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˚́̔̋̏̃-̘̏̐̑́̋̓̉̎̆ ̃ ̠̉̅́̎̎ 
 

˓̔̑̎́̌ ̈ ́̒̎̏̃́̎̉̊  
̔ ρωωυ ̗̑̏ ̨

 
ˠ ̇̔ ̨̑̎́̌ ̃ ̨̨̅̏̂̑́̇̆̎ ̎́̔̋̏̃̏-

̨̘̐̑́̋̓̉̎ ̐̑̏̂̌̆̍̉ 
̨̝̝̝̒̌̒̋̏̄̏̒̐̏̅́̑̒̋̏̄̏ 

̗̃̉̑̏̂̎̉̓̃́. 
 

˓̔̑̎́̌ ̐ ̘̑̉̈̎́̆̎̉̊ ̠̅̌ ̖̎́̔̋̏̃̉ ̨  
̎́̔̋̏̃̏-̨̘̖̐̆̅́̄̏̄̎̉ ̐ ̨̨̗̑́̃̎̉̋̃ȟ 
̨̅̏̋̓̏̑́̎̓̃ȟ ́ ̨̨̒̐̑́̎̓̃ȟ ́ ̓́̋̏̇ 
̨̖̔̒ ̨̗̖̈́̋́̃̌̆̎̉ ̔ ̑̏̈̃̉̓̋̔ 
̨̝̝̝̒̌̒̋̏̄̏̒̐̏̅́̑̒̋̏̄̏ 

̗̃̉̑̏̂̎̉̓̃́. 
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ABSTRACT 
 

A modern combine harvester can be considered as a complex 

technological system that performs the final part of the 

technologies for the production of grain crops. Accordingly, the 

scientific direction of improving the quality of the threshing-

separating and transport systems of the grain group does not lose 

its relevance and relevance in today's conditions. The presented 

research is devoted to improving the quality of transportation and 

centrifugal unloading of grain by scraper elevators of combine 

harvesters of the KZS-9-1 type and their further modernizations. 

The theoretical and experimental part of the study established that 

the quality of transportation and centrifugal unloading of the 

scraper elevator of the combine harvester is influenced not only 

by the design features, but also by the degree of mechanical wear 

of the working parts of the elevator. Based on the research, it was 

determined that the degree of wear of the working surfaces of the 

drive sprocket in the upper part of the grain elevator of the KZS-

9-1 combines leads to more pronounced oscillatory loads. It is 

recommended to use new structural materials, including 

composites, for the manufacture of both the drive sprocket and the 

scraper chain of the grain elevator itself. It is proposed to 

implement a computerized system for direct observation of the 

change in the reverse flow in the grain elevator using high-speed 

video cameras and flowmeter sensors. The latter will allow for 

timely repair, maintenance and technological adjustment of the 

elements of the grain group of the threshing machine of the 

combine harvester. It is also advisable to use an electric drive and 

electronic regulation of the speed of grain transportation by 

scraper elevators in accordance with the degree of loading of the 

grain group within the range of fulfillment of the centrifugal 

unloading condition.  
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ˍ˚˛˟ˍˣ˴ˬ 
ʉʫʯʘʩʥʠʡ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʡ ʢʦʤʙʘʡʥ ʤʦʞʣʠʚʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʩʢʣʘʜʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʚʠʢʦʥʫʻ ʟʘʚʝʨʰʘʣʴʥʫ 

ʯʘʩʪʠʥʫ ʪʝʭʥʦʣʦʛʽʡ ʧʦ ʚʠʨʦʙʥʠʮʪʚʫ ʟʝʨʥʦʚʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ɺʽʜʧʦʚʽʜʥʦ ʥʘʫʢʦʚʠʡ 

ʥʘʧʨʷʤʦʢ ʧʦ ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʤʦʣʦʪʠʣʴʥʦ-

ʩʝʧʘʨʫʚʘʣʴʥʠʭ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʟʝʨʥʦʚʦʾ ʛʨʫʧʠ ʥʝ 

ʚʪʨʘʯʘʻ ʜʦʮʽʣʴʥʦʩʪʽ ʪʘ ʘʢʪʫʘʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʩʴʦʛʦʜʝʥʥʷ. 

ʅʘʜʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʽ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟʝʨʥʘ 

ʩʢʨʝʙʢʦʚʠʤʠ ʝʣʝʚʘʪʦʨʘʤʠ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ ʪʠʧʫ 

ʂɿʉ-9-1 ʪʘ ʾʭ ʧʦʜʘʣʴʰʠʭ ʤʦʜʝʨʥʽʟʘʮʽʡ. ʊʝʦʨʝʪʠʯʥʦʶ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʯʘʩʪʠʥʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘ ʷʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʩʢʨʝʙʢʦʚʦʛʦ ʝʣʝʚʘʪʦʨʘ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ 

ʢʦʤʙʘʡʥʘ ʚʧʣʠʚʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʘʣʝ 

ʡ ʩʪʫʧʽʥʴ ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ʝʣʝʚʘʪʦʨʘ. ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʩʪʫʧʽʥʴ ʟʥʦʩʫ 

ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʧʨʠʚʦʜʥʦʾ ʟʽʨʦʯʢʠ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 

ʟʝʨʥʦʚʦʛʦ ʝʣʝʚʘʪʦʨʘ ʢʦʤʙʘʡʥʽʚ ʂɿʉ-9-1 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ 

ʚʠʨʘʞʝʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʢʦʤʧʦʟʠʪʠ, ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢ ʧʨʠʚʦʜʥʦʾ ʟʽʨʦʯʢʠ, ʪʘʢ ʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʦʛʦ ʩʢʨʝʙʢʦʚʦʛʦ ʣʘʥʮʶʛʘ ʟʝʨʥʦʚʦʛʦ 

ʝʣʝʚʘʪʦʨʘ. ʇʨʦʧʦʥʦʚʘʥʦ ʚʧʨʦʚʘʜʠʪʠ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʫ 

ʩʠʩʪʝʤʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʟʤʽʥʦʶ 

ʟʚʦʨʦʪʥʦʛʦ ʩʠʧʫ ʚ ʟʝʨʥʦʚʦʤʫ ʝʣʝʚʘʪʦʨʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʰʚʠʜʢʽʩʥʠʭ ʚʽʜʝʦʢʘʤʝʨ ʪʘ ʜʘʪʯʠʢʽʚ-ʚʠʪʨʘʪʦʤʽʨʽʚ. ʆʩʪʘʥʥʻ 

ʜʘʩʪʴ ʟʤʦʛʫ ʚʯʘʩʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʨʝʤʦʥʪ, ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʫ ʥʘʣʘʜʢʫ ʝʣʝʤʝʥʪʽʚ ʟʝʨʥʦʚʦʾ 

ʛʨʫʧʠ ʤʦʣʦʪʘʨʢʠ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ. ʊʘʢʦʞ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʪʘ ʝʣʝʢʪʨʦʥʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʝʨʥʘ ʩʢʨʝʙʢʦʚʠʤʠ 

ʝʣʝʚʘʪʦʨʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʫʧʝʥʶ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʝʨʥʦʚʦʾ 

ʛʨʫʧʠ ʚ ʤʝʞʘʭ ʜʽʘʧʘʟʦʥʫ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ 
 

DOI: 10.36910/acm.vi51.1893 ˣ̉̓̔̃́̓̉ ̗̟ ̟̒̓́̓̓: 
ɹʫʨʣʘʢʘ ʆ.ɸ., ʂʝʣʝʤʝʰ ɸ.ʆ., ʃʷʰʝʥʢʦ ʉ.ɺ. & ʃʘʟʦʨʝʥʢʦ 

ɸ.ɯ. (2025). ɺʧʣʠʚ ʟʥʦʩʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʩʢʨʝʙʢʦʚʦʛʦ 

ʝʣʝʚʘʪʦʨʘ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ ʥʘ ʩʪʫʧʽʥʴ 

ʟʚʦʨʦʪʥʦʛʦ ʩʠʧʫ ʟʝʨʥʘ. ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʤʘʰʠʥʠ, 

51, 7-14. https://doi.org/10.36910/acm.vi51.1893 
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˞˟ˍ˚ ˜˕˟ˍ˚˚ˬ ˟ˍ ˜˛˞˟ˍ˚˛ˏ˗ˍ ˜˝˛ˎ˘˒˙˕ 

ʉʫʯʘʩʥʠʡ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʡ ʢʦʤʙʘʡʥ ʤʦʞʣʠʚʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʢʣʘʜʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʠʩʪʝʤʫ, ʱʦ 

ʚʠʢʦʥʫʻ ʟʘʚʝʨʰʘʣʴʥʫ ʯʘʩʪʠʥʫ ʪʝʭʥʦʣʦʛʽʡ ʧʦ ʚʠʨʦʙʥʠʮʪʚʫ ʟʝʨʥʦʚʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. 

ʊʝʤʘʪʠʢʘ ʙʽʣʴʰʦʩʪʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʪʘʢʠʤ ʥʘʧʨʷʤʦʤ ʚʽʜʦʙʨʘʞʝʥʘ ʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ 

ʚʽʜʦʤʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʚʯʝʥʠʭ: ʇʦʛʦʨʽʣʦʛʦ ʃ. ɺ., ʉʘʢʫʥʘ ɺ. ɸ., ʐʝʡʯʝʥʢʘ ɺ. ʆ., ʇʦʛʦʨʽʣʴʮʷ ʆ. ʄ., 

ɻʦʣʦʚʯʫʢʘ ɸ. ʌ, ɼʝʤʢʦ ɸ. ɸ., ɿʝʥʢʦ ʄ. ɼ., ʃʽʥʠʢʘ ʄ. ʂ., ʅʻʜʦʚʻʩʦʚʘ ɺ. ɯ. ʪʘ ʽʥ. (ʇʦʛʦʨʽʣʠʡ ʪʘ ʽʥ., 

2002; ʃʷʱʫʢ ʪʘ ʽʥ., 2019; ɸʨʪʴʦʤʦʚ ʪʘ ʽʥ., 2022). 

ʏʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʤʠ ʢʦʤʙʘʡʥʘʤʠ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʪʘ ʝʥʝʨʛʦʦʱʘʜʥʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ (Krajewski et al., 2024; Imelda 

& Hidayat, 2024). 

ʆʜʥʦʶ ʟ ʦʩʥʦʚʥʠʭ ʪʝʥʜʝʥʮʽʡ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʩʫʯʘʩʥʦʾ ʟʙʠʨʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʻ 

ʚʽʜʥʘʡʜʝʥʥʷ ʰʣʷʭʽʚ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ (ɹʫʨʣʘʢʘ ʪʘ ʽʥ., 2021). 

ɺʽʜʧʦʚʽʜʥʦ ʥʘʫʢʦʚʠʡ ʥʘʧʨʷʤʦʢ ʧʦ ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʤʦʣʦʪʠʣʴʥʦ-ʩʝʧʘʨʫʚʘʣʴʥʠʭ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʟʝʨʥʦʚʦʾ ʛʨʫʧʠ ʥʝ ʚʪʨʘʯʘʻ ʜʦʮʽʣʴʥʦʩʪʽ ʪʘ ʘʢʪʫʘʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʩʴʦʛʦʜʝʥʥʷ. 
 
˙̆̓́ ̨̠̅̏̒̌̅̇̆̎̎ ï ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʟʥʦʩʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʩʢʨʝʙʢʦʚʦʛʦ 

ʝʣʝʚʘʪʦʨʘ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ ʥʘ ʷʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʩʪʫʧʽʥʴ ʟʚʦʨʦʪʥʦʛʦ ʩʠʧʫ ʟʝʨʥʘ, ʘ 

ʪʘʢʦʞ ʦʙˇʨʫʥʪʫʚʘʪʠ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʤʙʘʡʥʘ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ. 

 
˙ˍ˟˒˝˴ˍ˘˕ ˴ ˙˒˟˛ˑ˕ 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʩʢʨʝʙʢʦʚʠʡ ʟʝʨʥʦʚʠʡ ʝʣʝʚʘʪʦʨ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ ʂɿʉ-9-1, ʘ 

ʧʨʝʜʤʝʪʦʤ ï ʚʧʣʠʚ ʟʥʦʩʫ ʡʦʛʦ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ (ʧʨʠʚʽʜʥʦʾ ʟʽʨʦʯʢʠ ʪʘ ʣʘʥʮʶʛʘ ʟʽ ʩʢʨʝʙʢʘʤʠ ʪʠʧʫ ʊʈɼ-

38-4000-2-2-6-6) ʥʘ ʷʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʝʨʥʘ ʪʘ ʚʝʣʠʯʠʥʫ ʟʚʦʨʦʪʥʦʛʦ ʩʠʧʫ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʽʚ: ʧʨʷʤʽ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʩʠ ʟʚʦʨʦʪʥʦʛʦ ʩʠʧʫ, ʛʨʘʬʦʘʥʘʣʽʪʠʯʥʠʡ ʘʥʘʣʽʟ 

ʢʦʣʠʚʘʥʴ ʣʘʥʮʶʛʦʚʦʾ ʧʝʨʝʜʘʯʽ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ 

ʟʝʨʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʴ ʨʫʭʫ ʪʘ ʤʝʪʦʜʫ ʃʘʛʨʘʥʞʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʟʜʽʡʩʥʶʚʘʣʘʩʷ 

ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʩʧʨʦʻʢʪʦʚʘʥʽʡ ʫʩʪʘʥʦʚʮʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʠʭ ʽ ʟʥʦʰʝʥʠʭ ʟʨʘʟʢʽʚ ʧʨʠʚʦʜʥʠʭ ʟʽʨʦʯʦʢ 

ʽ ʣʘʥʮʶʛʽʚ, ʘ ʪʘʢʦʞ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʽ ʤʘʩʠ ʟʝʨʥʘ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚʽʜʝʦʬʽʢʩʘʮʽʷ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ; 

ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʧʽʜʜʘʚʘʣʠʩʷ ʩʪʘʪʠʩʪʠʯʥʽʡ ʦʙʨʦʙʮʽ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʧʦʨʽʚʥʷʥʥʷʤ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʩʪʫʧʝʥʽʚ ʟʥʦʰʫʚʘʥʥʷ. 

 
˝˒˔ˠ˘˩˟ˍ˟˕ ˑ˛˞˘˴ˑ˓˒˚˚ˬ ˟ˍ ˛ˎː˛ˏ˛˝˒˚˚ˬ 

ʈʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʟʝʨʥʦʚʦʛʦ ʝʣʝʚʘʪʦʨʘ ʢʦʤʙʘʡʥʘ ʪʠʧʫ ʂɿʉ-9-1 ʻ ʣʘʥʮʶʛ ʊʈɼ-38-4000-2-2-6-6, ʟ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʧʨʷʤʦʢʫʪʥʠʤʠ ʛʫʤʦʚʠʤʠ ʩʢʨʝʙʢʘʤʠ ʥʘ ʨʠʩ. 1. 

ɿʝʨʥʦ ʟ ʜʦʤʽʰʢʘʤʠ ʧʠʣʫ, ʚʽʜʥʦʩʥʦ ʫʤʦʚ ʨʦʙʦʪʠ ʣʘʥʮʶʛʘ ʟʽ ʩʢʨʝʙʢʘʤʠ ʝʣʝʚʘʪʦʨʘ ʢʦʤʙʘʡʥʘ, 

ʤʦʞʣʠʚʦ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ ʦʩʥʦʚʥʫ ʧʨʠʯʠʥʫ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ ʩʢʣʘʜʦʚʠʭ ʪʘʢʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʩʠʩʪʝʤʠ. ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʣʘʥʮʶʛʘ ʪʘ ʧʨʠʚʽʜʥʦʾ ʟʽʨʦʯʢʠ (ʨʠʩ. 2) ʻ 

ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʢʦʣʠʚʘʥʴ, ʟʫʤʦʚʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʻʶ ʯʘʩʪʠʥʠ ʧʨʠʚʽʜʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʟʝʨʥʦʚʦʛʦ ʝʣʝʚʘʪʦʨʘ 
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ʈʠʩ.1 ï ɺʥʫʪʨʽʰʥʷ ʯʘʩʪʠʥʘ ʟʦʥʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟʝʨʥʦʚʦʛʦ ʝʣʝʚʘʪʦʨʘ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ 

ʢʦʤʙʘʡʥʘ ʪʠʧʫ ʂɿʉ-9-1 (ʬʦʪʦ ʘʚʪʦʨʽʚ, 2025): 

1 ï ʧʨʠʚʦʜʥʘ ʟʽʨʦʯʢʘ; 2 ï ʣʘʥʮʶʛ; ʦʩʥʘʱʝʥʠʡ ʩʢʨʝʙʢʘʤʠ; 3 ï ʧʽʜʰʠʧʥʠʢʦʚʘ ʦʧʦʨʘ ʫ ʩʫʢʫʧʥʦʩʪʽ ʟ 

ʥʘʪʷʞʥʠʤ ʧʨʠʩʪʨʦʻʤ; 4 ï ʧʨʠʚʦʜʥʠʡ ʚʘʣ 

 

. 

 

   
ʘ ʙ ʚ 

 

ʈʠʩ. 2 ï ʇʨʠʚʦʜʥʘ ʟʽʨʦʯʢʘ ʩʢʨʝʙʢʦʚʦʛʦ ʟʝʨʥʦʚʦʛʦ ʝʣʝʚʘʪʦʨʘ ʂɿʉ-9-1 (ʬʦʪʦ ʘʚʪʦʨʽʚ, 2025): 

(ʘ) ï ʥʦʚʘ; (ʙ, ʚ) ï ʽʟ ʩʫʪʪʻʚʠʤ ʟʥʦʩʦʤ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮʽʚ 

 

ʊʦʙʪʦ, ʘʙʨʘʟʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʮʠʢʣʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʽ ʧʨʠʨʦʜʦʶ ʢʦʣʠʚʘʥʴ ʚ 

ʣʘʥʮʶʛʦʚʽʡ ʧʝʨʝʜʘʯʽ ʥʝ ʪʽʣʴʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʘʣʝ ʡ ʥʘ ʷʢʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟʝʨʥʘ ʝʣʝʚʘʪʦʨʦʤ ʢʦʤʙʘʡʥʘ. 

ʂʦʨʦʪʢʦ ʨʦʟʛʣʷʥʝʤʦ ʪʝʦʨʝʪʠʯʥʽ ʩʢʣʘʜʦʚʽ ʧʨʠʨʦʜʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟʝʨʥʘ ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʮʽ ʝʣʝʚʘʪʦʨʘ ʢʦʤʙʘʡʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʣʠʚʘʥʴ ʥʘ ʣʘʥʮʶʛʦʚʽʡ ʧʝʨʝʜʘʯʽ ʪʘ ʩʪʫʧʝʥʷ ʟʥʦʰʫʚʘʥʥʷ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʦʛʦ ʝʣʝʚʘʪʦʨʘ (ʨʠʩ. 3). 
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ʘ ʙ 

 

ʈʠʩ. 3 ï ʉʭʝʤʘ ʩʠʣ (ʘ) ʪʘ ʩʭʝʤʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ (ʙ) ʧʨʠ ʚʽʜʮʝʥʪʨʦʚʦʤʫ ʨʦʟʚʘʥʪʘʞʝʥʥʽ ʟʝʨʥʘ 

ʩʢʨʝʙʢʦʚʦʛʦ ʝʣʝʚʘʪʦʨʘ (ʫʜʦʩʢʦʥʘʣʝʥʦ ʘʚʪʦʨʘʤʠ ʷʢ ʧʨʦʜʦʚʞʝʥʥʷ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ (ɹʫʨʣʘʢʘ & 

ʗʭʽʥ, 2017; ɹʫʨʣʘʢʘ & ʗʭʽʥ, 2018)) 

 

ʇʨʠʡʤʘʻʤʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʩʪʫʧʥʽ ʩʠʣʠ: G mg=  ï ʚʘʛʘ ʟʝʨʥʘ; N  ï ʥʦʨʤʘʣʴʥʘ ʨʝʘʢʮʽʷ 

ʧʦʚʝʨʭʥʽ; F kN=  ï ʩʠʣʘ ʪʝʨʪʷ; 
2

ʠʥP mr=  ï ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ ʽʥʝʨʮʽʾ; ʧʦʚF kmv=  ï ʩʠʣʘ ʦʧʦʨʫ 

ʧʦʚʽʪʨʷ, 2ʢʘʨF mv=  ï ʩʠʣʘ ʂʦʨʽʦʣʽʩʘ. ɼʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʫ ʚʝʢʪʦʨʥʽʡ ʬʦʨʤʽ ʤʘʻ ʚʠʛʣʷʜ 

(ɹʫʨʣʘʢʘ & ʗʭʽʥ, 2017; ɹʫʨʣʘʢʘ & ʗʭʽʥ, 2018): 

 ( )2 2

1    ʠʥ ʢʘʨ ʪʨ ʪʨ ʧʦʚm d xdt P G F F F F= + + + + +, (1) 

ʘʙʦ: 

 ( ) ( ) ( )2 2 2 ï  ï2   cos  sinm d xdt m x km dxdt fm dxdt mg t fmg t= - - + -è øê ú. (2) 

ʈʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʟʝʨʥʦʚʦʛʦ ʝʣʝʚʘʪʦʨʘ ʥʘ ʧʨʠʢʣʘʜʽ ʂɿʉ-9-1 ʻ ʣʘʥʮʶʛ ʟʽ ʩʢʨʝʙʢʘʤʠ ï ʪʠʧʫ ʊʈɼ-38-

4000-2-2-6-6. ʋ ʜʦʚʽʣʴʥʦʤʫ ʢʫʪʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ ʚʝʜʫʯʦʾ ʟʽʨʦʯʢʠ ï ʧʦʚʟʜʦʚʞʥʷ ʰʚʠʜʢʽʩʪʴ ʣʘʥʮʶʛʘ 

(ʨʠʩ. 4): 

 awn cosr= , (3) 

ʜʝ w ï ʧʦʩʪʽʡʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʝʜʫʯʦʾ ʟʽʨʦʯʢʠ; r  ï ʨʘʜʽʫʩ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʘʨʥʽʨʽʚ ʣʘʥʮʶʛʘ; a ï 

ʢʫʪ ʧʦʚʦʨʦʪʫ ʚ ʤʝʞʘʭ ʚʽʜ 0  ʜʦ 1/  zp . 

ɺʽʜʧʦʚʽʜʥʦ ʰʚʠʜʢʽʩʪʴ ʣʘʥʮʶʛʘ ʤʽʥʣʠʚʘ ʚ ʤʝʞʘʭ ʚʽʜ maxv  ʜʦ ( )max 1cos /v zp . 
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ʈʠʩ. 4 ï ʉʭʝʤʘ ʜʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʣʠʚʘʥʴ ʚ ʣʘʥʮʶʛʦʚʽʡ ʧʝʨʝʜʘʯʽ (ʫʜʦʩʢʦʥʘʣʝʥʦ ʘʚʪʦʨʘʤʠ ʷʢ 

ʧʨʦʜʦʚʞʝʥʥʷ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ (ɹʫʨʣʘʢʘ & ʗʭʽʥ, 2017; ɹʫʨʣʘʢʘ & ʗʭʽʥ, 2018)) 

 

ʈʦʟʛʣʷʥʝʤʦ ʨʽʚʥʷʥʥʷ (1) ʨʫʭʫ ʟʝʨʥʘ ʧʦ ʩʢʨʝʙʢʫ ʝʣʝʚʘʪʦʨʘ ʢʦʤʙʘʡʥʘ ʧʨʠ ʚʽʜʮʝʥʪʨʦʚʦʤʫ 

ʨʦʟʚʘʥʪʘʞʝʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʣʠʚʘʥʴ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ: 

 ( ) ( ) ( )2 " 2 '  sin cosx k f x x g t f tw w w w+ + - = +è øê ú, (4) 

ʜʝ w ï ʬʫʥʢʮʽʷ ʚʽʜ t , ()( )cosʘ bABS ntw= + . ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (4) ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʝʪʦʜ 

ʃʘʛʨʘʥʞʘ (ɹʫʨʣʘʢʘ & ʗʭʽʥ, 2017). ɿʘʛʘʣʴʥʫ ʩʠʩʪʝʤʫ ʨʽʰʝʥʴ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ: 

 () () ()1 1 2 2ʟʘʛ
ʍ t ʉ t Z C t Z= + , (5) 

ʜʝ ()1ʉ t ʪʘ ()2C t  ï ʬʫʥʢʮʽʾ ʚʽʜ ʯʘʩʫ ʨʫʭʫ t, ʱʦ ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ, ʪʦʜʽ: 
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ñ  (6) 

ʈʽʚʥʷʥʥʷ (6) ʦʧʠʩʫʻ ʨʫʭ ʟʝʨʥʠʥʠ ʧʦ ʩʢʨʝʙʢʫ ʝʣʝʚʘʪʦʨʘ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʜʦʜʘʪʥʠʭ ʬʫʥʢʮʽʷʭ 

( )f tw= , ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʚʝʨʭʥʴʦʾ ʚʝʜʫʯʦʾ ʟʽʨʦʯʢʠ. ɻʨʘʬʽʯʥʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʦʟʚôʷʟʢʫ ʧʦʜʘʥʘ ʥʘ ʨʠʩ 5. ɼʦʜʘʪʢʦʚʦ ʟʤʦʜʝʣʴʦʚʘʥʘ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʟʥʦʩ ʧʨʠʚʽʜʥʦʾ 

ʟʽʨʦʯʢʠ ʟʙʽʣʴʰʫʻ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ ʚ ʣʘʥʮʶʛʦʚʽʡ ʧʝʨʝʜʘʯʽ.  

 

 



˞˴˘˩˞˩˗˛ː˛˞˜˛ˑˍ˝˞˩˗˴ ˙ˍ˥˕˚˕ȟ ςπς5ȟ ˏ̉̐Ȣ 51 

AGRICULTURAL MACHINES, 2025, Vol. 51 

 

13 
 

 

 
ʘ 

 
ʙ 

ʈʠʩ. 5 ï ɼʽʘʛʨʘʤʘ ʨʫʭʫ ʧʦʨʮʽʾ ʟʝʨʥʘ ʧʦ ʩʢʨʝʙʢʫ ʝʣʝʚʘʪʦʨʘ, ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʧʨʠʢʣʘʜʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʙʘʡʥʘ ʂɿʉ-9 çʉʣʘʚʫʪʠʯè (ʫʜʦʩʢʦʥʘʣʝʥʦ ʘʚʪʦʨʘʤʠ ʷʢ ʧʨʦʜʦʚʞʝʥʥʷ 

ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ (ɹʫʨʣʘʢʘ & ʗʭʽʥ, 2017; ɹʫʨʣʘʢʘ & ʗʭʽʥ, 2018)): 

(ʘ) ï ʚʘʨʽʘʥʪ ʜʣʷ ʥʦʚʦʾ ʟʽʨʦʯʢʠ ʪʘ ʣʘʥʮʶʛʘ; (ʙ) ï ʧʦʨʽʚʥʷʣʴʥʠʡ ʚʘʨʽʘʥʪ ʥʦʚʠʭ ʪʘ ʟʥʦʰʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʝʣʝʚʘʪʦʨʘ ʢʦʤʙʘʡʥʘ 

 

ɿʘʟʥʘʯʠʤʦ:  

- ʩʪʫʧʽʥʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʫʭʫ ʟʝʨʥʘ ʧʦ ʩʢʨʝʙʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 
ʟʘ ʫʤʦʚʠ ʚʽʜʜʘʣʝʥʥʷ ʟʝʨʥʘ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʦʙʝʨʪʘʥʥʷ ʧʨʠʚʽʜʥʦʛʦ ʚʘʣʫ ʟʽʨʦʯʢʠ ʝʣʝʚʘʪʦʨʘ; 

- ʜ̔ ʘʧʘʟʦʥ ʚʘʨʽʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʪʷ ( 0,3 0,5)f = »  ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʧʦʨʫ ʧʦʚʽʪʨʷ 

0,07 0 1( ), 5k= »  ʻ ʚʠʟʥʘʯʥʠʤ ʱʦʜʦ ʢʨʘʱʠʭ ʪʘ ʛʽʨʰʠʭ ʫʤʦʚ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟʝʨʥʘ 

(ʨʠʩ. 3); 

- ʩʪʫʧʽʥʴ ʟʥʦʩʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʧʨʠʚʦʜʥʦʾ ʟʽʨʦʯʢʠ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʟʝʨʥʦʚʦʛʦ ʝʣʝʚʘʪʦʨʘ 
ʢʦʤʙʘʡʥʘ ʂɿʉ-9-1 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʪʘʥʽ 

ʆʆ1 (ʨʠʩ. 4). 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʪʝʦʨʝʪʠʯʥʠʭ ʪʚʝʨʜʞʝʥʴ ʥʘʤʠ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʥʘ ʩʧʝʮʽʘʣʴʥʦ 

ʩʧʨʦʝʢʪʦʚʘʥʽʡ ʫʩʪʘʥʦʚʮʽ (ɹʫʨʣʘʢʘ & ʉʣʠʥʴʢʦ, 2009; ɹʫʨʣʘʢʘ & ʉʣʠʥʴʢʦ, 2010). ʇʨʠ ʮʴʦʤʫ 

ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʟʥʦʩʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʩʢʨʝʙʢʦʚʦʛʦ ʝʣʝʚʘʪʦʨʘ ʥʘ ʷʢʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʝʨʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʚʦʨʦʪʥʦʛʦ ʩʠʧʫ ʟʝʨʥʘ, ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ 

ʟʙʽʣʴʰʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʩʠʧʫ ʫ 1,5é2 ʨʘʟʠ ʧʦ ʜʦʩʷʛʘʥʥʶ ʛʨʘʥʠʯʥʦʛʦ ʟʥʦʩʫ ʧʨʠʚʦʜʥʦʾ ʟʽʨʦʯʢʠ 

ʩʢʨʝʙʢʦʚʦʛʦ ʣʘʥʮʶʛʘ ʝʣʝʚʘʪʦʨʘ. 

ɺ ʷʢʦʩʪʽ ʧʝʨʩʧʝʢʪʠʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʪʘʢʦʤʫ ʥʘʧʨʷʤʢʫ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʦʚʦʜʠʪʠ ʥʘ 

ʤʦʜʝʣʷʭ ʢʦʤʙʘʡʥʽʚ ʉʂɯʌ ʪʘ ʩʢʨʝʙʢʦʚʠʭ ʝʣʝʚʘʪʦʨʘʭ ʟʝʨʥʦʧʝʨʝʨʦʙʥʦʾ ʛʘʣʫʟʽ. 

 

ˏ˕˞˚˛ˏ˗˕ 
ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʤʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ: 

1. ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʢʦʤʧʦʟʠʪʠ, ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 
ʷʢ ʧʨʠʚʦʜʥʦʾ ʟʽʨʦʯʢʠ, ʪʘʢ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʦʛʦ ʩʢʨʝʙʢʦʚʦʛʦ ʣʘʥʮʶʛʘ ʟʝʨʥʦʚʦʛʦ ʝʣʝʚʘʪʦʨʘ. ɺ ʪʘʢʦʤʫ 

ʥʘʧʨʷʤʢʫ ʙʘʞʘʥʦ ʨʫʭʘʪʠʩʴ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʢʨʦʢʫ ʣʘʥʮʶʛʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʤʽʮʥʽ 

ʤʘʪʝʨʽʘʣʠ ʣʘʥʦʢ ʣʘʥʮʶʛʘ. 

2. ʋʧʨʦʚʘʜʠʪʠ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʟʤʽʥʦʶ ʟʚʦʨʦʪʥʦʛʦ 
ʩʠʧʫ ʚ ʟʝʨʥʦʚʦʤʫ ʝʣʝʚʘʪʦʨʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʚʠʜʢʽʩʥʠʭ ʚʽʜʝʦʢʘʤʝʨ ʪʘ ʜʘʪʯʠʢʽʚ-ʚʠʪʨʘʪʦʤʽʨʽʚ. 

ʆʩʪʘʥʥʻ ʜʘʩʪʴ ʟʤʦʛʫ ʚʯʘʩʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʨʝʤʦʥʪ, ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʫ ʥʘʣʘʜʢʫ 

ʝʣʝʤʝʥʪʽʚ ʟʝʨʥʦʚʦʾ ʛʨʫʧʠ ʤʦʣʦʪʘʨʢʠ ʢʦʤʙʘʡʥʘ. 

3. ɿʘʩʪʦʩʦʚʫʚʘʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʪʘ ʝʣʝʢʪʨʦʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʝʨʥʘ 
ʩʢʨʝʙʢʦʚʠʤʠ ʝʣʝʚʘʪʦʨʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʫʧʝʥʶ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʝʨʥʦʚʦʾ ʛʨʫʧʠ ʚ ʤʝʞʘʭ ʜʽʘʧʘʟʦʥʫ 

ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ. 
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ABSTRACT 
 

The problem of weeds is one of the most pressing issues in modern 

agriculture. Traditional technologies, which involve the use of large 
amounts of chemical agents, have become a serious threat to global 

ecological systems. Moreover, some weed species have developed 

resistance to various herbicides, reducing the effectiveness of 

chemical control measures. This situation necessitates the adoption 

of innovative approaches to organizing technological processes for 
efficient weed elimination. Analysis of current research has shown 

that the global scientific community considers the introduction of 

robotics in agriculture a highly promising and relevant direction for 
further development. The deployment of robots in agriculture in 

countries such as the United States, the Netherlands, and China 

already contributes to resolving multiple pressing problems. 
Specifically, it allows farmers to reduce production costs, address 

labor shortages, maintain consistently high product quality, and 
improve overall working conditions. Considering these factors, the 

National University of Water and Environmental Engineering 

conducts applied scientific projects aimed at developing and testing 
robots for various agricultural tasks. The author has carried out a 

series of works on developing a specialized robot for targeted weed 

removal. This article presents the results of analyzing current 

research focused on designing and implementing advanced 

technologies for weed detection and control based on robotic 
systems. The analysis serves as the foundation for the conceptual 

design of a practical robot model. Additionally, the article outlines 

the results of expert evaluation of key factors determining the choice 
of a weeding robot for a specific agricultural enterprise. Effective 

selection of a robot for a particular farm requires a systematic 
scientific approach to organizing the weed elimination process, 

considering all quantitative and qualitative factors, many of which 

may not directly depend on the manufacturer. The results obtained 
can be used by agricultural producers to make a well-justified choice 

of robot and efficiently organize weeding technologies in a 
sustainable and productive manner.  

 

 
 

DOI: 10.36910/acm.vi51.1891 
 

To cite this article: 
Mykhailov A. (2025). Justification of the List of Factors for 

Selecting a Weeding Robot Model. Agricultural Machines, 

51, 15-23. https://doi.org/10.36910/acm.vi51.1891  

 
 
 
 
 
 



˞˴˘˩˞˩˗˛ː˛˞˜˛ˑˍ˝˞˩˗˴ ˙ˍ˥˕˚˕ȟ ςπς5ȟ ˏ̉̐Ȣ 51 

AGRICULTURAL MACHINES, 2025, Vol. 51 

 

16 
 

ˠˑ˗ φς-1:631.3 
 
 

˛ˎː˝ˠ˚˟ˠˏˍ˚˚ˬ ˜˒˝˒˘˴˗ˠ ˡˍ˗˟˛˝˴ˏ ˑ˘ˬ ˏ˕ˎ˛˝ˠ ˙˛ˑ˒˘˴ ˝˛ˎ˛˟ˍ ɀ 
˜˝˛˜˛˘˫ˏˍˤˍ ˎˠ˝ȭˬ˚˴ˏ 

ˍȢ˛Ȣ ˙̖̉́̊̌̏̃  
˚̨̗̝́̏̎́̌̎̉̊ ̨̔̎̃̆̑̒̉̓̆̓ ̃̏̅̎̏̄̏ ̄̏̒̐̏̅́̑̒̓̃́ ̓́ ̠̐̑̉̑̏̅̏̋̏̑̉̒̓̔̃́̎̎ȟ ̍Ȣ ˝̨̃̎̆ȟ 

ˠ̩̋̑́̎́ 
 
 

 

 
 

 

˗̨̟̘̌̏̃ ̒̌̏̃́: 
ʙʫʨ'ʷʥʠ,  

ʨʦʙʦʪ,  

ʝʢʩʧʝʨʪʥʝ ʦʮʽʥʶʚʘʥʥʷ,  

ʬʘʢʪʦʨʠ,  

ʩʧʦʩʦʙʠ ʙʦʨʦʪʴʙʠ ʟ ʙʫʨ'ʷʥʘʤʠ. 

 
 

˴̨̠̒̓̏̑ ̨̨̗̩̐̔̂̌̋́: 
ʆʪʨʠʤʘʥʦ 03.07.2025 

ɿʘʪʚʝʨʜʞʝʥʦ 01.10.2025 
 

*ˍ̃̓̏̑ ̠̅̌ ̠̌̉̒̓̔̃́̎̎: 
a.o.mykhailov@nuwm.edu.ua 

 

 

ɸʅʆʊɸʎɯʗ 

ʇʨʦʙʣʝʤʘ ʙʫʨ'ʷʥʽʚ ʻ ʦʜʥʽʻʶ ʟ ʘʢʪʫʘʣʴʥʠʭ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ. ʊʨʘʜʠʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʩʪʘʣʠ ʟʘʛʨʦʟʦʶ 

ʜʣʷ ʩʚʽʪʦʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ʂʨʽʤ ʪʦʛʦ, ʜʝʷʢʽ ʚʠʜʠ ʙʫʨ'ʷʥʽʚ 

ʨʦʟʚʠʥʫʣʠ ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʷʜʫ ʛʝʨʙʽʮʠʜʽʚ. ɺʩʝ ʮʝ ʚʠʤʘʛʘʻ 

ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟʥʠʱʝʥʥʷ ʙʫʨ'ʷʥʽʚ. ɸʥʘʣʽʟ ʯʠʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʠʚ, ʱʦ 

ʩʚʽʪʦʚʘ ʥʘʫʢʦʚʘ ʩʧʽʣʴʥʦʪʘ ʨʘʭʫʻ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʚ 

ʛʘʣʫʟʴ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʡ ʘʢʪʫʘʣʴʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʡʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʨʦʙʦʪʽʚ ʫ 

ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʫ ʉʐɸ, ʅʽʜʝʨʣʘʥʜʘʭ, ʂʠʪʘʾ ʚʞʝ ʥʘ ʜʘʥʠʡ 

ʯʘʩ ʩʧʨʠʷʻ ʚʠʨʽʰʝʥʥʶ ʨʷʜʘ ʧʨʦʙʣʝʤ. ɿʦʢʨʝʤʘ, ʜʦʟʚʦʣʷʻ ʘʛʨʘʨʽʷʤ 

ʩʢʦʨʦʯʫʚʘʪʠ ʚʠʨʦʙʥʠʯʽ ʚʠʪʨʘʪʠ, ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʫ ʜʝʬʽʮʠʪʫ 

ʨʦʙʦʯʠʭ ʨʫʢ, ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʦ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ, ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ ʫʤʦʚ ʧʨʘʮʽ ʨʦʙʽʪʥʠʢʽʚ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʘʟʥʘʯʝʥʦʛʦ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘʫʢʦʚʦ ï ʧʨʠʢʣʘʜʥʽ ʨʦʙʦʪʠ, 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʣʷʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʦʙʦʪʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʙʽʪ. ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʦ ʨʷʜ 

ʨʦʙʽʪ ʽʟ ʨʦʟʨʦʙʣʷʥʥʷ ʨʦʙʦʪʘ ʜʣʷ ʧʨʦʧʦʣʶʚʘʥʥʷ ʙʫʨôʷʥʽʚ. ʋ ʩʪʘʪʪʽ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʯʠʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ 

ʥʘ ʨʦʟʨʦʙʣʷʥʥʷ ʪʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʛʘʣʫʟʽ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʙʦʨʦʪʴʙʠ ʟ ʙʫʨ'ʷʥʘʤʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʨʦʙʦʪʽʚ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʙʫʜʝ ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʻʢʪʥʦʛʦ ʨʽʰʝʥʥʷ ʤʦʜʝʣʽ ʨʦʙʦʪʘ. ʊʘʢʦʞ 

ʚʠʢʣʘʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʚʠʙʽʨ ʤʦʜʝʣʽ ʨʦʙʦʪʘ ï ʧʨʦʧʦʣʶʚʘʯʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɽʬʝʢʪʠʚʥʠʡ ʧʽʜʙʽʨ ʨʦʙʦʪʘ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚʠʤʘʛʘʻ ʩʠʩʪʝʤʥʦʛʦ ʥʘʫʢʦʚʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ ʟʥʠʱʝʥʥʷ ʙʫʨôʷʥʽʚ. ʅʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ ʢʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʥʝ ʟʘʚʞʜʠ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʨʦʙʥʠʢʘ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʘʛʨʘʨʥʠʤʠ 

ʚʠʨʦʙʥʠʢʘʤʠ ʜʣʷ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʨʦʙʦʪʘ ʡ ʝʬʝʢʪʠʚʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʧʦʣʶʚʘʥʥʷ.  
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ʜʣʷ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʨʦʙʦʪʘ ï ʧʨʦʧʦʣʶʚʘʯʘ ʙʫʨôʷʥʽʚ. 
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https://doi.org/10.36910/acm.vi51.1891 
 
 

 



˞˴˘˩˞˩˗˛ː˛˞˜˛ˑˍ˝˞˩˗˴ ˙ˍ˥˕˚˕ȟ ςπς5ȟ ˏ̉̐Ȣ 51 

AGRICULTURAL MACHINES, 2025, Vol. 51 

 

17 
 

 
ʉʊɸʅ ʇʀʊɸʅʅʗ ʊɸ ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ 

ʉʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ï ʦʜʥʘ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ. ɺʨʘʭʦʚʫʶʯʽ 

ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʧʣʘʥʝʪʠ, ʘ ʦʪʞʝ ʡ ʧʦʪʨʝʙ ʫ ʧʨʦʜʫʢʪʘʭ ʭʘʨʯʫʚʘʥʥʷ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʟʤʽʥ. ɿʘʧʨʦʚʘʜʞʝʥʥʷ 

ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ï ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʛʨʘʨʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ.  

ʈʦʙʦʪʠʟʘʮʽʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʫ ʪʘʢʠʭ ʢʨʘʾʥʘʭ, ʷʢ ʉʐɸ, ʅʽʜʝʨʣʘʥʜʠ, ʂʠʪʘʡ ʚʞʝ ʥʘ ʜʘʥʠʡ 

ʯʘʩ ʜʦʟʚʦʣʷʻ ʢʦʤʧʣʝʢʩʥʦ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʠ ʩʢʦʨʦʯʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʧʨʘʮʽ ʨʦʙʽʪʥʠʢʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʦʩʪʘʥʥʷ 

ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʙʽʣʴʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʛʥʫʯʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʩʢʦʨʦʯʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ 

ʚʽʜʭʦʜʽʚ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʧʨʦʜʫʢʮʽʾ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʭʦʨʦʥʠ ʧʨʘʮʽ, ʩʢʦʨʦʯʝʥʥʷ ʧʣʠʥʥʦʩʪʽ ʧʽʜ ʯʘʩ ʧʝʨʩʦʥʘʣʫ ʨʝʩʫʨʩʠ, ʥʝʟʘʚʝʨʰʝʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ), ʝʢʦʥʦʤʽʷ ʚʠʨʦʙʥʠʯʠʭ ʧʣʦʱ (Kushwaha, H. et al.,2020; Zhao, X. et al.,2024; Sparrow, R., 

Howard M., 2021; Moshayedi, Ata Jahangir et al.,2024). 

ʊʘʢʦʞ ʨʦʙʦʪʠʟʘʮʽʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʧʨʠʷʻ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʩʫʙôʻʢʪʠʚʥʦʛʦ 

ʬʘʢʪʦʨʫ ʥʘ ʧʨʦʮʝʩʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʢʦʤ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ.  

ʆʜʥʘʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʚ ʩʽʣʴʩʴʢʝ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʫʪʨʫʜʥʶʻʪʴʩʷ ʯʝʨʝʟ 

ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʦʙʦʢ ʟ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ, ʥʝʜʦʩʪʘʪʥʴʦʾ ʚʠʚʯʝʥʦʩʪʽ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʚʽʜʩʫʪʥʦʩʪʽ ʤʝʪʦʜʠʢ ʽʟ ʧʽʜʙʦʨʫ,  ʚʧʨʦʚʘʜʞʝʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʾ  ʨʦʙʦʪʦʪʝʭʥʽʢʠ. ʎʠʤ 

ʧʦʷʩʥʶʶʪʴʩʷ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʨʦʙʦʪʦʪʝʭʥʽʢʘ ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʛʘʣʫʟʝʡ ʫ ʩʬʝʨʽ 

ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʯʝʨʝʟ ʯʠʩʣʝʥʥʽ ʚʠʢʣʠʢʠ, ʧʦʚôʷʟʘʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʤʽʩʮʝʚʦʩʪʽ, ʢʫʣʴʪʫʨ ʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿ ʮʠʤ ʧʦʚôʷʟʘʥʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʽʜʭʦʜʠ ʘʚʪʦʨʽʚ ʜʦ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʛʦ ʚʠʜʫ 

ʪʝʭʥʽʢʠ. 

ʊʘʢ ʘʚʪʦʨʠ (Martin, T., Gasselin, P., Hostiou, N. et al, 2022)  ʥʘʟʠʚʘʶʪʴ ʨʦʙʦʪʽʚ ʫ ʩʽʣʴʩʴʢʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ ʨʝʚʦʣʶʮʽʻʶ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ.  

ʈʷʜ ʘʚʪʦʨʽʚ ʘʥʘʣʽʟʫʶʪʴ ʧʨʦʮʝʩ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʨʦʙʦʪʽʚ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʚ ʩʝʥʩʽ ʚʧʣʠʚʫ 

ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʨʠʥʦʢ ʧʨʘʮʽ (Gallardo RK, Sauer J., 2018; G. Gebre-senbet, at all, 2023). 

ʊʘʢ ʫ ʨʦʙʦʪʽ (Gallardo RK, Sauer J., 2018) ʘʚʪʦʨʠ ʘʥʘʣʽʟʫʶʯʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʽʤʝʡʥʠʭ ʤʦʣʦʯʥʠʭ 

ʬʝʨʤ ʫ ɭʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ, ʚʽʜʤʽʯʘʶʪʴ ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʩʪʘʜʘ. ʉʘʤʝ ʜʘʥʠʡ 

ʬʘʢʪʦʨ ʜʦʩʣʽʜʥʠʢʠ ʥʘʟʠʚʘʶʪʴ ʢʣʶʯʦʚʠʤ ʜʣʷ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ʬʝʨʤʘʭ.  

ʅʝʩʪʘʯʘ ʨʦʙʦʯʦʾ ʩʠʣʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʣʫʯʝʥʥʷ ʩʝʟʦʥʥʠʭ ʨʦʙʽʪʥʠʢʽʚ, ʟʦʢʨʝʤʘ ʤʽʛʨʘʥʪʽʚ, ʜʣʷ 

ʨʦʙʦʪʠ ʫ ʬʝʨʤʝʨʩʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚʘʭ ɭʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ. ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʨʦʙʦʪʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʨʦʙʦʯʦʾ ʩʠʣʠ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ (G. 

Gebre-senbet, at all, 2023). ʂʨʽʤ ʪʦʛʦ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʨʦʙʦʪʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʨʦʙʽʪʥʠʢʽʚ ʫ ʛʘʣʫʟʽ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. 

ʅʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʩʪʽʡʥʦ ʚʧʣʠʚʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʘʢʪʦʨʠ: 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ, ʩʪʘʥ ˇʨʫʥʪʫ, ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʪʦʱʦ. ʈʦʙʦʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ ʪʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʟʜʘʪʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ, ʱʦ ʦʮʽʥʶʶʪʴ ʜʘʥʽ ʬʘʢʪʦʨʠ, ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʣʷ ʟʙʦʨʫ ʢʦʨʠʩʥʠʭ ʟʥʘʥʴ, ʪʘʢʠʭ ʷʢ ʢʦʣʠ ʩʘʜʠʪʠ ʥʘʩʽʥʥʷ, ʷʢʽ ʢʫʣʴʪʫʨʠ ʚʠʙʨʘʪʠ, ʷʢʝ 

ʛʽʙʨʠʜʥʝ ʥʘʩʽʥʥʷ ʚʠʙʨʘʪʠ ʜʣʷ ʚʠʱʦʾ ʚʨʦʞʘʡʥʦʩʪʽ, ʪʦʱʦ (M. Javaid at all,2023). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʪʽʚ ʚ ʘʛʨʘʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʦʧʦʤʘʛʘʻ ʫ ʨʘʥʥʴʦʤʫ ʚʠʷʚʣʝʥʥʽ ʰʢʽʜʥʠʢʽʚ, 

ʭʚʦʨʦʙ ʪʘ ʜʝʬʽʮʠʪʫ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʬʝʨʤʘʭ  (M. Javaid at all,2023). 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ ʽʥʞʝʥʝʨʠ ʩʪʚʦʨʶʶʪʴ ʨʦʙʦʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʦʤʧ'ʶʪʝʨʥʠʡ ʟʽʨ ʪʘ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʣʷ ʪʦʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʙʫʨ'ʷʥʽʚ ʪʘ ʾʭ ʦʙʧʨʠʩʢʫʚʘʥʥʷ ʘʙʦ 

ʧʨʦʧʦʣʶʚʘʥʥʷ (A. Khadatkar at all, 2025). 

ʊʘʢ ʫ ʨʦʙʦʪʽ (A. Khadatkar at all, 2025) ʘʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʤʝʭʘʥʽʯʥʦʛʦ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʨʦʙʦʪʘ ʜʣʷ ʧʨʦʧʦʣʶʚʘʥʥʷ. ʉʭʝʤʘ ʨʦʙʦʪʘ ʜʣʷ ʧʨʦʧʦʣʶʚʘʥʥʷ ʧʨʦʩʘʧʥʠʭ 

ʢʫʣʴʪʫʨ (WeeRo) ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 1.  

 

https://www.sciencedirect.com/science/article/pii/S2590123025012757
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ʈʠʩ. 1 ï ʈʦʙʦʪ WeeRo  (A. Khadatkar at all, 2025) 

 

ʈʦʙʦʪ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʨʦʙʦʪʽ (A. Khadatkar at all, 2025)  ʜʦʟʚʦʣʷʻ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ) ʜʦʩʷʛʘʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʧʦʣʶʚʘʥʥʷ 81,6% ʟ ʨʽʚʥʝʤ ʧʦʰʢʦʜʞʝʥʥʷ ʨʦʩʣʠʥ 

ʣʠʰʝ 4,5%. ʂʨʽʤ ʪʦʛʦ, ʨʦʙʦʪ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʥʝʩʪʘʯʽ ʨʦʙʦʯʦʾ ʩʠʣʠ ʚ ʧʽʢʦʚʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʧʝʨʽʦʜʠ, ʧʨʦʧʦʥʫʶʯʠ ʥʘʜʽʡʥʫ ʪʘ ʝʬʝʢʪʠʚʥʫ ʘʣʴʪʝʨʥʘʪʠʚʫ ʙʦʨʦʪʴʙʽ ʟ ʙʫʨ'ʷʥʘʤʠ. 

ʈʷʜ ʜʦʩʣʽʜʥʠʢʽʚ ʩʧʨʷʤʦʚʫʚʘʣʠ ʩʚʦʶ ʨʦʙʦʪʫ ʥʘ ʧʠʪʘʥʥʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʙʫʨôʷʥʽʚ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʪʽʚ (A. Khadatkar at all, 2025; A. C.N. Merfield, 2016; C.N. Merfield, 2023; C. 

MacLaren at all, 2020; R. Raja  at all, 2023; L. Quan at all, 2022; J. Machleb at all,2020). 

ɸʚʪʦʨʠ  (R. Raja, 2023) ʙʘʟʫʶʯʠʩʴ ʥʘ ʽʜʝʾ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʽʤʽʯʥʠʭ ʛʝʨʙʽʮʠʜʽʚ, 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʥʘ ʦʧʣʘʪʫ ʧʨʘʮʽ ʪʘ ʦʙʤʝʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, 

ʨʦʟʨʦʙʠʣʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʤʝʭʘʥʽʯʥʫ ʨʦʙʦʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʚʥʫʪʨʽʰʥʴʦʨʷʜʥʦʛʦ ʧʨʦʧʦʣʶʚʘʥʥʷ, 

ʟʘʩʥʦʚʘʥʫ ʥʘ ʛʣʠʙʦʢʦʤʫ ʥʘʚʯʘʥʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʫʣʴʪʫʨ ʪʘ ʙʫʨ'ʷʥʽʚ (ʨʠʩ.2). ʇʨʦʚʝʜʝʥʦ ʧʦʣʴʦʚʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʨʦʙʦʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʠʙʽʨʢʦʚʦ ʟʥʠʱʫʚʘʣʘ ʙʫʨôʷʥʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʥʠʱʝʥʥʷ ʩʪʘʥʦʚʠʣʘ 98%. 

ʗʢ ʧʦʢʘʟʘʚ ʘʥʘʣʽʟ ʯʠʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʯʝʥʽ ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʨʦʟʨʦʙʣʷʥʥʶ  ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʤʝʭʘʥʽʯʥʦʛʦ ʨʦʙʦʪʠʟʦʚʘʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʙʫʨ'ʷʥʽʚ (L. Petrich at all, 2022; D.S. Paraforos at 

all,2022). 

 
 

ʈʠʩ. 2 ï ʄʽʢʨʦʩʪʨʫʤʠʥʥʠʡ ʨʦʟʧʠʣʶʚʘʯ Raja (R. Raja at all, 2023) 

 

https://www.sciencedirect.com/author/36083080400/longzhe-quan
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ʇʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʤʝʭʘʥʽʯʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʙʫʨ'ʷʥʘʤʠ ʚʽʜʤʽʯʝʥʘ ʚ ʨʦʙʦʪʽ (L. Quan at all, 

2022), ʦʩʦʙʣʠʚʦ ʜʣʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ. ʋ ʨʦʙʦʪʽ ʚʠʢʣʘʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʚʥʫʪʨʽʰʥʴʦʨʷʜʥʦʛʦ ʧʨʦʧʦʣʶʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʛʣʠʙʦʢʦʤʫ ʥʘʚʯʘʥʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʫʣʴʪʫʨ ʪʘ 

ʙʫʨ'ʷʥʽʚ. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʮʽʣʴʦʚʫ ʩʭʝʤʫ 

ʧʨʦʧʦʣʶʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʘʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʨʠ ʚʠʜʠ  ʥʦʞʽʚ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ ʙʫʨ'ʷʥʘʤʠ. 

ʇʦʣʴʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʦ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʣʠʥʦʧʦʜʽʙʥʦʛʦ ʥʦʞʘ ʜʣʷ ʧʨʦʧʦʣʶʚʘʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʚʠʜʘʣʝʥʥʷ ʙʫʨ'ʷʥʽʚ ʩʪʘʥʦʚʠʚ 85,91%, ʘ 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʰʢʦʜʞʝʥʥʷ ʧʦʩʽʚʽʚ ï 1,17%. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʤʝʪʦʜʫ ʙʦʨʦʪʴʙʠ ʟ ʙʫʨ'ʷʥʘʤʠ ʚ ʨʷʜʢʘʭ. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ ʪʘʢʦʞ, ʱʦ ʦʜʥʠʤ ʟ ʧʦʧʫʣʷʷʨʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʣʷʥʥʷ ʩʠʩʪʝʤ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʪʦʯʥʦ ʚʠʷʚʣʷʪʠ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʙʫʨôʷʥʠ ʪʘ ʢʫʣʴʪʫʨʥʽ ʨʦʩʣʠʥʠ ʥʘ ʧʦʣʽ. ʇʨʦʮʝʩ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʟʙʦʨʫ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʧʽʜʛʦʪʦʚʢʠ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʘʣʛʦʨʠʪʤʽʚ ʮʠʬʨʦʚʦʾ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʨʦʙʣʝʤʠ: ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʙʫʨ'ʷʥʽʚ ʚʽʜ ʧʦʩʽʚʽʚ, 

ʷʢʽ ʤʘʶʪʴ ʩʭʦʞʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ; ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʢʨʝʤʦʾ ʨʦʩʣʠʥʠ ʧʨʠ ʟʥʘʯʥʦʤʫ ʾʭʥʴʦʤʫ ʩʢʫʧʯʝʥʥʽ 

(Li N, Zhang X, Zhang C, Ge L, He Y, Wu X., 2019; N.  Hussain et all, 2020). 

 

 
 

ʈʠʩ. 3 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʨʷʜʥʦʛʦ ʧʨʦʧʦʣʶʚʘʥʥʷ: 1- ʩʝʨʚʦʜʚʠʛʫʥ, 2- ʨʝʜʫʢʪʦʨ, 

3- ʚʽʩʴ ʦʧʪʠʯʥʘ, 4 ïʦʧʦʨʘ, 5 ï ʛʚʠʥʪʦʚʠʡ ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ, 6- ʨʝʜʫʢʪʦʨ, 7 - ʧʦʚʟʫʥ, 8 ï ʨʦʙʦʯʠʡ ʦʨʛʘʥ ( 

L. Quan at all, 2022). 

 

ʋ ʨʦʙʦʪʽ (L. Petrich at all, 2022) ʚʠʢʣʘʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʦʙʫʚʘʥʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʦʙʦʪʠʟʦʚʘʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʥʘʚʽʰʫʻʪʴʩʷ ʥʘ ʪʨʘʢʪʦʨ. ɸʚʪʦʨʘʤʠ ʜʦʚʝʜʝʥʦ, ʱʦ ʥʘʚʽʩʥʝ ʨʦʙʦʪʠʟʦʚʘʥʝ ʦʙʣʘʜʥʘʥʥʷ 

ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʦʣʷʭ, ʜʝ ʻ ʟʥʘʯʥʽ ʩʢʫʧʯʝʥʥʷ ʙʫʨôʷʥʽʚ.  

 

 
ʈʠʩ. 4 ï ʈʦʙʦʪʠʟʦʚʘʥʝ ʦʙʣʘʜʥʘʥʥʷ (L. Petrich at all, 2022) 

 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/mechanical-weed-control
https://www.sciencedirect.com/author/36083080400/longzhe-quan
https://www.sciencedirect.com/author/36083080400/longzhe-quan
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ʗʢ ʙʘʯʠʤʦ, ʨʦʟʨʦʙʣʷʥʥʷ ʡ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʨʦʙʦʪʽʚ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, 

ʟʦʢʨʝʤʘ ʟ ʤʝʪʦʶ ʟʥʠʱʝʥʥʷ ʙʫʨôʷʥʽʚ, ʻ ʘʢʪʫʘʣʴʥʠʤ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʩʪʽ. 

ʈʦʙʦʪʠ ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʷʢ ʘʛʨʦʭʦʣʜʠʥʛʽʚ, ʪʘʢ ʡ ʬʝʨʤʝʨʽʚ. ɸʣʝ ʜʣʷ ʚʠʙʦʨʫ ʨʦʙʦʪʘ 

ʧʦʪʨʽʙʥʦ ʨʦʟʫʤʽʪʠ ʥʘ ʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʪʨʽʙʥʦ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʱʦʙ ʦʙʨʘʪʠ ʤʦʜʝʣʴ, ʷʢʘ ʙʫʜʝ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʶ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʩʬʦʨʤʫʻʤʦ ʤʝʪʫ ʥʘʰʦʾ ʨʦʙʦʪʠ. 

ʄɽʊɸ ɼʆʉʃɯɼɾɽʅʅʗ ï ʘʥʘʣʽʟ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʥʘʡʙʽʣʴʰʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʙʽʨ 

ʨʦʙʦʪʘ ï ʧʨʦʧʦʣʶʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʟʥʠʱʝʥʥʷ ʥʝʙʘʞʘʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ. 

ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ 

ɽʬʝʢʪʠʚʥʠʡ ʧʽʜʙʽʨ ʨʦʙʦʪʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚʠʤʘʛʘʻ ʩʠʩʪʝʤʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ ʟʥʠʱʝʥʥʷ ʙʫʨôʷʥʽʚ. ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ ʢʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ 

ʬʘʢʪʦʨʠ, ʷʢʽ ʥʝ ʟʘʚʞʜʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʨʦʙʥʠʢʘ.  

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʘ ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʨʦʙʦʪʘ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʚʠʢʣʘʜʝʥʠʭ ʫ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ 

ʝʢʩʧʝʨʪʥʘ ʛʨʫʧʘ (ɻ.ʄ. ɻʥʘʪʽʻʥʢʦ., ɺ.ɭ. ʉʥʠʪʶʢ, 2008) ɼʦ ʾʾ ʩʢʣʘʜʫ ʫʚʽʡʰʣʠ 12 ʝʢʩʧʝʨʪʽʚ: 4 

ʚʠʢʣʘʜʘʯʠ, 9 ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʘʛʨʘʨʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ.  

ʊʝʭʥʦʣʦʛʽʷ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʝ ʢʽʣʴʢʘ ʝʪʘʧʽʚ: 

Å ʬʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʝʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʽʟʫ;  

Å ʬʦʨʤʫʚʘʥʥʷ ʝʢʩʧʝʨʪʥʦʾ ʛʨʫʧʠ;  

Å ʨʦʟʨʦʙʢʘ ʧʨʦʮʝʜʫʨ ʪʘ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ;  

Å ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ;  

Å ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ; 

Å  ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ. 

ɽʢʩʧʝʨʪʘʤ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʬʘʢʪʦʨʠ: ʩʧʦʩʽʙ ʟʥʠʱʝʥʥʷ ʙʫʨôʷʥʽʚ, 

ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʙʫʨôʷʥʽʚ, ʪʠʧ ʜʚʠʛʫʥʘ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ, ʤʘʩʘ ʨʦʙʦʪʘ, ʯʘʩ 

ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʛʨʫʥʪʦʚʦ ï ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ. 

ɼʣʷ ʦʙʨʦʙʢʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʨʘʥʞʠʨʫʚʘʥʥʷ - 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʫ ʧʦʨʷʜʢʫ ʟʨʦʩʪʘʥʥʷ ʘʙʦ ʩʧʘʜʘʥʥʷ. ʄʝʪʦʜ ʨʘʥʞʠʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ 

ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʟ ʥʘʙʦʨʫ ʬʘʢʪʦʨʽʚ ʘʙʦ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʙʫʣʠ ʚʠʚʯʝʥʽ. ʆʪʨʠʤʘʥʠʡ ʨʘʥʞʦʚʘʥʠʡ ʩʧʠʩʦʢ 

ʥʘʟʠʚʘʻʪʴʩʷ ʨʘʥʞʠʨʫʚʘʥʠʤ ʩʧʠʩʢʦʤ, ʜʝ ʨʘʥʛ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʦʨʽʚʥʶʻ 1, ʘ ʨʘʥʛ 

ʥʘʡʤʝʥʰ ʚʘʞʣʠʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ n. ʇʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʻ ʡʦʛʦ ʧʨʦʩʪʦʪʘ. ɺʽʜʧʦʚʽʜʽ 

ʝʢʩʧʝʨʪʽʚ ʫʩʝʨʝʜʥʶʶʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʾ ʦʮʽʥʢʠ ʛʨʫʧʠ ʝʢʩʧʝʨʪʽʚ. ʅʘʡʯʘʩʪʽʰʝ ʜʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ. 

ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʨʝʡʪʠʥʛʽʚ, ʧʨʠʩʚʦʻʥʠʭ ʦʙ'ʻʢʪʽʚ: 

                                                     (1) 

ʜʝ   - ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʙʘʣʽʚ ʝʢʩʧʝʨʪʥʦʾ ʛʨʫʧʠ; 

- ʦʮʽʥʢʘ j ʝʢʩʧʝʨʪʘ. 

ʊʦʯʥʽʩʪʴ ʦʮʽʥʦʢô ʝʢʩʧʝʨʪʽʚ ʚʠʟʥʘʯʘʣʘʩʷ ʩʪʫʧʝʥʝʤ ʟʙʽʛʫ ʜʫʤʦʢ ʝʢʩʧʝʨʪʽʚ. ʂʦʝʬʽʮʽʻʥʪ ʫʟʛʦʜʞʝʥʦʩʪʽ 

ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

                                                  (2) 

ʜʝ  S - ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʚʽʜʭʠʣʝʥʴ ʢʽʣʴʢʦʩʪʽ ʨʝʡʪʠʥʛʽʚ ʘʙʦ ʧʝʨʝʚʘʛ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ; n - ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʪʽʚ; m- ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ ʜʣʷ ʦʮʽʥʢʠ. 

ʉʫʤʘ ʢʚʘʜʨʘʪʽʚ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʘʨʠʬʤʝʪʠʯʥʦʾ  

                                        (3) 

ʜʝ   - ʢʽʣʴʢʽʩʪʴ ʨʘʥʛʽʚ, ʧʨʠʩʚʦʻʥʠʭ j ʝʢʩʧʝʨʪʦʤ i ʬʘʢʪʦʨʫ; 

 - ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʨʘʥʞʠʨʫʚʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʪʥʦʛʦ ʨʝʡʪʠʥʛʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʠʞʯʝ (ʪʘʙʣ.1). 

ʋʟʛʦʜʞʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʶʚʘʣʘʩʴ ʟʘ (2) ʽ ʩʪʘʥʦʚʠʣʘ 0,78, ʱʦ ʚʢʘʟʫʻ ʥʘ ʫʟʛʦʜʞʝʥʽʩʪʴôʜʫʤʦʢ 

ʝʢʩʧʝʨʪʽʚ. 
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ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ʆɹɻʆɺʆʈɽʅʅʗ 

ʉʠʩʪʝʤʘʪʠʟʫʻʤʦ ʟʤʽʩʪ ʧʝʨʰʠʭ ʪʨʴʦʭ ʬʘʢʪʦʨʽʚ, ʚʠʟʥʘʯʝʥʠʭ ʝʢʩʧʝʨʪʘʤʠ ʷʢ ʪʘʢʽ, ʱʦ ʥʘʜʘʶʪʴ 

ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʚʠʙʽʨ ʤʦʜʝʣʽ ʨʦʙʦʪʘ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʥʠʱʝʥʥʷ ʙʫʨôʷʥʽʚ.  

1. ʉʧʦʩʽʙ ʟʥʠʱʝʥʥʷ ʙʫʨôʷʥʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʩʧʦʩʦʙʽʚ ʙʦʨʦʪʴʙʠ ʟ ʙʫʨ'ʷʥʘʤʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʊʨʘʜʠʮʽʡʥʠʡ ʩʧʦʩʽʙï ʤʝʭʘʥʽʯʥʠʡ. ɼʘʥʠʡ ʩʧʦʩʽʙ ʧʝʨʝʜʙʘʯʘʻ  ʬʽʟʠʯʥʠʡ ʚʧʣʠʚ ʥʘ ʙʫʨôʷʥʠ ʟ ʤʝʪʦʶ 

ʾʭʥʴʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ, ʥʘʧʨʠʢʣʘʜ, ʩʢʦʰʫʚʘʥʥʷ, ʟʨʽʟʘʥʥʷ, 

ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ, ʪʦʱʦ. 

ʇʝʨʝʚʘʛʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʻ ʟʤʝʥʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʛʝʨʙʽʮʠʜʽʚ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʚ ʦʨʛʘʥʽʯʥʦʤʫ ʟʝʤʣʝʨʦʙʩʪʚʽ. ʂʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʙʦʪʽʚ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ 

ʥʝʩʪʘʯʽ ʨʦʙʦʯʦʾ ʩʠʣʠ. ʊʘʢ, ʟʦʢʨʝʤʘ, ʫ (L. Shang at all, 2023) ʘʚʪʦʨʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʙʦʪʠ ʜʣʷ 

ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʦʧʦʣʶʚʘʥʥʷ ʤʦʞʫʪʴ ʟʤʝʥʰʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʯʦʾ ʩʠʣʠ ʥʘ 85% ʪʘ 60% ʚ 

ʦʨʛʘʥʽʯʥʦʤʫ ʚʠʨʦʱʫʚʘʥʥʽ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʪʘ ʤʦʨʢʚʠ. ɸʣʝ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʨʦʙʦʪʠ ʦʩʥʘʱʝʥʽ 

ʪʘʢʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ, ʷʢ ʛʨʘʙʣʽ ʪʘ ʨʦʪʦʨʥʽ ʣʝʟʘ, ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʛʦ ʧʦʨʫʰʝʥʥʷ ˇʨʫʥʪʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʨʦʟʽʾ (L. Shang at all, 2023).  ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʨʦʙʦʪʽʚ ʝʬʝʢʪʠʚʥʝ ʟʘ ʧʦʪʨʝʙʠ 

ʟʥʠʱʫʚʘʪʠ ʙʫʨô̫ ʥʠ ʟ ʛʣʠʙʦʢʠʤ ʢʦʨʽʥʥʷʤ (L. Shang at all, 2023). 

ɼʨʫʛʠʡ ʧʦʰʠʨʝʥʠʡ ʩʧʦʩʽʙ ï ʮʝ ʭʽʤʽʯʥʝ ʟʥʠʱʝʥʥʷ ʙʫʨôʷʥʽʚ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ. ɼʦ ʧʝʨʝʚʘʛ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʝ, ʱʦ ʚʽʥ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʥʠʱʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʫʨôʷʥʽʚ ʽ ʪʠʤ ʩʘʤʠʤ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʦʧʦʣʶʚʘʥʥʷ. ʊʘʙʣʠʮʷ 1. 

ʊʦʯʥʘ ʧʦʜʘʯʘ ʛʝʨʙʽʮʠʜʫ ʟʥʘʯʥʠʤ ʯʠʥʦʤ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʫ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʽ 

ʟʤʝʥʰʠʪʠ ʝʢʦʣʦʛʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʆʜʥʠʤ ʽʟ ʽʥʦʚʘʮʽʡʥʠʭ ʩʧʦʩʦʙʽʚ ʟʥʠʱʝʥʥʷ ʙʫʨôʷʥʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʦʙʦʪʽʚ ʻ  ʣʘʟʝʨʥʘ ʦʙʨʦʙʢʘ 

ʥʝʙʘʞʘʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ. ʃʘʟʝʨʥʠʡ ʩʧʦʩʽʙ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʦʨʛʘʥʽʯʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ, ʦʩʢʽʣʴʢʠ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʂʨʽʤ ʪʦʛʦ, ʣʘʟʝʨ ʥʝ ʧʦʨʫʰʫʻ 

ʩʪʨʫʢʪʫʨʫ ˇʨʫʥʪʫ. ʈʦʙʦʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʘʟʝʨ, ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʦʣʷʭ, ʜʝ 

ʜʦʤʽʥʫʶʪʴ  ʙʫʨ'ʷʥʠ  ʟ ʛʣʠʙʦʢʠʤ ʢʦʨʽʥʥʷʤ ʪʘ ʪʦʚʩʪʠʤ ʩʪʝʙʣʦʤ. 

ɺʽʜʦʤʠʤʠ ʻ ʨʦʙʦʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʘʨʷʯʝ ʧʦʚʽʪʨʷ ʘʙʦ ʚʦʜʫ ʜʣʷ ʟʥʠʱʝʥʥʷ ʙʫʨôʷʥʽʚ (A. 

Thakur, S. Venu, M. Gurusamy, 2023), ʘ ʪʘʢʦʞ ʧʦʣʫʤôʷ (M.J. Mia at all, 2020). ɿʛʽʜʥʦ (A. Thakur, S. Venu, 

M. Gurusamy, 2023; M.J. Mia at all, 2020) ʪʝʨʤʽʯʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʧʦʨʫʰʫʻ ʢʣʽʪʠʥʥʫ ʩʪʨʫʢʪʫʨʫ 

ʨʦʩʣʠʥ ʙʫʨ'ʷʥʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʟʥʝʚʦʜʥʝʥʥʷ, ʚ'ʷʥʝʥʥʷ ʪʘ, ʟʨʝʰʪʦʶ, ʟʘʛʠʙʝʣʽ. ʅʝʜʦʣʽʢʘʤʠ ʻ:  

ʚʠʩʦʢʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ; ʥʝ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʱʝʥʥʷ ʛʣʠʙʦʢʦ ʚʢʦʨʽʥʝʥʠʭ ʘʙʦ ʙʘʛʘʪʦʨʽʯʥʠʭ ʙʫʨ'ʷʥʽʚ; ʚʠʩʦʢʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ; ʤʦʞʣʠʚʽ ʧʦʰʢʦʜʞʝʥʥʷ ʢʫʣʴʪʫʨʥʠʭ ʨʦʩʣʠʥ; ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ ʚʦʜʠ ʘʙʦ ʧʘʨʠ.  

2. ʊʝʭʥʦʣʦʛʽʾ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʙʫʨôʷʥʽʚ. 

ʇʽʜ ʯʘʩ ʚʠʙʦʨʫ ʨʦʙʦʪʘ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʠʩʪʝʤ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʙʫʨôʷʥʽʚ ʥʘ ʧʦʣʽ. ɺʽʜ ʪʦʯʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʙʫʨôʷʥʽʚ ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭʥʴʦʛʦ 

ʟʥʠʱʝʥʥʷ, ʦʙôʻʤ ʚʠʢʦʨʠʩʪʘʥʠʭ ʨʝʩʫʨʩʽʚ; ʧʦʰʢʦʜʞʝʥʥʷ ʚʨʦʞʘʶ ʢʫʣʴʪʫʨ.  ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʙʫʨ'ʷʥʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ: ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʘʪʯʠʢʠ, ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʽ, ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ, ʽʥʬʨʘʯʝʨʚʦʥʽ ʢʘʤʝʨʠ; 

ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ; LiDAR.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʤʝʨ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʙʫʨôʷʥʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʻ ʟʥʘʯʥʦ ʜʝʰʝʚʰʠʤʠ ʥʽʞ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ ʢʘʤʝʨʠ, ʷʢʽ ʟʜʘʪʥʽ ʚʠʨʽʟʥʷʪʠ 

ʥʝʙʘʞʘʥʫ ʨʦʩʣʠʥʥʽʩʪʴ ʚ ʫʤʦʚʘʭ ʱʽʣʴʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʥʷ ʾʾ ʟ ʢʫʣʴʪʫʨʥʠʤʠ ʨʦʩʣʠʥʘʤʠ.  

 ʈʦʙʦʪʠ, ʽʥʪʝʛʨʦʚʘʥʽ ʟ ʤʘʰʠʥʥʠʤ ʟʦʨʦʤ ʪʘ ʤʝʪʦʜʘʤʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʙʽʣʴʰ 

ʪʦʯʥʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʙʫʨôʷʥʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʪʘ ʦʱʘʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʝʨʙʽʮʠʜʠ. 

3. ˆʨʫʥʪʦʚʦ ï ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ. 

ʊʠʧʠ ˇʨʫʥʪʽʚ ʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʚʠʟʥʘʯʘʶʪʴ ʚʠʜ ʢʫʣʴʪʫʨ, ʷʢʽ ʚʠʨʦʱʫʶʪʴ ʫ ʛʦʩʧʦʜʘʨʩʪʚʘʭ. 

ɺʽʜ ʮʴʦʛʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʠʪʴ ʱʽʣʴʥʽʩʪʴ ʧʦʩʽʚʽʚ, ʘ ʪʘʢʦʞ ʚʠʜʠ ʙʫʨôʷʥʽʚ, ʷʢʽ ʧʝʨʝʚʘʞʘʶʪʴ ʥʘ 

ʧʦʣʷʭ. ʑʽʣʴʥʽʩʪʴ ʧʦʩʽʚʽʚ ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʙʫʨôʷʥʽʚ, ʱʦ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʚʠʙʦʨʽ ʩʢʣʘʜʫ ʩʠʩʪʝʤ ʜʣʷ ʚʠʷʚʣʝʥʥʷ  ʥʝʙʘʞʘʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʨʦʙʦʪʘʭ.   

ʅʘ ʚʠʙʽʨ ʩʧʦʩʦʙʫ ʟʥʠʱʝʥʥʷ  ʙʫʨôʷʥʽʚ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ.  

ʅʘ ʪʦʯʥʽʩʪʴ ʨʦʙʦʪʠ ʢʘʤʝʨ ʪʘ ʜʘʪʯʠʢʽʚ ʚʧʣʠʚʘʶʪʴ ʧʦʛʦʜʥʽ ʫʤʦʚʠ, ʷʢʽ ʧʝʨʝʚʘʞʘʶʪʴ ʫ ʪʽʡ ʯʠ ʽʥʰʽʡ 

ʤʽʩʮʝʚʦʩʪʽ. 
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ɺʀʉʅʆɺʆʂ 

ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʙʽʨ ʤʦʜʝʣʽ ʨʦʙʦʪʘ ʧʨʦʧʦʣʶʚʘʯʘ, ʟ ʤʝʪʦʶ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʥʠʱʝʥʥʷ ʥʝʙʘʞʘʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʧʦʣʷʭ 

ʢʦʥʢʨʝʪʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʠʣʠ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʠʡ 

ʚʠʩʥʦʚʦʢ: ʚʠʙʽʨ ʤʦʜʝʣʽ ʨʦʙʦʪʘ ï ʧʨʦʧʦʣʶʚʘʯʘ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ 

ʬʘʢʪʦʨʽʚ: ʩʧʦʩʽʙ ʟʥʠʱʝʥʥʷ ʙʫʨôʷʥʽʚ, ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʙʫʨôʷʥʽʚ, ʪʠʧ ʜʚʠʛʫʥʘ, 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ, ʤʘʩʘ ʨʦʙʦʪʘ, ʯʘʩ ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ˇʨʫʥʪʦʚʦ ï ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ 

ʫʤʦʚʠ. ʇʨʠʯʦʤʫ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤʠ ʩʝʨʝʜ ʥʠʭ ʻ: ʩʧʦʩʽʙ ʟʥʠʱʝʥʥʷ ʙʫʨôʷʥʽʚ, ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʙʫʨôʷʥʽʚ, ˇʨʫʥʪʦʚʦ ï ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ. 
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ABSTRACT 

The sowing process must ensure that the seeds are distributed well 

over the seedbed, thus providing each seed with nutrients and 

moisture. The initial uniform flow of seeds is created in the 

seeding unit of the seeder, where the seeds are placed evenly on 

the seeding element, transported to the discharge zone and 

directed to the furrow. An important condition for the coulter to 

work is not only to create a furrow, but also to maintain a uniform 

flow of seeds and to place individual seeds at the bottom of the 

furrow at equal distances from each other and to cover them. 

Therefore, the choice of a coulter in accordance with the chosen 

cultivation technology of the respective crop and soil and climatic 

conditions is an important task. Providing seeds with the best 

conditions for their development is the link that connects high-

quality sowing with a good harvest. According to the 

technological principle, the coulters are divided into three 

groups: with a sharp, blunt and straight angle of entry into the 

soil. Coulters with a sharp angle of penetration (anchor and tine 

coulters) form a furrow by moving the soil layer from the bottom 

up, resulting in a loose furrow bottom. Ploughshares with an 

obtuse angle of penetration (keel, skid and disk) create a furrow 

by pressing the soil layer from top to bottom, thus creating a 

compacted furrow bottom. Coulters with a straight angle of entry 

into the soil (tubular) push the soil layers apart, forming a furrow. 

The main advantages and disadvantages of each type of coulter 

are analyzed and determined. The possibilities of different 

cultivation technologies and different soil and climatic conditions 

are analyzed. To ensure the quality of the sowing process, when 

choosing the right sowing unit and coulter group, it is necessary 

to accurately assess the climatic conditions, soil type and its 

physical and mechanical properties, moisture supply and field 

topography. The use of continuous and strip sowing will increase 

sowing productivity due to the higher speed of the sowing unit and 

preserve moisture in the soil. Therefore, taking into account the 

above factors, we will be able to choose the right coulter for the 

appropriate technology for growing a particular crop. 
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ˍ˚˛˟ˍˣ˴ˬ 
ʇʨʦʮʝʩ ʩʽʚʙʠ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʩʽʥʥʷ ʧʦ 

ʧʣʦʱʽ ʞʠʚʣʝʥʥʷ, ʟʘʙʝʟʧʝʯʠʚʰʠ ʪʘʢʠʤ ʯʠʥʦʤ ʢʦʞʥʫ ʥʘʩʽʥʠʥʫ 
ʧʦʞʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʪʘ ʚʦʣʦʛʦʶ. ʇʦʯʘʪʢʦʚʠʡ ʨʽʚʥʦʤʽʨʥʠʡ 

ʧʦʪʽʢ ʥʘʩʽʥʥʷ ʩʪʚʦʨʶʻʪʴʩʷ ʫ ʚʠʩʽʚʥʦʤʫ ʘʧʘʨʘʪʽ ʩʽʚʘʣʢʠ, ʜʝ 

ʥʘʩʽʥʠʥʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʥʘ ʚʠʩʽʚʥʦʤʫ ʝʣʝʤʝʥʪʽ, 
ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʜʦ ʟʦʥʠ ʩʢʠʜʘʥʥʷ ʽ ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʜʦ 

ʙʦʨʦʟʥʠ. ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʨʦʙʦʪʠ ʩʦʰʥʠʢʘ ʻ ʥʝ ʪʽʣʴʢʠ 
ʩʪʚʦʨʝʥʥʷ ʙʦʨʦʟʥʠ, ʘ ʡ ʟʙʝʨʝʞʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʪʦʢʫ ʥʘʩʽʥʥʷ 

ʪʘ ʫʢʣʘʜʘʥʥʷ ʦʢʨʝʤʠʭ ʥʘʩʽʥʠʥ ʥʘ ʜʥʦ ʙʦʨʦʟʥʠ ʥʘ ʨʽʚʥʠʭ 

ʚʽʜʩʪʘʥʷʭ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʽ ʟʘʛʦʨʪʘʥʥʷ ʾʭ. ʊʦʤʫ ʚʠʙʽʨ ʩʦʰʥʠʢʘ 
ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ 

ʢʫʣʴʪʫʨʠ ʪʘ ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʻ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ. 

ʅʘʜʘʥʥʷ ʥʘʩʽʥʠʥʽ ʪʠʭ ʥʘʡʢʨʘʱʠʭ ʫʤʦʚ ʜʣʷ ʧʦʯʘʪʢʫ ʾʭ ʨʦʟʚʠʪʢʫ ʻ 
ʩʘʤʝ ʪʽʻʶ ʣʘʥʢʦʶ, ʷʢʘ ʻʜʥʘʻ ʷʢʽʩʥʠʡ ʚʠʩʽʚ ʽʟ ʦʪʨʠʤʘʥʥʷʤ 

ʛʘʨʥʦʛʦ ʚʨʦʞʘʶ. ɿʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ ʩʦʰʥʠʢʠ 
ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʛʨʫʧʠ: ʟ ʛʦʩʪʨʠʤ, ʪʫʧʠʤ ʽ ʧʨʷʤʠʤ ʢʫʪʦʤ 

ʚʭʦʜʞʝʥʥʷ ʫ ˇʨʫʥʪ. ʉʦʰʥʠʢʘ ʟ ʛʦʩʪʨʠʤ ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʚ 

ˇʨʫʥʪ (ʘʥʢʝʨʥʽ ʪʘ ʣʘʧʦʚʽ) ʫʪʚʦʨʶʶʪʴ ʙʦʨʦʟʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʧʝʨʝʤʽʱʝʥʥʷʤ ˇʨʫʥʪʦʚʦʛʦ ʰʘʨʫ ʟʥʠʟʫ ʚʛʦʨʫ, ʦʪʨʠʤʫʶʯʠ ʧʫʭʢʝ 

ʜʥʦ ʙʦʨʦʟʥʠ. ʉʦʰʥʠʢʠ ʟ ʪʫʧʠʤ ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʫ ˇʨʫʥʪ 
(ʢʽʣʝʚʠʜʥʽ, ʧʦʣʦʟʢʦʚʽ ʪʘ ʜʠʩʢʦʚʽ) ʫʪʚʦʨʶʶʪʴ ʙʦʨʦʟʥʫ ʚʜʘʚʣʶʶʯʠ 

ʰʘʨ ˇʨʫʥʪʫ ʟʚʝʨʭʫ ʚʥʠʟ, ʪʘʢʠʤ ʯʠʥʦʤ ʜʥʦ ʙʦʨʦʟʥʠ ʚʠʭʦʜʠʪʴ 

ʫʱʽʣʴʥʝʥʠʤ. ʉʦʰʥʠʢʠ ʟ ʧʨʷʤʠʤ ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ 
(ʪʨʫʙʯʘʩʪʽ ) ʨʦʟʩʫʚʘʶʪʴ ˇʨʫʥʪʦʚʽ ʰʘʨʠ ʚ ʩʪʦʨʦʥʠ, ʬʦʨʤʫʶʯʠ 

ʙʦʨʦʟʥʫ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʽ ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʪʠʧʫ ʩʦʰʥʠʢʽʚ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʦʩʪʽ 
ʧʨʠ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʚʠʨʦʱʫʚʘʥʥʷ ʪʘ ʟʘ ʨʽʟʥʠʭ ˇʨʫʥʪʦʚʦ-

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ. ɼʣʷ ʷʢʽʩʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 
ʧʨʦʮʝʩʫ ʩʽʚʙʠ, ʦʙʠʨʘʶʯʠ ʧʦʪʨʽʙʥʠʡ ʧʦʩʽʚʥʠʡ ʘʛʨʝʛʘʪ ʪʘ 

ʩʦʰʥʠʢʦʚʫ ʛʨʫʧʫ, ʧʦʪʨʽʙʥʦ ʪʦʯʥʦ ʦʮʽʥʠʪʠ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ, 

ʪʠʧ ˇʨʫʥʪʫ ʪʘ ʡʦʛʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 
ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʨʝʣʴʻʬ ʧʦʣʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʮʽʣʴʥʦʛʦ 

ʪʘ ʩʤʫʛʦʚʦʛʦ ʧʦʩʽʚʫ ʥʘʜʜʘʩʪʴ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʩʽʚʙʠ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʩʽʚʥʦʛʦ ʘʛʨʝʛʘʪʫ ʪʘ 
ʟʙʝʨʝʞʝ ʚʦʣʦʛʫ ʫ ˇʨʫʥʪʽ. ʊʦʤʫ, ʟʚʘʞʠʚʰʠ ʥʘ ʧʝʨʝʨʘʭʦʚʘʥʽ 

ʬʘʢʪʦʨʠ, ʤʠ ʟʤʦʞʝʤʦ ʧʨʘʚʠʣʴʥʦ ʦʙʨʘʪʠ ʪʦʡ ʯʠ ʽʥʰʠʡ ʩʦʰʥʠʢ 
ʧʽʜ ʚʽʜʧʦʚʽʜʥʫ ʪʝʭʥʦʣʦʛʽʶ ʚʠʨʦʱʫʚʘʥʥʷ ʪʦʾ ʯʠ ʽʥʰʦʾ ʢʫʣʴʪʫʨʠ. 
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ʉʊɸʅ ʇʀʊɸʅʅʗ ʊɸ ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʩʝ 

ʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʮʠʬʨʦʚʽʟʘʮʽʾ. ʇʨʦʮʝʩ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʽ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʦʧʝʨʘʮʽʡ ʥʝ ʤʦʞʣʠʚʠʡ ʙʝʟ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ 

(ɺʘʩʠʣʴʢʦʚʩʴʢʘ ʪʘ ʽʥ., 2016; ɺʘʩʠʣʴʢʦʚʩʴʢʘ, 2018-1). 

ʊʦʤʫ, ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʥʘʡʙʽʣʴʰʝ ʫʚʘʛʠ ʧʦʩʽʚʫ, ʪʘʢ ʷʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʭʦʞʦʩʪʽ ʪʘ 

ʧʨʦʨʦʩʪʘʥʥʷ ʨʦʩʣʠʥ ï ʻ ʢʨʦʢʦʤ ʜʦ ʾʭ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʨʦʨʦʩʪʘʥʥʷ ʽ ʧʦʷʚʠ ʩʭʦʜʽʚ ʨʦʩʣʠʥ ʚ 

ʥʘʡʢʦʨʦʪʰʽ ʪʝʨʤʽʥʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʚʪʨʘʪ ʥʘʩʽʥʥʷ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʪʨʘʪ ʚʨʦʞʘʶ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ (Botta et al.,2023). 

ɺʨʦʞʘʡʥʽʩʪʴ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʷʢ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʦʩʽʷʥʘ ʢʫʣʴʪʫʨʘ, ʷʢʽ ʧʦʯʘʪʢʦʚʽ 

ʫʤʦʚʠ ʜʣʷ ʾʾ ʟʨʦʩʪʘʥʥʷ ʩʢʣʘʜʘʶʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʧʦʣʽ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ 

ʚʝʛʝʪʘʮʽʾ. ʊʦʙʪʦ ʚʨʦʞʘʡʥʽʩʪʴ ï ʮʝ ʧʽʜʭʽʜʥʘ ʚʽʜ ʧʣʦʱʽ ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥʠ ʽ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʾʾ 

ʚʦʣʦʛʦʶ ʪʘ ʧʦʞʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ʅʘʡʢʨʘʱʝ ʨʦʟʤʽʱʝʥʥʷ ʥʘʩʽʥʠʥ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʩʽʚʥʦʶ 

ʩʠʩʪʝʤʦʶ, ʷʢʘ ʚʢʣʶʯʘʻ ʩʝʙʝ ʚʠʩʽʚʥʠʡ ʘʧʘʨʘʪ ʽ ʝʣʝʤʝʥʪʠ ʟʘʛʦʨʪʘʥʥʷ ʥʘʩʽʥʥʷ (ʄʦʨʦʟʦʚ ʪʘ ʽʥ., 

2013).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʩʠʩʪʝʤʽ ʚʠʩʽʚʫ ʧʨʦʩʘʧʥʠʭ ʢʫʣʴʪʫʨ ʚʘʞʣʠʚʫ ʨʦʣʴ ʟʘʡʤʘʻ ʩʘʤʝ ʪʦʯʥʝ 

ʫʢʣʘʜʘʥʥʷ ʥʘʩʽʥʠʥʠ ʚ ʙʦʨʦʟʥʫ. ʇʨʠ ʮʴʦʤʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʛʦʣʦʚʥʘ ʤʝʪʘ ï ʟʘʢʣʘʜʝʥʥʷ ʥʘʩʽʥʠʥʠ 

ʨʽʚʥʦʤʽʨʥʦ ʱʦʜʦ ʧʣʦʱʽ ʾʾ ʞʠʚʣʝʥʥʷ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʨʦʩʪʘʥʥʷ ʾʾ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ ʨʦʟʚʠʪʢʫ ʜʣʷ ʚʩʽʭ ʥʘʩʽʥʠʥ (ʄʦʨʦʟʦʚ ʪʘ ʽʥ., 2013; ɺʘʩʠʣʴʢʦʚʩʴʢʘ, 

2018-2). 

ɼʣʷ ʨʽʟʥʠʭ ʢʫʣʴʪʫʨ ʚʝʣʠʯʠʥʘ ʽ ʬʦʨʤʘ ʧʣʦʱʽ ʞʠʚʣʝʥʥʷ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʨʝʛʫʣʶʻʪʴʩʷ 

ʥʦʨʤʦʶ ʚʠʩʽʚʫ ʽ ʩʧʦʩʦʙʦʤ ʨʦʟʤʽʱʝʥʥʷ ʥʘʩʽʥʥʷ ʚ ʙʦʨʦʟʥʽ. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦʩʽʚʫ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ, ʟʤʽʥʠ ʧʣʦʱʽ ʞʠʚʣʝʥʥʷ ʪʘ, ʷʢ ʥʘʩʽʜʦʢ, ʜʦ ʟʥʠʞʝʥʥʷ 

ʧʦʣʴʦʚʦʾ ʩʭʦʞʦʩʪʽ ʥʘʩʽʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ, ʚ ʢʽʥʮʝʚʦʤʫ ʚʠʧʘʜʢʫ, ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ 

ʥʘʩʽʥʥʷ (ɺʦʡʪʠʢ, 2018; ɿʫʙʢʦ ʪʘ ʽʥ., 2016). 

ɼʣʷ ʦʙʨʘʥʥʷ ʪʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ ʪʘ ʚʠʩʽʚʫ ʥʘʩʽʥʥʷ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʢʣʽʤʘʪʠʯʥʽ 

ʫʤʦʚʠ ʟʦʥʠ ʚʠʨʦʱʫʚʘʥʥʷ ʢʫʣʴʪʫʨʠ, ʪʠʧ ʪʘ ʩʪʘʥ ˇʨʫʥʪʫ, ʧʦʛʦʜʥʽ ʫʤʦʚʠ, ʬʦʨʤʫ ʥʘʩʽʥʥʷ, ʷʢʽʩʪʴ 

ʥʘʩʽʥʥʻʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʩʧʦʩʽʙ ʩʽʚʙʠ, ʛʣʠʙʠʥʫ ʟʘʨʦʙʢʠ ʥʘʩʽʥʥʷ, ʨʦʟʧʦʜʽʣ ʥʘʩʽʥʥʷ ʟʘ ʧʣʦʱʝʶ 

ʞʠʚʣʝʥʥʷ, ʥʘʷʚʥʽʩʪʴ ʙʫʨôʷʥʽʚ ʪʘ ʰʢʽʜʥʠʢʽʚ ʽ ʭʚʦʨʦʙ ʥʘ ʦʙʨʘʥʦʤʫ ʧʦʣʽ. 

ʇʦʯʘʪʢʦʚʠʡ ʨʽʚʥʦʤʽʨʥʠʡ ʧʦʪʽʢ ʥʘʩʽʥʥʷ ʩʪʚʦʨʶʻʪʴʩʷ ʫ ʚʠʩʽʚʥʦʤʫ ʘʧʘʨʘʪʽ ʩʽʚʘʣʢʠ, ʜʝ 

ʥʘʩʽʥʠʥʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʥʘ ʚʠʩʽʚʥʦʤʫ ʝʣʝʤʝʥʪʽ, ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʜʦ ʟʦʥʠ 

ʩʢʠʜʘʥʥʷ ʽ ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʜʦ ʙʦʨʦʟʥʠ (Vasylkovska et al., 2014). ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʨʦʙʦʪʠ 

ʩʦʰʥʠʢʘ ʻ ʥʝ ʪʽʣʴʢʠ ʩʪʚʦʨʝʥʥʷ ʙʦʨʦʟʥʠ, ʘ ʡ ʟʙʝʨʝʞʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʪʦʢʫ ʥʘʩʽʥʥʷ ʪʘ 

ʫʢʣʘʜʘʥʥʷ ʦʢʨʝʤʠʭ ʥʘʩʽʥʠʥ ʥʘ ʨʽʚʥʠʭ ʚʽʜʩʪʘʥʷʭ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʥʘ ʜʥʦ ʙʦʨʦʟʥʠ ʽ ʟʘʛʦʨʪʘʥʥʷ 

ʾʭ. 

ɿʘʢʣʘʜʘʥʥʷ ʥʘʩʽʥʠʥʠ ʫ ˇʨʫʥʪ ʻ ʪʽʻʶ ʟʘʚʝʨʰʘʣʴʥʦʶ ʩʪʘʜʽʻʶ ʧʦʩʽʚʫ, ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʯʘʪʦʢ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʥʘʩʽʥʠʥʠ ʽʟ ˇʨʫʥʪʦʤ ʟ ʤʝʪʦʶ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʩʽʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʫʤʦʚ ʜʣʷ ʧʨʦʨʦʩʪʘʥʥʷ ʡʦʛʦ. ɯ ʩʘʤʝ ʟʘʜʘʯʘ ʩʦʰʥʠʢʘ ʷʢʽʩʥʦ ʫʢʣʘʩʪʠ ʥʘʩʽʥʠʥʫ ʚ ʙʦʨʦʟʥʫ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʾʾ ʧʨʦʨʦʩʪʘʥʥʷ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʦʰʥʠʢʽʚ ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ, 

ʾʭ ʨʦʣʽ ʚ ʩʪʚʦʨʝʥʥʷ ʦʜʥʦʥʘʩʽʥʥʻʚʦʛʦ ʧʦʪʦʢʫ ʥʘʩʽʥʥʷ ʜʦ ʙʦʨʦʟʥʠ ʜʣʷ ʧʦʰʫʢʫ ʰʣʷʭʽʚ ʫʩʫʥʝʥʥʷ 

ʾʭ ʥʝʜʦʣʽʢʽʚ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʧʝʨʝʚʘʛ.  

ʄɸʊɽʈɯɸʃʀ ɯ ʄɽʊʆɼʀ 

ɺ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ʅʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʦʰʥʠʢʽʚ ʽʟ 

ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʚʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ, ʚʠʷʚʣʝʥʦ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʚʠʜʫ ʾʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʧʨʷʤʢʠ ʾʭ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 
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ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ, ʩʠʥʪʝʟʫ, ʥʘʫʢʦʚʦʾ ʘʙʩʪʨʘʢʮʽʾ 

ʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ʆɹɻʆɺʆʈɽʅʅʗ 

ɿʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʝʤʦʞʣʠʚʝ ʙʝʟ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʽʢʠ ʜʣʷ ʧʦʩʽʚʫ, ʘ ʩʘʤʝ: ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʩʽʚʫ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʗʢ ʚʽʜʦʤʦ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ ʧʦʩʽʚʫ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʩʢʣʘʜʦʚʽ: ʨʽʚʥʦʤʽʨʥʘ ʧʦʜʘʯʘ 

ʥʘʩʽʥʥʷ ʚʠʩʽʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʚʽʜ ʙʫʥʢʝʨʘ ʟ ʥʘʩʽʥʥʷʤ ʜʦ ʩʦʰʥʠʢʽʚ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʙʦʨʦʟʥʠ, 

ʫʢʣʘʜʘʥʥʷ ʥʘʩʽʥʥʷ ʚ ʥʝʾ ʽ ʟʘʛʦʨʪʘʥʥʷ. ʊʦʞ, ʯʘʩʪʠʥʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʟʘ ʷʢʫ ʚʽʜʧʦʚʽʜʘʻ 

ʩʦʰʥʠʢ ʻ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ, ʥʽʞ ʪʘ ʟʘ ʷʢʫ ʚʽʜʧʦʚʽʜʘʻ ʚʠʩʽʚʥʠʡ ʘʧʘʨʘʪ. 

ʇʨʠ ʮʴʦʤʫ ʩʘʤʝ ʩʦʰʥʠʢ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʟʘ ʙʽʣʴʰʫ ʯʘʩʠʥʫ ʜʦʪʨʠʤʘʥʥʷ ʘʛʨʦʪʝʭʥʽʯʥʠʭ 

ʚʠʤʦʛ. 

ɿʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʩʦʰʥʠʢʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʪʘ ʦʙʝʨʪʘʣʴʥʦʛʦ 

ʨʫʭʫ (ʉʠʩʦʣʽʥ ʪʘ ʽʥ., 2001). 

ɿʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ ʩʦʰʥʠʢʠ ʧʦʜʽʣʷʶʪʴ ʪʨʠ ʛʨʫʧʠ: ʟ ʛʦʩʪʨʠʤ, ʪʫʧʠʤ ʽ ʧʨʷʤʠʤ 

ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʫ ˇʨʫʥʪ (ʨʠʩ. 1) (ʉʘʣʦ ʪʘ ʽʥ., 2016; ɼʫʤʠʯ, 2014). 

ʟ ʛʦʩʪʨʠʤ ʢʫʪʦʤ ʟ ʪʫʧʠʤ ʢʫʪʦʤ ʟ ʧʨʷʤʠʤ ʢʫʪʦʤ 

ʘʥʢʝʨʥʽ ʢʽʣʝʚʠʜʥʽ ʪʨʫʙʯʘʩʪʽ 

ʣʘʧʦʚʽ ʧʦʣʦʟʢʦʚʽ  

 ʜʠʩʢʦʚʽ  

ʈʠʩ. 1. ï ʇʦʜʽʣ ʩʦʰʥʠʢʽʚ ʟʘ ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ 

ɹʦʨʦʟʥʘ ʫ ʩʦʰʥʠʢʘ ʟ ʛʦʩʪʨʠʤ ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ (ʘʥʢʝʨʥʽ ʪʘ ʣʘʧʦʚʽ ʩʦʰʥʠʢʠ) 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷʤ ˇʨʫʥʪʦʚʦʛʦ ʰʘʨʫ ʟʥʠʟʫ ʚʛʦʨʫ, ʪʘʢʠʤ ʯʠʥʦʤ ʤʠ ʦʪʨʠʤʫʻʤʦ ʧʫʭʢʝ 

ʜʥʦ ʙʦʨʦʟʥʠ. 

ʉʦʰʥʠʢʠ ʟ ʪʫʧʠʤ ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʫ ˇʨʫʥʪ (ʢʽʣʝʚʠʜʥʽ, ʧʦʣʦʟʢʦʚʽ ʪʘ ʜʠʩʢʦʚʽ ʩʦʰʥʠʢʠ) 

ʫʪʚʦʨʶʶʪʴ ʙʦʨʦʟʥʫ ʚʜʘʚʣʶʶʯʠ ʰʘʨ ˇʨʫʥʪʫ ʟʚʝʨʭʫ ʚʥʠʟ, ʪʘʢʠʤ ʯʠʥʦʤ ʜʥʦ ʙʦʨʦʟʥʠ ʚʠʭʦʜʠʪʴ 

ʫʱʽʣʴʥʝʥʠʤ. 

