʦʚ .ʜʦʧʫʩʪʠʤʦ ʥʘʜʘʪʠ ʮʝʡ ʩʪʘʪʫʩ  

ɺʥʘʩʣʽʜʦʢ ʧʨʦʮʝʜʫʨ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʧʨʠ ʪʝʭʥʽʯʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʩʘʤʦʭʽʜʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ, ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʽʚ ʚʽʜʤʦʚ ʘʛʨʝʛʘʪʽʚ ʩʠʩʪʝʤ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʨʽʚʥʽ [4]. ɹʽʣʴʰ ʪʦʛʦ, ʚʝʨʭʥʽ 

ʤʝʞʽ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʽʚ ʚʽʜʤʦʚ ʦʙʤʝʞʫʶʪʴʩʷ ʥʦʨʤʘʪʠʚʘʤʠ, ʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʦʟʥʘʯʥʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʧʘʨʘʤʝʪʨʦʤ ʧʦʪʦʢʫ ʚʽʜʤʦʚ. 

ɽʢʩʧʦʥʝʥʮʽʘʣʴʥʘ ʤʦʜʝʣʴ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʤʘʰʠʥ ήὸ ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʛʘʣʴʥʦʚʽʜʦʤʫ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʶʯʫ ʬʫʥʢʮʽʶ ʯʘʩʫ (ʨʠʩ. 1): 

ήὸ ρ Ὡ Ȣ     (2) 

 

 
ʈʠʩ. 1. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʤʦʜʝʣʽ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ 

ʟʘ ʚʠʨʘʟʦʤ (2) 

 

ɺ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʥʦʨʤ ʽ ʥʦʨʤʘʪʠʚʽʚ, ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚ 

ʘʛʨʝʛʘʪʽʚ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʥʦʨʤʫʶʪʴʩʷ ʚ ʡʤʦʚʽʨʥʦʩʪʷʭ ʚʽʜʤʦʚ ʟʘ 

ʛʦʜʠʥʫ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʤʦʚ ʨʽʟʥʦʾ ʛʨʫʧʠ ʩʢʣʘʜʥʦʩʪʽ [5]. ʊʦʤʫ ʛʦʜʠʥʘ ʻ ʚʝʣʠʯʠʥʦʶ 
ʪʨʝʪʴʦʛʦ-ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ ʤʘʣʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ ʩʝʟʦʥʥʦʛʦ 

ʥʘʨʦʙʽʪʢʫ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. ʊʦʜʽ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʟʘ ʛʦʜʠʥʫ 

ήρ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʫ ʚʠʜʽ ʧʦʭʽʜʥʦʾ ʟʘ ʚʠʨʘʟʦʤ (2) ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (ʨʠʩ. 2): 

 

ήρ ϽὩ Ȣ     (3) 
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ʈʠʩ. 2. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʤʦʜʝʣʽ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʟʘ ʛʦʜʠʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʘʤʦʭʽʜʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʟʘ ʚʠʨʘʟʦʤ (3) 

 

ɿʤʝʥʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʟʘ ʛʦʜʠʥʫ ʚ ʬʫʥʢʮʽʾ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʘʤʦʭʽʜʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʧʨʦʪʠʨʽʯʠʪʴ, ʧʦ-ʧʝʨʰʝ ʥʝʟʘʣʝʞʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʦʯʽʢʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʽʜʤʦʚ ʟʘ ʛʦʜʠʥʫ, ʷʢʘ ʨʽʚʥʘ ,ʚʽʜ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥʠ; ʧʦ-ʜʨʫʛʝ , 

ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽ, ʪʘʢ ʷʢ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʤʘʰʠʥ ʚ ʾʭ ʩʠʩʪʝʤʘʭ ʥʝʤʠʥʫʯʝ ʨʦʟʚʠʚʘʶʪʴʩʷ ʜʝʛʨʘʜʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʽ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ 

ʟʘ ʛʦʜʠʥʫ ʥʽʷʢ ʥʝ ʤʦʞʝ ʟʤʝʥʰʫʚʘʪʠʩʴ [6]. 

