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ʊʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʨʦʟʚʠʪʢʫ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʦʚʦʾ ʪʝʭʥʽʢʠ ʽ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʋʢʨʘʾʥʠ: ʟʙʽʨʥʠʢ ʥʘʫʢ. ʧʨ. / ɼʅʋ 

çʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʝʭʥʽʢʠ ʽ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽʤʝʥʽ ʃʝʦʥʽʜʘ ʇʦʛʦʨʽʣʦʛʦè 

(ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ); ʈʝʜʢʦʣ.: ɺ. ʂʨʘʚʯʫʢ (ʛʦʣʦʚ. ʨʝʜ.) ʪʘ ʽʥ. ï 

ɼʦʩʣʽʜʥʠʮʴʢʝ, 2017. ï ɺʠʧ. 21 (35). ï 408 ʩ., ʽʣ. ï ɹʽʙʣʽʦʛʨ. ʚ ʢʽʥʮʽ ʩʪ. 
 

ʋ ʟʙʽʨʥʠʢʫ ʚʠʩʚʽʪʣʝʥʦ ʧʨʦʙʣʝʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʡ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʽʚʥʠʭ ʟʘʩʦʙʽʚ: ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ, ʣʽʩʦʚʠʭ, 
ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʽ ʧʦʩʽʚʥʠʭ ʤʘʰʠʥ, ʪʝʭʥʽʢʠ ʜʣʷ ʟʙʠʨʘʥʥʷ ʢʘʨʪʦʧʣʽ ʪʘ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ, ʧʨʠʚʝʜʝʥʦ 

ʤʝʪʦʜʠ ʡ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʪʘ ʾʭ ʘʛʨʝʛʘʪʽʚ. ʅʘʚʝʜʝʥʦ ʢʦʥʮʝʧʮʽʶ ʩʪʚʦʨʝʥʥʷ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʪʘ ʙʽʦʣʦʛʽʟʦʚʘʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 
ʚʠʨʦʙʥʠʮʪʚ, ʨʦʟʢʨʠʪʦ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʫʤʦʚʠ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʧʨʝʧʘʨʘʪʽʚ, ʜʦʙʨʠʚ ʪʘ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ. ɺʠʩʚʽʪʣʝʥʦ ʧʠʪʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ɿʙʽʨʥʠʢ ʧʨʠʟʥʘʯʝʥʠʡ 
ʜʣʷ ʥʘʫʢʦʚʮʽʚ, ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʬʘʭʽʚʮʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ: 

ɻʦʣʦʚʥʠʡ ʨʝʜʘʢʪʦʨ ï ʂʨʘʚʯʫʢ ɺ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʯʣ.-ʢʦʨ. ʅɸɸʅʋ  
(ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ.ʇʦʛʦʨʽʣʦʛʦ);  

ɿʘʩʪʫʧʥʠʢ ʛʦʣʦʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ï ʅʦʚʦʭʘʮʴʢʠʡ ʄ.ʃ., ʢʘʥʜ.ʩ.-ʛ. ʥʘʫʢ (ʋʢʨʅɼɯʇɺʊ  

ʽʤ. ʃ.ʇʦʛʦʨʽʣʦʛʦ); 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ ï ɹʘʙʠʥʝʮʴ ʊ., ʢʘʥʜ. ʝʢʦʥ. ʥʘʫʢ (ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ.ʇʦʛʦʨʽʣʦʛʦ);  

ʏʣʝʥʠ ʨʝʜʘʢʮʽʡʥʦʾ ʢʦʣʝʛʽʾ ï ɹʘʨʘʥʦʚ ɻ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. (ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ); ɹʘʨʚʽʥʯʝʥʢʦ ɺ., ʜ-ʨ ʩ.-ʛ. ʥʘʫʢ, ʧʨʦʬ., (ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ.ʇʦʛʦʨʽʣʦʛʦ); ɺʝʪʦʭʽʥ ɺ., 
ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, (ʅʊʋ çʂʇɯè); ɺʦʡʪʶʢ ɼ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʯʣ.-ʢʦʨ. ʅɸɸʅʋ (ʅʋɹʽʇ 

ʋʢʨʘʾʥʠ); ɻʘʜʟʘʣʦ ʗ., ʜ-ʨ ʩ.-ʛ. ʥʘʫʢ, ʘʢʘʜ. ʅɸɸʅʋ (ʅɸɸʅʋ); ɻʦʣʫʙ ɻ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, (ʅʋɹʽʇ 

ʋʢʨʘʾʥʠ); ɻʫʩʘʨ ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ (ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ.ʇʦʛʦʨʽʣʦʛʦ), ɿʘʥʴʢʦ ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 
(ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ.ʇʦʛʦʨʽʣʦʛʦ); ɿʘʨʠʰʥʷʢ ɸ., ʜ-ʨ ʩ.-ʛ. ʥʘʫʢ, ʘʢʘʜ. ʅɸɸʅʋ (ʅɸɸʅʋ); 

ʂʘʤʽʥʩʴʢʠʡ ɺ., ʜ-ʨ ʩ.-ʛ. ʥʘʫʢ, ʘʢʘʜ. ʅɸɸʅʋ (ʅʅʎ çɯʥʩʪʠʪʫʪ ʟʝʤʣʝʨʦʙʩʪʚʘ ʅɸɸʅʋè), 

ʂʫʰʥʘʨʴʦʚ ɸ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʯʣ.-ʢʦʨ. ʅɸɸʅʋ (ʊɼɸʊʋ); ʂʶʨʯʝʚ ɺ., ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, 
ʧʨʦʬ. (ʊɼɸʊʋ); ʄʘʢʦʚʝʮʴʢʠʡ ʆ., ʜ-ʨ ʩ.-ʛ. ʥʘʫʢ, ʧʨʦʬ. (ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ.ʇʦʛʦʨʽʣʦʛʦ); 

ʄʘʣʷʨʯʫʢ ʄ., ʜ-ʨ ʩ.-ʛ. ʥʘʫʢ (ɯɿɿ ʅɸɸʅʋ), ʇʘʚʣʠʰʠʥ ʄ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. (ʅʊʋ çʂʇɯè), 

ʈʝʚʝʥʢʦ ɯ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. (ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ.ʇʦʛʦʨʽʣʦʛʦ); ʈʫʙʣʴʦʚ ɺ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 
ʧʨʦʬ.; ʉʝʨʙʽʡ ɭ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ (ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ.ʇʦʛʦʨʽʣʦʛʦ), ʉʤʦʣʷʨ ɺ., ʢʘʥʜ. ʩ.-ʛ. ʥʘʫʢ 

(ʋʢʨʅɼɯʇɺʊʽʤ. ʃ.ʇʦʛʦʨʽʣʦʛʦ); ʊʘʨʛʦʥʷ ɺ., ʜ-ʨ ʩ.-ʛ. ʥʘʫʢ (ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ.ʇʦʛʦʨʽʣʦʛʦ); 
ʏʝʙʦʪʘʨʴʦʚ ɺ., ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, (ʈʝʩʧʫʙʣʽʢʘ  ɹʽʣʦʨʫʩʴ, ɹɼɸʊʋ); ʐʝʚʯʝʥʢʦ ɯ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜ-ʨ 

ʩ.-ʛ. ʥʘʫʢ, ʧʨʦʬ. (ɯʆʂ ʅɸɸʅʋ); ʐʫʩʪʽʢ ʃ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ (ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ); 

ʗʩʝʥʝʮʴʢʠʡ ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ (ʋʢʨʅɼɯʇɺʊʽʤ. ʃ.ʇʦʛʦʨʽʣʦʛʦ). 
 

 

ɺʥʝʩʝʥʠʡ ʜʦ ʧʝʨʝʣʽʢʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʚ ʛʘʣʫʟʷʭ ʪʝʭʥʽʯʥʽ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

(ʘʛʨʦʥʦʤʽʷ) ʥʘʫʢʠ 

ʟʛʽʜʥʦ ʟ ʥʘʢʘʟʦʤ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ˉ 693 ʚʽʜ 10.05.2017 ʨ. 
 

ʈʝʢʦʤʝʥʜʦʚʘʥʠʡ ʪʘ ʟʘʪʚʝʨʜʞʝʥʠʡ ʜʦ ʜʨʫʢʫ ʨʽʰʝʥʥʷʤ ʚʯʝʥʦʾ ʨʘʜʠ 
ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ (ʧʨʦʪʦʢʦʣ ˉ 2 ʚʽʜ 23 ʩʝʨʧʥʷ 2017 ʨ.) 
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ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʪʝʭʥʽʢʘ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʽʚʥʽ ʟʘʩʦʙʠ: 

ʚʠʧʨʦʙʫʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʢʦʥʩʪʨʫʶʚʘʥʥʷ
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ɼʀɺɽʈʉʀʌɯʂɸʎɯʗ ʄɽʊʈʆʃʆɻɯʏʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ɺʀʇʈʆɹʋɺɸʅʔ 

ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʆɰ ʊɽʍʅɯʂʀ ɺ ʋʄʆɺɸʍ 

ʈɽʌʆʈʄʋɺɸʅʅʗ ʊɽʍʅɯʏʅʆɻʆ 

ʈɽɻʋʃʖɺɸʅʅʗ ɼʆʇʋʉʂʋ ʇʈʆɼʋʂʎɯɰ ʅɸ ʈʀʅʆʂ 

 

ɺ. ʂʨʘʚʯʫʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʯʣ.-ʢʦʨ. ʅɸɸʅ ʋʢʨʘʾʥʠ, 

ɺ. ʇʦʛʦʨʽʣʠʡ , 

ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ 

ʄ. ʇʦʜʨʠʛʘʣʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.,  

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʚ̔ʝʨʩʠʪʝʪ,  

ʉ. ʃʝʙʝʜʻʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ɸ. ʂʦʨʦʙʢʦ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., 

ʍʘʨʢʽʚʩʴʢʘ ʬʽʣʽʷ ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ 

 

 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʷʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʽ 

ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ, ʤʝʪʦʜʠ ʽ ʬʦʨʤʠ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʫ 

ʟʘʜʦʚʦʣʝʥʥʽ ʧʦʪʨʝʙ ʦʢʨʝʤʠʭ ʩʧʦʞʠʚʘʯʽʚ ʽ ʩʫʩʧʽʣʴʩʪʚʘ ʟʘʛʘʣʦʤ ʧʽʜ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ. ʅʘ ʦʩʥʦʚʽ 

ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʮʽʷ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʦʤʠʩʣʝʜʽʷʣʴʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʧʨʦʙʫʚʘʥʥʷ, ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʦʤʠʩʣʝʜʽʷʣʴʥʽʩʥʠʡ 

ʧʽʜʭʽʜ, ʤʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʴ, ʚʠʤʦʛʘ ʩʧʦʞʠʚʘʯʘ, ʢʦʥʮʝʧʮʽʷ. 

 

ɺʩʪʫʧ. ʇʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ï ʮʝ 

ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ, ʦʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʷʢʦʛʦ ʻ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ, ʘ ʪʘʢʦʞ 

ʫʤʦʚʠ ʽ ʨʝʞʠʤʠ  ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʽʢʠ. ʋ  ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʽʣʴʢʽʩʥʽ ʽ/ʘʙʦ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʚʣʘʩʪʠʚʦʩʪʽ) ʦʙôʻʢʪʘ ʷʢ ʥʘʩʣʽʜʦʢ ʜʽʾ ʥʘ ʥʴʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʬʘʢʪʦʨʘ ʚʧʣʠʚʫ. 

ʈʝʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʧʝʨʝʭʽʜ ʚʽʜ ʦʙʦʚôʷʟʢʦʚʦʾ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʜʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʪʝʭʥʽʯʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ 

ʚʠʤʘʛʘʶʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʾʾ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ. ʇʝʨʝʭʽʜ 

ʥʘ ʥʦʚʠʡ ʦʨʛʘʥʽʟʘʮʽʡʥʠʡ ʨʽʚʝʥʴ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʽ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʘ ʚʽʜʧʦʚʽʜʥʦ, ʽ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ, ʟʦʢʨʝʤʘ, ʾʭ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʨʦʬʽʣʴʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʣʘʙʦʨʘʪʦʨʽʷ (ɺʃ) ʤʘʻ ʜʦʩʪʘʪʥʴʦ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʧʨʦʜʫʢʮʽʾ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʷʢʦʾ ʚʦʥʘ ʧʨʦʚʦʜʠʪʴ. ʊʦʤʫ ʚʦʥʘ 

(ʣʘʙʦʨʘʪʦʨʽʷ) ʤʦʞʝ ʧʨʦʧʦʥʫʚʘʪʠ ʢʦʞʥʦʤʫ ʟʘʤʦʚʥʠʢʫ ʩʚʦʾ ʧʽʜʭʦʜʠ ʜʦ 
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ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ: ʷʢʽ ʧʦʢʘʟʥʠʢʠ ʥʝʦʙʭʽʜʥʦ ʚʠʤʽʨʶʚʘʪʠ, ʟ ʷʢʦʶ 

ʪʦʯʥʽʩʪʶ, ʷʢʘ ʙʫʜʝ ʘʜʝʢʚʘʪʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʽʜʧʦʚʽʜʥʦ, ʣʘʙʦʨʘʪʦʨʽʷ ʟʘʭʠʱʘʻ ʩʚʦʾ ʧʽʜʭʦʜʠ ʷʢ ʧʝʨʝʜ ʅʘʮʽʦʥʘʣʴʥʠʤ 

ʘʛʝʥʪʩʪʚʦʤ  ʘʢʨʝʜʠʪʘʮʽʾ ʋʢʨʘʾʥʠ, ʪʘʢ ʽ ʧʝʨʝʜ ʨʠʥʢʦʤ ʟʘʤʦʚʥʠʢʽʚ ʾʾ ʧʦʩʣʫʛ. 

ʃʠhʝ ʧʦʩʪʽʡʥʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʘʜʝʢʚʘʪʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʠʤʦʛʠ ʩʧʦʞʠʚʘʯʽʚ 

ʨʽʟʥʦʛʦ ʨʽʚʥʷ (ʜʝʨʞʘʚʘ, ʚʠʨʦʙʥʠʢ, ʢʦʨʠʩʪʫʚʘʯ, ʪʦɦ ʦ). 

ʋ ʩʪʘʪʪʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ, ʤʝʪʦʜʠ ʽ ʬʦʨʤʠ ʚʠʢʦʥʘʥʥʷ 

ʟʘʚʜʘʥʴ ʫ ʟʘʜʦʚʦʣʝʥʥʽ ʧʦʪʨʝʙ ʦʢʨʝʤʠʭ ʩʧʦʞʠʚʘʯʽʚ ʽ ʩʫʩʧʽʣʴʩʪʚʘ ʟʘʛʘʣʦʤ ʧʽʜ 

ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦʜʫʢʮʽʾ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʣʦʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʦʤʠʩʣʝʜʽʷʣʴʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʇʽʜʧʠʩʘʥʥʷ ʋʢʨʘʾʥʦʶ ʋʛʦʜʠ 

ʧʨʦ ʘʩʦʮʽʘʮʽʶ ʟ ɭʚʨʦʧʝʡʩʴʢʠʤ ʉʦʶʟʦʤ ʫ 2014 ʨʦʮʽ ʩʪʘʣʦ ʧʝʨʝʣʦʤʥʠʤ 

ʤʦʤʝʥʪʦʤ ʫ ʨʝʬʦʨʤʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʽ 

ʧʝʨʝʭʦʜʫ ʥʘ ʥʦʚʽ ʬʦʨʤʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. ʂʣʶʯʦʚʠʤʠ 

ʤʦʤʝʥʪʘʤʠ ʙʫʣʠ ʚʽʜʤʽʥʘ ʦʙʦʚôʷʟʢʦʚʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʧʨʦʜʫʢʮʽʾ, ʧʨʠʡʥʷʪʪʷ 

ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʶè [1], ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʤʝʪʨʦʣʦʛʽʶ 

ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴè [2] ʪʘ ʩʢʘʩʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʨʦʢʽʚ 

ʤʽʞʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʨʦʟʨʦʙʣʝʥʠʭ ʜʦ 1992 ʨʦʢʫ. ʉʫʪʪʻʚʦ ʥʦʚʠʤʠ ʩʪʘʣʠ 

ʚʚʝʜʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʧʦʥʷʪʪʷ çʚʠʤʽʨʶʚʘʥʥʷè, ʷʢʝ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʚʽʜʤʦʚʘ ʚʽʜ ʧʦʥʷʪʪʷ çʘʪʝʩʪʘʮʽʷè ʤʝʪʦʜʠʢ ʚʠʤʽʨʶʚʘʥʥʷ ʽ 

ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʫʩʪʘʪʢʦʚʘʥʥʷ, ʚʚʝʜʝʥʥʷ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ʂʨʽʤ ʮʴʦʛʦ, ʚʢʣʘʜʝʥʦ ʥʦʚʝ ʨʦʟʫʤʽʥʥʷ ʚ ʪʝʨʤʽʥʠ 

çʧʦʚʽʨʢʘè ʽ çʢʘʣʽʙʨʫʚʘʥʥʷè. ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʮʠʭ ʥʦʚʦʚʚʝʜʝʥʴ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʽ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʚ [3]. 

ɸʥʘʣʽʟ ʩʪʘʥʫ ʚʠʧʨʦʙʫʚʘʥʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ 

[4]. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫʚʘʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʩʝʨʝʜ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʥʘ 

ʤʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʨʘʭʦʚʫʻʪʴʩʷ 36 % ʤʽʞʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ɻʆʉʊ 

ʨʦʟʨʦʙʣʝʥʠʭ ʜʦ 1992 ʨ. ʎʝ ʜʦʩʠʪʴ ʟʥʘʯʥʠʡ ʚʽʜʩʦʪʦʢ, ʚʨʘʭʦʚʫʶʯʠ ʪʫ ʩʠʪʫʘʮʽʶ, 

ʱʦ ʤʘʡʞʝ ʫʩʽ ʮʽ ʜʦʢʫʤʝʥʪʠ ʤʘʶʪʴ ʙʫʪʠ ʩʢʘʩʦʚʘʥʽ ʚʧʨʦʜʦʚʞ ʜʝʢʽʣʴʢʦʭ 

ʥʘʩʪʫʧʥʠʭ ʨʦʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʚ ʛʘʣʫʟʽ ʪʝʭʥʽʯʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʧʝʨʝʡʪʠ ʚ ʩʪʘʪʫʩ ʜʦʚʽʜʢʦʚʠʭ [5]. 

ʋʩʽ ʤʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʴ ʷʢʠʤʠ ʢʦʨʠʩʪʫʶʪʴʩʷ ɺʃ ʻ 

ʟʘʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤʠ, ʣʝʛʘʣʽʟʦʚʘʥʠʤʠ ʽ ʾʭʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜʪʚʝʨʜʞʝʥʘ 

ʪʨʠʚʘʣʠʤ ʯʘʩʦʤ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʄʘʡʞʝ 3/4 ʧʦʢʘʟʥʠʢʽʚ ʧʽʜ ʯʘʩ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʚʠʤʽʨʶʶʪʴʩʷ ʧʨʷʤʠʤ ʤʝʪʦʜʦʤ. ʊʦʙʪʦ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʦʙʯʠʩʣʝʥʥʷ. ʎʝ ʻ ʧʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʧʦʭʠʙʢʘ ʨʝʟʫʣʴʪʘʪʫ. ʂʨʽʤ ʮʴʦʛʦ, ʫʩʽ 

ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ɺʃ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʪʨʴʦʭ, 

ʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʽ ʧôʷʪʠ, ʩʧʦʩʪʝʨʝʞʝʥʴ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʩʘʤʽ ʤʝʪʦʜʠ 

ʚʠʧʨʦʙʫʚʘʥʴ ʩʧʨʠʷʶʪʴ ʦʙˇʨʫʥʪʦʚʘʥʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʶ ʚʩʽʭ ʜʞʝʨʝʣ 
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ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʘ ʩʘʤ ʨʦʟʨʘʭʫʥʦʢ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘʢʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʝ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʢʣʘʜʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ. 

ʇʨʦʪʝ ʥʘʨʽʞʥʠʤ ʢʘʤʝʥʝʤ ʩʪʘʻ ʚʽʜʤʦʚʘ ʚʽʜ ʧʦʥʷʪʪʷ çʧʦʭʠʙʢʘ 

ʚʠʤʽʨʶʚʘʥʥʷè ʽ ʚʚʝʜʝʥʥʷ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ. ʋʩʽ ʤʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ ʯʠʥʥʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ ʜʘʶʪʴ ʚʢʘʟʽʚʢʫ ʱʦʜʦ ʧʦʭʠʙʢʠ, ʟ ʷʢʦʶ ʧʦʚʠʥʥʽ ʚʠʤʽʨʶʚʘʪʠʩʴ ʪʽ 

ʯʠ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ. ɯʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʥʝʤʘʻ ʞʦʜʥʦʾ. ʎʝ 

ʫʩʢʣʘʜʥʶʻ (ʫʥʝʤʦʞʣʠʚʣʶʻ) ʧʨʦʮʝʜʫʨʫ ʦʮʽʥʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʟʘ 

ʧʦʢʘʟʥʠʢʦʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʘ ʤʝʪʦʜʘʤʠ, 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤʠ ʦʙʦʚôʷʟʢʦʚʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʥʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʣʠʰʝ 

ʧʨʦ ʙʝʟʧʝʯʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʽ ʥʝ ʚʠʩʚʽʪʣʶʶʪʴ ʾʾ ʩʧʦʞʠʚʯʠʭ ʷʢʦʩʪʝʡ. 

ʄʝʪʘ ʽ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʙʽʨ 

ʰʣʷʭʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʾʭ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʫʤʦʚʘʭ ʨʝʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʦʩʥʦʚʥʽ 

ʧʦʣʦʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʤʦʛ ʩʫʩʧʽʣʴʩʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʘʞʣʠʚʠʤʠ ʧʠʪʘʥʥʷʤʠ ʚ ʨʦʟʨʦʙʣʝʥʥʽ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʧʦʚʥʝ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʦʙôʻʢʪʦʤ ʚʠʧʨʦʙʫʚʘʥʴ [6], ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʦʛʨʝʩʠʚʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʚʠʤʦʛ ʽ ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʫʩʪʘʪʢʦʚʘʥʥʷ, 

ʷʢʝ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʱʦʜʦ ʪʦʯʥʦʩʪʽ ʽ ʙʫʜʝ ʤʝʪʨʦʣʦʛʽʯʥʦ ʥʘʜʽʡʥʠʤ, 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʚʥʽʰʥʴʦʛʦ ʬʘʢʪʦʨʘ ʚʧʣʠʚʫ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʽ ʢʨʠʪʝʨʽʾʚ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʙʫʜʝ ʦʮʽʥʠʪʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʦʙôʻʢʪʽʚ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʚʘʛʠ ʦʜʥʦʛʦ ʦʙôʻʢʪʘ ʥʘʜ ʽʥʰʠʤ ʽ ʟʨʦʙʠʪʠ 

ʧʨʦʛʥʦʟ ï ʷʢ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʴ ʷʢʽʩʪʴ ʦʙôʻʢʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʨʠʥʮʠʧʽʚ, ʷʢʽ 

ʜʦʟʚʦʣʷʪʴ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʩʪʨʘʪʝʛʽʶ ʨʦʟʚʠʪʢʫ ʥʘʷʚʥʠʭ ʽ ʨʦʟʨʦʙʣʝʥʥʷ 

ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ. ʊʽʣʴʢʠ ʟʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʛʘʜʘʥʠʭ 

ʧʠʪʘʥʴ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʦʙôʻʢʪʠʚʥʫ ʦʮʽʥʢʫ ʧʨʦ ʨʽʚʝʥʴ ʦʙôʻʢʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʽ 

ʟʘʧʦʙʽʛʪʠ ʜʦʧʫʩʢʫ ʥʘ ʨʠʥʦʢ ʪʝʭʥʽʢʠ ʟ ʥʠʟʴʢʠʤʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʚôʷʟʘʥʦ ʟ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʨʠʩ. 1). 

1. ʈʦʟʰʠʨʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʦʙôʻʢʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʢʣʘʩʽʚ, ʪʠʧʽʚ ʽ ʚʠʜʽʚ ʤʘʰʠʥ, ʷʢʽ ʤʦʞʫʪʴ ʷʢ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʪʠʩʴ  ʪʝʭʥʽʯʥʦ ʽ ʢʦʥʩʪʨʫʢʮʽʡʥʦ, ʪʘʢ ʽ ʤʘʪʠ ʥʝʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ. ʂʨʽʤ 

ʮʴʦʛʦ, ʥʘ ʨʠʥʦʢ ʋʢʨʘʾʥʠ ʧʦʩʪʘʚʣʷʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʽʢʠ ʟʘʢʦʨʜʦʥʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʚ ʷʢʽʡ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʪʝʭʥʽʢʘ ʽ 

ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʚʽʪʯʠʟʥʷʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʞʝ ʙʫʪʠ ʫʩʢʣʘʜʥʝʥʦ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʛʦ 
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ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʚʠʧʨʦʙʫʚʘʣʴʥʝ ʫʩʪʘʪʢʦʚʘʥʥʷ, ʥʦʨʤʘʪʠʚʥʽ 

ʜʦʢʫʤʝʥʪʠ, ʢʚʘʣʽʬʽʢʘʮʽʷ ʚʠʧʨʦʙʫʚʘʯʽʚ, ʪʦʱʦ). 

 

 
 
ʈʠʩʫʥʦʢ 1 ï ʌʘʢʪʦʨʠ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʧʝʨʝʭʽʜ ʥʘ ʥʦʚʫ ʩʠʩʪʝʤʫ ʦʨʛʘʥʽʟʘʮʽʾ 

ʚʠʧʨʦʙʫʚʘʥʴ 
 

2. ɹʨʘʢ ʪʝʭʥʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʪʝʭʥʽʢʠ ʟʘʨʫʙʽʞʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʂʦʞʥʘ ʬʽʨʤʘ-ʚʠʨʦʙʥʠʢ ʤʘʻ ʩʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʟʘʭʠʱʝʥʽ ʧʘʪʝʥʪʘʤʠ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʤʦʞʫʪʴ ʧʨʦʚʦʜʠʪʠʩʷ ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʦʙôʻʢʪ. ʉʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʤʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʝʦʙʭʽʜʥʦ ʚ ʜʝʷʢʽʡ ʤʽʨʽ 

ʘʜʘʧʪʫʚʘʪʠ ʜʦ ʥʘʛʘʣʴʥʠʭ ʚʠʤʦʛ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ 

ʦʙôʻʢʪʘ ʚʠʧʨʦʙʫʚʘʥʴ. 

3. ʄʘʨʢʝʪʠʥʛʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʤʦʛ ʟʘʤʦʚʥʠʢʘ (ʚʠʨʦʙʥʠʢ/ʩʧʦʞʠʚʘʯ). 

ʈʝʘʣʽʟʘʮʽʷ ʪʝʭʥʽʢʠ ʚ ʫʤʦʚʘʭ ʨʠʥʢʫ ʧʦʪʨʝʙʫʻ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ 

ʽʥʪʝʨʝʩʽʚ ʟʘʤʦʚʥʠʢʽʚ. ʎʝ ʩʪʘʚʠʪʴ ʥʦʚʽ ʟʘʚʜʘʥʥʷ ʟ ʚʠʚʯʝʥʥʷ ʩʧʦʞʠʚʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʢ̔ʠ ʽ ʩʧʦʩʦʙʽʚ ʾʭ ʦʮʽʥʶʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ 

ʜʽʾ ʻ ʛʥʫʯʢʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʪʨʝʙʠ ʟʘʤʦʚʥʠʢʽʚ. ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʚ ʮʽʡ ʩʬʝʨʽ 

ï ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʽʥʪʝʨʝʩ ʜʣʷ ʟʘʤʦʚʥʠʢʘ, 

ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʽʚ ʾʭ ʚʠʤʽʨʶʚʘʥʥʷ (ʚʠʟʥʘʯʝʥʥʷ, ʦʮʽʥʶʚʘʥʥʷ) ʽ 

ʤʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ (ʚʠʙʽʨ, ʨʦʟʨʦʙʣʝʥʥʷ 

ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʫʩʪʘʪʢʦʚʘʥʥʷ, ʣʝʛʘʣʽʟʘʮʽʷ (ʚʠʟʥʘʥʥʷ ʟʘʢʦʥʥʠʤ) ʤʝʪʦʜʫ 

ʚʠʧʨʦʙʫʚʘʥʴ). 

4. ʅʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ. ɿʛʽʜʥʦ ʟ ɼʉʊʋ ISO/IEC 

17025:2006 [7] ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʠʥʥʘ ʦʮʽʥʶʚʘʪʠʩʴ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ï 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ. ʎʝ ʚʠʤʘʛʘʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʡʦʛʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. ɿʘ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʫʤʦʚ ʨʝʟʫʣʴʪʘʪʠ 
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ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʜʫʪʴ ʜʦʩʪʦʚʽʨʥʠʤʠ, ʘʜʝʢʚʘʪʥʠʤʠ ʽ ʚʠʟʥʘʚʘʪʠʩʴ. 

5. ʇʦʨʽʚʥʷʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ. ʅʝʦʙʭʽʜʥʝ ʚʠʜʽʣʝʥʥʷ ʚ ʦʢʨʝʤʫ ʢʘʪʝʛʦʨʽʶ 

ʧʦʨʽʚʥʷʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɿʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ɼʉʊʋ ISO/IEC 17025:2006 [7] 

ɺʃ ʧʦʚʠʥʥʽ ʧʨʦʚʦʜʠʪʠ ʧʝʨʽʦʜʠʯʥʝ ʦʮʽʥʶʚʘʥʥʷ ʩʚʦʾʭ ʤʝʪʦʜʽʚ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʧʨʠʜʘʪʥʦʩʪʽ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʴ ʻ ʜʦʩʪʘʪʥʴʦ ʥʦʨʤʘʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ ʽ ʧʫʙʣʽʢʘʮʽʡ ʟ ʧʨʦʚʝʜʝʥʥʷ ʤʽʞʣʘʙʦʨʘʪʦʨʥʠʭ ʧʦʨʽʚʥʷʣʴʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ. ʇʨʦʪʝ ʮʷ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝ ʙʫʪʠ ʫʩʢʣʘʜʥʝʥʘ ʟʘ ʤʘʣʠʭ ʦʙʩʷʛʽʚ 

ʚʠʙʽʨʢʠ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʣʘʙʦʨʘʪʦʨʽʾ. ʇʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʩʫʪʥʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʨʠʪʝʨʽʾ, ʟʘ ʷʢʠʤʠ ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʴ ʧʨʠʜʘʪʥʽʩʪʴ ʤʝʪʦʜʫ [8]. ʂʨʽʤ ʮʴʦʛʦ, ʩʢʣʘʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʽʜʝʥʪʠʯʥʽʩʪʴ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ 

[8]. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʫʤʦʚ ʽ ʩʧʦʩʦʙʽʚ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘ 

ʨʦʟʨʦʙʣʝʥʠʤ ʤʝʪʦʜʦʤ, ʡʦʛʦ ʥʦʨʤʘʪʠʚʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʥʝʚʽʜôʻʤʥʠʤ ʝʣʝʤʝʥʪʦʤ ʦʮʽʥʶʚʘʥʥʷ ʤʝʪʦʜʫ ʥʘ ʧʨʠʜʘʪʥʽʩʪʴ. 

6. ʈʦʟʩʽʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʦʚʠʭ ʟʨʘʟʢʽʚ. ʅʝʦʙʭʽʜʥʝ ʚʠʜʽʣʝʥʥʷ ʚ ʦʢʨʝʤʫ 

ʢʘʪʝʛʦʨʽʶ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʩʽʶʚʘʥʥʷ ʦʜʥʦʪʠʧʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʥʦʚʦʾ ʪʝʭʥʽʢʠ. ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʥʦʨʤʫʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ, ʦʮʽʥʶʚʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʦʟʚʠʪʦʢ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪʢʫ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʽʚ 

ʚʠʧʨʦʙʫʚʘʥʴ ʽ çfokus-testè. ɽʢʩʧʨʝʩ-ʤʝʪʦʜ ʜʘʻ ʟʤʦʛʫ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʟʘʪʨʘʪʘʤʠ ʯʘʩʦʚʠʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʬʘʢʪʠʯʥʠʡ 

ʩʪʘʥ ʝʣʝʤʝʥʪʘ, ʯʠ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʛʘʣʦʤ ʽ ʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʶ ʧʨʦ ʧʦʜʘʣʴʰʝ 

ʧʦʛʣʠʙʣʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʫʟʣʘ ʯʠ ʝʣʝʤʝʥʪʘ ʤʘʰʠʥʠ [9]. çFokus-

testè ī ʮʝ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʢʘʟʥʠʢʘ. ʎʝʡ ʧʦʢʘʟʥʠʢ 

ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʟʘʤʦʚʥʠʢʦʤ (ʧʦʧʝʨʝʜʥʴʦ ʧʦʛʦʜʞʝʥʠʡ ʽʟ 

ʟʘʤʦʚʥʠʢʦʤ) ʽ ʚʠʨʘʞʘʪʠ ʩʧʦʞʠʚʯʫ ʚʣʘʩʪʠʚʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ 

ʤʦʞʝ ʚʠʨʘʞʘʪʠʩʴ ʫ ʧʦʢʘʟʥʠʢʘʭ, ʚʠʤʦʛʠ ʜʦ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʯʠʥʥʠʭ ʅɼ, 

ʘʙʦ ʧʦʢʘʟʥʠʢʘʭ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʮʽʢʘʚʠʪʴ ʟʘʤʦʚʥʠʢʘ. çFokus-testè ʧʨʦʚʦʜʷʪʴ ʟ 

ʤʝʪʦʶ ʚʠʜʽʣʝʥʥʷ ʧʨʦʜʫʢʪʫ ʥʘ ʨʠʥʢʫ ʽ, ʦʩʦʙʣʠʚʦ, ʡʦʛʦ ʽʥʥʦʚʘʮʽʡʥʦʩʪʽ. 

ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʟʘ ʦʢʨʝʤʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, 

ʪʘʢʠʤʠ ʷʢ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʧʦʪʫʞʥʽʩʪʴ, ʷʢʽʩʪʴ ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ [10]. 

ɽʢʩʧʨʝʩ-ʤʝʪʦʜʠ ʽ çFokus-testè, ʟʜʝʙʽʣʴʰʦʛʦ, ʧʨʦʚʦʜʷʪʴʩʷ 

ʥʝʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤʠ (ʥʦʚʠʤʠ) ʤʝʪʦʜʘʤʠ. 

ʇʨʦʮʝʜʫʨʘ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʦʢʨʝʤʠʭ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʪʘʢʠʭ ʧʠʪʘʥʴ: 

ī ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʮʽʥʦʯʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ 

ʜʦʧʫʩʢʫ ʥʘ ʥʴʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʤʽʥʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʽ ʢʨʠʪʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ (ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ); 

ī ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ (ʚʠʙʽʨ) ʧʘʨʘʤʝʪʨʽʚ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʫʤʦʚ ʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʬʘʢʪʦʨʘ ʧʽʜ   

ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʫʩʪʘʪʢʦʚʘʥʥʷ; 

ī ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤ ʽ ʤʝʪʦʜʠʢ ʚʠʧʨʦʙʫʚʘʥʴ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ 
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ʦʙʨʦʙʣʷʥʥʷ ʨʝʟʫʣʴʪʘʪʫ, ʧʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ; 

ī ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʛʦ, ʷʢ ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʽ 

ʟʤʽʥʦʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ; ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

ī ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʨʘʚʠʣʴʥʦʩʪʽ ʽ ʧʨʝʮʠʟʽʡʥʦʩʪʽ ʤʝʪʦʜʫ; 

ī ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʧʨʦʙʫʚʘʥʴ. 

ʋʟʘʛʘʣʴʥʝʥʦ ʮʽ ʧʨʦʮʝʜʫʨʠ ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʭʝʤʠ, ʧʦʢʘʟʘʥʦʾ ʥʘ 

ʨʠʩʫʥʢʫ 2 ʟʽ ʟʚôʷʟʢʘʤʠ ʤʽʞ ʟʘʚʜʘʥʥʷʤʠ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɹʣʦʢ-ʩʭʝʤʘ ʟʚôʷʟʢʫ ʧʨʦʮʝʜʫʨ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʚʠʧʨʦʙʫʚʘʥʴ 
 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʚʢʘʟʘʥʠʭ ʟʘʚʜʘʥʴ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

ʩʠʩʪʝʤʦʤʠʩʣʝʜʽʷʣʴʥʽʩʥʫ ʤʝʪʦʜʦʣʦʛʽʶ, ʷʢʘ ʻ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʦʶ ʤʦʜʝʣʣʶ 

ʩʪʚʦʨʝʥʥʷ, ʽʩʥʫʚʘʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʧʨʝʜʤʝʪʘ, ʷʚʠʱʘ ʘʙʦ ʾʭʥʽʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ, 

ʚʦʥʘ ʦʭʦʧʣʶʻ ʫʩʽ ʘʩʧʝʢʪʠ ʽ ʨʽʚʥʽ ʦʙôʻʢʪʘ ʚʽʜ ʩʚʽʪʦʙʘʯʝʥʥʷ ʜʦ ʝʣʝʤʝʥʪʘʨʥʦʛʦ 

[11]. ʉʢʦʨʠʩʪʘʻʤʦʩʴ ʪʨʝʪʽʤ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʥʷʪʪʷ çʩʠʩʪʝʤʘè, ʟʛʽʜʥʦ ʟ ʷʢʠʤ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ 

ʘʥʘʣʽʟʫ, ʩʠʥʪʝʟʫ ʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʪʝʭʥʽʢʠ [11]. ʋ ʨʦʙʦʪʽ [12] ʚʠʜʽʣʷʻʪʴʩʷ 

ʩʽʤ ʨʽʚʥʽʚ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʚʢʘʟʘʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʜʦ ʧʦʙʫʜʦʚʠ 

ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʯʦʪʠʨʠ 

ʦʩʥʦʚʥʽ ʨʽʚʥʽ (ʨʠʩ. 3): 
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ʈʠʩʫʥʦʢ 3 ï ʈʽʚʥʽ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʦʩʥʦʚʽ 

ʩʠʩʪʝʤʦʤʠʩʣʝʜʽʷʣʴʥʽʩʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ 
 

ī ʩʚʽʪʦʛʣʷʜ ʪʘ ʽʜʝʘʣʴʥʽ ʙʘʯʝʥʥʷ ī ʘʙʩʪʨʘʢʪʥʝ ʤʠʩʣʝʥʥʷ: ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ 

ʚʠʜʽʣʷʶʪʴʩʷ ʫ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʚʠʤʦʛʠ ʜʦ ʧʨʦʜʫʢʮʽʾ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʬʦʨʤʫʣʶʶʪʴʩʷ ʟʘʛʘʣʴʥʽ ʥʘʧʨʷʤʢʠ ʱʦʜʦ ʩʧʦʩʦʙʽʚ ʪʘ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʾʾ ʷʢʦʩʪʽ ʪʦʱʦ; 

ī ʧʨʠʢʣʘʜʥʽ ʬʽʣʦʩʦʬʩʴʢʽ ʽ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʪʝʦʨʽʾ: ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʦʩʥʦʚʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʷʢʠʡ ʻ ʦʩʥʦʚʦʶ ʽ ʥʘ ʙʘʟʽ ʷʢʦʛʦ 

ʬʦʨʤʫʶʪʴʩʷ ʧʦʜʘʣʴʰʽ ʧʨʠʢʣʘʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʪʝʦʨʽʷ ʧʦʭʠʙʦʢ, ʪʝʦʨʽʷ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʪʝʦʨʽʷ ʧʨʠʡʥ̫ ʪʪʷ ʨʽʰʝʥʴ, ʪʝʦʨʽʷ ʯʫʪʣʠʚʦʩʪʽ ʪʦʱʦ); 

ī ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʷʢʽ ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʥʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ: ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʤʝʪʨʦʣʦʛʽʯʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘʣʛʦʨʠʪʤʠ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʠʢ, ʘʣʛʦʨʠʪʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʪʦʱʦ; 

ī ʧʨʘʢʪʠʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʘʣʽʟʦʚʘʥʠʭ ʨʽʰʝʥʴ, ʾʭ ʚʝʨʠʬʽʢʘʮʽʷ, 

ʣʝʛʘʣʽʟʘʮʽʷ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ: ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʧʝʨʝʚʽʨʢʘ ʡʦʛʦ ʥʘ ʧʨʠʜʘʪʥʽʩʪʴ ʪʦʱʦ. 

ʅʘ ʦʩʥʦʚʽ ʧʦʢʘʟʥʠʢʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ [13], ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟʫʚʘʥʥʷ 

ʢʣʘʩʠʯʥʦʛʦ (ʥʘʷʚʥʦʛʦ) ʧʽʜʭʦʜʫ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ (ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʦʤʠʩʣʝʜʽʷʣʴʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ) (ʜʠʚ. ʪʘʙʣ.1). 

ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ, 

ʷʢʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘ ʪʨʝʪʽʤ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʥʷʪʪʷ çʩʠʩʪʝʤʘè ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 4. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʚʠʢʣʘʜʝʥʠʡ ʚʠʱʝ ʤʘʪʝʨʽʘʣ, ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ 

ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ. 

ɻʦʣʦʚʥʘ ʽʜʝʷ: ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʮʽʾ ʟ ʦʛʣʷʜʫ ʥʘ 

ʧʦʻʜʥʘʥʥʷ ʚʠʤʦʛ ʦʙʦʚôʷʟʢʦʚʠʭ ʅɼ ʽ ʚʠʤʦʛ ʟʘʤʦʚʥʠʢʘ (ʚʠʨʦʙʥʠʢʘ/ʩʧʦʞʠʚʘʯʘ) 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭʥʴʦʛʦ ʙʘʯʝʥʥʷ ʱʦʜʦ ʚʘʞʣʠʚʦʩʪʽ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ ʜʦʩʷʛʥʝʥʴ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ. 
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ʊʘʙʣʠʮʷ 1 ï ɸʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ 
 

ˉ 

ʧ/ʧ 

ʇʦʢʘʟʥʠʢ ʂʣʘʩʠʯʥʠʡ ʧʽʜʭʽʜ ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ 

1 ʈʽʚʝʥʴ 
ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʠ 

ɼʝʨʞʘʚʥʠʡ ʄʽʞʜʝʨʞʘʚʥʠʡ, ʜʝʨʞʘʚʥʠʡ, ʛʘʣʫʟʝʚʠʡ, 
ʦʢʨʝʤʠʡ ʩʧʦʞʠʚʘʯ 

2 ʉʫʪʥʽʩʪʴ ʤʝʪʠ 

ʜʽʷʣʴʥʦʩʪʽ 

ʇʝʨʝʚʽʨʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʦʙʦʚôʷʟʢʦʚʠʤ ʅɼ 
(ʚʠʤʦʛʠ ʙʝʟʧʝʢʠ) 

ʇʝʨʝʚʽʨʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʙʦʚôʷʟʢʦʚʠʤ ʅɼ 

(ʚʠʤʦʛʠ ʙʝʟʧʝʢʠ); ʚʠʩʚʽʪʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ 
ʪʘ ʩʧʦʞʠʚʯʠʭ ʷʢʦʩʪʝʡ; ʧʝʨʝʚʽʨʢʘ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʟʘʤʦʚʥʠʢʘ 

(ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʘ ʧʦʛʦʜʞʝʥʠʤ 
ʧʦʢʘʟʥʠʢʦʤ) 

3 ʐʣʷʭʠ 

ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ 

ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʥʦʚʠʭ ʚʠʟʥʘʯʘʶʯʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʽ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢʠʤʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʮʽ 

ʧʦʢʘʟʥʠʢʠ 

4 ʄʝʪʦʜ 

ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠʽ 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʘ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤʠ 
ʤʝʪʦʜʠʢʘʤʠ, 

ʧʝʨʽʦʜʠʯʥʠʡ ʢʦʥʪʨʦʣʴ 

ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʜʣʷ 
ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ 

ʦʢʨʝʤʠʭ ʬʘʢʪʦʨʽʚ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ʌʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʘʜʘʧʪʠʚʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ 
ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʧʨʦʙʫʚʘʥʴ; ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ ʤʝʪʦʜʽʚ; 
ʦʨ̔̒ ʥʪʘʮʽʷ ʥʘ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ 

5 ɯʥʩʪʨʫʤʝʥʪʘʨʽʡ ʅɼ ʥʘ ʤʝʪʦʜʠ 
ʚʠʧʨʦʙʫʚʘʥʴ, 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʝ 
ʚʠʧʨʦʙʫʚʘʣʴʥʝ 

ʫʩʪʘʪʢʦʚʘʥʥʷ ʽ ʟʘʩʦʙʠ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ 

ɸʜʘʧʪʠʚʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʣʦʛʽʩʪʠʯʥʘ 
ʩʠʩʪʝʤʘ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʧʦʛʦʜʞʝʥʘ 
ʧʨʦʛʨʘʤʘ ʪʘ ʤʝʪʦʜʠʢʘ ʚʠʧʨʦʙʫʚʘʥʴ 

6 ɿʘʜʽʷʥʽ ʦʙôʻʢʪʠ ʄʥʦʞʠʥʘ ʚʠʤʦʛ 
ʦʙʦʚôʷʟʢʦʚʠʭ ʅɼ; 

ʤʥʦʞʠʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ 
ʟʘʙʝʟʧʝʯʝʥʥʷ; 

ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ 

(ʘʢʨʝʜʠʪʘʮʽʷ) 

ʄʥʦʞʠʥʘ ʚʠʤʦʛ ʦʙʦʚôʷʟʢʦʚʠʭ ʅɼ; 
ʤʥʦʞʠʥʘ ʚʠʤʦʛ ʟʘʤʦʚʥʠʢʽʚ; ʤʥʦʞʠʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ; ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ 
(ʘʢʨʝʜʠʪʘʮʽʷ, ʚʠʟʥʘʥʥʷ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ 

ʦʨʛʘʥʟ̔ʘʮʽʾ) 

7 ɿʚôʷʟʢʠ ʟ 

ʩʫʤʽʞʥʠʤʠ 

ʛʘʣʫʟʷʤʠ 

ɺʫʟʴʢʽ, ʩʪʘʪʠʯʥʽ 

(ʦʜʥʦʟʥʘʯʥʠʡ ʚʠʩʥʦʚʦʢ: 

ʚʽʜʧʦʚʽʜʘʻ/ʥʝ ʚʽʜʧʦʚʽʜʘʻ) 

ʈʦʟʰʠʨʝʥʽ, ʜʠʥʘʤʽʯʥʽ, ʘʜʘʧʪʠʚʥʽ 

(ʨʝʢʦʤʝʥʜʘʮʽʾ ʽʥʰʠʤ ʛʘʣʫʟʷʤ) 

 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ (ʨʠʩ. 5): 

ī ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʦʩʪʦʨʫ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ; 

ī ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʦʚʠʭ ʚʠʟʥʘʯʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʽ 

ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢʠʤʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʮʽ ʧʦʢʘʟʥʠʢʠ; 

ī ʥʦʚʠʡ ʨʽʚʝʥʴ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ ʟʘʤʦʚʥʠʢʽʚ ʽ ʚʠʢʦʥʘʚʮʽʚ ʚʠʧʨʦʙʫʚʘʥʴ, 

ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ; 

ī ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ. 
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ʈʠʩʫʥʦʢ 4 ï ʄʦʜʝʣʴ ʩʠʩʪʝʤʠ ʚʠʧʨʦʙʫʚʘʥʴ 

 

 

ʈʠʩʫʥʦʢ 5 ï ʂʦʥʮʝʧʮʽʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ 

 

ɺʠʩʥʦʚʢʠ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʷʚʥʦʾ ʩʠʩʪʝʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʾʾ ʥʦʨʤʘʪʠʚʥʦʛʦ ʽ 

ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʦʩʥʦʚʽ ʧʦʻʜʥʘʥʥʷ ʚʠʤʦʛ 

ʦʙʦʚôʷʟʢʦʚʠʭ ʅɼ ʽ ʚʠʤʦʛ ʟʘʤʦʚʥʠʢʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭʥʴʦʛʦ ʙʘʯʝʥʥʷ ʱʦʜʦ 

ʚʘʞʣʠʚʦʩʪʽ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ ʜʦʩʷʛʥʝʥʴ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʷʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʽ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ, ʤʝʪʦʜʠ ʽ ʬʦʨʤʠ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʫ 

ʟʘʜʦʚʦʣʝʥʥʽ ʧʦʪʨʝʙ ʦʢʨʝʤʠʭ ʩʧʦʞʠʚʘʯʽʚ ʽ ʩʫʩʧʽʣʴʩʪʚʘ ʟʘʛʘʣʦʤ ʧʽʜ ʯʘʩ 
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ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦʜʫʢʮʽʾ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʠʩʪʝʤʦʤʠʩʣʝʜʽʷʣʴʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʇʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʧʠʪʘʥʥʷ ʩʠʥʪʝʟʫ ʦʩʥʦʚʥʠʭ 

ʘʪʨʠʙʫʪʽʚ ʩʠʩʪʝʤʠ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ (ʟʘ ʪʨʝʪʽʤ 

ʚʠʟʥʘʯʝʥʥʷʤ ʩʠʩʪʝʤʠ), ʘ ʪʘʢʦʞ ʩʠʥʪʝʟʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʩʠʩʪʝʤ ʧʨʠʡʥʷʪʪʷ ʽ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʮʽʻʾ 

ʩʠʩʪʝʤʠ. 
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ɸʥʥʦʪʘʮʠʷ.  
ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʟʚʠʪʠʶ ʩʠʩʪʝʤʳ 

ʠʩʧʳʪʘʥʠʡ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʤʝʪʦʜʳ ʠ ʬʦʨʤʳ ʧʦ 

ʜʦʩʪʠʞʝʥʠʶ ʮʝʣʝʡ ʚ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʧʨʦʜʫʢʮʠʠ. ʅʘ 

ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ 

ʠʩʧʳʪʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʦʤʠʩʣʝʜʝʷʪʝʣʴʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ. 
 

Summary. 
The analysis of the existing approach to the development of the test system is 

made and the main directions, methods and forms for achieving the goals in 

satisfaction of the needs of individual consumers and society as a whole when 

testing agricultural machinery are formulated. Based on the analysis, a concept of 

the development of test methods using thinking activity system approach is 

suggested. 

http://www.dlg-test.de/
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ʋɼʂ 631.171 

 

ʄɽʍɸʅʀɿɸʎʀʗ ʉɽʃʔʉʂʆɻʆ ʍʆɿʗʁʉʊɺɸ ʂɸʂ ʉʆʉʊɸɺʃʗʖʑɸʗ 

ʀʅʅʆɺɸʎʀʆʅʅʆɻʆ ʈɸɿɺʀʊʀʗ ʈɽʉʇʋɹʃʀʂʀ ɹɽʃɸʈʋʉʔ ʅɸ 

ʉʆɺʈɽʄɽʅʅʆʄ ʕʊɸʇɽ 

 

ʅ. ɹʘʢʘʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʖ. ʉʘʣʘʧʫʨʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʕ. ɼʳʙʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʝ ʫʥʠʪʘʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ  

ʮʝʥʪʨ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠ ʧʦ ʤʝʭʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘè  

 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʝʩʩʘ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 

ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʚ ʢʦʪʦʨʦʡ ʦʪʨʘʞʝʥʦ ʩʦʟʜʘʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʛʦ, 

ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʥʫʪʨʝʥʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʩʪʨʘʥʳ ʠ 

ʥʘʨʘʱʠʚʘʥʠʝ ʵʢʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʇʨʠʚʝʜʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʩʥʘʱʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʨʝʩʧʫʙʣʠʢʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʟʚʠʪʠʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ, 

ʪʝʭʥʦʣʦʛʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʵʢʩʧʦʨʪ, ʨʘʟʚʠʪʠʝ, ʠʥʥʦʚʘʮʠʠ, ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʳʡ ʧʘʨʢ, ʧʨʦʛʨʘʤʤʘ, ʤʘh ʠʥʳ, ʧʦʪʨʝʙʥʦʩʪʴ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʳʥʦʯʥʳʝ ʫʩʣʦʚʠʷ 

ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ ʪʨʝʙʫʶʪ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʜʝʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʝʛʦ 

ʧʨʦʜʫʢʮʠʠ. 

ɻʣʘʚʥʳʤ ʫʩʣʦʚʠʝʤ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʛʨʘʨʥʦʡ 

ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʥʘʨʘʱʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʩʥʠʞʝʥʠʠ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ [1]. 

ɼʦʩʪʠʛʥʫʪʴ ʵʪʦʛʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʫʪʴ 

ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ (ʅʊʇ) ʠ ʧʝʨʝʜʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ. ʅʊʇ 

ʚʦ ʚʩʝʤ ʤʠʨʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʛʣʘʚʥʦʝ ʫʩʣʦʚʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ, 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʝʝ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʩʠʩʪʝʤʥʳʤ ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʶʙʦʛʦ 
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ʧʨʦʠʟʚʦʜʩʪʚʘ. ʋʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʣ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʨʦʠʟʚʦʜʩʪʚʘ [2].  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʜʝʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʝʛʦ 

ʧʨʦʜʫʢʮʠʠ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʨʘʟʚʠʪʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʵʢʦʥʦʤʠʢʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʪʨʘʥʳ ʥʝʫʢʣʦʥʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʝʩʧʝʯʝʥʘ ʫʩʪʦʡʯʠʚʘʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʘ, ʥʘʨʘʱʠʚʘʝʪʩʷ ʵʢʩʧʦʨʪ ʧʨʦʜʫʢʮʠʠ ʥʘ ʟʘʨʫʙʝʞʥʳʝ 

ʨʳʥʢʠ [3]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʩʪʘʝʪʩʷ ʥʝʨʝʰʝʥʥʦʡ ʧʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʦʭʨʘʥʷʝʪʩʷ ʥʠʟʢʠʡ 

ʫʨʦʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ (5-6 ʧʨʦʮʝʥʪʦʚ) ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 

ʀʤʝʶʱʠʡʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʤʠ 

ʩʪʨʘʥʘʤʠ ʦʮʝʥʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ 15-20 ʣʝʪ. ʆʨʛʘʥʠʟʘʮʠʷʤʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʨʠʘʣʦʝʤʢʠʝ ʠ ʨʝʩʫʨʩʦʝʤʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʫʜʦʨʦʞʘʥʠʝ ʧʨʦʜʫʢʮʠʠ ʠ ʩʥʠʞʝʥʠʝ ʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣɹʥʦʩʪʠ ʪʨʫʜʘ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʫʞʝ ʠʩʯʝʨʧʘʣʠ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ.  

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʩʚʷʟʘʥʦ ʩ ʚʥʝʜʨʝʥʠʝʤ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʨʳʚʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʥʦʚʝʡh ʠʭ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ, ʧʨʠʟʚʘʥʥʳʭ ʚʳʚʝʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ.  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ 

ʩʝʢʪʦʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ ʨʝʩʧʫʙʣʠʢʠ 

ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ 

ʦʩʥʦʚʝ ʚʳʩʦʢʦʪʦʯʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ 

ʤʝʭʘʥʠʟʘʮʠʠ ʩ ʰʠʨʦʢʦʤ ʧʨʠʤʝʥʝʥʠʝʤ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʠʙʦʨʦʚ 

ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʤʘʰʠʥ ʠ ʘʛʨʝʛʘʪʦʚ, ʘ 

ʪʘʢʞʝ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘ ʛʠʜʨʦʬʠʮʠʨʦʚʘʥʥʳʝ ʠ 

ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʠʚʦʜʳ ʠ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ 

ʠʤʠ [4, 5, 6].  

ʆʙʥʦʚʣʝʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ɹʝʣʘʨʫʩʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʬʦʥʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʩʝʣʴʭʦʟʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʦʡ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ (ʚ 2-3 ʨʘʟʘ) ʧʨʝʚʳʰʝʥʠʝʤ ʜʦʣʠ ʩʧʠʩʳʚʘʝʤʦʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʥʘʜ ʝʛʦ ʦʙʥʦʚʣʝʥʠʝʤ. ʇʦʣʦʞʝʥʠʝ 

ʫʩʫʛʫʙʣʷʝʪʩ ̫ ʪʝʤ, ʯʪʦ ʙʦʣʝʝ 50 % ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʬʝʨʤ ʚʳʨʘʙʦʪʘʣʦ ʩʚʦʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʪʨʝʙʫʝʪ 

ʧʦʚʳʰʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʝʛʦ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʟ-ʟʘ 

ʥʘʨʫʰʝʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ 
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ʦʙʩʣʫʞʠʚʘʥʠʷ ʞʠʚʦʪʥʳʭ, ʨʘʩʪʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʷʝʤʳʤʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʧʦʜʚʠʞʥʦʡ ʪʝʭʥʠʢʠ 

ʩʦʩʪʘʚʣʷʶʪ ʪʨʘʢʪʦʨʳ ʠ ʩʘʤʦʭʦʜʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʤʘʰʠʥʳ, ʧʘʨʢ 

ʢʦʪʦʨʳʭ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʩʦʢʨʘʱʘʝʪʩʷ. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 1 ʷʥʚʘʨʷ 2017 ʛʦʜʘ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʩʧʫʙʣʠʢʠ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʦʢʦʣʦ 42,7 ʪʳʩ. 

ʪʨʘʢʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ, ʠʟ ʥʠʭ 5,9 ʪʳʩ. ʪʨʘʢʪʦʨʦʚ ʤʦʱʥʦʩʪʴʶ 250 

ʣ.ʩ. ʠ ʙʦʣʝʝ, 9,9 ʪʳʩ. ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʠ 4,2 ʪʳʩ. ʢʦʨʤʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ, 

3,3 ʪʳʩ. ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠ 4,0 ʪʳʩ. 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʧʦʩʝʚʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʘʷ ʩʣʦʞʥʘʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʪʝʭʥʠʢʘ. ʆʙʝʩʧʝʯʝʥʥʦʩʪʴ ʭʦʟʷʡʩʪʚ ʪʝʭʥʠʢʦʡ ʩ ʫʯʝʪʦʤ 

ʝʝ ʠʟʥʦʰʝʥʥʦʩʪʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 75 %, ʘ ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʧʦʟʠʮʠʷʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 50 % ʦʪ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ [7, ʩ. 5-10]. 

ʊʨʝʙʫʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʟʘʤʝʥʘ ʠʤʝʶʱʠʭʩʷ ʤʘʰʠʥ ʥʘ ʥʦʚʳʝ, ʘ ʦʙʥʦʚʣʝʥʠʝ 

ʧʘʨʢʘ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʵʢʦʥʦʤʠʶ ʪʦʧʣʠʚʘ ʠ ʵʥʝʨʛʠʠ, ʩʦʟʜʘʥʠʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ, ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʨʝʘʣʠʟʘʮʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ.  

ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʝ ʦʩʥʘʱʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʡ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʦʡ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʧʨʦʛʨʘʤʤ ʧʦʟʚʦʣʠʣʦ 

ʯʘʩʪʠʯʥʦ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʦʩʥʘʱʝʥʠʠ ʩʫʙʲʝʢʪʦʚ 

ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʭʦʟʷʡʩʪʚ ʪʝʭʥʠʢʦʡ ʩ ʫʯʝʪʦʤ 

ʝʝ ʠʟʥʦʰʝʥʥʦʩʪʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 75%, ʘ ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʧʦʟʠʮʠ̫ ʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 50 % ʦʪ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ. ɺ 

ʩʪʨʫʢʪʫʨʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʢʦʣʦ 50 % 

ʟʘʪʨʘʪ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ [8]. 

ʇʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʜʝʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʚʠʪʠʶ 

çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦè ʠʣʠ çʪʦʯʥʦʛʦè ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʦʩʥʦʚʘʥʦ 

ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʢʦʤʧʣʝʢʩʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʦʙʦʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʩʝ ʵʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʤʠʥʠʤʠʟʘʮʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʠʭ ʨʝʩʫʨʩʦʚ (ʪʦʧʣʠʚʘ, ʫʜʦʙʨʝʥʠʡ ʠ 

ʘʛʨʦʭʠʤʠʢʘʪʦʚ) ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʘʜʝʡʩʪʚʦʚʘʥʠʠ ʣʦʢʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʙʠʦʪʦʧʣʠʚ, 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʠ ʪ.ʜ.). 

ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ, ʷʚʣʷʶʪʩʷ ʟʝʨʥʦʚʳʝ ʢʫʣʴʪʫʨʳ. ʆʢʦʣʦ 86 % ʧʦʩʝʚʥʦʡ 

ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʶʪ ʟʝʨʥʦʚʳʝ, ʟʝʨʥʦʙʦʙʦʚʳʝ ʠ ʢʦʨʤʦʚʳʝ 
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ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ, ʪʝʭʥʠʯʝʩʢʠʝ ï 7 %, ʢʘʨʪʦʬʝʣʴ ʠ ʦʚʦʱʠ ï  

6 % [9].  

ʇʨʠ ʵʪʦʤ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʪʨʫʜʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʝʨʥʘ ʚ ʨʝʩʧʫʙʣʠʢʝ 

ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʤʝʥʝʝ 4,8 ʯʝʣ.-ʯ/ʪ, ʢʘʨʪʦʬʝʣʷ ï 10,3 ʯʝʣ.-ʯ/ʪ, ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ï 

1,3 ʯʝʣ.-ʯ/ʪ, ʩʝʥʘ ï 5,03 ʠ ʩʝʥʘʞʘ ï 0,42 ʯʝʣ.-ʯ/ʪ, ʢʫʢʫʨʫʟʳ ʥʘ ʩʠʣʦʩ ï  

0,65 ʯʝʣ.-ʯ/ʪ, ʦʚʦʱʝʡ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ ï 19,2 ʯʝʣ.-ʯ/ʪ. ɿʘʪʨʘʪʳ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʝʨʥʘ ʩʦʩʪʘʚʣʷʶʪ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 10,6 ʢɺʪĀʯ/ʪ ʠ 14,0 ʢʛ ʫ.ʪ/ʪ, ʢʘʨʪʦʬʝʣʷ ï 6,8 ʢɺʪĀʯ/ʪ ʠ 9,6 ʢʛ 

ʫ.ʪ/ʪ, ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ï 0,12 ʢɺʪĀʯ/ʪ ʠ 2,0 ʢʛ ʫ.ʪ/ʪ, ʩʝʥʘ ï 0,21 ʢɺʪĀʯ/ʪ ʠ 1,3 ʢʛ 

ʫ.ʪ/ʪ, ʩʝʥʘʞʘ ï 0,20 ʢɺʪĀʯ/ʪ ʠ 1,3 ʢʛ ʫ.ʪ/ʪ, ʢʫʢʫʨʫʟʳ ʥʘ ʩʠʣʦʩ ï 0,16 ʢɺʪĀʯ/ʪ ʠ 

1,9 ʢʛ ʫ.ʪ/ʪ, ʦʚʦ-ʱʝʡ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ ï 11,3 ʢɺʪĀʯ/ʪ ʠ 10,3 ʢʛ ʫ.ʪ/ʪ, ʯʪʦ  ʚ 

1,3é1,5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ [9]. 

ʇʦʪʨʝʙʥʦʩʪʴ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʚ ʟʝʨʥʦʚʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʨʘʩʪʝʥʠʷʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʥʫʞʜ (ʭʣʝʙʦʧʝʯʝʥʠʝ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʧʠʨʪʘ ʠ ʧʠʚʦʚʘʨʝʥʠʝ) ʩʦʩʪʘʚʣʷʝʪ 1,6 ʤʣʥ. ʪʦʥʥ, ʩʝʤʝʥʥʦʡ 

ʬʦʥʜ ʩ ʫʯʝʪʦʤ ʩʪʨʘʭʦʚʦʛʦ ʬʦʥʜʘ ï 0,8 ʤʣʥ. ʪʦʥʥ, ʧʦʪʨʝʙʥʦʩʪʴ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ (ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 9,2 ʤʣʥ. ʪʦʥʥ ʤʦʣʦʢʘ ʠ 1,8 ʤʣʥ. ʪʦʥʥ ʤʷʩʘ 

ʩʢʦʪʘ ʠ ʧʪʠʮʳ) ï 7,6 ʤʣʥ. ʪʦʥʥ. 

ʀʥʜʠʢʘʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʟʝʨʥʦʚʦʛʦ ʧʦʜʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʢ 

2020 ʛʦʜʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʥʘ ʚ ʦʙʲʝʤʝ ʥʝ ʤʝʥʝʝ 10 ʤʣʥ. ʪʦʥʥ ʧʨʠ 

ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʨʥʦʚʳʭ ʥʝ ʤʝʥʝʝ 41 ʮʝʥʪʥʝʨʘ ʩ ʛʝʢʪʘʨʘ [10]. 

ʇʣʦʱʘʜʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʨʝʩʧʫʙʣʠʢʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ  

8,5 ʤʣʥ. ʛʝʢʪʘʨʦʚ (42 % ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʩʪʨʘʥʳ), ʠʟ ʥʠʭ ʧʘʰʥʷ ï 5,6 ʤʣʥ. 

ʛʝʢʪʘʨʦʚ, 68,6 % ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʣʝʛʢʠʭ ʩʫʧʝʩʯʘʥʳʭ ʠ ʧʝʩʯʘʥʳʭ 

ʧʦʯʚʘʭ, ʠʤʝʶʱʠʝ ʧʨʠ ʵʪʦʤ ʧʦʩʪʦʷʥʥʳʡ ʜʝʬʠʮʠʪ ʚʣʘʛʠ (600-700 ʤ
3
/ʛʘ) ʠ 

ʧʦʜʚʝʨʞʝʥʳ ʚʝʪʨʦʚʦʡ ʵʨʦʟʠʠ. ʂʨʦʤʝ ʵʪʦʛʦ, 29,8 % ʧʣʦʱʘʜʠ ʧʘʭʦʪʥʳʭ ʟʝʤʝʣʴ 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʩʢʣʦʥʘʭ, ʛʜʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚʦʜʥʘʷ ʵʨʦʟʠʷ. ʆʩʦʙʫʶ 

ʛʨʫʧʧʫ ʧʦʯʚ (70,4 ʪʳʩ. ʛʘ) ʩʦʩʪʘʚʣʷʶʪ ʪʷʞʝʣʳʝ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʧʦʯʚʳ, ʩʦʜʝʨʞʘʱʠʝ 25 % ʠ ʙʦʣʝʝ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ (ʯʘʩʪʠʮʳ 

ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 0,1 ʤʤ) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ 

ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʯʚʳ ʨʝʩʧʫʙʣʠʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ 

ʦʪʥʦʩʷʪʩʷ ʢ ʥʝ ʚʳʩʦʢʦʧʣʦʜʦʨʦʜʥʳʤ [9].  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʧʝʨʚʦʩʪʝʧʝʥʥʘʷ ʟʘʜʘʯʘ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʩʦʩʪʦʠʪ ʚ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ ʠʭ ʩʝʨʚʠʩʘ, ʢʘʜʨʦʚʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʘʙʦʪʥʠʢʘʤʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʫʨʦʚʝʥʴ ʟʘʪʨʘʪ ʥʘ ʝʝ ʧʦʣʫʯʝʥʠʝ ʚ 1,3-1,5 

ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ. ʇʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʟʘʤʝʥʘ 

ʠʤʝʶʱʠʭʩʷ ʤʘh ʠʥ ʥʘ ʥʦʚʳʝ, ʘ ʦʙʥʦʚʣʝʥʠʝ ʧʘʨʢʘ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʶɦ ʠʤʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʵʢʦʥʦʤʠʶ 

ʪʦʧʣʠʚʘ ʠ ʵʥʝʨʛʠʠ, ʩʦʟʜʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ 
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ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʨʝʘʣʠʟʘʮʠʶ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ.  

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʥʷʪʠʝʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʨʘʟʚʠʪʠʷ 

ʘʛʨʘʨʥʦʛʦ ʙʠʟʥʝʩʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʥʘ 2016-2020 ʛʦʜʳ ʚ ʦʙʣʘʩʪʠ 

ʤʝʭʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʦʜʧʨʦʛʨʘʤʤʳ çʊʝʭʥʠʯʝʩʢʦʝ 

ʧʝʨʝʦʩʥʘʱʝʥʠʝ ʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘè, ʚ 

ʢʦʪʦʨʦʡ ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʧʝʨʝʦʩʥʘʱʝʥʠʝ ʠ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʶ ʘʛʨʦʧʨʦʤʳʣhʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʥʳ, ʧʝʨʝʭʦʜ ʥʘ ʚʝʜʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʝʣʴʩʢʦʛʦ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʶ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʫ, ʦʮʝʥʢʫ ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ.  

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʧʨʦʛʨʘʤʤʳ ʧʣʘʥʠʨʫʝʪʩʷ [10]: 

- ʦʙʝʩʧʝʯʠʪʴ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴ ʪʨʫʜʘ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʥʘ ʫʨʦʚʥʝ ʥʝ 

ʤʝʥʝʝ 75 ʣ.ʩ.; 

- ʫʚʝʣʠʯʠʪʴ ʜʦ 30-35 % ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʨʦʢʦʟʘʭʚʘʪʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʧʦʩʝʚʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 

ʜʣʷ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʠʟʚʝʩʪʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʩʠʣʦʢ ʙʣʦʯʥʦ-

ʤʦʜʫʣʴʥʦʛʦ ʪʠʧʘ, ʙʦʣʴʰʝʛʨʫʟʥʳʭ ʤʘʰʠʥ ʜʣʷ ʚʥʝʩʝʥʠʷ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ; 

- ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʦʙʝʩʧʝʯʝʥʠʝ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ ʜʦ 

50 % ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ ï ʥʘ 10-15 %.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʚʠʪʘʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʙʘʟʘ ʷʚʣʷʝʪʩʷ 

ʠʥʜʠʢʘʪʦʨʦʤ ʩʦʩʪʦʷʥʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʶʙʦʡ ʩʪʨʘʥʳ. 

ɺr ʩʦʢʘʷ ʤʝʭʘʥʠʟʘʮʠʷ ʪʨʫʜʘ ï ʟʘʣʦʛ ʨʦʩʪʘ ʦʙʲʝʤʦʚ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʤʦʡ 

ʩʝʣʴʭʦʟʧʨʦʜʫʢʮʠʠ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦ ʥʘ ʬʦʥʝ ʪʝʥʜʝʥʮʠʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʯʪʦ ʪʘʢʞʝ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʤʝʭʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʦʩʥʘʱʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʦʡ ʚ 

ʧʝʨʩʧʝʢʪʠʚʝ.  

ɽʩʪʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʚʥʝʜʨʝʥʠʝ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʝʩʧʫʙʣʠʢʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ çʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷè ʠ çʪʦʯʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘè, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʩʥʠʞʝʥʠʷ ʜʦʣʠ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ.  

ɺʳʚʦʜ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʨʘʟʚʠʪʠʷ ʘʛʨʘʨʥʦʛʦ ʙʠʟʥʝʩʘ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʥʘ 2016-2020 ʛʦʜʳ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʚ ʨʘʤʢʘʭ ʧʦʜʧʨʦʛʨʘʤʤʳ çʊʝʭʥʠʯʝʩʢʦʝ ʧʝʨʝʦʩʥʘʱʝʥʠʝ ʠ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘè, ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʩʜʝʣʘʥ 

ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʧʝʨʝʦʩʥʘʱʝʥʠʝ ʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʶ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʥʳ, ʧʝʨʝʭʦʜ ʥʘ ʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʝʣʴʩʢʦʛʦ. 



20 

ʅʘ ʬʦʥʝ ʪʝʥʜʝʥʮʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʤʝʭʘʥʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʩʥʘʱʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʩʦʚʨʝʤʝʥʥʦʡ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʦʡ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʝʩʧʫʙʣʠʢʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ çʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷè ʠ çʪʦʯʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘè.  

ʈʝʘʣʠʟʘʮʠʷ ʧʦʜʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ ʫʨʦʚʥʷ ʦʩʥʘʱʝʥʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʘʰʠʥʘʤʠ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʜʦ 70%, ʧʦʚʳʩʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʚ 1,5-1,7 ʨʘʟʘ ʠ ʩʥʠʟʠʪʴ ʧʨʠ ʵʪʦʤ ʥʘ 30-35% ʫʨʦʚʝʥʴ ʨʝʩʫʨʩʦ-

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ.  
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ɸʥʦʪʘʮʽ̫. 

ʋ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʚ 

ʛʘʣʫʟʽ ʤʝʭʘʥʽʟʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʈʝʩʧʫʙʣʽʢʠ ɹʽʣʦʨʫʩʴ ʥʘ ʩʫʯʘʩʥʦʤʫ 

ʝʪʘʧʽ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʪʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʚ ʷʢʽʡ 

ʚʽʜʦʙʨʘʞʝʥʦ ʩʪʚʦʨʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʛʦ, ʩʪʽʡʢʦʛʦ ʡ ʝʢʦʣʦʛʽʯʥʦ 

ʙʝʟʧʝʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʚʥʫʪʨʽʰʥʽ ʧʦʪʨʝʙʠ ʢʨʘʾʥʠ ʽ ʥʘʨʦʱʫʚʘʥʥʷ ʝʢʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʅʘʚʝʜʝʥʦ 

ʧʦʢʘʟʥʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʩʽʣʴʩɹʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʨʝʩʧʫʙʣʢ̔ʠ ʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ. 

 

Summary. 

The main directions of scientific and technical progress in the field of 

mechanization of agriculture of Republic of Belarus at the present stage are 

presented in article. The tendency of development of rural economy in which 

creation of the competitive, steady and ecologically safe production of agricultural 

production providing internal needs of the country and accumulation of the export 

potential is reflected is presented. Indicators of hardware of the agricultural 

enterprises of the republic and the direction of development are given. 
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ʉʀʉʊɽʄʅɸ ʉʊʈʋʂʊʋʈʀɿɸʎɯʗ ʇʈʆɽʂʊʅʆ-ʆʈɯɭʅʊʆɺɸʅʀʍ 

ʅɸʋʂʆɺʀʍ ɼʆʉʃɯɼɾɽʅʔ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄɽʊʆɼʆʃʆɻɯɰ 

ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ IDEF0. 

 

ɺ. ʂʨʘʚʯʫʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʯʣ.-ʢʦʨ. ʅɸɸʅ ʋʢʨʘʾʥʠ, 

ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ 

ʆ. ʄʠʪʨʦʬʘʥʦʚ, 

ʇʽʚʜʝʥʥʦ-ʋʢʨʘʾʥʩʴʢʘ ʬʽʣʽʷ ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ 

 

ʋ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʽʜʭʦʜʠ ʜʦ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʩʢʣʘʜʥʠʭ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʧʨʦʮʝʩʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɯDEF0 ʤʦʜʝʣʶʚʘʥʥʷ. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʜʝʣʽ 

ʧʨʦʮʝʩʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ, ʩʧʦʣʫʯʝʥʠʭ ʤʽʞ 

ʩʦʙʦʶ ʽ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʭʽʜʥʠʤʠ, ʚʠʭʽʜʥʠʤʠ, ʢʝʨʽʚʥʠʤʠ ʪʘ 

ʨʝʩʫʨʩʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʧʦʪʦʢʘʤʠ. ʉʪʨʫʢʪʫʨʠʟʘʮʽʷ 

ʧʨʦʮʝʩʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ʜʦʟʚʦʣʷʻ ʯʽʪʢʦ 

ʚʠʟʥʘʯʠʪʠ ʩʬʝʨʫ ʜʽʷʣʴʥʦʩʪʽ, ʧʦʚʥʦʚʘʞʝʥʥʷ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʢʦʞʥʦʛʦ 

ʧʽʜʨʦʟʜʽʣʫ (ʪʚʦʨʯʦʛʦ ʢʦʣʝʢʪʠʚʫ). ɿʘʩʪʦʩʫʚʘʥʥʷ IDEF0 ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 

ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʪʠ ʜʦʩʚʽʜ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʽʚ çɸʛʨʦʆʣʽʤʧè ʜʣʷ  ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʦʝʢʪʥʠʭ ʧʦʙʫʜʦʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʝʢʪʠ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʤʦʜʝʣʽ 

ʧʨʦʮʝʩʽʚ, ɯDEF0 ʤʦʜʝʣʶʚʘʥʥʷ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ, ʜʽʘʛʨʘʤʘ ʧʨʦʮʝʩʫ. 

 

ɺʩʪʫʧ. ɸʛʨʦʧʨʦʤʠʩʣʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʟʦʢʨʝʤʘ ʨʦʩʣʠʥʥʠʮʪʚʦ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ  ʽʥʚʘʨʽʘʥʪʥʽʩʪʶ  ʧʽʜʭʦʜʽʚ  ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ  ʜʦʩʷʛʥʝʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘʷʚʥʽʩʪʶ ʚʧʣʠʚʽʚ ʚʠʧʘʜʢʦʚʠʭ 

ʪʘ ʥʝʧʝʨʝʙʦʨʥʠʭ ʬʘʢʪʦʨʽʚ. ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʥʘʯʥʦ ʫʪʨʫʜʥʶʶʪʴ ʟʘʚʜʘʥʥʷ 

ʩʪʚʦʨʝʥʥʷ ʫʩʧʽʰʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʤʝʭʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ 

ʫ ʨʦʩʣʠʥʥʠʮʪʚʽ ʪʘ ʧʨʠʚʦʜʷʪʴ ʜʦ ʩʪʨʦʢʘʪʦʩʪʽ  ʽ ʜʫʞʝ ʰʠʨʦʢʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ 

ʪʝʭʥʽʯʥʠʭ ʨʽh ʝʥʴ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʰʝʥʴ ʯʠ ʪʦ ʚ 

ʘʛʨʦʪʝʭʥʦʣʦʛʽʷʭ, ʯʠ ʪʦ ʚ ʘʛʨʦʪʝʭʥʽʮʽ ï ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʥʘ ʙʘʟʽ ʩʠʩʪʝʤʥʠʭ 

ʧʽʜʭʦʜʽʚ. 

 ʎʷ ʦʙôʻʢʪʠʚʥʘ ʚʠʤʦʛʘ ʚ ʯʘʩʠ ʉʈʉʈ ʧʨʠʚʝʣʘ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ 

ʤʘʰʠʥʦʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ (ʄɺʉ) ʫ ʨʽʟʥʠʭ ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ 

ʉʦʁʟʫ, ʘ ʧʽʟʥʽʰʝ ï ʜʦ ʩʪʚʦʨʝʥʥʷ ʧʦʩʪʽʡʥʦ ʜʽʶʯʦʾ ʟ ʧʝʨʽʦʜʠʯʥʠʤ ʦʙʥʦʚʣʝʥʥʷʤ 

çʉʠʩʪʝʤʠ ʤʘʰʠʥ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʤʝʭʘʥʽʟʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘè. ʉʪʚʦʨʝʥʽ ʩʠʩʪʝʤʠ ʯʽʪʢʦ ʨʝʛʫʣʶʚʘʣʠ ʥʦʤʝʥʢʣʘʪʫʨʫ ʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʰʠʥ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʛʽʦʥʘʣʴʥʠʭ (ʟʦʥʘʣʴʥʠʭ) 

ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ, ʟʘʢʨʠʪʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʠʥʢʫ ʉʦʶʟʫ, ʱʦ ʩʧʨʦʱʫʚʘʣʦ 
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ʩʽʣʴʛʦʩʧʚʠʨʦʙʥʠʢʘʤ ʚʠʙʽʨ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʦʥʦʚʣʝʥʥʷ ʄʊʇ, ʘ ʚʠʨʦʙʥʠʢʘʤ 

ʩʽʣʴʛʦʩʧʪʝʭʥʽʢʠ ï ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʩʚʦʻʾ ʧʨʦʜʫʢʮʽʾ. 

 ʋ ʪʝʧʝʨʽʰʥʽ ʯʘʩʠ ʩʽʣʴʛʦʩʧʚʠʨʦʙʥʠʢʠ ʋʢʨʘʾʥʠ ʤʘʶʪʴ ʧʦʚʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ ʪʘ ʪʝʭʥʽʢʠ ʩʚʽʪʦʚʠʭ 

ʚʠʨʦʙʥʠʢʽʚ, ʘʣʝ ʢʨʽʤ ʧʦʟʠʪʠʚʫ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʥʠʢʘʻ ʙʘʛʘʪʦ ʫʩʢʣʘʜʥʝʥʴ 

ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʽʟ ʚʝʣʠʯʝʟʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʝʭʥʦʣʦʛʽʡ ʽ ʪʝʭʥʽʢʠ, 

ʪʘ ʚʠʧʘʜʢʽʚ ʩʫʪʪʻʚʠʭ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʚʪʨʘʪ ʫ ʨʘʟʽ ʧʦʤʠʣʢʦʚʠʭ ʨʽh ʝʥʴ. 

ɼʝʨʞʘʚʥʘ ʥʘʫʢʦʚʘ ʫʩʪʘʥʦʚʘ ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ ʨʘʟʦʤ ʟ 

ʨʝʛʽʦʥʘʣʴʥʠʤʠ (ʟʦʥʘʣʴʥʠʤʠ) ʬʽʣʽʷʤʠ: ʃʴʚʽʚʩʴʢʦʶ, ʇʽʚʜʝʥʥʦ-ʋʢʨʘʾʥʩʴʢʦʶ ʪʘ 

ʍʘʨʢʽʚʩʴʢʦʶ ï ʧʨʦʜʦʚʞʠʣʘ ʥʘ ʋʢʨʘʾʥʽ ʤʽʩʽʶ ʢʦʣʠʰʥʽʭ ʄɺʉ ʈʘʜʷʥʩʴʢʦʛʦ 

ʉʦʶʟʫ, ʪʘ ʨʦʟʰʠʨʠʣʘ ʩʬʝʨʫ ʾʭʥʴʦʾ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʥʘʧʨʷʤʢʘʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʠʭ 

ï ʢʦʤʧʣʝʢʩʽʚ ʤʘʰʠʥ (ʤʘh ʠʥʥʦ-ʪʨʘʢʪʦʨʥʠʭ ʧʘʨʢʽʚ - ʄʊʇ).  

ʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ ï ʪʝʭʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʟʜʦʙʫʣʠ ʚ ʽʥʩʪʠʪʫʪʽ  ʫʤʦʚʥʫ ʥʘʟʚʫ: ʧʨʦʝʢʪ 

çɸʛʨʦʆʣʽʤʧè. ʈʦʟʨʦʙʢʘ ʽʥʩʪʠʪʫʪʦʤ ʧʽʣʦʪʥʦʛʦ ʧʨʦʝʢʪʫ çɸʛʨʦʆʣʽʤʧ-150è 

ʚʠʢʣʠʢʘʣʘ ʰʠʨʦʢʠʡ ʧʦʟʠʪʠʚʥʠʡ ʚʽʜʛʫʢ ʫ ʬʘʭʽʚʮʽʚ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ 

ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ï ʩʽʣʴʛʦʩʧʚʠʨʦʙʥʠʮʪʚʘ, 

ʩʽʣʴʛʦʩʧʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʦʩʪʘʯʘʥʥʷ ɸʇʂ ʪʘ ʽʥ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʦʥʘʣʴʥʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ, ʇʽʚʜʝʥʥʦ-ʋʢʨʘʾʥʩʴʢʦʶ ʬʽʣʽʻʶ 

ʽʥʩʪʠʪʫʪʫ ʧʨʦʪʷʛʦʤ 2011-2016 ʨʦʢʽʚ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʽ 

ʧʨʦʝʢʪʠ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ 

ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ: 

- çɸʛʨʦʆʣʽʤʧ-ʉʪʝʧ 200è - ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ ʚ 

ʙʘʛʘʨʥʠʭ ʫʤʦʚʘʭ ʇʽʚʜʥʷ ʋʢʨʘʾʥʠ, ʜʣʷ ʪʠʧʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʩʝʨʝʜʥʴʦʛʦ 

ʨʽʚʥʷ ʨʝʩʫʨʩʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʣʦʱʝʶ 3000 ʛʘ; 

- çɸʛʨʦʆʣʽʤʧ-ʉʪʝʧ 300è - ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ ʚ 

ʙʘʛʘʨʥʠʭ ʫʤʦʚʘʭ ʇʽʚʜʥʷ ʋʢʨʘʾʥʠ, ʜʣʷ ʪʠʧʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ 

ʨʝʩʫʨʩʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʣʦʱʝʶ 7000 ʛʘ; 

- çɸʛʨʦʆʣʽʤʧ ɿʨʦʰʝʥʥʷè - ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ ʥʘ 

ʇʽʚʜʥʽ ʋʢʨʘʾʥʠ ʚ ʫʤʦʚʘʭ ʟʨʦʰʫʚʘʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ (ʤʽʞʽʥʩʪʠʪʫʪʩʴʢʽ ʅɼʈ: 

ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ ï ɯɿɿ ʅɸɸʅʋ) [1]. 

ɼʦʩʚʽʜ ʚʠʢʦʥʘʥʥʷ ʟʛʘʜʘʥʠʭ ʧʨʦʝʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʅɼʈ ʚʠʩʚʽʪʣʠʚ 

(ʧʨʦʷʚʠʚ) ʧʨʦʙʣʝʤʠ ʥʘʣʘʛʦʜʞʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʧʨʷʤʠʤʠ ʽ ʟʚʦʨʦʪʥʠʤʠ 

ʟʚôʷʟʢʘʤʠ  ʨʦʙʽʪ ʪʘ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʘ ʥʘʧʨʷʤʢʽʚ, ʨʽʟʥʠʤʠ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ ʪʘ ʪʚʦʨʯʠʤʠ ʢʦʣʝʢʪʠʚʘʤʠ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ. ʉʪʚʦʨʠʪʠ ʤʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʩʠʩʪʝʤʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʧʽʜʨʦʟʜʽʣʘʤʠ ʪʘ ʪʚʦʨʯʠʤʠ ʢʦʣʝʢʪʠʚʘʤʠ ʜʦʩʣʽʜʥʠʢʽʚ ʰʣʷʭʦʤ ʚʠʜʽʣʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʚʟʘʻʤʦʜʽʡʥʠʭ ʟʚôʷʟʢʽʚ, ʧʨʦʤʽʞʥʠʭ ʪʘ 

ʢʽʥʮʝʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. ʉʪʚʦʨʠʪʠ ʘʣʛʦʨʠʪʤ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ 

ʧʨʦʝʢʪʽʚ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ 

ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ. 



24 

ɸʥʘʣʽʟ ʜʞʝʨʝʣ. 

ɯʩʪʦʨʽʷ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʠʩʘʥʘ ʚ 

ʮʽʣʦʤʫ ʨʷʜʽ ʜʞʝʨʝʣ [2, 3]. 

ʄʝʪʦʜʦʣʦʛʽʷ IDEF0 ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʽʜʭʦʜʘʭ, ʨʦʟʨʦʙʣʝʥʠʭ ɼʫʛʣʘʩʦʤ ʊ. 

ʈʦʩʩʦʤ ʥʘ ʧʦʯʘʪʢʫ 70-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʷʢʽ ʜʝʨʞʘʣʠ ʥʘʟʚʫ SADT 

(Structured Analysis & Design Technique) ï ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ʆʩʥʦʚʫ ʤʝʪʦʜʦʣʦʛʽʾ  IDEF0 ʩʢʣʘʜʘʻ ʛʨʘʬʽʯʥʘ ʤʦʚʘ ʦʧʠʩʫ 

(ʤʦʜʝʣʶʚʘʥʥʷ) ʩʠʩʪʝʤ. ʄʝʪʦʜʦʣʦʛʽʷ ʟʥʘʡʰʣʘ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʧʨʦʝʢʪʘʭ ɺʇʉ ʉʐɸ ʪʘ ʽʥʰʠʭ ʧʨʦʝʢʪʘʭ, ʷʢ ʥʘʧʨʠʢʣʘʜ ï ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤ 

ʤʝʥʝʜʞʤʝʥʪʫ ʷʢʦʩʪʽ ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ ʩʝʨʽʾ ISO 9001.  

ʋ ʈʦʩʽʡʩʴʢʽʡ ʌʝʜʝʨʘʮʽʾ ʮʷ ʤʝʪʦʜʦʣʦʛʽʷ ʚʠʢʣʘʜʝʥʘ ʚ ʢʝʨʽʚʥʦʤʫ  

ʜʦʢʫʤʝʥʪʽ 50.1.028-2001[4]. 

 ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʯʥʠʭ ʤʦʜʝʣʝʡ ʟʛʽʜʥʦ ʟʽ ʚʢʘʟʘʥʠʤ 

ʢʝʨʽʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ ʪʘʢʽ. 

ʆʩʥʦʚʥʠʡ ʝʣʝʤʝʥʪ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʤʦʜʝʣʴʦʚʘʥʦʾ ʬʫʥʢʮʽʾ 

(ʧʨʦʮʝʩʫ) ï ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ʧʨʷʤʦʢʫʪʥʠʢ ʟ ʦʧʠʩʦʤ 

ʤʦʜʝʣʴʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʪʘ ʩʤʠʩʣʦʚʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʢʦʞʥʦʾ ʟʽ ʩʪʦʨʽʥ 

ʧʨʷʤʦʢʫʪʥʠʢʘ (ʽʥʪʝʨʬʝʡʩʽʚ): 

- ʣʽʚʦʾ ï ʚʭʽʜʥʽ ʧʦʪʦʢʠ; 

- ʧʨʘʚʦʾ ï ʚʠʭʽʜʥʽ ʧʦʪʦʢʠ; 

- ʚʝʨʭʥʴʦʾ ï ʧʦʪʦʢʠ ʢʝʨʫʚʘʥʥʷ (ʦʙʤʝʞʝʥʥʷ); 

- ʥʠʞʥʴʦʾ ï ʧʦʪʦʢʠ ʤʝʭʘʥʽʟʤʽʚ (ʨʝʩʫʨʩʽʚ) ( ʨʠʩ. 1). 

ʅʘ ʨʠʩʫʥʢʫ 2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʫʥʢʮʽʾ ʩʪʨʽʣʦʢ (ʽʥʪʝʨʬʝʡʩʥʠʭ ʜʫʛ), ʷʢʽ ʻ 

ʥʦʩʽʷʤʠ ʧʦʪʦʢʽʚ (ʽʥʬʦʨʤʘʮʽʡʥʠʭ, ʤʘʪʝʨʽʘʣʥɹʠʭ ʪʘ ʽʥ.). 

ʅʘ ʨʠʩʫʥʢʫ 3 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʠʥʮʠʧ ʜʝʢʦʤʧʦʟʠʮʽʾ ï ʜʝʪʘʣʽʟʘʮʽʾ 

ʢʦʥʪʝʢʩʪʥʦʾ ʜʽʘʛʨʘʤʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ʜʦʯʽʨʥʽʤʠ ʜʽʘʛʨʘʤʘʤʠ.  
 

 
ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ï ʦʩʥʦʚʥʠʡ ʝʣʝʤʝʥʪ ʦʧʠʩʫ ʩʠʩʪʝʤʠ 

(ʧʨʦʮʝʩʫ) 
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ʈʠʩʫʥʦʢ 2 ï ʌʫʥʢʮʽʾ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʩʪʨʽʣʦʢ (ʽʥʪʝʨʬʝʡʩʥʠʭ ʜʫʛ) 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʠʥʮʠʧ ʜʝʢʦʤʧʦʟʠʮʽʾ (ʜʝʪʘʣʽʟʘʮʽʾ) ʢʦʥʪʝʢʩʪʥʦʾ 

ʜʽʘʛʨʘʤʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ 

 

ʂʦʥʪʝʢʩʪʥʘ ʜʽʘʛʨʘʤʘ ï ʧʝʨʚʠʥʥʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʟ ʚʢʘʟʽʚʢʦʶ 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʬʫʥʢʮʽʾ ʪʘ ʦʧʠʩʦʤ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. 
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ʂʦʥʪʝʢʩʪʥʘ ʜʽʘʛʨʘʤʘ ʤʽʩʪʠʪʴ ʬʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʪʘ ʪʦʯʢʠ ʟʦʨʫ ʨʦʟʨʦʙʥʠʢʘ 

ʩʠʩʪʝʤʠ (ʧʨʦʮʝʩʫ). 
ʆʩʥʦʚʥʠʡ ʚʠʢʣʘʜ. 

ɿ ʬʦʨʤʘʣʴʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʣʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʧʨʦʝʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʦʙʪʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʷʜʢʫ ʚʟʘʻʤʦʜʽʾ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ (ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʥʘʫʢʦʚʦʛʦ ʜʦʩʚʽʜʫ, ʨʝʟʫʣʴʪʘʪʽʚ ʮʽʣʴʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙôʻʢʪʽʚ), ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʣʷʛʘʻ ʫ 

ʚʽʜʦʙʨʘʞʝʥʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘ ʚʟʘʻʤʦʜʽʾ ʤʥʦʞʠʥ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ 

ʪʘ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʥʦʚʽ ʟʥʘʥʥʷ, 

ʬʫʥʢʮʽʾ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤ, ʧʨʦʮʝʩʽʚ ʪʘ ʦʙôʻʢʪʽʚ, ʷʢʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ. ɼʣʷ 

ʩʢʣʘʜʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ ʚʠʢʦʨʠʩʪʘʥʽ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʜʦʩʚʽʜ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʽʚ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʽʰʝʥʴ çɸʛʨʦʆʣʽʤʧ ɿʨʦʰʝʥʥʷè, ʷʢ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʧʨʦʝʢʪʽʚ. 

ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʧʨʦʮʝʩʽʚ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʽʚ 

çɸʛʨʦʆʣʽʤʧ ɿʨʦʰʝʥʥʷè ʚʠʢʦʥʘʥʘ ʧʦʙʫʜʦʚʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ IDEF0 ʤʦʜʝʣʶʚʘʥʥʷ. 

ʂʦʥʪʝʢʩʪʥʘ ʜʽʘʛʨʘʤʘ (ɸʆ) ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʨʦʟʨʦʙʢʠ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.  

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʂʦʥʪʝʢʩʪʥʘ ʜʽʘʛʨʘʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʨʦʝʢʪʫ 

çɸʛʨʦʆʣʽʤʧ ɿʨʦʰʝʥʥʷè 

 

ɼʝʢʦʤʧʦʟʠʮʽʷ ʢʦʥʪʝʢʩʪʥʦʾ ʜʽʘʛʨʘʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʬʫʥʢʮʽʦʥʘʣʥɹʠʭ 

ʙʣʦʢʽʚ: 

- ɸ1 ï ɺʠʟʥʘʯʠʪʠ ʚʭʽʜʥʽ ʚʠʤʦʛʠ ʜʦ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʽʚ; 

ʄʝʪʘ: 

ʉʪʨʫʢʪʫʨʠʟʘʮʽʷ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ  
ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʽʚ. 

ʂʦʦʨʜʠʥʘʮʽʷ 

ʚʠʢʦʥʘʚʮʽʚ ʧʨʦʮʝʩʽʚ. 
ʅʘʚʯʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʘ 

ʜʦʩʚʽʜʫ 

ʊʦʯʢʘ ʟʦʨʫ: 
ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ 

ʚʠʢʦʥʘʚʝʮʴ ʅɼʈ 
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- ɸ2 ï ʈʦʟʨʦʙʠʪʠ ʧʨʦʝʢʪ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʚʠʨʦʱʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ 
ʨʦʩʣʠʥʥʠʮʪʚʘ ʥʘ ʟʨʦʰʝʥʥʽ; 

- ɸ3 ï ʈʦʟʨʦʙʠʪʠ ʧʨʦʝʢʪ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʢʽʚ; 

- ɸ4 ï ʈʦʟʨʦʙʠʪʠ ʧʨʦʝʢʪ ʧʦʪʫʞʥʦʛʦ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʱʫʚʘʥʥʷ 

ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ ʥʘ ʟʨʦʰʝʥʥʽ; 

- ɸ5 ï ɺʠʟʥʘʯʠʪʠ ʧʨʦʛʥʦʟʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʝʢʪʽʚ ʪʘ ʾʭʥʽʭ 

ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ. 

 

ɺʟʘʻʤʦʟʚôʷʟʦʢ ʫʢʘʟʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ, ʾʭʥʽ ʚʭʽʜʥʽ, ʚʠʭʽʜʥʽ 

ʧʦʪʦʢʠ, ʦʙʤʝʞʝʥʥʷ, ʢʝʨʫʚʘʥʥʷ ʪʘ ʨʝʩʫʨʩʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 5. 

ʌʦʨʤʘʪ ʧʫʙʣʽʢʘʮʽʾ ʮʽʻʾ ʩʪʘʪʪʽ, ʥʘ ʞʘʣʴ, ʥʝ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʝʜʩʪʘʚʠʪʠ 

ʚʢʘʟʘʥʽ ʤʘʪʝʨʽʘʣʠ ʚ ʨʦʟʙʽʨʣʠʚʽʡ ʜʣʷ ʯʠʪʘʥʥʷ ʬʦʨʤʽ. ɿ ʤʦʜʝʣʷʤʠ ʧʨʦʮʝʩʽʚ ʪʘ 

ʚʟʘʻʤʦʟʚôʷʟʢʘʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ʤʦʞʣʠʚʦ ʦʟʥʘʡʦʤʠʪʠʩʷ ʫ ʜʦʜʘʪʢʫ G 

[1].  

 
 

ʈʠʩʫʥʦʢ 5 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʜʽʘʛʨʘʤʘ ʧʨʦʮʝʩʽʚ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʽʚ 

çɸʛʨʦʆʣʽʤʧ ɿʨʦʰʝʥʥʷè 

 

ʊʘʢʦʞ ʫ ʜʦʜʘʪʢʫ G ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʢʦʤʧʦʟʠʮʽʷ (ʜʝʪʘʣʽʟʘʮʽʷ) 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ɸ1-ɸ4. 

ɺʠʜʽʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ʧʨʦʮʝʩʽʚ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ 

ʧʨʦʝʢʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ IDEF0 ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʟʚʦʣʠʣʦ ʯʽʪʢʦ ʨʦʟʧʦʜʽʣʠʪʠ 

ʟʘʚʜʘʥʥʷ ʚʠʢʦʥʘʚʮʷʤ ʅɼʈ (ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʽʜʨʦʟʜʽʣʘʤ ʪʘ ʪʚʦʨʯʠʤ 

ʢʦʣʝʢʪʠʚʘʤ) ʪʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʝʮʠʬʽʢʠ ʽ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʨʦʙʽʪ, ʚʠʟʥʘʯʠʪʠ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʚʠʢʦʥʘʚʮʽʚ ʢʦʞʥʦʛʦ ʧʨʦʮʝʩʫ, ʚʩʪʘʥʦʚʠʪʠ ʤʽʞʧʨʦʮʝʩʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ, ʾʭ ʩʪʘʪʫʩ ʪʘ ʚʟʘʻʤʦʜʽʶ, ʚʠʟʥʘʯʠʪʠ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʨʦʮʝʩʽʚ ʪʘ ʧʨʦʝʢʪʽʚ. 
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ɺʠʩʥʦʚʢʠ. 

 1. ʉʪʨʫʢʪʫʨʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʙʣʦʢʽʚ ʜʦʟʚʦʣʷʻ ʯʽʪʢʦ ʚʠʟʥʘʯʠʪʠ ʩʬʝʨʫ ʜʽʷʣʴʥʦʩʪʽ, ʧʦʚʥʦʚʘʞʝʥʥʷ ʽ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʢʦʞʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ (ʪʚʦʨʯʦʛʦ ʢʦʣʝʢʪʠʚʫ), ʚʭʽʜʥʽ ʽ ʚʠʭʽʜʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ, ʧʦʪʦʢʠ ʢʝʨʫʚʘʥʥʷ (ʦʙʤʝʞʝʥʥʷ) ʽ ʨʝʩʫʨʩʽʚ ʪʘ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ. 

2. ɿʘʩʪʦʩʫʚʘʥʥʷ IDEF0 ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʪʠ ʜʦʩʚʽʜ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʝʢʪʽʚ çɸʛʨʦʆʣʽʤʧè ʪʘ ʟʘʩʪʦʩʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʨʦʟʨʦʙʣʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʥʘ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ 

ʘʥʘʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ï ʜʣʷ  ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʦʝʢʪʥʠʭ 

ʧʦʙʫʜʦʚ. 

3. ɺʘʞʣʠʚʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ (ʤʦʜʝʣʴ) ï ʥʝ ʻʜʠʥʝ 

ʜʞʝʨʝʣʦ ʟʥʘʥʴ ʧʨʦ ʦʙôʻʢʪʠ ʯʠ ʧʨʦʮʝʩʠ. ʇʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ çʟʘʥʫʨʝʥʠʡè ʚ 

ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʡ ʧʨʦʮʝʩ ʧʽʟʥʘʥʥʷ, ʪʦʤʫ, ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʽʜʥʦʩʥʦ ʘʥʘʣʦʛʽʯʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʨʽʰʝʥʴ, 

ʧʦʪʨʽʙʥʽ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʥʥʷ ʽ ʜʦʩʚʽʜ ʬʘʭʽʚʮʽʚ ʪʘ ʥʘʷʚʥʽʩʪʴ ʽ ʜʦʩʪʫʧ ʜʦ 

ʩʧʝʮʽʘʣʴʥʠʭ ʙʘʟ ʜʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʛʘʣʫʟʷʭ 

ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʘʰʠʥʦʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʜʭʦʜʳ ʢ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʩʣʦʞʥʳʭ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɯDEF0 ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʙʣʦʢʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʚʭʦʜʥʳʤʠ, 
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ʠʩʭʦʜʥʳʤʠ, ʫʧʨʘʚʣʷʶʱʠʤʠ ʠ ʨʝʩʫʨʩʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ. ʉʪʨʫʢʪʫʨʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʨʘʟʨʝʰʘʝʪ ʯʝʪʢʦ ʦʧʨʝʜʝʣʠʪʴ 

ʩʬʝʨʫ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʣʥʦʤʦʯʠʝ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʦʜʨʘʟʜʝʣʘ 

(ʪʚʦʨʯʝʩʢʦʛʦ ʢʦʣʣʝʢʪʠʚʘ). ʇʨʠʤʝʥʝʥʠʝ ɯDEF0 ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʝʰʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʳʪ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ "ɸʛʨʦʦʣʽʤʧ" ʜʣʷ  ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʦʝʢʪʥʳʭ ʧʦʩʪʨʦʝʥʠʡ. 

 

Summary.  
 

In article approaches to structurization of complex multipurpose scientific 

researches are submitted on the basis of construction of processes of researches 

with use ɯDEF0 modelling. The functional models of processes are submitted as 

the functional blocks connected among themselves and an environment by 

entrance, initial, managing both resource information and material torrents. 

Structurization of processes of scientific researches as the functional blocks allows 

to define precisely a field of activity, power and the responsibility of each subitem 

(creative collective). Application ɯDEF0 for the description of processes of 

scientific researches allows to make use of modelling experience of scientific 

researches and developments of projects "Agro-Olympus" for different objects of 

researches and design constructions. 
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ʋɼʂ 6.31 

 

ʂ ʀʉʊʆʈʀʀ ʉʊɸʊʀʉʊʀʏɽʉʂʆɻʆ ʂʆʅʊʈʆʃʗ ɺ ʉʀʉʊɽʄɽ 

ʄɸʉʉʆɺʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ ʊɽʍʅʀʂʀ 

 

ɺ. ʈʫʙʣʸʚ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.,  

ɹʝʣʦʮʝʨʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʇʦʢʘʟʘʥʦ ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʢʘʯʝʩʪʚʦʤ 

ʧʨʦʜʫʢʮʠʠ. ʆʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʬʘʢʪʦʨ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ 

ʰʝʩʪʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʜʚʘʜʮʘʪʦʛʦ ʩʪʦʣʝʪʠʷ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʦʧʳʪʘ ʉʐɸ, 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʧʨʦʰʣʦʤ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ, ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʧʝʨʠʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ʆʙʦʩʥʦʚʘʥʳ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʩʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ. 

ʇʦʢʘʟʘʥʘ ʠʭ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʮʝʣʦʡ ʛʨʫʧʧʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ  ʤʘʰʠʥ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʪʝʭʥʠʢʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ, ʢʘʯʝʩʪʚʦ, ʜʝʪʘʣʠ, 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ. 

 

ɺʩʪʫʧʣʝʥʠʝ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʧʨʠʦʙʨʸʣ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʝʨʠʦʜ ʩʦʟʜʘʥʠʷ ʤʘʩʩʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʳʙʦʨʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʚ ʧʨʝʜʝʣʘʭ ʪʨʸʭ ʝʜʠʥʠʮ ʧʨʦʜʫʢʮʠʠ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʣ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʢʠ [1]. ʉʧʣʦʰʥʦʡ ʢʦʥʪʨʦʣʴ ï ʪʨʫʜʦʸʤʢʠʡ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʦʧʝʨʘʪʠʚʥʦʩʪʴʶ. ʆʧʝʨʘʪʠʚʥʦʩʪʴ ʽ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʢʦʥʪʨʦʣʷ ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ [2]. ʆʜʥʘʢʦ, 

ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʥʘʧʠʩʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʝʭʥʠʢʠ ʠ 

ʥʘ ʥʘʩʪʦʷʱʠʡ ʧʝʨʠʦʜ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʚʳʙʦʨʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʚ ʧʨʝʜʝʣʘʭ 2% 

ʦʪ ʦʙʲʸʤʘ ʩʫʪʦʯʥʦʡ ʧʘʨʪʠʠ. ʇʨʠ ʩʫʪʦʯʥʦʡ ʧʘʨʪʠʠ ʤʘʰʠʥ ʨʘʚʥʦʡ 50 ʰʪʫʢ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʦʜʥʘ ʤʘʰʠʥʘ.  

ɺ ʪʦʞʝ ʚʨʝʤʷ, ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ. ʂʘʢ ʩʦʩʪʘʚʥʘʷ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ ʦʥ ʦʧʝʨʘʪʠʚʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʘʢʪʠʢʦʡ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 

ʧʨʦʜʫʢʮʠʠ [3] (ʨʠʩ. 1). ɻʨʘʬʠʢ ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʝʨʝʜ ʢʦʥʪʨʦʣʝʤ ʥʘ ʧʨʠʤʝʨʝ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʥʦʚʳʭ ʠʟʜʝʣʠʡ. 

ʇʦʢʘʟʘʥʦ ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʢʘʯʝʩʪʚʦʤ 

ʧʨʦʜʫʢʮʠʠ. ʆʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʬʘʢʪʦʨ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 
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ʢʘʯʝʩʪʚʦʤ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ 

ʰʝʩʪʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʜʚʘʜʮʘʪʦʛʦ ʩʪʦʣʝʪʠʷ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʦʧʳʪʘ ʉʐɸ [4], 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʧʨʦʰʣʦʤ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ [5-7], ʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ [8, 9].  

 

 
N ï ʯʠʩʣʦ ʦʪʢʘʟʦʚ ʟʘ ʛʦʜ; 1- ʢʨʠʚʘʷ ʦʪʢʘʟʦʚ ʚ ʫʩʣʦʚʠʷʭ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ; 2-

ʢʨʠʚʘʷ ʦʪʢʘʟʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ; 3-ʢʨʠʚʘʷ ʦʪʢʘʟʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʩʫʪʩʪʚʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʢʘʟʦʚ ʦʪ ʩʨʦʢʘ ʜʝʡʩʪʚʠʷ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ISO 9001-2009 [10]  

ɼʉʊʋISO 9001-2009 [11],  ISO 9004-2001[12], ɼʉʊʋISO 9001-2009 [13]  

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ.  

ʆʬʠʮʠʘʣʴʥʦʝ ʧʨʠʟʥʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʧʦʣʫʯʠʣ ʚ 

ʰʝʩʪʠʜʝʩʷʪʳʝ ʛʦʜʳ 20 ʩʪʦʣʝʪʠʷ. ɺ ʉʐɸ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʪʘʥʜʘʨʪ ʜʣʷ 

ʧʨʦʜʫʢʮʠʠ ʦʙʦʨʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ "Military standard. Sampling procedures and 

tables for inspection by attributes" MIL-STD-105D 29 April 1963. Superseding 

MIL -STO-105C 18 July 1961 [4]. 

ɹʳʣʦ ʣʦʛʠʯʥʦ, ʪʘʢ ʢʘʢ ʦʙʦʨʦʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʚʳʧʦʣʥʷʷ ʟʘʜʘʯʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʠʟʛʦʪʘʚʣʠʚʘʣʘ ʧʨʦʜʫʢʮʠʶ ʤʘʩʩʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ., ʕʪʦ ʪʨʝʙʦʚʘʣʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʧʦ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ.  

ʄʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʝʭʥʠʢʠ  ʚ ʉʉʉʈ ʥʘʯʘʣʦʩʴ ʪʘʢʞʝ ʚ 60-70 ʛʦʜʳ. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʚ ʮʝʣʦʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʮʝʣʳʡ ʨʷʜ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʧʦʩʚʷʱʸʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʢʦʥʪʨʦʣ  ʁ
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ɺ 1971 ʛʦʜʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʙʳʣ ʥʦʨʤʠʨʦʚʘʥ ʚ ɻʆʉʊ 16768-71 

"ɼʝʪʘʣʠ ʘʚʪʦʤʦʙʠʣʝʡ, ʪʨʘʢʪʦʨʦʚ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʨʠʸʤʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ. ʇʨʘʚʠʣʘ ʧʨʠʸʤʢʠ"[6]. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ, ʚ ʪʦʤ ʯʠʩʣʝ: ʧʣʘʥʳ ʢʦʥʪʨʦʣʷ ʩ ʫʯʸʪʦʤ ʧʨʠʸʤʦʯʥʦʛʦ ʫʨʦʚʥʷ 

ʜʝʬʝʢʪʥʦʩʪʠ ʠ ʪʘʙʣʠʮ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ, ʧʨʠʸʤʘ ʠ 

ʚʳʙʨʘʢʦʚʢʠ ʧʘʨʪʠʡ ʠʟʜʝʣʠʡ. ʆʧʠʩʘʥʳ ʚʠʜʳ ʜʝʬʝʢʪʦʚ ʩ ʦʙʦʙʱʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʥʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ: ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʣʠʥʝʡʥʦ - ʫʛʣʦʚʳʤ 

ʠʟʤʝʨʝʥʠʷʤ.  

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʦʥʠ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ɻʆʉʊ 16768-81 "ɼʝʪʘʣʠ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʪʨʘʢʪʦʨʦʚ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʘʨʪʠʠ ʧʨʦʜʫʢʮʠʠ. ʉʭʝʤʘ ʢʦʥʪʨʦʣʷ"[7]. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ɻʆʉʊ 16768-71 ʩ MIL-STD-105D ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥ 

ʫʩʪʫʧʘʝʪ ʚʪʦʨʦʤʫ ʧʦ ʜʝʪʘʣʠʟʘʮʠʠ ʧʣʘʥʦʚ ʢʦʥʪʨʦʣʷ ʩ ʫʯʸʪʦʤ ʟʥʘʯʝʥʠʡ 

ʧʨʠʸʤʦʯʥʦʛʦ ʫʨʦʚʥʷ "q" ʠ ʚʠʜʦʚ ʧʣʘʥʦʚ ʢʦʥʪʨʦʣʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ "q =1" ʠ "q =4". ɺʦ ʚʪʦʨʦʤ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ  ʦʪ "q =0,010" ʜʦ "q =1000". ʆʥ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʦ ʦʮʝʥʢʝ 

ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʚʠʜʦʚ ʜʝʬʝʢʪʦʚ ʥʘ 100 ʤʘʰʠʥ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʦʧʫʩʢʘʶʪʩʷ ʠʟʜʝʣʠʷ ʜʘʞʝ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʜʝʬʝʢʪʘʤʠ. 

ɺ ʵʪʦ ʚʨʝʤʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ɻʆʉʊ 18242 -72 [14]. ʆʥ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ 

ʪʘʙʣʠʮʳ ʧʣʘʥʦʚ ʢʦʥʪʨʦʣʷ, ʠʭ ʨʝʘʣʠʟʘʮʠʶ ʠ ʦʙʦʩʥʦʚʘʥʠʝ. ɺ ʮʝʣʦʤ 

ɻʆʉʊ18242-72 ʩʦʜʝʨʞʠʪ  ʥʝʢʦʪʦʨʳʝ ʘʥʘʣʦʛʠʯʥʳʝ ʬʨʘʛʤʝʥʪʳ ʪʘʙʣʠʮ ʧʣʘʥʦʚ 

ʢʦʥʪʨʦʣʷ ʩʪʘʥʜʘʨʪʘ MIL-STD-105D. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʪʘʥʜʘʨʪ ɻʆʉʊ18242-72 ʧʨʝʜʥʘʟʥʘʯʝʥ ʙʳʣ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʢʦʥʪʨʦʣʝ ʰʠʨʦʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʠʟʜʝʣʠʡ ʤʘʩʩʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʥ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʙʫʚʠ, ʙʝʣʴʷ, ʸʤʢʦʩʪʝʡ 

ʠ ʢʨʳʰʝʢ ʜʣʷ ʢʦʥʩʝʨʚʘʮʠʠ ʤʷʩʦ - ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ 

ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʆʜʥʘʢʦ, ʵʪʠ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʥʝ ʥʘʰʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʠ ʦʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʚʥʝʜʨʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʜʣʷ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʦʩʥʦʚʝ 

ʧʘʪʝʥʪʥʦ - ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ [15] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [16].  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʨʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʠʩʢʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʳʰʝʥʘʟʚʘʥʥʳʝ 

ʜʦʢʫʤʝʥʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʙʳʣʘ 

ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ 1. 

ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩ ʙʦʣʴʰʠʤ ʦʙʲʸʤʦʤ ʚʳʙʦʨʢʠ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ - 2%, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʨʠʟʥʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ 
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ʥʘʣʠʯʠʷ ʜʝʬʝʢʪʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ. ʆʙ ʵʪʦʤ ʫʤʘʣʯʠʚʘʣʦʩʴ  ʠ 

ʩʢʨʳʚʘʣʦʩʴ ʧʦʜ ʣʦʟʫʥʛʦʤ: "ɺʩʸ ʩʦʚʝʪʩʢʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ". ɼʣʷ ʠʟʜʝʣʠʡ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʧʦʷʚʠʣʦʩʴ ʧʦʥʷʪʠʝ ʟʘʧʘʩʥʦʡ ʜʝʪʘʣʠ: "ɿʘʧʘʩʥʘʷ ʜʝʪʘʣʴ ï ʵʪʦ 

ʜʝʪʘʣʴ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʜʦʨʘʙʦʪʢʠ ʧʦʜʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠ ʨʝʤʦʥʪʝ 

ʤʘʰʠʥʳ". ʇʦ ʬʘʢʪʫ ʵʪʦ ʢʦʤʧʣʝʢʪʫʶʱʘʷ ʜʝʪʘʣʴ, ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ 

ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʩʦʩʪʘʚ ɿʀʇ ʤʘʰʠʥʳ. ʆʜʥʘʢʦ, ʦʥʘ ʥʝ ʚʩʝʛʜʘ ʙʳʣʘ ʧʨʠʛʦʜʥʘ 

ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʤʘʰʠʥʫ ʙʝʟ ʝʸ ʨʝʤʦʥʪʘ. ʕʪʦ, ʢ ʩʦʞʘʣʝʥʠʶ ʥʘʙʣʶʜʘʝʪʩʷ ʠ 

ʩʝʡʯʘʩ. 

ɺ 1985 ʛʦʜʫ ɺʅʀʀʄʆɾ (ɺʅʀʀ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ) ʩʦʚʤʝʩʪʥʦ ʩ ʋʧʨʘʚʣʝʥʠʝʤ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʥʘʙʞʝʥʠʷ ɻʦʩʢʦʤʩʝʣʴʭʦʟʪʝʭʥʠʢʠ ʋʉʉʈ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʄʦʩʪʦʚʠʢʘ ɺ.ɺ. ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʨʘʙʦʪʘ. ɽʸ ʨʝʟʫʣʴʪʘʪʳ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ 

[17]. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʘʨʪʳ ʢʦʥʪʨʦʣʷ ʜʝʚʷʪʠ ʛʨʫʧʧ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʤʘʰʠʥ [18]. ʆʥʠ ʧʨʠʤʝʥʷʣʠʩʴ ʥʘ ʦʙʣʘʩʪʥʳʭ ʙʘʟʘʭ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʥʘʙʞʝʥʠʷ ʋʢʨʘʠʥʳ ʚ ʩʦʟʜʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʠ ʮʝʭʘʭ 

ʜʦʩʙʦʨʢʠ ʠ ʧʨʝʜʧʨʦʜʘʞʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʦʙʲʸʤʦʤ ʨʘʙʦʪ ʜʦ 1000 ʤʘʰʠʥ ʚ 

ʛʦʜ. ɺʚʝʜʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʠʣʦ ʟʘʱʠʪʠʪʴ ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ ʋʢʨʘʠʥʳ ʦʪ ʧʦʩʪʘʚʢʠ ʥʝʢʘʯʝʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ 
ʊʘʙʣʠʮʘ 1 - ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 
ɸʥʘʣʠʟʠʨʫʝʤʳʝ 

ʧʦʢʘʟʘʪʝʣʠ 

ʆʙʲʝʢʪʳ ʘʥʘʣʠʟʘ 

Military 

standard 

ɻʆʉʊ-

71 

ɻʆʉʊ-

81 

ɻʆʉʊ 

18242 

ʊ

ʋ  

ʂʘʨʪʳ 

ʢʦʥʪʨʦʣʷ 

1.ʅʘʣʠʯʠʝ q + + + + - + 

2.ɺʝʣʠʯʠʥʘ 

 q 0õ1000 

+ - - + - + q= 0õ400 

3.ɺʝʣʠʯʠʥʘ q 1õ4 + + + + - + 

4.ɺʠʜʳ ʢʦʥʪʨʦʣʷ       

4.1.ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ + + + + + + 

4.2.ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ - + +  + + 

5.ʄʝʪʦʜʳ ʢʦʥʪʨʦʣʷ       

5.1.ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ + + + + - + 

5.2.ɽʜʠʥʠʯʥʳʡ - - - - +  

6.ɸʣʛʦʨʠʪʤ ʢʦʥʪʨʦʣʷ       

6.1.ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ + + + + - + 

6.2.ɽʜʠʥʠʯʥʳʡ - - - - +  

 

ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʥʘʙʞʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʧʨʠʝʤʦʯʥʳʤ ʫʨʦʚʥʝʤ ʜʝʬʝʢʪʥʦʩʪʠ q= 0õ400 (ʪʘʙʣʠʮʘ 2). ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʫʯʠʪʳʚʘʣʠʩʴ ʠ ʤʘʣʦʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ. ʂ ʤʘʣʦʟʥʘʯʠʪʝʣʴʥʳʤ ʜʝʬʝʢʪʘʤ ʩ q = 150õ400 

ʙr ʣʠ ʫʢʘʟʘʥʳ ʜʝʬʝʢʪʳ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʘʨʢʠʨʦʚʦʯʥʳʭ 

ʪʘʙʣʠʮ ʥʘ ʤʘʰʠʥʝ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ ʜʠʟʘʡʥʘ ï ʩʦʯʝʪʘʥʠʝ ʮʚʝʪʘ ʢʨʘʩʢʠ 

ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ. 
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ʂ ʢʘʨʪʘʤ ʢʦʥʪʨʦʣʷ ʧʨʠʣʘʛʘʣʘʩʴ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ 

ʧʦ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʤʘʰʠʥ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʢʘʨʪ ʢʦʥʪʨʦʣʷ  ʩ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʦʡ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʤʘʰʠʥ ʩʦʩʪʘʚʠʣʦ: ʜʣʷ ʧʣʫʛʦʚ - 141, 

ʢʫʣʴʪʠʚʘʪʦʨʦʚ - 508, ʧʦʩʝʚʥʳʭ ʤʘʰʠʥ - 195, ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ - 

313, ʢʦʨʤʦʫʙʦʨʦʯʥʳʭ ʠ ʩʠʣʦʩʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ - 531, ʘʚʪʦʤʦʙʠʣʝʡ - 389, 

ʧʨʠʮʝʧʦʚ - 117, ʪʨʘʢʪʦʨʦʚ - 382. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʩ ʦʧʠʩʘʥʠʝʤ 

ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠ ʧʣʘʢʘʪʘʤʠ ʜʝʬʝʢʪʦʚ ʫʧʨʦʱʘʶʪ ʠʭ ʧʦʠʩʢ ʠ 

ʫʤʝʥʴʰʘʶʪ ʜʦ ʤʠʥʠʤʫʤʘ ʪʨʫʜʦʸʤʢʦʩʪʴ [19-26].  

