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ʆ.ʆ. ʇʣʘʭʪʠʨ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 
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2015. ï 255 ʩ. 
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ʆʈɻʂʆʄɯʊɽʊ 
ʇʨʝʟʠʜʽʷ ʦʨʛʢʦʤʽʪʝʪʫ 

ɻʦʣʦʚʘ: 

¶ ɺ.ʉ. ʐʝʙʘʥʽʥ ï ʨʝʢʪʦʨ ʄʠʢʦʣʘʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ. 

ʉʧʽʚʛʦʣʦʚʠ:  

¶ ʆ.ɭ. ʅʦʚʽʢʦʚ ï ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʄʠʢʦʣʘʾʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ. 

¶ ʄ.ɯ. ʏʦʨʥʦʚʦʣ ï ʨʝʢʪʦʨ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ; 

¶ ʂ.ʄ. ɻʦʨʙʫʥʦʚʘ ï ʚ.ʦ. ʜʝʢʘʥʘ ʽʥʞʝʥʝʨʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ 

ʄʠʢʦʣʘʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʢ.ʧʝʜ.ʥ., ʜʦʮʝʥʪ; 

¶ ʆ.ɺ. ʇʽʩʢʫʥ ï ʚ.ʦ. ʜʠʨʝʢʪʦʨʘ, ʟʘʩʪʫʧʥʠʢ ʜʠʨʝʢʪʦʨʘ ʜʝʧʘʨʪʘʤʝʥʪʫ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʄʠʢʦʣʘʾʚʩʴʢʦʾ ʦʙʣʘʩʥʦʾ ʜʝʨʞʘʚʥʦʾ 

ʘʜʤʽʥʽʩʪʨʘʮʽʾ. 

 

 

ʉʢʣʘʜ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ  

ʏʣʝʥʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

¶ ɸ.ɯ. ɹʦʡʢʦ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʥʘʜʽʡʥʦʩʪʽ ʪʝʭʥʽʢʠ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ; 

¶ ɭʚʛʝʥ ʂʨʘʩʦʚʩʴʢʠʡ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʽ 

ʜʚʠʛʫʥʽʚ ʃʶʙʣʽʥʩʴʢʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʘʢʘʜʝʤʽʾ (ʤ. ʃʶʙʣʽʥ, 

ʇʦʣʴʱʘ); 

¶ ʈ.ʖ. ʉʦʣʦʚʡʦʚ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʟʘʤʽʩʥʠʢ ʜʠʨʝʢʪʦʨʘ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ 

ɺʩʝʨʦʩʽʡʩʴʢʦʛʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʨʝʤʦʥʪʫ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʫ (ʤ. ʄʦʩʢʚʘ, ʈʦʩʽʷ); 

¶ ɸ.ɯ. ʉʚʽʨʽʜʴʦʥʦʢ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʛʦʣʦʚʥʠʡ ʨʝʜʘʢʪʦʨ ʞʫʨʥʘʣʫ 

çʊʨʝʥʠʝ ʠ ʠʟʥʦʩè ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʮʝʥʪʨʫ ʧʨʦʙʣʝʤ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ 

ʅɸʅ ɹʽʣʦʨʫʩʽʾ (ʤ. ɻʨʦʜʥʦ, ɹʽʣʦʨʫʩʴ); 

¶ ɸʨʚʽʜʘʩ ɺʽʣʴʜʝ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʽʥʞʝʥʝʨʥʦʛʦ 

ʬʘʢʫʣʴʪʝʪʫ ʃʘʪʚʽʡʩʴʢʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʤ. ɽʣʛʘʚʘ, 

ʃʘʪʚʽʷ); 

¶ ʃ.ɺ. ɺʘʭʦʥʽʥʘ ï ʢ.ʬ-ʤ.ʥ., ʜʦʮʝʥʪ, ʟʘʩʪʫʧʥʠʢ ʜʝʢʘʥʘ ʟ ʥʘʚʯʘʣʴʥʦʾ ʨʦʙʦʪʠ 

ʽʥʞʝʥʝʨʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʄʠʢʦʣʘʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

¶ ɼ.ɼ. ʄʘʨʯʝʥʢʦ ï ʢ.ʪ.ʥ., ʘʩʠʩʪʝʥʪ, ʟʘʩʪʫʧʥʠʢ ʜʝʢʘʥʘ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ 

ʽʥʞʝʥʝʨʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʄʠʢʦʣʘʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 
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ʇʈʀʏʀʅʀ ɿʅʆʐʋɺɸʅʅʗ ʇɸʈ ʊɽʈʊʗ ʊɸ  

ʄɽʊʆɼʀ ʇɯɼɺʀʑɽʅʅʗ ɰʍ ɼʆɺɻʆɺɯʏʅʆʉʊɯ  

ʆɹʂɸʊʋɺɸʅʅʗʄ ʈʆʃʀʂɸʄʀ 

ɼ. ɼ. ʄʘʨʯʝʥʢʦ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ,ʘʩʠʩʪʝʥʪ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʩʪʘʪʪʽ ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʧʨʠʯʠʥ ʟʥʦʰʫʚʘʥʥʷ ʢʘʥʘʪʥʠʭ ʙʣʦʢʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʣʦʢʠ ʟʥʦʰʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʪʝʨʪʷ, ʪʘ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʨʫʡʥʫʚʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ, ʘ ʦʧʽʨ ʡʦʤʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢʽʩʪʶ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʟʤʽʮʥʝʥʥʷ ʧʨʦʬʽʣʶ 

ʢʘʥʘʪʥʠʭ ʙʣʦʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʢʘʪʫʚʘʥʥʷ ʢʣʠʥʦʚʠʤ ʨʦʣʠʢʦʤ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʾʭ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʫ 3 ï 4 ʨʘʟʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʘʨʘ ʪʝʨʪʷ, ʦʙʢʘʪʫʚʘʥʥʷ ʨʦʣʠʢʦʤ, ʟʤʽʮʥʝʥʥʷ, 

ʢʘʥʘʪʥʠʡ ʙʣʦʢ, ʢʘʥʘʪ. 

 

ʋ ʢʘʥʘʪʥʠʭ ʙʣʦʢʘʭ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʘʥʘʪ ʚʟʘʻʤʦʜʽʻ ʟ ʧʦʚʝʨʭʥʝʶ 

ʡʦʛʦ ʩʪʨʫʤʢʘ ʽ ʟʘ ʨʘʭʫʥʦʢ ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʽ ʢʨʫʯʝʥʥʷ ʧʽʜ ʜʽʻʶ 

ʨʦʟʪʷʛʫʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʢʦʚʟʫʻ ʽ ʦʙʝʨʪʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʚʣʘʩʥʦʾ ʚʽʩʽ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʠʭ ʚʠʜʽʚ ʫʰʢʦʜʞʝʥʥʷ: ʟʥʦʩ ʩʪʨʫʤʢʘ, ʧʦʷʚʠ ʪʨʽʱʠʥ, 

ʚʽʜʢʦʣʠ ʨʝʙʦʨʜ, ʟʘʛʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʽ ʽʥʰʽ ʜʝʬʝʢʪʠ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʚʥʝʩʦʢ ʫ ʪʝʦʨʽʶ, ʨʦʟʨʘʭʫʥʦʢ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʧʘʨʠ ʪʝʨʪʷ çʢʘʥʘʪʥʠʡ ʙʣʦʢ ï ʢʘʥʘʪè ʚʥʝʩʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʄ. ʌ. ɻʣʫʰʢʦ [1], 

ʄ. ʂ. ɻʦʥʯʘʨʝʥʢʦ, ʇ. ʇ. ʅʝʩʪʝʨʦʚʘ, ɺ. ʊ. ʂʦʟʣʦʚʘ, ʄ. ʄ. ʍʘʣʴʬʽʥʘ, ʅ. ʂ. 

ʍʦʨʭʦʜʽʥʘ, ɺ. ɸ. ʈʠʞʠʢʦʚʘ, ɺ. ʆ. ɺʝʩʝʣʦʚʩʴʢʠʡ, ɸ. ɸ. ʂʦʨʦʪʢʠʡ ʪʘ ʽʥ. 

ɹʣʦʢʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʯʘʚʫʥʫ, ʩʪʘʣʽ ʣʠʪʠʤʠ, ʰʪʘʤʧʦʚʘʥʠʤʠ ʽ 

ʟʚʘʨʥʠʤʠ [2]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʯʘʚʫʥʫ ʜʣʷ ʣʠʪʠʭ ʙʣʦʢʽʚ ʧʽʜʚʠʱʫʻ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʙʣʦʢʫ ʥʘ 10 ï 12% ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʪʘʣʝʚʠʤ. ɿʥʦʰʝʥʽ 

ʯʘʚʫʥʥʽ ʢʘʥʘʪʥʽ ʙʣʦʢʠ (ʉʏ 15 ï 32) ʟʘʤʽʥʶʶʪʴ ʙʣʦʢʘʤʠ ʽʟ ʩʪʘʣʽ ï 25ʃ [3]. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʟʥʦʩʫ ʢʘʥʘʪʘ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʩʪʨʫʤʢʘ ʤʘʻ ʙʫʪʠ 

ʥʝ ʚʠʱʘ Rz = 20 ʤʢʤ. ɼʽʘʤʝʪʨ ʢʘʥʘʪʥʠʭ ʩʪʨʫʤʢʽʚ ʙʣʦʢʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʟʥʦʰʫʚʘʥʥʷ ʥʝ ʤʘʻ ʙʫʪʠ ʤʝʥʰʝ ʟʥʘʯʝʥʴ, ʧʨʠʚʝʜʝʥʠʭ ʥʠʞʯʝ. 
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ɼʽʘʤʝʪʨ ʢʘʥʘʪʘ d, ʤʤ ɺʽʜ 14 ʜʦ 28 ɺʽʜ 28 ʜʦ 35 ʇʦʥʘʜ 35 

ɼʽʘʤʝʪʨ ʢʘʥʘʚʢʠ, ʤʤ d + 1,5 d + 2,5 d + 4 

 

ʇʨʠ ʟʘʛʘʣʴʥʦʤʫ ʟʥʦʩʽ ʩʪʨʫʤʢʽʚ ʢʘʥʘʪʥʦʛʦ ʙʣʦʢʫ ʘʙʦ ʧʨʠ ʧʦʷʚʽ 

ʥʝʦʜʥʘʢʦʚʦʛʦ ʟʥʦʩʫ ʩʪʨʫʤʢʽʚ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʨʦʩʣʠʟʘʥʥʷ ʢʘʥʘʪʽʚ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʣʦʢ ʤʘʻ ʙʫʪʠ ʧʨʦʪʦʯʝʥʠʡ ʘʙʦ ʟʘʤʽʥʝʥʠʡ ʥʦʚʠʤ. 

ʆʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʧʨʠʜʘʪʥʦʩʪʽ ʢʘʥʘʪʥʦʛʦ ʙʣʦʢʫ ʽ ʧʦʜʘʣʴʰʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʚʝʣʠʯʠʥʘ ʡʦʛʦ ʪʷʛʦʚʦʾ ʟʜʘʪʥʦʩʪʽ. ʊʷʛʦʚʘ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʪʥʠʭ 

ʙʣʦʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʽʣʦʛʦ ʨʷʜʫ ʯʠʥʥʠʢʽʚ: ʬʦʨʤʠ ʩʪʨʫʤʢʘ, ʰʦʨʩʪʢʦʩʪʽ 

ʧʦʚʝʨʭʥʽ ʩʪʨʫʤʢʽʚ, ʟʥʦʩʫ ʢʘʥʘʪʽʚ, ʥʘʷʚʥʦʩʪʽ ʤʘʩʪʠʣʘ, ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʢʨʝʤʠʭ ʢʘʥʘʪʽʚ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʝʤʦʥʪʫ ʘʙʦ ʟʘʤʽʥʠ ʙʣʦʢʫ 

ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʧʦ ʛʣʠʙʠʥʽ ʨʘʜʽʘʣʴʥʦʛʦ ʟʥʦʩʫ ʩʪʨʫʤʢʘ, ʧʨʠ ʷʢʽʡ 

ʬʘʢʪʠʯʥʘ ʪʷʛʦʚʘ ʟʜʘʪʥʽʩʪʴ ʙʣʦʢʫ ʩʪʘʻ ʤʝʥʰʝ ʧʦʪʨʽʙʥʦʾ ʪʷʛʦʚʦʾ ʟʜʘʪʥʦʩʪʽ. 

ɯʥʰʠʤ ʯʠʥʥʠʢʦʤ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʢʘʥʘʪʥʦʛʦ 

ʙʣʦʢʫ, ʩʣʽʜ ʨʘʭʫʚʘʪʠ ʜʦʧʫʩʪʠʤʫ ʨʽʟʥʠʮʶ ʚ ʨʘʜʽʫʩʘʭ ʦʭʦʧʣʝʥʥʷ ʢʘʥʘʪʥʦʛʦ 

ʙʣʦʢʫ ʜʝʢʽʣʴʢʦʤʘ ʢʘʥʘʪʘʤʠ, ʦʙʫʤʦʚʣʝʥʫ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʟʥʦʩʦʤ ʩʪʨʫʤʢʽʚ 

ʙʣʦʢʫ. ɺʢʘʟʘʥʠʡ ʯʠʥʥʠʢ ʻ ʧʨʠʯʠʥʦʶ ʧʨʦʙʫʢʩʦʚʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʢʘʥʘʪʽʚ ʥʘ 

ʙʣʦʮʽ, ʱʦ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʪʷʛʦʚʦʛʦ ʚʫʟʣʘ (ʢʘʥʘʪʥʠʡ ʙʣʦʢ ï 

ʢʘʥʘʪ). 

ʇʨʠ ʥʘʜʜʦʧʫʩʪʠʤʦʤʫ ʟʥʦʩʽ ʩʪʨʫʤʢʘ ʢʘʥʘʪʥʽ ʙʣʦʢʠ ʽ ʥʘʧʽʚʙʣʦʢʠ                     

Ï > 900 ʤʤ ʧʽʜʣʷʛʘʶʪʴ ʟʘʤʽʥʽ. ʉʪʨʫʤʢʠ ʙʣʦʢʽʚ Ï < 900 ʤʤ ʜʦʧʫʩʢʘʻʪʴʩʷ 

ʚʽʜʥʦʚʣʶʚʘʪʠ ʥʘʧʣʘʚʣʝʥʥʷʤ ʟ ʧʦʜʘʣʴʰʠʤ ʚʽʜʧʘʣʦʤ. ʇʨʦʬʽʣʴ ʩʪʨʫʤʢʘ 

ʧʝʨʝʚʽʨʷʶʪʴ ʰʘʙʣʦʥʦʤ ʽ ʧʦʪʽʤ ʨʦʙʣʷʪʴ ʧʦʚʝʨʭʥʝʚʝ ʟʘʛʘʨʪʫʚʘʥʥʷ. ʄʽʩʮʝʚʠʡ 

ʟʣʘʤ ʩʪʽʥʢʠ ʩʪʨʫʤʢʘ ʟʘʚʜʦʚʞʢʠ ʜʦ 300 ʤʤ ʙʣʦʢʫ Ï = 1400 ʤʤ ʜʦʧʫʩʢʘʻʪʴʩʷ 

ʚʽʜʥʦʚʣʶʚʘʪʠ ʪʽʣʴʢʠ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ ʧʨʠʚʘʨʶʚʘʥʥʷʤ ʚʩʪʘʚʢʠ ʽ ʟʘʯʠʩʪʢʦʶ 

ʫʨʽʚʝʥʴ ʟ ʧʦʯʘʪʢʦʚʠʤ ʢʦʥʪʫʨʦʤ ʩʪʨʫʤʢʘ. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʦʙʽʜ, ʙʣʦʢʠ ʽ ʥʘʧʽʚʙʣʦʢʠ 

ʙʨʘʢʫʶʪʴʩʷ. ɹʣʦʢʠ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥ ʥʘ 

ʨʝʙʦʨʜʘʭ ʘʙʦ ʩʧʠʮʷʭ, ʘ ʪʘʢʦʞ ʚʽʜʢʦʣʫ ʥʘ ʨʝʙʦʨʜʘʭ ʘʙʦ ʚʽʜʙʠʪʢʫ ʢʘʥʘʪʘ ʥʘ 
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ʩʪʨʫʤʢʫ. ʈʘʜʽʘʣʴʥʝ ʙʠʪʪʷ ʢʘʥʘʪʥʦʛʦ ʙʣʦʢʫ ʧʦ ʩʪʨʫʤʢʫ ʧʨʠ ʜʽʘʤʝʪʨʽ ʚʽʜ 450 

ʜʦ 800 ʤʤ ʥʝ ʧʦʚʠʥʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,2 ʤʤ, ʧʨʠ ʜʽʘʤʝʪʨʽ ʚʽʜ 800 ʜʦ 1000 

ʤʤ ï ʥʝ ʙʽʣʴʰʝ 0,25 ʤʤ. 

ɺʠʨʦʙʣʝʥʥʷ ʩʪʨʫʤʢʘ ʽ ʨʝʙʦʨʜ, ʟʥʦʰʫʚʘʥʥʷ ʦʩʝʡ ʽ ʚʪʫʣʦʢ, ʧʦʩʘʜʦʯʥʽ 

ʧʦʚʝʨʭʥʽ ʢʘʥʘʪʥʠʭ ʙʣʦʢʽʚ ʚʠʢʣʠʢʘʻ ʟʘʾʜʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʙʣʦʢʫ ʘʙʦ ʢʦʩʝ 

ʥʘʪʷʛʥʝʥʥʷ ʢʘʥʘʪʘ. ʇʨʠ ʢʦʩʦʤʫ ʥʘʪʷʛʥʝʥʥʽ ʢʘʥʘʪʘ (ʧʨʠ ʚʝʣʠʢʽʡ ʜʝʚʽʘʮʽʾ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʥʦʩʪʦʨʦʥʥʻ ʚʠʨʦʙʣʝʥʥʷ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʨʝʙʦʨʜ ʢʘʥʘʪʥʦʛʦ 

ʙʣʦʢʫ. 

ʂʘʥʘʪʥʽ ʙʣʦʢʠ ʧʽʜʣʷʛʘʶʪʴ ʟʘʤʽʥʽ ʜʦʩʷʛʰʠ ʛʨʘʥʠʯʥʦʛʦ ʟʥʦʩʫ, ʟʛʽʜʥʦ 

ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʷ 1 

ɻʨʘʥʠʯʥʠʡ ʟʥʦʩ ʢʘʥʘʪʥʠʭ ʙʣʦʢʽʚ 

ɻʨʘʥʠʯʥʠʡ ʟʥʦʩ ʉʭʝʤʘ 

ɹʣʦʢʠ ʢʘʥʘʪʥʽ ʟʚʘʨʥʽ: 

ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʦʙʦʜʘ ʙʣʦʢʫ ʚ 

ʤʽʩʮʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʦʩʫ ʥʘ 0,4t 
 

ɹʣʦʢʠ ʢʘʥʘʪʥʽ ʣʠʪʽ: 

ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʩʧʨʘʮʴʦʚʘʥʘ ʥʘ 

ʛʣʠʙʠʥʫ ʜʦ 0,4R 

 

 

ʗʢʱʦ ʢʘʥʘʪ ʥʝ ʟʜʘʪʥʠʡ ʟʤʽʥʶʚʘʪʠ ʩʚʦʶ ʬʦʨʤʫ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ, ʪʦ 

ʩʠʣʘ ʪʝʨʪʷ ʤʽʞ ʢʘʥʘʪʥʠʤ ʙʣʦʢʦʤ ʽ ʪʨʦʩʦʤ ʟʨʦʩʪʘʻ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʰʚʠʜʢʦʛʦ ʟʥʦʩʫ ʷʢ ʢʘʥʘʪʘ, ʪʘʢ ʽ ʩʪʨʫʤʢʘ ʙʣʦʢʫ [4]. 

ɿʥʦʩ ʩʪʨʫʤʢʘ ʽ ʨʝʙʦʨʜ ʢʘʥʘʪʥʠʭ ʙʣʦʢʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʥʠʢʘʻ, ʷʢʱʦ 

ʟʘʾʜʘʶʪʴ ʧʽʜʰʠʧʥʠʢʠ ʙʣʦʢʫ ʘʙʦ ʢʨʠʚʦ ʥʘʪʷʛʥʫʪʠʡ ʢʘʥʘʪ (ʚʝʣʠʢʽ ʢʫʪʠ 

ʜʝʚʽʘʮʽʾ). ʂʦʣʠ ʧʽʜʰʠʧʥʠʢʠ ʧʦʛʘʥʦ ʟʤʘʱʝʥʽ ʽ ʾʭ ʟʘʾʜʘʻ, ʢʘʥʘʪ ʢʦʚʟʘʻ ʧʦ 

ʙʣʦʢʫ, ʱʦ ʚ ʫʤʦʚʘʭ ʘʙʨʘʟʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʧʠʣ, ʧʽʩʦʢ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʰʚʠʜʢʦʛʦ ʚʠʨʦʙʣʝʥʥʷ ʩʪʨʫʤʢʘ ʘʙʦ ʨʝʙʦʨʜ ʙʣʦʢʫ. ʆʩʦʙʣʠʚʦ ʰʚʠʜʢʦ 
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ʚʠʨʦʙʣʷʶʪʴʩʷ ʙʣʦʢʠ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʘʥʘʪʥʠʭ ʙʣʦʢʽʚ ʽ ʢʘʥʘʪʽʚ ʧʨʘʢʪʠʢʫʻʪʴʩʷ ʬʫʪʝʨʫʚʘʪʠ ʞʦʣʦʙ 

ʧʣʘʩʪʤʘʩʘʤʠ, ʜʝʨʝʚʦʤ, ʪʝʢʩʪʦʣʽʪʦʤ, ʨʝʟʠʥʦʶ, ʢʘʧʨʦʥʦʤ, ʘʣʶʤʽʥʽʻʤ ʪʘ 

ʽʥʰʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʩʪʨʦʢ ʩʣʫʞʙʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 2 ï 2,5 ʨʘʟʠ. 

ɸʣʝ, ʪʘʢʘ ʦʙʨʦʙʢʘ ʫʩʢʣʘʜʥʶʻ ʪʝʭʥʦʣʦʛʽʶ, ʧʽʜʚʠʱʫʻ ʚʘʨʪʽʩʪʴ ʢʘʥʘʪʥʠʭ 

ʙʣʦʢʽʚ ʪʘ ʫ ʟʚôʷʟʢʫ ʟʽ ʟʥʘʯʥʠʤ ʫʩʢʣʘʜʥʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʙʣʦʢʫ ʮʝ ʜʦʮʽʣʴʥʦ 

ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʢʘʥʘʪ ʚʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʾ ʜʦʚʞʠʥʠ ʘʙʦ ʩʢʣʘʜʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʥʦʩʥʦ ʜʦʨʦʞʯʝ ʙʣʦʢʽʚ ʽ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽʰʝ ʟʙʽʣʴʰʠʪʠ 

ʡʦʛʦ ʜʦʚʛʦʚʽʯʥʽʩʪʴ [5]. 

ɺʽʜʥʦʚʣʝʥʥʷ ʙʣʦʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ, 

ʟʚʘʨʶʚʘʥʥʷ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʩʧʦʩʦʙʫ, ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʪʘ 

ʽʥ. ʻ ʜʫʞʝ ʝʢʦʥʦʤʽʯʥʦ ʪʘ ʤʘʪʝʨʽʘʣʴʥʦ ʟʘʪʨʘʪʥʠʤʠ, ʪʦʤʫ ʜʦʮʽʣʴʥʽʰʝ 

ʧʨʦʚʦʜʠʪʠ ʟʘʭʦʜʠ ʱʦʜʦ ʟʤʽʮʥʝʥʥʷ ʢʘʥʘʪʥʠʭ ʙʣʦʢʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 

ʆʪʞʝ, ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʽ ʤʝʪʦʜʽʚ ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʦʜʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ 

ʜʝʪʘʣʝʡ (ʨʽʚʥʦʤʽʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʪʘ 

ʽʥ.), ʚʠʷʚʣʷʶʪʴʩʷ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤʠ ʚ ʽʥʰʠʭ (ʫʜʘʨʥʠʡ ʭʘʨʘʢʪʝʨ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʝʣʠʢʽ ʧʠʪʦʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ ʽ ʪ. ʧ.). 

ɸʣʝ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʦʙʣʘʜʥʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ 

ʟʘʛʘʨʪʫʚʘʥʥʷ ʽ ʮʝʤʝʥʪʘʮʽʾ, ʻ ʝʢʦʥʦʤʽʯʥʦ ʥʝʚʠʧʨʘʚʜʘʥʠʤ ʽ ʪʦʤʫ ʟʘʚʞʜʠ 

ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʡʦʛʦ ʧʨʠʜʙʘʥʥʷ. 
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ʈʠʩ. 1. ʇʨʠʩʪʨʽʡ ʜʣʷ ʦʙʢʘʪʫʚʘʥʥʷ ʢʘʥʘʪʥʠʭ ʙʣʦʢʽʚ ʢʣʠʥʦʚʠʤ ʨʦʣʠʢʦʤ: 

1 ï ʨʦʣʠʢ; 2 ï ʦʙʢʘʪʫʚʘʥʘ ʜʝʪʘʣʴ; 3, 7 ï ʚʽʩʴ; 4, 8, 9, 10 ï ʧʽʜʰʠʧʥʠʢʠ; 

5 ï ʚʘʞʽʣʴ; 6 ï ʢʨʦʥʰʪʝʡʥ; 11, 12 ï ʧʣʘʥʢʠ; 13 ï ʩʬʝʨʠʯʥʘ ʰʘʡʙʘ; 

14 ï ʚʪʫʣʢʘ; 15 ï ʧʨʫʞʠʥʘ; 16 ï ʚʪʫʣʢʘ; 17 ï ʪʷʛʘ; 18 ï ʰʪʠʬʪ; 

19, 22 ï ʛʘʡʢʘ; 20 ï ʨʫʢʦʷʪʢʘ; 21 ï ʛʚʠʥʪ; 23, 24 ï ʨʠʤ ʙʦʣʪʠ 

 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʧʠʪʘʥʥʷ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʤʽʮʥʝʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʜʝʪʘʣʝʡ ʩʣʽʜ ʚʠʭʦʜʠʪʠ ʟ ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʜʘʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʜʝʪʘʣʽ ʧʽʩʣʷ ʾʾ ʟʤʽʮʥʝʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʦʪʷʛʦʤ ʤʽʞʨʝʤʦʥʪʥʦʛʦ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʚʫʟʣʘ, ʚ ʷʢʠʡ ʚʭʦʜʠʪʴ ʜʝʪʘʣʴ, ʽ 

ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʟʤʽʮʥʝʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʊʦʤʫ, ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦ ʜʦʮʽʣʴʥʠʤ 

ʤʝʪʦʜʦʤ ʟʤʽʮʥʝʥʥʷ ʢʘʥʘʪʥʠʭ ʙʣʦʢʽʚ ʻ ʦʙʢʘʪʫʚʘʥʥʷ ʨʦʣʠʢʘʤʠ. ʅʘʤʠ 

ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʽ ʧʨʠʩʪʨʽʡ ʜʣʷ ʦʙʢʘʪʫʚʘʥʥʷ ʢʘʥʘʪʥʠʭ ʙʣʦʢʽʚ 

ʢʣʠʥʦʚʠʤ ʨʦʣʠʢʦʤ (ʜʠʚ. ʨʠʩ. 1). 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʠʩʪʨʽʡ ʽ ʪʝʭʥʦʣʦʛʽʶ ʦʙʢʘʪʫʚʘʥʥʷ ʢʘʥʘʪʥʠʭ ʙʣʦʢʽʚ 

ʢʣʠʥʦʚʠʤ ʨʦʣʠʢʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʠʟʴʢʫ ʰʦʨʩʪʢʽʩʪʴ ʽ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ 

ʥʘʢʣʝʧʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ [6]. ʎʝʡ ʝʬʝʢʪ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʙʝʨʽʛʘʥʥʷ 

ʧʦʩʪʽʡʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʢʫʪʘ j ʚʪʠʩʢʫʚʘʥʥʷ ʨʦʣʠʢʘ ʚ ʦʙʨʦʙʣʶʚʘʥʫ 

ʧʦʚʝʨʭʥʶ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʣʠʢʦʚʦʛʦ ʚʫʟʣʘ ʥʘ ʦʧʦʨʘʭ ʢʦʯʝʥʥʷ [7]. ʎʝ 
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ʩʧʨʠʷʻ ʨʽʚʥʦʤʽʨʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʭʚʠʣʷʩʪʦʩʪʽ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʽ ʢʦʥʪʘʢʪʥʦʾ 

ʤʽʮʥʦʩʪʽ, ʘ ʦʪʞʝ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʘʥʘʪʥʠʭ ʙʣʦʢʽʚ. 
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ʇʨʠʯʠʥʳ ʠʟʥʘʰʠʚʘʥʠʷ ʧʘʨ ʪʨʝʥʠʷ ʠ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʦʙʢʘʪʳʚʘʥʠʝʤ ʨʦʣʠʢʘʤʠ. ɼ. ɼ. ʄʘʨʯʝʥʢʦ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ ʠʟʥʦʩʘ ʢʘʥʘʪʥʳʭ ʙʣʦʢʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʙʣʦʢʠ ʠʟʥʘʰʠʚʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʘʢʪʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ, ʠ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʟʨʫʰʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʝʤʫ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʪʝʭʥʦʣʦʛʠʶ ʫʧʨʦʯʥʝʥʠʷ 

ʧʨʦʬʠʣʷ ʢʘʥʘʪʥʳʭ ʙʣʦʢʦʚ ʩ ʧʦʤʦʱʴʶ ʦʙʢʘʪʳʚʘʥʠʷ ʢʣʠʥʦʚʳʤ ʨʦʣʠʢʦʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʚʳʩʠʪʴ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚ 3 - 4 ʨʘʟʘ. 

 

Causes of wear of friction pairs and methods to improve their durability rolling by rollers.  

D. D. Marchenko 

The results of the analysis of the causes of deterioration of pulleys. It is found that blocks wear 

out as a result of the contact load of the friction surfaces, and in most cases destruction begins in the 

surface layer, and the resistance to it is defined as a surface layer. It was suggested that the 

technology of hardening Profile pulleys using rolling wedge roller, thus improving the durability of 3 - 

4 times. 

 

ʋɼʂ 631.355 

ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʂɯʅɽʄɸʊʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ 

ʇʆɼʈɯɹʅʖɺɸʃʔʅʆɻʆ ɸʇɸʈɸʊʋ ʇʈʆʊʗɻʋɺɸʃʔʅʆɻʆ ʊʀʇʋ 

ʄ.ɺ. ɿʘʚʽʨʶʭʘ, ʧʦʰʫʢʘʯ 

ʄ.ʖ. ʐʘʪʦʭʽʥ, ʧʦʰʫʢʘʯ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʢʦʥʽʚ ʨʫʭʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʧʨʦʪʷʛʫʚʘʣʴʥʦʛʦ 

ʨʽʟʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʪʘ ʟʥʘʡʜʝʥʽ 

ʤʽʥʽʤʘʣʴʥʦ- ʪʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʽ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʣʦʤʫ 

ʧʨʦʪʽʢʘʥʥʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʙʠʨʘʥʥʷ ʢʫʢʫʨʫʜʟʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʽʟʘʥʥʷ, ʧʨʦʪʷʛʫʚʘʥʥʷ, ʰʚʠʜʢʽʩʪʴ, ʪʨʘʻʢʪʦʨʽʷ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʶʜʠʥʦʶ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʣʝʟʦʤ ʟ ʜʘʚʥʽʭ ʯʘʩʽʚ ʽ ʰʠʨʦʢʝ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʡʦʛʦ ʥʝ ʣʠʰʝ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʘʣʝ ʡ ʽʥʰʠʭ 

ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʥʝʤʘʻ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʩʽʭ 
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ʙʘʛʘʪʦʩʪʦʨʦʥʥʽʭ ʘʩʧʝʢʪʽʚ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʙʘʛʘʪʦʛʘʣʫʟʝʚʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ʇʨʘʮʽ ɺ.ʇ. 

ɻʦʨʷʯʢʽʥʘ [1, 2], ɺ.ɸ. ɾʝʣʽʛʦʚʩʴʢʦʛʦ [3], ɯ.ɯ. ʂʘʧʫʩʪʽʥʘ [4], ʅ.ɺ. ʉʘʙʣʽʢʦʚʘ 

[5], ɻ.ɯ. ɹʨʝʤʝʨʘ [6], ɸ.ɸ. ɯʚʘʰʢʦ [7], ʅ.ɽ. ʈʝʟʥʽʢʘ [8] ʪʘ ʽʥʰʠʭ ʘʚʪʦʨʽʚ 

ʧʨʠʩʚʷʯʝʥʽ ʙʘʛʘʪʴʦʤ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʪʝʦʨʽʾ ʨʽʟʘʥʥʷ ʣʝʟʦʤ. ʆʜʥʘʢ 

ʨʦʟʨʦʙʣʷʣʠʩʴ ʜʘʥʽ ʪʝʦʨʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ ʦʙʨʦʙʽʪʢʫ 

ʩʭʦʞʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʧʨʠʡʤʘʶʪʴʩʷ ʷʢ ʫʟʘʛʘʣʴʥʝʥʽ, ʘʣʝ ʮʝ ʫ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʜʽʡʩʥʦʩʪʽ. 

ʋ ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʧʨʘʮʷʭ ʟ ʪʝʦʨʽʾ ʨʽʟʘʥʥʷ ʣʝʟʦʤ ʻ 

ʨʷʜ ʨʦʟʙʽʞʥʦʩʪʝʡ, ʩʫʧʝʨʝʯʥʦʩʪʝʡ ʽ ʧʦʭʠʙʦʢ. ʏʘʩʪʠʥʘ ʟ ʥʠʭ, ʙʝʟʩʫʤʥʽʚʥʦ, 

ʚʠʥʠʢʣʘ ʚʥʘʩʣʽʜʦʢ ʟʘʧʦʟʠʯʝʥʥʷ ʜʝʷʢʠʭ ʧʦʣʦʞʝʥʴ ʟ ʪʝʦʨʽʾ ʨʽʟʘʥʥʷ ʤʝʪʘʣʽʚ ʽ 

ʜʝʨʝʚʠʥʠ ʙʝʟ ʜʦʩʪʘʪʥʴʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʣʝʟʦʤ. 

ʊʠʤ ʯʘʩʦʤ ʟʘʟʥʘʯʝʥʽ ʧʨʘʮʽ ʩʪʚʦʨʶʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʽ 

ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʨʽʟʘʥʥʷ ʣʝʟʦʤ ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʪʝʦʨʽʾ, ʚ ʷʢʽʡ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʚʠʜʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʥʦʚʠʪʴ 

ʣʠʰʝ ʯʘʩʪʢʦʚʽ ʫʤʦʚʠ ʽ ʚʠʧʘʜʢʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʦʩʥʦʚʘʤʠ 

ʪʘ ʧʦʣʦʞʝʥʥʷʤʠ ʮʽʻʾ ʪʝʦʨʽʾ. 

ʇʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʢʫʢʫʨʫʜʟʦʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ ʚʠʥʠʢʘʶʪʴ ʧʠʪʘʥʥʷ ʟ 

ʚʽʜʩʫʪʥʽʩʪʶ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ ʷʢ ʧʨʦʪʷʛʫʚʘʣʴʥʝ 

ʨʽʟʘʥʥʷ. ʉʘʤʝ ʨʽʞʫʯʽ ʘʧʘʨʘʪʠ ʧʨʦʪʷʛʫʚʘʣʴʥʦʛʦ ʪʠʧʫ ʟʘ ʩʚʦʾʤʠ ʦʟʥʘʢʘʤʠ ʥʝ 

ʚʭʦʜʷʪʴ ʥʝ ʚ ʦʜʥʫ ʽʟ ʨʦʟʨʦʙʣʝʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʩʭʝʤ, ʦʜʥʘʢ ʨʦʟʛʣʷʜ 

ʜʝʷʢʠʭ ʧʠʪʘʥʴ ʾʭ ʪʝʦʨʽʾ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʥʦʚʠʪʴ ʮʽʢʘʚʽʩʪʴ ʧʨʠ ʨʦʟʛʣʷʜʽ 

ʧʠʪʘʥʴ ʧʨʦʪʷʛʫʚʘʥʥʷ ʩʪʝʙʝʣ ʢʫʢʫʨʫʜʟʠ ʧʨʠ ʾʾ ʟʙʠʨʘʥʥʽ ʟ ʦʜʥʦʯʘʩʥʠʤ ʾʭ 

ʜʝʬʦʨʤʫʚʘʥʥʷʤ (ʟʤʠʥʘʥʥʷʤ). 

ʈʦʙʦʯʠʡ ʨʫʭ ʣʝʟ ʥʦʞʽʚ ʘʧʘʨʘʪʫ ʧʨʦʪʷʛʫʚʘʣʴʥʦʛʦ ʪʠʧʫ ʧʨʠ ʨʦʙʦʪʽ 

ʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʨʠʚʦʣʽʥʽʡʥʫ ʧʦʚʝʨʭʥʶ, ʫ ʧʝʨʝʪʠʥʽ 

ʤʘʻ ʬʦʨʤʫ, ʯʘʩʪʠʥʽ ʧʝʪʣʽ ʪʨʦʭʦʾʜʠ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʽʻʶ ʦʙʩʪʘʚʠʥʦʶ, ʱʦ ʚ 

ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʥʦʞʽ ʥʝ ʪʽʣʴʢʠ ʚʭʦʜʷʪʴ ʚ ʤʘʪʝʨʽʘʣ, ʘʣʝ ʡ ʧʨʦʪʷʛʫʶʪʴ ʡʦʛʦ, 

ʦʧʠʩʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʢʦʣʦ ʥʘʚʢʦʣʦ ʦʩʽ ʙʽʪʝʨʘ, ʨʝʙʨʦʤ ʷʢʦʛʦ ʚʦʥʠ ʻ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʈʽʞʫʯʽ ʘʧʘʨʘʪʠ ʧʨʦʪʷʛʫʚʘʣʴʥʦʛʦ ʪʠʧʫ: ʘ - ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ 

ʣʠʩʪʦʩʪʝʙʣʦʚʦʾ ʤʘʩʠ; ʙ - ʜʣʷ ʥʘʨʽʟʫʚʘʥʥʷ ʩʪʝʙʝʣ ʥʘ ʜʦʚʛʽ ʚʽʜʨʽʟʢʠ 

 

ʄʦʞʥʘ ʨʦʟʨʽʟʥʠʪʠ ʜʚʘ ʦʩʥʦʚʥʽ ʪʠʧʠ ʘʧʘʨʘʪʽʚ ʧʨʦʪʷʛʫʚʘʣʴʥʦʛʦ ʪʠʧʫ: 

- ʚ ʧʝʨʰʦʤʫ (ʨʠʩ. 1, ʘ) ʥʦʞʽ ʦʜʥʦʛʦ ʙʽʪʝʨʘ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ 

ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʤʽʞʥʦʞʝʚʠʡ ʧʨʦʩʪʽʨ ʽʥʰʦʛʦ ʧʘʨʥʦʛʦ ʡʦʤʫ ʙʽʪʝʨʘ; 

- ʫ ʜʨʫʛʦʤʫ (ʨʠʩ. 1, ʙ) ʥʦʞʽ ʦʙʦʭ ʙʽʪʝʨʽʚ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʟ ʧʝʚʥʠʤ 

ʧʝʨʝʢʨʠʪʪʷʤ ʣʝʟ ʚ ʤʘʪʝʨʽʘʣʽ. 

ɺ ʘʧʘʨʘʪʽ ʧʝʨʰʦʛʦ ʚʠʜʫ ʨʽʟʘʥʥʷ ʟʘʚʝʨʰʫʻʪʴʩʷ ʚ ʤʦʤʝʥʪ ʩʧʽʚʧʘʜʘʥʥʷ 

ʥʦʞʘ ʦʜʥʦʛʦ ʙʽʪʝʨʘ ʟ ʩʝʨʝʜʠʥʦʶ ʤʽʞʥʦʞʝʚʦʛʦ ʧʨʦʩʪʦʨʫ ʽʥʰʦʛʦ ʙʽʪʝʨʘ, ʚ 

ʘʧʘʨʘʪʽ ʜʨʫʛʦʛʦ ʚʠʜʫ ʨʽʟʘʥʥʷ ʟʘʚʝʨʰʫʻʪʴʩʷ ʧʨʠ ʧʝʨʝʢʨʠʪʪʽ ʣʝʟ ʥʦʞʽʚ ʦʙʦʭ 

ʙʽʪʝʨʽʚ ʟ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ ʟʘʟʦʨʦʤ. 

ʋ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʽ ʧʨʦʢʘʪʫʚʘʥʥʷ ʢʫʪ ʚʭʦʜʞʝʥʥʷ ʣʝʟ ʘʧʘʨʘʪʫ 

ʧʨʦʪʷʛʫʚʘʣʴʥʦʛʦ ʪʠʧʫ ʚʝʩʴ ʯʘʩ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ ʨʦʟʨʽʟʫ, 
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ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʬʘʩʢʠ ʣʝʟʘ ʨʘʟʦʤ ʟ ʥʝʦʙʭʽʜʥʠʤ ʩʪʠʩʥʝʥʥʷʤ ʚʠʢʦʥʫʶʪʴ 

ʟʤʠʥʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. ʇʨʦʮʝʩ ʟʤʠʥʘʥʥʷ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʘʧʘʨʘʪʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʦʪʦʨʥʽ ʨʽʟʘʣʴʥʽ ʧʨʠʩʪʨʦʾ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ 

ʩʪʝʙʣʘ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ï ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʧʨʠ 

ʧʦʜʨʽʙʥʝʥʥʽ ʣʠʩʪʦʩʪʝʙʣʦʚʦʾ ʤʘʩʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɸ. ɼ. ɹʝʟʧʘʤ'ʷʪʥʦʚ [9], ʨʦʟʛʣʷʜʘʶʯʠ 

ʚʟʘʻʤʦʜʽʶ ʥʦʞʘ ʧʨʦʪʷʛʫʚʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʟ ʧʦʜʨʽʙʥʝʥʠʤ ʩʪʝʙʣʦʤ, ʚʠʨʘʟʠʚ 

ʟʘʣʝʞʥʽʩʪʴ ʟʫʩʠʣʣʷ ʈʟʤ ʟʤʠʥʘʥʥʷ ʡʦʛʦ ʣʝʟʦʤ ʚʽʜ ʚʝʣʠʯʠʥʠ ʢʫʪʘ Ŭ ʧʦʚʦʨʦʪʫ 

ʥʦʞʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

[ ],)cos(cos)2cos2(cos 00 aaaah ---= LRʈ ʙʟʤ  

ʜʝ h - ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʩʪʝʙʣʘ ʟʤʠʥʘʥʥʶ ʣʝʟʦʤ; 

ʙR  - ʨʘʜʽʫʩ ʙʽʪʝʨʘ ʧʦ ʢʨʘʷʭ ʣʝʟʘ; 

Ŭ - ʢʫʪ ʧʦʪʦʯʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʥʦʞʘ; 

Ŭ0 - ʢʫʪ ʟʫʩʪʨʽʯʽ ʣʝʟʘ ʥʦʞʘ ʟʽ ʩʪʝʙʣʦʤ; 

L - ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʩʷʤʠ ʙʽʪʝʨʽʚ. 

ɿ ʬʦʨʤʫʣʠ ʚʠʜʥʦ, ʱʦ ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʫʩʠʣʣʷ ʟʤʠʥʘʥʥʷ, ʱʦ ʥʝ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʱʝ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ, ʤʘʶʪʴ ʢʫʪʠ Ŭ ʽ Ŭ0, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʧʦʩʪʽʡʥʫ ʟʤʽʥʫ ʟʫʩʠʣʣʷ ʟʤʠʥʘʥʥʷ ʈʟʤ ʥʝ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʭʦʜʞʝʥʥʷ ʣʝʟʘ 

ʚ ʤʘʪʝʨʽʘʣ, ʘʣʝ ʡ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʡʦʛʦ ʯʘʩʪʠʥʠ, ʱʦ ʡʜʝ ʥʘ ʥʝʧʨʦʜʫʢʪʠʚʥʝ - 

ʩʫʧʫʪʥʻ ʟʤʠʥʘʥʥʷ ʩʪʝʙʣʘ ʚʽʜ ʧʦʚʦʨʦʪʫ ʣʝʟʘ ʚ ʫʪʚʦʨʝʥʦʤʫ ʥʠʤ ʧʝʨʝʨʽʟʽ. 

ɼʣʷ ʧʨʦʪʷʛʫʚʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ ʥʘʨʽʟʘʶʯʽ ʨʦʙʦʯʽ 

ʦʨʛʘʥʠ, ʱʦ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʫʢʫʨʫʜʟʦʟʙʠʨʘʣʴʥʠʭ 

ʤʘʰʠʥʘʭ. ʎʽʢʘʚʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʢʽʥʝʤʘʪʠʢʠ ʨʽʟʘʣʴʥʦʛʦ 

ʘʧʘʨʘʪʫ, ʷʢ ʘʙʩʦʣʶʪʥʘ ʪʨʘʻʢʪʦʨʽʷ ʡʦʛʦ ʥʦʞʽʚ, ʾʭ ʚʽʜʥʦʩʥʘ ʪʨʘʻʢʪʦʨʽʷ ʚ 

ʧʝʨʝʨʽʟʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ, ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʽ ʜʦʚʞʠʥʠ ʚʽʜʨʽʟʢʽʚ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʧʘʨʘʪʫ ʽ ʪ.ʧ. ʅʘʤʠ 

[10] ʚʠʷʚʣʝʥʽ ʜʝʷʢʽ ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ, ʱʦ ʢʝʨʫʶʪʴ ʧʨʦʮʝʩʦʤ ʨʽʟʘʥʥʷ 

ʧʨʦʪʷʛʫʚʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ. 
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ʄʝʪʘ ʩʪʘʪʪʽ. ʇʨʦʚʝʩʪʠ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʢʦʥʽʚ ʨʫʭʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ʧʨʦʪʷʛʫʚʘʣʴʥʦʛʦ ʨʽʟʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ. ʆʙˇʨʫʥʪʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʟʤʽʥʠ 

ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʪʘ ʟʥʘʡʜʝʥʽ ʤʽʥʽʤʘʣʴʥʦ- ʪʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʽ 

ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʣʦʤʫ ʧʨʦʪʽʢʘʥʥʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟʙʠʨʘʥʥʷ ʢʫʢʫʨʫʜʟʠ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʦʞʽ 1 (ʨʠʩ. 2) ʣʽʚʦʛʦ ʪʘ ʧʨʘʚʦʛʦ 

ʙʽʪʝʨʽʚ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ t0 ʟʘʭʦʧʣʶʶʪʴ ʰʘʨ 2 ʣʠʩʪʦʩʪʝʙʣʦʚʦʾ 

ʤʘʩʠ, ʧʦʪʽʤ ʟʤʠʥʘʶʪʴ ʽ ʧʨʦʪʷʛʫʶʪʴ ʾʾ, ʦʜʥʦʯʘʩʥʦ ʧʨʦʥʠʢʘʶʯʠ ʚ ʥʝʾ ʽ ʧʨʠ 

ʟʫʩʪʨʽʯʽ ʫʪʚʦʨʶʶʯʠ ʨʽʞʫʯʫ ʧʘʨʫ, ʨʦʟʨʽʟʘʶʪʴ ʰʘʨ ʣʠʩʪʦʩʪʝʙʣʦʚʦʾ ʤʘʩʠ. 

ʇʨʦʜʦʚʞʫʶʯʠ ʦʙʝʨʪʘʪʠʩʷ ʧʽʩʣʷ ʨʦʟʨʽʟʘʥʥʷ ʰʘʨʫ, ʥʦʞʽ 1 ʚʠʢʦʥʫʶʪʴ ʪʘʢʦʞ 

ʨʦʟʢʠʜʘʶʯʫ ʜʽʶ, ʚʠʢʠʜʘʶʯʠ ʚʽʜʨʽʟʘʥʽ ʯʘʩʪʠʥʠ ʩʪʝʙʝʣ ʟ ʘʧʘʨʘʪʫ ʥʘ 

ʪʨʘʥʩʧʦʨʪʫʶʯʽ ʘʙʦ ʧʦʜʨʽʙʥʶʚʘʣʴʥʽ ʦʨʛʘʥʠ. ɸʙʩʦʣʶʪʥʘ ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ 

ʢʨʦʤʢʠ ʣʝʟʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʭ-ʫ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʽʚʥʷʥʥʷʤʠ 

ʦʢʨʫʞʥʦʩʪʽ: 

- ʜʣʷ ʚʝʨʭʥʴʦʛʦ ʥʦʞʘ: 

,)
2

( 2

2

2 R
s

Ryx =ù
ú

ø
é
ê

è
--+  

- ʜʣʷ ʥʠʞʥʴʦʛʦ ʥʦʞʘ: 

,)
2

( 2

2

2 R
s

Ryx =ù
ú

ø
é
ê

è
-++  

ʜʝ R - ʨʘʜʽʫʩ ʙʽʪʝʨʘ ʧʦ ʣʝʟʘʭ; 

s - ʧʝʨʝʢʨʠʪʪʷ ʣʝʟ. 

ʂʨʦʤʢʘ ʣʝʟʘ ʥʦʞʘ 1, ʦʙʝʨʪʘʶʯʠʩʴ ʧʦ ʢʦʣʫ ʨʘʜʽʫʩʘ R ʟ ʢʫʪʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ ɤ, ʤʘʻ ʢʦʣʦʚʫ ʰʚʠʜʢʽʩʪʴ vʢʦʣ. ʎʷ ʰʚʠʜʢʽʩʪʴ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʢʣʘʜʝʥʘ ʥʘ ʩʢʣʘʜʦʚʽ vx ʽ vy: 

,sinjʢʦʣy vv =   ,cosjʢʦʣx vv =  

ʜʝ j - ʢʫʪ ʧʦʚʦʨʦʪʽʚ ʚʝʨʭʥʴʦʛʦ ʽ ʥʠʞʥʴʦʛʦ ʥʦʞʽʚ ʚʽʜ ʤʦʤʝʥʪʽʚ ʟʽʪʢʥʝʥʥʷ 

ʾʭ ʣʝʟ ʟ ʤʘʪʝʨʽʘʣʦʤ ʜʦ ʤʦʤʝʥʪʫ ʥʘ ʦʩʽ ʫ. 
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ʈʠʩ. 2. ʉʭʝʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʨʽʟʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʧʨʦʪʷʛʫʚʘʣʴʥʦʛʦ ʪʠʧʫ 

 

ʉʢʣʘʜʦʚʘ vy ʷʚʣʷʻ ʩʦʙʦʶ ʰʚʠʜʢʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʢʨʦʤʢʠ ʣʝʟʘ, ʩʢʣʘʜʦʚʘ vx - ʰʚʠʜʢʽʩʪʴ ʧʨʦʪʷʛʫʚʘʥʥʷ ʩʪʝʙʣʘ ʥʦʞʘʤʠ ʘʙʦ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʩʪʝʙʣʘ ʚ ʥʘʧʨʷʤʽ ʦʩʽ ʭ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʡʦʛʦ 

ʢʦʚʟʘʥʥʷ ʧʦ ʨʦʙʦʯʠʤ ʦʨʛʘʥʘʤ. 

ɼʦʚʞʠʥʘ ʚʽʜʨʽʟʢʽʚ ʧʨʠ ʥʘʨʽʟʫʚʘʥʥʽ ʤʘʪʝʨʽʘʣʫ ʘʧʘʨʘʪʘʤʠ 

ʧʨʦʪʷʛʫʚʘʣʴʥʦʛʦ ʪʠʧʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ɤ ʡʦʛʦ 

ʧʦʜʘʯʽ. ɸʥʘʣʽʟ ʨʦʙʦʪʠ ʨʦʟʛʣʷʥʫʪʦʛʦ ʘʧʘʨʘʪʫ ʧʦʢʘʟʫʻ, ʱʦ ʤʽʥʽʤʘʣʴʥʘ 

ʜʦʚʞʠʥʘ ʚʽʜʨʽʟʢʽʚ ʙʫʜʝ ʟʘ ʫʤʦʚʠ, ʷʢʱʦ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ ʤʝʥʰʝ 

ʩʢʣʘʜʦʚʦʾ vx, ʪʦʙʪʦ ɤ<vx, ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ - ʧʨʠ ɤ>vx. ʆʜʥʘʢ ʟʘ 

ʦʩʪʘʥʥʴʦʾ ʫʤʦʚʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʙʫʜʝ ʧʨʦʪʽʢʘʪʠ ʥʝʥʦʨʤʘʣʴʥʦ, ʪʘʢ ʷʢ 

ʤʘʪʝʨʽʘʣ ʙʫʜʝ ʚʧʠʨʘʪʠʩʷ ʚ ʛʨʘʥʽ ʥʦʞʽʚ ʽ ʚʽʜʭʠʣʷʪʠʩʷ ʚʽʜ ʥʘʧʨʷʤʢʫ ʧʦʜʘʯʽ ʽ 

ʧʨʦʢʘʪʫʚʘʥʥʷ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʢʨʦʤʢʠ ʣʝʟʘ ʥʦʞʘ ʚ 

ʨʦʟʨʽʟʘʪʠ ʤʘʪʝʨʽʘʣʽ ʧʨʠʡʤʝʤʦ, ʱʦ ʥʦʞʽ ʨʽʞʫʯʦʾ ʧʘʨʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ 

ʨʽʟʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ [11]. ʊʦʜʽ ʪʨʘʻʢʪʦʨʽʷ ʣʝʟ ʥʦʞʽʚ ʚ ʰʘʨʽ ʙʫʜʝ ʷʚʣʷʪʠ ʩʦʙʦʶ 

ʧʦʜʦʚʞʝʥʫ ʮʠʢʣʦʾʜʫ (ʪʨʦʭʦʾʜʫ) (ʨʠʩ. 3), ʨʽʚʥʷʥʥʷ ʷʢʦʾ ʜʣʷ ʚʝʨʭʥʴʦʛʦ ʙʽʪʝʨʘ 

ʚ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ ʚ ʥʝʨʫʭʦʤʠʭ ʦʩʷʭ ʢʦʦʨʜʠʥʘʪ ʆʭ ʽ ʆʫ ʙʫʜʝ: 

í
ì
ë

--=

--=

),cos(

,)sin(

0

0

tRry

trtRx

wj

wwj
    (1) 

ʜʝ 0j  - ʢʫʪ ʧʦʚʦʨʦʪʫ ʙʽʪʝʨʘ ʚʽʜ ʤʦʤʝʥʪʘ ʜʦʪʠʢʫ ʣʝʟʘ ʟ ʰʘʨʦʤ ʜʦ 

ʩʫʤʽʱʝʥʥʷ ʥʦʞʽʚ ʟ ʚʽʩʩʶ ʫ; 

t - ʯʘʩ, ʟʘ ʷʢʠʡ ʙʽʪʝʨ ʧʦʚʝʨʥʫʚʩʷ ʥʘ ʢʫʪ tw ; 

;
2

sh
Rr

+
-=  

h  - ʪʦʚʱʠʥʘ ʰʘʨʫ ʣʠʩʪʦʩʪʝʙʣʦʚʦʾ ʤʘʩʠ, ʱʦ ʨʦʟʨʽʟʘʻʪʴʩʷ; 

s - ʧʝʨʝʢʨʠʪʪʷ ʣʝʟ, ʷʢʝ ʟ ʧʨʘʢʪʠʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ 

ʢʫʢʫʨʫʜʟʦʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ ʤʘʻ ʙʫʪʠ ʧʨʠʡʥʷʪʝ 9-12 ʤʤ. 

ʇʝʨʝʢʨʠʪʪʷ s ʻ ʚʝʣʠʯʠʥʦʶ, ʟʘʣʝʞʥʦʶ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʣʝʟ ʽ ʚʟʘʻʤʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʦʞʽʚ ʨʽʞʫʯʦʾ ʧʘʨʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ s ʟʚʝʨʥʝʤʦʩʷ ʜʦ ʩʭʝʤʠ 

ʥʘ ʨʠʩ. 3. 
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ʜʝ b - ʢʫʪ ʟʘʪʦʯʫʚʘʥʥʷ ʥʦʞʽʚ. 

ʊʘʢ ʷʢ eab 2=  (ʜʝ ʝ - ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʥʦʞʽʚ ʚʽʜʥʦʩʥʦ ʦʩʽ ʙʽʪʝʨʽʚ) ʽ 

bcos

D
=¡aa  

ʜʝ D - ʟʘʟʦʨ ʤʽʞ ʥʦʞʘʤʠ. 

.
cos

2

b

b

tg

e

s

D
-

=  
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ʈʠʩ. 3. ʊʨʘʻʢʪʦʨʽʷ ʥʦʞʽʚ ʨʽʟʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ 

 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʣʝʟ ʥʠʞʥʴʦʛʦ ʥʦʞʘ ʚ ʤʘʪʝʨʽʘʣʽ ʙʫʜʫʪʴ ʘʥʘʣʦʛʽʯʥʽ 

ʚʠʨʘʟʘʤ (1). ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʢʨʦʤʢʠ ʣʝʟʘ ʚ ʤʘʪʝʨʽʘʣʽ ʻ ʰʚʠʜʢʽʩʪʶ 

ʨʽʟʘʥʥʷ vʨʽʟ. ʅʘʧʨʷʤʦʢ ʰʚʠʜʢʦʩʪʽ vʨʽʟ ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʨʷʤʢʦʤ ʧʝʨʝʨʽʟʫ 

ʤʘʪʝʨʽʘʣʫ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʪʠʯʥʦʶ ʜʦ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʢʨʦʤʢʠ. ɿʘ 

ʚʝʣʠʯʠʥʦʶ ʰʚʠʜʢʽʩʪʴ vʨʽʟ ʜʦʨʽʚʥʶʻ ʧʦʭʽʜʥʽʡ ʚʽʜ ʰʣʷʭʫ ʟʘ ʯʘʩʦʤ, ʪʦʙʪʦ  

,22

ʫʨʽʟʭʨʽʟʨʽʟ vv
dt

ds
v +==  

ʜʝ 

,)cos( 0 wwjw rtRv ʭʨʽʟ --=  ).sin( 0 tRv yʨʽʟ wjw --=  
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ɺʽʜʧʦʚʽʜʥʦ 

( ) ( ) ,)cos(2)sin()cos( 2

0

22

0

2

0 rtRrRtRrtRvʨʽʟ +--=--+--= wjwwjwwwjw
 

(2) 

ʜʝ     .sinsincoscos)cos( 000 ttt wjwjwj +=-   (3) 

ɿ ʪʨʠʢʫʪʥʠʢʘ ʆʆôʂ 

,cos 0
R

r
=j   .1sin

2

0 ö
÷

õ
æ
ç

å
-=

R

r
j    (4) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣ (3) ʽ (4) ʚʠʨʘʟ (2) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

.1
)sin2

cos2()sincos(2
22

222222 +
-

+-=+-+-=
r

trR
trRrtrRtrrRvʨʽʟ

w
wwwww

 

(5) 

ʎʝʡ ʚʠʨʘʟ ʧʦʢʘʟʫʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ɤ, ʨʘʜʽʫʩʘ R 

ʢʦʣʘ ʧʦ ʣʝʟʘʭ ʥʦʞʽʚ, ʪʦʚʱʠʥʠ h ʣʠʩʪʦʩʪʝʙʣʦʚʦʾ ʤʘʩʠ ʪʘ ʧʝʨʝʢʨʠʪʪʷ s ʣʝʟ 

ʰʚʠʜʢʽʩʪʴ ʨʽʟv  ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʷ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʨʘʟʦʤ ʟ ʢʫʪʦʤ 

ʧʦʚʦʨʦʪʫ ʥʦʞʘ ɤt. ʂʫʪ ɤt ʟʤʽʥʶʻ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʚʽʜ ʥʫʣʷ ʚ ʤʦʤʝʥʪ ʜʦʪʠʢʫ 

ʢʨʦʤʢʠ ʣʝʟʘ ʟ ʤʘʪʝʨʽʘʣʦʤ ʚ ʪʦʯʮʽ ʆ ʜʦ ű0 ʚ ʤʦʤʝʥʪ ʢʽʥʮʷ ʨʽʟʘʥʥʷ ʚ ʪʦʯʮʽ ʉ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʽʟv  ʙʫʜʝ ʧʨʠ ɤt=0: 

( ) .
2

22

max ö
÷

õ
æ
ç

å +
-+=-=

sh
RshrRvʨʽʟ ww    (6) 

ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʙʫʜʝ ʧʨʠ ɤt=ű0. ʇʨʠ ʮʴʦʤʫ 

ʚʠʨʘʟ (127) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (129) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ 

.
2

)(min

sh
rRvʨʽʟ

+
=-= ww    (7)

 

ɺʠʟʥʘʯʠʤʦ maxʨʽʟv  ʽ minʨʽʟv  ʜʣʷ ʜʝʷʢʠʭ ʨʝʘʣʴʥʠʭ ʫʤʦʚ: R=0,16 ʤ; ʧ=300 

ʦʙ/ʭʚ; h=0,05ʤ; s=0,015 ʤ. 

( ) ./86,2
2

015,005,0
16,0015,005,0

30

30014,3
max ʩʤvʨʽʟ =ö

÷

õ
æ
ç

å +
-+

Ö
=

 

./02,1
2

015,005,0

30

30014,3
min ʩʤvʨʽʟ =ö

÷

õ
æ
ç

å +Ö
=  
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ʈʦʟʛʣʷʥʫʪʠʡ ʧʨʠʢʣʘʜ ʧʦʢʘʟʫʻ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʚ 

ʨʽʟʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ ʧʨʦʪʷʛʫʚʘʣʴʥʦʛʦ ʪʠʧʫ ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʚ 

ʧʦʜʨʽʙʥʶʶʯʠʭ ʘʧʘʨʘʪʘʭ ʽʥʰʠʭ ʪʠʧʽʚ, ʱʦ ʤʘʶʪʴ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʙʣʠʟʴʢʦ 

35-60 ʤ/ʩ. 

ɼʣʷ ʯʠʩʪʦʪʠ ʟʨʽʟʫ ʰʘʨʫ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ 

ʤʘʶʪʴ ʚʝʣʠʯʠʥʠ ʩʢʣʘʜʦʚʠʭ ʰʚʠʜʢʦʩʪʽ ʨʽʟv  ʨʽʟʘʥʥʷ: 

).sin( 0 tRv yʨʽʟ wjw --=  

ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ 

,sincoscossin)sin( 000 ttt wjwjwj -=-  

ʽ ʚʠʨʘʟ (4), ʪʦ 

.sincos( 22 trtrRv yʨʽʟ www ---=
   (8)

 

ʋ ʪʦʯʮʽ ʆ, ʜʝ 0=tw , 

( ) ,
2

22
ö
÷

õ
æ
ç

å +
-+-=--=

sh
RshrRv yʨʽʟ ww

   (9) 

,0=xʨʽʟv  

ʧʨʠ ʮʴʦʤʫ ʢʫʪ ʤʽʞ ʥʘʧʨʷʤʢʦʤ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʨʽʟv  ʽ ʾʾ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʩʢʣʘʜʦʚʦʾ yʨʽʟv  ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʘʢ ʷʢ 

( ) 1;cos ==

ʨʽʟ

yʨʽʟ

ʨʽʟ

v

v

jv  

ʆʪʞʝ, ʥʘ ʧʦʯʘʪʢʫ ʨʽʟʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ yʨʽʟv  ʟʘ ʚʝʣʠʯʠʥʦʶ ʽ 

ʥʘʧʨʷʤʢʦʤ ʜʦʨʽʚʥʶʻ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, ʪʦʙʪʦ 

maxʨʽʟyʨʽʟʨʽʟ vvv ==  

ʇʨʠ 00 == yʨʽʟvt jw , ʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʨʽʚʥʷʥʥʷʤ: 

,)cos( 0 wwjw rtRv ʭʨʽʟ --=
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ʷʢʱʦ ʚʨʘʭʫʚʘʪʠ ʚʠʨʘʟʠ (3) ʽ (4), ʪʦ 

.
2

)(
sh

rRv xʨʽʟ

+
=-= ww

    (10)
 

ʪ. ʝ, ʚ ʪʦʯʮʽ ʉ ʧʨʠ 0jw=t  ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʻ ʤʽʥʽʤʘʣʴʥʦʶ, ʟʘ ʚʝʣʠʯʠʥʦʶ 

ʨʽʚʥʦʶ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʩʢʣʘʜʦʚʽʡ: 

minʨʽʟxʨʽʟʨʽʟ vvv ==  

ɸʥʘʣʽʟ ʨʽʚʥʷʥʴ (8), (9) ʽ (10) ʧʦʢʘʟʫʻ, ʱʦ ʩʢʣʘʜʦʚʘ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ 

xʨʽʟv  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʘʤʝʪʨʘ ʙʽʪʝʨʘ ʧʦ ʣʝʟʘʭ ʽ ʩʧʨʷʤʦʚʘʥʘ ʫʟʜʦʚʞ ʰʘʨʫ 

ʩʪʝʙʝʣ, ʱʦ ʧʝʨʝʨʽʟʘʻʪʴʩʷ ʩʧʨʠʷʶʯʠ ʾʭ ʨʦʟʱʝʧʣʝʥʥʶ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ. 

ʇʦʜʨʽʙʥʝʥʥʷ ʣʠʩʪʦʩʪʝʙʣʦʚʦʾ ʤʘʩʠ ʢʫʢʫʨʫʜʟʠ (ʥʘ ʩʠʣʦʩ) ʟ ʨʦʟʱʝʧʣʝʥʥʷʤ ʻ 

ʥʝʧʨʠʧʫʩʪʠʤʠʤ ʟʘ ʘʛʨʦʪʝʭʥʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ. ʋ ʪʦʯʮʽ ʉ ʛʦʨʠʟʦʥʪʘʣʴʥʘ 

ʩʢʣʘʜʦʚʘ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ. ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ xʨʽʟv  ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʪʘʢʽ ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʨʽʟʘʥʥʷ 

ʟʘʢʽʥʯʫʚʘʣʦʩʷ ʙ ʥʝ ʫ ʪʦʯʮʽ ʉ, ʜʝ 0=yʨʽʟv , 
2

sh
vv xʨʽʟʨʽʟ

+
== w ʽ 0jw=t , ʘ ʜʝʱʦ 

ʨʘʥʽʰʝ, ʧʨʠ 0jw<t , ʢʦʣʠ 0>yʨʽʟv . ʎʝ ʤʦʞʣʠʚʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʝʨʝʢʨʠʪʪʷ 

ʣʝʟ, ʪʦʙʪʦ 0>s . ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ ʧʨʠʡʥʷʪʫ ʫʤʦʚʘ, ʱʦ ʥʦʞʽ ʨʽʞʫʯʦʾ ʧʘʨʠ 

ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʨʽʞʫʯʫ ʟʜʽʙʥʽʩʪʴ, ʪʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʝʨʝʢʨʠʪʪʷ ʣʝʟ 

ʧʦʜʨʽʙʥʝʥʥʷ ʣʠʩʪʦʩʪʝʙʣʦʚʦʾ ʤʘʩʠ ʤʘʻ ʟʘʢʽʥʯʠʪʠʩʷ ʚ ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ 

ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʾʭ ʢʨʦʤʦʢ. ʊʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʢʨʦʤʦʢ ʧʨʠ ʮʴʦʤʫ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʻʜʠʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. 

ɿʙʽʣʴʰʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʨʽʟv  ʤʦʞʝ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ: ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ɤ, ʨʘʜʽʫʩʫ R ʙʽʪʝʨʽʚ, 

ʪʦʚʱʠʥʠ h ʰʘʨʫ ʣʠʩʪʦʩʪʝʙʣʦʚʦʾ ʤʘʩʠ ʽ ʧʝʨʝʢʨʠʪʪʷ s ʣʝʟ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʧʦʜʨʽʙʥʶʚʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ 

ʧʨʦʪʷʛʫʚʘʣʴʥʦʛʦ ʪʠʧʫ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʜʦʪʠʯʥʽʡ ʜʦ 

ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʢʨʦʤʢʠ ʣʝʟʘ ʥʦʞʘ ʚ ʣʠʩʪʦʩʪʝʙʣʦʚʽʡ ʤʘʩʽ ʽ ʟʤʽʥʶʻʪʴʩʷ ʧʦ 

ʟʘʢʦʥʫ, ʚʠʨʘʞʝʥʦʛʦ ʨʽʚʥʷʥʥʷʤ (5). ʊʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʣʝʟ ʚ ʤʘʪʝʨʽʘʣʽ ʷʚʣʷʻ 

ʩʦʙʦʶ ʪʨʦʭʦʾʜʫ. ʐʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ ʚ ʤʦʤʝʥʪ 
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ʧʦʯʘʪʢʫ ʧʨʦʥʠʢʥʝʥʥʷ ʥʦʞʘ ʚ ʣʠʩʪʦʩʪʝʙʣʦʚʫ ʤʘʩʫ ʽ ʤʘʻ ʥʘʧʨʷʤʦʢ, ʱʦ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ ʮʽʻʾ ʰʚʠʜʢʦʩʪʽ. ʐʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʻ 

ʤʽʥʽʤʘʣʴʥʦʶ ʚ ʤʦʤʝʥʪ ʢʽʥʮʷ ʧʦʜʨʽʙʥʝʥʥʷ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ. ʄʘʢʩʠʤʘʣʴʥʝ ʽ 

ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ (6) ʽ (7). 

 

ʃʽʪʝʨʘʪʫʨʘ 
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ʆʙʦʩʥʦʚʘʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʣʴʯʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʧʨʦʪʷʛʠʚʘʶʱʝʛʦ 

ʪʠʧʘ  ʅ.ɺ. ɿʘʚʠʨʶʭʘ, ʄ.ʖ. ʐʘʪʦʭʠʥ 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʟʘʢʦʥʦʚ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʨʦʪʷʛʠʚʘʶʱʝʛʦ 

ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ. ʆʙʦʩʥʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʠ ʥʘʡʜʝʥʳ 

ʤʠʥʠʤʘʣʴʥʦ- ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʫʩʪʦʡʯʠʚʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʫʙʦʨʢʠ ʢʫʢʫʨʫʟʳ. 

 

Rationale kinematic parameters shredding apparatus of pulling type. M.V. Zaviryuha, M.Y. 

Shatohin 

     In the article the substantiation of the laws of motion of the working pulling cutting apparatus. 

Grounded features cutting speed change and found the minimal and maximum permissible cutting 

speeds that meet sustainable technological process corn. 

 

ʋɼʂ 621.787.4. 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ʂɸʏɽʉʊɺɸ 

ʆɹʈɸɹʆʊʂʀ ʇʆɺɽʈʍʊʅʆʉʅʓʄ ʇʃɸʉʊʀʏɽʉʂʀʄ 

ɼɽʌʆʈʄʀʈʆɺɸʅʀɽʄ 

ɹ. ʀ. ɹʫʪʘʢʦʚ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺ. ɸ. ɸʨʪʶʭ, ʠʥʞʝʥʝʨ 

ʉ. ʉ. ʂʨʝʤʠʥʩʢʠʡ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ ʄ4/1 

ʅʠʢʦʣʘʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʘ ʧʨʠʯʠʥʘ ʧʦʷʚʣʝʥʠʷ ʚʦʣʥʠʩʪʦʩʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʪʦʨʦʦʙʨʘʟʥʳʤʠ ʨʦʣʠʢʘʤʠ ï ʢʦʣʝʙʘʥʠʝ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ ʠʟ-

ʟʘ ʥʘʣʠʯʠʷ ʙʦʣʴʰʠʭ ʩʠʣ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʚ ʤʝʭʘʥʠʟʤʝ ʥʘʛʨʫʞʝʥʠʷ ʨʦʣʠʢʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʣʠʢ, ʧʦʜʘʯʘ ʨʦʣʠʢʘ, ʰʘʛ ʚʦʣʥʳ 
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ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʚʦʣʥʠʩʪʦʩʪʠ ʥʝʢʦʪʦʨʳʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ ʥʘʣʠʯʠʝ ʪʦʨʮʝʚʦʛʦ ʙʠʝʥʠʷ ʨʦʣʠʢʘ, ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʧʝʨʝʤʝʥʥʦʡ ʧʦʜʘʯʝ ʦʙʢʘʪʳʚʘʥʠʷ [1 ï 3]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʜʦʣʴʥʘʷ ʧʦʜʘʯʘ 

ʚʥʦʩʠʪ ʚ ʧʨʦʮʝʩʩ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʚʣʠʷʥʠʝ ʦʙʢʘʪʳʚʘʥʠʷ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʩʭʦʜʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʪʘʢʠʤ ʞʝ, ʢʘʢ 

ʧʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʙʝʟ ʧʦʜʘʯʠ. 

ʕʪʦ ʧʨʦʚʝʨʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʦʩʪʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ ʧʨʠ 

ʨʘʚʝʥʩʪʚʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʭʦʜʦʚ ʙʝʟ ʧʦʜʘʯʠ ʧʨʠʚʝʜʝʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʧʨʦʭʦʜʦʚ i ʨʦʣʠʢʘ ʩ ʧʦʜʘʯʝʡ, ʦʧʨʝʜʝʣʷʶʱʝʝʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʠʥʳ 

ʢʦʥʪʘʢʪʥʦʡ ʢʘʥʘʚʢʠ 2ʘ0, ʧʦʜʘʯʠ s ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʦʣʴʥʳʭ ʧʨʦʭʦʜʦʚ 

ʨʦʣʠʢʘ iʧʨʦʜ. 

ʧʨʦʜ
0 i

s

a2
=̔ .                                               (1) 

ʇʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʩ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʝʡ ʨʦʣʠʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʳʡ 

ʤʠʢʨʦʧʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʫʶ 

ʠʩʭʦʜʥʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. 

ʆʙʢʘʪʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʭʨʘʥʷʝʪ ʚʠʥʪʦʚʦʡ ʩʣʝʜ ʧʦʜʘʯʠ ʨʦʣʠʢʘ. 

ɺʳʩʦʪʘ ʚʥʦʚʴ ʩʦʟʜʘʥʥʳʭ ʧʨʠ ʵʪʦʤ ʥʝʨʦʚʥʦʩʪʝʡ ʥʘ ʫʯʘʩʪʢʝ ʩʪʘʙʠʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠ: 

2

sr4
rR

22

ʨ

ʨ

"

z

-
-= ,                                                    (2) 

ʛʜʝ R
ò

z ï ʚʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ, ʤʤ; 

      rʨ ï ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʨʦʣʠʢʘ, ʤʤ; 

      s ï ʧʦʜʘʯʘ ʨʦʣʠʢʘ, ʤʤ/ʦʙ. 

ʐʘʛ ʵʪʠʭ ʥʝʨʦʚʥʦʩʪʝʡ ʨʘʚʥʷʝʪʩʷ ʧʦʜʘʯʝ ʨʦʣʠʢʘ (ʨʠʩ. 1). ʆʧʳʪʥʘʷ 

ʧʨʦʚʝʨʢʘ ʩʚʷʟʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩ ʧʦʜʘʯʝʡ ʨʦʣʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʟʘʚʠʩʠʤʦʩʪʴ (2) ʭʦʨʦʰʦ ʩʦʙʣʶʜʘʝʪʩʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʧʦʜʘʯʘʭ. 
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ʈʠʩ 1. ʇʨʦʬʠʣʴ ʥʝʨʦʚʥʦʩʪʝʡ ʧʨʠ ʦʙʢʘʪʚrʘʥʠʠ ʨʦʣʠʢʦʤ 

 

ʇʨʠ ʧʦʜʘʯʘʭ ʙʦʣʴʰʝ 0,78 ʤʤ/ʦʙ ʚʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ ʩʦʚʧʘʜʘʝʪ ʩ 

ʨʘʩʯʝʪʥʦʡ; ʧʨʠ ʤʝʥʴʰʠʭ ʧʦʜʘʯʘʭ ʚʳʩʦʪʘ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,28 - 0,35 

ʤʢʤ ʠ ʦʪ ʧʦʜʘʯʠ ʥʝ ʟʘʚʠʩʠʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʦʙʢʘʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʫʝʪʩʷ ʚʦʣʥʘ ʩ ʰʘʛʦʤ, ʦʪʣʠʯʥʳʤ ʦʪ ʧʦʜʘʯʠ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʩʦʪʘ ʚʦʣʥ ʥʝ ʚʳʭʦʜʠʪ ʠʟ ʧʨʝʜʝʣʦʚ 7-ʛʦ ʢʣʘʩʩʘ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʚʦʣʥʠʩʪʦʩʪʴ ʧʨʠ ʦʙʢʘʪʚrʘʥʠʠ ʤʦʞʝʪ 

ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʛʣʫʙʦʢʦʡ. ʇʨʠ ʤʘʣʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʰʘʛʘ ʚʦʣʥʳ (0,18 ʤʢʤ) ʩʘʤʘ ʚʦʣʥʘ ʩ ʰʘʛʦʤ 2,5 ʤʤ ʠʤʝʝʪ 

ʚʳʩʦʪʫ 0,16 ʤʢʤ. 

ɺʳʩʦʪʘ ʚʦʣʥʳ ʧʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʦʬʠʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʨʦʣʠʢʘ ʠʣʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʫʩʠʣʠʷ, ʪʦ ʝʩʪʴ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʫʛʣʘ ʚʜʘʚʣʠʚʘʥʠʷ ʨʦʣʠʢʘ, ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʜʘʯʠ ʠ ʩʢʦʨʦʩʪʠ 

ʦʙʢʘʪʳʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʦʜʨʦʙʥʝʝ. ɸʚʪʦʨ ʨʘʙʦʪʳ [1] ʩʯʠʪʘʝʪ ʯʪʦ 

ʧʦ ʤʝʨʝ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ ʨʦʣʠʢ ʚʨʘʱʘʝʪʩʷ ʠ ʧʦʜʘʝʪʩʷ (ʨʠʩ. 2, ʘ), ʧʨʠ ʵʪʦʤ 

ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʨʦʣʠʢʘ ɣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʜʝʪʘʣʠ ɣDʨ/Dʜ ʠ 

ʧʦʜʘʯʘ ʨʦʣʠʢʘ ʥʘ ʚʝʣʠʯʠʥʫ, ʦʧʨʝʜʝʣʷʶʱʘʷʩʷ ʩʣʝʜʫʶʱʠʤ ʚʨrʘʞʝʥʠʝʤ: 

ʜ

p

D

D
sS Ö=
p

y
y

2 ,                                         (3) 

ʛʜʝ s ï ʧʦʜʘʯʘ ʨʦʣʠʢʘ ʥʘ ʦʜʠʥ ʦʙʦʨʦʪ ʜʝʪʘʣʠ, ʤʤ. 
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ʈʠʩ. 2. ʆʙʨʘʟʦʚʘʥʠʝ ʚʦʣʥʠʩʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʦʙʢʘʪʳʚʘʥʠʠ: ʘ ï 

ʠʟʤʝʥʝʥʠʝ ʧʦʜʘʯʠ ʧʨʠ ʦʩʝʚʦʤ ʙʠʝʥʠʠ ʨʦʣʠʢʘ, ʙ ï ʨʘʟʚʝʨʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʘʣʘ, ʦʙʢʘʪʘʥʥʦʛʦ ʨʦʣʠʢʦʤ, ʥʝ ʠʤʝʶʱʠʤ ʦʩʝʚʦʛʦ ʙʠʝʥʠʷ, ʚ ï ʨʘʟʚʝʨʪʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ, ʦʙʢʘʪʘʥʥʦʛʦ ʨʦʣʠʢʦʤ ʩ ʦʩʝʚʳʤ ʙʠʝʥʠʝʤ ʧʨʠ ʢʨʘʪʥʳʭ 

ʜʠʘʤʝʪʨʘʭ ʜʝʪʘʣʠ ʠ ʨʦʣʠʢʘ, ʛ, ï ʨʘʟʚʝʨʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ, ʦʙʢʘʪʘʥʥʦʛʦ 

ʨʦʣʠʢʦʤ ʧʨʠ ʥʝʢʨʘʪʥʳʭ ʜʠʘʤʝʪʨʘʭ ʜʝʪʘʣʠ ʠ ʨʦʣʠʢʘ 

 

ʈʘʟʚʝʨʥʝʤ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʠ ʥʘ ʧʣʦʩʢʦʩʪʴ. ɺ ʩʣʫʯʘʝ ʠʜʝʘʣʴʥʦʡ 

ʩʭʝʤʳ ʢʦʥʪʘʢʪʥʘʷ ʢʘʥʘʚʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʦʬʠʣʷ ʰʠʨʠʥʦʡ 2ʘ 

ʨʘʩʧʦʣʦʞʠʪʩʷ ʥʘ ʦʙʢʘʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʷʤʳʭ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ, ʨʦʚʥʳʤ ʧʦʜʘʯʝ (ʨʠʩ. 2, ʙ). ɼʣʷ ʨʝʘʣʴʥʦʡ ʜʝʪʘʣʠ ʠ 

ʨʦʣʠʢʘ ʩʭʝʤʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴʩʷ. 

ʈʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʦʣʠʢʘ ʠʟ-ʟʘ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʫʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʢʦʪʦʨʦʝ ʦʩʝʚʦʝ ʠ ʨʘʜʠʘʣʴʥʦʝ ʙʠʝʥʠʝ (ʨʠʩ. 2, ʘ). 

ʉʣʝʜ ʨʦʣʠʢʘ ʥʘ ʨʘʟʚʝʨʪʢʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ 

ʢʨʠʚʦʣʠʥʝʡʥʳʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʠʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʘʷ ʧʦʜʘʯʘ ʨʦʣʠʢʘ 

sss D+=ʬʘʢʪ .                                                   (4) 

ʀʩʢʘʞʝʥʠʝ ʧʦʜʘʯʠ ʧʨʠ ʨʘʩʩʤʘʪʨʠʚʘʥʠʠ ʜʚʫʭ ʩʤʝʞʥʳʭ ʩʣʝʜʦʚ ʨʦʣʠʢʘ 

ʙʫʜʝʪ ʨʘʚʥʷʪʩɹ ̫
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ɺ ʩʣʫʯʘʝ ʢʨʘʪʥʦʩʪʠ ʜʠʘʤʝʪʨʦʚ ʜʝʪʘʣʠ ʠ ʨʦʣʠʢʘ sinˊDʜ/Dʨ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ȹs ʨʘʚʥʷʶʪʩʷ ʥʫʣʶ, ʪʦ ʝʩʪʴ ʧʦʜʘʯʘ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʙʠʝʥʠʝ ʨʦʣʠʢʘ (ʨʠʩ. 2, ʚ). 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ȹs ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʟʘʚʠʩʷʱʝʡ ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʦʣʠʢʘ ɣ. ʅʘʡʜʝʤ ʟʥʘʯʝʥʠʝ 

ʫʛʣʘ ɣ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʥʘʠʙʦʣʴh ʝʤʫ ʠ ʥʘʠʤʝʥʴʰʝʤʫ ʧʨʠʨʘʱʝʥʠʷʤ ʧʦʜʘʯʠ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʠʨʘʚʥʷʝʤ ʢ ʥʫʣʶ ʧʨʦʠʟʚʦʜʥʫʶ ʬʫʥʢʮʠʠ ȹs=f(ɣ): 
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ʇʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʧʨʠ 
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ʇʦʜʩʪʘʚʠʚ ʥʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʚ ʨʘʚʝʥʩʪʚʦ (5), ʥʘʡʜʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʨʘʱʝʥʠʷ ʧʦʜʘʯʠ 

ʨ

ʜmax

min
D

D
sins pdD °=

.                                        (8) 

ʀʟ ʬʦʨʤʫʣʳ (5) ʚʠʜʥʦ, ʯʪʦ ʧʦʣʥʳʡ ʮʠʢʣ ʠʟʤʝʥʝʥʠʷ ȹs ʟʘʚʝʨʰʘʝʪʩʷ 

ʟʘ ʢʘʞʜʳʡ ʦʙʦʨʦʪ ʨʦʣʠʢʘ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʜʝʪʘʣʠ ʫʯʘʩʪʢʠ, ʦʙʢʘʪʘʥʥʳʝ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʬʘʢʪʠʯʝʩʢʦʡ ʧʦʜʘʯʝʡ, ʩʤʝʱʘʶʪʩʷ ʧʦ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ ʚ 

ʦʩʝʚʦʤ, ʪʘʢ ʠ ʚ ʢʨʫʛʦʚʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʨʠ ʵʪʦʤ ʫʯʘʩʪʢʠ, ʦʙʢʘʪʘʥʥʳʝ ʩ 

ʫʤʝʥʴʰʝʥʥʦʡ ʧʨʦʪʠʚ ʥʦʤʠʥʘʣʘ ʧʦʜʘʯʝʡ, ʜʝʬʦʨʤʠʨʫʁ ʪʩʷ ʩʠʣʴʥʝʝ ʠ 
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ʦʙʨʘʟʫʶʪ ʚʧʘʜʠʥʫ, ʘ ʦʙʢʘʪʘʥʥʳʝ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʬʘʢʪʠʯʝʩʢʦʡ ʧʦʜʘʯʝʡ ʠ 

ʤʝʥʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ï ʛʨʝʙʝʥʴ ʚʦʣʥʳ. ʉʣʠʚʘ̫ ʩʴ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʢʘʪʳʚʘʥʠʷ ʦʜʠʥʘʢʦʚʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʩʦʟʜʘʶʪ 

ʤʥʦʛʦʟʘʭʦʜʥʫʶ ʚʠʥʪʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ ï ʰʘʛʦʤ 

ʚʦʣʥʳ (ʨʠʩ. 2, ʛ) 

ʇʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʨʦʣʠʢʘʤʠ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʘʶʪ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʦʪʧʝʯʘʪʦʢ, ʝʩʣʠ ʦʩʠ ʨʦʣʠʢʘ ʠ 

ʜʝʪʘʣʠ ʧʘʨʘʣʣʝʣʴʥʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʠʥʘ ʦʪʧʝʯʘʪʢʘ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʜʝʪʘʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʦʡ ʨʦʣʠʢʘ ʠʣʠ ʜʣʠʥʦʡ ʦʙʨʘʟʫʶʱʝʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʰʠʨʠʥʘ ʦʪʧʝʯʘʪʢʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʚʝʜʝʥʥʦʡ 

ʢʨʠʚʠʟʥʳ ʨʦʣʠʢʘ ʠ ʜʝʪʘʣʠ ʚ ʧʣʦʩʢʦʩʪʠ ʢʘʯʝʥʠʷ ʨʦʣʠʢʘ. ɽʩʣʠ ʦʩʠ ʨʦʣʠʢʘ ʠ 

ʜʝʪʘʣʠ ʚ ʦʩʝʚʦʤ ʠʭ ʧʝʨʝʩʝʯʝʥʠʠ ʥʘʢʣʦʥʝʥʳ ʧʦʜ ʥʝʙʦʣʴʰʠʤ ʫʛʣʦʤ, ʠʣʠ 

ʚʤʝʩʪʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʦʣʠʢʘ ʧʨʠʤʝʥʝʥ ʢʦʥʠʯʝʩʢʠʡ, ʪʦ ʥʘ ʜʝʪʘʣʠ 

ʧʦʣʫʯʘʶʪ ʢʘʧʣʝʚʠʜʥʳʡ ʦʪʧʝʯʘʪʦʢ, ʰʠʨʠʥʘ ʢʦʪʦʨʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʥʫʣʷ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʢʘʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʶʪ ʟʘʜʥʠʡ ʫʛʦʣ 

ʚʜʘʚʣʠʚʘʥʠʷ ʨʦʣʠʢʘ ʚ ʜʝʪʘʣʴ űʘ (ʨʠʩ. 3) ʨʘʚʥʳʤ 25ô-30ô ʧʨʠ ʦʙʢʘʪʳʚʘʥʠʠ 

ʩʪʘʣʝʡ, 40ô-1Á - ʧʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʟʘʢʘʣʝʥʥʳʭ ʩʪʘʣʝʡ ʠ 1Á 30ô - ʧʨʠ 

ʦʙʢʘʪʳʚʘʥʠʠ ʯʫʛʫʥʦʚ [1, 2, 3 - 5]. 

ʇʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ űʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʚʦʣʥʠʩʪʦʩʪʴ ʥʘ 

ʦʙʢʘʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʧʨʠʤʝʥʷʶʪ ʧʨʠ 

ʦʙʢʘʪʳʚʘʥʠʠ ʚʘʣʦʚ ʠ ʨʦʟʢʘʪʳʚʘʥʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʪʚʝʨʩʪʠʡ ʚ 

ʢʨʫʧʥʦʩʝʨʠʡʥʦʤ ʠ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘʭ. 
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ʈʠʩ. 3. ʉʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʝʪʘʣʝʡ ʧʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʪʦʨʦʦʙʨʘʟʥʳʤ ʨʦʣʠʢʦʤ ʩ ʧʨʦʜʦʣʥɹʦʡ ʧʦʜʘʯʝʡ S: 

ʘ ï ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ; ʙ ï ʧʨʦʮʝʩʩ ʜʝʬʦʨʤʘʮʠʠ ʥʝ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʩʷ 

 

ʂʘʧʣʝʚʠʜʥʳʡ ʦʪʧʝʯʘʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʦʣʠʢʘ. ʉ ʧʦʤʦʱʴʶ ʩʠʣʳ 

ʧʦʜʘʯʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʢʘʪʳʚʘʥʠʷ, ʨʦʣʠʢ ʟʘ ʩʯʝʪ ʧʦʚʦʨʦʪʘ 

ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʡʩʷ ʛʦʣʦʚʢʠ ʥʘ ʫʛʦʣ 20ô-30ô ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ 

ʢʘʧʣʝʚʠʜʥʦʛʦ ʦʪʧʝʯʘʪʢʘ [6 ï 8]. 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʩʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʦʣʠʢʘ ʠ ʜʝʪʘʣʠ 

ʧʝʨʝʢʨʝʱʠʚʘʶʪʩʷ, ʥʘ ʥʝʡ ʚʦʟʥʠʢʘʝʪ ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʦʪʧʝʯʘʪʦʢ. ʊʘʢʦʡ ʞʝ 

ʦʪʧʝʯʘʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʜʝʪʘʣʝʡ ʙʦʯʢʦʦʙʨʘʟʥʳʤʠ, 

ʩʬʝʨʠʯʝʩʢʠʤʠ ʠʣʠ ʪʦʨʦʦʙʨʘʟʥʳʤʠ ʨʦʣʠʢʘʤʠ. 

ɺʦ ʚʨʝʤʷ ʦʙʢʘʪʳʚʘʥʠʷ ʨʦʣʠʢʦʤ ʦʪʧʝʯʘʪʦʢ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʣʘʩʪʠʯʥʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʫʶ ʢʘʥʘʚʢʫ, ʢʦʪʦʨʘʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʧʦʜʘʯʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʠʥʪʦʚʫʶ ʣʠʥʠʶ. ʊʘʢ ʢʘʢ  

ʰʠʨʠʥʘ ʢʘʥʘʚʢʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳh ʘʝʪ ʧʦʜʘʯʫ, ʪʦ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʦʙʦʨʦʪʘʭ ʜʝʪʘʣʠ ʨʦʣʠʢ ʧʨʦʢʘʪʳʚʘʝʪʩʷ ʧʦ ʫʞʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝʩʢʦʣʴʢʦ ʨʘʩʰʠʨʷʷ ʠ ʫʛʣʫʙʣʷʷ ʢʘʥʘʚʢʫ. 

ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʦʙʢʘʪʳʚʘʥʠʷ ʪʦʨʦʦʙʨʘʟʥʳʤ ʨʦʣʠʢʦʤ 

ʧʦʩʣʝ ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʜʝʪʘʣʠ ʫʛʣʫʙʣʝʥʠʝ ʢʘʥʘʚʢʠ ʧʨʝʢʨʘʱʘʝʪʩʷ 

(ʈʠʩ. 3, ʘ). ʈʦʣʠʢ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩ ʢʘʞʜʦʡ ʪʦʯʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 2ʘ/s ʨʘʟ. 

ʇʝʨʝʜ ʨʦʣʠʢʦʤ ʚʦʟʥʠʢʘʝʪ ʚʦʣʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʘ ʨʘʩʰʠʨʝʥʠʝ 

ʢʦʥʪʘʢʪʥʦʡ ʢʘʥʘʚʢʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʢʦʥʪʘʢʪʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 
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ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʛʣʫʙʠʥʳ ʢʘʥʘʚʢʠ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʦʙʦʨʦʪʘʭ 

ʜʝʪʘʣʠ ʠ ʥʘ ʫʯʘʩʪʢʝ ʉD ʧʨʦʮʝʩʩ ʦʙʢʘʪʚrʘʥʠʷ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. ɺʦʣʥʘ 

ʤʝʪʘʣʣʘ ʧʝʨʝʜ ʨʦʣʠʢʦʤ GHI ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʚʦʣʥʳ EFG ʟʘ ʥʠʤ. ʅʘ ʚʩʝʤ 

ʫʯʘʩʪʢʝ ʦʙʢʘʪʳʚʘʥʠʷ ʜʦ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʪʦʯʢʝ D ʠʟʤʝʥʷʝʪʩʷ ʫʛʦʣ 

ʚʜʘʚʣʠʚʘʥʠʷ ʨʦʣʠʢʘ űʘ. 

ʇʨʦʮʝʩʩ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʠʣʳ 

ʦʙʢʘʪʳʚʘʥʠʷ, ʨʘʟʤʝʨʦʚ ʠ ʧʨʦʬʠʣʷ ʨʦʣʠʢʘ, ʨʘʟʤʝʨʦʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʢʘʪʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʠ ʯʠʩʣʘ 2ʘ/s. 

ʇʨʠ ʥʝʢʦʪʦʨʳʭ ʩʦʯʝʪʘʥʠʷʭ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ 

ʤʦʞʝʪ ʠ ʥʝ ʥʘʩʪʫʧʠʪʴ. 

ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 3, ʚ ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʚʦʣʥʳ ʤʝʪʘʣʣʘ ʧʝʨʝʜ 

ʨʦʣʠʢʦʤ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʛʨʝʙʝʥʴ ʚʦʣʥʳ ʥʝ ʥʘʯʥʝʪ 

ʨʘʟʨʫʰʘʪʴʩʷ. ʋʯʘʩʪʦʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʞʝ ʦʩʪʘʣʥɹʦʡ ʦʙʢʘʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʀʤʝʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ [1, 6 - 11] ʜʣʷ ʨʘʩʯʝʪʘ ʰʠʨʠʥʳ 

ʚʧʘʜʠʥʳ ʚ ʥʘʯʘʣʝ ʦʙʢʘʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 

HB

P
L 27,1ʚ= ,                                                    (9) 

ʛʜʝ ʈ ï ʫʩʠʣʠʝ ʦʙʢʘʪʳʚʘʥʠʷ, ʅ. 

ʇʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ űʘ ʚʜʘʚʣʠʚʘʥʠʷ ʨʦʣʠʢʘ ʥʘ ʦʙʢʘʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʣʥʠʩʪʦʩʪʴ ʩ ʰʘʛʦʤ, ʦʪʣʠʯʥʳʤ ʦʪ 

ʚʝʣʠʯʠʥʳ ʧʦʜʘʯʠ ʨʦʣʠʢʘ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʷʚʣʝʥʠʷ ʚʦʣʥʠʩʪʦʩʪʠ ʧʨʠ ʯʠʩʪʦʚʦʤ 

ʦʙʢʘʪʳʚʘʥʠʠ ʨʝʢʦʤʝʥʜʫʶʪ ʧʨʠʥʠʤʘʪʴ ʫʛʦʣ ʚʜʘʚʣʠʚʘʥʠʷ  ʟʥʘʯʝʥʠʝʤ 2 - 3
0
 

(ʯʪʦ, ʦʜʥʘʢʦ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʢʘʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʝʣʠʯʠʥʦʡ 40 < Rz < 80 ʤʢʤ, ʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʦʣʥʠʩʪʦʩʪʠ ï ʠʩʧʦʣʴʟʦʚʘʪʴ  

ʨʦʣʠʢʠ ʩ ʪʦʯʥʳʤ ʨʘʙʦʯʠʤ ʧʨʦʬʠʣʝʤ ʠ ʯʘʱʝ ʠʭ ʧʝʨʝʰʣʠʬʦʚʚrʘʪʴ. ʇʨʠ 

ʫʧʨʦʯʥʷʶʱʝʤ ʦʙʢʘʪʳʚʘʥʠʠ ʪʦʥʢʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʚʦʣʥʠʩʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʰʣʠʬʦʚʳʚʘʶʪ ʠʣʠ ʩʪʘʯʠʚʘʶʪ, ʵʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʦʯʥʝʥʠʷ. ɿʘʤʝʪʠʤ, ʯʪʦ ʩʠʣʳ 

ʪʨʝʥʠʷ ʚ ʦʧʦʨʘʭ, ʩʫʤʤʠʨʫʷʩʴ ʩ ʨʘʙʦʯʠʤ ʫʩʠʣʠʝʤ ʧʨʫʞʠʥʷʱʝʛʦ ʵʣʝʤʝʥʪʘ 
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ʦʙʢʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚʣʠʷʶʪ ʥʘ ʚʝʣʠʯʠʥʫ ʫʩʠʣʠʷ ʈ; ʧʨʠ ʥʘʣʠʯʠʠ ʞʝ 

ʨʘʜʠʘʣʴʥʦʛʦ ʙʠʝʥʠʷ ʨʦʣʠʢʘ ʵʪʠ ʩʠʣʳ ʪʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʢʘʪʚrʘʥʠʷ 

ʩʪʘʥʦʚʷʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʶ. 

ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ ʋɼʄ ʢʦʥʩʪʨʫʢʮʠʠ ɺʅʀʀ ʥʘʤʠ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʩʠʣʠʷ ʈ ʧʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʪʦʨʦʦʙʨʘʟʥʳʤ 

ʨʦʣʠʢʦʤ ʚʘʣʘ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ 40 

(200 ʅɺ) ʜʠʘʤʝʪʨʦʤ 100 ʤʤ ʥʘ ʪʦʢʘʨʥʦʤ ʩʪʘʥʢʝ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʥʘ ʢʘʬʝʜʨʝ ñʊʨʘʥʩʧʦʨʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘò ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʅɸʋ ʫʩʪʨʦʡʩʪʚʘ ʨʳʯʘʞʥʦʛʦ ʪʠʧʘ ʩʦ 

ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʨʘʙʦʯʝʛʦ ʫʩʠʣʠʷ ʦʙʢʘʪʚrʘʥʠʷ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ  ʨʠʩ. 4 [12]. 

 

ʈʠʩ. 4. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʙʢʘʪʳʚʘʥʠʷ ʜʝʪʘʣʝʡ 

ʪʦʨʦʦʙʨʘʟʥʳʤ ʨʦʣʠʢʦʤ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʨʘʙʦʯʝʛʦ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ  

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʨʦʣʠʢ 7 

ʫʩʪʘʥʦʚʣʝʥ ʩ ʧʦʤʦʱʴʶ ʧʦʜʰʠʧʥʠʢʦʚ 12, 13 ʥʘ ʦʩʠ 11. ʋʩʠʣʠʝ ʧʨʫʞʠʥʳ 5 

ʯʝʨʝʟ ʪʷʛʫ 4, ʦʩʴ 8 ʠ ʨʳʯʘʛ 6 ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʨʦʣʠʢ 7 ʠ ʧʝʨʝʜʘʝʪʩʷ ʥʘ 

ʦʙʢʘʪʳʚʘʝʤʫʶ ʜʝʪʘʣʴ. ʈʳʯʘʛ 6 ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʦʩʠ 9 ʩ ʧʦʤʦɦ ʴʶ ʠʛʦʣʴʯʘʪʦʛʦ ʠ 

ʫʧʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ, ʠ ʣʝʛʢʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʦʢʨʫʛ ʢʦʨʧʫʩʘ 10 

ʆʙʱʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʙʢʘʪʳʚʘʥʠʷ ʨʦʣʠʢʦʤ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ 

ʨʘʙʦʯʝʛʦ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 5. 
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ʈʠʩ. 5. ʆʙʱʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʙʢʘʪʳʚʘʥʠʷ ʜʝʪʘʣʝʡ 

ʪʦʨʦʦʙʨʘʟʥʳʤ ʨʦʣʠʢʦʤ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʨʘʙʦʯʝʛʦ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ  

 

ɾʝʩʪʢʦʩʪʴ ʨʳʯʘʞʥʦ-ʧʨʫʞʠʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʦʩʪʘʚʣʷʝʪ 0,745 ʢʅ/ʤʤ. 

ʋʩʠʣʠʝ ʧʨʫʞʠʥʳ (ʈʧʨ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʝʝ ʩʞʘʪʠʷ (fʧʨ) ʚ 

ʤʠʣʣʠʤʝʪʨʘʭ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ: 

ʈʧʨ = jʧʨ Ĭ fʧʨ,                       (10) 

ʛʜʝ jʧʨ ï ʞʝʩʪʢʦʩʪʴ ʧʨʫʞʠʥʳ, jʧʨ = 0,472 ʢʅ/ʤʤ. 