ʉʦʰʥʠʢʠ ʟ ʧʨʷʤʠʤ ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ (ʪʨʫʙʯʘʩʪʽ ʩʦʰʥʠʢʠ) ʨʦʟʩʫʚʘʶʪʴ ˇʨʫʥʪʦʚʽ 

ʰʘʨʠ ʚ ʩʪʦʨʦʥʠ, ʬʦʨʤʫʶʯʠ ʙʦʨʦʟʥʫ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʪʦʛʦ, ʷʢʫ ʩʘʤʝ ʙʦʨʦʟʥʫ ʫʪʚʦʨʶʻ ʪʦʡ, ʯʠ ʽʥʰʠʡ ʩʦʰʥʠʢ, ʩʪʚʦʨʶʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʘ ʧʦʚʝʨʭʥʷ ʣʦʞʘ ʙʦʨʦʟʥʠ, ʱʦ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʠʥʠ (ɿʫʙʢʦ, 2020). 

ɹʫʜʴ-ʷʢʠʡ ʩʦʰʥʠʢ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʥʘʩʪʫʧʥʝ: 

- ʦʯʠʱʝʥʥʷ ʧʦʩʽʚʥʦʛʦ ʣʦʞʘ ʚʽʜ ʦʨʛʘʥʽʯʥʠʭ ʟʘʣʠʰʢʽʚ; 

- ʫʢʣʘʜʘʥʥʷ ʥʘʩʽʥʥʷ ʫ ʧʦʩʽʚʥʠʡ ʛʦʨʠʟʦʥʪ; 

- ʧʦʩʪʽʡʥʘ ʛʣʠʙʠʥʘ ʚʠʩʽʚʫ; 

- ʩʘʤʦʦʯʠʱʝʥʥʷ; 

- ʟʘʛʦʨʪʘʥʥʷ ʥʘʩʽʥʥʷ ʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʚʦʣʦʛʦʛʦ ˇʨʫʥʪʫ; 

- ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʦ ʟʤʽʥʥʠʭ ˇʨʫʥʪʦʚʠʭ ʫʤʦʚ; 

- ʥʘʷʚʥʽʩʪʴ ʟʘʭʠʩʪʫ ʚʽʜ ʢʘʤʽʥʥʷ ʜʣʷ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʫ ʷʢʽʩʪʴ ʚʠʩʽʚʫ ʧʨʠ ʨʦʙʦʯʽʡ ʰʚʠʜʢʦʩʪʽ ʜʦ 20 ʢʤ/ʛʦʜ.; 

- ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʛʦ ʪʝʨʤʽʥʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʥʠʟʴʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʥʘ 
ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʪʠʭ ʚʠʜʽʚ ʩʦʰʥʠʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʩʽʚʘʣʢʘʭ 

ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ. 

ʇʝʨʰʠʤʠ ʨʦʟʜʠʚʠʤʦʩʴ ʩʦʰʥʠʢʠ ʽʟ ʛʦʩʪʨʠʤ ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ.  
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ɸʥʢʝʨʥʽ ʩʦʰʥʠʢʠ ʻ ʢʣʘʩʠʯʥʠʤʠ ʩʦʰʥʠʢʘʤʠ (ʨʠʩ. 2ʘ). ɺʦʥʠ ʨʦʟʨʽʟʘʶʪʴ ˇʨʫʥʪ, ʬʦʨʤʫʶʯʠ 

ʧʦʩʽʚʥʝ ʣʦʞʝ. ɸʥʢʝʨʥʽ ʩʦʰʥʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʩʽʚʫ ʥʘ ʧʦʣʷʭ ʟ ʷʢʽʩʥʦ ʧʨʦʚʝʜʝʥʦʶ 

ʧʝʨʝʜʧʦʩʽʚʥʦʶ ʧʽʜʛʦʪʦʚʢʦʶ ˇʨʫʥʪʫ. ɿʘʚʜʷʢʠ ʪʫʧʦʤʫ ʢʫʪʫ ʚʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ, ʘʥʢʝʨʥʽ 

ʩʦʰʥʠʢʠ ʫʪʚʦʨʶʶʪʴ ʱʽʣʴʥʝ ʥʘʩʽʥʥʻʚʝ ʣʦʞʝ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʢʣʘʜʘʶʯʠ ʥʘʩʽʥʥʷ ʧʦ ʛʣʠʙʠʥʽ. 

ʊʘʢʦʞ, ʮʽ ʩʦʰʥʠʢʠ ʜʦʙʨʝ ʧʨʘʮʶʶʪʴ ʥʘ ʤʘʣʠʭ ʛʣʠʙʠʥʘʭ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʜʝʷʢʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ɸʥʢʝʨʥʽ ʩʦʰʥʠʢʠ ʻ ʜʦʩʪʘʪʥʴʦ ʯʫʪʣʠʚʠʤʠ ʜʦ ʥʝʨʽʚʥʦʩʪʝʡ 

ʧʦʣʷ ʪʘ ʩʪʘʥʫ ˇʨʫʥʪʫ ʥʘ ʥʴʦʤʫ(ɿʫʙʢʦ, 2020; ʉʘʣʦ ʪʘ ʽʥ., 2017). 

ʅʘʢʽʥʝʯʥʠʢ ʘʥʢʝʨʥʦʛʦ ʩʦʰʥʠʢʘ, ʟʘʟʚʠʯʘʡ, ʚʠʢʦʥʘʥʦ ʟʤʽʥʥʠʤ ʽʟ ʯʘʚʫʥʫ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ 

ʦʧʝʨʘʮʽʾ ʧʦʩʽʚʫ ʟʘ ʥʫʣʴʦʚʦʾ ʘʙʦ ʩʪʨʽʯʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʢʽʥʝʯʥʠʢʠ 

ʦʩʦʙʣʠʚʦʾ ʬʦʨʤʠ. 

ʇʝʨʝʚʘʛʘʤʠ ʪʘʢʠʭ ʩʦʰʥʠʢʽʚ ʻ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʜʣʷ 

ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ, ʪʘʢ ʽ ʜʣʷ ʩʪʨʽʯʢʦʚʦʛʦ ʧʦʩʽʚʫ. 

ʅʝʜʦʣʽʢʦʤ ʘʥʢʝʨʥʠʭ ʩʦʰʥʠʢʽʚ ʧʨʠ ʥʝʷʢʽʩʥʽ ʧʽʜʛʦʪʦʚʮʽ ʧʦʣʷ ʜʦ ʩʽʚʙʠ, ʥʘʩʽʥʥʷ ʤʦʞʝ 

ʣʠʰʘʪʠʩʴ ʟʘʛʦʨʥʫʪʠʤ ʫ ˇʨʫʥʪ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʧʦʩʽʚʫ ʟʘ ʥʫʣʴʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʧʦʩʽʚ 

ʦʙʤʝʞʝʥʠʡ.  

 
ʘ 

 
ʙ 

ʈʠʩ. 2. ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʦʰʥʠʢʽʚ ʽʟ ʛʦʩʪʨʠʤ ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ: 

ʘ ï ʘʥʢʝʨʥʠʡ; ʙ ï ʣʘʧʦʚʠʡ 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʣʘʧʦʚʽ ʩʦʰʥʠʢʠ (ʨʠʩ. 2ʙ) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʩʽʚʫ ʥʘʩʽʥʥʷ ʟʝʨʥʦʚʠʭ 

ʢʫʣʴʪʫʨ ʧʦ ʥʝʦʙʨʦʙʣʝʥʽʡ ʩʪʝʨʥʽ ʥʘ ʣʝʛʢʠʭ ˇʨʫʥʪʘʭ, ʩʭʠʣʴʥʠʭ ʜʦ ʚʽʪʨʦʚʦʾ ʝʨʦʟʽʾ (ʉʘʣʦ ʪʘ ʽʥ., 

2022). ʊʘʢʽ ʩʦʰʥʠʢʠ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʨʦʟʧʫʰʝʥʥʽ ˇʨʫʥʪʫ ʪʘ ʟʥʠʱʝʥʥʽ 

ʙʫʨ'ʷʥʽʚ ʚ ʷʢʦʩʪʽ ʢʫʣʴʪʠʚʘʪʦʨʽʚ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʧʦʩʽʚ ʽʟ ʚʥʝʩʝʥʥʷʤ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ. 

ʃʘʧʦʚʽ ʩʦʰʥʠʢʠ ʙʫʚʘʶʪʴ ʜʣʷ ʨʷʜʢʦʚʦʛʦ (ʩʪʨʽʯʢʦʚʦʛʦ) ʪʘ ʙʝʟʨʷʜʢʦʚʦʛʦ ʧʦʩʽʚʽʚ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʣʘʧʦʚʠʭ ʩʦʰʥʠʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʧʦʛʽʨʰʝʥʥʷ ʚʠʩʽʚʫ ʥʘʩʽʥʥʷ, ʷʢʝ ʤʘʻ ʚʠʩʦʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ ʧʨʠ ʧʘʜʽʥʥʽ ʟ ʥʘʩʽʥʥʻʧʨʦʚʦʜʘ, ʟʤʝʥʰʫʶʯʠ, ʧʨʠ ʮʴʦʤʫ ʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʚʠʩʽʚʫ ʷʢ ʧʦ ʧʣʦʱʽ ʪʘʢ ʽ ʧʦ ʛʣʠʙʠʥʽ ʟʘʛʦʨʪʘʥʥʷ.  

ɼʦ ʛʨʫʧʠ ʩʦʰʥʠʢʽʚ ʽʟ ʪʫʧʠʤ ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʥʘʣʝʞʘʪʴ ʥʘʩʪʫʧʥʽ ʩʦʰʥʠʢʽ ï ʢʽʣʝʚʠʜʥʽ, 

ʧʦʣʦʟʦʚʠʜʥʽ ʪʘ ʜʠʩʢʦʚʽ. (ʨʠʩ. 3). 

ʂʽʣʝʚʠʜʥʽ ʩʦʰʥʠʢʠ (ʨʠʩ 3ʘ) ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʚʠʩʽʚʫ ʥʘʩʽʥʥʷ ʥʘ ʥʝʚʝʣʠʢʫ 

ʛʣʠʙʠʥʫ (ʉʘʣʦ ʪʘ ʽʥ., 2022; ʉʘʣʦ ʪʘ ʽʥ., 2012). ʊʘʢʽ ʩʦʰʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʦʥʘʭ ʽʟ 

ʥʝʜʦʩʪʘʪʥʽʤ ʟʚʦʣʦʞʜʝʥʥʷʤ. ɼʦ ʧʝʨʝʚʘʛ ʢʽʣʝʚʠʜʥʠʭ ʩʦʰʥʠʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʜʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʦʾ ʛʣʠʙʠʥʠ ʟʘʛʦʨʪʘʥʥʷ ʥʘʩʽʥʥʷ ʪʘ ʙʽʣʴʰ ʷʢʽʩʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʙʦʨʦʟʥʠ ʽʟ ʥʘʩʽʥʥʻʚʠʤ 

ʣʦʞʝʤ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʥʘʩʽʥʥʷ. 
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ɽʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʽʣʝʚʠʜʥʽ ʩʦʰʥʠʢʠ ʥʘ ˇʨʫʥʪʘʭ ʜʦʙʨʝ ʨʦʟʧʫʰʝʥʠʭ ʜʣʷ ʥʘʩʽʥʥʷ, 

ʟʘʢʣʘʜʘʥʥʷ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʛʨʦʚʠʤʦʛ ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʘ ʥʝʚʝʣʠʢʫ ʛʣʠʙʠʥʫ. ʊʘʢ, ʢʽʣʝʚʠʜʥʽ 

ʩʦʰʥʠʢʠ ʟʘʚʜʷʢʠ ʪʫʧʦʤʫ ʢʫʪʫ ʚʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ, ʩʪʚʦʨʶʶʪʴ U- ʧʦʜʽʙʥʝ ʫʱʽʣʴʥʝʥʝ ʜʥʦ 

ʙʦʨʦʟʥʠ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ ʩʠʣ ʥʘʨʘʣʴʥʠʢʘ ʥʘ ˇʨʫʥʪ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʚʦʣʦʛʠʡ ʰʘʨ ˇʨʫʥʪʫ ʥʝ 

ʚʠʥʦʩʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʽ ʥʝ ʚʠʩʫʰʫʻʪʴʩʷ, ʧʨʠʯʦʤʫ, ʜʥʦ ʙʦʨʦʟʥʠ ʻ ʫʱʽʣʴʥʝʥʠʤ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʭʦʜʞʝʥʥʷ ʚʦʣʦʛʠ ʟ ʥʠʞʥʽʭ ʰʘʨʽʚ ˇʨʫʥʪʫ ʜʦ ʥʘʩʽʥʥʷ, ʩʧʨʠʷʻ ʨʽʚʥʦʤʽʨʥʦʤʫ 

ʨʦʟʤʽʱʝʥʥʶ ʥʘʩʽʥʥʷ ʧʦ ʛʣʠʙʠʥʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦʙʨʫ ʧʦʣʴʦʚʫ ʩʭʦʞʽʩʪʴ ʥʘʩʽʥʥʷ. 

ɿʘʟʚʠʯʘʡ, ʪʘʢʽ ʩʦʰʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʟʝʨʥʦʪʫʢʦʪʨʘʚʷʥʠʭ ʩʽʚʘʣʢʘʭ ʜʣʷ ʩʽʚʙʠ ʪʨʘʚ, 

ʘ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʽ ʜʣʷ ʩʽʚʙʠ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ, ʛʣʠʙʠʥʘ ʟʘʛʦʨʪʘʥʥʷ ʥʘʩʽʥʥʷ 

ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 4 ʩʤ. 

ʂʽʣʝʚʠʜʥʽ ʩʦʰʥʠʢʠ ʜʦʙʨʝ ʧʨʘʮʶʶʪʴ ʥʘ ʣʝʛʢʠʭ ʟʘ ʤʝʭʘʥʽʯʥʠʤ ʩʢʣʘʜʦʤ ˇʨʫʥʪʘʭ. ʅʘ 

ʚʘʞʢʠʭ ˇʨʫʥʪʘʭ ʟʘʛʣʠʙʠʪʠ ʪʘʢʽ ʩʦʰʥʠʢʠ ʥʘ ʛʣʠʙʠʥʫ 6-8 ʩʤ (ʩʽʚʙʘ ʦʟʠʤʠʭ) ʜʫʞʝ ʚʘʞʢʦ. 

ʊʘʢʦʞ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʽʣʝʚʠʜʥʽ ʩʦʰʥʠʢʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʘʮʶʶʪʴ ʥʘ ʟʘʩʤʽʯʝʥʠʭ ʧʦʣʷʭ, 

ʪʘʢ ʷʢ ʟʘʙʠʚʘʶʪʴʩʷ ʨʦʩʣʠʥʥʠʤʠ ʨʝʰʪʢʘʤʠ. 

 
a 
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ʈʠʩ. 3. ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʦʰʥʠʢʽʚ ʽʟ ʪʫʧʠʤ ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ: 

ʘ ï ʢʽʣʝʚʠʜʥʠʡ; ʙ ï ʧʦʣʦʟʢʦʚʠʡ, ʚ ïʦʜʥʦʜʠʩʢʦʚʠʡ, ʛ ï ʜʚʦʜʠʩʢʦʚʠʡ 

ʇʦʣʦʟʢʦʚʽ ʩʦʰʥʠʢʠ (ʨʠʩ. 3ʙ) ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʦʪʨʠʤʘʣʠ ʥʘ ʩʽʚʘʣʢʘʭ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ 

ʧʨʦʩʘʧʥʠʭ, ʦʚʦʯʝʚʠʭ ʪʘ ʦʣʽʡʥʠʭ ʢʫʣʴʪʫʨ, ʜʝ ʚʠʩʽʚ ʚʽʙʫʚʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʽʜʛʦʪʦʚʣʝʥʠʡ 

ˇʨʫʥʪ ʽ ʚʠʩʽʚʥʠʡ ʘʧʘʨʘʪ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʷʤʦ ʥʘʜ ʩʦʰʥʠʢʦʤ, ʫʥʠʢʘʶʯʠ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʚ 

ʥʘʩʽʥʥʻʧʨʦʚʦʜʘʭ (ʉʘʣʦ ʪʘ ʽʥ., 2012). ɺʠʩʽʚ ʚ ʪʘʢʠʭ ʧʦʩʽʚʥʠʭ ʩʠʩʪʝʤʘʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʷʢ ʥʘ 

ʤʘʣʽ ʛʣʠʙʠʥʠ 1,5-4 ʩʤ, ʪʘʢ ʽ ʥʘ ʛʣʠʙʠʥʫ ʜʦ 12 ʩʤ. 
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ʅʽʞ-ʥʘʨʘʣʴʥʠʢ, ʱʦʢʠ ʽ ʢʣʠʥʦʚʠʜʥʽ ʧʦʣʦʟʠ ʨʘʟʦʤ ʫʪʚʦʨʶʶʪʴ ʙʦʨʦʟʥʫ ʟ ʫʱʽʣʴʥʝʥʠʤ 

ʥʘʩʽʥʥʻʚʠʤ ʣʦʞʝ. ʅʘʨʘʣʴʥʠʢ ʩʪʚʦʨʶʻ ʙʦʨʦʟʥʫ, ʱʦʢʠ ʟʘʧʦʙʽʛʘʶʪʴ ʦʩʠʧʘʥʥʶ ʩʪʽʥʦʢ, ʘ ʧôʷʪʢʘ 

ʫʱʽʣʴʥʶʻ ʜʥʦ ʙʦʨʦʟʥʠ. ʇʨʦʮʝʩ ʟʘʛʦʨʪʘʥʥʷ ʥʘʩʽʥʥʷ ʚ ʧʦʣʦʟʢʦʚʦʤʫ ʩʦʰʥʠʢʦʚʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʜʦʩʪʘʪʥʴʦ ʷʢʽʩʥʦ ʫʪʚʦʨʝʥʥʷ ʢʣʠʥʦʧʦʜʽʙʥʦʾ ʫʱʽʣʴʥʝʥʦʾ ʙʦʨʦʟʥʠ, ʷʢʘ ʫʪʨʠʤʫʻ ʥʘʩʽʥʥʷ ʥʘ 

ʟʘʜʘʥʽʡ ʛʣʠʙʠʥʽ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʧʨʠʪʘʤʘʥʥʠʤ ʜʘʥʦʤʫ ʚʠʜʫ ʩʦʰʥʠʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʥʝʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʚ 

ʫʤʦʚʘʭ ʥʫʣʴʦʚʦʛʦ ʧʦʩʽʚʫ ʪʘ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ ʧʨʠ ʩʪʨʽʯʢʦʚʽʤ ʚʠʩʽʚʽ. 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʚ ʩʚʽʪʽ ʻ ʥʘʩʪʫʧʥʠʡ ʨʽʟʥʦʚʠʜ ʩʦʰʥʠʢʽʚ ʽʟ ʪʫʧʠʤ ʢʫʪʦʤ 

ʚʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ ï ʜʠʩʢʦʚʽ ʩʦʰʥʠʢʠ. ɼʠʩʢʦʚʽ ʩʦʰʥʠʢʠ ʧʦʜʽʣʷʶʪʴʩʷ ʦʜʥʦʜʠʩʢʦʚʽ (ʨʠʩ. 3ʚ) 

ʪʘ ʜʚʦʜʠʩʢʦʚʽ (ʨʠʩ. 3ʛ). 

ʈʦʙʦʪʘ ʦʜʥʦʜʠʩʢʦʚʠʭ ʩʦʰʥʠʢʽʚ ʧʦʜʽʙʥʘ ʜʦ ʨʦʙʦʪʠ ʜʠʩʢʦʚʦʾ ʙʦʨʦʥʠ. ʉʦʰʥʠʢ ʦʙʝʨʪʘʻʪʴʩʷ 

ʫ ˇʨʫʥʪʽ ʧʽʜ ʢʫʪʦʤ 3-7  ̄ʜʦ ʥʘʧʨʷʤʫ ʨʫʭʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜ ʯʘʩ ʨʫʭʫ ʚʽʜʭʠʣʷʪʠ ʧʦʞʥʠʚʥʽ 

ʟʘʣʠʰʢʠ ʽ ʚʝʨʭʥʽʡ ʰʘʨ ˇʨʫʥʪʫ ʜʝʱʦ ʚʙʽʢ. ɿʘ ʜʠʩʢʦʤ ʨʦʟʪʘʰʦʚʘʥʦ ʙʦʨʦʟʥʠʢ, ʷʢʠʡ ʽ ʫʪʚʦʨʶʻ 

ʧʦʩʽʚʥʝ ʣʦʞʝ, ʚ ʷʢʝ ʣʷʛʘʻ ʥʘʩʽʥʥʷ. 

ʇʝʨʝʚʘʛʘʤʠ ʦʜʥʦʜʠʩʢʦʚʠʭ ʩʦʰʥʠʢʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʩʽʚʫ ʧʦ ʤʫʣʴʯʽ, ʚʦʥʠ ʜʦʙʨʝ 

ʧʨʘʮʶʶʪʴ ʧʨʠ ʥʫʣʴʦʚʽʡ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʽʪʢʫ ʪʘ ʧʨʠ ʩʪʨʽʯʢʦʚʦʤʫ ʧʦʩʽʚʽ. ʊʘʢʽ ʩʦʰʥʠʢʠ 

ʧʦʪʨʝʙʫʶʪʴ ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʫ ʢʦʥʩʪʨʫʢʮʽʶ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʧʦʷʚʫ ʝʬʝʢʪʫ ʧʦʜʚʽʡʥʦʛʦ ʨʷʜʫ, ʢʦʣʠ ʨʷʜʠ ʤʦʞʫʪʴ 

ʥʘʙʣʠʞʘʪʠʩʴ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʚʥʘʩʣʽʜʦʢ ʟʥʦʰʫʚʘʥʥʷ ʥʘʚʽʰʫʚʘʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʩʦʰʥʠʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʪʨʫʙʽ, ʷʢʫ ʤʦʞʥʘ ʧʝʨʝʤʽʱʫʚʘʪʠ ʧʽʜ ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ 

(ʉʘʣʦ ʪʘ ʽʥ., 2022). 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʜʥʦʜʠʩʢʦʚʠʭ ʩʦʰʥʠʢʽʚ, ʜʚʦʜʠʩʢʦʚʽ ʤʘʶʪʴ ʧʘʨʫ. ɼʠʩʢʠ ʨʦʟʪʘʰʦʚʘʥʽ 

ʧʦʨʷʜ ʪʘ ʫʪʚʦʨʶʶʪʴ V-ʧʦʜʽʙʥʝ ʥʘʩʽʥʥʻʚʝ ʣʦʞʝ. ɼʦ ʙʦʨʦʟʥʠ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʧʦʪʨʘʧʣʷʻ ʥʘʩʽʥʥʷ. ɿʘʟʚʠʯʘʡ, ʧʘʨʥʽ ʜʠʩʢʠ ʫʪʚʦʨʶʶʪʴ ʢʫʪ ʙʣʠʟʴʢʦ 3 ̄ʧʦ ʥʘʧʨʷʤʫ ʨʫʭʫ (ʉʘʣʦ 

ʪʘ ʽʥ., 2012; Zeng et al., 2021).  

ʏʠʩʪʦʪʫ ʜʠʩʢʽʚ ʫ ʜʚʦʜʠʩʢʦʠʚʠʭ ʩʦʰʥʠʢʽʚ ʧʽʜʪʨʠʤʫʶʪʴ ʩʢʨʝʙʢʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʟʘʜʫ 

ʜʠʩʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʝʥʰʝ ʟʥʦʰʝʥʥʷ ʪʘ ʢʨʘʱʝ ʦʯʠʱʝʥʥʷ ʜʠʩʢʽʚ ʟ ʦʙʦʭ ʩʪʦʨʽʥ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʝʨʝʚʘʛʦʶ ʜʚʦʜʠʩʢʦʚʠʭ ʩʦʰʥʠʢʽʚ, ʷʢʽ ʽ ʦʜʥʦʜʠʩʢʦʚʠʭ, ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʩʽʚʫ ʧʦ ʤʫʣʴʯʽ. ʊʘʢʽ ʩʦʰʥʠʢʠ ʤʝʥʰ ʯʫʪʣʠʚʽ ʜʦ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ ʥʘ ʧʦʣʽ ʪʘ ʥʝʷʢʽʩʥʦ 

ʧʨʦʚʝʜʝʥʦʛʦ ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ (ɼʫʤʠʯ, 2014). ɺʦʥʠ ʧʦʢʘʟʘʣʠ ʩʝʙʝ ʧʨʠ ʨʦʙʦʪʽ 

ʽʟ ʥʫʣʴʦʚʦʶ ʽ ʩʪʨʽʯʢʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʩʽʚʫ. ʊʘʢʦʞ, ʜʚʦʜʠʩʢʦʚʽ ʩʦʰʥʠʢʠ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʷʢʽʩʪʴ ʫʢʣʘʜʘʥʥʷ ʥʘʩʽʥʥʷ ʚ ʙʦʨʦʟʥʫ, ʟʘʚʜʷʢʠ ʮʝʥʪʨʦʚʘʥʦʤʫ ʨʫʭʫ ʩʦʰʥʠʢʽʚ. 

ʅʘʡʙʽʣʴʰʦʶ ʧʝʨʝʚʘʛʦʶ ʜʠʩʢʦʚʠʭ ʩʦʰʥʠʢʽʚ ʷʚʣʷʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʻ ʥʘʣʠʧʘʥʥʷ 

ʚʦʣʦʛʦʛʦ ˇʨʫʥʪʫ. ʆʙʠʜʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʠʩʢʦʚʠʭ ʩʦʰʥʠʢʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʠʡ ʧʨʦʮʝʩ 

ʧʦʩʽʚʫ ʚ ʫʤʦʚʘʭ ʚʘʞʢʠʭ ʪʘ ʛʨʫʜʢʫʚʘʪʠʭ ˇʨʫʥʪʽʚ, ʟʘʩʤʽʯʝʥʠʭ ʨʦʩʣʠʥʥʠʤʠ ʨʝʰʪʢʘʤʠ ʪʘ 

ʟʘʣʠʰʢʘʤʠ ʢʦʨʝʥʝʚʠʭ ʩʠʩʪʝʤ ʟʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ ï ʜʦ 20 ʢʤ/ʛʦʜ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʛʣʠʙʠʥʠ ʟʘʛʦʨʪʘʥʥʷ ʥʘʩʽʥʥʷ ʪʝ, ʱʦ ʜʠʩʢʦʚʽ 

ʩʦʰʥʠʢʠ ʥʝ ʩʪʚʦʨʶʶʪʴ ʧʦʩʽʚʥʦʾ ʙʦʨʦʟʝʥʢʠ ʟ ʱʽʣʴʥʠʤ ʥʘʩʽʥʥʻʚʠʤ ʣʦʞʝʤ. ʂʨʽʤ ʪʦʛʦ, 

ʜʚʦʜʠʩʢʦʚʽ ʩʦʰʥʠʢʠ ʤʘʶʪʴ ʙʽʣʴʰ ʩʢʣʘʜʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʜʥʦʜʠʩʢʦʚʠʤʠ 

ʩʦʰʥʠʢʘʤʠ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʠʩʢʦʚʽ ʩʦʰʥʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʫʙʯʘʪʠʤʠ, ʧʦʢʨʘʱʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ 

ʷʢʽʩʪʴ ʨʦʟʨʽʟʘʥʥʷ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ, ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʜʠʩʢʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʦʧʫʢʣʦʾ 

ʬʦʨʤʠ. ʇʝʨʝʚʘʛʦʶ ʜʠʩʢʽʚ ʦʧʫʢʣʦʾ ʬʦʨʤʠ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʤʝʥʰʝ ʤʽʩʮʷ, ʚʽʜʢʠʜʘʶʪʴ 

ʤʝʥʰʝ ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʚʫʞʯʠʤʠ ʤʽʞʨʷʜʜʷʤʠ (Aliiev et al., 2024). 

ɼʦ ʛʨʫʧʠ ʩʦʰʥʠʢʽʚ ʽʟ ʧʨʷʤʠʤ ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ ʚʽʜʥʦʩʷʪʴʩʷ ʪʨʫʙʯʘʩʪʽ ʩʦʰʥʠʢʠ 

(ʨʠʩ. 4).  

ʊʨʫʙʯʘʩʪʽ ʩʦʰʥʠʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʟʝʨʥʦʚʠʭ ʩʽʚʘʣʢʘʭ ʜʣʷ ʩʽʚʙʠ ʧʦ ʩʪʝʨʥʽ ʪʘ ˇʨʫʥʪʘʭ, 

ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʚʽʪʨʦʚʽʡ ʝʨʦʟʽʾ. ʊʘʢʠʡ ʩʦʰʥʠʢ ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʫ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ 
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ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʫʙʢʠ ʽ ʥʘʨʘʣʴʥʠʢʘ, ʱʦ ʻ ʡʦʛʦ ʚʘʛʦʤʦʶ ʧʝʨʝʚʘʛʦʶ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʩʦʰʥʠʢ 

ʚʽʙʨʫʻ, ʱʦ ʩʧʨʠʷʻ ʡʦʛʦ ʩʘʤʦʦʯʠʱʝʥʥʶ (ʉʘʣʦ ʪʘ ʽʥ., 2012). 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʪʘʢʦʛʦ ʩʦʰʥʠʢʘ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʝ, ʱʦ ʛʣʠʙʠʥʘ ʟʘʛʦʨʪʘʥʥʷ ʥʘʩʽʥʥʷ ʥʝ ʟʘʚʞʜʠ 

ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ.  

 
ʈʠʩ. 4. ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʦʰʥʠʢʘ ʽʟ ʧʨʷʤʠʤ ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ - ʪʨʫʙʯʘʩʪʦʛʦ 

ʋʢʨʘʾʥʘ ʻ ʚʝʣʠʢʦʶ ʢʨʘʾʥʦʶ ʽʟ ʧʦʪʫʞʥʠʤ ʩʽʣʴʩʴʢʠʤ ʛʦʩʧʦʜʘʨʩʪʚʘʤ. ɺ ʫʩʽʭ ʢʣʽʤʘʪʠʯʥʠʭ 

ʟʦʥʘʭ ʻ ʩʚʽʡ ʥʘʙʽʨ ʢʫʣʴʪʫʨ, ʷʢʽ ʢʫʣʴʪʠʚʫʶʪʴʩʷ. ɯʟ ʟʤʽʥʘʤʠ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʩʪʫʧʦʚʝ ʟʤʽʱʝʥʥʷ ʢʦʨʜʦʥʽʚ ʮʠʭ ʟʦʥ. ʊʽ ʢʫʣʴʪʫʨʠ, ʷʢʽ ʧʦʚʩʷʢʯʘʩ ʢʫʣʴʪʠʚʫʚʘʣʠʩʴ ʚ ʟʦʥʽ 

ʉʪʝʧʫ, ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʟʦʥʠ ʃʽʩʦʩʪʝʧʫ ʪʘ ʇʦʣʽʩʩʷ, ʜʝ ʾʤ ʢʦʤʬʦʨʪʥʽʰʝ (Vasylkovska 

et al., 2024). ʊʦʤʫ ʧʦʰʫʢ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʩʽʚʫ ʪʨʠʚʘʻ ʚʝʩʴ ʯʘʩ. ʏʠ ʤʦʞʥʘ 

ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʩʦʰʥʠʢ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ˇʨʫʥʪʽʚ? ʆʯʝʚʠʜʥʦ, ʱʦ ʥʽ. ɺ ʋʢʨʘʾʥʽ 

ʥʘʣʽʯʫʻʪʴʩʷ 39 ʪʠʧʽʚ ˇʨʫʥʪʽʚ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ 91 ʚʠʜ, ʷʢʽ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʄʦʨʦʟʦʚ ʪʘ ʽʥ., 2013). ʆʜʥʘʢ ʤʦʞʣʠʚʘ ʪʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʩʦʰʥʠʢʘ ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʧʝʚʥʫ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʜʣʷ ʧʝʚʥʦʾ ʛʨʫʧʠ ʢʫʣʴʪʫʨ ʚ ʤʝʞʘʭ ʦʙʨʘʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ. 

ɯʟ ʦʙʨʘʥʥʷʤ ʟʘʭʠʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʟʤʽʥʠ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʩʣʽʜ ʟʚʝʨʥʫʪʠ 

ʫʚʘʛʫ ʥʘ ʜʦʣʦʪʦʚʠʜʥʽ ʩʦʰʥʠʢʠ (ʨʠʩ. 5). 

 
ʈʠʩ. 5. ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʦʰʥʠʢʘ ʽʟ ʛʦʩʪʨʠʤ ʢʫʪʦʤ ʚʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ - ʜʦʣʦʪʦʚʠʜʥʦʛʦ 
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ɼʦʣʦʪʦʚʠʜʥʽ ʩʦʰʥʠʢʠ ʤʦʞʫʪʴ ʨʦʟʧʫʰʫʚʘʪʠ ʥʘʚʽʪʴ ʩʫʭʠʡ, ʪʚʝʨʜʠʡ ˇʨʫʥʪ ʽ ʩʧʨʘʚʣʷʶʪʴʩʷ ʟ 

ʪʦʚʩʪʠʤ ʰʘʨʦʤ ʤʫʣʴʯʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʩʦʰʥʠʢʦʚʦʾ ʛʨʫʧʠ ʧʽʜ ʯʘʩ ʧʦʩʽʚʫ ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʧʨʦʚʦʜʠʪʠ ʥʽʷʢʦʛʦ ʽʥʰʦʛʦ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ. ʉʦʰʥʠʢ ʤʘʻ ʬʦʨʤʫ ʯʘʩʪʠʥʠ ʣʘʧʠ 

ʢʫʣʴʪʠʚʘʪʦʨʘ ʽ ʧʨʘʮʶʻ ʥʘ ʚʩʪʘʥʦʚʣʝʥʽʡ ʛʣʠʙʠʥʽ .  

ʊʘʢʽ ʩʦʰʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʩʤʫʛʦʚʽʡ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʚʥʝʩʝʥʥʷʤ ʜʦʙʨʠʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʩʽʥʥʷ ʟʘʢʣʘʜʘʻʪʴʩʷ ʚ ʦʙʨʦʙʣʝʥʽ ʩʤʫʛʠ, ʧʨʠ ʮʴʦʤʫ 

ʤʘʡʙʫʪʥʽ ʧʘʨʦʩʪʢʠ ʙʫʜʫʪʴ ʟʘʙʝʟʧʝʯʝʥʽ ʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ 

ʩʧʨʠʷʪʠʤʝ ʨʦʟʚʠʪʢʫ ʟʜʦʨʦʚʦʾ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ. ʂʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚʠʩʦʢʽ ʨʦʙʦʯʽ ʰʚʠʜʢʦʩʪʽ ʽ ʻ ʭʦʨʦʰʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʣʷ ʚʝʣʠʢʠʭ ʧʣʦʱ. 

ʇʝʨʝʚʘʛʦʶ ʜʦʣʦʪʦʚʠʜʥʠʭ ʩʦʰʥʠʢʽʚ ʻ ʭʦʨʦʰʘ ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʧʦʩʽʚʫ ʧʦ ʤʫʣʴʯʽ, ʚʠʩʦʢʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʤʦʞʣʠʚʽʩʪʴ ʧʨʷʤʦʛʦ ʧʦʩʽʚʫ, ʧʨʦʩʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ. ʊʘʢʠʡ ʚʠʩʽʚ ʤʘʻ 

ʪʘʢʦʞ ʪʘʢʫ ʧʝʨʝʚʘʛʫ, ʷʢ ʙʦʨʦʪʴʙʘ ʽʟ ʝʨʦʟʽʻʶ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʤʠʚʘʥʥʷ ˇʨʫʥʪʫ ʽ ʟʙʝʨʝʞʝʥʥʷ 

ʚʦʣʦʛʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʦʙʨʘʥʥʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʩʦʰʥʠʢʘ ʧʦʪʨʽʙʥʦ ʪʦʯʥʦ ʦʮʽʥʠʪʠ ʫʤʦʚʠ 

ʨʦʙʦʪʠ, ʘ ʩʘʤʝ: ʢʣʽʤʘʪ, ʪʠʧ ˇʨʫʥʪ, ʨʝʣʴʻʬ. ʊʘʢʦʞ, ʩʣʽʜ ʦʙʨʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʪʘ 

ʪʝʭʥʦʣʦʛʽʶ ʚʠʨʦʱʫʚʘʥʥʷ ʦʙʨʘʥʦʾ ʢʫʣʴʪʫʨʠ. ʇʽʩʣʷ ʦʙʨʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ, ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽ ʜʦʙʨʠʚʘ ʪʘ ʾʭ ʜʦʟʠ. ʉʫʮʽʣʴʥʠʡ ʪʘ ʩʤʫʛʦʚʠʡ ʚʠʩʽʚ ʜʘʻ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦʩʽʚʫ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʾ ʰʚʠʜʢʦʩʪʽ ʘʙʦ ʢʽʣʴʢʦʩʪʽ ʘʛʨʝʛʘʪʽʚ. ʊʦʤʫ, ʟʚʘʞʠʚʰʠ 

ʥʘ ʧʝʨʝʨʘʭʦʚʘʥʽ ʬʘʢʪʦʨʠ, ʤʠ ʟʤʦʞʝʤʦ ʧʨʘʚʠʣʴʥʦ ʦʙʨʘʪʠ ʪʦʡ ʯʠ ʽʥʰʠʡ ʩʦʰʥʠʢ ʧʽʜ ʚʽʜʧʦʚʽʜʥʫ 

ʪʝʭʥʦʣʦʛʽʶ ʚʠʨʦʱʫʚʘʥʥʷ ʪʦʾ ʯʠ ʽʥʰʦʾ ʢʫʣʴʪʫʨʠ. 

ɺʀʉʅʆɺʂʀ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʾʭ ʧʦʪʨʽʙʥʦ ʫʢʣʘʜʘʪʠ 

ʩʦʰʥʠʢʦʤ ʫ ʙʦʨʦʟʥʫ ʟ ʫʱʽʣʴʥʝʥʠʤ ʜʥʦʤ ʽ ʟʘʢʨʠʚʘʪʠ ʟʚʝʨʭʫ ʨʠʭʣʠʤ ˇʨʫʥʪʦʤ.  

ʊʦʞ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʦʙʨʘʥʥʽ ʧʦʪʨʽʙʥʦʛʦ ʧʦʩʽʚʥʦʛʦ ʘʛʨʝʛʘʪʫ ʪʘ ʩʦʰʥʠʢʦʚʦʾ ʛʨʫʧʠ ʚ 

ʥʴʦʤʫ ʧʦʪʨʽʙʥʦ ʪʦʯʥʦ ʦʮʽʥʠʪʠ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ, ʪʠʧ ˇʨʫʥʪʫ ʪʘ ʡʦʛʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʨʝʣʴʻʬ ʧʦʣʷ. ʇʨʠ ʦʙʨʘʥʥʽ ʧʦʪʨʽʙʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʽʪʢʫ 

ˇʨʫʥʪʫ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ ʦʙʨʘʥʦʾ ʢʫʣʴʪʫʨʠ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚʘ ʪʘ ʾʭ ʜʦʟʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʪʘ ʩʤʫʛʦʚʦʛʦ ʧʦʩʽʚʫ ʥʘʜʘʩʪʴ ʟʤʦʛʫ 

ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʽʚʙʠ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʩʽʚʥʦʛʦ ʘʛʨʝʛʘʪʫ ʘʙʦ 

ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʢʽʣʴʢʦʩʪʽ. ʊʦʤʫ, ʟʚʘʞʠʚʰʠ ʥʘ ʧʝʨʝʨʘʭʦʚʘʥʽ ʬʘʢʪʦʨʠ, ʤʠ ʟʤʦʞʝʤʦ ʧʨʘʚʠʣʴʥʦ 

ʦʙʨʘʪʠ ʪʦʡ ʯʠ ʽʥʰʠʡ ʩʦʰʥʠʢ ʧʽʜ ʚʽʜʧʦʚʽʜʥʫ ʪʝʭʥʦʣʦʛʽʶ ʚʠʨʦʱʫʚʘʥʥʷ ʪʦʾ ʯʠ ʽʥʰʦʾ ʢʫʣʴʪʫʨʠ. 
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ABSTRACT 

 

The article examines the peculiarities of potato cultivation 

on household plots using walk-behind tractors and 

specialized attachments. Modern agricultural technologies, 

particularly the Dutch ridge planting method, are analyzed 

and adapted for small-scale farming conditions. Various 

types of attachments (plows, ridgers, potato planters, rotary 

tillers, potato diggers, etc.) are described, and the 

requirements for engine power depending on plot size and 

soil type are substantiated. The research results demonstrate 

the efficiency of applying organic fertilizers (manure, green 

manure crops, straw), which contributed to yield increase 

and improvement of potato tuber quality indicators. It has 

been proven that the use of small-scale machinery combined 

with organic farming practices ensures economic feasibility, 

environmental safety, and increased labor productivity 

under the conditions of Western Polissia. 
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ˍ˚˛˟ˍˣ˴ˬ 
 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʨʦʱʫʚʘʥʥʷ 

ʢʘʨʪʦʧʣʽ ʥʘ ʧʨʠʩʘʜʠʙʥʠʭ ʜʽʣʷʥʢʘʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʪʦʙʣʦʢʽʚ ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʥʘʚʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ 

ʛʦʣʣʘʥʜʩʴʢʦʛʦ ʛʨʝʙʝʥʝʚʦʛʦ ʩʧʦʩʦʙʫ ʧʦʩʘʜʢʠ, ʪʘ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʾʭ ʘʜʘʧʪʘʮʽʶ ʜʣʷ ʫʤʦʚ ʤʘʣʠʭ ʛʦʩʧʦʜʘʨʩʪʚ. 

ʇʦʜʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʥʘʚʽʩʥʠʭ ʟʥʘʨʷʜʴ 

(ʧʣʫʛʽʚ, ʧʽʜʛʦʨʪʘʯʽʚ, ʢʘʨʪʦʧʣʝʩʘʜʞʘʣʦʢ, ʬʨʝʟ, 

ʢʘʨʪʦʧʣʝʢʦʧʘʣʦʢ ʪʦʱʦ), ʚʠʟʥʘʯʝʥʦ ʚʠʤʦʛʠ ʜʦ 

ʧʦʪʫʞʥʦʩʪʽ ʤʦʪʦʙʣʦʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʧʣʦʱʽ ʪʘ ʪʠʧʫ 

ˇʨʫʥʪʫ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ (ʛʥʽʡ, ʩʠʜʝʨʘʪʠ, 

ʩʦʣʦʤʘ), ʷʢʽ ʩʧʨʠʷʣʠ ʧʽʜʚʠʱʝʥʥʶ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ 

ʧʦʣʽʧʰʝʥʥʶ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʫʣʴʙ ʢʘʨʪʦʧʣʽ. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʣʦʛʘʙʘʨʠʪʥʦʾ ʪʝʭʥʽʢʠ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʘʛʨʦʪʝʭʥʽʯʥʠʤʠ ʟʘʭʦʜʘʤʠ 

ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ 

ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʚ ʫʤʦʚʘʭ ɿʘʭʽʜʥʦʛʦ 

ʇʦʣʽʩʩʷ.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

DOI: 10.36910/acm.vi51.1889 ˣ̉̓̔̃́̓̉ ̗̟ ̟̒̓́̓̓: 
ʂʽʨʯʫʢ, ʈ. ɺ., ɿʘʙʨʦʜʦʮʴʢʘ ʃ. ʖ., & ʌʝʨʝʥʮ, ʈ. B. (2025). 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʨʦʱʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ ʥʘ ʧʨʠʩʘʜʠʙʥʠʭ 

ʜʽʣʷʥʢʘʭ ʟ ʦʙʛʨʫʥʪʫʚʘʥʥʷʤ ʩʠʩʪʝʤʠ ʥʘʚʽʩʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʤʦʪʦʙʣʦʢʫ. ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʤʘʰʠʥʠ, 51, 34-47. https://doi.org/10.36910/acm.vi51.1889 
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˞˟ˍ˚ ˜˕˟ˍ˚˚ˬ ˟ˍ ˜˛˞˟ˍ˚˛ˏ˗ˍ ˜˝˛ˎ˘˒˙˕ 

 

ɿʘ ʜʘʥʠʤ ʄʽʥʘʛʨʦʧʦʣʽʪʠʢʠ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʦʚʘʨʽʚ, ʱʦ ʝʢʩʧʦʨʪʫʻʪʴʩʷ, ʘ ʩʘʤʝ 40%, ʧʨʠʧʘʜʘʻ ʥʘ 

ʧʨʦʜʫʢʮʽʶ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʩʝʢʪʦʨʫ. ɸ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʽ ʽʩʪʦʨʠʯʥʦ, ʽ ʥʠʥʽ - ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ 

ʟʘʣʠʰʘʻʪʴʩʷ ʦʩʥʦʚʦʶ ʝʢʦʥʦʤʽʢʠ ʜʝʨʞʘʚʠ. ʊʝʤʧʠ ʥʘʨʦʱʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ. ɼʦ 2022ʨ. ʨʽʩʪ ʩʢʣʘʜʘʚ 12%. ʆʩʥʦʚʫ 

ʝʢʩʧʦʨʪʫ, ʪʨʘʜʠʮʽʡʥʦ, ʬʦʨʤʫʶʪʴ ʟʝʨʥʦʚʽ ʽ ʦʣʽʡʥʽ ʢʫʣʴʪʫʨʠ (ʧʦʥʘʜ 80% ʦʙʩʷʛʽʚ). ʊʘʢʦʞ ʻ ʟʨʦʩʪʘʥʥʷ 

ʧʨʦʜʫʢʮʽʾ ʧʣʦʜʽʚʥʠʮʪʚʘ ʪʘ ʷʛʽʜ ʥʘ 11% ʽ ʧʝʨʝʨʦʙʢʠ ʦʚʦʯʽʚ -  ʥʘ 22% (ʂʦʚʘʣʴʦʚʘ, 2019). 

ɸʛʨʦʚʠʨʦʙʥʠʮʪʚʦʤ ʟʘʡʤʘʶʪʴʩʷ ʛʦʩʧʦʜʘʨʩʪʚʘ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤ ʚʣʘʩʥʦʩʪʽ, ʚʽʜ ʘʛʨʦʭʦʣʜʠʥʛʽʚ 

ʜʦ ʜʨʽʙʥʠʭ ʬʝʨʤʝʨʽʚ. ʗʢ ʧʦʢʘʟʫʻ ʨʷʜ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʦʣʴ ʧʨʠʩʘʜʠʙʥʠʭ 

ʛʦʩʧʦʜʘʨʩʪʚ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʜʫʢʮʽʾ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ (ʉʦʢʘʣʴʩʴʢʠʡ,2012; ʂʦʚʘʣʴʯʫʢ, 2019).  

ɰʭ ʯʘʩʪʠʥʘ ʚ ʦʙôʻʤʽ ʚʘʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʩʪʘʥʦʚʠʣʘ 45,9 % ʫ 2013ʨ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ, ʚʠʨʦʙʥʠʮʪʚʦ ʢʘʨʪʦʧʣʽ ʚ ʋʢʨʘʾʥʽ ʟʦʩʝʨʝʜʞʝʥʦ ʧʝʨʝʚʘʞʥʦ ʚ ʧʨʠʚʘʪʥʠʭ ʛʦʩʧʦʜʘʨʽʚ, ʘ 

ʥʝ ʘʛʨʦʭʦʣʜʠʥʛʘʭ. ʅʘʦʯʥʦ ʮʝ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʜʽʘʛʨʘʤʽ (ʨʠʩ.1) (ʏʝʨʥʝʥʢʦ,2020). 

ʉʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ï ʜʘʚʥʽʡ ʚʠʜ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʷʢʠʡ ʤʝʥʪʘʣʴʥʦ ʧʨʠʪʘʤʘʥʥʠʡ ʫʢʨʘʾʥʮʷʤ. 

ʅʘ ʩʴʦʛʦʜʥʽ, ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʘʮʶʻ ʙʣʠʟʴʢʦ ʧʦʣʦʚʠʥʠ ʥʘʩʝʣʝʥʥʷ ʩʚʽʪʫ. ʋ 

ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʪʘʥʦʚʠʪʴ  2é9% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʩʝʣʝʥʥʷ, ʫ ʢʨʘʾʥʘʭ, ʱʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ, ï 60é75%. ɺ ʋʢʨʘʾʥʽ ʥʘ ʩʝʣʽ ʧʨʘʮʶʶʪʴ 15,4% ʝʢʦʥʦʤʽʯʥʦ ʘʢʪʠʚʥʦʛʦ ʥʘʩʝʣʝʥʥʷ. 

 

 
 

ʈʠʩ.1 ï ɼʽʘʛʨʘʤʘ ʚʘʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʢʘʨʪʦʧʣʽ ʚ ʋʢʨʘʾʥʽ 

   

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʫ ʩʚʽʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʩʽʣʴʩʴʢʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ, ʮʷ ʩʬʝʨʘ ʜʽʷʣʴʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʫ ʟʘʡʥʷʪʽʩʪʴ ʥʘʩʝʣʝʥʥʷ (Campos &  Ortiz, 2020). 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʫ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʽ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʭʘʥʽʟʘʮʽʾ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʮʽʻʾ 

ʛʘʣʫʟʽ. ʗʢʱʦ ʨʠʥʦʢ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʜʣʷ ʬʝʨʤʝʨʽʚ ʪʘ ʚʝʣʠʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʥʘʩʠʯʝʥʠʡ 

ʧʨʦʜʫʢʮʽʻʶ, ʪʦ ʥʦʤʝʥʢʣʘʪʫʨʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʥʘʨʷʜʴ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʪʘ 

ʧʨʠʩʘʜʠʙʥʠʭ ʜʽʣʷʥʦʢ ʟʥʘʯʥʦ ʤʝʥʰʘ. ʆʢʨʽʤ ʪʦʛʦ, ʚʘʨʪʽʩʪʴ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʘ ʧʝʨʝʥʘʩʠʯʝʥʘ 

ʟʘʩʦʙʘʤʠ ʤʝʭʘʪʨʦʥʽʢʠ, ʜʦʩʪʫʧʥʘ ʣʠʰʝ ʬʽʥʘʥʩʦʚʦ ʧʦʪʫʞʥʠʤ ʦʨʛʘʥʽʟʘʮʽʷʤ ʪʘ ʬʽʨʤʘʤ, ʱʦ ʥʝ ʤʦʞʥʘ 

ʩʢʘʟʘʪʠ ʧʨʦ ʜʨʽʙʥʠʭ ʛʦʩʧʦʜʘʨʥʠʢʽʚ. ʊʦʤʫ ʧʠʪʘʥʥʷ ʘʥʘʣʽʟʫ ʨʠʥʢʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʥʘʨʷʜʴ ʜʣʷ 

ʥʝʚʝʣʠʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʪʘ ʧʨʠʩʘʜʠʙʥʠʭ ʜʽʣʷʥʦʢ ʻ ʘʢʪʫʘʣʴʥʠʤ, ʘ ʬʦʨʤʫʚʘʥʥʷ ʮʽʣʽʩʥʦʾ ʩʠʩʪʝʤʠ ʾʭ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʽ ʩʚʦʻʯʘʩʥʠʤ (ʇʘʭʦʣʴʯʫʢ & ɼʦʤʘʥʩʴʢʠʡ, 2009; H.De Jong 

et al, 2011; ʄʝʣʴʥʠʢ et al, 2010). 

˙̆̓́ ̨̠̅̏̒̌̅̇̆̎̎ ï ʜʦʩʣʽʜʠʪʠ ʪʘ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʟʥʘʨʷʜʴ ʜʣʷ ʧʨʠʩʘʜʠʙʥʠʭ ʜʽʣʷʥʦʢ, ʨʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʮʽʶ ʾʭ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ, 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʣʦʛʘʙʘʨʠʪʥʦʾ ʪʝʭʥʽʢʠ, ʷʢ ʪʘʢʦ,ʾ ʱʦ ʻ ʜʦʩʪʫʧʥʽʰʦʶ ʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ.  
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˙ˍ˟˒˝˴ˍ˘˕ ˴ ˙˒˟˛ˑ˕ 
ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʻʜʠʥʦʾ ʢʦʥʮʝʧʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʥʘʨʷʜʴ ʚ ʫʤʦʚʘʭ ʜʨʽʙʥʠʭ ʧʨʠʩʘʜʠʙʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚ, 

ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʘʥʠʭ, ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʪʘ ʩʠʥʪʝʟ  ʥʦʚʦʾ ʫʟʘʛʘʣʴʥʝʥʦʾ ʩʭʝʤʠ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʥʘʨʷʜʴ. ʊʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʠʧʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥ, ʟʦʢʨʝʤʘ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ 

ʨʦʙʦʯʠʭ ʪʘ ʧʽʜʢʦʧʫʶʯʠ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ.  

 

 

˝˒˔ˠ˘˩˟ˍ˟˕ ˑ˛˞˘˴ˑ˓˒˚˚ˬ ˟ˍ ˛ˎː˛ˏ˛˝˒˚˚ˬ  
ɻʦʣʣʘʥʜʩʴʢʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʱʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ - ʮʝ ʽʥʪʝʥʩʠʚʥʠʡ ʤʝʪʦʜ, ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ 

ʧʨʦʤʠʩʣʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ. ɺʦʥʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʥʘʩʽʥʥʻʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʧʦʩʘʜʢʫ ʫ ʚʠʩʦʢʽ ʛʨʝʙʝʥʽ, ʪʦʯʥʝ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʽ ʟʘʭʠʩʪ ʚʽʜ ʭʚʦʨʦʙ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʰʠʨʦʢʠʭ 

ʤʽʞʨʷʜʴ (ʜʦ 75 ʩʤ) ʪʘ ʤʝʭʘʥʽʟʦʚʘʥʫ ʧʦʩʘʜʢʫ.  

ʆʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʛʦʣʣʘʥʜʩʴʢʦʾ ʪʝʭʥʦʣʦʛʽʾ: ʚʠʩʦʢʦʷʢʽʩʥʠʡ ʥʘʩʽʥʥʻʚʠʡ ʤʘʪʝʨʽʘʣ; ʬʦʨʤʫʬʘʥʥʷ ʪʘ 

ʧʦʩʘʜʢʘ ʫ ʛʨʝʙʝʥʽ; ʤʝʭʘʥʽʟʦʚʘʥʘ ʦʙʨʦʙʢʘ; ʟʙʽʨ ʚʨʦʞʘʶ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʢʘʨʪʦʧʣʽ (ʥʘʩʽʥʥʻʚʘ 

ʘʙʦ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ). 

ʇʝʨʝʚʘʛʘʤʠ ʛʦʣʣʘʥʜʩʴʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʻ: ʟʙʽʣʴʰʝʥʥʷ ʤʽʞʨʷʜʥʦʾ ʚʽʜʩʪʘʥʽ ʧʦʢʨʘʱʫʻ ʮʠʨʢʫʣʷʮʽʶ 

ʧʦʚʽʪʨʷ ʪʘ ʜʦʩʪʫʧ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʜʦ ʨʦʩʣʠʥ; ʬʦʨʤʫʚʘʥʥʷ ʛʨʝʙʝʥʽʚ ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ ʧʨʦʛʨʽʚʘʥʥʶ 

ˇʨʫʥʪʫ, ʟʘʭʠʩʪʫ ʙʫʣʴʙ ʚʽʜ ʩʦʥʷʯʥʠʭ ʦʧʽʢʽʚ ʪʘ ʧʦʣʝʛʰʫʻ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ; ʤʽʥʽʤʽʟʘʮʽʷ ʤʝʭʘʥʽʯʥʦʛʦ 

ʦʙʨʦʙʽʪʢʫ ʤʽʞʨʷʜʴ ʟʤʝʥʰʫʻ ʧʦʰʢʦʜʞʝʥʥʷ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ; ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʨʦʩʣʠʥʘʤʠ 

ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ ʦʩʚʽʪʣʝʥʥʶ ʢʫʱʽʚ ʩʦʥʷʯʥʠʤ ʩʚʽʪʣʦʤ ʪʘ ʟʤʝʥʰʫʻ ʟʘʩʪʽʡ ʚʦʣʦʛʠ; ʚʠʩʦʢʘ ʚʨʦʞʘʡʥʽʩʪʴ 

ʪʘ ʧʦʢʨʘʱʝʥʘ ʷʢʽʩʪʴ ʙʫʣʴʙ (ʉʤʘʢʦʪʘ, 2015).  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʨʦʞʘʶ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢʽʩʥʠʡ ʥʘʩʽʥʥʻʚʠʡ 

ʤʘʪʝʨʽʘʣ ʪʘ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʚʩʽʭ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ. ɺʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʩʣʠʥʠ ʜʦʩʪʘʪʥʴʦʶ 

ʢʽʣʴʢʽʩʪʶ ʚʦʣʦʛʠ ʪʘ ʟʘʭʠʩʪʠʪʠ ʾʭ ʚʽʜ ʰʢʽʜʥʠʢʽʚ ʪʘ ʭʚʦʨʦʙ. ɻʦʣʣʘʥʜʩʴʢʘ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʭʦʜʠʪʴ ʷʢ ʜʣʷ 

ʚʝʣʠʢʠʭ ʬʝʨʤʝʨʩʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚ, ʪʘʢ ʽ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʧʨʠʩʘʜʠʙʥʠʭ ʜʽʣʷʥʦʢ. ʈʽʟʥʠʮʷ ʚ ʧʨʦʤʠʩʣʦʚʽʡ ʽ 
ʜʦʤʘʰʥʽʡ ʢʫʣʴʪʠʚʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʫ 

ʪʝʭʥʽʢʫ, ʘ ʥʘ ʧʨʠʩʘʜʠʙʥʽʡ ʜʽʣʷʥʮʽ ʚʩʝ ʨʦʙʠʪʴʩʷ ʚʨʫʯʥʫ ʘʙʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʪʦʙʣʦʢʫ. 

ɻʣʠʙʠʥʘ ʟʘʢʣʘʜʝʥʥʷ ʢʘʨʪʦʧʣʽ ï 6-8 ʩʤ. ʄʽʞ ʙʫʣʴʙʘʤʠ ʣʠʰʘʻʪʴʩʷ ʧʦ 30 ʩʤ, ʘ ʤʽʞ ʨʷʜʘʤʠ ï ʧʦ 70-

75 ʩʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʤʝʪʨ ʜʦʚʝʜʝʪʴʩʷ ʧʦ 6-8 ʢʘʨʪʦʧʣʠʥ, ʘ ʢʦʞʝʥ ʢʫʱʠʢ ʙʫʜʝ 

ʦʩʚʽʪʣʝʥʠʡ ʩʦʥʮʝʤ, ʽ ʧʽʩʣʷ ʜʦʱʫ ʫ ʟʝʤʣʽ ʥʝ ʟʘʩʪʦʶʚʘʪʠʤʝʪʴʩʷ ʚʦʣʦʛʘ (ʨʠʩ.2). 

 

ʈʠʩ. 2 - ʉʭʝʤʘ ʧʦʩʘʜʢʠ ʪʘ ʛʣʠʙʠʥʘ ʟʘʢʣʘʜʝʥʥʷ ʙʫʣʴʙ 

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʚʠʨʦʱʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ ʻ ʛʨʝʙʝʥʝʫʪʚʦʨʝʥʥʷ. ɺʩʝ ʪʦʤʫ, ʱʦ ʚʽʜ ʷʢʦʩʪʽ ʽ ʚʯʘʩʥʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʛʨʝʙʝʥʽʚ ʟʘʣʝʞʠʪʴ ʯʠʩʪʦʪʘ ʢʘʨʪʦʧʣʷʥʦʛʦ ʧʦʣʷ, ʩʪʨʫʢʪʫʨʘ ˇʨʫʥʪʫ ʚ ʟʦʥʽ ʙʫʣʴʙʦʫʪʚʦʨʝʥʥʷ, 

ʚʝʣʠʯʠʥʘ ʽ ʥʘʚʽʪʴ ʷʢʽʩʪʴ ʚʨʦʞʘʶ. 

ɻʨʝʙʝʥʽ ʬʦʨʤʫʶʪʴ ʧʝʨʝʜ ʩʭʦʜʘʤʠ (ʧʨʠʙʣʠʟʥʦ ʥʘ 10-14-ʡ ʜʝʥʴ ʧʽʩʣʷ ʧʦʩʘʜʢʠ, ʢʦʣʠ ʙʫʣʴʙʠ 

ʫʪʚʦʨʷʪʴ ʤʠʯʢʫ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʽ ʟʘʢʨʽʧʣʷʪʴʩʷ ʫ ˇʨʫʥʪʽ). ɰʭʥʷ ʚʠʩʦʪʘ ʤʘʻ ʙʫʪʠ ʙʣʠʟʴʢʦ 18-22 ʩʤ. 

ʇʦʩʘʜʢʫ ʫ ʛʨʝʙʝʥʽ ʣʝʛʢʦ ʤʝʭʘʥʽʟʫʚʘʪʠ: ʜʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʪʦʢʫʣʴʪʠʚʘʪʦʨʠ ʽʟ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʥʘʩʘʜʢʘʤʠ. ʉʘʜʷʪʴ ʙʫʣʴʙʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʟ ʧʨʠʩʪʨʦʾʚ: ʧʽʜʛʦʨʪʘʯ, ʧʣʫʛ, 

ʢʘʨʪʦʧʣʝʩʘʜʞʘʣʢʘ. 

ʇʨʠ ʚʠʙʦʨʽ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʦʩʘʜʢʠ ʢʘʨʪʦʧʣʽ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʧʣʶʩʠ ʪʘ ʤʽʥʫʩʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʥʘʩʘʜʦʢ ʜʣʷ ʮʴʦʛʦ ʚʠʜʫ ʨʦʙʽʪ. 
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ʈʠʩ.3 ï ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʛʨʝʙʝʥʷ ʢʘʨʪʦʧʣʽ 

 

ʇʨʦʮʝʩ ʚʠʨʦʱʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ ʥʘ ʥʝʚʝʣʠʢʠʭ ʧʨʠʩʘʜʠʙʥʠʭ ʜʽʣʷʥʢʘʭ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʧʦʣʝʛʰʝʥʝ 

ʧʦʩʘʜʢʦʶ ʢʘʨʪʦʧʣʽ ʤʦʪʦʙʣʦʢʦʤ. ʊʨʫʜʦʤʽʩʪʢʽʩʪʴ ʧʦʩʘʜʢʠ ʦʜʥʘ ʽʟ ʥʘʡʚʠʱʠʭ ʩʝʨʝʜ ʛʦʨʦʜʥʽʭ ʨʦʙʽʪ. ʅʘ 5-

ʪʠ ʩʦʪʢʘʭ ʧʦʩʘʜʢʘ ʢʘʨʪʦʧʣʽ ʧʽʜ ʣʦʧʘʪʫ ʟʘʡʤʝ ʮʽʣʠʡ ʜʝʥʴ, ʘ ʧʨʘʚʠʣʴʥʘ ʧʦʩʘʜʢʘ ʢʘʨʪʦʧʣʽ ʤʦʪʦʙʣʦʢʦʤ 

ʩʢʦʨʦʪʠʪʴ ʾʾ ʜʦ ʢʽʣʴʢʦʭ ʛʦʜʠʥ. 

 

 
ʈʠʩ.4 ï ɻʨʝʙʝʥʝʚʠʡ ʩʧʦʩʽʙ ʧʦʩʘʜʢʠ ʢʘʨʪʦʧʣʽ 

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ, ʢʨʽʤ ʩʘʤʦʛʦ ʤʦʪʦʙʣʦʢʘ, ʪʨʝʙʘ ʦʙʟʘʚʝʩʪʠʩʷ ʜʦʜʘʪʢʦʚʠʤ ʥʘʚʽʩʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ: 

ˇʨʫʥʪʦʟʘʯʽʧʥʠʤʠ - ʩʪʘʣʝʚʠʤʠ ʢʦʣʝʩʘʤʠ, ʧʦʜʦʚʞʫʚʘʯʘʤʠ ʜʣʷ ʢʦʣʽʩ, ʧʽʜʛʦʨʪʘʯʝʤ ʦʜʥʦʨʷʜʥʠʤ ʘʙʦ 

ʜʚʦʨʷʜʥʠʤ, ʟʯʽʧʢʦʶ ʫʥʽʚʝʨʩʘʣʴʥʦʶ, ʬʨʝʟʦʶ. 

ʄʦʪʦʙʣʦʢʠ ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʘ ʪʝʭʥʽʢʘ. ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʦʥʘ ʧʽʜʽʡʜʝ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʦʧʝʨʘʮʽʡ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʚʠʨʦʱʫʚʘʥʥʷʤ ʢʘʨʪʦʧʣʽ. ʇʨʠ ʚʠʙʦʨʽ ʪʝʭʥʽʢʠ ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʫʚʘʪʠ ʨʦʟʤʽʨʠ ʧʣʦʱ, ʱʦ ʦʙʨʦʙʣʷʶʪʴʩʷ - ʚʽʜ ʮʴʦʛʦ ʟʘʣʝʞʠʪʴ ʚʠʙʽʨ ʧʦʪʫʞʥʦʩʪʽ ʪʝʭʥʽʢʠ. 

ɼʽʘʧʘʟʦʥ ʧʦʪʫʞʥʦʩʪʝʡ ʤʦʪʦʙʣʦʢʽʚ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 2,57 ʢɺʪ ʜʦ 7,36 ʢɺʪ. 

ʇʨʠ ʚʠʙʦʨʽ ʧʦʪʫʞʥʦʩʪʽ ʘʛʨʝʛʘʪʫ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʩʣʽʜ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʘ ʨʦʟʤʽʨ ʧʣʦʱʽ ʜʽʣʷʥʢʠ, ʱʦ 

ʦʙʨʦʙʣʷʻʪʴʩʷ. ʗʢʱʦ ʚʽʥʘ ʨʽʚʥʘ 15 ʘʨ, ʪʦ ʧʦʪʨʽʙʥʠʡ ʘʛʨʝʛʘʪ ʚʽʜ 2,57 ʢɺʪ ʜʦ 2,94 ʢɺʪ ʽʟ ʰʠʨʠʥʦʶ 

ʟʘʭʚʘʪʫ ʙʣʠʟʴʢʦ 0,6 ʤ. ʇʨʠ ʦʙʨʦʙʮʽ ʟʝʤʣʽ ʧʣʦʱʝʶ 20-30 ʘʨ ʟʥʘʜʦʙʠʪʴʩʷ ʤʦʪʦʙʣʦʢ ʧʦʪʫʞʥʽʩʪʶ 3,31-

3,68 ʢɺʪ, ʘ ʰʠʨʠʥʘ ʟʘʭʚʘʪʫ ʧʦʚʠʥʥʘ ʙʫʪʠ 0,8 ʤ. ɼʣʷ ʧʣʦʱʽ 50 ʘʨ ʚʟʘʛʘʣʽ ʪʨʝʙʘ ʘʛʨʝʛʘʪ ʧʦʪʫʞʥʽʩʪʶ 

4,41-5,15 ʢɺʪ, ʘ ʰʠʨʠʥʘ ʟʘʭʚʘʪʫ - ʥʝ ʤʝʥʰʝ 0,9 ʤ. ʄʦʪʦʙʣʦʢʠ ʧʦʪʫʞʥʽʩʪʶ 7,36 ʢɺʪ ʽ ʰʠʨʠʥʦʶ ʟʘʭʚʘʪʫ 

1 ʤ ʚʽʜʤʽʥʥʦ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʦʙʨʦʙʢʠ ʜʽʣʷʥʦʢ 1 ʛʘ ʽ ʚʠʱʝ, ʘʣʝ ʥʝ ʙʽʣʴʰʝ 4 ʛʘ. ɺʝʣʠʢʽ ʧʣʦʱʽ ʙʘʞʘʥʦ ʥʝ 

ʦʙʨʦʙʣʷʪʠ ʤʦʪʦʙʣʦʢʦʤ, ʮʝ ʙʫʜʝ ʥʘʜʪʦ ʩʢʣʘʜʥʦ. ʄʦʪʦʙʣʦʢʠ, ʷʢ ʽ ʙʫʜʴ-ʷʢʘ ʪʝʭʥʽʢʘ, ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ - ʯʠʤ ʙʽʣʴʰʘ ʧʦʪʫʞʥʽʩʪʴ, ʪʠʤ ʙʽʣʴʰʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ. 

ɺʠʙʽʨ ʧʦʪʫʞʥʦʩʪʽ ʻ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʦʶ ʟʘʜʘʯʝʶ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʪʷʛʦʚʦʛʦ 

ʧʨʠʚʦʜʫ ʤʦʙʽʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʤʦʪʦʙʣʦʢʽʚ. ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʽ 

ʢʨʠʪʝʨʽʻʤ ʚʠʙʦʨʫ ʜʚʠʛʫʥʘ ʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʡʦʛʦ ʧʦʪʫʞʥʦʩʪʽ ʫʤʦʚʘʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʙʦʯʠʭ 

ʤʘʰʠʥ, ʘʛʨʝʛʘʪʽʚ ʽ ʫʩʪʘʥʦʚʦʢ. 

ʆʩʥʦʚʥʠʡ ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ ʻ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʦʧʝʨʘʮʽʻʶ, ʪʦʤʫ ʧʦʪʫʞʥʽʩʪʴ 

ʪʷʛʦʚʦʛʦ ʜʚʠʛʫʥʘ ʩʣʽʜ ʦʙʠʨʘʪʠ ʟ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʥʘ ʟʯʽʧʮʽ 
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ʤʦʪʦʙʣʦʢʘ F  ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʨʘʥʢʠ ʚʘʞʢʠʭ (ɺF ), ʩʝʨʝʜʥʽʭ (ʉF ) ʘʙʦ ʣʝʛʢʠʭ (ʃF ) ˇʨʫʥʪʽʚ. 

ʇʨʠ ʮʴʦʤʫ: 

F K a b= Ö Ö,       (1) 

 

ʜʝ a,bï ʚʽʜʧʦʚʽʜʥʦ, ʛʣʠʙʠʥʘ ʦʨʘʥʢʠ ʽ ʰʠʨʠʥʘ ʟʘʭʚʘʪʫ ʧʣʫʛʘ, ʤ; 

K  ï ʧʠʪʦʤʠʡ ʦʧʽʨ ˇʨʫʥʪʫ, ʢʇʘ. ʇʨʠʡʤʘʻʪʴʩʷ: ɺK 90ʢʇʘ= ; ʉK 60ʢʇʘ= ; ʃK 30ʢʇʘ= .     

   

ɺ ʧʨʠʚʘʪʥʠʭ ʧʽʜʩʦʙʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʣʫʛʠ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʧʣʫʞʥʠʭ ʢʦʨʧʫʩʽʚ b 1,2 1,5
a
= . ʆʨʘʥʢʘ ˇʨʫʥʪʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʛʣʠʙʠʥʫ a 10,15,18̔ 20ʩʤ= . ʗʢ 

ʧʨʘʚʠʣʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʣʫʛʠ ʟ ʰʠʨʠʥʦʶ ʟʘʭʚʘʪʫ b 18ʩʤ= , ʪʦʜʽ ʧʨʠʡʤʘʶʯʠ ʛʣʠʙʠʥʫ ʧʽʜʢʦʧʫ ʧʣʘʩʪʘ 

a=15 ʩʤ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʪʷʛʦʚʠʭ ʟʫʩʠʣʴ ʜʣʷ ʦʨʘʥʢʠ ʨʽʟʥʠʭ ˇʨʫʥʪʽʚ: 

ɺF 2,43ʢʅ= , ʉF 1,62ʢʅ= , ʃF 0,81ʢʅ= . 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʷʛʦʚʠʭ ʟʫʩʠʣʴ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʧʨʠ ʦʨʘʥʮʽ ˇʨʫʥʪʫ ʟʯʽʧʥʘ ʚʘʛʘ G mg=  ʤʦʪʦʙʣʦʢʘ 

ʤʘʩʦʶ m ʙʫʣʘ ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʫ. ʇʨʠ ʮʴʦʤʫ: 

 

( )ɿ

FG
fl j x

=
Ö - Ö

,     (2) 

ʜʝ l- ʢʦʝʬʽʮʽʻʥʪ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʣʽʩ ʤʦʪʦʙʣʦʢʘ; 

ɿj - ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʟ ˇʨʫʥʪʦʤ; 

x- ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʥʫʪʨʽʰʥʽ ʚʪʨʘʪʠ ʚ ʭʦʜʦʚʽʡ ʩʠʩʪʝʤʽ; 

f - ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʧʝʨʝʢʦʯʫʚʘʥʥʷ ʢʦʣʽʩ. 

ɼʣʷ ʤʦʪʦʙʣʦʢʽʚ ʟ ʰʠʥʘʤʠ 1l= ; ɿ 0,5 0,7j = ; 1x=ʽ f 0,10 0,12=  ʪʘ ʟʯʽʧʥʘ ʚʘʛʘ 

ɺG 4,05ʢʅ= ; ʉG 2,70ʢʅ= ; ʃG 1,35ʢʅ= . ɼʣʷ ʤʦʪʦʙʣʦʢʽʚ ʟ ʤʝʪʘʣʝʚʠʤʠ ʢʦʣʝʩʘʤʠ, ʱʦ ʤʘʶʪʴ 

ˇʨʫʥʪʦʟʘʮʝʧʠ  ɺG 2,05ʢʅ= ; ʉG 1,80ʢʅ= ; ʃG 0,90ʢʅ= . ʊʦʙʪʦ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʢʦʣʽʩ 

ʟʯʽʧʥʘ ʚʘʛʘ G  ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʦʾ ʚʝʣʠʯʠʥʠ. 

ʂʦʨʠʩʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʷʛʦʚʦʛʦ ʜʚʠʛʫʥʘ ʤʦʪʦʙʣʦʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

( )ɿ

ʈ ɹ ʂ

K F f G V
P ,(ʢɺʪ)

h h h

- Ö Ö
=

Ö Ö
     (3) 

ʜʝ ɿK 1,1 1,2= - ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʜʠʥʘʤʽʯʥʽ ʨʝʞʠʤʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʤʦʤʝʥʪʦʤ; 

F - ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ, ʢʅ; 

G - ʟʯʽʧʥʘ ʚʘʛʘ, ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ, ʢʅ; 

V - ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʤʦʪʦʙʣʦʢʫ ʧʨʠ ʦʨʘʥʮʽ, ʤ/ʩ; 

ʈh - ʂʂɼ ʨʝʜʫʢʪʦʨʘ; 

ɹ 0,93h = - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʥʘ ʧʨʦʙʫʢʩʦʚʫʚʘʥʥʷ; 

ʂ 0,95h = - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʥʘ ʧʦʜʦʣʘʥʥʷ ʦʧʦʨʫ ʢʦʯʝʥʥʶ. 

ɺʝʣʠʯʠʥʘ ʈ ɹ ʂh h h h= Ö Ö  ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ ʪʷʛʦʚʦʛʦ ʂʂɼ ʘʛʨʝʛʘʪʫ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʤʘʻʪʴʩʷ 

0,74 0,76h= . ɼʣʷ ʪʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʨʠʩʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʨʽʚʥʷʥʥʷʤ (3) ʪʷʛʦʚʠʡ ʂʂɼ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʦʾ ʢʦʤʧʦʥʦʚʢʠ ʤʝʭʘʥʽʯʥʦʾ ʧʝʨʝʜʘʯʽ ʤʦʪʦʙʣʦʢʘ, ʪʠʧʫ ʨʝʜʫʢʪʦʨʘ, 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʣʘʥʮʶʛʦʚʦʾ ʧʝʨʝʜʘʯʽ, ʪʘ ʽʥ. ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʤʦʪʦʙʣʦʢʘ V  

ʧʨʠʡʤʘʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʽʘʧʘʟʦʥʦʤ ʰʚʠʜʢʦʩʪʝʡ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʦʙʦʪʦʶ ʤʦʙʽʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʷʢʽ ʢʝʨʫʶʪʴʩʷ ʦʧʝʨʘʪʦʨʘʤʠ ʯʦʣʦʚʽʯʦʾ ʪʘ ʞʽʥʦʯʦʾ ʩʪʘʪʽ: 

V 0,3;0,6;0,9;1,2=  ʪʘ V 1,08;2,16;3,24;4,32= . 

ʅʘ ʨʠʩ. 5 ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʢʦʨʠʩʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ()P f V=  ʪʷʛʦʚʠʭ ʜʚʠʛʫʥʽʚ ʤʦʪʦʙʣʦʢʽʚ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ 0,75h= ; ɿK 1,05=  ʜʣʷ ʣʝʛʢʠʭ ˇʨʫʥʪʽʚ, ɿK 1,1=  ʜʣʷ ʩʝʨʝʜʥʽʭ ˇʨʫʥʪʽʚ ʽ 

ɿK 1,2= ʜʣʷ ʚʘʞʢʠʭ ˇʨʫʥʪʽʚ. ɻʨʘʬʽʢʠ ʧʦʪʫʞʥʦʩʪʽ (ʨʠʩ. 5.) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘ ʧʨʘʢʪʠʮʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʷʛʦʚʠʭ ʜʚʠʛʫʥʽʚ ʧʨʠʚʦʜʫ ʤʦʪʦʙʣʦʢʽʚ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 
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ʦʙʨʦʙʢʠ ˇʨʫʥʪʽʚ ʟ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ. 

ɿʘ ʚʝʣʠʯʠʥʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ P  ʟ ʢʘʪʘʣʦʛʫ ʦʙʠʨʘʻʪʴʩʷ ʜʚʠʛʫʥ ʟ ʥʘʡʙʣʠʞʯʦʶ 

ʥʦʤʽʥʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʅP ʪʘ ʟ ʙʽʣʴʰʦʶ ʥʦʤʽʥʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʅn . ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʻ 

ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʂʂɼ ʪʘ ʤʝʥʰʽ ʛʘʙʘʨʠʪʠ.  

ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʚʠʙʦʨʽ ʜʚʠʛʫʥʘ ʢʨʽʤ ʂʂɼ ʻ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ʧʨʠʚʦʜʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʘʩʦʶ ʜʚʠʛʫʥʘ: 

ɼ

ʈʦʟʨ

G ʢʛq ,( )
P ʢɺʪ

= ,     (4) 

ʜʝ ɼG - ʤʘʩʘ ʜʚʠʛʫʥʘ ʟʘ ʧʘʩʧʦʨʪʦʤ, ʢʛ; 

ʈʦʟʨP - ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʦʪʫʞʥʽʩʪʴ, ʢɺʪ. 

 
ʈʠʩ.5 ï ɻʨʘʬʽʢʠ ʢʦʨʠʩʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʷʛʦʚʦʛʦ ʜʚʠʛʫʥʘ ʤʦʪʦʙʣʦʢʘ ʧʨʠ ʦʨʘʥʮʽ ˇʨʫʥʪʽʚ: 1-ʚʘʞʢʠʭ, 

ɺK 90ʢʇʘ= ; 2-ʩʝʨʝʜʥʽʭ, ʉK 60ʢʇʘ= ; 3-ʣʝʛʢʠʭ, ʃK 30ʢʇʘ= . 

 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

 

ʈʦʟʨ ʅ ʅ maxP P K Mw w= Ö º Ö,    (5) 

ʜʝ ʅM - ʥʦʤʽʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ, ʅʤ. 

 

ɼʣʷ ʘʥʘʣʽʟʫ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʪʦʙʣʦʢʫ ʚ ʷʢʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʟʘʩʦʙʫ ʪʘ ʩʠʩʪʝʤʠ 

ʥʘʚʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ ʧʨʦʚʦʜʠʣʠʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʧʝʨʽʦʜ 2023-2025ʨʨ. 

ɹʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʛʨʝʙʝʥʝʚʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘʜʨʘʥʥʽʭ, ʩʝʨʝʜʥʴʦʩʪʠʛʣʠʭ ʪʘ ʧʽʟʥʽʭ ʩʦʨʪʽʚ 

ʢʘʨʪʦʧʣʽ. ɿʦʢʨʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʦʨʪʠ: çʂʦʣʦʤʙʦè, ç30-ʜʝʥʢʘè, çʈʽʚô̒ ʨʘè, çɹʝʣʣʘ ʨʦʩʘè, 

çɻʨʘʥʘʜʘè, çʊʘʡʬʫʥè, ʷʢʽ ʻ ʨʘʡʦʥʦʚʘʥʠʤʠ ʜʣʷ ʟʦʥʠ ɿʘʭʽʜʥʦʛʦ ʇʦʣʽʩʩʷ. 

ʇʦʣʝʛʰʠʪʠ ʧʨʘʮʶ ʪʘ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʨʦʙʦʪʠ ʜʦʧʦʤʦʞʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʪʦʙʣʦʢʫ ʟ ʥʘʚʽʩʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ . ɯʩʥʫʻ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʧʦʩʘʜʢʠ ʢʘʨʪʦʧʣʽ ʤʦʪʦʙʣʦʢʦʤ ï ʚʦʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʚʽʩʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ (ʨʠʩ.6). ʇʦʩʘʜʢʫ ʧʨʦʚʦʜʷʪʴ ʦʜʥʦʨʷʜʥʠʤ, ʜʚʦʨʷʜʥʠʤ ʘʙʦ ʜʠʩʢʦʚʠʤ ʧʽʜʛʦʨʪʘʯʝʤ, 

ʢʘʨʪʦʧʣʝʩʘʜʞʘʣʢʦʶ ʘʙʦ ʧʣʫʛʦʤ. ɺʠʙʽʨ ʩʧʦʩʦʙʫ ʧʦʩʘʜʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʢʘʟʥʠʢʽʚ ʜʽʣʷʥʢʠ.  
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ʈʠʩ.6 ï ʅʘʙʽʨ ʥʘʚʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʪʦʙʣʦʢʫ 

 

ʇʝʨʰʠʡ ʝʪʘʧ ʚʠʨʦʱʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ - ʧʽʜʛʦʪʦʚʢʘ ˇʨʫʥʪʫ. ɺʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʫʭʢʦʶ ʪʘ ʜʦʙʨʝ 

ʫʜʦʙʨʝʥʦʶ ʦʨʛʘʥʽʯʥʠʤʠ ʘʙʦ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʨʠʚʘʤʠ. ɼʣʷ ʦʩʥʦʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʚʽʜʚʘʣʴʥʠʡ ʧʣʫʛ ʪʘ ʬʨʝʟʠ ʟ ʰʠʨʠʥʦʶ ʟʘʭʚʘʪʫ 1,2 ʤ (ʨʠʩ.7, ʨʠʩ.8).  

  

ʈʠʩ.7  - ʇʣʫʛ ʣʝʤʽʰʥʠʡ ʈʠʩ.8 ï ʌʨʝʟʠ 4-ʦʭ ʩʝʢʮʽʡʥʽ 

 

ʅʘ ʤʦʪʦʙʣʦʢ ʚʩʪʘʥʦʚʣʶʶʪʴ ʩʪʘʣʝʚʽ ʢʦʣʝʩʘ ʟ ˇʨʫʥʪʦʟʘʯʝʧʘʤʠ ʜʣʷ ʢʨʘʱʦʛʦ ʟʯʝʧʣʝʥʥʷ ʽʟ ʟʝʤʣʝʶ 

(ʨʠʩ.9, ʨʠʩ.10). ʄʦʞʥʘ ʧʨʘʮʶʚʘʪʠ ʽ ʥʘ ʛʫʤʦʚʠʭ ʢʦʣʝʩʘʭ, ʘʣʝ ʚʦʥʠ ʧʨʦʙʫʢʩʦʚʫʶʪʴ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ 

ʤʦʪʦʙʣʦʢ ʡʜʝ ʧʦ ʫʭʠʣʫ - ʜʦʚʝʜʝʪʴʩʷ ʧʨʠʢʣʘʜʘʪʠ ʟʫʩʠʣʣʷ, ʱʦʙ ʰʪʦʚʭʘʪʠ ʡʦʛʦ. ʉʪʘʣʝʚʽ ʢʦʣʝʩʘ 

ʟʘʨʠʚʘʶʪʴʩʷ ʚ ʟʝʤʣʶ ʽ ʩʘʤʽ ʪʷʛʥʫʪʴ ʤʦʪʦʙʣʦʢ, ʜʦ ʪʦʛʦ ʞ ʚʦʥʠ ʨʦʟʧʫʰʫʶʪʴ ˇʨʫʥʪ. 

  

ʈʠʩ. 9 ï ˆʨʫʥʪʦʟʘʯʝʧʠ ʜʣʷ ʦʨʘʥʢʠ ʤʦʪʦʙʣʦʢʦʤ ʈʠʩ.10 ï ˆʨʫʥʪʦʟʘʯʝʧʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʦʨʦʟʥ 

 

  

ʇʦʩʘʜʢʘ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʪʦʙʣʦʢʫ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʝʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ï ʢʘʨʪʦʧʣʝʩʘʜʞʘʣʢʦʶ, 

ʘʙʦ ʞ ʢʦʤʧʣʝʢʪʦʤ ʜʣʷ ʧʦʩʘʜʢʠ ʢʘʨʪʦʧʣʽ. ʇʦʟʘʜʫ ʥʘ ʤʦʪʦʙʣʦʢ ʥʘʚʽʰʫʶʪʴ ʧʽʜʛʦʨʪʘʯ (ʦʢʫʯʥʠʢ). 

ʇʽʜʛʦʨʪʘʯ ʪʠʧʫ çʉʪʨʽʣʘè (ʨʠʩ.10) ʤʘʻ  ʨʦʟʩʫʚʥʽ ʣʦʧʘʪʽ - ʮʝ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʫʚʘʪʠ ʘʙʦ ʟʤʝʥʰʫʚʘʪʠ 

ʰʠʨʠʥʫ ʙʦʨʦʟʝʥ. ʇʨʠ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ ʥʘʨʽʟʘʶʪʴʩʷ ʙʦʨʦʟʥʠ. ɼʣʷ ʷʢʽʩʥʦʛʦ ʥʘʨʽʟʘʥʥʷ ʜʦʮʽʣʴʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʘʨʢʝʨ. 
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ʈʠʩ.11 ï ʇʽʜʛʦʨʪʘʯ çʉʪʨʽʣʘ -2è ʈʠʩ.12 ï ʅʘʨʽʟʘʥʥʷ ʙʦʨʦʟʥ 

 

ɹʫʣʴʙʠ ʚʠʢʣʘʜʘʶʪʴ ʫ ʙʦʨʦʟʥʠ ʚʨʫʯʥʫ. ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʟʘʩʠʧʘʪʠ ʢʘʨʪʦʧʣʶ ʟʝʤʣʝʶ. ɼʣʷ ʮʴʦʛʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʦʨʤʫʚʘʯ ʛʨʝʙʝʥʽʚ (ʨʠʩ.13). ʂʦʣʝʩʘ ʥʘʧʨʘʚʣʷʶʪʴ ʫ ʙʦʨʦʟʥʠ - ʪʘʢ, ʘʙʠ ʥʝ ʧʦʰʢʦʜʠʪʠ 

ʢʘʨʪʦʧʣʶ, ʘ ʧʽʜʛʦʨʪʘʯ ʧʽʜʝ ʩʪʨʦʛʦ ʧʦʩʝʨʝʜʠʥʽ ʛʨʝʙʝʥʷ, ʟʘʩʠʧʘʶʯʠ ʙʦʨʦʟʥʫ. ʌʦʨʤʫʚʘʯ ʛʨʝʙʝʥʽʚ ʩʣʽʜ 

ʦʩʥʘʩʪʠʪʠ ʥʘʧʨʘʚʣʷʶʯʠʤʠ ʚʠʩʪʫʧʘʤʠ, ʘʙʠ ʫʥʠʢʥʫʪʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʨʫʭʫ ʘʛʨʝʛʘʪʫ. 

 

  

ʈʠʩ.13 ï ʌʦʨʤʫʚʘʯ ʛʨʝʙʝʥʽʚ  ʢʘʨʪʦʧʣʽ ʈʠʩ.14 ï ʌʦʨʤʠ ʙʦʨʦʟʥ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ 

ʛʨʝʙʝʥʝʚʠʤ ʩʧʦʩʦʙʦʤ 

 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʘʜʣʷ ʟʘʛʦʨʪʘʥʥʷ ʚʠʩʘʜʞʝʥʠʭ ʙʫʣʴʙ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʛʨʝʙʝʥʽʚ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽ ʦʛʦʨʪʘʯ çʉʪʨʽʣʘ-2è, ʧʦʧʝʨʝʜʥʴʦ ʚʠʢʦʥʘʚʰʠ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.15. 

 

 

 
ʈʠʩ. 15 ï ʌʦʨʤʫʚʘʥʥʷ ʛʨʝʙʝʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʽʜʛʦʨʪʘʯʘ çʉʪʨʽʣʘ-2è 

ʈʠʩ.16 ï ʉʭʦʜʠ ʢʘʨʪʦʧʣʽ ʥʘ ʛʨʝʙʝʥʷʭ 
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ɿʨʫʯʥʽʩʪʴ ʪʘʢʦʾ ʧʦʩʘʜʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʙʦʨʦʟʥʠ ʚʠʭʦʜʷʪʴ ʽʜʝʘʣʴʥʦ ʨʽʚʥʽ. ʂʦʣʝʩʦ, ʱʦ ʡʜʝ 

ʙʦʨʦʟʥʦ ,ʁ ʤʦʞʝ ʚʠʣʴʥʫʪʠ, ʘʣʝ ʚ ʟʯʽʧʮʽ ʟ ʦʜʥʠʤ ʟ ʧʽʜʛʦʨʪʘʯʽʚ, ʷʢʠʡ ʪʝʞ ʡʜʝ ʙʦʨʦʟʥʦ ,ʁ ʨʫʭ ʚʠʭʦʜʠʪʴ 

ʩʪʽʡʢʠʤ, ʥʝʤʦʚ ʤʦʪʦʙʣʦʢ ʡʜʝ ʨʝʡʢʘʤʠ. ʊʘʢʫ ʧʦʩʘʜʢʫ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʟʘ ʚʠʩʦʪʦ  ʁʽ ʟʨʦʙʠʪʠ ʙʦʨʦʟʥʠ 

ʧʦʪʨʽʙʥʦʾ ʛʣʠʙʠʥʠ. ɹʽʣʴʰʝ ʪʦʛʦ, ʙʫʣʴʙʠ ʢʘʨʪʦʧʣʽ, ʧʽʩʣʷ ʟʘʢʣʘʜʝʥʥʷ ʾʭ ʫ ˇʨʫʥʪ, ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ 

ʚʩʝʨʝʜʠʥʽ ʛʨʝʙʝʥʽʚ,  ̔ʚʦʥʠ ʧʨʦʛʨʽʚʘʶʪʴʩʷ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ, ʥʽʞ ʫ ʨʽʚʥʦʤʫ ˇʨʫʥʪ,̔ ʦʩʢʽʣʴʢʠ ʧʨʦʤʝʥʽ 

ʩʦʥʮʷ ʥʘ ʥʠʭ ʧʦʪʨʘʧʣʷʶʪʴ ʥʝ ʪʽʣʴʢʠ ʟʚʝʨʭʫ, ʘ ʡ ʟʙʦʢʫ. ʆʪʞʝ, ʢʘʨʪʦʧʣʶ ʤʦʞʥʘ ʧʦʩʘʜʠʪʠ ʨʘʥʽʰʝ ʡ 

ʨʘʥʽʰʝ ʟʽʙʨʘʪʠ ʚʨʦʞʘʡ. ɼʦ ʪʦʛʦ ʞ ʫ ʧʨʦʛʨʽʪʦʤʫ ʛʨʝʙʝʥʽ ʢʘʨʪʦʧʣʷ ʫʪʚʦʨʶʻ ʧʦʪʫʞʥʽʰʽ ʩʪʦʣʦʥʠ ʽ 

ʥʘʨʦʱʫʶʪʴ ʭʦʨʦʰʫ ʢʦʨʝʥʝʚʫ ʩʠʩʪʝʤʫ. 

ʇʦʚʥʦʮʽʥʥʠʡ ʨʦʟʚʠʪʦʢ ʙʫʣʴʙ ʤʦʞʣʠʚʠʡ ʧʨʠ ʧʽʜʩʠʧʘʥʥʽ ˇʨʫʥʪʫ - ʧʽʜʛʦʨʪʘʥʥʽ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʘʭʠʩʪʠʪʠ ʾʭ ʚʽʜ ʚʧʣʠʚʫ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ, ʚʽʜ ʧʩʫʚʘʥʥʷ ʰʢʽʜʥʠʢʘʤʠ, ʟʘʙʝʟʧʝʯʠʪʠ ʥʦʨʤʘʣʴʥʠʡ 

ʛʘʟʦʦʙʤʽʥ ʪʘ ʟʘʩʚʦʻʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʊʝʨʤʽʥʠ ʧʽʜʛʦʨʪʘʥʥʷ ʢʘʨʪʦʧʣʽ ʤʦʪʦʙʣʦʢʦʤ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʩʧʦʩʦʙʫ ʧʦʩʘʜʢʠ, ʯʘʩʫ ʧʦʷʚʠ ʩʭʦʜʽʚ, ʪʠʧʫ ˇʨʫʥʪʫ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ʇʽʜʩʠʧʢʫ ˇʨʫʥʪʫ ʟʜʽʡʩʥʶʶʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʽʜʛʦʨʪʘʯʘ. ɺʽʥ ʤʦʞʝ ʙʫʪʠ ʜʠʩʢʦʚʠʤ ʯʠ ʩʪʨʽʣʦʧʦʜʽʙʥʠʤ. ɼʣʷ ʧʽʜʛʦʨʪʘʥʥʷ ʢʘʨʪʦʧʣʽ 

ʧʽʜʭʦʜʠʪʴ ʤʦʪʦʙʣʦʢ ʽ ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʂʘʨʪʦʧʣʶ ʪʘʢʦʞ ʧʦʪʨʽʙʥʦ ʟʘʭʠʱʘʪʠ ʚʽʜ ʰʢʽʜʥʠʢʽʚ ʪʘ ʧʝʨʽʦʜʠʯʥʦ ʧʽʜʛʦʜʦʚʫʚʘʪʠ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʝ ʥʘʚʽʩʥʝ ʦʙʣʘʜʥʘʥʥʷ ʷʢ ʤʦʪʦʧʦʤʧʠ ʜʣʷ ʦʙʧʨʠʩʢʫʚʘʥʥʷ, ʾʞʘʢʠ ʜʣʷ ʟʘʢʣʘʜʝʥʥʷ 

ʜʦʙʨʠʚ ʪʘ ʽʥ. 

ɾʠʚʣʝʥʥʷ ʩʭʦʜʽʚ ʢʘʨʪʦʧʣʽ, ʙʦʨʦʪʴʙʫ ʟ ʙʫʨʷʥʘʤʠ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʤʦʪʦʙʣʦʢʦʤ, ʧʦʧʝʨʝʜʥʴʦ 

ʦʙʣʘʜʥʘʚʰʠ ʡʦʛʦ ʦʜʥʦʨʷʜʥʠʤʠ ʬʨʝʟʘʤʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʘʤʽʩʪʴ ʛʨʫʥʪʦʟʘʯʝʧʽʚ (ʨʠʩ.17).  ʇʦʟʘʜʫ 

ʤʦʪʦʙʣʦʢʘ, ʥʘ ʟʯʽʧʢʫ ʥʘʚʽʰʫʻʪʴʩʷ ʦʛʦʨʪʘʯ ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʨʦʟʩʫʥʫʪʠʤʠ ʢʨʠʣʘʤʠ. 

 

  
ʈʠʩ.17 ï ʆʜʥʦʨʷʜʥʽ ʬʨʝʟʠ ʙʣʷ ʦʙʨʦʙʽʪʢʫ 

ʤʽʞʨʷʜʜʷ 

ʈʠʩ.18 ï ɾʠʚʣʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʚʝʛʝʪʘʮʽʾ ʢʘʨʪʦʧʣʽ ʧʝʨʝʜ 

ʤʽʞʨʷʜʥʠʤ ʦʙʨʦʙʽʪʢʦʤ ʟʘʜʣʷ ʟʥʠʱʝʥʥʷ ʙʫʨôʷʥʽʚ 

 

ʂʦʧʘʥʥʷ ʢʘʨʪʦʧʣʽ - ʦʜʠʥ ʽʟ ʥʘʡʪʨʫʜʦʤʽʩʪʢʽʰʠʭ ʧʨʦʮʝʩʽʚ. ʉʧʨʦʩʪʠʪʠ ʡʦʛʦ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʨʪʦʧʣʝʢʦʧʘʣʦʢ ʜʣʷ ʤʦʪʦʙʣʦʢʽʚ. ɺʦʥʠ ʙʫʚʘʶʪʴ ʜʚʦʭ ʪʠʧʽʚ: 

- ʩʪʨʽʣʯʘʩʪʽ (ʫʥʽʚʝʨʩʘʣʴʥʽ, ʚʽʷʣʦʚʽ): ʟʦʚʥʽ ʥʘʛʘʜʫʶʪʴ ʧʝʨʝʚʝʨʥʫʪʫ ʽ ʟʣʝʛʢʘ ʟʽʛʥʫʪʫ ʣʦʧʘʪʫ ʽʟ 

ʧʨʠʚʘʨʝʥʠʤʠ ʣʦʟʠʥʘʤʠ. ɻʦʩʪʨʠʤ ʢʽʥʮʝʤ ʧʨʠʩʪʨʽʡ ʧʽʜʨʠʚʘʻ ˇʨʫʥʪ, ʷʢʠʡ ʨʘʟʦʤ ʽʟ ʙʫʣʴʙʘʤʠ ʧʦʜʘʻʪʴʩʷ 

ʥʘ ʟʫʙʠ. ɿʝʤʣʷ ʧʨʦʢʠʜʘʻʪʴʩʷ ʢʨʽʟʴ ʣʦʟʠʥʠ, ʘ ʢʘʨʪʦʧʣʷ ʩʢʦʯʫʻʪʴʩʷ ʥʘ ʙʽʢ. ʇʽʜʭʦʜʷʪʴ ʜʣʷ ʚʠʢʦʧʫʚʘʥʥʷ 

ʯʘʩʥʠʢʫ, ʮʠʙʫʣʽ, ʤʦʨʢʚʠ ʪʘ ʽʥʰʠʭ ʢʦʨʝʥʝʧʣʦʜʽʚ; 

- ʛʨʦʭʦʪʥʽ (ʚʽʙʨʘʮʽʡʥʽ): ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʣʝʤʝʰʘ ʪʘ ʛʨʘʪ, ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʢʦʣʝʩʘʭ. ɹʫʣʴʙʠ ʨʘʟʦʤ ʽʟ ˇʨʫʥʪʽʚ 

ʧʽʜʨʠʚʘʶʪʴʩʷ, ʧʦʜʘʶʪʴʩʷ ʥʘ ˇʨʘʪʠ, ʜʝ ʟʚʽʣʴʥʷʶʪʴʩʷ ʚʽʜ ʟʘʣʠʰʢʽʚ ˇʨʫʥʪʫ. 

ʂʘʨʪʦʧʣʝʢʦʧʘʣʢʘ ʪʠʧʫ çɼʝʣʴʬʽʥè (ʨʠʩ.19), ʷʢʫ ʱʝ ʥʘʟʠʚʘʶʪʴ ʩʪʨʽʣʯʘʩʪʦʶ (ʚʽʻʨʥʦʶ) ʣʘʧʦʶ, 

ʥʘʛʘʜʫʻ ʣʦʧʘʪʫ ʟ ʧʨʠʚʘʨʝʥʠʤʠ ʧʨʫʪʘʤʠ. ɺʠʧʫʩʢʘʻʪʴʩʷ ʪʘʢʠʡ ʚʠʜ ʢʘʨʪʦʧʣʝʢʦʧʘʣʦʢ ʫ ʢʽʣʴʢʦʭ 

ʚʠʢʦʥʘʥʥʷʭ: 

- ʢʘʨʪʦʧʣʝʢʦʧʘʣʢʘ ʫʥʽʚʝʨʩʘʣʴʥʘ; 

- ʢʘʨʪʦʧʣʝʢʦʧʘʣʢʘ ʜʣʷ ʤʦʪʦʢʫʣʴʪʠʚʘʪʦʨʘ; 

- ʢʘʨʪʦʧʣʝʢʦʧʘʣʢʘ ʜʣʷ ʤʦʪʦʙʣʦʢʫ; 

- ʢʘʨʪʦʧʣʝʢʦʧʘʣʢʘ ʜʣʷ ʤʦʪʦʙʣʦʢʘ ʧʦʩʠʣʝʥʘ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʥʘʩʪʫʧʥʠʡ. ʂʘʨʪʦʧʣʝʢʦʧʘʣʢʘ ʧʽʜʨʠʚʘʻ ʛʦʩʪʨʠʤ ʢʽʥʮʝʤ ˇʨʫʥʪ ʧʦʩʝʨʝʜʠʥʽ ʨʷʜʢʘ, ʽ 

ʙʫʣʴʙʠ ʢʘʨʪʦʧʣʽ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʧʨʫʪʠ. ʂʘʨʪʦʧʣʝʢʦʧʘʣʢʘ ʪʠʧʫ ɼʝʣʴʬʽʥ ʥʘʡʧʨʦʩʪʽʰʘ ʚ ʤʦʜʝʣʴʥʦʤʫ 

ʨʷʜʫ ʢʦʧʘʣʦʢ. ʄʘʻ ʪʘʢʽ ʧʝʨʝʚʘʛʠ: ʧʨʦʩʪʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʤʦʪʦʙʣʦʢ, ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʥʷ, 

ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ, ʥʝʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʯʠʩʪʦʪʠ ʜʽʣʷʥʢʠ, ʜʦʩʪʫʧʥʘ ʮʽʥʘ. 
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ʈʠʩ. 19 ï ɺʠʢʦʧʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ ʚʽʷʨʥʠʤ ʢʦʧʘʯʝʤ ʪʠʧʫ çɼʝʣʴʬʽʥè 

 

ɼʣʷ ʢʦʧʘʥʥʷ ʢʘʨʪʦʧʣʽ, ʦʩʦʙʣʠʚʦ ʥʘ ʚʘʞʢʠʭ ˇʨʫʥʪʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʪʦʙʣʦʢʠ ʩʝʨʝʜʥʴʦʾ ʪʘ 

ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʅʘ ʥʝʚʝʣʠʢʠʭ ʜʽʣʷʥʢʘʭ ʤʦʞʥʘ ʦʙʽʡʪʠʩʴ ʣʝʛʢʠʤʠ. 