ɺʳʚʦʜʳ. ɸʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ 

ʢʦʥʪʨʦʣʶ  ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʚ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʧʨʘʢʪʠʢʝ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʜʝʪʘʣʠʟʘʮʠʠ ʝʸ ʜʝʬʝʢʪʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʩʫʪʩʪʚʠʝ ʠʭ ʧʨʠʸʤʦʯʥʦʛʦ 

ʫʨʦʚʥʷ ʜʝʬʝʢʪʥʦʩʪʠ. ʕʪʦ ʙʳʣʦ ʫʩʪʨʘʥʝʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʘʨʪ ʢʦʥʪʨʦʣʷ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʘʪʝʨʠʘʣʴʥʦ- ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʥʘʙʞʝʥʠʷ. 

ʇʦʢʘʟʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʜʣʷ 

ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʢʘʞʜʦʡ ʤʘʰʠʥʝ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʜʦ 

100 ʠ ʙʦʣʴʰʝ. ʕʪʦ  ʜʝʪʘʣʠ ʨʘʟʲʸʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ. ʊʦʞʝ 

ʦʪʥʦʩʠʪʩʷ ʢ ʚʠʜʘʤ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʣʘʢʦʢʨʘʩʦʯʥʳʤ ʠ ʟʘʱʠʪʥʳʤ 

ʧʦʢʨʳʪʠʷʤ ʧʦ ʠʭ ʜʝʪʘʣʠʟʘʮʠʠ.  

 
ʊʘʙʣʠʮʘ 2 ï ʅʦʤʝʥʢʣʘʪʫʨʘ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 
ʂʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʊʋ, ʥʘʣʠʯʠʝ  ʂʘʨʪʳ ʢʦʥʪʨʦʣʷ 

ʥʘʣʠʯʠʝ 

ʧʦʢʘʟʘʪʝʣʷ q ʧʦʢʘʟʘʪʝʣʷ q 

1 2 3 4 5 6 

ʐʠʬʨ ʅʘʟʚʘ ʛʨʫʧʧ ʧʦʢʘʟʘʪʝʣʝʡ     

000000 ʆʙʱʝʩʠʩʪʝʤʥʳʝ ʧʦʢʘʟʘʪʝʣʠ +  + + 

000100 ʂʦʤʧʣʝʢʪʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ 

+ - + + 

000110 ʂʦʤʧʣʝʢʪʥʦʩʪʴ ʤʘʰʠʥʳ + - + + 

000120 ʂʘʯʝʩʪʚʦ ʤʘʨʢʠʨʦʚʢʠ + - + + 

000130 ʂʘʯʝʩʪʚʦ ʫʧʘʢʦʚʢʠ + - + + 

000140 ʎʝʣʦʩʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ + - + + 

000150 ʂʘʯʝʩʪʚʦ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ + - + + 

000160 ʂʘʯʝʩʪʚʦ ʩʚʘʨʦʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 
+ - + + 

000180 ʄʦʥʪʘʞʝʧʨʠʛʦʜʥʦʩʪʴ + - + + 

000190 ʂʘʯʝʩʪʚʦ ʨʘʟʸʤʥʳʭ 
ʩʦʝʜʠʥʝʥʠʡ 

+ - + + 

000001 ʉʠʩʪʝʤʥʳʝ ʧʦʢʘʟʘʪʝʣʠ + - + + 

001100 ʅʝʩʫʱʘʷ ʩʠʩʪʝʤʘ     

001200 ʈʘʤʘ + - + + 

00200 ʂʦʨʧʫʩ + - + + 

003000 ɼʚʠʛʘʪʝʣʴ + - + + 

003110 ʉʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ + - + + 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 
1 2 3 4 5 6 

003120 ʕʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ + - + + 

003130 ʉʠʩʪʝʤʘ ʧʠʪʘʥʠʷ + - + + 

004000 ʍʦʜʦʚʘʷ ʯʘʩʪʴ + - + + 

005000 ʈʘʙʦʯʠʝ ʦʨʛʘʥʳ + - + + 

006000 ʉʠʩʪʝʤʘ ʧʨʠʚʦʜʘ + - +  

007000 ʂʘʙʠʥʘ + - + + 

008000 ʆʧʝʨʝʥʠʝ + - + + 

ʇʨʠʤʝʯʘʥʠʝ [9]: ʦʙʱʝʩʠʩʪʝʤʥʳʝ ʧʦʢʘʟʘʪʝʣʠ - ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʩʝʭ ʩʠʩʪʝʤ 

ʤʘʰʠʥʳ;  ʩʠʩʪʝʤʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ï ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʤʘʰʠʥʳ. 

 

ʇʝʨʩʧʝʢʪʠʚʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʠ 

ʠʩʧʳʪʘʥʠʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʜʦ ʫʨʦʚʥʷ ʩʪʘʥʜʘʨʪʦʚ ʀʉʆ ʩʝʨʠʠ 

9000 ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʸ  ʢʘʯʝʩʪʚʘ ʠ ʦʮʝʥʢʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ.  
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ɸʥʦʪʘʮʽʷ 

ɼʦ ʽʩʪʦʨʽʾ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʫ ʩʠʩʪʝʤʽ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʝʭʥʽʢʠ 

 

ɺʢʘʟʘʥʝ ʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ 

ʧʨʦʜʫʢʮʽʾ. ɺʽʥ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʬʘʢʪʦʨ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ. ʁʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʤʘʩʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟ ʰʝʩʪʠʜʝʩʷʪʠʭ ʨʦʢʽʚ 

20- ʛʦ  ʩʪʦʨʽʯʯʷ. ʎʝ ʜʦʩʚʽʜ ʉʐɸ, ʤʽʞʥʘʨʦʜʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʫ ʢʦʣʠʰʥʴʦʤʫ ʈʘʜʷʥʩʴʢʦʤʫ ʉʦʶʟʽ ʽ 

ʩʫʯʘʩʥʦʤʫ ʧʝʨʽʦʜʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ. ʆʙˇʨʫʥʪʦʚʘʥʽ 

ʥʘʧʨʘʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʫ ʩʫʯʘʩʥʠʡ ʧʝʨʽʦʜ. 

ʅʘʚʝʜʝʥʘ ʾʭ ʨʝʘʣʽʟʘʮʽʷ ʥʘ ʛʨʫʧʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʘʪʠʩʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʪʝʭʥʽʢʘ, 

ʚʠʨʦʙʥʠʮʪʚʦ, ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ, ʷʢʽʩʪʴ, ʜʝʪʘʣʽ, ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ. 

 

Summary 

The history of statistical control in mass production technique 

Shows the importance of statistical control in the quality control of products. 

It is considered as a factor of effective quality management. Its use in mass 

production is considered from the sixties of the twentieth century. This applies to 

the U.S. experience, international quality management system, use of statistical 

control in the past of the Soviet Union, and the modern period of production of 

agricultural machinery. The directions of application of statistical control in the 

modern period. Shown their implementation on a group of agricultural machines.  

Keywords: statistical control, agricultural machinery, manufacture, quality 

control, quality, parts, quality indicators. 
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ʋɼʂ 631.31:64 

 

ʊɽʍʅɯʂʆ-ʊɽʍʅʆʃʆɻɯʏʅɸ ɽʌɽʂʊʀɺʅɯʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ɿɽʈʅʆɿɹʀʈɸʃʔʅʀʍ ʂʆʄɹɸʁʅɯɺ 

 

ɺ. ɺʦʡʪʶʢ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, 

ʆ. ɼʝʤʢʦ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ɯ. ʈʦʛʦʚʩʴʢʠʡ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʋʢʨʘʾʥʠ 

 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ (ʜʘʣʽ ï ɿʂ) ʟʘʚʜʷʢʠ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʪʝʭʥʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʽʟ ʢʦʥʪʨʦʣʝʤ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʟʝʨʥʘ ʟʘ 

ʤʦʣʦʪʠʣʴʥʦ-ʩʝʧʘʨʫʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ (ʜʘʣʽ ï ʄʉʇ). 

ɸʥʘʣʽʟ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʦʙʽʪ ʜʦʟʚʦʣʠʚ ʚʠʷʚʠʪʠ, ʱʦ ʧʦʟʘ ʘʥʘʣʽʟʦʤ 

ʥʘʫʢʦʚʮʽʚ ʟʘʣʠʰʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʘʢʣʘʜʝʥʠʭ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ɿʂ, ʟʦʢʨʝʤʘ, ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʜʚʠʛʫʥʘ, ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʄʉʇ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ: ʧʠʪʦʤʦʾ 

ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʦʙʤʦʣʦʪ, ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ ʦʜʥʫ ʪʦʥʥʫ ʽ ʦʜʠʥ ʛʘ, 

ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʟʝʨʥʘ ʟʘ ʢʦʤʙʘʡʥʦʤ. ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ 

ʚʠʷʚʠʪʠ ʚʧʣʠʚ ʪʝʭʥʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, (ʩʪʨʦʢʘʪʦʩʪʽ 

ʫʨʦʞʘʡʥʦʩʪʽ, ʘʛʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʭʣʽʙʥʦʾ ʤʘʩʠ) ʥʘ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ 

ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʥʘ ʾʭ ʧʦʭʽʜʥʫ ï ʚʪʨʘʪʠ ʟʝʨʥʘ ʥʘ ʄʉʇ ɿʂ. 

ɸʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʢʦʤʙʘʡʥʘ ʚ ʟʘʛʽʥʮʽ 

ʚʽʜ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ. ʈʦʟʨʦʙʣʝʥʦ ʽʥʪʝʛʨʘʣʴʥʠʡ ʤʝʪʦʜ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʄʉʇ, ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʽ 

ʬʣʫʢʪʫʘʮʽʾ ʫʨʦʞʘʡʥʦʩʪʽ ʧʦ ʧʣʦʱʽ ʧʦʣʷ ʥʘ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʄʉʇ ʽ ʟʤʽʥʫ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ ʙʘʨʘʙʘʥʘ, ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɿʂ ʯʝʨʝʟ 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʚʽʜ ʚʽʜʥʦʩʥʠʭ ʟʥʘʯʝʥʴ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʟʘ ʄʉʇ ɿʂ. 

ɺʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʦ ʨʦʣʴ ʽ ʟʥʘʯʠʤʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʟʝʨʥʘ ʟʘ ʄʉʇ ʧʽʜ 

ʯʘʩ ʚʠʟʥʘʯʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɿʂ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʯʠʩʣʦʚʽ 

ʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʟʤʽʥʶʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʘʛʨʦʙʽʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʣʽʙʦʩʪʦʶ. ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʯʠʩʣʦʚʠʭ ʚʪʨʘʪ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʘʨʽʘʮʽʾ ʚ ʤʝʞʘʭ  8,03,0 -=vK  ʽ 

ʤʘʢʩʠʤʘʣʴʥʽ ʚʠʢʠʜʠ ʚʝʨʭʥʽʭ ʟʥʘʯʝʥʴ ʧʦʧʘʜʘʶʪʴ ʫ ʯʝʨʚʦʥʫ ʟʦʥʫ ʧʨʠʣʘʜʫ. 

ɸʚʪʦʤʘʪʠʯʥʠʡ ʟʚʫʢʦʚʠʡ ʩʠʛʥʘʣ ʚʪʨʘʪ  ʩʣʫʛʫʻ ʩʠʛʥʘʣʦʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʨʦʙʦʯʦʾ ʰʚʠʜʢʦʩʪʽ ʚ ʟʘʛʽʥʮʽ.  

ɺʠʷʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɿʂ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʄʉʇ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ ʥʘ 20ï30 % ʽ ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʝʥʥʷ 

ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ ʪʦʥʥʫ ʽ ʛʝʢʪʘʨ ʚ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʠʭ ʚʪʨʘʪ 

ʟʝʨʥʘ. 
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʡ ʢʦʤʙʘʡʥ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʝʭʥʽʯʥʽ ʬʘʢʪʦʨʠ, ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʬʘʢʪʦʨʠ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ, ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʚʪʨʘʪʠ ʟʝʨʥʘ, ʚʠʪʨʘʪʘ 

ʧʘʣʠʚʘ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʠʨʦʙʥʠʮʪʚʦ ʟʝʨʥʘ ʚ ʋʢʨʘʾʥʽ ʪʘ ʡʦʛʦ ʚʘʣʦʚʠʡ 

ʟʙʽʨ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʟʨʦʩʪʘʻ. ʇʨʠʤʽʨʦʤ, ʫ 2012ï2017 ʨʨ. ʚʽʥ ʟʨʽʩ ʟ 40 ʜʦ 60 

ʤʣʥ ʪʦʥʥ ʟʝʨʥʘ. ʇʦʨʷʜ ʟ ʮʠʤ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʦʢʘʟʥʠʢʠ ʫʩʧʽʭʫ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʪʘʢʠʤ ʥʝʛʘʪʠʚʥʠʤ ʷʚʠʱʝʤ, ʷʢ ʚʪʨʘʪʠ ʚʠʨʦʱʝʥʠʭ ʫʨʦʞʘʾʚ, 

ʷʢʽ ʩʷʛʘʶʪʴ 7ï8 ʤʣʥ ʪʦʥʥ, ʘ ʮʝ ʩʢʣʘʜʘʻ 16ï18 % ʚʽʜ ʚʘʣʦʚʦʛʦ ʟʙʦʨʫ. ʇʘʥʽʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʪʘʢʠʭ ʟʥʘʯʥʠʭ ʚʪʨʘʪ ʫʨʦʞʘʶ ʻ ʧʦʩʪʽʡʥʘ ʥʝʩʪʘʯʘ ɿʂ, ʥʠʟʴʢʘ 

ʪʝʭʥʽʯʥʘ ʛʦʪʦʚʥʽʩʪʴ ʽ ʥʝʧʽʜʛʦʪʦʚʣʝʥʽʩʪʴ ʧʝʨʩʦʥʘʣʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʫʯʘʩʥʫ 

ʪʝʭʥʽʢʫ. ɺʽʜʦʤʦ, ʱʦ ʚ ʘʛʨʦʪʝʨʤʽʥʠ ʟʙʠʨʘʶʪʴ ʣʠʰʝ 30 % ʧʦʩʽʚʽʚ ʟʝʨʥʦʚʠʭ 

ʢʫʣʴʪʫʨ, ʘ ʪʨʠʚʘʣʽʩʪʴ ʟʙʠʨʘʣʴʥʦʛʦ ʩʝʟʦʥʫ ʧʝʨʝʚʠʱʫʻ ʾʭ ʫ 3ï5 ʨʘʟʽʚ. 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʜʠʥ ʬʽʟʠʯʥʠʡ ɿʂ ʩʢʣʘʜʘʻ 189 ʛʘ, ʥʘ ʪʝʭʥʽʯʥʦ 

ʩʧʨʘʚʥʠʡ ï ʧʨʠʙʣʠʟʥʦ 218 ʛʘ ʘʙʦ 770 ʪ. ʇʦʥʘʜ 70 % ʢʦʤʙʘʡʥʽʚ ʤʘʶʪʴ ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ 30 ʨʦʢʽʚ ʟ ʡʤʦʚʽʨʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʛʦʪʦʚʥʦʩʪʽ 0,4ï

0,7, ʷʢʽ ʥʘʤʦʣʦʯʫʶʪʴ 200ï600 ʪ; ʚʪʨʘʪʠ ʚʽʜ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʩʠʧʘʥʥʷ ʜʦʩʷʛʘʶʪʴ 

ʤʽʥʽʤʫʤ 10 % ʚʽʜ ʚʘʣʦʚʦʛʦ ʟʙʦʨʫ. ʇʨʠʯʠʥʘʤʠ ʟʥʘʯʥʠʭ ʚʪʨʘʪ ʚʠʨʦʱʝʥʦʛʦ 

ʫʨʦʞʘʶ ʻ ʚʠʩʦʢʝ ʬʽʟʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʤʙʘʡʥ ʽ ʥʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʦʛʦ ʧʘʨʢʫ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʜʚʠʛʫʥʘ ʪʘ ʧʨʦʧʫʩʢʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʤʦʣʦʪʘʨʢʠ, ʘʛʨʦʙʽʦʣʦʛʽʯʥʠʤ ʩʪʘʥʦʤ ʭʣʽʙʥʦʾ ʤʘʩʠ, ʚʪʨʘʪʘʤʠ ʟʝʨʥʘ 

ʟʘ ʤʦʣʦʪʘʨʢʦʶ ʪʘ ʽʥ. 

ɺ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʽʚ ɿʂ ʽ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʤʦʣʦʪʘʨʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦ 57ï63 % ʚʽʜ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ. ɹʝʟʫʤʦʚʥʦ, ʥʠʟʴʢʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʻ ʦʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʥʠʟʴʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʟʘʪʷʛʫʚʘʥʥʷ ʪʝʨʤʽʥʽʚ ʞʥʠʚ ʽ ʟʥʘʯʥʠʭ ʚʪʨʘʪ 

ʟʝʨʥʘ ʚʽʜ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʩʠʧʘʥʥʷ ʪʘ ʧʝʨʝʚʠʪʨʘʪ ʧʘʣʠʚʘ. ɺʪʨʘʪʠ ʚʠʨʦʱʝʥʦʛʦ 

ʫʨʦʞʘʶ ʯʝʨʝʟ ʦʩʠʧʘʥʥʷ ʽ ʥʠʟʴʢʠʡ ʚʽʜʩʦʪʦʢ ʟʙʠʨʘʥʥʷ ʧʨʦʜʦʚʦʣʴʯʠʭ ʢʣʘʩʽʚ 

ʟʝʨʥʘ ʫ ʚʩʪʘʥʦʚʣʝʥʽ ʘʛʨʦʪʝʨʤʽʥʠ ʻ ʧʨʠʯʠʥʦʶ ʟʥʘʯʥʠʭ ʟʙʠʪʢʽʚ (å1 ʤʣʨʜ $). 

ʆʩʴ ʯʦʤʫ ʪʝʤʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʽ ʤʘʻ ʟʥʘʯʥʫ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʷʢ ʜʣʷ 

ʚʠʨʦʙʥʠʢʽʚ ɿʂ, ʪʘʢ ʽ ʜʣʷ ʾʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʫ ʧʽʜʛʦʪʦʚʮʽ ʽʥʞʝʥʝʨʥʠʭ 

ʢʘʜʨʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʶ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʙʣʝʤ, ʟʘʜʘʯ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ 

ʢʦʤʙʘʡʥʽʚ. ɺʠʷʚʣʝʥʦ, ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʦʙʽʪ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʢʣʘʩʠʯʥʠʡ ʥʘʙʽʨ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, ʪʝʭʥʽʯʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʜʘʯ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [1-5] ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʦʟʘ 

ʫʚʘʛʦʶ ʽ ʨʝʪʝʣʴʥʠʤ ʘʥʘʣʽʟʦʤ ʥʘʫʢʦʚʮʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɿʂ ʚʽʜ ʾʭ ʥʘʜʽʡʥʦʩʪʽ, ʘʛʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ 

ʭʣʽʙʥʦʾ ʤʘʩʠ ʽ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʟʘ ʄʉʇ. ʅʝ ʟʥʘʡʰʣʦ 

ʥʘʣʝʞʥʦʛʦ ʨʦʟʛʣʷʜʫ ʚ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʠʭ ʨʦʙʦʪʘʭ ʧʠʪʘʥʥʷ 
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ʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʪʝʭʥʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ. ʈʦʟʛʣʷʥʫʪʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ɿʂ ̔ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʜʥʽʻʶ ʽʟ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʻ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ɸʩʦʮʽʘʮʽʾ ʚʠʨʦʙʥʠʢʽʚ ʧʨʦʜʫʢʮʽʾ. ɿʛʽʜʥʦ ʟ ʮʽʻʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʢʦʤʙʘʡʥʠ 

ʧʦʜʽʣʝʥʦ ʥʘ VïIX ʢʣʘʩʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʾ ʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ɿ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ ʚʠʧʣʠʚʘʻ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ï ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɿʂ ʯʝʨʝʟ ʨʘʮʽʦʥʘʣʽʟʘʮʽʶ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ ʪʘ ʄʉʇ ʫ 

ʤʝʞʘʭ ʥʦʨʤʘʪʠʚʥʠʭ ʚʪʨʘʪ ʟʝʨʥʘ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʴ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɿʂ ʟʘʣʝʞʥʦ ʚʽʜ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʢʪʦʨʽʚ ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

))),%((,,%( UUUNeqfU DD+D=
ä

,                     (1) 

ʜʝ q  ï ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʄʉʇ ɿʂ, ʢʛ/ʩ; Ne%  ï 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ, ʢɺʪ; )( UU DD+D  ï ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʽ 

ʬʣʫʢʪʫʘʮʽʷ ʫʨʦʞʘʡʥʦʩʪʽ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, ʢʛ/ʤ
2

; U%  ï ʯʠʩʣʦʚʽ ʽ 

ʚʽʜʥʦʩʥʽ ʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʟʝʨʥʘ (%) ʄʉʇ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, 

ʢʛ/ʩ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʠʨʦʙʥʠʢʠ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ ʫ ʪʝʭʥʽʯʥʽʡ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʝ ʥʘʚʦʜʷʪʴ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, 

ʷʢʽ ʚʭʦʜʷʪʴ ʫ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʧʨʦʛʥʦʟʫʶʯʠ ʪʝʤʧʠ 

ʞʥʠʚ ʘʙʦ ʚʠʙʠʨʘʶʯʠ ʢʦʤʙʘʡʥ. ʈʽʰʝʥʥʷ ʟʥʘʡʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷʤ ʬʦʨʤʫʣ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (40 ʮ/ʛʘ) ʟ ʜʚʦʭ ʨʽʚʥʷʥʴ, ʚ ʦʜʥʝ ʟ ʷʢʠʭ ʚʭʦʜʠʪʴ ʧʦʪʫʞʥʽʩʪʴ 

ʜʚʠʛʫʥʘ, ʘ ʚ ʜʨʫʛʝ ï ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ 

ʧʦʢʘʟʥʠʢ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʄʉʇ ɿʂ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʟʘʣʝʞʥʦʩʪʽ: 

( )( )
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x , ʢʛ/ʩ,        (2) 

ʜʝ Ne ï ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ, ʢɺʪ; x ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʜʚʠʛʫʥʘ; pB  ï ʨʦʙʦʯʘ ʰʠʨʠʥʘ ʟʘʭʚʘʪʫ ʞʘʪʢʠ, ʤ; U ï ʫʨʦʞʘʡʥʽʩʪʴ, ʪ/ʛʘ;  

cd ï ʧʦʢʘʟʥʠʢ ʩʦʣʦʤʠʩʪʦʩʪʽ ʭʣʽʙʥʦʾ ʤʘʩʠ; ʄN ï ʧʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘ 

ʦʙʤʦʣʦʪ, ʢɺʪĬʩ/ʢʛ; ʇN  ï ʧʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ ʩʦʣʦʤʠʩʪʦʾ 

ʤʘʩʠ, ʢɺʪĬʩ/ʢʛ; g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʟʝʤʥʦʛʦ ʪʷʞʽʥʥʷ, ʤ/ʩ
2
; f  ï ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʢʦʯʫʚʘʥʥʷ; TG  ï ʤʘʩʘ ʢʦʤʙʘʡʥʘ, ʪ; TPh  ï ʂʂɼ ʪʨʘʥʩʤʽʩʽʾ. 

ʋ ʟʘʣʝʞʥʽʩʪʴ (2) ʚʭʦʜʷʪʴ: ʧôʷʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʪʨʠ ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʽ ʪʨʠ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟ ʜʦʧʫʩʪʠʤʦʶ ʪʦʯʥʽʩʪʶ 
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ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʧʦʢʘʟʥʠʢ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʣʷ ɿʂ ʨʽʟʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʣʽʙʦʩʪʦʶ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ɿʂ ʚ ʟʘʛʽʥʮʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʽʟ 

ʟʤʽʥʦʶ ʧʦʪʫʞʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ: 

[ ]
6,3

))(1( 00

p

pmkʨʫʰ

V
VVfGN Ö-+ÖÖ= r ,                           (3) 

ʜʝ 
mkG  ï ʤʘʩʘ ʢʦʤʙʘʡʥʦʚʦʛʦ ʘʛʨʝʛʘʪʘ, ʪ; 

0f  ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʢʦʯʫʚʘʥʥʷ;  

r ï ʢʦʝʬʽʮʽʻʥʪ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ; 0,VVp  ï ʨʦʙʦʯʘ ʽ ʧʦʯʘʪʢʦʚʘ 

ʰʚʠʜʢʽʩʪʴ, ʢʤ/ʛʦʜ. 

ɿʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʚʠʟʥʘʯʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 
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V ,                                       (4) 
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hd11
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M
N  ï ʧʦʪʫʞʥʽʩʪʴ, 

ʩʧʦʞʠʚʘʥʘ ʥʘ ʦʙʤʦʣʦʪ ʭʣʽʙʥʦʾ ʤʘʩʠ, ʘ ʜʣʷ ʟʥʦʰʝʥʦʛʦ ʽ ʥʝʚʽʜʨʝʛʫʣʴʦʚʘʥʦʛʦ 

ʜʚʠʛʫʥʘ ʽʟ ʟʘʣʝʞʥʦʩʪʽ: 

2
A

p
V

1
A2

M
N

e
N

ʟ
N Ö+Ö-D--=

p
V

ʇ
N ,                         (5) 

ʜʝ 
ʇ

ND  ï ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʚʥʘʩʣʽʜʦʢ ʟʥʦʰʫʚʘʥʥʷ ʽ 

ʨʦʟʨʝʛʫʣʴʦʚʘʥʦʩʪʽ. 

ʆʩʪʘʪʦʯʥʦ ʨʽʚʥʷʥʥʷ (5) ʤʘʻ ʚʠʛʣʷʜ: 

0)(21

2 =---Ö+Ö ʟmepp NNNAVAV .                                (6) 

ɺʠʟʥʘʯʠʤʦ ʟʥʘʯʝʥʥʷ Vp ʽʟ ʟʘʣʝʞʥʦʩʪʽ (6): 

1

1

2

22

2

)(4

A

NNNʝAAA
V ʇM

p
Ö

D--+°-
= .                           (7) 

ɺʧʣʠʚ ʬʘʢʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ɿʂ V ʢʣʘʩʫ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʽʤʦʚʽʨʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʨʦʙʽʪʢʫ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʤʧʽʚ 

ʞʥʠʚ. ʊʝʭʥʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʽ ʬʣʫʢʪʫʘʮʽʷ 

ʫʨʦʞʘʡʥʦʩʪʽ ))1(( ʩʨc UU =+d  ʧʦ ʧʣʦʱʽ ʧʦʣʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɿʂ ʯʝʨʝʟ ʩʪʫʧʽʥʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʄʉʇ ʽ ʥʘ ʟʤʽʥʫ 

ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ. ʌʣʫʢʪʫʘʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʤʦʞʝ ʥʘʢʣʘʜʘʪʠʩʷ ʥʘ ʛʘʨʤʦʥʽʯʥʫ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ (Ñ) ʪʨʠʚʘʣʽʩʪʶ 1ï15 ʩ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʛʘʨʤʦʥʽʯʥʘ ʩʢʣʘʜʦʚʘ 
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ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ (
ʩʨUD ) ʤʦʞʝ ʜʦʩʷʛʪʠ ʜʦ 35 % ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 

ʫʨʦʞʘʡʥʦʩʪʽ Uʩʨ, ʘ ʬʣʫʢʪʫʘʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ï ( )( ʩʨUDD )Ñ10 % ʚʽʜ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʩʨUD . ɼʣʷ ʘʥʘʣʽʟʫ ʧʨʠʡʥʷʪʦ 3,1ºcpu  ʢʛ/ʤ
2
 ʭʣʽʙʦʩʪʦʶ. ɯʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʬʘʢʪʦʨʽʚ ʫʨʦʞʘʡʥʽʩʪʴ ʧʦ ʧʦʣʶ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʧʘʜʢʦʚʠʭ ʬʫʥʢʮʽʡ: 

)( ʉʈʉʈʉʈʍʄ UUUU DD°D°= , ʢʛ/ʤ
2
,                            (8) 

ʜʝ cpU ï ʩʝʨʝʜʥʷ ʫʨʦʞʘʡʥʽʩʪʴ, ʢʛ/ʤ
2
; 

ʉʈUD  ï ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʽʜ ʩʝʨʝʜʥʴʦʾ 

ʫʨʦʞʘʡʥʦʩʪʽ, ʢʛ/ʤ
2
; )( ʉʈUDD  ï ʬʣʫʢʪʫʘʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʚʽʜ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ, 

ʢʛ/ʤ
2
. 

 

Vp, ʢʤ/ʛʦʜ.

Ne, ʢɺʪ
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(-ȹV=19%)
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ʈʠʩʫʥʦʢ 1 ï ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ɿʂ V ʢʣʘʩʫ ʚʽʜ ʟʥʠʞʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ 

 

ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʫʨʦʞʘʡʥʦʩʪʽ ʧʦ 

ʧʦʣʶ: 
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ææ
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11

ʭʤ

ʩʨʉʈ

xn
SinUU
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,                                           (9) 

ʜʝ 1n  ï ʯʠʩʣʦ ʧʦʚʥʠʭ ʢʦʣʠʚʘʥʴ; ()111 ttVx Ö=  ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʫʨʦʞʘʡʥʦʩʪʽ; 1XMl  ï ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʥʷ ʫʨʦʞʘʡʥʦʩʪʽ, ʤ(ʩ); 

ʩʨU  ï ʤʘʩʘ ʫʨʦʞʘʶ, ʢʛ/ʤ
2
. 

ʌʣʫʢʪʫʘʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʚʽʜ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʫʨʦʞʘʡʥʦʩʪʽ ʦʧʠʩʫʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʶ: 
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ʜʝ 12 nn << ; 
12 ʭʤʭʤ ll << ; 

12 xx << ; 12 tt <<; 222 )( ttVx Ö=  ï ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ ʬʣʫʢʪʫʘʮʽʾ ʫʨʦʞʘʡʥʦʩʪʽ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʛʘʨʤʦʥʽʯʥʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʽ ʬʣʫʢʪʫʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʫʨʦʞʘʡʥʦʩʪʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 
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ʜʝ ( )2

1 0250250
-

°°= ʩʨʩʨʉʈ U,U,UZ ; 

( )22 01,0125,0
-

D°D°D= ʩʨʩʨʉʈ UUUZ ; 
h

 ï ʂʂɼ ʪʨʘʥʩʤʽʩʽʾ; f  ï 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʢʦʯʫʚʘʥʥʷ; g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʟʝʤʥʦʛʦ ʪʷʞʽʥʥʷ, ʤ/ʩ
2
. 

ɻʨʘʬʽʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʟʤʽʥʠ ʚʨʦʞʘʡʥʦʩʪʽ ʧʦ ʧʣʦʱʽ ʧʦʣʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2: UD  ï ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʫʨʦʞʘʡʥʦʩʪʽ; )( ʩʨUDD  ï ʬʣʫʢʪʫʘʮʽʷ ʫʨʦʞʘʡʥʦʩʪʽ; 
21, ʭʤʭʤll  ï ʧʝʨʽʦʜ 

ʢʦʣʠʚʘʥʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʽ ʬʣʫʢʪʫʘʮʽʾ. 

ɻʘʨʤʦʥʽʯʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʽ ʬʣʫʢʪʘʮʽʡʥʽ ʩʢʣʘʜʦʚʽ ʻ ʧʨʠʯʠʥʦʶ ʟʤʽʥʠ 

ʚʽʜʧʦʚʽʜʥʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʄʉʇ ʽ ʜʚʠʛʫʥʘ (ʧʨʠ ʮʴʦʤʫ ʧʨʠʡʤʘʻʤʦ ʧʘʨʘʤʝʪʨʠ, 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʣʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ, ʧʨʠ %35max-DU , %25ºD ʩʨU  

ʬʣʫʢʪʫʘʮʽʷ %10)( ºDD ʩʨU ʚʽʜ ʩʨUD ). 

ɼʨʫʛʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ ï 

ʤʝʭʘʥʽʯʥʽ ʚʪʨʘʪʠ ʟʝʨʥʘ ʟʘ ʄʉʇ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʥʦʩʥʽ ʟʥʘʯʝʥʥʷ ʚʪʨʘʪʠ 

ʟʝʨʥʘ ʟʘ ʄʉʇ ʚ ʤʝʞʘʭ ʜʦ 0,5ï0,6 % ʥʝ ʦʙʤʝʞʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɿʂ ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʚʽʜʥʦʩʥʽ ʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʟʝʨʥʘ ʨʽʟʢʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ï ʚʽʜ 0,5ï0,6 ʜʦ 

1,5 %, ʱʦ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻ ʧʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʈʽʚʥʷʥʥʷ 

ʚʽʜʥʦʩʥʠʭ ʚʪʨʘʪ ʚʽʜ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʦʧʠʩʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ: 

( )
( ) 110qexp

qexp

..

..

-+
=

ʛʨʛʨ

ʛʨʛʨ

yky

kyy
y , %,                                      (11) 

ʜʝ .ʛʨy  ï ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʪʨʘʪ, %; k ï ʢʦʝʬʽʮʽʻʥʪ ʩʘʤʦʦʩʠʧʘʥʥʷ, %, 0,125; 

0,250; 0,5; q ï ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʢʛ/ʩ; y ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʚʪʨʘʪ, %. 
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ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʟʤʽʥʠ ʚʨʦʞʘʡʥʦʩʪʽ, ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʽ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʙʘʨʘʙʘʥʘ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ 

ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ 

 

1,4

1

0,6

0,2

1 215 9 13 17

y,%

q, ʢʛ/ʩ
 

ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʟʝʨʥʘ ʚʽʜ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ɿʂ 

 

ɻʨʘʬʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʽʩʣʷ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ (12), ʷʢʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 3, ʥʝ ʧʽʜʪʚʝʨʜʞʫʻ ʟʤʽʥʫ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʟʝʨʥʘ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʣʦʪʘʨʢʠ ʽ ʥʘʛʘʜʫʻ S-ʧʦʜʽʙʥʫ ʢʨʠʚʫ, ʷʢʫ 

ʧʝʨʝʜʙʘʯʘʚ ʘʢʘʜʝʤʽʢ ɺ. ʇ. ɻʦʨʷʯʢʽʥ. ʊʦʯʢʘ ʧʝʨʝʛʠʥʫ ʜʣʷ ʬʫʥʢʮʽʾ ʧʦʢʘʟʫʻ 

ʚʝʣʠʯʠʥʫ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʟʘ ʷʢʦʛʦ ʚʪʨʘʪʠ ʧʦʯʠʥʘʶʪʴ ʟʤʝʥʰʫʚʘʪʠʩʷ. 

ɿʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ ʚʪʨʘʪ ʤʘʪʠʤʝ ʚʠʨʘʟ (12). ʊʦʯʢʘ ʧʝʨʝʛʠʥʫ ʬʫʥʢʮʽʾ, ʟʘ 
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ʷʢʦʾ ʚʪʨʘʪʠ ʧʦʯʠʥʘʶʪʴ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʠʡʥʷʪʦʛʦ ʟʥʘʯʝʥʥʷ k  ï ʢʦʝʬʽʮʽʻʥʪʘ ʩʘʤʦʦʩʠʧʘʥʥʷ: 

( )

.

. 110ln

ʛʨ

ʛʨ

n
ky

y
q

-
= , ʢʛ/ʩ.                                        (12) 

ɺʠʨʦʙʥʠʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ 

ʢʦʤʙʘʡʥʽʚ ʯʝʨʝʟ ʢʦʥʪʨʦʣʴ ʽ ʦʙʣʽʢ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʟʝʨʥʘ ʟʘ ʤʦʣʦʪʠʣʴʥʦ-

ʩʝʧʘʨʫʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ ʜʦʟʚʦʣʠʣʠ ʚʠʷʚʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʞʥʠʚ ʢʦʤʙʘʡʥ ˉ 1 

ʚʽʜʧʨʘʮʶʚʘʚ t3=103,51 ʛʦʜ, ʪʝʨʤʽʥ ʯʠʩʪʦʾ ʨʦʙʦʪʠ ʩʢʣʘʚ t4=94,8 ʛʦʜ, ʟʽʙʨʘʥʦ ï 

483 ʪ; ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʫ ʟʤʽʥʠ Kt=0,91. ʂʦʤʙʘʡʥ ˉ 2 

ʚʽʜʧʨʘʮʶʚʘʚ t2= 58,08 ʛʦʜ, t4= 52,8 ʛʦʜ., Kt=0,97, ʟʽʙʨʘʥʦ ï 374 ʪ. ʂʦʤʙʘʡʥ ˉ 3 

ʥʘ ʟʙʠʨʘʥʥʽ ʟʝʨʥʦʚʦʾ ʛʨʫʧʠ ʚʽʜʧʨʘʮʶʚʘʚ 77,15 ʛʦʜ, ʟʽʙʨʘʥʦ 304 ʪ.  

ʅʘ ʨʠʩʫʥʢʫ 4. ʫ ʚʠʛʣʷʜʽ ʛʽʩʪʦʛʨʘʤ ʧʦʢʘʟʘʥʽ ʚʪʨʘʪʠ ʟʝʨʝʥ ʟʘ ʢʦʞʥʽ 10 ʭʚ 

ʧʨʦʪʷʛʦʤ ʟʤʽʥʠ. 

 

 

m

t, ʛʦʜ.  
ʈʠʩʫʥʢʫ 4 ï ɻʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʩʫʤʘʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʪʨʘʪ 

(m) ʟʝʨʥʘ ʟʘ ʢʦʞʥʽ 10 ʭʚ ʨʦʙʦʪʠ ʟʘ ʩʦʣʦʤʦʪʨʷʩʦʤ ʽ ʨʝʰʽʪʥʠʤ ʩʪʘʥʦʤ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʘʨʽʘʮʽʾ 0,8 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʫʤʦʚʘʭ ʚʠʨʦʙʥʠʯʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ, 

ʱʦ ʬʘʢʪʠʯʥʽ ʚʪʨʘʪʠ ʟʝʨʥʘ ʟʘ ʪʝʨʤʽʥ ʞʥʠʚ ʫ ʚʽʜʥʦʩʥʦʤʫ ʟʥʘʯʝʥʥʽ ʟʘ 

ʜʦʧʫʩʪʠʤʠʭ 1,5 % ʚʽʜ ʚʘʣʦʚʦʛʦ ʟʙʦʨʫ ʩʢʣʘʣʠ 03,0=Du %. ʋ ʯʠʩʣʦʚʦʤʫ 

ʚʠʨʘʟʽ ʟʘ ʪʝʨʤʽʥ ʞʥʠʚ ʟʘʬʽʢʩʦʚʘʥʦ ʚʪʨʘʪʠ ʟʝʨʥʘ ʟʘ ʤʘʩʦʶ 2252,m=D  ʢʛ 

(ʜʦʧʫʩʪʠʤʽ 7236 ʢʛ); ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ æGʪ=4,8 ʣ/ʪ; æGʛʘ=26 ʣ/ʛʘ; 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 7ºU  ʪ/ʛʦʜ; 1ºɻW  ʛʘ/ʛʦʜ; 726,1=pV  ʢʤ/ʛʦʜ. ʇʦʜʽʙʥʘ 
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ʟʘʣʝʞʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ɿʂ ˉ 2 (
cm  ï 

ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ/ʤ
2
, 

vcK  ï ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ). ɿʽʙʨʘʥʦ ʟʘ ʰʽʩʪʴ ʟʤʽʥ 

( 58,52=pt  ʛʦʜ.) 374,22 ʪ. 

ʅʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʽ ʬʣʫʢʪʫʘʮʽʡʥʽ ʩʢʣʘʜʦʚʽ ʫʨʦʞʘʡʥʦʩʪʽ ʚʧʣʠʚʘʻ ʙʘʛʘʪʦ 

ʘʛʨʦʙʽʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ: ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ (min=10ï33 %, 

max=59ï95 %), ʷʢʽʩʪʴ ʦʩʥʦʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʧʝʨʝʜ ʩʽʚʙʦʶ (ʜʦ 30 %), 

ʨʝʣʴʻʬ ʽ ʤʽʢʨʦʨʝʣʴʻʬ ʧʦʣʷ (ʜʦ 30 %), ʚʠʞʠʚʘʥʥʷ ʨʦʩʣʠʥ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʛʦʜʥʦ-

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ (ʚʽʜ 81 ʜʦ 49 %), ʷʢʽʩʪʴ ʧʽʜʞʠʚʣʝʥʥʷ (ʜʦ 25 %), ʟʘʭʠʩʪ 

ʨʦʩʣʠʥ (ʜʦ 20 %). ɯʟ ʥʘʚʝʜʝʥʠʭ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʚʪʨʘʪ ʟʝʨʥʘ ʧʦ ʽʥʪʝʨʚʘʣʘʭ 

ʦʙʣʽʢʫ (ʨʠʩ. 6) ʷʚʥʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʾʭ ʭʚʠʣʝʧʦʜʽʙʥʘ ʟʤʽʥʘ ʟ ʨʽʟʥʠʮʝʶ ʚʽʜ min 

ʜʦ max ʚ 3ï4 ʨʘʟʠ ʟʙʽʣʴʰʝʥʥʷ ʧʦ ʚʠʩʦʪʽ ʽ ʘʤʧʣʽʪʫʜʽ, ʷʢʫ ʥʘʙʣʠʞʝʥʦ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʠʥʫʩʦʧʦʜʽʙʥʫ ʟʘʣʝʞʥʽʩʪʴ. 

ɺʠʩʥʦʚʢʠ. 

1. ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʽʚ ʫ ʚʠʧʘʜʢʫ 

ʟʥʦʰʫʚʘʥʥʷ ʽ ʨʦʟʨʝʛʫʣʴʦʚʘʥʦʩʪʽ ɿʂ ʥʘ ʾʭʥʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʊʝʦʨʝʪʠʯʥʦ 

ʜʦʚʝʜʝʥʦ, ʱʦ ʟʽ ʟʥʠʞʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʥʘ 14 % ʨʦʙʦʯʘ 

ʰʚʠʜʢʽʩʪʴ ɿʂ ʚ ʟʘʛʽʥʮʽ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 16 % ʟʘ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʰʚʠʜʢʦʩʪʽ ʚ 

ʟʘʛʽʥʮʽ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦ ʟʥʠʞʫʻʪʴʩʷ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ɿʂ. 

2. ʄʝʪʦʜʦʤ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʄʉʇ, ʟʘ ʷʢʦʾ ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ɿʂ ʽʟ ʟʘʜʘʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʜʚʠʛʫʥʘ ʽ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʄʉʇ ï 

ʨʽʚʥʦʟʥʘʯʥʽ. ɺʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ɿʂ. ɯʟ 

ʟʘʛʘʣʴʥʠʤ ʟʥʠʞʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʜʦ 17 %, ʂʂɼ ʛʽʜʨʦʩʠʩʪʝʤ, 

ʧʘʩʦʚʠʭ ʽ ʣʘʥʮʶʛʦʚʠʭ ʧʝʨʝʜʘʯ, ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʭʘʥʽʟʤʽʚ ʜʦ 10 % 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʄʉʇ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 28 %. 

3. ʊʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ (ʜʦ +/ï35%) ʽ 

ʬʣʫʢʪʫʘʮʽʷ (+/ï10%) ʫʨʦʞʘʡʥʦʩʪʽ ʧʦ ʧʣʦʱʽ ʧʦʣʷ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʄʉʇ. ɿʤʽʥʘ ʚʝʣʠʯʠʥʠ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʄʉʇ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʟʝʨʥʦʚʠʭ ʚʪʨʘʪ ʟʘ ʄʉʇ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ɿʂ ʟʘ ʫʤʦʚʠ ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʄʉʇ ʤʝʭʘʥʽʯʥʽ 

ʚʪʨʘʪʠ ʟʝʨʥʘ ʟʨʦʩʪʘʶʪʴ ʟʘ S-ʧʦʜʽʙʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. ɺʢʘʟʘʥʝ ʩʣʫʛʫʻ ʦʜʥʽʻʶ ʟ 

ʧʨʠʯʠʥ ʩʪʨʦʢʘʪʦʩʪʽ ʽ ʚʘʨʽʘʮʽʾ ʟʥʘʯʝʥʴ ʚʪʨʘʪ ʟʘ ʽʥʪʝʨʚʘʣʘʤʠ ʦʙʣʽʢʫ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʟʝʨʥʦʫʙʦʨʦʯʥʦʛʦ ʢʦʤʙʘʡʥʘ (ʜʘʣʝʝ ï ɿʂ) ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʩ ʢʦʥʪʨʦʣʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ 

ʟʝʨʥʘ ʟʘ ʤʦʣʦʪʠʣʴʥʦ-ʩʝʧʘʨʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ (ʜʘʣʝʝ ï ʄʉʋ).  

ɸʥʘʣʠʟ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ, ʯʪʦ ʚʥʝ ʚʥʠʤʘʥʠʷ 

ʫʯʝʥʳʭ ʦʩʪʘʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʣʦʞʝʥʥʳʭ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ɿʂ, ʚ ʯʘʩʪʥʦʩʪʠ ʟʘʛʨʫʟʢʠ 

ʜʚʠʛʘʪʝʣʷ, ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʄʉʋ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: 

ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʤʦʱʥʦʩʪʠ ʥʘ ʦʙʤʦʣʦʪ, ʟʘʪʨʘʪʳ ʪʦʧʣʠʚʘ ʥʘ ʦʜʥʫ ʪʦʥʥʫ ʠ 

ʦʜʠʥ ʛʘ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʟʝʨʥʘ ʟʘ ʢʦʤʙʘʡʥʦʤ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ, (ʧʝʩʪʨʦʪʳ ʫʨʦʞʘʡʥʦʩʪʠ, ʘʛʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʷ ʭʣʝʙʥʦʡ 

ʤʘʩʩʳ) ʥʘ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘ ʠʭ ʧʨʦʠʟʚʦʜʥʫʶ ï ʧʦʪʝʨʠ ʟʝʨʥʘ ʥʘ ʄʉʋ ɿʂ.  

ɸʥʘʣʠʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʢʦʤʙʘʡʥʘ ʚ 

ʟʘʛʦʥʱʠʢʠ ʦʪ ʟʘʛʨʫʟʢʠ ʠ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ. ʈʘʟʨʘʙʦʪʘʥ ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʄʉʋ, ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠ ʬʣʫʢʪʫʘʮʠʠ ʫʨʦʞʘʡʥʦʩʪʠ ʧʦ ʧʣʦʱʘʜʠ ʧʦʣʷ ʥʘ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʄʉʋ ʠ ʠʟʤʝʥʝʥʠʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ 

ʙʘʨʘʙʘʥʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ɿʂ ʠʟ-ʟʘ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʦ ʄʉʋ ɿʂ. ɺʧʝʨʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥʳ ʨʦʣʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʟʝʨʥʘ ʟʘ ʄʉʋ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɿʂ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʯʠʩʣʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʦ ʩʤʝʥʘʤ ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʘʛʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʣʝʙʦʩʪʦʷ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʦʚʳʭ 

ʧʦʪʝʨʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘʨʠʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ Kv=0.3ï0.8 ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʚʝʨʭʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦʧʘʜʘʶʪ ʚ ʢʨʘʩʥʫʶ ʟʦʥʫ ʧʨʠʙʦʨʘ 
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ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʧʦʪʝʨʴ ʠ ʩʣʫʞʠʪ ʩʠʛʥʘʣʦʤ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʠ ʚ ʟʘʛʦʥʱʠʢʠ.  

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ɿʂ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʄʉʋ ʠ 

ʧʦʚʳʰʝʥʠʝ ʟʘʛʨʫʟʢʠ ʜʚʠʛʘʪʝʣʷ ʥʘ 20-30 % ʠ ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʦʛʦ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ ʪʦʥʥʫ ʠ ʛʝʢʪʘʨ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ ʧʦʪʝʨʴ ʟʝʨʥʘ. 

 

Summary. The thesis is dedicated to improving combine harvesters 

productivity by means of efficient utilization of technical and technology factors 

with control of grain losses behind threshing and separation unit.  

Published papers analysis revealed that scientists left out of sight research of 

efficient utilization of technical features inhered in the combine harvesters design, 

including engine load, threshing through output capacity and energy performance 

factors: specific threshing power consumption, fuel consumption per one tone of 

grain and one hectare harvested, mechanical grain losses behind the combine 

harvester. Theoretical research allowed to determine influence of technical and 

technological factors (uneven yield spread, agronomy condition of cereals plants) 

on threshing output and, respectively, on performance and its derivative ï grain 

losses behind threshing and separation. 

Dependence of combine harvester working speed and threshing load and 

engine load was analytically determined. Integral method for defining threshing 

output was developed, influence of yield fluctuations across the field area on 

threshing output and engine torque change was researched as well as dependence 

of specific mechanical grain losses behind threshing and separation from combine 

harvester output. For the first time role and importance of mechanical grain losses 

behind threshing and separation when determining combine harvester efficiency. 

Established that numerical mechanical losses values change depending of 

agronomic characteristics of grain mass. Medium numerical mechanical losses 

values can be described by variation coefficient within Kv=0.3ï0.8 and when 

maximum values are reached working speed must be reduced.  

Established that combine harvester efficiency improvement staying within 

permitted grain losses parameters is possible by increasing threshing output and 

increasing engine load by 20ï30 %, at the same time reducing specific fuel 

consumption per harvested tone and hectare. 
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ʋɼʂ 631.12 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʇɽʈɽʄɯʑɽʅʅʗ ɿɽʈʅʆ-ʉʆʃʆʄʀʉʊʆɰ ʄɸʉʀ 

ɹɸʈɸɹɸʅʆʄ ɿ ʋʇʆʈɸʄʀ  

 

ɺ. ʐʝʡʯʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ,  

ɯ. ɼʫʜʥʽʢʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʇʦʣʪʘʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʛʨʘʨʥʘ ʘʢʘʜʝʤʽʷ  

ɸ. ʂʫʟʴʤʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ʄ. ʐʝʚʯʫʢ, ʘʩʧʽʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ çɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ 

ʝʣʝʢʪʨʠʬʽʢʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘè  
ɺ. ʐʝʚʯʫʢ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ 

 

ʈʦʟʛʣʷʥʫʪʦ ʧʝʨʝʤʽʱʝʥʥʷ ʟʝʨʥʦ-ʩʦʣʦʤʠʩʪʦʾ ʤʘʩʠ (ɿʉʄ) ʧʦ ʧʦʭʠʣʽʡ 

ʢʘʤʝʨʽ (ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʽʜ ʢʫʪʦʤ a ʜʦ ʛʦʨʠʟʦʥʪʫ) ʟʘ ʫʤʦʚ, ʢʦʣʠ ʚʘʛʫ 

ʙʘʨʘʙʘʥ ʟ ʫʧʦʨʘʤʠ 
ɹ

P ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʜʚʽ ʩʢʣʘʜʦʚʽ, ʥʘʧʨʘʚʣʝʥʽ ʧʘʨʘʣʝʣʴʥʦ ʽ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʭʠʣʽʡ ʢʘʤʝʨʽ.  

ʈʝʟʫʣʴʪʘʪʥʫ 
ɿʉ

R ʫʩʽʭ ʨʝʘʢʮʽʡ ɿʉʄ ʪʘ ʩʠʣ ʦʧʦʨʫ ʾʾ ʪʝʨʪʷ ʧʦ ʜʝʢʫ 

ʨʦʟʢʣʘʜʝʥʦ ʥʘ ʩʢʣʘʜʦʚʽ   
ɿʉ ɿʉ

X ʽʋ. ɺʠʟʥʘʯʝʥʦ ʧʨʦʝʢʮʽʾ ʫʩʽʭ ʩʠʣ ʥʘ ʦʩʽ ï 

ʧʘʨʘʣʝʣʴʥʫ ʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʧʦʚʝʨʭʥʽ ʧʦʭʠʣʦʾ ʢʘʤʝʨʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʩʫʤʫ 

ʤʦʤʝʥʪʽʚ ʚʽʜʥʦʩʥʦ ʛʝʦʤʝʪʨʠʯʥʦʾ ʦʩʽ ʙʘʨʘʙʘʥʘ ʪʘ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ɿʉʄ ʙʘʨʘʙʘʥʦʤ ʽʟ ʫʧʦʨʘʤʠ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʡ ʢʦʤʙʘʡʥ, ʟʝʨʥʦ-ʩʦʣʦʤʠʩʪʘ ʤʘʩʘ, 

ʧʨʠʩʪʨʽʡ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʤʦʣʦʪʫ ʟʝʨʥʘ, ʙʘʨʘʙʘʥ ʟ ʫʧʦʨʘʤʠ, ʧʦʭʠʣʘ ʢʘʤʝʨʘ 

ʞʥʠʚʘʨʢʠ, ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʟʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ, ʤʦʤʝʥʪ ʩʠʣ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʨʠʥʮʠʧʠ ʦʙʨʦʙʢʠ ʟʝʨʥʦ-ʩʦʣʦʤʠʩʪʦʾ ʤʘʩʠ 

(ɿʉʄ) ʚ ʤʦʣʦʪʠʣʴʥʦ-ʩʝʧʘʨʫʚʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʚʪʨʘʪʠ ʟʝʨʥʘ ʽ 

ʷʢʽʩʪʴ ʦʙʤʦʣʦʪʫ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʠʣʠʩʷ [1-6]. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦʙʤʦʣʦʪʫ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʚ ʤʦʣʦʪʠʣʴʥʦ-

ʩʝʧʘʨʫʚʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ ʽ ʦʩʦʙʣʠʚʦ ʥʘ ʝʪʘʧʘʭ ʡʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʦ 

ʤʦʣʦʪʠʣʴʥʦ-ʩʝʧʘʨʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ (ʄʉʉ) ʻ ʜʦʩʠʪʴ ʚʘʞʣʠʚʠʤ ʽ ʘʢʪʫʘʣʴʥʠʤ 

ʟʘʚʜʘʥʥʷʤ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ɿʉʄ ʧʦ ʧʦʭʠʣʽʡ ʢʘʤʝʨʽ 

ʞʥʠʚʘʨʢʠ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʤʽʱʝʥʥʷ, ʫ ʷʢʦʤʫ 

ʧʦʩʪʽʡʥʦ, ʚʥʘʩʣʽʜʦʢ ʚʽʜʜʽʣʝʥʥʷ ʟʝʨʥʽʚʦʢ ʚʽʜ ʢʦʣʦʩʘ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʯʘʩʪʢʠ ʟʝʨʥʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʧʦʪʦʮʽ ʤʘʩʠ. 

ʇʝʨʝʤʽʱʝʥʥʷ ɿʉʄ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ:  



50 

- ʚʽʜʜʽʣʝʥʥʷ ʦʢʨʝʤʠʭ ʟʝʨʥʽʚʦʢ, ʧʦʣʦʚʠ ʪʦʱʦ ʽʟ ʩʫʮʚʽʪʪʷ ʟʨʽʟʘʥʠʭ ʩʪʝʙʝʣ, 

ʦʩʽʜʘʥʥʷ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʧʦʪʦʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʩʠ ʚʘʞʯʦʾ ʟʘ ʤʘʩʦʶ ʥʽʞ 

ʩʦʣʦʤʘ ʬʨʘʢʮʽʾ ʟʝʨʥʽʚʦʢ; 

- ʬʦʨʤʫʚʘʥʥʷ ʟ ʚʽʜʜʽʣʝʥʠʭ ʟʝʨʥʽʚʦʢ ʦʢʨʝʤʦʛʦ ʟʝʨʥʦʚʦʛʦ ʧʦʪʦʢʫ; 

- ʪʨʘʚʤʫʚʘʥʥʷ  ʟʝʨʥʠʥ ʫʞʝ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʡʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ 

ʬʘʭʽʚʮʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʮʝʩ ʦʙʤʦʣʦʪʫ ʟʝʨʥʦʚʦʾ ʤʘʩʠ ʪʘʢʠʤ, ʷʢʠʡ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟʘʚʜʷʢʠ ʜʽʾ (ʄʉʉ) ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ ʽ ʥʝ 

ʚʨʘʭʦʚʫʻ  ʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʽʥʰʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʞʥʠʚʘʨʢʠ ʽ ʢʦʤʙʘʡʥʘ 

ʥʘ ʤʘʩʫ, ʷʢʘ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʜʦ ʄʉʉ [7-11]. ʇʨʦʪʝ ʥʘ ʰʣʷʭʫ ʜʦ ʄʉʉ 

ʚʟʘʻʤʦʜʽʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʽʟ ɿʉʄ ʫʤʦʞʣʠʚʣʶʻ ʧʦʩʣʘʙʣʝʥʥʷ ʟʚ'ʷʟʢʽʚ ʟʝʨʥʽʚʢʠ 

ʽʟ ʢʦʣʦʩʢʦʤ, ʘ ʽʥʦʜʽ ʽ ʧʦʚʥʝ ʡʦʛʦ ʚʽʜʜʽʣʝʥʥʷ [12]. ʇʨʦʮʝʩ ʦʙʤʦʣʦʪʫ ʟʝʨʥʘ 

ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʟ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ ʚʟʘʻʤʦʜʽʾ ʧʘʣʴʮʽʚ ʤʦʪʦʚʠʣʘ ʞʥʠʚʘʨʢʠ ʟʽ 

ʩʪʝʙʣʦʤ. ʉʪʫʧʽʥʴ ʚʽʜʜʽʣʝʥʥʷ ʟʝʨʥʘ ʚʽʜ ʤʘʩʠ, ʷʢʫ ʪʨʘʥʩʧʦʨʪʫʻ ʞʥʠʚʘʨʢʘ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ: ʬʘʟʠ ʨʦʟʚʠʪʢʫ ʢʫʣʴʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ, 

ʩʪʠʛʣʦʩʪʽ, ʩʦʨʪʫ, ʜʠʥʘʤʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʚʧʣʠʚʫ ʥʘ ʨʦʩʣʠʥʫ ʪʦʱʦ. 

ɿʨʽʟʘʥʘ ʨʽʟʘʣʴʥʠʤ ʘʧʘʨʘʪʦʤ ʞʥʠʚʘʨʢʠ ʤʘʩʘ, ʜʦʩʠʪʴ ʥʝʨʽʚʥʦʤʽʨʥʘ ʟʘ 

ʥʘʧʦʚʥʝʥʥʷʤ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʜʦ ʄʉʉ ʢʦʤʙʘʡʥʘ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʦ ʥʘʙʽʨ (ʢʦʤʙʽʥʘʮʽʷ) ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠ ʦʨʽʻʥʪʦʚʘʥʘ 

ʥʘ ʧʦʚʥʝ ʚʽʜʜʽʣʝʥʥʷ ʟʝʨʥʽʚʢʠ ʚʽʜ ʢʦʣʦʩʫ, ʦʯʠʱʝʥʥʷ ʟʝʨʥʘ ʚʽʜ ʣʝʛʢʠʭ ʜʦʤʽʰʦʢ 

(ʧʦʣʦʚʠ, ʧʠʣʫ), ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʚʠʚʘʥʪʘʞʝʥʥʷ ʷʢ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʙʠʨʘʥʥʷ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʟʘʚʜʷʢʠ ʚʩʪʘʥʦʚʣʝʥʥʶ ʢʽʥʝʤʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʙʘʨʘʙʘʥʘ ʟ ʫʧʦʨʘʤʠ ʧʨʠʩʪʨʦʶ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʤʦʣʦʪʫ ʟʝʨʥʘ 

ʞʥʠʚʘʨʢʠ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʤʽʱʝʥʥʷ ɿʉʄ ʧʦ ʧʦʭʠʣʽʡ 

ʢʘʤʝʨʽ (ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʽʜ ʢʫʪʦʤ a ʜʦ ʛʦʨʠʟʦʥʪʫ) ʟʘ ʫʤʦʚ, ʢʦʣʠ ʚʘʛʫ 

ʙʘʨʘʙʘʥʘ ʽʟ ʫʧʦʨʘʤʠ 
Á

P ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ, ʥʘʧʨʘʚʣʝʥʠʭ 

ʧʘʨʘʣʝʣʴʥʦ ʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʭʠʣʽʡ ʢʘʤʝʨʽ (ʨʠʩ. 1). ʇʨʦʝʢʮʽʷ cos
ɹ

P a, 

ʥʘʧʨʘʚʣʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʽ ʧʦʭʠʣʦʾ ʢʘʤʝʨʠ, ʜʦʜʘʻʪʴʩʷ ʟ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʚʽʩʴ ʙʘʨʘʙʘʥʘ 
ʚ

P  ʽ ʫʪʚʦʨʶʻ ʨʝʟʫʣʴʪʘʪʥʫ ʩʠʣʫ, ʷʢʘ ʜʦʨʽʚʥʶʻ 

( )cos
ʚ ɹ

P P a+ . ʇʨʦʝʢʮʽʷ sin
ɹ

P a ʥʘʧʨʘʚʣʝʥʘ ʧʘʨʘʣʝʣʴʥʦ ʧʦʚʝʨʭʥʽ ʧʦʭʠʣʦʾ 

ʢʘʤʝʨʠ, ʘʣʛʝʙʨʘʾʯʥʦ ʜʦʜʘʻʪʴʩʷ ʟʽ ʰʪʦʚʭʘʣʴʥʦʶ ʩʠʣʦʶ 
ɹ

F ʪʘ ʩʠʣʦʶ ʽʥʝʨʮʽʾ 

ɹ i
m a, ʜʝ  

i
a ï ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʢʠ ʧʦʚʝʨʭʥʽ ʙʘʨʘʙʘʥʘ (ʥʦʨʤʘʣʴʥʝ ʜʦʮʝʥʪʨʦʚʝ 

ʧʨʠʩʢʦʨʝʥʥʷ 
i ɹ ɹ

a rw= ). 

ʈʝʟʫʣʴʪʘʪʥʫ 
ɿʉ

R ʫʩʽʭ ʨʝʘʢʮʽʡ ɿʉʄ ʪʘ ʩʠʣ ʦʧʦʨʫ ʾʾ ʪʝʨʪʷ ʧʦ ʜʝʮʽ 

ʨʦʟʢʣʘʜʝʤʦ ʥʘ ʩʢʣʘʜʦʚʽ   
ɿʉ ɿʉ

X ʽʋ. ɺʠʟʥʘʯʠʤʦ ʧʨʦʝʢʮʽʾ ʫʩʽʭ ʩʠʣ ʥʘ ʦʩʽ ï

ʧʘʨʘʣʝʣʴʥʽ ʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʧʦʚʝʨʭʥʽ ʧʦʭʠʣʦʾ ʢʘʤʝʨʠ. 
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sin 0

cos 0
ɿ

ɹ i ɹ ɹ

ɺ ɹʉ

ʟʩ
m a P F X

ʋ P P

a

a

- - + =ë
ì

- - =í  ééééé  (1) 

ɯʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1) ʟʥʘʡʜʝʤʦ    
ɿʉ ɿʉ

X ʽʋ: 

sin

cos

ʟʩ ɹ ɹ ɹ ʽ

ɺʟʩ ɹ

ʍ P F m a

ʋ P P

a

a

= + -ë
ì

= +í .                         
(2)

  

ʈʽʚʥʷʥʥʷ ʤʦʤʝʥʪʽʚ ʚʽʜʥʦʩʥʦ ʛʝʦʤʝʪʨʠʯʥʦʾ ʦʩʽ ʙʘʨʘʙʘʥʘ ʙʫʜʝ ʤʘʪʠ 

ʚʠʛʣʷʜ: 

ɹʇ rʟʩ ɹʇ jɹ
X Mr ʄʄ + +=

,                            (3) 

ʜʝ 
r
ʄï ʤʦʤʝʥʪ ʩʠʣ ʪʝʨʪʷ ʫ ʧʽʜʰʠʧʥʠʢʘʭ ʦʩʽ ʙʘʨʘʙʘʥʘ (ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ 

ʨʠʩ.1 ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ); 

jɹ
ʄ ï ʤʦʤʝʥʪ ʜʦʪʠʯʥʠʭ ʩʠʣ ʽʥʝʨʮʽʾ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʟʘ ʫʤʦʚ 

ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʙʘʨʘʙʘʥʘ ʟ ʫʧʦʨʘʤʠ 
ɹ

J ʚʽʜʥʦʩʥʦ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʾ ʦʩʽ ʥʘ 

ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ 
 ɹ
eʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʙʘʨʘʙʘʥʘ; 

 
ɹʇ
ʄ ï ʤʦʤʝʥʪ ʦʧʦʨʫ ʢʦʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʙʘʨʘʙʘʥʘ ʟ ʫʧʦʨʘʤʠ 

ʧʦ ɿʉʄ. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ɿʉʄ ʽʟ ʧʦʭʠʣʦʶ ʢʘʤʝʨʦʶ ʞʥʠʚʘʨʢʠ 
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ʉʠʣʦʶ ʦʧʦʨʫ ʧʦʚʽʪʨʷ ʚʥʘʩʣʽʜʦʢ ʚʽʜʥʦʩʥʦ ʾʾ ʥʝʟʥʘʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʥʝʭʪʫʻʤʦ. 

ʆʪʞʝ, ʤʦʤʝʥʪ ʨʝʘʢʮʽʾ ɿʉʄ 
ɿʉ

X  ʚʽʜʥʦʩʥʦ ʛʝʦʤʝʪʨʠʯʥʦʾ ʦʩʽ ʙʘʨʘʙʘʥʘ 

ʧʦʚʠʥʝʥ ʜʦʨʽʚʥʶʚʘʪʠ ʜʦʙʫʪʢʫ ʪʨʴʦʭ ʤʦʤʝʥʪʽʚ: ʤʦʤʝʥʪʫ ʩʠʣ ʪʝʨʪʷ ʚ 

ʧʽʜʰʠʧʥʠʢʘʭ ʙʘʨʘʙʘʥʘ, ʤʦʤʝʥʪ ʦʧʦʨʫ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʨʫʭʦʤʘ ɿʉʄ ʪʘ ʰʘʨ 

ʚʽʜʜʽʣʝʥʦʛʦ ʚʽʜ ʢʦʣʦʩʢʽʚ ʟʝʨʥʘ ʧʦ ʧʦʚʝʨʭʥʽ ʜʝʢʠ (ʧʦʭʠʣʦʾ ʢʘʤʝʨʠ) ʪʘ ʤʦʤʝʥʪ 

ʜʦʪʠʯʥʠʭ ʩʠʣ ʽʥʝʨʮʽʾ ʙʘʨʘʙʘʥʘ ʟ ʫʧʦʨʘʤʠ . 

ɿʘ ʫʤʦʚ ʨʽʚʥʦʤʽʨʥʦʾ ʧʦʜʘʯʽ ɿʉʄ ʧʨʠʩʢʦʨʝʥʥʷ 
ɹ

J , 
 ɹ
eʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʤʦʤʝʥʪʽʚ (3) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

 ɹʇ r ʇɿ ɹʉ
X ʄr ʄ= +

 . (4) 

ɿʘ ʫʤʦʚ ʨʽʚʥʦʤʽʨʥʦʾ ʧʦʜʘʯʽ ʽ ʨʫʭʫ ɿʉʄ ʤʦʤʝʥʪ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʩʠʣʘ 

ʨʝʘʢʮʽʾ 
ɿʉ

X ʚʽʜʥʦʩʥʦ ʛʝʦʤʝʪʨʠʯʥʦʾ ʦʩʽ ʙʘʨʘʙʘʥʘ ʧʦʚʠʥʝʥ ʜʦʨʽʚʥʶʚʘʪʠ ʩʫʤʽ 

ʤʦʤʝʥʪʫ ʩʠʣ ʪʝʨʪʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʙʘʨʘʙʘʥʘ ʽ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʧʝʨʝʤʽʱʝʥʥʷ 

ɿʉʄ ʽ ʰʘʨʫ ʟʝʨʥʘ ʧʦ ʧʦʭʠʣʽʡ ʧʦʚʝʨʭʥʽ ʜʝʢʠ. 

ʇʽʜʩʪʘʚʠʤʦ ʫ (3) ʟʘʣʝʞʥʽʩʪʴ (2) ʜʣʷ ʚʝʣʠʯʠʥʠ   
ʟʩ

X  ʪʘ ʧʝʨʝʤʥʦʞʠʚʰʠ 

ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʦʪʨʠʤʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʥʘ ʩʝʨʝʜʥʶ ʟʘ ʩʝʢʫʥʜʫ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ 
Á
wʦʪʨʠʤʫʻʤʦ; 

 
( )sin

ɹɹ ɹ ɹ i ɹʇ r ɹ ɹ Jɹʇ ɹ ɹ
P F m a r ʄ ʄʄwa w w w++ - = +

 . (5) 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʫʻʤʦ:  

 
sin

ɹ ɹɹ ɹʇ ɹ i ɹʇ ɹ ɹʇ r ɹʇɹ ɹ ɹ ɹJɹ
F r m a r P r ʄ ʄ ʄaw w w w w w= - + + +

. (6) 

ɼʦʙʫʪʦʢ 
ɹɹʇ

r wʽʟ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ ʪʦʯʥʽʩʪʶ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʪʘʢʠʤ, ʷʢʠʡ 

ʜʦʨʽʚʥʶʻ ʰʚʠʜʢʦʩʪʽ 
ɹʇ
u ʧʝʨʝʥʦʩʥʦʛʦ ʨʫʭʫ ʙʘʨʘʙʘʥʘ ʟ ʫʧʦʨʘʤʠ. ʊʦʜʽ 

ʦʪʨʠʤʫʻʤʦ ʪʘʢʠʡ ʙʘʣʘʥʩ ʧʦʪʫʞʥʦʩʪʝʡ: 

 
sin

ɹ ɹʇ ɹ ʽ ɹʇ ɹ ɹʇ r ɹʇ Jɹɹ ɹ ɹ
F m a P ʄ ʄ ʄauu u w w w= - + + +

 . (7) 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟʫʶʯʠ ʚʠʨʘʟ (7) ʚʽʜʤʽʪʠʤʦ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, 

ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ɿʉʄ ʙʘʨʘʙʘʥʦʤ ʟ ʫʧʦʨʘʤʠ 

ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʧʦʪʫʞʥʦʩʪʝʡ, ʷʢʽ ʚʠʪʨʘʯʘʶʪʴʩʷ ʥʘ ʾʾ ʜʝʬʦʨʤʘʮʽʶ ʽ ʪʝʨʪʷ 

ʙʘʨʘʙʘʥʘ ʧʦ ɿʉʄ ʽ ɿʉʄ ʧʦ ʜʝʮʽ ( )ɹɹʇ
ʄ w ʽ ʧʦʪʫʞʥʦʩʪʽ 

ɹJɹ
ʄ w, ʷʢʘ 
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ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʚʽʜʥʦʩʥʦʛʦ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʙʘʨʘʙʘʥʘ 

ʥʘʚʢʦʣʦ ʡʦʛʦ ʦʩʽ; ʧʦʪʫʞʥʦʩʪʽ 
ɹ ʽ ɹʇ

m au , ʷʢʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʢʽʥʝʪʠʯʥʫ 

ʝʥʝʨʛʽʶ ʧʝʨʝʥʦʩʥʦʛʦ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʙʘʨʘʙʘʥʘ; ʧʦʪʫʞʥʦʩʪʽ, ʷʢʘ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʫ ʧʽʜʰʠʧʥʠʢʘʭ ʙʘʨʘʙʘʥʘ 
ɹr

ʄwʟʘ 

ʤʽʥʫʩʦʤ ʧʦʪʫʞʥʦʩʪʽ   sin
ɹ ɹʇ

P au. 
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ɸʥʥʦʪʘʮʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʦ ʧʝʨʝʤʝʱʝʥʠʝ ʟʝʨʥʦ-ʩʦʣʦʤʠʩʪʦʡ ʤʘʩʩʳ (ɿʉʄ) ʧʦ 

ʥʘʢʣʦʥʥʦʡ ʢʘʤʝʨʝ (ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʧʦʜ ʫʛʣʦʤ a ʢ ʛʦʨʠʟʦʥʪʫ) ʧʨʠ 

ʫʩʣʦʚʠʠ, ʢʦʛʜʘ ʚʝʩ ʙʘʨʘʙʘʥʘ ʩ ʫʧʦʨʘʤʠ 
Á

P ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʜʚʫʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʥʘʢʣʦʥʥʦʡ ʢʘʤʝʨʝ.  

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ 
ɿʉ

R ʚʩʝʭ ʨʝʘʢʮʠʡ ɿʉʄ ʘ ʪʘʢʞʝ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʭ 

ʪʨʝʥʠʷ ʧʦ ʜʝʢʝ ʨʘʟʣʦʞʝʥʦ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ   
ɿʉ ɿʉ

X ʠʋ. ʆʧʨʝʜʝʣʝʥʦ ʧʨʦʝʢʮʠʠ 

ʵʪʠʭ ʩʠʣ ʥʘ ʦʩʠ ï ʧʘʨʘʣʣʝʣʴʥʫʶ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʢʣʦʥʥʦʡ ʢʘʤʝʨʳ. ʋʩʪʘʥʦʚʣʝʥʦ ʩʫʤʤʫ ʤʦʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʠ ʙʘʨʘʙʘʥʘ, ʘ ʪʘʢʞʝ ʤʦʱʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʠʟʨʘʩʭʦʜʫʝʪʩʷ 

ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ɿʉʄ ʙʘʨʘʙʘʥʦʤ ʩ ʫʧʦʨʘʤʠ. 

Summary. 

Considered moving grain-straw mass (GSM) on an inclined chamber 

(transportation at an angle a to the horizon) in circumstances where the weight 

of the drum with ribs 
Á

P  presented in the form of two components that are directed 

parallel and perpendicular to the sloping chamber. 

The resultant force
ɿʉ

R  of all reactions GSM and the resistances of friction on 

concave decomposed into components   
ɿʉ ɿʉ

X andʋ . Is defined the projections of 

all forces on the parallel and perpendicular axles to the sloping surface of camera. 

Is determined the sum of torques relative to the drum geometric axis and the power 

consumed to move a GSM by drum with ribs. 
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ʋɼʂ 631.31:64 

 

ɸʅɸʃɯʊʀʏʅɯ ʇʆʃʆɾɽʅʅʗ ɺʀɿʅɸʏɽʅʅʗ ʂʆɽʌɯʎɯɭʅʊɸ 

ɼʀʅɸʄɯʏʅʆʉʊɯ ʇɸʈɸʄɽʊʈɯɺ ʊɽʍʅɯʏʅʆɻʆ ʉʊɸʅʋ 

ɿɽʈʅʆɿɹʀʈɸʃʔʅʀʍ ʂʆʄɹɸʁʅɯɺ 

 

ɼ. ʂʘʣʽʥʽʯʝʥʢʦ, ʘʩʧʽʨʘʥʪ 

ɯ. ʈʦʛʦʚʩʴʢʠʡ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʋʢʨʘʾʥʠ 

 

ʅʘʰʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʘ ʤʦʜʝʣʴ 

ʧʽʜʜʘʻʪʴʩʷ ʚʝʣʴʤʠ ʝʬʝʢʪʠʚʥʦʤʫ ʘʥʘʣʽʟʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʷʜʫ ʢʽʣʴʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʮʴʦʛʦ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʩʘʤʧʝʨʝʜ ʘʥʘʣʦʛʽʶ 

ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʦʶ ʻ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥ, ʟʽ ʩʪʨʫʢʪʫʨʦʶ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ʧʨʦʚʦʜʷʯʠ ʘʥʘʣʽʟ ʧʨʠʯʠʥ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ 

ʾʭʥʽʭ ʧʦʢʘʟʘʥʴ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. 

ɿʚôʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʦʤ-ʧʨʠʯʠʥʦʶ ʽ ʧʘʨʘʤʝʪʨʦʤ-ʥʘʩʣʽʜʢʦʤ ʤʦʞʝ 

ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʷʢ ʘʥʘʣʽʪʠʯʥʦʶ, ʪʘʢ ʽ ʝʤʧʽʨʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. ʇʨʠ ʮʴʦʤʫ, 

ʢ̫ʱʦ ʧʘʨʘʤʝʪʨ ʻ ʥʘʩʣʽʜʢʦʤ ʜʝʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ-ʧʨʠʯʠʥ, ʪʦ ʟʘʣʝʞʥʽʩʪʴ ʟ 

ʢʦʞʥʠʤ ʟ ʥʠʭ ʦʧʠʩʫʻʪʴʩʷ ʚ ʧʨʠʧʫʱʝʥʥʽ ʩʪʘʣʦʩʪʽ, ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ-ʧʨʠʯʠʥ. 

ʄʽʞ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʘ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʽ ʟʤʽʥʦʶ ʯʘʩʫ ʪʘʢʦʞ ʽʩʥʫʻ 

ʧʝʚʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʧʝʨʝʜʘʚʘʣʴʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ. ʎʝʡ ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʦʙʨʘʞʘʻ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ ʚ ʯʘʩʽ. ɺʽʥ ʷʚʣʷʻ 

ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʧʨʠʨʦʩʪʫ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ ʜʦ ʧʨʠʨʦʩʪʫ ʯʘʩʫ. ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʥʘʟʚʘʥʦ ʥʘʤʠ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʠʥʘʤʽʯʥʦʩʪʽ ʧʘʨʘʤʝʪʨʘ. 

ʋ ʩʪʘʪʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʞʝʥ ʟ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʚ 

ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʫ ʤʦʜʝʣʴ ʤʝʭʘʥʽʟʤʫ, ʧʦʚʠʥʝʥ ʤʘʪʠ ʩʚʽʡ ʢʦʝʬʽʮʽʻʥʪ 

ʜʠʥʘʤʽʯʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚ ʟʤʽʥʫ ʷʢʦʛʦʩʴ ʧʘʨʘʤʝʪʨʘ ʚʥʦʩʠʪʴ ʩʚʦʶ ʯʘʩʪʢʫ ʽ 

ʧʘʨʘʤʝʪʨ-ʧʨʠʯʠʥʘ, ʱʦ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʟʚôʷʟʦʢ ʟ ʧʘʨʘʤʝʪʨʦʤ ʯʘʩʫ, ʱʦ 

ʩʣʫʞʠʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʩʪʽ ʜʝʷʢʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʥʘʤʽʯʥʽʩʪʴ, ʢʦʝʬʽʮʽʻʥʪ, ʢʦʤʙʘʡʥ, ʧʘʨʘʤʝʪʨ, 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʪʘʥ ʝʣʝʤʝʥʪʽʚ ʤʝʭʘʥʽʟʤʽʚ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ 

ʢʦʤʙʘʡʥʽʚ (ʜʘʣʽ ï ʤʘʰʠʥ) ʟʤʽʥʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʪʽʩʥʦʤʫ 

ʚʟʘʻʤʦʟʚô̫ ʟʢʫ ʦʜʥʦʛʦ ʟ ʦʜʥʠʤ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʮʝʡ ʧʨʦʮʝʩ ʩʭʠʣʴʥʠʡ ʜʦ 

ʚʧʣʠʚʫ ʨʷʜʫ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʟʤʽʥʦʶ ʩʪʘʥʫ ʦʢʨʝʤʠʭ 
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ʤʝʭʘʥʽʟʤʽʚ ʘʙʦ ʘʛʨʝʛʘʪʽʚ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʤʠ 

ʟʚôʷʟʢʘʤʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʫ ʤʦʜʝʣʴ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʽ 

ʧʽʜʜʘʻʪʴʩʷ ʢʽʣʴʢʽʩʥʽʡ ʦʮʽʥʮʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʥʘʜʘʣʽ ʥʝ 

ʚʽʜʙʫʚʘʣʦʩʷ ʪʝʨʤʽʥʦʣʦʛʽʯʥʦʾ ʧʣʫʪʘʥʠʥʠ, ʢʦʨʦʪʢʦ ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʜʝʷʢʠʭ 

ʪʝʨʤʽʥʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʥʘʤʠ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ [1]. 

ʇʽʜ ʩʪʘʥʦʤ ʤʝʭʘʥʽʟʤʫ ʤʠ ʨʦʟʫʤʽʻʤʦ ʷʢʽʩʥʫ ʦʮʽʥʢʫ ʟʜʘʪʥʦʩʪʽ ʦʙôʻʢʪʘ 

(ʚʫʟʣʘ, ʤʝʭʘʥʽʟʤʫ ʯʠ ʘʛʨʝʛʘʪʘ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ) ʚʠʢʦʥʫʚʘʪʠ ʟʘʜʘʥʽ 

ʬʫʥʢʮʽʾ ʧʽʜ ʯʘʩ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʬʫʥʢʮʽʾ. ɺʣʘʩʪʠʚʽʩʪʴ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ 

ʢʦʤʙʘʡʥʘ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʟʘʜʘʥʽ ʬʫʥʢʮʽʾ, ʦʪʨʠʤʘʣʦ 

ʥʘʟʚʫ ʧʘʨʘʤʝʪʨʘ ʩʪʘʥʫ. ʗʢʱʦ ʟʘ ʟʘʛʘʣʴʥʫ ʦʮʽʥʢʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ ʧʨʠʡʥʷʪʠ ʡʦʛʦ ʦʩʥʦʚʥʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ, ʪʦ ʥʘ 

ʡʦʛʦ ʚʝʣʠʯʠʥʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʘʙʦ ʧʦʙʽʯʥʦ ʙʫʜʫʪʴ ʚʧʣʠʚʘʪʠ ʘʢʪʠʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ [2]. ʆʜʥʘʢ ʫ ʢʦʞʥʦʤʫ ʤʝʭʘʥʽʟʤʽ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ 

ʻ ʛʨʫʧʘ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ, ʷʢʽ ʥʝ ʨʦʙʣʷʪʴ ʚʧʣʠʚʫ ʥʘ ʚʝʣʠʯʠʥʫ ʦʩʥʦʚʥʦʛʦ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʚʠʟʥʘʯʘʶʪʴ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ 

ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ. ʊʘʢʽ ʧʘʨʘʤʝʪʨʠ ʦʪʨʠʤʘʣʠ ʥʘʡʤʝʥʫʚʘʥʥʷ 

ʧʘʩʠʚʥʠʭ. ʗʢ ʘʢʪʠʚʥʽ, ʪʘʢ ʽ ʧʘʩʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ 

ʢʦʤʙʘʡʥʘ, ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʽ ʚʠʟʥʘʯʘʪʠ ʭʘʨʘʢʪʝʨ ʩʚʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʽʘʛʥʦʩʪʠʯʥʽ ʩʠʛʥʘʣʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ 

ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ ʽ ʩʧʨʠʡʤʘʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦʶ ʚʠʤʽʨʶʚʘʣʴʥʦʶ 

ʘʧʘʨʘʪʫʨʦʶ [3]. 

ʇʨʠʩʪʫʧʘʶʯʠ ʜʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ, 

ʥʝʦʙʭʽʜʥʦ ʥʘʩʘʤʧʝʨʝʜ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʦʩʥʦʚʥʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ [4, 5]. ɼʣʷ 

ʢʦʤʙʘʡʥʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʠʤ ʩʠʛʥʘʣʦʤ ʻ ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ, 

ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʥʘʩʦʩʘ ʦʩʥʦʚʥʠʤ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʻ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

(ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ) ʽ ʪ. ʜ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʯʠʥ ,ʷʢʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʦʩʥʦʚʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɺʠʤʦʛʘ 

ʙʝʟʧʦʩʝʨʝʜʥʦʩʪʽ ʚʧʣʠʚʫ ʻ ʦʙʦʚôʷʟʢʦʚʦʶ. ʗʢʱʦ ʤʠ ʭʦʯʝʤʦ ʦʪʨʠʤʘʪʠ ʢʦʨʝʢʪʥʝ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʫʢʫʧʥʽʩʪʴ ʧʨʠʯʠʥ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʦʩʥʦʚʥʦʛʦ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʤʝʭʘʥʽʟʤʫ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ. ʆʙˇʨʫʥʪʦʚʘʥʦʤʫ 

ʚʠʟʥʘʯʝʥʥʶ ʧʨʠʯʠʥ ʯʘʩʪʦ ʩʧʨʠʷʻ ʥʘʷʚʥʘ ʘʥʘʣʽʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʦʩʥʦʚʥʦʛʦ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʽʚ-ʧʨʠʯʠʥ. ʗʢʱʦ ʪʘʢʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʥʝʤʘʻ, ʪʦ ʧʘʨʘʤʝʪʨʠ-ʧʨʠʯʠʥʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʝʤʧʽʨʠʯʥʠʤ ʰʣʷʭʦʤ. 

ʄʝʪʘ ʩʪʘʪʪʽ ï ʩʬʦʨʤʫʚʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʴ. ɺʩʪʘʥʦʚʣʝʥʽ ʧʘʨʘʤʝʪʨʠ-

ʧʨʠʯʠʥʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʫ, ʩʘʤʽ 

ʻ ʥʘʩʣʽʜʢʦʤ ʜʽʾ ʨʷʜʫ ʽʥʰʠʭ ʧʨʠʯʠʥ. ʇʽʜ ʯʘʩ ʾʭ ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʦʞ ʦʙʦʚôʷʟʢʦʚʠʤ 

ʻ ʧʨʠʥʮʠʧ ʙʝʟʧʦʩʝʨʝʜʥʦʩʪʽ. ʇʨʦʜʦʚʞʫʶʯʠ ʧʦʜʽʙʥʫ ʜʝʪʘʣʽʟʘʮʽʶ ʧʨʠʯʠʥ ʽ 
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ʥʘʩʣʽʜʢʽʚ, ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʙʫʜʴ-ʷʢʦʛʦ ʨʽʚʥʷ ʧʨʠʯʠʥ. ʗʢʱʦ ʧʨʠʯʠʥʠ ʽ ʥʘʩʣʽʜʢʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʘʜʝʢʚʘʪʥʦ, ʪʦʙʪʦ ʚʨʘʭʦʚʘʥʽ ʚʩʽ ʟʚôʷʟʢʠ ʧʨʠʯʠʥ ʽ ʥʘʩʣʽʜʢʽʚ, ʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʤʠ ʦʪʨʠʤʫʻʤʦ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʫ ʤʦʜʝʣʴ ʤʝʭʘʥʽʟʤʫ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʫ. ɼʣʷ ʧʨʘʢʪʠʯʥʠʭ 

ʮʽʣʝʡ ʜʽʘʛʥʦʩʪʠʢʠ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʫ ʚʠʷʚʣʷʻʪʴʩʷ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʽʤ 

ʥʘ ʥʠʞʥʴʦʤʫ ʨʽʚʥʽ ʧʨʠʯʠʥ ʦʙʤʝʞʠʪʠʩʷ ʟʦʚʥʽʰʥʽʤʠ ʫʤʦʚʘʤʠ, ʚ ʷʢʠʭ ʧʨʘʮʶʻ 

ʪʘ ʯʠ ʽʥʰʘ ʣʘʥʢʘ ʤʝʭʘʥʽʟʤʫ. ʎʝʡ ʨʽʚʝʥʴ ʧʨʠʯʠʥ ʥʘʤʠ ʫʤʦʚʥʦ ʫʟʘʛʘʣʴʥʶʻʪʴʩʷ 

ʧʦʥʷʪʪʷʤ çʥʘʨʦʙʽʪʦʢè, ʭʦʯʘ ʢʦʥʢʨʝʪʥʦ ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʽ 

ʧʨʠʯʠʥʠ ʷʢ ʚʝʣʠʯʠʥʘ ʧʨʠʢʣʘʜʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʦʡʜʝʥʠʡ ʰʣʷʭ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, ʪʠʩʢ, ʟʘʧʠʣʝʥʽʩʪʴ ʧʦʚʽʪʨʷ ʽ ʪ.ʧ. ʆʜʥʘʢ, ʦʩʢʽʣʴʢʠ ʮʽ 

ʧʨʠʯʠʥʠ ʻ ʟʦʚʥʽʰʥʽʤʠ ʩʪʦʩʦʚʥʦ ʨʦʟʛʣʷʥʫʪʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʚʦʥʠ ʦʙôʻʜʥʫʶʪʴʩʷ 

ʟʘʟʥʘʯʝʥʠʤ ʧʦʥʷʪʪʷʤ çʯʘʩè. ɼʘʣʽ ʙʫʜʝ ʧʦʢʘʟʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʨʠʡʦʤʫ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʦʛʦ ʘʥʘʣʽʟʫ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʧʠʪʘʥʥʷ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʦʛʦ ʘʥʘʣʽʟʫ ʤʝʭʘʥʽʟʤʽʚ, ʥʝ 

ʤʦʞʥʘ ʥʝ ʟʛʘʜʘʪʠ ʧʨʦ ʪʝ, ʱʦ ʧʝʨʰʽ ʧʨʘʢʪʠʯʥʽ ʩʧʨʦʙʠ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʧʠʩʫ 

ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʩʪʘʥʫ ʤʝʭʘʥʽʟʤʽʚ ʟʨʦʙʣʝʥʽ ʱʝ ʗ. ʗ. ʆʩʽʩ ʽ ɿ. ʇ. ʄʘʨʢʦʚʠʯʝʤ 

ʱʦʜʦ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʦʙʽʣʷ ʟ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʠʚʦʜʦʤ. ɸʥʘʣʦʛʽʯʥʫ 

ʤʝʪʦʜʠʢʫ ʟʘʩʪʦʩʫʚʘʣʠ ɸ. ʈ. ɸʚʦʪʽʥʴ, ʇ. ʄ. ʂʝʚʽʰ, ɼ. ʉ. ʍʨʠʩʪʠʥʢʘ ʽ  

ʖ. ʅ. ʉʤʠʨʥʦʚ ʧʽʜ ʯʘʩ ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ ʢʘʨʙʶʨʘʪʦʨʥʦʛʦ 

ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. ʗʢ ʚʢʘʟʫʚʘʣʠ ʩʘʤʽ ʘʚʪʦʨʠ, ʦʪʨʠʤʘʥʽ ʛʨʘʬ-

ʤʦʜʝʣʽ ʩʠʩʪʝʤ ʩʣʫʞʠʣʠ ʙʽʣʴʰʝ ʽʣʶʩʪʨʘʮʽʻʶ, ʥʽʞ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʚôʷʟʢʽʚ ʧʨʠʯʠʥ ʽ ʥʘʩʣʽʜʢʽʚ. 

ʇʦʯʘʚʰʠ ʥʘʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʙʣʠʟʥʦ ʟ ʪʘʢʦʛʦ ʞ ʨʽʚʥʷ, ʤʠ ʧʦʪʽʤ 

ʚʠʷʚʠʣʠ, ʱʦ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʘ ʤʦʜʝʣʴ ʧʽʜʜʘʻʪʴʩʷ ʚʝʣʴʤʠ ʝʬʝʢʪʠʚʥʦʤʫ 

ʘʥʘʣʽʟʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʷʜʫ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ. ɼʣʷ ʮʴʦʛʦ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʥʘʩʘʤʧʝʨʝʜ ʘʥʘʣʦʛʽʶ ʮʽʻʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ, ʧʨʦʚʦʜʷʯʠ ʘʥʘʣʽʟ ʧʨʠʯʠʥ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʾʭʥʽʭ ʧʦʢʘʟʘʥʴ.  

ɿʚôʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʦʤ-ʧʨʠʯʠʥʦʶ ʽ ʧʘʨʘʤʝʪʨʦʤ-ʥʘʩʣʽʜʢʦʤ ʤʦʞʝ ʙʫʪʠ 

ʦʧʠʩʘʥʠʡ ʷʢ ʘʥʘʣʽʪʠʯʥʦʶ, ʪʘʢ ʽ ʝʤʧʽʨʠʯʥʦʾ ʟʘʣʝʞʥʽʩʪʶ. ʇʨʠ ʮʴʦʤʫ, ʷʢʱʦ 

ʧʘʨʘʤʝʪʨ ʻ ʥʘʩʣʽʜʢʦʤ ʜʝʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ-ʧʨʠʯʠʥ, ʪʦ ʟʘʣʝʞʥʽʩʪʴ ʟ ʢʦʞʥʠʤ ʟ 

ʥʠʭ ʦʧʠʩʫʻʪʴʩʷ ʚ ʧʨʠʧʫʱʝʥʥʽ ʩʪʘʣʦʩʪʽ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ-ʧʨʠʯʠʥ. ɿʘʟʥʘʯʝʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʣʠʰʝ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʩʫʩʽʜʥʽʭ ʨʽʚʥʽʚ (ʧʨʠʥʮʠʧ 

ʙʝʟʧʦʩʝʨʝʜʥʦʩʪʽ). ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʮʽ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ N
ciʇ  ( 1N

njʇ
+), ʜʝ N  ï ʥʦʤʝʨ ʨʽʚʥʷ, i , j  ï ʥʦʤʝʨʠ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʽʚʥʽ. ɯʥʜʝʢʩʘʤʠ çnè ʽ çcè ʧʦʟʥʘʯʝʥʽ ʧʨʠʯʠʥʘ ʽ ʥʘʩʣʽʜʦʢ. 

ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʪʝʨʤʽʥʦʣʦʛʽʻʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʭʘʥʽʟʤʽʚ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ, ʚʚʝʜʝʤʦ ʧʦʥʷʪʪʷ 

ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ S, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʛʨʘʥʠʮʷ ʚʽʜʥʦʰʝʥʥʷ 
ʧʨʠʨʦʩʪʫ ʧʘʨʘʤʝʪʨʘ-ʩʣʽʜʩʪʚʘ ʜʦ ʧʨʠʨʦʩʪʫ ʧʘʨʘʤʝʪʨʘ-ʧʨʠʯʠʥʠ, ʢʦʣʠ ʦʩʪʘʥʥʻ 

ʧʨʘʛʥʝ ʜʦ ʥʫʣʷ: 
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ʇ+­
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å õD
= æ ö

æ öDç ÷

.   (1) 

ʎʷ ʬʦʨʤʫʣʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ S 

ʤʦʞʝ ʙʫʪʠ ʷʢ ʙʝʟʨʦʟʤʽʨʥʠʤ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʦʨʽʚʥʶʶʪʴʩʷ ʚʝʣʠʯʠʥʠ ʟ 

ʦʜʥʘʢʦʚʠʤʠ ʨʦʟʤʽʨʥʦʩʪʷʤʠ, ʪʘʢ ʽ ʨʦʟʤʽʨʥʠʤ, ʷʢʱʦ ʨʦʟʤʽʨʥʦʩʪʽ 
ʇʇ  ʽ 

ʉʇ  

ʨʽʟʥʽ. ʅʘʜʘʣʽ ʙʫʜʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʮʷ 

ʦʩʦʙʣʠʚʽʩʪʴ ʥʝ ʚʽʜʙʠʚʘʻʪʴʩʷ. ʗʢʱʦ ʟʘʣʝʞʥʽʩʪʴ 
ʉʇ  (

ʇʇ ) ʥʝʣʽʥʽʡʥʘ, ʪʦ 

ʦʯʝʚʠʜʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ S ʥʝ ʤʘʪʠʤʝ ʧʦʩʪʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʚʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʇʇ . ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʧʨʷʤʦʶ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ, ʥʘʧʨʠʢʣʘʜ, 

ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʇʨʠ ʮʴʦʤʫ, ʧʨʠʨʦʜʥʦ, ʟôʷʚʣʷʻʪʴʩʷ ʜʝʷʢʘ 

ʧʦʭʠʙʢʘ, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʟʘʩʪʦʩʦʚʘʥʘ ʥʘ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ 
ʇʇ . ɿ ʦʛʣʷʜʫ 

ʥʘ ʪʝ, ʱʦ ʚʝʣʠʯʠʥʠ 
ʇʇ  ʽ 

ʉʇ , ʷʢ ʧʨʘʚʠʣʦ, ʟʤʽʥʶʶʪʴʩʷ ʣʠʰʝ ʥʘ ʥʝʚʝʣʠʢʽʡ 

ʜʽʣʷʥʮʽ ʤʦʞʣʠʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥ, ʘʧʨʦʢʩʠʤʘʮʽʶ ʧʨʷʤʦʾ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ 

ʣʠʰʝ ʜʣʷ ʮʽʻʾ ʜʽʣʷʥʢʠ, ʱʦ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʧʦʤʠʣʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ. ɿʘʣʝʞʥʽʩʪʴ 

ʉʇ  (
ʇʇ ) ʤʦʞʝ ʙʫʪʠ ʷʢ ʧʨʷʤʘ, ʪʘʢ ʽ ʦʙʝʨʥʝʥʘ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ 

ʢʦʝʬʽʮʽʻʥʪ S ʤʘʪʠʤʝ ʟʥʘʢ ʤʽʥʫʩ, ʷʢʠʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʧʘʨʘʤʝʪʨʘïʧʨʠʯʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ-ʥʘʩʣʽʜʢʫ. 

ʇʝʨʝʜʘʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ S ʩʣʫʞʠʪʴ ʜʦʧʦʤʽʞʥʠʤ ʟʘʩʦʙʦʤ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʷʜʫ ʽʥʰʠʭ ʢʽʣʴʢʽʩʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ. ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʜʣʷ ʚʩʽʭ ʟʚôʷʟʢʽʚ, ʢʨʽʤ ʟʚôʷʟʢʫ ʟ 

ʧʨʠʯʠʥʦʶ ʥʘʨʦʙʽʪʦʢ, ʽʤʦʚʽʨʥʽʩʥʘ ʩʢʣʘʜʦʚʘ ʫ ʚʝʣʠʯʠʥʽ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʜʦʩʠʪʴ ʥʝʟʥʘʯʥʘ (ʟʘ ʚʠʥʷʪʢʦʤ ʧʦʤʠʣʦʢ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, 

ʧʨʠʩʫʪʥʽʭ ʚ ʝʤʧʽʨʠʯʥʠʭ ʟʚôʷʟʢʘʭ). 

ʄʽʞ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʘ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʽ ʟʤʽʥʦʶ ʥʘʨʦʙʽʪʢʫ ʪʘʢʦʞ ʽʩʥʫʻ 

ʧʝʚʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʧʝʨʝʜʘʚʘʣʴʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ. ʎʝʡ ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʦʙʨʘʞʘʻ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ ʚ ʯʘʩʽ. ɺʽʥ ʷʚʣʷʻ 

ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʧʨʠʨʦʩʪʫ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ ʜʦ ʧʨʠʨʦʩʪʫ ʯʘʩʫ. ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʥʘʟʚʘʥʦ ʥʘʤʠ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʠʥʘʤʽʯʥʦʩʪʽ D  ʧʘʨʘʤʝʪʨʘ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʢʦʞʝʥ ʟ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ 

ʢʦʤʙʘʡʥʫ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʫ ʤʦʜʝʣʴ, ʧʦʚʠʥʝʥ ʤʘʪʠ ʩʚʽʡ 

ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚ ʟʤʽʥʫ ʙʫʜʴ-ʷʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʥʦʩʠʪʴ 

ʩʚʦʶ ʯʘʩʪʢʫ ʽ ʧʘʨʘʤʝʪʨ-ʧʨʠʯʠʥʘ, ʱʦ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʟʚô̫ ʟʦʢ ʟ ʧʘʨʘʤʝʪʨʦʤ 

ʥʘʨʦʙʽʪʦʢ, ʱʦ ʩʣʫʞʠʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʩʪʽ 
iD  ʜʝʷʢʦʛʦ 
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ʧʘʨʘʤʝʪʨʘ 
ʉiʇ , ʧʦʚôʷʟʘʥʦʛʦ ʟʘʣʝʞʥʽʩʪʶ ʟ ʧʘʨʘʤʝʪʨʦʤ 

ʇjʇ . ɺʠʧʣʠʚʘʻ, ʱʦ 

ci

nj

dʇ
tg

dʇ
q= , ʘ njdʇ

tg
dt

a= , ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 
cidʇ tg tgq a=  ʟʚʽʜʢʠ: 

ci
t ji j

dʇ
D tg tg S D

dt
q a= = =     (2) 

ɺʠʩʥʦʚʦʢ. ɯʩʥʫʶʪʴ ʦʙˇʨʫʥʪʦʚʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ 

ʢʦʤʙʘʡʥʽʚ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʩʪʽ i -ʛʦ 

ʧʘʨʘʤʝʪʨʘ N -ʛʦ ʨʽʚʥʷ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʽʞ j -ʤ 

ʧʘʨʘʤʝʪʨʦʤ (1N+ )-ʛʦ ʨʽʚʥʷ ʽ i -ʤ ʧʘʨʘʤʝʪʨʦʤ N -ʛʦ ʨʽʚʥʷ, ʘ ʪʘʢʦʞ 

ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʩʪʽ j -ʛʦ ʧʘʨʘʤʝʪʨʘ (1N+ )-ʛʦ ʨʽʚʥʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʜʜʘʝʪʩʷ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦʤʫ ʘʥʘʣʠʟʫ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʷʜʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʵʪʠʭ ʮʝʣʷʭ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʘʥʘʣʦʛʠʶ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥ, ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ, ʚʣʠʷʶʱʠʭ ʥʘ ʪʦʯʥʦʩʪʴ ʠʭ ʧʦʢʘʟʘʥʠʡ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. 

ʉʚʷʟʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʦʤ-ʧʨʠʯʠʥʦʡ ʠ ʧʘʨʘʤʝʪʨʦʤ-ʩʣʝʜʩʪʚʠʝʤ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʠʩʘʥʘ ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ʇʨʠ 

ʵʪʦʤ, ʝʩʣʠ ʧʘʨʘʤʝʪʨ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ-ʧʨʠʯʠʥ, 

ʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʩ ʢʘʞʜʳʤ ʠʟ ʥʠʭ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʧʦʩʪʦʷʥʩʪʚʘ, ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ-ʧʨʠʯʠʥ. 

ʄʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ʠ ʠʟʤʝʥʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʧʝʨʝʜʘʪʦʯʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ. ʕʪʦʪ ʧʝʨʝʜʘʪʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʘʝʪ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʟʝʨʥʦʫʙʦʨʦʯʥʦʛʦ ʢʦʤʙʘʡʥʘ ʚʦ ʚʨʝʤʝʥʠ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʪʥʦʰʝʥʠʝ ʧʨʠʨʦʩʪʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʢ ʧʨʠʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʥʘʟʚʘʥʦ 

ʥʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʥʘʤʠʯʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ. 

ɺ ʩʪʘʪʴʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ ʤʝʭʘʥʠʟʤʘ, ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʚ ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʚʥʦʩʠʪ ʩʚʦʶ ʜʦʣʶ ʠ ʧʘʨʘʤʝʪʨ-ʧʨʠʯʠʥʘ, ʯʪʦ ʠʤʝʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ 

ʩ ʧʘʨʘʤʝʪʨʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʩʣʫʞʠʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʥʘʤʠʯʥʦʩʪʠ ʥʝʢʦʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʟʝʨʥʦʫʙʦʨʦʯʥʦʛʦ ʢʦʤʙʘʡʥʘ. 

 

Summary. In our studies we found that a causal model amenable to a very 

effective analysis using a set of quantitative characteristics. To this end, we used 

primarily the analogy of the technical system, which is a combine harvester, the 

structure of the measuring instruments when conducting analysis of the causes 

affecting the accuracy of their testimony to establish the coefficient of dynamic 

parameters of the technical condition. 

The relationship between the parameter and the cause parameter, the result 

can be described by both analytical and empirical dependence. If the parameter is 

a consequence of several parameters-the reasons, then the relationship with each 

of them is described in the assumption of constancy of other parameters-reasons. 

Between the parameter change at the lower level and a change in the time 

also there is a certain correlation which can be characterized by the transfer 

coefficient. This transfer coefficient reflects the dynamics of the parameter of the 

technical state of combine harvester in time. It represents the ratio of increment of 
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change of the parameter by the increment of time. In contrast to the usual transfer 

ratio is the ratio called the coefficient of dynamic parameter. 

The article established that each of the parameters included in the causal 

model of the mechanism must have a coefficient of dynamism, as in the change of 

this parameter contributes its share, and-the reason that has a direct relationship 

with the time parameter that serves to determine the dynamic factor of some 

parameter of the technical state of combine harvester. 
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ʆ. ʄʘʯʫʛʘ, ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮ.,  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ,  

ʗ. ʉʘʣʦ, 

ʗ. ʎʝʥʶʭ,  

ʃʴʚʽʚʩʴʢʘ ʬʽʣʽʷ ʋʢʨʅɼɯʇɺʊ ʽʤ..ʃ.ʇʦʛʦʨʽʣʦʛʦ 

 

ɽʢʩʧʣʫʘʪʘʮʽʷ ʩʫʯʘʩʥʦʾ ʣʽʩʦʚʦʾ ʪʝʭʥʽʢʠ, ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʪʝʨʠʪʦʨʽʡ ʟ 

ʫʭʠʣʦʤ, ʧʦʪʨʝʙʫʻ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʜʦʧʫʩʪʠʤʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʟʫʤʦʚʣʝʥʦ 

ʥʘʷʚʥʽʩʪʶ ʘʩʠʤʝʪʨʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ï ʩʪʨʽʣʠ 

(ʤʘʥʽʧʫʣʷʪʦʨʘ ʟʽ ʟʨʫʙʫʚʘʥʠʤ ʩʪʦʚʙʫʨʦʤ) ʪʘ ʚʠʢʦʥʘʥʥʷ ʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ ʫ ʧʨʦʮʝʩʽ ʨʫʭʫ ʚʠʩʭʽʜʥʦʶ ʣʽʥʽʻʶ ʣʽʩʦʩʽʢʠ ʟ ʫʭʠʣʦʤ.  

ʇʨʝʜʩʪʘʚʣʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʷʛʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʦʧʦʨʥʠʭ ʨʝʘʢʮʽʡ ʪʘʢʠʭ ʩʘʤʦʭʽʜʥʠʭ ʣʽʩʦʚʠʭ ʤʘʰʠʥ, ʧʦʜʘʥʦ 

ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥ ʪʘ ʫʤʦʚ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʭʘʨʚʝʩʪʝʨʽʚ. ʆʢʨʝʩʣʝʥʦ 

ʟʘʩʦʙʠ ʱʦʜʦ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʨʦʟʛʣʷʜʘʥʦʾ ʣʽʩʦʚʦʾ 

ʪʝʭʥʽʢʠ ʩʪʦʩʦʚʥʦ ʣʽʩʦʩʽʢ ʽʟ ʫʭʠʣʦʤ, ʟʦʢʨʝʤʘ ï ʫʤʦʚʠ ʩʪʽʡʢʦʩʪʽ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʘ ʪʝʭʥʽʢʘ, ʩʪʽʡʢʽʩʪʴ ʪʝʭʥʽʢʠ ʥʘ ʩʭʠʣʘʭ, 

ʙʝʟʧʝʢʘ ʨʦʙʦʪʠ. 

 

ɺʩʪʫʧ. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʄʝʭʘʥʽʟʘʮʽʷ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʙʽʪ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʛʦʩʪʨʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʥʘʰʦʾ ʜʝʨʞʘʚʠ [1]. ʋ ʨʷʜʽ ʢʨʘʾʥ 

ʎʝʥʪʨʘʣʴʥʦʾ ɭʚʨʦʧʠ, ʉʢʘʥʜʠʥʘʚʩʴʢʠʭ ʢʨʘʾʥʘʭ, ʫ ʂʘʥʘʜʽ ʪʘ ʉʐɸ ʮʷ ʧʨʦʙʣʝʤʘ 

ʚʠʨʽʰʫʻʪʴʩʷ ʟʦʢʨʝʤʘ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʡʥʠʭ 

ʣʽʩʦʟʘʛʦʪʽʚʝʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ï ʭʘʨʚʝʩʪʝʨʽʚ ʪʘ ʬʦʨʚʘʜʝʨʽʚ [2] (ʜʠʚ. ʨʠʩ. 1).  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʚ ʋʢʨʘʾʥʽ ʫʪʨʫʜʥʶʻʪʴʩʷ ʨʷʜʦʤ ʧʨʠʯʠʥ. 

ʅʘʩʘʤʧʝʨʝʜ ï ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʽʪʯʠʟʥʷʥʠʭ 

ʘʥʘʣʦʛʽʚ. ɼʘʣʽ ï ʥʝʚʠʩʦʢʘ ʪʨʘʥʩʧʦʨʪʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʥʘʰʠʭ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ [3]. 

ʂʨʽʤ ʪʦʛʦ ï ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʣʽʩʦʚʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʂʘʨʧʘʪʩʴʢʦʤʫ ʨʝʛʽʦʥʽ, ʜʝ ʧʨʘʢʪʠʯʥʦ ʫʩʽ ʣʽʩʦʩʽʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʽʟ 

ʫʭʠʣʦʤ ʜʦ ʛʦʨʠʟʦʥʪʫ. ʎʝʡ ʬʘʢʪʦʨ ʚʠʢʣʠʢʘʻ ʨʷʜ ʜʦʜʘʪʢʦʚʠʭ ʟʘʩʪʝʨʝʞʝʥʴ 

ʱʦʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʭʘʨʚʝʩʪʝʨʽʚ ʪʘ ʘʥʘʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ. 

ɺʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʣʽʩʦʟʘʛʦʪʽʚʝʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 

ʨʫʭʫ ʤʝʭʘʥʽʟʤʫ ʣʽʩʦʩʽʢʦʶ. ɺ ʛʽʨʩʴʢʠʭ ʤʽʩʮʝʚʦʩʪʷʭ  ʭʘʨʚʝʩʪʝʨ ʤʦʞʝ ʨʫʭʘʪʠʩʴ 

ʚʠʩʭʽʜʥʠʤʠ ʪʨʘʻʢʪʦʨʽʷʤʠ. ʎʝ ʧʦʪʨʝʙʫʻ ʦʩʥʘʱʝʥʥʷ ʪʘʢʦʾ ʪʝʭʥʽʢʠ ʜʚʠʛʫʥʘʤʠ 

ʙʽʣʴʰʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʤʘʰʠʥʘʤʠ ʜʣʷ ʨʽʚʥʠʥʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ. 
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ʈʠʩʫʥʦʢ 1 ï ɿʘʨʫʙʽʞʥʘ ʣʽʩʦʟʘʛʦʪʽʚʝʣʴʥʘ ʪʝʭʥʽʢʘ: ʘ - ʭʘʨʚʝʩʪʝʨ ʬʽʨʤʠ John 

Deere, ʙ ï ʬʦʨʚʘʜʝʨ ʬʽʨʤʠ Ponsse 

 

ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʷʛʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʩʘʤʦʭʽʜʥʠʭ ʣʽʩʦʚʠʭ 

ʤʘʰʠʥ [4] ʧʦʪʨʽʙʥʦ ʘʧʨʦʙʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚ 

ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʪʘ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʪʝʥʜʘʭ. 

ɽʢʩʧʣʫʘʪʘʮʽʷ ʭʘʨʚʝʩʪʝʨʽʚ ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʨʫʰʽʾʚ ʧʨʘʚʦʛʦ ʪʘ ʣʽʚʦʛʦ ʙʦʨʪʽʚ, ʱʦ ʟʫʤʦʚʣʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʘʩʠʤʝʪʨʠʯʥʦ 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘʯʽʧʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ï ʩʪʨʽʣʠ (ʤʘʥʽʧʫʣʷʪʦʨʘ 

ʽʟ ʭʘʨʚʝʩʪʝʨʥʦʶ ʯʠ ʧʨʦʮʝʩʦʨʥʦʶ ʛʦʣʦʚʢʦʶ), ʷʢʘ ʤʦʞʝ ʫʪʨʠʤʫʚʘʪʠ ʯʠ 

ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʩʪʦʚʙʫʨ ʟʨʽʟʘʥʦʛʦ ʜʝʨʝʚʘ. ʊʘʢʘ ʘʩʠʤʝʪʨʽʷ ʧʦʩʠʣʶʻʪʴʩʷ ʥʘ 

ʣʽʩʦʩʽʢʘʭ ʟ ʫʭʠʣʦʤ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʝʨʝʜʙʘʯʝʥʦʾ ʚʪʨʘʪʠ ʩʘʤʦʭʽʜʥʦʾ 

ʣʽʩʦʚʦʾ ʤʘʰʠʥʠ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʢʠʜʘʥʥʷ ʯʠ ʧʦʟʜʦʚʞʥʴʦʛʦ ʘʙʦ ʧʦʧʝʨʝʯʥʦʛʦ 

ʢʦʚʟʘʥʥʷ ʨʫʰʽʾʚ ʧʦ ʦʧʦʨʥʽʡ ʧʦʚʝʨʭʥʽ. ʆʪʞʝ ʚʩʝʙʽʯʥʘ ʧʝʨʝʚʽʨʢʘ ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʪʷʛʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʩʪʽʡʢʦʩʪʽ 

ʝʢʩʧʣʫʘʪʦʚʘʥʠʭ ʫ ʛʽʨʩʴʢʠʭ ʫʤʦʚʘʭ ʭʘʨʚʝʩʪʝʨʽʚ  ʽ ʬʦʨʚʘʜʝʨʽʚ  ʥʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʪʝʥʜʘʭ ʽʟ ʨʦʟʨʦʙʣʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʛʨʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʪʘ ʚʘʞʣʠʚʠʤ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʟʘʚʜʘʥʥʷʤ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʈʦʟʛʣʷʥʝʤʦ  ʢʦʣʽʩʥʠʡ ʭʘʨʚʝʩʪʝʨ, ʷʢʠʡ 

ʨʫʭʘʻʪʴʩʷ ʧʣʦʱʠʥʦʶ ʟ ʫʭʠʣʦʤ a ʜʦ ʛʦʨʠʟʦʥʪʫ ʟʽ ʰʚʠʜʢʽʩʪʶ v ʫʟʜʦʚʞ ʦʩʽ, 

ʷʢʘ ʫʪʚʦʨʶʻ ʢʫʪ b ʟ ʚʠʩʭʽʜʥʦʶ ʣʽʥʽʻʶ ʧʣʦʱʠʥʠ ʨʫʭʫ. ɿʨʽʟʘʥʥʷ ʜʝʨʝʚ  

ʚʠʢʦʥʫʻʪʴʩʷ ʩʪʨʽʣʦʶ (ʤʘʥʽʧʫʣʷʪʦʨʦʤ ʟ ʭʘʨʚʝʩʪʝʨʥʦʶ/ʧʨʦʮʝʩʦʨʥʦʶ 

ʛʦʣʦʚʢʦʶ).  ʅʘʧʨʷʤ ʩʪʨʽʣʠ ʚʽʜʚʝʜʝʥʦ ʚʽʜ ʥʘʧʨʷʤʫ ʨʫʭʫ ʥʘ ʢʫʪ g (ʨʠʩ. 2).  

ʋʚʝʜʝʤʦ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʆxyz ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ 

ʧʣʦʱʠʥʦʶ xOy, ʪʘ ʚʽʩʩʶ z  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʜʦ ʥʝʾ. ʆʩʽ x1 y1 z1 ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʦʚʝʨʪʘʥʥʷʤ ʦʩʝʡ xyz ʥʘ ʢʫʪ a ʥʘʚʢʦʣʦ ʆʭ, ʢʦʦʨʜʠʥʘʪʥʘ ʧʣʦʱʠʥʘ x1Oy1 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʣʦʱʠʥʦʶ ʨʫʭʫ ʭʘʨʚʝʩʪʝʨʘ, ʚʽʩʴ z1 ʫʪʚʦʨʶʻ ʢʫʪ a ʟ ʚʽʩʩʶ z. ʆʩʽ 

ʢʦʦʨʜʠʥʘʪ x2 y2 z2 ʫʪʚʦʨʶʶʪʴʩʷ ʰʣʷʭʦʤ ʧʦʚʦʨʦʪʫ ʦʩʝʡ x1 y1 z1 ʥʘ ʢʫʪ b 

ʥʘʚʢʦʣʦ ʆz1 ʪʘʢ, ʱʦ ʢʦʦʨʜʠʥʘʪʥʘ ʧʣʦʱʠʥʘ x2Oy2 ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʣʦʱʠʥʦʶ 

ʨʫʭʫ, ʘ ʥʘʧʨʷʤ ʨʫʭʫ ʨʦʟʛʣʷʜʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʩʧʽʚʚʽʩʥʠʡ ʟ y2.  

ʅʘʩʣʽʜʫʶʯʠ ʤʝʪʦʜ [5], ʫʚʝʜʝʤʦ ʥʦʨʤʘʣʴʥʽ ʩʢʣʘʜʦʚʽ ʨʝʘʢʮʽʾ ˇʨʫʥʪʫ ʥʘ 
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ʨʫʰʽʡ R ,̔  (̔  = 1 õ  4), ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʮʝʥʪʨʽʚ ʢʦʥʪʘʢʪʥʠʭ ʜʽʣʷʥʦʢ ʨʫʰʽʾʚ 

ʫʟʜʦʚʞ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʨʫʭʫ ʤʝʭʘʥʽʟʤʫ ʪʘ T ,̔  (̔  = 1 õ  4) ʪʘʥʛʝʥʮʽʡʥʽ 

(ʜʦʪʠʯʥʽ) ʩʢʣʘʜʦʚʽ ʮʠʭ ʨʝʘʢʮʽʡ. Fʢ,̔ (  ̔= 1 õ 4 ) ï ʢʦʣʦʚʽ ʩʠʣʠ ʥʘ ʪʷʛʦʚʽ ʢʦʣʝʩʘ, 

ʧʨʠʢʣʘʜʝʥʽ ʫʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʨʫʭʫ. ɺʚʘʞʘʻʤʦ ʫʩʽ ʢʦʣʝʩʘ ʪʷʛʦʚʠʤʠ, ʘ ʪʦʯʢʫ 

ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣ ï ʫ ʮʝʥʪʨʽ ʤʘʩ ʢʦʥʪʘʢʪʥʠʭ ʜʽʣʷʥʦʢ ʨʫʰʽʷ ʟ ˇʨʫʥʪʦʤ. ʄfi, (  ̔= 

1 õ 4) ï ʤʦʤʝʥʪʠ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ʢʦʣʽʩ. GT ï ʩʠʣʘ ʚʘʛʠ ʤʝʭʘʥʽʟʤʫ (ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʚʘʛʠ ʩʪʨʽʣʠ ʪʘ ʭʘʨʚʝʩʪʝʨʥʦʾ ʛʦʣʦʚʢʠ), ʧʨʠʢʣʘʜʝʥʘ ʫ ʡʦʛʦ ʮʝʥʪʨʽ 

ʤʘʩ, ʥʘʧʨʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ. ʉʠʣʘ GT ʤʘʻ ʩʢʣʘʜʦʚʽ: ʥʦʨʤʘʣʴʥʫ ʜʦ 

ʧʣʦʱʠʥʠ ʨʫʭʫ ʩʠʣʫ aÖcosTG ʪʘ ʜʦʪʠʯʥʫ ʩʢʣʘʜʦʚʫ ʚ ʧʣʦʱʠʥʽ x2Oy2.  