ʋʩʠʣʠʝ ʈ ʦʙʢʘʪʳʚʘʥʠʷ ʥʘ ʨʦʣʠʢʝ ʚ ʢʅ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ: 

ʈ = ʈʧʨ ³ 60/38 = fʧʨ ³ 0,472 ³ 60 / 38 = 

= 0,745 fʧʨ,                                               (11) 

ʛʜʝ 60 ʠ 38 ʚʝʣʠʯʠʥʳ ʧʣʝʯ ʫʩʠʣʠʷ ʧʨʫʞʠʥʳ ʠ ʫʩʠʣʠʷ ʥʘ ʨʦʣʠʢʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʤʠʣʣʠʤʝʪʨʘʭ. 

ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʩʠʣʠʷ 

ʦʙʢʘʪʳʚʘʥʠʷ ʥʘ ʜʝʪʘʣʴ. 
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ʈʠʩ. 6. ʉʦʩʪʘʚʣʷʶʱʠʝ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ ʥʘ ʜʝʪʘʣʴ: ʈʭ ï 

ʢʘʩʘʪʝʣʴʥʦʝ ʫʩʠʣʠʝ ʢʘʯʝʥʠʷ ʨʦʣʠʢʘ; ʈʫ ï ʥʦʤʠʥʘʣʴʥʦʝ ʫʩʠʣʠʝ ʧʦʜʞʘʪʠʷ 

ʨʦʣʠʢʘ ʢ ʜʝʪʘʣʠ; ʈz ï ʫʩʠʣʠʝ ʧʦʜʘʯʠ; ʈʟʮ ï ʥʘʛʨʫʟʢʘ ʦʪ ʟʘʜʥʝʡ ʙʘʙʢʠ ʚ 

ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

 

ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʩʠʣʠʷ ʈ, 

ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ ʥʘ ʦʧʦʨʘʭ ʩʢʦʣʞɹʝʥʠʷ, ʪ.ʝ. 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʟʘʚʦʜʘʭ ʜʣʷ 

ʫʧʨʦʯʥʷʶʱʝʛʦ ʠʣʠ ʯʠʩʪʦʚʦʛʦ ʦʙʢʘʪʚrʘʥʠʷ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ. 

ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʩʠʣʠʷ ʧʦʜʞʠʤʘ ʨʦʣʠʢʘ ʢ ʜʝʪʘʣʠ, ʈʫʥ = 5 ʢʅ, 

ʘ ʩʦʦʪʥʦʰʝʥʠʝ: ʈʭʥ : ʈʫʥ : ʈzʥ = 0,15 : 5 : 1,5. ʉʠʣʘ ʈʭ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʢʘʪʳʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʩʠʣʳ ʈʫ ʠ ʈz ʩ ʢʘʞʜʳʤ 

ʦʙʦʨʦʪʦʤ ʨʦʣʠʢʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʶʪʩʷ; ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ ʩʠʣʳ ʈʫ 

ʩʦʩʪʘʚʣʷʝʪ æʈʫ = 0,45, ʘ ʩʠʣʘ ʈz (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʘʯʠ) ʠʟʤʝʥʷʝʪʩʷ ʤʝʥʝʝ 

ʟʘʤʝʪʥʦ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ, ʢʘʢ 

ʧʦʢʘʟʘʣʠ ʠʟʤʝʨʝʥʠʷ, æʈʫ < 0,03 ʈʫʥ, ʘ ʢʦʣʝʙʘʥʠʷ ʩʠʣ ʈʭ ʠ ʈʫ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʙʥʘʨʫʞʝʥʳ. 
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ʈʠʩ.7. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ ʈ ʧʨʠ 

ʫʩʪʘʥʦʚʢʝ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ ʥʘ ʦʧʦʨʘʭ ʩʢʦʣʴʞʝʥʠʷ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʩʢʦʣʴʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ fʩ = 0,05 

õ 0,1, ʘ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ fʢ = 0,003õ 0,008, ʧʦʵʪʦʤʫ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʩʠʣʳ ʈ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ 

ʜʦʩʪʠʛʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʩʠʣ ʪʨʝʥʠʷ ʚ ʦʧʦʨʘʭ. ʉʠʣʳ 

ʪʨʝʥʠʷ ʚ ʦʧʦʨʘʭ, ʩʢʣʘʜʳʚʘʷʩʴ ʩ ʨʘʙʦʯʠʤ ʫʩʠʣʠʝʤ ʧʨʫʞʠʥʷɦ ʝʛʦ ʵʣʝʤʝʥʪʘ 

ʦʙʢʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚʣʠʷʁ ʪ ʥʘ ʚʝʣʠʯʠʥʫ ʫʩʠʣʠʷ ʈ ʦʙʢʘʪʳʚʘʥʠʷ; ʧʨʠ 

ʥʘʣʠʯʠʠ ʞʝ ʨʘʜʠʘʣʴʥʦʛʦ ʙʠʝʥʠʷ ʨʦʣʠʢʘ ʩʠʣʳ ʪʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʢʘʪʳʚʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʶ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ  ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʚʦʣʥʠʩʪʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʢʦʣʝʙʘʥʠʷ ʫʩʠʣʠʷ ʈ ʦʙʢʘʪʳʚʘʥʠʷ ʧʨʠ ʢʘʞʜʦʤ ʦʙʦʨʦʪʝ 

ʨʦʣʠʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʙʠʝʥʠʷ. 

ʈʘʩʩʯʠʪʘʝʤ ʰʘʛ ʚʦʣʥʳ Sw ʧʨʠ ʥʝʢʨʘʪʥʳʭ  ʦʪʥʦʰʝʥʠʷʭ  Dʜ/Dʨ. 

ʊʦʯʢʘʤʠ ʥʘ ʨʘʟʚʝʨʪʢʝ ʩʣʝʜʘ ʨʦʣʠʢʘ ʧʨʠ ʢʘʯʝʥʠʠ ʝʛʦ ʧʦ ʜʝʪʘʣʠ ʦʪʤʝʯʝʥʳ 

ʤʝʩʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʩʠʣʠʷ ʈ (ʨʠʩ. 8). 

ʊʦʯʢʠ, ʩʜʚʠʛʘʷʩʴ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ, ʦʙʨʘʟʫʶʪ ʚʠʥʪʦʚʳʝ ʣʠʥʠʠ ʩ 

ʰʘʛʦʤ Sw, ʧʨʝʚʦʩʭʦʜʷʱʠʤ ʚʝʣʠʯʠʥʫ S ʧʦʜʘʯʠ ʨʦʣʠʢʘ. ɺʜʦʣʴ ʵʪʠʭ ʣʠʥʠʡ 

ʜʝʬʦʨʤʘʮʠʷ ʤʝʪʘʣʣʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʠ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʴh ʝʡ, ʯʝʤ 

ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʥʠʤʠ, ʯʝʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʚʦʣʥʠʩʪʦʩʪʠ.  
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ʈʠʩ. 8. ʉʭʝʤʘ ʨʘʩʯʝʪʘ ʰʘʛʘ Sw ʚʦʣʥʳ ʧʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʨʦʣʠʢʘʤʠ 

 

ʀʟ ʧʦʜʦʙʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ɸɺʉ ʠ ɸ1ɺ1ʉ ʧʦʣʫʯʠʤ 

Sw = DʨS / (DʨN ï Dʜ),                                    (12) 

ʛʜʝ: N = Dʜ/Dʨ + 1 (ʟʜʝʩʴ Dʜ/Dʨ - ʮʝʣʘʷ ʯʘʩʪʴ ʦʪʥʦʰʝʥʠʷ). ɼʘʥʥʦʝ 

ʚʳʨʘʞʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʩʣʫʯʘʷ, ʠʩʢʣʶʯʘʶʱʝʛʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ 

ʨʦʣʠʢʘ ʧʦ ʜʝʪʘʣʠ ʧʨʠ ʠʭ ʚʟʘʠʤʥʦʤ ʚʨʘʱʝʥʠʠ, ʧʨʠ ʥʘʣʠʯʠʠ ʩʢʦʣʴʞʝʥʠʷ 

ʬʘʢʪʠʯʝʩʢʠʡ ʰʘʛ ʚʦʣʥʳ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʘʩʯʝʪʥʦʛʦ. 

ʈʘʟʚʦʨʦʪʦʤ ʦʩʠ ʨʦʣʠʢʘ ʚʦʢʨʫʛ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʚ 

ʪʫ ʠʣʠ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʩʪʝʧʝʥʴ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʨʦʣʠʢʘ ʠ 

ʪʝʤ ʩʘʤʳʤ ʧʦʚʣʠʷʪʴ ʥʘ ʚʝʣʠʯʠʥʫ Sw. 

ʉʪʘʙʠʣʠʟʠʨʫʷ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ ʥʘ 

ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ ʫʩʠʣʠʝ ʈ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʧʦʷʚʣʝʥʠʝ ʚʦʣʥʠʩʪʦʩʪʠ 

ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʚʜʘʚʣʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʝʥʥʳ ʜʘʞʝ 

ʫʧʨʦʯʥʷʶʱʝʤʫ ʦʙʢʘʪʳʚʘʥʠʶ. ʇʨʠ ʵʪʦʤ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ Rʘ = 0,08 ï 0,32 ʤʢʤ ʧʨʠ ʠʩʭʦʜʥʦʡ Rz = 80 - 160 ʤʢʤ, ʠ ʢʨʦʤʝ 

ʪʦʛʦ, ʩʦʚʤʝʩʪʠʪʴ ʯʠʩʪʦʚʦʝ ʠ ʫʧʨʦʯʥʷʶʱʝʝ ʦʙʢʘʪʚrʘʥʠʝ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 9 ʧʨʦʬʠʣʦʛʨʘʤʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ʠʟ 

ʥʘʠʙʦʣʝʝ ʤʷʛʢʦʡ ʠʟ ʚʩʝʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ, 20, ʅɺ 140 (ʧʨʠ 



ʇʝʨʩʧʝʢʪʠʚʥʘ ʪʝʭʥʢ̔ʘ ̔ ʪʝʭʥʦʣʦʛʽʾ-2015 

 

ʄʠʢʦʣʘʾʚ, 2015 ʨʽʢ                                                36 

ʦʙʢʘʪʳʚʘʥʠʠ ʵʪʦʡ ʩʪʘʣʠ ʠʤʝʝʪ ʤʝʩʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʦʣʥʠʩʪʦʩʪʴ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ) ʜʦ ʦʙʢʘʪʳʚʘʥʠʷ ʠ ʧʦʩʣʝ ʧʨʠ ʈʫʥ  = 5 ʢʅ, S = 0.2 

ʤʤ/ʦʙ ʜʝʪʘʣʠ, Dʜ = 117 ʤʤ, Dʨ  = 60 ʤʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ. 

 

ʈʠʩ 9. ʇʨʦʬʠʣʦʛʨʘʤʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ʠʟ ʩʪʘʣʠ 20: ʘ ï ʜʦ 

ʦʙʢʘʪʳʚʘʥʠʷ Rz =100 ʤʢ; ʙ ï ʧʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʨʦʣʠʢʦʚʦʛʦ 

ʫʟʣʘ ʥʘ ʧʦʜh ʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ (Rʘ = 0,08 ï 0,16 ʤʢʤ); ʚ ï ʧʦʩʣʝ 

ʦʙʢʘʪʳʚʘʥʠʷ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ ʥʘ ʦʧʦʨʘʭ ʩʢʦʣʴʞʝʥʠʷ 

 

ʅʘ ʢʨʠʚʦʡ (ʨʠʩ. 9. ʚ.) ʚʠʜʥʘ ʚʦʣʥʠʩʪʦʩʪʴ ʥʘ ʦʙʢʘʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩ ʰʘʛʦʤ Sw = 3,9 ʤʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ Sw, ʨʘʩʩʯʠʪʘʥʥʦʤʫ ʧʦ 

ʬʦʨʤʫʣʝ (12). 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʢʘʪʳʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʨʦʣʠʢʦʚ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ (ʙʦʯʢʦʦʙʨʘʟʥʳʭ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ), 

ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪ ʧʦʷʚʣʝʥʠʝ ʚʦʣʥʠʩʪʦʩʪʠ ʠ ʧʨʠ ʪʨʝʥʠʠ 

ʩʢʦʣʴʞʝʥʠʷ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ ʚ ʫʩʪʨʦʡʩʪʚʝ ʚ ʩʣʝʜʩʪʚʠʠ ʤʘʣʦʩʪʠ ʫʛʣʘ űʘ. 

ɺʳʚʦʜ 

ʈʘʟʨʘʙʦʪʘʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʩʧʦʩʦʙ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ 

ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ ʥʘ ʦʧʦʨʘʭ ʢʘʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʨʘʥʠʪʴ ʧʦʷʚʣʝʥʠʝ ʚʦʣʥʠʩʪʦʩʪʠ ʦʙʢʘʪʳʚʘʥʠʝʤ ʪʦʨʦʦʙʨʘʟʥʳʤʠ ʨʦʣʠʢʘʤʠ 



ʇʝʨʩʧʝʢʪʠʚʥʘ ʪʝʭʥʢ̔ʘ ̔ ʪʝʭʥʦʣʦʛʽʾ-2015 

 

ʄʠʢʦʣʘʾʚ, 2015 ʨʽʢ                                                37 

ʧʨʠ ʙʦʣʴʰʠʭ ʩʨʝʜʥʠʭ ʫʛʣʘʭ ʚʜʘʚʣʠʚʘʥʠʷ ʨʦʣʠʢʦʚ (ű Ò 5Á) ʠ ʩʦʚʤʝʩʪʠʪʴ 

ʫʧʨʦʯʥʷʶʱʝʝ ʠ ʯʠʩʪʦʚʦʝ ʦʙʢʘʪʳʚʘʥʠʝ. 
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Technological providing of quality of treatment of poverkhtnosnym by flowage 

B.I. Butakov V. A. artyukh C. S. Kreminskiy 

The summary. Formulated and reason appearance of waviness is experimentally grounded at 

a rolling toroobraznymi rollers is oscillation of effort of rolling from the presence of large forces of 

sliding friction in the mechanism of loading of roller. 

 

ʋɼʂ 621.787.4. 

ʃɸɹʆʈɸʊʆʈʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʀɿʅʆʉʆʉʊʆʁʂʆʉʊʀ 

ʇɸʈʓ ʊʈɽʅʀʗ ʉʊɸʃʔʅʆʁ ɺɸʃ ʀ ɹʈʆʅɿʆɺʓʁ ɺʂʃɸɼʓʐ ʇʈʀ 

ʈɸɿʃʀʏʅʓʍ ʈɽɾʀʄɸʍ ʆɹʂɸʊʓɺɸʅʀʗ ʈʆʃʀʂɸʄʀ 

ɹ. ʀ. ɹʫʪʘʢʦʚ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺ. ɸ. ɸʨʪʶʭ, ʠʥʞʝʥʝʨ 

ʅʠʢʦʣʘʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ 

ʦʙʢʘʪʳʚʘʥʠʷ ʚʘʣʘ ʨʦʣʠʢʦʤ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ, 

ʩʦʟʜʘʸʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʨʦʜʥʳʡ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʤ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʜʘʥʥʦʝ ʢʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʜʝʪʘʣʠ. ʇʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʥʦʩ ʫ ʚʢʣʘʜʳʰʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʧʘʨʝ ʩ ʦʙʢʘʪʘʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʣʠʬʦʚʘʥʥʳʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʣʠʢ, ʚʦʣʥʠʩʪʦʩʪʴ, ʦʙʢʘʪʳʚʘʥʠʝ. 
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ɼʣʷ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ (ʇʇɼ) ʦʙʢʘʪʳʚʘʥʠʝʤ ʨʦʣʠʢʘʤʠ ʠʣʠ 

ʯʝʢʘʥʢʦʡ ʙʦʡʢʘʤʠ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʚʥʝʰʥʝʛʦ ʪʦʚʘʨʥʦʛʦ ʚʠʜʘ ʠ ʧʦʚʳʰʝʥʠʷ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʨʠʤʝʥʷʝʪʩʷ ʯʠʩʪʦʚʦʝ ʇʇɼ, ʘ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʜʝʪʘʣʝʡ ï ʫʧʨʦʯʥʷʶʱʘʷ ʦʙʨʘʙʦʪʢʘ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʠʢʘ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ, ʢʦʪʦʨʳʝ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʧʨʝʜʝʣʷʶʪ ʩʣʫʞʝʙʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ, ʚʢʣʶʯʘʝʪ ʮʝʣʳʡ ʨʷʜ ʤʝʪʦʜʦʚ: ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, 

ʟʘʢʘʣʢʫ ʊɺʏ, ʣʘʟʝʨʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʪ. ʜ. ɼʣʷ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʜʝʪʘʣʝʡ ʤʘʰʠʥ 

ʥʘʰʣʦ ʦʙʢʘʪʳʚʘʥʠʝ ʨʦʣʠʢʦʤ. 

ʇʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʢʘʪʳʚʘʥʠʷ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʬʝʨʠʯʝʩʢʠʝ ʠʣʠ ʪʦʨʦʦʙʨʘʟʥʳʝ ʨʦʣʠʢʠ ʠ 

ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʚʜʘʚʣʠʚʘʥʠʷ ʨʦʣʠʢʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʝʛʦ ʧʦʜʘʯʠ ʥʘ 

ʦʙʢʘʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʣʥʠʩʪʦʩʪʴ ʩ ʰʘʛʦʤ, 

ʦʪʣʠʯʥʳʤ ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʜʘʯʠ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʚʦʣʥʠʩʪʦʩʪʠ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʩʯʠʪʘʶʪ ʥʘʣʠʯʠʝ ʪʦʨʮʝʚʦʛʦ ʙʠʝʥʠʷ ʨʦʣʠʢʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʧʝʨʝʤʝʥʥʦʡ 

ʧʦʜʘʯʝ ʦʙʢʘʪʳʚʘʥʠʷ [1]. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʷʚʣʝʥʠʷ ʚʦʣʥʠʩʪʦʩʪʠ ʧʨʠ 

ʯʠʩʪʦʚʦʤ ʦʙʢʘʪʳʚʘʥʠʠ ʨʝʢʦʤʝʥʜʫʶʪ ʧʨʠʥʠʤʘʪʴ ʫʛʦʣ ʚʜʘʚʣʠʚʘʥʠʷ,  

ʟʥʘʯʝʥʠʝʤ 2 - 3
0
 ʯʪʦ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʢʘʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʝʣʠʯʠʥʦʡ 40 < Rz < 80 ʤʢʤ, ʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʦʣʥʠʩʪʦʩʪʠ ï ʠʩʧʦʣʴʟʦʚʘʪʴ  

ʨʦʣʠʢʠ ʩ ʪʦʯʥʳʤ ʨʘʙʦʯʠʤ ʧʨʦʬʠʣʝʤ ʠ ʯʘʱʝ ʠʭ ʧʝʨʝʰʣʠʬʦʚʳʚʘʪʴ. ʇʨʠ 

ʫʧʨʦʯʥʷʶʱʝʤ ʦʙʢʘʪʳʚʘʥʠʠ ʪʦʥʢʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʚʦʣʥʠʩʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʰʣʠʬʦʚʳʚʘʶʪ ʠʣʠ ʩʪʘʯʠʚʘʶʪ, ʵʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʦʯʥʝʥʠʷ [2].  

ʉ ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ ʋɼʄ ʢʦʥʩʪʨʫʢʮʠʠ ɺʅʀʀ  

ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʩʠʣʠʷ ʈ ʦʙʢʘʪʳʚʘʥʠʷ ʪʦʨʦʦʙʨʘʟʥʳʤ 

ʨʦʣʠʢʦʤ ʚʘʣʦʚ ʜʠʘʤʝʪʨʦʤ 100-200 ʤʤ ʠʟ ʩʪʘʣʠ 40 (200 ʅɺ) ʥʘ ʪʦʢʘʨʥʦʤ 
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ʩʪʘʥʢʝ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ  ʨʠʩ. 1, ʘ.  ʈʦʣʠʢ 1 

ʫʩʪʘʥʦʚʣʝʥ ʯʝʨʝʟ  ʧʦʜʰʠʧʥʠʢʠ 8 ʥʘ ʦʩʠ 9. ʋʩʠʣʠʝ ʧʨʫʞʠʥʳ 3  ʯʝʨʝʟ ʪʷʛʫ 4, 

ʦʩʴ 7 ʠ ʨʳʯʘʛ 2 ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʨʦʣʠʢ 1 ʠ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʢ ʜʝʪʘʣʠ. ʈʳʯʘʛ 2 

ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʦʩʠ 11 ʩ ʧʦʤʦʱʴʶ ʠʛʦʣʴʯʘʪʦʛʦ 6 ʠ ʫʧʦʨʥʳʭ 5 ʧʦʜʰʠʧʥʠʢʦʚ 

ʠ ʣʝʛʢʦ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ 10. ɺ ʫʩʪʨʦʡʩʪʚʝ ʚʤʝʩʪʦ 

ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ 5 ʠ 6 ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʜʰʠʧʥʠʢʠ 

ʩʢʦʣʴʞʝʥʠʷ.  

 

 

                                         ʘ)                                                               ʙ) 

ʈʠʩ. 1 ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʙʢʘʪʳʚʘʥʠʷ ʜʝʪʘʣʝʡ ʪʦʨʦʦʙʨʘʟʥʳʤ ʨʦʣʠʢʦʤ ʩʦ 

ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʫʩʠʣʠʷ ʦʙʢʘʪʳʚʘʥʠʷ: ʘ) ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ; ʙ) ʦʙʱʠʡ ʚʠʜ 

 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʩʠʣʠʷ ʈ, 

ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ ʥʘ ʦʧʦʨʘʭ ʩʢʦʣʴʞʝʥʠʷ, ʪ.ʝ. 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʟʘʚʦʜʘʭ ʜʣʷ 

ʫʧʨʦʯʥʷʶʱʝʛʦ ʠʣʠ ʯʠʩʪʦʚʦʛʦ ʦʙʢʘʪʳʚʘʥʠʷ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ. 

ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʩʠʣʠʷ ʧʦʜʞʠʤʘ ʨʦʣʠʢʘ ʢ ʜʝʪʘʣʠ, ʈʫʥ = 5 ʢʅ, 

ʘ ʩʦʦʪʥʦʰʝʥʠʝ: ʈʭʥ : ʈʫʥ : ʈzʥ = 0,15 : 5 : 1,5. ʉʠʣʘ ʈʭ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʢʘʪʳʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʩʠʣʳ ʈʫ ʠ ʈz ʩ ʢʘʞʜʳʤ 
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ʦʙʦʨʦʪʦʤ ʨʦʣʠʢʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʶʪʩʷ; ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ ʩʠʣʳ ʈʫ 

ʩʦʩʪʘʚʣʷʝʪ æʈʫ = 0,45, ʘ ʩʠʣʘ ʈz (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʘʯʠ) ʠʟʤʝʥʷʝʪʩʷ ʤʝʥʝʝ 

ʟʘʤʝʪʥʦ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ, ʢʘʢ 

ʧʦʢʘʟʘʣʠ ʠʟʤʝʨʝʥʠʷ, æʈʫ < 0,03 ʈʫʥ, ʘ ʢʦʣʝʙʘʥʠʷ ʩʠʣ ʈʭ ʠ ʈʫ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʙʥʘʨʫʞʝʥʳ. 

 

ʈʠʩ.2. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʩʠʣʠʷ ʈ ʦʙʢʘʪʳʚʘʥʠʷ: ʈʭ ï 

ʢʘʩʘʪʝʣʴʥʦʝ ʫʩʠʣʠʝ ʢʘʯʝʥʠʷ ʨʦʣʠʢʘ; ʈʫ ï ʥʦʨʤʘʣʴʥʦʝ ʫʩʠʣʠʝ ʧʦʜʞʠʤʘ 

ʨʦʣʠʢʘ ʢ ʜʝʪʘʣʠ; ʈz ï ʫʩʠʣʠʝ ʧʦʜʘʯʠ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʩʢʦʣʴʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ fʩ = 0,05 

õ 0,1, ʘ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ fʢ = 0,003õ 0,008, ʧʦʵʪʦʤʫ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʩʠʣʳ ʈ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʨʦʣʠʢʦʚʦʛʦ  ʫʟʣʘ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ 

ʜʦʩʪʠʛʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʩʠʣ ʪʨʝʥʠʷ ʚ ʦʧʦʨʘʭ. ʉʠʣʳ 

ʪʨʝʥʠʷ ʚ ʦʧʦʨʘʭ, ʩʢʣʘʜʳʚʘʷʩʴ ʩ ʨʘʙʦʯʠʤ ʫʩʠʣʠʝʤ ʧʨʫʞʠʥʷʱʝʛʦ ʵʣʝʤʝʥʪʘ 

ʦʙʢʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚʣʠʷʶʪ ʥʘ ʚʝʣʠʯʠʥʫ ʫʩʠʣʠʷ ʈ ʦʙʢʘʪʳʚʘʥʠʷ; ʧʨʠ 

ʥʘʣʠʯʠʠ ʞʝ ʨʘʜʠʘʣʴʥʦʛʦ ʙʠʝʥʠʷ ʨʦʣʠʢʘ ʩʠʣʳ ʪʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʢʘʪʳʚʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʶ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ  ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʚʦʣʥʠʩʪʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʢʦʣʝʙʘʥʠʷ ʫʩʠʣʠʷ ʈ ʦʙʢʘʪʳʚʘʥʠʷ ʧʨʠ ʢʘʞʜʦʤ ʦʙʦʨʦʪʝ 

ʨʦʣʠʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʙʠʝʥʠʷ [2, 3]. 

ʈʘʩʩʯʠʪʘʝʤ ʰʘʛ ʚʦʣʥʳ Sw ʧʨʠ ʥʝʢʨʘʪʥʳʭ  ʦʪʥʦʰʝʥʠʷʭ  Dʜ/Dʨ, ʛʜʝ Dʜ, 

Dʨ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʠʘʤʝʪʨʳ ʜʝʪʘʣʠ ʠ ʨʦʣʠʢʘ. ʊʦʯʢʘʤʠ ʥʘ ʨʘʟʚʝʨʪʢʝ ʩʣʝʜʘ 

ʨʦʣʠʢʘ ʧʨʠ ʢʘʯʝʥʠʠ ʝʛʦ ʧʦ ʜʝʪʘʣʠ ʦʪʤʝʯʝʥʳ ʤʝʩʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʫʩʠʣʠʷ ʈ (ʨʠʩ. 3). 
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ʊʦʯʢʠ, ʩʜʚʠʛʘʷʩʴ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ, ʦʙʨʘʟʫʶʪ ʚʠʥʪʦʚʳʝ ʣʠʥʠʠ ʩ 

ʰʘʛʦʤ Sw, ʧʨʝʚʦʩʭʦʜʷʱʠʤ ʚʝʣʠʯʠʥʫ S ʧʦʜʘʯʠ ʨʦʣʠʢʘ. ɺʜʦʣʴ ʵʪʠʭ ʣʠʥʠʡ 

ʜʝʬʦʨʤʘʮʠʷ ʤʝʪʘʣʣʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʠ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʴʰʝʡ, ʯʝʤ 

ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʥʠʤʠ, ʯʝʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʚʦʣʥʠʩʪʦʩʪʠ. 

ʀʟ ʧʦʜʦʙʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ɸɺʉ ʠ ɸ1ɺ1ʉ ʧʦʣʫʯʠʤ    

                                Sw = DʨS / (DʨN ï Dʜ),                                            (1) 

ʛʜʝ: N = Dʜ/Dʨ + 1 (ʟʜʝʩʴ Dʜ/Dʨ - ʮʝʣʘʷ ʯʘʩʪʴ ʦʪʥʦʰʝʥʠʷ). ɼʘʥʥʦʝ 

ʚʳʨʘʞʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʩʣʫʯʘʷ, ʠʩʢʣʶʯʘʶʱʝʛʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ 

ʨʦʣʠʢʘ ʧʦ ʜʝʪʘʣʠ ʧʨʠ ʠʭ ʚʟʘʠʤʥʦʤ ʚʨʘʱʝʥʠʠ, ʧʨʠ ʥʘʣʠʯʠʠ ʩʢʦʣʴʞʝʥʠʷ 

ʬʘʢʪʠʯʝʩʢʠʡ ʰʘʛ ʚʦʣʥʳ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʘʩʯʝʪʥʦʛʦ. 

ʈʘʟʚʦʨʦʪʦʤ ʦʩʠ ʨʦʣʠʢʘ ʚʦʢʨʫʛ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʚ 

ʪʫ ʠʣʠ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʩʪʝʧʝʥʴ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʨʦʣʠʢʘ ʠ 

ʪʝʤ ʩʘʤʳʤ ʧʦʚʣʠʷʪʴ ʥʘ ʚʝʣʠʯʠʥʫ Sw. 
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ʈʠʩ. 3. ʉʭʝʤʘ ʨʘʩʯʝʪʘ ʰʘʛʘ Sw ʚʦʣʥʳ ʧʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʨʦʣʠʢʘʤʠ 
 

ʉʪʘʙʠʣʠʟʠʨʫʷ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ ʨʦʣʠʢʦʚʦʛʦ ʫʟʣʘ ʥʘ 

ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ ʫʩʠʣʠʝ ʈ, ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʧʦʷʚʣʝʥʠʝ ʚʦʣʥʠʩʪʦʩʪʠ 

ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʚʜʘʚʣʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʝʥʥʳ ʜʘʞʝ 

ʫʧʨʦʯʥʷʶʱʝʤʫ ʦʙʢʘʪʳʚʘʥʠʶ. ʇʨʠ ʵʪʦʤ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ Rʘ = 0,08 ï 0,32 ʤʢʤ ʧʨʠ ʠʩʭʦʜʥʦʡ Rz = 80 - 160 ʤʢʤ, ʠ ʢʨʦʤʝ 

ʪʦʛʦ, ʩʦʚʤʝʩʪʠʪʴ ʯʠʩʪʦʚʦʝ ʠ ʫʧʨʦʯʥʷʶʱʝʝ ʦʙʢʘʪʳʚʘʥʠʝ.  

ʉ ʧʦʤʦʱʴʶ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʠʟʚʝʜʝʥʦ ʦʙʢʘʪʳʚʘʥʠʝ 

ʚʘʣʘ ʠʟ ʩʪʘʣʠ 40 ʜʠʘʤʝʪʨʦʤ 50 ʤʤ (ʨʠʩ 4). 
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ʈʠʩ. 4. ʆʙʢʘʪʳʚʘʥʠʝ ʚʘʣʘ ʨʦʣʠʢʦʤ ʥʘ ʪʦʢʘʨʥʦ-ʚʠʥʪʦʨʝʟʥʦʤ ʩʪʘʥʢʝ 

1ʂ62 
 

ɺʘʣ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚ ʮʝʥʪʨʘʭ ʠ ʧʦʚʦʜʢʦʚʳʡ ʧʘʪʨʦʥ, ʘ ʫʩʪʨʦʡʩʪʚʦ 

ʙʳʣʦ ʟʘʞʘʪʦ ʚ ʨʝʟʮʝʜʝʨʞʘʪʝʣʴ ʩʪʘʥʢʘ. 

ʆʙʢʘʪʳʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ ʜʚʫʤ ʨʝʞʠʤʘʤ, ʯʠʩʪʦʚʦʡ - ʩ ʫʩʠʣʠʝʤ 

ʦʙʢʘʪʳʚʘʥʠʷ 0,75 ʢʅ ʠ ʫʧʨʦʯʥʷʶʱʠʡ - ʩ ʫʩʠʣʠʝʤ 3 ʢʅ. ʋʩʠʣʠʝ ʙʳʣʦ 

ʧʦʜʦʙʨʘʥʦ ʧʦ ʥʦʤʦʛʨʘʤʤʝ [3] ʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʞʘʪʠʷ 

ʧʨʫʞʠʥʳ ʫʩʪʨʦʡʩʪʚʘ. ʆʙʢʘʪʳʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

ʜʝʪʘʣʠ 315 ʦʙ/ʤʠʥ ʠ ʧʦʜʘʯʝʡ 0,07 ʤʤ/ʦʙ. ʇʝʨʝʜ ʦʙʢʘʪʳʚʘʥʠʝʤ ʚʘʣ 

ʩʤʘʟʳʚʘʣʩʷ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ ʤʘʩʣʦʤ ʀ-20. ʇʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ ʚʘʣ ʙʳʣ 

ʧʦʨʝʟʘʥ ʥʘ ʦʙʨʘʟʮʳ ʰʠʨʠʥʦʡ 11 ʤʤ. ʇʦ ʧʝʨʠʤʝʪʨʫ ʦʙʨʘʟʝʮ, ʧʝʨʝʜ ʪʝʤ ʢʘʢ 

ʝʛʦ ʧʦʣʠʨʦʚʘʪʴ, ʟʘʣʠʚʘʣʩʷ ʩʘʤʦʪʚʝʨʜʝʶʱʝʡ ʧʣʘʩʪʤʘʩʩʦʡ ñʇʈʆʊɸʂʈʀʃ-

ʄò, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʝ ʟʘʚʘʣʠʪʴ ʪʦʨʮʳ ʧʨʠ ʧʦʣʠʨʦʚʢʝ (ʨʠʩ 5). 
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ʈʠʩ. 5. ʆʙʨʘʟʮʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 
 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʢʘʪʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 6. ʇʝʨʝʜ 

ʠʟʤʝʨʝʥʠʝʤ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʪʘʣʴ ʪʨʘʚʠʣʠ 3% ʨʘʩʪʚʦʨʦʤ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. 

 

 

                                   ʘ                                                                                        ʙ 

ʈʠʩ. 6. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʪʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʘʣʘ ʠʟ ʩʪʘʣʠ 40 (Ĭ 

500):  

ʘ ï ʜʦ ʦʙʢʘʪʳʚʘʥʠʷ; ʙ ï ʧʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ ʩ ʫʩʠʣʠʝʤ 3 ʢʅ 

 

ʇʦʩʣʝ ʦʙʢʘʪʳʚʘʥʠʷ ʚʘʣʘ ʠʟ ʩʪʘʣʠ 40, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 6, 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʪʷʛʠʚʘʥʠʝ ʬʝʨʨʠʪʥʳʭ ʠ ʧʝʨʣʠʪʥʳʭ ʟʝʨʝʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʦʜʘʯʠ ʨʦʣʠʢʘ. 

ʀʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʧʨʠʙʦʨʝ ʇʄʊ ï3 ʧʦ 

ʛʣʫʙʠʥʝ ʯʝʨʝʟ 0,2 ʤʤ. ʀʟʦʙʨʘʞʝʥʠʝ ʦʪʧʝʯʘʪʢʦʚ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʨʠʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 7. ʅʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʤʦʞʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʫʚʝʣʠʯʠʚʘʪʴ, ʠʟʤʝʥʷʪʴ 

ʷʨʢʦʩʪʴ ʠ ʨʝʟʢʦʩʪʴ. ʕʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʦʯʝʥʴ 

ʥʝʦʜʥʦʨʦʜʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ. 
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ʈʠʩ. 7. ʀʟʤʝʨʝʥʠʝ ʦʪʧʝʯʘʪʢʦʚ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘ ʧʨʠʙʦʨʝ ʇʄʊ-3 (Ĭ 

500). 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ 

ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ ʨʠʩ.8. 

ɻʣʫʙʠʥʘ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ, ʦʙʢʘʪʘʥʥʦʛʦ ʧʨʠ ʫʩʠʣʠʠ 3 ʢʅ, 

ʩʦʩʪʘʚʣʷʝʪ 2...2,6 ʤʤ, ʘ ʚʘʣʘ, ʦʙʢʘʪʘʥʥʦʛʦ ʧʨʠ ʫʩʠʣʠʠ 0,75 ʢʅ, ʩʦʩʪʘʚʣʷʝʪ 

1é1,6 ʤʤ. 

ɻʣʫʙʠʥʘ ʥʘʢʣʝʧʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʍʝʡʬʝʮʘ 

ʪ

P
t

s2
=

, 

ʛʜʝ: ʈ ï ʫʩʠʣʠʝ ʦʙʢʘʪʽʚʘʥʠʷ, 

       ůʪ ï ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʪʘʣʠ. 

ʊʚʝʨʜʦʩʪʴ ʥʘ ʛʣʫʙʠʥʝ ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʦ ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʤʘʣʦʡ ʰʠʨʠʥʳ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ.  
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ʈʠʩ. 8. ʀʟʤʝʥʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ: ʘ ï ʦʙʨʘʟʝʮ, 

ʦʙʢʘʪʘʥʥʳʡ ʩ ʫʧʨʦʯʥʷʶʱʠʤ ʨʝʞʠʤʦʤ ʧʨʠ ʫʩʠʣʠʠ 3 ʢʅ; ʙ ï ʦʙʨʘʟʝʮ, 

ʦʙʢʘʪʘʥʥʳʡ ʩ ʯʠʩʪʦʚʳʤ ʨʝʞʠʤʦʤ ʧʨʠ ʫʩʠʣʠʠ 0,75 ʢʅ 

 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʬʠʣʦʛʨʘʤʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʩʥʷʪʳ 

ʧʦʩʣʝ ʧʫʪʠ ʪʨʝʥʠʷ 20000 ʠ 40000 ʤ (ʨʠʩ. 9, 10, 11, 12). 

ʀʟʤʝʨʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʩʥʷʪʠʝ ʧʨʦʬʠʣʦʛʨʘʤʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʧʨʦʬʠʣʦʛʨʘʬʝ-ʧʨʦʬʠʣʦʤʝʪʨʝ ʟʘʚʦʜʘ çʂʘʣʠʙʨè. 
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ʈʠʩ. 9. ʇʨʦʬʠʣʦʛʨʘʤʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʥʷʪʳʝ 

ʧʦʩʣʝ ʧʫʪʠ ʪʨʝʥʠʷ 20000 ʤ (ʧʦ ʚʝʨʪʠʢʘʣʠ Ĭ 1000, ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ Ĭ 10): ʘ ï 

ʦʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʥʳʡ ʩ ʫʩʠʣʠʝʤ 3 ʢʅ ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ; ʙ ï ʰʣʠʬʦʚʘʥʥʳʡ 

ʦʙʨʘʟʝʮ; ʚ ï ʦʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʥʳʡ ʩ ʫʩʠʣʠʝʤ 0,75 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ; ʛ ï 

ʦʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʥʳʡ ʩ ʫʩʠʣʠʝʤ 3 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ. 
 

 
ʈʠʩ. 10. ʇʨʦʬʠʣʦʛʨʘʤʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʥʷʪʳʝ 

ʧʦʩʣʝ ʧʫʪʠ ʪʨʝʥʠʷ 40000 ʤ (ʧʦ ʚʝʨʪʠʢʘʣʠ Ĭ 1000, ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ Ĭ 10): ʘ ï 

ʦʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʥʳʡ ʩ ʫʩʠʣʠʝʤ 3 ʢʅ ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ; ʙ ï ʰʣʠʬʦʚʘʥʥʳʡ 

ʦʙʨʘʟʝʮ; ʚ ï ʦʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʥʳʡ ʩ ʫʩʠʣʠʝʤ 0,75 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ; ʛ ï 

ʦʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʥʳʡ ʩ ʫʩʠʣʠʝʤ 3 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ. 



ʇʝʨʩʧʝʢʪʠʚʥʘ ʪʝʭʥʢ̔ʘ ̔ ʪʝʭʥʦʣʦʛʽʾ-2015 

 

ʄʠʢʦʣʘʾʚ, 2015 ʨʽʢ                                                49 

 

ʈʠʩ. 11. ʇʨʦʬʠʣʦʛʨʘʤʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʦʥʟʦʚʳʭ ʦʙʨʘʟʮʦʚ ʦʙʨʘʟʮʦʚ, 

ʩʥʷʪʳʝ ʧʦʩʣʝ ʧʫʪʠ ʪʨʝʥʠʷ 20000 ʤ (ʧʦ ʚʝʨʪʠʢʘʣʠ Ĭ 1000, ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ Ĭ 

10): ʘ ï ʦʙʨʘʟʝʮ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʧʘʨʝ ʩ ʚʘʣʦʤ, ʦʙʢʘʪʘʥʥʳʤ ʩ ʫʩʠʣʠʝʤ 3 ʢʅ 

ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ; ʙ ï ʦʙʨʘʟʝʮ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʧʘʨʝ ʩʦ ʰʣʠʬʦʚʘʥʥʳʤ ʚʘʣʦʤ; 

ʚ ï ʦʙʨʘʟʝʮ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʧʘʨʝ ʩ ʚʘʣʦʤ, ʦʙʢʘʪʘʥʥʳʤ ʩ ʫʩʠʣʠʝʤ 0,75 ʢʅ 

ʧʦʩʣʝ ʪʦʯʝʥʠʷ; ʛ ï ʦʙʨʘʟʝʮ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʧʘʨʝ ʩ ʚʘʣʦʤ, ʦʙʢʘʪʘʥʥʳʤ ʩ 

ʫʩʠʣʠʝʤ 3 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ. 
 

 

ʈʠʩ. 12. ʇʨʦʬʠʣʦʛʨʘʤʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʦʥʟʦʚʳʭ ʦʙʨʘʟʮʦʚ ʦʙʨʘʟʮʦʚ, 

ʩʥʷʪʝr ʧʦʩʣʝ ʧʫʪʠ ʪʨʝʥʠʷ 40000 ʤ (ʧʦ ʚʝʨʪʠʢʘʣʠ Ĭ 1000, ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ Ĭ 

10): ʘ ï ʦʙʨʘʟʝʮ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʧʘʨʝ ʩ ʚʘʣʦʤ, ʦʙʢʘʪʘʥʥʳʤ ʩ ʫʩʠʣʠʝʤ 3 ʢʅ 

ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ; ʙ ï ʦʙʨʘʟʝʮ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʧʘʨʝ ʩʦ ʰʣʠʬʦʚʘʥʥʳʤ ʚʘʣʦʤ; 

ʚ ï ʦʙʨʘʟʝʮ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʧʘʨʝ ʩ ʚʘʣʦʤ, ʦʙʢʘʪʘʥʥʳʤ ʩ ʫʩʠʣʠʝʤ 0,75 ʢʅ 

ʧʦʩʣʝ ʪʦʯʝʥʠʷ; ʛ ï ʦʙʨʘʟʝʮ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʧʘʨʝ ʩ ʚʘʣʦʤ, ʦʙʢʘʪʘʥʥʳʤ ʩ 

ʫʩʠʣʠʝʤ 3 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʦʬʠʣʦʛʨʘʤʤ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʢʘʪʘʥʥʦʛʦ ʚʘʣʘ ʤʝʥʴʰʝ, ʯʝʤ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʵʪʦ ʫʩʢʦʨʷʝʪ ʧʨʠʨʘʙʦʪʢʫ ʜʝʪʘʣʝʡ. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʢʣʘʜʳʰʝʡ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʳʡ 

ʨʝʣʴʝʬ. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʩʪʘʣʴʥʳʭ ʠ 

ʙʨʦʥʟʦʚʳʭ ʦʙʨʘʟʮʦʚ, ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʥʘ ʨʠʩʫʥʢʘʭ ʧʦʩʣʝ ʧʫʪʠ ʪʨʝʥʠʷ 

20000 ʠ 40000 ʤ. 

ʊʘʙʣʠʮʘ 

ʇʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ 

ʆʙʨʘʟʝʮ 

Rʘ
,  

ʤ

ʢʤ 

n
*  

H

max
*
, 

ʤ

ʢʤ 

H

min, 

ʤ

ʢʤ 

t

p
*
, 

% 

1 2 3 4 5 6 

ʉʪʘʣʴʥʳʝ ʦʙʨʘʟʮʠ 

ʇʦʩʣʝ ʧʫʪʠ ʪʨʝʥʠʷ 20000ʤ 

ʆʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʥʳʡ ʩ 
ʫʩʠʣʠʝʤ 3 ʢʅ ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ 

0,

28 ï 0,29 

5

-7 

5

,3 

6

,79 

9

1,1 

ʐʣʠʬʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ 
0,

44 ï 0,45 

6

-8 

7

,4 

8

,1 

5

5 

ʆʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʥʳʡ ʩ ʫʩʠʣʠʝʤ 

0,75 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ (ʯʠʩʪʦʚʦʡ ʨʝʞʠʤ) 

0,

16 ï 0,20 

3

-4 

4

,8 

3

,2 

9

5 

ʆʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʥʳʡ ʩ ʫʩʠʣʠʝʤ 3 

ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ (ʫʧʨʦʯʥʷʶʱʠʡ ʨʝʞʠʤ) 
0,

18 ï 0,25 

5

-6 

4

,7 

2

,5 

9

7 

ʇʦʩʣʝ ʧʫʪʠ ʪʨʝʥʠʷ 40000ʤ 

ʆʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʳʡ ʩ 
ʫʩʠʣʠʝʤ 3 ʢʅ ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ 

0,

20 ï 0,21 

5

-7 

5

,3 

1

,9 

9

4 

ʐʣʠʬʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ 
0,

27 ï 0,28 

1

0 ï 11 

7

,9 

4

,85 

5

4 

ʆʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʥʳʡ ʩ ʫʩʠʣʠʝʤ 

0,75 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ (ʯʠʩʪʦʚʦʡ ʨʝʞʠʤ) 

0,

16 ï 0,21 

1

 ï 3 

2

,3 

8

,1 

9

6 

ʆʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʳʡ ʩ ʫʩʠʣʠʝʤ 3 

ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ (ʫʧʨʦʯʥʷʶʱʠʡ ʨʝʞʠʤ) 
0,

17 ï 0,22 

3

 ï 4 

2

,8 

1

,3 

9

7,5 

ɹʨʦʥʟʦʚʳʝ ʦʙʨʘʟʮʠ 

ʇʦʩʣʝ ʧʫʪʠ ʪʨʝʥʠʷ 20000ʤ 
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ɺʢʣʘʜʳʰ, ʨʘʙʦʪʘʶʱʠʡ ʩ 
ʦʙʨʘʟʮʦʤ, ʦʙʢʘʪʘʥʥʳʤ ʩ ʫʩʠʣʠʝʤ 
3 ʢʅ ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ 

0,

50 ï  

0,

51 

1

1 ï 13 

4

,96 

6

,78 

8

2 

ɺʢʣʘʜʳʰ, ʨʘʙʦʪʘʶʱʠʡ ʩʦ 

ʰʣʠʬʦʚʘʥʥʳʤ ʦʙʨʘʟʮʦʤ 

0,

61 ï 0,62 

1

2 ï 16 

6

,76 

7

,73 

5

1 

ɺʢʣʘʜʳʰ, ʨʘʙʦʪʘʶʱʠʡ ʩ 

ʦʙʨʘʟʮʦʤ, ʦʙʢʘʪʘʥʥʳʤ ʩ ʫʩʠʣʠʝʤ 0,75 ʢʅ 

ʧʦʩʣʝ ʪʦʯʝʥʠʷ (ʯʠʩʪʦʚʦʡ ʨʝʞʠʤ) 

0,

39 ï 0,51 
9 

4

,81 

2

,46 

9

5 

ɺʢʣʘʜʳʰ, ʨʘʙʦʪʘʶʱʠʡ ʩ 

ʦʙʨʘʟʮʦʤ, ʦʙʢʘʪʘʥʥʳʤ ʩ ʫʩʠʣʠʝʤ 3 ʢʅ 

ʧʦʩʣʝ ʪʦʯʝʥʠʷ (ʫʧʨʦʯʥʷʶʱʠʡ ʨʝʞʠʤ) 

0,

35 ï 0,36 
9 

4

,85 

2

,10 

9

5 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 
1 2 3 4 5 6 

ʇʦʩʣʝ ʧʫʪʠ ʪʨʝʥʠʷ 40000ʤ 

ɺʢʣʘʜʳʰ, ʨʘʙʦʪʘʶʱʠʡ ʩ 
ʦʙʨʘʟʮʦʤ, ʦʙʢʘʪʘʥʥʳʤ ʩ ʫʩʠʣʠʝʤ 
3 ʢʅ ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ 

0,

30 ï 0,31 
8 

5

,48 

1

,64 

8

2 

ɺʢʣʘʜʳʰ, ʨʘʙʦʪʘʶʱʠʡ ʩʦ 

ʰʣʠʬʦʚʘʥʥʳʤ ʦʙʨʘʟʮʦʤ 

0,

58 ï 0,60 

1

1 

6

,85 

4

,65 

5

1,6 

ɺʢʣʘʜʳʰ, ʨʘʙʦʪʘʶʱʠʡ ʩ 

ʦʙʨʘʟʮʦʤ, ʦʙʢʘʪʘʥʥʳʤ ʩ ʫʩʠʣʠʝʤ 0,75 ʢʅ 

ʧʦʩʣʝ ʪʦʯʝʥʠʷ (ʯʠʩʪʦʚʦʡ ʨʝʞʠʤ) 

0,

18 ï 0,19 
9 

1

,14 

7

,62 

9

5 

ɺʢʣʘʜʳʰ ʨʘʙʦʪʘʶʱʠʡ ʩ ʦʙʨʘʟʮʦʤ 

ʦʙʢʘʪʘʥʥʳʤ ʩ ʫʩʠʣʠʝʤ 3 ʢʅ ʧʦʩʣʝ 

ʪʦʯʝʥʠʷ (ʫʧʨʦʯʥʷʶʱʠʡ ʨʝʞʠʤ) 

0,

26 ï 0,27 
9 

1

,04 

0

,88 

9

5,4 

*
n ï ʏʠʩʣʦ ʰʘʛʦʚ ʥʝʨʦʚʥʦʩʪʝʡ ʚ ʧʨʝʜʝʣʘʭ ʜʣʠʥʳ ʪʨʘʩʩʳ; 

*
Hmax ï ɺʳʩʦʪʘ ʥʘʠʙʦʣʴʰʝʛʦ ʚʳʩʪʫʧʘ ʧʨʦʬʠʣʷ; 

*
 Hmin ï ɻʣʫʙʠʥʘ ʥʘʠʙʦʣʴʰʝʡ ʚʧʘʜʠʥʳ ʧʨʦʬʠʣʷ; 

*
tp ï ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʧʦʨʥʘʷ ʜʣʠʥʘ ʧʨʦʬʠʣʷ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʫ ʦʙʢʘʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʦʟʨʘʩʪʘʝʪ ʦʧʦʨʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ tp ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʠʨʘʙʦʪʢʠ ʩ ʙʨʦʥʟʦʚʳʤ ʚʢʣʘʜʳʰʝʤ ʬʦʨʤʠʨʫʝʪʩ ̫ʚ ʚʠʜʝ ʥʦʚʦʛʦ 

ʨʝʣʴʝʬʘ. 

ɼʣʷ ʠʩʧʳʪʘʥʠʷ ʥʘ ʠʟʥʦʩ ʦʙʨʘʟʮʦʚ ʥʘ ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʉʄʎ ï 2 

ʧʨʠʤʝʥʷʣʩʷɹ ʦʙʨʘʟʝʮ 1 ʠʟ ʩʪʘʣʠ 40 ʜʠʘʤʝʪʨʦʤ 50 ʤʤ ʚ ʧʘʨʝ ʩ ʦʙʨʘʟʮʦʤ 2 ʠʟ 

ʦʣʦʚʷʥʠʩʪʦʡ ʙʨʦʥʟʳ ɹʨ. ʆʎʉ 8-21 (ʨʠʩ.13). 

ʉʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʧʦ ʯʝʪʳʨʝʤ ʚʘʨʠʘʥʪʘʤ: 

ʰʣʠʬʦʚʘʥʥʳʝ (ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ Rʘ = 0,25 ʤʢʤ); ʦʙʢʘʪʘʥʥʳʝ 
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ʨʦʣʠʢʦʤ ʩ ʯʠʩʪʦʚʳʤ ʨʝʞʠʤʦʤ ʧʨʠ ʫʩʠʣʠʠ ʈ = 0,75 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ, 

(ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ Rʘ = 0,15 ʤʢʤ); ʦʙʢʘʪʘʥʥʳʝ ʨʦʣʠʢʦʤ ʩ 

ʫʧʨʦʯʥʷʶʱʠʤ ʨʝʞʠʤʦʤ ʧʨʠ ʈ = 3 ʢʅ ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ (ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ Rʘ = 0,12 ʤʢʤ) ʠ ʦʙʢʘʪʘʥʥʳʝ ʨʦʣʠʢʦʤ ʩ ʫʧʨʦʯʥʷʶʱʠʤ 

ʨʝʞʠʤʦʤ ʧʨʠ ʈ = 3 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ (ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ Rʘ = 

0,17 ʤʢʤ). ʇʦʚʝʨʭʥʦʩʪʴ ʚʢʣʘʜʳʰʝʡ (ʚʪʫʣʦʢ) ʧʦʩʣʝ ʨʘʩʪʘʯʠʚʘʥʠʷ ʠʤʝʣʘ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ Rʘ = 0,36 ʤʢʤ.  

2

1

P

    

ʈʠʩ. 13 ʉʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 

1 ï ʆʙʨʘʟʝʮ ʠʟ ʩʪʘʣʠ 40; 2 ï ʦʙʨʘʟʝʮ ʠʟ ʦʣʦʚʷʥʠʩʪʦʡ ʙʨʦʥʟʳ ɹʨ. ʆʎʉ 

8-21 

 

ʀʩʧʳʪʘʥʠʷ ʧʘʨʳ ʪʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʫʜʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʝ 5 ʄʇʘ ʠ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʴʶ 79 ʤ/ʤʠʥ; ʦʙʨʘʟʮʳ ʦʙʠʣʴʥʦ 

ʩʤʘʟʳʚʘʣʠʩʴ ʤʦʪʦʨʥʳʤ ʤʘʩʣʦʤ ʬʠʨʤʳ ñCastrol Magnatecò 10W ï 40.  

ʅʘ ʨʠʩ. 14 ʠ 15 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʥʦʩʘ ʙʨʦʥʟʦʚʳʭ 

ʠ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪ ʧʫʪʠ ʪʨʝʥʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʳ 

ʚʟʚʝʰʠʚʘʣʠʩʴ ʯʝʨʝʟ ʢʘʞʜʳʝ 1000 ʤ ʧʫʪʠ ʪʨʝʥʠʷ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ 
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ɺʃʈ ï 200, ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ 16 ʧʘʨ ʦʙʨʘʟʮʦʚ, ʘ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ï ʯʝʪʳʨʝʭ ʧʘʨ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʦʙʨʘʙʦʪʢʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ ʚ ʤʦʤʝʥʪ ʠʥʪʝʥʩʠʚʥʦʡ ʧʨʠʪʠʨʢʠ L = 20000 ʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʘ ʚʢʣʘʜʳʰʘ ʨʘʙʦʪʘʶʱʝʛʦ ʚ 

ʧʘʨʝ ʩʦ ʰʣʠʬʦʚʘʥʥʳʤ ʚʘʣʦʤ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʢʣʘʜʳʰʘʤʠ, 

ʨʘʙʦʪʘʶʱʠʤʠ ʩ ʚʘʣʦʤ, ʦʙʢʘʪʘʥʥʳʤ ʧʨʠ ʫʩʠʣʠʠ 0,75 ʠ 3 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ 

ʠ ʰʣʠʬʦʚʢʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ f ʚ ʥʘʯʘʣʝ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘʚʣʷʣ ʜʣʷ 

ʰʣʠʬʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 0,127, ʘ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʦʙʢʘʪʘʥʥʳʭ ʧʨʠ ʈ = 0,75 ʢʅ 

ʠ ʈ = 3 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ ʠ ʰʣʠʬʦʚʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,047 ʠ 0,12. ɺ 

ʜʘʣʴʥʝʡʰʝʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʜʦʩʪʠʛ ʤʠʥʠʤʫʤʘ (f = 0,016) ʜʣʷ 

ʦʙʨʘʟʮʦʚ, ʦʙʢʘʪʘʥʥʳʭ ʧʨʠ ʈ = 3 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ. 
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ʈʠʩ 14. ɻʨʘʬʠʢ ʠʟʥʦʩʘ ʙʨʦʥʟʦʚʳʭ ʚʢʣʘʜʳʰʝʡ: 

1-ɹʨʦʥʟʦʚʳʡ ʚʢʣʘʜʳʰ ʚ ʧʘʨʝ ʩʦ ʰʣʠʬʦʚʘʥʥʳʤ ʚʘʣʦʤ; 

2-ɹʨʦʥʟʦʚʳʡ ʚʢʣʘʜʳʰ ʚ ʧʘʨʝ ʩ ʚʘʣʦʤ, ʦʙʢʘʪʘʥʥʳʤ  

ʧʨʠ ʫʩʠʣʠʠ 0,75 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ; 

3-ɹʨʦʥʟʦʚʳʡ ʚʢʣʘʜʳʰ ʚ ʧʘʨʝ ʩ ʚʘʣʦʤ, ʦʙʢʘʪʘʥʥʳʤ  

ʧʨʠ ʫʩʠʣʠʠ 3 ʢʅ ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ; 

4-ɹʨʦʥʟʦʚʳʡ ʚʢʣʘʜʳʰ ʚ ʧʘʨʝ ʩ ʚʘʣʦʤ, ʦʙʢʘʪʘʥʥʳʤ  

ʧʨʠ ʫʩʠʣʠʠ 3 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ 
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ʈʠʩ 15. ɻʨʘʬʠʢ ʠʟʥʦʩʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 40: 

1-ʉʪʘʣʴʥʦʡ ʰʣʠʬʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ; 

2-ʆʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʥʳʡ ʧʨʠ ʫʩʠʣʠʠ 0,75 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ; 

3- ʆʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʥʳʡ ʧʨʠ ʫʩʠʣʠʠ 3 ʢʅ ʧʦʩʣʝ ʰʣʠʬʦʚʢʠ; 

4- ʆʙʨʘʟʝʮ, ʦʙʢʘʪʘʥʥʳʡ ʧʨʠ ʫʩʠʣʠʠ 3 ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ 

 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ.14, 15, ʧʨʠʨʘʙʦʪʢʘ ʙʨʦʥʟʦʚʳʭ ʚʢʣʘʜʳʰʝʡ ʚ ʧʘʨʝ ʩ 

ʦʙʢʘʪʘʥʥʳʤʠ ʩʪʘʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʳʩʪʨʝʝ, 

ʯʝʤ ʰʣʠʬʦʚʘʥʥʳʭ; ʧʨʠ ʵʪʦʤ ʠʟʥʦʩ ʰʣʠʬʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʟʘ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʚ 3 ï 3,5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʦʙʢʘʪʘʥʥʳʭ. 

ʄʠʥʠʤʘʣʴʥʳʡ ʠʟʥʦʩ ʠʤʝʣʠ ʦʙʨʘʟʮʳ, ʦʙʢʘʪʘʥʥʳʝ ʨʦʣʠʢʦʤ ʧʨʠ ʈ = 3 

ʢʅ ʧʦʩʣʝ ʪʦʯʝʥʠʷ; ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʫʧʨʦʯʥʷʶʱʠʤ ʵʬʬʝʢʪʦʤ ʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ, ʥʦ ʠ ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʨʠ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʦʙʨʘʙʦʪʢʠ. ʆʧʦʨʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʢʘʪʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʚ 1,5 ï 2, ʘ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ï ʚ 1,1 ï 1,2 ʨʘʟʘ 

ʙʦʣʴʰʝ, ʯʝʤ ʰʣʠʬʦʚʘʥʥʳʭ, ʚʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ ʦʙʢʘʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʤʝʥʴʰʠʣʘʩʴ ʚ 1,5 ï 1,8 ʨʘʟʘ, ʘ ʰʣʠʬʦʚʘʥʥʦʡ ï ʚ 1,2 ʨʘʟʘ. ʅʘ ʦʙʢʘʪʘʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʠʭ ʠʟʥʦʩʝ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʩʛʣʘʞʠʚʘʥʠʷ ʚʝʨʰʠʥ ʚʳʩʪʫʧʦʚ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚ ʥʠʞʥʠʭ ʝʝ ʩʝʯʝʥʠʷʭ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʨʘʟʣʠʯʠʝ ʚ ʚʝʣʠʯʠʥʝ ʦʧʦʨʥʦʡ ʧʣʦʱʘʜʠ ʤʝʞʜʫ ʰʣʠʬʦʚʘʥʥʦʡ ʠ ʦʙʢʘʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ  ʠʟʥʘʰʠʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʝʱʝ ʙʦʣʴʰʝ.  
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ʉʧʦʩʦʙ ʦʙʢʘʪʳʚʘʥʠʝ ʜʝʪʘʣʝʡ ʨʦʣʠʢʘʤʠ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʫʩʠʣʠʷ 

ʦʙʢʘʪʳʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʫʧʨʦʯʥʝʥʥʳʡ ʩʣʦʡ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ʩ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʠ ʦʜʥʦʨʦʜʥʦʡ ʪʚʝʨʜʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʦʡ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ.  
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ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʘʨʠ ʪʝʨʪʷ ʩʪʘʣʴʥʦʡ ʚʘʣ ʽ ʙʨʦʥʟʦʚʠʡ 

ʚʢʣʘʜʠʰ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʦʙʢʘʪʠʚʘʥʽʝ ʨʦʣʠʢʠ ɹ. ʀ. ɹʫʪʘʢʦʚ, ɺ. ɸ. ɸʨʪʶʭ 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦ ʛʣʠʙʠʥʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʩʣʷ ʦʙʢʘʪʫʚʘʥʥʷ ʚʘʣʘ 

ʨʦʣʠʢʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʨʦʶ ʟʽ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʟʫʩʠʣʣʷ ʦʙʢʘʪʫʚʘʥʥʷ, ʩʪʚʦʨʶʻʪʴʩʷ ʜʦʩʠʪʴ 

ʦʜʥʦʨʽʜʥʠʡ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʟʘʜʘʥʫ ʷʢʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʨʝʩʫʨʩʫ ʨʦʙʦʪʠ ʜʝʪʘʣʽ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʟʥʦʩ ʫ 

ʚʢʣʘʜʠʰʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʧʘʨʽ ʟ ʦʙʢʘʪʘʥʠʤʠ ʟʨʘʟʢʘʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʝʣʠʢʘ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʰʣʽʬʦʚʘʥʠʤʠ. 

 

Laboratory researches of wearproofness pair friction steel billow and bronze hobs at different 

modes of rolling by rollers   B.I. Butakov  V. A. Artyukh 

Researches of distribution of microhardness showed on a depth, that after the rolling-off of 

billow a roller by means of device with stabilizing of effort of rolling-off, the homogeneous enough is 

created on a structure and properties superficial layer which provides the set quality of material 

during all resource of work of detail. After testing on a wear at hobs working in a pair with rollings 

standards there is large wearproofness as compared to polished. 
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ʋɼʂ  621.3.042 (088.8) 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʄɸʊɽʈɯɸʃʆʄɯʉʊʂʆʉʊɯ ɺɸʈɯɸʅʊɯɺ 

ʊʈʀʌɸɿʅʀʍ ʇʈʆʉʊʆʈʆɺʀʍ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ ʉʀʉʊɽʄ 

ʆ.ʆ. ʇʣʘʭʪʠʨ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʗ.ɺ. ʈʘʜʯʝʥʢʦ, ʩʪʫʜʝʥʪʢʘ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 
ʅʘ ʦʩʥʦʚʽ ʚʽʜʥʦʩʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʥʠʢʽʚ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʦʩʪʽ 

ʚʠʢʦʥʘʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʘʨʽʘʥʪʽʚ ʧʨʦʩʪʦʨʦʚʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʩʪʝʤ ʽʟ ʩʪʠʢʦʚʠʤʠ 

ʤʘʛʥʽʪʦʧʨʦʚʦʜʘʤʠ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʠʧʦʤ ʪʝʭʥʦʣʦʛʽʾ, ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʽ ʥʘʧʨʷʤʦʤ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʪʦʢʫ ʩʪʝʨʞʥʽʚ. ʇʦʢʘʟʘʥʽ ʧʝʨʝʚʘʛʠ ʤʘʛʥʽʪʦʧʨʦʚʦʜʽʚ ʟ ʧʘʨʘʣʝʣʴʥʠʤʠ ʩʪʽʥʢʘʤʠ 

ʦʙʤʦʪʫʚʘʣʴʥʠʭ ʚʽʢʦʥ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʩʪʦʨʦʚʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʩʠʩʪʝʤʠ, 

ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʴ, ʦʙʤʦʪʫʚʘʣʴʥʽ ʚʽʢʥʘ. 

 

ʆʜʥʠʤ ʟ ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʦʩʪʽ ʽ ʚʪʨʘʪ ʚ ʩʪʘʣʠ 

ʪʨʠʬʘʟʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʨʝʘʢʪʦʨʽʚ ʽ ʜʨʦʩʝʣʽʚ ʷʚʣʷʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ (ʇɽʄʉ) ʘʢʪʠʚʥʦʾ ʯʘʩʪʠʥʠ [2, 3]. ʋ 

[6, 7] ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʨʦʟʨʦʙʣʝʥʽ ʤʘʩʦ-ʚʘʨʪʽʩʥʽ ʤʦʜʝʣʽ 

ʚʘʨʽʘʥʪʽʚ ʇɽʄʉ ʥʝʪʨʘʜʠʮʽʡʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʧʘʨʘʣʝʣʴʥʠʤʠ ʩʪʽʥʢʘʤʠ 

ʦʙʤʦʪʫʚʘʣʴʥʠʭ ʚʽʢʦʥ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʨʠʬʘʟʥʠʭ ʧʣʘʥʘʨʥʠʭ ʘʥʘʣʦʛʽʚ 

ʤʝʥʰʦʶ ʤʘʩʦʶ ʽ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʶ [8].  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʦʩʪʽ ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʚʘʨʽʘʥʪʽʚ ʇɽʄʉ ʟ ʰʝʩʪʠʛʨʘʥʥʦʶ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʦʜʥʦʛʦ ʟ ʢʦʥʪʫʨʽʚ ʷʨʤʘ. ʇʨʠ ʮʴʦʤʫ ʚʢʘʟʘʥʽ ʩʠʩʪʝʤʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʷʢ ʛʝʦʤʝʪʨʽʻʶ  ʩʪʝʨʞʥʽʚ ʽ ʢʦʪʫʰʦʢ(ʧʨʷʤʦʢʫʪʥʘ, ʨʠʩ. 1, ʘ ʽ ʙ ʽ 

ʩʝʢʪʦʨʥʘ, ʨʠʩ. 1, ʚ), ʪʘʢ ʽ ʪʠʧʦʤ ʪʝʭʥʦʣʦʛʽʾ (ʰʠʭʪʦʚʢʘ ʣʠʩʪʽʚ ʽ ʥʘʤʦʪʫʚʘʥʥʷ 

ʩʪʨʽʯʢʠ). 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʠʥʮʠʧʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʜʦʮʽʣʴʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ 
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ʚ [6, 7] ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʇɽʄʉ: ʚʽʜʥʦʰʝʥʥʷʤ ʜʽʘʤʝʪʨʽʚ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʥʪʫʨʥʠʭ ʢʽʣ 
ʥ ʚa ɼ ɼ= , ʚʽʜʥʦʰʝʥʥʷʤ ʚʠʩʦʪʠ ʽ ʰʠʨʠʥʠ 

ʦʙʤʦʪʫʚʘʣʴʥʦʛʦ ʚʽʢʥʘ ʦ o oh bl= , ʮʝʥʪʨʘʣʴʥʠʤ ʢʫʪʦʤ 
ca  ʛʨʘʥʝʡ ʩʪʝʨʞʥʷ, ʘ 

ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪʦʤ kʠ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ.  

ʇʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʽ ʚʠʪʢʠ ʢʦʪʫʰʦʢ ʚʘʨʽʘʥʪʽʚ ʇɽʄʉ (ʨʠʩ. 1) ʧʨʠ 

ʜʠʩʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʦʙʤʦʪʦʢ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʽʜʩʪʘʥʷʭ ʚʽʜ ʩʪʝʨʞʥʷ ʨʽʚʥʠʭ 

ʯʚʝʨʪʽ ʰʠʨʠʥʠ ʦʙʤʦʪʫʚʘʣʴʥʦʛʦ ʚʽʢʥʘ, ʘ ʚʥʫʪʨʽʰʥʽ ʨʘʜʽʫʩʠ ʚʠʛʠʥʫ ʢʦʪʫʰʦʢ 

ʜʦʨʽʚʥʶʶʪʴ ʽʟʦʣʷʮʽʡʥʠʤ ʧʨʦʤʽʞʢʘʤ, ʱʦ ʚʨʘʭʦʚʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʦk  

ʟʘʧʦʚʥʝʥʥʷ ʦʙʤʦʪʫʚʘʣʴʥʦʛʦ ʚʽʢʥʘ. ʊʘʢʦʞ ʟʛʽʜʥʦ ʟ ʚʢʘʟʘʥʠʤ ʧʨʠʥʮʠʧʦʤ 

ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʠk , ʟʦk  ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʟʤk  ʟʘʧʦʚʥʝʥʥʷ 

ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ ʩʪʘʣʣʶ ʧʨʠʡʤʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʽʜʝʥʪʠʯʥʠʤʠ ʜʣʷ ʫʩʽʭ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʇɽʄʉ. 

ɺ ʩʭʝʤʘʭ ʇɽʄʉ (ʨʠʩ. 1, ʘ ʽ ʚ) ʟ ʘʢʩʽʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʧʦʪʦʢʫ ʚ 

ʩʪʝʨʞʥʷʭ ʝʣʝʤʝʥʪʠ ʛʝʦʤʝʪʨʽʾ ʩʪʝʨʞʥʷ cb  ʽ ʚʽʢʥʘ ob  ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ 

1c ʚb ɼ ka= ;                                                   (1) 

( ) 2sin 2o ʚ o ʚb ɼ ɼ kaa= = ,                                    (2) 

ʜʝ ʚɼ  ï ʜʽʘʤʝʪʨ ʢʦʣʘ ʰʝʩʪʠʛʨʘʥʥʦʛʦ ʢʦʥʪʫʨʫ ʷʨʤʘ; 1ak  ʽ 2ak  ï 

ʢʦʝʬʽʮʽʻʥʪʠ ʮʝʥʪʨʘʣʴʥʠʭ ʢʫʪʽʚ ca  ʽ oa , 

( )1 sin 2cka a= ; ( )( )2 sin 3 2cka p a= -è øê ú. 

ʋ ʘʢʩʽʘʣʴʥʦʤʫ ʐʄ (ʨʠʩ. 1, ʘ) ʜʽʘʤʝʪʨ ʥɼ  ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ 

ʟʦʚʥʽʰʥʴʦʤʫ ʢʦʥʪʫʨʥʦʤʫ ʢʦʣʫ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʩʪʝʨʞʥʝʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ, 

ʱʦ ʚʠʟʥʘʯʘʻ ʟʚ'ʷʟʦʢ ʩʪʦʨʦʥʠ ʩC  ʟ ʧʘʨʘʤʝʪʨʘʤʠ a  ʽ ca  ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʝʬʽʮʽʻʥʪʘ 3ak : 

( ) ( )2cos2 cʩʚʥ ʩɼɼ a=- ; ( )[ ]2cos213 ck aa = ; ( ) 31 akʘɼC ʚc -= .(3) 

ʇʣʦʱʘ ʧʝʨʝʨʽʟʫ ʩʪʝʨʞʥʷ(ʨʠʩ. 1, ʘ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ(1) ʽ(3) 

ʚʠʨʘʞʝʥʥʷʤ 

( ) 31

2 1 aakkʘɼCbʇ ʚccʩ -== .                                          (4) 
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ʈʠʩ.1. ɺʘʨʽʘʥʪʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʩʪʦʨʦʚʠʭ 

ʩʪʠʢʦʚʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʩʪʝʤ ʟ ʰʠʭʪʦʚʘʥʠʤʠ ʘʢʩʽʘʣʴʥʠʤ (ʘ) ʽ 

ʨʘʜʽʘʣʴʥʦʤʫ (ʙ), ʘ ʪʘʢʦʞ ʚʠʪʠʤ ʘʢʩʽʘʣʴʥʠʤ (ʚ) ʤʘʛʥʽʪʦʧʨʦʚʦʜʘʤʠ 

 

ʐʠʨʠʥʘ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʷʨʤʘ (ʨʠʩ. 1, ʘ) ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ (2) ʫ ʚʠʜʽ 

( ) 233sin 1 ʚcʷ ɼkbb ap == .                                      (5) 

ù
ú

ø
é
ê

è

D
+

D
=

2

2

11

1

cos66.6

UU

c

ʥ

ʠ

kk

fB

S
k

fh
. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʚʠʩʦʪʘ 

ʷʨʤʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʧʣʦʱʽ ʩʪʠʢʫ ʷʨʤʘ ʽ ʩʪʝʨʞʥʷ 

ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʩʪʝʨʞʥʷ 

   cʩʷ bʇh = .                                               (6) 

ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʫʢʮʽʡ ʩʪʝʨʞʥʷ ʽ 

ʷʨʤʘ 

( )ʷʷʩʚ bhʇk 3= . 

ɺʠʭʦʜʷʯʠ ʟ (4) ʽ(5) ʚʠʨʘʞʝʥʥʷ ʚʠʩʦʪʠ ʷʨʤʘ ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʜʦ ʚʠʜʫ  

( ) 31 akʘɼh ʚʷ -= .                                         (7) 

ʅʘ ʦʩʥʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ol ʽ (2), (4), (6) ʽ (7) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ 

ʩʪʘʣʠ ʐʄ (ʨʠʩ. 1, ʘ) 

( )=++= ʷʩʷʷooʩʟʤcʄʐɸ hʇhbbhʇkm 663g  

( )3

1 31c ʟʤ ʚk ɼ ʘ k ka ag= - ( )( )2 2 33 3 3 2 1ok k a ka a alè ø+ + -
ê ú

,   (8) 

ʜʝ cg ï ʱʽʣʴʥʽʩʪʴ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ. 

ʘ) ʙ ʚ) 
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ʉʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʚʠʪʢʘ ʢʦʪʫʰʢʠ ʇɽʄʉ (ʨʠʩ. 1, ʘ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ (1) -(3) 

( )2 4Wɸ c c ol b C bp= + + ( )1 2 32 0.785 1ʚɼ k k k aa a a= + + -è øê ú. (9) 

ɿʛʽʜʥʦ [3,4] ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʦʇ  ʦʙʤʦʪʫʚʘʣʴʥʦʛʦ ʚʽʢʥʘ ʽ ʤʘʩʘ om  

ʤʘʪʝʨʽʘʣʫ ʦʙʤʦʪʢʠ, ʱʦ ʧʨʦʚʦʜʠʪʴ, ʧʦʚ'ʷʟʘʥʽ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʠk  ʚʠʨʘʟʘʤʠ 

( )ʦʟʤʟʦʠʩ ʇkkkʇ = ;                                     (10) 

ʩWʠoo ʇlkm g5.1= ,                                     (11) 

ʜʝ ʦg ï ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʦʙʤʦʪʢʠ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (2) ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʚʠʨʘʟ (10) ʜʣʷ ʐʄ (ʨʠʩ. 1, ʘ) 

ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʜʦ ʚʠʜʫ 

( )== 2

oʦʟʤʟʦʠʩʐɸ bkkkʇ l ( )2 2

2ʠ ʟʦ ʟʤ ʦ ʚk k k k ɼal .     (12) 

ɺʠʭʦʜʷʯʠ ʟ (9), (11) ʽ (12), ʘ ʪʘʢʦʞ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ol ʚʠʨʘʞʝʥʥʷ 

ʤʘʩʠ ʦʙʤʦʪʢʠ ʇɽʄʉ(ʨʠʩ.1, ʘ) ʟʘʧʠʰʝʪʴʩʷ ʫ ʚʠʜʽ 

3ʦʐɸ ʦ ʟʦ ʟʤ om k kg l= ( )3 2

2 1 2 30.785 1ʚɼ k k k k aa a a a+ + -è øê ú.        (13) 

ʋ ʇɽʄʉ (ʨʠʩ.1, ʙ) ʟ ʐʄ ʽ ʨʘʜʽʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʧʦʪʦʢʫ ʚ ʩʪʝʨʞʥʷʭ 

ʰʠʨʠʥʘ ʩʪʝʨʞʥʷ cb  ʚʽʜʧʦʚʽʜʘʻ (1), ʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʰʠʨʠʥʘ ʦʙʤʦʪʫʚʘʣʴʥʦʛʦ 

ʚʽʢʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʞʝʥʥʷʤ 

( ) ( )'2 1 sin 2o o ʚ cb b ɼ a a= = - ( )11 -= aɼk ʚa ,                     (14) 

ʜʝ ʥɼ  ʻ ʜʽʘʤʝʪʨʦʤ ʢʦʣʘ ʚʧʠʩʘʥʦʛʦ ʰʝʩʪʠʛʨʘʥʥʠʢʘ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʢʦʥʪʫʨʫ ʷʨʤʘ, ʘ ʚ ʷʢʦʩʪʽ ʚɼ  ʧʨʠʡʤʘʻʪʴʩʷ ʜʽʘʤʝʪʨ ʢʦʣʘ, ʷʢʝ ʧʝʨʝʪʠʥʘʻ 

ʨʘʜʽʫʩ ʢʦʣʘ ʥɼ  ʥʘ ʩʪʦʨʦʥʽ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʩʪʝʨʞʥʷ. 

ɼʦʧʦʤʽʞʥʽ ʨʦʟʤʽʨʠ 12ʉ  ʽ 13ʉ  ʐʄ (ʨʠʩ. 1, ʙ) ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

( ) ( )326tg5.012 cc bbC == p ;                                   (15) 

  ( ) ʚcʥ aɼkɼC 313 5.02cos5.0 aa == ,                    (16) 

ʜʝ 3ak  ï ʜʦʜʘʪʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʫʪʘ, 

( )2cos3 ck aa = . 
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ɺʠʩʦʪʘ ʽ ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʩʪʝʨʞʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ (ʨʠʩ. 1, ʙ) ʽ 

(1), (14) ï (16), ʘ ʪʘʢʦʞ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ol 

    ( )35.0 131213 aa kakɼCCC ʚc -=-= ;                           (17) 

  ( )122

11 -=== aɼkbɼkhbʇ ʚoooʚocʩ ll aa .                         (18) 

ʐʠʨʠʥʘ ʽ ʚʠʩʦʪʘ ʛʨʘʥʽ ʷʨʤʘ (ʨʠʩ. 1, ʙ) ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

(2), (14) ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ a  ʽ ol ʚʠʨʘʟʘʤʠ 

( ) ʚʦʚʷ ʘɼkɼb 23sin aa == ;                                  (19) 

( ) 33 1akɼkhʇkh ʚʚoʩʚʷ == .                              (20) 

ʇʣʦʱʘ ʪʨʠʢʫʪʥʠʢʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʷʨʤʘ ʪʘʢʦʞ ʚʠʨʘʞʘʻʪʴʩʷ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ (1), ʯʝʨʝʟ ʚɼ  

4/343 22

1

2

ȹ ʚc ɼkbS a== .                       (21) 

ʄʘʩʘ ʨʘʜʽʘʣʴʥʦʛʦ ʐʄ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ (1), (14), 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ol ʽ (17) ï (21) 

( )³+++= ʷocʩcʟʤʩʄʐʈ bbbʇCkm 33[g  

( )³-=++³ 1] 2

1

3

ȹ

2 akɼkhShhhh oʚʟʤcooʷoʷ lgp a

( ) ( )3 1 1 2[1.5 3 3 ʚak k ak k ka a a a- + + + 

]047.1433.0 1

2

1 aa kkk ʚ++ .                                 (22) 

ʉʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʚʠʪʢʘ ʢʦʪʫʰʢʠ ʇɽʄʉ (ʨʠʩ. 1. ʙ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ(1) ʽ(14) ʚʠʨʘʞʝʥʥʷʤ 

'

12 2 2Wʈ c o o ʚl b h b k ɼap= + + = ( )( )1 0.785 1o al+ + -è øê ú.         (23) 

ɺʠʩʦʪʘ ʜʽʣʷʥʢʠ ʚʽʢʥʘ, ʟʘʡʤʘʥʦʛʦ ʢʦʪʫʰʢʘʤʠ ʦʙʤʦʪʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ (19) ʧʦ ʨʠʩ. 1, ʙ 

( )[ ] 33sin2 2 ʚʷo aɼkhC ap == .                        (24) 

ʅʘ ʦʩʥʦʚʽ (14) ʽ (23) ʚʠʨʘʞʝʥʥʷ (10) ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʩʪʝʨʞʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ. 1, ʙ) ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʜʦ ʚʠʜʫ 

==
ooʟʤʟʦ

ʠ
ʩʐʈ

Cbkk

k
ʇ  

2

1 2

3

( 1)

ʠ

ʟʦ ʟʤ ʚ

k

k k k k aɼ ʘa a -
.                    (25) 
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ɺʠʭʦʜʷʯʠ ʟ (11), (23) ʽ (25) ʤʘʩʘ ʦʙʤʦʪʢʠ ʇɽʄʉ (ʨʠʩ. 1, ʙ) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʾ 

( )2 3

` 1 23 1o ʐʈ o ʟʦ ʟʤ ʚm k k k k ɼ a aa ag= - ( )( )1 0.785 1o al+ + -è øê ú.               (26) 

ɿ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ (4) ʽ (12), ʘ ʪʘʢʦʞ (18) ʽ (25) ʩʣʽʜʫʶʪʴ ʚʠʨʘʟʠ ʚɼ  

( )( )4
3

2

21 1-= akkkkkkɼ oʟʤʟʦʠʚ aaal .                                (27) 

( )( )4 2

2

3

1 13 -= aakkkkkɼ oʟʤʟʦʠʚ aal .                              (28) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (27) ʽ (28) ʚʠʨʘʞʝʥʥʷ ʤʘʩ (8) ʽ (22), ʘ ʪʘʢʦʞ ʤʘʩʘ ɺʄ 

(ʨʠʩ. 1, ʚ) [3] ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ 

       ( )( ) ʄʐɸʟʤʟʦʠʟʤcʄʐɸ kkkkkm
3

4g= ;                             (29) 

 ( )( ) ʄʐʈʟʤʟʦʠʟʤcʄʐʈ kkkkkm
3

4g= ;                         (30) 

  ( )( ) ʄɺɸʟʤʟʦʠʟʤcʄɺA kkkkkm
3

4g= ,                           (31) 

ʜʝ ʄʐɸk , ʄʐʈk , ʄɺAk  ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʤʽʥʠ ʤʘʩʠ ʤʘʛʥʽʪʦʧʨʦʚʦʜʽʚ (ʨʠʩ. 1, ʘ, 

ʙ ʽ ʚ), 

( )( )
3

2
4

1 3 1 2 31 1ʄʐɸ ok k k k k k aa a a a alè ø= -ê ú   ( ){ }2 2 33 3 3 2 1ok k a ka a al è ø+ + -
ê ú

;        

(32) 

( )
3

22 3
4

1 1 23 1ʄʐʈ ok k k k ʘ aa a al
å õè ø= -æ öê úç ÷

( ) ( )3 11 [1.5 3 3o a ak k aa al - - +  

   ( ) ]047.1433.0 1

2

121 aaaa kkkkkk ʚʚ +++³ ;                        (33) 

( ) ( ){ }( )
3

2
4

2 13 2 1 1 6ʄɺɸ ok k ʘ k aa al p= - + -è øê ú 

( ) ( ) [2
1 11 1

2 6 3

ʚ
o

k k
a k a ka

a a

p
l

ë è ø
- + - + ³ì é ù

ê úí
( ) ( )

ý
ü
û
ù
ú

ø
é
ê

è
-++ù

ú

ø
-+ 1

6
1

6
21 akka
pp

aa .    (34) 

ʉʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʚʠʪʢʘ ʢʦʪʫʰʢʠ ʇɽʄʉ (ʨʠʩ. 1, ʚ) ʧʨʠ ʧʨʠʡʥʷʪʠʭ 

ʜʦʧʫʱʝʥʥʷʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (1) ʽ (2) ʚʠʨʘʞʝʥʥʷʤ 

( )2 2 2 4 3WBA c ʷ ʷ ol b l l bp= + + +è øê ú( )( ) [ +=++ 12124 app kɼbb ʚoo  

( ) ]2785.010236.1 aka +-+ .                                          (35) 
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ɿʛʽʜʥʦ [3] ʧʣʦʱʘ (10) ʧʝʨʝʨʽʟʫ ʩʪʝʨʞʥʷ (ʨʠʩ. 1, ʚ) ʧʦʚ'ʷʟʘʥʘ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʤʦʪʢʠ ʽ ʚɼ  ʚʠʨʘʞʝʥʥʷʤ 

( )22

2 ʚoʟʤʟʦʠʩɺɸ ɼkkkkʇ al= .                                     (36) 

ɺʠʭʦʜʷʯʠ ʟ (35), (11) ʽ (36) ʤʘʩʘ ʦʙʤʦʪʢʠ ʇɽʄʉ (ʨʠʩ. 1, ʚ) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʚʠʜʽ 

2 3

` 23o ɺɸ o ʟʦ ʟʤ ʦ ʚm k k k ɼag l= ( )1 21.0236 1 0.785k a ka a+ - +è øê ú.     (37) 

ɺʝʣʠʯʠʥʘ ʜʽʘʤʝʪʨʫ ʚɼ  ʇɽʄʉ (ʨʠʩ. 1, ʚ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʞʝʥʥʷʤ 

[3] 

( ) ( )[ ]
.

611

2
4

2

21 aa pl kakakk

k
ɼ

oʟʤʟʦ

ʠ

ʚ
-+-

=                           (38) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (27), (28) ʽ (38) ʚʠʨʘʟʠ ʤʘʩ (13), (26) ʽ (37) ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʜʽ 

( )( )ʦʐɸʟʤʟʦʠʟʤʟʦʦʦʐɸ kkkkkkm
3

4g= ;                         (39) 

( )( )ʦʐʈʟʤʟʦʠʟʤʟʦʦʦʐʈ kkkkkkm
3

4g= ;                        (40) 

( )( )ʦɺɸʟʤʟʦʠʟʤʟʦʦʦɺɸ kkkkkkm
3

4g= ,                         (41) 

ʜʝ ʦʐɸk , ʦʐʈk , ʦɺɸk  ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʤʽʥʠ ʤʘʩʠ ʦʙʤʦʪʦʢ ʇɽʄʉ (ʨʠʩ. 1, ʘ, 

ʙ ʽ ʚ), 

( )( )
3

2 2
4

2 1 2 33 1 1ʦʐɸ o ok k k k k aa a a al lè ø= -ê ú ( )1 2 30.785 1k k k aa a a+ + -è øê ú;          (42) 

( )
3

23
4

1 23 3 1ʦʐʈ ok k k ʘ aa al
å õè ø= -æ öê úç ÷

( ) ( )( )2

1 2 1 1 0.785 1ok k a a aa a l- + + -è øê ú;   (43) 

( ) ( ){ }( )
3

2
4

2 13 2 1 1 6oBA ok k ʘ k aa al p= - + -è øê ú ( )[ ]21

2

2 785.010236.1 aaal kakko +-+ .   

(44) 

ʄʘʩʘ ʘʢʪʠʚʥʦʾ ʯʘʩʪʠʥʠ ʢʦʞʥʦʾ ʟ ʇɽʄʉ (ʨʠʩ. 1) ʚʠʭʦʜʷʯʠ ʟ (29) ï (31) 

ʽ (39) ï (41) 

( )( ) ʐɸʟʤʟʦʠʟʤcʐɸ kkkkkm
3

4g= ; ( )( ) ʐʈʟʤʟʦʠʟʤcʐʈ kkkkkm
3

4g= ; 

( )( ) ɺɸʟʤʟʦʠʟʤcɺɸ kkkkkm
3

4g= , 
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ʜʝ ʐɸk , ʐʈk , ɺɸk  ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʤʽʥʠ ʤʘʩ ʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥ ʚʘʨʽʘʥʪʽʚ 

ʇɽʄʉ (ʨʠʩ. 1) 

cʦʐɸʟʦoʄʐɸʐɸ kkkk gg+= ;                             (45) 

cʦʐPʟʦoʄʐPʐP kkkk gg+= ;                           (46) 

cʦʐɸʟʦoʄʐɸʐɸ kkkk gg+= .                               (47) 

ʇʨʠʢʣʘʜʠ ʟʤʽʥʠ ʟʘʣʝʞʥʦʩʪʝʡ (45) - (47) ʧʨʠ 1ʚk = , 0.34ʟʦk = , 

8900og= ʢʛ/ʤ
3
 ʽ 7650cg=  ʢʛ/ʤ

3
 ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ.2. ɿʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʤʽʥʠ ʤʘʩ ʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥ ʇɽʄʉ ʟ 

ʘʢʩʽʘʣʴʥʠʤ ʰʠʭʪʦʚʘʥʠʤ (ʘ), ac=50̄ ; ʨʘʜʽʘʣʴʥʠʤ ʰʠʭʪʦʚʘʥʠʤ (ʙ), ac=60̄ ; 

ʘʢʩʽʘʣʴʥʠʤ ʚʠʪʠʤ (ʚ), ac=20̄  ʤʘʛʥʽʪʦʧʨʦʚʦʜʘʤʠ 
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ɸ.ɺ. ʽ ʜʨ.- ɺʽʩʥʠʢ ʅʊʋ ñʍʇɯò. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ʊʝʤʘʪʠʯʥʠʡ 

ʚ) 
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ʅʘ ʦʩʥʦʚʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ 

ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʘʨʠʘʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʩʦ 

ʩʪʳʢʦʚʳʤʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘʤʠ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʪʠʧʦʤ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʽ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʩʪʝʨʞʥʝʡ. ʇʦʢʘʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ ʩ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʪʝʥʢʘʤʠ ʦʙʤʦʪʦʯʥʳʭ ʦʢʦʥ. 
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The comparing analysis of material consumption of three-phased spatial electromagnetic systems 

variants O.O. Plakhtyr, Y.V. Radchenko 

The comparing analysis of spatial electromagnetic systems` variants with jointed magnetic cores, 

which are different the type of technology, configuration and magnetic flux direction in rods are made 

on the base of the analytical dependences of material consuming exponents. The advantages of 

magnetic cores with parallel sides of are shown. 
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ʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿɺʀʊʂʋ ʃɯʏʀʃʔʅʀʂɯɺ 

ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ 

 

ɯ.ɸ. ʐʠʰʣʦʚ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʄ3/1 

ʊʝʭʥʦʣʦʛʦ - ʝʢʦʥʦʤʽʯʥʠʡ ʢʦʣʝʜʞ ʄʅɸʋ 

ʆ.ɺ. ʍʚʦʱʘʥ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ  

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʈʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʨʦʟʚʠʪʢʫ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʠʣʘʜʽʚ ʦʙʣʽʢʫ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ: ʦʩʥʦʚʥʽ ʜʦʩʷʛʥʝʥʥʷ, ʚʠʥʘʭʦʜʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʣʽʯʽʣʴʥʠʢʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʠʣʘʜʠ ʦʙʣʽʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʣʽʯʽʣʴʥʠʢ, 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʥʘʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʥʘʰ ʯʘʩ ʻ 

ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʣʽʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʘʩʪʘʨʽʣʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʣʽʯʠʣʴʥʠʢʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ 

ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʽ ʨʦʟʨʦʙʣʝʥʠʭ ʨʘʥʽʰʝ ʢʦʥʩʪʨʫʢʮʽʡ ʣʽʯʠʣʴʥʠʢʽʚ ʟ ʤʝʪʦʶ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʾʭ ʨʦʟʚʠʪʢʫ. 

ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ. 

çʅʘʡʙʽʣʴʰʠʤ ʚʠʥʘʭʦʜʦʤ ʜʝʚôʷʪʥʘʜʮʷʪʦʛʦ ʩʪʦʣʽʪʪʷ ʙʫʚ ʚʠʥʘʭʽʜ 

ʤʝʪʦʜʫ ʚʠʥʘʭʦʜʽʚè. ʎʝʡ ʘʬʦʨʠʟʤ ʘʥʛʣʽʡʩʴʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʽ ʬʽʣʦʩʦʬʘ 

ɸʣʴʬʨʝʜʘ ʅʦʨʜʫ ɺʘʡʪʭʝʜʘ (1891-1947) ʧʨʝʢʨʘʩʥʦ ʚʽʜʦʙʨʘʞʘʻ ʽʩʪʦʨʽʶ 
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ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ, ʷʢʠʡ ʚʜʦʩʢʦʥʘʣʶʚʘʚʩʷ ʟ ʢʦʞʥʠʤ 

ʥʦʚʠʤ ʚʠʥʘʭʦʜʦʤ, ʱʦ ʩʣʽʜʫʚʘʚ ʦʜʠʥ ʟʘ ʽʥʰʠʤ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʥʘʫʢʦʚʠʭ 

ʜʦʩʷʛʥʝʥʥʷʭ ʽ ʩʪʠʤʫʣʶʶʯʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ.  

ʇʝʨʰʘ ʧʦʣʦʚʠʥʘ ʜʝʚôʷʪʥʘʜʮʷʪʦʛʦ ʩʪʦʣʽʪʪʷ ʧʨʠʥʝʩʣʘ ʙʣʠʩʢʫʯʽ 

ʚʽʜʢʨʠʪʪʷ ʚ ʦʙʣʘʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʫ.  ʋ 1820 ʨʦʮʽ ʬʨʘʥʮʫʟ ɸʥʜʨʝ-ʄʘʨʽ 

ɸʤʧʝʨ (1775-1836) ʚʽʜʢʨʠʚ ʷʚʠʱʝ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʤʽʚ. ʋ 1827 

ʨʦʮʽ ʥʽʤʝʮʴ ɻʝʦʨʛ ʉʠʤʦʥ ʆʤ (1787-1854) ʚʩʪʘʥʦʚʠʚ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʩʠʣʦʶ 

ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʦʶ ʚ ʧʨʦʚʽʜʥʠʢʘʭ. ʋ 1831 ʨʦʮʽ ʘʥʛʣʽʻʮʴ ʄʘʡʢʣ ʌʘʨʘʜʝʡ 

(1791-1867) ʚʽʜʢʨʠʚ ʟʘʢʦʥ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ, ʷʢʠʡ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ 

ʧʨʠʥʮʠʧʫ ʜʽʾ ʛʝʥʝʨʘʪʦʨʽʚ, ʜʚʠʛʫʥʽʚ ʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ.  

ɼʦ ʜʨʫʛʦʾ ʧʦʣʦʚʠʥʠ ʩʪʦʣʽʪʪʷ ʚʞʝ ʙʫʚ ʜʦʙʨʝ ʧʽʜʛʦʪʦʚʣʝʥʠʡ ˇʨʫʥʪ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʷʛʥʝʥʴ ʚ ʧʨʘʢʪʠʢʫ. ɿʘ ʚʽʜʢʨʠʪʪʷʤʠ ʧʽʰʣʠ 

ʚʠʥʘʭʦʜʠ ʽ ʧʘʪʝʥʪʠ. ʃʘʤʧʘ, ʜʠʥʘʤʦ-ʤʘʰʠʥʘ, ʜʚʠʛʫʥ, ʪʨʘʥʩʬʦʨʤʘʪʦʨ, 

ʣʽʯʠʣʴʥʠʢ ʽ ʛʽʜʨʦʪʫʨʙʽʥʘ ʙʫʣʠ ʚʠʥʘʡʜʝʥʽ ʦʜʠʥ ʟʘ ʦʜʥʠʤ ʚ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ.  

ʅʝ ʜʠʚʥʦ, ʱʦ ʢʦʣʠ ʥʘʩʪʘʚ ʯʘʩ, ʢʣʶʯʦʚʽ ʚʠʥʘʭʦʜʠ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʤʘʡʞʝ ʦʜʥʦʯʘʩʥʦ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʩʚʽʪʫ. ʋʛʦʨʝʮʴ ʆʪʪʦ ʊʽʪʫʩ ɹʣʘʪʽ, 

ʚʠʥʘʭʽʜʥʠʢ ʽʥʜʫʢʮʽʡʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ ʽ ʩʧʽʚ-ʚʠʥʘʭʽʜʥʠʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

ʟʛʘʜʫʶʯʠ ʚ 1930 ʨʦʮʽ ʮʝʡ ʟʘʭʦʧʣʶʶʯʠʡ ʧʝʨʽʦʜ, ʛʦʚʦʨʠʚ: çʋ ʤʽʡ ʯʘʩ ʙʫʣʦ 

ʣʝʛʢʦ. ʅʘʫʢʘ ʧʦʭʦʜʠʣʘ ʥʘ ʪʨʦʧʽʯʥʠʡ ʣʽʩ. ɺʩʝ, ʱʦ ʙʫʣʦ ʧʦʪʨʽʙʥʦ, ʮʝ ʭʦʨʦʰʫ 

ʩʦʢʠʨʫ, ʽ ʢʫʜʠ ʙ ʪʠ ʥʽ ʚʜʘʨʠʚ, ʤʽʛ ʟʨʫʙʘʪʠ ʚʝʣʠʯʝʟʥʝ ʜʝʨʝʚʦè.  

ɺʠʥʘʭʽʜ ʜʠʥʘʤʦ-ʤʘʰʠʥʠ (ɸʥʴʦʰ ʁʝʜʣʽʢ ʚ 1861 ʨ., ɺʝʨʥʝʨ ʬʦʥ 

ʉʽʤʝʥʩ ʚ 1867 ʨ.) ʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʦʙʣʷʪʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʫ ʚʝʣʠʢʠʭ 

ʢʽʣʴʢʦʩʪʷʭ. ʇʝʨʰʝ ʤʘʩʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʠʢʠ ï ʮʝ ʚʫʣʠʯʥʝ 

ʦʩʚʽʪʣʝʥʥʷ.  ʂʦʣʠ ʮʝʡ ʥʦʚʠʡ ʧʨʦʜʫʢʪ ð ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ð ʧʦʯʘʣʠ 

ʧʨʦʜʘʚʘʪʠ, ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʮʽʥʫ. ʆʜʥʘʢ ʙʫʣʦ ʥʝʷʩʥʦ, ʚ 

ʷʢʠʭ ʦʜʠʥʠʮʷʭ ʩʣʽʜ ʚʝʩʪʠ ʦʙʣʽʢ ʽ ʷʢʽ ʧʨʠʥʮʠʧʠ ʚʠʤʽʨʶʚʘʥʥʷ ʙʫʣʠ ʙ 

ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤʠ.  

ʇʝʨʰʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʣʽʯʠʣʴʥʠʢʦʤ  ʩʪʘʚ ʣʽʯʠʣʴʥʠʢ ʛʦʜʠʥ ʨʦʙʦʪʠ 

ʣʘʤʧʠ ʉʘʤʶʝʣʷ ɻʘʨʜʽʥʝʨʘ (ʉʐɸ), ʟʘʧʘʪʝʥʪʦʚʘʥʠʡ ʚ 1872 ʨʦʮʽ. ɺʽʥ 

ʚʠʤʽʨʶʚʘʚ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʧʦʜʘʚʘʣʘʩʷ ʚ ʪʦʯʢʫ 
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ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʚʩʽ ʣʘʤʧʠ, ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʮʴʦʛʦ ʣʽʯʠʣʴʥʠʢʘ, 

ʢʦʥʪʨʦʣʶʚʘʣʠʩʷ ʦʜʥʠʤ ʚʠʤʠʢʘʯʝʤ. ɿ ʧʦʷʚʦʶ ʝʣʝʢʪʨʠʯʥʦʾ ʣʘʤʧʦʯʢʠ 

ɽʜʽʩʦʥʘ ʩʪʘʣʦ ʧʨʘʢʪʠʢʫʚʘʪʠʩʷ ʨʦʟʛʘʣʫʞʝʥʥʷ ʣʘʥʮʶʛʽʚ ʦʩʚʽʪʣʝʥʥʷ, ʽ ʪʘʢʠʡ 

ʣʽʯʠʣʴʥʠʢ ʚʠʡʰʦʚ ʟ ʧʦʙʫʪʫ.  

ʊʦʤʘʩ ɸʣʴʚʘ ɽʜʽʩʦʥ (1847-1931), ʷʢʠʡ ʚʧʨʦʚʘʜʠʚ ʚʧʝʨʰʝ ʨʦʟʧʦʜʽʣʴʥʽ 

ʦʩʚʽʪʣʶʚʘʣʴʥʽ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʩʪʚʝʨʜʞʫʚʘʚ, ʱʦ 

ʝʣʝʢʪʨʠʢʫ ʪʨʝʙʘ ʧʨʦʜʘʚʘʪʠ ʷʢ ʛʘʟ. çɽʣʝʢʪʨʠʯʥʠʡ ʣʽʯʠʣʴʥʠʢè ɽʜʽʩʦʥʘ, 

ʟʘʧʘʪʝʥʪʦʚʘʥʠʡ ʚ 1881 ʨʦʮʽ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʝʬʝʢʪ 

ʩʪʨʫʤʫ. ɺʽʥ ʤʽʩʪʠʚ ʝʣʝʢʪʨʦʣʽʪʠʯʥʫ ʢʦʤʽʨʢʫ, ʢʫʜʠ ʥʘ ʧʦʯʘʪʢʫ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ ʤʽʩʪʠʣʘʩʷ ʪʦʯʥʦ ʟʚʘʞʝʥʘ ʧʣʘʩʪʠʥʢʘ ʤʽʜʽ. ʉʪʨʫʤ, 

ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʝʣʝʢʪʨʦʣʽʪ, ʚʠʢʣʠʢʘʚ ʦʩʘʜʞʝʥʥʷ ʤʽʜʽ. ɺ ʢʽʥʮʽ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ ʤʽʜʥʫ ʧʣʘʩʪʠʥʢʫ ʟʚʘʞʫʚʘʣʠ ʟʥʦʚʫ, ʽ ʨʽʟʥʠʮʷ ʫ ʚʘʟʽ 

ʚʽʜʦʙʨʘʞʘʣʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʢʠ, ʷʢʘ ʧʨʦʡʰʣʘ ʢʨʽʟʴ ʥʝʾ.  

