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ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʛʦʨʥʦʡ ʠ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ: ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ XXIV ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥ-

ʬʝʨʝʥʮʠʠ çʏʪʝʥʠʷ ʧʘʤʷʪʠ ɺ. ʈ. ʂʫʙʘʯʝʢʘè, ʧʨʦʚʝʜʝʥʥʦʡ ʚ ʨʘʤʢʘʭ ʋʨʘʣʴ-

ʩʢʦʡ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʢʘʜʳ 02-03 ʘʧʨʝʣʷ 2026 ʛ. / ʇʦʜ ʦʙ.ɦ ʨʝʜ. ʃʘ-

ʛʫʥʦʚʦʡ ʖ.ɸ. / ʆʨʛʢʦʤʠʪʝʪ: ʖ.ɸ. ʃʘʛʫʥʦʚʘ, ɸ.ɽ. ʂʘʣʷʥʦʚ. ï ɽʢʘʪʝʨʠʥ-

ʙʫʨʛ: ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2026. ï 528 ʩ. 

ISBN: 978-5-9967-0446-0 

DOI: 10.21440/978-5-9967-0446-1-2026-1-532 

 

ɺ ʩʙʦʨʥʠʢʝ ʪʨʫʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʟʦʨʳ ʚ 

ʦʙʣʘʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʛʦʨʥʦʡ ʠ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʚʦʧʨʦʩʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʦʙʦʪʠʟʘʮʠʠ ʛʦʨʥʦʛʦ ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ, ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʧʦʷʚʣʝʥʠʷ ʥʦʚʦʛʦ ʠ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠ ̫ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʨʝʤʦʥʪʘ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʦʚ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʘ-

ʛʘʶʪʩʷ ʘʥʪʠʢʨʠʟʠʩʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ 

ʘʥʪʠʨʦʩʩʠʡʩʢʠʭ ʩʘʥʢʮʠʡ. 

 

 

 

 

 

 

É   ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  
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ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ 

1. ʃʘʛʫʥʦʚʘ ʖʣʠʷ ɸʥʜʨʝʝʚʥʘ ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʋʨʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʛʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʋɻɻʋ), ʧʨʝʜʩʝʜʘʪʝʣʴ ʢʦʥʬʝʨʝʥʮʠʠ (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ); 

2. ʂʘʣʷʥʦʚ ɸʣʝʢʩʘʥʜʨ ɽʚʛʝʥʴʝʚʠʯ ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʦʧʨʝʜʩʝʜʘʪʝʣʴ ʢʦʥʬʝʨʝʥʮʠʠ (ʛ. 

ɽʢʘʪʝʨʠʥʙʫʨʛ); 

3. ʂʦʤʠʩʩʘʨʦʚ ɸʥʘʪʦʣʠʡ ʇʘʚʣʦʚʠʯ ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʋɻɻʋ (ʛ. ɽʢʘʪʝʨʠʥ-

ʙʫʨʛ); 

4. ʐʝʩʪʘʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʋɻɻʋ (ʛ. ɽʢʘʪʝʨʠʥ-

ʙʫʨʛ); 

5. ʊʨʠʬʘʥʦʚ ɻʝʥʥʘʜʠʡ ɼʤʠʪʨʠʝʚʠʯ ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʇʝʨʤʩʢʦʛʦ ʥʘʮʠʦ-

ʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʇʝʨʤʴ); 

6. ɸʥʜʨʝʝʚʘ ʃʶʜʤʠʣʘ ʀʚʘʥʦʚʥʘ ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʛʣ. ʥ. ʩ. ʏʝʣʷʙʠʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʀʥ-

ʩʪʠʪʫʪʘ ʛʦʨʥʦʛʦ ʜʝʣʘ ʀɻɼ ʋʨʆ ʈɸʅ (ʛ. ʏʝʣʷʙʠʥʩʢ); 

7. ɻʣʝʙʦʚ ɸʥʜʨʝʡ ɺʘʣʝʨʴʝʚʠʯ ïʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʀʥʩʪʠʪʫʪʘ ʛʦʨʥʦʛʦ ʜʝʣʘ 

ʀɻɼ ʋʨʆ ʈɸʅ (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ); 

8. ʌʫʨʠʥ ɺʠʪʘʣʠʡ ʆʣʝʛʦʚʠʯ ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʥʘʯʘʣʴʥʠʢ ʪʝʭʥʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʇɸʆ 

çʋʨʘʣʤʘʰʟʘʚʦʜè; 

9. ʏʝʨʚʷʢʦʚ ʉʝʨʛʝʡ ɸʣʝʢʩʝʝʚʠʯ ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʦʚʝʪʥʠʢ ʛʝʥ. ʜʠʨʝʢʪʦʨʘ ʧʦ ʢʦʥ-

ʩʪʨʫʢʪʦʨʩʢʠʤ ʨʘʟʨʘʙʦʪʢʘʤ ʇɸʆ çʋʨʘʣʤʘʰʟʘʚʦʜè; 

10. ʄʫʡʟʝʤʥʝʢ ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʟʘʚ. ʢʘʬ. "ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʠ-

ʢʣʘʜʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʛʨʘʬʠʢʘ" ʇɻʋ (ʛ. ʇʝʥʟʘ). 

 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʠʪʝʪ 

1. ʄʘ ɻʦʛʘʥ - ʜʠʨʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʜʦʢʪʦʨ ʥʘʫʢ ʂʠʪʘʡʩʢʠʡ 

ʥʝʬʪʷʥʦʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʠʪʘʡ); 

2. ʐʵʥʴ ɻʘʥ ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ 

ɸʥʴʭʦʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʂʠʪʘʡ); 

3. ʌʘʥʴ ʍʫʥʜʫʥ ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʂʠʪʘʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʛʦʨʥʦʛʦ ʜʝʣʘ ʠ 

ʪʝʭʥʦʣʦʛʠʡ (ʂʠʪʘʡ); 

2. ʈʝʡʥʭʘʨʜ ʉʘʭʩʝʥʭʦʬʝʨ - ʧʨʦʬʝʩʩʦʨ ɻʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʃʝʦʙʝʥʘ (ʂʦʥʛʦ); 

3. ʄʠʭʘʡʣʦʚ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʷ ɼʦʥʝʮʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ɼʅʈ); 

4. ʉʘʛʠʥʪʘʝʚʘ ʉʘʫʣʝ ʉʘʚʝʪʦʚʥʘ - ʨʝʢʪʦʨ  ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤʝʥʠ ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘ (çʂʘʨʊʋ ʠʤʝʥʠ ɸ. ʉʘʛʠʥʦʚʘè), (ʈ. ʂʘʟʘʭʩʪʘʥ), ʜʦʢʪʦʨ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʤʘʪʝʤʘʪʠʢʠ, ʘʢʘ-

ʜʝʤʠʢ ʄɸʀʅ.  

5. ʄʝʡʨʘʤ ʄʫʭʘʤʝʪʨʘʭʠʤʦʚʠʯ ɹʝʛʝʥʪʘʝʚ - ʨʝʢʪʦʨ, ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦ-

ʮʝʥʪ ʂʘʟʘʭʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. 

ʂ.ʀ. ʉʘʪʧʘʝʚʘ (ʈ. ʂʘʟʘʭʩʪʘʥ);  

6. ʄʫʩʪʘʬʘ ɹʘʙʘ ʦʛʣʳ ɹʘʙʘʥʣʳ ï ʨʝʢʪʦʨ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʝʬʪʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ɸʟʝʨʙʘʡʜʞʘʥ); 

7. ʄʘʨʘʣʙʘʝʚ ɸʢʳʣʙʝʢ ʆʩʢʦʥʙʘʝʚʠʯ - ʨʝʢʪʦʨ, ʧʨʦʬʝʩʩʦʨ ʀʥʩʪʠʪʫʪʘ ʛʦʨʥʦʛʦ ʜʝʣʘ ʠ 

ʛʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɸ.ɸʩʘʥʘʣʠʝʚʘ (ʈ.ʂʘʟʘʭʩʪʘʥ). 

8. ʋʤʝʜʦʚ ʐʝʨʘʣʠ ʍʘʣʣʦʢʦʚʠʯ - ʜ.ʪ.ʥ., ʧʨʦʬ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʅʘʚʦʠʡʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦ-

ʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʋʟʙʝʢʠʩʪʘʥ). 
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ɻʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʦʪʨʘʩʣʴ ʈʦʩʩʠʠ ʪʨʘʜʠʮʠʦʥʥʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʥʘʯʠ-

ʪʝʣʴʥʫʶ ʜʦʣʶ ʵʢʩʧʦʨʪʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʠ ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʜʣʷ ʧʨʦʤʳʰʣʝʥ-

ʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʦʪʨʘʩʣʴ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʢʦʤʧʣʝʢʩʦʤ 

ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʠʥʦʩʪʨʘʥʥʳʭ ʧʦ-

ʩʪʘʚʱʠʢʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʚ ʫʩʣʦʚʠ-

ʷʭ ʩʘʥʢʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʛʣʦʙʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ. 

ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʛʦʨʥʦ-

ʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʧʝʨʝʜʦʚʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶ-

ʯʘʷ ʙʝʩʧʠʣʦʪʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʘʥʘʣʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʘʪʝ-

ʛʠʯʝʩʢʠʭ ʧʝʨʩʧʝʢʪʠʚ ʜʦʩʪʠʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʛʦʨʥʦʜʦ-

ʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ ʩ ʫʯʝʪʦʤ ʦʧʳʪʘ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʠ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʪ-
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ʥʳʝ ʦʮʝʥʢʠ ʠ case-ʘʥʘʣʠʟ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʨʦʩʩʠʡʩʢʠʭ ʛʦʨʥʦʜʦʙʳʚʘ-

ʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʈʦʩʩʠʡʩʢʘʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʦʪʨʘʩʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʩʪʝ-

ʧʝʥʴ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʧʦʨʪʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʚʠʜʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, 

ʦʩʦʙʝʥʥʦ ʧʦ ʜʦʙʳʯʝ ʤʘʨʛʘʥʮʘ, ʭʨʦʤʘ, ʣʠʪʠʷ, ʪʠʪʘʥʘ, ʦʣʦʚʘ. ɺʩʝʛʦ ʥʘʩʯʠʪʳ-

ʚʘʝʪʩʷ 17 ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʚʠʜʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʧʦ ʢʦʪʦʨʳʤ ʈʦʩʩʠʷ 

ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʤʧʦʨʪʘ. ʕʪʘ ʩʠʪʫʘʮʠʷ ʩʦʟʜʘʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʳʝ ʨʠʩʢʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʵʣʝʢʪʨʦʥʠʢʫ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʫʶ ʠ ʦʙʦʨʦʥʥʫʶ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʴ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʧʨʦʷʚʣʷʝʪʩʷ 

ʚ ʥʝʩʢʦʣʴʢʠʭ ʘʩʧʝʢʪʘʭ: ʜʦʣʷ ʠʤʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʪʢʨʳʪʳʭ ʛʦʨ-

ʥʳʭ ʨʘʙʦʪ ʩʦʩʪʘʚʣʷʝʪ 60-80 %, ʚʢʣʶʯʘʷ ʢʘʨʴʝʨʥʳʝ ʵʢʩʢʘʚʘʪʦʨʳ, ʩʘʤʦʩʚʘ-

ʣʳ, ʙʫʨʦʚʳʝ ʩʪʘʥʢʠ; ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʤʧʦʨʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ, ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; ʦʪʩʫʪʩʪʚʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʥʘʣʦ-

ʛʦʚ ʜʣʷ ʨʷʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʛʦʨʥʦʛʦ ʤʘʰʠ-

ʥʦʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʨʠʟʠʩ ʩʪʘʥʢʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ɿʘ ʧʝʨʠʦʜ ʩ 1990 

ʧʦ 2019 ʛʦʜ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʩʦʢʨʘʪʠʣʦʩʴ ʚ 16 ʨʘʟ. 

ɼʝʬʠʮʠʪ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʥʢʦʚ ʩ ʏʇʋ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʪʦʯʥʳʭ ʜʝʪʘʣʝʡ ʜʣʷ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʙʘʨʴʝʨʳ ʜʣʷ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ. 

ɺʚʝʜʝʥʠʝ ʩʘʥʢʮʠʡ ʚ 2022 ʛʦʜʫ ʧʨʠʚʝʣʦ ʢ ʩʝʨʴʝʟʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʚ ʮʝ-

ʧʦʯʢʘʭ ʧʦʩʪʘʚʦʢ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʪʩʫʪʩʪʚʠʝ ʨʝʛʫʣʷʨʥʦʛʦ ʩʝʨʚʠʩʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʦʩʪʘʚʦʢ ʦʨʠʛʠ-

ʥʘʣʴʥʳʭ ʟʘʧʯʘʩʪʝʡ ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ʘʚʘʨʠʡʥʦʩʪʠ ʛʦʨʥʦʡ ʪʝʭʥʠʢʠ ʥʘ 25-

30 %, ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʭʥʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ʧʘʨʢʘ ʜʦ 65-70 %, 

ʫʚʝʣʠʯʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ɺ ʦʪʚʝʪ ʥʘ ʩʘʥʢʮʠʠ ʧʨʦʠʟʦʰʣʘ ʤʘʩʩʦʚʘʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʥʘ ʪʝʭʥʠʢʫ 

ʘʟʠʘʪʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ: 25 % ʨʳʥʢʘ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʠ ʵʢʩʢʘ-

ʚʘʪʦʨʦʚ ʟʘʥʷʣʘ ʬʠʨʤʘ XCMG; 20 % ʨʳʥʢʘ ʵʢʩʢʘʚʘʪʦʨʦʚ ʠ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ 

ï ʬʠʨʤʘ SANY. ʆʜʥʘʢʦ ʵʪʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʩʦʟʜʘʝʪ ʨʠʩʢ "ʩʤʝʥʳ ʠʛʣʳ"- 

ʧʝʨʝʭʦʜʘ ʦʪ ʟʘʧʘʜʥʦʡ ʢ ʢʠʪʘʡʩʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ɼʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʳ ʩ ʘʜʘʧʪʘʮʠʝʡ ʢʠʪʘʡʩʢʦʡ ʪʝʭʥʠʢʠ ʢ ʨʦʩʩʠʡʩʢʠʤ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʦʪʚʝʪ ʥʘ ʚʳʟʦʚʳ ʧʨʠʥʠʤʘʶʪʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʤʝʨʳ ʧʦʜʜʝʨʞʢʠ 

ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ. ʊʘʢ ʚ 2024-2025 ʛʦʜʘʭ ʟʘ ʩʯʝʪ ʙʶʜʞʝʪʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘ-

ʥʠʷ ʚʳʜʝʣʝʥʦ 300 ʤʣʨʜ. ʨʫʙʣʝʡ ʥʘ ʨʘʟʚʠʪʠʝ ʩʪʘʥʢʦʩʪʨʦʝʥʠʷ ʚ 

ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ 2024-2030 ʛʦʜʦʚ, ʚʝʜʝʪʩʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʛʦʨʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʨʝʘʣʠʟʫʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʢʨʝʜʠʪʦʚʘʥʠʷ ʧʨʦʝʢʪʦʚ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ. 

ʅʘ ʫʨʦʚʥʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʠʥʷʪʳ ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ 

ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʜʦ 2050 ʛʦʜʘ, ʌʝʜʝʨʘʣʴʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʧʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʮʝʣʝʚʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʟ-

ʚʠʪʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ ʷʚʣʷ-
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ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʪʨʘʩ-

ʣʠ. ʂʣʶʯʝʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ: 

- ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ (ɹʝʣɸɿ, 

ʂʘʤɸɿ), ʩʦʟʜʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʨʘʙʦʪʳ ʙʝʩʧʠʣʦʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ; 

- ʩʠʩʪʝʤʳ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʢʘʨʴʝʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ; 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦʛʨʫʟʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ 

ʪʝʣʝʤʝʪʨʠʠ,  ʫʜʘʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʢʩʢʘʚʘʪʦʨʦʤ ʠʟ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʮʝʥ-

ʪʨʘ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ; 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʙʫʨʝʥʠʷ, ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤ 

ʥʘʚʝʜʝʥʠʷ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʘʜʘʧʪʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʝʥʠʷ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 

ʂʣʶʯʝʚʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʠ ʨʠʩʢʘʤʠ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪ-

ʨʘʩʣʠ ʷʚʣʷʶʪʩʷ: 

- ʢʘʜʨʦʚʳʡ ʜʝʬʠʮʠʪ (ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʦʪʩʪʘʶʪ ʦʪ ʧʦʪʨʝʙ-

ʥʦʩʪʝʡ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʦʩʪʨʘʷ ʥʝʭʚʘʪʢʘ ʠʥʞʝʥʝʨʦʚ ʧʦ ʨʦʙʦʪʦ-

ʪʝʭʥʠʢʝ, ʀʊ-ʩʧʝʮʠʘʣʠʩʪʦʚ, ʘʥʘʣʠʪʠʢʦʚ ʜʘʥʥʳʭ, ʤʠʛʨʘʮʠʷ ʢʚʘʣʠʬʠʮʠʨʦ-

ʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʜʨʫʛʠʝ ʦʪʨʘʩʣʠ); 

- ʥʦʨʤʘʪʠʚʥʳʝ ʧʨʦʙʝʣʳ (ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ ʜʣʷ ʙʝʩʧʠ-

ʣʦʪʥʳʭ ʩʠʩʪʝʤ, ʥʝʨʘʟʚʠʪʦʩʪʴ ʩʪʘʥʜʘʨʪʦʚ ʟʘʱʠʪʳ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ; ʩʣʦʞ-

ʥʦʩʪʠ ʩ ʩʝʨʪʠʬʠʢʘʮʠʝʡ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ); 

- ʢʘʯʝʩʪʚʦ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ (ʟʘʤʝʥʘ ʥʘ ʤʝʥʝʝ ʥʘʜʝʞʥʫʶ ʪʝʭʥʠʢʫ, 

ʩʦʭʨʘʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʧʦʨʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ); 

- ʬʠʥʘʥʩʦʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ (ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʩʦʟʜʘʥʠʝ 

ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʩʨʦʢʠ ʚʦʟʚʨʘʪʘ ʠʥʚʝʩʪʠʮʠʡ, ʥʝʜʦʩʪʘ-

ʪʦʢ ʨʠʩʢʦʚʦʛʦ ʢʘʧʠʪʘʣʘ ʜʣʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ). 

ʅʘ ʙʣʠʞʘʡʰʠʝ ʪʨʠ ʛʦʜʘ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʦʣʞʥʳ ʩʪʘʪʴ: 

ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʘʨʢʘ ʛʦʨ-

ʥʦʡ ʪʝʭʥʠʢʠ; ʟʘʧʫʩʢ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʣʶʯʝʚʳʭ ʚʠʜʦʚ ʛʦʨʥʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʚʢʣʶʯʝʥʥʦʛʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʄʠʥʧʨʦʤʪʦʨʛʦʤ ʈʦʩʩʠʠ ʚ 

ʩʧʠʩʢʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʧʨʦʜʫʢʮʠʠ; ʩʦʟʜʘʥʠʝ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʧʦʣʠʛʦʥʦʚ 

ʜʣʷ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ; ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. 

ɼʣʷ ʩʠʩʪʝʤʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʥʝʦʙʭʦʜʠʤʳ: 

- ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟ- 

ʚʠʪʠʷ ʛʦʨʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ; 

- ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʦʥʜʘ ʧʦʜʜʝʨʞʢʠ ʠʥʥʦʚʘʮʠʡ ʚ 

ʛʦʨʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ; 

- ʚʚʝʜʝʥʠʝ ʣʴʛʦʪʥʦʛʦ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʩʦʟʜʘʥʠʝ ʦʪʨʘʩʣʝʚʳʭ ʢʦʥʩʦʨʮʠʫʤʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʪʝʭʥʠ-
ʯʝʩʢʠʭ ʩʠʩʪʝʤ; 

- ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤ ʮʝʣʝʚʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʩʪʘʞʠʨʦʚʦʢ ʜʣʷ ʤʦʣʦʜʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. 



͔́ͻ͎͙ͤͦͦ͡;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤ ͒͡Ύ ͎͚ͦͪͤͦ ͙ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ 

7 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʫʚʝʨʝʥʠʪʝʪ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ ʷʚ-

ʣʷʝʪʩʷ ʜʦʩʪʠʞʠʤʦʡ ʮʝʣʴʶ ʧʨʠ ʫʩʣʦʚʠʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʩʦʯʝʪʘʶʱʝʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ, ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦ-

ʤʳʰʣʝʥʥʫʶ ʢʦʦʧʝʨʘʮʠʶ. ʂʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʩʪʦʛʦ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʢ ʩʦʟʜʘʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. 

ʋʩʧʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʪʨʘʩʣʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʚʠʚʘʪʴ ʢʘʜʨʦʚʳʡ ʧʦʪʝʥ-

ʮʠʘʣ ʠ ʩʦʟʜʘʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʵʢʦʩʠʩʪʝʤʫ ʜʣʷ ʛʦʨʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝ-

ʥʠʷ. ʆʩʦʙʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʠʥʪʝʟ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʧʳʪʘ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪ-

ʢʠ ʩ ʧʝʨʝʜʦʚʳʤʠ ʮʠʬʨʦʚʳʤʠ ʠ ʙʝʩʧʠʣʦʪʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʩʦʟʜʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʫʶ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʫʶ ʛʦʨʥʦʜʦʙʳ-

ʚʘʶʱʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʈʦʩʩʠʠ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʩʚʷʟʘʥʳ ʥʝ ʪʦʣʴʢʦ ʩ ʧʨʝʦʜʦʣʝʥʠʝʤ ʪʝ-

ʢʫʱʠʭ ʚʳʟʦʚʦʚ, ʥʦ ʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʦʣʛʦʩʨʦʯʥʳʭ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝ-

ʠʤʫʱʝʩʪʚ ʥʘ ʦʩʥʦʚʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʈʝʘʣʠʟʘʮʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʨʠʦʨʠʪʝʪʦʚ ʧʦʟ-

ʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʫʚʝʨʝʥʠʪʝʪ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ 

ʈʦʩʩʠʠ ʢ 2035 ʛʦʜʫ ʠ ʩʦʟʜʘʪʴ ʦʩʥʦʚʫ ʜʣʷ ʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʜʦʣʛʦ-

ʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. 
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ʋɼʂ 377.35 

ʆʊ 3D ʄʆɼɽʃʀ ʂ ʂɸʈʔɽʈɽ:  

ʇɽʈɺɸʗ ʇʈʆʌɽʉʉʀʗ ɺ ʀʅɾɽʅɽʈʅʆʄ ɼɽʃɽ 
 

ʅ.ɺ. ʉʘʚʠʥʦʚʘ1, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʖ.ʆ. ʇʝʨʝʚʝʨʟʝʚ2 
1ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʌ 

2 ɸʅʆ ç ʋʨʘʣʴʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʪʚʦʨʯʝʩʢʘʷ ʤʘʩʪʝʨʩʢʘʷ çʄ-ʃʘʙʩè,  

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʌ 
 

ʆ ʧʦʣʫʯʝʥʠʠ ʰʢʦʣʴʥʠʢʘʤʠ ʧʝʨʚʦʡ ʧʨʦʬʝʩʩʠʠ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʨʠ-

ʝʥʪʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ çʇʨʦʬʤʠʥʠʤʫʤè. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʧʨʦʬʝʩʩʠʠ ʜʣʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʥʞʝʥʝʨʥʦʝ ʜʝʣʦ ʚʳʙʨʘʥʘ ʧʨʦʬʝʩʩʠʷ ʏʝʨʪʝʞʥʠʢ -ʢʦʥʩʪʨʫʢʪʦʨ. ʆʥʘ ʧʦʟ-

ʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʰʢʦʣʴʥʠʢʫ ʥʘʚʳʢʠ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʴʷ ʠ ʤʝʪʨʦʣʦʛʠʠ, 

ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʦʡʪʠ ʢ ʚʳʙʦʨʫ ʙʫʜʫʱʝʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʬʤʠʥʠʤʫʤ, ʧʝʨʚʘʷ ʧʨʦʬʝʩʩʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʉɸʇʈ 
 

FROM 3D MODEL TO CAR EER: 

FIRST PROFESSION IN ENGINEERING  
 

N.V. Savinova, Yu.O. Pereverzev  
 

About obtaining the first profession by schoolchildren within the framework of the "Profmin-

imum" model of professional orientation activities. The profession of Draftsman-Designer has 

been chosen as the basic profession for the engineering field. It allows schoolchildren to ac-

quire the skills of building digital models in automated design systems, as well as knowledge 

in the fields of materials science and metrology, which helps them to choose their future spe-

cialization effectively. 

Keywords: professional minimum, first profession, modeling, CAD 
 

ʉ ʩʝʥʪʷʙʨʷ 2023 ʛʦʜʘ ʚ ʨʦʩʩʠʡʩʢʠʭ ʰʢʦʣʘʭ ʥʘʯʘʣʩʷ ʥʦʚʳʡ ʵʪʘʧ ʨʘʟ-

ʚʠʪʠʷ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ ï ʝʜʠʥʘʷ ʤʦʜʝʣʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʦʥ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ çʇʨʦʬʤʠʥʠʤʫʤè [1]. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ 

ʧʦʜʛʦʪʦʚʢʘ ʰʢʦʣʴʥʠʢʦʚ ʢ ʦʩʦʟʥʘʥʥʦʤʫ ʚʳʙʦʨʫ ʧʨʦʬʝʩʩʠʠ, ʵʪʦ ʦʜʠʥ ʠʟ ʧʫ-

ʪʝʡ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʫʢʨʝʧʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʉʝʛʦʜʥʷ ʫ ʢʘʞʜʦʛʦ ʫʯʝʥʠʢʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʩʚʦʠʪʴ ʧʝʨʚʫʶ ʧʨʦʬʝʩʩʠʶ ʧʨʷʤʦ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʚ ʰʢʦʣʝ. ʀ ʵʪʦ ʥʝ 

ʧʨʦʩʪʦ ʟʥʘʢʦʤʩʪʚʦ ʩ ʚʦʟʤʦʞʥʳʤʠ ʩʬʝʨʘʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ, ʘ ʧʦʣʫʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, ʢʦʪʦʨʳʝ ʩʪʘʥʫʪ ʥʘʜʝʞʥʦʡ ʦʧʦʨʦʡ 

ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʦʩʪʘ. ʈʝʯʴ ʧʦʡʜʝʪ ʦ ʩʢʚʦʟʥʳʭ ʚʠʜʘʭ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʥʘʚʳʢʘʭ ʠ ʢʦʤʧʝʪʝʥʮʠʷʭ, ʢʦʪʦ-

ʨʳʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʄʥʦʛʠʝ ʰʢʦʣʴʥʠʢʠ ʠʩʧʳʪʳʚʘʶʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʚʳʙʦʨʝ ʙʫʜʫʱʝʡ 

ʧʨʦʬʝʩʩʠʠ. ʀ ʵʪʦ ʩʦʚʝʨʰʝʥʥʦ ʥʦʨʤʘʣʴʥʦ! ʄʠʨ ʧʨʦʬʝʩʩʠʡ ʦʛʨʦʤʝʥ ʠ ʧʦ-

ʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ. ɺʦʟʤʦʞʥʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʨʝʘʣʠʟʫʝʤʘʷ ʚ 

ʰʢʦʣʘʭ, ʜʦʣʞʥʘ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʙʫʜʫʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʰʢʦʣʴʥʠ-

ʢʘ. ʕʪʦ ʪʘʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʘʢ ʠʥʞʝʥʝʨʥʦʝ ʜʝʣʦ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦ-

ʣʦʛʠʠ, ʤʝʜʠʮʠʥʘ, ʦʙʨʘʟʦʚʘʥʠʝ, ʩʦʮʠʘʣʴʥʘʷ ʨʘʙʦʪʘ, ʵʢʦʥʦʤʠʢʘ ʠ ʪ.ʜ. ʋʞʝ 

ʚʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʩʪ ʧʦʥʠʤʘʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʥʠʷʭ ʠ ʢʦʤʧʝʪʝʥ-

ʮʠʷʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʫʜʫʱʝʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ʅʦ ʚ ʵʪʦʤ ʩʦʩʪʦʠʪ ʩʣʦʞʥʦʩʪʴ 
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ʜʣʷ ʩʦʩʪʘʚʠʪʝʣʝʡ ʧʨʦʛʨʘʤʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʰʢʦʣʘʭ, ʪʘʢ ʢʘʢ 

ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʩʥʦʚʘʥʳ ʥʘ ʌɻʆʉ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʬʝʩʩʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʧʨʘʚʣʝʥʠʝ ʠʥʞʝʥʝʨʥʦʝ ʜʝʣʦ. ɺ ʧʨʠʢʘʟʝ ʤʠʥʠʩʪʝʨʩʪʚʘ 

ʧʨʦʩʚʝʱʝʥʠʷ ʈʌ ʦʪ 14 ʠʶʣʷ 2023 ʛʦʜʘ çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʝʨʝʯʥʷ ʧʨʦʬʝʩ-

ʩʠʡ ʨʘʙʦʯʠʭ, ʜʦʣʞʥʦʩʪʝʡ ʩʣʫʞʘʱʠʭ, ʧʦ ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝè ʚʳʜʝʣʝʥʳ ʥʘʠʤʝʥʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʠ ʚʭʦʜʷʱʠʝ ʚ 

ʨʘʟʜʝʣ çʉʢʚʦʟʥʳʝ ʚʠʜʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠè. ɺ ʧʝʨʝʯʥʝ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʚʢʣʶʯʝʥʳ ʏʝʨʪʝʞʥʠʢ ʠ ʏʝʨʪʝʞʥʠʢ-

ʢʦʥʩʪʨʫʢʪʦʨ ʩ ʢʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʆʙʱʝʨʦʩʩʠʡʩʢʠʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ 

ʧʨʦʬʝʩʩʠʡ 27530 ʠ 27534 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʥʘʰʝʤ ʧʦʥʠʤʘʥʠʠ ʯʝʨʪʝʞʥʠʢ 

ʵʪʦ ʪʦʪ, ʯʪʦ ʫʤʝʝʪ ʯʝʨʪʠʪʴ ʠ ʦʬʦʨʤʣʷʪʴ ʪʝʭʥʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ. ʅʦ 

ʩʝʛʦʜʥʷ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʝʢʪʳ ʩʦʟʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʧʴʶ-

ʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ï ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ). 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʘʢʪʠʚʥʦ ʧʝʨʝʭʦʜʷʪ ʥʘ çʙʝʟʙʫʤʘʞʥʦʝè ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʷ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦ ʚʩʝʭ ʧʨʦʮʝʩʩʘʭ. ʆʩʥʦ-

ʚʦʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʥʦʚʠʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʧʨʦʜʫʢʪʘ. ʆʥʘ ʩʦʟʜʘʝʪʩʷ ʚ 

CAD ʩʠʩʪʝʤʝ ʉɸʇʈ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤʠ ʪʨʫʜʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʯʝʨʪʝʞʥʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʝʡ ʠ ʦʬʦʨʤʣʝʥʠʝ ʧʦ ʥʠʤ ʚʩʝʭ ʚʠʜʦʚ ʜʦʢʫʤʝʥʪʦʚ ʚ ʉɸʇʈ. ʂʘʢ ʟʥʘʪʴ, 

ʚʦʟʤʦʞʥʦ, ʠ ʩʘʤʘ ʧʨʦʬʝʩʩʠʷ ʠʟʤʝʥʠʪ ʥʘʟʚʘʥʠʝ ʥʘ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʝ, 

ʥʘʧʨʠʤʝʨ, ʦʧʝʨʘʪʦʨ ʉɸʇʈ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʚʳʢʠ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʠ ʛʝʥʝʨʘʮʠʷ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʣʶʙʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ ð ʵʪʦ ʬʫʥʜʘʤʝʥʪ ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʀʥʞʝʥʝʨʥʦʝ ʜʝʣʦ. ʏʝʨʪʝʞʥʠʢ-ʢʦʥʩʪʨʫʢʪʦʨ ʤʦʞʝʪ 

ʚʳʙʨʘʪʴ ʣʶʙʫʶ ʦʙʣʘʩʪʴ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ: ʤʘʰʠʥʦʩʪʨʦʝ-

ʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʘʚʠʘʩʪʨʦʝʥʠʝ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ, ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʴ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʜʠʟʘʡʥ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ. 

ɿʘ ʚʳʙʦʨ ʪʘʢʦʡ ʧʝʨʚʦʡ ʧʨʦʬʝʩʩʠʠ ʠ ʪʦ, ʯʪʦ ʰʢʦʣʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʧʨʠʦʙʨʝʪʘʪʴ ʩʧʝʮʠʘʣʴʥʦʝ, ʫʟʢʦʧʨʦʬʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʂʦʤʧʴʶʪʝʨ-

ʥʳʡ ʢʣʘʩʩ ʪʝʧʝʨʴ ʝʩʪʴ ʚ ʢʘʞʜʦʡ ʰʢʦʣʝ. ʋʯʝʙʥʳʝ ʚʝʨʩʠʠ ʨʦʩʩʠʡʩʢʠʭ ʉɸʇʈ 

ʜʣʷ ʰʢʦʣ ʩʪʦʷʪ ʜʦʩʪʫʧʥʦ. ɸ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʞʝʣʘʶʱʠʭ ʚʳʧʦʣʥʠʪʴ ʜʦ-

ʤʘʰʥʝʝ ʟʘʜʘʥʠʝ ʠʣʠ ʧʨʦʩʪʦ ʫʛʣʫʙʠʪʴʩʷ ʚ ʤʠʨ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʝʢʫʱʘʷ 

ʚʝʨʩʠʷ ʉɸʇʈ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʦ. ʐʪʘʥʛʝʥʮʠʨʢʫʣʠ, ʫʛʣʦʤʝʨʳ, 

ʰʘʙʣʦʥʥʳʝ ʨʘʜʠʫʩʦʤʝʨʳ ï ʧʨʦʩʪʝʡʰʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʪʦʞʝ 

ʥʘʡʜʫʪʩʷ ʚ ʰʢʦʣʝ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʫʨʦʢʘʭ ʪʝʭʥʦʣʦʛʠʠ. 

ʊʝʧʝʨʴ ʦ ʚʳʟʦʚʘʭ, ʩ ʢʦʪʦʨʳʤʠ ʧʨʠʜʝʪʩʷ ʩʪʦʣʢʥʫʪʴʩʷ ʫʯʝʙʥʦʤʫ ʟʘʚʝ-

ʜʝʥʠʶ ʧʨʠ ʚʳʙʦʨʝ ʣʶʙʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʀ 

ʧʝʨʚʦʝ, ʦ ʯʝʤ ʥʫʞʥʦ ʧʦʟʘʙʦʪʠʪʴʩʷ ï ʵʪʦ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʥʝʦʙʭʦʜʠ-

ʤʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʪʘʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʰʢʦʣʘʭ ʥʝʪ. ʆʙʩʫʜʠʤ ʢʣʶʯʝʚʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ.  

ʇʝʨʚʦʝ ʠʟ ʥʠʭ, ʨʘʟʚʠʪʠʝ ʰʢʦʣʴʥʳʭ ʧʝʜʘʛʦʛʦʚ. ʅʫʞʥʦ ʥʘʧʨʘʚʣʷʪʴ ʥʘ 

ʢʫʨʩʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʦ ʫʢʘʟʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʫʯʠʪʝʣʝʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʠʥʬʦʨʤʘʪʠʢʠ, ʯʝʨʯʝʥʠʷ, ʨʠʩʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʫʢʦʚʦʜʠʪʝʣʝʡ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʢʨʫʞʢʦʚ ʧʦ ʧʦʜʛʦʪʦʚʢʠ ʜʝʪʝʡ ʢ ʪʝʭʥʠ-

ʯʝʩʢʠʤ ʦʣʠʤʧʠʘʜʘʤ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʯʝʤʧʠʦʥʘʪʘʤ. 
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ʇʨʦʚʦʜʠʪʴ ʢʫʨʩʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʜʘʛʦʛʦʚ ʤʦʛʫʪ ʣʠ-

ʮʝʥʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʨʝʘʣʠʟʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ (ɼʇʆ). ʕʪʦ ʪʘʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʢ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʳʝ, ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʠʣʠ ʩ ʛʦʩʫʯʘʩʪʠʝʤ ʮʝʥʪʨʳ ɼʇʆ, ʚʳʩʰʠʝ 

ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʠ ʢʦʣʣʝʜʞʠ ʧʨʠ ʥʘʣʠʯʠʠ ʣʠʮʝʥʟʠʠ ʥʘ ɼʇʆ, ʠʥʩʪʠʪʫʪʳ 

ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠ ʥʘʣʠʯʠʠ ʣʠʮʝʥ-

ʟʠʠ, ʣʠʮʝʥʟʠʨʦʚʘʥʥʳʝ ʯʘʩʪʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʮʝʥʪʨʳ [2]. ʉ 1 ʩʝʥʪʷʙʨʷ 

2025 ʛʦʜʘ ʦʙʫʯʝʥʠʝ ʧʝʜʘʛʦʛʦʚ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟ-

ʤʦʞʝʥ ʪʦʣʴʢʦ ʚ ʫʧʦʣʥʦʤʦʯʝʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʨ-

ʛʘʥʠʟʘʮʠʷʭ ʠ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʩ ʛʦʩʫʯʘʩʪʠʝʤ [3]. 

ʂʨʫʛ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʜʠʩʮʠʧʣʠʥ çʇʝʨʚʦʡ ʧʨʦʬʝʩʩʠʠè ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʰʠʨʝʥ ʟʘ ʩʯʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ɺʆ, ʉʇʆ, ɼʇʆ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʩʦʚʤʝ-

ʩʪʠʪʝʣʴʩʪʚʫ ʥʘ ʦʩʥʦʚʝ ʜʦʛʦʚʦʨʘ ɻʇʍ. ʇʝʜʘʛʦʛʠ ʠʟ ʵʪʦʡ ʩʨʝʜʳ ʦʙʣʘʜʘʶʪ 

ʵʢʩʧʝʨʪʥʳʤʠ ʟʥʘʥʠʷʤʠ, ʩʣʝʜʷʪ ʟʘ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʧʦʥʠʤʘʶʪ ʥʫʞʜʳ ʨʳʥʢʘ ʪʨʫʜʘ. 

ʆʨʛʘʥʠʟʦʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʧʨʦʬʝʩʩʠʠ ʏʝʨʪʝʞʥʠʢ-ʢʦʥʩʪʨʫʢʪʦʨ ʤʦʞʥʦ 

ʠ ʚ ʨʘʤʢʘʭ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʢʦʣʘ ï ʢʦʣʣʝʜʞ, ʰʢʦʣʘ ï ʚʫʟ, ʰʢʦʣʘ 

ï ɼʇʆ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʨʛʘʥʠʟʘʮʠʠ ɺʆ ʠ ʉʇʆ, ʢʨʦʤʝ ʦʙʫʯʝʥʠʷ, ʤʦʛʫʪ ʚʝ-

ʩʪʠ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ: ʧʦʟʥʘʢʦʤʠʪʴ ʰʢʦʣʴʥʠʢʦʚ ʩʦ ʩʚʦʠʤʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʧʦʢʘʟʘʪʴ ʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʚ 

ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ, ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʠ ʤʦʪʠʚʠʨʦʚʘʪʴ ʠʭ ʧʦʩʪʫʧʘʪʴ ʢ ʥʠʤ ʧʦ-

ʩʣʝ ʦʢʦʥʯʘʥʠʷ ʰʢʦʣʳ. ɺʫʟ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ʧʨʦʭʦʜʠʣʦ ʧʦʣʫʯʝʥʠʝ ʧʝʨʚʦʡ 

ʧʨʦʬʝʩʩʠʠ, ʤʦʞʝʪ ʥʘʯʠʩʣʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʘʣʣʳ ʢ ɽɻʕ ʜʣʷ ʩʚʦʠʭ ʘʙʠ-

ʪʫʨʠʝʥʪʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʨʠʢʘʟʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʦʪ 21 ʘʚʛʫʩʪʘ 2020 ʛ. N 1076 [4]. ʅʘʧʨʠʤʝʨ, ʄʫʨ-

ʤʘʥʩʢʠʡ ʘʨʢʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʯʠʩʣʷʝʪ 10 ʙʘʣʣʦʚ ʚʩʝʤ ʚʳʧʫʩʢʥʠʢʦʚ 

ʩʚʦʠʭ ʧʨʦʬʠʣʴʥʳʭ ʢʣʘʩʩʦʚ ʚ ʰʢʦʣʘʭ: ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ, ɸʪʦʤ-

ʢʣʘʩʩʦʚ, ʤʦʨʩʢʠʭ ʠ ʜʨʫʛʠʭ. ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʫʯʠʪʳʚʘʝʪ ʧʨʝʜʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʘʙʠʪʫʨʠʝʥʪʦʚ ʚ ʩʦʙʩʪʚʝʥʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ [5]. ʄʦʩʢʦʚʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨ-

ʩʠʪʝʪ ʧʨʠʙʘʚʣʷʝʪ ʜʦ 10 ʙʘʣʣʦʚ ʫʯʝʥʠʢʘʤ ʧʨʝʜʧʨʦʬʠʣʴʥʳʭ ʢʣʘʩʩʦʚ ï ʠʥʞʝ-

ʥʝʨʥʳʭ, ʤʝʜʠʮʠʥʩʢʠʭ, ʢʘʜʝʪʩʢʠʭ, ʜʦʙʠʚʰʠʭʩʷ ʫʩʧʝʭʦʚ ʥʘ ʧʨʦʬʠʣʴʥʳʭ 

ʢʦʥʢʫʨʩʘʭ [6]. 

ʂʣʶʯʝʚʦʡ ʤʦʤʝʥʪ ʚ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ï ʵʪʦ ʨʘʟʨʘʙʦʪʢʘ ʨʘʙʦ-

ʯʝʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ʇʨʠʤʝʨʦʚ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ ʜʦʩʪʘʪʦʯʥʦ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʦʥʠ ʥʝ ʠʤʝʶʪ ʦʙʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʘʚʳʢʦʚ ʫ ʰʢʦʣʴʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʦʙʲʝʤʘʭ ʧʦʜʛʦʪʦʚʢʠ. 

ʋʨʘʣʴʩʢʘʷ ʥʘʫʯʥʘʷ ʤʘʩʪʝʨʩʢʘ ̫ (ʋʅʄ) çʄ-ʃɸɹʉè ʚ ʩʦʜʨʫʞʝʩʪʚʝ 

ʅʆʏʋ çʆɼʇʆ çʂʘʜʨʳ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ (ʂʎʕ)è (ʣʠʮʝʥʟʠʷ ʥʘ ʦʙʨʘʟʦ-

ʚʘʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ˉ 20 502 ʦʪ 12.05.2021), ʦʧʠʨʘʷʩʴ ʥʘ ʩʚʦʡ ʦʧʳʪ ʚ 

ʦʙʫʯʝʥʠʠ ʰʢʦʣʴʥʠʢʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʥʘʚʳʢʘʤ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʝʜʩʪʘʚʠʣʘ ʧʨʦʛʨʘʤʤʫ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ç27534 ʏʝʨʪʸʞ-

ʥʠʢ-ʢʦʥʩʪʨʫʢʪʦʨè. ʆʥʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʘʤʢʘʭ ʩʝʪʝʚʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʰʢʦʣʘʤʠ ɽʢʘʪʝʨʠʥʙʫʨʛʘ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ 10ï11 ʢʣʘʩʩʦʚ.  

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʳ ʟʘʧʣʘʥʠʨʦʚʘʥʘ ʥʘ 32 ʥʝʜʝʣʠ ʚ 10 ʢʣʘʩʩʝ, ʯʪʦ 

ʩʦʩʪʘʚʠʪ 144 ʯʘʩʘ. ɺ 11 ʢʣʘʩʩʝ ʧʨʦʛʨʘʤʤʘ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʚ ʪʝʯʝʥʠʝ 16 
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ʥʝʜʝʣʴ, ʩ ʦʙʱʠʤ ʦʙʲʝʤʦʤ 72 ʯʘʩʘ. ɿʘʥʷʪʠʷ ʧʨʦʚʦʜʷʪʩʷ ʝʞʝʥʝʜʝʣʴʥʦ ʚ 

ʰʢʦʣʴʥʳʭ ʢʣʘʩʩʘʭ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ çʄ-ʃɸɹʉè, ʠ ʚ ʢʘʥʠʢʫʣʷʨʥʦʝ ʚʨʝʤʷ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʝ ʋʅʄ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʊʝʭʥʦʧʘʨʢʝ ʚʳʩʦʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ çʋʥʠʚʝʨʩʠʪʝʪʩʢʠʡè. ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝ-

ʜʝʥ ʢʨʘʪʢʠʡ ʫʯʝʙʥʳʡ ʧʣʘʥ. 

ʊʘʙʣʠʮʘ ï ʋʯʝʙʥʳʡ ʧʣʘʥ ʢʨʘʪʢʠʡ 
 

ʋʯʝʙʥʳʝ ʜʠʩʮʠʧʣʠʥʳ 
ʆʙʲʝʤ, ʘʢʘ-

ʜʝʤ. ʯʘʩʳ 
ʌʦʨʤʘ ʘʪʪʝʩʪʘʮʠʠ 

 10 ʢʣʘʩʩ 

1. ʆʨʛʘʥʠʟʘʮʠʷ ʠ ʦʭʨʘʥʘ ʪʨʫʜʘ 4 ʆʧʨʦʩ 

2. ʊʝʭʥʠʯʝʩʢʠʡ ʨʠʩʫʥʦʢ ʠ ʛʨʘʬʠʢʘ 12 ɿʘʯʝʪ 

3. ʄʝʪʨʦʣʦʛʠʷ ʠ ʦʩʥʦʚʳ ʨʝʚʝʨʩ-ʠʥʞʠʥʠʨʠʥʛʘ 16 ɿʘʯʝʪ 

4. ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ 12 ɿʘʯʝʪ 

5. ʊʨʸʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʉɸʇʈ 
44 

ɿʘʯʝʪ 

ʇʨʦʝʢʪʥʘʷ ʨʘʙʦʪʘ 

6. ʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘ 20 ɿʘʯʝʪ 

7.  ʆʩʥʦʚʳ 3D ʧʝʯʘʪʠ 16 ʇʨʦʝʢʪʥʘʷ ʨʘʙʦʪʘ 

8 ʇʨʘʢʪʠʢʘ 20  

  144  

 11 ʢʣʘʩʩ 

7 ʊʨʸʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʉɸʇʈ 
 

ɿʘʯʝʪ, ʧʨʦʝʢʪʥʘʷ 

ʨʘʙʦʪʘ 

 ʄʝʪʨʦʣʦʛʠʷ ʠ ʦʩʥʦʚʳ ʨʝʚʝʨʩ-ʠʥʞʠʥʠʨʠʥʛʘ  ɿʘʯʝʪ 

 ʊʝʭʥʠʯʝʩʢʦʝ ʪʚʦʨʯʝʩʪʚʦ ʠ ʦʩʥʦʚʳ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ 
 ʇʨʦʝʢʪʥʘʷ ʨʘʙʦʪʘ 

 ɼʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʵʢʟʘʤʝʥ 8 ʕʢʟʘʤʝʥ 

  72  

 ɺʩʝʛʦ 216  

 

ʅʆʏʋ çʂʎʕè ï ɸʚʪʦʨʠʟʦʚʘʥʥʳʡ ʫʯʝʙʥʳʡ ʮʝʥʪʨ ʢʦʤʧʘʥʠʠ çɸʩʢʦʥè 

ʧʦ ʩʧʝʮʠʘʣʠʟʘʮʠʠ çʉʠʩʪʝʤʳ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ çʂʦʤʧʘʩ-3Dè. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʜʠʩʮʠʧʣʠʥʳ çʊʨʸʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʉɸʇʈè ʠ 

çʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè ʧʨʝʧʦʜʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ çʂʦʤʧʘʩ-3Dè ʧʦʩʣʝʜʥʝʡ ʚʝʨʩʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʘʢʪʫʘʣʴʥʦʝ ʠ 

ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝ. 

ɼʣʷ ʦʩʚʦʝʥʠʷ ʜʠʩʮʠʧʣʠʥ çʊʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝè ʠ çʄʝʪʨʦʣʦ-

ʛʠè̫ ʚ ʄ-ʃʘʙʩ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʳʧʫʱʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ. ʆʥʠ ʥʘʟʳʚʘʶʪʩʷ çʆʩʥʦʚʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʉɸʇʈè ʠ çʆʩʥʦʚʳ ʠʥʞʝʥʝʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʨʝʚʝʨʩ ʠʥʞʠʥʠʨʠʥʛʘè. ɻʣʘʚ-

ʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ï ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘ-

ʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʫʯʘʱʠʤʩʷ ʢʘʯʝʩʪʚʝʥʥʦ ʦʩʚʦʠʪʴ ʤʘʪʝʨʠʘʣ ʠ ʦʪʨʘ-

ʙʦʪʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʥʘʚʳʢʠ. 

ʉʝʛʦʜʥʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʨʝʥʥʳʡ ʠ ʧʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʨʳʥʢʘ 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀ ʪɻʦ ʥʝ ʧʨʦʩʪʦ ʤʦʜʥʳʡ ʪʨʝʥʜ, ʘ ʨʝʘʣʴʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʚʳʢʠ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʩʪʘ-

ʥʦʚʷʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʠʥʞʝʥʝʨʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʚʳʙʦʨ ʧʝʨʚʦʡ ʧʨʦʬʝʩʩʠʠ çʏʝʨʪʝʞʥʠʢï

ʢʦʥʩʪʨʫʢʪʦʨè ʚʳʛʣʷʜʠʪ ʘʙʩʦʣʶʪʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ. ʕʪʦ ʦʪʣʠʯʥʘʷ ʩʪʘʨʪʦʚʘʷ 

ʧʣʦʱʘʜʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʰʢʦʣʴʥʠʢʘʤ ʦʩʚʦʠʪʴ ʙʘʟʦʚʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦ-
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ʪʳ ʚ ʉɸʇʈ, ʧʦʣʫʯʠʪʴ ʮʝʥʥʳʡ ʦʧʳʪ ʠ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʨʦʩʪʫ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
 

1. ʇʠʩʴʤʦ ʄʠʥʧʨʦʩʚʝʱʝʥʠʷ ʈʌ ʦʪ 01.06.2023 N ɸɹ-2324/05. ʆ ʚʥʝʜʨʝʥʠʠ ʝʜʠʥʦʡ ʤʦ-

ʜʝʣʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 

2. ʄ-ʃʘʙʩ. ʋʨʘʣʴʩʢʘʷ ʥʘʫʯʥʘʷ ʤʘʩʪʝʨʩʢʘʷ: ʦʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ ï URL: 

https://mlabs.pro/pedagogi-compas3d (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 05.02.2026) 

3. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 21.04.2025 ˉ 86-ʌɿ 

çʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʘʪʴʠ 3 ʠ 47 ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ çʆʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè. 

4. ʇʨʠʢʘʟ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʦʪ 21 ʘʚʛʫʩʪʘ 2020 ʛ. N 1076 

çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʦʨʷʜʢʘ ʧʨʠʝʤʘ ʥʘ ʦʙʫʯʝʥʠʝ ʧʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʚʳʩ-

ʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ - ʧʨʦʛʨʘʤʤʘʤ ʙʘʢʘʣʘʚʨʠʘʪʘ, ʧʨʦʛʨʘʤʤʘʤ ʩʧʝʮʠʘʣʠʪʝʪʘ, ʧʨʦʛʨʘʤʤʘʤ 

ʤʘʛʠʩʪʨʘʪʫʨʳè. 

5. ʅʝʢʨʘʩʦʚʘ ʖ. ʅʦʚʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ: ʧʨʠʝʤʥʘʷ ʢʘʤʧʘʥʠʷ 2025 ï URL: 

https://propostuplenie.ru/article/novye-individualnye-dostizheniya-priyomnaya-kampaniya-

2025-goda (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 10.02.2026) 

6. ʀʚʦʡʣʦʚʘ ʀ. ʋʯʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʜʦʩʪʠʞʝʥʠʡ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʚʫʟ ïURL: 

https://rg.ru/2025/02/05/uchet-individualnyh-dostizhenij-pri-postuplenii-v-vuz.html (ʜʘʪʘ ʦʙ-

ʨʘʱʝʥʠʷ 10.02.2026) 

7. ʄ-ʃʘʙʩ. ʋʨʘʣʴʩʢʘʷ ʥʘʫʯʥʘʷ ʤʘʩʪʝʨʩʢʘʷ: ʦʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ ï URL: 

https://mlabs.pro/news/tpost/7a6xz8frv1-m-labs-vozobnovila-proforientatsionnii-p (ʜʘʪʘ ʦʙ-
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ʋɼʂ 622.73 

ʋʈɸʃʄɸʐɿɸɺʆɼ ï ʊɺʆʈɽʎ ɻʆʈʅʆʁ ʊɽʍʅʀʂʀ 
 

ʖ.ɸ. ʃʘʛʫʥʦʚʘ1,2, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.,  ʉ.ɸ. ʏʝʨʚʷʢʦʚ3 ʢʘʥʜ. ʪʝʥʭ. ʥʘʫʢ,  ʜʠʨʝʢʪʦʨ,  

ɺ.ʆ. ʌʫʨʠʥ4, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʟʘʤ. ʛʣ. ʢʦʥʩʪʨʫʢʪʦʨʘ 
1ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʌ 

2ʌɻɸʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ 

ɹ.ʅ. ɽʣʴʮʠʥʘè, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʌ, 
3 ʆʆʆ çʉɻʀè, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʌ; 4 ʇɸʆ çʋʨʘʣʤʘʰʟʘʚʦʜè, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʌ 

 

ʇʨʠʚʝʜʝʥʘ ʢʨʘʪʢʘʷ ʠʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ ʦ ʢʨʫʧʥʝʡʰʝʤ ʟʘʚʦʜʝ ʪʷʞʝʣʦʛʦ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʷ ʚ ʈʦʩʩʠʠ, ʜʘʥ ʵʢʩʢʫʨʩ ʧʦ ʵʪʘʧʘʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʧʫʩʢʘʝʤʦʛʦ ʇɸʆ çʋʨʘʣʤʘʰʟʘʚʦʜè, ʦʧʨʝ-

ʜʝʣʝʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ ʨʘʟʚʠʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ, ʜʠʘʧʘʟʦʥ ʧʨʦʜʫʢʮʠʠ, ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʧʦʣʠʪʠ-

ʢʘ. 
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ʉ ʣʝʛʢʦʡ ʨʫʢʠ ʢʣʘʩʩʠʢʘ ʧʨʦʣʝʪʘʨʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʄʘʢʩʠʤʘ ɻʦʨʴʢʦʛʦ 

ʟʘ ʋʨʘʣʤʘʰʝʤ ʧʨʦʯʥʦ ʟʘʢʨʝʧʠʣʦʩʴ ʦʙʨʘʟʥʦʝ ʥʘʟʚʘʥʠʝ ï ʦʪʝʮ ʟʘʚʦʜʦʚ ʠ 

ʬʘʙʨʠʢ. ʇʨʦʠʟʚʦʜʷ ʜʦʤʝʥʥʦʝ, ʧʨʦʢʘʪʥʦʝ, ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʝ, ʢʫʟʥʝʯʥʦ-

ʧʨʝʩʩʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʦʩʪʘʚʣʷʷ ʚ ʨʘʟʥʳʝ ʫʛʦʣʢʠ ʟʝʤʣʠ ʵʢʩʢʘʚʘʪʦʨʳ, 

ʜʨʦʙʠʣʢʠ, ʤʝʣʴʥʠʮʳ, ʤʘʰʠʥʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʪʴʷ ʟʘʛʦʪʦʚʦʢ, ʙʫʨʦʚʳʝ 

ʫʩʪʘʥʦʚʢʠ, ʦʥ ʚʟʨʘʩʪʠʣ ʩʦʪʥʠ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʉʉʉʈ ʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 

ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ 

15 ʠʶʣʷ 1933 ʛʦʜʘ ʩʦʩʪʦʷʣʩʷ ʧʫʩʢ ʟʘʚʦʜʘ. 

ɿʥʘʯʝʥʠʝ ʋʨʘʣʤʘʰʟʘʚʦʜʘ ʚ ʠʩʪʦʨʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʦʛʨʦʤʥʦ. ɿʜʝʩʴ, ʥʘ ʋʨʘʣʤʘʰʟʘʚʦʜʝ, ʩʦʟʜʘʚʘʣʠʩʴ ʥʦʚʳʝ,  ʨʝʚʦʣʶʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʩʳʛʨʘʚʰʠʝ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʉʦʚʝʪʩʢʦ-

ʛʦ ʉʦʶʟʘ ʠ ʫʢʨʝʧʣʝʥʠʠ ʚʦʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʉʉʉʈ ʠ ʝʛʦ ʩʦʶʟʥʠʢʦʚ. ɿʘʚʦʜ 

ʩʪʘʣ ʩʠʤʚʦʣʦʤ ʠ ʤʘʨʢʦʡ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʩʪʨʘʥʳ, ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠ ʨʘʟʚʠʪʠʷ ʮʝʣʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. 

ʇʨʠʯʝʤ, ʥʝ ʪʦʣʴʢʦ ʦʪʝʯʝʩʪʚʝʥʥʦʡ, ʥʦ ʠ ʨʷʜʘ ʩʪʨʘʥ ï ʦʪ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ 

ʜʦ ʇʘʢʠʩʪʘʥʘ, ʀʥʜʠʠ, ʂʠʪʘʷ ʠ ʂʅɼʈ. 

ʋʞʝ ʯʝʨʝʟ 15 ʣʝʪ ʧʦʩʣʝ ʧʫʩʢʘ ʜʠʘʧʘʟʦʥ ʫʨʘʣʤʘʰʝʚʩʢʦʡ ʧʨʦʜʫʢʮʠʠ 

ʦʭʚʘʪʳʚʘʣ ʚʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝʜʝʣʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ: ʦʪ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʜʣʷ ʜʦʙʳʯʠ ʞʝʣʝʟʥʦʡ ʨʫʜʳ ʜʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʢʘʪʘ ʠ ʧʦʢʦʚʦʢ.  

ʃʶʙʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʛʦʨʥʦʛʦ ʧʝʨʝʜʝʣʘ, ʛʜʝ ʜʦʙʳʚʘʝʪʩʷ ʠ 

ʜʦʚʦʜʠʪʩʷ ʜʦ ʥʫʞʥʦʡ ʢʦʥʜʠʮʠʠ ʧʨʠʨʦʜʥʦʝ ʩʳʨʴʝ. ɽʱʝ ʚ 30-ʝ ʛʦʜʳ ʋʨʘʣ-

ʤʘʰʟʘʚʦʜ ʦʩʚʦʠʣ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʝʨʚʳʭ ʚ ʩʪʨʘʥʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʘʨʴʝʨʥʳʭ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ʠ ʢʨʫʧʥʳʭ ʜʨʦʙʠʣʦʢ. ɺ ʪʦ ʚʨʝʤʷ, ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʪʘʢʦʡ ʧʨʦ-

ʜʫʢʮʠʠ ʚ ʤʠʨʝ ʤʦʞʥʦ ʙʳʣʦ ʧʝʨʝʩʯʠʪʘʪʴ ʧʦ ʧʘʣʴʮʘʤ. 
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ɿʘ 75 ʣʝʪ ʩʚʦʝʡ ʠʩʪʦʨʠʠ ʧʨʝʜʧʨʠʷʪʠʝ ʠʟʛʦʪʦʚʠʣʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʪʦʤ ʯʠʩʣʝ, ʙʦʣʝʝ 200 ʘʛʣʦʤʝʨʘ-

ʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʦʙʞʠʛʦʚʳʭ ʤʘʰʠʥ, ʙʦʣʝʝ 300 ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ ʠ 

ʜʨʫʛʦʛʦ ʧʨʦʢʘʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʢʦʣʦ 80 ʤʘʰʠʥ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʪʴʷ 

ʟʘʛʦʪʦʚʦʢ, 250 ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʝʩʩʦʚ. ɺʩʝ ʚʚʦʜʠʤʳʝ ʚ ʩʪʨʦʡ ʜʦʤʝʥʥʳʝ 

ʧʝʯʠ ʚ ʉʉʉʈ, ʚ ʪʦʤ ʯʠʩʣʝ, ʢʨʫʧʥʝʡʰʠʝ ʚ ʤʠʨʝ, ʦʩʥʘʱʘʣʠʩʴ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʩ ʤʘʨʢʦʡ çʋɿʊʄè.  

ʀ ʩʝʡʯʘʩ ʩ ʧʦʤʦʱʴʶ ʫʨʘʣʤʘʰʝʚʩʢʠʭ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʈʦʩ-

ʩʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʙʳʯʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʙʦʣʝʝ ʪʨʝʭ ʯʝʪʚʝʨʪʝʡ ʞʝʣʝʟʥʦʡ 

ʨʫʜʳ, ʧʦʯʪʠ ʧʦʣʦʚʠʥʘ ʨʦʩʩʠʡʩʢʦʡ ʩʪʘʣʠ, ʨʘʟʣʠʚʘʝʤʦʡ ʥʝʧʨʝʨʳʚʥʦʤ ʩʧʦʩʦ-

ʙʦʤ, ʚʳʧʫʩʢʘʝʪʩʷ ʥʘ ʫʨʘʣʤʘʰʝʚʩʢʠʭ ʄʅʃɿ. ɺʩʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʨʝʣʴʩʳ 

ʠ ʜʚʝ ʪʨʝʪʠ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ ʚʳʧʫʩʢʘʝʪʩʷ ʥʘ ʫʨʘʣʤʘʰʝʚ-

ʩʢʠʭ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʘʭ. 

ɻʦʨʥʷʢʘʤ ʠ ʥʝʬʪʷʥʠʢʘʤ ʩ ʩʦʨʦʢʦʚʳʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʪʦʞʝ 

ʭʦʨʦʰʦ ʟʥʘʢʦʤʦ ʥʘʜʝʞʥʦʝ ʠ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ ð ʣʫʯʰʝʝ ʚ ʤʠʨʝ - ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ  ʩ ʤʘʨʢʦʡ çʋɿʊʄè.  

ʇʦʯʪʠ 12 ʪʳʩʷʯ ʫʨʘʣʤʘʰʝʚʩʢʠʭ ʢʘʨʴʝʨʥʳʭ ʠ 250 ʰʘʛʘʶʱʠʭ ʵʢʩʢʘʚʘ-

ʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʦʪʢʨʳʪʦʡ ʜʦʙʳʯʝ ʨʫʜ ʙʦʢʩʠʪʦʚ, ʘʩʙʝʩʪʘ, ʫʛʣʷ ʠ 

ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺʩʝ ʧʣʦʪʠʥʳ ʥʘ ɺʦʣʛʝ ʠ ʚʝʣʠʢʠʭ ʩʠʙʠʨʩʢʠʭ 

ʨʝʢʘʭ ʚʦʟʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʣʤʘʰʝʚʩʢʠʭ ʰʘʛʘʶʱʠʭ ʠ ʛʫʩʝ-

ʥʠʯʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ. ɼʦʙʳʯʘ ʧʦʣʦʚʠʥʳ ʫʛʣʷ, ʜʦʙʳʚʘʝʤʦʛʦ ʦʪʢʨʳʪʳʤ 

ʩʧʦʩʦʙʦʤ ʚ ʈʦʩʩʠʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʨʘʣʤʘʰʝʚʩʢʠʤʠ ʵʢʩʢʘʚʘʪʦʨʘʤʠ. 

ʉʚʳʰʝ 14,5 ʪʳʩʷʯ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʠʟʛʦʪʦʚʠʣ ʋʨʘʣʤʘʰʟʘʚʦʜ, 

ʥʘʯʠʥʘʷ ʩ 1945 ʛ. ɺʩʝ ʥʝʬʪʷʥʳʝ ʠ ʛʘʟʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʉʉʉʈ ʨʘʟʙʫ-

ʨʠʚʘʣʠʩʴ ʫʩʪʘʥʦʚʢʘʤʠ ʩ ʤʘʨʢʦʡ çʋɿʊʄè. ʀ ʩʝʡʯʘʩ ʜʦʙʳʯʘ ʯʝʪʳʨʝʭ ʧʷʪʳʭ 

ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʠ ʧʦʣʦʚʠʥʳ ʟʘʧʘʩʦʚ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʫʨʦ-

ʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʥʘ ʅʇʆ çʋʨʘʣʤʘʰ-ʍʆʃɼʀʅɻè. 

ɼʨʦʙʠʣʴʥʦ-ʨʘʟʤʦʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ɼʨʦʙʠʣʴʥʦ-ʨʘʟʤʦʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ɼʈʆ) ʧʦʷʚʠʣʦʩʴ ʚ ʥʦʤʝʥʢʣʘ-

ʪʫʨʝ ʋʨʘʣʤʘʰʟʘʚʦʜʘ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ. ɺ 1938 ʛ. ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʤʦʱʥʘʷ 

ʢʦʥʫʩʥʘʷ ʜʨʦʙʠʣʢʘ ʂʂɼ-1500 ʜʣʷ ɹʘʣʭʘʰʩʢʦʛʦ ʤʝʜʥʦʛʦ ʨʫʜʥʠʢʘ. ɹʘʣʭʘʰ-

ʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʉʨʝʜʥʝʫʨʘʣʴʩʢʠʡ ʤʝʜʝʧʣʘʚʠʣʴʥʳʡ ʟʘʚʦʜ ʙʳʣʠ ʧʦʣʥʦ-

ʩʪʴʶ ʦʩʥʘʱʝʥʳ ʫʨʘʣʤʘʰʝʚʩʢʠʤ ɼʈʆ. ɹʳʣʦ ʦʩʚʦʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʨʦʙʠ-

ʣʦʢ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ 300, 400, 500, 900 ʠ 1500; ʱʝʢʦʚʳʭ ʜʨʦʙʠʣʦʢ 

2100Ĭ1500, 1500Ĭ1200, 1200Ĭ900; ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʜʣʷ ʩʨʝʜʥʝʛʦ ʜʨʦʙ-

ʣʝʥʠʷ 1200, 1650, 2100; ʚʘʣʢʦʚʳʭ ʜʨʦʙʠʣʦʢ 600Ĭ600, 600Ĭ1500; ʟʫʙʯʘʪʳʭ 

ʚʘʣʢʦʚʳʭ ʜʨʦʙʠʣʦʢ; ʙʝʛʫʥʦʚ 600Ĭ1500 ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ; ʰʘʨʦʚʳʭ ʠ 

ʩʪʝʨʞʥʝʚʳʭ ʨʫʜʥʳʭ ʤʝʣʴʥʠʮ, ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʘ 2,8Ĭ3,7ʤ; 

ʪʨʫʙʥʳʭ ʤʝʣʴʥʠʮ ʜʣʷ ʮʝʤʝʥʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺʩʝʛʦ ʟʘ ʧʨʝʜʚʦʝʥʥʳʝ 

ʛʦʜʳ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ 170 ʜʨʦʙʠʣʦʢ ʠ ʤʝʣʴʥʠʮ. 

ɺ ʧʦʩʣʝʚʦʝʥʥʳʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʥʘʨʘʩʪʘʣ ʚʳʧʫʩʢ ɼʈʆ: ʱʝʢʦʚʳʭ ʜʨʦ-

ʙʠʣʦʢ, ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʢʨʫʧʥʦʛʦ, ʩʨʝʜʥʝʛʦ ʠ ʤʝʣʢʦʛʦ ʜʨʦʙʣʝʥʠʷ, ʰʘ-

ʨʦʚʳʭ ʠ ʩʪʝʨʞʥʝʚʳʭ ʤʝʣʴʥʠʮ. ʀʟ ʥʦʤʝʥʢʣʘʪʫʨʳ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʚʘʣʢʦ-

ʚʳʝ ʜʨʦʙʠʣʢʠ, ʙʝʛʫʥʳ, ʢʦʥʫʩʥʳʝ ʜʨʦʙʠʣʢʠ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ, ʫʛʣʝʨʘʟʤʦʣʴ-

ʥʳʝ ʤʝʣʴʥʠʮʳ. ɼʨʦʙʠʣʢʘʤʠ ʋʨʘʣʤʘʰʟʘʚʦʜʘ ʙʳʣʠ ʦʩʥʘʱʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʝ ʢʦʤʙʠʥʘʪʳ ʙʳʚʰʝʛʦ ʉʉʉʈ. ɺ ʵʪʦ ʚʨʝʤʷ ʘʢʪʠʚʥʦ 
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ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʨʘʩʯʝʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ɼʈʆ, ʯʝʤʫ ʥʝʤʘʣʦ ʫʩʠʣʠʡ ʦʪʜʘʣ ʧʝʨʚʳʡ ʛʣʘʚʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʛʦʨ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʟʘʪʝʤ ʛʣʘʚʥʳʡ ʠʥʞʝʥʝʨ ʟʘʚʦʜʘ ʋʨʘʣʤʘʰʟʘʚʦʜʘ 

ɼ.ʀ. ɹʝʨʝʥʦʚ. ʇʦ ʚʩʝʤ ʚʠʜʘʤ ɼʈʆ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʢʦʨʝʥʥʘʷ ʤʦʜʝʨʥʠʟʘ-

ʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʥʘʢʦʧʣʝʥʥʦʤ ʦʧʳʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥ ʧʨʝʜʚʦʝʥʥʦʛʦ 

ʚʳʧʫʩʢʘ. ʉ 1949 ʛ. ʥʘʯʘʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʣʴʥʠʮ 3,2Ĭ3,1 ʤ ʜʣʷ ʩʪʦʷʱʠʭʩʷ 

ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ: ʅʦʨʠʣʴʩʢʦʛʦ ɻʄʂ, ɼʞʝʟʢʘʟʛʘʥʩʢʦʛʦ ɻʄʂ ʠ ʜʨ.  

ɺ 1956 ʛ. ʥʘ ʋʨʘʣʤʘʰʟʘʚʦʜʝ ʙʳʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʤʝʣʴʥʠʮʳ 3,6Ĭ4,0 ʤ ʠ 

3,2Ĭ4,5 ʤ, ʘ ʚ 1958 ʛ. ʩʘʤʘʷ ʢʨʫʧʥʘʷ ʤʝʣʴʥʠʮʘ 4,0Ĭ5,5 ʤ. ʇʝʨʝʩʤʦʪʨʝʥ ʨʷʜ 

ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ, ʧʨʠʥʷʚʰʠʡ ʩʦʚʨʝʤʝʥʥʳʡ ʚʠʜ: 

500, 900, 1200, 1500. ʀʟʤʝʥʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʵʪʠʭ ʤʘʰʠʥ ï ʚʩʝ ʦʥʠ ʩʪʘʣʠ ʩ 

ʥʠʞʥʝʡ ʨʘʟʛʨʫʟʢʦʡ ʧʨʦʜʫʢʪʘ ʜʨʦʙʣʝʥʠʷ. ʇʨʦʬʠʣʠ ʢʘʤʝʨ ʜʨʦʙʣʝʥʠʷ ʩʪʘʥʦ-

ʚʷʪʩʷ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ. ʅʘ ʜʨʦʙʠʣʢʝ 900/100 ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥʦ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ. 

ɺ 1955 ʛ. ʫʚʝʣʠʯʝʥ ʜʠʘʤʝʪʨ ʜʨʦʙʷʱʝʛʦ ʢʦʥʫʩʘ ʜʨʦʙʠʣʦʢ ʩʨʝʜʥʝʛʦ ʠ 

ʤʝʣʢʦʛʦ ʜʨʦʙʣʝʥʠʷ ʩ 2100 ʤʤ ʥʘ 2200 ʤʤ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʘ ʯʘʩʪʦʪʘ ʢʘ-

ʯʘʥʠʡ ʜʨʦʙʷʱʝʛʦ ʢʦʥʫʩʘ ʜʦ 240 ʤʠʥ-1. ɼʘʣʝʝ ʙʳʣʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʳ ʜʨʦ-

ʙʠʣʢʠ 1650, ʜʠʘʤʝʪʨ ʦʩʥʦʚʘʥʠʷ ʜʨʦʙʷʱʝʛʦ ʢʦʥʫʩʘ ʙʳʣ ʫʚʝʣʠʯʝʥ ʜʦ 1750 

ʤʤ. ɹʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʚ 1958 ʛ. ʠʟʛʦʪʦʚʣʝʥʘ ʢʦʥʫʩʥʘʷ ʜʨʦʙʠʣʢʘ 2200 

ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʘʤʦʨʪʠʟʘʮʠʝʡ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʨʘʟʛʨʫ-

ʟʦʯʥʦʡ ʱʝʣʠ.  

ɺ 70-ʭ ʛʦʜʘʭ ʥʘʯʘʪʦ ʦʩʚʦʝʥʠʝ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʩʨʝʜʥʝʛʦ ʠ ʤʝʣʢʦʛʦ 

ʜʨʦʙʣʝʥʠʷ ʩ ʜʠʘʤʝʪʨʦʤ ʦʩʥʦʚʘʥʠʷ ʜʨʦʙʷʱʝʛʦ ʢʦʥʫʩʘ 3000 ʤʤ, ʦʧʝʨʝʞʘʷ 

ʟʘʨʫʙʝʞʥʳʭ ʢʦʥʢʫʨʝʥʪʦʚ. ʕʪʠʤʠ ʤʘʰʠʥʘʤʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʦʩʥʘʱʝʥʳ 

ʂʦʩʪʦʤʫʢʰʩʢʠʡ ɻʆʂ, ʉʪʦʡʣʝʥʩʢʠʡ ɻʆʂ, ʢʦʤʙʠʥʘʪ ʕʨʜʵʥʵʪ (ʄʦʥʛʦʣʠʷ). 

ʇʨʦʠʟʚʦʜʩʪʚʦ ɼʈʆ ʚ 1958 ʛʦʜʫ ʚʦʟʨʦʩʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1940 ʛʦʜʦʤ 

ʚ 15 ʨʘʟ. ɿʘ ʚʩʝ ʵʪʠ ʛʦʜʳ ʚʳʧʫʱʝʥʦ 550 ʤʝʣʴʥʠʮ, 100 ʱʝʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʠ 

380 ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ. ʂ ʢʦʥʮʫ 80-ʭ ʛʦʜʦʚ ʋʨʘʣʤʘʰʟʘʚʦʜ ʚʳʧʫʩʢʘʣ ʧʦ 

150-160 ʜʨʦʙʠʣʦʢ ʠ ʤʝʣʴʥʠʮ ʚ ʛʦʜ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʙʱʠʡ ʚʳʧʫʩʢ 

ʜʨʦʙʠʣʦʢ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 5000 ʝʜʠʥʠʮ, ʘ ʨʘʙʦʪʘʶʱʠʡ ʧʘʨʢ ʧʨʝʚʳʰʘʝʪ 

2000 ʤʘʰʠʥ. 

ɺ ʩʝʨʝʜʠʥʝ 90-ʭ ʛʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ɼʈʆ ʫʧʘʣʦ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʝʜʠ-

ʥʠʮ ʚ ʛʦʜ. ɺ ʵʪʠ ʛʦʜʳ ʥʘʯʘʣʦʩʴ ʘʢʪʠʚʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʨʦʩʩʠʡʩʢʠʤʠ ʛʦʨʥʷ-

ʢʘʤʠ ʟʘʨʫʙʝʞʥʳʭ ʤʘʰʠʥ. ʕʪʦʪ ʧʝʨʠʦʜ ʧʨʦʜʦʣʞʘʣʩʷ ʚʧʣʦʪʴ ʜʦ 2000-

2001 ʛʛ. ʉ 2003 ʛʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʧʨʦʜʘʞ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ɼʈʆ. ɺ 2005 ʛ. ʦʙʲʝʤ ʧʨʦʜʘʞ ʜʦʩʪʠʛ 8 ʤʣʥ. USD, ʘ ʚ 2006 ï 10 ʤʣʥ. 

USD. 

ɻʝʦʛʨʘʬʠʷ ʧʦʩʪʘʚʦʢ ɼʈʆ ï ʩʪʨʘʥʳ ʙʳʚʰʝʛʦ ʉʉʉʈ, ɹʦʣʛʘʨʠʷ, ʇʦʣʴ-

ʰʘ, ʄʦʥʛʦʣʠʷ, ɻʝʨʤʘʥʠʷ, ʈʫʤʳʥʠʷ, ʏʝʭʠʷ, ʉʣʦʚʘʢʠʷ, ʖʛʦʩʣʘʚʠʷ, ɺʝʥʛʨʠʷ, 

ɺʴʝʪʥʘʤ, ʂʠʪʘʡ, ʀʥʜʠʷ, ʀʨʘʢ, ʉʠʨʠʷ, ɽʛʠʧʝʪ, ʅʠʛʝʨʠʷ, ʂʫʙʘ, ɸʣʞʠʨ, ʊʫʨ-

ʮʠʷ, ɻʨʝʮʠʷ, ʌʠʥʣʷʥʜʠʷ,  

ɺ 2000 ʛ. ʩʪʨʫʢʪʫʨʥʦ ʦʙʲʝʜʠʥʝʥʳ ʩʣʫʞʙʘ ʧʨʦʜʘʞ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʠʥʞʠʥʠʨʠʥʛʦʚʫʶ ʬʠʨʤʫ.  

ɺ 2005 ʛ. ʙʠʟʥʝʩ ɼʈʆ ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʜʦʯʝʨʥʝʝ ʦʙ-

ʱʝʩʪʚʦ. ʋʞʝ ʚ 2006 ʛ. ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʦʙʲʝʤ ʧʨʦʜʘʞ ɼʈʆ 

ʚʳʨʦʩ ʚ 3,5 ʨʘʟʘ.  
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ʆʩʥʦʚʥʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʮʝʣʴʶ ʇɸʆ çʋʨʘʣʤʘʰʟʘʚʦʜè ʷʚʣʷʝʪʩʷ 

ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʜʘʞ ʢʦʤʧʣʝʢʩʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʧʨʝʜʣʦʞʝʥʠʷʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʨʫʜʦʧʦʜʛʦʪʦʚʢʠ.  

ʇʦʣʠʪʠʢʘ ʧʨʦʜʘʞ ʩʪʨʦʠʪʩʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʣʴʥʦʡ ʪʦʚʘʨʦʧʨʦʚʦ-

ʜʷʱʝʡ ʩʝʪʠ. 

ʆʩʥʦʚʥʳʤʠ ʨʳʥʢʘʤʠ ʥʘ 2007-09 ʛʛ. ʙʳʣʠ ʈʦʩʩʠʷ, ʩʪʨʘʥʳ ʉʅɻ, ʄʦʥ-

ʛʦʣʠʷ, ʀʥʜʠʷ, ɹʦʣʛʘʨʠʷ, ɺʴʝʪʥʘʤ, ɸʚʩʪʨʘʣʠʷ ʠ ʩʪʨʘʥʳ ʖʞʥʦʡ ɸʤʝʨʠʢʠ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʘʚʝʨʰʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʘʧʧʘʨʘʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʘʜʝʢʚʘʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʤʘʰʠʥ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʤʝʣʢʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʜʨʦʙʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʧʮʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʤʘ-

ʰʠʥ, ʨʘʟʚʠʚʘʝʪʩʷ ʪʠʧ Symons ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʥʠʞʝʥʠʷ ʢʨʫʧʥʦʩʪʠ ʜʨʦʙ-

ʣʝʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʧʠʪʘʥʠʠ ʤʝʣʴʥʠʮ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʜʦ 12-16 ʤʤ (ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ). ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʨʦʙʠʣʦʢ ʩʨʝʜʥʝʛʦ 

ʜʨʦʙʣʝʥʠʷ.  

ʇʦʜʛʦʪʦʚʣʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʨʫʧʥʳʭ ʱʝʢʦʚʳʭ ʜʨʦʙʠʣʦʢ: 2100Ĭ1500, 

1500Ĭ1200, 1200Ĭ900. 

ʇʦʪʨʝʙʠʪʝʣʷʤ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʝʨʚʠʩʥʳʝ ʫʩʣʫʛʠ: ʰʝʬ-ʤʦʥʪʘʞ ʠ 

ʥʘʣʘʜʢʘ, ʟʘʚʦʜʩʢʦʡ ʨʝʤʦʥʪ ʤʘʰʠʥ, ʫʟʣʦʚ ʠ ʫʥʠʢʘʣʴʥʳʭ ʜʝʪʘʣʝʡ, ʤʦʜʝʨʥʠ-

ʟʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʜʦʚʝʜʝʥʠʝ ʜʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʟʥʘʯʝʥʠʷ, ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ), ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʩʦʚʤʝʱʝ-

ʥʘ ʩ ʟʘʚʦʜʩʢʠʤ ʨʝʤʦʥʪʦʤ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʠ ʩʧʝʮʠʘʣʠʩʪʳ ï ʦʧʳʪʥʳʝ ʢʦʥʩʪʨʫʢʪʦʨʳ ʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʠʢʠ, ʭʦʨʦʰʦ ʧʦʥʠʤʘʶʱʠʝ ʧʨʦʙʣʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɼʈʆ. ɿʥʘʯʠʪʝʣʴʥʘ ʜʦʣʷ ʤʦʣʦʜʝʞʠ, ʧʨʠʥʠʤʘʝʤʦʡ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʪʘ-

ʞʠʨʦʚʢʠ ʠʟ ʯʠʩʣʘ ʣʫʯʰʠʭ ʚʳʧʫʩʢʥʠʢʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʋʨʘʣʴʩʢʦʛʦ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  

ʊʝʭʥʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ ʇɸʆ çʋʨʘʣʤʘʰʟʘʚʦʜè ʚ ʦʙʣʘʩʪʠ ʜʨʦʙʠʣʴ-

ʥʦ-ʨʘʟʤʦʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʠʥʩʪʚʫ ʈʦʩʩʠʡʩʢʠʭ ʛʦʨʥʦ-

ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝ ʥʫʞʥʳ ʥʠ ʜʨʦʙʠʣʢʠ, ʥʠ ʤʝʣʴʥʠʮʳ, ʢʘʢ ʪʘ-

ʢʦʚʳʝ. ʅʘ ʩʪʘʜʠʷʭ ʜʨʦʙʣʝʥʠʷ ʠ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʝʨʝʜ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʩʪʦʠʪ ʙʠʟʥʝʩ-ʟʘʜʘʯʘ ʧʦ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʫʩʪʘʥʦʚ-

ʣʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ, ʦʙʣʘʜʘʶ-

ʱʝʛʦ ʢʦʥʢʨʝʪʥʳʤʠ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʦʩʣʝʜʫʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʝʨʝʜʝʣʘʤʠ ʢʨʫʧʥʦʩʪʠ ʩ ʥʘʠʤʝʥʴʰʠʤʠ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ ʨʘʩʭʦʜʘʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʫʩʣʦʚʠʷʭ ʫʞʝ ʜʝʡ-

ʩʪʚʫʶʱʝʛʦ ʜʨʦʙʠʣʴʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʳʩʪʫʧʘʶʪ: 

ʘ) ʩʫʱʝʩʪʚʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ; 

ʙ) ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʧʣʘʥʠʨʫʝʪʩʷ ʵʪʫ ʩʭʝʤʫ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ. 

ɺ ʯʘʩʪʠ ʨʳʥʦʯʥʦʡ ʩʪʨʘʪʝʛʠʠ ʙʳʣ ʚʳʙʨʘʥ ʢʫʨʩ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʪʝʩʥʳʭ ʜʦʣʛʦʩʨʦʯʥʳʭ ʢʦʥʪʘʢʪʦʚ ʩ ʚʝʜʫʱʠʤʠ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʢʦʤʧʘʥʠʷʤʠ. ʅʦ ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʛʦʜʳ ʥʝʣʝʛʢʦʡ ʨʘʙʦʪʳ ʚ ʥʦʚʳʭ, ʥʝʧʨʠʚʳʯ-

ʥʳʭ ʜʣʷ ʚʩʝʭ ʫʩʣʦʚʠʷʭ, ʯʪʦʙʳ ʧʨʠʡʪʠ ʢ ʩʦʟʜʘʥʠʶ ʧʝʨʚʳʭ ʪʘʢʠʭ ʘʣʴʷʥʩʦʚ, ʢ 
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ʧʦʥʠʤʘʥʠʶ ʪʦʛʦ, ʢʪʦ, ʟʘ ʢʘʢʦʡ ʚʢʣʘʜ, ʠ ʢʘʢʫʶ ʚʳʛʦʜʫ ʦʪ ʵʪʦʛʦ ʧʦʣʫʯʠʪ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʛʣʘʤʝʥʪʳ, ʚʳʧʦʣʥʝʥʳ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʙʦʩʥʦʚʘʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ ʜʨʦʙ-

ʣʝʥʠʷ ʜʣʷ ʤʥʦʛʠʭ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʢʦʤʙʠʥʘʪʦʚ. ʋʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥʘ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʨʝʜʥʝʛʦ ʠ ʤʝʣʢʦʛʦ ʜʨʦʙʣʝʥʠʷ ʥʘ ʕʨʜʵʥʵʪʝ. ɺ 

ʩʪʘʜʠʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʝʢʪʳ ʥʘ ʆɸʆ çʄʠʭʘʡʣʦʚ-

ʩʢʠʡ ɻʆʂè ʠ ʆɸʆ çɸʧʘʪʠʪè. ʉʦʚʤʝʩʪʥʦ ʧʨʦʚʦʜʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʫʜʠʪʳ,  

ʨʘʟʨʘʙʘʪʳʚʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʛʣʘʤʝʥʪʳ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʙʦʩ-

ʥʦʚʘʥʠʷ, ʤʳ ʚʳʭʦʜʠʤ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ɿʘʢʘʟʯʠʢʦʚ ʩ ʬʦʨʤʫʣʠʨʦʚʢʦʡ 

ʩʚʦʠʭ ʧʨʝʜʣʦʞʝʥʠʡ ʚ ʢʘʪʝʛʦʨʠʷʭ ʝʛʦ ʚʳʛʦʜ. ʉʦʚʤʝʩʪʥʦ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ʆɸʆ çʋʨʘʣʛʠʧʨʦʨʫʜʘè ʥʘʯʘʪʦ ʩʦʟʜʘʥʠʝ ʜʨʦʙʠʣʴʥʦ-ʩʦʨʪʠʨʦʚʦʯʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʫʙʦʚʠʜʥʦʛʦ ʱʝʙʥʷ ʩ ʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʴʶ 1 ʤʣʥ. ʢʫʙ. ʤ., ʚʤʝʩʪʝ ʫʯʘʩʪʚʫʝʤ ʚ ʪʝʥʜʝʨʘʭ ʥʘ ʧʦʩʪʘʚʢʫ ʵʪʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʩʪʨʘʪʝʛʠʠ ʟʘʤʝʪʝʥ ʧʝʨʝʭʦʜ ʦʪ ʧʦʩʪʘʚʦʢ ʦʪʜʝʣʴ-

ʥʳʭ ʘʛʨʝʛʘʪʦʚ ʢ ʨʝʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ï ʧʦʩʪʘʚʢʝ ʢʦʤʧʣʝʢʩʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʊʘʢ ʨʝʘʣʠʟʦʚʘʥʳ 

ʥʘʨʘʙʦʪʢʠ ʧʦ ʩʦʟʜʘʥʠʶ ʧʦʣʫʩʪʘʮʠʦʥʘʨʥʦʡ ʜʨʦʙʠʣʴʥʦ-ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʫʩʪʘ-

ʥʦʚʢʠ (ɼʇʋ) ʩ ʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 20 ʤʣʥ. ʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʝʝ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʮʠʢʣʠʯʥʦ-ʧʦʪʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʎʇʊ).  

ʋʨʘʣʤʘʰʟʘʚʦʜ ʪʨʘʜʠʮʠʦʥʥʦ ʟʘʥʠʤʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʠʟʛʦʪʦʚ-

ʣʝʥʠʝʤ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ, ʨʝʘʣʠʟʫʶʱʠʭ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʤʝʪʦʜʦʤ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ. ʉʦʚʤʝʩʪʥʦ ʩ ʫʯʝʥʳʤʠ ʋʨʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʛʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʨʘʟʨʘʙʦʪʘʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʦʚ ʦʩ-

ʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʨʦʙʠʣʦʢ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʩʠʣʦʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʦʙʣʘʩʪʠ ʜʨʦʙʠʣʦʢ ʩʨʝʜʥʝʛʦ ʠ ʤʝʣʢʦʛʦ ʜʨʦʙʣʝʥʠʷ ʧʨʠʜʝʨ-

ʞʠʚʘʝʤʩʷ ʢʦʥʮʝʧʮʠʠ ʤʘʰʠʥ ʪʠʧʘ çʉʘʡʤʦʥʩè: ʩ ʢʦʥʩʦʣʴʥʳʤ ʚʘʣʦʤ ʜʨʦʙʷ-

ʱʝʛʦ ʢʦʥʫʩʘ, ʙʦʣʴʰʠʤ ʧʦʜʧʷʪʥʠʢʦʤ ʠ ʧʨʫʞʠʥʥʳʤ ʟʘʤʳʢʘʥʠʝʤ ʫʩʠʣʠʷ 

ʜʨʦʙʣʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʠʭ ʧʨʠʥʮʠʧ ʜʨʦʙʣʝʥʠʷ çʢʫʩʦʢ ʦ ʙʨʦʥʶè. ɺ ʨʘʟʥʳʝ 

ʛʦʜʳ ʙʳʣʠ ʧʨʦʩʯʠʪʘʥʳ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʠ ʜʘʞʝ ʠʟʛʦʪʦʚʣʝʥʳ ʦʪʜʝʣʴʥʳʝ 

ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʜʨʫʛʠʭ ʪʠʧʦʚ: çɻʠʜʨʦʢʦʥè (ʩ ʥʠʞ-

ʥʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʦʧʦʨʦʡ ʜʨʦʙʷʱʝʛʦ ʢʦʥʫʩʘ ʠ çʢʨʫʪʦʡè ʢʘʤʝʨʦʡ ʜʨʦʙ-

ʣʝʥʠʷ), çɾʠʨʦʜʠʩʢè (ʨʝʘʣʠʟʫʶʱʠʡ ʧʨʠʥʮʠʧ ʜʨʦʙʣʝʥʠʷ çʚ ʩʣʦʝè). ʆʜʥʘʢʦ 

ʨʘʩʯʝʪʳ, ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʠʤʝʥʥʦ ʢʦʤʧʦʥʦʚʢʘ çʉʘʡʤʦʥʩè ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʫʜʦʧʦʜʛʦ-

ʪʦʚʢʠ ʥʘ ʩʪʘʜʠʠ ʤʝʣʢʦʛʦ ʜʨʦʙʣʝʥʠʷ. ʕʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚʦ-

ʧʝʨʚʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʨʦʙʠʣʢʠ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʢʨʫʧʥʦʩʪʴ, ʬʦʨʤʘ ʢʫʩʢʦʚ), ʚʦ-ʚʪʦʨʳʭ, ï ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʨʝʩʫʨʩʦʤ ʨʘʙʦʪʳ 

ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥʳ, ʦʪ ʢʦʪʦʨʳʭ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʟʘʪʨʘʪʳ. 

ɾʝʩʪʢʘʷ ʦʧʦʨʘ ʜʨʦʙʷʱʝʛʦ ʢʦʥʫʩʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʫʞʠʥʥʳʤ ʟʘ-

ʤʳʢʘʥʠʝʤ ʫʩʠʣʠʷ ʜʨʦʙʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝ-

ʩʢʠʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʘ ʟʘ ʩʯʝʪ ʩʪʘʙʠʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ. 

ʇʨʠʥʮʠʧ ʜʨʦʙʣʝʥʠʷ çʢʫʩʦʢ ʦ ʙʨʦʥʶè ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʛʦʪʦʚʳʡ 

ʧʨʦʜʫʢʪ, ʦʙʣʘʜʘʶʱʠʡ ʥʘʠʤʝʥʴʰʝʡ ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʠʟ-
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ʤʝʣʴʯʝʥʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ (ʪʘʢʦʡ ʞʝ ʢʨʫʧʥʦʩʪʠ), ʧʨʦʜʨʦʙʣʝʥʥʳʡ 

çʚ ʩʣʦʝè, ʟʘ ʩʯʝʪ ʩʚʦʝʛʦ ʫʧʨʦʯʥʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʟʤʝʣʴʯʘʝʪʩʷ ʩ ʙʦʣʴʰʠʤ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ.  

ʇʨʫʞʠʥʥʘʷ ʘʤʦʨʪʠʟʘʮʠʷ ʤʝʭʘʥʠʟʤʘ ʜʨʦʙʠʣʢʠ ï ʥʘʠʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʘ, ʥʘʜʝʞʥʘ ʠ ʧʨʦʩʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ. 

