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ʧʘʨʘʤʝʪʨʠ ʈʦʜʨʽʛʘ-ɻʘʤʽʣʴʪʦʥʘ; ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʬʽʣʴʪʨʠ ɹʘʪʪʝʨʫʦʨʪʘ ʽ ʃʘʥʮʦʰʘ 

 

ɽ.ɽ. ɸʃɽʂʉɸʅɼʈʆɺ, ɺ.ʀ. ʂʃʀʄɽʅʂʆ, ɼ.ʅ. ʃɽʆʅʊʔɽɺ, ʅ.ɸ. ʊɽʈʅʆɺʆʁ  

 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʃɽʂʊʈʆʅʅʆʁ ʉʀʉʊɽʄʓ 

ʂʋʈʉʆɺʆʁ ʋʉʊʆʁʏʀɺʆʉʊʀ ɸɺʊʆʄʆɹʀʃʗ 

 
ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʢʫʨʩʦʚʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʨʤʦʟʥʳʭ ʫʩʠʣʠʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʚʝʟʜʝʭʦʜʥʳʭ ʢʦʣʝʩʥʳʭ ʤʘʰʠʥ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʩʪʨʦʠʪʴʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʪʯʠʢʦʚ ʠʥʝʨʮʠʦʥʥʦʡ ʥʘʚʠʛʘʮʠʠ 

ï ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʠ ʘʢʩʝʣʝʨʘʪʦʨʦʚ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʢʫʨʩʦʚʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʨʤʦʟʥʦʛʦ ʫʩʠʣʠʷ, ʧʦʩʪʨʦʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠʥʮʠʧʦʚ 

ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʘʮʠʷ ʢʦʨʧʫʩʘ ʘʚʪʦʤʦʙʠʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʘʪ 

ʦʩʝʡ ʠʥʝʨʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʝʥʠʷ ʚ ʙʦʨʪʦʚʦʡ ʮʠʬʨʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʘʰʠʥʝ ʢʚʘʪʝʨʥʠʦʥʘ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʈʦʜʨʠʛʘ-ɻʘʤʝʣʴʪʦʥʘ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʫʛʣʦʚ ʕʡʣʝʨʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʩʪʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʦʮʝʥʢʠ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʨʧʫʩʘ ʢʦʣʝʩʥʦʡ ʤʘʰʠʥʳ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʝʥʥʦʛʦ ʝʝ ʪʦʨʤʦʞʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʢʦʨʧʫʩʘ ʦʪ ʟʘʜʘʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʨʧʫʩʘ ʠ ʙʦʢʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢʦʨʧʫʩʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʅʘ ʦʩʥʦʚʝ ʪʝʢʫʱʝʡ ʦʮʝʥʢʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʬʦʨʤʠʨʦʚʘʥ ʘʣʛʦʨʠʪʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʨʧʫʩʘ ʢʦʣʝʩʥʦʡ ʤʘʰʠʥʳ ʚ ʨʝʞʠʤʝ ʵʢʩʪʨʝʥʥʦʛʦ ʝʝ 

ʪʦʨʤʦʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ ʢʫʨʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ, ʢʫʨʩʦʚʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, 

ʙʝʟʧʣʘʪʬʦʨʤʝʥʥʘʷ ʠʥʝʨʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ; ʧʘʨʘʤʝʪʨʳ ʈʦʜʨʠʛʘ-ɻʘʤʠʣʴʪʦʥʘ; ʮʠʬʨʦʚʳʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʬʠʣʴʪʨʳ 

ɹʘʪʪʝʨʫʦʨʪʘ ʠ ʃʘʥʮʦʰʘ 
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MATHEMATICAL MODELING OF THE VEHICLE STABILITY CONTROL OF THE 

VEHICLE  

 
The paper reviews the scientific and technical literature on the development of electronic stability systems with brake 

force distribution, which led to the conclusion that for all-terrain wheeled vehicles such systems should be built using 

inertial navigation sensors - gyroscopes and accelerators. The proposed functional scheme of the stability system with 
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brake force distribution is built using the principles of platformless inertial systems, in which the orientation of the car 

body relative to the axes of the inertial coordinate system is carried out by calculating in the onboard digital computer 

quaternion in contrast to Euler angles can be calculated with the required degree of accuracy using a fairly simple 

algorithm. Algorithms for estimating the current parameters of perturbed motion of the wheel body in the process of its 

urgent braking, namely, the angle of deviation of the elongated axis of the body from a given direction, angular velocity 

and lateral displacement of the center of gravity relative to a given trajectory. On the basis of the current estimation of the 

listed parameters the algorithm of stabilization of the case of the wheeled car in the mode of its urgent braking is formed. 

Keywords: automatic system, electronic system, stability system, system modeling, stability, vehicle stability control 

system, platformless inertial system; Rodrigo-Hamilton parameters; low-pass Butterworth and Lanchos filters 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʘʚʪʦʤʦʙʽʣʽ ʧʨʝʜʩʪʘʚʥʠʮʴʢʦʛʦ ʢʣʘʩʫ, ʷʢ ʧʨʘʚʠʣʦ, ʦʩʥʘʱʝʥʽ ʩʠʩʪʝʤʘʤʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʛʘʣʴʤʘʤʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʧʨʠʥʘʡʤʥʽ ʟ ʪʨʴʦʭ ʧʘʨʘʣʝʣʴʥʦ 

ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʩʠʩʪʝʤ: ʘʥʪʠ ʙʣʦʢʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ (Anti-lock Braking System - ABS), ʱʦ 

ʟʘʧʦʙʽʛʘʻ ʙʣʦʢʫʚʘʥʥʶ ʢʦʣʽʩ ʧʨʠ ʨʽʟʢʦʤʫ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʧʝʜʘʣʴ ʛʘʣʴʤʘ; ʧʨʦʪʠʙʫʢʩʫʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤ (Traction Control System ï TCS), ʱʦ ʟʘʧʦʙʽʛʘʻ ʙʫʢʩʫʚʘʥʥʶ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ ʧʨʠ ʥʘʜʤʽʨʥʦʤʫ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʧʝʜʘʣʴ ʢʝʨʫʚʘʥʥʷ ʧʦʜʘʯʝʶ ʧʘʣʠʚʘ; ʩʠʩʪʝʤʠ ʢʫʨʩʦʚʦʾ 

ʩʪʡ̔ʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ (Vehicle Stability Control ï VSC), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʽ ʧʦʢʘʟʥʠʢʠ 

ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʨʦʟʛʦʥʫ ʘʙʦ ʛʘʣʴʤʫʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʦʩʷʛʥʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɿ ʧʦʯʘʪʢʫ ʍʍɯ ʩʪʦʨʽʯʯʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ VSC ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ ʢʦʨʧʦʨʘʮʽʷʤʠ ʉʐɸ, ʗʧʦʥʽʾ, ʇʽʚʜʝʥʥʦʾ ʂʦʨʝʾ ʪʘ 

ɭʚʨʦʩʦʶʟʫ. ʇʘʨʘʣʝʣʴʥʦ ʟ ʧʨʘʢʪʠʯʥʠʤʠ ʨʦʟʨʦʙʢʘʤʠ ʚ ʮʠʭ ʢʨʘʾʥʘʭ ʧʨʦʚʦʜʷʪʴʩʷ ʛʣʠʙʦʢʽ ʥʘʫʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ VSC ʟ ʤʝʪʦʶ ʾʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ [1-3], ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʷʪʴʩʷ ʤʽʞʥʘʨʦʜʥʽ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʢʦʥʬʝʨʝʥʮʽʾ, ʜʝ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʨʘʱʝʥʥʷ ʮʠʭ ʩʠʩʪʝʤ ʰʣʷʭʦʤ 

ʚʢʣʶʯʝʥʥʷ ʚ ʘʣʛʦʨʠʪʤʠ ʾʭ ʨʦʙʦʪʠ ʥʝ ʪʽʣʴʢʠ ʬʫʥʢʮʽʾ ABS, TCS, ʘ ʡ ʬʫʥʢʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ 

ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʦʚʠʭ ʟʫʩʠʣʴ (Electronic Brake Distribution ï EBD) [4-11]. ʌʫʥʢʮʽʷ ʩʠʩʪʝʤʠ EBD 

ʚ ʩʠʩʪʝʤʽ VSC ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʽ ʟ ʬʫʥʢʮʽʷʤʠ ʩʠʩʪʝʤʘʤʠ ABS ʽ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʛʘʣʴʤʦʚʽ ʟʫʩʠʣʣʷ ʥʘ ʢʦʣʝʩʘʭ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʢʝʨʦʚʘʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʨʦʮʝʩʽ ʪʝʨʤʽʥʦʚʦʛʦ ʡʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ. ʂʨʠʪʠʯʥʠʡ 

ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [1-11] ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʪʠʧʦʚʫ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤ VSC, ʟʦʢʨʝʤʘ ʡ 

ʪʠʭ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʬʫʥʢʮʽʾ EBD, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʷʭ 

ʧʨʝʜʩʪʘʚʥʠʮʴʢʦʛʦ ʢʣʘʩʫ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʘʚʪʦʙʘʥʽʚ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʣʷʭʽʚ ʟ 

ʚʠʩʦʢʦʷʢʽʩʥʠʤ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ. ɿʘʟʥʘʯʝʥʽ ʩʠʩʪʝʤʠ ʚ ʷʢʦʩʪʽ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢ 

ʧʨʘʚʠʣʦ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʜʘʪʯʠʢʠ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ, ʜʘʪʯʠʢʠ 

ʧʦʣʦʞʝʥʥʷ ʨʫʣʴʦʚʦʛʦ ʢʦʣʝʩʘ ʪʘ ʧʝʜʘʣʽ ʢʝʨʫʚʘʥʥʷ ʧʦʜʘʯʝʶ ʧʘʣʠʚʘ, ʘ ʪʘʢʦʞ ʜʦʧʧʣʝʨʽʚʩʴʢʠʡ 

ʜʘʪʯʠʢ ʧʦʪʦʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ. ɸʣʝ ʪʘʢʘ ʩʪʨʫʢʪʫʨʘ ʞʦʜʥʠʤ ʯʠʥʦʤ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʘ ʫ ʚʩʶʜʠʭʽʜʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʟʨʫʡʥʦʚʘʥʠʭ ʜʦʨʽʛ ʽ ʙʝʟʜʦʨʽʞʞʷ, ʢʦʣʠ ʷʚʠʱʘ ʶʟʫ ʽ ʙʫʢʩʫʚʘʥʥʷ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟ 

ʧʦʪʨʽʙʥʠʤ ʨʽʚʥʝʤ ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʠʪʠ ʚʽʜʭʠʣʝʥʥʷ ʢʦʨʧʫʩʫ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜ ʟʘʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ 

ʡʦʛʦ ʨʫʭʫ ʪʘ ʧʦʪʦʯʥʫ ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ. ʊʦʤʫ ʚ ʪʘʢʠʭ ʘʚʪʦʤʦʙʽʣʷʭ ʩʠʩʪʝʤʠ VSC, ʟ 

ʬʫʥʢʮʽʷʤʠ EBD, ʧʦʚʠʥʥʽ ʙʫʜʫʚʘʪʠʩʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʘʪʯʠʢʽʚ ʽʥʝʨʮʽʡʥʦʾ ʥʘʚʽʛʘʮʽʾ, ʘ ʩʘʤʝ, 

ʛʽʨʦʩʢʦʧʽʯʥʠʭ ʧʨʠʣʘʜʽʚ ʽ ʘʢʩʝʣʝʨʘʪʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʮʝ ʟʨʦʙʣʝʥʦ ʚ ʨʦʙʦʪʘʭ  [12-15]. ɺ ʮʠʭ 

ʨʦʙʦʪʘʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʢʫʨʩʦʚʦʾ ʩʪʽʡʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʙʝʟʧʣʘʪʬʦʨʤʥʦʾ 

ʽʥʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ɹɯʅʉ), ʷʢʘ ʤʽʩʪʠʪʴ ʪʨʠ ʛʽʨʦʩʢʦʧʽʯʥʠʭ ʜʘʪʯʠʢʘ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʨʧʫʩʫ 

ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʪʨʠ ʘʢʩʝʣʝʨʦʤʝʪʨʠ, ʚʽʩʽ ʷʢʠʭ ʩʧʽʚʧʘʜʘʶʪʴ ʟʘ ʥʘʧʨʷʤʢʦʤ ʽʟ ʚʣʘʩʥʠʤʠ 

ʮʝʥʪʨʘʣʴʥʠʤʠ ʦʩʷʤʠ ʽʥʝʨʮʽʾ ʢʦʨʧʫʩʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʘ ʪʘʢʦʞ ʙʦʨʪʦʚʫ ʮʠʬʨʦʚʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʤʘʰʠʥʫ (ɹʎʆʄ), ʱʦ ʨʝʘʣʽʟʫʻ ʘʣʛʦʨʠʪʤʠ ɹɯʅʉ. 

ʄʝʪʘ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʦʙʫʜʦʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ 

ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʢʫʨʩʦʚʦʾ ʩʪʽʡʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʙʦʨʪʦʚʦʶ 

ʮʠʬʨʦʚʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʤʘʰʠʥʦʶ, ʱʦ ʬʦʨʤʫʻ ʩʠʛʥʘʣ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʛʘʣʴʤʦʚʦʾ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʦʙʽʣʷ. 
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ʇʦʙʫʜʦʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ VSC ʟ ʬʫʥʢʮʽʻʶ EBD. 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ EBD, ʨʦʟʨʦʙʣʝʥʦʾ ʟʘ ʫʯʘʩʪʽ ʘʚʪʦʨʽʚ ʩʪʘʪʪʽ ʜʣʷ 

ʩʫʯʘʩʥʦʛʦ ʢʦʣʽʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1.  

 

 
ʈʠʩ. 1 ï  ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ VSC ʟ ʬʫʥʢʮʽʻʶ EBD  

ʚʩʶʜʠʭʽʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

 

ɹʣʦʢ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ɹʏɽ ʤʽʩʪʠʪʴ ʪʨʠ ʜʘʪʯʠʢʠ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ɼʂʐ, ʚʽʩʽ 

ʯʫʪʣʠʚʦʩʪʽ ʷʢʠʭ ʩʧʨʷʤʦʚʘʥʽ ʫʟʜʦʚʞ ʚʣʘʩʥʠʭ ʮʝʥʪʨʘʣʴʥʠʭ ʚʽʩʝʡ ʽʥʝʨʮʽʾ ʘʚʪʦʤʦʙʽʣʷ: ʧʦʟʜʦʚʞʥʴʦʾ 

ʚʽʩʽ OX; ʧʦʧʝʨʝʯʥʦʾ ʚʽʩʽ OY ʽ ʚʝʨʪʠʢʘʣʴʥʦʾ ʚʽʩʽ OZ. ɹʏɽ ʤʽʩʪʠʪʴ ʪʘʢʦʞ ʪʨʠ ʘʢʩʝʣʝʨʘʪʦʨʠ 

(ʜʘʪʯʠʢʠ ʣʽʥʽʡʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ɼʃʇ), ʚʽʩʽ ʯʫʪʣʠʚʦʩʪʽ ʷʢʠʭ ʪʘʢʦʞ ʩʧʨʷʤʦʚʘʥʽ  ʫʟʜʦʚʞ ʚʣʘʩʥʠʭ 

ʮʝʥʪʨ ʦʙʽʞʥʠʭ ʚʽʩʝʡ ʽʥʝʨʮʽʾ ʘʚʪʦʤʦʙʽʣʷ.  

ɺʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʜʘʪʯʠʢʽʚ ʥʘʜʭʦʜʷʪʴ ʜʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ çʘʥʘʣʦʛ - ʢʦʜè (ʇɸʂ) ɹʎʆʄ, ʟ 

ʚʠʭʦʜʫ ʷʢʦʛʦ ʨʝʰʽʪʯʘʩʪʽ ʬʫʥʢʮʽʾ [ ]x nTw , [ ]y nTw , [ ]z nTw , [ ]xW nT , [ ]xW nT  ʽ [ ]xW nT  

ʥʘʜʭʦʜʷʪʴ ʜʦ ʮʠʬʨʦʚʠʭ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʫʦʨʪʘ [12, 13], ʷʢʽ ʚʽʜʬʽʣʴʪʨʦʚʫʶʪʴ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʟʘʚʦʜʠ ʟʘʟʥʘʯʝʥʠʭ ʨʝʰʽʪʯʘʩʪʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʧʦʚôʷʟʘʥʽ ʽʟ ʚʣʘʩʥʦʶ ʜʠʥʘʤʽʢʦʶ 

ʜʘʪʯʠʢʽʚ ʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤʠ ʚʽʙʨʘʮʽʷʤʠ ʦʩʥʦʚʠ, ʥʘ ʷʢʽʡ ʚʩʪʘʥʦʚʣʝʥʽ ʜʘʪʯʠʢʠ. ɺʽʜʬʽʣʴʪʨʦʚʘʥʽ 

ʨʝʰʽʪʯʘʩʪʽ ʬʫʥʢʮʽʾ [ ]x nTw , [ ]y nTw , [ ]z nTw , [ ]xW nT , [ ]xW nT  ʽ [ ]xW nT  ʧʦʩʪʫʧʘʶʪʴ ʜʦ ʚʭʦʜʽʚ 

ʙʣʦʢʫ ʘʣʛʦʨʠʪʤʽʚ ɹɯʅʉ, ʘ ʥʘ ʚʠʭʦʜʽ ʙʣʦʢʫ ʤʘʶʪʴ ʤʽʩʮʝ ʨʝʰʽʪʯʘʩʪʽ ʬʫʥʢʮʽʾ [ ]nTy  ʽ [ ]y nT , ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʙʫʨʝʥʠʡ ʨʫʭ ʦʙôʻʢʪʫ ʢʝʨʫʚʘʥʥʷ, ʘ ʩʘʤʝ, ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ  ʧʦʜʦʚʞʝʥʦʾ ʚʽʩʽ 

ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʙʘʢʦʚʠʡ ʟʩʫʚ ʮʝʥʪʨʫ ʤʘʩ ʢʦʨʧʫʩʫ ʚʽʜʥʦʩʥʦ ʟʘʜʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʚʽʜʧʦʚʽʜʥʦ 

(ʨʠʩ. 2).  

ʌʫʥʢʮʽʾ [ ]nTy  ʽ [ ]y nT  ʧʦʜʘʶʪʴʩʷ ʜʦ ʚʭʦʜʫ ʙʣʦʢʘ ʬʦʨʤʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʢʝʨʫʚʘʥʥʷ 

(ɹʌɸʂ), ʷʢʠʡ ʤʽʩʪʠʪʴ ʮʠʬʨʦʚʠʡ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʬʽʣʴʪʨ ʃʘʥʮʦʰʘ [17] ʽ ʜʚʘ ʩʫʤʘʪʦʨʘ, ʷʢʽ 

ʬʦʨʤʫʶʪʴ ʨʝʰʽʪʯʘʩʪʫ ʬʫʥʢʮʽʶ [ ]u nT .  
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ʈʠʩ. 2 ï  ʉʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ: OXYZ ï ʽʥʝʨʮʽʡʥʽ; oxyz ï ʧʦʚôʷʟʘʥʽ ʟ ʮʝʥʪʨʦʤ ʪʷʞʽʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

 

ɿ ʚʠʭʦʜʫ ɹʌɸʂ ʩʠʛʥʘʣ ʢʝʨʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʨʝʰʽʪʯʘʩʪʦʾ ʬʫʥʢʮʽʾ [ ]u nT  ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ çʢʦʜ-ʘʥʘʣʦʛè, ʟ ʚʠʭʦʜʫ ʷʢʦʛʦ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ()u t  ʧʦʜʘʻʪʴʩʷ ʜʦ ʚʭʦʜʫ 

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ, ʘʙʦ ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʇ, ʷʢʠʡ ʬʦʨʤʫʻ ʪʠʩʢ ʨʦʙʦʯʦʛʦ 

ʪʽʣʘ (ʛʘʣʴʤʽʚʥʦʾ ʨʽʜʠʥʠ, ʘʙʦ ʧʦʚʽʪʨʷ) Pʧ(t) I Pʣ(t) ʫ ʛʘʣʴʤʽʚʥʠʭ ʤʘʛʽʩʪʨʘʣʷʭ ʧʨʘʚʦʛʦ ʽ ʣʽʚʦʛʦ 

ʙʦʨʪʽʚ ʘʚʪʦʤʦʙʽʣʷ. 

ɸʣʛʦʨʠʪʤʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʙʦʨʪʦʚʦʾ ʮʠʬʨʦʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. 

ʇʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʬʽʣʴʪʨʘ ɹʘʪʪʝʨʫʦʨʪʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 
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ʜʝ z ï ʢʦʤʧʣʝʢʩʥʘ ʟʤʽʥʥʘ Z ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʰʽʪʯʘʩʪʦʾ ʬʫʥʢʮʽʾ [18].  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ (1) ʘʣʛʦʨʠʪʤʠ ʬʽʣʴʪʨʘʮʽʾ ʨʝʰʽʪʯʘʩʪʠʭ ʬʫʥʢʮʽʡ [ ]x nTw , [ ]y nTw , [ ]z nTw

, [ ]xW nT , [ ]xW nT  ʽ [ ]xW nT  ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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ɼʣʷ ʟʘʚʜʘʥʥʷ ʦʨʽʻʥʪʘʮʽʾ ʢʦʨʧʫʩʫ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜʥʦʩʥʦ ʚʽʩʝʡ ʽʥʝʨʮʽʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʚʚʦʜʠʪʴʩʷ ʥʦʨʤʦʚʘʥʠʡ ʢʚʘʪʝʨʽʦʥ ȿ(t), ʷʢʠʡ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʧʘʨʘʤʝʪʨʠ 
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 (4)  

ʧʦʚôʷʟʘʥʽ ʫʤʦʚʦʶ ʥʦʨʤʫʚʘʥʥʷ 

 () () () ()2 2 2 2

0 1 2 3ɚ ɚ ɚ ɚ 1t + t + t + t = . (5)  

ʂʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʫ ȿ( )t  ʥʘʟʠʚʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʈʦʜʨʽʛʘ-ɻʘʤʽʣʴʪʦʥʘ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ 

ʢʫʪʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ()x tw , ()y tw  ʪʘ ()z tw  ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ [19, 20]: 

 

() () () () () () ()

() () () () () () ()

() () () () () () ()

() () () () () () ()

o

0 1 2 3

o

1 0 2 3

o

2 0 3 1

o

3 0 1 2

ɚ 0,5 ɚ ɚ ɚ ;

ɚ 0,5 ɚ ɚ ɚ ;

ɚ 0,5 ɚ ɚ ɚ ;

ɚ 0,5 ɚ ɚ ɚ .

x y z

x z y

y x z

z y x

t = t t + t t + t t

t = t t + t t t t

t = t t + t t t t

t = t t + t t t t

ë
è ø- w w wê úî

î
è øw w -wîî ê ú

ì
î è øw w -wê úî
î

è øw w -wî ê úí

 (6) 

ɺʽʜʭʠʣʝʥʥʷ ʧʦʜʦʚʞʥʴʦʾ ʚʽʩʽ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜ ʟʘʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʚ ʧʨʦʮʝʩʽ ʪʝʨʤʽʥʦʚʦʛʦ 

ʛʘʣʴʤʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ [15] 

 () () ()0 32 .t t tY = l l  (7) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (5) ï (7) ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʽʪ [21, 22] 

ʟʘʧʠʰʝʤʦ ʘʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʨʝʰʽʪʯʘʩʪʦʾ ʬʫʥʢʮʽʾ [ ]nTY . ʅʘ ʥʝʧʘʨʥʦʤʫ ʢʨʦʮʽ ʨʦʙʦʪʠ 

ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʈʦʜʨʽʛʘ-ɻʘʤʽʣʴʪʦʥʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʛʦʨʠʪʤʫ: 

[ ] ( ) [ ] ( ) [ ] ( ) [ ] ( ){ }1 1 0 2 3ɚ ɚ 1 0,5 ɚ 1 ɚ 1 ɚ 1 ;x z ynT = n T + T nT n T + nT n T nT n T- w - w - -w -è ø è ø è ø è øê ú ê ú ê ú ê ú 

[ ] ( ) [ ] ( ) [ ] ( ) [ ] ( ){ }2 2 3 0 1ɚ ɚ 1 0,5 ɚ 1 ɚ 1 ɚ 1 ;x y znT = n T + T nT n T + nT n T nT n T- w - w - -w -è ø è ø è ø è øê ú ê ú ê ú ê ú 

[ ] ( ) [ ] ( ) [ ] ( ) [ ] ( ){ }3 3 1 0 2ɚ ɚ 1 0,5 ɚ 1 ɚ 1 ɚ 1 ;y z xnT = n T + T nT n T + nT n T nT n T- w - w - -w -è ø è ø è ø è øê ú ê ú ê ú ê ú 

[ ] [ ] [ ] [ ]2 2 2

0 1 2 3ɚ 1-ɚ ɚ ɚ .nT = nT nT nT- -  

ʅʘ ʧʘʨʥʦʤʫ ʢʨʦʮʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʈʦʜʨʽʛʘ-ɻʘʤʽʣʴʪʦʥʘ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʫ ʟʚʦʨʦʪʥʦʤʫ ʧʦʨʷʜʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ:  

[ ] ( ) [ ] ( ) [ ] ( ) [ ] ( ){ }3 3 1 0 2ɚ ɚ 1 0,5 ɚ 1 ɚ 1 ɚ 1 ;y z xnT = n T + T nT n T + nT n T nT n T- w - w - -w -è ø è ø è ø è øê ú ê ú ê ú ê ú 

[ ] ( ) [ ] ( ) [ ] ( ) [ ] ( ){ }2 2 3 0 1ɚ ɚ 1 0,5 ɚ 1 ɚ 1 ɚ 1 ;x y znT = n T + T nT n T + nT n T nT n T- w - w - -w -è ø è ø è ø è øê ú ê ú ê ú ê ú 

[ ] ( ) [ ] ( ) [ ] ( ) [ ] ( ){ }1 1 0 2 3ɚ ɚ 1 0,5 ɚ 1 ɚ 1 ɚ 1 ;x z ynT = n T + T nT n T + nT n T nT n T- w - w - -w -è ø è ø è ø è øê ú ê ú ê ú ê ú 

[ ] [ ] [ ] [ ]2 2 2

0 1 2 3ɚ 1-ɚ ɚ ɚ .nT = nT nT nT- -  

ʈʝʰʽʪʯʘʩʪʘ ʬʫʥʢʮʽʷ [ ]nTY  ʥʘ ʙʫʜʴ ʷʢʦʤʫ ʢʨʦʮʽ ʘʣʛʦʨʠʪʤʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ  

 [ ] [ ] [ ]0 32 .nT nT nTy = l l  (8) 
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ʉʢʣʘʜʦʚʽ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʘʚʪʦʤʦʙʽʣʷ ʚʟʜʦʚʞ ʯʘʩʦʚʠʭ 

ʮʝʥʪʨʘʣʴʥʠʭ ʚʽʩʝʡ ʽʥʝʨʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʦʮʽʥʶʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ  

 

[ ] ( ) [ ] ( ){ }

[ ] ( ) [ ] ( ){ }

[ ] ( ) [ ] ( ){ }

1 0,5 1 ;

1 0,5 1 ;

1 0,5 1 ,

x x x x

y y y y

z z z z

V nT =V n T T W nT +W n T

V nT =V n T T W nT +W n T

V nT =V n T T W nT +W n T

ë - + -è ø è øê ú ê úî
î

- + -è ø è øì ê ú ê ú
î

- + -è ø è øî ê ú ê úí

 (9) 

ʘ ʧʨʦʝʢʮʽʷ ʰʚʠʜʢʦʩʪʽ ʙʽʯʥʦʛʦ ʟʩʫʚʫ ʮʝʥʪʨʫ ʤʘʩ ʥʘ ʚʽʩʴ OY ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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 (10) 

ɹʽʯʥʠʡ ʟʩʫʚ ʮʝʥʪʨʫ ʪʷʞʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ɹʎʆʄ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʟʥʠʮʝʚʦʛʦ ʨʽʚʥʷʥʥʷ 

 [ ] ( ) [ ] ( ){ }1 1 .
2

y y

T
y nT = y n T + V nT +V n T- -è ø è øê ú ê ú (11) 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʨʠʩ. 1 ʨʝʰʽʪʯʘʩʪʘ ʬʫʥʢʮʽʷ (8) ʧʦʜʘʻʪʴʩʷ ʜʦ ʚʭʦʜʫ ʌʃ (ʬʽʣʴʪʨʘ ʃʘʥʮʦʰʘ) 

ʟ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ 

 () 1 3 4

0 1 1 0W z = c +c z c z c z- - -

L - - ,  

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʘʣʛʦʨʠʪʤʫ ʬʦʨʤʫʚʘʥʥʷ ʨʝʰʽʪʯʘʩʪʦʾ ʬʫʥʢʮʽʾ [ ]nTYw  ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ  

 [ ] [ ] ( ) ( ) ( )0 1 1 0ɤ 1 3 4 .nT = c nT +c n T c n T c n TY y y - - y - - y -è ø è ø è øê ú ê ú ê ú (12) 

ɯ, ʥʘʨʝʰʪʽ, ʙʣʦʢ ʬʦʨʤʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʢʝʨʫʚʘʥʥʷ (ɹʌɸʂ) ʬʦʨʤʫʻ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʫ 

ʚʠʛʣʷʜʽ ʨʝʰʽʪʯʘʩʪʦʾ ʬʫʥʢʮʽʾ 

 [ ] [ ] [ ] [ ]ɤ ,yu nT = K nT +K nT +K y nTY YY
y  (13) 

ʜʝ KY , K
Y

 ʪʘ 
yK  ï ʚʘʨʽʡʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʘʣʛʦʨʠʪʤʫ ʢʝʨʫʚʘʥʥʷ, ʚʠʙʽʨ ʷʢʠʭ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʟʜʽʡʩʥʶʚʘʪʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʨʦʙʦʪʘʤʠ [23, 24]. 

ʈʝʰʽʪʯʘʩʪʘ ʬʫʥʢʮʽʷ (13) ʧʦʜʘʻʪʴʩʷ ʜʦ ʚʭʦʜʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ çʢʦʜ-ʘʥʘʣʦʛè (ʇʂɸ), ʚʠʭʽʜʥʠʡ 

ʩʠʛʥʘʣ ʷʢʦʛʦ ()u t  ʧʦʜʘʻʪʴʩʷ ʜʦ ʚʭʦʜʫ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʘʙʦ ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʇ ʟ ʚʠʭʦʜʫ ʷʢʦʛʦ ʨʦʙʦʯʝ ʪʽʣʦ ʛʘʣʴʤʦʚʦʾ ʩʠʩʪʝʤʠ (ʛʘʣʴʤʦʚʘ ʨʽʜʠʥʘ, ʘʙʦ ʧʦʚʽʪʨʷ) 

ʧʽʜ ʪʠʩʢʦʤ ()ïP t  ʪʘ ()ëP t  ʧʦʜʘʻʪʴʩʷ ʜʦ ʛʘʣʴʤʦʚʠʭ ʤʘʛʽʩʪʨʘʣʝʡ ʧʨʘʚʦʛʦ ʪʘ ʣʽʚʦʛʦ ʙʦʨʪʫ 

ʘʚʪʦʤʦʙʽʣʷ. 

ɺʠʩʥʦʚʢʠ. ʇʦʙʫʜʦʚʫ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʢʫʨʩʦʚʦʾ ʩʪʽʡʢʦʩʪʽ ʚʩʶʜʠʭʽʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ ʚ ʨʝʞʠʤʽ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʨʫʭ ʚ ʫʤʦʚʘʭ ʟʨʫʡʥʦʚʘʥʠʭ ʜʦʨʽʛ, ʘʙʦ 

ʧʦʚʥʦʛʦ ʙʝʟʜʦʨʽʞʞʷ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʙʝʟʧʣʘʪʬʦʨʤʥʠʭ 

ʽʥʝʨʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʈʦʜʨʽʛʘ-ɻʘʤʽʣʴʪʦʥʘ ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʜʦʩʠʪʴ 



  ISSN 2078-6840 

______________________________________________________________________________ 

ɺ̔ ʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ ɸʚʪʦʤʦʙʽʣʝ- ʪʘ ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷ ˉ1, 2021             9 

ʧʨʦʩʪʽ ʘʣʛʦʨʠʪʤʠ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʙʫʨʝʥʦʛʦ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʱʦ ʙʝʟ 

ʧʨʦʙʣʝʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʙʦʨʪʦʚʦʶ ʮʠʬʨʦʚʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʤʘʰʠʥʦʶ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ 

ʘʣʛʦʨʠʪʤʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʦʨʧʫʩʫ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜʥʦʩʥʦ ʟʘʜʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʡʦʛʦ ʨʫʭʫ. 
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ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʰʠʥ ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʚʝʜʫʯʠʭ ʤʦʩʪʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʽʡʩʥʽ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ 

ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʚ ʤʝʞʘʭ ʛʨʫʧ ʰʠʥ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʜʝʢʩʫ ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ, ʤʘʶʪʴ ʰʠʨʦʢʽ 

ʽʥʪʝʨʚʘʣʠ ʟʥʘʯʝʥʴ. ʎʝ ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʽʥʪʝʨʚʘʣ ʚʘʨʽʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʚʠʧʝʨʝʜʞʝʥʥʷ ʧʝʨʝʜʥʽʭ 

ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʘʜʥʽʭ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʘʚʽʪʴ ʮʠʨʢʫʣʷʮʽʶ ʧʦʪʫʞʥʦʩʪʽ. ɼʣʷ ʰʠʥ, ʱʦ ʤʘʶʪʴ 

ʜʦʚʞʠʥʫ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ, ʷʢʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʚʝʨʭʥʴʦʾ ʘʙʦ ʥʠʞʥʴʦʾ ʤʝʞʽ ʽʥʪʝʨʚʘʣʫ ʚ ʨʘʤʢʘʭ ʽʥʜʝʢʩʫ 

ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʪʨʘʢʪʦʨʘ ʪʘʢʠʤʠ ʰʠʥʘʤʠ ʧʨʠ ʥʝʩʧʨʠʷʪʣʠʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʧʝʨʝʜʥʽʭ ʪʘ ʟʘʜʥʽʭ ʰʠʥ ʚʝʣʠʯʠʥʘ ʚʠʧʝʨʝʜʞʝʥʥʷ ʧʝʨʝʜʥʽʭ ʰʠʥ ʙʫʜʝ ʚʠʭʦʜʠʪʠ ʟʘ 

ʨʘʤʢʠ ʽʥʪʝʨʚʘʣʫ 1,01é1,05, ʱʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʚʠʧʝʨʝʜʞʝʥʥʷ ʧʝʨʝʜʥʽʭ ʰʠʥ ʤʦʞʝ 

ʩʪʘʥʦʚʠʪʠ ʷʢ 0,982, ʪʘʢ ʽ 1,074. ʆʩʢʽʣʴʢʠ, ʥʘʚʽʪʴ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʨʘʢʪʦʨʘ ʨʽʟʥʠʮʽ 

ʽʥʜʝʢʩʽʚ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʟʘʜʥʽʭ ʽ ʧʝʨʝʜʥʽʭ ʰʠʥ ʥʝ ʛʘʨʘʥʪʫʻ ʨʝʢʦʤʝʥʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚʠʧʝʨʝʜʞʝʥʥʷ 

ʧʝʨʝʜʥʽʭ ʰʠʥ, ʥʝʦʙʭʽʜʥʦ ʚ ʦʙʦʚôʷʟʢʦʚʦʤʫ ʧʦʨʷʜʢʫ ʾʾ ʚʠʟʥʘʯʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʪʘ ʧʝʨʝʚʽʨʷʪʠ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʣʽʩʥʠʡ ʪʨʘʢʪʦʨ, ʜʦʚʞʠʥʘ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʰʠʥʠ, ʪʨʘʢʪʦʨʥʘ ʰʠʥʘ, ʢʽʥʝʤʘʪʠʯʥʘ 

ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʠʚʦʜʽʚ ʢʦʣʽʩ 
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ʆʇʈɽɼɽʃɽʅʀɽ ʂʀʅɽʄɸʊʀʏɽʉʂʆɻʆ ʅɽʉʆʆʊɺɽʊʉʊɺʀʗ ʇʈʀɺʆɼʆɺ 

ʂʆʃɽʉ ʊʈɸʂʊʆʈɸ ʉ ʋʏɽʊʆʄ ʇʆʂɸɿɸʊɽʃɽʁ ʐʀʅ 
 

ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʣʠʯʠʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʠʚʦʜʦʚ ʢʦʣʝʩ ʪʨʘʢʪʦʨʘ ʩ 

ʫʯʝʪʦʤ ʧʦʢʘʟʘʪʝʣʝʡ ʪʨʘʢʪʦʨʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʰʠʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʤʤʘʨʥʦʛʦ ʚʣʠʷʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʝʨʝʜʘʶʱʝʛʦ ʯʠʩʣʘ ʪʨʘʥʩʤʠʩʩʠʠ ʠ ʟʥʘʯʝʥʠʡ ʜʣʠʥʳ 

ʦʢʨʫʞʥʦʩʪʠ ʢʘʯʝʥʠʷ ʰʠʥ ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʚʝʜʫʱʠʭ ʤʦʩʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ 

ʦʢʨʫʞʥʦʩʪʠ ʢʘʯʝʥʠʷ ʚʥʫʪʨʠ ʛʨʫʧʧ ʰʠʥ, ʩʦʛʣʘʩʥʦ ʠʥʜʝʢʩʫ ʜʣʠʥʳ ʦʢʨʫʞʥʦʩʪʠ ʢʘʯʝʥʠʷ, ʠʤʝʶʪ ʰʠʨʦʢʠʝ ʠʥʪʝʨʚʘʣʳ 

ʟʥʘʯʝʥʠʡ. ʕʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ ʚʘʨʴʠʨʦʚʘʥʠʷ ʚʝʣʠʯʠʥʳ ʦʧʝʨʝʞʝʥʠʷ ʧʝʨʝʜʥʠʭ ʚʝʜʫʱʠʭ 

ʢʦʣʝʩ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʜʥʠʤ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʮʠʨʢʫʣʷʮʠʶ ʤʦʱʥʦʩʪʠ. ɼʣʷ ʰʠʥ, ʠʤʝʶʱʠʭ ʜʣʠʥʫ 

ʦʢʨʫʞʥʦʩʪʠ ʢʘʯʝʥʠʷ, ʧʨʠʙʣʠʞʘʶʱʫʶʩʷ ʢ ʚʝʨʭʥʝʡ ʠʣʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʠʥʪʝʨʚʘʣʘ ʚ ʨʘʤʢʘʭ ʠʥʜʝʢʩʘ ʦʢʨʫʞʥʦʩʪʠ 

ʢʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʪʦʚʘʥʠʠ ʪʨʘʢʪʦʨʘ ʪʘʢʠʤʠ ʰʠʥʘʤʠ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʣʠʥʳ 

ʦʢʨʫʞʥʦʩʪʠ ʢʘʯʝʥʠʷ ʧʝʨʝʜʥʠʭ ʠ ʟʘʜʥʠʭ ʰʠʥ ʚʝʣʠʯʠʥʘ ʦʧʝʨʝʞʝʥʠʷ ʧʝʨʝʜʥʠʭ ʰʠʥ ʙʫʜʝʪ ʚʳʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ 

ʠʥʪʝʨʚʘʣʘ 1,01é1,05, ʯʪʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʦʧʝʨʝʞʝʥʠʷ ʧʝʨʝʜʥʠʭ ʰʠʥ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 

ʢʘʢ 0,982, ʪʘʢ ʠ 1,074. ʇʦʩʢʦʣʴʢʫ ʜʘʞʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʨʘʢʪʦʨʘ ʨʘʟʥʠʮʳ ʠʥʜʝʢʩʦʚ 

ʦʢʨʫʞʥʦʩʪʠ ʢʘʯʝʥʠʷ ʟʘʜʥʠʭ ʠ ʧʝʨʝʜʥʠʭ ʰʠʥ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʨʝʢʦʤʝʥʜʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʦʧʝʨʝʞʝʥʠʷ 

ʧʝʨʝʜʥʠʭ ʰʠʥ, ʥʝʦʙʭʦʜʠʤʦ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʝʝ ʦʧʨʝʜʝʣʷʪʴ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʠ ʧʨʦʚʝʨʷʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʢʪʦʨ ʢʦʣʝʩʥʳʡ, ʜʣʠʥʘ ʦʢʨʫʞʥʦʩʪʠ ʢʘʯʝʥʠʷ ʰʠʥʳ, ʪʨʘʢʪʦʨʥʘʷ ʰʠʥʘ, ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ 
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DETERMINATION OF THE KINEMATIC LEAD/LAG RATIO OF TRACTOR WHEEL 

DRIVES TAKING INTO ACCOUNT TIRE INDICATORS  

 
An analysis of the formation of the value of the kinematic lead/lag ratio of the tractor wheel drives is presented, 

taking into account the indicators of tractor agricultural tires. It is shown that the kinematic lead/lag ratio is formed as a 

result of the total influence of the internal gear ratio of the transmission and the values of the rolling circumference of the 

tires of the front and rear drive axles. It has been established that the actual values of the rolling circumference within tire 

groups, according to the rolling circumference index (RCI), have wide ranges of values. This can cause a wider range of 
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kinematic lead/lag ratio variation of the front drive wheels, and in some cases even power circulation. For tires with a 

rolling circumference approaching the upper or lower limit of the interval within the rolling circumference index, as well 

as equipping the tractor with such tires, with an disadvantageous combination of the rolling circumference of the front and 

rear tires, the kinematic lead/lag ratio will go beyond the interval 1.01...1.05 which is recommended. It is shown that the 

kinematic lead/lag ratio can be either 0.982 or 1.074. Since even the use of the difference between the rolling indexes of 

the rear and front tires necessary for a particular tractor does not guarantee the recommended value of the lead of the front 

tires, it is imperative to determine it by calculation and check it experimentally in operation. 

Key words: wheeled tractor, tire rolling circumference, tractor tire, kinematic lead/lag ratio of wheel drives. 

 

ɺʩʪʫʧ. ɺʠʩʦʢʦʝʬʝʢʪʠʚʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢʽʩʪʶ ʧʨʦʮʝʩʫ 

ʚʟʘʻʤʦʜʽʾ ʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʊʠʧʦʚʠʤʠ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ ʻ ʚʠʢʦʥʘʥʥʷ ʪʷʛʦʚʠʭ ʪʘ ʪʷʛʦʚʦ-ʧʨʠʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʟ ˇʨʫʥʪʦʚʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʂʦʥʩʪʨʫʢʮʽʷ ʭʦʜʦʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʩʭʝʤʘ ʢʦʣʽʩʥʦʛʦ ʨʫʰʽʷ 

ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʽʥʽʤʫʤ ʰʢʽʜʣʠʚʠʭ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʢʪʦʨʘ. ʆʜʥʠʤ ʟ ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʟʥʠʞʫʻ ʟʘʛʘʣʴʥʠʡ 

ʂʂɼ ʪʨʘʢʪʦʨʘ ʻ ʧʨʦʮʝʩ ʮʠʨʢʫʣʷʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʫ ʚʘʣʦʧʨʦʚʦʜʽ ʪʨʘʥʩʤʽʩʽʾ, ʷʢʠʡ ʚʠʥʠʢʘʻ 

ʚʥʘʩʣʽʜʦʢ ʢʽʥʝʤʘʪʠʯʥʦʾ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘ ʨʽʟʥʠʭ ʦʢʨʫʞʥʠʭ (ʪʝʦʨʝʪʠʯʥʠʭ) ʰʚʠʜʢʦʩʪʝʡ ʚ ʧʣʷʤʽ 

ʢʦʥʪʘʢʪʫ ʧʝʨʝʜʥʽʭ ʪʘ ʟʘʜʥʽʭ ʰʠʥ ʪʨʘʢʪʦʨʘ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ [1, 2]. ɼʣʷ ʥʽʚʝʣʶʚʘʥʥʷ ʪʘʢʠʭ 

ʥʝʛʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʪʨʘʢʪʦʨʽʚ ʧʝʨʝʜʥʽʡ ʤʽʩʪ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʧʨʠ 

ʙʫʢʩʫʚʘʥʥʽ ʰʠʥ ʟʘʜʥʴʦʛʦ ʤʦʩʪʘ 1,3-3,0% [3]. ʊʦʤʫ ʚʠʟʥʘʯʝʥʥʷ ʯʠʥʥʠʢʽʚ ʽ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 

ʥʝʧʝʨʝʩʽʯʥʠʡ ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɺʩʽ ʪʠʧʦʨʦʟʤʽʨʠ ʪʨʘʢʪʦʨʥʠʭ ʰʠʥ ʨʦʟʧʦʜʽʣʝʥʽ 

ʥʘ 50 ʛʨʫʧ [4-10] ʟʘ ʜʦʚʞʠʥʦʶ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ RC (Rolling circumference ï ʦʢʨʫʞʥʽʩʪʴ 

ʢʦʯʝʥʥʷ). ʂʦʞʥʘ ʛʨʫʧʘ ʤʘʻ ʩʚʽʡ ʽʥʜʝʢʩ RCI (Rolling circumference index ï ʽʥʜʝʢʩ ʦʢʨʫʞʥʦʩʪʽ 

ʢʦʯʝʥʥʷ). ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʭʦʜʦʚʠʭ ʩʠʩʪʝʤ ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ ʨʽʟʥʠʮʷ ʽʥʜʝʢʩʽʚ RCI ʩʪʘʥʦʚʠʪʴ 

0é6 [10]. ɺ ʭʦʜʽ ʘʥʘʣʽʟʫ ʚʠʙʽʨʢʠ ʪʨʘʢʪʦʨʽʚ ʧʨʦʚʽʜʥʠʭ ʟʘʢʦʨʜʦʥʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʦʙʩʷʛʦʤ ʧʦʥʘʜ 

600 ʦʜʠʥʠʮʴ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʥʘ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʨʠʥʢʫ [3], ʚʩʪʘʥʦʚʣʝʥʽ ʜʘʥʽ ʱʦʜʦ RCI ʧʝʨʝʜʥʽʭ ʪʘ 

ʟʘʜʥʽʭ ʰʠʥ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʨʘʢʪʦʨʠ ʢʦʤʧʣʝʢʪʫʶʪʴʩʷ ʧʝʨʝʜʥʽʤʠ ʰʠʥʘʤʠ ʟ RCI ʚ ʽʥʪʝʨʚʘʣʽ 

28é49, ʘ ʟʘʜʥʽʤʠ ʰʠʥʘʤʠ ï ʟ RCI ʚ ʽʥʪʝʨʚʘʣʽ 36é50 (ʥʘ ʨʠʩ. 1).  

ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʟʘʜʥʽ ʰʠʥʠ ʟ ʽʥʜʝʢʩʦʤ RCI = 45, ʘʣʝ ʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʨʽʟʥʠʮʷ 

DRCI ʟʘʜʥʽʭ ʽ ʧʝʨʝʜʥʽʭ ʰʠʥ ʪʨʘʢʪʦʨʽʚ, ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʷʢʦʾ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2. ʅʘʡʙʽʣʴʰ 

ʚʞʠʚʘʥʦʶ ʻ ʨʽʟʥʠʮʷ DRCI = 5 ʟʘʜʥʽʭ ʽ ʧʝʨʝʜʥʽʭ ʰʠʥ ʪʨʘʢʪʦʨʽʚ (42,4%), DRCI = 6 (19,6%) ʪʘ 

DRCI = 4 (13,4%). ɿʘʛʘʣʦʤ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʘ ʨʽʟʥʠʮʷ DRCI = 4é6 ʟʘʜʥʽʭ ʽ ʧʝʨʝʜʥʽʭ ʰʠʥ 

ʪʨʘʢʪʦʨʽʚ ʩʪʘʥʦʚʠʪʴ 75,4% (ʟʘʛʘʣʦʤ 450 ʪʨʘʢʪʦʨʽʚ, ʨʠʩ. 2, ʘ). 

 
ʈʠʩ. 1 ï ɺʞʠʚʘʥʽʩʪʴ ʰʠʥ ʟ ʚʽʜʧʦʚʽʜʥʠʤ RCI ʥʘ ʪʨʘʢʪʦʨʘʭ ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʚʠʨʦʙʥʠʢʽʚ 

ʈʝʰʪʘ ʪʨʘʢʪʦʨʽʚ ï ʮʝ ʪʨʘʢʪʦʨʠ ʦʩʦʙʣʠʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʷʢ, ʥʘʧʨʠʢʣʘʜ JCB Fastrac ʩʝʨʽʡ 4000 

ʪʘ 8000 ʟ DRCI = 2, ʪʦʙʪʦ ʟ ʧʝʨʝʜʥʽʤʠ ʽ ʟʘʜʥʽʤʠ ʰʠʥʘʤʠ ʙʣʠʟʴʢʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ. 
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ʊʨʘʢʪʦʨʠ ʟ DRCI = 7é9 ʤʘʶʪʴ ʩʫʪʪʻʚʫ ʨʽʟʥʠʮʶ ʚ ʜʽʘʤʝʪʨʘʭ ʧʝʨʝʜʥʽʭ ʽ ʟʘʜʥʽʭ ʰʠʥ ʪʘ 

ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ ʜʦ 80-90 ʢɺʪ (ʨʠʩ. 2,ʙ). ʎʝ ʪʨʘʢʪʦʨʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʟʘʟʚʠʯʘʡ 

ʧʽʜʚʠʱʝʥʦʶ ʝʥʝʨʛʦʥʘʩʠʯʝʥʽʩʪʶ ʧʦʥʘʜ 20 ʢɺʪ/ʪ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʙʦʪʠ ʚ ʩʘʜʘʭ, 

ʚʠʥʦʛʨʘʜʥʠʢʘʭ, ʜʝ ʧʦʪʨʽʙʥʠʡ ʚʢʨʘʡ ʤʘʣʝʥʴʢʠʡ ʨʘʜʽʫʩ ʨʦʟʚʦʨʦʪʫ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʥʝ ʥʘ ʪʷʛʦʚʫ ʦʧʝʨʘʮʽʶ, ʘ ʥʘ ʧʨʠʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʎʷ ʟʘʜʘʯʘ 

ʚʠʨʽʰʫʻʪʴʩʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʡ ʟʤʝʥʰʝʥʥʷʤ ʜʽʘʤʝʪʨʫ ʧʝʨʝʜʥʽʭ ʰʠʥ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʘʜʥʽʭ, 

ʧʨʠʯʦʤʫ ʜʦʣʷ ʪʘʢʠʭ ʪʨʘʢʪʦʨʽʚ ʚ ʟʘʛʘʣʴʥʦʩʚʽʪʦʚʦʤʫ ʤʦʜʝʣʴʥʦʤʫ ʨʷʜʽ ʩʷʛʘʻ ʤʘʡʞʝ ʯʚʝʨʪʽ 

  
ʘ ʙ 

ʈʠʩ. 2 ï ʂʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʪʨʘʢʪʦʨʽʚ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʨʽʟʥʠʮʝʶ DRCI: ʘ ï ʢʽʣʴʢʽʩʪʴ 

ʪʨʘʢʪʦʨʽʚ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʨʽʟʥʠʮʝʶ DRCI; ʙ ï ʟʘʣʝʞʥʽʩʪʴ ʨʽʟʥʠʮʽ DRCI ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʪʨʘʢʪʦʨʘ 

ɹʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʟʜʚʦʻʥʠʭ ʪʘ ʟʪʨʦʻʥʠʭ ʰʠʥ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʪʦʢʦʣʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʪʨʘʢʪʦʨʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʫʥʽʚʝʨʩʠʪʝʪʫ ʅʝʙʨʘʩʢʠ ʚ ʉʐɸ [11] (ʨʠʩ. 3). 

  

ʘ ʙ 

ʈʠʩ. 3 ï ɼʘʥʽ ʱʦʜʦ ʟʜʚʦʻʥʥʷ ʽ ʟʪʨʦʻʥʥʷ ʪʨʘʢʪʦʨʥʠʭ ʰʠʥ: 

ʘ ï ʢʽʣʴʢʽʩʥʽ ʜʘʥʽ ʧʦ ʪʠʧʦʨʦʟʤʽʨʘʤ ʰʠʥ; ʙ ï ʢʽʣʴʢʽʩʥʽ ʜʘʥʽ ʧʦ ʢʦʣʽʩʥʠʤ ʩʠʩʪʝʤʘʤ 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʜʣʷ ʟʜʚʦʻʥʥʷ ʪʘ ʟʪʨʦʻʥʥʷ ʰʠʥʠ ʟ ʰʠʨʠʥʦʶ ʧʨʦʬʽʣʶ 480-520 ʤʤ 

(ʨʠʩ. 3, ʘ), ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʜʚʦʻʥʽ ʰʠʥʠ ʜʣʷ ʤʽʞʨʷʜʥʦʛʦ 

ʦʙʨʦʙʽʪʢʫ ʜʝʷʢʠʭ ʢʫʣʴʪʫʨ ʟ ʰʠʨʦʢʠʤʠ ʤʽʞʨʷʜʜʷʤʠ ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʥʘʣʘʰʪʫʚʘʥʥʽ ʢʦʣʽʾ. ʉʣʽʜ 

ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʪʠʧʦʨʦʟʤʽʨʽʚ ʰʠʥ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 3, ʘ, ʻ 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʤʠ ʜʣʷ ʟʜʚʦʻʥʥʷ ʪʘ ʤʘʶʪʴ ʩʧʝʮʠʬʽʯʥʽ ʚʝʣʠʢʽ ʧʦʩʘʜʢʦʚʽ ʜʽʘʤʝʪʨʠ 42-46 

ʜʶʡʤʽʚ. ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʚʘʨʽʘʥʪʠ ʢʦʣʽʩʥʠʭ ʩʠʩʪʝʤ (ʨʠʩ. 3, ʙ), ʪʦ ʧʝʨʝʚʘʞʥʫ ʙʽʣʴʰʽʩʪʴ 

ʟʘʡʤʘʶʪʴ ʪʨʘʢʪʦʨʠ ʟʽ ʟʜʚʦʻʥʠʤʠ ʣʠʰʝ ʟʘʜʥʽʤʠ ʰʠʥʘʤʠ, ʥʘ ʷʢʠʭ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʙʘʣʘʩʪʫʚʘʥʥʽ 

ʤʦʞʫʪʴ ʟʜʚʦʶʚʘʪʠʩʷ ʧʝʨʝʜʥʽ ʰʠʥʠ ʪʘ ʟʪʨʦʶʚʘʪʠʩʷ ʟʘʜʥʽ. ɺʘʨʽʘʥʪ ʟʽ ʟʪʨʦʻʥʠʤʠ ʟʘʜʥʽʤʠ ʪʘ 

ʧʝʨʝʜʥʽʤʠ ʰʠʥʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʜʣʷ ʪʨʘʢʪʦʨʽʚ 4ʂ4ʙ (4WD). 

ʄʝʪʘ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʛʣʷʜ ʬʘʢʪʦʨʽʚ ʪʘ 

ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʚʠʥʠʢʥʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʫ ʧʣʷʤʽ ʢʦʥʪʘʢʪʫ 

ʰʠʥ ʧʦʚʥʦʧʨʠʚʽʜʥʠʭ ʪʨʘʢʪʦʨʽʚ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ ʮʠʨʢʫʣʷʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʫ 
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ʧʨʠʚʦʜʘʭ ʚʝʜʫʯʠʭ ʤʦʩʪʽʚ, ʘ ʪʘʢʦʞ ʧʨʠʥʮʠʧʽʚ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʧʦʚʥʦʧʨʠʚʽʜʥʠʭ ʪʨʘʢʪʦʨʽʚ 

ʰʠʥʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʩʪʫʧʝʥʷ ʟʘʙʽʛʘʥʥʷ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ. 

ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʟʘʤʽʥʽ ʰʠʥʦ-ʢʦʤʧʣʝʢʪʽʚ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʙʦ ʧʨʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʣʽʩʥʠʭ ʩʠʩʪʝʤ ʪʨʘʢʪʦʨʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʧʝʨʝʚʽʨʢʫ 

ʱʦʜʦ ʟʘʙʽʛʘʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʚʝʜʫʯʦʛʦ ʤʦʩʪʘ. ʎʷ ʧʝʨʝʚʽʨʢʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʪʝ, ʱʦʙ ʚʧʝʚʥʠʪʠʩʷ ʫ 

ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʛʽʨʰʝʥʥʷ ʢʝʨʦʚʘʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ ʪʨʘʢʪʦʨʘ ʚʥʘʩʣʽʜʦʢ ʥʝʢʦʨʝʢʪʥʦʾ 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚ ʧʨʠʚʦʜʘʭ ʚʝʜʫʯʠʭ ʤʦʩʪʽʚ. ɺ ʥʦʨʤʘʣʴʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʫʤʦʚʘʭ ʰʠʥʠ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʫ ʟʘʚʞʜʠ ʧʦʚʠʥʥʽ ʚʝʩʪʠ ʘʙʦ ʟʘʙʽʛʘʪʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʘʜʥʽʭ 

ʰʠʥ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʠʣʠ ʪʷʛʠ ʥʘ ʛʘʢʫ, ʘʣʝ ʟʘ ʫʤʦʚʠ ʢʦʨʝʢʪʥʦʛʦ ʨʽʚʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ ʚ 

ʰʠʥʘʭ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ [10] ʚʝʜʝʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʫ: 

1

2

1,01...1,05v
Lead

RC u
K

RC

Ö
= ²  (1) 

ʜʝ RC1, RC2 ï ʜʦʚʞʠʥʘ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʧʝʨʝʜʥʽʭ ʪʘ ʟʘʜʥʽʭ ʰʠʥ, ʚʽʜʧʦʚʽʜʥʦ; 

uv ï ʚʥʫʪʨʽʰʥʻ ʧʝʨʝʜʘʚʘʣʴʥʝ ʯʠʩʣʦ ʪʨʘʥʩʤʽʩʽʾ ʚ ʧʨʠʚʦʜʽ ʚʽʜ ʟʘʜʥʴʦʛʦ ʤʦʩʪʫ ʜʦ ʧʝʨʝʜʥʴʦʛʦ. 

ɯʥʰʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʬʦʨʤʫʣʠ (1) ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʙʫʢʩʫʚʘʥʥʷ ʰʠʥ ʧʝʨʝʜʥʴʦʛʦ 

ʤʦʩʪʘ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʙʫʢʩʫʚʘʥʥʷ ʰʠʥ ʟʘʜʥʴʦʛʦ ʤʦʩʪʘ ʥʘ ʚʝʣʠʯʠʥʫ ʥʝ 

ʤʝʥʰʝ ʥʽʞ: 

1 2 1 0,01...0,05LeadKd d- = - =  (2) 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʙʽʛʘʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ ʥʘ ʚʝʣʠʯʠʥʫ 0,01é0,05 ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 

ʚʥʫʪʨʽʰʥʻ ʧʝʨʝʜʘʚʘʣʴʥʝ ʯʠʩʣʦ ʪʨʘʥʩʤʽʩʽʾ uv ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʧʨʦʛʨʝʩʽʾ ʟ ʤʥʦʞʥʠʢʦʤ q = 1,054: 
( )2 11,025
RCI RCI

vu q
-

= Ö  (3) 

ʜʝ RCI1, RCI2 ï ʽʥʜʝʢʩʠ ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʧʝʨʝʜʥʽʭ ʪʘ ʟʘʜʥʽʭ ʰʠʥ, ʚʽʜʧʦʚʽʜʥʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʽʪʴ ʜʣʷ ʪʨʘʢʪʦʨʽʚ ʟ ʦʜʥʘʢʦʚʠʤʠ ʧʝʨʝʜʥʽʤʠ ʪʘ ʟʘʜʥʽʤʠ ʰʠʥʘʤʠ ʚ ʪʨʘʥʩʤʽʩʽʾ 

ʧʦʚʠʥʥʦ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘʙʽʛʘʥʥʷ ʰʠʥ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ ʥʘ ʚʝʣʠʯʠʥʫ 0,025. 

ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʥʘʪʠ ʧʝʨʝʚʽʨʢʫ ʟʘʙʽʛʘʥʥʷ ʰʠʥ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ ʥʝ ʩʢʣʘʜʥʦ. ɼʣʷ ʮʴʦʛʦ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʪʠʩʢ ʧʦʚʽʪʨʷ ʚ ʰʠʥʘʭ, ʽ ʨʝʛʫʣʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ʚʠʨʦʙʥʠʢʘ. ɼʘʣʽ 

ʚʠʙʠʨʘʶʪʴ ʜʽʣʷʥʢʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʨʽʚʥʦʾ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʪʚʝʨʜʠʤ ʧʦʢʨʠʪʪʷʤ ʜʦʚʞʠʥʦʶ 

75é100 ʤ. ʅʘ ʧʝʨʝʜʥʽ ʪʘ ʟʘʜʥʽ ʰʠʥʠ ʥʘʥʦʩʷʪʴ ʨʘʜʽʘʣʴʥʽ ʤʽʪʢʠ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ (ʨʠʩ. 4), ʘ ʪʘʢʦʞ 

ʤʽʪʢʫ ʥʘ ʦʧʦʨʥʫ ʧʦʚʝʨʭʥʶ ʙʽʣʷ ʟʘʜʥʽʭ ʰʠʥ. ɺ ʭʦʜʽ ʪʝʩʪʫ ʚʠʤʠʢʘʶʪʴ ʧʨʠʚʽʜ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ 

ʪʘ ʾʜʫʪʴ ʪʨʘʢʪʦʨʦʤ ʚʧʝʨʝʜ ʨʽʚʥʦ 10 ʦʙʝʨʪʽʚ ʧʝʨʝʜʥʽʭ ʰʠʥ. ʇʦʪʽʤ ʚʤʠʢʘʶʪʴ ʧʨʠʚʽʜ ʧʝʨʝʜʥʴʦʛʦ 

ʤʦʩʪʘ ʪʘ ʾʜʫʪʴ ʟʘʜʥʽʤ ʭʦʜʦʤ ʧʦʢʠ ʟʘʜʥʷ ʰʠʥʘ, ʚʽʜʧʦʚʽʜʥʦ ʤʽʪʢʠ, ʥʝ ʜʦʩʷʛʥʝ ʩʚʦʛʦ ʚʠʭʽʜʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʤʽʪʢʘ ʥʘ ʧʝʨʝʜʥʴʦʤʫ ʢʦʣʝʩʽ ʧʦʚʠʥʥʘ ʟʘʡʤʘʪʠ ʧʦʣʦʞʝʥʥʷ ʚ ʧʝʨʝʜʥʽʡ 

ʯʘʩʪʠʥʽ ʰʠʥʠ ʫ ʩʝʢʪʦʨʽ, ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩ. 4, ɦ ʦ ʟʘʙʝʟʧʝʯʠʪʴ ʟʘʙʽʛʘʥʥʷ ʰʠʥ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ 

ʥʘ ʚʝʣʠʯʠʥʫ 1,010é1,050 ʪʘ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ (1). 

 
ʈʠʩ. 4 ï ʉʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʙʽʛʘʥʥʷ ʰʠʥ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ 
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16                                 ɺ̔ ʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ ɸʚʪʦʤʦʙʽʣʝ- ʪʘ ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷ ˉ1, 2021 

ʋ ʨʘʟʽ ʧʦʚʥʦʛʦ ʧʨʠʚʦʜʫ ʜʣʷ ʪʨʘʢʪʦʨʽʚ 4ʂ4ʘ (MFWD) ʘʙʦ 4ʂ4ʙ (4WD), ʧʨʠ ʜʚʦʭ ʧʦʪʦʢʘʭ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʪʨʘʥʩʤʽʩʽʾ ʜʦ ʚʝʜʫʯʠʭ ʤʦʩʪʽʚ ʪʨʘʢʪʦʨʘ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ 

ʂʂɼ ʪʨʘʥʩʤʽʩʽʾ ʽ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ ʧʨʠʚʦʜʘʤʠ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʚʝʜʫʯʠʭ 

ʤʦʩʪʽʚ. ɿʘʛʘʣʴʥʠʡ ʂʂɼ ʪʨʘʥʩʤʽʩʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʽʩʥʫʶʯʠʭ ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ, ʽ, 

ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʮʠʨʢʫʣʷʮʽʾ ʧʦʪʫʞʥʦʩʪʽ, ʜʦʨʽʚʥʶʻ: 

( )ʪʨ ʪʨ0 ʪʨ1 1 ʪʨ2 2h h h l h l= Ö Ö + Ö (4) 

ʜʝ hʪʨ0 ï ʂʂɼ ʜʽʣʷʥʢʠ ʪʨʘʥʩʤʽʩʽʾ ʜʦ ʨʦʟʛʘʣʫʞʝʥʥʷ ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ; 

hʪʨ1, hʪʨ2 ï ʂʂɼ ʜʽʣʷʥʦʢ ʪʨʘʥʩʤʽʩʽʾ ʧʽʩʣʷ ʨʦʟʛʘʣʫʞʝʥʥʷ; 

l1, l2 ï ʯʘʩʪʢʠ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʧʝʨʝʜʥʽʭ ʽ ʟʘʜʥʽʭ ʚʝʜʫʯʠʭ ʤʦʩʪʽʚ. 