ʊʘʢʽ ʣʽʯʠʣʴʥʠʢʠ ʧʨʦʜʦʚʞʫʚʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦ ʢʽʥʮʷ 19-ʛʦ 

ʩʪʦʣʽʪʪʷ. ʆʜʥʘʢ ʫ ʥʠʭ ʙʫʚ ʦʜʠʥ ʚʝʣʠʢʠʡ ʥʝʜʦʣʽʢ: ʟʯʠʪʫʚʘʥʥʷ ʧʦʢʘʟʘʥʴ 

ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʢʣʘʜʥʽʩʪʴ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʦʤʧʘʥʽʾ ʽ ʙʫʣʦ ʘʙʩʦʣʶʪʥʦ 

ʥʝʤʦʞʣʠʚʠʤ ʜʣʷ ʩʧʦʞʠʚʘʯʘ. ʇʽʟʥʽʰʝ ɽʜʽʩʦʥ ʜʦʜʘʚ ʨʘʭʫʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ 

ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʟʯʠʪʫʚʘʥʥʷ ʧʦʢʘʟʽʚ ʣʽʯʠʣʴʥʠʢʘ.  

ɯʩʥʫʚʘʣʠ ʡ ʽʥʰʽ ʝʣʝʢʪʨʦʣʽʪʠʯʥʽ ʣʽʯʠʣʴʥʠʢʠ, ʪʘʢʽ ʷʢ ʚʦʜʥʝʚʠʡ 

ʣʽʯʠʣʴʥʠʢ ʥʽʤʝʮʴʢʦʾ ʢʦʤʧʘʥʽʾ çʉʽʤʝʥʩ-ʐʫʢʝʨʪè (Siemens Shuckert) ʽ 

ʨʪʫʪʥʠʡ ʣʽʯʠʣʴʥʠʢ ʁʝʥʩʴʢʦʛʦ ʩʢʣʷʥʦʛʦ ʟʘʚʦʜʫ çʐʦʪʪ ʫʥʜ ɻʝʥʦʩʩʝʥè 

(Schott & Gen. Jena). ɽʣʝʢʪʨʦʣʽʪʠʯʥʽ ʣʽʯʠʣʴʥʠʢʠ ʤʦʛʣʠ ʚʠʤʽʨʶʚʘʪʠ ʪʽʣʴʢʠ 

ʘʤʧʝʨ-ʛʦʜʠʥʠ ʽ ʥʝ ʛʦʜʠʣʠʩʷ ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʥʘʧʨʫʛʠ.  

ʑʝ ʦʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʧʨʠʥʮʠʧʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʣʽʯʠʣʴʥʠʢʽʚ ʙʫʣʦ 

ʩʪʚʦʨʝʥʥʷ ʧʝʚʥʦʛʦ ʨʫʭʫ ð ʢʦʣʠʚʘʥʥʷ ʘʙʦ ʦʙʝʨʪʘʥʥʷ ð ʧʨʦʧʦʨʮʽʡʥʦʛʦ 

ʝʥʝʨʛʽʾ, ʷʢʠʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʽʛ ʙʠ ʟʘʧʫʩʪʠʪʠ ʨʘʭʫʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ ʜʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʣʽʯʠʣʴʥʠʢʘ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʤʘʷʪʥʠʢʦʚʦʛʦ 

ʣʽʯʠʣʴʥʠʢʘ ʙʫʚ ʦʧʠʩʘʥʠʡ ʘʤʝʨʠʢʘʥʮʷʤʠ ɺʽʣʴʷʤʦʤ ɽʜʚʘʨʜʦʤ ɽʡʨʪʦʥʦʤ ʽ 

ɼʞʦʥʦʤ ʇʝʨʨʽ ʚ 1881 ʨʦʮʽ. ʋ 1884 ʨʦʮʽ ʚ ʅʽʤʝʯʯʠʥʽ, ʥʝ ʟʥʘʶʯʠ ʧʨʦ ʾʭ 

ʚʠʥʘʭʦʜʽ, ɻʝʨʤʘʥʥ ɸʨʦʥ (1845-1902) ʩʢʦʥʩʪʨʫʶʚʘʚ ʤʘʷʪʥʠʢʦʚʠʡ 



ʇʝʨʩʧʝʢʪʠʚʥʘ ʪʝʭʥʢ̔ʘ ̔ ʪʝʭʥʦʣʦʛʽʾ-2015 

 

ʄʠʢʦʣʘʾʚ, 2015 ʨʽʢ                                                68 

ʣʽʯʠʣʴʥʠʢ. ʋ ʚʜʦʩʢʦʥʘʣʝʥʽʡ ʤʦʜʝʣʽ ʮʴʦʛʦ ʣʽʯʠʣʴʥʠʢʘ ʙʫʣʦ ʜʚʘ ʤʘʷʪʥʠʢʘ ʟ 

ʢʦʪʫʰʢʘʤʠ ʥʘ ʢʦʞʥʦʤʫ, ʧʽʜʢʣʶʯʝʥʠʤʠ ʜʦ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ. ʇʽʜ 

ʤʘʷʪʥʠʢʘʤʠ ʨʦʟʤʽʱʫʚʘʣʠʩʷ ʜʚʽ ʩʪʨʫʤʦʚʽ ʢʦʪʫʰʢʠ ʟ ʧʨʦʪʠʣʝʞʥʠʤʠ 

ʥʘʤʦʪʢʘʤʠ. ɿʘʚʜʷʢʠ ʚʟʘʻʤʦʜʽʾ ʢʦʪʫʰʦʢ ʦʜʠʥ ʟ ʤʘʷʪʥʠʢʽʚ ʨʫʭʘʚʩʷ 

ʧʦʚʽʣʴʥʽʰʝ, ʘ ʽʥʰʠʡ ʰʚʠʜʰʝ, ʥʽʞ ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʷ 

ʨʽʟʥʠʮʷ ʭʦʜʫ ʧʝʨʝʜʘʚʘʣʘʩʷ ʨʘʭʫʥʢʦʚʦʤʫ ʤʝʭʘʥʽʟʤʫ ʣʽʯʠʣʴʥʠʢʘ. ʄʘʷʪʥʠʢʠ 

ʟʤʽʥʶʚʘʣʘʩʷ ʨʦʣʷʤʠ ʢʦʞʥʫ ʭʚʠʣʠʥʫ, ʱʦʙ ʢʦʤʧʝʥʩʫʚʘʪʠ ʨʽʟʥʠʮʶ ʫ 

ʚʠʭʽʜʥʽʡ ʯʘʩʪʦʪʽ ʢʦʣʠʚʘʥʴ. ʋ ʮʝʡ ʞʝ ʤʦʤʝʥʪ ʟʘʚʦʜʠʚʩʷ ʛʦʜʠʥʥʠʢʦʚʠʡ 

ʤʝʭʘʥʽʟʤ.  

ʊʘʢʽ ʣʽʯʠʣʴʥʠʢʠ ʙʫʣʠ ʜʦʨʦʛʠʤʠ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʤʽʩʪʠʣʠ ʜʚʘ ʯʘʩʦʚʽ 

ʤʝʭʘʥʽʟʤʠ, ʽ ʾʭ ʧʦʩʪʫʧʦʚʦ ʚʠʪʽʩʥʠʣʠ ʤʦʪʦʨʥʽ ʣʽʯʠʣʴʥʠʢʠ. ʄʘʷʪʥʠʢʦʚʠʡ 

ʣʽʯʠʣʴʥʠʢ ʜʦʟʚʦʣʷʚ ʚʠʤʽʨʶʚʘʪʠ ʘʤʧʝʨ-ʛʦʜʠʥʠ ʘʙʦ ʚʘʪ-ʛʦʜʠʥʠ, ʘʣʝ ʡʦʛʦ 

ʤʦʞʥʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʢʣʶʯʥʦ ʜʣʷ ʤʝʨʝʞ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ.  

ɯʥʰʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʣʽʯʠʣʴʥʠʢʘ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʪʦʨʘ. ʋ ʪʘʢʠʭ ʣʽʯʠʣʴʥʠʢʘʭ, ʦʙʝʨʪʘʶʯʠʡ ʤʦʤʝʥʪ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʥʘʚʘʥʪʘʞʝʥʥʶ ʽ ʚʨʽʚʥʦʚʘʞʫʻʪʴʩʷ ʧʨʦʪʠʜʽʶʯʠʤ ʤʦʤʝʥʪʦʤ, 

ʪʘʢʠʤ ʯʠʥʦʤ, ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʨʦʧʦʨʮʽʡʥʘ ʥʘʚʘʥʪʘʞʝʥʥʶ, ʪʦʜʽ 

ʷʢ ʤʦʤʝʥʪʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ. ʋ 1889 ʨʦʮʽ ʘʤʝʨʠʢʘʥʝʮʴ ɽʣʽʭʫ 

ʊʦʤʩʦʥ (1853-1937) ʨʦʟʨʦʙʠʚ ʩʚʽʡ çʩʘʤʦʧʠʩʥʠʡ ʚʘʪʤʝʪʨè ʜʣʷ ʢʦʤʧʘʥʽʾ 

çɼʞʝʥʝʨʘʣ ɽʣʝʢʪʨʠʢè (General Electric). ʎʝ ʙʫʚ ʜʚʠʛʫʥ ʟ ʷʢʦʨʝʤ ʙʝʟ 

ʤʝʪʘʣʝʚʦʛʦ ʦʩʝʨʜʷ, ʷʢʠʡ ʟʘʧʫʩʢʘʚʩʷ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʠ, ʱʦ ʧʦʜʘʶʪʴ 

ʥʘ ʢʦʪʫʰʢʫ ʽ ʨʝʟʠʩʪʦʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʣʝʢʪʦʨʘ. ʉʪʘʪʦʨ ʧʨʠʚʦʜʠʚʩʷ ʚ ʨʫʭ 

ʩʪʨʫʤʦʤ, ʽ ʪʦʤʫ ʦʙʝʨʪʘʶʯʠʡ ʤʦʤʝʥʪ ʙʫʚ ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦʙʫʪʢʫ ʥʘʧʨʫʛʠ ʽ 

ʩʠʣʠ ʩʪʨʫʤʫ. ɻʘʣʴʤʽʚʥʠʡ ʤʦʤʝʥʪ ʟʘʙʝʟʧʝʯʫʚʘʚʩʷ ʧʦʩʪʽʡʥʠʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʚ ʥʘ ʘʣʶʤʽʥʽʻʚʠʡ ʜʠʩʢ, ʧʨʠʢʨʽʧʣʝʥʠʡ ʜʦ 

ʷʢʦʨʷ. ʊʘʢʠʡ ʣʽʯʠʣʴʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ. ɺʝʣʠʢʠʤ ʥʝʜʦʣʽʢʦʤ ʤʦʪʦʨʥʠʭ ʝʣʝʢʪʨʦʣʽʯʠʣʴʥʠʢʽʚ ʙʫʚ ʢʦʣʝʢʪʦʨ.  

ʋ ʯʘʩʠ, ʢʦʣʠ ʪʽʣʴʢʠ ʧʦʯʘʣʦʩʷ ʨʦʟʧʦʜʽʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʙʫʣʦ 

ʱʝ ʥʝʷʩʥʦ, ʷʢʽ ʩʠʩʪʝʤʠ ʚʠʷʚʣʷʪʴʩʷ ʝʬʝʢʪʠʚʥʽʰʝ: ʩʠʩʪʝʤʠ ʧʦʩʪʽʡʥʦʛʦ ʘʙʦ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʆʜʥʘʢ ʥʝʟʘʙʘʨʦʤ ʚʠʷʚʠʚʩʷ ʦʜʠʥ ʚʘʞʣʠʚʠʡ ʥʝʜʦʣʽʢ 
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ʩʠʩʪʝʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ð ʥʘʧʨʫʛʫ ʥʝ ʤʦʞʥʘ ʙʫʣʦ ʟʤʽʥʠʪʠ, ʘ, ʦʪʞʝ, ʙʫʣʦ 

ʥʝʤʦʞʣʠʚʦ ʩʪʚʦʨʶʚʘʪʠ ʙʽʣʴʰ ʚʝʣʠʢʽ ʩʠʩʪʝʤʠ.  

ʋ 1884 ʨʦʮʽ ʬʨʘʥʮʫʟ ʃʶʩʴʻʥ ɻʦʣʘʨ (1850-1888) ʽ ʘʥʛʣʽʻʮʴ ɼʞʦʥ 

ɼʽʢʩʦʥ ɻʽʙʙʩ ʚʠʥʘʡʰʣʠ çʚʪʦʨʠʥʥʠʡ ʛʝʥʝʨʘʪʦʨè, ʧʦʧʝʨʝʜʥʠʢ ʩʫʯʘʩʥʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʅʘ ʧʨʘʢʪʠʮʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʨʦʟʨʦʙʠʣʠ ʽ ʦʪʨʠʤʘʣʠ ʧʘʪʝʥʪ 

ʜʣʷ ʢʦʤʧʘʥʽʾ çɻʘʥʮè (Ganz) ʚ 1885 ʨʦʮʽ ʪʨʦʻ ʫʛʦʨʩʴʢʠʭ ʽʥʞʝʥʝʨʽʚ ï ʂʘʨʦʶ 

ʎʽʧʝʨʥʦʚʩʢʽʡ, ʆʪʪʦ ʊʽʪʫʮ ɹʣʘʪʽ ʽ ʄʠʢʩʘ ɼʝʨʽ. ʋ ʪʦʤʫ ʞ ʨʦʮʽ ɺʝʩʪʽʥʛʭʘʫʩ 

ʢʫʧʠʚ ʧʘʪʝʥʪ ɻʦʣʘʨʘ ʽ ɻʽʙʩʦʥʘ, ʘ ɺʽʣʴʷʤ ʉʪʝʥʣʽ (1858-1916) ʚʜʦʩʢʦʥʘʣʠʚ 

ʜʠʟʘʡʥ. ɼʞʦʨʜʞ ɺʝʩʪʽʥʛʭʘʫʩ (1846-1914) ʪʘʢʦʞ ʧʨʠʜʙʘʚ ʧʘʪʝʥʪʠ ʅʽʢʦʣʠ 

ʊʝʩʣʠ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʟôʷʚʠʣʘʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

ʇʦʯʠʥʘʶʯʠ ʟ 20-ʛʦ ʩʪʦʣʽʪʪʷ, ʚʦʥʠ ʧʦʩʪʫʧʦʚʦ ʟʤʽʥʠʣʠ ʩʠʩʪʝʤʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ.  

ɼʣʷ ʦʙʣʽʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʥʘʜʦʙʠʣʦʩʷ ʚʠʨʽʰʠʪʠ ʥʦʚʝ ʟʘʚʜʘʥʥʷ ð 

ʚʠʤʽʨ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʋ 1885 ʨʦʮʽ ʽʪʘʣʽʻʮʴ ɻʘʣʽʣʝʦ 

ʌʝʨʨʘʨʽʩ (1847-1897) ʟʨʦʙʠʚ ʚʘʞʣʠʚʝ ʚʽʜʢʨʠʪʪʷ, ʱʦ ʜʚʘ ʥʝ ʩʧʽʚʧʘʜʘʶʯʠʭ 

ʧʦ ʬʘʟʽ ʧʦʣʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʤʦʞʫʪʴ ʟʤʫʩʠʪʠ ʦʙʝʨʪʘʪʠʩʷ ʩʫʮʽʣʴʥʠʡ ʨʦʪʦʨ, 

ʪʘʢʠʡ ʷʢ ʜʠʩʢ ʘʙʦ ʮʠʣʽʥʜʨ. ʋ 1888 ʨʦʮʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʴʦʛʦ ʘʤʝʨʠʢʘʥʝʮʴ 

ʭʦʨʚʘʪʩʴʢʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʅʽʢʦʣʘ ʊʝʩʣʘ (1857-1943) ʪʝʞ ʚʠʷʚʠʚ ʦʙʝʨʪʦʚʝ 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ.  

ʐʝʣʣʝʥʙʝʨʛʝʨ ʪʘʢʦʞ, ʚʠʧʘʜʢʦʚʦ, ʚʽʜʢʨʠʚ ʝʬʝʢʪ ʦʙʝʨʪʦʚʠʭ ʧʦʣʽʚ ʚ 

1888 ʨʦʮʽ ʽ ʨʦʟʨʦʙʠʚ ʣʽʯʠʣʴʥʠʢ  ʝʣʝʢʪʨʠʢʠ ʜʣʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

ʇʨʦʪʠʜʽʶʯʠʡ ʤʦʤʝʥʪ ʩʪʚʦʨʶʚʘʚʩʷ ʛʚʠʥʪʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ. ʋ ʪʘʢʦʤʫ 

ʣʽʯʠʣʴʥʠʢʫ ʚʽʜʩʫʪʥʽʡ ʝʣʝʤʝʥʪ ʥʘʧʨʫʛʠ, ʱʦʙ ʚʨʘʭʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʪʫʞʥʦʩʪʽ, ʪʦʤʫ ʚʽʥ ʥʝ ʧʽʜʭʦʜʠʚ ʜʣʷ ʨʦʙʦʪʠ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ.  

ʎʽ ʚʽʜʢʨʠʪʪʷ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʜʫʢʮʽʡʥʠʭ 

ʜʚʠʛʫʥʽʚ ʽ ʚʽʜʢʨʠʣʠ ʰʣʷʭ ʽʥʜʫʢʮʽʡʥʠʤ ʣʽʯʠʣʴʥʠʢʘʤ. ʋ 1889 ʨʦʮʽ ʫʛʦʨʝʮʴ 

ʆʪʪʦ ʊʽʪʫʮ ɹʣʘʪʽ (1860-1939), ʧʨʘʮʶʶʯʠ ʥʘ ʟʘʚʦʜ çɻʘʥʮè (Ganz) ʚ ʤ. 

ɹʫʜʘʧʝʰʪ, ʋʛʦʨʱʠʥʘ, ʟʘʧʘʪʝʥʪʫʚʘʚ ʩʚʽʡ çɽʣʝʢʪʨʠʯʥʠʡ ʣʽʯʠʣʴʥʠʢ ʜʣʷ 

ʟʤʽʥʥʠʭ ʩʪʨʫʤʽʚè (ʧʘʪʝʥʪ ʅʽʤʝʯʯʠʥʠ ˉ 52.793, ʧʘʪʝʥʪ ʉʐɸ ˉ 423.210).  
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ʎʝʡ ʣʽʯʠʣʴʥʠʢ, ʧʦ ʩʫʪʽ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʪʘʣʝʚʦʛʦ ʦʙʝʨʪʦʚʦʛʦ ʪʽʣʘ, 

ʪʘʢʦʛʦ ʷʢ ʜʠʩʢ ʘʙʦ ʮʠʣʽʥʜʨ, ʥʘ ʷʢʠʡ ʜʽʶʪʴ ʜʚʘ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷ, ʟʨʫʰʝʥʽ ʧʦ 

ʬʘʟʽ ʦʜʠʥ ʱʦʜʦ ʦʜʥʦʛʦ. ʎʝʡ ʟʩʫʚ ʬʘʟ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʪʦʛʦ, ʱʦ ʦʜʥʝ ʧʦʣʝ 

ʩʪʚʦʨʶʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʩʪʨʫʤʦʤ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʝ ʧʦʣʝ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʢʦʪʫʰʢʠ ʟ ʚʝʣʠʢʦʶ ʩʘʤʦʽʥʜʫʢʮʽʻʶ, ʰʫʥʪʫʶʯʽ ʪʦʯʢʠ ʣʘʥʮʶʛʘ, ʤʽʞ 

ʷʢʠʤʠ ʚʠʤʽʨʶʻʪʴʩʷ ʩʧʦʞʠʚʘʥʘ ʝʥʝʨʛʽʷ. ʆʜʥʘʢ ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʥʝ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʚ ʪʽʣʽ ʦʙʝʨʪʘʥʥʷ, ʷʢ ʫ ʜʦʙʨʝ ʚʽʜʦʤʦʤʫ ʤʝʭʘʥʽʟʤʽ ʌʝʨʨʘʨʽʩ, ʘ 

ʧʨʦʭʦʜʷʪʴ ʢʨʽʟʴ ʨʽʟʥʽ ʡʦʛʦ ʯʘʩʪʠʥʠ, ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ.  

ɿ ʪʘʢʠʤ ʧʨʠʩʪʨʦʻʤ ɹʣʘʪʽ ʚʜʘʣʦʩʷ ʜʦʩʷʛʪʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʤʽʱʝʥʥʷ ʬʘʟ 

ʤʘʡʞʝ ʥʘ 90Á, ʪʦʤʫ ʣʽʯʠʣʴʥʠʢ ʚʽʜʦʙʨʘʞʘʚ ʚʘʪ-ʛʦʜʠʥʠ ʙʽʣʴʰ-ʤʝʥʰ 

ʢʦʨʝʢʪʥʦ. ʋ ʣʽʯʠʣʴʥʠʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʛʘʣʴʤʽʚʥʠʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʴ. ʋ ʪʦʤʫ ʞ ʨʦʮʽ ʢʦʤʧʘʥʽʷ 

çGanzè ʧʨʠʩʪʫʧʠʣʘ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʝʨʰʽ ʣʽʯʠʣʴʥʠʢʠ ʢʨʽʧʠʣʠʩʷ ʥʘ 

ʜʝʨʝʚôʷʥʽʡ ʦʩʥʦʚʽ, ʨʦʙʣʷʯʠ 240 ʦʙʝʨʪʽʚ ʥʘ ʭʚʠʣʠʥʫ, ʽ ʚʘʞʠʣʠ 23 ʢʛ. ɼʦ 1914 

ʨʦʢʫ ʚʘʛʘ ʟʥʠʟʠʣʘʩʷ ʜʦ 2,6 ʢʛ.  

ʋ 1894 ʨʦʮʽ ʆʣʽʚʝʨ ɹʣʝʢʙʫʨʥ ʐʝʣʣʝʥʙʝʨʛʝʨ (1860-1898) ʨʦʟʨʦʙʠʚ 

ʣʽʯʠʣʴʥʠʢ ʚʘʪ-ʛʦʜʠʥ ʽʥʜʫʢʮʽʡʥʦʛʦ ʪʠʧʫ ʜʣʷ ʢʦʤʧʘʥʽʾ çɺʝʩʪʽʥʛʭʘʫʩè 

(Westinghouse). ʋ ʥʴʦʤʫ ʢʦʪʫʰʢʠ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʥʘ 

ʧʨʦʪʠʣʝʞʥʠʭ ʩʪʦʨʦʥʘʭ ʜʠʩʢʫ, ʽ ʜʚʘ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʠ ʩʧʦʚʽʣʴʥʶʚʘʣʠ ʨʫʭ 

ʮʴʦʛʦ ʜʠʩʢʫ. ʎʝʡ ʣʽʯʠʣʴʥʠʢ ʪʝʞ ʙʫʚ ʚʝʣʠʢʠʤ ʽ ʚʘʞʢʠʤ, ʚʘʛʦʶ ʚ 41 ʬʫʥʪ. ʋ 

ʥʴʦʛʦ ʙʫʚ ʙʘʨʘʙʘʥʥʠʡ ʨʘʭʫʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ.  

ʋ 1899 ʨʦʮʽ ʃʶʜʚʽʛ ɻʫʪʤʘʥʥ, ʧʨʘʮʶʶʯʠ ʥʘ ʬʽʨʤʫ çʉʘʥʛʘʤʦè 

(Sangamo), ʨʦʟʨʦʙʠʚ ʣʽʯʠʣʴʥʠʢ ʚʘʪ-ʛʦʜʠʥ ʘʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʪʠʧʫ çAè. ʈʦʪʦʨ ʩʢʣʘʜʘʚʩʷ ʟ ʮʠʣʽʥʜʨʘ ʟʽ ʩʧʽʨʘʣʴʥʠʤ ʧʨʦʨʽʟʦʤ, 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚ ʧʦʣʷʭ ʢʦʪʫʰʦʢ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ. ɼʠʩʢ, ʧʨʠʢʨʽʧʣʝʥʠʡ ʜʦ 

ʜʥʘ ʮʠʣʽʥʜʨʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʛʘʣʴʤʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʽʡʥʦʛʦ 

ʤʘʛʥʽʪʫ. ʈʝʛʫʣʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʥʝ ʙʫʣʦ ʧʝʨʝʜʙʘʯʝʥʦ.  

ʋ ʥʘʩʪʫʧʥʽ ʨʦʢʠ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʙʘʛʘʪʦ ʫʜʦʩʢʦʥʘʣʝʥʴ: ʟʤʝʥʰʝʥʥʷ 

ʚʘʛʠ ʽ ʛʘʙʘʨʠʪʽʚ, ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʦʤʧʝʥʩʘʮʽʷ ʟʤʽʥʠ 

ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʧʨʫʛʠ ʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʫʩʫʥʝʥʥʷ ʪʝʨʪʷ ʰʣʷʭʦʤ 
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ʟʘʤʽʥʠ ʧʽʜʧôʷʪʥʠʢʽʚ ʰʘʨʠʢʦʧʽʜʰʠʧʥʠʢʘʤʠ, ʘ ʧʦʪʽʤ ʤʘʛʥʽʪʥʠʤʠ 

ʧʽʜʰʠʧʥʠʢʘʤʠ, ʘ ʪʘʢʦʞ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʣʴʤʽʚʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ ʽ ʚʠʜʘʣʝʥʥʷ 

ʤʘʩʣʘ ʟ ʦʧʦʨʠ ʽ ʨʘʭʫʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ. ɼʦ ʯʝʨʛʦʚʦʛʦ ʩʪʦʨʽʯʯʷ, ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ ʪʨʠʬʘʟʥʽ ʽʥʜʫʢʮʽʡʥʽ ʣʽʯʠʣʴʥʠʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʽ ʘʙʦ 

ʪʨʠ ʩʠʩʪʝʤʠ ʚʠʤʽʨʫ, ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʦʜʥʦʤʫ, ʜʚʦʭ ʘʙʦ ʪʨʴʦʭ ʜʠʩʢʘʭ.  

ɯʥʜʫʢʮʽʡʥʽ ʣʽʯʠʣʴʥʠʢʠ, ʚʽʜʦʤʽ ʪʘʢʦʞ ʷʢ ʣʽʯʠʣʴʥʠʢʠ ʌʝʨʨʘʨʽʩ, ʽ 

ʣʽʯʠʣʴʥʠʢʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʠʥʮʠʧʘʭ ʣʽʯʠʣʴʥʠʢʘ ɹʣʘʪʽ, ʚʩʝ ʱʝ 

ʚʠʨʦʙʣʷʶʪʴʩʷ ʫ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ ʽ ʚʠʢʦʥʫʶʪʴ ʦʩʥʦʚʥʫ ʨʦʙʦʪʫ ʟ ʦʙʣʽʢʫ 

ʝʥʝʨʛʽʾ, ʟʘʚʜʷʢʠ ʾʭ ʥʠʟʴʢʽʡ ʚʘʨʪʦʩʪʽ ʽ ʚʽʜʤʽʥʥʠʤ ʧʦʢʘʟʥʠʢʘʤ ʥʘʜʽʡʥʦʩʪʽ.  

ʋ ʤʽʨʫ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʠʢʠ, ʰʚʠʜʢʦ ʟôʷʚʠʣʘʩʷ ʢʦʥʮʝʧʮʽʷ 

ʙʘʛʘʪʦʪʘʨʠʬʥʦʛʦ ʝʣʝʢʪʨʦʣʽʯʠʣʴʥʠʢʘ ʟ ʣʦʢʘʣʴʥʠʤ ʘʙʦ ʜʠʩʪʘʥʮʽʡʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ, ʣʽʯʠʣʴʥʠʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʣʽʯʠʣʴʥʠʢʘ 

ʧʦʧʝʨʝʜʥʴʦ ʦʧʣʘʯʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.  

ʇʝʨʰʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʧʫʣʴʩʘʮʽʡ ʙʫʣʘ ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʚ 1899 ʨʦʮʽ 

ʬʨʘʥʮʫʟʦʤ ʉʝʟʘʨʦʤ ʈʝʥʝ ʃʫʙʝʨ, ʽ ʾʾ ʚʜʦʩʢʦʥʘʣʶʚʘʣʠ ʚ ʙʘʛʘʪʴʦʭ ʢʦʤʧʘʥʽʷʭ: 

çʂʦʤʧʘʥʽ ʜʝ ʂʦʤʧʪʝʨè (Compagnie des Compteurs) (ʧʽʟʥʽʰʝ çʐʣʶʤʙʝʨʞʝè 

(Schlumberger)), çʉʽʤʝʥʩè (Siemens), çɸɽɻ ç(AEG),è ʃʘʥʜʽʩ ʽ ɻʽʨ ç(Landis 

& Gyr),è ʎʝʣʴʚʝʛʝʨ ç(Zellweger) ʽè ʉʘʫʪʝʨ ç(Sauter) ʽè ɹʨʘʫʥ ɹʦʚʝʨʽ 

ç(Brown Boveri), ð ʽ ʮʝ ʧʝʨʝʣʽʢ ʣʠʰʝ ʜʝʷʢʠʭ ʟ ʥʠʭ.  

ʋ 1934 ʨʦʮʽ ʢʦʤʧʘʥʽʷ çʃʘʥʜʽʩ ʽ ɻʽʨè (Landis & Gyr) ʨʦʟʨʦʙʠʣʘ 

ʣʽʯʠʣʴʥʠʢ çʊʨʽʚʝʢʪʦʨè, ʱʦ ʚʠʤʽʨʶʻ ʘʢʪʠʚʥʫ ʪʘ ʨʝʘʢʪʠʚʥʫ ʝʥʝʨʛʽʶ ʽ 

ʩʧʦʞʠʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ. 

ʉʫʯʘʩʥʽ ʝʣʝʢʪʨʦʥʥʽ ʣʽʯʠʣʴʥʠʢʠ  

ɺʠʜʘʪʥʠʡ ʧʝʨʽʦʜ ʧʝʨʚʽʩʥʦʾ ʨʦʟʨʦʙʢʠ ʣʽʯʠʣʴʥʠʢʽʚ ʧʽʜʽʡʰʦʚ ʜʦ ʢʽʥʮʷ. 

ʗʢ ʩʢʘʟʘʚ ɹʣʘʪʽ, ʧʨʦʜʦʚʞʫʶʯʠ ʩʚʦʶ ʤʝʪʘʬʦʨʫ: çʊʝʧʝʨ ʪʠ ʭʦʜʠʰ 

ʮʽʣʦʜʦʙʦʚʦ, ʙʝʟʧʝʨʝʨʚʥʦ, ʥʝ ʥʘʪʠʢʘʶʯʠʩʴ ʥʘʚʽʪʴ ʥʘ ʢʫʱè.  

ɽʣʝʢʪʨʦʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʝ ʟʥʘʭʦʜʠʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʙʣʽʢʫ ʝʥʝʨʛʽʾ ʜʦ 

ʪʠʭ ʧʽʨ, ʧʦʢʠ ʚ 1970-ʭ ʨʦʢʘʭ ʥʝ ʟôʷʚʠʣʠʩʷ ʧʝʨʰʽ ʘʥʘʣʦʛʦʚʽ ʽ ʮʠʬʨʦʚʽ 

ʽʥʪʝʛʨʘʣʴʥʽ ʤʽʢʨʦʩʭʝʤʠ. ʎʝ ʤʦʞʥʘ ʣʝʛʢʦ ʟʨʦʟʫʤʽʪʠ, ʷʢʱʦ ʟʘʤʠʩʣʠʪʠʩʷ ʧʨʦ 
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ʦʙʤʝʞʝʥʫ ʚʠʪʨʘʪʫ ʝʥʝʨʛʽʾ ʚ ʟʘʤʢʥʝʥʦʤʫ ʢʦʨʧʫʩʽ ʝʣʝʢʪʨʦʣʽʯʠʣʴʥʠʢʘ ʪʘ 

ʦʯʽʢʫʚʘʥʫ ʥʘʜʽʡʥʽʩʪʴ.  

ʅʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʜʘʣʘ ʥʦʚʠʡ ʧʦʰʪʦʚʭ ʜʦ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʠʯʥʠʭ 

ʣʽʯʠʣʴʥʠʢʽʚ. ʉʧʦʯʘʪʢʫ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʪʦʯʥʽ ʩʪʘʮʽʦʥʘʨʥʽ ʣʽʯʠʣʴʥʠʢʠ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʧʨʠʥʮʠʧʫ ʯʘʩ-ʽʤʧʫʣʴʩʥʦʛʦ ʤʥʦʞʝʥʥʷ. ʋ 1980-ʭ ʨʦʢʘʭ ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ ʛʽʙʨʠʜʥʽ ʣʽʯʠʣʴʥʠʢʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʽʥʜʫʢʮʽʡʥʠʭ 

ʣʽʯʠʣʴʥʠʢʽʚ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘʨʠʬʥʠʭ ʦʜʠʥʠʮʴ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʚʽʜʥʦʩʥʦ ʥʝʜʦʚʛʦ. ɯʜʝʷ ʟʯʠʪʫʚʘʥʥʷ ʧʦʢʘʟʘʥʴ 

ʣʽʯʠʣʴʥʠʢʽʚ ʥʘ ʚʽʜʩʪʘʥʽ ʟôʷʚʠʣʘʩʷ ʚ 1960-ʭ ʨʦʢʘʭ. ʉʧʦʯʘʪʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʠʩʪʘʥʮʽʡʥʘ ʽʤʧʫʣʴʩʥʘ ʧʝʨʝʜʘʯʘ, ʘʣʝ ʧʦʩʪʫʧʦʚʦ ʟʘʤʽʩʪʴ 

ʥʝʾ ʩʪʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʧʨʦʪʦʢʦʣʠ ʽ ʟʘʩʦʙʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ.  

ɺ ʥʘʰ ʯʘʩ ʣʽʯʠʣʴʥʠʢʠ ʟ ʨʦʟʚʠʥʝʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʥʦʚʽʪʥʽʭ ʝʣʝʢʪʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʧʨʠʯʦʤʫ ʙʽʣʴʰʽʩʪʴ ʬʫʥʢʮʽʡ 

ʧʝʨʝʜʙʘʯʝʥʽ ʚʙʫʜʦʚʘʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ.  

ʅʝʦʙʭʽʜʥʽʩʪʴ ʫ ʪʽʩʥʽʡ ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʚʠʨʦʙʥʠʢʘʤʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʢʦʤʧʘʥʽʷʤʠ ʙʫʣʘ ʫʩʚʽʜʦʤʣʝʥʘ ʚʽʜʥʦʩʥʦ ʨʘʥʦ. ʇʝʨʰʠʡ ʩʪʘʥʜʘʨʪ 

ʚʠʤʽʨʶʚʘʥʴ, ʂʦʜ C12 ɸʤʝʨʠʢʘʥʩʴʢʦʛʦ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ɯʥʩʪʠʪʫʪʫ 

ʉʪʘʥʜʘʨʪʽʚ (ANSI) ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʱʝ ʚ 

1910 ʨʦʮʽ. ʇʝʨʰʠʡ ʚʽʜʦʤʠʡ ʩʪʘʥʜʘʨʪ ʚʠʤʽʨʫ ʄʽʞʥʘʨʦʜʥʦʾ 

ɽʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʂʦʤʽʩʽʾ (ʄɽʂ), ɺʠʜʘʥʥʷ 43, ʜʘʪʫʻʪʴʩʷ 1931 ʨʦʢʦʤ. 

ɺʠʩʦʢʠʡ ʩʪʘʥʜʘʨʪ ʪʦʯʥʦʩʪʽ ð ʮʝ ʚʽʜʤʽʥʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʷʢʫ ʚʩʪʘʥʦʚʠʣʘ ʽ 

ʧʨʦʜʦʚʞʫʻ ʟʙʝʨʽʛʘʪʠ ʚʠʤʽʨʶʚʘʣʴʥʘ ʽʥʜʫʩʪʨʽʷ. ɺʞʝ ʚ 1914 ʨʦʮʽ ʚ 

ʧʨʦʩʧʝʢʪʘʭ ʦʧʠʩʫʶʪʴʩʷ ʣʽʯʠʣʴʥʠʢʠ ʟ ʪʦʯʥʽʩʪʶ 1.5% ʧʨʠ ʜʽʘʧʘʟʦʥʽ 

ʚʠʤʽʨʶʚʘʥʴ ʚʽʜ 10% ʽ ʤʝʥʰʝ ʜʦ 100% ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ. ʉʪʘʥʜʘʨʪ 

ʄɽʂ 43:1931 ʚʩʪʘʥʦʚʣʶʻ ʢʣʘʩ ʪʦʯʥʦʩʪʽ 2.0. ʊʘʢʠʡ ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ ʜʦʩʽ 

ʚʚʘʞʘʻʪʴʩʷ ʟʘʜʦʚʽʣʴʥʠʤ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʣʽʯʠʣʴʥʠʢʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ 

ʩʴʦʛʦʜʥʽ ʚ ʢʦʤʫʥʘʣʴʥʦ-ʧʦʙʫʪʦʚʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ, ʥʘʚʽʪʴ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʣʽʯʠʣʴʥʠʢʽʚ. 
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ɺʠʩʥʦʚʢʠ. ɻʝʥʝʟʠʩ ʣʽʯʠʣʴʥʠʢʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦʢʘʟʘʚ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ ʨʦʟʚʠʪʢʫ ʚ ʥʘʩʪʫʧʥʠʭ ʥʘʧʨʷʤʢʘʭ: 

1) ʤʽʥʽʘʪʶʨʠʟʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ ʣʽʯʠʣʴʥʠʢʽʚ; 

2) ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʜʠʩʪʘʥʮʽʡʥʦʾ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʚʽʜ ʩʧʦʞʠʚʘʯʘ ʜʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʠʢʘ; 

3) ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʤʦʜʫʣʽʚ, ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʨʘʭʫʥʢʦʚʦʤʫ ʤʝʭʘʥʽʟʤʽ ʝʣʝʢʪʨʦʣʽʯʠʣʴʥʠʢʘ; 

4) ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʣʽʯʠʣʴʥʠʢʽʚ.  

ʃ̔ ʪʝʨʘʪʫʨʘ 

1. http://cikavosti.com/povna-istoriya-elektrichnogo-lichilnika/ 

2. http://uk.wikipedia.org/wiki/ʃʽʯʠʣʴʥʠʢ_ʝʣʝʢʪʨʠʯʥʦʾ_ʝʥʝʨʛʽʾ 
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ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
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Prospects for the development of electricity meters I.A. Shishlov, O.V. Khvoshchan 

The questions of development and improvement of electric power meters (major achievements, 

inventions and designs of electric power meters) are discussed.   
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ʊɽʍʅʆʃʆɻɯʗ ʉʊɺʆʈɽʅʅʗ ɺɽɹɯʅɸʈɯɺ 

ɯ.ɺ. ɹʘʮʫʨʦʚʩʴʢʘ, ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ,  

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  

ʗ.ɽ. ɸʥʜʨʶʱʝʥʢʦ, ʘʩʧʽʨʘʥʪ ɼɺʅɿ çʋʥʽʚʝʨʩʠʪʝʪ ʤʝʥʝʜʞʤʝʥʪʫ 

ʦʩʚʽʪʠè 

 

ɺ ʩʪʘʪʪʽ ʦʧʠʩʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʚʝʙʽʥʘʨʽʚ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʝʪʘʧʠ ʪʘ ʘʩʧʝʢʪʠ ʱʦʜʦ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʝʙʽʥʘʨʫ. ʇʨʝʜʩʪʘʚʣʝʥʽ 

ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʧʽʜʛʦʪʦʚʢʠ ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ʜʦ ʚʝʙʽʥʘʨʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʽʷ, ʚʝʙʽʥʘʨ, ʦʩʚʽʪʘ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ. 
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http://uk.wikipedia.org/wiki/Лічильник_електричної_енергії
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ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʚʠʪʦʢ ʨʽʟʥʠʭ ʩʬʝʨ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ʆʩʚʽʪʘ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʬʝʨ ʚʧʣʠʚʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʋ ʟʚôʷʟʢʫ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʫ ʩʪʚʦʨʝʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. 

ɺʝʙʽʥʘʨ ʻ ʦʜʥʠʤ ʟ ʩʫʯʘʩʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ 

ʤʦʞʣʠʚʦʩʪʝʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʬʝʨʽ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ. ʋ ʟʚôʷʟʢʫ 

ʟ ʮʠʤ, ʤʝʪʦʶ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ 

ʚʝʙʽʥʘʨʽʚ. 

ʇʽʜ ʚʝʙʽʥʘʨʦʤ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʽʥʪʝʨʘʢʪʠʚʥʝ ʦʥʣʘʡʥ-ʟʘʥʷʪʪʷ, ʱʦ 

ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʢʣʘʜʘʯʝʤ ʟʽ ʩʪʫʜʝʥʪʘʤʠ ʜʠʩʪʘʥʮʽʡʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʽ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ [1]. ʊʝʭʥʦʣʦʛʽʷ ʧʽʜʛʦʪʦʚʢʠ ʪʘ 

ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʫ ʧʦʪʨʝʙʫʻ ʚʠʟʥʘʯʝʥʥʷ ʧʝʚʥʠʭ ʝʪʘʧʽʚ. ʆʩʥʦʚʥʦʶ 

ʫʤʦʚʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʚʝʙʽʥʘʨʫ ʻ ʨʝʪʝʣʴʥʘ ʧʽʜʛʦʪʦʚʢʘ ʜʦ ʥʴʦʛʦ ʚʩʽʭ ʡʦʛʦ 

ʫʯʘʩʥʠʢʽʚ. ɿʦʢʨʝʤʘ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʪʝʭʥʽʯʥʫ ʧʽʜʛʦʪʦʚʢʫ, ʧʦʩʪʘʚʠʪʠ 

ʮʽʣʽ, ʚʠʟʥʘʯʠʪʠ ʟʤʽʩʪ, ʦʙʨʘʪʠ ʬʦʨʤʫ ʧʨʦʚʝʜʝʥʥʷ, ʚʠʟʥʘʯʠʪʠ ʤʝʪʦʜʠ. 

ʊʝʭʥʽʯʥʘ ʧʽʜʛʦʪʦʚʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʙʽʨ ʧʣʘʪʬʦʨʤʠ ʚʝʙʽʥʘʨʽʚ, ʟôʷʩʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛ ʧʣʘʪʬʦʨʤʠ ʪʘ ʚʣʘʩʥʠʭ ʪʝʭʥʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, 

ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʦʚʦʛʦ ʜʦʩʪʫʧʫ ʜʣʷ ʫʩʫʥʝʥʥʷ ʧʨʦʙʣʝʤ ʪʘ ʦʟʥʘʡʦʤʣʝʥʥʷ 

ʫʯʘʩʥʠʢʽʚ ʟ ʽʥʪʝʨʬʝʡʩʦʤ ʚʽʨʪʫʘʣʴʥʦʛʦ ʢʣʘʩʫ. ʊʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʤʦʞʫʪʴ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʣʘʪʬʦʨʤʠ ʚʝʙʽʥʘʨʫ [2]. ʗʢ ʧʨʘʚʠʣʦ, ʚʦʥʠ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: ʚʠʤʦʛʠ ʜʦ ʽʥʪʝʨʥʝʪ-ʟôʻʜʥʘʥʥʷ (ʰʚʠʜʢʽʩʪʴ, ʧʦʨʪʠ, 

ʧʨʦʪʦʢʦʣ), ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɼʣʷ 

ʫʯʘʩʪʽ ʫ ʚʝʙʽʥʘʨʽ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ: 

 Å ʢʦʤʧôʶʪʝʨ ʟ ʥʘʣʘʰʪʦʚʘʥʠʤ ʘʫʜʽʦ ʪʘ/ʘʙʦ ʚʽʜʝʦʦʙʣʘʜʥʘʥʥʷʤ 

(ʢʦʣʦʥʢʠ ʯʠ ʥʘʚʫʰʥʠʢʠ, ʤʽʢʨʦʬʦʥ, ʚʝʙ-ʢʘʤʝʨʘ); 

Å ʚʩʪʘʥʦʚʣʝʥʠʡ ʽ ʧʨʘʚʠʣʴʥʦ ʥʘʣʘʰʪʦʚʘʥʠʡ ʙʨʘʫʟʝʨ  

 Å ʚʩʪʘʥʦʚʣʝʥʠʡ Flash ð ʧʨʦʛʨʘʚʘʯ ʥʝ ʥʠʞʯʝ ʚʝʨʩʽʾ 9.1; 

 Å ʚʠʜʽʣʝʥʘ ʣʽʥʽʷ ɯʥʪʝʨʥʝʪʫ 512 ʢʙ/ʩ ʜʣʷ ʫʯʘʩʥʠʢʽʚ (ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʚʽʜʝʦ ʪʘ ʘʫʜʽʦ ʜʘʥʠʭ) ʪʘ 128 ʢʙ/ʩ (ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʣʠʰʝ ʘʫʜʽʦ ʜʘʥʠʭ) [4]. 
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ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʟʘʥʷʪʪʷ ʫ ʧʨʦʮʝʩʽ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʚʝʙʽʥʘʨʽʚ ʜʦʮʽʣʴʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʘʢʽ ʤʦʤʝʥʪʠ [3]: 

1. ɿʘʚʯʘʩʥʘ ʧʽʜʛʦʪʦʚʢʘ ʜʦ ʫʯʘʩʪʽ ʪʘ ʦʛʦʣʦʰʝʥʥʷ ʧʨʦ ʜʘʪʫ ʪʘ ʯʘʩ 

ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ: ʚʩʽ ʫʯʘʩʥʠʢʠ ʧʦʚʠʥʥʽ ʟʘʟʜʘʣʝʛʽʜʴ ʧʦʪʫʨʙʫʚʘʪʠʩʷ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ɯʥʪʝʨʥʝʪ ʟʚ'ʷʟʢʫ, 

ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʫʚʽʡʪʠ ʜʦ ʚʽʨʪʫʘʣʴʥʦʾ ʢʽʤʥʘʪʠ ʟʘ 10-15 

ʭʚʠʣʠʥ ʜʦ ʧʦʯʘʪʢʫ ʚʝʙʽʥʘʨʫ; ʧʝʨʝʚʽʨʠʪʠ ʟʚʫʢ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʩʪʘʚʠʪʠ ʪʘ 

ʟʘʜʘʚʘʪʠ ʟʘʧʠʪʘʥʥʷ ʚʩʽʤʘ ʫʯʘʩʥʠʢʘʤʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢʠ 

ʪʝʭʥʽʯʥʠʭ çʥʘʢʣʘʜʦʢè ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʫ. 

2. ɺʠʙʽʨ ʪʝʤʠ, ʧʝʜʘʛʦʛʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʤʝʪʠ ʪʘ 

ʟʘʚʜʘʥʴ ʚʝʙʽʥʘʨʫ: ʩʣʽʜ ʨʦʟʢʨʠʪʠ ʦʩʥʦʚʥʽ ʧʫʥʢʪʠ ʜʦʧʦʚʽʜʽ, ʧʠʪʘʥʥʷ 

ʦʙʛʦʚʦʨʝʥʥʷ ʪʘ ʛʦʣʦʚʥʫ ʤʝʪʫ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʫ, ʷʢʘ ʙ ʜʘʣʘ ʟʤʦʛʫ 

ʩʪʫʜʝʥʪʦʚʽ ʟ'ʷʩʫʚʘʪʠ ʧʦʪʨʝʙʫ ʡʦʛʦ ʫʯʘʩʪʽ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʤʽʥʘʨʽ ʪʘ ʰʣʷʭʽʚ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʠʩʘʥʠʭ ʚʽʜʝʦʤʘʪʝʨʽʘʣʽʚ. 

3. ɼʦʙʽʨ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʪʠʤʝʪʴʩʷ ʥʘ ʚʝʙʽʥʘʨʽ: ʥʝʦʙʭʽʜʥʦ 

ʯʽʪʢʦ ʩʧʣʘʥʫʚʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʚʯʝʥʦʛʦ ʪʘ ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʧʨʦʙʣʝʤʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʧʽʜʛʦʪʫʚʘʪʠ ʦʧʠʩʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʝʡʩʽʚ, ʧʝʨʝʜʙʘʯʠʪʠ ʦʙʛʦʚʦʨʝʥʥʷ ʟʘʧʠʪʘʥʴ ʚ ʤʘʣʠʭ ʛʨʫʧʘʭ ʪʘ ʧʘʨʘʭ, 

ʨʦʟʧʣʘʥʫʚʘʪʠ ʫʯʘʩʪʴ ʢʦʞʥʦʛʦ ʽʟ ʡʦʛʦ ʫʯʘʩʥʠʢʽʚ, ʨʦʟʧʠʩʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʨʦʣʽ, 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʫʜʝʥʪʽʚ ʢʦʥʢʨʝʪʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ 

ʦʧʨʘʮʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʪʘ ʯʽʪʢʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʡʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽ ʬʦʨʤʠ ʚʟʘʻʤʦʦʮʽʥʶʚʘʥʥʷ ʪʘ 

ʩʘʤʦʦʮʽʥʶʚʘʥʥʷ. 

4. ʄʝʪʦʜʠʯʥʘ ʧʽʜʛʦʪʦʚʢʘ ʚʠʢʣʘʜʘʯʘ ʪʘ ʩʪʫʜʝʥʪʽʚ ʜʦ ʩʝʤʽʥʘʨʫ: 

ʚʠʢʣʘʜʘʯ ʤʘʻ ʧʦʜʽʣʠʪʠ ʟʤʽʩʪ ʪʝʤʠ ʥʘ ʢʦʥʢʨʝʪʥʽ ʧʠʪʘʥʥʷ; ʟʘʟʜʘʣʝʛʽʜʴ 

ʦʧʠʩʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʛʦʪʦʚʢʠ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʜʦ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ, 

ʨʦʟʨʦʙʠʪʠ ʽʥʩʪʨʫʢʮʽʾ ʦʧʨʘʮʶʚʘʥʥʷ ʦʩʥʦʚʥʦʾ ʪʘ ʜʦʜʘʪʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ; 

ʦʙʨʘʪʠ ʬʦʨʤʠ ʩʘʤʦʩʪʽʡʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʩʪʫʜʝʥʪʽʚ - ʜʦʧʦʚʽʜʴ, ʚʠʩʪʫʧ, 

ʦʧʘʥʫʚʘʥʥʷ; ʧʽʜʛʦʪʦʚʢʘ ʧʨʝʟʝʥʪʘʮʽʾ ʪʦʱʦ; ʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʠ ʧʨʦʚʝʜʝʥʥʷ 
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ʚʝʙʽʥʘʨʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʧʦʢʘʟʥʠʢʠ ʡʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʬʦʨʤʠ 

ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʣʝʢʩʽʾ. 

5. ʉʮʝʥʘʨʽʡ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʫ. ɼʦʮʽʣʴʥʦ ʧʨʦʧʠʩʘʪʠ ʟ 

ʚʢʘʟʫʚʘʥʥʷʤ ʯʘʩʫ ʪʘʢʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʚʝʙʽʥʘʨʫ: ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʝʤʠ, ʤʝʪʠ ʪʘ 

ʟʘʚʜʘʥʴ ʟʘʥʷʪʪʷ; ʥʘʜʘʥʥʷ ʩʣʦʚʘ ʩʪʫʜʝʥʪʘʤ ʜʣʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟ ʧʠʪʘʥʴ 

ʪʝʤʘʪʠʢʠ ʚʝʙʽʥʘʨʫ, ʢʦʤʝʥʪʘʨ ʱʦʜʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʩʪʫʜʝʥʪʽʚ; 

ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʫʚʘʛʠ ʩʪʫʜʝʥʪʽʚ ʥʘ ʧʠʪʘʥʥʷʭ, ʷʢʽ ʧʝʨʝʜʙʘʯʝʥʽ ʧʣʘʥʦʤ; 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʧʠʪʘʥʴ ʫ ʧʨʦʮʝʩʽ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʩʧʦʥʫʢʘʶʪʴ ʜʦ ʜʠʩʢʫʩʽʾ, 

ʚʠʤʘʛʘʶʪʴ ʜʦʢʘʟʦʚʦʩʪʽ, ʤʽʮʥʦʩʪʽ ʟʥʘʥʴ, ʚʠʥʘʭʽʜʣʠʚʦʩʪʽ, ʧʽʜʚʝʜʝʥʥʷ 

ʧʽʜʩʫʤʢʽʚ ʟʘʥʷʪʪʷ, ʟʘʚʜʘʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʘʤʦʩʪʽʡʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ; ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʩʪʠʤʫʣʶʚʘʥʥʷ ʜʦ ʘʢʪʠʚʥʦʾ ʫʯʘʩʪʽ ʩʪʫʜʝʥʪʽʚ ʫ 

ʚʝʙʽʥʘʨʽ, ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʝʡ ʪʘ ʘʢʪʠʚʥʦʾ ʫʯʘʩʪʽ ʫ ʨʦʙʦʪʽ ʚʝʙʽʥʘʨʫ; 

6. ʇʽʜʚʝʜʝʥʥʷ ʧʽʜʩʫʤʢʽʚ ʚʝʙʽʥʘʨʫ: ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʟʘʥʷʪʪʷ 

ʚʠʢʣʘʜʘʯ ʤʘʻ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ, ʟʘ ʷʢʠʤ ʚʠʟʥʘʯʠʪʠ ʯʠ ʨʦʟʢʨʠʪʘ ʪʝʤʘ, ʷʢʽ 

ʟʥʘʥʥʷ ʟʜʦʙʫʣʠ ʩʪʫʜʝʥʪʠ, ʩʪʘʚʣʝʥʥʷ ʜʦ ʟʘʥʷʪʪʷ ʩʪʫʜʝʥʪʽʚ ʽ ʾʭ ʪʚʦʨʯʘ 

ʘʢʪʠʚʥʽʩʪʴ, ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʟʘʥʷʪʪʷ. 

ʄʝʪʦʶ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʝʙʽʥʘʨʫ ʻ ʥʘʚʯʘʣʴʥʽ ʮʽʣʽ, ʷʢʽ ʤʘʶʪʴ 

ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʫ. ʎʽʣʽ ʧʦʪʨʽʙʥʦ ʧʦʩʪʘʚʠʪʠ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʫ ʤʦʞʥʘ ʙʫʣʦ ʚʠʟʥʘʯʠʪʠ 

ʥʘʩʢʽʣʴʢʠ ʧʽʜʚʠʱʠʚʩʷ ʨʽʚʝʥʴ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ, ʟʤʽʥʠʣʦʩʷ ʩʪʘʚʣʝʥʥʷ ʜʦ 

ʧʝʚʥʦʾ ʧʨʦʙʣʝʤʠ, ʘʙʦ ʩʬʦʨʤʫʚʘʣʠʩʷ ʧʝʚʥʽ ʫʤʽʥʥʷ ʪʘ ʥʘʚʠʯʢʠ ʽ ʚ ʷʢʽʡ ʤʽʨʽ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʨʷʤʽʡ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʫʩʚʽʜʦʤʣʝʥʥʷ ʮʽʣʝʡ ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪʘʤʠ. ʊʦʤʫ ʜʦʮʽʣʴʥʠʤ ʻ 

ʦʙʛʦʚʦʨʝʥʥʷ ʮʽʣʝʡ ʚʝʙʽʥʘʨʫ ʨʘʟʦʤ ʽʟ ʡʦʛʦ ʫʯʘʩʥʠʢʘʤʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʪʝʭʥʦʣʦʛʽʶ ʧʽʜʛʦʪʦʚʢʠ ʟʤʽʩʪʫ ʚʝʙʽʥʘʨʫ. ʇʽʜ 

ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʟʤʽʩʪʫ ʜʦʮʽʣʴʥʦ ʨʦʟʜʽʣʷʪʠ ʡʦʛʦ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʽʾ: 

ʽʥʬʦʨʤʘʮʽʷ, ʷʢʫ ʩʪʫʜʝʥʪʠ ʟʤʦʞʫʪʴ ʧʨʦʯʠʪʘʪʠ ʯʠ ʧʝʨʝʛʣʷʥʫʪʠ ʩʘʤʦʩʪʽʡʥʦ; 

ʟʥʘʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʫ ʫʯʘʩʥʠʢʠ ʟʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʚʽʜ ʚʠʢʣʘʜʘʯʘ; 

ʟʥʘʥʥʷ, ʷʢʽ ʫʯʘʩʥʠʢʠ ʟʤʦʞʫʪʴ ʥʘʙʫʪʠ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʰʠʤʠ 

ʫʯʘʩʥʠʢʘʤʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʟʤʽʩʪʦʚʥʦʛʦ ʚʝʙʽʥʘʨʫ, ʩʪʫʜʝʥʪʠ ʤʘʶʪʴ ʙʫʪʠ 
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ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʧʽʜʛʦʪʦʚʣʝʥʽ. ʉʪʫʜʝʥʪʘʤ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʜʘʥʽ ʩʪʘʪʪʽ, 

ʚʽʜʝʦʬʽʣʴʤʠ ʪʘ ʽʥʰʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʦʥʠ ʟʤʦʞʫʪʴ ʟʘʩʪʦʩʫʚʘʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ ʚʝʙʽʥʘʨʫ [4]. 

ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʷʢʽʩʪʴ ʜʦʧʦʚʽʜʽ. ɿʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʪʝ ʧʠʪʘʥʥʷ, 

ʷʢʽ ʚʠ ʟʙʠʨʘʻʪʝʩʴ ʨʦʟʢʨʠʪʠ ʽ ʥʘʩʢʽʣʴʢʠ ʛʣʠʙʦʢʦ. ʅʝ ʚʘʨʪʦ ʧʝʨʝʚʘʥʪʘʞʫʚʘʪʠ 

ʜʦʧʦʚʽʜʴ ʽʥʬʦʨʤʘʮʽʻʶ, ʧʨʠʚʝʨʥʽʪʴ ʫʚʘʛʫ ʩʣʫʭʘʯʽʚ ʣʠʰʝ ʜʦ ʾʾ ʢʣʶʯʦʚʠʭ 

ʤʦʤʝʥʪʽʚ [5]. ʅʝʦʙʭʽʜʥʦ ʯʽʪʢʦ ʩʧʣʘʥʫʚʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʚʯʝʥʦʛʦ ʪʘ 

ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʩʬʦʨʤʫʣʶʚʘʪʠ ʧʨʦʙʣʝʤʥʽ ʟʘʧʠʪʘʥʥʷ, ʧʝʨʝʜʙʘʯʠʪʠ 

ʦʙʛʦʚʦʨʝʥʥʷ ʟʘʧʠʪʘʥʴ ʚ ʤʘʣʠʭ ʛʨʫʧʘʭ ʪʘ ʧʘʨʘʭ, ʨʦʟʧʣʘʥʫʚʘʪʠ ʫʯʘʩʪʴ 

ʢʦʞʥʦʛʦ ʽʟ ʡʦʛʦ ʫʯʘʩʥʠʢʽʚ, ʨʦʟʧʠʩʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʨʦʣʽ. ʇʣʘʥ ʘʙʦ ʩʮʝʥʘʨʽʡ 

ʚʝʙʽʥʘʨʫ ʤʘʻ ʙʫʪʠ ʜʝʪʘʣʴʥʦ ʧʨʦʜʫʤʘʥʠʤ ʽ ʚʢʣʶʯʘʪʠ ʟʤʽʩʪ ʜʽʷʣʴʥʦʩʪʽ 

ʫʯʘʩʥʠʢʽʚ ʽ ʯʘʩ, ʷʢʠʡ ʚʽʜʚʦʜʠʪʴʩʷ ʥʘ ʮʶ ʜʽʷʣʴʥʽʩʪʴ. 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʫ ʜʦʮʽʣʴʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʪʘʢʠʭ 

ʧʨʠʡʦʤʽʚ: 

1. ʇʽʜʚʠʱʝʥʥʷ ʽʥʪʝʨʝʩʫ. ʉʧʨʦʙʫʡʪʝ ʚʠʢʣʠʢʘʪʠ ʽʥʪʝʨʝʩ ʜʦ ʧʨʦʙʣʝʤʠ, 

ʷʢʘ ʧʽʜʥʽʤʘʻʪʴʩʷ ʫ ʚʝʙʽʥʘʨʽ. ʗʢ ʚʽʜʦʤʦ, ʽʥʪʝʨʝʩ ʫ ʥʘʚʯʘʥʥʽ ʤʦʙʽʣʽʟʫʻ ʫʚʘʛʫ, 

ʧʽʜʚʠʱʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ ʟʥʘʥʴ, ʩʧʨʠʷʻ ʘʢʪʠʚʽʟʘʮʽʾ ʤʠʩʣʝʥʥʷ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʨʝʩʫ ʥʝʦʙʭʽʜʥʦ: ʧʽʜʢʨʝʩʣʠʪʠ ʮʽʥʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʫʯʘʩʥʠʢʽʚ, ʷʢ ʚʦʥʠ ʟʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʥʘ ʧʨʘʢʪʠʮʽ; ʜʦʚʝʩʪʠ 

ʚʘʞʣʠʚʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ; ʚʽʜʰʫʢʘʪʠ ʮʽʢʘʚʽ ʽ ʥʝʪʨʘʜʠʮʽʡʥʽ ʩʧʦʩʦʙʠ ʧʦʜʘʯʽ 

ʤʘʪʝʨʽʘʣʫ [3]. 

2. ʇʨʠʥʮʠʧ ʜʦʩʪʫʧʥʦʩʪʽ. ʇʝʨʝʢʦʥʘʡʪʝʩʷ, ʱʦ ʫʯʘʩʥʠʢʠ ʛʦʪʦʚʽ ʜʦ 

ʨʦʟʫʤʽʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

3. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʜʦʧʦʚʽʜʽ ʩʪʘʚʪʝ ʧʠʪʘʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʦʮʽʥʠʪʠ 

ʨʽʚʝʥʴ ʟʥʘʥʥʷ ʽ ʜʦʩʚʽʜʫ ʆʨʛʘʥʽʟʘʮʽʷ ʩʝʨʝʜʦʚʠʱʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ 

ʩʝʨʝʜʥʽʭ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʘʫʜʠʪʦʨʽʾ, ʾʾ ʩʪʘʚʣʝʥʥʷ ʜʦ 

ʧʨʦʙʣʝʤʠ, ʱʦ ʦʙʛʦʚʦʨʶʻʪʴʩʷ. ɺʘʨʪʦ ʧʨʦʜʫʤʘʪʠ ʮʽ ʟʘʧʠʪʘʥʥʷ ʟʘʟʜʘʣʝʛʽʜʴ. 

ʄʦʞʥʘ ʧʨʦʚʝʩʪʠ ʦʧʠʪʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ 

ʚʝʙʽʥʘʨʫ. 

4. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʜʦʮʽʣʴʥʦ ʧʨʦʚʝʩʪʠ ʧʦʧʝʨʝʜʥʻ ʪʝʩʪʫʚʘʥʥʷ. 
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5. ɸʢʪʠʚʽʟʘʮʽʷ ʧʽʟʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɺʠʟʥʘʯʠʪʝ ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʝʤʽʥʘʨʫ. ʇʽʜʢʨʝʩʣʽʪʴ ʤʦʤʝʥʪʠ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʽ ʮʽʢʘʚʽ 

ʟʘ ʜʦ ʧʦʤʦʛʦʶ ʪʘʢʠʭ ʟʘʩʦʙʽʚ: ʝʣʝʢʪʨʦʥʥʦʾ ʜʦʰʢʠ; ʜʝʤʦʥʩʪʨʫʚʘʥʥʷ 

ʚʘʞʣʠʚʠʭ ʤʦʤʝʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʝʦʨʦʣʠʢʽʚ, ʘʥʽʤʘʮʽʾ; ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʜʥʦʛʦ ʽʟ ʤʝʪʦʜʽʚ ʩʣʦʚʝʩʥʦʾ ʧʽʜʪʨʠʤʢʠ [4;5]: 

 Å ʧʦʨʽʚʥʷʥʥʷ ð ʧʦʨʽʚʥʷʡʪʝ ʦʧʠʩʫʚʘʥʠʡ ʦʙôʻʢʪ ʟ ʪʠʤ, ʱʦ ʜʦʙʨʝ 

ʟʥʘʡʦʤʠʡ ʘʫʜʠʪʦʨʽʾ; 

 Å ʧʨʠʯʠʥʘ ð ʯʦʤʫ ʚʠ ʦʙʨʘʣʠ ʩʘʤʝ ʮʶ ʪʝʤʫ ʦʥʣʘʡʥ-ʩʝʤʽʥʘʨʫ? ʏʦʤʫ 

ʚʘʞʣʠʚʝ ʨʦʟʫʤʽʥʥʷ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ? 

 Å ʧʨʠʢʣʘʜ ð ʥʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ, ʷʢʠʡ ʽʣʶʩʪʨʫʚʘʪʠʤʫʪʴ ʚʘʰʫ ʪʦʯʢʫ 

ʟʦʨʫ; 

 Å ʩʪʘʪʠʩʪʠʢʘ ð ʚʠʢʦʨʠʩʪʦʚʫʡʪʝ ʧʽʜ ʯʘʩ ʚʝʙʽʥʘʨʫ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʥʘ 

ʧʽʜʪʨʠʤʢʫ ʩʚʦʻʾ ʧʦʟʠʮʽʾ. ʌʫʥʢʮʽʦʥʘʣ ʚʝʙʽʥʘʨʫ ʯʫʜʦʚʦ ʜʦʧʦʤʦʞʝ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʮʠʬʨʦʚʫ ʽʥʬʦʨʤʘʮʽʶ. 

 Å ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʘʫʜʠʪʦʨʽʻʶ ð ʟʨʦʙʽʪʴ ʝʢʩʧʨʝʩ-ʦʧʠʪʫʚʘʥʥʷ ʘʫʜʠʪʦʨʽʾ 

ʪʘ ʧʨʦʘʥʘʣʽʟʫʡʪʝ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ. 

ʋ ʧʨʦʮʝʩʽ ʚʝʙʽʥʘʨʫ ʫʯʘʩʥʠʢʘʤ ʤʦʞʝ ʙʫʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ: ʚʽʜʧʦʚʽʩʪʠ 

ʥʘ ʨʽʟʥʽ ʟʘʧʠʪʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʦʙʣʝʤʥʽ, ʨʠʪʦʨʠʯʥʽ; ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʽ, 

ʟʘʚʜʘʥʥʷ (ʙʘʞʘʥʦ, ʱʦʙ ʚʦʥʠ ʙʫʣʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʩʪʚʦʨʝʥʥʷ ʧʝʚʥʦʛʦ 

ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʜʫʢʪʫ: ʝʣʝʢʪʨʦʥʥʦʾ ʪʘʙʣʠʮʽ, ʤʘʣʶʥʢʫ, ʩʭʝʤʠ); ʚʠʨʽʰʠʪʠ 

ʢʝʡʩ; ʦʙʛʦʚʦʨʝʥʥʷ ʫ ʥʝʚʝʣʠʢʠʭ ʛʨʫʧʘʭ [1]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʟʘʥʷʪʴ, ʩʝʨʚʽʩ ʚʝʙʽʥʘʨʽʚ ʤʘʻ ʙʫʪʠ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʪʘ ʽʥʪʝʛʨʦʚʘʥʠʤ ʟ ʧʦʧʫʣʷʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʥʘʚʯʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʫʧʨʦʚʽʜ ʚʝʙʽʥʘʨʫ ʜʦ ʽ ʧʽʩʣʷ ʟʘʥʷʪʪʷ, ʧʫʙʣʽʢʘʮʽʶ 

ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘʥʘʣʽʟ ʘʢʪʠʚʥʦʩʪʽ ʩʪʫʜʝʥʪʽʚ ʫ ʚʝʙʽʥʘʨʽ, ʪʝʩʪʫʚʘʥʥʷ 

ʪʦʱʦ [2]. 

ɺʽʜʧʦʚʽʜʥʦ, ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʫ, ʥʘ ʩʘʡʪʽ ʤʘʶʪʴ ʙʫʪʠ 

ʨʦʟʤʽʱʝʥʽ: ʟʘʧʠʩ ʚʝʙʽʥʘʨʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ, ʟʘʧʠʩ 

ʯʘʪʫ, ʟʘʧʠʩ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʠʪʫʚʘʥʴ ʪʘ ʽʥʪʝʨʘʢʪʠʚʽʚ, ʧʨʝʟʝʥʪʘʮʽʾ ʚʝʙʽʥʘʨʫ 
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ʪʦʱʦ. ʊʘʢʦʞ ʤʘʻ ʙʫʪʠ ʧʝʨʝʚʽʨʝʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʚʝʙʽʥʘʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʩʪʫʚʘʥʥʷ [4]. 

ʈʦʙʦʪʘ ʩʪʫʜʝʥʪʽʚ ʥʘʜ ʪʝʤʦʶ ʚʝʙʽʥʘʨʫ ʤʦʞʝ ʙʫʪʠ ʧʨʦʜʦʚʞʝʥʘ 

ʘʩʠʥʭʨʦʥʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦʛʦ ʬʦʨʫʤʫ. ʇʽʟʥʘʚʘʣʴʥʘ ʜʽʷʣʴʥʽʩʪʴ 

ʩʪʫʜʝʥʪʽʚ ʫ ʬʦʨʫʤʽ ʟ ʪʝʤʠ ʚʝʙʽʥʘʨʫ ʤʦʞʝ ʙʫʪʠ ʦʨʛʘʥʽʟʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ: 

¶ ʧʦʩʣʽʜʦʚʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʤʠ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʩʠʩʪʝʤʽ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʚʜʘʥʴ; 

¶ ʨʦʟʛʣʷʜ ʢʦʤʝʥʪʘʨʽʚ ʚʠʢʣʘʜʘʯʘ ʪʘ ʩʪʫʜʝʥʪʽʚ; 

¶ ʢʦʤʝʥʪʫʚʘʥʥʷ, ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʽ ʨʦʟʚʠʪʦʢ ʚʠʩʣʦʚʣʝʥʠʭ ʽʜʝʡ; 

¶ ʘʥʘʣʽʟ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʽ ʥʘʩʪʫʧʥʠʭ ʢʦʤʝʥʪʘʨʽʚ; 

¶ ʧʽʜʚʝʜʝʥʥʷ ʧʽʜʩʫʤʢʽʚ ʽ ʨʝʬʣʝʢʩʽʷ [3;5]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʭʥʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʫ 

ʧʝʨʝʜʙʘʯʘʻ ʨʝʘʣʽʟʘʮʽʶ ʪʘʢʠʭ ʝʪʘʧʽʚ ʷʢ ʧʦʧʝʨʝʜʥʷ ʧʽʜʛʦʪʦʚʢʘ ʚʠʢʣʘʜʘʯʘ ʪʘ 

ʩʪʫʜʝʥʪʽʚ ʜʦ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʦʥʣʘʡʥ-ʟʘʥʷʪʪʷ, ʢʦʨʦʪʢʫ ʜʦʧʦʚʽʜʴ ʚʠʢʣʘʜʘʯʘ ʪʘ 

ʽʥʪʝʨʘʢʪʠʚʥʫ ʚʟʘʻʤʦʜʽʶ ʫʯʘʩʥʠʢʽʚ, ʦʙʛʦʚʦʨʝʥʥʷ, ʨʝʬʣʝʢʩʽʶ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʠʜʫ ʚʝʙʽʥʘʨʫ. 
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ʊʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʚʝʙʠʥʘʨʦʚ. ʀ.ɺ. ɹʘʮʫʨʦʚʩʢʘʷ, ʗ.ʕ. ɸʥʜʨʶʱʝʥʢʦ. 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʚʝʙʠʥʘʨʘʤ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʢʘʞʜʳʡ ʵʪʘʧ ʠ ʘʩʧʝʢʪ ʧʦ ʩʦʟʜʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʝʙʠʥʘʨʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʘʩʧʝʢʪʳ ʧʦʜʛʦʪʦʚʢʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ ʢ ʚʝʙʠʥʘʨʘʤ. 

 

Technology for creating webinars. I. Bacurovska, Y. Andriushchenko. 

The article describes the technology of creating webinars. It analyzes every stage and aspect of 

creating an effective webinar. The paper reveals basic aspects of preparing professors and students 

for webinars. 

 

 

ʋɼʂ 631.363.2 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʈʆɿʈɯɼɾɽʅʆɻʆ ʇʆɺɯʊʈʗ ʋ ʈʆɹʆʏɯʁ ʂɸʄɽʈɯ 

ʂʆʈʄʆɼʈʆɹɸʈʆʂ ʋɼɸʈʅʆ-ʉʊʀʈɸʖʏʆɰ ɼɯɰ ɼʃʗ ɿʄɽʅʐɽʅʅʗ 

ɽʅɽʈɻʆɭʄʅʆʉʊɯ ʇʈʆʎɽʉʋ 

ʈʠʙʢʘ ʕ.ʖ., ʇʦʜʙʦʨʩʴʢʠʡ ʆ.ʆ., ʩʪʫʜʝʥʪʠ ʛʨʫʧʠ ʄ6 

ʆ.ɸ. ɻʦʨʙʝʥʢʦ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʘʝʨʦʜʠʥʘʤʽʮʽ 

ʢʦʨʤʦʜʨʦʙʘʨʦʢ ʫʜʘʨʥʦ-ʩʪʠʨʘʶʯʦʾ ʜʽ.ʾ ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʦʜʨʽʙʥʝʥʥʷ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʛʦ ʪʠʩʢʫ ʫ ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʨʦʙʘʨʢʠ, ʨʦʙʦʯʘ ʢʘʤʝʨʘ, ʟʤʽʥʥʠʡ ʪʠʩʢ ʧʦʚʽʪʨʷ 

 

ʆʩʥʦʚʦʶ ʨʦʟʚʠʪʢʫ ʪʚʘʨʠʥʥʠʮʪʚʘ ʻ, ʷʢ ʚʽʜʦʤʦ, ʧʦʪʫʞʥʘ ʢʦʨʤʦʚʘ ʙʘʟʘ. 

ʉʘʤʝ ʢʦʨʤʠ ʧʦʩʽʜʘʶʪʴ ʯʽʣʴʥʝ ʤʽʩʮʝ ʫ ʬʦʨʤʫʚʘʥʥʽ ʛʘʣʫʟʽ. ʉʪʚʦʨʝʥʥʷ ʞ 

ʢʦʨʤʦʚʦʾ ʙʘʟʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʚʩʽʭ 

ʚʠʜʽʚ ʢʦʨʤʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʢʦʤʙʽʥʦʚʘʥʠʭ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʟʜʽʡʩʥʶʻʪʴʩʷ 
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ʙʘʣʘʥʩʫʚʘʥʥʷ ʢʦʨʤʦʚʠʭ ʨʘʮʽʦʥʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʛʦʜʽʚʣʽ ʪʚʘʨʠʥ. 

ʇʦʪʨʝʙʫ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʦʤʙʽʢʦʨʤʽʚ ʫ ʛʦʜʽʚʣʽ ʪʚʘʨʠʥ ʽ ʧʪʠʮʽ ʜʦʚʝʣʠ 

ʬʘʭʽʚʮʽ, ʨʦʟʨʘʭʫʥʢʠ ʷʢʠʭ ʩʚʽʜʯʘʪʴ, ʱʦ ʻ ʧʝʚʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʭʘʨʘʢʪʝʨʦʤ 

ʧʝʨʝʨʦʙʢʠ ʟʝʨʥʘ, ʟʛʦʜʦʚʫʚʘʥʦʛʦ ʪʚʘʨʠʥʘʤ, ʽ ʩʪʫʧʝʥʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʡʦʛʦ 

ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʪʚʘʨʠʥʥʠʮʴʢʫ ʧʨʦʜʫʢʮʽʶ. ɯʟ ʧʦʛʣʠʙʣʝʥʥʷʤ ʩʪʫʧʝʥʷ 

ʧʝʨʝʨʦʙʢʠ ʟʝʨʥʘ ʡ ʫʩʢʣʘʜʥʝʥʥʷʤ ʨʘʮʽʦʥʫ ʟʘʢʦʥʦʤʽʨʥʦ ʧʘʜʘʶʪʴ ʧʠʪʦʤʽ 

ʚʠʪʨʘʪʠ ʢʦʨʤʫ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ ʽ ʟʨʦʩʪʘʻ ʢʦʥʚʝʨʩʽʷ ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ. ʎʝ ʟʨʦʩʪʘʥʥʷ ʤʦʞʝ ʚ 3,4 ʨʘʟʠ ʧʝʨʝʚʝʨʰʫʚʘʪʠ ʤʦʥʦʟʝʨʥʦʚʫ 

ʛʦʜʽʚʣʶ ʡ ʧʦʚʥʦʮʽʥʥʠʡ ʢʦʤʙʽʢʦʨʤ. 

ʇʦʨʫʯ ʟ ʮʠʤ ʤʘʡʞʝ 35-40% ʟʝʨʥʦʬʫʨʘʞʫ ʚ ʨʷʜʽ ʛʦʩʧʦʜʘʨʩʪʚ 

ʤʦʣʦʯʥʦʛʦ ʥʘʧʨʷʤʢʫ ʟʛʦʜʦʚʫʻʪʴʩʷ ʚ ʚʠʛʣʷʜʽ ʧʨʦʩʪʦʾ ʜʝʨʪʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʚʝʣʠʢʠʭ ʧʝʨʝʚʠʪʨʘʪ ʟʝʨʥʘ ʪʘ ʧʽʜʚʠʱʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʚʘʨʠʥʥʠʮʴʢʦʾ 

ʧʨʦʜʫʢʮʽʾ.  

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʽ ʩʘʤʠʭ ʝʥʝʨʛʦʻʤʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʪʝʭʥʦʣʦʛʽʾ 

ʢʦʨʤʦʚʠʨʦʙʥʠʮʪʚʘ ʻ ʧʦʜʨʽʙʥʝʥʥʷ. ʇʨʠʛʦʪʫʚʘʥʥʷ ʢʦʨʤʽʚ ʩʢʣʘʜʘʻ 45-50 % ʫ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʪʚʘʨʠʥʥʠʮʪʚʘ. ɺʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʧʦ ʦʧʝʨʘʮʽʷʤ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ï 20 %, ʜʦʟʫʚʘʥʥʷ ï 15 %, 

ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ ʧʨʠʧʘʜʘʻ ʙʣʠʟʴʢʦ 65 %  ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ, ʱʦ ʩʢʣʘʜʘʻ 

ʧʨʠʙʣʠʟʥʦ 33 % ʩʦʙʽʚʘʨʪʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʅʘʡʙʽʣʴʰʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʝʨʝʜ ʪʘʢʠʭ ʧʦʜʨʽʙʥʶʚʘʯʽʚ ʢʦʨʤʽʚ 

ʦʪʨʠʤʘʣʠ ʧʦʜʨʽʙʥʶʚʘʯʽ ʫʜʘʨʥʦ ï ʩʪʠʨʘʶʯʦʾ ʜʽʾ ï ʤʦʣʦʪʢʦʚʽ ʽ ʨʦʪʦʨʥʽ 

ʜʨʦʙʘʨʢʠ. ʉʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʜʨʦʙʘʨʦʢ ʜʘʥʦʛʦ ʪʠʧʫ ʻ ʜʦʩʠʪʴ ʚʠʩʦʢʘ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʫ ʡ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɿʥʠʞʝʥʥʷ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʦʜʨʽʙʥʝʥʥʷ ʦʩʥʦʚʥʦʾ ʩʠʨʦʚʠʥʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʢʦʤʙʽʢʦʨʤʽʚ ʷʚʣʷʻʪʴʩʷ ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʽʰʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʩʪʦʾʪʴ ʧʝʨʝʜ 

ʚʠʨʦʙʥʠʢʘʤʠ ʢʦʨʤʽʚ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʚʘʨʠʥ.  

ɺʠʚʯʝʥʥʶ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʦʚʦʾ ʩʠʨʦʚʠʥʠ ʫ 

ʜʨʦʙʘʨʢʘʭ ʫʜʘʨʥʦ ï ʩʪʠʨʘʶʯʦʾ  ʜʽʾ ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ 

ʜʫʤʢʫ ʙʘʛʘʪʴʦʭ ʘʚʪʦʨʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʦʜʨʽʙʥʝʥʥʷ ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʥʝ ʧʨʦʜʫʢʪʠʚʥʠʭ ʝʥʝʨʛʦʟʘʪʨʘʪ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʘ 
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ʨʘʭʫʥʦʢ ʫʩʫʥʝʥʥʷ ʧʦʚʽʪʨʷʥʦ-ʚʠʭʨʦʚʦʾ ʦʙʣʘʩʪʽ ʡ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʟ ʧʨʦʜʫʢʪʦʤ. 

ʗʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʥʠʟʢʦʶ ʫʯʝʥʠʭ ʫ ʨʽʟʥʽ ʯʘʩʠ, ʚ 

ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ ʪʘʢʠʭ ʧʦʜʨʽʙʥʶʚʘʯʽʚ ʚʠʥʠʢʘʻ ʢʽʣʴʮʝʚʠʡ ʨʫʭʦʤʠʡ ʧʨʦʰʘʨʦʢ 

ʧʨʦʜʫʢʪʫ ʪʦʚʱʠʥʦʶ 20-30 ʤʤ  ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʜʨʦʙʘʨʢʠ. ʎʝʡ 

ʧʨʦʰʘʨʦʢ ʨʫʭʘʻʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʟʽ ʰʚʠʜʢʽʩʪʶ, 

ʨʽʚʥʽʡ ʧʦʣʦʚʠʥʽ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʘ ʫ ʧʦʚʝʨʭʥʽ ʩʠʪʘ ʘʙʦ ʜʝʢʠ 

ʩʪʘʥʦʚʠʪʴ 18-22% ʚʽʜ ʦʢʨʫʞʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ. ɺʣʘʩʪʠʚʦʩʪʽ 

ʧʦʚʽʪʨʷʥʦ-ʧʨʦʜʫʢʪʦʚʦʛʦ ʰʘʨʫ ʽ ʧʦʢʘʟʥʠʢʽʚ ʧʦʚʽʪʨʷʥʦ-ʚʠʭʨʦʚʦʾ ʦʙʣʘʩʪʽ ʫ 

ʨʦʙʦʯʦʤʫ ʧʨʦʩʪʦʨʽ ʜʨʦʙʘʨʢʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʫ 

ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ, ʮʝ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʧʦʜʨʽʙʥʶʚʘʯʽʚ ʟʝʨʥʘ ʫʜʘʨʥʦ ï ʩʪʠʨʘʶʯʦʾ  ʜʽʾ  ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʴʦʛʦ ʢʽʣʴʮʝʚʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ-ʧʨʦʜʫʢʪʦʚʦʛʦ  ʰʘʨʫ, 

ʚʠʥʠʢʘʶʯʦʛʦ ʫ ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ. ʆʪʞʝ ʟʤʽʥʠʚʰʠ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ ʤʠ 

ʤʦʞʝʤʦ ʚʧʣʠʥʫʪʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʨʦʙʘʨʢʠ, ʡ ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʦʟʘʪʨʘʪʠ 

ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ ʩʠʨʦʚʠʥʠ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʦʜʨʽʙʥʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ 

ʫʩʪʘʥʦʚʢʫ (ʨʠʩ. 1), ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʥʩʪʨʫʢʮʽʶ ʜʨʦʙʘʨʢʠ ʫʜʘʨʥʦ - 

ʩʪʠʨʘʶʯʦʾ ʜʽʾ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʚʘʣʘ ʨʦʪʦʨʘ, ʚ ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ ʚ 

ʷʢʽʡ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʪʠʩʢ ʧʦʚʽʪʨʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʦʩʫ ʘʙʦ 

ʢʦʤʧʨʝʩʦʨʘ. ʋʩʪʘʥʦʚʢʘ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʫ 

ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʤʽʥʶʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʚʘʨʽʶʚʘʪʠ 

ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, ʟʤʽʥʶʚʘʪʠ ʚʝʣʠʯʠʥʫ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʽʡ 

ʢʘʤʝʨʽ. ʇʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ  ʜʦʩʪʫʧʥʽ 

ʚʠʤʽʨʘʤ, ʚʽʟʫʘʣʴʥʦʤʫ ʩʧʦʩʪʝʨʝʞʝʥʥʶ. 
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ʈʠʩ. 1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ 

ʧʦʜʨʽʙʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʙʽʢʦʨʤʽʚ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʛʦ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʫ 

ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ: 1 ï ʩʪʘʥʠʥʘ, 2 ï ʢʦʨʧʫʩ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ, 3 ï ʨʦʙʦʯʠʡ ʦʨʛʘʥ, 

4 ï ʚʘʣ ʨʦʪʦʨʘ, 5 ï ʤʫʬʪʘ, 6 ï ʦʧʦʨʥʠʡ ʩʪʘʢʘʥ, 7 ï ʩʪʦʧʦʨʥʠʡ ʙʦʣʪ, 8 ï 

ʢʨʠʰʢʘ, 9 ï ʪʨʽʡʥʠʢ, 10 ï ʤʘʥʦʚʘʢʫʫʤʤʝʪʨ, 11 ï ʰʘʨʦʚʠʡ ʢʨʘʥ, 12 - 

ʢʦʤʧʨʝʩʦʨʥʠʡ ʢʨʘʥ, 13 ï ʧʨʠʩʪʨʽʡ ʜʣʷ ʟʘʤʽʨʫ ʰʚʠʜʢʦʩʪʽ  ʧʦʚʽʪʨʷʥʦ-

ʧʨʦʜʫʢʪʦʚʦʛʦ ʰʘʨʫ, 14 ï ʪʝʥʟʦʤʝʪʨʠʯʥʽ ʙʘʣʦʯʢʠ,  15 ï ʥʝʨʦʟʪʷʞʥʘ ʥʠʪʴ, 16, 

17 ï ʫʱʽʣʴʥʝʥʥʷ, 18 ï ʙʫʥʢʝʨ,19 ï ʧʦʚʽʪʨʷʥʦʥʝʧʨʦʥʠʢʥʠʡ  ʨʫʢʘʚ, 20 ï 

ʚʠʭʽʜʥʽ ʢʨʠʰʢʠ, 21 ï ʧʨʠʚʦʜʥʠʡ ʰʢʽʚ, 22 ï ʜʘʪʯʠʢ ʪʠʩʢʫ ʄɼɼ-1. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʞʣʠʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʦʜʨʽʙʥʝʥʥʷ ʟʤʽʥʥʦʾ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʚ 

ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʟʤʽʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʪʨʠʚʘʣʦʩʪʽ ʧʦʜʨʽʙʥʝʥʥʷ, ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʨʦʪʦʨʘ, ʤʘʩʠ ʟʘʚʘʥʪʘʞʫʚʘʥʦʛʦ ʚ ʨʦʙʦʯʫ ʢʘʤʝʨʫ ʧʨʦʜʫʢʪʫ. 
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ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʚʘʨʽʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʬʘʢʪʦʨʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʠʪʠ 

ʚʧʣʠʚ ʨʦʟʨʽʜʞʝʥʥʷ ʯʠ ʪʠʩʢʫ ʥʘ ʧʨʦʮʝʩ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ, ʚʠʷʚʠʪʠ ʯʘʩ 

ʧʦʜʨʽʙʥʝʥʥʷ, ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʟʤʝʥʰʝʥʥʷ 

ʝʥʝʨʛʦʻʤʢʦʩʪʽ. 
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ʄɽʍɸʅɯɿɸʎɯʗ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʇʈʆʎɽʉʋ ʇɽʈɽʈʆɹʂʀ 

ʄôʗʉʅʆɰ ʉʀʈʆɺʀʅʀ ɿ ɺɼʆʉʂʆʅɸʃɽʅʅʗʄ ʆɹʃɸɼʅɸʅʅʗ ɼʃʗ 

ʇʆɼʈɯɹʅɽʅʅʗ 

ʆ.ʆ .ɹʘʩʴʦʥʦʢ  

ʆ.ɸ. ɻʦʨʙʝʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ. 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʢʠ ʤôʷʩʥʦʾ ʩʠʨʦʚʠʥʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ 

ʨʽʰʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤôʷʩʥʘ ʩʠʨʦʚʠʥʘ, ʘʚʪʦʤʘʪʠʯʥʝ ʜʦʟʫʚʘʥʥʷ 

 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʯʥʠʭ ʚʽʜʥʦʩʠʥ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ 

ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʧʝʨʝʭʽʜ ʚʽʜ ʚʝʣʠʢʠʭ ʤôʷʩʦʧʝʨʝʨʦʙʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʜʦ ʤôʷʩʦʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ ʮʝʭʽʚ ʥʘ 

ʙʘʟʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʽʜʛʦʜʽʚʝʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

ɽʢʦʥʦʤʽʯʥʘ ʩʠʪʫʘʮʽʷ ʚ ʋʢʨʘʾʥʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʚʠʪʦʢ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʤôʷʩʥʦʾ. ɺʠʨʦʙʥʠʮʪʚʦ ʩʠʨʦʚʠʥʠ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʬʘʨʰʝʚʦʾ ʤôʷʩʥʦʾ ʧʨʦʜʫʢʮʽʾ (ʩʚʠʥʠʥʘ 

ʪʘ ʷʣʦʚʠʯʠʥʘ), ʩʢʦʨʦʯʫʻʪʴʩʷ, ʮʽʥʠ ʥʘ ʥʝʾ ʟʨʦʩʪʘʶʪʴ, ʧʦʧʠʪ ʥʘ ʜʦʨʦʛʫ 

ʤôʷʩʥʫ ʧʨʦʜʫʢʮʽʶ ʟʥʠʞʫʻʪʴʩʷ, ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʽʷʣʴʥʦʩʪʽ 

ʤôʷʩʦʧʝʨʝʨʦʙʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʦʛʽʨʰʫʶʪʴʩʷ. ʄôʷʩʦʧʝʨʝʨʦʙʥʽ 
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ʧʽʜʧʨʠʻʤʩʪʚʘ ʰʫʢʘʶʪʴ ʥʦʚʽ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. ʎʝ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʦʜʨʽʙʥʝʥʥʷ ʩʠʨʦʚʠʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʽ ʚʠʜʠ ʥʦʞʽʚ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ 

ʤôʷʩʘ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʟôʻʜʥʫʚʘʣʴʥʦʾ ʪʢʘʥʠʥʠ. 

ɼʫʞʝ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʽʚ 

ʥʘʣʝʞʠʪʴ ʧʨʠʛʦʪʫʚʘʥʥʶ ʬʘʨʰʫ, ʪʘʢ ʷʢ ʚʽʜ ʷʢʦʩʪʽ ʧʦʜʨʽʙʥʝʥʥʷ ʟʘʣʝʞʠʪʴ 

ʷʢʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʧʠʪ ʧʨʦʜʫʢʮʽʾ ʧʽʜ 

ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ. 

ʇʽʜ ʯʘʩ ʧʝʨʝʨʦʙʢʠ ʤôʷʩʥʦʾ ʩʠʨʦʚʠʥʠ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ 

ʟʜʽʡʩʥʶʶʪʴ ʦʩʥʦʚʥʽ (ʧʦʜʨʽʙʥʝʥʥʷ, ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʚʘʨʽʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ 

ʪʦʱʦ) ʪʘ ʜʦʧʦʤʽʞʥʽ (ʟʘʚʘʥʪʘʞʝʥʥʷ, ʧʝʨʝʤʽʱʝʥʥʷ, ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ, 

ʚʠʚʘʥʪʘʞʝʥʥʷ ʡ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ) ʦʧʝʨʘʮʽʾ. ɿʘʣʝʞʥʦ ʚʽʜ ʫʯʘʩʪʽ ʣʶʜʠʥʠ ʚ 

ʮʠʭ ʦʧʝʨʘʮʽʷʭ, ʤʘʰʠʥʠ ʡ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʤôʷʩʘ ʙʫʚʘʶʪʴ: 

ʘʚʪʦʤʘʪʠʯʥʽ, ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʽ ʪʘ ʨʫʯʥʽ ʘʙʦ ʥʝʘʚʪʦʤʘʪʠʯʥʽ, ʥʘ ʷʢʠʭ 

ʯʘʩʪʠʥʫ ʯʠ ʚʩʽ ʦʧʝʨʘʮʽʾ ʚʠʢʦʥʫʶʪʴ ʚʨʫʯʥʫ. ʂʦʥʩʪʨʫʢʪʠʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʪʘʢʠʭ ʤʘʰʠʥ ʻ ʥʘʷʚʥʽʩʪʴ ʨʫʭʦʤʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʷʢʽ ʡ ʚʠʢʦʥʫʶʪʴ 

ʦʩʥʦʚʥʽ ʜʽʾ ʟ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʚ ʭʘʨʯʦʚʠʡ ʧʨʦʜʫʢʪ. ɺʦʥʠ ʙʫʚʘʶʪʴ 

ʧʝʨʽʦʜʠʯʥʦʾ, ʥʘʧʽʚʧʝʨʽʦʜʠʯʥʦʾ ʪʘ ʥʝʧʝʨʝʨʚʥʦʾ ʜʽʾ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʤʘʰʠʥ ʦʮʽʥʶʶʪʴ ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʡ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʽ 

ʩʪʘʥʦʚʣʷʪʴ ʾʭ ʪʝʭʥʽʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʧʝʨʝʨʦʙʢʠ 

ʤôʷʩʥʦʾ ʩʠʨʦʚʠʥʠ ʜʦʩʣʽʜʞʝʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʥʘ ʨʽʚʥʽ 

ʚʠʥʘʭʦʜʫ. 

ɺʽʜʦʤʘ ʣʽʥʽʷ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʬʘʨʰʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʞʠʚʠʣʴʥʠʢʽʚ 

ʩʠʨʦʚʠʥʠ, ʚʘʛʦʚʦʛʦ ʙʫʥʢʝʨʘ ʟ ʪʝʥʟʦʤʝʪʨʠʯʥʠʤ ʜʘʪʯʠʢʦʤ, ʜʦʟʘʪʦʨʽʚ ʨʽʜʢʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʬʘʨʰʝʟʤʽʰʫʚʘʯʘ ʽ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʚʘʛʦʚʦʤʫ ʙʫʥʢʝʨʽ, ʜʦʟʘʪʦʨʘʭ ʽ ʬʘʨʰʝʟʤʽʰʫʚʘʯʽ. 

ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʽʰʦʛʦ ʜʦʟʫʚʘʥʥʷ ʩʢʣʘʜʝʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʬʘʨʰʫ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʨʦʙʣʝʥʥʷ ʥʘ ʦʜʥʽʡ ʣʽʥʽʾ 

ʰʠʨʰʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʢʦʚʙʘʩʥʦʛʦ ʬʘʨʰʫ ʧʨʦʧʦʥʦʚʘʥʘ ʣʽʥʽʷ ʟʘʙʝʟʧʝʯʝʥʘ 
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ʩʠʩʪʝʤʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʜʦʟʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʨʦʚʠʥʠ, ʱʦ ʤʽʩʪʠʪʴ 

ʚʟʘʻʤʦʟʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʙʣʦʢ ʚʠʙʦʨʫ ʚʠʜʫ ʩʠʨʦʚʠʥʠ, ʙʣʦʢ ʟʘʜʘʚʘʯʽʚ ʜʦʟ ʽ 

ʙʣʦʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʙʣʦʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʞʠʚʠʣʴʥʠʢʘʤʠ ʩʠʨʦʚʠʥʠ ʽ ʪʝʥʟʦʤʝʪʨʠʯʥʠʤ ʜʘʪʯʠʢʦʤ, ʘ ʦʩʪʘʥʥʽʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʤʝʥʪʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ ʩʧʦʣʫʯʝʥʠʡ ʟ 

ʚʠʢʦʥʘʚʯʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʚʘʛʦʚʦʛʦ ʙʫʥʢʝʨʘ, ʜʦʟʘʪʦʨʽʚ ʨʽʜʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʽ ʬʘʨʰʝʟʤʽʰʫʚʘʯʘ. 

 

ʈʠʩ. 1. ʃʽʥʽʷ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʬʘʨʰʫ 

 

ʃʽʥʽʷ (ʨʠʩ. 1) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʰʥʝʢʦʚʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ 1, ʱʦ ʤʘʻ 

ʨʝʚʝʨʩʠʚʥʝ ʦʙʝʨʪʘʥʥʷ, ʜʚʦʭ ʚʘʛʦʚʠʭ ʙʫʥʢʝʨʽʚ 2 ʽ 3, ʧʽʜʚʽʰʝʥʠʭ ʥʘ 87ʠʣʦ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʝʥʟʦʨʝʟʠʩʪʦʨʥʠʭ ʜʘʪʯʠʢʘʭ 4 ʪʘ 5 ʽ ʟʘʙʝʟʧʝʯʝʥʠʭ 

ʧʥʝʚʤʦʮʠʣʠʥʜʨʘʤʠ 6 ʪʘ 7, ʧʥʝʚʤʘʪʠʯʥʠʭ ʢʣʘʧʘʥʽʚ ʚʦʜʠ 8 ʪʘ 9 ʽ ʝʤʫʣʴʩʽʾ 

(ʧʝʨʰʠʡ ʽ ʜʨʫʛʠʡ ʢʣʘʧʘʥʠ 10 ʽ 11 ʝʤʫʣʴʩʽʡ), ʇ-ʧʦʜʽʙʥʦʾ ʩʪʽʡʢʠ 12, ʥʘ ʷʢʽʡ 

ʨʦʟʤʽʱʝʥʽ ʰʥʝʢʦʚʠʡ ʨʦʟʧʦʜʽʣʴʥʠʢ 1 ʽ ʚʘʛʦʚʽ ʙʫʥʢʝʨʠ 2 ʽ 3, ʜʚʦʭ 

ʬʘʨʰʝʟʤʽʰʫʚʘʯʽʚ 13 ʽ 14, ʟʘʩʣʽʥʢʠ 15 ʽ 16 ʷʢʽ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʚʽʜ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʽʚ 17 ʽ 18, ʧʨʠʩʪʨʦʾʚ ʧʨʠʛʦʪʫʚʘʥʥʷ ʽ ʜʦʟʫʚʘʥʥʷ ʚʦʜʠ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʢʘ 19 ʽ ʥʘʩʦʩʘ-ʜʦʟʘʪʦʨʘ 20, ʚʽʜ ʷʢʦʛʦ ʚʦʜʘ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 
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21 ʧʦʩʪʫʧʘʻ ʜʦ ʢʣʘʧʘʥʽʚ 8 ʽ 9, ʽ ʧʨʠʩʪʨʦʾ ʧʨʠʛʦʪʫʚʘʥʥʷ ʽ ʜʦʟʫʚʘʥʥʷ ʝʤʫʣʴʩʽʾ, 

ʱʦ ʚʢʣʶʯʘʻ ʤʽʰʘʣʢʫ 22, ʚ ʷʢʫ ʧʦʩʪʫʧʘʶʪʴ ʩʫʭʽ ʢʦʤʧʦʥʝʥʪʠ (ʥʘʧʨʠʢʣʘʜ, 

ʢʨʦʭʤʘʣʴ ʽ ʩʦʻʚʠʡ ʽʟʦʣʷʪ) ʟ ʜʚʦʭ ʜʦʟʘʪʦʨʽʚ 23 ʽ 24 ʚʦʜʠ ʟ ʙʘʢʘ 25, ʙʫʥʢʝʨ 26 

ʜʣʷ ʝʤʫʣʴʩʽʾ, ʩʧʦʣʫʯʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʤ 27 ʟ ʥʘʩʦʩʦʤ-ʜʦʟʘʪʦʨʦʤ 28, ʚʽʜ 

ʷʢʦʛʦ ʧʨʠʛʦʪʦʚʘʥʘ ʝʤʫʣʴʩʽʷ ʧʦʜʘʻʪʴʩʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 29 ʜʦ ʢʣʘʧʘʥʽʚ, ʘ 

ʪʘʢʦʞ ʧʦʜʨʽʙʥʶʚʘʯʘ 30, ʜʝʘʝʨʘʪʦʨʘ 31 ʽ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʘʧʘʨʘʪʫ 32, 

ʧʨʠʯʦʤʫ ʧʦʜʨʽʙʥʶʚʘʯ 30 ʩʧʦʣʫʯʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʤ 33 ʟ ʜʝʘʝʨʘʪʦʨʦʤ 31, 

ʘ ʦʩʪʘʥʥʽʡ ʩʧʦʣʫʯʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʤ 34 ʟ ʪʝʧʣʦʦʙʤʽʥʥʠʤ ʘʧʘʨʘʪʦʤ 32. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʩʠʩʪʝʤʫ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʧʨʦʮʝʩʫ 

ʧʦʜʨʽʙʥʝʥʥʷ ʽ ʛʦʪʦʚʫ ʩʠʨʦʚʠʥʫ. ʇʦʜʘʣʴʰʠʡ ʥʘʧʨʷʤʦʢ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʙʫʜʝ ʧʦʣʷʛʘʪʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʬʘʨʰʫ ʽ 

ʾʭ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʥʘʥʥʷ. 
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ʄʝʭʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʤʷʩʥʦʛʦ ʩʳʨʴʷ ʧʦ 

ʩʱʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ  ɸ.ɸ .ɹʘʩʴʦʥʦʢ, ɸ.ɸ. ɻʦʨʙʝʥʢʦ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʤʷʩʥʦʛʦ ʩʳʨʴʷ. ʇʨʝʜʣʦʞʝʥʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ. 