ʈʦʟʛʣʷʥʝʤʦ ʜʚʦʩʝʢʮʽʡʥʠʡ ʰʘʨʥʽʨʥʠʡ ʤʘʥʽʧʫʣʷʪʦʨ. ɼʦʚʞʠʥʠ ʩʝʢʮʽʡ 1ML ʪʘ 

2ML , ʩʠʣʠ ʚʘʛʠ - Gʄ1 ʪʘ Gʄ2, ʧʨʠʢʣʘʜʝʥʽ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʫ ʮʝʥʪʨʘʭ ʤʘʩ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʠʩʦʪʽ ʚʽʜ ʧʣʦʱʠʥʠ ʢʦʣʦʚʠʭ ʦʩʝʡ ʚʽʜʧʦʚʽʜʥʦ ï  hʄ1 ʪʘ hʄ2. 

ʉʠʣʘ ʚʘʛʠ ʛʦʣʦʚʢʠ Gɻ, ʧʨʠʢʣʘʜʝʥʘ ʫ ʾʾ ʮʝʥʪʨʽ ʤʘʩ ʥʘ ʚʠʩʦʪʽ hɻ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ʨʫʭʫ, 2ű ï ʢʫʪ ʨʦʟʢʨʠʪʪʷ ʤʘʥʽʧʫʣʷʪʦʨʘ. ɼʣʷ ʪʝʣʝʩʢʦʧʽʯʥʦʾ ʩʪʨʽʣʠ ï 

ʤʘʥʽʧʫʣʷʪʦʨʘ ʚʠʢʣʘʜʢʠ ʻ ʘʥʘʣʦʛʽʯʥʽ ʚ ʧʨʠʧʫʱʝʥʥʽ ű=90
0
. ʉʠʣʘʤʠ ʽʥʝʨʮʽʾ ʪʘ 

ʯʦʣʦʚʦʛʦ ʦʧʦʨʫ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʥʝʭʪʫʻʤʦ. 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʨʫʭʫ ʭʘʨʚʝʩʪʝʨʘ ʪʝʨʠʪʦʨʽʻʶ ʟ ʫʭʠʣʦʤ 
 

ʈʫʭ ʭʘʨʚʝʩʪʝʨʘ ʣʽʩʦʩʽʢʦʶ ʚ ʛʽʨʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʴ 

ʦʜʥʦʯʘʩʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʥʠʤ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʛʨʫʧʫʚʘʪʠ ʪʘʢ: ɸï ʟʘʭʦʧʣʝʥʥʷ ʩʪʦʚʙʫʨʘ, ɹ ï ʟʨʽʟʘʥʥʷ ʜʝʨʝʚʘ, ɺ 

ï  ʧʘʜʽʥʥʷ ʜʝʨʝʚʘ, ɻ ï ʧʝʨʚʠʥʥʝ ʦʙʨʦʙʣʝʥʥʷ ʩʪʦʚʙʫʨʘ. ʅʘ ʚʩʽʭ ʝʪʘʧʘʭ 

ʚʠʢʦʥʫʻʪʴʩʷ ʨʷʜ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ, ʟʦʢʨʝʤʘ ʨʦʙʦʪʘ ʤʝʭʘʥʽʟʤʫ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʧʦʣʦʞʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ʢʘʙʽʥʠ ʪʦʱʦ. ʈʝʟʫʣʴʪʘʪʠ ʪʷʛʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʭʘʨʚʝʩʪʝʨʘ ʟ ʦʜʥʦʯʘʩʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪʽ [6].  

ɿʘʜʘʯʘ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʽ ʜʦʪʠʯʥʠʭ ʨʝʘʢʮʽʡ ʦʧʦʨʥʦʾ 

ʧʦʚʝʨʭʥʽ (ˇʨʫʥʪʫ) ʚʽʜ ʜʠʩʢʨʝʪʥʦʾ ʜʽʾ ʨʫʰʽʾʚ ʭʘʨʚʝʩʪʝʨʘ, ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ 

ʛʽʨʩʴʢʦʶ ʣʽʩʦʩʽʢʦʶ ʡ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʻ ʦʧʝʨʘʮʽʾ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ.  

ʅʦʨʤʘʣʴʥʽ ʩʢʣʘʜʦʚʽ ʦʧʦʨʥʠʭ ʨʝʘʢʮʽʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ 
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ʧʨʦʩʪʦʨʦʚʦʾ ʩʠʩʪʝʤʠ ʩʠʣ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʜʦ ʥʘʧʨʷʤʫ ʨʫʭʫ ʭʘʨʚʝʩʪʝʨʘ 

ʣʽʩʦʩʽʢʦʶ. ʎʽ ʩʠʣʠ (ʥʦʨʤʘʣʴʥʽ ʩʢʣʘʜʦʚʽ ʨʝʘʢʮʽʡ, ʧʨʦʝʢʮʽʾ ʩʠʣ ʚʘʛʠ ʩʢʣʘʜʦʚʠʭ 

ʭʘʨʚʝʩʪʝʨʘ ʥʘ ʥʦʨʤʘʣʴ ʜʦ ʥʘʧʨʷʤʫ ʨʫʭʫ ʪʦʱʦ) ʫʪʚʦʨʶʶʪʴ ʧʘʨʘʣʝʣʴʥʫ 

ʩʠʩʪʝʤʫ, ʜʣʷ ʷʢʦʾ ʩʣʽʜ ʟʘʩʪʦʩʫʚʘʪʠ ʦʜʥʝ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʩʠʣ ʫʟʜʦʚʞ ʣʽʥʽʾ 

ʩʧʽʣʴʥʦʛʦ ʥʘʧʨʷʤʫ ʜʽʾ (ʚʽʩʴ z ʥʘ ʨʠʩʫʥʢʫ 2) ʪʘ ʜʚʘ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ 

ʤʦʤʝʥʪʽʚ ʚʽʜʥʦʩʥʦ ʦʩʝʡ, ʷʢʽ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. ɼʣʷ ʪʨʠʚʽʩʥʦʛʦ ʭʘʨʚʝʩʪʝʨʘ 

ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ ʥʦʨʤʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ï 4, ʪʦʤʫ ʮʷ ʩʠʩʪʝʤʘ ʩʠʣ ʻ ʩʪʘʪʠʯʥʦ 

ʥʝʚʠʟʥʘʯʝʥʦʶ.  

ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʫ ʩʢʣʘʜʝʥʦʤʫ (ʪʨʘʥʩʧʦʨʪʥʦʤʫ) ʧʦʣʦʞʝʥʥʽ 

ʤʘʥʽʧʫʣʷʪʦʨʘ ʭʘʨʚʝʩʪʝʨʘ, ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ, ʮʝʥʪʨ 

ʚʘʛʠ ʤʝʭʘʥʽʟʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʪʘʢʽʡ ʪʦʯʮʽ, ʱʦ ʚʩʽ ʥʦʨʤʘʣʴʥʽ ʨʝʘʢʮʽʾ ʦʧʦʨʥʦʾ 

ʧʦʚʝʨʭʥʽ ( ˇʨʫʥʪʫ) ï ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ:    

( )ɻMMT GGGGR +++= 21
6

1 ,                                        (1) 

ʜʝ Rï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʦʧʦʨʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʦʜʥʝ ʢʦʣʝʩʦ. 

ɼʣʷ ʩʢʣʘʜʘʥʥʷ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʨʦʟʛʣʷʜʘʥʦʾ ʩʠʩʪʝʤʠ ʩʠʣ ʩʣʽʜ 

ʚʠʢʦʥʘʪʠ ʨʷʜ ʛʨʦʤʽʟʜʢʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʦʙʫʜʦʚ. ʷʢʽ ʪʫʪ ʚʠʧʫʱʝʥʦ. ʈʽʚʥʷʥʥʷ 

ʨʽʚʥʦʚʘʛʠ ʤʦʤʝʥʪʽʚ ʚʽʜʥʦʩʥʦ ʦʩʽ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨʠ ʤʘʩ ʢʦʥʪʘʢʪʥʠʭ 

ʜʽʣʷʥʦʢ ʨʫʰʽʾʚ ʟ ˇʨʫʥʪʦʤ ʤʘʻ ʚʠʛʣʷʜ: 
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( ) +Ö++- bRRR 654       (2) 

( ) 0sin)()()( 2211 =xÖÖ++Ö++Ö++Ö+ rGrhGrhGrhG ɻMMMMcT ,  

ʫ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʮʝʥʪʨ ʤʘʩ ʭʘʨʚʝʩʪʝʨʥʦʾ ʛʦʣʦʚʢʠ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ 

ʢʦʣʦʚʦʾ ʦʩʽ, rï ʨʘʜʽʫʩ ʨʫʰʽʷ ʮʽʻʾ ʢʦʣʦʚʦʾ ʦʩʽ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʤʦʤʝʥʪʽʚ ʚʽʜʥʦʩʥʦ ʢʦʣʦʚʦʾ ʦʩʽ ʨʫʰʽʾʚ 

1;4i= , ʱʦʙ ʩʧʨʦʩʪʠʪʠ ʚʠʢʣʘʜʢʠ, ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʩʪʨʽʣʘ ʭʘʨʚʝʩʪʝʨʘ 

ʟʤʦʥʪʦʚʘʥʘ ʥʘ ʦʩʽ ʨʫʰʽʾʚ  1;4i= , ʮʝʥʪʨ ʤʘʩ ʭʘʨʚʝʩʪʝʨʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘʜ 

ʚʽʩʩʶ ʨʫʰʽʾʚ 2;3i= , ʙʘʟʘ ʭʘʨʚʝʩʪʝʨʘ a, ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʩʷʤʠ ʨʫʰʽʾʚ 1;4i=  ʪʘ  

2;3i=  ʨʽʚʥʘ 2a . ʆʪʞʝ: 
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ä ï ʩʫʤʘ ʪʘʥʛʝʥʮʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʨʝʘʢʮʽʡ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ (ˇʨʫʥʪʫ), 
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ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʧʨʦʝʢʮʽʡ ʜʽʶʯʠʭ ʩʠʣ ʥʘ  ʚʽʩʴ ʆy1:  

( )
4

1 2

1

sini T M M Ã

i

T G G G G a
=

= + + + Öä .  (4) 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2), (3), (4) ʧʦʙʫʜʦʚʘʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʨʝʘʢʮʽʡ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ ï ˇʨʫʥʪʫ ʜʣʷ ʭʘʨʚʝʩʪʝʨʘ ʚ ʨʦʙʦʯʦʤʫ 

ʧʦʣʦʞʝʥʥʽ. ɸʥʘʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʜʣʷ ʦʧʦʨʥʠʭ 

ʨʝʘʢʮʽʡ ʫ ʚʠʧʘʜʢʫ ʫʪʨʠʤʘʥʥʷ ʭʘʨʚʝʩʪʝʨʦʤ ʥʘʪʷʛʥʫʪʦʛʦ ʘʙʦ ʟʨʫʙʘʥʦʛʦ 

ʩʪʦʚʙʫʨʘ ʟʘʤʽʥʦʶ ʚʘʛʠ ʭʘʨʚʝʩʪʝʨʥʦʾ ʛʦʣʦʚʢʠ ʥʘ ʩʫʤʫ ʚʘʛʠ ʛʦʣʦʚʢʠ ʪʘ 

ʩʪʦʚʙʫʨʘ: 

ʉʊɻɻ GGG +Ý .    (5) 

ɼʦʪʠʯʥʽ (ʪʘʥʛʝʥʮʽʡʥʽ) ʩʢʣʘʜʦʚʽ ʨʝʘʢʮʽʡ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʜʚʦʤʘ ʨʽʚʥʷʥʥʷʤʠ ʨʽʚʥʦʚʘʛʠ ï ʧʨʦʝʢʮʽʡ ʜʽʶʯʠʭ ʩʠʣ ʥʘ ʚʽʩʴ ʆy1 (4) ʪʘ 

ʤʦʤʝʥʪʽʚ ʩʠʣ ʫ ʧʣʦʱʠʥʽ x1Oy1 ʚʽʜʥʦʩʥʦ ʙʫʜʴ-ʷʢʦʛʦ ʮʝʥʪʨʘ. 

ɯʥʞʝʥʝʨʥʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʦʙʫʜʦʚʘʥʦʾ ʚʠʱʝ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʜʣʷ 

ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʢʣʘʜʽʚ ʤʘʰʠʥ ʪʘ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʦʟʛʣʷʜʘʥʥʽ ʨʝʘʢʮʽʾ ʥʘʡʙʽʣʴʰ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʨʫʰʽʷ 

1R ʽ ʾʾ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʟʥʘʯʝʥʥʷ 
0

1R , ʚʽʜʥʝʩʝʥʦʛʦ ʜʦ ʮʽʻʾ ʞ ʨʝʘʢʮʽʾ ʫ 

ʥʝʡʪʨʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʥʘ ʫʭʠʣʽ. ɼʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. ɼʣʷ 

ʭʘʨʚʝʩʪʝʨʘ ʟʽ ʟʨʽʟʘʥʠʤ ʩʪʦʚʙʫʨʦʤ, ʟʘʪʠʩʥʝʥʠʤ ʫ ʛʦʣʦʚʮʽ 

( ) ag+
+

+
++++

a= cossin2
6

cos 21
21

1 MM
CTɻCTɻMMT LL

b

GGGGGGG
R ,  (6) 

ɼʣʷ ʙʝʟʨʦʟʤʽʨʥʦʾ ʚʝʣʠʯʠʥʠ 0
1R , ʫ ʚʠʧʘʜʢʫ ʦʢʨʝʤʠʭ ʪʠʧʽʚ ʭʘʨʚʝʩʪʝʨʽʚ ʟʽ 

ʩʪʦʚʙʫʨʦʤ, ʜʽʘʤʝʪʨ ʷʢʦʛʦ ʥʘ ʚʠʩʦʪʽ ʟʨʽʟʫ 62,5 ʩʤ, ʦʪʨʠʤʘʥʦ: 

gÖ+= sin207,810
1R , ʟʘʣʝʞʥʽʩʪʴ ʨʝʘʢʮʽʾ0

1R  ʚʽʜ ʢʫʪʘ g ʜʣʷ ʜʝʷʢʠʭ ʭʘʨʚʝʩʪʝʨʽʚ 

ʧʦʜʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3. 

  

 

ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʙʝʟʨʦʟʤʽʨʥʦʾ ʨʝʘʢʮʽʾ 
0
1R  ʚʽʜ ʧʦʣʦʞʝʥʥʷ 

ʤʘʥʽʧʫʣʷʪʦʨʘ: 1 -  Timberjack  1270 D, 2 - Valmet 911.3, 3 - ɸʤʢʦʜʦʨ 2551 
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ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʟʘʟʥʘʯʠʤʦ, ʱʦ ʫʭʠʣ ʣʽʩʦʩʽʢʠ aʪʘ 

ʥʘʧʨʷʤ ʨʫʭʫ b ʟ ʦʜʥʦʯʘʩʥʠʤ ʚʠʢʦʥʘʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʭʘʨʚʝʩʪʝʨʘ, 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ  ʦʧʦʨʥʽ ʨʝʘʢʮʽʾ ˇʨʫʥʪʫ ʥʘ ʨʫʰʽʡ, ʷʢʽ ʤʦʞʫʪʴ  ʫ  ʜʝʢʽʣʴʢʘ 

ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʘʢʽ ʞ ʚʝʣʠʯʠʥʠ ʧʽʜ ʯʘʩ ʩʪʘʪʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ 

ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʫ ʩʢʣʘʜʝʥʦʤʫ ʧʦʣʦʞʝʥʥʽ. ɿʨʦʟʫʤʽʣʠʤ ʻ ʪʝ, ʱʦ ʥʘ 

ʚʝʣʠʯʠʥʫ ʥʘʡʙʽʣʴʰʦʾ ʨʝʘʢʮʽʾ ʚʧʣʠʚʘʻ ʘʩʠʤʝʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʛʦʣʦʚʢʠ 

ʭʘʨʚʝʩʪʝʨʘ ʽʟ ʟʘʪʠʩʥʝʥʠʤ ʩʪʦʚʙʫʨʦʤ ʟ ʧʣʝʯʝʤ, ʨʽʚʥʠʤ ʨʦʟʢʣʘʜʝʥʦʤʫ 

ʤʘʥʽʧʫʣʷʪʦʨʫ. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3 ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʙʣʠʟʴʢʠʡ ʜʦ 

ʨʝʘʣʴʥʦʛʦ ʩʪʘʥʫ ʚ ʤʝʞʘʭ ʟʤʽʥʠ ʢʫʪʘ 00 4520 ·=g , ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ 02
6 ºR , ʟʘ ʷʢʦʾ ʧʦʙʫʜʦʚʘʥʦ ʨʦʟʚôʷʟʦʢ (14) ʪʘ 

ʦʪʨʠʤʘʥʦ ʜʦʩʪʘʪʥʽ ʜʣʷ ʽʥʞʝʥʝʨʥʦʾ ʦʮʽʥʢʠ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʫʰʽʾʚ 

ʨʦʟʚôʷʟʢʠ.  

ɺʠʟʥʘʯʝʥʥʷ ʜʦʪʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʨʝʘʢʮʽʡ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʢʦʥʫʻʪʴʩʷ ʚ 

ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʥʘʡʙʽʣʴʰ ʟʘʚʘʥʪʘʞʝʥʠʤ ʻ ʨʫʰʽʡ, ʥʘʜ ʷʢʠʤ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʤʘʥʽʧʫʣʷʪʦʨ  ʟ ʙʘʛʘʪʦʦʧʝʨʘʮʽʡʥʦʶ ʛʦʣʦʚʢʦʶ ʪʘ ʟʘʭʦʧʣʝʥʠʤ ʩʪʦʚʙʫʨʦʤ, 

ʨʦʟʧʦʜʽʣ ʪʘʥʛʝʥʮʽʡʥʠʭ ʨʝʘʢʮʽʡ ʤʽʞ ʽʥʰʠʤʠ ʨʫʰʽʷʤʠ ʻ ʥʝʩʫʪʪʻʚʠʤ.  
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ɺʽʜʥʦʰʝʥʥʷ (15) ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʝʣʠʯʠʥʘ ʩʫʤʘʨʥʦʾ ʪʘʥʛʝʥʮʽʡʥʦʾ 

ʨʝʘʢʮʽʾ ʜʣʷ ʨʫʰʽʷ ʧʽʜ ʨʦʟʢʣʘʜʝʥʠʤ ʪʘ ʟʘʜʽʷʥʠʤ ʚ ʦʧʝʨʘʮʽʷʭ ʚʠʨʦʙʥʠʯʦʾ 

ʬʫʥʢʮʽʾ ʻ ʙʽʣʴʰʠʤ ʚʽʜ ʚʝʣʠʯʠʥʠ ʪʘʥʛʝʥʮʽʡʥʦʾ  ʨʝʘʢʮʽʾ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʭʘʨʚʝʩʪʝʨʘ. ʋ ʚʠʧʘʜʢʫ ʪʝʩʪʦʚʦʛʦ ʧʨʠʢʣʘʜʫ ï  ʭʘʨʚʝʩʪʝʨʘ Valmet 

911,:  ʤ5,385,165,12 =+=a ,  41005,4 Ö=wM  ʅʤ. ɺʠʨʘʟʠ ʜʣʷ ʧʦʚʥʦʾ ʪʘ 

ʚʽʜʥʦʩʥʦʾ ʪʘʥʛʝʥʮʽʡʥʦʾ ʨʝʘʢʮʽʾ ʥʘʙʝʨʫʪʴ ʚʠʛʣʷʜʫ: 

 ( )( ) aÖ+g-bÖ+= sin34400sin109600116001T ʅ,  

( )0
1

0,337
1 3,189 sin

sin
T b g

a
= + + Ö - ,   (8) 

ɻʨʘʬʽʢʠ ʾʭʥʴʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ g ʜʣʷ ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ ʫʭʠʣʫ a 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4. ɯʟ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʟʥʘʯʠʤʦ, ʱʦ 

ʘʙʩʦʣʶʪʥʽ ʚʝʣʠʯʠʥʠ ʜʦʪʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʨʝʘʢʮʽʡ  ʻ ʧʦʨʽʚʥʷʣʴʥʠʤʠ ʟʽ 

ʟʥʘʯʝʥʥʷʤʠ ʥʦʨʤʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ 1T  

ʧʽʜ ʯʘʩ ʚʠʙʦʨʫ ʪʠʧʦʨʦʟʤʽʨʫ ʨʫʰʽʾʚ ʜʣʷ ʨʦʙʦʪʠ ʫ ʛʽʨʩʴʢʠʭ ʤʽʩʮʝʚʦʩʪʷʭ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʤʝʭʘʥʽʟʤʦʤ ʦʧʝʨʘʮʽʡ ʚʠʨʦʙʥʠʯʦʾ 

ʬʫʥʢʮʽʾ. ɿ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʟʛʣʷʜʘʥʦʛʦ 

ʪʝʩʪʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʙʝʟ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʡʦʛʦ ʨʫʰʽʾʚ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ 

ʨ̌ʫʥʪʫ ʪʘ ʫʭʠʣʫ ʧʦʚʝʨʭʥʽ ʨʫʭʫ.  
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ʘ ʙ 

ʈʠʩʫʥʦʢ 4 ï ɿʘʣʝʞʥʦʩʪʽ ʘʙʩʦʣʶʪʥʦʾ ï ʘ ʪʘ ʚʽʜʥʦʩʥʦʾ ï ʙ ʜʦʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʨʝʘʢʮʽʾ ʦʧʦʨʠ ʧʝʨʰʦʛʦ ʨʫʰʽʷ ʚʽʜ ʢʫʪʘ ʚʽʜʭʠʣʝʥʥʷ ʩʪʨʽʣʠ-ʤʘʥʽʧʫʣʷʪʦʨʘ g ʚʽʜ 

ʥʘʧʨʷʤʫ ʨʫʭʫ ʭʘʨʚʝʩʪʝʨʘ ʣʽʩʦʩʽʢʦʶ ʜʣʷ ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ ʢʫʪʽʚ: 1 - 

0 010 , 30a b= = ;  2 - 
0 020 , 30a b= = ;  3 - 

0 010 , 20a b= =  

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʜʣʷ ʨʫʭʫ ʭʘʨʚʝʩʪʝʨʘ ʟ ʦʜʥʦʯʘʩʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʥʠʤ 

ʦʧʝʨʘʮʽʡ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʚ ʨʦʟʛʣʷʜʘʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʣʽʩʦʩʽʢʠ 

ʟ ʫʭʠʣʦʤ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʫʰʽʡ ʩʫʪʪʻʚʦ ʤʦʞʣʠʚʦ ʫ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ. ʇʝʚʥʠʡ ʚʧʣʠʚ ʨʫʰʽʾʚ ʤʘʶʪʴ ʽ ʜʦʪʠʯʥʽ 

ʩʢʣʘʜʦʚʽ ʨʝʘʢʮʽʡ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ (ˇʨʫʥʪʫ), ʷʢʽ ʜʣʷ ʨʦʟʛʣʷʜʘʥʠʭ ʤʘʰʠʥ 

ʩʢʣʘʜʘʶʪʴ 14,5 ï 16,5 % ʚʽʜ ʩʫʤʘʨʥʦʾ ʨʝʘʢʮʽʾ  ʪʘ ʚʠʢʣʠʢʘʶʪʴ 1,1 ï 1,8 %  

ʜʦʚʘʥʪʘʞʝʥʥʷ ʨʫʰʽʾʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʪʘʥʜʘʨʪʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʨʫʭʫ 

 ʊʘʢʽ ʜʘʥʽ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʦʮʽʥʦʢ ʬʘʢʪʠʯʥʠʭ ʨʠʟʠʢʽʚ ʛʽʨʩʴʢʦʾ 

ʣʽʩʦʟʘʛʦʪʽʚʣʽ, ʘ ʪʘʢʦʞ ʫ ʧʨʦʮʝʩʽ ʦʧʨʘʮʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʚʠʧʘʜʢʽʚ ʟʥʘʯʥʦʾ ʘʩʠʤʝʪʨʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʫʭʠʣʦʤ ʧʦʚʝʨʭʥʽ ʨʫʭʫ ʪʘ 

ʜʠʥʘʤʽʯʥʠʤ ʚʧʣʠʚʦʤ ʥʘʯʽʧʥʠʭ ʟʥʘʨʷʜʴ ʥʘ ʨʫʰʽʾ. ɽʢʩʧʣʫʘʪʘʮʽʷ ʭʘʨʚʝʩʪʝʨʽʚ ʟʽ 

ʩʪʘʥʜʘʨʪʥʠʤ ʨʽʚʥʝʤ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʽ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʧʦʰʢʦʜʞʝʥʴ ʫ 

ʨʦʟʛʣʷʜʘʥʠʭ ʫʤʦʚʘʭ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʚʥʠʭ ʦʙʤʝʞʝʥʴ: ʨʦʙʦʪʘ ʟ 

ʤʘʥʽʧʫʣʷʪʦʨʦʤ, ʱʦ ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʥʝ ʥʘ ʚʩʶ ʜʦʚʞʠʥʫ, ʘ ʥʘ ʧʝʚʥʠʡ ʢʫʪ, ʷʢʠʡ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ; ʦʙʤʝʞʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʧʦʚʦʨʦʪʫ ʪʘ ʧʽʜʽʡʤʘʥʥʷ ʩʪʨʽʣʠ - ʤʘʥʽʧʫʣʷʪʦʨʘ ʽʟ ʟʘʪʠʩʥʝʥʠʤ 

ʩʪʦʚʙʫʨʦʤ ʪʦʱʦ.  

ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʫʪʦʯʥʶʚʘʪʠ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʭʘʨʚʝʩʪʝʨʽʚ ʨʽʟʥʠʭ ʬʦʨʤ ʽʟ ʚʥʝʩʝʥʥʷʤ ʪʘʢʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʚʽʜʧʦʚʽʜʥʽ ʪʝʭʥʽʯʥʽ ʨʝʛʣʘʤʝʥʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ 

ʨʽʚʥʷ ʧʨʦʤʠʩʣʦʚʦʾ ʙʝʟʧʝʢʠ ʪʘ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʨʦʙʽʪʥʠʢʽʚ ʛʘʣʫʟʽ. ʇʨʦʚʝʜʝʥʥʷ 

ʪʘʢʦʛʦ ʪʠʧʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦʮʽʣʴʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʚʘʛʦʚʦʤʫ ʪʘ ʩʪʝʥʜʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʋʢʨʅɼɯʇɺʊ (ʩʤʪ. 
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ʄʘʛʝʨʽʚ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣ.), ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʥʘ ʨʠʩʫʥʢʫ 5.    

 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 5 ï ɺʘʛʦʚʝ ʪʘ ʩʪʝʥʜʦʚʝ ʦʙʣʘʜʥʘʥʥʷ ʃʴʚʽʚʩʴʢʦʾ ʬʽʣʽʾ ʋʢʨʅɼɯʇɺʊ 

 

ʇʨʦʧʦʥʫʻʪʴʩʷ [7] ʩʭʝʤʘ ʤʝʭʘʥʽʟʤʫ ʟ ʪʨʦʩʦʤ ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʧʝʨʝʢʠʜʘʥʥʶ 

ï ʨʠʩʫʥʦʢ 6. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʩʣʽʜ ʦʛʦʨʦʜʞʫʚʘʪʠ ʤʘʡʜʘʥʯʠʢ ʚʽʜ 

ʧʨʦʥʠʢʥʝʥʥʷ ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ. 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 6 ï ʂʨ̔ ʧʣʝʥʥʷ ʩʪʨʘʭʫʚʘʣʴʥʦʛʦ ʪʨʦʩʘ ʫ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʩʪʽʡʢʦʩʪʽ 

ʤʝʭʘʥʽʟʤʫ ʧʽʜ ʯʘʩ ʥʘʾʟʜʫ ʥʘ ʧʝʨʝʰʢʦʜʫ (ʘ) ʪʘ ʧʝʨʝʢʠʜʘʥʥʷ (ʙ) 

 

ɺʠʩʥʦʚʢʠ.  ʆʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʪʷʛʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ 

ʦʧʦʨʥʠʭ ʨʝʘʢʮʽʡ ʭʘʨʚʝʩʪʝʨʘ, ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ ʛʽʨʩʴʢʦʶ ʣʽʩʦʩʽʢʦʶ ʪʘ ʦʜʥʦʯʘʩʥʦ 

ʚʠʢʦʥʫʻ ʦʧʝʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʬʫʥʢʮʽʾ. ʎʽ ʚʠʨʘʟʠ ʧʦʙʫʜʦʚʘʥʦ ʟʘʣʝʞʥʦ ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʛʣʷʜʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʘ ʫʤʦʚ ʡʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫʭʠʣ ʣʽʩʦʩʽʢʠ, ʥʘʧʨʷʤ ʨʫʭʫ ʤʝʭʘʥʽʟʤʫ ʪʘ 

ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʷʛʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʰʠʥʠ ʟʘʛʘʣʦʤ ʪʘ ʚʝʣʠʯʠʥʫ ʦʧʦʨʥʠʭ ʨʝʘʢʮʽʡ ʦʢʨʝʤʠʭ 

ʨʫʰʽʾʚ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʤʝʭʘʥʽʟʤʫ ʥʘ ʫʭʠʣʽ. 

ɺʠʟʥʘʯʝʥʦ ʧʽʜʭʦʜʠ ʽ ʟʘʩʦʙʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʧʨʦʛʨʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ʭʘʨʚʝʩʪʝʨʘ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʟ ʫʭʠʣʦʤ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʦʚʘʥʽ ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʚʽʜʧʦʚʽʜʥʦʾ ʣʽʩʦʚʦʾ ʪʝʭʥʽʢʠ ʚ 

ʫʤʦʚʘʭ  ʃʴʚʽʚʩʴʢʦʾ ʬʽʣʽʾ ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ.ʇʦʛʦʨʽʣʦʛʦ. 
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ɸʥʥʦʪʘʮʠʷ.  
ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʣʝʩʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 

ʪʝʨʨʠʪʦʨʠʡ ʩ ʫʢʣʦʥʦʤ, ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʜʦʧʫʩʪʠʤʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʘʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ï ʩʪʨʝʣʳ (ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʦ ʩʨʝʟʘʥʥʳʤ ʩʪʚʦʣʦʤ ʜʝʨʝʚʘ), ʘ 

ʪʘʢʞʝ  ʚʳʧʦʣʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʚʦʩʭʦʜʷʱʝʡ ʣʠʥʠʝʡ ʣʝʩʦʩʝʢʠ ʩ ʫʢʣʦʥʦʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʷʛʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʧʦʨʥʳʭ ʨʝʘʢʮʠʡ ʪʘʢʠʭ ʩʘʤʦʭʦʜʥʳʭ ʣʝʩʥʳʭ ʤʘʰʠʥ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥ ʠ ʫʩʣʦʚʠʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ 

ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʭʘʨʚʝʩʪʝʨʦʚ. ʆʟʥʘʯʝʥʳ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʣʝʩʥʦʡ ʪʝʭʥʠʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʩʦʩʝʢ ʩ ʫʢʣʦʥʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ - ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ. 
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Summary. 

Exploitation of modern forestry equipment, which is intended for areas with a 

slope, needs to determine the limits of permissible operation. This is due to the 

presence of an asymmetrically located working body ï beam (manipulator with a 

cut tree) and the implementation of technological operations in the process of 

moving uphill line of the felling area with a slope. 

The theoretical results concerning determination of traction characteristics 

and reference reactions of such self-propelled forest machines are presented, 

graphic dependences of such characteristics on the parameters of machines and 

conditions of their operation are given. Conditions of safe work of harvesters are 

determined. The means for laboratory and bench testing of the considered forest 

technology concerning the slope with the slope, in particular stability conditions, 

are outlined. 
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ɽʌɽʂʊʀɺʅɯʉʊʔ ɺɯɼʅʆɺʃɽʅʅʗ ʇʈɸʎɽɿɼɸʊʅʆʉʊɯ 

ʄɸʐʀʅ ɼʃʗ ʃɯʉʆʊɽʍʅɯʏʅʀʍ ʈʆɹɯʊ 

 

ʃ. ʊ̔ ʪʦʚʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ɯ. ʈʦʛʦʚʩʴʢʠʡ,  ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ ʤʦʙʽʣʴʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʯʝʨʝʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʫʩʫʥʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʾʭʥʽʭ 

ʚʽʜʤʦʚ ʤʦʙʽʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʽ ʦʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ 

ʫʩʫʥʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʚʽʜʤʦʚ ʣʽʩʦʚʠʭ ʄɽɿ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʫ, ʥʘʨʦʙʽʪʢʫ ʟʘ 

ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʮʠʢʣ ʽ ʥʘ ʚʽʜʤʦʚʫ, ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʤʠ ʩʣʫʞʙʘʤʠ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʽ 

ʣʽʩʦʜʦʩʣʽʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʤʦʙʽʣʴʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʣʽʩʦʚʠʭ ʄɽɿ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʣʽʩʦʧʨʦʤʠʩʣʦʚʠʭ, ʣʽʩʦʟʘʛʦʪʽʚʝʣʴʥʠʭ ʽ 

ʣʽʩʦʧʝʨʝʨʦʙʥʠʭ ʨʦʙʽʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʣʽʩʦʚʠʭ ʄɽɿ, ʟʤʝʥʰʠʪʠ ʟʘʪʨʘʪʠ ʪʨʫʜʦʚʠʭ ʽ ʬʽʥʘʥʩʦʚʠʭ 

ʨʝʩʫʨʩʽʚ ʫ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʽʡ ʽ ʣʽʩʦʜʦʩʣʽʜʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʘʨʘʤʝʪʨ, ʨʝʞʠʤ, ʢʦʝʬʽʮʽʻʥʪ ʛʦʪʦʚʥʦʩʪʽ, 

ʚʽʜʥʦʚʣʝʥʥʷ, ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʣʽʩʦʚʠʡ ʄɽɿ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʣʽʩʦʧʨʦʤʠʩʣʦʚʦʾ ʛʘʣʫʟʽ 

ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʚʠʩʫʚʘʶʪʴʩʷ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʽʩʥʫʶʯʦʛʦ ʧʘʨʢʫ ʤʘʰʠʥ ʜʣʷ ʣʽʩʦʪʝʭʥʽʯʥʠʭ ʨʦʙʽʪ. ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ 

ʟʘʡʤʘʶʪʴ ʣʽʩʦʚʽ ʤʦʙʽʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʩʦʙʠ (ʜʘʣʽ ï ʄɽɿ). ʈʝʘʣʴʥʠʡ ʩʪʘʥ, 

ʷʢʠʡ ʩʢʣʘʚʩʷ ʚ ʢʨʘʾʥʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʩʦʚʠʭ ʄɽɿ, ʱʦ 

ʚʽʜʧʨʘʮʶʚʘʣʠ ʩʚʽʡ ʘʤʦʨʪʠʟʘʮʽʡʥʠʡ ʧʝʨʽʦʜ. ʊʦʙʪʦ ʮʝ ʙʽʣʴʰʝ 60 % ʩʚʦʛʦ 

ʨʝʩʫʨʩʫ, ʪʦʤʫ ʾʭʥʷ ʪʝʭʥʽʯʥʘ ʛʦʪʦʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʞʝʥʝʨʥʠʭ ʟʘʭʦʜʽʚ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. 

ɿʘ ʫʤʦʚʠ ʥʠʟʴʢʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ ʣʽʩʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘʢʽ 

ʟʘʭʦʜʠ ʤʘʶʪʴ ʧʝʨʰʦʯʝʨʛʦʚʝ ʟʥʘʯʝʥʥʷ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʻʯʘʩʥʦʩʪʽ ʡ 

ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʣʽʩʦʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʪʦʤʫ 

ʧʦʪʨʝʙʫʶʪʴ ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʨʝʞʠʤʘʤʠ, ʩʧʨʷʤʦʚʘʥʠʤʠ ʥʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʾ ʣʽʩʦʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʫ ʟʘʜʘʥʠʭ ʦʙʩʷʛʘʭ. ɺʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ ʢʨʠʻʪʴʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʥʽ 
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ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ, ʩʪʚʦʨʶʶʯʠ ʪʘʢʠʤ 

ʯʠʥʦʤ ʫʤʦʚʠ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʪʨʫʜʦʚʠʭ ʽ ʬʽʥʘʥʩʦʚʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʩʦʚʠʭ ʄɽɿ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ, ʱʦ ʽ ʻ ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ɾʫʣʘʥʘ ʆ. ʖ, ɺʦʡʮʝʭʦʚʩʴʢʦʾ ʖ. ɺ., Taylor J. C., Dethoor J. M., Hwang C. L., 

ʄʘʨʪʠʥʮʽʚʘ ʄ. ʇ., ʅʘʣʦʙʽʥʦʾ ʆ. ʆ., ɺʦʡʪʶʢʘ ɺ. ɼ., ʃʻʙʻʜʻʚʘ ɺ. ɼ., 

ɸʥʽʩʽʤʦʚʘ ɻ. ʄ., ɹʠʢʦʚʘ ɺ. ɺ., ʄʘʨʫʱʘʢʘ ʗ. ʖ., ʂʦʚʘʣʴʦʚʘ ʄ. ʌ., 

ʄʘʰʢʽʥʦʾ ɯ. ɺ., ɹʘʜʜʫʨ ɸʣʘʘ, ɹʘʜʝʨʠ ʁ. ʉ., ʗʥʛʫʨʩʴʢʦʛʦ ʂ. ɯ. ʥʘʚʦʜʷʪʴ ʜʘʥʽ, 

ʱʦ ʪʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪʢʫ ʣʽʩʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʣʝʥʥʽ 

ʤʦʙʽʣʴʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ, ʷʢʽ ʦʙôʻʜʥʫʶʪʴ 

ʦʢʨʝʤʽ ʤʦʜʫʣʽ ʚ ʻʜʠʥʝ ʮʽʣʝ. ʉʪʨʫʢʪʫʨʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʪʘʢʠʭ ʟʘʩʦʙʽʚ ʻ ʾʭʥʽ 

ʩʢʣʘʜʦʚʽ, ʷʢʽ ʩʣʫʛʫʶʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ [1-3]. 

ʆʜʥʠʤ ʽʟ ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ ʻ ʾʭ 

ʩʚʦʻʯʘʩʥʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [4, 5]. 

ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʘʰʠʥ ʜʣʷ ʣʽʩʦʪʝʭʥʽʯʥʠʭ ʨʦʙʽʪ ʨʽʟʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʾʭʥʴʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʦʛʣʷʜ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʩʬʝʨʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʩʪʨʘʪʝʛʽʡ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʶʚʘʪʠ ʤʝʪʫ ʽ ʟʘʚʜʘʥʥʷ ʨʦʙʦʪʠ. 

ʄʝʪʘ ʩʪʘʪʪʽ ï ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ ʯʝʨʝʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ 

ʫʩʫʥʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʾʭʥʽʭ ʚʽʜʤʦʚ ʤʦʙʽʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʴ. ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʦʛʦ ʄɽɿ (ɯʄ) ʦʧʠʩʫʻ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ ʘʙʦ ʛʨʫʧ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʠʢʣʘʜʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ. ʉʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ 

ɯʄ ʻ ʦʧʠʩ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʩʠʩʪʝʤʫ, ʽ ʦʧʠʩ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ 

ʩʫʢʫʧʥʦʩʪʽ ʟʚôʷʟʢʽʚ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ. ʎʽ ʦʧʠʩʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʬʦʨʤʽ 

ʘʣʛʦʨʠʪʤʫ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʨʦʟʨʦʙʣʝʥʘ ʧʨʠʢʣʘʜʥʘ ʧʨʦʛʨʘʤʘ. ɹʫʜʫʶʯʠ ɯʄ, 

ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʨʝʞʠʤʫ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʡʤʘʶʪʴʩʷ ʪʘʢʠʤʠ ʞ, ʷʢ ʽ 

ʜʣʷ ʘʥʘʣʽʪʠʢʦ-ʡʤʦʚʽʨʥʽʩʥʦʾ ʤʦʜʝʣʽ. ʃʽʩʦʚʠʡ ʄɽɿ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʜʠʩʢʨʝʪʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʟ ʧʦʩʪʽʡʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʷʢʠʭ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʚʘ Borland Delphi 7 ʯʝʨʝʟ ʩʝʛʤʝʥʪʠ (ʨʠʩ. 1). 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ɯʄ ʤʦʞʝʤʦ 

ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʣʽʩʦʚʠʭ ʄɽɿ ʦʜʥʘʢʦʚʘ ʚ ʮʠʭ ʜʚʦʭ ʚʠʧʘʜʢʘʭ, ʘ ʢʦʝʬʽʮʽʻʥʪ ʛʦʪʦʚʥʦʩʪʽ, 

ʚʽʜʧʦʚʽʜʥʦ 0,923 ʽ 0,903 (ʨʦʟʙʽʞʥʽʩʪʴ 1,9%). ʇʨʠ ʮʴʦʤʫ ʚʽʜʥʦʩʥʽ ʧʦʭʠʙʢʠ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʜʝʢʚʘʪʥʦʤʫ ʫʟʛʦʜʞʝʥʥʶ 

ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ɯʄ ʫ ʜʦʩʣʽʜʞʝʥʽʡ ʦʙʣʘʩʪʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʽʩʦʚʠʭ ʄɽɿ, ʦʙˇʨʫʥʪʦʚʫʶʯʠ ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. 
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ɺʠʙʽʨ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʩʪʨʘʪʝʛʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʽʩʪʦʪʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʪʠ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʣʽʩʦʚʠʭ 

ʄɽɿ. ʆʜʥʘʢ, ʜʣʷ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʤʦʜʝʣʝʡ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝʦʙʭʽʜʥʘ 

ʨʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʝʛʤʝʥʪ, ʷʢʠʡ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʊʆ, ʚʽʜʤʦʚ ʽ ʚʽʜʥʦʚʣʝʥʴ  

ʣʽʩʦʚʦʛʦ ʄɽɿ 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʫʤʦʚʘʭ 

ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ ɼʇ ʃʫʛʠʥʩʴʢʝ ʊʆɺ çɭʚʨʦʧʝʡʩʴʢʘ ʣʽʩʦʧʝʨʝʨʦʙʥʘ ʛʨʫʧʘè 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʨʷʜ (ʧ=48) ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʛʦʪʦʚʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ. 

ʆʙʨʦʙʽʪʦʢ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʚʠʢʦʥʫʻʤʦ ʟʛʽʜʥʦ ʽʟ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤʠ 

ʽʥʞʝʥʝʨʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ñMathLabò. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʨʽʚʥʶʚʘʥʥʷ ʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʮʠʭ ʟʥʘʯʝʥʴ ï ʟʘ 

ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ (ʨʠʩ. 2). ʉʪʘʪʠʩʪʠʯʥʽ ʦʮʽʥʢʠ ʮʴʦʛʦ ʨʦʟʧʦʜʽʣʫ: ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʦʪʦʚʥʦʩʪʽ 57,0
1

1

== ä
ʧ

ɻɻ ʽ
ʂ

ʧ
ʂ ; ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 



75 
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ʈʠʩʫʥʦʢ 2 ï ɻʽʩʪʦʛʨʘʤʘ ʪʘ ʪʝʦʨʝʪʠʯʥʘ ʢʨʠʚʘ ʨʦʟʧʦʜʽʣʫ ʂɻ ʣʽʩʦʚʦʛʦ ʄɽɿ 

 

ʇʝʨʝʚʽʨʢʘ ʟʛʦʜʠ ʝʤʧʽʨʠʯʥʦʛʦ ʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʇʽʨʩʦʥʘ c2
 ʧʦʢʘʟʘʣʘ, ʱʦ ʟʽ ʡʤʦʚʽʨʥʽʩʪʶ ʥʝ ʤʝʥʰʝ 60 % ʥʦʨʤʘʣʴʥʠʡ 

ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʭʥʽʯʥʦʾ ʛʦʪʦʚʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ, ʷʢʽ ʚʽʜʧʨʘʮʶʚʘʣʠ 

ʘʤʦʨʪʠʟʘʮʽʡʥʠʡ ʪʝʨʤʽʥ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʣʘʜʝʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʢʠ 

ʢʦʝʬʽʮʽʻʥʪʘ ʛʦʪʦʚʥʦʩʪʽ ʽ ʡʦʛʦ ʜʦʚʽʨʯʠʭ ʤʝʞ ʣʽʩʦʚʠʭ ʄɽɿ (ʪʘʙʣ. 1), ʙʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʧʘʨʘʣʝʣʴʥʦ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ ï ʦʙʨʦʙʽʪʢʦʤ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʨʷʜʫ 

ʨʦʟʧʦʜʽʣʫ ʂɻ ̔ʽ ʧʦʙʽʯʥʦ ï ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʚʠʨʘʟʘʤʠ. 
 

ʊʘʙʣʠʮʷ 1 ï ɿʚʝʜʝʥʽ ʜʘʥʽ ʦʮʽʥʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʛʦʪʦʚʥʦʩʪʽ ʣʽʩʦʚʦʛʦ ʄɽɿ 

ʇʘʨʘʤʝʪʨ 
ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ 

ɺʝʣʠʯʠʥʘ ʚʠʙʽʨʢʠ ʧ 48 48 

ʆʮʽʥʢʘ ʟʥʘʯʝʥʥʷ ʂɻ 0,57 0,54 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ s 0,16 ð 

ɼʦʚʽʨʯʘ ʡʤʦʚʽʨʥʽʩʪʴ a 0,90 0,90 

ɼʦʚʽʨʯʽ ʤʝʞʽ  0,50...0,64 0,24é0,78 

 

ɼʣʷ t=0,75 ʽ ʢ=n-1=47 ʟʘ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʤʠ ʪʘʙʣʠʯʥʠʤʠ ʜʘʥʠʤʠ 

ʟʥʘʭʦʜʠʤʦ S(t)=0,767. ʁʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʨʦʟʙʽʞʥʽʩʪʴ ʚʠʧʘʜʢʦʚʘ, ʨʽʚʥʘ  

1 ï S(t)=0,233 > 0,05. ʈʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 
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ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʥʝʩʫʪʪʻʚʘ, ʪʦʙʪʦ ʚʠʧʘʜʢʦʚʘ, ʽ ʪʦʤʫ ʪʝʦʨʝʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʛʦʪʦʚʥʦʩʪʽ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʗʢ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʛʦʪʦʚʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ, 

ʷʢʽ ʚʽʜʧʨʘʮʶʚʘʣʠ ʘʤʦʨʪʠʟʘʮʽʡʥʠʡ ʪʝʨʤʽʥ, ʟʽ ʡʤʦʚʽʨʥʽʩʪʶ ʈ(c2
)=0,60 ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ 570,ʂɻ=  ʽ 

160,
ɻʂ
=s . ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʦʪʦʚʥʦʩʪʽ ʮʠʭ ʤʘʰʠʥ ʟʽ 

ʡʤʦʚʽʨʥʽʩʪʶ 90% ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 0,50...0,64. 

ʂʨʠʪʝʨʽʷʤʠ ʦʮʽʥʢʠ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʽʩʦʚʠʭ ʄɽɿ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʥʦʚʣʝʥʥʷ ʾʭ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ 

ʻ: S ï ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʧʨʠʙʫʪʢʫ ʚ ʦʜʠʥʠʮʶ ʣʽʩʦʧʨʦʤʠʩʣʦʚʦʛʦ ʮʠʢʣʫ;  

C ï ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʚʠʪʨʘʪ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʣʽʩʦʚʦʛʦ 

ʄɽɿ. ʊʦʜʽ ʜʦʩʣʽʜʠʚʰʠ ʦʧʪʠʤʘʣʴʥʠʡ t, ʟʘ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ S ʽ ʉ ʫ ʧʘʢʝʪʽ 

Maple ʜʣʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ, ʦʧʪʠʤʘʣʴʥʘ ʟʘ ʦʜʥʽʻʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, 

ʥʝʦʧʪʠʤʘʣʴʥʘ ʟʘ ʽʥʰʦʶ ï ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 18%. 

ʊʘʢʦʞ ʤʦʞʝʤʦ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʧʨʠʙʫʪʢʫ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ 

ʩʧʨʘʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʽʩʦʚʦʛʦ ʄɽɿ (c1) ʽ ʧʽʜʚʠʱʝʥʥʷ ʚʠʪʨʘʪ ʥʘ 

ʪʝʭʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʪʝʭʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (c2, c3, 

c4) ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʧʨʠʙʫʪʢʫ S ʽ 

ʟʨʦʩʪʘʥʥʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʚʠʪʨʘʪ C. ʇʨʠ ʮʴʦʤʫ ʙʽʣʴʰʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʧʣʠʚʫ ʥʘ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʧʨʠʙʫʪʢʫ S ʤʘʻ ʟʤʽʥʘ 

ʝʢʦʥʦʤʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʘ ʩʘʤʝ: ʟʘʪʨʘʪ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʣʽʩʦʚʠʭ ʄɽɿ, ʟʘʪʨʘʪ ʥʘ 

ʧʨʦʬʽʣʘʢʪʠʯʥʽ ʜʽʾ ʪʘ ʧʨʠʙʫʪʢʫ ʚʽʜ ʩʧʨʘʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʽʩʦʚʠʭ ʄɽɿ, 

ʥʽʞ ʚʽʜ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʯʽʢʫʚʘʥʴ ʯʘʩʽʚ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʊʘʢʦʞ ʥʘʜʘʻʤʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʪʝʭʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜʚʠʱʫʻ 
ɻʂ  

ʣʽʩʦʚʦʛʦ ʄɽɿ ʟʘ ʤʦʜʝʣʣʶ ʚ ʤʝʞʘʭ 18...27%. ʆʜʥʘʢ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ 

ʚʽʜʥʦʚʣʝʥʥʷ 
ɻʂ  ʣʽʩʦʚʦʛʦ ʄɽɿ ʟʤʝʥʰʫʻʪʴʩʷ, ʧʨʦʪʝ, ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʦʛʦ ʄɽɿ ʙʝʟ 

ʪʝʭʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ï 19%, ʘ ʫ ʣʽʩʦʚʦʛʦ ʄɽɿ ʟ ʪʝʭʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ï 2...7%. 

ʅʘ ʧʨʘʢʪʠʮʽ ʧʨʘʛʥʫʪʴ ʜʦ ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʜʦʙʦʚʠʭ 

ʧʨʦʛʨʘʤ, ʘʙʦ ʞ ʚʠʥʠʢʘʻ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ, ʘ ʚ ʜʥʽ çʧʽʢè ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʫʰʝʥʥʷ ʧʣʘʥʫ-

ʛʨʘʬʽʢʘ ʽ ʯʘʩʪʠʥʘ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʠʢʦʥʘʥʦʶ. ɿʘʛʘʣʦʤ, 

ʨʽʚʥʦʤʽʨʥʠʡ ʚʠʭʽʜ ʣʽʩʦʚʠʭ ʄɽɿ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʻ ʥʝʦʙʭʽʜʥʠʤ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʠʪʤʽʯʥʦʩʪʽ ʣʽʩʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʚʠʢʦʥʘʥʥʷ ʊʆ-1 ʚ 

20 % ʚʠʧʘʜʢʽʚ, ʘ ʊʆ-2 ʚ 35% ʚʠʧʘʜʢʽʚ ï ʥʝʦʙʭʽʜʥʠʡ ʟʘʷʚʦʯʥʠʡ ʨʝʤʦʥʪ, ʷʢʠʡ 

ʟʘ ʪʨʫʜʦʤʽʩʪʢʽʩʪʶ ʽ ʬʽʥʘʥʩʦʚʠʤʠ ʨʝʩʫʨʩʘʤʠ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʨʝʛʣʘʤʝʥʪʥʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. ɿʘʛʘʣʴʥʘ ʧʝʨʝʚʠʪʨʘʪʘ ʜʦʙʦʚʠʭ ʬʽʥʘʥʩʦʚʠʭ 

ʨʝʩʫʨʩʽʚ ʧʨʠ ʮʴʦʤʫ ʩʢʣʘʜʘʻ ʜʦ 418 ʛʨʥ. 

ʉʠʩʪʝʤʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ɺʠʭʦʜʷʯʠ ʟ ʩʫʯʘʩʥʦʾ ʧʨʘʢʪʠʢʠ 
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ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦ ʣʽʩʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʧʨʦʝʢʪʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ 

ʄɽɿ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ï ʽʥʞʝʥʝʨʘ-ʢʦʥʩʪʨʫʢʪʦʨʘ, 

ʽʥʞʝʥʝʨʘ-ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘ, ʽʥʞʝʥʝʨʘ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʢʘ, ʷʢʽ ʥʝ ʻ 

ʢʚʘʣʽʬʽʢʦʚʘʥʠʤʠ ʥʘʫʢʦʚʮʷʤʠ. ʊʦʤʫ ʟʘʩʪʦʩʦʚʘʥʦ ʟʨʫʯʥʠʡ ʙʘʛʘʪʦʚʽʢʦʥʥʠʡ 

ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʧʦʣʝʛʰʫʻ ʨʦʙʦʪʫ ʟ ʧʨʦʝʢʪʦʤ ʽ ʚʢʣʶʯʘʻ ʘʚʪʦʨʩʴʢʠʡ ʤʦʜʫʣʴ 

ʜʽʘʣʦʛʫ çForest Mashineryè (ʨʠʩ. 3). ɹʘʟʦʚʠʡ ʚʘʨʽʘʥʪ ʩʠʩʪʝʤʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʫ ʢʦʨʠʩʪʫʚʘʯʘ ʻ ʪʘʢʘ ʽʥʬʦʨʤʘʮʽʷ: 

ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ ʪʘ ʾʭ ʚʟʘʻʤʦʟʚôʷʟʦʢ, ʪʦʙʪʦ ʩʪʨʫʢʪʫʨʘ. ʊʦʜʽ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʙʽʨ ʩʪʘʪʠʩʪʠʢʠ ʟʘ ʚʽʜʤʦʚʘʤʠ, ʧʨʦʚʝʜʝʥʥʷ ʾʾ ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʯʽʢʫʚʘʥʴ, ʚʠʙʽʨʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʪʘ 

ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʙʝʟʚʽʜʤʦʚʥʦʾ 

ʨʦʙʦʪʠ, ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʣʽʩʦʚʦʛʦ ʄɽɿ. 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʧʨʦʝʢʪʫʚʘʥʥʷ çForest Mashineryè 
 

ʇʝʨʝʚʽʨʢʫ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʫ 

ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ ʨʦʟʛʣʷʥʫʪʦ 

ʯʝʨʝʟ ʧʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʽʩʦʧʨʦʤʠʩʣʦʚʦʛʦ ʮʠʢʣʫ. ʇʨʦʛʨʘʤʘ ʪʘ 

ʤʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʛʽʜʥʦ ʟ ɼʉʊʋ 3004. ɺʠʨʦʙʥʠʯʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ ʩʢʣʘʜʘʚʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ. ʇʝʨʰʘ ʧʦʣʷʛʘʣʘ ʫ ʚʠʟʥʘʯʝʥʥʽ ʟʘʢʦʥʫ 

ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʚʽʜʤʦʚʫ ʽ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʣʽʩʦʚʦʛʦ ʄɽɿ, ʜʨʫʛʘ ï 

ʫ ʧʝʨʝʚʽʨʮʽ ʘʜʝʢʚʘʪʥʦʩʪʽ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ (ʪʘʙʣ. 2). 
 

ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪʫ 
ɻK  

ɽʢʩʧʝʨʠʤʝʥʪ ʄʦʜʝʣʴ (10) ʇʦʭʠʙʢʘ 

0,867 0,912 4,8% 
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ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʽ (ʪʘʙʣ. 2) ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʱʦʜʦ 

ɻK  ʥʘ 4,8%, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʩʪʘʪʥʽʡ ʩʪʫʧʽʥʴ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʝʡ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʨʘʪʝʛʽʡ. ɿʘ ʜʘʥʠʤʠ 

ʚʠʨʦʙʥʠʯʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʩʪʘʥʦʚʣʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʜʝʷʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʽʩʦʚʠʭ ʄɽɿ: ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʚʽʜʤʦʚʫ ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ 

ɽʨʣʘʥʛʘ 6-ʛʦ ʧʦʨʷʜʢʫ, ʘ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ï ʟʘʢʦʥʦʤ ɽʨʣʘʥʛʘ 3-ʛʦ ʧʦʨʷʜʢʫ. 

ʄʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ ʟ 

ʫʭʚʘʣʝʥʥʷʤ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ ʟʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ 

ʟʘʤʽʥʠ ʜʝʪʘʣʝʡ ʧʨʠʡʤʘʻʪʴʩʷ ʽʥʞʝʥʝʨʦʤ-ʤʝʭʘʥʽʢʦʤ ʥʘ ʦʩʥʦʚʽ ʡʦʛʦ ʜʦʩʚʽʜʫ ʽ 

ʢʚʘʣʽʬʽʢʘʮʽʾ, ʱʦ ʥʝ ʩʧʨʠʷʣʦ ʟʥʘʯʥʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ ʣʽʩʦʚʦʛʦ ʄɽɿ. 

ʋ ʮʠʭ ʫʤʦʚʘʭ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʙʣʦʯʥʽʩʪʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʘʧʨʦʚʘʜʠʪʠ ʧʨʦʮʝʩ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʪʝʭʥʽʯʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʽʩʦʚʠʭ ʄɽɿ ʫ ʚʠʨʦʙʥʠʯʦʤʫ ʣʽʩʦʧʨʦʤʠʩʣʦʚʦʤʫ ʮʠʢʣʽ. 

ʅʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ (ʨʠʩ. 4) ʜʣʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʚʟʷʪʠʭ ʟ ʚʠʨʦʙʥʠʯʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʝʨʽʦʜʠʯʥʽʩʪʴ, ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʦʶ. 

ʇʝʨʝʚʽʨʢʘ ʮʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʥʦʩʪʽ ʥʘʜʘʣʘ ʢʦʝʬʽʮʽʻʥʪ 

ʛʦʪʦʚʥʦʩʪʽ 
ɻK = 0,9. ʊʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʽʥʞʝʥʝʨʥʠʭ ʟʘʭʦʜʽʚ ʩʢʦʨʦʪʠʣʠ ʥʘ 22% ʯʘʩ ʚʽʜʤʦʚ ʽ ʧʽʜʚʠʱʠʣʠ ʢʦʝʬʽʮʽʻʥʪ 
ɻʂ  

ʄɽɿ ʥʘ 12% ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. 

Kt

t t

 
ʈʠʩʫʥʦʢ 4 ï ʂʦʝʬʽʮʽʻʥʪ ʛʦʪʦʚʥʦʩʪʽ ʚʽʜ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʦʛʦ ʄɽɿ 
 

ʂʽʥʮʝʚʦʶ ʤʝʪʦʶ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʠʨʦʙʥʠʯʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʣʽʩʦʚʠʭ ʄɽɿ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʚ ɼʇ ʃʫʛʠʥʩʴʢʝ ʊʆɺ 

çɭʚʨʦʧʝʡʩʴʢʘ ʣʽʩʦʧʝʨʝʨʦʙʥʘ ʛʨʫʧʘè ʟʘ ʦʧʪʠʤʘʣʴʥʦʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʛʦʪʦʚʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ ʥʘ 

12%. ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʩʢʣʘʚ 32450 ʛʨʥ. ʟʘ ʣʽʩʦʧʨʦʤʠʩʣʦʚʠʡ ʮʠʢʣ ʥʘ ʣʽʩʦʚʠʡ 

ʄɽɿ. 
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ɺʠʩʥʦʚʢʠ 

1. ʉʫʯʘʩʥʘ ʪʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪʢʫ ʣʽʩʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʷʛʘʻ ʚ 

ʨʦʟʨʦʙʣʝʥʥʽ ʤʦʙʽʣʴʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ, ʷʢʽ 

ʦʙôʻʜʥʫʶʪʴ ʦʢʨʝʤʽ ʤʦʜʫʣʽ ʚ ʻʜʠʥʝ ʮʽʣʝ. ʉʪʨʫʢʪʫʨʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʪʘʢʠʭ 

ʟʘʩʦʙʽʚ ʻ ʾʭʥʽ ʩʢʣʘʜʦʚʽ, ʷʢʽ ʩʣʫʛʫʶʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ. ʆʜʥʠʤ ʽʟ ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʦʪʦʚʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ ʻ ʾʭ ʩʚʦʻʯʘʩʥʝ ʪʝʭʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

2. ʆʙˇʨʫʥʪʦʚʘʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʣʠʞʝʥʦʛʦ ʤʝʪʦʜʫ ʟʥʘʭʦʜʞʝʥʥʷ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʠʭ ʄɽɿ ʯʝʨʝʟ 

ʘʣʛʦʨʠʪʤ ʬʘʟʦʚʦʛʦ ʫʢʨʫʧʥʝʥʥʷ (ʧʘʨʘʤʝʪʨ ï ʢʦʝʬʽʮʽʻʥʪ ʛʦʪʦʚʥʦʩʪʽ, ʘ ʨʝʞʠʤ ï 

ʩʪʨʘʪʝʛʽʷ ʪʝʭʦʙʩʣʫʛʦʚʫʚʘʥʥʷ) ʟʘ ʪʝʦʨʽʻʶ ʥʘʧʽʚʤʘʨʢʦʚʩʴʢʠʭ ʧʨʦʮʝʩʽʚ ʽʟ 

ʟʘʛʘʣʴʥʠʤ ʬʘʟʦʚʠʤ ʧʨʦʩʪʦʨʦʤ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʩʪʦʭʘʩʪʠʯʥʽ ʪʘ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʽʩʦʚʦʛʦ ʄɽɿ ʤʽʩʪʷʪʴ ʦʧʠʩ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʩʠʩʪʝʤʫ, 

ʽ ʦʧʠʩ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʩʫʢʫʧʥʦʩʪʽ ʟʚôʷʟʢʽʚ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ. ʎʽ 

ʦʧʠʩʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʠʩʢʨʝʪʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʟ ʧʦʩʪʽʡʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʷʢʠʭ ʚʠʢʦʨʠʩʪʘʥʦ ʩʝʛʤʝʥʪʠ ʧʨʠʢʣʘʜʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʨʦʟʙʽʞʥʽʩʪʴ 1,9%). ʇʨʠ ʮʴʦʤʫ ʚʽʜʥʦʩʥʽ ʧʦʭʠʙʢʠ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʜʝʢʚʘʪʥʦʤʫ ʫʟʛʦʜʞʝʥʥʶ 

ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ɯʄ ʫ ʜʦʩʣʽʜʞʝʥʽʡ ʩʬʝʨʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʽʩʦʚʠʭ ʄɽɿ, ʦʙˇʨʫʥʪʦʚʫʶʯʠ ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʊʽʪʦʚʘ ʃ. ʃ. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʡʤʘʥʥʷ ʜʝʨʝʚʠʥʠ ʧʨʠ ʢʦʥʪʘʢʪʥʽʡ 

ʚʟʘʻʤʦʜʽʾ ʟ ʤʝʪʘʣʝʚʦʶ ʧʦʚʝʨʭʥʝʶ ʚ ʧʨʦʮʝʩʽ ʪʝʨʪʷ / ʃ. ʃ. ʊʽʪʦʚʘ, 

ɯ. ʃ. ʈʦʛʦʚʩʴʢʠʡ // ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʽʚ ʽ 
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ɸʥʥʦʪʘʮʠʷ.  

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʣʝʩʥʳʭ ʄʕC ʧʫʪʝʤ ʦʙʦʩʥʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʫʩʪʨʘʥʝʥʠʷ 

ʧʦʩʣʝʜʩʪʚʠʡ ʠʭ ʦʪʢʘʟʦʚ ʤʦʙʠʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ɺ ʩʪʘʪʴʝ ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʪʨʫʜʦʝʤʢʦʩʪʠ ʫʩʪʨʘʥʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘʟʦʚ ʣʝʩʥʳʭ ʄʕC ʩ ʫʯʝʪʦʤ 

ʩʦʩʪʘʚʘ, ʥʘʨʘʙʦʪʢʠ ʚ ʪʝʯʝʥʠʠ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʛʦ ʮʠʢʣʘ ʠ ʥʘ ʦʪʢʘʟ, 

ʪʨʫʜʦʝʤʢʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ, ʠʥʞʝʥʝʨʥʳʤʠ ʩʣʫʞʙʘʤʠ 

ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʣʝʩʦʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʤʦʙʠʣʴʥʳʭ 

ʩʨʝʜʩʪʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʣʝʩʥʳʭ ʄʕC ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʳʭ, ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʳʭ ʠ ʣʝʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʪ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʣʝʩʥʳʭ ʄʕC, ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʪʨʫʜʦʚʳʭ ʠ 

ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʣʝʩʦʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

Summary.  

The thesis presents the results of research efficiency of the use and recovery 

of forest MEM by grounding mechanism eliminating the consequences of their 

failures mobile means. 

The thesis established the basic laws of interaction of the complexity of 

eliminating the consequences of failures of forestry MEM given composition 

studies for forestry engineering cycle and the refusal, the complexity of 

rehabilitation, to determine technical requirements for performance recovery. 

The thesis established the basic laws of interaction complexity mitigation of 

forestry MEM failures with regard to the composition, works for the forestry cycle 

and failures, labor recovery, to determine technical requirements for recovery. 

The practical significance of the results is to develop recommendations for 

use, engineering services, forestry and forest research businesses of mobile 

recovery of forestry MEM in carrying timber, logging and timber processing 

operations, which allows for efficient use of high-performance wood oil plant, 

reduce the cost of labor and financial resources in economic forest and forest 

research activities. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʌʆʈʄʀ ɺʀʂʆʇʋɺɸʃʔʅʆɻʆ ʈʆɹʆʏʆɻʆ 

ʆʈɻɸʅʋ 

 

ʉ. ʄʘʨʠʥʽʥ, 

ɸ. ʂʫʰʥʘʨʴʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʯʣ.-ʢʦʨ. ʅɸɸʅ,  

ʃ. ʄʘʨʠʥʽʥʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʋʢʨʅɼɯʇɺʊ ʽʤ.. ʃ. ʇʦʛʦʨʽʣʦʛʦ 

 

ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʰʝʥʥʷ ˇʨʫʥʪʫ ʚʥʘʩʣʽʜʦʢ 

ʜʽʾ ʚʠʢʦʧʫʚʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʨʽʟʥʠʭ ʬʦʨʤ: ʢʨʫʛʣʦʾ, ʧʨʷʤʦʢʫʪʥʦʾ ʪʘ 

ʢʣʠʥʦʚʠʜʥʦʾ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʧʦ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ 

ʢʦʥʪʘʢʪʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ  ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʜʽʣʷʥʢʠ. ʆʧʠʩʘʥʦ ʩʪʝʥʜ ʜʣʷ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ çʨʦʙʦʯʠʡ ʦʨʛʘʥ-ˇʨʫʥʪè ʪʘ 

ʤʝʪʦʜʠʢʫ ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʧʫʚʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʢʨʫʛʣʦʾ, 

ʧʨʷʤʦʢʫʪʥʦʾ, ʢʣʠʥʦʚʠʜʥʦʾ, ʘ ʪʘʢʦʞ ʣʝʤʽʰʥʦʾ ʬʦʨʤ. ʇʨʘʢʪʠʯʥʦ ʜʦʩʣʽʜʞʝʥʦ 

ʤʝʨʝʞʫ ʪʨʽʱʠʥ ʪʘ ʨʦʟʤʽʨʠ ʛʨʫʜʦʢ ʫʪʚʦʨʝʥʠʭ ʚʠʢʦʧʫʚʘʣʴʥʠʤʠ ʨʦʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʨʽʟʥʠʭ ʬʦʨʤ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʨʽʟʥʠʭ ʬʦʨʤ 

ʚʠʢʦʧʫʚʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʢʦʧʫʚʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʦʨʛʘʥ, ʬʦʨʤʘ, ʜʦʣʦʪʦ, ʤʝʨʝʞʘ 

ʪʨʽʱʠʥ, ʩʪʝʥʜʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʬʫʥʢʮʽʡ ʚʠʢʦʧʫʚʘʣʴʥʦʛʦ 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʻ ʨʫʡʥʫʚʘʥʥʷ ʧʣʘʩʪʘ ˇʨʫʥʪʫ, ʫʪʚʦʨʝʥʥʷ ʨʦʟʛʘʣʫʞʝʥʦʾ ʤʝʨʝʞʽ 

ʪʨʽʱʠʥ ʪʘ ʚʠʣʫʯʝʥʥʷ ʮʠʙʫʣʠʥ ʙʝʟ ˇʨʫʥʪʦʚʠʭ ʜʦʤʽʰʦʢ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ 

ʚʠʢʦʧʫʚʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʷʢʠʡ ʷʢʽʩʥʦ ʚʠʢʦʥʫʻ ʮʽ ʬʫʥʢʮʽʾ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʝʥʝʨʛʦʟʘʪʨʘʪʘʤʠ, ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ ʨʫʡʥʫʚʘʥʥʷ 

ˇʨʫʥʪʫ. 

ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘʫʢʦʚʠʤʠ ʧʨʘʮʷʤʠ ɺ. ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ, ɺ. ʇ. ɻʦʨʷʯʢʽʥʘ, 

ʃ. ɺ. ʇʦʛʦʨʽʣʦʛʦ, ɻ. ʄ. ʉʽʥʝʦʢʦʚʘ, ɸ. ʉ. ʂʫʰʥʘʨʴʦʚʘ, ɸ. ɺ. ɹʘʫʢʦʚʘ, ʗ. ʉ. 

ɻʫʢʦʚʘ, ɺ. ʆ. ɼʫʙʨʦʚʽʥʘ, ʆ. ʌ. ɾʫʢʘ, ɸ. ʄ. ɿʝʣʝʥʽʥʘ, ɺ. ʇ. ʂʦʚʙʘʩʠ,  

ɺ. ɯ. ʂʦʨʘʙʝʣʴʩʴʢʦʛʦ, ɺ. ɯ. ʂʨʘʚʯʫʢʘ, ɺ. ɯ. ɺʝʪʦʭʽʥʘ, ɯ. ʄ. ʇʘʥʦʚʘ,  

ɺ. ʌ. ʇʘʱʝʥʢʘ, ɯ. ɸ. ʐʝʚʯʝʥʢʘ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʚʠʨʽʰʝʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʥʘʫʢʦʚʠʭ ʧʨʦʙʣʝʤ ʟʝʤʣʝʨʦʙʩʴʢʦʾ ʤʝʭʘʥʽʢʠ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷʤ 

ʟʥʘʨʷʜʴ ʜʣʷ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, ʘ ʩʘʤʝ ʨʦʟʧʫʰʝʥʥʷ ʪʘ ʨʦʟʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʪʝʦʨʝʪʠʯʥʦ ʪʘ ʧʨʘʢʪʠʯʥʦ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʥʘ ʨ̌ʫʥʪ 

ʚʠʢʦʧʫʚʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʫ ʨʽʟʥʦʾ ʬʦʨʤʠ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺʽʜʦʤʦ, ʱʦ ʚʠʟʥʘʯʘʣʴʥʠʤ ʢʨʠʪʝʨʽʻʤ ʷʢʦʩʪʽ ʚʧʣʠʚʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʥʘ 

ˇʨʫʥʪ ʻ ʡʦʛʦ ʢʨʠʰʝʥʥʷ. ʂʨʠʰʝʥʥʷ ˇʨʫʥʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʨʦʙʦʯʦʛʦ 
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ʦʨʛʘʥʫ ʽ ʚʽʜ ʢʽʥʝʤʘʪʠʢʠ ʡʦʛʦ ʨʫʭʫ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ˇʨʫʥʪʫ ʽ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʦʙʦʪʠ. ʋ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʮʝ ʫʪʚʦʨʝʥʥʷ ʛʨʫʜʦʢ ʜʽʘʤʝʪʨʦʤ 30 ʤʤ ʽ ʤʝʥʰʝ, ʧʨʠ ʮʴʦʤʫ 

ʚʠʢʦʧʫʚʘʪʠ ʪʘ ʥʝ ʧʦʰʢʦʜʞʫʚʘʪʠ ʮʠʙʫʣʶ [1]. ʋʷʚʽʤʦ ˇʨʫʥʪ ʷʢ ʩʝʨʝʜʦʚʠʱʝ ʟ 

ʣʽʥʽʡʥʦʶ ʧʨʫʞʥʦ-ʚ'ʷʟʢʦʶ ʜʝʬʦʨʤʘʮʽʻʶ. ʋ ʨʘʟʽ ʢʦʥʪʘʢʪʫ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʦ-

ʚ'ʷʟʢʠʭ ʪʽʣ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʤʝʪʦʜʘʤʠ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

çʧʨʠʥʮʠʧʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽè [2]. 

ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʧʦ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ ʢʦʥʪʘʢʪʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʜʽʣʷʥʢʠ. ʇʽʜ ʯʘʩ ʜʽʾ ʥʘ ˇʨʫʥʪ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʟ 

ʢʣʠʥʦʚʠʜʥʦʶ ʬʦʨʤʦʶ ʜʦʣʽʪ (ʨʽʚʥʷʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʢʣʠʥʫ y2 = f2(x) = Ax ) 

ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 
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ʜʝ P(x) ï ʥʝʚʽʜʦʤʘ ʬʫʥʢʮʽʷ ʫʩʝʨʝʜʠʥʽ ʽʥʪʝʨʚʘʣʫ (- ʘ, ʘ); ʘ ï ʥʘʧʽʚʰʠʨʠʥʘ 

ʢʦʥʪʘʢʪʫ; P ï ʟʫʩʠʣʣʷ, ʧʨʠʢʣʘʜʝʥʝ ʜʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ. 

 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ, ʨʽʚʥʠʡ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, ʨʦʟʚʠʚʘʻʪʴʩʷ ʫ ʚʝʨʰʠʥʽ 

ʢʣʠʥʘ ʟʘ x = 0 (ʨʠʩ. 1ʚ). ɿʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ [2, 4, 5] ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ 

ʪʨʽʱʠʥ ʫ ˇʨʫʥʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʥʘ ʜʽʣʷʥʮʽ ʢʦʥʪʘʢʪʫ. 

ʇʝʨʚʠʥʥʽ ʪʨʽʱʠʥʠ ʚʠʥʠʢʘʶʪʴ ʫ ʪʦʯʢʘʭ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʧʝʨʚʠʥʥʘ ʪʨʽʱʠʥʘ ʚʠʥʠʢʘʻ ʫ ʚʝʨʰʠʥʽ ʢʣʠʥʘ. 

 
           ʘ                                     ʙ                                           ʚ 
ʈʠʩʫʥʦʢ 1 ï ʈʦʟʧʦʜʽʣ ʪʠʩʢʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ: ʘ) ʢʨʫʛʣʠʡ;  

ʙ) ʧʨʷʤʦʢʫʪʥʠʡ; ʚ) ʢʣʠʥʦʚʠʜʥʠʡ 

 

ʋ ʨʘʟʽ ʧʨʷʤʦʢʫʪʥʠʭ ʜʽʣʷʥʦʢ ʢʦʥʪʘʢʪʫ ʩʪʚʦʨʶʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʪʠʩʢʫ, ʷʢʘ ʚʠʢʣʠʢʘʻ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʝ ʧʦʣʷʛʘʥʥʷ ʚ ʦʙʤʝʞʝʥʦʤʫ ʦʙ'ʻʤʽ 

ˇʨʫʥʪʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 
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ɿ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʧʣʠʚʘʻ, ʱʦ ʪʠʩʢ ʥʘ ʢʨʘʷʭ ʧʨʷʤʦʢʫʪʥʠʭ ʜʽʣʷʥʦʢ 

ʢʦʥʪʘʢʪʫ  ʜʦʣʦʪʦʧʦʜʽʙʥʦʛʦ  ʦʨʛʘʥʫ  ʟʘ  x = Ñ a  ʤʘʢʩʠʤʘʣʴʥʠʡ  ʽ  ʧʨʘʛʥʝ  ʜʦ 
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ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ (ʨʠʩ. 1 ʙ). ʊʨʽʱʠʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʘ ʤʝʞʘʭ 

ʟʦʥʠ ʢʦʥʪʘʢʪʫ. 

ʂʨʫʛʣʘ ʬʦʨʤʘ ʚʠʩʪʫʧʽʚ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʨʘʜʽʫʩʘ R ʤʘʪʠʤʝ ʪʘʢʠʡ 

ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ: 
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.                                          (3) 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ʪʦʯʮʽ ʧʝʨʚʠʥʥʦʛʦ ʢʦʥʪʘʢʪʫ, ʪʦʙʪʦ 

ʟʘ x = 0 ʽ ʨʽʚʥʠʡ 
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.                                              (4) 

ʂʨʫʛʣʘ ʜʽʣʷʥʢʘ ʢʦʥʪʘʢʪʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʷʤʦʢʫʪʥʦʶ ʽ 

ʢʣʠʥʦʚʠʜʥʦʶ ʤʘʻ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ (ʨʠʩ. 1 ʘ). ʊʘʢʠʡ 

ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʪʨʽʱʠʥ ʟ ʨʦʟʚʠʥʝʥʽʰʦʶ 

ʮʝʥʪʨʘʣʴʥʦʶ [2]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʫ ˇʨʫʥʪʽ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ 

ʩʪʝʥʜʽ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ çʨʦʙʦʯʠʡ ʦʨʛʘʥ-

ˇʨʫʥʪè [6] ʥʘ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʤʘʢʝʪʥʠʡ ʟʨʘʟʦʢ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ. 

ʄʘʢʝʪʥʠʡ ʟʨʘʟʦʢ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ  ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ 

ʚʫʟʣʽʚ: ʥʘʙʦʨʫ ʧʽʜʢʦʧʫʚʘʣʴʥʠʭ ʜʦʣʽʪ 1, ʰʪʘʙʠ 2 ʪʘ ʜʚʦʭ ʙʦʢʦʚʠʥ 3 (ʨʠʩ. 2). 

ʇʜ̔ʢʦʧʫʚʘʣʴʥʽ ʜʦʣʦʪʘ ʥʝʨʫʭʦʤʦ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʰʪʘʙʽ ʞʦʨʩʪʢʦ ʧʨʠʻʜʥʘʥʽʡ ʜʦ 

ʙʦʢʦʚʠʥ ʩʧʝʮʽʘʣʴʥʠʤʠ ʢʨʦʥʰʪʝʡʥʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʣʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ 

ʢʫʪʘ ʥʘʭʠʣʫ ʜʦʣʽʪ.  

 
 

ʈʠʩʫʥʦʢ 2 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʪʝʥʜʘ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ çʨʦʙʦʯʠʡ ʦʨʛʘʥ-ˇʨʫʥʪè ʟ ʤʘʢʝʪʥʠʤ ʟʨʘʟʢʦʤ ʜʦʣʦʪʦʧʦʜʽʙʥʦʛʦ 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ: 1 ï ʥʘʙʽʨ ʧʽʜʢʦʧʫʚʘʣʴʥʠʭ ʜʦʣʽʪ; 2 ï ʰʪʘʙʘ; 3 ï ʙʦʢʦʚʠʥʠ; 4 ï 

ʛʚʠʥʪ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʛʣʠʙʠʥʠ ʭʦʜʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 
 

ʉʪʝʥʜ (ʨʠʩ. 2) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʦʙ'ʻʢʪʘ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʤʝʪʦʶ ʽ ʧʨʦʛʨʘʤʦʶ ʨʦʙʽʪ. ʄʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʪʘʢʽ ʬʦʨʤʠ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ: ʢʨʫʛʣʫ, ʧʨʷʤʦʢʫʪʥʫ, ʢʣʠʥʦʚʠʜʥʫ, ʘ ʪʘʢʦʞ ʣʝʤʽʰʥʫ. ɼʣʷ 

ʙʽʣʴʰʦʾ ʥʘʦʯʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʟʚʦʣʦʞʝʥʠʡ ʜʦ 18 % ʽ 

ʫʱʽʣʴʥʝʥʠʡ ʧʽʩʦʢ ʷʢ ʦʙʨʦʙʣʶʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ. 
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ʇʽʜʛʦʪʦʚʢʘ ʪʘ ʽʤʽʪʘʮʽʷ ʨʫʡʥʫʚʘʥʥʷ ˇʨʫʥʪʫ ʨʽʟʥʠʤʠ ʨʦʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʘʢ. ʄʘʢʝʪʥʠʡ ʟʨʘʟʦʢ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ ʧʝʚʥʦʾ ʬʦʨʤʠ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʥʘ ʥʘʚʽʩʥʫ ʩʠʩʪʝʤʫ ʩʪʝʥʜʘ. ʇʽʩʣʷ ʟʘʧʫʩʢʫ 

ʪʨʘʥʩʧʦʨʪʝʨʘ ʥʘ ʥʴʦʛʦ ʧʦʜʘʻʪʴʩʷ ʷʱʠʢ, ʜʘʣʽ ʡʦʛʦ ʟʘʭʦʧʣʶʻ ʪʨʘʥʩʧʦʨʪʝʨ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʜʦʣʦʪʘ 

ʟʘʛʣʠʙʣʶʶʪʴʩʷ ʚ ʧʽʩʦʢ ʧʽʜʨʽʟʘʶʪʴ, ʩʢʦʣʶʪʴ ʪʘ ʨʦʟʧʫʰʫʶʪʴ ʡʦʛʦ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʧʫʚʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʢʨʫʛʣʦʾ 

ʬʦʨʤʠ ʨʦʙʦʯʠʭ ʜʦʣʽʪ ʜʽʘʤʝʪʨʦʤ 20 ʤʤ ʟ ʽʥʪʝʨʚʘʣʦʤ ʨʦʟʩʪʘʥʦʚʢʠ 40 ʤʤ ʽ 

ʢʫʪʦʤ ʫʩʪʘʥʦʚʢʠ 14Á (ʨʠʩ. 3 ʘ) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʥʦʩʢʫ ʜʦʣʽʪ ʫʪʚʦʨʶʶʪʴʩʷ 

ʛʨʫʜʢʠ, ʰʠʨʠʥʘ ʷʢʠʭ ʟʽʩʪʘʚʥʘ ʟ ʰʠʨʠʥʦʶ ʾʭʥʴʦʾ ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 3 ʙ). 
 

            
                    ʘ                                                      ʙ 

ʈʠʩʫʥʦʢ 3 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʠʢʦʧʫʚʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʢʨʫʛʣʦʾ ʬʦʨʤʠ: 

ʘ ï ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʩʪʝʥʜʽ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ; ʙ ï ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ  
 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚʠʢʦʧʫʚʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ 

ʜʦʣʽʪ ʨʦʟʤʽʨʦʤ 14 ʭ 16 ʤʤ ʟ ʽʥʪʝʨʚʘʣʦʤ ʨʦʟʩʪʘʥʦʚʢʠ 40 ʤʤ ʽ ʢʫʪʦʤ ʫʩʪʘʥʦʚʢʠ 

14Á (ʨʠʩ. 4 ʘ) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʨʫʜʢʠ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʥʦʩʢʫ ʢʦʞʥʦʛʦ ʜʦʣʦʪʘ 

(ʨʠʩ. 4 ʙ). 
 

             
                         ʘ                                                  ʙ 

ʈʠʩʫʥʦʢ 4 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʠʢʦʧʫʚʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʧʨʷʤʦʢʫʪʥʦʾ 

ʬʦʨʤʠ: ʘ ï ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʩʪʝʥʜʽ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ; ʙ ï ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ  
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʧʫʚʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʢʣʠʥʦʚʠʜʥʦʾ ʬʦʨʤʠ 

ʜʦʣʽʪ ʨʦʟʤʽʨʦʤ 14 ʭ 16 ʤʤ ʟ ʽʥʪʝʨʚʘʣʦʤ ʨʦʟʩʪʘʥʦʚʢʠ 40 ʤʤ ʽ ʢʫʪʦʤ ʫʩʪʘʥʦʚʢʠ 

14Á (ʨʠʩ. 5 ʘ) ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʥʘ ˇʨʫʥʪʦʚʝ ʩʝʨʝʜʦʚʠʱʝ ʥʘ ʥʦʩʢʫ ʜʦʣʽʪ ʫʪʚʦʨʶʻ 

ʛʨʫʜʢʠ, ʰʠʨʠʥʘ ʷʢʠʭ ʟʽʩʪʘʚʥʘ ʟ ʰʠʨʠʥʦʶ ʾʭʥʴʦʾ ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 5 ʙ). 
 

        
                             ʘ                                                                      ʙ 

ʈʠʩʫʥʦʢ 5 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʠʢʦʧʫʚʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ  

ʢʣʠʥʦʚʠʜʥʦʾ ʬʦʨʤʠ: ʘ ï ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʩʪʝʥʜʽ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ; 

ʙ ï ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 
 

ʉʪʝʥʜʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʩʫʮʽʣʴʥʦʛʦ ʣʝʤʽʰʥʦʛʦ ʚʠʢʦʧʫʚʘʣʴʥʦʛʦ 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʟʘʚʰʠʨʰʢʠ 300 ʤʤ, ʟʘʚʪʦʚʰʢʠ 5 ʤʤ, ʟ ʢʫʪʦʤ ʫʩʪʘʥʦʚʢʠ 14Á  

(ʨʠʩ. 6 ʘ) ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʣʝʤʝʰʘ (ʨʠʩ. 6 ʙ) ʫʪʚʦʨʶʶʪʴʩʷ ʛʨʫʜʢʠ 

ʟʘʚʰʠʨʰʢʠʥ ʜʦ 150 ʤʤ (ʨʠʩ. 7). 

 

      
                              ʘ                                                                     ʙ 

ʈʠʩʫʥʦʢ 6 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʣʝʤʽʰʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ: 

ʘ ï ʟʘʢʨʽʧʣʝʥʦʛʦ ʥʘ ʩʪʝʥʜʽ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ; ʙ ï ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

 

ʅʘ ʦʩʥʦʚʽ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚʠʱʝ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʥʘʷʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥ ʜʣʷ ʚʠʢʦʧʫʚʘʥʥʷ ʮʠʙʫʣʽ 

ʨʽʧʯʘʩʪʦʾ ʪʘ ʾʭʥʽʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʝ ʢʦʥʩʪʨʫʢʮʽʡʥʝ 

ʨʽʰʝʥʥʷ ʚʠʢʦʧʫʚʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʤʘʰʠʥʠ ï ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʥʘ ʦʩʥʦʚʽ 

ʥʘʙʦʨʫ ʜʦʣʽʪ, ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʰʪʘʙʽ [1, 7]. ɿʘ ʬʦʨʤʦʶ ʨʦʙʦʯʠʡ ʦʨʛʘʥ 

ʜʦʣʦʪʦʧʦʜʽʙʥʠʡ ʽ ʚʽʜʧʦʚʽʜʘʻ ʢʦʤʽʨʮʽ 5-4 ʟ ʧʝʨʽʦʜʠʯʥʦʾ ʪʘʙʣʠʮʽ ʬʦʨʤ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʨʦʟʨʦʙʣʝʥʦʾ ɺʝʪʦʭʽʥʠʤ ɺ.ɯ. [8]. 
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ʈʠʩʫʥʦʢ 7 ï ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʣʝʤʽʰʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 

 

 

ɺʠʩʥʦʚʢʠ: 

1. ʊʝʦʨʝʪʠʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʢʨʫʛʣʦʛʦ, ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʘ 

ʢʣʠʥʦʚʠʜʥʦʛʦ ʥʦʩʢʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʟôʷʩʦʚʘʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʤ ʻ ʨʦʙʦʯʠʡ 

ʦʨʛʘʥ ʟ ʥʦʩʢʦʤ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ, ʦʩʢʽʣʴʢʠ ʫʪʚʦʨʶʻ ʤʝʨʝʞʫ ʪʨʽʱʠʥ, ʷʢʽ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʘ ʤʝʞʘʭ ʟʦʥʠ ʢʦʥʪʘʢʪʫ.  

2. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʨʽʟʥʠʭ ʬʦʨʤ 

ʚʠʢʦʧʫʚʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʤʝʥʰʫ ʛʨʫʜʢʫ ʫʪʚʦʨʶʻ ʜʦʣʦʪʦʧʦʜʽʙʥʠʡ ʨʦʙʦʯʠʡ ʦʨʛʘʥ 

ʥʘ ʦʩʥʦʚʽ ʧʨʷʤʦʢʫʪʥʠʭ ʜʦʣʽʪ, ʘ ʥʘʡʙʽʣʴʰʝ ʛʨʫʜʦʢ ʜʽʘʤʝʪʨʦʤ ʙʽʣʴʰʝ 30 ʤʤ 

ʫʪʚʦʨʶʻ ʣʝʤʽʰʥʠʡ ʨʦʙʦʯʠʡ ʦʨʛʘʥ. ʈʦʙʦʯʽ ʦʨʛʘʥʠ ʥʘ ʦʩʥʦʚʽ ʢʨʫʛʣʠʭ ʽ 

ʢʣʠʥʦʧʦʜʽʙʥʠʭ ʜʦʣʽʪ ʫʪʚʦʨʶʶʪʴ ʛʨʫʜʢʫ ʟʽʩʪʘʚʥʫ ʟ ʰʠʨʠʥʦʶ ʾʭʥʴʦʾ 

ʨʦʟʩʪʘʥʦʚʢʠ. 
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ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʣʴʯʝʥʠʷ ʛʨʫʥʪʘ 

ʚʩʣʝʜʩʪʚʠʝ ʜʝʡʩʪʚʠʷ ʚʳʢʘʧʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ: 

ʢʨʫʛʣʦʡ, ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʠ ʢʣʠʥʦʚʠʜʥʦʡ. ʇʨʝʜʩʪʘʚʣʝʥ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʧʦ ʢʘʞʜʦʤʫ ʫʯʘʩʪʢʫ ʢʦʥʪʘʢʪʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʬʦʨʤʳ ʫʯʘʩʪʢʘ. ʆʧʠʩʘʥ ʩʪʝʥʜ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ çʨʘʙʦʯʠʡ ʦʨʛʘʥ-ʧʦʯʚʘè ʠ ʤʝʪʦʜʠʢʫ ʩʪʝʥʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʳʢʘʧʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʢʨʫʛʣʦʡ, ʧʨʷʤʦʫʛʦʣʴʥʦʡ, ʢʣʠʥʦʚʠʜʥʦʡ, ʘ 

ʪʘʢʞʝ ʣʝʤʝʰʥʦʡ ʬʦʨʤ. ʇʨʘʢʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʦ ʩʝʪʴ ʪʨʝʱʠʥ ʠ ʨʘʟʤʝʨʳ 

ʢʦʤʢʦʚ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʳʢʘʧʳʚʘʶʱʠʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʚʳʢʘʧʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʧʦʜʪʚʝʨʞʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 

 

Summary. 

The article presents theoretical studies of soil crust due to the action of the 

excavation working body of various forms: round, rectangular and wedge-shaped. 

The law of pressure distribution for each section of the contact of the working body 

is presented, depending on the shape of the plot. The stand for simulation modeling 

of the process of interaction of "working body-soil" and the method of bench 

surveys of the excavation working body of round, rectangular, wedge-shaped, as 

well as flat forms are described. The network of cracks and the size of the lumps 

formed by excavation working bodies of various forms is practically investigated. 

The results of bench tests of various forms of excavation working bodies confirmed 

by theoretical studies. 
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ʆɹˆʈʋʅʊʋɺɸʅʅʗ ɼʆʎɯʃʔʅʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ʉʇɯʈɸʃʔʅʆɻʆ 

ʆʏʀʉʅʀʂɸ ɺ ʂʆʅʉʊʈʋʂʎɯɰ ɼɺʆʈʗɼʅʆɻʆ ʂɸʈʊʆʇʃɽʂʆʇɸʏɸ 

 

ʉ. ʉʤʦʣʽʥʩʴʢʠʡ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɸʥʦʪʘʮʽʷ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʜʣʷ ʟʙʠʨʘʥʥʷ ʢʘʨʪʦʧʣʽ, ʻ ʢʘʨʪʦʧʣʝʢʦʧʘʯʽ, ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʫʤʦʚ ʟʙʠʨʘʥʥʷ, ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʪʦʱʦ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʠʨʘʥʥʷ 

ʢʘʨʪʦʧʣʽ ʤʘʰʠʥʘʤʠ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʦʯʠʩʥʠʢʽʚ. ʆʜʥʠʤ 

ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʠʧʽʚ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ ʻ 

ʩʧʽʨʘʣʴʥʠʡ ʦʯʠʩʥʠʢ. ʇʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʦʨʷʜʥʦʛʦ ʢʘʨʪʦʧʣʝʢʦʧʘʯʘ ʩʧʽʨʘʣʴʥʦʛʦ 

ʦʯʠʩʥʠʢʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʽʨʘʣʴʥʦʛʦ ʦʯʠʩʥʠʢʘ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ 

ʦʪʨʠʤʘʥʦʛʦ ʚʨʦʞʘʶ ʽ  ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʦʟʘʪʨʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʘʨʪʦʧʣʷ, ʟʙʠʨʘʥʥʷ, ʢʘʨʪʦʧʣʝʢʦʧʘʯ, ʩʧʽʨʘʣʴʥʠʡ 

ʦʯʠʩʥʠʢ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʂʘʨʪʦʧʣʷʨʩʪʚʦ ʦʜʥʘ ʟ ʛʘʣʫʟʝʡ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʨʦʙʦʪʘ ʚ ʷʢʠʭ ʧʦʚ'ʷʟʘʥʘ ʽʟ ʟʥʘʯʥʠʤʠ 

ʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ ʽ ʚʠʪʨʘʪʘʤʠ ʧʨʘʮʽ. ʆʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʱʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ ʻ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʣʫʟʽ ʽ ʦʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ, 

ʦʩʢʽʣʴʢʠ 40 % ʫʩʽʭ ʝʥʝʨʛʦʟʘʪʨʘʪ ʽ 60 % ʟʘʪʨʘʪ ʧʨʘʮʽ ʧʨʠʧʘʜʘʻ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʮʝʩʫ ʟʙʠʨʘʥʥʷ. ɽʬʝʢʪʠʚʥʩ̔ʪɹ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ 

ʟʨʦʩʪʘʪʠʤʝ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʘʜʘʧʪʘʮʽʾ ʾʭʥʽʭ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʦ ̌ʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʫʤʦʚ.  

ɽʥʝʨʛʦʚʠʪʨʘʪʠ ʽ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʚʨʦʞʘʶ ʟʘ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʟʙʠʨʘʥʥ ̫

ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʙʫʣʴʙ ʚʽʜ ʜʦʤʽʰʦʢ, ʦʩʢʽʣʴʢʠ ʚ 

ʧʽʜʢʦʧʘʥʽʡ ʙʫʣʴʙʦʥʦʩʥʽʡ ʤʘʩʽ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ʦʯʠʱʫʚʘʣʴʥʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ, 

ʚʤʽʩʪ ʙʫʣʴʙ ʢʘʨʪʦʧʣʽ ʩʢʣʘʜʘʻ ʣʠʰʝ (2é3) % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ. 

ʋ ʬʝʨʤʝʨʩʴʢʠʭ ʽ ʥʝʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʰʠʨʦʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʙʠʨʘʥʥʷ ʢʘʨʪʦʧʣʽ ʥʘʙʫʣʠ ʢʘʨʪʦʧʣʝʢʦʧʘʯʽ, ʦʩʦʙʣʠʚʦ 

ʜʚʦʨʷʜʥʽ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʧʽʜʢʦʧʫʚʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʘ ʜʝʢʽʣʴʢʦʭ 

ʧʨʦʩʽʶʚʘʣʴʥʠʭ ʧʨʫʪʢʦʚʠʭ ʝʣʝʚʘʪʦʨʽʚ. ʇʨʘʢʪʠʢʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻ 

ʧʦʪʨʝʙʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʨʦʙʦʪʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ 

ʦʯʠʱʫʚʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ ʧʦʢʘʟʘʚ, ʱʦ 
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ʧʨʦʩʪʦʪʦʶ ʢʦʥʩʪʨʫʢʮʽʾ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʚʠʩʦʢʠʤʠ ʷʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʨʦʙʦʪʠ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʧʨʫʪʢʦʚʽ ʝʣʝʚʘʪʦʨʠ [1, 2]. ʍʦʯʘ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

ʢʘʨʪʦʧʣʝʢʦʧʘʯʘ ʟ ʪʨʴʦʤʘ ʧʨʫʪʢʦʚʠʤʠ ʝʣʝʚʘʪʦʨʘʤʠ ʥʘ ʪʨʝʪʴʦʤʫ 

ʦʯʠʱʫʚʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ ʚʽʜʦʢʨʝʤʣʶʻʪʴʩʷ ʥʝʟʥʘʯʥʘ ʯʘʩʪʢʘ ˇʨʫʥʪʦʚʠʭ 

ʜʦʤʽʰʦʢ ʘʙʦ ʽ ʚʟʘʛʘʣʽ ʧʦ ʾʾ ʧʦʚʝʨʭʥʽ ʣʠʰʝ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠʤʝʪʴʩʷ ʚʦʨʦʭ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʡʥʫ ʩʭʝʤʫ ʩʧʽʨʘʣʴʥʦʛʦ ʦʯʠʱʫʚʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ (ʨʠʩ. 1), ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʛʚʠʥʪʦʚʠʭ, ʧʦʩʣʽʜʦʚʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʧʨʠʚʽʜʥʠʭ ʚʘʣʴʮʽʚ, ʚʠʢʦʥʘʥʠʭ ʷʢ ʩʧʽʨʘʣʴʥʽ ʧʨʫʞʠʥʠ, ʷʢʽ ʟʘʢʨʽʧʣʝʥʽ ʥʘ 

ʤʘʪʦʯʠʥʘʭ ʽ ʟ'ʻʜʥʘʥʽ ʟ ʧʨʠʚʽʜʥʠʤ ʚʘʣʦʤ [3]. ɼʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʩʽʶʚʘʥʥʷ 

ˇʨʫʥʪʫ ʽ ʜʦʜʘʪʢʦʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʛʨʫʜʦʢ ʤʦʞʣʠʚʝ ʝʢʩʮʝʥʪʨʠʯʥʝ ʟʘʢʨʽʧʣʝʥʥʷ 

ʚʘʣʴʮʽʚ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʽ ʚʠʨʦʙʥʠʯʦʶ ʧʝʨʝʚʽʨʢʦʶ ʜʦʚʝʜʝʥʦ ʜʦʩʠʪʴ ʚʠʩʦʢʫ 

ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʩʧʽʨʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʦʜʥʦʨʷʜʥʦʛʦ ʢʘʨʪʦʧʣʝʢʦʧʘʯʘ [4, 5]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʧʽʨʘʣʴʥʦʛʦ ʦʯʠʩʥʠʢʘ 
 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʧʝʨʝʜʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʧʽʜ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʽʨʘʣʴʥʦʛʦ ʦʯʠʩʥʠʢʘ ʚ ʩʭʝʤʽ ʦʜʥʦʨʷʜʥʦʛʦ 

ʢʘʨʪʦʧʣʝʢʦʧʘʯʘ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʟʘʚʘʥʪʘʞʝʥʠʡ ʣʠʰʝ ʥʘ (30é45) %. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʠʭ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ. 

ʇʨʦʝʢʪʫʚʘʣʴʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʚʠʟʥʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʧʽʨʘʣʴʥʦʛʦ ʦʯʠʩʥʠʢʘ ʽ ʚ ʢʦʥʩʪʨʫʢʮʽʡʥʽʡ ʩʭʝʤʽ ʜʚʦʨʷʜʥʠʭ ʤʘʰʠʥ. ɼʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ ʢʘʨʪʦʧʣʷʥʦʛʦ ʚʦʨʦʭʫ. 

ʄʝʪʘ ʩʪʘʪʪʽ ï ʦʙˇʨʫʥʪʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʽʨʘʣʴʥʦʛʦ 

ʦʯʠʩʥʠʢʘ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʦʨʷʜʥʦʛʦ ʢʘʨʪʦʧʣʝʢʦʧʘʯʘ. 

ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ ʜʦʩʣʽʜʞʝʥʥʷ.  ʅʘ ʝʪʘʧʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ ʢʘʨʪʦʧʣʷʥʦʛʦ ʚʦʨʦʭʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 

ʥʘʜ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ 1 ʧʝʨʝʜ ʩʧʽʨʘʣʴʥʠʤ ʦʯʠʩʥʠʢʦʤ 3 

ʟʚʫʞʫʚʘʯʽ ʧʦʪʦʢʫ 2 ʫ ʚʠʛʣʷʜʽ ʧʘʩʠʚʥʠʭ ʨʝʰʽʪʦʢ (ʨʠʩ. 2). 
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ʈʠʩʫʥʦʢ 2 ï ʂʦʥʩʪʨʫʢʮʽʡʥʘ ʩʭʝʤʘ ʩʧʽʨʘʣʴʥʦʛʦ ʦʯʠʩʥʠʢʘ ʜʣʷ ʜʚʦʨʷʜʥʦʛʦ 

ʢʘʨʪʦʧʣʝʢʦʧʘʯʘ: 1 ï ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʝʨ; 2 ï ʟʚʫʞʫʚʘʣʴʥʽ ʨʝʰʽʪʢʠ; 3 

ï ʩʧʽʨʘʣʴʥʠʡ ʦʯʠʩʥʠʢ 

 

ɼʣʷ ʜʦʩʣʽʜʥʦʾ ʧʝʨʝʚʽʨʢʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʨʷʜʥʦʛʦ 

ʢʘʨʪʦʧʣʝʢʦʧʘʯʘ, ʷʢʠʡ ʦʙʣʘʜʥʘʥʦ ʩʧʽʨʘʣʴʥʠʤ ʦʯʠʩʥʠʢʦʤ, ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ ʥʘ ʙʘʟʽ ʢʘʨʪʦʧʣʝʢʦʧʘʯʘ ʂʉʊ-1,4, ʷʢʠʡ 

ʘʛʨʝʛʘʪʫʚʘʚʩʷ ʟ ʪʨʘʢʪʦʨʦʤ ʄʊɿ-82 (ʚʽʜ ʜʚʠʛʫʥʘ ʪʨʘʢʪʦʨʘ ʯʝʨʝʟ ɺɺʇ 

ʟʜʽʡʩʥʶʚʘʚʩʷ ʧʨʠʚʽʜ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʤʘʰʠʥʠ) (ʨʠʩ. 3). ʄʘʰʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʢʦʧʽʶʚʘʣʴʥʠʭ ʢʦʪʢ̔ʚ 1, ʧʽʜʢʦʧʫʚʘʣʴʥʠʭ ʣʝʤʝʰʽʚ 2, ʧʝʨʰʦʛʦ 3 ʽ ʜʨʫʛʦʛʦ 4 

ʧʨʫʪʢʦʚʠʭ ʝʣʝʚʘʪʦʨʽʚ, ʟʚʫʞʫʚʘʣʴʥʠʭ ʨʝʰʽʪʦʢ 5, ʩʧʽʨʘʣʴʥʦʛʦ ʦʯʠʩʥʠʢʘ 6 ʪʘ 

ʦʧʦʨʥʠʭ ʢʦʣ̔ʩ 7.  

 

 
ʈʠʩʫʥʦʢ 3 ï ʂʦʥʩʪʨʫʢʮʽʡʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ: 1 ï

 ʢʦʧʽʶʚʘʣʴʥʽ ʢʦʪʢʠ; 2 - ʧʽʜʢʦʧʫʚʘʣʴʥʽ ʣʝʤʝʰʽ; 3, 4 ï ʧʨʫʪʢʦʚʽ ʧʨʦʩʽʶʚʘʣʴʥʽ 

ʝʣʝʚʘʪʦʨʠ; 5 ï ʟʚʫʞʫʚʘʣʴʥʽ ʨʝʰʽʪʢʠ; 6 - ʩʧʽʨʘʣʴʥʠʡ ʩʝʧʘʨʘʪʦʨ; 7 - ʦʧʦʨʥʽ ʢʦʣʝʩʘ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʟʙʠʨʘʥʥʷ ʢʘʨʪʦʧʣʽ ʩʦʨʪʫ 

"ʉʚʽʪʘʥʦʢ" ʟ̔ ʚʨʦʞʘʡʥʽʩʪʶ ʙʣʠʟʴʢʦ 12,53 ʪ/ʛʘ, ʷʢʘ ʧʦʩʘʜʞʝʥʘ ʛʨʝʙʝʥʝʚʠʤ 

ʩʧʦʩʦʙʦʤ ʟ ʤʽʞʨʷʜʜʷʤ 0,7 ʤ ʥʘ ʯʦʨʥʦʟʝʤʽ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

ʚʦʣʦʛʩ̔ʪɹ ˇʨʫʥʪʫ ʚʘʨʽʶʚʘʣʘʩʴ ʚ ʤʝʞʘʭ (10,1é13,7) %, ʘ ʪʚʝʨʜʩ̔ʪɹ ï 

(0,26é0,41) ʄʇʘ. ɹʘʜʠʣʣʷ ʽ ʙʫʨôʷʥʠ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ 
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ʚʠʜʘʣʝʥʽ. ʈʝʞʠʤʠ ʨʫʭʫ ʤʘʰʠʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ʚʠʟʥʘʯʘʣʠʩʴ ʟʛʽʜʥʦ ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʰʠʥʠ ʽ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʢʦʣʠʚʘʣʘʩʷ  ʚ ʤʝʞʘʭ 

(0,64é0,87) ʤ/ʩ. 

ʇʜ̔ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʢʦʥʪʨʦʣʶʚʘʣʠ ʚʪʨʘʪʠ ʙʫʣʴʙ (ʧʨʠʩʠʧʘʥʽ 

ʩʠʧʢʠʤ ˇʨʫʥʪʦʤ), ʧʦʰʢʦʜʞʝʥʥʷ ʙʫʣʴʙ (ʢʦʥʪʘʢʪʥʽ) ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʩʽʶʚʘʥʥʷ (ʯʘʩʪʢʦʶ ʧʨʦʩʽʷʥʦʛʦ ˇʨʫʥʪʫ). ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʚʪʨʘʪ ʙʫʣʴʙ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 1,67 %, ʘ ʾʭ 

ʧʦʰʢʦʜʞʝʥʥʷ - ʜʦ 3,1 %. ʉʝʨʝʜ ʰʣʷʭʽʚ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʦʰʢʦʜʞʝʥʥʷ 

ʙʫʣʴʙ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʚʫʞʫʚʘʯʽʚ ʧʦʪʦʢʫ 

ʙʫʣʴʙʦʥʦʩʥʦʛʦ ʚʦʨʦʭʫ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʩʽʶʚʘʥʥʷ ˇʨʫʥʪʫ ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ ʟʫʧʠʥʢʠ ʤʘʰʠʥʠ ʽ 

ʧʨʦʧʫʩʢʘʥʥʽ ʟʘʣʠʰʢʽʚ ʧʽʜʢʦʧʘʥʦʾ ʤʘʩʠ ʧʦ ʦʯʠʱʫʚʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʘʭ 

ʤʘʰʠʥʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʣʠʟʴʢʦ (58é74) % ˇʨʫʥʪʫ, ʱʦ ʩʭʦʜʠʪʴ ʟ ʧʦʚʝʨʭʥʽ 

ʜʨʫʛʦʛʦ ʧʨʫʪʢʦʚʦʛʦ ʝʣʝʚʘʪʦʨʘ ʢʘʨʪʦʧʣʝʢʦʧʘʯʘ ʽ ʧʦʜʘʻʪʴʩʷ ʥʘ ʩʧʽʨʘʣʴʥʠʡ 

ʦʯʠʩʥʠʢ, ʧʨʦʩʽʚʘʻʪʴʩʷ ʩʧʽʨʘʣʷʤʠ (ʚ ʪʦʡ ʞʝ ʯʘʩ, ʥʘ ʪʨʝʪʴʦʤʫ ʧʨʫʪʢʦʚʦʤʫ 

ʝʣʝʚʘʪʦʨʽ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ ʢʘʨʪʦʧʣʝʢʦʧʘʯʘ ʂʉʊ-1,4 ʮʷ ʚʝʣʠʯʠʥʠ ʩʪʘʥʦʚʠʪʴ 

(26é47) %. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʥʦʾ ʧʝʨʝʚʽʨʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʽʨʘʣʴʥʦʛʦ ʦʯʠʩʥʠʢʘ ʚ ʢʦʥʩʪʨʫʢʮʽʡʥʽʡ ʩʭʝʤʽ ʜʚʦʨʷʜʥʦʛʦ 

ʢʘʨʪʦʧʣʝʢʦʧʘʯʘ. 

ɺʠʩʥʦʚʢʠ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʠʨʘʥʥʷ 

ʢʘʨʪʦʧʣʽ  ̒ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ 

ʦʯʠʱʫʚʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ. 

ʇʦʧʝʨʝʜʥʽʤ ʘʥʘʣʽʟʦʤ ʥʘʷʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ ʚʠʟʥʘʯʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʧʽʨʘʣʴʥʠʭ ʦʯʠʩʥʠʢʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʭʝʤʽ ʜʚʦʨʷʜʥʦʛʦ ʢʘʨʪʦʧʣʝʢʦʧʘʯʘ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʚʨʦʞʘʶ ʽ ʟʥʠʟʠʪʠ ʚʝʣʠʯʠʥʫ 

ʝʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ. 
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ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʠʧʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ 

ʷʚʣʷʝʪʩʷ ʩʧʠʨʘʣʴʥʳʡ ʦʯʠʩʪʠʪʝʣʴ. ʇʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʫʭʨʷʜʥʦʛʦ 

ʢʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʷ ʩʧʠʨʘʣʴʥʦʛʦ ʦʯʠʩʪʠʪʝʣʷ. ʇʨʠʤʝʥʝʥʠʝ ʩʧʠʨʘʣʴʥʦʛʦ 

ʦʯʠʩʪʠʪʝʣʷ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʦʞʘʷ ʠ ʫʤʝʥʴʰʠʪ 

ʟʘʪʨʘʪʳ  ʵʥʝʨʛʠʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʮʝʩʩʘ.  

 

Summary.  
Potato diggers are one of the basic machine for potato harvesting. The 

quality of potato digger depends on the conditions of harvesting, the parameter etc. 

Separation quality have an influence on potato harvester efficiency. One of 

perspective types of potato harvester unit is the spiral separator. The researches 

confirmed the expediency to use the spiral separator in a scheme of two-rows 

potato diggers. The using of spiral separator can be to raise the quality of 

harvesting and to reduce the energy expenditure of process.  
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ʆɹʆʉʅʆɺɸʅʀɽ  ʂʆʄʇʃɽʂʉʆɺ ʄɸʐʀʅ ɼʃʗ 

ɺʆɿɼɽʃʓɺɸʅʀʗ ʀ ʋɹʆʈʂʀ ʉɸʍɸʈʅʆʁ ʉɺɽʂʃʓ 

 

ɺ.ɻʦʣʠʢʦʚ. ʘʢʘʜʝʤʠʢ ʅɸʅ ʈʂ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ.,  

ɸ.ʋʩʤʘʥʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,ʜʦʮʝʥʪ, 

ɸ.ʈʟʘʣʠʝʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ.,ʜʦʮʝʥʪ, 

ɺ.ɸʨʪʘʤʦʥʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ʂʘʟʘʭʩʢʠʡ ʅʀʀ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʊʆʆ çʂʘʟʅʀʀɿʠʈè ʪʝʭʥʦʣʦʛʠʝʡ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʦʙʦʩʥʦʚʘʥʳ ʚʘʨʠʘʥʪʳ ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ ʜʣʷ 

ʝʸ ʨʝʘʣʠʟʘʮʠʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʘʙʦʪʦʡ 

ʥʝʢʦʪʦʨʳʭ ʤʘʰʠʥ ʠʟ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ ʥʘ ʧʦʩʝʚʘʭ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʟʘʨʫʙʝʞʥʦʡ ʪʝʭʥʠʢʠ ʜʣʷ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʠ ʫʙʦʨʢʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʰʠʥ ʜʣʷ ʫʩʣʦʚʠʡ ʨʝʩʧʫʙʣʠʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʦʪʝʯʝʩʪʚʝʥʥʫʶ ʪʝʭʥʠʢʫ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʦʡ ʢʫʣʴʪʫʨʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʭʘʨʥʘʷ ʩʚʝʢʣʘ, ʪʝʭʥʦʣʦʛʠʷ, ʧʣʫʛʠ,  ʩʝʷʣʢʠ, 

ʢʫʣʴʪʠʚʘʪʦʨʳ, ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʝ ʢʦʤʙʘʡʥʳ. 

 

ɺʚʝʜʝʥʠʝ. ʉʘʭʘʨʥʘʷ ʩʚʝʢʣʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʮʝʥʥʝʡʰʠʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʉʦʯʥʳʝ, ʙʦʛʘʪʳʝ ʫʛʣʝʚʦʜʘʤʠ ʢʦʨʥʠ ʩʘʭʘʨʥʦʡ 

ʩʚʝʢʣʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʘʭʘʨʘ. ʀʟ 7,5 ʪ 

ʢʦʨʥʝʧʣʦʜʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 1 ʪ ʩʘʭʘʨʘ. ʀʟ ʧʘʪʦʢʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʧʦʣʫʯʘʶʪ 

ʩʧʠʨʪ, ʛʣʠʮʝʨʠʥ, ʣʠʤʦʥʥʫʶ ʢʠʩʣʦʪʫ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ, ʧʘʨʬʶʤʝʨʥʦʡ ʠ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʜʨʦʞʞʠ ʜʣʷ ʭʣʝʙʦʧʝʢʘʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʟ ʞʦʤʘ ï 

ʧʝʢʪʠʥʦʚʳʡ ʢʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʪʝʢʩʪʠʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɺ ʝʝ ʢʦʨʥʝʧʣʦʜʘʭ 

ʩʦʜʝʨʞʠʪʩʷ ʜʦ 25% ʩʫʭʠʭ ʚʝʱʝʩʪʚ, ʚ ʪ.ʯ. ʜʦ 17% ʩʘʭʘʨʘ. ʃʠʩʪʴʷ ʩʘʭʘʨʥʦʡ 

ʩʚʝʢʣʳ ʩʦʜʝʨʞʘʪ 15-22% ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ ʠ 

ʧʝʨʝʚʘʨʠʚʘʥʠʶ ʧʨʦʪʝʠʥʘ ʥʝ ʫʩʪʫʧʘʶʪ ʢʣʝʚʝʨʫ. ɹʦʪʚʘ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ 

ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʫʜʦʙʨʝʥʠʝʤ. 

ɺʳʨʘʱʠʚʘʥʠʝ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʧʦʚʳʰʘʝʪ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʫʨʦʞʘʡʥʦʩʪʠ ʜʨʫʛʠʭ ʢʫʣʴʪʫʨ, ʦʩʦʙʝʥʥʦ ʟʝʨʥʦʚʳʭ. 

ɺ ʨʝʩʧʫʙʣʠʢʝ ʚʦʟʜʝʣʳʚʘʶʪ ʩʘʭʘʨʥʫʶ ʩʚʝʢʣʫ ʚ ʦʩʥʦʚʥʦʤ ʚ ʜʚʫʭ 

ʦʙʣʘʩʪʷʭ: ɸʣʤʘʪʠʥʩʢʦʡ ʠ ɾʘʤʙʳʣʩʢʦʡ. ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʘʭʘʨʘ ʚ ʨʝʩʧʫʙʣʠʢʝ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʩʝʚʥʦʡ ʧʣʦʱʘʜʠ ʠ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʢʦʤʧʣʝʢʩʳ ʤʘʰʠʥ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʠ ʫʙʦʨʢʠ 

ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ. 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʂʘʟʅʀʀɿʠʈ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʘʭʘʨʥʦʡ 

ʩʚʝʢʣʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ʨʝʩʧʫʙʣʠʢʠ. ʇʦʜʙʦʨ ʤʘʰʠʥ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʠʭ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʳʧʦʣʥʝʥʠʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʢʘʯʝʩʪʚʫ 

ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʧʦ ʘʛʨʦʩʨʦʢʘʤ. ʇʨʝʜʣʦʞʝʥʳ 

ʚʘʨʠʘʥʪʳ ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʩʝʚʥʦʡ ʧʣʦʱʘʜʠ. 

ʊʘʢ ʢʘʢ ʚʩʧʘʰʢʘ ʟʷʙʠ ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʫ (22é25) ʩʤ ʠ ʙʦʣʝʝ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʤʦʱʥʳʭ ʪʨʘʢʪʦʨʦʚ ʯʝʤ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ 

ʟʝʨʥʦʚʳʭ, ʢʣʘʩʩʘ ʪʷʛʠ 3 ʠ 5. 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʦʮʝʥʢʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ. 

ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʊʝʭʥʦʣʦʛʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ, ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʊʆʆ 

çʂʘʟʅʀʀɿʠʈè ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ. ʇʦʩʣʝ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʧʨʦʚʦʜʷʪ ʣʫʱʝʥʠʝ ʩʪʝʨʥʠ ʠʣʠ ʜʠʩʢʦʚʘʥʠʝ. ʇʦʜ ʚʩʧʘʰʢʫ ʟʷʙʠ 

ʧʨʦʚʦʜʠʪʩʷ ʚʥʝʩʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ (20...30) ʪ/ʛʘ ʠ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ (250...300) ʢʛ/ʛʘ. ɿʷʙʴ ʧʘʰʫʪ ʥʘ ʛʣʫʙʠʥʫ (22...25) ʩʤ 

ʠ ʙʦʣʝʝ ʦʙʳʯʥʳʤʠ, ʷʨʫʩʥʳʤʠ ʠ ʦʙʦʨʦʪʥʳʤʠ ʧʣʫʛʘʤʠ. ʇʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʝʜʧʘʭʦʪʥʳʡ ʧʦʣʠʚ. 

ʇʦ ʟʷʙʠ ʧʨʦʚʦʜʠʪʩʷ ʪʝʢʫʱʘʷ ʧʣʘʥʠʨʦʚʢʘ ʧʦʣʝʡ, ʘ ʟʘʪʝʤ ʧʦʜ ʟʠʤʫ 

ʛʣʫʙʦʢʦʝ ʨʳʭʣʝʥʠʝ ʟʷʙʠ. 

ʈʘʥʥʝʡ ʚʝʩʥʦʡ ʧʨʦʚʦʜʠʪʩʷ ʙʦʨʦʥʦʚʘʥʠʝ, ʟʘʪʝʤ ʚʥʝʩʝʥʠʝ ʧʦʯʚʝʥʥʳʭ 

ʛʝʨʙʠʮʠʜʦʚ, ʧʨʝʜʧʦʩʝʚʥʘʷ ʢʫʣʴʪʠʚʘʮʠʷ ʠ ʧʦʩʝʚ ʩ ʤʝʞʜʫʨʷʜʴʝʤ 60 ʩʤ. ɺ 

ʭʦʟʷʡʩʪʚʘʭ, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʠʢʘ ʠʟ ʩʪʨʘʥ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ, 

ʚʦʟʜʝʣʳʚʘʥʠʝ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʤʝʞʜʫʨʷʜʴʝʤ (45...50 ʩʤ. 

ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʫʩʣʦʞʥʷʝʪʩʷ ʧʦʣʠʚ ʠ ʤʝʞʜʫʨʷʜʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʩʝʚʦʚ. 