ʏʘʩʪʢʠ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʧʝʨʝʜʥʽʭ ʽ ʟʘʜʥʽʭ ʚʝʜʫʯʠʭ ʤʦʩʪʽʚ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ: 

1 1 2 2 1 2/ ; / ; 1e e e eN N N Nl l l l= = + = (5) 

ʉʭʝʤʘ ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5, ʘ. ɽʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʽ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʚʝʜʫʯʠʤ 

ʤʦʩʪʘʤ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ l1/l2, ʧʨʠ ʮʴʦʤʫ ʥʘ ʧʝʨʝʜʥʽʡ ʤʽʩʪ ʡʜʝ ʧʦʪʫʞʥʽʩʪʴ Nʝ1, ʘ ʥʘ ʟʘʜʥʽʡ ï 

Nʝ2. ʇʝʨʝʪʚʦʨʶʶʯʠʩʴ ʚ ʪʨʘʥʩʤʽʩʽʾ ʪʨʘʢʪʦʨʘ, ʯʘʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ ʚʪʨʘʯʘʻʪʴʩʷ ʥʘ ʪʝʨʪʷ Nʪʨ1 ̔  Nʪʨ2 

ʪʘ ʥʘʜʭʦʜʠʪʴ ʜʦ ʧʝʨʝʜʥʽʭ ʽ ʟʘʜʥʽʭ ʚʝʜʫʯʠʭ ʢʦʣʽʩ: Nʢ1 ʠ Nʢ2. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʢʩʫʚʘʥʥʷ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʜʦʪʠʯʥʘ ʩʠʣʘ ʪʷʛʠ ʪʨʘʢʪʦʨʘ, ʘ ʯʘʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ ʚʪʨʘʯʘʻʪʴʩʷ ʥʘ ʙʫʢʩʫʚʘʥʥʷ (ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ) ʫ ʚʠʛʣʷʜʽ ʚʪʨʘʪ: Nd1 ̔  Nd2. ʊʦʤʫ, ʥʘ ʦʩʪʦʚ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʴ Nʦ1 

ʽ Nʦ2, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʥʦʞʝʥʥʷ ʜʦʪʠʯʥʽʡ ʩʠʣʠ ʪʷʛʠ (ʷʢ ʜʣʷ ʧʦʪʫʞʥʦʩʪʽ Nʢ1 ʽ Nʢ2) ʪʘ 

ʜʽʡʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ (ʟʘʤʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʫ ʧʦʪʫʞʥʦʩʪʽ Nʢ1 ̔  Nʢ2). ɼʘʣʽ ʯʘʩʪʠʥʘ 

ʧʦʪʫʞʥʦʩʪʽ Nʦ1 ʠ Nʦ2 ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʦʧʦʨʫ ʧʝʨʝʢʦʯʫʚʘʥʥʷ ʪʨʘʢʪʦʨʘ ʫ ʚʠʛʣʷʜʽ 

ʩʢʣʘʜʦʚʠʭ Nf1 ʽ Nf2. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʩʽʭ ʚʪʨʘʪ ʟʘʣʠʰʘʻʪʴʩʷ ʢʦʨʠʩʥʘ ʧʦʪʫʞʥʩ̔ʪɹ Nʢʨ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʦʩʢʦʥʘʣʽʩʪʴ ʪʨʘʢʪʦʨʘ ʷʢ ʪʷʛʦʚʦʛʦ ʟʘʩʦʙʫ. 

 
ʘ)       ʙ) 

ʈʠʩ. 5 ï ʉʭʝʤʘ ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʧʦʚʥʦʧʨʠʚʽʜʥʦʛʦ ʪʨʘʢʪʦʨʘ: 

ʘ ï ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʮʠʨʢʫʣʷʮʽʾ ʧʦʪʫʞʥʦʩʪʽ; ʙ ï ʟ ʮʠʨʢʫʣʷʮʽʻʶ ʧʦʪʫʞʥʦʩʪʽ 

ʇʨʠ ʤʘʣʠʭ ʩʠʣʘʭ ʪʷʛʠ ʽ ʚʝʣʠʢʽʡ ʢʽʥʝʤʘʪʠʯʥʽʡ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʢʨʫʞʥʠʭ (ʪʝʦʨʝʪʠʯʥʠʭ) 

ʰʚʠʜʢʦʩʪʝʡ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʨʽʟʥʠʭ ʤʦʩʪʽʚ ʪʨʘʢʪʦʨʘ ʤʦʞʣʠʚʘ ʮʠʨʢʫʣʷʮʽʷ ʧʦʪʫʞʥʦʩʪʽ. 

ɺʠʥʠʢʥʝʥʥʷ ʮʠʨʢʫʣʷʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʟʨʫʯʥʦ ʟôʷʩʫʚʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʪʨʘʢʪʦʨʘ 4ʂ4ʙ (4WD), ʫ ʷʢʦʛʦ 

ʰʠʥʠ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ, ʟʘʟʚʠʯʘʡ, ʙʽʣʴʰʝ ʥʘʚʘʥʪʘʞʝʥʽ ʽ ʤʦʞʫʪʴ ʤʘʪʠ ʤʝʥʰʠʡ ʚʥʫʪʨʽʰʥʽʡ ʪʠʩʢ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʘʜʽʫʩ ʟʘʜʥʽʭ ʢʦʣʽʩ ʙʫʜʝ ʩʫʪʪʻʚʦ ʙʽʣʴʰʝ ʧʝʨʝʜʥʽʭ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʤʝʥʰʠʤ 

ʨʘʜʽʘʣʴʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʚʝʣʠʢʠʤ ʪʠʩʢʦʤ ʧʦʚʽʪʨʷ ʚ ʰʠʥʽ. ʇʨʠ ʙʣʦʢʦʚʘʥʦʤʫ ʧʨʠʚʦʜʽ 

ʚʠʥʠʢʘʶʪʴ ʨʽʟʥʽ ʦʢʨʫʞʥʽ ʰʚʠʜʢʦʩʪʽ ʚ ʟʦʥʽ ʧʣʷʤʠ ʢʦʥʪʘʢʪʫ ʧʝʨʝʜʥʽʭ ʽ ʟʘʜʥʽʭ ʰʠʥ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʧʽʜʚʠʱʝʥʝ ʙʫʢʩʫʚʘʥʥʷ ʰʠʥ ʤʦʩʪʘ, ʱʦ ʤʘʻ ʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ, ʽ ʶʟ ʰʠʥ ʤʦʩʪʘ, 

ʷʢʠʡ ʧʨʘʮʶʻ ʚ ʛʘʣʴʤʽʚʥʦʤʫ ʨʝʞʠʤʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ ʚʠʥʠʢʘʻ ʮʠʨʢʫʣʷʮʽʷ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʢʦʥʪʫʨʽ: çʧʣʷʤʘ ʢʦʥʪʘʢʪʫ ʚʠʧʝʨʝʜʞʘʶʯʠʭ ʢʦʣʽʩ ʟ ˇʨʫʥʪʦʤ ï ʦʩʪʦʚ ʪʨʘʢʪʦʨʘ ï 

ʧʣʷʤʘ ʢʦʥʪʘʢʪʫ ʚʽʜʩʪʘʶʯʠʭ ʢʦʣʽʩ ʟ ˇʨʫʥʪʦʤ ï ʪʨʘʥʩʤʽʩʽʷ ï ʧʣʷʤʘ ʢʦʥʪʘʢʪʫ ʚʠʧʝʨʝʜʞʘʶʯʠʭ 
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ʢʦʣʽʩ ʟ ˇʨʫʥʪʦʤè (ʨʠʩ. 5, ʙ). ʎʠʨʢʫʣʷʮʽʷ ʧʦʪʫʞʥʦʩʪʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤʠ ʚʪʨʘʪʘʤʠ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʪʨʘʥʩʤʽʩʽʾ ʽ ʭʦʜʦʚʽʡ ʩʠʩʪʝʤʽ ʪʘ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ ʂʂɼ ʪʨʘʥʩʤʽʩʽʾ ʪʨʘʢʪʦʨʘ. 

ɺʠʟʥʘʯʠʤʦ ʫʤʦʚʫ ʚʠʥʠʢʥʝʥʥʷ ʮʠʨʢʫʣʷʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʪʨʘʥʩʤʽʩʽʾ ʪʨʘʢʪʦʨʘ. ɼʽʡʩʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʤʦʩʪʽʚ ʦʜʥʘʢʦʚʘ ʽ ʜʦʨʽʚʥʶʻ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʦʩʪʦʚʘ: 

( ) ( )ʪ1 1 ʪ2 21 1V Vd dÖ - = Ö - (6) 

ʊʝʦʨʝʪʠʯʥʘ ʦʢʨʫʞʥʘ ʰʚʠʜʢʽʩʪʴ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʜʦʨʽʚʥʶʻ: 

( ) ( )ʪ1 1 1 ʪ2 2 2;k kV u r V u rw w= Ö = Ö (7) 

ʈʦʟʜʽʣʠʤʦ (6) ʥʘ Vʪ2 ʟ ʫʨʘʭʫʚʘʥʥʷʤ (7): 

( )( ) ( )( )1 2
1 2 ʥ 1 2

1 2

1 1 ; 1 1k

k

r u
k

u r
d d d dÖ Ö - = - Ö - = - (8) 

ʜʝ kʥ ï ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʾ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ. 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʫ ʚʠʥʠʢʥʝʥʥʷ ʮʠʨʢʫʣʷʮʽʾ ʧʦʪʫʞʥʦʩʪʽ, ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʽʜʩʪʘʻ ʤʽʩʪ ï 

ʧʝʨʝʜʥʽʡ, ʘ ʟʘʙʽʛʘʻ ï ʟʘʜʥʽʡ, ʘ ʦʟʥʘʢʦʶ ʮʠʨʢʫʣʷʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʻ ʥʝʛʘʪʠʚʥʘ ʩʠʣʘ ʪʷʛʠ ʥʘ ʢʦʣʝʩʘʭ 

ʚʽʜʩʪʘʶʯʦʛʦ ʤʦʩʪʘ ʪʘ ʾʭ ʶʟ, ʪʦʜʽ: 

ʥ ʪ1 ʪ2 1/ 1; 0k V V d= < < (9) 

ɺʨʘʭʫʚʘʚʰʠ (8), ʟ (9) ʦʪʨʠʤʫʻʤʦ ʫʤʦʚʫ ʮʠʨʢʫʣʷʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʚʽʜʩʪʘʚʘʥʥʽ ʧʝʨʝʜʥʴʦʛʦ 

ʽ ʟʘʙʽʛʘʥʥʽ ʟʘʜʥʴʦʛʦ ʤʦʩʪʫ: 

ʥ 2 ʥ1; 1k kd< < - (10) 

ɸʥʘʣʦʛʽʯʥʦ ʦʪʨʠʤʫʻʤʦ ʫʤʦʚʫ ʮʠʨʢʫʣʷʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʚʽʜʩʪʘʚʘʥʥʽ ʟʘʜʥʴʦʛʦ ʽ ʟʘʙʽʛʘʥʥʽ 

ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʫ: 

ʥ 1 ʥ1; 1 1/k kd> < -  (11) 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʾ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 

0,95...1,05, ʪʦʙʪʦ ʥʝ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ 5% ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜ 1, ʦʪʨʠʤʫʻʤʦ ʟ (10) ʽ 

(11), ʱʦ ʮʠʨʢʫʣʷʮʽʷ ʤʦʞʣʠʚʘ ʧʨʠ ʤʘʣʦʤʫ ʙʫʢʩʫʚʘʥʥʽ ʚʠʧʝʨʝʜʞʘʶʯʦʛʦ ʤʦʩʪʘ ʜʦ 5%, ʧʨʠ ʮʴʦʤʫ 

ʚʽʜʩʪʘʶʯʠʡ ʤ̔ʩʪ ʤʘʻ ʥʝʛʘʪʠʚʥʝ ʙʫʢʩʫʚʘʥʥʷ (ʶʟ) ʚ ʤʝʞʘʭ ʜʦ 1,5%. ɿʛʽʜʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʨʘʥʩʤʽʩʽʡ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʢʦʣʽʩ ʪʨʘʢʪʦʨʘ, ʽʩʥʫʶʪʴ ʨʽʟʥʽ 

ʚʘʨʽʘʥʪʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʨʠʚʦʜʫ ʚʽʜ ʟʘʜʥʴʦʛʦ ʜʦ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ uv ʘʙʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʯʠʩʝʣ ʚ ʧʨʠʚʦʜʘʭ ʚʝʜʫʯʠʭ ʤʦʩʪʽʚ [11] (ʪʘʙʣ. 1).  

ɺʝʣʠʯʠʥʘ uv ʧʦʚôʷʟʘʥʘ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʟʘʜʥʴʦʛʦ ʽ ʧʝʨʝʜʥʴʦʛʦ ʚʝʜʫʯʠʭ 

ʤʦʩʪʽʚ ʟʘ ʜʦʚʞʠʥʦʶ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʘʙʦ ʽʥʜʝʢʩʦʤ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ RCI [12]. ʉʚʽʪʦʚʽ 

ʚʠʨʦʙʥʠʢʠ ʧʨʦʝʢʪʫʶʪʴ ʧʨʠʚʦʜʠ ʤʽʞ ʦʩʷʤʠ ʪʨʘʢʪʦʨʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʨʽʟʥʠʮʷ DRCI ʚ ʽʥʜʝʢʩʘʭ 

ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʩʪʘʥʦʚʠʣʘ, ʟʘʟʚʠʯʘʡ, ʚʽʜ 0 ʜʦ 6 (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 ï ɺʘʨʽʘʥʪʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʨʠʚʦʜʫ ʚʽʜ ʟʘʜʥʴʦʛʦ ʜʦ 

ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ (uv) ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ (qDRCI) 

DRCI uv = u2/u1 qDRCI 

6 1,403 1,371 

5 1,332 1,301 

4 1,264 1,234 

3 1,199 1,171 

2 1,139 1,111 

1 1,080 1,054 

0 1,025 1 

ʊʦʤʫ, ʧʨʠ ʟʘʤʽʥʽ ʦʜʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʰʠʥ ʥʘ ʽʥʰʽ ʦʜʥʠʤ ʽʟ ʦʙʦʚôʷʟʢʦʚʠʭ ʫʤʦʚ ʻ ʜʦʪʨʠʤʘʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʦʾ ʜʣʷ ʜʘʥʦʛʦ ʪʨʘʢʪʦʨʘ ʚʝʣʠʯʠʥʠ DRCI. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʜʦʚʞʠʥʠ 

ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ RC (4.1) ʜʣʷ ʜʚʦʭ ʩʫʤʽʞʥʠʭ ʛʨʫʧ ʟʘ ʽʥʜʝʢʩʦʤ RCI ʩʪʘʥʦʚʠʪʴ q = 1,054 (4.3), 

ʪʦʙʪʦ ʨʦʟʙʠʚʢʘ ʰʠʥ ʥʘ ʛʨʫʧʠ ʟʘ ʽʥʜʝʢʩʦʤ RCI ʟʜʽʡʩʥʝʥʘ ʟʘ ʛʝʦʤʝʪʨʠʯʥʦʶ ʧʨʦʛʨʝʩʽʻʶ. ʊʦʤʫ, 

ʥʦʤʽʥʘʣʴʥʝ (ʩʝʨʝʜʥʻ) ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʽ RCRCI ʜʣʷ ʛʨʫʧʠ RCI ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 



ISSN 2078-6840___________________________________________________________________  

________________________________________________________________________________ 

18                                 ɺ̔ ʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ ɸʚʪʦʤʦʙʽʣʝ- ʪʘ ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷ ˉ1, 2021 

ʝʤʧʽʨʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

494 RCI

RCIRC q= Ö  (12) 

ɺʝʣʠʯʠʥʘ ʟʘʙʽʛʘʥʥʷ ʰʠʥ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ KLead (1), ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʦʤʽʥʘʣʴʥʦʾ (ʩʝʨʝʜʥʴʦʾ) 

ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʽ RCRCI: 

1,025
1,025

RCI

v
Lead RCI RCI

u q
K

q q

D

D D

Ö
= = =  (13) 

ʊʦʙʪʦ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʯʠʩʣʘ ʚ ʧʨʠʚʦʜʘʭ ʚʝʜʫʯʠʭ ʤʦʩʪʽʚ uv, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʙʣ. 1, ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ ʩʝʨʝʜʥʷ ʚʝʣʠʯʠʥʘ ʟʘʙʽʛʘʥʥʷ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ ʚ 

ʽʥʪʝʨʚʘʣʽ 1,00é1,05 ʧʨʠ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʝʨʝʜʥʽʡ ʚʝʣʠʯʠʥʽ ʜʣʷ ʛʨʫʧʠ RCI ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʽ 

ʢʦʯʝʥʥʷ RCRCI. ʂʦʞʥʘ ʛʨʫʧʘ RCI ʤʘʻ ʜʦʧʫʩʢ ʥʘ ʜʦʚʞʠʥʫ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ RCRCI, ʷʢʠʡ 

ʩʪʘʥʦʚʠʪʴ °0,2ĿRCI (ʪʘʙʣ. 2). ʅʝ ʚʩʽ ʰʠʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʥʢʨʝʪʥʽʡ ʛʨʫʧʽ RCI. ʊʘʢʽ ʰʠʥʠ ʘʙʦ 

ʚʟʘʛʘʣʽ ʥʝ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʧʦ RCI, ʘʙʦ ʚʩʝ ʞ ʪʘʢʠ ʟʘʨʘʭʦʚʫʶʪʴʩʷ ʜʦ ʦʜʥʽʻʾ ʟ ʛʨʫʧ (ʪʘʙʣ. 2). 

ɺʽʜʧʦʚʽʜʥʦ (12) ʤʘʢʩʠʤʘʣʴʥʝ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ: 
0,2

min 494 RCI

RCIRC q -= Ö  (14) 
0,2

max 494 RCI

RCIRC q += Ö  (15) 

ɺʝʣʠʯʠʥʘ KLead ʟʘʙʽʛʘʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ ʜʣʷ ʥʘʡʛʽʨʰʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʡʤʝʥʰʦʾ ʚ 

ʛʨʫʧʽ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʜʣʷ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ RCRCI1min ʪʘ ʥʘʡʙʽʣʴʰʦʾ ï ʜʣʷ ʟʘʜʥʴʦʛʦ 

RCRCI2max, ʘʙʦ, ʥʘʚʧʘʢʠ, ʥʘʡʙʽʣʴʰʦʾ ʚ ʛʨʫʧʽ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʜʣʷ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ RCRCI1max 

ʪʘ ʥʘʡʤʝʥʰʦʾ ï ʜʣʷ ʟʘʜʥʴʦʛʦ RCRCI2min: 
0,41 0,2

1min 0,4

min 2 0,2

2max

494
1,025 1,004

494

RCI
RCI v

Lead v v RCI RCI

RCI

RC u qq
K u u q

RC q q

--
-

+ D

ÖÖ
= Ö = Ö = = Ö =

Ö
 (16) 

0,41 0,2
1max 0,4

max 2 0,2

2min

494
1,025 1,047

494

RCI
RCI v

Lead v v RCI RCI

RCI

RC u qq
K u u q

RC q q

+

- D

ÖÖ
= Ö = Ö = = Ö =

Ö
 (17) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʨʫʧʠ RCI ʪʘ ʾʭ ʜʦʧʫʩʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʙʽʛʘʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ 

KLead =1,004é1,047 ʧʨʠ ʚʠʙʦʨʽ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʯʠʩʝʣ ʚ ʧʨʠʚʦʜʘʭ 

ʚʝʜʫʯʠʭ ʤʦʩʪʽʚ uv, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʙʣ. 1. 

ʆʜʥʘʢ, ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʟ ʥʦʤʝʥʢʣʘʪʫʨʠ ʥʘʷʚʥʠʭ ʰʠʥ ʥʝ ʚʩʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʜʦʧʫʩʢʘʤ 

ʛʨʫʧ °0,2ĿRCI ʥʘ ʜʦʚʞʠʥʫ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ RC (ʪʘʙʣ. 2), ʧʝʨʝʚʽʨʢʘ ʫʤʦʚʠ (1) ʻ 

ʦʙʦʚôʷʟʢʦʚʦʶ, ʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʽ ʟʥʦʩʦʤ ˇʨʫʥʪʦʟʘʯʝʧʽʚ ʰʠʥ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʷʪʠ ʚʽʜʩʦʪʦʢ 

ʟʘʙʽʛʘʥʥʷ ʰʠʥ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ ʟʘ ʩʭʝʤʦʶ, ʥʘʚʝʜʝʥʦʶ ʥʘ ʨʠʩ. 4. 

ʊʘʙʣʠʮʷ 2 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʽ ʜʽʡʩʥʽ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ RC ʜʣʷ ʛʨʫʧ 

ʪʨʘʢʪʦʨʥʠʭ ʰʠʥ, ʚʽʜʧʦʚʽʜʥʦ ʽʥʜʝʢʩʫ RCI 

RCI 

ɿʘ ʛʝʦʤʝʪʨʠʯʥʠʤ ʨʷʜʦʤ ɼʽʡʩʥʽ ʟʥʘʯʝʥʥ ̫

RCRCIʥʦʤ (11) RCRCImin (13) RCRCImax (14) RCRCImin RCRCImax 

ʤʤ ʤʤ ʤʤ ʤʤ ʤʤ 

37 3458 3422 3495 3404 3556 

38 3645 3607 3683 3581 3734 

39 3842 3801 3882 3759 3962 

40 4049 4007 4092 3962 4140 

41 4268 4223 4313 4166 4394 

42 4498 4451 4546 4394 4623 

43 4741 4691 4791 4623 4826 

44 4997 4945 5050 4826 5156 

45 5267 5212 5323 5156 5385 

46 5551 5493 5610 5385 5690 

47 5851 5790 5913 5715 5969 

48 6167 6103 6232 5994 6248 

49 6500 6432 6569 6325 6553 

50 6851 6779 6923 6730 6890 
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ʈʠʩ. 6 ï ɺʝʣʠʯʠʥʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʜʽʡʩʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ RC ʧʦ 

ʛʨʫʧʘʤ ʰʠʥ ʟ ʨʽʟʥʠʤʠ ʽʥʜʝʢʩʘʤʠ ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ RCI 

ɼʦʚʞʠʥʘ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ RC ʚʠʤʽʨʶʻʪʴʩʷ ʚʠʨʦʙʥʠʢʘʤʠ ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ 

(ʤʘʢʩʠʤʘʣʴʥʽʡ) ʨʘʜʽʘʣʴʥʽʡ ʥʘʚʘʥʪʘʟʽ ʪʘ ʥʦʤʽʥʘʣʴʥʦʤʫ (ʤʘʢʩʠʤʘʣʴʥʦʤʫ) ʚʥʫʪʨʽʰʥʴʦʤʫ ʪʠʩʢʫ, 

ʪʦʙʪʦ ʚ ʪʦʯʮʽ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [pmax, Qmax]: 

max max[ , ]p QRC RC=  (18) 

ɼʦʚʞʠʥʘ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ RC ʜʣʷ ʦʜʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʤʦʞʝ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʪʠʩʷ, ʷʢ  ̔ʦʩʥʦʚʥʽ ʨʦʟʤʽʨʠ ʰʠʥʠ. ʆʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʪʠʧʦʨʦʟʤʽʨ ʨʽʟʥʠʭ ʰʠʥ ʦʜʥʦʛʦ 

ʚʠʨʦʙʥʠʢʘ ʪʝʞ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘ ʜʦʚʞʠʥʦʶ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ RC ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʦʛʦ ʪʠʧʫ 

ʧʨʦʪʝʢʪʦʨʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʠʩʦʪʠ ˇʨʫʥʪʦʟʘʯʝʧʽʚ, ʥʘʧʨʠʢʣʘʜ: 

1 1R R WRC RC- -<  (19) 

ɼʘʥʽ ʪʘʙʣ. 1 ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ, ʥʘʚʽʪʴ ʜʣʷ ʧʨʠʚʦʜʫ ʪʨʘʢʪʦʨʘ ʟ ʦʜʥʘʢʦʚʠʤʠ ʚʝʜʫʯʠʤʠ 

ʢʦʣʝʩʘʤʠ (DRCI=0) ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʧʨʠʚʽʜ ʟ uv = 1,025. ʊʘʢʘ ʨʝʢʦʤʝʥʜʘʮʽʷ 

ʟʘʙʝʟʧʝʯʫʻ ʟʘʙʽʛʘʥʥʷ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʛʦ ʚʝʜʫʯʦʛʦ ʤʦʩʪʘ ʚ ʜʽʘʧʘʟʦʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʛ ʥʘ 

ʰʠʥʫ, ʱʦ ʧʦʣʽʧʰʫʻ ʢʝʨʦʚʘʥʽʩʪʴ ʽ ʟʥʠʞʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʮʠʨʢʫʣʷʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʙʣʦʢʦʚʘʥʦʤʫ 

ʧʨʠʚʦʜʽ. ʆʜʥʘʢ, ʜʣʷ ʪʨʘʢʪʦʨʽʚ 4ʂ4ʘ ʜʦʪʨʠʤʘʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʝ ʛʘʨʘʥʪʫʻ ʟʘʙʽʛʘʥʥʷ 

ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʫ, ʦʩʢʽʣʴʢʠ ʟʛʨʫʧʦʚʘʥʽ ʟʘ ʽʥʜʝʢʩʘʤʠ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ RCI ʪʨʘʢʪʦʨʥʽ 

ʰʠʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʜʦʩʠʪʴ ʟʥʘʯʥʫ ʨʽʟʥʠʮʶ ʚ ʜʦʚʞʠʥʽ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʚ ʤʝʞʘʭ ʛʨʫʧʠ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʱʝ ʟʘʟʥʘʯʝʥʝ, ʥʘʤʠ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (16) 

ʪʘ (17), ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ KLead ʧʨʠ ʥʘʡʛʽʨʰʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʝʡ 

ʢʦʯʝʥʥʷ ʧʝʨʝʜʥʽʭ ʪʘ ʟʘʜʥʽʭ ʰʠʥ (ʪʘʙʣ. 3 ʪʘ 4) ʜʣʷ ʜʽʡʩʥʠʭ ʤʽʥʽʤʘʣʴʥʠʭ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʚ ʢʦʞʥʽʡ ʛʨʫʧʽ (ʪʘʙʣ. 2) ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʤʦʞʣʠʚʠʭ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʨʽʟʥʠʮʴ DRCI ʚ ʤʝʞʘʭ 1é9. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʨʠ ʥʘʡʛʽʨʰʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʝʡ ʢʦʯʝʥʥʷ: ʧʨʠ ʥʘʡʤʝʥʰʽʡ ʚ ʛʨʫʧʽ ʫ ʧʝʨʝʜʥʽʭ ʰʠʥ ʪʘ ʥʘʡʙʽʣʴʰʽʡ ï ʫ 

ʟʘʜʥʽʭ, ʥʝ ʪʽʣʴʢʠ ʥʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʙʽʛʘʥʥʷ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ (KLead.min>1,01), ʘ ʚʠʥʠʢʘʻ ʾʭ ʶʟ. 

ʇʨʠ ʮʴʦʤʫ, ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʨʽʟʥʠʮʽ DRCI ʢʦʝʬʽʮʽʻʥʪ KLead.min ʟʘʚʞʜʠ ʤʝʥʰʝ ʦʜʠʥʠʮʽ 

(ʪʘʙʣ. 3). ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ KLead.min ʧʦ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʩʪʘʥʦʚʠʪʴ 0,982. 

ʊʘʙʣʠʮʷ 3 ï ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ KLead.min ʧʨʠ ʥʘʡʛʽʨʰʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʦʚʞʠʥʠ 

ʦʢʨʫʞʥʦʩʪʝʡ ʢʦʯʝʥʥʷ ʧʝʨʝʜʥʽʭ ʪʘ ʟʘʜʥʽʭ ʰʠʥ (RC, ʤʤ), ʷʢʝ ʩʧʨʠʷʻ ʶʟʫ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ 
 RCI2 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

RCI1 RC 3556 3734 3962 4140 4394 4623 4826 5156 5385 5690 5969 6248 6553 6890 

37 3404  0,985 0,979 0,986 0,979 0,981 0,990 0,978 0,987 0,984     

38 3581   0,976 0,985 0,977 0,979 0,988 0,974 0,985 0,982 0,987    

39 3759    0,981 0,974 0,975 0,985 0,971 0,979 0,978 0,983 0,990   

40 3962     0,974 0,976 0,984 0,971 0,980 0,977 0,983 0,990 0,995  

41 4166      0,973 0,983 0,969 0,978 0,975 0,979 0,987 0,992 0,995 

42 4394       0,983 0,971 0,978 0,976 0,981 0,987 0,993 0,996 

3000

3500

4000

4500

5000

5500

6000

6500

37 38 39 40 41 42 43 44 45 46 47 48 49 50

RCI

RC, ʤʤ ʊʝʦʨʝʪʠʯʥ̔  ʽʥʪʝʨʚʘʣʠ ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪ̔

ɼ̔ʡʩʥ̔  ʽʥʪʝʨʚʘʣʠ ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪ̔  ʢʦʯʝʥʥ̫  RC

ʢʦʯʝʥʥ̫  , ʚʠʟʥʘʯʝʥ̔  ʟʘ ʛʝʦʤʝʪʨʠʯʥʠʤ ʨ̫ʜʦʤRC
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ʟʘʢʥ̔ʯʝʥʥʷ ʪʘʙʣʠʮʽ 3 
43 4623        0,968 0,978 0,974 0,979 0,986 0,990 0,994 

44 4826         0,968 0,966 0,969 0,976 0,981 0,983 

45 5156          0,979 0,984 0,989 0,995 0,997 

46 5385           0,974 0,982 0,985 0,988 

47 5715            0,988 0,993 0,995 

48 5994   - ʤʽʥʽʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʚ ʛʨʫʧʽ   0,988 0,991 

49 6325   - ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʚ ʛʨʫʧʽ    0,991 

50 6730               

ʊʘʙʣʠʮʷ 4 ï ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ KLead.max ʧʨʠ ʥʘʡʛʽʨʰʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʦʚʞʠʥʠ 

ʦʢʨʫʞʥʦʩʪʝʡ ʢʦʯʝʥʥʷ ʧʝʨʝʜʥʽʭ ʪʘ ʟʘʜʥʽʭ ʰʠʥ (RC, ʤʤ), ʷʢʝ ʩʧʨʠʷʻ ʶʟʫ ʟʘʜʥʽʭ ʢʦʣʽʩ 
 RCI2 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

RCI1 RC 3404 3581 3759 3962 4166 4394 4623 4826 5156 5385 5715 5994 6325 6730 

37 3556  1,072 1,077 1,076 1,079 1,078 1,079 1,091 1,077 1,086     
38 3734  

 1,073 1,018 1,075 1,019 1,076 1,031 1,073 1,027 1,075    
39 3962  

  1,080 1,083 1,081 1,083 1,094 1,078 1,090 1,082 1,087   
40 4140  

   1,073 1,073 1,074 1,084 1,070 1,079 1,073 1,078 1,077  
41 4394  

    1,080 1,083 1,092 1,077 1,087 1,079 1,086 1,084 1,074 

42 4623  
     1,080 1,091 1,075 1,085 1,077 1,082 1,082 1,072 

43 4826  
      1,080 1,066 1,075 1,067 1,072 1,070 1,062 

44 5156  
       1,080 1,091 1,082 1,087 1,086 1,075 

45 5385  
        1,080 1,018 1,077 1,021 1,066 

46 5690  
         1,075 1,081 1,079 1,069 

47 5969  
          1,075 1,075 1,063 

48 6248  
 - ʤʽʥʽʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʚ ʛʨʫʧʽ   1,067 1,057 

49 6553  
 - ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ ʚ ʛʨʫʧʽ    1,052 
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ʇʨʠ ʨʦʟʛʣʷʜʽ ʽʥʰʦʛʦ ʚʠʧʘʜʢʫ ʧʨʠ ʥʘʡʛʽʨʰʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʝʡ 

ʢʦʯʝʥʥʷ: ʧʨʠ ʥʘʡʤʝʥʰʽʡ ʚ ʛʨʫʧʽ ʫ ʟʘʜʥʽʭ ʰʠʥ ʪʘ ʥʘʡʙʽʣʴʰʽʡ ï ʫ ʧʝʨʝʜʥʽʭ (ʪʘʙʣ. 4) ʚʠʥʠʢʘʻ 

ʥʘʜʤʽʨʥʝ ʟʘʙʽʛʘʥʥʷ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʫ (KLead.max>1,05). ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ KLead.max ʧʦ ʚʩʽʭ 

ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʩʪʘʥʦʚʠʪʴ 1,074. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʦʤʝʥʢʣʘʪʫʨʘ ʪʠʧʦʨʦʟʤʽʨʽʚ ʪʨʘʢʪʦʨʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʰʠʥ, ʾʭ 

ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʦʚôʷʟʢʦʚʦ ʾʧʝʨʝʚʽʨʢʠ ʢʽʥʝʤʘʪʠʯʥʦ ʾ

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪ̔ ʧʨʠʚʦʜʫ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʤʦʩʪʽʚ. 

ɺʠʩʥʦʚʢʠ. ʂʽʥʝʤʘʪʠʯʥʘ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚ ʧʨʠʚʦʜʘʭ ʚʝʜʫʯʠʭ ʤʦʩʪʽʚ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ 

ʨʝʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʦʢʨʫʞʥʠʭ (ʪʝʦʨʝʪʠʯʥʠʭ) ʰʚʠʜʢʦʩʪʝʡ ʚ ʧʣʷʤʘʭ ʢʦʥʪʘʢʪʫ ʧʝʨʝʜʥʽʭ ʪʘ ʟʘʜʥʽʭ 

ʰʠʥ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ. ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʦʚʥʦʧʨʠʚʽʜʥʦʛʦ ʪʨʘʢʪʦʨʘ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʟʘʙʽʛʘʥʥʷ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ 1-5% (KLead=1,01é1,05). ʇʨʠ 

ʢʦʤʧʣʝʢʪʫʚʘʥʥʽ ʪʨʘʢʪʦʨʘ ʰʠʥʘʤʠ ʥʝʦʙʭʽʜʥʦ ʦʙʦʚôʷʟʢʦʚʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʚʽʨʢʫ ʚʝʣʠʯʠʥʠ 

ʟʘʙʽʛʘʥʥʷ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ, ʦʩʢʽʣʴʢʠ ʚʠʙʽʨ ʰʠʥ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʫʧ ʟʘ ʽʥʜʝʢʩʦʤ 

ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ RCI ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʥʝʦʙʭʽʜʥʦʾ ʨʽʟʥʠʮʽ DRCI ʥʝ ʛʘʨʘʥʪʫʻ ʾʾ ʚʠʢʦʥʘʥʥʷ, ʱʦ 

ʩʧʨʠʯʠʥʝʥʝ ʜʦʩʠʪʴ ʚʝʣʠʢʠʤ ʨʦʟʤʘʭʦʤ ʚʝʣʠʯʠʥʠ ʜʦʚʞʠʥʠ ʦʢʨʫʞʥʦʩʪʽ ʢʦʯʝʥʥʷ RC ʚ ʤʝʞʘʭ 

ʛʨʫʧʠ RCI. 
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ʆ.ʆ. ʆʉʊʈʆɺɽʈʍ 

 

ʈʆɿʈʆɹʂɸ ɯ ɺʇʈʆɺɸɼɾɽʅʅʗ ʂʆʄɹɯʅʆɺɸʅʆɰ ʂʆʈʆɹʂʀ ʇɽʈɽɼɸʏ ʊɸ ɰɰ 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʅɸ ʃɽɻʂʆɺʀʍ ɸɺʊʆʄʆɹɯʃʗʍ  

 
ɺ ʨʦʙʦʪʽ ʩʧʨʦʝʢʪʦʚʘʥʦ ʢʦʤʙʽʥʦʚʘʥʫ ʢʦʨʦʙʢʫ ʧʝʨʝʜʘʯ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʭʘʥʽʯʥʦʾ 

ʯʘʩʪʠʥʠ ʪʘ ʚʘʨʽʘʪʦʨʥʦʾ (ʙʝʟʩʪʫʧʽʥʯʘʩʪʦʾ). ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ ʫ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʟʘʪʦʨʘʭ. ʆʧʠʩʘʥʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʛʨʽʚ ʬʨʠʢʮʽʡʥʦʛʦ ʜʠʩʢʫ ʛʦʣʦʚʥʦʾ ʤʫʬʪʠ ʚʘʨʽʘʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ SolidWorks ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʤʦʜʫʣʽ COSMOSWorks Designer. 
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ɸ.ʆ. ʆʉʊʈʆɺɽʈʍ 

 

ʈɸɿʈɸɹʆʊʂɸ ʀ ɺʅɽɼʈɽʅʀɽ ʂʆʄɹʀʅʀʈʆɺɸʅʅʆʁ ʂʆʈʆɹʂʀ ʇɽʈɽɼɸʏ ʀ ɽɽ 

ʇʈʀʄɽʅɽʅʀɽ ʅɸ ʃɽɻʂʆɺʓʍ ɸɺʊʆʄʆɹʀʃʗʍ  

 
ɺ ʨʘʙʦʪʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʚʘʨʠʘʪʦʨʥʦʡ (ʙʝʩʩʪʫʧʝʥʯʘʪʦʡ). ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʨʦʙʦʢ 

ʧʝʨʝʜʘʯ ʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʨʦʙʢʘʭ. ʆʧʠʩʘʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ. ʇʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʛʨʝʚ ʬʨʠʢʮʠʦʥʥʦʛʦ ʜʠʩʢʘ ʛʣʘʚʥʦʡ ʤʫʬʪʳ ʚʘʨʠʘʪʦʨʥʦʡ ʯʘʩʪʠ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʢʦʨʦʙʢʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SolidWorks ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʤʦʜʫʣʝ 

COSMOSWorks Designer. 
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O. OSTROVERKH 

 

DEVELOPMENT AND IMPLEMENTATION OF THE COMBINED GEARBOX AND 

ITS APPLICATION ON CARS  
 

A combined transmission of a car is designed, consisting of a mechanical part that will be used in all modes of 

movement of the car, and a variator (stepless), which is planned to be used only in traffic jams or at low speeds. A study 

of the use of mechanical gearboxes in traffic jams was also conducted. The input of the study determined: the total time 

spent in traffic, the distance traveled, the average speed of the car and how many times the driver switched the gear lever. 

The principle of operation of the designed transmission is described. 

A study on the temperature heating of the friction disk of the main clutch of the variator part of the designed gearbox. 

The study was conducted using SolidWorks in the software module COSMOSWorks Designer. As a result of the study, it 

follows that the thermal performance of the friction disc of the main clutch when applied to a third of the higher power 

compared to the nominal value allows without the risk of overheating and damage to use the designed transmission. 

Key words: gearbox, mechanical, CVT, research, traffic jam 

 

ɺʩʪʫʧ. ʂʦʞʝʥ ʘʚʪʦʚʣʘʩʥʠʢ ʩʪʘʚʠʚ ʧʝʨʝʜ ʩʦʙʦʶ ʪʘʢʝ ʟʘʧʠʪʘʥʥʷ, ʷʢʘ ʪʨʘʥʩʤʽʩʽʷ ʢʨʘʱʘ, 

ʤʝʭʘʥʽʯʥʘ ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʘ. ʗʢ ʧʨʘʚʠʣʦ, ʤʝʭʘʥʽʯʥʘ ʢʦʨʦʙʢʘ ʜʦʩʪʫʧʥʘ ʜʣʷ ʚʩʽʭ ʙʘʟʦʚʠʭ 

ʢʦʤʧʣʝʢʪʘʮʽʡ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʘ ʘʚʪʦʤʘʪʠʯʥʽ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʢʦʰʪʫʶʪʴ ʷʢ ʚʽʜʦʤʦ 

ʟʥʘʯʥʦ ʜʦʨʦʞʯʝ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʭʘʥʽʯʥʠʤʠ ʢʦʨʦʙʢʘʤʠ. ɸʣʝ, ʥʝ ʢʦʞʝʥ ʚʦʜʽʡ ʩʴʦʛʦʜʥʽ ʭʦʯʝ 

ʢʫʧʫʚʘʪʠ ʩʦʙʽ ʘʚʪʦʤʦʙʽʣʴ ʟ ʤʝʭʘʥʽʯʥʦʶ ʢʦʨʦʙʢʦʶ. ʅʘʩʘʤʧʝʨʝʜ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠʩʷ, ʜʣʷ 

ʯʦʛʦ ʧʦʪʨʽʙʝʥ ʘʚʪʦʤʦʙʽʣʴ, ʜʝ ʥʘʡʯʘʩʪʽʰʝ ʚʽʥ ʙʫʜʝ ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʷ. ʅʘʧʨʠʢʣʘʜ, ʧʦ ʜʦʨʦʟʽ ʥʘ 

ʨʦʙʦʪʫ ʱʦʜʥʷ ʩʪʦʷʯʠ ʫ ʟʘʪʦʨʘʭ, ʘʙʦ ʚʦʜʽʡ ʭʦʯʝ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʘʚʪʦʤʦʙʽʣʴ ʟʘ 

ʙʫʜʴ-ʷʢʦʛʦ ʨʝʞʠʤʫ ʧʦʾʟʜʦʢ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɸʥʘʣʽʟʫʶʯʠ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʨʠʥʦʢ ʧʨʦʜʘʞʫ 

ʥʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʋʢʨʘʾʥʠ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʤʦʞʣʠʚʦ ʟʫʧʠʥʠʪʠʩʷ ʥʘ ʪʨʴʦʭ ʙʨʝʥʜʘʭ ʣʽʜʝʨʘʭ, ʘ 

ʩʘʤʝ Renault, Toyota, Kia [1]. ʉʧʽʣʢʫʶʯʠʩʴ ʟ ʦʬʽʮʽʡʥʠʤʠ ʜʠʣʝʨʘʤʠ ʟ ʧʨʦʜʘʞʫ ʜʘʥʠʭ 
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ɺ̔ ʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ ɸʚʪʦʤʦʙʽʣʝ- ʪʘ ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷ ˉ1, 2021             23 

ʘʚʪʦʤʦʙʽʣʽʚ, ʚʠʟʥʘʯʝʥʦ, ʱʦ ʣʽʜʝʨʘʤʠ ʟ ʧʨʦʜʘʞʫ ʩʪʘʣʠ ʥʘʩʪʫʧʥʽ ʤʘʨʢʠ ʘʚʪʦʤʦʙʽʣʽʚ: Renault 

Duster, Toyota RAV-4, Kia Sportage. ɼʘʣʽ ʟôʷʩʦʚʘʥʦ ʚʽʜʩʦʪʦʢ ʧʨʦʜʘʞʫ ʘʚʪʦʤʦʙʽʣʽʚ ʣʽʜʝʨʽʚ ʟ 

ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʪʨʘʥʩʤʽʩʽʷʤʠ. ʇʦ ʜʘʥʠʤ ʢʦʤʧʘʥʽʾ Renault, ʤʠ ʤʘʻʤʦ 94% 

ʧʨʦʜʘʞʫ ʘʚʪʦʤʦʙʽʣʽʚ Renault Duster ʟ ʤʝʭʘʥʽʯʥʦʶ ʢʦʨʦʙʢʦʶ ʧʝʨʝʜʘʯ, ʪʘ ʣʠʰʝ 6% ʟ 

ʘʚʪʦʤʘʪʠʯʥʦʶ, ʮʝ ʧʦʚôʷʟʘʥʝ ʟ ʪʠʤ, ʱʦ ʫ ʤʦʜʝʣʴʥʦʤʫ ʨʷʜʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʣʠʰʝ ʦʜʥʘ 

ʢʦʤʧʣʝʢʪʘʮʽʷ ʘʚʪʦʤʦʙʽʣʷ ʟ ʘʚʪʦʤʘʪʦʤ ʩʝʨʝʜ ʧôʷʪʠ, ʱʦ ʧʨʦʜʘʶʪʴʩʷ. ʇʦ ʜʘʥʠʤ ʦʬʽʮʽʡʥʠʭ ʜʠʣʝʨʽʚ 

Toyota ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʜʘʞ ʘʚʪʦʤʦʙʽʣʽʚ Toyota RAV-4 ʟ ʤʝʭʘʥʽʯʥʦʾ ʪʨʘʥʩʤʽʩʽʻʶ ʩʢʣʘʜʘʻ 

7%, ʘ ʟ ʘʚʪʦʤʘʪʠʯʥʦʶ 93%, ʮʝ ʧʦʚôʷʟʘʥʝ ʟ ʪʠʤ, ʱʦ ʫ ʤʦʜʝʣʴʥʦʤʫ ʨʷʜʽ ʟ ʧôʷʪʠ ʤʘʰʠʥ ʣʠʰʝ ʥʘ 

ʦʜʥʽʡ ʚʩʪʘʥʦʚʣʝʥʦ ʤʝʭʘʥʽʯʥʫ ʢʦʨʦʙʢʫ ʧʝʨʝʜʘʯ. ɯ ʧʦ ʜʘʥʠʤ ʦʬʽʮʽʡʥʦʛʦ ʜʠʣʝʨʘ Kia, ʚʠʟʥʘʯʝʥʦ, 

ʱʦ ʜʘʥʠʡ ʚʽʜʩʦʪʦʢ ʫ ʧʨʦʜʘʞʽ Kia Sportage ʩʢʣʘʜʘʻ, ʤʝʭʘʥʽʯʥʘ 30%, ʘʚʪʦʤʘʪʠʯʥʘ 70%, ʮʝ 

ʧʦʚôʷʟʘʥʝ ʟ ʪʠʤ, ʱʦ ʫ ʤʦʜʝʣʴʥʦʤʫ ʨʷʜʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʰʽʩʪʴ ʢʦʤʧʣʝʢʪʘʮʽʡ, ʟ ʷʢʠʭ ʯʦʪʠʨʠ ʮʝ 

ʘʚʪʦʤʘʪʠʯʥʽ ʪʘ ʜʚʽ ʤʝʭʘʥʽʯʥʽ. 

ʇʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʧʨʦʜʘʞʫ ʘʚʪʦʤʦʙʽʣʽʚ, ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʘʚʪʦʚʣʘʩʥʠʢʠ ʚ 

ʋʢʨʘʾʥʽ ʱʝ ʥʝ ʛʦʪʦʚʽ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʪʨʘʥʩʤʽʩʽʾ ʪʘ ʧʦʚʥʽʩʪʶ ʧʝʨʝʩʽʩʪʠ ʥʘ 

ʘʚʪʦʤʘʪʠʯʥʽ.  

ʄʝʪʘ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʦʾ ʧʝʨʩʧʝʢʪʠʚʥʦʾ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, ʷʢ 

ʚ ʤʝʭʘʥʽʯʥʦʤʫ ʪʘʢ ʽ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ.  

ʈʫʭ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʤʦʞʣʠʚʦ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ ʝʪʘʧʠ: ʟʚʠʯʘʡʥʠʡ ï ʧʦ ʫʩʽʭ ʚʠʜʘʭ 

ʜʦʨʽʛ, ʪʘ ʨʫʭ ʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʟʘʪʦʨʘʭ. ʇʨʠ ʧʝʨʝʩʫʚʘʥʥʽ ʧʦ ʫʩʽʤ ʚʠʜʘʭ ʜʦʨʽʛ ʚʦʜʽʡ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ, ʷʢ ʤʝʭʘʥʽʯʥʫ ʪʘ ʘʚʪʦʤʘʪʠʯʥʫ ʪʨʘʥʩʤʽʩʽʾ, ʚʩʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʙʘʞʘʥʴ ʩʘʤʦʛʦ ʚʦʜʽʷ 

ʷʢʦʶ ʪʨʘʥʩʤʽʩʽʻʶ ʢʝʨʫʚʘʪʠ. ʈʦʟʛʣʷʥʝʤʦ, ʷʢʫ ʪʨʘʥʩʤʽʩʽʶ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʟʘʪʦʨʘʭ. ʗʢ 

ʚʽʜʦʤʦ ʟʘʪʦʨ ï ʮʝ ʩʢʫʧʯʝʥʥʷ ʥʘ ʜʦʨʦʟʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʽʟ ʩʝʨʝʜʥʴʦʶ 

ʰʚʠʜʢʽʩʪʶ, ʟʥʘʯʥʦ ʤʝʥʰʦʶ, ʥʽʞ ʥʦʨʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʜʣʷ ʜʘʥʦʾ ʜʽʣʷʥʢʠ ʜʦʨʦʛʠ [2]. ɿʨʦʟʫʤʽʣʦ, 

ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʢʦʨʦʙʦʢ ʫ ʟʘʪʦʨʘʭ ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʝ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ ʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʟʘʪʦʨʘʭ. 

ɺʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʘʣʦʩʴ: ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʧʨʦʚʝʜʝʥʠʡ ʫ ʟʘʪʦʨʽ, ʰʣʷʭ ʱʦ ʧʦʜʦʣʘʣʠ,  

ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʪʘ ʥʘʡʛʦʣʦʚʥʽʰʝ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʚʦʜʽʡ ʟʜʽʡʩʥʠʚ ʧʝʨʝʤʠʢʘʥʥʷ ʚʘʞʝʣʷ ʢʦʨʦʙʢʠ 

ʧʝʨʝʜʘʯ. ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʘʚʪʦʤʦʙʽʣʴ ʤʘʨʢʠ ʐʝʚʨʦʣʝ ɸʚʝʦ ʟ 

ʤʝʭʘʥʽʯʥʦʶ ʢʦʨʦʙʢʦʶ ʧʝʨʝʜʘʯ. ʇʨʠʣʘʜʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ï ʩʤʘʨʪʬʦʥ ʟ ʟʘʧʠʩʦʤ ʥʘ 

ʜʠʢʪʦʬʦʥ. ʄʘʨʰʨʫʪ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Google ʢʘʨʪ, ʘ ʩʘʤʝ ʚʽʜʩʪʘʥʴ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ ʥʘ ʜʽʣʷʥʮʽ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʜʦʨʦʛʠ ʧʦ 

ʚʫʣʠʮʽ ɼʝʨʝʚôʷʥʢʘ ʤ. ʍʘʨʢʽʚ ʨʠʩ. 1 ʫ ʯʘʩ ʧʽʢ, ʟ ʨʘʥʢʫ 8 ʛʦʜʠʥʘ 30 ʭʚʠʣʠʥ, ʚʩʴʦʛʦ ʧʨʦʚʝʜʝʥʦ ʪʨʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘ.   

ʇʨʠ ʦʙʨʦʙʮʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ ʧʝʨʝʤʠʢʘʥʥʷ ʧʝʨʝʜʘʯ ʪʘ ʧʨʦʩʪʽʡ ʫ 

ʧʨʦʙʮʽ ʨʠʩ. 2. ʇʽʩʣʷ ʚʠʟʥʘʯʘʚʩʷ ʯʘʩ ʨʦʙʦʪʠ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʢʦʞʥʽʡ ʧʝʨʝʜʘʯʽ ʪʘ ʧʨʦʩʪʦʶ, 

ʟʥʘʭʦʜʠʚʩʷ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʫ ʧʨʦʙʮʽ, ʚʠʟʥʘʯʘʣʘʩʴ ʟʘʛʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʫ ʧʨʦʙʮʽ ʪʘ ʟʘʛʘʣʴʥʘ 

ʢʣ̔ʴʢʽʩʪʴ ʧʝʨʝʤʠʢʘʥʴ ʥʘ ʢʦʞʥʽʡ ʟ ʧʝʨʝʜʘʯ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ Google ʢʘʨʪʠ ʚʠʟʥʘʯʘʣʘʩʴ ʚʽʜʩʪʘʥʴ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʧʝʨʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʰʣʷʭ ʧʨʦʾʟʜʫ ʩʢʣʘʚ 1 ʢʤ, ʟʘʛʘʣʴʥʠʡ ʯʘʩ 

0,141 ʛʦʜʠʥʫ (8 ʭʚ. 46 ʩ.) ʪʘ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ 7,09 ʢʤ/ʛʦʜ. ɺʦʜʽʡ 47 ʨʘʟ ʚʠʢʦʥʘʚ 

ʧʝʨʝʤʠʢʘʥʥʷ ʚʘʞʝʣʷ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ.  

ʇʨʠ ʘʥʘʣʽʟʽ ʜʨʫʛʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʱʦ ʧʨʦʾʟʜ ʩʢʣʘʚ 0,8 ʢʤ, ʟʘʛʘʣʴʥʠʡ ʯʘʩ 0,093 

ʛʦʜʠʥʠ (5 ʭʚ. 58 ʩ.) ʪʘ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ 8,6 ʢʤ/ʛʦʜ. ɺʦʜʽʡ 40 ʨʘʟ ʚʠʢʦʥʘʚ 

ʧʝʨʝʤʠʢʘʥʥʷ ʚʘʞʝʣʷ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ.  
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ʈʠʩ. 1 ï ʄʽʩʮʝ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

 

 

ʈʠʩ. 2 ï ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʇʨʠ ʘʥʘʣʽʟʽ ʪʨʝʪʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʱʦ ʧʨʦʾʟʜ ʩʢʣʘʚ 0,6 ʢʤ, ʟʘʛʘʣʴʥʠʡ ʯʘʩ 0,0625 

ʛʦʜʠʥʠ (3 ʭʚ. 75 ʩ.) ʪʘ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ 9,6 ʢʤ/ʛʦʜ. ɺʦʜʽʡ 24 ʨʘʟ ʚʠʢʦʥʘʚ 

ʧʝʨʝʤʠʢʘʥʥʷ ʚʘʞʝʣʷ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ. 

ɸʥʘʣʽʟʫʶʯʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʦʜʽʡ ʟ ʤʝʭʘʥʽʯʥʦʶ 

ʪʨʘʥʩʤʽʩʽʻʶ ʫ ʟʘʪʦʨʘʭ ʧʨʠʡʤʘʻ ʥʘ ʩʝʙʝ ʚʝʣʠʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʧʦʣʷʛʘʻ ʚ ʧʦʩʪʽʡʥʽʡ ʨʦʙʦʪʽ ʟ 

ʢʦʨʦʙʢʦʶ ʧʝʨʝʜʘʯ ï ʧʝʨʝʤʠʢʘʥʥʷ ʢʫʣʽʩʠ ʪʘ ʨʦʙʦʪʘ ʟ ʤʫʬʪʦʶ ʟʯʝʧʣʝʥʥʷ, ʮʝ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ 

ʚʝʣʠʢʫ ʩʪʦʤʣʶʚʘʥʽʩʪʴ ʚʦʜʽʷ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʡʦʛʦ ʩʘʤʦʧʦʯʫʪʪʷ. ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʜʣʷ ʚʦʜʽʷ ʟʚʽʩʥʦ 
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ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʪʨʘʥʩʤʽʩʽʡ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʾ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʪʨʘʥʩʤʽʩʽʾ, ʷʢʘ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʤʝʭʘʥʽʯʥʫ ʪʘ ʘʚʪʦʤʘʪʠʯʥʫ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ. 

ɼʝʪʘʣʴʥʠʡ ʦʛʣʷʜ  ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʦʙʦʪʠ ʥʦʚʦʾ ʢʦʨʦʙʢʠ ʦʧʠʩʘʥʦ ʜʘʣʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʨʘʥʩʤʽʩʽʷ ʟʘʙʝʟʧʝʯʠʪʴ ʚʦʜʽʶ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʝʤ ʚ ʟʚʠʯʘʡʥʦʤʫ ʨʝʞʠʤʽ 

ʨʫʭʫ ʤʝʭʘʥʽʯʥʠʤ ʰʣʷʭʦʤ, ʘ ʫ ʟʘʪʦʨʘʭ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ, ʮʝ ʜʦʟʚʦʣʠʪʴ ʚʦʜʽʻʚʽ ʤʝʥʰʝ 

ʚʪʦʤʣʶʚʘʪʠʩʷ ʚ ʟʘʪʦʨʘʭ ʽ ʧʽʜʚʠʱʠʪʴ ʡʦʛʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ.   

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʜʚʽ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʤʝʭʘʥʽʯʥʫ ʪʘ 

ʚʘʨʽʘʪʦʨʥʫ (ʙʝʟʩʪʫʧʽʥʯʘʩʪʫ) ʨʠʩ. 3 [4-5].  

 

ʈʠʩ. 3 ï ʂʦʤʙʽʥʦʚʘʥʘ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ 

 

ʈʠʩ. 4 ï ɺʘʨʽʘʪʦʨʥʘ (ʙʝʟʩʪʫʧʽʥʯʘʩʪʘ) ʯʘʩʪʠʥʘ  
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ʈʦʙʦʪʘ ʤʝʭʘʥʽʯʥʦʾ ʢʦʨʦʙʢʠ ʟʚʠʯʘʡʥʘ ʪʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʦʩʪʽʡʥʦ ʚ ʙʫʜʴ ʷʢʠʭ 

ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʘʚʪʦʤʦʙʽʣʷ. ʉʪʦʩʦʚʥʦ ʚʘʨʽʘʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʨʠʩ. 4, ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʣʘʥʫʻʪʴʩʷ 

ʪʽʣʴʢʠ ʫ ʟʘʪʦʨʘʭ ʟ ʦʙʤʝʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʨʠ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʽ. ɺʘʨʽʘʪʦʨʥʘ ʯʘʩʪʠʥʠ 

ʧʨʘʮʶʚʘʪʠʤʝ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʛʦʣʦʚʥʠʤ ʬʨʠʢʮʽʡʥʠʤ ʝʣʝʤʝʥʪʦʤ ʢʦʨʦʙʢʠ ʻ ʤʫʬʪʘ 27, ʷʢʘ 

ʟôʻʜʥʘʥʘ ʟ ʧʝʨʚʠʥʥʠʤ ʚʘʣʦʤ 3. ʂʦʣʠ ʘʚʪʦʤʦʙʽʣʴ ʟʫʧʠʥʠʪʴʩʷ ʫ ʟʘʪʦʨʽ ʚ ʤʝʭʘʥʽʯʥʽʡ ʢʦʨʦʙʮʽ 

ʚʠʤʠʢʘʶʪʴʩʷ ʫʩʽ ʧʝʨʝʜʘʯʽ, ʤʫʬʪʘ ʟʯʝʧʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʟʘʤʢʥʫʪʘ ʪʦʙʪʦ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʚʽʜ 

ʜʚʠʛʫʥʘ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʧʝʨʚʠʥʥʠʡ ʚʘʣ 3, ʜʘʣʽ ʧʨʠʤʫʩʦʚʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʛʽʜʨʘʚʣʽʯʥʘ ʯʘʩʪʠʥʘ 

ʢʝʨʫʚʘʥʥʷ ʚʘʨʽʘʪʦʨʥʦʾ ʢʦʨʦʙʢʠ, ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʧʝʜʘʣʴ ʘʢʩʝʣʝʨʘʪʦʨʫ ʘʚʪʦʤʦʙʽʣʷ, ʧʘʢʝʪ 

ʬʨʠʢʮʽʦʥʽʚ ʤʫʬʪʠ 27 ʟʘʤʠʢʘʻʪʴʩʷ ʪʘ ʤʦʤʝʥʪ ʚʽʜ ʚʠʭʽʜʥʦʛʦ ʚʘʣʫ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʘʣ 28 

ʪʘ ʛʥʫʯʢʫ ʩʪʨʽʯʢʫ 31 ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʤʽʱʝʥʥʷ ʨʫʭʦʤʠʭ ʰʢʽʚʽʚ 32 ʽ 38 ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ 

ʚʠʭʽʜʥʠʡ ʚʘʣ 37 ʽ ʤʫʬʪʫ ʟôʻʜʥʘʥʥʷ 40 ʥʘ ʚʪʦʨʠʥʥʠʡ ʚʘʣ 6. ʆʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʫʭʫ ʚ 

ʙʝʟʩʪʫʧʽʥʯʘʩʪʦʤʫ ʨʝʞʠʤʽ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʠ ʟʫʧʠʥʮʽ ʫʪʨʠʤʫʚʘʪʠ ʧʝʜʘʣʴ ʛʘʣʴʤʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʢʦʨʦʙʦʢ, ʪʘʢ ʷʢ ʛʦʣʦʚʥʘ ʤʫʬʪʘ 27 ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʟʽʤʢʥʫʪʦʤʫ ʩʪʘʥʽ ʽ ʘʚʪʦʤʦʙʽʣʴ 

ʤʦʞʝ ʧʦʢʦʪʠʪʠʩʷ.  

ʗʢ ʚʽʜʦʤʦ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʟ ʚʘʨʽʘʪʦʨʦʤ ʤʘʶʪʴ ʪʨʠ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʪʠ: ʧʝʨʰʠʡ ʮʝ 

ʧʽʜʚʠʱʝʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʯʠʩʣʘ; ʜʨʫʛʠʡ ʥʫʣʴʦʚʝ ʧʦʣʦʞʝʥʥʷ (ʧʝʨʝʜʘʚʘʣʴʥʝ ʯʠʩʣʦ ʜʦʨʽʚʥʶʻ 

ʦʜʠʥʠʮʽ); ʽ ʪʨʝʪʽʡ ʧʨʠʩʢʦʨʶʚʘʣʴʥʠʡ. 

ɺ ʧʨʦʝʢʪʦʚʘʥʽʡ ʢʦʨʦʙʮʽ ʧʝʨʝʜʘʯ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʧʝʨʰʠʡ ʜʽʘʧʘʟʦʥ ʨʦʙʦʪʠ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʙʝʟʩʪʫʧʽʥʯʘʩʪʦʾ ʽ ʤʝʭʘʥʽʯʥʦʾ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ. 

ɹʝʟʩʪʫʧʽʥʯʘʩʪʘ ʯʘʩʪʠʥʘ ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʚʥʠʡ ʨʫʭ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʤʠʢʘʥʥʷ ʥʘ ʤʘʣʠʭ 

ʰʚʠʜʢʦʩʪʷʭ, ʪʠʤ ʩʘʤʠʤ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʶʯʠ ʫʤʦʚʠ ʜʣʷ ʚʦʜʽʾʚ. ɸ ʤʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʘ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʤʘʣʫ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʠʩʦʢʠʡ ʂʂɼ. 

ʉʧʨʦʝʢʪʦʚʘʥʘ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʤʘʻ ʟʥʘʯʥʫ ʧʝʨʝʚʘʛʫ ʧʝʨʝʜ ʢʣʘʩʠʯʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʽ 

ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʢʦʨʦʙʢʘʤʠ ʧʝʨʝʜʘʯ ʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʨʦʟʨʦʙʢʦʶ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʣʝʛʢʦʚʠʭ 

ʘʚʪʦʤʦʙʽʣʷʭ [6-9]. 

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʧʝʨʝʚʘʛʠ ʥʦʚʦʾ ʨʦʟʨʦʙʢʠ, ʚ ʾʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʧʦʛʣʷʜ ʘʚʪʦʨʘ ʻ ʝʣʝʤʝʥʪʠ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʩʘʤʝ ʧʘʢʝʪ ʬʨʠʢʮʽʦʥʽʚ ʤʫʬʪʠ 27. 

ɽʣʝʤʝʥʪʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʬʨʠʢʮʽʡʥʽ ʜʠʩʢʠ ʛʦʣʦʚʥʦʾ ʤʫʬʪʠ 27. ʊʘʢ ʷʢ 

ʦʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʾ ʢʦʨʦʙʢʠ, ʻ ʧʦʻʜʥʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʚʘʨʽʘʪʦʨʥʦʾ ʯʘʩʪʠʥʠ. ʊʦʤʫ 

ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʚʘʨʽʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʧʦʪʨʽʙʥʦ ʧʣʘʚʥʝ ʙʝʟʩʪʫʧʝʥʝʚʝ ʚʤʠʢʘʥʥʷ, ʷʢʝ ʨʝʘʣʽʟʦʚʘʥʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʫʬʪʠ 27. ʗʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʤʧʣʝʢʪʫ ʽʟ ʧôʷʪʠ ʬʨʠʢʮʽʡʥʠʭ ʜʠʩʢʽʚ, ʾʾ ʚʤʠʢʘʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ ʨʫʩʽ ʟ ʤʽʩʮʷ (ʝʢʚʽʚʘʣʝʥʪ ʚʤʠʢʘʥʥʶ ʥʘ ʧʝʨʰʽʡ ʧʝʨʝʜʘʯʽ ʫ ʤʝʭʘʥʽʯʥʽʡ ʢʦʨʦʙʮʽ). 