ʅʘ ʧʨʘʢʪʠʮʽ ʪʘʢʫ ʡʤʦʚʽʨʥʽʩʪʴ ʤʦʞʥʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʝʭʥʽʯʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ 

ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʥʘ ʚʠʟʥʘʯʝʥʦʤʫ ʨʽʚʥʽ [7]. ʇʦʜʽʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʥʝʘʜʝʢʚʘʪʥʦʩʪʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ ʤʦʜʝʣʽ ʬʘʢʪʠʯʥʠʤ ʧʨʦʮʝʩʘʤ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ 

ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʘʛʨʝʛʘʪʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʬʝʩʦʨʦʤ 

ʂʦʟʘʯʝʥʢʦʤ ʆ. ɺ. [2]. 

ʊʘʢʠʤ ʯʠʥʦʤ [8], ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʧʨʦʮʝʜʫʨʠ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʤʦʚʥʠʭ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʫʤʦʚʥʠʭ ʱʽʣʴʥʦʩʪʝʡ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ 

[9]. 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʘʛʨʝʛʘʪʽʚ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʚ ʪʝʦʨʽʾ 

ʥʘʜʽʡʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʬʦʨʤʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʡʤʦʚʽʨʥʦʩʪʝʡ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ὴὸ, 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚ ήὸ ̔  ʾʭ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʝʡ (ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ) Ὢὸ. 

ʋ ʙʘʛʘʪʴʦʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʜʞʝʨʝʣʘʭ ʚ ʦʙʣʘʩʪʽ ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ 

[10] ʫʤʦʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʥʘ ʚʽʜʨʽʟʫ ʯʘʩʫ ὸȠ ὸ , ὸ  ὸ  ʚʠʟʥʘʯʝʥʘ, 

ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʥʘ ʤʦʤʝʥʪ ὸ, ʷʢʱʦ ʜʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ὸ ʚʽʜʤʦʚʠ ʥʝ ʙʫʣʦ, 

ʽ ʤʘʻ ʚʠʛʣʷʜ: 

ὴὸ ὸϳ .     (4) 

ʆʜʥʘʢ, ʚ ʥʘʚʝʜʝʥʦʤʫ ʚʠʨʘʟʽ (3) ʬʦʨʤʫʣʶʚʘʥʥʷ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʨʘʟʫ (4), ʦʩʢʽʣʴʢʠ, 

ʷʢʱʦ ʜʦ ʤʦʤʝʥʪʫ ὸ ʚʽʜʤʦʚʠ ʥʝ ʙʫʣʦ, ʪʦ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʥʘ ʜʽʣʷʥʮʽ πȠ ὸ  

ὴὸ ρ. ɺ ʨʦʙʦʪʽ [7] ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʽʣʴʰ ʢʦʨʝʢʪʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ, ʚ ʷʢʽʡ ʚʽʜʩʫʪʥʽʩʪʴ 
ʚʜ̔ʤʦʚʠ ʜʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ὸ ʚʠʟʥʘʯʝʥʦ ʟ ʧʝʚʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ὴὸ . ɺʠʨʘʟ (4) ʦʪʨʠʤʘʥʦ ʟ 
ʪʘʢʠʭ ʤʽʨʢʫʚʘʥʴ. ʇʦʜʽʷ ὃ ʚʠʟʥʘʯʘʻ ʙʝʟʚʽʜʤʦʚʥʫ ʨʦʙʦʪʫ ʘʛʨʝʛʘʪʫ ʟʘ ʯʘʩ πȠ ὸ, ʘ ʧʦʜʽʷ ὄ ï 

ʙʝʟʚʽʜʤʦʚʥʫ ʨʦʙʦʪʫ ʟʘ πȠ ὸ. ʊʦʜʽ ʡʤʦʚʽʨʥʽʩʪʴ ʩʧʽʣʴʥʦʛʦ ʧʦʜʽʾ ὃϽὄ ʤʘʻ ʚʠʛʣʷʜ: 

ὴὃϽὄ ὴὃϽὴὄὃϳ ,     (5) 

ʪʦʙʪʦ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʜʽʾ ὃ ʥʘ ʫʤʦʚʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʜʽʾ ὄ ʟʘ ʫʤʦʚʠ, ʱʦ ὃ 

ʩʪʘʣʦʩʷ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʨʠʡʥʷʪʦ, ʱʦ ʧʦʜʽʷ ὃ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʦʜʽʻʶ ὄ, ʪʦʙʪʦ ʷʢʱʦ ʚʽʜʙʫʣʘʩʷ 
ʧʦʜʽʷ ὄ, ʪʦ ʩʪʘʣʦʩʷ ʽ ʧʦʜʽʷ ὃ). ʆʪʞʝ, ʟʘʤʽʩʪʴ (5) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