 

Mechanization of technological processes of processing raw meat with the improvemant 

equipment grinding   O.O. Basonok, O.A. Gorbenko 

Analyzed the technology of processing of raw meat. It proposed a constructive solution for the 

grinding equipment. 
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ʅʦʨʠʥʩʴʢʠʡ ʆ.ɯ. ʘʩʠʩʪʝʥʪ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

 ɿʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʣʫʱʠʣʴʥʠʭ ʤʘʰʠʥ ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʨʦʙʣʷʪʠ 

ʟʝʨʥʦ ʚ ʢʨʫʧʫ ʟ ʤʝʥʰʠʤʠ ʚʪʨʘʪʘʤʠ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚ ʢʨʫʧ'ʷʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʙʫʣʠ 

ʧʦʰʠʨʝʥʥʷ ʣʫʱʠʣʴʥʽ ʤʘʰʠʥʠ ʟ ʛʫʤʦʚʘʥʠʤ ʚʘʣʢʘʤʠ, ʜʠʩʢʦʚʽ ʤʘʰʠʥʠ, ʚʘʣʴʮʝʜʝʢʦʚʽ ʤʘʰʠʥʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʫʱʝʥʥʷ ʟʝʨʥʘ, ʣʫʱʠʣʴʥʘ ʤʘʰʠʥʘ 

 

ʂʨʫʧʘ ʚ ʭʘʨʯʦʚʦʤʫ ʨʘʮʽʦʥʽ ʣʶʜʠʥʠ ʩʢʣʘʜʘʻ ʚʽʜ 8 ʜʦ 13% ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʟʝʨʥʦʚʠʭ, ʧʨʠʯʦʤʫ ʛʨʝʯʢʘ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʧʨʠ ʚʠʨʦʙʣʝʥʥʽ ʢʨʫʧʠ ʟʘʣʝʞʠʪʴ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʽʜ 

ʜʦʩʢʦʥʘʣʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʣʫʱʠʣʴʥʠʭ ʤʘʰʠʥ. 

ʇʨʦʮʝʩ ʧʝʨʝʨʦʙʢʠ ʢʨʫʧ ʧʦʣʷʛʘʻ ʚ ʦʯʠʱʝʥʥʽ ʧʘʨʪʽʾ ʟʝʨʥʘ ʚʽʜ ʜʦʤʽʰʦʢ, 

ʩʦʨʪʫʚʘʥʥʽ ʟʘ ʢʨʫʧʥʽʩʪʶ, ʣʫʱʝʥʥʽ ʪʘ ʚʽʜʦʢʨʝʤʣʝʥʥʽ ʷʜʨʘ ʚʽʜ ʧʣʽʚʦʢ, 

ʦʙʨʦʙʮʽ ʷʜʨʘ ʪʘ ʩʦʨʪʫʚʘʥʥʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʃʫʱʝʥʥʷ ʟʝʨʥʘ ʚ ʢʨʫʧ'ʷʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ï ʦʩʥʦʚʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʦʧʝʨʘʮʽʷ  ʚʠʨʦʙʥʠʮʪʚʘ  ʢʨʫʧʠ,  ʚʽʜ  ʝʬʝʢʪʠʚʥʦʩʪʽ  ʷʢʦʾ  ʟʘʣʝʞʘʪʴ ʚʠʭʽʜ ʽ 

ʷʢʽʩʪʴ ʚʠʨʦʙʣʝʥʦʾ ʢʨʫʧʠ. ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʣʫʱʝʥʥʷ ʟʝʨʥʘ ʻ 

ʤʘʢʩʠʤʘʣʴʥʝ ʨʫʡʥʫʚʘʥʥʷ ʡʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʫ ʣʫʱʠʣʴʥʽʡ ʤʘʰʠʥʽ 

ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʮʽʣʽʩʥʦʩʪʽ ʷʜʨʘ. ʌʽʟʠʢʦ ï ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʫʧ'ʷʥʦʛʦ 

ʟʝʨʥʘ ʥʝʦʜʥʘʢʦʚʽ, ʪʦʤʫ ʜʽʷ ʥʘ ʥʴʦʛʦ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʤʘʻ ʙʫʪʠ ʨʽʟʥʦʶ, ʯʠʤ ʽ 
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ʧʦʷʩʥʶʻʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʣʫʱʠʣʴʥʠʭ ʤʘʰʠʥ. ɼʣʷ ʘʥʘʣʽʟʫ 

ʤʠ ʨʦʟʛʣʷʥʫʣʠ ʪʘʢʽ ʪʠʧʠ ʣʫʱʠʣʴʥʠʭ ʤʘʰʠʥ: 

ʆʜʥʦʜʝʢʦʚʘ ʣʫʱʠʣʴʥʘ ʤʘʰʠʥʘ ʋ1-ʆɼʃʄ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʣʫʱʝʥʥʷ 

ʟʝʨʥʘ ʛʨʝʯʢʠ. ɼʦ ʩʢʣʘʜʫ ʤʘʰʠʥʠ ʚʭʦʜʷʪʴ ʜʚʘ ʢʦʤʧʣʝʢʪʘ ʜʝʢ: ʨʝʟʠʥʦʚʘ ʪʘ 

ʘʙʨʘʟʠʚʥʘ. ʈʝʟʠʥʦʚʘ ʜʝʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʣʫʱʝʥʥʷ ʧʨʦʩʘ, ʘ ʘʙʨʘʟʠʚʥʘ ʜʣʷ 

ʣʫʱʝʥʥʷ ʛʨʝʯʢʠ. . ɼʦʣʘʶʯʠ ʦʧʽʨ ʢʣʘʧʘʥʘ, ʟʝʨʥʦ ʨʽʚʥʦʤʽʨʥʠʤ ʰʘʨʦʤ 

ʚʠʩʠʧʘʻʪʴʩʷ ʚ ʱʽʣʠʥʥʠʡ ʟʘʟʦʨ ʤʽʞ ʦʙʝʨʪʦʚʠʤ ʙʘʨʘʙʘʥʦʤ  ʽ ʥʝʨʫʭʦʤʦʶ 

ʜʝʢʦʶ, ʜʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʡʦʛʦ ʣʫʱʝʥʥʷ. ʇʦʪʽʤ ʧʨʦʜʫʢʪʠ ʣʫʱʝʥʥʷ ʧʦ 

ʟʙʽʨʥʠʢʫ  ʥʘʜʭʦʜʷʪʴ ʚ ʘʩʧʽʨʘʮʽʡʥʫ ʢʦʣʦʥʢʫ, ʧʦʚʽʪʨʷʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʢʚʽʪʢʦʚʽ ʧʣʽʚʢʠ ʽ ʧʠʣ ʥʝʩʫʪʴʩʷ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ, ʘ ʢʨʫʧʘ ʽ ʥʝ ʣʫʱʝʥʥʷ 

ʟʝʨʥʘ ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʩʘʤʦʧʣʠʚʦʤ ʚ ʨʦʟʩʽʚ. 

ʃʫʱʠʣʴʥʘ ʤʘʰʠʥʘ ʟ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʠʤʠ ʜʝʢʘʤʠ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʣʫʱʝʥʥʷ ʟʝʨʥʘ ʛʨʝʯʢʠ. ʃʫʱʠʣʴʥʘ ʤʘʰʠʥʘ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ɿʝʨʥʦ, ʱʦ ʟʘʭʦʧʣʶʻʪʴʩʷ ʦʙʝʨʪʘʶʯʠʤʩʷ ʘʙʨʘʟʠʚʥʠʤ ʚʘʣʢʦʤ, ʨʽʚʥʦʤʽʨʥʦ 

ʧʦʪʨʘʧʣʷʻ ʚ ʨʦʙʦʯʠʡ  ʟʘʟʦʨ  ʽ ʚʪʷʛʫʻʪʴʩʷ ʚ ʨʦʙʦʯʫ ʟʦʥʫ ʤʽʞ ʚʘʣʢʦʤ 1 ʽ 

ʬʨʠʢʮʽʡʥʠʤʠ ʚʩʪʘʚʢʘʤʠ. ʊʘʢ, ʷʢ ʟʘʟʦʨ ʤʽʞ ʚʩʪʘʚʢʦʡ ʽ ʚʘʣʢʦʤ ʧʦ ʭʦʜʫ 

ʦʙʝʨʪʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ , ʟʝʨʥʦ ʦʜʥʦʯʘʩʥʦ ʧʽʜʜʘʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʷʤ 

ʟʞʠʤʘʥʥʷ ʽ ʟʜʚʠʛʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʠʥʘ ʧʣʽʚʦʢ ʟʝʨʥʘ ʽʟ ʩʪʦʨʦʥʠ 

ʦʙʝʨʪʘʶʯʦʛʦ ʩʷ ʚʘʣʢʘ ʦʪʨʠʤʫʶʻ ʟʜʚʠʛʘʶʯʝ ʟʫʩʠʣʣʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ, ʜʨʫʛʘ ʾʭ 

ʯʘʩʪʠʥʘ, ʷʢʘ ʧʨʠʞʘʪʘ ʜʦ ʥʝʨʫʭʦʤʠʭ ʬʨʠʢʮʽʡʥʠʭ ʚʩʪʘʚʦʢ ʜʝʢʠ ʦʪʨʠʤʫʻ 

ʛʘʣʴʤʽʚʥʝ ʟʫʩʠʣʣʷ, ʧʨʠ ʮʴʦʤʫ ʧʣʽʚʢʠ ʛʨʝʯʢʠ ʩʢʦʣʶʶʪʴʩʷ ʧʦ ʛʨʘʥʷʤ. 

ʏʘʩʪʠʥʠ ʷʜʨʘ ʚʽʣʴʥʦ, ʙʝʟ ʜʝʬʦʨʤʘʮʽʾ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʧʦʩʣʽʜʫʶʯʽ ʨʦʙʦʯʽ 

ʟʘʟʦʨʠ ʦʪʨʠʤʘʥʽ ʧʦʚʝʨʭʥʝʶ ʘʙʨʘʟʠʚʥʦʛʦ ʚʘʣʢʘ ʽ  ʬʨʠʢʮʽʡʥʠʤʠ ʧʣʘʥʢʘʤʠ. 

ʆʙʦʣʦʥʢʠ ʟʝʨʥʘ, ʱʦ ʥʝ ʚʩʪʠʛʣʠ ʚʽʜʜʽʣʠʪʴʩʷ ʥʘ ʧʝʨʚʽʡ ʩʪʘʜʽʾ ʣʫʱʝʥʥʷ, 

ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʩʣʽʜʫʶʯʠʡ ʨʦʙʦʯʠʡ ʟʘʟʦʨ. 

ɼʚʦʭʜʝʢʦʚʠʡ ʣʫʱʠʣʴʥʠʡ ʩʪʘʥʦʢ 2ʐɼʉ-3  ʧʨʠʟʥʘʯʝʠʡ ʜʣʷ ʣʫʱʝʥʥʷ 

ʟʝʨʥʘ ʧʨʦʩʘ ʯʠ ʛʨʘʯʠʭʠ. ɿʘʙʝʟʧʝʯʫʻ ʚʠʜʘʣʝʥʥʷ ʢʚʽʪʢʦʚʠʭ ʧʣʽʚʦʢ ʟ ʟʝʨʝʥ ʧʨʠ 

ʜʽʾ ʥʘ ʥʠʭ ʪʨʴʦʭ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʦʜʥʘ ʟ ʷʢʠʭ- ʦʙʝʨʪʘʶʯʠʡʩʷ ʚʘʣʦʢ ʽ ʜʚʽ 

ʥʝʨʫʭʦʤʽ ʜʝʢʠ. 
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ɿʝʨʥʦ ʧʦʪʨʘʧʣʷʻ ʚ ʧʨʠʡʤʘʣʴʥʠʡ ʧʘʪʨʫʙʦʢ 14 ʽ ʞʠʚʠʣʴʥʠʤ ʚʘʣʠʢʦʤ 5 

ʨʽʚʥʦʤʽʨʥʠʤ ʧʦʪʦʢʦʤ ʧʦʜʘʻʪʴʩʷ ʧʦ ʣʦʪʢʫ 7 ʚ ʧʝʨʰʫ ʨʦʙʦʯʫ ʟʦʥʫ. ʇʦʪʽʤ ʧʦ 

ʥʘʧʨʘʚʣʷʶʯʦʤʫ  ʣʦʪʢʫ 21 ʟʝʨʥʦ ʚʚʦʜʠʪʴʩʷ ʚ ʜʨʫʛʫ ʨʦʙʦʯʫ ʟʦʥʫ, ʜʝ 

ʧʦʚʪʦʨʥʦ ʣʫʱʠʪʴʩʷ. ʇʨʦʜʫʢʪ ʟ ʚʝʨʩʪʘʪʘ ʚʠʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʦʪʚʽʨ 

23.ʅʝʦʙʭʽʜʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʫʱʝʥʥʷ ʦʪʨʠʤʫʶʪʴ ʨʝʛʫʣʶʚʘʥʥʷʤ ʟʘʟʦʨʽʚ ʤʽʞ 

ʚʘʣʢʦʤ ʽ ʜʝʢʘʤʠ 

ɺʘʣʴʮʝʜʝʢʦʚʠʡ ʩʪʘʥʦʢ ʟ ʦʨʠʛʽʥʘʣʴʥʦʶ ʜʝʢʦʶ  ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʣʫʱʝʥʥʷ ʟʝʨʥʘ ʛʨʝʯʢʠ.  ɸʙʨʘʟʠʚʥʠʡ ʚʘʣ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʦʙʝʨʪʘʥʥʷ 

ʧʨʠʚʦʜʦʤ  ʯʝʨʝʟ ʨʝʤʽʥʥʫ ʧʝʨʝʜʘʯʫ. ʆʙʝʨʪʘʶʯʠ ʛʚʠʥʪ , ʦʜʥʠʤ ʢʽʥʮʝʤ 

ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʢʦʨʧʫʩʽ, ʧʝʨʝʤʽʱʫʶʪʴ ʮʘʧʬʠ  ʚ ʙʽʢ ʚʘʣʫ. ʈʘʟʦʤ ʟ ʮʘʧʬʘʤʠ 8 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʽ ʜʝʢʘ. ɻʚʠʥʪ ʦʙʝʨʪʘʶʪʴ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʜʝʢʘ ʥʝ ʚʠʷʚʠʪʴʩʷ 

ʥʘ ʚʽʜʩʪʘʥʽ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ ʚʽʜ ʚʘʣʫ. ɿʝʨʥʦ ʧʦʜʘʻʪʴʩʷ ʚ ʧʨʠʡʤʘʣʴʥʠʡ 

ʧʘʪʨʫʙʦʢ, ʟ ʷʢʦʛʦ ʚʦʥʦ ʧʦʪʨʘʧʣʷʻ ʚ ʟʘʟʦʨ ʤʽʞ ʚʘʣʦʤ ʽ ʜʝʢʦʶ, ʜʝ ʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʫʱʝʥʥʷ ʟʝʨʥʘ. 

ʆʪʞʝ, ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ  ʤʘʰʠʥ ʜʣʷ ʣʫʱʝʥʥʷ ʟʝʨʥʘ ʛʨʝʯʢʠ, ʚʩʽ 

ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʨʫʧ ʟ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʛʨʝʯʢʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʚʠʩʦʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʨʽʚʝʥʴ ʚʠʢʦʥʘʥʥʷ ʤʘʰʠʥ ʜʣʷ 

ʣʫʱʝʥʥʷ ʟʝʨʥʘ ʚʦʥʠ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ: ʤʝʪʘʣʦʻʤʥʽʩʪʴ, ʝʥʝʨʛʦʻʤʥʽʩʪʴ, 

ʛʨʦʤʽʟʜʢʽʩʪʴ, ʞʦʨʩʪʢʝ ʢʨʽʧʣʝʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ. ʊʦʤʫ ʛʦʣʦʚʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʣʫʱʠʣʴʥʦʾ ʤʘʰʠʥʠ, ʷʢʘ ʙʫʜʝ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ 

ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʠʭʦʜʫ ʜʨʦʙʣʝʥʦʛʦ ʟʝʨʥʘ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʣʫʱʠʣʴʥʠʭ ʤʘʰʠʥ 

ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʨʦʙʣʷʪʠ ʟʝʨʥʦ ʚ ʢʨʫʧʫ ʟ ʤʝʥʰʠʤʠ ʚʪʨʘʪʘʤʠ. ʆʩʪʘʥʥʽʤ 

ʯʘʩʦʤ ʚ ʢʨʫʧ'ʷʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʙʫʣʠ ʧʦʰʠʨʝʥʥʷ ʣʫʱʠʣʴʥʽ ʤʘʰʠʥʠ ʟ 

ʛʫʤʦʚʘʥʠʤ ʚʘʣʢʘʤʠ, ʜʠʩʢʦʚʽ ʤʘʰʠʥʠ, ʚʘʣʴʮʝʜʝʢʦʚʽ ʤʘʰʠʥʠ.  
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The use of more sophisticated designs shelling machines allow to process grain cereal with 

smaller losses. Recently cereals industry became widespread shelling machines with rubber rollers, 

disc machine valtsedekovi machine. 
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ɺʽʜʦʢʨʝʤʣʶʚʘʯ ʥʘʩʽʥʥʷ - ʮʝ ʦʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʤʘʰʠʥ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ 

ʚʩʽʻʾ ʣʽʥʽʾ. ɼʦ ʥʴʦʛʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʦʩʦʙʣʠʚʽ ʚʠʤʦʛʠ ʧʦ ʷʢʽʩʥʠʤ ʧʦʢʘʟʥʠʢʘʤ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʜʽʣʝʥʥʷ ʥʘʩʽʥʥʷ, ʩʝʧʘʨʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

 

ɺʠʨʦʙʥʠʮʪʚʦ ʦʚʦʯʝʚʠʭ ʽ ʙʘʰʪʘʥʥʠʭ ʢʫʣʴʪʫʨ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ 

ʪʨʫʜʦʤʽʩʪʢʠʭ ʛʘʣʫʟʝʡ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʙʩʷʛʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʝʞʘʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ, ʘʣʝ ʽ ʚʽʜ ʷʢʦʩʪʽ 

ʥʘʩʽʥʥʻʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʪʨʠʤʘʥʥʷ ʥʘʩʽʥʥʷ ʦʚʦʯʝ-ʙʘʰʪʘʥʥʠʭ ʢʫʣʴʪʫʨ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʨʝʙʘʤ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʣʶʪʥʠʭ ʟʘʧʘʩʽʚ ʜʣʷ ʟʘʢʫʧʽʚʣʽ 

ʥʘʩʽʥʥʻʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ ʢʦʨʜʦʥʦʤ: ʚ ʋʛʦʨʱʠʥʽ, ɹʦʣʛʘʨʽʾ, ʉʐɸ, ɻʦʣʣʘʥʜʽʾ 

ʪʘ ʽʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʚʠʪʦʢ ʥʘʩʽʥʥʠʮʪʚʘ ʦʚʦʯʝ-ʙʘʰʪʘʥʥʠʭ ʢʫʣʴʪʫʨ, ʪʘʢʠʭ 

ʷʢ ʢʘʚʫʥ, ʜʠʥʷ, ʦʛʽʨʦʢ ʽ ʪ.ʜ., ʟʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʽʥʥʻʚʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʚʠʨʦʙʥʠʢʽʚ ʋʢʨʘʾʥʠ. 

ʄʘʰʠʥʠ ʉʆʄ-2 ʪʘ ɯɹʂ-5 ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʥʘʩʽʥʥʷ ʟ ʙʘʰʪʘʥʥʠʭ ʢʫʣʴʪʫʨ 

ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʷʢʽʩʥʠʤ ʧʦʢʘʟʥʠʢʘʤ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʙʦʪʠ ʥʘ 

ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ ʩʝʣʝʢʮʽʡʥʦ-ʥʘʩʽʥʥʠʮʴʢʠʭ ʜʽʣʷʥʢʘʭ ʟ ʩʝʟʦʥʥʠʤ 

ʦʙʩʷʛʦʤ ʧʝʨʝʨʦʙʢʠ ʧʣʦʜʽʚ 400 - 600 ʪ. ɿʘʟʥʘʯʝʥʽ ʤʘʰʠʥʠ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʤʦʛʘʤ ʚʝʣʠʢʦʛʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʝ ʦʙʩʷʛʠ ʧʝʨʝʨʦʙʢʠ 

ʥʘʩʽʥʥʠʢʽʚ ʧʝʨʝʚʠʱʫʶʪʴ 10 ʪʠʩ. ʪ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʝʨʝʨʦʙʢʠ 

ʥʘʩʽʥʥʻʚʠʭ ʧʣʦʜʽʚ ʙʘʰʪʘʥʥʠʭ ʢʫʣʴʪʫʨ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʥʘʩʽʥʥʠʮʴʢʠʭ 

ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʄʠʢʦʣʘʾʚʩʴʢʦʶ ʬʽʣʽʻʶ ɻʉʂɹ ʧʦ ʤʘʰʠʥʘʭ ʜʣʷ ʦʚʦʯʽʚʥʠʮʪʚʘ 

ʨʦʟʨʦʙʣʝʥʽ ʽ ʜʦ 1995 ʨ ʚʠʧʫʩʢʘʣʠʩʷ ʧʦʪʦʢʦʚʽ ʣʽʥʽʾ ʃʉɹ-20; ʃʉɹ-30 [22]. 

ʃʽʥʽʷ ʃʉɹ-20 ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʣʽʥʽʾ ʃʉɹ-30 ʪʠʧʦʤ ʚʽʜʦʢʨʝʤʣʶʚʘʯʘ, ʫ 

ʧʝʨʰʽʡ ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʜʦʢʨʝʤʣʶʚʘʯ ʛʨʦʭʦʪʥʦʛʦ ʪʠʧʫ, ʧʨʠʩʪʨʽʡ ʷʢʦʛʦ ʙʫʜʝ 

ʨʦʟʛʣʷʥʫʪʦ ʥʠʞʯʝ, ʘ ʚ ʣʽʥʽʾ ʃʉɹ-30 ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʦʪʦʨʥʠʡ, ʧʨʠʥʮʠʧ ʜʽʾ 

ʷʢʦʛʦ ʘʥʘʣʦʛʽʯʥʠʡ ʚʽʜʦʢʨʝʤʣʶʚʘʯʫ. 
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ʎʽ ʣʽʥʽʾ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʨʠʡʤʘʥʥʷ ʧʣʦʜʽʚ, ʚʠʜʽʣʝʥʥʷ ʟ ʥʠʭ ʥʘʩʽʥʥʷ, 

ʧʨʦʪʠʨʘʥʥʷ, ʚʽʜʜʽʣʝʥʥʷ ʚʽʜ ʥʘʩʽʥʥʷ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ʰʣʷʭʦʤ 

ʙʘʨʙʦʪʫʚʘʥʥʷ (ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʥʘʩʽʥʥʷ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʚʽʪʨʷ), ʚʽʜʤʠʚʢʠ ʽ ʩʫʰʽʥʥʷ ʥʘʩʽʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʙʦʨʫ 

ʚʽʜʭʦʜʽʚ. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʣʽʥʽʾ ʃʉɹ -20 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʣʽʥʽʾ 

ʃʉɹ ï 20. 

1 - ʧʨʠʡʤʘʣʴʥʘ ʚʘʥʥʘ;                                

2 - ʧʦʜʘʶʯʠʡ ʪʨʘʥʩʧʦʨʪʝʨ;                          

3 - ʚʢʘʟʽʚʥʠʢ ʥʘʩʽʥʥʷ;                                  

4 - ʪʨʘʥʩʧʦʨʪʝʨ ʚʽʜʭʦʜʽʚ;                            

5 - ʙʫʥʢʝʨ ʚʽʜʭʦʜʽʚ; 6 - ʟʙʽʨʥʠʢ 

ʥʘʩʽʥʥʷ; 7 - ʬʝʢʘʣʴʥʠʡ ʥʘʩʦʩ;                      

8 - ʧʨʦʪʠʨʱʠʢ ʥʘʩʽʥʥʷ;                                

9 - ʪʨʘʥʩʧʦʨʪʝʨ; 10 - ʩʝʧʘʨʘʪʦʨ ʥʘʩʽʥʥʷ; 11 - ʚʦʟʜʫʭʦʜʫʚʥʳʡ ʘʛʨʝʛʘʪ;                         

12 - ʧʨʦʪʠʨʱʠʢ; 13 - ʪʨʘʥʩʧʦʨʪʝʨ;  14 - ʪʨʘʥʩʧʦʨʪʝʨ; 15 ʩʫʰʠʣʴʥʝ 

ʦʙʣʘʜʥʘʥʥʷ; 16 - ʪʨʘʥʩʧʦʨʪʝʨ; 17 - ʰʣʽʬʫʚʘʣʴʥʠʢ; 18 - ʤʦʪʦʚʠʣʦ; 19 ï 

ʥʘʩʦʩ 

ɺʽʜʦʢʨʝʤʣʶʚʘʯ ʥʘʩʽʥʥʷ - ʮʝ ʦʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʤʘʰʠʥ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʚʩʽʻʾ ʣʽʥʽʾ. ɼʦ ʥʴʦʛʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʦʩʦʙʣʠʚʽ ʚʠʤʦʛʠ 

ʧʦ ʷʢʽʩʥʠʤ ʧʦʢʘʟʥʠʢʘʤ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʦʩʪʽ. 

ɺʽʜʦʢʨʝʤʣʶʚʘʯ ʟʜʽʡʩʥʶʻ ʬʫʥʢʮʽʶ ʧʦʜʨʽʙʥʝʥʥʷ ʧʣʦʜʽʚ ʙʘʰʪʘʥʥʠʭ ʢʫʣʴʪʫʨ 

ʽ ʚʠʜʽʣʝʥʥʷ ʥʘʩʽʥʥʷ ʟ ʧʦʜʨʽʙʥʝʥʦʾ ʤʘʩʠ. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʨʦʙʦʪʠ 

ʚʽʜʦʢʨʝʤʣʶʚʘʯʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2. 

ʉʝʧʘʨʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʚʢʣʶʯʘʻ ʜʚʘ ʦʜʥʘʢʦʚʠʭ ʚʟʘʻʤʥʦ 

ʚʨʽʚʥʦʚʘʞʝʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʭʠʪʥʠʭ ʪʨʠʩʪʫʧʽʥʯʘʪʠʭ ʛʨʦʭʦʪʠ (ʚʝʨʭʥʽʡ 5 ʽ 

ʥʠʞʥʽʡ 6), ʜʚʘ ʜʫʰʦʚʠʭ ʧʨʠʩʪʨʦʾ 7 ʽ ʧʨʠʚʽʜ. ʂʽʥʝʤʘʪʠʯʥʽ ʨʝʞʠʤʠ ʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʛʨʦʭʦʪʽʚ (ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʾ ʟʦʥʠ, ʪʠʧ ʨʝʰʝʪʘ, ʢʫʪ 

ʾʭ ʥʘʭʠʣʫ ʜʦ ʛʦʨʠʟʦʥʪʫ, ʯʘʩʪʦʪʘ ʽ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ) ʦʜʥʘʢʦʚʽ. ɺʦʥʠ 
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ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʣʠʰʝ ʪʠʤ, ʱʦ ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʛʨʦʭʦʪ ʢʦʣʠʚʘʶʪʴʩʷ ʚ 

ʧʨʦʪʠʬʘʟʽ. ʆʜʥʘʢ, ʮʝ ʧʦʚ'ʷʟʘʥʦ ʥʝ ʟ ʧʨʦʪʽʢʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ 

ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʠʥʘʤʽʯʥʦʛʦ ʚʨʽʚʥʦʚʘʞʝʥʥʷ ʛʨʦʭʦʪʽʚ. ʈʝʰʝʪʘ, ʷʢʠʤʠ 

ʢʦʤʧʣʝʢʪʫʻʪʴʩʷ ʛʨʦʭʦʪ, ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʨʦʙʣʷʪʠ ʥʘʩʽʥʥʻʚʽ ʧʣʦʜʠ ʚʩʽʭ 

ʙʘʰʪʘʥʥʠʭ ʢʫʣʴʪʫʨ ʽ ʦʛʽʨʢʘ. 

 

 

ʈʠʩ.3. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ 

ʚʽʜʦʢʨʝʤʣʶʚʘʯʘ ʙʘʰʪʘʥʥʠʭ 

ʢʫʣʴʪʫʨ: 

 

1 - ʙʫʥʢʝʨ ʧʣʦʜʽʚ; 2 - ʰʪʠʬʪʦʚʦʾ 

ʙʘʨʘʙʘʥ; 3 - ʙʠʯʦʚʠʡ ʙʘʨʘʙʘʥ;                        

4 - ʧʽʜʙʘʨʘʙʘʥʥʷ (ʜʝʢʘ); 5 - ʚʝʨʭʥʽʡ ʛʫʨʢʽʪ; 6 - ʥʠʞʥʽʡ ʛʫʨʢʽʪ; 7 - ʜʫʰʦʚʝ 

ʧʨʠʩʪʨʽʡ; 8 - ʚʠʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʧʘʪʨʫʙʦʢ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʤʝʭʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʩʽʥʥʷ 

ʚʙʘʯʘʻʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ. ʂʦʤʧʣʝʢʩʥʠʡ 

ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʽ ʩʪʚʦʨʝʥʥʽ ʙʠʦʢʦʥʚʝʨʩʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʷʢʠʡ ʻ 

ʟʘʤʢʥʫʪʦʶ ʩʠʩʪʝʤʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʝʟʚʽʜʭʦʜʥʝ ʚʠʨʦʙʥʠʮʪʚʦ. 

ʄʝʪʘ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʫ - ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʚ ʟʦʥʽ ʾʾ ʚʠʨʦʙʥʠʮʪʚʘ ʽ 

ʧʦʚʥʘ ʫʪʠʣʽʟʘʮʽʷ ʚʽʜʭʦʜʽʚ. 
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ɸʥʘʣʠʟ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʧʦʣʫʯʝʥʠʷ ʩʝʤʝʥʘ ʙʘʭʯʝʚʳʭ ʢʫʣʴʪʫʨ  ɼʝʨʢʘʯ ʀ.ɸ., 

ʗʢʠʤʝʥʢʦ ʉ.ʇ., ɹʦʜʥʘʨ ɸ.ɺ., ʉʫʤʘʨʝʚ ʀ.ʄ., ɻʥʘʪʢʦ ɺ.ʀ., ɻʦʨʙʝʥʢʦ ɸ.ɸ. ʇʘʩʪʫʰʝʥʢʦ ɸ.ʉ., 

ʉʪʨʝʣʴʮʦʚ ɺ.ɺ., ʅʦʨʠʥʩʢʠʡ ɸ.ʀ. 

ʆʪʜʝʣʠʪʝʣʴ ʩʝʤʷʥ - ʵʪʦ ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʤʘʰʠʥ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʡ ʣʠʥʠʠ. ʂ ʥʝʤʫ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʢʘʯʝʩʪʚʝʥʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ. 

 

Analysis of mechanization for seeds melons  Derkach I.A., S.P. Yakimenko, Bodnar A.V., 

Sumaryev I.M., Gnatko V.I., Gorbenko O.A., Pastushenko A.S., Streltsov V.V., A.I. Norynskyy 

Separator seed - is one of the main vehicles that determine the capacity of the entire line. To 

him special requirements on quality indicators, operational reliability and material consumption. 

 

 

ʋɼʂ 631.3: 664.3 

ɼʆʉʃɯɼɾɽʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʇʈʆʎɽʉʋ ʇɽʈɽʈʆɹʂʀ 

ʆʃɯʁʅʀʍ ʂʋʃʔʊʋʈ ɿ ʆɹˆʈʋʅʊʋɺɸʅʅʗʄ ɺʀɹʆʈʋ ʄɸʐʀʅʀ 

ɼʃʗ ʐɽʈɽʊʋɺɸʅʅʗ ʅɸʉɯʅʅʗ 

ʂʦʥʜʨʷ ɼ.ɯ., ɹʦʣʛʦʚ ʆ.ɺ., ɼʫʙʣʷʢ ʇ.ɺ., ʅʽʢʽʪʽʥ ʆ.ɺ., ʩʪʫʜʝʥʪʠ ʛʨʫʧʠ ʄ6 

ʄʝʣʴʥʠʢ ʉ.ʉ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʄ6 

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʢ.ʪ.ʥ., ʜʦʮ. O.A. ɻʦʨʙʝʥʢʦ, ʘʩ. ɺ.ɺ. ʉʪʨʝʣʴʮʦʚ,                      

ʘʩ. ʅʦʨʠʥʩʴʢʠʡ ʆ.ɯ.  

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɼʦʩʣʽʜʞʫʚʘʥʥʷ ʚʧʣʠʚʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʎɹʈ ʤʘʨʢʠ ʄʈʎ-5 ʥʘ ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ 

ʦʪʨʠʤʫʚʘʥʦʾ ʨʫʰʘʥʢʠ ʛʽʙʨʠʜʥʦʛʦ ʥʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʜʮʝʥʪʨʦʚʘ ʨʫʰʢʘ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 
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ʉʫʯʘʩʥʽ ʩʦʨʪʠ ʩʦʥʷʰʥʠʢʫ, ʦʩʦʙʣʠʚʦ ʛʽʙʨʠʜʥʽ ʧʦʧʫʣʷʮʽʾ ʚ ʧʦʨʽʚʥʷʥʥʽ 

ʟʽ ʩʚʦʾʤʠ ʧʦʧʝʨʝʜʥʠʢʘʤʠ ʜʚʘʜʮʷʪʠʨʽʯʥʦʾ ʜʘʚʥʦʩʪʽ ʤʘʶʪʴ ʥʝ ʣʠʰʝ ʚʝʣʠʢʫ 

ʦʣʽʡʥʽʩʪʴ, ʘʣʝ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʰʘʨʢʫ ʤʽʞ ʷʜʨʦʤ ʽ ʣʫʰʧʠʥʥʷʤ. 

ʊʦʤʫ ʧʠʪʘʥʥʷ ʰʝʨʝʪʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ, ʦʩʢʽʣʴʢʠ ʚʠʟʥʘʯʘʻ 

ʥʘʜʘʣʽ ʢʽʣʴʢʽʩʥʠʡ ʟʤʽʩʪ ʣʫʰʧʠʥʥʷ ʚ ʷʜʨʦʚʽʡ ʬʨʘʢʮʽʾ, ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ 

ʷʢʦʾ ʦʙʫʤʦʚʣʶʻ ʢʦʤʧʣʝʢʩ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ. ʇʦ-ʧʝʨʰʝ, ʦʩʢʽʣʴʢʠ 

ʣʫʰʧʠʥʥʷ ʙʘʣʘʩʪ, ʪʦ ʾʾ ʟʙʽʣʴʰʝʥʥʷ ʥʘ 1% ʟʥʠʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘʚʦʜʫ ʥʘ 

2,5%. ʇʦ-ʜʨʫʛʝ, ʣʫʰʧʠʥʥʷ, ʷʢ ʘʙʨʘʟʠʚʥʘ ʨʝʯʦʚʠʥʘ ʧʨʠʩʢʦʨʶʻ ʟʥʦʩ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʦ-ʪʨʝʪʻ, ʧʦʛʽʨʰʫʻʪʴʩʷ ʪʦʚʘʨʥʠʡ ʚʠʜ, 

ʪʦʙʪʦ ʟʥʠʞʫʻʪʴʩʷ ʷʢʽʩʪʴ ʧʨʝʩʦʚʦʾ ʦʣʽʾ ʫ ʟʚ'ʷʟʢʫ ʟ ʧʝʨʝʭʦʜʦʤ ʚ ʥʴʦʛʦ ʟ 

ʣʽʧʽʜʽʚ ʣʫʰʧʠʥʥʷ ʪʘʢʠʭ ʩʫʧʫʪʥʽʭ ʨʝʯʦʚʠʥ ʷʢ ʬʘʨʙʫʚʘʣʴʥʠʭ, ʚʦʩʢʫ ʽ 

ʚʦʩʢʦʧʦʜʽʙʥʠʭ. ʇʦ-ʯʝʪʚʝʨʪʝ, ʟʥʠʞʫʻʪʴʩʷ ʚʤʽʩʪ ʧʨʦʪʝʾʥʫ ʚ ʤʘʢʫʩʽ, ʱʦ 

ʧʦʛʽʨʰʫʻ ʡʦʛʦ ʢʦʨʤʦʚʽ ʷʢʦʩʪʽ. ʇʦ-ʧ'ʷʪʝ, ʟʤʝʥʰʫʻʪʴʩʷ ʚʠʭʽʜ ʦʣʽʾ. 

ʋ ʤʘʩʣʦʜʦʙʫʚʥʽʡ ʛʘʣʫʟʽ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʙʠʯʝʚʽ ʥʘʩʽʥʥʻʨʫʰʢʠ ʽ ʾʭ 

ʤʦʜʝʨʥʽʟʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʧʦ ʤʝʪʦʜʫ ʙʘʛʘʪʦʢʨʘʪʥʦʛʦ 

ʫʜʘʨʫ, ʱʦ ʧʦʤʽʪʥʦ ʟʙʽʣʴʰʫʻ ʚʪʨʘʪʠ ʦʣʽʾ ʟ ʣʫʰʧʠʥʥʷʤ, ʷʢʝ ʚʽʜʭʦʜʠʪʴ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʰʝʨʝʪʫʚʘʥʥʷ ʩʦʥʷʰʥʠʢʦʚʦʛʦ ʥʘʩʽʥʥʷ  ̒

ʤʝʪʦʜ ʦʜʥʦʨʘʟʦʚʦʛʦ ʫʜʘʨʫ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʚʽʜʮʝʥʪʨʦʚʠʭ ʨʫʰʢʘʭ ʨʽʟʥʠʭ 

ʤʦʜʠʬʽʢʘʮʽʡ. 

ɺ ʷʢʦʩʪʽ ʦʙ'ʻʢʪʫ ʰʝʨʝʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʚʠʨʦʙʥʠʯʘ ʩʫʤʽʰ 

ʛʽʙʨʠʜʥʦʛʦ ʥʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʫ ʟ ʚʦʣʦʛʽʩʪʶ 7,4%. ʇʨʦʚʝʜʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʽ 

ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʥʘ ʨʦʟʨʦʙʣʝʥʽʡ ʚʽʜʮʝʥʪʨʦʚʽʡ ʨʫʰʢʽ 

ʤʘʨʢʠ ʄʈʎ-5. 

ɼʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʎɹʈ ʤʘʨʢʠ ʄʈʎ-5 ʥʘ 

ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʦʪʨʠʤʫʚʘʥʦʾ ʨʫʰʘʥʢʠ ʛʽʙʨʠʜʥʦʛʦ ʥʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʫ. 

ʄʽʥʽʤʘʣʴʥʘ ʽ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʎɹʈ ʩʢʣʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 0,46 - 

2,03 ʪ/ʛʦʜ. ʧʨʠ ʨʦʙʦʯʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʥʦʛʦ ʧʨʠʩʪʨʦʶ 2060 ʦʙ/ʭʚ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʜʦʩʢʦʥʘʣʝʥʘ ʎɹʈ ʤʘʨʢʠ ʄʈʎ-5 ʜʣʷ ʰʝʨʝʪʫʚʘʥʥʷ 

ʩʦʥʷʰʥʠʢʦʚʦʛʦ ʥʘʩʽʥʥʷ. 
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ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʠʡ ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʚʽʜʮʝʥʪʨʦʚʦʾ 

ʨʫʰʢʠ ʜʣʷ ʰʝʨʝʪʫʚʘʥʥʷ ʩʦʥʷʰʥʠʢʦʚʦʛʦ ʥʘʩʽʥʥʷ. 

ɺʽʜʮʝʥʪʨʦʚʘ ʨʫʰʢʘ ʜʣʷ ʰʝʨʝʪʫʚʘʥʥʷ ʩʦʥʷʰʥʠʢʦʚʦʛʦ ʥʘʩʽʥʥʷ, 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ: ʢʦʨʧʫʩʘ 1, ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʙʫʥʢʝʨʘ 2, ʞʠʚʠʣʴʥʠʢʘ 3, 

ʨʦʪʦʨʥʦʛʦ ʧʨʠʩʪʨʦʶ 4, ʜʝʢʠ 5, ʧʘʪʨʫʙʢʘ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʨʫʰʘʥʢʠ 6 ʽ 

ʧʨʠʚʦʜʫ 7. 

ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʫʰʢʠ ʜʦ ʢʦʨʧʫʩʫ 1 ʢʨʽʧʠʪʴʩʷ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ 

ʙʫʥʢʝʨ 2, ʷʢʠʡ ʦʩʥʘʱʝʥʠʡ ʞʠʚʠʣʴʥʠʢʦʤ 3 ʟ ʧʣʦʩʢʠʤ ʰʠʙʝʨʦʤ 8 ʘʙʦ 

ʢʦʥʫʩʥʠʤ. ʋʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ 1 ʥʘ ʦʧʦʨʘʭ 9 ʟʤʦʥʪʦʚʘʥʘ ʜʝʢʘ 5 ʫ ʚʠʛʣʷʜʽ 

ʢʽʣʴʮʝʚʦʛʦ ʫʩʽʯʝʥʦʛʦ ʢʦʥʫʩʘ, ʚʥʫʪʨʽʰʥʷ ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʷʢʦʾ ʚʠʢʦʥʘʥʘ 

ʨʠʬʣʝʥʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʰʝʨʝʪʫʚʘʥʥʷ 

ʩʦʥ̫h ʥʠʢʦʚʦʛʦ ʥʘʩʽʥʥʷ. 

ʋʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ 1 ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʦʪʦʨʥʠʡ ʧʨʠʩʪʨʽʡ 4, 

ʟʘʙʝʟʧʝʯʝʥʠʡ ʨʦʟʧʦʜʽʣʴʥʠʢʦʤ 10. ʈʦʪʦʨʥʠʡ ʧʨʠʩʪʨʽʡ 4 ʟʘʢʨʽʧʣʝʥʦ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʚʘʣʫ 11, ʩʧʦʣʫʯʝʥʦʤʫ ʯʝʨʝʟ ʢʣʠʥʦʧʘʩʦʚʫ ʧʝʨʝʜʘʯʫ ʟ 

ʧʨʠʚʦʜʦʤ 7. ʈʦʪʦʨʥʠʡ ʧʨʠʩʪʨʽʡ 4 ʟʤʦʥʪʦʚʘʥʦ ʟ ʥʠʞʥʴʦʛʦ ʽ ʚʝʨʭʥʴʦʛʦ 

ʜʠʩʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 12 ʽ 13, ʤʽʞ ʷʢʠʤʠ ʚʩʪʘʥʦʚʣʝʥʽ ʨʘʜʽʘʣʴʥʽ ʣʦʧʘʪʢʠ 14, 

ʚʠʢʦʥʘʥʽ ʇ - ʧʦʜʽʙʥʦʾ ʬʦʨʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʜʚʽʯʽ ʟʙʽʣʴʰʠʪʠ ʾʭ ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʨʘʜʽʘʣʴʥʽ ʣʦʧʘʪʢʠ ʇ - ʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʟʘʢʨʽʧʣʝʥʽ 

ʦʩʥʦʚʦʶ ʥʘ ʥʠʞʥʴʦʤʫ ʜʠʩʢʫ 12. 

 

ʘ)                                                               ʙ) 

ʈʠʩ. 1. ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʚʽʜʮʝʥʪʨʦʚʦʾ ʥʘʩʽʥʥʻʨʫʰʢʠ ʜʣʷ ʰʝʨʝʪʫʚʘʥʥʷ 

ʩʦʥʷʰʥʠʢʦʚʦʛʦ ʥʘʩʽʥʥʷ : ʘ) ʟʘʛʘʣʴʥʠʡ ʚʠʜ, ʙ) ʬʨʘʛʤʝʥʪ ʨʦʟʨʽʟʫ ʨʦʪʦʨʘ 
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ɺʽʜʮʝʥʪʨʦʚʘ ʨʫʰʢʘ ʧʨʘʮʶʻ ʪʘʢʠʤ ʯʠʥʦʤ. ʅʘʩʽʥʥʷ ʧʦʩʪʫʧʘʻ ʚ 

ʧʨʠʡʤʘʣʴʥʠʡ ʙʫʥʢʝʨ 2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʰʠʙʝʨʘ 8 ʨʝʛʫʣʶʶʪʴ ʢʽʣʴʢʽʩʪʴ 

ʥʘʩʽʥʥʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ, ʥʘ ʨʦʟʧʦʜʽʣʴʥʠʢ 10. ɼʘʣʽ ʥʘʩʽʥʥʷ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ 

ʫʩʝʨʝʜʠʥʽ ʨʦʪʦʨʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, 4 ʧʦ ʇ - ʧʦʜʽʙʥʠʤ 

ʨʘʜʽʘʣʴʥʠʤ ʢʘʥʘʣʘʤ 14. ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʨʦʪʦʨʥʦʛʦ ʧʨʠʩʪʨʦʶ 4 ʟʘ 

ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ ʥʘʩʽʥʥʷ ʨʫʭʘʻʪʴʩʷ ʫʟʜʦʚʞ ʣʽʚʦʾ ʩʪʦʨʦʥʠ ʇ - 

ʧʦʜʽʙʥʦʾ ʨʘʜʽʘʣʴʥʦʾ ʣʦʧʘʪʢʠ. ʅʘʩʽʥʥʷ, ʱʦ ʚʠʣʽʪʘʻ, ʫʜʘʨʷʻʪʴʩʷ ʦʙ ʜʝʢʫ 5. 

ʇʨʠ ʫʜʘʨʽ ʥʘʩʽʥʥʷ ʨʫʡʥʫʻʪʴʩʷ ʽ ʫ ʚʠʛʣʷʜʽ ʨʫʰʘʥʢʠ ʚʠʚʦʜʠʪʴʩʷ ʯʝʨʝʟ 

ʧʘʪʨʫʙʦʢ 6. ʇʽʩʣʷ ʟʥʦʩʫ ʣʽʚʦʾ ʧʦʣʦʚʠʥʠ ʇ - ʧʦʜʽʙʥʦʾ ʨʘʜʽʘʣʴʥʦʾ ʣʦʧʘʪʢʠ 

ʜʚʠʛʫʥ ʧʝʨʝʤʠʢʘʶʪʴ ʥʘ ʨʦʙʦʪʫ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ ʽ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʥʘʩʽʥʥʷ ʨʫʭʘʻʪʴʩʷ ʫʟʜʦʚʞ ʧʨʘʚʦʾ ʧʦʣʦʚʠʥʠ ʇ - ʧʦʜʽʙʥʦʾ ʨʘʜʽʘʣʴʥʦʾ 

ʣʦʧʘʪʢʠ 14. ʊʘʢʠʤ ʯʠʥʦʤ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʧʨʦʧʦʥʦʚʘʥʦʾ ʇ - ʧʦʜʽʙʥʦʾ 

ʨʘʜʽʘʣʴʥʦʾ ʣʦʧʘʪʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʜʚʦʻ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʦʶ ʎɹʈ. 

ɼʣʷ ʎɹʈ ʤʘʨʢʠ ʄʈʎ-5ʄ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʨʦʪʦʨʥʦʛʦ ʧʨʠʩʪʨʦʶ R0 = 0,1 ʤ ʧʨʠ D = 380 ʤʤ(ɡR =32,5 ʤ/ʩ). ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʫʰʢʠ ʤʘʡʞʝ ʚ 1,4 ʨʘʟʫ ʙʝʟ ʟʤʽʥʠ ʾʾ 

ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʪʦʢ ʥʦʚʦʾ ʛʝʦʤʝʪʨʽʾ 

ʽ ʨʦʪʦʨʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ʎɹʈ ʤʘʨʢʠ ʄʈʎ-5 ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʟʘʚʦʜʘʭ ʤʘʣʦʾ 

ʧʦʪʫʞʥʦʩʪʽ(ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʜʦ 100 ʪ/ʜʦʙʫ ʧʦ ʥʘʩʽʥʥʶ) ʧʨʠ ʧʝʨʝʨʦʙʮʽ 

ʩʦʥʷʰʥʠʢʦʚʦʛʦ ʥʘʩʽʥʥʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʾʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʚ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʣʽʥʽʷʭ ʦʪʨʠʤʘʥʥʷ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ ʟ 

ʧʣʦʜʦʚʠʭ ʽ ʬʨʫʢʪʦʚʠʭ ʢʽʩʪʦʯʦʢ. 
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ʄʦʣʦʢʦ - ʧʨʦʜʫʢʪ ʭʘʨʯʫʚʘʥʥʷ, ʥʘʡʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʡ ʟʘ ʩʚʦʾʤ ʩʢʣʘʜʦʤ. ʎʽʥʥʽʩʪʴ ʤʦʣʦʢʘ 

ʧʦʣʷʛʘʻ ʚ ʽʜʝʘʣʴʥʽʡ ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʄʦʣʦʯʥʽ ʧʨʦʜʫʢʪʠ ʚʽʜʽʛʨʘʶʪʴ 

ʚʝʣʠʯʝʟʥʫ ʨʦʣʴ ʚ ʭʘʨʯʫʚʘʥʥʽ ʣʶʜʠʥʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʦʨʛʘʥʽʟʤ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʟʜʦʨʦʚ'ʷ 

ʝʣʝʤʝʥʪʘʤʠ. ʄʦʣʦʢʦ - ʥʘʡʤʝʥʰ ʟʘʤʽʥʥʠʡ ʧʨʦʜʫʢʪ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʜʠʪʷʯʦʛʦ ʭʘʨʯʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʯʠʱʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ, ʩʝʧʘʨʘʮʽʷ 

 

ʇʨʠʡʤʘʥʥʷ ʽ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʤʦʣʦʢʘ 

ʅʘ ʤʦʣʦʢʦʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʽʩʥʫʻ ʧʝʚʥʠʡ ʧʦʨʷʜʦʢ 

ʧʨʠʡʤʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʦʣʦʢʘ. ʇʨʠʡʤʘʥʥʷ ʟʜʽʡʩʥʶʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʤʦʛ ʯʠʥʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʥʘ ʤʦʣʦʢʦ ʥʘʪʫʨʘʣʴʥʝ ʢʦʨʦʚ'ʷʯʝ. ʄʦʣʦʢʦ 

ʥʘʪʫʨʘʣʴʥʝ ʢʦʨʦʚ'ʷʯʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʚʽʜ ʟʜʦʨʦʚʠʭ ʪʚʘʨʠʥ, 

ʚʽʜʬʽʣʴʪʨʦʚʘʥʦ ʪʘ ʦʭʦʣʦʜʞʝʥʝ ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ ʥʝ ʧʽʟʥʽʰʝ ʥʽʞ ʯʝʨʝʟ 2 

ʛʦʜʠʥʠ ʧʽʩʣʷ ʜʦʾʥʥʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʚʠʱʝ 6 Á ʉ.  

ʄʦʣʦʢʦ ʟʘʣʝʞʥʦ ʚʽʜ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʽ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʜʽʣʷʶʪʴ ʥʘ ʩʦʨʪʦʚʝ (ʚʠʱʠʡ, ʧʝʨʰʠʡ ʽ 

ʜʨʫʛʠʡ) ʽ ʥʝʩʦʨʪʦʚʠʭ. ɿʘ ʟʦʚʥʽʰʥʽʤ ʚʠʛʣʷʜʦʤ ʽ ʢʦʥʩʠʩʪʝʥʮʽʾ ʩʦʨʪʦʚʝ 

ʤʦʣʦʢʦ ʧʦʚʠʥʥʦ ʙʫʪʠ ʦʜʥʦʨʽʜʥʦʶ ʨʽʜʠʥʦʶ ʙʝʟ ʦʩʘʜʫ ʽ ʧʣʘʩʪʽʚʮʽʚ, ʙʽʣʦʛʦ 

ʘʙʦ ʩʚʽʪʣʦ-ʢʨʝʤʦʚʦʛʦ ʢʦʣʴʦʨʫ; ʩʤʘʢ ʽ ʟʘʧʘʭ ʯʠʩʪʽ, ʙʝʟ ʩʪʦʨʦʥʥʽʭ ʟʘʧʘʭʽʚ ʽ 

ʧʨʠʩʤʘʢʽʚ, ʥʝʚʣʘʩʪʠʚʠʭ ʩʚʽʞʦʤʫ ʥʘʪʫʨʘʣʴʥʦʤʫ ʤʦʣʦʢʫ. ɼʣʷ ʥʝʩʦʨʪʦʚʠʭ 

ʤʦʣʦʢʘ ʜʦʧʫʩʢʘʶʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʧʣʘʩʪʽʚʮʽʚ ʙʽʣʢʘ ʽ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ, ʘ 

ʪʘʢʦʞ ʚʠʨʘʞʝʥʽ ʢʦʨʤʦʚʽ ʧʨʠʩʤʘʢ ʽ ʟʘʧʘʭ.  

ʉʧʦʩʦʙʠ ʦʯʠʱʝʥʥʷ ʤʦʣʦʢʘ 

ʆʯʠʱʝʥʥʷ ʧʨʦʚʦʜʷʪʴ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʜʘʣʠʪʠ ʤʝʭʘʥʽʯʥʽ ʟʘʙʨʫʜʥʝʥʥʷ 

ʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ. ɿʜʽʡʩʥʶʶʪʴ ʦʯʠʱʝʥʥʷ ʩʧʦʩʦʙʦʤ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʽʜ ʜʽʻʶ 

ʩʠʣ ʪʷʞʽʥʥʷ ʘʙʦ ʪʠʩʢʫ ʪʘ ʚʽʜʮʝʥʪʨʦʚʠʤ ʩʧʦʩʦʙʦʤ ʥʘ ʩʝʧʘʨʘʪʦʨʘʭ-

ʤʦʣʦʢʦʦʯʽʩʪʽʪʝʣʴ. ʇʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʤʦʣʦʢʦ ʤʘʻ ʧʦʜʦʣʘʪʠ ʦʧʽʨ, ʷʢʠʡ 

ʯʠʥʠʪʴʩʷ ʧʝʨʝʛʦʨʦʜʢʦʶ ʬʽʣʴʪʨʘ, ʚʠʢʦʥʘʥʦʾ ʟ ʤʝʪʘʣʫ ʘʙʦ ʪʢʘʥʠʥʠ. ʇʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʨʽʜʠʥʠ ʯʝʨʝʟ ʬʽʣʴʪʨʫʶʯʫ ʧʝʨʝʛʦʨʦʜʢʫ ʥʘ ʥʽʡ ʟʘʪʨʠʤʫʶʪʴʩʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʢʽʣʴʢʦʩʪʽ, ʧʨʦʧʦʨʮʽʡʥʽʡ ʦʙʩʷʛʫ ʨʽʜʠʥʠ, ʱʦ ʧʨʦʡʰʣʘ ʯʝʨʝʟ 

ʬʽʣʴʪʨ.  
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ʇʝʨʽʦʜʠʯʥʦ ʯʝʨʝʟ ʢʦʞʥʽ 15 ... 20 ʭʚ ʥʝʦʙʭʽʜʥʦ ʚʠʜʘʣʷʪʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʟ ʬʽʣʴʪʨʘ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʩʢʫ, ʧʨʠ 

ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʽʣʴʪʨʫʚʘʥʥʷ. ɿʘʟʚʠʯʘʡ ʚ ʮʠʣʽʥʜʨʠʯʥʽ ʬʽʣʴʪʨʘʮʽʡʥʽ 

ʘʧʘʨʘʪʠ ʤʦʣʦʢʦ ʥʘʜʭʦʜʠʪʴ ʧʽʜ ʪʠʩʢʦʤ 0,2 ʄʇʘ. ʌʽʣʴʪʨʘʮʽʡʥʽ ʘʧʘʨʘʪʠ ʟ 

ʪʢʘʥʠʥʥʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ: ʢʦʨʦʪʢʦʯʘʩʥʽʩʪʴ 

ʙʝʟʫʧʠʥʥʦʾ ʨʦʙʦʪʠ; ʥʝʦʙʭʽʜʥʽʩʪʴ ʯʘʩʪʦʾ ʨʦʟʙʠʨʘʥʥʷ ʜʣʷ ʧʨʦʤʠʚʢʠ; 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʨʠʚʫ ʪʢʘʥʠʥʠ, ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʽʚ ʟʘʣʝʞʥʦ 

ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ.  

ʈʝʞʠʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʤʦʣʦʢʘ 

ʗʢʽʩʪʴ ʤʦʣʦʢʘ, ʦʩʦʙʣʠʚʦ ʡʦʛʦ ʙʘʢʪʝʨʽʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʚ ʟʥʘʯʥʽʡ 

ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʷ. ɺʽʜʦʤʦ, ʱʦ 

ʩʚʝʞʝʚʠʜʦʝʥʥʦʝ ʤʦʣʦʢʦ ʤʽʩʪʠʪʴ ʦʩʦʙʣʠʚʽ ʙʘʢʪʝʨʠʮʠʜʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʥʝ 

ʪʽʣʴʢʠ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʨʦʩʪʫ ʙʘʢʪʝʨʽʡ, ʘ ʡ ʟʥʠʱʫʶʪʴ ʾʭ. ʋ 

ʥʝʦʭʦʣʦʜʞʝʥʦʤʫ ʤʦʣʦʮʽ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʱʦ 

ʚʠʢʣʠʢʘʶʪʴ ʡʦʛʦ ʩʢʠʩʘʥʥʷ. ʊʘʢ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 32 Á ʉ ʯʝʨʝʟ 10 ʛʦʜ 

ʢʠʩʣʦʪʥʽʩʪʴ ʤʦʣʦʢʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚ 2,8 ʨʘʟʠ, ʘ ʯʠʩʣʦ ʙʘʢʪʝʨʽʡ ʟʨʦʩʪʘʻ ʚ 40 

ʨʘʟʽʚ. ʋ ʤʦʣʦʮʽ, ʦʭʦʣʦʜʞʝʥʦʤʫ ʜʦ 12 "ʉ, ʧʨʦʪʷʛʦʤ 10 ʛʦʜ ʢʠʩʣʦʪʥʽʩʪʴ ʥʝ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʙʘʢʪʝʨʽʡ ʟʤʽʥʶʻʪʴʩʷ ʥʝʩʫʪʪʻʚʦ. ɿʥʘʯʠʪʴ, 

ʦʭʦʣʦʜʞʝʥʥʷ ʤʦʣʦʢʘ - ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʩʧʨʠʷʶʪʴ 

ʧʨʠʜʫʰʝʥʥʶ ʨʦʟʚʠʪʢʫ ʥʝʙʘʞʘʥʦʾ ʧʘʪʦʛʝʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʽ ʟʙʝʨʝʞʝʥʥʶ 

ʷʢʦʩʪʽ ʤʦʣʦʢʘ.  

ʈʦʟʤʥʦʞʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʤʦʣʦʮʽ, 

ʨʽʟʢʦ ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʡʦʛʦ ʥʠʞʯʝ 10 Á ʉ ʽ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ 

ʧʨʠʧʠʥʷʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʦ 2 ... 4 Á ʉ.  

ʆʧʪʠʤʘʣʴʥʽ ʪʝʨʤʽʥʠʟʙʝʨʽʛʘʥʥʷ ʤʦʣʦʢʘ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ 4 ... 6 Á ʉ, 

ʥʝ ʙʽʣʴʰʝ 12 ʯ. ʇʨʠ ʙʽʣʴʰ ʪʨʠʚʘʣʦʤʫ ʟʙʝʨʽʛʘʥʥʽ ʤʦʣʦʢʘ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʠʥʠʢʘʶʪʴ ʚʘʜʠ ʩʤʘʢʫ ʽ ʢʦʥʩʠʩʪʝʥʮʽʾ.  

ʄʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʤʦʣʦʢʘ 

ʉʝʧʘʨʘʮʽʷ ʤʦʣʦʢʘ - ʮʝ ʧʦʜʽʣ ʡʦʛʦ ʥʘ ʜʚʽ ʬʨʘʢʮʽʾ ʨʽʟʥʦʾ ʱʽʣʴʥʦʩʪʽ: 

ʚʠʩʦʢʦʞʠʨʥʠʭ (ʚʝʨʰʢʠ) ʪʘ ʥʠʟʴʢʦʞʠʨʥʝ (ʟʥʝʞʠʨʝʥʝ ʤʦʣʦʢʦ). 
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ɿʜʽʡʩʥʶʻʪʴʩʷ ʩʝʧʘʨʫʚʘʥʥʷ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʚ ʙʘʨʘʙʘʥʽ 

ʩʝʧʘʨʘʪʦʨʘ. ʄʦʣʦʢʦ, ʨʦʟʧʦʜʽʣʷʶʯʠʩʴ ʚ ʙʘʨʘʙʘʥʽ ʤʽʞ ʪʘʨʽʣʢʘʤʠ ʫ ʚʠʛʣʷʜʽ 

ʪʦʥʢʠʭ ʰʘʨʽʚ, ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʟ ʥʝʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ, ʱʦ ʩʪʚʦʨʶʻ 

ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʚʠʩʦʢʦʞʠʨʥʠʡ ʬʨʘʢʮʽʾ 

(ʞʠʨʦʚʠʭ ʢʫʣʴʦʢ) ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ. 

ʅʦʨʤʘʣʽʟʘʮʽʷ - ʮʝ ʨʝʛʫʣʶʚʘʥʥʷ ʩʢʣʘʜʫ ʩʠʨʦʚʠʥʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʫ.  

ʇʨʠ ʥʦʨʤʘʣʽʟʘʮʽʾ ʚʠʭʽʜʥʦʛʦ (ʮʽʣʴʥʦʛʦ) ʤʦʣʦʢʘ ʧʦ ʞʠʨʫ ʤʦʞʫʪʴ ʙʫʪʠ ʜʚʘ 

ʚʘʨʽʘʥʪʠ: ʞʠʨʫ ʚ ʮʽʣʽʩʥʦʤʫ ʤʦʣʦʮʽ ʙʽʣʴʰʝ, ʥʽʞ ʧʦʪʨʽʙʥʦ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʽ 

ʞʠʨʫ ʚ ʮʽʣʽʩʥʦʤʫ ʤʦʣʦʮʽ ʤʝʥʰʝ, ʥʽʞ ʧʦʪʨʽʙʥʦ. 

ɻʦʤʦʛʝʥʽʟʘʮʽʷ - ʮʝ ʦʙʨʦʙʢʘ ʤʦʣʦʢʘ (ʚʝʨʰʢʽʚ), ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʜʨʦʙʣʝʥʥʽ 

(ʜʠʩʧʝʨʛʫʚʘʥʥʷ) ʞʠʨʦʚʠʭ ʢʫʣʴʦʢ ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ ʤʦʣʦʢʦ ʟʥʘʯʥʠʭ 

ʟʦʚʥʽʰʥʽʭ ʟʫʩʠʣʴ. ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ ʩʚʽʞʦʛʦ ʤʦʣʦʢʘ ʽ ʚʝʨʰʢʽʚ ʽʟ-ʟʘ 

ʨʽʟʥʠʮʽ ʚ ʱʽʣʴʥʦʩʪʽ ʤʦʣʦʯʥʦʛʦ ʞʠʨʫ ʽ ʧʣʘʟʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʣʠʚʘʥʥʷ 

ʞʠʨʦʚʦʾ ʬʨʘʢʮʽʾ, ʘʙʦ ʾʾ ʚʽʜʩʪʦʶʚʘʥʥʷ. ʐʚʠʜʢʽʩʪʴ ʚʽʜʩʪʦʶʚʘʥʥʷ ʞʠʨʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ ʞʠʨʦʚʠʭ ʢʫʣʴʦʢ, ʚ'ʷʟʢʦʩʪʽ, ʚʽʜ ʤʦʞʣʠʚʦʩʪʽ ʟ'ʻʜʥʘʥʥʷ 

ʞʠʨʦʚʠʭ ʢʫʣʴʦʢ ʦʜʠʥ ʟ ʦʜʥʠʤ. 

ʊʝʧʣʦʚʘ ʦʙʨʦʙʢʘ ʤʦʣʦʢʘ 

ɺʧʣʠʚ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʣʦʢʘ 

ʊʝʧʣʦʚʫ ʦʙʨʦʙʢʫ ʤʦʣʦʯʥʦʾ ʩʠʨʦʚʠʥʠ ʧʨʦʚʦʜʷʪʴ ʟ ʤʝʪʦʶ ʡʦʛʦ 

ʟʥʝʟʘʨʘʞʝʥʥʷ. ɺʦʥʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝ ʪʽʣʴʢʠ ʥʘʜʽʡʥʝ ʧʨʠʜʫʰʝʥʥʷ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʘʣʝ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʟʙʝʨʝʞʝʥʥʷ 

ʧʦʯʘʪʢʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʣʦʢʘ. ɹʫʜʴ-ʷʢʝ ʪʝʧʣʦʚʠʡ ʚʧʣʠʚ ʥʘ ʤʦʣʦʢʦ 

ʧʦʨʫʰʫʻ ʡʦʛʦ ʧʝʨʚʽʩʥʠʡ ʩʢʣʘʜʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʉʪʫʧʽʥʴ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʟʤʽʥ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʤʦʣʦʢʘ ʟʘʣʝʞʠʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʨʠʚʘʣʦʩʪʽ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ.  

ʄʦʣʦʯʥʽ ʙʽʣʢʠ ʧʽʜ ʜʽʻʶ ʪʝʧʣʘ ʜʝʥʘʪʫʨʫʶʪʴ. ʅʘʡʙʽʣʴʰ ʯʫʪʣʠʚʽ ʜʦ 

ʥʘʛʨʽʚʘʥʥʷ ʩʠʨʦʚʘʪʢʦʚʽ ʙʽʣʢʠ, ʷʢʽ ʜʝʥʘʪʫʨʫʶʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 65 Á 

ʉ,ʢʘʟʝʾʥ  ʞ ʚʦʣʦʜʽʻ ʚʠʩʦʢʦʶ ʪʝʧʣʦʚʦʶ ʩʪʽʡʢʽʩʪʶ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 

100 "ɿ ʧʦʯʠʥʘʻʪʴʩʷ ʯʘʩʪʢʦʚʝ ʨʦʟʢʣʘʜʘʥʥʷ ʣʘʢʪʦʟʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ 
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ʤʦʣʦʢʦ ʥʘʙʫʚʘʻ ʩʧʝʮʠʬʽʯʥʠʡ ʩʤʘʢ, ʟʘʧʘʭ ʽ ʢʦʣʽʨ (ʙʫʨʠʡ). ʄʦʣʦʯʥʠʡ ʞʠʨ 

ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ 100 Á ʉ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ʋ ʧʨʦʮʝʩʽ ʪʝʧʣʦʚʦʾ 

ʦʙʨʦʙʢʠ ʯʘʩʪʢʦʚʦ ʨʫʡʥʫʶʪʴʩʷʚʽʪʘʤʽʥʠ, ʦʩʦʙʣʠʚʦ ʚʦʜʦʨʦʟʯʠʥʥʽ (ʉ , ɺ 12, 

ʪʽʘʤʽʥ ʽ ʽʥ), ʘ ʪʘʢʦʞ ʽʥʘʢʪʠʚʫʶʪʴʩʷ ʬʝʨʤʝʥʪʠ (ʨʝʜʫʢʪʘʟʘ, ʬʦʩʬʘʪʘʟʘ, 

ʧʝʨʦʢʩʠʜʘʟʘ). ʄʽʥʝʨʘʣʴʥʽ ʩʦʣʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʭʦʜʫ ʨʦʟʯʠʥʥʠʭ ʩʦʣʝʡ 

ʢʘʣʴʮʽʶ ʽ ʬʦʩʬʦʨʫ ʚ ʥʝʨʦʟʯʠʥʥʠʡ ʩʪʘʥ ʯʘʩʪʢʦʚʦ ʚʠʧʘʜʘʶʪʴ ʚ ʦʩʘʜ. ɿʤʽʥʘ 

ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʤʦʣʦʢʘ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ ʽ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʤʘʻ ʙʫʪʠ ʥʝʟʥʘʯʥʠʤ.  

ɼʦ ʚʠʜʽʚ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ ʚʽʜʥʦʩʷʪʴʩʷ ʧʘʩʪʝʨʠʟʘʮʽʷ ʽ ʩʪʝʨʠʣʽʟʘʮʽʷ. 

ʈʽʟʥʦʚʠʜʠ ʧʘʩʪʝʨʠʟʘʮʽʾ - ʮʝ ʫʣʴʪʨʘʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ (ʋɺʊ) ʦʙʨʦʙʢʘ ʪʘ 

ʪʝʨʤʽʟʘʮʽʷ.  

ʇʘʩʪʝʨʠʟʘʮʽʷ ʤʦʣʦʢʘ 

ʇʘʩʪʝʨʠʟʘʮʽʷ ʤʦʣʦʢʘ - ʮʝ ʪʝʧʣʦʚʘ ʦʙʨʦʙʢʘ ʤʦʣʦʢʘ ʟ ʤʝʪʦʶ ʟʥʠʱʝʥʥʷ 

ʚʝʛʝʪʘʪʠʚʥʠʭ ʬʦʨʤ ʤʽʢʨʦʬʣʦʨʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʘʪʦʛʝʥʥʠʭ. ʈʝʞʠʤ 

ʧʘʩʪʝʨʠʟʘʮʽʾ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʪʘʢʦʞ ʦʪʨʠʤʘʥʥʷ ʟʘʜʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʟʦʢʨʝʤʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʩʤʘʢ, ʧʦʪʨʽʙʥʽ 

ʚ'ʷʟʢʽʩʪʴ ʽ ʱʽʣʴʥʽʩʪʴ ʟʛʫʩʪʢʫ). ɽʬʝʢʪ ʧʘʩʪʝʨʠʟʘʮʽʾ, ʦʙʫʤʦʚʣʝʥʠʡ ʩʪʫʧʝʥʝʤ 

ʟʘʛʠʙʝʣʽ ʧʘʪʦʛʝʥʥʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʚʧʣʠʚʘʻ ʥʘ ʚʠʙʽʨ ʨʝʞʠʤʽʚ ʽ ʩʧʦʩʦʙʽʚ 

ʧʘʩʪʝʨʠʟʘʮʽʾ. ɿ ʧʘʪʦʛʝʥʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘʡʙʽʣʴʰ ʩʪʽʡʢʽ ʜʦ ʪʝʧʣʦʚʦʾ 

ʦʙʨʦʙʢʠ ʙʘʢʪʝʨʽʾ ʪʫʙʝʨʢʫʣʴʦʟʫ. ʆʩʢʽʣʴʢʠ ʨʦʙʦʪʘ ʟ ʚʠʟʥʘʯʝʥʥʷ ʟʙʫʜʥʠʢʽʚ 

ʪʫʙʝʨʢʫʣʴʦʟʫ ʩʢʣʘʜʥʘ, ʪʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʘʩʪʝʨʠʟʘʮʽʾ ʧʨʠʡʥʷʪʦ ʚʠʟʥʘʯʘʪʠ ʟʘ 

ʟʘʛʠʙʝʣʽ ʥʝ ʤʝʥʰ ʩʪʽʡʢʦʶ ʢʠʰʢʦʚʦʾ ʧʘʣʠʯʢʠ. 

ʋʣʴʪʨʘʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ (ʋɺʊ) ʦʙʨʦʙʢʘ ʤʦʣʦʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 100 Á ʉ ʙʝʟ ʚʠʪʨʠʤʢʠ ʘʙʦ ʟ ʚʠʪʨʠʤʢʦʶ 1 ... 3 ʩ. ʊʘʢ, ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʢʠʩʣʦʤʦʣʦʯʥʠʭ ʥʘʧʦʾʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʋɺʊ-ʦʙʨʦʙʢʫ ʧʨʠ 102 Ñ 

2 Á ʉ ʙʝʟ ʚʠʪʨʠʤʢʠ.  

ʊʝʨʤʽʟʘʮʽʷ - ʮʝ ʪʝʧʣʦʚʘ ʦʙʨʦʙʢʘ ʤʦʣʦʢʘ ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ 

ʪʨʠʚʘʣʦʩʪʽ ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʰʣʷʭʦʤ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ 

ʦʙʩʽʤʝʥʽʥʥʷ ʤʦʣʦʢʘ. ʇʨʦʚʦʜʷʪʴ ʾʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 65 Á ʉ ʧʨʦʪʷʛʦʤ 15 ʩ. 

ʊʝʨʤʽʟʘʮʽʷ ʚ ʷʢʦʩʪʽ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʦʨʦʪʢʦʯʘʩʥʦʾ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ 
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ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʠʨʦʛʦ ʤʦʣʦʢʘ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ. ʋ 

ʩʠʨʦʚʘʨʽʥʥʷ ʪʝʨʤʽʟʘʮʽʶ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʙʨʦʙʢʠ ʤʦʣʦʢʘ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʦʙʩʝʤʝʥʝʥʥʦʩʪʴʶ ʽ ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʜʦʟʨʽʚʘʥʥʷ, ʘ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʤʦʣʦʯʥʠʭ ʢʦʥʩʝʨʚʽʚ - ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ ʤʦʣʦʢʘ.  

ʄʦʣʦʢʦ ʧʦʚʠʥʥʦ ʙʫʪʠ ʮʽʣʽʩʥʠʤ, ʩʚʽʞʠʤ ʪʘ ʦʪʨʠʤʘʥʠʡ ʚʽʜ ʟʜʦʨʦʚʠʭ 

ʢʦʨʽʚ, ʤʘʪʠ ʯʠʩʪʠʡ, ʩʦʣʦʜʢʫʚʘʪʠʡ ʩʤʘʢ ʽ ʟʘʧʘʭ, ʚʣʘʩʪʠʚʠʡ ʩʚʽʞʦʤʫ ʤʦʣʦʢʫ. 

ʂʦʣʽʨ ʚʽʜ ʙʽʣʦʛʦ ʜʦ ʩʚʽʪʣʦ-ʢʨʝʤʦʚʦʛʦ, ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʢʦʣʴʦʨʦʚʠʭ ʧʣʷʤ ʽ 

ʚʽʜʪʽʥʢʽʚ. ɿʘ ʢʦʥʩʠʩʪʝʥʮʽʻʶ ʮʝ ʦʜʥʦʨʽʜʥʘ ʨʽʜʠʥʘ ʙʝʟ ʟʛʫʩʪʢʽʚ ʙʽʣʢʘ ʽ 

ʛʨʫʜʦʯʦʢ ʞʠʨʫ, ʙʝʟ ʦʩʘʜʫ, ʱʽʣʴʥʽʩʪʶ ʥʝ ʥʠʞʯʝ 1027 ʢʛ / ʤ 
3.
 ʅʝ ʧʽʜʣʷʛʘʻ 

ʧʨʠʡʤʘʥʥʷ ʤʦʣʦʢʘ ʚ ʧʝʨʰʽ 7 ʜʥʽʚ ʧʽʩʣʷ ʦʪʝʣʝʥʥʷ ʽ ʩʪʘʨʦ ʜʽʡʥʝ ʤʦʣʦʢʦ ʟʘ 

10-15 ʜʥʽʚ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʢʦʨʦʚʠ. ʅʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʫ ʤʦʣʦʮʽ ʨʽʟʢʦ 

ʚʠʨʘʞʝʥʠʭ ʢʦʨʤʦʚʠʭ ʧʨʠʩʤʘʢʽʚ, ʘ ʪʘʢʦʞ ʤʦʣʦʢʦ ʟʽ ʩʪʽʡʢʠʤ ʟʘʧʘʭʦʤ 

ʭʽʤʽʢʘʪʽʚ ʽ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʟ ʜʦʜʘʚʘʥʥʷʤ ʥʝʡʪʨʘʣʽʟʫʶʯʠʭ ʨʝʯʦʚʠʥ, ʽʟ 

ʟʘʣʠʰʢʦʚʠʤ ʚʤʽʩʪʦʤ ʭʽʤʽʯʥʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʽ ʪʚʘʨʠʥ, ʘ 

ʪʘʢʦʞʘʥʪʠʙʽʦʪʠʢʽʚ , ʟ ʧʨʦʛʽʨʢʣʠʤ, ʟʘʪʭʣʠʤ ʧʨʠʩʤʘʢʦʤ, ʪʷʛʫʯʦʶ 

ʢʦʥʩʠʩʪʝʥʮʽʾ. ʇʽʩʣʷ ʮʴʦʛʦ ʤʦʣʦʢʦ ʧʽʜʽʛʨʽʚʘʻʪʴʩʷ ʜʦ 45 ... 55 
0
 ʉ ʽ 

ʛʦʤʦʛʝʥʽʟʫʻʪʴʩʷ ʧʨʠ ʪʠʩʢʫ 10-15 ʄʇʘ. ʅʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʽ ʛʦʤʦʛʝʥʽʟʦʚʘʥʝ 

ʤʦʣʦʢʦ ʧʘʩʪʝʨʠʟʫʻʪʴʩʷ ʧʨʠ 76 
0
 ʉ ʟ ʚʠʪʨʠʤʢʦʶ 15-20 ʩ. ʇʦʪʽʤ ʤʦʣʦʢʦ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ 4-6 
0
 ʉ. ʆʭʦʣʦʜʞʝʥʝ ʤʦʣʦʢʦ ʨʦʟʣʠʚʘʻʪʴʩʷ ʽ ʫʧʘʢʦʚʫʻʪʴʩʷ 

ʚ ʩʢʣʷʥʫ, ʧʘʧʝʨʦʚʫ ʘʙʦ ʧʦʣʽʤʝʨʥʫ ʪʘʨʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʣʷʰʦʢ ʧʘʢʝʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʜʥʦʨʘʟʦʚʦ. ʇʨʠ ʮʴʦʤʫ ʠʩʢʣʶʯʘʪʩʷ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ 

ʤʠʪʪʷ, ʩʢʦʨʦʯʫʶʪʴʩʷ ʥʝʦʙʭʽʜʥʠʡ ʧʣʦʱʽ, ʯʠʩʝʣʴʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ 

ʧʝʨʩʦʥʘʣʫ,ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ, ʤʠʶʯʠʭ ʟʘʩʦʙʽʚ ʽ ʚʦʜʠ, ʧʦʣʽʧʰʫʶʪʴʩʷ ʩʘʥʽʪʘʨʥʽ 

ʫʤʦʚʠ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʦʣʽʤʝʨʥʘ ʪʘʨʘ ʟʥʘʯʥʦ ʣʝʛʰʝ ʧʣʷʰʦʢ ʽ ʪʦʤʫ ʟʨʫʯʥʘ 

ʜʣʷ ʩʧʦʞʠʚʘʯʘ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʊʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ ʛʝʨʤʝʪʠʯʥʦ 

ʫʧʘʢʦʚʘʥʦʛʦ ʧʘʩʪʝʨʠʟʦʚʘʥʦʛʦ ʤʦʣʦʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 4 Ñ 2 
0
 ʉ ʩʪʘʥʦʚʠʪʴ 3 

ʜʽʙ.  
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ʊʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʤʦʣʦʢʘ ʚ ʧʠʪʴʝʚʦʝ ʤʦʣʦʢʦ ʌʦʤʠʥ ʉ.ɽ., ʇʦʩʪʘʚʥʶʢ ɸ.ɼ., 

ɻʦʨʙʝʥʢʦ ɸ.ɸ., ʅʦʨʠʥʩʢʠʡ ɸ.ʀ. 

ʄʦʣʦʢʦ - ʧʨʦʜʫʢʪ ʧʠʪʘʥʠʷ, ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʡ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ. ʎʝʥʥʦʩʪʴ 

ʤʦʣʦʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʜʝʘʣʴʥʦʡ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʄʦʣʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʠʛʨʘʶʪ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʧʠʪʘʥʠʠ ʯʝʣʦʚʝʢʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʨʛʘʥʠʟʤ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʵʣʝʤʝʥʪʘʤʠ. ʄʦʣʦʢʦ - ʥʘʠʤʝʥʝʝ ʟʘʤʝʥʠʤʳʡ ʧʨʦʜʫʢʪ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ. 

 

Milk processing technology  in drinking milk  Fomin S.E., Postavnyuk  A.D., Gorbenko A.A., 

A.I. Norynskyy 

Milk - the food, the most perfect in their composition. The value of milk is the perfect balance 

of nutrients. Dairy products play an important role in human nutrition, providing essential health 

body elements. Milk - less replacement product, particularly for baby food. 
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ʈʆɿʈʆɹʂɸ ʊɽʍʅʆʃʆɻɯʏʅʆɰ ʉʍɽʄʀ ɺʀʈʆɹʅʀʎʊɺɸ 

ʇʐɽʅʀʏʅʆɻʆ ɹʆʈʆʐʅɸ 

ʊʘʨʘʩʦʚ ɯ.ɻ., ʋʜʦʚʠʢʘ ɸ.ʆ., ɯʛʥʘʪʴʻʚ ɺ.ɺ., ʩʪʫʜʝʥʪʠ ʛʨ.ʄ6 

ɿʝʪʘʣʴ ɼ.ɹ., ʂʘʤʠʰʝʚʘ ʆ.ɹ., ɾʤʘʢʽʥ ɺ.ɯ., ʄʫʩʠʯʝʥʢʦ ʆ.ɺ., 

ʩʪʫʜʝʥʪʠ ʛʨʫʧʠ ɿʄ6 

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ: ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɻʦʨʙʝʥʢʦ ʆ.ɸ., ʘʩ. ʉʪʨʝʣʴʮʦʚ 

ɺ.ɺ. 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. 
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ʉʧʦʩʽʙ ʚʠʨʦʙʥʠʮʪʚʘ ʧʰʝʥʠʯʥʦʛʦ ʙʦʨʦʰʥʘ ʚʢʣʶʯʘʻ ʧʽʜʛʦʪʦʚʢʫ ʟʝʨʥʘ ʜʦ ʧʦʤʝʣʫ ʰʣʷʭʦʤ 

ʦʯʠʱʝʥʥʷ ʟʝʨʥʦʚʦʾ ʤʘʩʠ ʚʽʜ ʜʦʤʽʰʦʢ , ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʟʝʨʥʘ ʽ ʡʦʛʦ ʛʽʜʨʦʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ , 

ʧʦʝʪʘʧʥʝ ʧʦʜʨʽʙʥʝʥʥʷ ʧʽʜʛʦʪʦʚʣʝʥʦʛʦ ʟʝʨʥʘ ʥʘ ʚʘʣʴʮʴʦʚʠʭ ʚʝʨʩʪʘʪʘʭ ʚ ʧʦʜʝʨʪʦʤʫ ʽ 

ʨʦʟʤʝʣʴʥʦʤʫ ʧʨʦʮʝʩʘʭ , ʧʦʝʪʘʧʥʝ ʩʦʨʪʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʜʨʦʙʣʝʥʥʷ ʥʘ ʩʽʪʦʚʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʙʦʨʦʰʥʘ ʟʘ ʩʦʨʪʘʤʠ . 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʦʨʦʰʥʦ, ʤʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ, ʚʽʪʘʤʽʥʠ 

 

ɿʘʜʘʯʝʶ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʙʦʨʦʰʥʘ ʟ ʟʝʨʝʥ ʧʰʝʥʠʮʽ ʟ ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ 

ʽ ʢʽʣʴʢʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʚʽʪʘʤʽʥʽʚ.  

ɹʦʨʦʰʥʦ ð ʪʦʚʘʨ, ʷʢʠʡ ʦʜʝʨʞʫʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʤʝʣʫ ʥʘ ʧʦʨʦʰʦʢ 

ʟʝʨʝʥ ʭʣʽʙʥʠʭ ʟʣʘʢʽʚ (ʧʰʝʥʠʮʽ, ʞʠʪʘ ʪʘ ʽʥ.) ʘʙʦ ʥʘʩʽʥʥʷ ʙʦʙʦʚʠʭ ʢʫʣʴʪʫʨ 

(ʛʦʨʦʭʫ, ʩʦʾ).  

ɿʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʟʝʨʥʦʚʦʾ ʢʫʣʴʪʫʨʠ ʙʦʨʦʰʥʦ ʧʦʜʽʣʷʶʪʴ ʥʘ 

ʧʰʝʥʠʯʥʝ, ʞʠʪʥʻ, ʷʯʤʽʥʥʝ ʪʘ ʽʥ.  

ɹɹ 

 

 

 

 

 

 

 

 

ɿʘ ʧʨʦʪʦʪʠʧ ʫʟʷʪʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʩʦʨʪʦʚʦʛʦ ʧʦʤʝʣʫ ʧʰʝʥʠʮʽ 

ʥʘ ʙʦʨʦʰʥʦʤʝʣʴʥʠʭ ʤʣʠʥʘʭ  , ʷʢʠʡ ʚʢʣʶʯʘʻ ʧʽʜʛʦʪʦʚʢʫ ʟʝʨʥʘ ʜʦ ʧʦʤʝʣʫ 

ʰʣʷʭʦʤ ʦʯʠʱʝʥʥʷ ʟʝʨʥʦʚʦʾ ʤʘʩʠ ʚʽʜ ʜʦʤʽʰʦʢ , ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʟʝʨʥʘ ʽ 

ʡʦʛʦ ʛʽʜʨʦʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ , ʧʦʝʪʘʧʥʝ ʧʦʜʨʽʙʥʝʥʥʷ ʧʽʜʛʦʪʦʚʣʝʥʦʛʦ ʟʝʨʥʘ 

ʥʘ ʚʘʣʴʮʴʦʚʠʭ ʚʝʨʩʪʘʪʘʭ ʚ ʧʦʜʝʨʪʦʤʫ ʽ ʨʦʟʤʝʣʴʥʦʤʫ ʧʨʦʮʝʩʘʭ , ʧʦʝʪʘʧʥʝ 

ʩʦʨʪʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʜʨʦʙʣʝʥʥʷ ʥʘ ʩʽʪʦʚʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʬʦʨʤʫʚʘʥʥʷ 

ʙʦʨʦʰʥʘ ʟʘ ʩʦʨʪʘʤʠ: ʚʠʱʠʡ ʩʦʨʪ , 1 ʩʦʨʪ ʽ 2 ʩʦʨʪ. ʇʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʥʝ 

ɹʆʈʆʐʅʆ 

ʧʰʝʥʠʯʥʝ ʞʠʪʥʻ ʧh ʝʥʠʮʷ + ʞʠʪʦ 

ʚʠʱʠʡ 

1-ʡ ʩʦʨʪ 

2-ʡ ʩʦʨʪ 

ʦʙʙʠʚʥʝ 

ʩʽʷʥʝ 

ʦʙʜʠʨʥʝ 

ʦʙʙʠʚʥʝ 



ʇʝʨʩʧʝʢʪʠʚʥʘ ʪʝʭʥʢ̔ʘ ̔ ʪʝʭʥʦʣʦʛʽʾ-2015 

 

ʄʠʢʦʣʘʾʚ, 2015 ʨʽʢ                                                108 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʦʨʤʦʚʘʥʦʾ ʟʘ ʩʦʨʪʘʤʠ ʙʦʨʦʰʥʘ ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ : 

ʚʠʱʠʡ ʩʦʨʪ - 35 % , 1 ʩʦʨʪ - 35 % , 2 ʩʦʨʪ - 10 %. ɸ ʚʩʽ ʚʠʩʽʚʢʠ ʜʨʘʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚ ʢʽʣʴʢʦʩʪʽ 14 % ʽ ʚʠʩʽʚʢʠ ʟ ʟʘʨʦʜʢʦʤ ʨʦʟʤʝʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚ 

ʢʽʣʴʢʦʩʪʽ 6 % ʥʘʜʭʦʜʷʪʴ ʚ ʦʜʠʥ ʙʫʥʢʝʨ ʽ ʜʘʣʽ - ʥʘ ʢʦʨʤ ʭʫʜʦʙʽ  

ʊʝʭʥʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʷʛʘʻ ʚ ʦʪʨʠʤʘʥʥʽ ʙʦʨʦʰʥʘ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʚʽʪʘʤʽʥʽʚ ʽ ʤʥ̔ʝʨʘʣʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʝʨʥʘ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʚ ʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʨʦʜʢʘ ʽ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ, ʘ ʪʘʢʦʞ ʚʦʣʦʜʽʻ 

ʭʦʨʦʰʠʤʠ ʭʣʽʙʦʧʝʢʘʨʩʴʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʉʧʦʩʽʙ ʚʠʨʦʙʥʠʮʪʚʘ ʧʰʝʥʠʯʥʦʛʦ ʙʦʨʦʰʥʘ ʚʢʣʶʯʘʻ ʧʽʜʛʦʪʦʚʢʫ ʟʝʨʥʘ 

ʜʦ ʧʦʤʝʣʫ ʰʣʷʭʦʤ ʦʯʠʱʝʥʥʷ ʟʝʨʥʦʚʦʾ ʤʘʩʠ ʚʽʜ ʜʦʤʽʰʦʢ , ʦʙʨʦʙʢʠ 

ʧʦʚʝʨʭʥʽ ʟʝʨʥʘ ʽ ʡʦʛʦ ʛʽʜʨʦʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ , ʧʦʝʪʘʧʥʝ ʧʦʜʨʽʙʥʝʥʥʷ 

ʧʽʜʛʦʪʦʚʣʝʥʦʛʦ ʟʝʨʥʘ ʥʘ ʚʘʣʴʮʴʦʚʠʭ ʚʝʨʩʪʘʪʘʭ ʚ ʧʦʜʝʨʪʦʤʫ ʽ ʨʦʟʤʝʣʴʥʦʤʫ 

ʧʨʦʮʝʩʘʭ , ʧʦʝʪʘʧʥʝ ʩʦʨʪʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʜʨʦʙʣʝʥʥʷ ʥʘ ʩʽʪʦʚʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ ʽ ʬʦʨʤʫʚʘʥʥʷ ʙʦʨʦʰʥʘ ʟʘ ʩʦʨʪʘʤʠ . ʇʨʠ ʮʴʦʤʫ ʚʠʩʽʚʢʠ ʜʨʘʥʦʛʦ 

ʧʨʦʮʝʩʫ ʜʽʣʷʪʴ ʥʘ ʜʚʽ ʬʨʘʢʮʽʾ : ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ Ó 0,8 ʤʤ ʽ < 0,8 ʤʤ. 

ʇʦʪʽʤ ʟʤʽʰʫʶʪʴ ʙʦʨʦʰʥʦ ʚʠʱʦʛʦ ʩʦʨʪʫ , ʙʦʨʦʰʥʦ 1 ʩʦʨʪʫ , ʙʦʨʦʰʥʦ 2 

ʩʦʨʪʫ , ʚʠʩʽʚʢʠ ʜʨʘʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ < 0,8 ʤʤ ʽ ʚʠʩʽʚʢʠ ʟ 

ʟʘʨʦʜʢʦʤ ʨʦʟʤʝʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʤʧʦʥʝʥʪʽʚ , ʷʢʝ 

ʩʪʘʥʦʚʠʪʴ : ʙʦʨʦʰʥʦ ʚʠʱʦʛʦ ʩʦʨʪʫ - 26,0 % , ʙʦʨʦʰʥʦ 1 ʩʦʨʪʫ - 45,4 %, 

ʙʦʨʦʰʥʦ 2 ʩʦʨʪʫ - 13,0 % , ʚʠʩʽʚʢʠ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 0,8 ʤʤ - 7,8 % , 

ʚʠʩʽʚʢʠ ʟ ʟʘʨʦʜʢʦʤ ʨʦʟʤʝʣʴʥʦʛʦ ʧʨʦʮʝʩʫ - 7,8 %. 
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ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʊʘʨʘʩʦʚ ʀ., ʋʜʦʚʠʢʘ 

ɸ.ɸ.,ɿʝʪʘʣʴ ɼ.ɹ., ʄʫʩʠʯʝʥʢʦ ɸ.ɺ., ɻʦʨʙʝʥʢʦ ɸ.ɸ. 

ʉʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʚʢʣʶʯʘʷ ʧʦʜʛʦʪʦʚʢʫ ʟʝʨʥʘ ʢ ʧʦʤʦʣʫ ʧʫʪʝʤ 

ʦʯʠʩʪʢʠ ʟʝʨʥʦʚʦʡ ʤʘʩʩʳ ʦʪ ʧʨʠʤʝʩʝʡ, ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʘ ʠ ʝʛʦ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʧʦʵʪʘʧʥʦʝ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʟʝʨʥʘ ʥʘ ʚʘʣʴʮʦʚʳʭ ʩʪʘʥʢʘʭ ʚ ʨʚʘʥʦʡ ʠ 

ʨʘʟʤʦʣʴʥʦʤ ʧʨʦʮʝʩʩʘʭ, ʧʦʵʪʘʧʥʦʝ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʜʫʢʪʦʚ ʜʨʦʙʣʝʥʠʷ ʥʘ ʩʠʪʦʚʠʡʥʠʭ ʩʠʩʪʝʤʘʭ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʫʢʠ ʧʦ ʩʦʨʪʘʤ. 

 

Development of technological scheme of wheat flour   Tarasov I.G., Udovika A.A., Zetal D.B., 

Musychenko A.V., O.A. Gorbenko 

The method of manufacturing flour comprising preparation of grain for milling by cleaning the 

grain mass of impurities, surface treatment of grain and its hydrothermal processing, phased grinding 

prepared corn on roller machines in tattered and grinding processes, gradual sort of crushing 

products on sitoviynyh systems and the formation of flour on grades. 

   

 

ʋɼʂ 621.3 

ʈʆɿʈʆɹʂɸ ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʀʏʅʆɰ ʉʀʉʊɽʄʀ 

ʈʆɹʆʊʀɿʆɺɸʅʆɻʆ ɺʉʖɼʀʍʆɼɸ 
 

C.ɺ. ʇʝʪʨʦʚ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɽʥ 5M 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜ.ʪ.ʥ., ʜʦʮʝʥʪ ʂ.ɺ. ɼʫʙʦʚʝʥʢʦ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʨʦʟʨʦʙʢʠ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʾʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʩʠʣʦʚʦʛʦ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ 

ʨʦʙʦʪʠʟʦʚʘʥʦʛʦ ʚʩʶʜʠʭʦʜʘ, ʚʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʷʛʦʚʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʧʦʩʪʽʡʥʠʤʠ 

ʤʘʛʥʽʪʘʤʠ, ʨʦʟʨʦʙʣʝʥʦ ʨʝʛʫʣʴʦʚʘʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʩʶʜʠʭʽʜ, ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ, ʩʠʥʭʨʦʥʥʠʡ 

ʜʚʠʛʫʥ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ. 

 

ɸʛʨʦʧʨʦʤʠʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩ ʻ ʦʜʥʽʻʶ ʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʛʘʣʫʟʝʡ 

ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʢʨʘʾʥʠ. ʁʦʛʦ ʫʩʧʽʰʥʠʡ ʨʦʟʚʠʪʦʢ, ʥʘʩʘʤʧʝʨʝʜ, 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʟʘʩʦʙʠ ʽ ʩʧʦʩʦʙʠ 
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ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦ ʾʧʨʦʜʫʢʮʽʾ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʟʥʘʯʥʝ ʩʢʦʨʦʯʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʙʦʪʠʟʦʚʘʥʦʾ ʪʝʭʥʽʢʠ. ʇʝʨʩʧʝʢʪʠʚʠ ʾʾ ʨʦʟʚʠʪʢʫ ʦʙʫʤʦʚʣʝʥʽ ʟ ʦʜʥʦʛʦ ʙʦʢʫ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʙʝʟʧʨʦʚʽʜʥʦʾ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʥʘ 

ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʣʦʙʘʣʴʥʠʭ ʽ ʣʦʢʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʝʨʝʞ, ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʪʝʭʥʽʢʠ, ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ 

ʧʨʦʙʣʝʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʛʣʦʙʘʣʴʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʫ ʧʨʦʩʪʦʨʽ, ʘ 

ʟ ʽʥʰʦʛʦ - ʨʦʟʚʠʪʢʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, 

ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʢʝʨʫʚʘʥʥʷ ʦʙ'ʻʢʪʦʤ, ʨʝʛʫʣʶʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʫ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʥ ʚʠʢʦʥʫʻ. ʊʘʢʦʞ, ʽʟ 

ʧʦʛʣʠʙʣʝʥʥʷʤ ʛʣʦʙʘʣʴʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʫʚʘʛʘ ʜʦ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʽ ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʭ ʧʝʨʝʩʫʚʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʯʝʨʝʟ ʾʭ ʚʠʩʦʢʫ ʝʢʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ, 

ʝʣʝʢʪʨʦʨʫʰʽʡʥʽ ʩʠʩʪʝʤʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʚ 

ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ, ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ, ʦʩʢʽʣʴʢʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʤʘʢʩʠʤʘʣʴʥʦ ʟʙʽʣʴʰʠʪʠ ʚʥʫʪʨʽʰʥʽʡ ʧʨʦʩʪʽʨ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʪʨʘʥʩʧʦʨʪʥʦʤʫ 

ʟʘʩʦʙʫ ʚʠʩʦʢʽ ʭʦʜʦʚʽ ʷʢʦʩʪʽ, ʟʘʚʜʷʢʠ ʥʝʟʘʣʝʞʥʦʤʫ ʢʝʨʫʚʘʥʥʶ ʪʷʛʦʚʠʭ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʥʘ ʢʦʞʥʦʤʫ ʟ ʰʝʩʪʠ ʢʦʣʝʩ. 

ʇʝʨʝʚʘʛʠ ʝʣʝʢʪʨʦʪʨʘʥʩʤʽʩʽʾ ʨʦʟʛʣʷʥʫʪʦ ʥʘ ʧʨʠʢʣʘʜʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʥʦʚʦʾ ʨʦʟʨʦʙʢʠ ʧʦʪʫʞʥʦʛʦ ʪʨʘʢʪʦʨʘ 

ɹʻʣʦʨʫʩ2023. 

ɿʘ ʦʩʥʦʚʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫ ʩʪʫʜʝʥʪʩʴʢʽʡ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ ʚʟʷʪʦ 

ʢʦʥʮʝʧʮʽʶ ʢʦʣʽʩʥʦʛʦ ʨʦʙʦʪʠʟʦʚʘʥʦʛʦ ʚʩʶʜʠʭʦʜʘ ʥʘ ʝʣʝʢʪʨʠʯʥʽʡ ʪʷʟʽ (ʤʘʩʘ 

730 ʢʛ) ʧʽʜʚʠʱʝʥʦʾ ʤʘʥʝʚʨʝʥʦʩʪʽ ʽ ʧʨʦʭʽʜʥʦʩʪʽ ʟ ʭʦʨʦʰʠʤ ʟʯʝʧʣʝʥʥʷʤ ʢʦʣʽʩ 

ʟ ʛʨʫʥʪʦʤ ʽ ʚʦʜʥʦʯʘʩ ʥʠʟʴʢʠʤ ʪʠʩʢʦʤ ʥʘ ʛʨʫʥʪ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʴʦʭ ʧʨʦʚʽʜʥʠʭ ʢʦʣʽʩʥʠʭ ʧʘʨ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʜʘʯʽ ʦʙʝʨʪʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ ʢʦʞʥʦʤʫ ʢʦʣʝʩʫ ʚʽʜ ʦʢʨʝʤʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 
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 ʈʠʩ 1. ʊʨʘʥʩʤʽʩʽʷ ʪʨʘʢʪʦʨʘ  

1 ï ʢʦʣʝʩʦ; 2 ï ʪʷʛʦʚʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ; 3 ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ;  

4 - ʘʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ; 5 ï ʰʘʨʥʽʨ ʨʽʚʥʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ;  

6ï ʤʫʬʪʘ 

 

ʅʘ ʧʦʯʘʪʢʫ ʨʦʟʨʦʙʢʠ ʝʣʝʢʪʨʦʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʚʩʶʜʠʭʦʜʘ ʚʠʢʦʥʘʥʦ 

ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʞʠʤʽʚ ʡʦʛʦ ʨʦʙʦʪʠ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʙʫʣʦ 

ʩʧʨʦʝʢʪʦʚʘʥʦ ʪʷʛʦʚʠʡ ʩʠʥʭʨʦʥʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ. 

ʈʦʟʨʘʭʫʥʦʢ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʜʚʠʛʫʥʘ ʧʨʦʚʝʜʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ FEMM 4.2.  

 
ʈʠʩ. 2. ʈʦʟʨʘʭʫʥʦʢ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

FEMM 4.2 

 

ʈʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ ʝʣʝʢʪʨʠʯʥʫ ʧʨʠʥʮʠʧʦʚʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʩʠʥʭʨʦʥʥʠʤ ʜʚʠʛʫʥʦʤ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
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ʜʘʪʯʠʢʽʚ ʍʦʣʣʘ ʪʘ ʩʢʣʘʜʝʥʦ ʪʘʙʣʠʮʽ ʟ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʢʦʤʫʪʘʮʽʾʾ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʮʠʭ ʜʘʪʯʠʢʽʚ. 