ɹʦʣʴʰʦʡ ʩʬʝʨʠʯʝʩʢʠʡ ʧʦʜʧʷʪʥʠʢ ʜʨʦʙʷʱʝʛʦ ʢʦʥʫʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʪʘʙʠʣʴʥʫʶ ʢʠʥʝʤʘʪʠʢʫ ʦʩʥʦʚʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʜʨʦʙʠʣʢʠ, ʥʝ ʪʨʝʙʫʷ 

ʜʣʷ ʵʪʦʛʦ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘ-

ʪʨʘʪ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʦʨʧʫʩʥʳʝ ʜʝʪʘʣʠ ʜʨʦʙʠʣʢʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʝʝ ʚʳ-

ʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʩʭʝʤʝ çʉʘʡʤʦʥʩè ʢʦʥʩʪʨʫʢʪʠʚ ʜʨʦʙʠ-

ʣʦʢ ʥʝ ʟʘʩʪʳʣ ʥʘ ʤʝʩʪʝ, ʘ ʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʜʨʦ-

ʙʠʣʢʠ ʦʩʥʘʱʘʶʪʩʷ: 

- ʩʠʩʪʝʤʘʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʠ; 

- ʤʝʭʘʥʠʯʝʩʢʠʤ ʫʧʣʦʪʥʝʥʠʝʤ ʩʬʝʨʠʯʝʩʢʦʛʦ ʧʦʜʧʷʪʥʠʢʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʦʜʘʯʘ ʚʦʜʳ ʚ ʧʦʣʦʩʪʴ ʦʧʦʨʥʦʡ ʯʘʰʠ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʛʫʩʪʦʡ ʩʤʘʟʢʠ; 

- ʣʦʢʘʣʴʥʳʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ (çʘʛʨʝ-

ʛʘʪʥʳʤʠ ɸʉʋè) ʛʣʘʚʥʳʤ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʧʨʠʚʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ  

ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ɸʉʋ ʊʇ ʬʘʙʨʠʢʠ ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤ 

ʥʠʞʥʝʛʦ (ʙʘʟʦʚʦʛʦ) ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ; 

- ʩʠʩʪʝʤʘʤʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ. 

ʇʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʨʘʟʤʦʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʚʳʭʦʜ ʥʘ ʨʳʥʦʢ ʤʝʣʴʥʠʮ ʙʦʣʴʰʦʡ ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ. ɺʦ-

ʧʝʨʚʳʭ, ʦʩʚʦʝʥʠʝ ʤʝʣʴʥʠʮ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʜʠʘʤʝʪʨʦʤ ʙʘʨʘ-

ʙʘʥʘ 3600 ʤʤ, 4000 ʤʤ ʠ ʙʦʣʝʝ. ɺʦ-ʚʪʦʨʳʭ, ʩʦʟʜʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʙʝʩ-

ʮʘʧʬʦʚʳʭ ʤʝʣʴʥʠʮ. ɺʪʦʨʦʡ ʧʫʪʴ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ, ʧʦʩʢʦʣʴʢʫ ʚ ʙʣʠ-

ʞʘʡʰʝʝ ʚʨʝʤʷ ʫ ɿʘʢʘʟʯʠʢʦʚ ʥʘ ʧʦʚʝʩʪʢʝ ʜʥʷ ʙʫʜʫʪ ʣʠʰʴ ʧʨʦʝʢʪʳ ʤʦʜʝʨʥʠ-

ʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ ʠʟʤʝʣʴʯʝʥʠʷ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʨʦ-

ʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

ʇʝʨʝʥʦʩ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ ʩ ʮʘʧʬʳ ʥʘ ʙʘʨʘʙʘʥ ʧʦʟʚʦʣʷʝʪ ʚ ʧʨʝ-

ʜʝʣʘʭ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʛʘʙʘʨʠʪʘ ʤʝʣʴʥʠʮʳ ʥʘ 40-45 %  ʫʚʝʣʠʯʠʪʴ ʜʣʠʥʫ ʙʘ-

ʨʘʙʘʥʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʣʴ-

ʥʠʮʳ. ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʤʝʣʴʥʠʮʳ ʠʟʚʝʩʪʝʥ ʚ 

ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ (ʬʠʨʤʳ çʇʦʣʠʟʠʫʩè, FFE, çʆʫʪʦʢʫʤʧʫè). ʅʘʠʙʦʣʝʝ ʦʪ-

ʚʝʪʩʪʚʝʥʥʳʡ ʫʟʝʣ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʪʘʢʦʡ ʤʝʣʴʥʠʮʳ ï ʩʝʛʤʝʥʪʥʳʡ ʧʦʜʰʠʧ-

ʥʠʢ, ʧʨʠʤʝʥʷʣʠ ʚ ʧʨʘʢʪʠʢʝ ʥʘ ʤʝʣʴʥʠʮʘʭ ʩʘʤʦʠʟʤʝʣʴʯʝʥʠʷ ʄʉʉ-8,7ʭ2,6 

(ʜʠʘʤʝʪʨ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ï 4,5 ʤ). ʕʪʠ ʧʦʜʰʠʧʥʠʢʠ ʫʞʝ ʵʢʩʧʣʫʘ-

ʪʠʨʫʶʪʩʷ ʙʦʣʝʝ 10 ʣʝʪ ʠ ʥʝ ʠʤʝʣʠ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʥʠ ʦʜʥʦʛʦ ʦʪʢʘʟʘ. 

ʇʨʦʜʦʣʞʘʝʤ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʚʘʣʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʜʣʷ ʜʝʟ-

ʠʥʪʝʛʨʘʮʠʠ ʥʝʧʨʦʯʥʳʭ ʥʝʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʠʟʚʝʩʪʥʷʢʘ, ʜʦʣʦʤʠʪʘ, 

ʢʦʢʩʘ, ʘʛʣʦʤʝʨʘʪʘ ʠ ʪ.ʜ. ʀʤʝʝʪʩʷ ʦʧʳʪ ʧʦʩʪʘʚʦʢ ʦʜʥʦ-ʚʘʣʢʦʚʳʭ ʟʫʙʯʘʪʳʭ 

ʜʨʦʙʠʣʦʢ, 2-ʭ ʠ 4-ʭ ʚʘʣʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʩ ʛʣʘʜʢʠʤʠ ʚʘʣʢʘʤʠ. ɺ ʢʦʥʩʪʨʫʢ-

ʮʠʷʭ ʜʨʦʙʠʣʦʢ ʩ ʛʣʘʜʢʠʤʠ ʚʘʣʢʘʤʠ ʧʨʠʤʝʥʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʜʦʙʩʪʚʦ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
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ʕʢʩʢʘʚʘʪʦʨʦʩʪʨʦʝʥʠʝ ʇɸʆ çʋʨʘʣʤʘʰʟʘʚʦʜè 

ɺ 1935 ʛʦʜʫ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʧʝʨʚʳʡ ʛʫʩʝʥʠʯʥʳʡ ʵʢʩʢʘʚʘʪʦʨ ʩ ʢʦʚ-

ʰʦʤ ʚʤʝʩʪʠʤʦʩʪʴʶ 3 ʤ3 ʜʣʷ ʂʦʫʥʨʘʜʩʢʦʛʦ ʤʝʜʥʦʛʦ ʨʫʜʥʠʢʘ. ɺʩʝʛʦ ʟʘ ʜʦ-

ʚʦʝʥʥʳʝ ʛʦʜʳ ʟʘʚʦʜ ʠʟʛʦʪʦʚʠʣ 12 ʛʫʩʝʥʠʯʥʳʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ. 

ʉʨʘʟʫ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʟʘʚʦʜ ʧʨʠʩʪʫʧʠʣ ʢ 

ʚʳʧʫʩʢʫ ʤʠʨʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʠʶʣʝ 1945 ʛʦʜʘ ʙʳʣ ʫʪʚʝʨʞʜʝʥ ʧʨʦʝʢʪ ʧʝʨʝ-

ʩʪʨʦʡʢʠ ʟʘʚʦʜʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʚʰʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʨʛʘʥʠʟʘʮʠʶ ʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ. ɺ ʤʘʝ 1947 ʛʦʜʘ ʙʳʣ ʚʳʧʫʱʝʥ ʧʝʨ-

ʚʳʡ ʧʦʩʣʝʚʦʝʥʥʳʡ ʪʨʝʭʢʫʙʦʚʳʡ ʵʢʩʢʘʚʘʪʦʨ ʉʕ-3 ʜʣʷ ʇʝʨʚʦʫʨʘʣʴʩʢʦʛʦ 

ʨʫʜʥʠʢʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʚʦʧʣʦʱʝʥʥʳʝ ʚ ʵʪʦʡ ʢʨʫʧʥʦʡ ʧʦ ʪʦʤʫ 

ʚʨʝʤʝʥʠ ʤʘʰʠʥʝ, ʤʘʩʩʘ ʢʦʪʦʨʦʡ 160-189 ʪ, ʦʢʘʟʘʣʠʩʴ ʫʜʘʯʥʳʤʠ ʠ ʥʘ ʤʥʦʛʦ 

ʣʝʪ ʦʧʨʝʜʝʣʠʣʠ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʫʩʝʥʠʯʥʳʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘ-

ʪʦʨʦʚ ʋʨʘʣʤʘʰʟʘʚʦʜʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʢʩʢʘʚʘ-

ʪʦʨʦʚ ʉʕ-3 ʙʳʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʩʪʘʥʢʠ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʵʢʩʢʘʚʘʪʦʨʥʳʭ ʜʝʪʘʣʝʡ, ʥʘʣʘʞʝʥʘ ʤʘʰʠʥʥʘʷ 

ʬʦʨʤʦʚʢʘ ʛʫʩʝʥʠʯʥʳʭ ʨʘʤ, ʩʦʟʜʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʙʦʨʦʯʥʳʝ 

ʫʯʘʩʪʢʠ, ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʰʝʬ-ʤʦʥʪʘʞʘ ʵʢʩʢʘʚʘʪʦʨʦʚ. ʋʨʘʣʤʘʰʝʚ-

ʩʢʠʝ ʵʢʩʢʘʚʘʪʦʨʳ ʉʕ-3 , ʘ ʩ 1956 ʛʦʜʘ ʕʂɻ-4 ʩ ʢʦʚʰʦʤ 4 ʤ3 ʩʪʘʣʠ ʦʩʥʦʚʦʡ 

ʵʢʩʢʘʚʘʪʦʨʥʦʛʦ ʧʘʨʢʘ ʙʫʨʥʦ ʨʘʟʚʠʚʘʚʰʝʛʦʩʷ ʚ ʩʪʨʘʥʝ ʦʪʢʨʳʪʦʛʦ ʩʧʦʩʦʙʘ 

ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʫʩʝʥʠʯʥʳʭ ʢʘʨʴʝʨʥʳʭ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ʋʨʘʣʤʘʰʟʘʚʦʜ ʨʝʰʠʣ ʧʨʦʙʣʝʤʫ ʩʦʟʜʘʥʠʷ ʢʨʫʧʥʦʛʦ ʵʢʩʢʘʚʘ-

ʪʦʨʘ-ʜʨʘʛʣʘʡʥʘ. ʈʘʟʨʘʙʘʪʳʚʘʷ ʵʪʫ ʤʘʰʠʥʫ, ʢʦʥʩʪʨʫʢʪʦʨʳ ʧʨʠʥʷʣʠ ʩʤʝʣʳʝ 

ʠ ʦʨʠʛʠʥʘʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʚʰʠʝ ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʜʨʘʛʣʘʡʥʦʚ, ʠʭ ʭʘʨʘʢʪʝʨʥʳʡ ʚʥʝʰʥʠʡ ʦʙʣʠʢ. ʉʶʜʘ ʦʪʥʦʩʷʪʩʷ 

ʩʪʨʝʣʘ ʚ ʚʠʜʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʨʘʩʪʷʥʫʪʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ï 

ʚʘʥʪʘʤʠ, ʧʨʠʜʘʶʱʠʤʠ ʩʪʨʝʣʝ ʪʨʝʙʫʝʤʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʤʘʩʩʝ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʰʘʛʘʥʠʷ, ʧʦʜʚʝʩʢʘ ʢʦʚʰʘ ʩ ʦʨʠʛʠʥʘʣʴʥʦʡ ʩʠ-

ʩʪʝʤʦʡ ʪʷʛʦʚʳʭ ʙʣʦʢʦʚ. 

ɺ ʜʝʢʘʙʨʝ 1949 ʛʦʜʘ  ʩʪʨʦʠʪʝʣʷʤ ɺʦʣʛʦ-ɼʦʥʩʢʦʛʦ ʢʘʥʘʣʘ ʙʳʣ ʧʦʩʪʘʚ-

ʣʝʥ ʵʢʩʢʘʚʘʪʦʨ ʕʐ-14.65. ɺʩʢʦʨʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʵʢʩʢʘʚʘ-

ʪʦʨʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʨʝʣʳ ʜʦ 75 ʤ. ɹʣʘʛʦʜʘʨʷ ʤʦʱʥʳʤ ʰʘʛʘʶʱʠʤ ʵʢʩʢʘ-

ʚʘʪʦʨʘʤ-ʜʨʘʛʣʘʡʥʘʤ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ 

ʙʝʩʪʨʘʥʩʧʦʨʪʥʳʡ ʩʧʦʩʦʙ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ ʧʨʠ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘ-

ʝʤʳʭ. ɺ 1958 ʛʦʜʫ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʰʘʛʘʶʱʠʡ ʵʢʩʢʘʚʘʪʦʨ 

ʩ ʢʦʚʰʦʤ 25 ʤ3 ʠ ʩʪʨʝʣʦʡ 100 ʤ. 

ɺ 1959 ʛʦʜʫ ʟʘʚʦʜ ʥʘʯʘʣ ʩʝʨʠʡʥʳʡ ʚʳʧʫʩʢ ʰʘʛʘʶʱʠʭ ʜʨʘʛʣʘʡʥʦʚ 

ʤʦʜʝʣʠ ʕʐ-15.90 ʩ ʢʦʚʰʦʤ 15 ʤ3 ʠ ʩʪʨʝʣʦʡ 90 ʤ. ɺʳʧʫʩʢ ʛʦʨʥʦʡ ʪʝʭʥʠʢʠ ʚ 

70-ʭ ʛʦʜʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʩʷ, ʨʘʩʰʠʨʠʣʘʩʴ ʥʦʤʝʥʢʣʘʪʫʨʘ ʧʨʦʜʫʢ-

ʮʠʠ. ɼʣʷ ʫʛʦʣʴʥʦʛʦ ʨʘʟʨʝʟʘ ʅʘʟʘʨʦʚʩʢʠʡ ʠʟʛʦʪʦʚʣʝʥ ʵʢʩʢʘʚʘʪʦʨïʜʨʘʛʣʘʡʥ 

ʕʐ-100.100  ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 13-14 ʤʣʥ. ʤ3 ʚ ʛʦʜ. ʕʪʦ ʙʳʣʦ ʢʨʫʧʥʦʝ 

ʜʦʩʪʠʞʝʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʦʩʪʨʦʝʥʠʷ. ʀʟʛʦʪʦʚʣʝʥʳ ʧʝʨʚʳʝ 

ʵʢʩʢʘʚʘʪʦʨʳ- ʜʨʘʛʣʘʡʥʳ ʕʐ-40.85 ʨʘʟʣʠʯʥʳʭ ʠʩʧʦʣʥʝʥʠʡ ʩ ʢʦʚʰʦʤ 40 ʤ3 

ʠ ʩʪʨʝʣʦʡ 85 ʤ. 

ʅʘʯʘʣʩʷ ʚʳʧʫʩʢ ʤʦʱʥʳʭ ʢʘʨʴʝʨʥʳʭ ʛʫʩʝʥʠʯʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ-

20 ʩ ʢʦʚʰʦʤ ʚʤʝʩʪʠʤʦʩʪʴʶ 20 ʤ3, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʨʘʙʦʪʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫ-
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ʨʘʭ ʜʦ -50 Áʉ. ʇʝʨʚʘʷ ʧʘʨʪʠʷ ʵʪʠʭ ʤʘʰʠʥ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʫʛʦʣʴʥʦʤʫ ʨʘʟ-

ʨʝʟʫ ʅʝʨʶʥʛʨʠʥʩʢʠʡ, ʗʢʫʪʠʷ.  

ɺ 80-ʝ ʛʦʜʳ ʋʨʘʣʤʘʰʟʘʚʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʙʥʦʚʠʣ ʥʦʤʝʥ-

ʢʣʘʪʫʨʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ 1980 ʛʦʜʫ ʩʝʨʠʡʥʘʷ 

ʤʦʜʝʣʴ ʵʢʩʢʘʚʘʪʦʨʘ ʕʂɻ-4,6ɹ, ʚʳʧʫʩʢʘʚʰʘʷʩʷ ʚ ʪʝʯʝʥʠʝ ʨʷʜʘ ʣʝʪ, ʙʳʣʘ ʟʘ-

ʤʝʥʝʥʘ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʤʦʜʝʣʴʶ ʕʂɻ-5ɸ ʩ ʢʦʚʰʦʤ 5,2 ʤ3. ʍʘʨʘʢʪʝʨʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʵʪʦʡ ʤʦʜʝʣʠ ï ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʧʘʥʠʷ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʘʷ ʦʧʪʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʠʣʠʷ ʧʦʜʲʝʤʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙ-

ʣʝʛʯʘʶʱʘʷ ʨʘʙʦʪʫ ʤʘʰʠʥʠʩʪʘ. ʇʦ ʨʘʙʦʯʠʤ ʧʘʨʘʤʝʪʨʘʤ ʵʢʩʢʘʚʘʪʦʨ ʥʘʭʦ-

ʜʠʣʩʷ ʥʘ ʫʨʦʚʥʝ ʣʫʯʰʠʭ ʟʘʨʫʙʝʞʥʳʭ ʦʙʨʘʟʮʦʚ ʤʘʰʠʥ ʵʪʦʛʦ ʢʣʘʩʩʘ. ʉ 1981 

ʛʦʜʘ ʚʤʝʩʪʦ ʩʝʨʠʡʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʕʐ-15.90ɸ ʩ ʢʦʚʰʦʤ 15 ʤ3 ʥʘʯʘʪ ʚʳ-

ʧʫʩʢ ʰʘʛʘʶʱʝʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʕʐ-20.90 ʩ ʢʦʚʰʦʤ 20 ʤ3. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʘʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʦʚʦʛʦ ʜʨʘʛʣʘʡʥʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝ-

ʥʠʷ ʚʤʝʩʪʠʤʦʩʪʠ ʢʦʚʰʘ ʧʨʠ ʪʦʤ ʞʝ ʨʘʙʦʯʝʤ ʮʠʢʣʝ ʧʦʚʳʰʝʥʘ ʥʘ 33 %. 

ʋʨʘʣʤʘʰʟʘʚʦʜ ʨʘʟʨʘʙʦʪʘʣ ʧʨʦʝʢʪʳ ʰʘʛʘʶʱʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʦʚʦʛʦ ʧʦʢʦ-

ʣʝʥʠʷ. ʀʟʛʦʪʦʚʣʝʥ ʠ ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘ ʫʛʦʣʴʥʦʤ ʨʘʟʨʝʟʝ ʊʫʣʫʥ-

ʩʢʠʡ ʰʘʛʘʶʱʠʡ ʵʢʩʢʘʚʘʪʦʨ ʕʐ-65.100 ʩ ʢʦʚʰʦʤ 65 ʤ3 ʠ ʩʪʨʝʣʦʡ 100 ʤ. 

ʋʛʦʣʴʥʦʤʫ ʨʘʟʨʝʟʫ ʄʫʛʫʥʩʢʠʡ ʧʦʩʪʘʚʣʝʥ ʥʦʚʳʡ ʰʘʛʘʶʱʠʡ ʵʢʩʢʘʚʘʪʦʨ 

ʕʐ-40.100, ʢʦʪʦʨʳʡ ʟʘʤʝʥʠʣ ʨʘʥʝʝ ʚʳʧʫʩʢʘʝʤʫʶ ʤʦʜʝʣʴ ʕʐ-40.85. ɿʘʚʦ-

ʜʦʤ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʵʢʩʢʘʚʘʪʦʨ-ʜʨʘʛʣʘʡʥ ʤʘʣʦʛʦ ʢʣʘʩʩʘ ʕʐ-11.75. ʇʝʨʚʘʷ 

ʄʘʰʠʥʘ ʧʦʩʪʘʚʣʝʥʘ ʟʦʣʦʪʦʜʦʙʳʪʯʠʢʘʤ ʗʢʫʪʠʠ. ʉ ʫʯʝʪʦʤ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʟʘʢʘʟʯʠʢʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʜʠʬʠʢʘʮʠʠ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ: ʵʢʩʢʘʚʘʪʦʨʳ ʩ 

ʫʜʣʠʥʝʥʥʳʤʠ ʩʪʨʝʣʘʤʠ, ʵʢʩʢʘʚʘʪʦʨʳ ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ ʥʘ ʛʨʫʥʪ.  

ʊʝʭʥʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʢʘʨʴʝʨʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʣʦʧʘʪ ʋʨʘʣʤʘʰʟʘ-

ʚʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʠʭ ʥʘʜʝʞʥʫʶ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʚ ʩʘʤʳʭ 

ʪʷʞʝʣʳʭ ʟʘʙʦʷʭ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘ ʛʦʨʥʷʢʘʤ. ʕʪʦ ʜʚʫʭʙʘʣʦʯʥʘʷ ʨʫʢʦʷʪʴ, 

ʨʝʝʯʥʳʡ ʥʘʧʦʨ, ʜʚʫʭʛʫʩʝʥʠʯʥʳʡ ʭʦʜ ʩ ʨʘʟʜʝʣʴʥʳʤ ʧʨʠʚʦʜʦʤ ʥʘ ʢʘʞʜʫʶ 

ʛʫʩʝʥʠʮʫ. ʉʝʨʠʡʥʘʷ ʤʘʰʠʥʘ ʋʨʘʣʤʘʰʟʘʚʦʜʘ ʵʢʩʢʘʚʘʪʦʨ ʕʂɻ-5ɸ ʩ ʢʦʚʰʦʤ 

5,2 ʤ3 ʧʦʧʫʣʷʨʥʘ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʦʪʨʘʩʣʷʭ. ʉ 1980 ʛ. ʚʳʧʫʱʝʥʦ ʙʦʣʝʝ 

5000 ʤʘʰʠʥ ʵʪʦʡ ʤʦʜʝʣʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʞʝʣʘʥʠʷʤʠ ʟʘʢʘʟʯʠʢʦʚ ʥʘ ʙʘ-

ʟʝ ʕʂɻ-5ɸ ʩʦʟʜʘʥʦ ʥʝʩʢʦʣʴʢʦ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ: ʵʢʩʢʘʚʘʪʦʨʳ ʩʦ ʚʩʪʨʦʝʥ-

ʥʳʤʠ ʚ ʢʦʚʰ ʧʥʝʚʤʦʫʜʘʨʥʳʤʠ ʟʫʙʴʷʤʠ, ʘʚʪʦʥʦʤʥʳʝ ʵʢʩʢʘʚʘʪʦʨʳ ʩ ʜʠ-

ʟʝʣʴʥʳʤ ʧʨʠʚʦʜʦʤ, ʵʢʩʢʘʚʘʪʦʨʳ ʩ ʫʜʣʠʥʝʥʥʳʤ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ, 

ʥʘʢʦʥʝʮ, ʛʫʩʝʥʠʯʥʳʡ ʜʨʘʛʣʘʡʥ ʩ ʢʦʚʰʦʤ 3,2 ʤ3 ʠ ʩʪʨʝʣʦʡ 30 ʤ ʜʣʷ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. 

ɼʣʷ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝ-

ʨʝʩ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʤʦʜʝʣʠ ʛʫʩʝʥʠʯʥʳʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʋʨʘʣ-

ʤʘʰʟʘʚʦʜʘ: ʕʂɻ-12 ʩ ʢʦʚʰʦʤ 12, 14 ʠ 16 ʤ3 ʠ ʕʂɻ-20ɸ ʩ ʢʦʚʰʦʤ 20 ʤ3. ʕʪʠ 

ʤʘʰʠʥʳ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʶʪ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʂʘʨʝʣʠʠ, ʗʢʫʪʠʠ, 

ʂʫʟʙʘʩʩʘ. ʅʘ ʙʘʟʝ ʵʢʩʢʘʚʘʪʦʨʘ ʕʂɻ-12 ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʜʠʬʠʢʘʮʠʠ: 

ʵʢʩʢʘʚʘʪʦʨ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʚ ʢʦʚʰ ʧʥʝʚʤʦʫʜʘʨʥʳʤʠ ʟʫʙʴʷʤʠ, ʛʫʩʝʥʠʯʥʳʡ 

ʜʨʘʛʣʘʡʥ ʩ ʢʦʚʰʦʤ 8 ʤ3 ʠ ʩʪʨʝʣʦʡ 50 ʤ. 

ʈʘʟʨʘʙʦʪʘʥ ʢʘʨʴʝʨʥʳʡ ʛʫʩʝʥʠʯʥʳʡ ʵʢʩʢʘʚʘʪʦʨ ʕʂɻ-18 ʩ ʢʦʚʰʦʤ 16-

18 ʤ3, ʠ ʵʢʩʢʘʚʘʪʦʨ ʕʂɻ-30 ʩ ʢʦʚʰʦʤ 30-40 ʤ3. 

ɺ ʩʝʨʝʜʠʥʝ 70-ʭ ʛʦʜʦʚ ʧʝʨʝʜ ʋʨʘʣʤʘʰʟʘʚʦʜʦʤ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘ-

ʯʘ ʩʦʟʜʘʥʠʷ ʤʦʱʥʳʭ ʢʘʨʴʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ, 
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ʢʘʢ ʠʟʚʝʩʪʥʦ, ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ. ɿʘʚʦʜʦʤ ʙʳ-

ʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩ-

ʢʘʚʘʪʦʨʦʚ ʕɻ-12, ʕɻ-12ɸ, ʕɻ-20 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʪʫʶ-

ʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʦʧʨʝʜʝʣʝʥ-

ʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʭʦʪʷ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʥʠʢʘʣʠ ʪʨʫʜʥʦʩʪʠ, ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʠ 

ʦʩʚʦʝʥʠʠ ʤʘʰʠʥ ʥʦʚʦʛʦ ʪʠʧʘ. 

ʅʘ ʟʘʚʦʜʝ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʵʢʩʢʘʚʘʪʦʨ ʕɻʆ-

4ɸ ï ʦʙʨʘʪʥʘʷ ʣʦʧʘʪʘ ʩ ʜʠʟʝʣʴʥʳʤ ʧʨʠʚʦʜʦʤ, ʠʤʧʦʨʪʥʳʤʠ ʢʦʤʧʣʝʢʪʫʶ-

ʱʠʤʠ ʠʟʜʝʣʠʷʤʠ ʠ ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʄʘʰʠʥʘ ʧʦʩʪʘʚʣʝʥʘ ʦʜʥʦʤʫ 

ʠʟ ʫʛʦʣʴʥʳʭ ʨʘʟʨʝʟʦʚ ʂʫʟʙʘʩʩʘ. ʉʝʛʦʜʥʷ ʨʘʟʨʘʙʦʪʘʥ ʠ ʚʳʧʫʱʝʥ ʥʦʚʳʡ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʡ ʵʢʩʢʘʚʘʪʦʨ ʋɻʕ-300. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʢʦʥʮʘ 60-ʭ ï ʥʘʯʘʣʘ 70-ʭ ʛʦʜʦʚ, ʢʦʛʜʘ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʝ ʵʢʩʢʘʚʘʪʦʨʳ ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʪʴʩʷ ʚ ʟʘʨʫʙʝʞʥʦʡ ʛʦʨʥʦ-

ʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʠʥʦʩʪʨʘʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʝʨʠʦʜʠʢʝ ʩʠ-

ʩʪʝʤʘʪʠʯʝʩʢʠ ʧʝʯʘʪʘʣʠʩʴ ʧʫʙʣʠʢʘʮʠʠ  ʦ ʨʦʣʠ ʠ ʤʝʩʪʝ, ʢʦʪʦʨʦʝ ʟʘʡʤʫʪ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʝ ʵʢʩʢʘʚʘʪʦʨʳ. ɺʦʧʨʦʩ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʩʪʘʚʠʣʩʷ ʪʘʢ: ʙʫʜʫʪ 

ʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʘʥʘʪʥʳʝ ʵʢʩʢʘʚʘʪʦʨʳ ʚʳʪʝʩʥʝʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ. ɿʘ-

ʨʫʙʝʞʥʘʷ ʧʨʘʢʪʠʢʘ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʦʩʦʙʝʥʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʚʝʨʭʤʦʱʥʳʭ 

ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʦʛʨʫʟʦʯʥʳʤʠ ʤʘʰʠʥʘʤʠ ʚ 

ʧʝʨʩʧʝʢʪʠʚʝ ʦʩʪʘʥʫʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʣʦʧʘʪʳ, ʢʘʢ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʳʝ, ʥʘʜʝʞʥʳʝ, ʵʢʦʥʦʤʠʯʥʳʝ ʠ ʜʦʣʛʦʚʝʯʥʳʝ. ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʵʢʩʢʘʚʘʪʦʨʳ 

ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʘʤ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʩʝʣʝʢʪʠʚʥʘʷ ʚʳʝʤʢʘ ʧʦ-

ʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʛʜʝ ʩʨʦʢ ʞʠʟʥʠ ʢʘʨʴʝʨʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ. 

ʐʘʛʘʶʱʠʝ ʠ ʢʘʨʴʝʨʥʳʝ ʵʢʩʢʘʚʘʪʦʨʳ ʋʨʘʣʤʘʰʟʘʚʦʜʘ ʧʦ ʪʝʭʥʠʯʝ-

ʩʢʦʤʫ ʫʨʦʚʥʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʨʘʙʦʯʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʨʫʛʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʦʤʫ ʤʠʨʦʚʦʤʫ ʫʨʦʚʥʶ. ʀʭ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʝ ʚʝʜʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʠʨʘʪʴ ʦʧʪʠ-

ʤʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ. 

ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ  

ʋʨʘʣʤʘʰʟʘʚʦʜʦʤ ʩ 1933 ʛʦʜʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝ, ʘ ʧʨʦʢʘʪʥʦʝ ʙʳʣʦ ʧʝʨʚʳʤ: ʟʘ ʚʩʶ ʠʩʪʦʨʠʶ ʠʟʛʦʪʦʚʣʝʥʦ 22 ʙʣʶ-

ʤʠʥʛʘ, 7 ʢʨʫʧʥʦʩʦʨʪʥʳʭ ʠ ʟʘʛʦʪʦʚʦʯʥʳʭ ʩʪʘʥʦʚ, 4 ʨʝʣʴʩʦʙʘʣʦʯʥʳʭ ʩʪʘʥʘ, 5 

ʦʪʜʝʣʝʥʠʡ ʜʣʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʨʝʣʴʩʦʚ, 28 ʨʝʣʴʩʦ-ʩʦʨʪʦʧʨʘʚʠʣʴʥʳʭ ʤʘ-

ʰʠʥ, 27 ʣʠʩʪʦʧʨʘʚʠʣʴʥʳʭ ʤʘʰʠʥ, 8 ʣʠʩʪʦʚʳʭ ʩʪʘʥʦʚ, 5 ʦʪʜʝʣʝʥʠʡ ʜʣʷ ʪʝʨ-

ʤʦʦʙʨʘʙʦʪʢʠ ʣʠʩʪʘ, 4 ʢʦʣʝʩʦ- ʠ ʢʦʣʴʮʝʧʨʦʢʘʪʥʳʭ ʩʪʘʥʘ, 68 ʩʪʘʥʦʚ ʭʦʣʦʜ-

ʥʦʡ ʧʨʦʢʘʪʢʠ, 22 ʥʝʧʨʝʨʳʚʥʦ-ʪʨʘʚʠʣʴʥʳʭ ʘʛʨʝʛʘʪʘ, 9 ʘʛʨʝʛʘʪʦʚ ʥʝʧʨʝʨʳʚ-

ʥʦʛʦ ʦʪʞʠʛʘ, 6 ʘʛʨʝʛʘʪʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʢʨʳʪʠʷ ʛʦʨʷʯʠʤ ʩʧʦʩʦʙʦʤ, 32 

ʘʛʨʝʛʘʪʘ ʧʦʧʝʨʝʯʥʦʡ ʨʝʟʢʠ, 20 ʘʛʨʝʛʘʪʦʚ ʧʨʦʜʦʣʴʥʦʡ ʨʝʟʢʠ, 8 ʤʘʰʠʥ ʧʨʘʚ-

ʢʠ ʠʟʛʠʙʦʤ ʩ ʨʘʩʪʷʞʝʥʠʝʤ. 

ʇɸʆ çʋʨʘʣʤʘʰʟʘʚʦʜè ʠʟʛʦʪʦʚʣʷʝʪ ʘʛʣʦʤʝʨʘʮʠʦʥʥʳʝ ʤʘʰʠʥʳ ʢʦʥ-

ʚʝʡʝʨʥʦʛʦ ʪʠʧʘ ʩ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʴʶ ʩʧʝʢʘʥʠʷ ʜʦ 400 ʤ2, ʦʙʞʠʛʦʚʳʝ ʢʦʥ-

ʚʝʡʝʨʥʳʝ ʤʘʰʠʥʳ ʩ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʴʶ ʜʦ 520 ʤ2, ʩʪʘʣʴʥʳʝ ʪʝʣʝʞʢʠ ʜʣʷ 

ʦʙʞʠʛʦʚʳʭ ʠ ʘʛʣʦʤʝʨʘʮʠʦʥʥʳʭ ʤʘʰʠʥ ʠʟ ʞʘʨʦʩʪʦʡʢʦʡ ʩʪʘʣʠ ʰʠʨʠʥʦʡ ʜʦ 

3 ʤ, ʢʦʣʦʩʥʠʢʠ ʜʣʷ ʪʝʣʝʞʝʢ. 
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ʇɸʆ çʋʨʘʣʤʘʰʟʘʚʦʜè ʠʤʝʝʪ ʦʧʳʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʷʙʦʚʳʭ ʤʘʰʠʥ 

ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ (ʄʅʃɿ) ʛʦʜʦʚʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʜʦ 3 ʤʣʥ. ʪ, 

ʙʣʶʤʦʚʳʭ ʤʘʰʠʥ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ, ʨʦʣʠʢʦʚ ʄʅʃɿ ʩ ʥʘʧʣʘʚʢʦʡ, 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ ʄʅʃɿ. ʀʟʛʦʪʦʚʣʝʥʦ ʙʦʣʝʝ 70 ʄʅʃɿ. 

ʀʤʝʝʪ ʦʧʳʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʝʩʩʦʚ ʜʣʷ 

ʢʦʚʢʠ, ʰʪʘʤʧʦʚʢʠ ʠ ʧʨʝʩʩʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʫʩʠʣʠʝʤ 

ʜʦ 150 MN, ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʵʢʩʪʨʫʟʠʚʥʳʭ ʧʨʝʩʩʦʚ ʜʣʷ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ ʫʩʠʣʠʝʤ ʜʦ 200 MN, ʧʨʘʚʠʣʴʥʦ-ʨʘʩʪʷʞʥʳʭ ʤʘʰʠʥ ʫʩʠʣʠʝʤ ʜʦ 60 

MN, ʪʨʫʙʦ- ʠ ʧʘʥʝʣʝʛʠʙʦʯʥʳʭ ʩʪʘʥʦʚ ʜʣʷ ʛʠʙʢʠ ʪʨʫʙ ʜʠʘʤʝʪʨʦʤ ʜʦ 820 ʤʤ. 

ʆʩʚʦʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘʛʨʫʟʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʢʣʘʧʘʥʥʦʛʦ ʪʠʧʘ ʜʣʷ 

ʜʦʤʝʥʥʳʭ ʧʝʯʝʡ ʦʙʲʝʤʦʤ ʜʦ 5000 ʤ3, ʤʘʰʠʥ ʟʘʙʠʚʢʠ ʯʫʛʫʥʥʦʡ ʣʝʪʢʠ, ʯʫ-

ʛʫʥʦʚʦʟʦʚ, ʰʣʘʢʦʚʦʟʦʚ, ʩʢʠʧʦʚʳʭ ʣʝʙʝʜʦʢ. 

ʋʨʘʣʤʘʰʟʘʚʦʜʦʤ ʦʩʚʦʝʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʜʲʝʤʥʦ- 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʧʝʮʠʘʣʴʥʳʭ ʢʨʘʥʦʚ ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤ-

ʥʦʩʪʠ: ʨʘʟʣʠʚʦʯʥʳʭ ʢʨʘʥʦʚ, ʤʫʣʴʜʦʚʳʭ ʤʘʰʠʥ ʜʣʷ ʤʝʪʘʣʣʫʨʛʠʠ, ʧʦʣʷʨʥʳʭ 

ʢʨʘʥʦʚ, ʢʨʘʥʦʚ ʵʩʪʘʢʘʜʳ ʠ ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʤʘʰʠʥ ʜʣʷ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦ-

ʩʪʘʥʮʠʡ. ɻʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʵʪʠʭ ʢʨʘʥʦʚ ʜʦʩʪʠʛʘʝʪ 600 ʪʦʥʥ. 
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ʇʆɺʓʐɽʅʀɽ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ʅɸʉʆʉʆɺ  

ʐɸʍʊʅʆɻʆ ɺʆɼʆʆʊʃʀɺɸ 
 

ɼ.ʉ. ɼʴʷʢ 1,2, ʘʩʧʠʨʘʥʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʉʀʉè, ʛ. ʄʦʩʢʚʘ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
 

ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʝʢʮʠʦʥʥʳʭ 

ʥʘʩʦʩʦʚ (ʎʅʉ), ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʠʩʪʝʤʘʭ ʰʘʭʪʥʦʛʦ ʚʦʜʦʦʪʣʠʚʘ. ʅʘ ʧʨʠʤʝʨʝ ʥʘʩʦʩʘ 

ʪʠʧʘ ʎʅʉ-300 ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʤʝʪʦʜʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ: ʧʨʠʤʝʥʝʥʠʝ 

ʣʦʧʘʪʦʢ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʠ ʜʦʙʘʚʣʝʥʠʝ ʣʦʧʘʪʦʢ ʚʪʦʨʦʛʦ ʨʷʜʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʂʇɼ ʥʘʩʦʩʘ ʜʦ 

6,0 %.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ ʩʝʢʮʠʦʥʥʳʡ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʂʇɼ, ʵʥʝʨʛʦʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ, ʰʘʭʪʥʳʡ ʚʦʜʦʦʪʣʠʚ, ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ. 
 

INCREASING THE ENERGY EFFICIENCY OF MINE DEWATER PUMPS  
 

D.S. Dyak1.2  
 

This article examines methods for improving the energy efficiency of centrifugal section 

pumps (CSP) used in mine dewatering systems. Using the CSP-300 pump as an example, two 

impeller upgrade methods are discussed: the use of variable-pitch blades and the addition of 

a second row of blades. It has been established that these methods can increase the pump's 

hydraulic efficiency by up to 6.0 %. 

Keywords: sectional centrifugal pump, hydraulic efficiency, energy efficiency, mine drainage, 

impeller. 
 

ʉʠʩʪʝʤʳ ʰʘʭʪʥʦʛʦ ʚʦʜʦʦʪʣʠʚʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʙʦʨʘ ʠ ʦʪʚʦʜʘ 

ʧʦʜʟʝʤʥʳʭ ʠ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʚʦʜ ʠʟ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʆʩʥʦʚʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʦʙʝʞʥʳʝ ʥʘʩʦʩʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʥʦʛʦʩʪʫ-

ʧʝʥʯʘʪʳʝ ʩʝʢʮʠʦʥʥʳʝ ʪʠʧʘ ʎʅʉ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʟʜʘʚʘʪʴ ʚʳʩʦʢʠʡ ʥʘʧʦʨ. 

ʇʦʩʢʦʣʴʢʫ ʜʦʣʷ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʩʠʩʪʝʤʳ ʚʦʜʦʦʪʣʠʚʘ ʚ ʛʦʨ-

ʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 10õ25 % ʦʪ ʚʩʝʡ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦ-

ʩʪʠ, ʪʦ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [1, 2]. 

ʅʘʠʙʦʣʴʰʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʥʘʩʦʩʝ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʨʘʙʦʯʝʝ 

ʢʦʣʝʩʦ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 45õ50 %. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʦʭʨʘʥʝʥʠʷ ʛʘʙʘʨʠʪʥʳʭ ʠ ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʨʘʟʤʝʨʦʚ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʣʦʧʘʪʦʢ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʠ ʜʦʙʘʚʣʝʥʠʝʤ ʣʦ-

ʧʘʪʦʢ ʚʪʦʨʦʛʦ ʨʷʜʘ [3].  

ʇʨʠʤʝʥʝʥʠʝ ʣʦʧʘʪʦʢ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʣʦʧʘʪʦʢ (ʨʠʩ. 1), ʜʦʩʪʠʛʘʝʤʦʝ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʤʝʞʣʦʧʘʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʥʠʞʝʥʠʝ ʛʠʜʨʘʚʣʠ-

ʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ ʨʘʩʰʠʨʝʥʠʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʥʘʩʦʩʘ [4]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟ-

ʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʦʪ πȟχ1̎̏ ̍ʜʦ ρȟυ1̎̏ ̍ʠ ʧʦʚʳʩʠʪʴ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʡ ʂʇɼ ʜʦ 3,5 % ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʣʷ ʩʢʦʨʦ-

ʩʪʝʡ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʪʦʢʘ ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʩʨʝʜʳ. 
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ʈʠʩʫʥʦʢ 1. ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʘʙʦʯʝ-

ʛʦ ʢʦʣʝʩʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʣʦ-

ʧʘʪʦʢ 

ʈʠʩʫʥʦʢ 2. ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ ʩ ʣʦʧʘʪʢʘʤʠ ʚʪʦʨʦʛʦ 

ʨʷʜʘ 

 

ɼʦʙʘʚʣʝʥʠʝ ʣʦʧʘʪʦʢ ʚʪʦʨʦʛʦ ʨʷʜʘ 

ʄʝʪʦʜ ʜʦʙʘʚʣʝʥʠʷ ʣʦʧʘʪʦʢ ʚʪʦʨʦʛʦ ʨʷʜʘ (ʨʠʩ. 2) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘ-

ʥʦʚʢʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʦʧʘʪʦʢ ʚ ʤʝʞʣʦʧʘʪʦʯʥʦʤ ʢʘʥʘʣʝ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

[5, 6]. ɺʪʦʨʦʡ ʨʷʜ ʣʦʧʘʪʦʢ, ʠʤʝʶʱʠʡ ʫʢʦʨʦʯʝʥʥʫʶ ʜʣʠʥʫ, ʧʦʟʚʦʣʷʝʪ ʩʥʠ-

ʟʠʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʠ ʧʦʚʳʩʠʪʴ ʥʘʧʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ 

ʟʘ ʩʯʝʪ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʦ ʰʠʨʠʥʝ ʢʘʥʘʣʘ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʚʠʭʨʝʚʳʭ ʟʦʥ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʝʪʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʂʇɼ ʜʦ 

6,0 % ʠ ʧʦʚʳʰʝʥʠʶ ʥʘʧʦʨʘ ʜʦ 6,1 %.   

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʝʪʦʜʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʧʨʠʤʝʥʠʤʳ 

ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ. ʇʨʠʤʝʥʝʥʠʝ 

ʣʦʧʘʪʦʢ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩ ʥʝʨʘʚʥʦ-

ʤʝʨʥʳʤ ʚʦʜʦʧʨʠʪʦʢʦʤ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ 

ʜʠʘʧʘʟʦʥ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʥʘʩʦʩʘ. ɼʦʙʘʚʣʝʥʠʝ ʣʦʧʘʪʦʢ ʚʪʦʨʦʛʦ ʨʷʜʘ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʢʘʢ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʂʇɼ, ʪʘʢ ʠ ʥʘʧʦʨʘ. ʄʝʪʦʜʳ ʥʘʧʨʘʚʣʝʥʳ 

ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʛʘʙʘʨʠʪʥʳʭ ʠ ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ. 

ɺʳʚʦʜʳ  
ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʰʘʭʪʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʛʦʨʥʦ-

ʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʣʦʧʘʪʦʢ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʰʠʨʝʥʠʝ 

ʨʘʙʦʯʝʡ ʟʦʥʳ ʥʘʩʦʩʘ ʦʪ πȟχ1̎̏ ̍ʜʦ ρȟυ1̎̏ ̍ʠ ʧʦʚʳʰʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʂʇɼ ʜʦ 3,5 %. 

ɼʦʙʘʚʣʝʥʠʝ ʣʦʧʘʪʦʢ ʚʪʦʨʦʛʦ ʨʷʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʦʛʦ ʂʇɼ ʥʘʩʦʩʘ ʜʦ 6,0 % ʠ ʫʚʝʣʠʯʝʥʠʶ ʥʘʧʦʨʘ ʜʦ 6,1 % ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʚʠʭʨʝʚʳʭ ʟʦʥ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʧʝʨʝʢʘʯʠ-

ʚʘʝʤʦʡ ʩʨʝʜʳ. 
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ʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʨʪʝʥʩʠʪʘ, ʘ ʟʥʘʯʠʪ ʠ ʠʟʥʦʩʘ ʢʘʥʘʪʦʚ, 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʞʠʤʥʦʛʦ ʫʩʠʣʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʨʦʩʢʘʣʴ-

ʟʳʚʘʥʠʠ ʢʘʥʘʪʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʣʠʢʘ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘ-

ʨʳ çʢʘʥʘʪ-ʨʦʣʠʢè, ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʨʝʜʣʦʞʝʥʦ ʩʜʝʣʘʪʴ ʢʦʥʩʪʨʫʢʮʠ ʁ ʧʦʜʜʝʨʞʠʚʘʶʝɦʛʦ ʢʘʥʘʪ ʨʦʣʠʢʘ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʣʠʢʘ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʠ ʢʘʥʘʪʘ ʚ ʤʦʤʝʥʪ 

ʝʛʦ ʥʘʙʝʛʘʥʠʷ ʥʘ ʨʦʣʠʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʥʦʩ ʛʦʣʦʚʥʳʭ ʢʘʥʘʪʦʚ, ʢʘʥʘʪʦʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʨʦʣʠʢʠ, ʤʘʨʪʝʥ-

ʩʠʪ, ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ, ʥʘʢʣʦʥʥʘʷ ʧʦʜʲʸʤʥʘʷ ʫʩʪʘʥʦʚʢʘ. 
 

REDUCING THE INTENSITY OF WEAR ON THE HEAD ROPES OF AN  

INCLINED LIFT  
 

S.V. Belov, E.L . Sadykov, V.Ya. Potapov, V.V. Potapov, P.V. Trutyev  

 

A number of factors affecting the intensive wear of head ropes in inclined hoisting systems 

are considered. The rate of martensite formation, and hence rope wear, depends significantly 

on the clamping force and temperature during rope slippage along the roller surface. To op-

timize the rope-roller interaction, it is necessary to minimize the relative slippage of their sur-
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faces. A proposed design for the rope support roller consists of multiple independent disks 

located on the same axis of rotation. Graphs are presented showing the dependence of the 

relative velocity of a point on the roller surface for the traditional and proposed designs, and 

the rope as it approaches the roller, all located on the same coordinate plane. 

Keywords: head rope wear, rope support rollers, martensite, speed dependence graphs, in-

clined lifting unit. 

 

ʀʥʪʝʥʩʠʚʥʳʡ ʠʟʥʦʩ ʛʦʣʦʚʥʳʭ ʢʘʥʘʪʦʚ ʥʘʢʣʦʥʥʳʭ ʧʦʜʲʸʤʥʳʭ ʫʩʪʘ-

ʥʦʚʦʢ ʦʙʫʩʣʦʚʣʝʥ ʫʩʪʨʘʥʠʤʳʤʠ ʠ ʥʝʫʩʪʨʘʥʠʤʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʂ ʥʝʫʩʪʨʘ-

ʥʠʤʳʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʢʘʥʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʢʘʥʘʪʦʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʨʦʣʠʢʦʚ ʚ ʤʦʤʝʥʪ ʥʘʙʝʛʘʥʠʷ ʥʘ ʥʠʭ. ʇʦ ʜʘʥ-

ʥʳʤ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʨʘʟʨʫʰʝʥʠʷ ʢʘʥʘʪʦʚ, 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʭʨʫʧʢʦʛʦ ʩʣʦʷ ʤʘʨʪʝʥʩʠʪʘ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʧʨʦʚʦʣʦʯʝʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʜʲʸʤʥʳʡ ʢʘʥʘʪ. ʆʙʨʘʟʦʚʘʥʠʝ ʤʘʨʪʝʥ-

ʩʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʠ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʤʝ-

ʪʘʣʣʝ ʢʘʥʘʪʘ ʧʨʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʣʠʢʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʨʪʝʥʩʠʪʘ, ʘ ʟʥʘʯʠʪ ʠ ʠʟʥʦʩʘ ʢʘʥʘʪʦʚ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝ-

ʥʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʞʠʤʥʦʛʦ ʫʩʠʣʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʠ 

ʢʘʥʘʪʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʣʠʢʘ. ɿʥʘʷ ʢʦʥʩʪʨʫʢʮʠʶ, ʨʘʟʤʝʨʳ ʠ ʤʘʪʝʨʠʘʣ ʢʘ-

ʥʘʪʦʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʨʦʣʠʢʘ, ʘ ʪʘʢʞʝ ʣʠʥʝʡʥʫʶ ʤʘʩʩʫ ʛʦʣʦʚʥʦʛʦ ʢʘʥʘʪʘ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘ-

ʥʘʪʘ ʩ ʨʦʣʠʢʦʤ, ʧʨʠ ʥʘʙʝʛʘʥʠʠ ʥʘ ʧʦʩʣʝʜʥʠʡ. ʀʟ ʧʦʣʫʯʝʥʥʦʡ, ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʩʢʘʣʴʟʳ-

ʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʞʠʤʥʦʝ ʫʩʠʣʠʝ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʥʘʪʘ 

ʠ ʨʦʣʠʢʘ (ʩʤ. ʨʠʩ 1). ɽʩʣʠ ʠʟʚʝʩʪʝʥ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʧʨʠʞʠʤʥʦʛʦ ʫʩʠʣʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʧʝʨʠʦʜ ʠ ʧʫʪʴ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʧʨʠ ʪʨʝ-

ʥʠʠ ʜʚʫʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ, ʟʘʪʨʘʯʠʚʘʝʤʫʶ ʥʘ ʧʨʝ-

ʦʜʦʣʝʥʠʝ ʩʠʣ ʪʨʝʥʠʷ ʧʨʠ ʥʘʙʝʛʘʥʠʠ ʢʘʥʘʪʘ ʥʘ ʨʦʣʠʢ. ʕʪʘ ʨʘʙʦʪʘ ʙʫʜʝʪ ʟʘ-

ʪʨʘʯʝʥʘ ʥʘ ʥʘʛʨʝʚ, ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʨʪʝʥʩʠʪʘ ʚ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʦʚʦʣʦʢ ʢʘʥʘʪʘ, ʚʳʟʳʚʘʷ ʩʢʦʨʝʡʰʠʡ ʝʛʦ ʠʟʥʦʩ. ɼʣʷ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʫʩʣʦʚʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʳ ʢʘʥʘʪ-ʨʦʣʠʢ, ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠ-

ʨʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʨʦʣʠʢʦʚ, ʠ ʪʝʤ 

ʩʘʤʳʤ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʟʘʪʨʘʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʠʟʥʦʩʘ ʢʘʥʘʪʘ 

ʠ ʨʦʣʠʢʦʚ ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʚʨʝʜʥʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʧʦʜʲʸʤʥʦʡ ʫʩʪʘʥʦʚʢʠ. ɽʩʣʠ ʢʘʥʘʪʦʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʨʦ-

ʣʠʢ ʩʜʝʣʘʪʴ ʥʘʙʦʨʥʳʤ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʜʠʩʢʦʚ (ʨʠʩ.1), ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʭ ʥʘ ʦʜʥʦʡ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʪʦ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘ-

ʩʪʝʡ ʨʦʣʠʢʘ ʧʨʠ ʥʘʙʝʛʘʥʠʠ ʢʘʥʘʪʘ ʫʤʝʥʴʰʠʪʩʷ ʚ ʨʘʟʳ, ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ 

ʬʦʨʤʳ ʠ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ ʨʦʣʠʢʘ. ɸ ʟʥʘʯʠʪ ʫʩʢʦ-

ʨʝʥʠʝ ʪʦʯʢʠ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʪʘʢʦʛʦ ʨʦʣʠʢʘ ʚ ʤʦʤʝʥʪ ʥʘʙʝʛʘʥʠʷ ʥʘ ʥʝʛʦ ʢʘ-

ʥʘʪʘ, ʙʫʜʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʨʦʣʠʢʦʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʝ ʤʘʣʦ-

ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠ ʪʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʦʣʠʢʦʚ ʠʟ ʥʘʙʦʨʘ 

ʥʝʟʘʚʠʩʠʤʳʭ ʜʠʩʢʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪ ʠʭ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ [1-3]. 
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ʈʠʩ 1. ʇʫʪʝʚʦʡ ʨʦʣʠʢ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʢʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʣʠʢʘ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʢʘʥʘ-

ʪʘ ʚ ʤʦʤʝʥʪ ʝʛʦ ʥʘʙʝʛʘʥʠʷ ʥʘ ʨʦʣʠʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪ-

ʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. ʀʟ ʧʨʠʚʝʜʸʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʩʣʝʜʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʧʝʨʠʦʜʘ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʠ ʧʨʠʞʠʤʥʦ-

ʛʦ ʫʩʠʣʠʷ ʚʦ ʚʨʝʤʷ ʥʘʙʝʛʘʥʠʷ ʢʘʥʘʪʘ ʥʘ ʨʦʣʠʢʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʣʦʠʥʝʨʮʠʦʥʥʳʤʠ ʨʦʣʠʢʘʤʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ. 

 
ʈʠʩ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʣʠʢʘ  

ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʥʘʪʘ ʚ ʤʦʤʝʥʪ  

ʝʛʦ ʥʘʙʝʛʘʥʠʷ ʥʘ ʨʦʣʠʢ: Ὗ ὸ ï ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʥʘʪʘ ʠ ʨʦʣʠʢʘ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʚ ʧʝʨʠʦʜ  

ʥʘʙʝʛʘʥʠʷ; Ὗ ὸ - ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʢʘʥʘʪʘ ʠ ʨʦʣʠʢʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʚ ʨʘʙʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʚ ʧʝʨʠʦʜ ʥʘʙʝʛʘʥʠʷ; 

ὖὸ ï ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʠʣʠʷ ʧʨʠʞʠʤʘʶʱʝʛʦ ʢʘʥʘʪ ʢ ʨʦʣʠʢʫ ʦʪ ʚʨʝʤʝʥʠ ʚ ʧʝʨʠʦʜ  

ʥʘʙʝʛʘʥʠʷ 
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ʉʨʘʚʥʠʪʴ ʚʣʠʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʦʣʠʢʘ ʥʘ ʠʟʥʦʩ ʢʘʥʘʪʦʚ, ʤʦʞʥʦ ʦʮʝ-

ʥʠʚ ʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣ ʪʨʝʥʠʷ ʤʝʞʜʫ 

ʢʘʥʘʪʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʦʣʠʢʘ ʟʘ ʚʨʝʤʷ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʩʢʘʣʴʟʳ-

ʚʘʥʠʷ ʚ ʤʦʤʝʥʪ ʥʘʙʝʛʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʣʠʥʫ ʫʯʘʩʪʢʘ 

ʢʘʥʘʪʘ ʧʦʜʚʝʨʞʝʥʥʦʛʦ ʠʟʥʦʩʫ, ʪ.ʢ. ʨʘʙʦʪʘ ʩʠʣ ʪʨʝʥʠʷ, ʨʘʩʩʝʷʥʥʘʷ ʥʘ ʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʜʣʠʥʝ ʢʘʥʘʪʘ ʥʝ ʚʳʟʳʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʛʦ ʝʛʦ ʨʘʟʨʫ-

ʰʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʡ ʨʘʙʦʪʳ ʥʘ ʥʝʙʦʣʴʰʦʤ ʫʯʘʩʪʢʝ ʢʘʥʘʪʘ, 

ʥʘʧʨʦʪʠʚ, ʧʨʠʚʝʜʸʪ ʢ ʩʢʦʨʝʡʰʝʤʫ ʝʛʦ ʨʘʟʨʫʰʝʥʠʶ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʣʠʷʥʠʝ ʤʘʣʦʠʥʝʨʮʠʦʥʥʳʭ ʨʦʣʠʢʦʚ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ ʢʘʥʘʪʦʚ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘ-

ʪʝʣʷʤ ʙʦʣʝʝ ʯʝʤ ʚ 40 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʨʦʣʠʢʘ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺʳʚʦʜʳ: 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʤʘʣʦʠ-
ʥʝʨʮʠʦʥʥʳʭ ʢʘʥʘʪʦʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʨʦʣʠʢʦʚ ʜʣʷ ʥʘʢʣʦʥʥʳʭ ʧʦʜʲʸʤʥʳʭ 

ʫʩʪʘʥʦʚʦʢ. ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ 40-ʢʘ ʢʨʘʪʥʦʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʘ ʪʘʢʠʭ ʨʦʣʠʢʦʚ ʥʘʜ ʨʦʣʠʢʘʤʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʩʪʝʧʝʥʠ 

ʚʣʠʷʥʠʷ ʥʘ ʠʟʥʦʩ ʛʦʣʦʚʥʳʭ ʢʘʥʘʪʦʚ. 

2. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʠ ʧʘʢʝʪʳ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʩʯʸʪʘ 
ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʢʘʥʘʪʥʳʭ ʥʘʢʣʦʥʥʳʭ ʧʦʜʲʸʤʥʳʭ ʫʩʪʘʥʦʚʦʢ,  

ʘ ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʘʣʦʠʥʝʨʮʠʦʥʥʳʭ ʢʘʥʘʪʦʧʦʜ-

ʜʝʨʞʠʚʘʶʱʠʭ ʨʦʣʠʢʦʚ ʧʝʨʝʜʘʥʥʳʝ ʚ ʆɸʆ çʉʋɹʈè. 
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ɸʅɸʃʀɿ ʊɽʆʈʀʀ ʀ ʇʈɸʂʊʀʂʀ ʀʉʉʃɽɼʆɺɸʅʀʗ  

ʌʈʀʂʎʀʆʅʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɻʆʈʅʓʍ ʇʆʈʆɼ 
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ɺ ʧʨʘʢʪʠʢʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʝʧʘʨʘʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʨʫʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʮʠʧ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʠʥʝʨʘʣʦʚ 

ʧʦ ʠʭ ʬʨʠʢʮʠʦʥʥʳʤ ʠ ʫʧʨʫʛʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʂʣʶʯʝʚʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʧ-

ʧʘʨʘʪʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ ʩ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʜʝʣʝʥʠʝ ʥʝ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʘ ʧʦ ʦʜʥʦʤʫ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ (ʥʘʧʨʠʤʝʨ, ʪʨʝʥʠʶ, ʫʧʨʫʛʦʩʪʠ, ʬʦʨʤʝ 

ʠʣʠ ʪʚʝʨʜʦʩʪʠ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʧʪʠʤʘʣʴʥʦʤʫ ʢʘʯʝʩʪʚʫ ʩʝʧʘʨʘʮʠʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʨʘʟʚʠʪʠʠ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʢʦʤ-

ʧʣʝʢʩʥʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ʦʜʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ.. ɺ 

ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʢʠʥʝʤʘʪʠʢʘ ʯʘʩʪʠʮ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʩ ʥʘʢʣʦʥ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʥʦʛʦ ʠ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦ-

ʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ. ʈʘʟʣʠʯʠʷ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʪʨʝʥʠʷ ʠ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʧʨʠ ʫʜʘʨʝ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʧʦʩʣʝ ʩʦʫʜʘʨʝʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʨʘʟ-

ʜʝʣʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʨʘʟʜʝʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʪʨʝʥʠʝ, ʨʘʟʜʝʣʝ-

ʥʠʝ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʬʨʠʢʮʠʦʥʥʳʡ ʤʝʪʦʜ. 
 

ANALYSIS OF THE THEORY AND PRACTICE OF RESEARCHING  

THE FRICTIONAL CHARACTERISTICS OF ROCKS  
 

V.Ya. Potapov, V.V. Potapov, M.V. Arkhipov, A.M.  Kuznetsov, K.A. Paramonov  
 

In the design of mining equipment for the separation and classification of ore materials, a 

principle based on the differentiation of minerals by their frictional and elastic properties is 

widely used. A key limitation of existing equipment operating through the interaction of the 

rock mass with the working surface is their ability to separate not by a combination of physi-

cal and mechanical properties, but by a single, most pronounced parameter (e.g., friction, 

elasticity, shape, or hardness). This leads to suboptimal separation quality. A promising di-

rection in the development of separation equipment is the development of systems capable of 

integrating multiple physical and mechanical properties of rocks, which will ensure compre-

hensive and efficient separation of minerals in a single process cycle. This article analyzes 

the kinematics of particles colliding with an inclined surface. It is established that impact and 

frictional interactions result in a change in the particle velocity vector. Differences in the co-

efficients of friction and impact recovery result in different particle velocity parameters after 

impact, allowing these coefficients to be used as effective criteria for separation. 

Keywords: mining, material separation, friction, separation, process energy consumption, 

friction method 
 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ɺ ʦʩʥʦʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʧʧʘʨʘʪʦʚ ʬʨʠʢʮʠʦʥʥʦʛʦ ʤʝ-

ʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʠʯʠʝ ʚ ʤʝʭʘʥʠʟʤʝ ʪʨʝʥʠ.̫ 

ʊʨʝʥʠʝ ʠʛʨʘʝʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [1, 3, 10].  

ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʥʘʫʯʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʮʝʩʩʦʚ ʠ 

ʤʘʰʠʥ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʫʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʠʢʮʠʦʥ-

ʥʳʭ ʠ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʥʝʩʣʠ ʨʘʙʦʪʳ ɽ. ɺ. ɸʣʝʢʩʘʥ-
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ʜʨʦʚʘ, ʄ. ɼ. ɹʘʨʩʢʦʛʦ, ʀ. ʀ. ɹʣʝʭʤʘʥʘ, ʀ. ʀ ɹʳʢʦʚʩʢʦʛʦ, ɺ. ɻʦʣʴʜʩʤʠʪ, ɻ. 

ʖ. ɼʞʘʥʝʣʠʜʟʝ, ɸ. ʂ. ɿʘʡʮʝʚʘ, ɺ. ɹ. ʂʘʨʥʫʰʠʥʘ, ɹ. ʀ. ʂʨʶʢʦʚʘ, ʃ. ɹ. ʃʝ-

ʚʝʥʩʦʥʘ, ɻ. ʀ. ʃʠʥʜʝʨʘ, ɺ.ɸ. ʄʘʣʴʮʝʚʘ, ɺ.ɸ. ʆʣʝʚʩʢʦʛʦ, ɺ. ɺ. ʆʣʶʥʠʥʘ, 

ʗ.ɻ. ʇʘʥʦʚʢʦ, ɺ.ɺ. ʊʨʦʠʪʩʢʦʛʦ, ʂ.ɺ. ʌʨʦʣʦʚʘ, ɸ.ɺ. ʖʜʠʥʘ ʠ ʜʨ.[4, 11] 

ʊʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʨʘʟʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʫʧʨʫʛʦʩʪʠ 

ʠ ʪʨʝʥʠʶ ʟʘʥʠʤʘʣʠʩʴ ɸ. ʀ. ɸʬʘʥʘʩʴʝʚ, ɻ. ʕ. ɺʝʙʝʨ, ʄ. ɼ. ɹʘʨʩʢʠʡ,  ʇ. ʄ. 

ɿʘʠʢʘ, ɺ. ɺ. ʀʚʘʥʦʚ, ʉ. ɸ. ʃʷʧʮʝʚ, ʅ. ʂ. ʊʠʤʯʝʥʢʦ, ɺ. ɺ. ʋʰʘʢʦʚ,  ɽ. ʌ. 

ʎ ʧrʠʥ [8, 9]. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʘʥʘʣʠʟ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʧʦ ʤʝʪʦʜʠʯʝʩʢʦʤʫ ʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʬʨʠʢʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʠʟʣʦʞʝʥ ʚ ʨʘʙʦʪʝ ʃ. ʀ. ɹʘʨʦʥʘ [1, 6]. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʭʥʦʣʦʛʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝ-
ʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʜʝʣʝʥʠʷ ʤʘʪʝ-

ʨʠʘʣʦʚ ʧʦ ʫʧʨʫʛʦʩʪʠ ʠ ʪʨʝʥʠʶ 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʅʦʚʘʷ ʤʝʪʦʜʠʢʘ, ʧʨʠʤʝʥʷʝʤʘʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝ-

ʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʃ. ʀ. ɹʘʨʦʥʘ ʚ ʣʘ-

ʙʦʨʘʪʦʨʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʀɻɼ ʠʤ. ɸ. 

ɸ. ʉʢʦʯʠʥʩʢʦʛʦ (ʛ. ʄʦʩʢʚʘ) ʠ ʠʟʣʦʞʝʥʘ ʚ ʨʘʙʦʪʝ [1]. ʇʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ 

ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʧʦʢʦʷ ʠ ʜʚʠʞʝʥʠʷ ʜʣʷ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [1]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩʢʦʣʴ-

ʞʝʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʪʨʠʙʦʤʝʪʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 1 

[5,7]. 

ʂ ʰʪʘʪʠʚʫ 1 ʰʘʨʥʠʨʥʦ ʧʨʠʢʨʝʧʣʝʥʘ ʧʣʦʩʢʦʩʪʴ 2, ʥʘ ʢʦʪʦʨʦʡ ʟʘʢʨʝʧ-

ʣʝʥ ʪʨʘʥʩʧʦʨʪʠʨ 3. ʂ ʩʝʢʪʦʨʫ ʪʨʘʥʩʧʦʨʪʠʨʘ ʧʦʜʚʝʰʝʥʘ ʩʪʨʝʣʢʘ ʩ ʦʪʚʝʩʦʤ 

5. ʀʟʤʝʥʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʣʦʩʢʦʩʪʠ 2 ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʨʫʢʦ-

ʷʪʢʠ 6 ʠ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ 7. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ 

ʜʘʥʥʳʝ ʨʷʜʘ ʘʚʪʦʨʦʚ ʦ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘʭ ʪʨʝʥʠʷ ʧʦʢʦʷ fʧ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʪʨʝʥʠʷ ʜʚʠ-

ʞʝʥʠʷ (ʩʢʦʣʴʞʝʥʠʷ) fʜ ʨʘʟ-

ʣʠʯʥʳʭ ʩʦʨʪʦʚ ʢʘʤʝʥʥʳʭ ʫʛ-

ʣʝʡ ʧʦ ʩʪʘʣʠ [17, 21].  
 

 

 

 

 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʪʨʠʙʦʤʝʪʨʘ 
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ʊʘʙʣʠʮʘ 1 ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʧʦʢʦʷ fʧ ʠ ʜʚʠʞʝʥʠʷ fʜ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʧʦ 

ʩʪʘʣʠ 
ʉʦʨʪ ʫʛʣʷ fʧ fʜ fʜ/fʧ 

ɸʥʪʨʘʮʠʪ 0,84 0,29 0,345 

ɹʫʨʳʡ ʫʛʦʣʴ 1,00 0,58 0,580 

ʉʤʦʣʠʩʪʳʡ ʫʛʦʣʴ 0,84 0,32 0,381 

ʂʘʤʝʥʥʳʡ ʫʛʦʣʴ 

0,45 0,35 0778 

0,50 0,20 0,400 

0,40 0,30 0,750 

0,35 0,26 0,743 

0,60 0,45 0,750 

0,50 0,38 0,760 

0,40 0,33 0,825 

ʉʨʝʜʥʝʝ ï ï 0,631 

 

ɼʘʥʥʳʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ɺ ʧʨʝʜʧʦʩʣʝʜʥʠʭ ʢʦʣʦʥʢʘʭ ʪʘʙʣʠʮʳ 1 ʠ ʪʘʙʣʠʮʳ 2 ʧʨʠ-

ʚʝʜʝʥʳ ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ fʜ /fʧ [1]. 

 
ʊʘʙʣʠʮʘ 2 ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʧʦʢʦʷ fʧ ʠ ʜʚʠʞʝʥʠʷ fʜ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦ ʩʪʘʣʠ 

 

ɻʦʨʥʳʝ ʧʦʨʦʜʳ fʧ fʜ fʜ/fʧ 

ʀʟʚʝʩʪʥʷʢ 1,0 0,51 0,510 

ʉʣʘʥʝʮ 
0,40 0,30 0,750 

0,50 0,38 0,760 

ɸʥʛʠʜʨʠʪ 
0,38 0,36 0,946 

0,36 0,33 0,917 

ʇʝʩʯʘʥʠʢ 
0,38 0,30 0,790 

0,36 0,33 0,916 

ɾʝʣʝʟʥʘʷ ʨʫʜʘ 

1,0 0,58 0,580 

0,42 0,33 0,785 

0,38 0,31 0,815 

ɻʨʘʥʠʪ 
0,45 0,33 0,734 

0,36 0,30 0,834 

ʉʨʝʜʥʝʝ ï ï 0,777 

 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʬʨʠʢʮʠʦʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʷʚʣʷʶʪ-

ʩʷ ʤʘʪʝʨʠʘʣʳ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ. ɺ ʥʘʫʯ-

ʥʳʭ ʪʨʫʜʘʭ [4] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝ-

ʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦ ʨʘʟʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. ɿʘʩʣʫʞʠʚʘʶʪ ʚʥʠʤʘʥʠ ̫ʨʝʟʫʣʴ-

ʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʧʦ ʩʫʭʦʤʫ ʠ 

ʤʦʢʨʦʤʫ ʞʝʣʦʙʘʤ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [13]. 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʧʫʩʪʦʡ ʧʦʨʦʜʳ ʠ ʘʩʙʝʩʪʦʚʳʭ 

ʚʦʣʦʢʦʥ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʨʘʙʦʪʝ [12]. ʋʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʘʩʙʝʩʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʠ ʝʛʦ ʘʛʨʝʛʘʪʦʚ ʧʦ ʞʝʣʝʟʫ 

ʨʘʚʝʥ 0,7 ï 0,9, ʘ ʧʫʩʪʦʡ ʧʦʨʦʜʳ 0,3 ï 0,5. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʢʨʫʧʥʦʩʪʠ ʧʦ-

ʨʦʜʥʳʭ ʯʘʩʪʠʮ ʨʘʟʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ʄʘʪʝʨʠʘʣ 

ʢʨʫʧʥʦʩʪʴʶ ʤʝʥʝʝ 1,5 ʤʤ ʥʘ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʝ ʨʘʟʜʝʣʷʝʪʩʷ. 
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ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʧʫʩʪʦʡ ʧʦʨʦʜʳ ʠ ʘʩʙʝ-

ʩʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʩ ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʧʦ ʫʧʨʫʛʦʩʪʠ ʚ 

ʨʘʙʦʪʘʭ ʧʦ ʦʙʦʛʘʱʝʥʠʶ ʘʩʙʝʩʪʘ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʘʩʙʝʩʪʦʩʦʜʝʨʞʘʱʠʭ 

ʧʨʦʜʫʢʪʦʚ ʥʘ ʥʘʢʣʦʥʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʥʠʟʢʫʶ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ, 

ʩʧʦʩʦʙ ʥʝ ʥʘʰʝʣ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʩʙʝʩʪʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʟ-

ʟʘ ʤʘʣʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʧʧʘʨʘʪʦʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʚʥʝʰʥʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ: ʚʣʘʞʥʦʩʪʠ, ʢʨʫʧʥʦʩʪʠ, ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʘʩʙʝʩʪʘ ʠ ʪ. 

ʧ. ɸʧʧʘʨʘʪʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʘʩʙʝʩʪʦʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ ʧʦ ʪʨʝʥʠʶ 

ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ, ʚ ʦʩʥʦʚʥʦʤ, ʪʦʣʴʢʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʨʦʙ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʟʜʝʣʝʥʠʷ ʨʘʟʥʦ ʢʦʤʧʦʥʝʥʪʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦ 

ʫʧʨʫʛʦʩʪʠ ʠ ʪʨʝʥʠʶ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ ʅ. ʂ. ʊʠʤʯʝʥʢʦ, ʇ. 

ʄ. ɿʘʠʢʠ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʩʳʧʫ-

ʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʝʪ ʥʝʢʦʪʦʨʳʭ ʫʪʦʯʥʝʥʠʡ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʪʨʝʥʠʷ ʧʨʠ ʫʜʘʨʝ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴ-

ʥʦʩʪʴ ʦʪʩʢʦʢʘ ʯʘʩʪʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʫʛʣʘ ʚ 45Á ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʝʝ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ V0 ʧʦʩʪʦʷʥʥʘ ʜʣʷ ʚʩʝʭ ʫʛʣʦʚ 

ʥʘʢʣʦʥʘ ʧʣʠʪʳ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʬʨʠʢʮʠʦʥʥʳʝ ʠ ʫʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʘʢʪʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʜʝʣʝ-

ʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʘʧʧʘʨʘʪʦʚ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ (ɺ. ɸ. ɹʘʫʤʘʥ, ʀ. ʀ. ɹʣʝʭʤʘʥ, ʀ. ʀ. ɹʳʢʦʚʩʢʠʡ, 

ɻ. ɻ. ɻʨʠʛʦʨʴʝʚ, ʀ. ʌ. ɻʦʥʯʘʨʦʚʠʯ, ɻ. ʃʠʥʜʥʝʨ, ɺ. ɸ. ʆʣʝʚʩʢʠʡ ʠ ʜʨ.) ʚ 

ʩʚʦʠʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠ ʚ ʫʨʘʚʥʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʪʨʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ 

ʤʛʥʦʚʝʥʥʦʛʦ ʪʨʝʥʠʷ ʧʨʠ ʫʜʘʨʝ [2]. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʨʘʙʦʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝ-

ʥʠʷ ʘʩʙʝʩʪʘ, ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ, ʩʣʶʜ ʧʦ ʫʧʨʫʛʦʩʪʠ ʠ ʪʨʝʥʠʶ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥ [12]. 

ʂʦʥʪʨʘʩʪʥʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʫʧʨʫʛʠʤ ʩʚʦʡʩʪʚʘʤ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ [13]. ʅʝʪ ʩʚʝʜʝʥʠʡ ʦ ʬʨʠʢʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʭ ʤʠʥʝʨʘʣʦʚ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʫʛʣʝʡ, ʩʣʶʜ ʠ ʘʩ-

ʙʝʩʪʦʚʳʭ ʨʫʜ. ʅʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʤʘʩʩʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝ-

ʥʠʷ ʧʦ ʫʧʨʫʛʦʩʪʠ ʠ ʪʨʝʥʠʶ ʩ ʫʯʝʪʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘ-

ʩʪʠʮ. ʀʟ ʘʥʘʣʠʟʘ ʨʘʙʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʦʟʜʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝ ʥʠʞʝ ʠʟʚʝʩʪʥʳʭ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʫʛʣʝʡ, ʘʩʙʝʩʪʘ, ʩʣʶʜ, ʠ ʤʝʥʝʝ ʤʘʪʝʨʠʘʣʦ- ʠ ʵʥʝʨʛʦʝʤʢʠʭ. 
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ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ. ʇʨʝʜʣʦ-

ʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʢʦʨʦʩʪʠ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʢʘʢ ʬʫʥʢʮʠʠ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʤʘʰʠʥʳ, ʚʢʣʶʯʘʷ ʥʘʛʨʫʟʢʫ, ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʠ ʩʚʦʡʩʪʚʘ ʨʘʟʨʫʰʘʝʤʦʡ ʧʦʨʦʜʳ. ʅʘ ʦʩʥʦʚʝ 

ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʝʛʦ ʦʩʪʘ-

ʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʥʳʝ ʤʘʰʠʥʳ, ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʠʟʥʦʩ, ʜʠʘʛʥʦʩʪʠʢʘ, ʘʣʛʦʨʠʪʤ 

ʢʦʥʪʨʦʣʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʦʛʥʦʟ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝ-

ʩʫʨʩʘ, ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ. 
 

ALGORITHM FOR MONITORING CUTTING TOOL WEAR IN MINING  

MACHINES BASED ON OPERATING PARAMETERS  
 

The paper addresses the problem of improving condition monitoring of cutting tools in mining 

machines. It is shown that existing wear assessment methods do not provide continuous moni-

toring or prediction of the remaining useful life. A mathematical model of cutting tool wear 

rate is proposed as a function of machine operating parameters, including load, cutting 

speed, and rock properties. Based on this model, an algorithm for tool condition assessment 

and remaining useful life prediction is developed.  

Keywords: mining machines, cutting tools, wear, diagnostics, control algorithm, mathemati-

cal model, monitoring system, remaining useful life prediction, system analysis. 

 

ʈʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʛʦʨʥʳʭ ʤʘʰʠʥ, ʦʪ ʩʦʩʪʦʷʥʠʷ ʢʦʪʦʨʦʛʦ ʟʘ-

ʚʠʩʷʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʨʝʟʮʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʘʙʨʘʟʠʚʥʦʤʫ ʚʦʟʜʝʡ-

ʩʪʚʠʶ ʧʦʨʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʪʫʧʣʝʥʠʶ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠ ʨʦʩʪʫ 

ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʠʚʦʜ [1-4]. 

ʂʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʚʠʟʫʘʣʴʥʦ ʣʠʙʦ ʧʦ ʨʝʛʣʘʤʝʥʪʥʳʤ ʩʨʦʢʘʤ ʟʘʤʝʥʳ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʫʯʠʪʳʚʘʪʴ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʩʪʘʪʦʯʥʳʡ 

ʨʝʩʫʨʩ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʛʦʨʥʳʭ ʤʘʰʠʥ ʧʦʟʚʦʣʷʶʪ ʨʝ-

ʛʠʩʪʨʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ī ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ, ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʠ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ [2]. ʕʪʦ ʩʦʟʜʘʸʪ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ 

ʤʘʰʠʥʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʘʣʛʦ-

ʨʠʪʤʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠʟʥʦʩʘ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫ-

ʤʝʥʪʘ ʛʦʨʥʳʭ ʤʘʰʠʥ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʯʠʩʣʝʥʠʝ ʩʢʦʨʦʩʪʠ 

(ʠʥʪʝʥʩʠʚʥʦʩʪʠ) ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʮʝʥʢʫ ʠʟʥʦʩʘ, ʢʣʘʩʩʠʬʠʢʘ-
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ʮʠʶ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʦʛʥʦʟ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘʛʨʫʟʢʘ 

ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ, ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʩʩʠʚʘ ʧʦ-

ʨʦʜʳ, ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʘ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʠ ʧʨʦʛʥʦʟ ʨʝʩʫʨʩʘ. 

ʉʢʦʨʦʩʪʴ ʠʟʥʦʩʘ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠ-

ʩʠʤʦʩʪʴʶ ʦʪ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʠʯʝ-

ʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʪʝʦʨʠʠ ʠʟʥʘʰʠʚʘʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ [3]: 

ὨὡȾὨὸὯὖὠὙȟ 
ʛʜʝ W ī ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʠʟʥʦʩʘ; P ī ʥʘʛʨʫʟʦʯʥʳʡ ʧʘʨʘʤʝʪʨ ʧʨʦ-

ʮʝʩʩʘ (ʤʦʱʥʦʩʪʴ ʠʣʠ ʤʦʤʝʥʪ ʧʨʠʚʦʜʘ); V ī ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ; R ī ʧʦʢʘʟʘ-

ʪʝʣʴ ʩʚʦʡʩʪʚ ʨʘʟʨʫʰʘʝʤʦʡ ʧʦʨʦʜʳ, ʦʢʘʟʳʚʘʶʱʠʡ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ [5-7]; k, Ŭ, ɓ, ɔ ī ʧʘ-

ʨʘʤʝʪʨʳ ʤʦʜʝʣʠ.  

ʅʘʢʦʧʣʝʥʥʳʡ ʠʟʥʦʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ: 

ὡ ὸ Ὧ᷿ὖ ὸὠ ὸὙ ὸὨὸ. 
ɼʣʷ ʧʦʪʦʢʦʚʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʢʫʨʨʝʥʪʥʘʷ ʬʦʨʤʘ: 

ὡ ρ  ὡ Ὧ ὖ ὸ ὠ ὸ Ὑ ὸ ῳὸ . 
ʇʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝʤ ʧʦʨʦ-

ʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ Wʢʨ, ʟʘʜʘʚʘʝʤʦʛʦ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʨʝʟʮʘʤ ʠ ʤʝʪʦʜʘʤʠ ʢʦʥ-

ʪʨʦʣʷ ʧʦ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ [4]. ʆʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʠʥʩʪʨʫʤʝʥʪʘ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

Ὕ̏̒̓ ὡ̋ ̑ ὡ Ⱦὡ 

ɸʣʛʦʨʠʪʤ ʨʝʘʣʠʟʫʝʪ ʤʦʜʝʣʴ ʠʟʥʦʩʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ 

ʚʢʣʶʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʙʦʨ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʠʡ ʨʝʛʠ-

ʩʪʨʘʮʠʶ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʘ, ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨ-

ʛʘʥʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʩʠʚʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʠʛʥʘʣʳ, ʫʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʤʘʰʠʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦ-

ʚʘʪʴ ʢʦʥʪʨʦʣʴ ʙʝʟ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ. 

ɼʘʣʝʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʘʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʩʠʛʥʘʣʦʚ, ʬʠʣʴʪʨʘʮʠʶ ʰʫʤʦʚ ʠ ʥʦʨʤʘʣʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʸʪ ʩʢʦʨʦʩʪʠ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʣʝʜʫʶ-

ʱʝʛʦ ʥʘʢʦʧʣʝʥʠʷ ʠʟʥʦʩʘ ʚʦ ʚʨʝʤʝʥʠ ʧʫʪʸʤ ʦʙʥʦʚʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦ-

ʢʘʟʘʪʝʣʷ ʩʦʩʪʦʷʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʦʨʦ-

ʛʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʝʣʠʯʠʥʳ ʥʘʢʦʧʣʝʥʥʦʛʦ ʠʟʥʦʩʘ: 

ī W < 0,6Wʢʨ ī ʠʩʧʨʘʚʥʦʝ ʩʦʩʪʦʷʥʠʝ; 

ī  0,6Wʢʨ Ò W < 0,85 ī ʜʦʧʫʩʪʠʤʳʡ ʠʟʥʦʩ; 

ī  W Ó 0,85Wʢʨ ï ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʅʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʛʥʦʟ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʠʥ-

ʩʪʨʫʤʝʥʪʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʦʩʪʘʚʰʝʝʩʷ ʚʨʝʤʷ ʝʛʦ ʨʘʙʦʪʳ ʠ ʧʨʠʥʷʪʴ 

ʨʝʰʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʤʝʥʳ.  
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ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥʳ. 

ʇʨʦʚʝʜʸʥʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ ʠ ʝʸ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʥʦʩʘ ʚ ʨʝ-

ʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʫʰʝʥʠʷ 

ʤʘʩʩʠʚʘ ʚ ʤʦʜʝʣʷʭ ʠʟʥʦʩʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʤʠ [5-8]. ɸʥʘʣʠʟ ʤʦʜʝʣʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʦʢʘʟʳʚʘʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʦʮʝʥʢʠ ʥʘʛʨʫʟʦʯʥʦʛʦ ʧʘʨʘʤʝʪ-

ʨʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʤʦʱʥʦʩʪʠ 

ʧʨʠʚʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʨʠʟʥʘʢʘ ʠʟʥʦʩʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʘ ʝʸ ʚʝʨʠ-

ʬʠʢʘʮʠʷ ʧʫʪʸʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʢʦʧʣʝʥʥʦʛʦ ʠʟʥʦʩʘ ʩ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ʈʘʩʯʸʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʤʦʥ-

ʩʪʨʠʨʫʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 5-8 %, ʯʪʦ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ ʠ ʝʸ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 
ʈʠʩ. 1. ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʸʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʢʦʧʣʝʥʥʦʛʦ ʠʟʥʦʩʘ W(t) ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʦʜʝʣʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʛʦʨ-

ʥʳʭ ʤʘʰʠʥ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʦ 

ʝʛʦ ʟʘʤʝʥʝ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʥʦʡ ʦʮʝʥʢʠ ʨʝʩʫʨʩʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳ-

ʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʘʚʘʨʠʡʥʳʭ ʦʩʪʘʥʦʚʦʢ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦ-

ʷʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʨʦʛʥʦʟ ʝʛʦ ʨʝʩʫʨʩʘ, ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʥʝʧʣʘʥʦ-

ʚʳʭ ʦʩʪʘʥʦʚʦʢ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤʘʭ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʙʝʟ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ 

ʚʥʝʜʨʝʥʠʝ ʠ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʳʚʦʜ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʢʦʥʪʨʦʣʷ ʠʟ-

ʥʦʩʘ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʛʦʨʥʳʭ ʤʘʰʠʥ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʚʘʪʴ ʩʦ-

ʩʪʦʷʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʩʫʨʩ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦ-

ʨʠʥʛ ʨʝʞʫʱʠʭ ʦʨʛʘʥʦʚ ʙʝʟ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʩʦʟʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ 

ʩʦʩʪʦʷʥʠʶ, ʧʦʚʳʰʘʷ ʥʘʜʝʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʥʠʞʘʷ ʟʘʪʨʘʪʳ ʥʘ ʪʝʭ-

ʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 
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INCREASING THE STABILITY OF THE SEALING UNIT OF THE POWER HY-

DRAULIC CYLINDER  

 

G. D. Buyalich, K. G. Buyalich, M. A. Byakov  
 

This paper examines the operating principle of the proposed hydraulic power cylinder piston, 

which improves the stability of the sealing unit. The results of finite element calculations are 

presented for the sealing gap changes depending on the working fluid pressure, the diameter 

and wall thickness of the working cylinder, and the parameters of the proposed piston. 

Keywords: power hydraulic cylinder, piston, sealing gap, sealing. 
 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʨʷʜʘ ʣʝʪ ʥʘ ʢʘʬʝʜʨʝ ɻʦʨʥʳʭ ʤʘʰʠʥ ʠ ʢʦʤʧʣʝʢʩʦʚ 

ʂʫʟɻʊʋ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʠʣʦʚʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʝʭʘʥʠʟʠʨʦʚʘʥ-

ʥʳʭ ʢʨʝʧʝʡ ʩ ʙʦʢʦʚʳʤʠ ʧʦʨʦʜʘʤʠ ʠ ʚʣʠʷʥʠʝ ʩʠʣʦʚʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʝʢʮʠʡ ʥʘ ʪʷʞʝʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ [1-8]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʝʬʦʨʤʘʮʠʡ ʨʘʙʦʯʠʭ 

ʮʠʣʠʥʜʨʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʟʘʟʦʨʳ ʚ ʛʠʜʨʦʩʪʦʡʢʘʭ ʤʦʛʫʪ ʜʦ-

ʩʪʠʛʘʪʴ ʥʝʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ [9-18]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʰʘʭʪʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝ-

ʜʝʣʸʥʥʳʭ ʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʘʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʠʜʨʦʩʪʦʡʢʠ 

ʢʨʝʧʠ ʠʤʝʶʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 0,01 ʜʦ 

0,1 ʩ ʠ ʩʢʦʨʦʩʪʴʶ ʩʤʝʱʝʥʠʷ ʜʦ 3,5 ʤ/ʩ ʥʘ ʚʝʣʠʯʠʥʫ ʦʪ 1 ʜʦ 50 ʤʤ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʝʧʠ ʩ ʢʨʦʚʣʝʡ ʧʨʠ 

ʚʪʦʨʠʯʥʳʭ ʦʩʘʜʢʘʭ ʢʨʦʚʣʠ ʧʦʜʪʚʝʨʜʠʣʠ ʧʦʣʫʯʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ 

ʙʣʦʯʥʦʤ ʦʙʨʫʰʝʥʠʠ [19-23]. 

ʇʨʠ ʪʘʢʠʭ ʩʢʦʨʦʩʪʷʭ ʩʤʝʱʝʥʠʷ ʢʨʦʚʣʠ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʢʣʘʧʘʥʳ 

ʥʝ ʫʩʧʝʚʘʶʪ ʩʨʘʙʘʪʳʚʘʪʴ ʠ ʜʘʞʝ ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʢʣʘʧʘʥʦʚ ʨʘʩʭʦʜ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʢʘʥʘʣʳ ʛʠʜʨʦʙʣʦʢʘ çʦʙʝʩʧʝ-

ʯʠʚʘʝʪè ʢʨʠʪʠʯʝʩʢʠʝ çʟʘʙʨʦʩʳè ʜʘʚʣʝʥʠʷ ʚ ʧʦʨʰʥʝʚʦʡ ʧʦʣʦʩʪʠ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʥʝʜʦʧʫʩʪʠʤʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʨʘʙʦʯʝʛʦ ʮʠʣʠʥʜʨʘ ʠ ʧʦʪʝʨʶ ʛʝʨʤʝ-

ʪʠʯʥʦʩʪʠ ʛʠʜʨʦʩʪʦʡʢʠ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʨʰʥʷ 

[24], ʫ ʢʦʪʦʨʦʛʦ ʜʝʬʦʨʤʘʮʠʷ ʩʪʝʥʢʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ ʜʝʬʦʨʤʘʮʠʠ ʩʪʝʥʢʠ 

ʨʘʙʦʯʝʛʦ ʮʠʣʠʥʜʨʘ (ʨʠʩ. 1) ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ ʢʘʢʠʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʘʚʣʝ-

ʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʰʥʝʚʦʡ ʧʦʣʦʩʪʠ, ʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʩ ʢʘʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʥʘʨʘʩʪʘʝʪ ʜʘʚʣʝʥʠʝ. 



͔́ͻ͎͙ͤͦͦ͡;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤ ͒͡Ύ ͎͚ͦͪͤͦ ͙ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ 

40 

  
ʈʠʩʫʥʦʢ 1 ï ʇʦʣʦʞʝʥʠʷ ʧʦʨʰʥʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ (ʩʣʝʚʘ) ʠ ʤʘʢʩʠʤʘʣʴʥʦʤ (ʩʧʨʘʚʘ) 

ʜʘʚʣʝʥʠʷʭ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ  

 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ ʤʝʞʜʫ ʧʦʨʰʥʝʤ ʠ ʨʘʙʦʯʠʤ ʮʠʣʠʥʜʨʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʰʥʷ ʠ ʨʘʙʦʯʝʛʦ ʮʠʣʠʥʜʨʘ, ʯʪʦ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʤʘʢʩʠ-

ʤʘʣʴʥʳʭ ʟʘʟʦʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʫʧʣʦʪʥʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʇʘʨʘʤʝʪʨʳ ʧʦʨʰʥʷ (ʩʣʝʚʘ ʠ ʧʨʠʤʝʨʳ ʨʘʩʯʸʪʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟʤʝʥʝʥʠʷ 

ʫʧʣʦʪʥʷʝʤʦʛʦ ʟʘʟʦʨʘ (ʩʧʨʘʚʘ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʝʛʦ ʮʠʣʠʥʜʨʘ 

ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʨʰʥʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʧʣʦʪ-

ʥʷʝʤʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʧʦʨʰʥʝʤ ʠ ʨʘʙʦʯʠʤ ʮʠʣʠʥʜʨʦʤ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʳʤ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʰʥʝʚʦʡ ʧʦʣʦʩʪʠ ʩʠ-

ʣʦʚʦʛʦ ʛʠʜʨʦʮʠʣʠʥʜʨʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʫʧʣʦʪʥʝʥʠʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ʆʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʢʨʝʧʝʡ ʩ ʙʦʢʦʚʳʤʠ ʧʦʨʦʜʘʤʠ ʚ 
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ʆ ʇʈʀʏʀʅɸʍ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ɼɽʌɽʂʊʆɺ  

ɺ ʄɽʊɸʃʃʆʂʆʅʉʊʈʋʂʎʀʗʍ ʄʆʉʊʆɺʓʍ ʇɽʈɽɻʈʋɾɸʊɽʃɽʁ 
 

ɺ. ʉ. ɺʝʣʠʢʘʥʦʚ1, ʧʨʦʬ., ʜ.ʪ.ʥ.,  
1ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʨʘʙʦʪʳ ʤʦʩʪʦʚʳʭ ʧʝʨʝʛʨʫʞʘʪʝʣʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʦʥʠ ʚʳʧʦʣʥʷ-

ʶʪ ʥʝ ʪʦʣʴʢʦ ʨʘʙʦʪʫ ʧʦ ʧʦʜʲʝʤʫ-ʦʧʫʩʢʘʥʠʶ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʨʘʙʦʪʫ ʧʦ ʝʛʦ ʧʝʨʝʤʝʱʝ-

ʥʠʶ ʚʜʦʣʴ ʨʝʣʴʩʦʚ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʩʢʣʘʜʘ, ʧʨʠʯʝʤ ʜʣʷ ʩʢʣʘʜʦʚ ʭʘʨʘʢʪʝʨʥʳ ʜʦʩʪʘʪʦʯʥʦ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʝʢʦʩʘ ʚ ʧʝʨʝ-

ʛʨʫʞʘʪʝʣʷʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʫʛʦʣʴʥʳʭ ʩʢʣʘʜʘʭ, ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʦʧʦʨʥʳʭ ʩʪʦʝʢ ʢʦʟʣʦʚʳʭ ʢʨʘʥʦʚ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʠʣ ʧʝʨʝʢʦʩʘ. ʎʝʣʴ - ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷʭ ʤʦʩʪʦʚʳʭ ʧʝʨʝʛʨʫʞʘʪʝʣʝʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʙʳʯʘ, ʧʝʨʝʛʨʫʞʘʪʝʣʴ, ʧʝʨʝʢʦʩʥʦʝ ʥʘʛʨʫʞʝʥʠʝ, ʨʝʙʦʨʜʘ, ʨʝʣʴʩ. 