ʆʢʨʽʤ ʪʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʽ ʥʝʜʦʣʽʢʠ: ʤʽʥʽʤʘʣʴʥʘ ʰʠʨʠʥʘ ʟʘʭʦʧʣʝʥʥʷ - ʜʦ 20 

ʩʤ, ʚʠʩʦʢʽ ʚʪʨʘʪʠ ʚʨʦʞʘʶ ï ʜʦ 15%, ʧʽʜ ʯʘʩ ʢʦʧʘʥʥʷ ʤʦʞʝ ʫʰʢʦʜʞʫʚʘʪʠ ʯʘʩʪʠʥʫ ʙʫʣʴʙ. ʅʘ ʚʝʣʠʢʠʭ 

ʧʣʦʱʘʭ (ʧʦʥʘʜ 50 ʘʨ) ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʪʘ ʬʽʟʠʯʥʠʭ ʩʠʣ ʙʫʜʝ ʚʠʩʦʢʦʶ. 

ʅʘʩʘʤʧʝʨʝʜ ʚʘʞʣʠʚʦ ʧʽʜʛʦʪʫʚʘʪʠ ʢʘʨʪʦʧʣʷʥʝ ʧʦʣʝ ʜʦ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ (ʨʠʩ.20), ʦʩʦʙʣʠʚʦ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʷʨʥʠʾ ʢʦʧʘʯʽʚ ʪʠʧʫ çɼʝʣʴʽʬʥè (ʨʠʩ.21). ɸʜʞʝ ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʠʭ 

ʟʘʣʠʰʢʽʚ, ʢʘʨʪʦʧʣʠʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʙʠʚʘʥʥʷ ʢʦʧʘʯʢʠ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʩʝʧʘʨʘʮʽʾ 

ʢʘʨʪʦʧʣʷʥʦʛʦ ʚʦʨʦʭʫ. 

 

  
ʈʠʩ.20 ï ʇʽʜʛʦʪʦʚʢʘ ʢʘʨʪʦʧʣʷʥʦʛʦ ʧʦʣʷ ʜʦ ʢʦʧʘʥʥʷ 

ʚʽʷʨʥʦʶ ʢʦʧʘʯʢʦʶ 

ʈʠʩ.21 ï ɿʘʙʠʚʘʥʥʷ ʨʦʩʣʠʥʥʠʭ ʟʘʣʠʰʢʽʚ 

ʩʝʧʘʨʫʶʯʠʭ ʧʨʫʪʽʚ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʘʚʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʪʦʙʣʦʢʫ ʚ ʷʢʦʩʪʽ ʝʥʝʛʨʝʪʠʯʥʦʛʦ ʟʘʩʦʙʫ ʜʦʚʦʜʷʪʴ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʨʝʙʝʥʝʚʦʛʦ ʩʧʦʩʦʙʫ ʚʠʨʦʱʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʚ ʫʤʦʚʘʭ ɿʘʭʽʜʥʦʛʦ ʇʦʣʽʩʩʷ 

(ʍʦʤʝʥʢʦ, 2015). 

ʆʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ, ʟʘ ʷʢʠʤ ʦʮʽʥʶʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ʻ ʫʨʦʞʘʡʥʽʩʪʴ 

ʚʠʨʦʱʫʚʘʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ɼʣʷ ʙʽʜʥʠʭ ʥʘ ʛʫʤʫʩ ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʚʥʝʩʝʥʥʷ 

ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ. 

ʊʘʙʣʠʮʷ 1 - ʋʨʦʞʘʡʥʽʩʪʴ ʢʘʨʪʦʧʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʜʦʙʨʠʚ, ʪ/ʛʘ 

 ̄ ɿʤʽʩʪ ʚʘʨʽʘʥʪʫ 2019ʨ. 2020ʨ. 2021ʨ. ʉʝʨʝʜʥʻ +/- ʜʦ 

ʢʦʥʪʨʦʣʶ 

1 ɹʝʟ ʜʦʙʨʠʚ (ʢʦʥʪʨʦʣʴ) 23,1 26,3 25,8 25,1 - 

2 ʉʠʜʝʨʘʪʠ 20ʪ/ʛʘ 27,8 30,1 29,7 29,2 4.1 

3 ʉʦʣʦʤʘ 5 ʪ/ʛʘ 24.9 27.2 26.6 26.2 1.1 

4 ɻʥʽʡ 60 ʪ/ʛʘ 28,1 32,6 31,3 30,7 5.6 
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ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʫʨʦʞʘʡʥʦʩʪʽ ʢʘʨʪʦʧʣʽ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʨʦʢʠ 

ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʽʩʪʦʪʥʽ ʧʨʠʙʘʚʢʠ ʥʘ ʚʩʽʭ ʚʘʨʽʘʥʪʘʭ ʜʦʩʣʽʜʫ (Olle, 2016). ʇʨʠʨʽʩʪ ʫʨʦʞʘʶ ʚʽʜ 

ʚʥʝʩʝʥʥʷ ʛʥʦʶ ʚ ʥʦʨʤʽ 60 ʪ/ʛʘ ʩʪʘʥʦʚʠʚ 5,6 ʪ/ʛʘ, ʚʽʜ ʧʨʠʦʨʶʚʘʥʥʷ ʩʠʜʝʨʘʪʫ 4,1 ʪ/ʛʘ. ʅʘʡʤʝʥʰʠʡ 

ʧʨʠʨʽʩʪ ʫʨʦʞʘʶ ʢʘʨʪʦʧʣʽ ʦʪʨʠʤʘʣʠ ʧʨʠ ʚʥʝʩʝʥʥʽ ʩʦʣʦʤʠ ï 1,1 ʪ/ʛʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʩʽʭ ʚʠʜʽʚ ʜʦʙʨʠʚ ʧʽʜ ʢʘʨʪʦʧʣʶ. 

ʆʮʽʥʢʘ ʫʨʦʞʘʡʥʦʩʪʽ ʧʦʢʘʟʫʻ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʜʘʻ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʘʛʫ 

ʚʝʣʠʢʦʾ ʬʨʘʢʮʽʾ ʢʘʨʪʦʧʣʽ 80 ʛ ʽ ʟʤʝʥʰʫʻ ʧʠʪʦʤʫ ʚʘʛʫ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ 30 ʛ. ʇʨʠ ʚʥʝʩʝʥʥʽ ʛʥʦʶ ʧʠʪʦʤʘ 

ʚʘʛʘ ʬʨʘʢʮʽʾ 80 ʛ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 10%, ʧʨʠ ʚʥʝʩʝʥʥʽ ʩʠʜʝʨʘʪʽʚ ʥʘ 6% ʘ ʧʨʠ ʚʥʝʩʝʥʥʽ ʩʦʣʦʤʠ ʥʘ 4% 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ. ɯ ʥʘʚʧʘʢʠ, ʜʨʽʙʥʘ ʬʨʘʢʮʽʷ ʢʘʨʪʦʧʣʽ 30 ʛ ʟʤʝʥʰʠʣʘʩʴ ʥʘ ʚʘʨʽʘʥʪʽ ʟ 

ʚʥʝʩʝʥʥʷʤ ʛʥʦʶ ʥʘ 16%, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʜʝʨʘʪʫ ʥʘ 9%, ʟ ʚʥʝʩʝʥʥʷʤ ʩʦʣʦʤʠ ʥʘ 6% ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʦʥʪʨʦʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ.  

ʆʨʛʘʥʽʯʥʽ ʜʦʙʨʠʚʘ, ʷʢ ʚʠʜʥʦ, ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʫʨʦʞʘʶ ʢʘʨʪʦʧʣʽ (ʉʦʢʦʣʦʚʘ 

et al, 2018; B.Speiser et al, 2017). ʆʜʥʘʢ ʟʙʽʣʴʰʝʥʥʷ ʫʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʨʽʟʥʠʭ ʘʛʨʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ʥʝ ʟʘʚʞʜʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʡʦʛʦ ʷʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʽʜʥʦʩʠʪʴ ʜʦ ʢʘʨʪʦʧʣʽ. ʏʘʩʪʦ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ ʫʨʦʞʘʶ 

ʛʘʨʥʦʛʦ, ʘʣʝ ʛʽʨʰʦʾ ʷʢʦʩʪʽ ʽ ʥʘʚʧʘʢʠ.  

ɺ ʟʽʙʨʘʥʠʭ ʙʫʣʴʙʘʭ ʢʘʨʪʦʧʣʽ  ʚʠʟʥʘʯʘʣʠ ʚʤʽʩʪ ʢʨʦʭʤʘʣʶ, ʷʢ ʦʩʥʦʚʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʚ ʷʢʦʩʪʽ 

ʢʘʨʪʦʧʣʽ ʪʘ ʚʤʽʩʪ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʽ ʥʽʪʨʘʪʽʚ (ʪʘʙʣ.2). ɸʥʘʣʽʟ ʜʘʥʠʭ ʚʢʘʟʫʻ, ʱʦ ʚʥʝʩʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ 

ʜʦʙʨʠʚ ʩʧʨʠʷʣʦ ʧʽʜʚʠʱʝʥʥʶ ʚʤʽʩʪʫ ʢʨʦʭʤʘʣʶ ʚ ʙʫʣʴʙʘʭ ʢʘʨʪʦʧʣʽ. ʅʘʡʙʽʣʴʰʝ ʚʽʥ ʧʽʜʚʠʱʠʚʩʷ ʥʘ 

ʚʘʨʽʘʥʪʽ ʟ ʚʥʝʩʝʥʥʷʤ ʩʦʣʦʤʠ ʥʘ 3,1%, ʥʘ ʚʘʨʽʘʥʪʽ ʟ ʩʠʜʝʨʘʪʘʤʠ ʥʘ 2,5% ʽ ʥʘ ʚʘʨʽʘʥʪʽ ʟ ʛʥʦʻʤ ʥʘ 2,4%.  

ɺʤʽʩʪ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʚ ʢʘʨʪʦʧʣʽ ʟʤʽʥʶʚʘʚʩʷ ʽʥʘʢʰʝ. ʅʘʡʙʽʣʴʰʝ ʟʨʦʩʣʘ ʥʘ ʚʘʨʽʘʥʪʽ ʟ ʛʥʦʻʤ ʥʘ 

3,7%, ʪʦʜʽ ʥʘ ʚʘʨʽʘʥʪʽ ʟ ʚʥʝʩʝʥʥʷʤ ʩʦʣʦʤʠ ʥʘ 1,9% ʽ ʟ ʚʥʝʩʝʥʥʷʤ ʩʠʜʝʨʘʪʽʚ - ʥʘ 1,5%. ʇʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʠʜʝʨʘʪʽʚ ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ ʜʝʱʦ ʟʥʠʟʠʚʩʷ. 

 

ʊʘʙʣʠʮʷ 2 - ʗʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʙʫʣʴʙ ʢʘʨʪʦʧʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʜʦʙʨʠʚ 

ˉ 

ʚʘʨʽʘʥʪʫ 

ɿʤʽʩʪ ʚʘʨʽʘʥʪʫ ʂʨʦʭʤʘʣʴ, % ʉʫʭʘ ʨʝʯʦʚʠʥʘ, % ʅʽʪʨʘʪʠ, ʤʛ/ʢʛ 

1 ɹʝʟ ʜʦʙʨʠʚ ï ʢʦʥʪʨʦʣʴ 22,5 24,9 116 

2 ʉʠʜʝʨʘʪʠ 20ʪ/ʛʘ 20,5 26,4 110 

3 ʉʦʣʦʤʘ 5 ʪ/ʛʘ 25,6 26,8 156 

4 ɻʥʽʡ 60ʪ/ʛʘ 24,9 28,6 152 

 

ɺʨʘʭʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʮʽʣʴʥʦ ʟʨʦʙʠʪʠ ʧʨʦʧʦʟʠʮʽʶ ʚʠʨʦʙʥʠʢʘʤ ʢʘʨʪʦʧʣʽ ʚ 

ʫʤʦʚʘʭ ɿʘʭʽʜʥʦʛʦ ʇʦʣʽʩʩʷ ʚ ʷʢʦʩʪʽ ʦʨʛʘʥʽʯʥʦʛʦ ʜʦʙʨʠʚʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʜʴʢʫ ʦʣʽʡʥʫ 

ʥʘ ʩʠʜʝʨʘʪ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʫʨʦʞʘʡʥʽʩʪʴ ʟʝʣʝʥʦʾ ʤʘʩʠ ʚ ʤʝʞʘʭ 20 ʪ/ʛʘ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘ 4,1 ʪ/ʛʘ 

ʟʙʽʣʴʰʠʪʠ ʫʨʦʞʘʡʥʽʩʪʴ ʢʘʨʪʦʧʣʽ ʽ ʧʽʜʚʠʱʠʪʠ ʚʤʽʩʪ ʢʨʦʭʤʘʣʶ ʚ ʙʫʣʴʙʘʭ ʥʘ 2,5%.  

 

ɺʀʉʅʆɺʂʀ 

 
ɺʠʨʦʱʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ ʥʘ ʧʨʠʩʘʜʠʙʥʠʭ ʜʽʣʷʥʢʘʭ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʦʾ ʧʣʦʱʽ ʻ ʮʽʣʢʦʤ ʜʦʮʽʣʴʥʠʤ 

ʷʢ ʟ ʝʢʦʥʦʤʽʯʥʦʾ, ʪʘʢ ʽ ʟ ʝʢʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. ʆʩʦʙʣʠʚʦ ʮʽʥʥʠʤ ʻ ʪʝ, ʱʦ ʚʣʘʩʥʦʨʫʯ ʚʠʨʦʱʝʥʘ 

ʢʘʨʪʦʧʣʷ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. ɺʦʥʘ ʥʝ ʤʽʩʪʠʪʠʤʝ ʟʘʣʠʰʢʽʚ ʭʽʤʽʢʘʪʽʚ, 

ʱʦ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʜʣʷ ʧʨʠʰʚʠʜʰʝʥʥʷ ʨʦʩʪʫ ʯʠ 

ʟʘʭʠʩʪʫ ʚʽʜ ʰʢʽʜʥʠʢʽʚ.  

ʑʝ ʙʽʣʴʰʦʾ ʚʘʛʠ ʥʘʙʫʚʘʻ ʚʠʨʦʱʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ ʟʘ ʦʨʛʘʥʽʯʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ. ʎʝ ʧʝʨʝʜʙʘʯʘʻ 

ʚʽʜʤʦʚʫ ʚʽʜ ʩʠʥʪʝʪʠʯʥʠʭ ʜʦʙʨʠʚ ʽ ʧʝʩʪʠʮʠʜʽʚ ʥʘ ʢʦʨʠʩʪʴ ʥʘʪʫʨʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʪʘʢʠʭ ʷʢ ʧʝʨʝʛʥʽʡ, 

ʢʦʤʧʦʩʪ, ʜʝʨʝʚʥʘ ʟʦʣʘ ʯʠ ʥʘʩʪʦʾ ʨʦʩʣʠʥ. ɿʘʤʽʩʪʴ ʭʽʤʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʰʢʽʜʥʠʢʽʚ ʽ ʭʚʦʨʦʙ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʨʦʜʥʽ ʤʝʪʦʜʠ: ʧʨʦʧʦʣʶʚʘʥʥʷ, ʩʽʚʦʟʤʽʥʫ, ʙʽʦʣʦʛʽʯʥʽ ʟʘʩʦʙʠ, ʘ ʪʘʢʦʞ ʚʠʩʘʜʞʫʚʘʥʥʷ 

ʨʦʩʣʠʥ-ʢʦʤʧʘʥʴʡʦʥʽʚ. ʋʩʝ ʮʝ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʦʪʨʠʤʘʪʠ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʡ ʫʨʦʞʘʡ, ʘ ʡ ʟʙʝʨʝʛʪʠ 

ʨʦʜʶʯʽʩʪʴ ˇʨʫʥʪʫ, ʟʨʦʙʠʪʠ ʡʦʛʦ ʞʠʚʠʤ ʽ ʟʜʦʨʦʚʠʤ ʥʘ ʜʦʚʛʽ ʨʦʢʠ. 

ʆʨʛʘʥʽʯʥʝ ʚʠʨʦʱʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰ ʫʚʘʞʥʦʛʦ ʡ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʩʪʘʚʣʝʥʥʷ ʜʦ ʢʦʞʥʦʛʦ 

ʝʪʘʧʫ - ʚʽʜ ʧʽʜʛʦʪʦʚʢʠ ˇʨʫʥʪʫ ʜʦ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ. ɸʣʝ ʚ ʫʤʦʚʘʭ ʥʝʚʝʣʠʢʦʾ ʜʽʣʷʥʢʠ ʮʝ ʮʽʣʢʦʤ 
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ʟʜʽʡʩʥʝʥʥʦ, ʘʜʞʝ ʤʘʩʰʪʘʙʠ ʜʘʶʪʴ ʟʤʦʛʫ ʦʙʨʦʙʣʷʪʠ ʟʝʤʣʶ ʚʨʫʯʥʫ, ʨʝʪʝʣʴʥʦ ʜʦʛʣʷʜʘʪʠ ʟʘ ʨʦʩʣʠʥʘʤʠ 

ʪʘ ʚʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʤʦʞʣʠʚʽ ʧʨʦʙʣʝʤʠ.  

ʋ ʩʫʯʘʩʥʦʤʫ ʧʨʠʚʘʪʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʤʦʪʦʙʣʦʢ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʩʪʘʻ ʥʝʟʘʤʽʥʥʠʤ ʧʦʤʽʯʥʠʢʦʤ, 

ʦʩʦʙʣʠʚʦ ʥʘ ʧʨʠʩʘʜʠʙʥʠʭ ʜʽʣʷʥʢʘʭ ʟ ʥʝʚʝʣʠʢʦʶ ʧʣʦʱʝʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʪʦʙʣʦʢʫ ʦʩʦʙʣʠʚʦ 

ʚʠʧʨʘʚʜʘʥʝ ʪʦʜʽ, ʢʦʣʠ ʚʣʘʩʥʠʢ ʜʽʣʷʥʢʠ ʩʘʤʦʩʪʽʡʥʦ ʚʠʨʦʱʫʻ ʦʩʥʦʚʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʢʫʣʴʪʫʨʠ, 

ʟʦʢʨʝʤʘ ʢʘʨʪʦʧʣʶ, ʤʦʨʢʚʫ, ʙʫʨʷʢ, ʢʫʢʫʨʫʜʟʫ ʘʙʦ ʟʝʨʥʦʚʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʦʛʦ 

ʥʘʚʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʦʪʦʙʣʦʢ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʜʦ ʜʝʩʷʪʢʘ ʬʫʥʢʮʽʡ: ʦʨʘʥʢʫ, ʢʫʣʴʪʠʚʘʮʽʶ, 

ʙʦʨʦʥʫʚʘʥʥʷ, ʧʦʩʘʜʢʫ, ʧʽʜʛʦʨʪʘʥʥʷ, ʧʨʦʧʦʣʶʚʘʥʥʷ, ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ, ʘ ʪʘʢʦʞ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʚʘʥʪʘʞʽʚ ʘʙʦ ʟʘʛʦʪʦʚʢʫ ʢʦʨʤʽʚ.  

ʆʜʥʘʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʤʦʪʦʙʣʦʢʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ 

ʥʘʚʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʧʽʜʙʠʨʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʧʫ ˇʨʫʥʪʽʚ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʨʦʱʫʚʘʥʠʭ 

ʢʫʣʴʪʫʨ ʽ ʦʙʩʷʛʫ ʨʦʙʽʪ. ɺʘʞʣʠʚʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʤʦʪʦʙʣʦʢʫ: ʤʘʣʦʧʦʪʫʞʥʽ ʤʦʜʝʣʽ (ʜʦ 6 

ʢʽʥʩʴʢʠʭ ʩʠʣ) ʤʦʞʫʪʴ ʥʝ ʚʧʦʨʘʪʠʩʴ ʽʟ ʚʘʞʢʠʤ ˇʨʫʥʪʦʤ ʘʙʦ ʚʝʣʠʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɺʽʜʧʦʚʽʜʥʦ, 

ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʻ ʘʛʨʝʛʘʪʠ ʩʝʨʝʜʥʴʦʛʦ ʘʙʦ ʚʘʞʢʦʛʦ ʢʣʘʩʫ - ʚʽʜ 7 ʜʦ 12 ʢ.ʩ., ʜʦ ʷʢʠʭ 

ʤʦʞʥʘ ʧʨʠʻʜʥʫʚʘʪʠ ʰʠʨʰʠʡ ʘʩʦʨʪʠʤʝʥʪ ʥʘʚʽʩʢʠ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʝ ʡ ʧʠʪʘʥʥʷ ʩʫʤʽʩʥʦʩʪʽ: ʥʘʚʽʩʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʧʦʚʠʥʥʦ ʧʽʜʭʦʜʠʪʠ ʜʦ ʢʦʥʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʤʦʪʦʙʣʦʢʫ ʟʘ ʪʠʧʦʤ ʢʨʽʧʣʝʥʥʷ, ʰʠʨʠʥʦʶ 

ʟʘʭʚʘʪʫ ʪʘ ʛʣʠʙʠʥʦʶ ʦʙʨʦʙʽʪʢʫ. ʑʝ ʦʜʠʥ ʢʨʠʪʝʨʽʡ ʚʠʙʦʨʫ - ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʗʢʱʦ ʜʽʣʷʥʢʘ ʤʘʻ 

ʩʢʣʘʜʥʠʡ ʨʝʣʴʻʬ ʘʙʦ ʦʙʤʝʞʝʥʘ ʫ ʧʨʦʩʪʦʨʽ, ʚʘʨʪʦ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʘ ʤʘʥʝʚʨʝʥʽʩʪʴ ʤʦʪʦʙʣʦʢʘ ʪʘ 

ʢʦʤʧʘʢʪʥʽʩʪʴ ʥʘʚʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʣʝʛʰʝ ʘʙʦ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʝ ʥʘʚʽʩʥʝ ʦʙʣʘʜʥʘʥʥʷ ʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʰʠʨʠʥʦʶ ʟʘʭʚʘʪʫ. 

ɿʨʝʰʪʦʶ, ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʪʦʙʣʦʢʫ ʧʦʣʷʛʘʻ ʥʝ ʣʠʰʝ ʫ ʬʽʟʠʯʥʽʡ ʝʢʦʥʦʤʽʾ ʟʫʩʠʣʴ, ʘ ʡ ʫ 

ʤʦʞʣʠʚʦʩʪʽ ʟʨʦʙʠʪʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʙʽʣʴʰ ʩʠʩʪʝʤʥʠʤ, ʝʬʝʢʪʠʚʥʠʤ ʽ ʥʝʟʘʣʝʞʥʠʤ. ʎʝ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʜʣʷ ʪʠʭ, ʭʪʦ ʧʨʘʛʥʝ ʚʝʩʪʠ ʥʘʪʫʨʘʣʴʥʝ ʘʙʦ ʦʨʛʘʥʽʯʥʝ ʟʝʤʣʝʨʦʙʩʪʚʦ, ʘʜʞʝ ʚʯʘʩʥʠʡ ʽ ʷʢʽʩʥʠʡ 

ʦʙʨʦʙʽʪʦʢ ʟʝʤʣʽ - ʟʘʧʦʨʫʢʘ ʟʜʦʨʦʚʦʛʦ ʚʨʦʞʘʶ ʙʝʟ ʟʘʡʚʦʛʦ ʚʪʨʫʯʘʥʥʷ ʭʽʤʽʾ. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ ʻ ʡ ʩʦʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ. ʇʨʘʮʷ ʥʘ ʟʝʤʣʽ ʧʨʠʥʦʩʠʪʴ ʤʦʨʘʣʴʥʝ ʟʘʜʦʚʦʣʝʥʥʷ, 

ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʩʪʨʝʩʫ ʽ ʟʤʽʮʥʝʥʥʶ ʨʦʜʠʥʥʠʭ ʟʚôʷʟʢʽʚ, ʷʢʱʦ ʜʦ ʥʝʾ ʜʦʣʫʯʘʶʪʴʩʷ ʯʣʝʥʠ ʩʽʤôʾ. ʎʝ 

ʪʘʢʦʞ ʩʧʦʩʽʙ ʟʙʝʨʝʛʪʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʪʨʘʜʠʮʽʾ, ʧʝʨʝʜʘʪʠ ʜʦʩʚʽʜ ʥʘʩʪʫʧʥʠʤ ʧʦʢʦʣʽʥʥʷʤ ʽ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʚôʷʟʦʢ ʟ ʨʽʜʥʦʶ ʟʝʤʣʝʶ. 
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ABSTRACT 
The article presents an analytical overview demonstrating 

the feasibility of using pneumatic (airlift) sapropel extraction 

machines designed to obtain organic sapropel raw material ï a 

fundamental component in the production of fertilizers for organic 

farming. The section State of the Art and Problem Statement 

highlights the shortcomings of the existing mechanical adjustment 

and control systems of such machines, which are often inefficient 

and prone to operational failures. Since pneumatic sapropel 

extraction systems have proven to be energy-efficient and 

environmentally sustainable in obtaining organic raw materials 

and are currently undergoing active modernization, a 

comprehensive automated system was proposed as the result of 

this research. The developed system simultaneously performs 

several functions ð it forecasts, adjusts, and controls the 

machineôs operating process. The system determines and 

configures the optimal technological parameters of the workflow 

and automatically monitors, modifies, and manages them 

depending on the unpredictable characteristics and properties of 

the sapropel deposit. It also forecasts potential changes in the 

operating process and structural loads that may lead to machine 

failure, thereby preventing such occurrences. The paper presents 

a block diagram illustrating the sequence of processes for 

forecasting, adjustment, and control of airlift sapropel extraction 

machines, as well as the layout of information and control devices 

that implement the operational process. The proposed system will 

increase the efficiency of machine operation, ensure uniform 

extraction of sapropel layers, and provide high-quality raw 

material with minimal impact on the aquatic ecosystem. 
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ˍ˚˛˟ˍˣ˴ˬ 
ʋ ʤʘʪʝʨʽʘʣʘʭ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʜʝ ʚʢʘʟʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʥʝʚʤʘʪʠʯʥʠʭ (ʝʨʣʽʬʪʥʠʭ) ʩʘʧʨʦʧʝʣʝʜʦʙʫʚʥʠʭ ʤʘʰʠʥ, ʷʢʽ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʩʘʧʨʦʧʝʣʚʦʾ ʩʠʨʦʚʠʥʠ, 

ʱʦ ʻ ʙʘʟʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʜʦʙʨʠʚ ʜʣʷ ʚʝʜʝʥʥʷ 

ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʫ. ɺ 

ʨʦʟʜʽʣʽ ʩʪʘʥ ʧʠʪʘʥʥʷ ʽ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʚʠʩʚʽʪʣʝʥʦ 

ʧʨʦʙʣʝʤʘʪʠʢʫ, ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʨʦʙʦʯʠʤ ʧʨʦʮʝʩʦʤ ʤʘʰʠʥʠ, ʷʢʘ ʻ ʤʘʣʦʝʬʝʢʪʠʚʥʦʶ ʪʘ ʯʘʩʪʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ. ʆʩʢʽʣʴʢʠ 

ʧʥʝʚʤʘʪʠʯʥʽ ʩʘʧʨʦʧʝʣʝʜʦʙʫʚʥʽ ʟʘʩʦʙʠ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ, 

ʷʢ ʝʥʝʛʨʦʝʬʝʢʪʠʚʥʽ ʪʘ ʝʢʦʣʦʛʦʦʱʦʜʥʽ ʫ ʦʪʨʠʤʘʥʥʽ ʦʨʛʘʥʽʯʥʦʾ 

ʩʘʧʨʦʧʝʣʝʚʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʩʪʘʜʽʾ 

ʚʜʦʩʢʦʥʘʣʝʥʴ, ʪʦ ʨʝʟʫʣʴʪʘʪʦʤ ʾʭ ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ 

ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʻ ʢʽʣʴʢʘ ʬʫʥʢʮʽʡ, ʘ ʩʘʤʝ ʧʨʦʛʥʦʟʫʻ, 

ʥʘʣʘʰʪʦʚʫʻ ʽ ʫʧʨʘʚʣʷʻ ʨʦʙʦʯʠʤ ʧʨʦʮʝʩʦʤ ʤʘʰʠʥʠ. ʉʠʩʪʝʤʘ 

ʧʽʜʙʠʨʘʻ ʪʘ ʥʘʣʘʰʪʦʚʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʥʘʯʝʥʥʷ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʽ 

ʘʚʪʦʤʘʪʠʯʥʦ ʢʦʥʪʨʦʣʶʻ, ʟʤʽʥʶʻ ʽ ʫʧʨʘʚʣʷʻ ʥʠʤʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʨʦʜʦʚʠʱʘ ʘ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻ 

ʟʤʽʥʠ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ 

ʤʘʰʠʥʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʭʦʜʫ ʾʾ ʟ ʣʘʜʫ ʪʘ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʜʘʥʝ ʷʚʠʱʝ. ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ ʙʣʦʢʽʚ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʚʠʢʦʥʫʶʪʴʩʷ ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʩʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʝʨʣʽʬʪʥʠʤʠ 

ʩʘʧʨʦʧʝʣʝʜʦʙʫʚʥʠʤʠ ʤʘʰʠʥʘʤʠ ʪʘ ʩʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʥʪʨʦʣʶʶʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʨʝʘʣʽʟʦʚʫʶʪʴ 

ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ. ɼʘʥʘ ʩʠʩʪʝʤʘ ʧʽʜʚʠʱʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʤʘʰʠʥʠ, ʜʦʟʚʦʣʠʪʴ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʨʦʙʣʷʪʠ ʰʘʨʠ ʧʦʢʣʘʜʽʚ ʩʘʧʨʦʧʝʣʶ ʽ ʜʦʙʫʚʘʪʠ ʷʢʽʩʥʫ 

ʩʠʨʦʚʠʥʫ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʧʦʨʫʰʝʥʥʷ ʝʢʦʩʠʩʪʝʤʠ 

ʚʦʜʥʦʛʦ ʦʙôʻʢʪʘ.  
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˞˟ˍ˚ ˜˕˟ˍ˚˚ˬ ˟ˍ ˜˛˞˟ˍ˚˛ˏ˗ˍ ˜˝˛ˎ˘˒˙˕ 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʦʩʝʨʝʜʞʝʥʦ ʙʣʠʟʴʢʦ 10% ʧʨʽʩʥʦʚʦʜʥʠʭ ʦʟʝʨ ɭʚʨʦʧʠ (ʍʽʣʴʯʝʚʩʢʠʡ 2022). 

ɹʽʣʴʰʽʩʪʴ ʟ ʮʠʭ ʦʟʝʨ ʧʽʜʜʘʶʪʴʩʷ ʝʚʪʨʦʬʽʾ (ʪʦʙʪʦ ʩʪʘʨʽʶʪʴ ʽ ʚʪʨʘʯʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʩʘʤʦʬʫʥʢʮʽʦʥʫʚʘʥʥʷ). ɼʘʥʽ ʦʟʝʨʘ ʟʘʧʦʚʥʝʥʽ ʧʨʠʨʦʜʥʽʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤ, ʧʝʨʝʚʘʞʥʦ ʦʨʛʘʥʽʯʥʦʛʦ ʪʠʧʫ. 

ʎʽ ʧʨʠʨʦʜʥʽ ʥʘʢʦʧʠʯʝʥʥʷ (ʧʦʢʣʘʜʠ, ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ) ʷʚʣʷʶʪʴʩʷ ʩʘʧʨʦʧʝʣʷʤʠ, ʱʦ ʻ ʮʽʥʥʠʤ 

ʩʠʨʦʚʠʥʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ, ʤʝʜʠʮʠʥʽ, ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ 

ʪʦʱʦ.  

ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʧʨʦʮʝʩʠ ʥʘʢʦʧʠʯʝʥʥʷ ʩʘʧʨʦʧʝʣʽʚ ʫ ʚʦʜʦʡʤʘʭ ʟʨʦʩʪʘʶʪʴ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʦʟʝʨʘ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʯʘʛʘʨʥʠʢʠ ʪʘ ʙʦʣʦʪʘ. ʊʽʣʴʢʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ɿʘʭʽʜʥʦʛʦ ʇʦʣʽʩʩʷ ʋʢʨʘʾʥʠ ʪʘʢʠʭ 

ʚʦʜʦʡʤ ʻ ʙʽʣʴʰʝ 80, ʧʨʦʪʝ ʟ ʨʦʢʫ ʚ ʨʽʢ ʾʭ ʢʽʣʴʢʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ɿʛʽʜʥʦ ʽʥʬʦʨʤʘʮʽʾ, (ʇʨʦʛʨʘʤʘ ʜʽʡ, 2000), ʧʨʠʧʠʥʠʪʠ ʽʥʪʝʥʩʠʚʥʫ ʝʚʪʨʦʬʽʢʘʮʽʶ ʦʟʝʨ ʜʦʟʦʣʷʻ 

ʣʠʰʝ ʣʶʜʩʴʢʝ ʚʪʨʫʯʘʥʥʷ ʫ ʧʨʠʨʦʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʘʰʠʥ ʪʘ 

ʟʘʩʦʙʽʚ. ʊʦʤʫ, ʨʦʟʨʦʙʢʘ ʟʘʭʦʜʽʚ ʽʟ ʧʨʦʪʠʜʽʾ ʧʨʠʨʦʜʥʦʛʦ ʝʚʪʨʦʬʽʶʚʘʥʥʷ ʧʨʽʩʥʦʚʦʜʥʠʭ ʦʟʝʨ ʻ ʜʦʩʠʪʴ 

ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʩʴʦʛʦʜʝʥʥʷ, ʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʘʰʠʥ ʜʣʷ 

ʜʦʙʫʚʘʥʥʷ ʻ ʩʚʦʻʯʘʩʥʦʶ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʦʞʥʝ ʝʚʪʨʦʬʽʡʦʚʘʥʝ ʦʟʝʨʦ ʤʘʻ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʮʝ ʩʧʨʠʯʠʥʷʻ 

ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʢʠ ʧʦʢʣʘʜʽʚ ʪʘ ʧʝʨʝʜʙʘʯʘʻ ʥʝʩʪʘʙʽʣʴʥʠʡ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ, 

ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʚʦʜʥʦʛʦ ʦʙôʻʢʪʘ, ʩʢʣʘʜʘʥʥʷ ʢʘʨʪʠ ʨʦʜʦʚʠʱʘ ʟʘ ʫʤʦʚʘʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ, 

ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʧʨʦʧʝʣʽʚ ʻ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʝʪʘʧʦʤ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʜʦʙʫʚʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɿ ʚʽʜʦʤʠʭ ʨʽʟʥʦʚʠʜʽʚ ʩʘʧʨʦʧʝʣʽʚ (ʎʠʟʴ, 2023; ʄʦʣʴʯʘʢ, 1998, ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ), 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤʠ ʻ ʦʨʛʘʥʽʯʥʽ, ʟʜʝʙʽʣʴʰʦʛʦ ʚʦʥʠ ʧʨʠʥʦʩʷʪʴ ʢʦʨʠʩʪʴ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʾʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʙʽʦʛʝʥʥʦʛʦ ʨʦʜʶʯʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ (ʎʠʟʴ, 2023), ʪʘ ʫ ʷʢʦʩʪʽ 

ʜʦʙʨʠʚ. ɼʦʙʨʠʚʘ ʥʘ ʦʩʥʦʚʽ ʦʨʛʘʥʽʯʥʠʭ ʩʘʧʨʦʧʝʣʽ ʟʥʘʡʰʣʠ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʠʭ ʽ 

ʚʠʩʥʘʞʝʥʠʭ ʟʝʤʣʷʭ ʚʦʥʠ ʩʪʘʙʽʣʽʟʫʶʪʴ ʘʙʦ ʟʙʽʣʴʰʫʶʪʴ ʚʤʽʩʪ ʛʫʤʫʩʫ, ʱʦ ʚʽʜʥʦʚʣʶʻ ʨʦʜʶʯʽʩʪʴ ˇʨʫʥʪʫ 

(ʄʦʣʴʯʘʢ, 1998; ʐʝʚʯʫʢ, 2012). ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʠʭ ʜʦʙʨʠʚ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ 

ʦʙʨʦʙʣʝʥʽ ʦʨʛʘʥʽʯʥʽ ʩʘʧʨʦʧʝʣʽ ʟ ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʢʠ ʧʦʥʘʜ 60%. ʆʜʥʘʢ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘʢʠʤ ʩʘʧʨʦʧʝʣʝʤ, ʚʦʥʘ ʧʦʚôʷʟʘʥʘ ʽʟ ʩʢʣʘʜʥʽʩʪʶ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʜʦʙʫʚʘʥʥʷ ʟ 

ʧʽʜʚʦʜʥʠʭ ʨʦʜʦʚʠʱ ʪʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ. 

ɼʦ ʽʩʥʫʶʯʠʭ ʥʦʚʽʪʥʽʭ ʤʘʰʠʥ ʽ ʟʘʩʦʙʽʚ, ʷʢʽ ʜʦʙʫʚʘʶʪʴ ʦʨʛʘʥʽʯʥʽ ʩʘʧʨʦʧʝʣʽ (ʩʠʨʦʚʠʥʫ) ʜʣʷ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʤʝʥʰʽ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ ʟ ʥʘʡʙʽʣʴʰʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʩʠʨʦʚʠʥʠ ʻ ʝʨʣʽʬʪʥʽ (ʧʥʝʚʤʘʪʠʯʥʽ) ʜʦʙʫʚʥʽ ʟʘʩʦʙʠ, 

ʱʦ ʨʦʟʨʦʙʣʷʶʪʴ ʨʦʜʦʚʠʱʘ ʟ ʧʽʜ ʰʘʨʫ ʚʦʜʠ (ʍʦʤʠʯ, 2014). ʉʶʜʠ ʞ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʽ ʧʥʝʚʤʘʪʠʯʥʝ 

ʪʨʫʙʦʧʨʦʚʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʦʙʫʪʠʭ ʧʦʢʣʘʜʽʚ ʜʦ ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ. ɼʘʥʽ ʤʘʰʠʥʠ 

ʤʘʶʪʴ ʧʨʦʩʪʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʪʘ ʻ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʥʽʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʚʠʪʨʘʪ ʥʘ ʦʪʨʠʤʘʥʥʷ ʩʘʧʨʦʧʝʣʝʚʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʜʦʙʨʠʚ (ʍʦʤʠʯ, 2017). ɿʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʥʘʡʤʝʥʰʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʦʨʫʰʝʥʥʷ ʝʢʦʩʠʩʪʝʤʠ ʚʦʜʥʦʛʦ ʦʙôʻʢʪʘ ʪʘ 

ʥʘʡʙʽʣʴʰʦʾ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʩʠʨʦʚʠʥʠ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ, ʪʦ ʜʘʥʽ ʤʘʰʠʥʠ ʟʜʘʪʥʽ ʜʦʙʫʚʘʪʠ ʩʘʧʨʦʧʝʣʽ ʫ ʧʨʠʨʦʜʥʦʤʫ ʩʪʘʥʽ 

ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʧʦʞʠʚʥʦ-ʮʽʥʥʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʜʣʷ ˇʨʫʥʪʫ, ʪʦʙʪʦ ʩʪʘʥʽ ʧʨʠ ʷʢʦʤʫ ʦʟʝʨʥʽ ʧʦʢʣʘʜʠ 

ʟʥʝʚʦʜʥʶʶʪʴʩʷ ʪʘ ʦʙʨʦʙʣʷʻʪʴʩʷ ʟ ʥʘʡʤʝʥʰʠʤʠ ʟʘʪʨʘʪʘʤʠ. ʊʦʤʫ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʘʥʠʭ ʤʘʰʠʥ ʽ 

ʦʙʣʘʜʥʘʥʥʷ ʻ ʧʝʨʩʧʝʢʪʠʚʦʶ ʫ ʦʪʨʠʤʘʥʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʦʙʨʠʚ. ʧʨʦʩʪʦʪʠ 

ʪʝʭʥʦʣʦʛʽʾ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʝʨʣʽʬʥʠʭ ʟʘʩʦʙʽʚ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʥʝʨʛʽʾ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ, ʘ ʨʽʟʥʦʚʠʜʠ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʤʽʰʫʚʘʯʘʤʠ (ʨʦʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ) ʪʘ ʩʧʦʩʦʙʘʤʠ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ. 

ʊʘʢ ʷʢ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʽʟʥʦʚʠʜʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ, ʘ ʾʭ ʨʦʙʦʯʠʡ 

ʧʨʦʮʝʩ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ, ʛʣʠʙʠʥʠ ʨʦʟʨʦʙʢʠ, 

ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ, ʩʪʨʫʢʪʫʨʠ ʨʫʭʫ ʩʫʤʽʰʽ ʫ ʧʽʜʥʽʤʘʣʴʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʧʨʦʧʝʣʶ, 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʜʦʚʠʱʘ, ʩʧʦʩʦʙʫ ʧʝʨʝʤʽʱʝʥʥʷ, ʚʽʜʭʠʣʝʥʥʽ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʽ, ʪʦʱʦ) (ʍʦʤʠʯ, 2017), ʪʦ 

ʜʣʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʰʚʠʜʢʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʤʘʰʠʥʠ ʟ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ, ʷʢʘ ʤʦʛʣʘ ʙ ʟʘʙʝʟʧʝʯʠʪʠ ʦʪʨʠʤʘʥʥʷ ʷʢʽʨʥʦʾ 

ʩʠʨʦʚʠʥʠ ʚ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʫʤʦʚʘʭ ʪʘ ʟʘʧʦʙʽʛʪʠ ʧʨʦʙʣʝʤʘʤ ʽ ʟʘʛʨʦʟʘʤ. 

https://uk.wikipedia.org/wiki/%D0%A5%D1%96%D0%BB%D1%8C%D1%87%D0%B5%D0%B2%D1%81%D1%8C%D0%BA%D0%B8%D0%B9_%D0%92%D0%B0%D0%BB%D0%B5%D0%BD%D1%82%D0%B8%D0%BD_%D0%9A%D0%B8%D1%80%D0%B8%D0%BB%D0%BE%D0%B2%D0%B8%D1%87
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˙̆̓́ ̨̠̅̏̒̌̅̇̆̎̎ ï ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʠʤ ʧʨʦʮʝʩʦʤ ʝʨʣʽʬʪʥʠʭ ʩʘʧʨʦʧʝʣʝʜʦʙʫʚʥʠʭ ʤʘʰʠʥʘʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʾ 

ʩʠʨʦʚʠʥʠ, ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʫʥʝʤʦʞʣʠʚʣʝʥʥʷ ʧʦʣʦʤʦʢ ʟʘ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʨʦʜʦʚʠʱʘ. 
˙ˍ˟˒˝˴ˍ˘˕ ˴ ˙˒˟˛ˑ˕ 

ʆʩʢʽʣʴʢʠ ʧʥʝʚʤʘʪʠʯʥʽ ʩʘʧʨʦʧʝʣʝʜʦʙʫʚʥʽ ʤʘʰʠʥʠ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʩʪʘʜʽʾ ʚʠʧʨʦʙʫʚʘʥʴ ʪʦ ʚ 

ʫʤʦʚʘʭ ʾʭ ʥʘʣʘʰʪʫʚʘʥʴ ʪʘ ʧʽʜʙʦʨʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʠ, ʥʝʦʙʭʽʜʥʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ. ʎʝ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʚʽʜʪʚʦʨʠʪʠ 

ʤʝʭʘʥʽʯʥʠʤ, ʟʚôʷʟʢʦʤ ʤʽʞ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʪʘ ʤʝʭʘʥʽʯʥʦʶ ʣʘʥʢʦʶ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ.  

ʉʪʫʧʽʥʴ ʩʢʣʘʜʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʩʪʘʣʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʤʘʰʠʥʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʽʜʙʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ 

ʬʦʨʤʫʶʪʴ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ; ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʴ ʟ ʛʣʠʙʠʥʦʶ ʪʘ ʧʣʦʱʝʶ 

ʨʦʟʤʽʱʝʥʥʷ ʽ ʧʘʨʘʤʝʪʨʽʚ ʨʦʜʦʚʠʱʘ; ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʘʨʽʚ ʟʘ ʛʣʠʙʠʥʦʶ ʨʦʟʨʦʙʢʠ; 

ʷʢʽʩʪʶ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʦʾ ʩʠʨʦʚʠʥʠ, ʪʦʱʦ. 

ɼʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʥʝʚʤʘʪʠʯʥʠʭ 

ʩʘʧʨʦʧʝʣʝʜʦʙʫʚʥʠʭ ʤʘʰʠʥ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʪʘ 

ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʘʚʪʦʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʢʦʨʝʛʫʚʘʪʠ ʽ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʜʫʢʪʠʚʥʠʡ, ʧʝʨʝʜʙʘʯʘʪʠ ʽ ʫʥʝʤʦʞʣʠʚʣʶʚʘʪʠ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʘʰʠʥʠ ʪʘ ʦʜʥʦʯʘʩʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʽ ʧʦʧʝʨʝʜʞʘʪʠ ʧʨʦ ʟʘʛʨʦʟʠ ʽ ʧʦʣʦʤʢʠ. ʑʦ 

ʩʪʦʩʫʻʪʴʩʷ ʧʥʝʚʤʘʪʠʯʥʠʭ (ʝʨʣʽʬʪʥʠʭ) ʩʘʧʨʦʧʝʣʝʜʦʙʫʚʥʠʭ ʤʘʰʠʥ, ʪʦ ʧʦʜʽʙʥʽ ʩʠʩʪʝʤʠ, ʚ ʥʠʭ ʚʟʘʛʘʣʽ 

ʚʽʜʩʫʪʥʽ, ʤʘʰʠʥʠ ʦʩʥʘʱʝʥʽ ʣʠʰʝ ʤʝʭʘʥʽʯʥʠʤʠ ʯʠ ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʦʨʛʘʥʘʤʠ ʢʝʨʫʚʘʥʥʷ ʟ ʟʘʧʦʙʽʞʥʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ. 

ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʥʘʣʘʰʪʫʚʘʥʥʷ, ʢʦʥʪʨʦʣʶ ʽ 

ʢʝʨʫʚʘʥʥʷ ʤʘʰʠʥʦʶ ʟ ʝʣʝʤʝʥʪʘʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʪʘ ʟʘʩʦʙʘʤʠ ʙʝʟʧʝʢʠ ʻ ʜʦʩʠʪʴ ʩʚʦʻʯʘʩʥʦʶ.  

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʠʥʪʝʟ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʜʣʷ 

ʦʮʽʥʢʠ ʾʾ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ ʟʥʘʯʝʥʥʷ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ.  

 
˝˒˔ˠ˘˩˟ˍ˟˕ ˑ˛˞˘˴ˑ˓˒˚˚ˬ ˟ˍ ˛ˎː˛ˏ˛˝˒˚˚ˬ  

ɺ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʢʦʨʠʛʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʝʭʘʥʽʯʥʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʰʠʥʠ ʪʘ ʟʤʽʥʦʶ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʽ 

ʦʙʣʘʜʥʘʥʥʷ, ʪʦʤʫ ʧʝʨʝʭʽʜ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʧʨʦʮʝʩ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʯʘʩ ʥʘ 

ʥʘʣʘʰʪʫʚʘʣʴʥʽ ʦʧʝʨʘʮʽʾ ʪʘ ʰʚʠʜʢʦ ʧʝʨʝʥʘʣʘʰʪʫʚʘʪʠʩʴ ʥʘ ʥʦʚʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ. ʇʨʠ ʮʴʦʤʫ ʧʦʪʨʽʙʥʦ 

ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʚʟʘʻʤʦʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʤʽʞ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʩʦʪʠ (ʜʦʚʞʠʥʠ) 

ʧʨʠʩʪʨʦʶ, ʪʠʩʢʦʤ ʪʘ ʛʣʠʙʠʥʦʶ ʨʦʟʨʦʙʢʠ ʧʦʢʣʘʜʽʚ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʦʨʤʫ ʦʙôʻʤʥʦʛʦ 

ʧʦʚʽʪʨʝʚʤʽʩʪʫ, ʷʢʘ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,2é0,3<űʧ<0,6é0,8 (ʍʦʤʠʯ, 2014), ʘ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʤʽʨʢʫʚʘʥʴ ʦʮʽʥʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʦʙôʻʤʫ ʧʦʚʽʪʨʷ Vn ʫ ʧʦʚʽʪʨʝʩʘʧʨʦʧʝʣʝʚʽʡ ʩʫʤʽʰʽ 

ʦʙôʻʤʦʤ V.  

 űʧ=Vn / V, ʤ3                                                                         (1) 

ʎʝ ʚʘʞʣʠʚʦ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʩʪʨʦʶ ʪʘ ʨʝʞʠʤʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʨʰʥʝʚʫ (ʩʥʘʨʷʜʥʫ, ʧʨʦʙʢʦʚʫ) (ʍʦʤʠʯ, 2014; ʂʦʥʦʥʝʥʢʦ 

2009), ʪʦʙʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʜʫʢʪʠʚʥʫ, ʩʪʨʫʢʪʫʨʫ ʨʫʭʫ ʚʠʩʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʩʫʤʽʰʽ ʟ ʧʦʚʽʪʨʷ ʪʘ 

ʦʨʛʘʥʽʯʥʦʛʦ ʩʘʧʨʦʧʝʣʶ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʠʜʫ ʩʪʨʫʢʪʫʨʠ ʧʦʚʽʪʨʦʩʘʧʨʦʧʝʣʝʚʦʾ ʩʫʤʽʰʽ ʥʝʦʙʭʽʜʥʦ 

ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʥʦʩʥʦʛʦ ʟʘʥʫʨʝʥʥʷ, ʷʢʝ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʴ ʘʚʪʦʤʘʪʠʯʥʠʤ ʟʘʥʫʨʝʥʥʷʤ 

ʧʨʠʩʪʨʦʶ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʚʠʩʦʪʠ, ʟʘ ʟʙʽʣʴʰʝʥʥʷ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʜʦ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ, ʟʛʽʜʥʦ ʧʦʛʣʠʙʣʝʥʠʭ ʫʤʦʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʽʜʚʦʜʥʦʛʦ ʨʦʜʦʚʠʱʘ. ɸʙʦ ʞ ʘʚʪʦʤʘʪʠʯʥʦ 

ʟʤʝʥʰʫʚʘʪʠ ʟʦʥʫ ʟʘʥʫʨʝʥʥʷʤ ʧʨʠʩʪʨʦʶ ʽ ʡʦʛʦ ʜʦʚʞʠʥʫ, ʷʢʱʦ ʨʦʟʤʽʱʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʰʘʨʫ 

ʩʘʧʨʦʧʝʣʶ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʤʽʥʽʤʘʣʴʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ 

ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʜʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʟʛʽʜʥʦ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʫʤʦʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʘʧʨʦʧʝʣʶ. ʊʫʪ ʚʘʨʪʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʧʦʢʘʟʥʠʢʠ ʚʽʜʭʠʣʝʥʥʷ ʧʨʠʩʪʨʦʶ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʽ ʥʘ ʢʫʪ ʥʝ ʙʽʣʴʰʝ 10ʦ. ɼʣʷ ʧʦʨʰʥʝʚʦʛʦ 

ʚʠʜʫ ʩʪʨʫʢʪʫʨʠ ʚʠʩʭʽʜʥʦʛʦ ʨʫʭʫ ʫ ʧʽʜʥʽʤʘʶʯʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʧʦʢʘʟʥʠʢ ʚʽʜʥʦʩʥʦʛʦ ʟʘʥʫʨʝʥʥʷ 

ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ 0,4<Ŭʟ<1,0 ʪʘ ʦʮʽʥʶʚʘʪʠʩʴ ʟʘʣʝʞʥʽʩʪʶ ʟʛʽʜʥʦ (ʨʠʩ. 1): 
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,                                                              (2) 

ʜʝ h ï ʛʝʦʤʝʪʨʠʯʥʘ ʚʠʩʦʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ʚʦʜʠ, ʤ; 

ʅ ï ʛʣʠʙʠʥʘ ʜʦʙʫʚʘʥʥʷ ʩʘʧʨʦʧʝʣʶ, ʤ;  

hʟ ï ʚʠʩʦʪʘ ʟʤʽʰʫʚʘʯʘ ʤ; 

hm ï ʜʦʚʞʠʥʘ ʧʽʜʥʽʤʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʨʘʜʽʫʩʦʤ r , ʤ; 

hʨ ï ʚʠʩʦʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʚʽʜʥʦʛʦ ʨʫʢʘʚʘ ʥʘʜ ʧʽʜʥʽʤʘʣʴʥʠʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ, ʤ;  

hʚ ï ʪʦʚʱʠʥʘ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ ʚʦʜʦʡʤʠ, ʤ; 

hʩ ï ʪʦʚʱʠʥʘ ʰʘʨʫ ʩʘʧʨʦʧʝʣʶ ʟ ʧʽʜ ʷʢʦʛʦ ʚʝʜʝʪʴʩʷ ʜʦʙʫʚʘʥʥʷ, ʤ; 

hʧ ï ʪʦʚʱʠʥʘ ʰʘʨʫ ʧʝʣʦʛʝʥʫ, ʤ 

ʅɆ ï ʛʘʙʘʨʠʪʥʠʡ ʨʦʟʤʽʨ ʧʨʠʩʪʨʦʶ, ʤ. 

 

 
 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʝʨʣʽʬʪʥʦʛʦ ʟʘʩʦʙʫ ʜʣʷ ʜʦʙʫʚʘʥʥʷ ʩʘʧʨʦʧʝʣʶ ʽʟ ʟʦʥʘʤʠ ʨʦʟʤʽʱʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʘʧʘʨʘʪʫʨʠ: 1 ï ʜʣʷ ʚʪʨʘʪ ʧʦʚʽʪʨʷ ʫ ʟʤʽʰʫʚʘʯʽ, 2 ï ʜʣʷ ʟʤʽʥʠ ʨʝʞʠʤʫ ʨʫʭʫ ʫ ʧʽʜʥʽʤʘʣʴʥʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʽ, 3 ï ʜʣʷ ʛʣʠʙʠʥʠ ʨʦʟʨʦʙʢʠ, 4, 5, 6, 7, ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ, ʱʽʣʴʥʦʩʪʽ, ʣʠʧʢʦʩʪʽ, 

ʚʦʣʦʛʦʩʪʽ ʩʘʧʨʦʧʝʣʽʚ, 8 ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 9 ï ʜʣʷ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʛʦʨʠʟʦʥʪʫ, 

10, 11 ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʪʘ ʢʽʥʮʝʚʦʛʦ ʧʦʚʽʪʨʝʚʤʽʩʪʫ, 12 ï ʜʣʷ ʧʦʜʘʯʽ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ, 

13 ï ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ ʨʝʣʴʻʬʫ ʜʥʘ 

ʆʜʥʘʢ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʩʪʘʣʝʥʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʧʦʚʽʪʨʝʚʤʽʩʪʫ ʪʘ 

ʚʽʜʥʦʩʥʦʛʦ ʟʘʥʫʨʝʥʥʷ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʢʦʥʪʨʦʣʶʚʘʪʠ ʛʣʠʙʠʥʫ ʨʦʟʤʽʱʝʥʥʷ ʧʦʢʣʘʜʽʚ ʪʘ ʩʫʤʘʨʥʫ 

ʛʝʦʤʝʪʨʠʯʥʫ ʚʠʩʦʪʫ (ʜʦʚʞʠʥʫ) ʜʦʙʫʚʥʦʛʦ ʟʘʩʦʙʫ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ (3). ʆʩʢʽʣʴʢʠ ʛʣʠʙʠʥʘ 

ʜʦʙʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʣʠʙʠʥʠ ʨʦʟʤʽʱʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʰʘʨʫ ʧʦʢʣʘʜʽʚ, ʷʢʘ ʻ ʥʝʨʽʚʥʦʤʽʨʥʦʶ. 

h + ʅ = hʟ + hm + hʨ = h + hʚ + hʩ + hʧ = ʅɆ,                                          (3) 

ɿʘ ʨʘʭʫʥʦʢ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʜʦʚʠʱʘ, ʜʝ ʧʦʢʣʘʜʠ ʨʦʟʤʽʱʝʥʽ ʧʦʰʘʨʦʚʦ ʽ ʤʘʶʪʴ 

ʥʝʦʜʥʘʢʦʚʫ ʛʣʠʙʠʥʫ ʟʘʣʷʛʘʥʥʷ ʪʘ ʪʦʚʱʠʥʫ ʰʘʨʫ, ʩʣʽʜ ʧʨʘʛʥʫʪʠ ʜʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʚʠʜʦʙʫʚʘʥʥʷ ʰʘʨʽʚ 

ʧʦʢʣʘʜʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʩʘʧʨʦʧʝʣʶ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʨʝʛʫʚʘʥʥʷ (ʟʙʽʣʴʰʝʥʥʷ ʪʘ 

ʟʤʝʥʰʝʥʥʷ) ʛʣʠʙʠʥʠ ʟʘʥʫʨʝʥʥʷ ʟʘʩʦʙʫ ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʚʱʠʥʠ ʰʘʨʫ. ʉʧʨʘʚʠʪʠʩʴ ʟ ʪʘʢʦʶ ʧʨʦʙʣʝʤʦʶ 

ʙʝʟ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʞʠʤʫ ʨʦʟʨʦʙʢʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ, ʪʦʤʫ ʪʘʢʘ 

ʧʨʦʙʣʝʤʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʙʫʚʘʥʥʷ ʥʝ ʷʢʽʩʥʦʾ ʩʘʧʨʦʧʝʣʝʚʦʾ ʩʠʨʦʚʠʥʠ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʽ ʩʧʦʩʽʙ ʧʝʨʝʤʽʱʝʥʥʽ ʟʘʩʦʙʫ (ʪʨʘʥʰʝʡʥʠʡ, ʚʦʨʦʥʢʦʚʠʡ, 

ʧʘʧʽʣʴʦʥʘʞʥʠʡ, ʟʤʽʰʘʥʠʡ) ʪʫʪ ʨʦʟʨʦʙʢʫ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʟʘ ʚʝʨʪʠʢʘʣʴʥʦ ʨʦʟʤʽʱʝʥʦʛʦ ʟʘʩʦʙʫ ʟ 
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ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʛʦʨʠʟʦʥʪʫ 10ʦ. ɿʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʚʠʢʣʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʭʦʜʫ 

ʧʦʚʽʪʨʷ ʽʟ ʟʤʽʰʫʚʘʯʘ ʚ ʩʝʨʝʜʦʚʠʱʝ ʨʦʜʦʚʠʱʘ ʪʘ ʚʪʨʘʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʝʭʘʥʽʯʥʝ ʢʝʨʫʚʘʥʥʷ ʝʨʣʽʬʪʥʦʶ ʩʠʩʪʝʤʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʥʝʧʨʘʚʠʣʴʥʦ 

ʧʽʜʽʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʤʘʰʠʥʠ ʪʘ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʭʦʜʫ ʾʾ ʟ ʣʘʜʫ. ʊʘʢ ʥʘʧʨʠʢʣʘʜ ʟʘ 

ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʧʦʚʽʪʨʝʚʤʽʩʪʫ ʤʦʞʝ ʫʪʚʦʨʠʪʠʩʴ ʷʚʠʱʝ çʟʘʭʣʠʥʘʥʥʷè ʧʨʠʩʪʨʦʶ (ʍʦʤʠʯ, 2014), ʮʝʡ 

ʧʨʦʮʝʩ ʫʦʩʦʙʣʶʻ ʦʙʚʘʣ ʧʦʢʣʘʜʽʚ ʫ ʧʽʜʥʽʤʘʣʴʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʽ ʚʪʨʘʪʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʦʤʫ ʧʦʚʽʪʨʝʚʤʽʩʪʫ ʻ ʨʠʟʠʢ ʚʠʭʦʜʫ ʧʦʚʽʪʨʷ ʟʘ ʤʝʞʽ ʢʦʨʧʫʩʫ ʟʤʽʰʫʚʘʯʘ ʘʙʦ ʞ ʫʪʚʦʨʝʥʥʽ 

ʽʥʰʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʟʘ ʷʢʦʛʦ ʟʥʠʟʠʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʧʦʢʣʘʜʽʚ ʟʘ ʟʙʽʣʴʰʝʥʠʭ ʛʣʠʙʠʥ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʧʦʚʽʪʨʝʚʤʽʩʪʫ, ʘ ʧʨʠ ʨʦʟʨʦʙʮʽ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʰʘʨʽʚ ʧʦʩʪʽʡʥʦ 

ʦʧʫʩʢʘʪʠ ʪʘ ʧʽʜʥʽʤʘʪʠ ʧʨʠʩʪʨʽʡ. ʊʦʤʫ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʝʨʣʽʬʪʥʦʛʦ ʟʘʩʦʙʫ ʪʘ ʧʨʦʮʝʩʫ ʜʦʙʫʚʘʥʥʷ 

ʦʨʛʘʥʽʯʥʦʛʦ ʩʘʧʨʦʧʝʣʶ ʻ ʜʦʩʠʪʴ ʩʚʦʻʯʘʩʥʦʶ. 

ʊʘʢ ʷʢ, ʤʝʞʽ ʛʦʣʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʜʦʩʠʪʴ ʚʝʣʠʢʽ, ʪʦ ʜʣʷ ʾʭ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʽʜʙʦʨʫ ʥʝʦʙʭʽʜʥʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʽ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʶʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʙʦʨʫ ʜʘʥʠʭ ʚʽʜ ʢʦʞʥʦʛʦ ʨʦʙʦʯʦʛʦ ʚʫʟʣʘ ʤʘʰʠʥʠ ʟʘʙʝʟʧʝʯʠʪʠ  

ʜʦʙʫʚʘʥʥʷ ʷʢʽʩʥʦʾ ʩʠʨʦʚʠʥʠ ʟʘ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ 

ʚʽʜʰʪʦʚʭʫʚʘʪʠʩʴ ʚʽʜ ʩʪʘʣʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʙʽʨʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʥʘʧʨʠʢʣʘʜ ʜʽʘʤʝʪʨʫ 

ʧʽʜʥʽʤʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʚʠʩʦʪʠ ʟʤʽʰʫʚʘʯʘ, ʢʽʣʴʢʦʩʪʽ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʚʠʩʦʪʠ ʟʫʤʧʬʫ ʪʦʱʦ. ɿʙʽʨ 

ʜʘʥʠʭ ʧʦʚʠʥʝʥ ʧʨʦʚʦʜʠʪʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʩʪʘʥʦʚʣʝʥʠʭ ʜʘʚʘʯʽʚ ʪʘ ʧʦʢʘʞʯʠʢʽʚ, ʘ ʧʫʣʴʪ ʢʝʨʫʚʘʥʥʷ 

ʧʦʚʠʥʝʥ ʾʭ ʛʝʥʝʨʫʚʘʪʠ ʪʘ ʜʘʚʘʪʠ ʧʦʪʨʽʙʥʽ ʟʘʚʜʘʥʥʷ. 

ɼʦ ʘʧʘʨʘʪʫʨʠ, ʷʢʘ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʪʘ ʢʝʨʫʚʘʪʠ ʩʘʧʨʦʧʝʣʝʜʦʙʫʚʥʦʶ ʤʘʰʠʥʦʶ 

ʩʣʽʜ ʚʽʜʥʝʩʪʠ, ʘʚʪʦʤʘʪʠʯʥʽ ʟʘʧʦʙʽʞʥʠʢʠ, ʤʘʥʦʤʝʪʨʠ, ʧʨʠʡʤʘʯʽ, ʜʘʪʯʠʢʠ ʟʘʚʜʘʥʴ ʽ ʩʠʛʥʘʣʽʚ, 

ʘʥʘʣʽʟʘʪʦʨʠ, ʪʝʨʤʦʤʝʪʨʠ, ʤʝʭʘʥʽʟʤʘʤʠ ʨʽʚʥʷ (ʚʨʽʚʥʦʚʘʞʝʥʥʷ), ʘʝʨʦʤʝʪʨʠ, ʥʘʚʽʛʘʪʦʨʠ, ʛʣʠʙʠʥʦʤʽʨʠ, 

ʢʦʥʪʨʦʣʝʨʠ, ʨʝʛʫʣʷʪʦʨʠ, ʨʝʣʝ, ʧʦʢʘʞʯʠʢʠ ʪʦʱʦ. ɼʘʥʽ ʤʝʭʘʥʽʟʤʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʢʦʤʧʣʝʢʩʽ ʪʘ 

ʤʘʪʠ ʩʧʽʣʴʥʽ ʟʘʚʜʘʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʘʧʘʨʘʪʫʨʘ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʦʜʥʘ ʟ ʦʜʥʦʶ ʬʦʨʤʫʻ ʘʚʪʦʤʘʪʠʯʥʫ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʠʤʠ ʧʨʦʮʝʩʦʤ ʤʘʰʠʥʠ, ʽ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʤʘʰʠʥʠ ʟ ʧʝʨʝʜʙʘʯʝʥʥʷʤ ʽ 

ʧʦʧʝʨʝʜʞʝʥʥʷʤ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʪʘ ʧʦʣʦʤʦʢ. ʇʨʦʧʦʥʦʚʘʥʽ ʟʦʥʘʤʠ ʨʦʟʤʽʱʝʥʥʷ ʘʧʘʨʘʪʫʨʠ ʪʘ ʧʨʠʡʤʘʯʽʚ 

ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʟʦʙʨʘʞʝʥʽ ʥʘ (ʨʠʩ. 1). 

ʊʘʢ ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, ʩʠʛʥʘʣʠ ʩʠʩʪʝʤʠ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʚ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ ʪʘ ʨʝʞʠʤʽ ʧʫʩʢʫ, ʧʦʧʝʨʝʜʞʘʪʠʤʫʪʴ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ 

ʛʣʠʙʠʥʠ ʜʦʙʫʚʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʛʫʩʪʠʥʠ ʽ ʱʽʣʴʥʦʩʪʽ ʟʘʣʷʛʘʥʥʷ ʩʘʧʨʦʧʝʣʽʚ, ʟʤʝʥʰʝʥʥʷ ʘʙʦ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʤʘʩʠ, ʪʦʱʦ. ʉʠʛʥʘʣʠ ʪʘ ʘʧʘʨʘʪʫʨʘ ʜʣʷ ʚʠʢʦʥʘʚʯʦʛʦ ʧʨʦʮʝʩʫ ʧʝʨʝʜʙʘʯʘʶʪʴ ʪʘ 

ʧʦʧʝʨʝʜʞʘʶʪʴ ʧʨʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʽʜʥʽʤʘʣʴʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ, ʜʦʧʫʩʪʠʤʽ ʥʦʨʤʠ ʚʽʜʭʠʣʝʥʥʷ 

ʧʨʠʩʪʨʦʶ ʚʽʜ ʚʝʨʪʠʢʘʣʽ, ʨʦʙʦʯʠʡ ʪʠʩʢ ʚ ʩʠʩʪʝʤʽ. 

ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ ʧʝʨʝʜʘʥʽ ʩʠʛʥʘʣʠ ʪʘ ʟʘʚʜʘʥʥʷ ʙʫʜʫʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʥʘʣʘʰʪʦʚʫʚʘʪʠ ʨʦʙʦʯʠʡ 

ʧʨʦʮʝʩ ʥʘ ʝʬʝʢʪʠʚʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ. ʊʘʢʽ ʧʨʦʮʝʩʠ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ, 

ʯʝʨʝʟ ʪʝ ʱʦ, ʘʧʘʨʘʪʫʨʘ ʧʝʨʝʜʙʘʯʘʪʠʤʝ ʡʤʦʚʽʨʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʘʰʠʥʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʣʽʢʚʽʜʦʚʫʚʘʪʠʤʝ ʾʭ ʧʝʨʝʥʘʣʘʰʪʫʚʘʚʰʠʩʴ ʥʘ ʢʨʘʱʠʡ ʨʦʙʦʯʠʡ ʨʝʞʠʤ. 

ʇʦʧʝʨʝʜʞʝʥʥʷ ʙʫʜʫʪʴ ʩʪʦʩʫʚʘʪʠʩʴ, ʚʪʨʘʪ ʧʦʚʽʪʨʷ ʫ ʟʤʽʰʫʚʘʯʽ, ʫʟʛʦʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʟʘʥʫʨʝʥʥʷ, 

ʟʤʽʥʠ ʧʦʚʽʪʨʝʚʤʽʩʪʫ ʫ ʟʤʽʰʫʚʘʯʽ ʪʘ ʧʽʜʥʽʤʘʣʴʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ, ʟʤʽʥʫ ʨʝʞʠʤʫ ʨʫʭʫ ʫ ʧʽʜʥʽʤʘʣʴʥʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʽ, ʟʙʽʣʴʰʝʥʥʽ ʯʠ ʟʤʝʥʰʝʥʥʽ ʛʣʠʙʠʥʠ ʨʦʟʨʦʙʢʠ, ʟʥʠʞʝʥʥʷ ʯʠ ʧʽʜʚʠʱʝʥʥʷ ʚôʷʟʢʦʩʪʽ, 

ʱʽʣʴʥʦʩʪʽ, ʣʠʧʢʦʩʪʽ, ʚʦʣʦʛʦʩʪʽ ʩʘʧʨʦʧʝʣʽʚ ʪʦʱʦ, ʷʢʽ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʞ ʙʫʜʫʪʴ 

ʚʽʜʦʙʨʘʞʘʪʠʩɹ  ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥʠ. ɺʽʜʧʦʚʽʜʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠʩʪʚʦʶ ʧʦʚôʷʟʘʥʽ ʟ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʙʫʜʫʪʴ ʤʘʪʠ ʩʪʘʙʽʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʘ ʥʝ ʧʽʜʜʘʚʘʪʠʩʴ ʢʦʨʠʛʫʚʘʥʥʶ. 

ɼʘʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʜʫʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʥʘʨʦʙʽʪʢʫ ʤʘʰʠʥʠ ʟʘ ʟʤʽʥʫ 

ʨʦʙʦʯʦʛʦ ʯʘʩʫ, ʤʽʩʪʠʪʠ ʥʘʣʘʰʪʫʚʘʣʴʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʨʦʮʝʩʠ, ʦʙʠʨʘʪʠ ʪʘ ʨʝʛʫʣʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ, ʟʘʧʦʙʽʛʘʪʠ ʟʥʦʰʝʥʥʶ ʽ ʩʧʨʘʮʶʚʘʥʥʶ ʨʦʙʦʯʠʭ ʽ ʜʦʧʦʤʽʞʥʠʭ ʦʨʛʘʥʽʚ. ʇʨʠ 

ʮʴʦʤʫ ʪʘʢʦʞ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʢʦʥʪʨʦʣʴ ʜʦʙʫʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʩʠʨʦʚʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴʩʷ ʩʧʨʠʷʪʣʠʚʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ ʤʽʥʽʤʘʣʴʥʽ 

ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʧʨʠʨʦʜʠ. 

ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʰʚʠʜʢʦʛʦ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ, ʩʪʘʙʽʣʽʟʘʮʽʾ ʯʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ ʙʫʜʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʠʡ ʢʦʤʧʣʝʢʩ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʣʦʢʽʚ (ʨʠʩ. 2).  
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ɿʘʜʘʥʽ ʪʘ ʧʝʨʝʜʙʘʯʫʚʘʥʽ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʙʫʜʫʪʴ ʩʧʨʷʤʦʚʫʚʘʪʠ ʢʦʤʘʥʜʠ ʪʘ ʩʠʛʥʘʣʠ ʫ 

ʚʽʜʧʦʚʽʜʥʽ ʙʣʦʢʠ, ʷʢʽ ʙʫʜʫʪʴ ʧʝʨʝʜʘʚʘʪʠ ʾʭ ʯʝʨʝʟ ʘʧʘʨʘʪʫʨʫ ʜʦ ʢʦʞʥʦʛʦ ʚʫʟʣʘ (ʘʛʨʝʛʘʪʫ) ʽ ʥʘʚʧʘʢʠ. 

ʆʩʪʘʥʥʽ ʙʫʜʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʥʘʢʘʟ, ʚʠʢʦʥʫʚʘʪʠ ʧʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ ʪʘ ʛʝʥʝʨʫʚʘʪʠ ʥʦʚʽ ʧʝʨʝʜʙʘʯʫʚʘʥʽ 

ʟʘʚʜʘʥʥʷ ʯʠ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ.  

 

 
 

ʈʠʩ. 2 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʙʣʦʢʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ʝʨʣʽʬʪʥʠʤʠ ʩʘʧʨʦʧʝʣʝʜʦʙʫʚʥʠʤʠ ʤʘʰʠʥʘʤʠ 

 

ɿʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʩʭʝʤʦʶ ʙʫʜʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʬʦʨʤʦʚʘʥʝ ʥʘ ʦʩʥʦʚʽ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ ʜʦʙʫʚʥʦʾ ʤʘʰʠʥʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʘʪʯʠʢʠ ʙʫʜʫʪʴ ʨʦʟʤʽʱʫʚʘʪʠʩʴ ʫ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʪʘ ʚʫʟʣʘʭ ʚʠʢʦʥʘʚʯʦʛʦ 

ʽ ʢʝʨʦʚʘʥʦʛʦ ʙʣʦʢʫ, ʧʝʨʝʜʘʚʘʪʠʤʫʪʴ ʟʘʚʜʘʥʥʷ ʯʝʨʝʟ ʟʘʜʘʶʯʠʡ ʙʣʦʢ ʜʦ ʩʧʨʠʡʤʘʣʴʥʦʛʦ ʪʘ 

ʽʥʬʦʨʤʫʚʘʪʠʤʫʪʴ ʽ ʚʩʪʘʥʦʚʣʶʚʘʪʠʤʫʪʴ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʜʦʙʫʚʥʦʛʦ ʟʘʩʦʙʫ. ɿʘ 

ʨʘʭʫʥʦʢ ʜʘʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʜʦʙʫʚʘʥʥʷ ʷʢʽʩʥʦʾ ʩʘʧʨʦʧʝʣʝʚʦʾ ʩʠʨʦʚʠʥʠ 

ʪʘ ʫʥʝʤʦʞʣʠʚʣʶʚʘʪʠʤʫʪʴʩʷ ʧʦʣʦʤʢʠ ʤʘʰʠʥʠ. 

 

ˏ˕˞˚˛ˏ˗˕ 

ʅʘ ʩʴʦʛʦʜʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʨʣʽʬʪʥʠʭ ʤʘʰʠʥ ʧʨʠ ʜʦʙʫʚʘʥʥʽ ʦʨʛʘʥʽʯʥʦʛʦ ʪʠʧʫ ʩʘʧʨʦʧʝʣʶ, ʜʣʷ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʷʚʣʷʻʪʴʩʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʘʢʠʭ ʤʘʰʠʥ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʨʦʟʚʠʪʦʢ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʠʡ ʢʦʤʧʣʝʢʩʫ ʧʦʢʨʘʱʠʪʴ ʨʦʙʦʪʫ ʤʘʰʠʥʠ ʪʘ 

ʟʤʝʥʰʠʪʴ ʟʘʪʨʘʪʠ ʯʘʩʫ ʥʘ ʧʽʜʛʦʪʦʚʯʽ ʧʨʦʮʝʩʠ ʟʘ ʨʘʭʫʥʦʢ ʰʚʠʜʢʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ 

ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʧʽʜʚʦʜʥʠʭ ʨʦʜʦʚʠʱ ʩʘʧʨʦʧʝʣʽʚ ʫ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ 

ʫʤʦʚʘʭ ʾʭ ʟʘʣʷʛʘʥʥʷ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ.  

ɼʘʥʘ ʩʠʩʪʝʤʘ ʧʽʜʚʠʱʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʤʘʰʠʥʠ ʜʦʟʚʦʣʠʪʴ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʨʦʙʣʷʪʠ ʰʘʨʠ ʧʦʢʣʘʜʽʚ ʩʘʧʨʦʧʝʣʶ ʽ ʜʦʙʫʚʘʪʠ ʷʢʽʩʥʫ ʩʠʨʦʚʠʥʫ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʥʘ 

ʧʦʨʫʰʝʥʥʷ ʝʢʦʩʠʩʪʝʤʠ ʚʦʜʥʦʛʦ ʦʙôʻʢʪʘ.  
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ABSTRACT 
The article examines the agroecological condition of land resources 

in the Berezne territorial community of Rivne region within the 
context of current challenges to sustainable land use. Under the 

conditions of intensified agricultural production in Polissia, 

particularly in the Berezne region, anthropogenic pressure on land 
resources is increasing. This leads to a number of negative 

environmental consequences, including reduced soil fertility, 
intensified erosion processes, salinization, pollution, depletion of the 

organo-mineral composition, and disruption of the natural balance of 

ecosystems. Within the scope of this study, the natural and 
geographical conditions of the area were analyzed, soil types were 

identified, and their main properties were characterized. Special 

attention was given to identifying factors causing soil degradation, 
among which water erosion, disruption of crop rotation, excessive 

use of mineral fertilizers, and land drainage play a leading role. The 
assessment of soil fertility allowed the identification of potential 

ecological risks that threaten the sustainable functioning of the 

regionôs agroecosystem. The relevance of the chosen topic is driven 
by the growing anthropogenic load on soil resources, which leads to 

the disruption of their natural balance, decreased productivity, and 
loss of ecosystem functions. The aim of the study is to analyze the 

current state of land resources in the Berezne territorial community, 

identify the main ecological challenges, and develop effective 
recommendations for their conservation and rational use. The object 

of the study includes both natural and anthropogenic processes that 

cause qualitative changes in soils. The subject of the study comprises 
quantitative and qualitative characteristics of the area's soil cover. 

Based on the results, directions for the conservation and restoration 
of soil resources to ensure sustainable agricultural use were 

substantiated, including the implementation of environmentally sound 

farming methods, agroforestry and land reclamation, organic 
fertilization, and anti-erosion measures. The results of the study may 

serve as a foundation for further applied research and the 
development of effective soil protection strategies as a key factor in 

ensuring environmental safety, preserving biodiversity, and 

maintaining the socio-economic stability of the region.. 
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ˍ˚˛˟ˍˣ˴ˬ 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʘʛʨʦʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ɹʝʨʝʟʥʽʚʩʴʢʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ ʚ 

ʢʦʥʪʝʢʩʪʽ ʩʫʯʘʩʥʠʭ ʚʠʢʣʠʢʽʚ ʩʪʘʣʦʛʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ. ɿʘ 

ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ ʥʘ ʇʦʣʽʩʩʽ, 

ʟʦʢʨʝʤʘ ʚ ɹʝʨʝʟʥʽʚʩʴʢʦʤʫ ʨʝʛʽʦʥʽ, ʟʨʦʩʪʘʻ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʪʠʩʢ ʥʘ 

ʟʝʤʝʣʴʥʽ ʨʝʩʫʨʩʠ. ʎʝ ʩʧʨʠʯʠʥʷʻ ʥʠʟʢʫ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʟʦʢʨʝʤʘ 

ʟʥʠʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ, ʘʢʪʠʚʽʟʘʮʽʶ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʘʩʦʣʝʥʥʷ, 

ʟʘʙʨʫʜʥʝʥʥʷ, ʚʠʩʥʘʞʝʥʥʷ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʘ ʪʘʢʦʞ 

ʧʦʨʫʰʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʨʽʚʥʦʚʘʛʠ ʝʢʦʩʠʩʪʝʤ. ʋ ʤʝʞʘʭ ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʠʨʦʜʥʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʫʤʦʚʠ 

ʪʝʨʠʪʦʨʽʾ, ʚʠʟʥʘʯʝʥʦ ʪʠʧʠ ˇʨʫʥʪʽʚ ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʾʭ ʦʩʥʦʚʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʚʠʷʚʣʝʥʥʶ ʯʠʥʥʠʢʽʚ, ʱʦ 

ʟʫʤʦʚʣʶʶʪʴ ʜʝʛʨʘʜʘʮʽʶ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʩʝʨʝʜ ʷʢʠʭ ʧʨʦʚʽʜʥʫ 

ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʚʦʜʥʘ ʝʨʦʟʽʷ, ʧʦʨʫʰʝʥʥʷ ʩʽʚʦʟʤʽʥ, ʪʘ ʦʩʫʰʝʥʥʷ 

ʟʝʤʝʣʴ. ʆʮʽʥʢʘ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʚʠʷʚʠʣʘ ʧʦʪʝʥʮʽʡʥʽ ʝʢʦʣʦʛʽʯʥʽ 

ʨʠʟʠʢʠ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʟʘʛʨʦʟʫ ʜʣʷ ʩʪʘʣʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʘʛʨʦʩʬʝʨʠ ʨʝʛʽʦʥʫ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʦʙʨʘʥʦʾ ʪʝʤʠ ʟʫʤʦʚʣʝʥʘ 

ʟʨʦʩʪʘʶʯʠʤ ʘʥʪʨʦʧʦʛʝʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ˇʨʫʥʪʦʚʽ ʨʝʩʫʨʩʠ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʾʭ ʧʨʠʨʦʜʥʦʾ ʨʽʚʥʦʚʘʛʠ, ʟʥʠʞʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʚʪʨʘʪʠ ʝʢʦʩʠʩʪʝʤʥʠʭ ʬʫʥʢʮʽʡ. ʄʝʪʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʩʪʘʥʫ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ɹʝʨʝʟʥʽʚʩʴʢʦʾ 

ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ ʚ ʫʤʦʚʘʭ ʩʴʦʛʦʜʝʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ ʪʘ ʨʦʟʨʦʙʢʘ ʜʽʻʚʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʾʭ 

ʟʙʝʨʝʞʝʥʥʷ ʡ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʷʢ ʧʨʠʨʦʜʥʽ ʧʨʦʮʝʩʠ, ʪʘʢ ʽ ʘʥʪʨʦʧʦʛʝʥʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ 

ʟʤʽʥʠ ˇʨʫʥʪʽʚ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʝʨʠʪʦʨʽʾ ʷʢ ʢʽʣʴʢʽʩʥʽ, ʪʘʢ ʽ ʷʢʽʩʥʽ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʘʧʨʷʤʠ ʟʙʝʨʝʞʝʥʥʷ ʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ 

ʘʛʨʦʚʠʢʦʨʠʩʪʘʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ: ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʘʛʨʦʣʽʩʦʤʝʣʽʦʨʘʮʽʷ, 

ʦʨʛʘʥʽʯʥʝ ʫʜʦʙʨʝʥʥʷ ʪʘ ʧʨʦʪʠʝʨʦʟʽʡʥʽ ʟʘʭʦʜʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʧʨʠʢʣʘʜʥʠʭ ʨʦʟʚʽʜʦʢ ʽ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʦʭʦʨʦʥʠ 

ˇʨʫʥʪʽʚ ʷʢ ʚʘʞʣʠʚʦʛʦ ʯʠʥʥʠʢʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʟʙʝʨʝʞʝʥʥʷ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʝʛʽʦʥʫ. 
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ʉʊɸʅ ʇʀʊɸʅʅʗ ʊɸ ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ 

ˆʨʫʥʪʠ ʚʠʩʪʫʧʘʶʪʴ ʢʣʶʯʦʚʠʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʘʞʣʠʚʠʤ 

ʝʣʝʤʝʥʪʦʤ ʝʢʦʩʠʩʪʝʤʠ, ʷʢʠʡ ʛʘʨʘʥʪʫʻ ʧʨʦʜʦʚʦʣʴʯʫ ʙʝʟʧʝʢʫ, ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʽ ʚʦʜʥʠʡ 

ʙʘʣʘʥʩ. ɺ ʫʤʦʚʘʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʇʦʣʽʩʩʽ, ʟʦʢʨʝʤʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ɹʝʨʝʟʥʽʚʱʠʥʠ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʶʯʠʡ ʪʠʩʢ ʥʘ ʟʝʤʝʣʴʥʽ ʨʝʩʫʨʩʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʾʭ ʨʦʜʶʯʦʩʪʽ, 

ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʘʩʦʣʝʥʥʷ, ʟʘʙʨʫʜʥʝʥʥʷ, ʚʠʩʥʘʞʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʽ ʦʨʛʘʥʽʯʥʠʭ ʟʘʧʘʩʽʚ ʪʘ ʽʥʰʠʭ 

ʧʨʦʷʚʽʚ ʜʝʛʨʘʜʘʮʽʾ (Berezhnja et al., 2022). 

ʋ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣʘʭ, ʧʨʠʩʚʷʯʝʥʠʭ ʘʛʨʦʝʢʦʣʦʛʽʯʥʠʤ ʧʨʦʙʣʝʤʘʤ ʇʦʣʽʩʩʷ, ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ 

ʚʨʘʟʣʠʚʦʩʪʽ ʛʨʫʥʪʽʚ (ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʭ), ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ɹʝʨʝʟʥʽʚʱʠʥʠ, ʜʦ ʧʦʨʫʰʝʥʥʷ ʷʢ ʚʦʜʥʦʛʦ 

ʨʝʞʠʤʫ, ʪʘʢ ʽ ʧʦʚʽʪʨʷʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʟʥʠʞʝʥʥʷ ʛʫʤʫʩʫ. ʅʘʡʙʽʣʴʰʦʶ ʟʘʛʨʦʟʦʶ ʜʣʷ ʜʦʚʢʽʣʣʷ ʻ 

ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ, ʘ ʪʘʢʦʞ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ ʪʘ ʧʘʪʦʛʝʥʘʤʠ. ɺ ʋʢʨʘʾʥʽ ʪʨʠʚʘʣʠʡ 

ʯʘʩ ʜʦʤʽʥʫʚʘʣʘ ʥʝʟʙʘʣʘʥʩʦʚʘʥʘ ʪʘ ʨʝʩʫʨʩʦʚʠʪʨʘʪʥʘ ʤʦʜʝʣʴ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʣʘ ʥʘ 

ʨʦʜʶʯʽʩʪʴ ˇʨʫʥʪʽʚ. ɿʘ ʦʩʪʘʥʥʽ 20 ʨʦʢʽʚ, ʟʘ ʜʘʥʠʤʠ ʎʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʨʦʜʶʯʽʩʪʶ ˇʨʫʥʪʽʚ, ʨʽʚʝʥʴ 

ʛʫʤʫʩʫ ʟʤʝʥʰʠʚʩʷ ʥʘ 0,5 %, ʽ ʮʷ ʪʝʥʜʝʥʮʽʷ ʟʙʝʨʽʛʘʻʪʴʩʷ. ʆʙʤʝʞʝʥʝ ʚ ʋʢʨʘʾʥʽ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʷʢ 

ʦʨʛʘʥʽʯʥʠʭ, ʪʘʢ ʽ ʤʽʥʝʨʘʣʴʥʠʭ, ʟʦʢʨʝʤʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ɹʝʨʝʟʥʽʚʩʴʢʦʾ ʛʨʦʤʘʜʠ, ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʥʦʚʣʝʥʥʷ 

ʜʝʛʨʘʜʦʚʘʥʠʭ ˇʨʫʥʪʽʚ. ʈʽʚʝʥʴ ʚʨʦʞʘʡʥʦʩʪʽ ʧʝʨʝʚʘʞʥʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʥʘʞʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ˇʨʫʥʪʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʩʪʫʧʦʚʠʤ ʟʥʠʞʝʥʥʷʤ ʾʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʘʛʨʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʦʜʘʣʴʰʝ ʽʛʥʦʨʫʚʘʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʥʝʧʨʠʧʫʩʪʠʤʠʤ, ʘʜʞʝ ʮʝ ʣʠʰʝ ʧʦʛʣʠʙʠʪʴ 

ʽʩʥʫʶʯʫ ʧʨʦʙʣʝʤʫ. ɿʛʽʜʥʦ ʟ ʦʩʪʘʥʥʽʤʠ ʘʛʨʦʭʽʤʽʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʙʽʣʴʰʽʩʪʴ ʫʢʨʘʾʥʩʴʢʠʭ ˇʨʫʥʪʽʚ 

ʤʘʶʪʴ ʨʽʚʝʥʴ ʛʫʤʫʩʫ ʘʙʦ ʩʝʨʝʜʥʽʡ, ʘʙʦ ʧʽʜʚʠʱʝʥʠʡ. ʇʨʦʪʝ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʘʛʨʦʭʽʤʽʯʥʦʶ 

ʧʘʩʧʦʨʪʠʟʘʮʽʻʶ (2013ï2018 ʨʨ.), ʧʦʢʘʟʥʠʢ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʨʽʚʥʷ ʛʫʤʫʩʫ ʟʥʠʟʠʚʩʷ ʥʘ 0,04 %, ʘ ʚ 

ʇʦʣʽʩʴʢʽʡ ʟʦʥʽ ï ʥʘ 0,05 %, ʱʦ ʻ ʥʘʡʚʠʱʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚʪʨʘʪ. ʆʩʦʙʣʠʚʦ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʛʫʤʫʩʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʛʨʫʥʪʘʭ ʧʽʱʘʥʠʭ ʪʘ ʩʫʧʽʱʘʥʠʭ, ʷʢʽ ʧʝʨʝʚʘʞʘʶʪʴ ʩʘʤʝ ʥʘ ʪʝʨʠʪʦʨʽʾ ʇʦʣʽʩʩʷ. 

ʅʘʡʙʽʣʴʰʝ ʪʘʢʠʭ ˇʨʫʥʪʽʚ ʟʦʩʝʨʝʜʞʝʥʦ ʫ ɺʦʣʠʥʩʴʢʽʡ (82 %), ɾʠʪʦʤʠʨʩʴʢʽʡ (60,7 %), ʏʝʨʥʽʛʽʚʩʴʢʽʡ 

(42,1 %) ʪʘ ʈʽʚʥʝʥʩʴʢʽʡ (40,5 %) ʦʙʣʘʩʪʷʭ (Puzniak et al., 2022).  

ɿʘʛʘʣʦʤ ʩʪʘʥ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʦʮʽʥʶʻʪʴʩʷ ʷʢ ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʽ 

ʜʝʤʦʥʩʪʨʫʻ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʾʭʥʴʦʛʦ ʩʪʘʥʫ ʥʝʦʙʭʽʜʥʝ ʧʝʨʰʦʯʝʨʛʦʚʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʙʨʠʚ (ʦʨʛʘʥʽʯʥʠʭ) ʽ ʤʝʣʽʦʨʘʥʪʽʚ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷ ʧʦʩʽʚʥʠʭ ʧʣʦʱ ʟ ʙʘʛʘʪʦʨʽʯʥʠʤʠ 

ʪʨʘʚʘʤʠ ʽ ʩʠʜʝʨʘʪʘʤʠ. ʈʽʚʝʥʴ ʬʦʩʬʦʨʫ ʫ ʛʨʫʥʪʘʭ ʋʢʨʘʾʥʠ ʟʜʝʙʽʣʴʰʦʛʦ ʻ ʥʝʩʧʨʠʷʪʣʠʚʠʤ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʚʨʦʞʘʾʚ, ʦʩʢʽʣʴʢʠ ʫ ʚʩʽʭ ʟʦʥʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʬʽʮʠʪ ʬʦʩʬʦʨʫ. ʂʘʣʽʻʤ ˇʨʫʥʪʠ 

ʟʘʙʝʟʧʝʯʝʥʽ ʢʨʘʱʝ, ʭʦʯʘ ʾʭ ʨʽʚʝʥʴ ʥʠʟʴʢʠʡ ʽ ʩʝʨʝʜʥʽʡ ʫ 33,8 % ʦʨʥʠʭ ʟʝʤʝʣʴ, ʦʩʦʙʣʠʚʦ ʥʘ ʛʨʫʥʪʘʭ 

ʧʽʱʘʥʠʭ ʽ ʩʫʧʽʱʘʥʠʭ ʇʦʣʽʩʩʷ ʪʘ ʃʽʩʦʩʪʝʧʫ. ʅʘʪʦʤʽʩʪʴ ˇʨʫʥʪʠ ʧʽʚʜʝʥʥʦʛʦ ʃʽʩʦʩʪʝʧʫ ʽ ʉʪʝʧʫ ʟ ʚʠʩʦʢʠʤ 

ʨʽʚʥʝʤ ʢʘʣʽʶ. ɿʘʛʘʣʦʤ, ʧʣʦʱʽ, ʷʢʽ ʤʘʶʪʴ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʬʦʩʬʦʨʫ ʪʘ ʢʘʣʽʶ ʟʨʦʩʪʘʶʪʴ, ʪʦʜʽ ʷʢ ʟ 

ʚʠʩʦʢʠʤ ð ʟʤʝʥʰʫʶʪʴʩʷ (Marchuk, 2023).  

ɹʝʨʝʟʥʽʚʩʴʢʘ ʪʝʨʠʪʦʨʽʘʣʴʥʘ ʛʨʦʤʘʜʘ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ ð ʪʠʧʦʚʠʡ ʧʦʣʽʩʴʢʠʡ ʨʝʛʽʦʥ, ʜʝ 

ʧʦʻʜʥʫʶʪʴʩʷ ʧʨʠʨʦʜʥʽ ʡ ʘʥʪʨʦʧʦʛʝʥʥʽ ʯʠʥʥʠʢʠ ʫʪʚʦʨʝʥʥʷ ˇʨʫʥʪʽʚ. ɹʝʨʝʟʥʽʚʱʠʥʘ ʦʭʦʧʣʶʻ ʪʝʨʠʪʦʨʽʶ 

ʇʦʣʽʩʴʢʦʾ ʧʨʠʨʦʜʥʦʾ ʟʦʥʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʨʝʚʘʞʘʥʥʷʤ ʛʨʫʥʪʽʚ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʭ, 

ʪʦʨʬʦʚʦ-ʙʦʣʦʪʥʠʭ ʪʘ ʣʫʯʥʠʭ ˇʨʫʥʪʽʚ. ɺʥʘʩʣʽʜʦʢ ʘʢʪʠʚʥʦʛʦ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʦʩʚʦʻʥʥʷ ʮʽ ˇʨʫʥʪʠ 

ʟʘʟʥʘʶʪʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʆʮʽʥʢʘ ˇʨʫʥʪʽʚ ʮʽʻʾ ʪʝʨʠʪʦʨʽʾ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭʥʴʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʩʪʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʇʦʧʨʠ ʥʘʷʚʥʽʩʪʴ ʦʢʨʝʤʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʘʛʨʦʝʢʦʣʦʛʽʾ, ʣʦʢʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʟʘʛʨʦʟʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ɹʝʨʝʟʥʽʚʱʠʥʠ, 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤʠ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ 

ˇʨʫʥʪʽʚ ʨʝʛʽʦʥʫ, ʘʥʘʣʽʟʫ ʯʠʥʥʠʢʽʚ ʾʭ ʜʝʛʨʘʜʘʮʽʾ ʪʘ ʨʦʟʨʦʙʢʠ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʟʘʭʦʜʽʚ ʟʙʝʨʝʞʝʥʥʷ ʽ 

ʚʽʜʥʦʚʣʝʥʥʷ. ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤʠ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ˇʨʫʥʪʦʟʘʭʠʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʝʢʦʣʦʛʽʯʥʦ 

ʙʝʟʧʝʯʥʦʛʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ˇʨʫʥʪʦʚʦʛʦ ʩʪʘʥʫ. 

ʆʪʞʝ, ʢʣʶʯʦʚʘ ʧʨʦʙʣʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʘʛʨʦʝʢʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʟʙʝʨʝʞʝʥʥʷ ˇʨʫʥʪʽʚ ɹʝʨʝʟʥʽʚʱʠʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʘ ʩʫʯʘʩʥʠʭ ʧʨʘʢʪʠʢ 

ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ. 

 

ʄɸʊɽʈɯɸʃʀ ɯ ʄɽʊʆɼʀ 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʧʽʜʭʽʜ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʪʨʘʜʠʮʽʡʥʽ ˇʨʫʥʪʦʟʥʘʚʯʽ, ʢʘʨʪʦʛʨʘʬʽʯʥʽ, 

ʘʛʨʦʝʢʦʣʦʛʽʯʥʽ ʪʘ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ. ʄʘʪʝʨʽʘʣʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʫʛʫʚʘʣʠ ʚʽʜʢʨʠʪʽ ʜʘʥʽ ɼʝʨʞʘʚʥʦʾ 
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ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ ʟ ʧʠʪʘʥʴ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʢʘʜʘʩʪʨʫ (ɼʝʨʞʛʝʦʢʘʜʘʩʪʨʫ) ʱʦʜʦ ʟʝʤʝʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ɹʝʨʝʟʥʽʚʩʴʢʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ, ʩʪʘʪʠʩʪʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʈʽʚʥʝʥʩʴʢʦʛʦ ʦʙʣʘʩʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ; ʥʘʫʢʦʚʽ ʧʨʘʮʽ ʟ ʧʠʪʘʥʴ ʦʭʦʨʦʥʠ ˇʨʫʥʪʽʚ, ʘʛʨʦʝʢʦʣʦʛʽʾ ʪʘ ʩʪʘʣʦʛʦ 

ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʤʝʪʦʜʘʤʠ, ʚʠʟʥʘʯʝʥʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ - 

ʄʝʪʦʜʠʢʦʶ ʧʨʦʚʝʜʝʥʥʷ ʘʛʨʦʭʽʤʽʯʥʦʾ ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʟʝʤʝʣʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɼʘʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʦʙʣʷʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʛʨʘʬʽʯʥʦʾ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ (ʪʘʙʣʠʮʽ, ʜʽʘʛʨʘʤʠ). ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʝʪʦʜʽʚ ʜʘʣʦ ʟʤʦʛʫ ʚʩʝʙʽʯʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ˇʨʫʥʪʦʚʽ ʨʝʩʫʨʩʠ ɹʝʨʝʟʥʽʚʱʠʥʠ, ʦʮʽʥʠʪʠ ʾʭʥʽʡ ʘʛʨʦʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʚ ʫʤʦʚʘʭ 

ʩʴʦʛʦʜʝʥʥʷ ʽ ʨʦʟʨʦʙʠʪʠ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟʙʝʨʝʞʝʥʥʷ ʡ ʚʽʜʥʦʚʣʝʥʥʷ ˇʨʫʥʪʽʚ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʘʥʘʣʽʟ ʩʪʘʥʫ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ɹʝʨʝʟʥʽʚʱʠʥʠ ʚ ʫʤʦʚʘʭ ʩʴʦʛʦʜʝʥʥʷ, 

ʚʠʷʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʟʘʛʨʦʟ ʪʘ ʬʦʨʤʫʣʶʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʾʭ ʟʙʝʨʝʞʝʥʥʷ.  

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ʆɹɻʆɺʆʈɽʅʅʗ 

ɹʝʨʝʟʥʽʚʩʴʢʘ ʪʝʨʠʪʦʨʽʘʣʴʥʘ ʛʨʦʤʘʜʘ ʟʘʡʤʘʻ ʩʭʽʜʥʫ ʯʘʩʪʠʥʫ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʂʣʽʤʘʪ 

ɹʝʨʝʟʥʽʚʱʠʥʠ ï ʧʦʤʽʨʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʡ. ʈʝʣʴʻʬ - ʨʽʚʥʠʥʥʠʡ. ɼʦʩʣʽʜʞʫʚʘʥʘ ʪʝʨʠʪʦʨʽʷ ʟʘʡʤʘʻ 

ʧʽʚʜʝʥʥʠʡ ʩʝʢʪʦʨ ʇʦʣʽʩʴʢʦʾ ʥʠʟʦʚʠʥʠ. ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʩʴʢʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʱʠʪʘ, ʜʝ ʢʨʠʩʪʘʣʽʯʥʘ 

ʦʩʥʦʚʘ ʧʦʜʝʢʫʜʠ ʚʠʭʦʜʠʪʴ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ, ʨʦʟʪʘʰʦʚʘʥʘ ʂʣʝʩʽʚʩʴʢʘ ʥʠʟʦʚʠʥʘ ð ʧʝʨʝʚʘʞʥʦ 

ʟʘʙʦʣʦʯʝʥʘ ʪʝʨʠʪʦʨʽʷ ʟ ʧʦʦʜʠʥʦʢʠʤʠ ʩʢʝʣʷʩʪʠʤʠ ʧʽʜʚʠʱʝʥʥʷʤʠ ʪʘ ʛʨʘʥʽʪʥʠʤʠ ʚʠʭʦʜʘʤʠ, ʟʦʢʨʝʤʘ 

ʧʦʙʣʠʟʫ ʩʝʣʘ ʄʘʨʠʥʠʥ. ʋ ʮʽʡ ʤʽʩʮʝʚʦʩʪʽ ʪʘʢʦʞ ʧʦʰʠʨʝʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ ʷʢ ʷʨʫʞʥʽ, ʪʘʢ ʽ ʙʘʣʢʦʚʽ. 