 

ʊʘʙʣʠʮʷ 4.1 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʫʪʘʮʽʾ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽʥʚʝʨʪʦʨʘ ʚ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʽ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

ʅʦʤʝʨ 

ʢʨʦʢʫ 

ʢʝʨʫʚʘʥʥʷ 

ʃʦʛʽʯʥʽ ʩʪʘʥʠ 

ʩʝʥʩʦʨʽʚ ʍʦʣʣʘ 

ɸʢʪʠʚʦʚʘʥʽ 

ʜʨʘʡʚʝʨʠ 

(ʪʨʘʥʟʠʩʪʦʨʠ) 

ʅʘʧʨʷʤ ʩʪʨʫʤʫ ʫ ʬʘʟʘʭ 

ɸ ɺ ʉ ɸ ɺ ʉ 

1 0 0 1 ʐɯʄ1 ʐɯʄ6 + ʅʝʤʘʻ - 

2 0 0 0 ʐɯʄ1 ʐɯʄ5 + - ʅʝʤʘʻ 

3 1 0 0 ʐɯʄ3 ʐɯʄ5 ʅʝʤʘʻ - + 

4 1 1 0 ʐɯʄ3 ʐɯʄ4 - ʅʝʤʘʻ + 

5 1 1 1 ʐɯʄ2 ʐɯʄ4 - + ʅʝʤʘʻ 

6 0 1 1 ʐɯʄ2 ʐɯʄ6 ʅʝʤʘʻ + - 

ʊʘʙʣʠʮʷ 4.2 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʫʪʘʮʽʾ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽʥʚʝʨʪʦʨʘ ʫ  ʟʚʦʨʦʪʥʴʦʤʫ ʥʘʧʨʷʤʽ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

ʅʦʤʝʨ 

ʢʨʦʢʫ 

ʢʝʨʫʚʘʥʥʷ 

ʃʦʛʽʯʥʽ ʩʪʘʥʠ 

ʩʝʥʩʦʨʽʚ ʍʦʣʣʘ 

ɸʢʪʠʚʦʚʘʥʽ 

ʜʨʘʡʚʝʨʠ 

(ʪʨʘʥʟʠʩʪʦʨʠ) 

ʅʘʧʨʷʤ ʩʪʨʫʤʫ ʫ ʬʘʟʘʭ 

ɸ ɺ ʉ ɸ ɺ ʉ 

1 0 1 1 ʐɯʄ3 ʐɯʄ5 ʅʝʤʘʻ - + 

2 1 1 1 ʐɯʄ1 ʐɯʄ5 + - ʅʝʤʘʻ 

3 1 1 0 ʐɯʄ1 ʐɯʄ6 + ʅʝʤʘʻ - 

4 1 0 0 ʐɯʄ2 ʐɯʄ6 ʅʝʤʘʻ + - 

5 0 0 0 ʐɯʄ2 ʐɯʄ4 - + ʅʝʤʘʻ 

6 0 0 1 ʐɯʄ3 ʐɯʄ4 - ʅʝʤʘʻ + 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʫʭ ʚʩʶʜʠʭʦʜʘ ʤʘʻ ʙʫʪʠ 

ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʤ ʟʛʽʜʥʦ ʤʘʪʝʤʘʪʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ [1], ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ 

ʪʨʘʻʢʪʦʨʽʶ. 

 

 ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʜʣʷ ʞʠʚʣʝʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʚʩʶʜʠʭʦʜʘ 

ʦʙʨʘʥʦ ʣʽʪʽʡ-ʽʦʥʥʫ ʘʢʫʤʫʣʷʪʦʨʥʫ ʙʘʪʘʨʝʶ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʥʠʭ ʢʦʤʽʨʦʢ. 

ɺʦʥʘ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ 6 ʧʘʨʘʣʝʣʴʥʦ ʟôʻʜʥʘʥʠʭ ʙʘʪʘʨʝʡ ʟʘʛʘʣʴʥʦʶ 

ʝʥʝʨʛʦʻʤʥʽʩʪʶ 26 ʢɺʪ ʛʦʜ. 
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ʈʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʝʟʜʝʭʦʜʘ   C.ɺ. 

ʇʝʪʨʦʚ, ʂ.ɺ. ɼʫʙʦʚʝʥʢʦ 

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʠ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʣʦʚʦʛʦ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʝʟʜʝʭʦʜʘ, ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʷʛʦʚʦʛʦ 

ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ, ʨʘʟʨʘʙʦʪʘʥ ʨʝʛʫʣʠʨʫʝʤʳʡ ʠʩʪʦʯʥʠʢ 

ʧʠʪʘʥʠʷ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ.  

 

 

Robotic cross-country vehicle electric power systemdevelopment   S.V. Petrov, K.V. 

Dubovenko 

Analysis of the robotic transport vehicle modern state and their energetic modes of operation 

have been carried out. The structural scheme of the cross-country vechile power equipment, its 

traction synchronous motor with permanent magnets, regulated power supply source with 

microprocessor control for the traction motors have been worked out. 
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ʋɼʂ 621.37  

ʈʆɿʈʆɹʂɸ ʉʍɽʄʀ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʇʈʆʎɽʉʋ 

ɽʃɽʂʊʈʆʇʃɸɿʄʆʃɯɿʋ ɼʃʗ ɺʀʈʆɹʅʀʎʊɺɸ ʉʆʂɯɺ 

ɿʘʭʘʨʦʚ ɼ.ʆ. ʘʩʠʩʪʝʥʪ 

ɼʦʙʨʦʭʣʦʧ ɯ. ʆ.  ʤʘʛʽʩʪʨʘʥʪ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʽʟʫ ʧʽʜ ʯʘʩ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʢʽʚ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʽʟ, ʚʠʨʦʙʥʠʮʪʚʦ ʩʦʢʽʚ, 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʘ ʦʙʨʦʙʢʘ 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʝʣʝʢʪʨʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʦʚʦʯʽʚ ʪʘ ʬʨʫʢʪʽʚ ʥʝʦʙʭʽʜʥʦ ʥʘʜʘʚʘʪʠ ʧʝʨʝʚʘʛʫ 

ʙʝʟ ʨʝʘʢʪʠʚʥʠʤ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʘʤ. ʊʦʤʫ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʧʨʦʜʫʢʮʽʾ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʤʝʪʦʜʠ ʚʧʣʠʚʫ.  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʢʽʚ ʚ ʨʦʙʦʪʘʭ [1-3] 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʽʟʫ ʨʦʩʣʠʥʥʦʾ ʤʘʩʠ. ɺ ʨʦʙʦʪʽ  

[4] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʽʟʫ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʩʦʢʫ ʚʠʥʦʛʨʘʜʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʣʘʟʤʦʣʽʟ ʣʽʥʽʡʥʠʤʠ 

ʙʽʧʦʣʷʨʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ ʟ ʢʨʫʪʠʤ ʬʨʦʥʪʦʤ ʠ ʧʦʣʦʛʠʤ ʟʨʽʟʦʤ ʟʘʙʝʟʧʝʯʫʻ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʩʦʢʫ ʩʘʤʦ ʚʠʪʦʢʫ ʜʦ 6%, ʟʘʛʘʣʴʥʠʡ ʚʠʭʽʜ ʩʦʢʫ ï ʜʦ 

2,5%, ʚʤ̔ʩʪ ʬʘʨʙʫʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ï ʥʘ 20%. 

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʢʘʬʝʜʨʽ 

ʝʣʝʢʪʨʦʪʝʭʥʦʣʦʛʽʡ ʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʄʠʢʦʣʘʾʚʩʴʢʦʛʦ ʅɸʋ, ʚ ʨʘʤʢʘʭ 

ʚʠʢʦʥʘʥʥʷ ʩʪʫʜʝʥʪʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʭʘʥʽʟʤ 

ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʽʟʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʦʨʤʘ ʩʪʨʫʤʫ ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ 
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ʯʝʨʝʟ ʨʦʩʣʠʥʥʫ ʤʘʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʪʘʧʫ ʦʙʨʦʙʢʠ. ɼʘʥʽ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1. ʄʘʩʰʪʘʙ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ 10 ʤʩ ʥʘ ʧʦʜʽʣʢʫ, ʘ 

ʧʦ ʚʝʨʪʠʢʘʣʴʥʽʡ 0,01 ɸʤʧʝʨ ʥʘ ʦʜʥʫ ʧʦʜʽʣʢʫ. ʊʘʢ ʤʠ ʙʘʯʠʤʦ, ʱʦ 

ʚʥʘʩʣʽʜʦʢ ʧʨʦʮʝʩʽʚ ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʢʣʽʪʠʥʘʭ ʟʤʽʥʶʻʪʴʩʷ ʭʘʨʘʢʪʝʨ 

ʧʨʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʤʦʞʥʘ ʨʦʟʨʦʙʠʪʠ ʘʚʪʦʤʘʪʠʯʥʫ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʦʙʨʦʙʢʠ 

ʨʦʩʣʠʥʥʦʾ ʤʘʩʠ. 

      

                                  ʘ                                                        ʙ 

ʈʠʩ. 1 ï ʆʩʮʠʣʦʛʨʘʤʘ ʩʪʨʫʤʫ: ʘ ï ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ 

ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʽʟʫ; ʙ ï ʚ ʢʽʥʮʽ ʦʙʨʦʙʢʠ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ ʟʨʘʟʢʘ 

ʢʣʽʪʠʥ ʮʠʙʫʣʽ. 

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʽ ʮʠʬʨʦʚʦʾ ʢʘʤʝʨʠ ʨʠʩ. 2. ʇʨʦʚʝʜʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʷʚʠʱʘ ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʽʟʫ ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʨʦʩʣʠʥʥʫ ʩʠʨʦʚʠʥʫ, ʪʘʢ ʷʢ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʘʩʪʢʦʚʘ ʜʝʬʦʨʤʘʮʽʷ ʘʙʦ ʧʦʚʥʝ ʨʫʡʥʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ 

ʢʣʽʪʠʥ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʚʽʣʴʥʝʥʥʷ ʚʦʣʦʛʠ. 

ʆʧʠʨʘʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʽʚ, ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʣʽʥʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʽʟʫ.  ʇʨʠʢʣʘʜ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3. ɼʘʥʘ ʩʭʝʤʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʙʫʥʢʝʨ ʚ ʷʢʠʡ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʩʠʨʦʚʠʥʘ, ʜʨʦʙʘʨʢʫ ʜʝ ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʩ 

ʧʦʜʨʽʙʥʝʥʥʷ, ʥʘʩʦʩ, ʱʦ ʩʣʫʛʫʻ ʜʣʷ ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʧʦʜʨʽʙʥʝʥʦʾ ʤʘʩʠ, 

ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʽʟʘʪʦʨ ʪʘ ʧʨʝʩ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʦʢʫ. 
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                       ʘ                                                           ʙ 

ʈʠʩ. 2 ï ʌʦʪʦʛʨʘʬʽʾ ʢʣʽʪʠʥ ʮʠʙʫʣʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚ 150 ʨʘʟʽʚ: 

ʘ ï ʜʦ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʽʟʫ; ʙ ï ʚ ʢʽʥʮʽ ʦʙʨʦʙʢʠ 

ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ ʟʨʘʟʢʘ ʢʣʽʪʠʥ. 

 

ʈʠʩ. 3 ï ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʣʽʥʽʾ ʧʝʨʝʨʦʙʢʠ ʚʠʥʦʛʨʘʜʫ: 

1-ʙʫʥʢʝʨ; 2-ʜʨʦʙʘʨʢʘ; 3-ʥʘʩʦʩ; 4-ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʽʟʘʪʦʨ; 5-

ʧʨʠʩʪʨʽʡ   ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʩʦʢʫ; 6-ʧʨʝʩ. 

 

ɺʠʩʥʦʚʦʢ. ɺ ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʽʟʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʢʽʚ. ɼʣʷ 

ʙʽʣʴ ʜʝʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ  ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʽʟʘʪʦʨʘ.  
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʝʣʝʢʪʨʦʧʣʘʟʤʦʣʠʟʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʦʢʦʚ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʘ 

ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ. 

 

Development of technological process of electroplasmolysis for juices production.  

Zakharov D.O., Dobrokhlop I.O. 

In current work the feasibility of electroplasmolysis for juices production is analyzed. 

Based on conducted analysis the technological process with the possibility of collecting 

information about processing is proposed. 
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ʈʆɿʈʆɹʂɸ ʂɸʄɽʈʀ ʆɿʆʅɸʊʆʈɸ ɼʃʗ ɿʅɽɿɸʈɸɾɽʅʅʗ 

ʂʋʈʀʅʀʍ ʗɭʎʔ 

ɿʘʭʘʨʦʚ ɼ.ʆ. ʘʩʠʩʪʝʥʪ 

ʂʫʙʽʥʝʮʴ ʆ.ɺ . ʩʪʫʜʝʥʪ  ʛʨ. ɽʥ 4/1 

 ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʆʙʫʭʦʚ ɸ.ʉ. ʪʝʭʥʽʢ ɯɯ-ʢʘʪʝʛʦʨʽʾ ʽʥʩʪʠʪʫʪʫ ʽʤʧʫʣʴʩʥʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʪʝʭʥʦʣʦʛʽʡ ʅɸʅ ʋʢʨʘʾʥʠ 
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ɺ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʟʦʥʫ ʚ ʧʪʘʭʽʚʥʠʮʪʚʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʢʦʥʩʪʨʫʢʮʽʾ  ʢʘʤʝʨʠ ʜʣʷ ʦʙʨʦʙʢʠ ʢʫʨʠʥʠʭ ʷʻʮʴ ʦʟʦʥʦʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʟʦʥʫ ʚ ʧʪʘʭʽʚʥʠʮʪʚʽ, ʟʥʝʟʘʨʘʞʝʥʥʷ, 

ʢʦʨʦʥʥʠʡ ʨʦʟʨʷʜ, ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʜʽʚ. 

 

ʇʨʦʮʝʩ ʽʥʢʫʙʘʮʽʾ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʧʪʘʭʽʚʥʠʮʪʚʽ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ 

ʨʦʣʴ. ʁʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ 

ʚʩʴʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʚ ʽʥʢʫʙʘʮʽʾ ʤʘʶʪʴ ʚʝʪʝʨʠʥʘʨʥʽ 

ʟʘʭʦʜʠ, ʦʩʢʽʣʴʢʠ ʧʦʰʠʨʝʥʥʷ ʽʥʬʝʢʮʽʡ ʯʝʨʝʟ ʽʥʢʫʙʘʪʦʨʽʡ ʚ ʜʘʥʠʡ ʯʘʩ 

ʧʨʠʡʥʷʣʦ ʰʠʨʦʢʠʡ ʨʦʟʤʘʭ. ʊʝʤʧʝʨʘʪʫʨʥʦ-ʚʦʣʦʛʽʩʥʠʡ ʨʝʞʠʤ ʚ ʽʥʢʫʙʘʪʦʨʽ ʻ 

ʩʧʨʠʷʪʣʠʚʠʤ ʜʣʷ ʨʦʟʤʥʦʞʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ʤʦʞʫʪʴ 

ʧʨʦʥʠʢʘʪʠ ʧʽʜ ʰʢʘʨʘʣʫʧʫ ʽ ʚʠʢʣʠʢʘʪʠ ʟʘʛʠʙʝʣʴ ʝʤʙʨʽʦʥʽʚ ʽ ʟʘʨʘʟʠʪʠ 

ʤʦʣʦʜʥʷʢ. ɺʽʜ ʦʜʥʦʛʦ ʟʘʨʘʞʝʥʦʛʦ ʷʡʮʷ ʤʦʞʝ ʟʘʛʠʥʫʪʠ ʚʩʷ ʧʘʨʪʽʷ ʢʫʨʯʘʪ ʚ 

ʧʨʦʮʝʩʽ ʽʥʢʫʙʘʮʽʾ. 

ʇʝʨʝʜʽʥʢʫʙʘʮʽʡʥʘ ʽ ʧʝʨʽʦʜʠʯʥʘ ʜʝʟʽʥʬʝʢʮʽʷ ʷʻʮʴ ʚ ʧʨʦʮʝʩʽ ʽʥʢʫʙʘʮʽʾ 

ʥʝ ʚʠʢʣʶʯʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʤʽʢʨʦʙʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʷʻʮʴ, ʣʦʪʢʽʚ, 

ʧʦʚʝʨʭʦʥʴ ʽʥʢʫʙʘʪʦʨʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʟ ʧʨʠʧʣʠʚʥʠʤ 

ʧʦʚʽʪʨʷʤ. ʊʦʤʫ ʙʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ ʚʽʜʟʥʘʯʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ ʷʻʮʴ ʚ ʽʥʢʫʙʘʮʽʡʥʽʡ ʰʘʬʽ ʚ ʧʨʦʮʝʩʽ 

ʽʥʢʫʙʘʮʽʾ. 

 ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʩʢʘʟʘʥʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʽʩʥʫʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʦʟʦʥʘʪʦʨʽʚ ʜʣʷ ʟʥʝʟʘʨʘʞʝʥʥʷ ʢʫʨʠʥʠʭ ʷʻʮʴ. ʇʽʜ ʯʘʩ 

ʨʦʟʨʦʙʢʠ ʦʟʦʥʘʪʦʨʘ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʷʢ ʨʦʟʧʘʜ ʦʟʦʥʫ ʥʘ 

ʢʠʩʝʥʴ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ ʦʟʦʥʫ ʜʦ ʷʻʮʴ, ʪʘ ʡʦʛʦ ʚʧʣʠʚ ʥʘ 

ʽʥʢʫʙʘʮʽʡʥʽ ʷʡʮʷ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

ʢʘʤʝʨʫ ʦʟʦʥʘʪʦʨʘ ʟʦʙʨʘʞʝʥʫ ʥʘ ʨʠʩ.1. ɼʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʦʞʝ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨ ʧʦ ʷʢʦʤʫ ʧʨʦʭʦʜʷʪʴ ʷʡʮʷ. 

ʉʠʩʪʝʤʘ ʝʣʝʢʪʨʦʜʽʚ ʦʟʦʥʘʪʦʨʘ ʚʠʛʦʪʦʚʣʝʥʘ ʟʘ ʩʭʝʤʦʶ çʨʷʜ ʩʪʨʠʞʥʽʚ ʟ 

ʛʦʣʢʘʤʠ - ʧʣʦʱʠʥʘè. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʜʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʦʟʦʥ 
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ʚʠʨʦʙʣʷʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ ʦʙôʻʢʪʫ ʦʙʨʦʙʢʠ ʪʘ ʥʘʛʥʽʪʘʻʪʴʩʷ 

ʚʝʥʪʠʣʷʪʦʨʘʤʠ. ʅʝʢʦʨʦʥʫʶʯʠʡ ʝʣʝʢʪʨʦʜ ʷʚʣʷʻ ʩʦʙʦʶ ʩʚʦʻʨʽʜʥʠʡ ʝʢʨʘʥ, 

ʷʢʠʡ ʟʘʧʦʙʽʛʘʻ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʦʙôʻʢʪ ʦʙʨʦʙʢʠ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʦʙôʻʢʪ 

ʦʙʨʦʙʢʠ ʩʣʽʜ ʨʦʟʚôʷʟʘʪʠ ʧʨʦʙʣʝʤʫ ʪʝʦʨʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʪʘ ʟʥʘʡʪʠ 

ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ ʧʦʪʝʥʮʽʘʣʫ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʝʣʽʧʪʠʯʥʦʤʫ ʨʽʚʥʷʥʥʶ ʚ 

ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ  (1). ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʟʘʩʪʦʩʦʚʘʥʦ ʯʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʚʝʨʭʥʴʦʾ ʨʝʣʘʢʩʘʮʽʾ [1]. ʈʝʘʣʽʟʦʚʘʥʝ 

ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ [2] ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʨʽʟʥʠʭ ʚʫʟʣʽʚ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ 

ʫʩʪʘʪʢʫʚʘʥʥʷ [2 - 3].  ɺ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 
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ʜʝ s - ʧʠʪʦʤʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ; Ů = ŮrŮ0 ï ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ;    x, y ï ʜʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ. 

  

ʈʠʩ. 2. ʉʧʨʦʱʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʦʟʦʥʫʚʘʥʥʷ ʢʫʨʠʥʠʭ 

ʷʻʮʴ: 1- ʢʘʥʘʣʠ ʜʣʷ ʜʦʩʪʫʧʫ ʧʦʚʽʪʨʷ ʟ ʚʝʥʪʠʣʷʪʦʨʘʤʠ; 2 ï ʩʠʩʪʝʤʘ 

ʢʦʨʦʥʫʶʯʠʭ ʝʣʝʢʪʨʦʜʽʚ; 3 ï ʥʝʢʦʨʦʜʫʶʯʠʡ ʝʣʝʢʪʨʦʜ; 5 ï ʢʫʨʠʥʽ ʷʡʮʷ;  

6 ï ʪʨʘʥʩʧʦʨʪʝʨ 

1 

2 

3 

4 

5 

6 
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ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʫʣʠ ʟʘʜʘʥʽ  ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ    

ɼʽʨʽʭʣʝ ʟ ʥʫʣʴʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʚʩʽʭ ʟʦʚʥʽʰʥʽʭ ʤʝʞʘʭ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ (ʨʠʩ. 2). ɽʣʝʢʪʨʠʯʥʽ ʧʦʪʝʥʮʽʘʣʠ ʝʣʝʢʪʨʦʜʽʚ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʢʦʤʨ̔ʢʠ ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ ʤʘʣʠ ʟʥʘʯʝʥʥʷ ʦʜʠʥʠʮʽ (ʥʘ 

ʚʝʨʭʥʽʭ ʝʣʝʢʪʨʦʜʘʭ) ʽ ʥʫʣʷ (ʥʘ ʥʠʞʥʴʦʤʫ ʝʣʝʢʪʨʦʜʽ). 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʪʝʥʮʘ̔ʣʫ ʚ ʦʙôʻʤʽ ʨʦʟʨʷʜʥʦʾ ʢʘʤʝʨʠ ʤʽʞ ʢʦʨʦʥʫʶʯʠʤ ʽ ʥʝʢʦʨʦʥʫʶʯʠʤ 

ʝʣʝʢʪʨʦʜʘʤʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʘ ʚʝʨʭʥʴʦʾ ʨʝʣʘʢʩʘʮʽʾ [4] 

ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʠʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʘʢʝʪʫ FEMM4.2 ʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3. ʂʽʥʮʝʚʘ 

ʝʣʝʤʝʥʪʥʘ ʩʽʪʢʘ ʤʽʩʪʠʣʘ 10374  ʚʫʟʣʽʚ ʪʘ ʩʢʣʘʜʘʣʘʩʷ ʟ 20484 ʝʣʝʤʝʥʪʽʚ. 

 

 

ʙ 

ʈʠʩ. 3. ʈʦʟʧʦʜʽʣ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʦʙôʻʤʽ ʢʘʤʝʨʠ ʦʟʦʥʦʪʘʨʘ:   

ʘ - ʟ ʝʣʝʢʪʨʦʜʥʦʶ ʩʠʩʪʝʤʦʶ ʨʷʜ ʧʨʦʚʦʜʽʚ-ʧʣʦʱʠʥʘ;  

ʙ ï ʨʷʜ ʩʪʨʠʞʥʽʚ ʟ ʛʦʣʢʘʤʠ-ʧʣʦʱʠʥʘ  

 

ɿ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʦʙôʻʤʽ ʢʘʤʝʨʠ 

ʦʟʦʥʘʪʦʨʘ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʽʥʽʤʽʟʫʻ ʚʧʣʠʚ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʦʙôʻʢʪ ʦʙʨʦʙʢʠ. 
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ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʧʦʪʝʥʮʽʘʣʫ ʚ ʦʙôʻʤʽ ʢʘʤʝʨʠ 

ʜʣʷ ʟʥʝʟʘʨʘʞʝʥʥʷ ʢʫʨʠʥʠʭ ʷʻʮʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʤʦʞʥʘ 

ʚʽʜʥʦʩʥʦ ʣʝʛʢʦ ʽʥʪʝʛʨʫʚʘʪʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢ 

ʭʘʨʯʦʚʠʭ ʪʘʢ ʽ ʽʥʢʫʙʘʮʽʡʥʠʭ ʷʻʮʴ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʇʠʯʫʛʠʥ ʖ.ʇ. ʉʪʨʫʢʪʫʨʘ ʙʘʨʴʝʨʥʦʛʦ ʨʘʟʨʷʜʘ ʠ ʩʠʥʪʝʟ ʦʟʦʥʘ // 

ʄʘʪʝʨʠʘʣʳ 25-ʛʦ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʩʝʤʠʥʘʨʘ "ʆʟʦʥ ʠ ʜʨʫʛʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʳʝ ʦʢʠʩʣʠʪʝʣʠ. ʅʘʫʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ". ʄʦʩʢʚʘ, 2003, ʩ.36-47. 

 2. ɼʫʙʦʚʝʥʢʦ ʂ.ɺ. ɿʥʝʟʘʨʘʞʝʥʥʷ ʟʝʨʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʽʤʧʫʣʴʩʥʠʤ 

ʢʦʨʦʥʥʠʤ ʨʦʟʨʷʜʦʤ / ɼʫʙʦʚʝʥʢʦ ʂ.ɺ., ɿʘʭʘʨʦʚ ɼ.ʆ.  // ɺʽʩʥʠʢ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʯ̔ʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè ˉ61 (967). ï ʍʘʨʢʽʚ : ʅʊʋ 

çʍʇɯè , 2012. ï ʉ. 139 ï 149. 

3. ʄʫʨʘʚʠʮʢʠʡ ʄ.ɸ., ɻʫʣʶʢ ɸ. ʄ., ʃʦʟʦʚʝʥʢʦ ɸ.ɽ. ʋʧʨʘʚʣʝʥʠʝ 

ʟʘʨʷʜʦʤ ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ // ʇʨʠʙʦʨ r ʠ ʪʝʭʥʠʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, 1984, ˉ3. ï ʉ.107-108. 

 4. ɼʫʙʦʚʝʥʢʦ ʂ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʘʢʪʥʳʭ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ 

ʨʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʳʭ ʫʩʪʘʥʦʚʦʢ // ɺʝʩʪʥʠʢ ʥʘʮ. ʪʝʭʥ. ʫʥ-ʪʘ çʍʇʀè. ï 

2006. ï ɺʳʧ. 38. ï ʉ. 25  ï 35. 

 

 ʈʘʟʨʘʙʦʪʢʘ ʢʘʤʝʨʳ ʦʟʦʥʘʪʦʨʘ ʜʣʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʢʫʨʠʥʳʭ ʷʠʮ ɿʘʭʘʨʦʚ ɼ.ɸ., 

ʂʫʙʠʥʝʮ ɸ. ɺ., ʆʙʫʭʦʚ ɸ.ʉ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʟʦʥʘ ʚ ʧʪʠʮʝʚʦʜʩʪʚʝ. 

ʇʨʝʜʣʦʞʝʥ ʠ ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʤʝʨʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʫʨʠʥʳʭ ʷʠʮ ʦʟʦʥʦʤ. 

 

Ozonizer camera for chiken eggs disinfecting development Zakharov D.O., Kubinets O.V., 

Obukhov A.S. 

The work analyzes the feasibility of using ozone in poultry. The choice of chamber 

construction for the ozone treatment of chicken eggs is proposed and justified. 
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ʋɼʂ 621.3 

ʄʆɼɽʃʖɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ɭʄʅɯʉʅʆɻʆ ɼɯʃʔʅʀʂɸ 

ʅɸʇʈʋɻ 

ɿʘʭʘʨʦʚ ɼ.ʆ. ʘʩʠʩʪʝʥʪ 

ʃʠʩʶʢ ʄ. ɺ. ʤʘʛʽʩʪʨʘʥʪ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʩʪʘʪʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʻʤʥʽʩʥʦʛʦ ʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛ. ʅʘ ʦʩʥʦʚʽ 

ʨʦʟʨʘʭʫʥʢʽʚ ʦʙˇʨʫʥʪʦʚʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʫʩʪʘʥʦʚʢʘʭ ʝʣʝʢʪʨʦʥʥʦ-ʽʦʥʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʽʣʴʥʠʢ ʥʘʧʨʫʛ, ʨʝʻʩʪʨʘʮʽʷ ʽʤʧʫʣʴʩʥʠʭ ʥʘʧʨʫʛ, 

ʝʣʝʢʪʨʦʥʥʦ-ʽʦʥʥʘ ʪʝʭʥʦʣʦʛʽʷ . 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʟʨʦʩʪʘʻ ʽʥʪʝʨʝʩ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʨʦʙʥʠʮʪʚʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʝʣʝʢʪʨʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ. ɺ 

ʪʘʢʦʤʫ ʦʙʣʘʜʥʘʥʥʽ  ʜʦʩʠʪʴ ʯʘʩʪʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʨʦʟʨʷʜʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʦʤʫ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ 

ʨʦʟʨʦʙʢʠ ʢʦʤʧʘʢʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʷʜʥʦʛʦ 

ʢʦʣʘ.  

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʷʜʥʦʛʦ ʢʦʣʘ ʻ ʧʘʨʘʤʝʪʨʠ  ʽʤʧʫʣʴʩʫ 

ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ,  ʱʦ ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ 

ʫʩʪʘʥʦʚʢʠ 150 ʢɺ. ʊʦʤʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʜʽʣʴʥʠʢʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʧʣʠʚ ʧʨʝʜʤʝʪʽʚ ʨʦʟʪʘʰʦʚʘʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ ʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛ ʥʘ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ (ʨʠʩ. 1)ʷʚʣʷʻ ʩʦʙʦʶ ʻʤʥʽʩʥʠʡ 

ʜʽʣʴʥʠʢ. ɺʠʩʦʢʦʚʦʣʴʪʥʝ ʧʣʝʯʝ ʜʽʣʴʥʠʢʘ ʫʪʚʦʨʝʥʝ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʉ1 ʷʢʠʡ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʚʽʜʨʽʟʢʘ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʢʘʙʝʣʷ ʪʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ2 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʜʚʦʭ ʧʣʘʩʪʠʥ ʨʦʟʜʽʣʝʥʠʭ ʜʽʝʣʝʢʪʨʠʢʦʤ. ʂʦʝʬʽʮʽʻʥʪ 
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ʦʩʣʘʙʣʝʥʥʷ ʜʘʥʦʛʦ ʜʽʣʴʥʠʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʥʠʟʴʢʦʛʦ 

ʧʣʝʯʘ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʦʩʣʘʙʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚ ʩʭʝʤʽ ʟʘʤʽʱʝʥʥʷ ʚʨʘʭʦʚʫʚʘʪʠ ʧʘʨʘʟʠʪʥʫ ʻʤʥʽʩʪʴ ʪʘ 

ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ ʻʤʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʜʽʣʴʥʠʢʘ ʚʽʜʥʦʩʥʦ 

ʟʝʤʣʽ. 

 

ʈʠʩ. 1 ɭʤʥʽʩʥʠʡ ʜʽʣʴʥʠʢ: 1, 2 ï ʚʠʩʦʢʦʚʦʣʴʪʥʝ ʧʣʝʯʝ ʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛ;  

3 ï ʝʢʨʘʥ ʜʣʷ ʥʠʟʴʢʦʚʦʣʴʪʥʦʛʦ ʧʝʣʝʯʘ ʜʽʣʴʥʠʢʘ; 4 ï ʪʝʢʩʪʦʣʽʪʦʚʘ ʽʟʦʣʷʮʽʡʥʘ 

ʧʣʘʩʪʠʥʘ 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʝʘʢʮʽʾ ʜʘʥʦʛʦ ʜʽʣʴʥʠʢʘ ʥʘ ʧʨʷʤʦʢʫʪʥʠʡ ʽʤʧʫʣʴʩ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʪʠ ʩʭʝʤʫ ʟʘʤʽʱʝʥʥʷ ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩ.2. ɼʘʥʘ ʩʭʝʤʘ 

ʚʨʘʭʦʚʫʻ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʷʢ: L` - ʽʥʜʫʢʪʠʚʥʽʩʪʴ; R`- ʦʧʽʨ; ʉô ï ʻʤʥʽʩʪʴ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ; ʉp̀ , C`e ï ʧʘʨʘʟʠʪʥʽ ʻʤʥʦʩʪʽ.  

ɼʽʣʴʥʠʢ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʧʦʩʣʽʜʦʚʥʦ ʧʽʜʢʣʶʯʝʥʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʉô, ʫ ʷʢʠʭ ʚʨʘʭʦʚʘʥʦ ʚʣʘʩʥʽ ʽʥʜʫʢʪʠʚʥʦʩʪʽ Lô ʪʘ ʦʧʽʨ Rô. 

3 

2 

1 

3 
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ʆʧʽʨ Rô ʯʠʩʪʦ ʻʤʥʽʩʥʦʛʦ ʜʽʣʴʥʠʢʘ ʤʘʣʠʡ: ʚʽʥ ʦʙʫʤʦʚʣʝʥʠʡ ʚʪʨʘʪʘʤʠ ʚ 

ʽʟʦʣʷʮʽʾ ʪʘ ʤʝʪʘʣʽ ʦʙʤʦʪʦʢ.  

 

ʈʠʩ. 2 ʉʭʝʤʘ ʟʘʤʽʱʝʥʥʷ ʻʤʥʽʩʥʦʛʦ ʜʽʣʴʥʠʢʘ 

 

ʇʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʩʭʝʤʠ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʾ ʜʽʣʴʥʠʢʘ ʥʘ 

ʧʨʷʤʦʢʫʪʥʠʡ ʽʤʧʫʣʴʩ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʚʠʨʘʟ (1) ʚʟʷʪʠʡ ʟ [3]. 
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ʈʦʟʨʘʭʫʥʢʦʚʫ ʨʝʘʢʮʽʶ ʥʘ ʧʨʷʤʦʢʫʪʥʠʡ ʽʤʧʫʣʴʩ ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ 

ʜʽʣʴʥʠʢʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.3. ɿ ʜʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ  ʚʠʜʥʦ, ʱʦ ʜʘʥʠʡ ʜʽʣʴʥʠʢ 

ʤʘʻ ʯʘʩ ʨʝʘʢʮʽʾ 1
.
10

-10 
ʩʝʢʫʥʜ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʽʤʧʫʣʴʩʥʠʭ ʥʘʧʨʫʛ. 

ɼʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʡʦʛʦ 

ʨʦʟʤʽʱʝʥʥʷ ʚʽʜʥʦʩʥʦ ʜʝʪʘʣʝʡ ʢʦʨʧʫʩʫ, ʧʨʦʪʝ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʢʦʨʧʫʩ 

ʜʽʣʴʥʠʢʘ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʤʝʪʘʣʫ ʪʘ ʟʘʟʝʤʣʝʥʠʡ ʡʦʛʦ ʤʦʞʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ 

ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʦʙʣʘʜʥʘʥʥʷ. ɼʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʽʣʴʥʠʢʘ ʚ 

ʽʤʧʫʣʴʩʥʝ ʚʠʤʽʨʶʚʘʣʴʥʝ ʢʦʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʩʭʝʤʫ ʥʘʚʝʜʝʥʫ 

ʥʘ ʨʠʩ.4  [3]. 
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ʈʠʩ. 3 ʈʦʟʨʘʭʫʥʢʦʚʘ ʨʝʘʢʮʽʷ ʥʘ ʧʨʷʤʦʢʫʪʥʠʡ ʽʤʧʫʣʴʩ ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ 

ʜʽʣʴʥʠʢʘ 

 

ʈʠʩ. 4 ɼʽʣʴʥʠʢ ʥʘʧʨʫʛʠ ʫ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʢʦʣʽ 

1 - ʛʝʥʝʨʘʪʦʨ ʽʤʧʫʣʴʩʥʠʭ ʥʘʧʨʫʛ; 2 - ʟôʻʜʥʫʚʘʣʴʥʠʡ ʧʨʦʚʽʜ; 3 - ʦʙôʻʢʪ; 

4 - ʟôʻʜʥʫʚʘʣʴʥʠʡ ʧʨʦʚʽʜ ʟ ʜʝʤʧʬʽʨʥʠʤ ʨʝʟʠʩʪʦʨʦʤ; 5 ï ʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ; 

6 ï ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʦʘʢʩʽʘʣʴʥʠʡ ʢʘʙʝʣʴ; 7 ï ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ 

ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ; 8 ï ʟʝʤʣʷ. 
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ɺʠʩʥʦʚʢʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʻʤʥʽʩʥʦʛʦ  

ʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʻʩʪʨʘʮʽʶ ʽʤʧʫʣʴʩʥʠʭ ʥʘʧʨʫʛ 

ʘʤʧʣʽʪʫʜʦʶ ʜʦ 150 ʢɺ ʪʘ ʯʘʩʪʦʪʦʶ ʙʽʣʴʰʝ 1 ʄɻʮ.   
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʝʤʢʦʩʪʥʦʛʦ ʜʝʣʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ  ɿʘʭʘʨʦʚ ɼ.ʆ.,  

ʃʳʩʶʢ ʄ.ɺ.  

ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʠʶ ʝʤʢʦʩʪʥʦʛʦ ʜʝʣʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ. ʅʘ 

ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʦʙʦʩʥʦʚʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʫʩʪʘʥʦʚʢʘʭ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. 

 

Parameters of a capacitive voltage divider simulation    Zakharov D.O. Lysyuk M. V.  

Article analyzes the construction of capacitive voltage divider. Based on calculations the 

reasonable prospects of using proposed design for monitoring of the process parameters in units of 

electronic ion technology is justified. 
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ʋɼʂ 621.745.56:621.3.014 

ɸʅɸʃʀɿ ɺʅɽʐʅʀʍ ʉʊʈʋʂʊʋʈʅʆ-ʌʆʈʄʀʈʋʖʑʀʍ 

ʇɸʈɸʄɽʊʈʆɺ ʆʉɽɺʆʁ ʄɸɻʅʀʊʅʆ-ʀʄʇʋʃʔʉʅʆʁ 

ʆɹʈɸɹʆʊʂʀ ʈɸʉʇʃɸɺɸ 

ʉ. C. ʏʝʨʝʧʦʚʩʢʠʡ, ʤ.ʥ.ʩ. ʀʀʇʊ ʅɸʅ ʋʢʨʘʠʥʳ 

ɸ. ʉ. ʏʝʨʝʧʦʚʩʢʘʷ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʧʳ ʕʥ 2/1 ʅʅɸʋ 

 

ʆʙʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʄʀʆ) ʜʣʷ 

ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʝʪʘʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ʆʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʚʥʝʰʥʠʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʠʨʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʄʀʆ ʨʘʩʧʣʘʚʘ ʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ɻʀʊ ʠ ʠʥʜʫʢʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ; ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ 

ʦʙʨʘʙʦʪʢʘ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʠʥʜʫʢʪʦʨ; ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʠʣʘ. 

 

ʇʦʚʳʰʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʝʪʘʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ - 

ʵʪʦ ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʩʪʦʷʪ ʧʝʨʝʜ ʠʥʞʝʥʝʨʘʤʠ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʧʣʘʚʦʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʘʯʝʩʪʚʦ ʣʠʪʦʡ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʝʥʦ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʚʥʝʰʥʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʞʠʜʢʠʝ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʝʩʷ ʤʝʪʘʣʣʳ ʠ ʩʧʣʘʚʳ. ʂ ʠʭ 

ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ, ʠ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʨʘʩʧʣʘʚʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ[1]. ʆʜʥʠʤ 

ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʨʘʩʧʣʘʚʘ ʠʤʧʫʣʴʩʥʳʤ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ (ʀʄʇ). ʉʦʛʣʘʩʥʦ [2] ʩʫʪʴ ʧʨʦʮʝʩʩʘ ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ 

ʦʙʨʘʙʦʪʢʠ (ʄʀʆ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 

ʥʘʢʦʧʣʝʥʥʦʡ ʚ ʙʘʪʘʨʝʝ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʫʩʪʘʥʦʚʢʠ 

(ʄʀʋ), ʚ ʪʝʨʤʦʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʦʙʲʝʢʪ. 

ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ ʀʄʇ ʧʦʢʘʟʘʥʦ ʚ ʨʷʜʝ ʨʘʙʦʪ 

[2-5].  
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʤʝʪʘʣʣʘʤʠ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʦ ʠʟʫʯʝʥʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʜʘʚʣʝʥʠʝʤ ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ [6-8]. ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʳʡ ʘʨʩʝʥʘʣ 

ʜʘʥʥʳʭ ʧʦ ʄʀʆ ʚ ʤʝʪʦʜʘʭ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʜʘʚʣʝʥʠʝʤ (ʆʄɼ), ʠʭ 

ʧʨʠʥʮʠʧʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʥʝʣʴʟʷ ʢʘʣʴʢʠʨʦʚʘʪʴ ʥʘ ʄʀʆ ʨʘʩʧʣʘʚʘ ʠʟ-ʟʘ ʠʭ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʪʣʠʯʠʡ. ʇʨʠ ʧʝʨʝʥʦʩʝ ʄʀʆ ʥʘ ʞʠʜʢʠʝ ʤʝʪʘʣʣʳ 

ʛʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ (ɻʀʊ) ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʣʴʢʠʨʦʚʘʣʩʷ ʧʦ 

ʦʙʦʨʫʜʦʚʘʥʠʶ ʜʣʷ ʄʀʆ ʪʚʝʨʜʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʳ 

ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

[9].  

ʉʬʝʨʦʡ ʚʣʠʷʥʠʷ ʧʨʠ ʄʀʆ ʷʚʣʷʝʪʩʷ ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚ ʦʙʲʝʢʪʝ 

ʦʙʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʊ. ʦ., ʘʥʘʣʠʟʠʨʫʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ɻʀʊ, ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ ʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʄʀʆ ʨʘʩʧʣʘʚʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʄʀʆ ʚ ʨʘʙʦʪʝ[2] ʨʘʟʨʘʙʦʪʘʥʘ 

ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʦʟʜʝʡʩʪʚʠʷ ʀʄʇ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʨʘʩʧʣʘʚ, 

ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʀʤʧʫʣʴʩ ʪʦʢʘ ʚ ʠʥʜʫʢʪʦʨʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʟʨʷʜʘ ʯʝʨʝʟ ʥʝʛʦ ʙʘʪʘʨʝʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʄʀʋ, 

ʟʘʨʷʞʘʝʤʦʡ ʜʦ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʊʘʢʦʡ ʠʤʧʫʣʴʩ ʪʦʢʘ ʠʟʤʝʥʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʦ ʧʦ ʟʘʢʦʥʫ ʟʘʪʫʭʘʶʱʝʡ ʩʠʥʫʩʦʠʜʳ. ʇʨʦʪʝʢʘʥʠʝ 

ʠʤʧʫʣʴʩʘ ʪʦʢʘ ʧʦ ʠʥʜʫʢʪʦʨʫ ʩʦʟʜʘʝʪ ʚʦʢʨʫʛ ʥʝʛʦ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ (H), ʢʦʪʦʨʦʝ ʠʥʜʫʮʠʨʫʝʪ ʚ ʨʘʩʧʣʘʚʝ ʚʠʭʨʝʚʳʝ ʪʦʢʠ (I2), ʠʤʝʶʱʠʝ 

ʦʙʨʘʪʥʦʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʦʢʫ ʠʥʜʫʢʪʦʨʘ (I1) ʥʘʧʨʘʚʣʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʥʠʢʘʶʪ ʦʙʲʝʤʥʳʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ Fʵʤ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʚʦʟʜʝʡʩʪʚʠʷ ʀʄʇ ʚʳʩʦʢʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʨʘʩʧʣʘʚ: 

- ʩʠʣʦʚʦʡ ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ ʜʘʚʣʝʥʠʡ ʠ ʠʥʪʝʥʩʠʚʥʳʭ 

ʤʝʪʘʣʣʦʧʦʪʦʢʦʚ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ; 
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- ʪʝʧʣʦʚʦʡ ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʘʟʦʛʨʝʚ ʨʘʩʧʣʘʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʡʩʪʚʠʷ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ. 

ʋʯʠʪʳʚʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʄʀʆ ʨʘʩʧʣʘʚʘ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʥʝʰʥʠʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʠʨʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʨʠ ʄʀʆ ʨʘʩʧʣʘʚʘ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ɻʀʊ ʠ ʠʥʜʫʢʪʦʨʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʥʝʰʥʠʤʠ ʩʪʨʫʢʪʫʨʥʦ-

ʬʦʨʤʠʨʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʄʀʆ ʨʘʩʧʣʘʚʘ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ɻʀʊ ʠ 

ʠʥʜʫʢʪʦʨʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷ ʚ ʝʤʢʦʩʪʠ ʩ ʨʘʩʧʣʘʚʦʤ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢ, ʚ ʨʘʙʦʪʘʭ [10-12] ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʚʣʠʷʥʠʷ ʀʄʇ ʥʘ ʨʘʩʧʣʘʚ. ʊʘʢʞʝ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʰʪʘʤʧʦʚʢʠ 

ʧʨʝʜʣʦʞʝʥʳ ʧʨʦʩʪʳʝ ʠʥʞʝʥʝʨʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ 

ʀʄʇ ʥʘ ʤʘʪʝʨʠʘʣ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ [13], ʘ ʚ ʩʪʘʪʴʝ [14] ʧʨʦʚʝʜʝʥʘ 

ʫʩʧʝʰʥʘʷ ʧʨʦʚʝʨʢʘ ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʬʦʨʤʫʣ ʜʣʷ ʄʀʆ 

ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ.  

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Femlab ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʷ ʥʘ ʨʘʩʧʣʘʚ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʯʘʩʪʦʪʳ ʪʦʢʘ 

ʥʘ ʚʝʣʠʯʠʥʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʠ ʩʠʣʫ, ʚʦʟʜʝʡʩʪʚʫʶʱʫʶ ʥʘ 

ʨʘʩʧʣʘʚ. 

ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʘʭ [7, 15], ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷ ʧʨʠ ʠʤʧʫʣʴʩʥʳʭ ʧʨʦʮʝʩʩʘʭ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ 

ʟʘʜʘʯʘ, ʪʨʝʙʫʶʱʘʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʯʝʣʦʚʝʢʦ-ʯʘʩʦʚ ʠ ʤʘʰʠʥʥʦʛʦ 

ʚʨʝʤʝʥʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʝʩʣʠ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʝʣʠʪʴ 

ʥʝʩʫʱʫʶ ʯʘʩʪʦʪʫ ʠʤʧʫʣʴʩʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʝʪʩʷ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʵʥʝʨʛʠʠ, ʪʦ ʨʘʩʯʝʪ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ ʜʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʪʝʢʘʥʠʷ ʯʝʨʝʟ 

ʠʥʜʫʢʪʦʨ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʦʢʘ, ʯʪʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ 
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ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʨʷʜʢʘ 10% [16] ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʘʨʪʠʥʫ ʧʦʣʷ, 

ʫʯʠʪʳʚʘʶʱʫʶ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʦʙʲʝʤʝ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʧʨʦʚʦʜʥʠʢʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ. ʇʦʵʪʦʤʫ ʦʛʨʘʥʠʯʠʤʩʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʦʢʘ ʚ ʠʥʜʫʢʪʦʨʝ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ 

2D ï ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ ʨʘʟʨʝʟ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ɋ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ (r, ɗ, z). ɿʜʝʩʴ ɋk ï ʧʨʦʚʦʜʷʱʘʷ ʦʙʣʘʩʪʴ ʢʘʞʜʦʛʦ ʚʠʪʢʘ 

ʠʥʜʫʢʪʦʨʘ, ɋ0 ï.ʧʨʦʚʦʜʷʱʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʣʘʚʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʣʫʯʘʡ ʨʘʩʧʣʘʚʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʝʤʢʦʩʪʠ ʚʥʫʪʨʝʥʥʠʤ ʨʘʜʠʫʩʦʤ rʤ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʡ h. ʊʨʝʭʚʠʪʢʦʚʳʡ 

ʩʧʠʨʘʣʴʥʳʡ ʤʝʜʥʳʡ ʠʥʜʫʢʪʦʨ ʨʘʟʤʝʱʝʥ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʩʧʣʘʚʘ ʩ 

ʟʘʟʦʨʦʤ g; ʚʠʪʢʠ ʠʥʜʫʢʪʦʨʘ ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʜʠʘʤʝʪʨʦʤ d. 

 

ʈʠʩʫʥʦʢ 1 - ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʧʣʘʚʘ ʧʦʜ ʠʥʜʫʢʪʦʨʦʤ 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ 

ʄʀʆ ʨʘʩʧʣʘʚʘ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ ʜʣʷ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 H Jrot = ; (1) 

B
E 0rot

t

µ
+ =

µ
 ; (2) 

B 0div = ; (3) 

D 0div = , (4) 
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ʛʜʝ  ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ɸ/ʤ;  ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, 

ɸ/ʤ
2
;  ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ɸ/ʤ;  ï ʠʥʜʫʢʮʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʊʣ;  ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠʥʜʫʢʮʠʷ, ʂʣ/ʤ. 

ʆʙʲʝʤʥʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʨʘʩʧʣʘʚ ʵʤ, ʠ 

ʧʣʦʪʥʦʩʪʴ ʥʘʚʝʜʝʥʥʦʛʦ ʪʦʢʘ ind, ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ:  

ʵʤ indF = J ×B;  (8) 

ɗ
ind

A
J = -ů .

t

µå õ
æ ö
æ öµç ÷

 (9) 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʘʢʝʪʝ 

Comsol Myltiphisics. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʟʥʘʯʝʥʠʷ ʠʥʜʫʢʮʠʠ ʚ ʨʘʩʧʣʘʚʝ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ 

ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʝʛʦ ʟʥʘʯʝʥʠʷ 1ʤʤ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷ 

ʯʘʩʪʦʪʳ ʪʦʢʘ ʚ ʠʥʜʫʢʪʦʨʝ.  

   

ʘ)       ʙ) 

   

ʚ)       ʛ) 

ʘ) ï 5000 ɻʮ; ʙ) ï 25000 ɻʮ; ʚ) ï 50000 ɻʮ; ʛ) ï 75000 ɻʮ. 

ʈʠʩʫʥʦʢ 2 ï ʀʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʛʣʫʙʠʥʝ 1 ʤʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ  

 

 

 

 

B, ʊʣ  

B, ʊʣ  

B, ʊʣ  

B, ʊʣ  

r, ʤʤ  r, ʤʤ  

r, ʤʤ  r, ʤʤ  
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ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʣʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ 

ʥʘ ʨʘʩʧʣʘʚ ʦʪ ʯʘʩʪʦʪʳ ʠʤʧʫʣʴʩʘ ʪʦʢʘ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ g ʠ ʪʦʢʘ I0 

ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʟʥʘʯʝʥʠʝ F ʚ ʨʘʩʧʣʘʚʝ, ʯʝʤ ʚʝʣʠʯʠʥʘ f, ʧʦʵʪʦʤʫ 

ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ F ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʚʝʣʠʯʝʥʠʝʤ 

ʥʘʧʨʷʞʝʥʠʷ U, ʭʦʪʷ ʚ ʵʪʦʤ ʧʣʘʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ɻʀʊ ʤʦʱʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʟʥʘʯʝʥʠʷ g=1 ʤʤ ʧʨʦʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʜʫʢʮʠʠ ʚ ʩʢʠʥ-ʩʣʦʝ ʧʦ 

ʨʘʜʠʫʩʫ (ʨʠʩ. 2). ʊʘʢʠʝ ʦʩʮʠʣʣʷʮʠʠ ʠʥʜʫʢʮʠʠ ʚʜʦʣʴ r ʜʦʣʞʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʚʣʠʷʪʴ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʧʣʘʚʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʥʘʧʨʘʚʠʪʴ ʧʨʦʮʝʩʩʳ 

ʧʝʨʝʩʪʨʦʡʢʠ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʣʘʚʘ ʚ ʧʦʟʠʪʠʚʥʫʶ ʩʪʦʨʦʥʫ ʟʘ ʩʯʸʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ. ʈʠʩ. 3 ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʄʀʆ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʣʦʚʦʛʦ ʥʘʛʨʫʞʝʥʠʷ 

ʨʘʩʧʣʘʚʘ. ʂʘʢ ʚʠʜʠʤ, ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʪʦʢʘ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘʩʳʱʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ F(f). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦ ʩʠʣʦʚʦʝ ʥʘʛʨʫʞʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ f ʦʪ 50 ʜʦ 75 ʢɻʮ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʝʨʠʦʜʫ ʪʦʢʘ ʜʦ 13 ʤʢʩ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠ Lå1 ʤʢɻʥ, ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ 

ʧʝʨʠʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʶ ʝʤʢʦʩʪʠ ʥʘʢʦʧʠʪʝʣʷ ɻʀʊ ʉå4,3 ʤʢʌ. 

ɼʣʷ 25 ʢɸ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ U ʩʦʩʪʘʚʠʪ ʚʝʣʠʯʠʥʫ 12,5 ʢɺ, ʘ      

W=310 ɼʞ. 

ɺʳʚʦʜ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʧʣʘʚʘ ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ 

f, kHz 
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ʨʘʟʨʷʜʥʦʛʦ ʪʦʢʘ, ʟʘʟʦʨ ʤʝʞʜʫ ʟʘʛʦʪʦʚʢʦʡ ʠ ʠʥʜʫʢʪʦʨʦʤ ʦʧʨʝʜʝʣʸʥʥʳʤ 

ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ ʚʥʝʰʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʠʨʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʙʦʪʝ ʟʘʚʠʩʠʤʦʩʪʷʤ. ʂʦʤʧʣʝʢʩʥʦʝ ʞʝ ʠʭ 

ʠʟʤʝʥʝʥʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦ ʪʨʘʢʪʦʚʘʥʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʵʬʬʝʢʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʙʝʟ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
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ɸʥʘʣʽʟ ʟʦʚʥʽʰʥʽʭ ʩʪʨʝʢʪʫʨʥʦ-ʬʦʨʤʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʩʴʦʚʦʾ ʤʘʛʥʽʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ 

ʦʙʨʦʙʢʠ ʩʧʣʘʚʫ   ʏʝʨʝʧʦʚʩʴʢʠʡ ʉ. ʉ. ʏʝʨʝʧʦʚʩʴʢʘ ɸ. ʉ.  

ʆʙˇʨʫʥʪʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʦʙʨʦʙʢʠ (ʄɯʆ) ʜʣʷ 

ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʜʝʪʘʣʝʡ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ. ɺʠʟʥʘʯʝʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʤʽʞ ʟʦʚʥʽʰʥʽʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʫʶʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʄɯʆ ʨʦʟʧʣʘʚʫ ʽ ʧʘʨʘʤʝʪʨʘʤʠ ɻɯʉ 

ʽ ʽʥʜʫʢʪʦʨʘ. 

 

External structural-forming parametrs of axial magnetic-pulse melt treatment analysis   

Cherepovsky S.S. Cherepovskya A.S. 

Reasonable possibility of application of magnetic-pulse treatment (MPT) for life extension of 

agricultural technique details is demonstrated. Certain dependence between external structurally-

forming parameters at MPT of fusion and parameters of PCG and inductor are identified. 

 

 

ʋɼʂ 621.3 

ɽʃɽʂʊʈʆɼʀʅɸʄɯʏʅɸ ʉʊɯʁʂɯʉʊʔ ɯɿʆʃʗʊʆʈɯɺ ɯ ʐʀʅ 

ʇʈʀ ʂʆʈʆʊʂʀʍ ɿɸʄʀʂɸʅʅʗʍ  

ʆ.ʉ. ʂʠʨʠʯʝʥʢʦ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟʦʣʷʪʦʨʽʚ ʽ ʰʠʥ ʥʘ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʫ 

ʩʪʽʡʢʽʩʪʴ ʧʨʠ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʥʷʭ. ʈʦʟʨʘʭʦʚʘʥʦ ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ ʰʠʥ ʟ 

ʧʨʷʤʦʢʫʪʥʠʤ ʧʝʨʝʨʽʟʦʤ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʟʦʣʷʪʦʨʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ, ʽʟʦʣʷʪʦʨ, ʰʠʥʘ, ʢʦʨʦʪʢʝ 

ʟʘʤʠʢʘʥʥʷ, ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ, ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʜʘʪʥʽʩʪʴ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʧʨʘʮʶʚʘʪʠ ʙʝʟ ʧʦʰʢʦʜʞʝʥʴ, ʚʠʪʨʠʤʫʶʯʠ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ ʟʫʩʠʣʣʷ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚ ʥʴʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʩʪʚʦʨʝʥʠʭ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʤʠ ʯʘʩʪʠʥʘʤʠ, ʧʨʠ ʥʘʡʚʘʞʯʠʭ ʫʤʦʚʘʭ, ʤʦʞʣʠʚʠʭ ʧʨʠ ʡʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʥʷʭ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʩʪʨʦʢ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʦʤʫ, ʘʥʘʣʽʟ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ 
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ʰʠʥ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʟʦʣʷʪʦʨʠ ʥʘ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʴʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɼʦʩʣʽʜʞʝʥʥʶ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʧʨʠʩʚʷʯʝʥʘ ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ [1, 2 ʪʘ ʽʥ.]. ʇʨʦʪʝ ʚ ʥʠʭ ʥʝ ʚʠʩʚʽʪʣʝʥʦ ʘʙʦ ʚʠʩʚʽʪʣʝʥʦ ʥʝ ʚ 

ʧʦʚʥʽʡ ʤʽʨʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ ʰʠʥ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʟʦʣʷʪʦʨʠ ʜʣʷ 

ʨʦʟʧʦʜʽʣʴʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʝ ʥʘ ʜʦʩʠʪʴ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ 

ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʧʨʫʛ. 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ï ʚʠʩʚʽʪʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽʟʦʣʷʪʦʨʽʚ ʽ ʰʠʥ ʧʨʠ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʥʷʭ ʥʘ 

ʧʨʠʢʣʘʜʽ ʨʦʟʧʦʜʽʣʴʯʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʥʘʧʨʫʛʦʶ ʜʦ 35 ʢɺ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɽʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ 

ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʥʷʭ ʧʨʠʚʦʜʷʪʴ ʽʟʦʣʷʪʦʨʠ ʽ ʰʠʥʠ ʚ ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ [2]. 

ʇʨʠ ʢʦʣʠʚʘʥʥʷʭ ʚ ʤʘʪʝʨʽʘʣʽ ʰʠʥʠ ʚʠʥʠʢʘʶʪʴ ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʘ 

ʽʟʦʣʷʪʦʨʠ ʧʽʜʜʘʥʽ ʚʧʣʠʚʫ ʤʝʭʘʥʽʯʥʠʭ ʩʠʣ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʰʠʥ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʴ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ: 

 ʜʦʧmax RR ¢ ; ʜʦʧmax ůů ¢ ,  

ʜʝ maxR  ï ʤʘʢʩʠʤʘʣʴʥʝ ʨʦʟʨʘʭʫʥʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʦʣʽʚʢʫ 

ʽʟʦʣʷʪʦʨʘ; 

ʜʦʧR  ï ʜʦʧʫʩʪʠʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʦʣʽʚʢʫ ʽʟʦʣʷʪʦʨʘ, ʷʢʘ 

ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʶ 60 % ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʫʡʥʫʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʽʟʦʣʷʪʦʨʘ ʥʘ ʟʛʠʥ ʘʙʦ ʨʦʟʨʠʚ ʨʦʟʨR ; maxů  ï ʤʘʢʩʠʤʘʣʴʥʝ ʨʦʟʨʘʭʫʥʢʦʚʝ 

ʤʝʭʘʥʽʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ ʰʠʥ; ʜʦʧů  ï ʜʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ 

ʨʽʚʥʝ 70 % ʚʽʜ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʨʦʟʨʠʚʫ (ʤʝʞʘ ʤʽʮʥʦʩʪʽ) ʤʘʪʝʨʽʘʣʫ 

ʰʠʥ ɝů. 

ɿʥʘʯʝʥʥʷ ɝů ʽ ʜʦʧů  ʜʣʷ ʜʝʷʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʠʥ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.  

ʊʘʙʣʠʮʷ 1 
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ɿʥʘʯʝʥʥʷ ʤʝʞʠ ʤʽʮʥʦʩʪʽ ʪʘ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʜʣʷ ʜʝʷʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ 

ʄʘʪʝʨʽʘʣ ʰʠʥʠ ʄʘʨʢʘ 

ʄʝʞʘ 

ʤʽʮʥʦʩʪʽ 

ɝů, ʄʇʘ 

ɼʦʧʫʩʪʠʤʝ 

ʥʘʧʨʫʞʝʥʥʷ, 

ʜʦʧů , ʄʇʘ 

ʄʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ɽ, 

10
10

 ʇʘ 

ɸʣʶʤʽʥʽʡ ɸɼʆ 58,8-68,6 41-48 7 

ɸʣʶʤʽʥʽʻʚʠʡ 

ʩʧʣʘʚ 
ɸɼɿɯʊ 127,4 89,2 7 

ɸʣʶʤʽʥʽʻʚʠʡ 

ʩʧʣʘʚ 
ɸɼɿɯʊɯ 196 137,2 7 

ʄʽʜʴ ʄɻʊ 245-294 171,5-206 10 

 

ʄʘʢʩʠʤʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʟʦʣʷʪʦʨʠ ʽ ʥʘʧʨʫʛʠ ʚ ʤʘʪʝʨʽʘʣʽ ʰʠʥ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʨʦ ʢʦʣʠʚʘʥʥʷ ʰʠʥʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ [1, 2]. 

ʅʘ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʢʣʘʜʽ ʦʜʥʦʩʤʫʛʦʚʠʭ ʰʠʥ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʨʦʟʤʽʨʦʤ 10Ĭ0,6 ʩʤ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸɼɿɯʊ ʟ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ 

10107Ö=ɽ  ʇʘ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ 

ʰʠʥ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʟʦʣʷʪʦʨʠ. ʄʝʪʘʣʝʚʽ ʰʠʥʠ ʚʚʘʞʘʣʠʩʴ ʨʦʟʤʽʱʝʥʠʤʠ 

ʦʜʥʘ ʜʦ ʦʜʥʦʾ ʚʫʟʴʢʠʤʠ ʩʪʦʨʦʥʘʤʠ, ʜʦʚʞʠʥʘ ʧʨʦʣʴʦʪʫ 6,1=l  ʤ, ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʰʠʥʘʤʠ 7,0=ʘ  ʤ. ʋʜʘʨʥʠʡ ʩʪʨʫʤ ʪʨʠʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ 

87ʫʜ=i  ʢɸ, ʧʦʩʪʽʡʥʘ ʯʘʩʫ 05,0=ʘʊ  ʩ. ɿʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʨʦʟʧʦʜʽʣʴʯʠʭ 

ʧʨʠʩʪʨʦʷʭ, ʱʦ ʨʦʟʛʣʷʜʘʣʠʩʴ, ʥʝ ʧʝʨʝʚʠʱʫʻ 35 ʢɺ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ 81018 -Ö=J  ʤ
4
, ʤʦʤʝʥʪ ʦʧʦʨʫ ʰʠʥʠ 6106 -Ö=W  ʤ

3
, ʚʣʘʩʥʫ ʯʘʩʪʦʪʫ 

ʰʠʥʠ 119=f  ɻʮ. ʄʘʢʩʠʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ ʰʠʥ ʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʟʦʣʷʪʦʨʠ: 6,86max=ů  ʄʇʘ, 3896max=R  ʅ. 
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ʅʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ ʰʠʥ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʟʦʣʷʪʦʨʠ ʤʝʥʰʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 2,89ůʜʦʧ=  ʄʇʘ ʽ ʜʦʧʫʩʪʠʤʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 4500ʜʦʧ=R  ʅ, ʪʦʤʫ ʦʙʨʘʥʽ ʰʠʥʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ 

1. ɺʠʩʚʽʪʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ ʰʠʥ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʟʦʣʷʪʦʨʠ ʜʣʷ 

ʨʦʟʧʦʜʽʣʴʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʥʘʧʨʫʛʘʤʠ ʜʦ 35 ʢɺ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʦʜʥʦʩʤʫʛʦʚʠʭ ʰʠʥ ʟ ʧʨʷʤʦʢʫʪʥʠʤ ʧʝʨʝʨʽʟʦʤ 

10Ĭ0,6 ʩʤ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸɼɿɯʊ ʟʥʘʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ ʩʪʘʥʦʚʠʪʴ 6,86ůmax=  ʄʇʘ, ʧʨʠ 

ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʟʦʣʷʪʦʨʠ 3896max=R  ʅ. 

 

ʃ̔ ʪʝʨʘʪʫʨʘ 

1. ɹʝʣʳʡ ʀ. ɺ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʤʘʛʥʠʪʦ-ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʤʝʪʘʣʣʦʚ / ʀ. ɺ. ɹʝʣʳʡ, ʉ. ʄ. ʌʝʨʪʠʢ, ʃ. ʊ. ʍʠʤʝʥʢʦ. ï ʍʘʨʴʢʦʚ: 

ʀʟʜʘʪʝʣʴʩʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝ çɺʠʱʘ ʰʢʦʣʘè, 1977. ï 168 ʩ. 

2. ʍʦʣʷʚʩʢʠʡ ɻ. ɹ. ʈʘʩʯʝʪ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʠʣʠʡ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ / ɻ. ɹ. ʍʦʣʷʚʩʢʠʡ. ï ʃ.: ʕʥʝʨʛʠʷ, 1971. ï 156 ʩ. 

 

ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʟʦʣʷʪʦʨʦʚ ʠ ʰʠʥ ʧʨʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʷʭ  

ɸ. ʉ. ʂʠʨʠʯʝʥʢʦ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʣʷʪʦʨʦʚ ʠ ʰʠʥ ʥʘ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʷʭ. ʈʘʩʩʯʠʪʘʥʦ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʤʘʪʝʨʠʘʣʝ ʰʠʥ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʩʝʯʝʥʠʝʤ ʠ ʥʘʛʨʫʟʢʠ ʥʘ ʠʟʦʣʷʪʦʨʳ. 

 

Electrodynamical stability of isolators and buses In short circuit  O. Kyrychenko 

The results of research of the electrodynamic stability in short circuit for isolators and buses 

are considred. The tensions in the material of buses with a rectangular cross-section and isolators 

loads are calculated. 
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ʋɼʂ 621.81  

ɺʇʃʀɺ ɺɯɼʍʀʃɯɺ ʌʆʈʄʀ ɯ ʈʆɿʊɸʐʋɺɸʅʅʗ ʇʆɺɽʈʍʆʅʔ, 

ʍɺʀʃʗʉʊʆʉʊɯ ɯ ʐʆʈʉʊʂʆʉʊɯ ʅɸ ʗʂɯʉʊʔ ɺʀʈʆɹɯɺ ɯ 

ɽʂʉʇʃʋɸʊɸʎɯʁʅɯ ʇʆʂɸɿʅʀʂʀ ʄɸʐʀʅ 

ʐʚʦʨʽʥʴ ʄ.ʉ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʄ3/3, ɻʥʘʪʴʻʚ ʆ.ʇ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 

ɽ2/2 ʊɽʂ. 

ɯʚʘʥʦʚ ɻ.ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʚʠʨʦʙʫ, ʡʦʛʦ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʽ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʥʘ ʨʦʙʦʯʠʭ ʢʨʝʩʣʝʥʠʢʘʭ ʜʝʪʘʣʝʡ ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʛʨʘʥʠʯʥʽ ʚʽʜʭʠʣʠ 

ʨʦʟʤʽʨʽʚ, ʘʣʝ ʡ ʚ ʥʝʦʙʭʽʜʥʠʭ ʚʠʧʘʜʢʘʭ ʜʦʧʫʩʢʠ ʬʦʨʤʠ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʭʚʠʣʷʩʪʽʩʪʴ ʽ ʰʦʨʩʪʢʽʩʪʴ, 

ʥʝʨʽʚʥʦʩʪʽ. 

 

ʊʦʯʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʝʪʘʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʪʦʯʥʽʩʪʶ ʨʦʟʤʽʨʽʚ ʾʾ ʝʣʝʤʝʥʪʽʚ, ʘʣʝ ʡ ʪʦʯʥʽʩʪʶ ʬʦʨʤʠ ʽ ʚʟʘʻʤʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ. ɺʽʜʭʠʣʠ ʬʦʨʤʠ ʽ ʨʦʟʪʘh ʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʟôʷʚʣʷʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʚʥʘʩʣʽʜʦʢ ʥʝʪʦʯʥʦʩʪʽ ʽ ʜʝʬʦʨʤʘʮʽʾ 

ʚʝʨʩʪʘʪʘ, ʽʥʩʪʨʫʤʝʥʪʘ, ʧʨʠʩʪʦʩʫʚʘʥʥʷ; ʜʝʬʦʨʤʘʮʽʾ ʜʝʪʘʣʽ; ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʧʨʠʧʫʩʢʫ ʥʘ ʦʙʨʦʙʢʫ; ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ ʪʘ ʽʥ. ɺ ʨʫʭʦʤʠʭ 

ʟôʻʜʥʘʥʥʷʭ ʮʽ ʚʽʜʭʠʣʠ ʚʠʢʣʠʢʘʶʪʴ ʟʙʽʣʴh ʝʥʥʷ ʟʥʦʩʫ ʜʝʪʘʣʝʡ, ʚʥʘʩʣʽʜʦʢ 

ʧʽʜʚʠʱʝʥʦʛʦ ʧʠʪʦʤʦʛʦ ʪʠʩʢʫ ʥʘ ʚʠʩʪʫʧʘʭ ʥʝʨʽʚʥʦʩʪʝʡ, ʧʦʨʫʰʝʥʥʷ 

ʧʣʘʚʥʦʩʪʽ ʭʦʜʫ ʪʘ ʰʫʤʫ ʪʘ ʽʥ. ʇʨʠ ʨʦʙʦʪʽ ʤʝʭʘʥʽʟʤʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʘʧʨʷʤʥʠʭ ʢʫʣʘʯʢʽʚ ʪʘ ʽʥ., ʚ ʟʚôʷʟʢʫ ʟʽ ʩʧʦʪʚʦʨʝʥʥʤ̫ʠ ʟʘʜʘʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʨʦʬʽʣʽʚ ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ ʾʭ ʪʦʯʥʽʩʪʴ. ɺ ʥʝʨʫʭʦʤʠʭ ʽ 

ʱʽʣʴʥʠʭ ʨʫʭʦʤʠʭ ʟôʻʜʥʘʥʥʷʭ ʚʽʜʭʠʣʠ ʬʦʨʤʠ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʚʠʢʣʠʢʘʶʪʴ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʥʘʪʷʛʽʚ ʪʘ ʟʘʟʦʨʽʚ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʥʠʞʫʻʪʴʩʷ 

ʤʽʮʥʽʩʪʴ ʟôʻʜʥʘʥʥʷ, ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʮʝʥʪʨʫʚʘʥʥʷ. 
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ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʴ, ʰʚʠʜʢʦʩʪʝʡ, ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʻ 

ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʩʫʯʘʩʥʠʭ ʤʘʰʠʥ ʽ ʧʨʠʣʘʜʽʚ, ʧʦʩʠʣʶʻʪʴʩʷ ʚʧʣʠʚ ʚʽʜʭʠʣʽʚ 

ʬʦʨʤʠ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ. 

ɺʽʜʭʠʣʠ ʬʦʨʤʠ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟʥʠʞʫʶʪʴ ʥʝ ʪʽʣʴʢʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ, ʘʣʝ ʡ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʠʨʦʙʽʚ. ʊʘʢ, ʚʦʥʠ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʽ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʩʢʣʘʜʘʥʥʷ ʪʘ ʟʙʽʣʴʰʫʶʪʴ ʦʙʩʷʛ 

ʦʧʝʨʘʮʽʡ ʧʦ ʧʨʠʧʘʩʫʚʘʥʥʶ, ʟʥʠʞʫʶʪʴ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ, 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʙʘʟʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʡ ʢʦʥʪʨʦʣʽ. 

ɺʽʜʭʠʣʠ ʚʽʜ ʢʨʫʛʣʦʾ ʬʦʨʤʠ ʢʫʣʴʦʢ ʜʽʘʤʝʪʨʦʤ 8 ʤʤ, ʷʢʝ ʜʦʨʚ̔ʥʶʻ 0,5 

ʤʢʤ, ʚʠʢʣʠʢʘʻ ʫ ʚʘʣʴʥʠʮʽ ʢʦʯʝʥʥʷ ʰʫʤ ʥʘ 15...20 ʜɹ ʙʣ̔ʴʰʠʡ, ʥʽʞ ʧʨʠ 

ʚʽʜʭʠʣʽ 0,125 ʤʢʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʨʦʙʫ, ʡʦʛʦ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʥʘ ʨʦʙʦʯʠʭ ʢʨʝʩʣʝʥʠʢʘʭ 

ʜʝʪʘʣʝʡ ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʛʨʘʥʠʯʥʽ ʚʽʜʭʠʣʠ ʨʦʟʤʽʨʽʚ, ʘʣʝ ʡ ʚ 

ʥʝʦʙʭʽʜʥʠʭ ʚʠʧʘʜʢʘʭ ʜʦʧʫʩʢʠ ʬʦʨʤʠ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ. 

ʇʨʘʚʠʣʴʥʝ ʪʘ ʥʘʡʙʽʣʴʰ ʧʦʚʥʝ ʥʦʨʤʫʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʬʦʨʤʠ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʦʚʝʨʭʦʥʴ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ ʛʝʦʤʝʪʨʽʾ ʜʝʪʘʣʝʡ ʧʨʠ ʾʭ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʽ ʢʦʥʪʨʦʣʽ, ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʤʘʰʠʥ ʽ ʧʨʠʣʘʜʽʚ. 

ɺʽʜʭʠʣʠ ʬʦʨʤʠ ʽ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʰʦʨʩʪʢʽʩʪʴ ʽ ʭʚʠʣʷʩʪʽʩʪʴ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ 

ʤʘʰʠʥ. ɺʽʜʭʠʣʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʝʪʘʣʝʡ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʧʦʩʠʣʝʥʦʛʦ ʩʧʨʘʮʶʚʘʥʥʷ, ʟʥʠʞʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʤʘʰʠʥ. 

ʇʦʭʠʙʢʠ ʚʟʘʻʤʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʪʘʢʦʞ ʟʥʠʞʫʶʪʴ ʷʢʽʩʪʴ 

ʨʦʙʦʪʠ ʟô̒ ʜʥʘʥʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʨʘʮʶʚʘʥʥʷ ʮʠʣʽʥʜʨʽʚ ʙʣʦʢʫ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʩʪʘʜʽʾ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʝ 

ʦʚʘʣʦʧʦʜʽʙʥʦʩʪʽ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʦʚʘʣʴʥʦʩʪʽ ʛʽʣʴʟ ʮʠʣʽʥʜʨʽʚ ʧʦʩʠʣʶʻʪʴʩʷ 

ʧʨʦʨʠʚʘʥʥʷ ʛʘʟʽʚ ʫ ʢʘʨʪʝʨ, ʱʦ ʨʫʡʥʫʻ ʤʘʩʣʷʥʫ ʧʣʽʚʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʛʽʣʴʟ 

ʮʠʣʽʥʜʨʽʚ ʽ ʧʨʠʩʢʦʨʶʻ ʩʧʨʘʮʁʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʭʽʜʥʽʡ ʦʚʘʣʴʥʦʩʪʽ 

ʜʟʝʨʢʘʣʘ ʮʠʣʽʥʜʨʽʚ 0,04 ʤʤ ʾʾ ʟʥʘʯʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 0,10... 0,12 ʤʤ 
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ʧʽʩʣʷ 400 ʛʦʜ. ʨʦʙʦʪʠ, ʘ ʧʨʠ ʦʚʘʣʴʥʦʩʪʽ 0,025 ʤʤ ï ʣʠʰʝ ʜʦ 0,05... 0,06 ʤʤ. 

ʇʨʠ ʧʦʯʘʪʢʦʚʽʡ ʦʚʘʣʴʥʦʩʪʽ ʜʚʦʭ ʜʚʠʛʫʥʽʚ 21 ʽ 45 ʤʢʤ ʩʧʨʘʮʶʚʘʥʥʷ ʧʽʩʣʷ 

ʧʨʦʙʽʛʫ 22000 ʢʤ ʩʪʘʥʦʚʠʣʦ 31 ʽ 60 ʤʢʤ. 

ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʥʫʚʘʪʠ 

ʩʢʣʘʜʘʥʥʷ ʟ ʤʝʥʰʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʟʘʟʦʨʘʤʠ ʽ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʤʘʰʠʥ. ʍʚʠʣʷʩʪʽʩʪʴ ʽ ʰʦʨʩʪʢʽʩʪʴ ʫ ʨʫʭʦʤʠʭ 

ʟôʻʜʥʘʥʥʷʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʘʟʦʨʫ ʽ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ 

ʢʦʥʪʘʢʪʫ, ʘ ʦʪʞʝ, ʟʙʽʣʴʰʫʶʪʴ ʧʠʪʦʤʠʡ ʪʠʩʢ, çʩʭʦʧʣʶʶʪʴè ʦʢʨʝʤʽ 

ʥʝʨʽʚʥʦʩʪʽ ʽ ʚʠʨʠʚʘʁ ʪʴ ʯʘʩʪʠʥʢʠ ʤʝʪʘʣʫ, ʷʢʽ, ʧʦʪʨʘʧʣʷʶʯʠ ʜʦ ʤʘʩʪʠʣʘ, 

ʘʢʪʠʚʥʦ ʜʽʶʪʴ ʽ ʟʙʽʣʴʰʫʶʪʴ ʩʧʨʘʮʶʚʘʥʥʷ ʫ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʨʦʙʦʪʠ. ʏʠʤ 

ʙʽʣʴʰʝ ʧʦʯʘʪʢʦʚʘ ʰʦʨʩʪʢʽʩʪʴ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʾ, ʪʠʤ ʙʽʣʴʰ 

ʙʫʜʝ ʩʧʨʘʮʶʚʘʥʥʷ ʫ ʧʝʨʽʦʜ ʧʨʠʧʨʘʮʶʚʘʥʥʷ (ʨʠʩ. 1).  

ʇʦ ʣʽʥʽʾ ʦʨʜʠʥʘʪ 

ʚʽʜʢʣʘʜʝʥʦ ʧʦʢʘʟʥʠʢʠ 

ʩʧʨʘʮʶʚʘʥʥʷ, ʧʦ ʣʽʥʽʾ 

ʘʙʩʮʠʩ ï ʯʘʩ. ʂʨʠʚʘ 1 

ʧʦʢʘʟʫʻ ʥʘʨʦʩʪʘʥʥʷ 

ʩʧʨʘʮʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʰʦʨʩʪʢʽʩʪʶ, ʘ ʢʨʠʚʘ 2 

ï ʟ ʦʧʪʠʤʘʣʴ-ʥʦʶ 

ʰʦʨʩʪʢʽʩʪʶ. ʋ ʧʝʨʽʦʜ 

ʧʨʠʧʨʘʮʶʚʘʥʥʷ t1 

ʧʝʨʝʚʠʱʫʻ 

ʩʧʨʘʮʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ, 

ʷʢʘ ʤʘʻ ʦʧʪʠ-ʤʘʣʴʥʫ 

ʰʦʨʩʪʢʽʩʪʴ. 

ʆʧʪʠʤʘʣʴʥʦʶ ʰʦʨʩʪ-ʢʽʩʪʶ ʚʚʘʞʘʻʪʴʩʷ ʪʘʢʘ ʰʦʨʩʪʢʽʩʪʴ, ʷʢʫ ʤʘʻʤʦ 

ʧʽʩʣʷ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʽ ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʝ ʽ ʨʽʚʥʦʤʽʨʥʝ ʩʧʨʘʮʶʚʘʥʥʷ ʫ 

ʧʨʦʮʝʩʽ ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫ-ʘʪʘʮʽʾ ʤʘʰʠʥ. ʇʘʨʘʤʝʪʨʠ ʦʧʪʠʤʘʣʴʥʦʾ ʰʦʨʩʪʢʦʩʪʽ 

 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ 

ʨʝʩʫʨʩʫ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʧʨʘʮʶʚʘʥʥʷ 

ʀ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʟ ʚʠʭʽʜʥʦʶ ʰʦʨʩʪʢʽʩʪʶ: 

1 ï ʧʽʜʚʠʱʝʥʦʶ; 2 ï ʦʧʪʠʤʘʣʴʥʦʶ; ʀ
1
ʧʨ, ʀ

2
ʧʨ ʪʘ 

ʀʛʨʘʥ ï ʧʨʠʨʦʙʣʝʥʽ ʪʘ ʛʨʘʥʠʯʥʠʡ ʟʥʦʩʠ 
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ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢʽʩʪʶ ʤʘʩʪʠʣʘ, ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʱʦ 

ʪʨʫʪʴʩʷ, ʾʭ ʢʦʥʩʪʨʫʢʮʽʻʶ ʽ ʤʘʪʝʨʽʘʣʦʤ. ɿʤʝʥʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʩʧʨʘʮʶʚʘʥʥʷ 

ʚ ʧʝʨʽʦʜ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʩʧʨʠ̫ ʻ ʟʙʽʣʴʰʝʥʥʶ ʧʝʨʽʦʜʫ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʟ t2 
1
 ʜʦ t2 

2
. 

ʉʽʜʣʦʧʦʜʽʙʥʽʩʪʴ ʮʘʧʬʠ ʽ ʙʦʯʢʦʧʦʜʽʙʥʽʩʪʴ ʚʢʣʘʜʠʰʘ ʚʘʣʴʥʠʮʽ 

ʢʦʚʟʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʨʽʜʠʥʥʝ ʪʝʨʪʷ ʧʦʨʫʰʫʻʪʴʩʷ ʽ ʢʦʥʪʘʢʪ 

ʩʧʦʣʫʯʝʥʠʭ ʜʝʪʘʣʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʥʘʡʙʽʣʴʰʠʭ ʚʝʨʰʠʥʘʭ ʥʝʨʽʚʥʦʩʪʝʡ 

ʧʦʚʝʨʭʦʥʴ. ʎʝ ʤʦʞʝ ʟʫʤʦʚʠʪʠ çʦʭʦʧʣʝʥʥʷè ʥʝʨʽʚʥʦʩʪʝʡ ʽ, ʦʪʞʝ, 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʛ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʤʝʥʰʫʻ ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʟôʻʜʥʘʥʥʷ. 

ʅʝʨʽʚʥʦʩʪʽ, ʙʫʜʫʯʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʫʛ, ʟʥʠʞʫʶʪʴ ʚʪʦʤʣʶʚʘʥʫ 

ʤʽʮʥʽʩʪʴ ʜʝʪʘʣʝʡ. ʊʘʢ, ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʰʦʨʩʪʢʦʩʪʽ ʟʘʧʘʜʠʥ ʥʘʨʽʟʘʥʦʾ ʘʙʦ 

ʰʣʽʬʦʚʘʥʦʾ ʥʘʨʽʟʽ ʙʦʣʪʽʚ ʟ Ra = 1,0 ʤʢʤ ʜʦ Ra = 0,1 ʤʢʤ ʜʦʧʫʩʪʠʤʘ 

ʛʨʘʥʠʯʥʘ ʘʤʧʣʽʪʫʜʘ ʮʠʢʣʫ ʥʘʧʨʫʛ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 25...50 %. 

ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʥʘ ʚʪʦʤʣʶʚʘʥʫ ʤʽʮʥʽʩʪʴ ʜʝʪʘʣʝʡ 

ʽ ʥʘ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʟôʻʜʥʘʥʥʷ. ɺʠʛʣʘʜʞʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ (ʧʽʩʣʷ ʪʦʯʽʥʥʷ ʘʙʦ 

ʰʣʽʬʫʚʘʥʥʷ) ʘʣʤʘʟʥʠʤʠ ʢʽʥʮʝʚʠʢʘʤʠ ʟ ʨʘʜʽʫʩʦʤ ʩʬʝʨʠ ʘʙʦ ʮʠʣʽʥʜʨʘ 2...3 

ʤʤ ʥʘ 25...40 % ʧʽʜʚʠʱʫʻ ʚʪʦʤʣʶʚʘʥʫ ʤʽʮʥʽʩʪʴ ʽ ʥʘ 15...50 % ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʩʧʨʘʮʶʚʘʥʥʷ ʜʝʪʘʣʝʡ ʟ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ (ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʛ ʩʪʠʩʢʫ ʽ ʢʨʘʱʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʦʨʩʪʢʦʩʪʽ). 

ʉʪʽʡʢʽʩʪʴ ʧʦʨʰʥʝʚʠʭ ʧʘʣʴʮʽʚ ʜʚʠʛʫʥʽʚ ʉʄɼ-64 ʽ ɼ-240, ʚʽʜʥʦʚʣʝʥʠʭ 

ʩʧʦʩʦʙʦʤ ʚʽʙʨʘʮʽʡʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ 1,11 ʨʘʟʽʚ ʚʠʱʝ, ʥʽʞ ʩʪʽʡʢʽʩʪʴ 

ʧʘʣʴʮʽʚ, ʚʽʜʥʦʚʣʝʥʠʭ ʩʧʦʩʦʙʦʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

ʋ ʥʝʨʫʭʦʤʠʭ ʟôʻʜʥʘʥʥʷʭ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʚʧʣʠʚʘʻ ʥʘ ʾʭ 

ʤʽʮʥʽʩʪʴ. ʇʨʠ ʟʘʧʨʝʩʦʚʫʚʘʥʥʽ ʚʘʣʘ ʚ ʦʪʚʽʨ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʘʩʪʢʦʚʝ ʟʨʽʟʘʥʥʷ 

ʧʦʚʝʨʭʦʥʴ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʽʡʩʥʠʡ ʥʘʪʷʛ ʧʦʨʽʚʥʷʥʦ ʟ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ. 

ʄʽʢʨʦʥʝʨʽʚʥʦʩʪʽ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʢʦʨʦʟʽʾ ʤʝʪʘʣʫ. ʅʘ ʛʨʫʙʦ 

ʦʙʨʦʙʣʝʥʠʭ ʧʦʚʝʨʭʥʷʭ ʢʦʨʦʟʽʷ ʚʠʥʠʢʘʻ ʽ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʰʚʠʜh ʝ. 

ɯʟ ʩʢʘʟʘʥʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʦʙˇʨʫʥʪʦʚʘʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʻ 
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ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʠʪʠ ʤʘʰʠʥ, 

ʾʭ ʩʪʨʦʢʫ ʩʣʫʞʙʠ. 
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Influence shape and position deviations of surfaces, waviness and roughness quality products 

and operational parameters of machines  

ShvorinӾ M.S., Hnativ O.P., Ivanov H.O  

In order to ensure the required accuracy of product parameters, its performance and durability 

on the working drawings of details necessary to specify not only tolerated dimensions, but also, where 

necessary, form and position tolerances surfaces. 
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ʋɼʂ 624.15 

ʇʆʂʈɸʑɽʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ 

ɻʈʋʅʊʋ ʇʈʀ ɺʀʂʆʈʀʉʊɸʅʅɯ ʊɽʍʅʆʃʆɻɯɰ NO-TILL  

ɺʘʱʠʥʩʴʢʘ ʆ. - ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ʄ 2/1, ʂʩʝʥʠʢ ʃ. ï ʩʪʫʜʝʥʪʢʘ  

ʛʨʫʧʠ ʄ2/3 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʇʘʚʣʶʯʝʥʢʦ ɯ.ʉ., ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ 

ʟʘʛʘʣʴʥʦʪʝʭʥʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʅʫʣʴʦʚʠʡ ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ (NO-TILL) ʻ ʩʫʯʘʩʥʦʶ, ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʩʠʩʪʝʤʦʶ 

ʟʝʤʣʝʨʦʙʩʪʚʘ, ʷʢʘ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʽ ʜʦʪʨʠʤʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʫʣʴʦʚʠʡ ʦʙʨʦʙʽʪʦʢ, ʟʙʝʨʝʞʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ 

 

ˆʨʫʥʪ ï ʞʠʚʘ ʙʽʦʢʦʩʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʝʞʠʚʦʾ ʩʢʝʣʝʪʥʦʾ 

ʯʘʩʪʠʥʠ ʪʘ ʙʽʦʣʦʛʽʯʥʦʛʦ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʫ. ɺʦʥʠ ʪʽʩʥʦ ʧʝʨʝʧʣʝʪʝʥʽ ʽ 

ʚʟʘʻʤʦʟʘʣʝʞʥʽ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʚ ʦʩʥʦʚʽ ʙʫʜʴ-ʷʢʦʾ ʨʦʙʦʪʠ ʟ ˇʨʫʥʪʦʤ 

ʙʘʟʦʚʠʤʠ ʻ ʡʦʛʦ ʘʛʨʦʬʽʟʠʯʥʽ ʘʩʧʝʢʪʠ. 

ɺ ʋʢʨʘʾʥʽ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 20-30 ʨʦʢʽʚ ʧʦʩʪʫʧʦʚʦ ʩʢʣʘʣʘʩʷ ʪʘʢ 

ʟʚʘʥʘ ʢʦʤʙʽʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʽ ʟʥʘʨʷʜʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʚʠʤʦʛ 

ʨʦʩʣʠʥ ʽ ʧʦʧʝʨʝʜʥʠʢʽʚ. ʎʷ ʩʠʩʪʝʤʘ ʤʘʻ ʯʠʤʘʣʦ ʧʦʟʠʪʠʚʥʠʭ ʦʟʥʘʢ, ʘʣʝ ʚʘʨʪʦ 

ʟʚʝʨʥʫʪʠ ʙʽʣʴʰʝ ʫʚʘʛʠ ʥʘ ʾʾ ʥʝʜʦʣʽʢʠ. 

ʎʝ ï ʟʥʝʩʪʨʫʢʪʫʨʝʥʥʷ ʽ ʝʨʦʟʽʷ ˇʨʫʥʪʽʚ, ʧʽʜʚʠʱʝʥʽ ʚʪʨʘʪʠ ʦʨʛʘʥʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ ʷʢ ʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʚʝʨʭʥʽʡ ʰʘʨ ˇʨʫʥʪʫ ʟʘʥʘʜʪʦ ʯʘʩʪʦ 

ʦʙʨʦʙʣʶʻʪʴʩʷ ʽ ʪʨʠʚʘʣʠʡ ʯʘʩ ʧʝʨʝʙʫʚʘʻ ʫ ʥʘʜʤʽʨʥʦ ʘʝʨʦʚʘʥʦʤʫ ʩʪʘʥʽ; 

ʧʝʨʝʫʱʽʣʴʥʝʥʥʷ ʧʽʜʦʨʥʦʛʦ ʽ ʧʽʜʥʘʩʽʥʥʻʚʦʛʦ (ʚʝʩʥʦʶ) ʰʘʨʫ ʷʢ ʥʘʩʣʽʜʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʞʢʠʭ ʝʥʝʨʛʦʥʘʩʠʯʝʥʠʭ ʽ ʢʦʣʽʩʥʠʭ ʪʨʘʢʪʦʨʽʚ ʪʦʜʽ, ʢʦʣʠ 

ʥʘʟʚʘʥʽ ʰʘʨʠ ˇʨʫʥʪʽʚ ʤʘʶʪʴ ʚʦʣʦʛʽʩʪʴ, ʙʣʠʟʴʢʫ ʜʦ ʦʧʪʠʤʘʣʴʥʦʾ, ʽ ʪʦʤʫ 

ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʽ ʜʦ ʧʝʨʝʫʱʽʣʴʥʝʥʥʷ; ʧʝʨʝʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʯʝʨʝʟ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʦʣʦʛʽʯʥʽ ʡ ʝʢʦʥʦʤʽʯʥʽ ʧʨʠʯʠʥʠ ʧʦʪʨʝʙʫʶʪʴ 

ʧʝʨʝʛʣʷʜʫ ʩʫʯʘʩʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʥʘʫʢʦʚʠʭ ʧʦʰʫʢʽʚ ʡʦʛʦ ʟʜʝʰʝʚʣʝʥʥʷ. ʅʘʡʚʠʱʦʛʦ ʝʬʝʢʪʫ, ʟʘ ʜʘʥʠʤʠ 

ʙʘʛʘʪʴʦʭ ʟʘʢʦʨʜʦʥʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʫʣʴʦʚʦʛʦ ʦʙʨʦʙʽʪʢʫ. 

ʅʫʣʴʦʚʠʡ ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ (NO-TILL) ʻ ʩʫʯʘʩʥʦʶ, ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ 

ʩʠʩʪʝʤʦʶ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʷʢʘ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʽ ʜʦʪʨʠʤʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ.  

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʩʠʩʪʝʤʘ ʥʫʣʴʦʚʦʛʦ 

ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʤʘʻ ʨʷʜ ʪʘʢʠʭ ʧʝʨʝʚʘʛ: ʝʢʦʥʦʤʽʷ ʨʝʩʫʨʩʽʚ ʘʙʦ ʟʥʠʞʝʥʥʷ 

ʚʠʪʨʘʪ,ʥʘʢʦʧʠʯʝʥʥʷ ʚʦʣʦʛʠ ʫ ˇʨʫʥʪʽ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʤʦʚʘʭ 

ʩʪʝʧʫ ʽ ʚʽʜʧʦʚʽʜʥʦ ʧʦʤʽʪʥʝ ʟʥʠʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʫʨʦʞʘʶ ʚʽʜ ʧʦʛʦʜʥʠʭ 

ʫʤʦʚ. ʅʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʫʨʦʞʘʡʥʦʩʪʽ ʟʘ no-till  ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʧʝʥʩʫʻʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʋʣʫʯʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ  no-till    

ɺʘʱʠʥʩʢʦʛʦ ɸ. ʂʩʝʥʠʢʘ ʃ. ʇʘʚʣʶʯʝʥʢʦ ʀ.ʉ 

ʅʫʣʝʚʦʡ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ (NO-TILL) ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʡ, ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ 

ʩʠʩʪʝʤʦʡ ʟʝʤʣʝʜʝʣʠʷ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

 

Process improvement of soil properties of technology no-till  VashchynsӾka O. Ksenyk L. 

Pavlyuchenko I.S. 

Zero tillage (NO-TILL) is a modern, fairly complex system of agriculture, which requires 

special equipment, and compliance technologies 

 

ʋɼʂ 669.017:621.785 

ɸɿʆʊʋɺɸʅʅʗ ɿʆʊʋɺɸʅʅʗ ɿʋɹʏɸʉʊɯʍ ʂʆʃɯʉ 

ɺʽʣʷʥʩʴʢʘ ɸ.ɺ ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ʄ1/1  

ʇʦʣʷʥʩʴʢʠʡ ʇ.ʄ. ʢ.ʝ.ʥ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɯʚʘʥʦʚ ɻ.ʆ. 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʘ ʡ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʤʝʞʽ ʚʠʪʨʠʚʘʣʦʩʪʽ ʚʩʝ 

ʰʠʨʰʝ ʧʽʜʜʘʶʪʴ ʘʟʦʪʫʚʘʥʥʶ ʜʝʪʘʣʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʟʦʪʫʚʘʥʥʷ, ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʥʘʛʨʽʚ 

 

ɿʫʙʠ ʰʝʩʪʝʨʥʽ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ ʧʽʜʜʘʶʪʴʩʷ: 1) ʟʛʠʥʫ 

ʧʨʠ ʧʨʠʢʣʘʜʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʘʙʦ ʧʨʠ ʨʽʟʢʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʨʫʡʥʫʚʘʥʥʷ ʚ ʥʽʞʮʽ ʟʫʙʘ ʧʦ 

ʛʘʣʪʝʣʽ; 2) ʟʛʠʥʫ ʧʨʠ ʙʘʛʘʪʦʢʨʘʪʥʠʭ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʱʦ 

ʚʠʢʣʠʢʘʶʪʴ ʚʪʦʤʥʝ ʨʫʡʥʫʚʘʥʥʷ ʟʫʙʘ ʚ ʥʝʙʝʟʧʝʯʥʦʤʫ ʧʝʨʝʪʠʥʽ ʚ ʥʽʞʮʽ ʟʫʙʘ; 

3) ʢʦʥʪʘʢʪʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ ʥʘ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʚ ʟʦʥʽ ʟʘʯʝʧʣʝʥʥʷ ʟʫʙʽʚ; 

4) ʟʥʦʩʫ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʧʝʨʝʤʠʢʘʥʥʽ ʧʝʨʝʜʘʯ. ʆʩʥʦʚʥʠʤ 

ʢʨʠʪʝʨʽʻʤ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʰʝʩʪʝʨʝʥʴ ʻ: ʢʦʥʪʘʢʪʥʘ ʚʠʪʨʠʚʘʣʽʩʪʴ, 

ʚʠʪʨʠʚʘʣʽʩʪʴ ʧʨʠ ʟʛʠʥʽ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʥʦʰʫʚʘʥʥʷ ʽ ʟʘʾʜʘʥʥʷ. 

ɿʤʽʮʥʶʶʯʽ ʜʽʶ ʘʟʦʪʫʚʘʥʥʷ ʦʙʫʤʦʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷʤ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ 

ʰʘʨʽ ʜʠʩʧʝʨʩʥʠʭ ʥʽʪʨʠʜʽʚ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʢʘʟʘʥʠʤ 

ʚʠʤʦʛʘʤ. 
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ʅʘʡʙʽʣʴʰʫ ʪʚʝʨʜʽʩʪʴ - ʧʽʩʣʷ ʘʟʦʪʫʚʘʥʥʷ ʥʘʜʘʻ ʩʪʘʣʽ ʘʣʶʤʽʥʽʡ, ʷʢʠʡ 

ʫʪʚʦʨʶʻ ʚ ʥʽʡ ʜʠʩʧʝʨʩʥʽ ʥʽʪʨʠʜʠ (ʨʠʩ. 1). 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ɺʧʣʠʚ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʧʦʚʝʨʭʥʝʚʫ ʪʚʝʨʜʽʩʪʴ ʽ ʛʣʠʙʠʥʫ 

ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ 

 

ʇʝʨʚʽʩʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʨʦʣʴ ʯʘʩʪʠʥʦʢ ʥʽʪʨʠʜʽʚ ʷʢ çʰʠʧʽʚè, ʱʦ 

ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʢʦʚʟʘʥʥʶ ʽ ʧʽʜʚʠʱʫʶʪʴ ʪʚʝʨʜʽʩʪʴ ʩʪʘʣʽ, ʧʦʟʥʘʯʠʣʦʩʷ 

ʥʝʜʦʩʪʘʪʥʽʤ ʫ ʟʚ'ʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʜʠʩʣʦʢʘʮʽʡʥʦʾ ʪʝʦʨʽʾ ʙʫʜʦʚʠ ʨʝʘʣʴʥʠʭ 

ʢʨʠʩʪʘʣʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʽʾ ʜʠʩʣʦʢʘʮʽʡ, ʯʘʩʪʢʠ ʜʨʫʛʦʾ ʬʘʟʠ ʻ 

ʧʝʨʝʰʢʦʜʘʤʠ ʧʨʠ ʧʝʨʝʩʫʚʘʥʥʽ ʜʠʩʣʦʢʘʮʽʾ. ɿʫʩʪʨʽʯʘʶʯʠ ʥʘ ʩʚʦʻʤʫ ʰʣʷʭʫ 

ʯʘʩʪʠʥʢʠ ʜʨʫʛʦʾ ʬʘʟʠ, ʜʠʩʣʦʢʘʮʽʾ ʤʦʞʫʪʴ ʘʙʦ ʩʧʦʚʽʣʴʥʶʚʘʪʠ ʩʚʽʡ ʨʫʭ, ʘʙʦ 

ʧʦʚʥʽʩʪʶ ʧʨʠʧʠʥʠʪʠʩʷ. ʗʢʱʦ ʜʠʩʣʦʢʘʮʽʾ ʚʩʝ ʞ ʤʠʥʫʣʠ (ʦʙʽʛʥʫʣʠ) 

ʯʘʩʪʠʥʢʫ, ʪʦ ʥʘʚʢʦʣʦ ʦʩʪʘʥʥʴʦʾ ʟʘʣʠʰʘʻʪʴʩʷ ʧʝʪʣʷ ʜʠʩʣʦʢʘʮʽʡ ʽ, ʦʪʞʝ, ʧʦʣʝ 

ʧʦʜʘʣʴʰʠʭ ʥʘʧʨʫʛ. ʅʘʙʣʠʞʘʶʯʠʩʴ ʜʦ ʪʘʢʠʭ ʜʽʣʷʥʦʢ, ʽʥʰʽ ʜʠʩʣʦʢʘʮʽʾ 

ʙʫʜʫʪʴ ʚʽʜʯʫʚʘʪʠ ʛʘʣʴʤʫʚʘʥʥʷ; ʥʘʧʨʫʛʠ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʯʘʩʪʦʢ, 

ʥʘʚʢʦʣʦ ʧʝʪʣʷʤʠ, ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʪʝʣʴ. ɿʤʽʮʥʝʥʥʷ 

ʩʧʣʘʚʫ ʙʫʜʝ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʤʝʥʰʝ ʚʽʜʨʽʟʢʠ, ʥʘ ʷʢʽ ʤʦʞʝ ʧʝʨʝʤʽʱʘʪʠʩʷ 

ʜʠʩʣʦʢʘʮʽʷ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʜʠʩʧʝʨʩʥʽʩʪʶ ʫʪʚʦʨʝʥʠʭ 

ʥʽʪʨʠʜʽʚ, ʪʦʙʪʦ ʤʽʞʯʘʩʪʠʥʢʦʚʦʶ ʚʽʜʩʪʘʥʥʶ. ʂʦʣʠ ʙʽʣʴʰʽʩʪʴ ʤʽʞʯʘʩʪʢʦʚʠʭ 

ʦʙʩʷʛʽʚ ʙʫʜʝ ʟʘʧʦʚʥʝʥʦ ʧʝʪʣʷʤʠ (ʽ ʙʫʜʝ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʣʽʚ ʥʘʧʨʫʛ), ʥʘʩʪʘʥʝ 

ʩʪʘʥ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʤʽʮʥʝʥʥʷ. 
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ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʪʘʣʴ 38ʍʄʖɸ. ʎʷ ʩʪʘʣʴ ʤʘʻ 

ʚʠʩʦʢʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʩʢʨʽʟʴ ʧʨʦʛʘʨʪʦʚʘʥʽʩʪʴ ʧʨʠ ʜʽʘʤʝʪʨʽ ʜʦ 50 

ʤʤ, ʥʘʙʫʚʘʻ ʧʽʩʣʷ ʛʘʨʪʫ ʪʚʝʨʜʽʩʪʴ ʅɺ 420-480, ʘ ʧʽʩʣʷ ʚʽʜʧʫʩʪʢʠ ʧʨʠ 600-

625 Áʉ ʪʚʝʨʜʽʩʪʴ ʅɺ 260-290. 