ʋʭʦʜ ʟʘ ʧʦʩʝʚʘʤʠ ʚʢʣʶʯʘʝʪ: ʧʨʠʢʘʪʳʚʘʥʠʝ, ʙʦʨʦʥʦʚʘʥʠʝ ʜʦ ʠ ʧʦʩʣʝ ʚʩʭʦʜʦʚ, 

ʚʥʝʩʝʥʠʝ ʛʝʨʙʠʮʠʜʦʚ ʠ ʧʝʩʪʠʮʠʜʦʚ, ʤʝʞʜʫʨʷʜʥʳʝ ʨʳʭʣʝʥʠʷ, ʚʝʛʝʪʘʮʠʦʥʥʳʝ 

ʧʦʣʠʚʳ (ʥʝ ʤʝʥʝʝ 5 ʨʘʟ). ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʫʨʦʞʘʡʥʦʩʪʴ ʩʘʭʘʨʥʦʡ 

ʩʚʝʢʣʳ ʜʦʩʪʠʛʘʝʪ 350 ʮ/ʛʘ ʠ ʙʦʣʝʝ. 

ʋʙʦʨʢʘ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ.  

ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʚʢʣʶʯʘʝʪ ʫʙʦʨʢʫ ʙʦʪʚʳ ʙʦʪʚʦʫʙʦʨʦʯʥʳʤʠ ʤʘʰʠʥʘʤʠ ʩ ʝʝ 

ʚʳʚʦʟʢʦʡ. ɿʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʙʦʨʢʘ ʢʦʨʥʝʡ ʧʨʠʮʝʧʥʳʤʠ ʠʣʠ 

ʩʘʤʦʭʦʜʥʳʤʠ ʢʦʤʙʘʡʥʘʤʠ ʩ ʚʳʚʦʟʦʤ ʥʘ ʩʘʭʘʨʥʳʝ ʟʘʚʦʜʳ ʠʣʠ ʥʘ ʧʣʦʱʘʜʢʠ, 

ʛʜʝ ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʛʘʪʳ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʪʦʤ ʧʨʦʚʦʜʠʪʩʷ ʧʦʛʨʫʟʢʘ ʢʦʨʥʝʡ ʚ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʧʝʨʝʚʦʟʢʘ ʥʘ ʩʘʭʘʨʥʳʝ ʟʘʚʦʜʳ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʠʢʠ ʠʟ ʩʪʨʘʥ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ ʫʙʦʨʢʘ ʙʦʪʚʳ 

ʠ ʢʦʨʥʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʜʚʫʤ ʩʭʝʤʘʤ: 

- ʩʘʤʦʭʦʜʥʳʤ ʢʦʤʙʘʡʥʦʤ ʩ ʠʟʤʝʣʴʯʝʥʠʝʤ ʙʦʪʚʳ ʠ ʫʢʣʘʜʢʦʡ ʝʸ ʚʘʣʦʢ, 

ʢʦʧʢʘ ʢʦʨʥʝʡ ʩʦ ʩʙʦʨʦʤ ʚ ʙʫʥʢʝʨ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʛʨʫʟʢʦʡ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʩʨʝʜʩʪʚʦ; 
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- ʥʘʚʝʩʥʳʤ ʠʣʠ ʧʨʠʮʝʧʥʳʤ ʘʛʨʝʛʘʪʦʤ ʩ ʠʟʤʝʣʴʯʝʥʠʝʤ ʙʦʪʚʳ ʠ ʫʢʣʘʜʢʦʡ 

ʝʸ ʚʘʣʦʢ, ʢʦʧʢʘ ʢʦʨʥʝʡ ʠ ʫʢʣʘʜʢʘ ʚ ʚʘʣʦʢ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʦʨʘʙʦʪʢʦʡ. 

ʇʦʛʨʫʟʢʘ ʠʟ ʚʘʣʢʦʚ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʤ ʧʦʛʨʫʟʯʠʢʦʤ. 

ɼʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʠ ʫʙʦʨʢʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʪʝʭʥʠʢʘ [1 - 3].  

ʊʨʘʢʪʦʨʳ: ɹʝʣʘʨʫʩ-80/82,  ɹʝʣʘʨʫʩ -1221, ɹʝʣʘʨʫʩ -1523 (ɹʝʣʘʨʫʩʴ), ʂ-

744, ʂ-700ɸ (ʈʦʩʩʠʷ), ʊ-150ʂ, ʍʊɿ-17221 (ʋʢʨʘʠʥʘ), ɼʞʦʥ-ɼʠʨ-8220 ʠ 

ɼʞʦʥ-ɼʠʨ-6920 (ʉʐɸ). 

ʇʣʫʛʠ: ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʣʫʛ-ʨʳʭʣʠʪʝʣʴ ʇʈɻ-7(8), ʧʣʫʛ-ʨʳʭʣʠʪʝʣʴ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʥʘʚʝʩʥʦʡ ʇʈʋʅ-8-45, ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʣʫʛ ʇʋʅ-8-40, ʧʣʫʛ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʇʃʅ-6-40, ʧʣʫʛ ʧʦʣʫʥʘʚʝʩʥʦʡ ʦʙʦʨʦʪʥʳʡ ʧʷʪʠʢʦʨʧʫʩʥʳʡ 

ʇʇʆ-5-55, (ʈʦʩʩʠʷ), ʦʙʦʨʦʪʥʳʝ ʧʣʫʛʠ ʤʦʜʝʣʠEuroOpal 5, EuroDiamante 8, 

EuroDiamante 10 (çLemkenè). 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʘʛʨʝʛʘʪʳ ʠ ʢʫʣʴʪʠʚʘʪʦʨʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ:kompaktor (ɻʝʨʤʘʥʠʷ, ʬʠʨʤʘ çLemkenè);  ʢʫʣʴʪʠʚʘʪʦʨʳ 

ʰʠʨʦʢʦʟʘʭʚʘʪʥʳʝ ʂʐʋ-18, ʂʐʋ-12, ʂʐʋ-8, ʂʇʂ-8; ʢʫʣʴʪʠʚʘʪʦʨ-

ʨʘʩʪʝʥʠʝʧʠʪʘʪʝʣʴ ʋʉʄʂ-5,4ɺ, ʢʫʣʴʪʠʚʘʪʦʨ ʩʚʝʢʣʦʚʠʯʥʳʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʂʉʋ-5,4:ʢʫʣʴʪʠʚʘʪʦʨ-ʨʘʩʪʝʥʠʝʧʠʪʘʪʝʣʴ ʂʈʐ-8,1 (ʈʦʩʩʠʷ, ʋʢʨʘʠʥʘ). 

ʉʝʷʣʢʠ: ʩʝʷʣʢʠ ʩʚʝʢʣʦʚʠʯʥʳʝ ʉʉʊ-8ɺ, ʉʉʊ-12ɺ, ʉʉʊ-24, ʋʇʉ-

12(ʈʦʩʩʠʷ, ʋʢʨʘʠʥʘ); ʧʨʦʧʘʰʥʳʝ ʩʝʷʣʢʠ Amazone ED-602K (çAmazone-

Werkeè), ɸccord-12 (ʌʨʘʥʮʠʷ). 

ɹʦʪʚʦʫʙʦʨʦʯʥʳʝ ʤʘʰʠʥʳ: ʙʦʪʚʦʫʜʘʣʠʪʝʣʠ ɹʋʅ-4/6 (ʈʦʩʩʠʷ);  ʄɹʐ-6 

(ɹʝʣʘʨʫʩʴ); ɹʄ-4ɸ, ʄɹʂ-2,7 (ʋʢʨʘʠʥʘ). 

ʉʚʝʢʣʦʫʙʦʨʦʯʥʳʝ ʢʦʤʙʘʡʥʳ: ʧʨʠʮʝʧʥʦʡ ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʡ ʢʦʤʙʘʡʥ 

ʄʂʇ-6 (ɹʝʣʘʨʫʩʴ); ʤʘʰʠʥʘ ʜʣʷ ʫʙʦʨʢʠ ʢʦʨʥʝʧʣʦʜʦʚ ʄʂʂ-6-02, ʈʂʄ-6 

(ʋʢʨʘʠʥʘ); ʩʘʤʦʭʦʜʥʳʡ ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʡ ʢʦʤʙʘʡʥ WKM-9000( çAgrifacè) 

ɻʦʣʣʘʥʜʠʷ; ʥʘʚʝʩʥʦʡ ʢʦʤʙʘʡʥ  çGillesè (ɹʝʣʴʛʠʷ); ʩʘʤʦʭʦʜʥʳʡ ʢʦʤʙʘʡʥ 

çKleineè (ɻʝʨʤʘʥʠʷ) ʠ ʢʦʤʙʘʡʥ çGrimmerè (ɻʝʨʤʘʥʠʷ). 

ʇʦʛʨʫʟʢʘ ʢʦʨʥʝʡ ʠʟ ʚʘʣʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠʮʝʧʥʳʤʠ ʧʦʛʨʫʟʯʠʢʘʤʠ 

WKM(Agrifac), çGillesèK-136 (ɹʝʣʴʛʠʷ). 

ʈʘʥʝʝ ʩʦʪʨʫʜʥʠʢʘʤʠ  ʊʆʆ çʂʘʟʅʀʀʄʕʉʍè ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʨʘʙʦʪʦʡ ʥʝʢʦʪʦʨʳʭ ʟʘʨʫʙʝʞʥʳʭ ʤʘʰʠʥ  ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ  ʠ 

ʫʙʦʨʢʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʚ ʭʦʟʷʡʩʪʚʘʭ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʅʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʜʲʝʤʝ ʟʷʙʠ ʠ ʫʙʦʨʢʝ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʩʦ 

ʩʥʷʪʠʝʤ ʥʝʢʦʪʦʨʳʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ɺʩʧʘʰʢʘ ʟʷʙʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʪʨʘʢʪʦʨʦʤ JoᴂnDeer-8220 ʩ ʦʙʦʨʦʪʥʳʤ 

ʧʣʫʛʦʤ EuroDiamant -7 ʢʦʨʧʫʩʦʚ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʯʘʩ ʦʩʥʦʚʥʦʛʦ 

ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʠʣʘ 1,7 ʛʘ, ʰʠʨʠʥʘ ʟʘʭʚʘʪʘ ʧʘʭʦʪʥʦʛʦ ʘʛʨʝʛʘʪʘ 2,6 ʤ, ʛʣʫʙʠʥʘ 

ʚʩʧʘʰʢʠ 28-34 ʩʤ, ʩʨʝʜʥʷʷ ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ ʘʛʨʝʛʘʪʘ ʩʦʩʪʘʚʠʣʘ 6,4 ʢʤ/ʯʘʩ, 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 26 ʢʛ/ʛʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʣʦʚʠʷ ʧʨʠ ʧʦʜʲʝʤʝ ʟʷʙʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʊʘʢ,  ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʩʦʩʪʘʚʠʣʘ 9,7-12,4 % 
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ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʥʝ ʥʠʞʝ 20%, ʘ ʪʚʝʨʜʦʩʪʴ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʨʝʚʳʰʘʣʘ 4 

ʄʇɸ, ʯʪʦ ʧʦʚʣʠʷʣʦ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʧʘʭʦʪʥʳʭ ʘʛʨʝʛʘʪʦʚ. 

ɼʚʠʞʝʥʠʝ ʯʝʣʥʦʯʥʳʤ ʩʧʦʩʦʙʦʤ ʩʚʦʜʠʪ ʢ ʤʠʥʠʤʫʤʫ ʭʦʣʦʩʪʳʝ ʧʝʨʝʝʟʜʳ 

ʥʘ ʨʘʟʚʦʨʦʪʘʭ ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʛʦʥʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʣʘʜʢʫʶ ʧʘʭʦʪʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʚʥʠʚʘʥʠʠ ʩʚʘʣʴʥʳʭ ʠ ʨʘʟʚʘʣʴʥʳʭ 

ʙʦʨʦʟʜ, ʥʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʚʦʨʦʪʥʳʭ ʧʦʣʦʩ ʠ ʫʛʣʦʚ 

ʢʘʨʪ. 

ʋʙʦʨʢʘ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. 

ʇʨʷʤʘʷ ï ʩʘʤʦʭʦʜʥʳʤ ʢʦʤʙʘʡʥʦʤ Wʂʄ-9000 (ʨʠʩʫʥʦʢ 1), ʢʦʪʦʨʳʡ 

ʩʨʝʟʘʝʪ ʙʦʪʚʫ, ʠʟʤʝʣʴʯʘʝʪ ʠ ʫʢʣʘʜʳʚʘʝʪ ʝʝ ʚ ʚʘʣʦʢ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʢʦʧʢʘ ʢʦʨʥʝʡ ʩ ʜʦʦʯʠʩʪʢʦʡ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨʘʭ  ʠ ʩʙʦʨʦʤ ʚ 

ʥʘʢʦʧʠʪʝʣʝ. ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʥʘʢʦʧʠʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʦʩʪʘʥʦʚʢʘ ʠ ʚʳʛʨʫʟʢʘ 

ʢʦʨʥʝʡ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʚʝʢʣʦʫʙʦʨʦʯʥʳʡ ʩʘʤʦʭʦʜʥʳʡ ʢʦʤʙʘʡʥ Wʂʄ-9000 ʚ ʨʘʙʦʪʝ 

 

ʅʘ ʫʙʦʨʢʝ ʧʨʷʤʳʤ ʩʧʦʩʦʙʦʤ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʚʘ ʢʦʤʙʘʡʥʘ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʙʘʡʥʘ ʚ ʯʘʩ ʦʩʥʦʚʥʦʛʦ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʠʣʘ 0,60 ʛʘ, 

ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ 2,7-3,0 ʢʤ/ʯʘʩ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 27,7 ʢʛ/ʛʘ, ʫʨʦʞʘʡʥʦʩʪʴ 

ʫʯʝʪʥʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʠʣʘ 302 ʮ/ʛʘ, ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʈʘʟʜʝʣʴʥʘʷ ʫʙʦʨʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘʚʝʩʥʳʤ ʢʦʧʘʪʝʣʝʤ çGillesè ʥʘ 

ʪʨʘʢʪʦʨʝ JoᴂnDeer ï 6920 (ʨʠʩʫʥʦʢ 2), ʢʦʪʦʨʳʡ ʩʨʝʟʘʝʪ ʙʦʪʚʫ, ʠʟʤʝʣʴʯʘʝʪ ʠ 

ʫʢʣʘʜʳʚʘʝʪ ʝʝ ʚ ʚʘʣʦʢ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʧʢʘ ʢʦʨʥʝʡ ʩ 

ʜʦʦʯʠʩʪʢʦʡ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨʘʭ  ʠ ʫʢʣʘʜʢʦʡ ʚ ʚʘʣʦʢ. ʇʦʩʣʝ ʜʦʨʘʙʦʪʢʠ ʢʦʨʥʝʡ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʧʦʛʨʫʟʢʘ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ. ʇʨʠ  ʫʙʦʨʢʝ ʨʘʟʥʳʭ 

ʫʯʘʩʪʢʦʚ ʩʨʝʜʥʷʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʯʘʩ ʦʩʥʦʚʥʦʛʦ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʠʣʘ 1,4 

ʛʘ, ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ 4,9 ʢʤ/ʯʘʩ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 14,2 ʢʛ/ʛʘ, ʫʨʦʞʘʡʥʦʩʪʴ  

ʫʯʘʩʪʢʦʚ ʩʦʩʪʘʚʠʣʘ 305ʮ/ʛʘ.  
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ʈʠʩʫʥʦʢ 2 ï ʂʦʧʘʪʝʣʴ Gilles ɸSʉ-48-32 ʚ ʨʘʙʦʪʝ 

 

ʇʦʛʨʫʟʢʘ ʢʦʨʥʝʡ ʠʟ ʚʘʣʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʘʛʨʝʛʘʪʦʤ ɹʝʣʘʨʫʩ-80 ʩ 

ʧʦʛʨʫʟʯʠʢʦʤ çGillesè ʂ-136 (ʨʠʩʫʥʦʢ 3). ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʯʘʩ ʦʩʥʦʚʥʦʛʦ 

ʚʨʝʤʝʥʠ  ʩʦʩʪʘʚʠʣʘ 1,4 ʛʘ, ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ 7,6 ʢʤ/ʯʘʩ ʧʨʠ  ʫʨʦʞʘʡʥʦʩʪʠ 

ʫʯʘʩʪʢʘ 311 ʮ/ʛʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʦʛʨʫʟʯʠʢ çGillesè ʂ-136 ʚ ʨʘʙʦʪʝ 

ʉʣʝʜʫʝʪ  ʦʪʤʝʪʠʪʴ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʛʨʫʟʯʠʢʦʚ çGillesè.  ʇʨʠ ʧʦʜʙʦʨʝ 

ʚʘʣʢʦʚ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦʦʯʠʩʪʢʘ ʢʦʨʥʝʡ ʦʪ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ ʠ ʟʝʤʣʠ, ʘ ʪʘʢʞʝ ʩʙʦʨ ʢʦʨʥʝʡ ʚ ʥʘʢʦʧʠʪʝʣʴ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʘʙʦʪʦʡ ʠʤʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ, ʩʨʦʢ ʩʣʫʞʙʳ 

ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʠʣ 7 ʣʝʪ, ʦʪʢʘʟʦʚ ʚ ʨʘʙʦʪʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʢʘʯʝʩʪʚʦ 

ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ʇʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʬʠʨʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʪʝʭʥʠʢʠ ʠ ʦʧʳʪʘ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʝ ʚ ʖʞʥʦʤ ʨʝʛʠʦʥʝ ʂʘʟʘʭʩʪʘʥʘ ʜʘʥʥʳʝ ʤʘʰʠʥʳ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʧʣʦʱʘʜʠ 400 ʠ ʙʦʣʝʝ ʛʘ ʧʦʩʝʚʦʚ ʩʘʭʘʨʥʦʡ 

ʩʚʝʢʣʳ. 

ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʜʘʥʥʳʭ ʩʬʦʨʤʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʢʦʤʧʣʝʢʩʦʚ  ʤʘʰʠʥ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ  ʠ ʫʙʦʨʢʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʝʚʥʦʡ ʧʣʦʱʘʜʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 
ʊʘʙʣʠʮʘ ï ʂʦʤʧʣʝʢʩʳ ʤʘʰʠʥ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʠ ʫʙʦʨʢʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ 

ˉ 

ʦʧʝʨ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʧʝʨʘʮʠʠ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ   

ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʉʦʩʪʘʚ ʘʛʨʝʛʘʪʘ 

ʪʨʘʢʪʦʨ ʠʣʠ ʢʦʤʙʘʡʥ 
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʤʘʰʠʥʘ 

1 2 3 4 

1 
ʃʫʱʝʥʠʝ ʩʪʝʨʥʠ ʠʣʠ 

ʜʠʩʢʦʚʘʥʠʝ, 6...8 ʩʤ 

ɹʝʣʘʨʫʩ-80/82 ɹɼʅ-180 , ɹɼʅ-2,4. 

ɹʝʣʘʨʫʩ-1221, ɹʝʣʘʨʫʩ-

1523. 
ʃɼɻ-10, ɹɼʅ-3. 

ʊ-150ʂ, ʍʊɿ-17221, 

ɹʝʣʘʨʫʩ-2023 

ʃɼɻ-15, ɹɼʊ-3, ɹɼʄ-

3ʭ2ʅ 

ʂ-744ʈ1 ʃɼɻ-20, ɹɼʊ-7 

2 
ʇʦʛʨʫʟʢʘ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ 
ɹʝʣʘʨʫʩ-80/82 

ʇʂʋ-0,8 , ʇʌ-0,5 , 

ʇʌʉ-0,75 

3 
ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ ʚʥʝʩʝʥʠʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ɹʝʣʘʨʫʩ-80/82 
ʄɺʋ-90 , ʄɺʋ-5, ʄʊʊ-

4ʋ 

ɹʝʣʘʨʫʩ-1221, ɹʝʣʘʨʫʩ-

1523. 
ʈʄʋʅ-1900 

4 
ʇʦʛʨʫʟʢʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʡ 

ɹʝʣʘʨʫʩ-80/82 
ʇʂʋ-0,8ɸ, ʇʌ-0,5 , 

ʇʌʉ-0,75 

ɹʝʣʘʨʫʩ-2023 ʇʌʇ-1,2 

5 
ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ  ʚʥʝʩʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ 

ɹʝʣʘʨʫʩ-80/82 ʈʆʋ-6ʄ, ʇʈʊ-7ɸ 

ɹʝʣʘʨʫʩ-1221, ɹʝʣʘʨʫʩ-

1523, 

ʍʊɿ-17221, ʊ-150ʂ 

 

ʄʊʊ-9 

 

ʂ-744ʈ1 ʇʈʊ-16 

6 ɺʩʧʘʰʢʘ ʟʷʙʠ, ʧʦʩʣʝ 

ʟʝʨʥʦʚʳʭ, 22...25 ʩʤ. 

ɹʝʣʘʨʫʩ-1221, ɹʝʣʘʨʫʩ-

1523. 

ʇʃʅ-4-35 

ʍʊɿ-17221, ʊ-150ʂ, 

ɹʝʣʘʨʫʩ-2023. 

ʇʃʅ-5-35 

ʂ-744 ʈ1 ʇʃʅ-8-40, ʇʅʋ-8-40, 

ʇʊʂ-9-35. 

ɼʞʦʥ-ɼʠʨ-8220 ɽʚʨʦʦʧʘʣ 8 (6) 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 
1 2 3 4 

7 ʊʝʢʫʱʘʷ ʧʣʘʥʠʨʦʚʢʘ   ɹʝʣʘʨʫʩ-80/82 ɻʅ-2,8 

ʍʊɿ-17221, ʊ-150ʂ, 

ɹʝʣʘʨʫʩ-2023. 

ɻʅ-4ɸ (3ʤ)  

ʂ-744ʈ1 ɻʅ-4ɸ (5ʤ) 

8 ɿʘʢʨʳʪʠʝ ʚʣʘʛʠ, 6...8 ʩʤ ɹʝʣʘʨʫʩ-80/82 ʉ-11ʋ+8ɹɿʉʉ-1+3ɿʆʈ-

0,7 

ʍʊɿ-17221, ʊ-150ʂ, 

ɹʝʣʘʨʫʩ-2023. 

ʉɻ-21+21ɹɿʉʉ-1+930ʈ-

0,7 

9 ɼʠʩʢʦʚʘʥʠʝ ɹʝʣʘʨʫʩ-1221, ɹʝʣʘʨʫʩ-

1523.  

ʃɼɻ-10, ɹɼʅ-3 

ʍʊɿ-17221, ʊ-150ʂ, 

ɹʝʣʘʨʫʩ-2023. 

ʃɼɻ-15, ɹɼʊ-3 , ɹɼʅ-

3ʭ2ʅ 

ʂ-744ʈ1 ʃɼɻ-20, ɹɼʊ-7. 

10 ʄʘʣʦʚʘʥʠʝ ɹʝʣʘʨʫʩ-1221, ɹʝʣʘʨʫʩ-

1523. 

ʄɺ-6 

11 ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ  ʨʘʩʪʚʦʨʘ 

ʛʝʨʙʠʮʠʜʘ 

ɹʝʣʘʨʫʩ-80/82 ʄʇʈ-3200 

12 ɺʥʝʩʝʥʠʝ ʛʝʨʙʠʮʠʜʦʚ ɹʝʣʘʨʫʩ-80/82 ʆʇ-2000-2-01, ʆʅʐ-15, 

RALL-2000ʇ 

13 ɿʘʜʝʣʢʘ ʛʝʨʙʠʮʠʜʦʚ ɹʝʣʘʨʫʩ-80/82 ʉ-11ʋ + 8ɹɿʉʉ-1,0 

ʍʊɿ-17221, ʊ-150ʂ, 

ɹʝʣʘʨʫʩ-2023. 

ʉɻ-21 + 21ɹɿʉʉ-1,0 

14 ʇʨʝʜʧʦʩʝʚʥʘʷ ʢʫʣʴʪʠʚʘʮʠʷ ɹʝʣʘʨʫʩ-80/82 ʋʉʄʂ-5,4 + 2ʐɹ-2,5 , 

 ʆʂ-3,6. 

15 ʇʦʛʨʫʟʢʘ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ  

ɹʝʣʘʨʫʩ-80/82 ʇʂʋ-0,8ɸ, ʇʌ-0,5 , 

ʇʌʉ-0,75 

16 ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʤʠʥʝʨʘʣʴ-

ʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʩʝʤʷʥ 
ɹʝʣʘʨʫʩ-80/82 2ʇʊʉ-4,5 , 2ʇʊʉ-6 

17 
ʇʦʩʝʚ ʩ ʚʥʝʩʝʥʠʝʤ 

ʤʠʥʝʨʘʣʴʥʳʭ  ʫʜʦʙʨʝʥʠʡ 

ɹʝʣʘʨʫʩ-80/82 ʉʉʊ-8ɺ,  

ɹʝʣʘʨʫʩ-1221, ɹʝʣʘʨʫʩ-

1523. 

ʉʇʋ-12, ʉʉʊ-12ɺ, 

OPTIMA 

18 ɹʦʨʦʥʦʚʘʥʠʝ ʜʦ ʚʩʭʦʜʦʚ ɹʝʣʘʨʫʩ-80/82 ʉ-11ʋ+8ɹɿʉʉ-1+3ɿʆʈ-

0,7 

ʍʊɿ-17221, ʊ-150ʂ, 

ɹʝʣʘʨʫʩ-2023. 

ʉɻ-21+21ɹɿʉʉ-1+930ʈ-

0,7 

19 
ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ  ʨʘʩʪʚʦʨʘ 

ʛʝʨʙʠʮʠʜʘ 
ɹʝʣʘʨʫʩ-80/82 ʄʇʈ-3200 

20 ɺʥʝʩʝʥʠʝ ʛʝʨʙʠʮʠʜʦʚ ɹʝʣʘʨʫʩ-80/82 
ʆʇ-2000-2-01, ʆʅʐ-15, 

RALL-2000ʇ 

21 ʄʝʭʘʥʠʟʠʨʦʚʘʥʥʘʷ ʰʘʨʦʚʢʘ ɹʝʣʘʨʫʩ-80/82 ʋʉʄʂ-5,4ɸ 

22 
ʇʦʛʨʫʟʢʘ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ 
ɹʝʣʘʨʫʩ-80/82 

ʇʂʋ-0,8ɸ, ʇʌ-0,5 , 

ʇʌʉ-0,75 

23 
ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 
ɹʝʣʘʨʫʩ-80/82 2ʇʊʉ-4,5 , 2ʇʊʉ-6 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 
1 2 3 4 

24 

1-ʘʷ ʤʝʞʜʫʨʷʜʥʘʷ ʦʙʨʘʙʦʪʢʘ, 

ʩ ʚʥʝʩʝʥʠʝʤ ʫʜʦʙʨʝʥʠʡ, 

8...14 ʩʤ 

ɹʝʣʘʨʫʩ-80/82 
ʋʉʄʂ-5,4ɺ, ʂʊʉ-4,8 

(ʂɻʉ-4,8) 

ɹʝʣʘʨʫʩ-1221, ɹʝʣʘʨʫʩ-

1523. 
ʂʈʅ-5,6 , ʂʈʐ-8ɼɻ. 

25 ʄʝʞʜʫʨʷʜʥʦʝ ʨʳʭʣʝʥʠʝ 

ɹʝʣʘʨʫʩ-80/82 
ʋʉʄʂ-5,4ɺ, ʂʊʉ-4,8 

(ʂɻʉ-4,8) 

ɹʝʣʘʨʫʩ-1221, ɹʝʣʘʨʫʩ-

1523. 
ʂʈʅ-5,6 , ʂʈʐ-8ɼɻ. 

26 
ʅʘʨʝʟʢʘ ʚʨʝʤʝʥʥʳʭ 

ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʝʪʝʡ (ɺʆʉ) 

ɹʝʣʘʨʫʩ-1221, ɹʝʣʘʨʫʩ-

1523. 
ʂɿʋ-0,3ɼ 

27 ɿʘʨʘʚʥʠʚʘʥʠʝ ɺʆʉ 
ɹʝʣʘʨʫʩ-1221, ɹʝʣʘʨʫʩ-

1523. 
ʂɿʋ-0,3ɼ 

28 

ʘ 

ɺʘʨʠʘʥʪʳ ʫʙʦʨʢʠ 

ʋʙʦʨʢʘ ʙʦʪʚʳ 
ɹʝʣʘʨʫʩ-80/82 ɹʄ-4ɸ 

ɺʳʚʦʟ ʙʦʪʚʳ ɹʝʣʘʨʫʩ-80/82 2ʇʊʉ-4,5 , 2ʇʊʉ-6 

ʋʙʦʨʢʘ ʢʦʨʥʝʡ ʄʂʂ-6-02 (ʈʂʄ-4) 

ʙ 

 

 

ʀʟʤʝʣʴʯʝʥʠʝ ʙʦʪʚʳ ʠ 

ʫʢʣʘʜʢʘ ʚ ʚʘʣʦʢ, ʢʦʧʢʘ 

ʢʦʨʥʝʡ ʠ ʫʢʣʘʜʢʘ ʚ ʚʘʣʦʢ 

ɼʞʦʥ-ɼʠʨ-7810 

 

ɹʦʪʚʦʨʝʟ AGRIFAC B.V, 

ʂʦʧʘʪʝʣʴ-ʚʘʣʢʦʚʘʪʝʣʴ 

MOREAV 

ɼʞʦʥ-ɼʠʨ-6920 Gilles ASC-48-32 

 

ʚ 

ʀʟʤʝʣʴʯʝʥʠʝ ʙʦʪʚʳ ʠ 

ʫʢʣʘʜʢʘ ʚ ʚʘʣʦʢ, ʢʦʧʢʘ 

ʢʦʨʥʝʡ ʩʦ ʩʙʦʨʦʤ ʚ ʙʫʥʢʝʨ 

ʩʘʤʦʭʦʜʥʳʝ ʢʦʤʙʘʡʥʳ  ñKleineò , WKM-9000, 

çGrimmeè. 

29 
ʇʦʛʨʫʟʢʘ ʢʦʨʥʝʡ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ 
ɹʝʣʘʨʫʩ -80/82 

ʇʦʛʨʫʟʯʠʢʠ ʢʦʨʥʝʡ 

WKM, 

Gilles ʂ-136 

30 
ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʢʦʨʥʝʡ ʥʘ 

ʧʝʨʝʨʘʙʦʪʢʫ 
ʂʘʤɸɿ-55102 ʩ ʧʨʠʮʝʧʦʤ ɻʂɹ-8527 ʠ ʜʨ. 

 

ʀʟ ʘʥʘʣʠʟʘ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʠ ʫʙʦʨʢʘ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ 

30 ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʤʘʰʠʥ. 

ɺʳʚʦʜʳ.  

1. ʆʙʦʩʥʦʚʘʥʳ ʚʘʨʠʘʥʪʳ ʢʦʤʧʣʝʢʩʦʚ  ʤʘʰʠʥ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʠ ʫʙʦʨʢʠ 

ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʨʝʢʦʤʝʥʜʫʝʤʦʡ  ʊʆʆ çʂʘʟʅʀʀɿʠʈè. 

2. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʨʘʙʦʪʦʡ ʟʘʨʫʙʝʞʥʦʡ ʪʝʭʥʠʢʠ 

ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʠ ʫʙʦʨʢʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ 
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ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʰʠʥ ʜʣʷ ʫʩʣʦʚʠʡ ʨʝʩʧʫʙʣʠʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʦʪʝʯʝʩʪʚʝʥʥʫʶ ʪʝʭʥʠʢʫ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʠʩʪʝʤʘ ʤʘʰʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʰʠʥ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʫʩʣʦʚʠʷʭ ʖʞʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ. ï ɸʣʤʘʪʳ: 

ʂʘʟʅʀʀʄʕʉʍ, 2009. ï 216 ʩ. 

2. ʇʝʨʩʧʝʢʪʠʚʥʘʷ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ: ʄʝʪʦʜ. ʨʝʢʦʤ. ïʄ.: ʌɻʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè, 2008. ï 

56ʩ. 

3. ʂʦʣʯʠʥʘ ʃ. ʄ. ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʢʘ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʠ ʫʙʦʨʢʠ 
ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ: -ʄ.: ʌɻɹʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè, 2012. ï 80ʩ. 

 

ɻʦʣʠʢʦʚ ɺ.ɸ. ʘʢʘʜʝʤʠʢ ʅɸʅ ʈʂ, ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ., ʋʩʤʘʥʦʚ ɸ.ʉ., 

ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ., ʈʟʘʣʠʝʚ ɸ.ʉ., ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ., 

ɸʨʪʘʤʦʥʦʚ ɺ.ʅ. ʩʪ. ʥʘʫʯʥ. ʩʦʪʨ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ    

ʂʘʟʘʭʩʢʠʡ ʅʀʀ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʆʙʦʩʥʦʚʘʥʠʝ  ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʠ ʫʙʦʨʢʠ 

ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ 
 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʊʆʆ çʂʘʟʅɯɯɿʽʈè ʪʝʭʥʦʣʦʛʽʻʶ 

ʚʠʨʦʱʫʚʘʥʥʷ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʘ ʦʙʛʨʫʥʪʦʚʘʥʽ ʚʘʨʽʘʥʪʠ ʢʦʤʧʣʝʢʩʽʚ ʤʘʰʠʥ ʜʣʷ 

ʾʾ ʨʝʘʣʽʟʘʮʽʾ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʦʙʦʪʦʶ ʜʝʷʢʠʭ 

ʤʘʰʠʥ ʟ ʜʘʣʝʢʦʛʦ ʟʘʨʫʙʽʞʞʷ ʥʘ ʧʦʩʽʚʘʭ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ. ʅʝʦʙʭʽʜʥʦ 

ʧʨʦʜʦʚʞʠʪʠ ʤʦʥʽʪʦʨʠʥʛ ʟʘʨʫʙʽʞʥʦʾ ʪʝʭʥʽʢʠ ʜʣʷ ʦʙʨʦʙʽʪʢʫ ʪʘ ʟʙʠʨʘʥʥʷ 

ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʟ ʤʝʪʦʶ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʘʰʠʥ ʜʣʷ ʫʤʦʚ 

ʨʝʩʧʫʙʣʽʢʠ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʷʪʠ ʚʽʪʯʠʟʥʷʥʫ ʪʝʭʥʽʢʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʮʽʻʾ 

ʢʫʣʴʪʫʨʠ. 

 

ɻʦʣʠʢʦʚ ɺ.ɸ. ϧʈ ϯϣɸ ʘʢʘʜʝʤʠʛʽ, ʪʝʭʥ. Ϥʳʣʤ. ʜʦʢʪ., ʋʩʤʘʥʦʚ ɸ.ʉ., 

ʜʦʮʝʥʪ, ʪʝʭʥ. Ϥʳʣʤ. ʢʘʥʜ, ʈʟʘʣʠʝʚ ɸ.ʉ.,ʜʦʮʝʥʪ, ʪʝʭʥ. Ϥʳʣʤ. ʢʘʥʜ, 

ɸʨʪʘʤʦʥʦʚ ɺ.ʅ.,ʘϤʘ Ϥʳʣʳʤʠ Ϩʳʟʤʝʪʢʝʨ, ʪʝʭʥ. Ϥʳʣʤ. ʢʘʥʜ. 

ϧʘʟʘϨ ʘʫʳʣʰʘʨʫʘʰʳʣʳϤʳʥ ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʫ ʞϸʥʝ ʵʣʝʢʪʨʣʝʥʜʽʨʫ ϣɿʀ 

 

 ʰʽʥ ʢʝʰʝʥʜʽ ʤʘʰʠʥʘʣʘʨʜʳװ ʳʟʳʣʰʘʩʳʥ ᴇʩʽʨʫ ʞᴅʥʝ ʞʠʥʘʫץ ʘʥʪפ

ʥʝʛʽʟʜʝʫ 
çϧʘʟɸϹʐϣɿʀè ɾʐʉ  ϰʩʳʥʳʩʳʥʘ ʩʝʡʢʝʩ, Ϩʘʥʪ Ϩʳʟʳʣʰʘʩʳʥ Ϻʩʽʨʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞϮʟʝʛʝ ʘʩʳʨʫ Ϯʰʽʥ ʢʝʰʝʥʜʽ ʤʘʰʠʥʘʣʘʨʜʳϬ ʪϮʨʣʝʨʽ 

ʥʝʛʽʟʜʝʣʜʽ.  ϧʘʥʪ Ϩʳʟʳʣʰʘʩʳ ʝʛʽʩʪʽʛʽʥʜʝ ʘʣʳʩ ʰʝʪʝʣʜʝʨʜʽϬ  ʢʝʡʙʽʨ 

ʤʘʰʠʥʘʣʘʨʳʥʳϬ ʞϰʤʳʩʳʥ ʙʘϨʳʣʘʫ ʥϸʪʠʞʝʣʝʨʽ ʪʘʣʜʘʥʜʳ. ʈʝʩʧʫʙʣʠʢʘ 

ʞʘϤʜʘʡʳʥʜʘ ʰʝʪʝʣ ʪʝʭʥʠʢʘʩʳʥʥʳϬ  ʪʠʽʤʜʽʣʽʛʽʥ ʪʘϬʜʘʫ ʤʘϨʩʘʪʳʥʜʘ, ʦʣʘʨϤʘ 

ʤʦʥʠʪʦʨʠʥʛ ʘʣʳʧ ʙʘʨʫʜʳ ʞʘʣϤʘʩʪʳʨʫ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ Ϩʘʥʪ Ϩʳʟʳʣʰʘʩʳʥ 
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Ϻʩʽʨʫ ʞϸʥʝ ʞʠʥʘʫ Ϯʰʽʥ ʦʪʘʥʜʳϨ ʪʝʭʥʠʢʘ ʞʘʩʘʧ ʰʳϤʘʨʳʣʫʳ ʞϸʥʝ Ϻʥʜʽʨʽʩʢʝ 

Ϩʦʡʳʣʫʳ Ϩʘʞʝʪ. 

ʂʽʣʪʪʽ ʩϺʟʜʝʨ: Ϩʘʥʪ Ϩʳʟʳʣʰʘʩʳ, ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ʩʦϨʘʣʘʨ, ʩʝʧʢʽʰʪʝʨ,  

ʞʳʨϤʳʣʘʨ, Ϩʳʟʳʣʰʘ ʞʠʥʘʡʪʳʥ ʢʦʤʙʘʡʥʜʘʨ 

Golikov V.A. academician of NAS RK, Dott. Tech. Sciences, Usmanov A.S., 

Associate Professor, Ph.d. Tech. Sciences., Rzaliev A.S., Associate Professor, 

Ph.d. Tech. Sciences, Artamonov V.N., scientific. Senior researcher, Ph.d. Tech. 

Sciences    

 

Kazakh Scientific Research Institute of mechanization and electrification of 

agriculture  

Rationale for complexes of machines for cultivation and harvesting of 

sugar beet 

In accordance with the recommended TOO "KazNIIZiR" sugar beet culture 

technology grounded variants complexes of machinery for its implementation. 

Analyzed the results of observation of the work of some machines from abroad on 

sugar beet crops. It is necessary to continue monitoring the foreign technology for 

cultivation and harvesting of sugar beet with a view to selecting the most effective 

vehicles for the conditions of the Republic, as well as develop domestic technology 

for the production of this crop. 

 

Keywords: Sugar beet, technology, plows, seeders, cultivators, harvesters. 
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ʋɼʂ 631.356.22 

 

ɸʅɸʃɯɿ ʇʈʆʎɽʉʋ ʈʆɿʂʀɼɸʅʅʗ ɻʀʏʂʀ  

ʐʅɽʂʆɺʀʄ ʂʆʅɺɽɭʈʆʄ ɻʀʏʂʆɿɹʀʈɸʃʔʅʆɻʆ ʄʆɼʋʃʗ 

 

 

ɯ. ʉʪʦʨʦʞʫʢ, ʘʩʧʽʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʙʦʪʠ 

ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʛʠʯʢʦʟʙʠʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʠʚʘʥʪʘʞʝʥʥʷ ʟʨʽʟʘʥʦʾ ʽ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʚʠʪʢʘʤʠ 

ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʦʧʠʩʫʻ ʟʤʽʥʫ ʰʠʨʠʥʠ ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ, ʷʢʠʡ ʫʢʣʘʜʝʥʦ ʥʘ 

ʟʽʙʨʘʥʝ ʧʦʣʝ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ ʪʘ ʫʤʦʚ ʨʦʙʦʪʠ ʛʠʯʢʦʟʙʠʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʠʯʢʦʟʙʠʨʘʣʴʥʠʡ ʤʦʜʫʣʴ, ʰʥʝʢʦʚʠʡ ʢʦʥʚʝʻʨ, 

ʤʘʪʠʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʐʥʝʢʦʚʽ ʛʚʠʥʪʦʚʽ ʢʦʥʚʝʻʨʠ, ʷʢ ʦʢʨʝʤʠʡ 

ʪʝʭʥʽʯʥʠʡ ʝʣʝʤʝʥʪ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤʘʭ ʤʘʰʠʥ ʜʣʷ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʜʨʽʙʥʦʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʚʜʷʢʠ  ʧʨʦʩʪʦʪʽ ʢʦʥʩʪʨʫʢʮʽʾ.  

ʄʝʭʘʥʽʟʦʚʘʥʝ ʟʙʠʨʘʥʥʷ ʛʠʯʢʠ ʧʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʦʜʥʦʬʘʟʥʦʛʦ ʩʧʦʩʦʙʫ 

ʟʙʠʨʘʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ ʤʦʞʝ ʧʝʨʝʜʙʘʯʘʪʠ ʜʚʽ ʦʩʥʦʚʥʽ ʩʫʤʽʞʥʽ ʦʧʝʨʘʮʽʾ ï 

ʟʨʽʟʫʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʩʠʚʫ ʛʠʯʢʠ ʨʦʪʦʨʥʠʤ ʛʠʯʢʦʨʽʟʦʤ ʟ ʥʘʩʪʫʧʥʠʤ 

ʜʦʦʙʨʽʟʫʚʘʥʥʷʤ ʟʘʣʠʰʢʽʚ ʛʠʯʢʠ ʟ ʛʦʣʦʚʦʢ ʢʦʨʝʥʝʧʣʦʜʽʚ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʜʦʦʙʨʽʟʫʚʘʯʽʚ, ʚʠʢʦʥʘʥʠʭ ʟʘ ʧʨʠʥʮʠʧʦʤ çʧʘʩʠʚʥʠʡ 

ʛʨʝʙʽʥʯʘʩʪʠʡ ʢʦʧʽʨ-ʧʘʩʠʚʥʠʡ ʥʽʞè.  

ɿʨʽʟʫʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʩʠʚʫ ʛʠʯʢʠ ʚʠʢʦʥʫʶʪʴ ʙʝʟ ʢʦʧʽʶʚʘʥʥʷ ʛʦʣʦʚʦʢ 

ʟʘ ʧʨʠʥʮʠʧʦʤ çʥʘ ʧʥʽè, ʘʙʦ ʙʝʟʧʽʜʧʽʨʥʦʛʦ ʨʽʟʘʥʥʷ ʣʝʟʦʤ ʥʦʞʘ ʨʦʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʨʦʪʦʨʥʦʛʦ ʪʠʧʫ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ. ʇʨʠ 

ʮʴʦʤʫ ʟʨʽʟʘʥʫ ʪʘ ʧʦʜʨʽʙʥʝʥʫ ʛʠʯʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʘʙʦ 

ʟʘʚʘʥʪʘʞʫʶʪʴ ʫ ʪʨʘʥʩʧʦʨʪʽ ʟʘʩʦʙʠ ʥʘ ʢʦʨʤ, ʘʙʦ ʫʢʣʘʜʘʶʪʴ ʫ ʚʘʣʦʢ ʯʠ 

ʨʦʟʢʠʜʘʶʪʴ ʧʦ ʧʦʣʶ ʜʣʷ ʫʜʦʙʨʝʥʥʷ. 

ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ 

ʤʘʶʪʴ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʛʚʠʥʪʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʥʘ ʩʪʘʜʽʾ ʾʭʥʴʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ, ʨʦʟʨʦʙʣʷʶʯʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʛʚʠʥʪʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʱʦʙ ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢʽ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʧʨʦʮʝʩ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʨʽʟʘʥʦʾ ʪʘ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʢʦʨʝʥʝʧʣʦʜʽʚ ʰʥʝʢʦʚʠʤ 

ʢʦʥʚʝʻʨʦʤ.  
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ʋ ʮʴʦʤʫ ʘʩʧʝʢʪʽ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʰʠʨʠʥʠ ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ ʛʠʯʢʠ ʢʦʨʝʥʝʧʣʦʜʽʚ ʻ ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʛʠʯʢʦʟʙʠʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ 

ɺʘʩʠʣʝʥʢʘ ʇ.ʄ., ɸʜʘʤʯʫʢʘ ɺ.ɺ., ʂʫʢʽʙʥʦʛʦ ɸ.ɸ. ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʨʫʭʫ ʪʽʣʘ ʢʠʥʫʪʦʛʦ ʧʽʜ ʢʫʪʦʤ ʜʦ ʛʦʨʠʟʦʥʪʫ ʚ ʨʫʭʦʤʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʾ ʩʠʣʠ ʦʧʦʨʫ ʩʝʨʝʜʦʚʠʱʘ, ʘʣʝ ʧʨʘʮʽ ɺʘʩʠʣʝʥʢʘ 

ʇ.ʄ. [1] ʪʘ ʂʫʢʽʙʥʦʛʦ ɸ.ɸ [2] ʩʫʪʪʻʚʦ ʟʚʫʞʫʶʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ 

ʟʘ ʥʘʷʚʥʦʩʪʽ ʩʧʝʮʠʬʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʫʭʫ ʤʘʪʝʨʽʘʣʫ, ʘ ʥʘʫʢʦʚʽ ʧʨʘʮʽ 

ɸʜʘʤʯʫʢʘ ɺ.ɺ. [3] ʨʦʟʚôʷʟʫʶʪʴ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʥʘʧʨʷʤʦʢ ʚʝʢʪʦʨʘ ʘʙʩʦʣʶʪʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʩʭʦʜʞʝʥʥʷ ʤʘʩʦʚʦʾ ʯʘʩʪʠʥʢʠ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʥʘʧʨʷʤʢʦʤ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ. 

ʄʝʪʘ ʩʪʘʪʪʽ ï ʜʦʩʣʽʜʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʛʠʯʢʦʟʙʠʨʘʣʴʥʠʭ ʤʦʜʫʣʽʚ, ʦʙˇʨʫʥʪʦʚʫʶʯʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʽʥʝʤʘʪʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʰʥʝʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʢʦʨʝʥʝʧʣʦʜʽʚ ʽ ʧʦʜʘʣʴʰʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʨʦʟʛʣʷʥʝʤʦ 

ʩʭʝʤʫ (ʨʠʩ. 1) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʰʠʨʠʥʠ ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ ʧʦʜʨʽʙʥʝʥʦʾ ʪʘ 

ʨʦʟʢʠʜʘʥʦʾ ʛʠʯʢʠ. 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ 1 (ʨʠʩ. 1) ʧʨʦʚʝʜʝʤʦ ʥʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʝʨʝʤʽʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʩʠ ʧʦʚʝʨʭʥʝʶ ʦʩʥʦʚʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ (ʜʘʣʽ ï ʰʥʝʢʘ), ʪʦʙʪʦ ʚʠʪʢʘ 3 ʫ 

ʞʦʣʦʙʽ ʨʦʙʦʯʦʛʦ ʨʫʩʣʘ, ʫʪʚʦʨʝʥʦʛʦ ʰʥʝʢʦʤ, ʨʦʟʤʽʱʝʥʠʤ ʫ ʢʦʞʫʩʽ 4.  

ʇʨʦʮʝʩ ʧʝʨʝʤʽʱʝʥʥʷ (ʚʠʚʘʥʪʘʞʝʥʥʷ) ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʰʥʝʢʦʚʠʤ 

ʢʦʥʚʝʻʨʦʤ ʟʘ ʡʦʛʦ ʤʝʞʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʡʦʛʦ ʚʠʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʪʘ ʧʦʯʠʥʘʻʪʴʩʷ 

ʧʽʩʣʷ ʾʾ ʩʭʦʜʫ ʟ ʦʩʪʘʥʥʴʦʛʦ ʩʧʽʨʘʣʴʥʦʛʦ ʚʠʪʢʘ 3, ʜʝ ʧʦʜʨʽʙʥʝʥʘ ʛʠʯʢʘ 

ʫʢʣʘʜʘʻʪʴʩʷ ʫ ʚʘʣʦʢ ʥʘ ʧʦʣʝ, ʰʠʨʠʥʫ ʷʢʦʛʦ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ b . 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʰʠʨʠʥʠ ʚʘʣʢʘ ʛʠʯʢʠ: 

1 ï ʰʥʝʢʦʚʠʡ ʢʦʥʚʝʻʨ; 2 ï ʙʘʨʘʙʘʥ; 3 ï ʚʠʪʦʢ ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ; 4 ï ʢʦʞʫʭ  
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ʐʠʨʠʥʘ ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ b  ʨʦʟʢʠʜʘʥʦʾ ʛʠʯʢʠ ʧʦ ʧʦʚʝʨʭʥʽ ʧʦʣʷ ʽʩʪʦʪʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ 1, ʤʠʪʪʻʚʠʭ 

ʢʦʦʨʜʠʥʘʪ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʦʚʦʾ ʤʘʩʠ ʛʠʯʢʠ ʚʽʜʥʦʩʥʦ 

ʩʧʽʨʘʣʴʥʦʛʦ ʚʠʪʢʘ 3 ʫ ʤʦʤʝʥʪ ʾʾ ʩʭʦʜʫ ʟ ʥʴʦʛʦ, ʦʧʦʨʫ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʤʘʩʠ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʚ ʤʦʤʝʥʪ ʾʾ ʩʭʦʜʫ ʟ ʚʠʪʢʘ ʰʥʝʢʘ, ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ 

ʛʠʯʢʠ ʥʘ ʤʦʤʝʥʪ ʟʙʠʨʘʥʥʷ ʪʦʱʦ. 

ɼʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʚʘʥʪʘʞʝʥʥʷ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʧʨʠʡʤʘʻʤʦ 

ʧʨʠʧʫʱʝʥʥʷ, ʱʦ: 

- ʧʦʜʨʽʙʥʝʥʘ ʛʠʯʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʽʨʥʦʛʦ ʩʧʽʨʘʣʴʥʦʛʦ ʚʠʪʢʘ 

3 ʚ ʪʦʯʮʽ O  ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ OXYZ  ʪʘ ʦʧʠʨʘʻʪʴʩʷ ʥʘ ʮʶ 

ʧʦʚʝʨʭʥʶ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʧʽʜ ʢʫʪʦʤ ʧʽʜʡʦʤʫ ʛʚʠʥʪʦʚʦʾ ʣʽʥʽʾ b ʪʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʠʩʦʪʽ xh ¡ ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ YXO ¡¡¡ , ʘʙʦ ʚʽʜ 

ʨʽʚʥʷ ʧʦʚʝʨʭʥʽ ʛʨʫʥʪʫ; 

- ʧʽʩʣʷ ʩʭʦʜʫ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʟ ʧʦʚʝʨʭʥʽ ʩʧʽʨʘʣʴʥʦʛʦ ʚʠʪʢʘ 3, ʷʢʠʡ 

ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ kw, ʚʦʥʘ ʨʫʭʘʻʪʴʩʷ ʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʟ ʥʘʩʪʫʧʥʠʤ ʧʨʠʟʝʤʣʝʥʥʷʤ ʥʘ ʟʽʙʨʘʥʝ ʧʦʣʝ ʫ ʪʦʯʢʘʭ 1A  ʽ 2A ;  

- ʚʝʢʪʦʨ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʛʠʯʢʠ pV
C

 ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʯʮʽ O , 

ʘʙʦ ʥʘ ʧʦʯʘʪʢʫ ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ OXYZ, ʧʨʠ ʮʴʦʤʫ ʚʽʩʴ OX  

ʥʘʧʨʘʚʠʤʦ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ pV
C
, ʘ ʚʽʩʴ OZ  ï ʚʝʨʪʠʢʘʣʴʥʦ ʚʛʦʨʫ;  

- ʨʫʭ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʨʦʟʛʣʷʥʝʤʦ ʷʢ ʨʫʭ ʪʽʣʘ ʤʘʩʦʶ im  ʢʠʥʫʪʦʛʦ ʧʽʜ 

ʢʫʪʦʤ xa  ʜʦ ʛʦʨʠʟʦʥʪʫ ʟ ʧʦʯʘʪʢʦʚʦʶ ʨʝʟʫʣʴʪʘʪʥʦʶ ʰʚʠʜʢʽʩʪʶ pV , ʥʘ ʷʢʝ ʜʽʻ 

ʩʠʣʘ ʪʷʞʽʥʥʷ gmG ii = , ʩʠʣʘ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ oR , 

ʚʝʢʪʦʨ oR
C

 ʷʢʦʾ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʪʠʣʝʞʥʦ ʜʦʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʽʣʘ ʪʘ ʷʢʘ 

ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ [4], ʪʦʙʪʦ  

( )xxppxpzoxozpo cossinVVVRRVR aammmm +=+=+==
CCCCCCC

,             (1) 

ʜʝ oR , ozR , oxR ï ʩʠʣʘ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʝʨʪʠʢʘʣʴʥʘ 

ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʅ; 

ikm=m  ï ʩʪʘʣʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ, ʢʛ/ʩ; im  ï ʤʘʩʘ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ, ʢʛ; k  

ï ʢʦʝʬʽʮʽʻʥʪ ʧʘʨʫʩʥʦʩʪʽ, 1/ʩ; pV , pzV , pxV ï ʨʝʟʫʣʴʪʘʪʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʛʠʯʢʠ, ʧʨʦʝʢʮʽʷ ʨʝʟʫʣʴʪʘʪʥʦʾ ʰʚʠʜʢʦʩʪʽ pV  ʨʫʭʫ ʛʠʯʢʠ ʥʘ ʚʽʩʴ OZ  ʽ OX , 

ʤ/ʩ; xa  ï ʢʫʪ ʤʽʞ ʚʽʩʩʶ OX  ʽ ʥʘʧʨʷʤʢʦʤ ʨʝʟʫʣʴʪʘʪʥʦʾ ʰʚʠʜʢʦʩʪʽ pV , ʛʨʘʜ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ b  ʧʦʜʨʽʙʥʝʥʦʾ ʪʘ ʨʦʟʢʠʜʘʥʦʾ 

ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʷ ʛʠʯʢʠ ʧʝʨʝʥʝʩʝʤʦ ʧʘʨʘʣʝʣʴʥʦ ʦʩʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ OXYZ  

ʥʘ ʧʣʦʱʠʥʫ YXO ¡¡¡ , ʷʢʘ ʧʘʨʘʣʝʣʴʥʘ ʧʦʚʝʨʭʥʽ ʨʽʚʥʷ ʧʦʣʷ ʪʘ ʧʦʚʝʨʥʝʤʦ ʦʩʽ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ OXYZ  ʥʘ ʢʫʪ ʧʽʜʡʦʤʫ ʛʚʠʥʪʦʚʦʾ ʣʽʥʽʾ ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ 
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b. ʊʦʜʽ ʚʝʢʪʦʨ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʛʠʯʢʠ pV
C

 ʙʫʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʪʦʯʮʽ O¡, ʘʙʦ ʥʘ ʧʦʯʘʪʢʫ ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ ZYXO ¡¡¡¡ , ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʠʪʪʻʚʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ z¡, x¡.  

ɿʛʽʜʥʦ ʟ ʨʠʩ. 1 ʰʠʨʠʥʘ ʚʘʣʢʘ b  (ʤ) ʨʦʟʢʠʜʘʥʥʷ ʛʠʯʢʠ ʧʦ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ 

ʚʽʜʥʦʩʥʦ ʦʩʽ XO ¡¡  ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ ʨʽʟʥʠʮʷ ʧʨʦʝʢʮʽʡ ʜʘʣʴʥʦʩʪʽ ʧʦʣʴʦʪʫ 

ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ 2m  ʪʘ ʤʽʥʽʤʘʣʴʥʦʾ 1m  ʤʘʩʠ ʥʘ ʚʽʩʴ XO ¡¡  

( )121212 LLcoscosAOcosAOLLb xx ¡-¡=¡¡-¡¡=-= baa ,                 (2) 

ʜʝ 1L , 2L  ï ʧʨʦʝʢʮʽʷ ʜʘʣʴʥʦʩʪʽ ʧʦʣʦʪʫ ʥʘ ʚʽʩʴ XO ¡¡  ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ 

ʤʽʥʽʤʘʣʴʥʦʾ 1m  ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ 2m  ʤʘʩʠ, ʤ; ba =¡x  ï ʢʫʪ ʤʽʞ ʥʘʧʨʷʤʢʦʤ 

ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʫ pV
C

 ʥʘ ʧʣʦʱʠʥʫ YXO ¡¡¡  ʪʘ ʚʽʩʩʶ XO ¡¡ , ʘʙʦ ʤʽʞ ʚʝʢʪʦʨʦʤ 

pxyV
C

 ʪʘ ʚʽʩʩʶ XO ¡¡ , ʛʨʘʜ.; 1L¡, 2L¡ ï ʜʘʣʴʥʽʩʪʴ ʧʦʣʦʪʫ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ 

ʤʽʥʽʤʘʣʴʥʦʾ 1m  ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ 2m  ʤʘʩʠ, ʤ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʝʪʦʜʠ ʪʘ ʧʨʠʥʮʠʧʠ ʧʦʣʴʦʪʫ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ, ʘʙʦ 

ʚʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʧʦʣʦʪʫ 1L¡ ʽ 2L¡ ʤʽʥʽʤʘʣʴʥʦʾ 1m  ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ 2m  

ʤʘʩʠ ʽʜʝʥʪʠʯʥʽ, ʦʙʤʝʞʠʤʦʩʷ ʣʠʰʝ ʚʠʟʥʘʯʝʥʥʷʤ ʜʘʣʴʥʦʩʪʽ ʧʦʣʴʦʪʫ 2L¡ 

ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʤʘʩʠ 2m .  

ɸʥʘʣʽʟ ʨʫʭʫ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʩʦʶ 2m , ʘʙʦ ʜʦʩʣʽʜʞʝʥʥʷ ʾʾ ʜʘʣʴʥʦʩʪʽ 

ʧʦʣʴʦʪʫ 2L¡ ʧʨʦʚʝʜʝʤʦ, ʨʦʟʛʣʷʥʫʚʰʠ ʪʨʘʻʢʪʦʨʽʾ ʧʦʣʴʦʪʫ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ 

ʤʘʩʦʶ 2m , ʷʢʫ ʧʦʜʽʣʠʤʦ ʥʘ ʜʚʘ ʝʪʘʧʠ: ʧʝʨʰʠʡ ʝʪʘʧ ï ʧʦʣʽʪ ʤʘʩʠ 2m  ʜʦ ʾʾ 

ʧʦʣʦʞʝʥʥʷ ʚ ʥʘʡʚʠʱʠʡ ʪʦʯʮʽ 1O ; ʜʨʫʛʠʡ ʝʪʘʧ ï ʧʦʣʽʪ ʚʽʜ ʪʦʯʢʠ 1O  ʜʦ ʪʦʯʢʠ 

ʧʨʠʟʝʤʣʝʥʥʷ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ )z;x(A 222 . 

ʊʦʜʽ ʜʘʣʴʥʽʩʪʴ ʧʦʣʴʦʪʫ 2L¡ ʤʘʢʩʠʤʘʣʴʥʦʾ ʤʘʩʠ 2m  ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʟ 

ʩʫʤʠ ʚʽʜʨʽʟʢʽʚ ʜʘʣʴʥʦʩʪʽ ʧʦʣʴʦʪʫ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʥʘ ʧʝʨʰʦʤʫ 21l¡ ʪʘ 

ʜʨʫʛʦʤʫ 22l¡ ʝʪʘʧʽ, ʘʙʦ ʟʛʽʜʥʦ ʟ ʨʠʩ. 1 ʤʘʻʤʦ 

22211112 llAOOOL ¡+¡=¡+¡¡=¡ .                                      (3) 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʩʦʶ 2m  ʽʟ 

ʧʦʯʘʪʢʦʚʦʶ ʨʝʟʫʣʴʪʘʪʥʦʶ ʰʚʠʜʢʽʩʪʶ okp VVV
CCC
+=  ʟ ʪʦʯʢʠ O  ʚ ʪʦʯʢʫ 1O , ʘʙʦ 

ʚ ʪʦʯʢʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʽʜʡʦʤʫ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʫ, ʚʝʢʪʦʨ 

ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ pV
C

 ʥʘʧʨʘʚʠʤʦ ʧʽʜ ʢʫʪʦʤ xa  

ʚʽʜʥʦʩʥʦ ʦʩʽ OX  ʥʝʨʫʭʦʤʦʾ ʧʣʦʩʢʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ OXYZ, ʧʦʯʘʪʦʢ 

ʚʽʜʣʽʢʫ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʯʮʽ O, ʘʙʦ ʚ ʪʦʯʮʽ ʧʦʯʘʪʢʫ ʩʭʦʜʫ ʧʦʜʨʽʙʥʝʥʦʾ 

ʛʠʯʢʠ ʤʘʩʦʶ 2m  ʟ ʚʠʪʢʘ 3 (ʨʠʩ. 1) ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ 1, ʘʙʦ ʧʦʯʘʪʢʫ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʩʠ 2m  ʟ ʚʠʪʢʘ.  
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ʇʨʠ ʮʴʦʤʫ ʚʽʩʴ OX  ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ OXYZ  ʥʘʧʨʘʚʠʤʦ 

ʧʘʨʘʣʝʣʴʥʦ ʛʦʨʠʟʦʥʪʫ, ʘ ʚʽʩʴ OZ  ï ʚʚʝʨʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʽ OX ; 

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʰʠʡ ʝʪʘʧ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʩʦʶ 2m  ʽʟ 

ʧʦʯʘʪʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ okp VVV
CCC
+=  ʟ ʪʦʯʢʠ O  ʚ ʪʦʯʢʫ 1O  (ʨʠʩ. 1), ʘʙʦ ʚ ʪʦʯʢʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʽʜʡʦʤʫ ʤʘʩʠ 2m  ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʫ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʧʨʷʤʢʫ ʩʠʣʠ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ oF  ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʪʘ ʟʛʽʜʥʦ ʟ ʚʽʜʦʤʠʤʠ ʧʦʣʦʞʝʥʥʷʤʠ [5] ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 
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ʜʝ 12t  ï ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʩʦʶ 2m  ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟ 

ʪʦʯʢʠ O  ʚ ʪʦʯʢʫ 1O , ʩ; ck2  ï ʧʠʪʦʤʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʤʘʩʠ 2m , ʩ/ʤ. 

ɿʛʽʜʥʦ ʟ [6] ʧʦʯʘʪʢʦʚʘ ʨʝʟʫʣʴʪʘʪʥʘ ʰʚʠʜʢʽʩʪʴ pV  ʚʠʣʴʦʪʫ ʧʦʜʨʽʙʥʝʥʦʾ 

ʛʠʯʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

( )( ) 222222 5050 yavk
k

ckp kk,DtgD
dt
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--+=+= .           (5) 

ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ pV  ʟ (5) ʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (4) ʦʪʨʠʤʘʻʤʦ 
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ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʬʦʨʤʫʣʠ ï (6). 

ɿʛʽʜʥʦ ʟ [6] ʜʘʣʴʥʽʩʪʴ ʧʦʣʴʦʪʫ 
12121 tt

Xl
=

=¡  ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʩʦʶ 2m  ʽʟ ʧʦʯʘʪʢʦʚʦʶ ʨʝʟʫʣʴʪʘʪʥʦʶ 

ʰʚʠʜʢʽʩʪʶ pV  ʟ ʪʦʯʢʠ O  ʚ ʪʦʯʢʫ 1O  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʩʦʶ 2m  ʽʟ 

ʧʦʯʘʪʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ oV2  (ʨʠʩ. 1) ʟ ʪʦʯʢʠ 1O  ʚ ʪʦʯʢʫ 2A , ʚʝʢʪʦʨ ʧʦʯʘʪʢʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ oV2

C
 ʥʘʧʨʘʚʠʤʦ ʚʟʜʦʚʞ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʦʩʽ xO1  ʥʝʨʫʭʦʤʦʾ 

ʧʣʦʩʢʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ xyO1 , ʧʦʯʘʪʦʢ ʚʽʜʣʽʢʫ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʯʮʽ 

1O , ʘʙʦ ʚ ʪʦʯʮʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʽʜʡʦʤʫ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʚʽʜʥʦʩʥʦ 

ʛʦʨʠʟʦʥʪʫ, ʧʨʠ ʮʴʦʤʫ ʥʘʧʨʷʤʦʢ ʦʩʽ xO1  ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ xyO1  

ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʨʷʤʢʦʤ ʦʩʽ OX, ʘ ʚʽʩʴ zO1  ʥʘʧʨʘʚʠʤʦ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, ʘʙʦ ʚ 

ʧʨʦʪʠʣʝʞʥʫ ʩʪʦʨʦʥʫ ʥʘʧʨʷʤʢʫ ʦʩʽ OZ  ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ OXZ . 

ʈʦʟʛʣʷʥʝʤʦ ʜʨʫʛʠʡ ʝʪʘʧ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʩʦʶ 2m  ʽʟ 

ʧʦʯʘʪʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ oV2  ʟ ʪʦʯʢʠ 1O  ʚ ʪʦʯʢʫ 2A  ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 

)z;x(A 222 . 

ɿʦʙʨʘʟʠʤʦ ʤʘʩʫ 2m  ʛʠʯʢʠ ʚ ʧʨʦʤʽʞʥʽʡ ʪʦʯʮʽ 2O  ʪʘ ʧʨʠʢʣʘʜʝʤʦ ʜʦ ʥʝʾ 

ʚʩʽ ʜʽʶʯʽ ʩʠʣʠ, ʧʨʠ ʮʴʦʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʛʠʯʢʠ ʤʘʩʦʶ 2m  ʥʘ 

ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʙʫʜʝ 

gmVVkgmRR
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m oxozoxoz

x CCCCCC
C

2
2

2
2

22
22

2

2
2 ++=++= m ,                 (8) 

ʜʝ ozR , oxR  ï ʚʝʨʪʠʢʘʣʴʥʘ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ oF  

ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʅ; oxV2 , ozV2 ï ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦʝʢʮʽʷ ʧʦʯʘʪʢʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ oV2  ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʩʦʶ 2m  ʥʘ ʚʽʩʴ xO1  ʽ ʚʽʩʴ zO1 , ʤ/ʩ; 

mk  ï ʩʪʘʣʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ, ʢʛ/ʩ. 

ʉʧʨʦʝʢʪʫʻʤʦ ʚʩʽ ʜʽʶʯʽ ʩʠʣʠ ʥʘ ʦʩʽ, ʧʝʨʝʥʝʩʝʥʠʭ ʫ ʪʦʯʢʫ 2O  ʥʝʨʫʭʦʤʦʾ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ xyzO1 , ʧʨʠ ʮʴʦʤʫ ʦʜʝʨʞʠʤʦ  

( )îí

î
ì
ë

+-=

-=

22222

2222

dtgmVkdVm

;dtVkdVm

ozzk

oxxk

m

m
.                                 (9) 

ɸʥʘʣʽʟ ʧʝʨʰʦʛʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (11) ʧʦʢʘʟʫʻ, ʱʦ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ 

ʧʦʣʴʦʪʫ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʩʦʶ 2m  ʚʽʜʥʦʩʥʦ ʦʩʽ xO1  ʘʜʝʢʚʘʪʥʘ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʾʾ ʧʦʣʴʦʪʫ ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ. ʊʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʧʨʷʤʢʫ 

ʩʠʣʠ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ oF  ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʪʘ ʟʛʽʜʥʦ ʟ 

ʚʽʜʦʤʠʤʠ ʧʦʣʦʞʝʥʥʷʤʠ [5] ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

( )2221
2

2
2

gtk

ʩ

ox ce
gk

V
x

-
-= ,                                          (10) 

ʜʝ 22t  ï ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʩʦʶ 2m  ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟ 

ʪʦʯʢʠ 1O  ʚ ʪʦʯʢʫ 2A , ʩ. 
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ɿʛʽʜʥʦ ʟ [5] ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ oxV2  ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʩʦʶ 2m  

ʚ ʪʦʯʮʽ 1O  ʜʦʨʽʚʥʶʻ 122
2

gtk
xpox

cecosVV
-

= a . ʊʦʜʽ, ʧʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ 

122
2

gtk
xpox

cecosVV
-

= a  ʚ (10) ʪʘ ʟʛʽʜʥʦ ʟ (5), ʤʘʻʤʦ 

( )( )
( )222
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1
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2
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2
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ʩ
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xyavk

k

c

c

e
gk

ecoskk,DtgD
dt

d

x
-

-

-

--+

=

adap
j

. (11) 

ʇʽʩʣʷ ʧʦʜʚʽʡʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (9) ʩʧʦʩʦʙʦʤ 

ʨʦʟʜʽʣʝʥʥʷ ʧʝʨʝʤʽʥʥʠʭ ʦʪʨʠʤʘʥʦ  

2
2

2
2

2
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2
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2
2
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mmm
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t
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-

.                              (12) 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʩʧʨʦʱʝʥʥʷ ʨʽʚʥʷʥʥʷ (12) ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʽʚʥʷʥʥʷ (10) ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʤʽʥʫ ʰʣʷʭʫ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʩʦʶ 2m  ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʽʜʥʦʩʥʦ ʦʩʽ 

xOo  ʪʘ ʦʩʽ zOo  ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ xyzOo  ʟʘ ʧʨʦʤʽʞʦʢ ʯʘʩʫ 22t , 

ʘʙʦ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ )z;x(A 222  
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.                               (13) 

ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 122
2

gtk
xpox

cecosVV
-

= a  ʫ ʧʝʨʰʝ 

ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (13), ʦʪʨʠʤʘʥʦ 
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.                            (14) 

ʊʦʜʽ ʜʘʣʴʥʽʩʪʴ ʧʦʣʴʦʪʫ 
22222 tt

xl
=

=¡  ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʩʦʶ 2m  ʥʘ 

ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʽʜʥʦʩʥʦ ʦʩʽ xO1  ʟʛʽʜʥʦ ʟ (5) ʪʘ (14) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ  
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. (15) 
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ɿʛʽʜʥʦ ʟ (3) ʟʘʛʘʣʴʥʘ ʜʘʣʴʥʽʩʪʴ ʧʦʣʴʦʪʫ 2L¡ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʤʘʩʠ 2m  ʥʘ ʧʝʨʰʦʤʫ ʪʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʽʜʥʦʩʥʦ ʦʩʽ OX  ʙʫʜʝ 
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k

xk

c

c

e
k

ekk,DtgD

sinkk,DtgD
dt

d
k,

sinkk,DtgD
dt

d

g
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dt

d
L
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adap
j

adap
j

aj
. (16) 

ɿʘ ʘʥʘʣʦʛʽʻʶ ʟ (16) ʟʘʛʘʣʴʥʘ ʜʘʣʴʥʽʩʪʴ ʧʦʣʴʦʪʫ 1L¡ ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ 

ʤʽʥʽʤʘʣʴʥʦʾ ʤʘʩʠ 1m  ʥʘ ʧʝʨʰʦʤʫ ʪʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʽʜʥʦʩʥʦ ʦʩʽ OX  ʙʫʜʝ  
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d
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adap
j

aj
.   (17) 

ʊʦʜʽ, ʟʛʽʜʥʦ ʟ (2) ʰʠʨʠʥʘ ʚʘʣʢʘ b  (ʤ) ʨʦʟʢʠʜʘʥʥʷ ʛʠʯʢʠ ʧʦ ʧʦʚʝʨʭʥʽ 

ˇʨʫʥʪʫ ʚʽʜʥʦʩʥʦ ʦʩʽ XO ¡¡  ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ  
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c

xyavkk

xk

c
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k

e
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k

e

kk,DtgD

sinkk,DtgD
dt

d
k,

sinkk,DtgD
dt

d
k,

sinkk,DtgD

dt

d

g

coscos

dt

d
b

dap

adap
j

adap
j

adapj

baj
. (18) 

ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ (18) ʻ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ, 

ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʰʠʨʠʥʘ ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ 

b  ʨʦʟʢʠʜʘʥʥʷ ʛʠʯʢʠ ʧʦ ʧʦʚʝʨʭʥʽ ʛʨʫʥʪʫ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ.  
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ʇʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʩʧʨʦʱʝʥʥʷ ʤʦʜʝʣʽ (18) ʦʪʨʠʤʘʥʦ 

ʢʽʥʮʝʚʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʘ ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ b  ʨʦʟʢʠʜʘʥʥʷ 

ʛʠʯʢʠ ʧʦ ʧʦʚʝʨʭʥʽ ʛʨʫʥʪʫ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ  
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ʜʝ ( )( ) 22222 50 yavk kk,DtgD dapY --+= (ʤ
2
). 

ɿʛ̔ʜʥʦ ʟ ʤʦʜʝʣʣʶ (18) 

ʧʦʙʫʜʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ 

ʰʠʨʠʥʠ ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ b  

ʨʦʟʢʠʜʘʥʥʷ ʛʠʯʢʠ ʧʦ ʧʦʚʝʨʭʥʽ 

ˇʨʫʥʪʫ ʷʢ ʬʫʥʢʮʽʦʥʘʣ )m;n(fb ik= , 

ʷʢʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2: ʘ ï ʟʘ 

=D 0,2 ʤ; ʙ ï ʟʘ =D 0,25 ʤ; ʚ ï ʟʘ 

=D 0,3 ʤ. 

ʇʘʥʽʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʫ 

ʰʠʨʠʥʠ ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ b  

ʨʦʟʢʠʜʘʥʦʾ ʥʘ ʧʦʚʝʨʭʥʽ ʛʨʫʥʪʫ 

ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʻ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ï 

ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ kn  ʪʘ ʜʽʘʤʝʪʨ D  

ʰʥʝʢʘ. ɿʥʘʯʥʠʡ ʧʨʠʨʽʩʪ b  

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʟʥʘʯʝʥʴ ²kn 70 

ʦʙ/ʭʚ ʽ ²D 0,25 ʤ, ʧʨʠ ʮʴʦʤʫ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʨʠʨʦʩʪʫ ʰʠʨʠʥʠ 

ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ ʧʝʨʝʙʫʚʘʻ ʚ 

ʤʝʞʘʭ 0,3é0,5 ʤ.  

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʰʠʨʠʥʠ ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ b  ʚʽʜ 

ʟʤʽʥʠ ʤʘʩʠ im  ʧʦʜʨʽʙʥʝʥʦʾ ʛʠʯʢʠ ʤʘʻ ʟʚʦʨʦʪʥʽʡ ʭʘʨʘʢʪʝʨ ï ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

im  ʰʠʨʠʥʘ ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ b  ʨʦʟʢʠʜʘʥʦʾ ʧʦ ʧʦʚʝʨʭʥʽ ʛʨʫʥʪʫ ʛʠʯʢʠ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʧʨʠ ʮʴʦʤʫ ʟʘ ʟʙʽʣʴʰʝʥʥʷ im  ʚʽʜ 0,15 ʜʦ 0,5 ʢʛ ʰʠʨʠʥʘ 

ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ b  ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ 3 ʨʘʟʠ. 

ʈʠʩʫʥʦʢ 2. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʰʠʨʠʥʠ 

ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ b  ʷʢ ʬʫʥʢʮʽʦʥʘʣ 

)m;n(fb ik= : ʘ ï ʧʨʠ =D 0,2 ʤ; ʙ ï ʧʨʠ 

=D 0,25 ʤ; ʚ ï ʧʨʠ =D 0,3 ʤ 
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ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʰʠʨʠʥʘ ʫʪʚʦʨʝʥʦʛʦ ʚʘʣʢʘ b  

ʨʦʟʢʠʜʘʥʦʾ ʥʘ ʧʦʚʝʨʭʥʽ ʛʨʫʥʪʫ ʛʠʯʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʰʥʝʢʘ kn  ʚʽʜ 40 ʜʦ 100 ʦʙ/ʭʚ ʪʘ ʤʘʩʠ ʛʠʯʢʠ im  ʚʽʜ 0,15 ʜʦ 0,5 ʢʛ, ʷʢʫ 

ʧʦʜʨʽʙʥʝʥʦ ʥʦʞʘʤʠ ʨʦʪʦʨʥʦʛʦ ʛʠʯʢʦʨʽʟʘ, ʧʝʨʝʙʫʚʘʻ ʚ ʜʽʘʧʘʟʦʥʽ: ʟʘ ʜʽʘʤʝʪʨʘ 

ʰʥʝʢʘ =D 0,2 ʤ ï ʚʽʜ 0,11 ʜʦ 0,7 ʤ; ʟʘ ʜʽʘʤʝʪʨʘ ʰʥʝʢʘ =D 0,25 ʤ ï ʚʽʜ 0,17 

ʜʦ 1,1 ʤ; ʟʘ ʜʽʘʤʝʪʨʘ ʰʥʝʢʘ =D 0,3 ʤ ï ʚʽʜ 0,24 ʜʦ 1,57 ʤ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ ʙʦʪʚʦʫʙʦʨʦʯʥʳʤ 

ʤʦʜʫʣʷ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʛʨʫʟʢʠ 

ʩʨʝʟʘʥʥʦʡ ʠ ʠʟʤʝʣʴʯʝʥʥʦʡ ʙʦʪʚʳ ʚʠʪʢʘʤʠ ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʦʧʠʩʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʰʠʨʠʥʳ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚʘʣʢʘ, ʢʦʪʦʨʳʡ ʫʣʦʞʝʥ ʥʘ ʧʦʣʝ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʠ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʙʦʪʚʦʫʙʦʨʦʯʥʦʛʦ ʤʦʜʫʣʷ. 

 

Annotation. The theoretical analysis of the technological process of the 

screw conveyor of the hinge assembly module is given in the article. A 

mathematical model is developed that characterizes and functionally describes the 

change in the width of the formed roll, which is enclosed in the collected field, 

depending on the structural and kinematic parameters of the working body and the 

conditions of the work of the hinge assembly module. The mathematical model is 

developed on the basis of analytical modeling of the process of unloading of cut 

and crushed tops of root crops with turns of a screw conveyor. 



113 

631.316.023 

 

ɸʅɸʃɯɿ ʂʆʃʀɺɸʅʔ ʊʈʀʉɽʂʎɯʁʅʆɻʆ ɹɽɿɿʏɯʇʅʆɻʆ 

ʂʋʃʔʊʀɺɸʊʆʈɸ ɺ ʇʆɺɿɼʆɺɾʅʔʆ-ɺɽʈʊʀʂɸʃʔʅɯʁ ʇʃʆʑʀʅɯ 

 

ɭ. ʂʘʣʽʥʽʥ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., 

ɺ. ʈʦʤʘʥʯʝʥʢʦ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʘ 

ʖ. ʂʦʟʣʦʚ, 

ʍʘʨʢʽʚʩʴʢʘ ʬʽʣʽʷ ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ.ʇʦʛʦʨʽʣʦʛʦ 

 

ɺʠʢʣʘʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʫʭʫ ʙʝʟʟʯʽʧʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʢʫʪʦʚʽ ʢʦʣʠʚʘʥʥʷ ʩʝʢʮʽʡ ʚ ʧʦʟʜʦʚʞʥʴʦ- ʪʘ ʧʦʧʝʨʝʯʥʦ-

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ. ʆʙˇʨʫʥʪʦʚʘʥʽ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʝʢʮʽʡ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʠʩʪʝʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʢʦʣʠʚʘʥʥʷ ʙʽʯʥʠʭ ʩʝʢʮʽʡ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʤʘʶʪʴ ʛʘʨʤʦʥʽʡʥʠʡ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʚʠʛʣʷʜ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʝʬʝʢʪʦʤ ʟʛʘʩʘʥʥʷ, ʦʙʫʤʦʚʣʝʥʠʤ 

ʮʝʥʪʨʘʣʴʥʦʶ ʩʝʢʮʽʻʶ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʢʦʣʠʚʘʥʥʷ ʮʝʥʪʨʘʣʴʥʦʾ ʩʝʢʮʽʾ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʚʠʟʥʘʯʝʥʠʭ 

ʢʦʣʠʚʘʥʥʷʤʠ ʙʽʯʥʠʭ ʩʝʢʮʽʡ ʪʘ ʥʝʨʽʚʥʦʩʪʷʤʠ ʧʦʣʷ ʧʽʜ ʦʧʦʨʥʠʤʠ ʢʦʣʝʩʘʤʠ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʦʨʽʚʥʷʥʦ ʧʦʚʥʦ ʦʧʠʩʫʻ 

ʪʝʥʜʝʥʮʽʶ ʧʦʚʝʜʽʥʢʠ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʚʨʘʭʦʚʫʻ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʰʠʨʠʥʫ ʩʝʢʮʽʡ, ʟʙʫʨʝʥʥʷ ʚʽʜ ʨʝʣʴʻʬʫ ʧʦʣʷ ʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ 

ʪʷʛʦʚʦʛʦ ʦʧʦʨʫ ʧʽʜ ʯʘʩ ʨʫʭʫ ʢʫʣʴʪʠʚʘʪʦʨʘ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʪʨʠʩʝʢʮʽʡʥʠʡ ʢʫʣʴʪʠʚʘʪʦʨ, 

ʢʦʣʠʚʘʥʥʷ, ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʷʛʦʚʠʡ ʦʧʽʨ 

 

ɺʩʪʫʧ. ʂʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʙʝʟʟʯʽʧʥʠʭ ʢʫʣʴʪʠʚʘʪʦʨʽʚ ʻ 

ʟôʻʜʥʘʥʥʷ ʩʝʢʮʽʡ ʤʽʞ ʩʦʙʦʶ ʧʦʟʜʦʚʞʥʽʤʠ ʰʘʨʥʽʨʘʤʠ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚ 

ʨʦʙʦʯʦʤʫ ʧʦʣʦʞʝʥʥʽ ʢʦʣʠʚʘʥʥʷ ʦʜʥʽʻʾ ʩʝʢʮʽʡ ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ ʚ ʧʦʧʝʨʝʯʥʦ-

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʽ ʜʦʟʚʦʣʷʻ ʧʝʚʥʦʶ ʤʽʨʦʶ ʢʦʧʽʶʚʘʪʠ ʨʝʣʴʻʬ ʧʦʣʷ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʘʛʨʝʛʘʪʽʚ, ʩʢʣʘʜʝʥʠʭ ʥʘ ʙʘʟʽ ʟʯʽʧʦʢ, ʜʝ ʢʦʞʥʘ ʩʝʢʮʽʷ ʤʘʻ ʪʽʣʴʢʠ 

ʚʣʘʩʥʽ ʢʦʣʠʚʘʥʥʷ, ʜʣʷ ʙʝʟʟʯʽʧʥʠʭ ʢʫʣʴʪʠʚʘʪʦʨʽʚ ʢʦʣʠʚʘʥʥʷ ʩʝʢʮʽʡ 

ʚʟʘʻʤʦʟʘʣʝʞʥʽ, ʘ ʾʭʥʷ ʚʝʣʠʯʠʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚʩʴʦʛʦ ʘʛʨʝʛʘʪʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʢʫʧʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʝʟʟʯʽʧʥʠʭ 

ʢʫʣʴʪʠʚʘʪʦʨʽʚ, ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʩ ʽ 

ʟʙʽʣʴʰʝʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʟʤʽʥʶʶʪʴ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. ɼʣʷ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʩʝʢʮʽʡ ʢʫʣʴʪʠʚʘʪʦʨʘ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʥʝ 

ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʠʥʘʤʽʢʠ ʢʫʣʴʪʠʚʘʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʆʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʦʤ 

ʧʦʢʨʘʱʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʘʛʨʝʛʘʪʽʚ ʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʾʭʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ ʚ ʙʽʣʴʰʦʩʪʽ ʧʣʦʱʠʥʘʭ. ʇʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʢʽʥʝʪʦʩʪʘʪʠʢʠ, 

ʢʦʣʠ ʫʩʽ ʩʠʣʠ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʫ ʤʘʰʠʥʫ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʽʜʝʘʣʽʟʘʮʽʾ [1-4]. ʇʨʦʪʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ 

ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʨʝʣʴʻʬʦʤ ʧʦʚʝʨʭʥʽ ʧʦʣʷ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʷʢ ʩʘʤʦʛʦ ˇʨʫʥʪʫ, ʪʘʢ ʽ ʨʦʩʣʠʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʆʢʨʝʤʠʤ ʝʣʝʤʝʥʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʘʛʨʝʛʘʪʽʚ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʢʦʣʠʚʘʥʴ ʜʣʷ ʫʩʫʥʝʥʥʷ ʝʬʝʢʪʽʚ 

ʨʝʟʦʥʘʥʩʫ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʨʫʭʫ ʚ ʧʦʚʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʪʘ ʧʦʧʝʨʝʯʥʦ-

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ[5, 6]. 

ʄʝʪʘ ʽ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʘʥʘʣʽʟ 

ʜʠʥʘʤʽʢʠ ʪʘ ʢʦʣʠʚʘʥʴ ʙʝʟʟʯʽʧʥʦʛʦ ʪʨʠʩʝʢʮʽʡʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʜʠʥʘʤʽʯʥʫ 

ʤʦʜʝʣʴ ʨʫʭʫ ʢʫʣʴʪʠʚʘʪʦʨʘ ʚ ʧʦʚʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʪʘ ʧʦʧʝʨʝʯʥʦ-

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ ʪʘ ʥʘ ʾʾ ʦʩʥʦʚʽ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʘʤʧʣʽʪʫʜʥʠʭ ʪʘ 

ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʫ ʩʠʩʪʝʤʠ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʪʨʠʩʝʢʮʽʡʥʠʡ ʙʝʟʟʯʽʧʥʠʡ ʢʫʣʴʪʠʚʘʪʦʨ ʂʐʅ-12, 

ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ ʟ ʚʦʣʦʛʽʩʪʶ ˇʨʫʥʪʫ ʚ 

ʤʝʞʘʭ 8é27% ʽ ʪʚʝʨʜʽʩʪʶ ˇʨʫʥʪʫ ʚ ʦʙʨʦʙʣʶʚʘʥʦʤʫ ʰʘʨʽ ʚ ʤʝʞʘʭ 0,4é1,6 

ʄʇʘ. ʋ ʨʦʙʦʯʦʤʫ ʧʦʣʦʞʝʥʥʽ ʢʫʣʴʪʠʚʘʪʦʨ ʤʘʻ ʰʽʩʪʴ ʦʧʦʨʥʠʭ ʢʦʣʽʩ, ʜʚʘ ʟ ʷʢʠʭ 

ʥʘʣʝʞʘʪʴ ʙʽʯʥʠʤ ʩʝʢʮʽʷʤ ʽ ʯʦʪʠʨʠ (ʜʚʘ ʩʧʘʨʝʥʠʭ) ï ʮʝʥʪʨʘʣʴʥʽʡ. ʉʝʢʮʽʾ 

ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʦʟʜʦʚʞʥʽʤʠ ʰʘʨʥʽʨʘʤʠ, ʘ ʢʫʣʴʪʠʚʘʪʦʨ ʟ ʪʨʘʢʪʦʨʦʤ 

ʟôʻʜʥʘʥʠʡ ʯʝʨʝʟ ʩʥʠʮʶ. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʩʧʘʨʝʥʽ ʢʦʣʝʩʘ ʮʝʥʪʨʘʣʴʥʦʾ ʩʝʢʮʽʾ 

ʟʘʤʽʥʝʥʽ ʦʜʠʥʦʯʥʠʤʠ ʦʧʦʨʘʤʠ ʟ ʞʦʨʩʪʢʽʩʪʶ
2
ʩ ʪʘ 

3
ʩ, ʷʢʘ ʜʦʨʽʚʥʶʻ 

ʞʦʨʩʪʢʦʩʪʽ ʟʘʤʽʥʝʥʦʾ ʧʘʨʠ ʢʦʣʽʩ. ʇʨʠʡʥʷʪʦ, ʱʦ ʢʫʣʴʪʠʚʘʪʦʨ ʩʠʤʝʪʨʠʯʥʠʡ 

ʚʽʜʥʦʩʥʦ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩ 

ʮʝʥʪʨʘʣʴʥʦʾ ʩʝʢʮʽʾ ʪʘ ʪʦʯʢʫ ʧʨʠʯʝʧʘ. ʊʦʤʫ ʚ ʥʝʟʙʫʨʝʥʦʤʫ ʨʫʩʽ ʢʦʦʨʜʠʥʘʪʠ 

ʮʝʥʪʨʫ ʤʘʩ ʙʽʯʥʠʭ ʩʝʢʮʽʡ ʦʜʥʘʢʦʚʽ ï 
ʧʣ

yy = (ʨʠʩ. 1). ʄʘʩʠ ʙʽʯʥʠʭ ʩʝʢʮʽʡ 

ʦʜʥʘʢʦʚʽ. 

ʅʘ ʩʪʽʡʢʽʩʪʴ ʨʫʭʫ ʙʝʟʟʯʽʧʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ ʚʧʣʠʚʘʻ ʨʷʜ ʬʘʢʪʦʨʽʚ 

(ʤʽʢʨʦʨʝʣʴʻʬ ʧʦʚʝʨʭʥʽ ʧʦʣʷ, ʤʽʥʣʠʚʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ, ʢʦʥʩʪʨʫʢʮʽʡʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʪ.ʜ.), ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʚ ʯʘʩʽ ʽ ʤʦʞʫʪʴ ʜʽʷʪʠ 

ʦʜʥʦʯʘʩʥʦ. ɺʨʘʭʫʚʘʥʥʷ ʮʠʭ ʬʘʢʪʦʨʽʚ ʻ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, ʪʦʤʫ ʧʽʜ 

ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʪʘʢʽ ʧʨʠʧʫʱʝʥʥʷ: 

1. ʂʫʣʴʪʠʚʘʪʦʨ ʷʚʣʷʻ ʩʦʙʦʶ ʪʨʠʤʘʩʦʚʫ ʩʠʩʪʝʤʫ ʟʽ ʩʪʘʮʽʦʥʘʨʥʠʤʠ 

ʛʦʣʦʥʦʤʥʠʤʠ ʟʚôʷʟʢʘʤʠ, ʚ ʷʢʽʡ ʤʘʩʠ ʩʝʢʮʽʡ ʟʦʩʝʨʝʜʞʝʥʽ ʚ ʮʝʥʪʨʘʭ ʩʝʢʮʽʡ 
1
ʆ, 

ʆ ʪʘ 
2
ʆ ; 
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ʈʠʩʫʥʦʢ 1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʪʨʠʩʝʢʮʽʡʥʦʛʦ ʙʝʟʟʯʽʧʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ ʚ 

ʧʦʧʝʨʝʯʥʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 

 

2. ɺʧʣʠʚʦʤ ʪʨʘʢʪʦʨʘ ʥʘ ʢʫʣʴʪʠʚʘʪʦʨ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ; 

3. ɺʽʜʭʠʣʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ ʢʫʣʴʪʠʚʘʪʦʨʘ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ 

ʪʨʘʻʢʪʦʨʽʡ ʚ ʫʩʪʘʣʝʥʦʤʫ ʨʫʩʽ ʤʘʣʦ, ʪʦʤʫ ʧʨʠʨʦʩʪʘʤʠ ʟʤʽʥʥʠʭ ʚʠʱʦʛʦ 

ʧʦʨʷʜʢʫ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʘ ʟʤʽʥʘ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʽ ʤʦʤʝʥʪʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʚʽʜʭʠʣʝʥʥʷʤʠ ʪʨʘʻʢʪʦʨʽʡ ʪʦʯʦʢ ʢʫʣʴʪʠʚʘʪʦʨʘ, ʧʨʦʧʦʨʮʽʡʥʽ ʚʽʜʭʠʣʝʥʥʷʤ ʪʘ 

ʾʭʥʽʤ ʧʝʨʰʠʤ ʧʦʭʽʜʥʠʤ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʝʟʟʯʽʧʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ 

ʧʨʠʡʥʷʪʽ ʪʘʢʽ ʚʠʜʠ ʨʫʭʫ (ʨʠʩ. 2): 

1. ʂʫʪʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ ʢʫʣʴʪʠʚʘʪʦʨʘ ʚ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʧʨʠʯʝʧʘ ʪʨʘʢʪʦʨʘ; 

2. ʂʫʪʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ ʙʽʯʥʠʭ ʩʝʢʮʽʡ ʚʽʜʥʦʩʥʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʽʩʴ ʩʧʦʣʫʯʝʥʠʭ ʰʘʨʥʽʨʽʚ (ʫ ʧʦʧʝʨʝʯʥʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ); 

3. ʢʦʣʠʚʘʥʥʷ ʮʝʥʪʨʘʣʴʥʦʾ ʩʝʢʮʽʾ ʥʘʚʢʦʣʦ ʧʦʟʜʦʚʞʥʴʦʾ ʚʽʩʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩ ʩʝʢʮʽʾ ʪʘ ʪʦʯʢʫ ʧʨʠʯʝʧʘ. 

 
ʈʠʩʫʥʦʢ 2 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʙʝʟʟʯʽʧʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ ʚ ʧʦʟʜʦʚʞʥʴʦ-

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 
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ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʨʫʭʫ ʢʫʣʴʪʠʚʘʪʦʨʘ ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ 

ʚʠʚʯʝʥʥʷ ʡʦʛʦ ʩʪʽʡʢʦʩʪʽ ʚ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʽ ʧʦʧʝʨʝʯʥʦ-

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ. ʂʦʣʠʚʘʥʥʷ ʢʫʣʴʪʠʚʘʪʦʨʘ ʽ ʡʦʛʦ ʩʝʢʮʽʡ ʚ ʮʠʭ 

ʧʣʦʱʠʥʘʭ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʂʨʽʤ ʪʦʛʦ, ʚʽʜʦʤʦ, ʱʦ ʨʫʭ ʧʨʠʯʽʧʥʠʭ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʧʨʠʯʝʧʫʧʽʜʢʦʨʶʻʪʴʩʷ ʟʘʢʦʥʫ ʨʫʭʫ 

ʬʽʟʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ ʥʘʚʢʦʣʦ ʪʦʯʢʠ ʧʽʜʚʽʩʫ ʽ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʣʽʥʽʡʥʠʤ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ [7]. ʊʦʤʫ, ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʫʭʫ ʢʫʣʴʪʠʚʘʪʦʨʘ ʽ ʡʦʛʦ ʩʝʢʮʽʡ ʚ ʧʦʟʜʦʚʞʥʴʦ- ʽ ʧʦʧʝʨʝʯʥʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʧʣʦʱʠʥʘʭ ʙʫʣʠ ʚʚʝʜʝʥʽ ʪʨʠ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 1 ʪʘ 2): 

1. ʥʝʨʫʭʦʤʘXYZ, ʞʦʨʩʪʢʦ ʧʦʚôʷʟʘʥʘ ʟ ʧʦʚʝʨʭʥʝʶ ʧʦʣʷ (ʧʨʠʯʦʤʫ ʚʽʩʴ 

ʍʚʠʟʥʘʯʘʻ ʥʘʧʨʷʤʦʢ ʨʫʭʫ); 

2. xhz ï ʨʫʭʦʤʘ, ʞʦʨʩʪʢʦ ʧʦʚôʷʟʘʥʘ ʟ ʮʝʥʪʨʘʣʴʥʦʶ ʩʝʢʮʽʻʶ ʚ ʮʝʥʪʨʽ 

ʤʘʩ; 

3. 
111
zhx  ï ʨʫʭʦʤʘ, ʞʦʨʩʪʢʦ ʧʦʚôʷʟʘʥʘ ʟ ʙʽʯʥʦʶ ʩʝʢʮʽʻʶ ʚ ʰʘʨʥʽʨʽɸ. 

ʇʽʜ ʯʘʩ ʨʫʭʫ ʢʫʣʴʪʠʚʘʪʦʨʘ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʶʚʘʣʴʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʞʦʨʩʪʢʦ ʧʦʚôʷʟʘʥʽ ʟ ʰʘʨʥʽʨʥʦʶ ʽ ʙʽʯʥʦʶ ʩʝʢʮʽʻʶ ʢʫʣʴʪʠʚʘʪʦʨʘ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪhzxʆ  ʽ
111
zhxɸ  ʚʽʜʭʠʣʷʶʪʴʩʷ ʽ ʟʘʡʤʘʶʪʴ ʧʦʣʦʞʝʥʥʷ, ʷʢʝ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʡʣʝʨʝʚʠʤʠ ʢʫʪʘʤʠy , qʪʘ
ʣ
q. ɿʚôʷʟʦʢ ʤʽʞ 

ʢʦʦʨʜʠʥʘʪʘʤʠx,h,zʪʘʭ, y , z, ʘ ʪʘʢʦʞ ʤʽʞ
1
x, 

1
h, 

1
zʡʭ, y , z, ʽ ʢʫʪʘʤʠ 

ɽʡʣʝʨʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ, ʜʘʥʠʤʠ ʚ ʨʦʙʦʪʽ [8]. 

ɼʣʷ ʘʥʘʣʽʟʫ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ 

ʜʨʫʛʦʛʦ ʨʦʜʫ ʫ ʚʠʛʣʷʜʽ: 

iq

iiii

Q
q

ʌ

q

ʇ

q

T

q

T

t
=

µ

µ
+

µ

µ
+

µ

µ
-

µ

µ

µ

µ

###
,                                (1) 

ʜʝ ʊ ï ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʢʫʣʴʪʠʚʘʪʦʨʘ; 

ʇï ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʤʘʰʠʥʠ; 

ʌï ʬʫʥʢʮʽʷ ʦʧʦʨʫ; 

i
q ï ʫʟʘʛʘʣʴʥʝʥʘ ʢʦʦʨʜʠʥʘʪʘ;  

iq
Q  ï ʫʟʘʛʘʣʴʥʝʥʽ ʩʠʣʠ. 

ʗʢ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠʡʤʝʤʦ ʢʫʪʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʝʢʮʽʡ 

ʢʫʣʴʪʠʚʘʪʦʨʘ ʚ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ (y) ʪʘ ʧʦʧʝʨʝʯʥʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ (q, 

ʣ
qʪʘ

ʧ
q) ʧʣʦʱʠʥʘʭ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʤʘʣʫ ʚʝʣʠʯʠʥʫ ʢʫʪʽʚ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

yy=sin ;                                                     (2) 

qq=sin ;                                                    (3) 

ʣʣ
qq=sin ;                                                    (4) 

ʧʧ
qq=sin ;                                                    (5) 

1coscoscoscos ====
ʧʣ
qqqy .                             (6) 

ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʢʫʣʴʪʠʚʘʪʦʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 
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ʧʦʩʪʫʧʘʣʴʥʦ ʨʫʭʦʤʠʭ ʤʘʩ ʩʝʢʮʽʡ ʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʩʝʢʮʽʡ ʚ ʾʭʥʴʦʤʫ ʨʫʩʽ 

ʚʽʜʥʦʩʥʦ ʦʜʥʘ ʦʜʥʦʾ ʪʘ ʪʦʯʢʠ ʧʨʠʯʝʧʘ: 

 

[{

] }2222222222
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1

qyqqqqqqqq

qqqqqqqqyy
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#########

ʮ

ʭ

ʙ

y

ʮ

yʧʣ

ʙ

ʭʧʣcʧʣcc

ʧʣʰʧʣʰʧʣʰcʙcʙʮ

IIIIHHH

llllllʄlvʪʪʊ

++++++++++

+-+++-+++=
 (7) 

ʜʝ
ʮ
ʪ , 

ʙ
ʪï ʤʘʩʠ ʮʝʥʪʨʘʣʴʥʦʾ ʽ ʙʽʯʥʦʾ ʩʝʢʮʽʾ; 

ʮ

y
I , ʙ

y
I  ï ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʮʝʥʪʨʘʣʴʥʦʾ ʽ ʙʽʯʥʦʾ ʩʝʢʮʽʾ ʚʽʜʥʦʩʥʦ 

ʧʦʧʝʨʝʯʥʠʭ ʦʩʝʡ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩ ʩʝʢʮʽʡ; 
ʮ

ʭ
I , ʙ

ʭ
I  ï ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʮʝʥʪʨʘʣʴʥʦʾ ʩʝʢʮʽʾ ʚʽʜʥʦʩʥʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ, 

ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩ ʩʝʢʮʽʾ, ʽ ʙʽʯʥʦʾ ʩʝʢʮʽʾ ʚʽʜʥʦʩʥʦ ʧʦʟʜʦʚʞʥʴʦʾ 

ʚʽʩʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʽʩʴ ʩʧʦʣʫʯʝʥʠʭ ʰʘʨʥʽʨʽʚ; 

y#, q#, 
ʣ
q#, 

ʧ
q#ï ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʩʝʢʮʽʡ ʢʫʣʴʪʠʚʘʪʦʨʘ ʚʽʜʧʦʚʽʜʥʦ ʚ 

ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡʪʘ ʧʦʧʝʨʝʯʥʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ; 

ʩ
l , 

1
l , 

ʰ
l , 

ʩ
ʅï ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʟʛʽʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ 

(ʜʠʚ. ʨʠʩ. 1 ʪʘ 2); 

0
v ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʛʨʝʛʘʪʘ. 

ʇʦʪʝʥʮʽʡʥʫ ʝʥʝʨʛʽʶ ʩʝʢʮʽʡʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ, ʟʘʙʝʟʧʝʯʝʥʦʛʦ 

ʧʥʝʚʤʘʪʠʯʥʠʤʠ ʢʦʣʝʩʘʤʠ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʫʷʚʠʪʠ, ʷʢ 

ʧʦʪʝʥʮʽʡʥʫ ʝʥʝʨʛʽʶ ʧʝʨʝʤʽʱʝʥʥʷ ʦʧʦʨ ʚ ʧʦʣʽ ʩʠʣʠ ʪʷʞʽʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʨʘʜʽʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʢʦʣʽʩ. ʊʦʜʽ ʟʘ ʦʜʥʘʢʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ 

ʢʦʣʽʩ ʙʽʯʥʠʭ ʩʝʢʮʽʡ (
41
ʩʩ= ) ʽ ʢʦʣʽʩ ʮʝʥʪʨʘʣʴʥʦʾ ʩʝʢʮʽʾ (

32
ʩʩ= ) ʧʦʪʝʥʮʽʡʥʘ 

ʝʥʝʨʛʽʷ ʢʫʣʴʪʠʚʘʪʦʨʘ ʚʠʟʥʘʯʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶʫ: 

[ ])()(
2

1 2

3

2

22

2

4

2

11
zzczzcʇ D+D+D+D= ,                                 (8) 

ʜʝ 
41

zz D-D  ï ʧʦʚʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʦʧʦʨʠ: 

111
hllxz

ʣʢ
-+-=D qqy ;                                                    (9) 

22
hlxz

ʢʢ
--=D qy ;                                                          (10) 

33
hlxz

ʢʢ
-+=D qy ;                                                          (11) 

414
hlxz

ʢ
-+=D qy ,                                                          (12) 

ʜʝ 
1

hé
4

h  ï ʚʠʩʦʪʘ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʧʦʣʷ ʧʽʜ ʦʧʦʨʥʠʤʠ ʢʦʣʝʩʘʤʠ; 

ʢ
x , l ï ʢʽʥʝʤʘʪʠʯʥʽ ʨʦʟʤʽʨʠ. 

ɺʠʨʘʟ ʜʣʷ ʜʠʩʠʧʘʪʠʚʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʟʛʘʩʘʥʥʷ ʢʦʣʠʚʘʥʴ 

ʩʝʢʮʽʡ ʢʫʣʴʪʠʚʘʪʦʨʘ, ʤʦʞʥʘ ʟʥʘʡʪʠ, ʷʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʟʛʘʩʘʥʥʷ ʧʨʦʧʦʨʮʽʡʥʝ 

ʰʚʠʜʢʦʩʪʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʣʽʩ: 

[ ])()(
2

1 2

3

2

22

2

4

2

11
zzdzzdʌ #### D+D+D+D= ,                                 (13) 
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ʜʝ
41

dd = , 
32

dd = ïʜʝʤʧʬʫʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʣʽʩ ʚʽʜʧʦʚʽʜʥʦ ʙʽʯʥʠʭ ʪʘ 

ʮʝʥʪʨʘʣʴʥʦʾ ʩʝʢʮʽʡ. 

ʋʟʘʛʘʣʴʥʝʥʽ ʩʠʣʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʠʡʥʷʪʠʤ ʫʟʘʛʘʣʴʥʝʥʠʤ 

ʢʦʦʨʜʠʥʘʪʘʤ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʚʠʨʘʟʽʚ ʚʽʨʪʫʘʣʴʥʦʾ ʨʦʙʦʪʠ ʜʽʶʯʠʭ ʩʠʣ: 

äääää
=====

+-++++-=
3

1

4

1

3

1

3

1

4

1

)()()(
i

cci

i

ʢʢ

i

x

i

pp

i

x

i

p

i

z

i

ʢ

i

z
HlGxzQxzRxRxQQ yyy

y
; (14) 

))(( q
q ʢʢ

ʧʮ

z

ʣʮ

z
zlQQQ --= ;                                     (15) 

)()(])[()()(
1 ʣcʰʙpʢ

ʮ

zʢʢ

ʣʮ

zʣpʙ

ʣʙ

zʣʢ

ʣʙ

zʣ
HlGzlRzllQzlRzlQQ qqqqq

q
+--+---+-+= ; (16) 

)()(])[()()(
1 ʧcʰʙpʢ

ʮ

zʢʢ

ʧ

zʧʢ

ʣʙ

zʧʨʙ

ʧʙ

zʧ
HlGzlRzllQzlQzlQQ qqqqq

q
-+--+-+---= , (17) 

ʜʝi

z
R , i

x
R ï ʚʝʨʪʠʢʘʣʴʥʘ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʽ ʩʠʣ ʦʧʦʨʫ ˇʨʫʥʪʫ ʨʦʙʦʯʠʤ 

ʦʨʛʘʥʘʤ ʩʝʢʮʽʡ; 
i

z
Q , i

x
Q ï ʚʝʨʪʠʢʘʣʴʥʽ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʩʢʣʘʜʦʚʽ ʩʠʣ ʦʧʦʨʫ ˇʨʫʥʪʫ ʧʝʨʝʤʽʱʝʥʥʶ 

ʢʦʣʽʩ; 

i
Gï ʩʠʣʘ ʪʷʞʽʥʥʷ i -ʾ ʩʝʢʮʽʾ. 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ ʜʨʫʛʦʛʦ ʨʦʜʫ ʟʥʘʯʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ, 

ʧʦʪʝʥʮʽʡʥʦʾ, ʜʠʩʠʧʘʪʠʚʥʦʾ ʝʥʝʨʛʽʡ ʽ ʫʟʘʛʘʣʴʥʝʥʠʭ ʩʠʣ, ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ 

ʯʦʪʠʨʴʦʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ 

ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʧʦʟʥʘʯʠʤʦ 

ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ ʯʝʨʝʟ
i

g . ʊʦʜʽ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

î
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ʙ

xʰʙ

ʰʙʰʩʙʣ

ʙ

xʰʙ

ʧʣʰʙ

ʮ

xʙ
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ʙ

y

ʮ
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qyq

qyq

qqq

qqy

######
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######

######

      (18) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʦʤʠʡ ʤʝʪʦʜ ʧʦʥʠʞʝʥʥʷ ʧʦʨʷʜʢʫ ʨʽʚʥʷʥʴ, ʦʪʨʠʤʘʻʤʦ 

ʥʦʚʫ ʩʠʩʪʝʤʫ ʟ ʚʦʩʴʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

),,...,,(
10

tyyyfy
n

=# . 

ʈʦʟʨʘʭʫʥʦʢ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʫ ʩʠʩʪʝʤʽ 

ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ Maple ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ. ʅʘ ʨʠʩʫʥʢʫ 3 ʷʢ 

ʧʨʠʢʣʘʜ ʧʨʝʜʩʪʘʚʣʝʥʽ ʛʨʘʬʽʢʠ ʢʫʪʦʚʠʭ ʢʦʣʠʚʘʥʴ ʢʫʣʴʪʠʚʘʪʦʨʘ ʪʘ ʡʦʛʦ ʩʝʢʮʽʡ 

ʚ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʜʣʷ ʰʠʨʠʥʠ ʟʘʭʚʘʪʫ ʙʽʯʥʠʭ ʩʝʢʮʽʡ 3,640 

ʽ 2,965 ʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʛʘʣʴʥʽʡ ʰʠʨʠʥʽ ʟʘʭʚʘʪʫ ʚ 12 ʽ 10 ʤ ʚʽʜʧʦʚʽʜʥʦ. 
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ʈʠʩʫʥʦʢ 3 ï ʂʦʣʠʚʘʥʥʷ ʩʝʢʮʽʡ ʢʫʣʴʪʠʚʘʪʦʨʘ ʚ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʜʣʷ ʰʠʨʠʥʠ ʟʘʭʚʘʪʫ ʢʫʣʴʪʠʚʘʪʦʨʘ ʚ 12 ʤ (ʢʨʠʚʘ 1) ʪʘ ʚ 10 ʤ (ʢʨʠʚʘ 2) 

 

ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʛʨʘʬʽʢʽʚ ʢʫʪʦʚʠʭ ʢʦʣʠʚʘʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʟʘʛʘʣʦʤ 

ʢʦʣʠʚʘʥʥʷ ʥʦʩʷʪʴ ʭʘʨʘʢʪʝʨ ʟʘʪʫʭʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʢʫʪʦʚʽ ʢʦʣʠʚʘʥʥʷ ʩʝʢʮʽʡ 

ʢʫʣʴʪʠʚʘʪʦʨʘ ʚ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʽ ʮʝʥʪʨʘʣʴʥʦʾ ʩʝʢʮʽʾ ʚ ʧʦʧʝʨʝʯʥʦ-

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʘʜʥʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ, 

ʬʦʨʤʘ ʷʢʠʭ ʟʤʽʥʝʥʘ ʥʘʷʚʥʽʩʪʶ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ. ʂʫʪʦʚʽ ʢʦʣʠʚʘʥʥʷ 

ʙʽʯʥʠʭ ʩʝʢʮʽʡ ʫ ʧʦʧʝʨʝʯʥʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʙʣʠʟʴʢʽ ʜʦ ʛʘʨʤʦʥʽʡʥʠʭ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3, ʟʤʽʥʘ ʰʠʨʠʥʠ ʟʘʭʚʘʪʫ ʙʽʯʥʠʭ 

ʩʝʢʮʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʽ ʘʤʧʣʽʪʫʜʠ ʢʫʪʦʚʠʭ ʢʦʣʠʚʘʥʴ, ʧʨʠʯʦʤʫ 

ʟʤʝʥʰʝʥʥʷ ʰʠʨʠʥʠ ʟʘʭʚʘʪʫ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɸʥʘʣʽʟ ʢʦʣʠʚʘʥʴ ʩʝʢʮʽʡ ʢʫʣʴʪʠʚʘʪʦʨʘ ʚ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʧʦʢʘʟʫʻ, ʱʦ ʟ ʰʠʨʠʥʦʶ ʟʘʭʚʘʪʫ 12 ʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʚʥʦ 

ʚʠʨʘʞʝʥʠʡ ʭʘʨʘʢʪʝʨ ʟʛʘʩʘʥʥʷ ʢʦʣʠʚʘʥʴ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟ ʙʽʣʴʰʦʶ 

ʰʠʨʠʥʦʶ ʟʘʭʚʘʪʫ ʚʧʣʠʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʪʦʙʪʦ ʚʧʣʠʚ ʟ ʙʦʢʫ 

ʨʝʣʴʻʬʫ ʧʦʣʷ, ï ʥʝʟʥʘʯʥʠʡ ʽ ʟ ʧʣʠʥʦʤ ʯʘʩʫ ʟʛʣʘʜʞʫʻʪʴʩʷ. ʆʜʥʦʯʘʩʥʦ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʰʠʨʠʥʠ ʟʘʭʚʘʪʫ ʮʝʡ ʚʧʣʠʚ ʩʧʨʠʡʤʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʥʘ ʚʩʴʦʤʫ 

ʚʽʜʨʽʟʢʫ ʰʣʷʭʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟʦʥʠ ʯʝʨʛʫʚʘʥʥʷ ʢʦʣʠʚʘʥʴ. 

ʆʪʞʝ, ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʰʠʨʠʥʠ ʟʘʭʚʘʪʫ ʨʝʘʢʮʽʷ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʟʦʚʥʽʰʥʻ ʟʙʫʨʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʛʣʠʙʣʝʥʥʷ ʩʝʢʮʽʡ ʟʨʦʩʪʘʻ. 

ɿ ʛʨʘʬʽʢʘ ʢʫʪʦʚʠʭ ʢʦʣʠʚʘʥʴ ʮʝʥʪʨʘʣʴʥʦʾ ʩʝʢʮʽʾ ʚ ʧʦʧʝʨʝʯʥʦ-

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚʠʜʥʦ, ʱʦ ʮʽ ʢʦʣʠʚʘʥʥʷ ʟʘʪʫʭʘʶʪʴ ʟʘ ʨʽʟʥʦʾ ʰʠʨʠʥʠ 

ʟʘʭʚʘʪʫ, ʦʜʥʘʢ ʾʭʥʷ ʘʤʧʣʽʪʫʜʘ ʽ ʯʘʩʪʦʪʘ ʨʽʟʥʽ. ʉʢʣʘʜʥʽʩʪʴ ʮʠʭ ʢʦʣʠʚʘʥʴ 

ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʯʦʪʠʨʴʦʭ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʷʢʠʤʠ ʻ ʚʣʘʩʥʽ 

ʢʦʣʠʚʘʥʥʷ ʙʽʯʥʠʭ ʩʝʢʮʽʡ ʽ ʚʠʩʦʪʘ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʣʷ ʧʽʜ ʦʧʦʨʥʠʤʠ ʢʦʣʝʩʘʤʠ 

ʮʝʥʪʨʘʣʴʥʦʾ ʩʝʢʮʽʾ. ʉʧʨʠʡʤʘʶʯʠ ʮʽ ʢʦʣʠʚʘʥʥʷ, ʮʝʥʪʨʘʣʴʥʘ ʩʝʢʮʽʷ ʛʘʩʠʪʴ ʾʭ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʭʘʨʘʢʪʝʨ ʢʦʣʠʚʘʥʴ (ʟʘʪʫʭʘʥʥʷ). ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʽ 

ʘʤʧʣʽʪʫʜʠ ʢʫʪʦʚʠʭ ʢʦʣʠʚʘʥʴ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʰʠʨʠʥʠ ʟʘʭʚʘʪʫ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ 

ʤʘʩʘ ʙʽʯʥʠʭ ʩʝʢʮʽʡ ʥʘʜʘʻ ʛʘʣʴʤʽʚʥʠʡ ʝʬʝʢʪ ʢʦʣʠʚʘʥʥʷʤ ʮʝʥʪʨʘʣʴʥʦʾ ʩʝʢʮʽʾ. 
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ʊʦʤʫ ʙʽʣʴʰʽʡ ʤʘʩʽ ʙʽʯʥʠʭ ʩʝʢʮʽʡ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʝʥʰʘ ʯʘʩʪʦʪʘ ʡ ʘʤʧʣʽʪʫʜʘ 

ʢʫʪʦʚʠʭ ʢʦʣʠʚʘʥʴ. 

ʂʫʪʦʚʽ ʢʦʣʠʚʘʥʥʷ ʙʽʯʥʠʭ ʩʝʢʮʽʡ ʚ ʧʦʧʝʨʝʯʥʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʙʣʠʟʴʢʽ ʜʦ ʛʘʨʤʦʥʽʡʥʠʭ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʟʛʘʩʘʶʯʠʭ ʢʦʣʠʚʘʥʴ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʧʝʨʰ ʟʘ ʚʩʝ ʪʠʤ, ʱʦ ʚʣʘʩʥʽ ʢʦʣʠʚʘʥʥʷ ʩʝʢʮʽʡ ʛʘʩʷʪʴʩʷ 

ʢʦʣʠʚʘʥʥʷʤʠ ʮʝʥʪʨʘʣʴʥʦʾ ʩʝʢʮʽʾ. ʊʦʤʫ ʛʦʣʦʚʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʙʽʯʥʦʾ ʩʝʢʮʽʾ 

ʻ ʚʠʤʫʰʝʥʽ ʢʦʣʠʚʘʥʥʷ, ʚʝʣʠʯʠʥʘ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʚʞʠʥʦʶ ʽ ʚʠʩʦʪʦʶ 

ʥʝʨʽʚʥʦʩʪʝʡ ʧʽʜ ʦʧʦʨʥʠʤ ʢʦʣʝʩʦʤ ʮʝʥʪʨʘʣʴʥʦʾ ʩʝʢʮʽʾ, ʘ ʯʘʩʪʦʪʘ ï ʰʠʨʠʥʦʶ 

ʟʘʭʚʘʪʫ ʙʽʯʥʦʾ ʩʝʢʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʦʨʽʚʥʷʥʦ 

ʧʦʚʥʦ ʦʧʠʩʫʻ ʪʝʥʜʝʥʮʽʶ ʧʦʚʝʜʽʥʢʠ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʚʨʘʭʦʚʫʻ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʰʠʨʠʥʫ ʩʝʢʮʽʡ, ʟʙʫʨʝʥʥʷ ʚʽʜ ʨʝʣʴʻʬʫ ʧʦʣʷ ʽ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʪʷʛʦʚʦʛʦ ʦʧʦʨʫ ʧʽʜ ʯʘʩ ʨʫʭʫ ʢʫʣʴʪʠʚʘʪʦʨʘ. ɸʥʘʣʽʟʦʤ 

ʨʦʟʚôʷʟʢʽʚ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʙʝʟʟʯʽʧʥʦʛʦ ʪʨʠʩʝʢʮʽʡʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ ʚʽʜ ʡʦʛʦ ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʙʝʟʩʮʝʧʥʦʛʦ 

ʢʫʣʴʪʠʚʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʫʛʣʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʩʝʢʮʠʡ ʚ 

ʧʨʦʜʦʣʴʥʦ- ʠ ʧʦʧʝʨʝʯʥʦ-ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ. ʆʙʦʩʥʦʚʘʥʳ ʤʘʩʩʦʚʦ-

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʢʮʠʡ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʙʦʢʦʚʳʭ ʩʝʢʮʠʡ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʤʝʶʪ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʚʠʜ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʵʬʬʝʢʪʦʤ ʫʛʘʩʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʮʝʥʪʨʘʣʴʥʦʡ ʩʝʢʮʠʝʡ. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʩʝʢʮʠʠ ʩʦʩʪʦʷʪ ʠʟ ʯʝʪʳʨʝʭ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʤʠ ʙʦʢʦʚʳʭ 

ʩʝʢʮʠʡ ʠ ʥʝʨʦʚʥʦʩʪʷʤʠ ʧʦʣʷ ʧʦʜ ʦʧʦʨʥʳʤʠ ʢʦʣʝʩʘʤʠ. ʆʙʦʩʥʦʚʘʥʦ, ʯʪʦ 

ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʦʣʥʦ ʦʧʠʩʳʚʘʝʪ 

ʪʝʥʜʝʥʮʠʶ ʧʦʚʝʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʫʯʠʪʳʚʘʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʰʠʨʠʥʫ ʩʝʢʮʠʡ, ʚʦʟʤʫʱʝʥʠʷ ʦʪ ʨʝʣʴʝʬʘ ʧʦʣʷ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʫʣʴʪʠʚʘʪʦʨʘ. 