ɿʘʭʽʜʥʫ ʯʘʩʪʠʥʫ ʪʝʨʠʪʦʨʽʾ ʟʘʡʤʘʻ ʂʦʩʪʦʧʽʣʴʩʴʢʘ ʥʠʟʦʚʠʥʘ. ɹʝʨʝʟʥʽʚʱʠʥʘ ʙʘʛʘʪʘ ʥʘ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ: 

ʨʽʯʢʠ, ʦʟʝʨʘ, ʙʦʣʦʪʘ ʪʘ ʩʪʘʚʢʠ. ɻʫʩʪʦʪʘ ʨʽʯʢʦʚʦʾ ʩʽʪʢʠ 0,3 ʢʤ ʪʝʨʠʪʦʨʽʾ. ʅʘʡʙʽʣʴʰʘ ʨʽʯʢʘ ʉʣʫʯ.  

ʋ ʟʝʤʝʣʴʥʦʤʫ ʬʦʥʜʽ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ ʩʪʘʥʦʚʣʷʪʴ 61,9%, 

ʣʽʩʦʚʢʨʠʪʽ ʧʣʦʱʽ ï 93,4%, ʟʘʙʫʜʦʚʘʥʽ ʟʝʤʣʽ ï 2,9%, ʚʦʜʠ ï 3,4% (ʨʠʩ. 1.) (Buslenko & Brechko, 2023). 

 

 
 

ʈʠʩ. 1 ï ɿʝʤʝʣʴʥʠʡ ʬʦʥʜ ʟʘ ʚʠʜʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ɹʝʨʝʟʥʽʚʩʴʢʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ (Buslenko & 

Brechko, 2023) 

 

ʋ ʩʢʣʘʜʽ ʘʛʨʘʨʥʠʭ ʟʝʤʝʣʴ ʯʘʩʪʢʘ ʨʽʣʣʽ ʩʪʘʥʦʚʠʪʴ 33,2%, ʧʘʩʦʚʠʱʘ ʟʘʡʤʘʶʪʴ 5,1%, ʩʽʥʦʞʘʪʽ ï 

6,5%, ʙʘʛʘʪʦʨʽʯʥʽ ʥʘʩʘʜʞʝʥʥʷ ï 0,4% (ʨʠʩ.2.) (Buslenko & Brechko, 2023). ̂ ʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ ʪʝʨʠʪʦʨʽʾ, 

ʷʢ ʽ ʚʩʽʻʾ ʇʦʣʽʩʴʢʦʾ ʟʦʥʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʨʝʚʘʞʥʦ ʛʨʫʥʪʘʤʠ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʤʠ, ʜʝʨʥʦʚʦ-

ʦʛʣʝʻʥʠʤʠ, ʣʫʯʥʠʤʠ, ʘ ʪʘʢʦʞ ʛʨʫʥʪʘʤʠ ʣʫʯʥʦ-ʯʦʨʥʦʟʝʤʥʠʤʠ ʪʘ ʪʦʨʬʦʚʦ-ʙʦʣʦʪʥʠʤʠ. ʅʘʡʙʽʣʴʰʫ 

ʯʘʩʪʢʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʟʘʡʤʘʶʪʴ ʛʨʫʥʪʠ ʜʝʨʥʦʚʦ-ʧiʜʟʦʣʠʩʪi ʛʣʝʻʚʽ ʦʩʫʰʝʥiï 6491,0 ʛʘ 

(15,02%), ʜʝʨʥʦʚʦ-ʧiʜʟʦʣʠʩʪi ʥʘ ʧʽʱʘʥʠʭ ʚiʜʢʣʘʜʘʭ ï 5968,4ʛʘ (13,81%), ʟʘʧʣʘʚʥi ʜʝʨʥʦʚi ʛʣʝʻʚi 

ʦʩʫʰʝʥi ï 5576,6 (12,91%) ʪʘ ʛʨʫʥʪʠ ʜʝʨʥʦʚʦ-ʧiʜʟʦʣʠʩʪi ʛʣʝʻʚʽ ï 4343,6 ʛʘ (10,05%). ɼʣʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʘʞʣʠʚʦʶ ʪʘ ʘʢʪʫʘʣʴʥʦʶ ʻ ʘʛʨʦʝʢʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ ˇʨʫʥʪʽʚ, ʱʦ 

ʚʢʣʶʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʣʝʛʢʦʛʽʜʨʦʣʽʟʥʦʛʦ ʘʟʦʪʫ, ʬʦʩʬʦʨʫ ʽ ʢʘʣʽʶ, ʟʘʧʘʩʽʚ ʛʫʤʫʩʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ (Gamayunova & Sydiakina, 2023).ʆʙʩʪʝʞʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ 

ʜʦʟʚʦʣʷʻ ʥʘʜʘʪʠ ʨʝʘʣʴʥʫ ʦʮʽʥʢʫ ʾʭ ʘʛʨʦʭʽʤʽʯʥʦʛʦ ʩʪʘʥʫ.   
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ʈʠʩ. 2 ï ʊʠʧʦʣʦʛʽʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ɹʝʨʝʟʥʽʚʩʴʢʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ (Buslenko & 

Brechko, 2023). 

 

 

ɿʛʽʜʥʦ ʟ ʧʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ɹʝʨʝʟʥʽʚʩʴʢʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤ ʮʠʢʣʦʤ ʘʛʨʦʭʽʤʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʚʽʜʙʫʚʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʧʣʦʱ ʟʘ ʨʽʚʥʷʤʠ 

ʨʦʜʶʯʽʩʪʽ. ɿʦʢʨʝʤʘ, ʧʣʦʱʽ ʟ ʧʽʜʚʠʱʝʥʠʤ, ʥʠʟʴʢʠʤ ʪʘ ʚʠʩʦʢʠʤ ʨʽʚʥʷʤʠ ʟʤʝʥʰʠʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 8,3 

%, 7,0 % ʪʘ 3,5 %, ʪʦʜʽ ʷʢ ʧʣʦʱʽ ʟʽ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʟʙʽʣʴʰʠʣʠʩʷ ʥʘ 18,8 %. ɺʦʜʥʦʯʘʩ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʧʦʢʘʟʥʠʢ ʨʽʚʥʷ ʛʫʤʫʩʫ ʟʘʣʠʰʠʚʩʷ ʩʪʘʙʽʣʴʥʠʤ 2,5 %, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʤʫ 

ʨʽʚʥʶ ʜʣʷ ʨʝʛʽʦʥʫ (ʨʠʩ. 3).   

 

 

ʈʠʩ. 3 ï ʈʦʟʧʦʜʽʣ ˇʨʫʥʪʽʚ ʟʘ ʨʽʚʥʝʤ ʛʫʤʫʩʫ 

 

ɿʘ ʪʠʧʘʤʠ ˇʨʫʥʪʽʚ ʪʘ ʨʽʚʥʝʤ ʢʠʩʣʦʪʥʦʩʪʽ ʾʭ ʨʦʟʧʦʜʽʣ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʟ ʩʠʣʴʥʦʢʠʩʣʦʶ 

(ʨʅʂCǎ ʤʝʥʰʝ 4,5) ï 20,0 %, ʩʝʨʝʜʥʴʦʢʠʩʣʦʶ (ʨʅʂCǎ ʚʽʜ 4,6 ʜʦ 5,0) ï 26,3 %, ʩʣʘʙʦʢʠʩʣʦʶ (ʨʅʂCǎ 5,1ï

5,5) ï  15,8 %, ʙʣʠʟʴʢʦʶ ʜʦ ʥʝʡʪʨʘʣʴʥʦʾ (ʨʅʂCǎ ʚʽʜ 5,6 ʜʦ 6,0) ï 13,7 %, ʥʝʡʪʨʘʣʴʥʦʶ (ʨʅʂCǎ ʚʽʜ 6,1 ʜʦ 

7,0) ï 20,0 % ʪʘ ʩʣʘʙʦʣʫʞʥʦʶ (ʨʅʂCǎ ʚʽʜ 7,1 ʜʦ 7,5) ï 4,2 % ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ (ʨʠʩ. 

4.).   
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ʈʠʩ.4 ï ʈʦʟʧʦʜʽʣ ˇʨʫʥʪʽʚ ʟʘ ʢʠʩʣʦʪʥʽʩʪʶ (ʨ ʅʂCǎ) 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘ ʨʽʚʥʝʤ ʣʝʛʢʦ ʛʽʜʨʦʣʽʟʦʚʘʥʦʛʦ ʘʟʦʪʫ ˇʨʫʥʪʠ 

ʨʦʟʧʦʜʽʣʠʣʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: ʟ ʜʫʞʝ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ (ʜʦ 101 ʤʛ/ʢʛ) ð 31,6 %, ʥʠʟʴʢʠʤ (ʚʽʜ 101 ʜʦ 

150 ʤʛ/ʢʛ) ð 44,2 %, ʩʝʨʝʜʥʽʤ (ʚʽʜ 151 ʜʦ 200 ʤʛ/ʢʛ) ð 10,5 % ʪʘ ʧʽʜʚʠʱʝʥʠʤ (ʧʦʥʘʜ 200 ʤʛ/ʢʛ) ð 

13,7 % (ʨʠʩ. 5). ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʨʽʚʝʥʴ ʣʝʛʢʦʛʽʜʨʦʣʽʟʥʦʛʦ ʘʟʦʪʫ ʟʘʣʠʰʠʚʩʷ ʩʪʘʙʽʣʴʥʠʤ ʽ ʩʪʘʥʦʚʠʪʴ 

103 ʤʛ/ʢʛ ˇʨʫʥʪʫ. ʊʘʢʫ ʩʪʘʙʽʣʽʟʘʮʽʶ ʦʙʫʤʦʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷʤ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʟʦʢʨʝʤʘ ʘʟʦʪʥʠʭ, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʽʦʜʦʤ 2013ï2018 ʨʦʢʽʚ ð ʟ 12,1 ʢʛ/ʛʘ ʜʦ 72,2 ʢʛ/ʛʘ.  

 

 

ʈʠʩ. 5 ï ʈʦʟʧʦʜʽʣ ˇʨʫʥʪʽʚ ʟʘ ʨʽʚʥʝʤ ʣʝʛʢʦ ʛʽʜʨʦʣʽʟʦʚʘʥʦʛʦ ʘʟʦʪʫ  

 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤ ʪʫʨʦʤ ʦʙʩʪʝʞʝʥʥʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʧʦʢʘʟʥʠʢ ʩʧʦʣʫʢ ʬʦʩʬʦʨʫ ʟʨʽʩ 

ʥʘ 6 ʦʜʠʥʠʮʴ. ʆʙʩʷʛʠ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʥʘ ʧʦʩʽʚʥʽ ʧʣʦʱʽ ʟʨʦʩʣʠ ʟ 1,5 ʢʛ/ʛʘ ʜʦ 17,4 ʢʛ/ʛʘ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʧʣʦʱ ʤʽʞ ʜʚʦʤʘ ʪʫʨʘʤʠ ʦʙʩʪʝʞʝʥʴ, ʪʦ ʧʣʦʱʽ ʟ ʚʠʩʦʢʠʤ, ʥʠʟʴʢʠʤ ʪʘ 

ʜʫʞʝ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʬʦʩʬʦʨʫ ʟʤʝʥʰʠʣʠʩʷ ʥʘ 10,5; 3,1 ʪʘ 1,1 % ʚʽʜʧʦʚʽʜʥʦ, ʘ ʟ ʩʝʨʝʜʥʽʤ ï 

ʟʙʽʣʴʰʠʣʠʩʷ ʥʘ 14,7 % (ʨʠʩ. 6).  
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ʈʠʩ. 6 ï ʈʦʟʧʦʜʽʣ ˇʨʫʥʪʽʚ ʟʘ ʨʽʚʥʝʤ ʬʦʩʬʦʨʫ 

ɺ ˇʨʫʥʪʘʭ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʢʘʣʽʶ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,5 ʜʦ 3,0 %, ʱʦ ʧʝʨʝʚʠʱʫʻ ʨʽʚʝʥʴ ʘʟʦʪʫ ʽ 

ʬʦʩʬʦʨʫ ʫ 10ï15 ʨʘʟʽʚ. ʊʦʨʬʦʚʽ ʛʨʫʥʪʠ ʤʘʶʪʴ ʥʘʡʤʝʥʰʠʡ ʨʽʚʝʥʴ ʢʘʣʽʶ ( ʚʽʜ 0,03 ʜʦ 0,15%) . ˆʨʫʥʪʠ 

ʟʘ ʨʽʚʥʝʤ ʢʘʣʽʶ ʨʦʟʧʦʜʽʣʠʣʠʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʟ ʜʫʞʝ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ (ʤʝʥʰʝ 41 ʤʛ/ʢʛ) ï 44,2 %, 

ʥʠʟʴʢʠʤ (ʚʽʜ 41 ʜʦ 80 ʤʛ/ʢʛ) ï 42,1 %, ʩʝʨʝʜʥʽʤ (ʚʽʜ 81 ʜʦ 120 ʤʛ/ʢʛ) ï 9,5 % ʪʘ ʧʽʜʚʠʱʝʥʠʤ (ʚʽʜ 121 ʜʦ 

170 ʤʛ/ʢʛ) ï 4,2 % (ʨʠʩ. 7). ɸʥʘʣʽʟ ʜʠʥʘʤʽʢʠ  ʢʘʣʽʶ ʚ ˇʨʫʥʪʘʭ ʧʦʢʘʟʫʻ ʟʨʦʩʪʘʥʥʷ ʥʘ 4 ʦʜʠʥʠʮʽ. ɿʥʘʯʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʢʘʣʽʡʥʠʭ ʜʦʙʨʠʚ ð ʟ 1,9 ʜʦ 18,9 ʢʛ/ʛʘ ð ʚʧʣʠʥʫʣʦ ʥʘ ʮʝʡ ʧʨʦʮʝʩ. ʊʘʢʦʞ ʚʽʜʙʫʚʩʷ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʧʣʦʱ: ʧʣʦʱʽ ʟ ʚʠʩʦʢʠʤ ʪʘ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʷʤʠ ʢʘʣʽʶ ʟʤʝʥʰʠʣʠʩʷ ʥʘ 2,1 % ʪʘ 1,1 % 

ʚʽʜʧʦʚʽʜʥʦ, ʪʦʜʽ ʷʢ ʧʣʦʱʽ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʟʙʽʣʴʰʠʣʠʩʷ ʥʘ 3,2 %.  

 

 

ʈʠʩ. 7 ï ʈʦʟʧʦʜʽʣ ˇʨʫʥʪʽʚ ʟʘ ʨʽʚʥʝʤ ʢʘʣʽʶ 

 

ʄʽʢʨʦʝʣʝʤʝʥʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʘʚʠʣʴʥʠʡ ʧʝʨʝʙʽʛ ʬʽʟʽʦʣʦʛʦ-ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʨʦʩʣʠʥʘʭ ʪʘ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʩʠʥʪʝʟʽ ʭʣʦʨʦʬʽʣʫ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʦʪʦʩʠʥʪʝʟʫ. ʂʨʽʤ ʪʦʛʦ, ʾʭ 

ʧʨʠʩʫʪʥʽʩʪʴ ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʨʦʩʣʠʥ ʜʦ ʟʘʭʚʦʨʶʚʘʥʴ ʽ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ 

ʥʝʩʪʘʯʘ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪʽ ʯʠ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (Kravchuk,2021). ɿʘʙʝʟʧʝʯʝʥʽʩʪʴ ˇʨʫʥʪʽʚ ʨʫʭʦʤʠʤ 

ʤʘʨʛʘʥʮʝʤ ʚʢʘʟʫʻ ʥʘ ʧʽʜʚʠʱʝʥʠʡ ʢʣʘʩ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʚʤʽʩʪʫ ʫ 2024 ʨʦʮʽ ʥʘ ʨʽʚʥʽ 18,2 

ʤʛ/ʢʛ ʪʘ 11,9 ʤʛ/ʢʛ ʫ 2018 ʨʦʮʽ. ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʨʽʚʝʥʴ ʩʧʦʣʫʢ ʙʦʨʫ ʩʪʘʥʦʚʠʪʴ 0,74 ʤʛ/ʢʛ ˇʨʫʥʪʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʜʫʞʝ ʚʠʩʦʢʦʤʫ ʩʪʫʧʝʥʶ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʮʠʤ ʝʣʝʤʝʥʪʦʤ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʩʪʝʞʝʥʥʷ 

ˇʨʫʥʪʽʚ, ʨʦʟʧʦʜʽʣ ʟʘ ʨʽʚʥʝʤ ʩʽʨʢʠ ʙʫʚ ʪʘʢʠʤ: ʜʫʞʝ ʥʠʟʴʢʠʡ (ʤʝʥʰʝ 3,1 ʤʛ/ʢʛ) ð 56,8 %, ʥʠʟʴʢʠʡ (ʚʽʜ 

3,1 ʜʦ 6,0 ʤʛ/ʢʛ) ð 29,5 %, ʩʝʨʝʜʥʽʡ (ʚʽʜ 6,1 ʜʦ 9,0 ʤʛ/ʢʛ) ð 10,5 % ʪʘ ʧʽʜʚʠʱʝʥʠʡ (9,1ï12,0 ʤʛ/ʢʛ) ð 

3,2 %. ɺʘʨʪʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʦʩʣʽʜʞʝʥʽ ˇʨʫʥʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ  ʥʠʟʴʢʠʤ ʪʘ ʜʫʞʝ ʥʠʟʴʢʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʮʠʥʢʦʤ ʽ ʤʽʜʜʶ, ʪʦʜʽ ʷʢ ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʢʦʙʘʣʴʪʦʤ ʻ ʚʠʩʦʢʦʶ ð 0,25 ʤʛ/ʢʛ ˇʨʫʥʪʫ. 

ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʧʨʦʪʷʛʦʤ ʧôʷʪʠʨʽʯʥʦʛʦ ʧʝʨʽʦʜʫ ʚ ʟʨʘʟʢʘʭ ˇʨʫʥʪʫ ʟ 

ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʜʽʣʷʥʦʢ ʥʝ ʚʠʷʚʣʝʥʦ ʟʘʣʠʰʢʦʚʠʭ ʢʽʣʴʢʦʩʪʝʡ ʧʝʩʪʠʮʠʜʽʚ. ɿʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʫʭʦʤʠʤʠ ʬʦʨʤʘʤʠ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ ʚʩʪʘʥʦʚʣʝʥʽ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʧʦʢʘʟʥʠʢʘʤ ʘʛʨʦʭʽʤʽʯʥʦʾ ʧʘʩʧʦʨʪʠʟʘʮʽʾ. ʉʝʨʝʜʥʽʡ ʝʢʦʣʦʛʦ-ʘʛʨʦʭʽʤʽʯʥʠʡ 

ʽʥʜʝʢʩ ʩʪʘʥʦʚʠʪʴ 33 ʙʘʣʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʜʶʯʦʩʪʽ ʥʘ ʨʽʚʥʽ 13,5 ʮ/ʛʘ ʟʝʨʥʦʚʠʭ ʦʜʠʥʠʮʴ. 
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ɼʣʷ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʪʝʨʠʪʦʨʽʡ ʭʘʨʘʢʪʝʨʥʠʡ ʨʝʛʨʝʩʠʚʥʦ-ʘʢʫʤʫʣʷʪʠʚʥʠʡ ʨʦʟʧʦʜʽʣ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʪʘʢʠʤ ʯʠʥʦʤ: ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʠʱʘ ʚ ʛʫʤʫʩʥʦʤʫ ʰʘʨʽ ʡ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʛʣʠʙʰʠʭ 

ʛʦʨʠʟʦʥʪʘʭ. ʅʘ ʮʝʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ ʯʠʥʥʠʢʠ, ʷʢ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ, ʢʠʩʣʦʪʥʽʩʪʴ, 

ʚʤʽʩʪ ʦʨʛʘʥʽʢʠ, ʢʘʪʽʦʥʥʘ ʻʤʥʽʩʪʴ ʽ ʜʨʝʥʘʞ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ 

ʥʝʤʦʞʣʠʚʠʤ ʙʝʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʫʜʦʙʨʝʥʥʷ ʪʘ ʢʦʤʧʣʝʢʩʥʠʭ ˇʨʫʥʪʦʟʘʭʠʩʥʠʭ ʟʘʭʦʜʽʚ. 

ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʙʘʣʘʥʩʦʚʘʥʠʡ ʪʘ ʙʝʟʜʝʬʽʮʠʪʥʠʡ ʨʽʚʝʥʴ ʧʦʞʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʽ, 

ʩʧʨʠʷʪʠʤʝ ʟʙʝʨʝʞʝʥʥʶ ʡʦʛʦ ʨʦʜʶʯʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʶ ʚʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʽ 

ʩʪʽʡʢʦʩʪʽ ʘʛʨʦʝʢʦʩʠʩʪʝʤ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. 

ɺʀʉʅʆɺʂʀ 

ɸʥʘʣʽʟʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʘʭ 

ʦʙʩʪʝʞʝʥʦʾ ʪʝʨʠʪʦʨʽʾ ʚʢʘʟʫʻ ʥʘ ʥʠʟʴʢʫ ʧʨʠʨʦʜʥʫ ʨʦʜʶʯʽʩʪʴ ʛʨʫʥʪʽʚ ɹʝʨʝʟʥʽʚʩʴʢʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ 

ʛʨʦʤʘʜʠ. ɺʦʜʥʦʯʘʩ ʚʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʦʪʨʽʙʥʦ ʟʦʩʝʨʝʜʠʪʠ ʫʚʘʛʫ ʥʘ ˇʨʫʥʪʦʚʽʜʥʦʚʣʶʶʯʠʭ ʧʨʦʮʝʩʘʭ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʟʦʪʥʦʛʦ ʞʠʚʣʝʥʥʷ ʩʣʽʜ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʙʽʦʣʦʛʽʟʘʮʽʶ 

ʟʝʤʣʝʨʦʙʩʪʚʘ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʝʬʝʢʪʠʚʥʦʤʫ ʟʘʩʚʦʻʥʥʶ ʙʽʦʣʦʛʽʯʥʦʛʦ ʘʟʦʪʫ ʪʘ ʦʜʥʦʯʘʩʥʦʤʫ 

ʦʧʪʠʤʽʟʦʚʘʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ. ʇʦʣʽʧʰʝʥʥʷ ʬʦʩʬʘʪʥʦʛʦ ʨʝʞʠʤʫ ˇʨʫʥʪʽʚ 

ʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʬʦʩʬʦʨʥʠʭ ʜʦʙʨʠʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʙʽʦʣʦʛʽʯʥʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ, ʱʦ 

ʧʽʜʚʠʱʫʶʪʴ ʾʭʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʧʽʜʪʨʠʤʫʶʪʴ ˇʨʫʥʪʦʚʫ ʙʽʦʪʫ. ʆʙʦʚôʷʟʢʦʚʠʤʠ ʟʘʭʦʜʘʤʠ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʥʠʭ ʜʦʙʨʠʚ, ʱʦ ʤʽʩʪʷʪʴ ʤʽʜʴ ʪʘ ʮʠʥʢ ʰʣʷʭʦʤ ʦʩʥʦʚʥʦʛʦ ʪʘ ʧʦʟʘʢʦʨʝʥʝʚʦʛʦ 

ʚʥʝʩʝʥʥʷ. ɸʛʨʦʪʝʭʥʽʯʥʽ ʟʘʭʦʜʠ ʙʦʨʦʪʴʙʠ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ˇʨʫʥʪʽʚ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ ʚʢʣʶʯʘʶʪʴ 

ʚʘʧʥʫʚʘʥʥʷ ʪʘ ʚʥʝʩʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ. ɿʘʚʜʷʢʠ ʚʘʧʥʫʚʘʥʥʶ ʚʜʘʻʪʴʩʷ ʫ ʜʝʢʽʣʴʢʘ ʨʘʟ ʟʤʝʥʰʠʪʠ 

ʚʤʽʩʪ ʩʚʠʥʮʶ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨʘʭ, ʷʢʽ ʚʠʨʦʱʫʶʪʴ ʥʘ ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʘʭ. ɺʘʧʥʦ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʥʘ ˇʨʫʥʪʘʭ, ʟʘʙʨʫʜʥʝʥʠʭ ʢʘʜʤʽʻʤ. ʆʙʩʪʝʞʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ 

ʜʦʟʚʦʣʷʻ ʥʘʜʘʪʠ ʨʝʘʣʴʥʫ ʦʮʽʥʢʫ ʾʭ ʘʛʨʦʭʽʤʽʯʥʦʛʦ ʩʪʘʥʫ.  

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ˇʨʫʥʪʽʚ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʨʘʮʽʦʥʘʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʨʠʚ, ʪʘʢ ʽ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʽʦʣʦʛʽʟʘʮʽʾ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʜʦʪʨʠʤʘʥʥʷ ʩʽʚʦʟʤʽʥ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʱʫʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʚ ʫʤʦʚʘʭ ʩʴʦʛʦʜʝʥʥʷ, ʷʢ ʢʣʶʯʦʚʽ ʩʢʣʘʜʦʚʽ 

ʩʠʩʪʝʤʠ ʟʝʤʣʝʨʦʙʩʪʚʘ.  
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ABSTRACT 

 

The article presents a novel approach to the separation of 

Scots pine (Pinus sylvestris) needles from branches using a 

hydraulic jet, which ensures the preservation of needle 

structure for further integrated processing. The relevance of 

the study is driven by the need to utilize forestry by-products, 

particularly pine needles, as a source of biologically active 

compounds, essential oils, extracts, and cellulose-containing 

raw materials for the production of natural textile fibers. 

A conceptual design of the unit has been developed, 

combining the processes of jet formation, branch feeding, 

needle separation, and collection. The proposed unit can be 

implemented in both mobile and stationary configurations, 

making it adaptable to various logging conditions. 

Based on hydrodynamic analysis, the relationship between 

the key parameters ï pressure before the nozzle, fluid flow 

rate, nozzle diameter, and the distance to the target ï has 

been established. A theoretical model was constructed to 

calculate the minimum pressure required for effective needle 

detachment, taking into account gravitational acceleration 

and turbulent jet expansion. It was shown that the most 

efficient action zone is located within the compact part of the 

jet. 

The hydro-jet method offers several advantages, including 

high process speed, simultaneous cleaning of the needles, 

energy efficiency, and structural simplicity. The technology 

aligns well with the principles of sustainable natural 

resource management and can become an effective 

component in the zero-waste processing chain of coniferous 

biomass. 
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ˍ˚˛˟ˍˣ˴ˬ 
 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ 

ʩʦʩʥʠ ʟʚʠʯʘʡʥʦʾ ʚʽʜ ʛʽʣʦʢ ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʩʪʨʫʤʝʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʝʨʝʞʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʭʚʦʾ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʧʝʨʝʨʦʙʢʠ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʟʫʤʦʚʣʝʥʘ ʧʦʪʨʝʙʦʶ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʪʽʚ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, 

ʟʦʢʨʝʤʘ ʭʚʦʾ, ʷʢ ʜʞʝʨʝʣʘ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, 

ʝʬʽʨʥʠʭ ʦʣʽʡ, ʝʢʩʪʨʘʢʪʽʚ ʽ ʮʝʣʶʣʦʟʦʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʢʩʪʠʣʴʥʦʛʦ ʚʦʣʦʢʥʘ. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʫʩʪʘʥʦʚʢʠ, ʚ ʷʢʽʡ 

ʧʦʻʜʥʘʥʦ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʨʫʤʝʥʷ, 

ʧʦʜʘʯʽ ʛʽʣʦʢ, ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ ʪʘ ʾʾ ʟʙʦʨʫ. ʋʩʪʘʥʦʚʢʘ 

ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʷʢ ʫ ʤʦʙʽʣʴʥʦʤʫ, ʪʘʢ ʽ ʚ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʚʠʢʦʥʘʥʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʾʾ ʜʦ 

ʨʽʟʥʠʭ ʫʤʦʚ ʟʘʛʦʪʽʚʣʽ. 

ʅʘ ʦʩʥʦʚʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚôʷʟʦʢ 

ʤʽʞ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʪʠʩʢʦʤ ʧʝʨʝʜ ʩʦʧʣʦʤ, 

ʚʠʪʨʘʪʦʶ ʨʽʜʠʥʠ, ʜʽʘʤʝʪʨʦʤ ʦʪʚʦʨʫ ʩʦʧʣʘ ʪʘ 

ʚʽʜʩʪʘʥʥʶ ʜʦ ʦʙôʻʢʪʘ ʚʧʣʠʚʫ. ʇʦʙʫʜʦʚʘʥʦ ʪʝʦʨʝʪʠʯʥʫ 

ʤʦʜʝʣʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʪʠʩʢ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʨʠʚʘʥʥʷ ʭʚʦʾ, ʚʨʘʭʦʚʫʶʯʠ ʛʨʘʚʽʪʘʮʽʡʥʝ 

ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʪʫʨʙʫʣʝʥʪʥʝ ʨʦʟʰʠʨʝʥʥʷ ʩʪʨʫʤʝʥʷ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʦʥʘ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʜʽʾ 

ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ʢʦʤʧʘʢʪʥʦʾ ʯʘʩʪʠʥʠ ʩʪʨʫʤʝʥʷ. 

ɻʽʜʨʦʩʪʨʫʤʠʥʥʠʡ ʩʧʦʩʽʙ ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ: ʚʠʩʦʢʫ 

ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ, ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʯʘʩʥʦʛʦ ʦʯʠʱʝʥʥʷ 

ʭʚʦʾ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʧʨʦʩʪʦʪʫ. 

ʊʝʭʥʦʣʦʛʽʷ ʜʦʙʨʝ ʚʧʠʩʫʻʪʴʩʷ ʚ ʢʦʥʮʝʧʮʽʶ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʤʦʞʝ ʩʪʘʪʠ ʝʬʝʢʪʠʚʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʣʘʥʮʶʛʘ ʙʝʟʚʽʜʭʦʜʥʦʾ ʧʝʨʝʨʦʙʢʠ ʭʚʦʡʥʦʾ 

ʙʽʦʤʘʩʠ. 
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˞˟ˍ˚ ˜˕˟ˍ˚˚ˬ ˟ˍ ˜˛˞˟ˍ˚˛ˏ˗ˍ ˜˝˛ˎ˘˒˙˕ 

ʇʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʣʽʩʦʟʘʛʦʪʽʚʣʽ ʻ ʘʢʪʫʘʣʴʥʦʶ ʝʢʦʣʦʛʽʯʥʦʶ ʪʘ ʝʢʦʥʦʤʽʯʥʦʶ 

ʧʨʦʙʣʝʤʦʶ. ʇʽʜ ʯʘʩ ʨʫʙʦʢ ʛʦʣʦʚʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʽ ʨʫʙʦʢ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʦʟʜʦʨʦʚʣʝʥʥʷ ʣʽʩʽʚ ʫ 

ʥʘʩʘʜʞʝʥʥʷʭ ʩʦʩʥʠ ʟʚʠʯʘʡʥʦʾ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʙʽʦʤʘʩʠ ʧʨʠʧʘʜʘʻ ʥʘ ʛʽʣʢʠ ʪʘ ʭʚʦʶ (ʜʦ 30% ʤʘʩʠ ʢʨʦʥʠ) 

(ɻʝʨʘʩʠʤʯʫʢ ʪʘ ʽʥ., 2025). ʊʨʘʜʠʮʽʡʥʦ ʭʚʦʷ ʧʽʩʣʷ ʣʽʩʦʟʘʛʦʪʽʚʣʽ ʘʙʦ ʩʧʘʣʶʻʪʴʩʷ ʱʦ ʻ ʝʢʦʣʦʛʽʯʥʦ 

ʥʝʙʝʟʧʝʯʥʠʤ, ʘʙʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʝʨʝʛʥʠʚʘʪʠ ʥʘ ʣʽʩʦʩʽʮʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʮʽʥʥʠʭ ʨʝʩʫʨʩʽʚ 

(ɻʝʨʘʩʠʤʯʫʢ ʪʘ ʽʥ., 2024, ɻʝʨʘʩʠʤʯʫʢ ʪʘ ʽʥ., 2025). ʊʘʢʘ ʧʨʘʢʪʠʢʘ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʫʻ ʧʦʞʝʞʥʫ 

ʥʝʙʝʟʧʝʢʫ, ʘʣʝ ʡ ʻ ʧʨʠʯʠʥʦʶ ʚʪʨʘʪʠ ʧʦʪʝʥʮʽʡʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ ʛʦʩʧʦʜʘʨʩʪʚʘ. ʍʚʦʷ 

ʩʦʩʥʠ ʙʘʛʘʪʘ ʥʘ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ ʪʘ ʮʝʣʶʣʦʟʫ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʾʾ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ 

ʤʝʜʠʮʠʥʽ ʪʘ ʢʦʩʤʝʪʦʣʦʛʽʾ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʢʩʪʨʘʢʪʽʚ ʽ ʝʬʽʨʥʠʭ ʦʣʽʡ, ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʙʨʠʚ, ʧʘʣʠʚʘ, 

ʮʝʣʶʣʦʟʠ ʪʘ ʥʘʥʦʮʝʣʶʣʦʟʠ (Mahapatra, 2022, Herasymchuk & Tkachuk, 2023). ʆʢʨʽʤ ʪʦʛʦ, ʭʚʦʷ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʨʝʩʫʨʩ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʪʫʨʘʣʴʥʠʭ ʪʝʢʩʪʠʣʴʥʠʭ ʚʦʣʦʢʦʥ, ʚʽʜʦʤʠʭ 

ʷʢ çʣʽʩʦʚʘ ʚʦʚʥʘè (Forest Wool, d.n., Tkachuk &Gerasymchuk, 2023). ʂʦʥʮʝʧʮʽʷ ʦʪʨʠʤʘʥʥʷ 

ʪʝʢʩʪʠʣʴʥʦʛʦ ʚʦʣʦʢʥʘ ʟ ʭʚʦʾ ʩʦʩʥʠ ʙʫʣʘ ʚʽʜʟʥʘʯʝʥʘ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ. ɿʦʢʨʝʤʘ, ʧʨʦʝʢʪ 

ʧʝʨʝʨʦʙʢʠ ʭʚʦʾ çForest Woolè ʦʪʨʠʤʘʚ ʧʨʝʤʽʶ Green Product Award ʟʘ ʽʥʥʦʚʘʮʽʡʥʩ̔ʪʴ ʪʘ 

ʜʘʣʝʢʦʛʣʷʜʥʽʩʪʴ (Forest Wool, d.n.). 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʥʘ ʩʴʦʛʦʜʥʽ ʚʽʜʩʫʪʥʽ ʧʨʦʤʠʩʣʦʚʦ ʝʬʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʤʘʩʦʚʦʛʦ ʦʪʨʠʤʘʥʥʷ ʪʝʢʩʪʠʣʴʥʦʛʦ ʚʦʣʦʢʥʘ ʟ ʭʚʦʾ. ʈʘʥʥʽ ʩʧʨʦʙʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʝ 

ʥʘʙʫʣʠ ʨʦʟʚʠʪʢʫ ï ʥʘʧʨʠʢʣʘʜ, ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʫ ʉʐɸ ʪʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ ʭʚʦʡʥʦʛʦ ʚʦʣʦʢʥʘ ʥʝ ʙʫʣʘ 

ʚʧʨʦʚʘʜʞʝʥʘ ʚ ʧʨʦʤʠʩʣʦʚʽʩʪʴ (John, 1890). ʆʩʥʦʚʥʘ ʧʝʨʝʰʢʦʜʘ ï ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʽʚ 

ʟʙʠʨʘʥʥʷ ʽ ʧʝʨʝʨʦʙʢʠ ʭʚʦʾ. ʍʚʦʶ ʥʝʦʙʭʽʜʥʦ ʚʽʜʦʢʨʝʤʠʪʠ ʚʽʜ ʛʽʣʦʢ ʪʘ ʦʯʠʩʪʠʪʠ ʚʽʜ ʜʦʤʽʰʦʢ ʜʝʨʝʚʠʥʠ 

ʡ ʢʦʨʠ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. ɺ̔ ʜʜʽʣʝʥʥʷ ʭʚʦʾ ʫʩʢʣʘʜʥʝʥʝ ʤʽʮʥʠʤ 

ʢʨʽʧʣʝʥʥʷʤ ʭʚʦʾʥʦʢ ʜʦ ʛʽʣʦʢ ʽ ʾʭʥʴʦʶ ʛʥʫʯʢʽʩʪʶ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʧʦʪʨʽʙʥʽ ʩʧʝʮʽʘʣʴʥʽ 

ʤʝʪʦʜʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ (ɻʝʨʘʩʠʤʯʫʢ ʪʘ ʽʥ., 2025, ʊʢʘʯʫʢ ʪʘ ʽʥ., 2025). 

ʅʠʥʽ ʚʽʜʦʤʦ ʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʜʦ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʭʚʦʾ ʚʽʜ ʛʽʣʦʢ ʢʨʦʥʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʭʘʥʽʯʥʽ 

ʩʧʦʩʦʙʠ (ʥʘʧʨʠʢʣʘʜ, ʦʙʙʠʚʘʥʥʷ ʭʚʦʡʥʦʾ ʣʘʧʢʠ), ʧʥʝʚʤʦʤʝʭʘʥʽʯʥʽ (ʢʦʤʙʽʥʦʚʘʥʝ ʩʪʨʫʰʫʚʘʥʥʷ ʽʟ 

ʧʨʦʜʫʚʦʤ ʧʦʚʽʪʨʷʤ), ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʽ (ʫʜʘʨʥʽ ʭʚʠʣʽ ʚʽʜ ʨʦʟʨʷʜʫ ʫ ʚʦʜʽ), ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʧʦʣʷ ʪʘ ʢʨʽʦʛʝʥʥʽ (ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʟ ʥʘʩʪʫʧʥʠʤ ʩʪʨʫʰʫʚʘʥʥʷʤ). ʂʦʞʝʥ ʽʟ ʮʠʭ 

ʩʧʦʩʦʙʽʚ ʤʘʻ ʦʙʤʝʞʝʥʥʷ. ʄʝʭʘʥʽʯʥʽ ʩʧʦʩʦʙʠ ʤʦʞʫʪʴ ʧʦʰʢʦʜʞʫʚʘʪʠ ʭʚʦʶ, ʧʦʜʨʽʙʥʶʶʯʠ ʛʦʣʢʠ, ʘ 

ʪʘʢʦʞ ʟʤʽʰʫʚʘʪʠ ʾʭ ʟ ʪʨʽʩʢʘʤʠ ʜʝʨʝʚʠʥʠ. ʇʥʝʚʤʘʪʠʯʥʽ ʪʘ ʧʥʝʚʤʦʤʝʭʘʥʽʯʥʽ ʤʝʪʦʜʠ ʧʦʪʨʝʙʫʶʪʴ 

ʟʥʘʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʩʪʚʦʨʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʽ ʪʘʢʦʞ ʩʧʨʠʯʠʥʷʶʪʴ ʚʪʨʘʪʠ ʭʚʦʾ. 

ɽʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʡ ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ ʩʢʣʘʜʥʦʾ ʘʧʘʨʘʪʫʨʠ ʽ ʛʝʥʝʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ. ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ 

ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʧʦʩʣʘʙʠʪʠ ʢʨʽʧʣʝʥʥʷ ʭʚʦʾ, ʧʨʦʪʝ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʦʙʤʝʞʝʥʝ. ʂʨʽʦʛʝʥʥʠʡ ʩʧʦʩʽʙ ʥʘʜʪʦ ʜʦʨʦʛʠʡ ʽ ʝʥʝʨʛʦʚʠʪʨʘʪʥʠʡ (ɻʝʨʘʩʠʤʯʫʢ ʪʘ ʽʥ., 2022, 

Herasymchuk & Tkachuk, 2023, ɻʝʨʘʩʠʤʯʫʢ ʪʘ ʽʥ., 2025). 

ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʧʥʝʚʤʦʪʝʨʤʽʯʥʠʡ ʩʧʦʩʽʙ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ. ɺʽʥ 

ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʛʽʣʢʠ ʟ ʭʚʦʻʶ ʧʽʜʩʫʰʫʶʪʴ ʟʘ ʧʽʜʚʠʱʝʥʦ ʾʪʝʤʧʝʨʘʪʫʨʽ, ʧʽʩʣʷ ʯʦʛʦ ʭʚʦʷ ʚʽʜʜʽʣʷʻʪʴʩʷ 

ʚʘʢʫʫʤʥʠʤ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʦʤ ʽ ʟʙʠʨʘʻʪʴʩʷ ʫ ʢʦʥʪʝʡʥʝʨ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ 

ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʥʝʚʤʦʪʝʨʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʪʘ ʡʦʛʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ 

ʤʝʭʘʥʽʯʥʠʤ. ɿʦʢʨʝʤʘ, ʩʫʰʽʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 80Áʉ ʧʨʦʪʷʛʦʤ 90 ʭʚ. ʟ ʥʘʩʪʫʧʥʠʤ ʚʘʢʫʫʤʥʠʤ 

ʚʽʜʩʤʦʢʪʫʚʘʥʥʷʤ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʩʠʣʫ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʚʽʜʨʠʚʘʥʥʷ ʭʚʦʾ. ɹʫʣʦ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʤʦʙʽʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʥʝʚʤʦʪʝʨʤʽʯʥʦʛʦ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʭʚʦʾ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʚʠʱʝʚʢʘʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʫʰʽʥʥʷ ʟʫʩʠʣʣʷ ʚʽʜʨʠʚʘʥʥʷ ʟʥʠʞʫʻʪʴʩʷ ʥʘʩʪʽʣʴʢʠ, ʱʦ 

ʚʘʢʫʫʤʥʝ ʚʽʜʩʤʦʢʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦ ʚʽʜʜʽʣʷʻ ʭʚʦʶ (ʊʢʘʯʫʢ ʪʘ ʽʥ., 2022, ɻʝʨʘʩʠʤʯʫʢ & ʊʢʘʯʫʢ, 2023, 

ɻʝʨʘʩʠʤʯʫʢ ʪʘ ʽʥ., 2024).  

ʇʦʧʨʠ ʫʩʧʽʰʥʽʩʪʴ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ, ʾʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʪʨʝʙʫʻ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʩʫʰʽʥʥʷ, ʢʨʽʤ ʪʦʛʦ 

ʧʽʜ ʯʘʩ ʩʫʰʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʘ ʚʪʨʘʪʘ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʥʝ ʜʘʻ ʟʤʦʛʫ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʮʝʡ ʩʧʦʩʽʙ ʚ ʢʦʤʧʣʝʢʩʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʢʠ ʭʚʦʾ (ɻʝʨʘʩʠʤʯʫʢ ʪʘ ʽʥ., 2025, ʊʢʘʯʫʢ 

ʪʘ ʽʥ., 2025). ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʰʫʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ 

ʟʘʚʜʘʥʥʷʤ. 

ɺʠʭʦʜʷʯʠ ʟ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʠʪʘʥʥʷ, ʤʦʞʥʘ ʦʟʥʘʯʠʪʠ ʧʦʪʨʝʙʫ ʚ ʥʦʚʦʤʫ ʩʧʦʩʦʙʽ 

ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ, ʷʢʠʡ ʙʠ ʟʘʙʝʟʧʝʯʠʚ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʭʚʦʾ ʚʽʜ ʛʽʣʦʢ ʙʝʟ ʾʾ ʧʦʰʢʦʜʞʝʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʢʦʤʧʣʝʢʩʥʦʾ ʧʝʨʝʨʦʙʢʠ ʟ ʤʝʪʦʶ ʚʠʨʦʙʥʠʮʪʚʘ ʭʚʦʡʥʦʛʦ ʝʢʩʪʨʘʢʪʫ, ʝʬʽʨʥʦʾ ʦʣʽʾ ʪʘ ʦʪʨʠʤʘʥʥʷ 
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ʪʝʢʩʪʠʣʴʥʦʛʦ ʚʦʣʦʢʥʘ (ɻʝʨʘʩʠʤʯʫʢ ʪʘ ʽʥ., 2025). ʊʘʢʠʡ ʩʧʦʩʽʙ ʤʘʻ ʙʫʪʠ ʧʨʠʜʘʪʥʠʤ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʣʽʩʦʩʽʮʽ ʘʙʦ ʥʘ ʧʨʦʤʽʞʥʦʤʫ ʧʫʥʢʪʽ ʧʝʨʝʨʦʙʢʠ, ʱʦʙ ʤʘʢʩʠʤʘʣʴʥʦ ʩʢʦʨʦʪʠʪʠ ʚʪʨʘʪʠ 

ʭʚʦʾ ʧʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʟʙʝʨʝʛʪʠ ʾʾ ʷʢʽʩʪʴ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʨʦʙʢʠ. 

˙̆̓́ ̨̠̅̏̒̌̅̇̆̎̎ ï ʨʦʟʨʦʙʢʘ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ ʪʘ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʦʚʦʛʦ ʩʧʦʩʦʙʫ 

ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʭʚʦʾ ʚʽʜ ʛʽʣʦʢ ʩʦʩʥʠ ʟʚʠʯʘʡʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʨʫʤʝʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʟʙʝʨʝʛʪʠ ʮʽʣʽʩʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʭʚʦʾ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʧʝʨʝʨʦʙʢʠ (ʦʪʨʠʤʘʥʥʷ ʝʢʩʪʨʘʢʪʫ, 

ʝʬʽʨʥʦʾ ʦʣʽʾ ʪʘ ʪʝʢʩʪʠʣʴʥʦʛʦ ʚʦʣʦʢʥʘ). 

 

˙ˍ˟˒˝˴ˍ˘˕ ˴ ˙˒˟˛ˑ˕ 
ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʪʝʦʨʝʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʩʠʣʦʚʠʭ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ ʚʦʜʷʥʠʤ ʩʪʨʫʤʝʥʝʤ.  

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʚʫʟʦʣ ʢʨʽʧʣʝʥʥʷ ʭʚʦʾ ʟʘʩʪʦʩʦʚʘʥʦ ʪʝʦʨʝʪʠʯʥʽ 

ʦʩʥʦʚʠ ʛʽʜʨʦʜʠʥʘʤʽʢʠ. ɿʦʢʨʝʤʘ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʪʽʢʘʥʥʷ ʚʦʜʠ ʟ ʩʦʧʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʩʧʨʦʱʝʥʫ ʬʦʨʤʫʣʫ ʊʦʨʨʽʯʝʣʣʽ, ʱʦ ʦʪʨʠʤʘʥʘ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ:  
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ʜʝ j ï ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ʚʠʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʟ ʦʪʚʦʨʫ. p ï ʪʠʩʢ ʧʝʨʝʜ ʩʪʨʫʤʝʥʝʬʦʨʤʫʶʯʠʤ 

ʩʦʧʣʦʤ, ʇʘ, r ï ʧʠʪʦʤʘ ʤʘʩʘ ʨʽʜʠʥʠ, ʢʛ/ʤ3.  

ɼʣʷ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʽʾ ʩʪʨʫʤʝʥʷ ʥʘ ʭʚʦʶ ʚʠʢʦʨʠʩʪʘʥʦ ʟʘʢʦʥʠ ʤʝʭʘʥʽʢʠ. 

ʉʠʣʫ, ʷʢʫ ʩʪʨʫʤʽʥʴ ʤʦʞʝ ʧʨʠʢʣʘʩʪʠ ʜʦ ʭʚʦʾʥʢʠ, ʚʠʟʥʘʯʘʣʠ ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʦʪʨʠʤʘʥʘ ʽʟ 

ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ:  

= ÖF M u,      (2) 

ʜʝ ʄ ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʯʝʨʝʟ ʩʦʧʣʦ, ʢʛ/ʩ, u ï ʰʚʠʜʢʽʩʪʴ ʩʪʨʫʤʝʥʷ, ʤ/ʩ.  

ʊʘʢʦʞ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ ʫʩʪʘʥʦʚʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʩʠʥʪʝʟʫ, ʘ ʜʣʷ ʦʮʽʥʢʠ ʾʾ 

ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʽʥʰʠʭ ʧʨʠʥʮʠʧʽʚ ʜʽʾ ï ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

 

˝˒˔ˠ˘˩˟ˍ˟˕ ˑ˛˞˘˴ˑ˓˒˚˚ˬ  ˟ˍ ˛ˎː˛ˏ˛˝˒˚˚ˬ  
ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʽʜʨʦʩʪʨʫʤʠʥʥʦʛʦ ʩʧʦʩʦʙʫ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʩʪʘʥʦʚʢʫ, 

ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʫʩʪʘʥʦʚʢʠ ʨʦʟʪʘʰʦʚʘʥʘ ʧʣʘʥʢʘ ʽʟ 

ʩʦʧʣʘʤʠ 1, ʱʦ ʬʦʨʤʫʶʪʴ ʚʝʨʪʠʢʘʣʴʥʽ ʩʪʨʫʤʝʥʽ ʚʦʜʠ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ ʟ ʭʚʦʡʥʦʾ ʣʘʧʢʠ 2. ʇʽʜ ʟʦʥʦʶ 

ʜʽʾ ʩʪʨʫʤʝʥʽʚ ʧʨʦʭʦʜʠʪʴ ʪʨʘʥʩʧʦʨʪʝʨ ʟ ʧʝʨʬʦʨʦʚʘʥʦʶ ʩʪʨʽʯʢʦʶ 3, ʱʦ ʤʘʻ ʦʪʚʦʨʠ ʜʽʘʤʝʪʨʦʤ ʪʘ 

ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʣʘʧʢʠ ʡ ʦʜʥʦʯʘʩʥʦ ʧʨʦʧʫʩʢʘʥʥʷ ʭʚʦʾ ʟ ʚʦʜʦʶ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ 

ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ ʟʙʽʨʥʠʢ ʭʚʦʾ 4, ʚ ʷʢʠʡ ʧʦʪʨʘʧʣʷʻ ʚʦʜʘ ʨʘʟʦʤ ʽʟ ʚʽʜʦʢʨʝʤʣʝʥʦʶ ʭʚʦʻʶ. 

ʆʯʠʱʝʥʽ ʚʽʜ ʭʚʦʾ ʛʽʣʢʠ, ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʚ ʟʙʽʨʥʠʢ 5 ʽ ʜʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʨʽʩʢʠ 

ʽʥʰʦʾ ʧʝʨʝʨʦʙʢʠ. 

 
ʈʠʩ. 1  ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ ʛʽʜʨʘʚʣʽʯʥʠʤ ʩʪʨʫʤʝʥʝʤ: 1 ï ʧʣʘʥʢʘ ʽʟ 

ʩʦʧʣʘʤʠ; 2 ï ʭʚʦʡʥʘ ʣʘʧʢʘ; 3 ï ʪʨʘʥʩʧʦʨʪʝʨ ʟ ʧʝʨʬʦʨʦʚʘʥʦʶ ʩʪʨʽʯʢʦʶ; 4 ï ʟʙʽʨʥʠʢ ʭʚʦʾ;  

5 ï ʟʙʽʨʥʠʢ ʦʯʠʱʝʥʠʭ ʛʽʣʦʢ 
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ʊʘʢʘ ʢʦʤʧʦʥʦʚʢʘ ʜʘʻ ʟʤʦʛʫ ʨʝʘʣʽʟʫʚʘʪʠ ʚʩʽ ʦʩʥʦʚʥʽ ʦʧʝʨʘʮʽʾ ï ʛʽʜʨʦʩʪʨʫʤʠʥʥʝ ʚʽʜʜʽʣʝʥʥʷ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʭʚʦʾ ʪʘ ʦʯʠʱʝʥʠʭ ʛʽʣʦʢ, ʱʦ ʩʧʨʦʱʫʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʤʝʥʰʫʻ 

ʛʘʙʘʨʠʪʠ ʫʩʪʘʥʦʚʢʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʨʚʥʝ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ ʚʽʜ 

ʛʽʣʦʢ ʽ ʫʥʠʢʥʝʥʥʷ ʾʾ ʨʫʡʥʫʚʘʥʥʷ ʚʘʞʣʠʚʦ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʪʠ ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʝʣ ʜʦ ʪʨʘʥʩʧʦʨʪʝʨʘ, 

ʪʠʩʢ ʽ ʚʠʪʨʘʪʫ ʚʦʜʠ ʯʝʨʝʟ ʩʪʨʫʤʝʥʝʬʦʨʤʫʶʯʽ ʩʦʧʣʘ.  

ʇʦʪʽʢ ʚʦʜʠ, ʱʦ ʚʠʭʦʜʠʪʴ ʽʟ ʩʦʧʣʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ, ʻ ʛʽʜʨʘʚʣʽʯʥʠʤ ʩʪʨʫʤʝʥʝʤ ʫ 

ʢʣʘʩʠʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ï ʥʝ ʦʙʤʝʞʝʥʠʤ ʪʚʝʨʜʠʤʠ ʩʪʽʥʢʘʤʠ ʪʘ ʩʪʨʫʢʪʫʨʥʦ ʧʦʜʽʙʥʠʤ ʜʦ ʽʥʰʠʭ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʪʨʫʤʝʥʽʚ (ʧʦʞʝʞʥʠʭ, ʬʦʥʪʘʥʥʠʭ ʪʦʱʦ). ʉʪʨʫʤʽʥʴ ʤʘʻ ʢʦʤʧʘʢʪʥʫ ʟʦʥʫ KL , ʚ ʤʝʞʘʭ ʷʢʦʾ 

ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʻ ʨʽʚʥʦʤʽʨʥʠʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʥʝʨʛʽʾ ʥʘ ʤʘʣʽʡ 

ʧʣʦʱʽ ʜʽʾ (ʨʠʩ. 2). ʇʽʩʣʷ ʢʦʤʧʘʢʪʥʦʾ ʟʦʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʠʢʘʥʥʷ ʪʫʨʙʫʣʝʥʪʥʠʭ ʰʘʨ̔ʚ ʥʘ ʦʩʽ ʩʪʨʫʤʝʥʷ 

ʧʦʯʠʥʘʻʪʴʩʷ ʟʦʥʘ ʨʦʟʰʠʨʝʥʥʷ BL . 

 
ʈʠʩ. 2  ï ɻʽʜʨʘʚʣʽʯʥʠʡ ʩʪʨʫʤʽʥʴ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʩʦʧʣʦʤ ʫʩʪʘʥʦʚʢʠ 

 

ʂʦʤʧʘʢʪʥʘ ʯʘʩʪʠʥʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʨʫʤʝʥʷ ʬʦʨʤʫʻʪʴʩʷ ʜʦʪʠ, ʜʦʢʠ ʟʩʫʚʥʽ ʪʫʨʙʫʣʝʥʪʥʽ ʰʘʨʠ, ʱʦ 

ʨʦʟʨʦʩʪʘʶʪʴʩʷ ʩʠʤʝʪʨʠʯʥʦ ʚʽʜ ʧʝʨʠʬʝʨʽʾ, ʥʝ ʟʤʠʢʘʶʪʴʩʷ ʥʘ ʦʩʽ. ɹʝʟ ʜʽʾ ʛʨʘʚʽʪʘʮʽʾ ʮʷ ʪʦʯʢʘ ʥʘʩʪʘʻ ʥʘ 

ʚʽʜʩʪʘʥʽ (Pope, 2000): 

0
= ÖK oL C d ,      (3) 

ʜʝ 6 1= °ʉ  ï ʝʤʧʽʨʠʯʥʘ ʩʪʘʣʘ, ʦʪʨʠʤʘʥʘ ʟ ʢʣʘʩʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʦʪʝʥʮʽʡʥʦʛʦ ʷʜʨʘ. 

ʇʽʜʚʠʱʝʥʘ ʽʥʝʨʮʽʷ ʷʜʨʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʨʫʤʝʥʷ ʩʧʦʚʽʣʴʥʶʻ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʝʬʝʢʪʠʚʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ, ʽ ʢʦʤʧʘʢʪʥʘ ʟʦʥʘ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʱʝ ʥʘ ʚʽʜʩʪʘʥʴ ȹὌ: 
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0
= +DK KL L H .      (4) 

ʑʦʙ ʦʮʽʥʠʪʠ ȹὌ ʚʠʭʦʜʠʤʦ ʟ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʮʝʥʪʨʫ ʷʜʨʘ. ʇʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʫ ʧʝʨʝʨʽʟʽ ʩʦʧʣʘ 

ʜʦʨʽʚʥʶʻ 0uʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1). ɼʘʣʽ ʮʝʥʪʨ ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ 0( )= +t gtu u , ʜʝ 

gï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʤ/ʩ2, t  ï ʯʘʩ ʨʫʭʫ ʩʪʨʫʤʝʥʷ, ʩ.  

ʏʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʟʩʫʚʥʦʤʫ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʰʘʨʫ, ʱʦʙ ʧʨʦʡʪʠ ʧʦʣʦʚʠʥʫ ʜʽʘʤʝʪʨʘ (Pope, 2000) 

0

= OK

c

L
t
u

. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘ ʮʝʡ ʞʝ ʟʩʫʚʥʠʡ ʪʫʨʙʫʣʝʥʪʥʠʡ ʰʘʨ ʧʨʦʭʦʜʠʪʴ ʚʽʜʩʪʘʥʴ: 

0

0

2
2

0

02 2

å õ
= + = +æ ö

ç ÷

Kc
K c K

Lgt g
L t Lu

u
.     (5) 

ʆʪʞʝ , ʟ ʚʨʘʭʫʚʘʥʥʷʤ (4) ʦʪʨʠʤʘʻʤʦ: 

0

2

02

å õ
D =æ ö

ç ÷

KLg
ʅ

u
.      (6) 

ʈʦʟʢʨʠʻʤʦ ʚʠʨʘʟ ʯʝʨʝʟ ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʨʠʪʝʨʽʡ ʌʨʫʜʘ 0

0

=rF
gd

u
. ʇʽʜʩʪʘʚʠʚʰʠ (3) ʚ (6) 

ʦʪʨʠʤʘʻʤʦ: 
2

0

2 2
,

2 2

D
D = =

r K r

dC H C
H

F L F
/     (7) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʜʦʚʞʝʥʥʷ ʢʦʤʧʘʢʪʥʦʾ ʟʦʥʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʨʫʤʝʥʷ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʝ 

ʢʚʘʜʨʘʪʫ ʢʨʠʪʝʨʽʶ ʌʨʫʜʘ. ɿʘ ʚʝʣʠʢʠʭ ʚʠʭʽʜʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʨʫʤʝʥʷ ( 10>rF ) ʥʠʤ 

ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ, ʪʦʜʽ ʷʢ ʟʘ ʥʝʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʘʙʦ ʚʝʣʠʢʠʭ ʜʽʘʤʝʪʨʽʚ ʢʦʤʧʘʢʪʥʘ ʟʦʥʘ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʨʫʤʝʥʷ ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʜʦʚʞʫʚʘʪʠʩʷ.  

ʉʘʤʝ ʚ ʤʝʞʘʭ ʢʦʤʧʘʢʪʥʦʾ ʟʦʥʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʘ ʡʦʛʦ ʜʽ̫ 

ʥʘ ʭʚʦʡʥʫ ʣʘʧʢʫ ʪʘ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ ʚʽʜ ʛʽʣʦʢ. ɺ ʮ̔ ʡ ʟʦʥʽ ʜʦʮʽʣʴʥʦ ʨʦʟʤʽʱʫʚʘʪʠ ʟʦʥʫ ʢʦʥʪʘʢʪʫ ʩʪʨʫʤʝʥʷ 

ʟ ʛʽʣʢʦʶ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʭʚʦʾ. ʊʦʙʪʦ, ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʣʘʥʢʠ ʟ 

ʩʦʧʣʘʤʠ ʜʦ ʧʝʨʬʦʨʦʚʘʥʦʾ ʩʪʨʽʯʢʠ ʪʨʘʥʩʧʦʨʪʝʨʘ (ʜʠʚ. ʨʠʩ. 1) ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʝʣʠʯʠʥʠ 

ʢʦʤʧʘʢʪʥʦʾ ʟʦʥʠ ʜʽʾ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʨʫʤʝʥʷ. 

ɺʠʪʨʘʪʫ ʯʝʨʝʟ ʩʦʧʣʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ (ʇʨʠʜʘʪʢʦ, ʂʦʚʘʣʴʯʫʢ, 2023):  

0 0 0= =cQ S Su eu,      (8) 

ʜʝ ,cS S ï ʧʣʦʱʘ ʩʪʠʩʥʫʪʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʨʫʤʝʥʷ ʪʘ ʦʪʚʦʨʫ ʩʦʧʣʘ ʚʽʜʧʦʚʽʜʥʦ, ʤ2, e ï ʢʦʝʬʽʮʽʻʥʪ 

ʩʪʠʩʢʫ. 

ʂʦʣʠ ʩʦʧʣʦ ʧʦʚʝʨʥʝʥʝ ʚʥʠʟ, ʩʠʣʘ ʪʷʞʽʥʥʷ ʧʨʠʩʢʦʨʶʻ ʯʘʩʪʠʥʠ ʨʽʜʠʥʠ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʚ ʩʪʨʫʤʝʥʽ, ʽ 

ʦʩʴʦʚʘ ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʻ ʟʘ ʟʘʢʦʥʦʤ: 

0( ) 2= +z gzu u .      (9) 

ʜʝ z  ï ʚʝʨʪʠʢʘʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ, ʥʘʧʨʘʚʣʝʥʘ ʚʥʠʟ, ʤ. 

ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʢʦʤʧʘʢʪʥʦʾ ʟʦʥʠ KS , ʪʫʨʙʫʣʝʥʪʥʽ ʚʠʭʦʨʠ ʟʘʭʦʧʣʶʶʪʴ ʥʘʚʢʦʣʠʰʥʻ ʧʦʚʽʪʨʷ, 

ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʦʩʴʦʚʫ ʰʚʠʜʢʽʩʪʴ ʫ ʩʪʦʨʦʥʫ ʟʤʝʥʰʝʥʥʷ ʪʘ ʦʮʽʥʫʻʪʴʩʷ ʬʘʢʪʦʨʦʤ (Wright, White & 

Alexander, 2013): 

0

1
( ) ,

1 2
=
+

z
z d

c
a

     (10) 

ʜʝ 0,07ºa ï ʝʤʧʽʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ ʢʨʫʛʣʦʛʦ ʩʪʨʫʤʝʥʷ.  

ɽʬʝʢʪʠʚʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘ ʦʩʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʨʫʤʝʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʫʜʘʨʦʤ ʧʦ ʭʚʦʾ: 

( ) ( ) ( ),=ef z z zu u c       (11) 

ɺʽʜʧʦʚʽʜʥʠʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ: 
2 ( )

( )
2

=
ef z

p z
ru

.      (12) 
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ʇʨʦʝʢʮʽ ʁʦʜʥʽʻʾ ʭʚʦʡʥʦʾ ʛʦʣʢʠ ʥʘ ʧʣʦʱʠʥʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʜʦ ʩʪʨʫʤʝʥʷ, ʧʦʟʥʘʯʝʥʫ XS  Cʠʣʘ, 

ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʩʪʨʫʤʝʥʝʤ, ʩʪʘʥʦʚʠʪʴ: 

( ) ( )= I XF z C p z S .      (13) 

ʜʝ IC  ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʚʘʥʥʷ ʽʤʧʫʣʴʩʫ (Wright, White & Alexander, 2013).  

ʇʽʜʩʪʘʚʠʚʰʠ (1), (9)-(12) ʫ (13), ʦʪʨʠʤʘʻʤʦ: 

0

2

0

2
( )

2 (1 2 )

+
=

+

I X gzC S
F z

z d

ur

a
.    (14) 

ʇʨʘʚʠʣʦ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ ʚʽʜ ʛʽʣʦʢ ʩʬʦʨʤʫʣʶʻʪʴʩʷ ʷʢ ʥʝʨʽʚʥʽʩʪʴ 

( )² XF z F ,      (15) 

ʜʝ XF  ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʝ ʤʽʥʽʤʘʣʴʥʝ ʟʫʩʠʣʣʷ, ʧʦʪʨʽʙʥʝ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ.  

ʇʨʠʨʽʚʥʶʶʯʠ (14) ʟ 15) ʽ ʚʨʘʭʫʚʘʚʰʠ (1) ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʷʢ 

ʬʫʥʢʮʽʶ ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʦʧʣʘ ʜʦ hʘʨʫ ʭʚʦʾ (ʧʝʨʬʦʨʦʚʘʥʦʾ ʩʪʨʽʯʢʠ ʪʨʘʥʩʧʦʨʪʝʨʘ): 
2

0
min 2

1

(1 2 )
( )

+ -
= X I X

X

F z d C S gz
p z

C S

a r

j
.    (16) 

ʉʠʣʘ (14) ʤʽʩʪʠʪʴ ʜʚʘ ʧʨʦʪʠʣʝʞʥʽ ʪʨʝʥʜʠ: ʜʦʜʘʥʦʢ 2gz ʫ ʯʠʩʝʣʴʥʠʢʫ ʱʦʨʘʟ ʟʙʽʣʴʰʫʻ ʢʽʥʝʪʠʯʥʫ 

ʝʥʝʨʛʽʶ ʯʘʩʪʠʥʦʢ, ʪʦʜʽ ʷʢ ʟʥʘʤʝʥʥʠʢ 01 2+ z da  ʟʤʝʥʰʫʻ ʰʚʠʜʢʽʩʪʴ ʯʝʨʝʟ ʟʘʭʦʧʣʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʠʤʠ 

ʚʠʭʦʨʘʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. ʐʫʢʘʶʯʽ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʽʾ (14) ʟʘ z (ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷʤ ʟʘ 

ʙʝʟʨʦʟʤʽʨʥʦʶ ʟʤʽʥʥʦʶ 0/=z dl , ʦʜʝʨʞʫʻʤʦ ʦʧʪʠʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʣʘʥʢʠ ʟ ʩʦʧʣʘʤʠ ʜʦ 

ʧʝʨʬʦʨʦʚʘʥʦʾ ʩʪʨʽʯʢʠ ʪʨʘʥʩʧʦʨʪʝʨʘ: 
2

0 0
0

2

2

* -
=

gd
L d

g

au

a
/     (17) 

ʗʢʱʦ ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʝʣʠʢʘ ʥʘʩʪʽʣʴʢʠ, ʱʦ 2

02<gd au, ʯʠʩʝʣʴʥʠʢ ʬʦʨʤʫʣʠ (17) ʚʽʜôʻʤʥʠʡ ʽ 

ʤʘʢʩʠʤʫʤ ʟʤʽʱʫʻʪʴʩʷ ʚ ʤʝʞʫ LŸ0; ʪʦʙʪʦ ʩʦʧʣʘ ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʷʢʦʤʦʛʘ ʙʣʠʞʯʝ ʜʦ ʛʦʣʦʢ. 

ɿʥʘʶʯʠ *L , ʧʽʜʩʪʘʚʣʷʶʪʴ ʡʦʛʦ ʫ (16) ʪʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʪʠʩʢ minp . ɼʘʣʽ ʟʘ 

ʬʦʨʤʫʣʦʶ ʬʦʨʤʫʣʘʤʠ (1 )ʪʘ (8) ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʟ ʩʦʧʣʘ 0u  ʪʘ 

ʚʠʪʨʘʪʫ 0Q . ʊʘʢ ʷʢ ʧʣʘʥʢʘ ʽʟ ʩʦʧʣʘʤʠ ʤʽʩʪʠʪʴ N  ʦʜʥʘʢʦʚʠʭ ʩʦʧʝʣ ʟ ʦʜʥʘʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʦ 

ʩʫʤʘʨʥʘ ʧʦʜʘʯʘ ʥʘʩʦʩʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ 0NQ  ʟʘ ʪʠʩʢʫ ʥʝ ʥʠʞʯʝ ʥʽʞ minp . 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʚôʷʟʦʢ çʪʠʩʢ ï ʚʠʪʨʘʪʘ ï ʚʽʜʩʪʘʥʴè ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ (14)ï(17): ʪʠʩʢ ʽ 

ʜʽʘʤʝʪʨ ʩʦʧʣʘ ʟʘʜʘʶʪʴ ʚʠʭʽʜʥʫ ʰʚʠʜʢʽʩʪʴ; ʰʚʠʜʢʽʩʪʴ ʨʘʟʦʤ ʽʟ ʛʨʘʚʽʪʘʮʽʡʥʠʤ ʧʨʠʨʦʩʪʦʤ ʽ 

ʪʫʨʙʫʣʝʥʪʥʠʤʠ ʚʪʨʘʪʘʤʠ ʬʦʨʤʫʻ ʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ, ʱʦ ʜʽʻ ʥʘ ʭʚʦʶ. ɺʽʜʩʪʘʥʴ, ʟʘ ʷʢʦʾ ʮʝʡ ʪʠʩʢ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʣʦʱʽ ʧʨʦʻʢʮʽʾ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʽʤʧʫʣʴʩʫ, ʜʦʨʽʚʥʶʻ ʟʫʩʠʣʣʶ ʚʽʜʨʠʚʘʥʥʷ, ʻ ʦʧʪʠʤʘʣʴʥʦʶ, 

ʘ ʚʽʜʧʦʚʽʜʥʠʡ ʪʠʩʢ ï ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʋ ʚʠʛʣʷʜʽ 

ʤʦʙʽʣʴʥʦ ʾʫʩʪʘʥʦʚʢʠ ʥʘ ʣʽʩʦʩʽʮʽ, ʱʦ ʧʨʘʮʶʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ ʟʘʛʦʪʽʚʣʽ. ʅʘʧʨʠʢʣʘʜ, ʮʝ ʤʦʞʝ ʙʫʪʠ 

ʥʘʚʽʩʥʝ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʭʘʨʚʝʩʪʝʨ ʘʙʦ ʬʦʨʚʘʨʜʝʨ: ʩʧʝʮʽʘʣʴʥʘ ʢʘʤʝʨʘ, ʢʫʜʠ ʧʦʜʘʶʪʴʩʷ ʟʨʽʟʘʥʽ ʛʽʣʢʠ, ʜʝ 

ʚʦʥʠ ʦʙʨʦʙʣʷʶʪʴʩʷ, ʘ ʭʚʦʷ ʟʙʠʨʘʻʪʴʩʷ ʫ ʙʘʢ. ɼʨʫʛʠʡ ʩʧʦʩʽʙ ï ʩʪʘʮʽʦʥʘʨʥʘ ʣʽʥʽʷ, ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ 

ʜʝʨʝʚʦʦʙʨʦʙʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʘʙʦ ʧʨʦʤʽʞʥʦʤʫ ʩʢʣʘʜʽ. ʊʫʜʠ ʧʨʠʚʦʟʷʪʴ ʭʚʦʡʥʫ ʣʘʧʢʫ, ʷʢʫ 

ʧʨʦʧʫʩʢʘʶʪʴ ʯʝʨʝʟ ʫʩʪʘʥʦʚʢʫ ʟ ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʩʪʨʫʤʝʥʷʤʠ. ʆʙʠʜʚʘ ʩʧʦʩʦʙʠ ʤʘʶʪʴ ʩʚʦʾ ʧʝʨʝʚʘʛʠ. 

ʄʦʙʽʣʴʥʠʡ ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʦʜʨʘʟʫ ʚ ʣʽʩʽ ʚʠʜʽʣʷʪʠ ʭʚʦʶ, ʟʘʧʦʙʽʛʘʶʯʠ ʾʾ ʚʪʨʘʪʘʤʠ ʽ ʟʤʝʥʰʫʶʯʠ ʚʠʪʘʪʠ 

ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʉʪʘʮʽʦʥʘʨʥʠʡ ï ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʱʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʢʨʘʱʠʡ ʢʦʥʪʨʦʣʴ 

ʧʘʨʘʤʝʪʨʽʚ, ʧʨʦʪʝ ʚʠʤʘʛʘʻ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʭʚʦʡʥʦʾ ʣʘʧʢʠ ʜʦ ʫʩʪʘʥʦʚʢʠ. ɺʠʙʽʨ ʩʧʦʩʦʙʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʫʤʦʚ: ʟʘ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʣʽʩʦʟʘʛʦʪʽʚʣʽ (ʥʘʧʨʠʢʣʘʜ ʧʽʜ ʯʘʩ ʨʫʙʦʢ ʛʦʣʦʚʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ) ʜʦʮʽʣʴʥʦ 

ʤʘʪʠ ʧʝʨʝʩʫʚʥʠʡ ʢʦʤʧʣʝʢʩ, ʘ ʟʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ ʟʙʦʨʽ ï ʩʪʘʮʽʦʥʘʨʥʠʡ. 

ɻʽʜʨʦʩʪʨʫʤʝʥʝʚʠʡ ʩʧʦʩʽʙ ʤʘʻ ʧʝʨʝʚʘʛʠ ʥʘʜ ʤʝʭʘʥʽʯʥʠʤ ʽ ʧʥʝʚʤʦʤʝʭʘʥʽʯʥʠʤ ʚʧʣʠʚʦʤ. ʆʜʥʽʻʶ ʟ 

ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʻ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ: ʩʪʨʫʤʽʥʴ ʤʦʞʝ ʧʨʘʢʪʠʯʥʦ ʤʠʪʪʻʚʦ 

ʟʙʠʚʘʪʠ ʭʚʦʶ, ʪʦʤʫ ʦʯʠʩʪʠʪʠ ʛʽʣʢʫ ʤʦʞʥʘ ʟʘ ʩʝʢʫʥʜʠ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʫ ʧʥʝʚʤʦʪʝʨʤʽʯʥʦʤʫ ʤʝʪʦʜʽ 

ʣʠʰʝ ʩʫʰʢʘ ʟʘʡʤʘʻ ʜʝʩʷʪʢʠ ʭʚʠʣʠʥ. ʑʝ ʦʜʥʘ ʧʝʨʝʚʘʛʘ ï ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʡ ʽ ʦʯʠʱʫʚʘʣʴʥʠʡ ʝʬʝʢʪ: 

ʚʦʜʘ ʟʤʦʯʫʻ ʭʚʦʶ, ʟʤʠʚʘʻ ʧʠʣ, ˇʨʫʥʪ ʽ ʽʥʰʽ ʟʘʙʨʫʜʥʝʥʥʷ. ʎʝ ʚʘʞʣʠʚʦ, ʷʢʱʦ ʭʚʦʷ ʧʽʜʝ ʥʘ ʝʢʩʪʨʘʢʮʽʶ ï 



˞˴˘˩˞˩˗˛ː˛˞˜˛ˑˍ˝˞˩˗˴ ˙ˍ˥˕˚˕ȟ 2025ȟ ˏ̉̐Ȣ 51 

AGRICULTURAL MACHINES, 2025 , Vol. 51 

 

71 
 

ʯʠʩʪʘ ʩʠʨʦʚʠʥʘ ʜʘʩʪʴ ʷʢʽʩʥʽʰʠʡ ʝʢʩʪʨʘʢʪ ʟ ʤʝʥʰʠʤ ʚʤʽʩʪʦʤ ʥʝʙʘʞʘʥʠʭ ʜʦʤʽʰʦʢ. ʄʝʭʘʥʽʯʥʠʡ ʩʧʦʩʽʙ 

ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʘʢʦʛʦ ʦʯʠʱʝʥʥʷ. 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʛʽʜʨʦʩʪʨʫʤʠʥʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦ ʚʠʩʦʢʘ. ʉʫʯʘʩʥʽ ʥʘʩʦʩʥʽ ʫʩʪʘʥʦʚʢʠ 

ʤʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʙʽʣʴʰʝ 80%. ʇʨʠ ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʦʜʠ ʚʪʨʘʪʠ ʥʘ ʾʾ 

ʤʽʥʽʤʘʣʴʥʽ. ʊʦʤʫ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥ ʢʽʣʦʛʨʘʤ ʚʽʜʦʢʨʝʤʣʝʥʦʾ ʭʚʦʾ  ̒ ʥʠʞʯʠʤʠ, ʥʽʞ ʧʨʠ 

ʤʝʭʘʥʽʯʥʦʤʫ ʘʙʦ ʧʥʝʚʤʦʪʝʨʤʽʯʥʦʤʫ ʩʧʦʩʦʙʘʭ. ɼʦ ʪʦʛʦ ʞ, ʫʩʪʘʥʦʚʢʘ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʘ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ. 

ʎʝ ʜʝʰʝʚʰʝ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʥʽʞ ʚʘʢʫʫʤʥʦ-ʩʫʰʠʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʯʠ ʢʨʽʦʛʝʥʥʘ ʩʠʩʪʝʤʘ. ɺʦʜʘ ʷʢ ʨʦʙʦʯʝ 

ʩʝʨʝʜʦʚʠʱʝ ʙʝʟʧʝʯʥʘ, ʥʝʪʦʢʩʠʯʥʘ, ʥʝʜʦʨʦʛʘ ʽ ʣʝʛʢʦʜʦʩʪʫʧʥʘ. ɿʘ ʫʤʦʚʠ ʬʽʣʴʪʨʘʮʽʾ ʩʠʩʪʝʤʘ ʧʦʪʨʝʙʫʻ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʾ ʾʾ ʢʽʣʴʢʦʩʪʽ ʚ ʟʘʤʢʥʝʥʦʤʫ ʮʠʢʣʽ. 

ɺʦʜʥʦʯʘʩ, ʻ ʽ ʤʦʞʣʠʚʽ ʦʙʤʝʞʝʥʥʷ ʤʝʪʦʜʫ. ʈʦʙʦʪʘ ʟ ʚʦʜʦʶ ʦʟʥʘʯʘʻ, ʱʦ ʦʪʨʠʤʘʥʘ ʭʚʦʷ ʙʫʜʝ 

ʚʦʣʦʛʦʶ ï ʾʾ ʧʦʪʨʽʙʥʦ ʘʙʦ ʥʝʛʘʡʥʦ ʧʝʨʝʨʦʙʣʷʪʠ (ʥʘʧʨʠʢʣʘʜ, ʥʘ ʝʢʩʪʨʘʢʪ ʯʠ ʝʬʽʨʥʫ ʦʣʽʾ), ʘʙʦ ʩʫʰʠʪʠ 

ʧʝʨʝʜ ʟʙʝʨʽʛʘʥʥʷʤ ʯʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʣʦʢʥʘ. ʎʝ ʜʦʜʘʻ ʩʪʘʜʽʶ ʩʫʰʽʥʥʷ, ʘʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʧʥʝʚʤʦʪʝʨʤʽʯʥʦʛʦ ʤʝʪʦʜʫ, ʩʫʰʠʪʠ ʜʦʚʝʜʝʪʴʩʷ ʚʞʝ ʚʽʜʦʢʨʝʤʣʝʥʫ ʭʚʦʶ, ʷʢʫ ʣʝʛʰʝ ʽ ʨʽʚʥʦʤʽʨʥʽʰʝ 

ʚʠʩʫʰʠʪʠ ʚ ʩʫʰʘʨʮʽ, ʥʽʞ ʥʘ ʛʽʣʢʘʭ. ʑʝ ʦʜʠʥ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʨʦʙʦʪʘ ʟʘ ʚʽʜôʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʣʠ 

ʚʦʜʘ ʚ ʩʠʩʪʝʤʽ ʤʦʞʝ ʟʘʤʝʨʟʘʪʠ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʚ ʟʠʤʦʚʠʭ ʫʤʦʚʘʭ 

ʥʘ ʣʽʩʦʩʽʮʽ.  

 

ˏ˕˞˚˛ˏ˗˕ 
ʋ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ ʩʦʩʥʠ ʟʚʠʯʘʡʥʦʾ ʚʽʜ ʛʽʣʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʨʫʤʝʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʢʦʤʧʣʝʢʩʥʦʾ ʧʝʨʝʨʦʙʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʧʦʻʜʥʫʻ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʤʝʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʽʣʦʢ, ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ ʪʘ ʾʾ ʟʙʦʨʫ. ʂʦʥʩʪʨʫʢʮʽʷ ʻ ʧʨʠʜʘʪʥʦʶ ʷʢ ʜʣʷ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ, ʪʘʢ ʽ ʜʣʷ ʤʦʙʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʜʦ ʨʽʟʥʠʭ 

ʫʤʦʚ ʣʽʩʦʟʘʛʦʪʽʚʣʽ. 

ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚôʷʟʦʢ ʤʽʞ ʢʣʶʯʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ ï

ʪʠʩʢʦʤ, ʚʠʪʨʘʪʦʶ ʚʦʜʠ, ʰʚʠʜʢʽʩʪʶ ʩʪʨʫʤʝʥʷ, ʜʽʘʤʝʪʨʦʤ ʩʦʧʝʣ ʪʘ ʚʽʜʩʪʘʥʥʶ ʜʦ ʟʦʥʠ ʢʦʥʪʘʢʪʫ ʟ 

ʛʽʣʢʘʤʠ. ʆʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʭʚʦʾ ʙʝʟ ʾʾ ʤʝʭʘʥʽʯʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ. ʎʝ 

ʜʘʻ ʟʤʦʛʫ ʛʥʫʯʢʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʨʦʙʦʪʫ ʫʩʪʘʥʦʚʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɻʽʜʨʦʩʪʨʫʤʠʥʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʨʷʜ ʚʘʞʣʠʚʠʭ ʧʝʨʝʚʘʛ ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ: ʚʠʩʦʢʫ 

ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ, ʤʦʞʣʠʚʽʩʪʴ ʦʯʠʱʝʥʥʷ ʭʚʦʾ ʧʽʜ ʯʘʩ ʚʽʜʦʢʨʝʤʣʝʥʥʷ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʧʨʦʩʪʦʪʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʦʙʤʝʞʝʥʦʶ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʘ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʭʚʦʾ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʩʪʨʫʢʪʫʨʽ 

ʙʝʟʚʽʜʭʦʜʥʦʾ ʧʝʨʝʨʦʙʢʠ ʭʚʦʡʥʦʾ ʙʽʦʤʘʩʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʣʽʩʦʟʘʛʦʪʽʚʝʣʴ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʫʯʘʩʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʧʽʜʭʦʜʘʤ ʫ ʣʽʩʦʚʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. 
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ABSTRACT 
 

A detailed analysis of the process of transforming straw stalks into 

trusts was carried out, taking into account natural factors during 

the period of harvesting oilseed flax. An attempt to resume cotton 

cultivation in the territories of the Southern regions as the main 

raw material for the production of smokeless gunpowder indicates 

the need for research with other fiber-rich agricultural crops. 

These include oil flax, which in the conditions of climate change is 

ideal for growing in Western Polesie both for seeds and within 10 

c/ha of short unoriented fiber. The quality of the fiber largely 

depends on the condition of the stalk, harvesting technology, 

natural and climatic conditions and the conditions of aging of the 

stalks on the flax field. It is also important to take into account the 

availability of technical support to create conditions for the 

transformation of stalks into trust. It has been established that the 

effective process of transforming oil flax stalks into trust depends 

on the presence of moisture and positive temperatures. Therefore, 

it is necessary to explore different options for harvesting 

technologies and, in the absence of atmospheric moisture in 

conditions of global warming, to ensure its movement from the 

soil by cutting the stems at a height of 30-50 mm. For this 

purpose, an improved separate harvesting technology is proposed, 

when the stems in the early yellow ripeness phase are cut with a 

rotary mower. After separating the seeds, it is important to 

consider the condition of the stalks. If the swaths are threshed 

with a combine harvester, then the stalks are partially destroyed 

and fiber loss is possible. When using other technical means such 

as a picker-thresher, the integrity of the stalks is preserved. 

Accordingly, the loss of both seeds and fiber will be minimal. 

Thermophysical processes when placing whole stems in rolls 

placed in a longitudinal plane on the soil surface are 

substantiated. Rational density parameters of such rolls are 

established as the basis of the accelerated process of converting 

oil flax stems into trust. 
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ˍ˚˛˟ˍˣ˴ˬ 
 

ʇʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʝʙʝʣ 

ʩʦʣʦʤʠ ʫ ʪʨʝʩʪʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʯʠʥʥʠʢʽʚ ʫ ʧʝʨʽʦʜ 

ʟʙʠʨʘʥʥʷ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ. ʉʧʨʦʙʘ ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʨʦʱʫʚʘʥʥʷ 

ʙʘʚʦʚʥʠ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʇʽʚʜʝʥʥʠʭ ʦʙʣʘʩʪʝʡ, ʷʢ ʦʩʥʦʚʥʦʾ 

ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʟʜʠʤʥʦʛʦ ʧʦʨʦʭʫ ʚʢʘʟʫʻ ʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟ ʽʥʰʠʤʠ 

ʣʫʙʦʚʦʣʦʢʥʠʩʪʠʤʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʢʫʣʴʪʫʨʘʤʠ. ɼʦ 

ʪʘʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʣʴʦʥ ʦʣʽʡʥʠʡ, ʷʢʠʡ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʢʣʽʤʘʪʫ 

ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʫ ɿʘʭʽʜʥʦʤʫ ʇʦʣʽʩʩʽ ʷʢ 

ʥʘ ʥʘʩʽʥʥʷ, ʪʘʢ ʽ ʫ ʤʝʞʘʭ 10 ʮ/ʛʘ ʢʦʨʦʪʢʦʛʦ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʚʦʣʦʢʥʘ. ʗʢʽʩʪʴ ʚʦʣʦʢʥʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ 

ʩʪʝʙʣʦʩʪʦʶ, ʪʝʭʥʦʣʦʛʽʾ ʟʙʠʨʘʥʥʷ, ʧʨʠʨʦʜʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ 

ʪʘ ʫʤʦʚ ʚʠʣʝʞʫʚʘʥʥʷ ʩʪʝʙʝʣ ʥʘ ʣʴʦʥʠʱʽ. ɺʘʞʣʠʚʦ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʷʚʥʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʝʙʝʣ ʫ ʪʨʝʩʪʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʝʙʝʣ 

ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ ʫ ʪʨʝʩʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʚʦʣʦʛʠ ʪʘ 

ʧʣʶʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʦʤʫ, ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʨʽʟʥʽ 

ʚʘʨʽʘʥʪʠ ʪʝʭʥʦʣʦʛʽʡ ʟʙʠʨʘʥʥʷ ʘ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʾ 

ʚʦʣʦʛʠ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ, ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʟ ˇʨʫʥʪʫ ʟʘ ʨʘʭʫʥʦʢ ʟʨʽʟʘʥʥʷ ʩʪʝʙʣʦʩʪʦʶ ʥʘ 

ʚʠʩʦʪʽ 30-50 ʤʤ. ɼʣʷ ʮʴʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʝʥʫ 

ʨʦʟʜʽʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ ʟʙʠʨʘʥʥʷ, ʢʦʣʠ ʩʪʝʙʣʦʩʪʽʡ ʫ ʬʘʟʽ 

ʨʘʥʥʴʦ-ʞʦʚʪʦʾ ʩʪʠʛʣʦʩʪʽ ʟʨʽʟʫʶʪʴ ʨʦʪʦʨʥʦʶ ʢʦʩʘʨʢʦʶ. 

ʇʽʩʣʷ ʚʽʜʜʽʣʝʥʥʷ ʥʘʩʽʥʥʷ, ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʪʘʥ ʩʪʝʙʝʣ. 

ʗʢʱʦ ʚʘʣʢʠ ʦʙʤʦʣʦʯʫʚʘʪʠ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʤ ʢʦʤʙʘʡʥʦʤ, ʪʦʜʽ 

ʩʪʝʙʣʘ ʯʘʩʪʢʦʚʦ ʨʫʡʥʫʶʪʴʩʷ ʪʘ ʤʦʞʣʠʚʘ ʚʪʨʘʪʘ ʚʦʣʦʢʥʘ. 

ʇʨʠ ʟʘʩʪʦʩʦʚʫʚʘʥʥʽ ʽʥʰʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʪʠʧʫ ʧʽʜʙʠʨʘʯ ï 

ʤʦʣʦʪʘʨʢʘ, ʮʽʣʽʩʥʽʩʪʴ ʩʪʝʙʝʣ ʟʙʝʨʽʛʘʻʪʴʩʷ. ɺʽʜʧʦʚʽʜʥʦ 

ʚʪʨʘʪʠ ʷʢ ʥʘʩʽʥʥʷ, ʪʘʢ ʽ ʚʦʣʦʢʥʘ ʙʫʜʫʪʴ ʤʽʥʽʤʘʣʴʥʠʤʠ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ʮʽʣʠʭ 

ʩʪʝʙʝʣ ʫ ʚʘʣʢʘʭ, ʨʦʟʤʽʱʝʥʠʭ ʫ ʧʦʟʜʦʚʞʥʽʡ ʧʣʦʱʠʥʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ. ɺʩʪʘʥʦʚʣʝʥʽ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

ʱʽʣʴʥʦʩʪʽ ʪʘʢʠʭ ʚʘʣʢʽʚ, ʷʢ ʦʩʥʦʚʠ ʧʨʠʩʢʦʨʝʥʦʛʦ ʧʨʦʮʝʩʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʝʙʝʣ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ ʫ ʪʨʝʩʪʫ. 
 

 

DOI: 10.36910/acm.vi51.1885 ʎʠʪʫʚʘʪʠ ʮʶ ʩʪʘʪʪʶ: 

ɼʽʜʫʭ, ɺ.ʌ., &  ʑʫʨ, ʊ.ɻ. (2025). ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʧʨʦʮʝʩʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʝʙʝʣ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ ʫ ʪʨʝʩʪʫ. 

ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʤʘʰʠʥʠ, 51, 73-82. 
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˞˟ˍ˚ ˜˕˟ˍ˚˚ˬ ˟ˍ ˜˛˞˟ˍ˚˛ˏ˗ˍ ˜˝˛ˎ˘˒˙˕ 

ʇʦʰʫʢ ʰʣʷʭʽʚ ʦʪʨʠʤʘʥʥʷ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʟʜʠʤʥʦʛʦ ʧʦʨʦʭʫ ʫ ʚʠʛʣʷʜʽ ʥʘʪʫʨʘʣʴʥʦʛʦ 

ʚʦʣʦʢʥʘ ʧʨʠʟʚʽʚ ʜʦ ʘʢʪʠʚʽʟʘʮʽʾ ʩʧʨʦʙ ʨʦʟʧʦʯʘʪʠ ʚʠʨʦʱʫʚʘʥʥʷ ʙʘʚʦʚʥʠʢʫ ʥʘ ʇʽʚʜʥʽ ʜʝʨʞʘʚʠ 

(Agroportal, 2025; Kurkul, 2025). ɺʠʩʥʦʚʢʠ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʾʾ ʚʠʨʦʱʫʚʘʥʥʷ ʤʦʞʥʘ ʙʫʜʝ ʟʨʦʙʠʪʠ 

ʥʝ ʨʘʥʽʰʝ, ʥʽʞ ʯʝʨʝʟ ʧôʷʪʴ ʨʦʢʽʚ. ɸʜʞʝ, ʟʤʽʥʘ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʧʨʠʟʚʝʣʘ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʥʘ 

ʷʢʠʭ ʚʠʨʦʱʫʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʙʝʟ ʧʦʣʠʚʫ, ʻ ʥʝʤʦʞʣʠʚʠʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ, 

ʙʘʚʦʚʥʠʢʫ.  

ʆʨʽʻʥʪʫʚʘʥʥʷ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʣʠʰʝ ʥʘ ʟʝʨʥʦʚʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʦʜʘʣʴʰʦʾ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ (ʘʥʘʣʽʪʠʯʥʘ ʟʘʧ. ʢʦʣ. ʘʚʪ., 2018; ɻʘʚʨʠʣʶʢ ɺ.ɸ ʪʘ ʽʥ., 2021). ʉʝʨʝʜ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʟʘʭʦʜʽʚ, ʜʣʷ ʟʥʠʞʝʥʥʷ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʦʢʨʝʤʠʭ ʪʝʨʠʪʦʨʽʷʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʚʝʜʝʥʥʷ 

ʫ ʩʽʚʦʟʤʽʥʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʩʪʘʙʽʣʽʟʘʮʽʾ ʙʽʦʝʢʦʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʫ 

ʨʦʜʶʯʦʤʫ ʰʘʨ̔. ɼʦ ʪʘʢʠʭ ʚʽʜʥʦʩʷʪʴ ʣʴʦʥ ʦʣʽʡʥʠʡ ʽʟ ʟʥʘʯʥʠʤ ʧʨʦʜʫʢʪʠʚʥʠʤ ʨʝʟʝʨʚʦʤ ʫ ʚʠʛʣʷʜʽ 

ʩʪʝʙʣʦʚʦʾ ʯʘʩʪʠʥʠ ʚʨʦʞʘʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʨʦʪʢʦʛʦ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʚʦʣʦʢʥʘ (ʈʫʜʽʢ ʅ., 2020; 

ʇʘʧʨʦʮʴʢʠʡ ʈ., 2021; Yaheliuk S et al., 2020). ʊʘʢʝ ʚʦʣʦʢʥʦ ʧʦʪʨʝʙʫʶʪʴ ʨʽʟʥʽ ʛʘʣʫʟʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʚʽʡʩʴʢʦʚʘ, ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʙʝʟʜʠʤʥʦʛʦ ʧʦʨʦʭʫ. ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʥʘʷʚʥʝ ʫ ʩʪʝʙʣʘʭ ʚʦʣʦʢʥʦ ʫ ʜʝʷʢʽʡ 

ʤʽʨʽ ʛʘʣʴʤʫʻ ʧʦʰʠʨʝʥʥʷ ʧʦʩʽʚʽʚ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ, ʯʝʨʝʟ ʧʨʦʙʣʝʤʠ ʫ ʧʨʦʮʝʩʘʭ ʟʙʠʨʘʥʥʷ ʧʨʷʤʠʤ 

ʢʦʤʙʘʡʥʫʚʘʥʥʷʤ ʽ ʧʦʜʘʣʴʰʦʶ ʫʪʠʣʽʟʘʮʽʻʶ ʟʘʣʠʰʢʽʚ ʦʙʤʦʣʦʪʫ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʨʦʱʫʚʘʥʥʷ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʡʦʛʦ ʟʙʠʨʘʥʥʷ ʪʘ 

ʥʘʧʨʷʤʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʝʙʣʦʚʦʾ ʤʘʩʠ (ʗʛʝʣʶʢ ʉ., ɼʽʜʫʭ ɺ., 2020; ʐʫʚʘʨ ɸ., ɺʦʡʪʦʚʠʯ. ʆ., 2012).  

ɼʣʷ ʦʪʨʠʤʘʥʥʽ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʚʦʣʦʢʥʘ ʟ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ, ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʩʪʝʙʝʣ ʣʴʦʥʫ ï ʜʦʚʛʫʥʮʷ, ʾʭ 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʫ ʪʨʝʩʪʫ. ɻʣʠʙʦʢʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʘʥʦʛʦ ʷʚʠʱʘ, ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. ɿʤʽʥʘ ʢʣʽʤʘʪʫ 

(Wilson L. et al., 2021) ʯʝʨʝʟ ʥʝʩʪʘʯʫ ʚʦʣʦʛʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪ ʚʨʦʞʘʶ ʙʽʣʴʰʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ʅʝʩʪʘʯʘ ʚʦʣʦʛʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʽ ʥʘ ʣʴʦʥ ʦʣʽʡʥʠʡ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ 

ʪʝ, ʱʦ ʡʦʛʦ ʚʽʜʥʦʩʷʪʴ ʜʦ ʧʦʩʫʭʦʩʪʽʡʢʠʭ ʢʫʣʴʪʫʨ. ʊʦʤʫ, ʧʣʦʱʽ ʧʦʩʽʚʽʚ ʫ ʜʝʨʞʘʚʽ ʧʦʩʪʽʡʥʦ 

ʢʦʣʠʚʘʶʪʴʩʷ. ɰʭ ʟʙʽʣʴʰʝʥʥʷ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʇʽʚʥʽʯʥʠʭ ʨʝʛʽʦʥʽʚ (Arias P. et al., 2021). ʅʘ ʜʘʥʠʭ 

ʪʝʨʠʪʦʨʽʷʭ ʥʝʦʙʭʽʜʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʨʦʟʜʽʣʴʥʫ ʫʜʦʩʢʦʥʘʣʝʥʫ ʪʝʭʥʦʣʦʛʽʶ ʟʙʠʨʘʥʥʷ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʦʪʨʠʤʘʥʥʷ ʦʢʨʽʤ ʥʘʩʽʥʥʷ ʢʦʨʦʪʢʦʛʦ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʚʦʣʦʢʥʘ. 

ʊʝʧʣʦʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʤʽʥʠ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʫ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ 

(ʌʝʜʦʨʦʚ ɺ. ʪʘ ʽʥ., 2014; ʆʙʝʨʪʶʭ ʈ., 2010). ɼʦ ʦʩʥʦʚʥʠʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʥʦʩʷʪʴ - 

ʪʝʧʣʦʻʤʥʽʩʪʴ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʽ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ. ɿʥʘʯʝʥʥʷ ʜʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʽ ʚʦʣʦʛʽʩʪʶ, ʯʘʩʫ ʾʭ ʚʧʣʠʚʫ ʥʘ ʦʙʨʦʙʣʶʚʘʥʠʡ ʦʙôʻʢʪ.  

ʇʝʨʝʪʚʦʨʝʥʥʷ ʩʪʝʙʝʣ ʩʦʣʦʤʠ ʫ ʪʨʝʩʪʫ ʧʦʚôʷʟʘʥʦ ʟ ʷʚʠʱʝʤ ʧʝʨʝʥʝʩʝʥʥʷʤ ʪʝʧʣʘ ʽ ʤʘʩʠ ʚ ʩʠʩʪʝʤʽ: 

ˇʨʫʥʪ ï ʩʪʝʙʣʘ ʫ ʚʘʣʢʘʭ ï ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʇʨʠ ʮʴʦʤʫ ˇʨʫʥʪ ʽ ʩʪʝʙʣʘ ʻ ʢʘʧʽʣʷʨʥʦ - ʧʦʨʠʩʪʠʤʠ 

ʪʽʣʘʤʠ, ʜʣʷ ʷʢʠʭ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʘ ʽ ʤʘʩʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʠʮʝʶ ʧʦʪʝʥʮʽʘʣʽʚ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʜʘʥʦʾ 

ʩʠʩʪʝʤʠ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʨʫʭ ʚʦʣʦʛʠ ʫ ˇʨʫʥʪʽ ʮʝ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʚʢʣʶʯʘʻ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʜʠ ʫ ʨʽʟʥʠʭ ʬʦʨʤʘʭ (ʨʽʜʢʽʡ, ʛʘʟʦʧʦʜʽʙʥʽʡ, ʟʚôʷʟʥʽʡ) ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʦʜʠʥ 

ʟ ʷʢʠʭ ʥʘʷʚʥʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʨʦʩʣʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʆʙʝʨʪʶʭ ʈ., 2010). 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʪʚʝʨʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʪʦʛʦ, ʱʦ ʚʠʩʪʫʧʘʻ ʧʦʪʝʥʮʽʘʣʦʤ ʚʦʣʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʫ ˇʨʫʥʪʽ. 

ʅʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʚʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʨʫʭ ʨʽʜʠʥʠ ʤʽʞ ʜʚʦʤʘ 

ʪʦʯʢʘʤʠ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʩʢʣʘʜʦʚʠʭ ʪʠʩʢʽʚ, ʷʢ ʚʥʫʪʨʽʰʥʽʭ, ʪʘʢ ʽ ʟʦʚʥʽʰʥʽʭ. ɼʣʷ ʦʮʽʥʢʠ ʧʝʨʝʜʘʯʽ 

ˇʨʫʥʪʦʚʦʾ ʚʦʣʦʛʠ ʜʦ ʩʪʝʙʝʣ ʫ ʚʘʣʢʘʭ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʴ ʧʦʪʝʥʮʽʘʣʦʤ ʧʝʨʝʥʝʩʝʥʥʷ ʚʦʣʦʛʠ ʘʥʘʣʦʛʽʯʥʦ 

ʪʝʧʣʦʚʦʤʫ ʧʦʪʝʥʮʽʘʣʫ (ɼʽʜʫʨ ɺ., ʉʪʨʫʯʘʻʚ ʄ, 2008). ʊʦʜʽ, ʫ ʩʪʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ, ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʚʦʣʦʛʠ ʫ ʪʽʣʽ ʘʙʦ ʩʠʩʪʝʤʽ ʪʽʣ. ɿʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ 

ʚʦʣʦʛʠ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ˇʨʫʥʪ ï ʩʪʝʙʣʘ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ ʫ ʚʘʣʢʫ ʧʨʠʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʚʦʣʦʛʘ ʙʫʜʝ 

ʨʦʟʧʦʜʽʣʷʪʴʩʷ ʧʦ ʚʩʴʦʤʫ ʦʙôʻʤʫ ʚʘʣʢʘ. ʇʨʠ ʮʴʦʤʫ ʧʦʪʝʥʮʽʘʣʦʤ ʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ ʚʠʩʪʫʧʘʻ ʜʝʷʢʘ 

ʬʫʥʢʮʽʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʽ ʟʦʚʥʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ. ɺʽʜʦʤʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʚʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʽ 

ʪʝʧʣʦʚʤʽʩʪʫ (ʝʥʪʘʣʴʧʽʾ) ʧʦʷʩʥʶʶʪʴ ʷʚʠʱʝ ʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʢʦʥʪʘʢʪʫʶʯʠʭ  

 

ʤʽʞ ʩʦʙʦʶ ʜʚʦʭ ʪʽʣ. ʆʪʞʝ, ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʧʨʦʮʝʩʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʝʙʝʣ ʣʴʦʥʫ 

ʦʣʽʡʥʦʛʦ ʫ ʪʨʝʩʪʫ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʾʭ ʢʦʨʠʛʫʚʘʪʠ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʚʦʣʦʢʥʘ, ʻ 

ʘʢʪʫʘʣʴʥʠʤʠ. 
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˙̆̓́ ̨̠̅̏̒̌̅̇̆̎̎ ï ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʪʨʝʩʪʠ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʘʥʘʣʽʟʫ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʣʦʛʠ ʧʨʠ ʢʦʥʪʘʢʪʽ ʜʚʦʭ ʪʽʣ ʫ ʩʠʩʪʝʤʽ ˇʨʫʥʪ ï ʩʪʝʙʣʘ ï ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

 

˙ˍ˟˒˝˴ˍ˘˕ ˴ ˙˒˟˛ˑ˕ 
ʇʨʦʮʝʩ ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʣʦʛʠ ʟ ˇʨʫʥʪʫ ʜʦ ʩʪʝʙʝʣ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ, ʷʢʽ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʤʽʱʝʥʥʽ ʚʜʦʚʞ 

ʚʘʣʢʘ, ʤʦʞʣʠʚʝ ʟʘ ʤʽʥʽʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʠʤʠ. ɼʘʥʝ ʷʚʠʱʝ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʨʽʟʘʥʥʷ 

ʩʪʝʙʣʦʩʪʦʶ ʨʦʪʦʨʥʦʶ ʢʦʩʘʨʢʦʶ ʥʘ ʤʽʥʽʤʘʣʴʥʽʡ ʚʠʩʦʪʽ 30-50 ʤʤ (Didukh V et al., 2024; ɹʘʜʘʢ ʄ., ɼʽʜʫʭ 

ɺ., 2025), (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1 ï ɺʘʣʢʠ ʫʪʚʦʨʝʥʥʽ ʨʦʪʦʨʥʦʶ ʢʦʩʘʨʢʦʶ ʧʨʠ ʟʨʽʟʘʥʥʽ ʩʪʝʙʣʦʩʪʦʶ ʥʘ ʚʠʩʦʪʽ 30-50 ʤʤ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʢʦʨʦʪʢʦʛʦ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʚʦʣʦʢʥʘ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʽ 

ʩʪʝʙʝʣ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʦʨʪʠ ʃʽʨʠʥʘ ʪʘ ɸʪʘʥʪ ʩʝʟʦʥʫ 2024 ʨʦʢʫ.  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ ʚʦʣʦʛʦʧʝʨʝʤʽʱʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʝʣʽ ʟʤʽʥʠ ʚʘʣʢʽʚ (ʨʠʩ. 2) ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʪʨʘʪʠ ʚʦʣʦʛʦʩʪʽ ʩʪʝʙʝʣ ʫ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʯʝʨʝʟ ʢʦʞʥʽ 10 ʜʥʽʚ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ʫ ʚʽʜʩʦʪʢʘʭ (ʚʦʣʦʛʦʚʤʽʩʪʫ ʢʛ/ʢʛ ʩ. ʨ.), ʚʽʜʙʠʨʘʣʠ ʟʨʘʟʢʠ ʩʪʝʙʝʣ, ʷʢʽ ʜʦʩʫʰʫʚʘʣʠ ʜʦ 

ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ʟʥʘʯʝʥʥʷ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ  

 

ʟʥʘʯʝʥʥʷʤʠ ʙʫʜʫʚʘʣʠ ʢʨʠʚʽ ʩʫʰʽʥʥʷ. ʊʘʢʦʞ, ʫ ʤʽʩʮʷʭ ʚʽʜʙʦʨʫ ʟʨʘʟʢʽʚ ʩʪʝʙʝʣ ʚʽʜʙʠʨʘʣʠ ʧʨʦʙʠ ˇʨʫʥʪʫ ʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʛʣʠʙʠʥʦʶ 50 ʤʤ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʡʦʛʦ ʚʦʣʦʛʦʚʤʽʩʪʫ. 
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ʈʠʩ. 2 ï ʄʦʜʝʣʽ ʚʘʣʢʽʚ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʝʙʝʣ ʫ ʪʨʝʩʪʫ: ʘ ï ʩʚʽʞʦʟʨʽʟʘʥʠʡ ʩʪʝʙʣʦʩʪʽʡ; ʙ ï 

ʧʽʩʣʷ 10-ʜʝʥʥʦʛʦ ʚʠʣʝʞʫʚʘʥʥʷ; ʚ ï ʧʽʩʣʷ ʨʦʟʧʫʰʫʚʘʥʥʷ ʜʦ ʱʽʣʴʥʦʩʪʽ 90-100ʢʛ/ʤ3 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʦʦʙʤʽʥʥʦʛʦ ʛʨʘʜʫʩʘ 0ʄ ʚʘʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ ʫʤʦʚʠ ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʣʦʛʠ ʜʦ 

ʧʦʚʝʨʭʥʽ. ʊʘʢʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ. ɺʘʞʣʠʚʦ, ʱʦ ʧʦʚʝʨʭʥʝʚʠʡ 

ʥʘʪʷʛ ʚʦʜʠ, ʜʦʟʚʦʣʷʻ ʾʾ ʫʪʨʠʤʫʚʘʪʠʩʷ ʫ ʧʣʦʱʠʥʽ ʢʦʥʪʘʢʪʫ ʟ ʚʘʣʢʘʤʠ. ʗʢ ʚʽʜʦʤʦ, ʚʦʜʘ ʤʦʞʝ 

ʧʝʨʝʭʦʜʠʪʠ ʟ ʛʨʫʥʪʫ ʚ ʘʪʤʦʩʬʝʨʫ ʣʠʰʝ ʫ ʚʠʛʣʷʜʽ ʧʘʨʠ. ʎʴʦʤʫ ʩʧʨʠʷʶʪʴ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽ 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʤʝʞʘʭ 200ʉ ʫ ʧʝʨʽʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʝʙʝʣ 

ʩʦʣʦʤʠ ʣʴʦʥʫ ʫ ʪʨʝʩʪʫ. ʂʘʧʽʣʷʨʥʫ ʧʦʨʠʩʪʽʩʪʴ Ўʧ ʫ % ʚʽʜ ʦʙʻʤʫ ʛ/ʩʤ3 ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

,                                                                     (1) 

 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʦʦʙʤʽʥʥʦʛʦ ʛʨʘʜʫʩʘ 0ʄ ʧʦʚʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʦʪʝʥʮʽʘʣʦʤ ʧʝʨʝʥʝʩʝʥʥʷ 

ʧʘʨʦʧʦʜʽʙʥʦʾ ʚʦʣʦʛʠ ʫ ʚʦʣʦʛʦʤʫ ʧʦʚʽʪʨʽ ʻ ʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʷʢʠʡ ʷʚʣʷʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʘʨʠ. ʇʨʠ ʮʴʦʤʫ, ʚ ʦʙʣʘʩʪʽ ʛʽʛʨʦʩʢʦʧʽʯʥʦʛʦ ʩʪʘʥʫ ʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʤʦʞʥʘ 

ʪʘʢʦʞ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʚʦʣʦʛʦʚʤʽʩʪ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʪʽʣʘ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʫ ʦʙʣʘʩʪʽ ʚʦʣʦʛʦ ʩʪʘʥʫ ʪʽʣʘ, 

ʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʦʪʝʥʮʽʘʣʦʤ ʧʝʨʝʥʝʩʝʥʥʷ, ʪʘʢ ʷʢ ʚʽʥ ʻ ʚʝʣʠʯʠʥʦʶ ʧʦʩʪʽʡʥʦʶ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʜʘʥʠʡ ʧʽʜʭʽʜ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʧʦʪʝʥʮʽʘʣʫ ʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ  

 

ʚʦʣʦʛʠ ʚʽʜ ʛʨʫʥʪʫ ʜʦ ʩʪʝʙʝʣ ʫ ʚʘʣʢʘʭ ʻ ʚʝʣʠʯʠʥʘ Ū (u, T). ʊʦʙʪʦ, ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʤʽʝʥʥʷ ʚʦʣʦʛʠ ʧʦ ʢʘʧʽʣʷʨʘʭ ʫ ʛʨʫʥʪʽ ʜʦ ʧʦʚʝʨʥʽ ʥʘ ʷʢʽʡ ʨʦʟʤʽʱʝʥʥʽ ʚʘʣʢʠ. 

 

˝˒˔ˠ˘˩˟ˍ˟˕ ˑ˛˞˘˴ˑ˓˒˚˚ˬ  
˟  ̨̱ ˎː˛ˏ˛˝˒˚˚ˬ 

ʇʦʪʝʥʮʽʘʣ ʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʚʦʣʦʛʦʻʤʥʦʩʪʽ ʻ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ 

ʚʦʣʦʛʦʚʤʽʩʪʫ ʤʘʪʝʨʽʘʣʫ. ʈʦʟʤʽʨʥʽʩʪʴ ʧʠʪʦʤʦʾ ʚʦʣʦʛʦʻʤʢʦʩʪʽ ï ʢʛ/ʢʛ 0ʄ, ʜʝ 0ʄ ï ʤʘʩʩʦʦʙʤʽʥʥʠʡ 

(ʚʦʣʦʛʦʦʙʤʽʥʥʠʡ) ʛʨʘʜʫʩ. ʊʦʤʫ, ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʦʣʦʛʦʦʙʤʽʥʥʦʛʦ 

ʛʨʘʜʫʩʘ Ū ʤʘʻ ʚʠʛʣʷʜ: 

 

,                                                                          (2) 

 

ʜʝ cm ï ʧʠʪʦʤʘ ʚʦʣʦʛʦʻʤʥʽʩʪʴ ʪʽʣʘ. ʢʛ/ʢʛ ʩ.ʨ. 

 

ʐʢʘʣʘ ʧʦʪʝʥʮʽʘʣʫ ʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ ʘʥʘʣʦʛʽʯʥʘ ʰʢʘʣʘʤ ʎʝʣʴʩʽʷ ʚ ʦʙʣʘʩʪʽ ʧʦʟʠʪʠʚʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʊʦʤʫ, ʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ ʚʽʜ ʦʜʥʦʛʦ ʪʽʣʘ ʜʘ ʽʥʰʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʣʠ ʻ ʨʽʟʥʠʮʷ 
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ʧʦʪʝʥʮʽʘʣʽʚ. ʋ ʚʠʧʘʜʢʫ ʢʦʥʪʘʢʪʫ ʜʚʦʭ ʪʽʣ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ, ʥʘʩʪʫʧʘʻ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ (Ū1 = 

Ū2). 

ɯʟ ʬʦʨʤʫʣʠ (2) ʚʠʭʦʜʠʪʴ, ʱʦ ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ: 

 

,                                                                         (3) 

 

ʪʦʙʪʦ ʚʽʜʥʦʰʝʥʥʷ ʧʠʪʦʤʠʭ ʚʦʣʦʛʦʤʽʩʢʦʩʪʝʡ ʧʨʦʧʦʨʮʽʡʥʦ ʾʭ ʚʦʣʦʛʦʻʤʢʦʩʪʷʤ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʽʩʣʷ 

ʦʪʨʠʤʘʥʥʷ ʪʽʣʦʤ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʣʦʛʠ, ʚʦʥʘ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʠʪʴʩʷ ʟʘ ʦʙôʻʤʦʤ ʪʽʣʘ. 

ʂʽʣʴʢʽʩʪʴ ʚʦʣʦʛʠ ȹʄʚ , ʷʢʘ ʧʝʨʝʤʽʩʪʠʪʴʩʷ ʚʽʜ ʦʜʥʦʛʦ ʪʽʣʘ ʜʦ ʽʥʰʦʛʦ, ʫ ʚʠʧʘʜʢʫ ʾʭ ʢʦʥʪʘʢʪʫ ʟ 

ʨʽʟʥʠʤʠ ʧʦʪʝʥʮʽʘʣʘʤʠ, ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

   ,é                                                .(4) 

 

ʜʝ Ū1 ʽ Ū2 ï ʧʦʪʝʥʮʽʘʣʠ ʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ ʜʦ ʧʦʯʘʪʢʫ ʚʦʣʦʛʦʦʙʤʽʥʫ ʽ ʧʦ ʡʦʛʦ ʟʘʚʝʨʰʝʥʥʶ; 

ʄ0 ï ʤʘʩʘ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ʪʽʣʘ 

ʗʢʱʦ ʧʠʪʦʤʫ ʚʦʣʦʻʤʥʽʩʪʴ ʧʝʨʝʤʥʦʞʠʪʠ  

 

ʥʘ ʤʘʩʫ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ʪʽʣʘ, ʪʦ ʦʪʨʠʤʘʻʤʦ ʚʦʣʦʛʦʻʤʥʽcʪʴ ʉm= cm  

 

,                                                      (5) 

 

ɼʣʷ ʮʴʦʛʦ, ʱʦʙ ʚʠʢʦʨʠʩʪʘʪʠ ʚʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʰʢʘʣʫ 

ʧʦʪʝʥʮʽʘʣʫ ʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ Ū. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʪʝʥʮʽʘʣʽʚ ʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ ʢʘʧʽʣʷʨʥʦ - 

ʧʦʨʠʩʪʠʭ ʪʽʣ ʟʘʣʝʞʥʦ ʚʽʜ ʚʦʣʦʛʦʚʤʽʩʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʧʘʧʽʨ ʫ ʷʢʦʩʪʽ ʝʪʘʣʦʥʥʦʛʦ 

ʪʽʣʘ, ʪʘʢ ʷʢ ʚʽʥ ʤʘʻ ʟʥʘʯʥʫ ʛʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ ʪʘ ʰʚʠʜʢʦ ʧʦʛʣʠʥʘʻ ʚʦʣʦʛʫ (ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʦʨʙʮʽʡʥʠʡ 

ʚʤʽʩʪ ʧʨʠ t = 250C ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 0,28 ʢʛ/ʢʛ).  

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʧʨʦʮʝʩʫ ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʣʦʛʠ ʜʚʦʭ ʪʽʣ (ʪʦʨʬʫ ʽ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʧʘʧʝʨʫ), 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 
 

ʈʠʩ.2 ï ɺʠʟʥʘʯʝʥʥʷ ʤʘʩʦʦʙʤʽʥʥʦʛʦ ʛʨʘʜʫʩʫ 0ʄ ʧʨʠ ʩʪʘʣʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

 

ɿ ʧʝʚʥʠʤʠ ʥʘʙʣʠʞʝʥʥʷʤʠ (ʥʘʷʚʥʽʩʪʴ ʫ ʩʪʝʙʣʘʭ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ ʜʦ 25% ʢʦʨʦʪʢʦʛʦ 

ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʚʦʣʦʢʥʘ, ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ ʙʣʠʟʴʢʦʾ ʜʦ ʩʪʨʫʢʪʫʨʠ ʪʦʨʬʫ ʟ ʚʦʣʦʛʦʚʤʽʩʪʦʤ Uʛʨ.= 2,1 

ʢʛ/ʢʛ), ʧʨʠ ʩʪʘʣʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 250ʉ, ʦʩʥʦʚʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʪʝʥʮʽʘʣʫ ʧʝʨʝʥʝʩʝʥʥʷ ʙʫʜʝ ʟʥʘʯʝʥʥʷ 

Ū=1800ʄ. 

ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʚ ʦʙʣʘʩʪʽ ʛʽʛʨʦʩʢʦʧʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʢʦʣʠʚʘʥʥʷ ʜʦʙʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʚʠʟʥʘʯʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʧʦʪʝʥʮʽʘʣ ʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ ʤʘʪʠʤʝ ʚʦʣʦʛʽʩʪʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ű. 

ʊʦʜʽ, ʧʦʪʝʥʮʽʘʣ ʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ Ū ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ű ʟʥʘʭʦʜʠʪʠʤʝʪʴʩʷ ʫ ʤʝʞʘʭ 0 < Ū < 100 
0ʄ. 
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ʇʨʠʚʝʜʝʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ, ʫ ʧʦʚʥʽʡ ʤʽʨʽ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʨʦʟʜʽʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʙʠʨʘʥʥʷ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ. ɿʨʽʟʘʥʥʷ ʩʪʝʙʣʦʩʪʦʶ ʥʘ 

ʚʠʩʦʪʽ 30 ï 50 ʤʤ, ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʪʘʢʪ ˇʨʫʥʪʫ ʟ ʩʪʝʙʣʘʤʠ ʫ ʚʘʣʢʘʭ, ʷʢ ʜʚʦʭ ʪʽʣ  

 

ʟ ʨʽʟʥʦʶ ʚʦʣʦʛʦʻʤʥʽʩʪʶ. ʉʪʝʙʣʦʩʪʽʡ ʟʨʽʟʫʶʪʴ ʫ ʬʘʟʽ ʨʘʥʥʴʦ ï ʞʦʚʪʦʾ ʩʪʠʛʣʦʩʪʽ, ʢʦʣʠ ʚʦʣʦʛʽʩʪʴ ʩʪʝʙʝʣ 

ʱʝ ʜʦʨʽʚʥʶʻ 50 - 55 % (ʨʠʩ. 3) ʽ ʚʠʟʨʽʻ 70 ʚʽʜʩʦʪʢʽʚ ʥʘʩʽʥʥʻʚʠʭ ʢʦʨʦʙʦʯʦʢ. ɺʠʩʦʢʘ ʚʦʣʦʛʽʩʪʴ ʥʝ ʩʧʨʠʷʻ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʚʠʟʨʽʚʘʥʥʶ ʢʦʨʦʙʦʯʦʢ ʯʝʨʝʟ ʽʥʪʝʥʩʠʚʥʝ ʾʭ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʪʘʢ ʷʢ ʢʦʨʝʥʝʚʘ ʩʠʩʪʝʤʘ 

ʩʪʝʙʝʣ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ ʧʨʦʥʠʢʘʻ ʫ ˇʨʫʥʪ ʥʝ ʤʝʥʰʝ 1ʤ. ʇʽʩʣʷ ʟʨʽʟʘʥʥʷ ʩʪʝʙʣʦʩʪʦʶ, ʚʞʝ ʯʝʨʝʟ 10 ʜʥʽʚ 

ʚʦʣʦʛʽʩʪʴ ʩʪʝʙʝʣ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ʫ Wʢ. å 15,0%, ʪʦʙʪʦ ʚʦʥʠ ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʚʘʞʘʶʪʴʩʷ ʩʫʭʠʤʠ. ɸʣʝ, ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʝʙʝʣ ʽ ʪʨʝʩʪʫ, 

ʚʠʟʥʘʯʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʚʦʣʦʛʽʩʪʴ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʧʝʢʪʠʥʦʨʫʡʥʽʚʥʠʤ 

ʙʘʢʪʝʨʽʷʤ. ɰʭ ʧʨʠʩʫʪʥʽʩʪʴ ʩʧʨʠʷʻ ʧʨʦʮʝʩʘʤ ʚʠʟʨʽʚʘʥʥʷ ʚʦʣʦʢʥʘ, ʥʘʙʫʪʪʷ ʚʠʩʦʢʠʭ ʷʢʦʩʪʝʡ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʧʦʜʘʣʴʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʤʽʥʠ ʚʦʣʦʛʦʩʪʽ ʩʪʝʙʝʣ ʫ ʧʨʦʮʝʩʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʭ ʫ ʪʨʝʩʪʫ ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ ʚʽʜʙʦʨʫ ʧʨʦʙ ʽ ʚʠʩʫʰʫʚʘʥʥʷ ʾʭ ʜʦ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ 

ʟʥʘʯʝʥʥʷ (ʪʘʙʣ. 1) ʟʛʽʜʥʦ ɼʉʊʋ 4138-2002. 

 

ʊʘʙʣʠʮʷ 1 - ɿʤʽʥʘ ʤʘʩʠ ʟʨʘʟʢʽʚ ʩʪʝʙʝʣ 

ɿʤʽʥʘ ʤʘʩʠ ʩʪʝʙʝʣ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ ʧʨʠ 

ʧʝʨʝʪʚʦʨʝʥʽ ʫ ʪʨʝʩʪʫ 

ʉʦʨʪ 

ɺʘʛʘ 

ʪʘʨʠ, 

ʛ 

ɺʘʛʘ 

ʟʨʘʟʢʘ, 

ʛ 

ɺʘʛʘ ʧʽʩʣʷ 

ʩʫʰʽʥʥʷ, ʛ 

20 ʭʚ. 40 ʭʚ. 

22.07.2024 

ʃʽʨʠʥʘ 19,2 22,32 20,66 20,64 

ɸʪʣʘʥʪ 19,2 21,98 20,46 20,45 

02.08.2024 

ʃʽʨʠʥʘ 19,2 22,44 20,70 20,68 

ɸʪʣʘʥʪ 19,2 22,26 20,83 20,83 

12.08.2024 

ʃʽʨʠʥʘ 19,2 22,47 21,64 21,62 

ɸʪʣʘʥʪ 19,1 23,73 22,91 22,90 

 

ʊʨʴʦʭ ʨʘʟʦʚʠʡ ʢʦʥʪʨʦʣʴ ʚʦʣʦʛʦʩʪʽ ʩʪʝʙʝʣ ʧʨʠ ʚʠʣʝʞʫʚʘʥʥʽ ʚʢʘʟʫʻ ʥʘ ʩʪʘʙʽʣʴʥʫ ʾʭ ʚʦʣʦʛʽʩʪʴ. ʊʦʤʫ, 

ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ ʚʦʣʦʛʠ ʟ ˇʨʫʥʪʫ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʣʠʰʝ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʧʝʢʪʠʥʦʨʫʡʥʽʚʥʠʤ ʙʘʢʪʝʨʽʷʤ. 

ɽʬʝʢʪ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʚʦʣʦʛʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʝʟʥʘʯʥʠʤ ʟʨʦʩʪʘʥʥʷʤ  

 

ʚʦʣʦʛʦʩʪʽ ʩʪʝʙʝʣ, ʷʢʝ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3 ʫ ʚʠʛʣʷʜʽ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʪʨʽʣʦʢ (ɸɸ1 ʽ ɹɹ1) ʫ ʜʥʽ 

ʨʦʟʧʫʰʫʚʘʥʥʷ ʚʘʣʢʽʚ ʽ ʟʤʽʥʠ ʤʘʩʠ ʟʛʽʜʥʦ ʜʘʪ (ʪʘʙʣ. 1). ʈʦʟʧʫʰʫʚʘʥʥʷ ʚʘʣʢʽʚ ʧʝʨʝʜʙʘʯʘʻ ʟʤʝʥʰʝʥʥʷ ʾʭ 

ʱʽʣʴʥʦʩʪʽ ʜʦ 90 ʢʛ/ʤ3. ʊʘʢʘ ʱʽʣʴʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʠʡ ʜʦʩʪʫʧ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʜʦ ʩʪʝʙʝʣ ʫ ʚʘʣʢʘʭ. 

ɸʥʘʣʽʟ ʢʨʠʚʦʾ ʩʫʰʽʥʥʷ (ʨʠʩ. 3) ʚʢʘʟʫʻ ʥʘ ʪʠʧʦʚʫ ʧʦʚʝʜʽʥʢʫ ʩʪʝʙʝʣ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ, ʘʥʘʣʦʛʽʯʥʫ 

ʙʽʣʴʰʦʩʪʽ ʚʦʣʦʛʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʝʦʨʽʷ ʩʫʰʽʥʥʷ ʚʽʜʥʦʩʠʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʤʘʪʝʨʽʘʣʠ ʜʦ ʛʨʫʧʠ ʢʦʣʦʾʜʥʠʭ ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʠʭ ʪʽʣ, ʜʣʷ ʷʢʠʭ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʽʥʝʪʠʢʠ ʧʨʦʮʝʩʫ, 

ʭʘʨʘʢʪʝʨʥʽ ʪʨʠ ʧʝʨʽʦʜʠ: ʧʨʦʛʨʽʚʫ, ʧʦʩʪʽʡʥʦʾ ʪʘ ʧʘʜʘʶʯʦʾ ʰʚʠʜʢʦʩʪʽ ʩʫʰʽʥʥʷ. 
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ʈʠʩ. 3 ï ʋʟʘʛʘʣʴʥʝʥʘ ʢʨʠʚʘ ʩʫʰʽʥʥʷ ʩʪʝʙʝʣ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʚʦʣʦʛʦʩʪʽ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ˇʨʫʥʪʦʤ 

 

ɺ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʩʝʨʝʜʥʷ ʧʦʯʘʪʢʦʚʘ ʚʦʣʦʛʽʩʪʴ ʚʢʘʟʘʥʠʭ ʩʦʨʪʽʚ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ 

ʩʢʣʘʣʘ 16,45 % (22.07.2024 ʨ.), 14,12% (2.08.2024 ʨ.), ʘ ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʛʦʪʦʚʦʾ ʪʨʝʩʪʠ, ʥʘ 

ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ, 12.08.2024 ʨ. ï 12,86%. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʠʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʝʥʦ 

ʤʘʩʦʦʙʤʽʥʥʠʡ ʛʨʘʜʫʩ ʜʣʷ ʩʪʝʙʝʣ ʣʴʦʥʫ (ʪʘʙʣ. 2). 

ɸʥʘʣʽʟ ʤʘʩʦʦʙʤʽʥʥʦʛʦ ʛʨʘʜʫʩʘ ʩʪʝʙʝʣ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʚʦʣʦʛʦʩʪʽ ʚʢʘʟʫʻ, ʱʦ ʧʽʩʣʷ 

10 ʜʽʙ ʚʠʣʝʞʫʚʘʥʥʷ ʡʦʛʦ ʧʦʪʝʥʮʽʘʣ ʧʝʨʝʚʠʱʫʻ ʧʦʪʝʥʮʽʘʣ ˇʨʫʥʪʫ, ʧʨʠʡʥʷʪʠʡ ʫ 1800ʄ. ɺʽʜʧʦʚʽʜʥʦ ʧʨʠ 

ʢʦʥʪʘʢʪʽ ʩʪʝʙʝʣ ʫ ʚʘʣʢʘʭ ʟ ˇʨʫʥʪʦʤ, ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʣʦʛʠ ʟ ˇʨʫʥʪʫ ʜʦ 

ʩʪʝʙʝʣ. ʊʘ  

 

ʣʠʰʝ ʫ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ, ʧʽʩʣʷ ʟʨʽʟʘʥʥʷ ʩʪʝʙʣʦʩʪʦʶ, ʪʘʢʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʝ ʙʫʜʝ. 

 

ʊʘʙʣʠʮʷ 2 - ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʤʘʩʦʦʙʤʽʥʥʦʛʦ ʛʨʘʜʫʩʫ ɗ ʜʣʷ ʩʪʝʙʝʣ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ 

ˉ 

ʧ/ʧ 

ɺʦʣʦʛʽʩʪʴ ɺʦʣʦʛʦ-

ʚʤʽʩʪ,  

u, ʢʛ/ʢʛ 

ʄʘʩʦ-

ʦʙʤʽʥʥʠʡ 

ʛʨʘʜʫʩ, ɗ0ʄ 
Wʚʽʜ.,

% 

Wʘʙʩ, 

% 

1 55,67 125,58 1,25 41 

2 16,45 19,69 0,20 215 

3 14,12 16,44 0,16 313 

4 12,86 14,76 0,15 333 

 

ʇʨʘʢʪʠʯʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʝʙʝʣ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ ʫ ʪʨʝʩʪʫ ʟʘ ʧʝʨʽʦʜ 28 ʜʽʙ ʟ 

ʪʨʴʦʭʨʘʟʦʚʠʤ ʨʦʟʧʫʰʫʚʘʥʥʷʤ ʚʘʣʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4 
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ʈʠʩ. 4 ï ɺʠʜʽʣʝʥʝ ʚʦʣʦʢʥʦ ʜʦʩʣʽʜʥʠʭ ʩʦʨʪʽʚ 

 

ɿʘ ʦʮʽʥʢʦʶ ʬʘʭʽʚʮʽʚ ʟ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʪʨʠʤʘʥʝ ʚʦʣʦʢʥʦ ʻ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ, ʧʨʠʜʘʪʥʝ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʢʩʪʠʣʶ ʽ ʮʝʣʶʣʦʟʠ. ɺʽʜʧʦʚʽʜʥʦ, ʪʘʢʝ ʚʦʣʦʢʥʘ ʤʦʞʥʘ ʜʦʚʝʩʪʠ ʜʦ ʩʪʘʥʫ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʽʪʨʦʮʝʣʶʣʦʟʠ, ʷʢ ʩʠʨʦʚʠʥʠ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʟʜʠʤʥʦʛʦ ʧʦʨʦʭʫ. 

 
ˏ˕˞˚˛ˏ˗˕ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʦʷʢʽʩʥʫ ʪʨʝʩʪʫ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʚʠʧʘʜʘʥʥʷ ʦʧʘʜʽʚ, ʤʦʞʥʘ ʟʘ ʤʽʩʷʯʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʥʝ ʤʝʥʰʝ ʪʨʴʦʭ 

ʧʽʜʥʽʤʘʥʴ (ʚʽʜʨʠʚ) ʚʘʣʢʽʚ ʚʽʜ ʧʦʚʝʨʭʥʽ ʧʦʣʷ ʟ ʯʘʩʪʢʦʚʠʤ ʾʭ ʨʦʟʧʫʰʫʚʘʥʥʷʤ (ʟʤʝʥʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ). 

ɼʘʥʘ ʫʤʦʚʘ ʜʠʢʪʫʻʪʴʩʷ ʥʠʟʴʢʠʤ ʟʨʽʟʦʤ ʩʪʝʙʣʦʩʪʦʶ ʟʘ ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʝʨʥʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʚʘʣʢʽʚ  ̔ʯʘʩʪʢʦʚʦʛʦ ʧʨʠʨʦʩʪʘʥʥʷ ʙʫʨôʷʥʘʤʠ. ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʚʠʥʠʢʥʝʥʥʷ 

ʢʦʥʪʘʢʪʫ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ˇʨʫʥʪʫ ʽ ʚʘʣʢʘʤʠ ʟ ʩʪʝʙʝʣ, ʨʦʟʤʽʱʝʥʠʭ ʫ ʧʦʟʜʦʚʞʥʽʡ ʧʣʦʱʠʥʽ, ʩʧʨʠʷʻ 

ʧʝʨʝʤʽʱʝʥʥʶ ˇʨʫʥʪʦʚʦʾ ʚʦʣʦʛʠ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʧʝʢʪʠʥʦʨʫʡʥʽʚʥʠʭ 

ʙʘʢʪʝʨʽʡ, ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʚʦʣʦʢʥʘ. ɸʥʘʣʽʟ ʚʟʘʻʤʦʜʽʾ  

ˇʨʫʥʪʫ ʽ ʩʪʝʙʝʣ ʣʴʦʥʫ ʦʣʽʡʥʦʛʦ ʫ ʚʘʣʢʘʭ, ʷʢ ʜʚʦʭ ʪʽʣ ʟ ʨʽʟʥʦʶ ʚʦʣʦʛʦʻʤʢʽʩʪʴ ʧʦʢʘʟʘʚ, ʱʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʚʦʣʦʛʠ ʟ ˇʨʫʥʪʫ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʧʝʨʰʽ 10 ʜʽʙ, ʟʘ ʚʠʩʦʢʦʛʦ ʚʦʣʦʛʦʚʤʽʩʪʫ ʩʪʝʙʝʣ. ʋ ʧʦʜʘʣʴʰʦʤʫ 

ʧʘʜʽʥʥʷ ʚʦʣʦʛʦʩʪʽ ʩʪʝʙʝʣ ʟʙʽʣʴʰʫʻ ʾʭ ʤʘʩʦʦʙʤʽʥʥʠʡ ʛʨʘʜʫʩ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʦʪʝʥʮʽʘʣ ʚʦʣʦʛʦʧʝʨʝʥʝʥʥʷ 

ʚʦʣʦʛʠ. ʗʢʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʚʦʣʦʢʥʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʬʘʭʽʚʮʷʤʠ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʚʠʤʦʛ. 
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ABSTRACT 

The quality of machine and mechanism performance largely 

depends on the quality of manufacturing of parts and the assembly 

process. The assembly process, both after the direct production of 

components and after their restoration during repair, is based on 

the development of design and technological documentation, an 

essential element of which is the calculation of dimensional 

chains. The existing interstate, national, and industry regulatory 

documents define the procedure and rules for calculating 

dimensional chains. In Ukraine, when developing a technological 

assembly process at the design stage, interstate standards such as 

GOST 16319-80 and GOST 16320-80 are used. During the 

assembly stage, technological and design solutions are applied to 

achieve the required dimensional accuracy, which often leads to 

additional technological operations and costs. However, it is 

possible to reduce the total assembly error and the number of 

technological operations already at the design stage 

(Cherkashyna, 2013). GOST 16320-80 establishes methods for 

calculating dimensional chains using various approaches to 

achieve the accuracy of the closing link, in particular: the method 

of complete interchangeability, the method of partial 

interchangeability (probabilistic method), the method of group 

interchangeability (selective assembly), the fitting method, and the 

adjustment method. This article discusses the essence of 

calculating dimensional chains using the methods of partial and 

group interchangeability in the manufacture of agricultural 

machinery parts. 
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ˍ˚˛˟ˍˣ˴ˬ 
ʗʢʽʩʪʴ ʨʦʙʦʪʠ ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʚ ʟʥʘʯʥʽʡ ʩʪʝʧʝʥʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʪʘ ʧʨʦʮʝʩʫ 

ʩʢʣʘʜʘʥʥʷ. ʇʨʦʮʝʩ ʩʢʣʘʜʘʥʥʷ ʷʢ ʧʽʩʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʪʘʢ ʽ ʧʽʩʣʷ ʧʨʦʮʝʩʽʚ ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠ 

ʨʝʤʦʥʪʽ], ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʮʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʦʙʦʚôʷʟʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʷʢʠʭ ʻ 

ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʤʽʨʥʠʭ ʣʘʥʮʶʛʽʚ. ɯʩʥʫʶʯʠ ʤʽʞʜʝʨʞʘʚʥʽ, 

ʥʘʮʽʦʥʘʣʴʥʽ, ʛʘʣʫʟʝʚʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʨʝʛʣʘʤʝʥʪʫʶʪʴ 

ʧʦʨʷʜʦʢ, ʧʨʘʚʠʣʘ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʤʽʨʥʠʭ ʣʘʥʮʶʛʽʚ . ɺ ʋʢʨʘʾʥʽ, 

ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʥʥʷ ʥʘ ʝʪʘʧʽ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʽʞʜʝʨʞʘʚʥʽ 

ʩʪʘʥʜʘʨʪʠ: ɻʆʉʊ 16319-80; ɻʆʉʊ 16320-80, ʘ ʥʘ ʝʪʘʧʽ 

ʩʢʣʘʜʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʨʽʰʝʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʨʦʟʤʽʨʥʦʾ ʪʦʯʥʦʩʪʽ, ʱʦ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ ʪʘ ʚʠʪʨʘʪ. ɸʣʝ ʟʤʝʥʰʝʥʥʷ ʩʫʤʘʨʥʦʾ ʧʦʭʠʙʢʠ 

ʩʢʣʘʜʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʤʦʞʣʠʚʦ ʥʘ 

ʝʪʘʧʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ (ʏʝʨʢʘʰʠʥʘ, 2013). ɻʆʉʊ 16320-80 

ʚʩʪʘʥʦʚʣʶʻ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʤʽʨʥʠʭ ʣʘʥʮʶʛʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʷʛʥʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʟʘʤʠʢʘʶʯʦʾ ʣʘʥʢʠ, ʟʦʢʨʝʤʘ: ʤʝʪʦʜ ʧʦʚʥʦʾ ʚʟʘʻʤʦʟʘʤʽʥʥʦʩʪʽ; 

ʤʝʪʦʜ ʥʝʧʦʚʥʦʾ ʚʟʘʻʤʦʟʘʤʽʥʥʦʩʪʽ (ʡʤʦʚʽʨʥʽʩʥʠʡ ʤʝʪʦʜ); 

ʤʝʪʦʜ ʛʨʫʧʦʚʦʾ ʚʟʘʻʤʦʟʘʤʽʥʥʦʩʪʽ (ʩʝʣʝʢʪʠʚʥʦʾ ʟʙʽʨʢʠ); 

ʤʝʪʦʜ ʧʨʠʛʦʥʫ; ʤʝʪʦʜ ʨʝʛʫʣʶʚʘʥʥʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ 

ʩʫʪʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʤʽʨʥʠʭ ʣʘʥʮʶʛʽʚ ʤʝʪʦʜʘʤʠ ʥʝʧʦʚʥʦʾ 

ʪʘ ʛʨʫʧʦʚʦʾ ʚʟʘʻʤʦʟʘʤʽʥʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʝʪʘʣʝʡ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. 
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STATE OF THE ART AND PROBLEM STATEMENT 
The method of complete interchangeability (maximumïminimum method) is an 

interchangeability approach in which the required accuracy of the closing link of a dimensional 

chain is ensured when any link can be included in or replaced within the chain without selection or 

dimensional adjustment. In this method, components are assembled without fitting. For any 

combination of part dimensions manufactured within the specified tolerances, the value of the 

closing link does not go beyond the established limits. The dimensional chain is calculated using 

the maximumïminimum method. 

This method of calculation is typically used in individual and small-batch production; when 

the tolerance of the closing link is small and the number of constituent links is limited; or when the 

tolerance of the closing link is relatively large. 

The advantages of the method include simplicity and cost-effectiveness of assembly, 

simplified organization of assembly processes, the possibility of extensive inter-plant cooperation, 

and a simplified spare-parts supply system. The disadvantages include higher product 

manufacturing costs, since the tolerances of the constituent links are smaller than those obtained 

using other methods. 

The method of partial interchangeability (probabilistic method) ensures the required 

accuracy of the closing link not for all assemblies but for a predetermined proportion of them. To 

meet technical requirements in this case, additional processing operations are introduced. Parts are 

assembled, as a rule, without fitting, adjustment, or selection; however, in a small number of 

assemblies (the quantity is predetermined), the value of the closing link exceeds the established 

limits. The dimensional chains are calculated using a probabilistic approach. This method is applied 

in serial and mass production, when the tolerance of the closing link is small and the number of 

constituent links is relatively large. 

The advantages of the partial interchangeability method are the same as those of the 

complete interchangeability method. The manufacturing cost is significantly lower due to the 

expansion of the tolerance fields of the constituent links (compared with complete 

interchangeability). The disadvantage of the method is the need to employ highly skilled workers to 

fit certain parts in those assemblies where the closing link exceeds the specified limits. 

The method of group interchangeability (selective assembly) is a method in which the 

required accuracy of the closing link of a dimensional chain is ensured by including in it constituent 

links that belong to one of the groups into which they have been previously sorted. The pre-sorted 

parts are assembled without fitting, and the required value of the closing link is thus achieved. This 

method is used in mass and large-scale production for dimensional chains with a small number of 

links. 

The advantage of this method lies in the possibility of achieving high accuracy of the closing 

link with economically feasible tolerance fields of the constituent links. The disadvantages include 

the presence of unfinished production (ñexcess partsò), additional costs for pre-sorting the parts into 

groups, increased complexity of the assembly organization, and difficulties in spare-parts supply 

management. 

The fitting method is a technique in which the required accuracy of the closing link of a 

dimensional chain is achieved by modifying a special (compensating) link included in the chain 

through the removal of a material layer. The amount of material to be removed is determined after 

preliminary assembly and measurement. The calculation of the dimensional chain is performed 

using either the maximumïminimum method or the probabilistic method. This method is applied 

primarily in individual production. 

The advantage of this method lies in the fact that economically feasible tolerances can be 

assigned to all constituent links. The disadvantages include a significant increase in assembly cost 

and a decrease in labor productivity during assembly, as well as difficulties in spare-parts supply. 
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The adjustment method ensures the accuracy of the closing link of a dimensional chain by 

changing the compensating link without removing any material. This method is widely used in all 

types of production when a high degree of accuracy of the closing link is required. 

The advantages of the adjustment method include the possibility of regulating the dimension 

of the closing link to achieve the required accuracy, the ability to compensate for wear during 

operation, and the possibility of assigning economically feasible tolerance fields to the constituent 

dimensions. The disadvantages are the increased complexity of the assembly unit design and greater 

difficulty in assembly processes (Prykhodko, 2021; Deribo et al., 2024; Rud et al., 2008; Tsvirkun 

et al., 2022). 

MATERIALS AND METHODS 
The maximumɀminimum method guarantees the complete absence of defective 

products (technological failures), requires less information about the constituent links, and 
therefore involves lower computational complexity. However, this method allows for any, 
ÏÆÔÅÎ ÕÎÄÅÓÉÒÁÂÌÅȟ ÃÏÍÂÉÎÁÔÉÏÎ ÏÆ ÔÈÅ ÅØÔÒÅÍÅ ÄÉÍÅÎÓÉÏÎÁÌ ÖÁÌÕÅÓ ÏÆ ÔÈÅ ÃÈÁÉÎȭÓ ÃÏÎÓÔÉÔÕÅÎÔ 
links. The probability of such combinations occurring during the machining of workpieces is 
low; nevertheless, it necessitates the assignment of tighter tolerances for technological 
dimensions (Ivanov, 2013). 

The probabilistic method eliminates this drawback. It takes into account the 
regularities in the distribution of machining dimensional deviations. The tolerances calculated 
by this method do not include excessive accuracy reserves, which allows for a reduction in 
machining costs. 

At the same time, the probabilistic method permits the possibility of defects, is more 
complex (requiring a greater amount of information about the constituent links), and 
therefore is more labor-intensive. 

The choice of method for solving technological dimensional chains depends on the 
number of constituent links (n) in the chain. When the number of links is Î Ѕ τȟ ÔÈÅ ÃÁÌÃÕÌÁÔÉÏÎ 
is performed using the maximumɀÍÉÎÉÍÕÍ ÍÅÔÈÏÄȢ )Î ÃÁÓÅÓ ×ÈÅÒÅ Î І υȟ ÔÈÅ ÐÒÏÂÁÂÉÌÉÓÔÉÃ 
method is applied. 

RESULTS AND DISCUSSION 
The method of group interchangeability (selective assembly) is mainly used for dimensional 

chains consisting of three constituent links and for assembly joints that are not subject to 

disassembly and reassembly during the operation of the product but are instead replaced as a 

complete unit ð for example, plunger pairs or rolling bearings. 

When calculating tolerances and limit deviations for the dimensions of the constituent links 

of a dimensional chain, the accuracy of the closing link, ensured by the method of group 

interchangeability, is determined using the following formulas: 

1 1 1

j q i
n n n

j q i

i i i

d d d dD

= = =

= + =ä ä ä,      (1)  

 
where dD ɀ is the tolerance of the closing link; jd ɀ is the tolerance of the increasing links; 

qd ɀ is the tolerance of the decreasing links; id ɀ is the tolerance of any constituent link. 

 

0 0 0

1 1

j qn n

j q

i i

D

= =

D = D - Dä ä ,      (2)  

 
where 0DD ɀ is the coordinate of the midpoint of the tolerance field of the closing link; 0 jD ɀ is 
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the coordinate of the midpoint of the tolerance field of the increasing links; 
0qD ɀ is the 

coordinate of the midpoint of the tolerance field of the decreasing links. 
Let us consider the following case. The dimensional chain consists of two constituent links, and 

the initial equation has the form: 

j qA A AD= - ,     (3) 

where AD, 
jA , 

qA  ï are the nominal dimensions of the closing, increasing, and decreasing links, 

respectively.. 

To satisfy the above conditions, it is necessary to assign tolerances for 
jA   ̔

qA  in such a way 

that 

j qd d dD= -    ̔    
j qd d=  

 

Then, such values of 
0 jD   ̔

0qD , re selected so that condition (2) is satisfied. The limit 

deviations of the links jA   ̔ qA  are determined according to the following formulas: 

 

0

0

0

0

;
2

;
2

;
2

2

j

bj j

j

ʥj j

q

bq q

q

ʥq q

d

d

d

d

û
D =D +î

î
î

D =D -îî
ü
îD =D +
î
î
îD =D -
îý

      (4) 

 

This completes the constructive calculation. 

Since the tolerances jd  ̔ qd obtained during the calculation are difficult to maintain under actual 

production conditions, they must be increased by k times. 

To achieve this, the following conditions must be met: 

j jmd d¡=   ̔  q qmd d¡= ,      (5) 

where jd¡  ̔ qd¡ ï are the production tolerances.. 

The tolerances of the constituent links are increased by the same factor by which the constructive 

tolerances were enlarged; accordingly, the production tolerance of the closing link is determined as 

follows: 

md dD D
¡= .      (6) 

 

The number of groups into which the finished parts must be sorted will also be equal to k and is 

determined by the following formula: 

j q
m

d dd

d d
D

D D

¡ ¡+¡
= = .      (7) 

 

The limit deviations of the links jA  ʽ   qA  for each group are determined as follows: 

ʘ) for the first group, the limit deviations of the linksjA  ʽ   qA  are taken to be equal to the 
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calculated values. 

(1) (1)

(1) (1)

; ;

; .

bj bj ʥj ʥj

bq bq ʥq ʥq

D =D D =Dûî
ü

D =D D =Dîý

     (8) 

 

ʙ) for the subsequent groups, the limit deviations of each next group are obtained by adding 

the calculated constructive tolerances 
jd or 

qd depending on which link (increasing or decreasing) 

the deviations are being determined for. 
For the p-th group: 

( ) ( 1) ( ) ( 1)

( ) ( 1) ( ) ( 1)

; ;

; .

bj n bj n j ʥj n ʥj n j

bq n bq n q ʥq n ʥq n q

d d

d d

- -

- -

D =D + D =D +ûî
ü

D =D + D =D +îý

    (8) 

 

In practice, during the manufacturing of parts, dimensional scatter occurs as a result of 

technological factors, followed by the random nature of dimensional combinations of the parts 

during assembly. 

Using probabilistic estimates, it can be observed that if a small or very small risk (probability) 

of interchangeability violation during assembly is allowed, the tolerances of the constituent parts 

can be expanded. 

If, in the calculation of dimensional chains, economic analysis indicates the need to apply a 

system of overlapping tolerances based on the random combination of parts, the tolerances should 

be determined statistically to control the proportion of defective parts within an acceptable level. 

The statistical determination of tolerances defines the amount by which tolerances may be 

increased, based on an acceptable degree of risk that only a small fraction of defective parts will be 

produced. 

The calculation of statistical tolerances of the links in a dimensional chain is based on the 

application of probability theory theorems. Let us consider one of the summation methods ð the 

method of independent scalar quantities. When summing independent scalar random quantities, the 

conclusions of several theorems are applied. 

If  1x  , 2x  , é, jx , é, kx  are independent random variables with corresponding means 

1M  , 2M  , é, jM , é, kM  and variances 2

1s , 2

2s , é, 2

js , é, 2

ks   ̔ʷʢʱʦ 1a  , 2a  , é, 

ja , é, ka    ̒  2 are constant coefficients, while y represents a linear combination of these variables 

jx : 

1 1 ... ...j j k ky a x a x a x= ° ° ° °,     (9) 

 

then y  is also a random variable that possesses the following properties: 

1) 1 1 2 2 ...k k kM a M a M a M= ° ° ; 

2) 2 2 2 2 2 2 2

1 1 2 2 ...y k ka a as s s s= ° ° ; 

3) If each random variable 1x  , 2x  , é, kx  follows the normal distribution law, then y also 

follows a normal distribution law. 

According to these conclusions, when determining the tolerance of the closing dimension under 

an arbitrary distribution law, a relative dispersion coefficient k is introduced. 

The coefficient k characterizes the deviation of the distribution of dimensional-chain tolerances 

from the Gaussian (normal) distribution.  For the normal distribution, 1k= ; for the triangular 

(Simpson) distribution, 1,22k= . 

The range of the distribution of y measures the dispersion of the linear combination of 
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random variables
jx . 

The range of deviations of the dimensions of the corresponding links, expressed by the 

values
1R , 2R  , é, kR  represents the respective tolerances that determine the qualitative 

characteristics of the deviations., The value 
yR  is the tolerance that defines the qualitative 

characteristic of the closing link in the dimensional-chain system.. The mean values 1M , 2M , é, 

kM  correspond to the nominal dimensions of the links in the dimensional chain 
yM  ï while җ 

corresponds to the nominal dimension of the closing link.. The standard deviation 
ys  y is used as a 

measure of dispersion, since for the normal distribution law 
yR , 6 y yRs = . Similarly, 

1s , 
2s , 

é, 
ks  will respectively be the estimates of 

1R , 
2R , é, 

kR . The number of tolerances in the 

dimensional chain is denoted by m, which corresponds to m distributions of part deviations. From 

the above equation for determining the tolerance of the closing-link dimension, we obtain: 
1

2

1

( )
m

j

j

TA TA
-

D

=

=ä .     (10) 

 

For the tolerance of the closing-link dimension under an arbitrary distribution law, a relative 

dispersion coefficient k is introduced, and the previous equation takes the following form: 
1

2 2

1

1
( )

m

j j

j

TA TA k
k

-

D

=D

= ä .     (11) 

 

By applying transformation procedures to the obtained equations, we derive an equation for 

calculating the tolerances of the constituent links of the dimensional chain based on a given 

tolerance of the closing link. For example, let us compare the tolerances of the constituent links 
jTA   

in a dimensional chain consisting of four links, calculated using the method of complete 

interchangeability and the probabilistic (theoreticalïstatistical) method, under the condition 4 jTA TAD= . 

 
Fig. ï Dimensional chain diagram 

 

Calculation by the maximumïminimum method with additive tolerances: 

4 jTA TAD= , 

from which it follows that 

4
j

TA
TA D=  

The calculation performed using the theoreticalïprobabilistic method with random variables of 

overlapping tolerances gives: 

4( ) 2j jTA TA TAD= =  

from which it follows that 

/ 2jTA TAD= . 
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CONCLUSIONS 
In the case of selective assembly (for clearance and interference fits), the maximum clearances 

and interferences are reduced, while the minimum ones are increased. As the number of sorting 

groups increases, these values approach the mean clearance or interference for the given fit, making 

the joint more stable and durable. 

The application of the probabilistic method for calculating the dimensional chain makes it 

possible to use the tolerances of the constituent links two grades coarser, which is of great 

importance for achieving the required machining accuracy of parts in various assembly unit designs. 

From the comparison of both calculations using the method of partial interchangeability, it 

follows that applying the theoreticalïprobabilistic calculation allows, with the same closing-link 

tolerance TAȹ, to double the tolerance of the constituent links with a risk probability of only 0.27%. 

In agricultural machine building, such a small level of risk is considered negligible, and 

machines are therefore designed taking this risk into account. 
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ABSTRACT 

 

Floodplain forests perform important ecological and 

hydrological functions, especially in regions with limited 

forest coverage. This study examines the impact of riparian 

vegetation on the development of river meanders along the 

Vorskla and Psel Rivers. An analysis of current floodplain 

conditions was conducted, including the proportion of forest, 

meadow, and agricultural lands, topographical and 

hydrological features, and the density and type of vegetation. 

Based on satellite image interpretation, morphometric 

measurements, and spatial modeling, a correlation was 

established between meander morphology (belt width, bend 

angle, development coefficient) and forestation along the 

riverbanks. Meanders show greater development in 

segments with deforested banks, where the meander belt is 

considerably wider compared to forested stretches. 

Conversely, dense riparian vegetation, particularly willow 

shrubs, increases flow resistance, reduces stream velocity, 

and traps sediment, effectively mitigating bank erosion. It 

was found that floodplain forests serve both filtering and 

channel-shaping functions. Practical recommendations are 

proposed for afforestation of erosion-prone riparian areas 

to enhance channel stability. The study underscores the 

importance of maintaining vegetative buffers along 

meandering rivers and suggests afforestation as a nature-

based solution for channel protection. The results are 

applicable in watershed management, ecological 

restoration, and river landscape planning to ensure 

sustainable river system functioning under modern 

anthropogenic pressure and climate variability. 
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ɸʅʆʊɸʎɯʗ 

 

ɿʘʧʣʘʚʥʽ ʣʽʩʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʝʢʦʣʦʛʽʯʥʫ ʪʘ 

ʛʽʜʨʦʣʦʛʽʯʥʫ ʨʦʣʴ, ʦʩʦʙʣʠʚʦ ʥʘ ʤʘʣʦʣʽʩʥʠʭ ʪʝʨʠʪʦʨʽʷʭ. ʋ 

ʩʪʘʪʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʣʽʩʦʚʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ 

ʨʦʟʚʠʪʦʢ ʤʝʘʥʜʨʽʚ ʨʽʯʦʢ ɺʦʨʩʢʣʘ ʽ ʇʩʝʣ. ʇʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʟʘʧʣʘʚ: ʚʠʚʯʝʥʦ ʯʘʩʪʢʫ ʣʽʩʦʚʠʭ, 

ʣʫʯʥʠʭ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, ʦʩʦʙʣʠʚʦʩʪʽ 

ʨʝʣʴʻʬʫ, ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ, ʛʫʩʪʦʪʫ ʪʘ ʪʠʧ 

ʨʦʩʣʠʥʥʦʩʪʽ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʝʰʠʬʨʫʚʘʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʷʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʤʦʨʬʦʣʦʛʽʻʶ ʤʝʘʥʜʨʽʚ (ʰʠʨʠʥʘ ʧʦʷʩʫ, ʢʫʪ ʨʦʟʚʦʨʦʪʫ, 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʚʠʪʢʫ) ʪʘ ʟʘʣʽʩʝʥʥʷʤ ʙʝʨʝʛʦʚʦʾ ʟʦʥʠ. 

ʅʘʡʙʽʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʘʥʜʨʠ ʜʦʩʷʛʘʶʪʴ ʫ ʜʽʣʷʥʢʘʭ ʽʟ 

ʥʝʟʘʣʽʩʥʝʥʠʤʠ ʙʝʨʝʛʘʤʠ. ʋ ʪʘʢʠʭ ʤʽʩʮʷʭ ʰʠʨʠʥʘ ʧʦʷʩʫ 

ʤʝʘʥʜʨʫʚʘʥʥʷ ʩʫʪʪʻʚʦ ʧʝʨʝʚʠʱʫʻ ʘʥʘʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʫ ʟʘʣʽʩʥʝʥʠʭ ʚʽʜʨʽʟʢʘʭ. ʅʘʚʧʘʢʠ, ʛʫʩʪʽ ʧʨʠʨʫʩʣʦʚʽ 

ʥʘʩʘʜʞʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʚʝʨʙʦʣʦʟʠ, ʬʦʨʤʫʶʪʴ ʝʬʝʢʪʠʚʥʫ 

ʛʽʜʨʘʚʣʽʯʥʫ ʰʦʨʩʪʢʽʩʪʴ, ʟʤʝʥʰʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ 

ʪʘ ʘʢʫʤʫʣʶʶʪʴ ʧʽʱʘʥʽ ʥʘʥʦʩʠ, ʟʥʠʞʫʶʯʠ ʨʠʟʠʢ 

ʨʦʟʤʠʚʽʚ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʟʘʧʣʘʚʥʽ ʣʽʩʠ ʚʠʢʦʥʫʶʪʴ ʷʢ 

ʬʽʣʴʪʨʫʚʘʣʴʥʫ, ʪʘʢ ʽ ʨʫʩʣʦʫʪʚʦʨʶʶʯʫ ʬʫʥʢʮʽʶ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩ ʧʨʘʢʪʠʯʥʠʭ ʟʘʭʦʜʽʚ ʽʟ 

ʟʘʣʽʩʥʝʥʥʷ ʝʨʦʟʽʡʥʦʥʝʙʝʟʧʝʯʥʠʭ ʜʽʣʷʥʦʢ ʟʘʧʣʘʚʠ ʟ ʤʝʪʦʶ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʫʩʝʣ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʚʦʜʦʦʭʦʨʦʥʥʠʭ ʥʘʩʘʜʞʝʥʴ ʥʘ ʧʦʚʦʨʦʪʘʭ 

ʨʽʯʦʢ ʪʘ ʚ ʤʽʩʮʷʭ ʽʥʪʝʥʩʠʚʥʦʾ ʨʫʩʣʦʚʦʾ ʜʠʥʘʤʽʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ 

ʚʦʜʦʦʭʦʨʦʥʥʦʤʫ ʧʣʘʥʫʚʘʥʥʽ, ʚʽʜʥʦʚʣʝʥʥʽ ʝʢʦʩʠʩʪʝʤ ʽ ʧʽʜ 

ʯʘʩ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʦʟʙʽʨʥʠʤʠ ʙʘʩʝʡʥʘʤʠ. 

 

 

DOI: 10.36910/acm.vi51.1884 ʎʠʪʫʚʘʪʠ ʮʶ ʩʪʘʪʪʶ: 

ɺʦʣʷʥʩʴʢʠʡ, ɺ.ʆ., ɻʝʨʘʩʠʤʯʫʢ, ʆ.ʇ., ɺʦʣʷʥʩʴʢʠʡ, ʊ.ɺ., 

&  ɹʦʥʜʘʨ, ɺ.ʅ. (2025). ɺʧʣʠʚ ʣʽʩʦʚʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ 

ʤʝʘʥʜʨʫʚʘʥʥʷ ʨʽʯʦʢ ɺʦʨʩʢʣʘ ʽ ʇʩʝʣ. 

ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʤʘʰʠʥʠ, 51, 91-98. 
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˞˟ˍ˚ ˜˕˟ˍ˚˚ˬ ˟ˍ ˜˛˞˟ˍ˚˛ˏ˗ˍ ˜˝˛ˎ˘˒˙˕ 
ʅʘ ʤʘʣʦʣʽʩʥʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʠʪʴ ʽ ʨʘʡʦʥ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʙʽʣʴʰʽʩʪʴ ʣʽʩʦʚʠʭ 

ʥʘʩʘʜʞʝʥʴ ʦʮʽʥʶʶʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʟ ʧʦʛʣʷʜʫ ʚʠʢʦʥʘʥʥʷ ʥʠʤʠ ʝʢʦʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ (ʊʢʘʯ, 1999). 

ɺ ʤʠʥʫʣʦʤʫ ʟʘʧʣʘʚʥʽ ʥʘʩʘʜʞʝʥʥʷ ɺʦʨʩʢʣʠ ʪʘ ʇʩʣʘ ʩʣʫʞʠʣʠ ʜʞʝʨʝʣʦʤ ʜʝʨʝʚʠʥʠ, ʚ ʜʘʥʠʡ ʯʘʩ 

ʚʦʥʠ ʚʩʝ ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʚʦʜʦʦʭʦʨʦʥʥʦ-ʟʘʭʠʩʥʽ ʪʘ ʨʝʢʨʝʘʮʽʡʥʽ (ʊʢʘʯ, ɺʦʣʷʥʩʴʢʠʡ, & 

ɿʷʪʴʢʦʚ, 1991). 

ʄʘʶʯʠ ʨʽʟʥʝ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʩʢʣʘʜ, ʟʘʧʣʘʚʥʽ ʥʘʩʘʜʞʝʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ 

ʛʦʩʧʦʜʘʨʩʴʢʦʶ ʮʽʥʥʽʩʪʶ ʪʘ ʟʘʭʠʩʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. 

ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʣʽʩʦʚ ̔ ʥʘʩʘʜʞʝʥʥʷ ʧʨʠʨʫʩʣʦʚʦʾ ʟʘʧʣʘʚʠ. ʅʘ ʩʴʦʛʦʜʥʽ ʟʘʧʣʘʚʘ 

ʟʘʪʦʧʣʶʻʪʴʩʷ ʟʥʘʯʥʦ ʨʽʜʰʝ, ʘ ʟʘ ʥʝʚʝʣʠʢʠʭ ʨʦʟʣʠʚʽʚ ʟʘʪʦʧʣʶʻʪʴʩʷ ʣʠʰʝ ʯʘʩʪʢʦʚʦ. 

ʇʨʠʨʫʩʣʦʚʘ ʯʘʩʪʠʥʘ ʟʘʧʣʘʚʠ ʟʘʚʞʜʠ ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ ʧʦʚʝʥʽ. ɹʝʨʝʛʠ ʨʫʩʣʘ ʧʦʩʪʽʡʥʦ 

ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʪʦʢʫ ʚʦʜʠ ʽ ʧʦʪʨʝʙʫʶʪʴ ʟʘʢʨʽʧʣʝʥʥʷ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʤʘʻ 

ʙʫʪʠ ʟʚʝʨʥʝʥʘ ʥʘ ʟʘʣʽʩʝʥʥʷ ʩʘʤʝ ʮʽʻʾ ʯʘʩʪʠʥʠ ʟʘʧʣʘʚʠ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ ʙʝʨʝʛʘ (ʫʚʽʛʥʫʪʠʡ, ʦʧʫʢʣʠʡ, ʧʨʷʤʦʣʽʥʽʡʥʠʡ) ʟʤʽʥʶʶʪʴʩʷ ʽ ʬʫʥʢʮʽʾ 

ʣʽʩʦʚʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʱʦ ʨʦʩʪʝ ʥʘ ʥʴʦʤʫ. 

ɼʝʨʝʚʘ ʪʘ ʯʘʛʘʨʥʠʢʠ ʥʘ ʫʚʽʛʥʫʪʦʤʫ ʙʝʨʝʟʽ ʦʙʝʨʽʛʘʶʪʴ ʡʦʛʦ ʚʽʜ ʨʦʟʤʠʚʽʚ, ʟʤʽʮʥʶʶʪʴ ˇʨʫʥʪ 

ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʫ ʮʴʦʤʫ ʽʩʥʫʻ ʮʽʣʠʡ ʨʽʢ, ʥʘʡʙʽʣʴʰʘ ʥʝʙʝʟʧʝʢʘ ʨʦʟʤʠʚʽʚ ʥʘʩʪʘʻ ʧʽʜ 

ʯʘʩ ʚʝʩʥʷʥʠʭ ʧʦʚʝʥʝʡ. ʅʘ ʫʚʽʛʥʫʪʠʭ ʙʝʨʝʛʘʭ ʨʽʯʢʠ ʥʠʞʥʷ ʤʝʞʘ ʟʘʭʠʩʥʦʾ ʩʤʫʛʠ ʧʦʚʠʥʥʘ ʧʣʘʚʥʦ 

ʦʧʫʩʢʘʪʠʩʷ ʚ ʨʫʩʣʦ ʷʢ ʤʦʞʥʘ ʥʠʞʯʝ ï ʜʦ ʤʝʞʽ ʤʦʞʣʠʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʩʪʽʡʢʠʭ ʜʦ ʟʘʪʦʧʣʝʥʥʷ 

ʯʘʛʘʨʥʠʢʦʚʠʭ ʚʝʨʙ. 

ʅʘ ʚʠʩʦʢʠʭ ʙʝʨʝʛʘʭ, ʱʦ ʧʽʜʤʠʚʘʶʪʴʩʷ, ʥʝ ʩʣʽʜ ʜʦʧʫʩʢʘʪʠ ʟʨʦʩʪʘʥʥʷ ʢʨʫʧʥʦʤʽʨʥʠʭ ʜʝʨʝʚ, ʷʢʽ ʧʽʜ 

ʩʚʦʻʶ ʚʘʛʦʶ ʤʦʞʫʪʴ ʦʙʚʘʣʶʚʘʪʠʩʷ ʫ ʚʦʜʫ, ʨʫʡʥʫʶʯʠ ʙʝʨʝʛ ʽ ʟʘʩʤʽʯʫʶʯʠ ʨʫʩʣʦ. ɿʦʥʘ ʩʢʦʣʶʚʘʥʥʷ 

ʙʝʨʝʛʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʡʥʷʪʘ ʯʘʛʘʨʥʠʢʦʚʦʶ ʨʦʩʣʠʥʥʽʩʪʶ. 

ʅʘ ʚʠʧʫʢʣʠʭ ʙʝʨʝʛʘʭ ʧʝʨʝʚʘʞʘʻ ʧʨʦʮʝʩ ʧʝʨʝʚʽʜʢʣʘʜʝʥʥʷ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʚʦʜʥʠʤ ʧʦʪʦʢʦʤ 

ʯʘʩʪʠʥʦʢ. ʃʽʩʦʚʽ ʥʘʩʘʜʞʝʥʥʷ ʥʝʩʫʪʴ ʪʫʪ ʦʩʥʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʜʝʙʽʣʴʰʦʛʦ ʧʽʜ ʯʘʩ ʧʦʚʝʥʝʡ. ɰʭ ʤʝʞʘ 

ʤʘʻ ʧʦʰʠʨʶʚʘʪʠʩʷ ʚʽʜ ʤʝʞʝʥʥʦʛʦ ʫʨʽʟʫ ʚʦʜʠ ʥʘ ʰʠʨʠʥʫ ʤʦʣʦʜʠʭ ʧʨʠʨʫʩʣʦʚʠʭ ʚʽʜʢʣʘʜʝʥʴ. 

ʇʨʠʨʫʩʣʦʚʽ ʥʘʩʘʜʞʝʥʥʷ ʟʘʢʨʽʧʣʶʶʪʴ ʧʽʱʘʥʽ ʥʘʥʦʩʠ ʥʝ ʜʦʟʚʦʣʷʶʯʠ ʾʭ ʟʤʠʚʘʥʥʷ ʽ ʧʝʨʝʥʝʩʝʥʥʷ ʚ 

ʮʝʥʪʨʘʣʴʥʫ ʟʘʧʣʘʚʫ. ɼʝʨʝʚʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʟʙʽʣʴʰʫʻ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʽ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʰʚʠʜʢʽʩʪʴ 

ʧʦʪʦʢʫ ʫ ʧʦʚʽʥʴ. 

ʋ ʧʨʠʨʫʩʣʦʚʽʡ ʟʘʧʣʘʚʽ ʚʝʨʙʦʣʦʟʠ ʛʫʩʪʠʥʦʶ 10-40 ʪʠʩʷʯ hʪʫʢ ʥʘ ʛʝʢʪʘʨ ʟʜʘʪʥʽ ʟʘ ʦʜʥʫ ʧʦʚʽʥʴ 

ʘʢʫʤʫʣʶʚʘʪʠ 3-5 ʪʠʩʷʯ ʪʦʥ ʧʽʩʢʫ ʥʘ 1 ʛʘ. ʌʨʘʢʮʽʾ ʧʽʩʢʫ ʜʽʘʤʝʪʨʦʤ 0,11 ʤʤ ʽ ʙʽʣʴʰʝ ʚʽʜʢʣʘʜʘʶʪʴʩʷ ʥʘ 

ʚʽʜʩʪʘʥʽ ʜʦ 25 ʤ ʚʽʜ ʫʟʣʽʩʩʷ ʚʝʨʙʦʣʦʟʫ. ʅʘ ʣʫʢʘʭ ʪʘʢʽ ʘʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʝʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʴ 

ʜʦ 500 ʤ ʚʽʜ ʟʘʧʣʘʚʥʦʛʦ ʙʝʨʝʛʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʥʘʩʘʜʞʝʥʥʷ ʚʝʨʙʠ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʶʪʴ ʚʽʜʩʪʘʥʴ 

ʧʨʦʥʠʢʥʝʥʥʷ ʧʽʱʘʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʱʦ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʟʘʥʝʩʝʥʥʷ ʧʽʩʢʦʤ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʘ ʽʥʰʠʭ ʫʛʽʜʴ. 

ʇʨʦʪʠʝʨʦʟʽʡʥʘ ʨʦʣʴ ʟʘʧʣʘʚʥʠʭ ʣʽʩʽʚ ʦʩʦʙʣʠʚʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʠʞʯʝ ʧʦʚʦʨʦʪʽʚ ʪʝʯʽʾ ʥʘ ʨʽʯʢʘʭ 

ʚʽʣʴʥʦʛʦ ʤʝʘʥʜʨʫʚʘʥʥʷ. ʋ ʧʦʢʨʠʪʽʡ ʣʽʩʦʤ ʟʘʧʣʘʚʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʚʦʜʠ ʚ 10-

25 ʨʘʟʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʰʦʨʩʪʢʦʩʪʽ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʽʜʧʦʨʫ. ɿʤʝʥʰʫʶʯʠ 

ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ ʚʦʜʥʦʛʦ ʧʦʪʦʢʫ ʚ ʟʘʧʣʘʚʽ ʽ ʟʙʽʣʴʰʫʶʯʠ ʾʾ ʚ ʨʫʩʣʽ, ʣʽʩ ʧʦʧʝʨʝʜʞʫʻ ʫʪʚʦʨʝʥʥʷ ʤʽʣʠʥ ʪʘ 

ʧʝʨʝʢʘʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʣʽʩ ʚʠʢʦʥʫʻ ʽ ʨʫʩʣʦʫʪʚʦʨʶʶʯʫ ʬʫʥʢʮʽʶ (ɺʦʣʷʥʩʴʢʠʡ, 1991). 

ɿʜʘʪʥʽʩʪʴ ʧʨʠʨʫʩʣʦʚʠʭ ʣʽʩʽʚ ʘʢʫʤʫʣʶʚʘʪʠ ʧʽʱʘʥʽ ʥʘʥʦʩʠ ʟʘʣʝʞʠʪʴ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʥʝ ʚʽʜ 

ʧʦʚʥʦʪʠ, ʘ ʚʽʜ ʾʭ ʛʫʩʪʦʪʠ ʪʘ ʨʦʟʚʠʪʢʫ ʧʽʜʣʽʩʢʫ. ʆʩʥʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʥʦʩʽʚ ʧʦʪʨʘʧʣʷʻ ʚ ʨʫʩʣʦ ʽ ʟʘʧʣʘʚʫ 

ʯʝʨʝʟ ʧʨʠʪʦʢʠ, ʙʘʣʢʠ, ʷʨʠ, ʟ ʧʨʠʣʝʛʣʠʭ ʩʭʠʣʽʚ, ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠʨʫʩʣʦʚʦʾ ʟʘʧʣʘʚʠ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʮʴʦʛʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʘʣʽʩʥʶʚʘʪʠʩʴ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰ ʝʨʦʟʽʡʥʦʥʝʙʝʟʧʝʯʥʽ ʜʽʣʷʥʢʠ. 

ʆʩʥʦʚʥʽ ʤʘʩʠʚʠ ʣʽʩʫ ʧʦʚʠʥʥʽ ʟʦʩʝʨʝʜʞʫʚʘʪʠʩʷ ʚ ʙʘʩʝʡʥʘʭ ʤʘʣʠʭ ʨʽʯʦʢ, ʘ ʥʝ ʧʦ ʙʝʨʝʛʘʭ ʛʦʣʦʚʥʠʭ 

ʨʽʯʦʢ. ɿʘʨʘʟ 85ï90% ʩʪʦʢʫ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʟʘʙʦʨʦʥʝʥʠʭ ʩʤʫʛ ʚʟʜʦʚʞ ʨʽʯʦʢ, ʪʦʤʫ ʚʦʥʠ ʥʝ 

ʤʘʶʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʧʦʪʦʢʠ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʪʨʘʥʟʠʪʦʤ ʧʦʚʟ ʟʘʙʦʨʦʥʝʥʽ ʟʦʥʠ. 

ɺʘʞʣʠʚʠʤʠ ʻ ʚʩʽ ʣʽʩʠ, ʱʦ ʨʦʩʪʫʪʴ ʫ ʤʝʞʘʭ ʚʦʜʦʟʙʦʨʫ ʨʽʯʢʠ. 

ɿʘʧʣʘʚʥʽ ʣʽʩʠ ʥʝʩʫʪʴ ʧʦʜʚʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʭʠʱʘʶʯʠ ʟʘʧʣʘʚʫ ʚʽʜ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʷʢ 

ʨʫʩʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʪʘʢ ʽ ʚʽʜ ʧʦʪʦʢʽʚ ʚʦʜʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʟ ʚʝʨʭʥʽʭ ʜʽʣʷʥʦʢ ʛʽʜʨʦʛʨʘʬʽʯʥʦʾ ʤʝʨʝʞʽ. 

ʇʽʜ ʯʘʩ ʪʘʥʝʥʥʷ ʩʥʽʛʫ ʥʘ ʩʭʠʣʘʭ ʪʚʝʨʜʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ ʧʦʪʨʘʧʣʷʻ ʫ ʟʘʧʣʘʚʫ ʟ ʧʨʠʣʝʛʣʠʭ ʜʦ ʥʝʾ 

ʧʦʣʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ. ʇʦʛʣʠʥʘʥʥʷ ʮʠʭ ʧʦʪʦʢʽʚ ʪʘ ʦʩʘʜʞʝʥʥʷ ˇʨʫʥʪʦʚʠʭ 

ʯʘʩʪʠʥʦʢ ʚʠʢʦʥʫʶʪʴ ʥʘʩʘʜʞʝʥʥʷ ʧʨʠʪʝʨʘʩʥʦʛʦ ʧʦʥʠʞʝʥʥʷ ʪʘ ʮʝʥʪʨʘʣʴʥʦʾ ʟʘʧʣʘʚʠ. 
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ɿʘʧʣʘʚʥʽ ʣʽʩʠ ʻ ʪʘʢʦʞ ʧʨʠʨʦʜʥʠʤʠ ʬʽʣʴʪʨʘʤʠ. ɺʦʥʠ ʧʦʢʨʘʱʫʶʪʴ ʷʢʽʩʪʴ ʚʦʜʠ, ʟʘʧʦʙʽʛʘʶʪʴ 

ʧʦʧʘʜʘʥʥʶ ʧʝʩʪʠʮʠʜʽʚ ʫ ʨʽʯʢʦʚʽ ʚʦʜʠ (Volianskyi, Herasymchuk, & Volianskyi, 2025). 

ʃʽʩʠ ʚʟʜʦʚʞ ʨʽʯʦʢ ʧʦʢʨʘʱʫʶʪʴ ʤʽʢʨʦʢʣʽʤʘʪ ʜʣʷ ʨʠʙʠ ʟʘʚʜʷʢʠ ʧʦʣʽʧʰʝʥʥʶ ʷʢʦʩʪʽ ʚʦʜʠ ʪʘ ʾʾ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ. ɿʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ ʚʟʜʦʚʞ ʨʽʯʦʢ ʻ ʟʦʥʦʶ ʚʽʜʧʦʯʠʥʢʫ ʥʘʩʝʣʝʥʥʷ, ʫ ʟʚôʷʟʢʫ ʟ 

ʮʠʤ ʚʦʥʠ ʥʝʩʫʪʴ ʜʦʜʘʪʢʦʚʝ ʨʝʢʨʝʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɻʣʦʙʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʛʫʩʪʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʙʝʨʝʛʘʭ ʟʜʘʪʥʘ 

ʩʧʦʚʽʣʴʥʶʚʘʪʠ ʨʦʟʚʠʪʦʢ ʤʝʘʥʜʨʽʚ ʨʽʯʢʠ ʜʦ ʜʝʩʷʪʠ ʨʘʟʽʚ (Ielpi, Lap¹tre, Gibling, & Boyce, 2022). 

ʅʘʚʧʘʢʠ, ʤʘʩʦʚʘ ʚʠʨʫʙʢʘ ʟʘʧʣʘʚʥʠʭ ʣʽʩʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʽʟʢʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʨʫʩʣʦʚʦʾ ʝʨʦʟʽʾ: 

ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʜʘʣʝʥʥʷ ʧʦʥʘʜ ʧʦʣʦʚʠʥʠ ʟʘʧʣʘʚʥʦʛʦ ʣʽʩʫ (å30% ʧʨʠʙʝʨʝʞʥʦʛʦ ʧʦʢʨʠʚʫ) ʟʙʽʣʴʰʫʻ 

ʰʚʠʜʢʽʩʪʴ ʨʦʟʤʠʚʫ ʙʝʨʝʛʽʚ ʙʽʣʴʰ ʥʽʞ ʥʘ 23% (Horton et al., 2017). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʘʧʣʘʚʥʽ ʣʽʩʠ ʯʝʨʝʟ ʾʭ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ 

ʚʠʢʦʥʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʫʥʢʮʽʾ ʪʘ ʻ ʥʝʟʘʤʽʥʥʦʶ ʩʢʣʘʜʦʚʦʶ ʟʘʧʣʘʚʥʦʛʦ ʣʘʥʜʰʘʬʪʫ. 

 

˙̆̓́ ̨̠̅̏̒̌̅̇̆̎̎ ï ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʟʘʣʽʩʥʝʥʥʷ ʟʘʧʣʘʚʥʠʭ ʙʝʨʝʛʽʚ ʥʘ ʧʨʦʮʝʩʠ ʤʝʘʥʜʨʫʚʘʥʥʷ 

ʨʫʩʝʣ ʨʽʯʦʢ ɺʦʨʩʢʣʘ ʽ ʇʩʝʣ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʧʝʨʰʦʯʝʨʛʦʚʽ ʟʘʭʦʜʠ ʱʦʜʦ ʟʘʣʽʩʥʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʨʦʟʽʡʥʦ 

ʥʝʙʝʟʧʝʯʥʠʭ ʜʽʣʷʥʦʢ.. 

 

˙ˍ˟˒˝˴ˍ˘˕ ˴ ˙˒˟˛ˑ˕ 
ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʩʝʨʝʜʥʽʭ ʨʽʯʢʘʭ ʣʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ ï ɺʦʨʩʢʣʽ ʪʘ ʇʩʣʽ. 

ɿʘʧʣʘʚʘ ʨʽʯʢʠ ɺʦʨʩʢʣʘ ʧʝʨʝʚʘʞʥʦ ʦʜʥʦʙʽʯʥʘ (ʣʽʚʦʨʫʯ ʚʽʜ ʨʫʩʣʘ); ʧʨʘʚʠʡ ʙʝʨʝʛ ɺʦʨʩʢʣʠ ʟʜʝʙʽʣʴʰʦʛʦ 

ʧʽʜʚʠʱʝʥʠʡ ʽ ʢʨʫʪʠʡ. ʐʠʨʠʥʘ ʟʘʧʣʘʚʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʥʠʟ ʟʘ ʪʝʯʽʻʶ: ʚʽʜ 2ï2,5 ʢʤ ʫ ʚʝʨʭʽʚôʾ, 3ï3,5 ʢʤ ï 

ʫ ʩʝʨʝʜʥʽʡ ʪʝʯʽʾ ʜʦ 5ï6 ʢʤ ʫ ʥʠʞʥʽʡ ʪʝʯʽʾ. ɿʘ ʭʘʨʘʢʪʝʨʦʤ ʨʝʣʴʻʬʫ ʜʣʷ ʤʝʘʥʜʨʫʶʯʠʭ ʨʽʯʦʢ, ʜʦ ʷʢʠʭ 

ʥʘʣʝʞʠʪʴ ɺʦʨʩʢʣʘ, ʪʠʧʦʚʦʶ ʻ ʩʝʛʤʝʥʪʥʘ ʟʘʧʣʘʚʘ. ɼʣʷ ʥʝʾ ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ ʜʫʛʦʧʦʜʽʙʥʽ ʛʨʠʚʠ ʪʘ ʩʫʭʽ 

ʘʙʦ ʟʘʡʥʷʪʽ ʦʟʝʨʘʤʠ ʧʦʥʠʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʣʠ ʚ ʨʝʟʫʣʴʪʘʪʽ  ʟʤʽʰʝʥʥʷ ʤʝʘʥʜʨ ʽ ʙʣʫʢʘʥʥʷ ʨʫʩʣʘ ʧʦ ʜʥʫ 

ʜʦʣʠʥʠ. ʎʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʟʘʧʣʘʚʠ ʪʘ ʧʨʠʪʝʨʘʩʥʝ ʧʦʥʠʞʝʥʥʷ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʨʽʚʥʷʥʠʡ ʨʝʣʴʻʬ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʠʨʫʩʣʦʚʦʶ ʯʘʩʪʠʥʦʶ, ʧʦʚʝʨʭʥʷ ʷʢʦʾ ʭʚʠʣʷʩʪʘ.  

ʈʽʯʢʘ ʇʩʝʣ ʻ ʙʽʣʴʰʦʶ ʟʘ ɺʦʨʩʢʣʫ ʽ ʤʘʻ ʰʠʨʦʢʫ ʟʘʧʣʘʚʫ. ɿʘʧʣʘʚʘ ʇʩʣʘ ʜʚʦʩʪʦʨʦʥʥʷ ʘʙʦ 

ʣʽʚʦʩʪʦʨʦʥʥʷ. ɺ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʪʝʯʽʾ ʰʠʨʠʥʘ ʟʘʧʣʘʚʠ ʇʩʣʘ ʜʦʨʽʚʥʶʻ 3,0-3,5 ʢʤ, ʥʠʞʯʝ ʟʘ ʪʝʯʽʻʶ 

ʚʦʥʘ ʜʦʩʷʛʘʻ 4,6 ʢʤ ʽ ʥʘ ʥʠʞʥʽʭ ʪʝʯʽʾ ï 7,0 ʢʤ. ɿʘʧʣʘʚʘ ʇʩʣʘ ʨʦʟʯʣʝʥʦʚʘʥʘ ʯʠʩʣʝʥʥʠʤʠ ʩʪʘʨʠʤʠ 

ʟʘʪʦʢʘʤʠ, ʷʢʽ ʧʝʨʝʪʚʦʨʠʣʠʩʷ ʥʘ ʟʘʧʣʘʚʥʽ ʦʟʝʨʘ ʽ ʟʘʨʦʩʪʽ ʚʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ. ʇʩʝʣ ʤʘʻ ʩʝʛʤʝʥʪʥʠʡ ʪʠʧ 
ʟʘʧʣʘʚʠ. ʈʝʣʴʻʬ ʟʘʧʣʘʚʠ ʇʩʣʘ ʙʽʣʴʰ ʭʚʠʣʷʩʪʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʣʴʻʬʦʤ ʟʘʧʣʘʚʠ ɺʦʨʩʢʣʠ. ʊʫʪ ʙʽʣʴʰ 

ʚʠʨʘʞʝʥʠʡ ʧʨʠʨʫʩʣʦʚʠʡ ʚʘʣ, ʫʪʚʦʨʝʥʠʡ ʧʦʪʫʞʥʦʶ ʪʝʯʽʻʶ ʧʽʜ ʯʘʩ ʧʦʚʝʥʝʡ, ʮʝʥʪʨʘʣʴʥʘ ʟʘʧʣʘʚʘ ʪʘʢʦʞ 

ʤʘʻ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʧʽʜʚʠʱʝʥʴ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʠ ʟʘʧʣʘʚʥʠʭ ʟʝʤʝʣʴ ʪʘ ʨʫʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʪʦʧʦʛʨʘʬʽʯʥʽ ʢʘʨʪʠ 

ʤʘʩʰʪʘʙʫ 1:25 000. ʇʨʦʩʪʦʨʦʚʽ ʧʦʢʘʟʥʠʢʠ ʟʘʧʣʘʚʠ (ʧʣʦʱʘ ʣʽʩʽʚ, ʣʫʢʽʚ, ʙʦʣʽʪ, ʦʨʥʠʭ ʟʝʤʝʣʴ ʪʦʱʦ) 

ʚʠʟʥʘʯʘʣʠʩʷ ʧʣʘʥʽʤʝʪʨʠʯʥʦ ʟʘ ʢʘʨʪʦʛʨʘʬʽʯʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ.  

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʘʥʜʨʫʚʘʥʥʷ ʨʫʩʝʣ ʦʙʨʘʥʽ: ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʚʠʪʢʫ 

ʚʠʛʠʥʫ (S/ɚ), ʰʠʨʠʥʘ ʧʦʷʩʫ ʤʝʘʥʜʨʫʚʘʥʥʷ (ɺ), ʢʫʪʘ ʨʦʟʚʦʨʦʪʫ ʚʠʛʠʥʫ (Ŭ). 

ɺʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʢʦʨʝʣʷʮʽʡʥʦ-ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ. ɿʦʢʨʝʤʘ, ʧʦʙʫʜʦʚʘʥʦ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʰʠʨʠʥʠ ʧʦʷʩʫ ʤʝʘʥʜʨʫʚʘʥʥʷ (B) ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʚʠʪʢʫ ʚʠʛʠʥʫ S/ɚ) ʜʣʷ ʢʦʞʥʦʾ ʨʽʯʢʠ. ʋʩʽ 

ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ MS Excel. 

 

˝˒˔ˠ˘˩˟ˍ˟˕ ˑ˛˞˘˴ˑ˓˒˚˚ˬ  ˟ ˍ ˛ˎː˛ˏ˛˝˒˚˚ˬ  
ʉʬʦʨʤʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘʧʣʘʚʥʠʭ ʟʝʤʝʣʴ ʨʽʯʢʠ ɺʦʨʩʢʣʘ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʜʠʥʘʤʽʯʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ ʪʘ ʽʥʪʝʥʩʠʚʥʦʾ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʮʠʭ ʟʝʤʣʷʭ. ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʨʦʣʴ ʝʢʦʣʦʛʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ ʟʘʧʣʘʚʠ ʜʫʞʝ ʩʠʣʴʥʦ ʥʽʚʝʣʶʻʪʴʩʷ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʾʾ ʟʝʤʝʣʴ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʧʨʦʚʝʜʝʥʥʷʤ ʫ ʟʚôʷʟʢʫ ʟ ʮʠʤ 

ʤʝʣʽʦʨʘʪʠʚʥʠʭ ʨʦʙʽʪ. ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʟʙʽʣʴʰʝʥʥʷ ʚʦʜʦʟʘʙʦʨʫ, ʚʦʜʘ ʨʽʯʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʜʞʝʨʝʣʦ ʛʽʜʨʦʝʥʝʨʛʽʾ, ʜʣʷ ʟʨʦʰʝʥʥʷ ʪʘ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ.  

ɺʥʘʩʣʽʜʦʢ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʩʪʨʫʢʪʫʨʘ ʟʘʧʣʘʚʥʠʭ ʟʝʤʝʣʴ ʥʝ ʪʽʣʴʢʠ ɺʦʨʩʢʣʠ, ʘ ʡ ʾʾ 

ʧʨʠʪʦʢʽʚ ʟʘʟʥʘʣʘ ʩʫʪʪʻʚʠʭ ʟʤʽʥ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʨʝʢʨʝʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚ ʙʘʛʘʪʴʦʭ ʤʽʩʮʷʭ 

ʫ ʟʘʧʣʘʚʽ ʙʣʠʟʴʢʦ ʜʦ ʨʽʯʢʠ ʩʪʚʦʨʝʥʽ ʙʘʟʠ ʚʽʜʧʦʯʠʥʢʫ. 
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ɿʘʧʣʘʚʥʽ ʣʫʢʠ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʦʙʦʚ'ʷʟʘʥʽ ʩʚʦʾʤ ʚʠʥʠʢʥʝʥʥʷʤ ʘʥʪʨʦʧʦʛʝʥʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ 

ʟʥʠʱʠʣʘ ʨʘʥʽʰʝ ʽʩʥʫʶʯʽ ʥʘ ʾʭ ʤʽʩʮʽ ʟʘʧʣʘʚʥʽ ʣʽʩʠ, ʦʜʥʘʢ ʚʚʘʞʘʪʠ, ʱʦ ʟʘʧʣʘʚʠ ʣʽʩʦʚʦʾ ʪʘ ʣʽʩʦʩʪʝʧʦʚʦʾ 

ʟʦʥʠ ʫ ʤʠʥʫʣʦʤʫ ʙʫʣʠ ʩʫʮʽʣʴʥʦ ʟʘʣʽʩʥʝʥʽ, ʚ ʜʘʥʠʡ ʯʘʩ ʙʫʣʦ ʙ ʙʝʟʧʽʜʩʪʘʚʥʦ.  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʟʘʧʣʘʚʥʠʭ ʟʝʤʝʣʴ ʨʽʯʢʠ ɺʦʨʩʢʣʘ ʧʦʢʘʟʫʻ, ʱʦ ʧʣʦʱʘ ʣʽʩʦʚʠʭ 

ʥʘʩʘʜʞʝʥʴ ʚ ʟʘʧʣʘʚʽ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 17,2% ʜʦ 35,2% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ. 

ʉʝʨʝʜʥʷ ʣʽʩʠʩʪʽʩʪʴ ʟʘʧʣʘʚʠ ɺʦʨʩʢʣʠ ʩʪʘʥʦʚʠʪʴ 26,5%. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʟʘʧʣʘʚʥʠʭ ʟʝʤʝʣʴ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʣʫʢʘʤʠ (59,1%). ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʟʘʧʣʘʚʠ ɺʦʨʩʢʣʠ ʟʘʙʦʣʦʯʝʥʘ, ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ï 

12,1%,  ʥʘʡʙʽʣʴʰʝ ʟʘʙʦʣʦʯʝʥʘ ʟʘʧʣʘʚʘ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʪʝʯʽʾ, ʜʝ ʥʘ ʙʦʣʦʪʘ ʧʨʠʧʘʜʘʻ 35,1% ʧʣʦʱʽ 

ʟʘʧʣʘʚʠ. 

ʏʘʩʪʠʥʘ ʟʝʤʝʣʴ ʟʘʧʣʘʚʠ (2,0%) ʨʦʟʦʨʘʥʽ. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʮʝ ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ, ʚʩʝ ʞ 

ʦʨʘʥʢʘ ʟʘʧʣʘʚʥʠʭ ʟʝʤʝʣʴ ʥʝʙʘʞʘʥʘ, ʪʘʢ ʷʢ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʰʚʠʜʢʦʛʦ ʾʭ ʟʤʠʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʦʚʝʥʝʡ.  

ʃʽʩʦʚʽ ʤʘʩʠʚʠ ʭʦʯ ʽ ʥʝ ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʫ ʟʘʧʣʘʚʥʠʭ ʟʝʤʝʣʴ, ʫʩʝ ʞ ʚʽʜʽʛʨʘʶʪʴ ʥʝʟʘʤʽʥʥʫ ʨʦʣʴ ʫ 

ʩʪʨʫʢʪʫʨʽ ʟʘʧʣʘʚʥʦʛʦ ʣʘʥʜʰʘʬʪʫ.  

ʃʽʩʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʟʘʧʣʘʚʽ, ʙʝʨʝʛʠ ʨʽʯʢʠ ʟʘʣʽʩʥʝʥʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 30,6%. 

ʅʝʜʦʩʪʘʪʥʷ ʟʘʣʽʩʥʝʥʽʩʪʴ ʧʨʠʨʫʩʣʦʚʦʾ ʟʘʧʣʘʚʠ ʩʧʨʠʷʻ ʽʥʪʝʥʩʠʚʥʦʤʫ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʤʝʘʥʜʨʫʚʘʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʽ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ ʧʣʦʱʽ, ʱʦ ʚʭʦʜʠʪʴ ʫ ʩʤʫʛʫ 

ʤʝʘʥʜʨʫʚʘʥʥʷ.  

ʇʨʠʪʝʨʘʩʥʝ ʧʦʥʠʞʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʙʦʣʦʯʝʥʝ. ʋ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʮʷ ʯʘʩʪʠʥʘ ʟʘʧʣʘʚʠ 

ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʦʩʫʰʫʚʘʣʴʥʦʾ ʤʝʣʽʦʨʘʮʽʾ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʥʝ ʤʦʞʝ.  

ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʥʘʩʘʜʞʝʥʴ ʚʽʣʴʭʠ ʯʦʨʥʦʾ ʚ ʧʨʠʪʝʨʘʩʥʠʭ ʧʦʥʠʞʝʥʥʷʭ ʟʘʧʣʘʚ ʨʽʯʦʢ, ʮʷ 

ʧʦʨʦʜʘ ʤʦʞʝ ʫʩʧʽʰʥʦ ʟʨʦʩʪʘʪʠ ʫ ʜʘʥʠʭ ʫʤʦʚʘʭ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʥʘ ʦʩʫʰʫʚʘʣʴʥʽ 

ʨʦʙʦʪʠ.  

ɿ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʟʘʧʣʘʚʥʠʭ ʟʝʤʝʣʴ ɺʦʨʩʢʣʠ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʣʴʰʝ ʾʭ ʟʘʣʽʩʥʝʥʥʷ. 

ʃʽʩʦʚʽ ʥʘʩʘʜʞʝʥʥʷ ʩʣʽʜ ʩʪʚʦʨʶʚʘʪʠ ʥʘ ʜʽʣʷʥʢʘʭ, ʜʝ ʚʦʥʠ ʙ ʤʘʢʩʠʤʘʣʴʥʦʶ ʤʽʨʦʶ ʚʠʢʦʥʫʚʘʣʠ ʩʚʦʾ 

ʝʢʦʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʘʙʦ ʾʭ ʚʠʨʦʱʫʚʘʥʥʷ ʙʫʣʦ ʙ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ. 

ɺʠʟʥʘʯʘʣʴʥʠʤʠ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ ʟʘʧʣʘʚʥʠʭ ʟʝʤʝʣʴ ʨʽʯʢʠ ʇʩʝʣ ʻ ʪʽ ʞ ʬʘʢʪʦʨʠ, ʱʦ ʽ ʚ 

ʟʘʧʣʘʚʽ ɺʦʨʩʢʣʠ. ʇʩʝʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʞʝʨʝʣʦ ʜʣʷ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʟʨʦʰʝʥʥʷ ʪʘ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʚ ʥʠʞʥʽʡ ʪʝʯʽʾ,  

ɿʘʧʣʘʚʘ ʨʽʯʢʠ ʇʩʝʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚʝʣʠʢʝ ʨʝʢʨʝʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ɿʘʧʣʘʚʥʽ ʣʫʢʠ ʟʘʡʤʘʶʪʴ ʫ ʩʝʨʝʜʥʴʦʤʫ 63,3% ʧʣʦʱʽ ʟʘʧʣʘʚʥʠʭ ʟʝʤʝʣʴ ʨʽʯʢʠ ʇʩʝʣ. ɺʽʜʩʦʪʦʢ 

ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʴ ʫ ʩʪʨʫʢʪʫʨʽ ʟʘʧʣʘʚʥʠʭ ʟʝʤʝʣʴ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʪʝʯʽʾ ʩʠʣʴʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʪʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 16,7% ʜʦ 24,8%. ʉʝʨʝʜʥʷ ʣʽʩʠʩʪʽʩʪʴ ʟʘʧʣʘʚʠ ʨʽʯʢʠ ʇʩʝʣ ʩʢʣʘʜʘʻ 19,9%. 

ɺʝʣʠʢʘ ʧʣʦʱʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʙʦʣʦʪʘʤʠ, ʥʘ ʥʠʭ ʧʨʠʧʘʜʘʻ 16,8% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʟʘʧʣʘʚʠ. 

ʄʽʩʮʷʤʠ ʟʘʙʦʣʦʯʝʥʽʩʪʴ ʟʘʧʣʘʚʠ ʜʦʭʦʜʠʪʴ ʜʦ 37,2%.  

ʍʘʨʘʢʪʝʨ ʨʦʟʪʘʰʫʚʘʥʥʷ ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʴ ʫ ʟʘʧʣʘʚʽ ʨʽʯʢʠ ʇʩʝʣ ʧʦʜʽʙʥʠʡ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʶ ʫ 

ʟʘʧʣʘʚʽ ɺʦʨʩʢʣʠ.  

ɹʝʨʝʛʠ ʨʽʯʢʠ ʇʩʝʣ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘʣʽʩʥʝʥʽ ʥʘ 46,2%, ʥʘʡʙʽʣʴʰ ʟʘʣʽʩʥʝʥʽ ʚʦʥʠ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ 

ʪʝʯʽʾ ʨʽʯʢʠ, ʜʝ ʣʽʩʦʚʽ ʥʘʩʘʜʞʝʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ ʧʨʠʨʫʩʣʦʚʽʡ ʟʘʧʣʘʚʽ. ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, 

ʱʦ ʥʘʷʚʥʽ ʜʽʣʷʥʢʠ ʟʘʧʣʘʚʠ, ʜʝ ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʢʽʣʦʤʝʪʨʽʚ ʟʘʣʽʩʥʝʥʽ ʙʝʨʝʛʠ ʩʪʘʥʦʚʣʷʪʴ 12,2-19,6%. 

ʊʘʢʠʤ ʯʠʥʦʤ ʙʝʨʝʛʠ ʇʩʣʘ ʥʝ ʩʪʘʙʽʣʽʟʦʚʘʥʽ ʪʘ ʥʝʦʙʭʽʜʥʽ ʧʦʜʘʣʴʰʽ ʨʦʙʦʪʠ ʟ ʾʭʥʴʦʛʦ ʟʘʣʽʩʥʝʥʥʷ.  

ʗʢ ʽ ʥʘ ɺʦʨʩʢʣʽ, ʫ ʟʘʧʣʘʚʽ ʨʽʯʢʠ ʇʩʝʣ ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʽ ʨʦʙʦʪʠ ʟ ʦʧʪʠʤʽʟʘʮʽʾ 

ʩʪʨʫʢʪʫʨʠ ʟʘʧʣʘʚʥʦʛʦ ʣʘʥʜʰʘʬʪʫ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʫ ʧʨʘʚʠʣʴʥʦʤʫ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʨʦʟʤʽʱʝʥʥʽ 

ʩʪʚʦʨʶʚʘʥʠʭ ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʴ.  

ʄʝʘʥʜʨʫʚʘʥʥʷ ʧʦʚôʷʟʘʥʝ ʟ ʨʫʡʥʫʚʘʥʥʷʤ ʙʝʨʝʛʽʚ, ʾʭ ʥʘʩʪʫʧʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʜʢʣʘʜʝʥʥʷ ʜʦʥʥʠʭ ʥʘʥʦʩʽʚ ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʤʫʣʫ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʟʘʚʠʩʣʠʤʠ ʥʘʥʦʩʘʤʠ, ʪʦʙʪʦ ʟ 

ʬʦʨʤʫʚʘʥʥʷʤ ʟʘʧʣʘʚʠ,  

ʄʝʘʥʜʨʫʚʘʥʥʷ ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʥʘ ʨʽʯʢʘʭ ʽʟ ʩʧʨʠʷʪʣʠʚʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʡʦʛʦ ʧʦʷʚʠ, ʘ ʩʘʤʝ ï ʟ 

ʜʦʙʨʝ ʚʠʨʘʞʝʥʦʶ ʧʦʚʽʥʥʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʥʦʩ ʥʘʥʦʩʽʚ ʫ ʟʘʧʣʘʚʫ, ʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʠʩʥʝʥʥʷ 

ʧʣʘʥʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʩʭʠʣʘʤʠ ʨʽʯʢʦʚʦʾ ʜʦʣʠʥʠ ʘʙʦ ʚʠʭʦʜʘʤʠ ʧʦʨʽʜ, ʱʦ ʚʘʞʢʦ ʨʦʟʤʠʚʘʶʪʴʩʷ ʚ ʤʝʞʘʭ 

ʾʾ ʜʥʘ. ʌʘʢʪʦʨʦʤ, ʱʦ ʦʙʤʝʞʫʻ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʫ ʤʝʘʥʜʨʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʣʽʩʦʚʘ ʨʦʩʣʠʥʥʽʩʪʴ.  

ʂʦʞʝʥ ʚʠʛʠʥ (ʤʝʘʥʜʨ) ʨʽʯʢʠ ʫ ʩʚʦʻʤʫ ʨʦʟʚʠʪʢʫ ʧʨʦʭʦʜʠʪʴ ʪʨʠ ʧʦʩʣʽʜʦʚʥʽ ʩʪʘʜʽʾ: 

ʩʠʥʫʩʦʾʜʦʧʦʜʽʙʥʫ, ʘʜʘʧʪʘʮʽʾ ʽ ʟʨʽʣʦʩʪʽ.  
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ʋ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ ʚʠʛʠʥ ʤʘʻ ʬʦʨʤʫ, ʙʣʠʟʴʢʫ ʜʦ ʩʠʥʫʩʦʾʜʠ, ʟ ʚʽʜʥʦʩʥʦ ʩʪʽʡʢʠʤ ʢʨʦʢʦʤ 

ʪʘ ʢʫʪʦʤ ʨʦʟʚʦʨʦʪʫ ʙʽʣʷ 90-120Á (ʨʠʩ. 1). ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʚʠʪʢʫ ʚʠʛʠʥʫ (S/ɚ) ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 

ʦʜʠʥʠʮʽ ʜʦ ʜʚʦʭ. ʆʩʥʦʚʥʽ ʧʣʘʥʦʚʽ ʜʝʬʦʨʤʘʮʽʾ ʨʫʩʣʘ ʟʚʦʜʷʪʴʩʷ ʜʦ ʩʧʦʚʟʘʥʥʷ ʚʠʛʠʥʽʚ ʚʥʠʟ ʧʦ ʨʽʯʮʽ ʙʝʟ 

ʽʩʪʦʪʥʦʾ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʾ ʟʤʽʥʠ ʾʭ ʚʠʛʣʷʜʫ. ʐʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʘ ʮʽʡ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ ʚʠʛʠʥʽʚ 

ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʘ ʨʦʟʚʦʨʦʪʫ ʚʠʛʠʥʫ (Ŭ).  