ʉʪʘʣʴ 38ʍʄʖɸ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʛʘʨʪʫʚʘʪʠ ʟ 930 Áʉ ʚ ʤʘʩʣʽ ʘʙʦ ʚʦʜʽ, 

ʧʨʠʯʦʤʫ ʦʧʪʠʤʘʣʴʥʘ ʤʽʮʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʛʘʨʪʽ ʫ ʚʦʜʽ (ʨʠʩ. 2). 

ʄʽʥʽʤʘʣʴʥʘ ʢʨʠʭʢʽʩʪʴ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘ ʩʪʘʣʽ 38ʍʄʖɸ, ʟʘʛʘʨʪʦʚʘʥʦʾ ʟ 

900 Áʉ ʚ ʤʘʩʣʽ, ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʽʜʧʫʩʪʮʽ ʥʘ ʙʽʣʴʰ ʥʠʟʴʢʫ ʪʚʝʨʜʽʩʪʴ (HRC 

25-27). ʄʝʥʰʦʶ ʢʨʠʭʢʽʩʪʶ ʚʦʣʦʜʽʻ ʘʟʦʪʦʚʘʥʠʡ ʰʘʨ ʩʪʘʣʽ, ʟʘʛʘʨʪʦʚʘʥʦʾ ʟ 

930 Áʉ ʫ ʚʦʜʽ. ɺʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʥʘʛʨʽʚ ʮʽʻʾ ʩʪʘʣʽ ʧʽʜ ʟʘʛʘʨʪʫʚʘʥʥʷ - 

ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʪʦʥʢʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʧʨʠʷʻ ʩʫʪʪʻʚʦʤʫ 

ʧʽʜʚʠʱʝʥʥʶ ʚôʷʟʢʦʩʪʽ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ. 

ʅʘʷʚʥʽʩʪʴ ʚ ʩʪʘʣʽ 38ʍʄʖɸ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʣʶʤʽʥʽʶ ʚʠʢʣʠʢʘʻ ʨʷʜ 

ʫʩʢʣʘʜʥʝʥʴ ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʧʣʘʚʢʠ, ʘ ʪʘʢʦʞ ʚ ʛʘʨʷʯʽʡ ʤʝʭʘʥʽʯʥʽʡ ʽ ʪʝʨʤʽʯʥʽʡ 

ʦʙʨʦʙʢʘʭ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʧʨʦʚʘʜʞʝʥʘ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʴ 38ʍɺʌʖɸ, 

ʷʢʘ ʥʝ ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʦʣʽʙʜʝʥʫ ʪʘ ʤʘʻ 0,4-0,7% ɸ1. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟʽ 

ʩʪʘʣʣʶ 38ʍʄʖɸ ʮʷ ʩʪʘʣʴ ʤʘʻ ʪʘʢʫ ʞ ʤʽʮʥʽʩʪʴ, ʚ'ʷʟʢʽʩʪʴ, ʧʨʦʛʘʨʪʦʚʘʥʽʩʪʴ, 

ʘʣʝ ʾʾ ʪʚʝʨʜʽʩʪʴ ʧʽʩʣʷ ʘʟʦʪʫʚʘʥʥʷ ʧʦʤʽʪʥʦ ʥʠʞʯʝ, ʘ ʘʟʦʪʦʚʘʥʠʡ ʰʘʨ ʤʝʥʰ 

ʢʨʠʭʢʠʡ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʘ ʡ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʤʝʞʽ 

ʚʠʪʨʠʚʘʣʦʩʪʽ ʚʩʝ ʰʠʨʰʝ ʧʽʜʜʘʶʪʴ ʘʟʦʪʫʚʘʥʥʶ ʜʝʪʘʣʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʫʤʦʚʘʭ ʧʦʚʪʦʨʥʦ-ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʩʪʘʣʝʡ 30ʍ2ʅ2ɺʌɸ, 

18ʍ2ʅ4ɺɸ, 30ʍ2ʅ2ɺɸ, 40ʍʅɺɸ, 40ʍʅʄɸ, 30ʍ3ɺɸ, 30ʍʅʄʌ, 

30ʍʅ3ʄʌ, 30ʍʄʌ ʪʘ ʽʥ . 

ʇʦʚʝʨʭʥʝʚʘ ʪʚʝʨʜʽʩʪʴ ʮʠʭ ʩʪʘʣʝʡ ʧʽʩʣʷ ʘʟʦʪʫʚʘʥʥʷ ʥʝʚʝʣʠʢʘ ʽ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ HV 550-900, ʘʣʝ ʧʨʦʛʘʨʪʦʚʘʥʽʩʪʴ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ 

ʚʠʱʝ, ʥʽʞ ʫ ʩʪʘʣʽ 38ʍʄʖɸ, ʘ ʘʟʦʪʦʚʘʥʠʡ ʰʘʨ ʤʝʥʰ ʪʚʝʨʜʠʡ ʽ ʢʨʠʭʢʠʡ. 

ɸʟʦʪʫʚʘʥʥʷʤ ʧʦʣʽʧʰʫʻʪʴʩʷ ʣʝʛʦʚʘʥʽ ʩʪʘʣʠ, ʥʘʧʨʠʢʣʘʜ 40ʍ. ʇʽʩʣʷ 

ʘʟʦʪʫʚʘʥʥʷ ʮʽ ʩʪʘʣʽ ʦʪʨʠʤʫʶʪʴ ʙʽʣʴʰ ʥʠʟʴʢʫ ʪʚʝʨʜʽʩʪʴ, ʥʽʞ ʧʽʩʣʷ 

ʮʝʤʝʥʪʘʮʽʾ (HRC 50-58 ʧʨʠ ʧʝʨʝʢʣʘʜʽ ʟ HV 10). 
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ʇʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʘʟʦʪʦʚʘʥʦʛʦ 38ʍʄʖɸ ʯʘʩʪʽʰʝ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ 

ʪʦʥʢʘ ʥʝʧʨʦʪʨʘʚʣʶʶʯʘ ʥʽʪʨʠʜʥʘ ʟʦʥʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ Ů-ʽ ɔ'-ʬʘʟ ʘʙʦ ʟ ɝ-, 

Ů- ʽ ɔ'-ʬʘʟ. ʇʽʜ ʮʽʻʶ ʟʦʥʦʶ ʟʥʘʭʦʜʠʪʴʩʷ ʦʩʥʦʚʥʘ ʟʦʥʘ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ, ʱʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʨʠ ʥʝʚʝʣʠʢʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜ ʩʦʨʙʽʪʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʩʝʨʮʝʚʠʥʠ ʩʪʘʣʽ ʣʠʰʝ ʙʽʣʴʰʠʤ ʪʨʘʚʣʝʥʥʷʤ. ʎʷ ʟʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ Ŭ- ʽ ɔ'-

ʬʘʟ; ʚ ʪʽʡ ʾʾ ʯʘʩʪʠʥʽ, ʷʢʘ ʧʨʠʤʠʢʘʻ ʜʦ ʥʽʪʨʠʜʥʦʾ ʢʨʦʤʢʠ, ʽʥʦʜʽ ʧʨʠʩʫʪʥʽ 

ʥʽʪʨʠʜʠ ʟʘʣʽʟʘ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʧʨʦʞʠʣʦʢ. ɼʠʩʧʝʨʩʥʽ ʥʽʪʨʠʜʠ ʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʟʘʟʚʠʯʘʡ ʧʨʠʡʥʷʪʠʭ ʟʙʽʣʴʰʝʥʥʷʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʝ ʚʠʜʥʽ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʡʰʣʠ ʜʦ 

ʚʠʩʥʦʚʢʫ, ʱʦ ʚ ʘʟʦʪʦʚʘʥʦʤʫ ʰʘʨʽ ʩʪʘʣʽ 38ʍʄʖɸ ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʜʽʣʷʶʪʴʩʷ 

ʥʽʪʨʠʜʽʚ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʨʦʙʣʝʥʥʷ ʙʣʦʢʽʚ. 

                                             

ʈʠʩ. 2. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ ʩʪʘʣʽ 35ʍʄʖɸ, 520 Áʉ. 48 ʛʦʜ 

(X150) 

 

ʅʽʪʨʠʜʠ ʤʘʶʪʴ ʨʦʟʤʽʨʠ ʙʣʠʟʴʢʦ 200-500 ɸ ʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʧʦ ʤʝʞʘʭ ʮʠʭ ʙʣʦʢʽʚ. ɼʦʩʪʦʚʽʨʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʚʝʣʠʯʠʥʫ ʽ 

ʪʚʝʨʜʦʩʪʽ ʥʽʪʨʠʜʽʚ ʘʣʶʤʽʥʽʶ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʚ ʩʪʘʣʽ, ʥʝʤʘʻ. 

ʇʨʠ ʚʝʣʠʢʦʤʫ ʚʤʽʩʪʽ ʚ ʩʪʘʣʽ ʥʽʪʨʠʜʦʫʪʚʦʨʶʶʯʠʭ ʣʝʛʦʚʘʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʥʽʪʨʠʜʥʽ ʬʘʟʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʷʚʣʝʥʽ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ ʽ 

ʤʽʢʨʦʩʢʦʧʽʯʥʠʤ ʤʝʪʦʜʘʤʠ. 
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ɸʟʦʪʦʚʘʥʠʡ ʰʘʨ ʤʘʻ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ (ʈʠʩ. 3) ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. 

ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ ʘʟʦʪʦʚʘʥʦʛʦ ʩʪʘʣʠ ʚ 1,5-4 ʨʘʟʠ ʚʠʱʝ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʟʘʛʘʨʪʦʚʘʥʠʭ ʚʠʩʦʢʦʚʫʛʣʝʮʝʚʠʭ, ʮʝʤʝʥʪʦʚʘʥʠʭ ʽ ʥʘʚʽʪʴ ʚʠʱʝ 

ʥʽʪʨʦʮʝʤʝʥʪʦʚʘʥʠʭ ʩʪʘʣʝʡ. 

ɸʟʦʪʫʚʘʥʥʷ ʟʥʠʞʫʻ ʚ'ʷʟʢʽʩʪʴ ʩʪʘʣʠ, ʧʽʜʚʠʱʫʻ ʾʾ ʤʽʮʥʽʩʪʴ, ʧʦʩʣʘʙʣʶʻ 

ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ ʥʘ ʟʤʝʥʰʝʥʥʷ ʤʝʞʽ ʚʠʪʨʠʚʘʣʦʩʪʽ ʩʪʘʣʽ 

(ʨʠʩ. 3) ʽ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʻ ʤʝʞʫ ʚʠʪʨʠʚʘʣʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʪʦʥʢʠʭ ʜʝʪʘʣʝʡ ʽ 

ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʜʝʷʢʠʭ ʢʦʨʦʟʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

 

 

ʈʠʩ. 3. ʈʦʟʧʦʜʽʣ ʪʚʝʨʜʦʩʪʽ ʽ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦ ʛʣʠʙʠʥʽ ʘʟʦʪʦʚʘʥʠʭ 

ʰʘʨʽʚ ʫ ʩʪʘʣʽ 35ʍʄʖɸ, ʘʟʦʪʦʚʘʥʠʡ ʧʨʠ 520 Áʉ 

 

ɸʟʦʪʦʚʘʥʠʡ ʩʪʘʣʴ ʚʦʣʦʜʽʻ ʪʝʧʣʦʩʪʽʡʢʽʩʪʶ, ʽ ʾʾ ʪʚʝʨʜʽʩʪʴ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʧʽʩʣʷ ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩ. 4). ʅʘʧʨʠʢʣʘʜ, ʩʪʘʣʴ 38ʍʄʖɸ 

ʟʙʝʨʽʛʘʻ ʩʚʦʶ ʪʚʝʨʜʽʩʪʴ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ 500-520 Áʉ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ 

ʜʝʩʷʪʢʽʚ ʛʦʜʠʥ. ʑʝ ʙʽʣʴʰʫ ʩʪʽʡʢʽʩʪʴ ʪʚʝʨʜʦʩʪʽ ʧʨʦʪʠʜʽʾ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʜʦ 600 Áʉ) ʤʘʻ ʘʫʩʪʝʥʽʪʥʘ ʩʪʘʣʴ. ʆʜʥʘʢ ʧʨʠ ʪʨʠʚʘʣʽʡ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʘʟʦʪʦʚʘʥʠʡ ʰʘʨ ʧʦʩʪʫʧʦʚʦ 

ʨʦʟʩʤʦʢʪʫʻʪʴʩʷ, ʥʘ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʦʢʩʠʜʠ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʣʠʙʦʢʘ 

ʜʠʬʫʟʽʷ ʢʠʩʥʶ ʧʦ ʥʽʪʨʠʜʥʠʤ ʧʨʦʞʠʣʢʘʤ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʷʢ ʫ ʧʨʦʮʝʩʽ 

ʘʟʦʪʫʚʘʥʥʷ, ʪʘʢ ʽ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʈʠʩ. 4. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫ ʥʘ ʨʽʟʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʟʦʪʦʚʘʥʠʭ 

ʧʣʘʩʪʠʥʦʢ ʽʟ ʩʪʘʣʽ 38ʍʄʖɸ, ʟʘʛʘʨʪʦʚʘʥʠʭ ʫ ʚʦʜʽ (ʘ), ʽ ʥʘ ʤʝʞʫ ʾʭ ʤʽʮʥʦʩʪʽ 

ʧʨʠ ʚʠʛʠʥʽ (ʙ) ʧʽʩʣʷ ʛʘʨʪʫ ʚ ʤʘʩʣʽ (ʢʨʠʚʽ 1 ʽ 2) ʽ ʟʘʛʘʨʪʫʚʘʥʥʷ  

ʫ ʚʦʜʽ (ʢʨʠʚʘ 3). 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʃʘʭʪʠʥ ʖ.ʄ. ʄʝʪʘʣʣʦʚʝʜʝʥʠʝ ʡ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ. ï ʄ: 

ï "ʄʝʪʘʣʣʫʨʛʠʷ", 1986. 

2. ʄʠʥʢʝʚʠʯ ɸ.ʅ. - ʍʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ï 

ʄ: ï "ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ", 1965. 

3. ɻʫʣʷʝʚ ɸ.ʇ. ʄʝʪʘʣʣʦʚʝʜʝʥʠʝ. ï ʄ.: çʄʝʪʘʣʣʫʨʛʠʷè, 1982. 

 

ɸʟʦʪʠʨʦʚʘʥʠʝ ʟʫʙʯʘʩʪʳʭ ʢʦʣʝʩ ɺʠʣʷʥʩʢʠʡ ɸ.ɺ ʇʦʣʷʥʩʢʠʡ ʇ.ʄ. ʀʚʘʥʦʚ ɻ.ɸ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʥʦ ʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʛʨʘʥʠʮʳ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʚʩʝ ʰʠʨʝ ʧʦʜʚʝʨʛʘʶʪ ʘʟʦʪʠʨʦʚʘʥʠʶ ʜʝʪʘʣʠ. 

 

Nitriding gears VolyansӾka A.H PolyansӾkyy P.M. Ivanov H.O 

To improve not only durability but also mainly endurance limit is increasingly subjected to 

nitriding details. 
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ʋɼʂ 621.822.6  

 

ɸʅʊʀʌʈʀʂʎɯʁʅɯ ʉʇʃɸɺʀ ɼʃʗ ɺʀɻʆʊʆɺʃɽʅʅʗ ɺɸʃʔʅʀʎʔ 

ʂʆʏɽʅʅʗ 

ʅʻʢʨʘʩʦʚ ɺ.ʉ. ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʄ5/ʄ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʢʘʥʜ. ʝʢʦʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʇʦʣʷʥʩʴʢʠʡ ʇ.ʄ., ʢʘʥʜ. 

ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ɯʚʘʥʦʚ ɻ.ʆ  

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʦʣʴʥʠʮʴ ʢʦʯʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ, ʜʦʙʘʚʢʠ, ʩʪʽʡʢʽʩʪʴ. 

 

ɸʥʪʠʬʨʠʢʮʽʡʥʽ ʩʧʣʘʚʠ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ 

ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: ʘ) ʦʣʦʚôʷʥʽ ʽ ʩʚʠʥʮʝʚʽ ʙʘʙʽʪʠ; ʙ) ʩʚʠʥʮʝʚʽ ʙʨʦʥʟʠ; ʚ) ʩʧʣʘʚʠ 

ʥʘ ʦʩʥʦʚʽ ʘʣʶʤʽʥʽʶ ʘʙʦ ʤʘʛʥʽʶ; ʛ) ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʢʘʜʤʽʶ; ʜ) ʩʧʣʘʚʠ ʥʘ 

ʦʩʥʦʚʽ ʮʠʥʢʫ; ʝ) ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʩʨʽʙʣʘ. 

ʉʧʣʘʚʠ ʧʦʚʠʥʥʽ ʚʠʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʠʡ ʧʠʪʦʤʠʡ ʪʠʩʢ ʪʘ ʚʦʣʦʜʽʪʠ 

ʥʘʩʪʫʧʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ; ʚʠʩʦʢʦʶ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʧʦʚʝʨʭʥʽ; ʜʦʙʨʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ; ʩʪʽʡʢʽʩʪʶ ʜʦ ʢʦʨʦʟʽʾ. 

ɺʠʤʦʛʠ 1 ʽ 2 ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʧʦʚʝʨʭʥʽ ʚʘʣʘ ʽ ʚʢʣʘʜʠʰʘ 

ʨʦʟʜʽʣʝʥʽ ʧʣʽʚʢʦʶ ʤʘʩʪʠʣʘ. ʗʢʱʦ ʩʪʨʫʢʪʫʨʘ ʚʢʣʘʜʠʰʘ ʥʝʦʜʥʦʨʽʜʥʘ ʽ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʚʝʨʜʠʭ ʚʢʣʶʯʝʥʴ ʽ ʤ'ʷʢʦʾ ʦʩʥʦʚʠ (ʧʨʘʚʠʣʦ ʐʘʨʧʠ), ʪʦ ʧʽʩʣʷ 

ʥʝʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʚʢʣʘʜʠʰʘ ʫʪʚʦʨʶʻʪʴʩʷ ʤʽʢʨʦʨʝʣʴʻʬ - 

ʚʠʩʪʫʧʘʶʪʴ ʪʚʝʨʜʽ ʚʢʣʶʯʝʥʥʷ ʽ ʤʽʞ ʚʘʣʦʤ ʽ ʚʢʣʘʜʠʰʝʤ ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʨʦʩʪʽʨ, ʚ ʷʢʦʤʫ ʫʪʨʠʤʫʻʪʴʩʷ ʤʘʩʪʠʣʦ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʽʚ ʜʣʷ ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ: ʘ - ʜʦ ʧʦʯʘʪʢʫ 

ʨʦʙʦʪʠ; ʙ - ʧʽʩʣʷ ʥʝʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ; 1 - ʪʚʝʨʜʽ ʚʢʣʶʯʝʥʥʷ; 2 - ʤôʷʢʘ ʦʩʥʦʚʘ; 

3 - ʤʘʩʪʠʣʦ 

 

ʆʣʦʚôʷʥʦ-ʩʚʠʥʮʝʚʽ ʙʘʙʽʪʠ. 

ʆʩʥʦʚʫ ʦʣʦʚôʷʥʠʭ ʽ ʩʚʠʥʮʝʚʠʭ ʙʘʙʽʪʽʚ ʩʢʣʘʜʘʶʪʴ ʤ'ʷʢʽ ʧʣʘʩʪʠʯʥʽ 

ʤʝʪʘʣʠ - ʦʣʦʚʦ ʽ ʩʚʠʥʝʮʴ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʮʠʭ ʙʘʙʽʪʽʚ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ 

ʟʘʜʦʚʦʣʴʥʷʻ ʧʨʘʚʠʣʦ ʐʘʨʧʠ. ɺʠʩʦʢʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʦʩʥʦʚʠ ʩʧʣʘʚʫ 

ʟʘʙʝʟʧʝʯʫʻ ʭʦʨʦʰʫ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ ʡʦʛʦ, ʘ ʥʘʷʚʥʽʩʪʴ ʪʚʝʨʜʠʭ ʢʨʠʩʪʘʣʽʚ 

ʜʦʟʚʦʣʷʻ ʚʠʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʠʡ ʪʠʩʢ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʚ ʦʣʦʚôʷʥʠʭ ʙʘʙʽʪʘʭ ʻ ʩʫʨʤʘ ʽ ʤʽʜʴ. 

ʊʚʝʨʜʽʩʪʴ ʩʚʠʥʮʶ - 3ʅɺ, ʦʣʦʚʘ 5ʅɺ, ʩʫʨʤʠ 30ʅɺ, ʝʚʪʝʢʪʠʢʠ Pb-Sb (7-

8)ʅɺ, ʪʦʤʫ ʥʘʡʢʨʘʱʠʤ ʻ ʝʚʪʝʢʪʠʯʥʽ ʩʧʣʘʚʠ (16-18% Sb). 

ɺʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ Ŭ-ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʩʫʨʤʠ ʚ ʦʣʦʚʽ ʪʚʝʨʜʽʩʪʴ 

ʦʩʥʦʚʠ ʩʧʣʘʚʫ ʧʽʜʚʠʱʫʻʪʴʩʷ, ʘʣʝ ʧʣʘʩʪʠʯʥʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʠʪʴ 

ʚʠʩʦʢʦʶ. ʇʨʠ ʚʤʽʩʪʽ 7,5% Sb ʽ ʙʽʣʴʰʝ ʚ ʩʪʨʫʢʪʫʨʽ ʩʧʣʘʚʫ ʩʧʣʘʚʣʷʶʪʴʩʷ 

ʪʚʝʨʜʽ ɓ-ʢʨʠʩʪʘʣʠ ʟ ʛʨʘʪʢʦʶ ʭʽʤʽʯʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ SbSn. ʆʣʦʚʦ ʨʦʟʯʠʥʷʻ ʚ 

ʩʦʙ̔ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʽʜʽ, ʧʨʠ 1% ʉu 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʝʚʪʝʢʪʠʢʘ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʤʘʡʞʝ ʟ ʯʠʩʪʦʛʦ ʦʣʦʚʘ  

ʥʝʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʨʠʩʪʘʣʠʢʽʚ 

ʭʽʤʽʯʥʦʾ ʩʧʦʣʫʢʠ Cu6Sn5 ʘʙʦ CuSn. 

 

ʄʘʣ. 2. ɹʫʜʦʚʘ ʪʨʽʡʥʠʢʦʚʠʭ ʩʧʣʘʚʽʚ Sn-Sb-Cu 
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ɿʘʟʚʠʯʘʡ ʚ ʩʧʣʘʚ ʚʚʦʜʷʪʴ ʥʝ ʤʝʥʰʝ 2% ʉu, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʣʽʢʚʘʮʽʶ 

ʣʝʛʢʠʭ ʢʨʠʩʪʘʣʽʚ SbSn. ʊʘʢʠʤ ʯʠʥʦʤ ʩʪʨʫʢʪʫʨʠ ʧʨʦʤʠʩʣʦʚʠʭ ʩʧʣʘʚʽʚ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʨʘʚʽʰʝ ʣʽʥʽʾ ɽ2ɺɸ ʽ ʚ ʥʠʭ ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʽ ʛʦʣʢʠ ʭʽʤʽʯʥʦʛʦ 

ʟ'ʻʜʥʘʥʥʷ Cu6Sn5 ʥʘ ʦʩʥʦʚʽ ʢʨʠʩʪʘʣʽʚ ʦʣʦʚ'ʷʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʽ 

ʝʚʪʝʢʪʠʢʠ. ʊʚʝʨʜʽʩʪʴ ʢʨʠʩʪʘʣʽʚ Cu6Sn5 ʽ SbSn ʟʥʘʯʥʦ ʚʠʱʝ, ʥʽʞ ʫ ʝʚʪʝʢʪʠʢʠ 

(ʚʽʜʥʦʰʝʥʥʷ ʾʭ ʪʚʝʨʜʽʩʪʴ 10:4:1). ʎʠʥʢ, ʤʠʰ'ʷʢ ʽ ʟʘʣʽʟʦ ʪʘʢʦʞ ʻ ʰʢʽʜʣʠʚʠʤʠ 

ʜʦʤʽʰʢʘʤʠ ʚ ʦʣʦʚôʷʥʠʭ ʙʘʙʽʪʘʭ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ ʚʠʩʦʢʘ. ʎʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʞʦʨʩʪʢʽ ʦʙʤʝʞʝʥʥʷ ʚʤʽʩʪʫ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʜʦʤʽʰʦʢ ʚ ʩʫʯʘʩʥʠʭ ʩʪʘʥʜʘʨʪʘʭ. 

ʇʨʠ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 80-90 Áʉ, ʽ ʚʽʜʥʦʩʥʦ 

ʥʝʚʠʩʦʢʠʭ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʮʽʣʢʦʤ ʧʨʠʜʘʪʥʽ ʩʚʠʥʮʝʚʽ ʙʘʙʽʪʠ. 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʾʭ ʥʝ ʥʠʞʯʝ, ʥʽʞ ʫ ʦʣʦʚôʷʥʠʭ ʙʘʙʽʪʽʚ. ɼʝʬʽʮʠʪ ʽ 

ʜʦʨʦʞʥʝʯʘ ʦʣʦʚʘ ʧʨʠʟʚʝʣʘ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʠʥʮʝʚʠʭ 

ʙʘʙʽʪʽʚ ʚ ʩʘʤʠʭ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʦʣʦʚôʷʥʠʤʠ ʽ ʩʚʠʥʮʝʚʽ ʙʘʙʽʪʠ ʚʦʣʦʜʽʶʪʴ ʙʽʣʴʰʦʶ ʪʚʝʨʜʽʩʪʶ ʽ ʤʽʮʥʽʩʪʶ, ʘʣʝ 

ʚʦʥʠ ʙʽʣʴʰ ʢʨʠʭʢʽ, ʤʝʥʰ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʫ ʚʠʛʦʪʦʚʣʝʥʽ, ʪʦʤʫ 

ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʟʥʘʯʥʦ ʤʝʥʰʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʥʽʞ ʩʚʠʥʮʝʚʽ 

ʙʘʙʽʪʠ. ʆʪʞʝ ʦʣʦʚ'ʷʥʘ ʦʩʥʦʚʘ ʚ'ʷʟʢʘ, ʧʣʘʩʪʠʯʥʘ ʽ ʤʝʥʰ ʩʭʠʣʴʥʘ ʜʦ ʚʪʦʤʥʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ. 

ʉʢʣʘʜ ʙʘʙʽʪʫ ɹ88 - 7,3...7,8% Sb, 2,5..3,5% ʉʽ, 0,8...1,2% Cd, 

0,15...0,25% Ni, Sn - ʦʩʥʦʚʘ. ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʘʞʢʦʥʘʚʘʥʪʘʞʝʥʠʭ ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ ʪʫʨʙʽʥ, ʪʫʨʙʦʥʘʩʦʩʽʚ, 

ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʽʚ. 

ʆʣʦʚôʷʥʦʩʚʠʥʮʝʚʦʩʫʨʤʷʥʠʡ ʙʘʙʽʪ ɹ16 (16% Sn) ʜʝʰʝʚʰʠʡ 

ʦʣʦʚôʷʥʦʩʫʨʤʷʥʦʛʦ, ʘ ʟʘ ʷʢʽʩʪʶ ʧʦʩʪʫʧʘʶʪʴʩʷ ʥʝ ʥʘʙʘʛʘʪʦ (Sn ʽ Sb ʧʦ 15-

17%, ʦʩʥʦʚʘ ʈb). ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʝʨʝʜʥʴʦʥʘʛʨʫʞʝʥʠʭ 

ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʤʦʪʦʨʽʚ. 

ʂʘʣʴʮʽʻʚʽ ʙʘʙʽʪʠ (ɹʂ) ʥʘʣʝʞʘʪʴ ʜʦ ʩʠʩʪʝʤʠ ʈb-ʉʘ-Na. ʄ'ʷʢʦʾ 

ʩʢʣʘʜʦʚʦʶ ʻ ʘ-ʬʘʟʘ (ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ Na ʽ ʉʘ ʚ ʈb), ʪʚʝʨʜʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ - 

ʢʨʠʩʪʘʣʠ ʈb3ʉʘ. ʅʘʪʨʽʡ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʚʚʦʜʷʪʴʩʷ ʚ ʩʧʣʘʚ, 
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ʧʽʜʚʠʱʫʶʪʴ ʪʚʝʨʜʽʩʪʴ Ŭ-ʨʦʟʯʠʥʫ. ɹʘʙʽʪʠ ɹʂ ʚʦʣʦʜʽʶʪʴ ʭʦʨʦʰʠʤʠ 

ʘʥʪʠʬʨʠʢʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʤʝʥʰ ʢʨʠʭʢʽ ʽ ʙʽʣʴʰ ʟʥʦʩʦʩʪʽʡʢʽ, ʥʽʞ 

ʙʘʙʽʪʠ ɹʉ. ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ (ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ 

ʚʘʛʦʥʽʚ, ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʪʝʧʣʦʚʦʟʥʠʭ ʜʚʠʛʫʥʽʚ ʽ ʪ. ʜ.). 

ʉʚʠʥʮʝʚʘ ʙʨʦʥʟʘ. 

ʈʦʟʚʠʪʦʢ ʘʚʽʘʮʽʡʥʦʛʦ ʤʦʪʦʨʦʙʫʜʫʚʘʥʥʷ ʟʘʞʘʜʘʣʦ ʟʥʘʯʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʥʠʭ ʪʠʩʢʫ ʽ ʰʚʠʜʢʦʩʪʝʡ ʢʦʚʟʘʥʥʷ ʫ ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ. 

ɺ ʫʤʦʚʘʭ ʧʦʛʽʨʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚʠʷʚʠʣʠʩʷ ʥʝʧʨʠʜʘʪʥʠʤʠ 

ʥʘʚʽʪʴ ʥʘʡʢʨʘʱʽ ʚʠʩʦʢʦʦʣʦʚôʷʥʽ ʙʘʙʽʪʠ ʟ ʧʨʠʯʠʥʠ ʾʭ ʥʝʜʦʩʪʘʪʥʴʦʾ ʤʽʮʥʦʩʪʽ ʽ 

ʦʧʦʨʫ ʚʪʦʤʠ. ʇʦʪʨʝʙʘ ʚ ʥʦʚʦʤʫ ʤʘʪʝʨʽʘʣʽ, ʷʢʽʩʥʦ ʚʽʜʧʦʚʽʜʘʻ ʧʽʜʚʠʱʝʥʠʤ 

ʚʠʤʦʛʘʤ, ʙʫʣʘ ʟʘʜʦʚʦʣʝʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʚʠʥʮʝʚʦʾ ʙʨʦʥʟʠ. ʉʢʣʘʜ ɹʨʉ30: 

27-31% ʈb; ʜʦ 0,1% ʈ; ʽʥʰʝ ʉu. 

ʉʚʠʥʝʮʴ ʧʨʘʢʪʠʯʥʦ ʥʝ ʨʦʟʯʠʥʥʠʡ ʫ ʪʚʝʨʜʽʡ ʤʽʜʽ, ʽ, ʚʽʜʧʦʚʽʜʥʦ 

ʩʪʨʫʢʪʫʨʘ ʫʩʽʭ ʩʚʠʥʮʝʚʠʭ ʙʨʦʥʟ ʪʘʢ ʩʘʤʦ ʛʝʪʝʨʦʛʝʥʥʘ, ʷʢ ʽ ʙʘʙʽʪʽʚ, ʘʣʝ, 

ʚʽʜʤʽʥʥʽʩʪʶ, ʱʦ ʚ ʥʠʭ ʦʩʥʦʚʥʦʶ ʤʘʩʦʶ ʚ ʩʪʨʫʢʪʫʨʽ ʻ ʙʽʣʴʰ ʪʚʝʨʜʘ ʤʽʜʴ, ʚ 

ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʽ ʚʢʣʶʯʝʥʥʷ ʤ'ʷʢʦʛʦ ʩʚʠʥʮʶ.  

ɿ ʯʠʩʣʘ ʚʩʽʭ ʩʧʣʘʚʽʚ ʜʣʷ ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ ʩʚʠʥʮʶʚʘʪʘ ʙʨʦʥʟʘ 

ʚʦʣʦʜʽʻ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ. 

ʇʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʽʮʥʽʩʪʴ ʩʚʠʥʮʶʚʘʪʦʾ ʙʨʦʥʟʠ ʥʝ 

ʟʘʟʥʘʻ ʽʩʪʦʪʥʠʭ ʟʤʽʥ (ʘʞ ʜʦ 200 Áʉ). ɿʥʠʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, 

ʣʠʰʝ ʧʦʯʠʥʘʶʯʠ ʚʽʜ 150 Áʉ. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʘʥʪʠʬʨʠʢʮʽʡʥʠʤʠ ʩʧʣʘʚʘʤʠ ʩʚʠʥʮʶʚʘʪʽ 

ʙʨʦʥʟʠ ʧʨʦʷʚʣʷʶʪʴ ʧʨʠ ʪʝʨʪʽ ʙʽʣʴʰ ʥʠʟʴʢʫ ʪʝʤʧʝʨʘʪʫʨ. 

ɹʽʣʴʰ ʚʠʩʦʢʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʦʧʽʨ ʚʪʦʤʠ ʩʪʘʚʣʷʪʴ ʩʚʠʥʮʶʚʘʪʫ ʙʨʦʥʟʫ (ʦʩʦʙʣʠʚʦ ʣʝʛʦʚʘʥʫ 

ʦʣʦʚʦʤ) ʥʘ ʧʝʨʰʝ ʤʽʩʮʝ ʩʝʨʝʜ ʫʩʽʭ ʩʧʣʘʚʽʚ ʜʣʷ ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ, ʜʣʷ 

ʥʘʡʙʽʣʴʰ ʧʦʪʫʞʥʠʭ ʘʚʽʘʮʽʡʥʠʭ, ʪʘʥʢʦʚʠʭ, ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʤʦʪʦʨʽʚ ʽ ʜʠʟʝʣʽʚ. 

ʉʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʢʘʜʤʽʶ. 

ʋ ʤʽʜʥʦʢʘʜʤʽʻʚʠʭ ʩʧʣʘʚʘʭ ʦʩʥʦʚʥʠʤʠ ʢʨʠʩʪʘʣʘʤʠ ʻ ʢʨʠʩʪʘʣʠ 

ʭʽʤʽʯʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ CuCd3 ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʝʚʪʝʢʪʠʮʽ Cd+Ů, ʱʦ ʩʣʫʞʠʪʴ 
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ʤ'ʷʢʦʶ ʦʩʥʦʚʦʶ. ʉʨʽʙʣʦ, ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ ʢʘʜʤʽʾ ʚ ʜʝʢʽʣʴʢʦʭ ʚʽʜʩʦʪʢʘʭ, 

ʧʽʜʚʠʱʫʶʯʠ ʪʚʝʨʜʽʩʪʴ ʤ'ʷʢʦʾ ʦʩʥʦʚʠ. ɿʛʽʜʥʦ ʧʦʪʨʽʡʥʠʡ ʜʽʘʛʨʘʤʽ, ʩʧʣʘʚʠ ʟʽ 

ʩʢʣʘʜʦʤ ʜʦ 1,2% ʉu ʽ ʜʦ 2,5 Ag, ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʝʚʪʝʢʪʠʢʠ ʽ ʢʨʠʩʪʘʣʽʚ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ cʨʽʙʣʘ ʚ ʢʘʜʤʽʾ. ʉʧʣʘʚʠ, ʱʦ ʤʽʩʪʷʪʴ ʧʦʥʘʜ 1,2% ʉu  ̔ʜʦ 

2,5% Ag ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʝʚʪʝʢʪʠʢʠ ʽ ʢʨʠʩʪʘʣʽʚ ʭʽʤʽʯʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ CuCd3. 

ɺʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʦʢʨʝʤʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʤʘʟʥʦʛʦ ʚʽʩʪʨʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʦʧʦʨʥʽ ʢʨʠʩʪʘʣʠ ʢʘʜʤʽʻʚʽ ʩʧʣʘʚʽʚ ʤʘʶʪʴ 

ʣʠʰʝ ʪʨʦʭʠ ʙʽʣʴʰʫ ʪʚʝʨʜʽʩʪʴ, ʥʽʞ ʢʨʠʩʪʘʣʠ ʦʣʦʚôʷʥʠʭ ʙʘʙʽʪʽʚ, ʽ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʾʭ ʜʽʷ ʥʘ ʚʘʣ ʜʦʩʠʪʴ ʤ'ʷʢʝ. 

ʊʚʝʨʜʽʩʪʴ ʢʘʜʤʽʻʚʠʭ ʩʧʣʘʚʽʚ ʚ ʦʙʣʘʩʪʽ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʠʩʦʢʘ ʽ 

ʥʘʙʘʛʘʪʦ ʚʠʱʝ, ʥʽʞ ʫ ʦʣʦʚôʷʥʠʭ ʙʘʙʽʪʘʭ. ʈʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʣʴʥʠʮʴ 

ʢʦʯʝʥʥʷ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 80 Áʉ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʢʘʜʤʽʻʚʠʭ ʩʧʣʘʚʽʚ ʻ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʢʦʨʦʟʽʾ ʚ ʤʘʩʪʠʣʴʥʠʭ 

ʤʘʩʣʘʭ, ʱʦ ʤʽʩʪʷʪʴ ʢʠʩʣʦʪʠ, ʘ ʧʨʠʩʫʪʥʽʩʪʴ ʤʘʛʥʽʶ ʧʽʜʩʠʣʶʻ ʢʦʨʦʟʽʶ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʥʘʥʦʩʷʪʴ ʥʘ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʩʧʣʘʚʫ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʽʥʜʽʡ ʽ ʚʽʜʧʘʣʶʶʪʴ ʧʨʠ 170 Áʉ ʟ ʤʝʪʦʶ ʜʠʬʫʟʽʾ; ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ 0,2 % ʽʥʜʽʶ ʚ ʧʦʚʝʨʭʥʽ ʰʘʨʽ ʩʧʣʘʚʫ ʦʧʽʨ ʢʦʨʦʟʽʾ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ. ʂʘʜʤʽʻʚʽ ʩʧʣʘʚʠ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʣʽʥʽʡʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ: ʘ=28-30Ā10
-6
. ʋʩʘʜʢʘ ʾʭ ʜʦʩʷʛʘʻ 0,9%. 

ʂʘʜʤʽʻʚʽ ʩʧʣʘʚʠ ʥʘʛʨʽʚʘʶʪʴʩʷ ʤʝʥʰʝ, ʥʽʞ ʙʘʙʽʪ ʟ 80% ʦʣʦʚʘ, ʽ 

ʥʘʚʘʥʪʘʞʝʥʽʩʪʴ ʾʭ ʟʥʘʯʥʦ ʚʠʱʝ. 

ɿʘ ʜʘʥʠʤʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʢʘʜʤʽʻʚʽ ʩʧʣʘʚʠ ʧʦʩʪʫʧʘʶʪʴʩʷ ʟʘ 

ʥʘʚʘʥʪʘʞʝʥʦʩʪʽ ʩʚʠʥʮʝʚʦʾ ʙʨʦʥʟʠ, ʘʣʝ ʚʦʥʠ ʟʥʘʯʥʦ ʤʝʥʰʝ ʟʥʦʰʫʶʪʴ ʚʘʣ ʽ, 

ʪʘʢʠʤ ʯʠʥʦʤ, ʻ ʧʨʦʤʽʞʥʠʤʠ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʧʨʘʮʝʟʜʘʪʥʽʩʪʶ ʤʽʞ 

ʦʣʦʚôʷʥʠʤ ʙʘʙʽʪʦʤ ʽ ʩʚʠʥʮʝʚʦʶ ʙʨʦʥʟʦʶ. ɺʦʥʠ ʜʦʙʨʝ ʧʨʠʩʪʘʶʪʴ ʜʦ 

ʩʪʘʣʝʚʦʛʦ ʢʦʨʧʫʩʫ ʚʢʣʘʜʠʰʘ ʽ ʤʘʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰ ʚʠʩʦʢʫ ʤʝʞʫ ʚʪʦʤʠ, ʥʽʞ 

ʙʘʙʽʪ, ʘʣʝ ʧʦʩʪʫʧʘʶʪʴʩʷ ʚ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʩʚʠʥʮʝʚʦʾ ʙʨʦʥʟʽ. 

ʉʧʣʘʚʠ ʢʘʜʤʽʶ ʟ ʤʽʜʜʶ ʽ ʩʨʽʙʣʦʤ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʘʣʴʥʠʮʴ 

ʢʦʯʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʤʦʪʦʨʽʚ. 

ʉʧʣʘʚʠ ʟ ʣʝʛʢʠʭ ʤʝʪʘʣʽʚ. 
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ʉʧʣʘʚʠ ʟ ʣʝʛʢʠʭ ʤʝʪʘʣʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʽʣʝʥʽ ʥʘ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ 

ʛʨʫʧʠ: ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ɸ1-ʉu, Al-Si, A1-Sb, A1-ʤʝʪʘʣ ʟʘʣʽʟʥʦʾ ʛʨʫʧʠ. 

ʉʧʣʘʚʠ ɸ1-ʉu ʤʽʩʪʷʪʴ ʚʽʜ 4 ʜʦ 15% ʉu. ɺʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʢʨʠʩʪʘʣʽʚ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʤʽʜʽ ʚ ʘʣʶʤʽʥʽʶ ʽ ʝʚʪʝʢʪʠʢʠ ʘʣʶʤʽʥʽʶ ʟ 

ʭʽʤʽʯʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ ʉuɸl2. ʢʨʠʩʪʘʣ ʉuɸl2 ʻ ʪʚʝʨʜʦʶ ʩʪʨʫʢʪʫʨʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʮʠʭ ʩʧʣʘʚʽʚ. 

ʋ ʩʧʣʘʚʘʭ Al-Si ʚʽʜ 12 ʜʦ 20 % Si, ʪʚʝʨʜʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʢʣʘʜʘʻ 

ʢʨʠʩʪʘʣʠ ʢʨʝʤʥʽʶ; ʚ ʩʧʣʘʚʘʭ ɸ1-Sb - ʢʨʠʩʪʘʣʠ ʭʽʤʽʯʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ AlSb, ʚ 

ʩʧʣʘʚʘʭ ʘʣʶʤʽʥʽʶ ʟ ʤʝʪʘʣʘʤʠ ʟʘʣʽʟʥʦʾ ʛʨʫʧʠ ʦʧʦʨʥʠʤʠ ʢʨʠʩʪʘʣʘʤʠ ʻ 

ʭʽʤʽʯʥʝ ʟ'ʻʜʥʘʥʥʷ A13Fe ʘʙʦ Al3Ni. 

ʆʧʦʨʥʽ ʢʨʠʩʪʘʣʠ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʤʘʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʫ 

ʪʚʝʨʜʽʩʪʴ, ʧʨʠʯʦʤʫ ʥʘʡʙʽʣʴʰʦʶ ʪʚʝʨʜʽʩʪʶ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʨʠʩʪʘʣʠ 

ʢʨʝʤʥʽʶ. ɹʽʣʴʰʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʩʧʣʘʚʽʚ ʤʽʩʪʠʪʴ ʱʝ ʽʥʰʽ ʤʝʪʘʣʠ, ʱʦ 

ʚʚʦʜʷʪʴʩʷ ʚ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ.  

ɿʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʫ ʽʥʪʝʨʚʘʣʽ ʨʦʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ (ʜʦ 150 Á ʉ) ʥʝ ʟʥʘʯʥʽ. 

ɸʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʽ ʚʝʣʠʢʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ. ʃʠʰʝ ʩʧʣʘʚʠ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʢʨʝʤʥʽʶ ʤʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʘʡʞʝ ʪʘʢʠʡ ʞʝ, ʷʢ ʽ ʫ 

ʙʨʦʥʟ. ɸʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ ʚʠʪʨʠʤʫʶʪʴ ʚʝʣʠʢʠʡ ʧʠʪʦʤʠʡ ʪʠʩʢ. 

ɸʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ ʤʘʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʪʚʝʨʜʽʩʪʶ, ʥʽʞ ʦʣʦʚôʷʥʽ 

ʙʘʙʽʪʠ, ʽ ʜʣʷ ʨʦʙʦʪʠ ʚ ʧʘʨʽ ʟ ʥʠʤʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʤʘʪʠ ʩʪʘʣʝʚʽ ʰʠʡʢʠ 

ʧʽʜʚʠʱʝʥʦʾ ʪʚʝʨʜʦʩʪʽ, ʘ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʚʘʣʴʥʠʮʽ ʢʦʯʝʥʥʷ ʨʝʪʝʣʴʥʦ ʽ 

ʛʣʘʜʢʦ ʦʙʨʦʙʣʝʥʦʾ. ʇʨʠ ʮʠʭ ʫʤʦʚʘʭ ʚʘʣʴʥʠʮʷ ʢʦʯʝʥʥʷ ʽ ʰʠʡʢʘ ʟʥʦʰʫʶʪʴʩʷ 

ʨʽʚʥʦʤʽʨʥʦ ʽ ʥʝʟʥʘʯʥʦ. ɼʨʫʛʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʻ ʾʭ 

ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʫ ʟʚ'ʷʟʢʫ ʟ ʯʠʤ ʚʘʣʴʥʠʮʷ 

ʢʦʯʝʥʥʷ ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʘʟʦʨ ʙʽʣʴʰʝ ʟʚʠʯʘʡʥʦʛʦ (ʜʦ 0,1 ʤʤ) ʽ ʟʙʽʨʢʘ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʩʦʙʣʠʚʦ ʨʝʪʝʣʴʥʦʶ. ʇʨʠ ʥʝʚʠʢʦʥʘʥʥʽ ʮʠʭ ʫʤʦʚ ʟʘʟʦʨ ʤʦʞʝ 

ʟʥʠʢʥʫʪʠ ʽ ʥʘʩʪʘʥʝ ʧʝʨʝʜʯʘʩʥʠʭ ʟʘʾʜʘʥʥʷ. 
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ʅʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʤʘʶʪʴ ʩʧʣʘʚʠ ʤʽʜʥʦʘʣʶʤʽʥʽʻʚʽ, 

ʟʘʣʽʟʦʘʣʶʤʽʥʽʻʚʽ ʽ ʥʽʢʝʣʴʦʘʣʶʤʽʥʽʻʚʽ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʭʦʨʦʰʠʤʠ ʣʠʚʘʨʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ʉʧʣʘʚʠ ɸʆ3-1 ʽ ɸʆ9-2 (Sn - 9%, ʉʽ - 2%) ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʜʣʷ 

ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ ʚʝʨʩʪʘʪʽʚ, ʥʝʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʽ ʤʘʣʦ-ʥʘʚʘʥʪʘʞʝʥʠʭ 

ʜʝʪʘʣʝʡ ʣʽʪʘʢʘ ʽ ʜʣʷ ʽʥʰʠʭ ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ ʪʦʚʱʠʥʦʶ ʥʝ ʙʽʣʴʰʝ 10 ʤʤ, 

ʩʧʣʘʚʠ ɸʆ20-1, ɸʅ2.5 (Ni - 2,5%) - ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʤʝʪʘʣʽʯʥʦʾ ʩʪʨʽʯʢʠ ʟʽ 

ʩʪʘʣʣʶ ʤʝʪʦʜʦʤ ʧʨʦʢʘʪʢʠ ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʩʝʨʝʜʥʴʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʙʽʣʴʰʝ 200-300 ʄʇʘ ʽ ʢʦʣʦʚʦʶ ʰʚʠʜʢʽʩʪʶ 15-20 ʤ/ʩ ʟ 

ʜʦʙʨʠʤ ʟʤʘʱʝʥʥʷʤ. 

ʎʠʥʢʦʚʽ ʩʧʣʘʚʠ. 

ʊʚʝʨʜʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʮʠʭ ʩʧʣʘʚʘʭ ʻ ʢʨʠʩʪʘʣʠ ʭʽʤʽʯʥʦʛʦ ʟʽ 

ʻʜʥʘʥʥʷ ʤʽʜʽ ʟ ʮʠʥʢʦʤ, ʦʩʥʦʚʦʶ ʩʧʣʘʚʫ ʩʣʫʞʠʪʴ ʤ'ʷʢʘ ʝʚʪʝʢʪʠʢʘ ʟ 

ʚʢʨʘʧʣʝʥʥʷʤʠ ʩʚʠʥʮʶ. ʊʚʝʨʜʽʩʪʴ ʮʠʭ ʩʧʣʘʚʽʚ ʅɺ 60-100 ʢʛ/ʤʤ
2
. 

ʇʨʠʩʫʪʥʽʩʪʴ ʦʣʦʚʘ ʚ ʩʧʣʘʚʽ ʥʘʜʘʻ ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʟʜʘʪʥʽʩʪʴ 

ʜʦʙʨʝ ʧʨʠʧʘʶʚʘʪʠʩʷ ʜʦ ʩʪʘʣʽ. 

ʉʧʣʘʚ, ʱʦ ʤʽʩʪʠʪʴ 10% ʉu ʽ 5% ɸ1, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʨʠʩʪʘʣʽʚ ʙʘʛʘʪʠʭ 

ʤʽʜʜʶ, ʽ ʝʚʪʝʢʪʠʢʠ, ʘ ʩʧʣʘʚ ʟ 10% ɸ1 ʽ 5% ʉu ʤʘʻ ʚ ʷʢʦʩʪʽ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ʢʨʠʩʪʘʣ ʙʘʛʘʪʠʭ ʘʣʶʤʽʥʽʻʤ, ʘ ʦʩʥʦʚʘ ʻ ʝʚʪʝʢʪʠʢʘ. 

ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʤʽʜʽ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʪʚʝʨʜʦʩʪʽ ʽ ʦʧʦʨʫ 

ʩʪʠʩʥʝʥʥʶ ʽ ʟʤʝʥʰʫʻ ʦʧʽʨ ʫʜʘʨʫ. ʎʠʥʢʦʚʽ ʩʧʣʘʚʠ ʣʝʛʢʦ ʧʨʝʩʫʶʪʴʩʷ, ʧʽʩʣʷ 

ʯʦʛʦ ʾʭ ʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴʩʷ. 

ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʥʢʫ ʨʽʟʢʦ 

ʟʥʠʞʫʶʪʴʩʷ. ʊʚʝʨʜʽʩʪʴ ʮʠʥʢʦʚʠʭ ʩʧʣʘʚʽʚ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 

100 Áʉ ʟʤʝʥʰʫʻʪʴʩʷ ʚʜʚʽʯʽ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʪʚʝʨʜʽʩʪʴ ʩʚʠʥʮʝʚʦʾ ʙʨʦʥʟʠ ʤʘʡʞʝ 

ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

ɺʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʮʠʥʢʫ ʘ=29,76Ā10
-6
 

ʧʦʚʠʥʝʥ ʧʨʠʡʤʘʪʠʩʷ ʜʦ ʫʚʘʛʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ, 

ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʝʥʠʡ ʟʘʟʦʨ. ɿʥʠʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ 
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ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠʟʚʦʜʝ ʜʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʮʠʥʢʦʚʠʭ ʩʧʣʘʚʽʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ ʥʝ ʚʠʱʝ 80 Áʉ. 

ʎʠʥʢʦʚʽ ʩʧʣʘʚʠ ʎɸʄ10-5, ʎɸʄ5-10, ʎɸʄ9 ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʩʝʨʝʜʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʘʣʝ ʟʘ ʩʚʦʾʤʠ ʘʥʪʠʬʨʠʢʮʽʡʥʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʦʥʠ ʟʥʘʯʥʦ ʧʦʩʪʫʧʘʶʪʴʩʷ ʦʣʦʚôʷʥʽʡ ʙʨʦʥʟʠ. ʇʦ ʦʧʦʨʫ 

ʟʘʡʤʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʙʘʙʽʪʘʤʠ ʽ ʦʣʦʚôʷʥʠʤʠ ʙʨʦʥʟʘʤʠ. 

ʉʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʩʨʽʙʣʘ. 

ʉʨʽʙʣʦ, ʷʢʝ ʻ ʤ'ʷʢʠʤ, ʧʣʘʩʪʠʯʥʽ ʤʝʪʘʣʦʤ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʚʘʣʴʥʠʮʴ 

ʢʦʯʝʥʥʷ ʥʘ ʙʽʣʴʰ ʧʦʪʫʞʥʠʭ ʘʚʽʘʮʽʡʥʠʭ ʤʦʪʦʨʽʚ. ɺʘʣʴʥʠʮʷ ʢʦʯʝʥʥʷ 

ʛʦʪʫʻʪʴʩʷ ʘʙʦ ʰʣʷʭʦʤ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʩʨʽʙʣʘ ʥʘ ʨʦʙʦʯʫ 

ʧʦʚʝʨʭʥʽ ʚʢʣʘʜʠʰʘ, ʘʙʦ ʰʣʷʭʦʤ ʚʠʣʠʚʢʠ. ʈʦʙʦʯʠʡ ʰʘʨ ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʰʣʷʭʦʤ ʝʣʝʢʪʨʦʣʽʟʫ, ʤʽʩʪʠʪʴ ʥʝ ʤʝʥʰʝ 99,75% ʩʨʽʙʣʘ. 

ʇʦʧʝʨʝʜʥʴʦ ʥʘ ʩʪʘʣʝʚʠʡ ʢʦʨʧʫʩ ʚʢʣʘʜʠʰ ʟ ʤʘʣʦʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ 

ʥʘʥʦʩʠʪʴʩʷ ʪʦʥʢʠʡ ʰʘʨ ʤʽʜʽ ʘʙʦ ʥʽʢʝʣʶ, ʧʦʪʽʤ ʚʢʣʘʜʠʰ ʧʦʢʨʠʚʘʻʪʴʩʷ 

ʩʨʽʙʣʦʤ ʽ ʚʽʜʧʘʣʶʻʪʴʩʷ ʧʨʠ 500 Áʉ ʥʘ ʧʨʦʪʷʟʽ ʛʦʜʠʥʠ. ʇʽʩʣʷ ʦʩʪʘʪʦʯʥʦʾ 

ʤʝʭʘʥʽʯʥʦ ʦʙʨʦʙʢʠ ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʩʨʽʙʥʦʾ ʚʘʣʴʥʠʮʽ ʢʦʯʝʥʥʷ 

ʧʦʢʨʠʚʘʻʪʴʩʷ ʰʘʨʦʤ ʩʚʠʥʮʶ ʪʦʚʱʠʥʦʶ ʚ 20-30 ʤʽʢʨʦʥ. 

ʌʽʟʠʯʥʽ ʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʩʧʣʘʚʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʘʣʴʥʠʮʴ ʢʦʯʝʥʥʷ 

ʉʧʣʘʚ 

ɺʣʘʩʪʠʚʦʩʪʽ 

ʂʦʝʬʽʮʽʻʥʪ 

ʣʽʥʽʡʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ 

Ŭ=, 10
-6

 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʢʘʣ/ʩʤĀʩʝʢĀʛʨʘʜ 

ʊʚʝʨʜʽʩʪʴ ʧʦ 

ɹʨʠʥʝʣʶ 

Hɺ, ʢʛ/ʤʤ
2
 

ʆʧʽʨ 

ʚʪʦʤʠ, 

ʢʛ/ʤʤ
2
 

ɻʨʘʥʠʮʷ 

ʤʽʮʥʦʩʪʽ ʥʘ 

ʨʦʟʪʷʛ ůʚ, 

ʢʛ/ʤʤ
2
 

ʃʠʪʝ 

ʩʨʽʙʣʦ 

20,5 1 26-35 4,5  

ɹ83 ʦʣ83   -  7 

ɹ16 ʦʣ16   30  7,8 

ɹʨʉ30   30 2,8 3,8 

ɸʆ9-2  - 50-60  78-105 

ʎɸʄ10-5 27 0,24 95-100  28-30 

 

ʉʘʤʦʟʤʘʟʫʶʯʽ ʚʘʣʴʥʠʮʽ ʢʦʯʝʥʥʷ ʦʪʨʠʤʫʶʪʴ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʾ 

ʤʝʪʘʣʫʨʛʽʾ ʟ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʾ ʢʦʤʧʦʟʠʮʽʾ: ʟʘʣʽʟʦ-ʛʨʘʬʽʪ, ʟʘʣʽʟʦ-ʤʽʜʴ (2-3%) - 

ʛʨʘʬʽʪ ʘʙʦ ʙʨʦʥʟʘ-ʛʨʘʬʽʪ. ɻʨʘʬʽʪʫ ʚʚʦʜʷʪʴ 1-4%. ʇʽʩʣʷ ʩʧʽʢʘʥʥʷ 

ʫʪʚʦʨʶʻʪʴʩʷ 15-35% ʧʽʨ, ʷʢʽ ʟʘʧʦʚʥʶʶʪʴʩʷ ʤʘʩʣʦʤ. ʄʘʩʣʦ ʽ ʛʨʘʬʽʪ 
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ʟʤʘʱʫʶʪʴ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ. ʊʘʢʽ ʚʘʣʴʥʠʮʽ ʢʦʯʝʥʥʷ ʧʨʘʮʶʶʪʴ ʧʨʠ ʥʝʚʝʣʠʢʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʢʦʚʟʘʥʥʷ (ʜʦ 3 ʤ/ʩ), ʚʽʜʩʫʪʥʦʩʪʽ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʾʭ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʫ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʜʣʷ ʟʤʘʱʝʥʥʷ ʤʽʩʮʷʭ. 

ʄʝʪʘʣʦʬʪʦʨʦʧʣʘʩʪʦʚʽ ʚʘʣʴʥʠʮʽ ʢʦʯʝʥʥʷ. ɰʭ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ 

ʤʝʪʘʣʦʬʪʦʨʦʧʣʘʩʪʦʚʘ ʩʪʨʽʯʢʠ (ʄʌʇʣ). 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʤʝʪʘʣʦʬʪʦʨʦʧʣʘʩʪʦʚʘ ʩʪʨʽʯʢʠ ʄʌʇʣ 

 

ʉʪʨʽʯʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 4-ʭ ʰʘʨʽʚ: 

- 1-ʡ ʰʘʨ - ʩʧʨʘʮʴʦʚʘʥʠʡ, ʚʠʢʦʥʘʥʠʡ ʟ ʬʪʦʨʦʧʣʘʩʪʫ, ʥʘʧʦʚʥʝʥʦʛʦ 

ʜʠʩʫʣʴʬʽʜʦʤ ʤʦʣʽʙʜʝʥʫ (25% ʧʦ ʤʘʩʽ); ʪʦʚʱʠʥʘ ʰʘʨʫ 0,01 ... 0,05 ʤʤ (ʜʣʷ 

ʚʝʣʠʢʠʭ ʟʥʦʩʽʚ 0,1 ... 0,2 ʤʤ). 

- 2-ʡ ʰʘʨ (-0,3 ʤʤ) - ʙʨʦʥʟʦʬʪʦʨʦʧʣʘʩʪʦʚʠʡ. ʗʚʣʷʻ ʩʦʙʦʶ ʰʘʨ 

ʧʦʨʠʩʪʦʾ ʙʨʦʥʟʠ ɹʨʆ10ʎ2, ʦʪʨʠʤʘʥʠʡ ʩʧʽʢʘʥʥʷʤ ʯʘʩʪʦʢ ʧʦʨʦʰʢʫ 

ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ. ʇʦʨʠ ʟʘʧʦʚʥʶʶʪʴʩʷ ʩʫʤʽʰʰʶ ʬʪʦʨʦʧʣʘʩʪʘ ʟ 20% ʈb. 

- 3-ʡ ʰʘʨ (0, i ʤʤ) ʫʪʚʦʨʝʥʠʡ ʤʽʜʜʶ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʤʽʮʥʽʩʪʴ 

ʟʯʝʧʣʝʥʥʷ ʙʨʦʥʟʦʚʦʛʦ ʧʦʨʠʩʪʦʛʦ ʰʘʨʫ ʟ 4-ʤ ʰʘʨʦʤ. 

- 4-ʡ ʰʘʨ ʷʚʣʷʻ ʩʦʙʦʶ ʩʪʘʣʝʚʫ ʦʩʥʦʚʫ ʟʽ ʩʪʘʣʽ ʤʘʨʢʠ 08 ʢʧ, ʪʦʚʱʠʥʘ 

1-4 ʤʤ 

ʂʦʤʙʽʥʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʫʟʣʘʭ ʪʝʨʪʷ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʙʝʟ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 
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ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʦʣʴʥʠʮʘ ʢʘʯʝʥʠʷ 

 

Antifriction alloys production rolling bearing Nyekrasov V.S PolyansӾkyy P.M., Ivanov 

H.O  

The article analyzes the use of anti-friction materials for the manufacture of rolling 

libertines. 

 

 

ʋɼʂ 620.178.7:669.14 

ʄɽʊɸʃʆʂɽʈɸʄɯʏʅɯ ʌʈʀʂʎɯʁʅɯ ʄɸʊɽʈɯɸʃʀ 

ɺʣʘʜʠʤʠʨʦʚ ʆ.ʉ. ʩʪʫʜʝʥʪ ʊɽʂ ɽ2/1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʢʘʥʜ. ʝʢʦʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʇʦʣʷʥʩʴʢʠʡ ʇ.ʄ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʝʬʝʢʪʠʚʥʦʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʩʧʣʘʚʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʢʦʨʦʟʦʩʪʽʡʢʽʩʪʴ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 

 

ʄʝʪʘʣʦʢʝʨʘʤʽʢʘ ʘʙʦ ʧʦʨʦʰʢʦʚʘ ʤʝʪʘʣʫʨʛʽʷ - ʛʘʣʫʟʴ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ 

ʟʘʡʤʘʻʪʴʩʷ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ ʽ ʚʠʨʦʙʽʚ ʟ ʥʠʭ. ʋ ʧʨʘʢʪʠʮʽ 

ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʦʰʢʠ ʤʘʡʞʝ ʚʩʽʭ ʤʝʪʘʣʽʚ ʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʩʧʣʘʚʽʚ. 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʽ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʩʧʦʩʦʙʠ. ɼʦ ʧʝʨʰʠʭ ʚʽʜʥʦʩʷʪʴ ʤʝʭʘʥʽʯʥʝ ʧʦʜʨʽʙʥʝʥʥʷ 
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(ʨʽʟʘʥʥʷʤ, ʥʘ ʙʽʛʫʥʢʘʭ, ʚ ʢʫʣʴʦʚʠʭ ʘʙʦ ʚʠʭʨʦʚʠʭ ʤʣʠʥʘʭ ʪʘ ʽʥ.), ʣʠʪʪʷ ʚ 

ʚʦʜʫ, ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʨʦʟʧʠʣʶʚʘʥʥʷ ʡʦʛʦ 

ʧʦʚʽʪʨʷʤ ʘʙʦ ʧʘʨʦʶ (ʽʥʦʜʽ ʦʜʥʦʯʘʩʥʦ ʟ ʤʝʭʘʥʽʯʥʠʤ ʚʧʣʠʚʦʤ); ʜʦ ʜʨʫʛʠʭ - 

ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʠʜʽʚ, ʨʫʜ ʘʙʦ ʩʦʣʝʡ, ʝʣʝʢʪʨʦʣʽʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʘʙʦ 

ʨʦʟʧʣʘʚ ʩʝʨʝʜʦʚʠʱ, ʪʝʨʤʽʯʥʘ ʜʠʩʦʮʽʘʮʽʷ ʢʘʨʙʦʥʽʪʽʚ, ʜʠʬʫʟʽʷ ʽ ʭʽʤʽʯʥʘ 

ʨʝʘʢʮʽʾ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʧʦʨʦʰʢʽʚ ʤʝʪʘʣʽʚ ʽ ʥʝʤʝʪʘʣʽʚ, ʭʽʤʽʯʥʝ ʧʦʜʨʽʙʥʝʥʥʷ 

(ʤʽʞʢʨʠʩʪʘʣʽʯʥʘ ʢʦʨʦʟʽʷ), ʝʣʝʢʪʨʦʝʨʦʟʽʷ. 

ʄʝʪʘʣʝʚʽ ʧʦʨʦʰʢʠ ʚ ʧʨʦʧʦʨʮʽʷʭ ʧʝʨʝʤʽʰʫʶʪʴ ʚ ʟʤʽʰʫʚʘʣʴʥʽʡ ʢʘʤʝʨʽ 

ʙʘʨʘʙʘʥʥʦʛʦ ʘʙʦ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʪʠʧʫ, ʚ ʢʫʣʴʦʚʠʭ ʘʙʦ ʚʽʙʨʘʮʽʡʥʠʭ ʤʣʠʥʘʭ. 

ɺʠʨʦʙʠ ʟ ʧʦʨʦʰʢʦʚʦʾ ʰʠʭʪʠ (ʧʨʝʩʫʚʘʥʥʷ) ʦʪʨʠʤʫʶʪʴ ʧʨʝʩʫʚʘʥʥʷʤ 

ʥʘ ʛʽʜʨʘʚʣʽʯʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʘʚʪʦʤʘʪʠʯʥʠʭ ʧʨʝʩʘʭ 

ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʪʘ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʜʽʾ. 

ʆʙ'ʻʤ (ʚʠʩʦʪʘ) ʟʘʩʠʧʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʧʨʝʩʫʚʘʥʥʽ ʚ 2,5-4 ʨʘʟʠ. 

ɺʠʩʦʪʘ ʧʨʝʩʦʚʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʨʽʚʥʦʾ ʱʽʣʴʥʦʩʪʽ ʾʾ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʦʚʱʠʥʫ ʩʪʽʥʦʢ ʙʽʣʴʰ ʥʽʞ ʚ 15-17 ʨʘʟʽʚ, ʘ ʜʽʘʤʝʪʨ 

ʧʨʝʩʫʚʘʥʥʷ - ʧʦʥʘʜ 4 ʨʘʟ. ʊʠʩʢ ʧʨʝʩʫʚʘʥʥʷ 1000-10 000 ʢʛ/ʩʤ
2
, ʧʨʠ ʮʴʦʤʫ 

ʚʝʣʠʯʠʥʘ ʙʽʯʥʦʛʦ ʪʠʩʢʫ ʩʪʘʥʦʚʠʪʴ 25-30% ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ. 

ʊʠʩʢ ʚʠʧʨʝʩʦʚʢʠ ʚʠʨʦʙʽʚ ʟ ʧʨʝʩ-ʬʦʨʤʠ ʩʪʘʥʦʚʠʪʴ 5-65% ʪʠʩʢʫ 

ʧʨʝʩʫʚʘʥʥʷ - ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʩʦʪʠ ʚʠʨʦʙʠ. 

ʆʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʠʭ ʬʨʠʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʻ - ʤʽʜʴ, ʦʣʦʚʦ, ʩʚʠʥʝʮʴ ʽ ʛʨʘʬʽʪ. ʈʷʜ ʩʧʣʘʚʽʚ ʤʘʶʪʴ ʪʘʢʦʞ ʟʘʣʽʟʦ, ʢʨʝʤʥʽʡ ʽ 

ʮʠʥʢ. ʊʠʧʦʚʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʬʨʠʢʮʽʡʥʠʭ ʩʧʣʘʚʽʚ: 60-75% ʉu, 5-10% Sn, 

6-15% ʈb, 5-8% ʛʨʘʬʽʪʫ, ʜʦ 2% Si, ʜʦ 10% Fe. 

ɺʥʘʩʣʽʜʦʢ ʥʝʚʠʩʦʢʦʛʦ ʦʧʦʨʫ ʨʦʟʨʠʚʫ ʽ ʟʨʽʟʫ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʽ 

ʬʨʠʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘʥʦʩʷʪʴʩʷ ʥʘ ʩʪʘʣʝʚʫ ʦʩʥʦʚʫ (ʜʠʩʢ ʘʙʦ ʩʪʨʽʯʢʫ) 

ʪʦʥʢʠʤ ʰʘʨʦʤ ʪʦʚʱʠʥʦʶ ʚʽʜ 0,25 ʜʦ 8-10 ʤʤ ʽ ʽʥʦʜʽ ʜʦ 6 ʤʤ. 

ʄʝʪʘʣʦʢʝʨʘʤʽʯʥʽ ʬʨʠʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʽ ʢʦʨʦʟʦʩʪʽʡʢʽʩʪʶ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʚʠʜ ʚʠʨʦʙʽʚ - ʧʦʨʠʩʪʽ ʟʘʣʽʟʦʛʨʘʬʽʪʦʚʽ ʽ 

ʙʨʦʥʟʦʛʨʘʬʽʪʦʚʽ ʚʪʫʣʢʠ. ɿʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʦʞ ʧʦʨʠʩʪʽ ʟʘʣʽʟʥʽ, ʙʨʦʥʟʦʚʽ, 
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ʟʘʣʽʟʦ ʤʽʜʥʦʛʨʘʬʽʪʦʚʽ ʽ ʯʘʚʫʥʥʽ ʩʧʣʘʚʠ. ʊʠʧʦʚʘ ʩʪʨʫʢʪʫʨʘ ʙʨʦʥʟʦʛʨʘʬʽʪʘ 

ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʉu-Sn ʟ ʚʢʣʶʯʝʥʥʷʤʠ ʚʽʣʴʥʦʛʦ ʛʨʘʬʽʪʫ, ʟʘʣʽʟʦʛʨʘʬʽʪʘ - 

ʧʝʨʣʽʪ ʟ ʚʢʣʶʯʝʥʥʷʤʠ ʬʝʨʠʪʫ ʽ ʮʝʤʝʥʪʠʪʫ.  

ɺʠʨʦʙʠ ʟ ʬʨʠʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʥʘʢʣʘʜʦʢ ʥʘ 

ʩʪʘʣʴʥʫ ʧʽʜʩʪʘʚʫ ʛʘʣʴʤʽʚʥʦʛʦ ʝʣʝʤʝʥʪʫ 

ʤʘʣ. 1. ɼʦʧʫʩʢʘʶʪʴ ʛʘʣʴʤʫʚʘʥʥʷ ʟ 

ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʨʠ ʚʝʣʠʢʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ: 30-500 ʤ/ʩʝʢ ʜʦ 20 

ʢʛɻ/ʩʤ
2
 - ʙʝʟ ʟʤʘʱʝʥʥʷ; 50-70 ʤ/ʩʝʢ ʜʦ 

70 ʢʛɻ/ʩʤ
2
 - ʟ ʤʘʩʪʠʣʦʤ. ʉʢʣʘʜ 

ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ʤʽʜʥʽʡ ʘʙʦ ʟʘʣʽʟʥʦʶ ʦʩʥʦʚʽ ʟ ʜʦʙʘʚʢʘʤʠ Sn, Pb, ʛʨʘʬʽʪʫ, ʉʽ, 

Fe, Zn, Si, SiO2. ɺʣʘʩʪʠʚʦʩʪʽ ʬʨʠʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1. 

ʌʨʠʢʮʽʡʥʠʡ ʰʘʨ ʛʘʣʴʤʽʚʥʠʭ ʜʠʩʢʽʚ ʩʧʽʢʘʶʪʴ ʨʘʟʦʤ ʟʽ ʩʪʘʣʝʚʠʤ ʧʽʜʩʪʘʚʦʶ 

ʧʽʜ ʪʠʩʢʦʤ ʘʙʦ ʧʦʧʝʨʝʜʥʴʦ ʩʧʽʢʘʥʥʽ ʜʝʪʘʣʽ ʧʨʠʢʣʝʶʶʪʴ (ʧʨʠʢʣʝʧʫʶʪʴ) ʜʦ 

ʦʩʥʦʚʠ.  

ʊʘʙʣʠʮʷ 1. 

ɺʣʘʩʪʠʚʦʩʪʽ ʬʨʠʢʮʽʡʥʠʭ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʇʘʨʘʤʝʪʨʠ ʅʘ ʤʽʜʥʽʡ ʦʩʥʦʚʽ 
ʅʘ ʟʘʣʽʟʥʽʡ 

ʦʩʥʦʚʽ 

ʑʽʣʴʥʽʩʪʴ, ʛ/ʩʤ
3
 5,8-6,0 6,0-6,2 

ʊʚʝʨʜʽʩʪʴ ʅɺ 18-25 25-35 

ʆʧʽʨ ʟʨʽʟʫ, ʢɻ/ʤʤ
2
 6-7 22-23 

ʆʧʽʨ ʩʪʠʩʢʫ ,ʢɻ/ʤʤ
2
 25-28 100-120 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʧʦ ʩʪʘʣʽ ʚ ʩʫʭʫ 0,26-0,30 0,26-0,32 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʚ ʤʘʩʣʽ 0,1-0,12 0,1-0,12 

ʂʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʧʨʠ 20-500 Áʉ, 

1/ʛʨʘʜ 

(17,6-32,0)10
-4

 - 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʨʠ 100-600 Áʉ, ʢʘʣ/(ʩʤĀʩʝʢĀʛʨʘʜ) 0,095-0,1 - 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ 300 700 

 

ʄʘʣ. 1 
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ʄʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʬʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ɺʣʘʜʠʤʠʨʦʚ ɸ.ʉ. ʇʦʣʷʥʩʢʠʡ ʇ.ʄ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʧʣʘʚʦʚ. 

 

Metal-ceramic friction materials  Vladymyrov O.S PolyansӾkyy P.M  

The paper considers the effectiveness of the use of metal-ceramic materials and alloys. 

 

ʋɼʂ 620.179.112/075.8 

ʇɯɼɺʀʑɽʅʅʗ ɼʆɺɻʆɺɯʏʅʆʉʊɯ ʇɸʃʀɺʅʀʍ  

ʅɸʉʆʉɯɺ ɺʀʉʆʂʆɻʆ ʊʀʉʂʋ ʐʃʗʍʆʄ ʅɸʅɽʉɽʅʅʗ 

ʇʆʂʈʀʊʊɯɺ ʊɸ ɰʍ ʄʆɼɽʈʅɯɿɸʎɯɰ 

ʉ.ʄ. ɹʫʨʠʢ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʄ 6/1 ʤʘʛ 

ʉ.ʄ. ɺʦʨʦʙʡʦʚ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʄ 6/1 ʤʘʛ 

ɸ.ʇ. ɻʘʣʻʻʚʘ, ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼ. ɼ. ʄʘʨʯʝʥʢʦ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʘʩʠʩʪʝʥʪ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʩʪʘʪʪʽ ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʟʧʦʜʽʣʴʥʠʭ ʇʅɺʊ ʟ 

ʥʘʷʚʥʦʛʦ ʨʝʤʦʥʪʥʦʛʦ ʬʦʥʜʫ. ʊʝʦʨʝʪʠʯʥʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʩʧʦʩʽʙ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʇʅɺʊ ʰʣʷʭʦʤ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʾʭ ʨʝʩʫʨʩʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʘʣʠʚʥʽ ʥʘʩʦʩʠ, ʤʦʜʝʨʥʽʟʘʮʽʷ, ʧʦʢʨʠʪʪʷ, ʜʚʠʛʫʥ, 

ʨʝʩʫʨʩ 
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ʋ ʩʫʯʘʩʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚʘʭ ʧʝʨʝʜ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʩʪʦʷʪʴ ʟʘʚʜʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʧʨʦʜʫʢʮʽʾ ʽ 

ʟʥʠʞʝʥʥʷ ʾʾ ʩʦʙʽʚʘʨʪʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʚ ʩʪʨʫʢʪʫʨʽ ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ 

ʥʘʡʙʽʣʴʰʫ ʜʦʣʶ (25..30 %) ʟʘʡʤʘʶʪʴ ʚʠʪʨʘʪʠ ʥʘ ʧʘʣʠʚʦ, ʟʥʠʞʝʥʥʷ ʷʢʠʭ 

ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʨʦʙʣʶʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʉʧʝʮʠʬʽʢʘ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʦʧʝʨʘʮʽʡ 

ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʠʤʠ ʘʛʨʝʛʘʪʘʤʠ (ʄʊɸ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʦ 

90% ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ ʝʥʝʨʛʦʟʘʩʦʙʫ ʮʠʭ ʄʊɸ, ʷʢ ʧʨʘʚʠʣʦ, ʜʠʟʝʣʴʥʽ, 

ʧʨʘʮʶʶʪʴ ʥʘ ʥʝʩʪʘʣʠʭ ʨʝʞʠʤʘʭ. 

ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ 

ʞʠʚʣʝʥʥʷ, ʨʦʟʨʦʙʢʫ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʩʦʩʽʚ ʽ ʬʦʨʩʫʥʦʢ, 

ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʨʝʤʦʥʪʫ ʧʨʝʮʠʟʽʡʥʠʭ ʜʝʪʘʣʝʡ ʧʘʣʠʚʥʦʾ 

ʘʧʘʨʘʪʫʨʠ, ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʚʫʟʣʽʚ ʽ ʜʝʪʘʣʝʡ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʚʥʝʩʣʠ ʪʘʢʽ ʫʯʝʥʽ, ʷʢ ɸ. ɺ. 

ʅʠʢʦʣʘʝʥʢʦ, ɺ. ɺ. ɸʥʪʽʧʦʚ, ʈ.ʄ. ɹʘʰʠʨʦʚ, ʌ.ʍ. ɹʫʨʫʤʢʫʣʦʚ, ɺ.ʅ. ɹʫʛʘʾʚ, 

ɯ.ɯ. ɻʘʙʽʪʦʚ, ɸ.ʉ. ɼʝʥʠʩʦʚ, ɹ. ʇ. ɿʘʛʦʨʦʜʩʴʢʠʭ, ʇ. ʄ. ʂʨʠʚʝʥʢʦ, ɺ. ʇ. 

ʃʷʣʷʢʽʥ, ʖ. ɺ. ʅʝʛʦʚʦʨ, ɽ. ɸ. ʇʫʯʽʥʽ, ɺ. ɯ. ʏʝʨʥʦʽʚʘʥʦʚ, ɹ. ʅ. ʌʘʡʥʣʝʡʙ, ɺ. 

ʄ. ʖʜʽʥ, ʖ. ʄ. ʍʘʰʠʨʦʚ ʽ ʽʥʰʽ ʚʯʝʥʽ. 

ʉʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʇʇ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʥʝʩʝʥʥʷʤ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ 

ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ, ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ, ʘ ʪʘʢʦʞ 

ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʩʭʦʧʣʶʚʘʥʥʶ ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʘʨʽʘʥʪʘʭ 

ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʜʝʪʘʣʝʡ ʇʇ ʤʘʻ ʦʜʥʘʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʧʨʠʨʦʜʦʶ ʪʦʥʢʦʧʣʽʚʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ, ʬʦʨʤʦʚʘʥʦʛʦ ʤʝʪʦʜʦʤ ʌʇʋ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʇʇ ʽ ʧʘʣʠʚʥʦʛʦ ʥʘʩʦʩʘ ʚ ʮʽʣʦʤʫ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʤʽʮʥʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʧʣʫʥʞʝʨʥʠʭ ʧʘʨ, ʱʦ 

ʧʦʩʪʫʧʘʶʪʴ ʚ ʷʢʦʩʪʽ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ, ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ 

ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʩʪʘʪʢʫʚʘʥʥʷ ʌʇʋ-111. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʩʢʣʘʜʫ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ Axiovert 40 MAT ʽ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʍ-ɸʨʪ ʄ. 

ʈʝʟʫʣʴʪʘʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʢʘʟʘʣʠ (ʨʠʩ. 1), ʱʦ 

ʚʽʜʥʦʩʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʘʨʠ ʪʝʨʪʷ (ʉ) ʟ ʪʦʥʢʦʧʣʽʚʢʦʚʠʤ ʧʦʢʨʠʪʪʷʤ ʦʙʦʭ 
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ʟʨʘʟʢʽʚ, ʧʦʨʽʚʥʷʥʦ ʟʽ ʰʚʠʜʢʽʩʪʶ ʟʥʦʰʫʚʘʥʥʷ ʧʘʨ ʪʝʨʪʷ (ɸ) ʽ (ɺ), ʚʽʜʧʦʚʽʜʥʦ 

ʚ 9 ʽ 5 ʨʘʟʽʚ ʥʠʞʯʝ. ɯʟ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʤʝʞʽ 

0,5é2 ʤ/ʩ ʧʨʠ ʪʠʩʢʫ ʈ = 20 ʄʇʘ, ʈ = 70 ʄʇʘ ʽ ʈ = 120 ʄʇʘ ʟʙʽʣʴʰʝʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʘʨʠ ʪʝʨʪʷ (ʉ) ʚʽʜʥʦʩʥʦ ʧʘʨʠ ʪʝʨʪʷ (ɸ) ʩʢʣʘʣʦ ʟ 8,31 ʜʦ 9,66 

ʨʘʟʫ, ʟ 9,54 ʜʦ 10,81 ʨʘʟʫ ʽ ʟ 10,65 ʜʦ 11,49 ʨʘʟʫ ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʮʠʢʣʦʚʦʾ ʧʦʜʘʯʽ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʇʇ ʟʘʣʝʞʥʦ ʚʽʜ ʦʙʦʨʦʪʽʚ ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʣʫ ʧʘʣʠʚʥʦʛʦ 

ʥʘʩʦʩʘ ʽ ʧʦʣʦʞʝʥʥʷ ʨʝʡʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. 

    

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʟʨʘʟʢʽʚ kɸɺ (ʘ) ʽ kɸʉ (ʙ) ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʾʭ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

 

     

ʘ                                                                  ʙ 

ʈʠʩ. 2. ɿʤʽʥʘ ʮʠʢʣʦʚʦʾ ʧʦʜʘʯʽ ʧʣʫʥʞʝʨʥʠʭ ʧʘʨ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ (ʘ) ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ (ʙ), ʧʨʠ ʨʽʟʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʨʝʡʢʠ 

 

ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽʡ ʟʤʽʥʽ ʇʅɺʊ, ʚʢʣʶʯʘʣʠ: 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʣʫʥʞʝʨʥʠʭ ʧʘʨ ʨʦʟʧʦʜʽʣʴʥʦʛʦ 
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ʇʅɺʊ ʨʝʤʦʥʪʥʦʛʦ ʬʦʥʜʫ; ʚʠʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʧʣʫʥʞʝʨʥʠʭ ʧʘʨ ʥʘ ʦʧʪʠʤʝʪʨʽ 

ʀʂɺ ʽ ʥʫʪʨʦʤʽʨʽ ʅɯ, ʘ ʪʘʢʦʞ ʥʘ ʢʨʫʛʣʦʤʽʨʽ ʪʠʧʫ ʂɼ; ʚʠʟʥʘʯʝʥʥʷ ʚʠʪʦʢʽʚ 

ʧʘʣʠʚʘ ʧʦ ʟʦʥʘʭ ʟʥʦʩʫ; ʚʠʟʥʘʯʝʥʥʷ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʫʩʢʦʚʫ 

ʧʦʜʘʯʫ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʧʦ ʚʠʷʚʣʝʥʥʶ ʟʘʣʠʰʢʦʚʦʛʦ 

ʨʝʩʫʨʩʫ ʧʣʫʥʞʝʨʥʠʭ ʧʘʨ ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʪʠʧʫ; ʚʠʙʽʨ ʚʘʨʽʘʥʪʫ ʪʝʭʥʽʯʥʦʛʦ 

ʨʽʰʝʥʥʷ ʧʦ ʚʽʜʥʦʚʣʝʥʥʶ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʴʥʦʛʦ 

ʇʅɺʊ ʜʠʟʝʣʷ; ʟʥʷʪʪʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʨʠʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ; ʧʨʠʩʢʦʨʝʥʽ 

ʩʪʝʥʜʦʚʽ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʽʜʥʦʚʣʝʥʠʭ ʽ ʤʦʜʝʨʥʽʟʦʚʘʥʠʭ 

ʨʦʟʧʦʜʽʣʴʥʠʭ ʇʅɺʊ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʝʩʫʨʩ ʧʣʫʥʞʝʨʥʦʾ ʧʘʨʠ ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʪʠʧʫ 

ʦʙʤʝʞʫʻʪʴʩʷ ʟʥʦʩʦʤ ʚ ʦʢʨʝʤʠʭ ʟʦʥʘʭ: ʫ ʚʪʫʣʢʠ - ʙʽʣʷ ʥʘʧʦʚʥʶʚʘʣʴʥʠʭ ʽ 

ʨʦʟʧʦʜʽʣʴʥʠʭ ʦʪʚʦʨʽʚ, ʫ ʧʣʫʥʞʝʨʘ - ʥʘ ʚʝʨʭʥʴʦʤʫ ʪʦʨʮʽ, ʙʽʣʷ ʨʦʟʧʦʜʽʣʴʥʠʭ 

ʽ ʚʽʜʩʽʯʥʠʭ ʢʘʥʘʣʽʚ, ʫ ʜʦʟʘʪʦʨʘ - ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ.  

ʉʧʦʩʦʙʦʤ ʟʤʝʥʰʝʥʥʷ ʮʠʭ ʚʠʪʦʢʽʚ ʻ ʚʽʜʥʦʩʥʝ ʟʤʽʱʝʥʥʷ ʟʦʥ ʟʥʦʩʫ 

ʚʪʫʣʢʠ ʽ ʧʣʫʥʞʝʨʘ, ʟʘʟʜʘʣʝʛʽʜʴ ʦʙʨʦʙʣʝʥʠʭ ʩʧʝʮʽʘʣʴʥʠʤ ʯʠʥʦʤ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʟ ʥʠʭ ʨʝʤʦʥʪʥʠʭ ʜʝʪʘʣʝʡ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʩʧʦʩʦʙʫ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʇʅɺʊ ʅɼ 22/6 ʰʣʷʭʦʤ ʫʩʪʘʥʦʚʢʠ ʜʚʦʭ 

ʧʦʩʣʽʜʦʚʥʦ ʩʧʦʣʫʯʝʥʠʭ ʧʣʫʥʞʝʨʥʠʭ ʧʘʨ ʨʝʤʦʥʪʥʦʛʦ ʬʦʥʜʫ, ʧʨʠʯʦʤʫ 

ʧʝʨʰʘ ʧʘʨʘ ʪʽʣʴʢʠ ʥʘʛʥʽʪʘʻ ʧʘʣʠʚʦ, ʘ ʜʨʫʛʘ - ʪʽʣʴʢʠ ʨʦʟʧʦʜʽʣʷʻ. ʎʽ ʬʫʥʢʮʽʾ 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦʶ ʟʤʽʥʦʶ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʣʫ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʤ ʢʫʣʘʯʢʦʤ ʚʽʜ ʇʅɺʊ ʅɼ 21/4, ʜʨʫʛʠʡ ʤʘʻ 

ʧʦʩʪʽʡʥʠʡ ʨʘʜʽʫʩ. 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʊʅɺɼ ʅɼ-22 
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ʈʦʙʦʪʘ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʥʘʩʦʩʘ (ʨʠʩ. 3) ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

ʧʘʣʠʚʦ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʠʡ ʢʘʥʘʣ ʧʝʨʰʦʾ ʧʣʫʥʞʝʨʥʦʡ ʧʘʨʠ ʽ ʯʝʨʝʟ 

ʥʘʛʥʽʪʘʣʴʥʠʡ ʢʣʘʧʘʥ ʧʦʩʪʫʧʘʻ ʚ ʮʝʥʪʨʘʣʴʥʠʡ ʢʘʥʘʣ ʜʨʫʛʦʾ ʧʣʫʥʞʝʨʥʦʡ 

ʧʘʨʠ, ʧʦʪʽʤ ʯʝʨʝʟ ʨʦʟʧʦʜʽʣʴʥʽ ʢʘʥʘʣʠ ʮʽʻʾ ʚʪʫʣʢʠ ʧʦʜʘʻʪʴʩʷ ʜʦ ʬʦʨʩʫʥʦʢ 

ʜʚʠʛʫʥʘ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʪʦʢʽʚ ʚ ʧʝʨʰʽʡ ʧʣʫʥʞʝʨʥʦʡ ʧʘʨʽ, ʚ ʷʢʽʡ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʪʽʣʴʢʠ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʽ ʨʫʭʠ ʧʣʫʥʞʝʨʘ, ʦʩʪʘʥʥʽʡ 

ʟʘʟʜʘʣʝʛʽʜʴ ʦʙʝʨʪʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʚʪʫʣʢʠ ʥʘ 36Ü ʽ ʬʽʢʩʫʻʪʴʩʷ ʚʽʜ ʨʦʟʚʦʨʦʪʫ; 

ʧʨʠ ʮʴʦʤʫ ʨʦʟʧʦʜʽʣʴʥʽ ʢʘʥʘʣʠ ʧʣʫʥʞʝʨʘ ʟʘʛʣʫʰʝʥʽ, ʘ ʜʦʟʘʪʦʨ 

ʧʝʨʝʚʝʨʪʘʻʪʴʩʷ. ʋ ʜʨʫʛʽʡ ʩʝʢʮʽʾ ʧʣʫʥʞʝʨ ʟʜʽʡʩʥʶʻ ʪʽʣʴʢʠ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʧʦʜʽʣ ʧʘʣʠʚʘ; ʚʽʜʩʽʯʢʦʶ ʢʘʥʘʣʫ ʧʣʫʥʞʝʨʘ ʽ 

ʥʘʧʦʚʥʶʚʘʣʴʥʽ ʢʘʥʘʣʠ ʚʪʫʣʢʠ ʟʘʛʣʫʰʝʥʽ. 

y = -2,0643x2 + 16,571x + 150,53
R2 = 0,9926

y = -2,840x2 + 22,83x + 108,6
RĮ = 0,992

y = -2,071x2 + 16,71x + 79,57
RĮ = 0,981

y = -2,035x2 + 16,25x + 147,2
RĮ = 0,973

y = -1,869x2 + 14,98x + 79
RĮ = 0,992

y = -2,936x2 + 23,54x + 104,8
RĮ = 0,986

y = -2,147x2 + 17,45x + 142,0
RĮ = 0,986

y = -2,836x2 + 23,14x + 100,7
RĮ = 0,992

y = -1,773x2 + 14,47x + 77,07
RĮ = 0,992
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ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʧʣʫʥʞʝʨʘ, ʛʨʘʜʫʩʘʭ

ʈʷʜ1

 

ʈʠʩ. 4. ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʮʠʢʣʦʚʦʾ ʧʦʜʘʯʽ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʧʣʫʥʞʝʨʘ ʟ 

ʫʚ̔ʛʥʫʪʠʤ (ʨʷʜ 1), ʟ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤ (ʨʷʜ 4) ʽ ʟ ʦʧʫʢʣʠʤ (ʨʷʜ 7) ʧʨʦʬʽʣʷʤʠ 

ʢʫʣʘʯʢʦʚʠʭ ʚʘʣʽʚ ʧʨʠ ʨʽʟʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʩʪʘʥʽ ʧʣʫʥʞʝʨʥʠʭ ʧʘʨ: 

ˉ3 - ʟ ʜʦʧʫʩʪʠʤʠʤ ʟʥʦʩʦʤ; ˉ 2 - ʟ ʤʽʞʛʨʘʥʠʯʥʠʤ  ʟʥʘʯʝʥʥʷʤ (ʟʥʦʩ 

ʙʽʣʴʰʠʡ ʟʘ ʜʦʧʫʩʪʠʤʠʡ); ˉ 1 - ʟ ʛʨʘʥʠʯʥʠʤ ʟʥʦʩʦʤ 

 

ʋ ʧʘʣʠʚʥʠʭ ʥʘʩʦʩʘʭ ʅɼ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʫʣʘʯʢʦʚʽ ʚʘʣʠ ʟ 

ʪʘʥʛʝʥʮʽʘʣʴʥʠʤ ʽ ʜʫʛʦʚʠʤ (ʫʚʽʛʥʫʪʠʤ) ʧʨʦʬʽʣʝʤ, ʪʦʤʫ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʚʘʨʽʘʥʪʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʣʫ ʚʠʚʯʝʥʠʡ ʚʧʣʠʚ ʧʨʦʬʽʣʶ ʢʫʣʘʯʢʘ 

ʥʘ ʮʠʢʣʦʚʫ ʧʦʜʘʯʫ ʧʣʫʥʞʝʨʥʦʾ ʧʘʨʠ ʟʽ ʟʥʦʩʦʤ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 4, ʟ ʷʢʦʛʦ ʚʠʭʦʜʠʪʴ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʫʩʢʦʚʦʾ ʧʦʜʘʯʽ 
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ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʫʛʽʣʣʽ ʧʦʚʦʨʦʪʫ ʧʣʫʥʞʝʨʘ ʚʽʜʥʦʩʥʦ ʥʘʧʦʚʥʶʚʘʣʴʥʠʭ 

ʚʽʢʦʥ ʚʪʫʣʢʠ 30Üé37,5Ü ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʚʽʛʥʫʪʦʛʦ ʧʨʦʬʽʣʶ ʢʫʣʘʯʢʘ, ʪʦʙʪʦ 

ʧʨʦʬʽʣʶ ʢʫʨʢʫʣʴʢʘ ʩʝʨʽʡʥʦʛʦ ʥʘʩʦʩʘ ʅɼ-21/4. 

ɸʥʘʣ̔ʟʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʨʦʟʧʦʜʽʣʫ 

ʧʣʦʱʽ ʟʥʦʩʫ ʚ ʟʦʥʽ ʥʘʛʥʽʪʘʥʥʷ (ʚʪʫʣʢʘ, ʧʣʫʥʞʝʨ), ʚ ʟʦʥʽ ʨʦʟʧʦʜʽʣʫ (ʚʪʫʣʢʘ, 

ʧʣʫʥʞʝʨ) ʽ ʚ ʟʦʥʽ ʚʽʜʩʽʯʝʥʥʷ (ʜʦʟʘʪʦʨ, ʧʣʫʥʞʝʨ), ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʥʦʩʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 2,3é11%. ʆʪʨʠʤʘʥʽ ʝʤʧʽʨʠʯʥʽ ʨʽʚʥʷʥʥʷ 

ʜʦʟʚʦʣʷʶʪʴ ʦʧʠʩʫʚʘʪʠ ʬʦʨʤʫ ʟʥʦʩʫ ʧʨʦʤʽʞʢʫ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ 

ʧʣʫʥʞʝʨʘ, ʚʪʫʣʢʠ ʽ ʜʦʟʘʪʦʨʘ ʽ ʪʠʤ ʩʘʤʠʤ ʩʢʦʨʦʪʠʪʠ ʦʙ'ʻʤ ʨʦʟʨʘʭʫʥʢʽʚ ʽ 

ʚʠʤʽʨʽʚ, ʦʙʤʝʞʫʶʯʠʩʴ ʚʠʟʥʘʯʝʥʥʷʤ ʰʠʨʠʥʠ ʟʥʦʰʝʥʦʾ ʜʽʣʷʥʢʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʣʫʥʞʝʨ, ʚʪʫʣʢʘ ʽ ʜʦʟʘʪʦʨ ʤʘʶʪʴ 

ʨʝʟʝʨʚ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʫ ʚʠʛʣʷʜʽ ʥʝʟʥʦʰʝʥʠʭ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ 

ʧʨʠʭʦʚʘʥʦʾ ʯʘʩʪʠʥʠ, ʷʢʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʨʝʤʦʥʪʽ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ  ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʣʫʥʞʝʨʥʳʭ ʧʘʨ ʟʽ ʟʥʦʰʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠ 

ʚʪʫʣʢʠ ʽ ʜʦʟʘʪʦʨʘ ʚ ʪʘʢʪʽ ʥʘʛʥʽʪʘʥʥʷ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʧʝʨʝʜʥʽʤ 

ʧʦʚʦʨʦʪʦʤ ʧʣʫʥʞʝʨʘ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ ʥʘ ʥʝʦʙʭʽʜʥʠʡ ʢʫʪ. 
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Increased durability of the fuel injection pump by coating and modernization  S.M. Burik, S.M. 

Vorobyov, A.P. Galeeva, D.D. Marchenko 

The article presents the results of a study of the durability of the existing distribution pump 

repair fund. Theoretically and experimentally substantiated method of restoring pump efficiency 

upgrades and application of coatings to extend their life. 

 

ʋɼʂ 621.793.1 

ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ʈʆɿʈʆɹʂɸ ʊɽʍʅʆʃʆɻɯʁ  

ʅɸʅɽʉɽʅʅʗ ʇʆʂʈʀʊʊɯɺ ʅɸ ɼɽʊɸʃɯ ʄɸʐʀʅ ɿ  

ʄɽʊʆʖ ʇɯɼɺʀʑɽʅʅʗ ɰʍ ʅɸɼɯʁʅʆʉʊɯ 

ɺ.ʆ. ɼʝʡʥʝʛʘ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʄ 6/1 ʤʘʛ 

ɼ.ʉ. ʋʞʚʘ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʄ 6/1 ʤʘʛ 

ɼ.ɼ. ʄʘʨʯʝʥʢʦ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʘʩʠʩʪʝʥʪ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʢʦʤʙʽʥʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʄɼʆ, ʷʢ ʟʤʽʮʥʶʶʯʫ ʦʙʨʦʙʢʫ, ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʠʡʦʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʫʭʣʠʚʠʭ ʟ'ʻʜʥʘʥʴ ʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʟ ʧʦʢʨʠʪʪʷʤʠ, ʤʘʶʪʴ ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʢʨʠʪʪʷ, ʜʝʪʘʣʽ, ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ, 

ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
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ʅʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʷʢʽʩʥʠʤ ʩʪʘʥʦʤ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʱʦ ʚʭʦʜʷʪʴ, ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ 

ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʬʽʥʽʰʥʠʭ ʦʧʝʨʘʮʽʷʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʛʝʦʤʝʪʨʠʯʥʘ 

ʪʦʯʥʽʩʪʴ, ʤʘʢʨʦ - ʽ ʤʽʢʨʦʛʝʦʤʝʪʨʽʷ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ). ʉʪʚʦʨʝʥʥʷ ʥʘ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʥʷʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʤʝʪʘʣʝʚʽʡ ʤʘʪʨʠʮʽ ʜʦʟʚʦʣʷʻ 

ʫʩʧʽʰʥʦ ʚʠʨʽʰʠʪʠ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʟ ʧʝʚʥʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʥʝʦʙʭʽʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦ ʥʘʜʽʡʥʦʩʪʽ, 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʢʦʥʪʘʢʪʥʽʡ ʚʠʪʨʠʚʘʣʦʩʪʽ ʽ ʚʪʦʤʥʽʡ ʤʽʮʥʦʩʪʽ, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʦʥʢʠʭ ʧʦʢʨʠʪʪʽʚ ʻ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ 

ʤʦʞʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʢʦʥʪʘʢʪʫʶʯʠʭ 

ʧʦʚʝʨʭʦʥʴ. 

ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʘʞʣʠʚʠʤʠ ʽ ʘʢʪʫʘʣʴʥʠʤʠ ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʷʚʣʷʶʪʴʩʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʜʦʤʠʭ ʽ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ, 

ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ, ʪʝʭʥʽʯʥʦ ʜʦʩʪʫʧʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʫʩʧʽʭʠ ʚ 

ʮʠʭ ʦʙʣʘʩʪʷʭ ʥʠʟʴʢʘ ʚʘʞʣʠʚʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʧʠʪʘʥʴ ʥʝ 

ʟʥʘʡʰʣʘ ʩʚʦʻ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʦʪʨʠʤʘʥʥʷ 

ʙʽʤʝʪʘʣʽʯʥʠʭ ʰʘʨʽʚ ʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

ɿʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ ʽ ʪʠʩʢʽʚ ʚ ʟʦʥʽ 

ʢʦʥʪʘʢʪʫ ʚʠʨʽʰʫʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʧʝʨʝʜʫʤʦʚ: 

 - ʪʚʝʨʜʽʩʪʴ ʦʩʥʦʚʠ ʚ 2é3 ʨʘʟʫ ʧʝʨʝʚʠʱʫʻ ʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʪʪʷ; 

 - ʢʦʥʪʘʢʪ ʪʚʝʨʜʠʭ ʪʽʣ ʧʨʠ ʤʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʰʦʨʩʪʢʽʩʪʶ ʧʦʚʝʨʭʦʥʴ (ʨʘʜʽʫʩʦʤ ʚʠʩʪʫʧʽʚ r, ʤʘʢʩʠʤʘʣʴʥʦʶ ʚʝʣʠʯʠʥʦʶ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ Rmax), ʟʘʚʪʦʚʰʢʠ ʧʦʢʨʠʪʪʷ ȹ, ʟʘʚʛʣʠʙʰʢʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ hʚ, ʧʨʠ ʮʴʦʤʫ ʚʚʦʜʷʪʴʩʷ ʦʙʤʝʞʝʥʥʷ: ʚʽʜʥʦʩʥʝ 

ʧʨʦʥʠʢʥʝʥʥʷ hʚ/ȹ<1, ʚʽʜʥʦʩʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ hʚ/r << 1, ʚʽʜʥʦʩʥʠʡ ʨʘʜʽʫʩ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ r /ȹ <40; 

 - ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʷ ʧʦ ʪʦʚʱʠʥʽ ʦʜʥʘʢʦʚʽ; 
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 - ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʠʩʪʫʧʽʚ ʟʘ ʤʝʞʽ ʩʝʨʝʜʥʴʦʾ ʣʽʥʽʾ 

ʧʨʦʬʽʣʶ ʧʨʠʡʤʘʻʪʴʩʷ ʢʨʠʪʠʯʥʠʤ; 

 - ʪʠʩʢ ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʤʽʢʨʦʚʠʩʪʫʧʽʚ ʟ ʧʦʢʨʠʪʪʷʤ ʟʘʣʝʞʥʦ ʚʽʜ 

ʛʣʠʙʠʥʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

ʨrʢ=3,4ůʪ, ʨrʨ=0,5(ʨrʢ + ʨrʨ max), ʜʝ ʨrʢ ʠ ʨrʨ  - ʚʽʜʧʦʚʽʜʥʦ ʪʠʩʢʫ ʤʝʥʰʝ ʽ 

ʙʽʣʴʰʝ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ; ʨrʨ max - ʪʠʩʢ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘʡʙʽʣʴʰʦʶ 

ʤʽʢʨʦʥʝʨʽʚʥʽʩʪʶ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʢʨʠʚʠʭ "ʥʘʧʨʫʞʝʥʥʷ - ʜʝʬʦʨʤʘʮʽʷ" ʜʣʷ ʤʽʜʴʚʤʽʩʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ (ʨʦʟʨʘʭʫʥʦʢ 

ʧʨʦʚʦʜʠʚʩʷ ʥʘ ɽʆʄ). 