ὴὄ ὴὃϽὴὄὃϳ ,     (6) 
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ɺʠʢʦʥʘʚʰʠ ʧʝʨʝʭʽʜ ʧʦʜʽʡ ʚʽʜ ʯʘʩʫ ὸ ʽ ὸ, ʦʪʨʠʤʘʻʤʦ: 

ὴὸ ὴὸ Ͻὴὸ ὸϳ ,     (7) 

ʟʚʽʜʩʠ ʫʤʦʚʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʦʪʦʞʥʶʻʪʴʩʷ ʚʠʨʘʟʫ (4). 

ʅʝʢʦʨʝʢʪʥʽʩʪʴ ʥʘʚʝʜʝʥʦʛʦ ʤʽʨʢʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʦʜʽʾ ὃ ʽ ὄ ʧʨʠʡʥʷʪʽ ʷʢ 

ʚʠʟʥʘʯʘʣʴʥʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʟʘ ʯʘʩ πȠ ὸ  ʽ ʚʽʜ πȠ ὸ  ʚʽʜʧʦʚʽʜʥʦ, ʘʣʝ ʥʝ ʚʠʟʥʘʯʝʥʦ ʟ 

ʷʢʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ. ɺʠʨʘʟ (6) ʦʪʨʠʤʘʥʦ ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʚʽʜʙʫʣʘʩʷ ʧʦʜʽʷ ὄ ʽ ʧʦʜʽʷ ὃ. ɺ 
ʨʘʟʽ ʷʢʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ὴὸ ρ, ʪʦ ʧʦʜʽʷ ὄ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʦʛʣʠʥʘʻ 

ʧʦʜʽʶ ὃ. ɸʣʝ ʷʢʱʦ ʤʘʣʠ ʤʽʩʮʝ ʧʦʜʽʾ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʧʨʠ ʟʤʽʥʽ ʯʘʩʫ ʚʽʜ πȠ ὸ  ʜʦ πȠ ὸ , 

ʪʦ ʡʤʦʚʽʨʥʦʩʪʽ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ὴὄ ὴὃ ὴὸ ὴὸ ρ. ʊʦʜʽ, ʥʝʷʩʥʦ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 
ʚʠʨʘʟʠ (4), (6) ʽ (7). 

ɭ ʱʝ ʦʜʠʥ ʘʩʧʝʢʪ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. ɯʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ 

ʨʦʙʦʪʠ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ὴὸ, ʜʣʷ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʥʘ 
ʡʤʦʚʽʨʥʽʩʪʴ ὴὸ ὸϳ  ʙʫʜʫʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʚʝʣʠʢʦʾ ʛʨʫʧʠ ʦʜʥʦʪʠʧʥʠʭ 

ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. ʆʜʥʽ ʟ ʥʠʭ ʚʽʜʤʦʚʣʷʶʪʴ ʧʨʠ ʤʝʥʰʠʭ ʟʥʘʯʝʥʥʷʭ 

ʯʘʩʫ, ʽʥʰʽ ï ʧʨʠ ʚʝʣʠʢʠʭ. ʏʘʩ, ʧʨʠ ʷʢʦʤʫ ʩʘʤʦʭʽʜʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʤʘʰʠʥʠ 

ʚʽʜʤʦʚʣʷʣʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʾʭ ʚʣʘʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʊʦʤʫ ʥʘ ʢʽʣʴʢʽʩʪʴ ʽ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʥʘ ʚʽʜʨʽʟʢʫ ὸ † ὸ ʥʝ 

ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʢʽʣʴʢʽʩʪʴ ʽ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʘʛʨʝʛʘʪʽʚ ʧʨʠ † ὸ. ɺ ʮʴʦʤʫ ʽ ʧʦʣʷʛʘʻ 
ʫʤʦʚʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʽʩʣʷʜʽʾ ʚ ʧʦʪʦʮʽ ʚʽʜʤʦʚ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ 

ʚʥʘʩʣʽʜʦʢ ʥʝʟʘʣʝʞʥʦʩʪʽ ʧʦʜʽʡ ʚʽʜʤʦʚ ʩʘʤʠʭ ʤʘʰʠʥ. ɺʠʢʦʥʘʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʚʠʢʣʶʯʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ. 