 

Summary 

A mathematical model of the motion of a cordless cultivator is considered, 

which allows us to estimate the angular vibrations of sections in the longitudinal 

and transverse-vertical planes. The mass-geometric characteristics of the sections 

are justified in order to improve the dynamic characteristics of the system. It is 

established that the lateral sections oscillations in the transverse direction have a 

harmonic low-frequency form, which is explained by the fading effect due to the 

central section. It is determined that the vibrations of the central section consist of 

four high-frequency components, caused by the oscillations of the side sections and 

the unevenness of the field under the support wheels. It is substantiated that the 

system of differential equations comparatively fully describes the trend in the 

behavior of the dynamic system, takes into account the design parameters, the 

width of the sections, the perturbations from the field relief and the unevenness of 

the change in the traction resistance when the cultivator moves. 
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ʈʆɿʈʆɹʃɽʅʅʗ ʊɸ ʇʈʆɺɸʁɼʀʅɻ ʉʊɽʅɼɸ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ 

ʈɯɺʅʆʄɯʈʅʆʉʊɯ ʈʆɿʇʆɼɯʃʋ ʅɸʉɯʅʅʗ ɺ ʈʗɼʂʋ ʉɯɺɸʃʂɸʄʀ 

ʊʆʏʅʆɻʆ ɺʀʉɯɺʋ 

 

ʆ. ʄʠʪʨʦʬʘʥʦʚ,  

ɺ. ʄʘʣʷʨʯʫʢ , ʢʘʥʜ. ʩ.-ʛ. ʥʘʫʢ,  

ɯ. ʃʽʣʝʚʤʘʥ ,  

ʆ. ʃʽʣʝʚʤʘʥ,  

ʄ. ʉʪʘʨʦʜʫʙʮʝʚʘ,  

ʇ̔ ʚʜʝʥʥʦ-ʋʢʨʘʾʥʩʴʢʘ ʬʽʣʽʷ ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ 
 

ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ  ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʝʥʜʘ 

ʜʣʷ ʩʪʘʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʽʚʘʣʦʢ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ ʱʦʜʦ ʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʚ ʨʷʜʢʫ ʙʝʟ ʜʝʤʦʥʪʘʞʫ ʧʦʩʽʚʥʠʭ ʩʝʢʮʽʡ ʫ ʇʽʚʜʝʥʥʦ-

ʋʢʨʘʾʥʩʴʢʽʡ ʬʽʣʽʾ ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʽʚʘʣʢʘ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ, ʚʠʧʨʦʙʫʚʘʥʥʷ, ʨʦʟʧʦʜʽʣ ʥʘʩʽʥʥʷ, 

ʩʪʝʥʜ, ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘʧʨʦʙʘʮʽʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ 

 

ɺʩʪʫʧ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʽʚʥʽ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʜʦ ʾʭʥʴʦʾ 

ʷʢʦʩʪʽ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʝʢʦʥʦʤʽʯʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ ʾʭ 

ʧʨʦʚʝʜʝʥʥʷ ʥʝʤʦʞʣʠʚʽ ʙʝʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ 

ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ.  

ɿʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤʠ ʤʝʪʦʜʘʤʠ [1, 2] ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ 

ʥʘʩʽʥʥʷ ʚ ʨʷʜʢʫ ʩʽʚʘʣʢʘʤʠ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʧʽʜ ʯʘʩ ʾʭ 

ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ʉʪʝʥʜʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʽʤʽʪʘʮʽʻʶ 

ʚʠʩʽʚʫ ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʥʘʩʽʥʠʥʘʤʠ, ʨʝʻʩʪʨʘʮʽʻʶ 

ʧʨʦʧʫʩʢʽʚ ʽ ʜʚʽʡʥʠʢʽʚ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʶ ʦʙʨʦʙʢʦʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʧʨʦʙʣʝʤʠ. ʈʦʟʨʽʟʥʷʶʪʴ ʪʨʠ ʚʠʜʠ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ: 

ʩʪʘʪʠʯʥʽ, ʤʦʙʽʣʴʥʽ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʧʽʱʘʥʦʤʫ ʰʘʨʽ [1].  

ʇʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʧʽʱʘʥʦʤʫ ʰʘʨʽ ʜʦʩʣʽʜʞʫʚʘʥʘ ʧʦʩʽʚʥʘ ʩʝʢʮʽʷ 

ʧʦʚʠʥʥʘ ʨʫʭʘʪʠʩʷ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʙʝʟ ʢʦʣʠʚʘʥʴ ʥʘʜ ʧʽʱʘʥʦʶ ʛʨʷʜʢʦʶ 

ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʽʩʢʫ. ʉʦʰʥʠʢ ʧʦʚʠʥʝʥ ʧʨʦʥʠʢʘʪʠ ʚ ʧʽʩʦʢ 

ʥʘ ʛʣʠʙʠʥʫ ʥʝ ʤʝʥʰʫ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʾ ʨʦʙʦʯʦʾ. ɼʣʷ ʮʴʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʩʦʰʥʠʢ ʤʦʞʥʘ ʦʙʣʘʜʥʘʪʠ ʜʝʬʣʝʢʪʦʨʘʤʠ, ʷʢʽ, ʥʝ ʧʦʨʫʰʫʶʯʠ ʧʨʦʮʝʩʫ ʚʠʩʽʚʫ 

ʥʘʩʽʥʥʷ, ʟʘʧʦʙʽʛʘʶʪʴ ʦʩʠʧʘʥʥʶ ʧʽʩʢʫ ʚ ʙʦʨʦʟʥʫ. ʊʨʝʙʘ ʚʠʪʨʠʤʫʚʘʪʠ ʦʜʥʘʢʦʚʫ 

ʛʣʠʙʠʥʫ ʙʦʨʦʟʥʠ. ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʧʝʨʝʜ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʬʘʢʪʠʯʥʽʡ 

ʨʦʙʦʯʽʡ ʰʚʠʜʢʦʩʪʽ ʩʽʚʘʣʢʠ.  

ʇʽʜ ʯʘʩ ʤʦʙʽʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʩʽʚʥʫ ʩʝʢʮʽʶ ʟʘʢʨʽʧʣʶʶʪʴ ʥʘ ʚʽʟʢʫ, 

ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʥʘʜ ʨʦʟʪʘʰʦʚʘʥʦʶ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʘʪʬʦʨʤʽ ʥʝʨʫʭʦʤʦʶ ʣʠʧʢʦʶ ʩʪʨʽʯʢʦʶ ʽ çʚʠʩʽʚʘʻè ʥʘ ʥʝʾ ʥʘʩʽʥʥʷ.  
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ʉʪʘʪʠʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ ʚ ʥʝʨʫʭʦʤʽʡ ʧʦʩʽʚʥʽʡ 

ʩʝʢʮʽʾ ʟ ʥʘʩʽʥʥʷʤ ʚʠʩʽʚʥʠʡ ʘʧʘʨʘʪ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʜʽʶ ʟʽ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ, 

ʷʢʘ ʜʦʨʽʚʥʶʻ ʬʘʢʪʠʯʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ ʧʽʜ ʯʘʩ 

ʽʤʽʪʦʚʘʥʦʾ ʩʽʚʙʠ. ʆʜʥʦʯʘʩʥʦ ʧʽʜ ʩʽʚʘʣʢʦʶ ʧʝʨʝʤʽʱʫʶʪʴ ʣʠʧʢʫ ʩʪʨʽʯʢʫ ʟʽ 

ʰʚʠʜʢʽʩʪʶ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʩʽʚʘʣʢʠ ʧʦ ʧʦʣʶ.  

ɺ ʫʩʽʭ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʚʠʜʘʭ ʩʪʝʥʜʦʚʠʭ ʽʤʽʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʨʦʟʧʦʜʽʣ ʥʘʩʽʥʥʷ ʥʘ ʧʽʱʘʥʦʤʫ ʰʘʨʽ ʪʘ ʧʨʠʣʠʧʣʦʛʦ ʜʦ ʩʪʨʽʯʢʠ ʥʘʩʽʥʥʷ 

ʥʘʙʣʠʞʝʥʠʡ ʜʦ ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʚ ˇʨʫʥʪʽ ʧʽʜ ʯʘʩ ʨʝʘʣʴʥʦʾ ʩʽʚʙʠ. 

ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʪʠʧʽʚ 

ʩʪʝʥʜʽʚ ʚʠʷʚʠʚ ʧʝʚʥʽ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʚ ʪʦʤʫ, ʱʦ: 

- ʥʝʦʙʭʽʜʥʦ ʜʝʤʦʥʪʫʚʘʪʠ ʪʫ ʯʠ ʽʥʰʫ ʧʦʩʽʚʥʫ ʩʝʢʮʽʶ ʟ ʚʠʧʨʦʙʫʚʘʥʦʾ 

ʩʽʚʘʣʢʠ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʾʾ ʥʘ ʩʪʝʥʜ, ʘ ʮʝ ʧʽʜʚʠʱʫʻ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʴ; 

- ʩʪʝʥʜʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙʣʘʜʥʘʥʽ ʦʢʨʽʤ ʤʝʭʘʥʽʟʤʽʚ ʧʨʠʚʦʜʘ ʚʠʩʽʚʥʦʛʦ 

ʘʧʘʨʘʪʘ ʪʘ ʪʨʘʥʩʧʦʨʪʝʨʥʦʾ ʩʪʨʽʯʢʠ, ʱʝ ʡ ʚʝʥʪʠʣʷʪʦʨʦʤ ʟ ʤʝʭʘʥʽʟʤʦʤ ʡʦʛʦ 

ʧʨʠʚʦʜʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʦʟʨʽʜʞʝʥʥʷ ʫ ʚʠʩʽʚʥʦʤʫ ʘʧʘʨʘʪʽ;   

- ʧʽʜ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʝʥʜʽʚ ʥʝʤʦʞʣʠʚʦ ʚʽʜʩʪʝʞʠʪʠ ʨʝʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ 

ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʧʦʩʽʚʥʦʾ ʩʝʢʮʽʾ ʤʝʭʘʥʽʟʤʽʚ ʧʨʠʚʦʜʘ ʩʽʚʘʣʢʠ;  

- ʩʪʝʥʜʠ ʘʢʪʫʘʣʴʥʽ, ʟʜʝʙʽʣʴʰʦʛʦ, ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʽʚʘʣʦʢ ʚ ʟʘʚʦʜʩʴʢʠʭ ʫʤʦʚʘʭ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʋ ʇʽʚʜʝʥʥʦ-ʋʢʨʘʾʥʩʴʢʽʡ ʬʽʣʽʾ 

ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ, ʚʨʘʭʦʚʫʶʯʠ ʩʪʘʥ ʧʨʦʙʣʝʤʠ, ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʨʦʙʦʪʘ, ʘ ʩʘʤʝ - ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʪʘ 

ʧʘʪʝʥʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʤʦʞʣʠʚʠʭ 

ʨʽʰʝʥʴ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘ ʚʠʛʦʪʦʚʣʝʥʠʡ ʩʪʝʥʜ ʜʣʷ ʩʪʘʪʠʯʥʠʭ ʽʤʽʪʘʮʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʩʽʚʘʣʦʢ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚʠʩʽʚʫ 

ʢʫʢʫʨʫʜʟʠ, ʩʦʥʷʰʥʠʢʫ, ʨʠʮʠʥʠ, ʩʦʨʛʦ, ʢʦʨʤʦʚʠʭ ʙʦʙʽʚ, ʩʦʾ, ʢʚʘʩʦʣʽ ʪʦʱʦ.  

ʉʪʝʥʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʯʘʩʪʠʥ:  

- ʧʝʨʝʩʫʚʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ; 

- ʧʝʨʝʩʫʚʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʦʜʘ ʚʠʩʽʚʥʠʭ ʘʧʘʨʘʪʽʚ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ 

ʩʽʚʘʣʢʠ;  

- ʙʫʜʽʚʝʣʴʥʦʾ ʯʘʩʪʠʥʠ (ʙʝʪʦʥʦʚʘʥʦʛʦ ʟʘʛʣʠʙʣʝʥʥʷ ʚ ʟʝʤʣʽ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʝʩʫʚʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ ʚ ʨʦʙʦʯʦʤʫ ʧʦʣʦʞʝʥʥʽ).  

ʆʩʥʦʚʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʧʝʨʝʩʫʚʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ (ʨʠʩ. 1) ʻ 

ʩʪʨʽʯʢʦʧʨʦʪʷʛʫʚʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ 1 ʪʘ ʧʨʠʚʦʜʥʘ ʩʪʘʥʮʽʷ 2, ʷʢʽ ʟʤʦʥʪʦʚʘʥʽ ʥʘ 

ʨʘʤʽ 3 (ʨʠʩ. 1).  

ʉʪʨʽʯʢʦʧʨʦʪʷʛʫʚʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʤʘʻ ʥʝʩʢʽʥʯʝʥʫ ʪʨʘʥʩʧʦʨʪʝʨʥʫ ʩʪʨʽʯʢʫ 

4, ʪʷʛʦʚʠʡ 5 ʪʘ ʚʝʜʦʤʠʡ 6 ʙʘʨʘʙʘʥʠ, ʛʚʠʥʪʦʚʠʡ ʤʝʭʘʥʽʟʤ 7 ʥʘʪʷʛʫ 

ʪʨʘʥʩʧʦʨʪʝʨʥʦʾ ʩʪʨʽʯʢʠ. ɺʝʨʭʥʷ ʛʽʣʢʘ ʪʨʘʥʩʧʦʨʪʝʨʥʦʾ ʩʪʨʽʯʢʠ ʩʧʠʨʘʻʪʴʩʷ ʥʘ 

ʜʝʨʝʚ'ʷʥʠʡ ʥʘʩʪʠʣ 8, ʷʢʠʡ ʛʘʩʠʪʴ ʚʝʨʪʠʢʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʩʪʨʽʯʢʠ ʧʽʜ ʯʘʩ ʾʾ 

ʨʫʭʫ.  

ʇʨʠʚʦʜʥʘ ʩʪʘʥʮʽʷ ʩʪʝʥʜʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 9, ʢʦʨʦʙʢʠ ʟʤʽʥʠ 

ʧʝʨʝʜʘʯ 10 ʜʣʷ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʝʨʥʦʾ ʩʪʨʽʯʢʠ, ʧʘʩʦʚʦʾ 11 ʪʘ 

ʜʚʦʭ ʣʘʥʮʶʛʦʚʠʭ ʧʝʨʝʜʘʯ 12, ʙʣʦʢʫ ʧʫʩʢʦʟʘʭʠʩʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʣʘʜʽʚ 13 
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(ʢʥʦʧʦʢ ʚʤʠʢʘʥʥʷ ʪʘ ʚʠʤʠʢʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ 

ʪʘ ʪʝʧʣʦʚʦʛʦ ʨʝʣʝ). ɿʦʚʥʽ ʧʨʠʚʦʜʥʘ ʩʪʘʥʮʽʷ ʟʘʢʨʠʪʘ ʤʝʪʘʣʝʚʠʤ ʢʘʧʦʪʦʤ, ʷʢʠʡ 

ʟʘʭʠʱʘʻ ʩʪʘʥʮʽʶ ʚʽʜ ʦʧʘʜʽʚ ʽ ʨʘʟʦʤ ʟ ʱʠʪʢʘʤʠ ʦʛʦʨʦʜʞʝʥʥʷ ʣʘʥʮʶʛʦʚʠʭ 

ʧʝʨʝʜʘʯ ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʧʝʨʩʦʥʘʣʫ ʚʽʜ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʾʾ 

ʨʫʭʦʤʠʤʠ ʪʨʘʚʤʦʥʝʙʝʟʧʝʯʥʠʤʠ ʜʝʪʘʣʷʤʠ. 
 

 

ʈʠʩʫʥʦʢ 1ï ʉʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʚ 

ʨʷʜʢʫ ʩʽʚʘʣʢʘʤʠ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ 
 

ʇʝʨʝʩʫʚʥʠʡ ʩʪʨʽʯʢʦʚʠʡ ʪʨʘʥʩʧʦʨʪʝʨ ʪʘʢʦʞ ʦʙʣʘʜʥʘʥʠʡ ʢʦʣʝʩʘʤʠ 14 ʪʘ 

ʟʯʽʧʥʠʤ ʧʨʠʩʪʨʦʻʤ 15 ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʝʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʨʘʢʪʦʨʘ, ʘ ʪʘʢʦʞ ʨʝʛʫʣʴʦʚʘʥʦʶ ʦʧʦʨʦʶ 16. ʉʪʝʥʜ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʨʝʛʫʣʴʦʚʘʥʫ 

ʦʧʦʨʫ ʚ ʧʦʣʦʞʝʥʥʽ ʟʙʝʨʽʛʘʥʥʷ ʽ ʟʘ ʾʾ ʜʦʧʦʤʦʛʦʶ ʚʠʩʪʘʚʣʷʻʪʴʩʷ ʚ ʨʦʙʦʯʝ 

ʧʦʣʦʞʝʥʥʷ.  

ɿʘ ʨʦʟʨʦʙʣʝʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʫ ʚʠʨʦʙʥʠʯʠʭ ʤʘʡʩʪʝʨʥʷʭ ʇʽʚʜʝʥʥʦ-

ʋʢʨʘʾʥʩʴʢʦʾ ʬʽʣʽʾ ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ ʙʫʚ ʚʠʛʦʪʦʚʣʝʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ ʧʝʨʝʩʫʚʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ. ʅʘ 

ʨʠʩʫʥʢʫ 2 ʥʘʚʝʜʝʥʠʡ ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʝʨʘ ʟʽ ʟʥʷʪʠʤ ʢʘʧʦʪʦʤ ʡʦʛʦ 

ʧʨʠʚʦʜʥʦʾ ʩʪʘʥʮʽʾ. 

 
 

ʈʠʩʫʥʦʢ 2 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ ʧʝʨʝʩʫʚʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʝʨʘ ʟʽ ʟʥʷʪʠʤ ʢʘʧʦʪʦʤ ʧʨʠʚʦʜʥʦʾ ʩʪʘʥʮʽʾ 
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ʇʝʨʝʩʫʚʥʘ ʫʩʪʘʥʦʚʢʘ ʧʨʠʚʦʜʘ ʚʠʩʽʚʥʠʭ ʘʧʘʨʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʦʾ ʩʽʚʘʣʢʠ ï 

ʮʝ ʚʠʨʽʙ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʠʡ ʫʞʝ ʪʨʠʚʘʣʠʡ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚʠʧʨʦʙʫʚʘʯʘʤʠ ʧʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤ ʚʠʩʽʚʫ ʧʦʩʽʚʥʠʤʠ ʩʝʢʮʽʷʤʠ ʩʽʚʘʣʢʠ 

ʪʘ ʾʭ ʨʝʛʫʣʶʚʘʥʥʷ (ʨʠʩ. 3). 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʝʨʝʩʫʚʥʘ ʫʩʪʘʥʦʚʢʘ ʧʨʠʚʦʜʘ ʚʠʩʽʚʥʠʭ ʘʧʘʨʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʦʾ 

ʩʽʚʘʣʢʠ 

 

ɹʫʜʽʚʝʣʴʥʘ ʯʘʩʪʠʥʘ ʩʪʝʥʜʘ ʷʚʣʷʻ ʩʦʙʦʶ ʙʝʪʦʥʦʚʘʥʝ ʟʘʛʣʠʙʣʝʥʥʷ ʚ ʟʝʤʣʽ 

ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʝʩʫʚʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ ʚ ʨʦʙʦʯʦʤʫ 

ʧʦʣʦʞʝʥʥʽ. ɿʘʛʣʠʙʣʝʥʥʷ ʤʘʻ ʮʝʥʪʨʘʣʴʥʫ ʪʨʘʥʰʝʻʧʦʜʽʙʥʫ ʯʘʩʪʠʥʫ ʟ 

ʧʘʥʜʫʩʘʤʠ ʧʦ ʙʦʢʘʭ ʜʣʷ ʚʢʦʯʫʚʘʥʥʷ ʪʘ ʚʠʢʦʯʫʚʘʥʥʷ ʧʝʨʝʩʫʚʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʝʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʢʪʦʨʘ. ʇʦ ʦʙʠʜʚʘ ʙʦʢʠ ʟʘʛʣʠʙʣʝʥʥʷ ʥʘ ʨʽʚʥʽ 

ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ ʨʦʟʪʘʰʦʚʘʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʙʝʪʦʥʦʚʘʥʽ ʧʣʦʱʘʜʢʠ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʩʽʚʘʣʢʠ ʪʘ ʧʝʨʝʩʫʚʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʦʜʘ ʾʾ 

ʚʠʩʽʚʥʠʭ ʘʧʘʨʘʪʽʚ (ʨʠʩ. 4). 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɹʫʜʽʚʝʣʴʥʘ ʯʘʩʪʠʥʘ ʩʪʝʥʜʘ 
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ɻʣʠʙʠʥʘ ʟʘʛʣʠʙʣʝʥʥʷ ʚʠʙʨʘʥʘ ʪʘʢ, ʱʦʙ ʚʝʨʭʥʷ ʛʽʣʢʘ ʪʨʘʥʩʧʦʨʪʝʨʥʦʾ 

ʩʪʨʽʯʢʠ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʟʘʛʣʠʙʣʝʥʥʷ ʧʝʨʝʩʫʚʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ, 

ʨʦʟʪʘʰʦʚʫʚʘʣʘʩʴ ʧʨʠʙʣʠʟʥʦ ʥʘ ʨʽʚʥʽ ʟʝʤʣʽ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʩʪʝʥʜʘ ʥʘ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ ʪʘ ʥʘ ʚʠʷʚʣʝʥʥʷ  

ʪʝʭʥʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʟ ʦʙʦʭ ʙʦʢʽʚ ʪʨʘʥʩʧʦʨʪʝʨʥʦʾ ʩʪʨʽʯʢʠ 

ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʨʦʣʠʢʠ, ʷʢʽ ʩʧʠʨʘʶʪʴʩʷ ʦʙ ʾʾ ʢʨʘʡʢʠ ʽ ʪʠʤ ʩʘʤʠʤ 

ʧʦʧʝʨʝʜʞʘʶʪʴ ʩʧʘʜʘʥʥʷ ʪʨʘʥʩʧʦʨʪʝʨʥʦʾ ʩʪʨʽʯʢʠ ʟ ʙʘʨʘʙʘʥʽʚ. ʊʘʢʦʞ ʩʪʝʥʜ ʙʫʚ 

ʫʢʦʤʧʣʝʢʪʦʚʘʥʠʡ ʟʥʽʤʥʠʤ ʣʦʪʢʦʤ ʜʣʷ ʩʢʠʜʘʥʥʷ ʥʘʩʽʥʥʷ ʟʘ ʤʝʞʽ 

ʪʨʘʥʩʧʦʨʪʝʨʥʦʾ ʩʪʨʽʯʢʠ ʥʘ ʯʘʩ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʽʤʽʪʘʮʽʾ ʚʠʩʽʚʫ (ʨʠʩ. 5). 

 

 
 
ʈʠʩʫʥʦʢ 5 ï ɿʥʽʤʥʠʡ ʣʦʪʦʢ ʜʣʷ ʩʢʠʜʘʥʥʷ ʥʘʩʽʥʥʷ ʟʘ ʤʝʞʽ ʪʨʘʥʩʧʦʨʪʝʨʥʦʾ 

ʩʪʨʽʯʢʠ ʥʘ ʯʘʩ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʽʤʽʪʘʮʽʾ ʚʠʩʽʚʫ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʝʥʜʘ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʡʦʛʦ 

ʪʝʭʥʽʯʥʘ ʝʢʩʧʝʨʪʠʟʘ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ  ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ, ʚʘʛʦʚʠʭ, ʰʚʠʜʢʽʩʥʠʭ 

ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʪʘʙʣʠʮʷ 1). 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʅɼʈ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʥʷ ʧʦʨʷʜʢʫ ʧʽʜʛʦʪʦʚʢʠ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʝʥʜʘ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʷʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʩʽʥʠʥ ʚ ʨʷʜʢʫ [1, 2], 

ʙʫʜʦʚʠ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʩʪʝʥʜʘ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʾ, ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ 

ʩʪʝʥʜʘ ʥʘ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ ʪʘ ʙʝʟʧʝʯʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ. 

ɼʣʷ ʘʧʨʦʙʘʮʽʾ ʧʦʨʷʜʢʫ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʝʥʜʘ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʦ ʩʽʚʘʣʢʠ ʫʥʽʚʝʨʩʘʣʴʥʽ ʧʥʝʚʤʘʪʠʯʥʽ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ 

ʋʇʉ-8 [3] ʪʘ çɺʝʛʘ-12è [3]  ʚʠʨʦʙʥʠʮʪʚʘ ʇɸʊ çʏʝʨʚʦʥʘ ɿʽʨʢʘè ʤ. ʂʽʨʦʚʦʛʨʘʜ 

(ʥʘ ʜʘʥʠʡ ʯʘʩ-ʇɸʊ çɽʣʴʚʦʨʪʽè ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ) (ʨʠʩ. 6). 
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ʊʘʙʣʠʮʷ 1 ï ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʥʜʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʚ ʨʷʜʢʘʭ ʩʽʚʘʣʢʘʤʠ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 

1. ʊʠʧ ʉʪʘʮʽʦʥʘʨʥʠʡ 

2. ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʤʤ:  
    - ʧʝʨʝʩʫʚʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ  

     ʜʦʚʞʠʥʘ 7080Ñ50 

     h ʠʨʠʥʘ  1670Ñ20 
     ʚʠʩʦʪʘ 1470Ñ20 

    - ʧʝʨʝʩʫʚʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʦʜʘ ʢʦʣʽʩ ʚʠʧʨʦʙʫʚʘʥʦʾ ʩʽʚʘʣʢʠ 
 

     ʜʦʚʞʠʥʘ 2235Ñ20 

     h ʠʨʠʥʘ  830Ñ20 

     ʚʠʩʦʪʘ 940Ñ20 

     - ʙʫʜʽʚʝʣʴʥʦʾ ʯʘʩʪʠʥʠ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʝʩʫʚʥʦʛʦ 
ʩʪʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ ʚ ʨʦʙʦʯʦʤʫ ʧʦʣʦʞʝʥʥʽ 

 

     ʜʦʚʞʠʥʘ 7680Ñ50 

     h ʠʨʠʥʘ  2990Ñ50 
     ʛʣʠʙʠʥʘ 450Ñ20 

3. ʈʦʟʤʽʨʠ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʧʝʨʝʩʫʚʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʝʨʘ, ʤʤ: 
 

     ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʣʽʩ ʜʦ ʟʯʽʧʥʦʛʦ ʧʨʠʩʪʨʦʶ 6430Ñ30 

     h ʠʨʠʥʘ ʢʦʣʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʣʽʩ 1460Ñ20 

     ʜʽʘʤʝʪʨ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʣʽʩ 500Ñ10 
     ʜʦʨʦʞʥʽʡ ʧʨʦʩʚʽʪ 200Ñ20 

4. ʈʦʟʤʽʨʠ ʨʝʻʩʪʨʘʮʽʡʥʦʾ ʯʘʩʪʠʥʠ ʪʨʘʥʩʧʦʨʪʝʨʥʦʾ ʩʪʨʽʯʢʠ, ʤʤ:  

    ʜʦʚʞʠʥʘ 5600Ñ50 
    h ʠʨʠʥʘ 210 

5. ʄʘʩʘ, ʢʛ  

    - ʧʝʨʝʩʫʚʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ 695Ñ10 
    - ʧʝʨʝʩʫʚʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʦʜʘ ʚʠʩʽʚʥʠʭ ʘʧʘʨʘʪʽʚ 

ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʩʽʚʘʣʢʠ 335Ñ10 

    - ʟʘʛʘʣʴʥʘ 1030Ñ10 
6. ʃʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʝʨʥʦʾ ʩʪʨʽʯʢʠ ʧʝʨʝʩʫʚʥʦʛʦ 

ʩʪʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ ʽ ʚʘʣʴʮʽʚ ʧʝʨʝʩʫʚʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʦʜʘ 

ʚʠʩʽʚʥʠʭ ʘʧʘʨʘʪʽʚ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʩʽʚʘʣʢʠ, ʢʤ/ʛʦʜ ( ʤ/ʩ):  

  

    ʥʘ I ʧʝʨʝʜʘʯʽ 5,3 (1,47) 

    ʥʘ II ʧʝʨʝʜʘʯʽ 7,5 (2,08) 

    ʥʘ  III ʧʝʨʝʜʘʯʽ 9,0 (2,50) 
7. ʉʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʥʝ ʙʽʣʴʰʝ, ʢɺʪ  

   - ʧʝʨʝʩʫʚʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ 3 

   - ʧʝʨʝʩʫʚʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʦʜʘ ʚʠʩʽʚʥʠʭ ʘʧʘʨʘʪʽʚ 

ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʩʽʚʘʣʢʠ 2 

   - ʟʘʛʘʣʴʥʘ 5 
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ʈʠʩʫʥʦʢ 6 ï ɸʧʨʦʙʘʮʽʷ ʨʦʙʦʪʠ ʩʪʝʥʜʘ ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʩʽʚʘʣʢʠ 

ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʧʥʝʚʤʘʪʠʯʥʦʾ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ ʋʇʉ-8 

 

ɼʣʷ ʧʨʠʢʣʘʜʫ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʝʥʜʘ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʩʽʚʘʣʢʦʶ ʋʇʉ-8 ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. 
 

ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʝʥʜʘ ʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʩʽʚʘʣʢʦʶ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʧʥʝʚʤʘʪʠʯʥʦʶ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ ʋʇʉ-8 

ʇʦʢʘʟʥʠʢʠ 

ʚʠʟʥʘʯʝʥʥʷ 

ʚʠʩʽʚʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʩʽʚʘʣʦʢ 

ʉʦʥʷʰʥʠʢ ʂʫʢʫʨʫʜʟʘ ʉʦʨʛʦ 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ, 

ʢʤ/ʛʦʜ 
9,0 9,0 9,0 

ʂʽʣʴʢʽʩʪʴ ʰʪ. ʥʘ ʧ.ʤ. 3,1 4,5 9,1 2,5 7,1 8,0 4,0 11,0 16,0 

ʉʝʨʝʜʥʽʡ ʽʥʪʝʨʚʘʣ 
ʤʽʞ ʥʘʩʽʥʠʥʘʤʠ,ʩʤ 

32,25 22,20 10,98 40,00 14,10 12,50 25,0 9,10 6,25 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥ

ʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ, ʩʤ 
9,41 8,46 5,52 6,01 6,59 5,25 1,58 2,03 1,97 

ʂʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ, 
% 

28,20 36,59 45,08 35,35 38,87 30,88 25,77 33,12 32,14 

ʂʽʣʴʢʽʩʪʴ ʜʚʽʡʥʠʢʽʚ / 

ʧʨʦʧʫʩʢʽʚ, ʰʪ. ʥʘ 
ʧ.ʤ. 

0/4 0/2 1/9 1/3 1/6 1/4 2/3 3/4 3/3 

ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʝʥʜʘ ʚ ʧʨʘʢʪʠʢʫ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʇʽʚʜʝʥʥʦ-

ʋʢʨʘʾʥʩʴʢʽʡ ʬʽʣʽʾ ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʟʘʭʦʜʽʚ, 

ʩʝʨʝʜ ʷʢʠʭ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʩʪʨʫʢʮʽʾ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʝʥʜʘ, ʥʘʚʯʘʥʥʷ ʪʘ 

ʩʪʘʞʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʨʦʙʦʪʽ ʟʽ ʩʪʝʥʜʦʤ, ʧʨʝʟʝʥʪʘʮʽʷ ʩʪʝʥʜʘ ʩʝʨʝʜ 

ʨʦʟʨʦʙʥʠʢʽʚ ʪʘ ʚʠʨʦʙʥʠʢʽʚ ʩʽʚʘʣʦʢ ʽ ʟʘʭʠʩʪ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ 

ʩʪʝʥʜʘ ʪʘ ʩʧʦʩʦʙʫ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʩʽʚʘʣʦʢ ʪʦʯʥʦʛʦ 

ʚʠʩʽʚʫ.  

ɯʥʩʪʨʫʢʮʽʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʝʥʜʘ ʟʘ ʧʦʙʫʜʦʚʦʶ, ʟʤʽʩʪʦʤ ʪʘ ʚʠʢʣʘʜʦʤ 

ʩʢʣʘʜʝʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʤʦʛ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʦʢʫʤʝʥʪʽʚ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ [5] ʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʟʥʘʡʦʤʣʝʥʥʷ 
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ʚʠʧʨʦʙʫʚʘʯʽʚ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ ʩʪʝʥʜʘ, ʤʽʩʪʠʪʴ ʚʠʤʦʛʠ ʙʝʟʧʝʢʠ, ʧʦʨʷʜʦʢ 

ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʝʥʜʘ, ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʡʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 

ʏʠʤʘʣʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʣʘ ʧʨʝʟʝʥʪʘʮʽʷ ʩʪʝʥʜʘ ʫ ʢʦʥʩʪʨʫʢʪʦʨʽʚ ʇɸʊ 

çɽʣʴʚʦʨʪʽè ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ ʥʘ ʪʝʭʥʽʯʥʽʡ ʨʘʜʽ ʟ ʧʠʪʘʥʴ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʧʨʦʜʫʢʮʽʾ ʾʭʥʴʦʛʦ ʟʘʚʦʜʫ,ʟʦʢʨʝʤʘ ï ʩʽʚʘʣʦʢ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ (ʨʠʩ. 7). 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʇʨʝʟʝʥʪʘʮʽʷ ʩʪʝʥʜʘ ʥʘ ʪʝʭʥʽʯʥʽʡ ʨʘʜʽ ʟ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʇɸʊ 

çɽʣʴʚʦʨʪʽèè ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ 
 

ɼʝʤʦʥʩʪʨʘʮʽʷ ʩʪʝʥʜʘ ʪʘʢʦʞ ʧʨʠʚʝʨʥʫʣʘ ʫʚʘʛʫ ʩʽʣʴʛʦʩʧʚʠʨʦʙʥʠʢʽʚ 

ʍʝʨʩʦʥʱʠʥʠ ʥʘ ʨʝʛʽʦʥʘʣʴʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʊʝʭʥʽʢʘ-

ʩʝʣʫè, ʷʢ ʟʘʩʦʙʫ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʩʽʚʘʣʦʢ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ ʚ 

ʛʦʩʧʦʜʘʨʩʪʚʘʭ. 

ɸʚʪʦʨʩʴʢʽ ʧʨʘʚʘ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʩʪʝʥʜʘ ʪʘ ʤʝʪʦʜʦʣʦʛʽʾ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʱʝʥʽ ʜʚʦʤʘ ʧʘʪʝʥʪʘʤʠ ʥʘ ʢʦʨʠʩʥʽ ʤʦʜʝʣʽ:  

ʘ) çʉʪʝʥʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʚ ʨʷʜʢʫ 

ʩʽʚʘʣʢʘʤʠ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫè ʟʘ ˉ 92995 ʚʽʜ 10.09.2014; 

ʙ) çʉʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʚ ʨʷʜʢʫ 

ʩʽʚʘʣʢʘʤʠ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫè ʟʘ ˉ 93613 ʚʽʜ 10.10.2014. 

ɺʠʧʨʦʙʫʚʘʯʽ  ʇʽʚʜʝʥʥʦ-ʋʢʨʘʾʥʩʴʢʦʾ  ʬʽʣʽʾ ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ 

ʚʞʝ ʪʨʝʪʽʡ ʨʽʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʝʥʜ ʫ ʩʚʦʾʡ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʚʚʘʞʘʶʪʴ ʡʦʛʦ 

ʮʽʣʢʦʤ ʧʨʠʜʘʪʥʠʤ ʫ ʧʨʘʢʪʠʮʽ ʥʘʫʢʦʚʦʾ, ʚʢʣʶʯʘʶʯʠ ʚʠʧʨʦʙʫʚʘʣʴʥʫ ʪʘ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʫ ʨʦʙʦʪʫ. 

ɺʠʩʥʦʚʢʠ. ɿʛʽʜʥʦ ʟ ʧʣʘʥʦʤ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʋʢʨʅɼɯʇɺʊ  

ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ ʥʘ 2014-2016 ʨʦʢʠ ʪʘ ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʇʽʚʜʝʥʥʦ-

ʋʢʨʘʾʥʩʴʢʦʶ ʬʽʣʽʻʶ ʚ ʟʘʧʣʘʥʦʚʘʥʦʤʫ ʦʙʩʷʟʽ ʚʠʢʦʥʘʥʘ ʅɼʈ çʈʦʟʨʦʙʣʝʥʥʷ ʪʘ 

ʧʨʦʚʘʡʜʠʥʛ ʩʪʝʥʜʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʚ ʨʷʜʢʫ 

ʩʽʚʘʣʢʘʤʠ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫè ʟ ʪʘʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ:  

1. ʉʢʦʥʩʪʨʫʡʦʚʘʥʠʡ ʪʘ ʚʠʛʦʪʦʚʣʝʥʠʡ ʩʪʝʥʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʚ ʨʷʜʢʫ ʩʽʚʘʣʢʘʤʠ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ. 
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2. ʉʪʝʥʜ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʾ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʚʠʧʨʦʙʫʚʘʥʴ 

ʥʘ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ ʪʘ ʘʧʨʦʙʘʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, 

ʱʦʜʦ ʤʝʪʦʜʽʚ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʮʴʦʛʦ ʪʠʧʫ ʩʽʚʘʣʦʢ. 

3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʪʝʥʜʘ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʚ ʨʷʜʢʫ ʩʽʚʘʣʢʘʤʠ ʚ ʟʙʦʨʽ, ʘ ʪʘʢʦʞ ʚʠʢʣʶʯʘʻ ʥʝʜʦʣʽʢʠ 

ʽʥʰʠʭ ʽʤʽʪʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʩʪʝʥʜʦʚʠʭ ʩʪʘʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʘ ʩʘʤʝ: 

- ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʝʤʦʥʪʘʞʫ ʧʦʩʽʚʥʠʭ ʩʝʢʮʽʡ;  

- ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʩʪʝʥʜʘ ʚʝʥʪʠʣʷʪʦʨʦʤ ʟ ʤʝʭʘʥʽʟʤʦʤ ʡʦʛʦ 

ʧʨʠʚʦʜʘ;  

- ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʚʠʩʦʪʠ ʧʘʜʽʥʥʷ ʥʘʩʽʥʥʷ ʥʘ ʣʠʧʢʫ ʩʪʨʽʯʢʫ; 

- ʚʧʣʠʚʫ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʜʦʩʣʽʜʽʚ ʚʽʪʨʫ ʪʘ ʚʽʙʨʘʮʽʡ ʧʦʩʽʚʥʦʛʦ ʘʛʨʝʛʘʪʘ. 

4. ʇʨʦʚʝʜʝʥʠʡ ʨʷʜ ʟʘʭʦʜʽʚ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʝʥʜʘ ʚ ʧʨʘʢʪʠʢʫ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʘ ʪʘʢʦʞ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ 

ʨʝʛʫʣʶʚʘʥʥʷ ʦʜʥʦʥʘʩʽʥʥʠʭ ʩʽʚʘʣʦʢ ʫ ʩʽʣʴʩʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚʘʭ (ʨʦʟʨʦʙʣʝʥʥʷ 

ʽʥʩʪʨʫʢʮʽʾ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘʚʯʘʥʥʷ ʪʘ ʩʪʘʞʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʧʨʝʟʝʥʪʘʮʽʾ).  

5. ɸʚʪʦʨʩʴʢʽ ʧʨʘʚʘ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʩʪʝʥʜʘ ʪʘ ʤʝʪʦʜʦʣʦʛʽʶ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʱʝʥʽ ʜʚʦʤʘ ʧʘʪʝʥʪʘʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ 

ʚ ʖʞʥʦ-ʋʢʨʘʠʥʩʢʦʤ ʬʠʣʠʘʣʝ ʋʢʨʅʀʀʇʀʊ ʠʤ. ʃ. ʇʦʛʦʨʝʣʦʛʦ ʩʪʝʥʜʘ ʜʣʷ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʩʝʷʣʦʢ ʪʦʯʥʦʛʦ ʚʳʩʝʚʘ ʚ ʯʘʩʪʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʤʷʥ ʚ ʨʷʜʢʝ ʙʝʟ ʜʝʤʦʥʪʘʞʘ ʧʦʩʝʚʥʳʭ ʩʝʢʮʠʡ. 

 

Summary. The article presents the results of the development and 

implementation in the South Ukrainian branch of  L. Pogorilyy UkrNDIPVT stand 

for static testing of precision seeding machines in the part of the uniform 

distribution of seed in a row without dismantling of seed sections. 
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ʋɼʂ: 631.3.06:549.742.114:519.24 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɼʀʅɸʄɯʂʀ ɸɺʊʆʅʆʄʅʆɻʆ ɺʀʉɯɺʅʆɻʆ 

ʄʆɼʋʃʗ ʂʆʊʋʐʂʆɺʆɻʆ ʊʀʇʋ ɼʃʗ ʉɯɺɹʀ 

ɼʈɯɹʅʆʅɸʉɯʅʅɭɺʀʍ ʂʋʃʔʊʋʈ 

 

ʊ. ɻʘʡʜʘʡ,  

ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ 

 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʴ ʜʠʥʘʤʽʢʠ ʚʠʩʽʚʥʦʛʦ ʤʦʜʫʣʷ ʢʦʪʫʰʢʦʚʦʛʦ 

ʪʠʧʫ, ʩʢʣʘʜʦʚʠʤʠ ʷʢʦʾ ʻ  ʧʘʨʘʤʝʪʨʠ ʽ ʨʝʞʠʤʠ  ʢʦʪʫʰʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʙʘʯʠʪʠ 

ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʩʽʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʟ ʙʫʥʢʝʨʘ ʜʦ 

ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ. ɼʦʩʣʽʜʞʝʥʦ ʤʦʜʝʣʴ ʨʫʭʫ ʧʦʩʽʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ 

ʥʘʩʽʥʥʻʧʨʦʚʦʜʽ,   ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʥʴʦʛʦ ʪʘ ʨʦʟʛʣʷʥʫʪʦ 

ʬʫʥʢʮʽʶ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ, ʱʦ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʜʘʩʪʴ ʟʤʦʛʫ ʙʽʣʴʰ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʚʠʪʨʘʪʠ ʧʦʩʽʚʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʧʦ ʧʣʦʱʽ ʧʦʣʷ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʥʘʤʽʢʘ ʨʫʭʫ, ʚʠʩʽʚʥʠʡ ʤʦʜʫʣʴ, ʢʦʪʫʰʢʘ, ʥʘʩʽʥʥʻʧʨʦʚʽʜ, 

ʪʘʨʽʣʯʘʩʪʠʡ ʜʦʟʘʪʦʨ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ,  

ʜʨʽʙʥʦʥʘʩʽʥʥʻʚʽ ʢʫʣʴʪʫʨʠ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʛʣʷʜʫ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ 

ʪʝʭʥʽʢʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʟʥʘʨʷʜʜʷʤʠ ʜʣʷ ʩʽʚʙʠ ʩʠʜʝʨʘʣʴʥʠʭ ʢʫʣʴʪʫʨ  ʻ 

ˇʨʫʥʪʦʦʙʨʦʙʥʦ-ʧʦʩʽʚʥʽ ʘʛʨʝʛʘʪʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʽʚʙʫ ʦʜʥʦʯʘʩʥʦ ʟ 

ʦʙʨʦʙʽʪʢʦʤ ˇʨʫʥʪʫ. ʅʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʦʶ ʩʭʝʤʦʶ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʘʛʨʝʛʘʪʽʚ 

ʻ ʤʦʜʫʣʴʥʘ, ʜʝ ˇʨʫʥʪʦʦʙʨʦʙʥʠʡ ʤʦʜʫʣʴ ʜʦʦʩʥʘʱʫʻʪʴʩʷ ʧʨʦʩʪʠʤ ʟʘ ʩʭʝʤʘʤʠ 

ʧʨʠʻʜʥʘʥʥʷ ʪʘ ʧʨʠʚʦʜʫ ʚʠʩʽʚʥʠʤ ʘʧʘʨʘʪʦʤ ʢʦʪʫʰʢʦʚʦʛʦ ʪʠʧʫ ʟ ʧʨʠʡʥʷʪʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʜʦʟʫʚʘʥʥʷ ʪʘ ʚʥʝʩʝʥʥʷ ʥʘʩʽʥʥʷ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ 

ʩʽʚʙʠ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʜʠʥʘʤʽʢʠ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ ʛʨʫʥʪʦʦʙʨʦʙʥʦ-

ʧʦʩʽʚʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʱʦ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʚʠʪʨʘʪʠ ʧʦʩʽʚʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟ ʨʦʟʨʘʭʫʥʢʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʥʦʨʤʠ ʚʠʩʽʚʫ. ʄʦʜʝʣʴ ʜʠʥʘʤʽʢʠ 

ʢʦʪʫʰʢʠ ʚʠʩʽʚʥʦʛʦ ʘʛʨʝʛʘʪʘ ʙʫʜʝ ʨʦʟʨʦʙʣʝʥʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʚʨʘʭʦʚʫʶʯʠ ʾʾ ʚʠʛʣʷʜ ʥʘ ʨʠʩʫʥʢʫ 1. 

ɺʠʩʽʚʥʠʡ ʘʛʨʝʛʘʪ ʧʨʘʮʶʻ ʪʘʢ. ʆʙʝʨʪʘʶʯʠʩʴ ʫ ʥʘʩʽʥʥʻʚʦʤʫ ʙʫʥʢʝʨʽ, 

ʢʦʪʫʰʢʘ ʩʚʦʾʤʠ ʢʦʤʽʨʢʘʤʠ ʧʝʨʝʤʽʱʫʻ ʥʘʩʽʥʥʷ ʜʦ ʚʠʭʽʜʥʠʭ ʦʪʚʦʨʽʚ ʟ ʙʫʥʢʝʨʘ. 

ɼʦʩʷʛʥʫʚʰʠ ʚʠʭʽʜʥʠʭ ʦʪʚʦʨʽʚ ʥʘʩʽʥʥʷ ʟ ʢʦʤʽʨʦʢ ʧʦʪʨʘʧʣʷʻ ʫ ʚʦʨʦʥʢʠ 

ʥʘʩʽʥʥʻʧʨʦʚʦʜʽʚ ʽ ʧʽʜ ʜʽʻʶ ʧʦʚʽʪʨʦʥʘʛʥʽʪʘʯʘ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʜʦ ʚʠʭʦʜʫ ʥʘ 

ʧʣʦʱʠʥʠ ʨʦʟʩʽʶʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 1 ï ɺʠʛʣʷʜ ʢʦʪʫʰʢʠ ʚʠʩʽʚʥʦʛʦ ʘʛʨʝʛʘʪʘ 

 

ʂʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʚʠʩʽʚʥʦʾ ʢʦʪʫʰʢʠ wʢ ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʟʘ 
ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʽʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʩʽʥʥʷ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ Nr 

ʙʣʠʟʴʢʫ ʜʦ ʟʘʜʘʥʦʾ ʥʦʨʤʠ ʚʠʩʽʚʫ Nʟ. ʋʚʝʜʝʤʦ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ x0y, ʚʽʩʴ 0ʭ 

ʧʨʦʭʦʜʠʪʴ ʧʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʚʠʩʽʚʥʦʾ ʢʦʪʫʰʢʠ. ɼʦ ʚʘʣʘ ʢʦʪʫʰʢʠ ʨʘʜʽʫʩʘ 

rʢ = Dʢ/2 ʧʨʠʢʣʘʜʝʥʽ, ʟʛʽʜʥʦ [1], ʟʦʚʥʽʰʥʽ ʩʠʣʠ: ʩʫʤʘʨʥʘ ʚʘʛʘ ʢʦʪʫʰʢʠ ʽʟ 

ʟʘʭʦʧʣʝʥʠʤ ʾʾ ʢʦʤʽʨʢʘʤʠ ʥʘʩʽʥʥʷʤ ʈS = Pʢ + Pʩ, ʥʦʨʤʘʣʴʥʘ ʨʝʘʢʮʽʷ 

ʧʽʜʰʠʧʥʠʢʽʚ Rʧ  ʽ ʩʠʣʘ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ F, ʧʨʠʢʣʘʜʝʥʘ ʜʦ ʚʘʣʘ ʢʦʪʫʰʢʠ ʚ 

ʪʦʯʢʘʭ, ʜʝ ʧʝʨʝʜʘʻʪʴʩʷ ʪʠʩʢ ʚʘʣʘ ʥʘ ʧʽʜʰʠʧʥʠʢʠ, ʽ ʩʧʨʷʤʦʚʘʥʘ ʧʨʦʪʠ 

ʦʙʝʨʪʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ v = wʢĿrʢ  ʫ ʮʠʭ ʪʦʯʢʘʭ. ʋʨʘʭʦʚʫʻʤʦ ʪʘʢʦʞ, ʱʦ 

ʩʪʚʦʨʝʥʠʡ ʢʝʨʦʚʘʥʠʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʤʦʤʝʥʪ ʩʠʣ ʄɻ ʜ,  ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʽ ʧʽʜʪʨʠʤʢʠ ʩʪʘʙʽʣʴʥʦʛʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʦʙʝʨʪʘʥʥʷ 

ʢʦʪʫʰʢʠ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʘʣ ʢʦʪʫʰʢʠ ʦʙʝʨʪʘʻʪʴʩʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ-ʢʦʚʟʘʥʥʷ fʪʨ.  

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʩʠʣʠ ʈS  ʠ Rʧ ʧʝʨʝʪʠʥʘʶʪʴ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ 

ʢʦʪʫʰʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʥʝʾ, ʾʭ ʤʦʤʝʥʪʠ ʱʦʜʦ ʮʽʻʾ ʦʩʽ ʜʦʨʽʚʥʶʶʪʴ 

ʥʫʣʶ. ʄʦʤʝʥʪ ʚʽʜʥʦʩʥʦ ʦʩʽ ʚʘʣʘ ʢʦʪʫʰʢʠ ʚʠʩʽʚʫ ʤʘʪʠʤʝ ʪʽʣʴʢʠ ʩʠʣʘ ʪʝʨʪʷ 

F,ʨʽʚʥʘ ʧʦ ʤʦʜʫʣʶ F=fʪʨÖRʧ. ɺʚʘʞʘʻʤʦ, ʱʦ ʩʠʣʘ ʨʝʘʢʮʽʾ ʧʽʜʰʠʧʥʠʢʽʚ 

ʬʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʻ ʩʫʤʘʨʥʽʡ ʚʘʟʽ ʢʦʪʫʰʢʠ ʟ ʥʘʩʽʥʥʷʤ, ʪʦʙʪʦ, Rʧ å ʈS , ʤʘʻʤʦ: 

F=fʪʨÖ ʈS = fʪʨĿ( Pʢ + Pʩ). 

ɺʠʟʥʘʯʠʤʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʦʪʫʰʢʠ ʟ ʥʘʩʽʥʥʷʤ ʚ ʞʦʣʦʙʢʘʭ, ʷʢ ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ ʜʝʷʢʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʚʘʣʘ ʤʘʩʦʶ  ʽ ʨʘʜʽʫʩʦʤ 

rʢ: 

 ,    (1) 

ʜʝ g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʘ Dʢ ï ʜʽʘʤʝʪʨ ʚʠʩʽʚʥʦʾ ʢʦʪʫʰʢʠ (ʨʠʩ.1).  

ɺʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʩʠʣ ʪʝʨʪʷ ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

 .    (2) 

ʊʦʜʽ, ʚʨʘʭʦʚʫʶʯʠ ʚʠʛʣʷʜ ʨʽʚʥʷʥʥʷ ʦʙʝʨʪʘʥʥʷ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʥʘʚʢʦʣʦ 

ʥʝʨʫʭʦʤʦʾ ʦʩʽ: , ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʚʠʩʽʚʥʦʾ ʢʦʪʫʰʢʠ 

ʤʘʪʠʤʝ ʚʠʛʣʷʜ:  

 ,    (3)  

LK 

Lr 

Y  

X  

DK 

0 
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ʜʝ ʄɻ ʜ ï ʤʦʤʝʥʪ ʩʠʣ, ʩʪʚʦʨʶʚʘʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʜʣʷ ʦʙʝʨʪʘʥʥʷ ʢʦʪʫʰʢʠ, 

ʨʽʚʥʠʡ ʘʙʦ ʙʽʣʴʰʠʡ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʩʠʣ ʪʝʨʪʷ. 

ʉʪʘʣʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʢʦʪʫʰʢʠ ʟʘʣʝʞʥʦ ʚʽʜ (3), ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʨʽʚʥʦʩʪʽ [2]: 

.           (4) 

ɿʚʽʜʢʠ ʦʪʨʠʤʫʻʤʦ, ʱʦ ʜʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʚʠʭʦʜʫ ʥʘʩʽʥʥʷ ʟ ʥʘʩʽʥʥʦʛʦ 

ʙʫʥʢʝʨʘ ʥʝʦʙʭʽʜʥʦ 

 .      (5)  

ʂʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ wr ʚʠʩʽʚʥʦʾ ʢʦʪʫʰʢʠ (ʘʙʦ - ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʟʘ ʦʜʠʥʠʮʶ 

ʯʘʩʫ), ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʚʠʜʘʯʽ ʧʦʩʽʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʢʽʣʴʢʦʩʪʽ, ʥʝʦʙʭʽʜʥʽʡ ʜʣʷ 

ʧʦʢʨʠʪʪʷ ˇʨʫʥʪʫ ʧʦʣʷ ʧʣʦʱʝʶ S, ʦʙʯʠʩʣʠʤʦ ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʜʘʥʦʾ ʥʦʨʤʠ ʚʠʩʽʚʫ 

Nʟ (ʢʽʣʴʢʽʩʪʴ ʥʘʩʽʥʥʷ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʚ ʛ/ʤ
2
 ʘʙʦ ʰʪ/ʤ

2 
), ʽ ʨʦʙʦʪʠ ʧʦʩʽʚʥʦʛʦ 

ʘʛʨʝʛʘʪʘ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ Vʘʛ.  ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʠʤʦ [3] ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ: 

- ʢʽʣʴʢʽʩʪʴ ʥʘʩʽʥʥʷ, ʚʠʰʪʦʚʭʫʚʘʥʦʛʦ ʢʦʪʫʰʢʦʶ ʟ ʥʘʩʽʥʥʻʚʦʛʦ ʙʫʥʢʝʨʘ ʟʘ 

1 ʦʙʝʨʪ: 

 ,    (6) 

 

ʜʝ  Sʞ - ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʦʤʽʨʢʠ, ʤʤ
2
; Z - ʢʽʣʴʢʽʩʪʴ ʢʦʤʽʨʦʢ; Õ - 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ ʞʦʣʦʙʢʽʚ ʧʦʩʽʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ; Dʢ - ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ 

ʢʦʪʫʰʢʠ;  ʉ1 - ʟʘʟʦʨ ʥʘ ʚʠʭʦʜʽ ʤʽʞ ʢʦʪʫʰʢʦʶ ʽ ʜʥʦʤ ʙʫʥʢʝʨʘ, ʤʤ; ʝ - ʦʩʥʦʚʘ 

ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ; b0 - ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ (ʜʣʷ ʜʨʽʙʥʦʛʦ 

ʥʘʩʽʥʥʷ 0,2é0,25); Lr - ʨʦʙʦʯʘ ʜʦʚʞʠʥʘ ʢʦʪʫʰʢʠ, ʤʤ; ɔʧ.ʤ. ï ʦʙôʻʤʥʘ ʤʘʩʘ 

ʧʦʩʽʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʛ/ʜʤ
3
; 

- ʥʝʦʙʭʽʜʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦʩʽʚʫ (ʚ ʛ/c ) ʟʘ ʰʠʨʠʥʠ ʧʦʩ̔ʚʥʦʛʦ ʘʛʨʝʛʘʪʘ ɺ: 

 ,              (7) 

ɺʠʭʦʜʷʯʠ ʽʟ ʟʘʜʘʥʦʾ ʥʦʨʤʠ Nʟ, ʥʘ ʧʦʣʽ ʧʣʦʱʝʶ S ʧʦʪʨʽʙʥʦ ʚʠʩʽʷʪʠ  

ʢʽʣʴʢʽʩʪʴ ʧʦʩʽʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʅ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

H = Nʟ Ā S.                  (8) 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʨʘʟ (6), ʚʠʟʥʘʯʘʻʤʦ ʨʦʟʨʘʭʫʥʢʦʚʝ ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʚʠʩʽʚʥʦʾ 

ʢʦʪʫʰʢʠ qr,  ʥʝʦʙʭʽʜʥʝ ʟʘ ʫʤʦʚʘʤʠ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʚʠʩʽʚʫ ʧʦʩʽʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ: 

.              (9) 

ʏʘʩ ʊi ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʽʣʷʥʢʠ ʧʦʣʷ ʧʣʦʱʝʶ æSi,  ʧʦʩʽʚʥʦʛʦ 

ʘʛʨʝʛʘʪʘ ʟ ʰʠʨʠʥʦʶ ʟʘʭʚʘʪʫ ɺ, ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 

, ʚʠʟʥʘʯʠʤʦ ʟ ʚʠʨʘʟʫ: 

 .     (10) 

ɿʘʛʘʣʴʥʠʡ ʯʘʩ ʊ ʦʙʨʦʙʢʠ ʧʦʣʷ ʧʣʦʱʝʶ S ʚʠʟʥʘʯʠʤʦ, ʧʽʜʩʫʤʫʚʘʚʰʠ 

ʟʘʣʝʞʥʽʩʪʴ (10) ʧʦ i=1,2,3é.., ʢʽʥʮʝʚʝ ʯʠʩʣʦ ʷʢʠʭ ʚʠʟʥʘʯʠʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘ ʤʦʤʝʥʪʘʤʠ ʟʤʽʥʠ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʴ ʣʦʢʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ  ʧʦʩʽʚʥʦʛʦ ʘʛʨʝʛʘʪʘ: 

         .          (11) 
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ʆʙʣʽʢ i-ʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ Vʘʛ ʧʦʩʽʚʥʦʛʦ ʘʛʨʝʛʘʪʘ ʜʦʟʚʦʣʠʪʴ ʦʙʯʠʩʣʠʪʠ 

ʟʛʽʜʥʦ ʟ (7) ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ ʧʦʣʷ ʥʝʦʙʭʽʜʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʩʽʚʫ ʥʘʩʽʥʥʷ: 

, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʟʘ ʟʘʜʘʥʦʶ ʥʦʨʤʦʶ ʚʠʩʽʚʫ 

ʥʝʦʙʭʽʜʥʫ ʜʣʷ iïʾ  ʜʽʣʷʥʢʠ ʧʦʪʦʯʥʫ ʚʠʪʨʘʪʫ ʧʦʩʽʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ: 

.                 (12) 

ʆʪʞʝ, ʟ ʦʛʣʷʜʫ ʥʘ ʚʠʨʘʟ (9) ʽ (10), ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʜʣʷ ʚʠʩʽʚʥʦʾ 

ʢʦʪʫʰʢʠ ʚʽʜʧʦʚʽʜʥʫ ʨʝʘʣʴʥʫ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ  ʥʘ ʢʦʞʥʽʡ i -ʡ ʜʽʣʴʥʠʮʽ: 

           (13) 

ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʾʡ ʚʠʜʘʪʠ ʟ ʥʘʩʽʥʥʻʚʦʛʦ ʙʫʥʢʝʨʘ ʥʝʦʙʭʽʜʥʫ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ ʢʽʣʴʢʽʩʪʴ ʧʦʩʽʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʦʪʨʘʧʣʷʻ ʜʦ 

ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ. 

ɼʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ ʨʫʭʫ ʥʘʩʽʥʥʷ ʧʦ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ. ʇʦʙʫʜʫʻʤʦ 

ʚʽʜʧʦʚʽʜʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ [5]. 

ɼʦʩʠʪʴ ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʪʘʢʦʾ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʚ [4], ʜʝ ʚ 

ʧʦʚʥʽʡ ʤʽʨʽ ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʦʧʠʩʘʥʠʡ ʥʝʣʽʥʽʡʥʠʡ ʜʠʥʘʤʽʯʥʠʡ 

ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʧʫʯʢʘ ʥʘʩʽʥʥʷ ʱʽʣʴʥʽʩʪʶ r ʽʟ ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ P, ʱʦ 

ʨʫʭʘʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ Vʩ ʧʦ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ ʧʽʜ ʜʽʻʶ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʟ 

ʧʦʚʽʪʨʦʥʘʛʥʽʪʘʯʘ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʪʨʫʙʢʦʶ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ. ʋ ʮʽʡ 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʚʨʘʭʦʚʘʥʽ ʥʝʣʽʥʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʝʥʝʨʛʦʦʙʤʽʥʫ, ʘ ʩʘʤʝ: 

ʩʠʣʠ ʂʦʨʽʦʣʽʩʘ, ʜʠʥʘʤʽʯʥʠʡ ʥʘʧʽʨ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ ʥʘ ʩʪʽʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʫ, 

ʚʧʣʠʚ ʥʘ ʧʦʪʽʢ ʩʠʣ ʧʦʟʜʦʚʞʥʴʦʛʦ ʩʪʠʩʥʝʥʥʷ ʪʨʫʙʢʠ, ʜʦʜʘʪʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚ ʤʽʩʮʷʭ ʚʠʛʠʥʽʚ ʪʨʫʙʢʠ, ʚʥʫʪʨʽʰʥʽʡ ʪʠʩʢ ʧʦʪʦʢʫ ʚ ʥʘʩʽʥʥʻʧʨʦʚʦʜʽ. 

ʈʫʭ ʤʘʩʠ ʥʘʩʽʥʥʷ ʚ ʥʘʩʽʥʥʻʧʨʦʚʦʜʽ ʧʽʜ ʜʽʻʶ ʧʦʚʽʪʨʦʥʘʛʥʽʪʘʯʘ ʤʦʞʥʘ 

ʪʘʢʦʞ, ʩʫʪʪʻʚʦ ʽʜʝʘʣʽʟʫʶʯʠ ʧʨʦʮʝʩ, ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʦʪʽʢ ʨʽʜʠʥʠ, 

ʪʦʙʪʦ ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʡ ʟʘʢʦʥʫ ɹʝʨʥʫʣʣʽ, ʟʘ ʷʢʦʛʦ ʰʚʠʜʢʽʩʪʴ  ʾʾ ʯʘʩʪʠʥʦʢ, 

ʪʠʩʢ P  ̔  ʱʽʣʴʥʽʩʪʴ r ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʟ ʯʘʩʦʤ  [6]: . 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʨʦʱʫʻʤʦ ʧʦʙʫʜʦʚʫ ʤʦʜʝʣʽ, ʚʽʜʢʠʜʘʶʯʠ ʚʘʞʢʦ 

ʚʨʘʭʦʚʫʚʘʥʽ ʩʠʣʦʚʽ ʨʝʘʢʮʽʾ, ʷʢʽ ʟʘʛʘʣʦʤ ʜʦʧʦʚʥʶʶʪʴ ʧʦʚʥʦʪʫ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʘʣʝ ʥʝ ʨʦʙʣʷʪʴ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʡʦʛʦ 

ʜʠʥʘʤʽʢʫ. ʄʝʪʦʶ ʪʘʢʦʛʦ ʚʠʙʦʨʫ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚ 

ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʥʘ ʚʠʭʦʜʽ 

ʟ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʫʭ ʥʘʩʽʥʥʷ ʧʽʩʣʷ ʚʠʥʦʩʫ ʾʭ ʢʦʪʫʰʢʦʚʠʤ ʚʠʩʽʚʥʠʤ ʘʧʘʨʘʪʦʤ 

ʟ ʙʫʥʢʝʨʘ ʚ ʥʘʩʽʥʥʻʧʨʦʚʽʜ. ɸʥʘʣʦʛʽʯʥʦ ʟ [5], ʜʝ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʩʽʚʫ ʥʘʩʽʥʥʷ 

ʜʨʽʙʥʦʥʘʩʽʥʥʻʚʠʭ ʢʫʣʴʪʫʨ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʪʘʪʠʩʪʠʯʥʽʡ ʧʨʠʨʦʜʽ ʧʦʪʦʢʫ ʥʘʩʽʥʥʷ 

ʧʽʜ ʯʘʩ ʨʫʭʫ ʫ ʥʘʩʽʥʥʻʧʨʦʚʦʜʽ ʚ ʛʨʘʚʽʪʘʮʽʡʥʦʤʫ ʧʦʣʽ ʟʝʤʣʽ, ʘ ʪʘʢʦʞ ʥʘ ʟʘʢʦʥʘʭ 

ʨʽʚʥʦʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʟʘ ʾʭ ʚʟʘʻʤʦʜʽʾ, ʥʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʝʤʠ ʧʨʦ ʟʤʽʥʫ ʽʤʧʫʣʴʩʫ 

ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

 ,    (14) 
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ʜʝ   ð ʛʦʣʦʚʥʠʡ ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʜʽʶʯʠʭ ʥʘ ʯʘʩʪʠʥʢʫ, ð ʚʝʢʪʦʨ 

ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʢʠ; ʪi ð ʤʘʩʘ.  

ʇʽʜʩʫʤʫʚʘʚʰʠ ʟʘ i ʯʣʝʥʠ ʚ ʨʽʚʥʷʥʥʽ (14), ʜʣʷ N ʥʘʩʽʥʠʥ ʦʪʨʠʤʘʻʤʦ: 

 .    (15) 

 

ʋʩʝʨʝʜʥʶʶʯʠ ʚʠʨʘʟ (15) ʟʘ N ʟʘʧʠʰʝʤʦ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ 
--

=FP
dt

d .  

ʂʦʣʠ , ʪʦ 

-

=0P
dt

d

, ʱʦ ʦʟʥʘʯʘʻ ʜʠʥʘʤʽʯʥʫ ʨʽʚʥʦʚʘʛʫ ʩʠʩʪʝʤʠ ʽ 

ʟʙʝʨʽʛʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʚʝʣʠʯʠʥʠ  ʽʤʧʫʣʴʩʫ  = const ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʽʾ ʟʦʚʥʽʰʥʽʭ 

ʩʠʣ, ʧʨʠʥʘʡʤʥʽ, ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘʩʽʥʥʷ ʚ ʥʘʩʽʥʥʻʧʨʦʚʦʜʽ ʥʘʚʽʪʴ 

ʟʘ ʥʘʷʚʥʦʩʪʽ ʟʽʪʢʥʝʥʴ ʤʽʞ ʩʦʙʦʶ ʽ ʩʪʽʥʢʘʤʠ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ. ʋ ʨʘʟʽ, ʢʦʣʠ 

ʪʘʢʦʾ ʨʽʚʥʦʚʘʛʠ ʥʝ ʙʫʜʝ, ʦʩʢʽʣʴʢʠ ʟʦʚʥʽʰʥʻ ʧʦʣʝ ʟʤʽʥʶʻ ʩʝʨʝʜʥʶ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʥʘʩʽʥʥʷ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʩʧʽʣʴʥʦʾ ʜʽʾ ʩʠʣ ʛʨʘʚʽʪʘʮʽʾ ʽ ʟʽʪʢʥʝʥʴ ʧʽʜ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ 

ʧʦ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ ʥʝʦʙʭʽʜʥʦ ʚʠʭʦʜʠʪʠ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʧʨʠʨʦʜʠ ʨʫʭʫ ʥʘʩʽʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʭʘʥʽʯʥʫ ʩʠʩʪʝʤʫ ʟ N ʥʘʩʽʥʥʷ. ɰʾ ʩʪʘʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʙʦʨʦʤ 

ʟʥʘʯʝʥʴ ʢʦʦʨʜʠʥʘʪ ʥʘʩʽʥʥʷ r={q1, q2, ... q3N} ʽ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʠʤʠ ʽʤʧʫʣʴʩʽʚ ʨ={ʨ1, 

ʨ2, ... ʨ3N} .  ɹʝʟʣʽʯ ʪʦʯʦʢ r  ʫʪʚʦʨʶʻ ʧʨʦʩʪʽʨ ʢʦʥʬʽʛʫʨʘʮʽʡ ʂ(r), ʘ ʙʝʟʣʽʯ ʪʦʯʦʢ ʨ - 

ʧʨʦʩʪʽʨ ʽʤʧʫʣʴʩʽʚ ʂ(ʨ). ʉʫʢʫʧʥʽʩʪʴ ʦʙʦʭ ʧʨʦʩʪʦʨʽʚ ʂ(r)Ĭʂ(ʨ)  ʥʘʟʠʚʘʻʪʴʩʷ 

ʬʘʟʦʚʠʤ ʧʨʦʩʪʦʨʦʤ ʂ(r,ʨ). ʉʪʘʥ ʪʦʯʢʠ (ʦʜʥʽʻʾ ʥʘʩʽʥʠʥʠ) ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 6-ʤʘ ʚʝʣʠʯʠʥʘʤʠ: 3-ʤʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʽ 3-ʤʘ 

ʧʨʦʝʢʮʽʷʤʠ ʽʤʧʫʣʴʩʫ. 

ʅʝʭʘʡ  f - ʜʝʷʢʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʨʦʟʧʦʜʽʣ ʥʘʩʽʥʥʷ, ʪʦʙʪʦ ʾʭʥʽʭ  

ʢʦʦʨʜʠʥʘʪ ʪʘ ʽʤʧʫʣʴʩʽʚ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʩʠʩʪʝʤʠ ʟ N ʯʘʩʪʠʥʦʢ. ʉʢʣʘʜʝʤʦ 

ʧʦʚʥʫ ʧʦʭʽʜʥʫ ʚʽʜ ʥʝʾ ʟʘ ʯʘʩʦʤ: 

 .   (16) 

ʇʽʜʩʪʘʚʠʤʦ ʩʶʜʠ ʟʘʤʽʩʪʴ   ʽ   ʾ ʭ ʚʠʨʘʟ ʟ ʨʽʚʥʷʥʴ ɻʘʤʽʣʴʪʦʥʘ [6]:  

i

i

i

i
dp

dH
q

dq

dH
p =-=

¶¶

;

 
ʊʦʜʽ ʟʘʤʽʩʪʴ ʨʽʚʥʷʥʥʷ  (16) ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ: 

 .    (17) 

ɿʘʤʽʥʠʚʰʠ ʚ (17) ʩʫʤʫ ʜʫʞʢʘʤʠ ʇʫʘʩʦʥʘ ʜʣʷ ʚʝʣʠʯʠʥ f  ʽ H  [6]  
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ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʝʤʠ ʃʽʫʚʽʣʣʷ [7] ʧʨʦ ʟʙʝʨʽʛʘʥʥʷ ʬʘʟʦʚʦʛʦ ʦʙ'ʻʤʫ ʧʽʜ 

ʯʘʩ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ N ʯʘʩʪʠʥʦʢ, ʫʟʜʦʚʞ ʬʘʟʦʚʦʾ 

ʪʨʘʻʢʪʦʨʽʾ, ʤʦʞʥʘ ʧʦʢʣʘʩʪʠ:
0=

dt

df

. ʊʦʜʽ ʟʘʤʽʩʪʴ (18) ʟʘʧʠʰʝʤʦ: 

.     (19) 

ɿ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʧʣʠʚʘʻ, ʱʦ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʧʦʚʠʥʥʘ ʚʠʨʘʞʘʪʠʩʷ 

ʣʠʰʝ ʯʝʨʝʟ ʪʘʢʽ ʢʦʤʙʽʥʘʮʽʾ ʟʤʽʥʥʠʭ  ʽ , ʷʢʽ ʟ ʧʣʠʥʦʤ ʯʘʩʫ ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʦʩʪʽʡʥʠʤʠ. ʊʘʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʦʣʦʜʽʶʪʴ ʽʥʪʝʛʨʘʣʠ ʨʫʭʫ. 

ʆʩʢʽʣʴʢʠ ʧʦʣʴʦʚʽ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʘʩʽʥʥʷʤ ʚʽʜʩʫʪʥʽ, ʪʦ ʚʠʨʘʟ (19) ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʚ 6-ʚʠʤʽʨʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʦʜʥʽʻʾ ʯʘʩʪʢʠ ʟ ʬʫʥʢʮʽʻʶ 

ʨʦʟʧʦʜʽʣʫ f(ʭ, ʫ, z;ʨʭ, ʨy, ʨz ; t)   ʽ ʛʘʤʽʣʴʪʦʥʽʘʥʦʤ ʅ(ʭ, ʫ, z;ʨʭ, ʨy, ʨz ).  ʊʦʜʽ ʨʽʚʥʷʥʥʷ 

(19) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

 .   (20) 

ʏʣʝʥʠ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ (20) 
dt

pd

pd

df

dt

rd

rd

df
tS

-

-

-

-
--=)(

   ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʣʦʢʘʣʴʥʽ ʟʤʽʥʠ ʬʫʥʢʮʽʾ f , ʚʠʢʣʠʢʘʥʽ ʥʝʚʽʜʦʤʠʤʠ ʨʫʭʘʤʠ ʥʘʩʽʥʥʷ ʚ 

ʦʜʥʦʯʘʩʪʢʦʚʦʤʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʘʙʦ ʦʧʝʨʘʪʦʨ ʃʽʫʚʽʣʣʷ ʜʣʷ ʦʜʥʽʻʾ 

ʯʘʩʪʠʥʢʠ [11], ʜʝ  )(2/2
-

- += rEmpH n
. 

ʊʦʜʽ ʷʢ 

-
-

=V
dt

rd

, ʘ 

-
---

Ö=== am
dt

Vmd

dt

Vdm

dt

pd

, ʪʦ ʟʘʤʽʩʪʴ ʨʽʚʥʷʥʥʷ (20) 

ʦʪʨʠʤʘʻʤʦ 

 .   (21) 

ɺʟʘʻʤʦʜʽʷ ʥʘʩʽʥʠʥ ʤʽʞ ʩʦʙʦʶ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʽʟʢʠʭ ʟʤʽʥ ʾʭʥʴʦʛʦ 

ʩʪʘʥʫ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʩʪʶ ʫʜʘʨʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ   

, ʽ ʧʦʨʫʰʫʻʪʴʩʷ 

ʨʽʚʥʦʚʘʞʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʩʽʥʥʷ ʧʦ ʧʝʨʝʪʠʥʫ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ. 

ʅʝʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʯʘʩʪʠʥʦʢ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, 

ʧʨʘʛʥʝ ʜʦ ʨʽʚʥʦʚʘʛʠ. ʇʝʨʝʜʙʘʯʠʚʰʠ, ʱʦ ʟʤʽʥʘ ʙʫʜʴ-ʷʢʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʩʠʩʪʝʤʠ ʯʘʩʪʠʥʦʢ ʟʘ ʡʦʛʦ ʤʘʣʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʽʚʥʦʚʘʞʥʦʛʦ 

ʩʪʘʥʫ ʧʨʦʧʦʨʮʽʡʥʦ ʨʽʟʥʠʮʽ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʬʫʥʢʮʽʾ 

ʨʦʟʧʦʜʽʣʫ , ʽ ʡʦʛʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʨʦʟʧʦʜʽʣʫ   ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ ʚ 

ʨʽʚʥʷʥʥʽ (21) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

,0

t

ff

dV

df
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dV

df
a e

-
-=

-
-

    (22) 

ʜʝ t - ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ, ʟʘ ʷʢʠʡ ʚʝʣʠʯʠʥʘ ʚʽʜʭʠʣʝʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʤʝʥʰʠʪʴʩʷ ʚ ʝ 

ʨʘʟʽʚ. 
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ɺʚʘʞʘʶʯʠ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ t ʦʜʥʦʟʥʘʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʨʦʮʝʩʫ 

ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤʠ, ʨʽʚʥʷʥʥʷ (23) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ (22) 

ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʜʦ ʚʠʛʣʷʜʫ 

.  (23) 

ʎʝʡ ʚʠʨʘʟ - ʢʽʥʝʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ɹʦʣʴʮʤʘʥʘ [8]. ɺʦʥʦ ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʫ ʚ 

ʯʘʩʽ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʯʘʩʪʠʥʦʢ  ʚ ʝʣʝʤʝʥʪʽ ʦʙʩʷʛʫ ʦʜʥʽʻʾ 

ʯʘʩʪʠʥʢʠ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʨʫʭʫ ʥʘʩʽʥʠʥ ʽ ʟʽʪʢʥʝʥʴ ʤʽʞ ʥʠʤʠ. 

ʆʩʢʽʣʴʢʠ ʥʘʩ ʮʽʢʘʚʠʪʴ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ, ʚ ʷʢʠʡ ʩʠʩʪʝʤʘ ʧʝʨʝʡʜʝ ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʮʝʩʫ ʨʝʣʘʢʩʘʮʽʾ, ʪʦ, ʚʚʘʞʘʶʯʠ  ʚ ʨʽʚʥʷʥʥʽ (23), 

ʦʪʨʠʤʘʻʤʦ 

.   (24) 

ʅʘʧʨʘʚʣʷʶʯʠ ʚʽʩʴ ʆZ ʫʟʜʦʚʞ ʦʩʽ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ, ʘ ʚʽʩʴ ʆx  

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʾʡ ʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʧʦʩʽʚʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʨʽʚʥʷʥʥʷ (24) ʜʣʷ 

ʧʦʪʦʢʫ ʥʘʩʽʥʥʷ ʧʦ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ ʟʘʧʠʰʝʪʴʩʷ ʫ ʚʠʛʣʷʜʽ, 

t
0ff

Vd

df
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rd

df
V

Z

ZZ

-
-=--

-

-

-

-

      (25) 

ʜʝ  ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ ʆZ;   - ʧʨʠʩʢʦʨʝʥʥʷ, ʚʠʢʣʠʢʘʥʝ 

ʟʦʚʥʽʰʥʽʤ ʧʦʣʝʤ ʫ ʥʘʧʨʷʤʢʫ ʦʩʽ ʆZ. 

ɺʠʨʘʟ (25) ð ʣʽʥʽʡʥʝ ʥʝʦʜʥʦʨʽʜʥʝ  ʨʽʚʥʷʥʥʷ  ʚ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ ʱʦʜʦ 

ʟʤʽʥʥʠʭ  ʽ z. 

ɿʘʜʘʯʘ ʂʦʰʽ ʜʣʷ ʨʽʚʥʷʥʥʷ (25) ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ: ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ 

ʨʽʰʝʥʥʷ, ʷʢʝ ʟʘ z=z0 ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʬʫʥʢʮʽʶ) ʩʚʦʾʭ ʘʨʛʫʤʝʥʪʽʚ. 

ɺʽʜʦʤʦ [10], ʱʦ ʢʦʞʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʚ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʧʝʨʝʙʫʚʘʻ ʚ ʪʽʩʥʦʤʫ ʟʚ'ʷʟʢʫ ʟ ʩʠʩʪʝʤʦʶ ʟʚʠʯʘʡʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ - ʩʠʩʪʝʤʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ. ʈʽʰʝʥʥʷ 

ʦʩʪʘʥʥʴʦʛʦ ʙʫʜʫʻʪʴʩʷ ʟ ʨʽʰʝʥʴ ʪʘʢʦʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʨʽʚʥʷʥʥʷ (25) ʚʦʥʘ ʤʘʻ 

ʚʠʛʣʷʜ: 

 .            (26) 

ʗʢ ʧʦʢʘʟʘʥʦ ʚ [9], ʜʣʷ ʯʘʩʪʠʥʦʢ, ʱʦ ʜʦʪʨʠʤʫʶʪʴʩʷ ʢʣʘʩʠʯʥʠʤ ʟʘʢʦʥʘʤ, 

ʨʽʰʝʥʥʷ ʧʦʜʽʙʥʦʾ ʩʠʩʪʝʤʠ ʟʘʜʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ: 
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+ÖÖ== rU

mV
Af by            (27) 

ʜʝ f - ʨʦʟʧʦʜʽʣ ʄʘʢʩʚʝʣʘ-ɹʦʣʴʮʤʘʥʘ, ʘ ɸ ʽ b -  ʧʦʩʪʽʡʥʽ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʟʥʘʯʝʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʧʦʚʥʦʛʦ ʯʠʩʣʘ ʥʘʩʽʥʥʷ. 

ʂʦʝʬʽʮʽʻʥʪ  ɸ ʤʦʞʥʦ ʟʥʘʡʪʠ ʟ ʫʤʦʚ ʥʦʨʤʫʚʘʥʥʷ 
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1,exp =
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ñ drdVrVEA
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 ,                            (28) 

ʜʝ D ïʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʢʦʦʨʜʠʥʘʪ ʪʘ ʽʤʧʫʣʴʩʽʚ ʫ ʬʘʟʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ. 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʧʦʩʪʽʡʥʫ b ʦʙʯʠʩʣʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ (28) 

ʟʥʘʯʝʥʥʷ Eʭ, Ey, Ez, ʩʢʣʘʜʦʚʠʭ ʧʦʚʥʦʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʯʘʩʪʠʥʢʠ ɽ, ʱʦ 

ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʠ ʚ ʥʘʧʨʷʤʢʘʭ ʧʦ ʦʩʷʭ 0ʭ, 0y, 0z, 

ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʮʴʦʛʦ ʧʨʝʜʩʪʘʚʠʤʦ ɽ  ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ  

 ɼʝ 2
,

2
,

2

222

z
z

y

y
x

x

mV
E

mV
E

mV
E ===

, mð ʤʘʩʘ ʯʘʩʪʠʥʢʠ. 

ʇʽʜʩʪʘʚʣʷʶʯʠ, ʥʘʧʨʠʢʣʘʜ, ʟʥʘʯʝʥʥʷ ɽʭ ʚ (28) ʽ ʽʥʪʝʛʨʫʶʯʠ ʧʦ ʚʩʽʡ 

ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʢʦʦʨʜʠʥʘʪ ʽ ʽʤʧʫʣʴʩʽʚ ʟʘ ʬʽʢʩʦʚʘʥʽʡ ʰʚʠʜʢʦʩʪʽ 

Vx, ʦʪʨʠʤʫʻʤʦ 
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x dV
mV

A
x

x

b

                   (29) 

ʜʝ ɸ' ð ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ. 

ɿʥʘʯʝʥʥʷ b - ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʪʘʢʠʭ ʤʽʨʢʫʚʘʥʴ. ʂʦʞʥʘ ʯʘʩʪʠʥʢʘ, ʚʠʭʦʜʷʯʠ 

ʟ ʧʦʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ, ʤʘʻ ʧʦʪʝʥʮʽʡʥʫ ʝʥʝʨʛʽʶ, ʷʢʘ ʜʦʨʽʚʥʶʻ mgʅʚʘ, ʜʝ ʅʚʘ ð 

ʚʠʩʦʪʘ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ ʚʽʜʥʦʩʥʦ ʥʠʞʥʴʦʾ ʪʦʯʢʠ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ. ʆʩʢʽʣʴʢʠ ʚ 

ʥʘʩʽʥʥʻʧʨʦʚʦʜʽ ʟʥʘʭʦʜʠʪʴʩʷ N ʯʘʩʪʠʥʦʢ, ʪʦ ʟʘʛʘʣʴʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ 

ʯʘʩʪʠʥʦʢ ʙʫʜʝ ʨʽʚʥʘ ɽ = NĀaĀmĀgĀʅʚʘ,  ʜʝ a - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ  ʚʪʨʘʪʠ ʧʽʜ 

ʯʘʩ ʟʽʪʢʥʝʥʴ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʨʽʚʥʦʨʦʟʧʦʜʽʣʫ ʥʘ ʢʦʞʥʠʡ ʩʪʫʧʽʥʴ ʩʚʦʙʦʜʠ 

ʜʦʚʦʜʠʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʦʜʥʘʢʦʚʘ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ. ʊʦʤʫ, ʷʢʱʦ ʚʚʘʞʘʪʠ, 

ʱʦ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ ʯʘʩʪʠʥʦʢ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦʧʦʣʘʤ ʤʽʞ ʢʽʥʝʪʠʯʥʦʶ ʽ 

ʧʦʪʝʥʮʽʡʥʦʶ, ʪʦ ʩʝʨʝʜʥʷ ʝʥʝʨʛʽʷ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ x  ʩʢʣʘʜʦʚʫ ʦʜʥʦʛʦ ʟʝʨʥʘ, 

ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 
( ) ( )12/6/

2

1
âàâàx HgmHgmE ÖÖÖ=ÖÖÖ= aa

 

ʆʪʞʝ, ʤʘʢʩʠʤʘʣʴʥʘ ʝʥʝʨʛʽʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʚ 12ÖN ʨʘʟ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʽʤʧʫʣʴʩ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʚ NÖ12  ʨʘʟ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʽʤʧʫʣʴʩ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʦʾ ʧʦ ʦʩʽ 0x, ʤʦʞʥʘ ʤʝʞʽ ʟʤʽʥʥʠʭ ʜʣʷ ʽʥʪʝʛʨʘʣʘ ʚʽʜ ʬʫʥʢʮʽʾ 

(29) ʟʘʤʽʥʠʪʠ ʥʘ ʥʝʩʢʽʥʯʝʥʥʽ: 
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ɯʥʪʝʛʨʘʣ ʚ ʣʽʚʽʡ ʯʘʩʪʠʥʽ - ʮʝ ʽʥʪʝʛʨʘʣ ʇʫʘʩʩʦʥʘ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ mbp/2   

[9], ʟʚʽʜʢʠ  
.2/' pbmA =
. ʊʦʤʫ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ 

ʩʢʣʘʜʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦ ʦʩʽ 0x ʚʠʨʘʞʘʻʪʴʩʷ ʷʢ 
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ʂʦʨʠʩʪʫʶʯʠʩʴ ʮʽʻʶ ʬʦʨʤʫʣʦʶ, ʟʥʘʡʜʝʤʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 
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ʆʪʞʝ, ʦʪʨʠʤʫʻʤʦ: bÖ
==
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1
xS EE

. ɿ ʪʦʯʢʠ ʟʦʨʫ ʬʽʟʠʯʥʦʛʦ ʩʝʥʩʫ ʟʨʦʟʫʤʽʣʦ, 

ʱʦ b ʚʝʣʠʯʠʥʘ ʥʝ ʥʝʛʘʪʠʚʥʘ, ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʭʽʜʥʠʡ ʽʥʪʝʛʨʘʣ 

ʙʫʜʝ ʨʦʟʭʦʜʠʪʠʩʷ, ʪʦʤʫ: 
bb=

 ʽ bÖ
=

2

1
SE

. 

ʆʪʞʝ, b ð ʚʝʣʠʯʠʥʘ ʟʚʦʨʦʪʥʘ  ʢʽʥʝʪʠʯʥʽʡ ʝʥʝʨʛʽʾ. ɿʘʨʘʟ  ʱʽʣʴʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 
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                      (30) 

 

ʜʝ A ð ʧʦʩʪʽʡʥʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚʠ ʥʦʨʤʫʚʘʥʥʷ. 

ʇʝʨʝʜ ʦʙʯʠʩʣʝʥʥʷʤ A ʨʦʟʨʘʭʫʻʤʦ ʧʦʪʝʥʮʽʡʥʫ ʝʥʝʨʛʽʶ ʥʘʩʽʥʥʷ ʚ ʦʙôʻʤʽ  

ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ W  ʫ ʚʠʛʣʷʜʽ 

(r)U={ mg r, ʜʣʷ r ʚʩʝʨʝʜʠʥʽW;    (31) 

                            0, ʜʣʷ r ʧʦʟʘW 

ɿʘʧʠʰʝʤʦ ʫʤʦʚʠ ʥʦʨʤʫʚʘʥʥʷ ʜʣʷ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ (27) 

.                                (32) 

 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʥʝʟʘʣʝʞʥʽʩʪʶ ʧʨʦʝʢʮʽʡ ʰʚʠʜʢʦʩʪʝʡ Vx , Vy , Vz  

ʧʝʨʝʧʠʰʝʤʦ (33) ʫ ʚʠʛʣʷʜʽ ʚʽʜ : 

 

(33) 
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ɯʟ ʦʩʪʘʥʥʴʦʛʦ ʚʠʨʘʟʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ɸ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʘ ʇʫʘʩʦʥʘ ʽ ʬʦʨʤʫʣʫ (31) ʜʣʷ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ  
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ʘ ʪʘʢʦʞ ʪʽ ʦʙʩʪʘʚʠʥʠ, ʱʦ ʧʽʜ ʯʘʩ ʨʫʭʫ ʧʦ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ ʧʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʷ 

U(ʭ,ʫ,z) ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʢʽʥʝʪʠʯʥʘ ɽs ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʦ ʟʘʚʞʜʠ ʚ ʥʘʩʽʥʥʻʧʨʦʚʦʜʽ  

ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʪʘʢʫ ʪʦʯʢʫ, ʜʝ  
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ʊʦʜʽ ʟʘʤʽʩʪʴ ʚʠʨʘʟʫ (32) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ  
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ʇʽʜʩʪʘʚʣʷʶʯʠ (34) ʫ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ (27), ʦʪʨʠʤʘʻʤʦ  
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ɸʥʘʣʽʟ ʬʦʨʤʫʣʠ (35) ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʦʢʫ 

ʥʘʩʽʥʥʷ ʥʘʩʽʥʥʻʧʨʦʚʦʜʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨʘʤʠ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ, ʤʘʩʦʶ ʽ 

ʨʦʟʤʽʨʘʤʠ ʥʘʩʽʥʥʷ, ʘ ʪʘʢʦʞ ʩʝʨʝʜʥʴʦʶ ʢʽʥʝʪʠʯʥʦʶ ʝʥʝʨʛʽʻʶ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ 

ʮʶ ʛʨʫʧʫ ʥʘʩʽʥʥʷ (ʦʜʥʝ ʟʝʨʥʦ). ɿ ʥʝʾ ʞ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ 

ʥʘʩʽʥʥʷ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʪʠʥʫ S ʥʘʩʽʥʝʧʨʦʚʦʜʘ. 

ʆʩʢʽʣʴʢʠ ʢʽʥʝʪʠʯʥʘ ʽ ʧʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʽʟʥʠʭ ʟʤʽʥʥʠʭ, ʪʦ 

ʟʘʤʽʩʪʴ ʚʠʨʘʟʫ (35), ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʦʙôʻʤ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ W=SÖL,    ʜʝ  Lï 

ʜʦʚʞʠʥʘ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ, ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ 
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(37) 

ʇʨʠ ʟʤʽʥʽ ʢʫʪʘ ʥʘʭʠʣʫ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ ʚʽʜʥʦʩʥʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ 

ʚʝʨʪʠʢʘʣʴʥʫ ʩʠʣʫ, ʚʠʢʣʠʢʘʥʫ ʛʨʘʚʽʪʘʮʽʡʥʠʤ ʧʦʣʝʤ ʤʦʞʥʘ ʨʦʟʢʣʘʩʪʠ ʥʘ ʜʚʽ 

ʩʢʣʘʜʦʚʽ: mĀgĀsinű - ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʽ mĀgĀcosű - ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʾ. 

ʊʦʜʽ ʜʣʷ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʚ ʧʣʦʱʠʥʽ ʧʝʨʝʪʠʥʫ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ, 

ʥʘʧʨʠʢʣʘʜ, ʧʦ ʦʩʽ 0x -  U(x)=xĿmĿgĿsinű, ʘ ʧʦ ʦʩʽ 0z - U(z)=Es=aĀz0ĀmĀgĀcosű/6. 
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ʇʽʜʩʪʘʚʣʷʶʯʠ ʮʽ ʟʥʘʯʝʥʥʷ ʚ ʬʦʨʤʫʣʫ (36) ʦʪʨʠʤʘʻʤʦ ʜʣʷ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ 

                                        .
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                        ( 38) 

ʆʪʞʝ, ʤʠ ʤʘʻʤʦ ʥʘ ʚʠʭʦʜʽ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ 

ʬʫʥʢʮʽʶ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʩʽʥʥʷ ʙʣʠʟʴʢʫ ʜʦ ʱʽʣʴʥʦʩʪʽ ʥʦʨʤʘʣʴʥʦʛʦ 

(ɻʘʫʩʦʚʦʛʦ) ʨʦʟʧʦʜʽʣʫ. ɿ ʬʦʨʤʫʣʠ (38) ʚʠʧʣʠʚʘʻ, ʱʦ ʟʘ ű=0 ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ 

ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʨʽʚʥʦʤʽʨʥʠʡ. ʋ ʨʘʟʽ, ʷʢʱʦ ű Í 0, ʪʦ ʟʘ ʤʘʣʠʭ ʭ  ʽ 

ʜʦʩʠʪʴ ʙʽʣʴʰʦʤʫ ʟʥʘʯʝʥʥʽ ʚʝʣʠʯʠʥʠ z0 ʪʘʢʦʞ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʨʦʟʧʦʜʽʣ 

ʨʽʚʥʦʤʽʨʥʠʤ. 

ʗʢʱʦ ʧʽʜ ʯʘʩ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʧʦ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʫʙʫʚʘʻ a<1, ʪʦ ʚʽʜʭʠʣʝʥʥʷ f(ʭ,ʫ) ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʷʢʱʦ ʞ a>1, ʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʚʦʨʦʪʥʘ ʢʘʨʪʠʥʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʚʠʭʽʜ ʪʨʫʙʢʠ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ 

ʩʧʨʷʤʦʚʘʥʠʡ ʚʥʠʟ (ʢʫʪ ű  ʙʣʠʟʴʢʠʡ ʜʦ 0), ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʨʦʟʧʦʜʽʣ ʥʘʩʽʥʥʷ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʥʘ ʚʠʭʦʜʽ ʻ ʥʦʨʤʘʣʴʥʠʤ, ʘ 

ʚ ʤʝʞʽ (ű = 0) - ʨʽʚʥʦʤʽʨʥʠʤ ʽ ʥʘʩʽʥʥʷ ʙʫʜʝ ʧʘʜʘʪʠ ʥʘ ʚʠʭʽʜ ʪʨʫʙʢʠ ʟʽ 

ʰʚʠʜʢʽʩʪʶ ʧʦʪʦʢʫ Vʩ. 

ɺʠʩʥʦʚʦʢ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʥʘʩʽʥʥʷ ʚ ʩʢʣʘʜʦʚʠʭ 

ʘʚʪʦʥʦʤʥʦʛʦ ʚʠʩʽʚʥʦʛʦ ʤʦʜʫʣʷ ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ ʤʦʜʝʣʴ ʩʢʣʘʜʦʚʠʤʠ ʷʢʦʾ ʻ  

ʧʘʨʘʤʝʪʨʠ ʽ ʨʝʞʠʤʠ ʢʦʪʫʰʢʦʚʦʛʦ ʜʦʟʘʪʦʨʘ, ʟʘʣʝʞʥʽʩʪʴ ʨʫʭʫ ʥʘʩʽʥʥʷ ʧʦ 

ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ ʪʘ ʟʽʪʢʥʝʥʥʷ ʟ ʧʣʦʱʠʥʦʶ ʨʦʟʩʽʚʘʥʥʷ (ʪʘʨʽʣʯʘʩʪʦʛʦ ʜʦʟʘʪʦʨʘ), 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ  ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʧʫʯʢʘ/ʟʛʫʩʪʢʘ ʥʘʩʽʥʥʷ, ʷʢʝ ʧʘʜʘʻ ʥʘ 

ʧʣʘʩʪʠʥʢʫ ʪʘʨʽʣʯʘʩʪʦʛʦ ʜʦʟʘʪʦʨʘ ʧʦ ʥʦʨʤʘʣʽ, ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ 

ʥʘʙʣʠʞʝʥʘ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ, ʘ ʟʘ ʤʘʣʦʛʦ ʘʙʦ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʷ ʢʫʪʘ 

ʥʘʭʠʣʫ ʧʣʦʱʠʥʠ ű - ʜʦ ʨʽʚʥʦʤʽʨʥʦʛʦ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʚʳʩʝʚʘʶʱʝʛʦ ʤʦʜʫʣʷ 

ʢʘʪʫʰʝʯʥʦʛʦ ʪʠʧʘ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʠ 

ʨʝʞʠʤʳ ʢʘʪʫʰʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʦʚ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʝʚʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʠʟ ʙʫʥʢʝʨʘ ʢ ʩʝʤʷʧʨʦʚʦʜʫ. ɸ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ 

ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʧʦʩʝʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʝʤʷʧʨʦʚʦʜʝ, ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ 

ʧʨʦʠʩʭʦʜʷʪ ʚʥʫʪʨʠ ʥʝʛʦ ʠ ʨʘʩʩʤʦʪʨʝʥʦ ʬʫʥʢʮʠʶ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʝʤʷʥ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʟʘʪʨʘʪʳ ʧʦʩʝʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʝʤʷʥ ʧʦ ʧʣʦʱʘʜʠ ʧʦʣʷ. 

Summary. 

In the article the model of dynamics of the seed module of the coil type is 

considered, the components of which are the parameters and modes of the coil. 

The formula for calculating angular velocity is presented, which allows to predict 

the required amount of seed material, which is fed from the hopper to the seed line. 

The model of the movement of sowing material in the seed line, the processes 

occurring inside it and the function of the seed distribution density in the cross 

section are considered, which in the future will allow to more precisely determine 

the costs of the seed material and the uniform distribution of seeds in the area of 

the field. 



143 

ʋɼʂ 636:636.084 

 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʂʆʅʉʊʈʋʂʎɯɰ ʂʆʄɹɯʅʆɺɸʅʆɻʆ 

ɿʄɯʐʋɺɸʏɸ ʂʆʈʄɯɺ 

 

ʈ. ʂʽʩʽʣʴʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ɯ. ʉʠʩʦʣʽʥʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʽ ʜʦʩʣʽʜʞʝʥʴ 

ʪʨʘʜʠʮʽʡʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʤʽʰʫʚʘʯʽʚ ʢʦʨʤʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʪʚʘʨʠʥʥʠʮʪʚʽ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʦʜʥʦʨʽʜʥʽʩʪʴ ʟʤʽʰʫʚʘʥʥʷ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ. ɺʠʟʥʘʯʝʥʽ ʪʘ ʜʦʩʣʽʜʞʝʥʽ ʥʘʧʨʷʤʢʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʮʝʩʫ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʨʤʦʚʠʭ ʩʫʤʽʰʝʡ ʜʣʷ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʟʦʦʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʥʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʩʪʨʽʯʢʦʚʦ-ʣʦʧʘʪʝʚʦʛʦ ʟʤʽʰʫʚʘʯʘ ʢʦʨʤʽʚ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ 

ʷʢʦʛʦ ʧʦʷʩʥʶʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʩʭʝʤʘʤʠ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʠʩʢʦʨʝʥʥʶ ʧʨʦʮʝʩʫ ʪʘ ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ 

ʢʦʨʤʦʩʫʤʽʰʽ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʚʘʨʠʥʥʠʮʪʚʦ, ʛʦʜʽʚʣʷ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ, 

ʩʪʨʽʯʢʦʚʦ-ʣʦʧʘʪʝʚʘ ʤʽʰʘʣʢʘ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ.  ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʫʟʽ ʪʚʘʨʠʥʥʠʮʪʚʘ 

ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʨʤʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚ ʩʪʨʫʢʪʫʨʽ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʩʢʣʘʜʘʶʪʴ 30ï60% ʚʠʪʨʘʪ [1]. ʇʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʦʚʥʦʶ ʤʽʨʦʶ ʨʝʘʣʽʟʫʚʘʪʠ ʛʝʥʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʪʚʘʨʠʥ, 

ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝ ʦʪʨʠʤʘʣʠ 

ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. 

ʉʫʯʘʩʥʝ ʚʝʜʝʥʥʷ ʪʚʘʨʠʥʥʠʮʪʚʘ, ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʢʦʨʤʽʚ ʪʘ 

ʛʦʣʦʚʥʽ ʥʘʧʨʷʤʢʠ ʟʘʚʜʘʥʴ ʥʘʮʽʦʥʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʚʽʜʪʚʦʨʝʥʥʷ ʪʚʘʨʠʥʥʠʮʪʚʘ ʚ 

ʋʢʨʘʾʥʽ, ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʠʭ ʧʦʚʥʦʩʠʩʪʝʤʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʩʢʦʪʘʨʩʪʚʘ ʯʝʨʝʟ ʫʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ 

ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʬʝʨʤʘʭ, ʥʘʜʽʡʥʦʛʦ ʽ 

ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʛʦʜʫʚʘʥʥʷ ʪʚʘʨʠʥ ʢʦʨʤʘʤʠ ʟ ʧʦʻʜʥʘʥʥʷʤ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʭ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʨʦʙʢʠ ʢʦʨʤʽʚ ʽ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʧʦʚʥʦʨʘʮʽʦʥʥʠʭ ʪʘ ʟʙʘʣʘʥʩʦʚʘʥʠʭ ʢʦʨʤʦʩʫʤʽʰʝʡ ʟ ʨʽʟʥʠʭ 

ʢʦʨʤʽʚ ʽ ʧʦʞʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʢʦʨʤʦʮʝʭʘʭ [1, 2, 3]. 

ʅʘʷʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʤʽʰʫʚʘʯʽʚ ʢʦʨʤʽʚ ʜʣʷ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ (ɺʈʍ) 

ʥʝ ʧʦʚʥʽʩʪʶ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʦʦʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʟʙʘʣʘʥʩʦʚʘʥʠʭ ʧʦʚʥʦʨʘʮʽʦʥʥʠʭ ʢʦʨʤʦʚʠʭ ʩʫʤʽʰʝʡ, 

ʤʘʶʪʴ ʚʝʣʠʢʽ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʪʘ ʚʠʩʦʢʫ ʧʠʪʦʤʫ ʤʘʪʝʨʽʘʣʦʻʤʥʽʩʪʴ. ʊʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʜʣʷ ʟʤʽʰʫʚʘʯʽʚ ʢʦʨʤʽʚ, 
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ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʢʦʨʤʦʚʦʾ ʙʘʟʠ ʟ ʥʠʟʴʢʠʤʠ 

ʚʠʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʤʘʶʪʴ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʝ ʟʥʘʯʝʥʥʷ ʽ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʨʦʚʦʜʷʪʴʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʪʘ ʧʨʠʢʣʘʜʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ɿʤʽʰʫʚʘʥʥʷ ʢʦʨʤʽʚ 

ʚʠʢʦʥʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʟʤʽʰʫʚʘʯʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʷʢ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʚʠʢʦʥʘʥʥʷʤ, ʪʘʢ ʽ ʨʽʟʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ ʟ ʩʠʨʦʚʠʥʦʶ.  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʩʪʘʮʽʦʥʘʨʥʠʭ ʽ 

ʧʝʨʝʩʫʚʥʠʭ ʢʦʨʤʦʮʝʭʽʚ ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ ʤʘʣʦʩʠʧʢʠʭ ʽ ʥʝʩʠʧʢʠʭ ʢʦʨʤʽʚ 

ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʰʠʨʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʰʥʝʢʦʚʽ, ʩʪʨʽʯʢʦʚʽ, ʛʚʠʥʪʦʚʽ, 

ʣʦʧʘʪʝʚʽ ʽ ʢʦʤʙʽʥʦʚʘʥʽ ʤʽʰʘʣʢʠ ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʘʣʝ ʚʦʥʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʩʪʘʥʦʚʣʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽ 

ʟʦʦʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ, ʱʦʜʦ ʷʢʦʩʪʽ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʨʤʦʩʫʤʽʰʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʤʘʶʪʴ ʚʝʣʠʢʫ ʝʥʝʨʛʦʤʽʩʪʢʽʩʪʴ ʽ ʤʝʪʘʣʦʻʤʥʽʩʪʴ ʪʘ 

ʥʠʟʴʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ, ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝʦʙˇʨʫʥʪʦʚʘʥʽ ʨʘʮʽʦʥʘʣʴʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʽ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʾʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʨʝʞʠʤʠ ʪʘ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʪʨʘʜʠʮʽʡʥʠʭ ʟʤʽʰʫʚʘʯʽʚ ʢʦʨʤʽʚ [4, 5]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʇʨʦʚʽʜʥʫ ʨʦʣʴ ʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʧʨʦʮʝʩʫ ʟʤʽʰʫʚʘʥʥʷ ʢʦʨʤʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʨʤʦʚʠʭ ʩʫʤʽʰʝʡ 

ʚʥʝʩʣʠ ʚʽʜʦʤʽ ʚʽʪʯʠʟʥʷʥʽ ʽ ʟʘʨʫʙʽʞʥʽ ʚʯʝʥʽ ʂʫʢʪʘ ɻ.ʄ., ʄʘʢʘʨʦʚ ʖ.ɯ., 

ʄʝʣʴʥʽʢʦʚ ʉ.ɺ., ʉʠʨʦʚʘʪʢʘ ɺ.ɯ., ʃʘʧʰʠʥ ɸ.ɸ., ɺʘʛʽʥ ɭ.ɸ., ʋʣʘʥʦʚ ɯ.ɸ. ʽ 

ʙʘʛʘʪʦ ʽʥʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ. ɺʦʥʠ ʩʬʦʨʤʫʣʶʚʘʣʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʪʝʦʨʝʪʠʯʥʽ 

ʦʩʥʦʚʠ ʟʤʽʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʨʤʽʚ. ʆʜʥʘʢ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʢʠ 

ʥʦʚʠʭ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ ʟʤʽʰʫʚʘʯʽʚ ʢʦʨʤʽʚ, ʧʦʢʨʘʱʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʾʭ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʠʛʦʪʫʚʘʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʾ 

ʢʦʨʤʦʚʦʾ ʩʫʤʽʰʽ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʟʤʽʰʫʚʘʯʘ ʢʦʨʤʽʚ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɯʟ ʧʨʘʢʪʠʢʠ ʧʨʠʛʦʪʫʚʘʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʾ 

ʢʦʨʤʦʚʦʾ ʩʫʤʽʰʽ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʘʮʽʦʥʽʚ ʜʣʷ ɺʈʍ ʚʽʜʦʤʦ, ʱʦ 

ʤʝʭʘʥʽʯʥʠʡ ʧʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ ʾʭ ʟʘʥʘʜʪʦ ʩʢʣʘʜʥʠʡ ʽ ʝʥʝʨʛʦʤʽʩʪʢʠʡ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʽʜʦʤʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʩʦʙʣʠʚʽʩʪʴ ʽ 

ʩʢʣʘʜʥʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʤʘʛʘʻ ʧʦʰʫʢʫ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ. 

ɸʥʘʣʽʟ ʧʨʦʮʝʩʫ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʩʪʘʥ ʧʦʚʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ 

ʟʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ ʜʦʩʷʛʘʻʪʴʩʷ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʯʘʩʪʠʥʦʢ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʤʽʰʘʣʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʦʦʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʩʽʡ ʧʦʨʮʽʾ ʩʫʤʽʰʽ ʟʘ ʨʝʮʝʧʪʦʤ 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʜʦʙʦʚʦʛʦ ʨʘʮʽʦʥʫ ʢʦʨʤʽʚ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʛʨʫʧʠ 

ʪʚʘʨʠʥ (ʨʠʩ. 1). 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʘʥ ʧʦʚʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʩʫʤʽʰʽ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʜʠʩʢʨʝʪʥʠʭ ʯʘʩʪʠʥʦʢ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʆʪʞʝ, ʫ ʟʤʽʰʫʚʘʯʘʭ ʟ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʤʘʩʦʦʙʤʽʥ 

ʧʦʪʦʢʽʚ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʨʽʚʥʶʚʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ ʟʽʪʢʥʝʥʴ, ʟʘʩʪʦʩʫʚʘʥʥʶ 

ʩʢʣʘʜʥʽʰʠʭ ʪʨʘʻʢʪʦʨʽʡ ʾʭʥʴʦʛʦ ʨʫʭʫ ʽ ʧʝʨʝʪʠʥʽʚ, ʥʽʞ ʫ ʪʨʘʜʠʮʽʡʥʠʭ 

ʟʤʽʰʫʚʘʯʘʭ (ʨʠʩ. 2). 

 

 

V1, V2, V3, V4, V5, V6 ï ʥʘʧʨʷʤʦʢ ʽ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ (ʦʩʴʦʚʦʾ, 

ʢʨʫʛʦʚʦʾ ʽ ʚʽʜʮʝʥʪʨʦʚʦʾ) ʧʽʜ ʜʽʻʶ ʧʣʦʩʢʠʭ ʽ ʛʚʠʥʪʦʚʠʭ ʣʦʧʘʪʝʡ ʪʘ ʧʘʣʴʮʽʚ 
 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʯʥʘ ʩʭʝʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ 

 

ʈʦʙʦʯʠʡ ʮʠʢʣ ʪʨʘʜʠʮʽʡʥʠʭ ʟʤʽʰʫʚʘʯʽʚ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʪʘʢʠʭ ʧʦʩʣʽʜʦʚʥʠʭ ʦʧʝʨʘʮʽʡ: ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʟ ʢʦʤʧʦʥʝʥʪʽʚ 

(ʩʠʣʦʩ, ʩʦʣʦʤʘ, ʩʽʥʘʞ, ʢʦʨʝʥʝʧʣʦʜʠ, ʢʦʥʮʢʦʨʤʠ ʪʦʱʦ), ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʾʭ ʽ 

ʚʠʚʘʥʪʘʞʝʥʥʷ ʛʦʪʦʚʦʾ ʢʦʨʤʦʩʫʤʽʰʽ ʚʠʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʰʥʝʢʦʤ, ʧʽʩʣʷ ʮʴʦʛʦ 

ʮʠʢʣ ʧʦʚʪʦʨʶʻʪʴʩʷ.  

ʋ ʟʤʽʰʫʚʘʯʘʭ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ʦʜʥʦʨʽʜʥʽʩʪʴ ʩʫʤʽʰʽ ʨʝʛʫʣʶʻʪʴʩʷ 

ʪʨʠʚʘʣʽʩʪʶ ʧʨʦʮʝʩʫ ʟʤʽʰʫʚʘʥʥʷ.  

ɸʥʘʣʽʟ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʽʩʥʫʶʯʠʭ ʟʤʽʰʫʚʘʯʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʝʜʦʩʪʘʪʥʶ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʫ: ʢʦʤʧʦʥʝʥʪʠ ʧʦʜʘʶʪʴʩʷ ʚ 

ʙʫʥʢʝʨ ʥʝʨʽʚʥʦʤʽʨʥʦ, ʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʟʤʽʰʫʚʘʥʥʷ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʩʪʘʥʦʚʣʝʥʠʤ 
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ʚʠʤʦʛʘʤ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʤʽʰʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʡ 

ʪʨʠʚʘʣʠʡ ʯʘʩ (ʙʽʣʴʰʝ 10-15 ʭʚ.) ʥʘ ʜʦʚʝʜʝʥʥʷ ʢʦʨʤʦʩʫʤʽʰʽ ʜʦ ʦʜʥʦʨʽʜʥʦʾ 

ʤʘʩʠ, ʱʦ ʟʥʠʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʧʽʜʚʠʱʫʻ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʽʩʥʫʶʯʠʭ ʥʝʜʦʣʽʢʽʚ ʪʨʘʜʠʮʽʡʥʠʭ ʟʤʽʰʫʚʘʯʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʟʤʽʰʫʚʘʯ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʩʭʝʤʦʶ ʨʫʭʫ ʩʠʨʦʚʠʥʠ 

ʙʘʛʘʪʦʩʝʢʮʽʡʥʠʤʠ ʛʚʠʥʪʦʚʠʤʠ, ʩʪʨʽʯʢʦʚʠʤʠ ʽ ʧʣʦʩʢʠʤʠ ʣʦʧʘʪʷʤʠ (ʨʠʩ. 3). 

 
ʈʠʩʫʥʦʢ 3 ï ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʩʪʨʽʯʢʦʚʦ-ʣʦʧʘʪʝʚʦʛʦ 

ʟʤʽʰʫʚʘʯʘ ʢʦʨʤʽʚ 

 

ɼʣʷ ʨʦʟʧʫʰʫʚʘʥʥʷ ʤʘʩʠ, ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʜʠʥʘʤʽʯʥʦʩʪʽ ʟʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʤʽʢʨʦʦʙôʻʤʘʭ ʛʚʠʥʪʦʚʽ ʽ ʧʣʦʩʢʽ 

ʣʦʧʘʪʽ ʜʦʦʙʣʘʜʥʘʥʦ ʨʘʜʽʘʣʴʥʠʤʠ ʣʦʧʘʪʷʤʠ. 

ʇʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ ʢʦʨʤʽʚ ʚʜʦʩʢʦʥʘʣʝʥʠʤ ʟʤʽʰʫʚʘʯʝʤ ʚʠʢʦʥʫʻʪʴʩʷ ʪʘʢ. 

ɺʽʜʧʦʚʽʜʥʽ ʜʦʟʠ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʨʤʦʩʫʤʽʰʽ ʧʦʰʘʨʦʚʦ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʟʙʽʨʥʠʤ 

ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʫ ʙʫʥʢʝʨ, ʧʦʩʪʫʧʦʚʦ ʚʠʨʽʚʥʶʻʪʴʩʷ ʾʭ ʧʦʪʽʢ ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʟʤʽʰʫʚʘʥʥʷʤ ʩʠʨʦʚʠʥʠ ʩʪʨʽʯʢʦʚʠʤʠ ʜʦʚʛʠʤʠ ʛʚʠʥʪʦʚʠʤʠ ʣʦʧʘʪʷʤʠ ʟ 

ʧʘʣʴʮʷʤʠ ʽ ʜʘʣʽ ʧʦʜʘʶʪʴʩʷ ʫ ʙʘʛʘʪʦʩʝʢʮʽʡʥʫ ʤʽʰʘʣʢʫ ʟ ʧʣʦʩʢʠʤʠ ʣʦʧʘʪʷʤʠ 

(ʨʠʩ. 4).  

 
 

1 ï ʚʘʣ; 2 ï ʩʪʽʡʢʘ ʛʚʠʥʪʦʚʦʾ ʤʽʰʘʣʢʠ; 3 ï ʢʦʩʠʥʢʘ ʣʦʧʘʪʝʚʦʾ ʤʽʰʘʣʢʠ; 4, 5 ï ʛʚʠʥʪʦʚʘ 

ʩʪʨʽʯʢʘ; 6, 7 ï ʣʽʚʘ ʣʦʧʘʪʴ; 8 ï ʩʪʽʡʢʘ ʣʦʧʘʪʝʚʦʾ ʤʽʰʘʣʢʠ; 9 ï ʢʦʩʠʥʢʘ ʛʚʠʥʪʦʚʦʾ 

ʤʽʰʘʣʢʠ; 10, 11 ï ʨʘʜʽʘʣʴʥʽ ʧʘʣʴʮʽ; 12 ï ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʪʨʫʙʘ; 13, 14 ï ʧʨʘʚʘ ʣʦʧʘʪʴ 
 

ʈʠʩʫʥʦʢ 4 ï ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʽʾ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʢʦʤʙʽʥʦʚʘʥʦʾ ʤʽʰʘʣʢʠ 
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ʃʦʧʘʪʽ ʚʝʨʭʥʴʦʛʦ ʨʷʜʫ ʟ ʧʨʘʚʠʤ ʢʫʪʦʤ ʥʘʭʠʣʫ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʧʦʨʮʽʶ 

ʩʫʤʽʰʽ ʧʦ ʰʠʨʠʥʽ ʣʦʧʘʪʽ ʽ ʧʝʨʝʤʽʱʫʶʪʴ ʚ ʨʘʜʽʘʣʴʥʦʤʫ, ʢʨʫʛʦʚʦʤʫ ʽ ʦʩʴʦʚʦʤʫ 

ʥʘʧʨʷʤʢʫ ʚ ʧʨʘʚʠʡ ʢʽʥʝʮʴ ʟʤʽʰʫʚʘʯʘ, ʘ ʜʨʫʛʠʡ ʨʷʜ, ʟ ʣʽʚʠʤ ʢʫʪʦʤ ʥʘʭʠʣʫ, ʚ 

ʣʽʚʠʡ ʢʽʥʝʮʴ ʤʽʰʘʣʢʠ, ʩʪʚʦʨʶʶʯʠ ʨʘʟʦʤ ʟ ʨʘʜʽʘʣʴʥʠʤʠ ʧʘʣʴʮʷʤʠ ʚʝʣʠʢʫ 

ʤʽʢʨʦʦʙôʻʤʥʫ ʤʥʦʞʠʥʫ ʩʫʤʽʰʽ ʟ ʜʠʩʢʨʝʪʥʠʤ ʚʤʽʩʪʦʤ ʯʘʩʪʠʥʦʢ ʟʤʽʰʫʚʘʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʠʥʢʠ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʫʤʽʰʽ ʧʦʪʨʘʧʣʷʶʪʴ 

ʚ ʟʦʥʫ ʚʟʘʻʤʦʜʽʾ ʩʢʣʘʜʥʠʭ ʨʫʭʽʚ, ʧʝʨʝʪʠʥʽʚ ʽ ʟʽʪʢʥʝʥʴ ʪʘ ʧʝʨʽʦʜʠʯʥʦ 

ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʟ ʦʜʥʦʛʦ ʧʦʪʦʢʫ ʜʦ ʽʥʰʦʛʦ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʥʩʠʚʥʠʡ 

ʤʘʩʦʦʙʤʽʥ ʽ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ ʢʦʨʤʽʚ. 

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʛʦʪʫʚʘʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʠʭ 

ʢʦʨʤʦʩʫʤʽʰʝʡ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʪʨʘʜʠʮʽʡʥʠʭ 

ʟʤʽʰʫʚʘʯʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʪʨʽʯʢʦʚʦ-ʣʦʧʘʪʝʚʦʾ ʤʽʰʘʣʢʠ ʟ ʛʚʠʥʪʦʚʠʤʠ ʩʪʨʽʯʢʘʤʠ ʽ 

ʙʘʛʘʪʦʩʝʢʮʽʡʥʠʤʠ ʧʣʦʩʢʠʤʠ ʣʦʧʘʪʷʤʠ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʷʢʦʾ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʩʭʝʤʘʤʠ ʟʤʽʰʫʚʘʯʘ ʽ ʤʽʰʘʣʢʠ. 
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ɸʥʥʦʪʘʮʠʷ.  
ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʤʝʩʠʪʝʣʝʡ ʢʦʨʤʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʤʝʰʠʚʘʥʠʷ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʆʧʨʝʜʝʣʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʨʤʦʚʳʭ ʩʤʝʩʝʡ 

ʜʣʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʫʯʠʪʳʚʘʶʱʠʝ ʟʦʦʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʣʝʥʪʦʯʥʦ-ʣʦʧʘʩʪʥʦʛʦ 

ʩʤʝʩʠʪʝʣʷ ʢʦʨʤʦʚ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʢʦʨʤʦʩʤʝʩʠ. 
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Summary. 

The article presents the results of the analysis of the work and research of 

traditional constructions forage mixers used in livestock breeding. It is determined 

that homogeneity of mixing does not meet the established requirements. The 

directions of improvement of the process of preparation of forage mixtures for 

cows into account zootechnical requirements are determined and investigated. A 

new design of a combined forage mixer is proposed, the principle of work of which 

is explained by technological schemes, which increase efficiency is due to the 

acceleration of the process and the balance of forage mixes. 
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ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼʋ ɺʀʄɯʈʖɺɸʅʅʗ ʂʋʊɸ ʇʆʇɽʈɽʏʅʆɰ 

ʉʊɯʁʂʆʉʊɯ ʄʆɹɯʃʔʅʀʍ ɯ ʇʈʀʏɯʇʅʀʍ ʄɸʐʀʅ 

ʉ. ʃʝʙʝʜʻʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ɸ. ʂʦʨʦʙʢʦ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., 

ʄ. ʄʷʩʫʰʢʘ, 

ʖ. ʂʦʟʣʦʚ, 

ʍʘʨʢʽʚʩʴʢʘ ʬʽʣʽʷ ʋʢʨʅɼɯʇɺʊ ʽʤʝʥʽ ʃʝʦʥʽʜʘ ʇʦʛʦʨʽʣʦʛʦ 

 

ʋ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ 

ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʘ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʷʛʦʚʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʽ ʧʨʠʯʽʧʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʥʝ 

ʧʦʪʨʝʙʫʻ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʤʘʩ ʤʘʰʠʥʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʣʘʪʬʦʨʤʥʠʭ ʩʪʝʥʜʽʚ, ʘ ʧʝʨʝʜʙʘʯʘʻ ʣʠʰʝ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʩʠ ʤʘʰʠʥʠ ʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʽ ʧʽʜ ʢʫʪʦʤ ʫ ʨʘʟʽ ʧʽʜʡʦʤʫ ʦʜʥʦʛʦ ʽʟ ʙʦʨʪʽʚ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʘ 

ʧʦʧʝʨʝʯʥʦʾ ʩʪʘʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʤʘʰʠʥʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʷʚʥʠʤʠ, ʤʘʻ 

ʧʝʨʝʚʘʛʠ. ɸ ʩʘʤʝ, ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʣʘʪʬʦʨʤʥʽ ʩʪʝʥʜʠ ʽ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʤʘʩ ʤʘʰʠʥʠ, ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʧʦʭʠʙʢʘ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʽʡʢʽʩʪʴ ʧʦʧʝʨʝʯʥʘ, ʚʠʤʽʨʶʚʘʥʥʷ, ʤʝʪʦʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ, ʢʫʪ ʩʪʽʡʢʦʩʪʽ, ʧʨʠʨʽʩʪ ʤʘʩʠ. 