ɸʥʘʣʽʟ ʤʦʜʝʣʽ ʧʦʢʘʟʘʚ ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʽʤʝʪʘʣʽʯʥʦʛʦ ʰʘʨʫ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʽʟʥʠʭ 

ʜʦʙʘʚʦʢ ʚ ʦʩʥʦʚʥʦʤʫ ʩʢʣʘʜʽ ʩʧʝʮʨʽʜʠʥʠ. 
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ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ çʥʘʧʨʫʞʝʥʥʷ - ʜʝʬʦʨʤʘʮʽʷè ʜʣʷ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʽʜʴʚʤʽʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʨʠ ʨʽʟʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ (ʦʜʥʦʦʩʥʝ ʨʦʟʪʷʛʥʝʥʥʷ): 

1 - ʨʦʟʨʘʭʫʥʢʦʚʘ ʢʨʠʚʘ ʧʨʠ ʩ1 = 98%, ʩ2 = 2%; 2 - ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʢʨʠʚʘ; 

3 - ʪʝʦʨʝʪʠʯʥʘ ʢʨʠʚʘ; 4 - ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʢʨʠʚʘ ʧʨʠ ʩ1 = 75%, ʩ2 = 25%;             

5 - ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʢʨʠʚʘ (ʩʨʽʙʥʝ ʧʦʢʨʠʪʪʷ) 

 

ʆʩʥʦʚʥʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʧʝʨʰʦʤʫ ʧʝʨʝʭʦʜʽ. ʅʘ ʧʝʨʰʦʤʫ ʧʝʨʝʭʦʜʽ, ʧʨʠ ʧʦʧʝʨʝʜʥʽʡ 
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ʟʤʽʮʥʶʶʯʽʡ ʦʙʨʦʙʮʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ (ʧʝʨʝʭʽʜ "ʘ"), 

ʧʨʦʮʝʩ ʘʢʪʠʚʽʟʘʮʽʾ ʧʦʚʝʨʭʥʽ ʽ ʬʦʨʤʫʚʘʥʥʷ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ 

ʩʧʨʠʷʪʣʠʚʦʾ ʟʘʣʠʰʢʦʚʦʾ ʥʘʧʨʫʛʠ, ʷʢʘ ʯʠʥʠʪʴ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ. 

ʄʦʜʝʣʴ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʜʦʟʚʦʣʷʻ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʦʩʥʦʚʠ. ʈʽʰʝʥʥʷ 

ʟʘʜʘʯʽ ʧʨʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʨʦʟʛʣʷʜʘʣʦʩʷ 

ʥʘ ʧʨʠʢʣʘʜʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʬʝʨʠʯʥʦʛʦ ʽʥʜʝʥʪʦʨʘ ʚ ʥʘʧʽʚʧʨʦʩʪʽʨ 

ʧʨʫʞʥʦʧʣʘʩʪʠʯʥʦʩʪʽ, ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʜʦʪʠʯʥʘ ʥʘʧʨʫʛʘ, ʜʽʶʯʘ ʥʘ 

ʤʘʡʜʘʥʯʠʢʫ ʢʦʥʪʘʢʪʫ, ʧʘʨʘʣʝʣʴʥʘ ʢʦʦʨʜʠʥʘʪʥʠʤ ʧʣʦʱʠʥʘʤ ʽ ʜʦʨʽʚʥʶʶʪʴ 

ʥʫʣʶ, ʧʨʠ ʮʴʦʤʫ ʥʦʨʤʘʣʴʥʘ ʥʘʧʨʫʛʘ ʚ ʢʦʥʪʘʢʪʽ ʻ ʛʦʣʦʚʥʦʶ (ʨʽʰʝʥʥʷ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʣʦʩʢʦʛʦ ʟʘʚʜʘʥʥʷ). 

ʇʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʧʨʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʦʩʥʦʚʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: ʧʨʠʥʮʠʧ ʥʝʟʘʣʝʞʥʦʩʪʽ ʜʽʾ ʩʠʣ, ʦʩʥʦʚʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ ʽ ʧʨʠʥʮʠʧ ʧʨʷʤʦʾ ʥʦʨʤʘʣʽ. 

ʇʦʚʥʘ ʜʝʬʦʨʤʘʮʽʷ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʣʠʙʠʥʠ ʾʾ ʧʦʰʠʨʝʥʥʷ Ůn=en+dnz. ɿʘʩʪʦʩʦʚʫʶʯʠ ʪʝʦʨʽʶ ʪʝʯʽʾ, 

ʧʨʠʨʽʩʪ ʧʦʚʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʢʣʘʜʘʚʩʷ ʷʢ ʩʫʤʘ ʧʨʠʨʦʩʪʽʚ ʧʨʫʞʥʦʾ ʽ 
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ʚʠʟʥʘʯʘʻʤʦ ʟʥʘʯʝʥʥʷ ʉn  ʽ dn. 

ʈʦʟʧʦʜʽʣ ʟʘʣʠʰʢʦʚʦʾ ʥʘʧʨʫʛʠ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2, ʟ ʷʢʦʛʦ ʚʠʜʥʦ, ʱʦ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʝʧʶʨʠ ʷʢʽʩʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʢʨʠʚʠʤ, ʘ 

ʤʘʢʩʠʤʫʤ ʥʘʧʨʫʛʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʧʦʚʝʨʭʥʽ. 
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ʈʠʩ. 2. ɽʧʶʨʠ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʨʦʟʨʘʭʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS ʜʣʷ ʽʥʩʪʨʫʤʝʥʪʽʚ: 

1 - ʨʦʣʠʢ (ʟʦʩʝʨʝʜʞʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ) - ʦʜʠʥ ʧʨʦʭʽʜ;  

2 - ʨʦʣʠʢ (ʟʦʩʝʨʝʜʞʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ) - ʪʨʠ ʧʨʦʭʦʜʠ; 

3 - ʱʽʪʢʘ (ʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ) 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʠʰʢʦʚʦʾ ʥʘʧʨʫʛʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ ANSYS ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʽ 

ʜʠʥʘʤʽʢʫ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʽʤʝʪʘʣʽʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʽʩʣʷ ʟʤʽʮʥʶʶʯʦʾ ʦʙʨʦʙʢʠ. 

ʋʪʚʦʨʝʥʥʷ ʽ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʨʦʟʯʠʥʥʠʭ ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ ʧʽʜ 

ʧʦʢʨʠʪʪʷʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʨʦʟʪʷʛʫʶʯʦʾ ʥʘʧʨʫʛʠ ʚ ʩʪʽʥʢʘʭ 

ʦʧʫʢʣʦʩʪʽ (ʨʠʩ. 3), ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ. 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʚʠʥʠʢʥʝʥʥʷ ʦʧʫʢʣʦʩʪʽ ʥʘ ʦʢʩʠʜʥʦʤʫ ʧʦʢʨʠʪʪʽ ʧʽʜ ʚʧʣʠʚʦʤ 

ʪʠʩʢʫ ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ ʤʝʪʘʣʝʚʦʾ ʦʩʥʦʚʠ 
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ʈʽʚʥʦʜʽʡʥʘ ʩʠʣʘ F ʪʠʩʢʫ ʈ ʫʨʽʚʥʦʚʘʞʫʻʪʴʩʷ ʨʝʘʢʮʽʻʶ N ʚ ʢʦʥʪʫʨʽ 

ʟʘʛʘʣʴʥʦʾ ʟʦʥʠ ʢʦʥʪʘʢʪʫ ʨʘʜʽʫʩʫ xʤ. ʂʦʣʠ ʟʫʩʠʣʣʷ N ʩʪʚʦʨʷʪʴ ʥʘʧʨʫʛʫ, ʱʦ 

ʧʝʨʝʚʠʱʫʻ ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʡʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʽ, ʫʤʦʚʫ ʨʫʡʥʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ  ʫ ʚʠʜʽ: 

,

1

1

R

p

sd

²
 

ʜʝ ů - ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʷ, ʇʘ;  

    ŭ1 - ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʦʧʫʢʣʦʩʪʽ, ʱʦ ʫʪʚʦʨʠʣʘʩʷ, ʤ; 

    R1 - ʨʘʜʽʫʩ ʦʧʫʢʣʦʩʪʽ, ʤ. 

ʊʝʦʨʝʪʠʯʥʽ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ, 

ʱʦ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʚʠʨʦʙʽʚ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʽʟ ʟʘʭʠʩʥʠʤʠ 

ʧʦʢʨʠʪʪʷʤʠ, ʩʬʦʨʤʦʚʘʥʠʤʠ ʄɼʆ, ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʥʘʩʢʨʽʟʥʦʾ ʧʦʨʠʩʪʦʩʪʽ 

ʦʩʪʘʥʥʽʭ. ʈʦʟʤʽʨʠ ʧʽʨ ʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ 2 ʜʦ 6 ʤʢʤ. ʈʫʡʥʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʽʩʮʷʭ ʡʦʛʦ ʚʽʜʨʠʚʫ ʚ ʟʦʥʽ ʦʜʠʥʠʯʥʦʾ ʧʦʨʠ ʧʨʠ ʚʠʩʦʪʽ 

çʤʝʥʽʩʢʘè ʙʽʣʴʰʝ 76é80 ʤʢʤ ʽ ʜʽʘʤʝʪʨʽ ʚʽʜ 1,3 ʜʦ 1,8 ʤʤ ʈʦʟʙʽʞʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʩʢʣʘʣʘ ʥʝ ʙʽʣʴʰʝ 5%. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʨʠʩʪʽʩʪʴ ʧʦʢʨʠʪʪʷ 14é15% ʟʙʽʣʴʰʫʻ ʟʜʘʪʥʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʫʭʣʠʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ çʩʪʘʣʴ - ʧʦʢʨʠʪʪʷ, ʩʬʦʨʤʦʚʘʥʝ ʄɼʆè ʚ 

1,3 ʨʘʟʠ, ʥʘʧʦʚʥʝʥʥʷ ʧʽʨ ʧʦʢʨʠʪʪʷ ʦʣʽʻʶ ʚʝʨʝʪʝʥʥʠʤ ɸʋ - ʚ 1,8 ʨʘʟʠ, ʘ 

ʬʨʠʢʮʽʡʥʦ-ʤʝʭʘʥʽʯʥʝ ʥʘʥʝʩʝʥʥʷ ʥʝ ʡʦʛʦ ʧʦʚʝʨʭʥʷ ʤʽʜʥʦʛʦ ʰʘʨʫ - ʚ 2,8 

ʨʘʟʠ. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʚ ʚʽʜʭʠʣʝʥʥʷʭ ʧʦʢʘʟʥʠʢʽʚ 

ʪʚʝʨʜʦʩʪʽ ʽ ʤʽʮʥʦʩʪʽ ʧʦʚôʷʟʘʥʽ ʟʽ ʩʪʨʫʢʪʫʨʦʶ. ʊʘʢ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʛʨʘʬʽʪʫ (< 8%) ʪʘ ʥʘʷʚʥʦʩʪʽ ʮʝʤʝʥʪʠʪʫ (> 4%), ʧʦʷʚʽ ʥʘʛʨʦʤʘʜʞʝʥʴ 

ʥʝʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ ʟʨʦʩʪʘʻ > 19 ɸ/ʩʤ ʪʘ ʧʝʨʝʚʠʱʫʻ 

ʚʠʤʦʛʠ ʊʋ ʧʦ ʪʚʝʨʜʦʩʪʽ (> 269 ʅɺ). ʅʘʷʚʥʽʩʪʴ ʧʦʨ ʪʘ ʧʦʷʚʽ ʬʝʨʠʪʫ 

ʟʥʠʞʫʶʪʴ ʪʚʝʨʜʽʩʪʴ (< 217ʅɺ) ʽ ʮʠʤ ʧʦʢʘʟʥʠʢʘʤ ʚʽʜʧʦʚʽʜʘʻ ʢʦʝʨʮʠʪʠʚʥʘ 

ʩʠʣʘ ʥʘ ʨʽʚʥʽ < 15,9 ɸ/ʩʤ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʥʘʥʝʩʝʥʠʡ ʧʦʢʨʳʪʠʡ ʥʘ ʜʝʪʘʣʠ ʤʘʰʠʥ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʥʘʜʝʞʥʦʩʪʠ  ɺ.ʆ. ɼʝʡʥʝʛʘ, ɼ.ʉ. ʋʞʚʘ, ɼ.ɼ. ʄʘʨʯʝʥʢʦ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʶʱʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʄɻʆ, ʢʘʢ ʫʧʨʦʯʥʷʶʱʫʶ ʦʙʨʘʙʦʪʢʫ, ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʩ 

ʧʦʢʨʳʪʠʷʤʠ, ʠʤʝʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

 

Research and development of technology for coating machine parts in order to improve their 

reliability  V.O. Deynega, D.S. Uzhva, D.D. Marchenko 

In the article, combined technologies, including the restoration of working surfaces, the IHO as 

hardening treatment and processing methods that improve the durability of mobile connections and 

machine parts with coatings that are essential for the various branches of engineering. 
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ʋɼʂ 621.9.025.74 

ʇɯɼɺʀʑɽʅʅʗ ʗʂʆʉʊɯ ʆɹʈʆɹʂʀ ɼɽʊɸʃɽʁ ʄɸʐʀʅ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ʈɯɿɸʃʔʅʆɻʆ ɯ ɸɹʈɸɿʀɺʅʆɻʆ ɯʅʉʊʈʋʄɽʅʊɯɺ 

ʉ.ɸ. ʂʘʥʘʭʦʚ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʄ 6/1 ʤʘʛ 

ɸ.ʄ. ʈʷʙʠʡ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʄ 6/1 ʤʘʛ 

ɸ.ʇ. ɻʘʣʻʻʚʘ, ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼ.ɼ. ʄʘʨʯʝʥʢʦ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʘʩʠʩʪʝʥʪ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ, ʟʚôʷʟʫʶʯʠ ʬʽʟʠʢʦ - ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʡʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʽ ʩʧʽʢʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʘ 

ʤʝʪʦʜʠʢʘ ʩʢʣʘʜʘʥʥʷ ʨʝʮʝʧʪʫʨʠ ʧʦʯʘʪʢʦʚʦʾ ʘʙʨʘʟʠʚʥʦʾ ʩʫʤʽʰʽ ʜʣʷ ʧʦʰʘʨʦʚʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʧʨʝʩ-

ʬʦʨʤ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʝʨʝʥ ʝʣʝʢʪʨʦʢʦʨʫʥʜʫ ʙʽʣʦʛʦ ʦʩʥʦʚʥʦʶ, 

ʚʝʣʠʢʦʶ ʽ ʜʨʽʙʥʦʶ ʬʨʘʢʮʽʡ ʟʘ ʫʩʽʤ ʦʙʩʷʛʦʤ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʽʟʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʟʤʽʥʥʽ ʧʣʘʩʪʠʥʠ, ʤʦʜʠʬʽʢʘʮʽʷ 

ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʭʦʥʽʥʛʫʚʘʥʥʷ. 

 

ɺ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʾ ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ, ʜʝʬʽʮʠʪʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʚ ʈʦʩʽʾ, ʾʾ ʽʥʪʝʥʩʠʚʥʦʛʦ ʩʪʘʨʽʥʥʷ, ʟʥʠʞʝʥʥʷ 

ʢʫʧʽʚʝʣʴʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʧʦ ʦʥʦʚʣʝʥʥʶ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʫ ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠʜʙʘʚʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʷʚʥʠʭ ʨʝʟʝʨʚʽʚ ʧʦ ʡʦʛʦ ʚʽʜʥʦʚʣʝʥʥʶ ʽ ʨʝʤʦʥʪʫ. ʉʦʙʽʚʘʨʪʽʩʪʴ ʚʽʜʥʦʚʣʝʥʠʭ 

ʜʝʪʘʣʝʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 50 - 70% ʮʽʥʠ ʥʦʚʠʭ, ʘ ʨʝʩʫʨʩ - 80 - 90%. 

ʋ ʩʪʨʫʢʪʫʨʽ ʪʦʚʘʨʥʦʛʦ ʬʦʥʜʫ ʥʘ ʚʪʦʨʠʥʥʦʤʫ ʨʠʥʢʫ ʫʞʠʚʘʥʦʾ ʪʝʭʥʽʢʠ 

ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʚʫʟʣʠ ʽ ʘʛʨʝʛʘʪʠ ʩʧʠʩʘʥʦʾ ʪʝʭʥʽʢʠ (ʜʚʠʛʫʥʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ, ʧʘʣʠʚʥʽ ʥʘʩʦʩʠ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 

ɻʽʜʨʦʧʥʝʚʤʦʘʛʨʝʛʘʪʠ ʪʘ ʽʥ.). ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʭʘʨʘʢʪʝʨʥʘ ʥʝ ʣʠʰʝ ʜʣʷ 

ʚʽʪʯʠʟʥʷʥʦʛʦ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɺʝʣʠʢʠʡ ʨʦʟʚʠʪʦʢ ʦʪʨʠʤʘʣʘ 

ʩʠʩʪʝʤʘ ʚʽʜʥʦʚʥʦʛʦ ʨʝʤʦʥʪʫ ʚ ʝʢʦʥʦʤʽʯʥʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ (ʉʐɸ, 

ʅʽʤʝʯʯʠʥʘ ʪʘ ʽʥ.), ʥʘ ʨʠʥʢʫ ʷʢʠʭ ʧʨʦʜʘʻʪʴʩʷ ʫʞʠʚʘʥʠʭ ʪʨʘʢʪʦʨʽʚ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʚ 3 ʨʘʟʠ ʙʽʣʴʰʝ, ʥʽʞ ʥʦʚʠʭ. ʊʝʭʥʽʢʫ ʨʝʘʣʽʟʫʶʪʴ ʧʽʩʣʷ ʷʢʽʩʥʦʛʦ 

ʨʝʤʦʥʪʫ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʾʾ ʚʘʨʪʽʩʪʴ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 30% 

ʚʽʜ ʧʝʨʚʠʥʥʦʾ. 
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ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʡ ʧʨʝʩ çʋʜʘʨ-20è, 

ʧʨʠʥʮʠʧ ʜʽʾ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʪʚʦʨʝʥʥʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʤʝʭʘʥʽʯʥʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʨʷʜʫ ʚ ʨʽʜʠʥʫ. ɺʝʣʠʯʠʥʘ ʝʥʝʨʛʽʾ ʨʦʟʨʷʜʫ 

ʩʢʣʘʜʘʻ ɽ=20 ʢʽʣʦʜʞʦʫʣʽʚ, ʱʦ ʧʨʠ ʯʘʩʽ ʨʦʟʨʷʜʫ  ̔= 4Ā10
-4
 ʩ. ʜʘʻ ʟʥʘʯʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʨʷʜʫ N=50 ʄɺʪ. 

ʇʽʩʣʷ ʧʨʝʩʫʚʘʥʥʷ ʟʨʘʟʢʠ ʧʽʜʜʘʚʘʣʠʩʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʩʧʽʢʘʥʥʶ ʚ ʝʣʝʢʪʨʦʚʘʢʫʫʤʥʽʡ ʧʝʯʽ ʤʘʨʢʠ ʉʐɺʕ - 1.25/25 - 46, ʚ ʷʢʽʡ 

ʩʪʚʦʨʶʻʪʴʩʷ ʚʘʢʫʫʤ 10
-5
 ʇʘ ʽ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ - ʜʦ 250

0
ʉ. 

ɺʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʧʽʩʣʷ ʩʧʽʢʘʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʤʝʪʦʜʦʤ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʟʚʘʞʫʚʘʥʥʷ ʥʘ 

ʘʥʘʣʽʪʠʯʥʠʭ ʚʘʛʘʭ ʤʦʜʝʣʽ ɺʃʈ-200. 

ɺʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʧʨʠʣʘʜʽ ʈʦʢʚʝʣʣʫ ʟʘ ʰʢʘʣʦʶ ɺ. ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ 

ʧʦʣʷʛʘʣʘ ʫ ʚʠʟʥʘʯʝʥʥʽ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʩʣʽʜʽʚ, ʦʮʽʥʮʽ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʽʚ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʨʦʟʧʦʜʽʣʫ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ ʧʦ ʨʦʟʤʽʨʘʭ ʜʣʷ ʨʽʟʥʦʾ 

ʟʝʨʥʠʩʪʦʩʪʽ ʧʦ ɻʆʉʊ ʈ 52381-2005 ʽ ɻʆʉʊ 3647- 80 ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʟʝʨʥʠʩʪʦʩʪʽ F100, P120 ʽ ʄ40, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1. ɿʘʣʝʞʥʦʩʪʽ ʜʣʷ ʟʝʨʥʠʩʪʦʩʪʽ F100, P120 ʽ ʄ40 

 

ʇʨʠ ʘʥʘʣʽʟʽ ʟʘʣʝʞʥʦʩʪʝʡ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ɻʆʉʊ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʙʽʣʴʰʦʾ ʬʨʘʢʮʽʾ, ʥʽʞ ʦʩʥʦʚʥʘ ʚ ʦʙ'ʻʤʽ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ(ʜʣʷ ʤʽʢʨʦʰʣʽʬʧʦʨʦʰʢʽʚ ʄ40 ʜʦ 12% ʧʨʠ ʚʠʩʦʢʦʤʫ ʚʤʽʩʪʽ 

ʟʝʨʝʥ ʦʩʥʦʚʥʦʾ ʬʨʘʢʮʽʾ(ʽʥʜʝʢʩ ɺ), ʜʦ 27% ʧʨʠ ʜʦʧʫʩʪʠʤʦʤʫ ʚʤʽʩʪʽ ʟʝʨʝʥ 

ʦʩʥʦʚʥʦʾ ʬʨʘʢʮʽʾ (ʽʥʜʝʢʩ ɼ); ʜʣʷ ʟʝʨʥʠʩʪʦʩʪʽ F100, P120 ʚʽʜ 20% ʜʦ 30%). 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʫ 
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ʩʢʣʘʜʽ ʧʦʯʘʪʢʦʚʦʾ ʘʙʨʘʟʠʚʥʦʾ ʩʫʤʽʰʽ ɻʆʉʊ ʧʝʨʝʜʙʘʯʝʥʦ, ʱʦ ʨʦʟʤʽʨ ʚʝʣʠʢʦʾ 

ʬʨʘʢʮʽʾ ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨ ʦʩʥʦʚʥʦʾ ʬʨʘʢʮʽʾ ʚ 1,55...1,7 ʨʘʟʠ. ʎʽ ʚʠʤʦʛʠ 

ɻʆʉʊ ʟʙʝʨʽʛʘʶʪʴʩʷ ʽ ʜʣʷ ʤʽʢʨʦʰʣʽʬʧʦʨʦʰʢʽʚ ʄ10 - ʄ5, ʜʝ ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ 

ʚʝʣʠʢʦʾ ʬʨʘʢʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 20é30%. ɺʽʜʤʽʯʝʥʦ, ʱʦ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ 

ʤʝʪʦʜʦʤ ʫʜʘʨʥʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʩʧʽʢʘʥʥʷʤ, ʢʽʣʴʢʽʩʪʴ ʚʝʣʠʢʠʭ ʟʝʨʝʥ ʚ ʦʙ'ʻʤʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟʥʘʯʥʦ ʟʤʝʥʰʝʥʘ, 

ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʛʨʘʬʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2, ʘʣʝ ʨʦʟʤʽʨ 

ʚʝʣʠʢʦʾ ʬʨʘʢʮʽʾ ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨ ʦʩʥʦʚʥʦʾ ʬʨʘʢʮʽʾ ʚ 1,4...1,5 ʨʘʟʫ. ɿ 

ʘʥʘʣʽʟʫ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʚʠʜʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʚʝʣʠʢʠʭ ʟʝʨʝʥ ʟʤʝʥʰʠʣʘʩʷ ʥʘ 

13%. ʇʨʦʪʝ ʧʨʠ ʭʦʥʽʥʛʫʚʘʥʥʽ ʧʦʚʝʨʭʥʽ ʛʽʣʴʟʠ ʮʠʣʽʥʜʨʘ ʪʘʢʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʚʝʣʠʢʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʦʷʚʠ ʛʣʠʙʦʢʠʭ ʨʠʩʦʢ-ʧʦʜʨʷʧʠʥ ʥʘ çʜʟʝʨʢʘʣʽè ʛʽʣʴʟʠ, 

ʱʦ ʟʥʘʯʥʦ ʧʦʩʣʘʙʣʷʻ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ. 

 

ʈʠʩ. 2. ʂʨʠʚʘ ʨʦʟʧʦʜʽʣʫ ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʤʫ ʘʙʨʘʟʠʚʥʦʤʫ 

ʽʥʩʪʨʫʤʝʥʪʽ (ʧʦʯʘʪʢʦʚʠʡ ʨʦʟʤʽʨ ʟʝʨʝʥ - 120 ʤʢʤ) 

 

ʄʽʢʨʦʰʣʽʬʧʦʨʦʰʢʽʚ ʟʝʨʥʠʩʪʽʩʪʶ ʄ40 : ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʠ ʨʦʟʤʽʨʽʚ 

ʟʝʨʝʥ ʚ ʽʥʩʪʨʫʤʝʥʪʽ ʟ: 1-ʚʠʩʦʢʠʤ; 2 - ʧʽʜʚʠʱʝʥʠʤ; 3-ʥʦʨʤʘʣʴʥʠʤ; 4 - 

ʜʦʧʫʩʪʠʤʠʤ ʚʤʽʩʪʦʤ ʟʝʨʝʥ ʦʩʥʦʚʥʦʾ ʬʨʘʢʮʽʾ ʚ ʡʦʛʦ ʦʙ'ʻʤʽ. 

ʑʣʽʬʫʚʘʣʴʥʠʭ ʧʦʨʦʰʢʽʚ ʟʝʨʥʠʩʪʽʩʪʶ ɹ100, ʈ120 (ʟʝʨʥʠʩʪʽʩʪʴ ˉ12 

ʧʦ ɻʆʉʊ 3647 - 80): 1 - ʜʣʷ ʟʝʨʥʠʩʪʦʩʪʽ ɹ100; 2 - ʜʣ̫ ʟʝʨʥʠʩʪʦʩʪʽ ʈ120. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ ʚ ʪʽʣʽ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʜʦʜʘʪʢʦʚʠʤ ʜʨʦʙʣʝʥʥʷʤ ʨʽʟʘʣʴʥʠʭ ʘʙʨʘʟʠʚʥʠʭ 

ʟʝʨʝʥ ʝʣʝʢʪʨʦʢʦʨʫʥʜʫ ʙʽʣʦʛʦ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʟʝʨʝʥ ʢʘʨʙʽʜʫ ʙʦʨʫ ʚ 

ʧʦʯʘʪʢʦʚʫ ʘʙʨʘʟʠʚʥʫ ʩʫʤʽʰ(ʜʘʣʽ - ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 
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ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ). ɺʽʜʤʽʪʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʩʧʦʩʦʙʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʟʤʽʰʫʚʘʥʥʷ ʧʦʨʦʰʢʽʚ ʝʣʝʢʪʨʦʢʦʨʫʥʜʫ ʙʽʣʦʛʦ ʽ ʢʘʨʙʽʜʫ ʙʦʨʫ ʙʫʣʦ ʥʝ 

ʨʽʚʥʦʤʽʨʥʠʤ ʟʘ ʫʩʽʤ ʦʙʩʷʛʦʤ ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʨʦʙʠʣʦʩʷ ʰʘʨʘʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʯʝʨʝʟ ʫʩʶ ʚʠʩʦʪʫ 

ʧʨʝʩʫʚʘʥʥʷ ʾʾ ʝʥʝʨʛʽʷ ʟʘʪʫʭʘʻ ʜʦ ʥʠʟʫ ʧʨʝʩʫʚʘʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʦ, ʟʤʝʥʰʫʻʪʴʩʷ 

ʤʽʨʘ ʜʨʦʙʣʝʥʥʷ ʟʝʨʝʥ ʝʣʝʢʪʨʦʢʦʨʫʥʜʫ ʙʽʣʦʛʦ ʽ ʢʘʨʙʽʜʫ ʙʦʨʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʧʨʦʮʝʩʽ ʚʽʣʴʥʦʛʦ ʨʽʟʘʥʥʷ ʧʣʘʩʪʠʥʦʶ ʟʽ 

ʚʩʪʘʚʢʦʶ ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʇɼɺ 

ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ANSYS DesignSpace 

ʜʣʷ ʦʜʥʦʨʽʜʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʽ ʬʦʨʤʠ ʚʩʪʘʚʢʠ ʪʠʧʫ 

çʢʚʘʜʨʘʪè. ɼʦʩʣʽʜʞʫʚʘʣʦʩʷ ʧʦʻʜʥʘʥʥʷ ʚʩʪʘʚʢʠ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʊ15ʂ6 ʟ 

ʦʩʥʦʚʦʶ ʧʣʘʩʪʠʥʠ ʽʟ ʉʪʘʣʽ 60 ʧʨʠ ʨʽʟʥʽʡ ʛʝʦʤʝʪʨʽʾ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʽ ʱʦ 

ʩʪʘʥʦʚʣʷʪʴ ʩʠʣʠ ʨʽʟʘʥʥʷ : ʈʫ = 1000 ʅ, ʈʫ = 500 ʅ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʛʠ ʨʦʟʪʷʛʫʚʘʥʥʷ ʤʘʡʞʝ ʚ 2 ʨʘʟʠ ʜʣʷ ʧʣʘʩʪʠʥʠ ʟʽ ʚʩʪʘʚʢʦʶ 

(ʨʠʩ. 3). ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʮʽʻʾ ʥʘʧʨʫʛʠ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʬʽʛʫʨʥʘ ʚʩʪʘʚʢʘ, 

ʚʝʨʭʥʷ ʧʦʚʝʨʭʥʷ ʷʢʦʾ ʩʧʽʚʧʘʜʘʻ ʟ ʧʦʣʦʞʝʥʥʷʤ ʥʫʣʴʦʚʦʾ ʣʽʥʽʾ ʥʘʧʨʫʛʠ. 

ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʇɼɺ ʧʣʘʩʪʠʥʽʚ ʟ ʬʽʛʫʨʥʦʶ ʚʩʪʘʚʢʦʶ ʟʘ ʪʠʭ ʞʝ ʫʤʦʚ 

ʧʦʢʘʟʘʚ, ʱʦ ʥʘʧʨʫʛʘ ʧʽʜʚʠʱʠʣʘʩʷ ʪʨʦʭʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʜʥʦʨʽʜʥʦʶ 

ʧʣʘʩʪʠʥʦʶ ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʽ ʩʪʘʣʽ ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʫ ʧʣʘʩʪʠʥʽʚ ʟ 

ʧʨʷʤʦʢʫʪʥʦʶ ʚʩʪʘʚʢʦʶ (ʨʠʩ. 4). 

 

ʘ                                                         ʙ 

ʈʠʩ. 3. ʈʦʟʨʘʭʫʥʦʢ ʇɼɺ ʦʜʥʦʨʽʜʥʦʾ ʧʣʘʩʪʠʥʠ (ʘ) ʽ ʧʣʘʩʪʠʥʠ  

ʟ̔  ʚʩʪʘʚʢʦʶ (ʙ): 

Ŭ=7 ; ɔ=0 

 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʽʮʥʽʩʪʴ ʧʣʘʩʪʠʥʽʚ ʟ ʬʽʛʫʨʥʦʶ ʚʩʪʘʚʢʦʶ ʧʽʜʚʠʱʠʣʘʩʷ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ ʩʢʣʘʜʝʥʠʭ ʧʣʘʩʪʠʥʽʚ ʟ ʢʚʘʜʨʘʪʥʦʶ ʚʩʪʘʚʢʦʶ, 
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ʦʩʢʽʣʴʢʠ ʪʫʪ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʫʤʦʚʫ ʨʽʚʥʦʤʽʮʥʦʩʪʽ ʬʦʨʤ ʣʝʟʘ 

ʽʥʩʪʨʫʤʝʥʪʫ. 

 

ʈʠʩ. 4. ʇʦʨʽʚʥʷʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʦʨʤʘʣʴʥʦʾ ʥʘʧʨʫʛʠ 

 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʣʘʜʝʥʦʛʦ ʨʽʟʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʬʽʛʫʨʥʦʶ ʚʩʪʘʚʢʦʶ ʙʫʣʠ ʧʽʜʽʙʨʘʥʽ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ 

ʚʠʛʦʪʦʚʣʝʥʥʷ : ʪʠʩʢ ʧʨʠ ʧʨʝʩʫʚʘʥʥʽ 600 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʽʢʘʥʥʷ 1150Üʉ 

ʽ ʯʘʩ ʩʧʽʢʘʥʥʷ 1,5 ʛʦʜʠʥʠ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʤʽʥʽʤʘʣʴʥʫ ʧʦʨʠʩʪʽʩʪʴ, 

ʤʘʢʩʠʤʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʫ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʽ ʚ ʪʝʞ ʯʘʩ ʥʝʚʝʣʠʢʠʡ 

ʨʦʟʤʽʨ ʟʝʨʥʘ. 

ɼʣʷ ʢʨʘʱʦʾ ʚʟʘʻʤʦʜʽʾ ʤʘʪʝʨʽʘʣʽʚ ʚʩʪʘʚʢʠ(ʪʚʝʨʜʠʡ ʩʧʣʘʚ ʊ15ʂ6) ʽ 

ʦʩʥʦʚʠ ʧʣʘʩʪʠʥʠ(ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʨʦʰʢʫ ʟʘʣʽʟʘ 96%, ʛʨʘʬʽʪʫ 1,5% ʽ ʤʽʜʽ 

2,5%) ʥʘ ʤʝʞʫ ʨʦʟʜʽʣʫ ʤʘʪʝʨʽʘʣʽʚ ʜʦʜʘʚʘʣʘʩʷ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʦʨʦʰʢʫ 

ʤʽʜʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʷʢʽʩʥʽ ʟʨʘʟʢʠ ʩʢʣʘʜʝʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʨʽʟʘʣʴʥʠʭ ʧʣʘʩʪʠʥʽʚ (ʨʠʩ. 5). 

 

ʈʠʩ. 5. ʉʢʣʘʜʝʥʘ ʨʽʟʘʣʴʥʘ ʧʣʘʩʪʠʥʘ ʜʣʷ ʚʽʜʨʽʟʥʦʛʦ ʨʽʟʮʷ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʢʣʘʜʝʥʦʛʦ 

ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʨʦʟʨʘʭʦʚʘʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʴʦʛʦ 

ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʆʩʢʽʣʴʢʠ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʱʦ ʚʭʦʜʷʪʴ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʩʢʣʘʜʝʥʦʾ ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ 

ʟʤʽʰʫʚʘʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʩʫʰʢʠ, ʧʣʘʩʪʠʬʽʢʫʚʘʥʥʷ, 

ʧʨʝʩʫʚʘʥʥʷ, ʩʧʽʢʘʥʥʷ ʘʥʘʣʦʛʽʯʥʽ ʷʢ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʢʣʘʜʝʥʽʡ, ʪʘʢ ʽ ʧʨʠ 
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ʚʠʛʦʪʦʚʣʝʥʥʽ ʦʜʥʦʨʽʜʥʦʾ ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ, ʪʦ ʝʬʝʢʪ ʚʠʟʥʘʯʘʚʩʷ ʥʘ ʦʩʥʦʚʽ 

ʝʢʦʥʦʤʽʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ 

ʝʥʝʨʛʽʾ, ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʨʘʮʽ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʢʣʘʜʝʥʦʛʦ 

ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʧʣʘʩʪʠʥʠ ʟ 

ʦʜʥʦʨʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 
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ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʩ ʧʦʤʦʱʴʶ ʨʝʞʫʱʝʛʦ ʠ ʘʙʨʘʟʠʚʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʉ.ɸ. ʂʘʥʘʭʦʚ, ɸ.ʄ. ʈʷʙʦʡ, ɸ.ʇ. ɻʘʣʝʝʚʘ, ɼ.ɼ. ʄʘʨʯʝʥʢʦ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʳ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʩʚʷʟʳʚʘʷ ʬʠʟʠʢʦ - ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʩʧʝʢʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʦʩʪʘʚʣʝʥʠʷ ʨʝʮʝʧʪʫʨʳ ʥʘʯʘʣʴʥʦʡ ʘʙʨʘʟʠʚʥʦʡ ʩʤʝʩʠ ʜʣʷ ʧʦʩʣʦʡʥʦʛʦ 

ʟʘʧʦʣʥʝʥʠʷ ʧʨʝʩʩ-ʬʦʨʤ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʨʝʥ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ 

ʙʝʣʦʛʦ ʦʩʥʦʚʥʦʡ, ʙʦʣʴʰʦʡ ʠ ʤʝʣʢʦʡ ʬʨʘʢʮʠʡ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʠʥʩʪʨʫʤʝʥʪʘ. 

 

Improving the quality of machining by the cutting machine and the abrasive tool  

S.A. Kanahow, A.M. Riaboy, A.P. Galeeva, D.D. Marchenko 

The paper proposed a phenomenological model, linking the physical - mechanical 

characteristics of the new instrument with the parameters of its pressing and sintering. The technique 

of formulating initial abrasive mixture for stratified filling the molds with a view to obtaining a 

uniform distribution of grains fused white primary, large and small fractions of the whole volume of 

the instrument. 

 

 

ʋɼʂ 629.424.1:621.436 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʆʏʀʑɽʅʅʗ ʇɸʃʀɺɸ ɿ ʄɽʊʆʖ 

ʇɯɼɺʀʑɽʅʅʗ ʈɽʉʋʈʉʋ ʇʃʋʅɾɽʈʅʀʍ ʇɸʈ ʇɸʃʀɺʅʀʍ 

ʅɸʉʆʉɯɺ ɼʀɿɽʃɯɺ 

ɭ.ɯ. ʄʦʨʜʝʮʴʢʠʡ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʄ 6/1 ʤʘʛ 

ɼ.ɼ. ʄʘʨʯʝʥʢʦ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʘʩʠʩʪʝʥʪ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʩʪʘʪʪʽ ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʧʣʠʚʫ ʤʽʨʠ ʦʯʠʱʝʥʥʷ ʧʘʣʠʚʘ 

ʚʽʜ ʚʦʜʠ ʚ ʧʘʣʠʚʥʽʡ ʩʠʩʪʝʤʽ ʪʨʘʢʪʦʨʘ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʣʫʥʞʝʨʥʠʭ ʧʘʨ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʧʨʦʪʦʯʥʦʛʦ ʚʦʜʦʚʽʜʜʽʣʶʚʘʯʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʦʜʦʚʽʜʜʽʣʶʚʘʯ, ʜʠʟʝʣʴʥʝ ʧʘʣʠʚʦ, ʨʝʩʫʨʩ, ʧʣʫʥʞʝʨʥʘ 

ʧʘʨʘ, ʧʘʣʠʚʥʠʡ ʥʘʩʦʩ 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʠʟʝʣʽʚ, ʾʭ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ, 

ʧʦʪʫʞʥʦʩʪʽ ʽ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʘʥʫ 

ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ. ʋ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʢʪʦʨʽʚ 
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ʽ ʢʦʤʙʘʡʥʽʚ ʟ ʫʩʽʭ ʚʽʜʤʦʚ ʜʦ 50 % ʜʦʚʦʜʠʪʴʩʷ ʥʘ ʧʘʣʠʚʥʫ ʩʠʩʪʝʤʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʚʽʜʤʦʚ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʜʠʟʝʣʷ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʙʨʫʜʥʝʥʦʛʦ ʽ ʦʙʚʦʜʥʶʶʯʦʛʦ ʧʘʣʠʚʘ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʜʝʨʞʘʚʥʠʭ ʽ ʛʘʣʫʟʝʚʠʭ ʩʪʘʥʜʘʨʪʽʚ ʜʠʟʝʣʴʥʝ 

ʧʘʣʠʚʦ ʧʦʚʠʥʥʝ ʤʘʪʠ ʜʦʙʨʫ ʬʽʣʴʪʨʦʚʘʥʽʩʪʴ ʽ ʥʝ ʤʽʩʪʠʪʠ ʤʝʭʘʥʽʯʥʠʭ 

ʜʦʤʽʰʦʢ ʽ ʚʦʜʠ. ʇʨʦʪʝ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ, ʟʙʝʨʽʛʘʥʥʽ, ʟʘʧʨʘʚʮʽ ʽ 

ʦʩʦʙʣʠʚʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʦʙʚʦʜʥʝʥʥʷ 

ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ. 

ʇʘʣʠʚʥʠʡ ʧʨʦʪʦʯʥʠʡ ʚʦʜʦʚʽʜʦʢʨʝʤʣʶʚʘʯ (ʨʠʩ. 1) ʤʘʻ ʢʦʨʧʫʩ 1, ʷʢʠʡ 

ʚʠʢʦʥʘʥʠʡ ʽʟ ʩʢʣʦʧʣʘʩʪʠʢʘ, ʩʪʦʡʦʢ ʜʦ ʜʽʾ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʽ ʤʘʻ 

ʝʣʝʢʪʨʦʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʂʦʨʧʫʩ ʤʘʻ ʚ ʧʦʜʦʚʞʥʴʦʤʫ ʧʝʨʝʨʽʟʽ 

ʪʨʘʧʝʮʝʾʜʘʣʴʥʫ ʬʦʨʤʫ, ʥʘ ʪʦʨʮʽ ʤʝʥʰʦʾ ʦʩʥʦʚʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʭʽʜʥʠʡ 

ʰʪʫʮʝʨ 2 ʜʣʷ ʧʦʜʘʥʥʷ ʥʝʦʯʠʱʝʥʦʛʦ ʧʘʣʠʚʘ ʟ ʙʘʢʘ ʚʽʜ ʬʽʣʴʪʨʫ ʛʨʫʙʦʛʦ 

ʦʯʠʝɦʥʥʷ. ʋʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʚʤʦʥʪʦʚʘʥʽ ʩʽʪʯʘʩʪʽ ʝʣʝʢʪʨʦʜʠ 3, 7. ʅʘ ʪʦʨʮʽ 

ʙʽʣʴʰʦʾ ʦʩʥʦʚʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʝʨʭʥʽʡ ʚʠʭʽʜʥʠʡ ʰʪʫʮʝʨ 6 ʜʣʷ ʧʦʜʘʥʥʷ 

ʦʯʠʱʝʥʦʛʦ ʧʘʣʠʚʘ ʜʦ ʧʘʣʠʚʥʦʛʦ ʥʘʩʦʩʘ. ʋ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʻ ʰʪʫʮʝʨ 4 ʜʣʷ 

ʟʣʠʚʫ ʚʦʜʠ, ʟ ʚʦʜʦʟʙʽʨʥʠʢʘ 5. 

 

ʈʠʩ. 1. ʇʘʣʠʚʥʠʡ ʧʨʦʪʦʯʥʠʡ ʚʦʜʦʚʽʜʦʢʨʝʤʣʶʚʘʯ 

 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʭʘʦʪʠʯʥʦʛʦ ʨʫʭʫ ʯʘʩʪʦʢ ʚʦʜʠ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ, ʪʦʙʪʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʽʨʦʛʽʜʥʦʩʪʽ ʾʭ ʟʽʪʢʥʝʥʥʷ ʽ, ʦʪʞʝ, ʢʦʘʣʝʩʮʝʥʮʽʾ, ʧʘʣʠʚʥʠʡ ʧʦʪʽʢ 

ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʯʝʨʝʟ ʥʝʦʜʥʦʨʽʜʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʩʪʚʦʨʝʥʝ ʚ ʩʠʩʪʝʤʽ 

ʩʽʪʯʘʩʪʠʭ ʝʣʝʢʪʨʦʜʽʚ. ʅʝʦʜʥʦʨʽʜʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʦʙʫʤʦʚʣʶʻʪʴʩʷ 

ʪʠʤ, ʱʦ ʩʽʪʯʘʩʪʠʡ ʝʣʝʢʪʨʦʜ ʻ ʩʫʢʫʧʥʽʩʪʶ ʪʦʥʢʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, 
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ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʭ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʧʨʦʚʽʜʥʠʢʘʤʠ ʥʘʙʘʛʘʪʦ 

ʤʝʥʰʘ, ʥʽʞ ʚʽʜʩʪʘʥʴ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ, ʪ. ʝ. ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʝʢʚʽʜʠʩʪʘʥʪʥʽ ʝʣʝʢʪʨʦʜʠ. 

ʋ çʙʣʠʞʥʽʡ ʦʙʣʘʩʪʽè ʧʦʣʷ ʥʘʚʢʦʣʦ ʢʦʞʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ ʩʪʚʦʨʶʻʪʴʩʷ 

ʧʦʪʝʥʮʽʘʣ, ʷʢʠʡ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʘʥʘʣʦʛʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣʫ ʩʠʩʪʝʤʠ 

çʇʨʦʚʽʜʥʠʢ - ʧʣʦʱʠʥʘè. ɺ ʨʦʣʽ ʧʣʦʱʠʥʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʪʠʣʝʞʥʠʡ 

ʝʣʝʢʪʨʦʜ. ʇʦʙʣʠʟʫ ʧʨʦʚʽʜʥʠʢʽʚ ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʷʢʘ ʻ 

ʛʨʘʜʽʻʥʪʦʤ ʧʦʪʝʥʮʽʘʣʫ, ʽʩʪʦʪʥʦ ʟʤʽʥʶʻʪʴʩʷ. ʇʨʠ ʚʠʜʘʣʝʥʥʽ ʚʽʜ ʩʽʪʢʠ, ʟʛʽʜʥʦ 

ʟ ʧʨʠʥʮʠʧʦʤ ʩʫʧʝʨʧʦʟʠʮʽʡ, ʧʦʪʝʥʮʽʘʣʠ ʫʩʽʭ ʧʨʦʚʽʜʥʠʢʽʚ ʩʢʣʘʜʘʶʪʴʩʷ, ʽ 

ʚʧʣʠʚ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʦʢʨʝʤʦ ʥʘ ʟʘʛʘʣʴʥʝ ʧʦʣʝ ʩʪʘʻ ʥʝʩʫʪʪʻʚʠʤ. 

ɺʠʩʥʦʚʢʠ ʧʦʣʶʩʽʚ ʩʽʪʯʘʩʪʠʭ ʝʣʝʢʪʨʦʜʽʚ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʚʠʚʝʜʝʥʴ 

ʧʦʤʥʦʞʫʚʘʯʘ ʥʘʧʨʫʛʠ. ʇʦʤʥʦʞʫʚʘʯ ʥʘʧʨʫʛʠ ʟʤʦʥʪʦʚʘʥʠʡ ʥʘ ʯʦʪʠʨʴʦʭ 

ʜʽʦʜʘʭ ʽ ʯʦʪʠʨʴʦʭ ʢʦʥʜʝʥʩʘʪʦʨʘʭ, ʧʨʠ ʮʴʦʤʫ ʧʘʨʘʣʝʣʴʥʦ ʢʦʞʥʽʡ ʦʢʨʝʤʦ 

ʚʟʷʪʽʡ ʧʘʨʽ ʜʽʦʜʽʚ ʚʢʣʶʯʝʥʠʡ ʦʜʠʥ ʢʦʥʜʝʥʩʘʪʦʨ (ʧʝʨʝʪʚʦʨʶʚʘʯ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ). 

ʇʦʤʥʦʞʫʚʘʯ ʥʘʧʨʫʛʠ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʦʣʫʯʝʥʠʡ ʟ ʦʙʤʦʪʢʦʶ ʚʠʩʦʢʦʾ 

ʥʘʧʨʫʛʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʱʦ ʧʽʜʚʠʱʫʻ, ʦʙʤʦʪʢʘ ʞ ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʧʦʣʫʯʝʥʘ ʟ ʦʙʤʦʪʢʦʶ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ɻ-306ɹ1, 

ʧʦʩʪʽʡʥʘ ʥʘʧʨʫʛʘ 3600 ɺ ʥʘ ʦʙʤʦʪʮʽ ʛʝʥʝʨʘʪʦʨʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʈʈ-362ɹ. 

ʇʨʦʪʦʯʥʠʡ ʚʦʜʦʚʽʜʦʢʨʝʤʣʶʚʘʯ ʧʨʘʮʶʻ ʪʘʢʠʤ ʯʠʥʦʤ: ʧʦʪʽʢ ʧʘʣʠʚʘ 

ʯʝʨʝʟ ʚʭʽʜʥʠʡ ʦʪʚʽʨ ʧʦʩʪʫʧʘʻ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ-ʩʽʪʢʘʤʠ, ʥʘ ʚʠʚʝʜʝʥʥʷ ʷʢʠʭ 

ʧʦʜʘʻʪʴʩʷ ʧʦʩʪʽʡʥʘ ʥʘʧʨʫʛʘ 3600 ɺ. ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʢʨʘʧʣʽ ʚʦʜʠ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʘʣʠʚʽ, ʩʧʦʯʘʪʢʫ ʟʘʨʷʜʞʘʶʪʴʩʷ ʧʦʟʠʪʠʚʥʦ. ʇʨʠ ʚʢʣʶʯʝʥʥʽ 

ʥʘʧʨʫʛʠ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ʯʘʩʪʢʠ ʚʦʜʠ ʧʨʘʛʥʫʪʴ ʜʦ ʥʝʛʘʪʠʚʥʦʛʦ 

ʝʣʝʢʪʨʦʜʫ, ʽ ʦʜʥʦʯʘʩʥʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʘʣʝʩʮʝʥʮʽʷ ʢʨʘʧʝʣʴ ʚʦʜʠ. 

ɼʘʣʽ, ʦʪʨʠʤʘʚʰʠ ʚʽʜ ʝʣʝʢʪʨʦʜʫ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ, ʢʨʘʧʣʽ 

ʚʽʜʰʪʦʚʭʫʶʪʴʩʷ ʽ ʨʫʭʘʶʪʴʩʷ ʫ ʙʽʢ ʧʦʟʠʪʠʚʥʦʛʦ ʝʣʝʢʪʨʦʜʫ, ʧʦ ʜʦʨʦʟʽ 

ʟʣʠʚʘʶʯʠʩʴ ʟ ʧʨʦʪʠʣʝʞʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʢʨʘʧʣʷʤʠ, ʧʨʠ ʮʴʦʤʫ ʙʝʨʫʯʠ 

ʫʯʘʩʪʴ ʚ ʨʫʩʽ ʧʦʪʦʢʫ ʧʘʣʠʚʘ. ʈʫʭʘʶʯʠʩʴ ʚʽʜ ʩʽʪʢʠ ʜʦ ʩʽʪʢʠ ʽ ʜʦʣʘʶʯʠ 
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ʤʽʞʝʣʝʢʪʨʦʜʥʠʡ ʧʨʦʩʪʽʨ, ʢʨʘʧʣʽ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ ʨʦʟʤʽʨʘʭ ʽ ʦʩʽʜʘʶʪʴ ʥʘ 

ʧʦʚʝʨʭʥʽ ʥʠʞʥʴʦʛʦ ʝʣʝʢʪʨʦʜʫ ʽ ʧʦʪʽʤ ʩʢʘʯʫʶʪʴʩʷ ʫ ʚʦʜʦʟʙʽʨʥʠʢ. ʋ ʢʽʥʮʽ 

ʢʦʞʥʦʾ ʟʤʽʥʠ ʨʦʙʠʪʴʩʷ ʟʣʠʚ ʚʦʜʠ ʟ ʚʦʜʦʟʙʽʨʥʠʢʘ ʯʝʨʝʟ ʰʪʫʮʝʨ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʨʦʪʦʯʥʠʡ ʚʦʜʦʚʽʜʦʢʨʝʤʣʶʚʘʯ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʭʝʤ ʧʘʣʠʚʥʠʭ ʩʠʩʪʝʤ, ʪʫʧʠʢʦʚʦʶ, ʟʘʤʢʥʫʪʦʶ ʘʙʦ 

ʧʨʦʪʦʯʥʦʶ, ʧʽʩʣʷ ʬʽʣʴʪʨʫ ʛʨʫʙʦʛʦ ʦʯʠʱʝʥʥʷ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʧʘʣʠʚʘ ʟʘʤʽʨʷʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʝʥʮʽʦʤʝʪʨʘ ʂʉʇ-4. 

ɺʠʤʽʨʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʥʝʦʜʨʫʞʝʥʦʤʫ ʭʦʜʫ ʪʨʘʢʪʦʨʘ ʽ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʽʟʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʙʽʪ ʚ ʫʤʦʚʘʭ ʣʽʪʥʴʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʣʠʚʘ, ʱʦ 

ʧʦʩʪʫʧʘʻ ʚ ʧʨʦʪʦʯʥʠʡ ʚʦʜʦʚʽʜʦʢʨʝʤʣʶʚʘʯ, ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʜʦ 60
0
ʉ ʽ ʱʦ ʧʨʠ ʪʘʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʧʘʣʠʚʘ, ʱʦ ʧʦʩʪʫʧʘʻ, ʧʨʦʪʦʯʥʠʡ ʚʦʜʦʚʽʜʦʢʨʝʤʣʶʚʘʯ ʧʨʘʮʶʻ ʜʦ 80 % 

ʟʤʽʥʥʦʛʦ ʯʘʩʫ. ɼʣʷ ʟ'ʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʬʽʣʴʪʨʦʚʘʥʦʛʦ ʧʘʣʠʚʘ 

ʥʘ ʨʦʙʦʪʫ ʚʦʜʦʚʽʜʦʢʨʝʤʣʶʚʘʯʘ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʢʨʘʥʠ ʜʣʷ ʫʟʷʪʪʷ ʧʨʦʙ 

ʧʘʣʠʚʘ ʜʦ ʽ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʪʦʯʥʦʛʦ ʚʦʜʦʚʽʜʦʢʨʝʤʣʶʚʘʯ. ɿʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʚʥʦʪʠ ʚʦʜʦʚʽʜʦʢʨʝʤʣʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʠ ʧʦ ɻʆʉʊ 14146-79, 

ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩ. 2. ʂʦʝʬʽʮʽʻʥʪ ʧʦʚʥʦʪʠ ʚʦʜʦʪʜʝʣʝʥʠʷ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʣʠʚʘ, 

ʱʦ ʧʦʩʪʫʧʘʻ 

 

ɿ ʛʨʘʬʽʢʫ ʚʠʜʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʣʠʚʘ ʪʨʦʭʠ ʚʧʣʠʚʘʻ ʥʘ 

ʚʦʜʦʚʽʜʦʢʨʝʤʣʝʥʥʷ. ʊʘʢ, ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʣʠʚʘ ʟ 20 ʜʦ 60
0
ʉ 
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ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʚʥʦʪʠ ʚʦʜʦʚʽʜʦʢʨʝʤʣʝʥʥʷ ʟʘʣʠʰʘʣʘʩʷ ʥʘ ʨʽʚʥʽ 

0,98-0,96. 

ʇʨʦʚʝʜʝʥʽ ʧʦʨʽʚʥʷʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʥʦʩʫ ʧʦ ʚʧʣʠʚʫ ʚʦʜʠ ʚ 

ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ ʥʘ ʟʥʦʩ ʧʣʫʥʞʝʨʥʠʭ ʧʘʨ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʚʦʜʠ ʚ 

ʧʘʣʠʚʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʣʫʥʞʝʨʥʠʭ ʧʘʨ ʽ ʟʥʠʞʫʻ ʾʭ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚ 1,2-1,35 ʨʘʟʠ. 
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ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʯʠʩʪʢʠ ʪʦʧʣʠʚʘ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʧʣʫʥʞʝʨʥʳʭ ʧʘʨ 

ʪʦʧʣʠʚʥʳʭ ʥʘʩʦʩʦʚ ʜʠʟʝʣʝʡ  ɽ.ʀ. ʄʦʨʜʝʮʢʠʡ, ɼ.ɼ. ʄʘʨʯʝʥʢʦ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʣʠʷʥʠʷ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ 

ʪʦʧʣʠʚʘ ʦʪ ʚʦʜʳ ʚ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʝ ʪʨʘʢʪʦʨʘ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʣʫʥʞʝʨʥʳʭ ʧʘʨ ʠ 

ʧʨʝʜʣʦʞʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʪʦʯʥʦʛʦ ʚʦʜʦʦʪʜʝʣʠʪʝʣʷ. 

 

Improving the cleaning of fuel in order to improve resource plunger fuel pumps of diesel 

enginers. E.I. Mordecki, D.D. Marchenko 

The results of comparative tests of the impact of the fuel from the purity of water in the fuel 

system of the tractor on the plunger wear and suggested a constructive solution flow separator. 
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ʋɼʂ 631.332  

ɺɯɹʈɸʎɯʁʅʀʁ ɺʀʉɯɺʅʀʁ ɸʇɸʈɸʊ ʉɯɺɸʃʂʀ 

ʋʩʝʥʢʦ ʉ.ʖ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʄ6/1 

ɸ.ʇ. ɻʘʣʻʻʚʘ, ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʪʠʧʠ ʚʠʩʽʚʥʠʭ ʘʧʘʨʘʪʽʚ ʟʝʨʥʦʚʠʭ ʩʽʚʘʣʦʢ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʾʭ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʚʽʙʨʘʮʽʡʥʦʛʦ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʫ ʟ ʥʝʚʝʣʠʢʦʶ 

ʧʣʦʱʝʶ ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʥʽ ʟʘʩʣʽʥʢʠ ʟ ʥʘʩʽʥʥʷʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʩʽʚʥʠʡ ʘʧʘʨʘʪ, ʚʽʙʨʘʮʽʷ, ʧʘʨʘʤʝʪʨʠ ʚʽʙʨʘʮʽʾ, 

ʚʽʙʨʘʮʽʡʥʠʡ ʚʠʩʽʚ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ . ʈʷʜʦʚʠʡ ʚʠʩʽʚ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʧʦʪʨʝʙʫʻ 

ʩʪʘʣʦʩʪʽ ʧʦʪʦʢʫ ʥʘʩʽʥʥʷ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʫ, ʪʦʙʪʦ ʧʦʪʽʢ 

ʧʦʚʠʥʝʥ ʡʪʠ ʙʝʟ ʨʦʟʨʠʚʽʚ ʪʘ ʧʫʣʴʩʘʮʽʡ. ʋʩʽ ʝʣʝʤʝʥʪʠ ʩʽʚʘʣʢʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘʩʽʥʥʷ ʫ ʙʦʨʦʟʥʫ (ʥʘʩʽʥʥʻʧʨʦʚʽʜ, 

ʩʦʰʥʠʢ), ʚ ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ, ʟʙʝʨʽʛʘʶʪʴ ʩʪʘʣʽʩʪʴ ʩʪʚʦʨʝʥʦʛʦ ʧʦʪʦʢʫ. ʊʦʤʫ 

ʚʠʩʽʚʥʠʡ ʘʧʘʨʘʪ, ʷʢʠʡ ʬʦʨʤʫʻ ʧʦʪʽʢ, ʻ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʦʶ ʯʘʩʪʠʥʦʶ 

ʩʽʚʘʣʢʠ. ʂʣʘʩʠʯʥʠʤ ʪʘ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʻ ʢʦʪʫʰʢʦʚʠʡ ʚʠʩʽʚʥʠʡ 

ʘʧʘʨʘʪ, ʘʣʝ ʦʩʦʙʣʠʚʦʩʪʽ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʫʚʘʪʠ 

ʰʠʨʠʥʫ ʟʘʭʚʘʪʫ ʩʽʚʘʣʢʠ ʟʚʠʯʘʡʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʾʭ ʢʽʣʴʢʦʩʪʽ. ʏʘʩʪʢʦʚʠʤ 

ʨʽhʝʥʥʷʤ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʟʯʽʧʦʢ ʟ ʜʝʢʽʣʴʢʦʭ ʩʽʚʘʣʦʢ. ɿ 

ʯʘʩʦʤ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʩʽʚʘʣʢʠ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʧʥʝʚʤʘʪʠʯʥʠʤ ʚʠʩʽʚʥʠʤ 

ʘʧʘʨʘʪʦʤ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʣʘ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʰʠʨʠʥʫ ʟʘʭʚʘʪʫ 

ʙʝʟ ʟʥʘʯʥʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʘʣʝ ʜʝʷʢʽ ʘʛʨʦʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ, 

ʟʦʢʨʝʤʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʠʩʽʚʫ ʤʽʞ ʘʧʘʨʘʪʘʤʠ, ʥʝ ʟʘʚʞʜʠ ʜʦʪʨʠʤʫʚʘʣʠʩʷ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʩʽʚʥʦʛʦ 

ʘʧʘʨʘʪʫ, ʷʢʠʡ ʙʠ ʜʦʟʚʦʣʠʚ ʟʙʽʣʴʰʫʚʘʪʠ ʰʠʨʠʥʫ ʟʘʭʚʘʪʫ ʩʽʚʘʣʢʠ ʙʝʟ 

ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʾʾ ʨʦʙʦʪʠ, ʧʦʢʨʘʱʠʪʠ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʠʩʽʚʫ ʪʘ ʫʥʠʢʥʫʪʠ 

ʪʨʘʚʤʫʚʘʥʥʷ ʥʘʩʽʥʥʷ. 
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 ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɼʦʩʣʽʜʠ ɸ. ʄʘʯʢʘʨʽʥʘ  

ʧʦʢʘʟʘʣʠ, ʱʦ ʚʽʙʨʘʮʽʡʥʠʡ ʚʠʩʽʚʥʠʡ ʘʧʘʨʘʪ, ʱʦ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ çʙʝʟ 

ʧʽʜʢʠʜʫʚʘʥʥʷè, ʜʘʻ ʧʫʣʴʩʘʮʽʶ ʧʦʪʦʢʫ ʥʘʩʽʥʥʷ. ʊʦʤʫ ʚʽʥ ʟʘʧʨʦʧʦʥʫʚʘʚ ʥʘ 

ʚʠʭʦʜʽ ʟ ʘʧʘʨʘʪʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʠʨʽʚʥʶʚʘʯ ʧʦʪʦʢʫ. ʎʝ ʫʩʢʣʘʜʥʶʻ 

ʢʦʥʩʪʨʫʢʮʽʶ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʥʘʩʽʥʥʷ ʚʟʘʛʘʣʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ 

ʥʦʤʦʛʨʘʤʫ , ʦʩʢʽʣʴʢʠ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʩʽʥʥʷ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʮʝʡ ʧʘʨʘʤʝʪʨ 

ʪʝʦʨʝʪʠʯʥʦ. 

 ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʣʽʯʝʥʠʭ ʥʝʜʦʣʽʢʽʚ ʪʘ ʧʝʨʝʚʘʛ ʥʘʤʠ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʚʽʙʨʘʮʽʡʥʦʛʦ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʫ (ʨʠʩ. 1). ɺʽʥ 

ʚʢʣʶʯʘʻ ʙʫʥʢʝʨ ʜʣʷ ʥʘʩʽʥʥʷ ʽ ʟʘʩʣʽʥʢʫ ʟ ʥʘʢʣʘʜʢʦʶ ʟ ʧʨʫʞʥʦʛʦ 

ʝʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʧʨʠʚʦʜʦʤ ʚ ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ,  ʥʘ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ 

ʥʠʞʥʴʦʾ ʢʨʦʤʢʠ ʦʜʥʽʻʾ ʟ ʧʨʦʪʠʣʝʞʥʠʭ ʩʪʽʥʦʢ ʧʨʫʞʥʘ ʥʘʢʣʘʜʢʘ ʚʽʜʩʫʪʥʷ, ʘ 

ʧʨʠʚʽʜ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʨʥʽʨʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

 

ʈʠʩ.1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ ʟ ʤʝʭʘʥʽʯʥʠʤ ʧʨʠʚʦʜʦʤ : 

1 ï ʙʫʥʢʝʨ ʜʣʷ ʥʘʩʽʥʥʷ; 2 ï ʚʽʙʨʦʜʦʟʘʪʦʨ;3 ï ʨʫʭʦʤʘ ʩʪʽʥʢʘ; 

 4 ï ʰʘʪʫʥ; 5 ï ʰʘʨʥʽʨʠ; 6 ï ʧʨʫʞʥʘ ʧʨʦʢʣʘʜʢʘ; 

7 ï ʚʽʜʽʛʥʫʪʽ ʢʨʦʤʢʠ; 8 ï ʢʨʠʚʦʰʠʧ 
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 ʅʘ ʈʠʩ.1 ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʠʡ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ 

ʟ ʤʝʭʘʥʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʽʜʢʨʠʪʪʷ ʚʠʩʽʚʥʦʾ 

ʱʽʣʠʥʠ. ɹʫʥʢʝʨ ʜʣʷ ʥʘʩʽʥʥʷ 1, ʜʚʽ ʩʪʽʥʢʠ ʷʢʦʛʦ ʚʠʢʦʥʘʥʽ ʫ ʚʠʛʣʷʜʽ 

ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ ʟ ʚʽʜʽʛʥʫʪʠʤʠ ʥʘʟʦʚʥʽ ʧʽʜ ʧʨʷʤʠʤ ʢʫʪʦʤ 

ʢʨʦʤʢʘʤʠ 7 ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʧʨʫʞʥʦʾ ʧʨʦʢʣʘʜʢʠ 6 ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʥʝʨʫʭʦʤʦʾ 

ʽ ʨʫʭʦʤʦʾ ʯʘʩʪʠʥ ʙʫʥʢʝʨʘ ʽ ʜʚʽ - ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʦʙʦʢʠʭ ʪʨʘʧʝʮʽʡ, ʧʨʠʯʦʤʫ 

ʦʜʥʘ ʟ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʠʭ ʩʪʽʥʦʢ ʨʫʭʣʠʚʘ ʽ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʚʽʙʨʦʜʦʟʘʪʦʨʘ 

2, ʘ ʥʠʞʥʷ ʢʨʦʤʢʘ ʥʝʨʫʭʦʤʦʾ ʩʪʽʥʢʠ ʪʘʢʦʞ ʚʽʜʽʛʥʫʪʘ ʥʘʟʦʚʥʽ ʧʽʜ ʧʨʷʤʠʤ 

ʢʫʪʦʤ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʧʨʫʞʥʦʾ ʧʨʦʢʣʘʜʢʠ 6, ʱʦ ʟʘʧʦʚʥʶʻ ʧʨʦʩʪʽʨ ʤʽʞ 

ʨʫʭʦʤʦʶ ʽ ʥʝʨʫʭʦʤʦʶ ʯʘʩʪʠʥʘʤʠ ʙʫʥʢʝʨʘ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʦʙʦʪʽ 

ʘʧʘʨʘʪʫ, ʧʨʠʯʦʤʫ ʥʘ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʥʠʞʥʴʦʾ ʢʨʦʤʢʠ ʧʨʦʢʣʘʜʢʘ ʚʽʜʩʫʪʥʷ 

- ʮʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʚʠʩʽʚʥʦʾ ʱʽʣʠʥʠ ʧʨʠ ʨʦʙʦʪʽ ʘʧʘʨʘʪʘ. ɺʩʽ 

ʩʪʽʥʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʧʽʜ ʢʫʪʘʤʠ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ, ʚ ʧʽʚʪʦʨʘ - ʜʚʘ 

ʨʘʟʠ ʙʽʣʴʰʠʤʠ, ʥʽʞ ʢʫʪ ʧʨʠʨʦʜʥʦʛʦ ʫʢʦʩʫ ʥʘʩʽʥʥʷ. ɺʙ̔ʨʦʜʦʟʘʪʦʨ 2 

ʢʨʽʧʠʪʴʩʷ ʜʦ ʙʫʥʢʝʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʘʨʥʽʨʽʚ 5 ʽ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ 

ʰʘʪʫʥʦʤ 4 ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʢʨʠʚʦʰʠʧʘ 8. ʐʘʪʫʥ 4 ʢʨʽʧʠʪʴʩʷ ʜʦ ʨʫʭʦʤʦʾ 

ʩʪʽʥʢʠ ʙʫʥʢʝʨʘ ʰʘʨʥʽʨʦʤ 3. 

ʇʨʦʧʦʥʦʚʘʥʠʡ ʚʠʩʽʚʥʠʡ ʘʧʘʨʘʪ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʧʨʠ 

ʦʙʝʨʪʘʥʥʽ ʢʨʠʚʦʰʠʧʘ 8 ʩʪʽʥʢʘ 2 ʙʫʥʢʝʨʘ ʜʣʷ ʥʘʩʽʥʥʷ 1 ʟʜʽʡʩʥʶʻ ʩʢʣʘʜʥʠʡ 

ʨʫʭ, ʱʦ ʧʦʻʜʥʫʻ ʟʚʦʨʦʪʥʴʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʟ ʢʨʠʚʦʣʽʥʽʡʥʦʶ ʪʨʘʻʢʪʦʨʽʻʶ. 

ʇʨʠ ʨʫʩʽ ʩʪʽʥʢʠ ʚʥʠʟ ʟʘʟʦʨ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʤʽʞ ʚʽʙʨʦʜʦʟʘʪʦʨʦʤ 2 ʽ 

ʚʽʜʽʛʥʫʪʠʤʠ ʥʘʟʦʚʥʽ ʢʨʦʤʢʘʤʠ ʙʫʥʢʝʨʘ ʚʠʥʠʢʘʻ ʧʨʦʩʪʽʨ, ʷʢʠʡ ʟʘʧʦʚʥʶʻ 

ʧʨʫʞʥʘ ʧʨʦʢʣʘʜʢʘ, ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʚʽʜʽʛʥʫʪʠʭ ʢʨʦʤʢʘʭ ʩʪʽʥʦʢ, ʱʦ ʤʝʞʫʶʪʴ ʟ 

ʚʽʙʨʦʜʦʟʘʪʦʨʦʤ. ɺʠʩʽʚʥʘ ʱʽʣʠʥʘ ʤʽʞ ʨʫʭʦʤʦʶ 3 ʽ ʥʝʨʫʭʦʤʦʶ ʯʘʩʪʠʥʘʤʠ 

ʙʫʥʢʝʨʘ 1 ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʫʩʽ ʨʫʭʦʤʦʾ ʩʪʽʥʢʠ 3 ʙʫʥʢʝʨʘ 1 ʚʥʠʟ ʟʘ 

ʨʘʭʫʥʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʦʢʣʘʜʢʠ ʥʘ ʩʝʨʝʜʠʥʽ ʚʽʜʽʛʥʫʪʦʾ ʥʠʞʥʴʦʾ ʢʨʦʤʢʠ 

ʩʪʽʥʢʠ ʙʫʥʢʝʨʘ. ɺʽʜʢʨʠʪʪʷ ʚʠʩʽʚʥʦʾ ʱʽʣʠʥʠ ʤʘʢʩʠʤʘʣʴʥʝ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ 

ʰʘʨʥʽʨʽʚ ʚ ʧʦʣʦʞʝʥʥʽ, ʢʦʣʠ ʾʭ ʜʦʚʛʽ ʦʩʽ ʧʘʨʘʣʝʣʴʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ. ʅʦʨʤʘ ʚʠʩʽʚʫ ʤʦʞʝ ʨʝʛʫʣʶʚʘʪʠʩʷ ʟʤʽʥʦʶ ʚʝʣʠʯʠʥʠ ʧʝʨʝʤʽʱʝʥʥʷ 
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ʨʫʭʦʤʦʾ ʩʪʽʥʢʠ 3, ʟʤʽʥʦʶ ʯʘʩʪʦʪʠ ʾʾ ʢʦʣʠʚʘʥʴ, ʘ ʪʘʢʦʞ ʟʤʽʥʦʶ ʰʠʨʠʥʠ 

ʚʠʩʽʚʥʦʾ ʱʽʣʠʥʠ ʽ ʢʫʪʘ ʥʘʭʠʣʫ ʩʪʽʥʦʢ ʙʫʥʢʝʨʘ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ.

 ɺʠʩʥʦʚʢʠ:  ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʫ ʨʷʜʦʚʦʛʦ ʚʠʩʽʚʫ. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʘʧʘʨʘʪ ʜʘʻ ʟʤʦʛʫ 

ʝʢʦʥʦʤʥʽʰʝ ʚʪʨʘʯʘʪʠ ʜʨʽʙʥʦʩʽʤ'ʷʥʠʡ ʤʘʪʝʨʽʘʣ ʟ ʤʽʥʽʤʘʣʴʥʠʤ 

ʪʨʘʚʤʫʚʘʥʥʷʤ, ʧʽʜʚʠʱʠʪʠ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʠʩʽʚʫ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʠʧʳ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʟʝʨʥʦʚʳʭ ʩʝʷʣʦʢ. ʇʨʦʘʥʘʣʠʟʠ- 

ʨʦʚʘʥʳ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʳʩʝʚʘʶ- 

ʱʝʛʦ ʘʧʧʘʨʘʪʘ ʩ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ ʢʦʥʪʘʢʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʩʣʦʥʢʠ ʩ ʩʝʤʝʥʘʤʠ. 

 

Seed sowing device vibrating Usenko S.B. Galeeva A.P. 

The article discusses the types of seeding apparatuses of cereal seed drills. Analyzed their 

advantages and disadvantages. The construction of the sowing machine vibration with a small flap 

surface area of contact with the seed. 
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ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʈʆɹʆʏʀʍ ʈɽɾʀʄɯɺ ɺɯɹʈɸʎɯʁʅʆɻʆ 

ʂʆʇɸʏɸ ʂʆʈɽʅɽʇʃʆɼɯɺ ʎʋʂʈʆɺʆɻʆ ɹʋʈʗʂʋ 

ʉ.ʄ. ʐʢʽʜʽʥ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʄ6/2, ɹʦʥʜʘʨʯʫʢ ɸ.ɸ, ɺʘʨʟʘʮʴʢʠʡ ɺ.ɺ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ɸ.ʇ. ɻʘʣʻʻʚʘ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʥʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʧʘʯʘ ʢʦʨʝʥʝʧʣʦʜʽʚ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʨʦʙʦʯʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʢʦʧʘʯʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʫʢʨʦʚʽ ʙʫʨʷʢʠ, ʚʽʙʨʘʮʽʡʥʠʡ ʢʦʧʘʯ, ʢʽʥʝʤʘʪʠʢʘ ʨʫʭʫ, 

ʨʦʙʦʯʝ ʨʫʩʣʦ. 
 

ɿʙʠʨʘʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʪʨʫʜʦʤʽʩʪʢʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ ʦʙʨʦʙʽʪʢʫ 

ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʘ. ʇʦʯʘʪʦʢ ʟʙʠʨʘʥʥʷ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʽʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʾʾ ʨʦʟʚʠʪʢʫ, ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʛʦʪʦʚʥʦʩʪʽ ʟʙʠʨʘʣʴʥʠʭ, 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʪʝʨʤʽʥʽʚ ʧʫʩʢʫ ʮʫʢʨʦʚʠʭ 

ʟʘʚʦʜʽʚ. ɿʙʠʨʘʥʥʷ ʜʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʽʥʥʽ ʤʽʩʷʮʽ ʚ ʮʝʡ ʯʘʩ ʡʜʝ ʽʥʪʝʥʩʠʚʥʠʡ 

ʨʽʩʪ ʢʦʨʝʥʝʧʣʦʜʽʚ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʥʠʭ ʮʫʢʨʫ, ʘʣʝ ʩʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ ʱʦ ʮʝʡ ʧʝʨʽʦʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʽʩʪʶ ʛʨʫʥʪʫ. 

ɹʫʨʷʢʦʟʙʠʨʘʣʴʥʽ ʤʘʰʠʥʠ ʧʨʠ ʮʴʦʤʫ ʚʪʨʘʯʘʶʪʴ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽʟ-ʟʘ 

ʥʘʣʠʧʘʥʥʷ ʯʘʩʪʠʥʦʢ ʛʨʫʥʪʫ ʥʘ ʨʦʙʦʯʽ ʦʨʛʘʥʠ. ɿʙʽʣʴʰʫʶʪʴʩʷ ʫʰʢʦʜʞʝʥʥʷ ʽ 

ʚʪʨʘʪʠ ʢʦʨʝʥʝʧʣʦʜʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʟʘʙʨʫʜʥʝʥʽʩʪʴ. 

ʇʨʦʚʝʜʝʥʠʡ ʦʛʣʷʜ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʙʫʨʷʢʦʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ 

ʧʦʢʘʟʘʚ, ʱʦ ʙʽʣʴʰʝ ʧʨʘʮʝʟʜʘʪʥʠʤʠ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ ʚʦʣʦʛʦʩʪʽ ʛʨʫʥʪʫ ʻ 

ʣʝʤʽʰʥʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʙʘʛʘʪʴʦʭ ʟʘʨʫʙʽʞʥʠʭ 

ʢʦʤʙʘʡʥʘʭ, ʘ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʽ ʥʘ ʚʽʪʯʠʟʥʷʥʠʭ. ɼʣʷ ʨʦʙʦʪʠ ʚ ʮʠʭ ʫʤʦʚʘʭ 

ʜʠʩʢʦʚʽ ʢʦʧʘʯʽ ʽ ʚʠʣʴʯʘʩʪʽ ʥʝʦʙʭʽʜʥʦ ʜʦʫʢʦʤʧʣʝʢʪʫʚʘʪʠ ʩʢʣʘʜʥʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ ʦʯʠʱʝʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ. ʃʝʤʽʰʥʽ ʚʽʙʨʘʮʽʡʥʽ ʢʦʧʘʯʽ 

ʧʨʘʮʶʶʯʽ ʚ ʪʨʴʦʭ ʧʣʦʱʠʥʘʭ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʙʽʣʴʰ ʷʢʽʩʥʝ ʨʫʡʥʫʚʘʥʥʷ 

ʟʚ'ʷʟʢʽʚ ʢʦʨʝʥʝʧʣʦʜʫ ʟ ʛʨʫʥʪʦʤ, ʧʨʦʪʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ 
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ʰʠʨʠʥʘ ʨʫʩʣʘ, ʘ ʦʪʞʝ ʟʙʽʣʴʰʫʻʪʴʩʷ ʦʙ'ʻʤ ʛʨʫʥʪʫ, ʱʦ ʩʝʧʘʨʫʻʪʴʩʷ, ʱʦ ʫ 

ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʫʰʢʦʜʞʝʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ.  

ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʙʫʨʷʢʦʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ ʜʣʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʦʚʘʨʦʚʠʨʦʙʥʠʢʽʚ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʷʢʦʩʪʽ ʢʦʨʝʥʝʧʣʦʜʽʚ ʧʨʠ ʟʙʠʨʘʥʥʽ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʘ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ 

ʚʦʣʦʛʦʩʪʽ ʛʨʫʥʪʫ, ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʚ ʨʦʙʦʪʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʢʦʧʘʯʘ, ʱʦ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ ʚʦʣʦʛʦʩʪʽ ʛʨʫʥʪʫ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʜʦʣʦʪʦʧʦʜʽʙʥʠʡ ʚʽʙʨʘʮʽʡʥʠʡ ʢʦʧʘʯ ʢʦʨʝʥʝʧʣʦʜʽʚ (ʨʠʩ. 1), ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ 

ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʧʨʠʚʽʜ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʚʘʣʫ 

ʚʽʜʙʦʨʫ ʧʦʪʫʞʥʦʩʪʽ ʪʨʘʢʪʦʨʘ ʯʝʨʝʟ ʢʨʠʚʦʰʠʧʥʠʡ ʤʝʭʘʥʽʟʤ 2 ʽ ʰʘʪʫʥ 3, 

ʧʝʨʝʜʘʻʪʴʩʷ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʥʘ ʧʨʦʚʽʜʥʫ ʟʽʨʦʯʢʫ 4, ʩʧʦʣʫʯʝʥʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʘʥʮʶʛʦʚʦʾ ʧʝʨʝʜʘʯʽ 5 ʟ ʚʝʜʝʥʦʶ ʟʽʨʦʯʢʦʶ 6, ʘ ʟ ʥʝʾ ʥʘ ʚʫʟʦʣ 

ʚʽʙʨʘʮʽʾ 7. ʇʨʠ ʨʫʩʽ ʘʛʨʝʛʘʪʫ ʧʦ ʨʷʜʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʢʦʧʫʚʘʥʥʷ 

ʢʦʨʝʥʝʧʣʦʜʽʚ, ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʜʥʷ ʯʘʩʪʠʥʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʚʠʢʦʥʘʥʘ ʫ 

ʚʠʛʣʷʜʽ ʜʚʦʭ ʜʦʣʦʪʦʧʦʜʽʙʥʠʭ ʨʦʟʧʫʰʫʚʘʯʽʚ 9, ʨʦʟʧʫʰʫʻ ʛʨʫʥʪ, ʘ ʨʦʙʦʯʘ ʽ 

ʟʘʜʥʷ ʯʘʩʪʠʥʘ ʢʦʧʘʯʘ, ʚʠʢʦʥʘʥʘ ʫ ʚʠʛʣʷʜʽ ʧʨʫʪʢʽʚ 10, ʨʦʙʠʪʴ ʚʠʪʷʛʘʥʥʷ 

ʢʦʨʝʥʝʧʣʦʜʽʚ ʽ ʩʝʧʘʨʘʮʽʶ ʛʨʫʥʪʫ. ɿʥʠʞʝʥʥʷ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʨʦʙʦʯʦʾ 

ʯʘʩʪʠʥʠ ʢʦʧʘʯʘ ʟ ʛʨʫʥʪʦʤ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʡʦʛʦ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚ 

ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ ʚʦʣʦʛʦʩʪʽ. ɺʫʟʦʣ ʚʽʙʨʘʮʽʾ, ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʢʦʣʠʚʥʦʾ 

ʰʘʡʙʠ, ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʥʷ ʚ ʧʦʜʦʚʞʥʽʡ, 

ʧʦʧʝʨʝʯʥʽʡ ʽ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ. 
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ʈʠʩ. 1. ɺʽʙʨʘʮʽʡʥʠʡ, ʱʦ ʢʦʧʘʻ ʢʦʨʝʥʝʧʣʦʜʽʚ: 

1 ï ʨʘʤʘ; 2 ï ʢʨʠʚʦʰʠʧʥʠʡ ʤʝʭʘʥʽʟʤ; 3 ï ʰʘʪʫʥ; 4 ï ʧʨʠʚʽʜʥʘ ʟʽʨʦʯʢʘ; 

5 ï ʣʘʥʮʶʛ; 6 ï ʚʝʜʝʥʘ ʟʽʨʦʯʢʘ; 7 ï ʚʫʟʦʣ ʚʽʙʨʘʮʽʾ; 8 ï ʰʘʪʫʥ; 

9 ï ʜʦʣʦʪʦʧʦʜʽʙʥʘ ʩʪʽʡʢʘ; 10 ï ʧʨʫʪʦʢ 

 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʢʦʧʘʯʘ 

ʥʝʦʙʭʽʜʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʡʦʛʦ ʨʝʞʠʤʠ. 

ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ (ʨʠʩ. 2) 

ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʨʽʚʥʷʥʥʷʤʠ: 

.sin

;coscos

;cossin

3

2

1

tbz

tbay

tbatx

w

wb

wbn

=

+=

++=

                                (1) 

ʜʝ      ɜ ï ʰʚʠʜʢʽʩʪʴ ʤʘʰʠʥʠ, ʤ/ʩ;  

ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ, ʨʘʜ/ʩ;  
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ʘ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʜʦ ʦʩʽ ʨʷʜʢʘ, ʤ; 

b1, b2, b3 ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʥʷ ʚ ʥʘʧʨʷʤʽ ʦʭ, ʦʫ, oz, ʤ;  

t ï ʯʘʩ, ʩ; 

ɓ ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʨʘʜ. 

 

ʈʠʩ. 2. ʂʽʥʝʤʘʪʠʢʘ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 

ʇʝʨʝʤʽʱʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʨʦʙʦʯʦʛʦ ʨʫʩʣʘ ʦʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ 

ʨʽʚʥʷʥʴ 

( )

( )

.sin
cos

cos

;cossin

;coscoscos

2

1

tRz

tbRy

tbRRtx

w
a

j

wjb

wjbjn

=

++=

++-+=

                   (2) 

ʜʝ      l ï ʜʦʚʞʠʥʘ ʧʨʫʪʢʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʤ; 

ɔ ï ʢʫʪ ʥʘʭʠʣʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʧʘʨʘʣʝʣʴʥʽʡ 

ʈʫʭʫ ʘʛʨʝʛʘʪʫ, ʛʨʘʜ; 

ű ï ʢʫʪ ʤʽʞ ʚʽʩʩʶ ʨʷʜʢʘ ʽ ʚʽʩʩʶ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʦʙʝʨʪʘʥʥʷ 

ʢʦʧʘʯʘ ʽ ʪʦʯʢʫ ʨʦʙʦʯʦʛʦ ʨʫʩʣʘ, ʛʨʘʜ. 

ʂʫʪ ɓ ʚʠʟʥʘʯʫʚʘʥʠʡ ʯʝʨʝʟ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ɤ, ʨʘʜʽʫʩ ʢʨʠʚʦʰʠʧʘ r  ʽ 

ʚʽʜʩʪʘʥʴ ʚʽʜ ʪʦʯʢʠ ʢʨʽʧʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ L (ʜʠʚ. ʨʠʩ. 1). 

ʋʷʚʠʤʦ, ʱʦ ʂ = R / L, ʦʪʞʝ 
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ʐʚʠʜʢʽʩʪʴ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ: 
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ʐʚʠʜʢʽʩʪʴ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʨʦʙʦʯʦʛʦ ʨʫʩʣʘ: 
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ɸʥʘʣʽʟ ʨʽʚʥʷʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʫ ʤʽʨʫ ʚʠʜʘʣʝʥʥʷ ʪʦʯʦʢ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ 

ʚʽʜ ʪʦʯʢʠ ʆ ʟʨʦʩʪʘʶʪʴ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʥʷ ʚ ʫʩʽʭ ʪʨʴʦʭ ʧʣʦʱʠʥʘʭ. 

ʐʚʠʜʢʽʩʪʴ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʶʪʴ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʽ ʜʠʥʘʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ. 
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ʆʙʦʩʥʦʚʘʥʠʝ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʦʧʘʪʝʣʷ ʢʦʨʥʝʧʣʦʜʦʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ 

ʐʢʽʜʽʥ ʉ.ʄ.,  ɸ.ʇ.ɻʘʣʝʝʚʘ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʧʘʪʝʣʷ ʢʦʨʥʝʧʣʦʜʦʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ. 

ʆʙʦʩʥʦʚʘʥʳ ʨʘʙʦʯʠʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʢʦʧʘʪʝʣʷ. 
 

Obgruntuvannya working rezhimʽv vʽbratsʽynogo sharelifter koreneplodʽv sugar beets 

A.P. Galʝʝva,  S. Shkidin 

The proposed new construction digger sugar beet. Justified the operation modes of the 

digger. 
 

 

ʋɼʂ 631.355 

ʇʈʀʉʊʈɯʁ ɼʃʗ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ɯ ʆʏʀʑɽʅʅʗ 

ʂʆʈɽʅɽʇʃʆɼɯɺ ʂʆʈʄʆɺʀʍ ɹʋʈʗʂɯɺ 

ʉ.ɺ. ʂʘʤʽʥʩʴʢʠʡ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʄ6/1 ɺʻʪʣʦʚ ʄ.ɯ.,  ɻʘʣʘʜʠʤ ʉ.ɺ. 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ɸ.ʇ. ɻʘʣʻʻʚʘ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʦʯʠʱʝʥʥʶ 

ʢʦʨʝʥʝʧʣʦʜʽʚ ʢʦʨʤʦʚʠʭ ʙʫʨʷʢʽʚ ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ 

ʨʽʰʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʨʤʦʚʽ ʙʫʨʷʢʠ, ʦʯʠʱʝʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ, ʚʦʨʦʭ, 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

 

ɿʙʠʨʘʥʥʷ ʢʦʨʤʦʚʠʭ ʙʫʨʷʢʽʚ ï ʩʢʣʘʜʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ 

ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʦʧʝʨʘʮʽʾ: ʚʠʜʘʣʝʥʥʷ ʛʠʯʢʠ; ʚʠʪʷʛʘʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ ʟ 
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ʛʨʫʥʪʫ; ʦʯʠʱʝʥʥʷ ʾʭ ʚʽʜ ʛʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʠʭ ʜʦʤʽʰʦʢ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʦʩʪʘʥʥʽʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʩʧʦʨʪʥʦʦʯʠʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʙʫʥʢʝʨʠ 

ʙʫʨʷʢʦʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ. 

ʋ ʢʦʥʩʪʨʫʢʮʽʾ ʤʝʭʘʥʽʟʤʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʚʠʪʷʛʘʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ ʟ 

ʛʨʫʥʪʫ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʽʜʢʦʧʫʶʯʽ ʣʝʤʝʰʘ ʽ ʜʠʩʢʦʚʽ ʢʦʧʘʯʽ. ɺʨʘʭʦʚʫʶʯʠ, 

ʱʦ ʚʠʢʦʧʘʥʽ ʢʦʨʝʥʝʧʣʦʜʠ ʥʝʩʫʪʴ ʥʘ ʩʦʙʽ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʛʨʫʥʪʫ ʽ 

ʜʦʤʽʰʦʢ, ʚʦʥʠ ʧʨʦʭʦʜʷʪʴ ʙʘʛʘʪʦʢʨʘʪʥʝ ʦʯʠʱʝʥʥʷ ʥʘ ʩʝʧʘʨʫʶʯʠʭ 

ʧʨʠʩʪʨʦʷʭ ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʙʽʥʘʮʽʾ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʩʝʧʘʨʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ (ʦʯʠʩʥʽ ʰʥʝʢʠ, ʧʨʫʪʢʦʚʽ ʪʨʘʥʩʧʦʨʪʝʨʠ, 

ʪʫʨʙʽʥʠ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʪʘ ʽʥ.)[2]. 

ɺʽʜʦʤʽ ʩʧʦʩʦʙʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʦʯʠʱʝʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ, ʷʢʽ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʠʤʠ ʤʘʰʠʥʘʤʠ, ʽ ʷʢʽ ʚʢʣʶʯʘʶʪʴ 

ʥʘʩʪʫʧʥʽ ʦʧʝʨʘʮʽʾ: ʧʦʜʘʯʫ ʚʦʨʦʭʫ ʚʠʢʦʧʘʥʠʭ ʢʦʨʝʥʽʚ ʢʦʨʤʦʚʠʭ ʙʫʨʷʢʽʚ ʥʘ 

ʩʝʧʘʨʫʶʯʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ, ʨʦʟʦʩʝʨʝʜʞʝʥʥʷ ʥʘ ʥʠʭ, ʧʦʜʘʣʴʰʘ ʡʦʛʦ ʩʝʧʘʨʘʮʽʷ 

ʚʽʜ ʜʦʤʽʰʦʢ ʽ ʚʘʥʪʘʞʝʥʥʷ ʚ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ [1, 3]. 

ʇʨʦʪʝ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʟʙʠʨʘʣʴʥʠʭ ʨʦʙʽʪ ʚ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʧʦʛʦʜʥʠʭ 

ʫʤʦʚʘʭ, ʷʢʽʩʪʴ ʦʯʠʱʝʥʥʷ ʨʽʟʢʦ ʧʦʛʽʨʰʫʻʪʴʩʷ. ɿʨʝʰʪʦʶ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʢʦʨʝʥʝʧʣʦʜʽʚ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʾʭ 

ʧʨʠʡʤʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ. 

ʅʝʜʦʣʽʢʦʤ ʚʠʱʝʧʝʨʝʣʽʯʝʥʠʭ ʩʧʦʩʦʙʽʚ ʻ ʥʝʚʠʩʦʢʘ ʷʢʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʯʠʱʝʥʥʷ. ʇʦʧʨʠ ʪʝ, ʱʦ ʚʦʨʦʭ ʚʠʢʦʧʘʥʠʭ ʢʦʨʝʥʝʧʣʦʜʽʚ ʜʦʩʠʪʴ ʜʦʚʛʦ (ʜʦ 30 ʩ) 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʟʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʩʝʧʘʨʫʶʯʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʘʭ, 

ʢʦʨʝʥʝʧʣʦʜʠ ʨʫʭʘʶʪʴʩʷ ʧʦ ʥʠʭ ʭʘʦʪʠʯʥʦ. ɺʟʘʻʤʦʜʽʷ ʢʦʞʥʦʛʦ ʢʦʨʝʥʷ ʮʫʢʨʦʚʦʛʦ 

ʙʫʨʷʢʘ ʟ ʦʯʠʩʥʠʤ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʥʝ ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʯʝʨʝʟ ʟʥʘʯʥʠʡ 

ʰʘʨ ʛʨʫʥʪʫ, ʪʦʤʫ ʾʭ ʦʯʠʱʝʥʥʷ ʥʘʡʯʘʩʪʽʰʝ ʥʝʨʽʚʥʦʤʽʨʥʝ. ʋ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ 

ʯʘʩʪʠʥʘ ʟ ʥʠʭ ʪʨʘʚʤʫʻʪʴʩʷ ʯʝʨʝʟ ʥʘʜʤʽʨʥʠʡ ʢʦʥʪʘʢʪ ʟ ʦʯʠʩʥʠʤʠ ʨʦʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ, ʘ ʯʘʩʪʠʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʚʟʘʛʘʣʽ ʥʝʦʯʠʱʝʥʦʶ. 

ʊʦʤʫ ʤʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʯʠʱʝʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ 

ʚʽʜ ʜʦʤʽʰʦʢ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʦʯʠʱʝʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʜʦʜʘʪʢʦʚʫ 
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ʘʢʪʠʚʽʟʘʮʽʶ ʚʦʨʦʭʫ ʚʩʝʨʝʜʠʥʽ ʩʪʨʫʰʫʚʘʯʘ, ʘ ʟʦʚʥʽ, ʟʥʠʟʫ ï ʦʙʜʫʚʘʥʥʷ 

ʩʪʠʩʣʠʤ ʧʦʚʽʪʨʷʤ, ʫʣʦʚʣʶʚʘʥʥʷ ʽ ʚʽʜʚʝʜʝʥʥʷ ʜʨʽʙʥʠʭ ʛʨʫʥʪʦʚʠʭ ʽ 

ʨʦʩʣʠʥʥʠʭ ʜʦʤʽʰʦʢ. 

ʎʝʡ ʧʨʠʩʪʨʽʡ (ʨʠʩ. 1) ʤʘʻ ʧʦʜʘʚʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʝʨ 1, ʩʪʨʫʰʫʚʘʚ 

ʚʦʨʦʭʫ 2, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʧʨʫʞʥʠʭ ʦʧʦʨʘʭ 3 ʽ ʢʽʥʝʤʘʪʠʯʥʦ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʤʝʭʘʥʽʟʤʦʤ 4 ʡʦʛʦ ʢʦʣʠʚʘʣʴʥʠʭ ʨʫʭʽʚ. ɺʩʝʨʝʜʠʥʽ ʩʪʨʫʰʫʚʘʯʘ 

2 ʚʩʪʘʥʦʚʣʝʥʠʡ ʘʢʪʠʚʘʪʦʨ 5, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʠʚʽʜʥʦʛʦ ʚʘʣʫ ʽ ʣʦʧʘʪʝʡ, 

ʢʽʥʮʽ ʷʢʠʭ ʚʠʢʦʥʘʥʽ ʫ ʚʠʛʣʷʜʽ ʛʨʝʙʽʥʦʢ ʟ ʝʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʠʞʥʷ 

ʯʘʩʪʠʥʘ ʩʪʨʫʰʫʚʘʯʘ 2 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʨ ʧʨʠʚʽʜʥʠʭ ʱʽʪʦʢ 6, ʷʢʽ ʤʘʶʪʴ 

ʟʫʩʪʨʽʯʥʠʡ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʫʯʢʽʚ ʝʣʘʩʪʠʯʥʦʛʦ ʚʦʨʩʫ. 

ɺʥʠʟʫ ʥʘ ʦʜʥʽʡ ʽʟ ʩʪʦʨʽʥ ʩʪʨʫʰʫʚʘʯʘ 2 ʚʩʪʘʥʦʚʣʝʥʠʡ ʚʝʥʪʠʣʷʪʦʨ 7, ʷʢʠʡ 

ʩʪʚʦʨʶʻ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʧʦʪʽʢ ʩʪʠʩʣʦʛʦ ʧʦʚʽʪʨʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʩʪʨʫʰʫʚʘʣʘ 

2 ʚʩʪʘʥʦʚʣʝʥʠʡ ʫʣʦʚʣʶʚʘʯ ʨʦʩʣʠʥʥʠʭ ʟʘʣʠʰʢʽʚ ʽ ʜʨʽʙʥʠʭ ʛʨʫʥʪʦʚʠʭ 

ʜʦʤʽʰʦʢ 8. ʋ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʧʨʠʩʪʨʦʶ ʧʽʜ ʢʫʪʦʤ ʜʦ ʛʦʨʠʟʦʥʪʫ ʚʩʪʘʥʦʚʣʝʥʽ 

ʜʚʽ ʧʘʣʴʯʘʩʪʽ ʦʯʠʩʥʽ ʛʽʨʢʠ 9. 

 
ʈʠʩ. 1. ʇʨʠʩʪʨʽʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʦʯʠʱʝʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ: 

1 ï ʪʨʘʥʩʧʦʨʪʝʨ; 2 ï ʩʪʨʫʰʫʚʘʯ; 3 ï ʦʧʦʨʘ; 4 ï ʤʝʭʘʥʽʟʤ; 5 ï ʘʢʪʠʚʘʪʦʨ; 

6 ï ʧʨʠʚʽʜʥʽ ʱʽʪʢʠ; 7 ï ʚʝʥʪʠʣʷʪʦʨ; 8 ï ʫʣʦʚʣʶʚʘʯ ʜʦʤʽʰʦʢ; 9 ï ʦʯʠʩʥʠʢ 

 

ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʧʦʜʘʚʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʝʨ 1 ʧʦʜʘʻ ʚʦʨʭ 

ʦʯʠʱʘʻʤʠʡ ʢʦʨʝʥʝʧʣʦʜʽʚ ʚʩʝʨʝʜʠʥʫ ʩʪʨʫʰʫʚʘʯʘ 2. ʇʨʠ ʮʴʦʤʫ ʚʦʨʦʭ 

ʧʦʪʨʘʧʣʷʻ ʚ ʧʨʦʩʪʽʨ ʤʽʞ ʜʚʦʭ ʣʦʧʘʪʝʡ ʘʢʪʠʚʘʪʦʨʘ 5. ʆʩʢʽʣʴʢʠ ʘʢʪʠʚʘʪʦʨ 5 
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ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʧʨʠʚʽʜʥʦʤʫ ʚʘʣʫ, ʪʦ ʚʽʥ ʪʨʘʥʩʧʦʨʪʫʻ ʚʦʨʦʭ, ʷʢʠʡ ʚʽʜʨʘʟʫ 

ʧʽʜ ʜʽʻʶ ʩʠʣ ʽʥʝʨʮʽʾ ʧʦʪʨʘʧʣʷʻ ʥʘ ʚʥʫʪʨʽʰʥʶ ʢʨʫʛʣʫ ʧʦʚʝʨʭʥʶ ʩʪʨʫʰʫʚʘʯʘ 

2. ʋ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʽʥʮʽʚ ʣʦʧʘʪʝʡ ʘʢʪʠʚʘʪʦʨʘ 5 ʚʦʨʦʭ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʧʦ 

ʧʦʚʝʨʭʥʽ, ʷʢʘ ʫʪʚʦʨʝʥʘ ʧʘʨʘʤʠ ʧʨʠʚʽʜʥʠʭ ʱʽʪʦʢ 6 ʟ ʝʣʘʩʪʠʯʥʦʛʦ ʚʦʨʩʫ. 

ʆʩʢʽʣʴʢʠ ʩʪʨʫʰʫʚʘʯ 2 ʟʜʽʡʩʥʶʻ ʢʦʣʠʚʘʣʴʥʽ ʨʫʭʠ ʚ ʧʦʜʦʚʞʥʴʦ-

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʪʦ ʚʦʨʦʭ ʝʬʝʢʪʠʚʥʦ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ 

ʚʠʥʦʩʷʪʴʩʷ ʟʘ ʤʝʞʽ ʩʪʨʫʰʫʚʘʯʘ 2 ʚ ʥʠʞʥʽʡ ʡʦʛʦ ʯʘʩʪʠʥʽ. 