ɸ ʩʘʤʝ ʤʘʢʩʠʤʘʣʴʥʦ ʨʦʟʚʠʥʫʪʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʧʝʨʰʽʡ ʧʝʨʝʜʘʯʽ ʩʪʘʥʦʚʠʪʴ 45 ʢɺʪ. ɺʩʷ ʮʷ 

ʧʦʪʫʞʥʽʩʪʴ ʛʘʩʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧôʷʪʠ ʬʨʠʢʮʽʡʥʠʭ ʜʠʩʢʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʩʪʫʧʝʥʝʚʝ 

ʚʤʠʢʘʥʥʷ ʚʘʨʽʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ. ʊʘʢ ʷʢ ʮʝʡ ʝʣʝʤʝʥʪ ʻ ʜʦʩʪʘʪʥʴʦ 

ʝʥʝʨʛʦʥʘʚʘʥʪʘʞʝʥʠʤ ʡʦʛʦ ʦʙʨʘʥʦ ʜʣʷ  ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʘʣʽ ʧʨʦʚʝʜʝʤʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ SolidWorks ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʤʦʜʫʣʽ COSMOSWorks 

Designer [3]. ʊʠʧ ʜʦʩʣʽʜʞʝʥʥʷ: ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʛʨʽʚ ʬʨʠʢʮʽʡʥʦʛʦ ʜʠʩʢʫ, ʤʘʪʝʨʽʘʣ ʘʟʙʝʩʪʦʚʽ 

ʥʘʢʣʘʜʢʠ. ɼʣʷ ʮʴʦʛʦ ʩʪʚʦʨʝʥʦ ʤʦʜʝʣʴ ʬʨʠʢʮʽʡʥʦʾ ʥʘʢʣʘʜʢʠ, ʪʘ ʧʦʙʫʜʦʚʘʥʘ ʩʽʪʢʘ ʢʽʥʮʝʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʨʠʩ. 5. ʗʢʽʩʪʴ ʩʽʪʢʠ: ʚʩʴʦʛʦ ʚʫʟʣʽʚ 58928, ʝʣʝʤʝʥʪʽʚ 31078, ʤʘʢʩʠʤʘʣʴʥʠʡ ʽ 

ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʝʣʝʤʝʥʪʘ ʜʦʨʽʚʥʶʻ 0,68 ʤʤ, ʱʦ ʻ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ. 

ʇʨʦʚʝʜʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʚʦʜʠʣʦʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘ ʪʨʝʪʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʚʠʥʫʪʦʾ ʥʘ ʧʝʨʰʽʡ ʧʝʨʝʜʘʯʽ ʟʘʤʽʩʪʴ 45 ʢɺʪ, ʙʫʜʝ ʧʨʠʢʣʘʜʝʥʦ ʪʝʨʤʽʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 60 ʢɺʪ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧôʷʪʠ ʜʠʩʢʽʚ ʚ ʛʦʣʦʚʥʦʤʫ ʬʨʠʢʮʽʡʥʦʤʫ ʟʯʝʧʣʝʥʥʽ ʥʘ 

ʢʦʞʝʥ ʟ ʥʠʭ ʜʽʻ 12 ʢɺʪ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʙʦ ʧʦ 6 ʢɺʪ ʥʘ ʢʦʞʥʫ ʽʟ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʠʩʢʫ.  

ɼʘʣʽ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʪʝʤʧʝʨʘʪʫʨʥʽ ʝʧʶʨʠ ʨʠʩ. 6, ʟ ʷʢʠʭ ʚʠʜʥʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦ ʧʦʚʝʨʭʥʽ ʥʘʢʣʘʜʢʠ. ʅʘ ʧʨʘʚʦʤʫ ʨʠʩʫʥʢʫ ʟʦʙʨʘʞʝʥʘ ʧʦʚʝʨʭʥʷ ʜʦ ʷʢʦʾ ʙʫʣʦ ʧʨʠʢʣʘʜʝʥʦ 

ʟʫʩʠʣʣʷ ʚ 6ʢɺʪ, ʥʘ ʥʽʡ ʚʠʥʠʢʘʻ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 582 Áʉ, ʟ ʽʥʰʦʾ ʩʪʦʨʦʥʠ ʥʘʢʣʘʜʢʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʡʦʥʽ 550 Áʉ, ʱʦ ʻ ʥʦʨʤʘʣʴʥʠʤ ʧʨʠ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʚʢʣʶʯʝʥʥʽ. 
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ʇʦʙʫʜʦʚʘʥʦ ʝʧʶʨʠ ʛʨʘʜʽʻʥʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʠʩ. 7, ʷʢʘ ʧʦʢʘʟʫʻ ʟʤʽʥʫ 

ʧʦʢʘʟʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʜʠʥʠʮʶ ʚʽʜʩʪʘʥʽ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʧʨʠʙʣʠʟʥʦ 200Áʉ/ʩʤ. 

 

 

ʈʠʩ. 5 ï ʄʦʜʝʣʴ ʽ ʩʽʪʢʘ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘʢʣʘʜʢʠ 

 

 

ʈʠʩ. 6 ï ɽʧʶʨʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʥʘʢʣʘʜʢʠ (ʟʦʙʨʘʞʝʥʥʷ ʟʣʽʚʘ) ʪʘ ʧʝʨʝʜʥʽʡ 

(ʟʦʙʨʘʞʝʥʥʷ ʩʧʨʘʚʘ) 

  

ʈʠʩ. 7 ï ɽʧʶʨʘ ʛʨʘʜʽʻʥʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 
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28                                 ɺ̔ ʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ ɸʚʪʦʤʦʙʽʣʝ- ʪʘ ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷ ˉ1, 2021 

ɿ ʧʝʨʝʜʥʴʦʾ ʩʪʦʨʦʥʠ ʚʠʥʠʢʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʟʦʚʥʽʰʥʽʭ ʢʨʦʤʢʘʭ ʽ ʩʢʣʘʜʘʻ 

248Áʉ/ʩʤ, ʘ ʟʽ ʟʚʦʨʦʪʥʦʛʦ ʙʦʢʫ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚ 169Áʉ/ʩʤ. 

ʊʘʢʦʞ ʧʦʙʫʜʦʚʘʥʦ ʝʧʶʨʫ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʨʠʩ. 8, ʚʦʥʘ ʻ ʘʙʩʦʣʶʪʥʦʶ 

ʚʝʣʠʯʠʥʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʽʟʦʪʝʨʤʽʯʥʫ ʧʦʚʝʨʭʥʶ 

ʦʜʠʥʠʯʥʦʾ ʧʣʦʱʽ (ʦʜʠʥʠʮʷ ʚʠʤʽʨʶʚʘʥʥʷ ɺʪ/ʤ2) 

 

 

ʈʠʩ. 8 ï ɽʧʶʨʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩʫʥʢʘ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʠʥʠʢʘʶʪʴ  ʥʘ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ 

ʢʨʦʤʢʘʭ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʘʡʦʥʽ 4970 ʢɺʪ/ʤ2, ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ 

ʥʘʢʣʘʜʢʠ ʽ ʜʦʨʽʚʥʶʶʪʴ 3772 ʢɺʪ/ʤ2. ʅʘ ʟʚʦʨʦʪʥʽʡ ʩʪʦʨʦʥʽ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʘʶʪʴ 3372 

ʢɺʪ/ʤ2, ʘ ʤʘʢʩʠʤʘʣʴʥʽ 4038 ʢɺʪ/ʤ2. 

ɼʘʣʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʢʣʘʜʦʢ, ʧʨʠ ʧʨʠʢʣʘʜʝʥʥʽ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʫʩʠʣʣʷ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʚʠʛʫʥʦʤ ʥʘ ʧʝʨʰʽʡ ʧʝʨʝʜʘʯʽ ʽ ʜʦʨʽʚʥʶʻ 45 ʢɺʪ. 

ʇʦʙʫʜʦʚʘʥʦ ʝʧʶʨʘ ʪʝʤʧʝʨʘʪʫʨʠ ʨʠʩ. 9 ʧʦʢʘʟʫʻ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʷʢʘ ʚʠʥʠʢʘʻ 

ʚʩʝʨʝʜʠʥʽ ʥʘʢʣʘʜʢʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 368Áʉ. 

 

 

ʈʠʩ. 9 ï ɽʧʶʨʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʢʣʘʜʢʠ ʧʨʠ ʧʨʠʢʣʘʜʝʥʥʽ ʧʦʪʫʞʥʦʩʪʽ ʚ 45 ʢɺʪ 
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ʊʘʢʦʞ ʧʦʙʫʜʦʚʘʥʘ ʝʧʶʨʘ ʛʨʘʜʽʻʥʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʠʩ. 10, ʟ ʷʢʦʾ ʩʣʽʜʫʻ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʘ ʟʤʽʥʘ ʧʦʢʘʟʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʜʠʥʠʮʶ ʚʽʜʩʪʘʥʽ, ʩʢʣʘʜʘʻ 248Áʉ/ʩʤ, ʘ 

ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʻ 126Áʉ/ʩʤ. 

ɽʧʶʨʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʨʠʩ. 11, ʪʘʢʦʞ ʚʢʘʟʫʻ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ 3719 ʢɺʪ/ʤ2, ʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʟʚʦʨʦʪʥʽʡ ʩʪʦʨʦʥʽ ʩʢʣʘʜʘʻ 

2528 ʢɺʪ/ʤ2. 

 

 

ʈʠʩ. 10 ï ɽʧʶʨʘ ʛʨʘʜʽʻʥʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ 45 ʢɺʪ ʧʦʪʫʞʥʦʩʪʽ 

 

  

ʈʠʩ. 11 ï ɽʧʶʨʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ 

 

 ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʽʜʫʻ, ʱʦ ʪʝʧʣʦʚʽ ʧʦʢʘʟʥʠʢʠ ʬʨʠʢʮʽʡʥʦʛʦ ʜʠʩʢʘ 

ʛʦʣʦʚʥʦʾ ʤʫʬʪʠ ʧʨʠ ʧʨʠʢʣʘʜʝʥʥʽ ʥʘ ʪʨʝʪʠʥʫ ʙʽʣʴʰʦʾ ʧʦʪʫʞʥʦʩʪʽ (60ʢɺʪ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʥʦʤʽʥʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʦʟʚʦʣʷʻ ʙʝʟ ʨʠʟʠʢʫ ʧʝʨʝʛʨʽʚʫ, ʪʘ ʨʫʡʥʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʧʨʦʝʢʪʦʚʘʥʫ ʢʦʨʦʙʢʫ ʧʝʨʝʜʘʯ. ʊʘʢ ʷʢ ʽʩʥʫʶʯʽ ʩʫʯʘʩʥʽ ʤʘʪʝʨʽʘʣʠ ʜʦʟʚʦʣʷʶʪʴ ʥʦʨʤʘʣʴʥʦ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʥʘʚʽʪʴ ʧʨʠ ʧʽʢʦʚʠʭ ʧʦʢʘʟʥʠʢʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ ʜʦ 

800Áʉ, ʪʘ ʥʦʤʽʥʘʣʴʥʦʤʫ ʜʦ 350Áʉ. 

 ɸʥʘʣʦʛʽʯʥʦ ʧʨʦʚʝʜʝʥʠʡ ʪʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʚ 45 ʢɺʪ, 

ʧʦʢʘʟʘʚ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʚ 368Áʉ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʥʰ ʧʨʦʜʫʢʪʠʚʥʽ, ʘʣʝ ʥʘʙʘʛʘʪʦ ʜʝʰʝʚʰʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʧʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟ ʚʪʨʘʪʠ ʩʚʦʾʭ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʠʩʥʦʚʢʠ. 1. ʈʦʟʨʦʙʣʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʘ ʢʦʤʙʽʥʦʚʘʥʘ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ. 

2. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ ʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʟʘʪʦʨʘʭ. ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʪʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʚ ʷʢʠʭ ʚʠʟʥʘʯʝʥʦ ʚʽʜʩʪʘʥʴ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʟʘʪʦʨʫ, ʯʘʩ ʨʦʙʦʪʠ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʢʦʞʥʽʡ ʧʝʨʝʜʘʯʽ, ʯʘʩ ʧʨʦʩʪʦʶ, ʟʘʛʘʣʴʥʠʡ ʯʘʩ 

ʫ ʟʘʪʦʨʽ ʪʘ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʚ ʟʘʪʦʨʽ. ɸʥʘʣʽʟʫʶʯʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʦʜʽʡ ʟ ʤʝʭʘʥʽʯʥʦʶ ʪʨʘʥʩʤʽʩʽʻʶ ʫ ʟʘʪʦʨʘʭ ʧʨʠʡʤʘʻ ʥʘ ʩʝʙʝ 

ʚʝʣʠʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʧʦʣʷʛʘʻ ʚ ʧʦʩʪʽʡʥʽʡ ʨʦʙʦʪʽ ʟ ʢʦʨʦʙʢʦʶ ʧʝʨʝʜʘʯ ï ʧʝʨʝʤʠʢʘʥʥʷ ʢʫʣʽʩʠ 

ʪʘ ʨʦʙʦʪʘ ʟ ʤʫʬʪʦʶ ʟʯʝʧʣʝʥʥʷ, ʮʝ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʩʪʦʤʣʶʚʘʥʽʩʪʴ ʚʦʜʽʷ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʡʦʛʦ 

ʩʘʤʦʧʦʯʫʪʪʷ. ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʜʣʷ ʚʦʜʽʾ ʟʚʽʩʥʦ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʪʨʘʥʩʤʽʩʽʡ. 

3. ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʾ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʪʨʘʥʩʤʽʩʽʾ, ʷʢʘ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ 

ʤʝʭʘʥʽʯʥʫ ʪʘ ʘʚʪʦʤʘʪʠʯʥʫ ʪʨʘʥʩʤʽʩʽʶ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʨʘʥʩʤʽʩʽʷ ʜʦʟʚʦʣʠʪʴ ʚʦʜʽʶ ʢʝʨʫʚʘʪʠ 

ʘʚʪʦʤʦʙʽʣʝʤ ʚ ʟʚʠʯʘʡʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ ʤʝʭʘʥʽʯʥʠʤ ʰʣʷʭʦʤ, ʘ ʫ ʟʘʪʦʨʘʭ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʚʦʜʽʻʚʽ ʥʝ ʚʪʦʤʣʶʚʘʪʠʩʷ ʚ ʟʘʪʦʨʘʭ ʪʘ ʧʽʜʚʠʱʠʪʴ ʡʦʛʦ ʝʨʛʦʥʦʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

4. ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʛʨʽʚʫ ʬʨʠʢʮʽʡʥʦʛʦ ʜʠʩʢʫ ʛʦʣʦʚʥʦʾ 

ʤʫʬʪʠ ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ, ʪʝʧʣʦʚʽ ʧʦʢʘʟʥʠʢʠ ʬʨʠʢʮʽʡʥʦʛʦ ʜʠʩʢʘ ʛʦʣʦʚʥʦʛʦ 

ʟʯʝʧʣʝʥʥʷ ʧʨʠ ʧʨʠʢʣʘʜʝʥʥʽ ʥʘ ʪʨʝʪʠʥʫ ʙʽʣʴʰʦʾ ʧʦʪʫʞʥʦʩʪʽ (60ʢɺʪ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʦʤʽʥʘʣʴʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʜʦʟʚʦʣʷʻ ʙʝʟ ʨʠʟʠʢʫ ʧʝʨʝʛʨʽʚʫ, ʪʘ ʨʫʡʥʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʫ 

ʢʦʨʦʙʢʫ ʧʝʨʝʜʘʯ. ʊʘʢ ʷʢ ʽʩʥʫʶʯʽ ʩʫʯʘʩʥʽ ʤʘʪʝʨʽʘʣʠ ʜʦʟʚʦʣʷʶʪʴ ʥʦʨʤʘʣʴʥʦ ʬʫʥʢʮʽʦʥʫʚʘʪʠ 

ʥʘʚʽʪʴ ʧʨʠ ʧʽʢʦʚʠʭ ʧʦʢʘʟʥʠʢʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ ʜʦ 800Áʉ, ʪʘ 

ʥʦʤʽʥʘʣʴʥʦʤʫ ʜʦ 350Áʉ. ɸʥʘʣʦʛʽʯʥʦ ʧʨʦʚʝʜʝʥʠʡ ʪʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ 

ʧʦʪʫʞʥʦʩʪʽ ʚ 45 ʢɺʪ, ʧʦʢʘʟʘʚ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʚ 368Áʉ, 

ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʥʰ ʧʨʦʜʫʢʪʠʚʥʽ, ʘʣʝ ʥʘʙʘʛʘʪʦ ʜʝʰʝʚʰʽ ʨʽʰʝʥʥʷ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟ ʚʪʨʘʪʠ ʩʚʦʾʭ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ʅ.ɺ. ʇʀʉɸʈʉʔʂɸ, ɺ.ɺ. ɭʇɯʌɸʅʆɺ, ɺ.ɹ. ʉɸʄʆʈʆɼʆɺ 

 

ɼʀʈɽʂʊʆʈʀ ʍɸʈʂɯɺʉʔʂʆɻʆ ʊʈɸʂʊʆʈʅʆɻʆ ɿɸɺʆɼʋ ɯ ɰʍ ɺʅɽʉʆʂ ʋ 

ʈʆɿɺʀʊʆʂ ʇɯɼʇʈʀɭʄʉʊɺɸ 
 

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʞʠʪʪʻʚʠʡ ʱʣʷʭ ʽ ʚʥʝʩʦʢ ʜʠʨʝʢʪʦʨʽʚ ʍʘʨʢʽʚʩʴʢʦʛʦ ʪʨʘʢʪʦʨʥʦʛʦ ʟʘʚʦʜʫ ʫ ʜʽʷʣʴʥʽʩʪʴ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʦʢʨʝʤʘ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʟʨʘʟʢʽʚ ʥʦʚʦʾ ʪʝʭʥʽʢʠ. ɸʥʘʣʽʟ ʜʦʨʦʙʢʫ ʢʦʞʥʦʛʦ ʟ ʦʯʠʣʴʥʠʢʽʚ ʟʘʚʦʜʫ ʧʦʢʘʟʫʻ, 

ʱʦ ʮʝ ʣʶʜʠ, ʷʢʽ ʚʽʜʜʘʥʽ ʩʚʦʾʡ ʩʧʨʘʚʽ ʪʘ, ʭʦʯ ʷʢ ʙʠ ʥʝ ʩʢʣʘʜʘʣʘʩʷ ʝʢʦʥʦʤʽʯʥʘ ʪʘ ʧʦʣʽʪʠʯʥʘ ʩʠʪʫʘʮʽʷ ʚ ʜʝʨʞʘʚʽ, 

ʢʝʨʽʚʥʠʢʠ ʥʘʤʘʛʘʣʠʩʷ ʟʨʦʙʠʪʠ ʫʩʝ ʟʘʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙʽʚ. ʇʦʢʘʟʘʥʦ 

ʷʢ ʜʦʣʷ ʟʘʚʦʜʫ ʪʘ ʡʦʛʦ ʧʨʦʜʫʢʮʽʾ ʧʝʨʝʧʣʝʪʝʥʘ ʟ ʜʦʣʝʶ ʜʠʨʝʢʪʦʨʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʍʘʨʢʽʚʩʴʢʠʡ ʪʨʘʢʪʦʨʥʠʡ ʟʘʚʦʜ, ʜʠʨʝʢʪʦʨʠ, ʚʠʨʦʙʥʠʮʪʚʦ, ʨʦʟʚʠʪʦʢ 

 

ʅ.ɺ. ʇʀʉɸʈʉʂɸʗ, ɺ.ɺ. ɽʇʀʌɸʅʆɺ, ɺ.ɹ. ʉɸʄʆʈʆɼʆɺ 

 

ɼʀʈɽʂʊʆʈɸ ʍɸʈʔʂʆɺʉʂʆɻʆ ʊʈɸʂʊʆʈʅʆɻʆ ɿɸɺʆɼɸ ʀ ʀʍ ɺʂʃɸɼ ɺ 

ʈɸɿɺʀʊʀɽ ʇʈɽɼʇʈʀʗʊʀʗ 
 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʞʠʟʥʝʥʥʳʡ ʧʫʪʴ ʠ ʚʢʣʘʜ ʜʠʨʝʢʪʦʨʦʚ ʍʘʨʴʢʦʚʩʢʦʛʦ ʪʨʘʢʪʦʨʥʦʛʦ ʟʘʚʦʜʘ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʙʨʘʟʮʦʚ ʥʦʚʦʡ ʪʝʭʥʠʢʠ. ɸʥʘʣʠʟ ʥʘʨʘʙʦʪʦʢ ʢʘʞʜʦʛʦ ʠʟ ʨʫʢʦʚʦʜʠʪʝʣʝʡ 

ʟʘʚʦʜʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʦ ʣʶʜʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʘʥʳ ʩʚʦʝʤʫ ʜʝʣʫ ʠ, ʢʘʢ ʙʳ ʥʝ ʩʢʣʘʜʳʚʘʣʘʩʴ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠ 

ʧʦʣʠʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ ʛʦʩʫʜʘʨʩʪʚʝ, ʨʫʢʦʚʦʜʠʪʝʣʠ ʧʳʪʘʣʠʩʴ ʩʜʝʣʘʪʴ ʚʩʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʟʜʝʣʠʡ. ʇʦʢʘʟʘʥʦ ʢʘʢ ʩʫʜʴʙʘ ʟʘʚʦʜʘ ʠ ʝʛʦ ʧʨʦʜʫʢʮʠʠ ʧʝʨʝʧʣʝʪʝʥʘ ʩ ʩʫʜʴʙʦʡ 

ʜʠʨʝʢʪʦʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʍʘʨʴʢʦʚʩʢʠʡ ʪʨʘʢʪʦʨʥʳʡ ʟʘʚʦʜ, ʜʠʨʝʢʪʦʨʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʨʘʟʚʠʪʠʝ 

 

N. PYSARSKA, V. YEPIFANOV, V. SAMORODOV 

 

DIRECTORS OF THE KHARK IV TRACTOR PLANT AND THEIR CONTRIBUTION 

TO THE DEVELOPMENT OF THE  ENTERPRISE 
 

The life's journey and contribution of the Kharkiv Tractor Plant directors to the enterprise's activities, including the 

production of examples of the new technique, were studied in the work. The practices analysis of each of the plant's seniors 

shows that these are people who are dedicated to their work and, no matter how the economic and political situation in the 

state develops, the directors tried to do everything for improving the enterprise's activities and modernising of the products. 

For the entire period of work (90 years), the Kharkiv Tractor Plant has produced more than three million tractors and other 

heavy-duty special-purpose machines. How the fate of the plant and its products is intertwined with the fate of the directors 

was shown. 

Keywords: Kharkiv Tractor Plant, directors, manufacture, development 

 

ɺʩʪʫʧ. ʍʘʨʢʽʚ ʻ ʦʜʥʠʤ ʽʟ ʮʝʥʪʨʽʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʢʨʘʾʥʠ. ʋ ʤʽʩʪʽ ʟʦʩʝʨʝʜʞʝʥʦ ʯʠʤʘʣʦ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʜʫʢʮʽʻʶ ʥʝ ʣʠʰʝ ʋʢʨʘʾʥʫ, ʘʣʝ ʡ ʽʥʰʽ ʜʝʨʞʘʚʠ. ɿʥʘʯʥʝ ʤʽʩʮʝ 

ʩʝʨʝʜ ʟʘʚʦʜʽʚ ʟ ʙʘʛʘʪʦʨʽʯʥʦʶ ʽʩʪʦʨʽʻʶ ʧʦʩʽʜʘʻ ʍʘʨʢʽʚʩʴʢʠʡ ʪʨʘʢʪʦʨʥʠʡ ʟʘʚʦʜ (ʍʊɿ). 

ʇ̔ ʜʧʨʠʻʤʩʪʚʦ ʚʽʜʦʤʝ ʥʝ ʣʠʰʝ ʷʢ ʚʠʨʦʙʥʠʢ ʯʠʩʣʝʥʥʠʭ ʟʨʘʟʢʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ 

(ʷʢ ʢʦʣʽʩʥʦʾ, ʪʘʢ ʽ ʛʫʩʝʥʠʯʥʦʾ), ʘ ʡ ʤʘʰʠʥ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ʅʠʟʢʘ ʧʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ ʽʩʪʦʨʽʾ ʮʴʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʨʦʟʢʨʠʚʘʻ ʧʨʦʙʣʝʤʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʦʪʝ ʟʥʘʯʥʦ ʤʝʥʰʝ ʜʞʝʨʝʣ, ʜʝ ʚʠʩʚʽʪʣʝʥʦ 

ʜʽʷʣʴʥʽʩʪʴ ʢʝʨʽʚʥʠʢʽʚ ʍʊɿ. ɼʦ ʤʘʪʝʨʽʘʣʽʚ, ʫ ʷʢʠʭ ʧʝʚʥʠʤ ʯʠʥʦʤ ʟʛʘʜʘʥʦ ʞʠʪʪʻʚʠʡ ʪʘ 

ʚʠʨʦʙʥʠʯʽʡ ʰʣʷʭ ʜʠʨʝʢʪʦʨʽʚ, ʥʘʣʝʞʘʪʴ ʨʦʙʦʪʠ ɺ.ɺ. ɹʽʙʣʠʢʘ çʍʘʨʢʽʚʩʴʢʠʡ ʪʨʘʢʪʦʨʥʠʡ ʟʘʚʦʜ 

ʽʤ. ʉ. ʆʨʜʞʦʥʽʢʽʜʟʝ (ʩʪʦʨʽʥʢʠ ʽʩʪʦʨʽʾ)è [1], ʆ.ɻ. ʂʨʠʚʦʢʦʥʷ çʊʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ: 

ʧʝʨʝʜʫʤʦʚʠ, ʽʩʪʦʨʽʷ ʪʘ ʪʝʥʜʝʥʮʽʾ ʩʚʽʪʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʘʩʧʝʢʪʽ ʩʚʽʪʦʚʦʛʦ ʧʨʦʛʨʝʩʫ (20-ʪʽ ï 80-

ʪʽ ʨʨ. ʍʍ ʩʪ.)è [2]. ɼʝʷʢʽ ʚʽʜʦʤʦʩʪʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʫ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʟʦʢʨʝʤʘ ʛʘʟʝʪʘʭ, ʪʘ 

ʽʩʪʦʨʠʯʥʠʭ ʧʨʘʮʷʭ, ʧʨʠʩʚʷʯʝʥʠʭ ʚʠʜʘʪʥʠʤ ʭʘʨʢʽʚôʷʥʘʤ [3]. ʇʨʦʪʝ ʥʝʤʘʻ ʞʦʜʥʦʾ ʧʫʙʣʽʢʘʮʽʾ, ʜʝ 
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ʟʽʙʨʘʥʦ ʡ ʫʟʘʛʘʣʴʥʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʙʽʦʛʨʘʬʽʡ ʪʘ ʜʽʷʣʴʥʦʩʪʽ ʫʩʽʭ ʜʠʨʝʢʪʦʨʽʚ ʍʊɿ ʟʘ 90 

ʨʦʢʽʚ ʡʦʛʦ ʨʦʙʦʪʠ. 

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʢʦʤʧʣʝʢʩʥʝ ʚʩʝʙʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʞʠʪʪʻʚʦʛʦ ʰʣʷʭʫ ʪʘ ʚʥʝʩʢʽʚ ʜʠʨʝʢʪʦʨʽʚ 

ʍʊɿ ʫ ʜʽʷʣʴʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʦʢʨʝʤʘ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʟʨʘʟʢʽʚ ʥʦʚʦʾ ʪʝʭʥʽʢʠ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʝʨʰʠʤ ʜʠʨʝʢʪʦʨʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʪʘʚ ʇʘʥʪʝʣʝʡʤʦʥ 

ɯʚʘʥʦʚʠʯ ʉʚʠʩʪʫʥ. ʇʽʜ ʡʦʛʦ ʢʝʨʽʚʥʠʮʪʚʦʤ ʙʫʚ ʧʦʙʫʜʦʚʘʥʠʡ ʟʘʚʦʜ, ʥʘʣʘʛʦʜʞʝʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʩʧʦʯʘʪʢʫ ʢʦʣʽʩʥʠʭ, ʘ ʟʛʦʜʦʤ  ̔ʛʫʩʝʥʠʯʥʠʭ ʪʨʘʢʪʦʨʽʚ. 

ʇ.ɯ. ʉʚʠʩʪʫʥ ʥʘʨʦʜʠʚʩʷ 28 ʣʠʧʥʷ 1890 ʨ. ʫ ʇʦʣʪʘʚʩʴʢʽʡ ʛʫʙʝʨʥʽʾ, ʟ ʧôʷʪʥʘʜʮʷʪʠ ʨʦʢʽʚ 

ʧʨʘʮʶʚʘʚ ʥʘ ʂʨʶʢʽʚʩʴʢʠʭ ʚʘʛʦʥʥʠʭ ʤʘʡʩʪʝʨʥʷʭ. ʋ 1909 ʨ. ʧʝʨʝʾʭʘʚ ʜʦ ʍʘʨʢʦʚʘ. ʊʫʪ ʚʽʥ 

ʫʣʘʰʪʫʚʘʚʩʷ ʥʘ ʨʦʙʦʪʫ ʜʦ ʚʘʛʦʥʦʨʝʤʦʥʪʥʠʭ ʤʘʡʩʪʝʨʝʥʴ ʥʘ ʟʘʣʽʟʥʠʯʥʽʡ ʩʪʘʥʮʽʾ ʆʩʥʦʚʘ. ɹʨʘʚ 

ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʫ ʨʝʚʦʣʶʮʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʫʯʘʩʥʠʢ ʛʨʦʤʘʜʷʥʩʴʢʦʾ ʚʽʡʥʠ ʚ ʈʦʩʽʾ. ʋ 1920-ʭ ʨʨ. 

ʧʨʘʮʶʚʘʚ ʥʘ ʢʝʨʽʚʥʠʭ ʧʦʩʘʜʘʭ ʫ ʚʠʢʦʥʘʚʯʠʭ ʦʨʛʘʥʘʭ ʇʦʣʪʘʚʩʴʢʦʾ, ʂʨʝʤʝʥʯʫʮʴʢʦʾ, 

ʄʠʢʦʣʘʾʚʩʴʢʦʾ, ʂʠʾʚʩʴʢʦʾ, ʉʫʤʩʴʢʦʾ ʛʫʙʝʨʥʽʡ. 1929 ï 1930 ʨʨ. ï 1-ʡ ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ɺʠʱʦʾ 

ʨʘʜʠ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʋʈʉʈ. ʋ 1930 ʨ. ʩʪʘʚ ʜʠʨʝʢʪʦʨʦʤ ʙʫʜʽʚʥʠʮʪʚʘ ʍʊɿ. ʉʘʤʝ ʧʽʜ 

ʡʦʛʦ ʢʝʨʽʚʥʠʮʪʚʦʤ ʟʙʫʜʦʚʘʥʦ ʧʽʜʧʨʠʻʤʩʪʚʦ ʽ ʧʽʩʣʷ ʧʫʩʢʫ 1 ʞʦʚʪʥʷ 1931 ʨ. ʨʦʟʧʦʯʘʪʦ 

ʚʠʨʦʙʥʠʮʪʚʦ ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ ʉʍʊɿ-15/30. ʋ 1932 ʨ. ʇ.ɯ. ʉʚʠʩʪʫʥ ʥʘʛʦʨʦʜʞʝʥʠʡ ʦʨʜʝʥʦʤ 

ʃʝʥʽʥʘ, ʧʦʪʽʤ ʜʝʷʢʠʡ ʯʘʩ (1932 ï 1934 ʨʨ.) ʧʨʘʮʶʚʘʚ ʥʘ ʧʦʩʘʜʽ  ʥʘʯʘʣʴʥʠʢʘ ɻʦʣʦʚʥʦʛʦ 

ʋʧʨʘʚʣʽʥʥʷ ʘʚʪʦʪʨʘʢʪʦʨʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʉʈʉʈ, ʘ ʫ 1934 ʨ. ʧʦʚʝʨʥʫʚʩʷ ʥʘ ʧʦʩʘʜʫ ʜʠʨʝʢʪʦʨʘ 

ʍʊɿ ʽ ʦʯʦʣʠʚ ʨʦʙʦʪʫ ʟ ʧʽʜʛʦʪʦʚʢʠ ʟʘʚʦʜʫ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʦʚʠʭ ʪʨʘʢʪʦʨʽʚ. ɿʘ ʧʦʨʽʚʥʷʥʦ 

ʥʝʚʝʣʠʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʙʫʣʦ  ʥʘʣʘʛʦʜʞʝʥʦ ʨʦʟʨʦʙʢʫ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦ ʩʫʯʘʩʥʠʭ ʥʘ ʪʦʡ ʯʘʩ 

ʚʠʜʽʚ ʪʝʭʥʽʢʠ. ʋ 1935 ʨ. ʟ ʢʦʥʚʝʻʨʘ ʟʽʡʰʦʚ 100-ʪʠʩʷʯʥʠʡ ʪʨʘʢʪʦʨ, ʫ 1936 ʨ. ï 150-ʪʠʩʷʯʥʠʡ. 

ɿʘʚʜʷʢʠ ʜʽʷʣʴʥʦʩʪʽ ʇ.ɯ. ʉʚʠʩʪʫʥʘ ʪʘ ʢʦʣʝʢʪʠʚʘ ʧʽʜʧʨʠʻʤʩʪʚʘ 17 ʚʝʨʝʩʥʷ 1937 ʨ. ʨʦʟʧʦʯʘʪʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʫʩʝʥʠʯʥʦʛʦ ʉʍʊɿ-ʅɸʊɯ, ʱʦ ʩʪʘʚ ʧʝʨʰʠʤ ʪʨʘʢʪʦʨʦʤ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʽʪʯʠʟʥʷʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɼʦʣʷ ʇ.ɯ. ʉʚʠʩʪʫʥʘ ʩʢʣʘʣʘʩʷ, ʥʘ ʞʘʣʴ, ʪʨʘʛʽʯʥʦ. ʋ 1938 ʨ. ʡʦʛʦ ʟʘʘʨʝʰʪʫʚʘʣʠ, ʟʚʠʥʫʚʘʪʠʣʠ 

ʷʢ ʚʦʨʦʛʘ ʥʘʨʦʜʫ ʽ ʚʽʜʧʨʘʚʠʣʠ ʝʪʘʧʦʤ ʜʦ ʄʦʩʢʚʠ, ʘ ʟʛʦʜʦʤ ʨʦʟʩʪʨʽʣʷʣʠ. ʅʘ ʜʦʚʛʠʡ ʯʘʩ ʽʤôʷ 

ʮʽʻʾ ʚʠʜʘʪʥʦʾ ʣʶʜʠʥʠ ʙʫʣʦ ʟʘʙʫʪʝ. ʈʝʘʙʽʣʽʪʦʚʘʥʠʡ ʣʠʰʝ ʫ 1955 ʨʦʮʽ [4]. 

ʆʣʝʢʩʘʥʜʨ ɼʘʚʠʜʦʚʠʯ ɹʨʫʩʢʽʥ ʙʫʚ ʜʠʨʝʢʪʦʨʦʤ ʍʊɿ ʫ 1932 ï 1934 ʨʨ. ʅʘʨʦʜʠʚʩʷ 

ʆ.ɼ. ɹʨʫʩʢʽʥ 6 ʣʠʩʪʦʧʘʜʘ 1897 ʨ. ʫ ʤ. ʍʝʨʩʦʥ. ɿ 20-ʨʽʯʥʦʛʦ ʚʽʢʫ ʟʘʡʤʘʚʩʷ ʧʦʣʽʪʠʯʥʦʶ 

ʜʽʷʣʴʥʽʩʪʶ, ʘ ʧʽʩʣʷ ʞʦʚʪʥʝʚʦʾ ʨʝʚʦʣʶʮʽʾ 1917 ʨ. ʧʨʘʮʶʚʘʚ ʫ ʩʪʫʜʝʥʪʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʪʘ 

ɺʠʱʽʡ ʈʘʜʽ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʋʢʨʘʾʥʠ, ʟ 1919 ʨ. ʧʝʨʝʙʫʚʘʚ ʫ ʣʘʚʘʭ ʏʝʨʚʦʥʦʾ ʘʨʤʽʾ. 

ɿʛʦʜʦʤ, ʚʽʥ ʚʠʷʚʠʚ ʽʥʞʝʥʝʨʥʠʡ ʪʘʣʘʥʪ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʟʜʽʙʥʦʩʪʽ. ʋ 1922 ʨ. ʆ.ɼ. ɹʨʫʩʢʽʥ  

ʟʘʢʽʥʯʠʚ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʬʘʢʫʣʴʪʝʪ ʍʘʨʢʽʚʩʴʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ  (ʟʘʨʘʟ ï 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʅʊʋ çʍʇɯè)) ʪʘ 

ʚʩʪʫʧʠʚ ʜʦ ʘʩʧʽʨʘʥʪʫʨʠ. ʋ ʮʴʦʤʫ ʞ ʨʦʮʽ ʚʣʘʰʪʫʚʘʚʩʷ ʥʘ ʧʦʩʘʜʫ ʩʣʶʩʘʨʷ-ʨʝʤʦʥʪʥʠʢʘ ʥʘ 

ʍʘʨʢʽʚʩʴʢʠʡ ʟʘʚʦʜ çʉʝʨʧ ʽ ʄʦʣʦʪè. ʎʽʢʘʚʠʤ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʆ.ɼ. ɹʨʫʩʢʽʥ ʧʨʦʭʦʜʠʚ ʩʪʘʞʫʚʘʥʥʷ 

ʫ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʅʽʤʝʯʯʠʥʠ ʧʨʦʪʷʛʦʤ 1923 ï 1924 ʨʨ. ʇʽʩʣʷ ʧʦʚʝʨʥʝʥʥʷ 

ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʨʦʙʦʪʫ ʜʦ ʍʘʨʢʽʚʩʴʢʦʛʦ ʧʘʨʦʚʦʟʦʙʫʜʽʚʥʦʛʦ ʟʘʚʦʜʫ (ʟʘʨʘʟ ï ɼʝʨʞʘʚʥʝ  

ʧʽʜʧʨʠʻʤʩʪʚʦ çɿʘʚʦʜ ʽʤʝʥʽ ɺ.ʆ. ʄʘʣʠʰʝʚʘè (ɼʇ çɿʽʄè)), ʩʧʦʯʘʪʢʫ ï ʥʘ ʧʦʩʘʜʫ ʽʥʩʪʨʫʢʪʦʨʘ, ʘ 

ʟʛʦʜʦʤ ʩʪʘʻ ʤʝʭʘʥʽʢʦʤ. ʂʨʽʤ ʪʦʛʦ, ʫʚʝʩʴ ʮʝʡ ʯʘʩ, ʟʘʡʤʘʻʪʴʩʷ ʚʠʢʣʘʜʘʥʥʷʤ ʫ ʍʘʨʢʽʚʩʴʢʦʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ. 

ʇʽʜ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʫʩʝʥʠʯʥʦʛʦ ʪʨʘʢʪʦʨʘ, ʫ 1924 ʨ. ʆʣʝʢʩʘʥʜʨʘ 

ɼʘʚʠʜʦʚʠʯʘ ʧʨʠʟʥʘʯʘʶʪʴ ʢʝʨʽʚʥʠʢʦʤ ʪʨʘʢʪʦʨʥʦʛʦ ʮʝʭʫ, ʜʝ ʟʛʦʜʦʤ ʚʠʛʦʪʦʚʣʝʥʦ ʧʝʨʰʠʡ ʚ ʉʈʉʈ 

ʛʫʩʝʥʠʯʥʠʡ ʪʨʘʢʪʦʨ çʂʦʤʫʥʘʨè, ʘ ʟ 1926 ʨ. ʨʦʟʧʦʯʘʣʦʩʷ ʡʦʛʦ ʩʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ. ʉʘʤʝ ʮʝʡ 

ʬʘʢʪ ʫʩʧʽʰʥʦʛʦ ʦʩʚʦʻʥʥʷ ʥʦʚʦʛʦ ʚʠʜʫ ʪʝʭʥʽʢʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʧʦʩʧʨʠʷʚ ʪʦʤʫ, ʱʦ ʫ 1929 ʨ. 

ʆ.ɼ. ɹʨʫʩʢʽʥʘ ʧʨʠʟʥʘʯʠʣʠ ʛʦʣʦʚʥʠʤ ʽʥʞʝʥʝʨʦʤ ʙʫʜʽʚʥʠʮʪʚʘ ʍʊɿ, ʘ ʫ 1931 ʨ. ï ʪʝʭʥʽʯʥʠʤ 

ʜʠʨʝʢʪʦʨʦʤ ʮʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɿ 1932 ʨ. ʆ.ɼ. ɹʨʫʩʢʽʥ ʩʪʘʚ ʜʠʨʝʢʪʦʨʦʤ ʍʊɿ. ʁʦʛʦ ʜʽʷʣʴʥʽʩʪʴ 

ʙʫʣʘ ʚʠʩʦʢʦ ʦʮʽʥʝʥʘ. 25 ʪʨʘʚʥʷ 1932 ʨ. ʟʘ ʫʩʧʽʰʥʝ ʦʩʚʦʻʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʡ ʜʦʩʪʨʦʢʦʚʝ 

ʜʦʚʝʜʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ ʜʦ 200 ʪʨʘʢʪʦʨʽʚ ʥʘ ʜʦʙʫ ʍʊɿ ʥʘʛʦʨʦʜʞʝʥʠʡ ʦʨʜʝʥʦʤ 
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ʃʝʥʽʥʘ. ʋ 1933 ʨ. ʟʘʚʦʜ ʨʦʟʧʦʯʘʚ ʚʠʨʦʙʥʠʮʪʚʦ ʜʠʟʝʣʴ-ʤʦʪʦʨʽʚ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʪʠʧʫ, ʫʩʧʽʰʥʦ 

ʚʠʢʦʥʘʚ ʧʣʘʥ ʚʠʧʫʩʢʫ ʪʨʘʢʪʦʨʽʚ. 

ɿ 1934 ʨ. ʆ.ɼ. ɹʨʫʩʢʽʥʘ ʧʨʠʟʥʘʯʠʣʠ ʜʠʨʝʢʪʦʨʦʤ ʏʝʣʷʙʽʥʩʴʢʦʛʦ ʪʨʘʢʪʦʨʥʦʛʦ ʟʘʚʦʜʫ, ʜʝ ʚʽʥ 

ʫʩʧʽʰʥʦ ʧʨʦʜʦʚʞʠʚ ʩʚʦʶ ʜʽʷʣʴʥʽʩʪʴ. ɿ 1936 ʨ. ʟʘʩʪʫʧʥʠʢ ʅʘʨʦʜʥʦʛʦ ʂʦʤʽʩʘʨʘ ʚʘʞʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟ 1937 ʨ. ï ʅʘʨʢʦʤ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʉʈʉʈ. ʇʨʦʪʝ, ʢʘʨôʻʨʘ ʪʘ ʞʠʪʪʷ ʮʽʻʾ 

ʪʘʣʘʥʦʚʠʪʦʾ ʣʶʜʠʥʠ ʟʘʢʽʥʯʠʣʠʩʴ ʪʨʘʛʽʯʥʦ. ʋ 1938 ʨ. ʟʘ ʥʘʢʣʝʧʦʤ ʡʦʛʦ ʟʘʘʨʝʰʪʫʚʘʣʠ, 

ʟʚʠʥʫʚʘʪʠʣʠ ʚ ʫʯʘʩʪʽ ʫ ʢʦʥʪʨʨʝʚʦʣʶʮʽʡʥʽʡ ʪʝʨʦʨʠʩʪʠʯʥʽʡ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʦʛʦʣʦʩʠʣʠ 

ʩʤʝʨʪʝʣʴʥʠʡ ʚʠʨʦʢ. ʈʦʟʩʪʨʽʣʷʣʠ ʆ.ɼ. ɹʨʫʩʢʽʥʘ 7 ʙʝʨʝʟʥʷ 1939 ʨ. ʈʝʘʙʽʣʽʪʫʚʘʣʠ ʡʦʛʦ, ʷʢ ʽ 

ʇ.ɯ. ʉʚʠʩʪʫʥʘ, ʣʠʰʝ ʚ 1955 ʨ. [2, ʩ. 336 ï 337]. 

ʉʘʚʘ ɯʣʣʽʯ ɺʦʩʢʦʙʦʡ ʙʫʚ ʢʝʨʽʚʥʠʢʦʤ ʍʊɿ ʣʠʰʝ ʨʽʢ, ʘ ʩʘʤʝ, ʟ ʣʠʩʪʦʧʘʜʘ 1938ʨ. ʧʦ ʞʦʚʪʝʥʴ 

1939 ʨ. ɼʦ ʮʴʦʛʦ ʚʽʥ ʧʨʘʮʶʚʘʚ ʨʦʙʽʪʥʠʢʦʤ, ʤʘʡʩʪʨʦʤ ʪʘ ʟʤʽʥʥʠʤ ʤʝʭʘʥʽʢʦʤ ʯʘʚʫʥʦʣʠʚʘʨʥʦʛʦ 

ʮʝʭʫ ʍʊɿ (1931 ï 1936 ʨʨ.). ʇʦʪʽʤ ʉ.ɯ. ɺʦʩʢʦʙʦʡ ʥʘʚʯʘʚʩʷ ʚ ʇʨʦʤʠʩʣʦʚʽʡ ʘʢʘʜʝʤʽʾ (1936 ï 1938 

ʨʨ.). ʇʦʜʘʣʴʰʠʤ ʤʽʩʮʝʤ  ʡʦʛʦ ʨʦʙʦʪʠ ʧʽʩʣʷ 1939 ʨ. ʩʪʘʣʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʃʝʥʽʥʛʨʘʜʘ [1, ʩ. 54]. 

 

       
     ʇ.ɯ. ʉʚʠʩʪʫʥ       ʆ.ɼ. ɹʨʫʩʢʽʥ       ʇ.ʇ. ʇʘʨʬʴʦʥʦʚ 

 

ʇʝʪʨʦ ʇʘʚʣʦʚʠʯ ʇʘʨʬʴʦʥʦʚ ʟʨʦʙʠʚ ʚʘʛʦʤʠʡ ʚʥʝʩʦʢ ʥʝ ʣʠʰʝ ʫ ʜʽʷʣʴʥʽʩʪʴ ʍʊɿ, ʘ ʡ ʫ ʞʠʪʪʷ 

ɸʣʪʘʡʩʴʢʦʛʦ ʢʨʘʶ, ʟʦʢʨʝʤʘ ʤ. ʈʫʙʮʦʚʩʴʢ. ʅʘʨʦʜʠʚʩʷ ʇ.ʇ. ʇʘʨʬʴʦʥʦʚ 1901 ʨ. ʫ ʩʣʦʙʦʜʽ 

ʇʫʰʢʘʨʥʘ ɹʽʣʛʦʨʦʜʩʴʢʦʛʦ ʧʦʚʽʪʫ ʂʫʨʩʴʢʦʾ ʛʫʙʝʨʥʽʾ ʫ ʨʦʜʠʥʽ ʟʘʣʽʟʥʠʯʥʠʢʘ. ʇʨʦʪʷʛʦʤ 1920 ï 

1923 ʨʨ. ʥʘʚʯʘʚʩʷ ʚ ʍʘʨʢʽʚʩʴʢʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ. ʊʨʫʜʦʚʫ ʜʽʷʣʴʥʽʩʪʴ ʚʽʥ ʨʦʟʧʦʯʘʚ ʫ 

ʨʽʢ ʟʘʢʽʥʯʝʥʥʷ ʥʘʚʯʘʥʥʷ ʥʘ ʍʘʨʢʽʚʩʴʢʦʤʫ ʧʘʨʦʚʦʟʦʙʫʜʽʚʥʦʤʫ ʟʘʚʦʜʽ ʩʧʦʯʘʪʢʫ ʥʘ ʧʦʩʘʜʽ 

ʢʦʥʩʪʨʫʢʪʦʨʘ, ʤʝʭʘʥʽʢʘ, ʟʛʦʜʦʤ ï ʥʘʯʘʣʴʥʠʢʘ ʢʦʚʘʣʴʩʴʢʦʛʦ ʮʝʭʫ, ʛʦʣʦʚʥʦʛʦ ʽʥʞʝʥʝʨʘ, 

ʟʘʩʪʫʧʥʠʢʘ ʜʠʨʝʢʪʦʨʘ ʪʘ ʜʠʨʝʢʪʦʨʘ. 23 ʞʦʚʪʥʷ 1939 ʨ. ʇ.ʇ. ʇʘʨʬʝʥʦʚʘ ʧʨʠʟʥʘʯʠʣʠ 

ʜʠʨʝʢʪʦʨʦʤ ʍʊɿ. 

ʋ 1941 ʨ. ʥʘ ʧʦʯʘʪʢʫ ʚʽʡʥʠ ʧʽʜʧʨʠʻʤʩʪʚʦ ʚʠʧʫʩʢʘʣʦ ʙʨʦʥʴʦʚʘʥʽ ʪʨʘʢʪʦʨʠ (ʣʝʛʢʽ ʪʘʥʢʠ) ʊ-

16 (ʍʊɿ-16). ɿ ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ ʤʽʩʪʘ ʣʽʥʽʾ ʬʨʦʥʪʫ, ʩʧʦʯʘʪʢʫ ʜʦ ʉʪʘʣʽʥʛʨʘʜʫ, ʘ ʧʦʪʽʤ ʥʘ ɸʣʪʘʡ 

ʝʚʘʢʫʶʚʘʣʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʥʝʚʝʣʠʢʫ ʛʨʫʧʫ ʢʘʜʨʦʚʠʭ ʨʦʙʽʪʥʠʢʽʚ ʪʘ ʩʧʝʮʽʘʣʽʩʪʽʚ ʍʊɿ. ʎʶ ʛʨʫʧʫ 

ʦʯʦʣʠʚ ʇ.ʇ. ʇʘʨʬʴʦʥʦʚ, ʷʢʦʛʦ ʫ ʩʽʯʥʽ 1942 ʨ. ʧʨʠʟʥʘʯʠʣʠ ʧʝʨʰʠʤ ʜʠʨʝʢʪʦʨʦʤ ʪʨʘʢʪʦʨʥʦʛʦ 

ʟʘʚʦʜʫ ʚ ʤ. ʈʫʙʮʦʚʩʴʢ. ʇʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʇ.ʇ. ʇʘʨʬʴʦʥʦʚʘ ʬʘʢʪʠʯʥʦ ʩʝʨʝʜ ʩʪʝʧʫ ʰʚʠʜʢʦ 

ʥʘʣʘʛʦʜʞʝʥʦ ʚʠʨʦʙʥʠʮʪʚʦ ʪʨʘʢʪʦʨʽʚ ɸʉʍʊɿ-ʅɸʊɯ. ʉʘʤʝ ʩʪʽʡʢʽʩʪʴ ʭʘʨʘʢʪʝʨʫ ʪʘ ʟʚʠʯʢʘ ʥʝ 

ʧʦʤʽʯʘʪʠ ʪʨʫʜʥʦʱʽʚ ʧʦʩʧʨʠʷʣʠ ʪʦʤʫ, ʱʦ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʙʫʣʦ ʦʨʛʘʥʽʟʦʚʘʥʝ ʟʘ 

ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ. ʇ.ʇ. ʇʘʨʬʴʦʥʦʚ ʥʝ ʙʫʚ çʢʘʙʽʥʝʪʥʠʤè ʧʨʘʮʽʚʥʠʢʦʤ, ʚʽʥ ʱʦʜʝʥʥʦ ʩʣʽʜʢʫʚʘʚ ʟʘ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʘ ʨʘʜʽʚ ʫʩʧʽʭʘʤ ʧʨʘʮʽʚʥʠʢʽʚ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʫʩʢ ʧʝʨʰʦʛʦ ʫ ʉʠʙʽʨʫ 

ɸʣʪʘʡʩʴʢʦʛʦ ʪʨʘʢʪʦʨʥʦʛʦ ʟʘʚʦʜʫ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʫʚ ʥʘ ʦʙʦʨʦʥʦʟʜʘʪʥʽʩʪʴ ʜʝʨʞʘʚʠ ʪʘ ʚʽʜʽʛʨʘʚ 

ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʨʝʛʽʦʥʫ. ɿʘ ʰʚʠʜʢʝ ʪʘ ʫʩʧʽʰʥʝ ʥʘʣʘʛʦʜʞʝʥʥʷ 

ʪʘ ʨʦʟʚʠʪʦʢ ʚʠʨʦʙʥʠʮʪʚʘ ʇ.ʇ. ʇʘʨʬʴʦʥʦʚʘ ʫ 1944 ʨ. ʽ ʫ 1948 ʨ. ʥʘʛʦʨʦʜʠʣʠ ʦʨʜʝʥʘʤʠ ʃʝʥʽʥʘ, ʘ 

ʟʘ ʨʦʟʨʦʙʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʡ ʦʩʚʦʻʥʥʷ ʚʠʧʫʩʢʫ ʥʦʚʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʨʘʢʪʦʨʘ ʚʽʥ, ʨʘʟʦʤ ʽʟ ʽʥʰʠʤʠ 

ʬʘʭʽʚʮʷʤʠ, ʦʪʨʠʤʘʚ ʟʚʘʥʥʷ ʣʘʫʨʝʘʪʘ ɼʝʨʞʘʚʥʦʾ ʧʨʝʤʽʾ ʉʈʉʈ (1950 ʨ.).  
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ʋ 1946 ʨ. ʇ.ʇ. ʇʘʨʬʴʦʥʦʚʘ ʧʨʠʟʥʘʯʠʣʠ ʥʘʯʘʣʴʥʠʢʦʤ ɻʣʘʚʪʨʘʢʪʦʨʧʨʦʤʫ, ʫ 1948 ʨ. ï 

ʟʘʩʪʫʧʥʠʢʦʤ ʤʽʥʽʩʪʨʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʉʈʉʈ, ʘ ʟʛʦʜʦʤ ï ʟʘʚʽʜʫʚʘʯʝʤ ʚʽʜʜʽʣʫ 

ɼʝʨʞʘʚʥʦʛʦ ʢʦʤʽʪʝʪʫ ʟ ʧʨʘʮʽ ʪʘ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ. ʇʦʤʝʨ ʫ 1973 ʨ. [5; 6, ʩ. 5-64].  

ʇʽʩʣʷ ʧʦʚʝʨʥʝʥʥʷ ʟ ʝʚʘʢʫʘʮʽʾ ʫ 1943 ʨ. ʜʠʨʝʢʪʦʨʦʤ ʍʊɿ ʩʪʘʚ ʉʝʨʛʽʡ ɺʘʩʠʣʴʦʚʠʯ ʉʘʣʻʥʢʦʚ 

ʽ ʩʘʤʝ ʚʽʥ ʩʪʘʚ ʢʝʨʽʚʥʠʢʦʤ ʚʽʜʙʫʜʦʚʠ ʟʘʚʦʜʫ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʝʨʰʦʯʝʨʛʦʚʠʤʠ 

ʟʘʚʜʘʥʥʷʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʪʦʡ ʯʘʩ ʙʫʣʠ ʨʝʤʦʥʪ ʘʚʪʦʤʘʰʠʥ ʜʣʷ ʚʽʡʩʴʢʦʚʠʭ ʯʘʩʪʠʥ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʣʦʱ, ʜʣʷ ʯʦʛʦ ʟʘʜʽʷʥʽ ʥʘʷʚʥʽ, ʥʘ ʪʦʡ ʯʘʩ, ʙʣʠʟʴʢʦ 500 ʨʦʙʽʪʥʠʢʽʚ, 

ʦʨʛʘʥʽʟʦʚʘʥʦ ʙʘʟʫ ʟ ʨʝʤʦʥʪʫ ʛʫʩʝʥʠʯʥʠʭ ʤʘʰʠʥ. ʇʨʦʪʝ, ʯʝʨʝʟ ʥʝʩʪʘʯʫ ʢʘʜʨʽʚ, ʍʊɿ ʥʝ ʤʽʛ 

ʧʨʘʮʶʚʘʪʠ ʫ ʧʦʚʥʫ ʩʠʣʫ, ʪʦʤʫ ʜʠʨʝʢʪʦʨʦʚʽ ʟʘʚʦʜʫ ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ ʷʢʥʘʡʰʚʠʜʰʝ ʥʘʙʨʘʪʠ 

ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʜʦʧʦʤʽʞʥʠʡ ʧʝʨʩʦʥʘʣ ʪʘ ʩʣʫʞʙʦʚʮʽʚ [7, ʘʨʢ. 48 ï 49]. 

ʄʘʡʞʝ ʟʘ ʜʚʘ ʤʽʩʷʮʽ ʢʝʨʫʚʘʥʥʷ ʟʘʚʦʜʦʤ ʉ.ɺ. ʉʘʣʻʥʢʦʚʠʤ ʚʽʜʨʝʤʦʥʪʦʚʘʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʚʝʨʩʪʘʪʽʚ, ʨʦʟʯʠʱʝʥʦ ʪʘ ʚʚʝʜʝʥʦ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʙʦʯʽ ʧʣʦʱʽ. ʇʝʨʝʜ  ʢʝʨʽʚʥʠʢʦʤ ʧʦʩʪʘʚʣʝʥʦ 

ʥʠʟʢʫ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʜʦ 1 ʩʽʯʥʷ 1944 ʨ. 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʛʦ, ʨʝʤʦʥʪʥʦ-ʣʠʚʘʨʥʦʛʦ, ʩʪʘʣʝʣʠʚʘʨʥʦʛʦ, ʪʝʨʤʽʯʥʦʛʦ ʮʝʭʽʚ. ɼʦ 1 ʙʝʨʝʟʥʷ ʮʴʦʛʦ 

ʞ ʨʦʢʫ ï ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ, ʢʦʚʘʣʴʩʴʢʦʛʦ, ʯʘʚʫʥʦʣʠʚʘʨʥʦʛʦ, ʨʝʤʦʥʪʥʦʤʝʭʘʥʽʯʥʦʛʦ, ʘ ʜʦ 1 

ʚʝʨʝʩʥʷ 1944 ʨ. ï ʜʝʨʝʚʦʦʙʨʦʙʥʦʛʦ ʪʘ ʤʝʭʘʥʦʟʙʠʨʘʣʴʥʦʛʦ ʮʝʭʽʚ. ʂʨʽʤ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʠʨʦʙʥʠʯʠʭ ʧʣʦʱ, ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʪʨʝʙʠ ʨʦʙʽʪʥʠʢʽʚ ʟʘʚʦʜʫ, ʱʦ ʚʠʤʘʛʘʣʦ 

ʪʝʨʤʽʥʦʚʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ ʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ, ʢʨʘʤʥʠʮʴ, ʥʘʚʯʘʣʴʥʦʛʦ 

ʢʦʤʙʽʥʘʪʫ ʪʘ ʧʨʠʤʽʱʝʥʥʷ ʜʣʷ ʨʝʤʽʩʥʠʯʦʛʦ ʫʯʠʣʠʱʘ ʥʘ ʙʘʟʽ ʧʽʜʧ ʨʠʻʤʩʪʚʘ. ɿʘ ʜʘʥʠʤʠ ʘʨʭʽʚʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʥʘʚʽʪʴ ʟʘ ʫʤʦʚ ʥʝʟʥʘʯʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ, ʟʘʚʦʜ ʫ ʧʝʨʽʦʜ ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʠʡʰʦʚ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʨʽʚʝʥʴ. ʇʨʘʮʽʚʥʠʢʠ ʟʘʚʦʜʫ ʟʘʡʤʘʣʠʩʷ ʥʝ ʣʠʰʝ ʩʚʦʾʤʠ 

ʧʨʷʤʠʤʠ ʦʙʦʚôʷʟʢʘʤʠ, ʘ ʡ ʙʨʘʣʠ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʫ ʚʽʜʥʦʚʣʝʥʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ [2, ʩ. 41; 8, ʩ. 6; 

35, 39-40]. 

ʉʝʨʛʽʡ ɺʘʩʠʣʴʦʚʠʯ ʧʦʩʪʘʚʠʚʩʷ ʜʦ ʥʘʜʘʥʠʭ ʟʘʚʜʘʥʴ ʚʽʜʧʦʚʽʜʘʣʴʥʦ, ʦʩʢʽʣʴʢʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʍʊɿ ʚʽʜʙʫʚʘʣʦʩʷ ʜʦʚʦʣʽ ʫʩʧʽʰʥʦ, ʘ ʪʘʢʦʞ ʟʘ ʨʦʢʠ ʡʦʛʦ ʢʝʨʫʚʘʥʥʷ ʙʫʣʦ ʚʽʜʥʦʚʣʝʥʦ ʰʢʦʣʫ 

ʨʦʙʽʪʥʠʯʦʾ ʤʦʣʦʜʽ, ʫʢʦʤʧʣʝʢʪʦʚʘʥʦ ʾʾ ʥʝ ʣʠʰʝ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʘʣʝ ʡ ʧʝʜʘʛʦʛʽʯʥʠʤ 

ʧʝʨʩʦʥʘʣʦʤ. ʗʢ ʩʚʽʜʯʠʪʴ ʟʚʽʪ ʧʨʦ ʜʽʷʣʴʥʽʩʪʴ ʟʘʚʦʜʫ ʟʘ ʮʝʡ ʧʝʨʽʦʜ, ʢʦʣʝʢʪʠʚʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʧʨʦʚʝʜʝʥʦ ʟʥʘʯʥʠʡ ʦʙʩʷʛ ʨʦʙʽʪ, ʧʦʚôʷʟʘʥʠʡ ʟ ʚʽʜʥʦʚʣʝʥʥʷʤ ʜʽʷʣʴʥʦʩʪʽ, ʭʦʯʘ ʡ ʟʘʣʠʰʘʣʠʩʷ 

ʟʥʘʯʥʽ ʥʝʜʦʣʽʢʠ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʝʨʩʪʘʪʥʠʤ ʧʘʨʢʦʤ. ʆʪʞʝ, ʧʽʜʧʨʠʻʤʩʪʚʦ ʟʘʡʤʘʣʦʩʷ 

ʨʝʤʦʥʪʥʠʤʠ ʨʦʙʦʪʘʤʠ ʪʘ ʘʢʪʠʚʥʦ ʩʪʘʚʘʣʦ ʥʘ ʰʣʷʭ ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ɿʚʘʞʘʶʯʠ ʥʘ 

ʧʝʚʥʽ ʜʦʩʷʛʥʝʥʥʷ ʫ ʚʽʜʥʦʚʣʝʥʥʽ ʟʘʚʦʜʫ, ʟ 1945 ʨ. ʉ.ɺ. ʉʘʣʻʥʢʦʚʘ ʧʨʠʟʥʘʯʝʥʦ ʟʘʩʪʫʧʥʠʢʦʤ 

ʜʠʨʝʢʪʦʨʘ ʟ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʜʦʨʫʯʝʥʦ ʟʘʡʤʘʪʠʩʷ ʮʠʤ ʧʠʪʘʥʥʷʤ ʽ ʥʘʜʘʣʽ, ʘ ʧʦʩʘʜʫ ʜʠʨʝʢʪʦʨʘ 

ʟʘʡʥʷʚ ʇʘʚʣʦ ʗʢʦʚʠʯ ʃʽʩʥʷʢ, ̫ ʢʠʡ ʢʝʨʫʚʘʚ ʍʊɿ ʟ 1945 ʨ. ʧʦ 1952 ʨ. 

ʇ.ʗ. ʃʽʩʥʷʢ ʥʘʨʦʜʠʚʩʷ ʚ 1908 ʨ. ʫ ʂʘʪʝʨʠʥʦʩʣʘʚʩʴʢʽʡ ʛʫʙʝʨʥʽʾ (ʟʘʨʘʟ ɼʥʽʧʨʦʚʩʴʢʠʡ ʨʘʡʦʥ 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʪʽ) ʫ ʨʦʜʠʥʽ ʣʽʩʥʠʢʘ. ɺʠʱʫ ʦʩʚʽʪʫ ʦʪʨʠʤʘʚ ʫ ʂʠʾʚʩʴʢʦʤʫ 

ʽʥʜʫʩʪʨʽʘʣʴʥʦʤʫ ʽʥʩʪʠʪʫʪʽ (1931 ï 1936). ʋ 1936 ï 1942 ʨʨ. ʥʘ ʏʝʣʷʙʽʥʩʴʢʦʤʫ ʪʨʘʢʪʦʨʥʦʤʫ 

ʟʘʚʦʜʽ ʧʨʘʮʶʻ ʪʝʭʥʦʣʦʛʦʤ, ʟʘʩʪʫʧʥʠʢʦʤ ʥʘʯʘʣʴʥʠʢʘ ʚʽʜʜʽʣʫ, ʥʘʯʘʣʴʥʠʢʦʤ ʮʝʭʫ, ʥʘʯʘʣʴʥʠʢʦʤ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʟʘʩʪʫʧʥʠʢʦʤ ʛʦʣʦʚʥʦʛʦ ʽʥʞʝʥʝʨʘ. ɿ 1942 ʨ. ʧʦ 1945 ʨ. ï ʥʘʯʘʣʴʥʠʢ ʢʦʚʘʣʴʩʴʢʦʛʦ 

ʮʝʭʫ ʄʦʩʢʦʚʩʴʢʦʛʦ ʘʚʪʦʟʘʚʦʜʫ. ʋ ʯʝʨʚʥʽ 1945 ʨ. ʙʫʚ ʧʨʠʟʥʘʯʝʥʠʡ ʥʘ ʧʦʩʘʜʫ ʜʠʨʝʢʪʦʨʘ ʍʊɿ. 