ɺʩʪʫʧ. ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʷʛʦʚʠʭ 

(ʘʚʪʦʤʦʙʽʣʴ, ʪʨʘʢʪʦʨ) ʪʘ ʧʨʠʯʽʧʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʻ 

ʧʦʧʝʨʝʯʥʘ ʩʪʽʡʢʽʩʪʴ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʘʪʥʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘ ʧʦʧʝʨʝʯʥʠʭ 

ʫʭʠʣʘʭ ʙʝʟ ʧʝʨʝʢʠʜʘʥʥʷ. ʇʦʧʝʨʝʯʥʘ ʩʪʽʡʢʽʩʪʴ ʧʦʣʦʞʝʥʥʷ ʦʮʽʥʶʻʪʴʩʷ 

ʩʪʘʪʠʯʥʠʤ ʢʫʪʦʤ ʧʦʧʝʨʝʯʥʦʛʦ ʫʭʠʣʫ, ʥʘ ʷʢʦʤʫ ʤʦʞʝ ʩʪʦʷʪʠ ʟʘʛʘʣʴʤʦʚʘʥʘ 

ʤʘʰʠʥʘ ʙʝʟ ʧʝʨʝʢʠʜʘʥʥʷ. 

ʋ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʩʧʨʝʩ-ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʘ ʧʦʧʝʨʝʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʤʘʰʠʥʠ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʥʘʷʚʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʟʘʚʜʷʢʠ ʟʤʽʥʽ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʘʧʘʨʘʪʥʦʤʫ 

ʫʩʪʘʪʢʦʚʘʥʥʶ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʦʚʫʚʘʥʴ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ 

ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʻ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʠ ī ʧʨʠʩʢʦʨʝʥʽ ʤʝʪʦʜʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ. ɽʢʩʧʨʝʩ-ʤʝʪʦʜʠ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʪʠʭ ʞʝ ʧʨʠʥʮʠʧʘʭ, ʱʦ ʽ ʘʥʘʣʦʛʽʯʥʽ ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ 

ʚʠʧʨʦʙʫʚʘʥʴ. ʇʨʦʪʝ ʚʦʥʠ ʜʘʶʪʴ ʟʤʦʛʫ ʟ ʥʘʡʤʝʥʰʠʤʠ ʟʘʪʨʘʪʘʤʠ, ʟʦʢʨʝʤʘ 

ʯʘʩʦʚʠʤʠ, ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʘʙʦ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʙôʻʢʪʘ 
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ʚʠʧʨʦʙʫʚʘʥʴ ʫʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ [1]. ʅʘʷʚʥʽ ʩʪʝʥʜʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ 

ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʤʘʰʠʥ, ʧʦʧʨʠ ʾʭʥʶ ʤʦʙʽʣʴʥʽʩʪʴ, ʚʩʝ ʞ ʧʦʪʨʝʙʫʶʪʴ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʱʦʜʦ ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ, ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʠʧʨʦʙʫʚʘʥʴ ʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʽ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʦʚʫʚʘʥʴ. 

ʆʮʽʥʦʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʦʧʝʨʝʯʥʦʾ ʩʪʘʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʤʘʰʠʥʠ ʻ ʢʫʪ 

ʧʦʧʝʨʝʯʥʦʾ ʩʪʘʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʨʝʛʣʘʤʝʥʪʫʻ ɻʆʉʊ 

12.2.002 [2]. ɯʩʥʫʶʪʴ ʪʨʠ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʘ ʧʦʧʝʨʝʯʥʦʾ 

ʩʪʘʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ: ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ 

ʜʦʩʣʽʜʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʧʣʘʪʬʦʨʤʥʦʤʫ ʩʪʝʥʜʽ ʜʘʶʪʴ 

ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʩʢʽʣʴʢʠ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

ʇʨʦʪʝ ʥʝʜʦʣʽʢʦʤ ʪʘʢʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʻ ʪʝ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʫʪʨʠʤʫʚʘʪʠ ʜʦʨʦʛʝ 

ʚʠʧʨʦʙʫʚʘʣʴʥʝ ʫʩʪʘʪʢʦʚʘʥʥʷ ʽ ʤʘʰʠʥʫ, ʷʢʘ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ, ʥʝʦʙʭʽʜʥʦ 

ʜʦʧʨʘʚʣʷʪʠ ʜʦ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʪʝʥʜʘ. ɸ ʚ ʥʠʥʽʰʥʽʭ ʫʤʦʚʘʭ 

ʚʠʧʨʦʙʫʚʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʜʝʢʣʘʨʫʶʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʤʽʩʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʟʘʤʦʚʥʠʢʘ (ʧʦʟʘ ʤʝʞʘʤʠ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ). ʄʝʪʦʜ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ ʜʘʪʠ ʜʦʩʪʦʚʽʨʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʦʩʢʽʣʴʢʠ 

ʥʝʤʦʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ ʫʩʽ ʧʘʨʘʤʝʪʨʠ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ. ɼʦʩʣʽʜʥʦ-

ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʽ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. ʋ ʨʦʙʦʪʘʭ [3, 4] 

ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʧʦʧʝʨʝʯʥʦʾ ʩʪʘʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʷʛʦʚʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʘʰʠʥ. ʋʢʘʟʘʥʦ ʾʭʥʽ ʧʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ. ɸʢʮʝʥʪʦʚʘʥʦ ʫʚʘʛʫ ʥʘ ʪʦʤʫ, ʱʦ 

ʜʦʩʣʽʜʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʘ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ. ʇʨʦʪʝ ʚ ʫʢʘʟʘʥʠʭ 

ʨʦʙʦʪʘʭ ʥʝ ʥʘʚʝʜʝʥʦ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ɸʚʪʦʨʘʤʠ ʚ ʨʦʙʦʪʽ [5] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦʩʣʽʜʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ 

ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ 

ʤʦʙʽʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ. ʇʨʦʪʝ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʪʘʢʠʡ ʩʪʝʥʜ 

ʪʝʞ ʤʘʻ ʥʝʜʦʣʽʢʠ. ɸ ʩʘʤʝ ʪʝ, ʱʦ ʜʣʷ ʡʦʛʦ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʦʢʨʝʤʫ 

ʪʷʛʦʚʦ-ʪʨʘʥʩʧʦʨʪʥʫ ʤʘʰʠʥʫ (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʪʨʘʢʪʦʨ ʖʄɿ-6) ʽ ʧʨʠʯʽʧ, ʥʘ 

ʷʢʦʤʫ ʚʽʥ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʦʣʦʞʝʥʥʽ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʦʙôʻʢʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʢʫʙ ʨʽʚʥʦʾ ʛʫʩʪʠʥʠ, ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ 

ʤʘʩ ʷʢʦʛʦ ʚʽʜʦʤʽ. 

ʄʝʪʘ ʽ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʦʧʝʨʝʯʥʦʾ ʩʪʘʪʠʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʢʦʣʽʩʥʠʭ ʤʘʰʠʥ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʦʧʝʨʝʯʥʦʾ ʩʪʘʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʂʦʣʠ ʤʘʰʠʥʘ ʦʧʠʥʷʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʟ 

ʧʦʧʝʨʝʯʥʠʤ ʫʭʠʣʦʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʾʾ ʚʘʛʠ ʤʽʞ ʙʦʨʪʘʤʠ (ʨʠʩ. 1). 

ɺʘʛʘ ʤʘʰʠʥʠ ʧʝʨʝʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. ɼʦʩʷʛʥʫʚʰʠ 

ʢʫʪʘ ʫʭʠʣʫ, ʟʘ ʷʢʦʛʦ ʚʝʢʪʦʨ ʩʠʣʠ ʪʷʞʽʥʥʷ ʙʫʜʝ ʧʨʦʭʦʜʠʪʠ ʯʝʨʝʟ ʪʦʯʢʫ ʦʧʦʨʠ, 

ʥʘʩʪʫʧʠʪʴ ʤʦʤʝʥʪ çʙʘʡʜʫʞʦʾ ʨʽʚʥʦʚʘʛʠè, ʢʦʣʠ ʫʩʷ ʚʘʛʘ ʤʘʰʠʥʠ ʙʫʜʝ 
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ʨʦʟʧʦʜʽʣʝʥʘ ʥʘ ʙʦʨʪ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʠʞʯʝ ʧʦ ʩʭʠʣʫ (ʨʝʘʢʮʽʷ 

ʨʦʟʚʘʥʪʘʞʝʥʦʛʦ ʙʦʨʪʫ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ ï ʜʠʚ. ʨʠʩ. 1 ʙ). ɿʙʫʨʶʚʘʣʴʥʠʡ 

ʤʦʤʝʥʪ ʙʫʜʝ ʩʪʚʦʨʶʚʘʪʠ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʪʷʞʽʥʥʷ   (ʨʠʩ. 1 ʙ) 

 
ʘ)                                                            ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʤʘʰʠʥʫ: ʘ) ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ, 

ʙ) ʥʘ ʫʭʠʣʽ ʢʨʠʪʠʯʥʦʾ ʚʝʣʠʯʠʥʠ 

 

ɿʘʢʦʥ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʚʘʛʠ ʟʘ ʙʦʨʪʘʤʠ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʜʣʷ ʢʦʞʥʦʾ 

ʤʘʰʠʥʠ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʣʽʾ ʽ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʤʘʩ. ɺʘʛʘ ʤʘʰʠʥʠ, ʷʢʘ 

ʧʨʠʧʘʜʘʻ ʥʘ ʙʦʨʪ, ʢʦʣʠ ʚʦʥʘ ʧʝʨʝʙʫʚʘʻ ʥʘ ʧʦʧʝʨʝʯʥʦʤʫ ʫʭʠʣʽ ʟ ʢʫʪʦʤ Ŭ (ʨʠʩ. 

2 ʘ) 

ʙŬ ʙŬG m g=
,    (1) 

ʜʝ mʙŬ ī ʤʘʩʘ ʙʦʨʪʫ ʤʘʰʠʥʠ, ʚʠʤʽʨʷʥʘ, ʢʦʣʠ ʚʦʥʘ ʧʝʨʝʙʫʚʘʻ ʥʘ ʧʦʧʝʨʝʯʥʦʤʫ 

ʫʭʠʣʽ ʟ ʢʫʪʦʤ Ŭ, ʢʛ; 

Ŭʙ ʙm m m= °Da,    (2) 

mʙ ī ʤʘʩʘ ʙʦʨʪʫ ʤʘʰʠʥʠ, ʚʠʤʽʨʷʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʢʛ; 

ȹmŬ ī ʧʨʠʨʽʩʪ ʤʘʩʠ ʙʦʨʪʫ ʤʘʰʠʥʠ, ʢʦʣʠ ʚʦʥʘ ʧʝʨʝʙʫʚʘʻ ʥʘ ʧʦʧʝʨʝʯʥʦʤʫ 

ʫʭʠʣʽ ʟ ʢʫʪʦʤ Ŭ, ʢʛ; 

g ī ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, g=9,81 ʤ/ʩ2. 

ʋ (2) ʟʥʘʢ ç+è ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʙʦʨʪʫ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʠʞʯʝ ʧʦ 

ʩʭʠʣʫ, ʟʥʘʢ ç-è ī ʚʠʱʝ ʧʦ ʩʭʠʣʫ. 

ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʧʨʠʨʦʩʪʫ ʤʘʩʠ ʚʽʜ ʢʫʪʘ ʫʭʠʣʫ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ, 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2 ʙ. 

ɿʘ ʧʦʧʝʨʝʯʥʦʛʦ ʫʭʠʣʫ ʟ ʢʫʪʦʤ Ŭ1, ʧʨʠʨʽʩʪ ʤʘʩʠ ʙʦʨʪʫ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ 

ʥʠʞʯʝ ʧʦ ʩʭʠʣʫ ʙʫʜʝ ʩʪʘʥʦʚʠʪʠ +ȹmŬ1. ɺʽʜʧʦʚʽʜʥʦ, ʟʘ ʧʦʧʝʨʝʯʥʦʛʦ ʫʭʠʣʫ ʟ 

ʢʫʪʦʤ Ŭ2 ī +ȹmŬ2. ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʧʨʷʤʦʾ ʚ ʢʘʥʦʥʽʯʥʦʤʫ ʚʠʛʣʷʜʽ: 

( ) ( ) ( )
1 2 2 12 1 1 2 0m m m m mD -D + - D + D - D =a a a aa a a a a

, (3) 

ʜʝ Ŭ ī ʜʦʚʽʣʴʥʠʡ ʢʫʪ ʧʦʧʝʨʝʯʥʦʛʦ ʫʭʠʣʫ ʤʘʰʠʥʠ; 

ȹm ī ʧʨʠʨʽʩʪ ʤʘʩʠ ʙʦʨʪʫ ʤʘʰʠʥʠ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʠʞʯʝ ʧʦ ʩʭʠʣʫ ʟʘ ʢʫʪʘ 

ʧʦʧʝʨʝʯʥʦʛʦ ʫʭʠʣʫ Ŭ, ʢʛ. 
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ʘ)                                                                           ʙ) 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʚʘʛʠ ʤʘʰʠʥʠ ʧʦ ʦʩʷʭ (ʘ) ʽ ʟʘʣʝʞʥʽʩʪʴ 

ʚʝʣʠʯʠʥʠ ʧʨʠʨʦʩʪʫ ʤʘʩʠ ʚʽʜ ʢʫʪʘ ʫʭʠʣʫ (ʙ) 

ʄʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ȹm (ʩʪʘʥ çʙʘʡʜʫʞʦʾ ʨʽʚʥʦʚʘʛʠè) 

ʙʫʜʝ ʟʥʘʯʝʥʥʷ ʤʘʩʠ ʙʦʨʪʫ ʤʘʰʠʥʠ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚʠʱʝ ʧʦ ʩʭʠʣʫ, ʚʠʤʽʨʷʥʝ ʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʤʘʰʠʥʠ mʚ. ʂʫʪ ʧʦʧʝʨʝʯʥʦʛʦ ʫʭʠʣʫ Ŭ ʧʨʠ ʮʴʦʤʫ 

ʙʫʜʝ ʨʽʚʥʷʪʠʩʴ ʢʫʪʫ ʧʦʧʝʨʝʯʥʦʾ ʩʪʘʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ Ŭʩʩ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʱʝʩʢʘʟʘʥʦʛʦ ʽʟ (3) ʟʥʘʡʜʝʤʦ Ŭʩʩ: 

( ) ( )
2 1

2 1

2 1 ʚ 1 2

ʩʩ

m m m

m m

- + D - D
=

D -D

a a

a a

a a a a
a

.  (4) 

ʗʢʱʦ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʢʫʪ Ŭ1=0, ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʨʽʩʪ ʤʘʩʠ 

ʤʘʰʠʥʠ ʙʫʜʝ ʩʪʘʥʦʚʠʪʠ ȹmŬ1=0, ʪʦ ʚʠʨʘʟ (4) ʩʧʨʦʩʪʠʪʴʩʷ 

2

ʚ

2ʩʩ

m

m
=
D a

a a

.    (5) 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʚʠʨʘʟ (5) ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ 

2

1

2

ʚ

ʩʩ

m

m

-
Då õ

=æ ö
ç ÷

a
a a

.    (6) 

ʇʘʨʘʤʝʪʨ 

2

ʚ

m

m

D a

 ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʘ Ŭ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ [0; 1] ʽ ʚʽʥ 

ʤʦʞʝ ʙʫʪʠ (ʷʢ ʽ ʢʫʪ ʧʦʧʝʨʝʯʥʦʾ ʩʪʘʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ) ʦʮʽʥʦʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʧʦʧʝʨʝʯʥʦʾ ʩʪʘʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. ʇʨʠ ʥʘʙʣʠʞʝʥʥʽ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ 1, ʤʘʰʠʥʘ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʩʪʘʥʫ çʙʘʡʜʫʞʦʾ ʨʽʚʥʦʚʘʛʠè. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ 

ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʘ ʧʦʧʝʨʝʯʥʦʾ ʩʪʘʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʤʘʰʠʥʠ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʥʘʷʚʥʠʤʠ, ʤʘʻ ʧʝʨʝʚʘʛʠ. ɸ ʩʘʤʝ, ʥʝ ʪʨʝʙʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʣʘʪʬʦʨʤʥʽ 

ʩʪʝʥʜʠ ʽ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʤʘʩ ʤʘʰʠʥʠ, ʚʽʜʧʦʚʽʜʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʭʠʙʢʘ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ. 
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ɸʥʥʦʪʘʮʠʷ.  

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

ʫʛʣʘ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʷʛʦʚʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʧʨʠʮʝʧʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝ 

ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʤʘʩʩ ʤʘʰʠʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʩʪʝʥʜʦʚ, ʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʣʠʰʴ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ 

ʤʘʰʠʥʳ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʧʦʜ ʫʛʣʦʤ ʧʨʠ ʧʦʜʲʝʤʝ ʦʜʥʦʛʦ ʠʟ 

ʙʦʨʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

ʫʛʣʘ ʧʦʧʝʨʝʯʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʰʠʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ. ɸ ʠʤʝʥʥʦ, ʥʝ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʣʘʪʬʦʨʤʝʥʥʳʝ ʩʪʝʥʜʳ ʠ ʥʝ ʥʫʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ 

ʤʘʩʩ ʤʘʰʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ʢʦʩʚʝʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ. 

 

Summary 
The experimental-analytical method of measuring the transverse stability 

angle of traction-transport and trailer agricultural machines is proposed in the 

article. The application of the developed method does not require the 

determination of the coordinates of the center of mass of the machine and the use 

of platform stands, but only measures the mass of the machine in a horizontal 

position and at an angle when one of the sides is raised. The developed 
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experimental-analytical method of measuring the angle of the transverse static 

stability of the machine in comparison with the existing ones has advantages. 

Namely, you do not need to use platform stands and you do not need to calculate 

the coordinates of the machine's center of mass, and accordingly the error of 

indirect measurements decreases. 
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ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʛʘʣʴʤʽʚʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʙʽʣʴʥʦʾ ʤʘʰʠʥʠ ʧʽʜ ʯʘʩ 

ʩʣʫʞʙʦʚʠʭ ʛʘʣʴʤʫʚʘʥʴ. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʽʚ 

ʤ̔ʦʚʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʫʧʦʚʽʣʴʥʝʥʴ ʧʽʜ ʯʘʩ ʩʣʫʞʙʦʚʠʭ ʛʘʣʴʤʫʚʘʥʴ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʽ ʚʠʷʚʣʝʥʥʷ ʟʦʥ ʩʪʽʡʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚʠʤʽʨʶʚʘʯʝʤ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʙʽʣʴʥʠʭ 

ʤʘʰʠʥ ɺɼɺʄʄ 4-001. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ 

ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ 

ʧʽʜ ʯʘʩ ʩʣʫʞʙʦʚʠʭ ʛʘʣʴʤʫʚʘʥʥʷʭ. ɿʥʘʥʥʷ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʩʧʦʚʽʣʴʥʝʥʴ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʩʣʫʞʙʦʚʠʭ ʛʘʣʴʤʫʚʘʥʴ ʘʚʪʦʤʦʙʽʣʽʚ ʜʦʟʚʦʣʠʪʴ ʨʝʘʣʽʟʫʚʘʪʠ 

ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ ʟ ʽʜʝʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʥʘ ʧʝʨʝʜʥʶ ʚʽʩʴ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʘʣʴʤʽʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʪʽʡʢʽʩʪʴ, ʩʣʫʞʙʦʚʝ 

ʛʘʣʴʤʫʚʘʥʥʷ, ʫʧʦʚʽʣʴʥʝʥʥʷ, ʨʦʟʧʦʜʽʣ ʫʧʦʚʽʣʴʥʝʥʥʷ, ʚʠʧʨʦʙʫʚʘʥʥʷ. 

ɺʩʪʫʧ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʟʨʦʩʪʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʾʭ ʨʫʭʫ 

ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʘʚʪʦʜʦʨʦʛʘʭ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʢʪʠʚʥʦʾ 

ʙʝʟʧʝʢʠ. ɻʘʣʴʤʽʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʩʧʨʘʚʣʷʶʪʴ 

ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʙʝʟʧʝʢʫ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. 

ʋ ʮʽʡ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʛʘʣʴʤʽʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʧʽʜ ʯʘʩ ʩʣʫʞʙʦʚʠʭ 

ʛʘʣʴʤʫʚʘʥʴ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʝʥʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʩʫʭʠʭ ʜʦʨʦʛʘʭ ʩʣʫʞʙʦʚʽ ʛʘʣʴʤʫʚʘʥʥʷ, ʟʘʣʝʞʥʦ 

ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʩʢʣʘʜʘʶʪʴ 95-100% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʛʘʣʴʤʫʚʘʥʴ 

[1]. ʄʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʝʢʩʪʨʝʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ( ʟʘ ʥʘʣʝʞʥʦʾ 

ʢʚʘʣʽʬʽʢʘʮʽʾ ʚʦʜʽʷ) ï ʷʚʠʱʝ ʜʦʚʦʣʽ ʨʽʜʢʽʩʥʝ. ʇʦʧʨʠ ʮʝ, ʜʠʥʘʤʽʮʽ ʝʢʩʪʨʝʥʦʛʦ 

ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠʜʽʣʷʻʪʴʩʷ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ [2-5] ʫ ʪʦʡ 

ʯʘʩ, ʷʢ ʜʠʥʘʤʽʢʘ ʩʣʫʞʙʦʚʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʘ ʥʝʜʦʩʪʘʪʥʴʦ. 

ɺʚʘʞʘʻʪʴʩʷ [1], ʱʦ ʧʽʜ ʯʘʩ ʩʣʫʞʙʦʚʠʭ ʛʘʣʴʤʫʚʘʥʴ ʥʘ ʩʫʭʦʤʫ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʽ ʫʧʦʚʽʣʴʥʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 3 ʤ/ʩ
2
. ʇʨʝʜʩʪʘʚʣʝʥʽ ʚ 
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ʨʦʙʦʪʽ [6] ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ 

ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ ʩʝʨʝʜʥʻ ʫʧʦʚʽʣʴʥʝʥʥʷ ʚʘʥʪʘʞʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʢʦʣʠʚʘʻʪʴʩʷ ʚ 

ʤʝʞʘʭ 0,8-1,7 ʤ/ʩ
2
. 

ʅʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʛʘʣʴʤʽʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʣʷʭ, ʧʨʦʡʜʝʥʠʡ ʟʘ ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ï ʛʘʣʴʤʽʚʥʠʡ ʰʣʷʭ Sʊ. ɽʢʚʽʚʘʣʝʥʪʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʻ ʤʘʢʩʠʤʘʣʴʥʝ jxmax ʘʙʦ ʩʝʨʝʜʥʻ x
j  

ʫʧʦʚʽʣʴʥʝʥʥʷ ʤʘʰʠʥʠ. 

ʄʝʪʘ ʽ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʽʚ ʽʤʦʚʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʫʧʦʚʽʣʴʥʝʥʴ ʧʽʜ 

ʯʘʩ ʩʣʫʞʙʦʚʠʭ ʛʘʣʴʤʫʚʘʥʴ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʽ ʚʠʷʚʣʝʥʥʷ ʟʦʥ ʩʪʽʡʢʦʩʪʽ 

ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʮʝʡ ʯʘʩ. 

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʘʚʪʦʤʦʙʽʣʽ ɺ-ʢʣʘʩʫ çHyundai i30è ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʠʤʽʨʶʚʘʯʘ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ [7]. ʈʫʭ 

ʟʜʽʡʩʥʶʚʘʚʩʷ ʧʦ ʩʫʭʦʤʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʤʫ ʧʦʢʨʠʪʪʶ ʫ ʭʦʨʦʰʦʤʫ ʩʪʘʥʽ. 

ʄʦʜʝʣʶʚʘʚʩʷ ʨʫʭ çʫ ʤʽʩʪʽè ʽ çʟʘ ʤʽʩʪʦʤè, ʪʦʙʪʦ ʧʽʜ ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ ʚʝʣʠʯʠʥʘ 

ʫʧʦʚʽʣʴʥʝʥʥʷ, ʷʢʘ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʙʫʣʘ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ. 

ɺʠʤʽʨʶʚʘʯ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ɺɼɺʄʄ 4-001 

(ʨʠʩ. 1), ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʘ (1), ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ 

MMA7260QT (2, 3), ʜʠʩʧʣʝʶ (4), ʙʣʦʢʘ ʞʠʚʣʝʥʥʷ (5) ʽ ʢʣʘʚʽʘʪʫʨʠ (6). ʋ 

ʩʠʩʪʝʤʽ ʧʝʨʝʜʙʘʯʝʥʽ ʨʦʟʥʽʤʠ ʜʣʷ ʧʽʜôʻʜʥʘʥʥʷ ʯʦʪʠʨʴʦʭ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ. ɼʣʷ 

ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ 2 ʘʢʩʝʣʝʨʦʤʝʪʨʠ, ʩʠʛʥʘʣʠ ʟ ʷʢʠʭ 

ʫʩʝʨʝʜʥʶʚʘʣʠʩʴ, ʱʦ ʧʽʜʚʠʱʫʚʘʣʦ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ. ɸʢʩʝʣʝʨʦʤʝʪʨʠ 

ʟʘʢʨʽʧʣʶʚʘʣʠʩʴ ʞʦʨʩʪʢʦ ʜʦ ʝʣʝʤʝʥʪʽʚ ʢʫʟʦʚʘ, ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʙʣʦʢ 

ʨʦʟʤʽʱʫʚʘʚʩʷ ʚ ʢʘʙʽʥʽ (ʨʠʩ. 2, 3). 

                  
ʘ                                                                    ʙ 

ʘ ï ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ; ʙ ïʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʈʠʩʫʥʦʢ 1 ï ɺʠʤʽʨʶʚʘʯ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ  

ɺɼɺʄʄ 4-001 
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ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʦʜʝʨʞʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʦʶ 

ʦʙʨʦʙʢʦʶ ʩʠʛʥʘʣʽʚ, ʚʠʤʽʨʷʥʠʭ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ [8]. ʄʝʞʽ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ï  Ñ1 %. 

ʆʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʆʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʧʨʦʚʦʜʠʣʘʩʷ ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ, ʚʠʢʣʘʜʝʥʦʶ ʚ [8]. 

ʇʨʠʢʣʘʜ ʜʽʘʛʨʘʤʠ ʧʦʜʦʚʞʥʽʭ ʧʨʠʩʢʦʨʝʥʴ ʪʘ ʫʧʦʚʽʣʴʥʝʥʴ, ʷʢʽ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʚʠʧʨʦʙʦʚʫʚʘʥʠʤ ʘʚʪʦʤʦʙʽʣʝʤ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 4. 

       
ʘ                                                          ʙ 

ʘ ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʢʩʝʣʝʨʦʤʝʪʨʘ; ʙ ï ʟʘʢʨʽʧʣʝʥʠʡ ʘʢʩʝʣʝʨʦʤʝʪʨ 

ʈʠʩʫʥʦʢ 2 ï ʋʩʪʘʥʦʚʢʘ ʽ ʟʘʢʨʽʧʣʝʥʥʷ ʘʢʩʝʣʝʨʦʤʝʪʨʘ 
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ʈʠʩʫʥʦʢ 3 ï ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʙʣʦʢ 
 

ʈʠʩʫʥʦʢ 4 ï ʇʨʠʢʣʘʜ ʜʽʘʛʨʘʤʠ ʧʨʠʩʢʦʨʝʥʴ 

ʽ ʩʧʦʚʽʣʴʥʝʥʴ 

ɺʠʟʥʘʯʠʤʦ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʫʧʦʚʽʣʴʥʝʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ 

çHyundai i30è ʧʽʜ ʯʘʩ ʩʣʫʞʙʦʚʠʭ ʛʘʣʴʤʫʚʘʥʴ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʥʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʚʽʜʥʷʪʠ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʦʚʽʣʴʥʝʥʥʷ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʽʜ 

ʯʘʩ ʚʠʙʽʛʫ ʘʚʪʦʤʦʙʽʣʷ (ʧʽʜ ʯʘʩ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʟ ʚʠʤʢʥʝʥʠʤ ʜʚʠʛʫʥʦʤ ʙʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʣʴʤʫʚʘʥʥʷ). ʅʘ ʨʠʩʫʥʢʫ 5 ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣ ʫʧʦʚʽʣʴʥʝʥʴ 

ʘʚʪʦʤʦʙʽʣʷ ʧʽʜ ʯʘʩ ʦʜʥʦʛʦ (ʚʠʙʨʘʥʦʛʦ ʚʠʧʘʜʢʦʚʦ) ʩʣʫʞʙʦʚʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ. 

ʅʘ ʨʠʩʫʥʢʫ ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʩʧʦʚʽʣʴʥʝʥʥʷ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʷ ʥʘʢʘʪʦʤ (ʽʥʪʝʨʚʘʣ ʫʧʦʚʽʣʴʥʝʥʴ ï 0-1,77 ʤ/ʩ
2
) ʽ ʧʽʜ ʯʘʩ ʨʫʭʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʘʣʴʤʫʚʘʥʥʷ (ʽʥʪʝʨʚʘʣ ʫʧʦʚʽʣʴʥʝʥʴ ï 1,77-4,21  ʤ/ʩ
2
). 
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ʅʘ ʨʠʩʫʥʢʫ 6-9 ʧʦʢʘʟʘʥʽ ʨʦʟʧʦʜʽʣʠ ʫʧʦʚʽʣʴʥʝʥʴ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʽ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʩʣʫʞʙʦʚʠʭ ʛʘʣʴʤʫʚʘʥʴ ʜʣʷ 4 ʟʘʾʟʜʽʚ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ 

ʜʦʨʦʛʠ. 

ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʛʨʘʬʽʢʽʚ (ʨʠʩ. 6-9) ʧʦʢʘʟʫʻ, ʱʦ ʧʽʜ ʯʘʩ ʩʣʫʞʙʦʚʠʭ 

ʛʘʣʴʤʫʚʘʥʴ ʘʚʪʦʤʦʙʽʣʷ ʨʝʘʣʽʟʫʶʪʴʩʷ ʫʧʦʚʽʣʴʥʝʥʥʷ ʚ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʟʥʘʯʝʥʴ ʽ ʩʘʤʽ ʫʧʦʚʽʣʴʥʝʥʥʷ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʟʘ ʥʦʨʤʘʣʴʥʠʤ 

ʟʘʢʦʥʦʤ. ʋ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʫʧʦʚʽʣʴʥʝʥʴ 

ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʩʣʫʞʙʦʚʠʭ ʛʘʣʴʤʫʚʘʥʴ ʚ ʨʽʟʥʠʭ ʟʘʾʟʜʘʭ. 
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ʈʠʩʫʥʦʢ 5 ï ʈʦʟʧʦʜʽʣ ʩʧʦʚʽʣʴʥʝʥʴ ʧʽʜ ʯʘʩ ʩʣʫʞʙʦʚʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ 
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ʈʠʩʫʥʦʢ 6 ï ʈʦʟʧʦʜʽʣ ʩʧʦʚʽʣʴʥʝʥʴ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʜʣʷ ʟʘʾʟʜʫ ç1è 
ʈʠʩʫʥʦʢ 7 ï ʈʦʟʧʦʜʽʣ ʩʧʦʚʽʣʴʥʝʥʴ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ  

ʜʣʷ ʟʘʾʟʜʫ ç2è 
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ʈʠʩʫʥʦʢ 8 ï ʈʦʟʧʦʜʽʣ ʩʧʦʚʽʣʴʥʝʥʴ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʜʣʷ ʟʘʾʟʜʫ 

ç3è 

ʈʠʩʫʥʦʢ 9 ï ʈʦʟʧʦʜʽʣ ʩʧʦʚʽʣʴʥʝʥʴ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʜʣʷ ʟʘʾʟʜʫ 

ç4è 

ʊʘʙʣʠʮʷ 1 ï ɿʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʚʝʣʠʯʠʥ ʫʧʦʚʽʣʴʥʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ 

ˉ 

ʟʘʾʟ-

ʜʫ 

ʉʝʨʝʜʥʻ 

ʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ 

ʄʘʪʝʤʘʪʠʯʥʝ 

ʦʯʽʢʫʚʘʥʥʷ 

ʇʦʭʠʙʢʘ 

ʘʧʨʦʢʩʠ-

ʤʘʮʽʾ 

Std. Err. 

ʌʦʨʤʫʣʘ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ 

1 0,345 -3,12 0,0038 

( )
2

2

0,22845

2 0,43231

0,4323 2

xV

f e
p

+

Ö=  

2 0,515 -4,06 0,0041 

( )
2

2

0,37434

2 0,50781

0,50578 2

xV

f e
p

+

Ö=  

3 0,453 -3,66 0,0020 

( )
2

2

0,33412

2 0,48531

0,4853 2

xV

f e
p

+

Ö=  

4 0,348 -3,16 0,0017 

( )
2

2

0,40457

2 0,45161

0,4516 2

xV

f e
p

+

Ö=  

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ 

ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ 

ʧʽʜ ʯʘʩ ʩʣʫʞʙʦʚʠʭ ʛʘʣʴʤʫʚʘʥʴ. 

ɿʥʘʥʥʷ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʩʧʦʚʽʣʴʥʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʩʣʫʞʙʦʚʠʭ 

ʛʘʣʴʤʫʚʘʥʴ ʘʚʪʦʤʦʙʽʣʽʚ ʜʦʟʚʦʣʠʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ ʟ ʽʜʝʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ 

ʩʠʣ ʥʘ ʧʝʨʝʜʥʶ ʚʽʩʴ [9]. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʦʨʤʦʟʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʦʙʠʣʴʥʦʡ ʤʘʰʠʥʳ ʚʦ 

ʚʨʝʤʷ ʩʣʫʞʝʙʥʳʭ ʪʦʨʤʦʞʝʥʠʡ. ʇʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʟʘʢʦʥʦʚ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʤʝʜʣʝʥʠʡ ʚʦ ʚʨʝʤʷ ʩʣʫʞʝʙʥʳʭ 

ʪʦʨʤʦʞʝʥʠʡ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠ ʚʳʷʚʣʝʥʠʝ ʟʦʥ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʘʚʪʦʤʦʙʠʣʝʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʠʪʝʣʝʤ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʙʠʣʴʥʳʭ ʤʘʰʠʥ ɺɼɺʄʄ 4-001. ʇʨʦʚʝʜʝʥʥʳʝ 
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ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʚʦ ʚʨʝʤʷ 

ʩʣʫʞʝʙʥʳʭ ʪʦʨʤʦʞʝʥʠʡ. ɿʥʘʥʠʝ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʤʝʜʣʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʚʦʟʥʠʢʘʶʪ ʚʦ ʚʨʝʤʷ ʩʣʫʞʝʙʥʳʭ ʪʦʨʤʦʞʝʥʠʡ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʦʟʚʦʣʠʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʪʦʨʤʦʟʥʳʭ ʩʠʩʪʝʤ ʩ 



161 

ʠʜʝʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʨʤʦʟʥʳʭ ʩʠʣ ʥʘ 

ʧʝʨʝʜʥʶʶ ʦʩʴ. 

Summary 

Results of braking tests of a mobile car during service braking are resulted. 

An experimental determination of the laws of probability of deceleration 

distribution during the service braking of a car and the identification of areas of 

stability of cars is carried out. Experimental researches were carried out by the 

meter of dynamic properties of mobile machines VDVMM 4-001. The conducted 

experimental studies allowed to determine the parameters of the normal law of 

distribution of a passenger car during service braking. Knowledge of the law of 

slowness distribution, which arise during service braking of cars, will allow to 

realize a new approach to the design of braking systems with the ideal value of the 

coefficient of distribution of braking forces on the front axle. 
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ʋɼʂ 631.312 

 

ɿɺ'ʗɿʆʂ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɼɯɰ ʅɽʈɯɺʅʆʉʊɽʁ ˆʈʋʅʊʋ ɿ 

ʂʆʃʀɺɸʅʅʗʄʀ ˆʈʋʅʊʆʆɹʈʆɹʅʆɻʆ ɸɻʈɽɻɸʊɸ 
 

ʆ. ɻʘʧʦʥʝʥʢʦ, 

ɼʅʋ çʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦè 

 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʫʭ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʽʜ ʜʽʻʶ 

ʧʦʩʪʽʡʥʦ ʟʤʽʥʥʠʭ ʩʠʣ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟ ˇʨʫʥʪʦʤ, ʘ ʪʘʢʦʞ 

ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʟʚ'ʷʟʢʽʚ ʜʽʾ ʥʝʨʽʚʥʦʩʪʝʡ ˇʨʫʥʪʫ ʥʘ ʢʦʣʠʚʘʥʥʷ 

ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʟʥʘʨʷʜʜʷ.  

ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʦʚʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʫ ʧʽʜʭʦʜʽ ʜʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʫʞʥʠʭ ʩʪʦʷʢʽʚ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʠʩʢʦʚʦʤʫ ˇʨʫʥʪʦʦʙʨʦʙʥʦʤʫ 

ʘʛʨʝʛʘʪʫ. ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʠʩʪʝʤʘ ʜʦʩʠʪʴ ʧʦʚʥʦ ʚʽʜʦʙʨʘʞʘʻ ʜʠʥʘʤʽʯʥʽ 

ʧʨʦʮʝʩʠ ʩʪʦʷʢʽʚ ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʨʷʜʽʚ ʜʠʩʢʦʚʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟʘ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʽʜʧʨʫʞʠʥʝʥʦʾ ʤʘʩʠ ʘʛʨʝʛʘʪʘ.    

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ˇʨʫʥʪʦʦʙʨʦʙʥʠʡ ʘʛʨʝʛʘʪ; ʢʦʣʠʚʘʣʴʥʘ ʩʠʩʪʝʤʘ; 

ʧʝʨʝʤʽʱʝʥʥʷ; ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʻ ʦʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʦʮʽʥʢʠ 

ʨʽʚʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʩʝʨʽʡʥʠʭ 

ʤʘʰʠʥ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʧʝʨʝʚʽʨʢʠ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ ʚ ʭʦʜʽ ʦʙʨʦʙʢʠ 

ʪʘ ʜʦʚʦʜʢʠ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ.  

ʉʧʦʩʪʝʨʽʛʘʶʯʠ ʨʝʘʢʮʽʶ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʘ ʚʟʘʻʤʦʜʽʶ ʟ 

ʥʝʨʽʚʥʦʩʪʷʤʠ ʧʦʣʷ ʚʠʷʚʣʷʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʡʦʛʦ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ, ʘʛʨʝʛʘʪʽʚ ʪʘ 

ʜʝʪʘʣʝʡ. ʎʽ ʧʝʨʝʤʽʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʷʢ ʟʤʽʥʫ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʪʨʘʢʪʦʨʘ ʽ ʟʥʘʨʷʜʜʷ, ʪʘʢ ʽ ʟʤʽʥʫ ʾʭʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʚʽʜʥʦʩʥʦ 

ʥʝʨʫʭʦʤʠʭ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ, ʚʠʙʨʘʥʠʭ ʫ ʧʦʣʦʞʝʥʥʽ ʩʪʘʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ, ʱʦ 

ʨʫʭʘʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʧʦʟʜʦʚʞʥʽʡ ʦʩʽ ʨʘʟʦʤ ʟ ʘʛʨʝʛʘʪʦʤ ʧʦʩʪʫʧʘʣʴʥʦ. ʊʦʙʪʦ, 

ʧʝʨʝʤʽʱʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʚʟʘʻʤʦʜʽʾ, ʧʦʚôʷʟʘʥʽ ʟ ʧʨʫʞʥʠʤʠ 

ʜʝʬʦʨʤʘʮʽʷʤʠ ʜʝʪʘʣʝʡ. ʆʜʥʘʢ ʞʦʨʩʪʢʽʩʪʴ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʩʫʪʪʻʚʦ ʨʽʟʥʘ, ʦʢʨʝʤʽ ʜʝʪʘʣʽ ʩʧʝʮʽʘʣʴʥʦ ʚʚʦʜʷʪʴ ʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʷʢ ʧʨʫʞʥʽ 

ʝʣʝʤʝʥʪʠ, ʱʦ ʧʦʤôʷʢʰʫʶʪʴ ʯʠ ʪʨʘʥʩʬʦʨʤʫʶʪʴ ʚʧʣʠʚ ʧʦʣʴʦʚʦʛʦ ʬʦʥʫ. 

ɺʨʘʭʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʟʘ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʝʨʝʤʽʱʝʥʴ ʪʘ 

ʜʝʬʦʨʤʘʮʽʡ, ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʽ ʪʽʣʘ 

(ʨʘʤʘ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʨʦʙʦʯʽ ʦʨʛʘʥʠ) ʟ ʧʨʫʞʥʠʤʠ ʟʚôʷʟʢʘʤʠ 

(ʧʨʠʯʽʧʥʠʡ ʧʨʠʩʪʨʽʡ, ʧʨʫʞʥʽ ʩʪʦʷʢʠ). ɸʛʨʝʛʘʪ ʚʠʩʪʫʧʘʻ, ʷʢ ʜʠʥʘʤʽʯʥʘ 

ʩʠʩʪʝʤʘ, ʜʝ ʟʤʽʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʝʪʘʣʽ ʯʠ ʾʭʥʽ ʧʨʫʞʥʽ ʚʽʜʭʠʣʝʥʥʷ 

ʧʦʚôʷʟʘʥʽ ʟ ʤʝʭʘʥʽʯʥʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʤʘʩ. 
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ʄʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʠʡ ʘʛʨʝʛʘʪ, ʷʢ ʢʦʣʠʚʘʣʴʥʘ ʩʠʩʪʝʤʘ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʝʣʠʢʦʶ ʩʢʣʘʜʥʽʩʪʶ. ʉʢʣʘʩʪʠ ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʫ ʝʢʚʽʚʘʣʝʥʪʥʫ ʩʭʝʤʫ, ʷʢʘ 

ʚʽʜʦʙʨʘʞʘʻ ʚʩʽ ʤʦʞʣʠʚʽ ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ, ʥʝʤʦʞʣʠʚʦ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ.  ɼʣʷ ʧʨʘʢʪʠʯʥʠʭ ʧʦʪʨʝʙ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʢʚʽʚʘʣʝʥʪʥʽ ˇʨʫʥʪʦʦʙʨʦʙʥʦʤʫ ʘʛʨʝʛʘʪʫ ʢʦʣʠʚʘʣʴʥʽ ʩʠʩʪʝʤʠ, 

ʷʢʽ ʚʠʜʽʣʷʶʪʴ ʽʟ ʟʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʦʯʝʚʠʜʥʦʩʪʽ ʩʣʘʙʢʦʛʦ 

ʟʚôʷʟʢʫ ʦʢʨʝʤʦʾ ʩʠʩʪʝʤʠ ʟ ʽʥʰʠʤʠ, ʯʠ ʥʘ ʦʜʥʦʩʪʦʨʦʥʥʦʩʪʽ ʚʧʣʠʚʫ ʥʘ ʦʢʨʝʤʫ 

ʩʠʩʪʝʤʫ ʽʥʰʠʭ ʩʫʤʽʞʥʠʭ ʩʠʩʪʝʤ [1]. ɿʘ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʫʞʥʠʭ ʜʝʪʘʣʝʡ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʚʠʭʽʜ ʜʠʥʘʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʘʛʨʝʛʘʪʫ ʥʘ ʚʭʽʜ ʷʢʦʾ ʧʦʜʘʶʪʴ ʚʠʧʘʜʢʦʚʽ ʟʙʫʨʝʥʥʷ.  

ɽʢʚʽʚʘʣʝʥʪʥʘ ˇʨʫʥʪʦʦʙʨʦʙʥʦʤʫ ʘʛʨʝʛʘʪʫ ʢʦʣʠʚʘʣʴʥʘ ʩʠʩʪʝʤʘ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʟʘ ʚʢʣʶʯʝʥʥʷ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʭʥʽʭ ʤʘʩ, ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʜʞʝʨʝʣ ʟʙʫʨʝʥʥʷ. 

ʆʧʪʠʤʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʟʘʚʜʘʥʥʷ ʧʦʚʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʢʣʘʜʥʽʩʪʶ 

ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʩʠʩʪʝʤ ʟʘ ʭʘʨʘʢʪʝʨʦʤ 

ʨʫʭʫ ʤʘʩ [2].  

ɿʘ ʫʤʦʚʠ ʚʽʜʦʤʦʛʦ ʚʭʽʜʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʮʝʩʫ ʟʦʚʥʽʰʥʴʦʾ ʜʽʾ ʧʦʚʝʜʽʥʢʘ 

ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʤʦʞʣʠʚʝ ʧʨʷʤʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʩʪʨʫʢʪʫʨʦʶ ʩʠʩʪʝʤʠ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ. ʌʦʨʤʘʣʽʟʘʮʽʷ ʦʩʥʦʚ ʨʝʘʢʮʽʾ ʜʠʩʢʦʚʦʛʦ 

ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʷʢ ʩʫʢʫʧʥʦʩʪʽ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʥʘ ʟʦʚʥʽʰʥʶ 

ʜʽʶ ʚʽʜ ʚʧʣʠʚʫ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʧʨʽʦʨʠʪʝʪʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʨʦʙʦʪʠ  ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʘ ʻ ʚʠʢʦʥʘʥʥʷ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʠʤʦʛ, ʧʦʯʘʪʢʦʚʠʤ ʝʪʘʧʦʤ ʨʦʟʨʦʙʢʠ ʘʛʨʝʛʘʪʽʚ ʙʫʣʦ ʦʪʨʠʤʘʥʥʷ ʟʘʜʘʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, ʦʩʥʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ 

ʥʘʧʨʷʤʢʫ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʘ ʾʭ ʨʦʟʩʪʘʥʦʚʢʠ.  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ 

ʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʘʛʨʝʛʘʪʽʚ. 

ɻʦʣʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ ʘʛʨʝʛʘʪʘ, ʷʢʽ ʧʦʚʥʽʩʪʶ ʩʧʨʠʡʤʘʶʪʴ 

ʟʦʚʥʽʰʥʶ ʜʽʶ, ʻ ʩʪʦʷʢʠ ʢʨʽʧʣʝʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʜʦ ʨʘʤʠ. ʋ ʩʪʦʷʢʘʭ 

ʚʠʥʠʢʘʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʠʣ, ʧʦʚôʷʟʘʥʠʭ ʟ ʢʦʣʠʚʘʥʥʷʤʠ 

ʧʽʜʧʨʫʞʠʥʝʥʠʭ ʽ ʥʝ ʧʽʜʧʨʫʞʠʥʝʥʠʭ ʤʘʩ ʫ ʧʦʟʜʦʚʞʥʽʡ ʧʣʦʱʠʥʽ, ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʽʜ ʩʢʨʫʯʫʚʘʥʥʷ ʧʦʚôʷʟʘʥʦʛʦ ʟʽ ʩʧʨʠʡʥʷʪʪʷʤ ʪʷʛʦʚʦʛʦ ʦʧʦʨʫ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʧʽʜ ʢʫʪʘʤʠ ʜʦ ʥʘʧʨʷʤʢʫ ʨʫʭʫ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʩʠʣ ʨʝʘʢʮʽʾ ʥʘ 

ʟʫʩʠʣʣʷ ʚʽʜ ʝʥʝʨʛʦʟʘʩʦʙʫ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʤʘʢʨʦʨʝʣʴʻʬʫ ʧʦʣʷ. 

ʅʘʡʙʽʣʴʰʠʤʠ ʟʘ ʚʝʣʠʯʠʥʦʶ ʪʘ ʥʘʡʯʘʩʪʽʰʝ ʟʤʽʥʶʚʘʥʠʤʠ ʻ ʚʝʨʪʠʢʘʣʴʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʩʧʨʠʯʠʥʝʥʽ ʥʠʤʠ ʧʨʫʞʥʽ ʟʤʽʱʝʥʥʷ ʩʪʦʷʢʽʚ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ 

ʜʣʷ ʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʪʘ ʘʛʨʝʛʘʪʘ ʟʘʛʘʣʦʤ.  

ʇʦʣʝ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʚʝʨʭʥʶ ʟ ʚʠʧʘʜʢʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʥʝʨʽʚʥʦʩʪʝʡ. ʎʽ 

ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʜʚʦʚʠʤʽʨʥʫ ʚʠʧʘʜʢʦʚʫ ʬʫʥʢʮʽʶ ),( yxZ , ʱʦ 

ʚʨʘʭʦʚʫʻ ʚʠʧʘʜʢʦʚʽ ʟʤʽʥʠ ʚʠʩʦʪʠ ʥʝʨʽʚʥʦʩʪʝʡ, ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ 
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ʥʘ ʧʣʦʱʠʥʽ xy0 . ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʢʦʣʠʚʘʥʥʷ 

ʘʛʨʝʛʘʪʘ ʚ ʧʦʚʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʚ ʧʦʜʘʣʴʰʦʤʫ ʦʙʤʝʞʠʪʠʩʷ 

ʨʦʟʛʣʷʜʦʤ ʧʦʣʷ ʷʢ ʦʜʥʦʤʽʨʥʦʾ ʬʫʥʢʮʽʾ ʰʣʷʭʫ )(xZ . ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʦʩʣʽʜʞʝʥʴ 

[1] ʦʩʥʦʚʥʦʶ ʽ ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦʶ ʩʪʘʪʠʩʪʠʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʤʽʢʨʦʨʝʣʴʻʬʫ ʧʦʣʷ ʻ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ. 

ʋ [1] ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ, ʷʢʽ ʘʧʨʦʢʩʠʤʫʶʪʴ ʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʧʦʣʽʚ 

ʫ ʬʦʨʤʽ: 

leRlR
l

b
a

cos)0()(
-

= , 

ʇʨʠʤʽʨʦʤ, ʜʣʷ ʧʦʣʷ ʧʽʜ ʢʫʢʫʨʫʜʟʦʶ ï Ŭ =2,66 õ 4,30 
1
/ʤ;  ɓ =8,91 

1
/ʤ ʪʘ 

)0(R =2,72 õ 3,35. ʇʝʨʝʚʘʛʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢ ʚʠʧʘʜʢʦʚʦʾ ʩʪʘʮʽʦʥʘʨʥʦʾ ʬʫʥʢʮʽʾ, 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʨʘʟʠʪʠ ʟʦʚʥʽʰʥʶ ʜʽʶ ʥʘ ʨʦʙʦʯʠʡ ʦʨʛʘʥ. ɿʘ 

ʥʦʨʤʦʚʘʥʦʶ ʢʦʨʝʣʷʮʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʤʦʞʣʠʚʘ ʧʦʙʫʜʦʚʘ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ (ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ).  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʧʨʦʬʽʣʶ ʧʦʣʷ ʪʘ ʘʛʨʝʛʘʪ ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ, 

ʧʨʠʡʥʷʚʰʠ ʪʘʢʽ ʧʨʠʧʫʱʝʥʥʷ: ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʰʚʠʜʢʦʩʪʽ V ʮʝʥʪʨʫ ʆ 

ʚʘʛʠ ʟʥʘʨʷʜʜʷ ʧʦʩʪʽʡʥʽ ʟʘ ʚʝʣʠʯʠʥʦʶ ʪʘ ʥʘʧʨʷʤʦʤ; ʨʘʤʘ ʟʥʘʨʷʜʜʷ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʜʥʝ ʪʚʝʨʜʝ ʪʽʣʦ, ʷʢʝ ʢʦʣʠʚʘʻʪʴʩʷ ʥʘ ʧʨʫʞʥʠʭ ʩʪʽʡʢʘʭ; 

ʚʝʨʪʠʢʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ð ʫʩʪʘʣʝʥʽ; ʧʨʦʬʽʣʴ ʧʦʣʷ ð ʩʪʘʮʽʦʥʘʨʥʘ ʚʠʧʘʜʢʦʚʘ 

ʬʫʥʢʮʽʷ; ʧʨʫʞʥʽ ʨʝʘʢʮʽʾ ʩʪʽʡʦʢ ʪʘ ʜʠʩʠʧʘʪʠʚʥʽ ʦʧʦʨʠ ð ʣʽʥʽʡʥʽ ʬʫʥʢʮʽʾ 

ʚʽʜʥʦʩʥʦ ʢʦʦʨʜʠʥʘʪ ʪʘ ʰʚʠʜʢʦʩʪʝʡ. 

ʇʦʧʝʨʝʯʥʽ ʢʦʣʠʚʘʥʥʷ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʨʦʷʚʣʷʪʠʤʫʪʴʩʷ ʫ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʘ, ʦʩʢʽʣʴʢʠ ʞʦʨʩʪʢʽʩʪʴ ʫ ʧʦʧʝʨʝʯʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ï ʩʫʪʪʻʚʦ ʙʽʣʴʰʘ. 

ʗʢʱʦ ʟʘ ʧʦʯʘʪʦʢ ʚʽʜʣʽʢʫ ʧʨʠʡʥʷʪʠ ʧʦʣʦʞʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʟʘ  

021 ==ZZ ,  ʪʦ ʨʽʚʥʷʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ ʧʦʚʟʜʦʚʞʥʴʦ-ʢʫʪʦʚʠʭ ʢʦʣʠʚʘʥʴ 

ʟʥʘʨʷʜʜʷ ʧʽʜ ʯʘʩ ʨʫʭʫ ʧʦ ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʚʝʨʭʥʽ ʙʫʜʫʪʴ ʤʘʪʠ ʚʠʛʣʷʜ [3]: 
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ʜʝ m  ð ʤʘʩʘ ʜʠʩʢʦʚʦʛʦ ʘʛʨʝʛʘʪʘ; r ð ʨʘʜʽʫʩ ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʦʧʝʨʝʯʥʦʾ ʦʩʽ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʚʘʛʠ ʟʥʘʨʷʜʜʷ 

(
2121

2 CCKablKIm rr  ð ʚʽʜʧʦʚʽʜʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ; a  ʪʘ b  ð ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʮʝʥʪʨʘ ʚʘʛʠ ʜʦ ʧʦʧʝʨʝʯʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʣʦʱʠʥ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ 

ʧʦʧʝʨʝʯʥʽ ʙʨʫʩʠ ʨʘʤʠ, ʜʝ ʟʘʢʨʽʧʣʝʥʽ ʩʪʽʡʢʠ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ (ʨʠʩ. 1); 

l  ð ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʷʜʘʤʠ ʜʠʩʢʽʚ; 
21,KK  ð ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʜʠʩʠʧʘʪʠʚʥʽ ʚʪʨʘʪʠ ʚ ʩʠʩʪʝʤʽ çʩʪʦʷʢ-ʨʦʙʦʯʠʡ ʦʨʛʘʥè ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ 

ʨʷʜʫ ʚʽʜʧʦʚʽʜʥʦ; 
21,CC  ð ʞʦʨʩʪʢʦʩʪʽ ʩʪʽʡʦʢ ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʨʷʜʫ 

ʚʽʜʧʦʚʽʜʥʦ.  
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ʈʠʩʫʥʦʢ 1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʠʩʢʦʚʦʤʫ 

ʛʨʫʥʪʦʦʙʨʦʙʥʦʤʫ ʘʛʨʝʛʘʪʘ  

 

ʗʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʨʽʚʥʽʩʪʴ ab=2r , ʪʦ ʩʠʩʪʝʤʘ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʜʚʘ 

ʥʝʟʘʣʝʞʥʠʭ ʨʽʚʥʷʥʥʷ 

111111111 ZCZKxCxKx
l

mb
+=++ ####

,                                   (2) 

222222222 ZCZKxCxKx
l

ma
+=++ ####

, 

ʊʦʙʪʦ, ʢʦʣʠʚʘʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʨʷʜʫ ʜʠʩʢʽʚ ʤʦʞʫʪʴ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʦʢʨʝʤʦ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ɽʢʚʽʚʘʣʝʥʪʥʽ ʢʦʣʠʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʨʷʜʫ ʜʠʩʢʽʚ 
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 ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʤʘʻ ʤʽʩʮʝ ʧʨʠʙʣʠʟʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ º
2r

ab 0,9 õ 1,1 ʯʠ 

ʥʘʚʽʪʴ (0,85 õ 1,2), ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʩʠʩʪʝʤʘ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ. ʗʢʱʦ 

ʧʨʠ ʮʴʦʤʫ ʜʦʪʨʠʤʫʻʪʴʩʷ ʨʽʚʥʽʩʪʴ 1ac , ʪʦʙʪʦ ʮʝʥʪʨ ʚʘʛʠ ʟʥʘʨʷʜʜʷ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʮʝʥʪʨʦʤ ʞʦʨʩʪʢʦʩʪʽ, ʪʦ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʦʙʦʭ ʩʠʩʪʝʤ ʙʫʜʫʪʴ ʧʨʘʢʪʠʯʥʦ 

ʦʜʥʘʢʦʚʠʤʠ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʧʦʟʠʪʠʚʥʠʤ ʬʘʢʪʦʨʦʤ ʟʥʠʞʝʥʥʷ 

ʪʷʛʦʚʦʛʦ ʦʧʦʨʫ. ɼʣʷ ʪʦʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʥʝʦʙʭʽʜʥʦ, ʢʨʽʤ 

ʪʦʛʦ, ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ 
21 bKaK = , ʦʜʥʘʢ, ʚʨʘʭʦʚʫʶʯʠ ʨʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

1K  ʪʘ 

2K  ʚ ʧʨʫʞʥʠʭ ʩʪʽʡʢʘʭ, ʾʭ ʚʧʣʠʚ ʥʘ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʟʦʚʩʽʤ ʥʝʟʥʘʯʥʠʡ). 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʭʦʜʞʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ ʫ ʚʠʨʘʟʘʭ ʜʠʩʧʝʨʩʽʾ ʧʨʠʩʢʦʨʝʥʥʷ 

ʨʘʤʠ ʜʠʩʢʘʪʦʨʘ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʨʷʜʽʚ ʟʥʝʭʪʫʻʤʦ 

ʜʠʩʠʧʘʪʠʚʥʠʤʠ ʯʣʝʥʘʤʠ 
11ZK #̔  
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ɽʢʚʽʚʘʣʝʥʪʥʽʩʪʴ ʩʠʩʪʝʤ ʨʷʜʽʚ ʜʠʩʢʽʚ ʤʦʞʝ ʤʘʪʠ ʩʫʪʪʻʚʫ ʧʦʭʠʙʢʫ ʯʝʨʝʟ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʜʠʩʢʘʤʠ ʚ ʨʷʜʫ [4, 5], ʪʘʢʘ ʧʦʭʠʙʢʘ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ (ʜʠʩʢʽʚ) ʫ ʨʷʜʫ. ʆʜʥʘʢ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʫʪʪʻʚʽ ʟʙʫʨʝʥʥʷ 

ʩʧʨʠʯʠʥʝʥʽ ʚʽʜ ʢʦʨʦʪʢʠʭ ʪʘ ʚʠʩʦʢʠʭ ʧʝʨʝʰʢʦʜ ʚʠʥʠʢʘʶʪʴ ʚʽʜʥʦʩʥʦ ʨʽʜʢʦ, ʘ 

ʧʝʨʝʚʘʞʘʶʯʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʦʭʦʜʠʪʴ ʚ 

ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ, ʟʦʚʥʽʰʥʷ ʜʽʷ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʫʟʴʢʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ ʽ 

ʘʤʧʣʽʪʫʜ ʟʘʛʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ. ʊʦʙʪʦ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʦʩʥʦʚʥʘ ʧʦʭʠʙʢʘ 

ʧʨʠʧʘʜʘʻ ʥʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʫ ʯʘʩʪʠʥʫ ʩʧʝʢʪʨʘ. ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ ʩʢʣʘʜʦʚʽ 

ʩʧʝʢʪʨʘ ʟʦʚʥʽʰʥʴʦʾ ʜʽʾ ʜʦʩʪʘʪʥʴʦ ʤʘʣʽ, ʱʦʙ ʩʧʨʠʯʠʥʠʪʠ ʢʦʣʠʚʘʥʥʷ ʯʠ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʝʟʦʥʘʥʩʫ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ 

ʪʦʛʦ, ʱʦ ʢʨʠʚʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ï ʨʽʟʢʦ ʩʧʘʜʥʽ ʬʫʥʢʮʽʾ, ʱʦ ʟʘ ʯʘʩʪʦʪ 

ʙʽʣʴʰʝ 16 ɻʮ ʤʘʻ ʜʫʞʝ ʤʘʣʫ ʚʝʣʠʯʠʥʫ [6, 7].  
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ɿʘʣʝʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʩʪʦʷʢ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʘʛʨʝʛʘʪʘ ʟ 

ʧʨʫʞʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ ʧʽʜ ʯʘʩ ʢʦʣʠʚʘʥʴ ʚʽʜ ʚʟʘʻʤʦʜʽʾ ʟ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ 

ˇʨʫʥʪʫ, ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʘʞʘʪʠ ʜʠʥʘʤʽʯʥʠʡ ʧʨʦʛʠʥ ʩʪʦʷʢʘ. ʅʘʢʣʘʜʘʥʥʷ ʫʤʦʚ 

ʜʦʪʨʠʤʘʥʥʷ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʚʢʘʟʫʻ ʥʘ 

ʜʦʧʫʩʪʠʤʫ ʚʝʣʠʯʠʥʫ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʠʥʫ.  

ʇʝʨʩʧʝʢʪʠʚʦʶ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʪʝʤʦʶ ʻ ʚʠʨʘʞʝʥʥʷ ʚʠʱʝ 

ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʦʩʥʦʚ ʨʝʘʢʮʽʾ ʜʠʩʢʦʚʦʛʦ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʘ 

ʟʦʚʥʽʰʥʶ ʜʽʶ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʽʚʥʦʩʪʷʤʠ ʩʪʨʫʢʪʫʨʠ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʘʛʨʝʛʘʪʫ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʧʫʩʪʠʤʦʩʪʽ ʚʠʱʝ ʧʨʠʡʥʷʪʠʭ ʧʨʠʧʫʱʝʥʴ ʽ ʪʦʯʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʽʚ. 

ɺʠʩʥʦʚʢʠ. ʆʧʠʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʚʥʽʰʥʴʦʾ ʜʽʾ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʣʘʥʫʚʘʪʠ ʪʷʛʦʚʦ-ʜʠʥʘʤʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʧʦʧʝʨʝʜʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʜʠʩʢʦʚʦʤʫ 

ˇʨʫʥʪʦʦʙʨʦʙʥʦʤʫ ʘʛʨʝʛʘʪʫ ʢʦʣʠʚʘʣʴʥʠʭ ʩʭʝʤ.  

ɿʦʚʥʽʰʥʷ ʜʽʷ ʚʽʜ ʚʧʣʠʚʫ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʜʚʦʚʠʤʽʨʥʘ ʚʠʧʘʜʢʦʚʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʜʣʷ 

ʧʨʦʬʽʣʶ ʧʦʣʽʚ ʢʦʨʝʣʷʮʽʡʥʦʶ ʬʫʥʢʮʽʻʶ.   

ʈʽʚʥʷʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ ʧʦʚʟʜʦʚʞʥʴʦ-ʢʫʪʦʚʠʭ ʢʦʣʠʚʘʥʴ ʟʥʘʨʷʜʜʷ ʧʽʜ 

ʯʘʩ ʫʩʪʘʣʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʦʢʨʝʤʦ, ʨʦʟʢʣʘʚʰʠ 

ʥʘ ʜʚʘ ʥʝʟʘʣʝʞʥʠʭ ʨʽʚʥʷʥʥʷ.  

ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʽʜʦʙʨʘʞʘʻ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ 

ʘʛʨʝʛʘʪʘ ʟ ʧʨʫʞʥʠʤʠ ʩʪʦʷʢʘʤʠ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʣʠʚʘʥʥʷʭ 

ʧʽʜʧʨʫʞʠʥʝʥʠʭ ʤʘʩ ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ ʩʭʝʤʠ ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 1 ʪʘ ʦʧʠʩʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤʠ (4). 

ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ ʩʢʣʘʜʦʚʽ ʩʧʝʢʪʨʘ ʟʦʚʥʽʰʥʴʦʾ ʜʽʾ ʜʦʩʪʘʪʥʴʦ ʤʘʣʽ, ʱʦʙ 

ʩʧʨʠʯʠʥʠʪʠ ʢʦʣʠʚʘʥʥʷ, ʯʠ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʝʟʦʥʘʥʩʫ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ. 
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ʜʝʡʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦ ʩʤʝʥʥʳʭ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʧʦʯʚʦʡ. 

ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʩʚʷʟʴ ʚʣʠʷʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʯʚʳ ʩ ʢʦʣʝʙʘʥʠʷʤʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʦʨʫʜʠʷ.  

ʇʨʘʢʪʠʯʝʩʢʠ ʧʨʠʤʝʥʝʥʽ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢ ʦʙʦʩʥʦʚʘʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʫʛʠʭ ʩʪʦʝʢ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʠʩʢʦʚʦʤʫ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʤʫ ʘʛʨʝʛʘʪʫ. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʠʩʪʝʤʘ ʚ ʜʦʩʪʘʪʦʯʥʦʡ 

ʤʝʨʝ ʦʪʨʘʞʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩʪʦʝʢ ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʨʷʜʦʚ 

ʜʠʩʢʦʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʧʦʜʧʨʫʞʠʥʝʥʥʦʡ 

ʤʘʩʩʳ ʘʛʨʝʛʘʪʘ. 

 

Summary. 

The article considers the movement of the soil-forming unit under the 

influence of constantly changing forces of interaction between working bodies and 

the soil, and also analyzes the relationships of the effects of soil irregularities on 

the variation of soil-working tools. 

Practical application of theoretical and experimental researches in the 

approach to the substantiation of parameters of elastic stands of working bodies 

with the help of a vibrational system equivalent to a disk soil-aggregate is fulfilled. 

The equivalent system quite fully reflects the dynamic processes of the front and 

rear row of disk working bodies for the vertical oscillations of the spring loaded 

aggregate. 
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ʇɯɼɺʀʑɽʅʅʗ ʊʆʏʅʆʉʊɯ ʈʋʍʋ ʊʈɸʅʉʇʆʈʊʅʆɻʆ 

ɸɻʈɽɻɸʊɸ ɿɸɺɼʗʂʀ ɺʀʂʆʅɸʅʅʖ ʇʈʆʌɯʃɸʂʊʀʏʅʀʍ ʈʆɹɯʊ 

ʈʋʃʔʆɺʆɻʆ ʂɽʈʋɺɸʅʅʗ 

 

ɯ. ʂʦʣʻʩʥʽʢ,  

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʘ 

 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʢʦʥʪʨʦʣʶ ʢʝʨʦʚʘʥʦʩʪʽ ʟ ʧʦʟʠʮʽʾ ʰʚʠʜʢʦʜʽʾ 

ʨʝʘʛʫʚʘʥʥʷ ʪʨʘʢʪʦʨʘ ʥʘ ʢʝʨʽʚʥʠʡ ʚʧʣʠʚ ʦʧʝʨʘʪʦʨʘ. ɼʦʩʣʽʜʞʝʥʽ ʯʠʥʥʠʢʠ,ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʪʨʘʢʪʦʨʘ ʟʽ ʟʤʽʥʦʶ ʥʘʧʨʷʤʢʫ ʘʙʦ ʟʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʙʝʨʝʞʝʥʥʷ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʨʫʭʫ. ɼʦʚʝʜʝʥʦ, ʱʦ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʽʟʘʮʽʶ ʧʦʯʘʪʢʦʚʦʾ 

ʧʦʭʠʙʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʾʾ ʤʽʥʽʤʽʟʘʮʽʶ ʘʙʦ ʟʙʝʨʝʞʝʥʥʷ ʚ 

ʟʘʚʜʘʥʠʭ ʤʝʞʘʭ ʧʽʜ ʯʘʩ ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʂʦʥʪʨʦʣʶʶʯʠ ʢʝʨʦʚʘʥʽʩʪʴ, ʦʮʽʥʶʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʪʨʘʢʪʦʨʘ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʜʽʶ ʦʧʝʨʘʪʦʨʘ, ʩʧʨʷʤʦʚʘʥʫ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʘʙʦ ʟʤʽʥʫ ʥʘʧʨʷʤʢʫ 

ʨʫʭʫ, ʟʙʝʨʝʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ ʪʘ ʟʘʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʨʫʭʫ. ɽʢʩʧʣʫʘʪʫʶʯʠ 

ʪʨʘʥʩʧʦʨʪʥʠʡ ʘʛʨʝʛʘʪ ʥʝʦʙʭʽʜʥʦ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʽʟʘʮʽʶ 

ʧʦʯʘʪʢʦʚʦʾ ʧʦʭʠʙʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʟʙʝʨʝʛʪʠ ʮʝʡ ʧʘʨʘʤʝʪʨ ʚʧʨʦʜʦʚʞ 

ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʨʝʛʘʪʘ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʫʣʴʦʚʝ ʫʧʨʘʚʣʽʥʥʷ, ʪʦʯʥʽʩʪʴ ʨʫʭʫ, ʪʨʘʥʩʧʦʨʪʥʠʡ 

ʘʛʨʝʛʘʪ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʽʜʪʨʠʤʢʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʨʘʢʪʦʨʽʚ ʫ 

ʧʨʘʮʝʟʜʘʪʥʦʤʫ ʩʪʘʥʽ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʫʩʧʽʭ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʙʫʜʴ-ʷʢʦʾ ʬʦʨʤʠ ʚʣʘʩʥʦʩʪʽ. ɺʠʨʽʰʝʥʥʷ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʘʢʪʫʘʣʴʥʝ  ʜʣʷ ʋʢʨʘʾʥʠ, ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʛʦʩʧʦʜʘʨʩʪʚ ʷʢʦʾ 

ʪʨʘʢʪʦʨʥʠʤʠ ʧʦʪʫʞʥʦʩʪʷʤʠ (ʧʦʪʫʞʥʽʩʪʴ ʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ 100 ɻʘ 

ʦʨʥʠʭ ʟʝʤʝʣʴ) ʚ 3é5 ʨʘʟʽʚ ʥʠʞʯʘ ʚʽʜ ʧʝʨʝʜʦʚʠʭ ʢʨʘʾʥ [1]. 

ʈʽʚʝʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʝ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʚʥʘʩʣʽʜʦʢ 

ʟʤʽʥ ʡʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʨʦʟʨʝʛʫʣʶʚʘʥʴ ʽ ʪ.ʜ. ɼʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟ ʩʝʨʚʦʧʨʠʚʦʜʦʤ ʪʨʘʢʪʦʨʽʚ ʟʛʽʜʥʦ ʟ ɼʉʊʋ 

ISO 10998:2008 [2] ʚʽʜʥʝʩʝʥʽ ʢʝʨʦʚʘʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʨʫʭʫ.  

ʄʝʪʘ ʩʪʘʪʪʽ. ʂʦʥʪʨʦʣʶʶʯʠ ʢʝʨʦʚʘʥʽʩʪʴ, ʦʮʽʥʶʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʪʨʘʢʪʦʨʘ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʜʽʶ ʦʧʝʨʘʪʦʨʘ, ʩʧʨʷʤʦʚʘʥʫ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʘʙʦ ʟʤʽʥʫ ʥʘʧʨʷʤʢʫ 

ʨʫʭʫ, ʟʙʝʨʝʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ ʪʘ ʟʘʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʨʫʭʫ. ɽʢʩʧʣʫʘʪʫʶʯʠ 

ʪʨʘʥʩʧʦʨʪʥʠʡ ʘʛʨʝʛʘʪ ʥʝʦʙʭʽʜʥʦ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʽʟʘʮʽʶ 
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ʧʦʯʘʪʢʦʚʦʾ ʧʦʭʠʙʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʟʙʝʨʝʛʪʠ ʮʝʡ ʧʘʨʘʤʝʪʨ ʚʧʨʦʜʦʚʞ 

ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʨʝʛʘʪʘ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʘʨʘʤʝʪʨ y, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ, 

ʥʘʧʨʠʢʣʘʜ, ʚʽʜʭʠʣʝʥʥʷ ʡʦʛʦ ʨʫʭʫ ʚʽʜ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ, ʟʘʟʚʠʯʘʡ ʨʦʟʧʦʜʽʣʝʥʠʡ 

ʟʘ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ 
2

dc
my

+
º , ʜʝ dc,  ï 

ʤʝʞʽ ʥʝʟʤʽʱʝʥʦʛʦ ʧʦʣʷ ʜʦʧʫʩʢʫ ʥʘ ʢʦʨʠʜʦʨ ʨʫʭʫ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʩʠʩʪʝʤʘʪʠʯʥʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 0
ɼ
=Dxm , ʜʝ ɼʭD  ï 

ʚʽʜʭʠʣʝʥʥʷ ʚʠʤʽʨʷʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʚʽʜ ʡʦʛʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʦʭʠʙʢʠ 
ɼʭD

s  ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʨʽʚʥʠʤ: 

3

d
s ºD ɼʭ

,                                                  (1) 

ʜʝ 
2

cd-
=d

.

 

ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʫ ʨʦʟʧʦʜʽʣʽ ʚ ʤʝʞʘʭ ʜʦʧʫʩʢʫ 

ʟʘ ʟʘʢʦʥʘʤʠ, ʙʣʠʟʴʢʠʤ ʜʦ ʨʽʚʥʦʤʽʨʥʦ ʟʤʽʥʶʚʘʥʠʭ ʘʙʦ ʨʽʚʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ. ʋ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ: 

32
ʥ
d
°-

+
=D x

dc
m

ɼʭ
; 

3

2d
s =Dɼʭ

.                         (2) 

ʊʫʪ ʟʥʘʢ "+" ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʦʤʽʨʥʦ ʱʦʨʘʟ ʟʨʦʩʣʦʤʫ ʨʦʟʧʦʜʽʣʫ, 

ʘ "ï" ï ʨʽʚʥʦʤʽʨʥʦ ʩʧʘʜʥʦʤʫ. 

ɿʘ ʟʘʢʦʥʦʤ ʨʽʚʥʽʡ ʡʤʦʚʽʨʥʦʩʪʽ ʤʘʻʤʦ: 

2

dc
m

ɼʭ
+

=D ; 
3

d
s =Dɼʭ

.                                      (3) 

ɸʥʘʣʽʟ (2) ʽ (3) ʧʦʢʘʟʫʻ, ʱʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʦʭʠʙʦʢ 

ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʙʽʣʴʰʝ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ (1) 

ʚʽʜʧʦʚʽʜʥʦ ʚ 1,44 ʽ 1,73 ʨʘʟʠ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʠʡ ʢʦʥʪʨʦʣʴ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʘʛʨʝʛʘʪʘ [3]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʤʦʚ ʢʦʥʪʨʦʣʶ ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʧʦʩʪʽʡʥʽ ʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʤʦʚ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ nSS= . ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʠʥʠʢʘʻ ʧʦʭʠʙʢʘ: 

)()( ʢʢ SxSʭxxx nny -=-=D ,                                   (4) 

ʜʝ )(ʢ ʢSʭx = , )(n nSʭx =  ï ʚʽʜʧʦʚʽʜʥʦ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 

ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʨʝʛʘʪʘ. 

ʗʢʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʤʦʚ ʢʦʥʪʨʦʣʶ ʦʙʨʘʥʽ ʪʘʢ, ʱʦ nSS =ʢ ,  
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ʪʦ 0=Dʫʭ . ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʣʝʛʢʦ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʫʤʦʚʘ ʢʦʥʪʨʦʣʶ: 

nSS mm =
ʢ

,                                           (5) 

ʟʘ ʷʢʦʛʦ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ (4) [4]. 

ʗʢʱʦ ʫʤʦʚʠ ʢʦʥʪʨʦʣʶ ʦʙʨʘʥʽ ʪʘʢ, ʱʦ 
nSmS =ʢ , ʪʦ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʩʪʘʶʪʴ ʷʢ ʩʠʩʪʝʤʘʪʠʯʥʘ, ʪʘʢ ʽ ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ. ʇʽʜ ʯʘʩ ʢʦʥʪʨʦʣʶ 

ʨʫʣʴʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʫʤʦʚʘʭ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʤʦʚʘʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʛʨʝʛʘʪʘ, ʚʚʦʜʠʪʴʩʷ ʧʦʧʨʘʚʢʘ ʫD , ʱʦ ʚʨʘʭʦʚʫʻ ʥʝʽʜʝʥʪʠʯʥʽʩʪʴ 

ʫʤʦʚ ʢʦʥʪʨʦʣʶ ʨʫʣʴʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʨʝʛʘʪʘ. ʇʦʧʨʘʚʢʘ ʫD  ʤʦʞʝ ʚʚʦʜʠʪʴʩʷ ʜʣʷ ʟʘʟʜʘʣʝʛʽʜʴ 

ʚʽʜʦʤʠʭ ʥʝʚʠʧʘʜʢʦʚʠʭ ʫʤʦʚ ʢʦʥʪʨʦʣʶ, ʥʘʧʨʠʢʣʘʜ ʟʘ ʧʝʚʥʦʛʦ ʥʘʨʦʙʽʪʢʫ 

ʘʛʨʝʛʘʪʘ, ʚʠʷʚʣʝʥʥʷ ʪʠʧʦʚʦʾ ʥʝʩʧʨʘʚʥʦʩʪʽ ʨʫʣʴʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʪ.ʜ. ʇʨʠ 

ʮʴʦʤʫ ʚʚʝʜʝʥʥʷ ʧʦʧʨʘʚʢʠ )()( ʢ nyʫ SxSxx -=D-=D  ʟʘʚʜʘʥʥʷʤ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ ʫSxx D+= )( ʢʢ  ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʚ ʫʤʦʚʘʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʨʽʚʥʠʭ ʧʦʪʨʽʙʥʦʤʫ ʟʥʘʯʝʥʥʶ )( ʢSx  (ʨʠʩ. 1). 

 
1 ï ʜʦ ʚʚʝʜʝʥʥʷ ʧʦʧʨʘʚʢʠ; 2 ï ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʧʦʧʨʘʚʢʠ 

ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʭʠʣʝʥʥʷ 

ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʘʛʨʝʛʘʪʘ 

 

ɿʘ ʚʠʧʘʜʢʦʚʠʭ ʫʤʦʚ ʢʦʥʪʨʦʣʶ ʚʚʦʜʠʪʴʩʷ ʧʦʧʨʘʚʢʘ )()( ʢ nSʫ mxSx -=D  

ʱʦʜʦ ʟʘʣʝʞʥʦʩʪʽ (4), ʷʢʘ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʧʘʜʢʦʚʽʩʪʶ ʧʨʦʮʝʩʫ ʢʦʥʪʨʦʣʶ 
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)()(
ʢ nSSʫ mxmx -=D . ʇʨʠ ʮʴʦʤʫ ʩʠʩʪʝʤʘʪʠʯʥʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ ʫxD  

ʤʽʥʽʤʽʟʫʻʪʴʩʷ. 

ʗʢʱʦ ʚʽʜʦʤʠʡ ʘʙʦ ʟʘʜʘʥʠʡ ʜʽʘʧʘʟʦʥ ),( maxmin ii SS  ʤʦʞʣʠʚʠʭ ʟʤʽʥ ʫʤʦʚ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʦ ʛʨʘʥʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʨʫʣʴʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʭʦʜʷʪʴ ʤʽʥʽʤʘʣʴʥʠʤʠ, ʷʢʱʦ ʫʤʦʚʠ ʢʦʥʪʨʦʣʶ ʦʙʨʘʥʽ ʪʘʢ, ʱʦ -+ D=D yy xx  

(ʨʠʩ. 2). ʇʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʩʠʩʪʝʤʘʪʠʯʥʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ. 

 
1 ï minʢ nSS = ; 2 ï maxʢ nSS = ; 3 ï ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʠʙʽʨ ʢS  

ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʭʠʣʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʨʝʛʘʪʫ ʚʽʜ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ 

 

ɺʠʙʽʨ ʧʝʨʽʦʜʠʯʥʦʩʪʽ T  ʚʠʢʦʥʘʥʥʷ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʽʪ ʧʽʜ ʯʘʩ 

ʢʦʥʪʨʦʣʶ ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʜʥʦʾ ʟ ʪʘʢʠʭ 

ʫʤʦʚ: 

ʟ
T

x
ss ¢ö

÷

õ
æ
ç

å
; ñ ²ö

÷

õ
æ
ç

å
=

b

ʟPdx
T

x
TP

0

)( w ,                                (6) 

ʜʝ ʟʟP,s  ï ʟʘʜʘʥʽ (ʜʦʧʫʩʪʠʤʽ) ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʚʝʣʠʯʠʥ; ö
÷

õ
æ
ç

å

T

x
w  ï 

ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 

T . 

ʇʽʜ ʯʘʩ ʢʦʤʧʝʥʩʘʮʽʾ ʧʦʭʠʙʦʢ ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʚʝʜʝʥʥʷʤ ʧʦʧʨʘʚʢʠ 

)(ʥ xmx T-=D  ʧʽʜ ʯʘʩ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʽʪ, ʜʝ )(xmT  ï ʤʘʪʝʤʘʪʠʯʥʝ 
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ʦʯʽʢʫʚʘʥʥʷ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʘ x, ʫʤʦʚʘ ʚʠʙʦʨʫ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʢʦʥʪʨʦʣʶ 
ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

ñ ¢-
îý

î
ü

û

îí

î
ì

ë

ù
ú

ø
é
ê

è
-+ö

÷

õ
æ
ç

å
+ö
÷

õ
æ
ç

å
T

T xdtxmx
T

x
m

T

x

T
0

2
ʟ

2
2

ʥ
2 )(

1
ss .         (7) 

ɺʠʙʠʨʘʶʯʠ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (7), ʤʘʻ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ ʟʈ<ʊʈ . 

ʇʨʝʜʩʪʘʚʠʤʦ ʧʨʦʮʝʩ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ ʩʠʩʪʝʤʠ ʚ ʯʘʩʽ ʷʢ ʩʪʫʧʝʥʝʚʠʡ 

ʧʦʣʽʥʦʤ: 

ä
=

+=

n

k

k
ktaxtx

1

0)( ,                                            (8) 

ʜʝ 0x  ï ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ; ka  ï ʢʦʝʬʽʮʽʻʥʪ ʘʧʨʦʢʩʠʤʘʮʽʾ. 

ʏʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ (8) ʚ ʤʦʤʝʥʪ Tt =  ʻ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ 

î
î
î

ý

îî
î

ü

û

++=ö
÷

õ
æ
ç

å

+=ö
÷

õ
æ
ç

å

ä ä

ä

= <

+
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n
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k

k
aak

k
ax

k
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x

Tmm
T

x
m

kk

k

1

22
0

2

1

0

,2

;

?

?
? ?
sssss

       (9) 

ʜʝ ?kr  ï ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʚʝʣʠʯʠʥ ?aak , . 

ɿʘ 1=n  ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ (7) ʽ (8) ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ. ɿʘ 

2>n  ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ. 

ɺʠʩʥʦʚʢʠ. ʆʩʢʽʣʴʢʠ 
K

x
d

s =0 , ʜʝ K  ï ʜʦʚʽʨʯʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʪʦ ʫʤʦʚʘ (7) 

ʟʘ ʟʘʜʘʥʦʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ T  ʢʦʥʪʨʦʣʶ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʦʣʝ ʜʦʧʫʩʢʫ d2  

ʥʘ ʧʘʨʘʤʝʪʨ ʢʦʥʪʨʦʣʶ ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʥʝʦʙʭʽʜʥʫ 

ʪʦʯʥʽʩʪʴ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʨʝʛʘʪʘ. 
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ʅ. ɹʦʨʳʯʝʚ, ʅ. ɺ. ɹʳʰʦʚ ʠ [ʜʨ.] // ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʙʣʝʤʳ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ  ʧʦʨʰʥʝʚʳʭ ʜʚʠʛʘʪʝʣʝʡ: XII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ï ɺʣʘʜʠʤʠʨ: ʀʟʜ-ʚʦ ɺʣɻʋ, 2010. ʉ. 319-322. 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʢʦʥʪʨʦʣʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩ ʧʦʟʠʮʠʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʨʝʘʛʠʨʦʚʘʥʠʷ ʪʨʘʢʪʦʨʘ ʥʘ ʨʫʢʦʚʦʜʷʱʝʝ ʚʣʠʷʥʠʝ 

ʦʧʝʨʘʪʦʨʘ. ʀʩʩʣʝʜʦʚʘʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ 

ʪʨʘʢʪʦʨʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʠʣʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʭʨʘʥʝʥʠʷ 

ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʘʛʨʝʛʘʪʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʠʟʘʮʠʶ ʥʘʯʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʝʝ ʤʠʥʠʤʠʟʘʮʠʶ ʠʣʠ ʩʦʭʨʘʥʝʥʠʷ ʚ 

ʟʘʚʝʜʝʥʠʷʭ ʧʨʝʜʝʣʘʭ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʦʥʪʨʦʣʠʨʫʷ ʫʧʨʘʚʣʷʝʤʦʩʪʴ, ʦʮʝʥʠʚʘʶʪ ʩʚʦʡʩʪʚʦ ʪʨʘʢʪʦʨʘ ʨʝʘʛʠʨʦʚʘʪʴ 

ʥʘ ʜʝʡʩʪʚʠʝ ʦʧʝʨʘʪʦʨʘ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʠʣʠ ʠʟʤʝʥʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʩʦʭʨʘʥʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʟʘʜʘʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ. ʕʢʩʧʣʫʘʪʠʨʫʷ ʪʨʘʥʩʧʦʨʪʥʦʝ ʘʛʨʝʛʘʪ ʥʝʦʙʭʦʜʠʤʦ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʠʟʘʮʠʶ ʥʘʯʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʦʭʨʘʥʠʪʴ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʨʝʛʘʪʘ. 

 

Summary 

The paper considers the control of controllability from the position of the 

speed of response of the tractor to the operator's control. The factors influencing 

the trajectory of the tractor movement when changing the direction or, if 

necessary, the preservation of rectilinear motion are investigated. It is proved that 

in operation of the transport unit it is necessary to ensure minimization of the 

initial error of functioning and to ensure its minimization or conservation within 

the institutions within the limits of long operation. 

When controlling controllability, the tractor's ability to react to the operator's 

action, aimed at preserving or changing the direction of movement, maintaining 

the stability of motion and the given direction of movement, is assessed. When 

operating a transport unit it is usually necessary to minimize the initial operation 

error and to maintain this parameter during long-term operation of the transport 

unit. 
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ɼʆ ʇʀʊɸʅʅʗ ɿɸʊɺɽʈɼɾɽʅʅʗ ʊʀʇʋ 

ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʀʍ ʊɸ ʃɯʉʆɻʆʉʇʆɼɸʈʉʔʂʀʍ 

ʊʈɸʂʊʆʈɯɺ, ʇʈʀʏɽʇɯɺ, ʇʈʀʏɯʇʅʀʍ ʄɸʐʀʅ 

 

ɺ. ʂʨʘʚʯʫʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʯʣ.-ʢʦʨ. ʅɸɸʅ ʋʢʨʘʾʥʠ,  

ɺ. ʇʦʛʦʨʽʣʠʡ,  

ʉ. ɸʬʘʥʘʩʴʻʚʘ,  

ʊ. ʎʝʤʘ,  

ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ  

ʄ.ʆʩʠʪʥʷʞʩʴʢʠʡ,  

ɼʇ çʋʢʨʎɺʊè,  

ɯ. ɻʦʨʙʘʪʦʚʘ,  

ʋʢʨʅɼʅʎ ʭʽʤʤʦʪʦʣʦʛʽʾ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʇʄʄ ʽ ʊʈ 

 

ʅʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʩʢʣʘʜʦʚʽ ʘʩʧʝʢʪʠ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʘ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʨʘʢʪʦʨʽʚ, ʧʨʠʯʝʧʽʚ, ʧʨʠʯʽʧʥʠʭ 

ʤʘʰʠʥ; ʨʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʪʘʢʦʾ ʪʝʭʥʽʢʠ ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤ ʽ ʧʨʦʮʝʜʫʨ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ; ʫʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ, 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʷʢʠʤ ʦʮʽʥʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʥʘʚʝʜʝʥʦ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʚʠʤʦʛ ʜʣʷ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ,  

ʧʽʜʛʦʪʦʚʢʠ ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʧʦʨʷʜʢʫ ʜʽʡ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʜʣʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʤʦʛʠ, ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʇʝʨʝʣʽʢ ʅɼ, ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʪʨʘʢʪʦʨʠ, ʧʨʠʯʝʧʠ, 

ʧʨʠʯʽʧʥʽ ʤʘʰʠʥʠ, ʩʝʨʪʠʬʽʢʘʪ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʪʝʭʥʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ. 

 

ɺʩʪʫʧ. ɿʚʘʞʘʶʯʠ ʥʘ ʩʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʯʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ 

ʪʘ ʱʦʙ ʫʩʫʥʫʪʠ ʪʝʭʥʽʯʥʽ ʙʘʨôʻʨʠ ʚ ʪʦʨʛʽʚʣʽ ʤʽʞ ʢʨʘʾʥʘʤʠ-ʯʣʝʥʘʤʠ  

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ (ɭʉ) ʪʘ ʉʚʽʪʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʪʦʨʛʽʚʣʽ (ʉʆʊ), ʚ ʋʢʨʘʾʥʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʜʘʧʪʘʮʽʷ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʽ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʦʨʤ.  

ɿʘʧʨʦʚʘʜʞʫʶʪʴʩʷ ʥʦʚʽ ʧʽʜʭʦʜʠ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʦʮʝʜʫʨ ʚʚʝʜʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʚ ʦʙʽʛ ʥʘ ʧʽʜʩʪʘʚʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʚʠʤʦʛʘʤ ʪʝʭʥʽʯʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ ʦʩʥʦʚʽ ɼʠʨʝʢʪʠʚ ɭʉ.  

ɿʘʨʘʟ ʚ ʋʢʨʘʾʥʽ ʚʚʝʜʝʥʦ ʜʦ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊʝʭʥʽʯʥʠʡ 

ʨʝʛʣʘʤʝʥʪ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʘ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʪʨʘʢʪʦʨʽʚ, ʾʭ ʧʨʠʯʝʧʽʚ ʽ ʟʤʽʥʥʠʭ ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ, ʩʠʩʪʝʤ, ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 

ʪʘ ʦʢʨʝʤʠʭ ʪʝʭʥʽʯʥʠʭ ʚʫʟʣʽʚ, ʷʢʠʡ ʟʘʪʚʝʨʜʞʝʥʦ ʧʦʩʪʘʥʦʚʦʶ ʂʄʋ ʚʽʜ 

28.12.2011 ˉ 1367 [1] (ʜʘʣʽ ï ʊʝʭʥʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ). ʎʝʡ 
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ʨʝʛʣʘʤʝʥʪ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ ʨʘʟʦʤ ʟ 

ʄʽʥʘʛʨʦʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ.  

ʇʦʣʦʞʝʥʥʷ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʛʘʨʤʦʥʽʟʦʚʘʥʦ ʟ ʚʠʤʦʛʘʤʠ 

ʻʚʨʦʧʝʡʩʴʢʦʾ ɼʠʨʝʢʪʠʚʠ 2003/37/ɽʉ [2] ʪʘ ʘʜʘʧʪʦʚʘʥʦ ʜʦ ʯʠʥʥʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ. ɼʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʚ ʋʢʨʘʾʥʽ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʊʝʭʥʽʯʥʦʛʦ 

ʨʝʛʣʘʤʝʥʪʫ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʨʠʚʝʜʝʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʽ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʤ ʜʦ ̒ʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤ, ʱʦ ʜʦʟʚʦʣʠʪʴ: 

ï ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʯʥʽʩʪʴ ʽ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʚʽʪʯʠʟʥʷʥʦʾ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ, ʥʘʙʣʠʟʠʪʠ ʾʾ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ 

ʩʪʚʦʨʠʪʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʟʘʻʤʥʦʛʦ ʚʠʟʥʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʧʨʦʚʝʜʝʥʦʾ ʚ ʋʢʨʘʾʥʽ ʽ ʢʨʘʾʥʘʭ-ʯʣʝʥʘʭ ɭʉ;  

ï ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ, ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʪʨʘʚʤʘʪʠʟʤʫ, 

ʟʘʩʪʦʩʦʚʫʶʯʠ ʙʝʟʧʝʯʥʽʰʽ ʪʘ ʝʨʛʦʥʦʤʽʯʥʽʰʽ ʤʘʰʠʥʠ ʜʣʷ ɸʇʂ; 

ï ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʥʘʙʣʠʞʘʶʯʠ ʥʦʨʤʠ 

ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ ʚʠʢʠʜʽʚ ʪʘ ʜʠʤʥʦʩʪʽ ʜʚʠʛʫʥʽʚ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ; 

ï ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʚʚʝʟʝʥʥʷ ʚ ʋʢʨʘʾʥʫ ʥʝʷʢʽʩʥʠʭ ʽ ʥʝʙʝʟʧʝʯʥʠʭ ʜʣʷ 

ʟʜʦʨʦʚôʷ ʩʧʦʞʠʚʘʯʽʚ ʽ ʜʦʚʢʽʣʣʷ ʪʨʘʢʪʦʨʽʚ, ʧʨʠʯʝʧʽʚ,  ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʊʝʭʥʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ 

ʨʦʟʨʦʙʣʝʥʦ ʥʘ ʦʩʥʦʚʽ ʻʚʨʦʧʝʡʩʴʢʦʾ ʜʠʨʝʢʪʠʚʠ çʉʪʘʨʦʛʦ ʧʽʜʭʦʜʫè ʪʦʜʽ, ʢʦʣʠ 

ʥʘʮʽʦʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʪʝʭʥʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ɿʘʢʦʥ ʋʢʨʘʾʥʠ 

çʇʨʦ ʪʝʭʥʽʯʥʽ ʨʝʛʣʘʤʝʥʪʠ ʪʘ ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽè [3], 

ʩʢʦʥʮʝʥʪʨʦʚʘʥʘ ʥʘ ʛʘʨʤʦʥʽʟʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʻʚʨʦʧʝʡʩʴʢʠʭ ʜʠʨʝʢʪʠʚ ʥʘ 

ʦʩʥʦʚʽ çʅʦʚʦʛʦ ʽ ɻʣʦʙʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫè. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʟʥʘʯʝʥʦʛʦ ʧʽʜʭʦʜʫ, 

ʟʘ ʷʢʠʤ  ʫʩʪʘʥʦʚʣʶʶʪʴʩʷ ʣʠʰʝ ʩʫʪʪʻʚʽ ʚʠʤʦʛʠ ʙʝʟʧʝʢʠ, ʘ ʢʦʥʢʨʝʪʥʽ ʚʠʤʦʛʠ 

ʦʧʠʩʫʶʪʴʩʷ ʚ ʛʘʨʤʦʥʽʟʦʚʘʥʠʭ ʩʪʘʥʜʘʨʪʘʭ ʟ ʜʦʙʨʦʚʽʣʴʥʠʤ ʩʪʘʪʫʩʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, çʉʪʘʨʠʡ ʧʽʜʭʽʜè ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʜʝʪʘʣʴʥʦʛʦ 

ʨʝʛʣʘʤʝʥʪʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ ʜʦ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ. 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʝ, ʊʝʭʥʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʤʘʻ 

ʮʽʣʠʡ ʨʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʷʢʽ ʧʝʨʰ ʟʘ ʚʩʝ ʩʪʦʩʫʶʪʴʩʷ ʫʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʦʛ, 

ʧʨʦʮʝʜʫʨ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʷʢʽ 

ʟʜʽʡʩʥʶʶʪʴ ʜʽʷʣʴʥʽʩʪʴ ʽʟ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ.  

ʂʦʥʢʨʝʪʥʽ ʚʠʤʦʛʠ ʚ ɼʠʨʝʢʪʠʚʽ 2003/37/ɽʉ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʨʦʟʨʦʙʣʝʥʦ 

ʊʝʭʥʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 23-ʤʘ ʦʢʨʝʤʠʤʠ 

ʜʠʨʝʢʪʠʚʘʤʠ ɭʉ, ʟ ʷʢʠʭ ʚ ʋʢʨʘʾʥʽ ʧʨʦʚʝʜʝʥʦ ʛʘʨʤʦʥʽʟʘʮʽʶ ʣʠʰʝ ʦʜʥʽʻʾ  ï 

ʨʦʟʨʦʙʣʝʥʦ  ʊʝʭʥʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʱʦʜʦ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʣʽʩʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʘ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʨʘʢʪʦʨʽʚ, ʷʢʠʡ 

ʟʘʪʚʝʨʜʞʝʥʦ ʧʦʩʪʘʥʦʚʦʶ ʂʄʋ ʚʽʜ 28.12.2011 ʨ. ˉ 1368 [4] (ʜʘʣʽ ï ʊʝʭʥʽʯʥʠʡ 

ʨʝʛʣʘʤʝʥʪ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ). ʂʨʽʤ ʪʦʛʦ, ʟʚʘʞʘʶʯʠ ʥʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʽʤʧʣʝʤʝʥʪʘʮʽʶ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʜʠʨʝʢʪʠʚ çʅʦʚʦʛʦ ʽ ɻʣʦʙʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫè, ʚ ʊʝʭʥʽʯʥʦʤʫ 
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ʨʝʛʣʘʤʝʥʪʽ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʙʫʣʦ ʚʠʣʫʯʝʥʦ ʨʷʜ ʜʦʜʘʪʢʽʚ, ʘ ʪʘʢʦʞ ʧʨʦʧʠʩʘʥʽ 

ʧʦʣʦʞʝʥʥʷ ʱʦʜʦ ʽʥʩʪʠʪʫʮʽʡʥʠʭ ʦʨʛʘʥʽʚ, ʟʦʢʨʝʤʘ ʆʨʛʘʥʘ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, 

ʷʢʽ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ɼʠʨʝʢʪʠʚʽ 2003/37/ɽʉ. ɺʩʝ ʮʝ ʧʨʠʚʝʣʦ ʜʦ 

ʥʝʧʦʚʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ 

ʻʚʨʦʧʝʡʩʴʢʠʤ ʥʦʨʤʘʤ ʽ ʻʚʨʦʧʝʡʩʴʢʽʡ ʧʨʘʢʪʠʮʽ  ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ, ʟʽ ʩʚʦʛʦ ʙʦʢʫ, 

ʩʪʚʦʨʠʣʦ ʪʨʫʜʥʦʱʽ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʡʦʛʦ ʚ ʋʢʨʘʾʥʽ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʚʢʘʟʘʥʝ ʚʠʱʝ, ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ 

ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʧʠʪʘʥʥʷ ʫʩʪʘʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʚʠʤʦʛ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ 

ʽʥʰʦʾ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʥʦʾ ʙʘʟʠ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʽʷʣʴʥʦʩʪʽ ʥʘʷʚʥʠʭ ʚ 

ʋʢʨʘʾʥʽ ʽʥʩʪʠʪʫʮʽʡ ʫ ʩʬʝʨʽ ʦʮʽʥʢʠ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʘ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʨʘʢʪʦʨʽʚ, ʧʨʠʯʝʧʽʚ ʽ ʧʨʠʯʽʧʥʠʭ 

ʤʘʰʠʥ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ï ʦʨʛʘʥʽʟʘʮʽʡʥʝ ʪʘ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʫʩʪʘʥʦʚʣʝʥʥʷ ʯʽʪʢʦʾ ʩʠʩʪʝʤʠ ʚʠʤʦʛ ʜʦ ʪʨʘʢʪʦʨʽʚ, 

ʧʨʠʯʝʧʽʚ, ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ, ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʱʦ ʟʘʛʘʣʦʤ ʥʘʧʨʘʚʣʝʥʦ ʥʘ  ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʽ ʤʝʭʘʥʽʟʤʽʚ 

ʜʣʷ ʦʩʥʘʱʝʥʥʷ ɸʇʂ ʋʢʨʘʾʥʠ ʙʝʟʧʝʯʥʠʤʠ ʡ ʝʬʝʢʪʠʚʥʠʤʠ ʤʘʰʠʥʘʤʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ  ʻʚʨʦʧʝʡʩʴʢʦʤʫ ʨʽʚʥʶ ʙʝʟʧʝʢʠ.   

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʋʢʨʅɼɯʇɺʊ 

 ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ ʨʘʟʦʤ ʟ ʄʽʥʘʛʨʦʧʦʣʽʪʠʢʠ ʪʘ ʄʽʥʝʢʦʥʦʤʨʦʟʚʠʪʢʫ ʧʨʦʚʝʜʝʥʦ 

ʮʽʣʫ ʥʠʟʢʫ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʙʽʪ ʟʽ ʩʪʚʦʨʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʤʝʭʘʥʽʟʤʫ ʨʝʘʣʽʟʘʮʽʾ 

ʧʦʣʦʞʝʥʴ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʪʘ ʇʣʘʥʫ ʟʘʭʦʜʽʚ ʽʟ ʡʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ, 

ʟʦʢʨʝʤʘ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʮʴʦʛʦ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʽʥʩʪʠʪʫʮʽʡʥʦʾ (ʨʠʩ. 1) ʪʘ 

ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʥʦʾ ʙʘʟʠ (ʨʠʩ. 2)  [5, 6]. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʧʨʦʚʦʜʠʣʠʩʴ 

ʟʘʭʦʜʠ ʟ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʢʽʚ ʪʘ ʽʥʰʠʭ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʟʘʜʽʷʥʠʭ ʫ 

ʧʨʦʮʝʩʽ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʊʝʭʥʽʯʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ ʽ ʾʭ 

ʧʦʧʫʣʷʨʠʟʘʮʽʾ. 

 
ʈʠʩʫʥʦʢ 1 ï ʆʨʛʘʥʽʟʘʮʽʡʥʦ-ʽʥʩʪʠʪʫʮʽʡʥʘ ʙʘʟʘ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʊʝʭʥʽʯʥʦʛʦ 

ʨʝʛʣʘʤʝʥʪʫ 
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ʈʠʩʫʥʦʢ 2 ï  ʆʩʥʦʚʥʘ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʥʘ  ʙʘʟʘ ʜʣʷ  ʫʧʨʦʚʘʜʞʝʥʥʷ 

ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ 
 

ʈʦʟʨʦʙʣʝʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʇʝʨʝʣʽʢ ʅɼ [8], ʄʝʪʦʜʠʯʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ [9] ʪʘ 

ʢʦʤʧʣʝʢʪ ʬʦʨʤ ʜʦʢʫʤʝʥʪʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ, 

ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʦʙʥʠʢʘʤʠ, ʆʨʛʘʥʦʤ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʚʠʧʨʦʙʫʚʘʣʴʥʠʤʠ ʣʘʙʦʨʘʪʦʨʽʷʤʠ, ʽʥʰʠʤʠ ʟʘʮʽʢʘʚʣʝʥʠʤʠ 

ʩʪʦʨʦʥʘʤʠ, ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʩʘʡʪʘʭ ʄʽʥʘʛʨʦʧʦʣʽʪʠʢʠ, ʄʽʥʝʢʦʥʦʤʨʦʟʚʠʪʢʫ ʪʘ 

ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ.  

ʋʚʝʜʝʥʥʷ ʚ ʦʙʽʛ ʪʘ ʜʦʧʫʩʢ ʜʦ ʫʯʘʩʪʽ ʚ ʜʦʨʦʞʥʴʦʤʫ ʨʫʩʽ 

ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʨʘʢʪʦʨʽʚ, ʧʨʠʯʝʧʽʚ, ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ (ʨʝʻʩʪʨʘʮʽʷ) 

ʧʦʚʠʥʥʽ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, 

ʦʪʨʠʤʘʥʥʷ ʩʝʨʪʠʬʽʢʘʪʘ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʪʘ ʦʬʦʨʤʣʝʥʥʷ ʚʠʨʦʙʥʠʢʦʤ ʜʦ 

ʢʦʞʥʦʾ ʤʘʰʠʥʠ ʩʝʨʪʠʬʽʢʘʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʪʚʝʨʜʞʝʥʦʤʫ ʪʠʧʫ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʝʨʪʠʬʽʢʘʪ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʤʦʞʝ ʚʠʜʘʚʘʪʠ ʣʠʰʝ 

ʦʨʛʘʥ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʟʘ ʧʦʜʘʥʥʷʤ 

ʄʽʥʘʛʨʦʧʦʣʽʪʠʢʠ (ʨʠʩ. 3). ɿʦʢʨʝʤʘ ʪʘʢʠʤ ʦʨʛʘʥʦʤ ʟʘʨʘʟ ʧʨʠʟʥʘʯʝʥʦ ɼʇ 

çʋʢʨʎɺʊè (ʥʘʢʘʟ ʄʽʥʝʢʦʥʦʤʨʦʟʚʠʪʢʫ ʚʽʜ  02.08.2013 ˉ 890). 
 

ʆʨʛʘʥʟʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫ
(ʇʂʄʋʚʽʜ28.12.2011 ̄ 1367)

, 

ʆʨʛʘʥʦʮʽʥʢʠ

ʚʽʜʧʦʚʽʜʥʦʩʪʽ

ʇʨʠʟʥʘʯʝʥʠʡ
ʚʽʜʧʦʚʽʜʥʦʜʦ
ʟʘʢʦʥʦʜʘʚʩʪʚʘ
ʟʘʧʦʜʘʥʥʷʤ
ʄʽʥʘʛʨʦʧʦʣʽʪʠʢʠ

ɿʜʽʡʩʥʶʻʟʘʪʚʝʨʜʞʝʥʥʷ
ʪʠʧʫ

ɺʠʜʘʻʩ̔ʢʘʩʦʚʫʻ
ʩʝʨʪʠʬʽʢʘʪʠʟʘʪʚʝʨʜʞʝʥʥʷ

ʪʠʧʫ

ɺʝʜʝʨʝʻʩʪʨʩʝʨʪʠʬʽʢʘʪʽʚ
ʟʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫ

ʉʧʝʮʽʘʣʴʥʽʚʠʤʦʛʠʜʦ
ʧʨʠʟʥʘʯʝʥʠʭʦʨʛʘʥʽʚʟ
ʦʮʽʥʢʠʚʽʜʧʦʚʽʜʥʦʩʪʽ
(ʇʦʩʪʘʥʦʚʘʂʄʋʚʽʜ
13.01.2016 ̄ 56),
ʊʝʭʥʽʯʥʠʡʨʝʛʣʘʤʝʥʪ
ʟʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫ
(ʇʦʩʪʘʥʦʚʘʂʄʋʚʽʜ
28.12.2011 ̄ 1367)

ɿʘʢʦʥʋʢʨʘʾʥʠñʇʨʦ
ʪʝʭʥʽʯʥʽʨʝʛʣʘʤʝʥʪʠʪʘ
ʦʮʽʥʢʫʚʽʜʧʦʚʽʜʥʦʩʪʽò
ʚʽʜ15.01 2015 ̄ 124-VIII)

ʇʦʚʥʦʚʘʞʝʥʥʷ ʌʫʥʢʮʽʾ

 
ʈʠʩʫʥʦʢ 3 ï ʇʦʚʥʦʚʘʞʝʥʥʷ ʪʘ ʬʫʥʢʮʽʾ ʆʨʛʘʥʫ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ 
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ʉʝʨʪʠʬʽʢʘʪʠ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʚʠʜʘʥʽ ʽʥʰʠʤʠ ʦʨʛʘʥʘʤʠ ʦʮʽʥʢʠ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʧʦʚʥʦʚʘʞʝʥʥʷ ʷʢʠʭ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʢʦʥʦʜʘʚʩʪʚʫ, ʟʦʢʨʝʤʘ 

ʚʠʟʥʘʯʝʥʥʶ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʥʘ ʮʝʡ ʯʘʩ ʻ 

ʥʝʜʽʡʩʥʠʤʠ. 

ʆʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ, ʥʘ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʪʨʘʢʪʦʨʽʚ, 

ʧʨʠʯʝʧʽʚ, ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ ʻ: 

¶ ʥʘʜʘʥʥʷ ʚʠʨʦʙʥʠʢʦʤ ʪʝʭʥʽʯʥʦʛʦ ʦʧʠʩʫ ʪʠʧʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, 

ʢʦʤʧʦʥʝʥʪʘ, ʚ ʷʢʦʤʫ ʥʘʚʝʜʝʥʦ ʾʭʥʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʟʛʨʫʧʦʚʘʥʽ ʟʘ 

ʩʫʪʪʻʚʠʤʠ ʦʟʥʘʢʘʤʠ (ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʜʦʢʫʤʝʥʪ); 

¶ ʜʦʢʫʤʝʥʪʘʣʴʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʪʘ ʤʘʰʠʥʠ ʟʘʛʘʣʦʤ (ʩʝʨʪʠʬʽʢʘʪʠ, ʧʨʦʪʦʢʦʣʠ ʚʠʧʨʦʙʫʚʘʥʴ, 

ʦʬʽʮʽʡʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ); 

¶ ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʴʦʾ ʧʝʨʝʚʽʨʢʠ ʚʠʨʦʙʥʠʮʪʚʘ; 

¶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʢʦʤ ʧʽʜʪʚʝʨʜʞʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʜ ʯʘʩ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʜʣʷ ʦʬʦʨʤʣʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʧʠʩʫ ʪʠʧʫ 

(ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʜʦʢʫʤʝʥʪʘ) ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʠʨʦʙʥʠʢʦʤ ʧʝʨʝʣʽʢʫ ʧʨʦʜʫʢʮʽʾ, ʥʘ 

ʷʢʫ ʧʦʰʠʨʶʻʪʴʩʷ ʊʝʭʥʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʚʠʟʥʘʯʝʥʥʷ ʾʾ 

ʢʘʪʝʛʦʨʽʾ, ʪʠʧʫ ʪʨʘʢʪʦʨʘ, ʧʨʠʯʝʧʘ, ʧʨʠʯʽʧʥʦʾ ʤʘʰʠʥʠ ʪʘ ʚʘʨʽʘʥʪʽʚ ʽ ʚʝʨʩʽʡ, ʷʢʽ 

ʚʭʦʜʷʪʴ ʜʦ ʚʠʟʥʘʯʝʥʦʛʦ ʪʠʧʫ.  

ɺʠʟʥʘʯʝʥʥʷ ʢʘʪʝʛʦʨʽʡ, ʪʠʧʫ, ʚʘʨʽʘʥʪʽʚ ʪʘ ʚʝʨʩʽʡ ʪʠʧʫ ʻ ʥʦʚʠʤʠ 

ʪʝʨʤʽʥʘʤʠ ʽ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ, ʚ ʷʢʦʤʫ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʻʚʨʦʧʝʡʩʴʢʘ, ʪʘʢ ʥʘʟʚʘʥʘ ʩʧʨʦʱʝʥʘ ʧʨʦʮʝʜʫʨʘ, ʢʦʣʠ 

ʩʝʨʪʠʬʽʢʘʪ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʚʠʜʘʻʪʴʩʷ ʥʝ ʥʘ ʦʢʨʝʤʠʡ ʪʨʘʢʪʦʨ, ʧʨʠʯʽʧ ʯʠ 

ʧʨʠʯʽʧʥʫ ʤʘʰʠʥʫ, ʘ ʥʘ ʩʫʢʫʧʥʽʩʪʴ ʪʨʘʢʪʦʨʽʚ, ʧʨʠʯʝʧʽʚ ʯʠ ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ, 

ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʚʠʟʥʘʯʝʥʦʛʦ ʪʠʧʫ.  

ʂʦʨʦʪʢʦ ʟʫʧʠʥʠʤʦʩʴ ʥʘ ʮʠʭ ʥʦʚʠʭ ʜʣʷ ʧʨʘʢʪʠʢʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʝʨʤʽʥʘʭ. ʆʟʥʘʢʠ ʢʘʪʝʛʦʨʽʾ, ʪʠʧʫ, ʚʘʨʽʘʥʪʽʚ, ʚʝʨʩʽʡ ʪʘ ʾʭ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4, ʥʘʩʪʘʥʦʚʠ ʱʦʜʦ ʾʭ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʩʪʷʪʴʩʷ ʚ ʨʦʟʨʦʙʣʝʥʠʭ ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ ʄʝʪʦʜʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʷʭ.  

ʋʩʽ ʚʘʨʽʘʥʪʠ ʽ ʚʝʨʩʽʾ ʪʠʧʫ ʥʘʚʦʜʷʪʴ ʽ ʦʧʠʩʫʶʪʴ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ 

ʜʦʢʫʤʝʥʪʽ. 

ʊʝʭʥʽʯʥʠʡ ʦʧʠʩ ʪʨʘʢʪʦʨʽʚ ʤʘʻ ʤʽʩʪʠʪʠ ʟʘʧʦʚʥʝʥʽ ʜʘʥʽ ʟʘ ʫʩʪʘʥʦʚʣʝʥʦʶ 

ʬʦʨʤʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʜʦʢʫʤʝʥʪʘ: 

-  ʚʘʨʽʘʥʪ ɸ (ʧʦʚʥʠʡ ʦʧʠʩ) ʚ ʦʙʩʷʟʽ 13-ʪʠ ʨʦʟʜʽʣʽʚ ʜʣʷ ʪʨʘʢʪʦʨʽʚ ʽ  9-ʪʠ 

ʨʦʟʜʽʣʽʚ ʜʣʷ ʧʨʠʯʝʧʽʚ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʢʫʤʝʥʪʽʚ ʱʦʜʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʘʙʦ ʢʦʤʧʦʥʝʥʪʽʚ; 

- ʚʘʨʽʘʥʪ ɺ (ʩʢʦʨʦʯʝʥʠʡ ʪʝʭʥʽʯʥʠʡ ʦʧʠʩ) ʟʘ ʥʘʷʚʥʦʩʪʽ ʦʜʥʦʛʦ (ʘʙʦ 

ʙʽʣʴʰʝ) ʜʦʢʫʤʝʥʪʘ ʱʦʜʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʝʟʘʚʝʨʰʝʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʘʙʦ ʢʦʤʧʦʥʝʥʪʘ. 
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ʈʠʩʫʥʦʢ 4 ï ɺʠʟʥʘʯʝʥʥʷ ʢʘʪʝʛʦʨʽʾ, ʪʠʧʫ, ʚʘʨʽʘʥʪʽʚ ʽ ʚʝʨʩʽʡ ʪʠʧʫ ʪʨʘʢʪʦʨʘ, 

ʧʨʠʯʝʧʘ, ʧʨʠʯʽʧʥʦʾ ʤʘʰʠʥʠ 

 

ʈʦʟʜʽʣ 13 ʥʘʚʦʜʠʪʴʩʷ ʚʠʨʦʙʥʠʢʦʤ ʟʘ ʡʦʛʦ ʙʘʞʘʥʥʷʤ ʘʙʦ ʧʦʪʨʝʙʦʶ. 

ʌʦʨʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʨʦʟʨʦʙʣʝʥʦ ʦʨʛʘʥʦʤ ʟʘʪʚʝʨʜʞʝʥʥʷ 

ʪʠʧʫ ɼʇ çʋʢʨʎɺʊè ʽ ʂʄʎ ʪʘ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ 3 ʄʝʪʦʜʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʥʥʷ ʽ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʥʘʚʝʜʝʥʥʷ ʜʘʥʠʭ 

ʬʦʨʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʨʦʟʨʦʙʣʝʥʦ ʦʢʨʝʤʦ ʜʣʷ ʪʨʘʢʪʦʨʽʚ ʽ ʦʢʨʝʤʦ 

ʜʣʷ ʧʨʠʯʝʧʽʚ ʽ ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ. 

ʆʜʥʠʤ ʽʟ ʩʘʤʠʭ ʚʘʞʣʠʚʠʭ ʧʠʪʘʥʴ ʻ ʫʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ, 

ʷʢʽ ʧʦʰʠʨʶʶʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʽ ʢʘʪʝʛʦʨʽʾ ʽ ʪʠʧʠ ʪʨʘʢʪʦʨʽʚ, ʧʨʠʯʝʧʽʚ, 

ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ, ʾʭ ʚʘʨʽʘʥʪʠ ʪʘ ʚʝʨʩʽʾ. ɺ ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʣʦʞʝʥʴ ʧʫʥʢʪʽʚ 12 

ʪʘ 13 ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʧʨʦʚʝʜʝʥʦ ʟʥʘʯʥʠʡ ʦʙʩʷʛ ʨʦʙʽʪ ʽʟ ʨʦʟʨʦʙʣʝʥʥʷ 

ʩʠʩʪʝʤʠ ʦʙʦʚôʷʟʢʦʚʠʭ  ʚʠʤʦʛ ʜʦ ʪʨʘʢʪʦʨʽʚ, ʧʨʠʯʝʧʽʚ, ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʻʚʨʦʧʝʡʩʴʢʠʤ ʪʘ ʤʽʞʥʘʨʦʜʥʠʤ ʥʦʨʤʘʤ.  
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ʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʣʽʢʫ ʯʠʥʥʠʭ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʅɼ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫʚʘʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛ, ʫʩʪʘʥʦʚʣʝʥʠʭ ʪʘʢʠʤʠ ʅɼ, ʚʠʤʦʛʘʤ ʻʚʨʦʧʝʡʩʴʢʠʭ 

ʜʠʨʝʢʪʠʚ ʙʫʣʠ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʱʝ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʚʝʩʪʠ ʥʘ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʨʠʥʢʫ ʧʨʘʚʠʣʘ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ 

ʪʨʘʢʪʦʨʽʚ ʽ ʤʘʰʠʥ ʜʦ ʥʠʭ, ʷʢʽ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʽ ʜʦ  ʚʠʤʦʛ ɼʠʨʝʢʪʠʚ 

ɭʉ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʩʧʨʠʷʪʠ ʫʩʫʥʝʥʥʶ ʪʝʭʥʽʯʥʠʭ ʙʘʨôʻʨʽʚ ʫ ʪʦʨʛʽʚʣʽ 

ʪʘ ʩʧʨʦʱʝʥʥʶ ʧʨʦʮʝʜʫʨʠ ʚʟʘʻʤʥʦʛʦ ʚʠʟʥʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʽʪ ʟ ʦʮʽʥʢʠ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʨʘʢʪʦʨʽʚ, ʧʨʠʯʝʧʽʚ, ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ ʽ ʾʭʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ 

ʚʚʦʟʷʪʴʩʷ ʪʘ ʚʠʚʦʟʷʪʴʩʷ ʟ ʋʢʨʘʾʥʠ. 

ʊʦʙʪʦ, ʦʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʚʠʙʦʨʫ ʅɼ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʾʭ ʫ ʇʝʨʝʣʽʢ, 

ʙʫʣʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʥʠʤʠ ʚʠʤʦʛ ʚʠʤʦʛʘʤ ʻʚʨʦʧʝʡʩʴʢʠʭ 

ɼʠʨʝʢʪʠʚ, ʾʭ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ. 