 
ʈʠʩ. 1  ï ʄʦʨʬʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʫ ʚʠʛʠʥʫ ʨʽʯʢʠ: ɚ ï ʢʨʦʢ ʚʠʛʠʥʫ; S ï ʜʦʚʞʠʥʘ ʚʠʛʠʥʫ; Ŭ1 ï ʢʫʪ ʚʭʦʜʫ; 

Ŭ2 ï ʢʫʪ ʚʠʭʦʜʫ; ɺ ï ʰʠʨʠʥʘ ʧʦʷʩʫ ʤʝʘʥʜʨʫʚʥʥʷ. 

 

ʉʧʦʯʘʪʢʫ ʨʦʟʚʠʥʫʪʽ ʩʠʥʫʩʦʾʜʦʧʦʜʽʙʥʽ ʚʠʛʠʥʠ ʧʝʨʪʚʦʨʶʶʪʴʩʷ ʚ S-ʧʦʜʽʙʥʫ ʟʚʠʚʠʥʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʚʦʨʦʪʫ ʚʝʨʰʠʥ ʜʚʦʭ ʩʫʤʽʞʥʠʭ ʚʠʛʠʥʽʚ, ʟʚʝʨʥʝʥʠʭ ʜʦ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʩʭʠʣʫ ʜʦʣʠʥʠ ʟʙʣʠʞʫʶʪʴʩʷ, 

ʟʤʝʥʰʫʻʪʴʩʷ ʾʭ ʢʨʦʢ ɚ, ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʚʠʪʢʫ 2 < S/ɚ > 3, ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʠʨʠʥʘ ʧʦʷʩʫ ʤʝʘʥʜʨʫʚʘʥʥʷ ɺ. 

ɿ ʜʦʩʷʛʥʝʥʥʷʤ ʢʫʪʘ ʨʦʟʚʦʨʦʪʫ Ŭ ʙʣʠʟʴʢʦʛʦ ʜʦ 200Á, ʥʘʩʪʘʻ ʜʝʷʢʝ ʫʧʦʚʽʣʴʥʝʥʥʷ ʨʦʟʚʠʪʢʫ ʚʠʛʠʥʫ, 

ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʪʘʜʽʾ ʘʜʘʧʪʘʮʽʾ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʚʠʛʠʥʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʡʦʛʦ ʚʠʧʨʷʤʣʝʥʥʷ ʚ ʧʦʚʽʥʴ. ʇʝʨʝʰʠʡʦʢ ʤʽʞ 

ʚʝʨʰʠʥʘʤʠ ʜʚʦʭ ʩʫʤʽʞʥʠʭ ʚʠʛʠʥʽʚ ʟʚʫʞʫʻʪʴʩʷ ʽ ʥʘ ʢʽʥʮʝʚʽʡ ʩʪʘʜʽʾ ʾʭ ʨʦʟʚʠʪʢʫ ʧʨʦʨʠʚʘʻʪʴʩʷ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʧʦʯʠʥʘʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ ʚʠʛʠʥʽʚ, ʘ ʢʦʣʠʰʥʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ ʩʪʘʨʦʨʽʯʠʱʘ.  

ɺʽʣʴʥʦ ʤʝʘʥʜʨʫʶʯʘ ʨʽʯʢʘ ʤʘʻ ʤʝʥʰ ʫʧʦʨʷʜʢʦʚʘʥʠʡ ʚʠʛʣʷʜ, ʥʽʞ ʨʽʯʢʘ ʟ ʙʽʯʥʠʤ ʪʠʧʦʤ ʨʫʩʣʦʚʦʛʦ 

ʧʨʦʮʝʩʫ ʘʙʦ ʩʧʦʚʟʘʶʯʠʤʠ ʚʠʛʠʥʘʤʠ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʥʘ ʚʽʣʴʥʦ ʤʝʘʥʜʨʫʶʯʽʡ ʨʽʯʮʽ ʤʦʞʫʪʴ 

ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʚʠʛʠʥʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʨʦʟʚʠʪʢʫ. 

ɿʘʛʘʣʴʥʠʡ ʭʽʜ ʨʫʩʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʚʽʣʴʥʦʤʫ ʤʝʘʥʜʨʫʚʘʥʥʽ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʨʦʟʚʠʪʦʢ 

ʩʫʤʽʞʥʠʭ ʚʠʛʠʥʽʚ ʤʘʻ ʚʝʣʠʢʠʡ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ. ɺʽʥ ʦʩʦʙʣʠʚʦ ʩʠʣʴʥʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʦʨʠʚʫ 

ʧʝʨʝʰʠʡʢʽʚ ʧʝʪʝʣʴ ʨʫʩʣʘ. ɺʥʘʩʣʽʜʦʢ ʪʘʢʦʛʦ ʧʨʦʨʠʚʫ ʟʤʽʥʶʻʪʴʩʷ ʥʘʧʨʷʤʦʢ ʧʣʘʥʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ 

ʨʫʩʣʘ ʥʘ ʩʫʤʽʞʥʠʭ ʟ ʥʠʤ ʜʽʣʷʥʢʘʭ ʨʽʯʢʠ ʪʘ ʩʪʚʦʨʶʶʪʴʩʷ ʧʝʨʝʜʫʤʦʚʠ ʜʦ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʚʠʛʠʥʽʚ ʪʘʤ, 

ʜʝ ʜʦ ʮʴʦʛʦ ʽʩʥʫʚʘʣʠ ʚʠʛʠʥʠ, ʱʦ ʧʨʦʡʰʣʠ ʧʦʧʝʨʝʜʥʽ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝ ʚʩʽ ʚʠʛʠʥʠ ʚ 

ʨʽʯʮʽ ʧʨʦʭʦʜʷʪʴ ʧʦʚʥʽ ʮʠʢʣʠ ʨʦʟʚʠʪʢʫ, ʱʦ ʟʘʚʝʨʰʫʶʪʴʩʷ ʧʨʦʨʠʚʦʤ ʧʝʨʝʰʠʡʢʽʚ. 

ʇʨʦʮʝʩ ʚʽʣʴʥʦʛʦ ʤʝʘʥʜʨʫʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʩʚʦʻʾ ʨʫʡʥʽʚʥʦʾ ʜʽʾ ʥʘ ʧʨʠʨʫʩʣʦʚʫ ʟʘʧʣʘʚʫ ʻ ʥʝʙʘʞʘʥʠʤ. 

ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʨʦʟʚʠʪʢʫ ʨʦʟʤʠʚʫ ʙʝʨʝʛʽʚ ʤʘʻ ʾʭ ʟʘʣʽʩʥʝʥʥ.̫  

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ ʤʝʘʥʜʨʫʚʘʥʥʷ ʫ ʟʘʧʣʘʚʘʭ ɺʦʨʩʢʣʠ ʽ ʇʩʣʘ ʧʦʢʘʟʘʣʦ, ʱʦ ʟʘʛʘʣʴʥʘ 

ʣʽʩʠʩʪʽʩʪʴ ʟʘʧʣʘʚʠ ʥʝ ʤʘʻ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʝʘʥʜʨʫʚʘʥʥʷ. ʇʝʨʰʦʯʝʨʛʦʚʝ ʟʥʘʯʝʥʥʷ ʪʫʪ ʤʘʻ 

ʭʘʨʘʢʪʝʨ ʽ ʩʪʫʧʽʥʴ ʟʘʣʽʩʥʝʥʥʷ ʙʝʨʝʛʽʚ ʨʫʩʣʘ.  

ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʦʟʚʠʪʢʫ ʚʠʛʠʥʫ (S/ɚ) ʪʘ ʰʠʨʠʥʦʶ ʧʦʷʩʫ ʤʝʘʥʜʨʫʚʘʥʥʷ (ɺ), ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ:  

ʜʣʷ ʨʽʯʢʠ ɺʦʨʩʢʣʘ  

( )263 642 ln= + ÖSB
l

; 
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ʜʣʷ ʨʽʯʢʠ ʇʩʝʣ 

( )459 490 ln= + ÖSB
l

. 

ʇʨʦʮʝʩ ʤʝʘʥʜʨʫʚʘʥʥʷ ʚ ʟʘʧʣʘʚʘʭ ɺʦʨʩʢʣʠ ʽ ʇʩʣʘ ʥʘʡʙʽʣʴʰʝ ʨʦʟʚʠʥʝʥʠʡ ʥʘ ʜʽʣʷʥʢʘʭ ʟ 

ʥʝʟʘʣʽʩʥʝʥʠʤʠ ʙʝʨʝʛʘʤʠ. ʇʘʨʘʤʝʪʨʠ S/ɚ, ɺ, Ŭ ʤʘʶʪʴ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ, ʜʝ ʨʫʩʣʦ 

ʟʘʣʽʩʥʝʥʝ ʟ ʦʙʦʭ ʩʪʦʨʽʥ. ɼʽʣʷʥʢʠ ʟ ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʟʘʣʽʩʥʝʥʥʷʤ ʙʝʨʝʛʽʚ ʨʫʩʣʘ ʤʘʶʪʴ ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʫʮʽʣʴʥʠʤ ʟʘʣʽʩʥʝʥʥʷʤ, ʘʣʝ ʮʷ ʨʽʟʥʠʮʷ ʥʝʟʥʘʯʥʘ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʘʚʽʪʴ 

ʦʜʥʦʩʪʦʨʦʥʥʻ ʟʘʣʽʩʥʝʥʥʷ ʙʝʨʝʛʽʚ ʨʫʩʣʘ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʝʨʦʟʽʡʥʦʥʝʙʝʟʧʝʯʥʠʭ ʜʽʣʷʥʦʢ, ʜʦʟʚʦʣʠʪʴ 

ʟʥʠʟʠʪʠ ʤʝʘʥʜʨʫʚʘʥʥʷ. ɼʽʣʷʥʢʠ ʟ ʥʝʟʘʣʽʩʥʝʥʠʤʠ ʙʝʨʝʛʘʤʠ ʨʫʩʣʘ ʤʘʶʪʴ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ S/ɚ, ɺ, Ŭ, 

ʷʢʽ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ ʫʤʦʚʘʭ ʩʫʮʽʣʴʥʦʛʦ ʽ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʟʘʣʽʩʥʝʥʥʷ 

ʙʝʨʝʛʽʚ ʨʫʩʣʘ.  

ʇʦʷʩ ʤʝʘʥʜʨʫʚʘʥʥʷ ʨʫʩʣʘ ï ʮʝ ʟʦʥʘ, ʱʦ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ ʨʫʩʣʦʚʠʭ 

ʧʦʪʦʢʽʚ. ʉʘʤʝ ʪʫʪ ʨʝʣʴʻʬ ʟʘʧʣʘʚʠ ʤʘʻ ʥʘʡʙʽʣʴʰ ʤʽʥʣʠʚʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʩʪʘʨʦʨʽʯʠʱʘ ʨʫʩʣʘ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʡʦʛʦ ʧʦʷʩʫ ʤʝʘʥʜʨʫʚʘʥʥʷ.  

ɺ ʮʽʡ ʟʦʥʽ ʧʽʜ ʯʘʩ ʧʦʚʝʥʽ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʥʘʥʦʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʷʩ 

ʤʝʘʥʜʨʫʚʘʥʥʷ ʨʫʩʣʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʩʚʦʻʶ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʚʥʘʩʣʽʜʦʢ ʧʦʩʪʽʡʥʦʾ ʟʤʽʥʠ ʨʝʣʴʻʬʫ ʪʘ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʡʦʛʦ ʟʝʤʝʣʴ, ʦʙʫʤʦʚʣʝʥʠʭ ʫʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ, ʨʦʟʤʠʚʽʚ ʙʝʨʝʛʽʚ, ʧʨʦʨʠʚʽʚ 

ʧʝʨʝʰʠʡʢʽʚ ʚʠʛʠʥʽʚ ʪʘ ʚʠʥʠʢʥʝʥʥʷʤ ʩʪʘʨʦʨʽʯʠʱ.  

ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚʠʥʠʢʘʶʪʴ ʪʨʫʜʥʦʱʽ ʟ ʚʝʜʝʥʥʷʤ ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʷʢ ʩʽʣʴʩʴʢʦʛʦ, ʪʘʢ 

ʽ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ʎʷ ʟʦʥʘ ʻ ʟʦʥʦʶ ʨʠʟʠʢʦʚʘʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ. ʊʦʤʫ ʟʤʝʥʰʝʥʥʷ ʾʾ ʨʦʟʤʽʨʽʚ 

ʚʩʽʣʷʢʦ ʩʧʨʠʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʟʘʧʣʘʚʥʠʭ ʟʝʤʝʣʴ. 

ɺ ʟʘʧʣʘʚʽ ɺʦʨʩʢʣʠ ʩʝʨʝʜʥʷ ʰʠʨʠʥʘ ʧʦʷʩʫ ʤʝʘʥʜʨʫʚʘʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʥʝʟʘʣʽʩʥʝʥʠʤʠ ʙʝʨʝʛʘʤʠ ʥʘ 

156 ʤ ʰʠʨʰʘ, ʥʽʞ ʥʘ ʟʘʣʽʩʥʝʥʠʭ ʜʽʣʷʥʢʘʭ. ʅʘ ʨʽʯʮʽ ʇʩʝʣ ʮʷ ʨʽʟʥʠʮʷ ʜʦʨʽʚʥʶʻ 146 ʤ. ʇʩʝʣ ʤʘʻ ʙʽʣʴʰ 

ʧʦʪʫʞʥʫ ʪʝʯʽʶ, ʧʨʦʮʝʩʠ ʤʝʘʥʜʨʫʚʘʥʥʷ ʥʘ ʥʴʦʤʫ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʽ, ʥʽʞ ʥʘ ɺʦʨʩʢʣʽ. 

ʅʘ ɺʦʨʩʢʣʽ ʥʝʟʘʣʽʩʥʝʥʽ ʙʝʨʝʛʠ ʩʪʘʥʦʚʣʷʪʴ 69,4%, ʥʘ ʇʩʣʽ ï 53,8%. ʅʘ ʮʠʭ ʜʽʣʷʥʢʘʭ ʧʦʨʽʚʥʷʥʦ ʟ 

ʜʽʣʷʥʢʘʤʠ ʟʘʣʽʩʥʝʥʠʭ ʙʝʨʝʛʽʚ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʚʩʶ ʜʦʚʞʠʥʫ ʨʽʯʦʢ ʧʽʜ ʧʦʷʩ ʤʝʘʥʜʨʫʚʘʥʥʷ ʧʦʧʘʜʘʻ 

4894 ʛʘ ʥʘ ɺʦʨʩʢʣʽ ʽ 5436 ʛʘ ʥʘ ʇʩʣʽ. ʆʪʞʝ, ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʜʘʣʴʰʦʤʫ ʟʘʣʽʩʥʝʥʥʽ ʙʝʨʝʛʽʚ ʨʽʯʦʢ 

ɺʦʨʩʢʣʘ ʽ ʇʩʝʣ. 

ɺ ʫʤʦʚʘʭ ʟʘʧʣʘʚ ʨʽʯʦʢ ɺʦʨʩʢʣʘ ʽ ʇʩʝʣ ʣʽʩʦʚʽ ʥʘʩʘʜʞʝʥʥʷ ʥʝ ʩʪʘʥʦʚʣʷʪʴ ʟʘʚʝʨʰʝʥʫ ʩʠʩʪʝʤʫ 

ʟʘʭʠʩʥʠʭ ʥʘʩʘʜʞʝʥʴ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʟʘʧʣʘʚʥʠʭ ʣʽʩʽʚ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʩʮʴ ʧʝʨʰʦʯʝʨʛʦʚʦʛʦ ʾʭ ʩʪʚʦʨʝʥʥʷ. ʇʨʠʨʫʩʣʦʚʘ ʯʘʩʪʠʥʘ ʟʘʧʣʘʚʠ ʤʘʻ ʙʫʪʠ ʟʘʣʽʩʥʝʥʘ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʽ 

ʧʦʚʥʽʩʪʶ. ɿʘʭʠʩʥʽ ʩʤʫʛʠ ʩʪʚʦʨʶʶʪʴʩʷ ʚʟʜʦʚʞ ʦʙʦʭ ʙʝʨʝʛʽʚ ʨʽʯʦʢ, ʧʦ ʛʦʣʦʚʥʦʤʫ ʨʫʩʣʫ ʽ ʧʦ ʚʩʽʭ 

ʨʫʢʘʚʘʭ. ɺʦʥʠ ʤʘʶʪʴ ʧʦʚʪʦʨʶʚʘʪʠ ʚʠʛʠʥʠ ʨʫʩʣʘ, ʘʣʝ ʤʘʪʠ ʙʽʣʴʰʽ ʨʘʜʽʫʩʠ ʟʘʦʢʨʫʛʣʝʥʥʷ, ʥʽʞ ʨʫʩʣʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʭʠʩʥʽ ʩʤʫʛʠ ʟʤʝʥʰʫʶʪʴ ʟʚʠʚʠʩʪʽʩʪʴ ʨʽʯʢʠ.  

ɺʝʩʴ ʢʦʤʧʣʝʢʩ ʥʘʩʘʜʞʝʥʴ ʫ ʟʘʧʣʘʚʘʭ ʨʽʯʦʢ ʢʨʽʤ ʧʨʠʨʫʩʣʦʚʠʭ ʣʽʩʦʚʠʭ ʩʤʫʛ ʧʦʚʠʥʝʥ ʪʘʢʦʞ 

ʚʢʣʶʯʘʪʠ ʥʘʩʘʜʞʝʥʥʷ ʥʘʚʢʦʣʦ ʟʘʧʣʘʚʥʠʭ ʚʦʜʦʡʤ; ˇʨʫʥʪʦʟʘʭʠʩʥʽ ʥʘʩʘʜʞʝʥʥʷ ʥʘ ʢʦʥʫʩʘʭ ʚʠʥʦʩʽʚ 

ʷʨʫʞʥʦ-ʙʘʣʢʦʚʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʧʘʜʘʶʪʴ ʫ ʟʘʧʣʘʚʫ; ʧʦʧʝʨʝʯʥʽ ʣʽʩʦʚʽ ʩʤʫʛʠ ʥʘ ʙʝʟʣʽʩʠʭ ʜʽʣʷʥʢʘʭ; ʩʤʫʛʠ 

ʢʦʣʴʤʘʪʫʶʯʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ; ʙʝʨʝʛʦʚʽ ʥʘʩʘʜʞʝʥʥʷ ʥʘ ʢʦʨʽʥʥʠʭ ʙʝʨʝʛʘʭ ʜʦʣʠʥʠ. ɺ ʜʦʧʦʚʥʝʥʥʷ ʜʦ 

ʽʩʥʫʶʯʠʭ ʣʽʩʽʚ ʫ ʟʘʧʣʘʚʘʭ ʨʽʯʦʢ ɺʦʨʩʢʣʘ ʽ ʇʩʝʣ ʥʘ ʢʦʥʢʨʝʪʥʠʭ ʜʽʣʷʥʢʘʭ ʧʦʪʨʽʙʥʦ ʟʘʧʨʦʝʢʪʫʚʘʪʠ 

ʥʝʦʙʭʽʜʥʽ ʪʫʪ ʥʘʩʘʜʞʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʜʝ ʦʪʨʠʤʘʥʘ ʦʧʪʠʤʘʣʴʥʘ ʣʽʩʠʩʪʽʩʪʴ. ɺʠʢʦʥʘʥʥʷ ʮʴʦʛʦ 

ʟʘʚʜʘʥʥʷ ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʦʝʪʘʧʥʦ, ʧʦʯʠʥʘʶʯʠ ʽʟ ʟʘʣʽʩʥʝʥʥʷ ʧʨʠʨʫʩʣʦʚʦʾ ʯʘʩʪʠʥʠ ʟʘʧʣʘʚʠ. 

 

ˏ˕˞˚˛ˏ˗˕ 
ʈʽʯʢʠ ɺʦʨʩʢʣʘ ʽ ʇʩʝʣ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʯʦʢ ʟ ʤʝʘʥʜʨʫʶʯʠʤ ʪʠʧʦʤ ʨʫʩʝʣ. ɺ ʜʦʩʣʽʜʞʝʥʽ 

ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʦʟʚʠʪʢʫ ʚʠʛʠʥʫ (S/ɚ) ʪʘ ʰʠʨʠʥʦʶ ʧʦʷʩʫ ʤʝʘʥʜʨʫʚʘʥʥʷ 

ʨʫʩʣʘ (ɺ) ʜʣʷ ʮʪʠʭ ʨʽʯʦʢ  

ɺ ʟʘʧʣʘʚʽ ɺʦʨʩʢʣʠ ʩʝʨʝʜʥʷ ʰʠʨʠʥʘ ʧʦʷʩʫ ʤʝʘʥʜʨʫʚʘʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʥʝʟʘʣʽʩʥʝʥʠʤʠ ʙʝʨʝʛʘʤʠ ʥʘ 

156 ʤ ʰʠʨʰʘ, ʥʽʞ ʥʘ ʟʘʣʽʩʥʝʥʠʭ ʜʽʣʷʥʢʘʭ, ʥʘ ʨʽʯʮʽ ʇʩʝʣ ʮʷ ʨʽʟʥʠʮʷ ʩʪʘʥʦʚʠʪʴ 146 ʤ.  

ʉʝʨʝʜʥʷ ʣʽʩʠʩʪʽʩʪʴ ʟʘʧʣʘʚʠ ʨʽʯʢʠ ɺʦʨʩʢʣʘ ʩʪʘʥʦʚʠʪʴ 26,5%, ʟʘʣʽʩʥʝʥʽʩʪʴ ʙʝʨʝʛʽʚ ï 30,6%, ʥʘ ʨʽʯʮʽ 

ʇʩʝʣ ʮʽ ʧʦʢʘʟʥʠʢʠ ʚʽʜʧʦʚʽʜʥʦ ʨʽʚʥʽ 19,9% ʪʘ 46,2%.  

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ ʤʝʘʜʨʫʚʘʥʥʷ ʚ ʟʘʧʣʘʚʘʭ ɺʦʨʩʢʣʠ ʽ ʇʩʣʘ ʧʦʢʘʟʘʣʦ, ʱʦ ʽʩʥʫʶʯʘ 

ʟʘʛʘʣʴʥʘ ʣʽʩʠʩʪʽʩʪʴ ʟʘʧʣʘʚʠ ʥʝ ʤʘʻ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʝʘʜʨʫʚʘʥʥʷ. ʇʝʨʰʦʯʝʨʛʦʚʝ ʟʥʘʯʝʥʥʷ ʪʫʪ ʤʘʻ 

ʭʘʨʘʢʪʝʨ ʪʘ ʩʪʫʧʽʥʴ ʟʘʣʽʩʥʝʥʥʷ ʙʝʨʝʛʽʚ ʨʫʩʣʘ. ʄʝʘʥʜʨʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʝ ʥʘ ʜʽʣʷʥʢʘʭ ʟ 

ʥʝʟʘʣʽʩʥʝʥʠʤʠ ʙʝʨʝʛʘʤʠ.  
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ʄʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʘ ʣʽʩʠʩʪʽʩʪʴ ʟʘʧʣʘʚʠ ʧʝʨʝʜʙʘʯʘʻ ʧʦʚʥʝ ʟʘʣʽʩʥʝʥʥʷ ʾʾ ʧʨʠʨʫʩʣʦʚʦʾ ʯʘʩʪʠʥʠ. ɺ 

ʫʤʦʚʘʭ ʟʘʧʣʘʚ ʨʽʯʦʢ ɺʦʨʩʢʣʘ ʽ ʇʩʝʣ ʣʽʩʦʚʽ ʥʘʩʘʜʞʝʥʥʷ ʥʝ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʘʚʝʨʰʝʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘʭʠʩʥʠʭ ʥʘʩʘʜʞʝʥʴ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʟʘʧʣʘʚʥʠʭ ʣʽʩʽʚ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʩʮʴ ʧʝʨʰʦʯʝʨʛʦʚʦʛʦ ʾʭ ʩʪʚʦʨʝʥʥʷ. 
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ABSTRACT 

 

The main measure to eliminate the negative impact of 

soil compaction is their deep loosening. Studies of soil 

hardness have revealed significant fluctuations in the depth 

of occurrence of compacted layers even in conditions of 

small land plots. Known designs of deep subsoilers provide 

for continuous cultivation of subsoil layers to a depth equal 

to the maximum value of the depth of the plow sole on the 

entire field. The design of devices for changing the depth of 

travel of the working bodies of deep subsoilers does not 

allow changing the depth of cultivation in real time based on 

soil hardness cartograms. We have proposed to switch to the 

principle of destroying the integrity of the compacted layer 

by cutting holes with a tubular working body. A machine 

design has been developed to implement this method of 

cultivation. The purpose of the study is to theoretically 

establish the traction resistance of such a machine and 

substantiate the design parameters of its working body. A 

dependence was obtained that allows us to assess the 

influence of such parameters as the diameter of the tooth, 

the number of teeth on the disk and the distance between the 

disks on the energy costs during the operation of the 

machine. Based on the analysis of the graphs constructed 

according to this dependence, it was established that to 

achieve a specific traction resistance of 5 kN, it is advisable 

to install from 6 to 8 teeth on one disk. In this case, the 

diameter of the tooth should not be more than 0.03 m, and 

the distance between the disks on the rotor should not be less 

than 0.3 m. Testing the working body (tooth) for resistance 

to deflection when it is buried in soil with a hardness of 

ʛʨP =40 kg/cm2 revealed that for a tooth 0.5 m long, a 

section in the form of a sector of a ring with an outer 

diameter of 0.03 m, a sector angle of 2000 and a ring wall 

thickness of 0.004 m will ensure stability. 
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ˍ˚˛˟ˍˣ˴ˬ 
 

ʆʩʥʦʚʥʠʤ ʟʘʭʦʜʦʤ ʽʟ ʫʩʫʥʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʧʝʨʝʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʽʚ ʻ ʛʣʠʙʦʢʝ ʾʭ ʨʦʟʧʫʰʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʪʚʝʨʜʦʩʪʽ ˇʨʫʥʪʽʚ ʚʠʷʚʠʣʠ ʟʥʘʯʥʽ ʢʦʣʠʚʘʥʥʷ ʛʣʠʙʠʥʠ 

ʟʘʣʷʛʘʥʥʷ ʧʝʨʝʫʱʽʣʴʥʝʥʠʭ ʰʘʨʽʚ ʚ ʫʤʦʚʘʭ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʠʭ ʟʘ 

ʧʣʦʱʝʶ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ. ɺʽʜʦʤʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʛʣʠʙʦʢʦʨʦʟʧʫʰʫʚʘʯʽʚ ʧʝʨʝʜʙʘʯʘʶʪʴ ʩʫʮʽʣʴʥʠʡ ʦʙʨʦʙʽʪʦʢ 

ʧʽʜʦʨʥʠʭ ʰʘʨʽʚ ʥʘ ʛʣʠʙʠʥʫ, ʱʦ ʨʽʚʥʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʶ 

ʛʣʠʙʠʥʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʣʫʞʥʦʾ ʧʽʜʦʰʚʠ ʥʘ ʫʩʴʦʤʫ ʧʦʣʽ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʟʤʽʥʠ ʛʣʠʙʠʥʠ ʭʦʜʫ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ ʛʣʠʙʦʢʦʨʦʟʧʫʰʫʚʘʯʽʚ ʥʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʟʤʽʥʫ 

ʛʣʠʙʠʥʠ ʦʙʨʦʙʽʪʢʫ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʥʘ ʦʩʥʦʚʽ 

ʢʘʨʪʦʛʨʘʤ ʪʚʝʨʜʦʩʪʽ ˇʨʫʥʪʽʚ. ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʝʨʝʡʪʠ 

ʜʦ ʧʨʠʥʮʠʧʫ ʨʫʡʥʫʚʘʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʧʝʨʝʫʱʽʣʴʥʦʛʦ ʰʘʨʫ 

ʰʣʷʭʦʤ ʧʨʦʨʽʟʘʥʥʷ ʦʪʚʦʨʽʚ ʪʨʫʙʯʘʩʪʠʤ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʰʠʥʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ 

ʩʧʦʩʦʙʫ ʦʙʨʦʙʽʪʢʫ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʪʝʦʨʝʪʠʯʥʦ 

ʚʩʪʘʥʦʚʠʪʠ ʪʷʛʦʚʦʛʦ ʦʧʽʨ ʪʘʢʦʾ ʤʘʰʠʥʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʡʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ. ʆʪʨʠʤʘʥʦ 

ʟʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢ 

ʜʽʘʤʝʪʨ ʟʫʙʘ, ʢʽʣʴʢʽʩʪʴ ʟʫʙʽʚ ʥʘ ʜʠʩʢʫ ʪʘ ʚʽʜʜʘʣʽ ʤʽʞ 

ʜʠʩʢʘʤʠ  ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʤʘʰʠʥʠ. ʅʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʛʨʘʬʽʢʽʚ ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ ʮʽʻʶ ʟʘʣʝʞʥʽʩʪʶ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʠʪʦʤʦʛʦ ʪʷʛʦʚʦʛʦ ʦʧʦʨʫ ʥʘ 

ʨʽʚʥʽ 5 ʢʅ ʜʦʮʽʣʴʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘ ʦʜʥʦʤʫ ʜʠʩʢʫ ʚʽʜ 6 ʜʦ 8 

ʟʫʙʽʚ. ʇʨʠ ʮʴʦʤʫ ʜʽʘʤʝʪʨ ʟʫʙʘ ʥʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʙʽʣʴʰʠʤ ʟʘ 

0,03 ʤ, ʘ ʚʽʜʜʘʣʴ ʤʽʞ ʜʠʩʢʘʤʠ ʥʘ ʨʦʪʦʨʽ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʤʝʥʰʦʶ ʚʽʜ 0,3 ʤ. ʇʝʨʝʚʽʨʢʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ (ʟʫʙʘ) ʥʘ 

ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʧʨʦʛʠʥʽʚ ʧʨʠ ʡʦʛʦ ʟʘʛʣʠʙʣʝʥʥʽ ʫ ˇʨʫʥʪ ʟ 

ʪʚʝʨʜʽʩʪʶ ʛʨP =40 ʢʛ/ʩʤ2 ʚʠʷʚʠʣʘ, ʱʦ ʜʣʷ ʟʫʙʘ ʜʦʚʞʠʥʦʶ 0,5 

ʤ ʧʝʨʝʨʽʟ ʫ ʚʠʛʣʷʜʽ ʩʝʢʪʦʨʘ ʢʽʣʴʮʷ ʽʟ ʟʦʚʥʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 

0,03 ʤ, ʢʫʪʦʤ ʩʝʢʪʦʨʘ 2000 ʪʘ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ ʢʽʣʴʮʷ 0,004 

ʤ ʩʪʽʡʢʽʩʪʴ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ. 
 

 

DOI: 10.36910/acm.vi51.1883 ʎʠʪʫʚʘʪʠ ʮʶ ʩʪʘʪʪʶ: 
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ʪʷʛʦʚʦʛʦ ʦʧʦʨʫ ʟʥʘʨʷʜʜʷ ʜʣʷ ʛʣʠʙʦʢʦʛʦ ʦʙʨʦʙʽʪʢʫ 
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ʏʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʫʢʦʚʮʽʚ ʚʠʷʚʠʣʠ, ʱʦ ʧʦʥʘʜ 40 % ˇʨʫʥʪʽʚ ʚ ʋʢʨʘʾʥʽ  ʻ ʧʝʨʝʫʱʽʣʴʥʝʥʠʤʠ 

[1]. ʉʫʤʘʨʥʠʡ ʚʧʣʠʚ ʪʚʝʨʜʦʩʪʽ ˇʨʫʥʪʽʚ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʩʦʨʪʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ ʜʦʩʣʽʜʞʝʥʽ ʘʢʘʜʝʤʽʢʦʤ ʄʝʜʚʝʜʻʚʠʤ ɺ.ɺ. (ʄʝʜʚʝʜʻʚ, 2003; ʄʝʜʚʝʜʻʚ, 2004; ʄʝʜʚʝʜʻʚ, 2010). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʝʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ ʥʝ ʩʧʨʠʷʻ ʥʦʨʤʘʣʴʥʦʤʫ ʨʦʩʪʫ ʽ ʨʦʟʚʠʪʢʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʯʝʨʝʟ ʰʠʨʦʢʝ ʢʦʣʦ ʬʘʢʪʦʨʽʚ ʦʩʥʦʚʥʠʭ ʽʟ ʷʢʠʭ ʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ 

ʫʱʽʣʴʥʝʥʦʛʦ ʰʘʨʫ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʨʦʩʣʠʥ ʫ ʥʠʞʥʽ ʰʘʨʠ (ɹʨʦʤʦʪ, n.d., ɻʘʚʨʠʣʦʚ, 

2015). 

ʆʩʥʦʚʥʠʤ ʟʘʭʦʜʦʤ ʽʟ ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʪʘʢʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʷʚʠʱʘ ʻ ʛʣʠʙʦʢʝ ʨʦʟʧʫʰʝʥʥʷ ˇʨʫʥʪʫ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʟʘʭʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʠʟʝʣʴʥʽ ʢʫʣʴʪʠʚʘʪʦʨʠ ʪʘ ʛʣʠʙʦʢʦʨʦʟʧʫʰʫʚʘʯʽ. 

ʆʩʥʦʚʥʠʤ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʪʘʢʠʭ ʟʥʘʨʷʜʴ ʻ ʣʘʧʘ. ɺʽʜ ʬʦʨʤʠ ʣʘʧʠ ʟʘʣʝʞʠʪʴ ʽ ʨʝʟʫʣʴʪʘʪ, ʱʦ ʙʫʜʝ 

ʜʦʩʷʛʥʫʪʦ ʧʽʜ ʯʘʩ ʨʦʟʧʫʰʝʥʥʷ ˇʨʫʥʪʫ.  

ɸʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟʥʘʨʷʜʜ ɹʜʣʷ ʛʣʠʙʦʢʦʛʦ ʨʦʟʧʫʰʝʥʥʷ ˇʨʫʥʪʫ 

ʚʢʘʟʫʻ, ʱʦ ʟʘ ʦʩʥʦʚʥʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʦʟʥʘʢʘʤʠ ʪʘ ʚʠʢʦʥʫʚʘʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʾʭ ʤʦʞʥʘ ʦʙôʻʜʥʘʪʠ ʫ 

3 ʛʨʫʧʠ (ʎʠʟʴ & ɻʦʣʽʡ, 2024a). ɼʦ ʧʝʨʰʦʾ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʣʘʧʠ, ʷʢʽ ʥʝ ʚʠʥʦʩʪ̫ʴ ʥʘ ʧʦʚʝʨʭʥʶ 

ʨʦʟʧʫʰʝʥʠʡ ʰʘʨ ˇʨʫʥʪʫ ʽ ʟʙʝʨʽʛʘʶʪʴ ʥʝʧʦʨʫʰʝʥʠʤ ʧʦʚʝʨʭʥʝʚʠʡ ʨʦʩʣʠʥʥʠʡ ʰʘʨ. ɺʦʥʠ ʦʪʨʠʤʘʣʠ 

ʥʘʟʚʫ çzero-mixè ʫ ʛʣʠʙʦʢʦʨʦʟʧʫʰʫʚʘʯʘʭ ʬʽʨʤʠ ɺednar (Bednar, n.d.). ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ 

ʨʦʙʦʯʽ ʦʨʛʘʥʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʧʦʣʷ ʜʨʽʙʥʦʩʪʨʫʢʪʫʨʥʦʾ ʬʨʘʢʮʽʾ ˇʨʫʥʪʫ ʪʘ ʫ 

ʙʽʣʴʰʦʩʪʽ ʚʠʨʦʙʥʠʢʽʚ ʥʘʟʠʚʘʶʪʴʩʷ ʧʘʨʘʙʦʣʽʯʥʠʤʠ (ʎʠʟʴ & ɻʦʣʽʡ, 2024b). ɼʦ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ 

ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʽʟ ʨʦʟʧʫʰʫʶʯʦʶ ʧʦʣʠʮʝʶ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʬʦʨʤʠ (ʎʠʟʴ & ɻʦʣʽʡ, 2024b). ʊʘʢʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ 

ʪʘʢʦʞ ʥʝ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʟʧʫʰʝʥʦʛʦ ˇʨʫʥʪʫ ʥʘ ʧʦʚʝʨʭʥʶ.  

ʋ ʪʦʡ ʞʝ ʯʘʩ ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ˇʨʫʥʪʽʚ ʚʠʷʚʠʣʠ ʟʥʘʯʥʽ ʢʦʣʠʚʘʥʥʷ ʛʣʠʙʠʥʠ 

ʟʘʣʷʛʘʥʥʷ ʧʝʨʝʫʱʽʣʴʥʝʥʠʭ ʰʘʨʽʚ ʚ ʫʤʦʚʘʭ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʠʭ ʟʘ ʧʣʦʱʝʶ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ (ʎʠʟʴ & 

ɻʦʣʽʡ, 2024). ʆʧʠʩʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʛʣʠʙʦʢʦʨʦʟʧʫʰʫʚʘʯʽʚ ʧʝʨʝʜʙʘʯʘʶʪʴ ʩʫʮʽʣʴʥʝ ʨʦʟʧʫʰʝʥʥʷ ʧʽʜʦʨʥʠʭ 

ʰʘʨʽʚ ʥʘ ʛʣʠʙʠʥʫ, ʱʦ ʨʽʚʥʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʶ ʛʣʠʙʠʥʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʣʫʞʥʦʾ ʧʽʜʦʰʚʠ ʥʘ 

ʫʩʴʦʤʫ ʧʦʣʽ ʪʘ, ʷʢ ʨʝʟʫʣʴʪʘʪ,  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤ ʟʘʪʨʘʪʘʤʠ ʥʘ ʦʜʠʥʠʮʶ 

ʦʙʨʦʙʣʝʥʦʾ ʧʣʦʱʽ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʤʽʥʫ ʛʣʠʙʠʥʠ ʭʦʜʫ ʾʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟʜʽʡʩʥʶʶʪʴ ʰʣʷʭʦʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʦʣʦʞʝʥʥʷ ʦʧʦʨʥʠʭ ʢʦʣʽʩ ʽʟ ʟʘʪʨʘʪʦʶ ʧʝʚʥʦʛʦ ʯʘʩʫ ʪʘ ʨʫʯʥʦʾ ʧʨʘʮʽ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʥʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʟʤʽʥʫ ʛʣʠʙʠʥʠ ʦʙʨʦʙʽʪʢʫ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʥʘ ʦʩʥʦʚʽ ʢʘʨʪʦʛʨʘʤ 

ʪʚʝʨʜʦʩʪʽ ˇʨʫʥʪʽʚ (ɻʦʣʽʡ, & ʎʠʟʴ, 2024).  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ ʤʠ ʧʨʦʧʦʥʫʻʤʦ ʧʝʨʝʡʪʠ ʜʦ ʧʨʠʥʮʠʧʫ ʨʫʡʥʫʚʘʥʥʷ ʮʽʣʽʩʥʦʩʪʽ 

ʧʝʨʝʫʱʽʣʴʥʦʛʦ ʰʘʨʫ ʰʣʷʭʦʤ ʧʨʦʨʽʟʘʥʥʷ ʦʪʚʦʨʽʚ ʪʨʫʙʯʘʩʪʠʤ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʪʘ ʚʠʥʝʩʝʥʥʷ 

ʚʠʨʽʟʘʥʦʛʦ ˇʨʫʥʪʫ ʥʘ ʧʦʚʝʨʭʥʶ ʧʦʣʷ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʫʪʚʦʨʶʚʘʪʠʤʫʪʴʩʷ ʧʨʦʤʽʞʢʠ ʫ ʜʣʷ ʧʨʦʥʠʢʥʝʥʥʷ 

ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʨʦʩʣʠʥ ʫ ʥʠʞʥʽ ʛʦʨʠʟʦʥʪʠ ʛʨʫʥʪʫ, ʙʫʜʝ ʽʥʪʝʥʩʠʬʽʢʦʚʘʥʦ ʛʘʟʦʦʙʤʽʥ ʪʘ ʧʦʢʨʘʱʠʪʴʩʷ 

ʚʦʜʥʠʡ ʨʝʞʠʤ ˇʨʫʥʪʫ. ɿ ʯʘʩʦʤ ʧʦʨʦʞʥʠʥʠ ʙʫʜʫʪʴ ʟʘʧʦʚʥʝʥʽ ˇʨʫʥʪʦʤ ʟʘʚʜʷʢʠ ʧʨʠʨʦʜʥʽʤ ʧʨʦʮʝʩʘʤ 

ʬʦʨʤʫʚʘʥʥʷ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ, ʽ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʧʨʦʮʝʩ ʟʚʦʨʦʪʥʽʡ ʜʦ ʫʱʽʣʴʥʝʥʥʷ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʨʠʥʮʠʧʫ ʨʦʟʧʫʰʝʥʥʷ ʧʝʨʝʫʱʽʣʴʥʝʥʠʭ ʰʘʨʽʚ ʛʨʘʥʪʫ ʥʘʤʠ ʨʦʟʨʦʙʣʝʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥʠ ʜʣʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʟʘ ʛʣʠʙʠʥʦʶ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ. ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʦʙʦʪʠ ʪʘʢʦʾ ʤʘʰʠʥʠ ʥʘʚʝʜʝʥʠʡ ʫ ʧʫʙʣʽʢʘʮʽ ʾ (ɻʦʣʽʡ, 2025). ɸʣʝ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ ʪʘʢʦʛʦ ʨʽʰʝʥʥʷ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ. 

˙̆̓́ ̨̠̅̏̒̌̅̇̆̎̎ ï ʪʝʦʨʝʪʠʯʥʦ ʚʩʪʘʥʦʚʠʪʠ ʪʷʛʦʚʠʡ ʦʧʽʨ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ 

ʜʣʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʟʘ ʛʣʠʙʠʥʦʶ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʡʦʛʦ 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ. 

˙ˍ˟˒˝˴ˍ˘˕ ˴ ˙˒˟˛ˑ˕ 
ʆʩʥʦʚʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʻ ʨʦʪʦʨ ʟ ʜʠʩʢʘʤʠ ʥʘ ʷʢʠʭ ʰʘʨʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʽ 

ʪʨʫʙʯʘʩʪʽ ʟʫʙʠ (ʨʦʙʦʯʽ ʦʨʛʘʥʠ). ʆʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʠʢʣʘʜʝʥʦʤʫ ʜʦ ʡʦʛʦ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ ʪʷʛʦʚʦʤʫ ʟʫʩʠʣʣʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʟʘʩʦʙʫ (ʪʨʘʢʪʦʨʘ). ʊʦʤʫ ʨʦʪʦʨ ʟʜʽʡʩʥʶʻ ʧʣʦʩʢʠʡ ʨʫʭ, 

ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʥʝʧʝʨʝʨʚʥʠʭ ʦʙʝʨʪʘʥʴ ʥʘʚʢʦʣʦ ʤʠʪʪʻʚʦʛʦ ʮʝʥʪʨʘ ʰʚʠʜʢʦʩʪʝʡ. 

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʧʣʦʩʢʦʛʦ ʨʫʭʫ ʚʝʜʝʥʦʛʦ ʧʨʠʚʦʜʥʦʛʦ ʢʦʣʝʩʘ ʦʙʝʨʪʘʥʥʶ ʨʦʪʦʨʘ ʯʠʥʠʪʴ ʦʧʽʨ ʧʘʨʘ ʩʠʣ, 

ʷʢʘ ʩʧʨʠʯʠʥʝʥʘ ʦʧʦʨʦʤ ʟʘʛʣʠʙʣʝʥʥ ʁ ʪʨʫʙʯʘʩʪʠʭ ʟʫʙʽʚ ʪʘ ʾʭ ʚʠʛʣʠʙʣʝʥʥ.ʁ ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦʛʦ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʙʨʦʙʽʪʢʫ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʰʠʥʠ ʨʦʟʛʣʷʥʝʤʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩ. 1.  ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʪʠʤʝʤʦ ʱʦ ʨʫʭ ʻ 

ʨʽʚʥʦʤʽʨʥʠʤ ʪʘ ʧʨʷʤʦʣʽʥʽʡʥʠʤ. ʊʦʙʪʦ ʚʠʢʦʥʘʥʥʷ ʦʙʨʦʙʽʪʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ. 
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ʈʠʩ. 1 - ʉʭʝʤʘ ʜʽʾ ʩʠʣ ʥʘ ʨʦʪʦʨ ʫ ʡʦʛʦ ʧʣʦʩʢʦʤʫ ʨʫʩʽ 

 

ɿʘ ʚʢʘʟʘʥʠʭ ʫʤʦʚ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʦʾ ʩʭʝʤʠ ʟʘʧʠʰʝʤʦ ʫʤʦʚʫ ʨʽʚʥʦʚʘʛʠ ʤʦʤʝʥʪʽʚ ʩʠʣ 

ʚʽʜʥʦʩʥʦ ʤʠʪʪʻʚʦʛʦ ʮʝʥʪʨʘ ʰʚʠʜʢʦʩʪʝʡ Vʉ   

v

n

C i m V 1 2

i 1

M ( F ) F OC F AB F DA 0
=

= Ö - Ö - Ö =ä ,                                (1) 

ʜʝ mF  - ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ ʪʨʘʢʪʦʨʘ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʧʝʨʝʙʦʨʝʥʥʷ ʦʧʦʨʫ ʚʽʜ ʨʦʙʦʪʠ ʦʜʥʦʛʦ ʜʠʩʢʘ ʟʥʘʨʷʜʜʷ, 

ʅ; VOC  - ʧʣʝʯʝ ʤʦʤʝʥʪʫ ʩʠʣʠ mF  ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ VC , ʤ; 1F  - ʩʠʣʘ ʦʧʦʨʫ ʧʨʦʥʠʢʥʝʥʥʶ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ ʫ ˇʨʫʥʪ, ʅ; AB - ʧʣʝʯʝ ʤʦʤʝʥʪʫ ʩʠʣʠ 1F  ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ VC , ʤ; 2F  - ʩʠʣʘ ʦʧʦʨʫ ʚʠʡʤʘʥʥʶ 

(ʚʠʛʣʠʙʣʝʥʥʶ) ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʟ ˇʨʫʥʪʫ, ʅ; DA  - ʧʣʝʯʝ ʤʦʤʝʥʪʫ ʩʠʣʠ 2F  ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ VC , ʤ. 

ɯʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʱʦ 

AB
ʩos OBA

OB
Ï = .                                                             (2) 

ʆʩʢʽʣʴʢʠ OB R= , ʘ 0OBA 90 / 2aÏ = -  ʪʦ ʦʪʨʠʤʘʻʤʦ 

AB DA R sin( / 2 )a= = Ö ,                                                        (3) 

ʋ ʩʚʦʶ ʯʝʨʛʫ ʚʝʣʠʯʠʥʘ ʢʫʪʘ a ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʟʫʙʽʚ n  ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʜʠʩʢʫ ʪʘ 

ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ  

360 / na= ,                                                                  (4) 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ˇʨʫʥʪʫ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʧʽʨ ʧʨʦʥʠʢʥʝʥʥʶ 

ʜʝʬʦʨʤʘʪʦʨʘ ʫ ʛʨʫʥʪ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʛʨP =40 ʢʛ/ʩʤ2, ʱʦ ʫ ʦʜʠʥʠʮʷʭ ʉɯ ʩʢʣʘʜʘʻ ʛʨP =3923 ʢʇʘ (ʎʠʟʴ & 

ɻʦʣʽʡ, 2024b). ɼʦʩʣʽʜʞʝʥʥʷ ʟʫʩʠʣʣʷ ʦʧʦʨʫ ʚʠʡʤʘʥʥʶ ʜʝʬʦʨʤʘʪʦʨʘ ʟ ˇʨʫʥʪʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʘʥʝ ʟʫʩʠʣʣʷ 

ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 50 % ʚʽʜ ʟʫʩʠʣʣʷ ʦʧʦʨʫ ʧʨʦʥʠʢʥʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ 

ʢʨʫʛʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ʟʫʙʘ ʜʽʘʤʝʪʨʦʤ d  ʟʫʩʠʣʣʷ ʦʧʦʨʫ ʧʨʦʥʠʢʥʝʥʥʶ ʪʘ ʦʧʦʨʫ ʚʠʡʤʘʥʥʶ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ ʩʢʣʘʜʝ   
2

ʛʨ

1

P d
F

4

pÖ Ö
= ,                                                                  (5) 

2

ʛʨ

2

P d
F

8

pÖ Ö
= .                                                                  (6) 

ɿʚʘʞʘʶʯʠ, ʱʦ VOC R=  ʟ ʫʨʘʭʫʚʘʥʥʷʤ (4)-(6) ̔ ʟ (1) ʦʪʨʠʤʘʻʤʦ 
2

ʛʨ

m

3 P d sin(180 / n )
F

8

pÖ Ö Ö Ö
= .                                                      (7) 

ʆʪʨʠʤʘʥʠʡ ʚʠʨʘʟ (7) ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʪʷʛʦʚʠʡ ʦʧʽʨ ʦʜʥʦʛʦ ʜʠʩʢʘ. ʇʨʦʪʝ ʟʥʘʨʷʜʜʷ ʤʘʻ 

ʦʙʣʘʜʥʫʚʘʪʠʩʴ ʢʽʣʴʢʽʩʪʶm ʷʢʘ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʩʫʤʘʨʥʦʾ ʰʠʨʠʥʠ ʟʘʭʚʘʪʫ ʤʘʰʠʥʠ ʤB  ʪʘ ʚʽʜʜʘʣʽ ʤʽʞ 

ʩʫʩʽʜʥʽʤʠ ʜʠʩʢʘʤʠ b  

ʤB
m

b
= .                                                                        (8) 

ʊʦʜʽ ʩʫʤʘʨʥʠʡ ʪʷʛʦʚʠʡ ʦʧʽʨ ʩʢʣʘʜʘʪʠʤʝ 
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2

ʛʨ ʤ

ʄ

3 P d B sin(180 / n )
F

8 b

pÖ Ö Ö Ö Ö
=

Ö
.                                                  (9) 

ʆʪʨʠʤʘʥʘ ʬʦʨʤʫʣʘ ʥʝ ʚʨʘʭʦʚʫʻ ʪʝʨʪʷ ʷʢʝ ʚʠʥʠʢʘʻ ʥʘ ʧʦʚʝʨʭʥʽ ʟʫʙʘ ʫ ʧʨʦʮʝʩʽ ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ 

ʫ ʛʨʫʥʪʫ, ʟʫʩʠʣʣʷ ʥʘ ʧʝʨʝʢʦʯʫʚʘʥʥʷ ʦʧʦʨʥʠʭ ʢʦʣʽ, ʘ ʪʘʢʦʞ ʨʷʜ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ɸʣʝ ʚʦʥʘ ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʜʽʘʤʝʪʨ ʟʫʙʘ d, ʢʽʣʴʢʽʩʪʴ ʟʫʙʽʚ ʥʘ ʜʠʩʢʫ n  ʪʘ ʚʽʜʜʘʣ̔ ʤʽʞ ʜʠʩʢʘʤʠ 

b  ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟʥʘʨʷʜʜʷ. ɼʣʷ ʘʥʘʣʽʟʫ ʮʴʦʛʦ ʚʧʣʠʚʫ ʟʘ ʬʦʨʤʫʣʦʶ (9) 

ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 2) ʜʣʷ ʧʠʪʦʤʦʛʦ ʪʷʛʦʚʦʛʦ ʦʧʦʨʫ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ 1 ʤ ʰʠʨʠʥʠ 

ʟʘʭʚʘʪʫ ʤʘʰʠʥʠ. 

 
ʈʠʩ. 2. ɻʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʪʷʛʦʚʦʛʦ ʦʧʦʨʫ ʟʥʘʨʷʜʜʷ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (9):  

1 - n 4= ; 2 - n 6= ; 3 - n 8=  

 

ɯʟ ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 2 ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʧʠʪʦʤʠʡ ʪʷʛʦʚʠʡ ʦʧʽʨ ʤʘʰʠʥʠ ʜʣʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ 

ʟʘ ʛʣʠʙʠʥʦʶ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʚʽʜ 5 ʜʦ 40 ʢʅ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʤʝʥʰʝʥʥʷ ʪʷʛʦʚʦʛʦ 

ʦʧʦʨʫ ʜʦʮʽʣʴʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʟʫʙʽʚ n ʥʘ ʦʜʥʦʤʫ ʜʠʩʢʫ ʚʽʜ 6 ʜʦ 8 ʰʪʫʢ. ʇʨʠ ʮʴʦʤʫ ʜʽʘʤʝʪʨ 

ʟʫʙʘ dʥʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʙʽʣʴʰʠʤ ʟʘ 0,03 ʤ, ʘ ʚʽʜʜʘʣʴ ʤʽʞ ʜʠʩʢʘʤʠ ʥʘ ʨʦʪʦʨʽ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʦʶ 

ʚʽʜ b 0,3= ʤ. 

ʇʨʦʚʝʜʝʤʦ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʦʢ ʪʨʫʙʯʘʩʪʦʛʦ ʟʫʙʘ ʥʘ ʩʪʽʡʢʽʩʪʴ ʚʽʜ ʧʨʦʛʠʥʽʚ ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʟʘʛʣʠʙʣʝʥʥʷ ʫ ʨ̌ʫʥʪ. ʆʩʢʽʣʴʢʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʘʨʽʚ ˇʨʫʥʪʫ ʽʟ ʪʚʝʨʜʽʩʪʶ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʽ 

ʤʝʞʽ ʟʥʘʭʦʜʠʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘ ʛʣʠʙʠʥʽ 0,2-0,4 ʤ ʪʦ ʽ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʚʝʜʝʤʦ ʜʣʷ ʚʠʧʘʜʢʫ ʢʦʣʠ 

ʦʙʨʦʙʽʪʦʢ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʛʣʠʙʠʥʫ ʫ 0,4 ʤ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʦʚʞʠʥʘ ʟʫʙʘ 

ʤʘʰʠʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʟʦʨʫ ʤʽʞ ʜʠʩʢʦʤ ʪʘ ʧʦʚʝʨʭʥʝʶ ʧʦʣʷ  ̔ʪʨʦʟʤʽʨʫ ʘhʨʥʽʨʥʦʛʦ ʢʨʽʧʣʝʥʥʷ ʟʫʙʘ, 

ʩʢʣʘʜʘʪʠʤʝ 0,50 ʤ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʛʦ ʚʠʛʣʠʙʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʽʟ ˇʨʫʥʪʫ ʧʨʠ ʢʫʪʽ ʧʦʚʦʨʦʪʫ 

ʰʘʨʥʽʨʥʦʛʦ ʡʦʛʦ ʢʨʽʧʣʝʥʥʷ ʥʘ ʢʫʪ Ò 900 ʚʽʜ ʢʨʘʡʥʴʦʛʦ ʥʠʞʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʨʠʡʤʝʤʦ ʟʘʛʘʣʴʥʠʡ 

ʜʽʘʤʝʪʨ ʜʠʩʢʘ ʨʽʚʥʠʤ 1 ʤ. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʛʣʷʥʝʤʦ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʽʟ ʨʘʜʽʫʩʦʤ ʢʨʠʚʠʟʥʽ ʨʽʚʥʠʤ 

ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʝʨʝʨʽʟʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʟʜʽʡʩʥʠʤʦ ʥʘ ʦʩʥʦʚʽ 

ʫʤʦʚʠ ʩʪʽʡʢʦʩʪʽ ʩʪʠʩʥʫʪʦʛʦ ʰʘʨʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʦʛʦ ʩʪʝʨʞʥʷ. ʈʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘʢʨʽʧʣʝʥʥʶ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʟʥʘʨʷʜʜʷ ʥʘ ʧʦʯʘʪʢʫ ʡʦʛʦ ʟʘʛʣʠʙʣʝʥʥʷ ʫ ˇʨʫʥʪʫ ʥʘʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 3. 
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ʈʠʩ. 3 - ʉʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ (ʟʫʙʘ) 

 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʘ ʦʙʠʨʘʻʤʦ ʉʪ3. ʉʪʠʩʢʘʶʯʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʽʚʥʝ ʩʠʣʽ ʦʧʦʨʫ ʧʨʦʥʠʢʥʝʥʥʶ 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʪʦʤʫ 1P F= , ʷʢʝ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʬʦʨʤʫʣʦʶ (5) ʜʣʷ ʜʽʘʤʝʪʨʫ ʟʫʙʘ d 0,03= ʤ 

ʩʢʣʘʜʝ P 2771,6= ʅ.  

ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʴ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʟʫʙʘ ʤʘʻ ʬʦʨʤʫ ʩʝʢʪʦʨʘ ʢʽʣʴʮʷ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʨʽʟʫ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʩʭʝʤʦʶ ʥʘʚʝʜʝʥʦʶ ʥʘ ʨʠʩ. 4. 

 
ʈʠʩ. 4 -  ʉʭʝʤʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʨʽʟʫ ʟʫʙʘ 

 

ʇʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʩʪʘʥʦʚʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ ʜʣʷ ʩʝʢʪʦʨʘ ʢʨʫʛʘ 

( )
( )

22
2

d hd
S 2hd h

4 2 4 2 8

pp j j j

p p

Ö -Ö
= Ö - Ö = Ö -

Ö Ö
.                                (10) 

ʜʝ j - ʮʝʥʪʨʘʣʴʥʠʡ ʢʫʪ ʢʽʣʴʮʷ ʩʝʢʪʦʨʘ ʧʝʨʝʨʽʟʫ ʟʫʙʘ, ʨʘʜʽʘʥʠ; h  - ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʪʨʫʙʯʘʩʪʦʛʦ 

ʧʘʣʴʮʷ, ʤ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ ʜʣʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʩʝʢʪʦʨʘ ʢʨʫʛʘ (ʇʠʩʘʨʝʥʢʦ ʪʘ ʽʥ., 2004) 

( )
4

z

d sin2 sin2
J

128 2

b a
b a

-è ø
= Ö - -é ù

ê ú
,                                          (11) 

ʜʝ a - ʢʫʪ ʚʽʜ ʦʩʽ Z ʜʦ ʧʦʯʘʪʢʫ ʩʝʢʪʦʨʘ ʢʨʫʛʘ, ʷʢʠʡ ʜʣʷ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʚʠʧʘʜʢʫ 0a= ; b - ʢʫʪ ʚʽʜ ʦʩʽ 

Z ʜʦ ʢʽʥʮʷ ʩʝʢʪʦʨʘ ʢʨʫʛʘ, ʷʢʠʡ ʜʣʷ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʚʠʧʘʜʢʫ 
2

j
b= , ʨʘʜʽʘʥ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʩʝʢʪʦʨʘ ʢʽʣʴʮʷ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʚʠʟʥʘʯʘʻʤʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʩʝʢʪʦʨʘ ʢʨʫʛʘ ʽʟ ʮʝʥʪʨʘʣʴʥʠʤ ʦʪʚʦʨʦʤ ʜʽʘʤʝʪʨʦʤ d h- . ʊʦʜʽ ʦʪʨʠʤʘʻʤʦ 

( ) ( )
( )( )

44
44

z

d h sind sin sin
J d d h

128 2 2 128 2 2 256

j jj j j j- -è ø è ø
= Ö - - Ö - = Ö - -é ù é ù

ê ú ê ú
.       (12) 

ʅʘ ʦʩʥʦʚʽ (10) ʪʘ (12) ʦʪʨʠʤʘʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʜʽʫʩʫ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ 
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( ) ( )( )
( )

44

z

2

sin d d hJ
ʽ

F 32 2hd h

j j

j

- Ö - -
= =

Ö Ö -
,                               (13) 

ɼʣʷ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʩʭʝʤʠ ʟʘʢʨʽʧʣʝʥʥʷ ʩʪʝʨʞʥʷ ʟʚʝʜʝʥʘ ʜʦʚʞʠʥʘ ʩʢʣʘʜʝ, 

ʟʚl L Lu= Ö =,                                                 (14) 

ʜʝ u - ʢʦʝʬʽʮʽʻʥʪ ʟʚʝʜʝʥʥʷ ʜʦʚʞʠʥʠ, ʷʢʠʡ ʜʣʷ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʚʠʧʘʜʢʫ 1u=  (ʇʠʩʘʨʝʥʢʦ ʪʘ ʽʥ., 

2004); L  - ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ (ʟʫʙʘ), ʤ. 

ʊʦʜʽ ʛʥʫʯʢʽʩʪʴ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ (ʟʫʙʘ) ʩʪʘʥʦʚʠʪʠʤʝ 

( ) ( )( )
( )

42 4

ʟʚ

2

L sin d d hl

ʽ 32 2hd h

j j
l

j

Ö - Ö - -
= =

Ö Ö -
.                                             (15) 

ʋ ʧʝʨʰʽʡ ʩʧʨʦʙʽ ʪʦʚʱʠʥʫ ʩʪʽʥʢʠ ʧʨʠʡʤʝʤʦ h 0,004=  ʤ, ʘ ʮʝʥʪʨʘʣʴʥʠʡ ʢʫʪ ʢʽʣʴʮʷ ʩʝʢʪʦʨʘ 

ʧʝʨʝʨʽʟʫ ʟʫʙʘ 0200j= , ʱʦ ʫ ʨʘʜʽʘʥʘʭ ʩʢʣʘʜʝ 
200

1,1
180

p
j

Ö
= =  ʨʘʜʽʘʥ. ɺʨʘʭʫʚʘʚʰʠ ʦʙʨʘʥʽ ʟʥʘʯʝʥʥʷ 

L 0,5=  ʤ ʪʘ d 0,03=  ʤ ʦʪʨʠʤʘʻʤʦ 

( ) ( )( )
( )

42 4

2

0,5 1,1 sin1,1 0,03 0,03 0,004
0,0015

32 1,1 2 0,004 0,03 0,004
l

Ö - Ö - -
= =

Ö Ö Ö Ö -
. 

ɿʘ ʦʪʨʠʤʘʥʠʤ ʟʥʘʯʝʥʥʷʤ ʛʥʫʯʢʦʩʪʽ ʦʙʠʨʘʻʤʦ ʢʦʝʬʽʮʽʻʥʪ ʟʤʝʥʰʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ 0,99 (ʇʠʩʘʨʝʥʢʦ ʪʘ ʽʥ., 2004). 

ʊʦʜʽ  

[ ]ʩʪ _ 0,99 160 158,4s j sè ø= Ö = Ö =ê ú  ʄʇʘ.                              (16) 

ʜʝ _ 160sè ø=ê ú  ʄʇʘ ï ʦʩʥʦʚʥʝ ʜʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʩʪʠʩʢ ʤʘʪʝʨʽʘʣʫ ʟʫʙʘ. 

( ) ( )2 2

P P 2771,6
89,99

1,1S
2hd h 2 0.004 0.03 0,004

8 8

s
j

= = = =

Ö - Ö Ö Ö -

 ʄʇʘ 

ʆʩʢʽʣʴʢʠ 89,99s= ʄʇʘ<158,4 ʄʇʘ ʪʦ ʟʘ ʦʙʨʘʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʫʙʘ ʡʦʛʦ 

ʩʪʽʡʢʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʘ. 

 
ˏ˕˞ ˚˛ˏ˗̞ 

ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʷʛʦʚʦʛʦ ʦʧʦʨʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʜʣʷ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʟʘ ʛʣʠʙʠʥʦʶ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʾʾ ʧʠʪʦʤʠʡ ʪʷʛʦʚʠʡ ʦʧʽʨ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʴ ʚʽʜ 5 ʜʦ 40 ʢʅ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʤʝʥʰʝʥʥʷ ʪʷʛʦʚʦʛʦ ʦʧʦʨʫ ʜʦʮʽʣʴʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʢʽʣʴʢʽʩʪʴ ʟʫʙʽʚ n ʥʘ ʦʜʥʦʤʫ ʜʠʩʢʫ ʚʽʜ 6 ʜʦ 8 ʰʪʫʢ. ʇʨʠ ʮʴʦʤʫ ʜʽʘʤʝʪʨ ʟʫʙʘ dʥʝ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʙʽʣʴʰʠʤ ʟʘ 0,03 ʤ, ʘ ʚʽʜʜʘʣʴ ʤʽʞ ʜʠʩʢʘʤʠ ʥʘ ʨʦʪʦʨʽ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʦʶ ʚʽʜ b 0,3= ʤ. 

ʇʝʨʝʚʽʨʢʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ (ʟʫʙʘ) ʥʘ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʧʨʦʛʠʥʽʚ ʧʨʠ ʡʦʛʦ ʟʘʛʣʠʙʣʝʥʥʽ ʫ ˇʨʫʥʪ ʟ 

ʪʚʝʨʜʽʩʪʶ ʛʨP =40 ʢʛ/ʩʤ2 ʚʠʷʚʠʣʘ, ʱʦ ʜʣʷ ʟʫʙʘ ʜʦʚʞʠʥʦʶ L 0,5= ʤ ʽʟ ʧʝʨʝʨʽʟʦʤ ʫ ʚʠʛʣʷʜʽ ʩʝʢʪʦʨʘ 

ʢʽʣʴʮʷ ʽʟ ʟʦʚʥʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ d 0,03= ʤ, ʢʫʪʦʤ ʩʝʢʪʦʨʘ 0200j=  ʪʘ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ ʢʽʣʴʮʷ 

h 0,004=  ʤ ʩʪʽʡʢʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʘ. 
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ABSTRACT 

The article presents an analytical overview 

demonstrating the feasibility of using pneumatic (airlift) 

sapropel extraction machines designed to obtain organic 

sapropel raw material ï a fundamental component in the 

production of fertilizers for organic farming. The section 

State of the Art and Problem Statement highlights the 

shortcomings of the existing mechanical adjustment and 

control systems of such machines, which are often inefficient 

and prone to operational failures. Since pneumatic sapropel 

extraction systems have proven to be energy-efficient and 

environmentally sustainable in obtaining organic raw 

materials and are currently undergoing active 

modernization, a comprehensive automated system was 

proposed as the result of this research. The developed 

system simultaneously performs several functions ï it 

forecasts, adjusts, and controls the machineôs operating 

process. The system determines and configures the optimal 

technological parameters of the workflow and automatically 

monitors, modifies, and manages them depending on the 

unpredictable characteristics and properties of the sapropel 

deposit. It also forecasts potential changes in the operating 

process and structural loads that may lead to machine 

failure, thereby preventing such occurrences. The paper 

presents a block diagram illustrating the sequence of 

processes for forecasting, adjustment, and control of airlift 

sapropel extraction machines, as well as the layout of 

information and control devices that implement the 

operational process. The proposed system will increase the 

efficiency of machine operation, ensure uniform extraction 

of sapropel layers, and provide high-quality raw material 

with minimal impact on the aquatic ecosystem. 
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ˍ˚˛˟ˍˣ˴ˬ 
ʋ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʫʭʫ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ ʧʦ ʧʦʚʝʨʭʥʽ 

ʩʧʽʨʘʣʽ ɸʨʭʽʤʝʜʘ, ʷʢʝ ʚʠʢʦʨʠʩʪʘʥʦ ʷʢ ʦʩʥʦʚʫ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʘʧʨʦʧʝʣʶ ʩʧʽʨʘʣʴʥʠʤ ʨʦʙʦʯʠʤ 

ʦʨʛʘʥʦʤ. ʈʦʙʦʪʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʧʽʨʘʣʴʥʠʭ 

ʩʠʩʪʝʤ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʘʭ ʜʣʷ 

ʜʦʙʫʚʘʥʥʷ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʩʘʧʨʦʧʝʣʝʚʦʾ ʤʘʩʠ ʟ ʜʥʘ 

ʚʦʜʦʡʤ. ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ 

ʦʧʠʩ ʢʽʥʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʨʫʭʫ ʯʘʩʪʠʥʦʢ 

ʚôʷʟʢʦʧʣʘʩʪʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʟʜʦʚʞ ʩʧʽʨʘʣʴʥʦʾ 

ʪʨʘʻʢʪʦʨʽʾ, ʚʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʧʽʨʘʣʽ, ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʪʘ ʩʠʣ ʦʧʦʨʫ ʥʘ 

ʭʘʨʘʢʪʝʨ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ 

ʤʦʞʝ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽʥʰʠʭ ʚʦʣʦʛʠʭ ʽ ʚôʷʟʢʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʤʫʣʫ, ʪʦʨʬʫ, ʦʩʘʜʽʚ ʩʪʽʯʥʠʭ ʚʦʜ, ʚʦʣʦʢʥʠʩʪʠʭ ʩʫʤʽʰʝʡ) 

ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʪʝʨʽʘʣʴʥʦʾ ʧʦʜʽʙʥʦʩʪʽ, 

ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʛʫʩʪʠʥʫ, ʚʦʣʦʛʽʩʪʴ ʽ ʨʝʦʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ ʤʘʰʠʥ ʜʣʷ ʜʦʙʫʚʘʥʥʷ ʩʘʧʨʦʧʝʣʶ, ʘ ʪʘʢʦʞ ʫ 

ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʽʟʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʜʝ ʥʝʦʙʭʽʜʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʫ ʩʧʽʨʘʣʴʥʠʭ ʢʘʥʘʣʘʭ ʘʙʦ 

ʛʚʠʥʪʦʚʠʭ ʪʨʘʥʩʧʦʨʪʝʨʘʭ. 
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STATE OF THE ART AND ANALYSIS OF PUBLICATIONS  

One of the promising directions in improving technologies for extraction and processing of organic 

bottom sediments is the use of spiral conveying systems, particularly working bodies in the form of an 

Archimedes spiral (Molchak, 1998; Shevchuk, 2012). Such designs ensure stable movement of viscoplastic 

materials in a confined environment and are energy-efficient due to the combination of transport, dosing, and 

partial dewatering functions. Modern developments in the field of hydromechanized sapropel extraction 

indicate the need for a deeper theoretical analysis of the process of particle movement along curved surfaces, 

which determines the productivity and stability of the extraction equipment (Didukh, 2016). 

Given the increasing demand for environmentally safe fertilizers and the rational use of natural 

resources, the issue of effective extraction and transportation of lake sapropels ï valuable organic raw 

materials for agricultural production ï is becoming particularly relevant (Tsyz, 2020; Khomych, 2021). The 

development of technological systems for sapropel extraction requires consideration of their physical-

mechanical and rheological properties, as well as the construction of models describing the kinematics and 

dynamics of material movement during transportation. 

An analysis of scientific publications shows an insufficient number of theoretical works devoted to 

modeling the motion of a material point along a spiral surface, especially under the action of Archimedesô 

buoyant force in an aquatic environment (Khlopetskyi, 2024). Most studies focus on the constructive aspects 

of conveyors or hydraulic systems, but lack a systematic approach to the mathematical description of the 

working process of a spiral mechanism that moves viscous material along its axis (Tsyz et al., 2025). 

The mechanization of sapropel extraction and feed processes has been studied in the works of Tsyz 

I.Ye., Didukh V.F., and Khomych S.M. (2025), where the authors analyzed the operating process of a 

pneumo-mechanical device for sapropel extraction. They established the relationship between the transport 

velocity of the mixture and the parameters of bubble lifting, emphasizing the feasibility of automated air 

supply regulation and pipeline inclination angle adjustment to stabilize system productivity. 

Didukh V.F., Tsyz I.Ye., and Holii O.V. (2023) investigated the influence of natural-moisture sapropel 

on soybean yield under moisture deficit conditions, emphasizing the importance of preparing raw materials 

of proper consistency for subsequent agrotechnological use. These works outlined the range of technological 

and technical problems related to sapropel transportation from the extraction site to the accumulation zone. 

Earlier, Didukh (2016) studied the dynamics of the excavation process of lake sapropels from under a 

water layer, describing the nature of force interactions between the intake device and sapropel mass and 

demonstrating the influence of the working bodyôs entry angle into the deposit on the stability of the 

hydraulic system. 

However, in most studies, the research focuses either on the structural aspects of machines or on 

experimental efficiency indicators, without systematic mathematical modeling of particle motion in spiral or 

screw channels (Tsyz & Didukh, 2023; Khomych, 2021). This creates a scientific gap in understanding the 

kinematics and dynamics of material flow in spiral working bodies. 

Constructing an analytical model of particle motion along an Archimedes spiral will allow obtaining 

generalized dependencies between the spiralôs geometric parameters, rotation frequency, resistance forces, 

and energy consumption of the process. 

Introducing a coefficient of material similarity makes it possible to adapt the model for other types of 

viscous and fibrous materials ï such as sludge, peat, wastewater sediments, or technical pastes ï thus 

increasing the universality of the results for analyzing technological systems of various purposes. 

ESEARCH PURPOSE AND OBJECTIVES 

The purpose of the study is to develop a mathematical model of the motion of a viscoplastic material 

particle along the surface of an Archimedes spiral, taking into account the geometric and kinematic 

parameters of the working body used for sapropel transportation. 

To achieve this goal, the following objectives were set: 

ï to analyze the physical and mechanical properties of sapropel as an object of transportation; 

ï to construct analytical dependencies describing the trajectory of a material point moving along a spiral 

under the influence of hydrostatic and frictional forces; 

ï to determine the influence of the spiralôs geometric parameters on the uniformity of motion and the 

efficiency of transportation; 
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ï to justify the applicability of the obtained model to other types of viscous media by introducing a 

material similarity coefficient. 

Additionally, the research aims to design a system for automated forecasting, adjustment, and control of 

the working process in airlift-type sapropel extraction machines, in order to obtain high-quality raw material, 

increase productivity, and prevent equipment failures under unpredictable deposit characteristics and 

material properties. 

MATERIALS AND METHODS  

To study the process of sapropel transportation within the spiral working body, an analytical approach 

was applied using methods of mathematical modeling of a material point moving along the curved surface of 

an Archimedes spiral. 

A blade in the form of a spiral sector rotating in a vertical plane with a constant angular velocity was 

considered. At the initial moment, a material point of mass m is located on the inner surface of the spiral and 

is subjected to gravitational force, sliding friction, and the buoyant force of Archimedes, which is 

proportional to the difference between the densities of sapropel and water. The friction coefficient is 

determined experimentally, depending on the moisture content and consistency of the sapropel mass. 

The mathematical model of particle motion is described by a system of differential equations that 

accounts for changes in coordinates in a polar system and the action of buoyant force. To ensure the stability 

of the solution, the model was implemented numerically using the RungeïKutta method of the 4th order. 

Calculations were performed in the MathLab environment, which made it possible to obtain graphical 

dependencies of: 

ï the angular position of the particle over time; 

ï relative angular velocity; 

ï trajectory of particle movement in absolute coordinates. 

The input parameters of the model included the geometric characteristics of the spiral (radius, pitch, 

inclination angle), sapropel density, water density, friction coefficient, and rotational frequency of the 

working body. Parameters were determined considering typical sapropel extraction conditions of medium 

moisture content at depths of 3ï5 meters. 

To evaluate the influence of design parameters on transportation efficiency, dimensionless similarity 

coefficients were used, allowing the generalization of results for other types of viscoplastic media such as 

sludge, wastewater sediments, or peat suspensions. 

The obtained dependencies made it possible to estimate the effect of rotation frequency on the stability of 

material point motion: a stable regime is achieved when the rotation frequency of the spiral working body 

increases from 15 to 25 rpm, which corresponds to experimental observations of effective sapropel mass 

movement. 

The proposed approach can be applied for the calibration of parameters of similar transport systems when 

processing other natural materials using the coefficient of material similarity. 

 
RESULTS AND DISCUSSION 

Problem formulation. 

A planar curve lying in a vertical plane, given in polar coordinates by its graph ( )r r j=  with 

0
dr

dj
¢ for 0

2

p
j< < , rotates in its plane clockwise with constant angular velocity w. At the initial time 

0t= , a material point of mass m is placed at some point of the curve and is initially at rest with respect to 

an absolute inertial frame. The coefficient of sliding friction between the point and the curve is m. 

Gravitational acceleration is g. 

The point is also subjected to the Archimedes buoyant force proportional to the weight of the displaced 

fluid, i.e.  

b wF g Vr= Ö Ö, 

where sr is the density of sapropel (the particle/material), wr  is the density of water, and V is the 

displaced volume (so that sm Vr= ). 

Required: derive the equations of motion of the material point on the rotating curve. 
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Notation recap: 

¶ ( )r j : polar equation of the curve, vertical plane; 

¶ w: constant angular speed of the curve (clockwise); 

¶ , ,m gm : mass, friction coefficient, gravity; 

¶ , ,s w Vr r : sapropel density, water density, displaced volume; 

¶ b wF g Vr= Ö Ö (buoyancy). 

Remark: it is often convenient to write the effective weight acting downward as 

( ) ( )1 w
eff s w

s

W g V m g
r

r r
r

= - Ö =Ö Ö Ö -, 

while retaining bF explicitly when projecting forces along the curveôs tangent/normal. 

SOLUTION OF THE PROBLEM  

We assume that the material point does not detach from the curve; therefore we analyze its motion in a 

non-inertial reference frame rigidly attached to the given curve. The origin of this frame is placed at a fixed 

point O. Since the trajectory is specified in polar coordinates, we introduce the standard orthonormal basis 

vectors re and ej, directed along the radius vector of the point and perpendicular to it in the direction of 

increasing polar angle j, respectively (see Fig. 1). 

According to (Tsyz et al., 2023), the kinematic relations for the polar basis are: 

Ę Ę ,

Ę Ę .

r

r

e e

e e

j

j

j

j

=

=-
 

In addition, we introduce the unit vectors of the natural (Frenet) frame along the trajectory: the tangent t 

and the normal n (the normal points toward the center of curvature, i.e., in the direction of greatest concavity 

of the path). These vectors are related to re  and ej by: 

/
,

/

,

r
t

r

Jt
n

Jt

j

j

µ µ
=
µ µ

=

 

where ( ) rr r j= e is the position vector of the point on the curve, and J is the planar rotation by / 2p+  

(the Jacobian operator that maps a vector to one rotated by 90ęin the positive sense), i.e. rJ e ejÖ =and 

rJ e ejÖ =-. 

Equivalently, using scalar components (prime denotes differentiation with respect to the variable 

indicated in the subscript), we can write 

'

'

' 2 2

,

,

( )

( )

r

r

r e r e
r

r e r e
t

r r

j j

j j

j

j
j

µ
= Ö +

µ

Ö + Ö

+

Ö

=

 

'

' 2 2( )

rr e r e
n

r r

j j

j

- Ö + Ö
=

+
 

Here 
dr

r
d

¡

j
j

¹ . These relations will be used to project forces (gravity reduced by buoyancy, friction) 

and the non-inertial terms due to rotation with angular speed w onto t and n when deriving the equations of 

motion. 
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Figure 1 ï Diagram of the forces acting on a material point moving along a curved surface 

RESULTS AND DISCUSSION 

Problem solution. We assume that the material point does not detach from the curve; therefore, we 

consider its motion in a non-inertial reference frame rigidly attached to the given curve. The origin of this 

frame is placed at a fixed point O. Since the trajectory is specified in polar coordinates, we introduce the unit 

orthogonal vectors re  and ej, directed, respectively, along the radius vector of the point and perpendicular 

to it in the direction of increasing polar angle j (see Fig. 1). 

According to (Tsyz et al., 2023), r ee jj= , r ee jj=- . In addition, we introduce the unit vectors of the 

natural (Frenet) frame: the normal n, directed toward the greatest concavity of the trajectory, and the tangent 

t. These vectors are related to re  and ej by 

/
,

/

,

r
t

r

Jt
n

Jt

j

j

µ µ
=
µ µ

=

 

where J is the Jacobian (rotation by +ˊ/2); primes denote derivatives with respect to the variable shown 

in the subscript, i.e., 
dr

r
d

¡

j
j

¹ . 

Figure 1. Scheme of the forces acting on a material point moving along a curvilinear surface. 

The relative velocity of the material point, by definition (Molchak et al., 1998), is 

relv s t= Ö      (1) 

where j is the time derivative of the polar angle j that specifies the position of the material point 

along its trajectory. 

According to (1) and definition (Molchak et al., 1998), the relative acceleration of the material point is 

2
rel

s
a s t n

r

Ö
= Ö + Ö      (2) 
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where 1/k r=  is the curvature and r is the radius of curvature of the trajectory. 

The transport (convective) acceleration (i.e., the acceleration due to the rotation of the coordinate 

system together with the curve) for the material point equals 

( )tra rw w=- Ö Ö      (3)  

and is directed toward the center O of rotation, since the angular acceleration of the frame rigidly 

attached to the curve is zero under the problem statement )0, 0(w a= = . 

The Coriolis acceleration of the material point is computed taking into account that the transport angular 

velocity vector is w (per the problem statement). Hence, by definition (Molchak et al., 1998), the Coriolis 

acceleration is 

2cor rela vw= Ö       (4) 

Thus, according to (3) and (4) and DôAlembertôs principle (Molchak et al., 1998), the corresponding 

inertia forces are: 

,

.

tr tr

cor cor

F m a

F m a

=- Ö

=- Ö
     (5) 

In addition to the inertia forces (5), the material point is acted upon by the normal reaction of the 

constraint (the curve): 

,N N n= Ö     (6) 

the sliding friction force, which, by Coulombôs law (Molchak et al., 1998), is taken as 

,T N tm=- Ö Ö     (7) 

and the weight and Archimedes buoyant force, whose resultant in the chosen non-inertial frame has the 

form 

( ) ( )w yP m g g V er Ö Ö= Ö - Ö -,      (8) 

where m is the mass of the point, g is gravitational acceleration, wr  is water density, and V is the 

displaced volume (so that sm Vr= Ö, sr being the sapropel density). 

According to Newtonôs second law (Molchak et al., 1998) written in the non-inertial frame, the relative 

acceleration of the material point is proportional to the vector sum of active forces, constraint reactions, and 

inertia forces, i.e., 

.rel tr corm a P T N F FÖ = + + + +     (9) 

We write vector equality (9) in projections onto the axes of the natural frame (t, n). To this end, we take 

the scalar product of (9) first with t and then with n, using the relations 
2Ę

1, 1, 0, ¨,rel rel

s
t t n n t n a t s a n

r
Ö = Ö = Ö = Ö = Ö = 

, , , ,, , ,tr tr t tr tr n cor cor t cor cor na t a a n a a t a a n aÖ = Ö = Ö = Ö = 

,t nP t P P n PÖ = Ö = 

In this way we obtain the equation of relative motion along the curve ( )s sj= : 

, , .( )Ę tr t cor tm s Pt Nsgn s ma mam= - - -     (10) 

where 
2

, ,

Ę
.n tr n cor n

s
N P m a m a m

r
= - Ö - Ö +    (11) 

2 2

, ,
2 2 2 2

, .
( ) ( )

tr t tr n

r r
a r a r

r r r r
w w

¡
=- =+

¡ + ¡ +
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If the material point is placed on the curve with zero initial absolute velocity, then the initial conditions, 

given the adopted directions of jand the frameôs angular velocity w, are 

00 , Ę0) 0) .( (s s s= =      (12) 

Equation (10) must be solved under the non-separation condition 0N² , i.e., the material point does 

not detach from the curve surface. 

The differential equation (10) is nonlinear with variable coefficients; therefore, numerical methods are 

used. Since (10) contains a discontinuous function ( )sgn s  (from Coulomb friction), to ensure stability a 

fixed-step scheme is required. Hence, the fourth-order Runge-Kutta method is optimal. 

Implementation of the problem in the MATLAB environment, taking into account the assumed and 

theoretically obtained parameters, confirmed the feasibility of the proposed working process of the extracting 

organ. However, achieving the desired transport of sapropel along the Archimedes spiral is possible when the 

cutterôs rotation frequency is increased from the proposed 15 min-1 to 20 min-1, while a stable operating 

regime is achieved at 25 min-1, which is allowed by the proposed standards. 

The solution of the mathematical model made it possible to obtain the following graphical 

dependencies: the angular position of the point on the cutter blade versus time (Fig. 2), the relative angular 

velocity with respect to the blade (Fig. 3), and the trajectory of the point in absolute coordinates (Fig. 4). 

 
Figure 2 ï Angular position of the point on the cutter blade as a function of time. 

 
Figure 3 ï Relative angular velocity of the point with respect to the cutter blade. 
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Figure 4 ï Trajectory of the point in absolute coordinates. 

 

To generalize the research results and transfer the obtained dependencies to other types of viscoplastic 

media, a material similarity coefficient  km was introduced. It accounts for the physico-mechanical 

parameters of the processed material. The coefficient is defined as the ratio of density, moisture content, and 

rheological characteristics of the studied material to the corresponding parameters of sapropel: 

m m m
m

s s s

W
K

W

r m

r m
= Ö Ö     (13) 

where: ,m sr r ï density of the material and sapropel, kg/mį; 

,m sm m ï dynamic viscosity of the material and sapropel, PaĿs; 

            ,m sW W  ï moisture content of the material and sapropel, %. 

The obtained coefficient km makes it possible to scale the kinematic and energy parameters of the 

transportation process described by the mathematical model. For example, for natural -moisture silt 

( 1300r= kg/mį, 60m= PaĿs, 75%W= ), the coefficient 1,12mK º . In contrast, for a peat suspension 

( 1100r= kg/mį, 45m= PaĿs, 70%W= ), 0,89mk º . This indicates that transporting such materials in a 

spiral working body requires only minor adjustment of the cutter rotation speed (within Ñ10%) to ensure 

stable movement of the mass. 

Thus, the material similarity coefficient  can be used to determine the operating modes of machines 

employed for extraction, dewatering, or conveying of viscous organic materials, as well as in the modeling 

and design of other screw-type transport systems. 

CONCLUSIONS 

1. An analytical model of the motion of a material particle along the surface of an Archimedean spiral 

was developed, taking into account friction forces, buoyancy, and hydrostatic resistance in a water 

environment. 

2. It was established that a stable mode of sapropel mass transportation is achieved at the rotational 

speed of the spiral working organ of 20ï25 min ĭ, which corresponds to the conditions of uniform 

material movement without segregation. 

3. A material similarity coefficient Km was proposed, which allows the mathematical model to be 

adapted to different viscoplastic media (such as silt, peat, technical pastes, etc.). 
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4. The model confirms the possibility of optimizing the structural parameters of the spiral cutter 

without the need for multiple large-scale field experiments, which significantly reduces the scope of 

full -scale testing. 

5. The obtained results can be used for the design of energy-efficient screw-type transportation systems 

for natural organic masses with adjustable feed rates. 
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ABSTRACT 
The formation of sapropel deposits ensures their humidity 

within 92ï98%. To achieve a minimum level of profitability from 

the use of sapropel, it is necessary to reduce its humidity to 60ï

70%. Therefore, the process of dewatering the extracted sapropel 

is the most important stage of processing the extracted deposits. 

Convective drying, as the most common method of dewatering wet 

agricultural materials, is very energy-intensive. Among the 

methods of dewatering materials that involve the use of various 

kinds of mechanical energy, only cake filtration in presses with a 

limited chamber volume and the use of gravity during dehydration 

in pipes made of geotextile materials can be effective for 

dewatering sapropel. But when using a screw press, the question 

arises of the effective operation of the filter in which the liquid is 

separated from the solid. To solve this problem, we have proposed 

a press design with a self-cleaning filter. Therefore, the purpose of 

this work is to study the influence of the design parameters of a 

screw press with a self-cleaning filter on the process of sapropel 

dehydration. To obtain mathematical models of the studied 

process in the form of regression equations, the mathematical 

method of experimental design was applied. Analysis of the 

obtained equations and graphical dependencies showed that the 

design of a screw press with a self-cleaning filter is workable and 

provides a decrease in the humidity of sapropel samples from 

92.2% to 80.0-82.0%. It was established that the rational 

parameters of such a press are the frequency of rotation of the 

screw shaft n 300= rpm, the compression force of the pressure 

plate spring F 550=  N, the gap between the filter rings 

0,4D=  mm and the length of the filter L 0,9=  m. With such 

values, the press productivity will be Q 0,15 0,20= -  kg/s, and 

the humidity of the dehydrated sapropel - W 80,0 82,0= - %. 
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ˍ˚˛˟ˍˣ˴ˬ 
ʌʦʨʤʫʚʘʥʥʷ ʧʦʢʣʘʜʽʚ ʩʘʧʨʦʧʝʣʶ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʚʦʣʦʛʽʩʪʴ ʫ 

ʤʝʞʘʭ 92ï98 %. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʧʨʦʧʝʣʶ ʥʝʦʙʭʽʜʥʦ 

ʟʥʠʟʠʪʠ ʡʦʛʦ ʚʦʣʦʛʽʩʪʴ ʜʦ 60ï70 %. ʊʦʤʫ ʧʨʦʮʝʩ ʟʥʝʚʦʜʥʝʥʥʷ 

ʜʦʙʫʪʦʛʦ ʩʘʧʨʦʧʝʣʶ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʝʪʘʧʦʤ ʦʙʨʦʙʢʠ 

ʜʦʙʫʪʠʭ ʧʦʢʣʘʜʽʚ. ʂʦʥʚʝʢʪʠʚʥʝ ʩʫʰʽʥʥʷ, ʷʢ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʡ ʤʝʪʦʜ ʟʥʝʚʦʜʥʝʥʥʷ ʚʦʣʦʛʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʻ ʜʫʞʝ ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʤ. ʉʝʨʝʜ ʤʝʪʦʜʽʚ 

ʟʥʝʚʦʜʥʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʟʥʦʛʦ ʨʦʜʫ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʣʠʰʝ ʬʽʣʴʪʨʘʮʽʷ ʢʝʢʫ ʫ ʧʨʝʩʘʭ 

ʽʟ ʦʙʤʝʞʝʥʠʤ ʦʙôʻʤʦʤ ʢʘʤʝʨʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʠ ʟʝʤʥʦʛʦ 

ʪʷʞʽʥʥʷ ʧʽʜ ʯʘʩ ʟʥʝʚʦʜʥʝʥʥʷ ʫ ʪʨʫʙʘʭ ʽʟ ʛʝʦʪʝʢʩʪʠʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʟʥʝʚʦʜʥʝʥʥʷ 

ʩʘʧʨʦʧʝʣʶ. ɸʣʝ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʥʝʢʦʚʦʛʦ ʧʨʝʩʘ ʚʠʥʠʢʘʻ 

ʧʠʪʘʥʥʷ ʽʟ ʝʬʝʢʪʠʚʥʦʶ ʨʦʙʦʪʦ  ʁ ʬʽʣʴʪʨʘ ʫ ʷʢʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʜʽʣʝʥʥʷ ʨʽʜʠʥʠ ʚʽʜ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʧʨʝʩʘ ʽʟ ʩʘʤʦʦʯʠʩʥʠʤ ʬʽʣʴʪʨʦʤ. ʊʦʤʫ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʥʝʢʦʚʦʛʦ 

ʧʨʝʩʘ ʽʟ ʩʘʤʦʦʯʠʩʥʠʤ ʬʽʣʴʪʨʦʤ ʥʘ ʧʨʦʮʝʩ ʟʥʝʚʦʜʥʝʥʥʷ 

ʩʘʧʨʦʧʝʣʶ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ ʙʫʣʦ 

ʟʘʩʪʦʩʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʤʝʪʦʜ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʛʨʘʬʽʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʘʚ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʰʥʝʢʦʚʦʛʦ ʧʨʝʩʘ ʽʟ 

ʩʘʤʦʦʯʠʩʥʠʤ ʬʽʣʴʪʨʦʤ ʻ ʨʦʙʦʪʦʟʜʘʪʥʦʶ ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʟʥʠʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʨʘʟʢʽʚ ʩʘʧʨʦʧʝʣʶ ʽʟ 92,2 % ʜʦ 80,0-

82,0%. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʙʦʪʠ 

ʪʘʢʦʛʦ ʧʨʝʩʘ ʻ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʰʥʝʢʘ n 300=  

ʦʙ/ʭʚ., ʟʫʩʠʣʣʷ ʩʪʠʩʢʫ ʧʨʫʞʠʥʠ ʧʨʠʪʠʩʢʥʦʾ ʧʣʘʩʪʠʥʠ 

F 550=  ʅ, ʟʘʟʦʨ ʤʽʞ ʢʽʣʴʮʷʤʠ ʬʽʣʴʪʨʘ 0,4D= ʤʤ ʪʘ 

ʜʦʚʞʠʥʘ ʬʽʣʴʪʨʘ L 0,9=  ʤ. ɿʘ ʪʘʢʠʭ ʟʥʘʯʝʥʴ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʝʩʘ ʩʢʣʘʜʘʪʠʤʝ Q 0,15 0,20= -  ʢʛ/ʩ, ʘ 

ʚʦʣʦʛʽʩʪʴ ʟʥʝʚʦʜʥʝʥʦʛʦ ʩʘʧʨʦʧʝʣʶ - W 80,0 82,0= -  %. 
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˞˟ˍ˚ ˜˕˟ˍ˚˚ˬ ˟ˍ ˜˛˞˟ˍ˚˛ˏ˗ˍ ˜˝˛ˎ˘˒˙˕ 
ʆʩʦʙʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʣʘʜʽʚ ʩʘʧʨʦʧʝʣʶ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʜʠʩʧʝʨʩʥʫ ʙʫʜʦʚʫ ʽʟ ʚʤʽʩʪʦʤ 

ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʙʪʦ ʚʦʜʠ, ʫ ʤʝʞʘʭ 92ï98%. ʋ ʧʨʦʮʝʩʽ ʜʦʙʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʜʨʘʚʣʽʯʥʦʾ ʪʘ ʛʽʜʨʦʤʝʭʘʥʽʟʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʡ, ʚʤʽʩʪ ʚʦʜʠ ʫ ʜʦʙʫʪʠʭ ʧʦʢʣʘʜʘʭ ʤʦʞʝ 

ʜʦʩʷʛʘʪʠ ʜʦ 99% (ʐʝʚʯʫʢ, 1996; ʐʝʚʯʫʢ, 1997). ʊʘʢʠʤ ʯʠʥʦʤ ʫ ʧʨʦʮʝʩʽ ʜʦʙʫʚʘʥʥʷ ʤʠ ʦʪʨʠʤʫʻʤʦ ʧʦ ʩʫʪʽ 

ʚʦʜʫ ʽʟ ʚʤʽʩʪʦʤ ʚʽʜ 1% ʜʦ 8 % ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʚʽʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʧʨʦʧʝʣʶ ʥʝʦʙʭʽʜʥʦ ʟʥʠʟʠʪʠ ʡʦʛʦ ʚʦʣʦʛʽʩʪʴ ʜʦ 60ï70 %, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʫʭʦʾ 

ʨʝʯʦʚʠʥʠ ʤʘʻ ʟʨʦʩʪʠ ʜʦ 30ï40 % ʪʦʙʪʦ ʫ 5ï40 ʨʘʟʽʚ. ʊʦʤʫ ʧʨʦʮʝʩ ʟʥʝʚʦʜʥʝʥʥʷ ʜʦʙʫʪʦʛʦ ʩʘʧʨʦʧʝʣʶ ʻ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʝʪʘʧʦʤ ʦʙʨʦʙʢʠ ʜʦʙʫʪʠʭ ʧʦʢʣʘʜʽʚ, ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ.  

ʅʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤ ʪʘ ʧʦʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ ʟʥʝʚʦʜʥʝʥʥʷ ʚʦʣʦʛʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʻ ʢʦʥʚʝʢʪʠʚʥʝ ʩʫʰʽʥʥʷ (ɼʽʜʫʭ, 2002; ɻʨʘʙʦʚʝʮʴ, 2008, Mujumdar, 2006). ʇʨʦʪʝ ʜʘʥʠʡ ʩʧʦʩʽʙ 

ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʪʘ ʯʘʩʫ ʥʘ ʦʜʠʥʠʮʶ ʚʠʜʘʣʝʥʦʾ ʚʦʣʦʛʠ ʘʜʞʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʜʠʥʠʮʽ 

ʢʽʣʴʢʦʩʪʽ ʚʦʣʦʛʠ ʫ ʧʘʨʫ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ ʣʠʰʝ ʽʟ ʧʝʚʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ (Mechanical 

1999, ɻʨʘʙʦʚʝʮʴ, 2008). ʊʦʤʫ ʟʥʝʚʦʜʥʝʥʥʷ ʩʘʧʨʦʧʝʣʶ ʤʝʪʦʜʦʤ ʩʫʰʽʥʥʷ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʪʽʻʾ ʯʘʩʪʢʠ (ʬʦʨʤ) ʚʦʣʦʛʠ, ʷʢʘ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʘʣʝʥʽ. ɼʣʷ ʩʫʰʽʥʥʷ 

ʪʘʢʦʛʦ ʢʣʘʩʫ ʤʘʪʝʨʽʘʣʽʚ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʙʘʨʘʙʘʥʥʽ ʩʫʰʘʨʢʠ ʽʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʧʨʦʮʝʩʫ (ʎʠʟʴ, 2005; Lane, n.d.; Chen et al., 2006). 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʛʦ ʧʨʦʤʽʥʥʷ ʫ ʧʨʦʮʝʩʽ ʩʫʰʽʥʥʷ ʩʘʧʨʦʧʝʣʶ ʨʦʟʨʦʙʣʝʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʦʙʦʚôʷʟʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʷʢʦʾ ʻ ʧʨʦʤʦʨʦʞʫʚʘʥʥʷ ʜʦʙʫʪʠʭ ʧʦʢʣʘʜʽʚ (ʐʝʚʯʫʢ, 1996). 

ɿʘʚʜʷʢʠ ʜʽʾ ʚʽʜôʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʢʦʣʦʾʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʘʧʨʦʧʝʣʶ, ʚʽʥ 

ʥʘʙʫʚʘʻ ʩʠʧʢʦʛʦ ʩʪʘʥʫ ʽ ʟʥʘʯʥʦ ʢʨʘʱʝ ʚʽʜʜʘʻ ʚʦʣʦʛʫ. ɸʣʝ ʯʝʨʝʟ ʟʥʘʯʥʽ ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʧʨʦʪʷʛʦʤ 

ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʥʝ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʪʨʠʚʘʣʦʛʦ ʚʧʣʠʚʫ ʚʽʜôʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʋʢʨʘʾʥʽ ʥʘ ʜʦʙʫʪʽ 

ʧʦʢʣʘʜʠ.  

ʊʘʢʦʞ ʚʽʜʦʤʽ ʪʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʠ ʷʢʽ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʛʦ ʨʦʜʫ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʮʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʦʙʣʝʥʘ L. 

Svarovsky (2000) (ʨʠʩ. 1) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʰʠʥ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʜʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʩʘʧʨʦʧʝʣʶ.  

 
ʈʠʩ.1 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʧʦʩʦʙʽʚ ʨʦʟʜʽʣʝʥʥʷ ʜʠʩʧʝʨʩʽʡ ʥʘ ʬʘʟʠ (Svarovsky, 2000) 

 

ʊʘʢ ʩʧʦʩʽʙ ʩʝʜʠʤʝʥʪʘʮʽʾ ʨʝʘʣʽʟʫʶʪʴ ʟʘ ʛʽʜʨʦʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʜʦʙʫʚʘʥʥʷ ʩʘʧʨʦʧʝʣʶ ʟ ʤʝʪʦʶ 

ʦʩʘʜʞʝʥʥʷ ʫ ʚʽʜʩʪʽʡʥʠʢʘʭ ʚʽʣʴʥʦʾ ʚʦʣʦʛʠ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʟʥʝʚʦʜʥʝʥʥʷ (ʐʝʚʯʫʢ, 1996; ʐʝʚʯʫʢ, 

1997). ʇʦʜʘʣʴʰʝ ʟʥʝʚʦʜʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʦʧʠʩʘʥʠʤ ʨʘʥʽʰʝ ʩʧʦʩʦʙʦʤ. 

ʇʨʦʪʝ ʪʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʟʥʝʚʦʜʥʝʥʥʷ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʧʣʦʱ ʧʽʜ ʬʽʣʴʪʨʘʮʽʡʥʽ ʧʦʣʷ, ʜʦʧʫʩʢʘʻ 
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ʟʤʽʰʫʚʘʥʥʷ ʩʘʧʨʦʧʝʣʶ ʽʟ ʤʘʪʝʨʽʘʣʦʤ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ ʚʠʤʘʛʘʻ ʨʦʟʧʫʰʝʥʥʷ ʰʘʨʫ 

ʧʦʢʣʘʜʽʚ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʦʣʦʛʦʚʽʜʜʘʯʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʧʣʠʚʫ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʫ ʛʽʜʨʦʮʠʢʣʦʥʘʭ ʪʘ ʮʝʥʪʨʠʬʫʛʘʭ ʦʧʠʩʫʶʪʴʩʷ ʦʢʨʝʤʠʤʠ 

ʜʦʩʣʽʜʥʠʢʘʤʠ ʜʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʩʘʧʨʦʧʝʣʽʚ ʽʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʟʦʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʘʣʝ ʜʣʷ 

ʟʥʝʚʦʜʥʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʪʠʧʫ ʩʘʧʨʦʧʝʣʶ ʪʘʢʠʡ ʩʧʦʩʽʙ ʥʝ ʟʥʘʡʰʦʚ ʚʧʨʦʚʘʜʞʝʥʥʷ (ʐʝʚʯʫʢ, 1996). 

ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʜʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʩʘʧʨʦʧʝʣʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʽʣʴʪʨʘʮʽʷ ʢʝʢʫ ʫ ʧʨʝʩʘʭ ʽʟ 

ʦʙʤʝʞʝʥʠʤ ʦʙôʻʤʦʤ ʢʘʤʝʨʠ. ʇʨʠʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʚʽʜʪʠʩʢʘʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ 

ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʥʝʢʦʚʠʭ ʧʨʝʩʽʚ. ɸʣʝ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʥʝʢʦʚʦʛʦ ʧʨʝʩʘ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʽʟ 

ʝʬʝʢʪʠʚʥʦʶ ʨʦʙʦʪʫ ʬʽʣʴʪʨʘ ʫ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʜʽʣʝʥʥʷ ʨʽʜʠʥʠ ʚʽʜ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ. ɸʜʞʝ ʯʝʨʝʟ 

ʚʤʽʩʪ ʫ ʦʨʛʘʥʽʯʥʦʤʫ ʩʘʧʨʦʧʝʣʽ ʧʦʥʘʜ 50 % ʬʨʘʢʮʽʾ ʽʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 50 ʤʢʤ (ʐʝʚʯʫʢ, 1996) ʚʽʥ 

ʟʜʘʪʝʥ ʟʘʙʠʚʘʪʠ ʧʨʦʭʽʜʥʽ ʦʪʚʦʨʠ ʬʽʣʴʪʨʽʚ. ɺʽʜʦʤʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʚʽʜʜʽʣʷʶʯʦʾ ʢʘʤʝʨʠ ʰʥʝʢʦʚʦʛʦ ʧʨʝʩʘ ʜʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʩʘʧʨʦʧʝʣʶ ʟʛʽʜʥʦ ʷʢʠʭ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʚʦʜʘ ʚʽʜʜʽʣʷʻʪʴʩʷ ʯʝʨʝʟ ʢʘʧʨʦʥ (ʐʠʤʯʫʢ, 2008). ɸʣʝ ʫ ʮʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʝ ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʧʨʦ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘʢʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʠ ʟʝʤʥʦʛʦ ʪʷʞʽʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʜʽʣʝʥʥʷ ʚʦʣʦʛʠ ʽʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʩʘʜʽʚ ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʽ ʩʘʧʨʦʧʝʣʽʚ ʧʽʜ ʯʘʩ ʾʭ ʟʥʝʚʦʜʥʝʥʥʷ ʫ ʪʨʫʙʘʭ ʽʟ ʛʝʦʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (Cantrell et al., 2008, 

Berg & Filinto, 2019). ɿʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʫʙʽʚ ʫ ʥʠʭ ʟʘʢʘʯʫʶʪʴʩʷ ʦʩʘʜʠ ʜʦʙʫʪʽ ʟʝʤʩʥʘʨʷʜʦʤ. ɿʘʧʦʚʥʝʥʽ 

ʦʩʘʜʘʤʠ ʛʝʦʪʫʙʠ ʤʦʞʫʪʴ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ (Berg & Filinto, 

2019). ʇʽʜ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʩʘʧʨʦʧʝʣʶ ʫ ʛʝʦʪʫʙʽ ʚʦʜʘ ʬʽʣʴʪʨʫʻʪʴʩʷ ʯʝʨʝʟ ʛʝʦʪʝʢʩʪʠʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʧʽʜ 

ʜʽʻ ʩʠʣʠ ʟʝʤʥʦʛʦ ʪʷʞʽʥʥʷ. ʇʨʦʮʝʩ ʤʦʞʝ ʪʨʠʚʘʪʠ ʢʽʣʴʢʘ ʤʽʩʷʮʽʚ ʟʘ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʪʨʘʯʝʥʦʾ 

ʝʥʝʨʛʽʾ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʛʝʦʪʫʙ̔ ʚ ʥʝʦʙʭʽʜʥʽ ʟʥʘʯʥʽ ʧʽʜʛʦʪʦʚʣʝʥʽ ʧʣʦʱʽ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʩʦʙʫ ʩʝʜʠʤʝʥʪʘʮʽʾ. 

ʂʦʤʙʽʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʟʥʝʚʦʜʥʝʥʥʷ ʩʘʧʨʦʧʝʣʶ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫ ʧʨʘʮʽ (ɻʨʘʙʦʚʝʮʴ, 2008) ʧʝʨʝʜʙʘʯʘʻ 

ʟʜʽʡʩʥʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ ʤʘʪʝʨʽʘʣʫ ʩʪʨʫʤʘʤʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʪʘ ʥʘʩʪʫʧʥʝ ʡʦʛʦ ʟʥʝʚʦʜʥʝʥʥʷ 

ʥʘ ʩʪʨʽʯʢʦʚʦʤʫ ʧʨʝʩʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʨʦʟʛʣʷʥʫʪʽ ʩʧʦʩʦʙʠ ʪʘ ʟʘʩʦʙʠ ʜʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʩʘʧʨʦʧʝʣʶ ʟʘ ʫʤʦʚʠ ʾʭ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʧʨʠʡʥʷʪʥʦʩʪʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʘʞʘʥʦʾ ʤʝʞʽ ʚʦʣʦʛʦʩʪʽ ʫ 70ï60 %. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʩʫʰʽʥʥʷ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʪʫʯʥʦʛʦ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʫ ʧʦʚôʷʟʘʥʝ ʽʟ ʟʥʘʯʥʠʤʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʟʘʪʨʘʪʘʤʠ. ʊʦʤʫ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʘʪʨʘʪ ʥʘ ʟʥʝʚʦʜʥʝʥʥʷ ʩʘʧʨʦʧʝʣʶ ʩʣʽʜ ʰʫʢʘʪʠ 

ʦʧʪʠʤʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʦʢʨʝʤʠʭ ʬʦʨʤ ʟʚôʷʟʢʫ. ʊʘʢʠʤ ʧʦʻʜʥʘʥʥʷʤ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʟʥʝʚʦʜʥʝʥʥʷ ʤʝʭʘʥʽʯʥʠʤ ʩʪʠʩʢʫʚʘʥʥʷʤ 

ʩʘʧʨʦʧʝʣʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʡʦʛʦ ʚʦʣʦʛʽʩʪʴ ʽʟ 94 % ʜʦ 72ï74 %. ʆʩʪʘʪʦʯʥʦ ʩʘʧʨʦʧʝʣʴ ʜʦʮʽʣʴʥʦ 

ʟʥʝʚʦʜʥʶʚʘʪʠ ʫ ʛʝʦʪʫʙʘʭ (Tsiz et al., 2023). 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʝʚʦʜʥʝʥʥʷ ʩʘʧʨʦʧʝʣʶ ʥʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ 

ʰʥʝʢʦʚʦʛʦ ʧʨʝʩʘ ʽʟ ʩʘʤʦʦʯʠʩʥʠʤ ʬʽʣʴʪʨʦʤ. ɿʘʚʜʷʢʠ ʦʩʦʙʣʠʚʦʩʪʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʠʡ ʬʽʣʴʪʨ ʜʦʟʚʦʣʷʻ 

ʧʨʘʮʶʚʘʪʠ ʽʟ ʨʽʟʥʠʤ ʪʠʧʘʤʠ ʩʘʧʨʦʧʝʣʶ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ (ʎʠʟʴ, 2025).    

˙̆̓́ ̨̠̅̏̒̌̅̇̆̎̎ ï ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʥʝʢʦʚʦʛʦ ʧʨʝʩʘ ʽʟ 

ʩʘʤʦʦʯʠʩʥʠʤ ʬʽʣʴʪʨʦʤ ʥʘ ʧʨʦʮʝʩ ʟʥʝʚʦʜʥʝʥʥʷ ʩʘʧʨʦʧʝʣʶ.  

 

˙ˍ˟˒˝˴ˍ˘˕ ˴ ˙˒˟˛ˑ˕ 
ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʰʥʝʢʦʚʦʛʦ ʧʨʝʩʘ ʽʟ ʩʘʤʦʦʯʠʩʥʠʤ 

ʬʽʣʴʪʨʦʤ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ ʪʘʢʦʛʦ ʧʨʝʩʘ (ʨʠʩ. 1). ʅʘ ʨʘʤʽ 1 ʫʩʪʘʥʦʚʢʠ ʫ 

ʜʚʦʭ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʦʧʦʨʘʭ 2 ʪʘ 3 ʢʦʥʩʦʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚʘʣ 4 ʟʽ ʰʥʝʢʦʚʦʶ ʥʘʚʠʚʢʦʶ. ʐʥʝʢʦʚʘ 

ʥʘʚʠʚʢʘ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʫ ʟʦʥʽ ʙʫʥʢʝʨʘ 5 ʪʘ ʟʘʢʽʥʯʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʦʩʪʘʥʥʴʦʛʦ ʥʝʨʫʭʦʤʦʛʦ ʢʽʣʴʮʷ 13 

ʩʘʤʦʯʠʩʥʦʛʦ ʬʽʣʴʪʨʘ 6. ʉʘʤʦʯʠʩʥʠʡ ʬʽʣʴʪʨ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʥʘʙʦʨʫ ʥʝʨʫʭʦʤʠʭ 7 ʪʘ ʨʫʭʦʤʠʭ 8 ʢʽʣʝʮʴ, 

ʷʢʽ ʟʤʦʥʪʦʚʘʥʽ ʥʘ ʰʝʩʪʠ ʨʽʟʴʙʦʚʠʭ ʰʧʠʣʴʢʘʭ 9. ʇʨʠ ʮʴʦʤʫ ʚʽʜʜʘʣʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʥʝʨʫʭʦʤʠʤʠ 

ʢʽʣʴʮʷʤʠ ʟʤʽʥʶʻʪʴʩʷ ʩʪʫʧʝʥʝʤ ʩʪʠʩʢʫ ʧʨʫʞʠʥʥʠʭ ʰʘʡʙ 10 ʛʘʡʢʘʤʠ 11. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʟʦʨʫ ʤʽʞ ʙʽʯʥʦʶ ʧʣʦʱʠʥʦʶ ʥʝʨʫʭʦʤʠʭ 7 ʪʘ ʨʫʭʦʤʠʭ 8 ʢʽʣʝʮʴ. ʌʽʢʩʘʮʽʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʬʽʣʴʪʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʚʩʪʘʥʦʚʣʝʥʥʶ ʧʘʣʴʮʽʚ 12 ʦʩʪʘʥʥʴʦʛʦ 

ʥʝʨʫʭʦʤʦʛʦ ʢʽʣʴʮʷ 13 ʫ ʚʪʫʣʢʠ ʨʘʤʠ 1. ʆʩʴʦʚʠʡ ʦʪʚʽʨ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʨʦʞʥʠʥʠ ʩʘʤʦʦʯʠʩʥʦʛʦ ʬʽʣʴʪʨʘ 

ʟʘʢʨʠʚʘʻʪʴʩʷ ʧʣʘʩʪʠʥʦʶ 14. ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʧʨʝʩʘ ʜʘʥʘ ʧʣʘʩʪʠʥʘ ʦʙʝʨʪʘʻʪʴʩʷ ʨʘʟʦʤ ʽʟ ʚʘʣʦʤ 4, ʘ 

ʟʫʩʠʣʣʷ ʾʾ ʧʨʠʪʠʩʢʘʥʥʷ ʜʦ ʢʨʘʡʥʴʦʛʦ ʥʝʨʫʭʦʤʦʛʦ ʢʽʣʴʮʷ 13 ʨʝʛʫʣʶʻʪʴʩʷ ʩʪʫʧʝʥʝʤ ʩʪʠʩʢʫ ʧʨʫʞʠʥʠ 16 

ʛʚʠʥʪʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ 15. ɼʣʷ ʟʙʦʨʫ ʨʽʜʠʥʠ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʬʽʣʴʪʨ ʧʝʨʝʜʙʘʯʝʥʦ ʣʦʪʦʢ 17. 
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ʇʨʠʚʽʜ ʚʘʣʫ 4 ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʜʚʠʛʫʥʘ 18 ʯʝʨʝʟ ʜʚʦʩʪʫʧʽʥʯʘʩʪʫ ʧʘʩʦʚʫ ʧʝʨʝʜʘʯʫ 19. ɺʤʠʢʘʥʥʷ 

(ʚʠʤʠʢʘʥʥʷ) ʫʩʪʘʥʦʚʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʫʣʴʪʦʤ 20. 

 
ʈʠʩ. 2 - ʌʦʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʝʩʘ ʜʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʩʘʧʨʦʧʝʣʶ 

 

ɼʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʝʩʘ ʥʘ ʧʨʦʮʝʩ ʟʥʝʚʦʜʥʝʥʥʷ, ʷʢ: ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʰʥʝʢʘ, ʟʘʟʦʨ 

ʤʽʞ ʨʫʭʦʤʠʤʠ ʪʘ ʥʝʨʫʭʦʤʠʤʠ ʢʽʣʴʮʷʤʠ, ʜʦʚʞʠʥʘ ʩʘʤʦʦʯʠʩʥʦʛʦ ʬʽʣʴʪʨʘ ʪʘ ʟʫʩʠʣʣʷ ʩʪʠʩʢʫ ʧʨʫʞʠʥʠ 

ʧʨʠʪʠʩʢʥʦʾ ʧʣʘʩʪʠʥʠ. ʂʦʣʦ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʙʫʣʦ ʚʠʟʥʘʯʝʥʝ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣ ʪʘ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ  ̔ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʥʘʯʝʥʥʷ ʪʘ ʤʝʞʽ 

ʟʤʽʥʠ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚ ʷʢʠʭ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʷ 1 ï ɼʦʩʣʽʜʞʫʚʘʥʽ ʬʘʢʪʦʨʠ ʪʘ ʤʝʞʽ ʾʭ ʟʤʽʥʠ 

ʈʽʚʥʽ ʚʘʨʽʶʚʘʥʥʷ 

ʌʘʢʪʦʨʠ 

ʏʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ 

ʰʥʝʢʘ n , ʦʙ/ʭʚ. 

ɿʘʟʦʨ ʤʽʞ 

ʢʽʣʴʮʷʤʠ ʬʽʣʴʪʨʘ 

D, ʤʤ  

ɼʦʚʞʠʥʘ 

ʬʽʣʴʪʨʘ, l, ʤ  

ɿʫʩʠʣʣʷ ʩʪʠʩʢʫ 

ʧʨʫʞʠʥʠ ʧʨʠʪʠʩʢʥʦʾ 

ʧʣʘʩʪʠʥʠ F, ʅ 

ɺʝʨʭʥʽʡ (+1) 300 0,4 0,9 600 

ʆʩʥʦʚʥʠʡ (0) 250 0,3 0,6 500 

ʅʠʞʥʽʡ (-1) 200 0,2 0,3 400 

 

ʌʽʢʩʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʚʠʟʥʘʯʝʥʠʭ ʨʽʚʥʷʭ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʪʘʢʠʤ ʯʠʥʦʤ. ɼʣʷ 

ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʰʥʝʢʘ n ʟʜʽʡʩʥʶʚʘʣʠ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʰʢʽʚʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʽʘʤʝʪʨʫ ʥʘ 

ʚʘʣʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ɿʫʩʠʣʣʷ ʩʪʠʩʢʫ ʧʨʫʞʠʥʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʠʥʠ ʪʘ 

ʚʝʣʠʯʠʥʦʶ ʾʾ ʜʝʬʦʨʤʘʮʽʾ. ɺʝʣʠʯʠʥʫ ʩʫʤʘʨʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʨʫʭʦʤʠʤ ʢʽʣʴʮʝʤ ʪʘ ʜʚʦʤʘ ʩʫʤʽʞʥʠʤʠ 

ʥʝʨʫʭʦʤʠʤʠ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʛʘʡʦʢ 11 ʧʦ ʰʧʠʣʴʢʘʭ 9 (ʜʠʚ. ʨʠʩ. 2). ɺʠʤʽʨʶʚʘʥʥʷ 

ʦʪʨʠʤʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʟʦʨʫ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦ ʥʘʙʦʨʫ ʱʫʧʽʚ. ɯʤʽʪʘʮʽʶ ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʬʽʣʴʪʨʘ 

ʟʜʽʡʩʥʶʚʘʣʠ ʰʣʷʭʦʤ ʢʨʘʪʥʦʩʪʽ ʧʨʦʧʫʩʢʘʥʥʷ ʩʘʧʨʦʧʝʣʶ ʯʝʨʝʟ ʧʨʝʩ. ʆʩʢʽʣʴʢʠ ʜʦʚʞʠʥʘ ʬʽʣʴʪʨʘ 

ʫʩʪʘʥʦʚʢʠ ʩʢʣʘʜʘʻ 0,3 ʤ ʪʦ ʟʘ ʜʚʦʨʘʟʦʚʦʾ ʦʙʨʦʙʢʠ ʩʘʧʨʦʧʝʣʶ ʧʨʝʩʦʤ ʚʚʘʞʘʣʠ, ʱʦ ʜʦʚʞʠʥʘ ʬʽʣʴʪʨʘ 

ʩʢʣʘʜʘʻ 0,6 ʤ. ɸʥʘʣʦʛʽʯʥʦ ʟʘ ʪʨʠʢʨʘʪʥʦʾ ʦʙʨʦʙʢʠ ï 0,9 ʤ.  

ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʟʥʝʚʦʜʥʝʥʥʷ ʩʘʧʨʦʧʝʣʶ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʥ̫ʥʷ ʨʝʛʨʝʩʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʤʝʪʦʜ ʧʣʘʥʫʚʘʥʥʷ ʜʣʷ ʯʦʪʠʨʠʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʷʢʠʡ 

ʙʘʟʫʚʘʚʩʷ ʥʘ ʩʠʤʝʪʨʠʯʥʦʤʫ ʥʝʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʧʣʘʥʽ ɹʦʢʩʘ-ɹʝʥʢʽʥʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʌʫʥʢʮʽʷʤʠ 

ʚʽʜʛʫʢʫ ʙʫʣʠ ʚʦʣʦʛʽʩʪʴ ʟʥʝʚʦʜʥʝʥʦʛʦ ʩʘʧʨʦʧʝʣʶ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʝʩʘ. 
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ɿʥʝʚʦʜʥʝʥʥʷ ʧʽʜʜʘʚʘʣʠ ʦʨʛʘʥʽʯʥʠʡ ʩʘʧʨʦʧʝʣʴ ʜʦʙʫʪʠʡ ʧʥʝʚʤʘʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ ʦʧʠʩʘʥʠʤ ʫ ʧʨʘʮʽ 

(Tsiz & Homich, 2013) ʥʘ ʦʟʝʨʽ ɹʫʨʢʽʚ ɺʦʣʠʥʩʴʢʦʾ ʦʙʣ. (51.764326, 25.125718). ɺʠʭʽʜʥʘ ʚʦʣʦʛʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʩʘʧʨʦʧʝʣʶ ʩʢʣʘʜʘʣʘ W 92,2= %. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʥʝʚʦʜʥʝʥʦʛʦ ʩʘʧʨʦʧʝʣʶ ʽʟ ʢʦʥʪʝʡʥʝʨʘ 2 (ʨʠʩ. 2) ʫ ʪʨʴʦʭ ʪʦʯʢʘ ʟʘ 

ʜʽʘʛʦʥʘʣʣʶ ʚʽʜʙʠʨʘʣʠ ʦʨʽʻʥʪʦʚʥʦ ʧʦ 100 ʛ ʩʘʧʨʦʧʝʣʶ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʜʽʙʨʘʥʽ ʧʨʦʙʠ ʧʝʨʝʤʽʰʫʚʘʣʠ ʪʘ ʟ 

ʦʪʨʠʤʘʥʦʛʦ ʟʨʘʟʢʘ ʚʽʜʙʠʨʘʣʠ ʧʨʠʙʣʠʟʥʦ ʧʦ 5 ʛ ʩʘʧʨʦʧʝʣʶ ʽ ʚʠʟʥʘʯʘʣʠ ʾʭ ʚʦʣʦʛʽʩʪʴ ʤʝʪʦʜʦʤ 

ʚʠʩʫʰʫʚʘʥʥʷ. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʫ ʪʨʴʦʭ ʩʧʨʦʙʘʭ ʧʨʠʡʤʘʣʦʩʴ, ʷʢ ʚʦʣʦʛʽʩʪʴ ʟʥʝʚʦʜʥʝʥʦʛʦ ʩʘʧʨʦʧʝʣʶ 

ʟʘ ʚʠʟʥʘʯʝʥʠʭ ʧʣʘʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʽʚʥʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʘʢʪʦʨʽʚ. 

 
ʈʠʩ. 3 ï ʌʦʪʦ ʧʨʦʮʝʩʫ ʨʝʘʣʽʟʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʪʘʢʠʭ ʟʥʘʯʝʥʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʘʢʪʦʨʽʚ: 

200n= ʦʙ/ʭʚ; D=0,4 ʤʤ; l 0,3= ʤ; F 300= ʅ 

 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʝʩʫ ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ ʜʽʣʝʥʥʷ ʤʘʩʠ ʟʥʝʚʦʜʥʝʥʦʛʦ ʩʘʧʨʦʧʝʣʶ, ʱʦ ʙʫʣʘ 

ʥʘʢʦʧʠʯʝʥʘ ʧʨʦʪʷʛʦʤ ʨʝʘʣʽʟʘʮʽʾ ʦʜʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʢʦʥʪʝʡʥʝʨʽ 2 (ʨʠʩ. 2) ʥʘ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʋʩʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʽʟ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ (ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ) ʟʘ ʚʠʟʥʘʯʝʥʠʭ ʧʣʘʥʦʤ 

ʟʥʘʯʝʥʴ ʬʘʢʪʦʨʽʚ ʧʨʦʚʦʜʠʣʠ ʫ ʪʨʠʢʨʘʪʥʽʡ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ. 

˝˒˔ˠ˘˩˟ˍ˟˕ ˑ˛˞˘˴ˑ˓˒˚˚ˬ ˟ˍ ˛ˎː˛ˏ˛˝˒˚˚ˬ 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʫ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʥʘʯʝʥʥʷʤʠ ʚʦʣʦʛʦʩʪʽ ʟʥʝʚʦʜʥʝʥʦʛʦ ʩʘʧʨʦʧʝʣʶ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʝʩʘ ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, 

ʚʩʪʘʥʦʚʣʝʥʽ ʾʭ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʪʘ ʟʥʘʯʫʱʽʩʪʴ. ʇʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʥʝʟʥʘʯʫʱʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʚʽʨʠʣʠ 

ʛʽʧʦʪʝʟʫ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʽʚʥʷʥ ɹʟʘ ʢʨʠʪʝʨʽʻʤ ʌʽʰʝʨʘ. ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʜʣʷ 

ʚʦʣʦʛʦʩʪʽ ʩʘʧʨʦʧʝʣʶ ʧʨʠ ʜʠʩʧʝʨʩʽʾ ʥʝʘʜʝʢʚʘʪʥʦʩʪʽ 2
n.S 0,425=  ʪʘ ʜʠʩʧʝʨʩʽʾ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʜʦʩʣʽʜʫ 

2
yS 0,09=  ʩʪʘʥʦʚʠʣʦ 

calcF 4,725= . ʊʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ ʟʘ ʧʨʠʡʥʷʪʦʛʦ 5-% 

ʟʥʘʯʫʱʦʩʪʽ, ʟʛʽʜʥʦ (ɸʥʽʩʪʨʘʪʝʥʢʦ & ʌʝʜʦʨʦʚ, 1993), ʩʢʣʘʣʦ:  

( )tab
2 1F 0,05; f ; f 19,43= ,                                             (1) 

ʜʝ 2f 16=  - ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʜʠʩʧʝʨʩʽʾ ʥʝʘʜʝʢʚʘʪʥʦʩʪʽ; 1f 2=  - ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ 

ʜʠʩʧʝʨʩʽʾ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʜʦʩʣʽʜʫ. 

ʆʩʢʽʣʴʢʠ, 

( )calc. tab
2 1F 4,725<F 0,05; f ; f 19,43= = ,                                         (2) 

ʪʦ ʛʽʧʦʪʝʟʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʝ ʬʫʥʢʮʽʻʶ ʚʽʜʛʫʢʫ ʻ ʚʦʣʦʛʽʩʪʴ ʟʥʝʚʦʜʥʝʥʦʛʦ ʩʘʧʨʦʧʝʣʶ 

ʚʦʣʦʛʦʩʪʽ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʝʩʘ ʧʨʠ ʜʠʩʧʝʨʩʽʾ ʥʝʘʜʝʢʚʘʪʥʦʩʪʽ 
2 4
n.S 1,098 10-= ³  ʪʘ ʜʠʩʧʝʨʩʽʾ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʜʦʩʣʽʜʫ 

2 5
yS 6,4 10-= ³  ʩʪʘʥʦʚʠʣʦ 

calcF 1,715= . 

ʊʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ ʟʘ ʧʨʠʡʥʷʪʦʛʦ 5-% ʟʥʘʯʫʱʦʩʪʽ ʩʢʣʘʣʦ:  
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( )tab
2 1F 0,05; f ; f 19,43= ,                                             (3) 

ʜʝ 2f 19=  - ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʜʠʩʧʝʨʩʽʾ ʥʝʘʜʝʢʚʘʪʥʦʩʪʽ; 1f 2=  - ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ 

ʜʠʩʧʝʨʩʽʾ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʜʦʩʣʽʜʫ. 

ʆʩʢʽʣʴʢʠ, 

( )calc. tab
2 1F 1,715<F 0,05; f ; f 19,43= = ,                                         (4) 

ʪʦ ʛʽʧʦʪʝʟʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʝ ʬʫʥʢʮʽʻʶ ʚʽʜʛʫʢʫ ʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʝʩʘ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ. 

ʇʽʩʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʬʘʢʪʦʨʽʚ ʫ ʥʘʪʫʨʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʦʪʨʠʤʘʣʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ (5) ʚʦʣʦʛʦʩʪʽ 

ʟʥʝʚʦʜʥʝʥʦʛʦ ʩʘʧʨʦʧʝʣʶ ʪʘ (6) ï ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʰʥʝʢʦʚʦʛʦ ʧʨʝʩʘ. ʅʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ (5) ʧʦʙʫʜʦʚʘʥʦ 

ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ (ʨʠʩ. 3, ʘ-ʙ), ʘ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷ (6) - ʜʚʦʤʽʨʥʽ ʩʽʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ (ʨʠʩ. 3, ʛ) 

W 57.88 0,08894 n 1.98 17,05 L 0,10563 F 0,00022 Fn 0,065 F LD= + Ö + Ö + Ö + Ö - Ö Ö - Ö Ö + 
2 2 2 20.0000268 n 15.8 6.577778 L 0.0000483 FD+ Ö - Ö + Ö - Ö,                                 (5) 

2 2Q 0,0050934 n 0,003 F 1.22417 0,000002067 n 0.000002 F 0.000006 F n= Ö + Ö - - Ö - Ö - Ö Ö,            (6) 

ʜʝ W  - ʚʦʣʦʛʽʩʪʴ ʟʥʝʚʦʜʥʝʥʦʛʦ ʩʘʧʨʦʧʝʣʶ, %; n - ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʰʥʝʢʘ, ʦʙ/ʭʚ.; D - ʟʘʟʦʨ 

ʤʽʞ ʢʽʣʴʮʷʤʠ ʬʽʣʴʪʨʘ, ʤʤ; L  - ʜʦʚʞʠʥʘ ʬʽʣʴʪʨʘ, ʤ; F  - ʟʫʩʠʣʣʷ ʩʪʠʩʢʫ ʧʨʫʞʠʥʠ ʧʨʠʪʠʩʢʥʦʾ 

ʧʣʘʩʪʠʥʠ, ʅ; Q  - ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʰʥʝʢʦʚʦʛʦ ʧʨʝʩʘ, ʢʛ/ʩ. 

      
ʘ                                                                                          ʙ  

 
ʚ                                                                                      ʛ 

ʈʠʩ. 4 ï ʇʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʨʽʚʥʷʥʥʷʤ (5) L 0,3= ʤ (ʘ), L 0,6=  ʤ (ʙ), L 0,9=  ʤ (ʙ) ʪʘ 

ʣʽʥʽʾ ʨʽʚʥʷ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʨʽʚʥʷʥʥʷʤ (6) (ʙ): 1 - 0,2D=  ʤʤ; 2 - 0,3D= ʤʤ; 3 - 0,4D=  ʤʤ 
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ɸʥʘʣʽʟ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚʦʣʦʛʦʩʪʽ ʟʥʝʚʦʜʥʝʥʦʛʦ ʩʘʧʨʦʧʝʣʶ (5) ʧʦʢʘʟʫʻ, ʱʦ ʥʘʷʚʥʠʡ ʩʫʪʪʻʚʠʡ 

ʚʧʣʠʚ ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʟʥʠʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʩʘʧʨʦʧʝʣʶ. ɿʥʘʯʫʱʠʤ ʚʠʷʚʠʣʠʩʴ 

ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ ʫ ʧʘʨʥʠʭ ʚʟʘʻʤʦʜʽʷʭ ʤʽʞ ʟʫʩʠʣʣʷʤ ʩʪʠʩʢʫ ʧʨʫʞʠʥʠ ʧʨʠʪʠʩʢʥʦʾ ʧʣʘʩʪʠʥʠ ʪʘ 

ʯʘʩʪʦʪʦ  ʁʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʰʥʝʢʘ, ʘ ʪʘʢʦʞ ʤʽʞ ʟʫʩʠʣʣʷʤ ʩʪʠʩʢʫ ʧʨʫʞʠʥʠ ʧʨʠʪʠʩʢʥʦʾ ʧʣʘʩʪʠʥʠ ʪʘ 

ʜʦʚʞʠʥʦʶ ʬʽʣʴʪʨʘ. ʋ ʨʽʚʥʷʥʥʽ ʨʝʛʨʝʩʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʝʩʘ (6) ʥʝʟʥʘʯʫʱʠʤʠ ʚʠʷʚʠʣʠʩʴ ʢʦʝʬʽʮʽʻʥʪ 

ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʷʢ ʟʘʟʦʨ ʤʽʞ ʢʽʣʴʮʷʤʠ ʬʽʣʴʪʨʘ ʪʘ ʜʦʚʞʠʥʘ ʬʽʣʴʪʨʘ. ɸʣʝ ʫ ʜʘʥʦʤʫ ʨʽʚʥʷʥʥʽ ʪʘʢʦʞ 

ʟʥʘʯʫʱʠʤ ʻ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʧʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʟʫʩʠʣʣʷʤ ʩʪʠʩʢʫ ʧʨʫʞʠʥʠ ʧʨʠʪʠʩʢʥʦʾ ʧʣʘʩʪʠʥʠ ʪʘ 

ʯʘʩʪʦʪʦ  ʁʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʰʥʝʢʘ. 

ʌʦʨʤʘ ʧʦʚʝʨʭʦʥʴ ʚʽʜʛʫʢʫ ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 4, ʘ-ʚ ʚʢʘʟʫʻ, ʱʦ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ʟʥʝʚʦʜʥʝʥʦʛʦ ʩʘʧʨʦʧʝʣʶ ʫ W 80=  % ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʰʥʝʢʘ n 300=  ʦʙ/ʭʚ., 

ʟʘʟʦʨʫ ʤʽʞ ʢʽʣʴʮʷʤʠ ʬʽʣʴʪʨʘ 0,4D= ʤʤ, ʜʦʚʞʠʥʠ ʬʽʣʴʪʨʘ L 0,9=  ʤ ʪʘ ʟʫʩʠʣʣʷ ʩʪʠʩʢʫ ʧʨʫʞʠʥʠ 

ʧʨʠʪʠʩʢʥʦʾ ʧʣʘʩʪʠʥʠ F 600=  ʅ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʫ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʦʜʘʣʴʰʝ 

ʟʙʽʣʴʰʝʥʥʷ ʟʘʟʦʨʫ ʤʽʞ ʢʽʣʴʮʷʤʠ ʬʽʣʴʪʨʘD ʧʦʥʘʜ 0,4 ʤʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʭʦʜʞʝʥʥʷ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʦʢ ʩʘʧʨʦʧʝʣʶ ʨʘʟʦʤ ʽʟ ʚʦʜʦʶ ʢʨʽʟʴ ʱʽʣʠʥʠ ʬʽʣʴʪʨʘ.  

ɸʥʘʣʽʟ ʛʨʘʬʽʢʫ ʥʘ ʨʠʩ. 4, ʛ ʚʢʘʟʫʻ, ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʰʥʝʢʦʚʦʛʦ ʧʨʝʩʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʟʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʰʥʝʢʘ n 300=  ʦʙ/ʭʚ. ʪʘ ʟʫʩʠʣʣʷ ʩʪʠʩʢʫ ʧʨʫʞʠʥʠ ʧʨʠʪʠʩʢʥʦʾ ʧʣʘʩʪʠʥʠ 

F 400=  ʅ. ʊʦʙʪʦ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʘʻ ʤʽʩʮʝ ʟʘ ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʣʷ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ 

ʤʽʥʽʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʚʠʜʘʣʝʥʦʾ ʚʦʣʦʛʠ (ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ ʚʦʣʦʛʦʩʪʽ ʟʥʝʚʦʜʥʝʥʦʛʦ 

ʩʘʧʨʦʧʝʣʶ). ʊʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʝʩʘ ʫ ʤʝʞʘʭ Q 0,15 0,20= -  ʢʛ/ʩ ʟʘ ʚʦʣʦʛʦʩʪʽ 

ʟʥʝʚʦʜʥʝʥʦʛʦ ʩʘʧʨʦʧʝʣʶ ʚ ʤʝʞʘʭ W 80,0 82,8= -  % ʟʫʩʠʣʣʷ ʩʪʠʩʢʫ ʧʨʫʞʠʥʠ ʧʨʠʪʠʩʢʥʦʾ ʧʣʘʩʪʠʥʠ ʥʝ 

ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ F 550=  ʅ.  

ɿʛʽʜʥʦ ʨʠʩ. 4, ʘ-ʚ ʪʘʢʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʬʘʢʪʦʨʠ, ʷʢ ʜʦʚʞʠʥʘ ʬʽʣʴʪʨʘ ʪʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ 

ʰʥʝʢʘ ʟʘʙʝʟʧʝʯʫʶʪʴ  ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʥʝʚʦʜʥʝʥʦʛʦ ʩʘʧʨʦʧʝʣʶ ʥʘʙʫʚʘʶʯʠ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʇʨʦʪʝ ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʬʽʣʴʪʨʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʤʽʥʽʤʘʣʴʥʠʡ ʧʨʠʨʽʩʪ ʚʠʜʽʣʝʥʦʾ ʚʦʣʦʛʠ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ 

ʩʘʧʨʦʧʝʣʶ ʫ ʨʦʙʦʯʦʤʫ ʧʨʦʩʪʦʨʽ ʬʽʣʴʪʨʘ ʚʠʭʦʜʠʪʠʤʝ ʟʘ ʤʝʞʽ ʝʪʘʧʫ ʤʠʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʧʦʨ 

ʟʘʧʦʚʥʝʥʠʭ ʨʽʜʠʥʦʶ, ʘ ʧʝʨʝʭʦʜʠʪʠʤʝ ʫ ʝʪʘʧ ʚʧʣʠʚʫ ʩʠʣ ʦʧʦʨʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚôʷʟʢʦʛʦ ʪʝʨʪʷ (Tsiz et al., 

2023). ʆʢʨʽʤ ʮʴʦʛʦ ʟʨʦʩʪʘʪʠʤʝ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʴ ʪʘ ʟʘʪʨʘʪʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʽʣʴʪʨʘ. ɿʙʽʣʴʰʝʥʥʷ 

ʯʘʩʪʠ ʦʙʝʨʪʘʥʥʷ ʚʘʣ ʰʥʝʢʘ ʧʦʥʘʜ ʤʘʢʩʠʤʘʣʴʥʝ ʜʦʩʣʽʜʞʫʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʘʧʨʦʧʝʣʶ ʪʘ ʨʦʟʤʽʨʽʚ ʧʦʨ ʯʝʨʝʟ ʷʢʽ ʚʠʪʠʩʢʫʻʪʴʩʷ ʚʦʜʘ, ʱʦ ʤʘʪʠʤʝ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʟʥʝʚʦʜʥʝʥʥʷ.  

ˏ˕˞ ˚˛ˏ˗̞ 
ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʥʝʚʦʜʥʝʥʥʷ ʩʘʧʨʦʧʝʣʶ ʫ ʰʥʝʢʦʚʦʤʫ ʧʨʝʩʽ ʽʟ ʩʘʤʦʦʯʠʩʥʠʤ ʬʽʣʴʪʨʦʤ 

ʧʽʜʪʚʝʨʜʠʣʘ ʡʦʛʦ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʠʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʟʨʘʟʢʽʚ ʽʟ 92,2 % ʜʦ 80,0-82,0%. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʽʜ 

ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʟʤʽʥʠ ʚʦʣʦʛʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ 

ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ ʥʠʤʠ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʙʦʪʠ ʰʥʝʢʘ ʽʟ ʩʘʤʦʦʯʠʩʥʠʤ ʬʽʣʴʪʨʦʤ ʻ ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʰʥʝʢʘ n 300=  ʦʙ/ʭʚ., ʟʫʩʠʣʣʷ ʩʪʠʩʢʫ ʧʨʫʞʠʥʠ ʧʨʠʪʠʩʢʥʦʾ ʧʣʘʩʪʠʥʠ F 550=  ʅ, ʟʘʟʦʨ 

ʤʽʞ ʢʽʣʴʮʷʤʠ ʬʽʣʴʪʨʘ 0,4D= ʤʤ ʪʘ ʜʦʚʞʠʥʘ ʬʽʣʴʪʨʘ L 0,9=  ʤ. ɿʘ ʪʘʢʠʭ ʟʥʘʯʝʥʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʝʩʘ ʩʢʣʘʜʘʪʠʤʝ Q 0,15 0,20= -  ʢʛ/ʩ, ʘ ʚʦʣʦʛʽʩʪʴ  ʟʥʝʚʦʜʥʝʥʦʛʦ ʩʘʧʨʦʧʝʣʶ - W 80,0 82,0= -  %. 
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ABSTRAʉT 

Among the branches of crop production, the most important is grain 

farming. It is the basis of all agricultural production. Therefore, the 

power of the state, the well-being of its population, and the receipt of 
foreign exchange largely depend on grain and its processed products. 

An important condition for the sustainable development of the 
country's agro-industrial complex is the rational use of agricultural 

land. Restoring soil fertility and obtaining high grain yields is 

impossible without the use of fertilizers. The balance of plant mineral 
nutrition elements is the most objective indicator of the degree of 

impoverishment or enrichment of the soil with certain elements. The 
balance of nutrients is an important characteristic that reflects the 

level of agricultural production. With an optimal balance of 

nutrients, fertilizer doses and costs are reduced and crop productivity 
increases. Disruption of the balance of nutrients leads not only to a 

decrease in soil fertility, but also to negative environmental 

consequences. This is especially true for nitrogen. The research was 
conducted in the conditions of the FG "Niva" in the Dubno district of 

the Rivne region on podzolized chernozems. The paper presents 
calculations of the balance of macroelements in the cultivation of 

winter wheat. The balance of macroelements in the soil shows the 

balance between the intake and removal of nutrients. The results of 
the calculations show that in the conditions of the FG "Niva" there is 

a certain irrational use of mineral fertilizers. In order to reduce the 

balance of macroelements to certain norms, it is necessary to adjust 
the doses of mineral fertilizers, namely, it is necessary to add 5-10 

kg/ha dry matter of nitrogen, 15 kg/ha dry matter of phosphorus. As 
for potassium, the balance calculations indicate that its application 

can be reduced by 25 kg/ha. In order to optimize the balance of 

macronutrients and humus content, we recommend applying 
fermented organic fertilizers - 7-10 t/ha. To verify mathematical 

calculations, it is necessary to conduct laboratory studies of the 
content of macronutrients in the soil before applying fertilizers and 

after harvesting.  
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ɸʅʆʊɸʎɯʗ 
ʉʝʨʝʜ ʛʘʣʫʟʝʡ ʨʦʩʣʠʥʥʠʮʪʚʘ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʻ ʟʝʨʥʦʚʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦ. ʎʝ ʦʩʥʦʚʘ ʚʩʴʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʊʦʤʫ ʚʽʜ ʟʝʨʥʘ ʪʘ ʧʨʦʜʫʢʪʽʚ ʡʦʛʦ ʧʝʨʝʨʦʙʢʠ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʤʦʛʫʪʥʽʩʪʴ ʜʝʨʞʘʚʠ, ʜʦʙʨʦʙʫʪ ʾʾ ʥʘʩʝʣʝʥʥʷ, 

ʥʘʜʭʦʜʞʝʥʥʷ ʚʘʣʶʪʠ.ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʢʨʘʾʥʠ ʻ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ. ɺʽʜʥʦʚʣʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ ʪʘ 

ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʠʭ ʫʨʦʞʘʾʚ ʟʝʨʥʘ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʙʨʠʚ.ɹʘʣʘʥʩ ʝʣʝʤʝʥʪʽʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ ʻ ʥʘʡʙʽʣʴʰ 

ʦʙ'ʻʢʪʠʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʪʫʧʝʥʷ ʟʙʽʜʥʽʥʥʷ ʘʙʦ ʟʙʘʛʘʯʝʥʥʷ ˇʨʫʥʪʫ 

ʧʝʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɿʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʻ 

ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʨʽʚʝʥʴ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʙʘʣʘʥʩʽ 

ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʟʤʝʥʰʫʶʪʴʩʷ ʜʦʟʠ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʪʘ ʚʠʪʨʘʪʠ 

ʽ ʟʨʦʩʪʘʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʨʦʱʫʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ.  ʇʦʨʫʰʝʥʥʷ ʙʘʣʘʥʩʫ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʧʨʠʟʚʦʜʠʪʴ ʥʝ 

ʪʽʣʴʢʠ ʜʦ ʟʥʠʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ, ʘ ʡ ʜʦ ʥʝʛʘʪʠʚʥʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʘʟʦʪʫ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʚ ʫʤʦʚʘʭ ʌɻ çʅʠʚʘè ɼʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʈʽʚʥʝʥʩʴʢʦʾ 

ʦʙʣʘʩʪʽ ʥʘ ʯʦʨʥʦʟʝʤʘʭ ʦʧʽʜʟʦʣʝʥʠʭ. ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʨʦʟʨʘʭʫʥʢʠ ʙʘʣʘʥʩʫ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ. ɹʘʣʘʥʩ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʛʨʫʥʪʽ ʧʦʢʘʟʫʻ ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ 

ʤʽʞ ʥʘʜʭʦʜʞʝʥʥʷʤ ʪʘ ʚʠʥʦʩʦʤ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʫʤʦʚʘʭ ʌɻ çʅʠʚʘè ʻ ʧʝʚʥʝ 

ʥʝʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ. ɿ ʤʝʪʦʶ ʟʚʝʜʝʥʥʷ 

ʙʘʣʘʥʩʫ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʜʦ ʧʝʚʥʠʭ ʥʦʨʤ ʥʝʦʙʭʽʜʥʦ ʩʢʦʨʠʛʫʚʘʪʠ  

ʜʦʟʠ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʘ ʩʘʤʝ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ 5-10 

ʢʛ/ʛʘ ʜ.ʨ. ʘʟʦʪʫ, 15 ʢʛ/ʛʘ ʜ.ʨ. ʬʦʩʬʦʨʫ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʘʣʽʶ, ʪʦ 

ʨʦʟʨʘʭʫʥʢʠ ʙʘʣʘʥʩʫ ʚʢʘʟʫʶʪʴ, ʱʦ ʚʥʝʩʝʥʥʷ ʡʦʛʦ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ 

ʥʘ 25 ʢʛ/ʛʘ. ɿ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʙʘʣʘʥʩʫ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʪʘ 

ʚʤʽʩʪʫ ʛʫʤʫʩʫ ʨʝʢʦʤʝʥʜʫʻʤʦ ʚʥʦʩʠʪʠ ʬʝʨʤʝʥʪʦʚʘʥʽ ʦʨʛʘʥʽʯʥʽ 

ʜʦʙʨʠʚʘ ï 7-10 ʪ/ʛʘ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ 

ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʛʨʫʥʪʽ ʜʦ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʪʘ ʧʽʩʣʷ ʟʙʦʨʫ 

ʚʨʦʞʘʶ. 

 

 

 
  

 

DOI: 10.36910/acm.vi51.1879 ˣ̉̓̔̃́̓̉ ̗̟ ̟̒̓́̓̓: 
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ʉʊɸʅ ʇʀʊɸʅʅʗ ʊɸ ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ 

 

ʉʝʨʝʜ ʛʘʣʫʟʝʡ ʨʦʩʣʠʥʥʠʮʪʚʘ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʻ ʟʝʨʥʦʚʝ ʛʦʩʧʦʜʘʨʩʪʚʦ. ʎʝ ʦʩʥʦʚʘ ʚʩʴʦʛʦ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʊʦʤʫ ʚʽʜ ʟʝʨʥʘ ʪʘ ʧʨʦʜʫʢʪʽʚ ʡʦʛʦ ʧʝʨʝʨʦʙʢʠ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʤʦʛʫʪʥʽʩʪʴ ʜʝʨʞʘʚʠ, ʜʦʙʨʦʙʫʪ ʾʾ ʥʘʩʝʣʝʥʥʷ, ʥʘʜʭʦʜʞʝʥʥʷ ʚʘʣʶʪʠ. ɿʝʨʥʦʚʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦ ʬʦʨʤʫʻ ʧʨʦʜʦʚʦʣʴʯʠʡ ʬʦʥʜ ʽ ʟʘʙʝʟʧʝʯʫʻ ʪʚʘʨʠʥʥʠʮʪʚʦ ʬʫʨʘʞʥʠʤ ʟʝʨʥʦʤ, 

ʩʪʚʦʨʶʻ ʨʝʟʝʨʚʥʽ ʜʝʨʞʘʚʥʽ ʟʘʧʘʩʠ ʟʝʨʥʘ ʽ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʜʫʢʮʽʻʶ ʥʘ ʝʢʩʧʦʨʪ. 

ɺʦʜʥʦʯʘʩ ʚʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʢʨʘʾʥʠ ʻ 

ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ. ɺʽʜʥʦʚʣʝʥʥʷ 

ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʠʭ ʫʨʦʞʘʾʚ ʟʝʨʥʘ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʨʠʚ. 

ɿʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʚʝʥʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝ ʪʘʢʦʞ ʻ ʝʢʦʣʦʛʽʯʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʦʩʢʽʣʴʢʠ ʧʦʨʫʰʝʥʥʷ ʟʘʢʦʥʫ ʧʦʚʝʨʥʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦ ʟʥʠʞʝʥʥʷ 

ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ, ʘ ʡ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ ʚ çʥʦʨʤʘʣʴʥʦʤʫè ʩʪʘʥʽ ʚ ʫʤʦʚʘʭ ɼʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ 

ʥʝʦʙʭʽʜʥʦ ʱʦʨʽʯʥʦ ʚʥʦʩʠʪʠ ʚ ʩʝʨʝʜʥʴʦʤʫ 12-14 ʪ/ʛʘ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʥʘ 1 ʛʘ ʨʽʣʣʽ. 

ʆʩʢʽʣʴʢʠ ʪʚʘʨʠʥʥʠʮʪʚʦ ʚ ʢʨʘʾʥʽ ʚ ʮʽʣʦʤʫ ʽ ʥʘ ʈʽʚʥʝʥʱʠʥʽ ʟʦʢʨʝʤʘ ʧʝʨʝʙʫʚʘʻ ʚ 

ʥʝʟʘʜʦʚʽʣʴʥʦʤʫ ʩʪʘʥʽ, ʮʝ ʦʟʥʘʯʘʻ ʟʥʘʯʥʠʡ ʜʝʬʽʮʠʪ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ. 

ʇʨʦʙʣʝʤʘ ʧʦʩʠʣʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʾʾ ʥʝʤʦʞʣʠʚʦ ʚʠʨʽʰʠʪʠ ʟʘ 5-10 ʨʦʢʽʚ ʪʘʢʦʛʦ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ: ʪʨʠʚʘʻ ʚʽʡʥʘ ʟ ʨʬ; ʧʦʛʦʣʽʚ'ʷ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ ʽ ʩʚʠʥʝʡ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ 

ʮʽʥʘ ʥʘ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʨʠʚʘ ʪʽʣʴʢʠ ʟʨʦʩʪʘʻ. 

ʊʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʦʶ, ʦʩʢʽʣʴʢʠ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʚʨʦʞʘʡʥʽʩʪʴ 

ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ, ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʙʘʣʘʥʩʫ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʤʘʡʞʝ ʥʝ ʜʦʩʣʽʜʞʝʥʘ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʾʭ ʟʘʧʘʩʽʚ ʫ ˇʨʫʥʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ. 

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʨʽʟʥʽ ʩʦʨʪʠ ʡ ʛʽʙʨʠʜʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʤʘʶʪʴ 

ʥʝʦʜʥʘʢʦʚʽ ʙʽʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʚʠʪʢʫ ʽ ʧʦ-ʨʽʟʥʦʤʫ ʨʝʘʛʫʶʪʴ ʥʘ ʨʦʜʶʯʽʩʪʴ ˇʨʫʥʪʫ, 

ʧʦʧʝʨʝʜʥʠʢʠ, ʛʽʜʨʦʪʝʨʤʽʯʥʽ ʫʤʦʚʠ, ʜʦʟʠ ʜʦʙʨʠʚ, ʩʪʨʦʢʠ ʽ ʩʧʦʩʦʙʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʶʶʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʧʣʘʥʦʚʘʥʦʾ ʚʨʦʞʘʡʥʦʩʪʽ ʥʘ ʢʦʞʥʦʤʫ ʧʦʣʽ. ʏʠʤ ʚʠʱʠʡ ʫʨʦʞʘʡ 

ʟʘʧʣʘʥʦʚʘʥʦ ʽ ʯʠʤ ʥʠʞʯʘ ʨʦʜʶʯʽʩʪʴ ˇʨʫʥʪʫ, ʪʠʤ ʙʽʣʴʰʝ ʧʦʪʨʽʙʥʦ ʚʥʦʩʠʪʠ ʘʟʦʪʥʠʭ ʜʦʙʨʠʚ 

(ɻʦʩʧʦʜʘʨʝʥʢʦ, 2015).   

ɹʘʣʘʥʩ ʝʣʝʤʝʥʪʽʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ ʻ ʥʘʡʙʽʣʴʰ ʦʙ'ʻʢʪʠʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʩʪʫʧʝʥʷ ʟʙʽʜʥʽʥʥʷ ʘʙʦ ʟʙʘʛʘʯʝʥʥʷ ˇʨʫʥʪʫ ʧʝʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ɹʘʣʶʢ et al.,2005).   

ʋ ʩʚʽʡ ʯʘʩ ɼ. ʄ. ʇʨʷʥʠʰʥʠʢʦʚ ʧʽʜʢʨʝʩʣʶʚʘʚ, ʱʦ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʚʠʩʦʢʠʭ ʚʨʦʞʘʾʚ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʫ ʧʦʣʴʦʚʠʭ ʩʽʚʦʟʤʽʥʘʭ ʙʝʟ ʚʪʨʘʪ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ ʥʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʘʢʫ ʩʠʩʪʝʤʫ ʫʜʦʙʨʝʥʥʷ, ʷʢʘ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʢʦʤʧʝʥʩʘʮʽʶ ʚʠʥʦʩʫ ʟ ʚʨʦʞʘʷʤʠ 

ʘʟʦʪʫ ʽ ʢʘʣʽʶ ʥʝ ʥʠʞʯʝ 70ï80 %, ʘ ʬʦʩʬʦʨʫ ï 100ï110 %. ʇʨʦʪʝ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʭʦʜʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʽʥʪʝʥʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʩʦʨʪʽʚ 

ʪʘ ʛʽʙʨʠʜʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʙʽʣʴʰʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʢʫʣʴʪʫʨ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ 

ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʘʛʨʦʣʘʥʜʰʘʬʪʥʠʭ ʩʠʩʪʝʤ, ʬʦʨʤʫʶʪʴʩʷ ʽʥʰʽ ʘʛʨʦʝʢʦʣʦʛʽʯʥʽ ʫʤʦʚʠ, 

ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʜʣʷ ʩʚʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʥʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʽ ʧʝʨʝʛʣʷʜʫ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʢʦʣʦʛʽʯʥʦ  ʙʝʟʧʝʯʥʠʡ ʨʽʚʝʥʴ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʚʠʥʦʩʫ ʥʘ ʯʦʨʥʦʟʝʤʘʭ 

ʘʟʦʪʫ ʽ ʢʘʣʽʶ ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ 70ï100 %, ʘ ʬʦʩʬʦʨʫ ï 110ï130 %, ʙʝʟ ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʨʦʜʶʯʦʩʪʽ (ɹʝʨʜʥʽʢʦʚ et al.,2010).  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ  - ʨʦʟʨʘʭʫʥʦʢ ʙʘʣʘʥʩʫ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ  ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ ʚ ʫʤʦʚʘʭ ʌɻ çʅʠʚʘè ɼʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ. 
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ʄɸʊɽʈɯɸʃʀ ɯ ʄɽʊʆɼʀ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʫʤʦʚʘʭ  ʌɻ çʅʠʚʘè, ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʇʨʠʚʽʣʴʥʷʥʩʴʢʦʾ ʆʊɻ ɼʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ (ʩ.ɯʚʘʥʥʷ). 

ʇʨʠʚʽʣʴʥʝʥʩʴʢʘ ʦʙôʻʜʥʘʥʘ ʪʝʨʠʪʦʨʽʘʣʴʥʘ ʛʨʦʤʘʜʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ 

ʯʘʩʪʠʥʽ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʥʘ ʚʽʜʩʪʘʥʽ 40 ʢʤ ʚʽʜ ʦʙʣʘʩʥʦʛʦ ʮʝʥʪʨʫ ʤ.ʈʽʚʥʝ ʪʘ 10 ʢʤ ʚʽʜ 

ʨʘʡʦʥʥʦʛʦ ʮʝʥʪʨʫ ï ʤ.ɼʫʙʥʦ. ʊʝʨʠʪʦʨʽʷ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ʂʨʝʤʝʥʝʮʴʢʦ-ɼʫʙʥʽʚʩʴʢʦʾ 

ʟʘʥʜʨʦʚʦʾ ʨʽʚʥʠʥʠ. ɿʘ ˇʨʫʥʪʦʚʦ-ʤʝʣʽʦʨʘʪʠʚʥʠʤ ʨʘʡʦʥʫʚʘʥʥʷʤ ʆʊɻ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʽʚʥʽʯʥʽʡ 

ʯʘʩʪʠʥʽ ʈʽʚʥʝʥʩʴʢʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʨʘʡʦʥʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʦʨʥʦʟʝʤʘʤʠ ʪʠʧʦʚʠʤʠ ʪʘ 

ʯʦʨʥʦʟʝʤʘʤʠ ʦʧʽʜʟʦʣʝʥʠʤʠ. 

ʈʦʟʨʘʭʫʥʦʢ ʙʘʣʘʥʩʫ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʢʫʣʴʪʫʨʠ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ 

ʤʝʪʦʜʠʢʠ (ʈʦʟʨʘʭʫʥʦʽʥʢ é, 2020). 

ɹʘʣʘʥʩ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʚʝʥʴ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ɺʽʥ ʪʘʢʦʞ ʻ ʽ ʝʢʦʣʦʛʽʯʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʦʩʢʽʣʴʢʠ ʧʦʨʫʰʝʥʥʷ ʟʘʢʦʥʫ ʧʦʚʝʨʥʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʥʝ ʣʠʰʝ ʜʦ ʧʘʜʽʥʥʷ 

ʨʦʜʶʯʦʩʪʽ ʛʨʫʥʪʽʚ, ʘ ʽ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ.  

ɺ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʚʠʨʘʞʝʥʥʽ, ʙʘʣʘʥʩ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʷʚʣʷʻ ʩʦʙʦʶ ʨʽʟʥʠʮʶ ʤʽʞ 

ʩʪʘʪʪʷʤʠ ʾʭ ʥʘʜʭʦʜʞʝʥʥʷ ʪʘ ʚʠʪʨʘʪ ʧʽʜ ʦʢʨʝʤʦʶ ʢʫʣʴʪʫʨʦʶ, ʥʘ ʧʝʚʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʧʦʣʽ, ʟʘ 

ʧʝʚʥʠʡ ʨʽʚʥʦʤʽʨʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʟʘʛʘʣʴʥʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʙʘʣʘʥʩʠ.  

ʇʝʨʰʠʡ ʚʢʣʶʯʘʻ ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʩʚʦʻʥʥʷ 

ʨʦʩʣʠʥʘʤʠ, ʘ ʜʨʫʛʠʡ - ʚʨʘʭʦʚʫʻ ʮʽ ʢʦʝʬʽʮʽʻʥʪʠ.  

ʉʪʘʪʪʷʤʠ ʚʠʪʨʘʪ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ ʻ:  

1) ʚʠʥʦʩ ʾʭ ʦʩʥʦʚʥʦʶ ʡ ʧʦʙʽʯʥʦʶ ʧʨʦʜʫʢʮʽʻʶ (ʥʘʧʨʠʢʣʘʜ - ʜʣʷ ʧʰʝʥʠʮʽ ʦʩʥʦʚʥʘ 

ʧʨʦʜʫʢʮʽʷ - ʟʝʨʥʦ, ʘ ʧʦʙʽʯʥʘ ʩʦʣʦʤʘ);  

2) ʚʠʤʠʚʘʥʥʷ ʟ ʛʨʫʥʪʫ ʬʽʣʴʪʨʫʶʯʠʤʠ ʚʦʜʘʤʠ,  

3) ʚʪʨʘʪʠ ʚʥʘʩʣʽʜʦʢ ʚʽʪʨʦʚʦʾ ʪʘ ʚʦʜʥʦʾ ʝʨʦʟʽʾ;  

4) ʛʘʟʦʧʦʜʽʙʥʽ ʚʪʨʘʪʠ ʘʟʦʪʫ.  

ʉʪʘʪʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ʛʨʫʥʪ ʥʘʩʪʫʧʥʽ:  

1) ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʨʠʚʘʤʠ;  

2) ʧʦʩʽʚʥʠʤ ʪʘ ʩʘʜʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ,  

3) ʟ ʢʦʨʝʥʝʚʠʤʠ ʪʘ ʧʦʚʝʨʭʥʝʚʠʤʠ ʨʦʩʣʠʥʥʠʤʠ ʨʝʰʪʢʘʤʠ,  

4) ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ, ʘ ʜʣʷ ʘʟʦʪʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʙʽʦʣʦʛʽʯʥʘ ʬʽʢʩʘʮʽʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʽ ʙʦʙʦʚʠʤʠ ʢʫʣʴʪʫʨʘʤʠ.  

ɹʘʣʘʥʩ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ ʫ ʟʝʤʣʝʨʦʙʩʪʚʽ (ʧʦʣʽ, ʩʽʚʦʟʤʽʥʽ, ʛʦʩʧʦʜʘʨʩʪʚʽ ʽ ʪ.ʜ.) 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ:  

ʙʘʣʘʥʩ (+), ʮ;  

ʙʘʣʘʥʩ (+), ʢʛ/ʛʘ;  

ʙʘʣʘʥʩ, % ʜʦ ʚʠʥʦʩʫ  

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʙʘʣʘʥʩʫ, %. 

ʙʘʣʘʥʩʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʨʠʚ ʂʙ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʢʘʟʥʠʢʠ ʚʠʥʦʩʫ ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ ʫʨʦʞʘʻʤ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʥʘ 1 ʮ ʦʩʥʦʚʥʦʾ ʽ ʚʽʜʧʦʚʽʜʥʫ ʢʽʣʴʢʽʩʪʴ 

ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʅʝʧʨʦʜʫʢʪʠʚʥʽ ʚʪʨʘʪʠ ʘʟʦʪʫ ʚʥʘʩʣʽʜʦʢ ʟʚʽʪʨʝʥʥʷ ʽ ʚʠʤʠʚʘʥʥʷ ʥʘ 

ʯʦʨʥʦʟʝʤʥʠʭ ʛʨʫʥʪʘʭ ʩʪʘʥʦʚʣʷʪʴ ʫ ʩʝʨʝʜʥʴʦʤʫ 15%, ʘ ʥʘ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʭ - 20% ʚʽʜ 

ʘʟʦʪʫ, ʚʥʝʩʝʥʦʛʦ ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʨʠʚʘʤʠ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʢʣʘʜʦʚʠʭ ʥʘʜʭʦʜʞʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ ʜʦ ʛʨʫʥʪʫ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʨʘʭʦʚʫʶʪʴ ʾʭ ʢʽʣʴʢʽʩʪʴ, ʚʥʝʩʝʥʫ ʟ ʦʨʛʘʥʽʯʥʠʤʠ 

ʽ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʨʠʚʘʤʠ.  
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ʈʦʟʨʘʭʦʚʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʚʥʝʩʝʥʠʭ ʜʦ ʛʨʫʥʪʫ ʟ ʦʨʛʘʥʽʯʥʠʤʠ 

ʜʦʙʨʠʚʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʽ ʘʛʨʦʭʽʤʽʯʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ɼʋ çɯʥʩʪʠʪʫʪ ʦʭʦʨʦʥʠ ʛʨʫʥʪʽʚ 

ʋʢʨʘʾʥʠè ʱʦʜʦ ʚʤʽʩʪʫ ʘʟʦʪʫ, ʬʦʩʬʦʨʫ ʽ ʢʘʣʽʶ ʚ ʛʥʦʾ ʘʙʦ ʩʝʨʝʜʥʽ ʜʦʚʽʜʢʦʚʽ ʧʦʢʘʟʥʠʢʠ.  

ɺʤʽʩʪ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚʘʭ ʙʝʨʫʪʴ ʟ ʜʦʚʽʜʢʦʚʠʭ ʜʘʥʠʭ. ʋ 

ʙʘʣʘʥʩʦʚʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʚʨʘʭʦʚʫʶʪʴ ʪʘʢʦʞ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʛʨʫʥʪʫ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ ʟ 

ʥʘʩʽʥʥʷʤ ʽ ʩʘʜʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʈʦʟʨʘʭʦʚʫʶʪʴ ʜʘʥʫ ʩʪʘʪʪʶ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘ ʧʽʜʩʪʘʚʽ ʥʦʨʤ 

ʚʠʩʽʚʫ ʢʫʣʴʪʫʨʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʽ ʚʤʽʩʪʫ ʘʟʦʪʫ, ʬʦʩʬʦʨʫ ʪʘ ʢʘʣʽʶ ʚ ʥʘʩʽʥʥʽ.  

ɿʘ ʚʨʦʞʘʡʥʽʩʪʶ ʽ ʚʤʽʩʪʦʤ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ  ʨʦʟʨʘʭʦʚʫʶʪʴ ʚʝʣʠʯʠʥʫ ʾʭ ʚʠʥʦʩʫ 

ʛʦʩʧʦʜʘʨʩʴʢʦʶ ʯʘʩʪʠʥʦʶ ʚʨʦʞʘʶ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʧʦʚʽʜʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʤʽʩʪ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʢʦʨʝʥʝʚʠʭ ʽ ʧʦʞʥʠʚʥʠʭ ʨʝʰʪʢʘʭ, ʘ ʜʘʣʽ ʫ ʙʽʦʤʘʩʽ ʚ 

ʮʽʣʦʤʫ.  

 
ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ʆɹɻʆɺʆʈɽʅʅʗ 

ʉʝʨʝʜʥʷ ʚʨʦʞʘʡʥʽʩʪʴ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ ʩʪʘʥʦʚʠʪʴ  71 ʮ/ʛʘ. 

ɹʘʣʘʥʩ ʘʟʦʪʫ. 

ɺʠʪʨʘʪʠ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ  ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢ. 

1) ɺʠʥʦʩ  ʘʟʦʪʫ ʽʟ ʟʝʨʥʦʤ: 71 ʮ/ʛʘ ʭ2=142 ʢʛ ʘʟʦʪʫ/ʛʘ 
1.1.ʆʪʨʠʤʘʥʦ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ: 71 ʮ/ʛʘ ʭ1,5 =106,5 ʮ/ʛʘ 

1.2.ɺʠʥʦʩ  ʘʟʦʪʫ ʽʟ ʩʦʣʦʤʦʶ: 106,5 ʮ/ʛʘ ʭ0,5 = 53,26 ʢʛ ʘʟʦʪʫ/ʛʘ. ʇʦʩʢʽʣʴʢʠ ʩʦʣʦʤʘ ʥʝ 

ʚʠʚʦʟʠʪʴʩʷ ʟʘ ʤʝʞʽ ʧʦʣʷ, ʪʦ ʤʠ ʜʘʥʫ ʢʽʣʴʢʽʩʪʴ ʘʟʦʪʫ ʥʝ ʚʨʘʭʦʚʫʻʤʦ ʫ ʚʠʛʣʷʜʽ ʚʪʨʘʪ. 

2) ɺʠʤʠʚʘʥʥʷ ʟ ʛʨʫʥʪʫ ʬʽʣʴʪʨʫʶʯʠʤʠ ʚʦʜʘʤʠ (10% ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʥʝʩʝʥʦʛʦ 
ʘʟʦʪʫ ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʨʠʚʘʤʠ ʥʘ ʯʦʨʥʦʟʝʤʽ ʦʧʽʜʟʦʣʝʥʦʤʫ).: 

 140ʭ0,1=14 ʢʛ/ʛʘ. 

3) ɺʪʨʘʪʠ ʚʥʘʩʣʽʜʦʢ ʚʽʪʨʦʚʦʾ ʝʨʦʟʽʾ ʛʨʫʥʪʫ (5% ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʥʝʩʝʥʦʛʦ ʘʟʦʪʫ 
ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʨʠʚʘʤʠ ʥʘ ʯʦʨʥʦʟʝʤʽ ʦʧʽʜʟʦʣʝʥʦʤʫ): 

140ʭ0,05=7 ʢʛ/ʛʘ. 

4) ɻʘʟʦʧʦʜʽʙʥʽ ʚʪʨʘʪʠ ʘʟʦʪʫ  ʚʽʜ 0 ʜʦ 40% ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʙʨʠʚ, ʛʣʠʙʠʥʠ 
ʚʥʝʩʝʥʥʷ, ʚʦʣʦʛʦʩʪʽ ʛʨʫʥʪʫ, ʩʠʣʠ ʚʽʪʨʫ. 

ʇʨʠʡʤʝʤʦ ʚ ʩʝʨʝʜʥʴʦʤʫ 5%: 

140ʭ0,05=7 ʢʛ/ʛʘ. 

ɺʉʔʆɻʆ ɺʊʈɸʊ: 142+14+7+7 = 170 ʢʛ/ʛʘ 

ʉʪʘʪʪʽ  ʥʘʜʭʦʜʞʝʥʥʷ ʘʟʦʪʫ: 

1) ɿ ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʨʠʚʘʤʠ: 

1.1.ʆʨʛʘʥʽʯʥʽ ʜʦʙʨʠʚʘ ʫ ʌɻ çʅʠʚʘè ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ. 

1.2. ʇʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʚʥʦʩʠʪʴʩʷ: 2 ʮ ʜʽʘʤʦʬʦʩʢʠ (10-26-

26)=20 ʢʛ/ʛʘ ʘʟʦʪʫ; ʪʘ ʪʨʠ ʧʽʜʞʠʚʣʝʥʥʷ ʚ ʧʝʨʽʦʜ ʚʝʩʥʷʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʝʛʝʪʘʮʽʾ, ʢʫʱʽʥʥʷ- ʚʠʭʦʜʫ ʚ ʪʨʫʙʢʫ ʪʘ ʚ ʧʝʨʽʦʜ ʢʦʣʦʩʽʥʥʷ: 40+60+20 =120 ʢʛ/ʛʘ. 
ɺʩʴʦʛʦ: 20+120=140 ʢʛ/ʛʘ. 

2) ɿ ʧʦʩʽʚʥʠʤ ʪʘ ʩʘʜʠʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. 
ʅʦʨʤʘ ʚʠʩʽʚʫ ʧʰʝʥʠʮʽ ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ 140 ʢʛ/ʛʘ.  

ɿ ʥʝʶ ʚʥʦʩʠʪʴʩʷ: 140 ʭ 2,3/100 å 3 ʢʛ/ʛʘ. 

3) ɿ ʢʦʨʝʥʝʚʠʤʠ ʪʘ ʧʦʚʝʨʭʥʝʚʠʤʠ ʨʦʩʣʠʥʥʠʤʠ ʨʝʰʪʢʘʤʠ.  

ʅʝʪʦʚʘʨʥʘ ʯʘʩʪʠʥʘ ʧʰʝʥʠʮʽ ʩʪʘʥʦʚʠʪʴ: 

ʍ = 7,1ʭ1,4=9,94 ʪ/ʛʘ 

ʇʦʚʝʨʭʥʝʚʽ ʡ ʢʦʨʝʥʝʚʽ ʨʝʰʪʢʠ: 
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ʋ/ = 9,94ʭ47/100=4,67 ʪ/ʛʘ. 

ɿ ʥʠʤʠ ʥʘʢʦʧʠʯʫʻʪʴʩʷ: 4,67ʭ5=23 ʢʛ/ʛʘ ʘʟʦʪʫ. 

4) ɿ ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ, ʘ ʜʣʷ ʘʟʦʪʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʙʽʦʣʦʛʽʯʥʘ 
ʬʽʢʩʘʮʽʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʽ ʙʦʙʦʚʠʤʠ ʢʫʣʴʪʫʨʘʤʠ.  

ɹʦʙʦʚʽ ʢʫʣʴʪʫʨʠ ʥʝ ʚʠʨʦʱʫʶʪʴʩʷ, ʘ ʟ ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ ʥʘʜʭʦʜʠʪʴ 10 

ʢʛ/ʛʘ ʘʟʦʪʫ. 

ɺʉʔʆɻʆ ʥʘ 1 ʛʘ ʥʘʜʭʦʜʠʪʴ: 140+3+23+10=176 ʢʛ/ʛʘ. 

ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʢʠ 5-ʭ ʚʠʜʽʚ ʙʘʣʘʥʩʫ. 
ɸ) ʙʘʣʘʥʩ (+), ʮ 

 176ʭ240-170ʭ240 =+14,4 ʮ 

ɹ) ʙʘʣʘʥʩ (+), ʢʛ/ʛʘ;  

176-170 =+6 ʢʛ/ʛʘ 

ɺ) ʙʘʣʘʥʩ (), % ʜʦ ʚʠʥʦʩʫ : 

6/170ʭ100=+3,53% 

ɻ) ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʙʘʣʘʥʩʫ, %.  

ɯ6= 176/ 170 Ĭ100=103,5%   

ɼ) ʂʙ ʙʘʣʘʥʩʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʂʙ=ɺ/ɼ ʭ 100 = 170/140ʭ100= 121%. 

ɹʘʣʘʥʩ ʬʦʩʬʦʨʫ. 

1) ɺʠʪʨʘʪʠ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ  ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢ. 
ɺʠʥʦʩ  ʬʦʩʬʦʨʫ ʽʟ ʟʝʨʥʦʤ: 71 ʮ/ʛʘ ʭ1=71 ʢʛ ʬʦʩʬʦʨʫ/ʛʘ 

1.1.ʆʪʨʠʤʘʥʦ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ: 71 ʮ/ʛʘ ʭ1,5 å106,5 ʮ/ʛʘ 

1.2.ɺʠʥʦʩ  ʬʦʩʬʦʨʫ ʽʟ ʩʦʣʦʤʦʶ: 106,5 ʮ/ʛʘ ʭ0,2 = 21,3 ʢʛ ʬʦʩʬʦʨʫ/ʛʘ. ʇʦʩʢʽʣʴʢʠ ʩʦʣʦʤʘ 

ʥʝ ʚʠʚʦʟʠʪʴʩʷ ʟʘ ʤʝʞʽ ʧʦʣʷ, ʪʦ ʤʠ ʜʘʥʫ ʢʽʣʴʢʽʩʪʴ ʬʦʩʬʦʨʫ ʥʝ ʚʨʘʭʦʚʫʻʤʦ ʫ ʚʠʛʣʷʜʽ ʚʪʨʘʪ. 

2)ɺɺʨ - ʚʪʨʘʪʠ ʧʨʠ ʚʠʤʠʚʘʥʥʽ ʩʪʘʥʦʚʣʷʪʴ ʙʽʣʷ 5% ʚʽʜ ʚʥʝʩʝʥʠʭ ʜʦʙʨʠʚ (ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʛʨʘʥʩʢʣʘʜʫ, ʚʠʜʫ ʜʦʙʨʠʚ, ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ ʧʦʣʽʚ, ʢʽʣʴʢʦʩʪʽ ʟʣʠʚʦʚʠʭ ʜʥʽʚ). 

ɺɺʨ=62ʭ0,05å3 ʢʛ ʈ2ʆ5/ʛʘ 

ɺʉʔʆɻʆ ɺʊʈɸʊ: 71+3 = 74 ʢʛ/ʛʘ 

ʉʪʘʪʪʽ  ʥʘʜʭʦʜʞʝʥʥʷ ʬʦʩʬʦʨʫ: 

1) ɿ ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʨʠʚʘʤʠ: 

1.1.ʆʨʛʘʥʽʯʥʽ ʜʦʙʨʠʚʘ ʫ ʌɻ çʅʠʚʘè ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ. 

1.2. ʇʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʚʥʦʩʠʪʴʩʷ:  

2 ʮ ʜʽʘʤʦʬʦʩʢʠ (10-26-26)=52 ʢʛ/ʛʘ ʬʦʩʬʦʨʫ  

ʪʘ 0,5 ʮ ʩʫʧʝʨʬʦʩʬʘʪʫ ʧʨʦʩʪʦʛʦ (20%) = 10 ʢʛ/ʛʘ ʬʦʩʬʦʨʫ 
  ɺʩʴʦʛʦ: 52+10=62ʢʛ/ʛʘ. 

2)ɿ ʧʦʩʽʚʥʠʤ ʪʘ ʩʘʜʠʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ʅʦʨʤʘ ʚʠʩʽʚʫ ʧʰʝʥʠʮʽ ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ 140 ʢʛ/ʛʘ.  

ɿ ʥʝʶ ʚʥʦʩʠʪʴʩʷ: 140 ʭ 0,9/100 å 1 ʢʛ/ʛʘ. 

ɿ ʢʦʨʝʥʝʚʠʤʠ ʪʘ ʧʦʚʝʨʭʥʝʚʠʤʠ ʨʦʩʣʠʥʥʠʤʠ ʨʝʰʪʢʘʤʠ.  

ʅʝʪʦʚʘʨʥʘ ʯʘʩʪʠʥʘ ʧʰʝʥʠʮʽ ʩʪʘʥʦʚʠʪʴ: 

ʍ = 7,1ʭ1,4=9,94 ʪ/ʛʘ 

ʇʦʚʝʨʭʥʝʚʽ ʡ ʢʦʨʝʥʝʚʽ ʨʝʰʪʢʠ: 

ʋ/ = 9,94ʭ47/100=4,67 ʪ/ʛʘ. 

ɿ ʥʠʤʠ ʥʘʢʦʧʠʯʫʻʪʴʩʷ: 4,67ʭ2 å 9 ʢʛ/ʛʘ ʬʦʩʬʦʨʫ. 
ɿ ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ ʬʦʩʬʦʨ ʧʨʘʢʪʠʯʥʦ ʥʝ ʥʘʜʭʦʜʠʪʴ.  

ɺʉʔʆɻʆ ʅɸ 1 ɻɸ ʅɸɼʍʆɼʀʊʔ: 62+1+9=72 ʢʛ/ʛʘ. 
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ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʢʠ 5-ʭ ʚʠʜʽʚ ʙʘʣʘʥʩʫ. 
ɸ) ʙʘʣʘʥʩ (+), ʮ 

 72ʭ240-74ʭ240 =-4,8 ʮ 

ɹ) ʙʘʣʘʥʩ (+), ʢʛ/ʛʘ;  

72-74 =-2 ʢʛ/ʛʘ 

ɺ) ʙʘʣʘʥʩ (), % ʜʦ ʚʠʥʦʩʫ : 

-2/74ʭ100=-2,7% 

ɻ) ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʙʘʣʘʥʩʫ, %.  

ɯ6= 72/ 74 Ĭ100=97,3%   

ɼ) ʂʙ ʙʘʣʘʥʩʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʂʙ=ɺ/ɼ ʭ 100 = 74/62ʭ100= 119,4%. 

 

ɹʘʣʘʥʩ ʢʘʣʽʶ. 

1) ɺʠʪʨʘʪʠ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ  ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢ. 
ɺʠʥʦʩ  ʢʘʣʽʶ ʽʟ ʟʝʨʥʦʤ: 71 ʮ/ʛʘ ʭ0,8å57 ʢʛ ʢʘʣʽʶ/ʛʘ 

1.1.ʆʪʨʠʤʘʥʦ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ: 71 ʮ/ʛʘ ʭ1,5 å106,5 ʮ/ʛʘ 

1.2.ɺʠʥʦʩ  ʬʦʩʬʦʨʫ ʽʟ ʩʦʣʦʤʦʶ: 106,5 ʮ/ʛʘ ʭ1,0 = 106,5 ʢʛ ʢʘʣʽʶ/ʛʘ. ʇʦʩʢʽʣʴʢʠ ʩʦʣʦʤʘ ʥʝ 

ʚʠʚʦʟʠʪʴʩʷ ʟʘ ʤʝʞʽ ʧʦʣʷ, ʪʦ ʤʠ ʜʘʥʫ ʢʽʣʴʢʽʩʪʴ ʢʘʣʽʶ ʥʝ ʚʨʘʭʦʚʫʻʤʦ ʫ ʚʠʛʣʷʜʽ ʚʪʨʘʪ. 

2)ɺɺʨ - ʚʪʨʘʪʠ ʧʨʠ ʚʠʤʠʚʘʥʥʽ ʩʪʘʥʦʚʣʷʪʴ ʙʽʣʷ 5% ʚʽʜ ʚʥʝʩʝʥʠʭ ʜʦʙʨʠʚ (ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʛʨʘʥʩʢʣʘʜʫ, ʚʠʜʫ ʜʦʙʨʠʚ, ʢʨʫʪʠʟʥʠ ʩʭʠʣʽʚ ʧʦʣʽʚ, ʢʽʣʴʢʦʩʪʽ ʟʣʠʚʦʚʠʭ ʜʥʽʚ). 

ɺɺʨ=52ʭ0,05å3 ʢʛ ʂ2ʆ/ʛʘ 

ɺʉʔʆɻʆ ɺʊʈɸʊ: 57+3 = 60 ʢʛ/ʛʘ 

ʉʪʘʪʪʽ  ʥʘʜʭʦʜʞʝʥʥʷ ʢʘʣʽʶ: 
1)ɿ ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʤʽʥʝʨʘʣʴʥʠʤʠ ʜʦʙʨʠʚʘʤʠ: 

1.1.ʆʨʛʘʥʽʯʥʽ ʜʦʙʨʠʚʘ ʫ ʌɻ çʅʠʚʘè ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ. 

1.2. ʇʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʚʥʦʩʠʪʴʩʷ:  

2 ʮ ʜʽʘʤʦʬʦʩʢʠ (10-26-26)=52 ʢʛ/ʛʘ ʢʘʣʽʶ  
  ɺʩʴʦʛʦ: 52ʢʛ/ʛʘ. 

2)ɿ ʧʦʩʽʚʥʠʤ ʪʘ ʩʘʜʠʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ʅʦʨʤʘ ʚʠʩʽʚʫ ʧʰʝʥʠʮʽ ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ 140 ʢʛ/ʛʘ.  

ɿ ʥʝʶ ʚʥʦʩʠʪʴʩʷ: 140 ʭ 0,8/100 å 1 ʢʛ/ʛʘ. 

3)ɿ ʢʦʨʝʥʝʚʠʤʠ ʪʘ ʧʦʚʝʨʭʥʝʚʠʤʠ ʨʦʩʣʠʥʥʠʤʠ ʨʝʰʪʢʘʤʠ.  

ʅʝʪʦʚʘʨʥʘ ʯʘʩʪʠʥʘ ʧʰʝʥʠʮʽ ʩʪʘʥʦʚʠʪʴ: 

ʍ = 7,1ʭ1,4=9,94 ʪ/ʛʘ 

ʇʦʚʝʨʭʥʝʚʽ ʡ ʢʦʨʝʥʝʚʽ ʨʝʰʪʢʠ: 

ʋ/ = 9,94ʭ47/100=4,67 ʪ/ʛʘ. 

ɿ ʥʠʤʠ ʥʘʢʦʧʠʯʫʻʪʴʩʷ: 4,67ʭ10 å 47 ʢʛ/ʛʘ ʢʘʣʽʶ. 

4)ɿ ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ ʢʘʣʽʶ  ʥʘʜʭʦʜʠʪʴ 5 ʢʛ/ʛʘ ʢʘʣʽʶ 

ɺʉʔʆɻʆ ʅɸ 1 ɻɸ ʅɸɼʍʆɼʀʊʔ: 52+1+47+5=105 ʢʛ/ʛʘ. 

ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʢʠ 5-ʭ ʚʠʜʽʚ ʙʘʣʘʥʩʫ. 
ɸ) ʙʘʣʘʥʩ (+), ʮ 

 105ʭ240-60ʭ240 = 108 ʮ 

ɹ) ʙʘʣʘʥʩ (+), ʢʛ/ʛʘ;  

105-60 =45 ʢʛ/ʛʘ 

ɺ) ʙʘʣʘʥʩ (), % ʜʦ ʚʠʥʦʩʫ : 

45/60ʭ100=75% 

ɻ) ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʙʘʣʘʥʩʫ, %.  
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ɯ6= 105/ 60 Ĭ100=175%   

ɼ) ʂʙ ʙʘʣʘʥʩʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʂʙ=ɺ/ɼ ʭ 100 = 60/52ʭ100= 115,4%. 

ɺ ʪʘʙʣ. 1 ʟʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʙʘʣʘʥʩʫ ʘʟʦʪʫ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ ʚ ʌɻ çʅʠʚʘè ɼʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ ʥʘ ʧʣʦʱʽ 240 ʛʘ. 

 

ʊʘʙʣʠʮʷ 1 - ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʙʘʣʘʥʩʫ ʘʟʦʪʫ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʚ 

ʌɻ çʅʠʚʘè ɼʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ 

 

ɺʠʜʠ ʙʘʣʘʥʩʫ ʘʟʦʪʫ ʇʦʢʘʟʥʠʢʠ ʇʨʠʤʽʪʢʘ 

ɹʘʣʘʥʩ ʥʘ ʚʩʶ ʧʣʦʱʫ 

 (+-), ʮ;  

+14,4 ʮ ʥʠʟʴʢʠʡ 

ʙʘʣʘʥʩ (+-), ʢʛ/ʛʘ;  +6 ʢʛ/ʛʘ ʥʠʟʴʢʠʡ 

ʙʘʣʘʥʩ (%), % ʜʦ ʚʠʥʦʩʫ  +3,53% ʥʠʟʴʢʠʡ 

 ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʙʘʣʘʥʩʫ, % 103,5% ʥʠʟʴʢʠʡ 

ʙʘʣʘʥʩʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʨʠʚ ʂʙ, %  121% ʩʝʨʝʜʥʽʡ 

 

ʅʠʥʽ ʦʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ˇʨʫʥʪʽʚ ʜʣʷ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʦʢʨʽʤ ʙʦʙʦʚʠʭ ʻ ʜʝʬʽʮʠʪ ʚʤʽʩʪʫ ʘʟʦʪʫ. 

ɺ ʪʘʙʣ. 2 ʟʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʙʘʣʘʥʩʫ ʬʦʩʬʦʨʫ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ ʚ ʌɻ çʅʠʚʘè ɼʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

 

ʊʘʙʣʠʮʷ 2 - ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʙʘʣʘʥʩʫ ʬʦʩʬʦʨʫ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʚ 

ʌɻ çʅʠʚʘè ɼʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ 

 

ɺʠʜʠ ʙʘʣʘʥʩʫ ʬʦʩʬʦʨʫ ʇʦʢʘʟʥʠʢʠ ʇʨʠʤʽʪʢʘ 

ɹʘʣʘʥʩ ʥʘ ʚʩʶ ʧʣʦʱʫ  (+-), ʮ;  -4,8 ʮ ʚʽʜôʻʤʥʠʡ 

ʙʘʣʘʥʩ (+-), ʢʛ/ʛʘ;  -2 ʢʛ/ʛʘ ʚʽʜôʻʤʥʠʡ 

ʙʘʣʘʥʩ (%), % ʜʦ ʚʠʥʦʩʫ  -2,7% ʚʽʜôʻʤʥʠʡ 

 ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʙʘʣʘʥʩʫ, % 97,3%   ʥʠʟʴʢʘ 

ʙʘʣʘʥʩʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʨʠʚ ʂʙ, %  119,4%. ʩʝʨʝʜʥʽʡ 

ɺ ʪʘʙʣ. 3 ʟʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʙʘʣʘʥʩʫ ʢʘʣʽʶ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ ʚ ʌɻ çʅʠʚʘè ɼʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ʆʪʞʝ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʫʤʦʚʘʭ ʌɻ çʅʠʚʘè ʻ ʧʝʚʥʝ ʥʝʨʘʮʽʦʥʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ. ɿ ʤʝʪʦʶ ʟʚʝʜʝʥʥʷ ʙʘʣʘʥʩʫ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʜʦ ʧʝʚʥʠʭ 

ʥʦʨʤ ʥʝʦʙʭʽʜʥʦ ʩʢʦʨʠʛʫʚʘʪʠ  ʥʦʨʤʠ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʘ ʩʘʤʝ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ 

5-10 ʢʛ/ʛʘ ʜ.ʨ. ʘʟʦʪʫ, 15 ʢʛ/ʛʘ ʜ.ʨ. ʬʦʩʬʦʨʫ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʘʣʽʶ, ʪʦ ʨʦʟʨʘʭʫʥʢʠ ʙʘʣʘʥʩʫ 

ʚʢʘʟʫʶʪʴ, ʱʦ ʚʥʝʩʝʥʥʷ ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʠʪʠ ʥʘ 25 ʢʛ/ʛʘ.  

 

ʊʘʙʣʠʮʷ 3 - ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʙʘʣʘʥʩʫ ʢʘʣʽʶ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʚ 

ʌɻ çʅʠʚʘè ɼʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ 

 

ɺʠʜʠ ʙʘʣʘʥʩʫ ʢʘʣʽʶ 

 

ʇʦʢʘʟʥʠʢʠ ʇʨʠʤʽʪʢʘ 

ɹʘʣʘʥʩ ʥʘ ʚʩʶ ʧʣʦʱʫ 

 (+-), ʮ;  

108 ʮ ʜʫʞʝ ʚʠʩʦʢʠʡ 

ʙʘʣʘʥʩ (+-), ʢʛ/ʛʘ;  45 ʢʛ/ʛʘ ʜʫʞʝ ʚʠʩʦʢʠʡ 

ʙʘʣʘʥʩ (%), % ʜʦ ʚʠʥʦʩʫ  75 ʚʠʩʦʢʠʡ 
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 ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʙʘʣʘʥʩʫ, % 175% ʜʫʞʝ ʚʠʩʦʢʘ 

ʙʘʣʘʥʩʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʨʠʚ ʂʙ, %  115,4% ʩʝʨʝʜʥʽʡ 

 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʪʝʥʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟ ʚʥʝʩʝʥʥʷʤ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʩʣʽʜ ʟʥʘʡʪʠ ʤʦʞʣʠʚʦʩʪʽ ʚʥʝʩʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ. 

ʈʝʢʦʤʝʥʜʫʻʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʝʨʤʝʥʪʦʚʘʥʽ ʦʨʛʘʥʽʯʥʽ ʜʦʙʨʠʚʘ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴʩʷ ʥʘ 

ɺʦʣʠʥʽ (ʄʝʨʣʝʥʢʦ et al.,2023; ʄʝʨʣʝʥʢʦ, 2024).  

 

ɺʀʉʅʆɺʂʀ 

ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʦʣʴʦʚʦʛʦ ʜʦʩʣʽʜʫ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʫʤʦʚʥʦʛʦ ʙʘʣʘʥʩʫ 

ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ ʘʟʦʪʫ ʚʢʘʟʫʶʪʴ, ʱʦ ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ ʜʦʪʨʠʤʫʶʪʴ ʡʦʛʦ 

ʧʦʟʠʪʠʚʥʠʡ ʙʘʣʘʥʩ (+6 ʢʛ/ʛʘ ʪʘ +14,4 ʮ ʥʘ ʚʩʶ ʧʣʦʱʫ), ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʙʘʣʘʥʩʫ ʩʪʘʥʦʚʠʪʴ 

103,5%. ʎʽ ʧʦʢʘʟʥʠʢʠ ʻ ʥʝʜʦʩʪʘʪʥʽʤʠ. ʇʨʦʧʦʥʫʻʤʦ ʜʦʜʘʪʠ 5-10 ʢʛ/ʛʘ ʜ.ʨ. ʘʟʦʪʫ  ʥʘʚʝʩʥʽ ʚ 

ʧʝʨʽʦʜ ʚʝʩʥʷʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʚʝʛʝʪʘʮʽʾ ʯʠ ʫ ʬʘʟʽ ʢʦʣʦʩʽʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ ʬʦʩʬʦʨʫ ʚʢʘʟʫʶʪʴ, ʱʦ   ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ ʦʪʨʠʤʫʶʪʴ ʡʦʛʦ 

ʥʝʛʘʪʠʚʥʠʡ ʙʘʣʘʥʩ (-2 ʢʛ/ʛʘ ʪʘ -4,8 ʮ ʥʘ ʚʩʶ ʧʣʦʱʫ), ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʙʘʣʘʥʩʫ ʩʪʘʥʦʚʠʪʴ 97,3% 

. ʎʽ ʧʦʢʘʟʥʠʢʠ ʻ ʜʫʞʝ ʥʝʜʦʩʪʘʪʥʽʤʠ. ʇʨʦʧʦʥʫʻʤʦ ʜʦʜʘʪʢʦʚʦ ʚʥʦʩʠʪʠ 15 ʢʛ/ʛʘ ʜ.ʨ. ʬʦʩʬʦʨʫ 

ʧʽʜ ʦʩʥʦʚʥʠʡ ʦʙʨʦʙʽʪʦʢ ʛʨʫʥʪʫ ʚʦʩʝʥʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ ʢʘʣʽʶ ʚʢʘʟʫʶʪʴ, ʱʦ ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ ʦʪʨʠʤʫʶʪʴ ʡʦʛʦ 

ʧʦʟʠʪʠʚʥʠʡ ʙʘʣʘʥʩ (+45 ʢʛ/ʛʘ ʪʘ +106 ʮ ʥʘ ʚʩʶ ʧʣʦʱʫ), ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʙʘʣʘʥʩʫ ʩʪʘʥʦʚʠʪʴ 

175%. ʎʽ ʧʦʢʘʟʥʠʢʠ ʻ ʜʫʞʝ ʚʠʩʦʢʠʤʠ, ʽ ʚ ʥʘʰ ʯʘʩ - ʥʝʨʘʮʽʦʥʘʣʴʥʠʤʠ. ʇʨʦʧʦʥʫʻʤʦ ʟʤʝʥʰʠʪʠ 

ʚʥʝʩʝʥʥʷ ʢʘʣʽʡʥʠʭ ʜʦʙʨʠʚ ʥʘ 25 ʢʛ/ʛʘ ʂ2ʆ ʚʦʩʝʥʠ.  

ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʦʜʶʯʽʩʪʶ ʽ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʜʦʙʨʠʚʘʭ ʚʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʚʤʽʩʪʫ ʨʫʭʦʤʠʭ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ʛʨʫʥʪʽ ʥʘ ʟʘʧʣʘʥʦʚʘʥʠʡ ʨʽʚʝʥʴ 

ʚʨʦʞʘʡʥʦʩʪʽ. ɿ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʣʘʙʦʨʘʪʦʨʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʛʨʫʥʪʽ ʜʦ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʪʘ ʧʽʩʣʷ ʟʙʦʨʫ ʚʨʦʞʘʶ. 

ɿ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʙʘʣʘʥʩʫ ʤʘʢʨʦʝʣʝʤʝʥʪʽʚ ʪʘ ʚʤʽʩʪʫ ʛʫʤʫʩʫ ʨʝʢʦʤʝʥʜʫʻʤʦ ʚʥʦʩʠʪʠ 

ʬʝʨʤʝʥʪʦʚʘʥʽ ʦʨʛʘʥʽʯʥʽ ʜʦʙʨʠʚʘ ï 7-10 ʪ/ʛʘ. 
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ABSTRACT 
The complexity of the problem of planning and managing 

scientific research in the agricultural sector necessitates the 

improvement of existing models and methods of planning and 

management in the national economy of the country. Martial law 

creates unstable conditions for the agricultural sector, including 

security threats, disruption of supply chains, resource constraints 

and changing market conditions.This requires the adaptation of 

operational processes to ensure stability and continuity of 

activities. Agricultural enterprises are key to ensuring the 

country's food security. The implementation of innovative 

solutions in the field of management and project management will 

help agricultural enterprises adapt to new challenges. 

Agricultural production is subject to seasonal cycles, which 

requires the adaptation of plans for the redistribution of resources 

and the use of equipment. Unpredictable weather conditions can 

affect the implementation of the project. Natural and climatic 

conditions are changing rapidly, there is warming and 

redistribution of precipitation, the number of cataclysms is 

increasing (hurricanes, hail, drought, insufficient snow cover in 

the fields, floods, frosts in May 2025, other natural phenomena), 

which can cause enormous damage to crop production, 

horticulture and other industries). The agricultural sector is 

constantly developing, so it is important to take into account new 

technologies and innovations. Attention is growing to 

environmental sustainability, which requires taking into account 

environmental aspects in projects. The agricultural sector is one 

of the largest polluters of soils and atmospheric air. It is 

necessary to pay close attention to the norms of mineral 

fertilizers, especially nitrogen ones, and switch to soil cultivation 

technologies without turning the layer. We conducted an 

economic and energy analysis of crop rotation in the "Nyva" FG 

of the Dubno district of the Rivne region. A new crop rotation and 

ways to reduce costs in growing crops were proposed.  
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ˍ˚˛˟ˍˣ˴ˬ 

ʉʢʣʘʜʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʘʫʢʦʚʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʫ ʘʛʨʘʨʥʦʤʫ ʩʝʢʪʦʨʽ ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 
ʫʧʨʘʚʣʽʥʥʷ ʚ ʥʘʮʽʦʥʘʣʴʥʽʡ ʝʢʦʥʦʤʽʮʽ ʢʨʘʾʥʠ. ɺʦʻʥʥʠʡ ʩʪʘʥ 

ʩʪʚʦʨʶʻ ʥʝʩʪʘʙʽʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ, ʚʢʣʶʯʘʶʯʠ 

ʟʘʛʨʦʟʠ ʙʝʟʧʝʮʽ, ʧʦʨʫʰʝʥʥʷ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ, ʦʙʤʝʞʝʥʥʷ 
ʨʝʩʫʨʩʽʚ ʽ ʟʤʽʥʫ ʨʠʥʢʦʚʠʭ ʫʤʦʚ. ʎʝ ʚʠʤʘʛʘʻ ʘʜʘʧʪʘʮʽʾ 

ʦʧʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ 
ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ. ɸʛʨʘʨʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʢʣʶʯʦʚʠʤʠ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ ʢʨʘʾʥʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʨʦʻʢʪʥʦʛʦ 
ʤʝʥʝʜʞʤʝʥʪʫ ʜʦʧʦʤʦʞʝ ʘʛʨʘʨʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʦʚʠʭ ʚʠʢʣʠʢʽʚ. ɸʛʨʘʨʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʧʽʜʧʦʨʷʜʢʦʚʘʥʝ ʩʝʟʦʥʥʠʤ ʮʠʢʣʘʤ, ʱʦ ʚʠʤʘʛʘʻ ʘʜʘʧʪʘʮʽʾ ʧʣʘʥʽʚ 
ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʠ. ʅʝʧʝʨʝʜʙʘʯʫʚʘʥʽ 

ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʨʦʻʢʪʫ. 
ʇʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʰʚʠʜʢʦ ʟʤʽʥʶʶʪʴʩʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʪʝʧʣʽʥʥʷ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣ ʦʧʘʜʽʚ, ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ 

ʢʘʪʘʢʣʽʟʤʽʚ (ʫʨʘʛʘʥʠ, ʛʨʘʜ, ʧʦʩʫʭʘ, ʥʝʜʦʩʪʘʪʥʽʡ ʩʥʽʞʥʠʡ ʧʦʢʨʠʚ 

ʥʘ ʧʦʣʷʭ, ʧʦʚʝʥʽ, ʟʘʤʦʨʦʟʢʠ ʚ ʪʨʘʚʥʽ 2025 ʨʦʢʫ ʽʥʰʽ ʩʪʠʭʽʡʥʽ 

ʷʚʠʱʘ), ʷʢʽ ʟʜʘʪʥʽ ʟʘʚʜʘʪʠ ʚʝʣʠʯʝʟʥʦʛʦ ʟʙʠʪʢʫ ʨʦʩʣʠʥʥʠʮʪʚʫ, 
ʩʘʜʽʚʥʠʮʪʚʫ ʪʘ ʽʥʰʠʤ ʛʘʣʫʟʷʤ. ɸʛʨʘʨʥʠʡ ʩʝʢʪʦʨ ʧʦʩʪʽʡʥʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ, ʪʦʤʫ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʽʥʥʦʚʘʮʽʾ. ɿʨʦʩʪʘʻ ʫʚʘʛʘ ʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʧʦʪʨʝʙʫʻ 
ʚʨʘʭʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʫ ʧʨʦʻʢʪʘʭ. ɸʛʨʘʨʥʠʡ ʩʝʢʪʦʨ 

ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʛʨʫʥʪʽʚ ʪʘ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ. ʅʝʦʙʭʽʜʥʦ ʫʚʘʞʥʦ ʚʽʜʥʦʩʠʪʠʩʴ ʜʦ ʥʦʨʤ ʚʥʝʩʝʥʥʷ 
ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʦʩʦʙʣʠʚʦ ʘʟʦʪʥʠʭ, ʪʘ ʧʝʨʝʭʦʜʠʪʠ ʜʦ 

ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʙʝʟ ʧʝʨʝʚʝʨʪʘʥʥʷ ʧʣʘʩʪʘ. ʄʠ 
ʧʨʦʚʝʣʠ ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʩʽʚʦʟʤʽʥʠ ʫ ʌɻ 

çʅʠʚʘè ɼʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɹʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʥʦʚʫ ʩʽʚʦʟʤʽʥʫ ʪʘ ʰʣʷʭʠ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʧʨʠ 
ʚʠʨʦʱʫʚʘʥʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. 

  
 

 

DOI: 10.36910/acm.vi51.1878 ˣ̉̓̔̃́̓̉ ̗̟ ̟̒̓́̓̓: 
ʄʝʨʣʝʥʢʦ, ɯ.ʄ. (2025). ʉʢʣʘʜʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ 

ʚ ʘʛʨʘʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʤʘʰʠʥʠ, 

51, 135-146. https://doi.org/10.36910/acm.vi51.1878 

 
ʉʊɸʅ ʇʀʊɸʅʅʗ ʊɸ ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ 

ʊʝʨʤʽʥ ʧʨʦʝʢʪ ʧʦʭʦʜʠʪʴ ʚʽʜ ʣʘʪʠʥʩʴʢʦʛʦ ʩʣʦʚʘ "Projectus" - ʢʠʥʫʪʠʡ ʚʧʝʨʝʜ. ɺʽʜʦʤʦ, ʱʦ 

ʧʨʦʝʢʪ ï ʦʙʤʝʞʝʥʘ ʯʘʩʦʚʠʤʠ ʨʘʤʢʘʤʠ ʜʽʷʣʴʥʽʩʪʴ, ʱʦ ʤʘʻ ʚʠʟʥʘʯʝʥʠʡ ʧʦʯʘʪʦʢ ʪʘ ʢʽʥʝʮʴ, 
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ʟʘʟʚʠʯʘʡ ʦʙʤʝʞʝʥʠʡ ʜʘʪʦʶ, ʘʣʝ ʪʘʢʦʞ ʤʦʞʝ ʦʙʤʝʞʫʚʘʪʠʩʴ ʬʽʥʘʥʩʫʚʘʥʥʷʤ ʘʙʦ ʜʦʩʷʛʥʝʥʥʷʤ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʫʥʽʢʘʣʴʥʠʭ ʮʽʣʝʡ ʪʘ ʟʘʚʜʘʥʴ, ʟʘʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʜʦʜʘʥʦʾ ʚʘʨʪʦʩʪʽ ʯʠ ʚʠʛʽʜʥʠʭ ʩʦʮʽʘʣʴʥʠʭ ʟʤʽʥ  (ʄʦʩʪʝʥʩʴʢʘ  & ʃʦʙʫʥʝʮʴ, 2017; 32). 