ɺ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʡʤʦʚʽʨʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʦʜʽʾ ʥʘ ʚʽʜʨʽʟʢʫ ὸ † ὸ, 

ʥʘʧʨʠʢʣʘʜ, ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʚʠʟʥʘʯʝʥʘ ʷʢ ʧʨʠʨʽʩʪ ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʥʘ ʮʴʦʤʫ 

ʚʽʜʨʽʟʢʫ: 

ή† ήὸ ήὸ Ȣ     (8) 

ʎʝʡ ʚʠʨʘʟ (8) ʪʘʢʦʞ ʧʝʚʥʠʤ ʯʠʥʦʤ ʚʨʘʭʦʚʫʻ ʫʤʦʚʫ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʤʦʚʠ ʥʘ ʚʽʜʨʽʟʢʫ †, 
ʦʩʢʽʣʴʢʠ ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʤʦʚʠ ʧʨʠ ʚʩʽʭ † ὸ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ήὸ, ʘʣʝ ʙʝʟ 
ʧʦʨʫʰʝʥʥʷ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʽʩʣʷʜʽʾ. ʆʩʢʽʣʴʢʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ήὸ ρ ὴὸ, 

ʧʝʨʝʧʠʰʝʤʦ (8) ʚ ʡʤʦʚʽʨʥʦʩʪʷʭ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ: 

ὴ† ρ ὴὸ ὴὸȢ     (9) 

ʇʦʨʽʚʥʷʻʤʦ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʥʘ ʚʽʜʨʽʟʢʫ †, ʚʠʟʥʘʯʝʥʽ ʟʘ 
ʚʠʨʘʟʘʤʠ (4) ʽ (9). ʆʩʢʽʣʴʢʠ ʮʽ ʚʠʨʘʟʠ ʩʧʨʘʚʝʜʣʠʚʽ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ, ʜʣʷ ʧʨʦʩʪʦʪʠ ʽ ʥʘʦʯʥʦʩʪʽ ʚʽʟʴʤʝʤʦ ʨʦʟʧʦʜʽʣ ʟ 

ʨʽʚʥʦʤʽʨʥʦʶ ʱʽʣʴʥʽʩʪʶ ʡʤʦʚʽʨʥʦʩʪʽ, ʧʨʠ ʷʢʦʤʫ: 

ὴὸ ρ ὸ,      (10) 

ʇʽʜʩʪʘʚʠʤʦ ʚʠʨʘʟ (10) ʫ (9) ʦʪʨʠʤʘʻʤʦ: 

ὴ† ρ † ὧέὲίὸ,     (11) 

ʷʢʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʚʽʜʨʽʟʢʘ † ʥʘ ʦʩʽ ʯʘʩʫ ὸ. 
ʋ ʪʨʘʜʠʮʽʡʥʽʡ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚʽʜʚʦʜʠʪʴʩʷ ʫʤʦʚʥʽʡ ʱʽʣʴʥʦʩʪʽ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ  

ὸ ὸ, ʟʘ ʫʤʦʚʠ, ʱʦ ʜʦ ʤʦʤʝʥʪʫ ὸ ʚʽʜʤʦʚʠ ʥʝ ʙʫʣʦ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʽʨʢʫʚʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʘʚʦʤʽʨʥʽʩʪʴ ʫʤʦʚʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ, ʟʘ ʷʢʠʤ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʘʤʦʭʽʜʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʤʘʰʠʥʘ 

ʧʨʦʧʨʘʮʶʚʘʣʘ ʯʘʩὸ ʽ ʚ ʤʦʤʝʥʪ ʯʘʩʫ ὸ ʟʘʣʠʰʠʣʘʩʴ ʧʨʘʮʝʟʜʘʪʥʦʶ, ʪʦʙʪʦ ʚʽʜʤʦʚʠ ʥʝʤʘʻ 

(ʨʠʩ. 3). ɿʘ ʯʘʩ, ʱʦ ʟʘʣʠʰʠʚʩʷ ὸ ὸ ʩʘʤʦʭʽʜʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʤʘʰʠʥʘ ʧʦʚʠʥʥʘ 

ʚʽʜʤʦʚʠʪʠ, ʪʦʙʪʦ ʚʽʜʤʦʚʠʪʠ ʟ ʡʤʦʚʽʨʥʽʩʪʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ʆʪʞʝ, ʧʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ 

ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ Ὢὸ, ʨʦʟʪʘʰʦʚʘʥʘ ʧʨʘʚʽʰʝ ὸ, ʯʠʩʝʣʴʥʦ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ 
ʦʜʠʥʠʮʽ. ʑʦʙ ʚʠʢʦʥʫʚʘʣʘʩʷ ʮʷ ʫʤʦʚʘ, ʚʩʽ ʦʨʜʠʥʘʪʠ ʱʽʣʴʥʦʩʪʽ Ὢὸ, ʱʦ ʣʝʞʘʪʴ ʧʨʘʚʽʰʝ ὸ, 

ʘʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʥʦʨʤʠʨʫʶʱʝʝ ʯʠʩʣʦ, ʨʽʚʥʝ ʟʥʘʯʝʥʥʶ ʧʣʦʱʽ Ὢὸ ʥʘ 

ʽʥʪʝʨʚʘʣʽ ʚʽʜ ὸ ʜʦ Њ, ʪʦʙʪʦ ʩʘʤʝ ʥʘ ʩʝʙʝ. ʆʩʢʽʣʴʢʠ: 

᷿ ὪὸὨὸρ ᷿ ὪὸὨὸρ ήὸ ὴὸ ,   (12) 
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ʪʦʜʽ 

ὴὸὸϳ .     (13) 

 

 
 

ʈʠʩ. 3. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʤʦʜʝʣʽ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʽ ʫʤʦʚʥʦʾ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ 

ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ 

 

ʇʨʦʪʠ ʪʘʢʦʾ ʬʦʨʤʠ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚʥʦʾ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘ ʚʠʨʘʟʘʤʠ (12) ʽ (13) 

ʩʣʽʜ ʚʠʩʣʦʚʠʪʠ ʨʷʜ ʟʘʧʝʨʝʯʝʥʴ: 

ï ʧʦ-ʧʝʨʰʝ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʥʘ ʟʘʜʘʯʘ (ʚ ʡʤʦʚʽʨʥʽʩʥʦʤʫ ʪʨʘʢʪʫʚʘʥʥʽ) ʽ ʚ ʥʽʡ 

ʚʠʟʥʘʯʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ (ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ) ʻ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʝ ʪʨʘʢʪʫʚʘʥʥʷ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʨʠ ʚʩʽʭ ὸ ὸ, ʚʽʜʤʦʚʠ ʥʝ ʙʫʣʦ ʟ ʡʤʦʚʽʨʥʽʩʪʶ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, 

ʘ ʧʦʣʦʞʝʥʥʷ ὸ ʥʘ ʦʩʽ ʯʘʩʫ ʥʽʷʢ ʥʝ ʦʙʤʝʞʝʥʘ; 

ï ʧʦ-ʜʨʫʛʝ, ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʜʣʷ ʦʢʨʝʤʦʾ ʩʘʤʦʭʽʜʥʦʾ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʤʘʰʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʩʪʘʪʠʩʪʠʢʠ ʚʠʧʨʦʙʫʚʘʥʴ ʚʝʣʠʢʦʾ ʛʨʫʧʠ 

ʪʘʢʠʭ ʤʘʰʠʥ ʽ ʻ ʨʦʟʧʦʜʽʣʦʤ, ʦʨʜʠʥʘʪʠ ʷʢʦʛʦ ʚʠʟʥʘʯʝʥʽ ʟ ʜʦʩʣʽʜʫ ʽ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʟʤʽʥʽ ʥʘʚʽʪʴ 

ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʫʤʦʚʥʦʾ ʱʽʣʴʥʦʩʪʽ; 

ï ʧʦ-ʪʨʝʪʻ, ʷʢ ʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʫʤʦʚʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ 

ʧʨʦʽʛʥʦʨʦʚʘʥʦ ʧʨʠʥʮʠʧ ʚʽʜʩʫʪʥʦʩʪʽ ʧʽʩʣʷʜʽʾ; 

ï ʧʦ-ʯʝʪʚʝʨʪʝ, ʚ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʫʤʦʚʥʠʭ 

ʱʽʣʴʥʦʩʪʝʡ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʜʚʦʭ ʟʘʣʝʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ ï ʦʜʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ. 

ʁʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʚʝʣʠʯʠʥʘ ʧʨʦʪʠʣʝʞʥʘ ʾʡ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʫʤʦʚʥʦʾ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʛʣʷʥʫʪʦʾ ʧʨʦʮʝʜʫʨʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʨʜʠʥʘʪʠ ʧʨʘʚʽʰʝ ʪʦʯʢʠ ὸ ʟʙʽʣʴʰʠʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʦʨʤʦʫʪʚʦʨʶʶʯʠʡ ʤʥʦʞʥʠʢ, ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʫʤʦʚʠ, ʱʦ ʜʦ ʪʦʯʢʠ ὸ ʚʽʜʤʦʚ 

ʥʝ ʙʫʣʦ. ɸʣʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʙʫʜʦʚʘʥʘ ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʤʦʞʝ ʤʽʩʪʠʪʠ 

ʩʪʘʪʠʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, ʱʦ ʜʦ ʪʦʯʢʠ ὸ ʚʽʜʤʦʚʠ ʙʫʣʠ. ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ: ʥʘ ʷʢʽʡ 

ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʙʫʜʦʚʘʥʘ ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʧʽʜʜʘʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, 

ʧʨʠ ʷʢʽʡ ʜʦ ʪʦʯʢʠ ὸ ʾʾ ʦʨʜʠʥʘʪʠ ʧʨʠʨʽʚʥʶʶʪʴʩʷ ʜʦ 0, ʘ ʧʽʩʣʷ ὸ ï ʟʙʽʣʴʰʫʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʦʨʤʫʻʤʦʛʦ ʤʥʦʞʥʠʢʘ. ɼʣʷ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ ʮʝ ʧʠʪʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʝ, 

ʦʩʢʽʣʴʢʠ ʚʽʜʧʦʚʽʜʴ ʥʘ ʥʴʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʘʚʦʤʽʨʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ 

‗ὸ ʽ ʧʦʜʘʣʴʰʦʾ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʽʚ 

ʫ ʚʠʛʣʷʜʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ.  

ʋ ʨʦʙʦʪʘʭ ʧʦ ʥʘʜʽʡʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ‗ὸ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʤʠʪʪʻʚʘ ʫʤʦʚʥʘ 

ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚ: 
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‗ὸ .      (14) 

ʊʫʪ (14) ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚ Ὢὸ ʧʨʠ ʢʦʞʥʦʤʫ ʧʦʪʦʯʥʦʤʫ ʟʥʘʯʝʥʥʽ ὸ 
ʤʥʦʞʠʪʴʩʷ ʥʘ ʪʦʡ ʞʝ, ʱʦ ʥʦʨʤʫʻ ʤʥʦʞʥʠʢ ρȾὴὸ, ʚʠʟʥʘʯʝʥʠʡ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʘ 
ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʠʜ ʨʦʟʧʦʜʽʣʫ ὴὸ ʥʝ ʥʘʢʣʘʜʘʻʪʴʩʷ. 

ʇʨʠ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʧʫʘʩʩʦʥʦʚʩʴʢʦʤʫ ʧʦʪʦʮʽ ʚʽʜʤʦʚ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʚʽʜʤʦʚ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ, ʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʧʦʜʽʣʫ ʟ  

ʨʽʚʥʦʤʽʨʥʦʶ ʱʽʣʴʥʽʩʪʶ ʡʤʦʚʽʨʥʦʩʪʽ, ʢʦʣʠ ήὸ  ὸ, Ὢὸ ήὸ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ , 

ʪʦʜʽ: 

‗ὸ
Ͻ
.      (15) 

ɿ (15) ʦʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʧʦʪʦʮʽ ʚʽʜʤʦʚ ‗ὸ ʥʝ ʻ ʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ 

ʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʜʦʨʽʚʥʶʻ ʈʘʟʦʤ ʟ ʮʠʤ ʚ [7] ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʧʨʦʩʪʠʡ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ . 
ʧʦʩʪʽʡʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ‗ὸ ʧʦʣʷʛʘʻ ʚ ʧʽʜʪʨʠʤʮʽ ʧʦʩʪʽʡʥʠʤ ʢʽʣʴʢʦʩʪʽ ʤʘʰʠʥ ʚ 

ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ, ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʪʠʭ, ʱʦ ʚʽʜʤʦʚʠʣʠ. ɸʣʝ ʮʷ ʧʨʦʮʝʜʫʨʘ ʚʠʧʨʦʙʫʚʘʥʴ 

ʚʽʜʦʤʘ ʷʢ ʧʣʘʥ ʚʠʧʨʦʙʫʚʘʥʴ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʤʘʰʠʥ, ʧʨʠ ʷʢʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨ 