ʆʩʢʽʣʴʢʠ ʦʯʦʣʶʚʘʚ ʟʘʚʦʜ ʇ.ʗ. ʃʽʩʥʷʢ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʡʦʛʦ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʪʘʚ 

ʜʦʚʦʣʽ ʟʥʘʯʥʠʤ [1, ʩ. 75]. 

ʍʊɿ ʧʦʩʪʫʧʦʚʦ ʥʘʨʦʱʫʚʘʚ ʦʙʩʷʛʠ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʚʜʷʢʠ ʘʢʪʠʚʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʫʩʴʦʛʦ 

ʢʦʣʝʢʪʠʚʫ ʟʘʚʦʜʫ, ʟʙʽʣʴʰʝʥʦ ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚ, ʚʽʜʥʦʚʣʝʥʦ ʯʘʚʫʥʦʣʠʚʘʨʥʠʡ, 

ʩʪʘʣʝʣʠʚʘʨʥʠʡ, ʪʝʨʤʽʯʥʠʡ ʪʘ ʢʦʚʘʣʴʩʴʢʠʡ ʮʝʭʠ, ʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʨʘʢʪʦʨʽʚ, ʧʦʨʽʚʥʷʥʦ ʟ 1945 ʨ., 

ʟʨʦʩʣʦ ʚ 4,6 ʨʘʟʠ. ʇ.ʗ. ʃʽʩʥʷʢ ʧʽʜʪʨʠʤʫʚʘʚ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʥʷ ʨʘʮʽʦʥʘʣʽʟʘʪʦʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɺʽʜʧʦʚʽʜʥʽ ʧʨʦʧʦʟʠʮʽʾ ʜʦʟʚʦʣʠʣʠ ʩʧʨʦʩʪʠʪʠ ʨʦʙʦʪʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʦʛʣʷʜʫ ʥʘ ʚʠʪʨʘʪʠ ʨʦʙʦʯʦʾ 

ʩʠʣʠ ʪʘ ʝʢʦʥʦʤʽʶ ʢʦʰʪʽʚ, ʦʜʥʘʢ, ʜʝʷʢʽ ʥʦʚʘʮʽʾ, ʧʦʧʨʠ ʧʦʟʠʪʠʚʥʽ ʦʟʥʘʢʠ, ʤʘʣʠ ʡ ʥʝʛʘʪʠʚʥʽ 

ʥʘʩʣʽʜʢʠ, ʦʩʢʽʣʴʢʠ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʍʊɿ ʥʝ ʚʽʜʧʦʚʽʜʘʣʘ ʪʦʛʦʯʘʩʥʠʤ ʚʠʤʦʛʘʤ. ʂʨʽʤ ʪʦʛʦ, 

ʝʢʦʥʦʤʽʷ ʢʦʰʪʽʚ ʚʽʜʙʫʚʘʣʘʩʷ ʟʘʚʜʷʢʠ ʽʥʞʝʥʝʨʥʠʤ ʨʽʰʝʥʥʷʤ. ʎʝ ʙʫʣʘ ʥʘʡʙʽʣʴʰʘ ʝʢʦʥʦʤʽʷ, ʱʦ 

ʧʝʨʝʚʠʱʫʚʘʣʘ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ ʟʘ ʫʩʽʤʘ ʮʝʭʘʤʠ. ɿʘʚʜʷʢʠ ʨʘʮʽʦʥʘʣʽʟʘʪʦʨʩʴʢʠʤ ʧʨʦʧʦʟʠʮʽʷʤ 
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ʟʝʢʦʥʦʤʣʝʥʦ ʚʠʪʨʘʪʠ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ 576662 ʨʫʙʣʽ ʥʘ ʨʽʢ [2, c. 93]. 

ʋ 1948 ʨ. ʟʘ ʫʩʧʽʰʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʚʦʜʫ ʡ ʧʝʨʝʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʨʘʢʪʦʨʽʚ 

ʍʊɿ ʥʘʛʦʨʦʜʞʝʥʠʡ ʦʨʜʝʥʦʤ ʊʨʫʜʦʚʦʛʦ ʏʝʨʚʦʥʦʛʦ ʇʨʘʧʦʨʫ. ʇʽʜ ʯʘʩ ʢʝʨʽʚʥʠʮʪʚʘ ʇ.ʗ. ʃʽʩʥʷʢʘ 

ʧʦʩʪʘʣʦ ʧʠʪʘʥʥʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʠʭ  ʟʨʘʟʢʽʚ ʪʝʭʥʽʢʠ. ʅʘ ʧʦʯʘʪʢʫ ʣʶʪʦʛʦ 1949 ʨ. ʧʣʘʥʫʚʘʣʦʩʷ 

ʧʦʚʥʽʩʪʶ ʧʝʨʝʡʪʠ ʥʘ ʚʠʧʫʩʢ ʪʨʘʢʪʦʨʽʚ ʟ ʜʠʟʝʣʴʥʠʤ ʜʚʠʛʫʥʦʤ. ʊʨʠ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ɼʊ-54 ʙʫʣʦ 

ʚʠʛʦʪʦʚʣʝʥʦ ʥʘ ɸʣʪʘʡʩʴʢʦʤʫ ʟʘʚʦʜʽ ʱʝ ʫ 1947 ʨ. ɺʽʥ ʙʫʚ ʙʽʣʴʰ ʧʦʪʫʞʥʠʤ, ʥʽʞ ʉʍʊɿ-ʅɸʊɯ, 

ʪʷʛʣʦʚʘ  ʩʠʣʘ ʫ ɼʊ-54 ʚʠʱʝ, ʘ ʚʠʪʨʘʪʘ ʧʘʣʴʥʦʛʦ ʟʤʝʥʰʫʚʘʣʘʩʷ ʤʘʡʞʝ ʫʜʚʽʯʽ. ɼʣʷ ʧʝʨʝʭʦʜʫ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʠʭ ʤʘʰʠʥ ʙʫʣʘ ʧʦʪʨʽʙʥʘ ʩʧʽʣʴʥʘ ʨʦʙʦʪʘ ʢʝʨʽʚʥʠʮʪʚʘ ʪʘ ʧʨʘʮʽʚʥʠʢʽʚ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʯʘʩʥʝ ʪʘ ʷʢʽʩʥʝ ʚʠʨʦʙʥʠʮʪʚʦ. ʂʨʽʤ ʪʦʛʦ, ʫ 1952 ʨ. ʟʘʚʦʜ ʚʠʛʦʪʦʚʣʷʚ ʜʝʪʘʣʽ 

ʪʘ ʚʫʟʣʠ ʜʣʷ ʩʘʜʦʚʦ-ʛʦʨʦʜʥʴʦʛʦ ʪʨʘʢʪʦʨʘ ʍʊɿ-7, ʱʦ ʟʙʠʨʘʣʠ ʥʘ ʪʨʘʢʪʦʨʦʩʢʣʘʜʘʣʴʥʦʤʫ 

ʧʽʜʧʨʠʻʤʩʪʚʽ (ʧʽʟʥʽʰʝ ï ʍʘʨʢʽʚʩʴʢʠʡ ʟʘʚʦʜ ʪʨʘʢʪʦʨʥʠʭ ʩʘʤʦʭʽʜʥʠʭ ʰʘʩʽ). ʋ ʮʽʡ ʨʦʙʦʪʽ ʪʝʞ 

ʙʨʘʚ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʇ.ʗ. ʃʽʩʥʷʢ. 

ʇʽʩʣʷ ʢʝʨʽʚʥʠʮʪʚʘ ʍʊɿ, ʇʘʚʣʦ ʗʢʦʚʠʯ ʫ 1952 ï 1954 ʨʨ. ʜʠʨʝʢʪʦʨ ɻʦʨʴʢʦʚʩʴʢʦʛʦ 

ʘʚʪʦʟʘʚʦʜʫ, ʫ 1954 ï 1957 ʨʨ. ʟʘʩʪʫʧʥʠʢ ʤʽʥʽʩʪʨʘ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʉʈʉʈ, ʫ 1957 

ï 1966 ʨʨ. ʛʦʣʦʚʘ ʂʠʾʚʩʴʢʦʛʦ ʨʘʜʥʘʨʛʦʩʧʫ, ʫ 1966 ï 1967 ʨʨ. ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ɼʝʨʞʧʣʘʥʫ 

ʋʈʉʈ, ʟ 1967 ʨ. ï ʧʝʨʰʠʡ ʟʘʩʪʫʧʥʠʢ ʤʽʥʽʩʪʨʘ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʉʈʉʈ. 

ʅʘʛʦʨʦʜʞʝʥʠʡ ʪʨʴʦʤʘ ʦʨʜʝʥʘʤʠ ʃʝʥʽʥʘ, ʯʦʪʠʨʤʘ ʊʨʫʜʦʚʦʛʦ ʏʝʨʚʦʥʦʛʦ ʇʨʘʧʦʨʘ. ʃʘʫʨʝʘʪ 

ɼʝʨʞʘʚʥʦʾ ʧʨʝʤʽʾ ʉʈʉʈ (1952 ʨ.). ʇʽʰʦʚ ʟ ʞʠʪʪʷ ʫ 1977 ʨʦʮʽ. ʇʦʭʦʚʘʥʠʡ ʫ ʤ. ʄʦʩʢʚʘ [1, ʩ. 75, 

96]. 

 

      
       ʇ.ʗ. ʃʽʩʥʷʢ                      ʄ.ɸ. ʇʘʰʠʥ          ʇ.ʖ. ʉʘʙʣʻʚ 

 

ʋ 1952 ʨ. ʥʘ ʧʦʩʘʜʽ ʜʠʨʝʢʪʦʨʘ ʇ.ʗ. ʃʽʩʥʷʢʘ ʟʤʽʥʠʚ ʄʠʭʘʡʣʦ ɸʥʜʨʽʡʦʚʠʯ ʇʘʰʠʥ. ɼʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʢʝʨʽʚʥʠʢʦʤ ʚʽʥ ʧʨʘʮʶʚʘʚ ʽʥʞʝʥʝʨʦʤ, ʟʘʩʪʫʧʥʠʢʦʤ ʛʦʣʦʚʥʦʛʦ ʽʥʞʝʥʝʨʘ 

ɻʦʨʴʢʦʚʩʴʢʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʟʘʚʦʜʫ (1938 ï 1945 ʨʨ.), ʥʘʯʘʣʴʥʠʢʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ï 

ʟʘʩʪʫʧʥʠʢʦʤ ʛʦʣʦʚʥʦʛʦ ʽʥʞʝʥʝʨʘ ʋʣʴʷʥʦʚʩʴʢʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʟʘʚʦʜʫ (1945 ï 1950 ʨʨ.), 

ʛʦʣʦʚʥʠʤ ʽʥʞʝʥʝʨʦʤ ʍʊɿ (1950 ï 1952 ʨʨ.). ɿʘ ʨʦʢʠ ʢʝʨʫʚʘʥʥʷ ʄ.ɸ. ʇʘʰʠʥʘ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ 

ʜʦʩʣʽʜʥʫ ʧʘʨʪʽʶ ʣʝʛʢʠʭ ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ  ʪʷʛʘʯʽʚ, ʩʪʚʦʨʝʥʠʭ ʱʝ ʫ 1947 ʨ. ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ɿʘ ʧʝʨʽʦʜ 1953 ï 1954 ʨʨ. ʥʘ ʍʊɿ ʚʽʜʙʫʣʦʩʷ ʧʦʢʨʘʱʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʪʘ ʷʢʽʩʥʦʛʦ 

ʩʢʣʘʜʫ ʧʨʘʮʽʚʥʠʢʽʚ. ʏʠʩʣʦ ʜʠʧʣʦʤʦʚʘʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʥʘ 1 ʞʦʚʪʥʷ 1954 ʨ.,  ʧʦʨʽʚʥʷʥʦ ʟ 1953 ʨ., 

ʟʨʦʩʣʦ ʥʘ 6,3%, ʟ ʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʚʠʱʦʶ ʦʩʚʽʪʦʶ ʙʫʣʦ 7,9% ʪʘ ʟ ʩʝʨʝʜʥʴʦʶ ʪʝʭʥʽʯʥʦʶ ï 

5,5%. ʋ 1952 ï 1954 ʨʨ. ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʨʦʟʧʦʯʘʣʦʩʷ ʩʧʦʨʫʜʞʝʥʥʷ ʮʝʭʽʚ: ʜʨʫʛʦʛʦ 

ʯʘʚʫʥʦʣʠʚʘʨʥʦʛʦ, ʪʨʝʪʴʦʛʦ ʪʘ ʯʝʪʚʝʨʪʦʛʦ ʪʨʘʢʪʦʨʥʠʭ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ, ʟʨʦʩʪʘʚ ʚʠʧʫʩʢ 

ʪʨʘʢʪʦʨʽʚ. ʋ 1954 ʨ. ʄ.ɸ. ʇʘʰʠʥʘ ʧʨʠʟʥʘʯʝʥʦ ʟʘʩʪʫʧʥʠʢʦʤ ʤʽʥʽʩʪʨʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ, 

ʪʨʘʢʪʦʨʥʦʛʦ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʉʈʉʈ, ʥʘ ʧʦʯʘʪʢʫ 1960-ʭ ï 

ʜʠʨʝʢʪʦʨʦʤ ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʽ ʘʚʪʦʤʦʪʦʨʥʦʛʦ ʽʥʩʪʠʪʫʪʫ (ʤ. ʄʦʩʢʚʘ). 

ʅʘʛʦʨʦʜʞʝʥʠʡ ʦʨʜʝʥʘʤʠ ʏʝʨʚʦʥʦʛʦ ʇʨʘʧʦʨʘ ʪʘ ʏʝʨʚʦʥʦʾ ɿʽʨʢʠ [1, ʩ. 97; 2, ʩ. 54; 8, ʩ. 96 ï 97]. 

ɿ 1954 ʨ. ʨʦʟʧʦʯʘʚʩʷ ʚʘʞʣʠʚʠʡ ʝʪʘʧ ʫ ʨʦʟʚʠʪʢʫ ʍʊɿ, ʩʘʤʝ ʟ ʮʴʦʛʦ ʯʘʩʫ ʧʦʯʠʥʘʻʪʴʩʷ 

ʧʦʩʪʫʧʦʚʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʟʨʘʟʢʽʚ ʪʝʭʥʽʢʠ. ɺʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ ʫ 

ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʚʽʜʽʛʨʘʣʠ ʧʨʘʮʽʚʥʠʢʠ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʙʶʨʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ ʢʝʨʽʚʥʠʢ 
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ʟʘʚʦʜʫ ʇʘʚʣʦ ʖʭʠʤʦʚʠʯ ʉʘʙʣʻʚ, ʱʦ ʚʽʜʜʘʚ ʧʽʜʧʨʠʻʤʩʪʚʫ ʯʠʤʘʣʦ ʨʦʢʽʚ ʩʚʦʛʦ ʞʠʪʪʷ ʪʘ 

ʜʽʷʣʴʥʦʩʪʽ. ʅʘʨʦʜʠʚʩʷ ʇ.ʖ. ʉʘʙʣʻʚ 1 (14) ʯʝʨʚʥʷ 1903 ʨ. ʫ ʩʝʣʠʱʽ ʅʦʚʽ ʉʠʚʘʾ, ʟʘʨʘʟ 

ʍʽʩʣʘʚʠʯʩʴʢʦʛʦ ʨʘʡʦʥʫ ʉʤʦʣʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ ʫ ʨʦʜʠʥʽ ʩʝʣʷʥʠʥʘ. ʇʦ ʟʘʢʽʥʯʝʥʥʶ ʩʝʤʠʨʽʯʢʠ 

ʨʦʟʧʦʯʘʚ ʪʨʫʜʦʚʫ ʜʽʷʣʴʥʽʩʪʴ ʫ 1922 ʨ. ʪʝʭʥʽʯʥʠʤ ʨʦʙʽʪʥʠʢʦʤ. ʋ 1924 ʨ. ʧʝʨʝʾʭʘʚ ʜʦ 

ʤ. ʂʨʘʤʘʪʦʨʩʴʢʘ, ʜʝ ʧʽʰʦʚ ʥʘ ʨʦʙʦʪʫ ʩʣʶʩʘʨʝʤ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʟʘʚʦʜ. ɿ 1925 ʨ. ʧʦ 1927 ʨ. 

ʧʨʦʭʦʜʠʚ ʚʽʡʩʴʢʦʚʫ ʩʣʫʞʙʫ. ʇʦ ʟʘʢʽʥʯʝʥʥʽ ʩʣʫʞʙʠ ʨʦʟʧʦʯʘʚ ʥʘʚʯʘʥʥʷ ʥʘ ʨʦʙʬʘʮʽ, ʧʦʪʽʤ ʫ 

ʍʘʨʢʽʚʩʴʢʦʤʫ ʤʝʭʘʥʽʢʦ-ʤʘʰʠʥʦʙʫʜʽʚʥʦʤʫ ʽʥʩʪʠʪʫʪʽ (ʥʠʥʽ ʅʊʋ çʍʇɯè), ʷʢʠʡ ʟʘʢʽʥʯʠʚ ʫ 

1935 ʨ. ʇʨʘʮʶʚʘʚ ʽʥʞʝʥʝʨʦʤ-ʜʦʩʣʽʜʥʠʢʦʤ ʋʢʨʘʾʥʩʴʢʦʛʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʘʚʪʦʜʠʟʝʣʽʚ, ʧʨʠʡʤʘʚ ʫʯʘʩʪʴ ʫ ʩʪʚʦʨʝʥʽ ʪʘʥʢʦʚʦʛʦ ʜʠʟʝʣʷ ɺ-2. ʋ 1937 ʨ. ʇ.ʖ. ʉʘʙʣʻʚʘ ʙʫʣʦ 

ʧʨʠʟʥʘʯʝʥʦ ʥʘ ʧʦʩʘʜʫ ʥʘʯʘʣʴʥʠʢʘ  ʣʘʙʦʨʘʪʦʨʽʾ  ʟʘʚʦʜʫ ʽʤ. ʂʦʤʽʥʪʝʨʥʫ (ʟʘʨʘʟ ɼʇ çɿʽʄè), ʘ ʫ 

1941 ʨ. ï ʧʨʠʟʥʘʯʝʥʠʡ ʢʝʨʽʚʥʠʢʦʤ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʙʶʨʦ ʮʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʋ ʞʦʚʪʥʽ 

1941 ʨ. ʟʘʚʦʜ ʝʚʘʢʫʶʚʘʣʠ ʜʦ ʏʝʣʷʙʽʥʩʴʢʘ, ʜʝ ʇ.ʖ. ʉʘʙʣʻʚ ʢʝʨʫʚʘʚ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʶ ʛʨʫʧʦʶ 

ʂʽʨʦʚʩʴʢʦʛʦ ʟʘʚʦʜʫ, ʝʚʘʢʫʡʦʚʘʥʦʛʦ ʟ ʃʝʥʽʥʛʨʘʜʘ. ɹʨʘʚ ʫʯʘʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʜʚʠʛʫʥʽʚ ʜʣʷ ʪʘʥʢʽʚ 

ʂɺ, ɯʉ ʪʘ ʩʘʤʦʭʽʜʥʠʭ ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʟʘ ʱʦ ʦʪʨʠʤʘʚ ɼʝʨʞʘʚʥʫ ʧʨʝʤʽʶ ʉʈʉʈ (1946 ʨ.) 

[7, ʘʨʢ. 2]. 

ʋ 1946 ʨ. ʇ.ʖ. ʉʘʙʣʻʚʘ ʧʦʚʝʨʥʫʚʩʷ ʜʦ ʍʘʨʢʦʚʘ, ʜʝ ʦʙʽʡʥʷʚ ʧʦʩʘʜʫ ʟʘʩʪʫʧʥʠʢʘ ʥʘʯʘʣʴʥʠʢʘ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʙʶʨʦ ʍʘʨʢʽʚʩʴʢʦʛʦ ʟʘʚʦʜʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ (ʟʘʨʘʟ ɼʇ 

çɿʽʄè). ɿ 1947 ʨ. ʧʦ 1950 ʨ. ï ʩʝʢʨʝʪʘʨ ʧʘʨʪʢʦʤʫ ʍʊɿ, ʘ ʟ 1950 ʨ. ʧʦ 1954 ʨ. ï ʜʠʨʝʢʪʦʨ 

ʭʘʨʢʽʚʩʴʢʦʛʦ ʤʦʪʦʨʦʙʫʜʽʚʥʦʛʦ ʟʘʚʦʜʫ çʉʝʨʧ ̔  ʄʦʣʦʪè. ʋ ʯʝʨʚʥʽ 1954 ʨ. ʧʦʚʝʨʥʫʚʩʷ ʥʘ ʍʊɿ ʷʢ 

ʜʠʨʝʢʪʦʨ ʪʘ ʦʯʦʣʶʚʘʚ ʧʽʜʧʨʠʻʤʩʪʚʦ 15 ʨʦʢʽʚ. ɿʘ ʮ ̔ʨʦʢʠ ʟ ʢʦʥʚʝʻʨʘ ʍʊɿ ʟʽʡʰʦʚ 100-ʪʠʩʷʯʥʠʡ 

ʪʨʘʢʪʦʨ ɼʊ-54, ʙʫʣʦ ʨʦʟʧʦʯʘʪʦ ʚʠʨʦʙʥʠʮʪʚʦ ʛʫʩʝʥʠʯʥʠʭ ʪʨʘʢʪʦʨʽʚ ʊ-74, ʫ 1966 ʨ. ʚʠʛʦʪʦʚʣʝʥʦ 

ʪʨʘʢʪʦʨ ʊ-25 ʧʦʪʫʞʥʽʩʪʶ 20 ʢ.ʩ. ɿʘ ʨʦʢʠ ʢʝʨʫʚʘʥʥʷ ʇ.ʖ. ʉʘʙʣʻʚʘ ʟʘʚʦʜ ʚʠʡʰʦʚ ʥʘ 

ʤʽʞʥʘʨʦʜʥʠʡ ʨʠʥʦʢ, ʧʦʯʘʣʘʩʷ ʩʧʽʚʧʨʘʮʷ ʟ ɯʥʜʽʻʶ, ʂʠʪʘʻʤ ʪʘ ɹʦʣʛʘʨʽʻʶ. ɺʠʛʦʪʦʚʣʝʥʦ ʯʠʤʘʣʦ 

ʪʝʭʥʽʢʠ ʜʣʷ ʧʦʪʨʝʙ ʘʨʤʽʾ, ʟʦʢʨʝʤʘ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʨʦʟʧʦʯʘʪʦ ʩʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʘʨʪʠʣʝʨʽʡʩʴʢʦʛʦ ʪʷʛʘʯʘ ʣʝʛʢʦʛʦ (ɸʊʃ), ʩʪʚʦʨʝʥʦ ʛʫʩʝʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪʝʨ-ʪʷʛʘʯ (ɻʊʊ) ʽ 

ʩʽʤʝʡʩʪʚʦ ʣʝʛʢʠʭ ʙʘʛʘʪʦʮʽʣʴʦʚʠʭ ʪʨʘʥʩʧʦʨʪʝʨʽʚ (ʄʊʃ ʽ ʄʊʃɹ). 

ʋʢʘʟʦʤ ʇʨʝʟʠʜʽʾ ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ ʉʈʉʈ ʚʽʜ 5 ʩʝʨʧʥʷ 1966 ʨ. ʇ.ʖ. ʉʘʙʣʻʚʫ ʧʨʠʩʚʦʻʥʦ 

ʟʚʘʥʥʷ ɻʝʨʦʷ ʉʦʮʽʘʣʽʩʪʠʯʥʦʾ ʇʨʘʮʽ ʟ ʚʨʫʯʝʥʥʷʤ ʦʨʜʝʥʘ ʃʝʥʽʥʘ ʪʘ ʟʦʣʦʪʦʾ ʤʝʜʘʣʽ çʉʝʨʧ ʽ 

ʄʦʣʦʪè. ʋ ʥʘʩʪʫʧʥʦʤʫ ʨʦʮʽ ʟ ʢʦʥʚʝʻʨʘ ʟʽʡʰʦʚ ʤʽʣʴʡʦʥʥʠʡ ʪʨʘʢʪʦʨ ʽ ʟʘ ʜʦʩʷʛʥʫʪʽ ʫʩʧʽʭʠ ʫ 

ʚʠʢʦʥʘʥʥʽ ʟʘʚʜʘʥʴ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʢʨʘʾʥʠ ʪʨʘʢʪʦʨʘʤʠ, ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ 

ʫ ʨʦʟʚʠʪʦʢ ʚʽʪʯʠʟʥʷʥʦʛʦ ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦ ʥʘʛʦʨʦʜʞʝʥʦ ʜʨʫʛʠʤ ʦʨʜʝʥʦʤ 

ʃʝʥʽʥʘ . ʋ 1969 ʨ. ʇʘʚʣʦ ʖʭʠʤʦʚʠʯ ʚʠʡʰʦʚ ʥʘ ʧʝʥʩʽʶ ʪʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʚʦʛʦ ʞʠʪʪʷ ʧʨʦʚʽʚ ʫ 

ʍʘʨʢʦʚʽ. ʇʦʤʝʨ 17 ʙʝʨʝʟʥʷ 1975 ʨ. ʪʘ ʧʦʭʦʚʘʥʠʡ ʥʘ ʤʽʩʴʢʦʤʫ ʮʚʠʥʪʘʨʽ ̄ 2 [1, ʩ. 99, 120 ï 121, 

125]. 

ʅʘʡʙʽʣʴʰ ʪʨʠʚʘʣʠʡ ʯʘʩ ʍʊɿ ʢʝʨʫʚʘʚ ɺʘʣʝʥʪʠʥ ɺʘʩʠʣʴʦʚʠʯ ɹʽʙʣʠʢ. ɺʽʥ ʫʩʝ ʩʚʦʻ ʞʠʪʪʷ 

ʧʨʠʩʚʷʪʠʚ ʮʴʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʫ, ʩʘʤʝ ʥʘ ʍʊɿ ʨʦʟʧʦʯʘʚʩʷ ʽ ʟʘʚʝʨʰʠʚʩʷ ʡʦʛʦ ʪʨʫʜʦʚʠʡ ʰʣʷʭ.  

ɺ.ɺ. ɹʽʙʣʠʢ ʥʘʨʦʜʠʚʩʷ 22 ʯʝʨʚʥʷ 1926 ʨ. ʫ ʤ. ɭʥʘʢʽʻʚʦ (ɼʦʥʝʮʴʢʘ ʦʙʣʘʩʪʴ) ʫ ʩʽʤôʾ 

ʨʦʙʽʪʥʠʢʽʚ. ɿ 1932 ʨ. ʨʦʜʠʥʘ ʤʝʰʢʘʣʘ ʫ ʤ. ʍʘʨʢʽʚ, ʜʝ ʚʽʥ ʟʘʢʽʥʯʠʚ ʩʽʤ ʢʣʘʩʽʚ ʩʝʨʝʜʥʴʦʾ ʰʢʦʣʠ. 

ɿ 1941 ʨ. ʧʦ 1947 ʨ. ʧʝʨʝʙʫʚʘʚ ʫ ʝʚʘʢʫʘʮʽʾ, ʩʧʦʯʘʪʢʫ ʫ ʉʪʘʣʽʥʛʨʘʜʽ, ʘ ʧʦʪʽʤ ï ʫ ʈʫʙʮʦʚʩʴʢʫ. ʋ 

ʮʝʡ ʧʝʨʽʦʜ, ʧʦʯʠʥʘʶʯʠ ʟ 1942 ʨ., ʧʨʘʮʶʚʘʚ ʥʘ ɸʣʪʘʡʩʴʢʦʤʫ ʪʨʘʢʪʦʨʥʦʤʫ ʟʘʚʦʜʽ, ʜʝ ʙʨʘʚ 

ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʨʘʢʪʦʨʽʚ. ɼʚʘ ʨʦʢʠ ʧʦʪʦʤʫ ʡʦʛʦ ʧʽʜʚʠʱʠʣʠ ʜʦ ʩʪʘʨʰʦʛʦ 

ʪʝʭʥʦʣʦʛʘ ʮʝʭʫ, ʦʜʥʦʯʘʩʥʦ ɺ.ɺ. ɹʽʙʣʠʢ ʚʠʢʣʘʜʘʚ ʢʨʝʩʣʝʥʥʷ ʫ ʚʝʯʽʨʥʽʡ ʰʢʦʣʽ ˉ 9 

ʤ. ʈʫʙʮʦʚʩʴʢ. ʋ 1945 ʨ. ɺʘʣʝʥʪʠʥ ɺʘʩʠʣʴʦʚʠʯ ʟʘʢʽʥʯʠʚ ʤʽʩʴʢʫ ʩʝʨʝʜʥʶ ʰʢʦʣʫ ʨʦʙʽʪʥʠʯʦʾ 

ʤʦʣʦʜʽ. 

ʋ 1947 ʨ. ʨʦʜʠʥʘ ɺ.ɺ. ɹʽʙʣʠʢʘ ʧʦʚʝʨʥʫʣʘʩʷ ʟ ʝʚʘʢʫʘʮʽʾ ʽ ʚʽʥ ʨʦʟʧʦʯʘʚ ʨʦʙʦʪʫ ʥʘ ʍʊɿ, ʟ 

ʷʢʠʤ ʫ ʧʦʜʘʣʴʰʦʤʫ ʟʚôʷʟʘʚ ʩʚʦʶ ʜʦʣʶ. ʅʝʘʙʠʷʢʽ ʽʥʞʝʥʝʨʥʽ ʡ ʦʨʛʘʥʽʟʘʪʦʨʩʴʢʽ ʟʜʽʙʥʦʩʪʽ 

ʜʦʧʦʤʦʛʣʠ ʡʦʤʫ ʧʨʦʡʪʠ ʥʝʣʝʛʢʠʡ ʰʣʷʭ ʜʦ ʚʝʨʰʠʥ ʚʠʨʦʙʥʠʯʦʾ ʢʘʨôʻʨʠ. ɺʽʥ ʧʨʘʮʶʚʘʚ 

ʩʪʘʨʰʠʤ ʪʝʭʥʦʣʦʛʦʤ (1947 ï 1953 ʨʨ.), ʟʘʩʪʫʧʥʠʢʦʤ ʥʘʯʘʣʴʥʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ  ʮʝʭʫ 

(1953 ï 1954 ʨʨ.), ʥʘʯʘʣʴʥʠʢʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʽʜʜʽʣʫ (1954 ï 1957 ʨʨ.), ʛʦʣʦʚʥʠʤ ʪʝʭʥʦʣʦʛʦʤ 

(1957 ï 1962 ʨʨ.), ʛʦʣʦʚʥʠʤ ʽʥʞʝʥʝʨʦʤ (1962 ï 1969 ʨʨ.). ʋ 1953 ʨ. ʟʘʢʽʥʯʠʚ ɺʩʝʩʦʶʟʥʠʡ 
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ʟʘʦʯʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ (ʤ. ʄʦʩʢʚʘ) ʪʘ ʟʜʦʙʫʚ ʧʦʚʥʫ ʚʠʱʫ ʦʩʚʽʪʫ. 

ɿ 1969 ʨ. ɺ.ɺ. ɹʽʙʣʠʢʘ ʧʨʠʟʥʘʯʠʣʠ ʜʠʨʝʢʪʦʨʦʤ ʍʊɿ. ɿʘ ʧʝʨʽʦʜ ʡʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʦʩʚʦʻʥʦ ʧʦʥʘʜ 20 ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʪʨʘʢʪʦʨʽʚ ʪʘ ʽʥʰʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʧʠʪʦʤ ʜʘʣʝʢʦ ʟʘ ʤʝʞʘʤʠ ʋʢʨʘʾʥʠ. ɺ.ɺ. ɹʽʙʣʠʢ ʙʨʘʚ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʫ 

ʩʪʚʦʨʝʥʥʽ ʚʝʣʠʢʦʛʦ  ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʩʽʤʝʡʩʪʚʘ ʪʨʘʢʪʦʨʽʚ ʊ-150, ʊ-150ʂ ʪʘ ʾʭ ʤʦʜʠʬʽʢʘʮʽʡ. ʅʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ʩʘʤʝ ʫ ʮʝʡ ʯʘʩ ʦʨʛʘʥʽʟʦʚʘʥʦ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ ʟʽ ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, 

ʚʠʛʦʪʦʚʣʝʥʦ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʊɿʉʇ), ʟʦʢʨʝʤʘ ʙʘʛʘʪʦʮʽʣʴʦʚʠʡ 

ʪʨʘʥʩʧʦʨʪʝʨ-ʪʷʛʘʯ ʣʝʛʢʠʡ ʙʨʦʥʴʦʚʘʥʠʡ ʄʊʃɹ, çɻʚʦʟʜʠʢʘè, çʐʪʫʨʤè ʪʦʱʦ. ʂʨʽʤ ʪʦʛʦ, ʟʘ 

ʩʧʨʠʷʥʥʷʤ ɺ.ɺ. ɹʽʙʣʠʢʘ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʫʚʝʜʝʥʦ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʥʦʚʽ ʚʠʨʦʙʥʠʯʽ ʧʣʦʱʽ ʪʘ ʘʚʪʦʤʘʪʠʯʥʽ ʣʽʥʽʾ. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʨʦʟʚʠʚʘʣʦʩʷ ʤʽʞʥʘʨʦʜʥʝ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ, ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʧʽʜʛʦʪʦʚʢʘ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʽʚ. 

ɿʘ ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʅʘʨʦʜʥʦʾ ʈʝʩʧʫʙʣʽʢʠ ɹʦʣʛʘʨʽʾ, ʫ ʪʨʘʚʥʽ 1975 ʨ. ʍʊɿ ʥʘʛʦʨʦʜʞʝʥʠʡ ʦʨʜʝʥʦʤ ɻʝʦʨʛʽʷ 

ɼʠʤʠʪʨʦʚʘ. ʋ 1976 ʨ. ʟʘʚʦʜ ʩʪʘʚ ʛʦʣʦʚʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙôʻʜʥʘʥʥʷ. ʋ 1980-ʽ 

ʨʦʢʠ ʍʊɿ ʜʦʩʷʛ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ï ʚʠʧʫʩʢ ʧʨʦʜʫʢʮʽʾ ʩʢʣʘʚ ʜʦ 70 ʪʠʩʷʯ ʪʨʘʢʪʦʨʽʚ ʪʘ 

ʧʦʥʘʜ 2 ʪʠʩʷʯʠ ʊɿʉʇ ʥʘ ʨʽʢ. ʋ ʚʝʨʝʩʥʽ 1981 ʨ. ʟʘ ʚʝʣʠʢʠʡ ʚʥʝʩʦʢ ʚ ʦʩʥʘʱʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʶ ʪʝʭʥʽʢʦʶ ʧʽʜʧʨʠʻʤʩʪʚʦ ʥʘʛʦʨʦʜʞʝʥʝ ʦʨʜʝʥʦʤ ɾʦʚʪʥʝʚʦʾ 

ʈʝʚʦʣʶʮʽʾ. 16 ʢʚʽʪʥʷ 1982 ʨ. ʟ ʢʦʥʚʝʻʨʘ ʟʽʡʰʦʚ ʜʚʦʤʽʣʽʦʥʥʠʡ ʪʨʘʢʪʦʨ. ɿ 1967 ʨ. ʧʦ 1992 ʨ. ʥʘ 

ʍʊɿ ʚʠʛʦʪʦʚʣʝʥʦ ʙʽʣʷ 30 ʪʠʩʷʯ ʊɿʉʇ. ʅʘ ʧʦʯʘʪʢʫ 1986 ʨʦʢʫ ʟʘʚʦʜ ʧʦʩʪʘʯʘʚ ʪʨʘʢʪʦʨʠ ʜʦ 36 

ʢʨʘʾʥ ʩʚʽʪʫ ʡ ʧʽʜʛʦʪʫʚʘʚ ʚʠʨʦʙʥʠʮʪʚʦ ʥʦʚʠʭ ʤʦʜʝʣʝʡ: ʊ-150ʂʄ ʽ ʊ-150ʂ-02. ʋ 1994 ʨ. ʍʊɿ 

ʧʝʨʝʪʚʦʨʝʥʠʡ ʫ ʚʽʜʢʨʠʪʝ ʘʢʮʽʦʥʝʨʥʝ ʪʦʚʘʨʠʩʪʚʦ. 

ɺ.ɺ. ɹʽʙʣʠʢ ʚʽʜʟʥʘʯʝʥʠʡ ʜʝʨʞʘʚʥʠʤʠ ʥʘʛʦʨʦʜʘʤʠ. ʋ 1981 ʨ. ʡʦʤʫ ʧʨʠʩʫʜʞʝʥʦ ʟʚʘʥʥʷ 

ɻʝʨʦʷ ʉʦʮʽʘʣʽʩʪʠʯʥʦʾ ʇʨʘʮʽ, ʥʘʛʦʨʦʜʞʝʥʠʡ ʜʚʦʤʘ ʦʨʜʝʥʘʤʠ ʃʝʥʽʥʘ, ʦʨʜʝʥʦʤ ɾʦʚʪʥʝʚʦʾ 

ʈʝʚʦʣʶʮʽʾ, ʜʚʦʤʘ ʦʨʜʝʥʘʤʠ ʊʨʫʜʦʚʦʛʦ ʏʝʨʚʦʥʦʛʦ ʇʨʘʧʦʨʘ, ʦʨʜʝʥʦʤ çɿʘ ɿʘʩʣʫʛʠè. ɺʽʥ ʣʘʫʨʝʘʪ 

ɼʝʨʞʘʚʥʦʾ ʧʨʝʤʽʾ ʉʈʉʈ (1969 ʨ.), ʟʘʩʣʫʞʝʥʠʡ ʤʘʰʠʥʦʙʫʜʽʚʥʠʢ ʋʈʉʈ (1991 ʨ.). ʂʘʥʜʠʜʘʪ 

ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ. ʇʦʯʝʩʥʠʡ ʛʨʦʤʘʜʷʥʠʥ ʤ. ʍʘʨʢʦʚʘ (1999 ʨ.) [1, ʩ. 133; 2, ʩ. 348 ï 349; 9; 10]. 

ɺʘʣʝʥʪʠʥ ɺʘʩʠʣʴʦʚʠʯ ʧʽʰʦʚ ʟ ʞʠʪʪʷ 6 ʯʝʨʚʥʷ 2009 ʨ., ʧʦʭʦʚʘʥʠʡ ʫ ʍʘʨʢʦʚʽ ʥʘ ʤʽʩʴʢʦʤʫ 

ʮʚʠʥʪʘʨʽ ˉ 4. 

                                                    
       ɺ.ɺ. ɹʽʙʣʠʢ     ʇ.ʇ. ʊʦʜʦʨʦʚ           ʆ.ɻ. ʂʨʠʚʦʢʦʥʴ  

 

ʋ ʞʦʚʪʥʽ 1996 ʨ. ʛʦʣʦʚʦʶ ʧʨʘʚʣʽʥʥʷ ɺ̔ ʜʢʨʠʪʦʛʦ ʘʢʮʽʦʥʝʨʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ (ɺɸʊ) çʍʊɿè 

ʧʨʠʟʥʘʯʝʥʠʡ ʇʝʪʨʦ ʇʨʦʢʦʧʦʚʠʯ ʊʦʜʦʨʦʚ. ʇ.ʇ. ʊʦʜʦʨʦʚ ʥʘʨʦʜʠʚʩʷ 24 ʞʦʚʪʥʷ 1946 ʨ. ʫ ʩʝʣʽ 

ʊʨʦʾʮʴʢʝ ʇʦʧʘʩʥʷʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʃʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɿ 1964 ʨ. ʧʦ 1970 ʨ. ʥʘʚʯʘʚʩʷ ʥʘ 

ʬʘʢʫʣʴʪʝʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʍʇɯ. ɯʥʞʝʥʝʨ-ʢʦʥʩʪʨʫʢʪʦʨ, ʥʘʯʘʣʴʥʠʢ ʜʽʣʴʥʠʮʽ 

ʍʊɿ (1970 ï 1978 ʨʨ.). 1978 ï 1980 ʨʨ. ï  ʥʘ ʧʘʨʪʽʡʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʽʡ ʨʦʙʦʪʽ ʫ ʤ. ʍʘʨʢʦʚʽ. 

ɿʘʩʪʫʧʥʠʢ ʛʦʣʦʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʍʊɿ (1980 ʨ.). ʋ 1980 ï 1987 ʨʨ. ʟʘʩʪʫʧʥʠʢ, ʫ 1987 ï 

1991 ʨʨ. ï ʩʝʢʨʝʪʘʨ ʧʘʨʪʢʦʤʫ ʟʘʚʦʜʫ. ɿʘʩʪʫʧʥʠʢ ʜʠʨʝʢʪʦʨʘ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʛʦʣʦʚʠ ʧʨʘʚʣʽʥʥʷ 

ɺɸʊ ʟ ʝʢʦʥʦʤʽʯʥʦʾ ʨʝʬʦʨʤʠ (1991 ï 1995 ʨʨ.). ɿʘʩʣʫʞʝʥʠʡ ʧʨʘʮʽʚʥʠʢ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ 

(1999 ʨ.) [1, ʩ. 257; 11, ʩ. 120]. 

ʍʊɿ ʧʽʩʣʷ ʨʦʟʧʘʜʫ ʉʈʉʈ ʧʨʦʜʦʚʞʠʚ ʧʨʘʮʶʚʘʪʠ, ʦʜʥʘʢ ʟʤʽʥʠ ʯʘʩʫ ʪʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʝʥʜʝʥʮʽʡ ʧʦʪʨʝʙʫʚʘʣʠ ʥʝʛʘʡʥʦʾ ʘʜʘʧʪʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʫ ʥʝ ʟʤʦʛʣʘ 
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ɺ̔ ʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ ɸʚʪʦʤʦʙʽʣʝ- ʪʘ ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷ ˉ1, 2021             39 

ʧʝʨʝʥʝʩʪʠ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ, ʘʣʝ ʍʊɿ ʚʠʩʪʦʷʚ. ʋ 2000-

ʡ ʨʽʢ ʟʘʚʦʜ ʫʚʽʡʰʦʚ ʟ ʥʦʚʦʶ 160-ʶ ʩʝʨʽʻʶ ʧʦʪʫʞʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʪʨʘʢʪʦʨʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʦʨʥʦ-ʧʨʦʩʘʧʥʠʭ ʨʦʙʽʪ. ʎʷ ʤʦʜʝʣʴ ʧʦʩʫʥʫʣʘ çʙʽʣʦʨʫʩʘè ʄʊɿ-80 ʽ 

çʤʦʣʜʘʚʘʥʠʥʘè ʊ-70 ʥʘ ʝʚʦʣʶʮʽʡʥʽʡ ʩʭʦʜʠʥʮʽ ʪʨʘʢʪʦʨʽʚ ʩʚʦʛʦ ʢʣʘʩʫ, ʧʦʢʘʟʫʶʯʠ ʚʠʱʫ ʚ 2 ï 

2,5 ʨʘʟʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

ɿʥʘʯʥʠʤʠ ʢʦʥʢʨʝʪʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘ ʧʦʯʘʪʢʫ 2000-ʭ ʨʦʢʽʚ ʙʫʣʘ ʨʦʟʨʦʙʢʘ 

ʦʨʠʛʽʥʘʣʴʥʠʭ ʜʦʩʣʽʜʥʠʭ ʜʚʦʧʦʪʦʢʦʚʠʭ ʛʽʜʨʦʦʙôʻʤʥʦʤʝʭʘʥʽʯʥʠʭ ʪʨʘʥʩʤʽʩʽʡ (ɻʆʄʊ) ʜʣʷ 

ʙʘʛʘʪʦʮʽʣʴʦʚʠʭ ʣʝʛʢʠʭ ʙʨʦʥʴʦʚʘʥʠʭ ʪʷʛʘʯʽʚ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʪʫʧʽʥʯʘʩʪʦʾ ʤʝʭʘʥʽʯʥʦʾ ʢʦʨʦʙʢʠ 

ʧʝʨʝʜʘʯ ʄʊʃɹ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʛʽʜʨʦʦʙôʻʤʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ (ɻʄʇ) [12]. 

ʋ ʣʠʩʪʦʧʘʜʽ 2001 ʨ. ʍʊɿ ʚʧʝʨʰʝ ʟʘ ʩʚʦʶ ʽʩʪʦʨʽʶ ʥʘ ʜʝʷʢʠʡ ʯʘʩ ʟʫʧʠʥʠʚ ʚʠʨʦʙʥʠʮʪʚʦ ʫ 

ʟʚôʷʟʢʫ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʬʽʥʘʥʩʫʚʘʥʥʷ. ɺʣʽʪʢʫ 2002 ʨ. ʟʘʚʦʜ ʨʦʟʧʦʯʘʚ ʚʠʧʫʩʢ ʥʦʚʦʾ ʤʦʜʝʣʽ 

ʪʨʘʢʪʦʨʘ ʟ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʜʚʠʛʫʥʦʤ ʂʘʤɸɿ-740. ʋ 2003 ʨ. ʫʩʽ ʨʦʙʦʪʠ ʟ ʊɿʉʇ ʙʫʣʠ 

ʧʨʠʟʫʧʠʥʝʥʽ, ʘ ʟ 2006 ʨ. ʧʨʠʧʠʥʝʥʽ ʫ ʟʚôʷʟʢʫ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʬʽʥʘʥʩʫʚʘʥʥʷ. ʋ 2003 ï 2006 ʨʨ. 

ʪʨʠ ʨʘʟʠ ʧʨʦʡʰʣʘ ʟʤʽʥʘ ʚʣʘʩʥʠʢʽʚ ʍʊɿ [13; 14, ʩ. 28, 31].  

ʋ 2005 ï 2006 ʨʨ. ɻʝʥʝʨʘʣʴʥʠʤ ʜʠʨʝʢʪʦʨʦʤ ɺɸʊ çʍʊɿè ʽ ʫ 2006 ï 2007 ʨʨ. ʇʨʝʟʠʜʝʥʪʦʤ 

ʧʽʜʧʨʠʻʤʪʩʚʘ ʧʨʘʮʶʚʘʚ ʆʣʝʢʩʘʥʜʨ ɻʨʠʛʦʨʦʚʠʯ  ʂʨʠʚʦʢʦʥʴ. ʆʣʝʢʩʘʥʜʨ ɻʨʠʛʦʨʦʚʠʯ ʥʘʨʦʜʠʚʩʷ 

12 ʛʨʫʜʥʷ 1965 ʨ. ʫ ʤ. ʗʛʦʪʠʥ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʋ 1984 ï 1986 ʨʨ. ʧʨʦʭʦʜʠʚ ʩʣʫʞʙʫ ʚ 

ʦʙʤʝʞʝʥʦʤʫ ʢʦʥʪʠʥʛʝʥʪʽ ʨʘʜʷʥʩʴʢʠʭ ʚʽʡʩʴʢ ʚ ɼʝʤʦʢʨʘʪʠʯʥʽʡ ʈʝʩʧʫʙʣʠʮʽ ɸʬʛʘʥʽʩʪʘʥ. 

ʅʘʛʦʨʦʜʞʝʥʠʡ ʦʨʜʝʥʦʤ ʏʝʨʚʦʥʦʾ ɿʽʨʢʠ. ɺʠʱʫ ʦʩʚʽʪʫ ʦʪʨʠʤʘʚ 1993 ʨ. ʫ ʂʠʾʚʩʴʢʦʤʫ 

ʜʝʨʞʘʚʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤ. ʊ.ʊ. ʐʝʚʯʝʥʢʘ. ɿ 1990 ʨ. ʧʦ 2005 ʨ. ʧʨʘʮʶʚʘʚ ʥʘ ʢʝʨʽʚʥʠʭ 

ʧʦʩʘʜʘʭ ʥʠʟʢʠ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʦʨʛʘʥʽʟʘʮʽʡ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʇʽʩʣʷ ʨʦʙʦʪʠ ʥʘ ʍʊɿ, ʟ 2007 ʨ. 

ʧʦ 2014 ʨ. ʥʘ ʢʝʨʽʚʥʠʭ ʧʦʩʘʜʘʭ ɼʇ çɿʽʄè, ɼʇ çʇʽʚʜʝʥʥʠʡ ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜ 

ʽʤ. ʆ.ʄ. ʄʘʢʘʨʦʚʘè (ʤ. ɼʥʽʧʨʦ), ʊʆɺ çɼʥʽʧʨʦʢʨʘʥè, ʉorum Group. ʋ 2017 ʨ. ʪʘ ʟ ʢʚʽʪʥʷ 

2021 ʨ. ʛʝʥʝʨʘʣʴʥʠʡ ʜʠʨʝʢʪʦʨ ʍʘʨʢʽʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʫ 2018 ï 2019 ʨʨ. ï ʧʨʝʟʠʜʝʥʪ ɼʇ çɸʥʪʦʥʦʚè. ɿ 2010 ʨ. ʟʘ ʩʫʤʽʩʥʠʮʪʚʦʤ ʧʨʘʮʶʻ 

ʧʨʦʬʝʩʦʨʦʤ ʢʘʬʝʜʨʠ çɸʚʪʦʤʦʙʽʣʝ- ʽ ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷè (ɸʊ) ʅʊʋ çʍʇɯè. ɿʘʩʣʫʞʝʥʠʡ 

ʧʨʘʮʽʚʥʠʢ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ. ʂʘʥʜʠʜʘʪ ʬʽʣʦʩʦʬʩʴʢʠʭ, ʜʦʢʪʦʨ ʽʩʪʦʨʠʯʥʠʭ ʥʘʫʢ [15]. 

ʋ 2005 ʨ. ʍʊɿ ʚʠʧʫʩʪʠʚ 2,5 ʪʠʩʷʯʽ ʪʨʘʢʪʦʨʽʚ, ʚʣʽʪʢʫ ʥʘ ʧʦʣʽʛʦʥʽ ʍʊɿ (ʩʫʤʽʩʥʦ ʟ ʢʘʬʝʜʨʦʶ 

ɸʊ ʅʊʋ çʍʇɯè) ʧʨʦʚʝʜʝʥʽ ʧʦʣʴʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʛʫʩʝʥʠʯʥʦʛʦ ʪʨʘʢʪʦʨʘ ʍʊɿ-200 ʟ ɻʄʇ, ʷʢʽ 

ʧʽʜʪʚʝʨʜʠʣʠ ʙʽʣʴʰ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʚʠʨʦʙʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʠʢʦʤ ʊ-150. 

ʉʪʘʥʦʤ ʥʘ 2006 ʨ. ʟʘʚʦʜ ʚʠʨʦʙʣʷʚ ʫʥʽʚʝʨʩʘʣʴʥʽ ʢʦʣʽʩʥʽ ʪʨʘʢʪʦʨʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʍʊɿ-

17221 ʽ ʍʊɿ-17222, ʢʦʣʽʩʥʽ ʦʨʥʦ-ʧʨʦʩʘʧʥʽ ʍʊɿ-16131, ʛʫʩʝʥʠʯʥʽ ʍʊɿ-181, ʤʘʰʠʥʠ ʜʣʷ 

ʬʝʨʤʝʨʽʚ ʍʊɿ-3510, ʬʨʦʥʪʘʣʴʥʽ ʥʘʚʘʥʪʘʞʫʚʘʯʽ ʍʊɿ-156, ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʠʚ ʤʦʜʝʨʥʽʟʘʮʽʶ 

ʤʘʰʠʥ ʩʝʨʽʾ ʊ-150. ʋ ʯʝʨʚʥʽ 2007 ʨ. ʧʽʜʧʨʠʻʤʩʪʚʦ ʧʨʝʟʝʥʪʫʚʘʣʦ ʥʦʚʫ ʨʦʟʨʦʙʢʫ ï 

ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʡ ʟʨʘʟʦʢ ʧʝʨʰʦʛʦ ʙʫʣʴʜʦʟʝʨʘ ʫʢʨʘʾʥʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʠʤ ʩʪʘʚ ʜʦʨʦʞʥʦ-

ʙʫʜʽʚʝʣʴʥʠʡ ʪʨʘʢʪʦʨ ʊʉ-10 [16]. 

ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ ʂʦʩʦʚ ʥʘʨʦʜʠʚʩʷ 25 ʣʶʪʦʛʦ 1966 ʨ. ʫ ʤʽʩʪʽ ʆʤʩʴʢ. ɺʠʱʫ ʦʩʚʽʪʫ 

ʟʜʦʙʫʚ ʫ ʉʚʝʨʜʣʦʚʩʴʢʦʤʫ ʽʥʩʪʠʪʫʪʽ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ (1989 ʨ.). ɿ 1992 ʨ. ʧʦ 2007 ʨ. 

ʧʨʘʮʶʚʘʚ ʥʘ ʢʝʨʽʚʥʠʭ ʧʦʩʘʜʘʭ ʥʠʟʢʠ ʚʝʣʠʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʈʦʩʽʾ (ɭʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʪʦʚ-ʥʘ-

ɼʦʥʫ, ʇʝʨʤʴ): ʥʘʯʘʣʴʥʠʢ ʚʽʜʜʽʣʫ, ʢʦʤʝʨʮʽʡʥʠʡ ʜʠʨʝʢʪʦʨ, ʜʠʨʝʢʪʦʨ ʟ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʠʨʝʢʪʦʨ ʟ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʚʠʢʦʥʘʚʯʠʡ ʜʠʨʝʢʪʦʨ, ʟʘʩʪʫʧʥʠʢ ʛʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ʟ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ʇʽʩʣʷ ʨʦʙʦʪʠ ʜʠʨʝʢʪʦʨʦʤ ʥʘ ʍʊɿ (2007 ï 2008 ʨʨ.) ʟʘʡʤʘʻʪʴʩʷ 

ʧʨʠʚʘʪʥʠʤ ʧʽʜʧʨʠʻʤʥʠʮʪʚʦʤ ʽ ʧʦʩʽʜʘʻ ʢʝʨʽʚʥʽ ʧʦʩʘʜʠ ʥʘ ʨʦʩʽʡʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʽ ʚ 

ʦʨʛʘʥʽʟʘʮʽʷʭ (ɯʞʝʚʩʴʢʠʡ ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜ, ʭʦʣʜʽʥʛ çʊʝʭʥʦʜʠʥʘʤʠʢʘè (ʤ. ʄʦʩʢʚʘ) ʪʦʱʦ) 

[17]. 

ʉʝʨʛʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ ʉʝʨʝʙʨʷʢʦʚ, ʷʢʠʡ ʦʯʦʣʶʚʘʚ ʍʊɿ ʟ 2008 ʨ. ʧʦ 2013 ʨ., ʥʘʨʦʜʠʚʩʷ 18 

ʞʦʚʪʥʷ 1977 ʨ. ʫ ʩʝʣʠʱʽ ʆʨʣʽʚʢʘ ʂʝʤʽʥʩʴʢʦʛʦ ʨʘʡʦʥʫ (ʂʠʨʛʠʟʩʪʘʥ). ʆʩʚʽʪʫ ʟʜʦʙʫʚ ʫ 

ʗʨʦʩʣʘʚʩʴʢʦʤʫ ʚʠʱʦʤʫ ʚʽʡʩʴʢʦʚʦʤʫ ʫʯʠʣʠʱʽ ʽʤʝʥʽ ʛʝʥʝʨʘʣʘ ɸ.ɺ. ʍʨʫʣʴʦʚʘ. ʋ 1998 ï 2001 ʨʨ. 

ʉ.ʆ. ʉʝʨʝʙʨʷʢʦʚ ʧʨʦʭʦʜʠʚ ʩʣʫʞʙʫ ʫ ʟʙʨʦʡʥʠʭ ʩʠʣʘʭ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ. ʋ 2002 ï 2004 ʨʨ. 

ʧʝʨʝʙʫʚʘʚ ʥʘ ʧʦʩʘʜʽ ʜʠʨʝʢʪʦʨʘ ʟ ʝʢʦʥʦʤʽʢʠ ʪʘ ʬʽʥʘʥʩʽʚ ɺɸʊ çʂʨʘʩʬʘʨʤʘè (ʤ. ʂʨʘʩʥʦʷʨʩʴʢ), ʟ 
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40                                 ɺ̔ ʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ ɸʚʪʦʤʦʙʽʣʝ- ʪʘ ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷ ˉ1, 2021 

2004 ʨ. ʧʦ 2007 ʨ. ï ʧʝʨʰʠʡ ʟʘʩʪʫʧʥʠʢ ʛʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ï ʜʠʨʝʢʪʦʨ ʟ ʝʢʦʥʦʤʽʢʠ ʪʘ 

ʬʽʥʘʥʩʽʚ ɺɸʊ çɺʦʣʛʘè, ʤ. ɹʘʣʘʭʥʘ, ʟ 2013 ʨ. ʧʦ ʩʴʦʛʦʜʥʽ ʻ ʜʠʨʝʢʪʦʨʦʤ ɿɸʊ çʇʝʪʝʨʙʫʨʛʩʴʢʠʡ 

ʪʨʘʢʪʦʨʥʠʡ ʟʘʚʦʜè [18]. 

                  
       ʆ.ʆ. ʂʦʩʦʚ             ʉ.ʆ. ʉʝʨʝʙʨʷʢʦʚ                   ɺ.ɺ. ɻʫʙʽʥ                       ɸ.ɸ. ʂʦʚʘʣʴ      

 

ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʽʡʦʚʠʯ ɻʫʙʽʥ ʥʘʨʦʜʠʚʩʷ ʫ ʍʘʨʢʦʚʽ 12 ʩʝʨʧʥʷ 1974 ʨ. ɺʽʥ ʻ ʚʠʧʫʩʢʥʠʢʦʤ 

ʅʊʋ çʍʇɯè ʪʘ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʘ ʽʤ. ɺ.ʅ. ʂʘʨʘʟʽʥʘ. ʇʝʚʥʠʡ ʯʘʩ 

ʧʨʘʮʶʚʘʚ ʫ ʩʬʝʨʽ ʩʽʣʴʛʦʩʧʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʂʝʨʫʚʘʚ ʍʊɿ ʟ 2013 ʨ. ʧʦ 2016 ʨ. ʂʘʥʜʠʜʘʪ 

ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʫʢ. ʋ 2015 ʨ. ʙʫʚ ʚʠʛʦʪʦʚʣʝʥʠʡ ʧʝʨʰʠʡ ʟʨʘʟʦʢ ʢʦʣʽʩʥʦʛʦ ʪʨʘʢʪʦʨʘ ʟ 

ʜʚʦʧʦʪʦʢʦʚʦʶ ɻʆʄʊ, ̫ ʢʫ ʨʦʟʨʦʙʠʣʠ ʚʯʝʥʽ ʢʘʬʝʜʨʠ ɸʊ ʅʊʋ çʍʇɯè ʩʫʤʽʩʥʦ ʟ ʬʘʭʽʚʮʷʤʠ ʍʊɿ. 

ɿʘʨʘʟ ɺ.ɺ. ɻʫʙʽʥ ʧʨʦʞʠʚʘʻ ʚ ɯʩʧʘʥʽʾ [15; 19; 20, ʩ. 15-16]. 

ʂʦʚʘʣʴ ɸʥʜʨʽʡ ɸʥʘʪʦʣʽʡʦʚʠʯ ʥʘʨʦʜʠʚʩʷ 28 ʪʨʘʚʥʷ 1969 ʨ., ʤʘʻ ʪʨʠ ʚʠʱʽ ʦʩʚʽʪʠ. ʂʝʨʫʻ ɸʊ 

çʍʊɿè ʫ 2006 ï 2007 ʨʨ. ʽ ʟ ʙʝʨʝʟʥʷ 2016 ʨ. ʂʨʝʜʦ ʷʢ ʢʝʨʽʚʥʠʢʘ: çʇʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʰʣʷʭʦʤ ʨʝʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ. ɺʠʙʫʜʫʚʘʪʠ ʧʨʘʚʠʣʘ ʛʨʠ ʡ 

ʨʦʙʦʪʫ ʚʩʽʭ ʩʣʫʞʙ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʝʬʝʢʪ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽè [21]. 

ɿʘ ʯʘʩ ʢʝʨʽʚʥʠʮʪʚʘ: 

 ʨʦʟʨʦʙʣʝʥʘ ʩʝʨʽʷ ʪʨʘʢʪʦʨʽʚ ʍʊɿ-240ʂ, ʜʦ ʷʢʠʭ ʘʜʘʧʪʦʚʘʥʦ ʥʦʚʽ ʜʚʠʛʫʥʠ ʧʦʪʫʞʥʽʩʪʶ 

250 ʢ.ʩ.; 

 ʤʦʜʝʨʥʽʟʦʚʘʥʦ ʧʨʦʤʠʩʣʦʚʠʡ ʪʨʘʢʪʦʨ-ʙʫʣʴʜʦʟʝʨ ʊʉ-10 ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʛʽʜʨʘʚʣʽʯʥʦʾ ʯʘʩʪʠʥ ʪʨʘʥʩʤʽʩʽʾ ʡ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ; 

 ʜʣʷ ʪʨʘʢʪʦʨʽʚ ʍʊɿ-240ʂ ʩʫʤʽʩʥʦ ʟ ʢʘʬʝʜʨʦʶ ɸʊ ʅʊʋ çʍʇɯè ʤʦʜʝʨʥʽʟʦʚʘʥʦ ʧʝʨʰʫ ʚ 

ʋʢʨʘʾʥʽ ɻʆʄʊ ʡ ʨʦʟʧʦʯʘʪʦ ʚʠʨʦʙʥʠʮʪʚʦ ʤʘʣʠʤʠ ʩʝʨʽʷʤʠ ʪʨʘʢʪʦʨʽʚ ʟ ɻʆʄʊ-2ʉ; 

 ʟ ʟʘʣʫʯʝʥʥʷʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʨʘʜʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʘ ʧʨʠʡʤʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ 

ʨʘʮʽʦʥʘʣʴʥʽ ʨʽʰʝʥʥʷ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʨʘʢʪʦʨʽʚ. 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʘʥʘʣʽʟʫʶʯʠ ʞʠʪʪʻʚʠʡ ʰʣʷʭ ʪʘ ʜʽʷʣʴʥʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʦʯʠʣʴʥʠʢʽʚ ʍʊɿ ʫ 

ʨʽʟʥʽ ʯʘʩʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʮʝ ʣʶʜʠ, ʷʢʽ ʚʽʜʜʘʥʽ ʩʚʦʾʡ ʩʧʨʘʚʽ ʪʘ, ʭʦʯ ʷʢ ʙʠ ʥʝ 

ʩʢʣʘʜʘʣʘʩʷ ʝʢʦʥʦʤʽʯʥʘ ʪʘ ʧʦʣʽʪʠʯʥʘ ʩʠʪʫʘʮʽʷ ʚ ʜʝʨʞʘʚʽ, ʢʝʨʽʚʥʠʢʠ ʥʘʤʘʛʘʣʠʩʷ ʟʨʦʙʠʪʠ ʫʩʝ 

ʟʘʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʨʘʟʢʽʚ ʪʝʭʥʽʢʠ. ɿʘ ʚʝʩʴ ʧʝʨʽʦʜ 

ʨʦʙʦʪʠ (90 ʨʦʢʽʚ) ʍʊɿ ʚʠʧʫʩʪʠʚ ʙʽʣʴʰʝ ʪʨʴʦʭ ʤʽʣʴʡʦʥʽʚ ʪʨʘʢʪʦʨʽʚ ʪʘ ʽʥʰʦʾ ʚʘʞʢʦʾ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʪʝʭʥʽʢʠ. ʇʦʢʘʟʘʥʦ ʷʢ ʜʦʣʷ ʟʘʚʦʜʫ ʪʘ ʡʦʛʦ ʧʨʦʜʫʢʮʽʾ ʧʝʨʝʧʣʝʪʝʥʘ ʟ ʜʦʣʝʶ 

ʜʠʨʝʢʪʦʨʽʚ ʍʊɿ. 
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ʇʨʠ ʧʨʷʤʦʣʽʥʽʡʥʦʤʫ ʨʫʩʽ ʢʦʣʽʩʥʦʛʦ ʪʨʘʢʪʦʨʘ ʧʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʜʝʬʦʨʤʫʻʪʴʩʷ, ʡʦʛʦ ʟʘʜʥʽ ʢʦʣʝʩʘ ʨʫʭʘʶʪʴʩʷ ʧʦ 

ʢʦʣʽʾ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʝʨʝʜʥʽʤʠ. ɺʝʣʠʯʠʥʘ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʶ ʟʘʣʝʞʥʦ ʚʽʜ ʾʾ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʨʦʟʤʽʨʽʚ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ ʪʨʘʢʪʦʨʘ, ʚʘʛʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʧʝʨʝʜʥʶ ʚʽʩʴ, 

ʪʦʱʦ. ɺʽʜʧʦʚʽʜʥʦ ʙʫʜʫʪʴ ʨʽʟʥʠʤʠ ʪʘ ʪʷʛʦʚʽ ʟʜʽʙʥʦʩʪʽ ʟʘʜʥʽʭ ʚʝʜʫʯʠʭ ʢʦʣʽʩ. ʎʶ ʦʙʩʪʘʚʠʥʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ, ʦʩʦʙʣʠʚʦ ʪʨʘʢʪʦʨʽʚ-ʪʷʛʘʯʽʚ ʟ ʜʚʦʤʘ ʚʝʜʫʯʠʤʠ ʦʩʷʤʠ, ʫ ʷʢʠʭ ʟʤʽʥʘ ʷʢʦʛʦʩʴ ʽʟ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʬʘʢʪʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʩʷʭ, ʚʧʣʠʚʘʻ ʥʝ ʪʽʣʴʢʠ ʥʘ ʫʱʽʣʴʥʝʥʥʷ 

ʧʦʚʝʨʭʥʽ, ʧʦ ʷʢʽʡ ʨʫʭʘʶʪʴʩʷ ʟʘʜʥʽ ʢʦʣʝʩʘ, ʘʣʝ ʡ ʥʘ ʪʷʛʦʚʽ ʷʢʦʩʪʽ ʧʝʨʝʜʥʽʭ. 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʠʞʯʝ 0,5 

ʟʥʠʞʫʻʪʴʩʷ ʨʦʣʴ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ, ʟʜʘʪʥʦʛʦ ʨʦʟʚʠʚʘʪʠ ʙʽʣʴʰʝ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ, ʥʽʞ ʧʝʨʝʜʥʻ ʧʨʠ ʪʦʤʫ ʞ 

ʥʘʚʘʥʪʘʞʝʥʥʽ, ʚ ʫʪʚʦʨʝʥʥʽ ʟʘʛʘʣʴʥʦʛʦ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ. ʊʦʤʫ ʟʘʛʘʣʴʥʝ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʩʪʘʻ ʥʠʞʯʠʤ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʱʝ 0,5 ʟʤʝʥʰʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ ʧʝʨʝʜʥʽʤ 

ʢʦʣʝʩʦʤ; ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʥʠʞʫʻʪʴʩʷ ʟʜʘʪʥʽʩʪʴ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ ʨʦʟʚʠʚʘʪʠ ʙʽʣʴʰʝ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ, ʥʽʞ ʧʝʨʝʜʥʻ ʟʘ ʪʦʛʦ 

ʞ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘʡʙʽʣʴʰʝ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ ʜʚʦʭ ʚʝʜʫʯʠʭ ʢʦʣʽʩ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʧʦ ʦʜʥʦʤʫ ʩʣʽʜʫ, ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 

ʦʜʥʘʢʦʚʠʭ ʚʘʛʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʚʘʛʠ ʪʨʘʢʪʦʨʘ ʟ ʯʦʪʠʨʤʘ ʚʝʜʫʯʠʤʠ ʢʦʣʝʩʘʤʠ 

ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ ʩʣʽʜ ʚʠʙʠʨʘʪʠ ʟ ʪʘʢʠʤ ʨʦʟʨʘʭʫʥʢʦʤ, ʱʦʙ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʝʜʥʽʭ ʪʘ ʟʘʜʥʽʭ ʢʦʣʝʩʘʭ 

ʚʠʨʽʚʥʶʚʘʣʦʩʷ ʟʘ ʥʦʤʽʥʘʣʴʥʦʛʦ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʥʘ ʛʘʢʫ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʦʣʽ, ʧʽʜʛʦʪʦʚʣʝʥʦʤʫ ʧʽʜ ʧʦʩʽʚ, ʟ ʘʢʪʠʚʥʠʤ ʥʘʧʽʚʧʨʠʯʝʧʦʤ ʧʨʠ ʨʽʟʥʦʤʫ 

ʨʦʟʧʦʜʽʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʟʘʜʥʴʦʶ ʚʽʩʩʶ ʪʨʘʢʪʦʨʘ ʽ ʚʽʩʩʶ ʥʘʧʽʚʧʨʠʯʝʧʘ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʝʥʪʨ ʚʘʛʠ ʘʢʪʠʚʥʦʛʦ 

ʥʘʧʽʚʧʨʠʯʝʧʘ ʤʦʞʝ ʚʠʙʠʨʘʪʠʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʜʣʷ ʥʝʘʢʪʠʚʥʦʛʦ, ʪʦʙʪʦ ʟ ʦʛʣʷʜʫ ʥʘ ʚʧʣʠʚ ʜʦʚʘʥʪʘʞʝʥʥʷ ʪʨʘʢʪʦʨʘ 

ʚʘʛʦʶ ʥʘʧʽʚʧʨʠʯʝʧʘ ʥʘ ʪʷʛʦʚʽ ʧʦʢʘʟʥʠʢʠ. 

ʆʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʪʷʛʦʚʠʭ ʷʢʦʩʪʝʡ ʢʽʣʴʢʦʭ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʧʽʜ ʯʘʩ 

ʢʦʯʝʥʥʷ ʾʭ ʧʦ ʦʜʥʦʤʫ ʩʣʽʜʫ. ɿ ʾʭʥʴʦʶ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʚʧʣʠʚ ʫʱʽʣʴʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʥʘ ʪʷʛʦʚʽ ʷʢʦʩʪʽ 

ʟʘʜʥʽʭ ʢʦʣʽʩ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʩʣʽʜʦʤ ʧʝʨʝʜʥʽʭ; ʚʧʣʠʚ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʩʷʭ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʥʘ ʾʭʥʻ ʟʘʛʘʣʴʥʝ 

ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ, ʪʦʱʦ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʘʢʪʦʨ, ʫʱʽʣʴʥʝʥʥʷ, ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʦʯʝʥʥʷ, ʜʝʬʦʨʤʘʮʽʷ, ʙʫʢʩʫʚʘʥʥʷ. 
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ʉʃɽɼʋ 
 

ʇʨʠ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ ʢʦʣʝʩʥʦʛʦ ʪʨʘʢʪʦʨʘ ʧʦ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʝʛʦ ʟʘʜʥʠʝ ʢʦʣʝʩʘ 

ʜʚʠʞʫʪʩʷ ʧʦ ʢʦʣʝʝ, ʦʙʨʘʟʫʝʤʦʡ ʧʝʨʝʜʥʠʤʠ. ɺʝʣʠʯʠʥʘ ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʝʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʨʘʟʤʝʨʦʚ ʧʝʨʝʜʥʠʭ ʢʦʣʝʩ ʪʨʘʢʪʦʨʘ, ʚʝʩʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ 

ʧʝʨʝʜʥʶʶ ʦʩʴ ʠ ʪʦʤʫ ʧʦʜʦʙʥʦʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʫʜʫʪ ʨʘʟʣʠʯʥʳʤʠ ʠ ʪʷʛʦʚʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʜʥʠʭ ʚʝʜʫʱʠʭ ʢʦʣʝʩ. 

ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦʨʦʚ, ʦʩʦʙʝʥʥʦ ʪʨʘʢʪʦʨʦʚ-ʪʷʛʘʯʝʡ ʩ 

ʜʚʫʤʷ ʚʝʜʫʱʠʤʠ ʦʩʷʤʠ, ʫ ʢʦʪʦʨʳʭ ʠʟʤʝʥʝʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʦʩʷʤ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʫʧʣʦʪʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʡ ʜʚʠʞʫʪʩʷ 

ʟʘʜʥʠʝ ʢʦʣʝʩʘ, ʥʦ ʠ ʥʘ ʪʷʛʦʚʳʝ ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʥʠʭ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʠʞʝ 0,5 

ʩʥʠʞʘʝʪʩʷ ʨʦʣʴ ʟʘʜʥʝʛʦ ʢʦʣʝʩʘ, ʩʧʦʩʦʙʥʦʛʦ ʨʘʟʚʠʚʘʪʴ ʙʦʣʴʰʝʝ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ, ʯʝʤ ʧʝʨʝʜʥʝʝ ʧʨʠ ʪʦʡ ʞʝ ʥʘʛʨʫʟʢʝ, 

ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʦʙʱʝʛʦ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ. ʇʦʵʪʦʤʫ ʦʙʱʝʝ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ʚʝʜʫʱʠʭ ʢʦʣʝʩ ʩʪʘʥʦʚʠʪʩʷ ʥʠʞʝ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʘʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʰʝ 0,5 ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ 

ʧʝʨʝʜʥʠʤ ʢʦʣʝʩʦʤ; ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʜʥʝʛʦ ʢʦʣʝʩʘ ʨʘʟʚʠʚʘʪʴ ʙʦʣʴʰʝʝ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ, ʯʝʤ 

ʧʝʨʝʜʥʝʝ ʧʨʠ ʪʦʡ ʞʝ ʥʘʛʨʫʟʢʝ. ʅʘʠʙʦʣʴʰʝʝ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ʜʚʫʭ ʚʝʜʫʱʠʭ ʢʦʣʝʩ, ʜʚʠʛʘʶʱʠʭʩʷ ʧʦ ʦʜʥʦʤʫ ʩʣʝʜʫ, 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʚʝʩʦʚʳʭ ʥʘʛʨʫʟʢʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʪʨʘʢʪʦʨʘ ʩ ʯʝʪʳʨʴʤʷ 

ʚʝʜʫʱʠʤʠ ʢʦʣʝʩʘʤʠ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʩ ʪʘʢʠʤ ʨʘʩʯʝʪʦʤ, ʯʪʦʙʳ ʥʘʛʨʫʟʢʘ ʥʘ ʧʝʨʝʜʥʠʭ ʠ 

ʟʘʜʥʠʭ ʢʦʣʝʩʘʭ ʚʳʨʘʚʥʠʚʘʣʘʩʴ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʪʷʛʦʚʦʤ ʫʩʠʣʠʠ ʥʘ ʢʨʶʢʝ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʦʣʝ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ ʧʦʜ ʧʦʩʝʚ, ʩ ʘʢʪʠʚʥʳʤ ʧʦʣʫʧʨʠʮʝʧʦʤ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʟʘʜʥʝʡ ʦʩʴʶ ʪʨʘʢʪʦʨʘ ʠ ʦʩʴʶ ʧʦʣʫʧʨʠʮʝʧʘ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʮʝʥʪʨ ʪʷʞʝʩʪʠ 

ʘʢʪʠʚʥʦʛʦ ʧʦʣʫʧʨʠʮʝʧʘ ʤʦʞʝʪ ʚʳʙʠʨʘʪʴʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʥʝʘʢʪʠʚʥʦʛʦ, ʪ.ʝ. ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʧʦʣʫʧʨʠʮʝʧ ʥʘ 

ʪ̫ ʛʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ. 
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ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʪʷʛʦʚʳʭ ʢʘʯʝʩʪʚ ʥʝʩʢʦʣʴʢʠʭ ʚʝʜʫʱʠʭ ʢʦʣʝʩ 

ʧʨʠ ʢʘʯʝʥʠʠ ʠʭ ʧʦ ʦʜʥʦʤʫ ʩʣʝʜʫ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʫʧʣʦʪʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʪʷʛʦʚʳʝ 

ʢʘʯʝʩʪʚʘ ʟʘʜʥʠʭ ʜʚʠʛʘʶʱʠʭʩʷ ʩʣʝʜʦʤ ʧʝʨʝʜʥʠʭ ʢʦʣʝʩ; ʚʣʠʷʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʦʩʷʤ ʚʝʜʫʱʠʭ ʢʦʣʝʩ 

ʥʘ ʠʭ ʦʙʱʝʝ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ʠ ʪ.ʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʢʪʦʨ, ʫʧʣʦʪʥʝʥʠʝ, ʥʘʛʨʫʟʢʘ, ʢʘʯʝʥʠʝ, ʜʝʬʦʨʤʘʮʠʷ, ʙʫʢʩʦʚʘʥʠʝ. 

 

E. KALININ, V. ZHILIN, R. PETROV, Y. KOLIESNIK 

 

TRACTION QUALITIES OF THE  DRIVING WHEELS WHEN ROLLING THEM 

ALONG ONE TRACK  
 

During rectilinear motion of a wheeled tractor on a deformable surface, its rear wheels move along the track formed 

by the front ones. The amount of soil compaction can be different depending on its physical and mechanical properties, 

the dimensions of the front wheels of the tractor, the weight load falling on the front axle, and the like. Accordingly, the 

traction abilities of the rear drive wheels will also be different. This circumstance should be taken into account when 

designing wheeled tractors, especially tractor-tractors with two driving axles, in which a change in any of the factors listed 

above, for example, the distribution of the load along the axles, affects not only the compaction of the surface on which 

the rear wheels move, but and on the traction qualities of the front. 

In the course of the research, it was found that with a decrease in the load distribution coefficient below 0.5, the role 

of the rear wheel, which is capable of developing a greater traction force than the front wheel at the same load, in the 

formation of the total traction force, decreases. Therefore, the total traction force of the driving wheels becomes lower. 

With an increase in this coefficient above 0.5, the amount of preliminary soil compaction by the front wheel decreases; as 

a result, the ability of the rear wheel to develop more traction than the front wheel under the same load is reduced. The 

greatest traction force of two driving wheels moving along the same track is achieved with the same weight loads. Thus, 

the position of the center of gravity of a tractor with four driving wheels of the same size should be chosen in such a way 

that the load on the front and rear wheels is equalized at the rated pull on the hook. 

When conducting research on a field prepared for sowing, with an active semi-trailer with different load distribution 

between the rear axle of the tractor and the axle of the semi-trailer, it was found that the center of gravity of the active 

semi-trailer can be selected in the same way as for the inactive one, i.e. taking into account the influence of the semi-trailer 

on traction performance. 

The dependences obtained in the work make it possible to analyze the traction qualities of several driving wheels 

when they roll along one track. With their help, it is possible to identify the effect of surface compaction on the traction 

qualities of the rear moving front wheels; the influence of load distribution along the axles of the driving wheels on their 

total traction force, etc. 

Keywords: tractor, compaction, load, rolling, deformation, slipping. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʪʝʦʨʽʾ ʨʫʭʫ ʢʦʣʝʩʘ ʽʩʥʫʶʪʴ ʫ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ. ʋ ʧʝʨʰʦʤʫ, ʢʣʘʩʠʯʥʦʤʫ, 

ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦʤʫ ʪʘ ʧʦʰʠʨʝʥʦʤʫ ʚʘʨʽʘʥʪʽ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʩʠʣʘ ʽ ʤʦʤʝʥʪ ʦʧʦʨʫ ʢʦʯʝʥʥʶ 

ʟʤʽʥʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʫʣʦʥʦʚʦʛʦ ʪʝʨʪʷ. ʋ ʜʨʫʛʦʤʫ, 

ʩʢʣʘʜʥʽʰʦʤʫ ʚʘʨʽʘʥʪʽ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʩʠʣʘ ʽ ʤʦʤʝʥʪ ï ʚʝʣʠʯʠʥʠ ʟʤʽʥʥʽ, ʷʢʽ ʧʨʠʡʥʷʪʦ ʚʠʟʥʘʯʘʪʠ 

ʯʝʨʝʟ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ, ʚ ʧʣʷʤʽ ʢʦʥʪʘʢʪʫ ʢʦʣʝʩʘ ʽ ʨʝʡʢʠ (ʧʦʣʦʪʥʘ ʜʦʨʦʛʠ) [3, 4]. 

ʋʩʢʣʘʜʥʝʥʠʡ ʚʘʨʽʘʥʪ ʙʝʨʝʪʴʩʷ ʟʘ ʦʩʥʦʚʫ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʘ ʧʽʜʚʠʱʝʥʘ ʪʦʯʥʽʩʪʴ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʨʫʭʫ ʢʦʣʝʩʘ. ɺ ʫʩʢʣʘʜʥʝʥʦʤʫ ʚʘʨʽʘʥʪʽ ʚʩʽ ʽʩʥʫʶʯʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʝʦʨʽʾ 

ʧʨʠʧʫʩʢʘʶʪʴ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʠ ʪʘ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ʢʦʣʝʩʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʯʝʨʝʟ 

ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʣʷʤʽ ʢʦʥʪʘʢʪʫ. ɺʽʜʨʽʟʥʷʶʪʴʩʷ ʚʦʥʠ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʚʠʙʦʨʦʤ ʩʧʦʩʦʙʫ ʾʭ ʚʠʟʥʘʯʝʥʥʷ. ʉʢʣʘʜʥʽʩʪʴ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʥʝʦʙʭʽʜʥʦ ʩʪʝʞʠʪʠ ʟʘ ʜʠʥʘʤʽʢʦʶ ʟʤʽʥʠ ʧʣʦʱʽ ʧʣʷʤʠ ʢʦʥʪʘʢʪʫ ʽ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ, 

ʚʩʪʘʥʦʚʣʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʩʧʦʯʘʪʢʫ ʟʘʢʦʥʠ ʾʭ ʨʦʟʧʦʜʽʣʫ. ɺʠʨʽʰʝʥʥʷ ʧʝʨʝʣʽʯʝʥʠʭ ʟʘʚʜʘʥʴ ʜʫʞʝ 

ʪʨʫʜʦʤʽʩʪʢʝ, ʥʘʚʽʪʴ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʫ, ʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʘʩʧʝʢʪʽʚ 

ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ [1 ï 7]. 

ʆʩʦʙʣʠʚʦ ʩʢʣʘʜʥʠʤ ʩʪʘʻ ʜʘʥʝ ʧʠʪʘʥʥʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʫʭʫ ʝʣʘʩʪʠʯʥʦʛʦ ʧʥʝʚʤʘʪʠʢʘ ʧʦ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʚʞʝ ʜʝʬʦʨʤʦʚʘʥʘ ʧʦʧʝʨʝʜʥʽʤ ʧʨʦʭʦʜʦʤ ʧʝʨʝʜʥʴʦʛʦ ʢʦʣʝʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚ 

ʥʽʡ ʥʘʷʚʥʽ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ. 
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ʄʝʪʘ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʪʷʛʦʚʠʭ ʷʢʦʩʪʝʡ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʚʘʛʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʽʜ ʯʘʩ ʾʭ ʢʦʯʝʥʥʷ ʧʦ ʦʜʥʦʤʫ ʩʣʽʜʫ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʣʽʾ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʦʩʣʽʜʦʚʥʦ -̔ʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʣʽʩ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʪʘʢʽ 

ʧʨʠʧʫʱʝʥʥʷ: ʢʦʯʝʥʥʷ ʢʦʣʝʩʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʻʶ ʣʠʰʝ ˇʨʫʥʪʫ; ˇʨʫʥʪ ʥʝ ʤʘʻ 

ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʦʤʫ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʾ ʻ ʧʦʚʥʽʩʪʶ ʟʘʣʠʰʢʦʚʠʤʠ; ʢʦʯʝʥʥʷ ʢʦʣʝʩʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʰʣʷʭʫ ʟʽ ʚʩʪʘʥʦʚʣʝʥʦʶ ʰʚʠʜʢʽʩʪʶ. ʇʨʠʡʤʝʤʦ ʪʘʢʦʞ, 

ʱʦ ʰʠʨʠʥʘ ʧʝʨʝʜʥʴʦʛʦ ʢʦʣʝʩʘ ʜʦʨʽʚʥʶʻ ʰʠʨʠʥʽ ʟʘʜʥʴʦʛʦ. 

ʉʭʝʤʘ ʜʽʾ ʟʫʩʠʣʴ ʽ ʨʝʘʢʮʽʡ ʥʘ ʚʝʜʫʯʝ ʢʦʣʝʩʦ ʧʨʠ ʢʦʯʝʥʥʽ ʧʦ ʩʣʽʜʫ ʧʝʨʝʜʥʴʦʛʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʨʠʡʥʷʪʠʭ ʧʨʠʧʫʱʝʥʴ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʜʽʾ ʩʠʣ ʪʘ ʨʝʘʢʮʽʡ ʥʘ ʚʝʜʫʯʝ ʢʦʣʝʩʦ ʧʨʠ ʢʦʯʝʥʥʽ ʧʦ ʫʱʽʣʴʥʝʥʽʡ ʧʦʚʝʨʭʥʽ  

(ʧʦ ʩʣʽʜʫ ʧʝʨʝʜʥʴʦʛʦ) 

 

ʗʢ ʚʽʜʦʤʦ, ʧʦʚʝʨʭʥʷ ʢʦʥʪʘʢʪʫ ʚʝʜʫʯʦʛʦ ʢʦʣʝʩʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʤʠʪʪʻʚʦʛʦ 

ʮʝʥʪʨʫ ʦʙʝʨʪʘʥʥʷ, ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʘʙʦ ʟ ʟʦʥ ʙʫʢʩʫʚʘʥʥʷ ʽ ʟʯʝʧʣʝʥʥʷ, ʘʙʦ ʪʽʣʴʢʠ ʟ ʟʦʥʠ 

ʙʫʢʩʫʚʘʥʥʷ. ʈʽʚʥʦʜʽʶʯʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʨʝʘʢʮʽʡ ʢʦʞʥʦʾ ʟʦʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʨʽʚʥʷʥʥʷʤ ʚʠʜʫ: 

 
2

ɺ

ʅ

ʋ

ʋ

b D dx dy
T q

dl y
= Öñ  (1) 

ʜʝ b  ï ʰʠʨʠʥʘ ʦʙʦʜʘ ʢʦʣʝʩʘ; D  ï ʜʽʘʤʝʪʨ ʢʦʣʝʩʘ; q  ï ʥʘʧʨʫʞʝʥʥʷ ʟʤʠʥʘʥʥʷ ˇʨʫʥʪʫ; 
dx

dl
 ï 

ʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʝʣʠʯʠʥʫ ʚʽʜʭʠʣʝʥʥʷ ʨʝʘʢʮʽʾ ʚʽʜ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʰʣʷʭʫ ʚ 

ʪʦʯʮʽ ʦʙʦʜʘ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ; ʅʋ ʽɺʋ  ï ʤʝʞʽ ʟʦʥ. 

ʅʘʧʨʫʞʝʥʥʷ ʟʤʠʥʘʥʥʷ ˇʨʫʥʪʫ ʧʝʨʝʜʥʽʤ ʢʦʣʝʩʦʤ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʧʦ ʥʝʜʝʬʦʨʤʦʚʘʥʽʡ 

ʧʦʚʝʨʭʥʽ, ʟʘʟʚʠʯʘʡ ʧʨʠʡʤʘʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʠʤ ʛʣʠʙʠʥʽ ʟʘʥʫʨʝʥʥʷ ʢʦʣʝʩʘ ʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ˇʨʫʥʪʫ, ʚʠʨʘʞʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 
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 1( ) ,
dl

q c h y
dy

m= -  (2) 

ʜʝ c  ï ʢʦʝʬʽʮʽʻʥʪ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ˇʨʫʥʪʫ; 1h  ï ʛʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ ʢʦʣʝʩʘ (ʛʣʠʙʠʥʘ ʢʦʣʽʾ); 

dl

dy
 ï ʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʧʣʠʚ ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ ˇʨʫʥʪʫ ʥʘ 

ʥʘʧʨʫʞʝʥʥʷ ʟʤʠʥʘʥʥʷ; m ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʥ ˇʨʫʥʪʫ (ʥʘʜʘʣʽ ʧʨʠʡʤʝʤʦ 

ʟʥʘʯʝʥʥʷ m ʧʦʩʪʽʡʥʠʤ ʪʘ ʨʽʚʥʠʤ ʦʜʠʥʠʮʽ). 

ʂʦʯʝʥʥʷ ʢʦʣʝʩʘ ʧʦ ʫʱʽʣʴʥʝʥʽʡ ʧʦʚʝʨʭʥʽ (ʧʦ ʩʣʽʜʫ ʧʝʨʝʜʥʴʦʛʦ) ʚʠʢʣʠʢʘʻ ʥʘʧʨʫʞʝʥʥʷ 

ˇʨʫʥʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʽ ʜʝʬʦʨʤʘʮʽʾ ʦʙʦʤʘ ʢʦʣʝʩʘʤʠ. ʅʘʧʨʫʞʝʥʥʷ ʚ ʢʦʥʪʘʢʪʽ ʮʴʦʛʦ 

ʢʦʣʝʩʘ ʟ ˇʨʫʥʪʦʤ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʟʘʣʝʞʥʽʩʪʶ ʚʠʜʫ: 

 1 2( ) ,
dl

q c h h y
dy

= + -  (3) 

ʜʝ 2h  ς ʛʣʠʙʠʥʘ ʢʦʣʽʾ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʜʨʫʛʠʤ ʢʦʣʝʩʦʤ. 

ɸʥʘʣʦʛʽʯʥʦ ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʥʘʧʨʫʞʝʥʥʷ ʟʤʠʥʘʥʥʷ ˇʨʫʥʪʫ, ʱʦ ʚʠʢʣʠʢʘʻʪʴʩʷ 

ʙʫʜʴ-ʷʢʠʤ -̔ʤ ʢʦʣʝʩʦʤ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʩʣʽʜʦʤ ʧʝʨʝʜʥʽʭ, ʯʠʩʣʦ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 1-̔, ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ: 

 ( ) ,i

dl
q c H h y

dy
= + -  (4) 

ʜʝ H  ς ʛʣʠʙʠʥʘ ʢʦʣʽʾ ʜʦ ʧʨʦʭʦʜʫ -̔ʛʦ ʢʦʣʝʩʘ (ʚʝʣʠʯʠʥʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ); ih  

ς ʛʣʠʙʠʥʘ ʢʦʣʽʾ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ -̔ʤ ʢʦʣʝʩʦʤ. 

 1 2 1... iH h h h-= + + (5) 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʢʣʘʜʝʥʦʛʦ, ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʦʜʽʶʯʦʾ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʨʝʘʢʮʽʡ ˇʨʫʥʪʫ ʚ ʢʦʞʥʽʡ ʟʦʥʽ ʥʘ ʦʙʽʜ ʚʝʜʫʯʦʛʦ ʢʦʣʝʩʘ, ʧʨʠ ʢʦʯʝʥʥʽ ʡʦʛʦ ʩʣʽʜʦʤ 

ʧʝʨʝʜʥʴʦʛʦ, ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

 
2 2

2 1 2( )
2

ɺ

ʅ

ʋ

ʋ

b c D dx dy
T h h y

dy y
= + -ñ  (6) 

ʜʝ 2b  ʽ 2D  ï ʰʠʨʠʥʘ ʪʘ ʜʽʘʤʝʪʨ ʜʨʫʛʦʛʦ ʢʦʣʝʩʘ. 

ɼʣʷ -̔ʛʦ ʢʦʣʝʩʘ: 

 ( )
2

ɺ

ʅ

ʋ

i i

i i

ʋ

bc D dx dy
T H h y

dy y
= + -ñ  (7) 

ʊʷʛʦʚʝ ʟʫʩʠʣʣʷ ʚʝʜʫʯʦʛʦ ʢʦʣʝʩʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʢʣʘʜʘʥʥʷʤ ʨʽʚʥʦʜʽʶʯʠʭ ʢʦʞʥʦʾ ʟʦʥʠ. 

ɯʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʴ (6) ʽ (7) ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ ʚ ʤʝʞʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʝʣʠʯʠʥʽ ʜʘʥʦʾ ʟʦʥʠ. 

ɻʣʠʙʠʥʘ ʢʦʣʽʾ ʧʽʩʣʷ ʧʨʦʭʦʜʫ ʢʦʣʝʩʘ ʧʦ ʥʝʜʝʬʦʨʤʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʨʽʚʥʷʥʥʷʤ ʚʠʜʫ: 

 

2

3

1
1

1 1

1,5G
h

b c D

å õ
=æ ö
æ ö
ç ÷

 (8) 

ʜʝ 1G  ς ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʝʜʥʻ ʢʦʣʝʩʦ, ʚʢʣʶʯʘʶʯʠ ʚʘʛʫ ʩʘʤʦʛʦ ʢʦʣʝʩʘ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʢʦʣʽʾ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘʜʥʽʤ ʢʦʣʝʩʦʤ, ʷʢʝ ʨʫʭʘʻʪʴʩʷ ʩʣʽʜʦʤ 

ʧʝʨʝʜʥʴʦʛʦ, ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʩʭʝʤʦʶ ʢʦʯʝʥʥʷ ʢʦʣʝʩʘ (ʨʠʩ. 1). ʇʨʦʝʢʪʫʶʯʠ ʚʩʽ ʩʠʣʠ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʫ ʚʽʩʴ, ʦʪʨʠʤʘʻʤʦ: 

 2 cos
ɺ

ʅ

ʋ

ʋ

G q dSa=ñ   (9) 
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ʜʝ 2G  ς ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʘʜʥʻ ʢʦʣʝʩʦ, ʚʢʣʶʯʘʶʯʠ ʚʘʛʫ ʩʘʤʦʛʦ ʢʦʣʝʩʘ; dS ς ʝʣʝʤʝʥʪʘʨʥʠʡ 

ʤʘʡʜʘʥʯʠʢ ʥʘ ʦʙʦʜʽ ʢʦʣʝʩʘ; a ς ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ ʨʝʘʢʮʽʾ ˇʨʫʥʪʫ ʚʽʜ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʰʣʷʭʫ. 

ɽʣʝʤʝʥʪʘʨʥʠʡ ʤʘʡʜʘʥʯʠʢ ʥʘ ʦʙʦʜʽ ʢʦʣʝʩʘ ʰʠʨʠʥʦʶ 2b  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

 2 2dS b r dj=  (10) 

ʜʝ dj ς ʢʫʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʡʜʘʥʯʠʢʫ dS. 

ʋ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʧʦʯʘʪʦʢ ʷʢʦʾ ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʥʠʞʥʽʡ ʪʦʯʮʽ ʦʙʦʜʘ ʢʦʣʝʩʘ, ʨʽʚʥʷʥʥʷ ʜʫʛʠ 

ʢʦʣʘ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

 2 sinx r j=  (11) 

 2(1 cos )y r j= -  (12) 

ʜʝ j ς ʢʫʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʥʘ ʦʙʦʜʽ ʢʦʣʝʩʘ. 

ɿ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ɺʆɽ ʤʘʻʤʦ: 

 
2 ( )x D y y= -  (13) 

ɿ ʜʦʩʪʘʪʥʽʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ: 

 
2x Dyº  (14) 

ɺʨʘʭʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ (12) ʧʽʩʣʷ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʽʚʥʷʥʥʷ (11) ʪʘ (14) ʪʘ 

ʟʜʽʡʩʥʠʚʰʠ ʜʝʷʢʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʾ ʧʣʦʱʽ ʥʘ ʦʙʦʜʽ ʢʦʣʝʩʘ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

 2 2

2

b D dy
dS

y
=  (15) 

ɿʽ ʩʭʝʤʠ ʢʦʯʝʥʥʷ ʢʦʣʝʩʘ ʚʠʜʥʦ, ʱʦ: 

 cos
dy

dl
a=  (16) 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (9) ʫ ʤʝʞʘʭ ʟʤʽʥʠ y  ʚʽʜ ʥʫʣʷ ʜʦ 2h  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ (3), 

(15) ʪʘ (16) ʦʪʨʠʤʘʻʤʦ: 

 
1

2
2 2 2 2 1 2

2

3
G b c D h h h

å õ
= +æ ö

ç ÷
 (17) 

ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ (17) ʫ ʢʘʥʦʥʽʯʥʽʡ ʬʦʨʤʽ: 

 
3 1

22 2
2 1 2

2 2

3 3
0

2 2

G
h h h

b c D
+ - = (18) 

ɺʚʘʞʘʶʯʠ 
1

2
2y h=  ʪʘ ʟʘʤʽʥʶʶʯʠ ʟʥʘʯʝʥʥʷ ʘʨʛʫʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʨʽʚʥʷʥʥʷ (18), 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ 
3

2
r=  ʽ 2

2 2

3

2

G
k

b c D
= , ʦʪʨʠʤʘʻʤʦ, ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʩʪʘʥʦʚʦʢ, ʨʽʚʥʷʥʥʷ 

ʚʠʜʫ: 

 
3 0y y kr+ + = (19) 

ʈʦʟʚôʷʟʫʶʯʠ ʮʝ ʨʽʚʥʷʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʦʨʤʫʣʠ ʂʘʨʜʘʥʦ, ʧʽʩʣʷ ʟʘʤʽʥʠ y  ʚʽʜʧʦʚʽʜʥʠʤ 

ʟʥʘʯʝʥʥʷʤ 2h , ʢʦʝʬʽʮʽʻʥʪʽʚ r ʽ k  ï ʾʭ ʟʥʘʯʝʥʥʷʤʠ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʜʝʷʢʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʦʪʨʠʤʘʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʢʦʣʽʾ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʢʦʣʝʩʦʤ, ʷʢʝ ʨʫʭʘʻʪʴʩʷ 

ʩʣʽʜʦʤ ʧʝʨʝʜʥʴʦʛʦ: 

 

2
1 1

3 3
2 3 2 3

2 2 1 1 2 1 2

9 1 3 9 1 3

16 8 4 16 8 4
h a h a a h a

è ø
å õ å õé ù= + + - + -æ ö æ öæ ö æ öé ù
ç ÷ ç ÷é ùê ú

 (20) 
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ʜʝ 2
2

2 2

G
a

b c D
=  

ʈʽʚʥʷʥʥʷ (19) ʤʘʻ ʦʜʠʥ ʜʽʡʩʥʠʡ ʨʦʟʚôʷʟʦʢ, ʪʦʤʫ ʱʦ ʧʨʠ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʥʷʭ ʟʤʽʥʥʠʭ 

ʚʝʣʠʯʠʥ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʚʠʨʘʟ ʢʦʝʬʽʮʽʻʥʪʽʚ r ʽ k, ʟʥʘʢ ʜʠʩʢʨʠʤʽʥʘʥʪʫ3 2 0D kr= + >. 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʛʣʠʙʠʥʘ ʢʦʣʽʾ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʙʫʜʴ-ʷʢʠʤ -̔ʤ 

ʢʦʣʝʩʦʤ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʧʦ ʫʱʽʣʴʥʝʥʽʡ ʧʦʚʝʨʭʥʽ: 

 

2
1 1

3 3
2 3 2 3

2

9 1 3 9 1 3

16 8 4 16 8 4
i i i ih a H a a H a

è ø
å õ å õé ù= + + - + -æ ö æ öæ ö æ öé ù
ç ÷ ç ÷é ùê ú

 (21) 

ʜʝ i
i

i i

G
a

bc D
= ; H  ï ʚʝʣʠʯʠʥʘ ʧʦʧʝʨʝʜʥʴʦʾ ʜʝʬʦʨʤʘʮʽʾ ˇʨʫʥʪʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 

(5). 

ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʪʷʛʦʚʠʭ ʷʢʦʩʪʝʡ ʢʽʣʴʢʦʭ ʚʝʜʫʯʠʭ ʢʦʣʽʩ 

ʧʽʜ ʯʘʩ ʢʦʯʝʥʥʷ ʾʭ ʧʦ ʦʜʥʦʤʫ ʩʣʽʜʫ. ɿ ʾʭʥʴʦʶ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʚʧʣʠʚ ʫʱʽʣʴʥʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʥʘ ʪʷʛʦʚʽ ʷʢʦʩʪʽ ʟʘʜʥʽʭ ʢʦʣʽʩ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʩʣʽʜʦʤ ʧʝʨʝʜʥʽʭ; ʚʧʣʠʚ ʨʦʟʧʦʜʽʣʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʩʷʭ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʥʘ ʾʭʥʻ ʟʘʛʘʣʴʥʝ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ, ʪʦʱʦ. 

ʈʦʟʛʣʷʥʝʤʦ, ʷʢ ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʟʤʽʥʘ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʩʷʭ ʥʘ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ 

ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʧʨʠ ʢʦʯʝʥʥʽ ʾʭ ʧʦ ʦʜʥʦʤʫ ʩʣʽʜʫ. ʈʦʟʤʽʨʠ ʢʦʣʽʩ: 1 2 50r r= =  ʩʤ ʽ 

1 2 22b b= =  ʩʤ ʧʨʠʙʣʠʟʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʤʽʨʘʤ ʢʦʣʽʩ ʪʨʘʢʪʦʨʘ, ʷʢʠʡ ʙʫʚ ʦʙôʻʢʪʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʉʫʤʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ G, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʩʽ ʦʙʦʭ ʢʦʣʽʩ, ʧʨʠʡʤʝʤʦ 13,4 ʢʅ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʧʦʣʦʚʠʥʽ ʚʘʛʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʨʘʢʪʦʨʘ. ʂʦʝʬʽʮʽʻʥʪʦʤ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʚ ʨʫʩʽ ʥʘʟʚʝʤʦ ʚʽʜʥʦʰʝʥʥʷ ʚʠʜʫ 2G

G
l= . ʂʦʝʬʽʮʽʻʥʪ ʉ ʚʠʟʥʘʯʝʥʦ 

ʟ ʜʽʘʛʨʘʤ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʱʽʣʴʥʦʩʪʽ ˇʨʫʥʪʫ ʱʽʣʴʥʦʤʽʨʦʤ ʈʝʚʷʢʽʥʘ. ʁʦʛʦ ʟʥʘʯʝʥʥʷ 

ʩʢʣʘʣʠ 0,9é1,0 ʜʣʷ ʩʪʝʨʥʽ ʪʘ 0,12é0,18 ʜʣʷ ʧʦʣʷ, ʧʽʜʛʦʪʦʚʣʝʥʦʛʦ ʧʽʜ ʧʦʩʽʚ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ 

ʛʨʘʬʽʢ ʟʤʽʥʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʪʷʛʦʚʠʭ ʟʫʩʠʣʴ1T  ʧʝʨʝʜʥʴʦʛʦ ʪʘ 2T  ʟʘʜʥʴʦʛʦ ʢʦʣʽʩ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʥʠʤʠ ʧʨʠ ʨʫʩʽ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 

0,9ʉ= . ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʷʛʦʚʦʤʫ ʟʫʩʠʣʣʽ ʚʩʷ ʯʘʩʪʠʥʘ ʦʙʦʜʘ ʢʦʣʝʩʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʢʦʥʪʘʢʪʽ ʽʟ ˇʨʫʥʪʦʤ, ʩʪʘʻ ʟʦʥʦʶ ʙʫʢʩʫʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ, ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʫ ʨʽʚʥʷʥʥʽ 

(6) ʚʽʜʥʦʰʝʥʥʷ
dx

dy
, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʨʘʻʢʪʦʨʽʾ ʟʤʠʥʘʥʥʷ ʯʘʩʪʠʥʦʢ ˇʨʫʥʪʫ, ʚʟʷʪʦ ʪʽʣʴʢʠ ʜʣʷ 

ʟʦʥʠ ʙʫʢʩʫʚʘʥʥʷ. 

 
ʈʠʩ. 2 ï ɿʤʽʥʘ ʪʷʛʦʚʠʭ ʟʫʩʠʣʴ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ 

ʥʠʤʠ 
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ʊʷʛʦʚʝ ʟʫʩʠʣʣʷ ʧʝʨʝʜʥʴʦʛʦ ʢʦʣʝʩʘ, ʷʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʣʽʥʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʘʛʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʷʛʦʚʝ ʟʫʩʠʣʣʷ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʡ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ ʧʝʨʝʜʥʽʤ ʢʦʣʝʩʦʤ. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʝʣʠʯʠʥʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ 

ʟʥʠʞʫʻʪʴʩʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʘʜʘʻ. 

ɸʥʘʣʦʛʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʷʛʦʚʠʭ ʟʫʩʠʣʴ 1T  ʽ 2T  ʧʨʦʚʝʜʝʥʽ ʪʘʢʦʞ ʜʣʷ ʚʠʧʘʜʢʫ ʢʦʯʝʥʥʷ ʢʦʣʽʩ 

ʧʦ ʙʽʣʴʰ ʤôʷʢʽʡ ʧʦʚʝʨʭʥʽ (0,18ʉ= ). ʐʣʷʭʦʤ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ 1T  ̔  2T  ʧʨʠ ʪʠʭ ʩʘʤʠʭ ʟʥʘʯʝʥʥʷʭ 

ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ, ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʟʘʛʘʣʴʥʦʛʦ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʊ ʢʦʣʽʩ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʥʠʤʠ (ʨʠʩ. 3). ʊʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʟʤʝʥʰʝʥʦʛʦ ʚʜʚʽʯʽ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʪʨʘʢʪʦʨʘ ʟ ʯʦʪʠʨʤʘ ʚʝʜʫʯʠʤʠ ʢʦʣʝʩʘʤʠ ʦʜʥʘʢʦʚʦʛʦ 

ʨʦʟʤʽʨʫ; ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʜʙʘʯʘʣʦʩʷ, ʱʦ ʪʷʛʦʚʽ ʟʫʩʠʣʣʷ ʧʨʘʚʠʭ ʪʘ ʣʽʚʠʭ ʢʦʣʽʩ ʦʜʥʘʢʦʚʽ. ʂʨʠʚʽ 2 

ʪʘ 4 ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʧʦʣʽ, ʧʽʜʛʦʪʦʚʣʝʥʦʤʫ ʧʽʜ ʧʦʩʽʚ ʪʘ 

ʩʪʝʨʥʽ. 
 

 
ʈʠʩ. 3 ï ɿʤʽʥʘ ʩʫʤʘʨʥʦʾ ʩʠʣʠ ʪʷʛʠ ʜʚʦʭ ʢʦʣʽʩ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʥʠʤʠ: 

1, 3 ï ʨʦʟʨʘʭʫʥʢʦʚʽ ʢʨʠʚʽ; 2, 4 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ. 

 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʪʨʘʢʪʦʨʽ-ʪʷʛʘʯʽ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʚʘʛʘ ʷʢʦʛʦ 

ʨʘʟʦʤ ʽʟ ʢʦʤʧʣʝʢʩʦʤ ʜʦʜʘʪʢʦʚʠʭ ʚʘʥʪʘʞʽʚ ʜʦʨʽʚʥʶʻ 26,9 ʢʅ. ʈʦʟʤʽʨ ʰʠʥ 11-20. ʈʦʟʧʦʜʽʣ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʤʽʥʶʚʘʚʩʷ ʧʝʨʝʩʪʘʥʦʚʢʦʶ ʜʦʜʘʪʢʦʚʠʭ ʚʘʥʪʘʞʽʚ, ʫʢʨʽʧʣʝʥʠʤʠ ʩʧʝʨʝʜʫ ʽ ʧʦʟʘʜʫ 

ʪʨʘʢʪʦʨʘ. 

ɿʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʦʩʽ ʪʨʘʢʪʦʨʘ ʫ ʩʪʘʪʠʯʥʦʤʫ ʩʪʘʥʽ ʧʨʠ ʢʦʞʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʥʘʩʪʫʧʥʽ: 

ʥʘ ʧʝʨʝʜʥʶ ʚʽʩʴ ï 18; 13,7 ʪʘ 10,9 ʢʅ; ʥʘ ʟʘʜʥʶ ʚʽʩʴ ï 8,8; 13,1 ʪʘ 16 ʢʅ ʚʽʜʧʦʚʽʜʥʦ 

ɯʥhʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʷʛʦʚʽ ʷʢʦʩʪʽ ʪʨʘʢʪʦʨʘ (ʪʠʩʢ ʧʦʚʽʪʨʷ ʚ ʰʠʥʘʭ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʢʨʫʞʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʢʦʣʽʩ) ʟʙʝʨʽʛʘʣʠʩʷ ʧʦʩʪʽʡʥʠʤʠ. 

ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʟʥʘʯʘʣʠʩʷ ʪʷʛʦʚʽ ʟʫʩʠʣʣʷ ʥʘ ʛʘʢʫ ʪʨʘʢʪʦʨʘ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʂʂɼ ʭʦʜʦʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʜʽʶʯʽ ʧʨʠ ʮʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʣʝʩʘ. ɿʘ 

ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʙʫʜʫʚʘʣʠʩʷ ʟʘʣʝʞʥʦʩʪʽ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ l. 

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʨʠʚʠʭ ʦʜʥʘʢʦʚʠʡ, ʧʨʦʪʝ ʟʥʘʯʝʥʥʷ 

ʪʷʛʦʚʠʭ ʟʫʩʠʣʴ ʧʨʠ ʪʦʤʫ ʩʘʤʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ l ʨʽʟʥʽ. ʈʦʟʙʽʞʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʨʠʚʠʭ ʟ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʨʽʟʥʠʮʝʶ ʢʦʥʩʪʨʫʢʮʽʡ ʞʦʨʩʪʢʦʛʦ ʽ ʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʢʦʣʽʩ ʽ, ʦʪʞʝ, ʫ ʚʟʘʻʤʦʜʽʾ ʾʭ ʽʟ ʧʦʚʝʨʭʥʝʶ ʢʦʯʝʥʥʷ. 

ɸʥʘʣʽʟʫʶʯʠ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2 ʽ 3, ʧʨʠʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʚʠʩʥʦʚʢʫ. 

ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʠʞʯʝ 0,5 ʟʥʠʞʫʻʪʴʩʷ ʨʦʣʴ ʟʘʜʥʴʦʛʦ 

ʢʦʣʝʩʘ, ʟʜʘʪʥʦʛʦ ʨʦʟʚʠʚʘʪʠ ʙʽʣʴʰʝ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ, ʥʽʞ ʧʝʨʝʜʥʻ ʧʨʠ ʪʦʤʫ ʞ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʚ 

ʫʪʚʦʨʝʥʥʽ ʟʘʛʘʣʴʥʦʛʦ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ. ʊʦʤʫ ʟʘʛʘʣʴʥʝ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʩʪʘʻ 

ʥʠʞʯʠʤ, ʥʽʞ ʧʨʠ 0,5l= . ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ l ʚʠʱʝ 0,5 ʟʤʝʥʰʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ ʧʝʨʝʜʥʽʤ ʢʦʣʝʩʦʤ; ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʥʠʞʫʻʪʴʩʷ ʟʜʘʪʥʽʩʪʴ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ 
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ʨʦʟʚʠʚʘʪʠ ʙʽʣʴʰʝ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ, ʥʽʞ ʧʝʨʝʜʥʻ ʟʘ ʪʦʛʦ ʞ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘʡʙʽʣʴʰʝ ʪʷʛʦʚʝ 

ʟʫʩʠʣʣʷ ʜʚʦʭ ʚʝʜʫʯʠʭ ʢʦʣʽʩ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʧʦ ʦʜʥʦʤʫ ʩʣʽʜʫ, ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʚʘʛʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ (0,5l= ). 

ʅʘ ʧʦʣʽ, ʧʽʜʛʦʪʦʚʣʝʥʦʤʫ ʧʽʜ ʧʦʩʽʚ, ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʨʘʢʪʦʨʘ ʟ ʘʢʪʠʚʥʠʤ 

ʥʘʧʽʚʧʨʠʯʝʧʦʤ ʧʨʠ ʨʽʟʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʟʘʜʥʴʦʶ ʚʽʩʩʶ ʪʨʘʢʪʦʨʘ ʽ ʚʽʩʩʶ 

ʥʘʧʽʚʧʨʠʯʝʧʘ. ɿʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ ʢʦʞʥʽ 2 ʢʅ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʧʝʨʝʩʪʘʥʦʚʢʦʶ ʚʘʥʪʘʞʽʚ 

ʧʦ ʧʣʘʪʬʦʨʤʽ ʥʘʧʽʚʧʨʠʯʝʧʘ. ʄʽʥʽʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʘʜʥʶ ʚʽʩʴ ʪʨʘʢʪʦʨʘ ʧʨʠ 

ʥʘʡʤʝʥʰʦʤʫ ʜʦʚʘʥʪʘʞʝʥʥʽ ʚʽʜ ʚʘʛʠ ʥʘʧʽʚʧʨʠʯʝʧʘ ʩʢʣʘʜʘʣʦ 12,7 ʢʅ, ʤʘʢʩʠʤʘʣʴʥʝ ï 20,6 ʢʅ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʣʦ ʤʝʞʽ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʰʠʥ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʩʴ ʥʘʧʽʚʧʨʠʯʝʧʘ 

ʟʤʽʥʶʚʘʣʦʩʷ ʚʽʜ 34,2 ʜʦ 26,5 ʢʅ. ʂʦʣʝʩʘ ʥʘ ʥʘʧʽʚʧʨʠʯʝʧʽ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʪʦʛʦ ʩʘʤʦʛʦ ʨʦʟʤʽʨʫ, 

ʱʦ ʡ ʥʘ ʪʨʘʢʪʦʨʽ. 

ɿʘʣʝʞʥʽʩʪʴ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʾʟʜʘ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ 

ʭʦʜʦʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ 3

2 3

G

G G
l¡=

+
 , ʜʝ 3G  ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʩʴ ʥʘʧʽʚʧʨʠʯʝʧʘ, ʘ 

ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʢʦʚʘ ʢʨʠʚʘ ʜʣʷ ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 4. 

ɿ ʛʨʘʬʽʢʽʚ, ʱʦ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3 ʽ 4 ʚʠʜʥʦ, ʱʦ ʟʤʽʥʘ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʦʩʷʤʠ 

ʪʨʘʢʪʦʨʘ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʪʷʛʦʚʽ ʷʢʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʤôʷʢʦʤʫ ˇʨʫʥʪʽ ï ʧʦʣʽ, 

ʧʽʜʛʦʪʦʚʣʝʥʦʤʫ ʧʽʜ ʧʦʩʽʚ. ɿʤʽʥʘ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʤʝʞʘʭ ʤʽʞ ʟʘʜʥʽʤʠ 

ʢʦʣʝʩʘʤʠ ʪʨʘʢʪʦʨʘ ʪʘ ʢʦʣʝʩʘʤʠ ʥʘʧʽʚʧʨʠʯʝʧʘ ʚʧʣʠʚʘʻ ʥʘ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ ʥʝʟʥʘʯʥʦ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʨʫʭʘʶʪʴʩʷ ʧʦʧʝʨʝʜʥʴʦ ʫʱʽʣʴʥʝʥʦʶ ʢʦʣʽʻʶ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ. 

 
ʈʠʩ. 4 ï ɿʤʽʥʘ ʩʠʣʠ ʪʷʛʠ ʪʨʘʢʪʦʨʥʦʛʦ ʧʦʾʟʜʘ ʟ ʘʢʪʠʚʥʠʤ ʥʘʧʽʚʧʨʠʯʝʧʦʤ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʧʦʜʽʣʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʟʘʜʥʽʤʠ ʢʦʣʝʩʘʤʠ ʪʨʘʢʪʦʨʘ ʪʘ ʢʦʣʝʩʘʤʠ ʥʘʧʽʚʧʨʠʯʝʧʘ: 

-------ï ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ;   ðððð ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

 

ɺʠʩʥʦʚʢʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʪʷʛʦʚʠʭ ʷʢʦʩʪʝʡ ʚʝʜʫʯʠʭ 

ʢʦʣʽʩ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʚʘʛʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʥʘʩʪʫʧʥʝ. 

ʇʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʚʘʛʠ ʪʨʘʢʪʦʨʘ ʟ ʯʦʪʠʨʤʘ ʚʝʜʫʯʠʤʠ ʢʦʣʝʩʘʤʠ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ ʩʣʽʜ 

ʚʠʙʠʨʘʪʠ ʟ ʪʘʢʠʤ ʨʦʟʨʘʭʫʥʢʦʤ, ʱʦʙ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʝʜʥʽʭ ʪʘ ʟʘʜʥʽʭ ʢʦʣʝʩʘʭ 

ʚʠʨʽʚʥʶʚʘʣʦʩʷ ʟʘ ʥʦʤʽʥʘʣʴʥʦʛʦ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʥʘ ʛʘʢʫ. 

ʎʝʥʪʨ ʚʘʛʠ ʘʢʪʠʚʥʦʛʦ ʥʘʧʽʚʧʨʠʯʝʧʘ ʤʦʞʝ ʚʠʙʠʨʘʪʠʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʜʣʷ ʥʝʘʢʪʠʚʥʦʛʦ, ʪʦʙʪʦ 

ʟ ʦʛʣʷʜʫ ʥʘ ʚʧʣʠʚ ʜʦʚʘʥʪʘʞʝʥʥʷ ʪʨʘʢʪʦʨʘ ʚʘʛʦʶ ʥʘʧʽʚʧʨʠʯʝʧʘ ʥʘ ʪʷʛʦʚʽ ʧʦʢʘʟʥʠʢʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʠʭ ʨʽʚʥʷʥʴ (7), (21) ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʴ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ 

ʥʘ ʪʷʛʦʚʽ ʷʢʦʩʪʽ ʢʦʣʽʩʥʦʾ ʤʘʰʠʥʠ ʘʙʦ ʧʦʾʟʜʘ ʟ ʜʚʦʤʘ ʪʘ ʙʽʣʴʰ ʚʝʜʫʯʠʤʠ ʦʩʷʤʠ. 
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ɺ. ʄ. ʂʈɸʉʅʆʂʋʊʉʔʂʀʁ, ɺ. ʖ. ʊʂɸʏʆɺ, ʉ .ɻ. ʉɽʃɽɺʀʏ 

 

ɸʅɸʃɯɿ ʐʃʗʍɯɺ ʇɯɼɺʀʑɽʅʅʗ ʊʗɻʆɺʆ-ɽʅɽʈɻɽʊʀʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ 

ʂʆʃɯʉʅʀʍ ɽʃɽʂʊʈʆʊʈɸʂʊʆʈɯɺ ʊʗɻʆɺʆɻʆ ʂʃɸʉʋ 0,6 
 

ʋ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʧʦʰʫʢ ʪʘ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʽʩʥʦʛʦ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨʘ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʷʛʦʚʠʭ ʟʫʩʠʣʴ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨʘ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʪʷʛʦʚʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɹʫʣʠ, ʪʘʢʦʞ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʩʫʯʘʩʥʽ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʝʣʝʢʪʨʦʪʨʘʢʪʦʨʽʚ ʚ ʋʢʨʘʾʥʽ, ʧʨʠʚʝʜʝʥʽ ʷʩʢʨʘʚʽ ʧʨʠʢʣʘʜʠ, ʢʦʪʨʽ ʥʘ ʩʴʦʛʦʜʥʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʘ ʤʦʜʝʨʥʽʟʫʶʪʴʩʷ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʠʙʽʨ ʢʦʤʧʦʥʫʚʘʥʥʷ ʪʨʘʢʪʦʨʽʚ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʦʜʝʣʽ ʪʨʘʢʪʦʨʽʚ ʟ ʨʽʟʥʠʤ ʨʦʟʚʘʞʫʚʘʥʥʷʤ ʧʦ ʦʩʷʭ, 

ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʩʧʝʢʪʠʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢ ʤʦʜʝʣʽ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʤʦʜʝʣʽ ʨʦʙʦʪʠ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ,  ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨʘ, ʚʠʟʥʘʯʝʥʥʷ ʪʷʛʦʚʦʛʦ ʤʦʤʝʥʪʫ ʪʘ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʽ ɼɺɿ ʽ ʪʷʛʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʝʣʝʢʪʨʦʪʨʘʢʪʦʨ, ʪʨʘʢʪʦʨ, ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʠʚʽʜ, ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ, ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ, ʢʦʤʧʦʥʦʚʢʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʝʣʝʢʪʨʠʯʥʠʡ ʜʚʠʛʫʥ. 
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ɸʅɸʃʀɿ ʇʋʊɽʁ ʇʆɺʓʐɽʅʀʗ ʊʗɻʆɺʆ-ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ 

ʂʆʃɽʉʅʓʍ ʕʃɽʂʊʈʆʊʈɸʂʊʆʈʆɺ ʊʗɻʆɺʆɻʆ ʂʃɸʉʉɸ 0,6 
 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʧʦʠʩʢ ʠ ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʩʥʦʛʦ ʵʣʝʢʪʨʦʪʨʘʢʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ ʪʷʛʦʚʳʭ ʫʩʠʣʠʡ ʵʣʝʢʪʨʦʪʨʘʢʪʦʨʘ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʷʛʦʚʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɹʳʣʠ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʵʣʝʢʪʨʦʪʨʘʢʪʦʨʦʚ ʚ ʋʢʨʘʠʥʝ, ʧʨʠʚʝʜʝʥʳ ʷʨʢʠʝ ʧʨʠʤʝʨʳ, ʢʦʪʦʨʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʚʠʚʘʶʪʩʷ ʠ 

ʤʦʜʝʨʥʠʟʠʨʫʶʪʩʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚʳʙʦʨ ʢʦʤʧʦʥʦʚʢʠ ʪʨʘʢʪʦʨʦʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʦʜʝʣʠ ʪʨʘʢʪʦʨʦʚ ʩ 

ʨʘʟʥʳʤ ʨʘʟʚʝʩʦʤ ʧʦ ʦʩʷʤ, ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʪʨʘʢʪʦʨʦʚ ʩ 

ʧʦʤʦʱʴʶ ʦʙʦʙʱʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢʘʢ ʤʦʜʝʣʠ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʤʦʜʝʣʠ ʨʘʙʦʪʳ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʪʨʘʢʪʦʨʘ, ʦʧʨʝʜʝʣʝʥʠʷ ʪʷʛʦʚʦʛʦ ʤʦʤʝʥʪʘ ʠ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʤʦʜʝʣʠ ɼɺʉ ʠ ʪʷʛʦʚʦʛʦ ʨʘʩʯʝʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʪʨʘʢʪʦʨ, ʪʨʘʢʪʦʨ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʠʚʦʜ, ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʢʦʤʧʦʥʦʚʢʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ. 

 

V. KRASNOKUTSKIY, V. TKACHOV, S. SELEVICH 

 

ANALYSIS OF WAYS OF INCREASE OF TRACTION AND ENERGY PROPERTIES 

OF WHEELED ELECTRIC TRACTORS OF TRACTION CLASS 0,6  
 

The article searches for and analyzes the design parameters of a wheeled electric tractor, which provide maximum 

efficiency and economy in the entire range of traction forces of the electric tractor in order to improve the traction and 

energy properties. Also, modern developments of new electric tractors in Ukraine were analyzed, bright examples are 

given, which are currently being developed and modernized. The choice of tractor layout is analyzed. Models of tractors 

with different axle speeds are analyzed, the possibilities of further calculation of electric tractors with the help of 

generalized mathematical models are considered, such as traction motor models, battery operation models, electric tractor 

control system models, traction torque determination and for comparison of ICE model and traction calculation. 

Keywords: electric tractor, tractor, electric drive, batteries, alternative energy sources, layout, design parameters, 

electric motor. 

 

ɺʩʪʫʧ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʘʛʨʘʨʥʽ ʛʦʩʧʦʜʘʨʩʪʚʘ ʧʨʘʮʶʶʪʴ ʫ ʞʦʨʩʪʢʠʭ ʢʦʥʢʫʨʝʥʪʥʠʭ 

ʫʤʦʚʘʭ ʽ ʩʪʠʢʘʶʪʴʩʷ ʟ ʥʠʟʢʦʶ ʧʠʪʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʩʢʦʨʦʯʝʥʥʷʤ 

ʧʦʩʪʽʡʥʠʭ ʚʠʪʨʘʪ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. ʇʨʦʪʝ ʨʽʰʝʥʥʷ, ʱʦ ʧʨʦʧʦʥʫʶʪʴʩʷ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʪʝʭʥʽʢʠ, ʜʘʣʝʢʦ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʘʣʴʥʠʤ ʧʦʪʨʝʙʘʤ ʘʛʨʦʩʝʢʪʦʨʫ.  

ɺʠʨʦʙʥʠʢʠ ʪʝʭʥʽʢʠ ʱʝ 7-10 ʨʦʢʽʚ ʪʦʤʫ ʧʦʯʘʣʠ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ 

ʷʢʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʚʠʨʦʙʣʷʶʪʴʩʷ ʫ ʚʝʣʠʢʦʤʫ ʦʙʩʷʟʽ ʫ ʤʽʥʽʤʘʣʴʥʽ 
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ʪʝʨʤʽʥʠ. ʉʴʦʛʦʜʥʽ ʜʦ ʧʦʩʣʫʛ ʘʛʨʘʨʽʾʚ - ʩʫʯʘʩʥʽ ʧʦʩʽʚʥʽ ʢʦʤʧʣʝʢʩʠ, ʟʥʘʨʷʜʜʷ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ, ʪʨʠʧʣʝʢʩʥʽ ʢʦʩʘʨʢʠ, ʧʨʠʯʽʧʥʽ ʦʙʧʨʠʩʢʫʚʘʯʽ ʪʘ ʽʥʰʽ ʩʠʩʪʝʤʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʪʘʢ ʟʚʘʥʠʡ ʙʫʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʘʛʨʦʩʝʢʪʦʨʽ, ʧʨʠʥʮʠʧʦʚʠʭ ʟʤʽʥ  ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʨʘʢʪʦʨʽʚ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʝ ʩʪʘʣʦʩʷ. 

ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ. ɿʘ ʦʩʪʘʥʥʽ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ 

ʚʽʜʤʽʯʘʻʪʴʩʷ ʘʢʪʠʚʥʘ ʨʦʙʦʪʘ ʟʽ ʩʪʚʦʨʝʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʟ ʝʣʝʢʪʨʦʧʨʠʚʦʜʥʠʤ ʩʠʣʦʚʠʤ ʘʛʨʝʛʘʪʦʤ. 

ʋ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ [1, 2, 3, 4] ʥʘʫʢʦʚʮʽʚ: ʄʦʽʩʝʻʚ ɸ. ʅ.,         ɻʦʥʯʘʨ ɸ. ʉ., ɸʜʘʤʯʫʢ ɺ.ɺ., 

ʄʠʨʦʥʝʥʢʦ ɺ.ɻ., ʂʣʝʧʽʢʦʚ ɺ. ɹ., ʉʝʤʽʢʦʚ ɸ. ɺ., ʊʨʝʪʷʢ ɺ.ʄ., ʄʝʣʴʥʠʢ ʈ.ɺ., ʐʠʜʣʦʚʩʢʠʡ ɸ.ʂ., 

ɺʝʣʠʯʢʦ ʉ.ɸ., ʋʣʝʢʩʠʥ ɺ.ɸ., ʪʘ ʽʥʰʠʭ ʬʘʭʽʚʮʽʚ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ   

"ʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ", ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʮʝʥʪʨʫ "ɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʟʘʮʽʾ 

ʪʘ ʝʣʝʢʪʨʠʬʽʢʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ" ʪʘ ʽʥ. ʜʦʩʣʽʜʞʝʥʽ ʦʢʨʝʤʽ ʧʠʪʘʥʥʷ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ, ʚʠʙʦʨʫ ʩʠʣʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʨʦʟʨʦʙʢʠ ʧʨʠʥʮʠʧʦʚʠʭ ʩʭʝʤ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʦʮʽʥʢʠ ʝʢʦʥʦʤʽʯʥʦʛʦ, ʩʦʮʽʘʣʴʥʦʛʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʝʬʝʢʪʫ.  

ɿ 2015 ʨʦʢʫ ʍʘʨʢʽʚʩʴʢʠʡ ʪʨʘʢʪʦʨʥʠʡ ʟʘʚʦʜ ʪʘ ʊʆɺ  çAutoEnterpriseè ʨʦʟʨʦʙʣʷʶʪʴ ʜʚʽ 

ʤʦʜʝʣʽ ʣʝʛʢʠʭ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨʽʚ ʍʊɿ-2511 Electro ʪʘ ʍʊɿ-3512 Edison. ʍʊɿ-2511 Electro 

ʦʙʣʘʜʥʘʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʧʦʪʫʞʥʽʩʪʶ 27 ʣ. (20 ʢɺʪ) ʪʘ ɸʂɹ ʻʤʥʽʩʪʶ 30 ʢɺʪĿʛʦʜ. ʎʴʦʛʦ 

ʚʠʩʪʘʯʘʻ ʥʘ 6 ʛʦʜʠʥ ʨʦʙʦʪʠ ʫ ʧʦʣʽ. ʊʨʘʥʩʧʦʨʪʫʻ ʧʨʠʯʝʧʠ ʚʘʛʦʶ ʜʚʦʭ ʪʦʥʥ, ʧʨʠ ʮʴʦʤʫ ʨʦʟʚʠʚʘʻ 

ʰʚʠʜʢʽʩʪʴ ʜʦ 26 ʢʤ/ʛʦʜ.  