ɼʘʣʽ ʚʦʨʦʭ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʦʪʦʢʠ ʩʪʠʩʣʦʛʦ ʧʦʚʽʪʨʷ, 

ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʚʝʥʪʠʣʷʪʦʨʦʤ 7. ʂʦʨʝʥʝʧʣʦʜʠ ʷʢ ʪʽʣʘ, ʷʢʽ ʤʘʶʪʴ ʟʥʘʯʥʫ 

ʧʠʪʦʤʫ ʚʘʛʫ, ʧʨʦʭʦʜʷʪʴ ʢʨʽʟʴ ʧʦʪʽʢ ʩʪʠʩʣʦʛʦ ʧʦʚʽʪʨʷ ʽ ʧʘʜʘʶʪʴ ʥʘ ʧʦʣʦʪʥʦ 

ʧʝʨʰʦʾ ʦʯʠʩʥʦʾ ʧʘʣʴʯʘʩʪʦʾ ʛʽʨʢʠ 9. ɼʨʽʙʥʽ ʛʨʫʥʪʦʚʽ ʜʦʤʽʰʢʠ ʽʨʦʩʣʠʥʥʽ 

ʟʘʣʠʰʢʠ ʟʘʭʦʧʣʶʶʪʴʩʷ ʧʦʪʦʢʘʤʠ ʩʪʠʩʣʦʛʦ ʧʦʚʽʪʨʷ, ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ 

ʫʣʦʚʣʶʚʘʯ 8, ʷʢʠʡ ʾʭ ʟʙʠʨʘʻ ʽ ʚʽʜʚʦʜʠʪʴ ʩʚʦʾʤ ʰʥʝʢʦʚʠʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʟʘ 

ʤʝʞʽ ʟʦʥʠ ʦʯʠʱʝʥʥʷ. 

ʗʢʱʦ ʟ ʩʪʨʫʰʫʚʘʯʘ 2 ʚʥʠʟ ʚʠʧʘʜʘʶʪʴ ʥʝ ʟʨʫʡʥʦʚʘʥʽ ʤʽʮʥʽ ʛʨʫʥʪʦʚʽ 

ʜʦʤʽʰʢʠ ʘʙʦ ʢʘʤʝʥʽ, ʪʦ ʚʦʥʠ ʪʘʢʦʞ ʧʨʦʭʦʜʷʪʴ ʢʨʽʟʴ ʩʪʠʩʣʝ ʧʦʚʽʪʨʷ ʽ ʪʘʢʦʞ 

ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʧʝʨʰʫ ʧʘʣʴʯʘʩʪʫ ʦʯʠʩʥʫ ʛʽʨʢʫ 9. ʆʩʢʽʣʴʢʠ ʥʘʟʚʘʥʽ 

ʜʦʤʽʰʢʠ ʥʝ ʤʦʞʫʪʴ ʩʢʘʯʫʚʘʪʠʩʷ ʚʥʠʟ ʧʦ ʧʦʚʝʨʭʥʽ ʦʯʠʩʥʦʾ ʛʽʨʢʠ 9, ʪʦ ʚʦʥʠ 

ʟʘʭʦʧʣʶʶʪʴʩʷ ʾʾ ʧʘʣʴʮʷʤʠ, ʨʫʭʘʶʪʴʩʷ ʚʛʦʨʫ ʽ ʪʘʤ ʧʦʢʠʜʘʶʪʴ ʟʦʥʫ 

ʦʯʠʱʝʥʥʷ. 

ʂʦʨʝʥʝʧʣʦʜʠ ʩʢʘʯʫʶʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ʧʝʨʰʦʾ ʧʘʣʴʯʘʩʪʦʾ ʦʯʠʩʥʦʾ 

ʛʽʨʢʠ 9 ʚʥʠʟ. ɼʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ ʚʽʜ ʜʦʤʽʰʦʢ ʥʠʞʯʝ 

ʚʩʪʘʥʦʚʣʝʥʘ ʜʨʫʛʘ ʦʯʠʩʥʘ ʧʘʣʴʯʘʪʘ ʛʽʨʢʘ 9, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʷʢʦʾ 

ʘʥʘʣʦʛʽʯʥʠʡ ʦʧʠʩʘʥʦʤʫ ʚʠʱʝ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ ʜʦʟʚʦʣʠʪʴ ʧʦʚʥʽʩʪʶ ʨʦʟʦʩʝʨʝʜʠʪʠ 

ʦʯʠʱʘʻʤʠʡ ʚʦʨʦʭ, ʥʘ ʢʦʨʝʥʝʧʣʦʜʠ, ʛʨʫʥʪʦʚʽ ʽ ʨʦʩʣʠʥʥʽ ʜʦʤʽʰʢʠ. ʇʨʠ 

ʮʴʦʤʫ ʧʦʚʥʝ ʨʦʟʦʩʝʨʝʜʞʝʥʥʷ ʚʦʨʦʭʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʫʩʝʨʝʜʠʥʽ ʩʪʨʫʰʫʚʘʯʘ ʘʢʪʠʚʘʪʦʨ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʤʠ 

ʧʦʨʮʽʷʤʠ ʧʨʦʩʫʚʘʻ ʚʩʝʨʝʜʠʥʽ ʚʦʨʦʭ, ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ ʽʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʧʦ 

ʥʝʨʫʭʦʤʽʡ ʩʪʽʥʮʽ ʩʪʨʫʰʫʚʘʯʘ, ʘ ʧʦʪʽʤ ʧʦ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʫʪʚʦʨʝʥʘ ʧʘʨʘʤʠ 
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ʱʽʪʦʢ ʟ ʝʣʘʩʪʠʯʥʠʤ ʚʦʨʩʦʤ. ʆʩʢʽʣʴʢʠ ʘʢʪʠʚʘʪʦʨ ʟʘʭʦʧʣʶʻ ʚʦʨʦʭ ʽ 

ʧʦʚʽʜʦʤʣʷʻ ʡʦʤʫ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ, ʪʦ ʮʝ ʩʪʚʦʨʶʻ ʜʣʷ ʥʴʦʛʦ ʥʦʨʤʘʣʴʥʝ 

ʧʨʠʩʢʦʨʝʥʥʷ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʦʨʤʘʣʴʥʽ ʩʠʣʠ ʽʥʝʨʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʘʢʪʠʚʘʪʦʨ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʧʦʜʘʯʽ ʚʦʨʦʭʫ ʥʘ ʧʦʚʝʨʭʥʶ, ʫʪʚʦʨʝʥʫ ʧʘʨʘʤʠ 

ʱʽʪʦʢ ʟ ʝʣʘʩʪʠʯʥʠʤ ʚʦʨʩʦʤ ʥʝ ʟʘʛʘʣʴʥʠʤ ʧʦʪʦʢʦʤ, ʘ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʤʠ 

ʧʦʨʮʽʷʤʠ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʧʨʠʩʢʦʨʝʥʦ ʧʽʜ ʜʽʻʶ ʩʠʣ ʽʥʝʨʮʽʾ. ʇʨʠʤʫʩʦʚʝ 

(ʤʝʭʘʥʽʯʥʝ) ʧʨʦʰʪʦʚʭʫʚʘʥʥʷ ʣʦʧʘʪʷʤʠ ʘʢʪʠʚʘʪʦʨʘ ʚʦʨʦʭʫ ʧʦ ʧʦʚʝʨʭʥʽ, ʷʢʘ 

ʫʪʚʦʨʝʥʘ ʱʽʪʢʘʤʠ ʟ ʝʣʘʩʪʠʯʥʠʤ ʚʦʨʩʦʤ ʩʧʨʠʷʪʠʤʝ ʥʝ ʣʠʰʝ ʷʢʽʩʥʦʤʫ 

ʚʽʜʜʽʣʝʥʥʶ ʥʘʣʠʧʣʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʝʥʝʧʣʦʜʽʚ ʛʨʫʥʪʫ, ʘʣʝ ʽ ʩʪʚʦʨʠʪʴ 

ʫʤʦʚʠ ʜʣʷ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʧʘʨʘʤʠ ʱʽʪʦʢ ʟ ʝʣʘʩʪʠʯʥʠʤ ʚʦʨʩʦʤ. 

ʇʨʠ ʮʴʦʤʫ ʢʽʥʮʽ ʣʦʧʘʪʝʡ ʘʢʪʠʚʘʪʦʨʘ ʤʦʞʫʪʴ ʤʘʪʠ ʛʨʝʙʽʥʯʘʩʪʫ (ʧʘʣʴʯʘʩʪʫ) 

ʧʦʚʝʨʭʥʶ, ʷʢʘ ʪʘʢʦʞ ʩʧʨʠʷʪʠʤʝ ʘʢʪʠʚʘʮʽʾ ʚʦʨʦʭʫ ʚʩʝʨʝʜʠʥʽ ʩʪʨʫʰʫʚʘʯʘ ʽ 

ʟʙʽʣʴʰʠʪʴ ʤʽʨʫ ʨʦʟʦʩʝʨʝʜʞʝʥʥʷ ʚʦʨʦʭʫ ʽ ʡʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠ. 

ʇʦʢʠʜʘʶʯʠ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʩʪʨʫʰʫʚʘʯʘ, ʚʦʨʦʭ ʧʦʚʥʽʩʪʶ 

ʨʦʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʽ ʧʘʜʘʻ ʚʥʠʟ ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʘʜʽʥʥʷ. ɼʘʣʽ ʥʠʞʥ̫ 

ʟʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ ʩʪʨʫʰʫʚʘʣʘ ʦʙʜʫʚʘʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʧʦʪʦʢʦʤ 

ʩʪʠʩʣʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʝ ʩʧʨʠʷʻ ʪʦʤʫ, ʱʦ ʛʨʫʥʪʦʚʽ ʽ ʨʦʩʣʠʥʥʽ ʜʦʤʽʰʢʠ 

ʧʦʚʥʽʩʪʶ ʟʜʫʚʘʶʪʴʩʷ ʽ ʫʣʦʚʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʫʣʦʚʣʶʚʘʯʘ, ʱʦ ʚʠʥʦʩʠʪʴ ʾʭ ʟʘ ʤʝʞʽ ʦʯʠʱʝʥʥʷ. ʂʦʨʝʥʝʧʣʦʜʠ ʷʢ ʪʽʣʘ, ʷʢʽ 

ʤʘʶʪʴ ʟʥʘʯʥʫ ʧʠʪʦʤʫ ʚʘʛʫ ʽ ʚʝʣʠʢʫ ʰʚʠʜʢʽʩʪʴ ʧʘʜʽʥʥʷ ʬʘʢʪʠʯʥʦ ʥʝ 

ʟʘʭʦʧʣʶʶʪʴʩʷ ʩʪʠʩʣʠʤ ʧʦʚʽʪʨʷʤ ʽ, ʧʘʜʘʶʯʠ ʚʥʠʟ, ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ 

ʧʦʚʝʨʭʥʶ ʧʘʣʴʯʘʩʪʦʾ ʦʯʠʩʥʦʾ ʛʽʨʢʠ, ʧʦ ʷʢʽʡ ʩʢʘʯʫʶʪʴʩʷ ʥʘ ʽʥʰʫ ʧʘʣʴʯʘʩʪʫ 

ʦʯʠʩʥʫ ʛʽʨʢʫ. ʋ ʨʘʟʽ ʚʠʧʘʜʘʥʥʷ ʟʽ ʩʪʨʫʰʫʚʘʣʘ ʤʽʮʥʠʭ ʛʨʫʥʪʦʚʠʭ ʜʦʤʽʰʦʢ 

ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ ʘʙʦ ʢʘʤʝʥʽʚ ʚʦʥʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʥʝ ʟʘʭʦʧʣʶʚʘʪʠʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʧʦʪʦʢʦʤ ʩʪʠʩʣʦʛʦ ʧʦʚʽʪʨʷ, ʘ ʪʦʤʫ ʨʘʟʦʤ ʟ ʢʦʨʝʥʝʧʣʦʜʘʤʠ 

ʧʘʜʘʶʪʴ ʚʥʠʟ ʽ ʪʘʢʦʞ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʧʘʣʴʯʩʪʦʾ ʦʯʠʩʥʦʾ ʛʽʨʢʠ. 

ʇʨʦʪʝ ʥʘ ʧʦʚʝʨʭʥʽ ʧʘʣʴʯʘʩʪʦʾ ʦʯʠʩʥʦʾ ʛʽʨʢʠ ʤʽʮʥʽ ʛʨʫʥʪʦʚʽ ʜʦʤʽʰʢʠ ʽ 

ʢʘʤʝʥʽ ʝʬʝʢʪʠʚʥʦ ʩʝʧʘʨʫʚʘʪʠʤʫʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʢʦʨʝʥʝʧʣʦʜʠ 

ʩʢʘʯʫʚʘʪʠʤʫʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ʛʽʨʢʠ ʚʥʠʟ, ʘ ʤʽʮʥʽ ʛʨʫʥʪʦʚʽ ʜʦʤʽʰʢʠ ʽ ʢʘʤʝʥʽ 

(ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ ʟʜʘʪʥʽ ʢʦʪʠʪʠʩʷ ʧʦ ʧʦʭʠʣʽʡ ʧʣʦʱʠʥʽ) ʧʽʜʥʽʤʘʪʠʤʫʪʴʩʷ 
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ʧʦʣʦʪʥʦʤ ʛʽʨʢʠ ʚʛʦʨʫ ʽ ʪʘʤ ʧʦʢʠʥʫʪʴ ʟʦʥʫ ʦʯʠʱʝʥʥʷ. ʗʢʱʦ ʫ ʩʢʣʘʜʽ 

ʧʨʠʩʪʨʦʶ, ʱʦ ʨʝʘʣʽʟʦʚʫʻ ʮʝʡ ʩʧʦʩʽʙ, ʟʥʘʭʦʜʷʪʴʩʷ ʜʚʽ ʦʯʠʩʥʽ ʛʽʨʢʠ, ʪʦ 

ʩʝʧʘʨʘʮʽʷ ʚʦʨʦʭʫ ʙʫʜʝ ʤʘʡʞʝ ʩʪʦʚʽʜʩʦʪʢʦʚʦʶ. ʆʢʨʽʤ ʮʴʦʛʦ ʩʣʽʜ 

ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʘʢʪʠʚʘʮʽʷ ʚʦʨʦʭʫ ʚʩʝʨʝʜʠʥʽ ʩʪʨʫʰʫʚʘʯʘ ʽ ʦʜʥʦʯʘʩʥʽ ʡʦʛʦ 

ʢʦʣʠʚʘʣʴʥʽ ʨʫʭʠ ʩʧʨʠʷʪʠʤʫʪʴ ʱʝ ʙʽʣʴʰʦʤʫ ʨʦʟʦʩʝʨʝʜʞʝʥʥʶ ʚʦʨʦʭʫ, ʷʢʠʡ 

ʥʘʜʘʣʽ ʙʫʜʝ ʣʝʛʢʦ ʚʽʜʩʝʧʘʨʦʚʘʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʧʦʪʦʢʦʤ ʩʪʠʩʣʦʛʦ 

ʧʦʚʽʪʨʷ ʽ ʦʯʠʩʥʦʶ ʧʘʣʴʯʘʩʪʦʶ ʛʽʨʢʦʶ (ʯʠ ʢʦʤʙʽʥʘʮʽʻʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʭ ʛʽʨʦʢ). 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɸʚʘʥʝʩʦʚ ʖ.ɹ. ɹʫʨʷʢʦʟʙʠʨʘʣʴʥʽ ʤʘʰʠʥʠ / ʖ.ɹ. ɸʚʘʥʝʩʦʚ // ʄ.: 

ʂʦʣʦʩ, 1979. ï 251 ʩ. 

2. ɻʫʨʝʝʚ ɯ.ɯ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʽʪʢʫ ʽ ʟʙʠʨʘʥʥʷ ʢʦʨʤʦʚʦʛʦ 

ʙʫʨʷʢʘ. ʇʨʘʢʪʠʯʥʝ ʢʝʨʽʚʥʠʮʪʚʦ / ɯ.ɯ. ɻʫʨʝʝʚ // ɺʠʜʘʚʥʠʮʪʚʦ 2-ʝ, ʧʝʨʝʨʘʙ. ʽ 

ʜʦʧ. - ʄ.: ɼʨʫʢʘʨʩʴʢʝ ʤʽʩʪʦ, 2011. ï 256 ʩ. 

3. ʇʦʛʦʨʽʣʠʡ ʃ.ɺ. ɹʫʨʷʢʦʟʙʠʨʘʣʴʥʽ ʤʘʰʠʥʠ. ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʽ 

ʨʦʟʨʘʭʫʥʦʢ. / ʃ.ɺ. ʇʦʛʦʨʽʣʠʡ // ʂ: ʊʝʭʥʽʢʘ, 1983. ï 38 ʩ. 
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ʋɼʂ 631.431 

ɼʆʉʃɯɼɾɽʅʅʗ ʊʗɻʆɺʆɻʆ ʆʇʆʈʋ ʇɸʉʀɺʅʀʍ ʈʆɹʆʏʀʍ 

ʆʈɻɸʅɯɺ ʂʆʄɹɯʅʆɺɸʅʆɻʆ ˆʈʋʅʊʆʆɹʈʆɹʅʆɻʆ ɿʅɸʈʗɼɼʗ 

ɸ.ʄ. ʇʘʨʥʷ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʄ6/2, ɿʝʣʠʥʩʴʢʠʡ C.B., ʂʘʧʫʩʪʘ B.M. 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ɸ.ʇ. ɻʘʣʻʻʚʘ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʥʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʟʥʘʨʷʜʜʷ ʜʣʷ ʜʨʽʙʥʦʛʦ ʦʩʽʥʥʴʦʛʦ 

ʩʤʫʛʦʚʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ. ɼʦʩʣʽʜʞʝʥʦ ʪʷʛʦʚʠʡ ʦʧʽʨ ʧʘʩʠʚʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʘ ʾʭ 

ʩʢʣʘʜʦʚʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʙʨʦʙʽʪʦʢ ʛʨʫʥʪʫ, ʪʷʛʦʚʠʡ ʦʧʽʨ, ʧʘʩʠʚʥʽ ʨʦʙʦʯʽ 

ʦʨʛʘʥʠ, ʢʦʤʙʽʥʦʚʘʥʝ ʟʥʘʨʷʜʜʷ. 

 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʫʥʪʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʶ ʾʾ ʨʦʟʫʱʽʣʴʥʝʥʥʷ ʚ ʦʩʽʥʥʴʦ-ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ. ʎʝ 

ʜʦʩʷʛʘʻʪʴʩʷ ʦʩʽʥʥʽʤ ʤʝʭʘʥʽʯʥʠʤ ʦʙʨʦʙʽʪʢʦʤ ʛʨʫʥʪʫ ʟ ʪʠʤ, ʱʦ ʧʦʜʘʣʴʰʠʤ ʾʾ 

ʧʨʠʨʦʜʥʽʤ ʨʦʟʫʱʽʣʴʥʝʥʥʷʤ ʧʨʦʤʦʨʦʞʝʥʥʷʤ ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʦʣʦʛʠ. 

ɽʬʝʢʪʠʚʥʠʤ ʩʫʯʘʩʥʠʤ ʚʠʜʦʤ ʦʩʽʥʥʴʦʾ ʤʝʭʘʥʽʯʥʪʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʨʽʚʥʝʤ ʤʝʭʘʥʽʯʥʦʾ ʜʽʾ ʻ ʜʨʽʙʥʠʡ ʩʫʮʽʣʴʥʠʡ ʦʙʨʦʙʽʪʦʢ, ʱʦ 

ʨʦʟʫʱʽʣʴʥʶʻ ʚʝʨʭʥʽʡ, ʥʘʡʙʽʣʴʰ ʫʱʽʣʴʥʝʥʠʡ, ʰʘʨ ʛʨʫʥʪʫ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ 

ʩʧʦʩʦʙʫ ʥʝ ʟʘʚʞʜʠ ʟʘʩʪʦʩʦʚʥʽ, ʧʨʠ ʜʨʽʙʥʦʤʫ ʦʩʽʥʥʴʦʤʫ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ, 

ʽʩʥʫʶʯʽ ʩʭʝʤʠ ʚʠʢʦʥʫʚʘʥʠʭ ʧʨʦʬʽʣʽʚ ʦʙʨʦʙʣʶʚʘʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʽ ʚʽʜʧʦʚʽʜʥʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʤʘʰʠʥʠ ʪʘ ʟʥʘʨʷʜʜʷ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʦʛʦ ʨʦʟʫʱʽʣʴʥʝʥʥʷ ʫʱʽʣʴʥʝʥʦʛʦ ʛʨʫʥʪʫ 

ʢʦʤʙʽʥʦʚʘʥʠʤ ʟʥʘʨʷʜʜʷʤ ʧʨʠ ʜʨʽʙʥʦʤʫ ʦʩʽʥʥʴʦʤʫ ʩʤʫʛʦʚʦʤʫ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ 

ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʨʦʟʫʱʽʣʴʥʝʥʥʷ ʧʨʦʤʦʨʦʞʝʥʥʷʤ, ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʽ 

ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʥʘʫʢʦʚʝ ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʝ ʟʥʘʯʝʥʥʷ. 

ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʟʘʪʨʠʤʘʥʥʷ ʚʦʣʦʛʠ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ʛʨʫʥʪʫ, ʰʣʷʭʦʤ ʥʘʨʽʟʘʥʥʷ 

ʨʦʟʧʫʰʝʥʠʭʦʾ ʩʤʫʛ, ʱʦ ʤʘʶʪʴ V-ʧʦʜʽʙʥʽ ʪʘ ʧʨʷʤʦʢʫʪʥʽ ʧʝʨʝʨʽʟʠ ʥʠʞʥʴʦʾ ʽ 
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ʚʝʨʭʥʴʦʾ ʧʦʣʦʚʠʥ ʮʽʻʾ ʩʤʫʛʠ ʚʽʜʧʦʚʽʜʥʦ, ʥʘʤʠ ʨʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ 

ʩʭʝʤʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʟʥʘʨʷʜʜʷ, ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʷʢʦʛʦ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʢʦʤʙʽʥʦʚʘʥʝ ʟʥʘʨʷʜʜʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʘʤʠ 1, ʦʧʽʨʥʦ-

ʨʝʛʫʣʶʚʘʣʴʥʠʭ ʢʦʣʽʩ 2, ʧʨʘʚʦ- ʽ ʣʝʚʦʦʙʨʦʙʥʠʭ ʣʝʤʝʰʽʚ 3, ʨʦʟʤʽʱʝʥʠʭ ʚ ʜʚʘ 

ʨʷʜʠ ʚ ʰʘʭʦʚʦʤʫ ʧʦʨʷʜʢʫ. ʇʦʟʘʜʫ ʽ ʟʙʦʢʫ ʣʝʤʝʰʽʚ ʨʦʟʤʽʱʝʥʽ ʦʜʥʦʙʽʯʥʽ 

ʨʦʟʧʫʰʫʚʘʣʴʥʽ ʣʘʧʢʠ 4. ɿʟʘʜʫ ʟʥʘʨʷʜʜʷ ʰʘʨʥʽʨʥʦ ʢʨʽʧʠʪʴʩʷ ʢʘʪʦʢ 5 ʟ 

ʨʦʟʧʫʰʫʚʘʣʴʥʦ-ʤʫʣʴʯʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 6. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʟʥʘʨʷʜʜʷ ʜʣʷ ʜʨʽʙʥʦʛʦ 

ʦʩʽʥʥʴʦʛʦ ʩʤʫʛʦʚʦʛʦ ʦʙʨʦʙʽʪʢʫ: 

1 ï ʨʘʤʘ; 2 ï ʢʦʣʝʩʦ ʦʧʽʨʥʦ-ʨʝʛʫʣʶʚʘʣʴʥʝ; 3 ï ʣʝʤʝʰʽ ʧʦʭʠʣʽ ʧʨʘʚʦ- ̔  

ʣʽʚʦʦʙʝʨʪʦʚʽ; 4 ï ʣʘʧʢʠ ʦʜʥʦʩʪʦʨʦʥʥʽ ʨʦʟʧʫʰʫʚʘʣʴʥʽ; 5 ï ʢʘʪʦʢ; 6 ï ʝʣʝʤʝʥʪ 

ʨʦʟʧʫʰʫʚʘʣʴʥʦ-ʤʫʣʴʯʫʶʯʠʡ 

 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʟʥʘʨʷʜʜʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ. ʇʨʠ ʨʫʩʽ ʧʝʨʰʠʡ ʨʷʜ ʧʨʘʚʦʦʙʨʦʙʥʠʭ 

ʧʦʭʠʣʠʭ ʣʝʤʝʰʽʚ 3 ʽ ʚʩʣʽʜ ʨʫʭʘʶʯʠʡʩʷ ʧʝʨʰʠʡ ʨʷʜ ʦʜʥʦʙʽʯʥʦ-

ʨʦʟʧʫʰʫʶʯʠʭ ʣʘʧʦʢ 4, ʧʽʜʨʽʟʘʻ ʽ ʨʦʟʧʫʰʫʻ ʰʘʨ ʛʨʫʥʪʫ ʥʘ ʚʩʪʘʥʦʚʣʝʥʫ 

ʛʣʠʙʠʥʫ, ʬʦʨʤʫʶʯʠ ʣʽʚʽ ʙʽʯʥʽ ʩʪʽʥʢʠ ʨʦʟʧʫʰʫʚʘʥʠʭ ʩʤʫʛ. ɺʩʣʽʜ ʟʘ 

ʧʝʨʰʠʤʠ ʨʷʜʘʤʠ ʧʨʘʚʦʦʙʨʦʙʥʠʭ ʣʝʤʝʰʽʚ 3 ʽ ʦʜʥʦʙʽʯʥʦ-ʨʦʟʧʫʰʫʶʯʠʭ 

ʣʘʧʦʢ 4, ʧʨʦʩʫʚʘʶʪʴʩʷ ʜʨʫʛʽ ʨʷʜʠ ʣʽʚʦʦʙʨʦʙʥʠʭ ʣʝʤʝʰʽʚ ʽ ʦʜʥʦʙʽʯʥʠʭ-
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ʨʦʟʧʫʰʫʶʯʠʭ ʣʘʧʦʢ, ʱʦ ʬʦʨʤʫʶʪʴ ʧʨʘʚʽ ʩʪʽʥʢʠ ʨʦʟʧʫʰʫʚʘʥʠʭ ʩʤʫʛ. ʂʘʪʦʢ 

5, ʩʚʦʾʤʠ ʨʦʟʧʫʰʫʚʘʣʴʥʦ-ʤʫʣʴʯʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 6, ʢʨʠʰʠʪʴ ʚʝʣʠʢʽ 

ʛʨʫʜʢʠ ʥʘ ʨʦʟʧʫʰʝʥʠʭ ʜʽʣʷʥʢʘʭ, ʧʦʜʨʽʙʥʶʻ ʪʘ ʧʝʨʝʤʽʰʫʻ ʩʦʣʦʤʫ ʟ ʛʨʫʥʪʦʤ 

ʥʘ ʥʝʨʦʟʧʫʰʝʥʠʭ ʜʽʣʷʥʢʘʭ, ʫʪʚʦʨʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʠʨʽʚʥʷʥʠʡ 

ʤʫʣʴʯʦʚʘʥʠʡ ʰʘʨ ʛʨʫʥʪʫ. 

ʊʷʛʦʚʠʡ ʦʧʽʨ ʧʝʨʝʜʥʴʦʛʦ ʧʦʭʠʣʦʛʦ ʣʝʤʝʰʘ  

ʇʃʇʃʆʇʃ ʈʈP ¡¡+¡= ,                                   (1) 

ʜʝ      ʇʃʈ¡  ï ʪʷʛʦʚʠʡ ʦʧʽʨ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʜʦ ʣʽʥʽʾ ʩʢʦʣʫ, ʅ;  

ʇʃʈ¡¡  ï ʪʷʛʦʚʠʡ ʦʧʽʨ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʧʦʭʠʣʦʛʦ ʣʝʤʝʰʘ, ʥʠʞʯʝ ʣʽʥʽʾ 

ʩʢʦʣʫ, ʅ. 

ʊʷʛʦʚʠʡ ʦʧʽʨ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʜʦ ʣʽʥʽʾ ʩʢʦʣʫ 

ʠʥʨʜʝʬʣʝʟʇʃ ʈʈʈʈ ¡+¡+¡=¡ ,                              (2) 

ʜʝ      ʣʝʟʈ¡ ï ʟʫʩʠʣʣʷ ʥʘ ʨʽʟʘʥʥʷ ʣʝʟʦʤ, ʅ; 

ʜʝʬʈ¡  ï ʟʫʩʠʣʣʷ ʥʘ ʜʝʬʦʨʤʘʮʽʶ ʽ ʩʢʦʣʶʚʘʥʥʷ, ʅ; 

ʠʥʨʈ¡  ï ʟʫʩʠʣʣʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʽʥʝʨʮʽʾ ʰʘʨʫ ʛʨʫʥʪʫ, ʅ. 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʫʰʫʚʘʥʦʛʦ ʰʘʨʫ 

 

ʉʢʣʘʜʦʚʽ ʪʷʛʦʚʦʛʦ ʦʧʦʨʫ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʧʝʨʝʜʥʴʦʛʦ ʣʝʤʝʰʘ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʨʠʩ. 2) ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʫʥʪʫ ʚʠʟʥʘʯʘʪʴʩʷ ʚʠʨʘʟʘʤʠ: 
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ʜʝ   hʢʨ ï ʛʣʠʙʠʥʘ ʭʦʜʫ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʢʦʣ ʛʨʫʥʪʫ, ʤ; 

hi ï i-ʘ ʛʣʠʙʠʥʘ ʛʨʫʥʪʦʚʦʛʦ ʰʘʨʫ, ʤ;  

s ï ʪʦʚʱʠʥʘ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʧʦʭʠʣʦʛʦ ʣʝʤʝʰʘ, ʤ; 

ɓ' ï ʨʦʙʦʯʠʡ ʢʫʪ ʢʨʠʰʽʥʥʷ ʧʦʭʠʣʦʛʦ ʣʝʤʝʰʘ, ʛʨʘʜ; 

ɜ ï ʢʫʪ ʧʦʩʪʘʥʦʚʢʠ ʧʦʭʠʣʦʛʦ ʣʝʤʝʰʘ ʜʦ ʥʘʧʨʷʤʫ ʨʫʭʫ, ʛʨʘʜ; 

Ū ï ʢʫʪ ʥʘʭʠʣʫ ʣʝʤʝʰʘ ʚ ʧʦʧʝʨʝʯʥʽʡ ʧʣʦʱʠʥʽ, ʛʨʘʜ; 
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ʜʝ      Ű ï ʛʨʘʥʠʯʥʘ ʥʘʧʨʫʛʘ ʩʢʦʣʶʚʘʥʥʶ (ʟʨʫʰʝʥʥʶ), ʅ/ʤ
2
; 

ű ï ʢʫʪ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʛʨʫʥʪʫ, ʛʨʘʜ; 

ű' ï ʢʫʪ ʪʝʨʪʷ ʛʨʫʥʪʫ ʦʙ ʩʪʘʣʴ, ʛʨʘʜ;  

b ï ʰʠʨʠʥʘ ʧʦʭʠʣʦʛʦ ʣʝʤʝʰʘ, ʤ; 

( )( )
( )njb

bnnjbnrq

sin

cossinsinsin 2222

Ö¡-

+Ö¡+ÖÖÖÖÖ
=¡

tgctg

ctgtgVtgh
ʈ

ʢʨ
ʠʥʨ ,    (5) 

ʜʝ      ɟ ï ʱʽʣʴʥʽʩʪʴ ʛʨʫʥʪʫ, ʢʛ/ʤ
3
; 

V ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʭʠʣʦʛʦ ʣʝʤʝʰʘ, ʤ/ʩ; 

ɓ ï ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʢʫʪ ʢʨʠʰʽʥʥʷ ʧʦʭʠʣʦʛʦ ʣʝʤʝʰʘ, ʛʨʘʜ. 

ʊʷʛʦʚʠʡ ʦʧʽʨ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʧʦʭʠʣʦʛʦ ʣʝʤʝʰʘ  

ʜʝʬʣʝʟʇʃ ʈʈʈ ¡¡+¡¡=¡¡ ,                                       (6) 

ʜʝ      ʣʝʟʈ¡¡ ï ʟʫʩʠʣʣʷ ʥʘ ʨʽʟʘʥʥʷ ʣʝʟʦʤ, ʅ; 

ʜʝʬʈ¡¡ï ʟʫʩʠʣʣʷ ʥʘ ʜʝʬʦʨʤʘʮʽʶ (ʟʽʤ'ʷʪʪʷ), ʅ. 

ʉʢʣʘʜʦʚʽ ʪʷʛʦʚʦʛʦ ʦʧʦʨʫ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʧʝʨʝʜʥʴʦʛʦ ʣʝʤʝʰʘ 

ʚʽʜʧʦʚʽʜʥʦ ʚʠʟʥʘʯʘʪʴʩʷ ʚʠʨʘʟʘʤʠ: 
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ʜʝ     hp ï ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʭʦʜʫ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ, ʤ; 

q ï ʢʦʝʬʽʮʽʻʥʪ ʦʙ'ʻʤʥʦʛʦ ʟʽʤ'ʷʪʪʷ ʛʨʫʥʪʫ, ʅ/ʤ
3
. 

ɿʘʜʥʽʡ ʧʦʭʠʣʠʡ ʣʝʤʽʰ ʨʦʟʧʫʰʫʻ ʛʨʫʥʪ, ʟʨʽʟʫʶʯʠ ʩʪʨʫʞʢʫ ʟʘʚʪʦʚʰʢʠ 

hʩʪ (ʨʠʩ. 3.2), ʧʨʠ ʮʴʦʤʫ ʡʦʛʦ ʪʷʛʦʚʠʡ ʦʧʽʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

ʽʥʜʝʬʣʝʟɿʇʃ ʈʈʈP ++= ,                                 (9) 

ʜʝ      ʈʣʝʟ ï ʟʫʩʠʣʣʷ ʥʘ ʨʽʟʘʥʥʷ ʣʝʟʦʤ, ʅ; 

ʈʜʝʬ ï ʟʫʩʠʣʣʷ ʥʘ ʜʝʬʦʨʤʘʮʽʶ ʽ ʩʢʦʣʶʚʘʥʥʷ, ʅ; 

ʈ̔ ʥ ï ʟʫʩʠʣʣʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʽʥʝʨʮʽʾ ʧʣʘʩʪʘ ʛʨʫʥʪʫ, ʅ. 

ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʟʘʜʥʴʦʛʦ ʣʝʤʝʰʘ, ʩʢʣʘʜʦʚʽ ʪʷʛʦʚʦʛʦ 

ʦʧʦʨʫ ʚʠʟʥʘʯʘʪʴʩʷ ʚʠʨʘʟʘʤʠ: 
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ʆʜʥʦʩʪʦʨʦʥʥʶ ʨʦʟʧʫʰʫʚʘʣʴʥʫ ʣʘʧʢʫ ʫʪʚʦʨʶʶʪʴ ʜʚʽ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ 

(ʨʠʩ. 3), ʪʦʤʫ ʾʾ ʟʘʛʘʣʴʥʠʡ ʪʷʛʦʚʠʡ ʦʧʽʨ 

ʣʘʧʣʘʧʣʘʧ ʈʈʈ ¡¡+¡= ,                                    (13) 

ʜʝ  ʣʘʧʈ¡  ï ʦʧʽʨ ʚʝʨʪʠʢʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ 

ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʣʘʧʢʠ, ʅ;  

ʣʘʧʈ¡¡  ï ʦʧʽʨ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ 

ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʣʘʧʢʠ, ʅ. 

ʆʧʽʨ ʣʘʧʈ¡  ʚʝʨʪʠʢʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʦʜʥʦʙʽʯʥʦʾ ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ 

ʣʘʧʢʠ, ʧʨʘʮʶʶʯʦʾ ʷʢ ʜʚʦʛʨʘʥʥʠʡ ʢʣʠʥ, ʚʠʟʥʘʯʠʪʴʩʷ ʚʠʨʘʟʦʤ 

ʣʠʥʨʣʜʝʬʣʣʝʟʣʘʧ ʈʈʈʈ ... ¡+¡+¡=¡ ,                               (14) 
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ʜʝ   ʣʣʝʟʈ .¡  ï ʦʧʽʨ ʨʽʟʘʥʥʶ ʣʝʟʦʤ ʚʝʨʪʠʢʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʦʜʥʦʙʽʯʥʦʾ 

ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʣʘʧʢʠ, ʅ;  

ʣʜʝʬʈ .
¡  ï ʦʧʽʨ ʜʝʬʦʨʤʘʮʽʾ ʚʝʨʪʠʢʘʣʴʥʽʡ ʨʦʙʦʯʽʡ ʯʘʩʪʠʥʽ ʦʜʥʦʙʽʯʥʦʾ 

ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʣʘʧʢʠ, ʅ;  

ʣʠʥʨʈ .¡  ï ʦʧʽʨ ʽʥʝʨʮʽʾ ʧʣʘʩʪʘ ʛʨʫʥʪʫ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ 

ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʣʘʧʢʠ, ʅ. 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʩʢʦʣʫ ʛʨʫʥʪʫ ʦʜʥʦʩʪʦʨʦʥʥʴʦʶ 

ʨʦʟʧʫʰʫʚʘʣʴʥʦʶ ʣʘʧʢʦʶ 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʜʥʦʙʽʯʥʦʾ ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ 

ʣʘʧʢʠ ʪʘ ʪʚʝʨʜʦʩʪʽ ʛʨʫʥʪʫ, ʱʦ ʨʝʘʣʴʥʦ ʟʤʽʥʶʻʪʴʩʷ, ʧʦ ʛʣʠʙʠʥʽ, ʩʢʣʘʜʦʚʽ 

ʦʧʦʨʠ ʚʝʨʪʠʢʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʣʘʧʢʠ ʚʠʟʥʘʯʘʪʴʩʷ ʧʦ ʚʠʨʘʟʘʭ: 

( ) dhshhʈ ʣʣ

h

iiʣʣʝʟ

ʣ

Ö¡ÖÖÖÖ-Ö+=¡ ñ bcos102,217,572
0

62
. ;            (15) 

( )
4

24

2
coscos

2sincos 22

.

qq

jjb
j

jbj
t

tgbctghbh
ʈ ʣʣʣʣ

ʣ

ʣ
ʣʜʝʬ

Ö-ÖÖ-ÖÖ
Ö

ö
÷

õ
æ
ç

å ¡++¡
Ö¡

¡+¡Ö
Ö=¡ ; (16) 

( )jbbr
qq

¡+¡Ö¡ÖÖ
Ö-ÖÖ-ÖÖ

=¡ ʣʣ
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ʜʝ    hʣ ï ʛʣʠʙʠʥʘ ʨʦʟʧʫʰʫʚʘʥʥʷ ʦʜʥʦʙʽʯʥʦʶ ʨʦʟʧʫʰʫʚʘʣʴʥʦʶ ʣʘʧʢʦʶ, ʤ;  

sʣ ï ʪʦʚʱʠʥʘ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʣʝʟʘ ʣʘʧʢʠ, ʤ; 

ʣb¡ ï ʨʦʙʦʯʠʡ ʢʫʪ ʢʨʠʰʽʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ 

ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʣʘʧʢʠ, ʛʨʘʜ; 
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ɟ ï ʱʽʣʴʥʽʩʪʴ ʛʨʫʥʪʫ, ʢʛ/ʤ
3
; 

bʣ ï ʰʠʨʠʥʘ ʟʘʭʚʘʪʫ ʦʜʥʦʙʽʯʥʦʾ ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʣʘʧʢʠ, ʤ; 

V ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʣʘʧʢʠ, ʤ/ʩ. 

ʆʧʽʨ ʣʘʧʈ¡¡  ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʦʜʥʦʙʽʯʥʦʾ 

ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʣʘʧʢʠ, ʧʨʘʮʶʶʯʦʾ ʷʢ ʪʨʠʛʨʘʥʥʠʡ ʢʣʠʥ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʨʦʟʪʘʰʦʚʘʥʦʶ ʨʽʟʘʣʴʥʦʶ ʢʨʦʤʢʦʶ, ʚʠʟʥʘʯʠʪʴʩʷ ʚʠʨʘʟʦʤ 

ʣʽʥʣʜʝʬʣʣʝʟʣʘʧ ʈʈʈʈ ... ¡¡+¡¡+¡¡=¡¡ ,                            (18) 

ʜʝ  ʣʣʝʟʈ .¡¡  ï ʦʧʽʨ ʨʽʟʘʥʥʶ ʣʝʟʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʦʜʥʦʙʽʯʥʦ-

ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʣʘʧʢʠ, ʅ; 

ʣʜʝʬʈ .
¡¡  ï ʦʧʽʨ ʜʝʬʦʨʤʘʮʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʨʦʙʦʯʽʡ ʯʘʩʪʠʥʽ ʦʜʥʦʙʽʯʥʦʾ 

ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʣʘʧʢʠ, ʅ; 

ʣʽʥʈ .¡¡  ï ʦʧʽʨ ʽʥʝʨʮʽʾ ʰʘʨʫ ʛʨʫʥʪʫ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ 

ʦʜʥʦʙʽʯʥʦʾ ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʣʘʧʢʠ, ʅ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʜʥʦʙʽʯʥʦʾ 

ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʣʘʧʢʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʤʽʥʠ ʪʚʝʨʜʦʩʪʽ ʛʨʫʥʪʫ 

ʧʦ ʛʣʠʙʠʥʽ, ʩʢʣʘʜʦʚʽ ʦʧʦʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʣʘʧʢʠ 

ʚʠʟʥʘʯʘʪʴʩʷ ʧʦ ʚʠʨʘʟʘʭ 
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ʜʝ      ɜʣ ï ʢʫʪ ʚ ʧʣʘʥʽ ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʣʘʧʢʠ, ʛʨʘʜ; 

ʣb¡¡ ï ʨʦʙʦʯʠʡ ʢʫʪ ʢʨʠʰʽʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ 

ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʣʘʧʢʠ, ʛʨʘʜ. 
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ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʦʙʦʯʦʾ ʰʚʠʜʢʦʩʪʽ 

ʪʷʛʦʚʠʡ ʦʧʽʨ ʧʦʭʠʣʠʭ ʣʝʤʝʰʽʚ ʽ ʦʜʥʦʙʽʯʥʠʭ ʨʦʟʧʫʰʫʶʯʠʭ ʣʘʧʦʢ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʦ ʥʝʣʽʥʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʝʥʝʨʛʦʚʠʪʨʘʪ 

ʜʦʚʦʜʠʪʴʩʷ ʥʘ ʧʝʨʝʜʥʽʡ ʨʷʜ ʧʦʭʠʣʠʭ ʣʝʤʝʰʽʚ ʫ ʩʢʣʘʜʽ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʟʥʘʨʷʜʜʷ. ʅʘ ʦʩʥʦʚʥʽʡ ʨʦʙʦʯʽʡ ʰʚʠʜʢʦʩʪʽ (2,12 ʤ/ʩ) ʪʷʛʦʚʠʡ ʦʧʽʨ 

ʧʝʨʝʜʥʴʦʛʦ ʧʦʭʠʣʦʛʦ ʣʝʤʝʰʘ ʧʨʠ ʛʣʠʙʠʥʽ ʨʦʟʧʫʰʫʚʘʥʥʷ 0,16 ʤ ʩʢʣʘʜʘʻ 

1400 ʅ. 

ʅʘ ʦʜʥʦʙʽʯʥʫ ʨʦʟʧʫʰʫʚʘʣʴʥʫ ʣʘʧʢʫ ʜʦʚʦʜʠʪʴʩʷ ʤʝʥʰʝ ʚʩʴʦʛʦ 

ʝʥʝʨʛʦʚʠʪʨʘʪ: ʥʘ ʛʣʠʙʠʥʽ ʨʦʟʧʫʰʫʚʘʥʥʷ 0,08 ʤ ʾʾ ʪʷʛʦʚʠʡ ʦʧʽʨ ʥʘ ʦʩʥʦʚʥʽʡ 

ʨʦʙʦʯʽʡ ʰʚʠʜʢʦʩʪʽ ʩʢʣʘʚ 510 ʅ. 
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ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʦʨʫʜʠʡ ɸ.ʇ. ɻʘʣʻʻʚʘ, ɸ.ʄ. ʇʘʨʥʷ, ɿʝʣʠʥʩʴʢʠʡ C.B., ʂʘʧʫʩʪʘ B.M. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʦʨʫʜʠʡ ʜʣʷ ʤʝʣʢʦʛʦ ʦʩʝʥʥʝʛʦ 

ʧʦʣʦʩʦʚʦʛʦ ʚʦʟʜʝʣʳʚʘʥʠʷ ʧʦʯʚʳ. ʀʩʩʣʝʜʦʚʘʥʦ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʘʩʩʠʚʥʳʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʠ ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʝ. 

 

Research of hauling resistance of passive working organs of the combined instruments is for 

till of soil  A.P. Galeeva,  A. Parnya, Zelynskyy C.B, Kapusta V.M. 

The offered new construction of the combined instruments is for shallow autumn band 

till of soil. Hauling resistance of passive working organs and their constituents are 

investigational. 
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ʋɼʂ 631.355 

ɼʆʉʃɯɼɾɽʅʅʗ ʅɽʈɯɺʅʆʄɯʈʅʆʉʊɯ ɺʀʉɯɺʋ ʅɸʉɯʅʅʗ 

ʈʆɿʇʆɼɯʃʔʅʀʂɸʄʀ ɺɽʈʊʀʂɸʃʔʅʆɻʆ ʊʀʇʋ 

ɺ.ʖ. ʄʦʨʦʟ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʄ6/2, ʂʝʨʮʽʮʴʢʠʡ ʆ.ʆ., ʂʨʠʚʝʥʢʦ ɸ.ʄ. 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ɸ.ʇ. ɻʘʣʻʻʚʘ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʥʘʩʽʥʥʷ ʧʥʝʚʤʘʪʠʯʥʦʾ ʩʽʚʘʣʢʠ. 

ɼʦʩʣʽʜʞʝʥʦ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʠʩʽʚʫ ʥʘʩʽʥʥʷ ʨʦʟʧʦʜʽʣʴʥʠʢʘʤʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʠʧʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʩʽʚ, ʨʦʟʧʦʜʽʣʴʥʠʢ ʥʘʩʽʥʥʷ, ʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ, ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ. 
 

ɺʠʨʦʙʥʠʮʪʚʦ ʟʝʨʥʘ ʻ ʦʩʥʦʚʥʦʶ ʛʘʣʫʟʟʶ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʠʟʥʘʯʝʥʦʶ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʩʝʣʝʥʥʷ ʧʨʦʜʫʢʪʘʤʠ ʭʘʨʯʫʚʘʥʥʷ, 

ʪʚʘʨʠʥʥʠʮʪʚʦ ï ʢʦʨʤʘʤʠ, ʧʨʦʤʠʩʣʦʚʽʩʪʴ ï ʩʠʨʦʚʠʥʦʶ. ʋ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʝʨʥʘ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʧʦʩʽʚ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʝʛ̔ʦʥʘʣʴʥʠʭ ʫʤʦʚ ʨʽʟʥʠʤʠ ʩʽʚʘʣʢʘʤʠ, ʷʢʠʭ ʧʦʚʠʥʥʘ ʦʙ'ʻʜʥʫʚʘʪʠ ʻʜʠʥʘ 

ʚʠʤʦʛʘ: ʝʥʝʨʛʦ- ̔  ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʷʢʽʩʪʶ ʧʦʩʽʚʫ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʧʦʩʽʚʫ 

ʧʥʝʚʤʘʪʠʯʥʠʤʠ ʩʽʚʘʣʢʘʤʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʚʠʩʽʚʫ, ʷʚʣʷʻʪʴʩʷ ʜʦʩʢʦʥʘʣʽʩʪʴ 

ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʥʘʩʽʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʝ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʧʦʣʽ 

ʥʘʩʽʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦ ʧʣʦʱʽ ʞʠʚʣʝʥʥʷ. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʠʩʽʚʫ ʚ ʨʷʜʘʭ 

ʜʦʭʦʜʠʪʴ ʜʦ 15 % ʧʨʠ ʘʛʨʦʪʝʭʥʽʯʥʦʤʫ ʜʦʧʫʩʢʫ 3-4 %, ʱʦ ʟʥʠʞʫʻ ʚʨʦʞʘʡʥʽʩʪʴ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʧʦʩʽʚʫ ʧʥʝʚʤʘʪʠʯʥʠʤʠ ʩʽʚʘʣʢʘʤʠ, ʻ ʘʢʪʫʘʣʴʥʠʤʠ, 

ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʥʘʫʢʦʚʝ ʽ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʻʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦ 

ʚʽʜʚʽʜʥʠʤ ʧʘʪʨʫʙʢʘʤ ʽ ʟʥʠʞʝʥʥʷ ʫʰʢʦʜʞʝʥʥʷ ʯʘʩʪʦʢ ʤʘʪʝʨʽʘʣʫ ʟʘ ʨʘʭʫʥʦʢ 

ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʪʠʩʢʫ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʦʚʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ 

ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʥʘʩʽʥʥʷ, ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 



ʇʝʨʩʧʝʢʪʠʚʥʘ ʪʝʭʥʢ̔ʘ ̔ ʪʝʭʥʦʣʦʛʽʾ-2015 

 

ʄʠʢʦʣʘʾʚ, 2015 ʨʽʢ                                                212 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣʴʥʠʢ ʧʦʪʦʢʫ ʥʘʩʽʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʽʜʚʽʜʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 1, ʚ ʷʢʦʤʫ ʚʽʥ ʩʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʠʡ 

ʛʦʬʨʦʚʘʥʠʤ 2 ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ ʧʦʪʦʢʫ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʚʽʪʨʷʤ ʧʽʩʣʷ ʚʽʜʚʝʜʝʥʥʷ, 

ʚʽʜʚʽʜʥʠʭ ʧʘʪʨʫʙʢʽʚ 3 ʽ ʢʨʠʰʢʠ 4. ʂʨʠʰʢʘ 4 ʨʦʟʧʦʜʽʣʴʥʠʭ ʛʦʣʽʚʢʠ ʚʠʢʦʥʘʥʘ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ ʚʠʩʽʚʫ, ʘ ʪʘʢʦʞ ʟʨʦʙʠʪʠ 

ʦʯʠʱʝʥʥʷ ʫ ʨʘʟʽ ʟʘʙʠʚʘʥʥʷ, ʚʦʥʘ ʣʝʛʢʦ ʟʥʽʤʘʻʪʴʩʷ ʪʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ. ʂʨʠʰʢʘ 

ʨʦʟʧʦʜʽʣʴʥʠʢʘ (ʨʠʩ. 1, ʘ, ʙ), ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʜʦ ʢʦʨʧʫʩʫ ʨʦʟʧʦʜʽʣʴʥʦʾ ʛʦʣʽʚʢʠ ʚ 

4-ʭ ʢʫʪʘʭ. ʂʨʠʰʢʘ (ʨʠʩ. 1, ʘ) ʟʨʦʙʣʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʜʦ 

ʚʽʜʚʽʜʥʠʭ ʧʘʪʨʫʙʢʽʚ ʚ ʪʨʴʦʭ ʤʽʩʮʷʭ ʧʽʜ ʢʫʪʦʤ 120Á.  

ʈʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ï ʚʽʜʙʠʚʘʯ 5 ʽ ʚʥʫʪʨʽʰʥʷ ʩʪʦʨʦʥʘ 

ʢʦʨʧʫʩʫ ʨʦʟʧʦʜʽʣʴʥʦʾ ʛʦʣʽʚʢʠ 6, ʷʢʘ ʤʘʻ ʬʦʨʤʫ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ 

ʦʩʽ ʩʠʤʝʪʨʽʾ ʧʽʜʚʽʜʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣʴʥʠʢ ʧʦʪʦʢʫ ʥʘʩʽʥʥʷ ʧʨʘʮʶʻ ʪʘʢʠʤ ʯʠʥʦʤ. 

ʅʘʩʽʥʥʻʚʠʡ ʤʘʪʝʨʽʘʣ ʨʘʟʦʤ ʟ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ ʨʫʭʘʻʪʴʩʷ ʧʦ ʮʝʥʪʨʘʣʴʥʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʫ 1. ʉʧʦʯʘʪʢʫ ʧʽʩʣʷ ʚʽʜʚʝʜʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʰʫʚʘʥʥʷ ʥʘʩʽʥʥʷ 

ʟ ʧʦʚʽʪʨʷʤ, ʜʘʣʽ ʥʘ ʚʽʜʩʪʘʥʴ ʙʽʣʴʰʝ 15D (D ï ʜʽʘʤʝʪʨ ʧʽʜʚʽʜʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʫ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʩʽʥʥʷ ʧʦ ʧʝʨʝʨʽʟʫ 

ʪʨʫʙʦʧʨʦʚʦʜʫ, ʜʦ ʚʽʜʙʠʚʘʯʘ 5. ʅʘʩʽʥʥʷ, ʜʦʩʷʛʥʫʚʰʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ 6 

ʚʽʜʙʠʚʘʯʘ 5 ʛʦʣʽʚʦʢ, ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʧʦ ʥʽʡ ʜʦ ʚʽʜʚʽʜʥʠʭ ʧʘʪʨʫʙʢʽʚ 3, ʧʨʠ 

ʮʴʦʤʫ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʜʽʣʷʥʮʽ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʛʦʣʽʚʢʠ 5, 6 ʪʠʩʢ ʥʘʩʽʥʥʷ ʥʘ ʮʶ 

ʧʦʚʝʨʭʥʶ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʽ ʥʝ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘʣʠʧʘʥʥʷ ʥʘ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ 5 ʽ ʾʭ ʫʰʢʦʜʞʝʥʥʷ. 

ʇʨʠ ʚʠʚʝʜʝʥʥʽ ʨʽʚʥʷʥʥʷ ʣʽʥʽʾ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʪʽʥʢʠ ʨʦʟʧʦʜʽʣʴʥʠʢʘ 

ʥʘʩʽʥʥʷ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʜʦʧʫʱʝʥʥʷ:  

 ʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ ʨʫʭʘʻʪʴʩʷ ʧʨʷʤʦʣʽʥʽʡʥʦ ʽ ʥʘʩʽʥʥʷ ʥʝ ʯʠʥʠʪʴ 

ʚʧʣʠʚʫ ʥʘ ʧʦʪʽʢ; 

 ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʚʚʘʞʘʻʤʦ ʘʙʩʦʣʶʪʥʦ 

ʛʣʘʜʢʦʶ (ʨʠʩ. 2).  

ɼʣʷ ʚʠʚʝʜʝʥʥʷ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʪʚʽʨʥʦʾ ʚʠʭʦʜʠʤʦ ʟ ʫʤʦʚʠ 

ʧʦʩʪʽʡʥʦʩʪʽ ʛʨʘʜʽʻʥʪʘ ʪʠʩʢʫ ʚʟʜʦʚʞ ʧʦʪʦʢʫ:  
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C
l

PP
const

dx

dP
=

-
== 21 ,                                      (1) 

ʜʝ      
dx

dP
  ï ʛʨʘʜʽʻʥʪ ʪʠʩʢʫ ʚʟʜʦʚʞ ʧʦʪʦʢʫ; 

ʈ1 ʽ ʈ2 ï ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʟ ʨʦʟʧʦʜʽʣʴʥʠʢʘ, ʇʘ; 

l ï ʚʠʩʦʪʘ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʨʦʟʧʦʜʽʣʴʥʠʢʘ, ʤ; 

C ï ʧʦʩʪʽʡʥʘ. 

 
  

ʘ  ʙ  ʚ  

ʈʠʩ. 1. ʉʭʝʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʥʘʩʽʥʥʷ; 

ʘ ï ʥʘ ʜʝʚ'ʷʪʴ ʩʦʰʥʠʢʽʚ; ʙ ï ʥʘ 4 ʩʦʰʥʠʢʠ; ʚ ï ʥʘ 32 ʩʦʰʥʠʢʠ; 1 ï 

ʮʝʥʪʨʘʣʴʥʠʡ ʧʽʜʚʽʜʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ; 2 ï ʛʦʬʨʦʚʘʥʘ ʯʘʩʪʠʥʘ ʪʨʫʙʦʧʨʦʚʦʜʫ; 

3 ï ʚʽʜʚʽʜʥʽ ʧʘʪʨʫʙʢʠ; 4 ï ʢʨʠʰʢʘ; 5 ï ʚʽʜʙʠʚʘʯ; 6 ï ʚʥʫʪʨʽʰʥʷ ʩʪʦʨʦʥʘ 

ʢʦʨʧʫʩʫ ʨʦʟʧʦʜʽʣʴʥʦʾ ʛʦʣʽʚʢʠ 
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ʈʠʩ. 2. ʈʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʟ ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ  

ʩʪʽʥʢʘʤʠ ʽ ʚʽʜʙʠʚʘʯʝʤ: 

1 ï ʢʦʨʧʫʩ ʨʦʟʧʦʜʽʣʴʥʠʢʘ; 2 ï ʚʽʜʙʠʚʘʯ 

 

ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ, ʷʢʝ ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʩʪʘʪʠʯʥʠʤ ʪʠʩʢʦʤ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʮʽ ʪʘ ʰʚʠʜʢʽʩʥʠʤ ʪʠʩʢʦʤ (ʚʪʨʘʪʠ 

ʪʠʩʢʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʤʘʣʦʾ ʜʦʚʞʠʥʠ ʚʽʜʚʽʜʥʠʭ ʧʘʪʨʫʙʢʽʚ): 

22

1
2

2
2

21

VV
PP

rr
-=- ,                                    (2) 

ʜʝ      V1 ï ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʚ ʨʦʟʧʦʜʽʣʴʥʠʢ, ʤ/ʩ; 

V2 ï ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʟ ʨʦʟʧʦʜʽʣʴʥʠʢʘ, ʤ/ʩ; 

ɟ ï ʱʽʣʴʥʽʩʪʴ ʧʦʚʽʪʨʷ. ɟ = 1,22 ʢʛ/ʤ
3
. 

ɿʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʩʪʨʫʤʝʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

ʤʘʻʤʦ: 

F

VF
V 22Ö= ,                                           (3) 

ʜʝ   V ï ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚ ʜʦʚʽʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʤ/ʩ; 

F ï ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʛʦʣʽʚʢʠ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʚ ʜʦʚʽʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʤ
2
; 

F2 ï ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʛʦʣʽʚʢʠ ʥʘ ʚʠʭʦʜʽ ʨʦʟʧʦʜʽʣʴʥʠʢʘ, ʤ2. 
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ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʦʢ (2), (3) ʚ (1) ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ: a, b, l, ʦʪʨʠʤʘʥʦ 

ʨʽʚʥʷʥʥʷ ʪʚʽʨʥʦʾ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʧʝʨʝʨʽʟʫ ʨʦʟʧʦʜʽʣʴʥʠʢʘ: 

4

4

112
l

x

a

b

b
y

Ö
ù
ù

ú

ø

é
é

ê

è
-ö

÷

õ
æ
ç

å
+Ö

= ,                                      (4) 

ʜʝ y ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʜʦ ʜʦʚʽʣʴʥʦʾ ʧʣʦʱʠʥʠ, ʤ; 

b ï ʜʽʘʤʝʪʨ ʚʠʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʨʦʟʧʦʜʽʣʴʥʠʢʘ, ʤ; 

a ï ʜʽʘʤʝʪʨ ʚʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʨʦʟʧʦʜʽʣʴʥʠʢʘ, ʤ; 

x ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʠʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʜʦ ʜʦʚʽʣʴʥʦʾ 

ʧʣʦʱʠʥʠ, ʤ; 

l ï ʚʠʩʦʪʘ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʨʦʟʧʦʜʽʣʴʥʠʢʘ, ʤ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʨʠʚʽ ʧʝʨʝʨʽʟʠ ʧʦʚʝʨʭʥʽ ʨʦʟʧʦʜʽʣʴʥʠʢʘ 

ʧʦʙʫʜʦʚʘʥʠʭ ʧʦ ʦʪʨʠʤʘʥʦʤʫ ʨʽʚʥʷʥʥʶ (4) ʧʨʠ ʨʽʟʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʚʠʢʦʥʘʥʥʽ ʩʽʚʘʣʢʠ ʜʣʷ ʥʘʩʽʥʥʻʧʨʦʚʦʜʽʚ ʢʽʣʴʢʽʩʪʶ 32 (ʧʦʟ. 1), ʽ ʥʘ 4 ʽ 9 

ʥʘʩʽʥʥʻʧʨʦʚʦʜʽʚ (ʧʦʟ. 2 ʽ 3) ʧʨʠ ʜʚʦʩʪʫʧʽʥʯʘʪʦʤʫ ʨʦʟʧʦʜʽʣʽ.  

 

ʈʠʩ. 3. ʂʨʠʚʽ ʧʝʨʝʨʽʟʽʚ ʧʦʚʝʨʭʦʥʴ ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ: 

1 ï ʧʨʠ ʘ = 105 ʤʤ, b = 330 ʤʤ, l = 80 ʤʤ; 2 ï ʧʨʠ ʘ = 120 ʤʤ, b = 240 ʤʤ, 

l = 110 ʤʤ; 3 ï ʧʨʠ ʘ = 60 ʤʤ; b = 120 ʤʤ; l = 65 ʤʤ 
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ɺʠʢʦʥʘʥʥʷ ʚʽʜʙʠʚʘʯʘ ʽ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʧʦ ʨʽʚʥʷʥʥʶ (4) ʜʦʟʚʦʣʷʻ 

ʟʨʦʙʠʪʠ ʪʠʩʢ ʥʘʩʽʥʥʷ ʥʘ ʮʶ ʢʨʠʚʫ ʧʦʩʪʽʡʥʠʤ, ʧʽʜʚʠʱʠʪʠ ʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ ʧʦʚʽʜʚʽʜʥʠʭ ʧʘʪʨʫʙʢʘʭ, ʘ ʪʘʢʦʞ ʧʦʥʠʟʠʪʠ ʫʰʢʦʜʞʝʥʥʷ ʥʘʩʽʥʥʷ 

ʧʨʠ ʫʜʘʨʽ ʦʙ ʚʽʜʟʝʨʢʘʣʶʚʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʪʘ ʚʪʨʘʪʠ ʥʘʪʠʩʢʫ ʚ 

ʨʦʟʧʦʜʽʣʴʥʠʢʫ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚʳʩʝʚʘ ʩʝʤʷʥ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷʤʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʠʧʘ 

ɸ.ʇ. ɻʘʣʻʻʚʘ, ɺ.ʖ. ʄʦʨʦʟ, ʂʝʨʮʠʮʴʢʳʡ ʆ.ʆ., ʂʨʠʚʝʥʢʦ ɸ.ʄ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʩʝʤʷʥ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʩʝʷʣʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʳʩʝʚʘ ʩʝʤʷʥ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷʤʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʠʧʘ. 

 

Research of unevenness of sowing of seed by distributors of vertical type A.P. Galʝʝva, 

V.Moroz, Kertsitskyy O.O., Kravchenko A.M. 

Offered construction of distributor seed of pneumatic seeder. The unevenness of 

sowing of seed is investigational by the distributors of vertical type. 

 

 

 

 

 

 

 

 

 



ʇʝʨʩʧʝʢʪʠʚʥʘ ʪʝʭʥʢ̔ʘ ̔ ʪʝʭʥʦʣʦʛʽʾ-2015 

 

ʄʠʢʦʣʘʾʚ, 2015 ʨʽʢ                                                217 

ʋɼʂ 631.331 

ʄʆɼɽʈʅɯɿɸʎɯʗ ʂʆʅʉʊʈʋʂʎɯɰ ʉʆʐʅʀʂɸ ɼʃʗ 

ʈɯɿʅʆɻʃʀɹʀʅʅʆɻʆ ʇʆʉɯɺʋ ɹɸʐʊɸʅʅʀʍ ʂʋʃʔʊʋʈ 

ʗ.ʉ. ɻʝʰʢʦ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʄ6/2, ʃʘʟʦʚ ʆ.ʃ., ʄʘʱʝʥʢʦ ʄ.ʖ. 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ɸ.ʇ. ɻʘʣʻʻʚʘ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʦʰʥʠʢʘ ʜʣʷ ʨʽʟʥʦʛʣʠʙʠʥʥʦʛʦ ʧʦʩʽʚʫ ʙʘʰʪʘʥʥʠʭ 

ʢʫʣʴʪʫʨ. ʇʨʠʚʝʜʝʥʘ ʪʝʦʨʽʷ ʚʟʘʻʤʦʜʽʾ ʩʦʰʥʠʢʘ ʟ ʛʨʫʥʪʦʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʩʽʚ, ʙʘʰʪʘʥʥʽ ʢʫʣʴʪʫʨʠ, ʩʦʰʥʠʢ, ʩʪʽʡʢʽʩʪʴ ʭʦʜʫ. 
 

 

ʇʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʙʘʰʪʘʥʥʠʭ ʢʫʣʴʪʫʨ ʻ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʧʨʠ 

ʨʽʰʝʥʥʽ ʙʽʣʴʰʦʩʪʽ ʟʘʚʜʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʽ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. ʆʜʥʠʤ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʝʪʘʧʽʚ ʦʙʨʦʙʽʪʢʫ ʙʘʰʪʘʥʥʠʭ ʢʫʣʴʪʫʨ ʻ ʧʦʩʽʚ ʥʘʩʽʥʥʷ. ʇʦʩʽʚ 

ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ 

ʽ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ, ʱʦ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʧʦʣʴʦʚʦʾ ʩʭʦʞʦʩʪʽ ʽ 

ʚʨʦʞʘʡʥʦʩʪʽ ʙʘʰʪʘʥʥʠʭ ʢʫʣʴʪʫʨ. ʎʽ ʫʤʦʚʠ ʩʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤʫ 

ʚʠʟʥʘʯʝʥʥʽ ʪʝʨʤʽʥʽʚ ʧʦʩʽʚʫ, ʥʦʨʤʠ ʚʠʩʽʚʫ, ʧʣʦʱʽ ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ ʽ 

ʪʝʭʥʦʣʦʛʽʾ ʟʘʢʣʘʜʝʥʥʷ ʥʘʩʽʥʥʷ ʚ ʛʨʫʥʪ. ɿʘʢʣʘʜʝʥʥʷ ʥʘʩʽʥʥʷ ʚ ʛʨʫʥʪ ʻ 

ʟʘʚʝʨʰʘʣʴʥʦʶ ʩʪʘʜʽʻʶ ʧʦʩʽʚʫ, ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʷ ʜʽʷ ʥʘ 

ʛʨʫʥʪ ï ʩʝʨʝʜʦʚʠʱʝ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʩʽʥʥʷ ʟ ʤʝʪʦʶ ʩʪʚʦʨʠʪʠ ʫʤʦʚʠ ʜʣʷ 

ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʦʛʦ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ. ʊʦʤʫ ʩʦʰʥʠʢʠ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʦʜʥʫ ʽʟ ʛʦʣʦʚʥʠʭ ʯʘʩʪʠʥ ʙʫʜʴ-ʷʢʦʾ ʩʽʚʘʣʢʠ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʩʦʰʥʠʢʘ: 

1, 2, 3, 4 ï ʱʦʢʠ; 5, 6, 7 ï ʥʘʨʘʣʴʥʠʢʠ; 8, 9, 10 ï ʥʘʧʨʷʤʥʽ 

 

ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʢʣʘʜʘʥʥʷ ʥʘʩʽʥʥʷ ʙʘʰʪʘʥʥʠʭ ʢʫʣʴʪʫʨ ʟʘ ʦʜʠʥ 

ʧʨʦʭʽʜ ʥʘ ʨʽʟʥʫ ʛʣʠʙʠʥʫ ʚ ʦʜʠʥ ʨʷʜʦʢ ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʦʰʥʠʢʘ (ʨʠʩ. 1), ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʱʽʢ 1, 2, 3, 4, ʤʽʞ ʷʢʠʤʠ 

ʨʦʟʤʽʱʝʥʽ ʥʘʨʘʣʴʥʠʢʠ 5, 6, 7, ʧʨʠʯʦʤʫ ʣʽʚʠʡ ʽ ʧʨʘʚʠʡ ʥʘʨʘʣʴʥʠʢʠ 5, 7 

ʚʠʢʦʥʘʥʽ ʽʟ ʩʢʦʩʦʤ ʫ ʙʽʢ ʮʝʥʪʨʘʣʴʥʦʛʦ ʥʘʨʘʣʴʥʠʢʘ 6, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʨʽʟʥʽʡ 

ʚʠʩʦʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʠʞʥʽʤ ʟʨʽʟʦʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʥʘʨʘʣʴʥʠʢʘ 6 ʽ 

ʟʘʢʨʫʛʣʝʥʽ ʚ ʤʽʩʮʽ ʟ'ʻʜʥʘʥʥʷ ʟ ʮʝʥʪʨʘʣʴʥʠʤʠ ʱʦʢʘʤʠ 2, 3. ɿʘ ʥʘʨʘʣʴʥʠʢʘʤʠ 

5, 6, 7 ʨʦʟʤʽʱʝʥʽ ʥʘʧʨʷʤʥʽ 8, 9, 10. ʑʦʢʘ 2 ʤʘʻ ʟʨʽʟ ʜʦ ʨʽʚʥʷ ʱʦʢʠ 1, ʘ ʱʦʢʘ 

3 ï ʜʦ ʨʽʚʥʷ ʱʦʢʠ 4 [2]. 

ɺʠʩʦʪʫ ʜʦʜʘʪʢʦʚʠʭ ʥʘʨʘʣʴʥʠʢʽʚ 5, 7 ʚʠʢʦʥʫʶʪʴ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʜʚʘ ʽ 

ʯʦʪʠʨʠ ʩʘʥʪʠʤʝʪʨʠ ʤʝʥʰʝ ʥʠʞʥʴʦʛʦ ʟʨʽʟʫ ʦʩʥʦʚʥʦʛʦ ʥʘʨʘʣʴʥʠʢʘ 6. 

ɿʘʢʣʘʜʝʥʥʷ ʥʘʩʽʥʥʷ ʩʦʰʥʠʢʦʤ ʨʦʙʠʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ. ʅʘʩʽʥʥʷ ʟ 

ʚʠʩʽʚʘʶʯʦʛʦ ʘʧʘʨʘʪʫ ʧʘʜʘʻ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʥʘʩʽʥʥʻʧʨʦʚʽʜ ʽ ʜʘʣʽ ʧʦ 

ʥʘʧʨʷʤʥʠʭ 9, 10, 8 ʫʢʣʘʜʘʶʪʴʩʷ ʧʦ ʯʝʨʟʽ ʟʘ ʥʘʨʘʣʴʥʠʢʘʤʠ 6, 7, 5. ʅʘʩʽʥʥʷ, 

ʧʦʜʘʥʝ ʫ ʙʦʨʦʟʝʥʢʫ, ʦʩʚʽʯʝʥʫ ʥʘʨʘʣʴʥʠʢʦʤ 6, ʟʘʢʨʠʚʘʻʪʴʩʷ ʚʦʣʦʛʠʤ ʰʘʨʦʤ 

ʛʨʫʥʪʫ, ʦʙʨʫʰʝʥʠʤ ʥʘʨʘʣʴʥʠʢʦʤ 7. ʇʦ ʮʴʦʤʫ ʰʘʨʫ ʧʦʜʘʻʪʴʩʷ ʜʨʫʛʝ 

ʥʘʩʽʥʥʷ , ʷʢʝ ʪʘʢ ʩʘʤʦ ʟʘʢʨʠʚʘʻʪʴʩʷ ʥʘʨʘʣʴʥʠʢʦʤ 5. ɼʘʣʽ ʧʦʜʘʻʪʴʩʷ ʪʨʝʪʻ 

ʥʘʩʽʥʥʷ, ʷʢʝ ʟʘʢʨʠʚʘʻʪʴʩʷ ʩʧʦʯʘʪʢʫ ʚʦʣʦʛʠʤ ʛʨʫʥʪʦʤ ʟʘ ʨʘʭʫʥʦʢ ʢʦʩʦʛʦ 
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ʟʨʽʟʫ ʩʦʰʥʠʢʘ, ʘ ʧʦʪʽʤ ʟʘʛʦʨʪʘʯʘʤʠ. ʇʨʠʩʠʧʘʥʠʡ ʰʘʨ ʛʨʫʥʪʫ ʫʱʽʣʴʥʶʻʪʴʩʷ 

ʢʦʣʝʩʦʤ, ʘ ʧʦʚʝʨʭʥʷ ʧʦʣʷ ʤʫʣʴʯʫʻʪʴʩʷ ʰʣʝʡʬʦʤ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʦʰʥʠʢʘ ʨʦʟʛʣʷʥʝʤʦ ʡʦʛʦ ʚʟʘʻʤʦʜʽʶ ʟ 

ʛʨʫʥʪʦʤ. 

ʉʦʰʥʠʢ ʫ ʚʠʛʣʷʜʽ ʢʣʠʥʫ ʟʘʥʫʨʝʥʠʡ ʚ ʛʨʫʥʪ ʽ ʨʫʭʘʻʪʴʩʷ ʚ ʥʽʡ ʥʘ 

ʧʦʩʪʽʡʥʽʡ ʛʣʠʙʠʥʽ ʽ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ v. ʂʣʠʥ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ 

ʟʽʪʢʥʝʥʥʷ ʟ ʛʨʫʥʪʦʤ ʜʘʚʠʪʴ ʥʘ ʾʾ ʯʘʩʪʢʠ ʧʦ ʥʦʨʤʘʣʽ (ʨʠʩ. 2). 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʚʟʘʶʯʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʛʨʫʥʪʫ ʧʦ ʧʦʚʝʨʭʥʽ ʱʦʢʠ 

ʩʦʰʥʠʢʘ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʫʩʪʘʥʦʚʢʠ ʥʘʧʨʷʤʣʷʯʘ ɔ, ʧʦʚʠʥʥʦ 

ʙʫʪʠ ʤʝʥʰʝ 90 - ű, ʜʝ ű ï ʢʫʪ ʪʝʨʪʷ ʛʨʫʥʪʫ ʦʙ ʩʪʘʣʴ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʪʘʥʫ ʽ ʪʠʧʫ ʛʨʫʥʪʽʚ. ɿʘ ʫʤʦʚʠ ɔ > 90 - ű ʩʪʘʥʝʪʴʩʷ ʩʛʨʫʞʫʚʘʥʥʷ ʛʨʫʥʪʠ 

ʧʝʨʝʜ ʩʦʰʥʠʢʦʤ. 

 ʈʦʟʛʣʷʥʝʤʦ ʯʘʩʪʢʫ ʛʨʫʥʪʫ m ʥʘ ʜʝʥʥʽʡ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʩʪʠʢʘʻʪʴʩʷ ʟ 

ʪʦʯʢʦʶ ɸ ʧʦʚʝʨʭʥʽ ʢʣʠʥʫ ʽ ʥʘ ʷʢʫ ʜʽʶʪʴ ʩʠʣʘ ʪʝʨʪʷ F ʽ ʩʠʣʘ N = - ʈʭ, ʜʝ ʈʭ ï 

ʙʽʯʥʠʡ ʪʠʩʢ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʨʽʚʥʠʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʫʪʘ Ŭ ʫʢʣʘʜʘʥʥʷ 

ʯʘʩʪʦʢ  

atg

mg
ʈʭ

2
= .                                                  (1) 

 

ʈʠʩ. 2. ʇʝʨʝʤʽʱʝʥʥʷ ʛʨʫʥʪʫ ʧʽʜ ʜʽʻʶ ʩʦʰʥʠʢʘ 

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ PxŰ = Pxtgɣ ʽ Pxɜ = Pxcosɣ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

ʨʫʭʫ ʯʘʩʪʢʠ m ʤʘʻ ʚʠʛʣʷʜ 
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.0;
22 2

2

2

2

=-=
dt

yd
ʪtg

tg

mg
tg

tg

mg

dt
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ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʨʘʟ (2) ʽ ʽʥʪʝʛʨʘʮʽʾ ʦʪʨʠʤʘʻʤʦ 

a

yj
n

tg

tgtggt
ʭ

-
Ö=

2
.                                          (3) 

ɿʚʽʜʩʠ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʢʠ 

a

yj

tg

tgtggt
ʭ

-
Ö=

2

2

.                                          (4) 

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʯʘʩʪʢʘ ʩʦʰʥʠʢʘ m ʜʦʩʷʛʥʝ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʪʦʯʢʠ ɺ 

ʢʣʠʥʫ, ʚʦʥʘ ʨʫʭʘʪʠʤʝʪʴʩʷ ʫʟʜʦʚʞ ʱʽʢ ʩʦʰʥʠʢʘ. ʅʘ ʥʝʾ ʜʽʶʪʴ ʩʠʣʘ F1, ʨʽʚʥʘ 

F1 =  ʈʭtgű, ʽ ʩʠʣʘ ʪʝʨʪʷ F2 ʩʫʩʽʜʥʽʭ ʯʘʩʪʦʢ ʛʨʫʥʪʫ, ʜʽʶʯʘ ʚ ʧʨʦʪʠʣʝʞʥʫ 

ʩʪʦʨʦʥʫ, ʨʽʚʥʘ F2 =  ʈʭtgű1, ʪʫʪ ű1 ï ʢʫʪ ʪʝʨʪʷ ʤʽʞ ʛʨʫʥʪʦʚʠʤʠ ʯʘʩʪʢʘʤʠ, ʘʙʦ 

.
2

;
2

1
21

a

j

a

j

tg

tgmg
F

tg

tgmg
F Ö=Ö=                              (5) 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʯʘʩʪʢʠ ʧʦ ʱʦʢʘʭ ʩʦʰʥʠʢʘ ʤʘʻ ʚʠʛʣʷʜ (ʪʫʪ ʚʽʩʴ ʭ 

ʩʧʨʷʤʦʚʘʥʘ ʫʟʜʦʚʞ ʱʽʢ) 

.
22

1
2

2

a

j

a

j

a tg

tgmg

tg

tg

tg

mg

dt

xd
m -=                                  (6) 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʚʠʨʘʞʝʥʥʷ (3.47) ʦʪʨʠʤʘʻʤʦ 

( )Ctgtg
tg

gt
Vx +-= 1

2
jj

a
.                                 (7) 

ʇʨʠ t = 0 ʧʝʨʝʤʽʱʝʥʥʷ ʫʟʜʦʚʞ ʱʽʢ ʩʦʰʥʠʢʘ x = 0. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʯʘʩʪʢʘ ʛʨʫʥʪʫ ʧʨʠ ʚʩʪʫʧʽ ʥʘ ʱʦʢʫ ʤʘʣʘ ʰʚʠʜʢʽʩʪʴ ʚʟʜʦʚʞ ʱʽʢ 

( ) y
a

yj
y

a

yj
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2
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= ,                (8) 
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ɿʚʽʜʩʠ ʦʪʨʠʤʘʻʤʦ 

( )( )[ ]yyjyj
a

sin
4

2

tgtgtgtg
tg

gt
ʭ -+-= .                       (10) 

ɺʠʢʣʶʯʘʶʯʠ t ʟ ʨʽʚʥʷʥʴ (3.51) ʽ (3.52), ʟʥʘʡʜʝʤʦ 

( )( )[ ]
a

yyjyj

tg

tgtgtgtgxg
Vʭ

sin-+-
= .                       (11) 

ʗʢ ʪʽʣʴʢʠ ʯʘʩʪʢʘ ʧʨʦʡʜʝ ʦʙʨʽʟ ʱʽʢ ʩʦʰʥʠʢʘ, ʚʦʥʘ ʧʦʯʥʝ ʧʘʜʘʪʠ ʚʥʠʟ. 

ʅʘ ʥʝʾ ʜʽʷʪʠʤʫʪʴ ʚʘʛʘ mg ʽ ʩʠʣʘ ʦʧʦʨʫ ʩʝʨʝʜʦʚʠʱʘ. ɿʚʘʞʘʶʯʠ, ʱʦ 

ʧʦʯʘʪʢʦʚʘ ʚʝʨʪʠʢʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʘʜʽʥʥʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʽ ʚʠʩʦʪʘ ʧʘʜʽʥʥʷ 

ʥʝʟʥʘʯʥʘ, ʥʝ ʚʨʘʭʦʚʫʚʘʪʠʤʝʤʦ ʦʧʽʨ ʩʝʨʝʜʦʚʠʱʘ. ʊʦʜʽ ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ 

ʨʫʭʫ ʯʘʩʪʦʢ ʫ ʚʠʜʽ 

.;0
2

2

2

2

mg
dt

ʫd
m

dt

xd
m ==                                       (12) 

ɺʠʨʽʰʫʶʯʠ ʮʽ ʨʽʚʥʷʥʥʷ, ʦʪʨʠʤʘʻʤʦ 

2
0

2

2 xV

gʭ
y= .                                                   (13) 

ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ Vʭ0 = Vʭ ʟ ʚʠʨʘʟʫ (11) ʚ ʨʽʚʥʷʥʥʷ (13) 

ʦʪʨʠʤʘʻʤʦ 

( )( ) yyjyj

a

sin1 tgtgtgtg

xgtg
ʫ

-+-
= .                            (14) 

ʊʝʧʝʨ ʤʦʞʥʘ ʟʥʘʡʪʠ ʰʚʠʜʢʽʩʪʴ 

( )( ) yyjyj

a

sin10 tgtgtgtg

xgtg

V

gx
V

x
y

-+-
== .                       (15) 

ʈʝʟʫʣʴʪʫʶʯʘ ʰʚʠʜʢʽʩʪʴ ʧʘʜʽʥʥʷ ʯʘʩʪʢʠ 

22
0 yx nnn += .                                             (16) 

ʏʘʩʪʢʠ ʛʨʫʥʪʫ, ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ, ʩʧʦʚʟʘʶʪʴ ʧʦ 

ʧʦʭʠʣʠʭ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʢʫʪ ʫʢʣʘʜʘʥʥʷ ʘʙʦ ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʢʦʩʫ Ŭ. 



ʇʝʨʩʧʝʢʪʠʚʥʘ ʪʝʭʥʢ̔ʘ ̔ ʪʝʭʥʦʣʦʛʽʾ-2015 

 

ʄʠʢʦʣʘʾʚ, 2015 ʨʽʢ                                                222 

ʅʘ ʯʘʩʪʢʫ ʜʽʶʪʴ ʚʘʛʘ, ʩʢʣʘʜʦʚʘ ʷʢʦʾ mgsinŬ ʧʨʠʤʫʰʫʻ ʯʘʩʪʢʫ 

ʧʝʨʝʤʽʱʘʪʠʩʷ ʧʦ ʧʦʭʠʣʽʡ ʧʦʚʝʨʭʥʽ. ʎʴʦʤʫ ʨʫʭʫ ʧʨʦʪʠʜʽʻ ʩʠʣʘ ʪʝʨʪʷ 

F = mgcosŬtgű1. ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʯʘʩʪʢʠ: 

( ) ( ).cos
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0 jaa
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ʊʝʧʝʨ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚʝʨʪʠʢʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʰʚʠʜʢʦʩʪʽ 

( )1
0

cos
ja

n

a
n tgtg

gx

x
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ʊʘʢʠʤ ʯʠʥʦʤ, ʮʷ ʢʦʥʩʪʨʫʢʮʽʷ ʩʦʰʥʠʢʘ ʚʠʢʣʶʯʘʻ ʟʘʙʠʚʘʥʥʷ ʡʦʛʦ 

ʛʨʫʥʪʦʤ, ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʦʤʽʨʥʦʾ ʛʣʠʙʠʥʠ ʟʘʢʣʘʜʝʥʥʷ ʥʘʩʽʥʥʷ, ʘ 

ʦʪʞʝ, ʩʪʽʡʢʠʭ ʩʭʦʜʽʚ ʽ ʛʘʨʘʥʪʦʚʘʥʠʭ ʫʨʦʞʘʾʚ ʧʨʦʩʘʧʥʠʭ ʢʫʣʴʪʫʨ ʚ 

ʛʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʟ ʨʽʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤ ʢʣʽʤʘʪʦʤ. 
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Modernisation of construction of vomer is for sowing of water-melon cultures on different 

depth  A.P. Galʝʝva, J. Geschkʦ, Lazor O.L., M.Y. Mashchenko 

The offered construction of vomer is for sowing of water-melon cultures on a different 

depth. The brought theory over  co-operation of vomer with soil. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ʈɯɿɸʅʅʗ ʉʊɽɹɽʃ ʂʋʂʋʈʋɼɿʀ 

ɯʅʊɽɻʈʆɺɸʅʀʄ ʈɯɿɸʃʔʅʀʄ ɸʇɸʈɸʊʆʄ 

ʆ.ʆ. ɭʚʢʦ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʄ6/1 ʄʠʭʘʡʣʦʚ ɺ.ʆ., ʆʥʠʱʝʥʢʦ ɺ.ɺ. 

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ɸ.ʇ. ɻʘʣʻʻʚʘ,  

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʽ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʴʦʛʦ. 

ʇʨʦʚʝʜʝʥʦ ʘʧʨʦʢʩʠʤʘʮʽʶ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ ʩʪʝʙʝʣ ʢʫʢʫʨʫʜʟʠ ʥʘ 

ʤʘʷʪʥʠʢʦʚʦʤʫ ʢʦʧʨʽ ʚ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ. ɺʠʟʥʘʯʝʥʦ ʩʧʦʩʽʙ ʧʝʨʝʨʽʟʘʥʥʷ ʩʪʝʙʝʣ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʤʝʥʰʝ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʤ ʨʽʟʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʫʢʫʨʫʜʟʦʟʙʠʨʘʣʴʥʘ ʤʘʰʠʥʘ, ʨʽʟʘʥʥʷ ʩʪʝʙʝʣ, 

ʝʢʩʧʝʨʠʤʝʥʪ, ʢʘʯʘʥʦʚʽʜʦʢʨʝʤʣʶʚʘʣʴʥʠʡ ʘʧʘʨʘʪ. 

 

ʋ ʚʽʜʦʤʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ 

ʢʫʢʫʨʫʜʟʦʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʘʧʘʨʘʪʠ ʟʽ ʟʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʘʣʴʥʠʤ, ʦʙʝʨʪʘʣʴʥʠʤ ʽ, ʨʽʜʰʝ, ʟ ʢʦʣʠʚʘʣʴʥʠʤ ʨʫʭʦʤ ʨʽʞʫʯʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʘʣʝ ʚʩʽ ʾʭ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʘʧʘʨʘʪʠ ʟ ʤʝʭʘʥʽʯʥʠʤ ʽ ʽʥʝʨʮʽʡʥʠʤ 

ʧʽʜʧʦʨʦʤ ʩʪʝʙʝʣ ʚ ʤʦʤʝʥʪ ʾʭ ʨʽʟʘʥʥʷ. 

ɸʧʘʨʘʪʠ ʟ ʽʥʝʨʮʽʡʥʠʤ ʧʽʜʧʦʨʦʤ ʩʪʝʙʝʣ ʤʝʭʘʥʽʯʥʠʭ ʧʨʦʪʠʨʽʟʘʣʴʥʠʭ 

(ʧʽʜʧʽʨʥʠʭ) ʝʣʝʤʝʥʪʽʚ ʥʝ ʤʘʶʪʴ, ʪʦʤʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʽʞʫʯʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʮʠʭ ʘʧʘʨʘʪʽʚ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʨʽʞʫʯʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʤʝʭʘʥʽʯʥʠʤ 

ʧʽʜʧʦʨʦʤ. ʇʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʨʽʟʘʥʥʷ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʝʨʮʽʡʥʠʡ ʦʧʽʨ ʩʪʝʙʝʣ, ʱʦ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʢʦʨʝʥʽ, ʫʜʘʨʫ 

ʨʽʞʫʯʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʤʦʤʝʥʪ ʨʽʟʘʥʥʷ, ʱʦ ʟʘʤʽʥʶʶʪʴ ʫ ʮʠʭ ʘʧʘʨʘʪʘʭ 

ʤʝʭʘʥʽʯʥʠʡ ʧʽʜʧʽʨ ʩʪʝʙʝʣ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʘʧʘʨʘʪʽʚ ʟ ʽʥʝʨʮʽʡʥʠʤ ʧʽʜʧʦʨʦʤ ʚʽʜʥʦʩʠʪʴʩʷ ʪʝ, ʱʦ 

ʨʽʞʫʯʽ ʘʧʘʨʘʪʠ ʜʘʥʦʛʦ ʚʠʜʫ ʟʜʘʪʥʽʩʪʶ ʩʘʤʦʦʯʠʱʝʥʥʷ ʥʝ ʚʦʣʦʜʽʶʪʴ, ʪʦʤʫ 

ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʫʭʫ ʜʦʩʠʪʴ ʯʘʩʪʦ ʟʘʙʠʚʘʶʪʴʩʷ. ɺ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʰʠʨʦʢʦʟʘʭʚʘʪʥʠʭ ʞʥʠʚʘʨʦʢ ʚʠʤʘʛʘʶʪʴ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 
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ʧʨʠʚʦʜʫ ʨʽʞʫʯʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ. ʈʽʞʫʯʽ 

ʘʧʘʨʘʪʠ ʮʴʦʛʦ ʪʠʧʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʚ ʧʦʪʦʢʦʚʠʭ 

ʢʫʢʫʨʫʜʟʦʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥʘʭ ʽ ʪʫʪ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʚʽʜʽʛʨʘʻ 

ʮʽʣʝʥʘʧʨʘʚʣʝʥʽʩʪʴ ʨʫʭʫ ʩʪʝʙʣʘ. 

ɸʧʘʨʘʪʠ ʟ ʤʝʭʘʥʽʯʥʠʤ ʧʽʜʧʦʨʦʤ ʩʪʝʙʝʣ ʤʘʶʪʴ ʨʽʞʫʯʽ ʽ ʤʝʭʘʥʽʯʥʽ 

ʧʨʦʪʠʨʽʟʘʣʴʥʽ (ʧʽʜʧʽʨʥʽ) ʝʣʝʤʝʥʪʠ. ʈʽʞʫʯʽ ʝʣʝʤʝʥʪʠ ʚʠʢʦʥʫʶʪʴ ʨʫʭʣʠʚʠʤʠ, 

ʘ ʧʨʦʪʠʨʽʟʘʣʴʥʽ - ʧʝʨʝʚʘʞʥʦ ʥʝʨʫʭʦʤʠʤʠ. ɿʨʽʟʘʥʥʷ ʩʪʝʙʝʣ ʫ ʮʠʭ ʘʧʘʨʘʪʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʽʞʫʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʜʚʽʡʥʠʭ ʟʨʽʟʽʚ ʥʘ ʧʦʞʥʠʚʥʠʭ 

ʟʘʣʠʰʢʘʭ. ʇʦʜʚʽʡʥʠʡ ʟʨʽʟ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʪʝʙʣʦ ʥʝ 

ʧʝʨʝʨʽʟʘʻʪʴʩʷ ʧʦʚʥʽʩʪʶ ʧʨʠ ʦʜʥʦʤʫ ʭʦʜʽ ʥʦʞʘ ʽ ʜʦʨʽʟʘʻʪʴʩʷ ʟʚʦʨʦʪʥʽʤ 

ʨʫʭʦʤ ʥʦʞʘ, ʱʦ ʟʙʽʣʴʰʫʻ ʚʠʩʦʪʫ ʟʨʽʟʘʥʥʷ ʽ ʚʪʨʘʪʠ ʩʪʝʙʝʣ ʥʘ ʛʨʫʥʪʽ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴ 9,5%. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʟʨʽʟʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʟʙʠʨʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʚʽʜ 3,8 ʜʦ 10,8 ʢʤ/ʛʦʜ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 14 ʩʤ, ʱʦ 

ʚʠʟʚʘʥʦ ʟʛʠʥʘʥʥʷʤ ʩʪʝʙʝʣ ʧʽʩʣʷ ʧʨʦʢʘʪʫʚʘʥʥʷ ʚʘʣʴʮʷʤʠ ʜʦ ʤʦʤʝʥʪʫ 

ʟʨʽʟʘʥʥʷ ʽ ʯʘʩʪʢʦʚʠʤ ʥʘʧʨʷʤʣʝʥʥʷʤ ʾʭ ʚ ʟʦʥʫ ʧʦʚʟ ʧʨʦʪʠʨʽʟʘʣʴʥʠʭ ʧʣʘʩʪʠʥ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʚʠʱʝʚʢʘʟʘʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʥʘ ʙʘʟʽ ʧʨʦʙʣʝʤʥʦʾ 

ʣʘʙʦʨʘʪʦʨʽʾ ʄʠʢʦʣʘʾʚʩʴʢʦʛʦ ʅɸʋ, ʧʦ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ ʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ, ʧʨʦʚʦʜʠʣʠʩʴ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ 

ʩʪʝʙʝʣ ʢʫʢʫʨʫʜʟʠ ʚ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ ʥʘ ʤʘʷʪʥʠʢʦʚʦʤʫ ʢʦʧʨʽ, ʘ ʪʘʢʦʞ 

ʦʧʪʠʤʽʟʘʮʽʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʧʨʘ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ. 

ɼʦʩʣʽʜʞʫʚʘʣʦʩʴ ʨʽʟʘʥʥʷ ʩʪʝʙʝʣ ʢʫʢʫʨʫʜʟʠ ʟ ʦʜʥʦ- ʪʘ ʜʚʦʩʪʦʨʦʥʥʽʤ 

ʧʨʦʪʠʨʽʟʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ. ɻʦʩʪʨʦʪʘ ʣʝʟʘ (ʪʦʚʱʠʥʘ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ) ʧʨʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʤʝʞʘʭ 50-100 ʤʢʤ. ɿʘʟʦʨ ʤʽʞ ʨʽʟʘʣʴʥʦʶ ʽ 

ʧʨʦʪʠʨʽʟʘʣʴʥʦʶ ʯʘʩʪʠʥʘʤʠ ʧʨʠʩʪʨʦʶ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 1-2 ʤʤ. 

ɼʦʚʞʠʥʫ ʨʽʟʘʥʥʷ ʚʠʪʨʠʤʫʶʪʴ ʫ ʤʝʞʘʭ 50-100 ʤʤ. ʅʘʧʨʷʤʦʢ ʟʨʽʟʫ - 

ʫʧʦʧʝʨʝʢ ʩʪʝʙʣʘ (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʦʣʦʢʥʘʤ). 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʚʽʜʧʦʚʽʜʥʦ ʤʝʪʦʜʠʮʽ, ʷʢʘ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ 

ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʜʞʝʨʝʣʘʭ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʦʜʠʣʘʩʴ ʧʝʨʝʚʽʨʢʘ ʾʾ ʘʜʝʢʚʘʪʥʦʩʪʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ ʪʘ ʧʝʨʝʚʽʨʢʘ ʾʾ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʟʘ ʢʨʠʪʝʨʽʻʤ 

ʂʦʭʨʝʥʘ. 

ɹʫʣʘ ʧʨʦʚʝʜʝʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʫʩʠʣʣʷ 

ʨʽʟʘʥʥʷ ʚʽʜ ʜʽʘʤʝʪʨʫ ʩʪʝʙʣʘ ʢʫʢʫʨʫʜʟʠ, ʷʢʠʡ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ ʢʦʨʝʥʷ ʜʦ 

ʩʫʮʚʽʪʪʷ. ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʠ 

ʨʽʟʥʽʡ ʚʦʣʦʛʦʩʪʽ ʩʪʝʙʝʣ ʜʣʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʟ ʦʜʠʥʠʯʥʠʤ ʪʘ ʧʦʜʚʽʡʥʠʤ 

ʧʽʜʧʦʨʦʤ ʩʪʝʙʝʣ ʢʫʢʫʨʫʜʟʠ (ʨʠʩ. 1). 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 

ʥʦʞʘ 2ð10 ʤ/ʩ ʽ ʛʦʩʪʨʦʤʫ ʣʝʟʽ, ʚʝʨʪʠʢʘʣʴʥʦ ʩʪʦʷʯʝ ʦʜʠʥʦʯʥʝ ʩʪʝʙʣʦ ʥʝ 

ʧʝʨʝʨʽʟʘʻʪʴʩʷ ʚ ʩʫʚʦʨʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ. ʇʨʠ ʟʫʩʪʨʽʯʽ ʥʦʞʘ ʟʽ 

ʩʪʝʙʣʦʤ ʚ ʤʦʤʝʥʪ ʫʜʘʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʝ ʟʨʦʩʪʘʥʥʷ ʟʫʩʠʣʴ ʚ ʥʦʞʽ ʽ 

ʨʦʟʪʷʛʫʚʘʥʥʷ ʩʪʝʙʣʘ. ʋ ʤʦʤʝʥʪ ʨʽʟʘʥʥʷ ʥʽʞ ʙʘʛʘʪʦʨʘʟʦʚʦ ʚʜʘʨʷʻ ʩʪʝʙʣʦ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʘʤʧʣʽʪʫʜʠ ʽ ʯʘʩʪʦʪʠ ʫʜʘʨʫ. ʇʨʠ ʜʦʩʪʘʪʥʴʦʤʫ ʚʠʛʠʥʠ ʩʪʝʙʣʘ, 

ʢʦʣʠ ʩʠʣʘ ʽʥʝʨʮʽʾ ʥʘʜʘʩʪʴ ʥʝʦʙʭʽʜʥʠʡ ʦʧʽʨ ʧʦʜʘʣʴʰʦʤʫ ʚʽʜʭʠʣʝʥʥʶ ʩʪʝʙʣʘ, 

ʦʩʪʘʥʥʽʡ ʧʦʯʠʥʘʻ ʟʨʽʟʘʪʠʩʷ ʥʦʞʝʤ. 

 

ʈʠʩ. 1. ɸʧʨʦʢʩʠʤʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʛʽʙʨʠʜʫ çɸʨʘʙʽʢʘè 

 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʪʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 
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ʦʧʠʩʫʶʪʴ ʟʘʢʦʥʠ ʟʤʽʥʠ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ (ʫ) ʚʽʜ ʜʽʘʤʝʪʨʫ ʩʪʝʙʝʣ ʢʫʢʫʨʫʜʟʠ 

(ʭ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʦʣʦʛʦʩʪʽ ʩʪʝʙʝʣ. 

ɿʨʽʟ ʛʨʫʧʠ ʩʪʝʙʝʣ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʦʧʦʨʠ, ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʡ ʱʦʜʦ 

ʚʠʛʠʥʫ ʽ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ, ʘ ʟʨʽʟ ʩʪʝʙʣʘ, ʱʦ ʤʘʻ ʜʚʽ ʦʧʦʨʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʪʘʙʽʣʴʥʦ, ʰʚʠʜʢʦ ʷʢʽʩʥʦ ʽ ʧʨʠ ʤʝʥʰʠʭ ʟʫʩʠʣʣʷʭ. 

ɿʘ ʜʘʥʠʤʠ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ ʧʨʠ ʟʨʽʟʽ ʩʪʝʙʣʘ, ʱʦ 

ʤʘʻ ʜʚʽ ʦʧʦʨʠ, ʚ ʩʦʪʥʽ ʨʘʟʽʚ ʙʽʣʴʰʝ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʫʞʥʦʩʪʽ ʩʪʝʙʣʘ ʧʨʠ ʡʦʛʦ 

ʢʦʥʩʦʣʴʥʦʤʫ ʟʘʢʨʽʧʣʝʥʥʽ. ʆʪʞʝ, ʩʪʝʙʣʫ, ʷʢʝ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʜʚʽ ʦʧʦʨʠ, 

ʜʦʩʠʪʴ ʧʨʦʛʥʫʪʠʩʷ ʥʘ ʜʦʩʠʪʴ ʥʝʟʥʘʯʥʝ ʟʥʘʯʝʥʥʷ, ʱʦʙ ʨʝʘʢʮʽʷ ʧʨʫʞʥʠʭ ʩʠʣ 

ʙʫʣʘ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʡʦʛʦ ʟʨʽʟʫ ʧʨʠ ʜʫʞʝ ʤʘʣʽʡ ʰʚʠʜʢʦʩʪʽ ʥʦʞʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʧʨʠʥʮʠʧʦʚʦ 

ʥʦʚʘ ʩʭʝʤʘ ʘʜʘʧʪʦʚʘʥʦʛʦ ʦʜʥʦʚʘʣʴʮʝʚʦʛʦ ʢʘʯʘʥʦʚʽʜʦʢʨʝʤʣʶʚʘʣʴʥʦʛʦ 

ʘʧʘʨʘʪʫ ʟ ʽʥʪʝʛʨʦʚʘʥʠʤ ʨʽʟʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ (ʨʠʩ. 2).  

 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʘʜʘʧʪʦʚʘʥʦʛʦ ʢʘʯʘʥʦʚʽʜʦʢʨʝʤʣʶʚʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ: 

1 - ʧʦʜʘʚʘʣʴʥʠʡ ʣʘʥʮʶʛ ʟ ʣʘʧʢʘʤʠ; 2 ï ʢʘʯʘʥ ʢʫʢʫʨʫʜʟʠ; 3 - ʩʪʨʠʧʝʨʥʘ 

ʧʣʘʩʪʠʥʘ; 4 - ʧʨʦʪʷʛʫʚʘʣʴʥʠʡ ʚʘʣʝʮʴ, 5 - ʥʘʩʘʜʢʘ; 6 - ʟʘʛʦʩʪʨʝʥʽ 

ʧʨʦʪʷʛʫʚʘʣʴʥʽ ʨʝʙʨʘ; 7 ï ʢʦʞʫʭ; 8 - ʨʝʛʫʣʶʚʘʣʴʥʽ ʧʘʟʠ; 9 ï ʩʠʩʪʝʤʘ ʥʦʞʽʚ; 

10 ï ʨʘʤʘ; 11 ï ʧʘʟʠ ʚ ʧʨʦʪʷʛʫʚʘʣʴʥʦʤʫ ʚʘʣʴʮʽ, ʜʣʷ ʟʘʭʦʜʫ ʥʦʞʽʚ;  

12 ï ʰʥʝʢʦʚʽ ʨʠʬʠ; 13 ï ʟʘʚʦʜʥʠʡ ʢʦʥʫʩ; 14 ï ʥʘʪʷʞʥʠʡ ʧʨʠʩʪʨʽʡ 

 