ʇʝʨʝʣʽʢ ɼʠʨʝʢʪʠʚ ɭʉ, ʧʦʣʦʞʝʥʥʷ ʷʢʠʭ ʙʫʣʦ ʚʟʷʪʦ ʟʘ ʦʩʥʦʚʫ ʜʣʷ 

ʘʥʘʣʽʟʫʚʘʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʨʘʢʪʦʨʽʚ, ʧʨʠʯʝʧʽʚ, ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ ʚʠʟʥʘʯʘʚʩʷ ʜʦʜʘʪʢʦʤ ɯɯ ɼʠʨʝʢʪʠʚʠ 

2003/37/ɽʉ, ʥʘ ʙʘʟʽ ʷʢʦʾ ʨʦʟʨʦʙʣʝʥʦ ʊʝʭʥʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ. 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʚʫʟʣʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʦ ʷʢʠʭ 

ʫʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʠʤʦʛʠ ʱʦʜʦ ʦʮʽʥʢʠ (ʧʽʜʪʚʝʨʜʞʝʥʥʷ) ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʽʜ ʯʘʩ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʚʠʟʥʘʯʝʥʘ ʊʝʭʥʽʯʥʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ 

(ʜʦʜʘʪʢʠ 1, 2). ʂʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʯʘʩʪʠʥ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʢʣʘʜʘʻ 43 ʧʦʟʠʮʽʾ. 

ɼʣʷ 6-ʪʠ ʟ 43-ʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʤʦʛʠ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʊʝʭʥʽʯʥʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʟʘʩʪʦʩʫʚʘʥʥʷ  

ʷʢʦʛʦ ʻ ʦʙʦʚôʷʟʢʦʚʠʤʠ (ʨʠʩ. 5).  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʽʥʰʠʭ 37-ʤʠ ʯʘʩʪʠʥ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʣʦ 

ʚʽʜʽʙʨʘʥʦ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʚʠʙʨʘʥʦ ʯʠʥʥʽ ʚ ʋʢʨʘʾʥʽ 

ʩʪʘʥʜʘʨʪʠ ʽ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʢʪʠ (ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ʪʘ ʧʦʩʪʘʥʦʚʠ 

ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ), ʷʢʽ  ʨʝʛʣʘʤʝʥʪʫʶʪʴ  ʚʠʤʦʛʠ ʜʦ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ. 

ɹʫʣʦ ʚʽʜʽʙʨʘʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʙʽʣʴʰʝ ʥʽʞ 250 ʩʪʘʥʜʘʨʪʽʚ ʱʦʜʦ  

ʥʘʷʚʥʦʩʪʽ ʪʘ ʽʜʝʥʪʠʯʥʦʩʪʽ ʫʩʪʘʥʦʚʣʝʥʠʭ ʥʠʤʠ ʚʠʤʦʛ ʚʠʤʦʛʘʤ ʟʘʟʥʘʯʝʥʠʭ 

ʚʠʱʝ 23-ʭ ɼʠʨʝʢʪʠʚ ɭʉ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʇʝʨʝʣʽʢ ʅɼ ï  

ʇʝʨʝʣʽʢ ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʻ ʜʦʢʘʟʦʤ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʘ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʨʘʢʪʦʨʽʚ, ʾʭʥʽʭ ʧʨʠʯʝʧʽʚ ʽ 

ʟʤʽʥʥʠʭ ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ, ʩʠʩʪʝʤ, ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʪʘ ʦʢʨʝʤʠʭ ʪʝʭʥʽʯʥʠʭ 

ʚʫʟʣʽʚ ʚʠʤʦʛʘʤ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʯʠʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʇʝʨʝʣʽʢ ʅɼ ʙʫʣʦ ʦʧʨʘʮʴʦʚʘʥʦ ʚ ʄʽʥʘʛʨʦʧʦʣʽʪʠʢʠ ʪʘ 

ʟʘʪʚʝʨʜʞʝʥʦ ʥʘʢʘʟʦʤ ʄʽʥʝʢʦʥʦʤʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ (ʨʠʩʫʥʦʢ 6). 
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ʌʦʨʤʘ, ʨʦʟʤʽʨʠʪʘ
ʨʦʟʪʘʰʫʚʘʥʥʷ
ʥʦʤʝʨʥʦʛʦʟʥʘʢʫ

ɹʘʢɹʘʢʜʣʷʜʣʧ̫ʘʣʠʚʘʧʘʣʠʚʘ

ʇʨʠʩʪʨʽʡʇʨʠʩʪʨʽʡʟʚʫʢʦʚʦʾʟʚʫʢʦʚʦʾ
ʩʠʛʥʘʣʽʟʘʮʽʾʩʠʛʥʘʣʽʟʘʮʽʾ

ʈʽʚʝʥʴʈʽʚʝʥʴʟʦʚʥʽʰʥʴʦʛʦʟʦʚʥʽʰʥʴʦʛʦ
ʰʫʤʫʰʫʤʫ

ʄʘʩʘʄʘʩʘʪʨʘʢʪʦʨʘʪʨʘʢʪʦʨʘʪʘʪʘʾ ʾʾʾ
ʨʦʟʧʦʜʽʣʨʦʟʧʦʜʽʣʟʘʟʘʦʩʷʤʠʦʩʷʤʠ

ɹʘʣʘʩʪʥʠʡɹʘʣʘʩʪʥʠʡ
ʚʘʥʪʘʞʚʘʥʪʘʞ

ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ
ʪʘʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʽ
ʪʨʘʢʪʦʨʠ, VÓ6 ʢʤ/ʛʦʜ

 
ʈʠʩʫʥʦʢ 5 ï ʅʦʤʝʥʢʣʘʪʫʨʘ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʢʪʦʨʘ, 

ʱʦʜʦ ʷʢʠʭ ʚʠʤʦʛʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʊʝʭʥʽʯʥʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 

 

ʇʝʨʝʣʽʢ ʅɼ ʚʢʣʶʯʘʻ 52 ʩʪʘʥʜʘʨʪʠ, ʧʝʨʝʚʘʞʥʫ ʙʽʣʴʰʽʩʪʴ ʷʢʠʭ (82%) 

ʩʢʣʘʜʘʶʪʴ ʩʪʘʥʜʘʨʪʠ, ʛʘʨʤʦʥʽʟʦʚʘʥʽ ʟ ʤʽʞʥʘʨʦʜʥʠʤʠ ʪʘ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʥʦʨʤʘʤʠ. 
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ʇʝʨʝʣʽʢʅɼ,  
ʟʘʪʚʝʨʜʞʝʥʠʡʄʽʥʝʢʦʥʦʤʨʦʟʚʠʪʢʫʋʢʨʘʾʥʠ

(ʥʘʢʘʟˉ 188 ʚʽʜ05.02.2016). 
(ʬʨʘʛʤʝʥʪ)

N ʇʦʟʥʘʯʝʥʥʷ
ʅʘʮʽʦʥʘʣʴʥʠʭ
ʩʪʘʥʜʘʨʪʽʚ

ʅʘʟʚʠʥʘʮʽʦʥʘʣʴʥʠʭʩʪʘʥʜʘʨʪʽʚ

1 ɼʉʊʋ7322:2013
(ʧʽʜʨʦʟʜʽʣʠ
5.21 ̔ 5.29)

ʊʨʘʢʪʦʨʠʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ. 
ɿʘʛʘʣʴʥʽʪʝʭʥʽʯʥʽʫʤʦʚʠ

2 ɼʉʊʋ7416:2013
(ʧʽʜʨʦʟʜʽʣʠ
4.3 - 4.6)

ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʪʘ
ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʽʪʨʘʢʪʦʨʠ. 
ɿʫʩʠʣʣʷʪʘʦʧʽʨʪʷʛʦʚʽ. ɿʘʛʘʣʴʥʽ
ʚʠʤʦʛʠ

3 ɼʉʊʋ7462:2013
(ʧʽʜʨʦʟʜʽʣʠ
4.1 - 4.7)

ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʪʘ
ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʽʪʨʘʢʪʦʨʠ. 
ʇʣʘʪʬʦʨʤʠʚʘʥʪʘʞʥʽ. 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ

4 ɼʉʊʋ7466:2013
(ʧʽʜʨʦʟʜʽʣʠ
4.1 ̔ 4.2)

ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʪʘ
ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʽʢʦʣʽʩʥʽ
ʪʨʘʢʪʦʨʠ. ʉʠʜʽʥʥʷʧʘʩʘʞʠʨʩʴʢʽ. 
ɿʘʛʘʣʴʥʽʚʠʤʦʛʠ

5 ɼʉʊʋ7589:2014
(ʨʦʟʜʽʣʠ4 ̔
5)

ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʪʘ
ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʽʪʨʘʢʪʦʨʠ. ɿʘʭʠʩʪ
ʚʽʜʨʫʭʦʤʠʭʯʘʩʪʠʥʚ̔ʠʩʪʫʧʥʠʭ
ʝʣʝʤʝʥʪʽʚ. ɿʘʛʘʣʴʥʽʚʠʤʦʛʠ

1 ïɼʉʊʋ; 2 ïɼʉʊʋʥʘʦʩʥʦʚʽɼʠʨʝʢʪʠʚɭʉ; 

3 -ɼʉʊʋISO; 4 - ɼʉʊʋEN; 5 ïɼʉʊʋUN/ECE R;

6 ïɼʉʊʋɻʆʉʊ;  6 ïɻʆʉʊ

 

ʈʠʩʫʥʦʢ 6 ï ʌʨʘʛʤʝʥʪ ʇʝʨʝʣʽʢʫ ʅɼ ʪʘ ʨʦʟʧʦʜʽʣ ʚʢʣʶʯʝʥʠʭ ʜʦ ʥʴʦʛʦ 

ʩʪʘʥʜʘʨʪʽʚ  ʟʘ ʾʭ ʚʠʜʘʤʠ 
ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʮʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ, ʚʢʣʶʯʝʥʽ ʜʦ ʇʝʨʝʣʽʢʫ ʅɼ, 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʦʙʦʚôʷʟʢʦʚʦ, ʘ ʥʝ ʥʘ ʜʦʙʨʦʚʽʣʴʥʽʡ 

ʦʩʥʦʚʽ, ʦʩʢʽʣʴʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʦʙʦʚôʷʟʢʦʚʽʩʪʴ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤ ʘʢʪʦʤ ï ʊʝʭʥʽʯʥʠʤ 

ʨʝʛʣʘʤʝʥʪʦʤ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʧʫʥʢʪ 13 (ʧʦʩʪʘʥʦʚʘ ʂʄʋ ʚʽʜ 28.12.2011 ʨ.).  

ʅʘʢʘʟʦʤ ʄʽʥʝʢʦʥʦʤʨʦʟʚʠʪʢʫ ʚʽʜ 05.02.2016 ʨ. ˉ 188 ʫʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʥʰʽ 

ʚʠʤʦʛʠ, ʚʠʟʥʘʯʝʥʽ ʊʝʭʥʽʯʥʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʘʣʝ ʥʝ ʦʭʦʧʣʝʥʽ 
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ʩʪʘʥʜʘʨʪʘʤʠ, ʚʢʣʶʯʝʥʠʤʠ ʚ ʇʝʨʝʣʽʢ ʅɼ, ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʯʠʥʥʠʤʠ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʠʤʠ ʘʢʪʘʤʠ, ʷʢʠʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʤʦʛʠ ʜʦ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ʋʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʝ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫʚʘʥʥʷ ʪʘ ʚʠʚʯʝʥʥʷ ʪʘʢʠʭ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ ʙʫʣʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʫʩʪʘʥʦʚʣʝʥʦ ʧʝʨʝʣʽʢ 

ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʪʘ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʨʘʢʪʦʨʽʚ, ʧʨʠʯʝʧʽʚ, ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʝʥʦ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʢʨʝʤʽ ʧʦʩʪʘʥʦʚʠ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ. 

ʆʪʞʝ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʩʪ ʽ ʥʦʨʤʘʪʠʚʥʽ 

ʟʥʘʯʝʥʥʷ ʚʠʤʦʛ ʜʦ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʠʟʥʘʯʝʥʠʭ ʜʦʜʘʪʢʦʤ 2 

ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʫʩʪʘʥʦʚʣʶʶʪʴʩʷ: 

- ʩʪʘʥʜʘʨʪʘʤʠ, ʚʢʣʶʯʝʥʠʤʠ ʚ ʇʝʨʝʣʽʢ ʅɼ, ʟʘʪʚʝʨʜʞʝʥʠʡ ʥʘʢʘʟʦʤ 

ʄʽʥʝʢʦʥʦʤʨʦʟʚʠʪʢʫ ʚʽʜ 05.02.2016 ʨ. ˉ 188;  

- ʊʝʭʥʽʯʥʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʱʦʜʦ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʣʽʩʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʘ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʨʘʢʪʦʨʽʚ;  

- ʇʨʘʚʠʣʘʤʠ ɭɽʂ ʆʆʅ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʚ ʋʢʨʘʾʥʽ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦ 

ʟʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʧʨʠʻʜʥʘʥʥʷ ʋʢʨʘʾʥʠ ʜʦ ʋʛʦʜʠ ʧʨʦ ʧʨʠʡʥʷʪʪʷ ʻʜʠʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʧʨʠʧʠʩʽʚ ʜʣʷ ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚéè  [10]; 

- ʇʨʘʚʠʣʘʤʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʟʘʪʚʝʨʜʞʝʥʠʤʠ ʇʦʩʪʘʥʦʚʦʶ ʂʄʋ ʚʽʜ 

10.10.2001 ʨ. ˉ 1306 [11]. 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʽ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʚʠʤʦʛ, ʷʢʽ ʧʦʰʠʨʶʶʪʴʩʷ ʥʘ 

ʧʝʚʥʽ ʪʠʧʠ, ʾʭʥʽ ʚʘʨʽʘʥʪʠ ʪʘ ʚʝʨʩʽʾ  ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʦʟʨʦʙʣʝʥʦ ʥʘʩʪʘʥʦʚʠ 

ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʤʦʛ, ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʷʢʠʤ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʽʜ ʯʘʩ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ. ʊʘʢʽ ʥʘʩʪʘʥʦʚʠ ʥʘʚʝʜʝʥʦ ʚ ʄʝʪʦʜʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʷʭ. ɺʦʥʠ ʤʽʩʪʷʪʴ ʧʝʨʝʣʽʢ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʚʠʤʦʛ, ʷʢʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʦ ʢʦʞʥʦʾ ʽʟ 43-ʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʦʞ 

ʢʦʥʢʨʝʪʥʽ ʧʫʥʢʪʠ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ, ʱʦ 

ʫʩʪʘʥʦʚʣʶʶʪʴ ʟʘʟʥʘʯʝʥʽ ʚʠʤʦʛʠ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ, ʪʦ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʨʘʢʪʦʨʽʚ, ʧʨʠʯʝʧʽʚ, ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ, ʷʢ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʚ ʋʢʨʘʾʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ʟ ʩʝʨʽʷʤʠ 

ʧʦʧʨʘʚʦʢ ʜʦ ʥʠʭ, ʚʠʟʥʘʯʝʥʠʭ ʥʘʢʘʟʘʤʠ ʄʽʥʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʷʢ ʢʦʤʧʝʪʝʥʪʥʦʛʦ 

ʦʨʛʘʥʫ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʚʠʢʦʥʘʥʥʷ  ɾʝʥʝʚʩʴʢʦʾ ʫʛʦʜʠ 1958 ʨʦʢʫ [12] ʟʘ 

ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʧʨʠʻʜʥʘʥʥʷ ʋʢʨʘʾʥʠ ʜʦ ʋʛʦʜʠ ʧʨʦ ʧʨʠʡʥʷʪʪʷ ʻʜʠʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʧʨʠʧʠʩʽʚ ʜʣʷ ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚéè.   

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʦʙʣʝʥʽ ʇʝʨʝʣʽʢ ʅɼ ʪʘ ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, 

ʚʠʨʦʙʥʠʢ ʯʠ ʽʥʰʠʡ ʩʫʙôʻʢʪ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʫʩʪʘʥʦʚʣʶʶʪʴ ʚʠʤʦʛʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʦʛʦ ʪʠʧʫ, ʡʦʛʦ ʚʘʨʽʘʥʪʽʚ ʪʘ ʚʝʨʩʽʡ ʽ ʬʦʨʤʫʶʪʴ ʢʦʤʧʣʝʢʪ ʜʦʢʫʤʝʥʪʽʚ ʟ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ.   

ɼʦʢʫʤʝʥʪʘʣʴʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʠʥ ʪʘ ʤʘʰʠʥʠ ʟʘʛʘʣʦʤ, ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʣʝʢʪʫ ʪʘʢʠʭ ʜʦʢʫʤʝʥʪʽʚ  ʻ ʦʜʥʠʤ 

ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʝʪʘʧʽʚ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ. ʊʘʢʠʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʚʫʟʣʽʚ ʪʘ ʤʘʰʠʥʠ ʟʘʛʘʣʦʤ ʻ 

ʯʠʥʥʽ ʩʝʨʪʠʬʽʢʘʪʠ, ʧʨʦʪʦʢʦʣʠ (ʟʚʽʪʠ) ʚʠʧʨʦʙʫʚʘʥʴ, ʦʬʽʮʽʡʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ 
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ʧʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʨʘʢʪʦʨʘ, 

ʧʨʠʯʝʧʘ, ʧʨʠʯʽʧʥʦʾ ʤʘʰʠʥʠ ʢʫʧʦʚʘʥʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʜʦ ʷʢʠʭ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʠʤʦʛʠ, ʚʠʨʦʙʥʠʢʫ ʩʣʽʜ ʚʠʤʘʛʘʪʠ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʪʘʢʠʭ 

ʯʘʩʪʠʥ ʜʦʢʫʤʝʥʪ ʟ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʫʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʽ 

ʜʦʣʫʯʘʪʠ ʡʦʛʦ ʜʦ ʢʦʤʧʣʝʢʪʫ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ.  

ʉʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ, ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʷʢʠʭ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ 

ʦʢʨʝʤʦ ʚʽʜ ʪʨʘʢʪʦʨʘ, ʧʨʠʯʝʧʘ, ʧʨʠʯʽʧʥʦʾ ʤʘʰʠʥʠ, ʘ ʪʘʢʦʞ ʩʪʘʥʜʘʨʪʠ ʽ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʢʪʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʠʤʦʛʠ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 
 

ʊʘʙʣʠʮʷ 1 ï ʉʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ, ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʷʢʠʭ 

ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʦʢʨʝʤʦ ʚʽʜ ʪʨʘʢʪʦʨʘ, ʧʨʠʯʝʧʘ, ʧʨʠʯʽʧʥʦʾ ʤʘʰʠʥʠ, ʘ 

ʪʘʢʦʞ ʩʪʘʥʜʘʨʪʠ ʽ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʢʪʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʠʤʦʛʠ 
 

ʏ/ʯ ʉʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ 
ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʡ ʯʠ ʥʦʨʤʘʪʠʚʥʠʡ 

ʜʦʢʫʤʝʥʪ, ʱʦ ʫʩʪʘʥʦʚʣʶʻ ʚʠʤʦʛʠ 

1 2 3 

1 
ʇʨʠʩʪʨʽʡ ʟʚʫʢʦʚʦʾ 

ʩʠʛʥʘʣʽʟʘʮʽʾ 
ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 28-00 

2 ɼʟʝʨʢʘʣʘ ʟʘʜʥʴʦʛʦ ʦʛʣʷʜʫ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 46-02 

3 
ɿʘʭʠʩʥʠʡ ʧʨʠʩʪʨʽʡ (ʢʘʙʽʥʘ) 

ʜʣʷ ʚʦʜʽʷ 
ɼʉʊʋ ISO 3463:2005 (ʜʠʥʘʤʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ) 

ɼʉʊʋ ISO 5700:2004 (ʩʪʘʪʠʯʥʽ  ʚʠʧʨʦʙʫʚʘʥʥʷ) 

4 ʉʠʜʽʥʥʷ ʜʣʷ ʚʦʜʽʷ 
ɼʉʊʋ ISO 4253:2008, ɻʆʉʊ 20062-96, ɼʉʊʋ ISO 26322-

1:2013, ɼʉʊʋ ISO 26322-2:2013, ɼʉʊʋ ISO 5007:2012, 

ɼʉʊʋ ISO 4254-1:2012 

5 
ʇʨʠʩʪʨʦʾ ʦʩʚʽʪʣʝʥʥʷ ʪʘ 

ʩʚʽʪʣʦʚʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ 
 

5.1 ʌʘʨʠ ʙʣʠʞʥʴʦʛʦ ʩʚʽʪʣʘ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 8-05 

5.2 ɿʘʜʥʽ (ʙʦʢʦʚʽ) ʛʘʙʘʨʠʪʥʽ ʚʦʛʥʽ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 7-02 

5.3 ʇʝʨʝʜʥʽ ʛʘʙʘʨʠʪʥʽ ʚʦʛʥʽ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 7-02 

5.4 ʇʦʢʘʞʯʠʢʠ ʧʦʚʦʨʦʪʽʚ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 6-01 

5.5 ʉʚʽʪʣʦʚʽʜʙʠʚʘʯʽ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 3-00 

5.6 
ʃʽʭʪʘʨʽ ʦʩʚʽʪʣʝʥʥʷ ʟʘʜʥʴʦʛʦ 

ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʫ 
ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 4-00 

5.7 ʉʪʦʧ-ʩʠʛʥʘʣʠ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 7-02 

5.8 ʌʘʨʠ ʜʘʣʴʥʴʦʛʦ ʩʚʽʪʣʘ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 1 ʽ 2-01 

5.9 ʇʝʨʝʜʥʽ ʧʨʦʪʠʪʫʤʘʥʥʽ ʬʘʨʠ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ 19-02:2002 

5.10 ɿʘʜʥʽ ʧʨʦʪʠʪʫʤʘʥʥʽ ʬʘʨʠ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 38-00 

5.11 ʌʘʨʠ ʟʘʜʥʴʦʛʦ ʭʦʜʫ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 23-00 

5.12 ʉʪʦʷʥʢʦʚʽ ʚʦʛʥʽ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 7-02 

5.13 ɻʘʙʘʨʠʪʥʽ (ʢʦʥʪʫʨʥʽ) ʚʦʛʥʽ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 7-02 

6 ʉʢʣʦ ʢʘʙʽʥʠ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 43-00 

7 
ʄʝʭʘʥʽʯʥʠʡ ʟʯʽʧʥʠʡ 

ʧʨʠʩʪʨʽʡ 

ɼʉʊʋ 7818:2015, ɼʉʊʋ ISO 5692:2007 (3 ʯʘʩʪʠʥʠ); 

ɼʉʊʋ ISO 6489:2006 (5 ʯʘʩʪʠʥ), ɼʉʊʋ ISO 

20019:2006, ɼʉʊʋ ISO 21244:2013 

8 
ɼʚʠʛʫʥ (ʦʙʩʷʛ ʚʠʢʠʜʽʚ 

ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ) 

ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ 96-00, 

ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ 49-02, 

ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 24-03 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮ ̔1 
1 2 3 

9 ʐʠʥʠ 
ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 106-00, 

ɼʉʊʋ 4140-2002/ɻʆʉʊ 7463-2003 

10 ʈʝʤʝʥʽ ʙʝʟʧʝʢʠ ɼʉʊʋ ISO 3776-3:2013, ɻʆʉʊ 26879-88 

11 
ʇʨʠʩʪʨʽʡ ʜʣʷ ʦʙʤʝʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ 
ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 89-00 

12 ʉʧʽʜʦʤʝʪʨ ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 39-00 
 

ʇʦʟʥʘʯʝʥʥʷ  ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʽʥʰʠʭ ʯʘʩʪʠʥ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʢʨʽʤ ʟʘʟʥʘʯʝʥʠʭ ʥʘ 

ʨʠʩʫʥʢʫ 5 ʪʘ  ʚ ʪʘʙʣʠʮʽ 1) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ  7. 

ʋ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʚʥʦʛʦ ʢʦʤʧʣʝʢʪʫ ʜʦʢʫʤʝʥʪʽʚ ʟ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʘʜʘʻʪʴʩʷ ʟʨʘʟʦʢ ʯʠ, ʟʘ ʧʦʪʨʝʙʠ, ʟʨʘʟʢʠ ʚʠʨʦʙʫ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ʚ ʘʢʨʝʜʠʪʦʚʘʥʫ  ʚʠʧʨʦʙʫʚʘʣʴʥʫ ʣʘʙʦʨʘʪʦʨʽʶ. ʇʨʦʪʦʢʦʣʠ (ʟʚʽʪʠ ʚʠʧʨʦʙʫʚʘʥʴ) 

ʜʦʜʘʶʪʴʩʷ ʜʦ ʟʘʟʥʘʯʝʥʦʛʦ ʢʦʤʧʣʝʢʪʫ ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʥʘʜʘʶʪʴʩʷ ʚ ʆʨʛʘʥ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ. 

ʆʨʛʘʥ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʜʝʪʘʣʴʥʦ ʧʝʨʝʚʽʨʷʻ ʪʝʭʥʽʯʥʠʡ ʦʧʠʩ ʪʘ 

ʢʦʤʧʣʝʢʪ ʥʘʜʘʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʜʦ ʚʠʜʘʯʽ ʩʝʨʪʠʬʽʢʘʪʘ ʟʘʪʚʝʨʜʞʝʥʥʷ 

ʪʠʧʫ ʧʨʦʚʦʜʠʪʴ ʧʦʧʝʨʝʜʥʶ ʦʮʽʥʢʫ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʙʩʷʛ ʧʝʨʝʚʽʨʢʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʩʝʨʪʠʬʽʢʘʪʘ ʥʘ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ.  

ɿʘ ʥʘʷʚʥʦʩʪʽ ʯʠʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʟ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ, 

ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʦʨʛʘʥ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʚʠʜʘʻ ʩʝʨʪʠʬʽʢʘʪ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ. 

ɿʛʽʜʥʦ ʟ ʊʝʭʥʽʯʥʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʟʘʟʥʘʯʝʥʠʡ 

ʩʝʨʪʠʬʽʢʘʪ ʤʘʻ ʧʽʜʪʚʝʨʜʞʫʚʘʪʠ ʥʝ ʣʠʰʝ ʪʝ, ʱʦ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʤʦʛʘʤ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ, ʘ ʡ ʪʝ, ʱʦ ʪʠʧ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

ʟʘʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʮʴʦʛʦ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ.  

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧʣʝʢʪʫ ʜʦʢʫʤʝʥʪʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʆʨʛʘʥʦʤ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ɼʇ 

çʋʢʨʎɺʊè ʟʘ ʫʯʘʩʪʶ ʂʄʎ ʽ ʬʦʨʤʘ ʩʝʨʪʠʬʽʢʘʪʘ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ. ʎʝʡ 

ʩʝʨʪʠʬʽʢʘʪ ʨʦʟʨʦʙʣʝʥʠʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤ, ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʤʦʛʘʤ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ, ʚʢʣʶʯʘʻ  ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ ʱʦʜʦ ʧʦʚʥʦʾ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʠʧʫ, ʡʦʛʦ ʚʘʨʽʘʥʪʽʚ ʽ ʚʝʨʩʽʡ, ʚʽʜʦʤʦʩʪʽ ʱʦʜʦ ʚʠʨʦʙʥʠʢʘ, ʜʘʥʽ 

ʱʦʜʦ ʧʨʦʮʝʜʫʨʠ  ʟʘʪʚʝʨʜʞʝʥʥʷ, ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʘʚʠʣʴʥʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʦʧʠʩʫ 

ʚʠʟʥʘʯʝʥʦʛʦ ʪʠʧʫ, ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʦʩʥʦʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʊʘʢʦʞ ʪʘʢʠʡ ʩʝʨʪʠʬʽʢʘʪ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʤʽʩʪʠʪʴ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ 

ʜʣʷ ʦʬʦʨʤʣʝʥʥʷ ʚʠʨʦʙʥʠʢʦʤ ʩʝʨʪʠʬʽʢʘʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʪʚʝʨʜʞʝʥʦʤʫ ʪʠʧʫ. 

ʎʝ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʦʬʦʨʤʣʝʥʥʷ ʪʘʢʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʱʦ ʜʦʣʫʯʘʻʪʴʩʷ 

ʚʠʨʦʙʥʠʢʦʤ ʜʦ ʢʦʞʥʦʛʦ ʪʨʘʢʪʦʨʘ, ʧʨʠʯʝʧʘ, ʧʨʠʯʽʧʥʦʾ ʤʘʰʠʥʠ, ʪʠʧ ʷʢʠʭ 

ʟʘʪʚʝʨʜʞʝʥʦ. 
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ɼʣʷ ʜʦʧʦʤʦʛʠ ʚʩʽʤ ʟʘʽʥʪʝʨʝʩʦʚʘʥʠʤ ʩʪʦʨʦʥʘʤ ʨʦʟʨʦʙʣʝʥʦ ʜʝʪʘʣʽʟʦʚʘʥʠʡ 

ʧʦʨʷʜʦʢ ʜʽʡ ʚʠʨʦʙʥʠʢʘ (ʧʦʩʪʘʯʘʣʴʥʠʢʘ) ʪʘ ʽʥʰʠʭ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, 

ʟʘʜʽʷʥʠʭ ʚ ʧʨʦʮʝʩʘʭ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʟʦʢʨʝʤʘ ʽ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ 

ʩʝʨʪʠʬʽʢʘʪʘ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ. ʇʨʠ ʮʴʦʤʫ ʢʨʽʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʩʝʨʽʡʥʦ ʚʠʛʦʪʦʚʣʝʥʠʭ ʪʨʘʢʪʦʨʽʚ, ʧʨʠʯʝʧʽʚ, ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ ʨʦʟʛʣʷʥʫʪʦ 

ʧʠʪʘʥʥʷ ʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʘʨʪʽʡ ʪʘ ʦʜʠʥʠʯʥʠʭ ʟʨʘʟʢʽʚ ʫʢʘʟʘʥʦʾ 

ʧʨʦʜʫʢʮʽʾ. ɿʘʟʥʘʯʝʥʠʡ ʧʦʨʷʜʦʢ ʜʝʪʘʣʴʥʦ ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʨʦʙʣʝʥʠʭ 

ʄʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʪʘ ʩʭʝʤʘʪʠʯʥʦ ʥʘ ʨʠʩʫʥʢʫ 8. 

 

× ɼʽʧʾʽʩʣʷ
ʦʪʨʠʤʘʥʥʷ
ʩʝʨʪʠʬʽʢʘʪʘ
ʟʘʪʚʝʨʜʞʝʥʥʷ
ʪʠʧʫ

(ʉʝʨʽʡʥʝʚʠʨʦʙʥʠʮʪʚʦ)

- ʈʝʢʦʤʝʥʜʦʚʘʥʦʩʧʨʦʱʝʥʽʧʨʦʮʝʜʫʨʠʟʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫ- ʈʝʢʦʤʝʥʜʦʚʘʥʦʩʧʨʦʱʝʥʽʧʨʦʮʝʜʫʨʠʟʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫ

üɺʠʢʦʥʫʻ(ʟʘʟʚʝʨʥʝʥʥʷʤʚʠʨʦʙʥʠʢʘ)ʢʦʥʩʫʣʴʪʘʮʽʡʥʦ-ʧʨʘʢʪʠʯʥʽʨʦʙʦʪʠʟ
ʧʝʨʝʚʽʨʢʠʪʘʜʦʦʧʨʘʮʶʚʘʥʥʷʽʥʬʦʨʤʘʮʽʡʥʦʛʦʜʦʢʫʤʝʥʪʘ(ʪʝʭʥʽʯʥʦʛʦʦʧʠʩʫ)
üʇʝʨʝʚʽʨʷʻʜ̔ʦʦʧʨʘʮʴʦʚʫʻʟʚʠʨʦʙʥʠʢʦʤ(ʟʘʥʝʦʙʭʽʜʥʦʩʪʽ) ʢʦʤʧʣʝʢʪʜʦʢʫʤʝʥʪʽʚ

üɸʥʘʣʽʟʫʻʥʘʜʘʥʽʚʠʨʦʙʥʠʢʦʤʜʦʢʫʤʝʥʪʠ
üɺʠʟʥʘʯʘʻʚʘʨʽʘʥʪʧʨʦʮʝʜʫʨʠʟʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫ
üɿʜʽʡʩʥʶʻʥʝʦʙʭʽʜʥʽʟʘʭʦʜʠʟʟʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫʟʛʽʜʥʦʟʚʘʨʽʘʥʪʦʤʧʨʦʮʝʜʫʨʠ

üɸʥʘʣʽʟʫʻʥʘʜʘʥʽʚʠʨʦʙʥʠʢʦʤʜʦʢʫʤʝʥʪʠ
üɺʠʟʥʘʯʘʻʚʘʨʽʘʥʪʧʨʦʮʝʜʫʨʠʟʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫ
üɿʜʽʡʩʥʶʻʥʝʦʙʭʽʜʥʽʟʘʭʦʜʠʟʟʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫʟʛʽʜʥʦʟʚʘʨʽʘʥʪʦʤʧʨʦʮʝʜʫʨʠ

üʇʦʛʦʜʞʫʻʧʨʦʛʨʘʤʫʪʘʧʨʠʡʤʘʻʧʨʝʜʩʪʘʚʥʠʢʽʚʆɿʊʜʣʧ̫ʨʦʚʝʜʝʥʥʷʧʦʧʝʨʝʜʥʴʦʾ
ʧʝʨʝʚʽʨʢʠʚʠʨʦʙʥʠʮʪʚʘ

üʇʦʛʦʜʞʫʻʧʨʦʛʨʘʤʫʪʘʧʨʠʡʤʘʻʧʨʝʜʩʪʘʚʥʠʢʽʚʆɿʊʜʣʧ̫ʨʦʚʝʜʝʥʥʷʧʦʧʝʨʝʜʥʴʦʾ
ʧʝʨʝʚʽʨʢʠʚʠʨʦʙʥʠʮʪʚʘ

üʆʬʦʨʤʣʷʻʩʝʨʪʠʬʽʢʘʪʚʽʜʧʦʚʽʜʥʦʩʪʽʟʘʪʚʝʨʜʞʝʥʦʤʫʪʠʧʫ, ʥʘʜʘʻʡʦʛʦʜʦʢʦʞʥʦʛʦ
ʚʠʨʦʙʫ, ʟʜʽʡʩʥʶʻʤʘʨʢʫʚʘʥʥʷ
üɿʘʙʝʟʧʝʯʫʻʩʝʨʽʡʥʝʚʠʨʦʙʥʠʮʪʚʦʪʨʘʥʩʧʦʨʪʥʠʭʟʘʩʦʙʽʚʟʧʽʜʪʚʝʨʜʞʝʥʠʤʠ
ʧʘʨʘʤʝʪʨʘʤʠʭ̔ʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ
üʇʦʚʽʜʦʤʣʷʻʧʨʦʟʤʽʥʠʢʦʥʩʪʨʫʢʮʽʾʪʨʘʥʩʧʦʨʪʥʦʛʦʟʘʩʦʙʫʆɿʊ

üʆʬʦʨʤʣʷʻʩʝʨʪʠʬʽʢʘʪʚʽʜʧʦʚʽʜʥʦʩʪʽʟʘʪʚʝʨʜʞʝʥʦʤʫʪʠʧʫ, ʥʘʜʘʻʡʦʛʦʜʦʢʦʞʥʦʛʦ
ʚʠʨʦʙʫ, ʟʜʽʡʩʥʶʻʤʘʨʢʫʚʘʥʥʷ
üɿʘʙʝʟʧʝʯʫʻʩʝʨʽʡʥʝʚʠʨʦʙʥʠʮʪʚʦʪʨʘʥʩʧʦʨʪʥʠʭʟʘʩʦʙʽʚʟʧʽʜʪʚʝʨʜʞʝʥʠʤʠ
ʧʘʨʘʤʝʪʨʘʤʠʭ̔ʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ
üʇʦʚʽʜʦʤʣʷʻʧʨʦʟʤʽʥʠʢʦʥʩʪʨʫʢʮʽʾʪʨʘʥʩʧʦʨʪʥʦʛʦʟʘʩʦʙʫʆɿʊ

üɺʥʦʩʠʪʴʟʤʽʥʠʚʩʝʨʪʠʬʽʢʘʪʟʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫʪʘʥʘʜʘʻʡʦʛʦʟʟ̔ʤʽʥʘʤʠʚʠʨʦʙʥʠʢʫ
üʇʨʦʚʦʜʠʪʴʧʝʨʽʦʜʠʯʥʽʧʝʨʝʚʽʨʢʠʚʠʨʦʙʥʠʮʪʚʘ

üɺʥʦʩʠʪʴʟʤʽʥʠʚʩʝʨʪʠʬʽʢʘʪʟʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫʪʘʥʘʜʘʻʡʦʛʦʟʟ̔ʤʽʥʘʤʠʚʠʨʦʙʥʠʢʫ
üʇʨʦʚʦʜʠʪʴʧʝʨʽʦʜʠʯʥʽʧʝʨʝʚʽʨʢʠʚʠʨʦʙʥʠʮʪʚʘ

üʌʦʨʤʫʢ̒ʦʤʧʣʝʢʪʜʦʢʫʤʝʥʪʽʚʟʧʽʜʪʚʝʨʜʞʝʥʥʷʚʽʜʧʦʚʽʜʥʦʩʪʽ
üʅʘʜʘʟ̒ʨʘʟʦʢʚʠʨʦʙʫʜʣʚ̫ʠʧʨʦʙʫʚʘʥʴʫɺʃ(ʟʘʥʝʦʙʭʽʜʥʦʩʪʽ) 

üʌʦʨʤʫʢ̒ʦʤʧʣʝʢʪʜʦʢʫʤʝʥʪʽʚʟʧʽʜʪʚʝʨʜʞʝʥʥʷʚʽʜʧʦʚʽʜʥʦʩʪʽ
üʅʘʜʘʟ̒ʨʘʟʦʢʚʠʨʦʙʫʜʣʚ̫ʠʧʨʦʙʫʚʘʥʴʫɺʃ(ʟʘʥʝʦʙʭʽʜʥʦʩʪʽ) 

üʉʢʣʘʜʘʻʽʥʬʦʨʤʘʮʽʡʥʠʡʜʦʢʫʤʝʥʪ(ʪʝʭʥʽʯʥʠʡʦʧʠʩ)
üɻʦʪʫʻʪʘʬʦʨʤʫʢ̒ʦʤʧʣʝʢʪʜʦʢʫʤʝʥʪʽʚʜʣʟ̫ʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫ
üʇʦʜʘʟ̒ʘʟʥʘʯʝʥʽʜʦʢʫʤʝʥʪʠʚʆɿʊʘʙʦʧʦʧʝʨʝʜʥʴʦʚɺʃʯʠʂʄʎ

üʉʢʣʘʜʘʻʽʥʬʦʨʤʘʮʽʡʥʠʡʜʦʢʫʤʝʥʪ(ʪʝʭʥʽʯʥʠʡʦʧʠʩ)
üɻʦʪʫʻʪʘʬʦʨʤʫʢ̒ʦʤʧʣʝʢʪʜʦʢʫʤʝʥʪʽʚʜʣʟ̫ʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫ
üʇʦʜʘʟ̒ʘʟʥʘʯʝʥʽʜʦʢʫʤʝʥʪʠʚʆɿʊʘʙʦʧʦʧʝʨʝʜʥʴʦʚɺʃʯʠʂʄʎ

üɺʠʟʥʘʯʘʻʚʠʨʦʙʠ, ʥʘ̫ ʢʧ̔ʦʰʠʨʶʻʪʴʩʷʜʽʊ̫ʝʭʥʽʯʥʦʛʦʨʝʛʣʘʤʝʥʪʫ
üɺʠʟʥʘʯʘʻʢʘʪʝʛʦʨʽʶ, ʪʠʧ,  ʚʘʨʽʘʥʪʠʚ̔ʝʨʩʽʾʪʠʧʫʪʨʘʥʩʧʦʨʪʥʦʛʦʟʘʩʦʙʫ
üʋʩʪʘʥʦʚʣʶʻʚʠʤʦʛʠ, ʷʢʧ̔ʦʰʠʨʶʶʪʴʩʷʥʘʚʠʟʥʘʯʝʥʽʢʘʪʝʛʦʨʽʾʪ̔ʠʧʠ

üɺʠʟʥʘʯʘʻʚʠʨʦʙʠ, ʥʘ̫ ʢʧ̔ʦʰʠʨʶʻʪʴʩʷʜʽʊ̫ʝʭʥʽʯʥʦʛʦʨʝʛʣʘʤʝʥʪʫ
üɺʠʟʥʘʯʘʻʢʘʪʝʛʦʨʽʶ, ʪʠʧ,  ʚʘʨʽʘʥʪʠʚ̔ʝʨʩʽʾʪʠʧʫʪʨʘʥʩʧʦʨʪʥʦʛʦʟʘʩʦʙʫ
üʋʩʪʘʥʦʚʣʶʻʚʠʤʦʛʠ, ʷʢʧ̔ʦʰʠʨʶʶʪʴʩʷʥʘʚʠʟʥʘʯʝʥʽʢʘʪʝʛʦʨʽʾʪ̔ʠʧʠ

üʇʨʦʚʦʜʠʪʴʧʦʧʝʨʝʜʥʶʧʝʨʝʚʽʨʢʫʚʠʨʦʙʥʠʮʪʚʘʪʘʦʮʽʥʶʻʾʨʾʝʟʫʣʴʪʘʪʠ
üʇʨʠʡʤʘʻʨʽʰʝʥʥʷʧʨʦʚʽʜʧʦʚʽʜʥʽʩʪʴʫʩʪʘʥʦʚʣʝʥʠʤʚʠʤʦʛʘʤ
üʆʬʦʨʤʣʶʻʪʘʥʘʜʘʻʚʠʨʦʙʥʠʢʫʩʝʨʪʠʬʽʢʘʪʟʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫ, ʟʘʥʦʩʠʪʴʡʦʛʦʚ
ʨʝʻʩʪʨ

üʇʨʦʚʦʜʠʪʴʧʦʧʝʨʝʜʥʶʧʝʨʝʚʽʨʢʫʚʠʨʦʙʥʠʮʪʚʘʪʘʦʮʽʥʶʻʾʨʾʝʟʫʣʴʪʘʪʠ
üʇʨʠʡʤʘʻʨʽʰʝʥʥʷʧʨʦʚʽʜʧʦʚʽʜʥʽʩʪʴʫʩʪʘʥʦʚʣʝʥʠʤʚʠʤʦʛʘʤ
üʆʬʦʨʤʣʶʻʪʘʥʘʜʘʻʚʠʨʦʙʥʠʢʫʩʝʨʪʠʬʽʢʘʪʟʘʪʚʝʨʜʞʝʥʥʷʪʠʧʫ, ʟʘʥʦʩʠʪʴʡʦʛʦʚ
ʨʝʻʩʪʨ

üʅʘʜʘʢ̒ʦʥʩʫʣʴʪʘʮʽʡʥʫʧ̔ʨʘʢʪʠʯʥʫʜʦʧʦʤʦʛʫʟʚʠʟʥʘʯʝʥʥʷʪʠʧʫ, ʚʘʨʽʘʥʪʽʚʽ
ʚʝʨʩʽʡʪʠʧʫ, ʫʩʪʘʥʦʚʣʝʥʥʷʚʠʤʦʛ(ʟʘʥʝʦʙʭʽʜʥʦʩʪʽ)

üʇʨʦʚʦʜʠʪʴʚʠʧʨʦʙʫʚʘʥʥʷʪʘʩʢʣʘʜʘʻʜʦʢʫʤʝʥʪʠʟʧʽʜʪʚʝʨʜʞʝʥʥʷʚʽʜʧʦʚʽʜʥʦʩʪʽ
üʇʝʨʝʚʽʨʷʻʜʘʥʽ(ʟʘʥʝʦʙʭʽʜʥʦʩʪʽ)ʜʣʷ̔ʥʬʦʨʤʘʮʽʡʥʦʛʦʜʦʢʫʤʝʥʪʘ(ʪʝʭʥʽʯʥʦʛʦʦʧʠʩʫ)

ʋʢʨʅɼɯʇɺʊ

ʽʤ.  ʃ.ʇʦʛʦʨʽʣʦʛʦ

× ʇʽʜʛʦʪʦʚʢʘ
ʜʦʢʫʤʝʥʪʽʚʜʣʷ
ʟʘʪʚʝʨʜʞʝʥʥʷ
ʪʠʧʫ

× ɿʘʪʚʝʨʜʞʝʥʥʷ
ʪʠʧʫ
ʪʨʘʥʩʧʦʨʪʥʠʭ
ʟʘʩʦʙʽʚ

ʳʬʷʳʬʷ

ʧˍ˕˓ˆ˒ˍˏʧˍ˕˓ˆ˒ˍˏ

ʧˍ˕˓ˆ˒ˍˏʧˍ˕˓ˆ˒ˍˏ

ʳʬʷʳʬʷ

ʳʬʷʳʬʷ

ʯʱʻʯʱʻ

ʧˍ˕˓ˆ˒ˍˏʧˍ˕˓ˆ˒ˍˏ

ʧˍ˕˓ˆ˒ˍˏʧˍ˕˓ˆ˒ˍˏ

ʧˍ˕˓ˆ˒ˍˏʧˍ˕˓ˆ˒ˍˏ

ʧʰ

ʯʱʻʯʱʻ

ÅʇʘʨʪʽʾʪʘʦʜʠʥʠʯʥʽʟʨʘʟʢʠÅʇʘʨʪʽʾʪʘʦʜʠʥʠʯʥʽʟʨʘʟʢʠ

 

ʈʠʩʫʥʦʢ 8 ï ʇʦʨʷʜʦʢ ʜʽʡ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʟʘʜʽʷʥʠʭ ʚ ʧʨʦʮʝʩʽ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ ʪʨʘʢʪʦʨʽʚ, ʧʨʠʯʝʧʽʚ, ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ 
 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʂʄʎ 

(ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ) ʽ ɼʇ çʋʢʨʎɺʊè, ʩʪʚʦʨʝʥʘ ʟʘ ʫʯʘʩʪʶ 

ʄʽʥʘʛʨʦʧʦʣʽʪʠʢʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʽʥʩʪʠʪʫʮʽʡʥʘ ʙʘʟʘ ʪʘ ʨʦʟʨʦʙʣʝʥʝ ʥʦʨʤʘʪʠʚʥʦ-

ʤʝʪʦʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ, ʘ ʪʘʢʦʞ ʽʩʪʦʪʥʦ ʩʧʨʦʩʪʠʣʠ ʫʤʦʚʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʪʘ ʧʨʦʮʝʜʫʨ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ.  

ʋʧʨʦʚʘʜʞʝʥʥʷ ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤ ʱʦʜʦ ʙʝʟʧʝʯʥʦʩʪʽ ʪʨʘʢʪʦʨʽʚ, 

ʧʨʠʯʝʧʽʚ, ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ, ʾʭʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʧʨʦʮʝʜʫʨ ʦʮʽʥʶʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʻ ʟʘʧʦʨʫʢʦʶ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʟʘʟʥʘʯʝʥʦʾ 

ʫʢʨʘʾʥʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ,  ʤʦʞʣʠʚʦʩʪʽ ʚʠʭʦʜʫ ʾʾ ʥʘ ʻʚʨʦʧʝʡʩʴʢʽ ʽ ʩʚʽʪʦʚʽ ʨʠʥʢʠ, ʘ 
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ʪʘʢʦʞ ʦʩʥʘʱʝʥʥʷ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʙʽʣʴʰ ʙʝʟʧʝʯʥʠʤʠ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ 

 

ʃ̔ ʪʝʨʘʪʫʨʘ 

1 ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʠʧʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʘ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʨʘʢʪʦʨʽʚ, ʾʭ ʧʨʠʯʝʧʽʚ ʽ ʟʤʽʥʥʠʭ 

ʧʨʠʯʽʧʥʠʭ ʤʘʰʠʥ, ʩʠʩʪʝʤ, ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʪʘ ʦʢʨʝʤʠʭ ʪʝʭʥʽʯʥʠʭ ʚʫʟʣʽʚ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: ʇʦʩʪʘʥʦʚʘ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 28.12.2011 

ʨ. ˉ 1367. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://zakon4.rada.gov.ua/ ð ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. 

2. Directive 2003/37/ɽʉ of the european parliament and of the council of 26 

May 2003 on type-approval of agricultural or forestry tractors, their trailers and 

interchangeable towed machinery, together with their systems, components and 

separate technical units and repealing Directive 74/150/EEC. [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]: ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://eur-lex.europa.eu/ ð ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. 

3. ʇʨʦ ʪʝʭʥʽʯʥʽ ʨʝʛʣʘʤʝʥʪʠ ʪʘ ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 15 ʩʽʯʥʷ 2015 ʨʦʢʫ ˉ 124-VIII . ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://zakon4.rada.gov.ua/ ð ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. 

4. ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʱʦʜʦ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 
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http://zakon4.rada.gov.ua/ ð ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʘʩʧʝʢʪʳ ʫʪʚʝʨʞʜʝʥʠʷ ʪʠʧʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʪʨʘʢʪʦʨʦʚ, ʧʨʠʮʝʧʦʚ, ʧʨʠʮʝʧʥʳʭ ʤʘʰʠʥ, ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʪʘʢʦʡ ʪʝʭʥʠʢʠ ʝʚʨʦʧʝʡʩʢʠʭ ʥʦʨʤ ʠ ʧʨʦʮʝʜʫʨ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʠʷ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʠ ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʢʦʪʦʨʳʤ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠ ʫʪʚʝʨʞʜʝʥʠʠ ʪʠʧʘ, ʧʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʚʳʙʦʨʫ ʪʨʝʙʦʚʘʥʠʡ ʜʣʷ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʜʛʦʪʦʚʢʠ 

ʜʦʢʫʤʝʥʪʦʚ ʠ ʧʦʨʷʜʢʘ ʜʝʡʩʪʚʠʡ ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʧʨʦʮʝʜʫʨʳ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ. 

 

Summary.  

The main features and components of the approval of the type of agricultural 

and forestry tractors, trailers, trailers are given, the results of research on the 

regulatory and methodological support for the application of European norms and 

procedures for conformity assessment for such equipment, the establishment and 

observance of requirements that are assessed when approving a type are given 

recommendations on the selection of requirements for components and 

characteristics, preparation of documents and procedure for business  entities 

action to undergo conformity assessment procedures. 
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ʄɽʊʈʀɿɸʎɯʗ ʈɽʉʋʈʉʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ʌʋʅʂʎɯʆʅɸʃʔʅʆɰ ʉʊɯʁʂʆʉʊɯ ɸɻʈʆɺʀʈʆɹʅʀʎʊɺɸ ɿɸ ʋʄʆɺ 

ʈʀɿʀʂʆɺɸʅʆɻʆ ɿɽʄʃɽʈʆɹʉʊɺɸ 

 

ɺ. ʂʨʘʚʯʫʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʯʣ.-ʢʦʨ. ʅɸɸʅ ʋʢʨʘʾʥʠ  

ɼʅʋ çʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦè, 

ɻ. ɹʘʨʘʥʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.,  

ʆ. ʇʨʦʭʦʨʝʥʢʦ, ʘʩʧʽʨʘʥʪ,  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʫʢʦʚʘ ʢʦʥʮʝʧʮʽʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʤʝʪʨʠʟʘʮʽʾ 

ʨʝʩʫʨʩʥʠʭ ʦʩʥʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ ʟʘ ʫʤʦʚ ʨʠʟʠʢʦʚʘʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ. ʆʙˇʨʫʥʪʦʚʘʥʦ 

ʘʢʩʽʦʤʘʪʠʯʥʘ ʻʜʥʽʩʪʴ ʨʦʟʤʽʨʥʦʩʪʽ ʽ ʧʦʜʽʙʥʦʩʪʽ ʬʽʟʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʙʘʟʠʩʥʠʭ ʧʨʦʮʝʩʽʚ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʫ  ʻʜʠʥʦʤʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʤʫ ʢʦʥʪʠʥʫʫʤʽ ʽʩʥʫʶʪʴ 

ʘʣʛʝʙʨʘʾʯʥʽ ʤʝʪʨʠʟʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʛʝʪʝʨʦʛʝʥʥʠʤʠ ʨʝʩʫʨʩʥʠʤʠ 

ʟʘʩʦʙʘʤʠ ʝʬʝʢʪʠʚʥʦʛʦ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʝ ʟʝʤʣʝʨʦʙʩʪʚʦ, ʘʛʨʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʨʝʩʫʨʩʥʽ ʦʩʥʦʚʠ, ʤʝʪʨʦʣʦʛʽʯʥʽ ʤʝʪʨʠʢʠ, ʘʣʛʝʙʨʘʾʯʥʽ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ. 

 

ɺʩʪʫʧ. ɼʠʥʘʤʽʢʘ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʫ (ɸʇʂ) ʋʢʨʘʾʥʠ ʥʘ ʙʘʟʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʤʘʰʠʥ (ʉɻʄ), ʘʛʨʝʛʘʪʽʚ ʡ ʢʦʤʧʣʝʢʩʽʚ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʩʦʢʽ ʨʽʚʥʽ ʛʘʨʘʥʪʽʾ: 

ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʟ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʧʨʘʮʽ; ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ 

ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ (ɸɺʇʈ); ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʙʽʦʩʬʝʨʠ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʽʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ɿʅʆʉ), ʚʢʣʶʯʘʶʯʠ ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʠʟʠʢʦʚʘʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ [1-4]. 

ɼʽʣ̫ʴʥʽʩʪʴ ʚʽʜʦʤʠʭ ʯʠʩʣʝʥʥʠʭ ʧʦʣʽʝʨʛʘʪʠʯʥʠʭ (ʣʶʜʠʥʦ-ʤʘʰʠʥʥʠʭ) 

ʚʠʨʦʙʥʠʯʠʭ ʦʨʛʘʥʽʟʘʮʽʡ (ʇɽɺʆ) ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʚʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ 

ʥʘ ʚʩʽ ʩʢʣʘʜʦʚʽ ʛʣʦʙʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʣʘʥʝʪʽ ɿʝʤʣʷ, ʱʦ ʟʘ ʫʤʦʚ 

ʥʝʚʠʢʦʥʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʂʽʦʪʩʴʢʦʛʦ ʧʨʦʪʦʢʦʣʫ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʟʘʛʨʦʟʣʠʚʠʭ 

ʟʤʽʥ ʬʦʨʤ ʞʠʪʪʷ ʥʘ ʚʩʽʡ ʧʣʘʥʝʪʽ [4]. ʗʢʱʦ ʥʝ ʟʤʝʥʰʠʪʠ ʨʽʚʥʽ ʟʘʙʨʫʜʥʝʥʥʷ 

ʝʢʦʩʠʩʪʝʤʠ ʭʽʤʽʯʥʠʤʠ ʡ ʙʽʦʣʦʛʽʯʥʠʤʠ ʦʪʨʫʪʘʤʠ, ʥʝ ʧʨʠʧʠʥʠʪʠ ʜʝʛʨʘʜʘʮʽʡʥʽ 

ʨʫʡʥʽʚʥʽ ʧʨʦʮʝʩʠ  ʛʝʦʩʬʝʨʠ, ʷʢ ʥʘʩʣʽʜʦʢ ʟʤʝʥʰʠʪʴʩʷ ʨʝʩʫʨʩʥʘ ʦʩʥʦʚʘ 

ʝʬʝʢʪʠʚʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʚʞʝ ʚʽʜʦʤʽ ʦʟʥʘʯʝʥʽ 

ʧʨʘʢʪʠʢʦʶ ʩʢʣʘʜʦʚʽ ʤʘʡʙʫʪʥʴʦʛʦ: ʙʝʟʧʝʢʘ ʞʠʪʪʷ ʣʶʜʠʥʠ, ʟʙʝʨʝʞʝʥʥʷ 
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ʩʪʽʡʢʦʩʪʽ ɸɺʇʈ ʫ ʤʝʞʘʭ ɸʇʂ, ʛʘʨʘʥʪʦʚʘʥʝ ʘʜʘʧʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ (ɻɸʋ) 

ʧʨʦʮʝʩʘʤʠ ʩʢʣʘʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ (ʉɼʉ) ʪʦʱʦ. ɸʣʝ ʥʝ ʚʽʜʦʤʽ ʫʤʦʚʠ, 

ʷʢʽ ʬʦʨʤʫʶʪʴ ʻʜʠʥʫ ʥʘʫʢʦʚʫ ʧʘʨʘʜʠʛʤʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʢʝʨʦʚʘʥʠʭ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ, ʉɻʄ ʪʘ ʢʦʤʧʣʝʢʩʽʚ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʇɽɺʆ 

ʫ ʚʽʜʢʨʠʪʦʤʫ ʥʝʟʘʣʝʞʥʦʤʫ ɿʅʆʉ ʧʨʠʨʦʜʥʦʛʦ ɺʩʝʩʚʽʪʫ. ʇʦʪʨʝʙʠ ʚʠʟʥʘʯʝʥʥʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʦʩʥʦʚ ʤʘʡʙʫʪʥʴʦʛʦ ʨʝʩʫʨʩʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʬʦʨʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ɸɺʇʈ ʟʘ ʫʤʦʚ ʨʝʘʣʴʥʠʭ ʨʠʟʠʢʽʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ɿʅʆʉ ʦʙʫʤʦʚʣʶʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʥʘʫʢʦʚʠʡ ʥʘʧʨʷʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ [1-6] ʩʚʽʜʯʠʪʴ, 

ʱʦ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ɸʇʂ [1,2] ʪʘ ʥʝʧʝʨʝʨʚʥʝ ʨʦʟʰʠʨʝʥʥʷ ʡ ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [3] ʚʩʝ ʙʽʣʴʰ ʧʦʚôʷʟʘʥʽ ʟ 

ʥʘʢʦʧʠʯʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʘʛʨʘʨʥʠʭ ʟʥʘʥʴ, ʷʢʽ ʜʠʬʝʨʝʥʮʽʶʻʤʦ ʟʘ ʦʢʨʝʤʠʤʠ 

ʥʘʫʢʦʚʠʤʠ ʥʘʧʨʷʤʘʤʠ [4]. ʇʨʠʨʦʜʥʘ ʩʢʣʘʜʥʽʩʪʴ ʦʙôʻʢʪʽʚ ɺʩʝʩʚʽʪʫ, ʂʦʩʤʦʩʫ, 

ɻʝʣʽʦ-ʛʝʦʝʢʦʣʦʛʽʾ, ʊʝʭʥʽʢʠ ʪʘ ʊʝʭʥʦʣʦʛʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʚʩʽʭ  ʨʽʚʥʷʭ  ʦʧʠʩʫ 

ʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ  ʉɼʉ [7]. ɺʽʜ ʪʦʯʥʦʩʪʽ, 

ʧʦʚʥʦʪʠ, ʘʜʝʢʚʘʪʥʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ  ʨʽʰʝʥʴ 

ʩʪʦʩʦʚʥʦ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ( ʩʠʪʫʘʪʠʚʥʦʾ, ʯʘʩʪʢʦʚʦʾ, ʝʢʚʽʚʘʣʝʥʪʥʦʾ) ʜʦ ʬʘʢʪʦʨʽʚ 

ʥʝʦʙʤʝʞʝʥʦʛʦ, ʥʝʟʘʣʝʞʥʦʛʦ, ʥʝʚʠʟʥʘʯʝʥʦʛʦ ɿʅʆʉ, ʷʢʠʡ ʥʘ ʤʦʞʣʠʚʠʭ ʨʽʚʥʷʭ 

ʚʧʣʠʚʘʻ ʥʘ ʝʣʝʤʝʥʪʠ, ʘʛʨʝʛʘʪʠ ʡ ʢʦʤʧʣʝʢʩʠ ɸɺʇʈ, ʟʘʣʝʞʘʪʴ ʢʦʤʧʣʝʢʩʥʽ 

ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ɸʇʂ ʪʘ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʇɽɺʆ. ʊʦʤʫ ʧʦʰʫʢ ʧʨʠʥʮʠʧʽʚ 

ʨʝʩʫʨʩʥʦʾ ʙʫʜʦʚʠ ʤʘʡʙʫʪʥʽʭ ʉɼʉ, ʜʝ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʨʝʘʣʴʥʠʭ ʨʠʟʠʢʽʚ ʚʽʜ 

ɿʅʆʉ ʛʘʨʘʥʪʦʚʘʥʘ ʙʝʟʧʝʢʘ ʞʠʪʪʷ (VITO), ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʥʘʫʢʦʚʦʾ ʢʦʥʮʝʧʮʽʾ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ 

ʤʝʪʨʠʟʘʮʽʾ ʨʝʩʫʨʩʥʠʭ ʦʩʥʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ɸɺʇʈ ʟʘ 

ʫʤʦʚ ʨʝʘʣʴʥʦʛʦ ʨʠʟʠʢʦʚʘʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʦʙʠ ɻɸʋ 

ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ ʩʫʪʪʻʚʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ɸɺʇʈ ʰʣʷʭʦʤ 

ʧʦʯʝʨʛʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʚʜʘʥʴ ʇɽɺʆ ɸʇʂ ʥʘ ʝʪʘʧʘʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ʂʂʄ) ʉɼʉ, ʱʦ ʛʘʨʘʥʪʫʶʪʴ ʧʨʠʥʮʠʧʦʚʝ 

ʫʩʫʥʝʥʥʷ ʥʝʙʘʞʘʥʠʭ ʧʦʪʦʯʥʠʭ ʨʠʟʠʢʽʚ ʚʧʣʠʚʫ ɿʅʆʉ. ɼʣʷ ʚʩʽʭ ʬʦʨʤ ʞʠʪʪʷ 

ʦʙôʻʢʪʽʚ ɸɺʇʈ ʚ ʨʝʘʣʴʥʠʭ (ʧʨʦʛʥʦʟʥʠʭ) ʫʤʦʚʘʭ ʚʧʣʠʚʽʚ ʬʘʢʪʦʨʽʚ ɿʅʆʉ 

ʟʘʩʦʙʠ ʂʂʄ ʉɼʉ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʘʮʽʦʥʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ ʪʘ ʪʝʭʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʩʪʦʩʦʚʥʦ: ʩʠʥʝʨʛʝʪʠʯʥʦʾ ʽʥʪʝʛʨʦʚʘʥʦʾ ʙʝʟʧʝʢʠ ʫ 

ʙʽʦʩʬʝʨʥʦʤʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʤʫ ʢʦʥʪʽʥʫʫʤʽ (ʇʏʂ); ʟʘʢʦʥʽʚ ʧʦʯʝʨʛʦʚʦʛʦ 

ɻɸʋ ʩʠʣʦʚʠʤʠ ʦʨʛʘʥʘʤʠ ʪʘ ʜʚʠʛʫʥʘʤʠ; ʪʨʘʻʢʪʦʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʨʰʨʫʪʽʚ 

ʨʫʭʫ ʤʘʥʝʚʨʝʥʠʭ ʉɻʄ; ʜʦʟʦʚʘʥʠʭ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʧʦʨʮʽʡ ʚʥʝʩʝʥʥʷ 

ʚʠʪʨʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; ʦʮʽʥʢʠ ʬʘʢʪʠʯʥʠʭ ʨʠʟʠʢʽʚ ʪʘ ʨʽʚʥʽʚ ʙʝʟʧʝʢʠ ʥʘ ʢʦʞʥʽʡ 

ʬʘʟʽ ʨʝʘʣʽʟʘʮʽʾ ʟʤʝʥʰʝʥʥʷ ʟʘʧʘʩʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ  ʪʘ ʨʝʩʫʨʩʥʠʭ 

ʟʘʧʘʩʽʚ. 

ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ. ʇʨʠʥʮʠʧʦʚʦ ɿʅʆʉ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʩʽʤʘ 

ʦʙôʻʢʪʠʚʥʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ ʫ ʙʫʜʴ-ʷʢʦʾ ʯʘʩʪʢʠ ʇʏʂ [7]. ʋ ʤʝʞʘʭ 

ʻʜʠʥʦʛʦ ɺʩʝʩʚʽʪʫ ʽʩʥʫʻ ʛʣʦʙʘʣʴʥʘ ʤʝʪʨʠʟʦʚʘʥʘ ʚʢʣʘʜʝʥʽʩʪʴ ʢʦʥʢʨʝʪʥʠʭ ʇʏʂ 

ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʚʥʷʭ ʦʨʛʘʥʽʟʘʮʽʾ: ʘʪʦʤʘʨʥʠʭ ʥʘʥʦ-ʘʥʩʛʪʨʝʤ; ʘʛʨʝʛʘʪʥʠʭ  

ʤʘʢʨʦ ï ʤʝʪʘ; ʛʣʦʙʘʣʴʥʠʭ ʪʝʨʘ-ʜʝʥʪʦ ʤʘʩʰʪʘʙʘʭ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʨʦʜʫʢʪʠ 
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ʩʦʮʽʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʇɽɺʆ ʫ ʚʠʛʣʷʜʽ ʰʪʫʯʥʠʭ ʦʙôʻʢʪʽʚ ɸɺʇʈ ʟʘʚʞʜʠ ʤʘʶʪʴ 

ʢʦʥʢʨʝʪʥʽ ʦʙʤʝʞʝʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʡ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ [8].  

ʇʦʥʷʪʪʷ ʢʦʥʢʨʝʪʥʦʾ ʬʦʨʤʠ (ʧʦʚʝʨʭʥʽ, ʦʙôʻʤʫ, ʢʦʨʧʫʩʫ) ʜʣʷ ʢʦʞʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʡ ʢʦʤʧʦʥʝʥʪʘ ʉɻʄ ʜʫʞʝ ʚʘʞʣʠʚʦ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʽʾ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʨʫʭʫ ʫ ʇʏʂ. ɼʽʡʩʥʦ, ʨʫʭ ʉɻʄ ʧʦ ʨʝʣʴʻʬʫ ʧʦʣʷ ʦʙʫʤʦʚʣʝʥʠʡ ʚʩʽʤʘ ʘʢʪʠʚʥʠʤʠ 

ʩʠʣʘʤʠ ʪʘ ʤʦʤʝʥʪʘʤʠ ʚʟʘʻʤʦʜʽʾ ʥʘ ʡʦʛʦ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʥʷʭ ʢʦʥʩʪʨʫʢʮʽʾ 

ʣʦʢʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ɿʅʆʉ. ʊʦʤʫ ʧʨʠʥʮʠʧʦʚʦ ʽʩʥʫʻ ʪʨʠʻʜʥʽʩʪʴ ʥʘ 

ʟʦʚʥʽʰʥʴʦʤʫ ( EXTERNAL), ʚʥʫʪʨʽʰʥʴʦʤʫ (INTERNAL) ʪʘ ʢʦʥʪʘʢʪʥʦʤʫ (ON 

CONTACT) ʨʽʚʥʷʭ ʚʟʘʻʤʦʜʽʾ ʧʽʜ ʯʘʩ ʟʤʽʥʠ ʧʨʦʩʪʦʨʦʚʠʭ ʧʦʟʠʮʽʡ ʉɻʄ 

ʚʽʜʥʦʩʥʦ ɿʅʆʉ. ɺʽʜʧʦʚʽʜʥʽ ʧʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ (interrelation, interaction, 

cooperation first element of compounds) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʻʜʥʽʩʪʴ 

ʥʦʩʽʷ ʨʫʭʫ, ʝʥʝʨʛʦ-ʤʘʩʦʚʦʾ ʩʫʙʩʪʘʥʮʽʾ, ʬʦʨʤʠ ʢʦʨʧʫʩʫ ʧʽʜ ʯʘʩ ʧʨʦʥʠʢʥʝʥʥʷ ʫ 

ʥʘʩʪʫʧʥʠʡ ʦʙôʻʤ ʇʏʂ ɿʅʆʉ. ɿʽ ʩʚʦʛʦ ʙʦʢʫ ɿʅʆʉ ʟʤʽʥʶʻ ʚʣʘʩʥʽ ʥʝʟʘʣʝʞʥʽ 

ʧʨʠʨʦʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʟʘʤʽʱʝʥʥʷ ʯʘʩʪʢʠ ʦʙô̒ ʤʫ ʥʘ ʦʙôʻʤʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙôʻʢʪʘ , ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʉɻʄ. ʆʪʞʝ, ʩʣʽʜ ʪʨʠʯʽ 

ʚʠʟʥʘʯʘʪʠ ʧʦʥʷʪʪʷ: ʛʣʦʙʘʣʴʥʘ ʟʦʥʘ ʢʽʥʮʝʚʠʭ ʧʦʟʠʮʽʡ ʪʘ ʜʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫ ɸʇʂ; ʟʦʥʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʮʽʣʴʥʠʭ ʙʝʟʧʝʯʥʠʭ ʦʧʝʨʘʮʽʡ 

ʫ ʪʘʢʪʠʯʥʦʤʫ ɿʅʆʉ, ʢʦʨʠʩʥʦʤʫ ʜʣʷ ʩʪʽʡʢʦʩʪʽ (serve vitality) ɸɺʇʈ ʟʘ ʬʘʟʘʤʠ 

ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ; ʙʘʟʠʩʥʽ ʧʦʪʦʯʥʽ ʧʦʟʠʮʽʾ ʉɻʄ ʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʣʦʢʘʣʴʥʦʤʫ 

ɿʅʆʉ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʚʜʘʥʥʷ ʦʧʝʨʘʪʦʨʘ (real-time fly  up)  ʙʝʟ 

ʬʘʪʘʣʴʥʠʭ ʧʦʤʠʣʦʢ (vital errors). ʎʽʣʽʩʥʘ ʧʦʚʥʦʪʘ, ʥʝʧʝʨʝʨʚʥʘ  ʚʢʣʘʜʝʥʽʩʪʴ ʪʘ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ ʪʨʠʻʜʥʽʩʪʴ ʮʠʭ ʩʢʣʘʜʦʚʠʭ ʇʏʂ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ɸɺʇʈ ɸʇʂ ʚʥʘʩʣʽʜʦʢ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚʩʽʭ ʽʥʪʝʨʬʝʡʩʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʉɻʄ. 

 
ʊʘʙʣʠʮʷ 1 ï ʂʣʘʩʠʬʽʢʘʮʽʡʥʽ ʦʟʥʘʢʠ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʚʠʟʥʘʯʘʣʴʥʠʭ ʩʝʤʠ ʚʠʜʽʚ 

ʨʝʩʫʨʩʽʚ ʇɽɺʆ ʜʣʷ ʜʚʦʭ ʬʦʨʤ ʽ ʪʨʴʦʭ ʨʦʟʤʽʨʥʦʩʪʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʞʠʪʪʻʩʪʽʡʢʠʭ ʉɼʉ 
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ɺʦʯʝʚʠʜʴ ʧʦʚʥʠʡ ʧʣʘʥ ʜʽʡ ʤʦʞʣʠʚʦ ʚʽʜʦʙʨʘʞʘʪʠ ʥʘ ʝʣʝʢʪʨʦʥʥʠʭ ʢʘʨʪʘʭ 

(ESDIS) ʟ ʚʽʜʧʦʚʽʜʥʦ  ʩʫʪʪʻʚʦ ʨʽʟʥʠʤʠ ʤʘʩʰʪʘʙʘʤʠ ʜʝʪʘʣʽʟʘʮʽʾ ʦʢʦʣʫ ʇʏʂ 

ʥʘʚʢʦʣʦ ʙʘʟʠʩʥʠʭ  ( ʨʝʧʝʨʥʠʭ, ʢʣʶʯʦʚʠʭ, ʚʠʨʽʰʘʣʴʥʠʭ) ʧʦʟʠʮʽʡ ʉɻʄ ʥʘ 

ʤʘʡʙʫʪʥʽʭ ʧʨʦʛʨʘʤʥʠʭ ʜʽʣʷʥʢʘʭ ʤʘʨʰʨʫʪʫ ʫ ɿʅʆʉ. ʉʫʪʥʽʩʪʴ, ʦʩʦʙʣʠʚʽʩʪʴ ʽ 
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ʩʧʝʮʠʬʽʢʘ ʢʦʞʥʦʾ ʟʦʥʠ ʚʧʣʠʚʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ɿʅʆʉ 

ʧʦʪʨʝʙʫʶʪʴ ʾʭ ʧʝʨʝʜʯʘʩʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ. ʉʘʤʝ ʮʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʦʙʦʚôʷʟʢʦʚʦʛʦ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʚʠʢʣʶʯʝʥʥʷ ʨʦʢʦʚʠʭ ʧʦʤʠʣʦʢ (ʨʠʟʠʢʽʚ 

ʥʝʧʝʨʝʜʙʘʯʝʥʦʛʦ ʥʝʚʠʟʥʘʯʝʥʥʷ) ʪʘ ʢʦʥʬʣʽʢʪʥʠʭ (conflict) ʨʽʰʝʥʴ ʩʪʦʩʦʚʥʦ 

ʟʤʽʥ ʟʘʢʦʥʫ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ ʨʫʭʫ ʉɻʄ.  ɹʦʨʪʦʚʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʽʚʥʽ ʢʦʤʧʣʝʢʩʠ (ɹɯʂʂ) ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ɻɸʋ ʟʘʚʯʘʩʥʦ ʧʦʚʠʥʥʽ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ, ʱʦʙ ʣʽʢʚʽʜʫʚʘʪʠ 

ʧʨʦʛʥʦʟʥʽ ʢʦʥʬʣʽʢʪʠ ʪʘ ʢʘʪʘʩʪʨʦʬʠ (ʚʪʨʘʪʘ ʚʨʦʞʘʶ) ʟʘ ʫʤʦʚ ʤʦʞʣʠʚʠʭ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʦʜʽʡ ʫ ʟʘʛʨʦʟʣʠʚʠʭ ʬʘʟʘʭ ʩʪʘʥʫ ɿʅʆʉ (ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʽ 

ʚʠʧʘʜʢʦʚʽ ʟʙʽʛʠ ʦʙʩʪʘʚʠʥ). 

ʇʦʥʷʪʪʷ ʚʠʥʠʢʥʝʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ, ʧʦʟʠʪʠʚʥʠʭ, ʧʦʟʘʰʪʘʪʥʠʭ 

ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʧʦʜʽʡ ʫ ʇʏʂ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʙʝʟʧʝʢʠ ʪʝʭʥʦʣʦʛʽʾ ʚʠʟʥʘʯʘʶʪʴ, 

ʱʦ ʥʘ ʥʘʩʪʫʧʥʠʡ ʯʝʨʛʦʚʠʡ ʢʨʦʢ ʮʽʣʽʩʥʘ ʩʠʩʪʝʤʘ ʟ ʟʘʩʦʙʘʤʠ ɹɯʂʂ ɻɸʋ ʥʝ ʤʘʻ  

ʫ ʮʶ ʤʠʪʴ ʥʝʦʙʭʽʜʥʠʭ ʽ ʜʦʩʪʘʪʥʽʭ ʨʝʩʫʨʩʽʚ. ʊʦʤʫ ʟ ʤʝʪʦʶ ʫʥʠʢʥʝʥʥʷ ʨʠʟʠʢʽʚ  

(ʙʘʥʢʨʫʪʩʪʚʘ) ʚ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʯʘʩʪʢʦʚʠʭ ʟʥʘʥʴ ʧʨʦ 

ʥʘʙʣʠʞʝʥʥʷ ʜʦ  ʩʧʨʘʚʞʥʽʭ ʨʽʚʥʽʚ ʨʠʟʠʢʫ ɿʅʆʉ ʪʨʝʙʘ ʥʝʛʘʡʥʦ ʟʤʽʥʠʪʠ 

ʦʟʥʘʯʝʥʠʡ ʩʪʘʪʫʩ.  

ʎʝ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʟʘʚʜʷʢʠ ʩʠʩʪʝʤʽ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

(ʉʇʇʈ) ʥʘ ʥʘʩʪʫʧʥʠʡ ʯʝʨʛʦʚʠʡ ʢʨʦʢ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʤʽʥʠ ʪʝʥʜʝʥʮʽʡ ʫ ʯʘʩʦʚʠʭ 

ʨʷʜʘʭ ʧʦʪʦʯʥʠʭ ʡ ʧʨʦʛʥʦʟʥʠʭ ʩʠʪʫʘʮʽʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʟʘʩʦʙʠ ɻɸʋ 

ʧʨʦʮʝʩʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʙʦʨʪʫ ʉɻʄ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʉɼʉ ʟʘ 

ʫʤʦʚ ʟʘʛʨʦʟʣʠʚʠʭ ʜʽʡ ɿʅʆʉ ʥʘʩʘʤʧʝʨʝʜ ʦʮʽʥʶʻ ʩʧʝʢʪʨ ʚʠʤʦʛ ʪʘ ʚʽʜʧʦʚʽʜʥʦ  

ʜʦ ʪʘʙʣʠʮʽ 1 ʨʘʮʽʦʥʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʠʪʨʘʯʘʶʪʴ ʥʘʷʚʥʽ ʨʝʩʫʨʩʠ 

ʟʘ ʪʘʢʠʤ ʧʝʨʝʣʽʢʦʤ. 

 

,TESIMFO     (1) 

 

ʜʝ  ʊ ï time scale - ʫʥʽʢʘʣʴʥʠʡ ʯʘʩ ʪʨʠʚʘʣʦʩʪʽ ʜʠʩʢʨʝʪʥʦʾ ʟʘʪʨʠʤʢʠ ʯʠ 

ʨʝʘʣʽʟʘʮʽʾ ʘʢʪʠʚʥʦʾ ʩʠʣʦʚʦʾ ʜʽʾ, ʥʘʩʣʽʜʢʠ ʷʢʦʾ ʜʦʩʪʦʚʽʨʥʦ ʦʙˇʨʫʥʪʦʚʘʥʽ 

ʚʠʟʥʘʯʝʥʠʤ ʽʥʪʝʨʚʘʣʦʤ; 

ɽ ï energy substantial ï ʝʥʝʨʛʽʷ ʫ ʙʫʜʴ-ʷʢʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ ʬʦʨʤʘʭ 

ʘʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʣʦʚʠʭ ʜʽʡ  ʫ ʤʝʞʘʭ ʥʘʷʚʥʠʭ ʟʘʧʘʩʽʚ 

ʧʦʪʝʥʮʽʘʣʽʚ ʟʘ ʧʦʪʨʝʙ ʮʽʣʴʦʚʦʾ ʛʝʥʝʨʘʮʽʾ ʚʽʜ ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʥʘʢʦʧʠʯʫʚʘʯʽʚ; 

S ï substance subject ï ʩʫʙʩʪʘʥʮʽʡʥʠʡ ʘʛʨʝʛʘʪ ʯʠ ʦʙôʻʢʪ ʩʫʙôʻʢʪʘ 

ʝʨʛʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʽʻʨʘʨʭʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʣʷ ʦʧʝʨʘʪʠʚʥʠʭ ʜʽʡ ʜʝʢʽʣʴʢʦʭ ʉʇʇʈ; 

I ï information ( data, news, code, command, signal ʪʘ ʽʥʰʽ) ʬʦʨʤʠ 

ʽʩʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟ ʨʦʟʛʘʣʫʞʝʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʽ (ʢʦʤʧôʶʪʝʨʥʽ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʽ, ʝʣʝʢʪʨʦʥʥʽ) ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ, ʧʝʨʝʜʘʯʽ, ʩʧʨʠʡʥʷʪʪʷ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʦʙʨʦʙʢʠ, 

ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʚʠʧʨʦʙʫʚʘʥʥʷ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʾʭ 
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ʮʽʣʝʩʧʨʷʤʦʚʘʥʘ ʨʝʘʣʽʟʘʮʽʷ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ ʬʦʨʤʘʭ ʫʧʨʘʚʣʽʥʥʷ 

ʉɼʉ; 

ʄ ï material substratum ï ʤʘʪʝʨʽʘʣ ʧʨʠʨʦʜʥʦʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʬʦʨʤʠ 

ʽʩʥʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʥʦʩʽʷ (ʢʦʤʧʦʥʝʥʪ ïʝʣʝʤʝʥʪʘ, ʢʦʥʩʪʨʫʢʮʽʾ, ʘʛʨʝʛʘʪʘ, 

ʢʦʤʧʣʝʢʩʫ, ʮʽʣʽʩʥʦʾ ʉɼʉ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʷʚʥʠʡ ʧʨʦʷʚ ʮʽʣʴʦʚʦʾ ʜʽʾ, ʨʦʙʦʪʠ, 

ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʫ ʇʏʂ; 

F ï finances scale ï ʬʽʥʘʥʩʦʚʽ ʧʨʦʮʝʩʠ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʠʥʢʦʚʠʭ ʬʦʨʤʘʭ 

ʨʝʘʣʽʟʘʮʽʾ ʦʙʤʽʥʽʚ ʧʨʦʜʫʢʪʘʤʠ (ESIM) ʪʦʚʘʨʘʤʠ  (TESIMF), ʧʦʩʣʫʛʘʤʠ ( 

TESIMFO) ʤʽʞ ʚʽʜʧʦʚʽʜʥʠʤʠ ʽʻʨʘʨʭʽʯʥʠʤʠ ʨʽʚʥʷʤʠ ɸʇʂ, ɸɺʇʈ, ʇɽɺʆ, ɻɸʋ 

ʉɻʄ, ʷʢʽ ʨʘʟʦʤ ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʥʝ, ʮʽʣʴʦʚʝ ʪʘ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʤʝʭʘʥʽʟʦʚʘʥʠʭ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʠʭ  ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ ʫ 

ʞʠʪʪʻʚʠʭ ʮʠʢʣʘʭ ʪʨʠʚʘʣʠʭ ʩʽʚʦʟʤʽʥ ʪʘ ʦʪʨʠʤʘʥʥʷ ʚʨʦʞʘʾʚ; 

O ï organization substantive ï ʦʨʛʘʥʽʟʘʮʽʷ ʨʝʘʣʴʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʟʚôʷʟʢʽʚ ʤʽʞ ʪʝʭʥʽʯʥʠʤʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ, ʝʨʛʘʪʠʯʥʠʤʠ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ ʉɼʉ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʡ ʜʦʩʪʘʪʥʽ ʜʣʷ ʯʠʩʝʣʴʥʠʭ ʇɽɺʆ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʠʥʝʨʛʘʪʠʯʥʽ ʬʦʨʤʠ ʽʩʥʫʚʘʥʥʷ ʞʠʪʪʻʚʠʭ ʮʠʢʣʽʚ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʩʪʽʡʢʦʛʦ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʫʤʦʚ ʧʦʪʦʯʥʦʛʦ ʨʠʟʠʢʦʚʘʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʧʽʜ ʜʽʻʶ ʬʘʢʪʦʨʽʚ ɿʅʆʉ. 

ɺʠʱʝʥʘʚʝʜʝʥʽ ʩʠʤʚʦʣʴʥʽ ʦʟʥʘʢʠ ʢʘʪʝʛʦʨʽʡʥʠʭ ʧʦʥʷʪʴ ʧʝʨʚʠʥʥʠʭ ʩʝʤʠ 

ʚʠʜʽʚ ʨʝʩʫʨʩʽʚ,  ʫ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʜʚʦʭ ʬʦʨʤʘʭ ʙʘʟʦʚʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʧʦʭʽʜʥʦʾ ʯʠ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʘʣʛʝʙʨʘʾʯʥʦʾ ʬʫʥʢʮʽʾ  ʫ ʻʜʠʥʦʤʫ ʇʏʂ 

ʉɼʉ. ʎɯ ʦʙʠʜʚʽ ʬʦʨʤʠ ʜʦʟʚʦʣʷʶʪʴ ʫ ʤʝʞʘʭ ʩʠʤʚʦʣʴʥʦ ʦʟʥʘʯʝʥʦʛʦ ʢʦʞʥʦʛʦ 

ʚʠʜʫ ʨʝʩʫʨʩʫ ʨʦʟʧʽʟʥʘʚʘʪʠ ʪʨʠ ʨʽʟʥʽ ʨʦʟʤʽʨʥʦʩʪʽ: ʣʽʥʽʡʥʘ, ʧʦʚʝʨʭʥʝʚʘ, 

ʦʙô̒ ʤʥʘ. ʇʨʘʛʤʘʪʠʢʘ ʡ ʩʝʤʘʥʪʠʢʘ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ ʚʠʤʘʛʘʻ ʦʢʨʝʤʦ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʚʠʪʨʘʪʠ ʚʩʽʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʥʦʨʤʦʚʘʥʽ ʥʘ ʦʜʠʥʠʮʶ: ʜʦʚʞʠʥʠ 

(ʨʷʜʢʘ,  ʰʣʷʭʫ, ʪʨʘʻʢʪʦʨʽʾ;  ʧʣʦʱʽ (ʩʤʫʛʠ, ʜʽʣʷʥʢʠ, ʧʦʣʷ); ʦʙôʻʤʫ (ʛʘʟʫ, 

ʨʽʜʠʥʠ, ʪʚʝʨʜʠʭ ʪʽʣ). ɿʘʚʜʷʢʠ ʪʘʙʣ. 1 ʦʧʠʩʘʥʦ 7 x 2 x 6 = 42  ʢʘʪʝʛʦʨʽʡʥʠʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʦʥʷʪʴ, ʷʢʽ ʤʦʞʥʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʥʘ  ʜʚʦʚʠʤʽʨʥʽʡ ʧʣʦʱʠʥʽ ʟ 

ʜʚʦʤʘ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʦʩʷʤʠ L
s
 ʪʘ T

s
, ʷʢʽ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʫ    o

o

oTL  ʩʧʽʣʴʥʽʡ 

ʪʦʯʮʽ ʥʫʣʴʦʚʦʛʦ ʦʢʦʣʫ ʦʙʨʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʇʏʂ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʙʽʪ P.O.  ʜʽ ɹʘʨʪʽʥʽ [10, 11] ʚʽʜʦʤʽ ʬʽʟʠʯʥʽ ʟʤʽʥʥʽ 

ʛʝʪʝʨʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ (ʦʜʥʦʯʘʩʥʦ ʡ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʧʦʜʽʙʥʦʛʦ ʦʙôʻʢʪʘ) 

ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʫʥʽʬʽʢʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʘʣʛʝʙʨʘʾʯʥʦʛʦ ʜʦʙʫʪʢʫ ʣʠʰʝ ʜʚʦʭ 

ʘʨʛʫʤʝʥʪʽʚ: 

 

,][ s

d

s

d

ssd TLTLK =³=  
(2) 

 

ʜʝ d ï ʤʽʨʥʠʡ ʢʦʤʧʘʢʪʥʠʡ ʢʦʤʧʣʝʢʩ ʚʽʜʦʙʨʘʞʘʻ ʩʪʝʧʝʥʝʚʽ/ʮʽʣʦʯʠʩʝʣʴʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ S ï ʧʨʦʩʪʦʨʦʚʦ ʧʦʜʽʙʥʦʾ ʧʨʦʪʷʞʥʦʩʪʽ ʪʘ S ï ʯʘʰʦʧʦʜʽʙʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ( ʯʠ ʚʽʜʩʫʪʥʦʩʪʽ ʾʾ) ʫ ʧʝʚʥʦʤʫ ʣʦʢʘʣʴʥʦʤʫ ʪʘ ʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʢʦʥʬʽʛʫʨʘʮʽʡ, ʷʢʽ ʦʧʠʩʘʥʽ ʫ ʮʽʡ ʨʦʟʤʽʨʥʽʡ ʬʦʨʤʽ [11-13]. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʧʘʢʪʥʠʡ ʢʦʤʧʣʝʢʩ 
dK ʬʦʨʤʫʻʪʴʩʷ [10,11] ʟʘ ʪʘʢʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʫʤʦʚ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʩʪʫʧʝʥʽʚ  

(S, S) ɭ { -6, -5, -4, -3, -2, -1, 0, +1, +2, +3, +4, +5,+6} ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ 

ʩʠʤʝʪʨʽʾ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʫ ʯʠʩʝʣ ʥʘʚʢʦʣʦ ʩʧʽʣʴʥʦʛʦ ʥʫʣʴʦʚʦʛʦ ʝʣʝʤʝʥʪʘ 

(ʈʠʩ.1). ʌʘʢʪʠʯʥʝ ʫʥʽʢʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ d 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʧʦʟʥʘʯʝʥʦ ʚ ʪʘʙʣʠʮʽ 1 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʣʛʝʙʨʘʾʯʥʦʛʦ 

ʩʢʣʘʜʘʥʥʷ: 

,SSd +=                                                       (3) 

ʜʝ  d= {-3, -2, -1, 0, +1, +2, +3} ʟʘ ʫʤʦʚ ʧʨʦʪʠʣʝʞʥʠʭ ʟʥʘʢʽʚ ʜʣʷ ʽʥʜʝʢʩʥʠʭ  (S 

ʪʘ S) ʩʢʣʘʜʦʚʠʭ ʪʦʯʢʦʚʠʭ ʧʦʥʷʪʴ ʫ 7-ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʾʭʥʽʭ ʮʽʣʝʯʠʩʝʣʴʥʠʭ 

ʟʥʘʯʝʥʴ. 

ʊʦʯʢʦʚʘ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ 
s

d

sTL ʜʦʟʚʦʣʷʻ ʛʝʪʝʨʦʛʝʥʥʠʡ ʢʦʥʢʨʝʪʥʠʡ 

ʦʙôʻʢʪ ʟʘʜʘʚʘʪʠ ʫ ʤʝʪʨʠʯʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟʘ ʫʤʦʚ (3) ʪʝʥʟʦʨʘʤʠ ʘʙʦ 

ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ (ʧʨʠʢʣʘʜʠ ʜʠʚʠʩʴ ʫ ʪʘʙʣ. 1) ʢʦʦʨʜʠʥʘʪ ʜʘʥʦʾ ʪʦʯʢʠ 

ʯʠ ʬʦʨʤʫʣʘʤʠ ʧʦʙʫʜʦʚʠ ʟ ʙʽʣʴʰ ʚʽʜʦʤʠʭ ʝʣʝʤʝʥʪʽʚ [5-9]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʦʧʦʣʦʛʽʯʥʠʭ ʚʽʜʥʦʰʝʥʴ, ʥʘ ʨʠʩ.1, ʫ ʮʽʡ ʨʦʙʦʪʽ ʧʦʜʘʥʦ ʧʨʠʢʣʘʜʠ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʭʽʜʥʠʭ ʧʦʥʷʪʴ ʥʘ ʙʘʟʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʩʧʝʢʪʨʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʟ ʽʥʪʝʛʨʦ- 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʩʧʦʨʽʜʥʝʥʠʭ ʧʦʥʷʪʴ (1), (2), (3) ʪʘ ʪʘʙʣ.1. 

ɺʠʩʥʦʚʢʠ 
ʋ ʤʝʞʘʭ ʤʽʞʥʘʨʦʜʥʦʾ ʛʣʦʙʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ ʟʘ ʨʠʟʠʢʦʚʘʥʠʭ ʚʧʣʠʚʽʚ ɿʅʆʉ 

ʟʨʦʩʪʘʻ ʨʦʣʴ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʟʥʘʥʴ ʩʪʦʩʦʚʥʦ ʦʭʦʨʦʥʠ ʞʠʪʪʷ ʧʨʦʛʥʦʟʫ 

ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ, ʩʠʩʪʝʤ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʪʝʭʥʽʢʠ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʨʝʩʫʨʩʦʦʱʘʜʥʠʭ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

1. ʆʙôʻʢʪʠʚʥʽʩʪʴ, ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʧʨʝʮʠʟʽʡʥʽʩʪʴ ʜʘʥʠʭ ʩʪʦʩʦʚʥʦ 

ʦʧʠʩʫ, ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʛʥʦʟʫ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʪʝʭʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʤʦʞʣʠʚʽ ʥʘ ʙʘʟʽ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʝʪʨʠʟʘʮʽʾ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʨʤ, ʧʨʦʮʝʩʽʚ, ʷʚʠʱ ʚ ʫʥʽʬʽʢʦʚʘʥʦʤʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʤʫ 

ʢʦʥʪʽʥʫʫʤʽ. 

2. ʇʦʣʽʥʦʤʽʘʣʴʥʘ ʩʪʝʧʝʥʝʚʘ ʬʦʨʤʘ ʤʝʪʨʠʟʘʮʽʾ ʙʘʟʦʚʦʛʦ ʨʝʩʫʨʩʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘ ʩʝʤʠ ʚʠʜʘʤʠ ʩʠʤʚʦʣʽʟʘʮʽʾ (TESIMFO) ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦ ʫ ʜʚʦʭ ʬʦʨʤʘʭ ʪʘ  ʟʘ  ʪʨʴʦʤʘ ʙʘʟʦʚʠʤʠ ʥʘʧʨʷʤʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʪʘ ʘʣʛʝʙʨʘʾʯʥʽ ʧʦʭʽʜʥʽ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʫ ʤʝʞʘʭ 

ʩʧʝʢʪʨʘ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʩʧʦʨʽʜʥʝʥʠʭ ʧʦʥʷʪʴ ɸɺʇʈ.  

3. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʨʠʟʘʮʽʷ ʟ 46 ʧʦʥʷʪʴ ʟʘ ʨʘʭʫʥʦʢ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʩʠʤʚʦʣʴʥʠʭ ʚʽʜʥʦʰʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʣʶʯʝʥʥʷ ʧʦʤʠʣʦʢ, ʧʦʭʠʙʦʢ ʽ ʢʦʣʽʟʽʡ 

ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʽʰʝʥʴ  ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɸɺʇʈ. ʈʦʟʤʽʨʥʽʩʪʴ ʽ ʧʦʜʽʙʥʽʩʪʴ ʩʠʤʚʦʣʴʥʠʭ 

ʧʦʥʷʪʴ-ʢʘʪʝʛʦʨʽʡ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ, 
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ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʩʠʥʝʨʛʝʪʠʯʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʧʽʜ ʯʘʩ ʧʦʰʫʢʽʚ ʟʘʧʦʙʽʛʘʥʥʷ ʚʽʜʤʦʚ 

ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ɸʇɺ ʫ ʥʝʚʠʟʥʘʯʝʥʦʤʫ ʛʣʦʙʘʣʽʟʦʚʘʥʦʤʫ ɿʅʆʉ. 
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ɸʥʥʦʪʘʮʠʷ.  
ʇʨʝʜʣʦʞʝʥʘ ʥʘʫʯʥʘʷ ʢʦʥʮʝʧʮʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʪʨʠʟʘʮʠʠ 

ʨʝʩʫʨʩʥʳʭ ʦʩʥʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʨʠʩʢʦʚʘʥʥʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ. ʆʙʦʩʥʦʚʘʥʥʦ ʘʢʩʠʦʤʘʪʠʯʝʩʢʦʝ ʝʜʠʥʩʪʚʦ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʧʦʜʦʙʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʙʘʟʠʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʦʢʘʟʘʥʦ, ʯʪʦ 

ʚ ʝʜʠʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ ʢʦʥʪʠʥʫʫʤʝ ʩʫʱʝʩʪʚʫʶʪ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʤʝʪʨʠʟʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʛʝʪʝʨʦʛʝʥʥʳʤʠ 

ʨʝʩʫʨʩʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘ.  

 

Summary. 

 The scientific concept of fundamental metrication of the resource bases of 

providing of functional stability of agricultural production of crop production 

under conditions of risky farming is offered. The axiomatic unity of the dimension 

and similarity of physical measurements of the basic processes of agricultural 

production is substantiated. It is proved that in a single spatial-temporal 

continuum there are algebraic metrical dependencies between heterogeneous 

resource means of effective agricultural production. 
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ʂʆʅʎɽʇʎɯʗ ʉʊɺʆʈɽʅʅʗ ʅɸʎɯʆʅɸʃʔʅʆɰ ɹɸɻɸʊʆʈɯɺʅɽɺʆɰ 

ʉɽʈʊʀʌɯʂɸʎɯɰ ɹɯʆʃʆɻɯʏʅʀʍ ʊɸ ɹɯʆʃʆɻɯɿʆɺɸʅʀʍ 

ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʀʍ ɺʀʈʆɹʅʀʎʊɺ 

ɺ. ʂʨʫʪʷʢʦʚʘ, ʢʘʥʜ. ʝʢʦʥʦʤ. ʥʘʫʢ,  

ɺ. ɹʝʣʴʯʝʥʢʦ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,   

ɯʊɯ çɹʽʦʪʝʭʥʽʢʘè ʅɸɸʅ  

ʄ. ʅʦʚʦʭʘʮʴʢʠʡ, ʢʘʥʜ. ʩ.-ʛ. ʥʘʫʢ;  

ɺ. ʊʘʨʛʦʥʷ, ʜʦʢʪʦʨ ʩ.-ʛ. ʥʘʫʢ;  

ɼʅʋ çʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦè 

ɺ. ʂʫʷʥʦʚ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ɺ. ʄʘʣʘʩʘʡ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ɯʇɼʆ ʅʋʍʊ  

 

ʅʘʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʘʛʨʦʙʽʦʮʝʥʦʟʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʮʽʷ ʩʪʚʦʨʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʝʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʦʮʽʥʮʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʨʞʘʚʥʦʾ ʩʠʩʪʝʤʠ ʩʝʨʪʠʬʽʢʘʮʽʾ ʫ 

ʩʬʝʨʽ ʦʨʛʘʥʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ ʥʝʦʙʭʽʜʥʦ ʫʟʛʦʜʠʪʠ ʧʦʣʦʞʝʥʥʷ 

ʜʝʨʞʘʚʥʠʭ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ ʪʘ ʩʪʚʦʨʠʪʠ ʥʘʮʽʦʥʘʣʴʥʫ 

ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʩʠʩʪʝʤʫ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʘ ʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʣʘʩʥʦʛʦ ʥʘʩʝʣʝʥʥʷ 

ʷʢʽʩʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʭʘʨʯʫʚʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʦʜʥʦʯʘʩʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʜʦʚʢʽʣʣʷ. 
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʽʦʣʦʛʽʯʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʽʢʘʮʽʾ, 

ʘʛʨʦʙʽʦʮʝʥʦʟʠ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋʢʨʘʾʥʘ ʟʘʡʤʘʻ ʜʚʘʜʮʷʪʴ ʧʝʨʰʝ ʤʽʩʮʝ ʩʝʨʝʜ 

ʩʚʽʪʦʚʠʭ ʢʨʘʾʥ-ʣʽʜʝʨʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʨʫʭʫ. ʏʘʩʪʢʘ ʩʝʨʪʠʬʽʢʦʚʘʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʧʣʦʱ ʫ ʟʘʛʘʣʴʥʦʤʫ ʦʙʩʷʟʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʋʢʨʘʾʥʠ ʩʪʘʥʦʚʠʪʴ 

ʤʘʡʞʝ 0,7%. ɼʦ ʪʦʛʦ ʞ ʋʢʨʘʾʥʘ ʟʘʡʤʘʻ ʧʝʨʰʝ ʤʽʩʮʝ ʚ ʩʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʤʫ 

ʨʝʛʽʦʥʽ ʱʦʜʦ ʩʝʨʪʠʬʽʢʦʚʘʥʦʾ ʧʣʦʱʽ ʦʨʛʘʥʽʯʥʠʭ ʦʨʥʠʭ ʟʝʤʝʣʴ, ʚʠʨʦʱʫʶʯʠ 

ʧʝʨʝʚʘʞʥʦ ʟʝʨʥʦʚʽ, ʟʝʨʥʦʙʦʙʦʚʽ ʪʘ ʦʣʽʡʥʽ ʢʫʣʴʪʫʨʠ. ʇʨʦʪʝ ʚʥʫʪʨʽʰʥʻ 

ʩʧʦʞʠʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ ʜʝʩʷʪʫ ʯʘʩʪʢʫ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʦʨʛʘʥʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚʽʪʯʠʟʥʷʥʠʭ ʧʽʜʧʨʠʻʤʮʽʚ. ʋʢʨʘʾʥʩʴʢʽ ʦʨʛʘʥʽʯʥʽ ʘʛʨʘʨʽʾ 

ʧʨʘʮʶʶʪʴ ʟʜʝʙʽʣʴʰʦʛʦ ʥʘ ʟʦʚʥʽʰʥʽʡ ʨʠʥʦʢ: ʝʢʩʧʦʨʪ ʫʢʨʘʾʥʩʴʢʦʾ ʙʽʦʧʨʦʜʫʢʮʽʾ 

ʧʦʜʦʣʘʚ ʧʦʟʥʘʯʢʫ 500 ʤʣʥ ʛʨʥ [1]. 

ʅʠʥʽ ʚʠʨʦʙʥʠʮʪʚʦ ʦʨʛʘʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʢʨʘʾʥʽ ʩʝʨʪʠʬʽʢʫʻʪʴʩʷ 
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ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʽʥʦʟʝʤʥʠʭ ʢʦʤʧʘʥʽʡ, ʷʢʽ ʜʽʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʽʚ, 

ʯʠʥʥʠʭ ʜʣʷ ʢʨʘʾʥ ɭʉ, ʉʐɸ ʪʘ ʽʥ. ɺ ʋʢʨʘʾʥʽ ʜʽʻ ʙʣʠʟʴʢʦ ʜʚʘʥʘʜʮʷʪʠ 

ʽʥʦʟʝʤʥʠʭ ʩʪʨʫʢʪʫʨ ʩʝʨʪʠʬʽʢʘʮʽʾ, ʟʦʢʨʝʤʘ ʪʘʢʠʭ, ʷʢ ʂʦʥʪʨʦʣ ʖʥʽʦʥ 

(ʅʽʜʝʨʣʘʥʜʠ), IMO (ʐʚʝʡʮʘʨʽʷ), ʘ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʥʠʢʠ ɯʪʘʣʽʾ, ʅʽʤʝʯʯʠʥʠ, 

ʋʛʦʨʱʠʥʠ, ʇʦʣʴʱʽ ʪʘ ʽʥ. ɿ 2009 ʨ. ʤʽʞʥʘʨʦʜʥʫ ʘʢʨʝʜʠʪʘʮʽʶ ʥʘ ʧʨʘʚʦ 

ʧʨʦʚʝʜʝʥʥʷ ʡ ʚʠʟʥʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʦʪʨʠʤʘʣʘ ʫʢʨʘʾʥʩʴʢʘ 

ʩʪʨʫʢʪʫʨʘ çʆʨʛʘʥʽʢ ʉʪʘʥʜʘʨʪè (ʉʝʨʪʠʬʽʢʘʪ IFOAM) [1]. 

ʉʝʨʪʠʬʽʢʘʮʽʷ ʚʽʪʯʠʟʥʷʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʘʶʪʴ ʧʨʘʚʦ ʩʘʤʦʩʪʽʡʥʦ ʚʠʙʠʨʘʪʠ 

ʫʩʪʘʥʦʚʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʪʠʬʽʢʘʮʽʾ. 

ʉʫʯʘʩʥʘ ʘʛʨʦʝʢʦʣʦʛʽʯʥʘ ʥʘʫʢʦʚʘ ʜʫʤʢʘ ʚʠʜʽʣʷʻ ʪʨʠ ʦʩʥʦʚʥʽ ʨʽʚʥʽ 

ʙʽʦʣʦʛʽʟʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɿʘʨʘʟ ʙʽʦʣʦʛʽʟʘʮʽʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʡʜʝ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʭʽʤʽʯʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʥʘ 

ʙʽʦʣʦʛʽʯʥʫ ʘʣʴʪʝʨʥʘʪʠʚʫ. ʎʝ ï ʨʽʚʝʥʴ ʙʽʦʤʝʪʦʜʫ. ʅʘʩʪʫʧʥʠʡ ʨʽʚʝʥʴ 

ʙʽʦʣʦʛʽʟʘʮʽʾ ï ʙʽʦʢʦʥʪʨʦʣʴ ï ʧʦʣʷʛʘʻ ʚ ʥʘʩʠʯʝʥʥʽ ˇʨʫʥʪʫ ʽ ʧʦʚʝʨʭʥʽ ʨʦʩʣʠʥʠ 

ʢʦʨʠʩʥʠʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ. ɯ, ʥʘʨʝʰʪʽ, ʪʨʝʪʽʡ ʨʽʚʝʥʴ ʙʽʦʣʦʛʽʟʘʮʽʾ ï 

ʪʝʭʥʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʩʪʽʡʢʠʭ ʮʝʥʦʟʽʚ, ʱʦ ʚʠʚʦʜʠʪʴ ʥʘʩ ʥʘ ʘʙʩʦʣʶʪʥʦ 

ʬʘʥʪʘʩʪʠʯʥʽ ʚʠʩʦʪʠ ʟʘ ʚʨʦʞʘʡʥʽʩʪʶ ʽ ʨʝʥʪʘʙʝʣʴʥʽʩʪʶ [2]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʦʨʛʘʥʽʯʥʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʘ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ɯʊɯ çɹʽʦʪʝʭʥʽʢʘè ʅɸɸʅ, ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʜʣʷ ʋʢʨʘʾʥʠ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ ʙʫʜʝ ʨʦʟʚʠʪʦʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ, ʦʜʥʽʻʶ ʽʟ ʩʢʣʘʜʦʚʠʭ ʷʢʦʛʦ ʻ ʦʨʛʘʥʽʯʥʝ ʟʝʤʣʝʨʦʙʩʪʚʦ, ʘʙʦ 

ʝʢʦʣʦʛʽʯʥʝ ʯʠ ʽʥʪʝʛʨʦʚʘʥʝ. ʆʩʪʘʥʥʻ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʦʨʛʘʥʽʯʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʪʘ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʽ 

ʧʦʪʨʝʙʫʻ ʥʘʜʘʥʥʷ ʾʡ ʜʝʨʞʘʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʩʪʘʪʫʩʫ, ʷʢ ʮʝ ʟʨʦʙʣʝʥʦ ʜʣʷ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʩʚʽʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʘʪʝʛʽʷ ʨʦʟʚʠʪʢʫ 

ʧʝʨʝʜʙʘʯʘʻ ʙʘʛʘʪʦʨʽʚʥʝʚʠʡ ʧʨʠʥʮʠʧ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʦʨʛʘʥʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʟʦʚʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʩʪʘʥʜʘʨʪʽʚ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʘʨʢʫʚʘʥʥʷ. 

ʉʪʨʫʢʪʫʨʫ ʢʦʥʮʝʧʮʽʾ ʪʘ ʙʘʟʦʚʽ ʧʦʣʦʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 1 ʪʘ 2. 

ʅʝʟʚʦʨʦʪʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ, ʟʥʠʞʝʥʥʷ 

ʾʭʥʴʦʾ ʨʦʜʶʯʦʩʪʽ, ʧʦʜʘʣʴʰʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʭʽʤʽʯʥʠʤʠ ʧʦʣʶʪʘʥʪʘʤʠ ʦʪʨʠʤʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʦʚôʷʟʘʥʽ ʟ 

ʘʥʪʨʦʧʦʛʝʥʥʦʶ ʝʥʝʨʛʽʻʶ, ʷʢʘ ʧʦʪʨʘʧʣʷʻ ʯʝʨʝʟ ʟʘʩʦʙʠ ʤʝʭʘʥʽʟʘʮʽʾ. 

ɽʢʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ ʙʫʜʴ-ʷʢʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʷʢ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʘʢ ʽ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʠʥʽ ʧʨʦʚʦʜʠʪʴʩʷ 

ʟʘ ʢʽʣʴʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʟʘʙʨʫʜʥʶʚʘʯʘ (ʧʦʣʶʪʘʥʪʘ), ʷʢʠʡ 

ʧʦʪʨʘʧʣʷʻ ʚ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ. ʅʦʨʤʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʘʢʠʭ ʚʠʢʠʜʽʚ 

ʧʨʦʚʦʜʠʪʴʩʷ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ (ɻɼʂ) ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ, ʫ ʧʦʚʽʪʨʽ, ʚʦʜʽ, 

ˇʨʫʥʪʽ, ʧʨʦʜʫʢʪʘʭ ʭʘʨʯʫʚʘʥʥʷ. 
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͍̅ͦͪͣͯ͊ͤͤΎ  ͔͍͒ͪ͗͊ͤͦ  ͤ͊͘;ͯ΅͎ͦͦ ͊͡Έ͔͙͍͎ͭͪͤ͊ͭͤͦͦ ͔ͫͭͦͪͯ͟  ˢ˽˴

˸˩́ˢ

̇˱˶̎

˹ˢ˽˾̒˸ˮ

˿˱́̂ˢ̇˱̒

˩͎ͦͦ͊͘͟͜͡ͼ͜Ύͫ͜͡Έ͎͎͍ͫͦͦͦͫͨͦ͒͊ͪͫͭ͊͟ ͍ ͔ͦͤͭͫͭ͟͟͜ ͎ͫͭ͊ͦͦ͡  ͍͙ͪͦͭͯ͘͟

˽͙͔ͪͫͦͪͤͤ͟Ύ ͍͙ͪͦͭͯ͘͟  
͎ͦͪ͊ͤ͜;͎ͤͦͦ ͔͔͍ͣͪͦ͋ͫͭ͊͘͡

˽͍͍͔ͪ͊ͦ  ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͜ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͦͦ͟͜͡;͎ͤͦͦ 

͔͔͍ͣͪͦ͋ͫͭ͊͘͡

̂˴˾ˢ˲˹ˢ

Å˻ ͔͔͋ͣ͗ͤͤͫͭ͜Έͦ͋ͫΎ͎͍͜ ͜ ͔͍ͭͣͨ͜ ͎ͦͪ͊ͤΦ ͔͔͍ͣͪͦ͋ͫͭ͊͘͡   
Å˥͍͔ͦͦͤ͡ ͙ͨͪͤ͊͘;͔ͤͤΎ ς͒ ͡Ύ ͔ͨͦͭͪ͋ ͚͎ͤ͊͋͊͊ͭ΄͙ͻ ͪ͊ͤ͟͝
Å˭ ͤ͊;ͤ͊ ͍ͯͣͦͤͫͭ͜Έ ͜ ͔͔ͦͭͪ͘͜;ͤͫͭ͜Έ͍͙ͤ͊ͯͦ͟ͻ ͍ͦͫͤͦ

Åʕ ͙͙͍ͫͦͦͨͪͦ͒ͯͭͤ͟͟͜ ͔͔ͣ͊ͦ͊͋ͪͯ͒ͤͤͣ͘͘͜͜͡͡  
Å˹ ͔͍͍͒ͨͦ͒ͤͫͭ͜͜͜Έ ͙ͫͭͪͯͭͯͪ͟ ͔͔͙͍ͣͦͪͫͭͯ͊ͤͤ͘͟͡Ύ ͜ ͎ͦͫͨͦ͒͊ͪΌ͍͊ͤͤΎ
Å˭ ͤ͊;͙͚ͤ ͔ͨͦͭͤͼ͊͜͡ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͎ͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͎͋ͦͦ͊͘͜͜͡ͼ͜͝

˿ˤ˱́

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʢʦʥʮʝʧʮʽʾ 

ʇʨʦʪʝ, ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʭʘʨʘʢʪʝʨʥʠʤ 

ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʘʛʨʦʙʽʦʮʝʥʦʟʽʚ. 
 

˿ͼ͔ͤ͊ͪ͜͝ ͍͙̂ͣͦͭ͊ ͔ͣͻ͙͊ͤͣ͘͜ ͔ͪ͊͊͘͜͡ͼ͜͝ˣ͍͊ͦ͘͜ 

̐˿

˩ͦͦ͟͡-

͎͜;ͤ͜

͍̐ͪςͦ
͔͎ͤͭͪ͊͜ͼ͚͙͚ͤ͜Å˱ ͔͔ͣͨͣͤͭ͊͡ͼ͜Ύ ͎ͦͪ͊ͤ͜;͎ͤͦͦ ͍͍͊ͦͤͦ͒͊ͫͭ͊͘͟ ̐˿

1,2 -

͍̐ͪςͦ
͔͎ͤͭͪ͊͜ͼ͚͙͚ͤ͜
͙͔͙͚ͫͫͭͣͤ

Å˱ ͔͔ͣͨͣͤͭ͊͡ͼ͜Ύ ͎ͦͪ͊ͤ͜;͎ͤͦͦ ͍͍͊ͦͤͦ͒͊ͫͭ͊͘͟ ̐˿
Å˥ ͊ͪͣͦͤ͊͘͜ͼ͜Ύ͘͜ ˿ͨ͜͡Έ͚ͤͦˢ͎͚ͪ͊ͪͤͦ˽͙͚ͦͭͦ̐͜͟͡˿
Åx Ό͔͙͒͗ͭͤ͊ͨ͒ͭͪͣ͊͜͟ ͍ ͦ͋ͫΎ͘͜   ̐˿2,4 -

ˢ͡Έ͔ͭͪͤ͊-
͙͍͙͚ͭͤ

ό˹ˢ̇˱˻˹ˢ˶̎˹ˮ˯ύ

Å˱ ͔͔ͣͨͣͤͭ͊͡ͼ͜Ύ ͎ͦͪ͊ͤ͜;͎ͤͦͦ ͍͍͊ͦͤͦ͒͊ͫͭ͊͘͟ ̐˿
Å˿ ͍͔ͭͦͪͤͤΎ ͎͍͔͍͋͊͊ͭͦͪͤͦ͜͝ ͙͔͙ͫͫͭͣ 

͍ͫͭ͊ͤ͒͊ͪͭ͜ ͭ͊    ͍͙͙ͪͦ͋ͤͼ͍ͭ͊
Å˭ ͔͔͊͋ͨ͘;͔ͤͤΎ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͔͙͍ͦͭͤͦ͟͟͡͝ ͙͔͙ͫͫͭͣ 
͎͚͊ͪ͊ͤͭ͜ ͎ͦͪ͊ͤ͜;͎ͤͦͦ ͭ͊ ͔͎ͦͦ͟͜͡;͎ͤͦͦ ͔͔͍ͣͪͦ͋ͫͭ͊͘͡

1,2 5,6

˭ˢ  
˹ˢ˽˾̒˸ˢ˸ˮ   
˭˥˱˨˹˻

˿́ˢ˹˨ˢ˾́˱ˤ

нлнр ͪΦ
˽˾˻˥˹˻˭

˻˾˥ˢ˹Φ ˽˶˻̋Σ  ҈

нлмо ͪΦ˻˾˥ˢ˹Φ ˽˶˻̋˱Σ  ҈0,95 1,8

 
ʈʠʩʫʥʦʢ 2 ï ɹʘʟʦʚʽ ʧʦʣʦʞʝʥʥʷ ʩʪʨʘʪʝʛʽʾ 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʽ ʟʘʢʦʨʜʦʥʦʤ, ʥʘʷʚʥʽ ʨʦʟʨʦʙʢʠ 

ʧʦʩʪʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʚʝʜʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚ 

ʜʣʷ ʫʜʦʙʨʝʥʥʷ ʪʘ ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ, ʪʦʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ, 

ʤʽʥʽʤʽʟʘʮʽʾ ʪʠʩʢʫ ʨʫʰʽʾʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʥʘ ˇʨʫʥʪ ʪʦʱʦ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʜʦʚʢʽʣʣʷ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʤʝʥʰʝʥʥʷʤ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʦʪʨʠʤʘʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɼʦ ʮʴʦʛʦ ʯʘʩʫ ʩʝʨʪʠʬʽʢʘʮʽʷ ʙʽʦʣʦʛʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʥʝ ʧʝʨʝʜʙʘʯʘʣʘ 

ʝʢʦʣʦʛʽʯʥʝ ʦʮʽʥʶʚʘʥʥʷ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ ʟʘ ʾʭ ʢʦʤʧʣʝʢʩʥʠʤ ʚʧʣʠʚʦʤ ʥʘ 

ʘʛʨʦʙʽʦʮʝʥʦʟ. ʆʩʦʙʣʠʚʽʩʪʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʘʛʨʦʙʽʦʮʝʥʦʟʠ. ʊʦʙʪʦ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʜʣʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʟʜʘʣʝʛʽʜʴ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʪʠʧʫ ʪʝʭʥʦʣʦʛʽʾ ʟʘ 

ʟʘʛʘʣʴʥʠʤʠ ʦʧʠʩʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʻ ʦʜʥʽʻʶ ʟ ʚʠʤʦʛ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ 

ʩʝʨʪʠʬʽʢʘʮʽʾ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʘʛʨʦʙʽʦʮʝʥʦʟʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3. 

 
ʈʠʩʫʥʦʢ 3 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʘʛʨʦʙʽʦʮʝʥʦʟʠ 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʣʦʛʽʾ ʚʩʽ ʚʽʜʦʤʽ ʪʘ ʤʦʞʣʠʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʙʽʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʚʧʣʠʚʫ ʥʘ 

ʘʛʨʦʙʽʦʮʝʥʦʟ [4-5], ʘ ʩʘʤʝ: 

ï ʪʝʭʥʦʣʦʛʽʾ ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʩʪʘʨʠʭ 

ʚʽʜʦʤʠʭ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʥʝ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ 
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ʘʛʨʦʭʽʤʽʢʘʪʽʚ. ɸʧʦʣʦʛʝʪʠ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ ʦʮʽʥʶʶʪʴ ʪʘʢʽ 

ʘʛʨʦʪʝʭʥʦʣʦʛʽʾ ʧʽʜ ʜʝʚʽʟʦʤ çʥʘʟʘʜ ʚ ʧʝʯʝʨʠè. ʊʘʢʠʤ ʘʛʨʦʪʝʭʥʦʣʦʛʽʷʤ 

ʧʨʠʪʘʤʘʥʥʽ ʥʠʟʴʢʽ ʚʨʦʞʘʾ, ʜʦʚʛʠʡ ʧʝʨʽʦʜ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʤʽʢʨʦʙʽʦʪʠ 

ˇʨʫʥʪʫ; 

ï ʙʽʦʜʠʥʘʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʢʨʝʤʽ ʣʘʥʢʠ 

ʪʨʦʬʽʯʥʦʛʦ ʣʘʥʮʶʛʘ (ˇʨʫʥʪʦʟʘʭʠʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, 

ʟʘʤʽʥʘ ʘʛʨʦʭʽʤʽʢʘʪʽʚ ʥʘ ʧʨʠʨʦʜʥʽ ʙʽʦʣʦʛʽʯʥʽ ʘʥʘʣʦʛʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦ 

ʘʢʪʠʚʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʪʦʱʦ). ʊʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ ʥʘʜ 

ʚʠʱʝʚʢʘʟʘʥʠʤʠ, ʘʣʝ ʚʧʣʠʚ ʥʘ ʦʜʥʫ ʘʙʦ ʯʘʩʪʠʥʫ ʣʘʥʦʢ ʪʨʦʬʽʯʥʦʛʦ ʣʘʥʮʶʛʘ ʥʝ 

ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʘʞʘʥʦʛʦ ʝʬʝʢʪʫ; 

ï ʽʥʪʝʛʨʦʚʘʥʽ ʝʢʦʣʦʛʽʟʦʚʘʥʽ ʘʛʨʦʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʽʥʪʝʥʩʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʚʩʽ ʣʘʥʢʠ ʪʨʦʬʽʯʥʦʛʦ ʣʘʥʮʶʛʘ ʘʛʨʦʙʽʦʮʝʥʦʟʫ ʰʣʷʭʦʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʚ ʥʴʦʛʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʪʝʭʥʦʮʝʥʦʟʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʫʤʫʩʫ, ʝʥʪʦʤʦʣʦʛʽʯʥʠʭ ʽ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ 

ʧʨʝʧʘʨʘʪʽʚ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ, ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʜʦʙʨʠʚ ʥʘ ʬʦʥʽ ʧʦʚʥʦʾ ʚʽʜʤʦʚʠ 

ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʛʨʦʭʽʤʽʢʘʪʽʚ. 