 

ABOUT THE CAUSES OF DEFECTS IN THE METAL STRUCTURES BRIDGE 

LOADERS 
 

Velikanov V. S. doctor of technical sciences,  
 

The specific nature of overhead crane operation means they not only lift and lower material but also 

move it along rails along the entire length of the warehouse, which typically spans considerable dis-

tances. This paper examines the potential for distortion in overhead cranes used in various industrial 

facilities, including coal yards, and analyzes the movements of gantry crane support legs under distor-

tion forces. The purpose of this study is to identify the causes of defects in overhead crane metal struc-

tures.  

Keywords: reloader, tilt loading, coal, flange, rail 
 

ɺ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʨʝʚʘʣʠʨʫʶʱʠʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ 

ʦʪʢʨʳʪʳʡ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʦʛʦ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 80 % ʜʦʙʳʯʠ ʪʚʝʨʜʳʭ ʧʦ-

ʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʀʟ ʛʦʜʘ ʚ ʛʦʜ ʨʘʩʪʝʪ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʳʚʘʝʤʦʡ ʛʦʨʥʦʡ 

ʤʘʩʩʳ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʤʘʩʰʪʘʙʳ ʢʘʨʴʝʨʦʚ. ʆʜʥʠʤ ʠʟ ʨʝʰʘʶʱʠʭ 

ʫʩʣʦʚʠʡ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʠ 

ʥʘʜʝʞʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ [1-4]. ʕʢʩʧʣʫʘʪʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʥʘ 

ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʬʘʢʪʦʨʦʚ ʨʘʟʣʠʯ-

ʥʦʡ ʧʨʠʨʦʜʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʦʩʦ-

ʙʝʥʥʦʩʪʷʤʠ (ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʠ ʩʣʫʯʘʡʥʳʤʠ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡ-

ʩʪʚʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʝʭ-

ʥʦʣʦʛʠʷ ʨʘʙʦʪ ʥʘ ʥʝʢʦʪʦʨʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ (ʥʘʧʨʠʤʝʨ, ʥʘ 

ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢʘʭ, ʜʨʦʙʠʣʴʥʦ-ʩʦʨʪʠʨʦʚʦʯʥʘʷ ʬʘʙʨʠʢʘ, ʫʛʦʣʴʥʳʝ 

ʩʢʣʘʜʳ ʠ ʜʨ.) ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʝʛʨʫʟʥʳʭ ʛʨʫʟʦʧʦʜʲʝʤ-

ʥʳʭ ʤʘʰʠʥ, ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʤʫ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤʫ ʧʫʪʠ, 

ʢ ʪʘʢʠʤ ʤʘʰʠʥʘʤ ʦʪʥʦʩʷʪʩʷ ʢʦʟʣʦʚʳʝ ʢʨʘʥʳ. ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʵʢʩʧʝʨʪʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ MRFR, ʦʙʲʝʤ ʨʳʥʢʘ ʢʦʟʣʦʚʳʭ ʢʨʘʥʦʚ ʥʘ ʨʝʣʴʩʦʚʦʤ ʭʦʜʫ ʦʮʝ-

ʥʠʚʘʝʪʩʷ ʚ 29,20 ʤʣʨʜ. ʜʦʣʣ. ʚ 2024 ʛʦʜʫ [5]. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʦʥʦ-

ʚʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʢʦʟʣʦʚʳʭ ʢʨʘʥʦʚ ʚʳʩʪʫʧʘʶʪ ʤʦʩʪʦʚʳʝ ʧʝ-

ʨʝʛʨʫʞʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʫʛʦʣʴʥʦʡ ʠ ʤʝʪʘʣ-

ʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ʈʫʜʥʳʝ (ʫʛʦʣʴʥʳʝ) ʧʝʨʝʛʨʫʞʘʪʝʣʠ ʦʙʦʨʫʜʦʚʘʥʳ ʛʨʝʡʬʝʨʦʤ ʠ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʜʣʷ ʧʝʨʝʛʨʫʟʢʠ ʩʳʧʫʯʠʭ ʠ ʥʘʚʘʣʦʯʥʳʭ ʛʨʫʟʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʛʣʦʤʝ-

ʨʘʪʘ ʞʝʣʝʟʥʦʡ ʨʫʜʳ, ʢʦʢʩʘ, ʞʝʣʝʟʦʨʫʜʥʳʭ ʦʢʘʪʳʰʝʡ ʠ ʫʛʣʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʢʦʟʣʦʚʦʛʦ ʛʨʝʡʬʝʨʥʦʛʦ ʢʨʘʥʘ ʨʫʜʥʳʝ ʧʝʨʝʛʨʫʞʘʪʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦ-

ʚʳʰʝʥʥʦʡ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴʶ, ʙʦʣʴʰʝʡ ʚʳʩʦʪʦʡ ʧʦʜʲʸʤʘ (ʚ ʦʪʜʝʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʜʦʩʪʠʛʘʶʱʝʡ 50 ʤʝʪʨʦʚ), ʫʚʝʣʠʯʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʪʝ-

ʣʝʞʢʠ ʠ ʜʣʠʥʥʦʡ ʧʨʦʣʸʪʘ ʜʦ 120 ʤʝʪʨʦʚ [6]. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʘʨʘ-

ʤʝʪʨʳ ʫʛʦʣʴʥʦʛʦ ʩʢʣʘʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʤʝʨʘʤʠ ʰʪʘʙʝʣʝʡ, ʨʘʩʩʪʦʷʥʠʝʤ 

ʤʝʞʜʫ ʰʪʘʙʝʣʷʤʠ, ʚʳʩʦʪʦʡ ʰʪʘʙʝʣʝʡ ʠ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʪʨʫʙʢʘʤʠ ʜʣʷ 

ʦʪʙʦʨʘ ʧʨʦʙ.  

ʇʨʠʥʮʠʧʳ ʠ ʧʦʨʷʜʦʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʢʦʟʣʦʚʳʭ ʢʨʘʥʦʚ, 

ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʦʢ, ʧʨʦʝʢʪʥʳʝ ʠ ʧʨʦʚʝʨʦʯʥʳʝ ʨʘʩʯʝʪʳ ʩʙʦ-

ʨʦʯʥʳʭ ʝʜʠʥʠʮ ʤʝʭʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʢʦʤʧʦʥʦʚʢʠ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘ-

ʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʲʝʤʘ ʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘ-

ʥʳ. ɺ ʨʘʙʦʪʝ ʨʝʰʘʶʪʩʷ ʜʚʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʘ ʠʤʝʥʥʦ: ʧʨʠʯʠʥʳ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷʭ ʤʦʩʪʦʚʳʭ ʧʝʨʝʛʨʫʞʘʪʝʣʝʡ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʚʪʦʨʘʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʢʦʩʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʢʨʘʥʦʚ-

ʧʝʨʝʛʨʫʞʘʪʝʣʝʡ (ʨʠʩ.).  

ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʨʘʙʦʪʳ ʧʝʨʝʛʨʫʞʘʪʝʣʷ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʦʥ ʚʳʧʦʣ-

ʥʷʶʪ ʥʝ ʪʦʣʴʢʦ ʨʘʙʦʪʫ ʧʦ ʧʦʜʲʝʤʫ-ʦʧʫʩʢʘʥʠʶ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʨʘʙʦʪʫ ʧʦ 

ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʶ ʚʜʦʣʴ ʨʝʣʴʩʦʚ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʫʛʦʣʴʥʦʛʦ ʩʢʣʘʜʘ (ʧʨʠʯʝʤ 

ʜʣʷ ʫʛʦʣʴʥʳʭ ʩʢʣʘʜʦʚ ʭʘʨʘʢʪʝʨʥʳ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʜʦ 

500 ʤ). ʇʝʨʝʢʦʩ ʢʨʘʥʘ ʚʦʟʥʠʢʘʝʪ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʜʥʘ ʠʟ ʝʛʦ ʦʧʦʨ (ʩʪʦ-

ʨʦʥ) çʟʘʙʝʛʘʝʪè ʩʤʝʱʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʢʨʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʦʡ. ʇʨʠʯʠʥʘʤʠ ʧʝʨʝʢʦʩʘ ʷʚʣʷʶʪʩʷ: ʨʘʟʣʠʯʠʷ ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ ʧʝʨʝ-

ʜʚʠʞʝʥʠʷ ʦʧʦʨ ʢʨʘʥʘ, ʥʝʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʤʦʥʪʘʞʘ ʭʦʜʦʚʳʭ ʢʦʣʝʩ; 

ʥʝʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʨʘʙʘʪʳʚʘʥʠʝ ʪʦʨʤʦʟʦʚ, ʥʝʨʦʚʥʦʩʪʠ ʧʦʜʢʨʘʥʦʚʦʛʦ ʧʫʪʠ, 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʧʨʠʚʦʜʥʳʭ ʢʦʣʝʩ. ɺʦʟʤʦʞʥʳ ʜʚʘ ʚʠʜʘ ʧʝʨʝʢʦʩʘ, ʘ ʠʤʝʥʥʦ 

ʩʚʦʙʦʜʥʳʡ - ʢʨʘʥ ʧʨʦʩʪʦ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʨʝʙʦʨ-

ʜʘʤʠ ʢʦʣʝʩ ʠ ʨʝʣʴʩʦʤ (ʫʚʝʣʠʯʝʥʥʳʡ ʟʘʟʦʨ ʧʦʷʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʧʦ-

ʚʳʰʝʥʥʦʛʦ ʠʟʥʦʩʘ ʠʭ ʨʝʙʦʨʜ; ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʢʨʘʥʦʚʳʝ ʢʦʣʝʩʘ 

ʩʣʫʞʠʣʠ 3ï4 ʤʝʩʷʮʘ ʧʨʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʤ ʩʨʦʢʝ 5-12 ʣʝʪ, ʘ ʩʨʦʢ 

ʩʣʫʞʙʳ ʧʦʜʢʨʘʥʦʚʳʭ ʨʝʣʴʩʦʚ ʩʥʠʞʘʝʪʩʷ ʜʦ 40-50 % ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦ-

ʛʦ), ʠ ʫʧʨʫʛʠʡ ï ʟʘʙʝʛ ʦʜʥʦʡ ʠʟ ʦʧʦʨ ʚʳʟʚʘʥ ʜʝʬʦʨʤʘʮʠʷʤʠ ʤʝʪʘʣʣʦʢʦʥ-

ʩʪʨʫʢʮʠʡ, ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʪʷʛʦʚʳʭ ʠ ʪʦʨʤʦʟʥʳʭ ʫʩʠʣʠʷʭ ʥʘ ʨʘʟ-

ʥʳʭ ʦʧʦʨʘʭ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʚʦʙʦʜʥʳʝ ʧʝʨʝʢʦʩʳ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ 

ʫʧʨʫʛʠʭ, ʪʦ ʝʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʟʘʙʝʛ ʦʧʦʨ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʫʧʨʫʛʦʤʫ ʧʝ-

ʨʝʢʦʩʫ. ʂʨʠʪʠʯʥʦʩʪʴ ʠ ʦʧʘʩʥʦʩʪʴ ʧʝʨʝʢʦʩʥʳʭ ʥʘʛʨʫʟʦʢ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʫʩʠʣʠʡ ʧʝʨʝʢʦʩʘ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʦʥʠ ʩʧʦʩʦʙʥʳ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷʭ ʢʨʘʥʘ, ʠ ʚʣʠʷʶʪ ʥʘ 

ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʜʝʡʩʪʚʫʶʪ ʚ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ ʢʦʪʦʨʦʤ ʩʝʯʝʥʠʝ ʙʘʣʦʢ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ 

ʠʤʝʝʪ ʤʝʥʴʰʠʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [6-12].  
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ʈʠʩ. ɺʳʙʦʨʢʘ ʜʘʥʥʳʭ ʧʦ ʜʝʬʝʢʪʘʤ ʢʨʘʥʦʚ ʠ ʧʝʨʝʛʨʫʞʘʪʝʣʝʡ ʟʘ 2003ï2024 ʛʛ., ʜʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʆʆʆ çʉʧʝʮʈʝʤʅʘʣʘʜʢʘè 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷʭ ʤʦʩʪʦʚʳʭ ʧʝʨʝʛʨʫʞʘʪʝʣʝʡ ʷʚʣʷ-

ʶʪʩʷ ʨʘʟʣʠʯʠʷ ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ ʧʝʨʝʜʚʠʞʝʥʠʷ ʦʧʦʨ ʢʨʘʥʘ, ʥʝʪʦʯʥʦʩʪʠ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ ʠ ʤʦʥʪʘʞʘ ʭʦʜʦʚʳʭ ʢʦʣʝʩ; ʥʝʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʨʘʙʘʪʳʚʘʥʠʝ 

ʪʦʨʤʦʟʦʚ, ʥʝʨʦʚʥʦʩʪʠ ʧʦʜʢʨʘʥʦʚʦʛʦ ʧʫʪʠ, ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʧʨʠʚʦʜʥʳʭ ʢʦ-

ʣʝʩ. ʅʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʧʝʨʝʢʦʩʥʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʨʘʥʦʚ ʠ ʧʝʨʝʛʨʫʞʘʪʝ-

ʣʝʡ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʦʨʤʦʟʥʳʭ ʤʦʤʝʥʪʦʚ ʧʨʠ ʧʝ-

ʨʝʢʦʩʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʢʨʘʥʘ 

ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ.  
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TYPOLOGY OF BARRIERS TO THE IMPLEMENTATION OF HYDROGEN 

DRIVES IN MINING EXCAVATOR S OF THE RUSSIAN FEDERATION 
 

P.S. Volobueva, Yu.A. Lagunova, K.Yu. Letnev  
 

Decarbonization of the mining industry in the Russian Federation necessitates the transition 

of mining machinery to hydrogen fuel. However, despite the emergence of prototype hydro-

gen-powered dump trucks in 2023ï2026 (BelAZ-7513V, MIPT project), the development of 

mining excavators with a similar propulsion system remains in a latent stage. Previous stud-

ies have identified a range of constraining factors, yet a systematic classification that ac-

counts for the specific characteristics of the excavator fleet and contemporary design solu-

tions is still absent. 

Keywords: hydrogen drive, mining excavator, barrier typology, BelAZ, electromechanical 

transmission, Soviet engineering, Sakhalin, decarbonization, institutional traps. 

 

ʇʦʚʝʩʪʢʘ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʟʘʢʨʝʧʣʝʥʥʘʷ ʚ ʕʥʝʨʛʝʪʠʯʝ-

ʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʈʌ ʜʦ 2035 ʛʦʜʘ, ʬʦʨʤʠʨʫʝʪ ʟʘʧʨʦʩ ʥʘ ʟʘʤʝʱʝʥʠʝ ʜʠʟʝʣʴ-

ʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʟʘʤʢʥʫʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʢʘʨʴʝʨʦʚ. ʅʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠ ʧʨʦʨʘʙʦʪʘʥʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʧʨʠʟʥʘʝʪʩʷ ʚʦʜʦʨʦʜʥʳʡ ʧʨʠʚʦʜ ʥʘ ʙʘʟʝ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ 2023ï2025 ʛʛ. ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʬʦʨʤʠ-
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ʨʦʚʘʥ ʧʫʣ ʨʝʘʣʴʥʳʭ ʧʨʦʝʢʪʥʳʭ ʤʦʜʝʣʝʡ ʢʘʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʦʚ: ʤʘʢʝʪʥʳʡ 

ʦʙʨʘʟʝʮ ɹʝʣɸɿ-7513V ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 130 ʪʦʥʥ ʩ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʦʡ 

ʤʦʱʥʦʩʪʴʶ 440 ʢɺʪ [1]; ʧʨʦʝʢʪ ʄʌʊʀ ʧʦ ʩʦʟʜʘʥʠʶ çʟʝʣʝʥʦʛʦè ʩʘʤʦʩʚʘʣʘ 

ʥʘ ʰʘʩʩʠ ɹʝʣɸɿ-7530 ʩ ʧʠʪʘʥʠʝʤ ʦʪ ʚʦʜʦʨʦʜʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʢʦʢʩʦʚʦʛʦ 

ʛʘʟʘ [2]; ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʧʦʣʠʛʦʥ ʥʘ ʦ. ʉʘʭʘʣʠʥ, ʟʘʷʚʣʝʥʥʳʡ ʢʘʢ ʧʣʦ-

ʱʘʜʢʘ ʜʣʷ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʝʭ ʚʦʜʦʨʦʜʥʳʭ ʤʘʰʠʥ 

[3]. 

ʆʜʥʘʢʦ ʢʘʨʴʝʨʥʳʝ ʵʢʩʢʘʚʘʪʦʨʳ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʥʳʤ ʟʚʝʥʦʤ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʡ ʮʝʧʠ ʜʦʙʳʯʠ, ʚ ʫʢʘʟʘʥʥʳʭ ʧʨʦʝʢʪʘʭ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ. ɽʜʠʥ-

ʩʪʚʝʥʥʦʝ ʫʧʦʤʠʥʘʥʠʝ ð ʜʝʢʣʘʨʘʪʠʚʥʦʝ ʟʘʷʚʣʝʥʠʝ ɹɽʃɸɿʘ 2023 ʛʦʜʘ ʦ 

ʥʘʤʝʨʝʥʠʠ ʨʘʟʨʘʙʦʪʘʪʴ ʚʦʜʦʨʦʜʥʫʶ ʚʝʨʩʠʶ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ 

BELAZ BX20012 ʙʝʟ ʢʦʥʢʨʝʪʠʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʩʨʦʢʦʚ [4]. 

ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʘʨʴʝʨʳ ʠʤʝʶʪ ʥʝ 

ʩʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʫʶ, ʩʢʦʣʴʢʦ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʫʶ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʫʶ 

ʧʨʠʨʦʜʫ: ʦʥʠ ʧʦ-ʨʘʟʥʦʤʫ ʣʦʢʘʣʠʟʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʙʲʝʢʪʘ ʚʥʝʜʨʝʥʠʷ 

ʠ ʪʨʝʙʫʶʪ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʝʦʜʦʣʝʥʠʷ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʊʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ ʠʥʩʪʠʪʫʮʠʦ-

ʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʤʝʥʝʥʳ: 

½ ʢʦʥʪʝʥʪ-ʘʥʘʣʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, 

ʦʪʨʘʩʣʝʚʳʝ ʉʄʀ, ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʦʪʯʝʪʳ) ʟʘ ʧʝʨʠʦʜ 2023 ï I ʢʚ. 2026 ʛʛ.; 

½ ʩʨʘʚʥʠʪʝʣʴʥʦ-ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʧʨʦʝʢʪʥʳʭ ʤʦʜʝʣʝʡ ʚʦʜʦʨʦʜʥʦʡ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ; 

½ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʩʦʚʝʪʩʢʦʡ ʰʢʦʣʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ (ʥʘ 

ʧʨʠʤʝʨʝ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ ʧʨʦʠʟʚʦʜʩʪʚʘ çʋʨʘʣʤʘʰè, ʀʞʦʨʩʢʦʛʦ ʟʘʚʦʜʘ); 

½ ʤʝʪʦʜ ʜʠʭʦʪʦʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʜʚʫʭʢʨʠʪʝʨʠʘʣʴʥʦʝ ʜʝʣʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʙʘʨʴʝʨʦʚ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘ. 

ʂʨʠʪʝʨʠʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: ʣʦʢʘʣʠʟʘʮʠʷ ʠʩʪʦʯʥʠʢʘ ʙʘʨʴʝʨʘ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʢʘʢ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʪʝʭʥʦ-

ʣʦʛʠʠ. ɺʳʙʦʨ ʢʨʠʪʝʨʠʷ ʦʙʫʩʣʦʚʣʝʥ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ: ʦʧʨʝʜʝʣʝ-

ʥʠʝ çʘʜʨʝʩʘʪʘè ʤʝʨ ʧʨʝʦʜʦʣʝʥʠʷ ʙʘʨʴʝʨʘ. 

ɸʥʘʣʠʟ ʠʩʪʦʨʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʉʉʉʈ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʧʨʦʛʨʘʤʤʳ ʩʦʟʜʘʥʠʷ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʚʦʜʦʨʦʜʥʦʤ 

ʪʦʧʣʠʚʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʢʘʢ ʜʦʩʪʫʧʥʦʩʪʴʶ ʜʝʰʝʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʪʘʢ ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ ʩʬʦʨʤʠʨʦʚʘʣ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʣʘʪʬʦʨʤʫ. ʕʢʩʢʘʚʘʪʦʨʳ ʪʠʧʘ ʕʂɻ-20, ʕʂɻ-32, ʕʐ-

100/100 ʧʨʦʝʢʪʠʨʦʚʘʣʠʩʴ ʩ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʪʨʘʥʩʤʠʩʩʠʝʡ ʠ ʧʠʪʘʥʠʝʤ 

ʦʪ ʚʥʝʰʥʝʡ ʩʝʪʠ 6 (10) ʢɺ. ʂ 1980-ʤ ʛʦʜʘʤ ʚ ʉʉʉʈ ʩʣʦʞʠʣʘʩʴ ʥʘʫʯʥʘʷ 

ʰʢʦʣʘ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʪʷʛʦʚʦʛʦ, ʦʙʝʩʧʝʯʠʚʰʘʷ ʤʠʨʦʚʦʡ ʫʨʦʚʝʥʴ 

ʨʘʟʚʠʪʠʷ ʢʘʨʴʝʨʥʦʛʦ ʵʣʝʢʪʨʦʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʡ ʚʳʚʦʜ: ʚʦʜʦʨʦʜʥʳʡ ʧʨʠʚʦʜ ð ʵʪʦ ʥʝ ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʘ ʝʛʦ ʵʚʦʣʶʮʠʦʥʥʘʷ ʬʦʨʤʘ, ʛʜʝ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʚʳ-

ʩʪʫʧʘʶʪ ʘʚʪʦʥʦʤʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʪʝʭ ʞʝ ʪʷʛʦʚʳʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʠʯʝʩʢʘʷ ʙʘʟʘ ʜʣʷ ʚʦʜʦʨʦʜʥʦʛʦ ʵʢʩ-
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ʢʘʚʘʪʦʨʘ ʚ ʈʌ ʩʫʱʝʩʪʚʫʝʪ. ʆʪʩʫʪʩʪʚʠʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʩʪʘʚʘʥʠʷ, ʘ ʥʦʩʠʪ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʭʘ-

ʨʘʢʪʝʨ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʝʢʪʥʳʭ ʤʦʜʝʣʝʡ 

ʚʦʜʦʨʦʜʥʦʡ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʨʝʘʣʠ-

ʟʘʮʠʠ. 

ʊʘʙʣʠʮʘ 1 - ʇʨʦʝʢʪʥʳʝ ʤʦʜʝʣʠ ʚʦʜʦʨʦʜʥʦʡ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ ʚ ʈʌ (2023ï

2026 ʛʛ.) 
ʇʨʦʝʢʪ  ʊʠʧ ʪʝʭʥʠʢʠ ʉʪʘʜʠʷ ʄʦʱʥʦʩʪʴ ɺʦʜʦʨʦʜ ʉʨʦʢʠ 

ɹʝʣɸɿ-

7513ʄ 
ʉʘʤʦʩʚʘʣ (130 ʪ) 

ʄʘʢʝʪʥʳʡ 

ʦʙʨʘʟʝʮ 
440 ʢɺʪ ʇʨʠʚʦʟʥʦʡ 

ʀʩʧʳʪʘʥʠʷ 

2025ï2026 

ɹʝʣɸɿ-7530 

(ʇʨʦʝʢʪ 

ʄʌʊʀ) 

ʉʘʤʦʩʚʘʣ (220 ʪ) ʊʝʭʧʨʦʝʢʪ ~1 ʄɺʪ 
ʀʟ ʢʦʢʩʦʚʦʛʦ 

ʛʘʟʘ 

ʉʪʝʥʜʦʚʳʝ 

ʠʩʧʳʪʘʥʠʷ 

2026 

ʉʘʭʘʣʠʥʩʢʠʡ 

ʧʦʣʠʛʦʥ 
ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʇʦʜʛʦʪʦʚʢʘ ʥ/ʜ ʕʣʝʢʪʨʦʣʠʟʥʳʡ 

ɿʘʷʚʢʘ ʥʘ 

2026 

BELAZ 

BX20012 

(ʚʦʜʦʨʦʜʥʘʷ 

ʚʝʨʩʠʷ) 

ʕʢʩʢʘʚʘʪʦʨ 
ɼʝʢʣʘʨʘʮʠʷ ʦ 

ʥʘʤʝʨʝʥʠʷʭ 
ʥ/ʜ ʥ/ʜ 

ʅʝ ʦʧʨʝʜʝ-

ʣʝʥʳ 

ɺʳʷʚʣʝʥʥʘʷ ʘʩʠʤʤʝʪʨʠʷ: 

1. ʉʘʤʦʩʚʘʣʳ ʠʤʝʶʪ ʢʦʥʢʨʝʪʥʳʝ ʧʨʦʝʢʪʥʳʝ ʧʨʦʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʷ 

ʢʦʤʧʦʥʦʚʢʫ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʠ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ. 

2. ʕʢʩʢʘʚʘʪʦʨʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʥʫʣʝʚʦʤ ʫʨʦʚʥʝ ʛʦʪʦʚʥʦʩʪʠ (ʦʪʩʫʪ-

ʩʪʚʫʶʪ ʜʘʞʝ ʵʩʢʠʟʥʳʝ ʧʨʦʝʢʪʳ). 

3. ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʧʨʦʝʢʪʳ (ʉʘʭʘʣʠʥ) ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʤʦ-

ʙʠʣʴʥʫʶ, ʘ ʥʝ ʥʘ ʩʪʘʮʠʦʥʘʨʥʫʶ ʪʝʭʥʠʢʫ. 

ɸʩʠʤʤʝʪʨʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ɹʦ-

ʣʝʝ ʪʦʛʦ, ʩ ʠʥʞʝʥʝʨʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʵʢʩʢʘʚʘʪʦʨ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤ 

ʦʙʲʝʢʪʦʤ ʜʣʷ ʚʦʜʦʨʦʜʥʦʡ ʢʦʥʚʝʨʩʠʠ: ʦʥ ʥʝ ʪʨʝʙʫʝʪ ʨʘʟʤʝʱʝʥʠʷ ʪʦʧʣʠʚ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʙʘʣʣʦʥʦʚ ʥʘ ʧʦʜʚʠʞʥʦʤ ʰʘʩʩʠ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ 

ʚʠʙʨʘʮʠʠ ʠ ʫʜʘʨʦʚ. ʉʪʘʮʠʦʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʤʦʜʫʣʴʥʫʶ ʢʦʤʧʦʥʦʚʢʫ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʧʦʚʦʨʦʪʥʦʡ ʧʣʘʪʬʦʨʤʝ. 

ʊʠʧʦʣʦʛʠʷ ʙʘʨʴʝʨʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʢʨʠʪʝʨʠʷ (ʣʦʢʘʣʠʟʘʮʠʷ ʠʩʪʦʯʥʠʢʘ ʙʘʨʴʝʨʘ) 

ʨʘʟʨʘʙʦʪʘʥʘ ʯʝʪʳʨʝʭʫʨʦʚʥʝʚʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ. 

1. ʕʢʟʦʛʝʥʥʳʝ ʙʘʨʴʝʨʳ I ʫʨʦʚʥʷ (ʛʣʦʙʘʣʴʥʳʝ) 

ʀʩʪʦʯʥʠʢ: ʚʥʝʰʥʠʡ ʢʦʥʪʫʨ, ʤʠʨʦʚʦʡ ʨʳʥʦʢ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʈʌ. 

½ ʉʘʥʢʮʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʩʪʘʚʢʫ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʤʙʨʘʥ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʧʣʘʪʠʥʘ, ʠʨʠʜʠʡ); 

½ ʂʦʥʪʨʦʣʴ ʧʘʪʝʥʪʦʚ ʥʘ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʤʝʛʘʚʘʪʪʥʦʛʦ ʢʣʘʩ-

ʩʘ; 

½ ʆʪʩʫʪʩʪʚʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʦʧʝʨʘʮʠʠ ʧʦ ʚʦʜʦʨʦʜʥʳʤ ʩʪʘʥ-

ʜʘʨʪʘʤ ʜʣʷ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ. 

ʉʫʙʲʝʢʪ ʧʨʝʦʜʦʣʝʥʠʷ: ʄʠʥʧʨʦʤʪʦʨʛ, ʈɸʅ, ɻʂ çʈʦʩʘʪʦʤè (ʧʨʦʛʨʘʤʤʳ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ). 
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2. ʕʢʟʦʛʝʥʥʳʝ ʙʘʨʴʝʨʳ II  ʫʨʦʚʥʷ (ʥʘʮʠʦʥʘʣʴʥʳʝ) 

ʀʩʪʦʯʥʠʢ: ʥʘʮʠʦʥʘʣʴʥʘʷ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʘʷ ʩʨʝʜʘ, ʚʥʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

½ ʆʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ɻʆʉʊ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʛʣʘ-

ʤʝʥʪʦʚ ʥʘ ʚʦʜʦʨʦʜʥʳʝ ʵʢʩʢʘʚʘʪʦʨʳ (ʜʝʡʩʪʚʫʶʪ ʣʠʰʴ ʦʙʱʠʝ ʥʦʨʤʳ ʜʣʷ ʘʚ-

ʪʦʪʨʘʥʩʧʦʨʪʘ); 

½ ʅʝʨʘʟʚʠʪʦʩʪʴ ʩʝʪʠ ʚʦʜʦʨʦʜʥʳʭ ʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ ʥʘ ʫʛʦʣʴ-

ʥʳʭ ʠ ʨʫʜʥʳʭ ʨʘʟʨʝʟʘʭ; 

½ ʆʪʩʫʪʩʪʚʠʝ ʫʪʚʝʨʞʜʝʥʥʳʭ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ 

ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ ʚ ʈʌ. 

ʉʫʙʲʝʢʪ ʧʨʝʦʜʦʣʝʥʠʷ: ʛʦʩʫʜʘʨʩʪʚʦ (ʈʦʩʩʪʘʥʜʘʨʪ, ʄʠʥʵʥʝʨʛʦ, 

ʄʠʥʧʨʠʨʦʜʳ). 

3. ʕʥʜʦʛʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ 

ʀʩʪʦʯʥʠʢ: ʧʨʝʜʧʨʠʷʪʠʝ-ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʴ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʪʝʭʥʠʢʠ. 

½ ʆʪʩʫʪʩʪʚʠʝ ʦʙʫʯʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʨʦʜʥʦ-

ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

½ ɼʝʬʠʮʠʪ ʩʚʦʙʦʜʥʳʭ ʤʦʱʥʦʩʪʝʡ ʜʣʷ ʅʀʆʂʈ (ʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʵʢʩʢʘʚʘʪʦʨʦʚ); 

½ ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩ ʚʳʙʦʨʦʤ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʤʝʱʝʥʠʷ 

ʙʘʣʣʦʥʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʵʢʩʢʘʚʘʪʦʨʝ. 

ʉʫʙʲʝʢʪ ʧʨʝʦʜʦʣʝʥʠʷ: ʙʠʟʥʝʩ (ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʝ ʢʦʤʧʘʥʠʠ, çʋʨʘʣ-

ʤʘʰè, ʀɿ-ʂɸʈʊʕʂʉ). 

4. ʕʥʜʦʛʝʥʥʳʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ʙʘʨʴʝʨʳ 

ʀʩʪʦʯʥʠʢ: ʤʝʥʪʘʣʠʪʝʪ ʣʠʮ, ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʷ. 

½ ʂʦʥʩʝʨʚʘʪʠʟʤ: çʵʢʩʢʘʚʘʪʦʨ ʥʘ ʩʝʪʠ 6 ʢɺ ʨʘʙʦʪʘʝʪ 50 ʣʝʪ ʠ ʜʝ-

ʰʝʚʣʝè; 

½ ʈʘʟʜʝʣʝʥʠʝ ʙʶʜʞʝʪʦʚ: ʟʘʪʨʘʪʳ ʥʘ ʪʝʭʥʠʢʫ ʠ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫ-

ʨʫ ʚ ʨʘʟʥʳʭ ʩʪʘʪʴʷʭ; 

½ ʆʪʩʫʪʩʪʚʠʝ çʯʝʤʧʠʦʥʘè ð ʧʝʨʚʦʛʦ ʟʘʢʘʟʯʠʢʘ, ʛʦʪʦʚʦʛʦ ʨʠʩʢ-

ʥʫʪʴ. 

ʉʫʙʲʝʢʪ ʧʨʝʦʜʦʣʝʥʠʷ: ʪʦʧ-ʤʝʥʝʜʞʤʝʥʪ ʢʦʤʧʘʥʠʡ, ʦʪʨʘʩʣʝʚʳʝ ʘʩʩʦ-

ʮʠʘʮʠʠ. 

ʂʣʶʯʝʚʦʝ ʥʘʙʣʶʜʝʥʠʝ: ʥʘ 2026 ʛʦʜ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ ʙʘʨʴʝʨʳ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢʦ II  ʠ III  ʫʨʦʚʥʶ ʜʣʷ ʩʘʤʦʩʚʘʣʦʚ, ʥʦ ʩʦʭʨʘʥʷʶʪʩʷ ʚʩʝ ʯʝʪʳʨʝ 

ʫʨʦʚʥʷ ʜʣʷ ʵʢʩʢʘʚʘʪʦʨʦʚ. ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʚʥʝʜʨʝʥʠʷ ʚʦʜʦʨʦ-

ʜʘ ʚ ʵʢʩʢʘʚʘʪʦʨʳ ʠʤʝʝʪ ʥʝ ʪʝʭʥʠʯʝʩʢʫʶ, ʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦ-

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʧʨʠʨʦʜʫ. 

ʇʦʣʫʯʝʥʥʘʷ ʪʠʧʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʙʘʨʴʝʨʦʚ: 

1. ʊʨʘʥʩʬʝʨ ʪʝʭʥʦʣʦʛʠʡ ʩ ʩʘʤʦʩʚʘʣʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʠʥʠʮʠʠʨʦʚʘʪʴ 

ʅʀʈ ʧʦ ʘʜʘʧʪʘʮʠʠ ʚʦʜʦʨʦʜʥʦʛʦ ʵʥʝʨʛʦʤʦʜʫʣʷ ɹʝʣɸɿ-7513V ʜʣʷ ʧʠʪʘʥʠʷ 

ʵʢʩʢʘʚʘʪʦʨʘ ʕʂɻ-18 (ʫʥʠʬʠʢʘʮʠʷ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ). 

2. ʉʦʟʜʘʥʠʝ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʧʦʣʠʛʦʥʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʉʘʭʘʣʠ-

ʥʘ, ʧʦʣʠʛʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ ʫʛʦʣʴʥʦʤ ʨʘʟʨʝʟʝ 

(ʂʫʟʙʘʩʩ, ʂʘʥʩʢʦ-ɸʯʠʥʩʢʠʡ ʙʘʩʩʝʡʥ) ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ 

ʠʟ ʙʫʨʳʭ ʫʛʣʝʡ. 
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3. ʀʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʩʜʚʠʛ. ɺʚʝʜʝʥʠʝ ʚ ʦʪʨʘʩʣʝʚʳʝ ʩʪʨʘʪʝʛʠʠ 

ʮʝʣʝʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ çʜʦʣʷ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʨʠ-

ʚʦʜʦʤè (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʦʤ). 
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ʌʋʅʂʎʀʆʅɸʃʔʅʆɽ ʅɸɿʅɸʏɽʅʀɽ ɻʈʋɿʆʇʆɼʒɽʄʅʓʍ  

ʄɽʍɸʅʀɿʄʆɺ ʀ ɺʆɿʄʆɾʅʆʉʊʀ ʀʍ ʊʆʈʄʆɾɽʅʀʗ 
 

ʉ.ɺ. ɹʝʣʦʚ1, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʃ.ɸ. ɻʘʚʨʠʣʦʚʘ1, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 
1ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʌ 

 

ʇʦʢʘʟʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʘʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʪʝʧʝʥʴ ʧʦʜʚʠʞʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʛʨʫʟʦʧʦʜʲʝʤ-

ʥʳʭ ʢʨʘʥʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʪʦʨʤʦʟʦʚ. ʇʨʝʜʣʦʞʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʷ ʪʦʨʤʦʟʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʚʳʙʦʨʘ ʪʠʧʘ ʪʦʨʤʦʟʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘ-

ʯʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʫʟʦʧʦʜʲʝʤʥʳʝ ʤʘʰʠʥʳ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ, ʦʧʝʨʘʮʠʠ, 

ʩʪʝʧʝʥʴ ʧʦʜʚʠʞʥʦʩʪʠ, ʤʝʭʘʥʠʟʤʳ, ʧʨʠʚʦʜ, ʪʦʨʤʦʟʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʩʪʘʥʦʚʳ. 
 

FUNCTIONAL PURPOSE OF LOAD -LIFTING MECHANISMS A ND THEIR  

BRAKING CAPABILITIES  
 

S.V. Belov, L.A. Gavrilova  
 

The application of load-lifting mechanisms in various technological processes is shown. The 

degree of mobility of the main mechanisms of load-lifting cranes is analyzed. The features of 

brakes are considered. A functional classification of braking devices is proposed for selecting 

the type of brake according to the tasks of technological processes. 

Keywords: load-lifting machines, functional purpose, operations, degree of mobility, mecha-

nisms, drive, braking devices, and stops. 
 

ʆʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʨʫʟʘʤʠ, ʚ ʥʘʰʝ 

ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʰʠʨʥʳʤ ʘʩʩʦʨʪʠʤʝʥʪʦʤ ʤʝʭʘʥʠʟʤʦʚ ʩ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʠ ʠʩʧʦʣʥʝʥʠʝʤ, ʘ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʠʚʦʜʘ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʤʝʭʘʥʠʟʤʦʚ (ɻʇʄ) ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʤʝʱʝʥʠʠ ʛʨʫʟʘ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ 

ʜʨʫʛʫʶ [1]. ɼʣʷ ʵʪʦʛʦ ɻʇʄ ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʤʝʱʘʪʴ ʛʨʫʟ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ ʪʨʝʤ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʪ.ʝ. 

ʠʤʝʪʴ ʪʨʠ ʧʝʨʝʥʦʩʥʳʝ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʛʨʫʟʦʟʘʭʚʘʪʥʦʛʦ ʦʨʛʘʥʘ (ʢʨʶ-

ʢʘ). ʇʦ ʢʦʥʩʪʨʫʢʮʠʠ ɻʄʇ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʩʪʨʝʣʦʚʳʝ ʢʨʘʥʳ, 

ʢʦʟʣʦʚʳʝ ʢʨʘʥʳ, ʧʦʨʪʘʣʴʥʳʝ ʢʨʘʥʳ, ʙʘʰʝʥʥʳʝ ʢʨʘʥʳ. 

ɺ ʩʪʨʝʣʦʚʳʭ ʢʨʘʥʘʭ (ʨʠʩ. 1, ʘ) ʧʝʨʝʥʦʩʥʳʝ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʜʦ-

ʩʪʠʛʘʶʪʩʷ: ʤʝʭʘʥʠʟʤʦʤ ʧʦʜʲʝʤʘ ʛʨʫʟʘ (ʄʇɻ), ʤʝʭʘʥʠʟʤʦʤ ʠʟʤʝʥʝʥʠʷ ʚʳ-

ʣʝʪʘ ʩʪʨʝʣʳ (ʄʀɺʉ), ʤʝʭʘʥʠʟʤʦʤ ʧʦʚʦʨʦʪʘ ʧʣʘʪʬʦʨʤʳ (ʄʇʇ). 

ɺ ʤʦʩʪʦʚʳʭ ʢʨʘʥʘʭ (ʨʠʩ. 1, ʙ) ʪʨʠ ʧʝʨʝʥʦʩʥʳʝ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ 

ʢʨʶʢʘ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ: ʤʝʭʘʥʠʟʤʦʤ ʧʦʜʲʝʤʘ ʛʨʫʟʘ (ʄʇɻ), ʤʝʭʘʥʠʟʤʦʤ ʧʝ-

ʨʝʜʚʠʞʝʥʠʷ ʤʦʩʪʘ (ʄʇʄ), ʤʝʭʘʥʠʟʤʦʤ ʧʝʨʝʜʚʠʞʝʥʠʷ ʛʨʫʟʦʚʦʡ ʪʝʣʝʞʢʠ 

(ʄʇɻʊ). 

ɺ ʢʦʟʣʦʚʳʭ ʢʨʘʥʘʭ (ʨʠʩ. 2) ʧʦ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʛʨʫʟʦʟʘʭʚʘʪʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ: ʤʝʭʘʥʠʟʤʦʤ ʧʦʜʲʝʤʘ ʛʨʫʟʘ (ʄʇɻ), ʤʝʭʘʥʠʟ-

ʤʦʤ ʧʝʨʝʜʚʠʞʝʥʠʷ ʢʨʘʥʘ (ʄʇʂ), ʤʝʭʘʥʠʟʤʦʤ ʧʝʨʝʜʚʠʞʝʥʠʷ ʛʨʫʟʦʚʦʡ ʪʝ-

ʣʝʞʢʠ (ʄʇɻʊ). 

ɺ ʧʦʨʪʘʣʴʥʳʭ ʢʨʘʥʘʭ (ʨʠʩ. 3) ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʢʨʶʢʘ ʜʦʩʪʠʛʘʶʪ-

ʩʷ: ʤʝʭʘʥʠʟʤʦʤ ʧʦʜʲʝʤʘ ʛʨʫʟʘ (ʄʇɻ), ʤʝʭʘʥʠʟʤʦʤ ʧʝʨʝʜʚʠʞʝʥʠʷ ʢʨʘʥʘ 
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(ʄʇʂ), ʤʝʭʘʥʠʟʤʦʤ ʧʦʜʲʝʤʘ-ʦʧʫʩʢʘʥʠʷ ʩʪʨʝʣʳ (ʄʇʆʉ), ʤʝʭʘʥʠʟʤʦʤ ʧʦ-

ʚʦʨʦʪʘ ʧʣʘʪʬʦʨʤʳ (ʄʇʇ). 

ɺ ʙʘʰʝʥʥʳʭ ʢʨʘʥʘʭ (ʨʠʩ. 4) ʩʣʝʜʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ: ʤʝʭʘʥʠʟʤ ʧʦʜʲ-

ʝʤʘ ʛʨʫʟʘ (ʄʇɻ), ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʚʠʞʝʥʠʷ ʢʨʘʥʘ (ʄʇʂ), ʤʝʭʘʥʠʟʤ ʧʝʨʝ-

ʜʚʠʞʝʥʠʷ ʛʨʫʟʦʚʦʡ ʪʝʣʝʞʢʠ (ʄʇɻʊ), ʤʝʭʘʥʠʟʤ ʚʨʘʱʝʥʠʷ ʛʦʣʦʚʢʠ ʙʘʰʥʠ 

(ʄɺɻɹ). 

 
ʈʠʩ. 1. ʉʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʛʨʫʟʦʟʘʭʚʘʪʥʦʛʦ ʦʨʛʘʥʘ: ʘ ï ʩʪʨʝʣʦʚʦʛʦ ʢʨʘʥʘ: 1 ï 

ʩʪʨʝʣʘ; ʙ ï ʤʦʩʪʦʚʦʛʦ ʢʨʘʥʘ: 1 ï ʛʨʫʟʦʚʘʷ ʪʝʣʝʞʢʘ, 2 ï ʤʦʩʪ 

 

 
 

ʈʠʩ. 2. ʉʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʢʦʟʣʦʚʦʛʦ 

ʢʨʘʥʘ: 1 ï ʤʦʩʪʦʚʦʝ ʩʪʨʦʝʥʠʝ,  

2 ï ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʥʦʛʠ, 3 ï ʙʘʣʘʥʩʠʨʥʘʷ 

ʪʝʣʝʞʢʘ, 4 ï ʛʨʫʟʦʚʘʷ ʪʝʣʝʞʢʘ,  

5 ï ʛʨʝʡʬʝʨ. 

ʈʠʩ. 3. ʉʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ 

ʧʦʨʪʘʣʴʥʦʛʦ ʢʨʘʥʘ: 1 ï ʇ-ʦʙʨʘʟʥʳʡ 

ʧʦʨʪʘʣ, 2 ï ʧʦʚʦʨʦʪʥʘʷ ʧʣʘʪʬʦʨʤʘ,  

3 ï ʩʪʨʝʣʘ, 4 ï ʭʦʜʦʚʘʷ ʪʝʣʝʞʢʘ,  

5 ï ʧʦʜʚʠʞʥʳʡ ʧʨʦʪʠʚʚʝʩ , 6 ï 

ʨʳʯʘʞʥʦ-ʢʘʥʘʪʥʘʷ ʩʠʩʪʝʤʘ, 7 ï ʢʨʶʢ. 

 
ʈʠʩ. 2. ʉʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʙʘʰʝʥʥʦʛʦ ʢʨʘʥʘ:  

1 ï ʙʘʰʥʷ, 2 ï ʭʦʜʦʚʘʷ ʪʝʣʝʞʢʘ, 3 ï ʩʪʨʝʣʘ, 4 ï ʛʦʣʦʚʢʘ ʙʘʰʥʠ, 5 ï ʧʨʦʪʠʚʦʚʝʩ,  

6 ï ʧʦʚʦʨʪʥʘʷ ʧʣʘʪʬʦʨʤʘ ʙʘʰʥʠ, 7 ï ʛʨʫʟʦʚʘʷ ʪʝʣʝʞʢʘ, 8 ï ʢʨʶʢ. 

ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʫʯʘʩʪʚʫʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʚʦʜʦʤ. ɼʣʷ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʠ ʥʝ-
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ʦʙʭʦʜʠʤʦʡ ʜʠʩʢʨʝʪʥʦʩʪʠ ʜʚʠʞʝʥʠʡ ʚ ʢʦʤʧʦʥʦʚʢʫ ʧʨʠʚʦʜʘ ʦʙʷʟʘʪʝʣʴʥʦ 

ʚʭʦʜʠʪ ʪʦʨʤʦʟʥʦʝ ʫʩʪʨʦʡʩʪʚʦ [2, 3]. 

ʇʨʠ ʘʥʘʣʠʟʝ ʪʦʨʤʦʟʥʳʭ ʫʩʪʨʦʡʩʪʚ ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʤʘʰʠʥ ʚʳʜʝʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

- ʫʜʝʨʞʘʥʠʝ ʧʦʜʥʷʪʦʛʦ ʛʨʫʟʘ ʥʘ ʚʝʩʫ, 

- ʧʣʘʚʥʦʝ ʦʧʫʩʢʘʥʠʝ ʛʨʫʟʘ, 

- ʦʩʪʘʥʦʚʢʘ ʪʝʣʝʞʢʠ ʢʨʘʥʘ,  

- ʫʜʝʨʞʘʥʠʝ ʚ ʟʘʪʦʨʤʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

- ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷʤʠ,  

- ʟʘʤʳʢʘʥʠʝ. 

ʇʦ ʧʨʠʥʮʠʧʫ ʟʘʤʳʢʘʥʠʷ (ʧʦ ʜʝʡʩʪʚʠʶ ʟʘʤʳʢʘʶʱʝʡ ʩʠʣʳ) ʪʦʨʤʦʟʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ: 

- ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʫʪʳʝ ï ʟʘʤʳʢʘʶʪʩʷ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʦʡ 

(ʚʝʩ ʛʨʫʟʘ, ʧʨʫʞʠʥʘ), ʘ ʨʘʟʤʳʢʘʶʪʩʷ ʧʨʠʚʦʜʥʳʤ ʤʝʭʘʥʠʟʤʦʤ; 

- ʥʦʨʤʘʣʴʥʦ ʨʘʟʦʤʢʥʫʪʳʝ ï ʨʘʟʤʳʢʘʶʪʩʷ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠ-

ʣʦʡ, ʘ ʟʘʤʳʢʘʶʪʩʷ ʧʨʠʚʦʜʥʳʤ ʤʝʭʘʥʠʟʤʦʤ; 

- ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ. ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʘʶʪ ʢʘʢ ʥʦʨʤʘʣʴʥʦ 

ʨʘʟʦʤʢʥʫʪʳʝ, ʘ ʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ï ʢʘʢ ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʫʪʳʝ. 

ɼʣʷ ʤʦʩʪʦʚʦʛʦ ʢʨʘʥʘ ʬʫʥʢʮʠʠ ʪʦʨʤʦʟʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʢʣʶʯʘʶʪ: 

- ʢʦʥʪʨʦʣʴ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʣʝʞʢʠ, ʩʧʫʩ-

ʢʘ ʠʣʠ ʧʦʜʲʝʤʘ ʛʨʫʟʘ ʩ ʨʝʛʫʣʠʨʦʚʢʦʡ ʠʭ ʩʢʦʨʦʩʪʝʡ, 

- ʨʝʛʫʣʠʨʦʚʢʘ ʜʚʠʞʝʥʠʷ ʢʨʘʥʘ, 

- ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʥʝʚʦʟʤʦʞʥʳʭ ʠ ʟʘʧʨʝʪʥʳʭ ʨʘʟʛʦʥʦʚ ʧʨʠ ʨʘʙʦʪʝ. 

ʌʫʥʢʮʠʠ ʪʦʨʤʦʟʥʳʭ ʫʩʪʨʦʡʩʪʚ ɻʇʄ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʘʙ-

ʣʠʮʳ. 

ʊʘʙʣʠʮʘ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʦʨʤʦʟʥʳʭ ʫʩʪʨʦʡʩʪʚ ɻʇʄ 
ʌʫʥʢʮʠʠ ʆʩʪʘʥʦʚʳ ʊʦʨʤʦʟʘ 

ʋʜʝʨʞʘʥʠʝ 

ʧʦʜʥʷʪʦʛʦ 

ʛʨʫʟʘ ʥʘ ʚʝ-

ʩʫ 

ʍʨʘ-

ʧʦʚʳʝ 

ʬʨʠʢʮʠʦʥʥʳʝ 

   
ʂʣʠ-

ʥʦ-

ʚʳʝ 

ʈʦʣʠ-

ʢʦʚʳʝ 

ʇʣʘʚʥʦʝ 

ʦʧʫʩʢʘʥʠʝ 

ʛʨʫʟʘ 

    

ʉʧʫʩʢʥʳʝ 

(ʛʨʫʟʦʫʧʦʨ-

ʥʳʝ) 

ʂʦʤʙʠʥʠʨʦ-

ʚʘʥʥʳʝ 

ʆʩʪʘʥʦʚʢʘ 

ʪʝʣʝʞʢʠ 

ʢʨʘʥʘ 

   ʂʦʣʦʜʦʯʥʳʝ ɼʠʩʢʦʚʳʝ 
ʕʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʝ 

ʋʜʝʨʞʘʥʠʝ 

ʚ ʟʘʪʦʨʤʦ-

ʞʝʥʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ 

   ʉʪʦʧʦʨʥʳʝ 

ʉʧʫʩʢʥʳʝ 

(ʛʨʫʟʦʫʧʦʨ-

ʥʳʝ) 

ʂʦʤʙʠʥʠʨʦ-

ʚʘʥʥʳʝ  

ʋʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʷʤʠ 
   

ɸʚʪʦʤʘʪʠ-

ʯʝʩʢʦʝ ʟʘ-

ʤʳʢʘʥʠʝ 

ʋʧʨʘʚʣʝʥʠʝ 

ʟʘʤʳʢʘʥʠʝʤ 
 

ɿʘʤʳʢʘʥʠʝ    
ʅʦʨʤʘʣʴʥʦ 

ʟʘʤʢʥʫʪʳʝ 

ʅʦʨʤʘʣʴʥʦ 

ʨʘʟʦʤʢʥʫʪʳʝ 

ʂʦʤʙʠʥʠʨʦ-

ʚʘʥʥʳʝ  
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ʋ ʤʝʭʘʥʠʟʤʘ ʧʦʜʲʝʤʘ ʩ ʜʚʫʤʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʢʣʶʯʘʝʤʳʤʠ ʧʨʠʚʦʜʘ-

ʤʠ ʥʘ ʢʘʞʜʦʤ ʧʨʠʚʦʜʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝ ʤʝʥʝʝ ʦʜʥʦʛʦ ʪʦʨʤʦʟʘ 

ʩ ʟʘʧʘʩʦʤ ʪʦʨʤʦʞʝʥʠʷ 1,25. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭ ʪʦʨʤʦʟʦʚ ʥʘ ʢʘʞʜʦʤ 

ʧʨʠʚʦʜʝ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʫ ʤʝʭʘʥʠʟʤʘ ʜʚʫʭ ʠ ʙʦʣʝʝ ʧʨʠʚʦʜʦʚ ʢʦʵʬʬʠʮʠʝʥʪ 

ʟʘʧʘʩʘ ʪʦʨʤʦʞʝʥʠʷ ʢʘʞʜʦʛʦ ʪʦʨʤʦʟʘ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 1,1.  

ʄʝʭʘʥʠʟʤʳ ʧʦʜʲʝʤʘ ʛʨʫʟʘ ʠ ʠʟʤʝʥʝʥʠʷ ʚʳʣʝʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʩʥʘʙʞʝ-

ʥʳ ʪʦʨʤʦʟʘʤʠ, ʠʤʝʶʱʠʤʠ ʥʝ ʨʘʟʤʳʢʘʝʤʫʶ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʙʘʨʘ-

ʙʘʥʘʤʠ, ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʮʝʧʷʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʲʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʘʣʝʡ 

ʜʦʧʫʩʢʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʤʫʬʪ ʧʨʝʜʝʣʴʥʦʛʦ ʤʦʤʝʥʪʘ.  

ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʜʚʫʭ ʪʦʨʤʦʟʦʚ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʪʘʢ, 

ʯʪʦʙʳ ʚ ʮʝʣʷʭ ʧʨʦʚʝʨʢʠ ʥʘʜʝʞʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʪʦʨʤʦʟʦʚ ʤʦʞʥʦ ʙʳʣʦ ʙʝʟ-

ʦʧʘʩʥʦ ʩʥʷʪʴ ʜʝʡʩʪʚʠʝ ʜʨʫʛʦʛʦ ʪʦʨʤʦʟ. ɻʨʫʟ, ʟʘʤʳʢʘʶʱʠʡ ʪʦʨʤʦʟ, ʜʦʣʞʝʥ 

ʙʳʪʴ ʫʢʨʝʧʣʝʥ ʥʘ ʨʳʯʘʛʝ ʪʘʢ, ʯʪʦʙʳ ʠʩʢʣʶʯʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʘʜʝʥʠʷ 

ʠʣʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʫʞʠʥ ʟʘʤʳʢʘʥʠʝ 

ʪʦʨʤʦʟʘ ʜʦʣʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʫʩʠʣʠʝʤ ʩʞʘʪʦʡ ʧʨʫʞʠʥʳ. ʂʦʣʦʜʦʯʥʳʝ, 

ʣʝʥʪʦʯʥʳʝ ʠ ʜʠʩʢʦʚʳʝ ʪʦʨʤʦʟʘ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʦʪ 

ʧʨʷʤʦʛʦ ʧʦʧʘʜʘʥʠʷ ʚʣʘʛʠ ʠʣʠ ʤʘʩʣʘ ʥʘ ʪʦʨʤʦʟʥʦʡ ʰʢʠʚ. 

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʪʦʨʤʦʟʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʘʢ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ɺʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝ-

ʣʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʦʨʤʦʟʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ, ʥʝʩʦʤʥʝʥʥʦ, ʚʩʝʭ ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʤʘʰʠʥ.  

ɺʳʚʦʜ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤ-

ʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩ ʧʦʟʠʮʠʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʪʨʝ-

ʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʜʦʚ XIX ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʚ ʨʘʤʢʘʭ 
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ʉʅʀɾɽʅʀɽ ɼʀʅɸʄʀʏɽʉʂʀʍ ʅɸɻʈʋɿʆʂ ʇʈʀ ʌʈɽɿɽʈʆɺɸʅʀʀ 

ʊʆʈʌʗʅʆʁ ɿɸʃɽɾʀ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ɸɼɸʇʊʀɺʅʓʍ  

ɸʃɻʆʈʀʊʄʆɺ ʋʇʈɸɺʃɽʅʀʗ 
 

ʉ.ʅ. ɻʘʤʘʶʥʦʚ1, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ɸ.ʀ. ɾʠʛʫʣʴʩʢʘʷ1, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.,  

ɹ.ʌ. ɿʶʟʠʥ1, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʃ.ɺ. ʂʦʧʝʥʢʠʥʘ1, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. 
1ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʊʚʝʨʴ ʈʌ 

 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʜʘʧʪʘʮʠʠ ʬʨʝʟʝʨʥʦʛʦ ʘʛʨʝʛʘʪʘ ʢ ʤʝʥʷʶʱʝʤʫʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʨʝʟʘʥʠʶ ï ʢʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʝ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʪʨʘʥʩʤʠʩ-

ʩʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʨʝʚʝʩʥʳʝ ʚʢʣʶʯʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʫʜʘʨʥʳʝ ʧʝʨʝʛʨʫʟʢʠ ʪʨʘʥʩʤʠʩ-

ʩʠʠ, ʢʨʘʪʥʦ ʧʨʝʚʳʰʘʶʱʠʝ ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʙʦʨʪʦʚʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʥʟʦʤʝʪʨʠʨʦʚʘʥʠʷ ʬʨʝʟʝʨʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʢʦʥʪʨʦʣʷ 

ʧʣʦʪʥʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ. ɺ CAE-ʩʨʝʜʝ ʧʦʩʪʨʦʝʥ ʮʠʬʨʦʚʦʡ ʧʨʦʪʦʪʠʧ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʮʝʥʠʚʘʪʴ ʛʣʫʙʠʥʫ ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ ʥʘʛʨʫʞʝʥʠʷ. ɼʦʩʪʦʚʝʨ-

ʥʦʩʪʴ ʤʦʜʝʣʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʩ ʜʘʥʥʳʤʠ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʇʨʠʤʝ-

ʥʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʨʬʷʥʳʝ ʤʘʰʠʥʳ; ʬʨʝʟʝʨʦʚʘʥʠʝ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ; ʘʜʘʧʪʠʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ; ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ; ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʘʥʠʶ; ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ; 

ʪʝʣʝʤʝʪʨʠʷ 
 

REDUCTION OF DYNAMIC  LOADS IN PEAT DEPOSIT MILLING  USING  

ADAPTIVE CONTROL ALG ORITHMS  
 

S.N. Gamayunov, A.I. Zhigulskaya, B.F. Zyuzin, L.V. Kopenkina 
 

This work examines adaptation of milling aggregates to the variable cutting resistance en-

countered in peat depositsða factor critical to transmission reliability. Woody inclusions 

generate impact loads that substantially exceed nominal torque ratings. The authors intro-

duce an onboard control architecture based on strain measurement of the milling drum com-

bined with real-time density and moisture monitoring. A digital prototype developed in a CAE 

environment simulates milling depth across diverse loading conditions. Model validity was 

established through comparison with field measurement data. Implementation of adaptive al-

gorithms yields reduced energy consumption without compromising productivity. 

Keywords: peat machines; peat deposit milling; adaptive control; digital twin; cutting re-

sistance; dynamic loading; telemetry 
 

ʈʘʟʨʳʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ ʚʦʟʚʨʘʱʘʝʪ ʚ ʦʙʦʨʦʪ 

ʤʝʩʪʥʳʝ ʪʦʧʣʠʚʥʳʝ ʨʝʩʫʨʩʳ, ʚʢʣʶʯʘʷ ʪʦʨʬʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʥʝʝ 

ʚʳʚʝʜʝʥʥʳʝ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʤʘʰʠʥʥʦʛʦ ʧʘʨʢʘ ʪʦʨʬʦʜʦ-

ʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʫʶ ʢʦʥʩʝʨʚʘʮʠʶ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʧʦʣʫʚʝʢʦʚʦʡ ʜʘʚʥʦʩʪʠ. ʇʘʨʢ ʪʦʨʬʦʜʦʙʳʚʘʶʱʝʡ ʪʝʭʥʠʢʠ ʜʦ ʩʠʭ 

ʧʦʨ ʬʦʨʤʠʨʫʶʪ ʬʨʝʟʝʨʥʳʝ ʘʛʨʝʛʘʪʳ ʩʝʤʠʜʝʩʷʪʳʭ-ʚʦʩʴʤʠʜʝʩʷʪʳʭ ʛʦʜʦʚ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ [1]. ʂʣʶʯʝʚʦʡ ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʳʭ ʩʠ-

ʩʪʝʤ ï ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʥʝ ʧʨʝʜʫʩʤʘʪʨʠ-

ʚʘʶʱʠʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʆʧʝʨʘʪʦʨ ʚʳʥʫʞ-

ʜʝʥ ʨʘʙʦʪʘʪʴ ʚʩʣʝʧʫʶ: ʩʠʩʪʝʤʘ ʥʝ ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʟʘ-

ʣʝʞʠ ʠʣʠ ʠʟʥʦʩ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ʈʘʥʴʰʝ ʠʥʞʝʥʝʨʳ ʟʘʢʣʘʜʳʚʘʣʠ ʠʟʙʳʪʦʯ-

ʥʳʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ, ʢʦʤʧʝʥʩʠʨʫʷ ʦʪʩʫʪʩʪʚʠʝ ʘʚʪʦʤʘʪʠʢʠ. ʉʝʛʦʜʥʷ ʵʪʘ 

ʩʪʨʘʪʝʛʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʩʪʘʣʦʩʪʥʳʤ ʧʦʚʨʝʞʜʝʥʠʷʤ ʪʨʘʥʩʤʠʩʩʠʠ [1]. 
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ʕʚʦʣʶʮʠʦʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ 

ʚ ʟʘʤʝʥʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʥʘ ʘʥʘʣʦʛʠʯʥʳʝ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ 

ʩʠʩʪʝʤʥʦʝ ʦʪʩʪʘʚʘʥʠʝ. ʊʨʝʙʫʝʪʩʷ ʧʝʨʝʩʤʦʪʨ ʩʘʤʦʡ ʢʦʥʮʝʧʮʠʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʩʩʠʚʦʤ. ʊʦʨʬʷʥʫʶ ʟʘʣʝʞʴ 

ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʥʦʨʦʜʥʫʶ ʩʨʝʜʫ. ɽʝ ʧʘʨʘʤʝʪʨʳ ï ʧʣʦʪʥʦʩʪʴ, 

ʚʣʘʞʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʜʨʝʚʝʩʥʳʭ ʚʢʣʶʯʝʥʠʡ ï ʤʝʥʷʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʨʘ-

ʙʦʯʝʛʦ ʭʦʜʘ ʠ ʪʨʝʙʫʶʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʦʨʬʷʥʘʷ 

ʤʘʰʠʥʘ ʩʪʨʦʠʪʩʷ ʚʦʢʨʫʛ ʧʦʪʦʢʘ ʜʘʥʥʳʭ: ʠʤʝʥʥʦ ʪʝʣʝʤʝʪʨʠʷ ʦʧʨʝʜʝʣʷʝʪ 

ʘʨʭʠʪʝʢʪʫʨʫ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʟʣʦʚ ʠ ʣʦʛʠʢʫ ʫʧʨʘʚʣʝʥʠʷ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʬʫʥʢʮʠʠ ʚʩʪʨʘʠʚʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʤʝʥʷʷ 

ʣʦʛʠʢʫ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʦʨʪʫ. 

ʎʠʬʨʦʚʦʡ ʧʨʦʪʦʪʠʧ ʩʣʫʞʠʪ ʨʘʙʦʯʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ: 

ʥʘ ʥʝʤ ʦʪʨʘʙʘʪʳʚʘʶʪ ʩʮʝʥʘʨʠʠ ʥʘʛʨʫʞʝʥʠʷ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʥʘ 

ʩʣʘʙʦʥʝʩʫʱʠʭ ʛʨʫʥʪʘʭ [2, 3]. ɺʠʟʫʘʣʠʟʘʮʠʷ ʟʜʝʩʴ ʚʪʦʨʠʯʥʘ ï ʛʣʘʚʥʦʝ, ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʜʦ ʚʳʭʦʜʘ ʪʝʭʥʠʢʠ ʥʘ ʧʦ-

ʣʠʛʦʥ. ʇʦʩʪʨʦʝʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʦ-

ʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʟʦʥʳ ʣʦʢʘʣʠʟʘʮʠʠ ʢʨʠʪʠ-

ʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʚʠʞʠʪʝʣʷ ʩʦ ʩʣʘʙʦʥʝʩʫʱʠʤ ʦʩʥʦʚʘ-

ʥʠʝʤ. ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʪʦʨʬʷʥʳʭ ʧʦʣʠʛʦʥʦʚ ʜʣʷ 

ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʚʩʣʝʜʩʪʚʠʝ ʩʝʟʦʥʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʜʦ-

ʩʪʘʚʢʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʡ ʪʝʭʥʠʢʠ) ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʘʥʦ-

ʚʠʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʘʥʥʳʭ ʦ ʚʝʨʦʷʪʥʳʭ ʩʮʝʥʘʨʠʷʭ ʧʨʦʚʘʣʘ ʛʨʫʥ-

ʪʘ ʠʣʠ ʧʠʢʦʚʳʭ ʤʦʤʝʥʪʘʭ ʥʘ ʚʘʣʘʭ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ. ʊʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ 

ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʜʠʥʦʦʙʨʘʟʠʝʤ ʩʙʦʨʘ ʪʝʣʝʤʝʪʨʠʠ: ʪʦʣʴʢʦ ʧʨʠ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʜʫʨʘʭ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʨʘʟʥʳʭ ʤʘʰʠʥ ʩʪʘʥʦ-

ʚʷʪʩʷ ʩʦʧʦʩʪʘʚʠʤʳ. ʂʘʢ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʥʝʜʨʝʥʠʝ ʧʨʦ-

ʪʦʢʦʣʘ MQTT ʚ ʢʦʥʪʫʨʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʢʚʦʟʥʫʶ ʧʝʨʝʜʘʯʫ ʥʝ ʪʦʣʴʢʦ ʦʩʨʝʜʥʝʥʥʳʭ, ʥʦ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʦʩʮʠʣ-

ʣʦʛʨʘʤʤ ʩ ʜʘʪʯʠʢʦʚ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʡ, ʥʝ ʬʠʢ-

ʩʠʨʫʝʤʳʭ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ. 

ɸʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʙʫʝʪ ʨʘʟʤʝʱʝʥʠʷ ʜʘʪʯʠʢʦʚ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ï ʥʘ ʙʘʨʘʙʘʥʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦ-

ʩʪʳ, ʘ ʚ ʧʦʪʦʢ ʤʘʪʝʨʠʘʣʘ ï ʝʤʢʦʩʪʥʳʝ ʚʣʘʛʦʤʝʨʳ ʠ ʧʣʦʪʥʦʤʝʨʳ. ɺ ʧʥʠʩʪʳʭ 

ʟʘʣʝʞʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʘʥʠʶ ʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ: ʧʦʧʘʜʘʥʠʝ ʥʘ 

ʜʨʝʚʝʩʥʦʝ ʚʢʣʶʯʝʥʠʝ ʚʳʟʳʚʘʝʪ ʫʜʘʨʥʫʶ ʥʘʛʨʫʟʢʫ, ʚ 3ï5 ʨʘʟ ʧʨʝʚʳʰʘʶ-

ʱʫʶ ʨʘʩʯʝʪʥʫʶ. ɺ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʵʪʦ ʚʝʜʝʪ ʢ ʩʨʝʟʫ ʰʪʠʬʪʦʚ 

ʠʣʠ ʨʘʟʨʫʰʝʥʠʶ ʨʝʜʫʢʪʦʨʦʚ [1]. ʇʨʠ ʨʝʟʢʦʤ ʨʦʩʪʝ ʪʦʢʘ ʩʠʩʪʝʤʘ ʤʛʥʦʚʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪ ʟʘʛʣʫʙʣʝʥʠʝ ʙʘʨʘʙʘʥʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʢʣʶʯʘʷʩʴ ʥʘ ʧʦʥʠ-

ʞʝʥʥʫʶ ʧʝʨʝʜʘʯʫ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. ʇʨʠ ʚʳʭʦʜʝ ʥʘ ʦʜ-

ʥʦʨʦʜʥʳʡ ʩʣʦʡ ʩʠʩʪʝʤʘ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʜʘʯʫ, ʩʪʘʙʠʣʠʟʠʨʫʷ ʬʨʘʢʮʠʦʥʥʳʡ 

ʩʦʩʪʘʚ ʢʨʦʰʢʠ ʠ ʤʠʥʠʤʠʟʠʨʫʷ ʪʝʨʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʠʣʦʚʳʝ ʮʝʧʠ. 

ʉʥʷʪʠʝ ʙʘʨʴʝʨʦʚ ʤʝʞʜʫ ʙʦʨʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ ʠ ʜʠʩʧʝʪʯʝʨʩʢʠʤʠ 

ʮʝʥʪʨʘʤʠ ʤʝʥʷʝʪ ʩʪʘʪʫʩ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɼʘʥʥʳʝ ʦ ʚʠʙʨʘʮʠʠ 

ʢʦʨʧʫʩʦʚ ʧʦʜʰʠʧʥʠʢʦʚ, ʪʝʤʧʝʨʘʪʫʨʝ ʤʘʩʣʘ ʠ ʪʦʢʦʚʦʡ ʥʘʛʨʫʟʢʝ ʩʪʘʥʦʚʷʪʩʷ 

ʵʣʝʤʝʥʪʘʤʠ ʝʜʠʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. ʇʨʠʤʝʥʝʥʠʝ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝ-

ʣʝʡ ʠ ʘʥʘʣʠʟ ʚʨʝʤʝʥʠ ʜʦ ʦʪʢʘʟʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʢʦʥʩʪʘʪʘʮʠʠ ʬʘʢʪʘ 
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ʦʪʢʘʟʘ ʢ ʦʮʝʥʢʝ ʬʫʥʢʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ [4]. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝ-

ʤʳ ʧʝʨʝʭʦʜʷʪ ʦʪ ʧʨʦʩʪʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʦʩʪʘʪʦʯʥʦʛʦ 

ʨʝʩʫʨʩʘ ʫʟʣʘ ï ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʣʘʥʠʨʦʚʘʪʴ ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʦʪʢʘʟʘ. ʈʝʘʣʠʟʘʮʠʷ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʨʘʤʢʘʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ SCADA-

ʩʠʩʪʝʤ (ʚ ʯʘʩʪʥʦʩʪʠ, ʧʣʘʪʬʦʨʤʳ çɸʪʦʤ-ʄè ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʭ) ʢʨʠʪʠʯʥʘ 

ʚʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʘʚʪʦʥʦʤʥʦʛʦ ʣʦ-

ʛʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʨʳʚʘʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʣʳʭ ʪʦʨʬʦʧʨʝʜʧʨʠʷʪʠʡ ʜʦʩʪʠʛʘʝʪʩʷ 

ʩʦʢʨʘʱʝʥʠʝʤ ʥʦʤʝʥʢʣʘʪʫʨʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʤʘʰʠʥ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʥʘʙʦʨʘ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʛʨʝʛʘʪʦʚ (ʬʨʝ-

ʟʝʨ, ʚʦʨʦʰʠʣʢʘ, ʧʥʝʚʤʦʫʙʦʨʦʯʥʘʷ ʫʩʪʘʥʦʚʢʘ) ʢ ʝʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʧʣʘʪʬʦʨʤʝ, ʦʩʥʘʱʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʙʳʩʪʨʦʩʲʝʤʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʩ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠʤ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʤʦʜʫʣʷ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʩʯʠʪʳʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʢʦʥʪʨʦʣʣʝʨ ʟʘʛʨʫ-

ʞʘʝʪ ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʢʘʨʪʫ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʫʥʢʮʠʦʥʘʣʘ ʥʘʚʝʩʢʠ. ʕʪʦ ʩʦʢʨʘʱʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʩʢʣʘʜʩʢʠʭ ʧʣʦʱʘʜʷʭ ʠ ʩʥʠʞʘʝʪ ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʦʧʝʨʘʪʦʨʘ. 

ʋʥʠʬʠʢʘʮʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʧʦʟʚʦʣʷʝʪ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʥʘʨʘʱʠʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣ ʧʣʘʪʬʦʨʤʳ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʙʘʟʦʚʦʛʦ 

ʰʘʩʩʠ ï ʥʘʧʨʠʤʝʨ, ʧʦʜʢʣʶʯʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʪʦʨʬʘ ʠʣʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ. 

ʉʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʫʥʪ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʥʝ 

ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʘʮʠʝʡ ʛʝʦʤʝʪʨʠʠ ʜʚʠʞʠʪʝʣʷ, ʥʦ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʝʩʫʱʠʭ ʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. 

ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʪʦʜʳ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ, ʦʪʢʨʳ-

ʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʙʳʩʪʨʦʠʟ-

ʥʘʰʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ (ʬʨʝʟʝʨʥʳʭ ʟʫʙʴʝʚ, ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ ʧʦʜʰʠʧʥʠ-

ʢʦʚ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʤʦʥʪʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʩʦʢʨʘ-

ʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʩʪʘʚʦʢ ʦʨʠʛʠʥʘʣʴʥʳʭ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ. 

ʋʞʝʩʪʦʯʝʥʠʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʥʘ 

ʪʝʭʥʠʢʫ ʜʣʷ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʛʨʘʥʠ-

ʮʘʭ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʅʦʨʤʠʨʦ-

ʚʘʥʠʝ ʰʠʨʠʥʳ ʢʦʣʝʠ, ʛʣʫʙʠʥʳ ʢʦʣʝʠ ʠ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʝʨʝʭʦʜʠʪ ʠʟ ʩʬʝʨʳ ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʨʘʟʨʷʜ ʣʠʮʝʥʟʠʦʥʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʩʚʷ-

ʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʪʘʥʦʚʷʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʙʠʦʨʘʟʣʘʛʘ-

ʝʤʳʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʛʠʙʨʠʜʥʳʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ, ʘ ʪʘʢʞʝ ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʜʦʙʳʯʠ. 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʘʧʨʦʙʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦʢʘʟʘʣʘ ʩʥʠʞʝʥʠʝ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʬʨʝʟʝʨʦʚʘʥʥʦʡ ʢʨʦʰʢʠ ʥʘ 17 %. ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦ-

ʢʨʘʪʠʣʩʷ ʥʘ 9ï11 % ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ ʚ ʨʝʞʠʤʝ ʥʘʩʳʱʝ-

ʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʩʪʦʝʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʤʝʥʦʡ ʚʳʰʝʜʰʠʭ ʠʟ ʩʪʨʦʷ ʢʘʨ-

ʜʘʥʥʳʭ ʚʘʣʦʚ, ʩʥʠʟʠʣʦʩʴ ʙʦʣʝʝ ʯʝʤ ʥʘ ʪʨʝʪʴ. 

ɻʣʘʚʥʳʡ ʢʨʠʪʝʨʠʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ï ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʦʙʳʯʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʣʠʰʴ ʧʦʩʪʦʣʴʢʫ, ʧʦ-

ʩʢʦʣʴʢʫ ʦʥʦ ʚʣʠʷʝʪ ʥʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ. ʆʜʥʘʢʦ ʜʦʩʪʠʞʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘ-
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ʪʝʣʷ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʨʫʙʝʞʥʳʭ PLM-

ʩʠʩʪʝʤ. ʇʨʠʤʝʥʝʥʠʝ CAD/CAE-ʧʘʢʝʪʦʚ Autodesk ʠ Dassault Syst¯mes, ʨʘʚ-

ʥʦ ʢʘʢ ʠ ʧʨʦʧʨʠʝʪʘʨʥʳʭ SCADA-ʩʠʩʪʝʤ Siemens, ʚ ʪʝʢʫʱʠʭ ʫʩʣʦʚʠʷʭ ʩʦ-

ʧʨʷʞʝʥʦ ʩ ʨʠʩʢʦʤ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ. ɺʳʥʫʞʜʝʥ-

ʥʘʷ ʤʠʛʨʘʮʠʷ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʣʘʪʬʦʨʤʳ (nanoCAD, çʊʦʧ ʉʠʩʪʝʤʳè, 

MasterSCADA) ʷʚʣʷʝʪʩʷ ʥʝ ʠʜʝʦʣʦʛʠʯʝʩʢʠʤ ʞʝʩʪʦʤ, ʘ ʤʝʨʦʡ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ [2]. ʋʢʘʟʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʪʨʝ-

ʙʫʶʪ ʜʦʨʘʙʦʪʢʠ ʚ ʯʘʩʪʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʨ-

ʬʷʥʳʭ ʤʘʰʠʥ, ʦʜʥʘʢʦ ʠʭ ʘʨʭʠʪʝʢʪʫʨʘ ʦʪʢʨʳʪʘ ʜʣʷ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʩʠ-

ʣʘʤʠ ʨʦʩʩʠʡʩʢʠʭ ʠʥʪʝʛʨʘʪʦʨʦʚ. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʰʠʥ ʧʫʪʝʤ ʜʦʦʩʥʘʱʝʥʠʷ ʥʝ ʨʝʰʠʪ 

ʟʘʜʘʯʫ. ʅʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʪʝʭʥʠʢʠ ʪʨʝʙʫʝʪ ʩʢʚʦʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʦʪ 

ʛʠʜʨʘʚʣʠʢʠ ʜʦ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʀʥʥʦʚʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʥʘ ʩʪʳʢʝ ʤʝ-

ʭʘʥʠʢʠ, ʛʠʜʨʘʚʣʠʢʠ, ʘʣʛʦʨʠʪʤʠʢʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʌʦʨʤʠʨʫʝʪʩʷ ʢʠ-

ʙʝʨʬʠʟʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʠʥʪʝʛʨʠʨʫʶʱʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʜʦʙʳʯʫ, ʪʝʭ-

ʥʠʯʝʩʢʠʡ ʩʝʨʚʠʩ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʶ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥ-

ʥʳʤ ʮʠʢʣʦʤ ʤʘʰʠʥʳ [2, 3]. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʟʜʝʩʴ ʣʠʰʴ ʦʜʠʥ ʠʟ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʤʘʰʠʥʳ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʥʪʝ-

ʛʨʘʮʠʶ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʩ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʦʪ ʧʘʨʢʘ ʤʘʰʠʥ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʣʦʛʠʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʠʢʪʠʚʥʳʭ ʤʦʜʝʣʝʡ. 
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ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʜʦʙʳʯʠ ʢʘʣʠʡʥʳʭ ʨʫʜ ʠ ʠʩʧʦʣʴ-

ʟʫʝʤʦʛʦ ʜʣʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ (ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ 

ʥʝʧʦʚʦʨʦʪʥʳʭ ʨʝʟʮʦʚ). ʆʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʥʝʧʦʚʦʨʦʪʥʳʭ ʨʝʟʮʦʚ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʭ ʢʦʤʙʘʡʥʦʚ ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʝ ʨʝʰʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʥʝʧʦʚʦʨʦʪʥʳʭ ʨʝʟʮʦʚ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʫʰʝʥʠʶ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʝʟʘʥʠʝʤ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ 

ʩʪʝʥʜʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʪʘʥʛʝʥʮʠ-

ʘʣʴʥʦʛʦ ʥʝʧʦʚʦʨʦʪʥʦʛʦ ʨʝʟʮʘ ʩ ʢʨʳʰʝʚʠʜʥʦʡ ʬʦʨʤʦʡ ʧʝʨʝʜʥʝʡ ʛʨʘʥʠ ʠ ʪʨʝʫʛʦʣʴʥʦʡ 

ʬʦʨʤʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʥʘʨʘʙʦʪʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʤʠ ʨʝʟʮʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʣʠʡʥʘʷ ʨʫʜʘ, ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʝ ʢʦʤʙʘʡʥʳ, ʨʝʟʮʦʚʳʡ ʧʦʨʦʜʦ-

ʨʘʟʨʫʰʘʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ, ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʫʚʝʣʠʯʝ-

ʥʠʝ ʥʘʨʘʙʦʪʢʠ. 

 

INCREASE IN OPERATING TIME BEFORE FAILURE OF CUTTING TOOLS  

FOR SINKING AND CLEANING COMBINES  
 

D.S. Gribov, K.A. Prosovskii, A.O. Govorlivikh , D.I . Shishlyannikov 

  

The features of the mechanized method of mining potash ores and the rock-crushing tool 

(tangential non-rotating cutters) used for this method are considered. The relevance of the 

task of improving the design of tangential non-rotating cutters for mining and cleaning com-

bines has been substantiated, and the main directions for solving this task have been identi-

fied. Information about promising designs of tangential non-rotating cutters has been provid-

ed, and the results of their research on rock cutting at a laboratory bench have been ana-

lyzed. The experimental results have confirmed the potential of a tangential non-rotating cut-

ter with a roof-shaped front face and a triangular cutting edge, which can increase its service 

life compared to commercially available cutters. 

Keywords: potash ore, sinking and cleaning combines, rock-crushing tool, laboratory stand, 

specific energy consumption, resource increase. 

 

ʂʦʤʧʣʝʢʪʳ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʙʘʡʥʦʚʳʝ 

ʢʦʤʧʣʝʢʩʳ (ʄʂʂ) ï ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʙʣʠʞ-

ʥʝʛʦ ʟʘʨʫʙʝʞʴʷ ʧʨʠ ʜʦʙʳʯʝ ʢʘʣʠʡʥʳʭ ʨʫʜ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ. ɺ ʩʦʩʪʘʚ ʄʂʂ ʪʨʘʜʠʮʠʦʥʥʦ ʚʭʦ-

ʜʷʪ: ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʡ ʢʦʤʙʘʡʥ, ʙʫʥʢʝʨ-ʧʝʨʝʛʨʫʞʘʪʝʣʴ, ʦʜʠʥ ʠʣʠ ʜʚʘ 

ʩʘʤʦʭʦʜʥʳʭ ʚʘʛʦʥʘ [1-3]. 

ɺ ʩʦʩʪʘʚʝ ʄʂʂ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʭʦʜʯʝʩʢʦ-

ʦʯʠʩʪʥʳʝ ʢʦʤʙʘʡʥʳ ʪʠʧʘ çʋʨʘʣè ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ çʂʦʧʝʡʩʢʠʡ ʤʘʰʠʥʦ-

ʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜè, ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʧʣʘʥʝʪʘʨʥʦ-ʜʠʩʢʦʚʳʤʠ ʠʩ-
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ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʙʫʨʦʚʦʛʦ ʪʠʧʘ ʠ ʝʛʦ ʘʥʘʣʦʛʠ ï çʂʇʆè ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ɿɸʆ çʉʦʣʠʛʦʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʩ ʦʧʳʪʥʳʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤè ʠ çʋʥʠʚʝʨʩʘʣè ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çʃʄɿ ʋʥʠʚʝʨʩʘʣè 

(ʋʇʇ çʅʀɺɸè, ʛ. ʉʦʣʠʛʦʨʩʢ). ɺ ʢʘʯʝʩʪʚʝ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫ-

ʤʝʥʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʨʠʡʥʦ ʠʟʛʦʪʦʚʣʷʝʤʳʝ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ 

ʥʝʧʦʚʦʨʦʪʥʳʝ ʨʝʟʮʳ ʈʉ-14 (ʈʉ-14ʋ) ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʜʦʣʦʪʯʘʪʦʡ ʬʦʨʤʦʡ 

ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠ ʧʣʦʩʢʦʡ ʬʦʨʤʦʡ ʧʝʨʝʜʥʝʡ ʛʨʘʥʠ (ʨʠʩ. 1, ʘ) [4]. ʇʨʠ 

ʵʪʦʤ ʢʦʥʩʪʨʫʢʮʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʨʝʟʮʦʚʦʛʦ ʪʠʧʘ ʠ ʧʨʠʤʝʥʷʝʤʦ-

ʛʦ ʨʝʟʮʦʚʦʛʦ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ, ʧʨʠʥ-

ʮʠʧʠʘʣʴʥʦ ʥʝ ʤʝʥʷʣʘʩʴ ʧʦʩʣʝʜʥʠʝ 40é50 ʣʝʪ. 

ɺʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʭ 

ʢʦʤʙʘʡʥʘʭ ʨʝʟʮʳ ʚʦʩʧʨʠʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʥʘʛʨʫʟʢʠ, 

ʠʤʝʶʱʠʝ ʧʝʨʝʤʝʥʥʳʡ ʮʠʢʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʧʦʜʚʝʨʛʘ-

ʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ ʠ ʥʘʛʨʝʚʫ. ʅʘʠʙʦʣʴʰʝʤʫ 

ʠʟʥʘʰʠʚʘʥʠʶ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʤʝʥʥʦ ʛʦʣʦʚʥʘʷ ʯʘʩʪʴ ʨʝʟʮʘ (ʛʦ-

ʣʦʚʥʘʷ ʯʘʩʪʴ ʜʝʨʞʘʚʢʠ), ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʪʚʝʨ-

ʜʦʩʧʣʘʚʥʦʡ ʘʨʤʠʨʫʶʱʝʡ ʚʩʪʘʚʢʠ ʠ ʧʝʨʝʭʦʜʫ ʨʝʟʮʘ ʚ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. 

ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʢʦʤʙʘʡʥʦʚ ʥʘ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʘʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʪʦʝʚ (ʙʦʣʝʝ 50 %) ʠʟ-ʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʝʧʦʣʘ-

ʜʦʢ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ ʜʝʪʘʣʝʡ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ-

ʨʦʜʦʨʘʟʨʫʱʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ (ʨʝʟʮʦʚ), ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷ-

ʥʠʝ ʥʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʚʝʜʝʥʠʷ ʧʨʦʭʦʜʯʝʩʢʠʭ 

ʠ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʦʚʳʰʝʥʠʝ ʥʘʨʘʙʦʪʢʠ ʥʘ ʦʪʢʘʟ ʠʩʧʦʣʴ-

ʟʫʝʤʳʭ ʨʝʟʮʦʚ ʠ ʩʥʠʞʝʥʠʝ ʠʭ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʘʥʛʝʥʮʠ-

ʘʣʴʥʳʭ ʨʝʟʮʦʚ ʠ ʧʦʠʩʢʦʤ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝ-

ʥʝʥʠʝ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʥʝʧʦʚʦʨʦʪʥʳʭ ʨʝʟʮʦʚ ʩ ʢʨʳʰʝʚʠʜʥʦʡ ʬʦʨʤʦʡ ʧʝ-

ʨʝʜʥʝʡ ʛʨʘʥʠ ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ [5]. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʵʪʦʛʦ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʨʝʟʝʮ ʈʇ (ʨʠʩ. 1, ʙ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʝʟʮʘʤʠ ʈʉ-14 ʠ 

ʈʇ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʪʝʥʜʝ (ʨʠʩ. 2), ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʩʧʝ-

ʮʠʘʣʠʩʪʘʤʠ ʌɻɸʆʋ  ɺʆ çʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦ-

ʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè (ʇʅʀʇʋ) ʧʨʠ ʫʯʘʩʪʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ɸʆ 

çɺʅʀʀ ɻʘʣʫʨʛʠʠè. ʉʪʝʥʜ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʤʝʭʘʥʠʟʤʘ ʨʘʟ-

ʨʫʰʝʥʠʷ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʦʜʠʥʦʯʥʳʤ ʨʝʟʮʦʤ ʛʦʨʥʦʛʦ ʢʦʤʙʘʡʥʘ [4]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʠʪʳʚʘʣʠʩʴ ʩʣʝ-

ʜʫʶʱʠʝ ʫʩʣʦʚʠʷ:  

- ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʙʣʦʢʘʭ ʢʘʣʠʡʥʦʡ ʨʫʜʳ (ʚʳʧʦʣʥʝ-
ʥʳ ʫʩʪʘʥʦʚʦʯʥʳʝ ʨʝʟʳ), ʘ ʪʘʢʞʝ ʧʣʠʪʘʭ ʛʠʧʩʘ ʩʪʨʦʠʪʝʣʴʥʦʛʦ - ʠʟʦʪʨʦʧʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʧʨʠʙʣʠʞʝʥʳ ʢ ʩʚʦʡʩʪʚʘʤ ʢʘʣʠʡʥʦʡ ʨʫʜʳ, ʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʤʝʥʴʰʝʡ ʚʝʣʠʯʠʥʦʡ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʨʝʟʘʥʠʶ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʧʨʠ 

ʬʘʢʪʠʯʝʩʢʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʪʝʥʜʘ; 
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- ʧʣʠʪʳ ʛʠʧʩʘ ʨʘʟʨʫʰʘʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʰʘʭʤʘʪʥʦʡ ʠ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʡ ʩʭʝʤ ʨʝʟʘʥʠʷ ʩ ʰʘʛʦʤ ʨʝʟʘʥʠʷ t = 20; 40; 60 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʩʪʨʫʞ-

ʢʠ h = 5; 10; 15 ʤʤ. 

 

    

ʘ ʙ 
ʈʠʩ. 1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʦʙʱʠʡ ʚʠʜ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʥʝʧʦʚʦʨʦʪʥʳʭ ʨʝʟ-

ʮʦʚ: ʩʝʨʠʡʥʦʛʦ ʈʉ-14 (ʘ) ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʈʇ (ʙ) 

 

 
 

ʘ ʙ 
ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ (ʩʭʝʤʘ (ʘ) ʠ ʬʦʪʦ (ʙ)) ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʥʘ ʙʘʟʝ ʧʦʧʝʨʝʯʥʦ-

ʩʪʨʦʛʘʣʴʥʦʛʦ ʩʪʘʥʢʘ 7307ʊɼ: 

1 ï ʩʪʘʥʠʥʘ; 2 ï ʩʪʦʣ; 3 ï ʟʘʭʚʘʪʳ; 4 ï ʙʣʦʢ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ;  

5 ï ʨʝʟʮʝʜʝʨʞʘʪʝʣʴ; 6 ï ʧʦʣʟʫʥ; 7 ï ʢʨʝʧʝʞʥʳʡ ʚʠʥʪ; 8 ï ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʛʦʣʦʚʢʘ  

9 ï ʦʜʠʥʦʯʥʳʡ ʨʝʟʝʮ; 10 ï ʰʪʫʨʚʘʣ ʩʫʧʧʦʨʪʘ; 11 ï ʩʫʧʧʦʨʪ; 12, 14, 15 ï ʨʫʢʦʷʪʢʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʟʫʥʦʤ; 13 ï ʪʦʨʤʦʟ ʧʦʣʟʫʥʘ; 16, 17, 18 ï ʨʫʢʦʷʪʢʠ ʫʧʨʘʚʣʝʥʠʷ ʩʪʦʣʦʤ; 

19 ï ʪʝʥʟʦʨʝʟʠʩʪʦʨʳ; 20 ï ʩʪʦʡʢʠ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ: 

- ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʨʝʟʘʥʠʝʤ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʝʟʮʘ ʈʇ ʥʘʭʦʜʷʪʩʷ, ʚ ʮʝʣʦʤ, ʥʘ ʫʨʦʚʥʝ ʘʥʘ-

ʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʨʝʟʮʘ ʈʉ-14, ʢʘʢ ʜʣʷ ʰʘʭʤʘʪʥʦʡ, ʪʘʢ ʠ ʜʣʷ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʭʝʤ ʨʝʟʘʥʠʷ; 

- ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʠʣʳ ʨʝʟʘʥʠʷ ʜʣʷ ʨʝʟʮʘ ʈʇ, ʧʨʠ ʧʨʠʥʷʪʳʭ 
ʪʦʣʱʠʥʘʭ ʩʪʨʫʞʢʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʤ ʧʨʠʥʷʪʦʤ ʜʠʘʧʘʟʦʥʝ ʰʘʛʦʚ ʨʝʟʘ-

ʥʠʷ, ʢʘʯʝʩʪʚʝʥʥʦ ʩʭʦʞʘ ʩ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʤ ʨʝʟʮʦʤ ʈʉ-14 ʠ, ʚ ʩʨʝʜ-
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ʥʝʤ, ʤʝʥʴʰʝ ʧʦʩʣʝʜʥʝʛʦ ʥʘ 31é47 % ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʭʝʤʝ ʨʝʟʘʥʠʷ, 

ʠ ʥʘ 27é60 % ʧʨʠ ʰʘʭʤʘʪʥʦʡ ʩʭʝʤʝ ʨʝʟʘʥʠʷ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʥʷʪʳʝ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʝʟʮʘ ʈʇ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʢʨʳʰʝʚʠʜʥʦʡ ʬʦʨʤʦʡ ʧʝʨʝʜʥʝʡ ʛʨʘʥʠ ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʦʡ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʠ, ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʥʘʨʘʙʦʪʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝ-

ʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʤʠ ʨʝʟʮʘʤʠ ʈʉ-14. ʂʨʦʤʝ ʪʦʛʦ, ʫʢʘʟʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ɸʆ 

çɺʅʀʀ ɻʘʣʫʨʛʠʠè ʰʘʭʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ, ʯʪʦ ʥʘʨʘ-

ʙʦʪʢʘ ʨʝʟʮʦʚ ʩ ʢʨʳʰʝʚʠʜʥʦʡ ʬʦʨʤʦʡ ʧʝʨʝʜʥʝʡ ʛʨʘʥʠ ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨ-

ʤʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʧʨʝʚʳʰʘʝʪ ʚ 3,7 ʨʘʟʘ ʥʘʨʘʙʦʪʢʫ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝ-

ʤʳʭ ʨʝʟʮʦʚ ʈʉ-14 [5]. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʟʮʦʚ ʈʇ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʥʝʩʪʠ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʠʭ ʙʘʟʝ ʩʦʩʪʘʚʥʳʭ ʨʝʟʮʦʚ, ʠʤʝʶʱʠʭ ʩʤʝʥʥʫʶ 

ʛʦʣʦʚʢʫ [6], ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʠʭ ʠʟʥʦ-

ʩʦʩʪʦʡʢʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʶ ʥʘʨʘʙʦʪʢʠ ʠ ʩʥʠʞʝʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠʟʜʝʨʞʝʢ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ.  
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ɺ ʩʚʷʟʠ ʩ ʫʩʣʦʞʥʝʥʠʝʤ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʜʟʝʤʥʦʡ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦ-

ʧʘʝʤʳʭ (ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ, ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʷʪʳʡ ʵʪʘʧ ʛʣʦʙʘʣʴʥʦʡ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʧʨʠ-

ʤʝʥʝʥʠʝ ʩʘʤʦʭʦʜʥʳʭ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠ-

ʤʝ. ʇʨʠʚʝʜʝʥ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʦʙʥʳʭ ʤʘʰʠʥ ʥʘ ʨʫʜʥʠʢʝ çʂʦʤʩʦʤʦʣʴʩʢʠʡè ɿʌ 

ʇɸʆ çɻʄʂ çʅʦʨʠʣʴʩʢʠʡ ʅʠʢʝʣʴè ʠ ʂʦʣʴʩʢʦʡ ɻʄʂ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟ-

ʨʘʙʦʪʘʥʥʦʛʦ ʂʦʤʧʘʥʠʝʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʩʧʦʨʪʘ (çɸʩʩʠʩʪʝʥʪ ʦʯʠʩʪʥʦʛʦ ʙʫʨʝʥʠʷè) 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʙʨʘʢ ʧʨʠ ʙʫʨʝʥʠʠ, ʩʥʠʟʘʪʴ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʠ ʠʟ-

ʜʝʨʞʢʠ ʥʘ ʧʝʨʝʢʨʝʧʣʝʥʠʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʙʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʦʯʠʩʪʥʦʛʦ ʙʫʨʝʥʠʷ, ʮʠʬʨʦʚʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʛʦʨʥʳʝ ʨʘʙʦʪʳ, ɿʌ ʇɸʆ çɻʄʂ çʅʦʨʠʣʴʩʢʠʡ ʅʠʢʝʣʴè, ʨʫʜʥʠʢ çʂʦʤ-

ʩʦʤʦʣʴʩʢʠʡè, ʂʦʣʴʩʢʘʷ ɻʄʂ. 
 