ʅʘ ʦʩʥʦʚʽ ʧʨʠʚʝʜʝʥʠʭ ʚʠʱʝ ʚʠʟʥʘʯʝʥʴ ʧʦʥʷʪʪʷ ʧʨʦʝʢʪʫ ʡ ʦʧʠʨʘʶʯʠʩʴ ʥʘ ʚʠʟʥʘʯʝʥʥʷ, 

ʥʘʚʝʜʝʥʝ ʚ ʤʝʪʦʜʠʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ɺʩʝʩʚʽʪʥʴʦʛʦ ʙʘʥʢʫ ʥʘʚʝʩʪʠ ʥʘʩʪʫʧʥʝ: ñʇʨʦʝʢʪ ï ʮʝ 

ʢʦʤʧʣʝʢʩ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʟʘʭʦʜʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʠʭ ʮʽʣʝʡ ʧʨʦʪʷʛʦʤ 

ʟʘʜʘʥʦʛʦ ʯʘʩʫ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʨʝʩʫʨʩʥʠʭ ʦʙʤʝʞʝʥʥʷʭò. ʇʨʦʝʢʪʥʘ ʪʨʽʘʜʘ - (ʯʘʩ, ʙʶʜʞʝʪ ʽ 

ʟʤʽʩʪ ʨʦʙʽʪ, ʚʠʜʽʣʷʶʪʴ ʱʝ ʚ ʜʝʷʢʠʭ ʜʞʝʨʝʣʘʭ ʷʢʽʩʪʴ) ʻ ʦʩʥʦʚʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ, ʱʦ 

ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʧʨʦʝʢʪ. 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʢʣʘʩʠʬʽʢʘʮʽʡ ʪʘ ʚʠʟʥʘʯʝʥʴ ʧʨʦʝʢʪʽʚ (ʨʠʩ. 1). 

ʉʢʣʘʜʥʽʩʪʴ ʽ ʙʘʛʘʪʦʘʩʧʝʢʪʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʘʫʢʦʚʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʫ ʘʛʨʘʨʥʦʤʫ ʩʝʢʪʦʨʽ ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʷʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ 

ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚ ʥʘʮʽʦʥʘʣʴʥʽʡ ʝʢʦʥʦʤʽʮʽ ʢʨʘʾʥʠ, ʪʘʢ ʽ 

ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʚ ʨʦʟʚʠʪʢʫ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ 

ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʥʫʶʯʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʛʘʣʫʟʽ ʚ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʩʘʤʦʛʦ ʨʽʟʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ.  

ɺʦʻʥʥʠʡ ʩʪʘʥ ʩʪʚʦʨʶʻ ʥʝʩʪʘʙʽʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ, ʚʢʣʶʯʘʶʯʠ ʟʘʛʨʦʟʠ 

ʙʝʟʧʝʮʽ, ʧʦʨʫʰʝʥʥʷ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ, ʦʙʤʝʞʝʥʥʷ ʨʝʩʫʨʩʽʚ ʽ ʟʤʽʥʫ ʨʠʥʢʦʚʠʭ ʫʤʦʚ. ʎʝ 

ʚʠʤʘʛʘʻ ʘʜʘʧʪʘʮʽʾ ʦʧʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ 

ʜʽʷʣʴʥʦʩʪʽ. ɸʛʨʘʨʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ 

ʢʨʘʾʥʠ. ɺ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʽ 

ʚʠʨʦʙʥʠʮʪʚʦʤ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʪʨʝʙʠ ʥʘʩʝʣʝʥʥʷ ʚ ʧʨʦʜʫʢʪʘʭ ʭʘʨʯʫʚʘʥʥʷ.  

 
  

ʈʠʩ. 1 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʨʦʻʢʪʽʚ 

 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʜʽʣʠʪʠ ʫʧʨʘʚʣʽʥʥʶ ʧʨʦʝʢʪʘʤʠ ʚ ʘʛʨʘʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. 

ʋʧʨʘʚʣʽʥʥʷ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʨʠʟʠʢʽʚ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʛʥʫʯʢʠʭ 

ʩʪʨʘʪʝʛʽʡ ʽ ʦʧʝʨʘʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʤʦʞʣʠʚʽ ʟʘʛʨʦʟʠ ʪʘ ʟʤʽʥʫ ʦʙʩʪʘʚʠʥ. 
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ɺʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʦʧʝʨʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʨʦʻʢʪʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʦʚʠʭ ʚʠʢʣʠʢʽʚ, ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ. ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʘʛʨʘʨʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʩʧʨʠʷʻ ʧʽʜʪʨʠʤʮʽ 

ʝʢʦʥʦʤʽʢʠ, ʟʙʝʨʝʞʝʥʥʶ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʽ ʨʦʟʚʠʪʢʫ ʤʽʩʮʝʚʠʭ ʛʨʦʤʘʜ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚ 

ʫʤʦʚʘʭ ʢʨʠʟʠ. ɺ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʘʛʨʘʨʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʜʘʪʥʽ ʰʚʠʜʢʦ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʚ ʩʝʨʝʜʦʚʠʱʽ, ʪʘʢʽ ʷʢ ʧʝʨʝʙʦʾ ʚ ʧʦʩʪʘʯʘʥʥʽ, ʟʤʽʥʠ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʪʘ 

ʨʠʥʢʦʚʠʭ ʫʤʦʚ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʦʧʝʨʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʦʧʦʤʦʞʝ ʩʪʚʦʨʠʪʠ ʛʥʫʯʢʽ ʪʘ 

ʘʜʘʧʪʠʚʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ ʙʽʟʥʝʩʫ. ɺ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʪʘʢʠʭ ʷʢ ʧʨʘʮʽʚʥʠʢʠ, ʤʘʪʝʨʽʘʣʠ ʘʙʦ ʬʽʥʘʥʩʠ, ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʝʬʝʢʪʠʚʥʦ ʨʦʟʧʦʜʽʣʷʪʠ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʩʪʫʧʥʽ ʨʝʩʫʨʩʠ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʦʧʝʨʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ 

ʩʧʨʠʷʪʠ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ 

(ɺʘʩʠʣʴʢʦʚ, 2015; ʆʧʪʠʤʽʟʘʮʽʷ, 2018). 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ  - ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʚ ʘʛʨʘʨʥʽʡ 

ʩʬʝʨʽ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. 
 

ʄɸʊɽʈɯɸʃʀ ɯ ʄɽʊʆɼʀ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʫʤʦʚʘʭ  ʌɻ çʅʠʚʘè, ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʇʨʠʚʽʣʴʥʷʥʩʴʢʦʾ ʆʊɻ ɼʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ (ʩ.ɯʚʘʥʥʷ). ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʩʪʘʪʠʩʪʠʯʥʽ, ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʘ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ.  

 
ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ʆɹɻʆɺʆʈɽʅʅʗ 

 

ɸʛʨʘʨʥʠʡ ʩʝʢʪʦʨ ʋʢʨʘʾʥʠ ʟʘʟʥʘʚ ʟʥʘʯʥʠʭ ʟʙʠʪʢʽʚ ʯʝʨʝʟ ʧʦʩʪʽʡʥʽ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʽ ʨʦʩʽʡʩʴʢʽ 

ʘʪʘʢʠ. ʉʪʘʥʦʤ ʥʘ ʢʽʥʝʮʴ 2023 ʨʦʢʫ ʧʨʷʤʽ ʟʙʠʪʢʠ ʽ ʚʪʨʘʪʠ ʩʪʘʥʦʚʠʣʠ ʙʣʠʟʴʢʦ 80 ʤʣʨʜ ʜʦʣʘʨʽʚ ʉʐɸ, 

ʧʨʠ ʮʴʦʤʫ ʥʘ ʢʽʥʝʮʴ 2025 ʨʦʢʫ ʥʝʧʨʷʤʽ ʚʪʨʘʪʠ ʧʨʦʛʥʦʟʫʶʪʴʩʷ ʥʘ ʨʽʚʥʽ 83 ʤʣʨʜ ʜʦʣʘʨʽʚ ʉʐɸ, 

ʥʘʩʘʤʧʝʨʝʜ ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ ʚʨʦʞʘʾʚ ʽ ʧʝʨʝʙʦʾ ʟ ʝʢʩʧʦʨʪʦʤ. ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʚʠʨʦʙʥʠʮʪʚʦ 

ʧʝʨʝʤʽʩʪʠʣʦʩʷ ʜʦ ʙʝʟʧʝʯʥʽʰʠʭ ʮʝʥʪʨʘʣʴʥʠʭ ʪʘ ʟʘʭʽʜʥʠʭ ʨʝʛʽʦʥʽʚ ʢʨʘʾʥʠ, ʚʠʥʠʢ ʟʥʘʯʥʠʡ ʜʝʬʽʮʠʪ 

ʧʝʨʝʨʦʙʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʘʯʥʠʭ ʧʽʩʣʷ ʟʙʠʨʘʣʴʥʠʭ ʚʪʨʘʪ ʽ ʬʽʥʘʥʩʦʚʠʭ ʪʨʫʜʥʦʱʽʚ 

ʜʣʷ ʘʛʨʦʚʠʨʦʙʥʠʢʽʚ. 

ʆʧʝʨʘʮʽʡʥʘ ʜʽʷʣʴʥʽʩʪʴ ʻ ʩʢʣʘʜʥʠʤ ʦʙôʻʢʪʦʤ ʫʧʨʘʚʣʽʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʢʣʶʯʘʻ ʨʽʟʥʽ 

ʝʣʝʤʝʥʪʠ ʪʘ ʘʩʧʝʢʪʠ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ (ʨʠʩ. 2). 

 
 

ʈʠʩ. 2 - ʇʨʦʮʝʩ ʦʧʝʨʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʷʢ ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ (ʊʝʣʽʯʢʦ &ɼʽʜʫʨ, 2023) 

ɸʛʨʘʨʥʠʡ ʙʽʟʥʝʩ ʻ ʢʣʶʯʦʚʦʶ ʛʘʣʫʟʟʶ ʝʢʦʥʦʤʽʢʠ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʦʜʫʢʪʠ 

ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʩʠʨʦʚʠʥʫ ʜʣʷ ʽʥʰʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ʆʧʝʨʘʮʽʡʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ʚ ʘʛʨʘʨʥʦʤʫ ʙʽʟʥʝʩʽ ʤʘʻ ʩʚʦʾ ʩʧʝʮʠʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, 

ʟʫʤʦʚʣʝʥʽ ʧʨʠʨʦʜʥʠʤʠ ʫʤʦʚʘʤʠ, ʩʝʟʦʥʥʽʩʪʶ, ʚʠʩʦʢʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ, 

ʘ ʪʘʢʦʞ ʩʢʣʘʜʥʽʩʪʶ ʫʧʨʘʚʣʽʥʥʷ ʙʽʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʤʘʛʘʶʪʴ 
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ʫʥʽʢʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ, ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʽʷʣʴʥʦʩʪʽ ʘʛʨʦʧʽʜʧʨʠʻʤʩʪʚ. ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʛʨʘʨʥʦʛʦ 

ʙʽʟʥʝʩʫ ʻ ʩʠʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ, ʪʘʢʠʭ ʷʢ ʢʣʽʤʘʪ, ˇʨʫʥʪʠ, ʦʧʘʜʠ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ. ʎʝ ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ ʚʠʢʣʠʢʠ ʜʣʷ ʦʧʝʨʘʮʽʡʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ʦʩʢʽʣʴʢʠ ʧʦʛʦʜʥʽ 

ʫʤʦʚʠ ʤʦʞʫʪʴ ʩʠʣʴʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ, ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʪʘ ʩʪʨʦʢʠ ʚʠʢʦʥʘʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʙʽʪ.  

ɸʛʨʘʨʥʠʡ ʙʽʟʥʝʩ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʛʘʣʫʟʝʡ ʪʠʤ, ʱʦ ʚ ʦʩʥʦʚʽ ʡʦʛʦ 

ʜʽʷʣʴʥʦʩʪʽ ʣʝʞʘʪʴ ʙʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʯʘʩʪʦ ʚʘʞʢʦ ʢʦʥʪʨʦʣʶʚʘʪʠ. ʅʘʧʨʠʢʣʘʜ, ʟʨʦʩʪʘʥʥʷ 

ʨʦʩʣʠʥ ʽ ʪʚʘʨʠʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʛʝʥʝʪʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʫʤʦʚʠ 

ʩʝʨʝʜʦʚʠʱʘ, ʜʦʛʣʷʜ ʽ ʭʘʨʯʫʚʘʥʥʷ. ʎʝ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʩʢʣʘʜʥʦʱʽ ʜʣʷ ʦʧʝʨʘʮʽʡʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ, ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʽʦʣʦʛʽʯʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʠʭ 

ʘʩʧʝʢʪʽʚ (ɹʽʣʦʨʫʩ, 2009;  ʄʦʰʝʢ, 2015; ɼʴʷʯʝʥʢʦ, 2010).  

ʉʫʯʘʩʥʠʡ ʘʛʨʘʨʥʠʡ ʙʽʟʥʝʩ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʻ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʥʦʚʘʮʽʾ, ʷʢʽ 

ʜʦʧʦʤʘʛʘʶʪʴ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʉʝʨʝʜ ʥʠʭ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ 

ʘʜʘʧʪʠʚʥʝ, ʙʽʦʣʦʛʽʯʥʝ, ʪʦʯʥʝ ʟʝʤʣʝʨʦʙʩʪʚʦ, ʷʢʝ ʚʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʨʦʥʽʚ, ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ ʪʘ GPS ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʘʛʨʦʪʝʭʥʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘ 

ʩʧʝʮʽʘʣʴʥʫ ʪʝʭʥʽʢʫ. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʚʠʪʦʢ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʩʦʨʪʠ 

ʨʦʩʣʠʥ ʽ ʧʦʨʦʜʠ ʪʚʘʨʠʥ, ʩʪʽʡʢʽ ʜʦ ʭʚʦʨʦʙ ʽ ʰʢʽʜʥʠʢʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ ʚʨʦʞʘʡʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ. ɺ ʘʛʨʘʨʥʦʤʫ ʙʽʟʥʝʩʽ ʫʧʨʘʚʣʽʥʥʷ ʣʘʥʮʶʛʘʤʠ ʧʦʩʪʘʯʘʥʥʷ ʤʘʻ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ 

ʯʝʨʝʟ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʧʩʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ.  

ʆʧʝʨʘʮʽʡʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ʚʢʣʶʯʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʧʨʦʜʫʢʮʽʾ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʚʢʫ ʩʚʽʞʠʭ 

ʧʨʦʜʫʢʪʽʚ ʜʦ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ. ʎʝ ʚʠʤʘʛʘʻ ʢʦʦʨʜʠʥʘʮʽʾ ʜʽʡ ʤʽʞ ʚʠʨʦʙʥʠʢʘʤʠ, 

ʧʝʨʝʨʦʙʥʠʢʘʤʠ, ʣʦʛʽʩʪʠʯʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʪʘ ʨʦʟʜʨʽʙʥʠʤʠ ʤʝʨʝʞʘʤʠ. ɸʛʨʘʨʥʠʡ ʙʽʟʥʝʩ ʯʘʩʪʦ 

ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ, ʩʪʚʦʨʝʥʥʽ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʽ ʧʽʜʪʨʠʤʮʽ 

ʩʦʮʽʘʣʴʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ.  

ʆʧʝʨʘʮʽʡʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ʚ ʘʛʨʘʨʥʦʤʫ ʩʝʢʪʦʨʽ ʚʢʣʶʯʘʻ ʚʨʘʭʫʚʘʥʥʷ ʩʦʮʽʘʣʴʥʠʭ ʘʩʧʝʢʪʽʚ, 

ʪʘʢʠʭ ʷʢ ʟʘʡʥʷʪʽʩʪʴ ʤʽʩʮʝʚʦʛʦ ʥʘʩʝʣʝʥʥʷ, ʨʦʟʚʠʪʦʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ.  

ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚ ʮʽʡ ʛʘʣʫʟʽ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʥʘʥʴ ʽ ʧʽʜʭʦʜʽʚ, ʱʦ  

ʜʦʟʚʦʣʷʶʪʴ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʨʦʟʚʠʪʦʢ 

ʧʽʜʧʨʠʻʤʩʪʚ. ɯʥʥʦʚʘʮʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʛʨʘʨʥʦʛʦ ʙʽʟʥʝʩʫ, ʜʦʟʚʦʣʷʶʯʠ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʜʦʩʪʘʚʢʠ ʧʨʦʜʫʢʮʽʾ, ʘ 

ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʬʘʢʪʦʨʽʚ (ɹʝʣʷʚʮʝʚʘ & ɺʦʨʦʙʡʦʚʘ, 2006; ʊʨʠʛʫʙʘ, 

2023; ʊʨʝʪʷʢ & ɼʫʰʝʡʢʦ, 2022 ). 

ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʜʦʟʚʦʣʷʻ ʘʛʨʘʨʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʜʦʩʷʛʘʪʠ ʩʚʦʾʭ ʮʽʣʝʡ, 

ʧʽʜʚʠʱʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʧʨʦʜʫʢʮʽʾ. 

ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʚ ʘʛʨʘʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ: 

1. ʇʣʘʥʫʚʘʥʥʷ: 

ɺʠʟʥʘʯʝʥʥʷ ʮʽʣʝʡ ʪʘ ʟʘʚʜʘʥʴ ʧʨʦʻʢʪʫ. 

ɸʥʘʣʽʟ ʨʠʟʠʢʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ. 

ʈʦʟʨʦʙʢʘ ʩʪʨʘʪʝʛʽʾ ʪʘ ʧʣʘʥʫ ʨʝʘʣʽʟʘʮʽʾ. 

ɺʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʽʚ (ʬʽʥʘʥʩʦʚʠʭ, ʣʶʜʩʴʢʠʭ, ʤʘʪʝʨʽʘʣʴʥʠʭ). 

ʉʢʣʘʜʘʥʥʷ ʙʶʜʞʝʪʫ ʪʘ ʛʨʘʬʽʢʫ ʨʦʙʽʪ ʚʧʨʦʜʦʚʞ ʩʝʟʦʥʫ. 

2. ʆʨʛʘʥʽʟʘʮʽʷ: 

ʌʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜʠ ʧʨʦʻʢʪʫ. 

ʈʦʟʧʦʜʽʣ ʦʙʦʚ'ʷʟʢʽʚ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʟʚʽʪʥʦʩʪʽ. 
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3. ɺʠʢʦʥʘʥʥʷ: 

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʣʘʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ. 

ʄʦʥʽʪʦʨʠʥʛ ʪʘ ʢʦʥʪʨʦʣʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. 

ɺʥʝʩʝʥʥʷ ʢʦʨʝʢʪʠʚ ʫ ʧʣʘʥ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. 

4. ɿʘʢʣʶʯʥʠʡ ʝʪʘʧ: 

ʆʮʽʥʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʻʢʪʫ. 

ʇʽʜʛʦʪʦʚʢʘ ʟʚʽʪʥʦʩʪʽ. 

ɿʘʚʝʨʰʝʥʥʷ ʧʨʦʻʢʪʫ ʪʘ ʧʝʨʝʜʘʯʘ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɸʥʘʣʽʟ ʜʦʩʚʽʜʫ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʧʨʦʻʢʪʽʚ (ʋʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, 2018). 

ʆʩʦʙʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʚ ʘʛʨʘʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ: 

ʉʝʟʦʥʥʽʩʪʴ: 

ɸʛʨʘʨʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʩʪʽʡʥʦ ʧʽʜʧʦʨʷʜʢʦʚʘʥʝ ʩʝʟʦʥʥʠʤ ʮʠʢʣʘʤ, ʱʦ ʚʠʤʘʛʘʻ ʛʥʫʯʢʦʩʪʽ 

ʪʘ ʘʜʘʧʪʘʮʽʾ ʧʣʘʥʽʚ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʠ. ɺʟʠʤʢʫ ʙʽʣʴʰʽʩʪʴ 

ʧʽʜʧʨʠʻʤʩʪʚ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʝʜʫʪʴ ʘʢʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ (ʢʨʽʤ ʧʝʨʝʨʦʙʥʠʭ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʨʝʤʦʥʪʫ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʝʭʥʽʢʠ). 

ʇʨʠʨʦʜʥʽ ʬʘʢʪʦʨʠ: 

ʅʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʨʦʻʢʪʫ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʚʨʘʭʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʪʘ ʨʦʟʨʦʙʢʠ ʧʣʘʥʽʚ ʥʘ ʚʠʧʘʜʦʢ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʇʨʠʨʦʜʥʦ-

ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʰʚʠʜʢʦ ʟʤʽʥʶʶʪʴʩʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʪʝʧʣʽʥʥʷ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣ ʦʧʘʜʽʚ, 

ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʢʘʪʘʢʣʽʟʤʽʚ (ʟʘʧʦʨʦʰʝʥʽ ʙʫʨʽ, ʛʨʘʜ, ʥʝʜʦʩʪʘʪʥʽʡ ʩʥʽʞʥʠʡ ʧʦʢʨʠʚ ʥʘ ʧʦʣʷʭ, 

ʧʦʚʝʥʽ, ʟʘʤʦʨʦʟʢʠ ʚ ʪʨʘʚʥʽ 2025 ʨʦʢʫ ʽʥʰʽ ʩʪʠʭʽʡʥʽ ʷʚʠʱʘ), ʷʢʽ ʟʜʘʪʥʽ ʟʘʚʜʘʪʠ ʢʦʣʦʩʘʣʴʥʦʛʦ 

ʟʙʠʪʢʫ ʨʦʩʣʠʥʥʠʮʪʚʫ, ʩʘʜʽʚʥʠʮʪʚʫ ʪʘ ʽʥʰʠʤ ʛʘʣʫʟʷʤ). ɸʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʩʢʣʘʜʦʚʽ 

ʧʨʦʝʢʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʯʘʩʪʦ ʻ ʥʝʢʝʨʦʚʘʥʦʶ ʧʨʠʯʠʥʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʥʘ ʨʽʟʥʠʭ 

ʝʪʘʧʘʭ ʧʨʦʝʢʪʽʚ ʚʠʨʦʱʫʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ (ʄʝʨʣʝʥʢʦ ʅ. & ʄʝʨʣʝʥʢʦ ɯ., 

2017; ʌʝʜʦʥʶʢ et al., 2022;  Fedoniuk et al.,2020 ). 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʟʤʽʥʠ: 

ɸʛʨʘʨʥʠʡ ʩʝʢʪʦʨ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʪʦʤʫ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʽʥʥʦʚʘʮʽʾ. ʅʦʚʘ ʟʘʢʦʨʜʦʥʥʘ ʪʝʭʥʽʢʘ ʚʠʪʽʩʥʷʻ ʟʘʩʪʘʨʽʣʫ ʚʽʪʯʠʟʥʷʥʫ ʯʠ ʱʝ ʥʘʚʽʪʴ ʨʘʜʷʥʩʴʢʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʦʚʽ ʛʽʙʨʠʜʠ, ʩʦʨʪʠ ʟ ɻʄʆ, ɿɿʈ. 

ɽʢʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ: 

ɿʨʦʩʪʘʻ ʫʚʘʛʘ ʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʨʘʭʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʫ 

ʧʨʦʻʢʪʘʭ. ɸʛʨʘʨʥʠʡ ʩʝʢʪʦʨ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʛʨʫʥʪʽʚ ʪʘ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ, ʚ ʪ.ʯ. ï ʧʘʨʥʠʢʦʚʠʤʠ ʛʘʟʘʤʠ. ʅʝʦʙʭʽʜʥʦ ʫʚʘʞʥʦ ʚʽʜʥʦʩʠʪʠʩʴ ʜʦ ʥʦʨʤ ʚʥʝʩʝʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʦʩʦʙʣʠʚʦ ʘʟʦʪʥʠʭ, ʪʘ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʙʝʟ 

ʧʝʨʝʚʝʨʪʘʥʥʷ ʧʣʘʩʪʘ. 

ʃʦʛʽʩʪʠʢʘ: 

ɽʬʝʢʪʠʚʥʘ ʣʦʛʽʩʪʠʢʘ ʻ ʚʘʞʣʠʚʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʻʯʘʩʥʦʾ ʜʦʩʪʘʚʢʠ ʨʝʩʫʨʩʽʚ ʪʘ 

ʧʨʦʜʫʢʮʽʾ. ʇʽʩʣʷ ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʧʘʣʠʚʥʦ-ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟʥʘʯʥʦ ʟʨʦʩʣʘ 

ʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ, ʱʦ ʤʦʞʝ ʙʫʪʠ  ʢʨʠʪʠʯʥʠʤ ʚ ʘʛʨʘʨʥʦʤʫ ʩʝʢʪʦʨʽ (ʜʦʙʨʠʚʘ, ɿɿʈ, ʥʘʩʽʥʥʷ, 

ʚʠʨʦʱʝʥʘ ʧʨʦʜʫʢʮʽʷ). 
ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʝʢʪʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʝʢʪʽʚ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʚʝʜʝʥʥʷ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʬʝʨʤʝʨʘʤ, ʜʦʧʦʤʘʛʘʻ ʜʦʩʷʛʪʠ ʮʽʣʝʡ ʧʨʦʝʢʪʫ ʪʘ ʧʽʜʚʠʱʫʻ ʰʘʥʩ ʟʘʙʝʟʧʝʯʝʥʥʷ 

çʫʩʧʽʰʥʦʩʪʽè ʧʨʦʝʢʪʫ.  

ɿʤʽʥʘ ʮʽʥ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘ ʢʦʥʪʨʦʣʝʤ ʙʫʜʴ-ʷʢʦʛʦ ʬʝʨʤʝʨʘ. ɺʘʨʪʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʧʨʦʜʫʢʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʧʦʟʠʮʽʾ ʪʦʚʘʨʫ, ʧʦʧʠʪʫ ʥʘ ʧʨʦʜʫʢʮʽʶ ʪʘ ʚʘʨʪʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ.  

ʉʦʙʽʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʦʥʝʩʝʥʠʭ ʚʠʪʨʘʪ ʪʘ 

ʦʜʝʨʞʘʥʦʛʦ ʨʽʚʥʷ ʚʨʦʞʘʶ. ʎʷ ʚʟʘʻʤʦʜʽʷ ʨʦʙʠʪʴ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʜʫʞʝ ʟʤʽʥʥʠʤ. ʍʦʯʘ ʚʠʨʦʙʥʠʯʽ 

ʚʠʪʨʘʪʠ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʙʫʪʠ ʤʝʥʰ ʤʽʥʣʠʚʠʤʠ, ʥʽʞ ʮʽʥʠ ʥʘ ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ 
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ʅʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʘʛʘʨʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʻ ʚ ʰʪʘʪʽ ʧʦʩʘʜʫ ʤʝʥʝʜʞʝʨʘ (ʫʧʨʘʚʣʽʥʮʷ). ɹʽʣʴʰʽʩʪʴ 

ʬʝʨʤʝʨʽʚ ʥʘʚʽʪʴ ʥʝ ʟʘʜʫʤʫʚʘʣʠʩʴ ʥʘʜ ʫʯʘʩʪʶ ʚ ʛʨʘʥʪʦʚʠʭ ʧʨʦʛʨʘʤʘʭ. ʎʝ ʧʦʚʷʟʘʥʦ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ 

ʢʽʣʴʢʽʩʪʶ ʟʥʘʥʴ, ʚʽʜʩʫʪʥʽʩʪʶ ʯʘʩʫ ʪʘ ʽ ʢʦʰʪʽʚ. ɺ ʩʝʨʝʜʥʽʭ ʪʘ ʜʨʽʙʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚʘʭ, ʷʢ ʧʨʘʚʠʣʦ, ʦʜʥʘ 

ʣʶʜʠʥʘ ʻ ʽ ʚʣʘʩʥʠʢʦʤ, ʽ ʘʛʨʦʥʦʤʦʤ, ʽ ʘʛʨʦʽʥʞʝʥʝʨʦʤ, ʽ ʤʝʭʘʥʽʟʘʪʦʨʦʤ. ʎʝ ʷʚʠʱʝ ʩʪʘʣʦ ʱʝ ʙʦʣʶʯʽʰʠʤ 

ʧʽʩʣʷ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʨʬ ʚ ʋʢʨʘʾʥʫ (ʤʦʙʽʣʽʟʘʮʽʷ, ʚʠʾʟʜ ʟʘ ʢʦʨʜʦʥ, ʚʪʨʘʪʠ ʽ ʪ.ʜ.) 

ɼʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʽʚʦʟʤʽʥʠ ʤʠ ʧʨʦʚʝʣʠ ʾʾ ʘʥʘʣʽʟ ʫ ʌɻ çʅʠʚʘè ɼʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʈʽʚʥʝʥʩʴʢʦʾ 

ʦʙʣʘʩʪʽ. 

ɽʢʦʥʦʤʽʯʥʘ ʦʮʽʥʢʘ ʩʽʚʦʟʤʽʥ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʪʘʢʠʤʠ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʚʠʭʽʜ ʧʨʦʜʫʢʮʽʾ ʟ 

ʦʜʠʥʠʮʽ ʧʣʦʱʽ, ʾʾ ʚʘʨʪʽʩʪʴ ʽ ʚʠʭʽʜ ʢʦʨʤʦʧʨʦʪʝʾʥʦʚʠʭ ʦʜʠʥʠʮʴ. 

ɺ ʪʘʙʣ. 1 ʧʦʢʘʟʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʟʘʛʘʣʴʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʩ/ʛ ʢʫʣʴʪʫʨ ʚ 

ʫʤʦʚʘʭ ʌɻ çʅʠʚʘè (2024 ʨʽʢ) 

ʊʘʙʣʠʮʷ 1 ï ʈʦʟʨʘʭʫʥʢʠ ʝʢʦʥʦʤʽʯʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʩ/ʛ ʢʫʣʴʪʫʨ ʚ ʫʤʦʚʘʭ ʌɻ 

çʅʠʚʘè (2024 ʨʽʢ) 

ʂʫʣʴʪʫʨʘ ʇʣʦʱʘ, ʛʘ ʋʨʦʞʘʡʥʽʩʪʴ, 

ʮ/ʛʘ 

ɿʘʪʨʘʪʠ ʥʘ 

ʚʠʨʦʱʫʚʘʥʥʷ, 

ʛʨʥ/ʛʘ  

ɿʘʪʨʘʪʠ ʥʘ 

ʚʠʨʦʱʫʚʘʥʥʷ ʥʘ ʚʩʶ 

ʧʣʦʱʫ, ʪʠʩ. ʛʨʥ 

ʆʟʠʤʘ 

ʧʰʝʥʠʮʷ 

240 71 30100 7224 

ʂʫʢʫʨʫʜʟʘ 380 120  28700 10906 

ʈʽʧʘʢ 253 32 31700 8020,1 

ʉʦʷ 125 35 29400 3675 

ɺʉʔʆɻʆ 998 ʍ ʍ 29825,1 

ɺ ʪʘʙʣ.2 ʧʦʢʘʟʘʥʦ ʩʪʘʪʪʽ ʚʠʪʨʘʪ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʩ/ʛ ʢʫʣʴʪʫʨ ʚ ʌɻ çʅʠʚʘè. 

ʊʘʙʣʠʮʷ 2 - ʆʨʽʻʥʪʦʚʥʽ ʚʠʪʨʘʪʠ ʥʘ 1 ʛʘ ʟʘ ʪʠʧʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʫʤʦʚʘʭ ʌɻ 

çʅʠʚʘè (2024 ʨʽʢ), ʛʨʥ  

ʉʪʘʪʪʽ ʚʠʪʨʘʪ ʂʫʣʴʪʫʨʘ 

ʆʟʠʤʘ ʧʰʝʥʠʮʷ ʂʫʢʫʨʫʜʟʘ ʈʽʧʘʢ ʉʦʷ 

1 2 3 4 5 

ʆʧʣʘʪʘ ʧʨʘʮʽ ʟ 

ʧʦʜʘʪʢʦʤ 

1567 1966 2594 2600 

ʅʘʩʽʥʥʷ 2300 900 756 2500 

ɼʦʙʨʠʚʘ 5410 3710 3810 2115 

ɿɿʈ 4823 5817 5335 5338 

ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 55 76 65 65 

ɹʝʥʟʠʥ 545 640 582 550 

ɼʠʟʧʘʣʠʚʦ 2025 2122 3879 3670 

ʄʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ 

(4%) 

85 92 149 135 

ɸʤʦʨʪʠʟʘʮʽʷ 600 500 1000 1200 

ʈʝʤʦʥʪ ʦʩʥʦʚʥʠʭ 

ʟʘʩʦʙʽʚ 

1000 400 1000 1300 

ɯʥʰʽ ʤʘʪʝʨʽʘʣʴʥʽ 

ʚʠʪʨʘʪʠ ʪʘ ʧʦʩʣʫʛʠ 

1227 850 1290 1650 

ɿʘʛʘʣʴʥʦʚʠʨʦʙʥʠʯʽ 

(ʧʦʜʘʪʢʠ, ʘʨʝʥʜʘ) 

5890 7253 5950 3990 

1 2 3 4 5 

ɺʩʴʦʛʦ ʚʠʪʨʘʪ 25527 24326 26410 25113 

ɺʠʪʨʘʪʠ ʥʘ ʟʙʫʪ 766 729 855 850 

ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʽ 3807 3645 4435 3437 
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ʚʠʪʨʘʪʠ 

ɺʉʔʆɻʆ ɺʀʊʈɸʊ 30100 28700 31700 29400 

ʅʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʚʠʪʨʘʪ ʚ ʩʽʚʦʟʤʽʥʽ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʚʠʨʦʱʫʚʘʥʥʷ ʨʽʧʘʢʫ ʪʘ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ ï ʧʦʥʘʜ 30 ʪʠʩ. ʛʨʥ ʥʘ 1 ʛʘ. ɺ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʚʩʶ ʧʣʦʱʫ ʥʘʡʙʽʣʴʰʽ ʟʘʪʨʘʪʠ 

ʧʨʠʭʦʜʷʪʴʩʷ ʥʘ ʚʠʨʦʱʫʚʘʥʥʷ ʢʫʢʫʨʫʜʟʠ ʥʘ ʟʝʨʥʦ ï 10,9 ʤʣʥ. ʛʨʥ. 

ɿʘ ʩʪʘʪʪʷʤʠ ʚʠʪʨʘʪ ʧʦ ʚʩʽʭ 4-ʭ ʢʫʣʴʪʫʨʘʭ ʥʘʡʙʽʣʴʰʝ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ 

ʨʦʩʣʠʥ, ʜʦʙʨʠʚʘ (ʦʟ. ʧʰʝʥʠʮʷ ʪʘ ʢʫʢʫʨʫʜʟʘ) ʪʘ  -  ʜʠʟʧʘʣʠʚʦ (ʨʽʧʘʢ, ʩʦʷ). 

ʇʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʤʘʡʞʝ 18% ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʘʢʫʧʽʚʣʶ ʜʦʙʨʠʚ, ʧʨʠ 

ʚʠʨʦʱʫʚʘʥʥʽ ʢʫʢʫʨʫʜʟʠ ï 20,3% ʥʘ ɿɿʈ, ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʨʽʧʘʢʫ ï 16,8% ʽ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʷ 

ʩʦʾ ï 18,2% ʪʘʢʦʞ ʥʘ ɿɿʈ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʽ ʥʘ ʨʠʩ. 3 ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤ ʧʦʢʘʟʘʥʦ ʩʪʘʪʪʽ ʚʠʪʨʘʪ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ 

ʨʽʧʘʢʫ ʚ ʌɻ çʅʠʚʘè. 

 
ʈʠʩ. 3 - ʉʪʘʪʪʽ ʚʠʪʨʘʪ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʨʽʧʘʢʫ ʚ ʌɻ çʅʠʚʘè. 

ɺ ʪʘʙʣ. 3 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʙʫʪʢʽʚ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʩ/ʛ ʢʫʣʴʪʫʨ ʚ 

ʫʤʦʚʘʭ ʌɻ çʅʠʚʘè ʟʘ 2024 ʨʽʢ. 

ʅʘʡʙʽʣʴʰʽ ʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʟ 1 ʛʘ  ʦʪʨʠʤʘʥʦ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʢʫʢʫʨʫʜʟʠ -

102,480 ʪʠʩ. ʛʨʥ ʛʨʥ, ʘ ʥʘʡʤʝʥʰʽ - 57,51 ʪʠʩ. ʛʨʥ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟ. ʧʰʝʥʠʮʽ. 

ʋʤʦʚʥʦ ʯʠʩʪʠʡ ʧʨʠʙʫʪʦʢ ʟ ʫʩʽʻʾ ʧʣʦʱʽ ʦʪʨʠʤʘʥʦ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʢʫʢʫʨʫʜʟʠ ï ʪʨʦʭʠ 

ʙʽʣʴʰʝ 28 ʤʣʥ. ʛʨʥ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʚʩʽʭ ʢʫʣʴʪʫʨ ʚ 2024 ʨʦʮʽ ʦʪʨʠʤʘʥʦ 

ʧʨʠʙʫʪʦʢ ʚ ʨʦʟʤʽʨʽ 46, 538 ʤʣʥ.ʛʨʥ. 

ʊʘʙʣʠʮʷ 3 - ʈʦʟʨʘʭʫʥʢʠ ʧʨʠʙʫʪʢʽʚ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʩ/ʛ ʢʫʣʴʪʫʨ ʚ ʫʤʦʚʘʭ ʌɻ çʅʠʚʘè (2024 

ʨʽʢ) 

ʂʫʣʴʪʫʨʘ ʇʣʦʱʘ, 

ʛʘ 

ʋʨʦʞʘʡʥʽʩʪʴ, 

ʮ/ʛʘ 

ʉʝʨʝʜʥʷ 

ʮʽʥʘ 

ʧʨʦʜʫʢʮʽʾ, 

ʅʘʜʭʦʜʞʝʥʥʷ 

ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ 

ʟ 1 ʛʘ, ʪʠʩ. 

ʅʘʜʭʦʜʞʝʥʥʷ 

ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ 

ʟ  ʫʩʽʻʾ 

ʋʤʦʚʥʦ 

ʯʠʩʪʠʡ 

ʧʨʠʙʫʪʦʢ 
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ʛʨʥ/ʪ ʛʨʥ ʧʣʦʱʽ, ʪʠʩ. 

ʛʨʥ 

ʟ ʫʩʽʻʾ 

ʧʣʦʱʽ, 

ʪʠʩ. ʛʨʥ 

ʆʟʠʤʘ 

ʧʰʝʥʠʮʷ 

240 71 8100  57,51 13802,4 6578,4 

ʂʫʢʫʨʫʜʟʘ 380 120  8540 102,480 38 942,4 28 036,4 

ʈʽʧʘʢ 253 32 19500 62,4 15 787,2 7 767,1 

ʉʦʷ 125 35 17900 62,65 7 831,25 4 156,25 

ɺʉʔʆɻʆ 998 ʍ ʍ ʍ 76 363,25 46 538,15 

 

ʈʦʟʨʘʭʫʥʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʩ/ʛ ʢʫʣʴʪʫʨ ʚ ʫʤʦʚʘʭ ʌɻ çʅʠʚʘè 

ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣ. 4. ʗʢ ʽ ʦʯʽʢʫʚʘʣʦʩʴ, ʥʘʡʚʠʱʠʤʠ ʚʠʷʚʠʣʠʩʴ ʟʘʪʨʘʪʠ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ 

ʢʫʢʫʨʫʜʟʠ ï 36 ɻɼʞ/ʛʘ ʘʙʦ  13 680 ɻɼʞ ʥʘ ʚʩʶ ʧʣʦʱʫ. 

ʅʘʡʤʝʥʰʽ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʩʦʾ ï 19 ɻɼʞ/ʛʘ  ʪʘ 2 375 ɻɼʞ ʥʘ ʚʩʶ 

ʧʣʦʱʫ. 

ʊʘʙʣʠʮʷ 4 - ʈʦʟʨʘʭʫʥʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʩ/ʛ ʢʫʣʴʪʫʨ ʚ ʫʤʦʚʘʭ ʌɻ 

çʅʠʚʘè (2024 ʨʽʢ) 

ʂʫʣʴʪʫʨʘ ʇʣʦʱʘ, 

ʛʘ 

ɿʘʪʨʘʪʠ ʥʘ ʚʠʨʦʱʫʚʘʥʥʷ, 

ɻɼʞ/ʛʘ  

ɿʘʪʨʘʪʠ ʥʘ ʚʠʨʦʱʫʚʘʥʥʷ 

ʥʘ ʚʩʶ ʧʣʦʱʫ, ɻɼʞ 

ʆʟʠʤʘ ʧʰʝʥʠʮʷ 240 26 6 240 

ʂʫʢʫʨʫʜʟʘ 380 36 13 680 

ʈʽʧʘʢ 253 30 11 400 

ʉʦʷ 125 19 2 375 

ɺʉʔʆɻʆ 998 ʍ 33 695 

ɺ ʪʘʙʣ. 5 ʧʦʢʘʟʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʻʤʥʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʠ 

ʚʠʨʦʱʫʚʘʥʥʽ ʩ/ʛ ʢʫʣʴʪʫʨ ʚ ʫʤʦʚʘʭ ʌɻ çʅʠʚʘè. 

ʗʢ ʽ ʦʯʽʢʫʚʘʣʦʩʴ, ʥʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʚʠʷʚʠʣʠʩʴ ʧʨʠ 

ʚʠʨʦʱʫʚʘʥʥʽ ʢʫʢʫʨʫʜʟʠ ï 181,68 ʪʘ ʩʦʾ -108,5 ɻɼʞ/ʛʘ. 

ʊʘʙʣʠʮʷ 5 - ʈʦʟʨʘʭʫʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʻʤʥʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʩ/ʛ 

ʢʫʣʴʪʫʨ ʚ ʫʤʦʚʘʭ ʌɻ çʅʠʚʘè (2024 ʨʽʢ) 

ʂʫʣʴʪʫʨʘ ʇʣʦʱʘ, 

ʛʘ 

ʋʨʦʞʘʡʥʽʩʪʴ, 

ʮ/ʛʘ 

ɽʥʝʨʛʦʻʤʥʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ, 

ʄɼʞ/ʢʛ 

ɽʥʝʨʛʦʻʤʥʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ, 

ɻɼʞ/ʛʘ 

ɽʥʝʨʛʦʻʤʥʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ, 

ʥʘ ʚʩʶ ʧʣʦʱʫ, ɻɼʞ 

ʆʟʠʤʘ 

ʧʰʝʥʠʮʷ 

240 71 13,8 97,98 23515,2 

ʂʫʢʫʨʫʜʟʘ 380 120  15,14 181,68 69038,4 

ʈʽʧʘʢ 253 32 23,5 75,2 19025,6 

ʉʦʷ 125 35 31 108,5 13562,5 

ɺʉʔʆɻʆ 998 ʍ ʍ ʍ 125141,7 

 

ɺ ʪʘʙʣ. 6 ʧʦʢʘʟʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʂʝʝ) ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʨʦʱʫʚʘʥʥʽ ʩ/ʛ ʢʫʣʴʪʫʨ ʚ ʫʤʦʚʘʭ ʌɻ çʅʠʚʘè. ʅʘʡʚʠʱʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʪʨʠʤʘʥʦ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʢʫʢʫʨʫʜʟʠ ʪʘ ʩʦʾ ï ʙʽʣʴʰʝ 5, ʘ ʥʘʡʥʠʞʯʠʡ (1,67) ʧʨʠ 

ʚʠʨʦʱʫʚʘʥʥʽ ʨʽʧʘʢʫ. ʉʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦ ʩʽʚʦʟʤʽʥʽ ʩʪʘʥʦʚʠʪʴ 

3,71. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʝʧʦʛʘʥʽ ʧʦʢʘʟʥʠʢʠ ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ 

ʚʠʨʦʱʫʚʘʥʥʷ ʩ/ʛ ʢʫʣʴʪʫʨ ʚ ʫʤʦʚʘʭ ʌɻ çʅʠʚʘè ʚ 2024 ʨʦʮʽ, ʤʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʧʝʚʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ. 



˞˴˘˩˞˩˗˛ː˛˞˜˛ˑˍ˝˞˩˗˴ ˙ˍ˥˕˚˕ȟ 2025ȟ ˏ̉̐Ȣ 51 

AGRICULTURAL MACHINES, 2025 , Vol. 51 

 

144 
 

ʇʦ-ʧʝʨʰʝ, ʯʝʨʝʟ ʱʦʨʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʩ/ʛ ʫʛʽʜʴ (ʚʟʷʪʪʷ ʧʣʦʱ ʚ ʦʨʝʥʜʫ ʪʘ ʜʦʢʫʧʽʚʣʷ) ʚ 

ʛʦʩʧʦʜʘʨʩʪʚʽ ʥʝ ʜʦʩʠʪʴ ʯʽʪʢʦ ʜʦʪʨʠʤʫʶʪʴʩʷ ʩʽʚʦʟʤʽʥ, ʚʽʜʩʫʪʥʷ ʨʦʪʘʮʽʡʥʘ ʪʘʙʣʠʮʷ. ʏʝʨʝʟ ʮʝ 

ʧʣʦʱʽ ʧʦʣʽʚ ʚ ʪʘʢ ʟʚʘʥʠʭ ʩʽʚʦʟʤʽʥʘʭ ʜʫʞʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. 

ʊʘʙʣʠʮʷ 6 - ʈʦʟʨʘʭʫʥʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʱʫʚʘʥʥʷ ʩ/ʛ ʢʫʣʴʪʫʨ ʚ 

ʫʤʦʚʘʭ ʌɻ çʅʠʚʘè (2024 ʨʽʢ) 

ʂʫʣʴʪʫʨʘ ʇʣʦʱʘ, 

ʛʘ 

ʋʨʦʞʘʡʥʽʩʪʴ, 

ʮ/ʛʘ 

ɿʘʪʨʘʪʠ ʥʘ 

ʚʠʨʦʱʫʚʘʥʥʷ 

ʥʘ ʚʩʶ 

ʧʣʦʱʫ, ɻɼʞ 

ɽʥʝʨʛʦʻʤʥʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ, 

ʥʘ ʚʩʶ ʧʣʦʱʫ, 

ɻɼʞ 

ʂʦʝʬʽʮʽʻʥʪ 

ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʂʝʝ 

ʆʟʠʤʘ 

ʧʰʝʥʠʮʷ 

240 71 6 240 23515,2 3,77 

ʂʫʢʫʨʫʜʟʘ 380 120  13 680 69038,4 5,05 

ʈʽʧʘʢ 253 32 11 400 19025,6 1,67 

ʉʦʷ 125 35 2 375 13562,5 5,71 

ɺʉʔʆɻʆ 998 ʍ 33 695 125141,7 3,71 

 

ʇʽʩʣʷ ʘʥʘʣʽʟʫ ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʩʥʫʶʯʦʾ ʩʽʚʦʟʤʽʥʠ ʧʨʦʧʦʥʫʻʤʦ 

ʚʚʝʩʪʠ 5-ʧʽʣʴʥʫ ʩʽʚʦʟʤʽʥʫ ʟ ʪʘʢʠʤ ʯʝʨʛʫʚʘʥʥʷʤ ʧʦʣʽʚ: 

1. ʢʫʢʫʨʫʜʟʘ; 

2. ʢʫʢʫʨʫʜʟʘ; 

3.ʩʦʷ 

4. ʨʽʧʘʢ 

5. ʦʟʠʤʘ ʧʰʝʥʠʮʷ. 

ʂʦʞʥʝ ʧʦʣʝ ʦʨʽʻʥʪʦʚʥʦ ʙʫʜʝ ʤʘʪʠ ʧʣʦʱʫ ʚ 200 ʛʘ. 

ʇʽʜ ʨʽʧʘʢ ʚʥʦʩʠʤʦ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʪʦʤʫ ʱʦ ʥʘʩʪʫʧʥʦʶ ʫ 

ʥʘʩ ʽʜʝ ʧʰʝʥʠʮʷ ʽ ʧʽʜ ʥʝʾ ʚʞʝ ʥʽʯʦʛʦ ʥʝ ʚʥʦʩʠʤʦ, ʦʢʨʽʤ ʘʟʦʪʫ. ʇʽʩʣʷ ʟʙʠʨʘʥʥʷ ʨʽʧʘʢʫ 

(ʟʘʟʚʠʯʘʡ ʜʣʷ ʋʢʨʘʾʥʠ -ʚ ʢʽʥʮʽ ʪʨʘʚʥʷ ï ʯʝʨʚʝʥʴ) ʧʨʦʧʦʥʫʻʤʦ ʧʦʩʽʚ ʚʠʢʦ-ʚʽʚʩʷʥʦʾ ʩʫʤʽʰʽ ʥʘ 

ʩʠʜʝʨʘʪʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʙʝʨʝʛʪʠ ʚʦʣʦʛʫ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʽ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʙʫʨôʷʥʽʚ. 

ʇʦ-ʜʨʫʛʝ, ʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʪʨʘʪʠ ʩʫʢʫʧʥʦʾ ʝʥʝʨʛʽʾ ʥʘ 

ʚʠʨʦʱʫʚʘʥʥʷ ʨʽʟʥʠʭ ʢʫʣʴʪʫʨ ʥʝʦʜʥʘʢʦʚʽ ʽ ʦʩʥʦʚʥʘ ʾʭ ʢʽʣʴʢʽʩʪʴ ʧʨʠʧʘʜʘʻ ʥʘ 

ʧʘʣʴʥʝ, ʜʦʙʨʠʚʘ, ʧʝʩʪʠʮʠʜʠ. ʊʦʤʫ ʪʨʝʙʘ ʨʦʟʨʦʙʣʷʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʙ ʜʘʚʘʣʠ 

ʟʤʦʛʫ ʟʥʠʟʠʪʠ ʮʽ ʚʠʪʨʘʪʠ, ʟʦʢʨʝʤʘ, ʟʘʤʽʥʠʪʠ ʧʝʩʪʠʮʠʜʠ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ, ʦʨʛʘʥʽʟʫʚʘʪʠ 

ʝʢʦʥʦʤʽʶ ʧʘʣʴʥʦʛʦ, ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʨʠʚ, ʟʘʤʽʥʘ ʦʨʘʥʢʠ ʧʦʚʝʨʭʥʝʚʠʤ ʽ 

ʥʫʣʴʦʚʠʤ ʦʙʨʦʙʽʪʢʦʤ, ʧʦʻʜʥʘʥʥʷ ʢʽʣʴʢʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ ʘʛʨʝʛʘʪʫ, 

ʧʽʜʙʽʨ ʩʦʨʪʽʚ ʽ ʛʽʙʨʠʜʽʚ, ʩʪʽʡʢʠʭ ʧʨʦʪʠ ʰʢʽʜʥʠʢʽʚ ʽ ʭʚʦʨʦʙ. 

 
ɺʀʉʅʆɺʂʀ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ  ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ ʪʘ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʧʝʚʥʽ ʧʨʦʧʦʟʠʮʽʾ: 

1. ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʚʘʞʣʠʚʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʚ ʘʛʨʘʨʥʽʡ 

ʩʬʝʨʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʨʠʟʠʢʽʚ.  

2. ʋ ʰʪʘʪʽ ʌɻ çʅʠʚʘè ʚʽʜʩʫʪʥʷ ʧʦʩʘʜʘ ʤʝʥʝʜʞʝʨʘ (ʫʧʨʘʚʣʽʥʮʷ), ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʛʦʩʧʦʜʘʨʩʪʚʦʤ ʪʘ ʧʨʠʡʤʘʪʠ ʫʯʘʩʪʴ ʚ ʛʨʘʥʪʦʚʠʭ ʧʨʦʝʢʪʘʭ. 
3.ʇʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʽ ʪʘ ʛʨʫʥʪʦʚʽ ʫʤʦʚʠ ʌɻ çʅʠʚʘè ʻ ʜʦʩʠʪʴ ʩʧʨʠʷʪʣʠʚʠʤʠ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ 

ʙʽʣʴʰʦʩʪʽ ʩ/ʛ ʢʫʣʴʪʫʨ. ʇʨʦʪʝ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʢʦʥʪʨʟʘʭʦʜʠ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʟʤʽʥ ʢʣʽʤʘʪʫ. ɺ 2025 

ʨʦʮʽ ʯʝʨʝʟ ʧʽʟʥʽ ʟʘʤʦʨʦʟʢʠ ʙʫʣʦ ʧʦʰʢʦʜʞʝʥʦ ʧʦʩʽʚʠ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʪʘ ʨʽʧʘʢʫ.  ɼʣʷ ʨʠʟʠʢʫ 

ʚʠʤʝʨʟʘʥʥʷ ʦʟʠʤʠʭ ʢʫʣʴʪʫʨ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʽ ʟʘʭʦʜʠ: ʧʦʚʥʘ ʚʽʜʤʦʚʘ ʚʽʜ ʦʟʠʤʠʭ ʢʫʣʴʪʫʨ; 

ʜʠʚʝʨʩʠʬʽʢʘʮʽʷ ʦʟʠʤʠʭ ʢʫʣʴʪʫʨ; ʩʪʨʘʭʫʚʘʥʥʷ ʚʨʦʞʘʶ.  
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4. ʅʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʚʠʪʨʘʪ ʚ ʩʽʚʦʟʤʽʥʽ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʚʠʨʦʱʫʚʘʥʥʷ ʨʽʧʘʢʫ ʪʘ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ ï ʧʦʥʘʜ 30 ʪʠʩ. ʛʨʥ ʥʘ 1 ʛʘ. ɺ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʚʩʶ ʧʣʦʱʫ ʥʘʡʙʽʣʴʰʽ ʟʘʪʨʘʪʠ 

ʧʨʠʭʦʜʷʪʴʩʷ ʥʘ ʚʠʨʦʱʫʚʘʥʥʷ ʢʫʢʫʨʫʜʟʠ ʥʘ ʟʝʨʥʦ ï 10,9 ʤʣʥ. ʛʨʥ. 

5. ɿʘ ʩʪʘʪʪʷʤʠ ʚʠʪʨʘʪ ʧʦ ʚʩʽʭ 4-ʭ ʢʫʣʴʪʫʨʘʭ ʥʘʡʙʽʣʴʰʝ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ 

ʨʦʩʣʠʥ, ʜʦʙʨʠʚʘ (ʦʟ. ʧʰʝʥʠʮʷ ʪʘ ʢʫʢʫʨʫʜʟʘ) ʪʘ  -  ʜʠʟʧʘʣʠʚʦ (ʨʽʧʘʢ, ʩʦʷ). ʇʨʠ ʚʠʨʦʱʫʚʘʥʥʽ 

ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʤʘʡʞʝ 18% ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʘʢʫʧʽʚʣʶ ʜʦʙʨʠʚ, ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʢʫʢʫʨʫʜʟʠ ï 

20,3% ʥʘ ɿɿʈ, ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʨʽʧʘʢʫ ï 16,8% ʽ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʷ ʩʦʾ ï 18,2% ʪʘʢʦʞ ʥʘ ɿɿʈ. 

6. ʅʘʡʙʽʣʴʰʽ ʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʟ 1 ʛʘ  ʦʪʨʠʤʘʥʦ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʢʫʢʫʨʫʜʟʠ -

102,480 ʪʠʩ. ʛʨʥ, ʘ ʥʘʡʤʝʥʰʽ - 57,51 ʪʠʩ. ʛʨʥ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʦʟ. ʧʰʝʥʠʮʽ. ʋʤʦʚʥʦ ʯʠʩʪʠʡ 

ʧʨʠʙʫʪʦʢ ʟ ʫʩʽʻʾ ʧʣʦʱʽ ʦʪʨʠʤʘʥʦ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʢʫʢʫʨʫʜʟʠ ï ʪʨʦʭʠ ʙʽʣʴʰʝ 28 ʤʣʥ. ʛʨʥ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʚʩʽʭ ʢʫʣʴʪʫʨ ʚ 2024 ʨʦʮʽ ʦʪʨʠʤʘʥʦ ʧʨʠʙʫʪʦʢ ʚ ʨʦʟʤʽʨʽ 

46, 538 ʤʣʥ.ʛʨʥ. 

7. ʈʦʟʨʘʭʫʥʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʚʠʱʠʤʠ ʚʠʷʚʠʣʠʩʴ ʟʘʪʨʘʪʠ ʧʨʠ 

ʚʠʨʦʱʫʚʘʥʥʽ ʢʫʢʫʨʫʜʟʠ ï 36 ɻɼʞ/ʛʘ ʘʙʦ  13 680 ɻɼʞ ʥʘ ʚʩʶ ʧʣʦʱʫ. 

ʅʘʡʤʝʥʰʽ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʩʦʾ ï 19 ɻɼʞ/ʛʘ  ʪʘ 2 375 ɻɼʞ ʥʘ ʚʩʶ 

ʧʣʦʱʫ. ʅʘʡʚʠʱʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʪʨʠʤʘʥʦ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ 

ʢʫʢʫʨʫʜʟʠ ʪʘ ʩʦʾ ï ʙʽʣʴʰʝ 5, ʘ ʥʘʡʥʠʞʯʠʡ (1,67) ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʨʽʧʘʢʫ. ʉʝʨʝʜʥʽʡ 

ʢʦʝʬʽʮʽʻʥʪ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦ ʩʽʚʦʟʤʽʥʽ ʩʪʘʥʦʚʠʪʴ 3,71. 

8. ʏʝʨʝʟ ʱʦʨʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʩ/ʛ ʫʛʽʜʴ (ʚʟʷʪʪʷ ʧʣʦʱ ʚ ʦʨʝʥʜʫ ʪʘ ʜʦʢʫʧʽʚʣʷ) ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ 

ʥʝ ʜʦʩʠʪʴ ʯʽʪʢʦ ʜʦʪʨʠʤʫʶʪʴʩʷ ʩʽʚʦʟʤʽʥ, ʚʽʜʩʫʪʥʷ ʨʦʪʘʮʽʡʥʘ ʪʘʙʣʠʮʷ. ʏʝʨʝʟ ʮʝ ʧʣʦʱʽ ʧʦʣʽʚ ʚ 

ʪʘʢ ʟʚʘʥʠʭ ʩʽʚʦʟʤʽʥʘʭ ʜʫʞʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʨʦʟʤʽʨʘʤʠ. ʇʨʦʧʦʥʫʻʤʦ ʚʚʝʩʪʠ 5-ʧʽʣʴʥʫ 

ʩʽʚʦʟʤʽʥʫ ʟ ʪʘʢʠʤ ʯʝʨʛʫʚʘʥʥʷʤ ʧʦʣʽʚ: 

1.ʢʫʢʫʨʫʜʟʘ; 2. ʢʫʢʫʨʫʜʟʘ; 3.ʩʦʷ; 4. ʨʽʧʘʢ; 5. ʦʟʠʤʘ ʧʰʝʥʠʮʷ. ʇʽʩʣʷ ʟʙʠʨʘʥʥʷ ʨʽʧʘʢʫ 

ʧʨʦʧʦʥʫʻʤʦ ʧʦʩʽʚ ʚʠʢʦ-ʚʽʚʩʷʥʦʾ ʩʫʤʽʰʽ ʥʘ ʩʠʜʝʨʘʪʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʙʝʨʝʛʪʠ ʚʦʣʦʛʫ ʚ ʣʽʪʥʽʡ 

ʧʝʨʽʦʜ ʽ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʙʫʨôʷʥʽʚ. 

9. ʇʦʪʨʽʙʥʦ ʨʦʟʨʦʙʣʷʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʙ ʜʘʚʘʣʠ ʟʤʦʛʫ ʟʥʠʟʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ 

ʚʠʪʨʘʪʠ, ʟʦʢʨʝʤʘ, ʟʘʤʽʥʠʪʠ ʧʝʩʪʠʮʠʜʠ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ, ʦʨʛʘʥʽʟʫʚʘʪʠ ʝʢʦʥʦʤʽʶ ʧʘʣʴʥʦʛʦ, 

ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʨʠʚ, ʟʘʤʽʥʘ ʦʨʘʥʢʠ ʧʦʚʝʨʭʥʝʚʠʤ ʽ ʥʫʣʴʦʚʠʤ ʦʙʨʦʙʽʪʢʦʤ, 

ʧʦʻʜʥʘʥʥʷ ʢʽʣʴʢʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ ʘʛʨʝʛʘʪʫ, ʧʽʜʙʽʨ ʩʦʨʪʽʚ ʽ ʛʽʙʨʠʜʽʚ, 

ʩʪʽʡʢʠʭ ʧʨʦʪʠ ʰʢʽʜʥʠʢʽʚ ʽ ʭʚʦʨʦʙ. 
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ABSTRACT 

In modern EU strategies, the development of the bioeconomy 

plays an important role, aiming at the gradual replacement 

of petrochemical raw materials with biological ones. The 

agricultural sector can make a significant contribution to 

this process by cultivating industrial crops on low-

productive lands. One of the promising crops is castor bean 

(Ricinus communis L.), which is suitable for technical oil 

production. However, its harvesting and processing are 

complicated due to the uneven ripening of the fruits and the 

lack of specialized machines. 

This study proposes a new design of a machine for cleaning 

castor bean seeds, which combines mechanical fruit shell 

destruction with subsequent aerodynamic cleaning. The 

proposed machine integrates crushing and reverse cones 

with rubber linings to break the fruit shells without 

damaging the seeds, along with an aerodynamic cleaning 

system for removing light impurities. Using numerical 

modeling in Simcenter Star-CCM+, based on DEM and 

CFD methods, the interaction between the fruits and the 

machineôs working parts as well as the separation processes 

were analyzed. Regression equations were developed to 

determine the seed separation productivity, the share of 

unthreshed fruits, and the content of viable seeds in the seed 

collector, depending on technological parameters. The 

optimal values are: the gap between the crushing and 

reverse cones ï 8.6 mm; the rotation speed of the crushing 

cone ï 291 rpm; the feed opening diameter ï 98 mm; the 

cone axis inclination angle ï 3.6Á; the airflow velocity ï 6 

m/s; and the sieve inclination angle ï 20.3Á. The proposed 

machine ensures high-quality cleaning of castor bean seeds 

with minimal damage, increases productivity, and reduces 

dependence on manual labor, which is crucial for the 

industrial processing of this crop. 
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ˍ˚˛˟ˍˣ˴ˬ 
ʋ ʩʫʯʘʩʥʠʭ ʩʪʨʘʪʝʛʽʷʭ ɭʉ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʨʦʟʚʠʪʦʢ 

ʙʽʦʝʢʦʥʦʤʽʢʠ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʪʫʧʦʚʫ ʟʘʤʽʥʫ ʥʘʬʪʦʭʽʤʽʯʥʦʾ 

ʩʠʨʦʚʠʥʠ ʙʽʦʣʦʛʽʯʥʦʶ. ɸʛʨʘʨʥʠʡ ʩʝʢʪʦʨ ʤʦʞʝ ʟʨʦʙʠʪʠ 

ʩʫʪʪʻʚʠʡ ʚʥʝʩʦʢ ʫ ʮʝʡ ʧʨʦʮʝʩ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʽʯʥʠʭ ʢʫʣʴʪʫʨ ʥʘ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʠʭ ʟʝʤʣʷʭ. ʆʜʥʽʻʶ ʟ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʫʣʴʪʫʨ ʻ ʨʠʮʠʥʘ (Ricinus communis L.), ʷʢʫ 

ʜʦʮʽʣʴʥʦ ʚʠʨʦʱʫʚʘʪʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʭʥʽʯʥʦʾ ʦʣʽʾ. ʆʜʥʘʢ 

ʾʾ ʟʙʠʨʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʘ ʫʩʢʣʘʜʥʝʥʽ ʥʝʨʽʚʥʦʤʽʨʥʠʤ 

ʜʦʟʨʽʚʘʥʥʷʤ ʧʣʦʜʽʚ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʘʰʠʥ. 

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʰʠʥʠ ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʥʘʩʽʥʥʷ ʨʠʮʠʥʠ, ʷʢʘ ʧʦʻʜʥʫʻ ʤʝʭʘʥʽʯʥʝ ʨʫʡʥʫʚʘʥʥʷ 

ʧʣʦʜʽʚ ʽʟ ʧʦʜʘʣʴʰʠʤ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʦʯʠʱʝʥʥʷʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʰʠʥʘ ʧʦʻʜʥʫʻ ʜʨʦʙʠʣʴʥʠʡ ʪʘ ʟʚʦʨʦʪʥʠʡ 

ʢʦʥʫʩʠ ʟ ʛʫʤʦʚʠʤʠ ʬʫʪʝʨʦʚʢʘʤʠ ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʦʙʦʣʦʥʦʢ 

ʧʣʦʜʽʚ ʙʝʟ ʧʦʰʢʦʜʞʝʥʥʷ ʥʘʩʽʥʥʷ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʫ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʣʝʛʢʠʭ ʜʦʤʽʰʦʢ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʽ Simcenter 

Star-CCM+ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ DEM ʪʘ CFD ʤʝʪʦʜʽʚ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʟʘʻʤʦʜʽʾ ʧʣʦʜʽʚ ʽʟ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʤʘʰʠʥʠ ʪʘ ʧʨʦʮʝʩʽʚ ʩʝʧʘʨʘʮʽʾ. ʇʦʙʫʜʦʚʘʥʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʥʘʩʽʥʥʷ, 

ʯʘʩʪʢʠ ʥʝʨʦʟʣʫʱʝʥʠʭ ʧʣʦʜʽʚ ʪʘ ʚʤʽʩʪʫ ʣʽʢʚʽʜʥʦʛʦ ʥʘʩʽʥʥʷ ʫ 

ʟʘʙʽʨʥʠʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʆʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ: ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʨʦʙʠʣʴʥʠʤ ʽ ʟʚʦʨʦʪʥʠʤ 

ʢʦʥʫʩʘʤʠ ï 8,6 ʤʤ; ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʜʨʦʙʠʣʴʥʦʛʦ ʢʦʥʫʩʘ ï 

291 ʦʙ/ʭʚ; ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ ʧʦʜʘʯʽ ï 98 ʤʤ; ʢʫʪ ʥʘʭʠʣʫ ʦʩʽ 

ʢʦʥʫʩʘ ï 3,6Á; ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ï 6 ʤ/ʩ; ʢʫʪ 

ʥʘʭʠʣʫ ʨʝʰʝʪʘ ï 20,3Á. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʰʠʥʘ ʟʘʙʝʟʧʝʯʫʻ 

ʷʢʽʩʥʝ ʦʯʠʱʝʥʥʷ ʥʘʩʽʥʥʷ ʨʠʮʠʥʠ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ 

ʧʦʰʢʦʜʞʝʥʥʷʭ, ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʫʯʥʦʾ ʧʨʘʮʽ, ʱʦ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʦʾ ʧʝʨʝʨʦʙʢʠ ʮʽʻʾ ʢʫʣʴʪʫʨʠ. 
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˞˟ˍ˚ ˜˕˟ˍ˚˚ˬ ˟ˍ ˜˛˞˟ˍ˚˛ˏ˗ˍ ˜˝˛ˎ˘˒˙˕ 

 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʫʯʘʩʥʠʭ ʩʪʨʘʪʝʛʽʡ ɭʉ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʨʦʟʚʠʪʦʢ ʙʽʦʝʢʦʥʦʤʽʢʠ, ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʤʘʻ 

ʟʤʝʥʰʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʥʘʬʪʦʭʽʤʽʾ, ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʩʠʨʦʚʠʥʫ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ 

(Janiszewska et al, 2021; Wydra et al, 2021) ɸʛʨʘʨʥʠʡ ʩʝʢʪʦʨ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ ʟʨʦʙʠʪʠ ʩʫʪʪʻʚʠʡ ʚʥʝʩʦʢ ʫ 

ʮʝʡ ʧʨʦʮʝʩ, ʟʦʢʨʝʤʘ ʰʣʷʭʦʤ ʝʬʝʢʪʠʚʥʽʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʣʽʡʥʠʭ ʢʫʣʴʪʫʨ (Park et al, 

2021; Rom§n-Figueroa et al, 2020). ʇʨʦʪʝ ʨʦʟʰʠʨʝʥʥʷ ʧʣʦʱ ʧʽʜ ʪʝʭʥʽʯʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʩʪʚʦʨʶʻ ʨʠʟʠʢʠ 

ʢʦʥʢʫʨʝʥʮʽʾ ʤʽʞ ʧʨʦʜʦʚʦʣʴʯʠʤʠ ʽ ʥʝʧʨʦʜʦʚʦʣʴʯʠʤʠ ʥʘʧʨʷʤʘʤʠ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ (Gelfand et al, 

2013). ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʩʪʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʠʭ ʟʝʤʝʣʴ 

ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʢʫʣʴʪʫʨ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʜʥʦʯʘʩʥʦ ʜʦʩʷʛʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʮʽʣʝʡ ɭʉ ʪʘ 

ʫʥʠʢʥʫʪʠ ʩʢʦʨʦʯʝʥʥʷ ʧʣʦʱ ʧʽʜ ʧʨʦʜʦʚʦʣʴʯʽ ʧʦʩʽʚʠ (Von Cossel et al, 2019; DôAvino et al, 2020). ʋ ʮʴʦʤʫ 

ʢʦʥʪʝʢʩʪʽ ʘʢʪʫʘʣʴʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʚʠʨʦʙʥʠʯʠʭ ʣʘʥʮʶʛʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʢʫʣʴʪʫʨʘʤʠ, ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ ʤʽʥʽʤʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ. 

ʈʠʮʠʥʘ (Ricinus communis L.) ʻ ʦʜʥʽʻʶ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʝʧʨʦʜʦʚʦʣʴʯʠʭ ʢʫʣʴʪʫʨ (Zanetti et al, 

2013; Alexopoulou et al, 2015) ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘ ʙʽʜʥʠʭ ˇʨʫʥʪʘʭ ʚ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ. 

ɼʦʩʚʽʜ ʚʠʨʦʱʫʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʚʨʦʞʘʡʥʽʩʪʴ ʥʘʩʽʥʥʷ ʩʦʨʪʽʚ ʨʠʮʠʥʠ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 1,7ï1,9 ʪ/ʛʘ 

(ʆʣʝʩʷ), 1,8ï2,2 ʪ/ʛʘ (ʍʦʨʪʠʯʘʥʢʘ), 1,6ï1,8 ʪ/ʛʘ (ʍʦʨʪʠʮʴʢʘ 3) (ɺʝʜʤʝʜʻʚʘ ʪʘ ʽʥ., 2018). ʈʠʮʠʥʦʚʫ ʦʣʽʶ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ: ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʧʘʣʴʥʦʛʦ, ʢʦʩʤʝʪʠʯʥʠʭ ʽ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ 

ʟʘʩʦʙʽʚ, ʣʘʢʦʬʘʨʙʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʜʚʦʪʘʢʪʥʠʭ ʜʚʠʛʫʥʽʚ, ʘ ʪʘʢʦʞ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʥʦʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʪʝʧʣʦʽʟʦʣʷʮʽʾ (Carrino et al, 2020; Bateni et al, 2016; 

Ogunniyi, 2006). ɿʘ ʫʤʦʚʠ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʥʷ, ʨʠʮʠʥʘ ʤʦʞʝ 

ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ɭʉ ʪʘ ʋʢʨʘʾʥʠ ʚʽʜ ʽʤʧʦʨʪʫ ʪʝʭʥʽʯʥʠʭ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʢʫʣʴʪʫʨʠ ʻ ʚʝʣʠʢʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʜʠʢʦʨʦʩʣʠʭ ʽ ʥʘʧʽʚʢʫʣʴʪʫʨʥʠʭ ʬʦʨʤ Ricinus 

communis L., ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʫ ʛʝʥʝʪʠʯʥʫ ʪʘ ʤʦʨʬʦʣʦʛʽʯʥʫ ʤʽʥʣʠʚʽʩʪʴ, ʽʥʦʜʽ ʜʦʩʷʛʘʶʯʠ 

ʨʦʟʤʽʨʽʚ ʜʝʨʝʚ (Anjani, 2012). ʅʘʩʽʥʥʷ ʨʠʮʠʥʠ ʫʪʚʦʨʶʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʧʣʦʜʽʚ (ʢʘʧʩʫʣ), ʷʢʽ ʟʽʙʨʘʥʽ ʚ 

ʢʠʪʠʮʽ ʽ ʜʦʟʨʽʚʘʶʪʴ ʧʦʩʪʫʧʦʚʦ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʜʦʟʨʽʚʘʥʥʷ ʥʘʩʽʥʥʷ (Vallejos et al, 

2011; Pari et al, 2020). ʊʘʢʘ ʙʽʦʣʦʛʽʯʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʤʝʭʘʥʽʟʘʮʽʶ ʟʙʠʨʘʥʥʷ. ʅʘ ʨʠʥʢʫ 

ʡ ʜʦʩʽ ʚʽʜʩʫʪʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʤʘʰʠʥʠ ʜʣʷ ʤʝʭʘʥʽʯʥʦʛʦ ʟʙʠʨʘʥʥʷ ʨʠʮʠʥʠ, ʪʦʤʫ ʧʨʦʮʝʩ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʚʨʫʯʥʫ, ʱʦ ʧʽʜʚʠʱʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. ʍʦʯʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʩʽʥʥʻʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʩʦʢʠʭ 

ʨʝʧʨʦʜʫʢʮʽʡ ʨʫʯʥʝ ʟʙʠʨʘʥʥʷ ʻ ʚʠʧʨʘʚʜʘʥʠʤ ʯʝʨʝʟ ʥʝʚʝʣʠʢʽ ʦʙʩʷʛʠ (ɸʣʽʻʚ, 2019; ɸʣʽʻʚ, 2020), ʚʩʝ ʞ 

ʚʠʥʠʢʘʻ ʪʝʭʥʽʯʥʘ ʧʦʪʨʝʙʘ ʚ ʝʬʝʢʪʠʚʥʦʤʫ ʚʽʜʦʢʨʝʤʣʝʥʥʽ ʽ ʦʯʠʱʝʥʥʽ ʥʘʩʽʥʥʷ ʨʠʮʠʥʠ ʚʽʜ ʢʘʧʩʫʣ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʙʨʫʰʝʥʥʷ ʪʘ ʦʯʠʱʝʥʥʷ ʥʘʩʽʥʥʷ ʽʥʰʠʭ ʢʫʣʴʪʫʨ 

(ʇʝʪʨʘʯʝʥʢʦ ʪʘ ʽʥ., 2023; ʊʝʩʣʶʢ, 2020; ʐʝʚʯʫʢ ʪʘ ʽʥ., 2018) ʥʝʧʨʠʡʥʷʪʥʝ ʯʝʨʝʟ ʚʠʩʦʢʫ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʦʰʢʦʜʞʝʥʥʷ ʥʘʩʽʥʥʷ ʨʠʮʠʥʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʫ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʨʠʮʠʥʦʚʠʭ 

ʥʘʩʽʥʠʥ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʦʣʽʡʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʦʩʪʘʻ ʘʢʪʫʘʣʴʥʝ ʟʘʚʜʘʥʥʷ ï 

ʨʦʟʨʦʙʠʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʤʘʰʠʥʫ ʜʣʷ ʦʯʠʱʝʥʥʷ ʥʘʩʽʥʥʷ ʨʠʮʠʥʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ: ʬʦʨʤʫʚʘʥʥʷ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʽ ʦʯʠʱʝʥʥʷ ʥʘʩʽʥʥʷ ʨʠʮʠʥʠ ʰʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʧʣʦʜʽʚ ʽ ʥʘʩʽʥʥʷ ʟ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʤʘʰʠʥʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʨʦʚʠʥʠ ʪʘ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʧʦʰʢʦʜʞʝʥʥʷʭ ʣʽʢʚʽʜʥʦʛʦ ʥʘʩʽʥʥʷ. 
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ʄʘʰʠʥʘ ʜʣʷ ʦʯʠʱʝʥʥʷ ʥʘʩʽʥʥʷ ʨʠʮʠʥʠ (ʨʠʩ. 1) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ: 

ʩʪʘʥʠʥʠ, ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʙʫʥʢʝʨʘ, ʜʨʦʙʠʣʴʥʦʛʦ ʢʦʥʫʩʘ, ʟʚʦʨʦʪʥʦʛʦ ʢʦʥʫʩʘ ʟ ʬʫʪʝʨʦʚʢʦʶ, ʧʨʠʚʦʜʫ, 

ʩʠʩʪʝʤʠ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʪʘ ʙʣʦʢʘ ʢʝʨʫʚʘʥʥʷ. 

ɿʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʙʫʥʢʝʨ ʽʟ ʧʨʫʪʢʦʚʦʶ ʨʝʰʽʪʢʦʶ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʜʘʯʽ ʩʠʨʦʚʠʥʠ ʪʘ 

ʚʽʜʩʽʶʚʘʥʥʷ ʚʝʣʠʢʠʭ ʜʦʤʽʰʦʢ. ʇʽʜ ʥʠʤ ʨʦʟʪʘʰʦʚʘʥʠʡ ʟʚʦʨʦʪʥʠʡ ʢʦʥʫʩ ʽʟ ʛʫʤʦʚʦʶ ʬʫʪʝʨʦʚʢʦʶ, 

ʯʦʪʠʨʤʘ ʨʝʛʫʣʶʚʘʣʴʥʠʤʠ ʛʚʠʥʪʘʤʠ ʪʘ ʟʽʨʦʯʢʘʤʠ, ʷʢʽ ʯʝʨʝʟ ʣʘʥʮʶʛʦʚʫ ʧʝʨʝʜʘʯʫ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʝʨʪʠʢʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʫʟʣʘ, ʟʤʽʥʶʶʯʠ ʟʘʟʦʨ ʤʽʞ ʨʦʙʦʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. 
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ʋʩʝʨʝʜʠʥʽ ʟʚʦʨʦʪʥʦʛʦ ʢʦʥʫʩʘ ʟʤʦʥʪʦʚʘʥʦ ʜʨʦʙʠʣʴʥʠʡ ʢʦʥʫʩ ʽʟ ʝʢʩʮʝʥʪʨʠʢʦʚʠʤ ʧʨʠʚʦʜʦʤ. ʇʨʠ 

ʦʙʝʨʪʘʥʥʽ ʪʘ ʧʨʝʮʝʩʽʾ ʚʽʥ ʩʪʚʦʨʶʻ ʥʦʨʤʘʣʴʥʽ ʽ ʜʦʪʠʯʥʽ ʩʠʣʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʫʡʥʫʚʘʥʥʷ ʧʣʦʜʽʚ 

ʨʠʮʠʥʠ, ʟ ʧʦʜʘʣʴʰʠʤ ʚʽʜʜʽʣʝʥʥʷʤ ʥʘʩʽʥʥʷ ʚʽʜ ʯʘʩʪʠʥʦʢ ʦʙʦʣʦʥʦʢ. ɻʫʤʦʚʘ ʬʫʪʝʨʦʚʢʘ ʜʨʦʙʠʣʴʥʦʛʦ 

ʢʦʥʫʩʘ ʤʽʥʽʤʽʟʫʻ ʨʠʟʠʢ ʪʨʘʚʤʫʚʘʥʥʷ ʥʘʩʽʥʥʷ. 

 

 
ʈʠʩ. 1 ï ʄʘʰʠʥʘ ʜʣʷ ʦʯʠʱʝʥʥʷ ʥʘʩʽʥʥʷ ʨʠʮʠʥʠ 

 

1 ï ʩʪʘʥʠʥʘ; 2 ï ʟʚʦʨʦʪʥʽʡ ʢʦʥʫʩ; 3 ï ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʙʫʥʢʝʨ; 4 ï ʜʨʦʙʠʣʴʥʠʡ ʢʦʥʫʩ; 5 ï ʧʨʠʚʽʜ;  

6 ï ʩʠʩʪʝʤʘ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ; 7 ï ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ; 8 ï ʻʤʥʽʩʪʴ; 9 ï ʧʨʫʪʢʦʚʘ ʨʝʰʽʪʢʘ;  

10 ï ʢʦʨʧʫʩ ʽʟ ʚʥʫʪʨʽʰʥʴʦʶ ʬʫʪʝʨʦʚʦʶ; 11 ï ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʛʚʠʥʪ; 12 ï ʟʽʨʦʯʢʘ; 13 ï ʣʘʥʮʶʛ;  

14 ï ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ; 15 ï ʟʦʚʥʽʰʥʷ ʬʫʪʝʨʦʚʢʘ; 16 ï ʨʦʟʧʦʜʽʣʴʥʠʢ; 17 ï ʢʦʥʽʯʥʠʡ ʚʘʣ; 18 ï ʢʦʥʫʩʥʠʡ 

ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʩʪʘʢʘʥ-ʚʘʣ; 19 ï ʢʫʪʦʚʠʡ ʨʝʜʫʢʪʦʨ; 20 ï ʚʝʜʝʥʠʡ ʰʢʽʚ; 21 ï ʚʝʜʫʯʠʡ ʰʢʽʚ;  

22 ï ʨʝʤʽʥʴ; 23 ï ʦʩʥʦʚʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ; 24 ï ʞʦʣʦʙ; 25 ï ʧʥʝʚʤʦʩʝʧʘʨʫʶʯʠʡ ʢʘʥʘʣ; 26 ï ʨʝʰʝʪʦ; 

27 ï ʮʠʢʣʦʥ; 28 ï ʚʽʜʮʝʥʪʨʦʚʠʡ ʚʝʥʪʠʣʷʪʦʨ; 29 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʚʝʥʪʠʣʷʪʦʨʘ; 30 ï ʟʘʙʽʨʥʠʢ ʥʘʩʽʥʥʷ; 

31 ï ʟʘʙʽʨʥʠʢ ʥʝʨʦʟʣʫʱʝʥʠʭ ʧʣʦʜʽʚ; 32 ï ʟʘʙʽʨʥʠʢ ʯʘʩʪʠʥʦʢ ʢʦʨʦʙʦʯʦʢ; 33 ï ʟʘʙʽʨʥʠʢ ʜʨʽʙʥʠʭ 

ʯʘʩʪʠʥʦʢ ʽ ʧʠʣʫ; 34 ï ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʚʦʜʠ 

 

ʇʨʠʚʽʜ ʤʘʰʠʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʨʝʤʽʥʥʦʾ ʧʝʨʝʜʘʯʽ, ʢʫʪʦʚʦʛʦ ʨʝʜʫʢʪʦʨʘ 

ʪʘ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʩʪʘʢʘʥʘ-ʚʘʣʘ, ʱʦ ʧʝʨʝʜʘʻ ʦʙʝʨʪʘʥʥʷ ʜʨʦʙʠʣʴʥʦʤʫ ʢʦʥʫʩʫ. ʆʢʨʝʤʠʡ ʤʦʪʦʨ-

ʨʝʜʫʢʪʦʨ ʟʤʽʥʶʻ ʟʘʟʦʨ ʤʽʞ ʢʦʥʫʩʘʤʠ, ʘ ʚʝʥʪʠʣʷʪʦʨ ʟ ʮʠʢʣʦʥʥʠʤ ʚʽʜʜʽʣʴʥʠʢʦʤ ʩʪʚʦʨʶʻ ʧʦʚʽʪʨʷʥʠʡ 

ʧʦʪʽʢ ʜʣʷ ʩʝʧʘʨʘʮʽʾ ʣʝʛʢʠʭ ʜʦʤʽʰʦʢ. 

ʇʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ ʧʣʦʜʽʚ ʩʫʤʽʰ ʥʘʜʭʦʜʠʪʴ ʫ ʩʠʩʪʝʤʫ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ, ʜʝ ʣʝʛʢʽ 

ʯʘʩʪʠʥʢʠ ʚʽʜʥʦʩʷʪʴʩʷ ʧʦʪʦʢʦʤ ʧʦʚʽʪʨʷ ʚ ʮʠʢʣʦʥ ʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʦʢʨʝʤʠʭ ʙʫʥʢʝʨʘʭ ʜʣʷ ʯʘʩʪʠʥʦʢ 

ʢʦʨʦʙʦʯʦʢ ʪʘ ʧʠʣʫ. ʅʘʩʽʥʥʷ ʪʘ ʥʝʨʦʟʣʫʱʝʥʽ ʧʣʦʜʠ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʨʝʰʝʪʦ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʘʣʴʰʝ 

ʩʦʨʪʫʚʘʥʥʷ: ʥʘʩʽʥʥʷ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʪʚʦʨʠ ʽ ʥʘʜʭʦʜʠʪʴ ʜʦ ʟʘʙʽʨʥʠʢʘ ʥʘʩʽʥʥʷ, ʘ ʟʘʣʠʰʢʠ ʧʣʦʜʽʚ 

ʚʽʜʚʦʜʷʪʴʩʷ ʚ ʽʥʰʠʡ ʙʫʥʢʝʨ. 

ʂʝʨʫʚʘʥʥʷ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ ï ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʜʨʦʙʠʣʴʥʦʛʦ ʢʦʥʫʩʘ, 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʚʝʥʪʠʣʷʪʦʨʘ ʪʘ ʟʘʟʦʨʦʤ ʤʽʞ ʢʦʥʫʩʘʤʠ ï ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʣʦʢʘ ʢʝʨʫʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʤʘʰʠʥʫ ʜʦ ʨʽʟʥʠʭ ʫʤʦʚ ʧʝʨʝʨʦʙʢʠ. 

ʇʝʨʝʚʘʛʠ ʢʦʥʩʪʨʫʢʮʽʾ:  
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ï ʧʦʻʜʥʘʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʧʣʦʜʽʚ ʟ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʦʯʠʱʝʥʥʷʤ; 

ï ʪʦʯʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; 

ï ʛʫʤʦʚʽ ʬʫʪʝʨʦʚʢʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʰʢʦʜʞʝʥʥʶ ʥʘʩʽʥʥʷ; 

ï ʝʬʝʢʪʠʚʥʠʡ ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʤʝʭʘʥʽʟʤ ʜʣʷ ʽʥʪʝʥʩʠʚʥʦʾ ʜʽʾ ʥʘ ʧʣʦʜʠ; 

ï ʯʽʪʢʝ ʨʦʟʜʽʣʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʨʦʙʢʠ (ʥʘʩʽʥʥʷ, ʦʙʦʣʦʥʢʠ, ʧʠʣ); 

ï ʟʨʫʯʥʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʘʰʠʥʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʥʝ ʦʯʠʱʝʥʥʷ ʥʘʩʽʥʥʷ ʨʠʮʠʥʠ, ʱʦ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʽ ʦʯʠʱʝʥʥʷ ʥʘʩʽʥʠʥ ʨʠʮʠʥʠ ʚʽʜ ʧʣʦʜʽʚ ʧʽʜ ʜʽʻʶ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʤʘʰʠʥʠ ʧʨʦʚʝʜʝʥʦ ʚ ʩʝʨʝʜʦʚʠʱʽ Simcenter Star-CCM+ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ (DEM) ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʤʝʭʘʥʽʢʦʶ ʩʫʮʽʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʝʢʪʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʛʝʦʤʝʪʨʽʾ, ʢʦʥʪʘʢʪʫ ʪʘ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʨʦʙʦʯʽʡ ʟʦʥʽ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʽ ʩʽʪʢʦʚʽ ʤʦʜʝʣʽ: ʛʝʥʝʨʘʪʦʨ ʙʘʛʘʪʦʛʨʘʥʥʠʭ ʢʦʤʽʨʦʢ ʽ ʧʦʚʝʨʭʥʝʚʦʾ 

ʩʽʪʢʠ. ɻʝʥʝʨʘʪʦʨ ʙʘʛʘʪʦʛʨʘʥʥʠʭ ʢʦʤʽʨʦʢ ʦʙʨʘʥʦ ʷʢ ʦʩʥʦʚʥʠʡ ʟʘʩʽʙ ʧʦʙʫʜʦʚʠ ʦʙôʻʤʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʩʽʪʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʧʨʠ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ʢʦʤʽʨʦʢ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʩʢʣʘʜʥʦʾ 

ʛʝʦʤʝʪʨʽʾ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʣʦʜʽʚ ʨʠʮʠʥʠ ʟ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. ɻʝʥʝʨʘʪʦʨ ʧʦʚʝʨʭʥʝʚʦʾ ʩʽʪʢʠ 

ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʛʝʦʤʝʪʨʽʾ ʟ ʤʝʪʦʶ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʦʚʝʨʭʦʥʴ ʪʘ 

ʢʨʘʱʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʤʧʦʨʪʦʚʘʥʠʤ CAD-ʤʦʜʝʣʷʤ. ɹʘʟʦʚʠʡ ʨʦʟʤʽʨ ʩʽʪʢʠ 0,01 ʤ ʦʙʨʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʣʦʜʽʚ ʨʠʮʠʥʠ (ʜʦʚʞʠʥʘ L = 14,8 Ñ 2,2 ʤʤ, ʰʠʨʠʥʘ B = 13,5 Ñ 1,9 ʤʤ), ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʧʨʦʩʪʦʨʦʚʦʛʦ ʦʧʠʩʫ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʧʦʤʽʨʥʦʤʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ.  

ɺ ʩʝʨʝʜʦʚʠʱʽ Simcenter Star-CCM+ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʦʭʦʧʣʶʻ ʚʟʘʻʤʦʜʽʶ 

ʪʚʝʨʜʠʭ ʪʽʣ, ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʢʦʥʪʘʢʪʥʦʾ ʤʝʭʘʥʽʢʠ ʯʘʩʪʠʥʦʢ. ʌʽʟʠʯʥʫ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ 

ʩʝʨʝʜʥʽʭ ʟʘ ʈʝʡʥʦʣʴʜʩʦʤ ʨʽʚʥʷʥʴ ʅʘʚôʻïʉʪʦʢʩʘ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʫʭ ʚôʷʟʢʦʛʦ ʩʪʠʩʣʠʚʦʛʦ ʛʘʟʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʦʧʠʩʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʩʦʙʣʠʚʦ ʚ 

ʟʦʥʘʭ ʣʦʢʘʣʴʥʦʛʦ ʩʪʠʩʥʝʥʥʷ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ ʤʘʰʠʥʠ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʤʦʜʝʣʴ k-Ů, ʷʢʘ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʪʘ ʩʪʽʡʢʠʭ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʧʦʭʠʙʦʢ ʤʦʜʝʣʝʡ, ʽ ʟʘʙʝʟʧʝʯʫʻ ʦʧʠʩ ʷʢ ʚʝʣʠʢʠʭ, ʪʘʢ ʽ ʤʘʣʠʭ ʚʠʭʦʨʽʚ ʫ ʧʦʪʦʮʽ. 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʧʣʦʜʽʚ ʨʠʮʠʥʠ ʪʘ ʧʨʦʜʫʢʪʽʚ ʾʭ ʨʫʡʥʫʚʘʥʥʷ ʨʝʘʣʽʟʦʚʘʥʦ 

ʣʘʛʨʘʥʞʝʚʫ ʙʘʛʘʪʦʬʘʟʥʫ ʤʦʜʝʣʴ, ʫ ʷʢʽʡ ʢʦʞʥʘ ʯʘʩʪʠʥʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʥʝʟʘʣʝʞʥʠʡ ʦʙôʻʢʪ ʽʟ 

ʚʣʘʩʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʪʘ ʬʽʟʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʧʣʽʜ ʨʠʮʠʥʠ 

ʟʤʦʜʝʣʴʦʚʘʥʦ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʯʘʩʪʠʥʦʢ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ (DEM), ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʷʢ 

ʧʦʩʪʽʡʥʘ ʱʽʣʴʥʽʩʪʴ, ʩʢʫʧʯʝʥʥʷ ʯʘʩʪʠʥʦʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʠʪʠ ʩʢʣʘʜʥʫ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ 

ʧʣʦʜʽʚ, ʟʦʢʨʝʤʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽʩʪʴ, ʨʽʟʥʫ ʤʽʮʥʽʩʪʴ ʦʙʦʣʦʥʢʠ ʪʘ ʷʜʨʘ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟʘʩʪʦʩʦʚʘʥʦ 

ʙʘʛʘʪʦʬʘʟʥʫ ʚʟʘʻʤʦʜʽʶ, ʱʦ ʚʢʣʶʯʘʣʘ: ʦʧʽʨ ʢʦʯʝʥʥʶ ʜʣʷ ʦʧʠʩʫ ʧʝʨʝʢʦʯʫʚʘʥʥʷ ʥʘʩʽʥʥʷ; ʬʘʟʦʚʫ 

ʚʟʘʻʤʦʜʽʶ DEM ʜʣʷ ʦʙʤʽʥʫ ʽʤʧʫʣʴʩʦʤ ʤʽʞ ʬʘʟʘʤʠ; ʤʦʜʝʣʴ ɻʝʨʮʘïʄʽʥʜʣʽʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʥʪʘʢʪʥʠʭ ʩʠʣ; ʟʯʝʧʣʝʥʽ ʯʘʩʪʠʥʢʠ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʢʦʛʝʟʽʡʥʠʭ ʟʚôʷʟʢʽʚ; ʤʦʜʝʣʴ ʦʜʠʥʦʯʥʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʨʫʡʥʫʚʘʥʥʷ ʯʘʩʪʠʥʢʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʥʝʷʚʥʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʯʘʩʦʤ ʽ ʫʥʠʢʥʫʪʠ ʥʝʩʪʘʙʽʣʴʥʦʩʪʝʡ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʝʣʠʢʠʤʠ ʯʘʩʦʚʠʤʠ ʢʨʦʢʘʤʠ. ʉʠʣʘ 

ʪʷʞʽʥʥʷ ʙʫʣʘ ʫʚʽʤʢʥʝʥʘ ʷʢ ʛʣʦʙʘʣʴʥʠʡ ʬʘʢʪʦʨ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ, ʾʭ ʩʢʫʧʯʝʥʥʷ ʪʘ 

ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʦʯʠʱʝʥʥʷ. 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʧʣʦʜʽʚ ʽ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʥʘʩʽʥʥʷ 

ʧʽʜ ʜʽʻʶ ʜʨʦʙʠʣʴʥʦʛʦ ʽ ʟʚʦʨʦʪʥʦʛʦ ʢʦʥʫʩʽʚ. ʉʭʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.  

ɺ ʷʢʦʩʪʽ ʬʘʢʪʦʨʽʚ ʜʦʩʣʽʜʞʝʥʴ ʦʙʨʘʥʦ: ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ ʧʦʜʘʯʽ Din (60ï140 ʤʤ), ʢʫʪ ʥʘʭʠʣʫ ʦʩʽ 

ʜʨʦʙʠʣʴʥʦʛʦ ʢʦʥʫʩʫ ɔ (0ï4Á), ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʜʨʦʙʠʣʴʥʦʛʦ ʢʦʥʫʩʫ n (200ï400 ʦʙ/ʭʚ), ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʟʚʦʨʦʪʥʽʤ ʽ ʜʨʦʙʠʣʴʥʠʤ ʢʦʥʫʩʘʤʠ ŭ (0ï20 ʤʤ).  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʩʮʝʥʫ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʧʣʦʜʽʚ ʨʠʮʠʥʠ ʽ 

ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʥʘʩʽʥʥʷ ʽ ʢʦʨʦʙʦʯʦʢ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. ʅʘ ʨʠʩʫʥʢʫ ʚʽʜʦʙʨʘʞʝʥʦ ʜʠʥʘʤʽʢʫ 

ʢʦʥʪʘʢʪʫ ʧʣʦʜʽʚ ʟ ʨʦʙʦʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʜʨʦʙʠʣʴʥʦʛʦ ʽ ʟʚʦʨʦʪʥʦʛʦ ʢʦʥʫʩʽʚ, ʜʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʦʝʪʘʧʥʝ 

ʨʫʡʥʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ (ʢʦʨʦʙʦʯʢʠ) ʪʘ ʚʠʚʽʣʴʥʝʥʥʷ ʥʘʩʽʥʥʷ. ʏʘʩʪʠʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʝʣʝʤʝʥʪʽʚ 

ʤʦʜʝʣʽ ʜʠʩʢʨʝʪʥʠʭ ʪʽʣ (DEM), ʟ ʯʽʪʢʠʤ ʨʦʟʤʝʞʫʚʘʥʥʷʤ ʤʽʞ ʫʣʘʤʢʘʤʠ ʦʙʦʣʦʥʦʢ (ʩʠʥʽ ʩʫʙʯʘʩʪʠʥʢʠ) ʽ 
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ʷʜʨʘʤʠ ʥʘʩʽʥʥʷ (ʯʝʨʚʦʥʽ ʩʫʙʯʘʩʪʠʥʢʠ). ʊʘʢʦʞ ʚʽʟʫʘʣʽʟʦʚʘʥʦ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʡ ʧʦʣʦʞʝʥʥʷ ʫ 

ʧʨʦʩʪʦʨʽ. ʈʠʩʫʥʦʢ ʜʘʻ ʟʤʦʛʫ ʥʘʦʯʥʦ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʜʨʦʙʘʨʢʠ, ʘ ʪʘʢʦʞ 

ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʧʨʦʜʫʢʪʽʚ ʨʫʡʥʫʚʘʥʥʷ ï ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʧʦʜʨʽʙʥʝʥʥʷ. ʊʦʤʫ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʜʦʩʣʽʜʞʝʥʴ ʦʙʨʘʥʦ 

ʯʘʩʪʢʫ ʥʝʨʦʟʣʫʱʝʥʠʭ ʧʣʦʜʽʚ ʪʘ ʩʝʛʤʝʥʪʽʚ ɝf. 

 

 
 

ʈʠʩ. 2 ï ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʧʣʦʜʽʚ ʽ ʚʽʜʦʢʨʝʤʣʝʥʥʷ 

ʥʘʩʽʥʥʷ ʧʽʜ ʜʽʻʶ ʜʨʦʙʠʣʴʥʦʛʦ ʽ ʟʚʦʨʦʪʥʦʛʦ ʢʦʥʫʩʽʚ 

 

ɼʨʫʛʠʤ ʝʪʘʧʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ ʥʘʩʽʥʥʷ ʨʠʮʠʥʠ ʚʽʜ ʥʝʨʦʟʣʫʱʝʥʠʭ ʧʣʦʜʽʚ, 

ʟʘʣʠʰʢʽʚ ʦʙʦʣʦʥʦʢ ʪʘ ʯʘʩʪʠʥʦʢ ʢʦʨʦʙʦʯʦʢ, ʷʢʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ. 

ɼʘʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʥʝʚʤʦʩʝʧʘʨʫʶʯʦʛʦ ʢʘʥʘʣʫ ʟ ʫʩʪʘʥʦʚʣʝʥʠʤ ʫ ʥʴʦʤʫ ʨʝʰʝʪʦʤ, ʘ ʪʘʢʦʞ 

ʮʠʢʣʦʥʘ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʣʝʛʢʠʭ ʜʦʤʽʰʦʢ ʟ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ.  

ʇʥʝʚʤʦʩʝʧʘʨʫʶʯʠʡ ʢʘʥʘʣ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʨʦʟʜʽʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟʘ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʦʪʽʢ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʘʥʘʣ, ʟʘʭʦʧʣʶʻ ʣʝʛʰʽ ʬʨʘʢʮʽʾ ï ʦʙʦʣʦʥʢʠ, 

ʯʘʩʪʠʥʢʠ ʢʦʨʦʙʦʯʦʢ, ʧʠʣʦʚʽ ʚʢʣʶʯʝʥʥʷ, ʘ ʚʘʞʯʽ ʥʘʩʽʥʠʥʠ ʨʠʮʠʥʠ ʪʘ ʯʘʩʪʠʥʘ ʥʝʨʦʟʣʫʱʝʥʠʭ ʧʣʦʜʽʚ 

ʦʩʽʜʘʶʪʴ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʨʦʟʜʽʣʝʥʥʷ ʨʦʟʤʽʨʠ ʢʘʥʘʣʫ ʚʠʙʨʘʥʦ 220 Ĭ 220 ʤʤ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʨʝʢʦʤʝʥʜʘʮʽʷʤ ʧʦʧʝʨʝʜʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʂʫʜʨʷʚʮʝʚ, 2024; 

Kudriavtsev, 2024). ʊʘʢʽ ʛʘʙʘʨʠʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʶ ʧʣʦʱʫ ʧʝʨʝʨʽʟʫ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ ʽ ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʧʘʨʫʚʘʥʥʷ ʩʫʤʽʰʽ ʟʘ ʢʨʫʧʥʽʩʪʶ ʪʘ ʧʠʪʦʤʦʶ ʚʘʛʦʶ.  

ʎʠʢʣʦʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʫʣʦʚʣʶʚʘʥʥʷ ʚʠʥʦʰʝʥʠʭ ʟ ʢʘʥʘʣʫ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʧʠʣʫ. ʁʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ (ʚʠʩʦʪʘ, ʜʽʘʤʝʪʨ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʭʽʜʥʠʤ ʽ ʚʠʭʽʜʥʠʤ ʦʪʚʦʨʘʤʠ) 

ʚʠʙʨʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ (Zhao et al, 2018; Wang, 2004), ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʪʨʘʪ ʥʘʩʽʥʥʷ. 

ʈʝʰʝʪʦ ʚ ʧʥʝʚʤʦʩʝʧʘʨʫʶʯʦʤʫ ʢʘʥʘʣʽ ʚʠʢʦʥʫʻ ʜʦʜʘʪʢʦʚʫ ʬʫʥʢʮʽʶ ʧʦʜʽʣʫ ʟʘ ʨʦʟʤʽʨʘʤʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʫʪʢʦʚʠʡ ʪʠʧ ʨʝʰʝʪʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʧʨʦʧʫʩʢʘʥʥʷ ʥʘʩʽʥʥʷ ʽ 

ʟʘʪʨʠʤʘʥʥʷ ʙʽʣʴʰʠʭ ʬʨʘʛʤʝʥʪʽʚ ʢʦʨʦʙʦʯʦʢ. ʈʦʟʤʽʨ ʱʽʣʠʥʠ ʤʽʞ ʧʨʫʪʢʘʤʠ ʚʠʙʨʘʥʦ 12 ʤʤ, ʱʦ ʻ 