ʅʦʚʽʰʘ ʤʦʜʝʣʴ ʍʊɿ-3512 Edison ʦʙʣʘʜʥʘʥʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʥʘ 35 ʣ.ʩ (25,7 ʢɺʪ) ʟ 

ʞʠʚʣʝʥʥʷʤ ʚʽʜ ʣʽʪʽʡ-ʽʦʥʥʦʾ ʙʘʪʘʨʝʾ ʻʤʥʽʩʪʶ 42 ʢɺʪĿʛʦʜ. ʐʚʠʜʢʽʩʪʴ ʧʦʚʥʦʛʦ ʟʘʨʷʜʞʘʥʥʷ 

ʘʢʫʤʫʣʷʪʦʨʽʚ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 2 ʜʦ 4 ʛʦʜʠʥ. ʋ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʪʨʘʢʪʦʨ ʙʝʟʧʝʨʝʨʚʥʦ 

ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʜʦ 8 ʛʦʜʠʥ, ʫ ʩʠʣʦʚʠʭ ʨʦʙʦʪʘʭ ï ʜʦ 4 ʛʦʜʠʥ. ʇʝʨʝʚʦʟʠʪʴ ʧʨʠʯʽʧʥʠʡ ʚʘʥʪʘʞ 

ʚʘʛʦʶ ʜʚʦʭ ʪʦʥʥ, ʨʦʟʚʠʚʘʶʯʠ ʰʚʠʜʢʽʩʪʴ ʜʦ 40 ʢʤ/ʛʦʜ. ʊʝʭʥʽʢʘ ʜʘʥʦʛʦ ʢʣʘʩʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʫ ʪʚʘʨʠʥʥʠʮʴʢʠʭ ʪʘ ʪʝʧʣʠʯʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚʘʭ [5]. 

ʉʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʚʞʝ ʚ ʪʫʨʙʦʨʝʞʠʤʽ ʦʩʚʦʶʻ ʥʦʚʠʡ ʨʽʚʝʥʴ ʝʣʝʢʪʨʠʬʽʢʘʮʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʚʝʜʝʥʥʷ 

ʪʨʘʢʪʦʨʽʚ ʪʘ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʪʷʛʫ. ʅʘ ʩʴʦʛʦʜʥʽ ʋʢʨʘʾʥʘ ʤʘʻ ʚʝʣʠʢʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʪʨʘʢʪʦʨʽʚ ʥʘ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʨʠʚʦʜʽ. 

ʉʪʘʥ ʧʨʦʙʣʝʤʠ. ʉʫʯʘʩʥʽ ʨʦʟʨʦʙʢʠ ʪʘ ʥʘʫʢʦʚʽ ʧʨʘʮʽ ʫ ʛʘʣʫʟʽ ʘʚʪʦʤʦʙʽʣʝ- ʽ 

ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʽ ʜʦʟʚʦʣʷʶʪʴ ʩʴʦʛʦʜʥʽ ʩʪʚʦʨʶʚʘʪʠ ʨʦʙʦʯʽ ʟʨʘʟʢʠ ʤʘʰʠʥ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ 

ʟʘʤʽʥʽ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ) ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ, ʙʽʣʴʰ 

ʝʢʦʥʦʤʽʯʥʽ. ɺʦʥʠ ʧʦʪʨʝʙʫʶʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʪʘ ʚʧʣʠʚʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨʘ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʡʦʛʦ ʪʷʛʦʚʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʚʠʙʦʨʫ ʥʘʡʚʠʛʽʜʥʽʰʠʭ ʩʢʣʘʜʦʚʠʭ, ʾʭ ʦʧʪʠʤʘʣʴʥʝ ʢʦʤʧʦʥʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʪʘ ʟʙʽʣʴʰʠʪʴ ʪʝʤʧʠ ʾʭ ʽʥʪʝʛʨʘʮʽʾ, ʷʢ ʧʨʠʢʣʘʜ, ʫ 

ʪʝʧʣʠʯʥʽ ʪʘ ʫ ʪʚʘʨʠʥʥʠʮʴʢʽ ʛʦʩʧʦʜʘʨʩʪʚʘ. 

ɽʣʝʢʪʨʦʪʨʘʢʪʦʨʠ ʛʦʪʦʚʽ ʢʦʥʢʫʨʫʚʘʪʠ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟ ʪʨʘʢʪʦʨʘʤʠ, ʦʩʥʘʱʝʥʠʤʠ 

ʪʨʘʜʠʮʽʡʥʦʶ ʩʠʣʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ, ʱʦ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʥʘ ʚʠʩʪʘʚʮʽ AGROPORT 2015 ʥʘ 

ʧʦʣʽʛʦʥʽ ʍʘʨʢʽʚʩʴʢʦʛʦ ʪʨʘʢʪʦʨʥʦʛʦ ʟʘʚʦʜʫ [6], ʪʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʪʷʛʦʚʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨ ʥʽʯʠʤ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʜʠʟʝʣʴʥʦʤʫ ʘʥʘʣʦʛʫ, ʘʣʝ ʱʝ ʽʩʥʫʻ ʨʷʜ 

ʥʝʚʠʨʽʰʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʧʨʦʙʣʝʤ ʜʣʷ ʩʝʨʽʡʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʧʦʧʫʣʷʨʠʟʘʮʽʾ 

ʚ ʛʦʩʧʦʜʘʨʩʪʚʘʭ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿʘʚʜʷʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʦʟʨʦʙʢʘʤ ʪʘ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʩʴʦʛʦʜʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʨʽʤʢʝ ʚʽʜʨʦʜʞʝʥʥʷʤ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʟ 

ʝʣʝʢʪʨʠʯʥʠʤ ʧʨʠʚʦʜʦʤ. ɯʩʥʫʻ ʚʝʣʠʯʝʟʥʠʡ ʧʦʧʠʪ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʘʣʝ 

ʽʥʞʝʥʝʨʽʚ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʟʘʮʽʢʘʚʠʣʠʩʷ ʨʦʟʨʦʙʢʦʶ ʯʠ ʧʦʯʘʣʠ ʦʙʤʽʥʶʚʘʪʠʩʷ ʪʝʭʥʽʯʥʠʤʠ 

ʥʘʧʨʘʮʶʚʘʥʥʷʤʠ ʫ ʮʽʡ ʛʘʣʫʟʽ ʜʫʞʝ ʤʘʣʦ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʢʦʨʜʦʥʦʤ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ ʉʐɸ ʪʘ 

ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʉʦʶʟʽ ʙʫʣʠ ʟʘʧʨʦʚʘʜʞʝʥʽ ʫʨʷʜʦʚʽ ʩʪʠʤʫʣʠ ʜʣʷ ʟʘʦʭʦʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ, ʘʣʝ ʚ ʋʢʨʘʾʥʽ, ʥʘʞʘʣʴ, ʟʤʽʥʠ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʧʨʦʭʦʜʷʪʴ ʧʦʚʽʣʴʥʦ, 

ʘ ʧʨʦ ʧʝʨʝʭʽʜ ʥʘ ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʠʚʽʜ ʪʨʘʢʪʦʨʽʚ ʚʚʘʞʘʶʪʴ, ʥʘʚʽʪʴ, ʥʝʜʦʮʽʣʴʥʠʤ [7]. 
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ʆʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʨʘʢʪʦʨʘ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʡʦʛʦ ʪʷʛʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʪʽ, ʱʦ ʟʘʜʘʥʽ ʫ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚʘʭ, ʚʠʟʥʘʯʘʶʪʴ ʧʨʠ ʪʷʛʦʚʦʤʫ 

ʨʦʟʨʘʭʫʥʢʫ. ʊʦʤʫ ʪʷʛʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʚʠʛʫʥʽʚ, 

ʪʨʘʥʩʤʽʩʽʾ, ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʚ ʪʝʦʨʽʾ ʪʨʘʢʪʦʨʘ ʟʘʡʤʘʻ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʪʘ ʜʦʟʚʦʣʷʻ ʥʘ ʧʨʘʢʪʠʮʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʝʬʝʢʪʠʚʥʫ ʪʘ ʝʢʦʥʦʤʽʯʥʫ ʨʦʙʦʪʫ. 

ɺ ʥʠʞʯʝ ʧʨʠʚʝʜʝʥʽʡ ʪʘʙʣʠʮʽ ʟʘʫʚʘʞʠʤʦ, ʱʦ ʜʝʷʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚ'ʷʟʘʥʽ ʥʝ ʟ ʦʜʥʠʤ, ʘ ʟ 

ʜʚʦʤʘ ʧʦʢʘʟʥʠʢʘʤʠ. ʄʽʞ ʧʦʢʘʟʥʠʢʘʤʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʽʩʥʫʻ, 

ʟʜʝʙʽʣʴʰʦʛʦ, ʯʽʪʢʦ ʚʠʨʘʞʝʥʘ, ʟʘʣʝʞʥʽʩʪʴ. ʊʘʢ, ʢʝʨʦʚʘʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʟʘʩʦʙʫ ʽ ʦʛʣʷʜʦʚʽʩʪʴ 

ʟ ʤʽʩʮʷ ʚʦʜʽʷ ʚʧʣʠʚʘʶʪʴ ʥʘ ʘʛʨʦʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɺʽʜ ʥʘʜʽʡʥʦʩʪʽ 

ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʘʣʝ ʽ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

(ʚʘʨʪʽʩʪʴ ʨʝʤʦʥʪʫ, ʚʪʨʘʪʠ ʫʨʦʞʘʶ). 

ɼʦ ʦʜʥʠʭ ʟ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʷʛʦʚʦ-ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨʘ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ:  

Á ʥʝʦʙʭʽʜʥʝ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ ʪʘ ʤʦʤʝʥʪ ʥʘ ʧʨʦʚʽʜʥʠʭ ʢʦʣʝʩʘʭ;  

Á ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʧʨʦʚʽʜʥʠʭ ʢʦʣʽʩ;  

Á ʥʝʦʙʭʽʜʥʠʡ ʤʦʤʝʥʪ ʪʘ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ;  

Á ʤʦʤʝʥʪ ʦʧʦʨʫ ʥʘ ʚʘʣʫ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ.  

ɼʘʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʪʘ ʫʤʦʚ ʡʦʛʦ ʨʫʭʫ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʦʥʫʚʘʥʥʷ ʪʨʘʢʪʦʨʘ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʢʨʘʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʷʛʦʚʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʂʦʤʧʦʥʫʚʘʥʥʷ ʧʽʜʧʦʨʷʜʢʦʚʘʥʝ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ ʪʨʘʢʪʦʨʘ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʘʛʨʝʛʘʪʽʚ ʪʘ 

ʩʠʩʪʝʤ (ʘʛʨʝʛʘʪʦʚʘʥʽʩʪʴ), ʥʘʷʚʥʽʩʪʶ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʥʘʚʽʰʫʚʘʥʥʷ ʤʘʰʠʥ, ʟʥʘʨʷʜʴ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʻʤʥʦʩʪʝʡ, ʙʘʟʦʶ, ʚʝʣʠʯʠʥʦʶ ʜʦʨʦʞʥʴʦʛʦ ʪʘ ʘʛʨʦʪʝʭʥʽʯʥʦʛʦ 

ʧʨʦʩʚʽʪʽʚ, ʢʦʦʨʜʠʥʘʪʘʤʠ ʮʝʥʪʨʫ ʤʘʩ. 
  

ʊʘʙʣʠʮʷ 1 - ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ 

ʇʦʢʘʟʥʠʢʠ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ 

 

 

 

   ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʅʦʤʽʥʘʣʴʥʝ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ 

ʪʨʘʢʪʦʨʘ 

 

ɺʘʛʘ ʪʨʘʢʪʦʨʘ ʽ ʧʦʪʫʞʥʽʩʪʴ 

ʜʚʠʛʫʥʘ ʅʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ 

ɸʛʨʝʛʘʪʦʚʘʥʽʩʪʴ ʊʠʧʠ ʢʦʤʧʦʥʦʚʦʢ 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ɽʨʛʦʥʦʤʽʢʘ ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʠʟʥʘʯʝʥʥʶ 

ʪʨʘʢʪʦʨʘ ʜʚʠʛʫʥʘ, ʪʨʘʥʩʤʽʩʽʾ, 

ʭʦʜʦʚʦʾ ʩʠʩʪʝʤʠ, ʚʠʙʽʨ ʰʠʥ, 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʜʦʚʞʥʴʦʾ ʙʘʟʠ,   

ʨʘʜʽʫʩʫ  ʧʦʚʦʨʦʪʫ  ʪʨʘʢʪʦʨʘ 

ʈʽʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʅʘʜʽʡʥʽʩʪʴ 

 

ɸʛʨʦʪʝʭʥʽʢʘ 

ʊʠʩʢ ʥʘ ˇʨʫʥʪʽ, ʧʨʦʩʚʽʪ, ʘʙʨʠʩ 

ʂʝʨʦʚʘʥʽʩʪʴ 

ʆʛʣʷʜʦʚʽʩʪʴ 

 

 

ɺʘʨʪʽʩʪʴ 

ʎʽʥʘ ʪʨʘʢʪʦʨʘ 

ʅʘʜʽʡʥʽʩʪʴ  

ʆʩʥʘʱʝʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʫʩʪʘʪʢʫʚʘʥʥʷʤ 
ɺʠʪʨʘʪʠ ʝʥʝʨʛʽʾ,  

ʘʙʦ ʧʘʣʠʚʘ ʽ ʤʘʩʪʠʣʘ  
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ʘ ï ʢʣʘʩʠʯʥʘ; ʙ - ʧʦʢʨʘʱʝʥʘ ʢʣʘʩʠʯʥʘ; ʚ - ʽʟ ʰʘʨʥʽʨʥʦʶ ʨʘʤʦʶ; ʛ - ʪʨʘʢʪʦʨʥʝ ʩʘʤʦʭʽʜʥʝ ʰʘʩʽ; 

ʜ ï ʪʨʘʢʪʦʨ ʽʟ ʚʽʣʴʥʠʤ ʦʛʣʷʜʦʤ; ʝ - ʥʝʩʫʯʝ ʩʘʤʦʭʽʜʥʝ ʰʘʩʽ; ʞ, ʟ - ʽʥʪʝʛʨʘʣʴʥʽ ʪʨʘʢʪʦʨʠ 

ʈʠʩ. 1 - ʊʠʧʠ ʢʦʤʧʦʥʦʚʦʢ ʢʦʣʽʩʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʨʘʢʪʦʨʽʚ/ 

 

ʂʣʘʩʠʯʥʝ ʢʦʤʧʦʥʫʚʘʥʥʷ ʪʨʘʢʪʦʨʘ ʟ ɼɺɿ ʥʘʩʪʫʧʥʝ: ʜʚʠʛʫʥ ʨʦʟʪʘʰʦʚʘʥʠʡ ʩʧʝʨʝʜʫ, 

ʧʦʟʜʦʚʞʥʴʦ, ʥʘʜ ʧʝʨʝʜʥʴʦʶ ʚʽʩʩʶ. ɼʦ ʥʴʦʛʦ ʯʝʨʝʟ ʟʯʝʧʣʝʥʥʷ ʧʨʠʻʜʥʫʻʪʴʩʷ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ, 

ʜʘʣʽ ʩʣʽʜʫʻ ʨʦʟʜʘʚʘʣʴʥʘ ʢʦʨʦʙʢʘ ʽ ʟʘ ʥʝʶ - ʧʨʦʚʽʜʥʠʡ ʤʽʩʪ. ʄʽʞ ʩʦʙʦʶ ʚʘʣʠ ʘʛʨʝʛʘʪʽʚ 

ʟ'ʻʜʥʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʨʜʘʥʽʚ ʪʘ (ʘʙʦ) ʤʫʬʪ. 

ʂʣʘʩʠʯʥʝ ʢʦʤʧʦʥʫʚʘʥʥʷ ʜʦʚʝʣʦ ʩʚʦʶ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʟʘʚʜʷʢʠ ʨʷʜʫ ʧʝʨʝʚʘʛ: 

Á ʚʽʜʥʦʩʥʘ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ; 

Á ʄʘʢʩʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ ʪʨʘʢʪʦʨʘ ʧʨʠ ʟʘʜʥʴʦʤʫ ʧʨʦʚʽʜʥʦʤʫ ʤʦʩʪʽ; 

Á ʭʦʨʦʰʘ ʦʛʣʷʜʦʚʽʩʪʴ ʧʨʠʯʽʧʥʠʭ ʘʙʦ ʥʘʚʽʰʝʥʠʭ ʟʟʘʜʫ ʟʥʘʨʷʜʴ; 

Á ʭʦʨʦʰʘ ʤʘʥʝʚʨʝʥʽʩʪʴ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʧʦʚʦʨʦʪʫ ʧʝʨʝʜʥʽʭ ʢʝʨʦʚʘʥʠʭ ʢʦʣʽʩ ʤʝʥʰʦʛʦ 
ʨʦʟʤʽʨʫ ʥʘ ʚʝʣʠʢʽ ʢʫʪʠ; 

Á ʚʠʩʦʢʠʡ ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʧʨʦʩʚʽʪ ʪʘ ʽʥ. 

ʊʘʢʦʞ ʚʥʘʩʣʽʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʪʨʘʢʪʦʨʘʭ ʪʨʘʥʩʤʽʩʽʡ ʥʦʚʠʭ ʪʠʧʽʚ ʚʽʜʢʨʠʚʘʶʪʴʩʷ 

ʜʦʜʘʪʢʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʧʦʥʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʫ ʪʨʘʥʩʤʽʩʽʶ 

ʥʘ ʪʨʘʢʪʦʨʽ ɼɽʊ-250ʄ, ʟʤʦʛʣʠ ʚʩʪʘʥʦʚʠʪʠ ʢʘʙʽʥʫ ʙʣʠʞʯʝ ʜʦ ʮʝʥʪʨʫ. 

ʇʨʠʥʮʠʧʦʚʦ ʥʦʚʘ ʢʦʤʧʦʥʦʚʦʯʥʘ ʩʭʝʤʘ ʚʠʥʠʢʘʻ ʧʨʠ ʧʝʨʝʥʝʩʝʥʥʽ ʢʘʙʽʥʠ ʚʧʝʨʝʜ, ʘ ʜʚʠʛʫʥʘ 

ʥʘʟʘʜ. ʆʜʥʘʢ ʧʨʠ ʧʦʜʽʙʥʦʤʫ ʢʦʤʧʦʥʫʚʘʥʥʽ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʷ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ ʪʘ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʟ'ʻʜʥʘʥʴ.  

ʂʦʤʧʦʥʫʚʘʥʥʷ ʪʨʘʢʪʦʨʘ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ: 

Á ʚʽʜʤʽʥʥʫ ʧʦʚʦʨʦʪʣʠʚʽʩʪʴ ʪʨʘʢʪʦʨʘ, ʤʦʞʣʠʚʽʩʪʴ ʤʘʥʝʚʨʫʚʘʥʥʷ ʥʘ ʚʫʟʴʢʽʡ ʩʤʫʟʽ ʪʘ ʦʜʥʦʯʘʩʥʦ 

ʩʪʽʡʢʝ ʟʙʝʨʝʞʝʥʥʷ ʟʘʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʨʫʭʫ; 

Á ʥʘʡʢʨʘʱʽ ʪʷʛʦʚʽ ʷʢʦʩʪʽ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʢʝʨʦʚʘʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʰʣʷʭʦʤ ʧʨʘʚʠʣʴʥʦʛʦ 
ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʥʘ ʦʧʦʨʠ ʭʦʜʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʨʦʙʦʪʽ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʢʠʜʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʫ ʚʽʜ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʪʘ ʚʽʜ ʚʘʛʠ ʥʘʚʽʰʝʥʦʾ ʟʙʨʦʾ); 

Á ʧʨʦʩʪʦʪʫ ʽ ʣʝʛʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ, ʟʨʫʯʥʫ ʧʦʩʘʜʢʫ ʪʨʘʢʪʦʨʠʩʪʘ, ʭʦʨʦʰʫ ʦʛʣʷʜʦʚʽʩʪʴ ʰʣʷʭʫ ʪʘ 
ʨʦʙʦʯʦʾ ʟʙʨʦʾ; 

Á ʣʝʛʢʽʩʪʴ ʟ'ʻʜʥʘʥʥʷ ʪʨʘʢʪʦʨʘ ʟ ʨʦʙʦʯʦʶ ʤʘʰʠʥʦʶ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʥʠʤʠ 
ʪʨʘʢʪʦʨʠʩʪʦʤ; 

Á ʧʨʦʩʪʦʪʫ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʥʘ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ, ʤʦʞʣʠʚʽʩʪʴ 
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ʤʝʭʘʥʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

Á ʣʝʛʢʽʩʪʴ ʨʝʤʦʥʪʫ ʪʘ ʦʜʥʦʯʘʩʥʽʩʪʴ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʟʘ ʦʩʥʦʚʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ, ʤʦʞʣʠʚʽʩʪʴ 
ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʨʠ ʨʝʤʦʥʪʽ.  

ɺʽʜʥʦʩʥʝ ʨʦʟʤʽʱʝʥʥʷ ʦʩʥʦʚʥʠʭ ʘʛʨʝʛʘʪʽʚ ʥʘ ʪʨʘʢʪʦʨʽ ʽ ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʘʢʪʦʨ ʽʟ ʥʘʡʙʽʣʴʰʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʟ ʦʧʪʠʤʘʣʴʥʦʶ ʟʯʽʧʥʦʶ ʚʘʛʦʶ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʪʨʘʢʪʦʨʠ ʤʘʶʪʴ ʩʪʘʥʜʘʨʪʥʝ ʨʦʟʚʘʞʫʚʘʥʥʷ ʧʦ ʦʩʷʭ 60ʭ40, ʞʦʨʩʪʢʝ 

ʢʨʽʧʣʝʥʥʷ ʤʦʩʪʽʚ ʪʘ ʢʘʙʽʥʫ, ʨʦʟʪʘʰʦʚʘʥʫ ʟʟʘʜʫ. ʈʝʩʫʨʩʽʚ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʨʦʟʢʨʠʪʪʷ 

ʧʦʪʝʥʮʽʘʣʫ ʩʫʯʘʩʥʠʭ ʩʽʣʴʛʦʩʧʪʝʭʥʽʢʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʙʽʟʥʝʩʫ ʘʛʨʘʨʽʾʚ ʟʘʛʘʣʦʤ, ʚʞʝ ʥʝʜʦʩʪʘʪʥʴʦ 

ʪʘ ʚʦʥʠ ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʨʦʟʛʣʷʜʫ. ʁʜʝʪʴʩʷ, ʟʦʢʨʝʤʘ, ʧʨʦ ʤʦʜʝʣʽ ʟ ʨʦʟʚʘʞʫʚʘʥʥʷʤ 

ʧʦ ʦʩʷʭ 50ʭ50 ʪʘ ʧʽʜʚʽʩʢʦʶ ʦʙʦʭ ʤʦʩʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʚʥʦʤʽʨʥʠʡ ʪʠʩʢ ʥʘ ˇʨʫʥʪ ʪʘ ʟʜʘʪʥʽ 

ʧʝʨʝʩʫʚʘʪʠʩʷ ʜʦʨʦʛʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʥʝ ʤʝʥʰʝ 60 ʢʤ/ʛʦʜ. 

ʂʦʤʧʘʥʽʷ ʊʆɺ çAutoEnterpriseè ʨʘʟʦʤ ʟ ʚʯʝʥʠʤʠ ʅʊʋ çʍʇɯè ʧʨʦʜʦʚʞʫʶʪʴ ʨʦʙʦʪʫ ʥʘʜ 

ʪʨʘʢʪʦʨʦʤ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʧʨʠʚʦʜʦʤ [8]. ɿʘ ʘʥʘʣʦʛ ʙʫʣʦ ʚʟʷʪʦ ʍʊɿ-3512, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ 

ʙʽʣʴʰʝ ʜʣʷ ʨʦʙʦʪʠ ʚ ʩʘʜʘʭ, ʜʨʽʙʥʠʭ ʪʚʘʨʠʥʥʠʮʴʢʠʭ ʬʝʨʤʘʭ, ʜʽʣʷʥʢʘʭ ʪʘ ʚ ʢʦʣʝʢʪʠʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ʎʷ ʤʦʜʝʣʴ ʧʽʜʽʡʜʝ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʣʠʢʫ ʪʝʭʥʽʢʫ ʥʝ 

ʤʦʞʥʘ ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʟ ʛʘʙʘʨʠʪʽʚ ʘʙʦ ʪʝʭʥʽʯʥʠʭ ʧʨʠʯʠʥ. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʢʠʡ ʩʧʝʢʪʨ 

ʥʘʚʽʩʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʨʘʢʪʦʨ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ.   

ʋ ʍʊɿ-3512 ʚʩʪʘʥʦʚʣʝʥʦ ʜʚʠʛʫʥ ʧʦʪʫʞʥʽʩʪʶ 35 ʣ. ɿʘʚʜʷʢʠ ʥʝʚʝʣʠʢʽʡ ʧʦʪʫʞʥʦʩʪʽ ʚʠʪʨʘʪʘ 

ʧʘʣʠʚʘ ʜʘʥʦʛʦ ʪʨʘʢʪʦʨʘ ʩʪʘʥʦʚʠʪʴ 5-7 ʣʽʪʨʽʚ ʥʘ ʛʦʜʠʥʫ.  

ʄʘʩʘ ʪʨʘʢʪʦʨʘ ʩʢʣʘʜʘʻ 2128 ʢʛ. ʍʊɿ-3512 ʦʩʥʘʱʫʻʪʴʩʷ 4-ʪʘʢʪʥʠʤ 3-ʮʠʣʽʥʜʨʦʚʠʤ 

ʜʠʟʝʣʴʥʠʤ ʘʛʨʝʛʘʪʦʤ MMZ-3LD, ʷʢʠʡ ʧʦʩʪʘʯʘʻʪʴʩʷ ʙʽʣʦʨʫʩʴʢʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʇʈʋʇ 

çʄʄɿè. ɼʚʠʛʫʥ MMZ-3LD ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʤʦʥʪʘʞʫ ʚ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʪʨʘʢʪʦʨʘʭ, ʘ ʪʘʢʦʞ ʚ 

ʽʥʰʽʡ ʧʦʜʽʙʥʽʡ ʘʚʪʦʪʝʭʥʽʮʽ. ʊʘʢʦʞ ʜʘʥʠʡ ʘʛʨʝʛʘʪ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʩʦʩʥʠʭ ʘʙʦ 

ʛʝʥʝʨʘʪʦʨʥʠʭ ʩʠʩʪʝʤ ʽ ʥʘʚʽʪʴ ʷʢ ʛʦʣʦʚʥʠʡ ʧʨʠʩʪʨʽʡ ʫ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ ʤʦʨʩʴʢʦʛʦ ʪʘ 

ʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʄʦʜʝʣʴ ʟʘʩʪʦʩʦʚʥʘ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ, ʙʫʜʽʚʝʣʴʥʦʾ, ʜʦʨʦʞʥʴʦʾ, 

ʢʦʤʫʥʘʣʴʥʦʾ ʩʬʝʨ ʛʦʩʧʦʜʘʨʩʪʚʘ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫ ʥʝʚʝʣʠʢʽʡ ʪʝʭʥʽʮʽ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɺʘʛʘ ʜʚʠʛʫʥʘ MMZ-3LD ʩʢʣʘʜʘʻ 220 ʢʛ. 

 

        
 

ʈʠʩ. 2 - ʂʦʤʧʦʥʫʚʘʥʥʷ ʥʦʚʦʛʦ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨʘ ʊʆɺ çAutoEnterpriseè 

 

ʊʨʘʢʪʦʨ ʘʛʨʝʛʘʪʫʻʪʴʩʷ ʟʽ ʟʥʘʨʷʜʜʷʤʠ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʤʘʰʠʥʘʤʠ, ʧʨʠʟʥʘʯʝʥʠʤʠ 

ʜʣʷ ʪʝʭʥʽʢʠ ʪʷʛʦʚʦʛʦ ʢʣʘʩʫ 0,6. ʆʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʘ ʟʚ'ʷʟʢʘ ʪʨʘʢʪʦʨʘ ʟ ʢʦʤʫʥʘʣʴʥʠʤ 

ʦʩʥʘʱʝʥʥʷʤ (ʜʦʨʦʞʥʴʦʶ ʱʽʪʢʦʶ ʪʘ ʚʽʜʚʘʣʦʤ), ʱʦ ʚʽʜʤʽʥʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʨʠʙʠʨʘʥʥʷ ʩʚʽʞʦʛʦ 

ʩʥʽʛʫ ʽ ʩʠʧʢʦʛʦ ʩʤʽʪʪʷ. ʈʘʜʽʫʩ ʨʦʟʚʦʨʦʪʫ ʚ 3,5 ʤʝʪʨʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʘʢʪʦʨ ʥʘ 

ʥʝʚʝʣʠʢʠʭ ʤʘʡʜʘʥʯʠʢʘʭ. ʍʊɿ-3512 ʟʜʘʪʥʠʡ ʧʝʨʝʚʦʟʠʪʠ ʚʘʥʪʘʞʽ ʤʘʩʦʶ ʜʦ 50% ʚʽʜ ʚʣʘʩʥʦʾ ʚʘʛʠ, 

ʘ ʟʥʦʚʫ ʞ ʪʘʢʠ ʟʜʽʡʩʥʶʚʘʪʠ ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʽ ʨʦʙʦʪʠ.   

ʅʦʚʠʡ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨ ʧʦʢʠ ʱʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʠʡ ʥʘ ʙʘʟʽ ʍʊɿ-3512, ʻ ʟʘʜʥʴʦʧʨʠʚʽʜʥʠʤ 
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ɺ̔ ʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ ɸʚʪʦʤʦʙʽʣʝ- ʪʘ ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷ ˉ1, 2021             57 

ʘʛʨʝʛʘʪʦʤ ʪʷʛʦʚʦʛʦ ʢʣʘʩʫ 0.6. ɼʘʥʘ ʤʦʜʝʣʴ ʦʩʥʘʱʫʻʪʴʩʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ Nissan 

Motors ʧʦʪʫʞʥʽʩʪʶ 80 ʢɺʪ (109ʢ.ʩ), ʣʽʪʽʡ-ʽʦʥʥʠʤʠ ʘʢʫʤʫʣʷʪʦʨʘʤʠ ʻʤʥʽʩʪʶ 24 ʢɺʪ ʪʘ 

ʤʝʭʘʥʽʯʥʦʶ ʨʝʚʝʨʩʠʚʥʦʶ ʪʨʘʥʩʤʽʩʽʻʶ ʟ 8 ʧʝʨʝʜʘʯʘʤʠ ʧʝʨʝʜʥʴʦʛʦ ʪʘ 8 ʧʝʨʝʜʘʯʘʤʠ ʟʘʜʥʴʦʛʦ 

ʭʦʜʫ. ʇʦʪʫʞʥʠʡ ʜʚʠʛʫʥ ʜʦʟʚʦʣʷʻ ʙʫʢʩʠʨʫʚʘʪʠ ʨʽʟʥʽ ʧʨʠʯʝʧʠ ʪʘ ʥʘʧʽʚʧʨʠʯʝʧʠ ʤʘʩʦʶ ʜʦ 2 ʪʦʥʥ 

ʥʘ ʰʚʠʜʢʦʩʪʽ ʜʦ 40 ʢʤ/ʛʦʜ. 

ɽʣʝʢʪʨʦʪʨʘʢʪʦʨ ʙʫʜʝ ʤʘʪʠ ʰʠʨʰʠʡ ʢʦʨʧʫʩ ɸʂɹ ʽ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʫ ʾʾ ʚʘʛʫ ʥʘ 

ʧʝʨʝʜʥʶ ʚʽʩʴ, ʱʦ ʟʙʽʣʴʰʠʪʴ ʩʪʽʡʢʽʩʪʴ ʪʨʘʢʪʦʨʘ.  ʄʽʩʪʢʽʩʪʴ ʙʘʪʘʨʝʾ - 24 ʢɺʪĿʛʦʜ, ʘ ʚʘʛʘ ɸʂɹ 

ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨʘ ʜʦ 300 ʢʛ.  

ɼʣʷ ʚʨʽʚʥʦʚʘʞʝʥʥʷ ʤʘʩʠ, ʥʘʧʨʠʢʣʘʜ, ʢʦʚʰʘ ʥʘ ʪʨʘʢʪʦʨʽ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʘʣʝʚʠʡ 

ʙʘʣʘʩʪ ʪʘ ʨʽʜʠʥʥʝ ʙʘʣʘʩʪʫʚʘʥʥʷ, ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʟʘ ʮʝ ʧʦʪʫʨʙʫʚʘʣʘʩʷ ɸʂɹ. ʊʘʢ, ʙʘʣʘʩʪʫʚʘʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʨʘʢʪʦʨʽʚ ʻ ʧʦʰʠʨʝʥʠʤ ʩʧʦʩʦʙʦʤ ʟʙʽʣʴʰʝʥʥʷ ʚʘʛʠ ʪʨʘʢʪʦʨʘ ʽ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ. ʄʝʪʘʣʝʚʽ ʙʘʣʘʩʪʦʚʽ ʚʘʥʪʘʞʽ, ʤʘʩʘ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 20 ʢʛ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʙʨʫʩ ʧʝʨʝʜʥʴʦʾ ʦʩʽ ʪʨʘʢʪʦʨʘ ʘʙʦ ʜʠʩʢʠ ʧʨʦʚʽʜʥʠʭ 

ʢʦʣʽʩ. ʉʫʤʘʨʥʘ ʤʘʩʘ ʙʘʣʘʩʪʥʠʭ ʚʘʥʪʘʞʽʚ ʜʦʩʷʛʘʻ 20...25% ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʤʘʩʠ ʪʨʘʢʪʦʨʘ ʽ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘʚʦʜʦʤ-ʚʠʨʦʙʥʠʢʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʮʥʦʩʪʽ ʪʨʘʢʪʦʨʘ. ʇʨʠ ʥʝʩʪʘʯʽ ʟʯʽʧʥʦʾ 

ʚʘʛʠ, ʢʨʽʤ ʫʩʪʘʥʦʚʢʠ ʚʘʥʪʘʞʽʚ, ʢʘʤʝʨʠ ʧʨʦʚʽʜʥʠʭ ʢʦʣʽʩ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʦʚʥʝʥʽ ʥʘ 3/4 ʦʙ'ʻʤʫ 

ʚʦʜʦʶ ʫ ʪʝʧʣʫ ʧʦʨʫ ʨʦʢʫ ʘʙʦ 25% ʨʦʟʯʠʥʦʤ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʴʮʽʶ ʚ ʭʦʣʦʜʥʫ ʧʦʨʫ. 

ʅʝʜʦʣʽʢʠ ʨʦʟʛʣʷʥʫʪʠʭ ʩʧʦʩʦʙʽʚ ʩʪʘʪʠʯʥʦʛʦ ʙʘʣʘʩʪʫʚʘʥʥʷ ʪʨʘʢʪʦʨʘ (ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ 

ʫʩʪʘʥʦʚʢʠ ʪʘ ʟʥʷʪʪʷ ʙʘʣʘʩʪʥʠʭ ʚʘʥʪʘʞʽʚ ʪʘ ʟʘʧʦʚʥʝʥʥʷ ʰʠʥ ʨʽʜʢʠʤ ʙʘʣʘʩʪʦʤ ʪʘ ʟʣʠʚ ʨʽʜʠʥʠ) 

ʫʩʫʚʘʶʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʦʤʫ ʜʠʥʘʤʽʯʥʦʤʫ ʩʧʦʩʦʙʽ ʟʙʽʣʴʰʝʥʥʷ ʟʯʽʧʥʦʾ ʚʘʛʠ. 

ɺʩʝʨʝʜʠʥʽ ʘʢʫʤʫʣʷʪʦʨʥʦʛʦ ʙʦʢʩʫ ʟʥʘʭʦʜʷʪʴʩʷ ʤʦʜʫʣʽ ʚʘʛʦʶ 4,5 ʢʛ. ɿ ʥʠʭ 500-600 ʛ ʚʘʞʠʪʴ 

ʢʦʨʧʫʩ. ʂʦʞʝʥ ʤʦʜʫʣʴ ʤʘʻ ʯʦʪʠʨʠ ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ ʟ ʣʽʪʦʚʘʥʦʛʦ ʦʢʩʠʜʫ ʤʘʨʛʘʥʮʶ ʪʘ 

ʢʦʙʘʣʴʪʫ ʧʣʶʩ ʚʫʛʣʝʮʴ (ʘʥʦʜ ʚʠʢʦʥʘʥʠʡ ʟ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʢʘʪʦʜ ï ʟ LiMn2O4 ʪʘ 

LiNiO2. ʚʘʛʘ ʢʦʞʥʦʾ 800 ʛ. 

ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʘ ʚʘʛʘ ʥʘ ʧʝʨʝʜʥʶ ʚʽʩʴ ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ 80-100 ʢʛ, ʱʦ ʟʤʽʥʠʪʴ ʨʦʟʚʘʞʫʚʘʥʥʷ 

ʧʦ ʚʽʩʷʤ ʪʨʘʢʪʦʨʘ. ʄʘʩʘ ʧʦ ʦʩʷʭ, ʱʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚ ʨʽʚʥʠʭ ʧʨʦʧʦʨʮʽʷʭ ʜʦʟʚʦʣʷʻ ʟʥʦʰʫʚʘʪʠ 

ʰʠʥʠ ʨʽʚʥʦʤʽʨʥʦ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʴ ʪʷʛʦʚʦ-ʟʯʽʧʥʽ ʷʢʦʩʪʽ ʪʘ ʧʨʦʭʽʜʥʽʩʪʴ ʪʨʘʢʪʦʨʘ ʰʣʷʭʦʤ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʾʭʥʴʦʾ ʤʘʩʠ ʧʦ ʦʩʷʭ. ɼʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘʢʦʞ 

ʚʽʜʥʦʩʠʪʴʩʷ ʧʽʜʙʽʨ ʰʠʥ ʜʣʷ ʪʨʘʢʪʦʨʘ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʾʭ ʚʧʣʠʚʫ ʥʘ ʪʷʛʦʚʦ-ʝʥʝʨʛʝʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʨʦʟʨʘʭʫʥʦʢ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʚʘʛʠ ʪʨʘʢʪʦʨʘ, ʩʪʘʪʠʯʥʫ ʩʪʽʡʢʽʩʪʴ ʪʨʘʢʪʦʨʘ ʪʘ 

ʨʦʟʨʘʭʫʥʦʢ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʽ ʚʠʙʽʨ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʟʥʘʯʘʶʪʴ ʚʠʭʦʜʷʯʠ ʟ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʚʠʤʽʨʽʚ. 

ɼʦʧʫʩʢʘʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ ʽʟ ʟʘʜʘʥʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʛʦʜʠʥʥʦʾ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ 

ʜʚʠʛʫʥʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʦʧʝʨʘʮʽʾ. 

ɽʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʨʘʢʪʦʨʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʦʚʘʥʦʾ ʤʘʰʠʥʠ ʦʮʽʥʶʶʪʴ 

ʟʘ ʩʪʫʧʝʥʝʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ɚ , ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʇ
ὔ̆ ̉̒̐

ὔ̆
 

ʜʝ  ὔ̆  ̉̒̐ - ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʦʧʝʨʘʮʽʾ;  

ὔ̆   - ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ. 

ɿʘʛʘʣʴʥʘ ʧʨʦʭʽʜʥʽʩʪʴ ʪʨʘʢʪʦʨʘ ʦʮʽʥʶʻʪʴʩʷ ʘʛʨʦʪʝʭʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʪʷʛʦʚʦ-

ʟʯʽʧʥʠʤʠ ʷʢʦʩʪʷʤʠ. ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʨʽʰʝʥʴ: ʟʙʽʣʴʰʝʥʥʷʤ ʟʯʽʧʥʦʾ ʚʘʛʠ, ʧʣʷʤʠ ʢʦʥʪʘʢʪʫ ʭʦʜʦʚʦʾ ʩʠʩʪʝʤʠ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʟʤʝʥʰʝʥʥʷʤ ʢʨʘʪʥʦʩʪʽ ʧʨʦʭʦʜʽʚ ʧʦ ʦʜʥʦʤʫ ʩʣʽʜʫ, ʘ ʪʘʢʦʞ ʢʦʤʙʽʥʘʮʽʻʶ ʮʠʭ ʩʧʦʩʦʙʽʚ.  

ʄʘʢʩʠʤʘʣʴʥʘ ʩʠʣʘ ʪʨʘʢʪʦʨʘ ʦʙʤʝʞʫʻʪʴʩʷ ʙʫʢʩʫʚʘʥʥʷʤ. ʇʥʝʚʤʘʪʠʯʥʽ ʰʠʥʠ ʥʘ ʚʦʣʦʛʠʭ, 

ʧʫʭʢʠʭ ʪʘ ʟʘʩʥʽʞʝʥʠʭ ˇʨʫʥʪʘʭ ʥʝ ʨʦʟʚʠʚʘʶʪʴ ʜʦʩʪʘʪʥʴʦʛʦ ʟʯʝʧʣʝʥʥʷ (ʙʫʢʩʫʶʪʴ). ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʟʤʝʥʰʫʶʪʴʩʷ ʩʠʣʘ ʪʷʛʠ ʪʘ ʰʚʠʜʢʽʩʪʴ (ʧʦʛʽʨʰʫʻʪʴʩʷ ʧʨʦʭʽʜʥʽʩʪʴ ʪʨʘʢʪʦʨʘ), ʘ ʪʘʢʦʞ ʟʨʦʩʪʘʶʪʴ 

ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʝʨʝʩʫʚʘʥʥʷ ʪʨʘʢʪʦʨʘ ʪʘ ʟʥʠʞʫʻʪʴʩʷ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʡʦʛʦ ʨʦʙʦʪʠ.  
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58                                 ɺ̔ ʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ ɸʚʪʦʤʦʙʽʣʝ- ʪʘ ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷ ˉ1, 2021 

ʉʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʪʷʛʦʚʦ-ʟʯʽʧʥʠʭ ʷʢʦʩʪʝʡ ʫʤʦʚʥʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʧʝʨʰʽ 

ʟʙʽʣʴʰʫʶʪʴ ʟʯʝʧʣʝʥʥʷ ʽʟ ˇʨʫʥʪʦʤ ʘʙʦ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ; ʜʨʫʛʽ ʜʦʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʠʪʠ ʟʯʽʧʥʫ 

ʚʘʛʫ ʪʨʘʢʪʦʨʘ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ: 

¶ ʤʦʜʝʣʽ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ; 

¶ ʤʦʜʝʣʽ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ; 

¶ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘʜʘʥʽ ʨʝʞʠʤʠ ʨʫʭʫ; 

¶ ʤʦʜʝʣʽ ʪʨʘʢʪʦʨʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʷʛʦʚʦʛʦ ʤʦʤʝʥʪʫ; 

¶ ʤʦʜʝʣʽ ɼɺɿ ʪʘ ʪʷʛʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ. 
ʇʽʜʭʽʜ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦʝʢʪʥʠʭ ʟʨʘʟʢʽʚ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨʘ, ʚʩʪʘʥʦʚʠʪʠ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʨʽʟʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʫ ʪʠʭ ʯʠ ʽʥʰʠʭ ʫʤʦʚʘʭ ʨʫʭʫ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʩʝʨʝʜ ʷʢʠʭ ʩʣʽʜ ʚʠʜʽʣʠʪʠ 

ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʩʧʦʞʠʚʘʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ, ʤʘʩʫ ʚʠʢʠʜʽʚ 

ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʧʨʦʙʽʛ ʪʦʱʦ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʚʠʱʝʥʥʷ ʪʷʛʦʚʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʽʩʥʠʭ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨʽʚ ʤʦʞʝ 

ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ: ʚʠʙʦʨʦʤ ʢʦʤʧʦʥʫʚʘʥʥʷ; ʨʘʮʽʦʥʘʣʴʥʠʤ ʧʽʜʙʦʨʦʤ ʪʠʧʫ ʰʠʥ ʪʘ ʪʠʩʢʫ ʚ ʥʠʭ; 

ʟʜʚʦʶʚʘʥʥʷʤ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʙʫʜʦʚʦʶ ʧʨʦʚʽʜʥʠʭ ʢʦʣʽʩ; ʜʣʷ ʝʣʝʢʪʨʦʪʨʘʢʪʦʨʽʚ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʪʘ ʧʽʜʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ. 

ʉʽʣʴʛʦʩʧʚʠʨʦʙʥʠʢʘʤ ʪʘʢʦʞ ʧʦʪʨʽʙʥʽ ʤʘʰʠʥʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʁʜʝʪʴʩʷ, ʟʦʢʨʝʤʘ, ʧʨʦ 

ʤʦʜʝʣʽ ʟ ʨʦʟʚʘʞʫʚʘʥʥʷʤ ʧʦ ʦʩʷʭ 50ʭ50, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʚʥʦʤʽʨʥʠʡ ʪʠʩʢ ʥʘ ˇʨʫʥʪ ʪʘ ʟʜʘʪʥʽ 

ʧʝʨʝʩʫʚʘʪʠʩʷ ʜʦʨʦʛʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʥʝ ʤʝʥʰʝ 60 ʢʤ/ʛʦʜ. 
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V. MELNYK, K. SIROVITSKIY, M. SHULYAK, O. PANKOVA 

 

PROCEDURE OF EXPERIMENTAL RESEARCHES OF THE TECHNICAL 

CONDITION OF SLOTTED HYDRAULIC PULVERIZERS FOR SELF -PROPELLED 

SPRAYING M ACHINES  
 

The method of experimental researches of technical condition of hydraulic slotted hydraulic pulverizers of self-

propelled spraying machines for establish a connection between theoretical modeling and research data of influence of 

their technical condition on spray quality is offered in article. Based on the analysis of recent attainments and publications, 

the insufficiency of modern methods and tools for diagnosing and substantiating the parameters of slotted hydraulic 

pulverizers for chemical plant protection of self-propelled spraying machines was revealed. The developed technique and 

laboratory stand allow to carry out a qualitative assessment of the technical condition of slotted hydraulic pulverizers of 

self-propelled spraying machines in operation and to carry out effective defecting of new pulverizers. It was found that 

the technical condition of the pulverizer significantly affects the quality of technological operations for the use of liquid 

chemicals to intensify crop production. 

Key words: spraying machine, pulverizer, procedure, experiment, stand, diagnosis 
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ɺʩʪʫʧ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʯʘʩʥʦʛʦ ʧʦʣʴʦʚʦʛʦ ʦʙʧʨʠʩʢʫʚʘʯʘ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʨʦʟʧʠʣʶʚʘʯʘ, ʷʢ ʦʩʥʦʚʥʦʛʦ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ. ɿʥʦʰʫʚʘʥʥʷ ʨʦʟʧʠʣʶʚʘʯʽʚ ʻ ʧʨʠʨʦʜʥʠʤ ʧʨʦʮʝʩʦʤ. ʊʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʟʧʠʣʶʚʘʯʘ 

ʦʙʤʝʞʝʥʠʡ, ʘ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʧʠʣʶʚʘʯʽʚ ʟʥʦʩ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʅʘ 

ʟʥʦʰʫʚʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ ʬʘʢʪʦʨʠ: ʨʦʙʦʯʠʡ ʪʠʩʢ, ʘʙʨʘʟʠʚʥʽʩʪʴ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʨʦʟʧʠʣʶʚʘʯʘ. ɼʦ ʥʘʡʯʘʩʪʽʰʠʭ ʜʝʬʝʢʪʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʦʟʧʠʣʝʥʥʷʤ, 

ʚʽʜʥʦʩʷʪʴʩʷ: ʟʥʦʰʝʥʥʷ ʽ ʟʘʩʤʽʯʝʥʥʷ ʨʦʟʧʠʣʶʚʘʯʽʚ, ʱʦ ʪʷʛʥʫʪʴ ʟʘ ʩʦʙʦʶ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʥʝʦʙʭʽʜʥʦʾ ʥʦʨʤʠ ʚʥʝʩʝʥʥʷ ʪʘ ʟʤʽʥʘ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ ʨʽʜʠʥʠ ʧʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɹʽʣʴʰʦʩʪʽ ʧʦʣʴʦʚʠʭ ʦʙʧʨʠʩʢʫʚʘʯʽʚ ʜʦʚʦʜʠʪʴʩʷ 

ʦʙʨʦʙʣʷʪʠ ʧʣʦʱʽ 2000 ʛʘ/ʨʽʢ ʽ ʙʽʣʴʰʝ [1]. ʇʨʠ ʪʘʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ ʪʝʭʥʽʢʫ ʟʥʦʰʫʚʘʥʥʷ 

ʚʫʟʣʽʚ ʽ ʘʛʨʝʛʘʪʽʚ ʤʦʞʝ ʩʪʘʪʠ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʯʝʨʝʟ ʱʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʾʭ ʱʦʨʽʯʥʘ 

ʧʝʨʝʚʽʨʢʘ. ʉʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʜʝʬʝʢʪʽʚ ʪʘ ʾʭ ʫʩʫʥʝʥʥʷ ʤʦʞʝ ʩʪʘʪʠ ʚʠʨʽʰʘʣʴʥʠʤ 

ʯʠʥʥʠʢʦʤ ʫʩʧʽʰʥʦʾ ʨʦʙʦʪʠ ʚ çʛʘʨʷʯʫ ʧʦʨʫè [2]. ɼʦʩʣʽʜʞʝʥʥʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʜʣʷ ʭʽʤʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʧʨʠʩʚʷʯʝʥʽ ʧʨʘʮʽ ʚʯʝʥʠʭ ɺ.ɯ. ʄʝʣʴʥʠʢʘ, ɸ.ʉ. 

ʂʦʙʮʷ, ʇ.ɸ. ɼʦʛʦʜʠ, ɹ.ɺ. ʆʥʠʱʝʥʢʘ, ɺ.ɺ. ʇʦʛʦʨʽʣʦʛʦ, ɭ.ʃ. ʈʻʚʷʢʽʥʘ, ʪʘ ʽʥʰʠʭ [1, 3, 4, 5, 6]. 

ʄʝʪʘ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʽʚ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤ 

ʤʦʜʝʣʶʚʘʥʥʷʤ ʽ ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ ʚʧʣʠʚʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʨʦʟʧʠʣʶʚʘʯʘ ʥʘ ʷʢʽʩʪʴ ʨʦʟʧʠʣʝʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ: 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʩʪʝʥʜʫ ʜʣʷ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʧʠʣʶʚʘʯʽʚ ʜʣʷ ʭʽʤʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ; 

- ʦʙˇʨʫʥʪʫʚʘʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʧʠʣʶʚʘʯʘ ʪʘ 

ʷʢʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʦ ʟʘʩʪʦʩʫʚʘʥʥʶ ʨʽʜʢʠʭ ʭʽʤʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ. 

ʇʘʨʘʤʝʪʨʠ ʩʫʯʘʩʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʧʠʣʶʚʘʯʽʚ. ɺʠʟʥʘʯʘʣʴʥʠʤ ʯʠʥʥʠʢʦʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʩʪʠʮʠʜʽʚ ʻ ʷʢʽʩʪʴ ʾʭ ʚʥʝʩʝʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ 

ʦʙʧʨʠʩʢʫʚʘʥʥʷ ʻ ʥʦʨʤʘ ʚʥʝʩʝʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʜʠʩʧʝʨʩʥʽʩʪʴ ʨʦʟʧʠʣʶʚʘʥʥʷ, ʛʫʩʪʦʪʘ 

ʧʦʢʨʠʪʪʷ ʢʨʘʧʣʠʥʘʤʠ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ, ʪʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʧʦ ʥʽʡ. ʋʩʽ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʦʙʧʨʠʩʢʫʚʘʥʥʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ, ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʨʦʟʧʠʣʶʚʘʯʽʚ. ʅʠʥʽ ʻ ʙʘʛʘʪʦ ʨʽʟʥʦʚʠʜʽʚ ʨʦʟʧʠʣʶʚʘʯʽʚ, ʪʦʞ ʽ ʧʦʩʪʘʻ ʘʢʪʫʘʣʴʥʝ ʧʠʪʘʥʥʷ 

ʜʦʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟ ʥʠʭ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ. ʉʫʯʘʩʥʽ ʦʙʧʨʠʩʢʫʚʘʯʽ 

ʢʦʤʧʣʝʢʪʫʶʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʨʦʟʧʠʣʶʚʘʯʘʤʠ [7].  

ʄʝʪʦʜʠʢʘ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʍʘʨʢʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʽʤʝʥʽ ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʘ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʽʤʝʥʽ ʊ.ʇ. 

ɭʚʩʶʢʦʚʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʫʚʘʣʠʩʷ ʨʦʟʧʠʣʶʚʘʯʽ ʚʽʜ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɺʩʽ ʨʦʟʧʠʣʶʚʘʯʽ ʙʫʣʠ ʟ ʦʜʥʽʻʾ ʧʘʨʪʽʾ ʪʘ ʧʨʘʮʶʚʘʣʠ ʚ 

ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ. ɺ ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʠʭ ʝʢʟʝʤʧʣʷʨʽʚ ʙʫʣʦ ʥʘʜʘʥʦ ʨʦʟʧʠʣʶʚʘʯʽ ʟ ʪʽʻʾ ʞ ʧʘʨʪʽʾ, 

ʷʢʽ ʥʝ ʧʨʘʮʶʚʘʣʠ ʚ ʧʦʣʽ. ʆʪʨʠʤʘʥʽ ʨʦʟʧʠʣʶʚʘʯʽ ʪʘʢʦʞ ʩʫʧʨʦʚʦʜʞʫʚʘʣʠʩʴ ʜʝʪʘʣʴʥʠʤ ʟʚʽʪʦʤ, 

ʷʢʠʡ ʚʢʣʶʯʘʚ ʚ ʩʝʙʝ ʯʘʩ ʨʦʙʦʪʠ ʚʧʨʦʜʦʚʞ ʩʝʟʦʥʫ, ʚʠʜʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʝ 

ʧʨʦʚʦʜʠʣʦʩʴ, ʪʘ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʝʥʠʭ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʟʧʠʣʶʚʘʯʽʚ. ɼʘʥʽ ʦʪʨʠʤʘʥʠʭ 

ʨʦʟʧʠʣʶʚʘʯʽʚ ʚʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 ï ɺʠʭʽʜʥʽ ʜʘʥʽ ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʠʣʶʚʘʯʽʚ 

ɻʦʩʧʦʜʘʨʩʪʚʦ 
ʂʽʣʴʢʽʩʪʴ ʥʘʜʘʥʠʭ 

ʝʢʟʝʤʧʣʷʨʽʚ, ʰʪ. 

ʄʘʪʝʨʽʘʣ 

ʨʦʟʧʠʣʶʚʘʯʘ 

ʏʘʩ ʥʘʨʦʙʽʪʢʫ, 

ʛʦʜʠʥ 

ʇʨʦʚʝʜʝ ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ˉ1 20 ʃʘʪʫʥʴ 50 - 

ˉ2 20 ʃʘʪʫʥʴ 50 ʤʝʭʘʥʽʯʥʝ ʯʠʱʝʥʥʷ 

ˉ3 20 ʃʘʪʫʥʴ 50 ʤʝʭʘʥʽʯʥʝ ʯʠʱʝʥʥʷ 

ˉ4 20 ʃʘʪʫʥʴ 50 - 
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62                                 ɺ̔ ʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ ɸʚʪʦʤʦʙʽʣʝ- ʪʘ ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷ ˉ1, 2021 

ʉʧʦʯʘʪʢʫ ʦʪʨʠʤʘʥʽ ʨʦʟʧʠʣʶʚʘʯʽ ʤʘʨʢʫʚʘʣʠ ʪʘ ʧʽʜʧʠʩʫʚʘʣʠ. ʇʽʩʣʷ ʮʴʦʛʦ ʢʦʞʝʥ ʨʦʟʧʠʣʶʚʘʯ 

ʙʫʚ ʧʝʨʝʚʽʨʝʥʠʡ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʋʀʄ-21 (ʨʠʩ. 1), 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʛʦ ʚʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 2. 

 
ʈʠʩ. 1 ï ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʤʽʢʨʦʩʢʦʧ ʋʀʄ-21 

 

ʊʘʙʣʠʮʷ 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʋʀʄ-21 
ʇʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ 

ɻʨʘʥʠʮʽ ʚʠʤʽʨʫ ʜʦʚʞʠʥ:  

- ʚ ʧʦʚʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ 0-200 ʤʤ 

- ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ 0-100 ʤʤ 

ɻʨʘʥʠʮʽ ʚʠʤʽʨʫ ʢʫʪʽʚ 0-360Ü 

ʄʝʪʦʜʠʢʘ ʧʨʦʮʝʩʫ ʚʠʤʽʨʽʚ ʙʫʣʘ ʟʘ ʧʨʦʝʢʮʽʡʥʠʤ (ʪʽʥʴʦʚʠʤ) ʤʝʪʦʜʦʤ. ɼʣʷ ʚʠʤʽʨʽʚ 

ʨʦʟʧʠʣʶʚʘʯ ʧʦʤʽʱʘʣʠ ʚ ʮʝʥʪʨʽ ʩʪʦʣʫ ʤʽʢʨʦʩʢʦʧʘ ʪʘ ʬʽʢʩʫʚʘʣʠ ʩʪʨʫʙʮʠʥʘʤʠ. ʇʦʪʽʤ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʦʜʥʫ ʽʟ ʰʪʨʠʭʦʚʠʭ ʣʽʥʽʡ ʩʽʪʢʠ ʦʢʫʣʷʨʥʦʾ ʛʦʣʦʚʢʠ ʧʘʨʘʣʝʣʴʥʦ ʣʽʥʽʾ, ʱʦ ʫʪʚʦʨʶʻ 

ʢʦʥʫʩ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʦʧʣʘ ʨʦʟʧʠʣʶʚʘʯʘ ʚ ʡʦʛʦ ʦʩʥʦʚʽ. ʇʦʪʽʤ ʧʝʨʝʤʽʱʫʚʘʣʠ ʧʦʟʜʦʚʞʥʶ ʪʘ 

ʧʦʧʝʨʝʯʥʫ ʢʘʨʝʪʢʠ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʢʽʥʝʮʴ ʫʪʚʦʨʶʶʯʦʛʦ ʢʦʥʫʩʘ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʦʧʣʘ 

ʨʦʟʧʠʣʶʚʘʯʘ ʫ ʚʝʨʰʠʥʠ ʥʝ ʟ'ʷʚʠʪʴʩʷ ʫ ʧʦʣʽ ʟʦʨʫ ʤʽʢʨʦʩʢʦʧʘ, ʧʨʠ ʮʴʦʤʫ ʧʘʨʘʣʝʣʴʥʽʩʪʴ 

ʫʪʚʦʨʶʶʯʦʾ ʪʘ ʰʪʨʠʭʦʚʦʾ ʣʽʥʽʾ ʩʽʪʢʠ ʥʝ ʤʘʻ ʧʦʨʫʰʫʚʘʪʠʩʷ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʩʪʘʥʦʚʣʶʚʘʣʠ 

ʧʦʜʦʚʞʥʶ ʢʘʨʝʪʢʫ ʥʘ ʚʽʜʣʽʢ (ʚ ʮʽʣʠʭ ʤʽʣʽʤʝʪʨʘʭ) ʟʘ ʰʢʘʣʦʶ ʧʦʟʜʦʚʞʥʴʦʛʦ ʭʦʜʫ ʪʘ 

ʟʘʢʨʽʧʣʶʚʘʣʠ ʾʾ. ɼʘʣʽ, ʜʽʶʯʠ ʧʦʧʝʨʝʯʥʦʶ ʢʘʨʝʪʢʦʶ, ʧʦʻʜʥʫʚʘʣʠ ʰʪʨʠʭʦʚʫ ʣʽʥʽʶ ʩʽʪʢʠ ʟ 

ʫʪʚʦʨʶʶʯʦʶ ʪʽʥʴʦʚʦʛʦ ʢʦʥʪʫʨʫ, ʽ ʧʨʦʚʦʜʠʣʠ ʚʽʜʣʽʢ ʰʢʘʣʦʶ ʧʦʧʝʨʝʯʥʦʛʦ ʭʦʜʫ. ʇʦʪʽʤ 

ʧʝʨʝʤʽʱʫʚʘʣʠ ʧʦʟʜʦʚʞʥʶ ʢʘʨʝʪʢʫ ʥʘ ʮʽʣʝ ʯʠʩʣʦ ʤʽʣʽʤʝʪʨʽʚ ʜʦ ʽʥʰʦʛʦ ʢʽʥʮʷ ʢʦʥʫʩʘ, 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʧʦʧʝʨʝʯʥʦʾ ʢʘʨʝʪʢʠ ʧʦʻʜʥʫʚʘʣʠ ʰʪʨʠʭʦʚʫ ʣʽʥʽʶ ʩʽʪʢʠ ʟ ʫʪʚʦʨʶʶʯʦʶ ʪʽʥʴʦʚʦʛʦ 

ʢʦʥʪʫʨʫ ʽ ʟʥʦʚʫ ʟʥʽʤʘʣʠ ʚʽʜʣʽʢ ʟʘ ʰʢʘʣʦʶ ʧʦʧʝʨʝʯʥʦʛʦ ʭʦʜʫ. ʈʽʟʥʠʮʷ ʦʙʦʭ ʚʽʜʣʽʢʽʚ ʟʘ ʰʢʘʣʦʶ, 

ʧʦʜʽʣʝʥʘ ʥʘ ʜʦʚʞʠʥʫ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʢʘʨʝʪʢʠ ʫ ʤʽʣʽʤʝʪʨʘʭ, ʜʘʚʘʣʘ ʪʘʥʛʝʥʩ ʧʦʣʦʚʠʥʠ 

ʢʫʪʘ ʫʪʚʦʨʶʶʯʦʛʦ ʢʦʥʫʩʘ ʨʦʟʧʠʣʶʚʘʯʘ. ɿʛʽʜʥʦ ʟ ʽʥʩʪʨʫʢʮʽʻʶ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ, ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʙʫʜʝ ʚʽʣʴʥʠʡ ʚʽʜ ʧʦʭʠʙʢʠ, ʱʦ ʚʠʥʠʢʣʘ 

ʚʥʘʩʣʽʜʦʢ ʤʦʞʣʠʚʦʛʦ ʧʝʨʝʢʦʩʫ ʨʦʟʧʠʣʶʚʘʯʘ. ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʚʧʣʠʚʫ ʮʽʻʾ ʧʦʭʠʙʢʠ 

ʧʦʚʪʦʨʶʚʘʣʠ ʪʘʢʠʡ ʞʝ ʚʠʤʽʨ ʥʘ ʽʥʰʽʡ ʩʪʦʨʦʥʽ ʪʽʥʴʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʫʪʚʦʨʶʶʯʦʛʦ ʢʦʥʫʩʘ. 

ɹʫʣʦ ʦʯʝʚʠʜʥʦ, ʱʦ ʧʦʭʠʙʢʘ ʚʽʜ ʧʝʨʝʢʦʩʫ ʫʚʽʡʜʝ ʽ ʚ ʮʝʡ ʨʝʟʫʣʴʪʘʪ, ʘʣʝ ʟʚʦʨʦʪʥʠʤ ʟʥʘʢʦʤ. ɼʣʷ 

ʚʠʢʣʶʯʝʥʥʷ ʮʽʻʾ ʧʦʭʠʙʢʠ ʚʟʷʣʠ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟ ʦʙʦʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɺ ʧʨʦʮʝʩʽ ʧʝʨʝʚʽʨʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʨʦʟʧʠʣʶʚʘʯʽʚ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ 

ʤʽʢʨʦʩʢʦʧʽ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʟʤʽʥʫ ʩʦʧʣʘ ʨʦʟʧʠʣʶʚʘʯʘ (ʨʠʩ. 2). 
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ʘ) ʙ) ʚ) 

ʈʠʩ. 2 ï ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʨʦʟʧʠʣʶʚʘʯʽʚ: ʘ) ï ʥʦʚʘ ʬʦʨʩʫʥʢʘ; 

ʙ) ï ʟʥʦʰʝʥʘ ʬʦʨʩʫʥʢʘ; ʚ) ï ʧʦʰʢʦʜʞʝʥʘ ʬʦʨʩʫʥʢʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʯʠʱʝʥʥʷ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʘʥʫ ʛʽʜʨʘʚʣʽʯʥʠʭ 

ʨʦʟʧʠʣʶʚʘʯʽʚ ʜʣʷ ʭʽʤʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʜʦʩʣʽʜʥʠʡ ʩʪʝʥʜ, ʢʨʝʩʣʝʥʥʷ 

ʷʢʦʛʦ ʧʨʠʚʝʜʝʥʦ ʥʘ (ʨʠʩ. 3). 