ROBOTIC DRILLING TREATMENT DRILLING UNITS  

O.S. Danilov, S.M. Baladzhaev, D.L. Slivets  
 

Due to the increasing complexity of mining and geological conditions of underground mining 

(increasing depth, pressure and temperature), the fifth stage of the global digital transfor-

mation of mining operations is currently being implemented with the transition to the use of 

self-propelled drilling rigs operating in automatic mode. The experience of operating such 

machines at the Komsomolsky mine of ZF PJSC MMC Norilsk Nickel and Kola MMC is giv-

en. It has been shown that the use of the electronic passport developed by the Company 

("Drilling Assistant") can significantly reduce defects during drilling, reduce dilution and 

costs for re-bracing of mine workings. 

Keywords: robotic drilling rigs, digital transformation, mining, PJSC MMC Norilsk Nickel, 

Komsomolsky mine, Kola MMC. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʟʝʤʥʘʷ ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʘ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʣʫʙʠ-

ʥʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʩʚʝʨʭʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ (ʥʘʧʨʠʤʝʨ, ʰʘʭʪʘ çɻʣʫʙʦ-

ʢʘʷè ʇɸʆ çɻʄʂ çʅʦʨʠʣʴʩʢʠʡ ʅʠʢʝʣʴè - 2056 ʤ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟ-ʟʘ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ (ʟʥʘʯʠʪʝʣʴʥʦʝ ʛʦʨʥʦʝ ʜʘʚʣʝʥʠʝ) ʠ 

ʪʝʨʤʠʯʝʩʢʠʭ (ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʥʳʭ ʧʦʨʦʜ) ʬʘʢʪʦʨʦʚ.  

ʆʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ, ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ 

ʟʘ ʨʫʙʝʞʦʤ, ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʨʘʙʦʪʳ ʨʫʜʥʠʢʦʚ ʩ ʰʠʨʦʢʠʤ ʚʥʝʜʨʝʥʠʝʤ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʯʠʩʪʥʦʛʦ ʙʫʨʝ-

ʥʠʷ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʠʨʦʚʦʡ ʦʧʳʪ, ʵʪʦ ʧʦʟʚʦʣʠʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʚʝʣʠ-

ʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʣʫʯʰʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʟʘ 

ʩʯʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ [1, 2].  

ʂʫʨʩ ʥʘ ʮʠʬʨʦʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʥʘ 

ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ çʀʥʜʫʩʪʨʠʷ 4.0è) ʙʳʣ ʧʨʠʥʷʪ ʙʦʣʴʰʠʥʩʪʚʦʤ ʩʪʨʘʥ ʤʠʨʘ 
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ʚ 2010-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ʅʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʨʦʙʦʪʠʟʘʮʠʷ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʦʩʪʠʛʥʫʪʘ ʚ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʙʫʨʝʥʠʷ ʥʘ ʙʘʟʝ ʘʚʪʦʥʦʤʥʦʡ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘ-

ʶʱʝʡ ʚ ʩʝʙʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʤʧʴʶʪʝʨ, ʩʦʬʪ, ʜʠʩʧʣʝʠ, ʤʘʥʠʧʫʣʷʪʦʨʳ ʠ 

ʪ.ʜ. [3]. 

ʉʦʛʣʘʩʥʦ [4] ʧʨʦʮʝʩʩʳ ʙʫʨʝʥʠʷ ʚ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʘʤʦʭʦʜʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘ ʙʘʟʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʩʧʦʨʪʘ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʚʳʜʝʨʞʠʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʩʢʚʘʞʠʥ, ʯʪʦ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ.  

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʦʙʦʪʠʟʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʚʪʦʥʦʤʥʦʤ ʫʧʨʘʚʣʝʥʠʠ 

ʜʚʠʞʝʥʠʝʤ ʧʦʜʘʪʯʠʢʦʚ ʠ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʚ ʮʝʣʷʭ ʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘ-

ʥʠʷ, ʨʘʩʯʝʪʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʩʠʣʠʷ ʧʦʜʘʯʠ, ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ ʦʪ ʟʘʢʣʠʥʠʚʘʥʠʷ. ʇʨʦʛʨʘʤʤʘ ʦʪʚʝʯʘʝʪ ʟʘ ʩʦ-

ʙʣʶʜʝʥʠʝ ʟʘʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ:  

- ʙʫʨʝʥʠʝ ʰʧʫʨʘ ʠʣʠ ʩʢʚʘʞʠʥʳ ʚ ʟʘʙʦʝ, c ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠʭ ʛʣʫʙʠʥʳ ʠ 

ʫʛʣʘ ʥʘʢʣʦʥʘ (ʩ ʧʦʩʪʦʷʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʦʤ ʠ ʬʠʢʩʘʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ); 

- ʟʘʤʝʥʘ ʰʪʘʥʛ ʠ ʙʫʨʦʚʳʭ ʢʦʨʦʥʦʢ. 

ɺ ɿʌ ʇɸʆ çɻʄʂ çʅʦʨʠʣʴʩʢʠʡ ʅʠʢʝʣʴè (ʜʘʣʝʝ ï ʂʦʤʧʘʥʠʷ) ʩ 2015 ʧʦ 

2025 ʛʛ. ʨʝʘʣʠʟʦʚʘʥʳ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʮʠʬʨʦʚʠʟʘʮʠʠ ʛʦʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ - çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʨʳʚè, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʥʦʛʦ ʙʫʨʝʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʘʤʦʭʦʜʥʳʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʩʧʦʨʪʦʚ ʙʫʨʝʥʠʷ 

(çɸʩʩʠʩʪʝʥʪ ʦʯʠʩʪʥʦʛʦ ʙʫʨʝʥʠʷè - ɸʆɹ). 

ɺ ʮʝʣʷʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ɸʆɹ ʂʦʤʧʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘ ʝʛʦ ʥʘ ʙʘʟʝ ʟʘʨʫʙʝʞʥʳʭ ʩʘʤʦʭʦʜʥʳʭ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ 

(ʉɹʋ) Stellar ʠ Sandvik ʚ ʩʚʦʝʤ ʩʪʨʫʢʪʫʨʥʦʤ ʧʦʜʨʘʟʜʝʣʝʥʠʠ ʂʦʣʴʩʢʦʡ 

ɻʄʂ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ (ʜʘʣʝʝ - ʆʇʀ) 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʵʬʬʝʢʪʳ: 

1) ʫʤʝʥʴʰʝʥʠʝ ʙʨʘʢʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʳʨʘʙʦʪʦʢ ʩ 24 % ʜʦ 2 % (ʚʠʟʫ-

ʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1,2); 

2) ʫʤʝʥʴʰʝʥʠʝ ʠʟʜʝʨʞʝʢ ʥʘ ʧʝʨʝʢʨʝʧʣʝʥʠʝ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠ-

ʯʝʩʪʚʘ ʦʪʢʣʦʥʝʥʠʡ ʚ ʧʨʦʭʦʜʢʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ;  

3) ʩʥʠʞʝʥʠʝ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʠ ʦʙʲʸʤʦʚ ʛʦʨʥʦʡ ʤʘʩʩʳ ʟʘ ʩʯʝʪ ʫʤʝʥʴ-

ʰʝʥʠʷ ʧʝʨʝʙʫʨʦʚ; 

ɼʘʣʝʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʆʇʀ çɹʫʨʝʥʠʝ ʧʦ ʵʣʝʢʪʨʦʥʥʦʤʫ ʧʘʩʧʦʨʪʫ 

ʦʯʠʩʪʥʳʭ ʚʳʨʘʙʦʪʦʢè ʥʘ ʨʫʜʥʠʢʝ çʂʦʤʩʦʤʦʣʴʩʢʠʡè ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʵʬʬʝʢʪʳ: 

- ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʩʲʝʤʢʠ ʂɸʄ 3-39-1 (ʨʠʩ. 3) ʠ ʂɸʄ 

2-86-1 (ʨʠʩ.4) ʦʪʢʣʦʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʦʪ ʧʨʦʝʢʪʥʦʛʦ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 3 %;  

- ʠʩʢʣʶʯʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʥʘʚʠʛʘʮʠʠ ʉɹʋ, ʧʘʨʘʤʝʪʨʦʚ 

ʛʣʫʙʠʥʳ ʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʩʢʚʘʞʠʥ ʧʨʠ ʙʫʨʝʥʠʠ. 
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ʥʘ ʨʫʜʥʠʢʝ çʂʦʤʩʦʤʦʣʴʩʢʠʡè, ʂɸʄ-03-39-1 

 
ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʙʫʨʝʥʠʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ  

ʥʘ ʨʫʜʥʠʢʝ çʂʦʤʩʦʤʦʣʴʩʢʠʡè, ʂɸʄ-2-86-1 

 

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘ-
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The paper presents an analysis of the current state of research on mine pneumatic motors and 

the directions for improving their energy efficiency. The historical stages of design develop-

ment, thermodynamic features of the working process, the influence of mine compressed air 

networks on drive characteristics, and modern methods of mathematical and CFD modeling 

are considered. The necessity of an integrated ñmotor ï pneumatic network ï controlò ap-

proach for designing energy-efficient drives for underground mining is substantiated. 

Keywords: pneumatic motor, mine drive, energy efficiency, CFD modeling, compressed air 

network, efficiency factor. 
 

ʇʥʝʚʤʘʪʠʯʝʩʢʠʝ ʜʚʠʛʘʪʝʣʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ ʦʩʪʘʶʪʩʷ ʦʜ-

ʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʠʧʦʚ ʧʨʠʚʦʜʦʚ ʚ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ. ʀʭ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦ-

ʩʪʴʶ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʨʦʩʪʦʪʦʡ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʧʦ-

ʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʟʘʧʳʣʸʥʥʦʩʪʠ [1ï3]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʚʨʝʤʝʥʥʘʷ 

ʧʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʷʚʣʷʝʪ ʠʭ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ð ʥʠʟʢʠʡ 

ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ çʢʦʤʧʨʝʩʩʦʨ ï ʩʝʪʴ ï 

ʜʚʠʛʘʪʝʣʴè, ʢʦʪʦʨʳʡ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʣʠʰʴ 5ï20 % 

[7]. 

ʀʩʪʦʨʠʯʝʩʢʠ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʥʝʚʤʦʜʚʠʛʘʪʝʣʝʡ ʧʨʦ-

ʭʦʜʠʣʦ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ɺ 1940ï1970 ʛʛ. ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʩʥʦʚʳ 

ʨʘʩʯʸʪʘ ʦʙʲʸʤʥʳʭ ʤʘʰʠʥ (ʧʦʨʰʥʝʚʳʭ, ʣʦʧʘʩʪʥʳʭ, ʰʝʩʪʝʨʸʥʥʳʭ), ʦʧʨʝʜʝ-

ʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʠʥʞʝʥʝʨʥʦʛʦ 

ʨʘʩʯʸʪʘ [1ï4]. ɺ 1970ï1990-ʝ ʛʛ. ʘʢʮʝʥʪ ʩʤʝʩʪʠʣʩʷ ʚ ʩʪʦʨʦʥʫ ʧʨʠʢʣʘʜʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʩʥʠʞʝʥʠʝ ʤʝʪʘʣʣʦʸʤʢʦʩʪʠ ʠ 

ʧʦʚʳʰʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ [5]. 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʢʪʠʚʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʧʥʝʚʤʦʜʚʠʛʘʪʝʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʧʦʣʠʪʨʦʧʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʪʢʨʳʪʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʫʯʸʪʦʤ 
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ʪʝʧʣʦʦʙʤʝʥʘ, ʫʪʝʯʝʢ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʥʝʧʦʣʥʦʛʦ ʟʘʧʦʣ-

ʥʝʥʠʷ ʨʘʙʦʯʠʭ ʦʙʲʸʤʦʚ [2,4]. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʦʙʳʯʥʦ ʥʘʭʦʜʠʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ 0,45ï0,7, ʘ ʧʦʣʠʪʨʦʧʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ n ð 1,1ï1,3. ʇʨʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʫʪʝʯʝʢ ʠ ʩʥʠʞʘʝʪʩʷ ʵʬʬʝʢʪʠʚ-

ʥʦʝ ʜʘʚʣʝʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʳ ʠ ʂʇɼ. 

 
ʈʠʩ. 1 ʀʥʜʠʢʘʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ pïV ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ ʜʠʥʘ-

ʤʠʯʝʩʢʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʘʭ MATLAB/Simulink ʠ 

Simscape, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʚʤʝʩʪʥʦ ʦʧʠʩʳʚʘʪʴ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʫʶ ʠ ʤʝʭʘ-

ʥʠʯʝʩʢʫʶ ʧʦʜʩʠʩʪʝʤʳ ʜʚʠʛʘʪʝʣʷ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩ-

ʩʣʝʜʦʚʘʪʴ ʧʝʨʝʭʦʜʥʳʝ ʨʝʞʠʤʳ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʛʘʟʦʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʘʚʣʝʥʠʷ ʧʠ-

ʪʘʥʠʷ [8]. 

 
ʈʠʩ. 2 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʥʝʚʤʦʜʚʠʛʘʪʝʣʷ 

ʆʩʦʙʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʘ (CFD-

ʘʥʘʣʠʟ), ʧʦʟʚʦʣʷʶʱʘʷ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʦʚ ʚ ʨʘʙʦʯʠʭ 

ʢʘʤʝʨʘʭ ʠ ʢʘʥʘʣʘʭ. ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʚʧʫʩʢʥʳʭ ʠ ʚʳʧʫʩʢʥʳʭ ʪʨʘʢ-
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ʪʦʚ, ʬʦʨʤʳ ʢʘʤʝʨ ʨʘʩʰʠʨʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ, ʩʥʠʟʠʪʴ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠ 

ʫʤʝʥʴʰʠʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ [9]. ʇʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʨʘʩʯʸʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʤʝʥʝʥʠʝ CFD-ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʝʪ ʦʙʝʩʧʝ-

ʯʠʪʴ ʧʨʠʨʦʩʪ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦ 20ï25 % ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʧʠʪʘʥʠʷ [9,10]. 

ɺʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʥʝʚʤʦʧʨʠʚʦ-

ʜʘ, ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʰʘʭʪʥʦʡ ʧʥʝʚʤʦʩʝʪʠ. ʇʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʤʘʛʠʩʪʨʘ-

ʣʷʭ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 30ï40 %, ʘ ʫʪʝʯʢʠ ï ʜʦ 35 % ʧʦʜʘʚʘʝʤʦʛʦ ʦʙʲʸʤʘ ʚʦʟ-

ʜʫʭʘ [6]. ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʧʦʪʨʝʙʣʷʝʪ ʜʦ 20 % ʦʙʱʝʛʦ ʵʥʝʨ-

ʛʦʙʘʣʘʥʩʘ ʧʨʝʜʧʨʠʷʪʠʷ [7]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʦʣʴʢʦ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʷ ʙʝʟ ʦʧʪʠʤʠʟʘʮʠʠ ʧʥʝʚʤʦʩʥʘʙʞʝʥʠʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪ ʪʨʝʙʫʝʤʦʛʦ ʵʬʬʝʢʪʘ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ: 

ï ʦʧʪʠʤʠʟʘʮʠʶ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʤʝʥʝʥʠʝ ʩʘʤʦʜʝʡ-

ʩʪʚʫʶʱʠʭ ʢʣʘʧʘʥʦʚ) [10]; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʨʘʩʰʠʨʝʥʠʷ [10]; 

ï ʩʥʠʞʝʥʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

ï ʚʥʝʜʨʝʥʠʝ CFD-ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʪʦʯʥʳʭ ʯʘʩʪʝʡ [9]; 

ï ʫʩʪʨʘʥʝʥʠʝ ʫʪʝʯʝʢ ʠ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʶ ʛʝʥʝʨʘʮʠʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ 

[7]; 

ï ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ 

ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʨʘʜʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʳʝ ʠ ʤʥʦ-

ʛʦʩʪʫʧʝʥʯʘʪʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʠʟʦʵʥʪʨʦʧʠʯʝʩʢʠʡ ʂʇɼ 

ʧʦʨʷʜʢʘ 60ï65 %, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʩʭʝʤ [10]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʰʘʭʪʥʳʭ ʧʥʝʚʤʦʜʚʠ-

ʛʘʪʝʣʝʡ ʥʦʩʠʪ ʩʠʩʪʝʤʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʪʝʛʨʘʮʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʜʠʥʘʤʠ-

ʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ CFD-ʤʝʪʦʜʦʚ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ ʰʘʭʪ-

ʥʦʡ ʧʥʝʚʤʦʩʝʪʠ. ʉʦʟʜʘʥʠʝ ʢʦʤʧʘʢʪʥʦʛʦ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʥʘʜʸʞʥʦʛʦ 

ʧʥʝʚʤʦʜʚʠʛʘʪʝʣʷ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʫʩʣʦʚʠʡ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʜʝʣʠ çʜʚʠʛʘʪʝʣʴ ï ʩʝʪʴ ï ʫʧʨʘʚʣʝʥʠʝè, ʫʯʠʪʳʚʘʶʱʝʡ ʨʝ-

ʘʣʴʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ. 

ɺʳʚʦʜ. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝ-

ʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʰʘʭʪʥʳʭ 

ʧʥʝʚʤʦʜʚʠʛʘʪʝʣʝʡ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦ-

ʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ CFD-ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʪʦʯʥʳʭ ʯʘ-

ʩʪʝʡ, ʘ ʪʘʢʞʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʰʘʭʪʥʦʡ ʧʥʝʚʤʦʩʝʪʠ. ʇʨʠ-

ʤʝʥʝʥʠʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʩʭʝʤ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩʥʠʞʝʥʠʝ ʤʘʩʩʦʛʘʙʘ-

ʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʝʪʝʚʳʭ ʧʦ-

ʪʝʨʴ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʩʞʘʪʦʛʦ 
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ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ LS-ʋʇʈɸɺʃɽʅʀʗ ɻʀɼʈʆʇʈʀɺʆɼʆʄ  

ɻʆʈʅʓʍ ʄɸʐʀʅ 
 

ʇ.ɸ. ɽʬʠʤʦʚ1, ʘʩʧʠʨʘʥʪ 
1ʋʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʄʀʉʀʉ, ʛ. ʄʦʩʢʚʘ, ʈʌ 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʛʠʜʨʦʩʠʩʪʝʤ. ʇʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LS-ʫʧʨʘʚʣʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʪʠʧʳ LS-

ʩʠʩʪʝʤ. ʇʨʠʚʝʜʝʥʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ ʩ LS-

ʫʧʨʘʚʣʝʥʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʛʫʣʠʨʫʝʤʳʡ ʥʘʩʦʩ, ʜʨʦʩʩʝʣʴ, LS-ʫʧʨʘʚʣʝʥʠʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩ-

ʧʨʝʜʝʣʠʪʝʣʴ, ʟʦʣʦʪʥʠʢ, ʧʨʝʢʦʤʧʝʥʩʘʮʠʷ, ʧʦʩʪʢʦʤʧʝʥʩʘʮʠʷ. 
 

APPLICATION OF LS -CONTROL IN HYDRAULIC DRIVE  

OF MINING MACHINES  
 

P.A. ɽfimov  
 

Various types of hydraulic system control are discussed. A control method using LS control is 

presented. Various subtypes of LS systems are considered. Practical applications of hydraulic 

distributors with LS control are presented. 

Keywords: variable displacement pump, throttle valve, load-sensing (LS) control, hydraulic 

directional control valve, spool valve, pre-compensation, post-compensation. 
 

ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [1, 2, 3, 4] ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ 

ʤʝʪʦʜʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʠʜʨʦʩʠʩʪʝʤ, ʧʦʜ ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ (ʀʄ). ʆʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʘ ʷʚʣʷʶʪʩʷ 

ʜʨʦʩʩʝʣʴʥʦʝ, ʦʙʲʸʤʥʦʝ (ʠʟʤʝʥʝʥʠʝ ʨʘʙʦʯʝʛʦ ʦʙʲʸʤʘ ʥʘʩʦʩʘ ʠʣʠ ʛʠʜʨʦʤʦ-

ʪʦʨʘ), ʯʘʩʪʦʪʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʙʠʥʘʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʝ 

ʩʢʦʨʦʩʪʠ ʀʄ ʠ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʘʢʦ ʧʨʠ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʛʠʜʨʦʩʠʩʪʝʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʀʄ, ʨʘʙʦʪʘʶʱʠʤʠ ʧʘ-

ʨʘʣʣʝʣʴʥʦ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ. 

ɺ ʤʦʙʠʣʴʥʳʭ ʤʘʰʠʥʘʭ, ʥʘʧʨʠʤʝʨ, ʩʫʱʝʩʪʚʫʝʪ ʣʠʤʠʪ ʧʦ ʦʪʙʠʨʘʝʤʦʡ ʤʦʱ-

ʥʦʩʪʠ ʦʪ ʂʇʇ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʛʠʜʨʦʩʠʩʪʝʤʳ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʫʤʝʥʴʰʝʥʠʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʦʙʱʝʛʦ ʂʇɼ [5]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ LS-ʩʠʩʪʝʤʳ (Load Sensing). ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʘʧʪʘʮʠʶ ʧʦ-

ʜʘʯʠ ʥʘʩʦʩʘ ʢ ʪʝʢʫʱʝʡ ʥʘʛʨʫʟʢʝ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ (ʀʄ), ʠʩ-

ʧʦʣʴʟʫʷ ʜʘʚʣʝʥʠʝ ʚ ʛʠʜʨʦʜʚʠʛʘʪʝʣʝ ʢʘʢ ʩʠʛʥʘʣ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʋʧʨʘʚʣʷʶ-

ʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʧʦʜʘʯʫ ʠ ʜʘʚʣʝʥʠʝ ʚ ʥʘʧʦʨ-

ʥʦʡ ʣʠʥʠʠ, ʧʨʠ ʵʪʦʤ ʟʘʜʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʀʄ ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟ-

ʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ. 

ʇʨʠʥʮʠʧ LS-ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʨʝ-

ʧʘʜʘ ʜʘʚʣʝʥʠʷ ʥʘ ʜʨʦʩʩʝʣʝ ʤʝʞʜʫ ʥʘʧʦʨʥʦʡ ʣʠʥʠʝʡ ʥʘʩʦʩʘ ʠ ʛʠʜʨʦʜʚʠʛʘʪʝ-

ʣʝʤ ʀʄ. 

ʋʨʘʚʥʝʥʠʝ ʨʘʩʭʦʜʘ ʯʝʨʝʟ ʜʨʦʩʩʝʣʴ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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1 ‘ϽὃϽ
ϽЎ

,  

ʛʜʝ ɛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ; A ï ʧʣʦʱʘʜʴ ʦʪʢʨʳʪʠʷ ʜʨʦʩʩʝʣʷ, ʤ2;  

ɟ ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʢʛ/ʤ3; ȹp ï ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʥʘ ʜʨʦʩʩʝʣʝ, ʇʘ;  

Q ï ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʜʨʦʩʩʝʣʴ, ʤ3/ʩ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʨʘʩʭʦʜʘ ʠ ʧʣʦʪʥʦʩʪʠ 

ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʨʘʩʭʦʜ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪ ʧʣʦʱʘʜʠ ʦʪʢʨʳʪʠʷ ʜʨʦʩ-

ʩʝʣʷ ʠ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ, ʪ.ʝ. ὗ = Ὢ(ὃ, ȹὴ). ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʙʳʯʥʦʛʦ 
ʜʨʦʩʩʝʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʩʭʦʜ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʦ-

ʣʦʞʝʥʠʷ ʟʘʧʦʨʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʦ ʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʯʘʩʪʴ ʧʦʜʘʯʠ ʥʘʩʦʩʘ ʩʙʨʘʩʳʚʘʝʪʩʷ ʯʝʨʝʟ ʢʣʘʧʘʥ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʪʨʝʙʣʷ-

ʝʤʫʶ ʤʦʱʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ LS-ʩʠʩʪʝʤʳ, ʨʠʩ 2 ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʚʳʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʜʦ ʜʨʦʩʩʝʣʷ ʠʣʠ ʧʦʩʣʝ ʥʝʛʦ, ʧʝʨʝʧʘʜ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠ 

ʨʘʚʥʷʝʪʩʷ ʜʘʚʣʝʥʠʶ ʥʘʩʪʨʦʡʢʠ LS- ʢʣʘʧʘʥʘ, ʪ.ʝ. ὗ = Ὢ(ȹὴ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʪʠʧʘ LS-ʩʠʩʪʝʤʳ, ʦ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʨʘʩʩʢʘʟʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ, 

ʯʘʩʪʴ ʞʠʜʢʦʩʪʠ ʫʭʦʜʠʪ ʣʠʙʦ ʯʝʨʝʟ ʧʝʨʝʣʠʚʥʦʡ ʢʣʘʧʘʥ (ʩʠʩʪʝʤʘ ʩ ʥʝʨʝʛʫ-

ʣʠʨʫʝʤʳʤ ʥʘʩʦʩʦʤ), ʣʠʙʦ ʥʘ LS-ʨʝʛʫʣʷʪʦʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʥʘʩʦʩʘ [6]. 

 
ʈʠʩ. 1. ʉʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʛʠʜʨʦʩʠʩʪʝʤʦʡ 

 
ʈʠʩ. 2. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ LS-ʩʠʩʪʝʤʳ 

ʇʨʝʢʦʤʧʝʥʩʘʮʠʷ (pre-compensated LS), ʨʠʩ. 3. ʂʦʤʧʝʥʩʘʪʦʨʳ ʜʘʚʣʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʳ ʜʦ ʧʝʨʝʤʝʥʥʳʭ ʜʨʦʩʩʝʣʝʡ. ʂʘʞʜʳʡ ʢʦʤʧʝʥʩʘʪʦʨ ʧʦʜʜʝʨʞʠʚʘ-

ʝʪ ʧʦʩʪʦʷʥʥʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʥʘ ʩʚʦʸʤ ʟʦʣʦʪʥʠʢʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʟʘʚʠ-

ʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʀʄ ʦʪ ʥʘʛʨʫʟʢʠ. 

ʅʝʜʦʩʪʘʪʦʢ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ çʥʘʩʳʱʝʥʠʠè ʥʘʩʦʩʘ: ʝʩʣʠ ʩʫʤʤʘʨʥʳʡ 

ʨʘʩʭʦʜ ʧʨʝʚʳʰʘʝʪ ʧʦʜʘʯʫ, ʧʦʪʦʢ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟ-
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ʢʠ - ʤʝʥʝʝ ʥʘʛʨʫʞʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʦʣʫʯʘʶʪ ʙʦʣʴʰʝ, ʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʝ 

ʟʘʤʝʜʣʷʶʪʩʷ ʠʣʠ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ. 

 
ʈʠʩ. 3. ʇʨʝʢʦʤʧʝʥʩʘʮʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ 

ʇʦʩʪʢʦʤʧʝʥʩʘʮʠʷ (post-compensated LS, flow sharing), ʨʠʩ 4. ʂʦʤʧʝʥ-

ʩʘʪʦʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʩʣʝ ʧʝʨʝʤʝʥʥʳʭ ʜʨʦʩʩʝʣʝʡ. ɼʘʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ 

ʥʘʛʨʫʞʝʥʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʧʝʨʝʜʘʸʪʩʷ ʚʩʝʤ ʩʝʢʮʠʷʤ. 

ɼʘʞʝ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʧʦʜʘʯʠ ʥʘʩʦʩʘ ʨʘʩʭʦʜ ʜʝʣʠʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʧʦʣʦʞʝʥʠʷʤ ʟʦʣʦʪʥʠʢʦʚ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʛʨʫʟʢʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʥ-

ʭʨʦʥʥʦʩʪʴ ʨʘʙʦʪʳ ʀʄ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʦʱʥʦ-

ʩʪʠ. 

 
ʈʠʩ. 4. ʇʦʩʪʢʦʤʧʝʥʩʘʮʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ 

ʇʨʝʢʦʤʧʝʥʩʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʥʘʛʨʫʟʢʠ ʜʦ ʥʘʩʳ-

ʱʝʥʠʷ ʥʘʩʦʩʘ; ʧʦʩʪ-ʢʦʤʧʝʥʩʘʮʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʛʘʨʘʥʪʠʨʫʝʪ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʧʨʠ ʜʝʬʠʮʠʪʝ ʧʦʜʘʯʠ 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʦʩʠʩʪʝʤ ʩ LS-ʫʧʨʘʚʣʝʥʠʝʤ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ ʛʦʨʥʳʭ ʤʘʰʠʥʘʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘ-

ʚʘʪʦʨʘʭ, LS-ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠ-

ʝʤ (ʩʪʨʝʣʘ, ʨʫʢʦʷʪʴ, ʢʦʚʰ), ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʀʄ ʧʨʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʥʘʛʨʫʟʢʝ. 
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ʊʘʢʞʝ LS-ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʧʦʛʨʫʟʦʯʥʦ-

ʜʦʩʪʘʚʦʯʥʳʭ ʤʘʰʠʥʘʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʘʥʠʧʫʣʷʪʦʨʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ 

ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. 

ɺʳʚʦʜ. ʇʝʨʝʧʘʜ ȹp, ʬʦʨʤʠʨʫʝʤʳʡ LS-ʨʝʛʫʣʷʪʦʨʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʘʢ ʦʙʱʠʡ ʫʧʨʘʚʣʷʶʱʠʡ ʧʘʨʘʤʝʪʨ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴ-

ʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʤʝʞʜʫ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʜʘʞʝ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʧʦʜʘʯʝ ʥʘʩʦʩʘ. LS-ʫʧʨʘʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʢʦʣʝʩʥʦ-ʰʘʛʘʶʱʠʝ (spider-

excavator. 
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This article examines the use of mobile systems in peat extraction to overcome the challenges 

of large-scale production, including high costs, land acquisition, and logistics. The ad-

vantages of implementing mobile systems are discussed. A review of sources on the classifica-

tion and structure of such systems is provided. A proposal is made for using renewable energy 

sources to ensure energy independence for the system. 

Keywords: peat machines, mobile systems, autonomous system, peat production, energy inde-

pendence. 
 

ʅʘ ʙʦʣʴʰʦʤ ʧʨʦʪʷʞʝʥʠʠ ʚʨʝʤʝʥʠ, ʜʦʙʳʯʘ ʪʦʨʬʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʤʘʩ-

ʰʪʘʙʥʦʝ, ʢʘʧʠʪʘʣʦʝʤʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʦʪʯʫʞʜʘʶʱʝʝ ʢʨʫʧʥʳʝ ʪʝʨʨʠʪʦ-

ʨʠʠ, ʚʳʚʦʜʷ ʠʭ ʠʟ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʜʥʦ-ʙʦʣʦʪʥʦʛʦ ʨʝʞʠʤʘ. ʅʘ ʩʦʚʨʝʤʝʥ-

ʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ, ʚ ʩʚʷʟʠ ʩ ʧʝʨʝʫʩʪʨʦʡʩʪʚʦʤ ʵʢʦʥʦʤʠʢʠ, ʠ ʧʝʨʝ-

ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʪʦʧʣʠʚʘ, ʢʨʫʧʥʘʷ ʜʦʙʳʯʘ ʦʢʘʟʘʣʘʩʴ 

ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʦʡ, ʯʪʦ ʚʩʝʨʴʝʟ ʫʜʘʨʠʣʦ ʧʦ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ 

ʠ ʦʪʨʘʩʣʠ ʚ ʮʝʣʦʤ.  

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚ ʚ ʫʩʣʦʚʠʷʭ 

ʫʤʝʥʴʰʝʥʠʷ ʜʦʙʳʯʠ ʚʦʟʤʦʞʝʥ ʚʘʨʠʘʥʪ ʧʨʠʤʝʥʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ.  

ʄʦʙʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʨʠʘʥʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʨʘʙʦʪʢʘ ʩʳʨʴʷ ʥʘ ʤʝʩʪʝ ʜʦʙʳʯʠ (in-pit processing). ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟ-

ʚʦʣʷʝʪ ʨʝʰʘʪʴ ʨʷʜ ʟʘʜʘʯ: ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʣʦʛʠ-

ʩʪʠʯʝʩʢʠʭ ʠʟʜʝʨʞʝʢ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʱʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘ-

ʶʱʫʶ ʩʨʝʜʫ [1].  

ʆʜʥʠʤ ʠʟ ʟʥʘʯʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʤʦʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ 

ʠʭ ʚʳʩʦʢʘʷ ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ: ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʥʠʟʢʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʨʫʥ-

ʪʘ. ʂʨʫʧʥʳʝ ʪʦʨʬʷʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʷʞʝʣʦʡ ʪʝʭʥʠʢʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʧʦʜʲʝʟʜʥʫʶ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʫ (ʥʘʩʳʧʠ, ʜʦʨʦʛʠ, ʤʦʩʪʳ ʠ ʧʨ.), ʯʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʝ ʪʦʣʴʢʦ ʦʪ-

ʯʫʞʜʘʝʪ ʧʦʣʝʟʥʫʶ ʧʣʦʱʘʜʴ ʜʦʙʳʯʠ, ʥʦ ʠ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʳʭ ʬʠʥʘʥʩʦʚʳʭ 
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ʨʝʩʫʨʩʦʚ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʝʝ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ. ʊʘʢʞʝ, ʧʨʦʮʝʩʩ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʠ ʩʳʨʴʷ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʣʘʛʠ ʜʦ ʤʝʩʪʘ ʧʝʨʝʨʘʙʦʪʢʠ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʜʦʨʦʞʘʪʴ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ, ʟʘʢʣʘʜʳʚʘʷ ʚ ʠʪʦʛʦʚʫʶ 

ʩʪʦʠʤʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʝ ʠʟʜʝʨʞʢʠ.  

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʦʨʬʦʜʦʙʳʯʘ, ʚ ʦʩ-

ʥʦʚʥʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʥʘʮʝʣʝʥʥʳʤʠ ʥʘ ʨʝʘʣʠ-

ʟʘʮʠʶ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʣʫʯʝʥʠʝ ʧʨʠʙʳʣʠ. ʆʙʲʝʤʳ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ 

ʪʘʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʠ ʠ ʠʤʝʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʢʦʪʦʨʦʝ ʚʦʟʤʦʞʥʦ ʦʧʝʨʘʪʠʚʥʦ ʧʝ-

ʨʝʥʘʧʨʘʚʠʪʴ ʥʘ ʙʦʣʝʝ ʟʘʛʨʫʞʝʥʥʳʝ ʮʝʧʦʯʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʨʬʷʥʦʛʦ ʧʨʦ-

ʜʫʢʪʘ, ʣʠʙʦ ʧʝʨʝʤʝʩʪʠʪʴ ʥʘ ʥʦʚʳʡ ʫʯʘʩʪʦʢ ʨʘʟʨʘʙʦʪʢʠ. ʀʜʝʷ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʧʝʨʝʨʘ-

ʙʦʪʢʫ ʪʦʨʬʷʥʦʛʦ ʩʳʨʴʷ ʚ ʧʨʝʜʝʣʘʭ ʤʝʩʪ ʜʦʙʳʯʠ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ʦʙʨʘʪʥʦ ʚ ʢʘʨʴʝʨ.  

ʂʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʤʦʙʠʣʴʥʳʭ ʤʦʜʫʣʝʡ (ʜʨʦʙʠʣʢʘ, 

ʩʝʧʘʨʘʪʦʨ, ʧʨʝʩʩ-ʬʠʣʴʪʨ, ʬʦʨʤʦʚʦʯʥʳʡ ʩʪʘʥʦʢ ʠ ʧʨ.), ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʝ ʜʦʙʳʯʠ. ɼʦʙʳʪʳʡ ʪʦʨʬ ʩʨʘʟʫ ʞʝ ʧʦʧʘʜʘʝʪ ʚ ʵʪʦʪ 

ʢʦʤʧʣʝʢʩ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ: ʜʨʦʙʣʝʥʠʝ, ʨʘʟʜʝʣʝʥʠʝ 

ʥʘ ʬʨʘʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʦʪʜʝʣʝʥʠʝ ʜʨʝʚʝʩʥʳʭ ʧʨʠʤʝʩʝʡ), ʧʝʨʚʠʯʥʦʝ ʦʙʝʟ-

ʚʦʞʠʚʘʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʪʘʢʦʛʦ ʢʘʢ ʪʦʨʬʦʙʨʠʢʝʪʳ 

ʠʣʠ ʛʨʘʥʫʣʳ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʦʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʞʝ ʧʨʦʷʚ-

ʣʷʶʪʩʷ ʚ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʪʦʨʬʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ɽ.ɸ. ʏʝʨʝʧʦʚʠ-

ʮʥr ʤr ʠ ʇ.ʉ. ʎʚʝʪʢʦʚʳʤ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʞʝ ʚ ʩʫʨʦʚʳʭ ʫʩʣʦʚʠʷʭ ʩʝ-

ʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʙʳʯʠ, ʝʩʣʠ ʧʨʘʚʠʣʴʥʦ 

ʧʦʜʦʙʨʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ [2]. 

ɺʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘʪʨʦʥʫʪʳ 

ʚ ʨʘʙʦʪʝ [3]. ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʨʷʜ ʨʝʰʝʥʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʤʦʜʫʣʴʥʳʭ 

ʙʣʦʢʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʧʦ ʵʪʘʧʘʤ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʪʘ ʠʟ ʩʳʨʴʷ. ʊʘʢʞʝ ʘʚʪʦ-

ʨʘʤʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʵʪʘʧʥʳʡ ʧʦʜʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠʚʦʜʠʪʩʷ ʠʪʦʛʦ-

ʚʳʡ ʨʘʩʯʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪ.  

ɺ ʨʘʙʦʪʝ [4] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʤʦʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚʥʫʪʨʠʢʘʨʴʝʨʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʧʝʨʝʨʘ-

ʙʦʪʘʥʥʦʛʦ ʩʳʨʴʷ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʄʦʙʠʣʴʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʱʘʪʴ ʦʙʲʝʤʳ ʧʝʨʝʚʦʟʦʢ ʚʥʫʪʨʠ ʨʘʟʨʘʙʦʪʦʢ, ʦʪʜʝ-

ʣʷʪʴ ʦʪʭʦʜʳ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʧʝʨʚʠʯʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʥʘ ʤʝʩʪʝ ʜʦʙʳʯʠ. 

ʉʦʩʪʘʚ ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʥʦ ʧʦʜʙʠʨʘʪʴ ʠʩʭʦʜʷ ʠʟ ʨʷʜʘ ʬʘʢ-

ʪʦʨʦʚ: ʚʝʣʠʯʠʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʦʪʜʘ-

ʣʝʥʥʦʩʪʠ ʦʪ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʦʪ ʞʝʣʘʝʤʦʛʦ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʤʦʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʚʚʠʜʫ ʝʛʦ ʚʦʟʤʦʞʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʵʥʝʨʛʦʩʝʪʝʡ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʷʪʴ ʵʥʝʨʛʦʥʝ-

ʟʘʚʠʩʠʤʳʤ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ ʩ ʚʳʨʘʙʦʪʢʦʡ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʨʘʙʦʪʘʶʱʠʭ 
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ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʩʫʰʝʥʥʦʤ ʜʦʙʳʚʘʝʤʦʤ ʩʳʨʴʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤ-

ʧʣʝʢʩ ʠʟʙʘʚʣʷʝʪʩʷ ʦʪ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʚʦʟʥʦʛʦ ʪʦʧʣʠʚʘ.  

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʣʦʢ ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ 

ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʳʭ ʢʦʪʝʣʴʥʳʭ (ɹʄʂ), ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ (ʯʘʩʪʦ ʚ ʛʘʙʘʨʠʪʘʭ ʧʨʠʮʝʧʘ, ʣʠʙʦ ʚʘʛʦʥʘ) ʠ ʤʦ-

ʛʫʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʢ ʤʝʩʪʫ ʫʩʪʘʥʦʚʢʠ ʧʦ ʜʦʨʦʛʘʤ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘ-

ʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʧʨʠʮʝʧʳ ʥʘ ʛʫʩʝʥʠʯʥʦʤ, ʣʠʙʦ ʢʦ-

ʣʝʩʥʦʤ ʭʦʜʫ. 

ʊʘʢʞʝ, ʯʘʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʧʨʠ ʧʦʤʦʱʠ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʂ ʪʘʢʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʢʨʳʰʘʭ ʩʪʨʦʝʥʠʡ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʢʦʡ ʚʝʪʨʦʛʝʥʝʨʘʪʦ-

ʨʦʚ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ.  

ʇʦʤʠʤʦ ʙʣʦʢʘ ʩ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʦʡ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʩʠʩʪʝʤʫ ʚʦʟ-

ʤʦʞʥʦ ʫʢʦʤʧʣʝʢʪʦʚʘʪʴ ʤʦʙʠʣʴʥʦʡ ʨʝʤʦʥʪʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʨʝʤʦʥʪʥʳʭ ʠ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ 

ʚʦʟʥʠʢʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʠʟ-ʟʘ ʢʨʫʧʥʳʭ ʛʘʙʘʨʠʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʄʦ-

ʙʠʣʴʥʫʶ ʨʝʤʦʥʪʥʫʶ ʤʘʩʪʝʨʩʢʫʶ ʣʝʛʢʦ ʜʦʩʪʘʚʠʪʴ ʥʘ ʦʪʜʘʣʝʥʥʳʝ ʠ ʪʨʫʜʥʦ-

ʜʦʩʪʫʧʥʳʝ ʫʯʘʩʪʢʠ ʪʦʨʬʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʢ ʤʝʩʪʫ ʩʪʦʷʥʢʠ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʠ ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʦʩʫʱʝʩʪʚ-

ʣʷʶʪ ʨʝʤʦʥʪ ʤʝʪʦʜʘʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʚʳʭ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ 

ʜʝʪʘʣʝʡ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʥʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʘʩʪʝʨʩʢʦʡ, ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʦʪ ʵʣʝʢʪʨʦʛʝʥʝ-

ʨʘʪʦʨʘ, ʧʨʠʚʦʜʠʤʦʛʦ ʦʪ ʚʘʣʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ ʪʨʘʢʪʦʨʘ ʠʣʠ ʦʪ ʘʚʪʦʥʦʤʥʦ-

ʛʦ ʙʝʥʟʦʛʝʥʝʨʘʪʦʨʘ [5]. 

ɺʦʟʤʦʞʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʝʡ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝ-

ʙʦʣʴʰʦʛʦ ʧʘʨʢʘ ʪʝʭʥʠʢʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʨʘʙʦʪ, ʷʚʣʷʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʦʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ. 

ʄʦʙʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʚʦʟʨʦʞʜʝʥʠʷ ʠ ʧʨʦʜʦʣʞʝʥʠʷ ʪʦʨʬʦʜʦʙʳʯʠ ʚ ʫʩʣʦʚʠʷʭ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʦʚ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ. ʀʭ ʚʥʝʜʨʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʦʪʨʘʩʣʠ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ 

ʢ ʥʫʞʜʘʤ ʤʘʣʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʬʦ-

ʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʠ ʧʠʣʦʪʥʳʭ ʚʥʝʜʨʝʥʠʷʭ ʜʣʷ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʷ ʚʳʜʚʠʥʫʪʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʜʦʙʳʯʝ ʫʛʣʷ ʚ ʜʣʠʥʥʳʭ ʦʯʠʩʪʥʳʭ 

ʟʘʙʦʷʭ ʦʩʥʦʚʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ 

ʦʯʠʩʪʥʳʝ ʫʟʢʦʟʘʭʚʘʪʥʳʝ ʢʦʤʙʘʡʥʳ, ʢʦʪʦʨʳʝ ʦʩʥʘʱʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥ-

ʥʦ ʰʥʝʢʦʚʳʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʩ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤʠ ʧʦʚʦʨʦʪ-

ʥʳʤʠ ʨʝʟʮʘʤʠ. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ 

ʤʘʰʠʥ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ 

ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʠ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʩʪʦʠ ʪʝʭʥʠʢʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʧʫʪʝʤ 

ʧʦʜʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʠ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʨʝʞʠʤʦʚ ʠʭ ʨʘʙʦʪʳ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʦʯʠʩʪʥʳʭ ʢʦʤʙʘʡʥʦʚ, ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ [1], ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʥʷʪʦʡ ʩʭʝʤʳ 

ʨʘʩʩʪʘʥʦʚʢʠ ʨʝʟʮʦʚ ʥʘ ʰʥʝʢʝ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʜʭʦʜ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʩʭʝʤʳ ʨʘʩʩʪʘʥʦʚʢʠ ʨʝʟʮʦʚ.   

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʰʥʝʢʦʚʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦ-

ʛʦ ʦʨʛʘʥʘ ʚʳʙʠʨʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʆʉʊ 12.44.258-84. ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷʭ [2, 3] ʧʦʢʘʟʳʚʘʝʪʩʷ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ: ʫʛʣʳ ʫʩʪʘ-

ʥʦʚʢʠ ʨʝʟʮʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʥʝ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʦʜʥʦʟʥʘʯʥʦ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʨʘʙʦʯʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʘʤʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ (ʨʠʩʫʥʦʢ 1). 

ʉ ʤʦʤʝʥʪʘ ʫʪʚʝʨʞʜʝʥʠʷ ʦʪʨʘʩʣʝʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʧʨʦʠʟʦʰʝʣ ʩʪʨʝʤʠ-

ʪʝʣʴʥʳʡ ʩʢʘʯʦʢ ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ɼʣʷ ʧʨʦʚʝʨ-

ʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʘʟʨʫʰʝʥʠʶ ʫʛʦʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʨʝʟʮʦʚʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʪʘʣʦ ʧʨʠʤʝʥʷʪʴʩʷ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʂʦʤʧʴʶ-
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ʪʝʨʥʘʷ ʤʦʜʝʣʴ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʫʰʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʟʮʦʚ, ʧʘʨʘʤʝʪʨʳ ʠʭ ʨʘʩʩʪʘʥʦʚʢʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʫʨʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʩʥʠʞʘʝʪ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʠʤ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ. 

 
ʈʠʩ. 1. ʍʘʨʘʢʪʝʨ ʠʟʥʘʰʠʚʘʥʠʷ ʰʥʝʢʦʚʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ:  

1 ī ʠʟʥʦʩ ʨʝʟʮʦʚ; 2 ī ʠʟʥʦʩ ʨʝʟʮʝʜʝʨʞʘʪʝʣʝʡ; 3 ī ʠʟʥʦʩ ʨʝʙʦʨʜʳ 
 

ɺ ʧʨʘʢʪʠʢʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʫʛʣʷ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʨʝʟʮʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ 

ʜʠʩʢʨʝʪʥʳʭ (ʄɼʕ) ʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ). ʆʙʘ ʤʝʪʦʜʘ ʠʤʝʶʪ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʚʳʙʦʨ ʤʝʞʜʫ ʥʠʤʠ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥ-

ʢʨʝʪʥʦʡ ʟʘʜʘʯʝʡ ʠ ʠʤʝʶʱʠʤʠʩʷ ʜʘʥʥʳʤʠ. ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʥʘʨʷʜʫ 

ʩ ʜʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪ ʠ ʜʨʫʛʠʤʠ ʤʝʪʦ-

ʜʘʤʠ [5]. 

ʄɼʕ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʙʠʝʥʠʝ ʨʘʟʨʫʰʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʩʬʝʨʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʢʦʥʪʘʢʪʥʳʤʠ ʩʠʣʘʤʠ. ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʢʦʨʨʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʫʰʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʯʝʪ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʤʝʞʜʫ ʯʘ-

ʩʪʠʮʘʤʠ ʚ ʤʦʜʝʣʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʧʨʦʚʦʜʷʪʩʷ ʥʘʪʫʨʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩ-

ʧʳʪʘʥʠʷ. ʀʩʧʳʪʘʥʠʷ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ.  

ʅʘ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʫʛʦʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʚʳʙʠʨʘʶʪʩʷ ʨʘʟʤʝʨ ʠ 

ʬʦʨʤʘ ʜʠʩʢʨʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʯʘʩʪʠʮ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʝʛʦ ʩʚʦʡʩʪʚʘ. ɺʳ-

ʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯ-

ʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʨʝʤʷ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʫʶ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʥʠʤʘ-

ʶʪ ʨʘʟʣʠʯʥʳʝ ʜʦʧʫʱʝʥʠʷ, ʫʧʨʦʱʘʶʱʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ [4-6].  

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦʡ ʙʘʟʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʫʛʦʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʤʝʥʷʣʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ 

ʘʥʘʣʠʟʘ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʫʛʣʷ ʩ ʮʝʣʴʶ ʧʦʜʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʰʥʝʢʘ (ʫʛʣʘ ʥʘʚʠʚʢʠ ʠ ʯʠʩʣʘ ʣʦʧʘʩʪʝʡ), ʘ ʜʣʷ ʘʥʘʣʠʟʘ ʥʘʛʨʫʟʦʢ, ʚʦʟʥʠʢʘʶ-

ʱʠʭ ʥʘ ʨʘʙʦʯʝʤ ʠʥʩʪʨʫʤʝʥʪʝ, ʧʨʠʤʝʥʷʣʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʠʣʠ ʚ ʢʘʯʝ-

ʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ (ʚʝʨʠʬʠʮʠʨʫʶʱʝʛʦ ʨʝʟʫʣʴ-
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ʪʘʪʳ ʦʩʥʦʚʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ) [5]. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʧʦʤʦʱʴʶ ʩʬʝʨʠʯʝʩʢʠʭ ʜʠʩʢʨʝʪʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʥʝʨʝʘʣʠʩʪʠʯʥʦʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʯʥʦ-

ʩʪʠ, ʧʦʣʫʯʘʝʤʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ [6]. 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘʭʦʞʜʝʥʠʷ ʥʘʛʨʫʟʦʢ ʥʘ ʨʝʟʮʘʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʟʙʠʝʥʠʠ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʤʘʪʝʨʠʘʣʘ ʩ ʨʷʜʦʤ ʟʘʜʘʥʥʳʭ ʝʤʫ ʩʚʦʡʩʪʚ 

ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ: ʪʝʪʨʘʵʜʨʳ, ʛʝʢʩʘʵʜʨʳ ʠ ʜʨʫʛʠʝ ʧʣʦʩʢʠʝ ʠʣʠ ʦʙʲʝʤ-

ʥʳʝ ʬʠʛʫʨʳ. ɼʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʭʘʥʠ-

ʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʩ ʫʯʸʪʦʤ ʢʦʥʢʨʝʪʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘ-

ʪʝʨʠʘʣʘ [7]. ʉʦʩʪʘʚʣʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʚʦʜʷʪʩʷ ʚ ʩʠʩʪʝʤʫ, ʧʨʠ ʨʝʰʝʥʠʠ ʢʦ-

ʪʦʨʦʡ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʫʤʤʘʨʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʜʝʬʦʨʤʘʮʠʠ, ʠʟ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ. 

ɺ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ, ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, 

ʪʘʢʠʝ ʢʘʢ ABAQUS, ANSYS (LS-DYNA, Static structural, Ncode) [8].  

ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʨʝʟʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ  

ANSYS LS-DYNA ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ 

ʫʛʦʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʦʜʠʥʦʯʥʳʤ ʨʝʟʮʦʤ. 

ʀʩʭʦʜʥʳʝ ʤʦʜʝʣʠ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʘʤʦʛʦ ʤʘʩʩʠ-

ʚʘ ʙʳʣʠ ʩʦʟʜʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʂʆʄʇɸʉ-3D, ʘ 

ʟʘʪʝʤ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ ʚ ʬʦʨʤʘʪʝ .step ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ANSYS, 

ʤʦʜʫʣʴ LS-DYNA. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʨʝʟʝʮ ʈʐ 30-75L85 ʨʘʟʨʫʰʘʝʪ ʫʛʦʣʴʥʳʡ ʤʘʩ-

ʩʠʚ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʩ ʨʘʟʤʝʨʘʤʠ 200Ĭ150Ĭ150 ʤʤ, ʨʝʟʝʮ ʜʚʠʞʝʪʩʷ 

ʩ ʧʦʩʪʦʷʥʥʦʡ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʴʶ ɜ = 5 ʤ/ʩ, ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ h = 30 ʤʤ, 

ʫʛʦʣ ʘʪʘʢʠ — = 45Á. ʉʭʝʤʘ ʨʝʟʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2, ʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʤʘʪʝʨʠʘʣʘ ʫʛʣʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʨʪʘ 

*MAT_JOHNSON_HOLMQUIST_CONCRETE (JHC). ʄʦʜʝʣʴ JHC ʨʘʟʣʠ-

ʯʘʝʪ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʨʘʩʪʷʛʠʚʘʶ-

ʱʠʭ ʠ ʩʞʠʤʘʶʱʠʭ ʥʘʛʨʫʟʢʘʭ. ʄʦʜʝʣʴ ʩʚʷʟʳʚʘʝʪ ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʘʪʝʨʠʘʣʘ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. ʄʘʪʝʨʠʘʣ ʨʝʟʮʘ ʟʘʜʘʚʘʣʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʢʘʨʪʳ *MAT_RIGID. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʠʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʨʘʟʨʫʰʝʥʠʷ ʫʛʣʷ (ʨʠʩʫʥʦʢ 2, ʙ), ʠʟ ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠ-

ʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʟʘʢʦʥʦʤʝʨʥʦʤʫ ʧʨʦʮʝʩʩʫ ʩʚʦʡʩʪʚʝʥʥʦʤʫ ʨʝʘʣʴʥʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ ʫʛʦʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʨʝʟʮʦʤ. 
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ʘ) 

 
ʙ) 

ʈʠʩ. 2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʫʛʣʷ: 

 ʘ ī ʩʭʝʤʘ ʨʝʟʘʥʠʷ ʫʛʣʷ; ʙ īʩʠʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʫʰʝʥʠʷ ʫʛʣʷ 
 

ɺʳʚʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʶʪʩʷ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʥʘʛʨʫʟʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʨʝʟʮʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʦʚ ʠʭ ʫʩʪʘʥʦʚʢʠ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʨʛʘʥʘ, ʪʘʢ ʠ ʨʝʟʮʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʩʩʠʚʘ. 
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STARTING AND TOUCHING MODES OF THE HOIST MACHINES  
 

V.Yu. Zverev  
 

In this paper, was describes the process of starting a hoist machine, which is accompanied by 

starting the electric motor and releasing the brake. Incorrect starting of the hoisting machine 

can cause the skips to reverse, increase the dynamic forces on the wire rope and cause mal-

functions in the operation of the plant. Optimization of the start-up must be justified by ensur-

ing the reliability of the operation of the hoist machine and minimizing the dynamic phenom-

ena that arise due to the jerk. 

Keywords: mining hoist machine, speed diagram, electric drive, skips disc and pad brakes. 
 

ʇʦʜʜʝʨʞʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʠʧʦʚʳʭ ʧʦʜʲʝʤʥʳʭ ʫʩʪʘ-

ʥʦʚʦʢ ʠʤʝʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʘ ʝʝ 

ʨʘʙʦʪʳ. ʎʠʢʣ ʧʦʜʲʝʤʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʟʘʜʘʥʥʦʡ ʟʘʨʘʥʝʝ ʪʘʭʦʛʨʘʤʤʝ. 

ʅʦʨʤʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦ-

ʨʝʥʠʡ ʥʘ ʨʘʟʥʳʭ ʧʝʨʠʦʜʘʭ ʧʨʠ ʧʦʜʲʝʤʝ ʛʨʫʟʘ [1]. ʇʨʠ ʵʪʦʤ ʥʠ ʪʝʦʨʠʷ 

ʰʘʭʪʥʦʛʦ ʧʦʜʲʝʤʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʠ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʝ 

ʫʯʠʪʳʚʘʶʪ ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ. ʈʳʚʢʠ ï ʥʘʨʘʩʪʘʥʠʝ ʠ 

ʩʥʠʞʝʥʠʝ ʫʩʢʦʨʝʥʠʷ, ʩʢʨʫʛʣʷʶʪ ʚʠʜ ʪʘʭʦʛʨʘʤʤʳ, ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʬʘʢʪʠʯʝʩʢʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʜʲʝʤʘ, ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʙʫʞʜʝ-

ʥʠʷ ʜʠʥʘʤʠʢʠ ʚ ʩʠʩʪʝʤʝ. ʆʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʫʩʢʘ ʠ ʪʨʦʛʘʥʠʷ ʧʦʜʲʝʤʥʦʡ 

ʤʘʰʠʥʳ ʧʦʟʚʦʣʠʪ ʯʘʩʪʠʯʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʝʝ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩ-

ʧʝʯʠʪ ʧʦʜʜʝʨʞʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʦʪ ʤʦʤʝʥʪʘ ʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ 

ʟʘʧʫʩʢʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

 ʇʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʣʘʜʢʠ ʧʫʩʢʘ ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʨʘʟʥʦʦʙʨʘʟʠʠ ʧʨʠʤʝʥʷʝʤʳʭ ʪʠʧʦʚ ʧʨʠʚʦʜʘ ʠ ʩʠʩʪʝʤ ʠʭ ʫʧʨʘʚʣʝʥʠʷ 

[2, 3], ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʪʠʧ ʪʦʨʤʦʟʦʚ ʠ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʦʨʤʦʟʥʦʛʦ ʫʩʠʣʠʷ. ʀʤʝʥʥʦ ʚʟʘʠʤʥʘʷ ʨʘʙʦʪʘ ʧʨʠʚʦʜʘ ʠ ʪʦʨʤʦʟʘ ʟʘʯʘʩʪʫʶ 

ʦʧʨʝʜʝʣʷʝʪ ʨʳʚʦʢ ʠ ʙʦʣʴʰʦʝ ʫʩʢʦʨʝʥʠʝ ʧʨʠ ʪʨʦʛʘʥʠʠ ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ. 

ʇʫʩʢ ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʦʪʤʦʨʘʞʠʚʘʥʠʝʤ ʠ ʨʘʟʛʦʥʦʤ 

ʜʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʜʣʷ ʜʚʠʞʝʥʠʷ ʚ ʨʘʟʛʨʫʟʦʯʥʳʭ ʢʨʠ-

ʚʳʭ [4]. ʊʨʝʙʫʝʤʦʝ ʙʳʩʪʨʦʝ ʩʥʷʪʠʝ ʪʦʨʤʦʟʘ ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ ʦʙʫʩʣʘʚ-

ʣʠʚʘʝʪ ʝʛʦ ʩʨʘʙʘʪʳʚʘʥʠʝ ʢʘʢ ʩʪʦʧʦʨʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʟʜʘʚʘʷ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʜʚʠʞʝʥʠʶ. ɽʱʝ ʥʘ ʟʘʩʪʦʧʦʨʝʥʥʦʡ ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʝ ʥʘ ʜʚʠʛʘʪʝʣʴ 
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ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʠ ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ ʩʦʟʜʘʚʘʝʤʦʝ ʜʚʠʞʫʱʝʝ ʫʩʠʣʠʝ, ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʩʥʠʤʘʝʪʩʷ ʪʦʨʤʦʟʥʦʝ ʫʩʠʣʠʝ. ʊʨʦʛʘʥʠʝ ʧʦʜʲʝʤʥʦʡ ʤʘ-

ʰʠʥʳ ʠ ʩʢʠʧʦʚ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʜʚʠʞʫʱʝʛʦ ʫʩʠʣʠʷ ʥʘʜ ʪʦʨʤʦʟʥʳʤ [5]. 

ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝ-

ʛʦ ʨʘʟʥʦʩʪʠ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʪʷʞʝʥʠʡ: 

1. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʦʨʤʦʟʥʦʛʦ ʫʩʠʣʠʷ Ft(t) ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʩʪʘʪʠ-

ʯʝʩʢʠʭ ʥʘʪʷʞʝʥʠʡ Fst ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʜʚʠʞʫʱʝʝ ʫʩʠʣʠʝ Fd1(t) ʤʝʥʴʰʝ ʠʭ 

ʚʝʣʠʯʠʥʳ, ʪʦ ʧʨʦʠʟʦʡʜʝʪ ʦʙʨʘʪʥʳʡ ʭʦʜ ʩʢʠʧʦʚ (ʨʠʩ. 1). ʉʢʦʨʦʩʪʴ ʥʘ ʚʠ-

ʜʝʦʪʝʨʤʠʥʘʣʴʥʦʡ ʩʪʘʥʮʠʠ ʤʘʰʠʥʠʩʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʫʩʢʘʥʠʶ ʛʨʫʞʝʥʦʛʦ 

ʩʢʠʧʘ ʚ ʩʪʚʦʣ. ɿʘ ʩʯʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʥʘʨʘʩʪʘʥʠʷ ʪʦʨʤʦʟʥʦʛʦ ʫʩʠʣʠʷ, ʩʢʠʧ 

ʧʦʜʭʚʘʪʳʚʘʝʪʩʷ ʠ ʥʘʯʠʥʘʝʪʩʷ ʧʦʜʲʝʤ ʛʨʫʟʘ. ʊʘʢʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʥʝʙʝʟ-

ʦʧʘʩʝʥ ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʨʘʩʢʘʯʠʚʘʥʠʷ ʩʢʠʧʘ ʥʘ ʢʘʥʘʪʝ ʠ ʩʦʟʜʘʥʠʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʩʠʣʠʷ. ʅʘʣʘʜʢʘ ʪʘʢʠʭ ʧʦʜʲʝʤʥʳʭ ʤʘʰʠʥ 

ʧʨʠ ʵʪʦʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʟʘʱʠʪʳ ʦʪ ʦʙʨʘʪʥʦʛʦ 

ʭʦʜʘ. ʅʘʩʪʨʦʡʢʘ ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʜʦʧʫʱʝʥʠʝ ʥʝʙʦʣʴʰʦ-

ʛʦ ʦʧʫʩʢʘʥʠʝ ʛʨʫʞʝʥʦʛʦ ʩʢʠʧʘ ʧʨʠ ʪʨʦʛʘʥʠʠ.  

2. ʉʦʦʪʚʝʪʩʪʚʠʝ ʪʦʨʤʦʟʥʦʛʦ Ft(t) ʠ ʜʚʠʞʫʱʝʛʦ Fd2(t) ʫʩʠʣʠʡ ʟʥʘʯʝ-

ʥʠʶ ʨʘʟʥʦʩʪʠ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʪʷʞʝʥʠʡ Fst ʚ ʤʦʤʝʥʪ ʪʨʦʛʘʥʠʷ ʧʦʜʲʝʤʥʦʡ 

ʤʘʰʠʥʳ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ ʧʫʩʢʘ (ʨʠʩ. 2). ʇʨʠ ʨʘʩʩʪʦʧʦʨʝ-

ʥʠʠ ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ ʚʦʟʤʦʞʥʦ ʧʣʘʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʚʠʞʫʱʝʛʦ ʫʩʠʣʠʷ 

ʜʦ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʨʝʙʫʝʤʦʤʫ ʫʩʢʦʨʝʥʠʶ. ʄʦʞʝʪ ʙʳʪʴ ʦʧ-

ʪʠʤʠʟʠʨʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʧʦʜʲʝʤʥʦʡ ʫʩʪʘʥʦʚʢʠ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ-ʟʘ 

ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʛʨʫʟʘ ʚ ʩʢʠʧʝ ʨʘʟʥʦʩʪʴ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʠʣʠʡ ʢʘʥʘʪʦʚ ʤʦ-

ʞʝʪ ʠʟʤʝʥʷʪʴʩʷ, ʢʘʢ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ, ʪʘʢ ʠ ʚ ʤʝʥʴʰʫʶ ʧʨʠ  ʠʟʤʝʥʝʥʠʠ 

ʧʣʦʪʥʦʩʪʠ ʛʨʫʟʘ, ʥʘʣʠʧʘʥʠʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʥʘ ʩʪʝʥʢʘʭ ʠ ʪʘʢ ʜʘʣʝʝ. 

 
 

ʈʠʩ. 1. ʇʫʩʢ ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ  

ʩ ʦʙʨʘʪʥʳʤ ʭʦʜʦʤ ʩʢʠʧʦʚ 
ʈʠʩ. 2. ʆʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʧʫʩʢʘ  

ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ 
 

3. ɺ ʤʦʤʝʥʪ ʨʘʩʪʦʨʤʘʞʠʚʘʥʠʷ ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ ʧʨʠ ʟʥʘʯʝʥʠʷʭ  

ʜʚʠʞʫʱʝʛʦ ʠ ʪʦʨʤʦʟʥʦʛʦ ʫʩʠʣʠʡ, ʙʦʣʴʰʝ ʯʝʤ ʨʘʟʥʦʩʪʴ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʪʷ-

ʞʝʥʠʡ ʧʨʠʚʝʜʝʪ ʢ ʤʛʥʦʚʝʥʥʦʤʫ ʨʘʟʛʦʥʫ ʚ ʤʦʤʝʥʪ ʨʘʩʩʪʦʧʦʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʟʘʜʘʥʠʷ ʩʢʦʨʦʩʪʠ (ʨʠʩ. 3, 4). 

3.1. ɽʩʣʠ ʧʦʩʣʝ ʪʨʦʛʘʥʠʷ ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ ʜʚʠʞʫʱʝʝ ʫʩʠʣʠʝ Fd3(t) 

ʥʝ ʤʝʥʷʝʪʩʷ, ʪʦ ʨʘʩʢʘʯʠʚʘʥʠʝ ʩʢʠʧʘ ʥʘ ʢʘʥʘʪʝ ʚʳʟʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʨʳʚʢʦʤ 

ʧʨʠ ʧʫʩʢʝ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ ʨʳʚʢʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʝʣʠʯʠʥʳ 

ʜʚʠʞʫʱʝʛʦ ʫʩʠʣʠʷ, ʥʦ ʠ ʞʝʩʪʢʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʜʦ ʤʦ-
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ʤʝʥʪʘ ʪʨʦʛʘʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ, ʧʝʨʝʥʘʧʨʷʞʝʥʘ. [3] ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʚʦʡ 

ʥʘʛʨʫʟʢʠ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ, ʯʪʦ 

ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. ʇʨʠ ʵʪʦʤ, ʟʘ ʩʯʝʪ ʧʦʜʜʝʨʞʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʩʢʦʨʝʥʠʷ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʜʦ ʦʢʦʥʯʘʥʠʷ 

ʨʘʟʛʦʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʳʩʪʨʦ ʟʘʪʫʭʘʝʪ. 

  

ʈʠʩ. 3. ʇʫʩʢ ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ ʩ ʨʳʚʢʦʤ 
ʈʠʩ. 4. ʇʫʩʢ ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ  

ʩ ʨʳʚʢʦʤ ʠ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʠ 

3.2. ɽʩʣʠ ʧʦʩʣʝ ʪʨʦʛʘʥʠʷ ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ ʜʚʠʞʫʱʝʝ ʫʩʠʣʠʝ Fd4(t) 

ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʨʘʟʛʦʥʘ. ɺʦʟʥʠʢʘ-

ʶ ʠɦʡ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʫʩʫʛʫʙʣʷʝʪʩʷ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʩʢʦ-

ʨʦʩʪʠ. ɼʘʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʜʠʥʘʤʠʢʠ ʧʦʜʲʝʤʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʘʥʘʣʠʟʘ ʨʝʞʠʤʦʚ ʧʫʩʢʘ ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ ʚʠʜʥʦ, 

ʯʪʦ ʥʘ ʪʨʦʛʘʥʠʝ ʩʢʠʧʦʚ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠ-

ʚʦʜʘ ʠ ʪʦʨʤʦʟʘ. ʀʭ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʥʠʢʘʶʱʠʝ ʨʳʚʦʢ ʠ ʫʩʢʦʨʝ-

ʥʠʝ ʚ ʪʨʝʭ ʠʟ ʯʝʪʳʨʝʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʪʨʦʛʘʥʠʷ 

ʧʦʜʲʝʤʥʦʡ ʤʘʰʠʥʳ ʚʦʟʤʦʞʥʘ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʜʚʠʞʫʱʝʛʦ ʠ ʪʦʨʤʦʟʥʦʛʦ 

ʫʩʠʣʠʷ ʨʘʟʥʦʩʪʠ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʪʷʞʝʥʠʡ, ʧʨʠ ʫʩʣʦʚʠʠ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʤʘʩʩʳ ʧʦʜʲʝʤʥʦʛʦ ʩʦʩʫʜʘ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʟʘʛʨʫʟʢʠ ʧʦ ʚʝʩʫ. 
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ʆʎɽʅʂɸ ʇɸʈɸʄɽʊʈʆɺ ʈɽɿʎʆɺ ɼʃʗ ʌʈɽɿɽʈʆɺɸʅʀʗ  
ʇʆɻʈɽɹɽʅʅʆʁ ɼʈɽɺɽʉʀʅʓ 

 

ɼ.ʉ. ʖʩʦʚ1, ʇ.ɺ. ʀʚʘʥʦʚʘ1, ʉ.ʃ. ʀʚʘʥʦʚ1 

1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʧʝʨʘʪʨʠʮʳ ɽʢʘʪʝʨʠʥʳ II,  

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʧʦʛʨʝʙʸʥʥʳʭ ʜʨʝʚʝʩʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʧʨʠ ʬʨʝʟʝʨʥʦʡ ʜʦʙʳʯʝ ʪʦʨʬʘ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ-ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ. ɺ ʨʘʙʦ-

ʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʨʝʚʝʩʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʸ 

ʚʣʘʞʥʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʣʦʢʦʥ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʸʤ ʥʘ ʢʦʧʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʨʝʟʮʦʚ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʫʛʣʘ ʨʝʟʘʥʠʷ ʠ ʰʠʨʠʥʳ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʠ ʥʘ ʫʩʠʣʠʝ ʨʝʟʘʥʠʷ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʛʣʳ 

ʨʝʟʘʥʠʷ ʤʝʥʝʝ 25Á ʧʨʠʚʦʜʷʪ ʢ ʚʳʢʨʘʰʠʚʘʥʠʶ ʢʨʦʤʢʠ, ʘ ʫʛʣʳ ʩʚʳʰʝ 40Á ʚʳʟʳʚʘʶʪ 

ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʙʦʪʳ ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʠʣ 

ʪʨʝʥʠʷ. ʆʙʦʩʥʦʚʘʥ ʨʘʮʠʦʥʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʫʛʣʘ ʨʝʟʘʥʠʷ (50ï60Á), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʙʘ-

ʣʘʥʩ ʤʝʞʜʫ ʧʨʦʯʥʦʩʪʴʶ ʨʝʞʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ. ʊʘʢʞʝ ʧʦʜʪʚʝʨ-

ʞʜʝʥʘ ʧʨʷʤʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʠʣʠʷ ʨʝʟʘʥʠʷ ʦʪ ʰʠʨʠʥʳ ʩʨʝʟʘʝʤʦʛʦ 

ʩʣʦʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʬʨʝʟʝʨʥʳʭ ʤʘʰʠʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʨʝʚʝʩʥʳʭ ʚʢʣʶʯʝ-

ʥʠʡ. 
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EVALUATION OF PARAME TERS OF CUTTERS FOR MILLING BURIED WOOD  
 

D.S. Yusov, P.V. Ivanova, S.L. Ivanov 
 

The paper investigates the cutting process of buried wood inclusions during milled peat ex-

traction, which represents the primary factor limiting equipment efficiency due to variable 

load generation. The physico-mechanical properties of bog wood were analyzed with respect 

to moisture content and fiber orientation. Experimental studies conducted using a testing 

stand with cutting tools of various geometries evaluated the effects of cutting angle and cut-

ting edge width on cutting force and tool wear resistance. It was established that cutting an-

gles below 25Á lead to edge chipping, while angles exceeding 40Á cause an increase in the 

resistance coefficient due to enhanced chip deformation work and friction forces. An optimal 

cutting angle range of 50ï60Á was substantiated, providing a balance between cutting ele-

ment strength and energy consumption. A direct proportional relationship between cutting 

force and the width of the cut layer was also confirmed. The obtained results can be applied 

in the design of working organs for milling machines to improve their durability, energy effi-

ciency, and productivity in deposits with high content of wood inclusions. 

Keywords: milled peat extraction, buried wood, tool geometry, cutting angle, cutting force, 

technological process optimization. 
 

ɺʚʝʜʝʥʠʝ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʪʦʨʬʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʩʚʷʟʘʥʦ ʩ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ 

ʜʦʙʳʯʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʨʝʟʝʨʥʦʛʦ ʩʧʦʩʦʙʘ. ʕʪʦʪ ʤʝʪʦʜ 

ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʥʘ ʥʠʟʠʥʥʳʭ, ʪʘʢ ʠ ʥʘ ʚʝʨʭʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʠ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʩʧʣʦʰʥʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ ʪʦʨʬʷʥʦʛʦ ʧʣʘʩʪʘ. ʆʜʥʘʢʦ ʝʛʦ ʵʬʬʝʢʪʠʚ-
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ʥʦʩʪʴ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʟʘʣʝʞʘʭ ʧʦʛʨʝʙʸʥʥʳʭ ʜʨʝʚʝʩʥʳʭ ʚʢʣʶ-

ʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʬʨʝʟʝʨʥʳʤ ʙʘʨʘʙʘʥʦʤ ʚʳʟʳʚʘʶʪ ʨʝʟʢʠʝ ʧʝ-

ʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʜʨʝʚʝʩʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʟʘʪʨʫʜʥʷʝʪ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʫʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʠʭ ʨʘʙʦʪʳ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ-

ʛʨʝʙʸʥʥʦʡ ʜʨʝʚʝʩʠʥʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʞʘʪʠʶ 

ʚʜʦʣʴ ʚʦʣʦʢʦʥ ʫ ʙʦʣʦʪʥʦʡ ʜʨʝʚʝʩʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 150ï190 ʢʛ/ʩʤĮ ʧʨʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 59ï65 %, 165ï200 ʢʛ/ʩʤĮ ï ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʦʢʦʣʦ 25 % 

ʠ ʜʦʩʪʠʛʘʝʪ 400ï500 ʢʛ/ʩʤĮ ʚ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ [2]. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʣʝʛʘʥʠʷ ʚʣʘʞʥʦʩʪʴ ʜʨʝ-

ʚʝʩʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ 10ï12 % ʥʠʞʝ ʚʣʘʞʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝ-

ʛʦ ʪʦʨʬʘ [3]. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʠʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ 

ʫʛʦʣ ʨʝʟʘʥʠʷ, ʰʠʨʠʥʘ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠ ʦʙʱʘʷ ʛʝʦʤʝʪʨʠʷ ʨʝʟʮʘ, ʥʘ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʦʧʨʝ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʨʝʟʮʦʚ ʨʘʟʣʠʯʥʦʡ ʛʝʦ-

ʤʝʪʨʠʠ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʘ-

ʥʠʶ, ʷʚʣʷʝʪʩʷ ʚʦʣʦʢʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʜʨʝʚʝʩʠʥʳ [4]. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʨʝʟʘʥʠʷ ʩʚʳʰʝ 40Á ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝʤ ʨʘʙʦʪʳ, ʟʘʪʨʘ-

ʯʠʚʘʝʤʦʡ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʩʪʨʫʞʢʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝʤ ʩʠʣʳ ʪʨʝʥʠʷ ʥʘ 

ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʮʘ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʬʦʨʤʠʨʫʝʤʦʡ ʩʪʨʫʞʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʫʛʣʘʭ ʤʝʥʝʝ 25Á ʦʪʤʝʯʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʟʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦ-

ʩʪʴʶ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʚʳʢʨʘʰʠʚʘʥʠʷ. ʇʦʜʦʙʥʦʝ 

ʷʚʣʝʥʠʝ, ʭʦʪʷ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʧʨʠ ʫʛʣʘʭ ʜʦ 50Á. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʘʮʠʦʥʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʫʛʣʘ ʨʝʟʘʥʠʷ ʜʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʩʦʩʪʘʚ-

ʣʷʝʪ 50ï60Á. 

ʐʠʨʠʥʘ ʨʝʟʮʘ, ʢʘʢ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʧʣʦʱʘʜʴ ʩʨʝʟʘʝʤʦʛʦ ʩʣʦʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʚʝʣʠ-

ʯʠʥʫ ʫʩʠʣʠʷ ʨʝʟʘʥʠʷ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʷʤʦʡ ʨʝʟʝʮ ʩ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʦʡ [5]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʝʟʘʥʠʠ ʧʦ-

ʛʨʝʙʸʥʥʦʡ ʜʨʝʚʝʩʠʥʳ - ʢʘʢ ʚʜʦʣʴ, ʪʘʢ ʠ ʧʦʧʝʨʸʢ ʚʦʣʦʢʦʥ, ʘ ʪʘʢʞʝ ʚ ʪʦʨʮʝ-

ʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ - ʫʩʠʣʠʝ ʨʝʟʘʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʰʠʨʠʥʳ ʩʨʝʟʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʨʝʞʫʱʠʭ ʦʨʛʘʥʦʚ ʜʣʷ ʬʨʝʟʝʨʥʳʭ ʤʘʰʠʥ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʥʘ ʪʦʨʬʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʨʝʚʝʩʥʳʭ ʚʢʣʶʯʝʥʠʡ. ʈʘʮʠʦ-

ʥʘʣʴʥʳʡ ʧʦʜʙʦʨ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʟʮʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʧʦʚʳʩʠʪʴ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 
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TRENDS AND PROSPECTS FOR THE DEVELOPMENT OF EXCAVATORS 
 

K.M. Isaev, V.S. Shestakov  
 

The analysis of current trends and prospects for the development of quarry excavators used in 

the open-pit mining of mineral deposits is carried out. The paper considers the features of the 

mechanisms and working equipment of excavators. The analysis of existing solutions aimed at 

improving the wear resistance, reliability and safety of excavators is carried out. The main 

directions of improving excavator designs have been identified, taking into account the use of 

modern calculation methods and new engineering solutions. 

Keywords: excavators, working equipment, excavator bucket, turning mechanism, pivoting 

device, wear resistance, safety of operation. 

 

ɺʚʝʜʝʥʠʝ. ʕʢʩʢʘʚʘʪʦʨʳ ï ʵʪʦ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʝ ʧʨʠ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʘʨʢʘ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦ-

ʨʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʦʜʥʦʢʦʚʰʦʚʳʭ ʛʫ-
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ʩʝʥʠʯʥʳʭ ʤʘʰʠʥ ʩ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʪʠʧʘ ʕʂɻ (ʨʠʩ. 1). ɿʥʘ-

ʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʘʢʠʭ ʤʘʰʠʥ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʙʳʩʪʨʦʤʫ ʠʟʥʦʩʫ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ. ɹʦʣʴʰʠʝ ʦʙʲʸʤʳ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʠʭ 

ʩʣʦʞʥʦʩʪʴ ʠ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʪʝʭʥʠʢʠ ʧʦʙʫʞʜʘʶʪ 

ʠʥʞʝʥʝʨʦʚ ʠʩʢʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ï ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʵʢʩʢʘʚʘ-

ʪʦʨʦʚ ʠ ʤʝʪʦʜʳ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [1].  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʢʩʢʘʚʘʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʢʦʚʰ. ɸʥʘʣʠʟ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʢʦʚʰʝʡ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʧʦʚʨʝʞʜʘʶʪʩʷ ʠʭ ʢʦʥʪʘʢʪʥʳʝ ʟʦʥʳ ʩ ʛʦʨ-

ʥʦʡ ʧʦʨʦʜʦʡ - ʟʫʙʴʷ, ʜʥʠʱʝ ʠ ʙʦʢʦʚʳʝ ʩʪʝʥʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥ-

ʥʦʝ ʥʘ ʠʟʫʯʝʥʠʝ ʧʨʠʯʠʥ ʠʟʥʦʩʘ ʢʦʚʰʘ ʵʢʩʢʘʚʘʪʦʨʘ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʱʠ-

ʪʠʪʴ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦ ʟʘʱʠʱʝʥʥʳʝ ʫʯʘʩʪʢʠ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʬʫʪʝʨʦʚʢʠ ʠ 

ʜʦʙʠʪʴʩʷ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʢʦʚʰʘ ʠ ʩʥʠʞʝʥʠʷ ʯʘʩʪʦʪʳ 

ʝʛʦ ʟʘʤʝʥʳ [2]. 

ʈʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʦʧʦʣʥʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʧʦʩʚʷʱʝʥ-

ʥʳʤʠ ʧʦʚʳʰʝʥʠʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʟʫʙʴʝʚ. ʀʩʧʳʪʘʥʠʝ ʥʘʧʣʘʚʦʯʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʝʨʟʣʳʭ ʠ ʘʙʨʘʟʠʚʥʳʭ ʛʨʫʥʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝ-

ʥʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʧʨʦʚʦʣʦʢ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʨʘʙʦʪʳ ʟʫʙʴʝʚ ʢʦʚʰʘ [3].  

ɽʱʝ ʦʜʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʢʦʚʰʘ ʩ ʯʝʪʳʨʴʤʷ ʨʳʯʘʛʘʤʠ ʧʦʚʦʨʦʪʘ ʢʦʟʳʨʴʢʘ (ʨʠʩ. 2), ʯʪʦ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʨʘʩʰʠʨʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʧʘʥʠʷ ʠ ʟʘʱʠʱʘʝʪ 

ʛʠʜʨʦʤʝʭʘʥʠʟʤʳ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʊʘʢʦʝ 

ʨʝʰʝʥʠʝ ʦʪʨʘʞʘʝʪ ʪʝʥʜʝʥʮʠʶ ʥʘ ʧʦʚʳʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʨʘʙʦʯʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʤʘʩʩʳ [4]. 

 

 

ʈʠʩ. 1. ʕʢʩʢʘʚʘʪʦʨ ʢʘʨʴʝʨʥʳʡ ʛʫʩʝʥʠʯʥʳʡ 
ʈʠʩ. 2. ʂʦʚʰ ʩ ʯʝʪʳʨʴʤʷ ʦʜʥʦʧʣʝʯʠʤʠ 

ʨʳʯʘʛʘʤʠ ʧʦʚʦʨʦʪʘ ʢʦʟʳʨʴʢʘ 
 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʢʘʨʴ-

ʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʫʟʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʪʝʭʥʠʢʠ. ɼʣʷ ʜʦ-

ʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʧʨʝʜʣʦʞʝʥ ʢʨʦʥʰʪʝʡʥ ʜʣʷ ʧʦʜʲʝʤʘ ʧʦʚʦʨʦʪʥʦʡ ʧʣʘʪ-

ʬʦʨʤʳ ʵʢʩʢʘʚʘʪʦʨʘ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʞʝʩʪ-

ʢʦʩʪʠ ʠ ʠʩʢʣʶʯʘʝʪ ʧʝʨʝʢʦʩ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʟʘ ʩʯʝʪ ʉ-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʢʦʨ-

ʧʫʩʘ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʩʫʱʠʝ ʠʟʚʝʩʪʥʳʤ 

ʘʥʘʣʦʛʘʤ, ʘ ʠʤʝʥʥʦ ʥʝʜʦʩʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʟʦʨʘʤʠ ʠ ʧʦʜʚʠʞʥʳʤʠ ʩʦ-
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ʝʜʠʥʝʥʠʷʤʠ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʚʝʯʘʝʪ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ï ʧʦ-

ʚʳʰʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [5]. 

ʇʦʚʦʨʦʪʥʳʡ ʤʝʭʘʥʠʟʤ ʢʘʨʴʝʨʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʦʪ-

ʚʝʪʩʪʚʝʥʥʳʭ ʫʟʣʦʚ ʤʘʰʠʥʳ, ʥʘ ʢʦʪʦʨʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ 

ʠ ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʡ ʤʘʰʠʥʳ. ʇʨʦʚʝʜʝʥʥʳʡ 

ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫ-

ʱʝʩʪʚʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʧʦʚʦʨʦʪʘ ʦʙʣʘʜʘʶʪ ʩʣʦʞʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʚʳʩʦʢʠʤʠ ʧʦʪʝʨʷʤʠ ʵʥʝʨʛʠʠ ʥʘ ʪʨʝʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʥʦʤʫ ʠʟʥʦ-

ʩʫ ʠ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʤʝʭʘʥʠʟʤʘ ʧʦʚʦʨʦʪʘ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʩʥʠʞʝʥʠʝ ʪʨʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʝ ʨʝʩʫʨʩʘ ʫʟʣʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʥʞʝ-

ʥʝʨʥʳʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʵʢʩ-

ʧʣʫʘʪʘʮʠʶ ʵʢʩʢʘʚʘʪʦʨʦʚ [6]. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʵʢʩʢʘʚʘʪʦʨʘ 

ʦʢʘʟʳʚʘʝʪ ʨʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ï ʩʪʨʝʣʘ ʠ ʨʫʢʦʷʪʴ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠ-

ʢʠ ʨʘʩʯʝʪʘ ʧʨʦʯʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤ ʜʣʷ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʢʦ-

ʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ANSYS ʠʣʠ ʠʥʳʭ ʩʭʦʞʠʭ ʧʦ ʬʫʥʢʮʠʦʥʘʣʫ ʧʨʦʛʨʘʤʤ 

ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʚʳʷʚʣʷʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʟʦʥʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʘʩʩʳ ʠ ʧʨʦʯ-

ʥʦʩʪʠ [7]. 

ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʘʪʝʥʪʘʭ ʫʯʪʝʥʦ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ. ʈʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʜʥʦʢʦʚʰʦʚʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʩ ʫʧʨʫʛʦ-

ʜʝʤʧʬʠʨʫʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʝʙʘʥʠʷ ʚʝʨʭʥʝʡ ʯʘ-

ʩʪʠ ʩʪʨʝʣʳ, ʧʦʚʳʩʠʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʫʟʣʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʧʨʦʩʪʦʠ ʧʨʠ ʠʭ 

ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ [8]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʝʚʦʟʤʦʞʥʦ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʙʝʟ ʫʯʝʪʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ʆʛʨʘʥʠʯʝʥʥʘʷ ʦʙʟʦʨʥʦʩʪʴ ʠʟ ʢʘ-

ʙʠʥʳ ʤʘʰʠʥʠʩʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘ-

ʙʦʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʙʠʥʳ, 

ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʦʩʪʝʢʣʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʢʨʫʛʦʚʦʛʦ ʦʙʟʦʨʘ ʠ 

ʜʘʪʯʠʢʦʚ ʧʨʝʧʷʪʩʪʚʠʡ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʘʚʘʨʠʡʥʦʩʪʴ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʜʘʥʥʳʝ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ 

ʮʠʬʨʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ [9]. 

ɺʳʚʦʜ. ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ ʧʘʪʝʥʪʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʵʢʩʢʘʚʘʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʚʟʘʠʤʦ-

ʩʚʷʟʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦ-

ʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʫʣʫʯʰʝʥʠʝ ʵʨʛʦʥʦʤʠʢʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝ-

ʪʦʜʦʚ ʨʘʩʯʝʪʘ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʵʢʩʢʘʚʘʪʦʨʦʚ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʜʘʣʴ-

ʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʙʫʜʝʪ ʩʚʷʟʘʥʦ ʩ ʚʥʝʜʨʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ 

ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʫʩʣʦʞʥʷʶʱʠʭʩʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. 
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ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʫʨʬʘ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʨʴʝʨʥʦʛʦ ʵʢʩ-

ʢʘʚʘʪʦʨʘ Bucyrus 495HD. ʆʧʨʝʜʝʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʩ ʣʦʢʘʣʴʥʳʤ ʤʠʥʠʤʫʤʦʤ ʧʨʠ ʧʦ-

ʣʦʞʝʥʠʠ ʢʦʚʰʘ ʜʣʷ ʟʘʯʠʩʪʢʠ ʟʘʙʦʷ. ʇʦʢʘʟʘʥʘ ʩʚʷʟʴ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʚʫʨʬʘ ʧʨʠ ʩʨʝʜʥʠʭ ʧʦʣʦʞʝʥʠʷʭ ʢʦʚʰʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʵʪʠʭ ʚʝʣʠʯʠʥ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʘʥʠʧʫʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚʳʩʰʠʭ ʧʦʟʚʦʥʦʯʥʳʭ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʫʨʬʘ 

ʜʣʷ ʩʠʥʪʝʟʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘ-

ʪʦʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʷ.  
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STUDY OF THE PROPORTIONS OF THE WORKI NG EQUIPMENT  

OF THE BUCYRUS 495HD MECHANICAL SHOVEL  
 

I.A.  Iov, I.V.  Zyranov, N.K. Kuznetsov  
 

A calculation of the complex wurf of the working equipment of the Bucyrus 495HD mining 

excavator was performed. Maximum and minimum values located at the boundary of the 

working zone were determined, with a local minimum at the bucket position for face cleaning. 

A relationship was demonstrated between the range of variation of the actual wurf at average 

bucket positions and the values of these quantities characteristic of the biomechanical manip-

ulation systems of higher vertebrates. The obtained results indicate the possibility of using the 

wurf to synthesize the geometric parameters of the working equipment that ensure maximum 

operational efficiency. 

Keywords: mining excavator, working equipment, proportion, complex plane, wurf. 
 

ɺʚʝʜʝʥʠʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʢʘ-

ʯʝʩʪʚʦʤ ʫʧʨʘʚʣʝʥʠʷ. ɺʝʣʠʯʠʥʘ ʨʝʘʣʠʟʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ, ʫʩʠʣʠʷ ʥʘ 

ʟʫʙʴʷʭ ʢʦʚʰʘ ʠ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʷʶʪʩʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʙʦʯʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ 

ʟʘʜʘʯ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʘʰʠʥʳ ʠ ʥʝ ʠʤʝʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʨʝʰʝʥʠʷ [1]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʦʙʣʠʢ ʤʘʰʠʥʳ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʥʝʢʦʪʦʨʦʛʦ 

çʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷè ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʨʘʙʦ-

ʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʨʘʚʥʦʡ ʤʝʨʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʢʦʥʩʪʨʫʢʮʠʠ.  
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ʇʨʝʦʜʦʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʚʦʟʤʦʞʥʦ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʦʧʳ-

ʪʫ ʇʨʠʨʦʜʳ, ʫʩʧʝʰʥʦ ʨʝʰʘʶʱʝʡ ʧʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʚ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʘ-

ʥʠʧʫʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚʳʩʰʠʭ ʧʦʟʚʦʥʦʯʥʳʭ [2]. ʂʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʢʩʢʘʚʘʪʦʨʦʚ ʤʝʭʣʦʧʘʪ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʚʝʜʝʥʳ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʪʨʝʭʟʚʝʥʥʦʤʫ ʤʘʥʠʧʫʣʷʪʦʨʫ, ʢʦʪʦʨʳʡ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʠʟʦʢ ʢ ʪʨʝʭʟʚʝʥʥʳʤ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʤ ʩʠ-

ʩʪʝʤʘʤ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʨʫʢʝ ʯʝʣʦʚʝʢʘ [3,4], ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʧʦʢʘ-

ʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʥʝʢʦʪʦʨʳʭ ʫʩʪʦʡʯʠʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʠʥ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʟʚʝʥʴʝʚ ʠʣʠ ʧʨʦʧʦʨʮʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [5]. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʩʚʷʟʘʥʦ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʟʚʝʥʴʝʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʧʦʨʮʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [6] ʥʘ ʧʨʠʤʝʨʝ ʜʚʠʞʝʥʠʡ ʢʦʥʝʯʥʦ-

ʩʪʝʡ ʚʳʩʰʠʭ ʧʦʟʚʦʥʦʯʥʳʭ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʧʦʨʮʠʠ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʨʴʝʨʥʦʛʦ 

ʵʢʩʢʘʚʘʪʦʨʘ ʩ ʧʨʷʤʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʣʦʧʘʪʦʡ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨ-

ʜʠʥʘʪ ʠ ʧʦʢʘʟʘʥʘ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʙʠʦʤʝʭʘʥʠʢʦʡ ʢʦʥʝʯʥʦʩʪʝʡ ʚʳʩʰʠʭ ʧʦ-

ʟʚʦʥʦʯʥʳʭ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʦ ʨʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢʘʨʴʝʨʥʦʛʦ 

ʵʢʩʢʘʚʘʪʦʨʘ Bucyrus 495HD ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 41 3ʤ, ʢʦʪʦʨʳʝ ʵʢʩʧʣʫ-

ʘʪʠʨʫʶʪʩʷ ʥʘ ɸʆ çʈʘʟʨʝʟ ʊʫʛʥʫʡʩʢʠʡè ʚ ʨʝʩʧʫʙʣʠʢʝ ɹʫʨʷʪʠʷ.  
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ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʦʨʜʠʥʘʪ 

 

ɺʳʙʦʨ ʵʪʦʡ ʤʦʜʝʣʠ ʦʙʫʩʣʦʚʣʝʥ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʧʨʦʧʦʨʮʠʡ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʪʨʝʭʟʚʝʥʥʦʛʦ ʤʝ-

ʭʘʥʠʟʤʘ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʪʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʧʦʢʘʟʘʣ ʙʣʠʟʦʩʪʴ ʧʦʣʫ-

ʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢ ʧʨʦʧʦʨʮʠʷʤ ʨʫʢʠ ʯʝʣʦʚʝʢʘ. ɺʦ-ʚʪʦʨʳʭ, ʵʪʦʡ ʤʘʰʠʥʝ 

ʧʨʠʥʘʜʣʝʞʠʪ ʤʠʨʦʚʦʡ ʨʝʢʦʨʜ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʩʚʦʝʤ ʢʣʘʩʩʝ ʛʨʫ-

ʟʦʧʦʜʲʝʤʥʦʩʪʠ [7].  