ʧʦʪʦʢʫ ʚʽʜʤʦʚ .ʚʠʢʦʨʠʩʪʘʥʠʡ ʥʘʤʠ ʚ ʚʠʨʘʞʝʥʥʽ (15) , 

ʂʨʽʤ ʪʦʛʦ, ʚ [5] ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʚ ʨʘʟʽ, ʢʦʣʠ ʚʽʜʤʦʚʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʚʠʧʘʜʢʦʚʽ 

ʤʦʤʝʥʪʠ ʯʘʩʫ, ʽ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ ʥʘ ʨʽʚʥʠʭ ʚʽʜʨʽʟʢʘʭ ʯʘʩʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ 

ʧʦʣʦʞʝʥʥʷ ʥʘ ʦʩʽ ʯʘʩʫ, ʥʘʜʽʡʥʽʩʪʴ ʤʘʰʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʙʨʝ ʚʽʜʦʤʦʶ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ (1). 

ʎʝ ʪʚʝʨʜʞʝʥʥʷ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚʥʦʾ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʫ 

ʚʠʛʣʷʜʽ ʚʠʨʘʟʽʚ (13) ʽ (14), ʟ ʷʢʠʭ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʽ ʦʪʨʠʤʘʥʦ. ʈʘʟʦʤ ʟ ʮʠʤ, 

ʥʝʟʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʚʽʜʤʦʚ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʚʽʜʨʽʟʢʘ ʥʘ ʦʩʽ ʯʘʩʫ ʚʢʘʟʫʻ ʥʘ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʚʽʜʤʦʚʠ ʨʦʟʧʦʜʽʣʝʥʽ ʟ ʨʽʚʥʦʤʽʨʥʦʶ ʱʽʣʴʥʽʩʪʶ ʡʤʦʚʽʨʥʦʩʪʽ. 

ɿʤʽʩʪ ʪʘʢʠʭ ʚʠʟʥʘʯʝʥʴ, ʷʢ ʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ήὸ, ʱʽʣʴʥʽʩʪʴ 
ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ Ὢὸ, ʧʘʨʘʤʝʪʨ ʧʦʪʦʢʫ ʚʽʜʤʦʚ w, ʮʽʣʢʦʤ ʟʨʦʟʫʤʽʣʦ. ʗʢʠʡ ʩʝʥʩ ʧʦʥʷʪʪʷ 
ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ‗ὸ? ɼʣʷ ʯʦʛʦ ʟʥʘʜʦʙʠʣʦʩʷ ʟʙʽʣʴʰʫʚʘʪʠ ʚ ρȾὴὸ ʨʘʟ ʟʥʘʯʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʽʜʤʦʚ Ὢὸ, ʦʪʨʠʤʘʥʽ ʟʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ?  

ɿ ʚʠʨʘʟʫ (14) ʧʽʩʣʷ ʟʘʤʽʥʠ ʚ ʥʴʦʤʫ Ὢὸ ʥʘ ὨὴὸȾὨὸ, ʧʦʜʽʣʫ ʟʤʽʥʥʠʭ ʽ ʽʥʪʝʛʨʫʚʘʥʥʷ, 
ʦʪʨʠʤʫʶʪʴ ʧʦʢʘʟʥʠʢʦʚʠʡ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ: 

ὴὸ Ὡ᷿ .     (16) 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚ ʨʘʟʽ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʫ ‗ὸ ὧέὲίὸ, ʚʠʨʘʟ (16) ʥʘʙʫʚʘʻ 

ʚʠʛʣʷʜʫ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ: 

ὴὸ Ὡ .      (17) 

ʆʩʢʽʣʴʢʠ ʚ ʚʠʭʽʜʥʦʤʫ ʚʠʨʘʟʽ (14) ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʠʜ ʬʫʥʢʮʽʡ Ὢὸ ʽ ὴὸ ʥʝ ʥʘʢʣʘʩʪʠ, 

ʪʦ ʧʨʠ ʜʦʚʽʣʴʥʠʭ ʟʘʢʦʥʘʭ ʨʦʟʧʦʜʽʣʫ Ὢὸ ʽ ὴὸ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ‗ὸ ʧʦʩʪʽʡʥʦʾ ʙʫʪʠ ʥʝ ʤʦʞʝ. 