ɼʦʩʣʽʜʥʠʡ ʩʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʘʥʫ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʧʠʣʶʚʘʯʽʚ ʜʣʷ ʭʽʤʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʚʢʣʶʯʘʻ: ʙʘʯʦʢ 1 (ʟ ʟʘʙʽʨʥʠʤ 

ʧʘʪʨʫʙʢʦʤ 1a, ʧʘʪʨʫʙʢʦʤ 1b ʽ ʥʽʧʝʣʝʤ 1c ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʟʘʣʠʚʥʦʶ 

ʛʦʨʣʦʚʠʥʦʶ 1d ʽ ʟʣʠʚʥʠʤ ʥʽʧʝʣʝʤ 1e), ʤʘʪʨʠʮʶ ʚʝʨʭʥʶ 3, ʜʚʽ ʨʦʟʧʽʨʥʽ ʚʪʫʣʢʠ 5, ʜʚʽ ʩʪʽʡʢʠ 6, 

ʙʘʣʢʫ 7, ʧʨʠʪʠʩʢʥʠʡ ʜʠʩʢ 8 ʟ ʥʽʧʝʣʝʤ 8a ʽ ʧʨʦʢʣʘʜʢʦʶ 8b, ʚʢʣʘʜʠʰ 9, ʚʽʜʚʽʜʥʠʡ ʧʨʠʩʪʨʽʡ 10, 

ʦʧʦʨʥʫ ʚʪʫʣʢʫ 11, ʨʫʢʘʚ ʛʦʬʨʦʚʘʥʠʡ 12, ʰʪʠʬʪʠ-ʬʽʢʩʘʪʦʨʠ 13 ʽ 14, ʧʨʦʢʣʘʜʢʫ 15, ʛʘʡʢʫ-

ʟʘʛʣʫʰʢʫ 16, ʢʨʘʥ 17, ʥʽʧʝʣʴ 18, ʝʣʘʩʪʠʯʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ 19, ʧʨʦʢʣʘʜʢʫ 20, ʧʨʦʙʢʫ ʟʘʣʠʚʥʦʾ 

ʛʦʨʣʦʚʠʥʠ 21, ʯʦʪʠʨʠ ʙʦʢʦʚʠʥʠ 22, ʜʚʘ ʢʽʣʴʮʷ ʫʱʽʣʴʥʶʚʘʯʽʚ 23, 24 ʽ ʦʜʥʝ ʩʪʦʧʦʨʥʝ 25, ʘ ʪʘʢʦʞ 

ʛʘʡʢʠ, ʰʘʡʙʠ ʙʦʣʪʠ ʽ ʛʚʠʥʪʠ 26-33. 

ɼʦʩʣʽʜʥʠʡ ʩʪʝʥʜ ʚʠʢʦʥʘʥʦ ʟ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʨʦʟʽʾ, ʘ ʩʘʤʝ ʟ 

ʢʘʧʨʦʣʦʥʫ (ʨʦʟʧʽʨʥʽ ʚʪʫʣʢʠ 5, ʩʪʽʡʢʠ 6, ʙʘʣʢʘ 7) ʪʘ ʦʨʛʘʥʽʯʥʦʛʦ ʩʢʣʘ (ʤʘʪʨʠʮʷ ʥʠʞʥʷ 2, ʤʘʪʨʠʮʷ 

ʚʝʨʭʥʷ 3).  

       
ʈʠʩ. 3 ï ʂʨʝʩʣʝʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʩʪʝʥʜʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʪʝʭʥʽʯʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʘʥʫ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʧʠʣʶʚʘʯʽʚ ʜʣʷ ʭʽʤʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ: ʘ) ï ʚʠʜ ʟʚʝʨʭʫ; 

ʙ) ï ʚʠʜ ʟʙʦʢʫ 
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ʈʦʙʦʯʠʡ ʧʨʦʮʝʩ ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʦʟʧʠʣʶʚʘʯʘ. ʉʧʦʯʘʪʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʝʪʘʧ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ɺʽʜʛʚʠʥʪʠʚʰʠ ʛʘʡʢʠ 28 ʽ ʟʥʷʚʰʠ ʰʘʡʙʠ 29, ʟʥʽʤʘʶʪʴ ʧʨʠʪʠʩʢʥʠʡ ʜʠʩʢ 8. ʇʦʪʽʤ, ʤʽʞ 

ʚʢʣʘʜʠʰʝʤ 9 ʽ ʜʠʩʢʦʤ 8 ʩʧʽʚʚʽʩʥʦ ʾʤ ʫʢʣʘʜʘʶʪʴ ʦʨʽʻʥʪʦʚʘʥʠʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʨʦʟʧʠʣʶʚʘʯ, ʘ 

ʜʠʩʢ 8 ʦʧʫʩʢʘʶʪʴ ʥʘ ʰʧʠʣʴʢʠ ʢʨʽʧʣʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʚʝʨʪʘʶʪʴ ʥʘʟʘʜ ʰʘʡʙʠ 28 ʽ. ʛʘʡʢʠ 28 

ʟʘʪʷʛʫʶʪʴ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʨʦʟʧʠʣʶʚʘʯ ʪʨʦʭʠ ʟʘʥʫʨʠʪʴʩʷ ʚ ʪʽʣʦ ʧʨʦʢʣʘʜʢʠ 8b, ʥʘ ʩʪʽʣʴʢʠ, 

ʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ, ʟʜʘʪʥʦʛʦ ʚʠʪʨʠʤʘʪʠ ʨʦʙʦʯʠʡ ʪʠʩʢ 

20 - 40 ʄʇʘ, ʤʘʢʩʠʤʫʤ 100 ʄʇʘ (ʙʫʚʘʻ ʚʢʨʘʡ ʨʽʜʢʦ). ʎʝ ʪʠʩʢ, ʧʨʠ ʷʢʦʤʫ ʚʠʧʨʦʙʫʚʘʥʠʡ 

ʨʦʟʧʠʣʶʚʘʯ ʧʨʘʮʶʻ ʥʘ ʧʦʣʴʦʚʽʡ ʤʘʰʠʥʽ. ɼʘʣʽ, ʚʠʣʫʯʠʚʰʠ ʰʪʠʬʪ-ʬʽʢʩʘʪʦʨ 13, ʚʽʜʚʽʜʥʠʡ 

ʧʨʠʩʪʨʽʡ 10 ʨʘʟʦʤ ʟ ʜʝʪʘʣʷʤʠ, ʧʨʠʻʜʥʘʥʠʤʠ ʜʦ ʥʴʦʛʦ ʦʧʫʩʢʘʶʪʴ ʚʥʠʟ. ʇʦʪʽʤ, ʪʘʢʦʞ ʚʠʡʥʷʚʰʠ 

ʰʪʠʬʪʠ-ʬʽʢʩʘʪʦʨʠ 14, ʙʘʣʢʫ 7 ʧʝʨʝʤʽʱʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʫ ʚʠʩʦʪʫ ʽ ʬʽʢʩʫʶʪʴ ʪʘʤ, ʧʦʚʝʨʥʫʚʰʠ 

ʥʘ ʤʽʩʮʝ ʰʪʠʬʪʠ 14. ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʜʚʽʜʥʠʡ ʧʨʠʩʪʨʽʡ 10 ʧʽʜʥʽʤʘʶʪʴ ʚʛʦʨʫ, ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʦ 

ʜʦ ʙʘʣʢʠ 7, ʽ ʪʘʢʦʞ ʬʽʢʩʫʶʪʴ ʪʘʤ ʰʪʠʬʪʦʤ 13. ʐʣʷʭʦʤ ʧʦʚʦʨʦʪʫ ʥʘʚʢʦʣʦ ʦʧʦʨʥʦʾ ʚʪʫʣʢʠ 11, 

ʨʦʟʪʘʰʦʚʫʶʪʴ ʩʪʨʦʛʦ ʧʽʜ ʙʘʣʢʦʶ 7, ʘ ʟʥʘʯʠʪʴ, ʽ ʧʽʜ ʨʦʟʧʠʣʶʚʘʯʝʤ. ʇʦʪʽʤ ʫ ʚʩʽ 810 ʦʪʚʦʨʽʚ 

ʤʘʪʨʠʮʴ 2, 3 ʧʦʤʽʱʘʶʪʴ ʣʘʙʦʨʘʪʦʨʥʽ ʧʨʦʙʽʨʢʠ, ʘ ʙʘʯʦʢ ʯʝʨʝʟ ʛʦʨʣʦʚʠʥʫ 1d ʟʘʧʦʚʥʶʶʪʴ 

ʨʦʙʦʯʦʶ ʨʽʜʠʥʦʶ ʽ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʠʚʘʶʪʴ ʨʽʟʴʙʦʚʦʶ ʧʨʦʙʢʦʶ 21. ɿʣʠʚʥʠʡ ʥʽʧʝʣʴ 1e 

ʟ'ʻʜʥʫʶʪʴ ʟ ʢʘʥʘʣʽʟʘʮʽʻʶ. ʆʩʢʽʣʴʢʠ ʨʦʙʦʪʘ ʩʪʝʥʜʫ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʢʦʤʧʨʝʩʦʨʘ, ʪʦ ʜʦ 

ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʦʩʪʘʥʥʽʡ ʚʞʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʢʣʶʯʝʥʠʤ, ʘ ʧʦʚʽʪʨʷ ʚ ʡʦʛʦ ʨʝʩʠʚʝʨʽ ʤʘʻ ʙʫʪʠ ʧʽʜ 

ʨʦʙʦʯʠʤ ʪʠʩʢʦʤ (ʪʽ ʞ 20 - 40 ʄʇʘ). ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʟʘʜʘʥʠʡ ʨʦʙʦʯʠʡ ʪʠʩʢ ʚ ʨʝʩʠʚʝʨʽ 

ʢʦʤʧʨʝʩʦʨʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. ɼʣʷ ʮʴʦʛʦ ʚ ʙʘʯʦʢ 1 ʩʣʽʜ ʥʘʣʠʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʤʽʥʽʤʫʤ 

ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʪʦʙʪʦ 2 - 3 ʦʙʩʷʛʠ ʨʽʜʠʥʠ, ʷʢʘ ʧʦʚʠʥʥʘ ʧʨʦʡʪʠ ʯʝʨʝʟ ʚʠʧʨʦʙʫʚʘʥʠʡ ʨʦʟʧʠʣʶʚʘʯ 

ʧʨʦʪʷʛʦʤ ʢʦʥʪʨʦʣʴʥʦʛʦ ʯʘʩʫ. ɿ ʙʘʯʢʦʤ ʩʪʝʥʜʘ 1 ʨʝʩʠʚʝʨ ʢʦʤʧʨʝʩʦʨʘ ʟ'ʻʜʥʫʻʪʴʩʷ ʧʦ ʛʥʫʯʢʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʯʝʨʝʟ ʥʽʧʝʣʴ 1c ʽ ʧʘʪʨʫʙʦʢ 1b. ʂʨʘʥ 17 ʚ ʮʝʡ ʤʦʤʝʥʪ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʢʨʠʪʠʤ, ʘ 

ʥʽʧʝʣʴ 18 ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʥʫʯʢʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 19 ʟ'ʻʜʥʘʥʠʡ ʟ ʥʽʧʝʣʝʤ 8a ʧʨʠʪʠʩʢʥʦʛʦ ʜʠʩʢʘ 

8. ʇʽʩʣʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʟ ʨʝʩʠʚʝʨʘ ʢʦʤʧʨʝʩʦʨʘ ʚ ʙʘʯʦʢ 1 ʥʝʦʙʭʽʜʥʦ ʧʦʯʝʢʘʪʠ ʜʝʷʢʠʡ ʯʘʩ, ʱʦʙ 

ʪʠʩʢ ʚʩʝʨʝʜʠʥʽ ʙʘʯʢʘ 1 ʚʠʨʽʚʥʷʚʩʷ ʟ ʪʠʩʢʦʤ ʚ ʨʝʩʠʚʝʨʽ. 

ɽʪʘʧ ʚʠʧʨʦʙʫʚʘʥʥʷ. ɺʽʜʢʨʠʚʰʠ ʨʦʙʦʯʠʡ ʢʨʘʥ 17, ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʩʝʢʫʥʜ ʚʠʯʽʢʫʶʪʴ, ʧʦʢʠ 

ʨʦʟʧʠʣʶʚʘʯ ʚʠʡʜʝ ʥʘ ʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤ ʨʦʟʧʠʣʫ. ʇʦʪʽʤ, ʦʜʥʦʯʘʩʥʦ ʟ ʥʘʪʠʩʢʘʥʥʷʤ ʢʥʦʧʢʠ 

ʩʝʢʫʥʜʦʤʽʨʘ, ʚʽʜʚʽʜʥʠʡ ʧʨʠʩʪʨʽʡ 10 ʰʚʠʜʢʦ, ʘʣʝ ʧʣʘʚʥʦ ʚʽʜʚʦʜʷʪʴ ʫ ʙʽʢ ʚʽʜ ʙʘʣʢʠ 7. ʇʦʢʠ 

ʨʦʟʧʠʣʶʚʘʯ ʧʨʘʮʶʻ (ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 1 ʭʚʠʣʠʥʫ), ʚʽʜʚʽʜʥʠʡ ʧʨʠʩʪʨʽʡ 10 

ʧʦʚʝʨʪʘʶʪʴ ʥʘʚʢʦʣʦ ʩʪʽʡʢʠ 6 ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʦ ʜʦ ʙʘʣʢʠ 7. ʌʘʢʝʣ ʨʦʟʧʠʣʫ ʨʽʜʠʥʠ ʯʘʰʽ 

ʚʽʜʚʽʜʥʦʛʦ ʧʨʠʩʪʨʦʶ 10 ʧʨʠ ʮʴʦʤʫ ʪʦʨʢʘʪʠʩʷ ʥʝ ʧʦʚʠʥʝʥ. ʋ ʪʘʢʦʤʫ ʩʪʘʥʽ ʨʦʟʧʠʣ ʧʨʦʜʦʚʞʫʻʪʴʩʷ 

ʚʝʩʴ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ. ʇʦʪʽʤ, ʥʘʩʢʽʣʴʢʠ ʤʦʞʥʘ ʪʦʯʥʦ ʜʦ ʤʦʤʝʥʪʫ ʟʘʚʝʨʰʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʥʷ, 

ʚʨʫʯʥʫ ʯʘʰʫ ʚʽʜʚʽʜʥʦʛʦ ʧʨʠʩʪʨʦʶ 10 ʰʚʠʜʢʦ ʧʽʜʚʦʜʷʪʴ ʧʽʜ ʙʘʣʢʫ 7 (ʧʽʜ ʨʦʟʧʠʣʶʚʘʯ) ʽ 

ʚʠʤʠʢʘʶʪʴ ʩʝʢʫʥʜʦʤʽʨ. ʇʽʩʣʷ ʮʴʦʛʦ ʢʨʘʥ 17 ʟʘʢʨʠʚʘʶʪʴ, ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʘʧʠʩʫʶʪʴ, 

ʜʝʤʦʥʪʫʶʪʴ ʨʦʟʧʠʣʶʚʘʯ, ʘ ʢʦʤʧʨʝʩʦʨ ʚʠʤʠʢʘʶʪʴ. ʋ ʮʴʦʤʫ ʝʪʘʧ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʘʚʝʨʰʝʥʦ. 

ɽʪʘʧ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʇʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʦʟʧʠʣʶʚʘʯʘ ʫʩʽ 

ʧʨʦʙʽʨʢʠ ʜʚʽʯʽ ʧʝʨʝʚʘʞʫʶʪʴ. ʇʝʨʰʠʡ ʨʘʟ ʨʘʟʦʤ ʽʟ ʨʦʙʦʯʦʶ ʨʽʜʠʥʦʶ ʚ ʥʠʭ, ʘ ʚʜʨʫʛʝ ʙʝʟ ʥʝʾ. ɼʣʷ 

ʟʚʘʞʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʘʛʠ ʜʠʩʢʨʝʪʥʽʩʪʶ 0,001 ʛʨʘʤ, ʷʢʽ ʟôʻʜʥʘʥʥʽ ʟ ʢʦʤʧôʶʪʝʨʦʤ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʘʧʠʩʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʘʛʠ ʧʨʦʙʽʨʦʢ. ɿôʻʜʥʘʥʥʷ ʟ ʢʦʤʧôʶʪʝʨʦʤ ʙʫʣʦ 

ʟʘʙʝʟʧʝʯʝʥʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʚʘʛ ʰʣʷʭʦʤ ʦʙʣʘʜʥʘʥʥʷ ʽʥʪʝʨʬʝʡʩʦʤ USB 2.0. ɼʘʥʽ ʦʙʨʦʙʣʷʶʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʣʷ Microsoft Excel ʥʘ ʙʘʟʽ Visual Basic for Application (VBA). 

Microsoft Excel ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʜʘʥʠʭ ʟ ʧʦʨʪʫ USB 2.0 ʘʚʪʦʤʘʪʠʯʥʦ ʚʥʦʩʠʪʴ ʚ ʥʝʦʙʭʽʜʥʫ ʢʣʽʪʠʥʫ 

ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ (ʨʠʩ. 4). ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʧʨʦʮʝʩʫ 

ʟʚʘʞʫʚʘʥʥʷ ʻ ʯʽʪʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʚʘʞʫʚʘʥʥʷ ʧʨʦʙʽʨʦʢ. ʇʨʠʢʣʘʜ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦ ʨʦʟʧʦʜʽʣʫ 

ʨʽʜʠʥʠ ʨʦʟʧʠʣʶʚʘʯʝʤ ʧʨʠ ʚʽʜʜʘʣʝʥʽ ʚʠʩʦʪʠ ʨʦʟʧʠʣʶʚʘʯʘ ʽ ʥʦʨʤʘʣʴʥʽʡ ʡʦʛʦ ʦʨʽʻʥʪʘʮʽʾ ʚʽʜʥʦʩʥʦ 

ʧʣʦʱʠʥʠ (ʤʘʪʨʠʮʽ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 5. ɺʝʢʪʦʨʥʝ ʧʦʣʝ ),,( zyxB  - ʤʦʜʝʣʴ ʬʘʢʝʣʫ 

ʨʦʟʧʠʣʶʚʘʥʥʷ [8]. 
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ʈʠʩ. 4 ï ʌʨʘʛʤʝʥʪ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ 

 

 
ʈʠʩ. 5 ï ʇʨʠʢʣʘʜ ʨʦʟʧʦʜʽʣʝʥʥʷ ʨʽʜʠʥʠ ʨʦʟʧʠʣʶʚʘʯʝʤ (ʜʚʦʤʽʨʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ) 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 5 ʢʦʦʨʜʠʥʘʪʥʘ ʩʽʪʢʘ ʦʭʦʧʣʶʻ ʚʩʶ ʧʦʚʝʨʭʥʶ ʧʣʦʱʠʥʠ (ʤʘʪʨʠʮʶ), ʘ ʽʟʦʣʽʥʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʽʣʴʢʦʩʪʽ ʨʽʜʠʥʠ, ʷʢʘ ʧʦʪʨʘʧʣʷʻ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʠʥʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. 

ɺʠʩʥʦʚʢʠ. 1. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʜʣʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʱʽʣʠʥʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʧʠʣʶʚʘʯʽʚ ʜʣʷ ʭʽʤʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʩʘʤʦʭʽʜʥʠʭ ʦʙʧʨʠʩʢʫʚʘʯʽʚ. 

2. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʡ ʩʪʝʥʜ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʷʢʽʩʥʫ ʦʮʽʥʢʫ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʱʽʣʠʥʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʧʠʣʶʚʘʯʽʚ ʩʘʤʦʭʽʜʥʠʭ ʦʙʧʨʠʩʢʫʚʘʯʽʚ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʚʦʜʠʪʠ ʝʬʝʢʪʠʚʥʝ ʜʝʬʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʨʦʟʧʠʣʶʚʘʯʽʚ. 

3. ɺʠʷʚʣʝʥʦ, ʱʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʨʦʟʧʠʣʶʚʘʯʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʦ ʟʘʩʪʦʩʫʚʘʥʥʶ ʨʽʜʢʠʭ ʭʽʤʽʯʥʠʭ ʟʘʩʦʙʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ. 
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DEVELOPMENT AND APPLICATION OF NEURAL NETWORKS TECHNOLOGY 

FOR DIAGNOSTICS OF THE TECHN ICAL CONDITION OF AUTO MOBILE AND 

TRACTOR ENGINES  
 

The article proposes the use of neural network technology to solve the problems of diagnosing the automobile and 

tractor engines technical conditions. This allow to work with real data obtained for an individual and reference (average)  

engine, as well as with data calculated using the mathematical model, based on the comparison of which researcher can 

take informed decisions about the nature and location of a particular defect. This improves the functional stability of the 

wheeled vehicle and improves the performance of its intelligent on-board systems.  

It has been proven that in order to reduce the redundancy of a neural network, it is necessary to reduce the number 

of neurons in the hidden layer for a given level of network training error. For diagnosing the automobile or tractor engine, 

the input signals are voltages received in an artificial neural network from sensors that are standard in the engine, and 

additionally indicate the technical conditions. 

Key words: neural network, diagnostics, technical condition, automobile, tractor, engine. 
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ʧʨʦʮʝʩʽʚ ʦʪʨʠʤʘʥʥʷ, ʦʙʨʦʙʢʠ, ʟʙʝʨʽʛʘʥʥʷ, ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ 

ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ, ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽ ʤʝʪʦʜʠ ʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʫ 

ʪʝʭʥʦʣʦʛʽʶ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʆʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 
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ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɸʊɼ, ʩʣʽʜ ʚʚʘʞʘʪʠ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʟʘʣʫʯʝʥʥʷʤ ʤʝʪʦʜʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɸʊɼ ʧʨʠ ʜʽʾ ʥʝʚʠʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ, ʘ ʪʘʢʦʞ 

ʽʥʪʝʛʨʘʮʽʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ (ʨʦʟʧʦʜʽʣʝʥʠʭ ʣʦʢʘʣʴʥʠʭ ʙʘʟ ʜʘʥʠʭ ʽ ʟʥʘʥʴ ʚ ʛʣʦʙʘʣʴʥʫ 

ʙʘʟʫ ʜʘʥʠʭ ʽ ʟʥʘʥʴ). 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɸʥʘʣʽʟ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (ʅʄ) ʜʣʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ 

ʜʚʠʛʫʥʘ, ʧʦʢʘʟʫʻ, ʱʦ ʚ ʽʩʥʫʶʯʠʭ ʨʦʙʦʪʘʭ ʚʠʜʽʣʝʥʽ ʦʩʥʦʚʥʽ ʪʝʥʜʝʥʮʽʾ ʽ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʜʽʘʛʥʦʩʪʠʢʠ ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʦʩʥʦʚʽ ʅʄ. ʈʘʟʦʤ ʟ ʪʠʤ ʚʦʥʠ 

ʧʨʠʩʚʷʯʝʥʽ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʨʽʰʝʥʥʶ ʦʢʨʝʤʠʭ ʟʘʚʜʘʥʴ (ʥʘʧʨʠʢʣʘʜ, ʜʽʘʛʥʦʩʪʫʚʘʥʥʶ ʩʪʘʥʫ ʪʠʩʢʫ 

ʚ ʢʦʥʮʽ ʪʘʢʪʫ ʩʪʠʩʥʝʥʥʷ ʎʇɻ [1], ʬʦʨʤʫʚʘʥʥʶ ʧʨʦʩʪʦʨʫ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʩʪʘʥʫ 

ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ [2, 3]). ʋ ʥʠʭ ʥʝ 

ʤʽʩʪʠʪʴʩʷ ʚʢʘʟʽʚʦʢ ʥʘ ʚʠʙʽʨ ʘʨʭʽʪʝʢʪʫʨʠ, ʩʪʨʫʢʪʫʨʠ ʽ ʘʣʛʦʨʠʪʤʽʚ ʥʘʚʯʘʥʥʷ ʅʄ, ʚʽʜʩʫʪʥʷ 

ʽʥʞʝʥʝʨʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘʢʠʭ ʤʝʨʝʞ ʩʪʦʩʦʚʥʦ ʜʦ ʟʘʚʜʘʥʴ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʦʙʩʷʛ ʜʦʩʣʽʜʞʝʥʴ ʚ ʜʘʥʽʡ ʦʙʣʘʩʪʽ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ ʥʝ ʻ ʜʦʩʢʦʥʘʣʠʤʠ ʟ ʨʷʜʫ ʧʨʠʯʠʥ, 

ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʨʦʟ'ʻʜʥʘʥʽʩʪʴ ʙʘʟ ʜʘʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʷʢʽʩʥʦ ʽ ʝʬʝʢʪʠʚʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʽʜʪʨʠʤʢʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʩʢʦʨʦʯʫʚʘʪʠ ʟʘʛʘʣʴʥʠʡ ʯʘʩ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ɸʊɼ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʘʚʪʦʪʨʘʢʪʦʨʥʦʤʫ 

ʜʚʠʛʫʥʽ, ʩʢʣʘʜʥʽʩʪʴ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ, ʟʘʣʝʞʥʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʫʥʘ 

ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʨʦʙʦʪʠ, ʦʙʤʝʞʝʥʠʡ ʩʢʣʘʜ ʚʠʤʽʨʶʚʘʥʠʭ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ, ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʦʟʢʠʜ ʽ ʪ.ʜ. ɿʘʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ ʚ ʫʤʦʚʘʭ ʽʩʪʦʪʥʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ʄʝʪʘ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʽ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʾʭ ʪʷʛʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ. ɺ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʢʦʥʪʨʦʣʶ 

ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɸʊɼ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ FDI (Fault Detection and 

Identification), ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʘʣʴʥʦʛʦ ɸʊɼ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʙʯʠʩʣʝʥʠʤʠ ʟʘ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ 

[4-5]. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʘ ʪʠʧʦʚʘ ʨʝʘʣʽʟʘʮʽʷ FDI-ʤʝʪʦʜʫ, ʜʝ U  ï ʚʝʢʪʦʨ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ; mY  

ï ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (ʄʄ) ɸʊɼ; gY  ï ʚʝʢʪʦʨ 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʚʠʛʫʥʘ, ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ; 

g mY Ye= -  ï ʚʽʜʭʠʣʝʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʽʟʥʠʮʶ ʚʝʢʪʦʨʽʚ gY  ʪʘ mY . 
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ʈʠʩ. 1 ï ʈʝʘʣʽʟʘʮʽʷ FDI-ʤʝʪʦʜʫ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ  ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ 

 

ɺ ʷʢʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʡʨʦʤʝʨʝʞʝʚʘ ʤʦʜʝʣʴ ɸʊɼ. ʉʧʝʢʪʨ 

ʟʘʚʜʘʥʴ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʾ ʤʦʜʝʣʽ ʚ ʨʘʤʢʘʭ FDI-ʤʝʪʦʜʫ, ʜʦʩʠʪʴ ʰʠʨʦʢʠʡ ï 

ʚʽʜ ʟʘʚʜʘʥʴ ʢʦʥʪʨʦʣʶ ʽ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɸʊɼ ʜʦ ʥʘʣʘʛʦʜʞʝʥʥʷ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ 

(ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʽʙʥʦʾ ʧʦʪʫʞʥʦʩʪʽ). 

ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʽʥʞʝʥʝʨʥʦʾ ʤʝʪʦʜʠʢʠ ʧʦʙʫʜʦʚʠ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ ʚʢʣʶʯʘʶʪʴ: 

ï ʧʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʥʘ ʝʪʘʧʽ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʽ ʚʠʙʦʨʫ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ; 

ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ (ʧʝʨʝʜʦʙʨʦʙʢʘ) ʜʣʷ ʧʦʙʫʜʦʚʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʧʨʦʮʝʜʫʨʠ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʝʨʝʞʽ; 

ï ʚʠʙʽʨ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ; 

ï ʚʠʙʽʨ ʩʪʨʫʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ; 

ï ʚʠʙʽʨ ʘʣʛʦʨʠʪʤʫ ʥʘʚʯʘʥʥʷ; 

ï ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ; 

ï ʘʥʘʣʽʟ ʪʦʯʥʦʩʪʽ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʨʽʰʝʥʥʷ; 

ï ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʉʪʘʥ ɸʊɼ, ʷʢ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʚʝʢʪʦʨʘ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

Y, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʘʚʘʨʽʡʥʠʭ ʘʙʦ ʢʨʠʪʠʯʥʠʭ ʩʠʪʫʘʮʽʡ ʚ 

ʨʦʙʦʪʽ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʩʽ ʤʦʞʣʠʚʽ ʩʪʘʥʠ ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ( )1r+  ʦʙʣʘʩʪʝʡ (ʢʣʘʩʽʚ) 

0 1, , ..., rS S S. ɿʥʘʭʦʜʞʝʥʥʷ ʚʝʢʪʦʨʘ ʩʪʘʥʫ X  ʚ ʦʙʣʘʩʪʽ 0S  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʦʜʽʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʫ ɸʊɼ. ʇʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʟ ʤʦʞʣʠʚʠʭ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ (ʚʫʟʣʽʚ) ʚ ʨʦʙʦʪʽ ɸʊɼ 

(ʨʘʧʪʦʚʠʭ ʘʙʦ ʧʦʩʪʫʧʦʚʠʭ) ʚʝʢʪʦʨ X  ʥʘʣʝʞʠʪʴ ʦʜʥʽʡ ʟ ʦʙʣʘʩʪʝʡ 0, ..., rS S, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʷʢ ʧʦʜʽʷ, ʧʦʚ'ʷʟʘʥʘ ʟ ʥʝʩʧʨʘʚʥʠʤ ʩʪʘʥʦʤ ʜʚʠʛʫʥʘ 0S  

0O S USaÍ = ; 1, ...,ra= .                                                   (1) 

ʊʦʜʽ ʟʘʚʜʘʥʥʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ɸʊɼ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʩʪʘʥʦʚʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʤʽʞ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ ʩʧʦʩʪʝʨʝʞʝʥʴ Y  ʽ ʧʨʦʩʪʦʨʫ ʩʪʘʥʽʚ { }Sa  ʽ ʥʘ ʧʽʜʩʪʘʚʽ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʨʝʘʣʽʟʘʮʽʡ Y  ʦʮʽʥʠʪʠ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʚʝʢʪʦʨʘ ʩʪʘʥʫ X  ʦʙʣʘʩʪʽ 0S  ʘʙʦ 

0S SaË , ʪʦʙʪʦ ʚʠʟʥʘʯʠʪʠ, ʜʦ ʷʢʦʛʦ ʟ ʢʣʘʩʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʩʪʘʥ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʽʨʥʠʢʘ ɸʊɼ. 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ ɸʊɼ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ FDI-ʤʝʪʦʜ. ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʜʽʘʛʥʦʩʪʠʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʈʝʘʣʽʟʘʮʽʷ FDI-

ʤʝʪʦʜʫ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ ʚ ʥʝʡʨʦʤʝʨʝʞʝʚʦʤʫ ʙʘʟʠʩʽ 

(ʨʠʩ. 2) ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʨʦʢʽʚ: 

ï ʟʙʝʨʽʛʘʥʥʷ ʝʪʘʣʦʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʛʦ ɸʊɼ ʫ ʚʠʛʣʷʜʽ 
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çʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʨʪʨʝʪʘè ʥʘ ʙʘʟʽ ʤʝʨʝʞʽ ʅʄ-1; 

ï ʧʦʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ ɸʊɼ ʟ ʜʘʥʠʤʠ, ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʅʄ-

1; 

ï ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʚʝʢʪʦʨʘ ʦʪʨʠʤʘʥʠʭ ʥʝʚ'ʷʟʦʢ (ʚʽʜʭʠʣʝʥʴ) YD  ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʚʝʢʪʦʨʘ 

ʚʠʤʽʨʷʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʢʨʝʪʥʦʛʦ ʜʚʠʛʫʥʘ ʽ ʚʝʢʪʦʨʘ ʜʘʥʠʭ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʅʄ-

1, ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ɸʊɼ (ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʨʫʛʘ 

ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʅʄ-2). 

ɺ ʷʢʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ɸʊɼ ʥʘ ʝʪʘʧʽ ʥʘʣʘʰʪʫʚʘʥʥʷ (ʥʘʚʯʘʥʥʷ) ʅʄ-2 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ: 

ʘ) ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʚʠʛʫʥʘ ʟ ʽʤʽʪʦʚʘʥʠʤʠ ʜʝʬʝʢʪʘʤʠ; 

ʙ) ʨʝʘʣʴʥʽ ʜʘʥʽ ʧʦ ʜʝʬʝʢʪʥʠʤ ɸʊɼ, ʦʪʨʠʤʘʥʽ ʥʘ ʝʪʘʧʽ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʄʝʨʝʞʘ ʅʄ-2 (ʨʠʩ. 3) ʷʚʣʷʻ ʩʦʙʦʶ ʙʽʥʘʨʥʠʡ ʥʝʡʨʦʢʣʘʩʠʬʽʢʘʪʦʨ, ʥʘ ʚʭʦʜʠ ʷʢʦʛʦ ʥʘʜʭʦʜʷʪʴ 

ʟʥʘʯʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʚʽʜʭʠʣʝʥʴ iyD , ʘ ʚʠʭʦʜʠ ʫʪʚʦʨʶʶʪʴ ʙʽʥʘʨʥʠʡ ɺʝʢʪʦʨ 

{ }1 2, , ..., mR R R R= , ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʛʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʽʘʛʥʦʟʫ. 

 

 
 

ʈʠʩ. 2 ï ʈʝʘʣʽʟʘʮʽʷ FDI-ʤʝʪʦʜʫ ʚ ʥʝʡʨʦʤʝʨʝʞʝʚʦʤʫ ʙʘʟʠʩʽ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ 

 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʜʽʘʛʥʦʩʪʠʢʠ ɸʊɼ ʚ ʥʝʡʨʦʤʝʨʝʞʝʚʦʤʫ ʙʘʟʠʩʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ, ʷʢʘ ʬʦʨʤʫʻʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʨʽʰʫʻʪʴʩʷ ʧʨʷʤʘ ʟʘʜʘʯʘ, 

ʷʢʘ ʧʦʚ'ʷʟʘʥʘ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʙʘʥʢʫ ʜʘʥʠʭ ʜʝʬʝʢʪʽʚ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ, ʱʦ 

ʦʧʠʩʫʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ɸʊɼ, ʽʤʽʪʫʶʪʴʩʷ ʧʨʦʷʚʠ ʜʝʬʝʢʪʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟʽ ʟʤʽʥʦʶ, ʥʘʧʨʠʢʣʘʜ, 

ʂʂɼ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ, ʂʂɼ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʽʥ. (ʨʠʩ. 3). ʅʘ ʜʨʫʛʦʤʫ 

ʝʪʘʧʽ ʦʙʯʠʩʣʶʶʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷ, ʚʠʢʣʠʢʘʥʽ ʪʠʤ ʯʠ ʽʥʰʠʤ ʜʝʬʝʢʪʦʤ ɸʊɼ ʚʽʜ ʡʦʛʦ ʝʪʘʣʦʥʥʦʛʦ 

ʩʪʘʥʫ: ʝʪ ʤY Y YD = -. 
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ʈʠʩ. 3 ï ʂʣʘʩʠʬʽʢʘʪʦʨ ʥʘ ʦʩʥʦʚʽ ʅʄ-2 ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ 

ʜʚʠʛʫʥʽʚ 

 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʧʨʦ ʥʝʚ'ʷʟʢʠ iYD  ʬʦʨʤʫʻʪʴʩʷ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ, ʷʢʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ( )1, 2, ...,iY R i nD ­ = . 

ɺ ʷʢʦʩʪʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ (ʚʭʦʜʽʚ ʅʄ-2) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʽʥʬʦʨʤʘʮʽʷ ʟʘ 11 

ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʙʦʪʠ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ: ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʚʠʛʫʥʦʤ PD ; 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʆʈTD ; ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʜʣʷ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ GD ; ʪʠʩʢ 

ʤʘʩʪʠʣʘ ʄpD ; ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ gD ; ʰʫʤ (ʜʝʪʦʥʘʮʽʷ) yD ; ʪʠʩʢ ʚ ʢʽʥʮʽ ʪʘʢʪʫ ʩʪʠʩʥʝʥʥʷ CD ; 

ʷʢʽʩʪʴ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʟʘ ʚʠʭʣʦʧʥʠʤʠ ʛʘʟʘʤʠ kD ; ʢʽʣʴʢʽʩʪʴ ʢʘʨʪʝʨʥʠʭ ʛʘʟʽʚ SD ; ʪʠʩʢ ʛʘʟʽʚ ʚ 

ʢʘʨʪʝʨʽ ʜʚʠʛʫʥʘ ɻpD ; ʢʽʣʴʢʽʩʪʴ ʚʽʜʢʣʶʯʝʥʠʭ ʮʠʣʽʥʜʨʽʚ iD . 

ɼʣʷ ʥʘʚʯʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʶ ʜʝʬʝʢʪʽʚ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ ʚ ʩʢʣʘʜʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʧ'ʷʪʴ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʣʘʩʽʚ ʩʪʘʥʽʚ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ (ʪʘʙʣ. 1) 

0S  ï ʩʧʨʘʚʥʠʡ ʩʪʘʥ, ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨʫ [ ]0; 0; 0R= ; 

1S  ï ʜʝʬʝʢʪ ʚ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʽʡ ʛʨʫʧʽ, ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨʫ [ ]0; 1; 0R= ; 

2S  ï ʜʝʬʝʢʪ ʚ ʩʠʩʪʝʤʽ ʧʘʣʠʚʦʧʦʜʘʯʽ, ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨʫ [ ]1; 0; 0R= ; 

3S  ï ʜʝʬʝʢʪ ʚ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ, ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨʫ [ ]0; 1; 1R= ; 

4S  ï ʜʝʬʝʢʪ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ, ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨʫ [ ]1; 0; 1R= . 

 

ʊʘʙʣʠʮʷ 1 ï ɹʽʥʘʨʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʩʪʘʥʽʚ ɸʊɼ 

ʅʦʤʝʨ 
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ɹʽʥʘʨʥʽ ʚʠʭʦʜʠ 

ʅʄ 

ʉʪʘʥ ʃʦʢʘʣʽʟʘʮʽʷ ʜʝʬʝʢʪʫ 

1R  2R  3R  

1 0 0 0 ETALON ɽʪʘʣʦʥʥʠʡ ʩʪʘʥ (0S ) 

2 

3 

4 

5 

6 

7 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

PiKND5% 

KPDKND5 

GVND5% 

PiKVD5% 

KPDKVD5 

GVVD5% 

ɼʝʬʝʢʪ ʚ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʽʡ ʛʨʫʧʽ (1S ) 

8 1 0 1 Fkr_c5% 

ɼʝʬʝʢʪ ʚ ʩʠʩʪʝʤʽ ʧʘʣʠʚʦʧʦʜʘʯʽ (2S ) 9 1 0 1 SIGSOP5 

10 1 0 1 PR_Fc5% 
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ʅʦʤʝʨ 

ʩʪʘʥʫ 

ɹʽʥʘʨʥʽ ʚʠʭʦʜʠ 

ʅʄ 

ʉʪʘʥ ʃʦʢʘʣʽʟʘʮʽʷ ʜʝʬʝʢʪʫ 

1R  2R  3R  

11 

12 

13 

14 

15 

16 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

KPDMVD5 

KPDMND5 

KPDTVD5 

KPDTND5 

ATVD5% 

ATND5% 

ɼʝʬʝʢʪ ʚ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ (

3S ) 

17 0 1 1 SIGKC5% 

PR_Kc5% 
ɼʝʬʝʢʪ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ (4S

) 18 0 1 1 

 

ʇʨʠ ʩʢʣʘʜʘʥʥʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʨʘʭʦʚʫʚʘʣʦʩʷ, ʱʦ ʧʦʷʚʘ ʜʝʬʝʢʪʫ ʚ ʘʚʪʦʪʨʘʢʪʦʨʥʦʤʫ 

ʜʚʠʛʫʥʽ ʟʘʟʚʠʯʘʡ ʧʦʚ'ʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥ ʎʇɻ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʡʦʛʦ ʚʫʟʣʽʚ ʽ ʡʦʛʦ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢ, ʟʤʝʥʰʝʥʥʷ ʂʂɼ 

ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʽ ʡʦʛʦ ʩʪʫʧʝʥʷ ʩʪʠʩʥʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʣʠʢʘʥʦ ʟʘʢʦʢʩʦʚʫʚʘʥʥʷʤ, 

ʟʥʠʞʝʥʥʷʤ ʧʨʫʞʥʦʩʪʽ ʘʙʦ ʧʦʣʦʤʢʘʤʠ ʧʦʨʰʥʝʚʠʭ ʢʽʣʝʮʴ, ʟʥʦʰʝʥʥʷʤ, ʘʙʦ ʟʘʜʠʨʘʤʠ ʜʟʝʨʢʘʣʘ 

ʛʽʣʴʟʠ ʮʠʣʽʥʜʨʘ, ʘ ʪʘʢʦʞ ʨʫʡʥʫʚʘʥʥʷʤ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ, ʤʘʩʣʷʥʠʤ çʛʦʣʦʜʫʚʘʥʥʷʤè, 

ʧʨʦʛʘʨʘʤʠ ʢʣʘʧʘʥʽʚ, ʘʙʦ ʧʨʦʢʣʘʜʢʠ ʛʦʣʦʚʢʠ ʮʠʣʽʥʜʨʽʚ. ɿʤʝʥʰʝʥʥʷ ʂʂɼ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʪʘʢʠʤʠ ʜʝʬʝʢʪʘʤʠ: ʧʽʟʥʽʰʠʤ ʟʘʧʘʣʶʚʘʥʥʷʤ, ʟʘʙʨʫʜʥʝʥʥʷʤ 

ʬʦʨʩʫʥʦʢ ʚʧʦʨʩʢʫʚʘʥʥʷ, ʧʘʣʠʚʥʠʭ ʪʘ ʧʦʚʽʪʨʷʥʠʭ ʬʽʣʴʪʨʽʚ, ʚʥʘʩʣʽʜʦʢ ʧʨʠʛʦʪʫʚʘʥʥʷ ʙʽʜʥʦʾ ʯʠ 

ʙʦʛʘʪʦʾ ʩʫʤʽʰʽ, ʟʘʙʨʫʜʥʝʥʥʷ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʘʙʦ ʥʝʩʪʘʯʽ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʚ ʥʽʡ, 

ʘ ʪʘʢʦʞ ʧʦʨʫʰʝʥʥʷ ʨʝʛʫʣʶʚʘʥʴ ʚ ʩʠʩʪʝʤʽ ʧʘʣʠʚʦʧʦʜʘʯʽ ʽ ʪ.ʜ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ (ʅʄ-2) ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʡʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʪʦʙʪʦ ʧʨʝʜ'ʷʚʣʷʪʠ ʥʘ ʚʭʽʜ ʤʝʨʝʞʽ ʜʘʥʽ, ʱʦ ʥʝ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ. ʋ ʧʨʦʮʝʩʽ ʪʝʩʪʫʚʘʥʥʷ ʅʄ-ʧʝʨʩʝʧʪʨʦʥ ʨʦʟʛʣʷʜʘʣʠʩʷ ʥʘʩʪʫʧʥʽ ʚʠʧʘʜʢʠ: 

ï ʟʤʝʥʰʝʥʥʷ ʂʂɼ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʥʘ 1 %    (ï1% 
ʚʠʪʨh  ); 

ï ʟʤʝʥʰʝʥʥʷ ʂʂɼ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʥʘ 3 %    (ï3 % 
ʚʠʪʨh  ); 

ï ʜʝʬʝʢʪʠ ʚʠʜʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʰʫʤʫ (0,01s= ; 0M = ); 

ï ʧʦʜʚʽʡʥʠʡ ʜʝʬʝʢʪ (ʦʜʥʦʯʘʩʥʝ ʟʤʝʥʰʝʥʥʷ ʂʂɼ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʥʘ 3 %          (ï

3% 
ʚʠʪʨh ) ʽ ʂʂɼ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 3 % (ï3% 

ʚʠʪʨh ). 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʩʝʧʪʨʦʥʘ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʚʠʧʘʜʢʽʚ, ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɸʊɼ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ 

ʪʘʙʣʠʮʽ 2. 

ɸʥʘʣʽʟ ʪʘʙʣʠʮʽ 2 ʧʦʢʘʟʫʻ, ʱʦ ʟʥʘʯʝʥʥʷ ʚʠʭʦʜʽʚ ʥʝʡʨʦʢʣʘʩʠʬʽʢʘʪʦʨʘ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʠʭʦʜʽʚ ʅʄ-2 ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ (ʪʘʙʣ. 1), ʜʝ ʟʜʽʡʩʥʶʚʘʣʦʩʷ 

ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ ʥʘ ʧʨʝʮʝʜʝʥʪʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 5%-ʤ ʚʽʜʭʠʣʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ 

ɸʊɼ. ɿʘ ʟʥʘʯʝʥʥʷʤʠ ʢʦʤʧʦʥʝʥʪʽʚ iR  ʧʨʠ ʮʴʦʤʫ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʝʬʝʢʪʫ (ʯʠʤ 

ʙʽʣʴʰʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʝʬʝʢʪʫ, ʪʠʤ ʤʝʥʰʝ ʚʽʜʩʪʘʥʴ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʝʮʝʜʝʥʪʫ). ʋ ʨʘʟʽ 

ʧʦʜʚʽʡʥʦʛʦ ʜʝʬʝʢʪʫ (5-ʡ ʨʷʜʦʢ ʪʘʙʣʠʮʽ 2) ʟʥʘʯʝʥʥʷ ʚʠʭʦʜʽʚ ʤʝʨʝʞʽ 1R  ̔  2R  ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ, 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʨʽʚʥʦʚʽʜʜʘʣʝʥʽʩʪʴ ʩʪʘʥʫ ɸʊɼ ʜʦ ʜʚʦʭ ʧʨʝʮʝʜʝʥʪʽʚ (ʝʪʘʣʦʥʥʠʭ ʩʪʘʥʽʚ). 
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ʊʘʙʣʠʮʷ 2 ï ʗʢʽʩʪʴ ʨʦʙʦʪʠ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ (ʅʄ-2) ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ 

ˉ ʩʪʨʦʢʠ ɿʥʘʯʝʥʥʷ ʚʠʭʦʜʽʚ ʅʄ-2 ʉʪʘʥ 

1R  2R  3R  

1 0,151 0,711 0,231 ɼʝʬʝʢʪ ʚ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʽʡ ʛʨʫʧʽ  

(ï 1% 
ʚʠʪʨh ) 2 (ʟ ʰʫʤʦʤ) 0,225 0,775 0,357 

3 0,181 0,821 0,351 ɼʝʬʝʢʪ ʚ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ  

(ï 3% 
ʚʠʪʨh ) 4 (ʟ ʰʫʤʦʤ) 0,317 0,725 0,315 

5 0,51 0,47 0,07 ɼʝʬʝʢʪ ʚ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʽʡ ʛʨʫʧʽ ʽ 

ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ (ï 1 % 

ʚʠʪʨh ) (ï 3% 
ʚʠʪʨh ) 

 

ʇʨʦʚʦʜʠʣʦʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ɸʊɼ ʚʽʜ ʯʠʩʣʘ 

ʰʪʘʪʥʠʭ ʜʘʪʯʠʢʽʚ (ʚʠʤʽʨʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ). ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʜʫʨʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ 

ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ [6]. ʅʘ ʦʩʥʦʚʽ ʢʦʚʘʨʽʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜ 

ʜʝʩʷʪʠ ʚʠʤʽʨʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʷʢʦʩʪʽ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 7 ʧʘʨʘʤʝʪʨʽʚ: 

PD , ʆʈTD , GD , gD , CD , kD , SD . 

ɺ ʪʘʙʣʠʮʽ 3 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ɸʊɼ ʟʘ ʜʦʧʦʤʦʛʦʶ ʅʄ ʧʨʠ ʨʽʟʥʦʤʫ 

ʯʠʩʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʰʪʘʪʥʠʭ ʜʘʪʯʠʢʽʚ (ʚʽʜ ʩʝʤʠ ʜʦ ʯʦʪʠʨʴʦʭ). 

ʇʦʤʠʣʢʘ ʥʘʚʯʘʥʥʷ ʅʄ ʧʨʠ ʮʴʦʤʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

ʥʘʚʯ ʝʪA R R
¯

= - ,                                                           (2) 

ʜʝ ʝʪR  ï ʚʝʢʪʦʨ ʝʪʘʣʦʥʥʠʭ (ʙʘʞʘʥʠʭ) ʚʠʭʦʜʽʚ ʅʄ-2; 

R  ï ʚʝʢʪʦʨ ʬʘʢʪʠʯʥʠʭ ʚʠʭʦʜʽʚ ʤʝʨʝʞʽ; 

¶ ï ʝʚʢʣʽʜʦʚʘ ʥʦʨʤʘ. 

 

ʊʘʙʣʠʮʷ 3 ï ɿʤʽʥʘ ʧʦʤʠʣʢʠ ʥʘʚʯʘʥʥʷ ʽ ʪʝʩʪʫʚʘʥʥʷ ʅʄ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʜʘʪʯʠʢʽʚ, 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʚ ɸʊɼ 

ɺʠʤʽʨʶʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʇʦʤʠʣʢʘ ʥʘʚʯʘʥʥʷ (

ʥʘʚʯE ) 

ʇʦʤʠʣʢʘ ʪʝʩʪʫʚʘʥʥʷ (

ʪʝʩʪE ) 

PD , ʆʈTD , GD , ʄpD , gD , yD , CD , 

kD , SD , ɻpD , iD . 
0,031 0,0315 

PD , ʆʈTD , GD , gD , CD , kD , SD . 0,017 0,125 

PD , ʆʈTD , GD , CD , kD , SD . 0,028 0,165 

PD , ʆʈTD , GD , kD , SD . 0,041 0,201 

PD , GD , kD , SD . 0,063 0,251 

 

ɹʘʞʘʥʽ ʟʥʘʯʝʥʥʷ (ʝʪR ) i ʥʘ ʚʠʭʦʜʘʭ ʅʄ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ 1R , 2R , 3R, (ʪʘʙʣ. 1), ʯʠʩʣʦ 

ʩʪʦʚʧʮʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʦʩʣʽʜʦʚʥʦ ʟʤʝʥʰʫʚʘʣʦʩʷ ʚʽʜ 7 ʜʦ 4. ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʟʤʽʥʠ ʧʦʤʠʣʦʢ ʥʘʚʯʘʥʥʷ (ʥʘʚʯA
¯

) ʽ ʪʝʩʪʫʚʘʥʥʷ (ʪʝʩʪA
¯

) ʤʝʨʝʞʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʜʘʪʯʠʢʽʚ (ʚʭʦʜʽʚ ʤʝʨʝʞʽ). ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ (ʨʠʩ. 4) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʷʢʽʩʪʴ ʧʨʦʮʝʩʫ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ɸʊɼ ʧʦʛʽʨʰʫʻʪʴʩʷ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʯʠʩʣʘ ʜʘʪʯʠʢʽʚ. ʈʘʟʦʤ ʟ ʪʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 5-

7 ʰʪʘʪʥʠʭ ʜʘʪʯʠʢʽʚ ʚʠʷʚʣʷʻʪʴʩʷ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʜʝʬʝʢʪʫ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʚʫʟʣʘ, ʪʘʢ ʷʢ 

ʩʫʤʘʨʥʘ ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʤʠʣʢʘ ʤʝʨʝʞʽ ʧʨʠ ʮʴʦʤʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,03 ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ 
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(ʪʦʙʪʦ ʜʣʷ ʝʪʘʣʦʥʥʠʭ ʜʝʬʝʢʪʽʚ) ʽ 0,225 ʥʘ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ (ʜʣʷ ʟʘʟʜʘʣʝʛʽʜʴ ʥʝʚʽʜʦʤʠʭ ʜʝʬʝʢʪʽʚ). 

ɿ ʤʝʪʦʶ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʤʝʪʦʜʫ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʧʦʨʽʚʥʷʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟ 

ʚʠʨʽʰʝʥʥʷʤ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ɼʘʥʠʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʧʦʙʫʜʦʚʽ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ( )R f Y= D, ʜʝ R  ï ʚʝʢʪʦʨ ʚʠʭʦʜʽʚ ʢʣʘʩʠʬʽʢʘʪʦʨʘ 

(ʨʠʩ. 4), ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 3, ʘ YD  ï ʚʝʢʪʦʨ ʚʽʜʭʠʣʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʭʦʜʽ ʢʣʘʩʠʬʽʢʘʪʦʨʘ. 

 

 
ʈʠʩ. 4 ï ɿʘʣʝʞʥʽʩʪʴ ʷʢʦʩʪʽ ʥʘʚʯʘʥʥʷ ʽ ʪʝʩʪʫʚʘʥʥʷ ʅʄ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ɸʊɼ 

 

ʈʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʚ ʥʝʡʨʦʤʝʨʝʞʝʚʦʤʫ ʙʘʟʠʩʽ ʤʦʞʣʠʚʘ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞ ʂʦʭʦʥʝʥʘ (ʨʠʩ. 

4), ʷʢʽ ʚʚʘʞʘʶʪʴʩʷ ʩʘʤʦʥʘʚʯʘʣʴʥʠʤʠ (ʩʘʤʦʦʨʛʘʥʽʟʫʶʪʴʩʷ). ʆʩʥʦʚʫ ʥʘʚʯʘʥʥʷ ʪʘʢʠʭ ʤʝʨʝʞ 

ʩʪʘʥʦʚʠʪʴ ʢʦʥʢʫʨʝʥʮʽʷ ʤʽʞ ʥʝʡʨʦʥʘʤʠ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʝʨʝʞʘ ʂʦʭʦʥʝʥʘ ʤʘʻ 10 ʚʭʦʜʽʚ ʽ 5 

ʚʠʭʦʜʽʚ 1 5...R R  (ʟʘ ʢʽʣʴʢʽʩʪʶ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʣʘʩʽʚ ʩʪʘʥʽʚ ʚ ʪʘʙʣ. 1). ɺʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʩʠʥʘʧʪʠʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʢʦʞʥʦʛʦ i -ʛʦ ʥʝʡʨʦʥʘ ʚʠʭʽʜʥʦʛʦ ʰʘʨʫ ʅʄ ʂʦʭʦʥʝʥʘ [7] ʫʪʚʦʨʶʶʪʴ 

ʚʝʢʪʦʨ 

[ ]1 2 10, , ...,
T

i i i iw w w w= ,   ( )1, 2, ...,i n= .                                        (3) 

ʇʨʠ ʘʢʪʠʚʘʮʽʾ ʅʄ ʂʦʭʦʥʝʥʘ [8] ʚʭʽʜʥʠʤ ʚʝʢʪʦʨʦʤ YD  ʚ ʢʦʥʢʫʨʝʥʪʥʽʡ ʙʦʨʦʪʴʙʽ ʧʝʨʝʤʘʛʘʻ 

ʪʦʡ ʥʝʡʨʦʥ, ʚʘʛʠ ʷʢʦʛʦ ʚ ʥʘʡʤʝʥʰʽʡ ʤʽʨʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʭʽʜʥʦʛʦ 

ʚʝʢʪʦʨʘ, ʪʦʙʪʦ ʜʣʷ ʥʝʡʨʦʥʘ-ʧʝʨʝʤʦʞʮʷ 
pw  ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ 

( ) ( ), min ,p id Y w d Y wD = D ,   1 i n¢ ¢.                                            (4) 

ʜʝ ( ), pd Y wD  ï ʚʽʜʩʪʘʥʴ (ʚ ʩʝʥʩʽ ʦʙʨʘʥʦʾ ʤʝʪʨʠʢʠ) ʤʽʞ ʚʝʢʪʦʨʘʤʠ YD  ʽ 

( )1 2, , ...,
T

i nw w w w= ;  

n  ï ʢʽʣʴʢʽʩʪʴ ʚʠʭʦʜʽʚ ʅʄ ʚʠʭʽʜʥʦʛʦ ʰʘʨʫ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 5n= ). 
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ʈʠʩ. 5 ï ʂʣʘʩʠʬʽʢʘʪʦʨ ʥʘ ʦʩʥʦʚʽ ʅʄ ʂʦʭʦʥʝʥʘ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʯʘʩʪʠʥʠ ʮʠʣʽʥʜʨʽʚ 

 

ʅʝʡʨʦʥ-ʧʝʨʝʤʦʞʝʮʴ ʫʪʚʦʨʶʻ ʥʘʚʢʦʣʦ ʩʝʙʝ ʜʝʷʢʫ ʪʦʧʦʣʦʛʽʯʥʫ ʦʢʦʣʠʮʶ ()pS k  ʟ ʧʝʚʥʦʶ 

ʝʥʝʨʛʝʪʠʢʦʶ, ʘ ʚʩʽ ʥʝʡʨʦʥʠ, ʱʦ ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ ʜʘʥʦʾ ʦʢʦʣʠʮʽ, ʧʽʜʜʘʶʪʴʩʷ ʘʜʘʧʪʘʮʽʾ, ʚ ʭʦʜʽ ʷʢʦʾ 

ʾʭ ʚʝʢʪʦʨʠ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʤʽʥʶʶʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ YD  ʟʘ ʧʨʘʚʠʣʦʤ [9, 10] 

( ) () () ()1i i i iw k w k k Y w kh+ = + D -è øê ú,                                     (5) 

ʜʝ ()i kh  ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʚʯʘʥʥʷ i -ʛʦ ʥʝʡʨʦʥʘ ʟ ʦʢʦʣʠʮʽ ()pS k  ʚ k -ʡ ʤʦʤʝʥʪ ʯʘʩʫ. ɿʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʚʯʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʤʽʞ i -ʤ ʥʝʡʨʦʥʦʤ ʽ ʧʝʨʝʤʦʞʮʝʤ, ʘ 

ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʥʝʡʨʦʥʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʦʢʦʣʠʮʽ ()pS k , ʥʝ ʟʤʽʥʶʶʪʴʩʷ. 

ʄʝʪʦʶ ʥʘʚʯʘʥʥʷ ʅʄ ʂʦʭʦʥʝʥʘ [7] ʥʘ ʦʩʥʦʚʽ ʢʦʥʢʫʨʝʥʮʽʾ ʥʝʡʨʦʥʽʚ ʚʚʘʞʘʻʪʴʩʷ ʪʘʢʝ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʥʝʡʨʦʥʽʚ (ʧʽʜʙʽʨ ʟʥʘʯʝʥʴ ʾʭ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ), ʷʢʝ ʤʽʥʽʤʽʟʫʻ ʟʥʘʯʝʥʥʷ 

ʦʯʽʢʫʚʘʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ, ʦʮʽʥʶʚʘʥʦʛʦ ʧʦʭʠʙʢʦʶ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʭʽʜʥʦʛʦ ʚʝʢʪʦʨʘ YD , 

ʟʥʘʯʝʥʥʷʤʠ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʝʡʨʦʥʘ-ʧʝʨʝʤʦʞʮʷ. ʇʨʠ L  ʚʭʽʜʥʠʭ ʚʝʢʪʦʨʘʭ ( )
j

YD , 

( )1, 2, ...,j L=  ʽ ʝʚʢʣʽʜʦʚʽʡ ʤʝʪʨʠʮʽ ʮʷ ʧʦʭʠʙʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʷʢ 

( ) ()
2

1

1 L

i pj
j

E Y w j
L =

= D -ä ,                                                    (6) 

ʜʝ ()pw j  ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʥʝʡʨʦʥʘ-ʧʝʨʝʤʦʞʮʷ ʧʨʠ ʧʨʝʜ'ʷʚʣʝʥʥʽ ʤʝʨʝʞʽ ʚʝʢʪʦʨʘ ( )
j

YD

. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʅʄ ʂʦʭʦʥʝʥʘ (ʧʽʩʣʷ 70-80 ʮʠʢʣʽʚ ʥʘʚʯʘʥʥʷ) ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 4. 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 4, ʤʝʨʝʞʘ ʂʦʭʦʥʝʥʘ ʩʘʤʦʩʪʽʡʥʦ ʧʨʦʚʝʣʘ ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ. ʇʦʨʽʚʥʷʥʥʷ 

ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʜʘʥʠʤʠ (ʪʘʙʣ. 1), ʜʝ ʥʘʚʝʜʝʥʽ ʝʪʘʣʦʥʥʽ ʩʪʘʥʠ ʜʚʠʛʫʥʘ, ʧʦʢʘʟʫʻ ʾʭ ʧʦʚʥʠʡ ʟʙʽʛ 

ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʅʄ. ʊʫʪ 2-ʡ ʨʷʜʦʢ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʜʽʘʛʥʦʩʪʦʚʘʥʠʭ ʩʪʘʥʽʚ, ʚʽʜʥʝʩʝʥʠʭ ʅʄ 

ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ (ʽʟ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 11 ʧʨʝʜ'ʷʚʣʝʥʠʭ ʾʡ ʩʪʘʥʽʚ). 
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ʊʘʙʣʠʮʷ 4 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʅʄ ʂʦʭʦʥʝʥʘ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʯʘʩʪʠʥʠ ʮʠʣʽʥʜʨʽʚ 

ɺʠʭʦʜʠ 

ʤʝʨʝʞʽ 
1R  2R  

3R  4R  5R  

ʂʽʣʴʢʽʩʪʴ 

ʩʪʘʥʽʚ 

(ʯʘʩʪʦʪʠ 

ʚʠʛʨʘʰʽʚ) 

5 7 1 2 3 

ʉʪʘʥ ɼʝʬʝʢʪ ʚ 

ʮʠʣʽʥʜʨʦ-

ʧʦʨʰʥʝʚʽʡ 

ʛʨʫʧʽ 

ɼʝʬʝʢʪ ʚ 

ʩʠʩʪʝʤʽ 

ʧʘʣʠʚʦʧʦʜʘʯʽ 

ʉʧʨʘʚʥʠʡ 

ʩʪʘʥ 

ɼʝʬʝʢʪ 

ʛʝʨʤʝʪʠʯʥʦʩʪʽ 

ʢʘʤʝʨʠ 

ʟʛʦʨʷʥʥʷ 

ɼʝʬʝʢʪ ʚ 

ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʦʤʫ 

ʨʝʞʠʤʽ 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʅʄ ʂʦʭʦʥʝʥʘ [7] ʧʦʢʘʟʫʻ, ʱʦ 

ʥʝʡʨʦʥʦʤ-ʧʝʨʝʤʦʞʮʝʤ (ʜʣʷ ʨʷʜʢʽʚ 1, 2, 3, 4) ʻ ʥʝʡʨʦʥ, ʱʦ ʤʘʻ ʚʠʭʽʜ 1R, ʘ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʙʣʠʮʽ 1 ʚʠʷʚʣʷʻʪʴʩʷ ʜʝʬʝʢʪ ʚ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ. ʗʢ ʽ ʨʘʥʽʰʝ, ʟʘ 

ʯʠʩʣʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʥʘ ʢʦʞʥʦʤʫ ʟ ʚʠʭʦʜʽʚ ʅʄ ʤʦʞʥʘ ʩʫʜʠʪʠ ʧʨʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʝʬʝʢʪʫ.  

 

ʊʘʙʣʠʮʷ 5 ï ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʜʣʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ɸʊɼ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʅʄ ʂʦʭʦʥʝʥʘ 

ˉ ʩʪʨʦʢʠ ɿʥʘʯʝʥʥʷ ʚʠʭʦʜʽʚ ʅʄ-2 ʉʪʘʥ 

1R  2R  3R  4R  5R  

1 0,62 0,091 0,01 0,014 0,1 
ɼʝʬʝʢʪ ʚ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʽʡ ʛʨʫʧʽ 

2 (ʟ ʰʫʤʦʤ) 0,73 0,21 0,21 0,17 0,25 

3 0,68 0,175 0,25 0,037 0,17 
ɼʝʬʝʢʪ ʚ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʽʡ ʛʨʫʧʽ 

4 (ʟ ʰʫʤʦʤ) 0,77 0,35 0,35 0,179 0,33 

5 0,53 0,51 0,01 0,019 0,01 ɼʝʬʝʢʪ ʚ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʽ 

ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ï 1 

% ʢʥʜh  ) (ï 3% ʢʥʜh ) 

 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʥʝʚʽʜʦʤʠʭ ʩʪʘʥʽʚ ɸʊɼ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞʽ ʂʦʭʦʥʝʥʘ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 5. ɿʘ ʘʥʘʣʦʛʽʻʶ ʟ ʨʦʟʛʣʷʥʫʪʠʤʠ ʨʘʥʽʰʝ ʧʨʠʢʣʘʜʘʤʠ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʅʄ ʂʦʭʦʥʝʥʘ [7] ʧʨʠ 

ʮʴʦʤʫ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʥʘ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ ʚ ʫʤʦʚʘʭ ʙʝʟ ʰʫʤʫ(1-ʡ ʽ 3-ʡ ʨʷʜʢʠ ʪʘʙʣ. 6), ʘ ʪʘʢʦʞ 

ʚ ʫʤʦʚʘʭ ʘʜʠʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʙʽʣʦʛʦ ʰʫʤʫ (0,01s= ; 0M = ), ʜʣʷ 1% ʽ 3%-ʛʦ ʟʤʽʥʠ ʂʂɼ 

ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ (2-ʡ ʽ 4-ʡ ʨʷʜʢʠ ʪʘʙʣ. 5). ʆʩʪʘʥʥʽʡ ʨʷʜʦʢ ʪʘʙʣʠʮʽ 6 ʚʽʜʧʦʚʽʜʘʻ 

ʧʦʜʚʽʡʥʦʤʫ ʜʝʬʝʢʪʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʜʥʦʯʘʩʥʽʡ ʟʤʽʥʽ ʂʂɼ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʽ 

ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʋ 5-ʤʫ ʨʷʜʢʫ ʪʘʙʣʠʮʽ 5 ï ʜʚʘ ʥʝʡʨʦʥʘ-ʧʝʨʝʤʦʞʮʷ, ʦʩʢʽʣʴʢʠ 

ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ ʤʘʶʪʴ ʤʽʩʮʝ ʜʣʷ ʚʠʭʦʜʽʚ 1R  ʽ 2R . ɿʛʽʜʥʦ ʪʘʙʣʠʮʽ 1 ʅʄ 

ʂʦʭʦʥʝʥʘ ʚʠʷʚʣʷʻ ʧʨʠ ʮʴʦʤʫ ʟʘʟʥʘʯʝʥʠʡ ʚʠʱʝ ʧʦʜʚʽʡʥʠʡ ʜʝʬʝʢʪ (ʟʤʝʥʰʝʥʥʷ ʂʂɼ ʮʠʣʽʥʜʨʦ-

ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʽ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ). 

ɿʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʨʝʘʣʽʟʘʮʽʾ FDI-ʤʝʪʦʜʫ ʜʣʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɸʊɼ 

(ʨʠʩ. 1) ʻ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʪʠʧ ʚʽʜʤʦʚʠ ʚ ɸʊɼ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʯʠʩʣʦʚʦʛʦ ʚʝʢʪʦʨʘ R . 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʜʣʷ ʧʝʨʩʝʧʪʨʦʥʘ ʽ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 6, ʜʝ ʚʝʨʰʠʥʠ ʢʫʙʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʝʥʪʨʘʤ ʢʣʘʩʪʝʨʽʚ (ʝʪʘʣʦʥʥʠʭ ʩʪʘʥʽʚ ɸʊɼ) 

(ʪʘʙʣ. 1).  
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0S  ï ʮʝʥʪʨ ʢʣʘʩʪʝʨʘ (ʧʨʝʮʝʜʝʥʪ), ʚʽʜʧʦʚʽʜʥʠʡ ʩʧʨʘʚʥʦʤʫ  

(ʝʪʘʣʦʥʥʦʤʫ) ʩʪʘʥʫ ɸʊɼ; 1S  ï ʮʝʥʪʨ ʢʣʘʩʪʝʨʘ, ʚʽʜʧʦʚʽʜʥʠʡ ʜʝʬʝʢʪʫ ʮʠʣʽʥʜʨʦ-

ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ; 2S  ï ʮʝʥʪʨ ʢʣʘʩʪʝʨʘ, ʚʽʜʧʦʚʽʜʥʠʡ ʜʝʬʝʢʪʫ ʚ ʩʠʩʪʝʤʽ 

ʧʘʣʠʚʦʧʦʜʘʯʽ; 3S  ï ʮʝʥʪʨ ʢʣʘʩʪʝʨʘ, ʚʽʜʧʦʚʽʜʥʠʡ ʜʝʬʝʢʪʫ ʚ 

ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ; 4S  ï ʮʝʥʪʨ ʢʣʘʩʪʝʨʘ, ʚʽʜʧʦʚʽʜʥʠʡ ʜʝʬʝʢʪʫ 

ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ 

ʈʠʩ. 6 ï ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɸʊɼ 

 

ʌʘʢʪʠʯʥʠʡ ʚʝʢʪʦʨ ʩʪʘʥʫ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ S  ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʚ ʙʫʜʴ-ʷʢʽʡ 

ʪʦʯʮʽ ʚʩʝʨʝʜʠʥʽ ʜʘʥʦʛʦ ʢʫʙʘ 

( )1 2 3, ,
T

S R R R= ,   0 1iR¢ ¢.                                                   (7) 

ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɸʊɼ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʦʤ çʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘè [8], ʥʘ 

ʧʽʜʩʪʘʚʽ ʷʢʦʛʦ ɸʊɼ ʟʘʨʘʭʦʚʫʻʪʴʩʷ ʜʦ ʪʦʛʦ ʢʣʘʩʫ, ʷʢʦʤʫ ʥʘʣʝʞʠʪʴ ʡʦʛʦ ʥʘʡʙʣʠʞʯʠʡ ʩʫʩʽʜ (ʘʙʦ 

ʙʽʣʴʰʽʩʪʴ ʟ ʡʦʛʦ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ). ɺʠʨʽʰʘʣʴʥʝ ʧʨʘʚʠʣʦ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ (ʧʦʩʪʘʥʦʚʢʘ ʜʽʘʛʥʦʟʫ) ʟʘʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 
pS S­ , ʷʢʱʦ 

( )

( ) ( ) ( )

( ) ( ) ( )

( )

2 2 2

0 1 2

2 2 2

3 4

1

,

...

min

p

n

n

k

k

d S S

S S S S S S

S S S S S S

S S
=

=

- + - + - +
= =
+ - + - + + -

= - ­ä

,                                      (8) 

ʜʝ d  ï ʚʽʜʩʪʘʥʴ ʜʦ ʮʝʥʪʨʫ ʥʘʡʙʣʠʞʯʦʛʦ (p -ʛʦ) ʢʣʘʩʪʝʨʘ (ʧʨʝʮʝʜʝʥʪʫ). ʇʨʠ ʮʴʦʤʫ ʚʽʜʩʪʘʥʴ d  

ʦʙʯʠʩʣʶʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʚʢʣʽʜʦʚʦʾ ʤʝʪʨʠʢʠ (8). 

ʈʦʟʛʣʷʥʝʤʦ ʜʘʥʫ ʧʨʦʮʝʜʫʨʫ ʥʘ ʧʨʠʢʣʘʜʽ ʟʘʚʜʘʥʥʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʦʜʚʽʡʥʦʛʦ ʜʝʬʝʢʪʫ, 

ʧʦʚ'ʷʟʘʥʦʛʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʂʂɼ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʽ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘ 3 %. ɺʝʣʠʯʠʥʘ ʚʝʢʪʦʨʘ ʥʘ ʚʠʭʦʜʽ ʅʄ-2 ʧʝʨʩʝʧʪʨʦʥ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ( )0,54; 0,44; 0,02
T

R=

. ʊʦʜʽ, ʚʨʘʭʦʚʫʶʯʠ ʝʪʘʣʦʥʥʽ ʩʪʘʥʠ 0 4,...S S  ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ (ʪʘʙʣ. 1) ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʬʦʨʤʫʣʫ (8), ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʚʽʜʩʪʘʥʴ d  ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʝʮʝʜʝʥʪʫ ʜʦ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ 
 

( )0 0, 0,701d S S = ;   ( )3 3, 0,657d S S = ; ( )1 1, 0,738d S S = ;   ( )4 4, 1,75d S S = ; 
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( )2 2, 1,47d S S = . 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ( ),i id S S  ʧʦʢʘʟʫʻ, ʱʦ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʽʰʝʥʥʷ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʙʫʜʝ 0 1 3S S S SÍ Ç Ç, ʪʦʙʪʦ ʧʨʦʧʦʥʦʚʘʥʠʡ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʧʨʝʮʝʜʝʥʪ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʡ ʚʽʜ ʥʘʩʪʫʧʥʠʭ ʩʪʘʥʽʚ: ʩʧʨʘʚʥʠʡ ʩʪʘʥ ( )0S , ʜʝʬʝʢʪ ʚ 

ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʽʡ ʛʨʫʧʽ ( )1S  ʽ ʜʝʬʝʢʪ ʚ ʩʠʩʪʝʤʽ ʧʘʣʠʚʦʧʦʜʘʯʽ ( )2S . ʊʘʢʠʤ ʯʠʥʦʤ, ʜʽʘʛʥʦʟ 

ʤʝʨʝʞʽ ï ʧʦʤʽʨʥʠʡ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʝʬʝʢʪʽʚ ʚ 2 ʚʫʟʣʘʭ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ (ʮʠʣʽʥʜʨʦ-

ʧʦʨʰʥʝʚʽʡ ʛʨʫʧʽ ʽ ʩʠʩʪʝʤʽ ʧʘʣʠʚʦʧʦʜʘʯʽ). 

ɺʠʩʥʦʚʢʠ. 1. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʟ 

ʨʝʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʜʣʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʽ ʝʪʘʣʦʥʥʦʛʦ (ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʛʦ) 

ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ, ʪʘʢ ʽ ʟ ʜʘʥʠʤʠ, ʦʙʯʠʩʣʝʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ, ʥʘ ʧʽʜʩʪʘʚʽ ʧʦʨʽʚʥʷʥʥʷ ʷʢʠʭ ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʧʨʦ ʭʘʨʘʢʪʝʨ ʽ 
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ʤʦʜʝʣʶʚʘʥʥʷ ʜʦ ʧʦʢʘʟʥʠʢʽʚ ʙʘʟʦʚʦʛʦ ʪʨʘʢʪʦʨʘ ʧʦʪʫʞʥʽʩʪʶ 100 ʢɺʪ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʦʨʽʚʥʶʚʘʪʠ ʪʨʘʢʪʦʨʠ 

ʜʦʚʽʣʴʥʠʭ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ ʽ ʧʦʪʫʞʥʦʩʪʽ. ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʨʘʢʪʦʨʘ 

New Holland T6.180. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʘʢʪʦʨ, PowerMix, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʽʤʽʪʘʮʽʡʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ 
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ʀʄʀʊɸʎʀʆʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊʗɻʆɺʆ-ɼʀʅɸʄʀʏɽʉʂʀʍ 

ʇʆʂɸɿɸʊɽʃɽʁ ʊʈɸʂʊʆʈʆɺ ʅɸ ʆʉʅʆɺɽ ʇʆʃɽɺʓʍ ʀʉʇʓʊɸʊɽʃʔʅʓʍ 

ʎʀʂʃʆɺ POWERMIX 
 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʷʛʦʚʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʨʘʢʪʦʨʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ PowerMix. ʇʨʝʜʣʦʞʝʥ ʧʣʘʥ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʦʜʦʚʦʛʦ ʦʙʲʝʤʘ ʚʝʩʝʥʥʠʭ ʠ ʣʝʪʥʝ-ʦʩʝʥʥʠʭ ʨʘʙʦʪ ʪʨʘʢʪʦʨʘ ʧʦ ʪʠʧʦʚʳʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʦʧʝʨʘʮʠʷʤ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʠʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʙʘʟʦʚʦʛʦ ʪʨʘʢʪʦʨʘ ʤʦʱʥʦʩʪʴʶ 100 ʢɺʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʪʨʘʢʪʦʨʳ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʭʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʢʪʦʨʘ New 

Holland T6.180. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʢʪʦʨ, PowerMix, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʠʤʠʪʘʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 
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SIMULATION MODELING OF TRACTION AND DYNAMIC INDICATORS OF 

TRACTORS ON THE BASIS OF POWERMIX FIELD CYCLES TEST  
 

The paper presents a mathematical model for determining the traction and dynamic performance of tractors using 

PowerMix field test cycles. The mathematical model was successfully tested, during which a set of traction-dynamic 

parameters of a wheeled tractor with the maximum discrepancy on individual indicators relative to experimental data, 

which is -8.4é + 7.9%. A plan of a simulation experiment is proposed, which takes into account the distribution of the 

annual volume of spring and summer-autumn tractor work by typical agricultural operations, and includes loading traction 

cycles with power take-off through PTO and hydraulic system of the tractor. To assess the efficiency of tractors based on 

a set of traction-dynamic indicators obtained from field PowerMix test cycles, developed a method of bringing the 

simulation results to the performance of the base tractor with a capacity of 100 kW, which corresponds to the basic cycles 

PowerMix. The technique makes it possible to compare tractors of arbitrary design solutions and power. As an example, 

the results of modeling the traction and dynamic performance of the New Holland T6.180 tractor on PowerMix field test 

cycles determined the average values of productivity and per hectare of fuel consumption plowed by the base tractor, 

which are 1,239 ha / h and 14.58 kg / ha, respectively. 

Key words: tractor, PowerMix, mathematical model, simulation experiment 

 

ɺʩʪʫʧ. ɺ ʋʢʨʘʾʥʽ ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʩʫʪʪʻʚʽ ʟʘʧʘʩʠ ʨʦʜʶʯʠʭ ʯʦʨʥʦʟʝʤʽʚ, ʘ ʩʪʫʧʽʥʴ ʨʦʟʦʨʘʥʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʧʦ ʦʢʨʝʤʠʭ ʨʝʛʽʦʥʘʭ ʜʝʨʞʘʚʠ ʩʪʘʥʦʚʠʪʴ 70% ʽ ʙʽʣʴʰʝ. ʈʘʟʦʤ ʟ 

ʮʠʤ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʪʫʧʘʻʪʴʩʷ ɭʚʨʦʧʝʡʩʴʢʠʤ ʢʨʘʾʥʘʤ ʽ 

ʉʐɸ. ʅʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʧʣʠʚʘʶʪʴ ʛʨʫʧʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, 

ˇʨʫʥʪʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʽ ʧʨʠʨʦʜʫ ʽ ʧʦʭʦʜʞʝʥʥʷ. ʆʩʥʦʚʥʠʡ 
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ɺ̔ ʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ ɸʚʪʦʤʦʙʽʣʝ- ʪʘ ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʷ ˉ1, 2021             81 

ʚʧʣʠʚ ʤʘʶʪʴ ʪʝʭʥʽʯʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ 

ʢʦʤʧʦʥʫʚʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʪʨʘʢʪʦʨʦʤ ʦʩʥʦʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ï 

ʚʠʢʦʥʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʢʪʦʨʽʚ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ˇʨʫʥʪʽʚ ʪʘ ʾʭ ʨʦʜʶʯʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʨʦʟʚôʷʟʘʥʘ ʟʘ ʫʤʦʚʠ ʧʽʜʚʠʱʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ ʪʨʘʢʪʦʨʘ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʜʘʪʠ ʪʨʘʢʪʦʨ, ʷʢ ʪʷʛʦʚʠʡ ʘʙʦ ʪʷʛʦʚʦ-

ʝʥʝʨʛʝʪʠʯʥʠʡ ʟʘʩʽʚ, ʥʝʦʙʭʽʜʥʦ ʪʽʣʴʢʠ ʚ ʘʛʨʝʛʘʪʽ ʟ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʟʥʘʨʷʜʜʷʤ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʟʤʽʥʥʠʡ ʚ ʯʘʩʽ ʭʘʨʘʢʪʝʨ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʛ ʥʘ ʪʨʘʢʪʦʨ ʪʘ ʥʘʢʦʧʠʯʝʥʠʡ 

ʜʦʩʚʽʜ ʟʘʢʦʨʜʦʥʥʠʭ ʬʘʭʽʚʮʽʚ ʫ ʩʬʝʨʽ ʪʷʛʦʚʦ-ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʪʨʘʢʪʦʨʽʚ ʧʨʠ ʥʝʩʪʘʣʠʭ 

ʥʘʚʘʥʪʘʛʘʭ, ʜʦʮʽʣʴʥʦ ʡʦʛʦ ʽʤʧʣʝʤʝʥʪʫʚʘʪʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʡ ʧʨʠ ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʙʘʯʠʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘ 

ʧʨʦʮʝʜʫʨʦʶ PowerMix, ʱʦ ʤʽʩʪʠʪʴ ʨʷʜ ʧʦʣʴʦʚʠʭ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʮʠʢʣʽʚ, ʷʢʽ ʘʜʘʧʪʦʚʘʥʽ ʧʽʜ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʷʛʦʚʠʭ ʽ ʪʷʛʦʚʦ-ʧʨʠʚʦʜʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʽʤʽʪʫʶʪʴ 

ʨʦʙʦʪʫ ʪʨʘʢʪʦʨʘ ʟʽ ʟʤʽʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʆʩʢʽʣʴʢʠ ʥʘʚʘʥʪʘʛʠ ʟʘ ʮʠʢʣʘʤʠ PowerMix 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʠʧʦʚʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʦʧʝʨʘʮʽʾ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʧʦʰʫʢʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʢʪʦʨʽʚ ʧʨʠ ʥʝʩʪʘʣʠʭ 

ʥʘʚʘʥʪʘʛʘʭ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʢʪʦʨʘ, ʙʝʟʧʝʨʝʯʥʦ, ʻ ʡʦʛʦ ʜʚʠʛʫʥ. ɿʘ ʦʮʽʥʢʘʤʠ ʟʘʢʦʨʜʦʥʥʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ ʩʝʨʝʜʥʷ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʢʦʤʧʣʝʢʩʫ ʨʽʯʥʦʛʦ ʦʙʩʷʛʫ ʨʦʙʽʪ ʟʘ ʨʽʟʥʠʤʠ ʜʘʥʠʤʠ ʩʢʣʘʜʘʻ ʚʽʜ 55-60% [1] ʜʦ 65% [2]. ɿʛʽʜʥʦ 

ʤʦʜʝʣʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʣʽʩʥʦʛʦ ʪʨʘʢʪʦʨʘ [3], ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʜʘʻ 

ʙʣʠʟʴʢʦ 52%, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʚʝʣʠʢʦʾ ʯʘʩʪʢʠ ʨʦʙʦʪʠ ʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ ʥʘ ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʫ ʙʝʟ ʥʘʚʘʥʪʘʛʠ (15,4%). 

ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʪʨʘʢʪʦʨʠ ʧʨʦʭʦʜʷʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʫ OECD 

(Organization for Economic Co-operation and Development ï ʆʨʛʘʥʽʟʘʮʽʷ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʽ ʨʦʟʚʠʪʢʫ) ʜʣʷ ʦʬʽʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʽ 

ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʨʘʢʪʦʨʽʚ. ʄʝʪʦʜʠʢʘ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦʧʠʩʘʥʘ ʚ ʧʨʦʪʦʢʦʣʽ OECD Code 2 [4], 

ʷʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ ʚ ʰʪʘʪʫ ʅʝʙʨʘʩʢʘ (NTTL ï Nebraska 

Tractor Test Laboratory, ʉʐɸ) [5] ʪʘ ʅʽʤʝʮʴʢʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʪʦʚʘʨʠʩʪʚʘ (DLG ï 

Deutsche Landwirtschafts-Gesellschaft) [6]. ɿ ʦʛʣʷʜʫ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʟʦʚʥʽʰʥʴʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ, ʥʘʫʢʦʚʮʽ ʪʨʘʢʪʦʨʥʦʾ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ NTTL [7] 

ʥʘʚʦʜʷʪʴ ʪʠʧʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧôʷʪʠ ʦʙʣʘʩʪʝʡ ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ 

ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ (ʨʠʩ. 1), ʘ ʪʘʢʦʞ ʯʘʩʪʢʦʚʽ ʨʝʞʠʤʠ #1é#5, ʚ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ OECD Code 2.  

 
ʈʠʩ. 1 ï ʊʝʦʨʝʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʘ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʷʭ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʪʨʘʢʪʦʨʥʦʛʦ 
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ʜʚʠʛʫʥʘ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʦʶ ʚʽʜʜʘʯʝʶ ʪʘ ʧʘʣʠʚʥʦʶ ʝʢʦʥʦʤʽʯʥʽʩʪʶ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʘʥʠʭ [3], ʨʦʟʧʦʜʽʣ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ ʤʘʻ ʩʫʪʪʻʚʫ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ, ʷʢ ʧʦ ʝʥʝʨʛʝʪʠʯʥʽʡ ʚʽʜʜʘʯʽ, ʪʘʢ ʽ ʧʦ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʧʦ ʦʢʨʝʤʠʤ ʜʽʣʷʥʢʘʤ. 

ʊʦʙʪʦ, ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʝ 

ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʴ. 

ɿʛʽʜʥʦ ʤʝʪʦʜʠʢʠ OECD Code 2 [4], ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʚʠʛʫʥʘ ʟʜʽʡʩʥʶʶʪʴʩʷ ʯʝʨʝʟ ʚʘʣ ʚʽʜʙʦʨʫ 

ʧʦʪʫʞʥʦʩʪʽ (ɺɺʇ) ʪʨʘʢʪʦʨʘ, ʘ ʧʨʦʪʦʢʦʣʠ ʚʠʧʨʦʙʫʚʘʥʴ NTTL ʽ DLG ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʥʦʤʽʥʘʣʴʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ, ʦʪʨʠʤʘʥʫ ʥʘ ɺɺʇ (ʨʠʩ. 2). 

ɿʘ ʦʮʽʥʢʦʶ NTTL [7] ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʨʘʢʪʦʨʥʠʭ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʟʘ ʦʩʪʘʥʥʽ 50 ʨʦʢʽʚ 

ʧʽʜʚʠʱʠʣʘʩʴ ʥʘ 19,7-23,4%, ʘ ʥʘʡʚʠʱʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʧʦʣʽ ʨʝʞʠʤʽʚ 

ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [8, 9], ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʘʩʪʦʪʘʤ ʦʙʝʨʪʘʥʥʷ, ʙʣʠʟʴʢʠʤ ʜʦ ʨʝʞʠʤʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ ʤʦʤʝʥʪʫ [10] (ʨʠʩ. 2, ʘ).  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʪʷʛʦʚʦ-ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ NTTL ʽ DLG ʧʽʩʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʘ ʯʝʨʝʟ ɺɺʇ ʧʨʦʚʦʜʷʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʩʫʭʦʤʫ ʙʝʪʦʥʥʦʤʫ 

ʪʨʝʢʫ. ʄʝʪʦʜʠʢʠ ʚʠʧʨʦʙʫʚʘʥʴ ʣʘʙʦʨʘʪʦʨʽʡ NTTL ʽ DLG ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ɺ ʉʐɸ ʟʛʽʜʥʦ 

ʧʨʦʪʦʢʦʣʫ OECD Code 2  ʧʨʦʚʦʜʷʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟ ʪʷʛʦʚʠʤ ʟʫʩʠʣʣʷʤ ʥʘ 50%, 75% ʽ 100% ʚʽʜ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ [11] ʥʘ ʟʦʚʥʽʰʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʪʘ ʯʘʩʪʢʦʚʠʭ ʨʝʞʠʤʘʭ (ʨʠʩ. 2, ʙ). ʊʦʤʫ ʚ 

ʧʨʦʮʝʜʫʨʽ ʚʠʧʨʦʙʫʚʘʥʴ ʧʝʨʝʜʙʘʯʝʥʘ ʨʦʙʦʪʘ ʪʨʘʢʪʦʨʘ ʥʘ ʨʽʟʥʠʭ ʧʝʨʝʜʘʯʘʭ ʜʣʷ ʩʪʫʧʽʥʯʘʩʪʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʪʨʘʥʩʤʽʩʽʡ ʘʙʦ ʟ ʨʽʟʥʠʤʠ ʬʽʢʩʦʚʘʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʨʫʭʫ ʜʣʷ ʙʝʟʩʪʫʧʽʥʯʘʩʪʠʭ. 

ʆʩʢʽʣʴʢʠ ʯʘʩʪʢʦʚʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʤʘʶʪʴ ʚʠʱʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʪʦʤʫ ʚ ʨʦʙʦʪʽ [10] 

ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘ ʧʨʠʡʦʤ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʢʣʶʯʝʥʥʽ ʥʘ ʧʽʜʚʠʱʝʥʫ ʧʝʨʝʜʘʯʫ ʧʨʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʧʝʨʝʭʦʜʽ ʥʘ ʯʘʩʪʢʦʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʊʘʢʠʡ ʧʨʠʡʦʤ ʦʪʨʠʤʘʚ ʥʘʟʚʫ GUTD (Gear 

Up and Throttle Down). ʆʧʨʘʮʶʚʘʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʣʘʙʦʨʘʪʦʨʽʾ NTTL [10] 

ʧʦʢʘʟʘʣʦ, ʱʦ ʜʣʷ ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ 4ʂ4ʘ (MFWD) ʟ ʧʦʪʫʞʥʽʩʪʶ 40-160 ʢ.ʩ. ʧʨʠ ʚʠʢʣʶʯʝʥʦʤʫ 

ʧʝʨʝʜʥʴʦʤʫ ʤʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʡʦʤʫ GUTD ʟʥʠʞʫʻ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʥʘ 17,9-20,1%, ʘ ʧʨʠ 

ʚʢʣʶʯʝʥʥʽ ʥʘ 16,4-17,2%, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʜʚʠʛʫʥʘ ʥʘ 

20-30%. ɼʣʷ ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ 4ʂ4ʙ (4WD) ʪʘ ʛʫʩʝʥʠʯʥʠʭ ʟ ʧʦʪʫʞʥʽʩʪʶ ʧʦʥʘʜ 80 ʢ.ʩ. ʧʨʠʡʦʤ 

GUTD ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʥʘ 17,0-27,6% ʧʨʠ ʟʥʠʞʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʥʘ 

26-43%. 

 

 
ʘ       ʙ 

: 

ʘ ï ʚʽʜʥʦʩʥʘ ʧʘʣʠʚʥʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ [10]; ʙ ï ʨʝʞʠʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʪʨʘʢʪʦʨʽʚ ʫ ʣʘʙʦʨʘʪʦʨʽʾ 

NTTL [11] 

ʈʠʩ. 2 ï ʈʝʞʠʤʠ ʨʦʙʦʪʠ ʽ ʧʘʣʠʚʥʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʚʠʛʫʥʘ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ OECD Code 2 

 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʡʦʤʫ GUTD ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʢʪʦʨʘ 

ʟʘ ʨʘʭʫʥʦʢ ʨʘʮʽʦʥʘʣʴʥʦ ʦʙʨʘʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ, ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʧʦʙʫʜʦʚʠ ʡʦʛʦ 
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ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʜʚʠʛʫʥʦʤ ʟʘ 

ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ [8, 9] ʜʦʚʦʣʽ ʧʨʦʩʪʘ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʨʽʙʥʦ ʣʠʰʝ 

ʧôʷʪʴ ʢʦʥʩʪʘʥʪ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʘ. ʈʘʟʦʤ ʟ ʮʠʤ, ʚʦʥʘ ʤʘʻ ʥʝʜʦʣʽʢ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʟʥʘʯʥʦʤʫ 

ʩʧʨʦʱʝʥʥʽ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʥʠʟʴʢʽʡ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ, ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʥʝʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʛʘʭ. ɺ ʧʫʙʣʽʢʘʮʽʷʭ ʜʦʩʣʽʜʞʝʥʴ H.D. Harris [12] ʪʘ R.D. Grisso ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ 

[11, 13] ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʜʠʟʝʣʴʥʠʤ ʜʚʠʛʫʥʦʤ ʥʘ ʯʘʩʪʢʦʚʠʭ 

ʨʝʞʠʤʘʭ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʜʘʥʽ ʚʠʧʨʦʙʫʚʘʥʴ NTTL. ʊʘʢ, ʚ [11] ʧʦʛʦʜʠʥʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ: 

( ) ( )( )( )1 1t Npto Npto ptoG a b c d Nwe e e= Ö + Ö - - Ö Ö - Ö, 

Npto, eNpto, ew, ï ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ɺɺʇ, ʩʪʫʧʽʥʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ 
ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜʥʦʩʥʦ ʥʦʤʽʥʘʣʴʥʦʾ ʥʘ ɺɺʇ, ʩʪʫʧʽʥʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ ʟʘ ʯʘʩʪʦʪʦʶ 

ʦʙʝʨʪʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ; 

aéd ï ʧʦʩʪʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʞʠʤʽʚ OECD Code 2 

(ʨʠʩ. 2, ʙ) ʚ ʣʘʙʦʨʘʪʦʨʽʾ NTTL [11]. 

ɿʘ ʩʚʦʻʶ ʩʫʪʪʶ ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʻ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʦʛʦʜʠʥʥʦʾ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʜʚʠʛʫʥʦʤ ʧʨʠ ʚʽʜʙʦʨʽ ʧʦʪʫʞʥʦʩʪʽ ʯʝʨʝʟ ɺɺʇ. ɸʚʪʦʨʠ [11] ʥʘʚʦʜʷʪʴ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʪʨʘʢʪʦʨʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʤʧʣʝʢʩʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ ʨʽʟʥʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʜʚʠʛʫʥʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠʡʦʤʫ GUTD. ɿʘ 

ʦʮʽʥʢʦʶ [11] ʝʢʦʥʦʤʽʷ ʧʘʣʠʚʘ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 10% ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ 

ʥʘ 20% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ. ɼʘʥʽ ʧʨʦʪʦʢʦʣʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʣʘʙʦʨʘʪʦʨʽʾ NTTL [5] ʜʘʶʪʴ ʧʦʚʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʜʚʠʛʫʥʦʤ. ʊʦʤʫ ʾʭ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʢʪʦʨʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ɽʬʝʢʪʠʚʥʠʤ ʟʘʭʦʜʦʤ ʧʽʜʚʠʱʝʥʥʷ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʪʨʘʢʪʦʨʘ 

ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʠʡ ʧʨʠʡʦʤ GUTD [10]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ NTTL, ʧʨʦʪʦʢʦʣʠ ʚʠʧʨʦʙʫʚʘʥʴ DLG [6] ʟʘ ʧʨʦʮʝʜʫʨʦʶ PowerMix ʤʽʩʪʷʪʴ 

ʧʦʚʥʽ ʜʘʥʽ ʱʦʜʦ ʟʦʚʥʽʰʥʴʦʾ ʰʚʠʜʢʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʫʥʘ, ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʟʘʤʽʨʽʚ ʥʘ 

ʯʘʩʪʢʦʚʠʭ ʨʝʞʠʤʘʭ #1é#5 (ʨʠʩ. 1), ʟʛʽʜʥʦ OECD Code 2 [4]. ɺ ʜʝʷʢʠʭ ʧʨʦʪʦʢʦʣʘʭ ʚʠʧʨʦʙʫʚʘʥʴ 

DLG ʪʘʢʦʞ ʤʽʩʪʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʧʨʠʡʦʤʫ GUTD ʩʪʦʩʦʚʥʦ ʧʝʨʝʭʦʜʫ ʥʘ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʽ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʧʦʪʫʞʥʦʩʪʽ #1­#2 ʪʘ #3­#5 (ʨʠʩ. 1), ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʦʪʨʠʤʘʪʠ ʝʢʦʥʦʤʽʶ ʧʘʣʠʚʘ ʚ ʤʝʞʘʭ 3-7% ʪʘ 10-19%, ʚʽʜʧʦʚʽʜʥʦ.  

ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʘʧʨʦʢʩʠʤʘʮʽʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟʘ ʤʝʪʦʜʠʢʦʶ [8, 9] ʤʦʞʝ ʙʫʪʠ 

ʩʫʪʪʻʚʦ ʫʪʦʯʥʝʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ ʥʘ ʨʝʞʠʤʘʭ #1é#5 (ʨʠʩ. 1) (ʘʙʦ ʽʥʰʠʭ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʠʢʠ, ʥʘʚʝʜʝʥʦʾ ʚ ʨʦʙʦʪʘʭ [14, 15]. 

ɼʣʷ ʪʨʘʢʪʦʨʽʚ John Deere 8295R ʟ ʪʨʘʥʩʤʽʩʽʷʤʠ Powershift ʪʘ CVT (Continuously Variable 

Transmission) ʜʦʚʝʜʝʥʦ [16], ʱʦ ʧʨʠʡʦʤ GUTD ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʜʣʷ ʪʨʘʥʩʤʽʩʽʾ Powershift ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ CVT ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ ʥʘʚʘʥʪʘʛʘʭ ʚ ʤʝʞʘʭ 37-52% ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ. 

ʅʘʪʦʤʽʩʪʴ, ʪʨʘʢʪʦʨ ʟ CVT ʧʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ ʟʘ ʟʦʚʥʽʰʥʴʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʝʬʝʢʪʠʚʥʽʰʝ 

ʧʨʠ ʥʘʚʘʥʪʘʛʘʭ ʜʦ 76-81% ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ. ɸʚʪʦʨʠ [16] ʚʽʜʤʽʯʘʶʪʴ, ʱʦ ʨʦʙʦʪʘ ʜʚʠʛʫʥʘ 

ʪʨʘʢʪʦʨʘ ʟ Powershift ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʠʡʦʤʫ GUTD 

ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʧʦʜʘʯʽ ʧʘʣʠʚʘ, ʘ ʫ ʪʨʘʢʪʦʨʘ ʟ CVT ʧʦʜʘʯʘ ʧʘʣʠʚʘ ʚʘʨʽʶʚʘʣʘʩʴ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʡʦʤʫ GUTD ʜʣʷ ʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʶ 187 ʢɺʪ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʟʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʜʦ 2,0 ʢʛ/ʛʦʜ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 4,7% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʛʦʜʠʥʥʦʾ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ CVT ʪʘ 3,0-3,5 ʢʛ/ʛʦʜ (7,1-8,3%) ʜʣʷ CVT ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ Powershift ʧʨʠ 

ʨʦʙʦʪʽ ʟʘ ʟʦʚʥʽʰʥʴʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ [16]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʜʦʮʽʣʴʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʡʦʤʫ GUTD ʚ ʧʨʦʮʝʜʫʨʽ OECD Code 2 ʧʝʨʝʜʙʘʯʝʥʦ ʧʝʨʝʢʣʶʯʝʥʥʷ ʥʘ ʜʚʽ ʚʠʱʽ 

ʧʝʨʝʜʘʯʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʘʷʚʥʽ ʨʝʟʝʨʚʠ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ 

ʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ ʟʘ ʨʘʭʫʥʦʢ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʨʝʞʠʤʽʚ ʡʦʛʦ ʨʦʙʦʪʠ ʪʘ ʨʦʙʦʯʦʾ 

ʧʝʨʝʜʘʯʽ ʨʫʭʫ. 
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ʇʨʦʮʝʜʫʨʘ ʚʠʧʨʦʙʫʚʘʥʴ DLG, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ NTTL, ʧʝʨʝʜʙʘʯʘʻ ʟʤʽʥʥʠʡ ʚ ʯʘʩʽ ʜʠʥʘʤʽʯʥʠʡ 

ʭʘʨʘʢʪʝʨ ʟʦʚʥʽʰʥʴʦʾ ʥʘʚʘʥʪʘʛʠ ʥʘ ʪʨʘʢʪʦʨ. ʇʨʠ ʮʴʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 12 ʧʦʣʴʦʚʠʭ ʽ 4 

ʪʨʘʥʩʧʦʨʪʥʽ ʮʠʢʣʠ [6]. ʇʦʣʴʦʚʽ ʚʠʧʨʦʙʫʚʘʣʴʥʽ ʮʠʢʣʠ ʽʤʽʪʫʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʷʛʦʚʠʭ ʽ ʪʷʛʦʚʦ-ʧʨʠʚʦʜʥʠʭ ʦʧʝʨʘʮʽʡ [17] ʪʘ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʚʥʝ ʡ ʯʘʩʪʢʦʚʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʨʘʢʪʦʨʘ ʟʘ ʧʦʪʫʞʥʽʩʪʶ. ʆʩʢʽʣʴʢʠ ʥʘʚʘʥʪʘʛʠ ʟʘ 

ʧʦʣʴʦʚʠʤʠ ʮʠʢʣʘʤʠ PowerMix ʦʭʦʧʣʶʶʪʴ ʪʠʧʦʚʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʦʧʝʨʘʮʽʾ, ʾʭ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʠʭ ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʨʘʢʪʦʨʽʚ ʧʨʠ ʥʝʩʪʘʣʠʭ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʛʘʭ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʢʦʤʧʣʝʢʩ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ 

ʮʠʢʣʽʚ PowerMix ʤʦʞʥʘ ʨʦʟʮʽʥʶʚʘʪʠ ʷʢ ʤʦʜʝʣʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʢʪʦʨʘ [18] ʧʨʠ ʟʘʟʜʘʣʝʛʽʜʴ 

ʚʽʜʦʤʦʤʫ ʨʦʟʧʦʜʽʣʽ ʪʠʧʦʚʠʭ ʦʧʝʨʘʮʽʡ ʚ ʨʽʯʥʦʤʫ ʦʙʩʷʟʽ ʨʦʙʽʪ. ʊʘʢʘ ʤʦʜʝʣʴ ʜʘʻ ʟʤʦʛʫ ʘʥʘʣʽʟʫʚʘʪʠ 

ʧʨʠ ʥʝʩʪʘʣʠʭ ʥʘʚʘʥʪʘʛʘʭ ʥʝ ʪʽʣʴʢʠ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʚʠʛʫʥʘ [3], ʘ ʡ ʪʨʘʢʪʦʨʘ ʚ ʮʽʣʦʤʫ, 

ʚʨʘʭʦʚʫʶʯʠ ʡʦʛʦ ʘʛʨʝʛʘʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʟʥʘʨʷʜʜʷʤʠ. ʆʜʥʘʢ, 

ʥʘʡʙʽʣʴʰ ʟʨʦʟʫʤʽʣʠʤʠ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʪʨʘʢʪʦʨʽʚ ʨʽʟʥʠʭ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ ʪʘ 

ʦʙʣʘʜʥʘʥʠʭ ʜʚʠʛʫʥʘʤʠ ʨʽʟʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʢʘʟʥʠʢʠ ʥʘʚʝʜʝʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʱʦ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʧʦʣʴʦʚʠʭ ʮʠʢʣʽʚ PowerMix, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʦʧʝʨʘʮʽʡ ʚ ʨʽʯʥʦʤʫ ʦʙʩʷʟʽ ʨʦʙʽʪ. 

ʄʝʪʘ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʬʦʨʤʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ 

ʤʦʜʝʣʽ ʪʷʛʦʚʦ-ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʣʽʩʥʦʛʦ ʪʨʘʢʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʠʭ 

ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʮʠʢʣʽʚ PowerMix ʪʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʥʘʚʝʜʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʘ ʽʤʽʪʘʮʽʡʥʦʶ 

ʤʦʜʝʣʣʶ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʙôʻʢʪʠʚʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʪʨʘʢʪʦʨʽʚ ʨʽʟʥʠʭ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ 

ʪʘ ʧʦʪʫʞʥʦʩʪʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

ï ʩʬʦʨʤʫʚʘʪʠ ʤʦʜʝʣʴ ʪʷʛʦʚʦ-ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʪʨʘʢʪʦʨʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʣʴʦʚʠʭ 

ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʮʠʢʣʘʭ PowerMix; 

ï ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʧʣʘʥ ʽʤʽʪʘʮʽʡʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʠʭ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʮʠʢʣʽʚ 

PowerMix, ʱʦ ʚʨʘʭʦʚʫʻ ʨʦʟʧʦʜʽʣ ʨʽʯʥʦʛʦ ʦʙʩʷʛʫ ʚʝʩʥʷʥʠʭ ʪʘ ʣʽʪʥʴʦ-ʦʩʽʥʥʽʭ ʨʦʙʽʪ ʪʨʘʢʪʦʨʘ ʟʘ 

ʪʠʧʦʚʠʤʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʦʧʝʨʘʮʽʷʤʠ, ʪʘ ʚʢʣʶʯʘʻ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ʪʷʛʦʚʽ, ʪʷʛʦʚʦ-

ʧʨʠʚʦʜʥʽ ʮʠʢʣʠ ʪʘ ʮʠʢʣʠ ʟ ʚʽʜʙʦʨʦʤ ʧʦʪʫʞʥʦʩʪʽ ʯʝʨʝʟ ʛʽʜʨʘʚʣʽʯʥʫ ʩʠʩʪʝʤʫ ʪʨʘʢʪʦʨʘ; 

ï ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʫ ʪʷʛʦʚʦ-ʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʧʦʣʴʦʚʠʤʠ ʚʠʧʨʦʙʫʚʘʣʴʥʠʤʠ ʮʠʢʣʘʤʠ PowerMix, ʟʘʧʨʦʚʘʜʠʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʥʘʚʝʜʝʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʧʦʨʽʚʥʶʚʘʪʠ ʪʨʘʢʪʦʨʠ ʨʽʟʥʠʭ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ, 

ʢʦʤʧʣʝʢʪʘʮʽʾ ʨʽʟʥʠʤʠ ʪʠʧʦʨʦʟʤʽʨʘʤʠ ʰʠʥ ʪʘ ʦʙʣʘʜʥʘʥʠʭ ʜʚʠʛʫʥʘʤʠ ʨʽʟʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʷʛʦʚʦ-ʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʨʘʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʴʦʚʠʭ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʮʠʢʣʽʚ PowerMix. ɼʣʷ ̔ʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʷʛʦʚʦ-

ʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ ʪʨʘʥʩʤʽʩʽʶ ʜʦʮʽʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 

ʥʘʚʝʜʝʥʦʾ ʩʭʝʤʠ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʟ ʜʚʦʤʘ ʚʝʜʫʯʠʤʠ ʤʦʩʪʘʤʠ. ʇʨʠ ʮʴʦʤʫ, ʚ ʧʨʦʮʝʩʽ 

ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʽ ʘʚʪʦʤʘʪʠʯʥʦ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʙʫʢʩʫʚʘʥʥʷ ʚʝʜʫʯʠʭ ʢʦʣʽʩ 

ʤʦʩʪʽʚ ʟ ˇʨʫʥʪʦʤ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʨʠʚʦʜʘʭ ʽ ʨʘʜʽʘʣʴʥʠʭ ʥʘʚʘʥʪʘʛ 

ʥʘ ʤʦʩʪʠ. ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʛʣʷʥʫʪʠ ʩʭʝʤʫ ʟ ʧʨʠʚʝʜʝʥʠʤʠ ʜʦ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ 

ʜʚʠʛʫʥʘ ʧʘʨʘʤʝʪʨʘʤʠ. ʊʦʜʽ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ [19], ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 
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( ) ( ) ( )

( ) ( )

( ) ( )
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   (1) 

ʜʝ J, J1, J2, ʉ1, ʉ2, K1, K2 ï ʧʨʠʚʝʜʝʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ, ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ʜʝʤʧʬʫʚʘʥʥʷ 

ʧʨʠʚʦʜʽʚ ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʤʦʩʪʽʚ, ʚʽʜʧʦʚʽʜʥʦ; 
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ej, ej1, ej2, eĘj, eĘj1, eĘj2, ï ʚʽʜʥʦʩʥʽ ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʪʘ ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʤʘʭʦʚʠʭ ʤʘʩ ʜʚʠʛʫʥʘ, 

ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʤʦʩʪʽʚ ʪʨʘʢʪʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ: 

1 2
1 2

ʥʦʤ ʥʦʤ ʥʦʤ

; ; ;j j j

j jj
e e e
w w w
= = =      (2) 

1 1 2 2
1 1 2 2

ʥʦʤ ʥʦʤ ʥʦʤ ʥʦʤ ʥʦʤ ʥʦʤ

; ;w j w j w j

j w j wj w
e e e e e e

w w w w w w
= = = = = = = = =, (3) 

ʜʝ j, j1, j2, w, w1, w2 ï ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʪʘ ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʤʘʭʦʚʠʭ ʤʘʩ ʜʚʠʛʫʥʘ, ʧʝʨʝʜʥʴʦʛʦ ʪʘ 

ʟʘʜʥʴʦʛʦ ʤʦʩʪʽʚ ʪʨʘʢʪʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ; 

ʄʩ1, ʄʩ2 ï ʧʨʠʚʝʜʝʥʽ ʜʦ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʤʦʤʝʥʪʠ ʦʧʦʨʫ ʨʫʭʫ ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʤʦʩʪʽʚ 

ʪʨʘʢʪʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʠʚʝʜʝʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʤʘʩ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʧʦʩʪʫʧʘʣʴʥʦ ʪʘ ʦʙʝʨʪʘʣʴʥʦ: 
2 2 2

1 1 2 2
1 22 2

2 2

;c v c
v v

m r u m r
J J

u u
d d

Ö Ö Ö
= Ö = Ö,     (4) 

ʜʝ m1, m2 ï ʤʘʩʘ, ʱʦ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʧʝʨʝʜʥʽʡ ʪʘ ʟʘʜʥʽʡ ʤʦʩʪʠ ʪʨʘʢʪʦʨʘ; 

dv ï ʢʦʝʬʽʮʽʻʥʪ ʦʙʝʨʪʘʣʴʥʠʭ ʤʘʩ ʪʨʘʥʩʤʽʩʽʾ ʽ ʢʦʣʽʩ, dv = 1,1é1,15; 

uv ï ʚʥʫʪʨʽʰʥʻ ʧʝʨʝʜʘʚʘʣʴʥʝ ʯʠʩʣʦ ʤʽʞʦʩʴʦʚʦʛʦ ʧʨʠʚʦʜʫ. 

ɼʣʷ ʫʥʽʬʽʢʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʪʷʛʦʚʦʾ ʜʠʥʘʤʽʢʠ ʜʣʷ ʨʽʟʥʠʭ ʪʨʘʢʪʦʨʽʚ ʧʨʠʚʝʜʝʥʽ ʞʦʨʩʪʢʦʩʪʽ ʚʘʣʦʧʨʦʚʦʜʫ ʚ 

ʧʨʠʚʦʜʘʭ ʚʝʜʫʯʠʭ ʤʦʩʪʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʟʘ ʫʤʦʚʠ, ʱʦ ʨʦʟʧʦʜʽʣ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʝʨʝʜʘʚʘʣʴʥʦʤʫ ʯʠʩʣʫ ʧʨʠʚʦʜʫ ʪʘ ʥʦʤʽʥʘʣʴʥʦʤʫ ʤʦʤʝʥʪʫ 

ʜʚʠʛʫʥʘ: 

1 ʥʦʤ 2 ʥʦʤ

1
;

1 1

v

v v

u
ʉ ʄ k ʉ ʄ k

u u
j j= Ö Ö = Ö Ö

+ +
,     (5) 

ʜʝ kj ï ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ. 

ʄʦʤʝʥʪʠ ʦʧʦʨʫ ʨʫʭʫ: 

1 1 2 2
1 2

ʪʨ1 2 ʪʨ2 2

2 2
;k k v k k

c c

P r u P r
M M

u uh h

Ö Ö Ö Ö Ö
= =

Ö Ö
,     (6) 

ʜʝ Pk1, Pk2 ï ʜʠʥʘʤʽʯʥʘ ʜʦʪʠʯʥʘ ʩʠʣʘ ʪʷʛʠ ʢʦʣʝʩʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʨʘʥʩʤʽʩʽʾ (1)-(6) ʻ ʫʥʽʬʽʢʦʚʘʥʦʶ ʽ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʷʛʦʚʦʾ ʜʠʥʘʤʽʢʠ ʙʫʜʴ-ʷʢʠʭ ʢʦʣʽʩʥʠʭ 

ʪʨʘʢʪʦʨʽʚ. ɼʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʷʛʦʚʦ-ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʣʽʩʥʦʛʦ ʪʨʘʢʪʦʨʘ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʨʝʘʮʽʡ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʘ ʧʣʦʩʢʘ 

ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʛʘʣʴʥʦ ʧʨʠʡʥʷʪʠʭ ʜʦʧʫʱʝʥʴ (ʨʠʩ. 3). 

 
ʈʠʩ. 3 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʪʨʘʢʪʦʨʘ 
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ɺʠʭʽʜʥʽ ʜʘʥʽ ʱʦʜʦ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʪʨʘʢʪʦʨʘ, ʨʦʟʧʦʜʽʣʫ ʤʘʩʠ ʚ ʩʪʘʪʠʯʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ, ʪʠʧʦʨʦʟʤʽʨʽʚ ʰʠʥ ʽ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʆ1-ʆ3 ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʧʨʦʪʦʢʦʣʘʭ ʚʠʧʨʦʙʫʚʘʥʴ 

NTTL [5] ʘʙʦ DLG ʟʘ ʧʨʦʮʝʜʫʨʦʶ PowerMix [6]. ɼʣʷ ʩʪʫʧʝʥʝʚʠʭ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ (Powershift) 

ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʜʘʚʘʣʴʥʝ ʯʠʩʣʦ ʪʨʘʥʩʤʽʩʽʾ. 

ʉʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ ʦʩʪʦʚʘ ʪʨʘʢʪʦʨʘ ʤʘʻ ʚʠʛʣʷʜ: 
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  (7) 

ʜʝ x, z, jo ï ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ; 

Po1, Po2 ïʩʠʣʠ, ʱʦ ʰʪʦʚʭʘʶʪʴ ʦʩʪʦʚ ʪʨʘʢʪʦʨʘ ʚʧʝʨʝʜ; 

Gk1, Gk2 ïʨʘʜʽʘʣʴʥʽ ʥʘʚʘʥʪʘʛʠ ʥʘ ʰʠʥʠ; 

Pʢʨ, Pʢʨz ï ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʪʘ ʚʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʪʷʛʠ ʥʘ ʛʘʢʫ; 

xʦ1, xʦ2, xʦ3, z ʦ1, z ʦ2, z ʦ3 ï ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʽ ʚʝʨʪʠʢʘʣʴʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʆ1-ʆ3 ʦʩʪʦʚʘ ʪʨʘʢʪʦʨʘ 

ʚ ʦʙʨʘʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚʩʪʘʥʦʚʣʝʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʦʢ ʆ1-ʆ3 ʦʩʪʦʚʘ ʪʨʘʢʪʦʨʘ ʪʘ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ: 
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( )

cos ;

sin ,

oi oi o oi

oi oi o oi

x x

z z

r j l

r j l

= - Ö +

= + Ö +
     (8) 

ʜʝ roi, loi ï ʨʘʜʽʫʩʠ-ʚʝʢʪʦʨʠ ʽ ʢʫʪʠ ʪʦʯʦʢ ʆ1-ʆ3 ʦʩʪʦʚʘ ʪʨʘʢʪʦʨʘ ʫ ʧʦʣʷʨʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʟ 

ʮʝʥʪʨʦʤ ʚ ʪʦʯʮʽ ʆ. 

ʊʦʜʽ ʨʘʜʽʘʣʴʥʠʡ ʧʨʦʛʠʥ ʰʠʥ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʰ1 1 1 1

ʰ2 2 2 2

/ 2 ;

/ 2 ,

G o

G o

f D z z

f D z z

= + -

= + -
     (9) 

ʜʝ zG1, zG2 ï ʚʝʨʪʠʢʘʣʴʥʽ ʢʦʦʨʜʠʥʘʪʠ ʨʽʚʥʷ ˇʨʫʥʪʫ ʚ ʦʙʨʘʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ, ʷʢʽ ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʻ ʬʫʥʢʮʽʷʤʠ ʧʨʦʡʜʝʥʦʛʦ ʰʣʷʭʫ. 

ʋ ʚʠʧʘʜʢʫ ʚʠʚʽʰʫʚʘʥʥʷ ʘʙʦ ʚʽʜʨʠʚʫ ʢʦʣʝʩʘ ʚʽʜ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʘʮʽʷ ʰʠʥʠ 

ʦʙʝʨʪʘʻʪʴʩʷ ʥʘ ʥʫʣʴ. ʊʦʤʫ, ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʪʘʢʦʛʦ ʷʚʠʱʘ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʘ  ʚʠʢʦʥʫʚʘʪʠʩʴ 

ʫʤʦʚʘ: 

ʰ1 ʰ20; 0.f f² ²      (10) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣ Poi, ʱʦ ʰʪʦʚʭʘʶʪʴ ʦʩʪʦʚ ʪʨʘʢʪʦʨʘ ʚʧʝʨʝʜ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʜʦʪʠʯʥʽ 

ʩʠʣʠ ʪʷʛʠ Pki ʪʘ ʩʠʣʠ ʦʧʦʨʫ ʢʦʯʝʥʥʶ Pfi , ʦʩʢʽʣʴʢʠ: 

oi ki fiP P P= - .       (11) 

ʉʠʣʘ ʦʧʦʨʫ ʢʦʯʝʥʥʶ Pfi ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʧʨʝʩʫʚʘʥʥʷ ˇʨʫʥʪʫ hʛ̔ [20, 21]. ʆʩʢʽʣʴʢʠ 

hʛ̔ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʪʦ ʛʣʠʙʠʥʘ ʢʦʣʽʾ ʚʠʟʥʘʯʘʣʘʩʴ 

ʩʧʦʯʘʪʢʫ ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʰʠʥʠ, ʘ ʧʽʩʣʷ ï ʜʣʷ ʜʽʘʤʝʪʨʘ ʥʘʚʝʜʝʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ 

ʝʣʘʩʪʠʯʥʦʛʦ ʢʦʣʝʩʘ. 

ɹʫʢʩʫʚʘʥʥʷ ʢʦʣʽʩ ʪʨʘʢʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ: 

ʪ

1i

i ki ki

V V

V r
d

w
= - =

Ö
,     (12) 

ʜʝ V, Vʪi ï ʜʽʡʩʥʘ ʰʚʠʜʢʽʩʪʴ ʪʨʘʢʪʦʨʘ ʽ ʪʝʦʨʝʪʠʯʥʽ ʰʚʠʜʢʦʩʪʽ ʢʦʣʽʩ; 

wki ï ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʢʦʣʽʩ ʪʨʘʢʪʦʨʘ: 

1 1 ʥʦʤ 2 2 2 ʥʦʤ 2/ ; /k v ku u uw ww e w w e w= Ö Ö = Ö.     (13) 
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ʇʨʫʞʥʘ ʩʢʣʘʜʦʚʘ ʨʘʜʽʘʣʴʥʦʾ ʥʘʚʘʥʪʘʛʠ ʥʘ ʰʠʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʨʘʢʪʦʨʥʦʾ ʰʠʥʠ [20, 21]. ɼʠʩʠʧʘʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʨʘʜʽʘʣʴʥʦʾ ʥʘʚʘʥʪʘʛʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ: 

ʰ ʰkyi i iG K f= Ö ,     (14) 

ʜʝ K ih ï ʢʦʝʬʽʮʽʻʥʪʠ ʜʝʤʧʬʫʚʘʥʥʷ ʰʠʥ: 

ʰ ʰ ʰi i i kiK C Gy= Ö Ö,     (15) 

ʜʝ yh i ï ʚʽʜʥʦʩʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʪʫʭʘʥʥʷ ʰʠʥ. 

ʅʝʚʽʜʦʤʠʤ ʬʘʢʪʦʨʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʟʙʫʨʝʥʥʷ ʪʨʘʢʪʦʨʘ ʻ ʩʠʣʘ ʪʷʛʠ ʥʘ ʛʘʢʫ. ʆʩʢʽʣʴʢʠ 

ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʪʷʛʦʚʦ-ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ, ʟʘ ʷʢʠʤʠ ʩʚʽʪʦʚʽ ʚʠʨʦʙʥʠʢʠ 

ʪʨʘʢʪʦʨʽʚ ʧʦʟʠʮʽʦʥʫʶʪʴ ʩʚʦʶ ʧʨʦʜʫʢʮʽʶ, ʥʘʩʘʤʧʝʨʝʜ, ʟʘ ʧʘʣʠʚʥʦʶ ʝʢʦʥʦʤʽʯʥʽʩʪʶ, ʤʽʩʪʷʪʴʩʷ ʚ 

ʧʨʦʪʦʢʦʣʘʭ ʚʠʧʨʦʙʫʚʘʥʴ DLG, ʚ ʨʘʤʢʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʚʠʢʦʨʠʩʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʪʝʩʪʦʚʦʾ ʧʨʦʮʝʜʫʨʠ PowerMix [6]. 

ʊʝʩʪʦʚʘ ʧʨʦʮʝʜʫʨʘ PowerMix ʧʝʨʝʜʙʘʯʘʻ 12 ʮʠʢʣʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʪʨʘʢʪʦʨʘ ʥʘ ʧʦʣʴʦʚʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʦʧʝʨʘʮʽʷʭ ʧʨʠ ʟʤʽʥʥʦʤʫ ʫ ʯʘʩʽ ʟʦʚʥʽʰʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʷʛʦʚʠʭ ʮʠʢʣʽʚ ï ʦʨʘʥʢʠ ʪʘ ʢʫʣʴʪʠʚʘʮʽʾ; ʪʷʛʦʚʦ-ʧʨʠʚʦʜʥʠʭ ʮʠʢʣʽʚ 

ʟ ʚʽʜʙʦʨʦʤ ʧʦʪʫʞʥʦʩʪʽ ʯʝʨʝʟ ʚʘʣ ʚʽʜʙʦʨʫ ʧʦʪʫʞʥʦʩʪʽ (ɺɺʇ) ï ʬʨʝʟʝʨʫʚʘʥʥʷ ʨʦʪʦʨʥʦʶ ʬʨʝʟʦʶ 

ʽ ʚʦʨʦʰʽʥʥʷ ʩʽʥʘ, ʪʷʛʦʚʦ-ʧʨʠʚʦʜʥʽ ʮʠʢʣʠ ʟ ʚʽʜʙʦʨʦʤ ʧʦʪʫʞʥʦʩʪʽ ʯʝʨʝʟ ɺɺʇ ʪʘ ʛʽʜʨʘʚʣʽʯʥʫ 

ʩʠʩʪʝʤʫ ï ʨʦʟʢʠʜʘʥʥʷ ʛʥʦʶ ʽ ʪʶʢʫʚʘʥʥʷ ʩʽʥʘ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 ï ʎʠʢʣʠ ʚʠʧʨʦʙʫʚʘʥʴ PowerMix ʜʣʷ ʽʤʽʪʘʮʽʾ ʧʦʣʴʦʚʠʭ ʦʧʝʨʘʮʽʡ 

ʊʠʧ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ 
ʎʠʢʣ, ʥʘʚʘʥʪʘʛʘ V, ʢʤ/ʛʦʜ 

ʏʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ 

ʭʚʦʩʪʦʚʠʢʘ ɺɺʇ, 

ʭʚ-1 

ʋʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʧʨʦʙʫʚʘʥʴ 

ʊʷʛʦʚʝ 

ʆʨʘʥʢʘ 100% Z1P 9  ɿʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʰʚʠʜʢʦʩʪʽ ʥʝ ʙʽʣʴʰʝ 

2,5 ʢʤ/ʛʦʜ (ʦʢʨʽʤ ʮʠʢʣʫ 

Z1P). 

ʆʨʘʥʢʘ 60% Z2P 9  

ʂʫʣʴʪʠʚʘʮʽʷ 100% Z1G 12  

ʂʫʣʴʪʠʚʘʮʽʷ 60% Z2G 12  

ʊʷʛʦʚʦ-ʧʨʠʚʦʜʥʝ 

ʌʨʝʟʝʨʫʚʘʥʥʷ 100% Z3K 6 900 

ɿʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʰʚʠʜʢʦʩʪʽ ʥʝ ʙʽʣʴʰʝ 

2,5 ʢʤ/ʛʦʜ ʪʘ ʩʝʨʝʜʥʴʦʾ 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʭʚʦʩʪʦʚʠʢʘ ɺɺʇ ʥʝ 

ʙʽʣʴʰʝ 7,5%. 

ʌʨʝʟʝʨʫʚʘʥʥʷ 70% Z4K 6 900 

ʌʨʝʟʝʨʫʚʘʥʥʷ 40% Z5K 6 900 

ɺʦʨʦʰʽʥʥʷ 100% Z3M 16 900 

ɺʦʨʦʰʽʥʥʷ 70% Z4M 16 900 

ɺʦʨʦʰʽʥʥʷ 40% Z5M 16 900 

ʊʷʛʦʚʦ-

ʧʨʠʚʦʜʥʝ, 

ʛʽʜʨʘʚʣʽʯʥʝ 

ʈʦʟʢʠʜʘʥʥʷ ʛʥʦʶ Z6MS 7 1000 

ʊʶʢʫʚʘʥʥʷ ʩʽʥʘ Z7PR 10 1000 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʤʘʰʠʥʦ-ʪʨʘʢʪʦʨʥʠʭ ʘʛʨʝʛʘʪʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʘ ʙʘʟʦʚʠʤʠ ʚʠʧʨʦʙʫʚʘʣʴʥʠʤʠ ʮʠʢʣʘʤʠ PowerMix, ʘ ʪʘʢʦʞ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʮʠʢʣʦʛʨʘʤ 

ʥʘʚʘʥʪʘʛ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 4. 

ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʮʠʢʣʽʚ ʟʘ ʥʘʚʘʥʪʘʛʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ ʪʘ ʥʘʚʘʥʪʘʛʠ ʮʠʢʣʫ, ʟʛʽʜʥʦ ʪʘʙʣ. 1. 

ʊʘʢʦʞ ʟʘʢʦʨʜʦʥʥʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ ʥʘʚʝʜʝʥʘ ʪʘʙʣʠʮʷ, ʷʢʘ ʩʪʘʚʠʪʴ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚʠʧʨʦʙʫʚʘʣʴʥʠʤ ʮʠʢʣʘʤ [17]. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʽʤʝʮʴʢʠʭ ʽʥʞʝʥʝʨʽʚ ʪʘ ʥʘʫʢʦʚʮʽʚ, ʟôʷʚʣʷʻʪʴʩʷ ʟʤʦʛʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ 

ʚʫʟʴʢʠʡ ʥʘʙʽʨ ʟ ʜʚʘʥʘʜʮʷʪʠ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʮʠʢʣʽʚ ʜʣʷ ʽʤʽʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʏʘʩʪʢʘ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ ʚ ʟʘʛʘʣʴʥʦʤʫ ʦʙʩʷʟʽ ʨʦʙʽʪ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʜʘʥʠʤʠ ʱʦʨʽʯʥʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʚʽʪʽʚ ʋʢʨʘʾʥʠ. ʆʩʢʽʣʴʢʠ ʨʦʙʦʪʠ ʟ ʧʝʨʝʣʽʢʫ [17] ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʣʽʪʥʴʦ-ʦʩʽʥʥʽʡ ʪʘ 

ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜʠ, ʙʫʚ ʩʢʣʘʜʝʥʠʡ ʧʣʘʥ ʽʤʽʪʘʮʽʡʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʠʭ ʮʠʢʣʽʚ 

PowerMix ʟ ʫʨʘʭʫʚʘʥʥʷʤ ˇʨʫʥʪʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʽ ʨʦʟʧʦʜʽʣʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʦʧʝʨʘʮʽʡ 

ʚ ʨʽʯʥʦʤʫ ʦʙʩʷʟʽ ʨʦʙʽʪ (ʪʘʙʣ. 2). 
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ʇʣʘʥ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʢʣʶʯʘʻ 18 ʮʠʢʣʽʚ. ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʦʪʦʢʦʣʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘ ʤʝʪʦʜʠʢʦʶ PowerMix [6], ʷʢʽ ʤʽʩʪʷʪʴ ʜʘʥʽ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʟʘ ʮʠʢʣ 

ʥʘʩʪʫʧʥʠʭ ʧʦʢʘʟʥʠʢʽʚ: ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʜʚʠʛʫʥʘ nʩʨ; ʩʝʨʝʜʥʷ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ Vʩʨ; ʩʝʨʝʜʥʷ ʚʽʜʜʘʥʘ ʪʨʘʢʪʦʨʦʤ ʧʦʪʫʞʥʽʩʪʴ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʟʦʚʥʽʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʟʥʘʨʷʜʜʷʤ Nʩʨ; ʩʝʨʝʜʥʷ ʧʦʛʦʜʠʥʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ Gtʩʨ; 

ʩʝʨʝʜʥʷ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʮʠʢʣʫ ʟʘ ʧʨʦʮʝʜʫʨʦʶ PowerMix geʩʨ. 

 
ʘ       ʙ 

 
ʚ       ʛ 

 
ʜ       ʝ 

ʘ ï ʦʨʘʥʢʘ Z1P, Z2P; ʙ ï ʢʫʣʴʪʠʚʘʮʽʷ Z1G, Z2G; ʚ ï ʬʨʝʟʝʨʫʚʘʥʥʷ Z3K, Z4K, Z5K; ʛ ïʢʦʩʽʥʥʷ 

Z3M, Z4M, Z5M; ʜ ï ʨʦʟʢʠʜʘʥʥʷ ʛʥʦʶ Z6MS; ʝ ïʪʶʢʫʚʘʥʥʷ ʩʽʥʘ Z7PR 

ʈʠʩ. 4 ï ɹʘʟʦʚʽ ʧʦʣʴʦʚʽ ʮʠʢʣʠ PowerMix 

 

ʊʘʙʣʠʮʷ 2 ï ʇʣʘʥ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʮʠʢʣʘʤʠ PowerMix 
 ̄

ʟ/ʧ 
ʎʠʢʣ 

ʃʽʪʥʴʦ-ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ ɺʝʩʥʷʥʠʡ ʧʝʨʽʦʜ 
ɿʘ ʨʽʢ, % 

toi, % ʂʦʙ, ʅ/ʩʤ3 tʚi, % ʂʦʙ, ʅ/ʩʤ3 

1 Z1P 15,707 174   15,707 

2 Z2P   2,957 108 2,957 

3 Z1G 8,541 174   8,541 

4 Z2G 9,951 174 16,602 108 26,553 

5 Z3K 0,489 174 3,781 108 4,270 

6 Z4K 4,096 174 2,179 108 6,275 

7 Z5K 1,624 174 2,179 108 3,803 

8 Z3M 0,812 199 2,179 108 2,991 

9 Z4M 0,778 174 2,179 108 2,957 

10 Z5M 18,368 174   18,368 

11 Z6MS 1,293 174   1,293 

12 Z7PR 6,285 199   6,285 

ɺʩʴʦʛʦ 67,944   32,056   100,000 
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