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʦ ʣʠʥʝʡʥʳʤ 

ʨʘʟʤʝʨʘʤ ʟʚʝʥʴʝʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʪʨʝʭʟʚʝʥ-
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ʥʦʡ ʤʘʥʠʧʫʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ a , b  ʠ ʩ ʠʟʤʝʨʷ-

ʣʠʩʴ ʧʦ ʪʦʯʢʘʤ ʚʨʘʱʝʥʠʷ ʠ ʧʨʠʣʦʞʝʥʠʷ ʫʩʠʣʠʡ.  

ʆʜʥʦʡ ʠʟ ʬʦʨʤ ʩʠʤʤʝʪʨʠʠ ʪʨʝʟʚʝʥʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʙʠʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʚʫʨʬʘ W  ʠʣʠ ʧʦʣʦʞʝʥʠʝ ʯʝʪʳʨʝʭ 

ʪʦʯʝʢ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ. ɺ ʩʣʫʯʘʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʝʣʠʯʠʥʘ 

W  ʧʨʠʦʙʨʝʪʘʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʚʠʜ [6], ʠ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʝʨʚʦ-

ʛʦ ʟʚʝʥʘ ʪʨʝʭʟʚʝʥʥʠʢʘ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ (0A AX Y= =) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝ-

ʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )
C D B C B D C D B C D B

ʢ

D C B D B C D C B D C B

X X X Y Y Y j X Y Y Y X X
W

X X X Y Y Y j Y X X X Y Y

- + - + - + -è ø è øê ú ê ú=
è ø è ø- + - + - + -ê ú ê ú

,       (1) 

 

ʚ ʢʦʪʦʨʦʡ 
iX  ʠ 

iY  ʧʨʦʝʢʮʠʠ ʪʦʯʝʢ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʩʠ ʩʠʩʪʝʤʳ ʢʦʦʨ-

ʜʠʥʘʪ, ʨʘʟʤʝʱʝʥʥʦʡ ʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʷʪ ʩʪʨʝʣʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (1) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʫʨʬʘ 
ʢW, ʩ ʜʝʣʝʥʠʝʤ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʠ ʤʥʠʤʫʶ ʯʘʩʪʠ. ɿʥʘʯʝʥʠʷ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ( )ReʢW  ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.  

A

(Im)Y

(Re)X

B

ʊʦʯʢʘ ʩʭʦʜʘ ʢʘʥʘʪʘ ʩ 

ʛʦʣʦʚʥʦʛʦ ʙʣʦʢʘ

 

ʈʠʩ. 2. ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ( )ReʢW  ʨʘʙʦʯʝʡ ʟʦʥʳ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ( )ReʢW  ʜʦ-

ʩʪʠʛʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʛʨʘʥʠʮʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʵʢʩʢʘʚʘʪʦʨʘ; ʧʨʠ 

ʵʪʦʤ, ʤʠʥʠʤʫʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʳʣʝʪʫ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, c ʥʘʠʤʝʥʴʰʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʧʨʠ ʧʦʣʦʞʝʥʠʠ ʢʦʚʰʘ ʜʣʷ ʟʘʯʠʩʪʢʠ ʟʘʙʦʷ 

ʧʝʨʝʜ ʵʢʩʢʘʚʘʪʦʨʦʤ. ʄʘʢʩʠʤʫʤ ( )ReʢW  ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʙʦʯʝʡ 
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ʟʦʥʳ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʳʣʝʪʝ ʨʫʢʦʷʪʠ ʠ ʣʠʥʝʡʥʦ ʫʙʳʚʘʝʪ ʧʦ ʤʝʨʝ ʝʝ ʚʳ-

ʜʚʠʞʝʥʠʷ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʠʘʧʘʟʦʥ ( )Re 1,29...1,12ʢW =  ʨʝʘʣʠ-

ʟʫʶʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʠ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʟʥʘʯʝ-

ʥʠʡ, ʚʩʪʨʝʯʘʝʤʳʭ ʫ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʘʥʠʧʫʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚʳʩʰʠʭ 

ʧʦʟʚʦʥʦʯʥʳʭ [6]. 

ɿʘʢʣʶʯʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʧʦʨʮʠʡ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʨʴ-

ʝʨʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ Bucyrus 495HD ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʦʟ-

ʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʚʫʨʬʘ, ʨʝʘʣʠʟʫʶʱʝʡʩʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʳʣʝʪʝ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʫʙʳʚʘʥʠʝʤ ʧʨʠ ʚʳʜʚʠʞʝʥʠʠ ʨʫʢʦʷʪʠ, ʠ ʥʘʠʤʝʥʴʰʠʤʠ ʟʥʘ-

ʯʝʥʠʷʤʠ ʚ ʧʦʟʠʮʠʠ ʢʦʚʰʘ ʜʣʷ ʟʘʯʠʩʪʢʠ ʟʘʙʦʷ. ʇʦʢʘʟʘʥʘ ʙʣʠʟʦʩʪʴ ʜʠʘʧʘʟʦ-

ʥʘ ʠʟʤʝʥʝʥʠʷ ʚʫʨʬʘ ʚ ʬʫʥʢʮʠʠ ʚʳʜʚʠʞʝʥʠʷ ʨʫʢʦʷʪʠ ʢ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ 

ʟʥʘʯʝʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʘʥʠʧʫʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝ-

ʤʘʭ ʚʳʩʰʠʭ ʧʦʟʚʦʥʦʯʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʫʨʬʘ ʜʣʷ ʩʠʥʪʝʟʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴ-

ʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 
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ʛʨʫʞʥʳʭ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʠ ʟʘʢʣʠʥʠʚʘʥʠʝ 

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʚ ʩʢʚʘ-
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ʚʢʣʶʯʝʥʠʝ ʚʭʦʜʥʳʭ ʬʠʣʴʪʨʦʚ ʚ ʩʦʩʪʘʚ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʩʝʨʠʡʥʳʝ ʬʠʣʴ-

ʪʨʳ ʦʙʣʘʜʘʶʪ ʤʘʣʦʡ ʛʨʷʟʝʸʤʢʦʩʪʴʶ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʣʦʡ ʥʘʨʘʙʦʪʢʦʡ. ʇʨʝʜʣʦʞʝʥʳ 
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ɺ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʜʦʙʳ-

ʚʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ ʨʘʟʨʘʙʦʪʢʠ. ʆʪʢʨʳʪʘʷ ʨʘʟʨʘʙʦʪʢʘ ʦʩʣʦʞʥʷʝʪʩʷ 

ʦʙʠʣʴʥʳʤ ʚʦʜʦʧʨʠʪʦʢʦʤ ʚ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʠ ʠʤʝʝʪ ʩʝʟʦʥʥʳʡ ʭʘʨʘʢʪʝʨ [1]. ʆʙʚʦʜ-

ʥʝʥʥʦʩʪʴ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʠ ʨʘʟʨʝʟʦʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʙʳʯʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʳ ʜʨʝʥʘʞʥʳʝ ʤʝ-

ʨʦʧʨʠʷʪʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʩʦʦʨʫʞʝʥʠʝ ʩʠʩʪʝʤ ʚʦ-

ʜʦʧʦʥʠʞʘʶʱʠʭ ʩʢʚʘʞʠʥ (ɺʇʉ). ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʠʩʪʝʤ ɺʇʉ 

ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʠ ʩʢʦʨʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚʚʝʜʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ 

ʚʳʚʝʜʝʥʠʷ ʠʟ ʥʝʸ ʩʢʚʘʞʠʥ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʦʧʦʥʠʞʘʶʱʠʭ ʩʢʚʘʞʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ-

ʤʠ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʚʦʜʷʥʳʭ (ʋʕʎɺ). ʆʪʢʘʯʠʚʘʝʤʘʷ ʕʎɺ 

ʞʠʜʢʦʩʪʴ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ (ʯʘʩʪʠʮʳ ʛʦʨʥʳʭ ʧʦʨʦʜ), 

ʧʨʠʯʠʥʦʡ ʚʳʥʦʩʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ ʨʝʞʠʤ ʨʘʙʦʪʳ ʥʘʩʦʩʥʦʡ ʫʩʪʘ-
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ʥʦʚʢʠ, ʪʘʢ ʠ ʩʫʬʬʦʟʠʦʥʥʳʝ ʷʚʣʝʥʠʷ ʚ ʧʨʠʬʠʣʴʪʨʦʚʦʡ ʟʦʥʝ ʩʢʚʘʞʠʥʳ [2]. 

ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʤʘʣʫʶ ʥʘʨʘʙʦʪʢʫ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʅʆ), ʢʦʪʦ-

ʨʘʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʚ ʧʝʨʝʢʘʯʠ-

ʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [3], ʥʝ ʧʨʝʚʳʰʘʝʪ 60 ʩʫʪʦʢ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʥʘʨʘʙʦʪʢʠ ʥʘʩʦʩʥʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʚʦʜʦʧʦʥʠʞʘʶʱʠʭ ʩʢʚʘʞʠʥ. 

ʇʨʦʩʪʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʨʝʰʝʥʠʝʤ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʩʯʠʪʘʝʪʩʷ ʚʢʣʶʯʝ-

ʥʠʝ ʚ ʢʦʤʧʦʥʦʚʢʫ ʋʕʎɺ ʚʭʦʜʥʦʛʦ ʢʘʨʢʘʩʥʦ-ʩʪʝʨʞʥʝʚʦʛʦ ʬʠʣʴʪʨʘ [4]. ʆʜ-

ʥʘʢʦ ʩʝʨʠʡʥʳʝ ʬʠʣʴʪʨʳ ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʨʷʟʝʸʤʢʦʩʪʴʶ. ɼʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ, ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (ʨʠʩʫʥʦʢ 1) ï ʚʭʦʜʥʦʡ ʩʘʤʦʦʯʠʱʘʶʱʠʡʩʷ ʬʠʣʴʪʨ 

ʕʎɺ [5] ʠ ʫʜʣʠʥʠʪʝʣʴ ʢʦʣʦʥʥʳ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ (ʅʂʊ) [6], 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʥʘʜ ʕʎɺ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʩʦʩʪʘʚʝ ʋʕʎɺ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʟʘʧʫʩʢʝ ʥʘʩʦʩʘ ʚʥʫʪʨʠ ʫʜʣʠʥʠʪʝʣʷ (ʨʠʩ. 1, ʙ) ʩʦʟʜʘʝʪʩʷ 

ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʝʛʦ ʰʪʦʢ 15 ʟʘʥʠʤʘʝʪ ʨʘʙʦʯʝʝ ʧʦ-

ʣʦʞʝʥʠʝ, ʧʨʠ ʵʪʦʤ ʬʠʣʴʪʨ (ʨʠʩ. 1, ʘ) ʠ ʥʘʩʦʩ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʛʣʫʙʴ ʩʢʚʘ-

ʞʠʥʳ ʥʘ ʥʝʢʦʪʦʨʫʶ ʚʝʣʠʯʠʥʫ. ɼʘʣʝʝ, ʚ ʪʘʢʦʤ ʧʦʣʦʞʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʢʚʘʞʠʥʳ, ʜʦ ʤʦʤʝʥʪʘ ʟʘʩʦʨʝʥʠʷ ʬʠʣʴʪʨʘ. ʇʨʠ ʚʳʷʚʣʝʥʠʠ 

ʟʘʩʦʨʝʥʠʷ ʬʠʣʴʪʨʘ ʦʧʝʨʘʪʦʨ ʩʢʚʘʞʠʥʳ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʜʘʚ-

ʣʝʥʠʝ ʥʘ ʚʳʢʠʜʝ ʥʘʩʦʩʘ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʜʨʦʩʩʝʣʷ ʥʘ 

ʫʩʪʴʝ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ, ʚʦʟʨʘʩʪʘʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʫʩʠʣʠʝ ʥʘ ʧʦʨʰʥʝ 16, 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʞʘʪʠʝ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ 19 ʠ ʚʳʜʚʠʞʝʥʠʝ ʰʪʦʢʘ 15, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ ʬʠʣʴʪʨʘ ʚʛʣʫʙʴ ʩʢʚʘʞʠʥʳ ʥʘ 

ʪʨʝʙʫʝʤʫʶ ʚʝʣʠʯʠʥʫ. 

ʇʨʠ ʚʦʟʚʨʘʱʝʥʠʠ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʢʠʜʝ ʥʘʩʦʩʘ ʜʦ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ï ʰʪʦʢ 15 ʚʪʷʛʠʚʘʝʪʩʷ ʠ ʧʝʨʝʤʝʱʘʝʪ ʬʠʣʴʪʨ 

ʚ ʩʪʦʨʦʥʫ ʫʩʪʴʷ ʩʢʚʘʞʠʥʳ. ʇʨʠ ʵʪʦʤ, ʟʘ ʩʯʝʪ ʤʘʥʞʝʪʳ 5 ʧʦʜʚʠʞʥʳʡ ʫʧʦʨ 4 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʛʦ ʬʠʣʴʪʨʘ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʷʞʝʥʠʝ ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʥʠʤ ʬʠʣʴʪʨʵʣʝʤʝʥʪʘ ʛʨʫʙʦʡ 

ʦʯʠʩʪʢʠ 8. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ, ʢʘʢ ʨʝʛʝʥʝʨʘʮʠʷ ʬʠʣʴʪʨʵʣʝʤʝʥʪʘ ʛʨʫ-

ʙʦʡ ʦʯʠʩʪʢʠ 8, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʘ ʬʠʣʴ-

ʪʨʦʚʳʭ ʱʝʣʝʡ, ʪʘʢ ʠ ʬʠʣʴʪʨʵʣʝʤʝʥʪʘ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ 7, ʚʚʠʜʫ ʢʦʥʪʘʢʪʘ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʚʠʪʢʘʤʠ ʬʠʣʴʪʨʵʣʝʤʝʥʪʘ 8. ʌʠʣʴʪʨʵʣʝʤʝʥʪ 8 ʧʨʠʥʠʤʘʝʪ ʠʩ-

ʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʩʣʝ ʨʝʛʝʥʝʨʘʮʠʠ ʟʘ ʩʯʝʪ ʚʦʟʚʨʘʪʥʦʡ ʧʨʫʞʠʥʳ 9. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʛʨʷʟʝʸʤ-

ʢʦʩʪʠ ʚʭʦʜʥʦʛʦ ʬʠʣʴʪʨʘ ʕʎɺ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʟʘʱʠʪʫ 

ʅʆ ɺʇʉ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʝʛʦ ʥʘʨʘʙʦʪʢʫ. 
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TO THE QUESTION OF A NALYZING THE REASONS  FOR THE FAILURE  

OF EXECUTIVE BODIES OF MINING MACHINES I N THE PROCESS  

OF DESTROYING A ROCK  MASSIF  

 

A.V. Kozhey, D.S. Stozhkov, N.V. Schneider, A.E. Ugolnikova  
 

The failure of the executive bodies of the tunneling complexes still remains an urgent problem 

for mines, which does not have unambiguous solutions and requires more detailed research. 

For mines, this problem is primarily related to the constant increase in the cost of repair and 

maintenance of sinking complexes, as well as the failure to fulfill the production plan. 

Keywords: control systems, magnetic stations, a tunneling combine, an executive body, a 

mountain range. 
 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʩʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʧʨʦʭʦʜʯʝʩʢʠʭ ʢʦʤʙʘʡʥʦʚ [1-2] 

ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ:  

- ʚʠʜ ʧʨʠʤʝʥʷʝʤʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʤʘʛʥʠʪʥʦʡ ʩʪʘʥʮʠʠ ʢʦʤʙʘʡ-
ʥʘ [3-4];  

- ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʱʠʪ;  

- ʬʦʨʤʳ ʠʩʧʦʣʥʝʥʠʷ ʨʝʞʫʱʠʭ ʦʨʛʘʥʦʚ ʠ ʝʛʦ ʥʘʟʥʘʯʝʥʠʝ; 

- ʩʧʦʩʦʙʳ ʧʦʜʚʦʜʘ ʨʝʞʫʱʝʛʦ ʦʨʛʘʥʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʚʳʧʦʣʥʠʪʴ ʩʪʨʫʢʪʫʨʠʟʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ (ʘʣʛʦ-

ʨʠʪʤʘ) ʫʚʝʣʠʯʝʥʠʷ (ʩʦʭʨʘʥʝʥʠʷ) ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨ-

ʛʘʥʦʚ ʧʨʦʭʦʜʯʝʩʢʠʭ ʢʦʤʙʘʡʥʦʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʧʨʦʭʦʜʯʝʩʢʠʭ ʢʦʤʙʘʡʥʦʚ 

ʠ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ [5]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʦʪʠʧʥʳʭ ʩʠʩʪʝʤ  ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʨʘʟʥʳʭ ʚʠʜʘʭ ʧʨʦʭʦʜ-

ʯʝʩʢʠʭ ʢʦʤʙʘʡʥʦʚ ʠʤʝʝʪ ʨʘʟʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʧʨʦʩʫ ʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʪʘʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  
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ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʯʠʩʣʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʥʘʣʦʛʠʯ-

ʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʥʘ ʨʘʟʥʳʭ ʪʠʧʘʭ ʛʦʨʥʳʭ ʤʘʰʠʥ, ʧʨʠʚʝʜʸʥʥʳʝ ʢ 100 % 

ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʣʫʯʘʝʚ. 

ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʥʝʥʘʜʸʞʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʟʘʱʠʪ, ʪ.ʝ. ʨʝʯʴ ʠʜʸʪ ʥʝ ʦ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʟʘʱʠʪ, ʘ ʦ ʤʦʤʝʥʪʝ, ʢʦʛʜʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʱʠʪʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ 

ʙʦʣʝʝ ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ [6].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥ-

ʥʳʡ ʚʦʧʨʦʩ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʨʝʞʫʱʝʛʦ ʦʨʛʘʥʘ ʠ ʩʦʚʝʨʰʘʝʤʦʡ 

ʠʤ ʨʘʙʦʪʳ [7]. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʧʦʣ-

ʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʧʨʦʭʦʜʯʝʩʢʦʛʦ ʢʦʤʙʘʡʥʘ ʩ ʛʦʨʥʳʤ ʤʘʩʩʠʚʦʤ ʚ ʩʣʫʯʘʷʭ 

ʧʦʣʥʦʛʦ ʠʣʠ ʯʘʩʪʠʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʞʫʱʝʛʦ ʜʠʩʢʘ. 

 
 

 
 

ʈʠʩ. 1. ʇʦʢʘʟʘʪʝʣʠ ʯʠʩʣʘ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘ-

ʥʦʚ ʧʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʱʠʪ 

ʈʠʩ. 2. ʄʝʪʦʜʳ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʞʫʱʝʛʦ 

ʦʨʛʘʥʘ ʧʨʦʭʦʜʯʝʩʢʦʛʦ ʢʦʤʙʘʡʥʘ ʥʘ ʛʦʨ-

ʥʳʡ ʤʘʩʩʠʚ: ɸ) ʯʘʩʪʠʯʥʳʡ ʢʦʥʪʘʢʪ;  

ɹ) ʧʦʣʥʳʡ ʢʦʥʪʘʢʪ  
 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʦʧʳʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʱʠʪ ʛʦʨʘʟʜʦ ʚʳʰʝ ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʨʝʞʫʱʝʛʦ ʜʠʩʢʘ ʩ ʛʦʨʥʳʤ ʤʘʩʩʠʚʦʤ [8]. 

ʊʘʢʞʝ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʟʘʱʠʪ ʚ ʤʘʛʥʠʪʥʦʡ ʩʪʘʥʮʠʠ ʧʨʦʭʦʜʯʝʩʢʦʛʦ ʢʦʤʙʘʡʥʘ ʚ ʦʜʥʦʤ ʠʟ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʨʝʞʫʱʝʛʦ ʜʠʩʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʩʢʦʩʪʠ ʛʦʨʥʦʛʦ 

ʤʘʩʩʠʚʘ ʥʝ ʠʩʢʣʶʯʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʟʘʱʠʪʳ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʨʘʙʦʪʳ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʚ ʜʨʫʛʦʡ ʨʝʞʠʤ. 

ʈʝʰʝʥʠʝʤ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘ-

ʥʘ [9] ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʫʯʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʥʘʩʪʨʦʡʢʝ 

ʫʩʪʘʚʦʢ ʟʘʱʠʪʥʳʭ ʙʣʦʢʦʚ. ʆʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʫʯʸʪʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʨʘʩʭʦʜʫʝʤʦʡ ʥʘ ʨʝʟʘʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʨ-

ʛʘʥʘʤʠ ʦʪ ʧʨʠʚʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʠʞʝʥʠʷ, ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ [10]: 

ὔ
Ȣ̑̑  ̑

̑ Ȣ̉̏
ȟ          ὺ̑ ̅  

ʛʜʝ Pz ï ʩʠʣʘ ʨʝʟʘʥʠʷ; vʨ ï ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʤ/ʩ; ɖʨ, ɖʠ.ʦ. ï ʂʇɼ ʨʝʜʫʢʪʦʨʘ ʠ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ; Zʨ.ʨ ï ʯʠʩʣʦ ʨʝʟʮʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʨʝʟʘʥʠʠ; Dʜ ï ʜʠʘʤʝʪʨ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ (ʜʠʩʢʘ) ʧʦ ʨʝʟʮʘʤ; ɤ0 ï ʯʘ-

ʩʪʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ, ʦʙ/ʤʠʥ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʫʩʪʘʚʦʢ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʟʘʱʠʪ, ʧʦʟʚʦʣʷʶʱʠʭ ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪ-

ʨʦʚ ʨʘʙʦʪʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʧʨʦʭʦʜʯʝʩʢʠʭ ʢʦʤʙʘʡʥʦʚ. ʇʨʠ ʧʨʘʢ-

ʪʠʯʝʩʢʦʤ ʞʝ ʧʨʠʤʝʥʝʥʠʠ ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ ʪ.ʝ. 

ʝʩʪʴ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʯʘ-

ʩʪʝʡ ʢʦʤʙʘʡʥʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʫʧʨʘʚ-

ʣʝʥʠʷ ʠ ʧʨʦʮʝʩʩʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʤʙʘʡʥʘ.  

ɺʳʚʦʜʳ: 

1. ʇʨʘʢʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʨʛʘʥʘ ʧʨʦʭʦʜʯʝʩʢʦʛʦ ʢʦʤʙʘʡʥʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʬʦʨʤʘ ʠ ʩʧʦʩʦʙ ʧʦʜʘʯʠ 

ʨʝʞʫʱʝʛʦ ʦʨʛʘʥʘ ʢ ʛʦʨʥʦʤʫ ʤʘʩʩʠʚʫ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʨʘʙʦ-

ʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʙʫʜʝʪ ʚʣʠʷʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʚʚʦʜʠ-

ʤʳʭ ʟʥʘʯʝʥʠʡ ʫʩʪʘʚʦʢ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʱʠʪ. 

2. ʅʝʩʦʚʝʨʰʝʥʩʪʚʦ ʧʨʠʤʝʥʷʝʤʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʫʶʪ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʠʩʪʝʤʳ: ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ï ʨʝʜʫʢ-

ʪʦʨ ï ʨʝʞʫʱʠʡ ʦʨʛʘʥ ʠ ʧʨʠʥʮʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ʧʨʦ-

ʭʦʜʯʝʩʢʦʛʦ ʢʦʤʙʘʡʥʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʭʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 
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ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʥʦʞʝʡ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʤʦʙʠʣʴʥʦʛʦ ʤʦʜʫʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʯʘʩʪʦʪʳ 

ʝʛʦ ʚʨʘʱʝʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ ʵʢʩʢʘʚʠʨʦʚʘʥʥʦʛʦ ʪʦʨʬʷʥʦʛʦ ʩʳʨʴʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʉʦʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʵʢʩʢʘʚʠʨʦʚʘʥʥʦʛʦ ʪʦʨʬʷʥʦʛʦ ʩʳʨʴʷ ʧʦʣʦʡ ʢʦʥʠʯʝʩʢʦʡ 

ʬʨʝʟʦʡ ʩ ʧʨʦʭʦʜʥʳʤʠ ʥʦʞʘʤʠ. ʆʧʨʝʜʝʣʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʘ-

ʢʣʶʯʘʶʱʠʭʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʩʪʝʧʝʥʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʦʨʬʷʥʦʛʦ ʩʳ-

ʨʴʷ ʧʦʣʦʡ ʢʦʥʠʯʝʩʢʦʡ ʬʨʝʟʦʡ ʩ ʧʨʦʭʦʜʥʳʤʠ ʥʦʞʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʨʬʷʥʦʝ ʩʳʨʴʝ, ʧʦʣʥʳʡ ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʬʨʝʟʝʨʥʳʡ ʙʘʨʘ-

ʙʘʥ, ʤʦʙʠʣʴʥʳʡ ʤʦʜʫʣʴ ʠʟʤʝʣʴʯʝʥʠʷ. 
 

METHODOLOGY FOR EXPERIMENTAL STUDY OF PEAT FEEDSTOCK COM-

MINUTION USING A HOLLOW CONICAL CUTTER  

WITH PASS-THROUGH BLADES  
 

G. S. Kozachkov  
 

This study presents an experimental methodology to investigate the influence of knife count 

and rotational speed of the mobile comminution module's cutting assembly on the processing 

of excavated peat feedstock, utilizing design of experiments (DoE) principles. A laboratory 

test rig was designed to simulate the cutting process employing a hollow conical milling cut-

ter with through-cutting blades. Subsequent research will focus on developing a predictive 

model for the degree of mechanical comminution of peat feedstock using this cutter configu-

ration. 

Keywords: peat feedstock, full factorial experiment, milling drum, mobile comminution mod-

ule. 

 

ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʦʙʳʯʠ ʠ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦ-

ʪʦʚʢʠ ʵʢʩʢʘʚʠʨʦʚʘʥʥʦʛʦ ʪʦʨʬʷʥʦʛʦ ʩʳʨʴʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʥʝʦʜʥʦ-

ʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʥʘʣʠʯʠʝʤ ʜʨʝʚʝʩʥʳʭ ʚʢʣʶʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʠ ʟʥʘʯʠʤʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʡ ʦʪʨʘʩʣʠ. ʉʫʱʝʩʪʚʫ-

ʶ ʠɦʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʤʝʣʴʯʝʥʠʷ ʯʘʩʪʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʦ-

ʦʪʥʦʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 



͔́ͻ͎͙ͤͦͦ͡;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤ ͒͡Ύ ͎͚ͦͪͤͦ ͙ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ 

103 

ʈʘʙʦʯʠʡ ʦʨʛʘʥ ʚ ʚʠʜʝ ʧʦʣʦʡ ʢʦʥʠʯʝʩʢʦʡ ʬʨʝʟʳ ʩ ʧʨʦʭʦʜʥʳʤʠ ʥʦʞʘʤʠ 

ʚ ʩʦʩʪʘʚʝ ʤʦʙʠʣʴʥʦʛʦ ʤʦʜʫʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʨʘʮʠʦʥʘʣʝʥ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ, ʩʦʚʤʝʱʝʥʥʦʛʦ ʩʦ ʩʜʚʠʛʦʚʳʤ ʠʟʤʝʣʴʯʝʥʠʝʤ ʵʢʩʢʘʚʠʨʦ-

ʚʘʥʥʦʛʦ ʪʦʨʬʷʥʦʛʦ ʩʳʨʴʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʦʛʦ ʬʨʝʟʝʨʥʦʛʦ ʙʘʨʘʙʘʥʘ ʩ ʧʨʦʭʦʜʥʳʤʠ ʥʦʞʘʤʠ ʠ ʩʭʝʤʳ ʠʭ 

ʨʘʩʩʪʘʥʦʚʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʨʘʙʘʥʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʩʩʠʚ 

ʵʢʩʢʘʚʠʨʦʚʘʥʥʦʛʦ ʪʦʨʬʷʥʦʛʦ ʩʳʨʴʷ ʯʘʩʪʠʯʥʦ ʥʘʨʫʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1]. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʩʳʨʴʷ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʤʘʩ-

ʰʪʘʙʥʦʡ ʤʦʜʝʣʠ ʧʦʣʦʛʦ ʬʨʝʟʝʨʥʦʛʦ ʢʦʥʠʯʝʩʢʦʛʦ ʙʘʨʘʙʘʥʘ ʩ ʧʨʦʭʦʜʥʳʤʠ 

ʥʦʞʘʤʠ ʜʠʘʤʝʪʨʦʤ ʨʘʚʥʳʤ 300 ʤʤ (ʨʠʩ. 1). ʅʘ ʩʭʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥ 

ʧʨʠʝʤʥʳʡ ʙʫʥʢʝʨ ʜʣʷ ʧʦʜʘʯʠ ʥʘʪʫʨʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʵʢʩʢʘʚʠʨʦʚʘʥʥʦʛʦ 

ʪʦʨʬʷʥʦʛʦ ʩʳʨʴʷ ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ ʦʙʫʩʣʦʚʣʝʥʳ ʜʠʘʤʝʪʨʦʤ ʙʘʨʘʙʘʥʘ, 

ʬʨʝʟʝʨʥʳʡ ʙʘʨʘʙʘʥ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʥʝʤ ʧʨʦʭʦʜʥʳʤʠ ʥʦʞʘʤʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʦʪ 1 ʜʦ 10 ʰʪʫʢ. ʅʘ ʩʭʝʤʝ 

ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ n ʠ 

ʩʪʨʫʞʢʘ qi ʧʦʩʪʫʧʘʶʱʘʷ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʘʨʘʙʘʥʘ ʧʦʜ ʧʨʦʭʦʜʥʳʤʠ ʥʦʞʘʤʠ [2]. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʤʦʜʝʣʠ ʧʦʣʦʛʦ ʬʨʝʟʝʨʥʦʛʦ ʢʦʥʠʯʝʩʢʦʛʦ ʙʘʨʘʙʘʥʘ 

ɼʚʠʞʝʥʠʝ ʩʳʨʴʷ ʚ ʙʫʥʢʝʨʝ-ʥʘʢʦʧʠʪʝʣʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ 

ʛʨʘʚʠʪʘʮʠʠ, ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʚʩʝ ʧʦʣʝ ʜʘʚʣʝʥʠʷ ʥʘ ʬʨʝʟʝʨʥʳʡ 

ʙʘʨʘʙʘʥ. 

ɺʨʘʱʝʥʠʝ ʬʨʝʟʝʨʥʦʛʦ ʙʘʨʘʙʘʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʦʤ ʩ 

ʤʦʱʥʦʩʪʴʶ ʜʚʠʛʘʪʝʣʷ 1,1 ʢɺʪ ʠ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 23,3 ʩ-1. 

ʋʧʨʘʚʣʝʥʠʝ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʬʨʝʟʝʨʥʦʛʦ ʙʘʨʙʘʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʯʘʩʪʦʪʥʳʡ ʨʝʛʫʣʷʪʦʨ ʪʠʧʘ ï Hyundai N100 plus. 

ɺ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ 

ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠ-

ʯʝʩʪʚʘ ʦʧʳʪʦʚ ʙʳʣ ʧʨʠʥʷʪ ʤʝʪʦʜ ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ [3]. 



͔́ͻ͎͙ͤͦͦ͡;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤ ͒͡Ύ ͎͚ͦͪͤͦ ͙ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ 

104 

ʇʨʠ ʵʪʦʤ ʟʘ ʧʝʨʝʤʝʥʥʳʝ ʬʘʢʪʦʨʳ ʧʨʠʥʠʤʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʥʦʞʝʡ N (ʰʪ.) 

ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʬʨʝʟʝʨʥʦʛʦ ʙʘʨʘʙʘʥʘ n (ʩ-1) 

ɺʳʙʨʘʥ ʧʦʣʥʳʡ ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ (ʇʌʕ) ʪʠʧʘ 32 (9 ʦʧʳʪʦʚ) 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʠ ʜʠʘʧʘʟʦʥʘ [3]. 

ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1ï ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ˉ ʦʧʳʪʘ X1 X2 N, ʰʪ. n, c-1 

1 -1 -1 1 0.1 

2 0 -1 5 0.1 

3 +1 -1 10 0.1 

4 -1 0 1 1.05 

5 0 0 5 1.05 

6 +1 0 10 1.05 

7 -1 +1 1 2.0 

8 0 +1 5 2.0 

9 +1 +1 10 2.0 

ʆʧʳʪʳ ʧʦʚʪʦʨʷʶʪʩʷ ʥʝ ʤʝʥʝʝ 3 ʨʘʟ ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-

ʩʪʴʶ ʧʦ ʚʨʝʤʝʥʠ, ʟʘʪʝʤ ʬʠʢʩʠʨʫʝʪʩʷ ʦʪʢʣʠʢ Y ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʛ/c ʠ 

ʩʪʨʦʠʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ [3] 

ὣ ὦϚ  ὦϛὢϛ  ὦϜὢϜ  ὦϛϜὢϛὢϜ  ὦϛϛὢ  ὦϜϜὢ ; 

ʛʜʝ ὢȟὢȟὦȟὦȟὦȟὦ ὦ ȟὦ  ï ʢʦʜʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʚ ʬʠʟʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚʦʟʤʦʞʥʦ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʝ ʦʪʢʣʠʢʘ ʧʨʠ ʣʶʙʳʭ ʜʦʧʫʩʪʠʤʳʭ X1 ʠ X2, ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠ-

ʤʫʤʘ (ʯʝʨʝʟ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ), ʧʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʚ 

ʧʨʠʚʳʯʥʳʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ. 

ɺʳʚʦʜ. ʆʧʨʝʜʝʣʝʥʠʝ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʦʞʝʡ 

ʥʘ ʬʨʝʟʝʨʥʦʤ ʙʘʨʘʙʘʥʝ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣ-

ʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʨʘʮʠʦʥʘʣʴʥʫʶ ʵʥʝʨʛʦʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʤʦʙʠʣʴʥʦʛʦ ʤʦʜʫʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʩʳʨʴʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʩʪʝʧʝʥʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʦʨʬʷʥʦʛʦ ʩʳʨʴʷ 

ʧʦʣʦʡ ʢʦʥʠʯʝʩʢʦʡ ʬʨʝʟʦʡ ʩ ʧʨʦʭʦʜʥʳʤʠ ʥʦʞʘʤʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨ-

ʥʦʡ ʩʪʝʧʝʥʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʠ ʤʦʱʥʦʩʪʠ ʬʨʝʟʳ. 
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ON THE NECESSITY OF DEVELOPING OPERATING -CONDITION -BASED  

DIFFERENTIATED MAINTENANCE AND REPAIR REGULATIONS FOR  

AUTOMATIC CENTRALIZED LUBRICATION SYSTEMS OF ELECTRIC MINING 

EXCAVATORS  
 

V.O. Kolpakov, D.A. Shibanov  
 

The results of a study on the impact of the technical condition of automatic centralized lubri-

cation systems (ACLS) on the reliability of electric mining excavators are presented. A direct 

correlation between ACLS readiness and the frequency of emergency failures has been estab-

lished. Based on the data analysis, a structure for an ACLS maintenance and repair (M&R) 

regulation has been developed. 

Keywords: electric mining excavator, automatic lubrication system, centralized lubrication 

system, emergency failures, maintenance and repair. 
 

ʀʥʪʝʥʩʠʚʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʙʦʣʴʰʦʡ ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʞʝʣʝʟʦʨʫʜʥʳʭ ʨʘʟʨʝʟʦʚ ʩʦʧʨʷ-

ʞʝʥʘ ʪʷʞʝʣʳʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʧʨʦʛʨʝʩʩʠʨʫʶ-

ʱʠʝ ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʩʦʧʨʷʞʝʥʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ 

ʧʘʨʘʤʠ ʪʨʝʥʠʷ [1, 2]. ɺ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʤʘ-

ʟʳʚʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʜʝʪʝʨʤʠʥʠʨʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʭʦʜʦʚʘʥʠʷ ʨʝʩʫʨʩʘ ʛʦʨʥʦʡ ʤʘʰʠʥʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʨʝʛʣʘʤʝʥʪʳ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʩʠʩʪʝʤ ʩʤʘʟʢʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʝ ʫʯʠ-

ʪʳʚʘʶʪ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʨʝʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʆʪʩʫʪ-

ʩʪʚʠʝ ʘʣʛʦʨʠʪʤʦʚ ʘʜʘʧʪʘʮʠʠ ʨʝʞʠʤʦʚ ʩʤʘʟʢʠ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʠʟʤʝʥʷʶʱʠʤʩʷ ʥʘʛʨʫʟʢʘʤ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦ-

ʤʫ ʩʦʩʪʘʚʫ ʛʦʨʥʦʡ ʤʘʩʩʳ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʧʨʠʚʦʜʠʪ 

ʢ ʥʝʨʘʮʠʦʥʘʣʴʥʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ ʩʝʨʚʠʩʥʳʭ ʨʘʙʦʪ, ʥʝʦʙʦʩʥʦʚʘʥʥʦʤʫ 

ʨʘʩʭʦʜʦʚʘʥʠʶ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʯʘʩʪʦʪʳ ʘʚʘʨʠʡʥʳʭ ʦʪ-

ʢʘʟʦʚ. ʋʩʪʘʥʦʚʣʝʥʘʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦ ʥʝ-
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ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʩʤʘʟʢʠ (ɸʎʉʉ) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪʢʘʟʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʨʫʰʝʥʠʷ ʚ ʨʘʙʦʪʝ ɸʎʉʉ ʚʳʩʪʫʧʘʶʪ ʧʘʨʘʤʝʪʨʦʤ ʩʥʠʞʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʨʦʩʪʫ ʦʧʝʨʘʮʠʦʥʥʳʭ ʠʟʜʝʨʞʝʢ [3ï5]. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʵʢʩʢʘ-

ʚʘʪʦʨʦʚ ʪʠʧʘ ʕʂɻ ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʩʠ-

ʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ (ʊʆʠʈ) ʩʠʩʪʝʤ ɸʎʉʉ, ʦʩʥʦ-

ʚʘʥʥʦʡ ʥʘ ʘʜʘʧʪʠʚʥʦʤ ʨʝʛʣʘʤʝʥʪʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʧʝʨʝʭʦʜ ʦʪ ʨʝʤʦʥʪʦʚ 

ʧʦ ʬʘʢʪʫ ʦʪʢʘʟʘ ʢ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʩʦʩʪʘʚʠʣ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʦʪʢʘʟʦʚ ʧʘʨʢʘ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ-20 ʚ ʧʝʨʠʦʜ 

2024-2025 ʛʛ. ʥʘ ʞʝʣʝʟʦʨʫʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ʇʝʨʚʠʯʥʦʡ ʧʨʠʯʠʥʦʡ ʧʨʦ-

ʩʪʦʝʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʚʘʨʠʡʥʳʤʠ ʦʪʢʘʟʘʤʠ (87-93 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ) 

ʷʚʣʷʶʪʩʷ ʘʚʘʨʠʡʥʳʝ ʦʪʢʘʟʳ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʪʢʘʟʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʵʣʝʤʝʥʪʘʤʠ ʩʝʜʣʦʚʦʛʦ ʧʦʜʰʠʧʥʠʢʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʨʝʩʫʨ-

ʩʦʦʧʨʝʜʝʣʷʶʱʠʤ ʫʟʣʦʤ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʭʦʪʷ ʩʝʜʣʦʚʦʡ ʧʦʜʰʠʧʥʠʢ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʢʘʞʜʦʛʦ ʧʷʪʦʛʦ ʦʪʢʘʟʘ 

(21 %), ʦʥ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʯʪʠ ʪʨʝʪʴ (31 %) ʚʩʝʭ ʚʥʝʧʣʘʥʦʚʳʭ ʧʨʦʩʪʦʝʚ. 

ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʠʙʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ ʝʛʦ ʨʝʤʦʥʪʘ ʩʨʝ-

ʜʠ ʚʩʝʭ ʫʟʣʦʚ. ɸʥʘʣʦʛʠʯʥʘʷ, ʥʦ ʝʱʝ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ ʜʠʩʧʨʦʧʦʨʮʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ: ʧʨʠ 11 % ʦʪʢʘʟʦʚ ʥʘ ʝʛʦ 

ʨʝʤʦʥʪ ʫʭʦʜʠʪ 34 % ʚʨʝʤʝʥʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʩʘʤʳʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʧʦ 

ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʪʘʢʠʝ ʫʟʣʳ, ʢʘʢ ʧʦʜʚʝʩʢʘ ʢʦʚʰʘ, 

ʭʦʪʷ ʠ ʣʠʜʠʨʫʶʪ ʧʦ ʯʘʩʪʦʪʝ ʦʪʢʘʟʦʚ (27 %), ʪʨʝʙʫʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʴ-

ʰʠʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʨʝʤʦʥʪ (14 %), ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʠʭ ʤʝʥʝʝ ʪʨʫʜʦʝʤʢʦʤ 

ʨʝʤʦʥʪʝ. ʇʨʦʯʠʝ ʦʪʢʘʟʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʦʪ-

ʥʦʰʝʥʠʶ ʢ ʫʧʦʤʷʥʫʪʳʤ ʫʟʣʘʤ ʢʘʢ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʪʘʢ ʠ ʚ ʦʙʱʝʤ ʚʨʝʤʝʥʠ 

ʧʨʦʩʪʦʷ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʬʘʢʪʠʯʝʩʢʠʭ ʦʙʲʝʤʦʚ ʧʦʜʘʯʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʨʝʘʣʴʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʥʘʩʦʩʦʚ ɸʎʉʉ, ʠ ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʟʘʚʦʜʘ-

ʠʟʛʦʪʦʚʠʪʝʣʷ ʚʳʷʚʠʣʠ ʩʠʩʪʝʤʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʧʦ ʧʦʜʘʚʘʝʤʦʤʫ ʦʙʲʝʤʫ 

(ʪʘʙʣʠʮʘ 1). ʇʦ ʙʦʣʴʰʠʥʩʪʚʫ ʧʦʟʠʮʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʨʝʚʳ-

ʰʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʦʙʲʝʤʦʚ ʥʘʜ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤʠ. 

ɼʘʣʴʥʝʡʰʘʷ ʦʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɸʎʉʉ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ 

ʤʘʰʠʥʘʭ ʚʳʷʚʠʣʘ ʫʩʪʦʡʯʠʚʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʜʦʣʝʡ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞ-

ʥʦʩʪʠ ʛʦʨʥʦʡ ʤʘʰʠʥʳ. ʅʘ ʈʠʩʫʥʢʝ 2 ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʛʨʝʩʩʠʦʥ-

ʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʣʠ ʚʨʝʤʝʥʠ, ʚ ʘʚʘʨʠʡʥʳʭ ʧʨʦʩʪʦʷʭ, ʦʪ ʜʦʣʠ ʥʝʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ɸʎʉʉ. ɸʥʘʣʠʟ ʢʨʠʚʦʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, 

ʯʪʦ ʫʞʝ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʩʠʩʪʝʤʳ (ʨʦʩʪ ʜʦʣʠ ʥʝʠʩʧʨʘʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ 2 % ʚ ʠʥʪʝʨʚʘʣʝ 0ï10 %) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʚʫʢʨʘʪ-

ʥʘʷ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʩʪʦʝʚ. 
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ʊʘʙʣʠʮʘ 1 ï ʆʙʲʝʤ ʧʦʜʘʯʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʘʨʫ ʪʨʝʥʠʷ, ʨʝʢʦʤʝʥ-

ʜʫʝʤʳʡ ʟʘʚʦʜʦʤ-ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʠ ʬʘʢʪʠʯʝʩʢʠʡ ʟʘ 8 ʯʘʩʦʚ ʨʘʙʦʪʳ, ʩʤ3 (ʩʦ-

ʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

 

 
ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʜʦʣʠ ʩʫʤʤʘʨʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʝʚ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʦʪ 

ʜʦʣʠ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ɸʎʉʉ ʟʘ ʧʝʨʠʦʜ 2024-2025 ʛʛ.  (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦ-

ʨʦʤ) 

 

ʕʤʧʠʨʠʯʝʩʢʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʩʪʫʧʠʣʠ ʨʘʙʦʪʳ ʧʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ɸʎʉʉ ʩʝʜʣʦʚʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʥʘ ʦʜʥʦʤ ʠʟ ʵʢʩʢʘʚʘʪʦʨʦʚ. 

ʉʫʤʤʘʨʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʩʪʦʝʚ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʨʝʣʦʡ ʠ ʩʝʜʣʦʚʳʤ 

ʧʦʜʰʠʧʥʠʢʦʤ, ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩʦʩʪʘʚʣʷʣʘ 52,47 

ʯʘʩʘ. ʇʦʩʣʝ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʛʦʨʥʦʡ ʤʘʰʠʥʳ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʩʠ-

ʩʪʝʤʦʡ ʩʤʘʟʢʠ ʟʘ ʩʦʧʦʩʪʘʚʠʤʳʡ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ʘʥʘʣʦʛʠʯʥʳʝ 

ʧʨʦʩʪʦʠ ʩʦʢʨʘʪʠʣʠʩʴ ʜʦ 4,3 ʯʘʩʦʚ (ʈʠʩʫʥʦʢ 3). ʉʪʦʣʴ ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʦʣʦ-

ʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʧʨʘʢʪʠʢʝ ʩʣʫʞʠʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʚʣʠʷʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʩʪʠ ɸʎʉʉ ʥʘ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʦʧʨʷʞʝʥʠʡ, ʨʝʘʣʠʟʫʝʤʳʭ ʧʘʨʘʤʠ 

ʪʨʝʥʠʷ. 

ʆʙʥʘʨʫʞʝʥʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʘʢʪʫʘʣʠʟʠʨʦʚʘʣʘ ʟʘʜʘʯʫ ʧʝʨʝʭʦʜʘ ʦʪ ʧʨʘʢ-

ʪʠʢʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦ ʬʘʢʪʫ ʦʪʢʘʟʘ ʢ ʨʝʘʣʠʟʘʮʠʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ 

ʧʨʦʘʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ɸʎʉʉ ʚ ʧʨʦʝʢʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʮʠʷ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʬʬʝ-
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ʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʊʆʠʈ. ɼʘʥʥʳʡ ʜʦʢʫʤʝʥʪ ʦʭʚʘʪʳʚʘʝʪ ʧʦʣʥʳʡ 

ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʩʝʨʚʠʩʥʳʭ ʦʧʝʨʘʮʠʡ: ʚʠʟʫʘʣʴʥʳʡ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ 

ʢʦʥʪʨʦʣʴ, ʜʠʘʛʥʦʩʪʠʢʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦʜʩʠʩʪʝʤ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʦʜʘʯʠ ʩʤʘʟʢʠ (ʧʥʝʚʤʦʙʣʦʢ, ʜʦʟʘʪʦʨʳ, ʬʠʣʴʪʨʳ), ʩʝʨʚʠʩ ʦʩ-

ʥʦʚʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ (ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʠ, ʤʘ-

ʛʠʩʪʨʘʣʠ), ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʠ ʢʘʧʠʪʘʣʴʥʳʭ 

ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. ʈʝʛʣʘʤʝʥʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʪʨʘʪʠʬʠʢʘʮʠʶ ʦʧʝʨʘʮʠʡ ʧʦ 

ʫʨʦʚʥʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ (ʝʞʝʩʤʝʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʊʆ-1, ʊʆ-2, 

ʧʣʘʥʦʚʳʡ ʠ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ), ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʦʨʤʘʪʠʚʳ ʪʨʫʜʦʝʤʢʦʩʪʠ 

ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʩʦʩʪʘʚ ʙʨʠʛʘʜ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʥʭʨʦʥʠ-

ʟʘʮʠʶ ʛʨʘʬʠʢʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ɸʎʉʉ ʩ ʦʙʱʠʤ ʮʠʢʣʦʤ ʊʆʠʈ ʵʢʩʢʘʚʘʪʦʨʘ, 

ʚʚʦʜʠʪ ʧʨʦʮʝʜʫʨʳ ʥʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʦʯʥʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ 

ʨʘʩʭʦʜʦʚʘʥʠʷ ʨʝʩʫʨʩʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ. 

 
ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʜʦʣʠ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʝʚ ʚ ʨʝʤʦʥʪʝ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʦ ʤʝʩʷʮʘʤ ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʨʝʤʦʥʪʝ ʟʘ ʧʝʨʠʦʜ 01.25-10.25 ʛ. (ʩʦʩʪʘʚʣʝʥʦ ʘʚ-

ʪʦʨʦʤ) 

ɺʳʚʦʜ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʘʥ-

ʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʨʷʤʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝ-

ʤʳ ʩʤʘʟʢʠ ʠ ʫʨʦʚʥʝʤ ʘʚʘʨʠʡʥʳʭ ʦʪʢʘʟʦʚ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʚ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʠʭ ʨʝʩʫʨʩʦʦʧʨʝʜʝʣʷʶʱʠʭ ʫʟʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʤʝʭʘ-

ʥʠʟʤʘ ʜʣʷ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʠ ʧʝʨʝʭʦʜʘ ʥʘ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʫʶ ʤʦʜʝʣʴ ʩʝʨʚʠʩʘ ʧʨʝʜʣʦʞʝʥʘ ʠ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ 

ʩʪʨʫʢʪʫʨʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʊʆʠʈ ɸʎʉʉ. ɺʥʝʜʨʝʥʠʝ ʜʘʥ-

ʥʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʧʦʟʚʦʣʠʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʨʝʛʣʘʤʝʥʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʭʦʜʦʚʘʥʠʝ ʩʤʘʟʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʥʝʧʣʘʥʦʚʳʭ ʧʨʦʩʪʦʝʤ, ʫʚʝʣʠ-

ʯʠʪʴ ʤʝʞʨʝʤʦʥʪʥʳʝ ʠʥʪʝʨʚʘʣʳ ʠ ʩʥʠʟʠʪʴ ʩʦʚʦʢʫʧʥʫʶ ʩʪʦʠʤʦʩʪʴ ʚʣʘʜʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʢʘʨʴʝʨʥʳʤ ʵʢʩʢʘʚʪʦʨʦʤ, ʪʝʤ ʩʘʤʳʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʚ 

ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʭ ʧʦʛʨʫʟʯʠʢʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ ʠ ʩʪʨʘʥʘʭ ʧʦʩʪʩʦʚʝʪʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦ-

ʙʣʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʙʦʩʥʦʚʘʥʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ 

ʫʯʝʪʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʛʠʦʥʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʤʝʪʦʜʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʭʝʤʳ ʩ ʫʯʝʪʦʤ 

ʪʨʝʙʦʚʘʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʛʨʫʟʯʠʢ, ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠʤʧʦʨʪʦʟʘʤʝʱʝ-

ʥʠʝ. 
 

PROBLEMS OF DESIGNING A HYDRAULIC LOADER IN THE CONDITIONS  

OF DOMESTIC MECHANICAL ENGINEERING  
 

A. A. Kominov  
 

The current issues of designing the working equipment of hydraulic loaders in relation to the 

operating conditions in the Russian Federation and the countries of the former Soviet Union 

are considered. The analysis of modern operational problems has been carried out, a com-

parison of existing methods for justifying parameters has been carried out, promising direc-
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tions for the development of hydraulic systems have been identified, taking into account the 

climatic and industrial characteristics of the region. Special attention is paid to the design 

methodology of the basic hydraulic circuit, taking into account the requirements of efficiency, 

reliability and maintainability in the conditions of domestic engineering.  

Keywords: loader, hydraulic circuit, engineering, import substitution. 
 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʛʨʫʟʯʠʢʠ ʟʘʥʠʤʘʶʪ ʢʣʶʯʝʚʦʝ ʤʝʩʪʦ ʚ ʩʠʩʪʝʤʝ ʧʦʜʲ-

ʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʚʳʝʤʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʤʘʰʠʥ. ɺ ʫʩʣʦʚʠʷʭ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʤʘʰʠ-

ʥʦʩʪʨʦʝʥʠʷ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʚʠʪʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʥʘʫʯ-

ʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʧʦʜʲʝʤʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʦʛʨʫʟʯʠʢʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʢʦʥʢʫʨʝʥ-

ʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʘ ʪʘʢʞʝ ʘʜʘʧʪʘ-

ʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʨʘʙʦʪʦʢ ʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ: 

ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʝʤʦʥʪʥʦʡ 

ʙʘʟʳ, ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʛʨʫʟʯʠʢʦʚ, ʵʢʩʧʣʫ-

ʘʪʠʨʫʝʤʳʭ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʨʷʜ ʧʨʦʙʣʝʤ, 

ʪʨʝʙʫʶʱʠʭ ʨʝʰʝʥʠʷ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʨ-

ʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʨʦʚʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʩ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʡ ʟʠʤʦʡ ʠ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠʭ ʧʦʛʨʫʟʯʠʢʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ -30 Áʉ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝ-

ʮʠʘʣʴʥʳʭ ʩʦʨʪʦʚ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ, ʧʦʜʦʛʨʝʚʘ ʛʠʜʨʦʙʘʢʦʚ, ʫʯʝʪʘ ʠʟʤʝʥʝ-

ʥʠʷ ʚʷʟʢʦʩʪʠ ʧʨʠ ʨʘʩʯʝʪʘʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʪʝʨʴ.  

ʇʨʦʙʣʝʤʳ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʧʘʩʥʳʤʠ ʯʘʩʪʷʤʠ. ɺ 

ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʦʨʠʛʠʥʘʣʴʥʳʤ ʟʘʧʘʩʥʳʤ ʯʘʩʪʷʤ ʠʤ-

ʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʟʨʘʩʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʘʜʘʧʪʘʮʠʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʭʝʤ ʧʦʜ ʜʦʩʪʫʧʥʫʶ ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ.  

ʇʨʦʙʣʝʤʳ ʫʥʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 

ʩʭʝʤʳ ʯʘʩʪʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʤʦʜʝʣʠ ʤʘʰʠʥ, ʯʪʦ ʟʘʪʨʫʜ-

ʥʷʝʪ ʤʦʜʝʨʥʠʟʘʮʠʶ ʠ ʩʦʟʜʘʥʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʟʣʦʚ, ʧʨʠʤʝʥʠʤʳʭ ʢ 

ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʧʦʛʨʫʟʯʠʢʦʚ. ɼʣʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʤʝʣʢʦʩʝʨʠʡʥʦʝ ʠ ʩʨʝʜʥʝʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʫʥʠʬʠ-

ʢʘʮʠʷ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ. 

ɺ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʛʨʫʟʯʠʢʦʚ, ʩʣʦʞʠʚ-

ʰʝʡʩʷ ʚ ʥʘʫʯʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʰʢʦʣʘʭ, ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ 

ʢ ʦʙʦʩʥʦʚʘʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʄʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʮʠʬʨʦ-

ʚʳʝ ʜʚʦʡʥʠʢʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʧʦʚʝʜʝʥʠʝ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʨʝʞʠʤʘʭ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʨʝʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴ-
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ʥʳʝ ʤʝʪʦʜʳ ʜʘʶʪ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʪʨʝʙʫʶʪ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ. 

ɼʨʦʩʩʝʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ 

ʫʧʨʘʚʣʝʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʦʤ ʧʦʛʨʫʟʯʠʢʦʚ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʨʝʤʦʥʪʘ. 

ʆʙʲʝʤʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʦʜʘʯʠ ʥʘʩʦʩʘ ʧʨʠ 

ʧʦʩʪʦʷʥʥʳʭ ʦʙʦʨʦʪʘʭ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʕʪʦʪ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦ-

ʣʝʝ ʚʳʩʦʢʠʡ ʂʇɼ ʠ ʧʣʘʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʩʣʦʞʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺ ʨʘʤʢʘʭ ʧʦʣʠʪʠʢʠ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʥʘʩʦʩʦʚ, ʛʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ, 

ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ, ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʝʜʧʨʠʷʪʠʷ ʇɸʆ 

çʋʨʘʣʤʘʰʟʘʚʦʜè, ʆɸʆ çʇʥʝʚʤʦʩʪʨʦʡʤʘʰʠʥʘè ʠ ʜʨʫʛʠʝ ʦʩʚʘʠʚʘʶʪ ʚʳʧʫʩʢ 

ʩʦʚʨʝʤʝʥʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʩʧʦʩʦʙʥʦʡ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʟʘ-

ʨʫʙʝʞʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʷʜʦʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʚ ʜʣʷ ʧʦʛʨʫʟʯʠʢʦʚ ʨʘʟ-

ʣʠʯʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ. 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʛʝʦʛʨʘʬʠʠ ʧʨʠʤʝʥʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʦʛʨʫʟʯʠʢʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: 

- ʧʨʠʤʝʥʝʥʠʝ ʚʩʝʩʝʟʦʥʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʘʩʝʣ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʚʷʟ-

ʢʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

- ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʧʦʜʦʛʨʝʚʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʛʠʜʨʦʙʘʢʝ; 

- ʩʦʟʜʘʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʭʝʤ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʚʳʭʦʜʘ ʥʘ 

ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʧʨʠ ʭʦʣʦʜʥʦʤ ʧʫʩʢʝ. 

ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʝʪʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʝʨʚʠʩʥʳʭ ʮʝʥ-

ʪʨʦʚ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ: 

- ʤʦʜʫʣʴʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʙʳʩʪʨʦʩʲʝʤʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ; 

- ʫʥʠʬʠʢʘʮʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʤʦʜʝʣʴʥʦʛʦ 

ʨʷʜʘ; 

- ʨʘʟʨʘʙʦʪʢʘ ʚʩʪʨʦʝʥʥʳʭ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʩ ʠʥʜʠʢʘʮʠʝʡ ʥʝʠʩʧʨʘʚ-

ʥʦʩʪʝʡ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʜʫʣʴʥʳʭ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʤʧʦʥʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʙʦʯʝ-

ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʟʣʦʚ. ʕʪʦ ʩʦʢʨʘʱʘʝʪ ʟʘʪʨʘʪʳ ʥʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʫʧʨʦʱʘʝʪ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ 

ʨʝʤʦʥʪ.  

 

ɺʳʚʦʜ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʦʛʨʫʟʯʠʢʘ ʜʣʷ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞ-

ʥʫʶ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʫʶ ʟʘʜʘʯʫ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʩʦʚʝʪʩʢʠʡ ʠ 

ʧʦʩʪʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ, ʥʦ 
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ʪʨʝʙʫʶʪ ʘʜʘʧʪʘʮʠʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʘʜʘʧʪʠʚʥʦʩʪʠ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʛʠʜʨʦʧʨʠʚʦʜʘ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʷʚʣʷʶʪʩʷ ʨʘʟʚʠʪʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʥʦʡ 

ʙʘʟʳ ʚ ʨʘʤʢʘʭ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ, ʘʜʘʧʪʘʮʠʷ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, 

ʧʦʚʳʰʝʥʠʝ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʠ ʩʦʟʜʘʥʠʝ ʤʦʜʫʣʴʥʳʭ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ 

ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʠʭ ʧʘʨʘʤʝʪʨʳ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʝʟ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʦʨʦʛʦ-

ʩʪʦʷʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʪʦʪʠʧʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʫʩʢʦʨʝʥ-

ʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʩʧʝʮʠʬʠʢʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠ-

ʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
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ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ. ɺʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʜʘʥ ʘʥʘʣʠʟ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ, ʥʘʤʝʯʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʢʪʠʯʝʩʢʠʡ ʨʝʛʠʦʥ, ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʞʠʚʫ-

ʯʝʩʪʴ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʫʧʨʘʚʣʝʥʠʝ. 
 

REVIEW OF EXISTING METHODS FOR ASSESSING THE RELIABILITY  

AND SURVIVABILITY OF EXTRACTING -AND-TRANSPORTING MACHINES  
 

P.A. Konovalov, A. Fedchenkov, Yu.A. Lagunova 
 

The article considers increased requirements for special-purpose transport and technological 

means, namely, for extracting-and-transporting machines for the conditions of the Far North. 

The existing methods are analyzed, it is found that the operational reliability and survivability 

of extracting-and-transporting machines are mutually complementary characteristics that re-

quire further study. The main problems are identified, an analysis of the advantages and dis-

advantages of the existing methods is given, and development prospects are outlined. 

Keywords: Arctic region, extreme conditions, reliability and survivability, intelligent systems, 

new materials, control. 
 

ɺʚʝʜʝʥʠʝ 

ɸʢʪʠʚʥʦʝ ʦʩʚʦʝʥʠʝ ʘʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ 

ʫʩʣʦʚʠʷʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʠ ʉʠʙʠʨʠ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʟʘ-

ʜʘʯ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘ-

ʥʠʷ ʢ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʘʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

(ʊʊʉ ʉʅ). ʇʦʜ ʊʊʉ ʉʅ ʧʦʥʠʤʘʶʪʩʷ ʢʦʣʝʩʥʳʝ ʠ ʛʫʩʝʥʠʯʥʳʝ ʤʘʰʠʥʳ, ʚʳ-

ʧʦʣʥʷʶʱʠʝ ʟʘʜʘʯʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʤʦʥʪʘʞʘ, ʵʚʘʢʫʘʮʠʠ, ʞʠʟʥʝʦʙʝʩʧʝʯʝ-

ʥʠʷ ʚ ʫʩʣʦʚʠʷʭ, ʠʩʢʣʶʯʘʶʱʠʭ ʠʣʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ ʩʝʨʠʡʥʦʡ 

ʪʝʭʥʠʢʠ. 

ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʠʟʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ (ʜʦ -60ÁC), ʨʝʟʢʠʤʠ ʧʝʨʝʧʘʜʘʤʠ ʪʝʤʧʝʨʘʪʫʨ, ʚʳʩʦʢʦʡ 

ʚʣʘʞʥʦʩʪʴʶ, ʣʝʜʷʥʳʤʠ ʧʦʢʨʦʚʘʤʠ, ʩʥʝʞʥʳʤʠ ʟʘʥʦʩʘʤʠ ʠ ʜʨ., ʚʳʩʪʫʧʘʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʘʛʨʝʩʩʠʚʥʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʱʝʡ ʧʨʦʮʝʩʩʳ ʠʟ-

ʥʘʰʠʚʘʥʠʷ, ʩʪʘʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʩʠʩʪʝʤ [1]. ʊʨʘʜʠʮʠ-

ʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʥʘʜʝʞʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʫʩʨʝʜʥʝʥʥʳʭ ʜʘʥʥʳʭ, 

ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʩʦʩʪʦʷʪʝʣʴʥʳʤʠ, ʯʪʦ ʚʝʜʝʪ ʢ ʥʝʦʙʦʩʥʦ-

ʚʘʥʥʳʤ ʧʨʦʩʪʦʷʤ, ʩʨʳʚʫ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʠ ʨʦʩʪʫ ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘ-

ʥʠʝ. 
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ʈʠʩ. 1 - ʙʫʣʴʜʦʟʝʨ ɼʉʊ-ʋʈɸʃ ʩʝʨʠʠ D12. 

 

ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʦʡʩʪʚʦ ʞʠʚʫʯʝʩʪʠ ï ʩʧʦʩʦʙʥʦʩʪʠ 

ʊʊʉ ʉʅ ʩʦʭʨʘʥʷʪʴ ʦʛʨʘʥʠʯʝʥʥʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʳʧʦʣʥʷʪʴ ʤʠʥʠ-

ʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʬʫʥʢʮʠʡ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶ-

ʱʠʭ ʬʘʢʪʦʨʦʚ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ ʠ ʚʳʟʚʘʥʥʳʭ ʠʤʠ ʦʪʢʘʟʦʚ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ 

ʥʘʜʝʞʥʦʩʪʴ (ʢʘʢ ʩʚʦʡʩʪʚʦ ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ) ʠ ʞʠʚʫʯʝʩʪʴ (ʢʘʢ ʩʚʦʡʩʪʚʦ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʧʦʩʣʝʜʩʪʚʠʷʤ ʵʢʩʪʨʝ-

ʤʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ) ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʪʨʝʙʫʶʱʠʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʭ ʦʮʝʥʢʝ ʠ ʧʦʚʳʰʝʥʠʶ. 

ʊʝʤʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʪʨʝʤʷ ʬʘʢʪʦʨʘʤʠ: 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʝ ï ʘʢʪʠʚʥʦʝ ʦʩʚʦʝʥʠʝ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʌ, ʨʘʟʚʠʪʠʝ 

ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʧʨʠʧʦʣʷʨʥʳʭ ʨʝʛʠʦʥʘʭ; 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ï ʨʝʘʣʠʟʘʮʠʷ ʢʨʫʧʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ 

(ʗʤʘʣ ʉʇɻ, ɺʦʩʪʦʢ ʆʡʣ) ʚ ʫʩʣʦʚʠʷʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʠ ʉʠʙʠʨʠ, ʛʜʝ 

ʥʘʜʝʞʥʦʩʪʴ ʪʝʭʥʠʢʠ ʚʣʠʷʝʪ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ; 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ - ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʫʚʝʨʝʥʠʪʝʪʘ ʠ ʠʤʧʦʨʪʦʥʝʟʘʚʠʩʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʕʋ). 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʟʘʢʨʝʧʣʝʥʘ ʚ ʨʷʜʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʜʦʢʫ-

ʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ çʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʌ ʠ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦ 2035 ʛʦʜʘè; çʆʩʥʦʚʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʣʠʪʠʢʠ ʈʌ ʚ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷè; ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦ-

ʛʨʘʤʤʘ çʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʈʌè [2]. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʠʢʠ [3-8], ʙʳʣʦ ʚʳ-

ʷʚʣʝʥʦ, ʯʪʦ ʚ ʨʦʩʩʠʡʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʩ-

ʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʊʘʢ, ʨʘʟʨʘʙʦʪʘʥ ʦʙʰʠʨʥʳʡ ʬʦʥʜ ɻʆʉʊ, ʆʉʊ ʠ ʚʝ-

ʜʦʤʩʪʚʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʥʘ ʠʩʧʳʪʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʦ-

ʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʦʙʣʝʜʝʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʝʨʠʷ ɻʆʉʊ ʈ 50823, ɻʆʉʊ 

28206). ʄʝʪʦʜʳ ʚ ʦʩʥʦʚʥʦʤ ʥʦʩʷʪ ʚʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ (çʩʦʦʪʚʝʪ-
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ʩʪʚʫʝʪ/ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪè) ʠ ʯʘʩʪʦ ʥʝ ʜʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʧʨʦʛʥʦʟʥʦʡ ʤʦ-

ʜʝʣʠ ʜʝʛʨʘʜʘʮʠʠ ʥʘʜʝʞʥʦʩʪʠ. ʊʘʢʞʝ ʜʦʤʠʥʠʨʫʝʪ ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

ʥʘʜʝʞʥʦʩʪʠ (ɻʆʉʊ 27.XXX) [4]. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ (ɺɹʈ, ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ) ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʢʠ 

ʦʪʢʘʟʦʚ. ʅʝʜʦʩʪʘʪʦʢ ï ʩʣʘʙʘʷ ʫʚʷʟʢʘ ʩʪʘʪʠʩʪʠʢʠ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʠʥʠʮʠʠʨʫʝʤʳʤʠ ʕʂʋ. ʋʯʠʪʳʚʘʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʝʩʪʥʦʩʪʠ ʩ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʢʣʠ-

ʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʚʝʜʫʪʩʷ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝ-

ʨʠʘʣʦʚ (ʤʝʪʘʣʣʦʚ, ʧʦʣʠʤʝʨʦʚ, ʢʦʤʧʦʟʠʪʦʚ, ʨʝʟʠʥ) ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ, ʚʣʠʷʥʠʷ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʦʜʝʣʠ ʠʟʥʦʩʘ ʧʘʨ 

ʪʨʝʥʠʷ ʚ ʟʘʛʨʷʟʥʝʥʥʦʡ ʘʙʨʘʟʠʚʦʤ ʩʨʝʜʝ (ʩʥʝʛ, ʣʝʜ, ʧʝʩʦʢ). 

ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ: 

1. ʈʘʟʨʳʚ ʤʝʞʜʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ. ɼʘʥʥʳʝ ʦ ʨʝʘʣʴ-

ʥʳʭ ʦʪʢʘʟʘʭ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʯʘʩʪʦ ʥʦʩʷʪ ʚʝʜʦʤ-

ʩʪʚʝʥʥʳʡ ʠʣʠ ʢʦʤʤʝʨʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʩʣʘʙʦ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʥʝ ʚʩʝ-

ʛʜʘ ʧʦʩʪʫʧʘʶʪ ʢ ʢʦʥʩʪʨʫʢʪʦʨʘʤ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʦʝʢʪʦʚ. 

2. ɼʝʬʠʮʠʪ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʪʦʜʠʢ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝ-

ʪʦʜʠʢ ʦʮʝʥʠʚʘʶʪ ʣʠʙʦ ʥʘʜʝʞʥʦʩʪʴ, ʣʠʙʦ ʧʨʦʯʥʦʩʪʴ, ʣʠʙʦ ʢʣʠʤʘʪʠʯʝʩʢʫʶ 

ʩʪʦʡʢʦʩʪʴ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʎʝʧʦʯʢʠ, ʥʘʯʠʥʘʶʱʝʡʩʷ, ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ, ʩʚʷʟʳʚʘʶʱʝʡ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʩ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ 

ʠʟʥʦʩʘ/ʨʘʟʨʫʰʝʥʠʷ, ʧʝʨʝʭʦʜʷʱʝʤ ʢ ʦʪʢʘʟʫ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ (ʞʠʚʫʯʝʩʪʠ), ʧʨʠ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʤ/ʦʧʝʨʘʮʠʦʥʥʦʤ ʫʱʝʨʙʝ, ʚ ʷʚʥʦʤ ʚʠʜʝ ʥʝ ʧʨʝʜʣʦʞʝʥʦ. 

3. ʉʣʘʙʘʷ ʮʠʬʨʦʚʠʟʘʮʠʷ. ʆʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʮʠʬ-

ʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʜʣʷ ʧʨʦʛʥʦʟʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʊʊʉ ʉʅ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʚʩʝʤ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ. ʅʝ 

ʭʚʘʪʘʝʪ ʤʦʜʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʜʝʛʨʘʜʘʮʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦ ʚʨʝʤʝʥʠ ʧʦʜ 

ʩʦʚʦʢʫʧʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ. 

4. ʂʘʜʨʦʚʳʡ ʚʦʧʨʦʩ. ʅʝʭʚʘʪʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ 

ʧʨʦʬʠʣʷ, ʩʦʝʜʠʥʷʶʱʠʭ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʘʪʝʨʠʘʣʦʚʝ-

ʜʝʥʠʷ, ʢʣʠʤʘʪʦʣʦʛʠʠ, ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɸʥʘʣʠʟ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ [3-8] 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʥʘʜʸʞʥʦʩʪʠ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʝ ʚ 

ɻʆʉʊ 27.XXX [4] ʠ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʦʙ ʦʪʢʘʟʘʭ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʩʪʦʷʚʰʠʡʩʷ ʠʥʩʪʨʫʤʝʥʪ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʠ. ʀʭ ʢʣʶ-

ʯʝʚʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʳʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ï ʥʘʨʘʙʦʪʢʠ ʥʘ ʦʪʢʘʟ, ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟ-

ʥʦʡ ʨʘʙʦʪʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ï ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʙʘʟʝ ʨʝ-

ʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ. ɹʣʘʛʦʜʘʨʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʵʪʠ ʤʝʪʦ-

ʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ 

ʢʦʨʨʝʢʪʥʦʝ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʪʝʭʥʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʩʪʦʪʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ: ʦʥʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦ-

ʥʷʪʥʳ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʫʢʦʚʦʜʩʪʚʫ ʠ ʟʘʢʘʟʯʠʢʘʤ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʘʨʢʘ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ (ɿʀʇ). ʅʝ ʤʝʥʝʝ ʚʘʞʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʩʣʫʞʘʪ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʘʨʘʥʪʠʡʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʠ ʨʘʩʯʸ-
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ʪʘ ʨʝʩʫʨʩʘ ʠʟʜʝʣʠʡ, ʧʦʜʪʚʝʨʞʜʘʷ ʩʚʦʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʤʥʦʛʦʣʝʪ-

ʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ. 

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʥʠ ʥʦʩʷʪ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ: ʦʧʠʨʘ-

ʷʩʴ ʥʘ ʫʞʝ ʠʤʝʶʱʠʡʩʷ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʥʠ ʥʝ ʩʧʦʩʦʙʥʳ ʘʜʝʢʚʘʪʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʥʦʚʳʭ ʩʠʩʪʝʤ ʠʣʠ ʨʘʙʦʪʫ ʚ ʨʘʥʝʝ ʥʝʫʯʪʸʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʉʝʨʴʸʟʥʳʤ ʙʘʨʴʝʨʦʤ ʩʪʘʥʦʚʠʪʩʷ ʠ ʚʳʩʦʢʘʷ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ 

ʦʙʲʸʤʫ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ï ʜʣʷ ʜʦʩʪʦʚʝʨʥʳʭ ʚʳʚʦʜʦʚ ʥʝʦʙʭʦʜʠʤʘ ʜʣʠ-

ʪʝʣʴʥʘʷ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʦʪʢʘʟʦʚ, ʢʦʪʦʨʘʷ ʟʘʯʘʩʪʫʶ ʦʪʩʫʪ-

ʩʪʚʫʝʪ ʜʣʷ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʵʢʩ-

ʪʨʝʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʕʂʋ). ɽʱʸ ʦʜʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʣʘʙʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʝ ʨʘʩʢʨʳʚʘʶʪ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ (ʥʘʧʨʠ-

ʤʝʨ, ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ), ʧʨʦʮʝʩʩʘʤʠ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʬʠʥʘʣʴʥʳʤ ʦʪʢʘʟʦʤ, ʬʫʥʢʮʠʦʥʠʨʫʷ ʧʦ ʧʨʠʥʮʠʧʫ çʯʸʨʥʦʛʦ ʷʱʠʢʘè. ʅʘʢʦ-

ʥʝʮ, ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʣʘʙʫʶ ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ: ʥʝ ʫʯʠʪʳʚʘʶʪ ʩʧʝʮʠʬʠʢʫ ʨʝʞʠʤʦʚ ʥʘʛʨʫʟʢʠ ʠ ʨʝ-

ʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʦʬʠʣʠ ʢʦʥʢʨʝʪʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʪʝʭʥʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʢʘʟʘʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʘʥʘʣʠʟʝ 

ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʝʥʠʷ ʠʥʳʤʠ 

ʧʦʜʭʦʜʘʤʠ ʚ ʩʠʪʫʘʮʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝ-

ʰʝʥʠʡ ʠʣʠ ʠʟʤʝʥʝʥʠʝʤ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʪʦʜʠʢ, ʠʥʪʝʛʨʠʨʫʶʱʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʩ ʫʯʸʪʦʤ ʬʠʟʠʢʠ ʦʪʢʘʟʦʚ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʉʚʷʟʴ ʤʝʞʜʫ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʥʦʩʠʪ ʭʘʨʘʢʪʝʨ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ ʠ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ, ʬʦʨʤʠʨʫʶʱʠʭ 

ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʢʨʠ-

ʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʜʘʥʥʳʭ ʦ ʨʝʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʝʭʥʠʢʠ ʠ ʧʨʦʮʝʩʩʘʭ ʝʸ ʜʝ-

ʛʨʘʜʘʮʠʠ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʠ ʜʘʥʥʳʝ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʜʚʫʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʥʠ ʠʥʬʦʨʤʠʨʫʶʪ ʠ ʥʘʧʨʘʚʣʷʶʪ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦ-

ʢʨʳʪʠʡ. ɸʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʢʨʝʪʥʳʭ ʚʠʜʘʭ ʠʟʥʦʩʘ, ʢʦʨʨʦʟʠʠ ʠ ʦʙʣʝ-

ʜʝʥʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʤʘʪʝʨʠʘʣʦʚʝʜʘʤ ʩʪʘʚʠʪʴ ʪʦʯʝʯʥʳʝ ʟʘʜʘʯʠ ʧʦ ʩʦʟʜʘʥʠʶ 

ʢʦʤʧʦʟʠʪʦʚ ʠ ʧʦʢʨʳʪʠʡ ʩ ʪʦʯʥʦ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʙʦʨʴʙʳ ʩ ʚʳ-

ʷʚʣʝʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ. ɸ ʩʦʙʨʘʥʥʳʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʦ ʧʨʠʯʠʥʘʭ ʠ ʭʘ-

ʨʘʢʪʝʨʝ ʦʪʢʘʟʦʚ ʦʙʦʩʥʦʚʳʚʘʶʪ ʠ ʜʠʢʪʫʶʪ ʧʨʠʥʮʠʧʳ ʥʦʚʦʡ ʧʘʨʘʜʠʛʤʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʤʝʱʘʶʱʝʡ ʬʦʢʫʩ ʥʘ ʞʠʚʫʯʝʩʪʴ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ. 

ʉʪʘʪʠʩʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʠʝ ʫʟʣʳ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʠ ʜʦʣʞʥʳ ʙʳʪʴ ʤʦ-

ʜʫʣʴʥʳʤʠ, ʘ ʢʘʢʠʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʧʨʠʚʦʜʷʪ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʧʦʩʣʝʜ-

ʩʪʚʠʷʤ, ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʠʟʙʝʛʘʪʴ. 

ʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʬʫʥʜʘ-

ʤʝʥʪʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʞʠʚʫʯʝʩʪʠ. ɹʝʟ ʤʦʨʦʟʦʩʪʦʡʢʠʭ 
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ʧʦʣʠʤʝʨʦʚ, ʛʠʜʨʦʬʦʙʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʩʦʟʜʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʜʫʣʴʥʳʭ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʨʘʙʦʪʳ 

ʧʨʠ -60 Áʉ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. 

ɺʩʝ ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʛʝʥʝʨʠʨʫʶʪ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʨʘʟʥʦʨʦʜʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ï ʦʪ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ 

ʜʦ ʯʝʨʪʝʞʝʡ ʤʦʜʫʣʴʥʳʭ ʫʟʣʦʚ ʠ ʧʨʦʪʦʢʦʣʦʚ ʨʝʤʦʥʪʦʚ. ɽʜʠʥʘʷ ʮʠʬʨʦʚʘʷ 

ʧʣʘʪʬʦʨʤʘ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʝʛʦ ʠʥʪʝʛʨʘʪʦʨʘ ʠ çʥʝʨʚʥʦ-

ʛʦ ʮʝʥʪʨʘè. ʆʥʘ ʘʢʢʫʤʫʣʠʨʫʝʪ ʜʘʥʥʳʝ ʦʪ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʭʝʤʳ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʨʘʩʯʝʪʳ, ʩʦʟʜʘʚʘʷ ʮʝʣʦʩʪʥʫʶ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ (ʜʚʦʡʥʠʢ) ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʪʝʭʥʠʢʠ. 

ʅʘʢʦʥʝʮ, ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʡ ʵʪʦʡ ʩʣʦʞʥʦʡ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠ 

ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʥʝʸ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʣʴʟʳ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʤʝʞʜʠʩʮʠʧʣʠ-

ʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʥʪʝʛʨʘʮʠʷ ʫʩʠʣʠʡ ʠʥʞʝʥʝʨʦʚ, ʤʘʪʝʨʠʘʣʦʚʝʜʦʚ, 

ʢʣʠʤʘʪʦʣʦʛʦʚ ʠ ʵʢʦʥʦʤʠʩʪʦʚ ʷʚʣʷʝʪʩʷ ʩʚʷʟʫʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʚʦʜ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʩ ʧʣʘʪʬʦʨʤʳ ʚ ʢʦʥʢʨʝʪʥʳʝ ʪʝʭʥʠʯʝ-

ʩʢʠʝ ʟʘʜʘʥʠʷ, ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʮʝʥʢʫ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʠ, ʚ ʠʪʦʛʝ, ï ʟʘʤʳʢʘʥʠʝ ʮʠʢʣʘ ʧʫʪʝʤ 

ʚʦʟʚʨʘʪʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʪʥʦ ʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʈʦʩʩʠʠ ʩʫʱʝʩʪʚʫʝʪ ʩʦʣʠʜʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʟʘ-

ʜʝʣ ʧʦ ʪʝʤʝ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʝʭʥʠʢʠ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʦʜʢʨʝʧʣʝʥʥʳʡ ʦʩʪʨʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʚʦʩʪʨʝʙʦ-

ʚʘʥʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʪʝʢʫʱʘʷ ʩʠʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʡ. 

ʆʩʥʦʚʥʦʡ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʦʜʦʣʝʥʠʠ ʵʪʦʛʦ ʨʘʟʨʳʚʘ 

ʯʝʨʝʟ ʩʦʟʜʘʥʠʝ ʩʢʚʦʟʥʳʭ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʤʝʪʦʜʠʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʮʠʬʨʦʚʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʜʘʥʥʳʭ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʋʩʧʝʭ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʨʳʚʘʤʠ, ʥʦ ʠ 

ʥʘʣʘʞʠʚʘʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʦʧʝʨʘʮʠʠ ʤʝʞʜʫ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʥʘʫʢʦʡ, ʦʪ-

ʨʘʩʣʝʚʳʤʠ ʠʥʩʪʠʪʫʪʘʤʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʠ ʢʦʥʝʯʥʳʤʠ ʵʢʩʧʣʫʘʪʘʥʪʘʤʠ 

ʊʊʉ ʉʅ. ʊʝʤʘ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʘʩʧʠʨʘʥʪʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʚʥʝʩʪʠ ʚʢʣʘʜ, ʢʘʢ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ 

ʥʘʫʢʫ (ʤʦʜʝʣʠ ʜʝʛʨʘʜʘʮʠʠ), ʪʘʢ ʠ ʚ ʨʝʰʝʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʟʘʜʘʯ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊɸ ʋʇʈʋɻʆʉʊʀ ɼʃʗ ʆʎɽʅʂʀ 

ʇʈʆʍʆɼʀʄʆʉʊʀ ʇʆ ʅɽʆʉʋʐɽʅʅʆʁ ɿɸʃɽɾʀ 
 

ʃ.ɺ. ʂʦʧʝʥʢʠʥʘ1, ʜʦʮʝʥʪ, ɺ.ʌ. ʉʠʥʠʮʳʥ1, ʧʨʦʬʝʩʩʦʨ 
1ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʊʚʝʨʴ 

 

ɺ ʩʪʘʪʴʝ ʠʟʣʘʛʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ 

ʪʦʨʬʷʥʦʡ ʚʝʨʭʦʚʦʡ ʥʝʦʩʫʰʝʥʥʦʡ ʟʘʣʝʞʠ ʜʣʷ ʧʨʦʛʥʦʟʦʚ ʦ ʧʨʦʭʦʜʠʤʦʩʪʠ ʤʘʰʠʥʳ ʧʦ 

ʚʝʨʭʦʚʦʡ ʥʝʦʩʫʰʝʥʥʦʡ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʜʚʠʛʫ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʵʪʠʭ ʟʘʣʝʞʝʡ ʠ 

ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 10000 ʟʥʘʯʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦ-

ʩʪʠ ʟʘʣʝʞʠ, ʪʦʨʬʷʥʘʷ ʚʝʨʭʦʚʘʷ ʥʝʦʩʫʰʝʥʥʘʷ ʟʘʣʝʞʴ, ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ. 
 

DETERMINATION OF THE ELASTICITY COEFFICIENT FOR ASSESSING  

THE PASSABILITY OF A MACHINE ON AN UNDERDRIED DEPOSIT  
 

L.V.  Kopenkina, V.F. Sinicyn  
 

The article presents the results of obtaining the distribution of the coefficient of elasticity of a 

peat high moor undried deposit for forecasts of the machine's patency over a riding undried 

peat deposit. The law of the distribution of shear resistance of the upper layer of these depos-

its and the method of statistical modeling are used to calculate the coefficient of elasticity. 

When implementing the statistical modeling method, 10,000 values are used. 

Keywords: deformation properties of peat deposits, the coefficient of elasticity of the deposit, 

peat high moor non-dried deposits, statistical modeling method. 
 

ɼʣʷ ʨʘʙʦʪʳ ʤʘʰʠʥʳ ʥʘ ʚʝʨʭʦʚʦʡ ʥʝʦʩʫʰʝʥʥʦʡ ʟʘʣʝʞʠ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘʨʘʤʝʪʨʦʚ ʭʦʜʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʫʩʣʦʚʠʷʤ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʡ ʟʘʣʝʞʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ 

0,2-0,5 ʤ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʝʨʘʟʣʦʞʠʚʰʠʭʩʷ ʦʩʪʘʪʢʦʚ ʦʪʤʝʨʰʠʭ ʨʘʩʪʝʥʠʡ ʠ 

ʧʨʦʥʠʟʘʥʥʦʛʦ ʢʦʨʥʷʤʠ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʦʙʨʘʟʫʶ-

ʱʠʤʠ ʩʚʦʝʦʙʨʘʟʥʳʡ ʢʘʨʢʘʩ, ʦʙʣʘʜʘʶʱʠʡ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ [1].  

ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʝʨʭʦʚʦʡ ʥʝʦʩʫʰʝʥʥʦʡ ʟʘʣʝʞʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʦʯʥʦʩʪʴʶ ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ, ʦʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʦʩʘʜʢʘ ʢʦʣʝʩʘ, ʯʪʦ 

ʠ ʧʦʢʘʟʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺ.ʀ. ʇʝʨʩʠʢʦʚʘ [2]. 

ɺ 1970-ʝ ʛʦʜʳ ɺ.ʀ. ʇʝʨʩʠʢʦʚʳʤ ʚ ʂʘʣʠʥʠʥʩʢʦʤ ʬʠʣʠʘʣʝ ɺʅʀʀʊʇ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʮʝʣʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʝ-

ʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʘʨʘʤʝʪʨʦʚ ʭʦʜʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʘʰʠʥʳ ʂʇʆ ʫʩʣʦʚʠ-

ʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʝʝ ʥʘ ʚʝʨʭʦʚʦʡ ʥʝʦʩʫʰʝʥʥʦʡ ʟʘʣʝʞʠ.  

ʇʨʦʯʥʦʩʪʴ ʪʘʢʦʛʦ ʩʣʦʷ ʟʘʣʝʞʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʜʚʠʛʦʤʝʨʦʤ-

ʢʨʣrʴʯʘʪʢʦʡ ʉʂ ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʚʝʣʠʯʠʥʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʜʚʠʛʫ Ű, 

ʢʛ/ʩʤ2.  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ Ű (5100), ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʣʝʪ ʥʘ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʂʘʣʠʥʠʥʩʢʦʡ (ʊʚʝʨʩʢʦʡ), ʄʦʩ-

ʢʦʚʩʢʦʡ ʠ ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʝʡ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥ ʝʛʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ɺ.ʀ. ʇʝʨʩʠʢʦʚʳʤ ʚ 

ʚʠʜʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʷʜʘ [2]. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʚʳʯʠʩʣʷʪʴ ʦʩʘʜʢʫ ʢʦʣʝʩʘ H ʤʘʰʠʥʳ ʂʇʆ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ Ű 

ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ ʟʘʣʝʞʠ: 

Ὄ πȟπφτȾ† πȟρφχ ʤ,                                     (1) 

ʛʜʝ Ű ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ ʟʘʣʝʞʠ, ʢʛ/ʩʤ2. 

ʇʝʨʩʠʢʦʚ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʦʩʘʜʢʠ 

ʢʦʣʝʩʘ ʤʘʰʠʥʳ ʂʇʆ ʨʘʚʥʘ 0,78 ʤ. ʇʨʠ ʦʩʘʜʢʝ ʙʦʣʴʰʝ 0,78 ʤ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʨʫʰʝʥʠʝ ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ, ʠ ʢʦʣʝʩʦ ʪʝʨʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʢʘʪʳʚʘʪʴ-

ʩʷ. ʆʩʘʜʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʛʦ 

ʩʣʦʷ. ʀʩʧʦʣʴʟʫʷ ʟʘʚʠʩʠʤʦʩʪʴ (1), ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʦʩʘʜʢʘ 0,78 ʤ 

ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ Ű = 0,067 ʢʛ/ʩʤ2. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʭʦʜʠʤʦʩʪʴ ʤʘʰʠʥʳ 

ʦʙʝʩʧʝʯʝʥʘ, ʝʩʣʠ ʧʨʦʯʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ ʟʘʣʝʞʠ Ű Ó 0,067 ʢʛ/ʩʤ2.  

ʀʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʩʜʚʠʛʫ, ʤʦʞʥʦ ʚʳ-

ʯʠʩʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ Ű ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʚʝʨʭʦʚʦʡ ʥʝʦʩʫ-

ʰʝʥʥʦʡ ʟʘʣʝʞʠ ʙʫʜʝʪ ʥʝ ʤʝʥʴʰʝ ʧʨʝʜʝʣʴʥʦʛʦ Ű = 0,66 ʢʅ/ʤ2. ʕʪʘ ʚʝʨʦʷʪ-

ʥʦʩʪʴ (ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʨʦʭʦʜʠʤʦʩʪʴ ʤʘʰʠʥʳ ʂʇʆ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝ-

ʥʘ) ʨʘʚʥʘ 0,95.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʝʨʩʠʢʦʚʘ ʧʦʪʨʝ-

ʙʦʚʘʣʠ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚ, ʧʦʟʚʦʣʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝ-

ʥʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʘʰʠʥʳ ʂʇʆ ʥʘ ʥʝʦʩʫʰʝʥʥʦʡ ʟʘʣʝʞʠ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ ʥʠ ʜʣʷ ʯʝʛʦ ʜʨʫʛʦʛʦ, ʜʘʞʝ ʜʣʷ ʠʥʳʭ ʨʘʟʤʝʨʦʚ ʢʦʣʝʩʘ ʠ ʠʥʳʭ ʥʘʛʨʫ-

ʟʦʢ ʥʘ ʢʦʣʝʩʦ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʩʘʜʢʠ ʢʦʣʝʩʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦ-

ʜʠʤʦ ʟʥʘʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʟʘʣʝʞʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʠ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʠ ʨʘʩʯʝʪʝ ʭʦʜʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʪʦʨʬʷʥʳʭ ʤʘʰʠʥ, ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ ku [1]. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ku ʪʦʨʬʷʥʦʡ ʚʝʨʭʦʚʦʡ ʥʝʦʩʫʰʝʥ-

ʥʦʡ ʟʘʣʝʞʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʚʳʩʪʫ-

ʧʘʶʪ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʠ 

ʧʨʦʷʚʣʷʶʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ 

ʧʦ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥʳ. ʅʘ ʧʫʪʠ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ ʥʘʙʣʶʜʘʝ-

ʤʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʦʮʝʥʢʝ ʧʨʦʭʦʜʠʤʦʩʪʠ ʤʘʰʠʥ ʧʦ ʚʝʨʭʦʚʳʤ ʥʝʦʩʫ-

ʰʝʥʥʳʤ ʟʘʣʝʞʘʤ ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ ʟʘʣʝʞʠ ʥʫʞʥʦ ʩʯʠʪʘʪʴ ʩʣʫʯʘʡ-

ʥʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʫʯʠʪʳʚʘʪʴ ʟʘʢʦʥ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ku ʪʦʨʬʷʥʦʡ ʚʝʨʭʦʚʦʡ ʥʝʦʩʫʰʝʥʥʦʡ ʟʘʣʝʞʠ 

ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʜʣʷ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ, 

ʪʨʫʜʘ ʠ ʩʨʝʜʩʪʚ. 

ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʥʘʰʣʠ ʩʧʦʩʦʙ ʧʦʣʫʯʠʪʴ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ʪʦʨʬʷʥʦʡ ʚʝʨʭʦʚʦʡ ʥʝʦʩʫʰʝʥʥʦʡ ʟʘʣʝʞʠ.  

ʅʘʰʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺ.ʀ. ʇʝʨʩʠʢʦʚʘ ʫʩʪʘʥʦʚʣʝ-
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ʥʠʝ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ʪʦʨʬʷʥʦʡ ʚʝʨʭʦʚʦʡ 

ʥʝʦʩʫʰʝʥʥʦʡ ʟʘʣʝʞʠ ʩʚʦʜʠʪʩʷ ʢ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (1) ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ Ű ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʩʘʜʢʠ H ʢʦʣʝʩʘ ʤʘʰʠʥʳ ʂʇʆ. ʂʘʞʜʦʤʫ 

ʟʥʘʯʝʥʠʶ ʦʩʘʜʢʠ H ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʲʝʤʘ 

Vʢ ʧʦʛʨʫʞʝʥʥʦʡ ʚ ʟʘʣʝʞʴ ʯʘʩʪʠ ʢʦʣʝʩʘ ï ʦʙʲʝʤʘ ʟʘʣʝʞʠ, ʚʳʪʝʩʥʝʥʥʦʡ ʢʦ-

ʣʝʩʦʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ ʟʘʣʝʞʠ, ʢʅ/ʤ3, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨ-

ʤʫʣʝ 

Ὧ ὗȾὠ̋,                                                     (2) 

ʛʜʝ Q ï ʥʘʛʨʫʟʢʘ ʥʘ ʢʦʣʝʩʦ ʂʇʆ, 12,25 ʢʅ;  Vʢ ï ʦʙʲʝʤ ʟʘʣʝʞʠ, ʚʳʪʝʩʥʝʥ-

ʥʦʡ ʢʦʣʝʩʦʤ, ʤ3. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ku ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ Ű. ɿʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ű ʠʟʚʝ-

ʩʪʝʥ. ʅʘʭʦʞʜʝʥʠʝ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ku ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʥʘʭʦʞʜʝʥʠʝ 

ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ ʩʣʫʯʘʡʥʦʛʦ ʘʨʛʫʤʝʥʪʘ. 

ɸʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʦʞʝʥʦ ʥʝ ʙʳʣʦ ï ʚ ʯʘʩʪʥʦ-

ʩʪʠ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʥʝʪ ʬʦʨʤʫʣʳ, ʚʳʨʘʞʘʶʱʝʡ ʦʙʲʝʤ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ 

ʘʨʦʯʥʦʛʦ ʢʦʣʝʩʘ ʯʝʨʝʟ ʦʩʘʜʢʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʩʪʘ-

ʥʦʚʣʝʥʠʷ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ʚʝʨʭʦʚʦʡ ʥʝʦʩʫ-

ʰʝʥʥʦʡ ʟʘʣʝʞʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [3].  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ű ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʳʭ ʬʫʥʢ-

ʮʠʡ ʤʦʜʝʣʠʨʫʝʪʩʷ ʦʜʥʘ ʨʝʘʣʠʟʘʮʠʷ Ű. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʡ ʨʝʘ-

ʣʠʟʘʮʠʠ Ű ʧʦ ʬʦʨʤʫʣʝ (1) ʚʳʯʠʩʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʩʘʜʢʘ ʘʨʦʯʥʦʛʦ 

ʢʦʣʝʩʘ H. ʇʦ ʚʝʣʠʯʠʥʝ H ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʝʤ ʟʘʣʝʞʠ Vʢ, ʚʳʪʝʩʥʝʥʥʦʡ ʢʦ-

ʣʝʩʦʤ. ʀʩʧʦʣʴʟʫʷ Vʢ, ʧʦ ʬʦʨʤʫʣʝ (2) ʚʳʯʠʩʣʷʶʪ ʟʥʘʯʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ kui. 

ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʘʨʦʯʥʦʛʦ ʢʦʣʝʩʘ ʤʝʪʦ-

ʜʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʨʦʛʨʘʤʤʝ VKOL [4]. 

ɸʚʪʦʨʘʤʠ ʧʨʠʤʝʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʢʦʛʜʘ ʟʘ-

ʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʜʘʥ ʛʠʩʪʦʛʨʘʤʤʦʡ. ʇʨʠʥʷʣʠ 10000 ʨʝʘʣʠʟʘʮʠʡ ʩʣʫ-

ʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. 

ʀʟʣʦʞʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʤʝʪʦʜʳ ʚʳʯʠʩʣʝʥʠʡ ʙʳʣʠ ʦʬʦʨʤ-

ʣʝʥʳ ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ ʚʝʨʭʦʚʦʡ 

ʥʝʦʩʫʰʝʥʥʦʡ ʟʘʣʝʞʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʷʜʘ ʠ ʛʠʩʪʦ-

ʛʨʘʤʤʳ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ʥʝʦʩʫʰʝʥʥʦʡ 

ʚʝʨʭʦʚʦʡ ʟʘʣʝʞʠ mku ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 59,6 ʢʅ/ʤ
3, ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ůku ʩʦʩʪʘʚʠʣʦ 38,9 ʢʅ/ʤ
3. ʉʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʥʳʝ ʧʦʛʨʝʰʥʦ-

ʩʪʠ ʵʪʠʭ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,5-1%.  

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ʥʝʦʩʫʰʝʥʥʦʡ ʚʝʨʭʦʚʦʡ ʟʘʣʝʞʠ ʚʘ-

ʨʴʠʨʫʶʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 16,9 ʜʦ 77 ʢʅ/ʤ3.  

ɻʠʩʪʦʛʨʘʤʤʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʧʨʫʛʦʩʪʠ ʘʩʠʤʤʝʪʨʠʯʝʥ: ʧʨʘʚʘʷ ʛʨʘʥʠʮʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʜʘʣʝʥʘ ʦʪ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʥʘ 117,1 ʢʅ/ʤ3, ʘ ʣʝʚʘʷ ï ʥʘ 42,7 ʢʅ/ʤ3.  

ɿʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ʪʦʨʬʷʥʦʡ ʚʝʨʭʦʚʦʡ 

ʥʝʦʩʫʰʝʥʥʦʡ ʟʘʣʝʞʠ ʧʦʣʫʯʝʥ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʩʚʝʥʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʨʘʙʦʪʝ ɺ.ʀ. ʇʝʨʩʠʢʦʚʘ [2]. 
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ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʤʥʦʛʦ 

ʤʝʥʴʰʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. ʀʩʧʦʣʴʟʫʷ ʛʠʩʪʦʛʨʘʤʤʫ ʠ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʤʦʞʥʦ ʜʝʣʘʪʴ ʧʨʦʛʥʦʟʳ ʦ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝ-

ʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʧʨʦʭʦ-

ʜʠʤʦʩʪʴ ʤʘʰʠʥʳ.  

ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ʜʦʣʞʥʦ ʧʨʠʥʠʤʘʪʴʩʷ ʩ 

ʫʯʝʪʦʤ ʪʝʭ ʚʳʛʦʜ ʠ ʨʠʩʢʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠ ʪʦʤ ʠʣʠ ʠʥʦʤ ʟʥʘʯʝʥʠʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʥʘʜʦ ʟʥʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʤʘʰʠʥʳ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʚʦʜʦʚ ʧʦʚʦʨʦʪʥʦʛʦ ʤʝʭʘ-

ʥʠʟʤʘ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ, ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʛʠʙʨʠʜʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʩʥʠʞʝʥʠʷ 

ʨʝʩʫʨʩʘ ʠ ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʩ ʨʝ-

ʢʫʧʝʨʘʮʠʝʡ ʵʥʝʨʛʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʴʝʨʥʳʡ ʵʢʩʢʘʚʘʪʦʨ, ʤʝʭʘʥʠʟʤ ʧʦʚʦʨʦʪʘ, ʧʨʠʚʦʜ, ʥʘʜʝʞʥʦʩʪʴ, 
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DRIVES OF THE ROTARY MECHANISM OF A QUARRY EXCAVATOR: TYPES, 

DIFFERENCES, OPERATION EFFICIENCY  
 

M.D. Larionov   
 

The article discusses the design features of the rotary mechanism drives of quarry excavators, 

and a comparative analysis of hydraulic, electric, hybrid and mechanical systems is per-

formed. The main reasons for the decrease in resource have been identified, and the use of an 

adaptive electrohydraulic drive with energy recovery has been proposed to increase the reli-

ability and durability of the equipment.  

Keywords: quarry excavator, rotation mechanism, drive, reliability, resource, hydraulic 

drive. electric drive, hybrid system. 
 

ɺʚʝʜʝʥʠʝ. ɻʦʨʥʳʝ ʤʘʰʠʥʳ, ʪʘʢʠʝ ʢʘʢ ʵʢʩʢʘʚʘʪʦʨʳ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʥ-

ʪʝʥʩʠʚʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʳʭ ʠ ʘʛʨʝʩʩʠʚ-

ʥʳʭ ʩʨʝʜʘʭ. ʊʘʢʠʝ ʤʘʰʠʥʳ ʨʘʙʦʪʘʶʪ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: ʚʳʩʦʢʠʝ 

ʥʘʛʨʫʟʢʠ, ʚʳʩʦʢʘʷ ʘʙʨʘʟʠʚʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʝʪʘʣʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʵʢʩʢʘʚʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ[1-6]. 

ʄʝʭʘʥʠʟʤ ʧʦʚʦʨʦʪʘ ʧʣʘʪʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫ-

ʞʝʥʥʳʭ ʫʟʣʦʚ ʢʘʨʴʝʨʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʠʢʣʠʯʝʩʢʦʝ ʧʝ-

ʨʝʤʝʱʝʥʠʝ ʨʘʙʦʯʝʡ ʧʣʘʪʬʦʨʤʳ ʠ ʚʦʩʧʨʠʥʠʤʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʥʘʛʨʫʟʢʠ. ʅʘʜʝʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʨʘ-

ʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʡ ʤʘʰʠʥʳ [4, 5]. 

ʊʠʧʳ ʧʨʠʚʦʜʦʚ ʧʦʚʦʨʦʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ [3]. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠ-

ʧʳ ʧʨʠʚʦʜʦʚ ʧʦʚʦʨʦʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʙʣʘʜʘʶʱʠʝ ʩʚʦʠʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʦʩ-

ʧʨʠʥʠʤʘʷ ʧʦʧʝʨʝʤʝʥʥʳʝ, ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʛʨʫʞʝʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʠ ʤʝ-

ʭʘʥʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʠʚʦʜ. 
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ʆʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʝʨʝ-

ʛʨʫʟʢʘʤ, ʦʜʥʘʢʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ, ʥʘʛʨʝʚʦʤ ʨʘ-

ʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠ ʫʩʢʦʨʝʥʥʳʤ ʠʟʥʦʩʦʤ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʠʚʦʜ. 

ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʪʦʯʥʦʩʪʴ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ, ʩʥʠʞʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ, ʥʦ ʪʨʝʙʫʝʪ 

ʩʪʘʙʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʛʨʫʟʦʢ. 

ɻʠʙʨʠʜʥʳʡ ʧʨʠʚʦʜ [6]. 

ʉʦʯʝʪʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟ-

ʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʢʫʧʝʨʘʮʠʶ ʵʥʝʨʛʠʠ ʪʦʨʤʦʞʝʥʠʷ ʠ ʩʥʠʟʠʪʴ ʜʠʥʘʤʠ-

ʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚ-

ʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ 1, ʪʠʧʦʚ ʧʨʠʚʦʜʦʚ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ. 
 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʧʨʠʚʦʜʦʚ ʢʘʨʴʝʨʥʳʭ  ʵʢʩʢʘʚʘʪʦʨʦʚ 
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(ʜʨʦʩʩʝʣʠ, ʨʝʛʫ-

ʣʠʨʫʝʤʳʝ ʥʘʩʦ-

ʩʳ) 

ʇʣʘʚʥʦʝ  

(ʩ ʯʘʩʪʦʪʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʝʤ) 

ʇʣʘʚʥʦʝ (ʢʦʤ-

ʙʠʥʠʨʦʚʘʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ) 

ʉʪʫʧʝʥʯʘʪʦʝ 

(ʂʇʇ) 

ʈʝʘʣʠʟʘʮʠʷ 

ʣʠʥʝʡʥʦʛʦ 

ʜʚʠʞʝʥʠʷ 

ʇʨʦʩʪʦ ʠ ʵʬ-

ʬʝʢʪʠʚʥʦ (ʛʠʜ-

ʨʦʮʠʣʠʥʜʨ) 

ʉʣʦʞʥʦ (ʪʨʝ-

ʙʫʝʪʩʷ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʴ) 

ʋʤʝʨʝʥʥʦ 

ʩʣʦʞʥʦ (ʛʠ-

ʙʨʠʜʥʳʝ ʘʢʪʫ-

ʘʪʦʨʳ) 

ʉʣʦʞʥʦ (ʂʨʠ-

ʚʦʰʠʧ, ʢʫʣʘʯʦʢ) 

ɿʘʱʠʪʘ ʦʪ 

ʧʝʨʝʛʨʫʟʢʠ 

ʇʨʦʩʪʘʷ 

(ʧʨʝʜʦʭʨʘʥʠ-

ʪʝʣʴʥʳʡ ʢʣʘ-

ʧʘʥ) 

ʉʣʦʞʥʘʷ 

(ʵʣʝʢʪʨʦʥʥʘʷ 

ʩʠʩʪʝʤʘ) 

ʂʦʤʙʠʥʠʨʦʚʘʥ-

ʥʘʷ 

ʉʣʦʞʥʘʷ 

(ʤʫʬʪʘ ʧʨʝ-

ʜʝʣʴʥʦʛʦ ʤʦ-

ʤʝʥʪʘ) 

ʆʙʱʠʡ ʂʇɼ ʅʠʟʢʠʡ (0,5-0,8) 
ɺʳʩʦʢʠʡ (0,85-

0,95) 

ɺʳʩʦʢʠʡ (0,75-

0,9) ʟʘ ʩʯʝʪ ʨʝ-

ʢʫʧ. 

ʉʨʝʜʥʠʡ (0,8-

0,9) 

ʉʪʦʠʤʦʩʪʴ 

ʩʠʩʪʝʤʳ 
ʉʨʝʜʥʷʷ 

ɺʳʩʦʢʘʷ (ʩʠʣʦ-

ʚʳʝ ʢʦʤʧʦʥʝʥ-

ʪʳ) 

ʆʯʝʥʴ ʚʳʩʦʢʘʷ  ʅʠʟʢʘʷ 

ʊʨʝʙʦʚʘʥʠʷ ʢ ɺʳʩʦʢʠʝ (ʟʘʤʝ-ʅʠʟʢʠʝ ʋʤʝʨʝʥʥʳʝ (ʦʙ-ʉʨʝʜʥʠʝ (ʉʤʘʟ-
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ʊʆ ʥʘ ʬʠʣʴʪʨʦʚ, 

ʞʠʜʢʦʩʪʠ) 

ʩʣʫʞʠʚʘʥʠʝ 

ʦʙʦʠʭ ʢʦʥʪʫ-

ʨʦʚ) 

ʢʘ, ʢʘʥʘʪʳ) 

ʅʘʜʝʞʥʦʩʪʴ 

ʚ ʪʷʞʝʣʳʭ 

ʫʩʣʦʚʠʷʭ 

ɺʳʩʦʢʘʷ (ʧʨʠ 

ʙʦʣʴʰʠʭ ʧʝʨʝ-

ʛʨʫʟʢʘʭ) 

ɺʳʩʦʢʘʷ (ʧʨʠ 

ʩʪʘʙʠʣʴʥʦʤ 

ʧʠʪʘʥʠʠ) 

ʆʯʝʥʴ ʚʳʩʦʢʘʷ 

(ʨʝʟʝʨʚʠʨʦʚʘ-

ʥʠʝ ʩʠʩʪʝʤ) 

ɺʳʩʦʢʘʷ (ʧʨʦ-

ʩʪʘʷ ʤʝʭʘʥʠʢʘ) 

ʄʘʩʩʘ ʠ ʛʘ-

ʙʘʨʠʪʳ 

ʂʦʤʧʘʢʪʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, 

ʥʦ ʪʨʝʙ. ʙʘʢ 

ʂʦʤʧʘʢʪʥʳʝ 

ʜʚʠʛʘʪʝʣʠ, ʥʦ 

ʥʫʞʥʳ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʠ 

ɹʦʣʴʰʠʝ (ʜʚʘ 

ʪʠʧʘ ʧʨʠʚʦʜʦʚ) 

ɹʦʣʴʰʠʝ ʛʘʙʘ-

ʨʠʪʳ ʠʟ-ʟʘ ʤʝʭ. 

ʧʝʨʝʜʘʯ 

ʊʦʯʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ 

ɺʳʩʦʢʘʷ (ʧʣʘʚ-

ʥʦʝ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʝ) 

ɺʳʩʦʢʘʷ (ʩ 

ʮʠʬʨʦʚʦʡ ʩʠ-

ʩʪʝʤʦʡ) 

ʆʯʝʥʴ ʚʳʩʦʢʘʷ 

(ʦʧʪʠʤʠʟʘʮʠʷ 

ʦʙʦʠʭ ʪʠʧʦʚ) 

ʅʠʟʢʘʷ (ʩʪʫ-

ʧʝʥʯʘʪʳʝ ʧʝ-

ʨʝʜʘʯʠ) 

ʇʨʠʤʝʥʠ-

ʤʦʩʪʴ ʢ 

ʢʨʫʧʥʳʤ 

ʵʢʩʢʘʚʘʪʦ-

ʨʘʤ 

ɼʘ (ʜʦ 26ʤ3) 

ʆʩʦʙʝʥʥʦ ʜʣʷ 

ʩʚʝʨʭʪʷʞʝʣʳʭ 

ʤʘʰʠʥ 

ʇʝʨʩʧʝʢʪʠʚʝʥ 

ʜʣʷ ʥʦʚʳʭ ʤʦ-

ʜʝʣʝʡ 

ɼʨʘʛʣʘʡʥʳ, 

ʛʨʝʡʬʝʨʳ 

ʕʢʦʣʦʛʠʯ-

ʥʦʩʪʴ 

ʉʨʝʜʥʷʷ (ʨʠʩʢ 

ʫʪʝʯʢʠ ʤʘʩʣʘ) 

ɺʳʩʦʢʘʷ (ʥʝʪ 

ʚʳʙʨʦʩʦʚ) 

ɺʳʩʦʢʘʷ (ʨʝʢʫ-

ʧʝʨʘʮʠʷ) 

ʉʨʝʜʥʷʷ (ʩʤʘʟ-

ʢʘ) 

ʕʥʝʨʛʦʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ 

ʅʠʟʢʘʷ (ʧʦʪʝʨʠ 

ʚ ʛʠʜʨʦʩʠʩʪʝ-

ʤʝ) 

ɺʳʩʦʢʘʷ (ʧʨʷ-

ʤʦʝ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʝ) 

ʆʯʝʥʴ ʚʳʩʦʢʘʷ 

(ʨʝʢʫʧʝʨʘʮʠʷ 

ʵʥʝʨʛʠʠ) 

ʉʨʝʜʥʷʷ (ʤʝʭ. 

ʧʦʪʝʨʠ) 

ɸʚʪʦʥʦʤ-

ʥʦʩʪʴ 

ɿʘʚʠʩʠʪ ʦʪ 

ɼɺʉ 

ɿʘʚʠʩʠʪ ʦʪ 

ʩʝʪʠ 
ɺʳʩʦʢʘʷ  

ɺʳʩʦʢʘʷ (ʨʘʙ. 

ʦʪ ɼɺʉ) 

ʉʣʦʞʥʦʩʪʴ 

ʨʝʤʦʥʪʘ 

ʉʨʝʜʥʷʷ (ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ) 

ʅʠʟʢʘʷ (ʤʦ-

ʜʫʣʴʥʳʝ ʙʣʦʢʠ) 

ɺʳʩʦʢʘʷ (ʪʨʝ-

ʙʫʝʪʩʷ ʩʧʝʮ-

ʧʦʜʛʦʪʦʚʢʘ) 

ʅʠʟʢʘʷ (ʜʦ-

ʩʪʫʧʥʳʝ ʟʘʧʯʘ-

ʩʪʠ) 

ʏʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ ʢ 

ʟʘʛʨʷʟʥʝʥʠ-

ʷʤ 

ʆʯʝʥʴ ʚʳʩʦʢʘʷ 

(ʪʨʝʙʫʝʪ ʪʦʥ-

ʢʦʡ ʬʠʣʴʪʨʘ-

ʮʠʠ) 

ʅʠʟʢʘʷ 

ʉʨʝʜʥʷʷ (ʛʠʜʨʦ. 

ʯʘʩʪʴ ʪʨʝʙʫʝʪ 

ʬʠʣʴʪʨʘʮʠʠ)  

ʉʨʝʜʥʷʷ 

ʈʠʩʢ ʫʪʝʯʝʢ 

ɺʳʩʦʢʠʡ (ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʦʝ 

ʤʘʩʣʦ) 

ʆʪʩʫʪʩʪʚʫʝʪ 

ʋʤʝʨʝʥʥʳʡ 

(ʪʦʣʴʢʦ ʚ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʦʤ 

ʢʦʥʪʫʨʝ) 

ʅʠʟʢʠʡ (ʫʪʝʯʢʠ 

ʩʤʘʟʢʠ) 

ʇʦʞʘʨʦ-

ʦʧʘʩʥʦʩʪʴ 

ɽʩʪʴ (ʛʦʨʶʯʝʝ 

ʤʘʩʣʦ) 
ʅʠʟʢʘʷ 

ʋʤʝʨʝʥʥʘʷ 

(ʩʥʠʞʝʥʘ ʟʘ 

ʩʯʝʪ ʵʣʝʢʪʨʠ-

ʬʠʢʘʮʠʠ) 

ʅʠʟʢʘʷ 

 

ʇʨʠʯʠʥʳ ʩʥʠʞʝʥʠʷ ʨʝʩʫʨʩʘ.  
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ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʠʟʥʦʩʘ ʷʚʣʷʶʪʩʷ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ, ʥʝʨʘʚʥʦ-

ʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʠ ʮʠʢʣʠʯʝ-

ʩʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ [2]. 

ɺʳʚʦʜʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ï ʦʧʪʠʤʘʣʝʥ ʜʣʷ ʤʘʰʠʥ ʩʨʝʜʥʝʛʦ ʠ ʢʨʫʧʥʦʛʦ ʢʣʘʩʩʘ, 

ʛʜʝ ʥʫʞʥʳ ʤʦʱʥʦʩʪʴ ʠ ʢʦʤʧʘʢʪʥʦʩʪʴ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ï ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʘʙʦʪ ʩ ʧʠʪʘʥʠ-

ʝʤ ʦʪ ʩʝʪʠ; ʤʘʢʩʠʤʘʣʴʥʳʡ ʂʇɼ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ. 

ɻʠʙʨʠʜʥʳʡ ï ʧʝʨʩʧʝʢʪʠʚʝʥ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʛʜʝ ʚʘʞʥʳ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘʚʪʦʥʦʤʥʦʩʪʴ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ (ʧʦʢʘ ʦʛʨʘ-

ʥʠʯʝʥ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ). 

ʄʝʭʘʥʠʯʝʩʢʠʡ ï ʦʩʪʘʸʪʩʷ ʥʫʞʥr ʤ ʚ ʜʨʘʛʣʘʡʥʘʭ ʠ ʪʷʞʸʣʳʭ ʤʝʭʣʦʧʘ-

ʪʘʭ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ, ʥʘʜʸʞʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʨʳʚʘ ï ʧʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʦ-

ʛʦ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʩ ʩʠʩʪʝʤʦʡ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʝʛʦ ʩʛʣʘʞʠʚʘʥʠʝ ʥʘʛʨʫʟʦʢ, ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʨʝʩʫʨʩʘ [6]. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʧʨʠ ʧʦʤʦʱʠ ʙʘʨʘʙʘʥʥʦʡ ʬʨʝʟʳ ʩ ʥʝʢʨʫʛʣʳʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ ʚ ʧʨʠʚʦʜʝ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʧʫʣʴʩʠʨʫʶʱʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʨʘʟʨʫ-

ʰʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʜʘʯʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪ-

ʥʦʰʝʥʠʝʤ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʩʠʣʳ ʫʜʘʨʘ 

ʨʝʟʮʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʪʦʪʠʧʦʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʥʘʡʪʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʧʨʠ ʦʩʥʘʱʝʥʠʠ ʵʢʩʢʘʚʘʪʦʨʥʦʡ ʪʝʭʥʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʨʘʙʘʥʥʘʷ ʬʨʝʟʘ, ʥʝʢʨʫʛʣʳʝ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ, ʧʝʨʝʤʝʥʥʦʝ ʧʝʨʝʜʘ-

ʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʠʤʧʫʣʴʩʥʘʷ ʥʘʛʨʫʟʢʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʟʨʫʰʝʥʠʷ, ʵʢʩʢʘʚʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
 

A DRUM CUTTER WITH ROUGH -CUTTING GEARS IN THE DRIVE  
 

Ya. L. Liberman, O. A. Lukashuk, A. G. Mazein  
 

This article discusses a method for increasing the efficiency of rock breaking using a drum 

cutter with non-circular gears in the drive. The proposed design creates pulsating loads on 

the material being broken by using a variable-ratio transmission. Calculations confirm an 

increase in the total impact force of the cutters compared to the prototype, significantly im-

proving the productivity of the breaking process. The developed technology can find wide ap-

plication in the mining industry for equipping excavator equipment.  

Keywords: drum cutter, non-circular gears, variable gear ratio, rock destruction, impulse 

load, destruction efficiency, excavator equipment. 
 

ɻʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʠ ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʠ ʟʘʥʠʤʘʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʦʝ ʤʝʩʪʦ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʚʳʩʪʫʧʘʷ ʥʝ 

ʧʨʦʩʪʦ ʢʘʢ ʩʝʢʪʦʨʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʢʘʢ ʦʧʦʨʥʳʝ ʩʪʦʣʧʳ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝ-

ʨʝʥʠʪʝʪʘ. ʈʦʩʩʠʷ ʦʙʣʘʜʘʝʪ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʙʦʛʘʪʳʭ ʚ ʤʠʨʝ ʧʨʠʨʦʜʥʦ-

ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ: ʝʸ ʪʝʨʨʠʪʦʨʠʷ ʦʭʚʘʪʳʚʘʝʪ ʙʦʣʝʝ 20 % ʤʠʨʦʚʳʭ ʟʘ-

ʧʘʩʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɹʦʣʝʝ 15 ʪʳʩʷʯ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʩʪʨʘʥʳ, ʥʦ ʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʝʸ ʵʢʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥ-

ʮʠʘʣʘ, ʬʦʨʤʠʨʫʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʚʘʣʶʪʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʠ ʚʣʠʷʷ ʥʘ 

ʙʘʣʘʥʩ ʪʦʨʛʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʩ ɽʚʨʦʧʦʡ, ɸʟʠʝʡ ʠ ʜʨʫʛʠʤʠ ʨʝʛʠʦʥʘʤʠ ʤʠʨʘ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʘʩʰʪʘʙʥʘʷ ʠ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʩʪʨʦʠʪʝʣʴʥʘʷ 

ʦʪʨʘʩʣʴ, ʦʭʚʘʪʳʚʘʶʱʘʷ ʞʠʣʠʱʥʦʝ, ʪʨʘʥʩʧʦʨʪʥʦʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ, ʧʨʦ-

ʤʳʰʣʝʥʥʦʝ ʠ ʩʦʮʠʘʣʴʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʪʨʝʙʫʝʪ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʭ ʦʙʲʸ-

ʤʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʩʝʢʪʦʨʘ. ʂʘʞʜʳʡ ʢʠʣʦʤʝʪʨ ʥʦʚʦʡ ʜʦʨʦʛʠ, ʢʘʞʜʘʷ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʢʘʞʜʳʡ ʞʠʣʦʡ ʢʦʤʧʣʝʢʩ, ʢʘʞʜʳʡ ʧʦʨʪ ʠʣʠ ʪʨʫʙʦʧʨʦʚʦʜ 

ð ʚʩʸ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ɺ 

ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʡ ʫʨʙʘʥʠʟʘʮʠʠ, ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ, ʨʝʘʣʠ-
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ʟʘʮʠʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʦʙʥʦʚ-

ʣʝʥʠʷ ʠʟʥʦʰʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʚʳʟʦʚʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʥʝ ʧʨʦʩʪʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʦʚ, ʥʦ ʫʚʝʣʠʯʝʥʠʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ. 

ʆʙʝ ʵʪʠ ʦʪʨʘʩʣʠ ʩʦʟʜʘʶʪ ʩʧʨʦʩ ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ 

ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ɿʘʯʘʩʪʫʶ ʨʝʯʴ ʠʜʝʪ ʦ ʥʘʚʝʩʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ 

ʜʣʷ ʵʢʩʢʘʚʘʪʦʨʦʚ ï ʢʨʘʡʥʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʠ ʦʯʝʥʴ ʚʦʩʪʨʝʙʦ-

ʚʘʥʥʦʡ ʟʝʤʣʝʨʦʡʥʦʡ ʩʧʝʮʪʝʭʥʠʢʠ, ʠʤʝʶʱʝʡ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʬʫʥʢ-

ʮʠʦʥʘʣ ʙʣʘʛʦʜʘʨʷ ʨʘʟʣʠʯʥʦʤʫ ʥʘʚʝʩʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ. 

ɹʘʨʘʙʘʥʥʘʷ ʬʨʝʟʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʠʜʦʚ ʪʘʢʦʛʦ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ. ʋʯʠʪʳʚʘʷ ʪʝʥʜʝʥʮʠʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢ ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʚ ʩʚʦʠ ʧʨʦʮʝʩʩʳ, ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʘʨʘʙʘʥʥʳʭ ʬʨʝʟ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠ-

ʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ, ʦʙʦʟʥʘʯʠʪʴ ʧʨʦ-

ʙʣʝʤʳ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʳ 

ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʨʘʙʘʥʥʳʭ ʬʨʝʟ [1]. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʫʚʝʣʠʯʝʥʠʷ ʩʠʣʳ ʫʜʘʨʘ ʨʝʟʮʦʚ ʧʦ ʨʘʟʨʫ-

ʰʘʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ ʠ ʜʦʙʘʚʣʝʥʠʝ ʠʤʧʫʣʴʩʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʨʘʟʨʫʰʘʝʤʫʶ 

ʧʦʨʦʜʫ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʙʘʨʘʙʘʥʥʘʷ ʬʨʝʟʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʦʙʱʝʤ ʚʘʣʫ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʙʘʨʘʙʘʥʳ, 

ʨʝʟʮʳ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʚʦʛʦ ʙʘʨʘʙʘʥʘ ʚʜʦʣʴ ʚʠʥʪʦʚʦʡ ʣʠ-

ʥʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʣʝʚʦ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʦʨʦʛʦ ʙʘʨʘʙʘʥʘ ʚʜʦʣʴ ʚʠʥʪʦ-

ʚʦʡ ʣʠʥʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʣʝʚʦ, ʠ ʜʚʠʛʘʪʝʣʴ, ʩʦʝʜʠʥʸʥʥʳʡ ʯʝʨʝʟ ʟʫʙʯʘʪʳʡ 

ʨʝʜʫʢʪʦʨ ʩ ʦʙʱʠʤ ʚʘʣʦʤ ʙʘʨʘʙʘʥʦʚ, ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʨʝʜʫʢʪʦʨ ʚʳʧʦʣ-

ʥʝʥ ʠʟ ʥʝʢʨʫʛʣʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʚ ʚʠʜʝ ʧʝʨʝʜʘʯʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʝʜʘ-

ʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝ-

ʤʦʡ ʙʘʨʘʙʘʥʥʦʡ ʬʨʝʟʳ [2].  

 
ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʬʨʝʟʳ ʩ ʥʝʢʨʫʛʣʳʤʠ ʢʦʣʝʩʘʤʠ 

ʌʨʝʟʘ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ 1, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʤʦʪʦʨ ʨʦ-

ʪʦʨʥʦ-ʧʦʨʰʥʝʚʦʛʦ ʪʠʧʘ 2, ʨʝʜʫʢʪʦʨ 3 ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʚʳʭʦʜʥʳʤ ʚʘʣʦʤ, 

ʥʘ ʢʦʪʦʨʦʤ ʢʨʝʧʷʪʩʷ ʧʝʨʚʳʡ 4 ʠ ʚʪʦʨʦʡ 5 ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʙʘʨʘʙʘʥʳ, ʠʤʝ-
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ʶʱʠʭ ʨʝʟʮʳ 6, ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʚʦʛʦ ʙʘʨʘʙʘʥʘ 4 ʚʜʦʣʴ 

ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʧʨʘʚʦ, ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʦʨʦʛʦ ʙʘʨʘʙʘʥʘ 

5 ʚʜʦʣʴ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʣʝʚʦ, ʧʨʠ ʵʪʦʤ ʨʝʜʫʢʪʦʨ 3 ʚʳʧʦʣ-

ʥʝʥ ʠʟ ʥʝʢʨʫʛʣʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʣʣʠʧʪʠʯʝʩʢʠʭ) ʚ ʚʠʜʝ 

ʧʝʨʝʜʘʯʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʨʝʟʳ ʝʝ ʢʦʨʧʫʩ (ʦʥ ʥʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥ ʫʩʣʦʚʥʦ) 

ʤʦʥʪʠʨʫʶʪ ʥʘ ʢʦʥʮʝ ʩʪʨʝʣʳ ʵʢʩʢʘʚʘʪʦʨʘ. ɿʘʪʝʤ ʟʘʧʫʩʢʘʶʪ ʚ ʜʝʡʩʪʚʠʝ ʤʦ-

ʪʦʨ ʠ ʚʚʦʜʷʪ ʨʝʟʮʳ ʚ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʩ ʦʙʲʝʢʪʦʤ ʨʘʟʨʫʰʝʥʠʷ. ʈʝʟʮʳ ʫʜʘ-

ʨʷʶʪʩʷ ʦʙ ʦʙʲʝʢʪ ʠ ʨʘʟʨʫʰʘʶʪ ʝʛʦ. ʅʝʢʨʫʛʣʘʷ ʬʦʨʤʘ ʢʦʣʝʩ ʟʫʙʯʘʪʦʡ ʧʝʨʝ-

ʜʘʯʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʚʠʞʝʥʠʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʚ ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʩʢʦʨʦʩʪʴʶ. 

ʅʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʧʝʨʝʜʘʯʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ 

ʦʪʥʦʰʝʥʠʝʤ ʚ ʜʚʫʭ ʧʦʣʦʞʝʥʠʷʭ (ʧʨʠʤʝʨ ʩ ʵʣʣʠʧʪʠʯʝʩʢʠʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦ-

ʣʝʩʘʤʠ). 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʧʝʨʝʜʘʯʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ 

 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ  

      Ὥ  ,    (1) 

ʛʜʝ ὶ ï ʨʘʜʠʫʩ ʵʣʣʠʧʩʘ ʚʝʜʫʱʝʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ, ὶ ï ʨʘʜʠʫʩ ʵʣʣʠʧʩʘ ʚʝ-
ʜʦʤʦʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ. ʇʦʩʢʦʣʴʢʫ ʨʘʜʠʫʩ ʵʣʣʠʧʩʘ ʦʙʦʠʭ ʢʦʣʸʩ ʥʝʧʦʩʪʦ-

ʷʥʝʥ, ʪʦ  Ὥ ï ʧʝʨʝʤʝʥʥʦ.  

ʀʟ ʬʦʨʤʫʣʳ ʤʦʱʥʦʩʪʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ὖ ὓϽ‫
Ͻ

 ʩʣʝ-

ʜʫʝʪ, ʯʪʦ ʤʦʤʝʥʪ ʚʨʘʱʝʥʠʷ ʠ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʦʙʨʘʪʥʦ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ Ὥ  ʤʦʤʝʥʪ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʦʚ ʙʫ-

ʜʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤ, ʘ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ. ʇʨʠ Ὥ  

ʥʘʦʙʦʨʦʪ, ʤʦʤʝʥʪ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʦʚ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʳʤ, ʘ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ. 

ʇʨʠ ʧʝʨʝʤʝʥʥʦʤ ʧʝʨʝʜʘʪʦʯʥʦʤ ʯʠʩʣʝ ʨʝʜʫʢʪʦʨʘ ʙʘʨʘʙʘʥʥʦʡ ʬʨʝʟʳ 

ʩʠʣʘ ʚʦʟʜʝʡʩʪʚʠʷ ʝʸ ʥʘ ʧʦʨʦʜʫ ʩʪʘʥʦʚʠʪʩʷ ʧʫʣʴʩʠʨʫʶʱʝʡ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʣʘ ʫʜʘʨʘ ʨʝʟʮʦʚ ʦʙ 
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ʦʙʲʝʢʪ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʴʰʝʡ, ʯʝʤ ʫ ʧʨʦʪʦʪʠʧʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʩʫʤʤʘʨʥʫʶ ʩʠʣʫ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʨʦʜʫ.  

ʈʘʩʯʝʪ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʧʨʠʥʷʪʳʭ 

ὶ ρυπ ̍ ,̍ ὶ ρςυ ̍ ,̍ ὶ ρςυ ̍ ,̍ ὶ ρππ ̍ .̍ ʊʦʛʜʘ 

ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʚʳʯʠʩʣʷʝʤʦʝ ʧʦ ʬʦʨʤʫʣʝ (1), ʙʫʜʝʪ ʨʘʚʥʦ 
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σ
 

ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʢʨʫʞʥʘʷ ʩʠʣʘ Ὂ̨  ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠʥʠ-

ʤʘʣʴʥʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ.  
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ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ Ὂx ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ.  
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ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʧʝʨʝʜʘʪʦʯʥʦʤ ʦʪʥʦʰʝ-

ʥʠʠ Ὥ ρ ʦʢʨʫʞʥʘʷ ʠ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʳ ʘʥʘʣʦʛʠʯʥʳ ʠʟʥʘʯʘʣʴʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ʫ ʬʨʝʟʳ ʙʝʟ ʥʝʢʨʫʛʣʳʭ ʢʦʣʝʩ, ʘ ʟʥʘʯʠʪ, ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ ʫʜʘʨʘ 

ὊВ ʥʝ ʠʟʤʝʥʠʪʩʷ. 

ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʧʝʨʝʜʘʪʦʯʥʦʤ ʦʪʥʦʰʝʥʠʠ Ὥ  ʦʢʨʫʞʥʘʷ ʩʠʣʘ 

ʫʤʝʥʴʰʠʣʘʩʴ, ʘ ʮʝʥʪʨʦʙʝʞʥʘʷ ʚʦʟʨʦʩʣʘ: 

Ὂ̨ φρσσȟτ ̊ Ὂ̏ ωςππ ̊ 

Ὂx ρψρυπ ̊ Ὂ̗ ψπψρȟσ ̊ 

ʉʫʤʤʘʨʥʘʷ ʩʠʣʘ ʫʜʘʨʘ ʨʝʟʮʦʚ ʦʙ ʦʙʲʝʢʪ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʧʝʨʝʜʘʪʦʯ-

ʥʦʤ ʦʪʥʦʰʝʥʠʠ Ὥ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 ὊВ Ὂ̨ Ὂx φρσσȟτ ρψρυπρωρυψȟσ ̊ 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

 ὊВ ρωρυψȟσ ̊ Ὂ ρςυππ ̊ , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʤʤʘʨʥʦʡ ʩʠ-

ʣʳ ʫʜʘʨʘ ʨʝʟʮʦʚ ʦʙ ʦʙʲʝʢʪ ʜʣʷ ʙʘʨʘʙʘʥʥʦʡ ʬʨʝʟʳ ʩ ʥʝʢʨʫʛʣʳʤʠ ʢʦʣʝʩʘʤʠ ʚ 

ʧʨʠʚʦʜʝ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʦʙʲʝʢʪʘ. 
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ὊВ ρωρυψȟσ ̊ ὊВ ρςςτυȟσ ̊ , ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʚʝʣʠʯʝʥʠʷ ʩʠʣʳ ʫʜʘʨʘ. 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʨʘʩʯʸʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: ʤʘʢ-

ʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʫʜʘʨʘ ʫʚʝʣʠʯʠʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʜʘʨʥʦʡ ʩʠʣʳ ʧʨʦʪʦʪʠʧʘ, 

ʥʦ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʠʤʝʝʪ ʝʱʸ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʭʘ-

ʨʘʢʪʝʨ.  

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʧʪʠ-

ʤʠʟʘʮʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʢʨʫʛʣʳʭ ʢʦʣʝʩ ʠ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ, ʯʪʦ ʦʪʢʨʦʝʪ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʙʘʨʘ-

ʙʘʥʥʳʭ ʬʨʝʟ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜ-

ʪʚʝʨʞʜʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʷ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʝʤʣʝʨʦʡʥʦʡ ʪʝʭʥʠʢʠ. 
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ʰʫʢ ʆ.ɸ., ʄʘʘʣʘʦʫʠ ʍ.; ʦʧʫʙʣ. 30.11.2023. 
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ʢʝ ʢʘʣʠʡʥʳʭ ʨʫʜ. ʆʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʄʂʂ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥ-
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ʦʧʳʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠʭ ʩ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʪʠʧʦʚʳʭ 
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The basic information about the operation of mechanized combine complexes (MCC) used at 

enterprises of the Russian Federation for the extraction and processing of potash ores is giv-

en. The relevance of the task of finding solutions to increase the operational productivity of 

the MCC is substantiated. The results of experimental studies on determining the time of pro-

ductive operation of MCC machines using portable operation parameter recorders are pre-

sented. The experimental results are analyzed and compared with methodological studies of 

standard calculation algorithms. Solutions are proposed and justified to increase the produc-

tive operation time of MMCôs machines. 
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ɻʦʨʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʈʦʩʩʠʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʜʦʙʳʯʫ ʢʘʣʠʡʥʦʡ ʨʫʜʳ 

ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʢʘʤʝʨʥʫʶ ʩʠʩʪʝʤʫ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʙʘʡʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʚ ʩʦʩʪʘʚ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʦ ʚʭʦʜʠʪ ʧʨʦʭʦʜʯʝ-

ʩʢʦ-ʦʯʠʩʪʥʦʡ ʢʦʤʙʘʡʥ, ʙʫʥʢʝʨ-ʧʝʨʝʛʨʫʞʘʪʝʣʴ ʠ ʰʘʭʪʥʳʡ ʩʘʤʦʭʦʜʥʳʡ ʚʘ-

ʛʦʥ (ʐʉɺ). ʇʨʠʥʷʪʘʷ ʩʠʩʪʝʤʘ ʦʪʨʘʙʦʪʢʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʪʝʨʠ ʚʨʝʤʝʥʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʄʂʂ ʚ ʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʠ ʮʠʢʣʠʯʥʦʡ ʨʘʙʦʪʳ 

ʰʘʭʪʥʳʭ ʩʘʤʦʭʦʜʥʳʭ ʩʨʝʜʩʪʚ [1-3]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʨʝʰʝʥʠʡ ʧʦ ʫʚʝ-

ʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʄʂʂ ʧʨʠ ʚʝʜʝʥʠʠ ʧʨʦʭʦʜʯʝ-

ʩʢʦ-ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ ʚ ʫʩʣʦʚʠʷʭ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʤʘʰʠʥ ʄʂʂ ʥʘ 

ʦʜʥʦʤ ʠʟ ʨʫʜʥʠʢʦʚ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘ-
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ʥʳ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 72-ʯʘʩʦʚʦʛʦ ʦʧʳʪʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʜʘʥʥʳʝ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʠʩʪʨʘʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʧʨʠʚʦʜʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

çɺɸʊʋʈè, ʫʩʪʘʥʦʚʢʘ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʤʘʛʥʠʪʥʳʝ ʩʪʘʥʮʠʠ ʢʦʤ-

ʙʘʡʥʘ çʋʨʘʣ-20ʈè ʠ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ 10ɺʉ15 [1]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʛʨʘʬʠʯʝʩʢʠ ʦʪʦʙʨʘʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʦʨʥʳʭ ʤʘʰʠʥ ʧʨʠ ʦʪʙʦʡʢʝ ʨʫʜʳ 

ʦʪ ʟʘʙʦʷ ʧʦʣʥʳʤ ʩʝʯʝʥʠʝʤ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ (ʀʆ) ʢʦʤʙʘʡʥʘ, ʘ ʪʘʢ-

ʞʝ ʚ ʨʝʞʠʤʝ ʧʦʜʨʫʙʢʠ ʧʣʘʩʪʘ. 

  

ʘ) ʙ) 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ kʧ.ʨ. ʦʙʦʨʫʜʦʚʘʥʠʷ ʄʂʂ 

ʧʨʠ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʢʦʤʙʘʡʥʘ: ʘ ï çʩʧʣʦʰʥʦʡ ʟʘʙʦʡè, ʙ ï çʧʦʜʨʫʙʢʘ ʧʣʘʩʪʘè 

 

ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʚ ʧʝʨʠʦʜ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʄʂʂ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʚʦʩʴʤʠ ʯʘʩʦʚ ʩʦʩʪʘʚʠʣʠ kʧ.ʨ.ʢ. = 0,29 ʠ 

kʧ.ʨ.ʚ. = 0,26 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 1, ʘ). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʄʂʂ ʙʫʜʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʢʦʤʙʘʡʥʘ. ɼʘʣʴ-

ʥʝʡʰʘʷ ʜʠʩʪʘʥʮʠʷ ʚʝʜʝʥʠʷ ʧʨʦʭʦʜʯʝʩʢʦ-ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ ʩʧʣʦʰʥʳʤ ʟʘʙʦ-

ʝʤ ʚ ʪʝʯʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 72-ʯʘʩʦʚʦʛʦ ʧʝʨʠʦʜʘ ʧʦʢʘʟʳʚʘʝʪ ʧʨʝʚʦʩ-

ʭʦʜʩʪʚʦ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʐʉɺ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʨʘʙʦʪʝ ʄʂʂ 

ʚʪʦʨʳʤ ʭʦʜʦʤ (ʨʠʩʫʥʦʢ 1, ʙ), ʢʘʢ ʠ ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʧʦʣʥʳʤ ʩʝʯʝʥʠʝʤ ʀʆ, 

ʥʘ ʩʪʘʨʪʝ ʧʨʦʭʦʜʢʠ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʭʦʞʠʡ ʭʘʨʘʢʪʝʨ ʜʨʫʛ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʜʨʫʛʘ: kʧ.ʨ.ʚ. = 0,2 ʫ ʐʉɺ ʠ kʧ.ʨ.ʢ. = 0,66 ʫ ʢʦʤʙʘʡʥʘ, ʘ ʩ ʜʘʣʴʥʝʡʰʠʤ 

ʦʪʜʘʣʝʥʠʝʤ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʠ ʟʘʙʦʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʣʠʟʢʠʤʠ ʜʨʫʛ ʢ ʜʨʫ-

ʛʫ ʟʥʘʯʝʥʠʷʤʠ kʧ.ʨ.ʚ. = 0,54é0,75 ʠ kʧ.ʨ.ʢ. = 0,48é0,79.  

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥ-

ʥʳʝ ʚʨʝʤʝʥʥʳʝ ʧʦʪʝʨʠ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʦʩʪʦʷʤʠ ʢʦʥʚʝʡʝʨʥʳʭ ʣʠʥʠʡ. 

ʉʣʝʜʫʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʱʠʤ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʢʦʤʙʘʡʥʘ ʚ ʭʦʜʝ ʚʝʜʝʥʠʷ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʦʧʳʪʥʦ, ʪʘʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʄʂʂ [4], ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʜʦʩʪʘʚʢʠ 

ʨʫʜʳ. 

ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʄʂʂ ʠ ʚʩʝʛʦ ʧʨʦ-

ʭʦʜʯʝʩʢʦ-ʜʦʙʳʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʟʤʦʞʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʫʩʪʘʥʦʚʢʠ ʥʘʜ ʨʫ-
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ʜʦʩʧʫʩʢʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʙʫʥʢʝʨʦʚ-ʜʦʟʘʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʝ ʪʦʣʴʢʦ 

ʨʘʟʦʚʦ ʨʘʟʛʨʫʟʠʪʴʩʷ ʐʉɺ, ʥʦ ʠ ʧʨʦʜʦʣʞʘʪʴ ʨʘʙʦʪʫ ʄʂʂ ʧʨʠ ʦʩʪʘʥʦʚʢʘʭ 

ʢʦʥʚʝʡʝʨʥʳʭ ʣʠʥʠʡ (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʠ ʜʦʟʠʨʦʚʘʥʥʦʡ ʧʦʜʘʯʠ ʨʫʜʳ 

ʠʟ ʙʫʥʢʝʨʘ-ʥʘʢʦʧʠʪʝʣʷ ʥʘ ʣʝʥʪʦʯʥʳʡ ʢʦʥʚʝʡʝʨ: 1 ï ʰʘʭʪʥʳʡ ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ;  

2 ï ʩʢʨʝʙʢʦʚʳʡ ʢʦʥʚʝʡʝʨ; 3 ï ʣʝʥʪʦʯʥʳʡ ʢʦʥʚʝʡʝʨ; 4 ï ʪʝʯʢʘ; 5 ï ʟʘʛʨʫʟʦʯʥʦʝ ʫʩʪʨʦʡ-

ʩʪʚʦ; 6 ï ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʘʷ ʨʫʜʘ; 7 ï ʘʢʢʫʤʫʣʠʨʫʝʤʘʷ ʨʫʜʘ;  

8 ï ʙʫʥʢʝʨ-ʥʘʢʦʧʠʪʝʣʴ; 8 - ʨʫʜʦʩʧʫʩʢ 

 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʢʦʤʧʝʥʩʘʮʠʶ ʚʝʣʠ-

ʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʢʦʤʙʘʡʥʘ kʧ.ʨ.ʢ. ʧʨʠ ʫʚʝʣʠ-

ʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦʩʪʘʚʢʠ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʐʉɺ ʚ ʩʦʩʪʘ-

ʚʝ ʄʂʂ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠ ʥʘʣʠʯʠʠ ʫʩʣʦʚʠʡ ʜʣʷ ʩʚʦʙʦʜʥʦʡ ʨʘʟʤʠʥʦʚʢʠ ʚʘʛʦʥʦʚ, ʥʘʧʨʠʤʝʨ, ʟʘ 

ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʠʰ ʠʣʠ ʩʙʦʝʢ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ ʢʦʥʚʝʡ-

ʝʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʧʦʟʚʦʣʷʶʱʝʝ ʰʘʭʪʥʦʡ ʩʘʤʦʭʦʜʥʦʡ ʤʘʰʠʥʝ ʨʘʟʛʨʫ-

ʞʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦʩʪʘʚʢʠ ʨʫʜʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ 

ʨʘʙʦʪʘ ʢʦʤʙʘʡʥʘ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ (ʨʠʩʫʥʦʢ 3) 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʩʙʦʡʢʠ ʟʘʙʦʡʥʦʡ ʢʘʤʝʨʳ ʩ ʨʘʥʝʝ ʧʨʦʡʜʝʥʥʦʡ 

ʠ ʫʩʪʘʥʦʚʢʫ ʚ ʥʠʭ ʢʦʥʚʝʡʝʨʦʚ [5]. 

ɸʥʘʣʠʟ ʪʠʧʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʭʘʥʠʟʠ-

ʨʦʚʘʥʥʳʭ ʢʦʤʙʘʡʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠʭ ʩ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʢʘʟʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ 

ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʬʘʢʪʦʨʦʚ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʛʦʨʥʳʭ ʤʘʰʠʥ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʩʦʩʪʘʚʝ ʄʂʂ. ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʘʪʴʝ 

ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʧʦʚʳʩʠʪʴ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʤʝʭʘ-

ʥʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʙʘʡʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʢʘʣʠʡ-

ʥʳʭ ʨʫʜʥʠʢʦʚ. 
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ʘ) ʙ) 

ʈʠʩ. 3. ʉʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ ʢʦʥʚʝʡʝʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʨʘʟʛʨʫʟʢʠ ʰʘʭʪʥʦʛʦ 

ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ ʚ ʧʨʝʜʝʣʘʭ ʦʯʠʩʪʥʦʡ ʢʘʤʝʨʳ: a ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʢʦʥʚʝʡʝ-

ʨʦʚ; ʙ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʛʠʙʘʶʱʝʛʦʩʷ ʢʦʥʚʝʡʝʨʘ; 1 ï ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʡ ʢʦʤ-

ʙʘʡʥ; 2 - ʙʫʥʢʝʨ-ʧʝʨʝʛʨʫʞʘʪʝʣʴ; 3 - ʩʘʤʦʭʦʜʥʳʡ ʚʘʛʦʥ; 4 ï ʢʦʥʚʝʡʝʨ; 5 ï ʢʦʥʚʝʡʝʨ ʠʟʛʠ-

ʙʘʶʱʠʡʩʷ; 6 ï ʦʯʠʩʪʥʘʷ ʢʘʤʝʨʘ; 7 ï ʤʝʞʢʘʤʝʨʥʘʷ ʩʙʦʡʢʘ; 8 - ʨʫʜʦʩʧʫʩʢ  
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ʋɼʂ 622.24 

ʆʎɽʅʂɸ ʉʃʆʁʅʆʉʊʀ ʋʈɸɺʅʆɺɽʐɽʅʅʆɻʆ  

ʏɽʊʓʈɽʍʉɸʊɽʃʃʀʊʅʆɻʆ ʇʃɸʅɽʊɸʈʅʆɻʆ ʄɽʍɸʅʀɿʄɸ  

ɼʃʗ ʀʉʇʆʃʅʀʊɽʃʔʅʆɻʆ ʆʈɻɸʅɸ ʇʈʆʍʆɼʏɽʉʂʆɻʆ ʈʆɹʆʊɸ 
 

ʀ.ɺ. ʄʘʢʩʠʤʦʚ1, ʄ.ʀ. ɺʝʨʭʦʚʩʢʠʡ1  
1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʧʝʨʘʪʨʠʮʳ ɽʢʘʪʝʨʠʥʳ ll,  

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʌ 
 

ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʭʦʜʯʝʩʢʠʝ ʠ ʙʫʨʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝ-

ʙʦʚʘʥʠʷ ʢ ʨʝʩʫʨʩʫ ʠ ʚʠʙʨʦʥʘʛʨʫʞʝʥʥʦʩʪʠ ʧʨʠʚʦʜʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ. ɼʣʷ ʩʥʠ-

ʞʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʘʛʨʫʟʦʢ ʠ ʠʟʥʦʩʘ ʧʝʨʩʧʝʢʪʠʚʥʳ ʫʨʘʚʥʦʚʝʰʝʥʥʳʝ ʤʥʦʛʦʩʘ-

ʪʝʣʣʠʪʥʳʝ ʧʣʘʥʝʪʘʨʥʳʝ ʧʝʨʝʜʘʯʠ. ʈʘʩʩʤʦʪʨʝʥ ʫʨʘʚʥʦʚʝʰʝʥʥʳʡ ʯʝʪʳʨʝʭʩʘʪʝʣʣʠʪ-

ʥʳʡ ʧʣʘʥʝʪʘʨʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦ ʧʘʪʝʥʪʫ ʈʌ ˉ229267, ʚ ʢʦʪʦʨʦʤ ʯʝʪʳʨʝ ʩʘʪʝʣʣʠʪʘ 

ʧʝʨʝʜʘʶʪ ʜʚʠʞʝʥʠʝ ʚʳʭʦʜʥʦʤʫ ʟʚʝʥʫ ʦʜʠʥʘʢʦʚʳʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ. ʉʥʠʞʝʥʠʝ ʩʣʦʡʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʩʦʚʤʝʱʝʥʠʝʤ ʰʘʨʥʠʨʦʚ ʚ ʦʜʥʦʤ ʩʣʦʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʥʝʪʘʨʥʳʡ ʤʝʭʘʥʠʟʤ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʝ, ʩʣʦʡʥʦʩʪʴ, 

ʧʨʦʭʦʜʯʝʩʢʠʡ ʨʦʙʦʪ. 
 

ASSESSMENT THE LAYERING OF A BALANCED FOUR -PLANET PLANETARY 

MECHANISM FOR A TUNNELIN G ROBOT ACTUATOR  
 

I .V. Maksimov, M.I . Verkhovskiy  
 

Robotic tunneling and drilling complexes impose strict requirements on service life and vibra-

tion of actuator drives. Balanced multi-planet planetary transmissions are promising for re-

ducing load non-uniformity and wear. This paper considers the balanced four-planet mecha-

nism described in RU patent No. 229267, where all four planets transmit motion to the output 

link in the same manner, ensuring uniform load sharing and longer life. Layering is reduced 

by combining hinges in one layer.  

Keywords: planetary mechanism, dynamic balancing, layering, tunneling robot. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʭʦʜʯʝʩʢʠʝ ʨʦʙʦʪʳ ʜʣʷ ʙʫʨʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ ʧʨʝʜʲʷʚʣʷʶʪ 

ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʘʥʝʪʘʨ-

ʥʦʡ ʧʝʨʝʜʘʯʠ. ɺ ʨʷʜʝ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʚʦʜʥʳʝ ʫʟʣʳ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʙʘʟʝ 

ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝ-

ʨʝʜʘʯ ʚ ʧʨʦʭʦʜʯʝʩʢʠʭ ʨʦʙʦʪʘʭ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʧʣʘʥʝʪʘʨ-

ʥʳʡ ʤʝʭʘʥʠʟʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʙʫʨʦʚʦʡ ʛʦʣʦʚʢʝ ʜʣʷ ʚʨʘʱʝʥʠʷ ʧʦʨʦʜʦ-

ʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɼʣʷ ʪʘʢʠʭ ʫʟʣʦʚ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʥʘʛʨʫʟ-

ʢʠ, ʧʦʵʪʦʤʫ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠʚʦʜʘ ʛʦʣʦʚʢʠ ʩʪʘ-

ʥʦʚʠʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʇʨʠ ʵʪʦʤ ʫʨʘʚʥʦʚʝʰʝʥʥʳʝ 

ʤʥʦʛʦʩʘʪʝʣʣʠʪʥʳʝ ʩʭʝʤʳ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʟʚʦʣʷʶʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝ-

ʣʷʪʴ ʥʘʛʨʫʟʢʫ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʩʘʪʝʣʣʠʪʘʤʠ, ʯʪʦ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʩʫʨʩʝ ʤʘʰʠʥʳ [1].  

ʂʦʥʩʪʨʫʢʮʠʷ ʫʨʘʚʥʦʚʝʰʝʥʥʦʛʦ ʯʝʪʳʨʝʭʩʘʪʝʣʣʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

(ʧʦ ʧʘʪʝʥʪʫ ʈʌ ˉ229267) 
ʇʦʣʝʟʥʘʷ ʤʦʜʝʣʴ ʦʪʥʦʩʠʪʩʷ ʢ ʧʣʘʥʝʪʘʨʥʳʤ ʟʫʙʯʘʪʳʤ ʤʝʭʘʥʠʟʤʘʤ ʩ 

ʥʝʧʦʜʚʠʞʥʳʤ ʮʝʥʪʨʘʣʴʥʳʤ ʢʦʣʝʩʦʤ ʠ ʩʘʪʝʣʣʠʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʧʦʜʚʠʞ-

ʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʠ [2]. ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ð ʫʤʝʥʴʰʝʥʠʝ ʠʟʥʦʩʘ 
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ʩʘʪʝʣʣʠʪʦʚ ʟʘ ʩʯʝʪ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ 

ʩʘʪʝʣʣʠʪʳ ʧʝʨʝʜʘʶʪ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʦʪ ʚʝʜʫʱʝʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʣʝʩʘ 

ʥʘ ʚʳʭʦʜʥʦʝ ʟʚʝʥʦ ʦʜʠʥʘʢʦʚʳʤ ʦʙʨʘʟʦʤ. ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʝ ʯʝʪʳʨʝ 

ʩʘʪʝʣʣʠʪʘ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʫʛʣʘʤʠ 90Á ʜʨʫʛ ʢ ʜʨʫʛʫ, ʘ ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ ʠ 

ʚʦʜʠʣʦʤ ʨʝʘʣʠʟʦʚʘʥʘ ʪʨʝʤʷ ʪʨʝʭʰʘʨʥʠʨʥʳʤʠ ʨʳʯʘʛʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ 

ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ: ʜʚʘ ʨʳʯʘʛʘ ʠʤʝʶʪ ʬʦʨʤʫ ʧʦ-

ʣʫʢʦʣʝʮ (ʨʘʜʠʫʩ ʨʘʚʝʥ ʤʝʞʦʩʝʚʦʤʫ ʨʘʩʩʪʦʷʥʠʶ), ʪʨʝʪʠʡ ð ʬʦʨʤʫ ʢʚʘʜʨʘ-

ʪʘ (ʜʠʘʛʦʥʘʣʴ ʨʘʚʥʘ ʜʚʫʤ ʤʝʞʦʩʝʚʳʤ ʨʘʩʩʪʦʷʥʠʷʤ), ʧʨʠ ʵʪʦʤ ʮʝʥʪʨ ʢʚʘʜ-

ʨʘʪʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʩʠ ʤʝʭʘʥʠʟʤʘ. ɺʦʜʠʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʚʠʜʝ ʩʪʝʨʞʥʷ, ʜʣʠ-

ʥʘ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʨʘʚʥʘ ʜʚʫʤ ʤʝʞʦʩʝʚʳʤ ʨʘʩʩʪʦʷʥʠʷʤ ʤʝʭʘʥʠʟʤʘ. 

ʆʮʝʥʢʘ ʩʣʦʡʥʦʩʪʠ ʠ ʧʫʪʠ ʝʝ ʫʤʝʥʴʰʝʥʠʷ 
ʉʣʦʡʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʣʦʝʚ, ʚ ʢʦʪʦʨʳʭ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʚʨʘʱʘʪʝʣʴʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʳ [3]. ɼʣʷ ʩʘʤʦ-

ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭʩʷ ʧʣʘʥʝʪʘʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩ ʨʳʯʘʞʥʳʤʠ ʟʚʝʥʴʷʤʠ ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʩʣʦʝʚ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ: 

Ὢ ὴ Ὧ ρȟ 
ʛʜʝ ὴ ï ʯʠʩʣʦ ʰʘʨʥʠʨʦʚ (ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ ʧʷʪʦʛʦ ʢʣʘʩʩʘ); Ὧ ï ʯʠʩʣʦ 

ʩʘʪʝʣʣʠʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʦʨʤʫʣʘ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯ, ʧʦ-

ʩʢʦʣʴʢʫ ʬʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʳʯʘʞʥʳʝ ʟʚʝʥʴʷ ʚʨʘʱʘʶʪʩʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʘʪʴ ʥʝʩʢʦʣʴʢʦ ʰʘʨʥʠʨʦʚ, ʘ 

ʪʘʢʞʝ ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʠ ʪʨʝʭʰʘʨʥʠʨʥʳʝ ʨʳʯʘʛʠ ʚ ʦʜʠʥ ʩʣʦʡ. ʉʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, ʟʘʜʘʯʘ ʢʦʤʧʦʥʦʚʢʠ ʩʚʦʜʠʪʩʷ ʢ ʩʥʠʞʝʥʠʶ ʬʘʢʪʠʯʝʩʢʦʛʦ ʯʠʩʣʘ ʩʣʦʝʚ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ) ʟʘ ʩʯʝʪ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʰʘʨʥʠ-

ʨʦʚ ʠ ʨʳʯʘʞʥʳʭ ʟʚʝʥʴʝʚ. 

ʉʥʠʞʝʥʠʝ ʩʣʦʡʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʧʨʠʝʤʘʤʠ, ʧʨʦ-

ʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʤʠ ʥʘ ʧʨʠʤʝʨʝ ʪʨʝʭʩʘʪʝʣʣʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ: 

- ʩʦʚʤʝʱʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʰʘʨʥʠʨʦʚ ʚ ʦʜʥʦʤ ʩʣʦʝ; 

- ʫʩʪʘʥʦʚʢʘ ʰʘʨʥʠʨʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʩʘʪʝʣʣʠʪʘʤʠ; 

- ʨʘʟʤʝʱʝʥʠʝ ʚ ʦʜʥʦʤ ʩʣʦʝ ʥʝʩʢʦʣʴʢʠʭ ʚʨʘʱʘʪʝʣʴʥʳʭ ʧʘʨ. 

ʇʨʠ ʧʝʨʝʥʦʩʝ ʵʪʠʭ ʧʨʠʝʤʦʚ ʥʘ ʯʝʪʳʨʝʭʩʘʪʝʣʣʠʪʥʫʶ ʩʭʝʤʫ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʦʚʤʝʱʝʥʠʶ ʦʩʝʡ ʰʘʨʥʠʨʦʚ ʨʳʯʘʞʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʠʩʧʦʣʥʝʥʠʶ ʪʨʝʭʰʘʨʥʠʨʥʳʭ ʨʳʯʘʛʦʚ ʚ ʦʜʥʦʤ ʩʣʦʝ, ʯʪʦʙʳ 

ʫʤʝʥʴʰʠʪʴ ʦʩʝʚʳʝ ʛʘʙʘʨʠʪʳ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ (ʨʠʩ. 1). 

ʀʥʪʝʛʨʘʮʠʷ ʚ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʧʨʦʭʦʜʯʝʩʢʦʛʦ ʨʦʙʦʪʘ 
ʇʨʠʤʝʥʝʥʠʝ ʧʣʘʥʝʪʘʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʨʛʘʥʘ ʨʦʙʦʪʘ-ʙʫʨʠʣʴʱʠʢʘ (ʨʠʩ. 2) ʧʦʟʚʦʣʷʝʪ, ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʨʝʞʫʱʝʛʦ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʥʘ ʩʘʪʝʣʣʠʪʳ ʩ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʡ ʦʩʠ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜʳ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʙʦʷ. 

ʇʨʠ ʢʦʤʧʦʥʦʚʢʝ ʫʨʘʚʥʦʚʝʰʝʥʥʦʛʦ ʯʝʪʳʨʝʭʩʘʪʝʣʣʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʘʞʝʥ 

ʤʘʣʳʡ ʜʠʘʧʘʟʦʥ ʧʝʨʝʤʝʱʝʥʠʡ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭʩʷ ʟʚʝʥʴʝʚ: ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʟʚʝʥʴʷ ʬʘʢʪʠʯʝʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʚʧʣʦʪʴ ʜʦ ʦʜʥʦʛʦ ʩʣʦʷ, 

ʘ ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʤʧʦʥʦʚʢʠ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʝʜʝʣʴʥʳʭ ʛʘʙʘ-

ʨʠʪʦʚ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. 
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ʈʠʩ. 1 ʉʭʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʯʝʪʳʨʝʭʩʘʪʝʣ-

ʣʠʪʥʦʛʦ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ  

(ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ) 

ʈʠʩ. 2 ʄʦʜʝʣʴ ʨʦʙʦʪʘ ʩ ʫʨʘʚʥʦʚʝʰʝʥʥʳʤ 

ʯʝʪʳʨʝʭʩʘʪʝʣʣʠʪʥʳʤ ʧʣʘʥʝʪʘʨʥʳʤ  

ʤʝʭʘʥʠʟʤʦʤ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ) 
 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʟʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʦʨʤʳ çʢʚʘʜ-

ʨʘʪʥʦʛʦè ʨʳʯʘʛʘ ʧʨʠ ʝʛʦ ʨʘʟʤʝʱʝʥʠʠ ʚ ʨʘʟʥʳʭ ʩʣʦʷʭ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝ-

ʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʥʘ ʦʩʠ ʨʝʜʫʢʪʦʨʘ. ʊʘʢ, ʠʩʧʦʣʥʝʥʠʝ ʪʨʝʪʴʝʛʦ 

ʪʨʝʭʰʘʨʥʠʨʥʦʛʦ ʨʳʯʘʛʘ ʚ çʢʚʘʜʨʘʪʥʦʡè ʬʦʨʤʝ ʥʝʦʙʭʦʜʠʤʦ ʣʠʰʴ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʚ ʦʜʥʦʤ ʩʣʦʝ ʩ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ 

ʪʨʝʭʰʘʨʥʠʨʥʳʤʠ ʨʳʯʘʛʘʤʠ. ɺ ʦʩʪʘʣʴʥʳʭ ʞʝ ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʥʝ-

ʥʠʝ ʵʪʦʛʦ ʨʳʯʘʛʘ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʬʦʨʤʝ ʢʦʣʴʮʘ (ʨʠʩ. 3). 

 
ʈʠʩ. 3 ɺʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ) 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʠʚʦʜʝ ʙʫʨʦʚʦʡ ʛʦʣʦʚʢʠ ʧʨʦʭʦʜʯʝʩʢʦʛʦ ʨʦʙʦʪʘ ʧʨʠ-

ʤʝʥʝʥʠʝ ʫʨʘʚʥʦʚʝʰʝʥʥʦʛʦ ʯʝʪʳʨʝʭʩʘʪʝʣʣʠʪʥʦʛʦ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʦ ʩʘʪʝʣʣʠʪʘʤ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʠʟʥʦʩʘ. ʉʪʨʫʢʪʫʨʥʘʷ ʦʮʝʥʢʘ ʜʘʸʪ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʩʣʦʡ-

ʥʦʩʪʠ fmax=6, ʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʤʤʝʪʨʠʯʥʳʭ ʨʳʯʘʞʥʳʭ ʟʚʝʥʴʝʚ, ʩʦʚʤʝ-

ʱʝʥʠʷ ʦʩʝʡ ʰʘʨʥʠʨʦʚ ʠ ʪʨʝʭʧʘʨʥʳʭ ʰʘʪʫʥʦʚ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʤʘʣʦ-

ʩʣʦʡʥʦʡ ʢʦʤʧʦʥʦʚʢʝ ʠ ʩʦʢʨʘʪʠʪʴ ʛʘʙʘʨʠʪʳ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ. ʇʨʝʜ-

ʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʟʘʜʘʸʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʡ ʧʫʪʴ ʢ ʚʥʝʜʨʝʥʠʶ 

ʫʨʘʚʥʦʚʝʰʝʥʥʳʭ ʤʥʦʛʦʩʘʪʝʣʣʠʪʥʳʭ ʧʣʘʥʝʪʘʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʢʦʤʧʘʢʪ-

ʥʳʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʭʦʜʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 
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ʂʆʅʉʊʈʋʂʊʀɺʅʓɽ ʉʍɽʄʓ ʈɸʉʐʀʈʀʊɽʃɽʁ ʆɹʈɸʊʅʆɻʆ 

ʍʆɼɸ ɼʃʗ ɹʋʈɽʅʀʗ ɺʆʉʉʊɸʖʑʀʍ ʉʂɺɸɾʀʅ 
 

ʃ.ɽ. ʄʘʤʝʪʴʝʚ1, ɸ.ɸ. ʍʦʨʝʰʦʢ1, ɸ.ʖ. ɹʦʨʠʩʦʚ1, ʆ.ɸ. ɸʣʠʪʢʠʥʘ1  
1ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʊ.ʌ. ɻʦʨʙʘʯʝʚʘ, 

 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʧʦʵʪʘʧʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʭʝʤ ʨʘʩʰʠʨʠʪʝʣʝʡ ʦʙʨʘʪʥʦʛʦ 

ʭʦʜʘ ʜʣʷ ʙʫʨʝʥʠʷ ʚʦʩʩʪʘʶʱʠʭ ʩʢʚʘʞʠʥ, ʧʦʚʳʰʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʦʛʦ ʠʩʪʝʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʚ ʚʦʩʩʪʘʶʱʫʶ ʧʠʦʥʝʨʥʫʶ ʩʢʚʘʞʠʥʫ ʧʨʠ 

ʨʘʟʙʫʨʠʚʘʥʠʠ ʦʙʨʘʪʥʳʤ ʭʦʜʦʤ ʜʦ ʪʨʝʙʫʝʤʦʛʦ ʜʠʘʤʝʪʨʘ ʜʠʩʢʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦ 

ʩʪʫʧʝʥʯʘʪʦʡ ʩʭʝʤʦʡ ʨʘʟʨʫʰʝʥʠʷ ʟʘʙʦʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʫʨʦʚʦʡ ʩʪʘʥʦʢ, ʨʝʜʫʢʪʦʨ, ʨʘʩʰʠʨʠʪʝʣʴ, ʟʘʙʫʨʥʠʢ, ʨʝʟʝʮ, ʜʠʩʢ, ʬʦ-

ʥʘʨʴ, ʰʪʘʥʛʘ, ʰʥʝʢ, ʙʫʨʝʥʠʝ, ʩʢʚʘʞʠʥʘ. 
 

CONSTRUCTIVE SCHEMES OF EXPANDERS REVERSE GEAR FOR DRILLING 

RISING WELLS  
 

L.E. Mametyev, A.A. Khoreshok, A.Yu. Borisov, O.A. Alitkina  
 

A step-by-step development of design schemes for reverse flow expanders for drilling rising 

wells is presented, which increase the efficiency of the processes of gravitational outflow of 

fracture products into a rising pioneer well when drilling in reverse to the required diameter 

with a disk tool with a stepwise bottom hole destruction scheme.  

Keywords: drilling machine, gearbox, expander, drill bit, cutter, disc, stabilizer, rod, auger, 

drilli ng, borehole. 
 

ʅʘ ʢʘʬʝʜʨʝ ʛʦʨʥʳʭ ʤʘʰʠʥ ʠ ʢʦʤʧʣʝʢʩʦʚ ʂʫʟɻʊʋ ʠʤ. ʊ.ʌ. ɻʦʨʙʘʯʝʚʘ 

ʥʘʢʦʧʣʝʥ ʦʛʨʦʤʥʳʡ ʦʧʳʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ, ʠʩʧʳʪʘʥʠʶ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʨʘʩʰʠʨʠʪʝʣʝʡ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ. ʂʘʞʜʦʝ ʧʦʩʣʝʜʫʶʱʝʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʧʦʟʚʦʣʠʣʦ ʨʝʰʘʪʴ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ.  

ʆʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʩʪʝʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʚ ʚʦʩʩʪʘʶ-

ʱʫʶ ʧʠʦʥʝʨʥʫʶ ʩʢʚʘʞʠʥʫ ʧʨʠ ʨʘʟʙʫʨʠʚʘʥʠʠ ʦʙʨʘʪʥʳʤ ʭʦʜʦʤ. ɼʣʷ ʨʝʰʝ-

ʥʠʷ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʧʨʝʜʣʦʞʝʥʘ ʧʦʵʪʘʧʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʩʭʝʤ ʨʘʩʰʠʨʠʪʝʣʝʡ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʜʣʷ ʙʫʨʝʥʠʷ ʚʦʩʩʪʘʶʱʠʭ ʩʢʚʘʞʠʥ ʩ ʫʛ-

ʣʦʤ ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʫ ʦʪ 45Á ʜʦ 90Á. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʘʥʦ ʙʘʟʦʚʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ ʧʘʪʝʥʪʫ 

ʈʌ 189655 (ʨʠʩ. 1), ʩʦʜʝʨʞʘʱʝʝ: ʩʝʢʮʠʦʥʥʳʡ ʰʪʘʥʛʦʚʳʡ ʙʫʨʦʚʦʡ ʩʪʘʚ 1, 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʦʧʦʨʥʳʡ ʬʦʥʘʨʴ 2, ʧʨʠʚʦʜʥʫʶ ʰʣʠʮʝʚʫʶ ʰʪʘʥʛʫ-

ʧʨʦʩʪʘʚʢʫ 3, ʰʝʩʪʝʨʥʶ 4, ʰʣʠʮʝʚʫʶ ʚʪʫʣʢʫ-ʧʨʦʩʪʘʚʢʫ 5, ʛʘʝʯʥʦʝ ʨʝʟʴʙʦʚʦʝ 

ʩʦʝʜʠʥʝʥʠʝ 6, ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʦʧʦʨʳ 7, ʢʦʨʧʫʩ ʨʝʜʫʢʪʦʨʘ 8, ʦʬʦʨʤʣʝʥʥʳʡ 

ʦʚʘʣʴʥʦ-ʨʦʤʙʠʯʝʩʢʦʡ ʬʦʨʤʦʡ, ʦʧʦʨʥʦ-ʮʝʥʪʨʠʨʫʶʱʠʝ ʣʳʞʠ 9, ʚʳʧʦʣʥʷʶ-

ʱʠʝ ʨʦʣʴ ʦʧʦʨʥʦʛʦ ʬʦʥʘʨʷ-ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ 

10, ʰʣʠʮʝʚʫʶ ʦʩʴ 11, ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʦʧʦʨʳ 12, ʚʳʭʦʜʥʦʝ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ 

13, ʥʠʞʥʶʶ ʰʣʠʮʝʚʫʶ ʩʝʢʮʠʶ 14 ʩ ʫʯʝʪʦʤ ʜʣʠʥʳ lʥ, ʦʧʝʨʝʞʘʶʱʫʶ ʤʥʦ-

ʛʦʣʫʯʝʚʫʶ ʢʦʨʦʥʢʫ 15, ʩʦʜʝʨʞʘʱʫʶ ʨʝʟʮʳ ʠ ʟʘʙʫʨʥʠʢ 16. ɺ ʦʙʣʘʩʪʠ ʚʝʨʭ-

ʥʝʡ ʯʘʩʪʠ lʚ ʨʘʟʤʝʱʝʥʳ: ʟʘʤʢʦʚʳʡ ʚʢʣʘʜʳʰ 17, ʚʝʨʭʥʷʷ ʰʣʠʮʝʚʘʷ ʩʝʢʮʠʷ 

18, ʤʥʦʛʦʣʫʯʝʚʦʡ ʩʪʫʧʝʥʯʘʪʳʡ ʢʦʨʧʫʩ 19 ʩ ʜʠʩʢʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 20 [1], 

ʟʘʜʥʠʡ ʦʧʦʨʥʳʡ ʬʦʥʘʨʴ 21 ʩ ʢʨʝʧʝʞʥʳʤ ʚʠʥʪʦʤ 22. ʇʨʠ ʵʪʦʤ ʩʝʢʮʠʦʥʥʳʡ 

ʰʪʘʥʛʦʚʳʡ ʙʫʨʦʚʦʡ ʩʪʘʚ 1, ʘ ʪʘʢʞʝ ʥʠʞʥʷʷ 14 ʠ ʚʝʨʭʥʷʷ 18 ʰʣʠʮʝʚʳʝ ʩʝʢ-
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ʮʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʥʘ ʨʘʩʩʪʦʷʥʠʠ l. 
 

 

 

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʩʰʠʨʠʪʝʣʷ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ:  

ʘ ï ʦʙʱʠʡ ʚʠʜ;  ʙ ï ʢʦʨʧʫʩ ʨʝʜʫʢʪʦʨʘ 
ɼʠʩʢʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ 20 ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʩʪʫʧʝʥʯʘʪʦʛʦ ʢʦʨʧʫʩʘ 19 

ʬʦʨʤʠʨʫʝʪ ʣʫʯ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʜʠʫʩʦʤ Rʣ..max., ʩʢʣʘʜʳʚʘʶʱʠʡʩʷ ʠʟ ʨʘʩ-

ʩʪʦʷʥʠʷ l ʠ ʨʘʜʠʫʩʘ ʧʠʦʥʝʨʥʦʡ ʩʢʚʘʞʠʥʳ Rʧ.ʩ. ʂ ʪʦʤʫ ʞʝ ʣʫʯ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʨʘʜʠʫʩʘ Rʣ..min ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʫʯʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘ-

ʜʠʫʩʦʤ Rʣ.ʢ..max. ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʧʝʨʝʞʘʶʱʝʡ ʤʥʦʛʦʣʫʯʝʚʦʡ ʢʦʨʦʥʢʝ 15. 

ʈʝʜʫʢʪʦʨ 8 ʠʤʝʝʪ ʢʦʨʧʫʩ ʰʠʨʠʥʦʡ Bʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʤʝʱʘʪʴ ʝʛʦ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʰʠʨʠʥʦʡ Bʟ. ɼʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝ-

ʢʨʳʪʠʷ ʧʠʦʥʝʨʥʦʡ 24 ʠ ʦʧʝʨʝʞʘʶʱʝʡ 25 ʚʦʩʩʪʘʶʱʠʭ ʩʢʚʘʞʠʥ, ʨʘʟʤʝʱʝʥ-

ʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ. ʂ ʪʦʤʫ ʞʝ ʦʙʨʘʟʫʝʪʩʷ ʟʘʟʦʨ æ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʦʭʦʞ-

ʜʝʥʠʝ ʨʘʟʨʫʰʝʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ 23 ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʢʦʨʧʫʩʘ ʨʝʜʫʢ-

ʪʦʨʘ 8 ʠ ʧʠʦʥʝʨʥʦʡ ʚʦʩʩʪʘʶʱʝʡ ʩʢʚʘʞʠʥʳ 24 ʚ ʦʙʣʘʩʪʠ ʩ ʨʘʟʤʝʱʝʥʥʳʤʠ 

ʦʧʦʨʥʦ-ʮʝʥʪʨʠʨʫʶʱʠʤʠ ʣʳʞʘʤʠ 9. ʊʝʤ ʩʘʤʳʤ, ʨʘʟʨʫʰʝʥʥʘʷ ʛʦʨʥʘʷ ʤʘʩʩʘ 

23 ʠʩʪʝʢʘʝʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʜʦʣʴ ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʠʦʥʝʨʥʦʡ ʚʦʩ-

ʩʪʘʶʱʝʡ ʩʢʚʘʞʠʥʳ 24.  

ʆʧʝʨʝʞʘʶʱʘʷ ʤʥʦʛʦʣʫʯʝʚʘʷ ʢʦʨʦʥʢʘ 15 ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʦʧʝʨʝʞʘʶʱʝʡ ʚʦʩʩʪʘʶʱʝʡ ʩʢʚʘʞʠʥʳ 25, ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʟʮʦʚ ʠ ʟʘʙʫʨʥʠʢʘ 16 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʣʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʘʙʦʷ 26.  

ʘ 

ʙ 
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ɼʣʷ ʩʪʫʧʝʥʯʘʪʦʛʦ ʟʘʙʦʷ 27 ʨʘʩʰʠʨʷʝʤʦʡ ʩʢʚʘʞʠʥʳ ʭʘʨʘʢʪʝʨʥʳ ʩʣʝʜʫ-

ʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʨʘʜʠʫʩ Ri, ʦʧʨʝʜʝʣʷʶʱʠʡ ʪʨʘʝʢʪʦʨʠʶ ʧʝʨʝʤʝʱʝʥʠʷ ʜʠʩ-

ʢʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 20 ʚʜʦʣʴ ʫʩʪʫʧʘ ʨʘʩʰʠʨʷʝʤʦʡ ʩʢʚʘʞʠʥʳ; ʚʳʩʦʪʘ ʫʩʪʫ-

ʧʘ Hi; ʰʘʛ ʨʘʟʨʫʰʝʥʠʷ Bi. 

ɺ ʠʪʦʛʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʙʫʨʠʪʴ ʚʦʩ-

ʩʪʘʶʱʠʝ ʩʢʚʘʞʠʥʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʨʘʟʙʫʨʠʚʘʥʠʝʤ ʜʠʩʢʦʚʳʤ ʠʥʩʪʨʫ-

ʤʝʥʪʦʤ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʠʘʤʝʪʨʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʪʫʧʝʥʯʘʪʦʡ ʩʭʝʤʳ 

ʨʘʟʨʫʰʝʥʠʷ ʟʘʙʦʷ. 

ʉʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʷʚʠʣʠʩʴ ʨʘʟʨʘʙʦʪ-

ʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (ʨʠʩ. 2), ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʫʣʫʯʰʝʥʠʶ ʠʩʪʝʯʝʥʠʷ 

ʨʘʟʨʫʰʝʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʦʙʣʘʩʪʴ ʧʠʦʥʝʨʥʦʡ ʚʦʩʩʪʘʶʱʝʡ ʩʢʚʘʞʠʥʳ. 
 

   

ʈʠʩ. 2. ʇʝʨʝʛʨʫʟʦʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʰʠʨʠʪʝʣʷ:  

ʘ ï ʧʝʨʝʛʨʫʟʦʯʥʳʡ ʱʠʪ; ʙ ï ʨʘʟʙʦʨʥʳʡ ʜʠʩʢ; ʚ ï ʰʥʝʢʦʚʘʷ ʩʧʠʨʘʣʴ ʩ ʣʦʪʢʦʤ 

 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʘʥʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ ʧʘʪʝʥʪʫ ʈʌ 

217329 (ʨʠʩ. 2, ʘ), ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʫʩʪʨʦʡʩʪʚʦ ʚ ʚʠʜʝ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ 

ʱʠʪʘ, ʢʦʪʦʨʳʡ ʞʝʩʪʢʦ ʟʘʬʠʢʩʠʨʦʚʘʥ ʩʚʝʨʭʫ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫ-

ʩʘ ʨʝʜʫʢʪʦʨʘ. ʇʝʨʝʛʨʫʟʦʯʥʳʡ ʱʠʪ ʩʦʩʪʦʠʪ ʠʟ: ʥʠʞʥʝʛʦ ʢʨʝʧʝʞʥʦʛʦ ʦʩʥʦ-

ʚʘʥʠʷ, ʚʝʨʭʥʝʛʦ ʥʘʢʣʦʥʥʦʛʦ ʧʣʦʩʢʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʠ ʪʦʥʢʦʩʪʝʥʥʦʡ ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʦʡ ʩʪʦʡʢʠ, ʢʦʪʦʨʳʝ ʞʝʩʪʢʦ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʂ ʪʦʤʫ ʞʝ 

ʧʝʨʝʛʨʫʟʦʯʥʳʡ ʱʠʪ ʨʘʟʤʝʱʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʝʛʦ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʥʘʩʢʚʦʟʴ ʩʚʦʙʦʜʥʦ ʨʘʟʤʝʱʘʪʴ ʚ ʥʝʤ ʧʨʠʚʦʜʥʫʶ ʰʣʠ-

ʮʝʚʫʶ ʰʪʘʥʛʫ-ʧʨʦʩʪʘʚʢʫ c ʢʚʘʜʨʘʪʥʳʤ ʙʫʨʪʠʢʦʤ. ʈʘʟʨʫʰʝʥʥʘʷ ʛʦʨʥʘʷ ʤʘʩ-

ʩʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʠ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʧʦʪʦʢʠ, ʠʩʪʝʢʘʷ ʩ ʢʘʞʜʦʛʦ 

ʫʩʪʫʧʘ ʩʪʫʧʝʥʯʘʪʦʛʦ ʟʘʙʦʷ, ʟʘʪʝʤ ʧʨʦʭʦʜʠʪ ʧʦ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʢʣʦʥʥʦʛʦ ʧʣʦʩʢʦʛʦ ʧʝʨʝʢʨʳʪʠʷ, ʜʘʣʝʝ ʚ ʦʙʣʘʩʪʴ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʠ-

ʦʥʝʨʥʦʡ ʩʢʚʘʞʠʥʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʭʦʜʦʤ ʢ ʝʝ ʫʩʪʴʶ.  

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʜʦʩʪʘʪʢʠ, ʧʨʠʩʫʱʠʝ ʜʘʥʥʦʤʫ ʪʝʭʥʠʯʝ-

ʩʢʦʤʫ ʨʝʰʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ʂʦʥʩʪʨʫʢʮʠʷ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʱʠʪʘ ʷʚ-

ʣʷʝʪʩʷ ʩʣʦʞʥʦʡ, ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ. ʊʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʝʪʩʷ ʪʨʫʜʦ-

ʝʤʢʦʩʪʴ ʦʧʝʨʘʮʠʡ ʧʨʠ ʤʦʥʪʘʞʝ ʠ ʜʝʤʦʥʪʘʞʝ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʫʨʦ-

ʚʦʡ ʤʘʰʠʥʳ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʘʥʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ ʧʘʪʝʥʪʫ ʈʌ 

222574 (ʨʠʩ. 2, ʙ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʠʥʦʡ ʧʦʜʭʦʜ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʛʨʫ-

ʟʦʯʥʳʭ ʦʧʝʨʘʮʠʡ. ʋʩʪʨʦʡʩʪʚʦ ʦʬʦʨʤʣʝʥʦ ʢʘʢ ʨʘʟʙʦʨʥʳʡ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚ-

ʣʝʥʠʠ ʜʠʩʢ, ʞʝʩʪʢʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʥʘ ʢʚʘʜʨʘʪʥʦʤ ʙʫʨʪʠʢʝ ʧʨʠʚʦʜʥʦʡ 

ʰʣʠʮʝʚʦʡ ʰʪʘʥʛʠ-ʧʨʦʩʪʘʚʢʠ. ɼʠʩʢ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʠʞʥʶʶ ʠ ʚʝʨʭʥʶʶ 

ʘ ʙ ʚ 
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ʯʘʩʪʠ, ʢʦʪʦʨʳʝ ʞʝʩʪʢʦ ʧʨʠʢʨʝʧʣʝʥʳ ʜʨʫʛ ʢ ʜʨʫʛʫ ʙʣʘʛʦʜʘʨʷ ʧʦʪʘʡʥʳʤ 

ʰʪʠʬʪʦʚʳʤ ʠ ʚʠʥʪʦʚʳʤ ʩʦʝʜʠʥʝʥʠʷʤ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʥʘʨʫʞʥʳʭ 

ʧʦʛʨʫʟʦʯʥʳʭ ʜʫʛʦʦʙʨʘʟʥʳʭ ʣʦʧʘʩʪʝʡ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʜʠʩʢʘ ʩ ʣʦʧʘʩʪʷʤʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʧʨʦʮʝʩʩʫ ʨʘʟʛʨʫʟʢʠ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʚ ʦʙʣʘʩʪʴ ʚʦʩʩʪʘʶʱʝʡ 

ʧʠʦʥʝʨʥʦʡ ʩʢʚʘʞʠʥʳ ʧʨʷʤʦʛʦ ʭʦʜʘ. 

ɺ ʠʪʦʛʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ: ʧʨʦʩʪʦʪʫ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ; ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʘ ʧʨʠ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʤ ʠʩʪʝʯʝʥʠʠ ʨʘʟʨʫʰʝʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʩʩʪʘʶ-

ʱʝʡ ʧʠʦʥʝʨʥʦʡ ʩʢʚʘʞʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʙʫʨʠʚʘʥʠʷ ʨʘʩʰʠʨʠʪʝʣʝʤ ʦʙʨʘʪ-

ʥʦʛʦ ʭʦʜʘ; ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʦʧʝʨʘʮʠʡ ʧʨʠ ʤʦʥʪʘʞʝ ʠ ʜʝʤʦʥʪʘʞʝ ʚ 

ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʫʨʦʚʦʡ ʤʘʰʠʥʳ. 

ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʘʥʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ ʧʘʪʝʥʪʫ ʈʌ 

2855993 (ʨʠʩ. 2, ʚ), ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʫʩʪʨʦʡʩʪʚʦ ʚ ʚʠʜʝ ʰʥʝʢʦʚʦʡ ʩʧʠ-

ʨʘʣʠ, ʞʝʩʪʢʦ ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʦʜʥʦʡ ʰʪʘʥʛʠ-

ʧʨʦʩʪʘʚʢʠ, ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʝʥʳ ʚʥʫʪʨʠ ʟʘʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʦʛʦ ʣʦʪʢʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʠʪ ʫʧʨʦʩʪʠʪʴ ʢʦʥ-

ʩʪʨʫʢʮʠʶ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʛʦ ʠʩʪʝʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʚ ʧʠʦʥʝʨʥʫʶ ʚʦʩʩʪʘʶʱʫʶ 

ʩʢʚʘʞʠʥʫ ʧʨʠ ʨʘʟʙʫʨʠʚʘʥʠʠ ʨʘʩʰʠʨʠʪʝʣʝʤ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ, ʩʥʠʟʠʪʴ ʪʨʫʜʦ-

ʝʤʢʦʩʪʴ ʤʦʥʪʘʞʥʦ-ʜʝʤʦʥʪʘʞʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʫʨʦ-

ʚʦʛʦ ʩʪʘʥʢʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʙʘʟʝ ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʪ ʧʨʦʜʦʣʞʠʪʴ ʥʘʫʯʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʝʨʝʛʨʫ-

ʟʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʨʘʩʰʠʨʠʪʝʣʝʡ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʧʨʠ ʙʫʨʝʥʠʠ ʚʦʩʩʪʘ-

ʶʱʠʭ ʩʢʚʘʞʠʥ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ʇʨʦʭʦʜʯʝʩʢʠʝ ʢʦʤʙʘʡʥʳ ʩʦ ʩʪʨʝʣʦʚʠʜʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʦʤ. ʏʘʩʪʴ 3. ɺʳʙʦʨ 

ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʚʫʭʢʦʨʦʥʯʘʪʳʭ ʨʝʚʝʨʩʠʚʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨ-

ʛʘʥʦʚ: ʤʦʥʦʛʨʘʬʠʷ / ɸ.ɸ. ʍʦʨʝʰʦʢ, ʃ.ɽ. ʄʘʤʝʪʴʝʚ, ɸ.ʄ. ʎʝʭʠʥ ʠ ʜʨ.; ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʖʨʛʠʥʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. ï 

ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2016. ï 136 ʩ. 
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ɹʋʃʔɼʆɿɽʈʆɺ ʀ ʀʍ ɺʃʀʗʅʀɽ ʅɸ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʔ 
 

ɼ.ʉ. ʄʦʩʢʚʠʥʘ1, ʩʪʫʜ., ʉ.ʖ. ʂʫʚʰʠʥʢʠʥ1, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 
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ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʌ 
 

ɺ ʪʝʢʩʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʚʘʣʘ ʙʫʣʴʜʦʟʝʨʘ. 