ɺʠʨʘʟ (14) ʟʚʝʨʪʘʻʪʴʩʷ ʚ ʪʦʪʦʞʥʽʩʪʴ ‗ὸ ρ ʪʽʣʴʢʠ ʧʨʠ ʧʽʜʩʪʘʥʦʚʮʽ ὴὸ ʫ ʚʠʛʣʷʜʽ (17) ʽ 

Ὢὸ ʫ ʚʠʛʣʷʜʽ ʧʦʭʽʜʥʦʾ ʚʽʜ ʥʝʾ. ɸʣʝ ʮʝ ʽ ʧʨʠʨʦʜʥʦ, ʦʩʢʽʣʴʢʠ (17) ʦʪʨʠʤʘʥʦ ʟ ʚʠʨʘʟʫ (14). 

 

ʌʦʨʤʫʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʰʫʢ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. ʇʨʘʢʪʠʯʥʠʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʤʘʰʠʥ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

 

ɿʘʩʪʦʩʫʚʘʚʰʠ (10) ʜʦ (4), ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ: 

ὴὸ ὸϳ ὴ†
Ͻ

Ͻ
.    (18) 

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ὴὸ ὸϳ  ʜʣʷ  πȟρ ʽ † ρ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 4. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, 

ʱʦ ʫʤʦʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʥʘ ʚʽʜʨʽʟʢʫ ὸ ʬʽʢʩʦʚʘʥʦʾ ʜʦʚʞʠʥʠ ʽʩʪʦʪʥʦ 
ʥʝʣʽʥʽʡʥʘ, ʱʦ, ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ, ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ 

ʥʝʚʠʧʨʘʚʜʘʥʠʤ. 

 

 
ʈʠʩ. 4. ɿʘʣʝʞʥʽʩʪʴ ʫʤʦʚʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ 

ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ ʧʦʯʘʪʢʫ ʧʨʠ ⱷ ȟ ʽ Ⱳ  ʟʘ ʚʠʨʘʟʦʤ (18) 

 

ʇʨʠ ʟʘʤʽʥʽ ʚ (16) ‗ὸ ʥʘ (12) ʽ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ (12) ʨʦʟʧʦʜʽʣʫ ʟ ʨʽʚʥʦʤʽʨʥʦʶ 

ʱʽʣʴʥʽʩʪʶ ʡʤʦʚʽʨʥʦʩʪʽ, ʟʥʘʡʜʝʤʦ 

ὴὸ Ὡ᷿
Ͻ .     (19) 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ὴὸ, ʚʠʢʦʥʘʥʽ ʟʘ ʚʠʨʘʟʦʤ (19), ʧʦʢʘʟʘʥʽ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ 
2, ʽ ʧʦ ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟ 

ʨʽʚʥʦʤʽʨʥʦʶ ʱʽʣʴʥʽʩʪʶ ὴὸ ρ Ͻὸ, ʧʨʠ  πȟρ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 5. ʈʦʟʙʽʞʥʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʯʝʚʠʜʥʽ. 

 

 
ʈʠʩ. 5. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ  

ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ ʧʦʯʘʪʢʫ ʧʨʠ ⱷ ȟ ʟʘ ʚʠʨʘʟʦʤ (19) 
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ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʨʠʩ. 4 ʽ ʨʠʩ. 5) ʜʘʶʪʴ ʧʽʜʩʪʘʚʠ ʜʣʷ ʩʫʤʥʽʚʽʚ ʷʢ ʫ ʧʨʘʚʦʤʽʨʥʦʩʪʽ 

ʧʦʙʫʜʦʚʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ 

ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ, ʪʘʢ ʽ ʚ ʤʦʞʣʠʚʦʩʪʽ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʨʦʟʨʘʭʫʥʢʘʭ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʝʨʝʢʦʥʫʶʪʴ ʚ ʥʝʧʨʘʚʦʤʽʨʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʤʦʚʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʫʤʦʚʥʠʭ ʱʽʣʴʥʦʩʪʝʡ ʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ 

ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʘʤʦʭʽʜʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. ɿʘʜʘʯʘ 

ʚʠʨʽʰʫʻʪʴʩʷ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ. 

ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʚʠʷʚʣʝʥʥʷ ʮʠʢʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʠʷʚʣʝʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʢʦʥʪʨʦʣʴʥʽʡ ʢʘʨʪʽ ʍʦʪʝʣʣʽʥʛʘ. 

 

 
 

ʈʠʩ. 6. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʚʠʷʚʣʝʥʥʷ ʮʠʢʣʽʯʥʦʩʪʽ ʥʘ ʢʘʨʪʽ ʍʦʪʝʣʣʽʥʛʘ 