ʆʧʠʩʳʚʘʶʪʩʷ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠʚʝ-

ʜʝʥʳ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʫʣʴʜʦʟʝʨʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯ-

ʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʦʬʠʣʝʡ ʦʪʚʘʣʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʩʯʸʪʫ ʧʨʠʟʤʳ ʚʦ-

ʣʦʯʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʫʣʴʜʦʟʝʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʝʤʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʘʷ ʤʘʰʠʥʘ, ʙʫʣʴʜʦʟʝʨ, ʦʪʚʘʣ, ʧʨʦʬʠʣʴ, 

ʧʨʠʟʤʘ ʚʦʣʦʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢʦʥʩʪʨʫʢʮʠʷ, ʚʳʨʘʙʦʪʢʘ. 
 

ANALYSIS OF THE DESIGN PARAMETERS OF BULLDOXER DUMPS  

AND THEIR INPACT ON PRODUCTIVITY  
 

D.S. Moskvina, S.Yu. Kuvshinkin  
 

The text discusses the specifics of choosing a bulldozer blade design. The factors affecting the 

efficiency of the equipment are described. The methods of calculating the productivity of a 

bulldozer are given. Various configurations of dump profiles are considered. Special atten-

tion is paid to the calculation of the drawing prism to evaluate the performance of bulldozers. 

Keywords: excavation and conveying machine, bulldozer, blade, profile, dragging prism, 

productivity, design, production. 
 

ʉʨʝʜʠ ʚʳʝʤʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʤʘʰʠʥ ʙʫʣʴʜʦʟʝʨʳ ʟʘʥʠʤʘʶʪ 

ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʝʤʣʷ-

ʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʙʦʪ ʧʦ ʩʨʝʟʘʥʠʶ ʠ 

ʧʝʨʝʤʝʱʝʥʠʶ ʛʨʫʥʪʘ ʙʫʣʴʜʦʟʝʨ ʩʥʘʙʞʝʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʨʘʙʦʯʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ï ʦʪʚʘʣʦʤ, ʝʛʦ ʨʘʤʦʡ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝ-

ʥʠʝʤ ʦʪʚʘʣʘ [1, ʩ.6]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʚʦʡʩʪʚ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʨʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʦʪʚʘʣʳ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʙʫʣʴʜʦʟʝʨʥʳʭ ʦʪʚʘʣʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ 

ʧʦ ʬʦʨʤʝ ʠ ʥʘʟʥʘʯʝʥʠʶ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʨʷʤʦʡ ʧʦʚʦʨʦʪʥʳʡ ʠ ʥʝʧʦʚʦ-

ʨʦʪʥʳʡ ʦʪʚʘʣʳ, ʩʬʝʨʠʯʝʩʢʠʡ ʠ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʡ ʥʝʧʦʚʦʨʦʪʥʳʝ ʦʪʚʘʣʳ, ʘ 

ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ. 

ɺʳʙʦʨ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʚʘʣʘ ʜʣʷ ʙʫʣʴʜʦʟʝʨʘ ï ʵʪʦ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ, ʢʦ-

ʪʦʨʘʷ ʪʨʝʙʫʝʪ ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʫʯʝʪʘ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ. ʆʩ-

ʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʪʦ, ʥʘʩʢʦʣʴʢʦ ʥʘʜʝʞʥʦʡ ʙʫʜʝʪ 

ʢʦʥʩʪʨʫʢʮʠʷ ʤʘʰʠʥʳ ʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʷʚʣʷʶʪʩʷ: 

1. ʉʚʦʡʩʪʚʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʛʨʫʥʪʘ ï ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ 

ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ. ʊʘʢ, ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʝʝ ʢʨʝʧ-

ʢʠʤʠ ʧʦʨʦʜʘʤʠ ʩʣʝʜʫʝʪ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʚʳ-

ʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. 

2. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ 
ʦʙʦʨʫʜʦʚʘʥʠʝ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʵʣʝ-
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ʤʝʥʪʳ ʦʪʚʘʣʘ ʩʣʝʜʫʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʪʝʧʣʦ-

ʚr ʤ ʜʝʬʦʨʤʘʮʠʷʤ. 

3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʟʦʚʦʛʦ ʪʨʘʢʪʦʨʘ ʠʣʠ ʪʷʛʘʯʘ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ 
ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, ʨʘʟʤʝʨʳ ʠ ʚʝʩ ʤʘʰʠʥʳ. ɼʘʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʤʘʩʩʫ ʠ ʛʝʦʤʝʪʨʠʶ ʙʫʣʴʜʦʟʝʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

4. ʄʘʪʝʨʠʘʣʳ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥ ʦʪʚʘʣ. ɺʳʙʨʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʝ 

ʜʦʣʞʝʥ ʙʳʩʪʨʦ ʠʟʥʘʰʠʚʘʪʴʩʷ, ʨʞʘʚʝʪʴ ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

5. ʊʨʝʙʫʝʤʳʡ ʦʙʲʝʤ ʚʳʨʘʙʦʪʢʠ, ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʝʣʠʯʠʥʳ 
ʧʨʠʟʤʳ ʚʦʣʦʯʝʥʠʷ ʦʪʚʘʣʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʨʘʙʦʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʙʫʣʴʜʦʟʝʨʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ. ʂʣʶʯʝʚʳʤ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ, ʷʚʣʷʝʪʩʷ ʜʣʠʥʘ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ 

ʢʘʢ ʝʸ ʟʥʘʯʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʧʨʦʭʦʜʘ. ʇʨʠ 

ʨʝʟʘʥʠʠ ʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʨʦʜʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [2, ʩ.296]: 

ὗ̞ σφππὠ̃
ὑ̃ὑ̎

Ὕ̗ὑ̑
ȟ 

ʛʜʝ ὠ̃ ï ʬʘʢʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʧʨʠʟʤʳ ʚʦʣʦʯʝʥʠʷ, ʤ3; ὑ̃ πȟψυȣπȟω ï ʢʦʵʬ-
ʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʫʣʴʜʦʟʝʨʘ ʧʦ ʚʨʝʤʝʥʠ; ὑ̎ πȟωȣρȟρυ ï ʢʦʵʬʬʠ-
ʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ; Ὕ̗ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ, ʩ; ὑ̑ ρȟςȟȣρȟσυ ï ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʨʘʟʨʳʭʣʝʥʠʷ. 

ʅʘ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʟʤʳ ʚʦʣʦʯʝʥʠʷ ʦʢʘʟʳ-

ʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʚʳʩʦʪʘ ʦʪʚʘʣʘ H, ʢʨʠʚʠʟʥʘ ʧʨʦʬʠʣʷ ʠ ʫʛʦʣ ʨʝʟʘ-

ʥʠʷ Ŭ (ʨʠʩ. 1). 

ɺ ʩʣʫʯʘʝ ʧʨʷʤʳʭ ʧʦʚʦʨʦʪʥʳʭ ʦʪʚʘʣʦʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʯʠʪʘ-

ʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ R ʠ ʫʛʣʦʤ ʨʝʟʘʥʠʷ 

40Ü [2, ʩ.301]. ʅʘʠʙʦʣʴʰʘʷ ʥʘʢʘʧʣʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʧʦʚʦʨʦʪʥʳʭ ʦʪ-

ʚʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʪʚʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʝʨʝʤʝʥʥʦʡ ʢʨʠʚʠʟʥʳ ʩ ʨʘ-

ʜʠʫʩʦʤ ʫʤʝʥʴʰʘʶʱʠʤʩʷ ʢʥʠʟʫ, ʦʜʥʘʢʦ ʚʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦ-

ʬʠʣʴ ʥʝ ʧʦʣʫʯʠʪ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯ-

ʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʧʨʦʬʠʣʝʤ ʥʝʧʦʚʦʨʦʪʥʦʛʦ ʦʪʚʘʣʘ ʷʚʣʷʝʪʩʷ 

ʦʪʚʘʣ, ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ ʚʳʩʦʪʝ ʦʪʚʘʣʘ. 

ʇʨʠʟʤʘ ʚʦʣʦʯʝʥʠʷ (ʨʠʩ. 2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʸʤ ʛʨʫʥʪʘ, ʧʝʨʝʤʝ-

ʱʘʝʤʳʡ ʙʫʣʴʜʦʟʝʨʦʤ ʧʝʨʝʜ ʦʪʚʘʣʦʤ ʟʘ ʦʜʠʥ ʨʘʙʦʯʠʡ ʮʠʢʣ. ɼʘʥʥʳʡ ʧʘʨʘ-

ʤʝʪʨ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʙʫʣʴʜʦʟʝʨʘ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʦʚʳʰʝ-

ʥʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ ʧʨʠ ʧʨʦʯʠʭ ʥʝʠʟʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʙʲʝʤ ʧʨʠʟʤʳ ʚʦʣʦʯʝʥʠʷ ʦʪʚʘʣʘ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 29295-92 ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ [3, ʩ.3]: 

ὠ̃ πȟψὡὌ ὤὌὡ ὤὸὫ‌ȟ 
ʛʜʝ W ï ʜʣʠʥʘ ʦʪʚʘʣʘ, ʤ; H ï ʵʬʬʝʢʪʠʚʥʘʷ ʚʳʩʦʪʘ ʦʪʚʘʣʘ, ʤ; Z ï ʜʣʠʥʘ ʙʦ-

ʢʦʚʦʡ ʯʘʩʪʠ ʦʪʚʘʣʘ, ʤ; Ŭ ï ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʙʦʢʦʚʦʡ ʯʘʩʪʠ ʦʪʚʘʣʘ, ʛʨʘʜ. 
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ʈʠʩ. 1 ʌʦʨʤʘ ʧʨʦʬʠʣʷ 

ʦʪʚʘʣʘ ʙʫʣʴʜʦʟʝʨʘ 
ʈʠʩ. 2 ʕʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʫʨ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʪʚʘʣʘ 

 

ʊʘʢ ʢʘʢ ʫ ʧʨʷʤʳʭ ʦʪʚʘʣʦʚ ʙʦʢʦʚʘʷ ʯʘʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ ʝʩʪʴ Ŭ = 0Á, 

ʬʦʨʤʫʣʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

ὠ̃ πȟψὡὌȢ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʪʚʘʣʘ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʦʙʲʝʤ ʧʨʠʟʤʳ ʚʦʣʦʯʝʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʫʣʴʜʦʟʝʨʘ. 

ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʩʨʝʟʘʥʠʷ ʩʣʦʷ ʧʦʨʦʜʳ ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʟʤʳ ʚʦʣʦʯʝ-

ʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʶ ʙʫʣʴʜʦʟʝʨʘ [4, ʩ.211]. ɺʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʫʤʤʘʨʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʥʦʞʝ ʙʫʣʴʜʦʟʝʨʘ ʧʨʠ ʢʦʧʘʥʠʠ 

ʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʨʦʜʳ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʥʦʤʠʥʘʣʴʥʦʛʦ ʪʷʛʦʚʦʛʦ ʫʩʠ-

ʣʠʷ ʙʘʟʦʚʦʡ ʤʘʰʠʥʳ. 

ɺʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʚʘʣʘ ʙʫʣʴʜʦʟʝʨʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʨʘʙʦʪʳ ʤʘʰʠʥʳ. ʇʨʦʚʝʜʝʥʠʝ ʦʙʟʦʨʘ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʟʥʘʥʠʡ ʦ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʠʭ ʚʣʠʷʥʠʠ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʜʣʷ ʜʘʣʴʥʝʡ-

ʰʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʦʪʚʘʣʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪʳ ʤʘʰʠʥ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʵʢʩʢʘʚʘ-

ʪʦʨʘ ʪʠʧʘ çʦʙʨʘʪʥʘʷ ʣʦʧʘʪʘè ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʛʣʘ ʨʝʟʘʥʠʷ ʟʫʙʴʷʤʠ 

ʢʦʚʰʘ ʚ ʧʨʦʮʝʩʩʝ ʢʦʧʘʥʠʷ ʧʦʨʦʜʳ. ʈʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʦʜʝʨʞʠʪ ʢʦʚʰ ʩ ʧʦʚʦʨʦʪ-

ʥʳʤʠ ʟʫʙʴʷʤʠ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʚʣʠʷʝʪ ʥʘ ʫʛʦʣ ʨʝʟʘʥʠʷ ʟʫʙʴʷʤʠ ʢʦʚʰʘ. ʇʨʠ ʢʦʧʘ-

ʥʠʠ ʧʦʨʦʜʳ ʧʦʚʦʨʦʪʥʳʝ ʟʫʙʴʷ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ ʢʦʚ-

ʰʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʨʝʟʘʥʠʷ ʟʫʙʴʷʤʠ 

ʢʦʚʰʘ. ʇʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʨʝʟʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʢʦʧʘʥʠʷ ʧʦʚʳʰʘʝʪ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʵʢʩʢʘʚʘʪʦʨʘ ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʩʠʣʳ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʧʦʨʦʜʳ ʨʝʟʘʥʠʶ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʵʢʩʢʘʚʘʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʵʢʩʢʘʚʘʪʦʨ, ʦʙʨʘʪʥʘʷ ʣʦʧʘʪʘ, ʧʨʦʮʝʩʩ ʢʦʧʘʥʠʷ ʧʦ-

ʨʦʜʳ, ʟʫʙʴʷ ʢʦʚʰʘ, ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʨʝʟʘʥʠʷ. 
 

WORKING EQUIPMENT OF A HYDRAULIC EXCAVATOR BACKHOE WITH 

ADJUSTABLE CUTTING ANGLE OF BUCKET TEETH  
 

A.K.  Muravskiy, D.B. Kovalevsky, R.V. Razorvin, K.D. Lozhkin  
 

The article discusses the design of the working equipment of a hydraulic excavator backhoe 

with the ability to adjust the cutting angle of the bucket teeth during the process of digging 

rock. The working attachment includes a bucket with rotating teeth, the position of which in-

fluences the cutting angle of the bucket teeth. When digging rock, the rotating teeth can 

change position relative to the bucket body, automatically maintaining an optimal cutting an-

gle for the bucket teeth during digging. Maintaining an optimal cutting angle during digging 

increases the efficiency of the excavator by ensuring minimal resistance to cutting rock, which 

has a positive effect on energy efficiency, productivity, reliability and technological capabili-

ties of the excavator. 

Keywords: hydraulic excavator, backhoe, the process of digging rock, bucket teeth, optimal 

cutting angle. 
 

ʄʠʨʦʚʘʷ ʪʝʥʜʝʥʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʛʦʨ-

ʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʭ ʯʠʩʣʦ ʧʨʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ, ʦʥʠ ʧʦʩʪʝʧʝʥʥʦ ʟʘ-

ʤʝʥʷʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʣʦʧʘʪʳ [1-3]. 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʵʢʩʢʘʚʘʪʦʨʳ, ʦʩʥʘʱʝʥʥʳʝ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʪʠʧʘ çʦʙʨʘʪʥʘʷ ʣʦʧʘʪʘè (ʢʦʚʰ ʧʨʠ ʢʦʧʘʥʠʠ ʜʚʠʞʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʵʢʩ-

ʢʘʚʘʪʦʨʫ), ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ʥʠʞʝ 

ʫʨʦʚʥʷ ʩʪʦʷʥʢʠ, ʘ ʪʘʢʞʝ ʚʳʰʝ ʫʨʦʚʥʷ ʩʪʦʷʥʢʠ, ʥʦ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʩ 

ʤʝʥʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʯʝʤ ʵʢʩʢʘʚʘʪʦʨʳ ʩ ʧʨʷʤʦʡ ʣʦʧʘʪʦʡ [4-6]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʟʚʝʥʴʝʚ 

ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʢʩʢʘʚʘʪʦʨʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʩʠʣ ʥʘ ʟʫʙʴʷʭ ʢʦʚʰʘ, ʩʣʦʞʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʨʝʞʫʱʝʡ 
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ʢʨʦʤʢʠ ʢʦʚʰʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʘʩʩʠʚ ʩ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴʶ ʚ ʩʣʦʞʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʠ ʢʦʧʘʥʠʠ ʢʦʚʰʦʤ ʵʢʩʢʘʚʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʦʡ 

ʧʦʨʦʜʳ ʚ ʧʨʦʮʝʩʩʝ ʚʥʝʜʨʝʥʠʷ ʟʫʙʴʝʚ ʢʦʚʰʘ ʚ ʤʘʩʩʠʚ. ʇʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʟʫʙʴʝʚ ʢʦʚʰʘ ʩ ʧʦʨʦʜʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʛʣʦʤ ʨʝʟʘʥʠʷ, ʪ.ʝ. ʫʛʣʦʤ 

ʤʝʞʜʫ ʧʝʨʝʜʥʝʡ ʛʨʘʥʴʶ ʟʫʙʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʨʝʟʘ. ʋʛʦʣ ʨʝʟʘʥʠʷ ʚʣʠʷʝʪ 

ʥʘ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ, ʦʪ ʚʝʣʠʯʠʥʳ ʵʪʦʛʦ ʫʛʣʘ ʟʘʚʠʩʠʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜʳ 

ʚʥʝʜʨʝʥʠʶ ʚ ʤʘʩʩʠʚ ʟʫʙʴʝʚ ʢʦʚʰʘ. ʆʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʨʝʟʘʥʠʷ ʦʙʳʯʥʦ ʷʚ-

ʣʷʝʪʩʷ ʦʪ 30 ʜʦ 35Á [7]. 

ʇʨʦʮʝʩʩ ʢʦʧʘʥʠʷ ʧʦʨʦʜʳ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʫʛʣʝ ʨʝʟʘʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʩʩʠʚʘ 

ʨʝʟʘʥʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʝʟʘʥʠʷ ʠ 

ʢʦʧʘʥʠʷ, ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʵʢʩʢʘʚʘʪʦʨʘ, ʨʘʩʰʠ-

ʨʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʰʠʥʳ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘ-

ʙʦʪʢʠ ʙʦʣʝʝ ʧʨʦʯʥʳʭ ʧʦʨʦʜ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʨʘʙʦʪʳ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʦʡ ʤʘʰʠʥʳ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʨʝʟʘ-

ʥʠʷ ʧʨʠ ʢʦʧʘʥʠʠ ʦʙʳʯʥʳʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʵʢʩʢʘʚʘʪʦʨʦʤ. ʇʨʠ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʠ ʪʘʢʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʚʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʨʝʟʘʥʠʷ ʚ ʜʦʩʪʘ-

ʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʦʡ ʤʘʰʠʥʳ, ʦʩʦʙʝʥʥʦ, ʝʩʣʠ ʪʝʢʫʱʠʡ ʫʛʦʣ ʨʝʟʘʥʠʷ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ.  

 
ʈʠʩ. 1. ʈʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʵʢʩʢʘʚʘʪʦʨʘ: 

1 ï ʢʦʨʧʫʩ ʢʦʚʰʘ; 2 ï ʧʦʚʦʨʦʪʥʳʝ ʟʫʙʴʷ; 3, 4, 5 ï ʜʘʪʯʠʢʠ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʚʰʘ, ʨʫʢʦʷʪʠ ʠ ʩʪʨʝʣʳ 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʵʢʩʢʘʚʘʪʦʨʘ ʪʠʧʘ çʦʙʨʘʪʥʘʷ ʣʦ-

ʧʘʪʘè ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʫʛʣʦʤ ʨʝʟʘʥʠʷ ʟʫʙʴʷʤʠ ʢʦʚʰʘ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʨʝʟʘʥʠʷ ʟʫʙʴʷʤʠ ʢʦʚʰʘ ʵʢʩʢʘʚʘʪʦʨʘ ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʧʘʥʠʷ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʚʰʘ 1 ʩ ʧʦʚʦʨʦʪ-

ʥʳʤʠ ʟʫʙʴʷʤʠ 2, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ ʢʦʚʰʘ ʚ ʧʨʦ-

ʮʝʩʩʝ ʢʦʧʘʥʠʷ ʧʦʨʦʜʳ ʤʦʞʝʪ ʠʟʤʝʥʷʪʩɹʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ 
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ʜʘʪʯʠʢʦʚ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʦʚʰʘ 3, ʨʫʢʦʷʪʠ 4 ʠ ʩʪʨʝʣʳ 5 (ʨʠʩ. 1) [4]. 

ɼʣʷ ʩʣʫʯʘʷ ʢʦʧʘʥʠʷ ʧʦʚʦʨʦʪʦʤ ʨʫʢʦʷʪʠ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʥʘʡʪʠ ʫʛʦʣ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʣʦʞʝʥʠʝ ʧʦʚʦʨʦʪʥʳʭ ʟʫʙʴʝʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʨʧʫʩʘ ʢʦʚʰʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʨʝʟʘʥʠʷ 

[5]. 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʩ 

ʨʝʛʫʣʠʨʫʝʤʳʤ ʫʛʣʦʤ ʨʝʟʘʥʠʷ ʟʫʙʴʷʤʠ ʢʦʚʰʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʤʘʰʠʥʳ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʜʝʨʞʘ-

ʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʨʝʟʘʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ 

ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʨʦʜʳ ʨʝʟʘʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʢʦʧʘʥʠʷ ʚʳʝʤʦʯʥʦ-

ʧʦʛʨʫʟʦʯʥʦʡ ʤʘʰʠʥʦʡ. 
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ʂ ɺʆʇʈʆʉʋ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʗ ʉʊʈʋʂʊʋʈʓ ʇʈʆɽʂʊɸ 

ʇʆ ʉʆɿɼɸʅʀʖ ɻʀɼʈɸɺʃʀʏɽʉʂɻʆ ʕʂʉʂɸɺɸʊʆʈɸ 
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ɺ ʪʝʢʩʪʝ ʧʦʩʪʘʚʣʝʥʘ, ʚʘʞʥʘʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ, ʠʥʞʝʥʝʨʥʘʷ ʧʨʦʙʣʝʤʘ: ʦ ʪʦʤ, 

ʢʘʢ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ 

ʠ/ʠʣʠ ʝʛʦ ʯʘʩʪʠ ʠ ʩʥʠʟʠʪʴ ʧʨʠ ʵʪʦʤ ʦʙʲʝʤʳ ʧʦʪʨʝʙʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʝʜʣʦʞʝʥʦ ʩʦ-
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ʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʠʟʙʝʛʘʪʴ ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʦʚʪʦʨʝʥʠʡ ʨʫʪʠʥʥʳʭ ʧʨʦʮʝʜʫʨ ʧʨʠ 
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ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʜʥʦʢʦʚʰʦʚʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ 
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ʢʘʨʴʝʨʥʳʭ ʦʜʥʦʢʦʚʰʦʚʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʙʣʘʩʪʠ ʠʥʞʝʥʝʨʥʳʭ ʦʥʪʦ-

ʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʜʥʦʢʦʚʰʦʚʳʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʵʢʩʢʘʚʘʪʦʨ; ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; ʙʠʙ-

ʣʠʦʪʝʢʘ ʪʠʧʦʚʳʭ ʰʘʙʣʦʥʦʚ; ʧʘʪʪʝʨʥʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
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In this text, we highlight and pose an important engineering problem from a practical stand-

point: how can we reduce the time it takes to develop a project for creating a hydraulic exca-

vator and/or its parts, while also reducing the amount of resources consumed? To achieve 

this, we propose creating libraries of standard Templates and standard Design Patterns, 

which will allow us to avoid repeated routine design procedures and significantly speed up 

the process of assembling (creating) and automating non-standard (new) structural units of 

the project (calculation blocks). This work is part of a series of our earlier publications on the 

creation and development of a methodology for designing hydraulic excavators, as well as 

our work on developing the foundations of an express diagnostics system for quarry excava-

tors, particularly in the field of engineering ontologies. 
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ɺʚʝʜʝʥʠʝ. ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʦʜʥʦʢʦʚʰʦʚʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘ-

ʪʦʨʦʚ (ʆɻʕ) ʠ/ʠʣʠ ʠʭ ʵʣʝʤʝʥʪʦʚ, ʤʥʦʛʠʝ ʧʨʦʝʢʪʥʳʝ ʧʨʦʮʝʜʫʨʳ ʷʚʣʷʶʪʩʷ 

ʪʠʧʦʚʳʤʠ ʠ, ʯʪʦ ʚʘʞʥʦ - ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ (ʠʩʧʦʣʴʟʫʝʤʳʤʠ, 

ʧʨʠʤʝʥʷʝʤʳʤʠ), ʯʘʩʪʦ ʦʜʥʠ ʠ ʪʝ ʞʝ ʧʨʦʮʝʜʫʨʳ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʩʘʤʳʭ ʨʘʟ-

ʥʳʭ ʯʘʩʪʷʭ ʧʨʦʝʢʪʘ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʦʮʝʜʫʨʳ ʜʦʣʞʥʦ ʚʳʷʚʣʷʪʴ ʠ ʩʪʘʥʜʘʨʪʠ-

ʟʠʨʦʚʘʪʴ (ʥʦʨʤʠʨʦʚʘʪʴ), ʜʘʙʳ ʠʟʙʝʛʘʪʴ ʙʝʩʩʤʳʩʣʝʥʥʳʭ ʟʘʪʨʘʪ ʨʝʩʫʨʩʦʚ, ʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʚʨʝʤʝʥʠ (ʜʣʷ ʩʧʨʘʚʢʠ ʦʪʤʝʪʠʤ, ʯʪʦ ʚʦ ʚʨʝʤʝʥʘ ʉʉʉʈ ʚʦ 

ɺʅʀʀʉɼʄ ʙʳʣ ʦʪʜʝʣ ʪʠʧʦʚʳʭ ʨʘʩʯʸʪʦʚ, ʚʳʧʫʩʢʘʣʠʩʴ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ). 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʠʤʝʝʪ ʤʝʩʪʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʝ-

ʰʝʥʥʘʷ ʧʨʦʙʣʝʤʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʦʩʪʨʦʝʥʠʷ - ʢʘʢ ʚʳʷʚʣʷʪʴ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʪʴ ʪʠʧʦʚʳʝ ʧʨʦʮʝʜʫʨʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʘ ʚ 
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ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʠ ʨʘʩʯʸʪʦʚ), ʘ ʚʝʜʴ ʚ ʧʨʦʝʢʪʝ ʠʭ ʦʙʳʯʥʦ ʢʫʜʘ ʙʦʣʴʰʝ ʧʦ-

ʣʦʚʠʥʳ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ. 

ʀʜʝʷ ʨʘʙʦʪʳ. ʅʝ ʧʨʝʪʝʥʜʫʷ ʥʘ ʧʦʣʥʦʝ ʩʥʷʪʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʦʡ 

ʠʥʞʝʥʝʨʥʦʡ ʧʨʦʙʣʝʤʳ, ʦʧʠʰʝʤ ʢʨʘʪʢʦ ʚʠʜʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜ-

ʭʦʜʦʚ ʢ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚʳʜʝʣʝʥʥʦʡ ʥʝʢʦʪʦʨʳʤ ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ ʪʠʧʦʚʦʡ 

ʧʨʦʮʝʜʫʨʳ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ ʚʝʩʪʠ ʨʝʯʴ ʪʦʣʴʢʦ ʦ ʧʨʦʝʢʪʥʳʭ ʨʘʩʯʸʪʘʭ. 

ʀʪʘʢ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʯʘʩʪʦ ʧʦʚʪʦʨʷʝʤʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʨʘʛ-

ʤʝʥʪʦʚ ʤʦʟʘʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʢʘʞʝʤ ʥʘ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʜʫʨʳ (ʪʦʣʴʢʦ 

ʧʨʦʩʪʳʝ, ʨʘʩʯʸʪʥʳʝ): 

- ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʠʟ ʜʚʫʭ ʢʚʘʜʨʘʪʥʳʭ ʫʨʘʚʥʝʥʠʡ; 

- ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʝʤʳ ʩʠʥʫʩʦʚ ʠ/ʠʣʠ ʢʦʩʠʥʫʩʦʚ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʜʣʠʥʳ ʦʪʨʝʟʢʘ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʝʛʦ ʢʦʥʮʦʚ; 

- ʚʳʯʠʩʣʝʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʫʛʦʣʴʥʠʢʘ (ʚʳʩʦʪʳ, ʫʛʣʳ ʠ ʧʨ.); 

- ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʩʪʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ; 

- ʚʳʯʠʩʣʝʥʠʝ ʧʣʦʱʘʜʝʡ ʠ ʦʙʲʝʤʦʚ ʠ ʪ.ʜ. 

ɺʩʝ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʠʤʠʪʠʚʥʳʝ ʧʨʦʝʢʪʥʳʝ ʧʨʦʮʝʜʫʨʳ ʥʘʟʦʚʸʤ ʰʘʙʣʦʥ-

ʥʳʤʠ, ʘ ʠʭ ʩʣʦʞʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʦʙʲʝʜʠʥʝʥʠʷ) ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʦʜʘ (ʚʠʜʘ) - 

ʧʘʪʪʝʨʥʘʤʠ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʢʩʢʘʚʘʪʦʨʘ ʠ/ʠʣʠ ʝʛʦ ʵʣʝʤʝʥʪʘ ʚʦ ʤʥʦʛʦʤ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʝʜʝʥʦ ʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʙʦʨʢʝ ʠʟ "ʢʫʙʠʢʦʚ" (ʰʘʙʣʦʥʦʚ) ʢʨʫʧʥʳʭ 

ʧʨʦʝʢʪʥʳʭ ʤʦʜʫʣʝʡ-ʬʠʛʫʨ (ʧʘʪʪʝʨʥʦʚ), ʢʦʪʦʨʳʝ ʧʦʟʜʥʝʝ ʫʜʦʙʥʝʝ ʠ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʪʴ, ʠ ʧʨʠʤʝʥʷʪʴ (ʘ ʪʘʢʞʝ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʧʘʪʪʝʨʥʦʚ ʫʢʘʞʝʤ ʥʘ: 

- ʨʝʰʝʥʠʝ ʧʨʷʤʦʡ ʠ/ʠʣʠ ʦʙʨʘʪʥʦʡ ʧʦʟʠʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʨʘʙʦʯʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ (ʈʆ) ʆɻʕ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʯʝʪʳʨʝʭ- ʠ/ʠʣʠ ʰʝʩʪʠʟʚʝʥʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʈʆ; 

- ʦʮʝʥʢʫ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʩʠʣʠʡ ʢʦʧʘʥʠʷ ʥʘ ʟʫʙʴʷʭ ʢʦʚʰʘ ʆɻʕ; 

- ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʝ ʠʣʠ ʠʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʵʢʩʢʘʚʘʪʦʨʝ ʠ/ʠʣʠ ʝʛʦ ʵʣʝʤʝʥʪʝ(-ʘʭ) ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʝʢʪʘ; 

- ʨʷʜ ʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʢʣʘʩʩʠʯʝʩʢʠʭ "ɼʝʪʘʣʝʡ ʤʘʰʠʥ" (ʨʘʩʯʸʪ ʚʘʣʘ, 

ʧʦʜʙʦʨ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʧʨ.) ʠ "ʊʄʄ", ʠ ʤʥʦʛʠʝ, ʤʥʦʛʠʝ ʜʨ. 

ʀʪʘʢ, ʝʱʝ ʨʘʟ: ʝʩʪʴ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʰʘʙʣʦʥʦʚ; ʝʩʪʴ 

ʜʨʫʛʦʝ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʘʪʪʝʨʥʦʚ (ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ). ʄʝʭʘʥʠʟʤ ʩʙʦʨ-

ʢʠ ʚʪʦʨʳʭ ʠʟ ʧʝʨʚʳʭ ʥʝ ʦʙʩʫʞʜʘʝʤ. 

ʅʦ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʦʜʭʦʜʝ ʥʘʯʠʥʘʝʪ ʠʛʨʘʪʴ ʪ.ʥ. ʠʥ-

ʪʝʨʬʝʡʩ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʨʷʜʘ ʦʩʥʦʚʥʳʭ ʧʘʪʪʝʨʥʦʚ, ʩ ʢʦʪʦʨʳʤ 

ʪʦʣʴʢʦ ʠ "ʦʙʱʘʝʪʩʷ" ʧʦʣʴʟʦʚʘʪʝʣʴ (ʠ ʵʪʦ ʫʞʝ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʪʦʣʴʢʦ ʯʝʣʦ-

ʚʝʢ, ʥʦ ʯʝʣʦʚʝʢ ʧʦʢʘ ʯʪʦ ʚʩʝ-ʪʘʢʠ ʧʨʝʚʘʣʠʨʫʝʪ ʚ ʵʪʦʤ ʘʩʧʝʢʪʝ). 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʠʥʪʝʨʬʝʡʩ ʜʦʣʞʝʥ ʙʳʪʴ ʵʨʛʦʥʦʤʠʯʥʳʤ ʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʧʦʣʥʳʤ, ʠ ʜʨʫʞʝʣʶʙʥʳʤ ʚ ʯʘʩʪʠ ʪʦʛʦ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ 

ʪʘʤ ʚʚʝʩʪʠ (ʦʙʳʯʥʦ - ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʫʩʣʦʚʠʷ ʨʘʩʯʸʪʘ) ʠ ʯʪʦ ʦʥ ʪʘʤ 

ʫʚʠʜʠʪ ʧʦ ʟʘʚʝʨʰʝʥʠʶ ʝʛʦ ʨʘʙʦʪʳ (ʦʙʳʯʥʦ - ʯʠʩʣʘ, ʛʨʘʬʠʢʠ). 
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ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʫʝʤ ʢʣʘʩ-

ʩʠʯʝʩʢʫʶ ʠʥʢʘʧʩʫʣʷʮʠʶ. 

ʀʪʘʢ - ʬʠʢʩʠʨʫʝʤ ʥʝʩʢʦʣʴʢʦ ʩʪʨʦʞʝ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʩʯʸʪʦʚ ʵʢʩ-

ʢʘʚʘʪʦʨʦʚ ʠʤʝʶʪ ʤʝʩʪʦ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ, ʧʨʠʤʝʨ: 

1+1=2, ʠʟʚʣʝʯʴ ʣʦʛʘʨʠʬʤ ʀʢʩ, ʦʧʨʝʜʝʣʠʪʴ ʉʠʥʫʩ ʀʛʨʝʢ, ʚʳʯʠʩʣʠʪʴ ʢʚʘʜ-

ʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠ ʪ.ʜ. 

ʅʘ ʦʩʥʦʚʝ ʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʪʘʢʦʛʦ ʨʦʜʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ 

ʦʙʳʯʥʦ ʨʝʰʘʝʪʩʷ ʪʘ ʠʣʠ ʠʥʘʷ ʪʘʢʞʝ ʵʣʝʤʝʥʪʘʨʥʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʘʷ 

ʤʝʣʢʘʷ ʟʘʜʘʯʘ. ʏʘʱʝ ʚʩʝʛʦ ʦʥʘ ʧʨʠ ʵʪʦʤ ʩʚʦʜʠʪʴʩʷ ʢ ʥʝʢʦʪʦʨʦʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʪʦ ʝʩʪʴ ʢ hʘʙʣʦʥʫ. 

ɺ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʜʝʣʳʚʘʪʴ ʪʘʢʦʛʦ ʨʦʜʘ ʙʘʥʘʣʴʥʳʝ ʚʳʯʠʩʣʝ-

ʥʠʷ - ʢʦʥʪʨʧʨʦʜʫʢʪʠʚʥʦ. ʀ ʧʦʩʝʤʫ - ʰʘʙʣʦʥʳ ʥʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʤ ʩʚʦʜʷʪʩʷ 

ʚ ʧʘʪʪʝʨʥʳ. 

ʇʘʪʪʝʨʥ - ʵʪʦ ʥʝʢʦʪʦʨʘʷ ʣʦʛʠʯʝʩʢʠ ʫʚʷʟʘʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʰʘʙʣʦʥʦʚ 

- ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ (ʩʘʤʳʡ ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ - ʵʪʦ 

ʫʨʦʚʝʥʴ, ʦʪʨʘʞʘʶʱʠʡ ʚʳʯʠʩʣʝʥʠʷ ʚ "ʤʘʰʠʥʥʦʤ" ʞʝʣʝʟʝ, ʜʦʧʫʩʪʠʤ, ʚ ʧʨʦ-

ʮʝʩʩʦʨʝ - ʥʘ ʫʨʦʚʥʝ ʤʘʰʠʥʥʦʛʦ ʢʦʜʘ, ʯʪʦ ʜʣʷ ʧʨʘʢʪʠʢʠ ʥʝʚʘʞʥʦ). ɼʨʫʛʦʝ 

ʜʝʣʦ, ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʠ/ʠʣʠ ʧʨʠʤʝʥʝʥʠʝ ʄʂʕ, ʛʜʝ ʚʦʧʨʦʩʳ ʩʢʦʨʦʩʪʠ ʩʯʸ-

ʪʘ, ʝʛʦ ʪʦʯʥʦʩʪʠ ʠ ʩʭʦʜʠʤʦʩʪʠ ʯʘʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ ʚʳʩʪʫʧʘʶʪ ʥʘ 

ʧʝʨʚʳʡ ʧʣʘʥ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʘʪʪʝʨʥʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠ-

ʥʝʥʳ ʪʝʤ ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ (ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʠʨʘʤʠʜʘ 

ʧʨʦʝʢʪʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʢʫʩʦʯʝʢ - ʘ-ʣʷ ʢʚʘʟʠ Enterprise Resource 

Planning). 

ʂʦʥʝʯʥʘ ̫ʩʦʚʦʢʫʧʥʦʩʪʴ ʰʘʙʣʦʥʦʚ ï ʵʪʦ ɹʠʙʣʠʦʪʝʢʘ ʐʘʙʣʦʥʦʚ, ʘ ʢʦ-

ʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʘʪʪʝʨʥʦʚ ï ɹʠʙʣʠʦʪʝʢʘ ʇʘʪʪʝʨʥʦʚ. 

ʂʘʞʜʳʡ ʰʘʙʣʦʥ ʠ ʢʘʞʜʳʡ ʧʘʪʪʝʨʥ ʜʦʣʞʥʳ ʙʳʪʴ "ʦʙʦʨʫʜʦʚʘʥʳ" ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ, ʨʝʘʣʠʟʫʶʱʠʤʠ ʠʥʢʘʧʩʫʣʷʮʠʶ. ʂʘʩʘʝʪʩʷ ʵʪʦ 

ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʥʘʧʦʤʥʠʤ: ʦʥ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ - ʯʝʣʦʚʝʢ), ʪʘʢ ʠ 

ʩʪʦʨʦʥʥʠʭ ʧʨʦʛʨʘʤʤ, ʞʝʣʘʶʱʠʭ ʦʙʨʘʪʠʪʴʩʷ (ʠʩʧʦʣʴʟʦʚʘʪʴ) ʢ ʪʦʤʫ ʠʣʠ 

ʠʥʦʤʫ ʰʘʙʣʦʥʫ (ʧʘʪʪʝʨʥʫ) (ʥʠʢʪʦ ʥʝ ʤʝʰʘʝʪ ʚʝʩʪʠ ʩ ʥʠʤʠ ʠ ʦʙʳʯʥʫʶ 

ʢʦʤʤʝʨʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʧʘʪʝʥʪʦʚʘʪʴ ʠ ʧʨ.). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘʙʦʨ ʰʘʙʣʦʥʦʚ ʠ ʧʘʪʪʝʨʥʦʚ, ʠʩʧʦʣʴʟʫ-

ʝʤʳʭ ʚ ʧʨʦʝʢʪʝ ʩʦʟʜʘʥʠʷ ʆɻʕ, ʦʙʨʘʟʫʝʪ ʥʝʢʦʪʦʨʳʡ ʛʠʧʝʨʛʨʘʬ. ʅʘ ʥʸʤ 

ʤʦʞʥʦ ʩʪʘʚʠʪʴ ʠ ʨʝʰʘʪʴ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʨʘʟʨʘʙʦʪʢʠ ʤʘʰʠʥʳ ʠ/ʠʣʠ ʝʸ ʯʘʩʪʝʡ (ʚ ʯʘʩʪʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʨʝʩʫʨʩʦʚ ʥʘ 

ʩʘʤʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʠ ʝʛʦ 

ʨʘʩʩʪʘʥʦʚʢʠ ʚ ʧʨʦʝʢʪʝ ʠ ʪ.ʜ.). 

ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʥʝ ʤʦʛʫʪ ʨʘʙʦ-

ʪʘʪʴ ʤʥʦʛʠʝ ʰʘʙʣʦʥʳ ʠ/ʠʣʠ ʧʘʪʪʝʨʥʳ, ʷʚʣʷʝʪʩʷ ʙʘʟʘ(-ʳ) ʜʘʥʥʳʭ.  

ɼʣʷ ʪʝʭ, ʢʪʦ ʭʦʪʝʣ ʙʳ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʚʟʛʣʷʜʘʤʠ ʥʘ 

ʪ.ʥ. ʰʘʙʣʦʥʳ ʠ/ʠʣʠ ʧʘʪʪʝʨʥʳ ʤʦʞʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʨʘʙʦʪʘʤ [1-5].  

ʅʝʙʦʣʴʰʦʡ ʧʨʠʤʝʨ. ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥ-

ʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʘʪʪʝʨʥʘ (ʧʨʦʮʝʜʫʨʳ, ʤʦʜʫʣʷ) ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʊʂʂ) [6 ʠ ʜʨ.] ʥʝʢʦʪʦʨʳʭ ʥʝʩʫʱʠʭ ʤʝ-

ʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʦʜʥʦʢʦʚʰʦʚʳʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ. ʇʨʝʜʩʪʘʚʣʝʥ-
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ʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʘʪʪʝʨʥ, ʙʝʟʫʩʣʦʚʥʦ, ʙʫʜʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʪʴʩʷ. ʂʘʩʘʝʪʩʷ ʵʪʦ ʠ ʧʨʠʥʷʪʦʡ ʚʳʰʝ ʦʙʱʝʡ ʪʝʨʤʠʥʦʣʦʛʠʠ. 

 
ʈʠʩ. 1. ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʇʘʪʪʝʨʥʘ ʘʥʘʣʠʟʘ ʟʥʘʯʝʥʠʡ ʊʂʂ 

(ʕʢʨʘʥ ï ʵʪʦ ʠʥʪʝʨʬʝʡʩ; ʕʂʂ - ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ) 

 

ɿʘʢʣʶʯʝʥʠʝ. ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʘʢʪʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ - ʤʥʦʛʦʢʨʘʪʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭ ʠʥʞʝʥʝʨʥʳʭ ʧʦʣʦʞʝʥʠʡ ʧʨʦʝʢʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʵʢʩʢʘʚʘʪʦʨʘ 

ʠ/ʠʣʠ ʝʛʦ ʯʘʩʪʠ(-ʝʡ), ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʩʪʘʥʜʘʨʪʥʳʤʠ. ʕʪʦ, ʦʯʝʚʠʜʥʦ, ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʟʘʪʨʘʪ ʨʝʩʫʨʩʦʚ ʥʘ ʧʨʦʝʢʪ. 

ʈʘʙʦʪʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʙʦʣʝʝ ʨʘʥʥʠʤʠ ʧʫʙʣʠʢʘʮʠʷʤʠ ʚ ʯʘʩʪʠ ʩʦʟʜʘʥʠʷ 

ʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʆɻʕ [7 ʠ ʜʨ.], ʘ ʪʘʢʞʝ ʩ ʪʨʫʜʘʤʠ, 

ʧʦʩʚʷʱʝʥʥʳʤʠ ʩʠʩʪʝʤʝ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʦʜʥʦʢʦʚʰʦʚʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʟʘ-

ʪʨʘʛʠʚʘʷ ʠ ʪ.ʥ. ʠʥʞʝʥʝʨʥʳʝ ʦʥʪʦʣʦʛʠʠ. 
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This article provides an overview of hydraulic drill models based on an analysis of their tech-

nical characteristics, applications, service life, cost, and other characteristics. Recommenda-

tions for selecting hydraulic drills are also provided. 

Keywords: hydraulic drill, underground drilling, impact energy, impact frequency, power. 
 

ʄʥʦʛʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʫʜʘʨ-

ʥʠʢʦʚ ʠ ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨʦʚ [1-3 ʠ ʜʨ.]. ɸʥʘʣʠʟ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʩʪʘʪʴʝ, 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʳʷʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʠʭ ʧʝʨʬʦʨʘʪʦʨʦʚ, ʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʮʝʥʢʝ ʧʨʝʠʤʫ-

ʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥ-

ʜʘʮʠʡ ʧʦ ʚʳʙʦʨʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʘʥʥʳʝ ʩʦʙʨʘʥʳ ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʪʘʣʦʛʦʚ 

ʠ ʧʘʩʧʦʨʪʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʧʘʪʝʥʪʥʳʭ ʙʘʟ ʠ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠ ʥʘ ʨʠʩ. 1-5. ɼʣʷ ʘʥʘʣʠʟʘ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʠʟ-

ʚʝʩʪʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨʦʚ: Atlas Copco (ʩʝʨʠʷ COP), 

Sandvik (ʩʝʨʠʠ HL/HLX/RD), Doofor (ʩʝʨʠʷ DF), Montabert (ʩʝʨʠʷ HC), 

Furukawa (ʩʝʨʠʠ HD/FRD), Woserld (A-ʩʝʨʠʷ), Everdigm (ʩʝʨʠʷ ECD), 

Klemm (ʩʝʨʠʷ KD/KR), ʭʦʪʷ ʢʦʤʧʘʥʠʡ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʠ ʨʝʘʣʠʟʫʶʱʠʭ ʪʘ-

ʢʫʶ ʪʝʭʥʠʢʫ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʠ ʦʭʚʘʪʠʪʴ ʚʩʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʳʤ. ɼʣʷ ʦʮʝʥʢʠ ʦʪʦʙʨʘʥʦ ʜʝʩʷʪʴ ʤʦʜʝʣʝʡ ʦʪ ʢʘʞʜʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʠ ʫʜʘʨʘ A = 180 õ 1200 ɼʞ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʙʫʨʝʥʠʷ 

ʰʧʫʨʦʚ ʜʠʘʤʝʪʨʦʤ 45õ127 ʤʤ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʢʨʝʧʦʩʪʴʶ f = 6õ20 ʧʦ 

ʰʢʘʣʝ ʧʨʦʬ. ʄ.ʄ. ʇʨʦʪʦʜʴʷʢʦʥʦʚʘ. ʊʘʢʞʝ ʫʯʠʪʳʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦ-

ʩʪʠ (N = 8 õ 45 ʢɺʪ), ʯʘʩʪʦʪʳ ʫʜʘʨʦʚ (n = 35 ï 100 ɻʮ), ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ (Q = 35 õ 165 ʣ/ʤʠʥ), ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ (P = 12 õ 40 ʄʇʘ).  

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʚʳʧʫʩʢʘʝʤʳʭ ʛʠʜʨʦʧʝʨ-

ʬʦʨʘʪʦʨʦʚ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʠʘʛʨʘʤʤʳ, ʚʩʝʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʦʩʚʦʝʥ ʚʳ-

ʧʫʩʢ ʫʜʘʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩ ʵʥʝʨʛʠʝʡ ʚ ʜʠʘʧʘʟʦʥʝ 300 õ 650 ɼʞ. ʃʠʜʝʨʘʤʠ 

ʩ ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʝʡ ʫʜʘʨʘ 1200 ɼʞ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨʳ 

COP 5060CR (Atlas Copco), RD925 (Sandvik), HC200 (Montabert), HD1800 
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(Furukawa). ʂʠʪʘʡʩʢʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ Woserld ʧʨʝʜʣʘʛʘʝʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ 

ʥʘʠʤʝʥʴʰʠʤ ʜʠʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʦʪ 400 ʜʦ 800 ɼʞ. 

ɿʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʫʜʘʨʦʚ ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. 

ɿʜʝʩʴ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʠʜʨʦʧʨʝʬʦʨʘʪʦʨʳ ʩ ʯʘʩʪʦʪʦʡ ʫʜʘʨʦʚ ʚ ʜʠʘʧʘ-

ʟʦʥʝ 40-60 ɻʮ ʚʳʧʫʩʢʘʶʪʩʷ ʚʩʝʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ. Atlas Copco ʧʨʝʜʣʘʛʘ-

ʝʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʨʷʜ ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨʦʚ ʩ ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪʳ ʦʪ 40 ʜʦ 

100 ɻʮ. Klemm ʧʨʝʜʣʘʛʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʤʦʜʝʣʠ ʩ ʯʘʩʪʦʪʦʡ ʦʪ 38 ʜʦ 47 ɻʮ, ʥʦ 

ʝʩʪʴ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʤʦʜʝʣʠ KD407 ʠ KD308. ʋ Montabert ʪʘʢʞʝ 

ʠʤʝʝʪʩʷ ʜʚʝ ʤʦʜʝʣʠ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʫʜʘʨʘ HC55 (86 ɻʮ) ʠ HC110 (70.5 

ɻʮ). 

 
ʈʠʩ. 1.  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ 

ʫʜʘʨʘ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ɻʋʄ 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ 

ʫʜʘʨʦʚ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ɻʋʄ 

 

ɼʠʘʛʨʘʤʤʘ ʩ ʧʦʪʨʝʙʣʷʝʤʳʤ ʨʘʩʭʦʜʦʤ ʞʠʜʢʦʩʪʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3. 

ʉʘʤʳʡ ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʨʘʩʭʦʜʘ ʠʤʝʶʪ ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨʳ 

Atlas Copco (30 õ 140 ʣ/ʤʠʥ), Doofor (45 õ 130 ʣ/ʤʠʥ), Everdigm (42 õ 130 

ʣ/ʤʠʥ). ʅʘʠʤʝʥʴʰʠʡ ʜʠʘʧʘʟʦʥ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ ʠʤʝʶʪ 

ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨʳ Furukawa (80 õ 140 ʣ/ʤʠʥ) ʠ Woserld (80õ125 ʣ/ʤʠʥ).  

ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʳʡ ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨʘʤʠ, 

ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʜʦʩʪʠʛʘʝʪ 130-140 ʣ/ʤʠʥ.  

ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨʦʚ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 15 õ 25 

ʄʇʘ (ʨʠʩ. 4). ʀ ʣʠʰʴ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʤʦʜʝʣʝʡ COP 

5060CR (Atlas Copco), HD1800 (Furukawa), HC200 (Montabert) ʟʘʷʚʣʝʥʦ 

ʜʘʚʣʝʥʠʝ 30 - 32 ʄʇʘ. ɻʠʜʨʦʧʝʨʬʦʨʘʪʦʨʳ Klemm ʠʤʝʶʪ ʩʘʤʳʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʜʦ 40 ʄʇʘ (ʤʦʜʝʣʴ KR806-4GM). 

ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʤʦʱʥʦʩʪʠ ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨʦʚ. ʊʦʯʢʘ-

ʤʠ ʦʪʤʝʯʝʥʳ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨʦʚ ʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ʤʦ-

ʜʝʣʝʡ ʩ ʥʠʟʢʠʤʠ ʠ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʱʥʦʩʪʠ ʚ ʣʠʥʝʡʢʝ ʢʘʞʜʦʛʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ.  ʊʘʢ, ʩʘʤʳʤ ʤʦʱʥʳʤ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨ COP 

5060CR (Atlas Copco) ï 50 ʢɺʪ. ɻʠʜʨʦʧʝʨʬʦʨʘʪʦʨʳ ʩ ʩʘʤʦʡ ʥʠʟʢʦʡ ʤʦʱʥʦ-

ʩʪʴʶ ʜʦ 10 ʢɺʪ ʧʨʝʜʣʘʛʘʶʪ Klemm (ʤʦʜʝʣʴ KD308) ʠ Montabert (ʤʦʜʝʣʴ 

HC28). ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʩʚʦʠʣʦ ʚʳʧʫʩʢ ʛʠʜʨʦʧʝʨʬʨʘʪʦʨʦʚ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 45 ʢɺʪ, ʢʨʦʤʝ Doofor ʠ Woserld  - ʜʦ 35 ʢɺʪ. 
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ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ  

ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ 
ʈʠʩ. 4. ɼʠʘʧʘʟʦʥ ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ ʨʘ-

ʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ 
 

 
ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʤʦʱʥʦʩʪʠ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ 

 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʠ Atlas Copco, Sandvik ʠ 

Montabert ʣʠʜʠʨʫʶʪ ʧʦ ʤʦʱʥʦʩʪʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʜʣʷ ʪʷʞʸʣʳʭ ʧʦʨʦʜ, ʘ 

Doofor, Furukawa, Woserld, Everdigm - ʧʦ ʙʘʣʘʥʩʫ ʮʝʥʳ ʠ ʩʨʝʜʥʝʛʦ ʢʣʘʩʩʘ. 

ɻʠʜʨʦʧʝʨʬʦʨʘʪʦʨʳ Klemm ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʪʦʯʥʦʛʦ, ʚʳʩʦʢʦʪʝʭʥʦʣʦ-

ʛʠʯʥʦʛʦ ʙʫʨʝʥʠʷ, ʚʳʧʦʣʥʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʠʜʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫ-

ʶʱʝʝ:  

1. Atlas Copco (ʐʚʝʮʠʷ, ʯʘʩʪʴ Epiroc ʩ 2018). ʗʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʠʜʝ-

ʨʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨʦʚ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʚʳʩʦʢʫʶ ʵʥʝʨʛʠʶ 

ʫʜʘʨʘ ʠ ʥʘʜʸʞʥʦʩʪʴ. ɻʠʜʨʦʧʝʨʬʦʨʘʪʦʨʳ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʧʦʜʟʝʤʥʦʛʦ 

ʙʫʨʝʥʠʷ ʰʧʫʨʦʚ/ʩʢʚʘʞʠʥ, ʜʣʠʥʥʳʭ ʩʢʚʘʞʠʥ ʚ ʢʨʝʧʢʠʭ ʧʦʨʦʜʘʭ (f=12õ20) ʚ 

ʨʫʜʥʳʭ ʰʘʭʪʘʭ, ʪʦʥʥʝʣʷʭ ʙʦʣʴʰʦʛʦ ʩʝʯʝʥʠʷ. ʇʦʜʭʦʜʷʪ ʜʣʷ jumbo-

ʫʩʪʘʥʦʚʦʢ (Boomer ʩʝʨʠʠ). ʇʨʝʠʤʫʱʝʩʪʚʘ: ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʂʇɼ 

>80 %) ʠ ʥʘʜʝʞʥʦʩʪʴ, ʥʠʟʢʘʷ ʚʠʙʨʘʮʠʷ, ʛʣʦʙʘʣʴʥʳʡ ʩʝʨʚʠʩ. ʅʝʜʦʩʪʘʪʢʠ: 

ʚʳʩʦʢʘʷ ʮʝʥʘ (80õ150 ʪʳʩ. $, ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʚ ʪʷʞʸʣʳʭ ʤʦʜʝʣʷʭ (ʜʦ 140 
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ʣ/ʤʠʥ). ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʨʦʝʢʪʦʚ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʘʞʥʝʝ ʙʶʜ-

ʞʝʪʘ [4]. 

2. Sandvik (ʌʠʥʣʷʥʜʠʷ/ʐʚʝʮʠʷ). ʗʚʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʪʦʤ Atlas Copco. 

ɻʠʜʨʦʧʝʨʬʦʨʘʪʦʨʳ ʩʝʨʠʠ HL/RD ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʠ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʝʡ. ʇʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʜʟʝʤʥʦʛʦ ʙʫʨʝʥʠʷ ʚ ʦʯʝʥʴ ʢʨʝʧʢʠʭ ʧʦʨʦ-

ʜʘʭ (f>15õ20), ʙʫʨʝʥʠʷ ʜʣʠʥʥʳʭ ʩʢʚʘʞʠʥ (ʜʦ 40 ʤ). ʇʦʜʭʦʜʷʪ ʜʣʷ ʫʩʪʘʥʦʚ-

ʢʠ ʥʘ DT/DD jumbo. ʇʨʝʠʤʫʱʝʩʪʚʘ: ʦʪʣʠʯʥʘʷ ʘʜʘʧʪʠʚʥʦʩʪʴ (ʨʘʙʦʪʘʶʪ ʚ 

ʤʷʛʢʠʭ/ʪʚʸʨʜʳʭ ʧʦʨʦʜʘʭ), ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ (real-time 

monitoring), ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʂʇɼ 75õ85%). ʅʝʜʦʩʪʘʪʢʠ: ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʠʟʢʘʷ ʯʘʩʪʦʪʘ ʚ ʪʷʞʸʣʳʭ ʤʦʜʝʣʷʭ (35õ40 ɻʮ), ʯʪʦ ʩʥʠʞʘʝʪ ʩʢʦ-

ʨʦʩʪʴ ʙʫʨʝʥʠʷ ʚ ʤʷʛʢʠʭ ʧʦʨʦʜʘʭ. ʎʝʥʘ ʩʨʝʜʥʷʷ (60õ120 ʪʳʩ. $) [5]. 

3. Doofor (ʌʠʥʣʷʥʜʠʷ). ɻʠʜʨʦʧʝʨʬʦʨʘʪʦʨʳ ʩʝʨʠʠ DF ʦʪʣʠʯʘʶʪʩʷ ʢʦʤ-

ʧʘʢʪʥʦʩʪʴʶ, ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ. ʇʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʙʫʨʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʩʨʝʜʥʝʡ ʢʨʝʧʦʩʪʠ (f=6õ14) ʚ ʫʟʢʠʭ ʰʪʨʝʢʘʭ/ʪʦʥʥʝʣʷʭ, ʜʣʷ ʘʥʢʝʨʥʦʛʦ ʢʨʝʧ-

ʣʝʥʠʷ. ʇʦʜʭʦʜʷʪ ʜʣʷ ʤʘʣʳʭ jumbo. ʇʨʝʠʤʫʱʝʩʪʚʘ: ʢʦʤʧʘʢʪʥʦʩʪʴ, ʥʠʟʢʠʡ 

ʨʘʩʭʦʜ (45õ130 ʣ/ʤʠʥ), ʜʦʩʪʫʧʥʘʷ ʮʝʥʘ (30õ60 ʪʳʩ. $). ʅʝʜʦʩʪʘʪʢʠ: ʥʠʟʢʘʷ 

ʵʥʝʨʛʠʷ ʠ ʤʝʥʴʰʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Sandvik, ʂʇɼ ʩʦʩʪʘʚʣʷ-

ʝʪ 70õ80%. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʙʶʜʞʝʪʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ [6].  

4. Montabert (ʌʨʘʥʮʠʷ). ɻʠʜʨʦʧʝʨʬʦʨʘʪʦʨʳ ʩʝʨʠʠ ʅʉ ʦʪʣʠʯʘʶʪʩʷ ʚʳ-

ʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʴʶ, ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ, ʥʠʟʢʠʤ ʠʟʥʦʩʦʤ. ʇʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʧʦʜʟʝʤʥʦʛʦ ʙʫʨʝʥʠʷ ʚ ʢʨʝʧʢʠʭ ʧʦʨʦʜʘʭ (f=10õ18) ʠ ʚʪʦʨʠʯʥʦʛʦ ʜʨʦʙʣʝʥʠʷ. 

ʀʜʝʘʣʴʥʳ ʜʣʷ jumbo ʚ ʪʦʥʥʝʣʷʭ. ʇʨʝʠʤʫʱʝʩʪʚʘ: ʢʦʤʧʘʢʪʥʦʩʪʴ ʚ ʫʟʢʠʭ ʚʳ-

ʨʘʙʦʪʢʘʭ; ʥʘʜʝʞʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʦʪ ʧʳʣʠ, ʚʣʘʛʠ ʙʣʘʛʦʜʘʨʷ ʩʧʝʮʠʘʣʴʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʫʧʣʦʪʥʝʥʠʡ, ʘʚʪʦʤʘʪʠʢʘ. ʅʝʜʦʩʪʘʪʢʠ: ʚʳʩʦʢʘʷ ʮʝʥʘ (70õ130 

ʪʳʩ. $). ʂʇɼ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ >80%. ʇʦʜʭʦʜʠʪ ʜʣʷ ʜʣʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʩ 

ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ/ʟʘʛʨʷʟʥʝʥʠʝʤ [7].  

5. Furukawa (ʗʧʦʥʠʷ). ɻʠʜʨʦʧʝʨʬʦʨʘʪʦʨʳ ʩʝʨʠʠ HD/FRD ʦʪʣʠʯʘʶʪʩʷ 

ʥʘʜʝʞʥʦʩʪʴʶ, ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʩʙʦʨʢʠ. ʇʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʜʟʝʤʥʦʛʦ 

ʙʫʨʝʥʠʷ ʚ ʢʨʝʧʢʠʭ ʧʦʨʦʜʘʭ (f=12õ18), ʜʣʷ ʙʫʨʝʥʠʷ ʜʣʠʥʥʳʭ ʩʢʚʘʞʠʥ (ʜʦ 

30 ʤ). ʇʨʝʠʤʫʱʝʩʪʚʘ: ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʥʠʟʢʠʝ ʰʫʤ ʠ ʚʠʙʨʘʮʠʷ. ʅʝʜʦʩʪʘʪʢʠ: 

ʥʠʟʢʘʷ ʯʘʩʪʦʪʘ ʪʷʞʸʣʳʭ ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨʦʚ (40 ɻʮ), ʚʳʩʦʢʠʡ ʨʘʩʭʦʜ ʜʦ 

140 ʣ/ʤʠʥ. ʂʇɼ ʩʦʩʪʘʚʣʷʝʪ 75õ80%, ʮʝʥʘ 60õ110 ʪʳʩ. $ [8].  

6. Woserld (ʂʠʪʘʡ). ɻʠʜʨʦʧʝʨʬʦʨʘʪʦʨʳ ʩʝʨʠʠ A/S ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʭʦ-

ʞʠ ʩ ʝʚʨʦʧʝʡʩʢʠʤʠ. ʇʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʜʟʝʤʥʦʛʦ ʙʫʨʝʥʠʷ ʚ ʛʦʨʥʳʭ ʧʦʨʦ-

ʜʘʭ ʢʨʝʧʦʩʪʴʶ f=6õ14. ʇʨʝʠʤʫʱʝʩʪʚʘ: ʥʠʟʢʘʷ ʮʝʥʘ (30õ70 ʪʳʩ. $), ʧʨʦʩʪʦ-

ʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʝʜʦʩʪʘʪʢʠ: ʥʠʟʢʠʡ ʂʇɼ (~65õ75%), ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ 

ʚ ʢʨʝʧʢʠʭ ʧʦʨʦʜʘʭ, ʤʝʥʴʰʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ [9].  

7. Everdigm (ʖʞʥʘʷ ʂʦʨʝʷ). ɻʠʜʨʦʧʝʨʬʦʨʘʪʦʨʳ ʩʝʨʠʠ ECD/ECP ʩʭʦ-

ʞʠ ʩ Furukawal. ʇʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʜʟʝʤʥʦʛʦ ʙʫʨʝʥʠʷ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ 

ʩʨʝʜʥʝʡ ʢʨʝʧʦʩʪʠ (f=8õ15), ʚʪʦʨʠʯʥʦʛʦ ʜʨʦʙʣʝʥʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʘ: ʭʦʨʦ-

ʰʠʡ ʙʘʣʘʥʩ ʮʝʥʳ/ʢʘʯʝʩʪʚʘ (40õ80 ʪʳʩ. $), ʥʠʟʢʠʡ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ. ʂ ʥʝ-

ʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪʩʷ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

Sandvik, ʩʨʝʜʥʷʷ ʥʘʜʸʞʥʦʩʪʴ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ. ʂʇɼ ~70õ80 % [10].  

8. Klemm (ɻʝʨʤʘʥʠʷ). ɻʠʜʨʦʧʝʨʬʦʨʘʪʦʨʳ ʩʝʨʠʠ KD/KR ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʣʷ ʪʦʯʥʦʛʦ, ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʙʫʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦ-
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ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠ ʧʨʦʭʦʜʢʝ ʪʦʥʥʝʣʝʡ. ʇʨʝʠʤʫʱʝʩʪʚʘ: ʚʳʩʦʢʦʝ 

ʜʘʚʣʝʥʠʝ (ʜʦ 40 ʄʇʘ), ʥʠʟʢʘʷ ʚʠʙʨʘʮʠʷ. ʅʝʜʦʩʪʘʪʢʠ: ʚʳʩʦʢʘʷ ʮʝʥʘ (70õ120 

ʪʳʩ. $). ʂʇɼ ʩʦʩʪʘʚʣʷʝʪ ~75õ80 % [11].  

ɺʳʚʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʙʦʨʝ ʛʠʜʨʦʧʝʨʬʦʨʘʪʦʨʘ ʩʪʦʠʪ ʦʙʨʘ-

ʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ï ʵʥʝʨʛʠʶ ʠ ʯʘʩʪʦʪʫ ʫʜʘʨʦʚ; ʚʠʜ ʠ 

ʩʨʦʢʠ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ; ʢʨʝʧʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ; ʩʦʦʪʥʦʰʝʥʠʝ ʮʝ-

ʥʘ/ʢʘʯʝʩʪʚʦ. 
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ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʇʆʂɸɿɸʊɽʃʀ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɸɹʆʊʓ 

ɻʆʈʅʆʊʈɸʅʉʇʆʈʊʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʉ ʂʆʄʇɸʂʊʅʓʄʀ 

ʈʆʊʆʈʅʓʄʀ ʕʂʉʂɸɺɸʊʆʈɸʄʀ 
 

ʀ.ɸ. ʉʘʡʜʘʤʠʥʦʚ1, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ɼ.ɺ. ɽʨʤʦʣʘʝʚ1, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 
1 ʌʠʣʠʘʣ ʌɻɸʆʋ ɺʆ ʅʀʊʋ çʄʀʉʀʉè ʚ ʛ. ɻʫʙʢʠʥʝ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ʇʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʢʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʘ ̫ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ ʨʘ-

ʙʦʪʳ ɻʊʄʂ ʩ ʢʦʤʧʘʢʪʥʳʤʠ ʨʦʪʦʨʥʳʤʠ ʵʢʩʢʘʚʘʪʦʨʘʤʠ ʧʨʠ ʨʘʙʦʪʝ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʩʪʨʫʞʢʘʤʠ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʪʝʣʝʡ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʊʄʂ ʚ ʨʘʟʣʠʯʥʳʝ ʦʮʝʥʦʯʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝ-

ʥʠ ʠ ʧʨʠʥʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʨʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘ ʝʝ ʙʘʟʝ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʪʨʝʙʫʝʤʳʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ɻʊʄʂ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ (ɻʊʂʄ), ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʢʨʠʪʝʨʠʷ, ʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ. 
 

ECONOMIC INDICATORS OF EFFICIENCY OF MINING AND TRANSPORT 

COMPLEXES WITH COMPACT BOOTHROAR EXCAVATORS  
 

I.A.  Saidaminov, D.V. Ermolaev  
 

A system of criteria is proposed that can be used to evaluate the performance of mining and metallur-

gy equipment (MME) with compact rotary excavators (CREs) when working with vertical and hori-

zontal chips. The proposed system of indicators allows for analyzing MME operations over various 

assessment periods and responding appropriately improving their effectiveness. Based on this system, 

the necessary information required for MME management can be determined. 

Keywords: mining and transport complexes of machines (MTCM), efficiency, criteria, management, 

production process 
 

 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʛʦʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ (ɻʊʂʄ) ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡ-

ʩʪʚʠʷ ʥʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʝʤʣʝʥʠʝ ʢ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʠʯʝʤ ʪʝʥʜʝʥʮʠʷ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢ ʠ ʚ 

ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩ-

ʩʦʤ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʦʙʭʦʜʠʤ ʝʜʠʥʳʡ 

ʢʨʠʪʝʨʠʡ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ. 

ʉʧʝʮʠʬʠʢʘ ʨʘʙʦʪʳ ɻʊʂʄ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʣʠʰʴ 

ʦʪʜʝʣʴʥʳʤʠ ʟʚʝʥʴʷʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʥʝ ʧʨʦʠʟʚʦʜʷʪ ʨʝʘʣʠ-

ʟʫʝʤʫʶ ʧʨʦʜʫʢʮʠʶ; ʠʭ ʩʚʷʟʴ ʩ ʦʩʪʘʣʴʥʳʤʠ ʟʚʝʥʴʷʤʠ ʥʝ ʞʝʩʪʢʘʷ, ʥʦʤʝʥ-

ʢʣʘʪʫʨʘ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʝʜʧʨʠʷʪʠʝʤ ʧʨʦʜʫʢʮʠʠ ʥʝ ʚʣʠʷʶʪ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ɻʊʂʄ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ɻʊʂʄ ʨʘʮʠʦʥʘʣʴʥʦ ʧʨʠʥʷʪʴ ʟʘ-

ʪʨʘʪ ʢ ʬʘʢʪʠʯʝʩʢʠ ʦʪʩʳʧʘʥʥʦʤʫ ʦʙʲʝʤʫ ʚ ʪʝʯʝʥʠʝ ʚʩʢʨʳʰʥʦʛʦ ʩʝʟʦʥʘ: 

˞̕
˔̕

̕
, 

ʛʜʝ ˔̕- ʬʘʢʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ; ὠ̕- ʬʘʢʪʠʯʝʩʢʠ ʜʦʙʳʪʳʡ ʦʙʲʝʤ. 
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ʆʜʥʘʢʦ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʦʪʯʝʪʥʳʤ ʪʦʣʴʢʦ ʟʘ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʟʘ ʩʤʝʥʫ, ʪʦ ʤʝʣʢʠʡ ʩʣʫʯʘʡʥʳʡ ʨʝʤʦʥʪ ʥʝʤʝʜʣʝʥʥʦ ʧʨʠʚʝ-

ʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʘ ʩʤʝʥʘ, ʟʘʥʷʪʘʷ ʧʨʦʬʠʣʘʢʪʠʢʦʡ, ʧʣʘʥʦ-

ʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʤ ʨʝʤʦʥʪʦʤ ʠʣʠ ʣʠʢʚʠʜʘʮʠʝʡ ʘʚʘʨʠʠ, ʜʘʝʪ ʙʝʩʢʦʥʝʯ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ. ʇʦʥʷʪʥʦ, ʯʪʦ, ʯʝʤ ʙʦʣʴʰʝ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ, 

ʟʘ ʢʦʪʦʨʳʡ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʪʝʤ ʤʝʥʴʰʝ ʜʠʩʧʝʨʩʠʷ ʧʦʣʫ-

ʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʪʝʤ ʪʦʯʥʝʝ ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʢʘʢ ʢʨʠʪʝʨʠʡ, ʤʦʞʝʪ ʭʘʨʘʢ-

ʪʝʨʠʟʦʚʘʪʴ ʩʪʝʧʝʥʴ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ. ʇʨʘʢʪʠʯʝʩʢʠ 

ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʜʝʢʘʜʫ ʪʘʢʠʤ ʤʠʥʠʤʘʣʴʥʳʤ ʦʪʨʝʟʢʦʤ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʳʡ 

ʚʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʨʘ-

ʙʦʪʳ ɻʊʂʄ ʩ ʜʦʧʫʩʪʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. 

ʊʦʛʜʘ ʩʨʘʚʥʝʥʠʝ ʨʘʙʦʪʳ ɻʊʂʄ ʟʘ ʜʣʠʪʝʣʴʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ 

ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʘ ʧʦ ʩʝʙʝʩʪʦʠʤʦ-

ʩʪʠ 

Ὧ
˞̐ ̌

˞̕
. 

ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʧʣʘʥʦʚʦʡ ʩʝʙʝʩʪʦʠʤʦ-

ʩʪʠ - ˞̐  ̌ʢ ʬʘʢʪʠʯʝʩʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ - ˞̕  ʠ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʦʩʣʝʜʥʝʡ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ ʥʝ 

ʧʨʠʤʝʥʠʤ ʧʨʠʥʮʠʧ çʨʘʩʯʣʝʥʝʥʥʳʭè ʩʠʪʫʘʮʠʡ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʝʚ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʨʘʙʦʪʫ ɻʊʂʄ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʪʨʝʟʢʠ ʚʨʝ-

ʤʝʥʠ, ʥʘʧʨʠʤʝʨ, ʩʤʝʥʘ, ʩʫʪʢʠ, ʤʝʩʷʮ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʢʨʠʪʝʨʠʝʚ ʜʦʣʞʥʳ ʙʳʪʴ ʩʣʝʜʫʶʱʠʝ: ʝʩʣʠ 

ʫʣʫʯʰʘʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʦʜʥʦʤʫ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʦʩʪʘʣʴʥʳʭ, ʪʦ 

ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʵʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ. ɼʣʷ 

ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʥʫʞʥʦ ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʠ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ. ɽʩʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʤʝʝʪ ʢʘʢʦʡ - ʪʦ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ, ʪʦ 

ʠ ʟʘʪʨʘʪʳ ʥʝ ʤʦʛʫʪ ʦʧʫʩʢʘʪʴʩʷ ʥʠʞʝ ʦʧʨʝʜʝʣʸʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʪʘʢ ʢʘʢ ʵʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʧʘʜʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɿʥʘʯʠʪ, ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʨʘʙʦʪ, ʥʝʠʟʤʝʥʥʦʤ ʩʦʩʪʘʚʝ ɻʊʂʄ ʠ ʜʘʥʥʳʭ ʛʝʦʣʦʛʦ ï ʢʣʠʤʘʪʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʤʠʥʠʤʫʤ ʟʥʘʯʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʢʦ-

ʪʦʨʦʛʦ ʥʫʞʥʦ ʩʪʨʝʤʠʪʴʩʷ ʜʦʩʪʠʛʥʫʪʴ. 

ɺ ɻʪʦʤ ʩʣʫʯʘʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʨʫʛʦʡ ʧʫʪʴ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦ-

ʩʪʠ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ɻʊʂʄ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʣʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ. 

ʇʣʘʥʠʨʫʶʱʠʝ ʦʨʛʘʥʳ ʦʧʨʝʜʝʣʷʶʪ ʧʣʘʥ ʨʘʙʦʪʳ ɻʊʂʄ ʥʘ ʤʝʩʷʮ, ʢʚʘʨ-

ʪʘʣ, ʛʦʜ ʧʦ ʦʙʲʝʤʫ ʵʢʩʢʘʚʠʨʫʝʤʦʛʦ ʛʨʫʥʪʘ - ὠ̐  ̌ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ - ˞̐ .̌ 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦʪ ʧʣʘʥ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʡ ʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘ-

ʪʦʤ ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʩʝʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ ɻʊʂʄ. ʅʘ ʦʩʥʦʚʝ 

ʵʪʦʛʦ ʧʣʘʥ ʦʧʨʝʜʝʣʷʶʪ ʟʘʜʘʥʠʷ ʥʘ ʜʝʢʘʜʫ, ʩʫʪʢʠ, ʩʤʝʥʫ ʨʘʙʦʪʳ ɻʊʂʄ. ʊʦ-

ʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʘ ʧʦ ʦʙʲʝʤʫ ʦʪʩʳʧʘʥʥʦʛʦ ʚ ʦʪʚʘʣ ʛʨʫʥʪʘ 

ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ ʢʨʠʪʝʨʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ɻʊʂʄ ʟʘ ʩʤʝʥʫ ʠ ʩʫʪʢʠ 

ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ  
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Ὧ
̕

̐̌
 ,  

ʛʜʝ ὠ̐ -̌ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʡ ʦʙʲʝʤ. 

ʇʨʠʥʷʪʳʝ ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝ ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥ ʫʜʦ-

ʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʠ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ɻʊʂʄ ʟʘ ʜʘʥʥʳʡ ʦʮʝ-

ʥʦʯʥʳʡ ʧʝʨʠʦʜ. ʀʟʚʝʩʪʥʦ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʤʘʰʠʥʠʩʪʳ ʨʘʟʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʘʶʪ ʩ ʨʘʟʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʭʦʪʷ ʩʪʦ-

ʷʱʘʷ ʧʝʨʝʜ ʥʠʤʠ ʟʘʜʘʯʘ ʦʜʠʥʘʢʦʚʘ: ʧʦʜʜʝʨʞʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ὗ . ʆʜʥʘʢʦ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

ʵʢʩʢʘʚʘʪʦʨʦʤ ʤʘʰʠʥʠʩʪ ʚ ʩʠʣʫ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʨʝʟʘʥʠʷ ʥʝ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʩʪʨʦʛʦ ʧʦʩʪʦʷʥʥʦʤ 

ʫʨʦʚʥʝ. ʆʥʘ ʢʦʣʝʙʣʝʪʩʷ ʦʢʦʣʦ ʥʝʢʦʪʦʨʦʛʦ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʩ ʨʘʟʤʘʭʦʤ, ʢʦ-

ʪʦʨʳʡ ʧʦʤʠʤʦ ʧʨʦʯʠʭ ʦʙʲʝʢʪʠʚʥʳʭ ʫʩʣʦʚʠʡ ʟʘʚʠʩʠʪ ʠ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʤʘʰʠʥʠʩʪʘ. ɺʝʣʠʯʠʥʘ ʨʘʟʤʘʭʘ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʦ ʚʝʣʠʯʠʥʝ ʩʨʝʜʥʝ-

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ - „ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ ʬʦʨʤʫʣʝ    

„
 В ̒̑

. 

ɽʩʣʠ ὗ̒ ̑ ὗ , ʪʦ ʧʨʠ ʤʘʣʝʡʰʝʤ ʧʨʝʚʳʰʝʥʠʠ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʚʝʣʠ-

ʯʠʥʳ ʨʘʙʦʪʘ ʙʫʜʝʪ ʦʩʪʘʥʦʚʣʝʥʘ. ʇʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʠ ʤʘʰʠʥʠʩʪ ʚʳʥʫʞ-

ʜʝʥ ʨʘʙʦʪʘʪʴ ʩʦ ʩʨʝʜʥʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ὗ̒  ̑ʢʦʪʦʨʘʷ ʤʝʥʴʰʝ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ, ʧʨʠʯʝʤ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

— ὗ ὗ̒ ̑ Ὢ„ . 

ʗʩʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ „, ʪʝʤ ʙʦʣʴʰʝ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 
ʇʦʵʪʦʤʫ ʦʮʝʥʠʚʘʪʴ ʨʘʙʦʪʫ ʤʘʰʠʥʠʩʪʘ ɻʊʂʄ ʟʘ ʢʦʨʦʪʢʠʝ ʦʮʝʥʦʯʥʳʝ ʧʝ-

ʨʠʦʜʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʣʝʜʫʶʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 

 - ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ  

Ὧ
̕

̐̌

̕

̑́̂̐ ̌
; 

 - ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ  

Ὧ̒ ̓

—

σ„
 

ʛʜʝ ὗ̕ - ʬʘʢʪʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʣ ʤʘʰʠʥʠʩʪ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ; ὗ̐ -̌ ʟʘʧʣʘʥʠʨʦʚʘʥʥʘʷ ʜʣʷ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; Ὕ̑́ ̂- ʚʨʝʤʷ ʨʘʙʦʪʳ; ὗ̐ -̌ ʬʘʢʪʠʯʝʩʢʦʝ ʩʨʝʜ-

ʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʩʨʝʜʥʝʡ ʥʘ 

ʩʣʦʝ. 

ɺʝʣʠʯʠʥʳ ὗ̐ ,̌ ὗ̈ ́̅ ʠ Ὕ̑́ ̂ʟʘʜʘʥʥʳʝ ʜʦʧʫʩʪʠʤʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʨʝʜ-

ʥʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦʣʞʥʳ ʟʘʜʘʚʘʪʴʩʷ ʤʘʰʠʥʠʩʪʫ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦ-

ʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ɻʊʂʄ. 

 

 

 

 

 



͔́ͻ͎͙ͤͦͦ͡;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤ ͒͡Ύ ͎͚ͦͪͤͦ ͙ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ 

162 

ʊʘʙʣʠʮʘ 

ʂʣʘʩʩ 

ʧʦʢʘ-

ʟʘʪʝ-

ʣʝʡ 

ʍʘʨʘʢ-

ʪʝʨ ʧʦ-

ʢʘʟʘʪʝ-

ʣ ̫

ʅʘʠʤʝʥʦ-

ʚʘʥʠʝ ʧʦ-

ʢʘʟʘʪʝʣʷ 

ʆ
ʙ
ʦ
ʟ
ʥ
ʘ
ʯ
ʝ
-

ʥ
ʠ
ʝ

 

ʬʦʨʤʫʣʘ 

ʦʮʝʥʦʯʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ 

ʤʝ-

ʩʷʮ 

ʜʝ-

ʢʘʜʘ 

ʩʫʪ-

ʢʠ 

ʩʤʝ-

ʥʘ 

ʙʣʦʢ 

(ʧʦʜʫ

ʩʪʫʧ) 

ʆʙʦʙ

ʱʝʥ-

ʥʳʡ 

ʕʢʦ-

ʥʦʤʠ-

ʯʝʩʢʠʡ 

ʂʦʵʬʬʠʮʠ-

ʝʥʪ ʚʳʧʦʣ-

ʥʝʥʠʷ ʧʣʘ-

ʥʘ ʧʦ ʩʝʙʝ-

ʩʪʦʠʤʦʩʪʠ 

Ὧ̒ Ὧ
˞̐ ̌

˞̕
 1 1    

ʆʧʝ-

ʨʘ-

ʪʠʚ-

ʥʳʝ 

ʊʝʭʥʦ-

ʣʦʛʠ-

ʯʝʩʢʠʝ 

ʂʦʵʬʬʠʮʠ-

ʝʥʪ ʚʳʧʦʣ-

ʥʝʥʠʷ ʧʣʘ-

ʥʘ ʧʦ ʦʙʲ-

ʝʤʫ 

ʚʩʢʨʳʰʠ  

Ὧ Ὧ
ὠ̕

ὠ̐̌
 ʭ ʭ 1 1  

ʂʦʵʬʬʠʮʠ-

ʝʥʪ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ 

Ὧ  Ὧ
ὠ̕

Ὕ̑́ὗ̂̐ ̌

     1 

ʂʦʵʬʬʠʮʠ-

ʝʥʪ ʩʪʘʙʠ-

ʣʠʟʘʮʠʠ ʧʦ 

ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ 

Ὧ̒  ̓ Ὧ̒ ̓

—

σ„
     ʭ 

ɺʨʝ-

ʤʝʥ-

ʥʳʝ 

ʂʦʵʬʬʠʮʠ-

ʝʥʪ ʧʦʪʝʨʴ 
Ὧ̐ ̏̓ Ὧ̐ ̏̓

Ὕ̐̆̑

Ὕ̑́̂
    ʭ  

ʂʦʵʬʬʠʮʠ-

ʝʥʪ ʘʚʘ-

ʨʠʡʥʦʩʪʠ 
Ὧ́  ̃ Ὧ́ ̃

Ὕ́̃

Ὕ
 ʭ ʭ ʭ ʭ  

 

ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ɻʊʂʄ ʚʚʦʜʷʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ: 

- ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʯʘʩʪʴ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ Ὕ̑́̂ 

ʢʦʪʦʨʘʷ ʪʨʘʪʠʪʴʩʷ ʥʘ ʧʝʨʝʭʦʜʥʳʝ, ʫʩʪʘʥʦʚʦʯʥʳʝ ʦʧʝʨʘʮʠʠ,  

Ὧ̐ ̏̓
̐̆̑

̑́̂
 ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʘʚʘʨʠʡʥʦʩʪʠ  

Ὧ́ ̃
́̃, 

ʛʜʝ Ὕ́  ̃ï ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʣʠʢʚʠʜʘʮʠʶ ʘʚʘʨʠʡʥʳʭ ʧʦʣʦʞʝʥʠʡ; Ὕ ï 

ʦʙʱʝʝ ʢʘʣʝʥʜʘʨʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ɻʊʂʄ. 

ʇʦʢʘʟʘʪʝʣʠ, ʦʮʝʥʠʚʘʶʱʠʝ ʨʘʙʦʪʫ ɻʊʄʂ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʇʦ 

ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

1. ʉʠʩʪʝʤʘ ʢʨʠʪʝʨʠʝʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʳ 

ɻʊʄʂ ʩ ʢʦʤʧʘʢʪʥʳʤʠ ʨʦʪʦʨʥʳʤʠ ʵʢʩʢʘʚʘʪʦʨʘʤʠ ʧʨʠ ʨʘʙʦʪʝ ʚʝʨʪʠʢʘʣʴ-

ʥʳʤʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʩʪʨʫʞʢʘʤʠ. ʈʘʟʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʮʝʥʦʯʥʦʛʦ ʧʝʨʠʦʜʘ. ɽʩʣʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʥ 
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ʨʘʚʝʥ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʵʢʩʢʘʚʘʪʦʨʘ ʥʘ ʧʦʜʫʩʪʫʧʝ, ʪʦ ʚʦ ʚʪʦʨʦʤ - ʚʨʝʤʝʥʠ 

ʵʢʩʢʘʚʘʮʠʠ ʦʜʥʦʛʦ ʙʣʦʢʘ.  

2. ɺ ʢʘʞʜʦʤ ʦʮʝʥʦʯʥʦʤ ʧʝʨʠʦʜʝ ʚʨʝʤʝʥʠ ʝʩʪʴ ʦʜʠʥ ʛʣʘʚʥʳʡ ʢʨʠʪʝʨʠʡ 

(ʚ ʪʘʙʣʠʮʝ ʦʪʤʝʯʝʥ ʮʠʬʨʦʡ 1) ʠ ʥʝʩʢʦʣʴʢʦ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ (ʚ ʪʘʙʣʠʮʝ ʦʪ-

ʤʝʯʝʥʳ ʢʨʝʩʪʦʤ), ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʤʝʥʝʝ ʚʘʞʥʳʝ ʩʪʦʨʦʥʳ ʨʘʙʦʪʳ 

ɻʊʄʂ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʠ ʦʙʲʷʩʥʷʶʪ ʧʨʠʯʠʥʳ ʚʳʧʦʣ-

ʥʝʥʠʷ ʠʣʠ ʥʝʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ ʩʦʛʣʘʩʥʦ ʛʣʘʚʥʦʤʫ ʢʨʠʪʝʨʠʶ; 

3. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʛʣʘʚʥʳʤʠ ʚ ʢʨʘʪʢʦʚʨʝʤʝʥ-

ʥʳʝ ʦʮʝʥʦʯʥʳʝ ʧʝʨʠʦʜʳ, ʘ ʪʘʢʞʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ (ʟʘ ʜʝʢʘʜʫ, ʤʝʩʷʮ), 

ʦʙʲʷʩʥʷʷ ʩʪʝʧʝʥʴ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʘ ʩʦʛʣʘʩʥʦ ʦʙʦʙʱʝʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ; 

4. ɺʩʝ ʚʨʝʤʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʷʚʣʷʶʪʩʷ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤ, ʧʨʠʯʝʤ ʯʝʤ 

ʙʣʠʞʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢ ʥʫʣʶ, ʪʝʤ ʣʫʯʰʝ ʨʘʙʦʪʝ ɻʊʄʂ; 

5. ʅʘ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʦʮʝʥʦʯʥʳʭ ʧʝʨʠʦʜʘʭ ʚʨʝʤʝʥʠ (ʢʚʘʨʪʘʣ, ʚʩʢʨʳʰ-

ʥʦʡ ʩʝʟʦʥ, ʛʦʜ) ʜʝʡʩʪʚʫʝʪ ʪʝ ʞʝ ʢʨʠʪʝʨʠʠ, ʯʪʦ ʠ ʟʘ ʤʝʩʷʮ; 

6. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʪʝʣʝʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʝʩʪʠ 

ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʊʄʂ ʚ ʨʘʟʣʠʯʥʳʝ ʦʮʝʥʦʯʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʠ 

ʧʨʠʥʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʨʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ; 

7. ʅʘ ʙʘʟʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝ-

ʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʪʨʝʙʫʝʤʳʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ɻʊʄʂ. 
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ʋɼʂ 622.2 

ʉʇʆʉʆɹʓ ʇʆɺʓʐɽʅʀʗ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ  

ʀ ʋʃʋʏʐɽʅʀʗ ʇʓʃɽɺʆʁ ʆɹʉʊɸʅʆɺʂʀ ʇʈʀ ʈɸɹʆʊɽ  

ʂʆʄɹɸʁʅʆɺʓʍ ʂʆʄʇʃɽʂʉʆɺ ʅɸ ʂɸʃʀʁʅʓʍ ʈʋɼʅʀʂɸʍ  
 

ɸ. ɺ. ʉʝʥʴʢʠʥ1, ʘʩʧ., ɼ. ʀ. ʐʠʰʣʷʥʥʠʢʦʚ1, ʜ.ʪ.ʥ., ʧʨʦʬ., ɸ.ɸ. ʀʚʘʥʯʝʥʢʦ1, ʩʪ. ʧʨʝʧ., 

ʉ.ɸ. ʌʨʦʣʦʚ1, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ɸ.ɸ. ʈʳʙʠʥ1, ʜ.ʪ.ʥ, ʧʨʦʬ. 
1ʌɻɸʆʋ ɺʆ çʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʇʝʨʤʴ 
 

ʉʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʙʦʨʴʙʝ ʩ ʧʳʣʴʶ ʚ ʢʘʣʠʡʥʳʭ 

ʨʫʜʥʠʢʘʭ. ʇʨʠʤʝʥʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʦʩʦʙʘ ʙʦʨʴʙʳ ʩ ʧʳʣʴʶ ʚʣʠʷʝʪ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʩʧʦʩʦʙʦʚ ʫʣʫʯʰʝʥʠʷ ʧʳʣʝʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʨʠʤʝʥʷʶʪ ʠʩʢʣʶʯʝʥʠʝ 

ʙʫʥʢʝʨ-ʧʝʨʝʛʨʫʞʘʪʝʣʷ ʠʟ ʩʦʩʪʘʚʘ ʢʦʤʙʘʡʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠ-

ʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠʤʝʨʥʦ ʥʘ 16 %. ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠ-

ʤʝʥʝʥʠʝ ʩʲʝʤʥʦʛʦ ʪʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 36 %. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʝ, ʢʘʣʠʡʥʳʡ ʨʫʜʥʠʢ, ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʡ ʢʦʤʙʘʡʥ, 

ʙʫʥʢʝʨ-ʧʝʨʝʛʨʫʞʘʪʝʣʴ. 
 

WAYS TO INCREASE PRODUCTIVITY AND IMPROVE THE DUST  

ENVIRONMENT DURING THE OPERATION OF COMBINE COMPLEXES  

IN POTASH MINES  
 

A.V. Senkin, D.I . Shishlyannikov, A.A.Ivanchenko, S.A.Frolov, A.A.Rybin  

 

There are a sufficient number of measures to combat dust in potash mines. The use of one or 

another method of dust control affects the machine time factor, and, consequently, operation-

al productivity. As one of the ways to improve the dust situation, the exclusion of the hopper 

loader from the combine complex is used, which leads to a decrease in productivity by about 

16 %. The authors of the article propose the use of a removable awning, which helps to avoid 

productivity degradation and helps reduce dust formation by an average of 36 %. 

Keywords: dust formation, potash mine, tunneling combine, hopper loader. 
 

ɺʝʜʝʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʘʭ ʟʘʯʘʩʪʫʶ ʩʦʧʨʦʚʦʞʜʘʝʪ-

ʩʷ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʧʳʣʠ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʙʦʨʴʙʝ ʩ ʧʳʣʴʶ ʚ ʢʘ-

ʣʠʡʥʳʭ ʨʫʜʥʠʢʘʭ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʘʧʠ-

ʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʢʦʤʙʘʡʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʚ ʫʣʫʯʰʝʥʠʠ ʧʳʣʝʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʘʭ ʙʝʟ 

ʩʥʠʞʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʇʨʦʙʣʝʤʘ ʚʳʩʦʢʦʛʦ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ ʥʘ ʛʣʫʙʦ-

ʢʠʭ ʨʫʜʥʠʢʘʭ ʩ ʩʫʭʠʤ ʠ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ ʚ ʦʯʠʩʪʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. ʅʘ ʦʜ-

ʥʦʤ ʠʟ ʪʘʢʠʭ ʨʫʜʥʠʢʦʚ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʟʘʤʝʨʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʠ ʥʘ 

ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ ʠ ʩʘʤʦʭʦʜʥʦʛʦ ʚʘʛʦʥʘ, ʘ 

ʪʘʢʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʤʝʪʨʦʚ ʦʪ ʢʦʤʙʘʡʥʘ ʠ ʚ ʫʩʪʴʝ ʦʯʠʩʪʥʦʡ ʢʘʤʝʨʳ. 

ɿʘʤʝʨʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʷʭ ʧʨʦʭʦʜʯʝʩʢʦ-

ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ɿʘʤʝʨʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʠ ʚ ʦʯʠʩʪʥʦʡ ʢʘʤʝʨʝ 

ʀʤʝʶʱʠʝʩʷ ʟʘʤʝʨʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʵʢʩʪʨʝ-

ʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʫʜʘ ʛʦʨʥʦʨʘʙʦʯʠʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʠ 

ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʚ 300-400 ʨʘʟ. 

ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʠ ʠ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʝʝ ʥʘ ʦʨ-

ʛʘʥʠʟʤ ʠ ʛʦʨʥʦ-ʰʘʭʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʘ-

ʪʳʚʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʙʦʨʴʙʝ ʩ ʧʳʣʴʶ. 

ʉʨʝʜʠ ʥʠʭ ʤʝʨʦʧʨʠʷʪʠʷ çʩʫʭʦʛʦè ʫʣʘʚʣʠʚʘʥʠʷ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʘʩʧʠʨʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ. ʄʝʪʦʜ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴʶ [1], ʥʦ ʪʨʝʙʫʝʪ ʨʘʟʤʝʱʝʥʠʷ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʛʘʙʘʨʠʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘ 1 ʪʦʥʥʫ ʜʦʙʳʪʦʡ ʨʫʜʳ ʦʙʨʘʟʫʝʪʩʷ 12 ʢʛ 

ʧʳʣʠ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ çʩʫʭʦʛʦ ʫʣʘʚʣʠʚʘʥʠʷ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʫʶ 

ʦʯʠʩʪʢʫ ʬʠʣʴʪʨʦʚ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʘʩʧʠʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʯʪʦ ʚʣʠʷʝʪ 

ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʙʘʡʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɺ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʪʦʜʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʨʘʙʦʯʠʭ ʟʦʥ [2]. ʕʪʦʪ ʤʝʪʦʜ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦ-

ʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʢʘʧʠʪʘʣʴʥʳʤʠ ʟʘʪʨʘ-

ʪʘʤʠ ʠ ʚʳʩʦʢʠʤʠ ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʚʫʭ ʚʝʥʪʠʣʷʪʦʨʦʚ 

ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʩ ʚʝʥʪʩʪʘʚʘʤʠ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʩʧʦʩʦʙ ʙʦʨʴʙʳ ʩ ʧʳʣʴʶ ï ʵʪʦ ʧʨʠʤʝʥʝ-

ʥʠʝ ʛʝʨʤʝʪʠʯʥʳʭ ʢʦʨʦʙʦʚ ʤʝʩʪ ʧʝʨʝʛʨʫʟʢʠ ʠ ʦʪʙʦʡʢʠ ʢʘʣʠʡʥʦʡ ʨʫʜʳ. ʇʝ-

ʨʝʛʨʫʟʳ ʣʝʥʪʦʯʥʳʭ ʢʦʥʚʝʡʝʨʦʚ ʦʩʥʘʱʘʶʪ ʩʪʘʣʴʥʳʤʠ ʫʢʨʳʪʠʷʤʠ, ʘ ʪʘʢʞʝ 

ʦʩʥʘʱʘʶʪ ʠʭ ʩʪʦʣʘʤʠ ʧʳʣʝʛʘʰʝʥʠʷ ʥʘ ʤʝʩʪʘʭ ʟʘʛʨʫʟʢʠ. ʅʘ ʧʨʦʭʦʜʯʝʩʢʦ-

ʦʯʠʩʪʥʦʤ ʢʦʤʙʘʡʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʛʝʨʤʝʪʠʯʥʳʡ ʱʠʪ, ʦʪʜʝʣʷʶʱʠʡ ʟʘʙʦʡ ʦʪ 

ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʤʘʰʠʥʠʩʪʘ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʙʦʨʴʙʳ ʩ ʧʳʣʴʶ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʧʝʨʝʛʨʫʟʦʚ ʦʪʙʠʪʦʡ ʨʫʜʳ. ʅʘʧʨʠʤʝʨ, ʠʩʢʣʶʯʝʥʠʝ ʠʟ ʩʦʩʪʘʚʘ ʢʦʤʙʘʡʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʙʫʥʢʝʨ-ʧʝʨʝʛʨʫʞʘʪʝʣʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ 16 %. 

ɺ ʫʛʦʣʴʥʳʭ ʰʘʭʪʘʭ ʧʨʠʤʝʥʷʶʪ çʤʦʢʨʳʝè ʩʧʦʩʦʙʳ ʫʣʘʚʣʠʚʘʥʠʷ ʧʳʣʠ. 

ʅʘ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʘʭ ʙʳʣʠ ʧʦʧʳʪʢʠ ʧʨʠʤʝʥʠʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʤʝʪʦʜʳ, ʥʦ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʠʟʥʘʥʳ ʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ, ʪʘʢ ʢʘʢ ʧʦʚʳ-

ʰʘʝʪʩʷ ʨʠʩʢ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʮʝʣʠʢʦʚ ʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘ-

ʪʳ ʥʘ ʤʦʥʪʘʞ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʝʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʨʫʜʥʠʢʝ. ʉʨʝʜʠ ʧʨʦʯʠʭ 
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ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʧʳʣʴʶ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ ʤʝʪʦʜʳ ʢʘʢ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴ-

ʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʢʦʤʙʘʡʥʘ, ʧʝʨʝʩʤʦʪʨ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʛʨʫʟʦʯʥʦʛʦ ʠ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʦʚ ʢʦʤʙʘʡʥʘ ʠ ʪ.ʜ. 

ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʧʝʨʝʛʨʫʟʢʝ ʨʫʜʳ ʩ ʧʨʦʭʦʜʯʝʩʢʦ-

ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ ʚ ʙʫʥʢʝʨ-ʧʝʨʝʛʨʫʞʘʪʝʣʴ (ʙʝʟ ʝʛʦ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʩʦ-

ʩʪʘʚʘ ʢʦʤʙʘʡʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ) [3]. ʇʨʝʜʣʘʛʘʝʤʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʫʟʦʚʘ ʙʫʥʢʝʨ-ʧʝʨʝʛʨʫʞʘʪʝʣʷ ʚ ʯʘʩʪʠ ʦʩʥʘ-

ʱʝʥʠʷ ʝʛʦ ʩʲʝʤʥʳʤ ʪʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʠʟʦʣʠʨʦʚʘʪʴ ʧʳʣʝʚʦʝ ʦʙʣʘ-

ʢʦ, ʦʙʨʘʟʦʚʘʚʰʝʝʩʷ ʧʨʠ ʧʝʨʝʛʨʫʟʝ ʩ ʢʦʤʙʘʡʥʘ ʚ ʙʫʥʢʝʨ-ʧʝʨʝʛʨʫʞʘʪʝʣʴ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʲʝʤʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʨʷʜ ʟʘʤʝʨʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʪʦʪʠʧʘ ʩʲʝʤ-

ʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʚ ʚʠʜʝ ʙʨʝʟʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʣ ʢ ʢʦʥʩʪʨʫʢʮʠʠ 

ʙʫʥʢʝʨ-ʧʝʨʝʛʨʫʞʘʪʝʣʷ ʠ ʚʳʧʦʣʥʷʣ ʬʫʥʢʮʠʶ ʛʝʨʤʝʪʠʯʥʦʛʦ ʩʲʝʤʥʦʛʦ ʪʝʥʪʘ 

(ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩʫʥʦʢ 2 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʨʦʪʦʪʠʧ ʩʲʝʤʥʦʛʦ ʪʝʥʪʘ 

ɿʘʤʝʨʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʘʯʘʭ ʢʦʤʙʘʡʥʘ ʚ ʜʚʫʭ ʚʘʨʠ-

ʘʥʪʘʭ: ʩʦ ʩʲʝʤʥʳʤ ʪʝʥʪʦʤ ʠ ʙʝʟ ʥʝʛʦ (ʨʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ  

ʩʲʝʤʥʦʛʦ ʪʝʥʪʘ ʠ ʙʝʟ ʥʝʛʦ 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʟʘʤʝʨʦʚ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʠ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʲʝʤʥʦʛʦ ʪʝʥʪʘ. ʇʨʠʤʝʨʥʦ ʥʘ 36 

%, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ.  

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʦʩʦʙʘ ʙʦʨʴʙʳ ʩ ʧʳʣʴʶ ʪʨʝʙʫʝʪʩʷ 

ʚʳʧʦʣʥʠʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʧʨʠʤʝʥʝʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʵʢʩʧʣʫ-

ʘʪʘʮʠʦʥʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʙʘʡʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʨʠʤʝʥʝʥʠʝ 

ʩʲʝʤʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʥʘ ʙʫʥʢʝʨ-ʧʝʨʝʛʨʫʞʘʪʝʣʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʳʣʝʦʙ-

ʨʘʟʦʚʘʥʠʝ ʚ ʩʨʝʜʥʝʤ ʥʘ 36 % ʙʝʟ ʩʥʠʞʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʢʦʤʙʘʡʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ɿʝʤʩʢʦʚ ɸ. ʅ., ʃʠʩʢʦʚʘ ʄ. ʖ., ɻʘʡʜʠʥ ɸ. ʄ. ʉʧʦʩʦʙʳ ʠ ʩʨʝʜʩʪʚʘ ʙʦʨʴʙʳ ʩ ʩʝʨʦʚʦʜʦ-

ʨʦʜʦʤ ʚ ʨʫʜʥʠʯʥʦʤ ʚʦʟʜʫʭʝ ʠ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ // ʀʟʚʝʩʪʠʷ ʊʫʣɻʋ. ʅʘʫʢʠ ʦ ɿʝʤʣʝ. ï 

2021. ï ˉ 1. ï ʉ. 91-100. 

2. ʄʝʜʚʝʜʝʚ ʀ. ʀ., ʂʨʘʩʥʦʰʪʝʡʥ ɸ. ɽ. ɸʵʨʦʣʦʛʠʷ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ. ï ʉʚʝʨʜʣʦʚʩʢ: 

ʋʨʆ ʈɸʅ. ï 1990. ï 250 ʩ. 

3. ʉʝʥʴʢʠʥ ɸ.ɺ., ʐʠʰʣʷʥʥʠʢʦʚ ɼ.ʀ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʙʫʥʢʝʨʦʚ-ʧʝʨʝʛʨʫʞʘʪʝʣʝʡ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʙʘʡʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʜʦʙʳʯʠ ʢʘʣʠʡʥʳʭ ʨʫʜ // ʀʟʚʝʩʪʠʷ 

ʊʫʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ. ʅʘʫʢʠ ʦ ʟʝʤʣʝ. ï 2025. ï ɺʳʧʫʩʢ 2. ï ʉ. 

131-139. 

 

 

  



͔́ͻ͎͙ͤͦͦ͡;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤ ͒͡Ύ ͎͚ͦͪͤͦ ͙ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ 

168 

ʋɼʂ 622.2.023.65 

ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ ʉʓʇʋʏɽʉʊʀ ʉʄɽʈɿʐɽɻʆʉʗ ʋɻʃʗ  

ʅɸ ʈɸɿɻʈʋɿʆʏʅʓʍ ʊɽʈʄʀʅɸʃɸʍ ʄʆʈʉʂʀʍ ʇʆʈʊʆɺ 
 

ʈ. ɼ. ʉʢʚʦʨʮʦʚ1, ʘʩʧʠʨʘʥʪ,  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʉʀʉ, ʛ. ʄʦʩʢʚʘ  
 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʳʧʫʯʝʩʪʠ ʩʤʝʨʟʰʝ-

ʛʦʩʷ ʫʛʣʷ ʧʨʠ ʨʘʟʛʨʫʟʢʝ ʠʟ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʦʣʫʚʘʛʦʥʦʚ. ʆʧʨʝʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʥʝʜʦ-

ʩʪʘʪʢʠ ʜʨʦʙʠʣʴʥʦ-ʬʨʝʟʝʨʥʳʭ ʤʘʰʠʥ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʟʨʫʰʝ-

ʥʠʠ ʩʤʝʨʟʰʝʛʦʩʷ ʫʛʣʷ. ʇʨʝʜʣʦʞʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʨʦ-

ʙʠʣʴʥʦ-ʬʨʝʟʝʨʥʳʭ ʤʘʰʠʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʨʦʙʠʣʴʥʦ-ʬʨʝʟʝʨʥʘʷ ʤʘʰʠʥʘ, ʩʤʝʨʟʰʠʡʩʷ ʫʛʦʣʴ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʳ-

ʧʫʯʝʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʛʦʨʥʳʡ ʨʝʟʝʮ, ʫʛʦʣʴʥʳʡ ʪʝʨ-

ʤʠʥʘʣ. 
 

RESTORING THE FLOWABILITY OF FROZEN COAL AT UNLOADING  

TERMINALS IN SEAPORTS  
 

R. D. Skvortsov 
 

The paper discusses the main problems of restoring the flowability of frozen coal during un-

loading from railway open wagons. The key disadvantages of crushing and milling machines 

are identified. An analysis of energy costs during the destruction of frozen coal is carried out. 

Directions for improving the efficiency of crushing and milling machines are proposed. 

Keywords: crushing and milling machine, frozen coal, restoration of flowability, equipment 

efficiency, tangential mining cutter, coal terminal. 
 

ɿʦʥʳ ʜʦʙʳʯʠ ʫʛʣʷ ʚ ʈʦʩʩʠʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʧʨʠʤʝʨʥʦ  

90 % ʟʘʧʘʩʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʘʟʠʘʪʩʢʦʡ ʯʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʫʥʢʪʳ ʧʝʨʝʚʘʣ-

ʢʠ ʫʛʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʘʣʝʥʳ ʦʪ ʦʩʥʦʚʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʅʘʧʨʠʤʝʨ, 

ʤʦʨʩʢʦʡ ʧʦʨʪ çɺʘʥʠʥʦʊʨʘʥʩʋʛʦʣʴè ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3588 ʢʤ ʦʪ 

ʨʘʟʨʝʟʦʚ ʂʫʟʙʘʩʩʘ. 

ɺ 2023 ʛʦʜʫ ʦʙʱʘʷ ʦʪʛʨʫʟʢʘ ʫʛʣʷ ʩʦʩʪʘʚʠʣʘ 383,56 ʤʣʥ. ʪʦʥʥ. ʀʟ ʢʦʪʦ-

ʨʳʭ ʥʘ ʚʥʫʪʨʝʥʥʠʡ ʨʳʥʦʢ ʧʦʰʣʦ 181,21 ʤʣʥ. ʪʦʥʥ, ʘ ʥʘ ʵʢʩʧʦʨʪ 202,74 

ʤʣʥ. ʪʦʥʥ. ʀʤʧʦʨʪ ʫʛʣʷ ʩʦʩʪʘʚʠʣ 18,01 ʤʣʥ. ʪʦʥʥ (ʨʠʩ. 1). ʕʢʩʧʦʨʪʥʘʷ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʫʛʦʣʴʥʦʛʦ ʙʠʟʥʝʩʘ ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠ-

ʪʠʷ ʫʛʦʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʅʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʵʢʩʧʦʨʪʥʳʭ ʧʦʩʪʘʚʦʢ ʚ ʩʪʨʘʥʳ 

ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʇʦ ʠʪʦʛʘʤ 2023 ʛʦʜʘ ʦʙʲʝʤ ʵʢʩʧʦʨʪʘ 

ʫʛʣʷ ʚ ɺʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʪʘʚʠʣ 70 % ʦʪ ʚʩʝʛʦ ʦʙʲʝʤʘ ʧʝʨʝʚʦʟʦʢ ʚ 

ʈʦʩʩʠʠ [1]. 

ʆʩʥʦʚʥʳʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʫʛʣʷ ʦʪ ʟʦʥ ʜʦʙʳʯʠ ʜʦ 

ʧʫʥʢʪʦʚ ʧʝʨʝʚʘʣʢʠ ï ʤʦʨʩʢʠʭ ʫʛʦʣʴʥʳʭ ʪʝʨʤʠʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʥʦʜʦ-

ʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ. ɺ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʝʨʠʦʜʳ ʛʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʚʦʟʢʠ ʩ 

ʛʨʫʟʦʤ ʧʨʦʠʩʭʦʜʷʪ ʮʠʢʣʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ï ʩʤʝʨʟʘʥʠʝ-

ʦʪʪʘʠʚʘʥʠʝ. ʇʦʵʪʦʤʫ ʫʛʦʣʴ ʧʨʠʭʦʜʠʪ ʚ ʧʫʥʢʪʳ ʨʘʟʛʨʫʟʢʠ ʚ ʩʤʝʨʟʰʝʤʩʷ ʚʠ-

ʜʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʚʘʣʢʫ ʫʛʣʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʤʝʨʟʘʥʠʷ ʠ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʩʳʧʫʯʝʩʪʠ ʩʤʝʨʟʰʝʛʦʩʷ ʩʳʧʫʯʝʛʦ ʛʨʫʟʘ. ʄʝʭʘʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʳʧʫʯʝʩʪʠ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ 

ʧʦʢʘʟʘʪʝʣʷʤ ʪʝʨʤʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ.  
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ʈʠʩ. 1.  ʇʦʩʪʘʚʢʘ ʫʛʣʷ, ʪʳʩ. ʪʦʥʥ 

 

ʇʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʩʤʝʨʟʰʝʛʦʩʷ ʫʛʣʷ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʩʧʦʩʦʙʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʜʨʦʙʠʣʴʥʦ-ʬʨʝʟʝʨʥʳʭ ʤʘʰʠʥ (ɼʌʄ), ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʨʝʰʝʪʢʝ ʧʨʠʝʤʥʦʛʦ ʙʫʥʢʝʨʘ. ʇʦʩʣʝ ʨʘʟʛʨʫʟʢʠ ʚʘʛʦʥʘ ʯʝ-

ʨʝʟ ʚʘʛʦʥʦʦʧʨʦʢʠʜʳʚʘʪʝʣʴ ʦʢʦʣʦ 30-60% ʫʛʣʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʨʝʰʝʪʢʫ. 

ʇʨʠ ʟʘʚʘʣʝ ʨʝʰʝʪʢʠ ʟʘʧʫʩʢʘʝʪʩʷ ɼʌʄ ʠ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʨʝʰʝʪʢʝ ʠʟʤʝʣʴʯʘʝʪ ʥʝʛʘʙʘʨʠʪʥʳʝ ʢʫʩʢʠ 

ʩʤʝʨʟʰʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ-ʬʨʝʟʳ. 

ɼʣʷ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ, ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʢʦʢʩʦʭʠʤʠ-

ʯʝʩʢʠʭ ʟʘʚʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘ-

ʰʠʥ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʧʦʩʪʫʧʘʶʱʝʛʦ ʩʤʝʨʟʰʝʛʦʩʷ ʤʘʪʝʨʠ-

ʘʣʘ. 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: 

- ʥɻʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴ ʤʘʰʠʥʳ; 

- ʥɻʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠ ʝʝ ʨʘʙʦʪʝ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʩʦʨʦʢ ʣʝʪ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʠ ʨʘʟʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠ-

ʦʥʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠʚʝʣʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʦ-

ʚʦʦʨʫʞʸʥʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʠ ʂʇɼ ʚʦʟʨʦʩʣʠ ʚ 15-20 ʨʘʟ. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨ-

ʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʨʝʰʝʥʥʦʡ, ʦʜʥʘʢʦ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝ-

ʣʝʡ ʝʩʪʴ ʝʱʝ ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʶ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ ʠ ʚʥʝʜʨʝʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. 

ɿʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʩʤʝʨʟʰʝʛʦʩʷ ʫʛʣʷ ʩʦʩʪʘʚʣʷʶʪ 0,9-1,5 

ʢɺʪ. ʕʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ ʧʨʠ ʝʛʦ ʜʦʙʳʯʝ. ʇʨʠ ʵʪʦʤ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʟʨʫʰʝʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʝʨʝʠʟ-

ʤʝʣʴʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʫʛʣʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1.  

ʉʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʥʠʟʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥ-

ʩʪʨʫʤʝʥʪʘ. ʆʪʢʘʟʳ ʨʝʞʫʱʠʭ ʯʘʩʪʝʡ ʷʚʣʷʶʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʠ ʩʦʩʪʘʚ-

ʣʷʶʪ 60 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʪʢʘʟʦʚ ʜʨʦʙʠʣʴʥʦ-ʬʨʝʟʝʨʥʦʡ ʤʘʰʠʥʳ. ʇʦ 
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ʜʘʥʥʳʤ ʨʘʙʦʪʳ [2], 70 % ʵʪʠʭ ʦʪʢʘʟʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʯʠʥʝ ʫʪʨʘʪʳ ʨʘ-

ʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ. ʇʨʠʚʘʨʝʥʥʳʝ ʨʝʟʮʳ ʥʝ ʤʦʛʫʪ ʦʧʝʨʘʪʠʚʥʦ 

ʟʘʤʝʥʷʪʴʩʷ ʧʨʠ ʠʭ ʠʟʥʦʩʝ ʠʣʠ ʧʦʣʦʤʢʘʭ ʠ ʟʘʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʦʪʨʳʚʝ 

ʛʨʫʧʧʳ ʨʝʟʮʦʚ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ ʫʛʣʷ. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʫʛʣʷ 

 ̄ ʅʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 
ʈʘʩʧʨʝʜʝʣʝʥʠʝ  

ʵʥʝʨʛʠʠ, % 

1 ɼʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʧʨʠ ʜʨʦʙʣʝʥʠʠ, ʚʢʣʶʯʘʷ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʧʳʣʝʚʦʛʦ ʷʜʨʘ 
50-80 
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ɹʦʣʴʰʠʥʩʪʚʦ ʜʨʦʙʠʣʴʥʦ-ʬʨʝʟʝʨʥʳʭ ʤʘʰʠʥ ʦʙʦʨʫʜʦʚʘʥʳ ʨʝʣʴʩʦ-

ʢʦʣʝʩʥʳʤ ʜʚʠʞʠʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: ʙʫʢʩʦʚʘ-

ʥʠʝ ʢʦʣʝʩ, ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ, ʩʭʦʜ ʤʘʰʠʥʳ ʩ ʨʝʣʴʩ ʠ ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʵʪʠʤ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʥʘ ʝʝ ʫʩʪʘʥʦʚʢʫ. ʆʪʢʘʟʳ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ 

ʩʦʩʪʘʚʣʷʶʪ 28,4 % ʚʩʝʭ ʦʪʢʘʟʦʚ ɼʌʄ ʠ ʟʘʥʠʤʘʶʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦʩʣʝ ʦʪʢʘ-

ʟʦʚ ʨʝʞʫʱʠʭ ʯʘʩʪʝʡ, ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʭ ʣʠʢʚʠʜʘʮʠʠ ʩʦ-

ʩʪʘʚʣʷʝʪ 35,5 % ʦʪ ʦʙʱʝʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʩʝʭ ʦʪʢʘʟʦʚ ʠ ʷʚ-

ʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʨʝʣʴʩʦʚʳʝ ʟʘʭʚʘʪʳ ʠ ʟʫʙʯʘʪʦ-ʨʝʝʯʥʳʡ ʪʠʧ ʧʦʜʘʯʠ ʘʥʘʣʦʛʠʯʥʦ 

ʙʝʟʮʝʧʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʦʯʠʩʪʥʦʛʦ ʢʦʤʙʘʡʥʘ. [3] 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʜʨʦʙʠʣʴʥʦ-ʬʨʝʟʝʨʥʦʡ ʤʘʰʠʥʳ ʟʘʚʠʩʠʪ ʦʪ: ʧʘ-

ʨʘʤʝʪʨʦʚ ʬʨʝʟʳ ï ʛʣʫʙʠʥʳ ʠ ʰʘʛʘ ʨʝʟʘʥʠʷ, ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʭʝʤʳ ʨʘʩʩʪʘ-

ʥʦʚʢʠ ʨʝʟʮʦʚ ʥʘ ʙʘʨʘʙʘʥʝ ʬʨʝʟʳ, ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥʳ ï ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ, ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚ ʨʘʟʨʫʰʘʝʤʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ. ʆʙʳʯʥʦ ʤʘʰʠʥʳ ʨʘʙʦʪʘʶʪ ʩ ʯʘʩʪʦʪʘʤʠ ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ, ʧʨʝʚʳʰʘ-

ʶʱʠʤʠ ʦʧʪʠʤʘʣʴʥʳʝ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʟʥʦʩ ʨʝʟʮʦʚ, ʦʪʨʳʚʳ ʧʦ ʩʚʘʨʢʝ ʠ 

ʧʝʨʝʠʟʤʝʣʴʯʝʥʠʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʩ ʫʛʣʝʤ ʢʦʥʪʘʢʪʠʨʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʙʘ-

ʨʘʙʘʥʘ ʬʨʝʟʳ, ʧʨʦʠʩʭʦʜʠʪ ʥʘʝʟʜ ʥʘ ʰʪʘʙʝʣʴ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʠʩʭʦʜʠʪ ʩʭʦʜ 

ʦʧʦʨʥʳʭ ʢʦʣʝʩ ʤʘʰʠʥʳ ʩ ʨʝʣʴʩ.  

ɿʘʧʘʜʥʳʝ ʨʘʙʦʪʳ ʨʘʟʚʠʚʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ 

ʫʛʣʝʡ ʨʝʟʮʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʕʚʘʥʩʦʤ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠ-

ʣʝʪʠʡ ʥʘʟʘʜ. ʈʘʟʚʠʪʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʜʝʣʝʡ ʕʚʘʥʩʘ ʥʘ ʜʨʫʛʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʠ ʚʢʣʶʯʝʥʠʝʤ ʚ ʨʘʩʯʝʪʥʳʝ ʤʝ-

ʪʦʜʳ ʨʘʥʝʝ ʥʝ ʫʯʪʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ. 

ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʦʙʰʠʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʥʝ ʦʧʠʩʳʚʘʶʱʠʭ ʤʝʭʘ-

ʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ. ʀʭ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ 

ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʙʳʚʰʝʛʦ ʉʉʉʈ, ʥʦ ʠ ʚ ʂʠʪʘʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʛʦʨʥʦʡ 

ʪʝʭʥʠʢʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʜʠ-

ʥʦʯʥʳʭ ʨʝʟʮʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʩ ʛʦʨʥʳʤ ʤʘʩ-

ʩʠʚʦʤ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʫʰʝʥʠʶ ʩʤʝʨʟʰʝʛʦʩʷ 

ʫʛʣʷ ʜʨʦʙʠʣʴʥʦ-ʬʨʝʟʝʨʥʳʤʠ ʤʘʰʠʥʘʤʠ, ʦʪʩʫʪʩʪʚʫʝʪ ʤʦʜʝʣʴ, ʦʪʦʙʨʘʞʘʶ-

ʱʘʷ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʤʘʰʠʥʳ 

ʠʤʝʥʥʦ ʩʦ ʩʤʝʨʟʰʠʤʩʷ ʤʘʪʝʨʠʘʣʦʤ. ʈʘʩʯʝʪ ʥʘʛʨʫʟʦʢ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʤ 

ʦʨʛʘʥʝ ʦʩʥʦʚʘʥ ʥʘ ʦʪʨʘʩʣʝʚʦʤ ʩʪʘʥʜʘʨʪʝ çʆʉʊ 12.44.258-84 ʂʦʤʙʘʡʥʳ 

ʦʯʠʩʪʥʳʝ. ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʘʩʯʝʪ ʩʠʣ ʨʝʟʘʥʠʷ ʠ ʧʦʜʘʯʠ ʥʘ ʠʩʧʦʣʥʠ-

ʪʝʣɹʥʳʭ ʦʨʛʘʥʘʭè, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʠʤ ʢ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʘʤ ʦʯʠʩʪ-

ʥʳʭ ʢʦʤʙʘʡʥʦʚ, ʨʘʟʨʫʰʘʶʱʠʭ ʫʛʦʣʴ ʚ ʤʘʩʩʠʚʝ ʧʨʠ ʜʦʙʳʯʝ. ʇʦ ʜʘʥʥʳʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ [4], ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʤʝʪʦʜʘʤ ʨʘʩʯʝʪʘ ʨʝʟʫʣʴʪʘʪ, 

ʧʨʝʚʳʰʘʝʪ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʟʘʥʠʷ ʥʘ 20 %. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʜʨʦʙʠʣʴʥʦ-ʬʨʝʟʝʨʥʳʭ ʤʘʰʠʥ 

ʧʨʝʜʣʘʛʘʝʪʩʷ: 

- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʩʤʝʨʟʰʝʛʦʩʷ ʫʛʣʷ ʥʘ 

ʦʩʥʦʚʝ ʦʧʳʪʘ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʠ ʠʭ ʨʘʟ-

ʨʫʰʝʥʠʷ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʫʰʝʥʠʷ ʩʤʝʨʟʰʝʛʦʩʷ 

ʫʛʣʷ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʛʦʨʥʳʭ ʨʝʟʮʦʚ ʜʣʷ ʨʝʟʘʥʠʷ ʩʤʝʨʟʰʝ-

ʛʦʩʷ ʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʛʦ ʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʭʝʤ rʨʘʩʩʪʘʥʦʚʢʠ ʨʝʟʮʦʚ ʥʘ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʦʤ ʦʨʛʘʥʝ ʤʘʰʠʥʳ; 

- ʚʤʝʩʪʦ ʨʝʣʴʩʦ-ʢʦʣʝʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʫʙʯʘʪʦ-ʨʝʝʯʥʳʡ ʠʣʠ ʮʝʚʦʯ-

ʥʦ-ʨʝʝʯʥʳʡ ʪʠʧ ʜʚʠʞʠʪʝʣʷ [5]. 
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ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʌ 
 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʩʠʣʦʚʦʡ ʘʥʘʣʠʟ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʨʴʝʨʥʦʛʦ 

ʵʢʩʢʘʚʘʪʦʨʘ ʕʂɻ-20ʂ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʄʥʦʛʦʟʚʝʥʥʘʷ 

ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʢ ʧʣʦʩʢʦʡ ʤʦʜʝʣʠ ʩ ʜʚʫʤʷ ʦʙʦʙʱʸʥʥʳʤʠ ʢʦʦʨʜʠ-

ʥʘʪʘʤʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʦʜʲʸʤʥʳʤ ʠ ʥʘʧʦʨʥʳʤ ʧʨʠʚʦʜʘʤʠ. ʅʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʘ ɼʝʥʘʚʠʪʘïʍʘʨʪʝʥʙʝʨʛʘ ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʨʝ-

ʞʫʱʝʡ ʢʨʦʤʢʠ ʢʦʚʰʘ, ʘ ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʫʛʣʦʚʳʭ ʠ ʣʠʥʝʡʥʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦ-

ʨʝʥʠʡ ʟʚʝʥʴʝʚ ʩ ʫʯʸʪʦʤ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʩʦʯʣʝʥʝʥʠʷ ʨʫʢʦʷʪʠ. ʉʬʦʨʤʠʨʦʚʘʥʘ ʜʠʥʘʤʠ-

ʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʨʘʩʯʸʪʘ ʥʘʛʨʫʟʦʢ ʥʘ ʧʨʠʚʦʜʳ ʧʦ ʨʝʢʫʨʩʠʚʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʅʴʶʪʦ-

ʥʘïʕʡʣʝʨʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʟʥʘʯʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʪʨʘʝʢʪʦ-

ʨʠʝʡ ʜʚʠʞʝʥʠʷ ʢʦʚʰʘ ʠ ʫʩʠʣʠʷʤʠ ʚ ʧʨʠʚʦʜʘʭ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝ-

ʞʠʤʦʚ ʢʦʧʘʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʵʢʩʢʘʚʘʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʴʝʨʥʳʡ ʵʢʩʢʘʚʘʪʦʨ ʕʂɻ-20ʂ, ʨʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʝʪʦʜ ʵʢʚʠ-

ʚʘʣʝʥʪʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 
 

DYNAMIC FORCE ANALYSIS OF THE WORKING EQUIPMENT  

OF THE EKG -20K USING THE EQUIVALENT MANIPULATOR METHOD  
 

O.U. Khamidov, D.A. Shibanov  
 

The paper presents a dynamic force analysis of the working equipment of the EKG-20K min-

ing shovel based on the equivalent manipulator method. The multi-link kinematic structure is 

transformed into a planar model with two generalized coordinates directly associated with 

the hoist and crowd drives. Using the DenavitïHartenberg approach, analytical expressions 

for the position of the bucket cutting edge, as well as angular and linear velocities and accel-

erations of the links, are obtained, taking into account the prismatic joint of the handle. A dy-

namic formulation for calculating drive loads is developed based on the recursive Newtonï

Euler algorithm. The proposed model establishes a direct relationship between the bucket tra-

jectory and the drive forces and can be applied to the analysis of digging regimes and the jus-

tification of rational operating parameters of the excavator. 

Keywords: mining shovel EKG-20K, working equipment, equivalent manipulator method, dy-

namic analysis. 
 

ʈʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢʘʨʴʝʨʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʕʂɻ-20ʂ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʥʦʛʦʟʚʝʥʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʩʠʣʠʡ ʥʘ ʧʨʠʚʦʜʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦ-

ʧʘʥʠʶ, ʥʦ ʠ ʪʝʢʫʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ. ʇʨʠ ʚʳʧʦʣʥʝ-

ʥʠʠ ʦʧʝʨʘʮʠʠ ʢʦʧʘʥʠʷ ʚʥʝʰʥʷʷ ʥʘʛʨʫʟʢʘ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʢ ʨʝʞʫʱʝʡ ʢʨʦʤ-

ʢʝ ʢʦʚʰʘ ʠ ʜʘʣʝʝ ʧʝʨʝʜʘʸʪʩʷ ʯʝʨʝʟ ʨʫʢʦʷʪʴ, ʩʝʜʣʦʚʦʡ ʧʦʜʰʠʧʥʠʢ ʠ ʩʪʨʝʣʫ 

ʢ ʥʘʧʦʨʥʦʤʫ ʠ ʧʦʜʲʸʤʥʦʤʫ ʧʨʠʚʦʜʘʤ. ʇʦʩʢʦʣʴʢʫ ʚ ʧʨʦʮʝʩʩʝ ʥʘʙʦʨʘ ʛʦʨ-

ʥʦʡ ʤʘʩʩʳ ʠʟʤʝʥʷʶʪʩʷ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʨʫʢʦʷʪʠ ʠ ʝʸ ʚʳʣʝʪ, ʢʦʥʬʠʛʫʨʘ-

ʮʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ ʥʝʧʨʝʨʳʚʥʦ ʚʘʨʴʠʨʫʝʪʩʷ. 

ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʫʩʠʣʠʷ ʥʘ ʧʨʠʚʦʜʘʭ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʩʪʘʪʠʯʝʩʢʠʤ ʠʣʠ ʵʤʧʠʨʠʯʝʩʢʠʤ ʩʭʝʤʘʤ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷ-

ʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʢʦʚʰʘ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʚʠʞʝʥʠʷ ʠ ʧʨʠʚʦ-
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ʜʠʪ ʢ ʨʘʩʭʦʞʜʝʥʠʶ ʨʘʩʯʸʪʥʳʭ ʠ ʬʘʢʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘ-

ʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʢʠ ʥʘ ʥʘʧʦʨʥʳʡ ʠ 

ʧʦʜʲʸʤʥʳʡ ʧʨʠʚʦʜʳ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʢʦʚʰʘ ʠ ʠʟʚʝʩʪ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʥʝʰʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʧʘʥʠʶ. ʄʦʜʝʣʴ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʜʥʦʟʥʘʯʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʫʧʨʘʚʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ-

ʚʦʜʦʚ ʠ ʧʦʣʦʞʝʥʠʝʤ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʠʥʝʨʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʟʚʝʥʴʝʚ [1]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʙʦʯʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʢʩʢʘʚʘʪʦʨʘ ʕʂɻ-20ʂ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʤʘ-

ʥʠʧʫʣʷʪʦʨʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʩʪʘʥʦʚʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʧʦ ʨʝʢʫʨ-

ʩʠʚʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʅʴʶʪʦʥʘïʕʡʣʝʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʧʨʠʚʦʜʦʚ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʢʦʧʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʘʥʘʣʠʟʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʢʦʚʰʘ. 

ʇʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʵʢʩʢʘʚʘʪʦʨʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʝʩʪʴʶ ʢʦʦʨʜʠʥʘʪʘʤʠ: ʪʨʝʤʷ ʣʠʥʝʡʥʳʤʠ (ʜʝʢʘʨ-

ʪʦʚʳʤʠ) ʠ ʪʨʝʤʷ ʫʛʣʦʚʳʤʠ (ʥʘʧʨʠʤʝʨ, ʫʛʣʘʤʠ ʕʡʣʝʨʘ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝ-

ʪʦʜʘ ɼʝʥʘʚʠʪʘ-ʍʘʨʪʝʥʙʝʨʛʘ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʵʪʦ ʯʠʩʣʦ ʜʦ ʯʝʪʳʨʝʭ ʧʘ-

ʨʘʤʝʪʨʦʚ, ʥʘʟʳʚʘʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ɼʝʥʘʚʠʪʘ-ʍʘʨʪʝʥʙʝʨʛʘ (DH).  

ʈʘʩʩʤʦʪʨʠʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ, ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩ. 1. ʄʝʭʘ-

ʥʠʟʤ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʚʨʘʱʘʪʝʣʴʥʳʭ ʠ ʦʜʥʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ ʩʦʯʣʝʥʝ-

ʥʠʡ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʷʪʴ ʟʚʝʥʴʝʚ: ʙʘʟʘ 0, ʩʪʨʝʣʘ 1, ʩʝʜʣʦʚʦʡ ʧʦʜʰʠʧʥʠʢ 2, 

ʨʫʢʦʷʪʴ 3 ʠ ʢʦʚʰ 4. ʄʝʩʪʦ ʢʨʝʧʣʝʥʠʷ ʩʪʨʝʣʳ ʢ ʧʦʚʦʨʦʪʥʦʡ ʧʣʘʪʬʦʨʤʝ 

ʧʨʠʥʷʪʦ ʟʘ ʦʩʥʦʚʘʥʠʝ. 

 
ʈʠʩ. 1. ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʢʩʢʘʚʘʪʦʨʘ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ) 

ɹʳʣʠ ʚʚʝʜʝʥʳ ʥʝʧʦʜʚʠʞʥʘʷ (ʙʘʟʦʚʘʷ) ʠ ʧʦʜʚʠʞʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠ-

ʥʘʪ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʟʚʝʥʴʷʤʠ ʵʢʩʢʘʚʘʪʦʨʘ, ʠ ʚ ʥʠʭ ʦʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 
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ʩʠʩʪʝʤʳ: ű1 ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʪʨʝʣʳ ʵʢʩʢʘʚʘʪʦʨʘ; ű2 ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʝʜʣʦʚʦ-

ʛʦ ʧʦʜʰʠʧʥʠʢʘ; d4 ï ʚʳʣʝʪ ʨʫʢʦʷʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ DH ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʟʚʝʥʴʝʚ ʵʢʩʢʘʚʘʪʦʨʘ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠ-

ʮʫ. 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ɼʝʥʘʚʠʪʘ-ʍʘʨʪʝʥʙʝʨʛʘ ʟʚʝʥʴʝʚ ʤʘʥʠʧʫʣʷʪʦʨʘ  

(ʤʘʪʝʨʠʘʣʳ ʘʚʪʦʨʦʚ) 

ɿʚʝʥʦ, i 

ʈʘʩʩʪʦʷʥʠʝ 

ʚʜʦʣʴ ʦʩʠ 

ὼὭ ʦʪ ᾀὭī1 ʜʦ 

ᾀὭ , l 

ʋʛʦʣ ʚʦʢʨʫʛ ʦʩʠ 

ὼὭ ʦʪ ᾀὭ -1 ʜʦ ᾀὭ, ai 

ʈʘʩʩʪʦʷʥʠʝ 

ʚʜʦʣʴ ʦʩʠ ᾀὭ -1 
ʦʪ ὼὭ -1 ʜʦ ὼὭ, di 

ʋʛʦʣ ʚʦʢʨʫʛ ʦʩʠ zi-1 

ʦʪ ὼi-1 ʜʦ ὼὭ, ű i 

1 (ʩʪʨʝʣʘ) l1 0 0 ű1 

2 (ʩʝʜʣʦʚʦʡ 

ʧʦʜʰʠʧʥʠʢ) 
l2 0 0 ű 2 

3 (ʨʫʢʦʷʪʴ) 0 
p

2 
0 0 

4 (ʢʦʚʰ) 0 
p
-
2 

d4 0 

5 (ʪʦʯʢʘ ʟʫ-

ʙʘ) 
l5 0 0 

p

2 
 

ʇʨʠ ʧʦʩʪʦʷʥʥʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʤʦʜʝʣʠ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʫʛʣʳ ű 1, ű 2 ʤʝʞʜʫ ʟʚʝʥʴʷʤʠ ʵʢʩʢʘʚʘʪʦʨʘ ʠ ʚʳʣʝʪ ʨʫʢʦ-

ʷʪʠ d4. 

ʇʦʣʦʞʝʥʠʝ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʢʦʚʰʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʧʝʨʝʤʥʦʞʝʥʠʝʤ ʤʘʪʨʠʮ ʦʜʥʦʨʦʜʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ: 

Ὕ ὝὝὝὝὝ  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ 

ʟʫʙʘ ʢʦʚʰʘ ʚ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ:  

12 12

12 12

1 1 2 5 4

1 1 2 5 4

( )

( )

= + + +ëî
ì
= + + -îí

x l c l l c d s

y l s l l s d c

j j j

j j j

 

ʈʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ɼʣʷ ʟʘʜʘʥ-

ʥʦʡ ʪʦʯʢʠ K(x, y) ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ű2 ʠ d4 ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ űϛ. 
ʇʨʦʚʝʨʢʘ ʜʦʩʪʠʞʠʤʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʫʤ-

ʤʘʨʥʦʡ ʜʣʠʥʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʤʦ-

ʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʢʦʚʰʘ ʚ ʜʝ-

ʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠ ʚʳʯʠʩʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʦʚ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʠ ʢʦʚʰʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʟʚʝʥʴʝʚ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩ ʥʘʙʦʨʘ ʛʦʨʥʦʡ ʤʘʩʩʳ 

ʜʚʠʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʚʩʝ ʫʛʣʦʚʳʝ ʚʝʢʪʦʨʳ ʥʘʧʨʘʚʣʝʥʳ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

ʋʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʟʚʝʥʴʝʚ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

ʧʨʦʠʟʚʦʜʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʦ ʚʨʝʤʝʥʠ. ɺ ʨʘʩ-
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ʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʧʝʨʝʤʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ű2 ʠ ʧʨʦʜʦʣʴ-

ʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ d4, ʧʨʠ ʵʪʦʤ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʟʚʝʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʫʯʸʪʦʤ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʟʚʝʥʴ-

ʷʤʠ ʤʝʭʘʥʠʟʤʘ. ʃʠʥʝʡʥʳʝ ʩʢʦʨʦʩʪʠ ʪʦʯʝʢ ʤʝʭʘʥʠʟʤʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʠʬ-

ʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ ʠʭ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦ-

ʦʨʜʠʥʘʪ. ʋʛʣʦʚʳʝ ʫʩʢʦʨʝʥʠʷ ʟʚʝʥʴʝʚ ʧʦʣʫʯʘʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩ ʫʯʸʪʦʤ ʚʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʫʛʣʦʚʳʭ ʫʩʢʦʨʝʥʠʡ ʠ 

ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʝʥʠʡ ʬʦʨʤʠʨʫʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʦʩʥʦʚʫ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦ-

ʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʦʷʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠ ʟʘ-

ʜʘʥʥʳʭ ʟʘʢʦʥʘʭ ʠʟʤʝʥʝʥʠʷ ʦʙʦʙʱʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ű2(t) ʠ d4(t). ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʯʠʩʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʪʨʝʙʫʝʪ ʫʯʸʪʘ 

ʤʘʩʩ ʟʚʝʥʴʝʚ, ʧʦʣʦʞʝʥʠʡ ʠʭ ʮʝʥʪʨʦʚ ʤʘʩʩ ʠ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʦʢ ʥʘ ʥʘʧʦʨʥʳʡ ʠ ʧʦʜʲʸʤʥʳʡ ʧʨʠʚʦʜʳ 

ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʚʳʯʠʩʣʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʚ 

ʟʚʝʥʴʷʭ ʤʝʭʘʥʠʟʤʘ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʝ ʥʘ ʨʘʙʦʯʠʡ ʦʨʛʘʥ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʢʫʨʩʠʚʥʳʡ ʤʝʪʦʜ 

ʅʴʶʪʦʥʘ-ʕʡʣʝʨʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʸʪ ʧʦʵʪʘʧʥʦ: ʦʪ ʙʘʟʳ ʢ 

ʢʦʚʰʫ ï ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʦʪ ʢʦʚʰʘ ʢ ʙʘʟʝ ï 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʦʚʳʭ ʚʝʣʠʯʠʥ [2]. ʉʪʨʫʢʪʫʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʮʝ-

ʜʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. ʇʨʷʤʘʷ ʨʝʢʫʨʩʠʷ ʠʩʧʦʣʴʟʫʝʪ ʨʘʥʝʝ ʧʦʣʫʯʝʥ-

ʥʳʝ ʫʩʢʦʨʝʥʠʷ ʟʚʝʥʴʝʚ, ʪʦʛʜʘ ʢʘʢ ʦʙʨʘʪʥʘʷ ʨʝʢʫʨʩʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝʜʝ-

ʣʝʥʠʝ ʨʝʘʢʮʠʡ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʦʙʱʸʥʥʳʭ ʫʩʠ-

ʣʠʡ ʧʨʠʚʦʜʦʚ. ʊʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʪʨʝʙʫʝʤʳʭ ʫʩʠʣʠʡ ʥʘ ʧʨʠʚʦʜʘʭ. 

ɺʳʚʦʜ. ʈʘʟʨʘʙʦʪʘʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʕʂɻ-20ʂ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʇʦʣʫʯʝʥʳ ʘʥʘ-

ʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʢʦʦʨʜʠʥʘʪ, ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦʨʝʥʠʡ ʟʚʝʥʴʝʚ ʩ ʫʯʸʪʦʤ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʩʦʯʣʝʥʝʥʠʷ. ʉʬʦʨʤʠʨʦʚʘʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘ-

ʜʘʯʠ ʨʘʩʯʸʪʘ ʫʩʠʣʠʡ ʧʨʠʚʦʜʦʚ ʧʦ ʨʝʢʫʨʩʠʚʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʅʴʶʪʦʥʘï

ʕʡʣʝʨʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʩʦʟʜʘʸʪ ʦʩʥʦʚʫ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʛʨʫʟʦʢ ʥʘ ʥʘʧʦʨʥʳʡ ʠ ʧʦʜʲʸʤʥʳʡ ʧʨʠʚʦʜʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʨʘʝʢʪʦʨʠʷʭ 

ʢʦʧʘʥʠʷ. 
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ʚʝʨʩʠʪʝʪè, ʛ. ʇʝʨʤʴ 
 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʝʤʦʯʥʳʭ ʠ ʧʨʦʭʦʜʯʝʩʢʠʭ ʤʘʰʠʥ ʚʦʟʤʦʞ-

ʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʛʦʨʥʳʭ ʢʦʤʙʘʡʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʟʨʫ-

ʰʝʥʠʝ ʤʘʩʩʠʚʦʚ ʥʘʠʤʝʥʝʝ ʵʥʝʨʛʦʸʤʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʨʝʜʣʦʞʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʢʦʥ-

ʩʪʨʫʢʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʧʨʦʭʦʜʯʝ-

ʩʢʦʛʦ ʘʛʨʝʛʘʪʘ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʙʘʨʦʚʳʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʠ ʜʚʫʩʪʦʨʦʥʥʠʝ 

ʛʠʜʨʦʮʠʣʠʥʜʨʳ-ʦʪʨʳʚʥʠʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚʥʫʪʨʠ ʙʘʣʢʠ ʙʘʨʘ. ʆʧʠʩʘʥ ʧʨʠʥʮʠʧ ʜʝʡ-

ʩʪʚʠʷ ʠ ʧʦʨʷʜʦʢ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜ-

ʣʘʛʘʝʤʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʧʦʟʚʦʣʠʪ ʨʘʟʨʫʰʘʪʴ ʛʦʨʥʳʡ ʤʘʩʩʠʚ ʥʘʠʤʝʥʝʝ ʵʥʝʨ-

ʛʦʟʘʪʨʘʪʥʳʤ ʩʧʦʩʦʙʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʠʤʝʥʴʰʠʡ 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʨʝʟʮʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ; ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ; 

ʨʝʟʮʳ; ʛʠʜʨʦʦʪʨʳʚʥʠʢʠ; ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʨʥʳʭ ʢʦʤʙʘʡʥʦʚ. 
 

COMBINED EXECUTIVE BODY OF THE UNIT FOR MINING WORKS  
 

V.I . Shishlyannikov, O.I . Plotnikova, E.A. Biserova, A.O. Shchenin, D.I . Shishlyannikov, 
 

Improving the efficiency of the use of excavation and tunneling machines is possible through 

the improvement of existing and the development of new promising designs of executive bod-

ies of mining combines, providing destruction of arrays of the least energy-intensive ways. 

A design is proposed which is a combined executive body of the tunneling-cleaning unit, 

which includes a bar executive and two-sided hydrocylinders-tappets installed inside the bar 

beam. The principle of operation and the order of work of the proposed executive body are 

described. The use of the proposed executive body will allow to destroy the mountain massif 

in the least energy-intensive way, ensuring high productivity and the lowest specific consump-

tion of cutters. 

Keywords: combined executive body; destruction of mountain rocks; incisors; hydrotractors; 

increasing the efficiency of the use of mountain combines. 
 

ɼʣʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʜʦʙʳʯʫ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦ-

ʧʘʝʤʳʭ, ʧʨʦʚʝʜʝʥʠʝ ʛʦʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʧʨʦʭʦʜʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦʜʟʝʤʥʳʤ 

ʩʧʦʩʦʙʦʤ, ʘʢʪʫʘʣʴʥʳʤʠ ʦʩʪʘʶʪʩʷ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʭʦʜʯʝʩʢʠʭ ʤʘʰʠʥ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʥʠʞʝ-

ʥʠʷ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʟʘʙʦʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʢʦ-

ʣʠʯʝʩʪʚʘ ʤʝʣʢʠʭ ʧʳʣʝʚʠʜʥʳʭ ʢʣʘʩʩʦʚ ʚ ʧʨʦʜʫʢʪʘʭ ʦʪʙʦʡʢʠ. ʇʨʠ ʚʳʙʦʨʝ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʫʱʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʢʦʤʙʘʡʥʦʚ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʧʫʪʴ ʨʝʟʘʥʠʷ, ʦʪʥʝ-

ʩʝʥʥʳʡ ʢ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʨʘʟʨʫʰʘʝʤʦʛʦ ʤʘʩʩʠʚʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʜʦ-

ʩʪʠʞʝʥʠʝ ʥʘʠʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫ-

ʰʝʥʠʷ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ, ʢʦʣʠʯʝʩʪʚʘ ʧʳʣʝʚʠʜʥʳʭ ʢʣʘʩʩʦʚ ʚ ʧʨʦʜʫʢʪʘʭ ʦʪ-

ʙʦʡʢʠ, ʠʟʥʦʩʘ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʄʠʥʠʤʘʣʴʥʳʡ ʧʫʪʴ ʨʝʟʘʥʠʷ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪʩʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʪʦʣʱʠʥʳ ʩʪʨʫʞʢʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ, 

ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʩʪʨʫʞʢʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʘ ʧʦ-
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ʨʦʜʦʨʘʟʨʫʰʘʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʠ ʧʨʠʚʦʜʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʛʦʨ-

ʥʳʭ ʤʘʰʠʥ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʨʝʟʮʦʚ, 

ʤʝʪʘʣʣʦʸʤʢʦʩʪʠ ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨ-

ʛʘʥʦʚ ʛʦʨʥʳʭ ʢʦʤʙʘʡʥʦʚ [1, 2].  

ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʳʡ ʦʨʛʘʥ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʙʘʨʦ-

ʚʳʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʠ ʜʚʫʩʪʦʨʦʥʥʠʝ ʛʠʜʨʦʮʠʣʠʥʜʨʳ-ʦʪʨʳʚʥʠʢʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚʥʫʪʨʠ ʙʘʣʢʠ ʙʘʨʘ [3]. ʀʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʤʦʥʪʠʨʫʝʪʩʷ 

ʥʘ ʢʘʨʝʪʢʝ, ʢʦʪʦʨʘʷ ʢʨʝʧʠʪʩʷ ʥʘ ʦʛʦʣʦʚʢʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʠʣʦʚʦʛʦ ʤʘʥʠ-

ʧʫʣʷʪʦʨʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʧʨʦʭʦʜ-

ʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʘʛʨʝʛʘʪʘ. ɹʘʨʦʚʳʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʨʘʟʨʫʰʘʝʪ ʛʦʨ-

ʥʳʡ ʤʘʩʩʠʚ ʨʝʟʘʥʠʝʤ, ʚʥʝʜʨʷʷʩʴ ʚ ʥʝʛʦ ʪʦʨʮʦʚʦʡ ʯʘʩʪʴʶ ʥʘ ʚʩʶ ʝʛʦ ʧʦʣʝʟ-

ʥʫʶ ʜʣʠʥʫ. ʇʦʩʣʝ ʟʘʛʣʫʙʣʝʥʠʷ ʙʘʨʘ ʚ ʤʘʩʩʠʚ, ʜʚʫʩʪʦʨʦʥʥʠʝ ʛʠʜʨʦʮʠʣʠʥ-

ʜʨʳ-ʦʪʨʳʚʥʠʢʠ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʙʦʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʨʝʟʘʥʥʦʡ ʙʘʨʦʤ 

ʱʝʣʠ, ʦʩʫʱʝʩʪʚʣʷʷ ʪʝʤ ʩʘʤʳʤ ʦʪʜʝʣʝʥʠʝ ʦʪ ʤʘʩʩʠʚʘ ʦʙʲʝʤʘ ʛʦʨʥʦʡ ʧʦʨʦ-

ʜʳ ʧʫʪʸʤ ʦʪʨʳʚʘ ʚ ʩʪʦʨʦʥʫ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʘʛʨʝʛʘʪʘ ʜʣʷ ʧʨʦʭʦʜʯʝʩʢʦ-

ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ (ʨʠʩ. 1) ʩʦʩʪʦʠʪ ʠʟ ʧʣʦʩʢʦʛʦ ʨʝʞʫʱʝʛʦ ʙʘʨʘ 1 ʩ ʨʝʟʮʘʤʠ 2, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʨʝʞʫʱʝʡ ʮʝʧʠ 3. ʈʝʞʫʱʠʡ ʙʘʨ 1 ʩʤʦʥʪʠʨʦʚʘʥ ʥʘ ʢʘ-

ʨʝʪʢʝ 4 ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʠʣʦʚʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ 5. ʇʦʜʘʪʯʠʢ 6 ʢʘʨʝʪʢʠ 4 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʥʝʜʨʝʥʠʝ ʨʝʞʫʱʝʛʦ ʙʘʨʘ 1 ʩʚʦʝʡ ʪʦʨʮʝʚʦʡ ʯʘʩʪʴʶ ʚ ʤʘʩʩʠʚ 

ʠ ʧʨʦʨʝʟʘʥʠʝ ʚ ʤʘʩʩʠʚʝ ʱʝʣʠ ʨʘʟʤʝʨʦʤ BĬLĬH. ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ 

ʧʨʠʚʦʜʥʫʶ ʟʚʝʟʜʦʯʢʫ ʙʘʨʘ 1 ʧʝʨʝʜʘʸʪʩʷ ʦʪ ʧʨʠʚʦʜʘ 7. ʌʠʢʩʘʮʠʷ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ 

ʟʘʙʦʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʣʦʚʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ 5 ʠ ʨʘʩʧʦʨʥʳʭ 

ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ 8, ʧʠʢʠ 9 ʢʦʪʦʨʳʭ ʚʥʝʜʨʷʶʪʩʷ ʚ ʤʘʩʩʠʚ ʧʨʠ ʟʘʨʫʙʢʝ ʙʘʨʘ 

1 ʠ ʚʳʚʦʜʷʪʩʷ ʠʟ ʢʦʥʪʘʢʪʘ ʩ ʟʘʙʦʝʤ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʦʪʨʳʚʘ ʮʝʣʠʢʘ. 

ɺʥʫʪʨʠ ʢʦʨʧʫʩʘ 10 ʫʩʪʘʥʦʚʣʝʥ ʨʷʜ ʛʠʜʨʦʦʪʨʳʚʥʠʢʦʚ 11, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʦʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʱʝʣʝʡ ʜʣʷ  ʦʪʜʝʣʝʥʠʷ ʦʪ ʤʘʩʩʠʚʘ 

ʧʦʜʨʝʟʘʥʥʦʛʦ ʮʝʣʠʢʘ ʧʦʨʦʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʨʳʚʘ.  

ʎʠʣʠʥʜʨʠʯʝʩʢʠʝ ʛʠʜʨʦʦʪʨʳʚʥʠʢʠ (ʨʠʩ. 2) ʩʦʜʝʨʞʘʪ ʢʦʨʧʫʩ 1 ʩ ʢʘʥʘ-

ʣʘʤʠ 2, ʧʦʨʰʥʝʚʫʶ ʧʦʣʦʩʪʴ 3, ʧʦʨʰʝʥʴ 4, ʧʝʨʝʤʝʱʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʛʨʘʥʠ-

ʯʝʥʦ ʫʧʦʨʦʤ 5. ʇʨʠ ʧʦʜʘʯʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʦ ʢʘʥʘʣʘʤ 2, ʚʳʧʦʣʥʝʥʥʳʤ 

ʚ ʢʦʨʧʫʩʝ 1, ʚ ʧʦʨʰʥʝʚʦʡ ʧʦʣʦʩʪʠ 3 ʮʠʣʠʥʜʨʘ ʩʦʟʜʘʸʪʩʷ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚ-

ʣʝʥʠʝ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦʨʰʥʠ 4. ɺʝʣʠʯʠʥʘ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʧʦʨʰʥʝʡ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʫʧʦʨʘʤʠ 5. ʇʨʫʞʠʥʳ 6 ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʦʟʚʨʘʪ ʧʦʨʰʥʝʡ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢʘʥʘʣʦʚ 2 ʢ 

ʩʣʠʚʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤ (ʥʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ). 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʚʠʜ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʛʨʝʛʘʪʘ ʜʣʷ ʧʨʦʭʦʜ-

ʯʝʩʢʠʭ ʠ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ. ʂʘʨʝʪʢʘ 1 ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʤʦʥʪʠʨʫʶʪʩʷ 

ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʠʣʦʚʦʡ ʤʘʥʠʧʫʣʷʪʦʨ 2, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʭʦʜʦʚʦʡ ʯʘʩʪʠ 3 ʘʛʨʝʛʘʪʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ 

ʭʦʜʦʚʘʷ ʯʘʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʦʣʝʩʥʦ-ʨʝʣʴʩʦʚʦʤ, ʧʥʝʚʤʦʢʦʣʝʩ-

ʥʦʤ ʠʣʠ ʛʫʩʝʥʠʯʥʦʤ ʭʦʜʫ. ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʩʠʣʦʚʦʡ ʤʘʥʠʧʫʣʷʪʦʨ 2 ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ (ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʥʘ 
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360Ü), ʘ ʪʘʢʞʝ ʞʝʩʪʢʫʶ ʬʠʢʩʘʮʠʶ ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ ʧʨʦʭʦʜʯʝ-

ʩʢʦʛʦ ʠʣʠ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ 4. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʘʛʨʝʛʘʪʘ ʜʣʷ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ:  

1 ï ʧʣʦʩʢʠʡ ʨʝʞʫʱʠʡ ʙʘʨ; 2 ï ʨʝʟʮʳ; 3 ï ʨʝʞʫʱʘʷ ʮʝʧʴ ʙʘʨʘ; 4 ï ʢʘʨʝʪʢʘ; 5 ï ʩʠʣʦʚʦʡ 

ʤʘʥʠʧʫʣʷʪʦʨ; 6 ï ʧʦʜʘʪʯʠʢ ʢʘʨʝʪʢʠ; 7 ï ʧʨʠʚʦʜʥʦʡ ʜʚʠʛʘʪʝʣʴ ʙʘʨʘ; 8 ï ʨʘʩʧʦʨʥʳʝ 

ʛʠʜʨʦʮʠʣʠʥʜʨʳ; 9 ï ʧʠʢʠ ʨʘʩʧʦʨʥʳʭ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ; 10 ï ʢʦʨʧʫʩ ʨʝʞʫʱʝʛʦ ʙʘʨʘ;  

11 ï ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʛʠʜʨʦʦʪʨʳʚʥʠʢʠ 

 

 
ʈʠʩ. 2. ʇʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ ʛʠʜʨʦʦʪʨʳʚʥʠʢʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ: 

1 ï ʢʦʨʧʫʩ ʛʠʜʨʦʦʪʨʳʚʥʠʢʘ; 2 ï ʢʘʥʘʣʳ; 3 ï ʧʦʨʰʥʝʚʘʷ ʧʦʣʦʩʪʴ; 4 ï ʧʦʨʰʝʥʴ; 5 ï ʫʧʦʨ; 

6 ï ʧʨʫʞʠʥʘ 

 

 
ʈʠʩ. 3. ʆʙʱʠʡ ʚʠʜ ʘʛʨʝʛʘʪʘ ʜʣʷ ʧʨʦʭʦʜʯʝʩʢʦ-ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ (ʚʠʜ ʩʙʦʢʫ): 

1 ï ʢʘʨʝʪʢʘ; 2 ï ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʠʣʦʚʦʡ ʤʘʥʠʧʫʣʷʪʦʨ; 3 ï ʭʦʜʦʚʘʷ ʯʘʩʪʴ ʘʛʨʝʛʘʪʘ;  

4 ï ʟʘʙʦʡ 

 

ʈʘʙʦʪʘ ʫʩʪʨʦʡʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʩʣʝ ʫʩʪʘ-

ʥʦʚʢʠ ʠ ʬʠʢʩʘʮʠʠ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʧʝʨʝʜ ʟʘʙʦʝʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʩ 
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ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʠʣʦʚʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʦʜʚʦʜʷʪ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʘʙʦʷ ʠ ʩ ʧʦʤʦʱʴʶ ʨʘʩʧʦʨʥʳʭ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʬʠʢʩʠʨʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʙʦʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʢʣʶʯʘʶʪ ʧʨʠʚʦʜ ʧʣʦʩʢʦʛʦ ʨʝʞʫʱʝʛʦ ʙʘ-

ʨʘ. ʉ ʧʦʤʦʱʴʶ ʧʦʜʘʪʯʠʢʘ ʨʝʞʫʱʠʡ ʙʘʨ ʪʦʨʮʝʚʦʡ ʯʘʩʪʴʶ ʧʦʜʘʶʪ ʚ ʛʦʨʥʳʡ 

ʤʘʩʩʠʚ, ʧʨʦʨʝʟʘʷ ʚ ʥʝʤ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʚʨʫʙʳ, ʧʦʩʣʝ ʯʝʛʦ ʧʦ ʟʘʜʘʥʥʦʡ 

ʩʭʝʤʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʨʫʰʝʥʠʝ ʦʩʪʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʟʘ ʩʯʝʪ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʧʨʦʨʝʟʘʥʠʷ ʱʝʣʠ ʙʘʨʦʤ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʦʪʨʳʚʘ ʙʦʣʴʰʦ-

ʛʦ ʦʙʲʝʤʘ ʧʦʨʦʜʳ ʧʦʜʨʝʟʘʥʥʦʛʦ ʮʝʣʠʢʘ ʦʪ ʤʘʩʩʠʚʘ ʩ ʧʦʤʦʱʴʶ ʮʠʣʠʥʜʨʠ-

ʯʝʩʢʠʭ ʛʠʜʨʦʦʪʨʳʚʥʠʢʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʪʜʝʣʝʥʠʝ ʦʪ 

ʤʘʩʩʠʚʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʙʲʝʤʦʚ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʫʪʝʤ 

ʦʪʨʳʚʘ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʙʫʜʝʪ ʨʘʟʨʫʰʘʪʴʩʷ ʥʘʠʤʝʥʝʝ ʵʥʝʨ-

ʛʦʝʤʢʠʤ ʩʧʦʩʦʙʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʥʘʠʤʝʥʴʰʠʡ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʨʝʟʮʦʚ. ʆʪʩʫʪʩʪʚʠʝ ʠʟʣʠʰʥʝʛʦ ʜʨʦʙʣʝʥʠʷ 

ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʨʠ ʦʪʜʝʣʝʥʠʠ ʝʝ ʦʪ ʤʘʩʩʠʚʘ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠ-

ʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʝʚʠʜʥʳʭ ʢʣʘʩʩʦʚ ʚ ʦʪʜʝʣʷʝʤʦʡ ʛʦʨʥʦʡ ʤʘʩʩʝ.  
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ɸʅɸʃʀɿ ɿɸʊʈɸʊ ʕʅɽʈɻʀʀ ʇʈʀ ʊʈɸʅʉʇʆʈʊʀʈʆɺɸʅʀʀ ɺʆɼʓ 

ɺ ʅɸɻʅɽʊɸʊɽʃʔʅʓʍ ʊʈʋɹʆʇʈʆɺʆɼɸʍ ʐɸʍʊʅʓʍ  

ɺʆɼʆʆʊʃʀɺʅʓʍ ʋʉʊɸʅʆɺʆʂ 
 

ʊ. ʀ.ʖʩʫʧʦʚ1,  ʘʩʩʠʩʪʝʥʪ, ɺ.ʗ.ʇʦʪʘʧʦʚ2, ʧʨʦʬ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ,  

ɺ.ɺ.ʇʦʪʘʧʦʚ2, ʜʦʮ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 
1ʉʠʙʘʡʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʋʬʠʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʛ. ʉʠʙʘʡ  

2ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
 

ɺ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ 

ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʧʦʪʦʢʦʚ ʚʦʜʳ ʚ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʰʘʭʪʥʳʭ ʚʦ-

ʜʦʦʪʣʠʚʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʚʦʜʳ ʚ ʬʫʥʢʮʠʠ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʵʥʝʨʛʝʪʠʢʠ ʨʝ-

ʞʠʤʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʘ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʥʝ ʩʦʚʝʨʰʘʝʪʩʷ, ʦʜʥʘʢʦ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʠʤʝʝʪ ʤʝʩʪʦ. ʆʥ ʧʨʦʧʦʨʮʠʦʥʘ-

ʣʝʥ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʨʝʤʝʥʠ ʧʦʜʜʝʨʞʘʥʠʷ ʵʪʦʛʦ ʨʝʞʠʤʘ ʠ ʚʳʩʦʪʝ ʩʪʦʣʙʘ, ʫʜʝʨʞʠʚʘʝ-

ʤʦʡ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʚʦʜʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ; ʧʦʣʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨ-

ʛʠʷ; ʨʘʩʭʦʜ ʚʦʜʳ; ʧʦʪʝʨʠ ʥʘʧʦʨʘ; ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ; ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʜʳ. 
 

ANALYSIS OF ENERGY COSTS DURING WATER TRANSPORTA-

TION IN INJECTION PIPELINES OF MINE DRAINAGE INSTALLA-

TIONS 
 

Yusupov T. I., Potapov V.Ya., Potapov V.V. 
 

On the basis of the principles of classical mechanics authors analyze the costs of energy dur-

ing transportation of water flows in the discharge lines of mine drainage systems. Authors 

obtain the dependences of the total energy of the water flow in the function of velocity of wa-

ter in the pipeline. The article describes the features of energetics of idling pumping unit. It is 

shown that in this mode operation in the pipeline is not performed, but the energy consump-

tion takes place. It is proportional to, inter alia, the maintenance time of this mode and the 

height of the column of retained water in the pipeline.  

Keywords: potential and kinetic energy; full hydraulic energy; water consumption; pressure 

loss; specific heat capacity; flow velocity. 
 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʰʘʭʪʥʳʭ 

ʚʦʜʦʦʪʣʠʚʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ ʥʠʭ ʧʨʠʥʠʤʘʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 2ï3 ʤ/ʩ [1, 2]. ʇʨʠʥʷʪʳʝ ʝʱʝ ʚ 1920ï40 ʛʛ., ʵʪʠ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦ-

ʩʪʝʡ ʥʝ ʧʝʨʝʩʤʘʪʨʠʚʘʣʠʩʴ, ʭʦʪʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʘʨʝʣʠ ʠ ʥʫʞʜʘʶʪʩʷ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʝʦʮʝʥʢʝ. ɺʳʧʦʣʥʠʤ ʝʸ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘ-

ʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʚʦʜʳ ʧʦ ʥʘʛʥʝʪʘʪʝʣʴʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤ. 

ʇʝʨʝʜʘʚʘʝʤʘʷ ʦʪ ʥʘʩʦʩʘ ʧʦʣʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʨʫʙʦʧʨʦʚʦʜ-

ʥʦʛʦ ʩʪʘʚʘ ɽʧʦʣʥ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʦʜʲʸʤ ʚʦʜʳ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʚʳʩʦʪʫ Hr 

(ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ɽʧʦʪ), ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʚʦʜʳ ʧʦ ʪʨʫʙʦʧʨʦʚʦ-

ʜʫ ʩʦ ʩʢʦʨʦʩʪʴʶ vʪʨ (ʢʠʥʝʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ɽʢʠʥ), ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ɽʩʦʧʨ ʠ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʪʝʧ-

ʣʦʩʦʜʝʨʞʘʥʠʷ ʧʦʪʦʢʘ ʚʦʜʳ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ɽʪʝʧʣ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʥʘʷ 

ʵʥʝʨʛʠʷ ʧʦʪʦʢʘ ʚʦʜʳ ʚ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ʩʦʩʪʘʚʠʪ 

ɽʧʦʣʥ = ɽʧʦʪ + ɽʢʠʥ + ɽʩʦʧʨ + ɽʪʝʧʣ. 

ʀʣʠ ʚ ʜʨʫʛʦʤ ʚʠʜʝ: 
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Eʧʦʣʥ =ɟQ gʅr +ɟQʪʨ
̓̑

 + ɟQʪʨgЎὌ̓ +̑ɟQʪʨ˞̑Ў˟  

ʛʜʝ Qʪʨ ï ʨʘʩʭʦʜ ʚʦʜʳ ʯʝʨʝʟ ʪʨʫʙʦʧʨʦʚʦʜ, ʨʘʚʥʳʡ ʧʦʜʘʯʝ ʥʘʩʦʩʘ (ʥʘʩʦʩʦʚ); 

ɟ ï ʧʣʦʪʥʦʩʪʴ ʰʘʭʪʥʦʡ ʚʦʜʳ; æʅʪʨ ï ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʚʦʜʳ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ; 

ʉʨ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʰʘʭʪʥʦʡ ʚʦʜʳ; æʊ ï ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʧʦ-

ʪʦʢʘ ʚʦʜʳ ʥʘ ʚʭʦʜʝ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ  ɟQʪʨ = mʪʨ ï ʩʝʢʫʥʜʥʘʷ ʤʘʩʩʘ ʚʦʜʳ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʪʨʫʙʦʧʨʦʚʦʜ, ʧʦʣʫʯʠʤ 

Eʧʦʣʥ =ά̓ Ὣ̑Ὄ ά̓ ̑
̓̑
ά̓ Ὣ̑ЎὌ̓ ̑ ά̓ ὅ̑̑Ў˟ . 

ʇʨʝʥʝʙʨʝʛʘʷ ʧʦʩʣʝʜʥʠʤ ʩʣʘʛʘʝʤʳʤ ʚ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʚʚʠʜʫ ʝʛʦ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦʩʪʠ ʠ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ  

ЎὌ̓ ̑ ‐̓̑
̓̑

, 

ʛʜʝ ‐ʪʨ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ, ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ 
ʧʦʣʥʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʩʪʘʚʘ (ʜʣʷ ʝʜʠʥʠʯʥʦʡ ʤʘʩʩʳ 

ʚʦʜʳ): 

ή̐ ̏̌̎ὫὌ πȟυρ ‐̓ ὺ̑̓ .̑                                    (1) 

ʋʨʘʚʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʶʙʳʤ ʚʠʜʘʤ ʪʨʫʙʦʧʨʦʚʦʜʦʚ (ʚʝʨʪʠʢʘʣʴ-

ʥʳʤ, ʥʘʢʣʦʥʥʳʤ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ) ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʚ ʥʠʭ ʚʦʜʳ. 

ʇʦʩʢʦʣʴʢʫ ʨʘʟʤʝʨʥʦʩʪʴ ʩʣʘʛʘʝʤʳʭ ʫʨʘʚʥʝʥʠʷ (1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʵʥʝʨʛʠʶ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʥʦʛʦ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʵʥʝʨʛʠʠ ɤʧʦʣʥ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʜʳ 

ʯʝʨʝʟ ʪʨʫʙʦʧʨʦʚʦʜ Zʪʨ: 

ύ̐ ̏̌̎ὫὌὤ̓ ̑ πȟυρ ‐̓ ὺ̑̓ ὤ̑̓ .̑                                (2) 

ɼʣʷ ʪʠʧʦʚʳʭ ʰʘʭʪʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʜʣʠʥʘ ʢʦʪʦʨʳʭ Lʪʨ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ Hr, ʫʨʘʚʥʝʥʠʝ (2) ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʢʘʢ 

ύ̐ ̏̌̎Ὣὺ̓ ὤ̑̓ ̑ πȟυρ ‐̓ ὺ̑̓ ὤ̑̓ .̑ 

ʊʦʛʜʘ, ʩ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ, ʂʇɼ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʩʪʘʚʠʪ 

ὲ̓ ̑

ὫὌ πȟυὺ̓̑

ὫὌ πȟυὺ̓̑ πȟυ‐̓ ὺ̑̓̑
Ȣ 

ʈʘʩʩʤʦʪʨʠʤ ʵʥʝʨʛʝʪʠʢʫ ʨʝʞʠʤʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ 

(ʥʘʩʦʩ + ʪʨʫʙʦʧʨʦʚʦʜ), ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʧʦʨ ʥʘʩʦʩʘ ʧʨʠ ʥʫʣʝʚʦʡ ʧʦʜʘʯʝ ʅ0 

ʤʝʥʴʰʝ Hr. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʥʘʩʦʩ ʧʝʨʝʜʘʸʪ ʚ ʪʨʫʙʦʧʨʦʚʦʜ ʤʦʱʥʦʩʪʴ, ʵʢʚʠ-

ʚʘʣʝʥʪʥʫʶ ʤʦʱʥʦʩʪʠ ʫʜʝʨʞʘʥʠʷ ʩʪʦʣʙʘ ʚʦʜʳ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʨʠ vʪʨ = 0. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʫʜʝʪ ʨʘʚʥʘ ʪʦʣʴʢʦ ʝʸ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ: 

Ὁ̐ ̏̌̎Ὁ̐ ̏̓ ά̐ Ὣ̍Ὄ , 

ʛʜʝ mʧʤ ï ʤʘʩʩʘ ʦʜʥʦʛʦ ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʩʪʦʣʙʘ ʚʦʜʳ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ. 

ʈʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʵʪʦʤ ʨʝʞʠʤʝ  

ὡ ά̐ Ὣ̍Ὄὤ , 

ʛʜʝ Zʭʭ ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʚ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ.  

ʉʦʛʣʘʩʥʦ ʬʠʟʠʢʝ ʧʨʦʮʝʩʩʘ ʚ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʥʘʩʦʩʥʦʡ ʫʩʪʘ-

ʥʦʚʢʠ ʨʘʙʦʪʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʥʝ ʩʦʚʝʨʰʘʝʪʩʷ, ʭʦʪʷ ʵʥʝʨʛʠʷ ʙʫʜʝʪ ʨʘʩʭʦʜʦ-
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ʚʘʪʴʩʷ. ʕʪʠʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝ ʤʦʱʥʦʩʪʠ ʥʘ ʚʘʣʫ ʥʘʩʦʩʘ ʠ ʥʘ ʟʘʞʠ-

ʤʘʭ ʩʝʪʝʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʜʘʥʥʦʤ ʨʝʞʠʤʝ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʥʘʩʦʩʘ ʎʅʉ 300ï

600 ʤʦʱʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 350 ʢɺʪ ʧʨʠ ʥʦ-

ʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 700 ʢɺʪ. 

ʈʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʪʨʫʙʦʧʨʦʚʦʜʘ  
ὡ̓ ̑ ά̓ ὤ̑̓ Ὣ̑Ὄ πȟυρ ‐̓ ὺ̑̓ .̑ 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʰʘʭʪʥʦʡ ʚʦʜʦʦʪʣʠʚ-

ʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʥʘʩʦʩʘʤʠ ʎʅʉ 300-600 ʠ ʚʳʩʦʪʦʡ ʚʦʜʦʧʦʜʲʝʤʘ Hr = 500 ʤ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʠ ʥʘ ʨʠʩ. 1, 2. ʆʧʨʝʜʝʣʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ dʚʥʫʪʨ = f (vʪʨ) ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʵʪʦʤ ʧʦ 

ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ɤʧʦʣʥ(Wʧʨ) = f(vʪʨ) ʥʦʩʷʪ ʵʢʩ-

ʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠ vʪʨ = 11 ʤ/c ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʚʦʜʳ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʙʫʜʝʪ ʤʠʥʠʤʘʣʝʥ, ʧʦʵʪʦʤʫ 

ʜʘʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʫʜʝʪ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ ʢʨʠʪʝʨʠʶ 

ʵʥʝʨʛʦʟʘʪʨʘʪ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʥʝ ʨʝʘʣʴʥʳ ʜʣʷ ʰʘʭʪʥʳʭ 

ʚʦʜʦʦʪʣʠʚʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʜʠʘʧʘʟʦʥʦʤ, ʧʦ 

ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ 4ï6 ʤ/ʩ. ʕʪʠʤ ʟʥʘʯʝʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʝ, ʯʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ (ʚ 

ʩʨʝʜʥʝʤ ʚ 1,8 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʨʝʢʦʤʝʥʜʫʝʤʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʠʘʧʘʟʦʥʝ 2ï3 ʤ/ʩ). ʂʨʦʤʝ ʪʦʛʦ, ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʵʪʦʤ ʩ 230 ʜʦ 160ï130 ʤʤ (ʩʤ. ʪʘʙʣʠʮʫ ʠ ʨʠʩ. 2). ʉʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʧʝʨʝʭʦʜ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʩʢʦʨʦʩʪʝʡ vʪʨ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʘʢ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ (ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ), ʪʘʢ ʠ ʢʘ-

ʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʩʦʦʨʫʞʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ.  

ʊʘʙʣʠʮʘ 1 - ʈʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ  

ʪʨʫʙʦʧʨʦʚʦʜʘ ʰʘʭʪʥʦʡ ʚʦʜʦʦʪʣʠʚʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʥʘʩʦʩʘʤʠ ʎʅʉ 300-600 

vʪʨ, ʤ/ʩ Zʪʨ, ʩ 
ɤʧʦʪ, 

ʢɺʪʯ/ʢʛ 

ɤʢʠʥ + 

ɤʩʦʧʨ, 

ʢɺʪʯ/ʢʛ 

ɤʧʦʣ, 

ʢɺʪʯ/ʢʛ 

Wʪʨ, 

ʢɺʪʯ 

dʚʥʫʪʨ, 

ʤʤ 

2 250,00 0,340 0,012 0,352 30,78 230,25 

4 125,00 0,170 0,023 0,193 16,91 162,81 

6 83,33 0,113 0,035 0,148 12,96 132,94 

8 62,50 0,085 0,046 0,131 11,49 115,13 

10 50,00 0,068 0,058 0,126 11,01 102,97 

12 41,67 0,057 0,069 0,126 11,03 94,00 

14 35,71 0,049 0,081 0,130 11,34 87,03 

16 31,25 0,043 0,093 0,135 11,82 81,41 

18 27,78 0,038 0,104 0,142 12,42 76,75 

20 25,00 0,034 0,116 0,150 13,10 72,81 

22 22,73 0,031 0,127 0,158 13,84 69,42 

24 20,83 0,028 0,139 0,167 14,62 66,47 

26 19,23 0,026 0,150 0,177 15,45 63,86 

28 17,86 0,024 0,162 0,186 16,29 61,54 

30 16,67 0,023 0,174 0,196 17,16 59,45 
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ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [2] ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʦʦʨʫʞʝʥʠʝ ʪʨʫʙʦʧʨʦ-

ʚʦʜʥʳʭ ʩʪʘʚʦʚ ʩʦʩʪʘʚʣʷʶʪ 15ï20 % ʦʪ ʩʪʦʠʤʦʩʪʠ ʚʩʝʡ ʚʦʜʦʦʪʣʠʚʥʦʡ ʫʩʪʘ-

ʥʦʚʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʘʣʠʟʘʮʠʷ ʠʟʣʦʞʝʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʤʦʞʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʰʘʭʪʥʦʛʦ ʚʦʜʦʦʪʣʠʚʘ. 

  

ʈʠʩ 1. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʈʠʩ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪ-

ʨʘ ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʥʸʤ ʚʦʜʳ 
 

ʂʦʥʝʯʥʦ, ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʩʣʝʜʩʪʚʠʝʤ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ 

ʚʦʜʳ ʚ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʘʨʘ. ʆʜʥʘʢʦ ʝʛʦ ʩʥʠʞʝʥʠʝ ʜʦ ʪʨʝʙʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʦʩʪʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʦʙʨʘʪʥʳʭ ʢʣʘʧʘʥʦʚ ʥʘ ʪʨʫ-

ʙʦʧʨʦʚʦʜʝ ʠʣʠ ʧʨʠʤʝʥʝʥʠʝʤ ʜʨʫʛʠʭ, ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ. ʇʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ 

ʣʠʥʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ 4ï6 ʤ/ʩ (ʩʤ. ʨʠʩ. 1) ʥʝ ʦʢʘʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦ ʥʝʡ ʚʦʜʳ. 
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ɼʦʮ. ʇ.ɸ. ɾʠʛʘʥʦʚ 
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ʋɼʂ 621.311 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂɸʏɽʉʊɺɸ ʕʃɽʂʊʈʀʏɽʉʂʆʁ ʕʅɽʈɻʀʀ 

ʅɸ ʆɹʆɻɸʊʀʊɽʃʔʅʆʁ ʌɸɹʈʀʂɽ çʏɽʈʅʀɻʆɺʉʂɸʗè 
 

ʄ.ʉ. ɻʦʨʷʡʥʦʚ1, ɺ.ʄ. ɽʬʨʝʤʝʥʢʦ1 

ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʊ.ʌ. ɻʦʨʙʘʯʝʚʘ, 

ʛ. ʂʝʤʝʨʦʚʦ, ʈʦʩʩʠʷ 
 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨ-

ʛʠʠ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ çʏʝʨʥʠʛʦʚʩʢʘʷè. ʈʘʩʩʤʦʪ-

ʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʤ ʧʨʠʚʦʜʦʤ. ʅʘ ʦʩʥʦʚʝ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 32144ï2013 [1]. ʇʨʦʚʝ-

ʜʝʥ ʘʥʘʣʠʟ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟ-

ʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʨʘʙʦʪʦʡ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʨʠʚʦʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩ-

ʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʪʠʚʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʦʜʥʘʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝ-

ʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʡ ʧʨʠʚʦʜ, ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ. 
 

POWER QUALITY INVESTIGATION AT THE CHERNIGOVSKAYA COAL 

PREPARATION PLANT  
 

M.S. Goryainov, V.M. Efremenko 
 

The paper presents the results of electric power quality investigation in the power supply sys-

tem of the Chernigovskaya coal preparation plant. Field measurements were performed and 

compliance with power quality standards was assessed [1]. The voltage harmonic spectrum 

was analyzed. It was found that nonlinear loads, including variable frequency drives, signifi-

cantly affect harmonic distortion. 

Keywords: electric power quality, power supply system, harmonic distortion, electric drive. 

 

ɺʚʝʜʝʥʠʝ. ʆʙʦʛʘʪʠʪʝʣʴʥʳʝ ʬʘʙʨʠʢʠ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʤʠ ʧʨʦʤʳʰ-

ʣʝʥʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʚʘʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʨʝʘ-

ʣʠʟʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ, 

ʚʢʣʶʯʘʷ ʜʨʦʙʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʥʘʩʦʩʳ, ʢʦʥʚʝʡʝʨʳ ʠ ʤʝʣʴʥʠʮʳ [3, 4]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʯʘʩʪʦʪ-

ʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʧʨʠ-

ʤʝʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʣʠʥʝʡʥʳʭ 

ʥʘʛʨʫʟʦʢ, ʷʚʣʷʶʱʠʭʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ [6]. 

ɺʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʚʳʟʳʚʘʶʪ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ, ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ, ʧʝʨʝʛʨʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʝ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ [7]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ɻʆʉʊ 32144ï2013 [1], ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʦʣʞʥʳ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 
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ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚʳʧʦʣʥʝʥʳ: ʥʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; ʘʥʘʣʠʟ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʘʚʘ ʥʘʧʨʷʞʝʥʠʷ; ʦʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘ-

ʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ [1]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʙʦʛʘʪʠʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʝʜʧʨʠʷʪʠʝ ʩ ʥʝʧʨʝ-

ʨʳʚʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʮʠʢʣʦʤ. ʆʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʘʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚʢʣʶʯʘʝʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʧʦʜʩʪʘʥ-

ʮʠʠ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʠʪʘʶʱʠʝ ʣʠʥʠʠ. ʏʘʩʪʦʪʥʦ-

ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʨʠʚʦʜʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʠʩʢʘʞʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ [6]. 

ʄʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʆʮʝʥʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 32144ï2013 (ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1) [1]. 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ  
ʇʦʢʘʟʘʪʝʣʴ ʅʦʨʤʘʪʠʚ ʀʟʤʝʨʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʇʨʠʤʝʯʘʥʠʝ 

ʆʪʢʣʦʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, % Ñ10 ī6,5 é +7,2 ɺ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ 

THD_U, % Ò 8 6,1 ʇʦʚʳʰʝʥʠʝ ʧʨʠ ʨʘʙʦʪʝ 

ʏʈʇ 

5-ʷ ʛʘʨʤʦʥʠʢʘ, % Ò 6 4,8 ð 

7-ʷ ʛʘʨʤʦʥʠʢʘ, % Ò 5 3,9 ð 

ʅʝʩʠʤʤʝʪʨʠʷ ʥʘʧʨʷʞʝʥʠʡ, % Ò 2 1,4 ð 

ʌʣʠʢʝʨ Pst Ò 1,38 1,1 ʇʫʩʢ ʜʚʠʛʘʪʝʣʝʡ 

ʏʘʩʪʦʪʘ ʩʝʪʠ, ɻʮ 50 Ñ 0,2 49,9ï50,1 ɺ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. ʉʧʝʢʪʨ ʛʘʨʤʦʥʠʯʝ-

ʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʨ-

ʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ ʚʥʦʩʷʪ 5-ʷ ʠ 7-ʷ ʛʘʨʤʦʥʠʢʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʘʙʦ-

ʪʳ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʨʠʚʦʜʦʚ [6, 7]. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜʦʚ. ʏʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʨʠʚʦʜʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠ-

ʢʘʤʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ. 

ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ 

ʵʥʝʨʛʠʠ; ʢ ʧʝʨʝʛʨʝʚʫ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʢ ʩʥʠʞʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʤʘʰʠʥ; ʢ ʩʥʠʞʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ [2, 6]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʳʤ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[6, 7]. 
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ʈʠʩʫʥʦʢ 1 ï ʉʧʝʢʪʨ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʷ 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. 

ʇʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʧʦʢʘʟʘʪʝʣʷʭ ʢʘʯʝʩʪʚʘ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʠ ʫʩʪʘ-

ʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʥʘ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ɿʘʢʣʶʯʝʥʠʝ: 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘ-

ʥʠʷʤ ɻʆʉʊ 32144ï2013 [1]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ 

ʷʚʣʷʶʪʩʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʨʠʚʦʜʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʷ ʢʘʯʝ-

ʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʛʘʨ-

ʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ. 
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ɻ.ɸ. ɹʘʩʘʣʘʡ1, ɼ.ɸ. ʂʘʨʧʦʚʠʯ1  

ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʦʢ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝ-

ʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʳ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝ-

ʥʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʢʦʥʫʩʥʦʡ ʜʨʦʙʠʣʢʠ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʙʨʦʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3ɼ-ʩʢʘʥʝʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʫʩʥʘʷ ʜʨʦʙʠʣʢʘ, ʛʦʨʥʘʷ ʧʦʨʦʜʘ, ʢʨʫʧʥʦʝ ʜʨʦʙʣʝʥʠʝ, ʨʝʤʦʥʪ ʜʨʦ-

ʙʠʣʢʠ 
 

DEVELOPMENT OF MEASURES TO IMPROVE THE EFFICIENCY OF REPAIR 

OF A CONE CRUSHER FOR COARSE CRUSHING 
 

R.ɸ. Basalai, D.A. Karpovich  

 

An analysis of factors influencing the operational efficiency as well as scheduled preventive 

maintenance of coarse cone crushers was conducted. Organizational measures have been de-

veloped aimed at reducing the time for safe scheduled preventive maintenance of the cone 

crusher. A method for monitoring the condition of armor using a 3D scanner is proposed. 

Keywords: cone crusher, rock, coarse crushing, crusher repair 
 

ɺʚʝʜʝʥʠʝ. ɺ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʪʜʝʣʝʥʠʷʭ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ 

ʢʦʤʙʠʥʘʪʦʚ (ɻʆʂ) ʦʩʥʦʚʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʷʚʣʷʶʪʩʷ ʜʨʦʙʠʣʢʠ ʠ ʤʝʣʴ-

ʥʠʮʳ [1-3], ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʜʦ ʪʨʝʙʫʝ-

ʤʳʭ ʬʨʘʢʮʠʡ, ʧʦʩʪʫʧʘʶʱʝʡ ʠʟ ʢʘʨʴʝʨʦʚ ʠʣʠ ʨʫʜʥʠʢʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘ-

ʙʦʪʳ ɻʆʂ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

[4-6]. 

ʉʦʜʝʨʞʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɸʚʪʦʨʘʤʠ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʳʭ ʢʨʠʪʝʨʠʝʚ ʚʳʙʨʘʥʳ: 

ï ʢʚʘʣʠʬʠʢʘʮʠʷ ʨʘʙʦʪʥʠʢʦʚ; 

ï ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʲʝʤʥʳʭ ʤʝʭʘʥʠʟʤʦʚ; 

ï ʚʨʝʤʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ (ʨʠʩ. 1), ʥʘ ʢʦʪʦʨʳʭ ʦʪʨʘʞʝʥʳ 

ʪʨʫʜʦʟʘʪʨʘʪʳ ʚ %-ʯʝʣʦʚʝʢʦ/ʯʘʩʦʚ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʯʝʪʳʨʝʭ ʫʯʘʩʪʢʦʚ ʬʘʙʨʠ-

ʢʠ: ʨʫʜʦʧʦʜʛʦʪʦʚʢʠ, ʦʙʦʛʘʱʝʥʠʷ, ʬʣʦʪʘʮʠʠ ʠ ʩʦʨʪʠʨʦʚʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʪʨʫʜʦʟʘʪʨʘʪʘʤ ʥʘ ʧʨʦʚʝ-

ʜʝʥʠʝ ʇʇʈ ʬʘʙʨʠʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʨʝʤʦʥʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʫʜʦʧʦʜʛʦʪʦʚʢʠ ʩ 

ʦʙʱʠʤ ʯʠʩʣʦʤ ʦʢʦʣʦ 2 ʪʳʩ.ʯʝʣʦʚʝʢʦ/ʯʘʩʦʚ. ʇʨʠ ʵʪʦʤ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʪʨʫʜʦ-

ʝʤʢʠʭ ʦʧʝʨʘʮʠʡ, ʪ.ʝ. ʨʝʤʦʥʪ ʜʨʦʙʠʣʢʠ, ʩʦʩʪʘʚʣʷʝʪ 32 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 

ʨʘʙʦʪ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ. 
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ʈʠʩ.1. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ɻʆʌ 
 

ɸʚʪʦʨʳ ʧʨʦʚʝʣʠ ʪʘʢʞʝ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʇʇʈ ʢʦʥʫʩʥʦʡ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʩʝʨʠʠ ʂʂɼ-1500. ɼʣʷ ʵʪʦʛʦ 

ʠʟʫʯʝʥʳ ʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʝʤʦʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ (ʨʠʩ. 2), ʦʪʦʙʨʘʞʘʶʱʘʷ ʧʨʦ-

ʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʨʘʙʦʪ ʧʦ ʝʝ 

ʨʝʤʦʥʪʫ. ʀʟ ʥʝʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʝ ï ʵʪʦ ʜʝʤʦʥʪʘʞ ʜʦʤʢʨʘ-

ʪʦʚ ʪʨʘʚʝʨʩʳ ʠ ʫʢʨʳʪʠʷ, ʘ ʪʘʢʞʝ ʤʦʥʪʘʞ ʣʝʩʦʚ. ʅʘ ʠʭ ʧʨʦʚʝʜʝʥʠʝ ʩʫʤʤʘʨ-

ʥʦ ʪʨʝʙʫʝʪʩʷ ʜʦ 42 % ʯʝʣʦʚʝʢʦ/ʯʘʩʦʚ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥʠʷ ʇʇʈ ʢʘʢ ʚʩʝʡ ʬʘʙʨʠʢʠ, ʪʘʢ ʠ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ï ʢʦʥʫʩʥʦʡ ʜʨʦʙʠʣʢʠ, ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʢ ʧʨʠʤʝʥʷʝʤʳʤ ʥʘ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢʘʭ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷ-

ʪʠʷ: 

1. ʆʙʫʯʘʶʱʠʝ ʧʨʝʟʝʥʪʘʮʠʠ ʠ ʚʠʜʝʦʨʦʣʠʢʠ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʫʩʚʦʝ-

ʥʠʷ ʤʝʪʦʜʠʢ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚ ʩʦʩʪʘʚʝ ʙʨʠʛʘʜʳ; 

2. ʇʦʜʛʦʪʦʚʢʫ ʧʝʨʩʦʥʘʣʘ, ʧʨʠʚʣʝʢʘʝʤʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʇʈ ʩʣʦʞʥʦ-

ʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʜʨʦʙʠʣʢʘ ʠ ʤʝʣʴʥʠʮʘ), ʦʪʨʘʙʦʪʢʫ ʦʩ-

ʥʦʚʥʳʭ ʧʨʠʝʤʦʚ ʜʝʤʦʥʪʘʞʘ, ʩʙʦʨʢʠ ʠ ʨʝʛʫʣʠʨʦʚʢʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʥʘ ʩʠʤʫʣʷʪʦʨʘʭ; 