ɺ ʫʤʦʚʘʭ, ʱʦ ʩʢʣʘʣʠʩʷ ʥʠʥʽ ʚ ʋʢʨʘʾʥʽ, ʩʪʨʘʪʝʛʽʷ ʩʠʩʪʝʤʠ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʤʘʻ ʧʝʨʝʜʙʘʯʘʪʠ: 

ï ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʦ ʩʪʽʡʢʠʭ 

ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ; 

ï ʛʘʨʤʦʥʽʡʥʝ ʧʦʻʜʥʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʜʽʾ ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʢʦʥʽʚ ʽ ʟʘʢʦʥʽʚ 

ʧʨʠʨʦʜʠ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʣʽʤʽʪʫʶʯʠʭ ʯʠʥʥʠʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ, ʙʽʦʣʦʛʽʯʥʽ ʨʝʩʫʨʩʠ ʪʘ ʣʘʥʜʰʘʬʪʠ; 

ï ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʤʦʛ ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚ ʩʠʩʪʝʤʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ; 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʰʠʨʝʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʰʣʷʭʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ˇʨʫʥʪʦʟʘʭʠʩʥʠʭ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ; 

ï ʬʦʨʤʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʝʢʦʥʦʤʽʯʥʦʾ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʪʘ ʢʨʠʤʽʥʘʣʴʥʦʾ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘ ʧʦʨʫʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ; 

ï ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʤʦʛ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʨʦʣʽ ʚ ʧʨʘʢʪʠʮʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ; 

ï ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʝʢʦʥʦʤʽʯʥʠʭ ʩʪʠʤʫʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʡ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ; 

ï ʧʽʜʪʨʠʤʘʥʥʷ ʩʧʨʠʷʪʣʠʚʦʛʦ ʚ ʝʢʦʣʦʛʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʜʦʚʢʽʣʣʷ, 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʫʤʦʚ ʜʣʷ ʧʨʘʮʽ, ʚʽʜʧʦʯʠʥʢʫ ʽ ʬʽʟʠʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʽʣʴʩʴʢʦʛʦ ʥʘʩʝʣʝʥʥʷ; 

ï ʚʠʚʝʜʝʥʥʷ ʟ ʢʦʨʠʩʪʫʚʘʥʥʷ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʫʛʽʜʴ, ʥʘʩʘʤʧʝʨʝʜ ï ʫ ʨʝʛʽʦʥʘʭ ʟ ʚʠʩʦʢʦʶ ʨʦʟʦʨʘʥʽʩʪʶ ʟʝʤʝʣʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʙʘʛʘʪʦʨʽʚʥʝʚʘ ʥʘʮʽʦʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʽʢʘʮʽʾ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʘʥʘʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ ʻ 
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ʜʦʙʨʦʚʽʣʴʥʠʤʠ ʫʛʦʜʘʤʠ, ʨʝʟʫʣʴʪʘʪʦʤ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʛʦ ʢʦʥʩʝʥʩʫʩʫ 

ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʚʠʨʦʙʥʠʢʽʚ ʪʦʚʘʨʽʚ ʽ ʧʦʩʣʫʛ, ʚʩʪʘʥʦʚʣʶʻ ʦʙʦʚôʷʟʢʦʚʽ ʚʠʤʦʛʠ, 

ʱʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʙʽʦʣʦʛʽʟʦʚʘʥʦʛʦ ʪʘ 

ʝʢʦʣʦʛʽʟʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢʽʩʥʦʾ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʟ ʨʦʟʚʠʥʝʥʦʶ 

ʝʢʦʥʦʤʽʢʦʶ. 

ʅʘʮʽʦʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʽʢʘʮʽʾ, ʷʢ ʚ ʧʝʨʝʭʽʜʥʠʡ, ʪʘʢ ʽ ʚ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʝʨʽʦʜʠ, ʧʝʨʝʜʙʘʯʘʪʠʤʝ ʪʘʢʽ ʨʽʚʥʽ: 

ï ɽʢʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ (ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʫʩʽʤ ʚʠʤʦʛʘʤ ʦʨʛʘʥʽʯʥʦʛʦ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ ɭʉ ʘʙʦ (ʽ) ʚʠʤʦʛʘʤ ʢʨʘʾʥ ʘʙʦ ʬʽʨʤ-ʽʤʧʦʨʪʝʨʽʚ); 

ï ɹʽʦʜʠʥʘʤʽʯʥʠʡ ʨʽʚʝʥʴ (ʜʦʜʘʪʢʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ 

ʩʝʨʪʠʬʽʢʦʚʘʥʠʭ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʥʘ ʦʢʨʝʤʠʭ ʣʘʥʢʘʭ ʪʨʦʬʽʯʥʦʛʦ 

ʣʘʥʮʶʛʘ); 

ï ʈʽʚʝʥʴ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʝʢʦʣʦʛʽʟʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʤʦʛʘʤ ʚʽʜʥʦʚʣʝʥʥʷ ʤʘʣʦʛʦ ʢʦʣʦʦʙʽʛʫ ʨʝʯʦʚʠʥ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʩʘʥʘʮʽʾ ʪʘ (ʘʙʦ) ʚʠʣʫʯʝʥʥʷ ʬʦʥʦʚʠʭ ʟʘʙʨʫʜʥʝʥʴ). 

ʂʦʞʝʥ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʚʥʽʚ ʤʦʞʝ ʤʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʧʽʜʨʽʚʥʽ: 

ï ʉʝʨʪʠʬʽʢʘʮʽʷ ʦʢʨʝʤʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ; 

ï ʉʝʨʪʠʬʽʢʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʦ ʫʚôʷʟʘʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ; 

ï ʉʝʨʪʠʬʽʢʘʮʽʷ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴ-

ʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʝ ʚʢʣʶʯʘʻ ʚʩʽ ʩʢʣʘʜʦʚʽ (ʨʽʣʴʥʠʮʪʚʦ, ʢʦʨʤʦʚʠʨʦʙʥʠʮʪʚʦ, 

ʪʚʘʨʠʥʥʠʮʪʚʦ, ʧʝʨʝʨʦʙʢʘ, ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʜʦʙʨʠʚ, 

ʝʥʪʦʤʦʣʦʛʽʯʥʠʭ ʪʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʪʦʱʦ). 

ɺʩʪʘʥʦʚʣʝʥʽ ʨʽʚʥʽ ʚʽʪʯʠʟʥʷʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʛʦʩʧʦʜʘʨʩʪʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʨʦʬʽʣʶ ʛʦʩʧʦʜʘʨʩʪʚ 

ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʦʨʛʘʥʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 ï ʈʽʚʥʽ ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ 

ʘʛʨʦʚʠʨʦʙʥʠʮʪʚ 

1 

ɽʢʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ 

2 

ɹʽʦʜʠʥʘʤʽʯʥʠʡ ʨʽʚʝʥʴ 

3 

ʈʽʚʝʥʴ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʝʢʦ-

ʣʦʛʽʟʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʫʩʽʤ ʚʠʤʦʛʘʤ 

ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ɭʉ 

ʘʙʦ (ʽ) ʚʠʤʦʛʘʤ ʢʨʘʾʥ ʘʙʦ ʬʽʨʤ-

ʽʤʧʦʨʪʝʨʽʚ 

ɼʦʜʘʪʢʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʩʝʨʪʠʬʽʢʦʚʘʥʠʭ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʣʴʪʝʨ-ʥʘʪʠʚ 

ʥʘ ʦʢʨʝʤʠʭ ʣʘʥʢʘʭ ʪʨʦʬʽʯʥʦʛʦ 

ʣʘʥʮʶʛʘ 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯ-ʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʤʦʛʘʤ ʚʽʜ-ʥʦʚʣʝʥʥʷ 

ʤʘʣʦʛʦ ʢʦʣʦʦʙʽʛʫ ʨʝʯʦʚʠʥ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭ-ʥʦʣʦʛʽʡ ʩʘʥʘʮʽʾ 

ʪʘ (ʘʙʦ) ʚʠ-ʣʫʯʝʥʥʷ ʬʦʥʦʚʠʭ 

ʟʘʙʨʫʜʥʝʥʴ 

ɹʘʛʘʪʦʨʽʚʥʝʚʘ ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʪʘ ʙʽʦʣʦʛʽʟʦʚʘʥʠʭ 

ʚʠʨʦʙʥʠʮʪʚ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ ʪʘʢʽ ʩʢʣʘʜʦʚʽ: 

ʆʙôʻʢʪʠ ʩʝʨʪʠʬʽʢʘʮʽʾ: 
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ï ʇʨʦʜʫʢʮʽʷ; 

ï ɺʠʪʨʘʪʥʽ ʤʘʪʝʨʽʘʣʠ: 

1. ʇʦʩʽʚʥʠʡ ʪʘ ʧʦʩʘʜʢʦʚʠʡ ʤʘʪʝʨʽʘʣ (ʚʠʜʠ,ʩʦʨʪʠ, ʛʽʙʨʠʜʠ ʪʦʱʦ); 

2. ɹʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʦʨʛʘʥʽʯʥʽ ʜʦʙʨʠʚʘ (ʙʽʦʛʫʤʫʩ, ʢʦʤʧʦʩʪ ʪʦʱʦ); 

3. ʄʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʪʘ ʝʥʪʦʤʦʣʦʛʽʯʥʽ ʧʨʝʧʘʨʘʪʠ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ; 

4. ʄʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʜʦʙʨʠʚʘ (ʘʟʦʪ ʬʽʢʩʫʶʯʽ, ʬʦʩʬʘʪ ʤʦʙʽʣʽʟʫʶʯʽ 

ʙʽʦʧʨʝʧʘʨʘʪʠ, ʜʝʩʪʨʫʢʪʦʨʠ, ɽʄ-ʧʨʝʧʘʨʘʪʠ ʪʦʱʦ); 

ï ɸʛʨʦʣʘʥʜʰʘʬʪ : 

1. ˆʨʫʥʪ (ʨʦʜʶʯʽʩʪʴ, ʚʤʽʩʪ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʪʦʱʦ; 

2. ʅʘʷʚʥʽʩʪʴ ʬʦʥʦʚʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʙʨʫʜʥʝʥʴ; 

ï ʊʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ 

1.ʊʝʭʥʦʣʦʛʽʯʥʽ ʨʝʛʣʘʤʝʥʪʠ ʚʠʨʦʱʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ; 

2. ɹʽʦʣʦʛʽʟʦʚʘʥʽ ʩʽʚʦʟʤʽʥʠ; 

3. ʊʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚ; 

4. ʊʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʢʠ ʙʽʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʙʽʦʣʦʛʽʯʥʽ ʧʨʦʜʫʢʪʠ 

ʭʘʨʯʫʚʘʥʥʷ; 

ʉʫʙôʻʢʪʠ ʩʝʨʪʠʬʽʢʘʮʽʾ: 

ï ɺʠʨʦʙʥʠʢ (ʥʘʷʚʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʢʚʘʣʽʬʽʢʘʮʽʷ, ʚʤʽʥʥʷ ʪʘ 

ʥʘʚʠʢʠ ʧʨʘʮʽʚʥʠʢʽʚ ʪʦʱʦ); 

ï ʇʝʨʝʨʦʙʥʠʢ, ʨʝʘʣʽʟʘʪʦʨ; 

ï ʉʧʦʞʠʚʘʯ (ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʯʝʨʝʟ ʛʨʦʤʘʜʩʴʢʽ ʦʨʛʘʥʽʟʘʮʽʾ, 

ʽʥʽʮʽʘʪʠʚʥʽ ʛʨʫʧʠ ʪʦʱʦ); 

ï ʆʨʛʘʥ ʩʝʨʪʠʬʽʢʘʮʽʾ; 

ï ʆʨʛʘʥʠ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ (ʘʢʨʝʜʠʪʘʮʽʾ) ʦʨʛʘʥʫ ʩʝʨʪʠʬʽʢʘʮʽʾ; 

ï ʅʘʚʯʘʣʴʥʘ ʫʩʪʘʥʦʚʘ, ʷʢʘ ʧʨʦʚʦʜʠʪʴ ʧʽʜʛʦʪʦʚʢʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʘʜʨʽʚ ʜʣʷ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʗʢʱʦ ʧʝʨʰʠʡ ʨʽʚʝʥʴ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʫʞʝ ʚ ʪʽʡ ʯʠ 

ʽʥʰʽʡ ʤʽʨʽ ʜʦʩʷʛʥʫʪʠʡ ʰʣʷʭʦʤ ʛʘʨʤʦʥʽʟʘʮʽʾ ʪʘ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʪʦ ʥʘʩʪʫʧʥʽ ʜʚʘ ʨʽʚʥʽ (ʜʠʚ. ʪʘʙʣ. 1) ʧʦʪʨʝʙʫʶʪʴ 

ʨʦʟʨʦʙʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ.  

ɺʠʩʥʦʚʢʠ. ʅʘʨʘʟʽ ʩʪʘʥ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʪʘ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʝʨʪʠʬʽʢʘʮʽʾ ʻ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʦʨʛʘʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʨʞʘʚʥʦʾ ʩʠʩʪʝʤʠ ʩʝʨʪʠʬʽʢʘʮʽʾ ʫ ʩʬʝʨʽ ʦʨʛʘʥʽʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ ʥʝʦʙʭʽʜʥʦ ʫʟʛʦʜʠʪʠ ʧʦʣʦʞʝʥʥʷ ʜʝʨʞʘʚʥʠʭ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ ʪʘ ʩʪʚʦʨʠʪʠ ʥʘʮʽʦʥʘʣʴʥʫ ʙʘʛʘʪʦʨʽʚʥʝʚʫ 

ʩʠʩʪʝʤʫ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʘ ʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʣʘʩʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʷʢʽʩʥʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʭʘʨʯʫʚʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟ ʦʜʥʦʯʘʩʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʜʦʚʢʽʣʣʷ. 
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ʃʽʪʝʨʘʪʫʨʘ  

1. ʇʨʠʥʮʠʧʠ ʩʝʨʪʠʬʽʢʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ 

ʚ ʋʢʨʘʾʥʽ / [ʃ.ɯ. ʄʦʢʣʷʯʫʢ, ɸ.ʄ. ʃʽʱʫʢ, ʖ.ʆ. ɿʘʮʘʨʽʥʥʘ, ʆ.ɸ. ʉʣʦʙʦʜʝʥʶʢ]; 

AGROECOLOGICAL JOURNAL , ˉ 2, 2013, ï ʉ. 12-16. 

2. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʥʳ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʢʣʘʜʘ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʤʘʪʝʨʽʘʣʫ: https://regnum.ru/news/-

economy/2254509.html. 

3. ɼʦʚʽʜʥʠʢ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ ʦʨʛʘʥʽʯʥʦʛʦ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ / 

ʅʘʚʯ.-ʢʦʦʨʜ. ʎʝʥʪʨ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʜʦʨʘʜʯʠʭ ʩʣʫʞʙ; [ɿʘ ʨʝʜ. ʄ.ɺ. 

ʂʘʧʰʪʠʢʘ, ʆ.ʆ. ʂʦʪʠʨʣʦ]. ï ʂ.: ʉʇɼ çɻʦʨʦʙʝʮʴ ɻ.ʉ.è, 2007. ï 356 ʩ. 

4. ɹʽʦʩʬʝʨʘ ʪʘ ʘʛʨʦʪʝʭʥʦʣʦʛʽʾ: ʽʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ: ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ/ 

[ɺ. ʂʨʘʚʯʫʢ, ɸ. ʂʫʰʥʘʨʴʦʚ, ɺ. ʊʘʨʛʦʥʷ, ʄ. ʇʘʚʣʠʰʠʥ, ɺ. ɻʫʩʘʨ]; 

ʄʽʥʽʩʪʝʨʩʪʚʦ ʘʛʨʘʨʥʦʾ ʧʦʣʽʪʠʢʠ ʪʘ ʧʨʦʜʦʚʦʣʴʩʪʚʘ ʋʢʨʘʾʥʠ: ʋʢʨʅɼɯʇɺʊ ʽʤ. 

ʃ. ʇʦʛʦʨʽʣʦʛʦ. ï ɼʦʩʣʽʜʥʠʮʴʢʝ, 2015. ï 239 ʩ. 

5. ʄʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʝʢʦʣʦʛʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ (ɺ.ʉ.ʊʘʨʛʦʥʷ, ʄ.ʃ.ʅʦʚʦʭʘʮʴʢʠʡ, ɺ.ɺ.ʂʫʷʥʦʚ, 

ʅ.ʄ.ʉʝʨʜʶʯʝʥʢʦ, ʅ.ʄ.ʅʝʛʫʣʷʻʚʘ) //ɸʛʨʦʝʢʦʣʦʛʽʯʥʽ, ʩʦʮʽʘʣʴʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ 

ʘʩʧʝʢʪʠ ʩʪʚʦʨʝʥʥʷ ʡ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʩʪʘʙʽʣʴʥʠʭ 

ʪʝʨʠʪʦʨʽʡ : ʢʦʣʝʢʪʠʚʥʘ ʤʦʥʦʛʨʘʬʽʷ ʟʘ ʨʝʜ. ʇ.ɺ. ʇʠʩʘʨʝʥʢʘ, ʊ.ʆ. ʏʘʡʢʠ, ʆ.ʆ. 

ʃʘʩʣʦ. ï ʇ. : ɺʠʜʘʚʥʠʮʪʚʦ çʉʽʤʦʥè, 2016. ï 230 ʩ. (ʉ. 142-156). 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ ʚʣʠʷʥʠʷ 

ʥʘ ʘʛʨʦʙʠʦʮʝʥʦʟʳ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʝʨʪʠʬʠʢʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʦʮʝʥʢʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʣʴʪʝʨʥʘʪʠʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʩʝʨʪʠʬʠʢʘʮʠʠ ʚ ʩʬʝʨʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʋʢʨʘʠʥʝ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʛʣʘʩʦʚʘʪʴ ʧʦʣʦʞʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ 

ʠ ʩʦʟʜʘʪʴ ʥʘʮʠʦʥʘʣʴʥʫʶ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʩʝʨʪʠʬʠʢʘʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 

ʥʦ ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʧʠʪʘʥʠʷ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

Summary 

The resulted classification of agrotechnologies on intensity of their influence 

on agrobiocenoses. The proposed concept of creating a national multi-level 

certification of biological production, based on the use of the pricing approach 

and evaluation of the integrated application of biotechnological alternatives. 

It is established that in order to create a state certification system in the field of 

organic production in Ukraine, it is necessary to harmonize the provisions of state 
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administrative legal acts and create a national multi-level certification system for 

biological farms, not only to increase export potential, but also to provide its own 

population with quality food products, improve the efficiency of biological 

Production with simultaneous restoration of environmental indicators. 
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ʋɼʂ 631.51:549.8 

ɼʆ ʇʀʊɸʅʅʗ ɺʀʂʆʈʀʉʊɸʅʅʗ ɸɻʈʆʊɽʍʅʆʃʆɻɯʏʅʀʍ 

ʆʇɽʈɸʎɯʁ ɼʃʗ ɿʄɽʅʐɽʅʅʗ ʇɽʈɽʍɯɼʅʆɻʆ ʇɽʈɯʆɼʋ 

ʉʊɸʅʆɺʃɽʅʅʗ ɹɯʆʃʆɻɯʏʅʀʍ ɸɻʈʆɺʀʈʆɹʅʀʎʊɺ 

ʄ. ʅʦʚʦʭʘʮʴʢʠʡ, ʢʘʥʜ. ʩ.-ʛ. ʥʘʫʢ;  

ɺ. ʊʘʨʛʦʥʷ, ʜʦʢʪʦʨ ʩ.-ʛ. ʥʘʫʢ;  

ʅ. ʅʝʛʫʣʷʻʚʘ, ʢʘʥʜ. ʩ.-ʛ. ʥʘʫʢ;  

ɯ. ɻʫʩʘʨ 

ɼʅʋ çʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦè 

 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ 

ʘʛʨʦʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ˇʨʫʥʪʫ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ ʡʦʛʦ ʦʙʨʦʙʽʪʢʫ ʪʘ 

ʯʘʩʫ ʧʨʠʧʠʥʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʛʨʦʭʽʤʽʢʘʪʽʚ ʘʙʦ ʾʭ ʟʘʤʽʥʠ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ. 

ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ 

ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʩʦʢʦʯʫʪʣʠʚʠʭ 

ʝʢʟʦʛʝʥʥʠʭ ʽ ʝʥʜʦʛʝʥʥʠʭ ʙʽʦʽʥʜʠʢʘʪʦʨʽʚ ʪʘ ʮʠʪʦʛʝʥʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʴ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ.  

ʂʦʤʧʣʝʢʩʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʤʽʥʽʤʽʟʦʚʘʥʠʤ 

ʦʙʨʦʙʽʪʢʦʤ ˇʨʫʥʪʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʷʢ ʦʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʢʘʨʜʠʥʘʣʴʥʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ ʜʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  
 

ʂʣʯʁʦʚʽ ʩʣʦʚʘ: ʙʽʦʣʦʛʽʯʥʝ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʦ, ʩʠʩʪʝʤʠ ʦʙʨʦʙʽʪʢʫ 

ˇʨʫʥʪʫ, ʚʤʽʩʪ ʚʫʛʣʝʮʶ, ʝʤʽʩʽʷ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʧʝʨʝʭʽʜʥʠʡ ʧʝʨʽʦʜ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʫ ʩʚʽʪʽ ʥʘʙʠʨʘʻ 

ʧʨʦʜʫʢʮʽʷ ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʱʦʜʘʣʽ ʟʨʦʩʣʘ ʨʽʟʥʠʮʷ 

ʤʽʞ ʷʢʽʩʪʶ ʪʘ ʨʽʚʥʝʤ ʙʝʟʧʝʢʠ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴʩʷ ʩʴʦʛʦʜʥʽ, ʽ 

ʩʝʨʪʠʬʽʢʦʚʘʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ. ɸʜʞʝ, ʦʨʛʘʥʽʯʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʣʠʰʝ ʪʽ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʚʠʨʦʙʣʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʪʚʝʨʜʞʝʥʠʭ ʧʨʘʚʠʣ 

(ʩʪʘʥʜʘʨʪʽʚ), ʘ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʡʰʣʦ ʧʨʦʮʝʜʫʨʫ ʩʝʨʪʠʬʽʢʘʮʽʾ ʚ 

ʫʩʪʘʥʦʚʣʝʥʦʤʫ ʧʦʨʷʜʢʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʋʢʨʘʾʥʘ ʧʦʩʽʜʘʻ 21 ʤʽʩʮʝ 

ʩʝʨʝʜ ʩʚʽʪʦʚʠʭ ʢʨʘʾʥ-ʣʽʜʝʨʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʨʫʭʫ ʧʦʜʘʣʴʰʠʡ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʢʨʘʾʥʽ ʩʧʦʚʽʣʴʥʶʻ ʥʝʟʘʚʝʨʰʝʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʟʘʢʦʥʦʜʘʚʯʦʾ ʪʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʩʬʝʨʽ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʦʢʨʝʤʘ ʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʩʝʨʪʠʬʽʢʘʮʽʾ [1]. 

ɼʝʨʞʘʚʥʘ ʧʦʣʽʪʠʢʘ ʫ ʩʬʝʨʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʦʙʽʛʫ ʦʨʛʘʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ 

(ʩʠʨʦʚʠʥʠ) ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʩʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʜʣʷ: 

ï ʨʦʟʚʠʪʢʫ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʛʦ, ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʚʝʜʝʥʥʷ 



210 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʦʙʥʠʮʪʚʘ ʦʨʛʘʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ 

(ʩʠʨʦʚʠʥʠ); 

ï ʟʙʽʣʴʰʝʥʥʷ ʝʢʩʧʦʨʪʫ ʦʨʛʘʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ; 

ï ʨʦʟʚʠʪʢʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʠʥʢʫ ʦʨʛʘʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʟʘʜʦʚʦʣʝʥʥʷ 

ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʽʚ ʚ ʘʩʦʨʪʠʤʝʥʪʽ ʦʨʛʘʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ [2]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʥʥʠʭ ʚʠʤʦʛ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʷʢʝ ʧʨʝʪʝʥʜʫʻ ʥʘ ʧʨʘʚʦ 

ʚʠʨʦʱʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʦʚʠʥʥʝ, ʧʨʦʡʪʠ ʧʝʨʝʭʽʜʥʠʡ ʧʝʨʽʦʜ ʜʦ 5 

ʩʝʟʦʥʽʚ. ʋ ʮʝʡ ʧʝʨʽʦʜ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʚʨʦʞʘʡʥʽʩʪʴ, ʛʦʩʧʦʜʘʨʩʪʚʦ ʥʝʩʝ 

ʟʙʠʪʢʠ. ʊʦʤʫ ʧʦʰʫʢ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʩʢʦʨʦʯʝʥʥʷ ʧʝʨʝʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ 

ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʘʮʽʦʥʘʣʴʥʠʭ ʘʛʨʦʦʧʝʨʘʮʽʡ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚ ʻ ʘʢʪʫʘʣʴʥʠʤ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʠʩʢʦʨʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ 

ʙʽʦʣʦʛʽʯʥʠʭ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ ʟʘʚʜʷʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʽ ʧʨʠʧʠʥʝʥʥʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʛʨʦʭʽʢʘʪʽʚ.  

ʄʝʪʦʜʠ ʪʘ ʤʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʨʘʤʢʘʭ ʚʢʘʟʘʥʦʾ ʧʨʦʙʣʝʤʠ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʧʨʷʤʽ ʪʘ ʦʧʦʩʝʨʝʜʢʦʚʘʥʽ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʘʛʨʦʝʢʦʣʦʛʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ˇʨʫʥʪʫ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ ʡʦʛʦ ʦʙʨʦʙʽʪʢʫ ʪʘ ʯʘʩʫ ʧʨʠʧʠʥʝʥʥʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʛʨʦʭʽʤʽʢʘʪʽʚ ʘʙʦ ʾʭ ʟʘʤʽʥʠ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʚʤʽʩʪʫ ʛʫʤʫʩʫ ʚ ˇʨʫʥʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʩʠʩʪʝʤʠ 

ʦʙʨʦʙʽʪʢʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧôʷʪʠʧʽʣʴʥʽʡ ʟʝʨʥʦʚʽʡ ʩʽʚʦʟʤʽʥʽ (20 ʜʦʩʣʽʜʥʠʭ 

ʧʦʣʽʚ ʧʦ 7,5 ʛʘ) ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. 

ʇʦʛʦʨʽʣʦʛʦ. ʅʦʨʤʘʪʠʚʥʠʡ ʜʦʢʫʤʝʥʪ: ɼʉʊʋ 4289:2004 çʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ 

ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠè [3]. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʧʣʠʚʫ ʛʣʠʙʠʥʠ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʥʘ ʝʤʽʩʽʶ ʉʆ2 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ ʜʦʩʣʽʜʞʝʥʴ (D.C. Reicosky, D.W. Archer, 2006) [4], ʘ 

ʪʘʢʦʞ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʝʤʽʩʽʾ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ [5]. 

ʆʮʽʥʢʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʥʘʫʢʦʚʦ-

ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʩʦʢʦʯʫʪʣʠʚʠʭ 

ʝʢʟʦʛʝʥʥʠʭ ʽ ʝʥʜʦʛʝʥʥʠʭ ʙʽʦʽʥʜʠʢʘʪʦʨʽʚ ʪʘ ʮʠʪʦʛʝʥʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʦ ʫ ʚʽʜʜʽʣʽ ʮʠʪʦʝʢʦʣʦʛʽʾ ɯʥʩʪʠʪʫʪʫ ʧʨʦʙʣʝʤ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʝʢʦʣʦʛʽʾ ʅɸʅ ʋʢʨʘʾʥʠ  (ɸ.ɯ. ɻʦʨʦʚʘ, 1996,2010) [6, 

7]. ʆʪʨʠʤʘʥʽ ʮʠʪʦʛʝʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʷʢʦʩʪʽ ˇʨʫʥʪʽʚ ʽ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʟʘʛʘʣʦʤ.  

ɽʥʜʦʛʝʥʥʫ ʙʽʦʽʥʜʠʢʘʮʽʶ ʷʢʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʪʝʨʠʪʦʨʽʾ,  

ʷʢʘ ʪʝʩʪʫʻʪʴʩʷ, ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʩʪʝʨʠʣʴʥʦʩʪʽ ʧʠʣʢʫ ʨʽʟʥʠʭ 

ʚʠʜʽʚ ʨʦʩʣʠʥ-ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʤʽʩʮʝʚʦʾ ʬʣʦʨʠ (ʤʘʢ ʜʠʢʠʡ, ʩʦʢʠʨʢʠ ʧʦʣʴʦʚʽ, 

ʦʩʦʪ ʨʦʞʝʚʠʡ, ʨʦʤʘʰʢʘ ʧʦʣʴʦʚʘ, ʢʫʣʴʙʘʙʘ ʣʽʢʘʨʩʴʢʘ, ʙʝʨʽʟʢʘ ʧʦʣʴʦʚʘ, ʛʨʝʯʢʘ 

ʟʚʠʯʘʡʥʘ, ʝʩʧʘʨʮʝʪ ʚʽʢʦʣʠʩʪʥʠʡ). 

ɼʣʷ ʦʮʽʥʢʠ ʤʫʪʘʛʝʥʥʦʩʪʽ ˇʨʫʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʝʢʟʦʛʝʥʥʠʡ 

ʙʽʦʽʥʜʠʢʘʪʦʨ ï ʮʠʙʫʣʷ-ʙʘʪʫʥ, ʥʘʩʽʥʥʷ ʷʢʦʛʦ ʧʨʦʨʦʱʫʚʘʣʠ ʥʘ ʟʨʘʟʢʘʭ ˇʨʫʥʪʽʚ ʚ 

ʯʘʰʢʘʭ ʇʝʪʨʽ ʚ ʪʝʨʤʦʩʪʘʪʽ ʧʨʠ tÁ = 24Áʉ. ɿʘ ʢʦʥʪʨʦʣʴ ʙʨʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʫ 
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ʚʦʜʫ. ɿʘ ʜʦʩʷʛʥʝʥʥʷ ʜʦʚʞʠʥʠ ʢʦʨʽʥʮʷ 1,0-1,5 ʩʤ ʧʨʦʚʦʜʠʣʠ ʬʽʢʩʘʮʽʶ 

ʧʨʦʨʦʩʪʢʽʚ ʟʘ ʂʘʨʥʫʘ ʽ ʬʘʨʙʫʚʘʣʠ ʾʭ ʟʘ ʌʝʣʴʛʝʥʦʤ ʟ ʧʦʧʝʨʝʜʥʽʤ ʛʽʜʨʦʣʽʟʦʤ ʚ 

1N ʅʉl ʧʨʠ 60Áʉ. ʇʦʪʽʤ ʚʠʛʦʪʦʚʣʷʣʠ ʜʘʚʣʝʥʽ ʧʨʝʧʘʨʘʪʠ, ʥʘ ʷʢʠʭ ʧʽʜ 

ʤʽʢʨʦʩʢʦʧʦʤ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 15Ĭ60 ʘʙʦ 15Ĭ90, ʚʠʨʘʭʦʚʫʶʪʴ ʤʝʨʠʩʪʝʤʘʪʠʯʥʽ 

ʢʣʽʪʠʥʠ, ʟʦʢʨʝʤʘ ʢʣʽʪʠʥʠ, ʷʢʽ ʟʥʘʭʦʜʠʣʠʩʴ ʫ ʨʽʟʥʠʭ ʬʘʟʘʭ ʤʽʪʦʟʫ (ʧʨʦʬʘʟʘ, 

ʤʝʪʘʬʘʟʘ, ʘʥʘʬʘʟʘ ʽ ʪʝʣʦʬʘʟʘ) ʪʘ ʘʙʝʨʘʮʽʡʥʽ ʭʨʦʤʦʩʦʤʠ. ʅʘ ʙʘʟʽ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ ʚʠʨʘʭʦʚʫʚʘʣʠ ʤʽʪʦʪʠʯʥʠʡ ʽʥʜʝʢʩ ʽ ʯʘʩʪʦʪʫ ʭʨʦʤʦʩʦʤʥʠʭ ʘʙʝʨʘʮʽʡ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʟʤʽʥʠ ʚʤʽʩʪʫ ʛʫʤʫʩʫ ʚ ˇʨʫʥʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʩʠʩʪʝʤʠ ʦʙʨʦʙʽʪʢʫ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʫ ˇʨʫʥʪʽ ʟʘʣʝʞʥʦ ʚʽʜ 

ʩʠʩʪʝʤʠ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ 

ʉʠʩʪʝʤʘ ʦʙʨʦʙʽʪʢʫ 

ˇʨʫʥʪʫ 

ɺʤʽʩʪ ʛʫʤʫʩʫ  ʚ ˇʨʫʥʪʽ, % 
ȹʉ, % 

19.03.2014 ʨ. 28.04.2016 ʨ. 

ʊʨʘʜʠʮʽʡʥʘ  1,82Ñ0,20 1,80Ñ0,10 0,02 

ʂʦʥʩʝʨʚʫʚʘʣʴʥʘ  1,91Ñ0,11 2,14Ñ0,20 0,23, 

ʄʫʣʴʯʫʚʘʣʴʥʘ  1,95Ñ0,15 2,60Ñ0,25 0,65 

ɿ ʝʣʝʤʝʥʪʘʤʠ mini-till  2,05Ñ0,20 2,44Ñ0,20 0,39 

ʐʣʷʭʦʤ ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʩʠʤʫʣʶʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʫ ˇʨʫʥʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʩʠʩʪʝʤʠ ʦʙʨʦʙʽʪʢʫ 

ˇʨʫʥʪʫ ʚ 2014 ʽ 2016 ʨ. ʥʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʥʘʙʣʠʞʝʥʠʡ ʧʨʦʛʥʦʟ ʧʦʜʘʣʴʰʠʭ ʟʤʽʥ 

ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ. ʋ ʷʢʦʩʪʽ ʝʪʘʣʦʥʥʦʛʦ ʚʤʽʩʪʫ ʙʫʣʦ ʚʟʷʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʷʚʥʝ ʫ 

ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ʋʢʨʅɼɯʇɺʊ ʽʤ. 

ʃ. ʇʦʛʦʨʽʣʦʛʦ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ 4,5% ʛʫʤʫʩʫ (2,61% ʚʫʛʣʝʮʶ). 

ʇʦʙʫʜʦʚʘʥʽ ʧʨʦʛʥʦʩʪʠʯʥʽ  ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 1-3. 

 

ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʫ ˇʨʫʥʪʽ ʚʽʜ ʯʘʩʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʥʩʝʨʚʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ 
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ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʦʚʽʪʥʽ ʝʥʝʨʛʦʦʱʘʜʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʜʦʟʚʦʣʷʶʪʴ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʚʽʜʥʦʚʣʶʚʘʪʠ 

ʚʤʽʩʪ ʚʫʛʣʝʮʶ ʚ ˇʨʫʥʪʽ.  

ʇʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻ 

ʤʦʜʝʣʴ ʚʧʣʠʚʫ ʛʣʠʙʠʥʠ ʦʙʨʦʙʽʪʢʫ ʥʘ ʝʤʽʩʽʶ ʉʆ2 (ʨʠʩ. 4).  

ʈʝʟʫʣʴʪʘʪʠ ʮʠʪʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ 

ʜʦʚʢʽʣʣʷ ʪʘ ʤʫʪʘʛʝʥʥʦʩʪʽ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʷʭ 2 ʽ 3. 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ʛʫʤʫʩʫ ʫ ˇʨʫʥʪʽ ʚʽʜ ʯʘʩʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʟ ʝʣʝʤʝʥʪʘʤʠ mini-till  

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ʛʫʤʫʩʫ ʫ ˇʨʫʥʪʽ ʚʽʜ ʯʘʩʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʫʣʯɹʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ 
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ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʥʘʯʝʥʥʷ ʩʪʝʨʠʣʴʥʦʩʪʽ ʧʠʣʢʫ ʨʦʩʣʠʥ, 

ʷʢʽ ʧʨʦʨʦʩʪʘʶʪʴ ʥʘ ʪʝʨʠʪʦʨʽʾ, ʷʢʘ ʪʝʩʪʫʻʪʴʩʷ, ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 1.0 ʜʦ 21,2%, ʘ 

ʚʨʘʭʦʚʘʥʽ ʟʘ ʥʠʤʠ ʫʤʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦʰʢʦʜʞʝʥʦʩʪʽ ʙʽʦʦʙôʻʢʪʽʚ ʟ ʦʙʣʽʢʦʤ 

ʾʭʥʴʦʾ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʜʽʾ ʰʢʽʜʣʠʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ  ï ʚʽʜ 0,03 ʜʦ 0,40. 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʧʦʰʢʦʜʞʝʥʦʩʪʽ ʙʽʦʩʠʩʪʝʤʠ ʩʢʣʘʣʦ 

0,26. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʨʝʛʽʦʥʽ ʜʦʩʣʽʜʞʝʥʴ ʨʽʚʝʥʴ ʧʦʰʢʦʜʞʝʥʦʩʪʽ 

ʙʽʦʩʠʩʪʝʤ ïçʥʠʞʯʝ-ʩʝʨʝʜʥʴʦʛʦè, ʾʭʥʽʡ ʩʪʘʥ ʽ ʩʪʘʥ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʪʦʢʩʠʯʥʠʤ 

ʬʦʥʦʤ ïçʥʘʩʪʦʨʦʞʫʚʘʣʴʥʠʡè, ʘ ʝʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʦʮʽʥʶʻʪʴʩʷ ʷʢ 

çʟʘʜʦʚʽʣʴʥʘè. 

 
ʈʠʩʫʥʦʢ 4 ï ɿʘʣʝʞʥʽʩʪʴ ʝʤʽʩʽʾ ʉʆ2 ʚʽʜ ʛʣʠʙʠʥʠ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ 

ɼʘʥʽ ʧʨʦ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʯʘʩʪʦʪʠ ʭʨʦʤʦʩʦʤʥʠʭ ʘʙʝʨʘʮʽʡ ʫ ʢʣʽʪʠʥʘʭ 

ʽʥʜʠʢʘʪʦʨʥʦʾ ʢʫʣʴʪʫʨʠ (ʮʠʙʫʣʷ-ʙʘʪʫʥ), ʚʠʨʦʱʝʥʦʾ ʥʘ ʟʨʘʟʢʘʭ ˇʨʫʥʪʽʚ, 

ʚʽʜʽʙʨʘʥʠʭ ʥʘ ʚʘʨʽʘʥʪʘʭ ʜʦʩʣʽʜʫ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʾʭ ʤʫʪʘʛʝʥʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1,83 ʜʦ 5,47%, ʘ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʭʨʦʤʦʩʦʤʥʠʭ ʘʙʝʨʘʮʽʡ ï 

0,01-0,21.  

ʊʘʙʣʠʮʷ 2 ï ɹʽʦʽʥʜʝʢʘʮʽʷ ʟʘʛʘʣʴʥʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʟʘ ʩʪʝʨʠʣʴʥʽʩʪʶ 

ʧʠʣʢʫ ʨʦʩʣʠʥ ï ʙʽʦʽʥʜʠʢʘʪʦʨʽʚ 

ɹʽʦʽʥʜʠʢʘʪʦʨ ʉʪʝʨʠʣʴʥʽʩʪʴ ʧʠʣʢʫ, % ʋʇʇ 

ʄʘʢ ʜʠʢʠʡ  16,5Ñ1,7 0,39 

ʉʦʢʠʨʢʠ ʧʦʣʴʦʚʽ 10,6Ñ0,97 0,33 

ʆʩʦʪ ʨʦʞʝʚʠʡ  6,3Ñ0,76 0,19 

ʈʦʤʘʰʢʘ ʧʦʣʴʦʚʘ 3,3Ñ0,56 0,33 

ʂʫʣʴʙʘʙʘ ʣʽʢʘʨʩʴʢʘ 3,5+0,58 0,32 

ɹʝʨ̔ʟʢʘ ʧʦʣʴʦʚʘ 5,2+0,40 0,24 

ʌʽʘʣʢʘ ʪʨʠʢʦʣʽʨʥʘ 8,6+0,89 0,26 

ɽʩʧʘʨʮʝʪ ʚʽʢʦʣʠʩʪʥʠʡ 8,8Ñ0,89 0,27 

ɻʨʝʯʢʘ ʟʚʠʯʘʡʥʘ 10,4Ñ0,96 0,18 

ʄʠʣʴʥʷʥʢʘ ʣʽʢʘʨʩʴʢʘ 21,2Ñ1,29 0,40 

ɻʽʧʩʦʬʽʣʘ ʧʫʯʢʦʚʘ 8,3Ñ0,87 0,25 

ʉʫʨʽʧʠʮʷ ʟʚʠʯʘʡʥʘ 1,0Ñ0,30 0,03 

ʧ=12  ʩʝʨ. 0,26 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ ˇʨʫʥʪʫ ʤʘʶʪʴ ʟʘʜʦʚʽʣʴʥʠʡ 

ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʥʠʟʴʢʽ ʨʽʚʥʽ ʪʦʢʩʠʯʥʦʩʪʽ ʪʘ ʤʫʪʘʛʝʥʥʦʩʪʽ, 

ʷʢʽ ʙʫʣʠ ʫʩʪʘʥʦʚʣʝʥʽ ʤʝʪʦʜʘʤʠ ʙʽʦʽʥʜʠʢʘʮʽʾ ʟʘ ʮʠʪʦʛʝʥʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤ.  

ʊʘʙʣʠʮʷ 3 ï ɹʽʦʽʥʜʠʢʘʮʽʷ ʟʘʛʘʣʴʥʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʪʘ ʤʫʪʘʛʝʥʥʦʩʪʽ ˇʨʫʥʪʽʚ ʟʘ 

ʚʘʨʽʘʥʪʘʤʠ ʜʦʩʣʽʜʫ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʘ 

ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʏʘʩ ʧʨʠʧʠʥʝʥʥʷ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʘʛʨʦʭʽʤʽʢʘʪʽʚ, ʨʦʢʠ 
1 2 3 4 5 

ʄʽʪʦʪʠʯʥʠʡ ʽʥʜʝʢʩ, ă 152,0Ñ15,0 129,0Ñ13,0 128,0Ñ13,0 109,0Ñ11,0 98,0Ñ9,0 

ʏʘʩʪʦʪʘ ʭʨʦʤʦʩʦʤʥʠʭ 
ʘʙʝʨʘʮʽʡ, % 

5,47Ñ0,72 3,40Ñ0,57 3,67Ñ0,51 2,33Ñ0,31 1,83+0,42 

ʄʽʪʦʪʠʯʥʠʡ ʽʥʜʝʢʩ, ʋʇʇ 0,42 0,31 0,12 0,11 0,00 

ʏʘʩʪʦʪʘ ʭʨʦʤʦʩʦʤʥʠʭ 

ʘʙʝʨʘʮʽʡ, ʋʇʇ 
0,21 0,1 0,06 0,04 0,01 

ʐʣʷʭʦʤ ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʩʠʤʫʣʶʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ (ʾʭ 

ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʘʙʦ ʟʘʤʽʥʘ ʥʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʘʣʴʪʝʨʥʘʪʠʚʠ) ʥʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʙʽʦʪʝʩʪʽʚ ʨʽʟʥʠʭ ʟʘ ʯʘʩʦʤ ʦʙʤʝʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʛʨʦʭʽʤʽʢʘʪʽʚ 

ʨʦʟʨʦʙʣʝʥʦ ʥʘʙʣʠʞʝʥʠʡ ʧʨʦʛʥʦʟ ʧʝʨʽʦʜʫ ʧʝʨʝʭʦʜʫ ʜʦ ʤʦʞʣʠʚʦʛʦ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʜʦʩʣʽʜʥʠʭ ʧʦʣʷʭ. ɿʘ ʝʪʘʣʦʥʥʽ ʚʟʷʣʠ ʟʝʤʣʽ 

ʫʨʦʯʠʱʘ ɻʦʧʘʮʘ, ʷʢʽ ʦʩʪʘʥʥʽ 30 ʨʦʢʽʚ ʙʫʣʦ ʚʠʣʫʯʝʥʦ ʟ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʦʙʨʦʙʽʪʢʫ. ɿʘ ʜʦʧʫʩʪʠʤʫ ʤʝʞʫ ʙʫʣʦ ʚʟʷʪʦ ʟʥʘʯʝʥʥʷ ʰʢʘʣʠ ʦʮʽʥʢʠ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʪʦʢʩʠʢʦ-

ʤʫʪʘʛʝʥʥʦʶ ʩʠʪʫʘʮʽʻʶ (ɻʦʨʦʚʘ  ɸ.ɯ., 1996). 

ʇʦʙʫʜʦʚʘʥʽ ʧʨʦʛʥʦʩʪʠʯʥʽ  ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 5 ʽ 

6. 

 
ʈʠʩʫʥʦʢ 5 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʪʦʪʠʯʥʦʛʦ ʽʥʜʝʢʩʫ ʚʽʜ ʯʘʩʫ ʧʨʠʧʠʥʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʛʨʦʭʽʤʽʢʘʪʽʚ 

ʗʢ ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 5 ʽ 6), ʫʞʝ ʯʝʨʝʟ 2-3 ʨʦʢʠ 

ʧʨʠʧʠʥʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʛʨʦʭʽʤʽʢʘʪʽʚ ʘʙʦ ʧʝʨʝʭʽʜ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭʥʽʭ 
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ʙ̔ ʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʥʘʡʙʽʣʴʰ ʞʦʨʩʪʢʠʭ ʚʠʤʦʛ 

ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʙʣʘʛʦʧʦʣʫʯʯʷ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʝ ʪʽʣʴʢʠ ʽ ʩʪʽʣʴʢʠ 

ʚʠʩʦʢʦʶ ʘʛʨʦʢʫʣʴʪʫʨʦʶ ʜʦʩʣʽʜʥʠʭ ʧʦʣʽʚ, ʘ ʡ ʜʝʬʽʮʠʪʦʤ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʪʘ ʧʝʩʪʠʮʠʜʽʚ, ʱʦ ʚʠʤʘʛʘʣʦ ʧʦʰʫʢʫ ʘʣʴʪʝʨʥʘʪʠʚ. 

 
ʘ) 

 
ʙ) 

ʘ) ï ʋʇʇ; ʙ) ï ʚ % 
ʈʠʩʫʥʦʢ 6 ï ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʪʦʪʠ ʭʨʦʤʦʩʦʤʥʠʭ ʘʙʝʨʘʮʽʡ ʚʽʜ ʯʘʩʫ ʧʨʠʧʠʥʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʛʨʦʭʽʤʽʢʘʪʽʚ 

ɺʠʩʥʦʚʢʠ. 

1. ʆʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʢʘʨʜʠʥʘʣʴʥʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ ʜʦ ʙʽʦʣʦʛʽʯʥʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʢʦʤʧʣʝʢʩʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʤʽʥʽʤʽʟʦʚʘʥʠʤ ʦʙʨʦʙʽʪʢʦʤ ˇʨʫʥʪʫ 

ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚ. 

2. ʆʮʽʥʢʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʩʦʢʦʯʫʪʣʠʚʠʭ ʝʢʟʦʛʝʥʥʠʭ ʽ ʝʥʜʦʛʝʥʥʠʭ ʙʽʦʽʥʜʠʢʘʪʦʨʽʚ ʽ 

ʮʠʪʦʛʝʥʠʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʨʘʢʪʠʮʽ ʜʦʟʚʦʣʷʻ ʦʜʥʦʟʥʘʯʥʦ 

ʚʠʟʥʘʯʠʪʠ ʧʨʠʜʘʪʥʽʩʪʴ ʢʦʥʢʨʝʪʥʠʭ ʟʝʤʝʣʴ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʚʠʷʚʠʪʠ ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʢʣʘʩʪʠ ʧʨʦʛʥʦʟ 

ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 

ʃʽʪʝʨʘʪʫʨʘ  

1. .ʇʨʠʥʮʠʧʠ ʩʝʨʪʠʬʽʢʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ 

ʚ ʋʢʨʘʾʥʽ / [ʃ.ɯ. ʄʦʢʣʷʯʫʢ, ɸ.ʄ. ʃʽʱʫʢ, ʖ.ʆ. ɿʘʮʘʨʽʥʥʘ, ʆ.ɸ. ʉʣʦʙʦʜʝʥʶʢ]; 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʡ ʝʝ 

ʦʙʨʘʙʦʪʢʠ ʠ ʚʨʝʤʝʥʠ ʧʨʝʢʨʘʱʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʘʛʨʦʭʠʤʠʢʘʪʦʚ ʠʣʠ ʠʭ ʟʘʤʝʥʳ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ. 

ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʛʦʜʠʡ ʥʘʫʯʥʦ-ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʧʦʣʠʛʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʢʟʦʛʝʥʥʳʭ ʠ ʵʥʜʦʛʝʥʥʳʭ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʠ 

ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ 

ʤʠʥʠʤʠʟʠʨʦʚʘʥʥʳʤ ʦʙʨʘʙʦʪʢʘʤ ʧʦʯʚʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚ ʧʨʝʜʣʦʞʝʥʦ ʢʘʢ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʢ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ 

ʧʨʦʠʟʚʦʜʩʪʚʫ. 

 

http://zakon4.rada.gov.ua/laws/show/191-19/paran470#n470
http://zakon4.rada.gov.ua/laws/show/191-19/paran470#n470
https://naldc.nal.usda.gov/download/14674/PDF
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Summary 

The results of research of agrotechnological and agroecological indicators of 

soil are given depending on the technologies of its processing and the time of 

stopping the application of agrochemicals or their replacement with 

biotechnological alternatives. 

An assessment of the ecological state of agricultural lands in a scientific and 

test site was carried out using highly sensitive exogenous and endogenous 

bioindicators and cytogenetic research methods. A positive effect of minimizing 

tillage has been established. 

The integrated use of agro-technological solutions for minimized soil 

cultivation and the use of biotechnological alternatives is proposed as one of the 

possible and promising methods of drastically reducing the transitional period to 

biological production. 
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ʋɼʂ 633.11:551.58 

ɿɸʍʆɼʀ ɿ ɸɼɸʇʊɸʎɯɰ ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʆɻʆ 

ɺʀʈʆɹʅʀʎʊɺɸ ʋʂʈɸɰʅʀ ɼʆ ʂʃɯʄɸʊʀʏʅʀʍ ɿʄɯʅ 

ʅ. ʉʝʨʜʶʯʝʥʢʦ, ʢʘʥʜ. ʛʝʦʛʨ. ʥʘʫʢ,  

ʅ. ʅʝʛʫʣʷʻʚʘ, ʢʘʥʜ. ʩ.-ʛ. ʥʘʫʢ, 

ʈ. ɼʫʰʢʦ,   

ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ 

 

ʉʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ 

ʋʢʨʘʾʥʠ ʽ ʜʫʞʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥ ʪʘ ʢʦʣʠʚʘʥʴ ʢʣʽʤʘʪʫ. ʋ ʩʪʘʪʪʽ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʮʽʥʢʠ ʟʤʽʥ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ 

ʋʢʨʘʾʥʠ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʪʘ ʥʘʚʝʜʝʥʦ ʚʘʨʽʘʥʪʠ ʤʦʞʣʠʚʠʭ 

ʩʪʨʘʪʝʛʽʡ ʘʜʘʧʪʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʋʢʨʘʾʥʠ ʜʦ 

ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʷʢʽ ʤʘʶʪʴ ʧʨʠʥʮʠʧʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʙʦʨʫ 

ʜʠʥʘʤʽʯʥʠʭ ʚʘʨʽʘʥʪʽʚ ʢʣʽʤʘʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʘʜʘʧʪʘʮʽʷ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ 

ʚʠʨʦʙʥʠʮʪʚʦ, ʘʛʨʦʢʣʽʤʘʪʠʯʥʽ ʨʝʩʫʨʩʠ 

ʉʫʪʴ ʧʨʦʙʣʝʤʠ. ʉʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʽ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥ ʪʘ ʢʦʣʠʚʘʥʴ ʢʣʽʤʘʪʫ. 

ɻʣʦʙʘʣʴʥʽ ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʷʢ ʜʦ ʟʨʦʩʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ 

ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ ʋʢʨʘʾʥʠ, ʚ ʨʘʟʽ ʨʘʜʠʢʘʣʴʥʦʾ ʘʜʘʧʪʘʮʽʾ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ 

ʫʤʦʚ, ʪʘʢ ʽ ʜʦ ʧʽʜʚʠʱʝʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʮʽʣʦʤʫ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʅʘ ʜʫʤʢʫ ʩʚʽʪʦʚʠʭ ʝʢʩʧʝʨʪʽʚ, 

ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʚʧʣʠʚ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʢʨʘʾʥ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ʙʫʜʝ ʥʝʦʜʥʦʟʥʘʯʥʠʤ [1-11]. ʋʢʨʘʾʥʘ ʚʥʘʩʣʽʜʦʢ 

ʚʜʘʣʦʛʦ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʨʦʞʘʾʚ 

ʟʝʨʥʦʚʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʚ ʫʤʦʚʘʭ ʧʦʜʘʣʴʰʦʛʦ ʧʦʪʝʧʣʽʥʥʷ [1, 

4-5, 7-8], ʧʨʦʪʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʷʚʽʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʧʦʛʦʜʥʠʭ ʫʤʦʚ (ʦʩʦʙʣʠʚʦ ʧʦʩʫʰʣʠʚʠʭ ʷʚʠʱ) ʤʘʪʠʤʝ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʘʛʨʦʩʬʝʨʫ [3-4].  

ʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʮʽʥʢʠ ʟʤʽʥ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘ ʤʦʞʣʠʚʠʭ 

ʟʤʽʥ ʢʣʽʤʘʪʫ, ʷʢʽ ʧʨʦʚʝʜʝʥʽ ʛʨʫʧʦʶ ʘʚʪʦʨʽʚ ʧʽʜ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʮʪʚʦʤ 

ʇʦʣʴʦʚʦʛʦ ɸ.ʄ. ʽ ʦʧʫʙʣʽʢʦʚʘʥʽ [5], ʧʽʜ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʙʫʜʦʚʠ 

ʩʮʝʥʘʨʽʾʚ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʚ ʋʢʨʘʾʥʽ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ ʃʘʙʦʨʘʪʦʨʽʾ 

ʛʝʦʬʽʟʠʯʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʉʐɸ ï GFDL-30%, ʱʦ ʤʦʜʝʣʶʻ ʚʽʜʛʫʢ ʥʘ 

ʧʦʩʪʫʧʦʚʝ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʥʘ 30%, ʷʢ ʥʘʡʙʽʣʴʰ 

ʨʝʘʣʽʩʪʠʯʥʠʡ ʩʮʝʥʘʨʽʡ [7]), ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʽ ʦʯʽʢʫʚʘʥʽ ʟʤʽʥʠ ʚ ʧʦʢʘʟʥʠʢʘʭ 

ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ. 
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ɿʘʚʜʘʥʥʷʤ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʷʚʣʝʥʥʷ ʽ ʦʮʽʥʢʘ ʤʦʞʣʠʚʠʭ ʩʪʨʘʪʝʛʽʡ 

ʘʜʘʧʪʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʋʢʨʘʾʥʠ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, 

ʱʦ ʤʘʶʪʴ ʧʨʠʥʮʠʧʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʙʦʨʫ ʜʠʥʘʤʽʯʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʢʣʽʤʘʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ çʫʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʯʥʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʪʨʫʯʘʥʥʷè (ʩʪʘʪʪʷ 2 ʈʘʤʢʦʚʦʾ ʢʦʥʚʝʥʮʽʾ ʆʨʛʘʥʽʟʘʮʽʾ 

ʆʙ'ʻʜʥʘʥʠʭ ʅʘʮʽʡ ʧʨʦ ʟʤʽʥʫ ʢʣʽʤʘʪʫ) [10]. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʨʦʚʦʜʠʣʠʩʷ 

ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ [4-5, 7, 9-11], ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʪʘ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, 

ʦʩʥʦʚʥʠʤʠ ʟʘʭʦʜʘʤʠ ʟ ʘʜʘʧʪʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ 

ʋʢʨʘʾʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʽ: 

Å ʧʝʨʝʛʣʷʜ ʧʦʣʽʪʠʢʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʝʬʦʨʤ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ 

ʾʭʥʶ ʛʥʫʯʢʽʩʪʴ ʜʦ ʟʤʽʥʠ ʢʣʽʤʘʪʫ; 

Å ʨʦʟʨʦʙʣʝʥʥʷ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʩʪʽʡʢʠʭ ʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʟʨʦʰʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʟʚʦʣʦʞʝʥʦʩʪʽ ˇʨʫʥʪʫ ʽ 

ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. ʅʘʜʘʥʥʷ ʩʫʙʩʠʜʽʡ ʜʣʷ 

ʩʪʽʡʢʦʛʦ ʟʨʦʰʝʥʥʷ; 

Å ʧʽʜʛʦʪʦʚʢʘ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʄʽʥʽʩʪʝʨʩʪʚʘ ʘʛʨʘʨʥʦʾ ʧʦʣʽʪʠʢʠ ʪʘ 

ʧʨʦʜʦʚʦʣʴʩʪʚʘ ʋʢʨʘʾʥʠ ʱʦʜʦ ʧʝʨʝʜʦʚʠʭ ʧʨʘʢʪʠʢ ʟʨʦʰʝʥʥʷ. ʉʪʚʦʨʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʥʩʫʣʴʪʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʘʙʦ ʦʨʛʘʥʫ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ; 

Å ʩʪʚʦʨʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, 

ʚʦʜʦʡʤ ʽ ʚʦʜʦʟʘʙʦʨʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʩʚʽʜʫ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʚ 

ʘʜʘʧʪʘʮʽʾ ʜʦ ʟʤʽʥʠ ʢʣʽʤʘʪʫ [9]; 

Å ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʦʣʦʛʦʟʙʝʨʽʛʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʫ ˇʨʫʥʪʫ ʚ 

ʣʽʩʦʩʪʝʧʦʚʽʡ ʟʦʥʽ: ʟʙʝʨʝʞʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ (ʧʣʽʚʢʘ, ʥʝʪʢʘʥʽ ʪʝʢʩʪʠʣʴʥʽ ʚʠʨʦʙʠ) ʘʙʦ 

ʧʨʠʨʦʜʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ (ʪʨʘʚʘ/ʤʫʣʴʯʘ ʪʘ ʽʥʰʽ ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ); 

Å ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʨʦʟʰʠʨʝʥʥʷ ʟʨʦʰʝʥʥʷ ʫ ʩʪʝʧʦʚʽʡ ʟʦʥʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʦʜʦ- ʪʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʣʴʥʠʭ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʩʧʦʩʦʙʽʚ ʪʘ ʟʘʩʦʙʽʚ 

ʧʦʣʠʚʫ; 

Å ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʚʦʜʥʦʾ ʪʘ ʚʽʪʨʦʚʦʾ ʝʨʦʟʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ 

ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʢʦʨʤʦʚʠʭ ʢʫʣʴʪʫʨ ʥʘ ʦʨʥʠʭ ʟʝʤʣʷʭ, ʟʘʩʽʚʘʥʥʷ 

ʪʨʘʚʘʤʠ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ˇʨʫʥʪʽʚ, ʤʦʜʝʨʥʽʟʘʮʽʾ ʟʘʭʠʩʥʠʭ ʣʽʩʦʚʠʭ ʩʤʫʛ; 

Å ʩʪʚʦʨʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʧʦʩʫʭʦʩʪʽʡʢʠʭ ʩʦʨʪʽʚ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ; 

Å ʨʦʟʰʠʨʝʥʥʷ ʘʨʝʘʣʫ ʚʠʨʦʱʫʚʘʥʥʷ ʧʣʦʜʦʚʠʭ ʢʫʣʴʪʫʨ ʽ ʚʠʥʦʛʨʘʜʫ 

(ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʯʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʧʦʤôʷʢʰʝʥʥʷ ʟʠʤʠ); 

Å ʨʦʟʰʠʨʝʥʥʷ ʧʣʦʱ ʧʽʩʣʷʞʥʠʚʥʠʭ ʢʫʣʴʪʫʨ (ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ 

ʪʨʠʚʘʣʦʩʪʽ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʽ ʩʧʨʠʷʪʣʠʚʠʭ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ 

ʚʦʩʝʥʠ); 
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Å ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʽʚʜʝʥʥʠʭ ʨʘʡʦʥʘʭ ʚʠʜʽʚ ʽ ʩʦʨʪʽʚ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʟ ʢʦʨʦʪʢʠʤ ʧʝʨʽʦʜʦʤ ʚʝʛʝʪʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʧʦ ʜʚʘ-ʪʨʠ ʫʨʦʞʘʾ ʦʢʨʝʤʠʭ ʢʫʣʴʪʫʨ (ʥʘʧʨʠʢʣʘʜ, ʦʚʦʯʝʚʠʭ); 

Å ʨʦʟʚʠʪʦʢ ʪʚʘʨʠʥʥʠʮʪʚʘ, ʟʦʢʨʝʤʘ, ʫ ʣʽʩʦʩʪʝʧʦʚʽʡ ʟʦʥʽ (ʚʥʘʩʣʽʜʦʢ 

ʧʦʢʨʘʱʝʥʥʷ ʢʦʨʤʦʚʦʾ ʙʘʟʠ ʽ ʟʤʝʥʰʝʥʥʷ ʧʝʨʽʦʜʫ ʩʪʽʡʣʦʚʦʛʦ ʫʪʨʠʤʘʥʥʷ 

ʭʫʜʦʙʠ) ʪʘ ʩʫʭʦʩʪʝʧʦʚʽʡ ʧʽʜʟʦʥʽ (ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʧʘʩʦʚʠʱ ʽ 

ʩʢʦʨʦʯʝʥʥʷ ʧʣʦʱʽ ʦʨʥʠʭ ʟʝʤʝʣʴ); 

Å ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ 

ʚʥʘʩʣʽʜʦʢ ʧʦʢʨʘʱʝʥʥʷ ʫʤʦʚ ʜʣʷ ʨʦʟʚʠʪʢʫ ʰʢʽʜʥʠʢʽʚ, ʟʙʫʜʥʠʢʽʚ ʭʚʦʨʦʙ, 

ʙʫʨôʷʥʽʚ [12]; 

Å ʫʪʦʯʥʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʦʥ ʥʘʩʽʥʥʠʮʪʚʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʩʽʚʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ; 

Å ʨʦʟʨʦʙʢʘ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʧʨʦʛʨʘʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʠʭ ʧʨʦʜʦʚʦʣʴʯʠʭ 

ʧʦʩʪʘʚʦʢ ʷʢ ʩʚʦʛʦ ʨʦʜʫ ʛʘʨʘʥʪʽʾ ʥʘ ʚʠʧʘʜʦʢ ʧʝʨʝʙʦʾʚ ʟ ʧʨʦʜʫʢʪʘʤʠ ʥʘ ʤʽʩʮʷʭ; 

ʩʫʙʩʠʜʽʶʚʘʥʥʷ ʧʽʜ ʯʘʩ ʚʠʨʦʱʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʢʫʣʴʪʫʨ, ʩʪʨʘʭʫʚʘʥʥʷ ʪʦʱʦ. 

ʋ ʧʠʪʘʥʥʷʭ ʘʜʘʧʪʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʱʫʚʘʥʥʷ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʜʦ ʟʤʽʥ 

ʢʣʽʤʘʪʫ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʪʘʢʝ: 

Å ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʘʛʠ ʦʟʠʤʠʭ ʢʫʣʴʪʫʨ ʫ ʩʪʨʫʢʪʫʨʽ ʧʦʩʽʚʥʠʭ ʧʣʦʱ 

(ʦʯʽʢʫʻʪʴʩʷ ʩʪʽʡʢʝ ʟʙʽʣʴʰʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʦʟʠʤʠʭ ʢʫʣʴʪʫʨ ʫ ʚʩʽʭ ˇʨʫʥʪʦʚʦ-

ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ). ʇʨʦʪʝ ʦʮʽʥʢʘ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʧʝʨʝʟʠʤʽʚʣʽ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ ʧʦʢʘʟʘʣʘ, ʱʦ ʟʥʘʯʥʽ ʟʤʽʥʠ ʫʤʦʚ ʧʝʨʝʟʠʤʽʚʣʽ, ʷʢʽ ʚʽʜʙʫʜʫʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʨʝʘʣʽʟʘʮʽʾ ʢʣʽʤʘʪʠʯʥʠʭ ʩʮʝʥʘʨʽʾʚ (ʧʦʜʚʦʻʥʥʷ ʚʤʽʩʪʫ ʉʆ2, ʪʘ ʟʨʦʩʪʘʥʥʷ 

ʥʘ 30%), ʚʠʤʘʛʘʶʪʴ ʩʫʪʪʻʚʦʛʦ ʧʝʨʝʛʣʷʜʫ ʩʢʣʘʜʫ ʚʠʨʦʱʫʚʘʥʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ. ʆʯʽʢʫʶʪʴʩʷ ʫʤʦʚʠ, ʟʘ ʷʢʠʭ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʯʘʩʪʢʦʚʘ ʘʙʦ ʧʦʚʥʘ 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʛʣʠʙʦʢʽ ʜʦʚʛʦʪʨʠʚʘʣʽ ʚʽʜʣʠʛʠ, ʟʥʘʯʥʝ 

ʩʢʦʨʦʯʝʥʥʷ ʧʝʨʽʦʜʫ ʟʠʤʽʚʣʽ. ʊʘʢʽ ʫʤʦʚʠ ʧʝʨʝʟʠʤʽʚʣʽ ʧʦʪʨʝʙʫʶʪʴ 

ʫʧʨʦʚʘʜʞʝʥʥʷ ʘʙʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʦʨʪʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ, ʷʢʽ ʙʫʜʫʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʤʝʥʰʠʤ (ʥʘ 50-70 ʜʥʽʚ) ʩʧʦʢʦʻʤ ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ, 

ʟʜʘʪʥʽʩʪʶ ʧʨʦʜʦʚʞʫʚʘʪʠ ʚʝʛʝʪʘʮʽʶ ʟʘ ʟʥʠʞʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʪʨʠʤʫʚʘʪʠ 

ʨʽʟʢʽ ʘʣʝ ʨʘʧʪʦʚʽ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ ʚʫʟʣʘ ʢʫʱʽʥʥʷ ʜʦ ï

4éï6Áʉ ʪʘ ʙʫʜʫʪʴ ʤʘʪʠ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ [5]; 

Å ʨʦʟʰʠʨʝʥʥʷ ʟʦʥʠ ʚʠʨʦʱʫʚʘʥʥʷ ʧʽʟʥʽʭ ʷʨʠʭ ʟʝʨʥʦʚʠʭ (ʚʥʘʩʣʽʜʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ) ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʽʟʥʴʦʩʪʠʛʣʠʭ ʩʦʨʪʽʚ ʷʨʠʭ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ (ʯʝʨʝʟ ʤʦʞʣʠʚʝ ʟʥʠʞʝʥʥʷ 

ʚʨʦʞʘʡʥʦʩʪʽ ʨʘʥʥʴʦʩʪʠʛʣʠʭ ʩʦʨʪʽʚ ʚʥʘʩʣʽʜʦʢ ʩʢʦʨʦʯʝʥʥʷ ʾʭʥʴʦʛʦ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʮʠʢʣʫ ʪʘ ʧʦʰʢʦʜʞʝʥʥʷ ʟʘʤʦʨʦʟʢʘʤʠ ʥʘ ʧʦʯʘʪʢʫ ʚʝʛʝʪʘʮʽʾ) [13]; 

Å ʟʤʽʱʝʥʥʷ ʪʝʨʤʽʥʽʚ ʩʽʚʙʠ ʷʨʠʭ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʥʘ ʙʽʣʴʰ ʨʘʥʥʽ ʜʘʪʠ, 

ʦʟʠʤʠʭ ï ʥʘ ʙʽʣʴʰ ʧʽʟʥʽ ʜʘʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʩʽʚʘʤʠ ʟʘʧʘʩʽʚ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪʽ; 

ʇʨʠʤʽʨʦʤ, ʜʣʷ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʦʩʽʥʥʴʦʛʦ 

ʧʝʨʽʦʜʫ ʤʘʶʪʴ ʚʠʟʥʘʯʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʾʭ ʧʝʨʝʟʠʤʽʚʣʽ ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ï ʫ 

ʚʝʩʥʷʥʦ-ʣʽʪʥʶ ʚʝʛʝʪʘʮʽʶ. ʅʘ ʧʽʜʩʪʘʚʽ ʦʮʽʥʢʠ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʦʩʽʥʥʴʦʾ 

ʚʝʛʝʪʘʮʽʾ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʟʘ ʨʝʘʣʽʟʘʮʽʾ ʩʮʝʥʘʨʽʶ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 
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ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚʦʩʝʥʠ ʦʙʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʦʧʪʠʤʘʣʴʥʠʭ ʟʘ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʪʝʨʤʽʥʽʚ 

ʩʽʚʙʠ ʮʽʻʾ ʢʫʣʴʪʫʨʠ. ɺʞʝ ʟʘ ʩʫʯʘʩʥʠʭ ʟʤʽʥ ʚʦʥʠ ʧʦʚʠʥʥʽ ʟʩʫʥʫʪʠʩʴ ʥʘ 10-15 

ʜʥʽʚ ʧʽʟʥʽʰʝ. ʈʝʘʣʽʟʘʮʽʷ ʢʣʽʤʘʪʠʯʥʦʛʦ ʩʮʝʥʘʨʽʶ GFDL-30 % ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, 

ʱʦ ʦʧʪʠʤʘʣʴʥʽ ʩʪʨʦʢʠ ʩʽʚʙʠ ʩʫʪʪʻʚʦ (ʜʦ 40-50 ʜʥʽʚ) ʚʽʜʨʽʟʥʷʪʠʤʫʪʴʩʷ ʚʽʜ 

ʩʫʯʘʩʥʠʭ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤʠ ʫʩʪʘʥʦʚʘʤʠ, ʪʝʨʤʽʥʽʚ [5]. ɿʘ 

ʫʤʦʚʠ ʥʝʜʦʪʨʠʤʘʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʪʝʨʤʽʥʫ ʩʽʚʙʠ ʫ ʧʽʟʥʽʰʽ ʩʪʨʦʢʠ 

ʩʧʦʩʪʝʨʽʛʘʪʠʤʝʪʴʩʷ ʧʝʨʝʨʦʩʪʘʥʥʷ ʨʦʩʣʠʥ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʾʭʥʴʦʾ 

ʟʠʤʦʩʪʽʡʢʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʥʘ 15-20 %.  

ʆʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʨʦʟʚʠʪʢʫ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʚ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ ʙʫʜʫʪʴ 

ʩʢʣʘʜʘʪʠʩʷ, ʷʢʱʦ ʾʾ ʩʽʚʙʘ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʴ ʫ ʪʝʨʤʽʥʠ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʟʘʙʝʟʧʝʯʘʪʴ ʨʦʩʣʠʥʠ ʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʪʝʧʣʘ. ʅʝʦʙʭʽʜʥʦ, ʘʙʠ ʩʫʤʘ 

ʘʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ 3Áʉ, ʷʢʘ ʥʘʢʦʧʠʯʠʪʴʩʷ ʚʽʜ ʪʝʨʤʽʥʫ ʩʽʚʙʠ ʜʦ 

ʧʨʠʧʠʥʝʥʥʷ ʚʝʛʝʪʘʮʽʾ, ʩʪʘʥʦʚʠʣʘ 500-600Áʉ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ 3-6 

ʧʘʛʦʥʽʚ ʢʫʱʽʥʥʷ ʥʘ ʨʦʩʣʠʥʫ [5].  

ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʫ ʟʠʤʦʚʠʡ ʪʘ ʨʘʥʥʴʦʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜʠ, ʘ 

ʪʘʢʦʞ ʧʦʤôʷʢʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, ʷʢʠʡ ʦʙʫʤʦʚʣʶʻ ʪʘʣʠʡ ʘʙʦ 

ʩʣʘʙʢʦ ʧʨʦʤʝʨʟʣʠʡ ʩʪʘʥ ˇʨʫʥʪʫ, ʩʪʚʦʨʠʪʴ ʫʥʽʢʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ 

ʚʦʣʦʛʠ ʚ ˇʨʫʥʪʽ ʜʦ ʧʦʯʘʪʢʫ ʚʝʩʥʷʥʠʭ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ. ʗʢ ʚʩʪʘʥʦʚʣʝʥʦ ʧʽʜ ʯʘʩ 

ʦʮʽʥʢʠ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʚʝʩʥʷʥʦ-ʣʽʪʥʴʦʾ ʚʝʛʝʪʘʮʽʾ, ʮʝ ʦʙʫʤʦʚʣʶʻ ʡ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʽʱʝʥʥʷ ʪʝʨʤʽʥʽʚ ʩʽʚʙʠ ʷʨʦʛʦ ʷʯʤʝʥʶ ʥʘ ʙʽʣʴʰ ʨʘʥʥʽ ʩʪʨʦʢʠ (ʥʘ 

10-15 ʜʥʽʚ ʨʘʥʽʰʝ ʚʩʪʘʥʦʚʣʝʥʠʭ ʦʧʪʠʤʘʣʴʥʠʭ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʭ ʩʪʨʦʢʽʚ). ʇʨʠ 

ʮʴʦʤʫ ʟʥʘʯʥʦ ʧʦʢʨʘʱʘʪʴʩʷ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʚʝʛʝʪʘʮʽʾ ʢʫʣʴʪʫʨʠ, 

ʦʩʦʙʣʠʚʦ ʚ ʧʝʨʽʦʜ ʩʽʚʙʘ-ʢʦʣʦʩʽʥʥʷ.  

ʉʽʚʙʘ ʷʨʦʛʦ ʷʯʤʝʥʶ ʚ ʧʝʨʰʽ 1-2 ʜʥʽ ʧʽʩʣʷ ʥʘʩʪʘʥʥʷ ʚʝʩʥʷʥʦʾ çʩʪʠʛʣʦʩʪʽè 

ˇʨʫʥʪʫ ʦʙʫʤʦʚʠʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʫʨʦʞʘʡ ʫ ʢʦʥʢʨʝʪʥʠʭ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚʘʭ. ɿʘ ʟʘʪʨʠʤʢʠ ʟ ʩʽʚʙʦʶ ʥʘ 5-10 ʜʥʽʚ ʫʨʦʞʘʡ ʷʨʦʛʦ ʷʯʤʝʥʶ ʙʫʜʝ ʪʘʢʦʞ 

ʟʥʠʞʫʚʘʪʠʩʴ ʥʘ 15-20% [5]. 

ʆʮʽʥʢʘ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʚʝʛʝʪʘʮʽʾ ʢʫʢʫʨʫʜʟʠ ʜʦʟʚʦʣʠʣʘ ʚʩʪʘʥʦʚʠʪʠ, 

ʱʦ ʜʝʱʦ ʧʽʜʚʠʱʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʫ ʢʚʽʪʥʽ ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʟʩʫʥʫʪʠ ʦʧʪʠʤʘʣʴʥʽ ʪʝʨʤʽʥʠ ʩʽʚʙʠ ʢʫʢʫʨʫʜʟʠ ʥʘ 10-15 ʜʥʽʚ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʦʧʪʠʤʘʣʴʥʠʤʠ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʤʠ ʩʪʨʦʢʘʤʠ [5]. ʎʝ ʜʦʟʚʦʣʠʪʴ 

ʟʤʝʥʰʠʪʠ ʥʝʧʨʦʜʫʢʪʠʚʥʽ ʚʠʪʨʘʪʠ ʚʦʣʦʛʠ ʥʘ ʚʠʧʘʨʫʚʘʥʥʷ, ʩʬʦʨʤʫʚʘʪʠ ʜʨʫʞʥʽ 

ʩʭʦʜʠ ʪʘ ʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʦʣʦʛʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʘʩʠʤʽʣʷʮʽʡʥʦʛʦ ʘʧʘʨʘʪʫ ʽ ʨʦʩʪʫ ʢʘʯʘʥʘ.  

ɿʘʧʽʟʥʝʥʥʷ ʟ ʪʝʨʤʽʥʘʤʠ ʩʽʚʙʠ ʥʘ 15-20 ʜʥʽʚ ʩʪʘʚʠʪʠʤʝ ʬʦʨʤʫʚʘʥʥʷ 

ʚʨʦʞʘʶ ʚ ʙʽʣʴʰʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʫʤʦʚ ʟʚʦʣʦʞʝʥʥʷ ʜʨʫʛʦʾ ʧʦʣʦʚʠʥʠ ʚʝʛʝʪʘʮʽʾ, 

ʷʢʽ ʦʯ̔ʢʫʶʪʴʩʷ ʜʦʩʠʪʴ ʥʘʧʨʫʞʝʥʠʤʠ. ʋ ʮʠʭ ʫʤʦʚʘʭ ʩʣʽʜ ʥʘʜʘʚʘʪʠ ʧʝʨʝʚʘʛʫ 

ʛʽʙʨʠʜʘʤ ʨʘʥʥʴʦʩʪʠʛʣʦʾ ʪʘ ʩʝʨʝʜʥʴʦʨʘʥʥʴʦʾ ʛʨʫʧ, ʷʢʽ ʤʘʶʪʴ ʤʝʥʰ ʪʨʠʚʘʣʠʡ 

ʚʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʧʦʨʽʚʥʷʥʦ ʟ ʩʝʨʝʜʥʴʦʩʪʠʛʣʠʤʠ ʪʘ ʩʝʨʝʜʥʴʦ-

ʧʽʟʥʴʦʩʪʠʛʣʠʤʠ ʛʨʫʧʘʤʠ ʽ ʧʨʦʜʫʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʦʣʦʛʫ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʚʨʦʞʘʶ [5, 11, 13].  
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ IPCC (Internstionsl Panel of Climate 

Change) ʫ ʨʝʟʫʣʴʪʘʪʽ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʷʢʽ ʤʠ ʟʘʨʘʟ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʽ 

ʚʽʜʯʫʚʘʻʤʦ, ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ ʽʤʦʚʽʨʥʽʩʪʴ ʽ ʢʽʣʴʢʽʩʪʴ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʝʢʩʪʨʝʤʫʤʽʚ, ʟʦʢʨʝʤʘ ʧʦʩʫʭ. ʅʝʙʝʟʧʝʢʘ ʧʦʩʫʭʠ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʻ 

ʥʘʡʙʽʣʴʰʦʶ ʦʩʢʽʣʴʢʠ ʾʾ ʥʘʩʣʽʜʢʠ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʥʘʯʥʦʛʦ 

ʧʦʰʢʦʜʞʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʪʘ ʚʪʨʘʪ ʚʨʦʞʘʶ. ʉʘʤʝ ʪʦʤʫ 

ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʨʝʩʫʨʩʦʦʱʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, ʱʦʙ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʚʪʨʘʪʠ, ʚʠʢʣʠʢʘʥʽ ʧʦʩʫʰʣʠʚʠʤʠ 

ʷʚʠʱʘʤʠ. ɼʦ ʨʝʩʫʨʩʦʦʱʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʩʷʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʪʠʧʫ no-till, 

strip-till, ridge-till ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʤʫʣʴʯʫʚʘʥʥʷʤ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ [14]. 

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʩʪʘʣʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʧʝʨʝʜ ʋʢʨʘʾʥʦʶ, ʷʢ ʽ 

ʙʘʛʘʪʴʤʘ ʽʥʰʠʤʠ ʢʨʘʾʥʘʤʠ, ʧʦʩʪʘʻ ʟʘʚʜʘʥʥʷ ʧʨʠʡʤʘʪʠ ʧʦʣʽʪʠʢʫ ʪʘ ʧʨʦʮʝʜʫʨʠ 

ʟʜʽʡʩʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʘʜʘʧʪʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ. ɹʝʟʫʤʦʚʥʦ, ʘʜʘʧʪʘʮʽʷ ʟʘʛʨʦʞʫʻ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʪʘ ʧʝʚʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ (ʟʦʢʨʝʤʘ ʙʶʜʞʝʪʥʠʤʠ). ɸʣʝ, 

ʦʧʠʨʘʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʠʢʣʘʜʠ ʟ ʫʩʴʦʛʦ ɭʉ, ʤʠ 

ʤʦʞʝʤʦ ʧʨʝʜʩʪʘʚʠʪʠ ʥʠʟʢʫ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʘʜʘʧʪʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʜʦ ʤʘʡʙʫʪʥʽʭ ʟʤʽʥ ʢʣʽʤʘʪʫ, ʚʢʣʶʯʘʶʯʠ ʪʘʢʽ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ.  

ɺʨʘʭʫʚʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʘʚʪʦʨʘʤʠ ʘʜʘʧʪʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ ʜʦʟʚʦʣʠʪʴ 

ʚʠʢʦʨʠʩʪʘʪʠ ʧʝʨʝʚʘʛʠ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʪʘ ʢʦʤʧʝʥʩʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʫ 

ʰʢʦʜʫ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʋʢʨʘʾʥʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ ʋʢʨʘʠʥʳ ʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʟʤʝʥʝʥʠʡ ʠ ʢʦʣʝʙʘʥʠʡ 

ʢʣʠʤʘʪʘ. ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʢʠ 

ʠʟʤʝʥʝʥʠʡ ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʋʢʨʘʠʥʳ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ 
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ʧʦʪʝʧʣʝʥʠʷ ʠ ʧʨʠʚʝʜʝʥʳ ʚʘʨʠʘʥʪʳ ʚʦʟʤʦʞʥʳʭ ʩʪʨʘʪʝʛʠʡ ʘʜʘʧʪʘʮʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʋʢʨʘʠʥʳ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ, 

ʠʤʝʶʱʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʙʦʨʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʦʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ. 

 

Summary. Agriculture is one of the most important sectors of the Ukrainian 

economy and is highly dependent on changes and fluctuations in the climate. In 

this article the scientific researches of the estimation of changes in agroclimatic 

resources of Ukraine in the conditions of global warming are analyzed and 

variants of possible strategies of agricultural production adaptation to climate 

changes are given. 
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ʋɼʂ 681.513 

 

ʄʆɼɽʃʔ ʆʇʊʀʄɸʃʔʅʆɻʆ ʂɽʈʋɺɸʅʅʗ ʅʆʈʄʆʖ 

ɺʅɽʉɽʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʄɸʊɽʈɯɸʃʋ (ʄɯʅɽʈɸʃʔʅʀʍ ʊɸ 

ʆʈɻɸʅɯʏʅʀʍ ɼʆɹʈʀɺ) ɿɸʃɽɾʅʆ ɺɯɼ ɸɻʈʆɹɯʆʃʆɻɯʏʅʆɻʆ 

ʉʊɸʅʋ ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʀʍ ʋɻɯɼʔ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ʅɸʃɽɾʅʆɰ ɽʌɽʂʊʀɺʅʆʉʊɯ ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʆɻʆ 

ɺʀʈʆɹʅʀʎʊɺɸ 

 

ʆ. ɹʨʦʚʘʨʝʮʴ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʂʠʾʚʩʴʢʠʡ ʢʦʦʧʝʨʘʪʠʚʥʠʡ ʽʥʩʪʠʪʫʪ ʙʽʟʥʝʩʫ ʽ ʧʨʘʚʘ 

 

ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʤʦʜʝʣʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʥʦʨʤʦʶ ʚʥʝʩʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘʣʝʞʥʦ ʚʽʜ ʘʛʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʌʘʢʪʦʨʦʤ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʚʠʙʽʨ ʪʽʻʾ ʘʙʦ ʽʥʰʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʩʽʚʥʠʭ ʧʣʦʱ, ʻ ʫʨʦʞʘʡʥʽʩʪʴ, ʷʢʘ  

ʧʝʨʰ ʟʘ ʚʩʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ. ʋ ʨʦʟʛʣʷʜʘʥʽʡ ʤʦʜʝʣʽ 

ʜʦʙʨʠʚʘ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʟʘ ʚʠʜʘʤʠ ʪʘ ʧʝʨʽʦʜʦʤ ʚʥʝʩʝʥʥʷ, ʪʦʤʫ ʪʘʢʽ ʤʦʜʝʣʽ 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʨʘʭʫʚʘʪʠ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʢʽʥʮʝʚʫ 

ʫʨʦʞʘʡʥʽʩʪʴ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ, ʥʦʨʤʘ ʚʥʝʩʝʥʥʷ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʤʘʪʝʨʽʘʣ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʙʽʣʴʰʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʜʦʩʷʛʘʻʪʴʩʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʨʦʱʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʻʶ ʥʦʨʤʠ ʚʥʝʩʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ ʦʧʝʨʘʪʠʚʥʠʭ ʜʘʥʠʭ ʧʨʦ ʘʛʨʦʙʽʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ˇʨʫʥʪʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ  ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʤʦʥ̔ʪʦʨʠʥʛʫ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʘʛʨʦʮʝʥʦʟʠ, ʟʘ 

ʫʤʦʚ ʟʙʝʨʝʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʜʦʚʢʽʣʣʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʦʢʫʧʥʦʩʪʽ 

ʨʝʩʫʨʩʥʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ ʚʝʛʝʪʘʮʽʾ ʽ ʟʥʘʯʥʠʭ ʚʪʨʘʪ ʚʨʦʞʘʶ [1, 2,].  

ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʪʝʤʦʶ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘ ʫʤʦʚʠ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʚʩʴʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ ʚʠʨʦʱʫʚʘʥʥʷ ʟʝʨʥʦʚʠʭ, 

ʦʧʪʠʤʽʟʘʮʽʾ ʥʦʨʤʠ ʢʝʨʫʚʘʥʥʷ ʚʝʣʠʯʠʥʦʶ ʚʥʝʩʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

(ʤʽʥʝʨʘʣʴʥʠʭ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ) ʟʘʣʝʞʥʦ ʚʽʜ ʘʛʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [1, 2, 3, 4]. 

ɿʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ʤʽʥʽʤʫʤʫ ʃʽʙʽʭʘ (ʟʘʢʦʥ ʦʙʤʝʞʝʥʦʛʦ ʬʘʢʪʦʨʘ) ʚʽʜʥʦʩʥʘ 

ʜʽʷ ʦʢʨʝʤʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʬʘʢʪʦʨʘ ʪʠʤ ʩʠʣʴʥʽʰʘ, ʯʠʤ ʙʽʣʴʰʝ ʚʽʥ 
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ʥʘʙʣʠʞʘʻʪʴʩʷ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʜʦ ʤʽʥʽʤʫʤʫ. ɿʘ 

ʮʠʤ ʟʘʢʦʥʦʤ ʚʽʜ ʨʝʯʦʚʠʥʠ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʦʾ ʻ ʤʽʥʽʤʘʣʴʥʦʶ, ʟʘʣʝʞʠʪʴ ʨʽʩʪ 

ʨʦʩʣʠʥ, ʚʝʣʠʯʠʥʘ ʽ ʩʪʘʣʽʩʪʴ ʾʭʥʴʦʛʦ ʚʨʦʞʘʶ. ɹʘʛʘʪʦ ʚ ʯʦʤʫ ɿʘʢʦʥ ʤʽʥʽʤʫʤʫ 

ʃʽʙʽʭʘ (ʨʠʩ. 1), ʫʪʦʯʥʶʻʪʴʩʷ ʟʘʢʦʥʦʤ ʪʦʣʝʨʘʥʪʥʦʩʪʽ ʐʝʣʬʦʨʜʘ. [1]. 

 
ʈʠʩʫʥʦʢ 1ï ʈʝʘʣʽʟʘʮʽʷ ɿʘʢʦʥʫ ʤʽʥʽʤʫʤʫ ʃʽʙʽʭʘ 

 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʤʦʜʝʣʽ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʥʦʨʤʦʶ ʚʥʝʩʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʤʽʥʝʨʘʣʴʥʠʭ ʪʘ 

ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ) ʟʘʣʝʞʥʦ ʚʽʜ ʘʛʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʟʤʽʩʪʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʝʨʝʡʜʝʤʦ ʜʦ ʤʦʜʝʣʝʡ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʤʽʥʝʨʘʣʴʥʠʭ ʪʘ ʦʨʛʘʥʽʯʥʠʭ) ʜʦʙʨʠʚ ʫ ʤʘʩʰʪʘʙʽ ʦʙʣʘʩʪʽ, ʢʨʘʾʥʠ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʦʙôʻʤ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʞʥʦʛʦ ʚʠʜʫ ʜʦʙʨʠʚ ʚʽʜʦʤʠʡ. ɺʽʜʦʤʘ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ (ʥʘʜʙʘʚʢʘ ʫʨʦʞʘʶ) ʚʽʜ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʩʪʦʩʦʚʥʦ ʟʦʥ ʽ ʢʫʣʴʪʫʨ. 

ʇʦʪʨʽʙʥʦ ʪʘʢ ʨʦʟʧʦʜʽʣʠʪʠ ʜʦʙʨʠʚʘ ʟʘ ʟʦʥʘʤʠ ʽ ʢʫʣʴʪʫʨʘʤʠ, ʱʦʙ ʚʽʜ ʥʠʭ 

ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʨʦʞʘʡ. ʉʬʦʨʤʫʣʶʻʤʦ ʥʘʡʧʨʦʩʪʽʰʫ ʤʦʜʠʬʽʢʘʮʽʡʥʫ 

ʤʦʜʝʣʴ: 

ää
= =

Ö=
l
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r

k
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1 1

.                                          (1) 

ɿʘ ʫʤʦʚ: 
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= = = =
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ä
-

=
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1

;                                            (3) 

ikjk Qx ¢¢0 ; 0²jkhx ,                                         (4) 

ʜʝ 
ijka  ð ʥʦʨʤʘ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ i -ʛʦ ʚʠʜʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʠʥʠʮʽ ʥʘʜʙʘʚʢʠ 

ʚʨʦʞʘʶ j -ʾ ʧʨʦʜʫʢʮʽʾ k -ʾ ʟʦʥʽ; 

shx  ð ʢʽʣʴʢʽʩʪʴ ʜʦʙʨʠʚ s -ʛʦ ʚʠʜʫ, ʚʥʝʩʝʥʠʭ ʚ k -ʡ ʟʦʥʽ; 

sb  ð ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʙʨʠʚ s -ʛo ʚʠʜʫ; 
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isq  ð ʚʤʽʩʪ i -ʛʦ ʝʣʝʤʝʥʪʘ ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ ʚ ʦʜʠʥʠʮʽ s -ʛo ʜʦʙʨʠʚʘ; 

jkc  ð ʮʽʥʘ ʦʜʠʥʠʮʽ j -ʾ ʧʨʦʜʫʢʮʽʾ ʚ k -ʡ ʟʦʥʽ; 

jkx
 ð ʦʙôʻʤ ʧʨʠʙʘʚʢʠ ʫʨʦʞʘʶ j -ʡ ʧʨʦʜʫʢʮʽʾ ʚ k -ʡ ʟʦʥʽ, ʦʪʨʠʤʫʚʘʥʠʡ 

ʟʘʚʜʷʢʠ ʚʥʝʩʝʥʥʶ ʜʦʙʨʠʚ; 

jhQ  ð ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʜʙʘʚʢʠ ʫʨʦʞʘʶ j -ʾ ʧʨʦʜʫʢʮʽʾ ʚ k -ʡ ʟʦʥʽ 

ʟʘʚʜʷʢʠ ʚʥʝʩʝʥʥʶ ʜʦʙʨʠʚ. 

ɸʣʝ ʚ ʮʽʡ ʟʘʜʘʯʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʟʘʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʦʜʠʥʠʮʽ ʜʦʙʨʠʚ ʥʘ ʨʽʟʥʠʭ ʟʘʚʦʜʘʭ, ʘ ʪʘʢʦʞ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʜʦʙʨʠʚ. 

ʊʦʤʫ ʧʦʙʫʜʫʻʤʦ ʤʦʜʝʣʴ, ʚ ʷʢʫ ʨʘʟʦʤ ʟ ʝʬʝʢʪʠʚʥʠʤ ʫʜʦʙʨʝʥʥʷʤ ʚʨʘʭʦʚʫʶʪʴ 

ʪʨʘʥʩʧʦʨʪʥʽ ʚʠʪʨʘʪʠ ʥʘ ʾʭ ʜʦʩʪʘʚʢʫ ʚʽʜ ʚʠʨʦʙʥʠʢʘ ʜʦ ʩʧʦʞʠʚʘʯʘ. ɼʣʷ ʮʴʦʛʦ 

ʚʚʝʜʝʤʦ ʜʦʜʘʪʢʦʚʽ ʧʦʟʥʘʯʝʥʥʷ: 

sphx  ð ʢʽʣʴʢʽʩʪʴ ʜʦʙʨʠʚ s -ʛo ʚʠʜʫ, ʧʝʨʝʚʝʟʝʥʠʭ ʽʟ p -ʛʦ ʧʫʥʢʪʫ ʾʭ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚ k -ʫ ʟʦʥʫ ʾʭ ʩʧʦʞʠʚʘʥʥʷ; 

spkc  ð ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʦʜʠʥʠʮʽ ʫʜʦʙʨʝʥʥʷ s -ʛo ʚʠʜʫ ʽʟ p -ʛʦ 

ʧʫʥʢʪʫ ʚ k -ʫ ʟʦʥʫ; 

spb  ð ʦʙôʻʤ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʙʨʠʚ s -ʛo ʚʠʜʫ ʚ p -ʤ ʧʫʥʢʪʽ. 

ʊʦʜʽ ʤʦʜʝʣʴ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

ʟʥʘʡʪʠ ʤʘʢʩʠʤʫʤ: 

äääää
=

¡

= == =

Ö-Ö=
m

s

r

p

r

k

spkspk

l

j

r

k

jkjk xcxʩʉ
1 1 11 1

.                      (5) 

ɿʘ ʫʤʦʚʠ: 

ääää
¡

= == =

¢-Ö
r

p

m

s

spk

l

j

r

k

jkijk xxa
1 11 1

0;                              (6) 

ä
=

¢
r

k

spspk bx
1

;                                        (7) 

ikjk Qx ¢¢0 ;                                        (8) 

0²spkx .                                            (9) 

ʄʦʜʠʬʽʢʫʶʯʠ ʮʽ ʤʦʜʝʣʽ, ʚʚʦʜʠʤʦ ʜʦʜʘʪʢʦʚʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʪʘʢ ʯʠ ʽʥʘʢʰʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʨʠʚ. ʇʝʨʝʜʫʩʽʤ, 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʫʛʽʜʴ, ʩʧʦʩʽʙ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ, ʨʽʚʝʥʴ ʫʜʦʙʨʝʥʥʷ ˇʨʫʥʪʫ, ʢʽʣʴʢʽʩʪʴ ʜʦʙʨʠʚ ʥʘ 

ʦʜʠʥʠʮʶ ʧʣʦʱʽ, ʩʧʦʩʽʙ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ʜʦʙʨʠʚ, ʟʘʛʘʣʴʥʠʡ 

ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʨʽʚʝʥʴ ʪʦʱʦ. 

ʇʦʯʥʝʤʦ ʟ ʥʘʡʧʨʦʩʪʽʰʦʾ ʤʦʜʝʣʽ. ʋʚʝʜʝʤʦ ʚ ʙʘʟʦʚʫ ʤʦʜʝʣʴ ʜʚʽ ʚʘʞʣʠʚʽ 

ʫʤʦʚʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʽ ʧʘʨʘʤʝʪʨʠ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʨʝʩʫʨʩʽʚ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

(ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʘʣʫʟʝʡ ʟʝʤʣʝʨʦʙʩʪʚʘ ʟ ʛʘʣʫʟʷʤʠ ʪʚʘʨʠʥʥʠʮʪʚʘ ʽ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʟʘ ʘʛʨʦʙʽʦʣʦʛʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ), ʪʦʜʽ 

ʤʦʜʝʣʴ ʧʨʠʡʤʘʻ ʩʢʣʘʜʥʽʰʫ ʽ ʢʦʥʢʨʝʪʥʽʰʫ ʬʦʨʤʫ. 

ɿʥʘʡʪʠ ʤʘʢʩʠʤʫʤ: 
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k
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                   (10) 

ɿʘ ʫʤʦʚʠ: 

ä
¡

=

¢Ö
l

j
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1

;                                            (11) 
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;                     (12) 

ääää ää
¡

= == =
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= =
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;            (13) 

ä ää
¡

= ==

Ö¢Ö
l

l

m

s

sis

r

k

jkijk bqxa
1 11

;                                 (14) 

0¢Ö¡-¡ jkjkjk xax ;                                      (15) 

0²jkx .                                                      (16) 

ʇʦʟʥʘʯʠʤʦ: 

l¡ ð ʢʽʣʴʢʽʩʪʴ ʛʘʣʫʟʝʡ ʟʝʤʣʝʨʦʙʩʪʚʘ ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ; 

ll ¡-  ð ʢʽʣʴʢʽʩʪʴ ʛʘʣʫʟʝʡ ʪʚʘʨʠʥʥʠʮʪʚʘ; 

r  ð ʢʽʣʴʢʽʩʪʴ ʜʽʣʷʥʦʢ ʟʝʤʣʽ ʨʽʟʥʦʛʦ ʘʛʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ; 

hja  ð ʟʘʪʨʘʪʠ h -ʛo ʝʣʝʤʝʥʪʘ ʞʠʚʣʝʥʥʷ ʢʦʨʤʫ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʦʜʠʥʠʮʽ 

ʧʨʦʜʫʢʮʽʾ ʪʚʘʨʠʥʥʠʮʪʚʘ ( ʘʙʦ ʥʘ ʛʦʣʦʚʫ j -ʛʦ ʚʠʜʫ ʭʫʜʦʙʠ); 

jkhjkhjk dqv Ö= ;                                      (17) 

hjkq  ð ʚʤʽʩʪ h -ʛʦ ʝʣʝʤʝʥʪʘ ʞʠʚʣʝʥʥʷ ʚ ʦʜʠʥʠʮʽ j -ʛʦ ʢʦʨʤʫ; 

jhd  ð ʯʘʩʪʢʘ j -ʾ ʧʨʦʜʫʢʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʥʘ k -ʡ ʜʽʣʷʥʮʽ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʢʦʨʤ ʪʚʘʨʠʥʘʤ; 

kS  ð ʧʣʦʱʘ k -ʾ ʜʽʣʷʥʢʠ; 

jha  ð ʟʚʦʨʦʪʥʠʡ ʧʦʢʘʟʥʠʢ ʫʨʦʞʘʡʥʦʩʪʽ j -ʾ ʢʫʣʴʪʫʨʠ ʥʘ k -ʡ ʜʽʣʷʥʮʽ; 

hja¡ ð ʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʘʜʙʘʚʢʠ ʚʨʦʞʘʶ j -ʾ ʢʫʣʴʪʫʨʠ ʥʘ k -ʡ 

ʜʽʣʷʥʮʽ, ʦʪʨʠʤʘʥʦʾ ʟʘʚʜʷʢʠ ʚʥʝʩʝʥʥʶ ʜʦʙʨʠʚ, ʜʦ ʦʙôʻʤʫ ʧʨʦʜʫʢʮʽʾ, ʦʪʨʠʤʘʥʦʾ 

ʙʝʟ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ; 
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k ð ʥʦʤʝʨ ʦʢʨʝʤʦʾ ʜʽʣʷʥʢʠ (ʟʦʥʠ), ʷʢʠʡ ʤʘʻ ʦʩʦʙʣʠʚʠʡ ʧʦʢʘʟʥʠʢ 

ʧʨʠʨʦʜʥʦʾ ʨʦʜʶʯʦʩʪʽ (ʚʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʚʩʽʭ ʟʤʽʥʥʠʭ ʽ ʾʭʥʽʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʽʣʷʥʢʠ ʟʝʤʣʽ). 

ʎʷ ʤʦʜʝʣʴ ʜʦʩʠʪʴ ʤʘʩʠʚʥʘ, ʘʣʝ ʚ ʥʽʡ ʥʝ ʚʨʘʭʦʚʘʥʽ ʚʩʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʤʘʶʪʴ 

ʚʧʣʠʚ ʘʙʦ ʤʘʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚ. 

ʄʦʜʝʣʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

(ʦʨʛʘʥʽʯʥʠʭ ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ). ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʫʨʦʞʘʡʥʦʩʪʽ ʻ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ. ʇʨʦʙʣʝʤʘ ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ. ʂʦʞʥʦʤʫ 

ʝʪʘʧʫ ʾʾ ʨʽʰʝʥʥʷ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʩʚʦʷ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. 

ʅʘʡʧʨʦʩʪʽʰʘ ʤʦʜʝʣʴ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ: 

ä
=

Ö=
ʜ

ʦ

jj xʩʉ
1

                                          (18) 

ɿʘ ʫʤʦʚʠ: 

ä ä
= =

¢
l

j

m

s

sisjij baxa
1 1

                                     (19) 

jj Qx ¢¢0                                                            (20) 

ɼʦʙʨʠʚʘ, ʷʢ ʚʽʜʦʤʦ, ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʘ ʦʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚʤʽʩʪʫ ʚ ʥʠʭ 

ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ï ʘʟʦʪʫ, ʬʦʩʬʦʨʫ, ʢʘʣʽʶ ʪʦʱʦ. ɹʘʛʘʪʦ ʜʦʙʨʠʚ ʻ 

ʢʦʤʙʽʥʦʚʘʥʠʤʠ (ʤʽʩʪʷʪʴ ʜʚʘ ʽ ʙʽʣʴʰʝ ʝʣʝʤʝʥʪʠ). ɺʧʣʠʚ ʜʦʙʨʠʚ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʚʨʦʞʘʡʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʥʴʦʤʫ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʘʣʝ 

ʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ˇʨʫʥʪʫ, ʢʣʽʤʘʪʫ, ʩʧʦʩʦʙʫ ʚʥʝʩʝʥʥʷ. ɺʩʝ ʮʝ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, 

ʩʢʣʘʜʘʶʯʠ ʟʘʜʘʯʽ. 

ʋ ʥʘʚʝʜʝʥʽʡ ʟʘʜʘʯʽ ʤʘʢʩʠʤʽʟʫʻʪʴʩʷ ʥʘʜʙʘʚʢʘ ʫʨʦʞʘʶ ʟʘʚʜʷʢʠ ʚʥʝʩʝʥʥʶ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ. ʇʨʠ ʮʴʦʤʫ ʜʦʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʽʩʥʫʻ ʙʝʟʧʦʩʝʨʝʜʥʷ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʽʜʚʠʱʝʥʥʷʤ ʫʨʦʞʘʡʥʦʩʪʽ ʽ ʢʽʣʴʢʽʩʪʶ ʜʦʙʨʠʚ. 

ɺʽʜʦʤʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʜʦʙʨʝʥʥʷ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʢʫʣʴʪʫʨʠ, ʘʣʝ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʽʜʞʠʚʣʶʚʘʥʦʾ ʜʽʣʷʥʢʠ 

ʟʝʤʣʽ ʽ ʩʧʦʩʦʙʫ ʚʥʝʩʝʥʥʷ (ʧʽʜ ʯʘʩ ʩʽʚʙʠ, ʧʽʜʞʠʚʣʝʥʥʷ ʪʦʱʦ), ʚʢʣʶʯʘʶʯʠ 

ʩʪʨʦʢʠ ʚʥʝʩʝʥʥʷ. ʇʦʟʥʘʯʠʤʦ ʥʦʤʝʨ ʜʽʣʷʥʢʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʦʣʷ 

ʽʥʜʝʢʩʦʤ k  ),..,2,1( rk=  ʽ ʥʦʤʝʨ ʩʧʦʩʦʙʫ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ h  

),..,2,1( wh= . ʉʧʦʩʦʙʠ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʚʘʨʪʦ ʧʦʜʽʣʠʪʠ ʥʘ ʦʩʥʦʚʥʠʡ, 

ʧʝʨʝʜʧʦʩʽʚʥʠʡ, ʧʨʠʧʦʩʽʚʥʠʡ, ʧʽʜʞʠʚʣʝʥʥʷ. ʗʢ ʥʘʩʣʽʜʦʢ ʦʪʨʠʤʫʻʤʦ ʪʘʢʫ 

ʟʘʣʝʞʥʽʩʪʴ: 

äää
= = =
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w
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                                    (21) 

ɿʘ ʫʤʦʚʠ: 
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                                    (22) 

ikhjkh Qx ¢¢0                                                            (23) 

ʜʝ ija  ð ʥʦʨʤʘ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ (ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ) i -ʛʦ ʚʠʜʫ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʦʜʠʥʠʮʽ ʧʨʠʙʘʚʢʠ ʫʨʦʞʘʶ i -ʡ ʧʨʦʜʫʢʮʽʾ; 

sb  ð ʢʽʣʴʢʽʩʪʴ ʜʦʙʨʠʚ s -ʛo ʚʠʜʫ, ʷʢʘ ʻ ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ; 

isq ð ʚʤʽʩʪ i -ʛʦ ʧʦʞʠʚʥʦʛʦ ʨʝʯʦʚʠʥʠ ʚ ʦʜʠʥʠʮʽ ʜʦʙʨʠʚ; 

jc  ð ʮʽʥʘ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ; 

jx  ð ʢʽʣʴʢʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʧʨʠʙʘʚʢʠ j -ʾ ʧʨʦʜʫʢʮʽʾ ʟʘʚʜʷʢʠ ʚʥʝʩʝʥʥʶ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ; 

jQ  ð ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʦʙôʻʤ ʧʨʠʙʘʚʢʠ j -ʾ ʧʨʦʜʫʢʮʽʾ ʟʘʚʜʷʢʠ 

ʚʥʝʩʝʥʥʶ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʥʘ ʧʝʚʥʽʡ ʧʣʦʱʽ ʚʠʩʽʚʫ j -ʡ ʢʫʣʴʪʫʨʠ. 

 

ʇʣʘʥʦʚʘ ʫʨʦʞʘʡʥʽʩʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʙʫʜʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʷʢ: 
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ñäää
D+

= = =

ÖDÖÖ=

tt

t

r

n

l

i

m

j

ʋʈʇ

nij

ʋʈʇ

nijnijɸɹʉ

ʋʈʇ
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0
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)()(_ zfta ʋʈʇ

nij =D                                    (27) 

ʜʝ 
ʋʈʈ

nija _
 ð ʨʝʘʣʴʥʠʡ ʚʤʽʩʪ ʫ ˇʨʫʥʪʽ ʜʦʙʨʠʚ n -ʦʛʦ ),..,2,1( rn=  (ʘʢʪʠʚʥʦʾ 

ʨʝʯʦʚʠʥʠ) ʚʠʜʫ ʥʘ ʜʽʣʷʥʮʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʦʣʷ ʽʥʜʝʢʩʦʤ i  

),..,2,1( li =  ʽ ʥʦʤʝʨ ʩʧʦʩʦʙʫ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ j  ),..,2,1( mj = , ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʴʥʫ ʫʨʦʞʘʡʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʢʫʣʴʪʫʨʠ 
ʈ

ʋʨU  ʢʛ/ʛʘ; 

ʋʈʇ

nija _
 ð ʥʝʦʙʭʽʜʥʠʡ ʚʤʽʩʪ ʫ ˇʨʫʥʪʽ ʜʦʙʨʠʚ n -ʦʛʦ ),..,2,1( rn=  (ʘʢʪʠʚʥʦʾ 

ʨʝʯʦʚʠʥʠ) ʚʠʜʫ ʥʘ ʜʽʣʷʥʮʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʦʣʷ ʽʥʜʝʢʩʦʤ i  

),..,2,1( li =  ʽ ʥʦʤʝʨ ʩʧʦʩʦʙʫ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ j  ),..,2,1( mj = , ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʛʥʦʟʦʚʘʥʫ ʫʨʦʞʘʡʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʢʫʣʴʪʫʨʠ 
ʇ

ʋʨU  

ʢʛ/ʛʘ; 
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nijx  ð ʥʦʨʤʘ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ (ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ) n -ʦʛʦ ),..,2,1( rn=  

ʚʠʜʫ ʥʘ ʜʽʣʷʥʮʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʦʣʷ ʽʥʜʝʢʩʦʤ i  ),..,2,1( li =  ʽ 

ʥʦʤʝʨ ʩʧʦʩʦʙʫ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ j  ),..,2,1( mj =  ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʠʥʠʮʽ 

ʧʨʠʙʘʚʢʠ ʫʨʦʞʘʶ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ; 

nijk  ð ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ ʚʝʣʠʯʠʥʠ ʜʦʙʨʠʚ n -ʦʛʦ ),..,2,1( rn=  

(ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ) ʚʠʜʫ ʥʘ ʜʽʣʷʥʮʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʦʣʷ ʽʥʜʝʢʩʦʤ i  

),..,2,1( li =  ʽ ʥʦʤʝʨ ʩʧʦʩʦʙʫ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ j  ),..,2,1( mj =  ʥʘ ʨʝʘʣʴʥʫ 

ʚʨʦʞʘʡʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʢʫʣʴʪʫʨʠ 
ʈ

ʋʨU ; 

)()(_ zfta ʋʈʇ

nij =D  - ʬʫʥʢʮʽʷ, ʱʦ ʦʧʠʩʫʻ ʧʨʠʨʽʩʪ ʫʨʦʞʘʡʥʦʩʪʽ )(_ ta ʋʈʇ

nijD  

ʟʘʣʝʞʥʦ ʚʽʜ ʥʦʨʤʠ ʚʥʝʩʝʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ z . 

ʇʣʘʥʦʚʘ (ʧʨʦʛʥʦʟʦʚʘʥʘ) ʫʨʦʞʘʡʥʽʩʪʴ 
ʋʨ

ʇU  ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ, ʷʢ: 

ʋʨ

ʈ

ʋʨ

ʇ

ʋʨ UUU D+= ,                                   (28) 

ʜʝ 
ʈ

ʋʨU  - ʨʝʘʣʴʥʘ ʫʨʦʞʘʡʥʽʩʪʴ; 

ʋʨUD  - ʥʘʜʙʘʚʢʘ ʫʨʦʞʘʡʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ. 

ʊʦʜʽ: 
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kijʋʨ xaaU
1 1 1

__ )( .                          (29) 

ɿʚʽʜʩʠ ʧʨʦʛʥʦʟʦʚʘʥʘ ʫʨʦʞʘʡʥʽʩʪʴ 
ʇ

ʋʨU  ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ  : 

ääääää
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ʜʝ äää
= = =

-
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k

n
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k

j

ʋʈʈ

kij

ʋʈʇ

kij aa
1 1 1

__ )(  - ʥʦʨʤʘ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʾʭ 

ʨʝʘʣʴʥʦʛʦ ʚʤʽʩʪʫ 
ʋʈʈ

kija _
 ʪʘ ʧʣʘʥʦʚʦʛʦ ʚʤʽʩʪʫ 

ʋʈʇ

kija _
ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʣʘʥʦʚʦʾ ʫʨʦʞʘʡʥʦʩʪʽ 
ʇ

ʋʨU .  

ʋʨUD  - ʦʪʨʠʤʘʥʘ ʧʨʠʙʘʚʢʘ  ʫʨʦʞʘʶ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʢʫʣʴʪʫʨʠ ʟʘ 

ʨʘʭʫʥʦʢ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ k -ʦʛʦ ),..,2,1( rk=  (ʘʢʪʠʚʥʦʾ 

ʨʝʯʦʚʠʥʠ) ʚʠʜʫ ʥʘ ʜʽʣʷʥʮʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʦʣʷ ʽʥʜʝʢʩʦʤ i  

),..,2,1( ni =  ʽ ʥʦʤʝʨ ʩʧʦʩʦʙʫ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ j  ),..,2,1( kj =  ʟʘʣʝʞʥʦ 

ʚʽʜ ʧʣʘʥʦʚʦʾ ʫʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʢʫʣʴʪʫʨʠ 
ʋʨ

ʇU . 

ɸʙʦ ʧʨʦʛʥʦʟʦʚʘʥʘ ʫʨʦʞʘʡʥʽʩʪʴ 
ʇ

ʋʨU  ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ  : 
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ʜʝ ʋʨUD  - ʧʨʠʨʽʩʪ ʫʨʦʞʘʡʥʦʩʪʽ; 

äää
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kij
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kij aa
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__ )(  - ʥʦʨʤʘ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʾʭ 

ʨʝʘʣʴʥʦʛʦ ʚʤʽʩʪʫ 
ʋʈʈ

kija _
 ʪʘ ʧʣʘʥʦʚʦʛʦ 

ʋʈʇ

kija _
ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʥʦʚʦʾ 

ʫʨʦʞʘʡʥʦʩʪʽ 
ʇ

ʋʨU ,  

ʋʨUD   - ʦʪʨʠʤʘʥʘ ʧʨʠʙʘʚʢʘ ʫʨʦʞʘʶ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʢʫʣʴʪʫʨʠ ʟʘ 

ʨʘʭʫʥʦʢ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ k -ʦʛʦ ),..,2,1( rk=  (ʘʢʪʠʚʥʦʾ 

ʨʝʯʦʚʠʥʠ) ʚʠʜʫ ʥʘ ʜʽʣʷʥʮʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʦʣʷ ʽʥʜʝʢʩʦʤ i  

),..,2,1( ni =  ʽ ʥʦʤʝʨ ʩʧʦʩʦʙʫ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ j  ),..,2,1( kj =  ʟʘʣʝʞʥʦ 

ʚʽʜ ʧʣʘʥʦʚʦʾ ʫʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʢʫʣʴʪʫʨʠ 
ʋʨ

ʇU /. 

ʊʘʢʦʞ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 
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ʜʝ )( ___ ʋʈʈ

kij

ʋʈʇ

kijʋʨ

ʋʨʇ

kij aaUɸ -ÖD=D  - ʥʦʨʤʘ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʨʠʚ k -ʦʛʦ ),..,2,1( rk=  (ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ) ʚʠʜʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʣʘʥʦʚʦʾ ʫʨʦʞʘʡʥʦʩʪʽ 
ʇ

ʋʨU  ʥʘ ʜʽʣʷʥʮʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʦʣʷ ʽʥʜʝʢʩʦʤ 

i  ),..,2,1( ni =  ʽ ʥʦʤʝʨ ʩʧʦʩʦʙʫ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ j  ),..,2,1( kj =  ʟʘʣʝʞʥʦ 

ʚʽʜ ʧʣʘʥʦʚʦʾ ʫʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʢʫʣʴʪʫʨʠ 
ʋʨ

ʇU . 

ʋʨ

ʈ

ʋʨ

ʇ

ʋʨ UUU -=D .                                   (33) 

ʌʫʥʢʮʽʷ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʫʨʦʞʘʡʥʦʩʪʽ )(xFʋʈɼʆɹʈʀɺ  ʟʘʣʝʞʥʦ ʚʽʜ ʧʣʘʥʦʚʘʥʦʾ 

ʫʨʦʞʘʡʥʦʩʪʽ 
ʋʨ

ʇU  ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʢʫʣʴʪʫʨʠ ʟʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ k -ʦʛʦ ),..,2,1( rk=  ʚʠʜʫ ʥʘ ʜʽʣʷʥʮʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʦʣʷ ʽʥʜʝʢʩʦʤ i  ),..,2,1( ni =  ʽ ʥʦʤʝʨ ʩʧʦʩʦʙʫ 

ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ j  ),..,2,1( kj = : 
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ÖÖ=
r

k

n

i

k

j

kijkij

ʋʨ

ʇ

ʋʈ

ɼʆɹʈʀɺ xaUxF
1 1 1

)( ,                               (34) 



233 

ʜʝ 
ʋʨ

ʇU  ð ʧʣʘʥʦʚʘ ʫʨʦʞʘʡʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʢʫʣʴʪʫʨʠ ʟʘ ʚʥʝʩʝʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ k -ʦʛʦ 
),..,2,1( rk=

 ʚʠʜʫ ʥʘ ʜʽʣʷʥʮʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʦʣʷ ʽʥʜʝʢʩʦʤ i  
),..,2,1( ni =

 ʽ ʥʦʤʝʨ ʩʧʦʩʦʙʫ 

ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ 
j

 
),..,2,1( kj =

 ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʙʨʠʚ ʧʦʨʽʚʥʷʥʦ ʟ 

ʦʯʽʢʫʚʘʥʦʶ 
ʋʨ

ʆʏU
, ʮ/ʛʘ/(ʢʛ/ʛʘ); 

kija
 ð ʥʦʨʤʘ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ k -ʦʛʦ 

),..,2,1( rk=
 (ʜʽʶʯʦʾ 

ʨʝʯʦʚʠʥʠ) ʚʠʜʫ ʥʘ ʜʽʣʷʥʮʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʦʣʷ ʽʥʜʝʢʩʦʤ i  

),..,2,1( ni =
 ʽ ʥʦʤʝʨ ʩʧʦʩʦʙʫ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ 

j
 

),..,2,1( kj =
 ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʦʜʠʥʠʮʽ ʧʨʠʙʘʚʢʠ ʫʨʦʞʘʶ ʧʨʦʜʫʢʮʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʧʣʘʥʦʚʦʾ 

ʫʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʢʫʣʴʪʫʨʠ 
ʋʨ

ʇU
 ʢʛ/ʛʘ; 

kijx  ð ʢʽʣʴʢʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʧʨʠʙʘʚʢʠ ʫʨʦʞʘʶ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʢʫʣʴʪʫʨʠ ʟʘʚʜʷʢʠ ʚʥʝʩʝʥʥʶ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ k -ʦʛʦ ),..,2,1( rk=  

(ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ) ʚʠʜʫ ʥʘ ʜʽʣʷʥʮʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʦʣʷ ʽʥʜʝʢʩʦʤ i  

),..,2,1( ni =  ʽ ʥʦʤʝʨ ʩʧʦʩʦʙʫ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ j  ),..,2,1( kj =  ʟʘʣʝʞʥʦ 

ʚʽʜ ʧʣʘʥʦʚʦʾ ʫʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʢʫʣʴʪʫʨʠ 
ʋʨ

ʇU . 

kj ,..,2,1=  - ʩʧʦʩʽʙ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʯʦʪʠʨʠ ʝʪʘʧʠ: 1=j  - 

ʦʩʥʦʚʥʝ; 2=j  - ʧʝʨʝʜʧʦʩʽʚʥʝ; 3=j  - ʧʨʠʧʦʩʽʚʥʝ; 4=j  - ʧʽʜʞʠʚʣʝʥʥʷ 

(ʪʘʙʣʠʮʷ 1). 

ʢa  ð ʥʦʨʤʘ ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ (ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ)  k -ʦʛʦ 

ʚʠʜʫ ),..,2,1( rk=  (ʪʘʙʣʠʮʷ 1). ɹʫʚʘʶʪʴ pHa
, pHa

, Na
, Pa

, Ka
 ʪʦʱʦ. 

ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ EK  ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ: 

))()(( xFxFɺʨɽʂ ʚʘʨʪʽʩʪʴʮʽʥʘ-=                                (35) 

max))()(( ­-= xFxFɺʨɽʂ ʚʘʨʪʽʩʪʴʮʽʥʘ                      (36) 

ʎʷ ʫʤʦʚʘ ʙʫʜʝ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʟʘ max)( ­xFʮʽʥʘ , ʘ  

min)( ­xFʚʘʨʪʽʩʪʴ . 

ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ EK  ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʙʫʜʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

)()()( xFxFxFEK ɿʎ

ʋʈ

ɼʆɹʈʀɺ -Ö= ,                              (37) 
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ʜʝ )(xFʋʈɼʆɹʈʀɺ  - ʬʫʥʢʮʽʷ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʚʨʦʞʘʡʥʦʩʪʽ, ʮ/ʛʘ; 

)(xFʎ  - ʬʫʥʢʮʽʷ, ʷʢʘ ʦʧʠʩʫʻ ʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʷʢʦʩʪʽ, ʛʨʥ/ʮ; 

)(xFɿ  - ʬʫʥʢʮʽʷ, ʷʢʘ ʦʧʠʩʫʻ ʟʘʪʨʘʪʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ, ʛʨʥ/ʮ. 

ʇʨʦʛʥʦʟʦʚʘʥʘ ʫʨʦʞʘʡʥʽʩʪʴ 
ʇ

ʋʨU : 

))()((
1

11

ä ÔÔÔ
=

==

Ö=
k

k

k

n

j

nʧʦʣʷ

n

i

i

ʇ

ʋʨ xFkxFkU ,                     (38) 

ʜʝ )(xFʧʦʣʷ - ʬʫʥʢʮʽʷ ʘʛʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʦʣʷ; 

 ik  - ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʘʛʨʦʙʽʦʣʦʛʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷ; 

jk  - ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʩʝ, ʱʦ ʥʝ ʥʘʣʝʞʠʪʴ ʜʦ 

ʘʛʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷ (ʨʦʩʣʠʥʘ, ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʾ, ʇʨʠʯʦʤʫ 1=ä jk . 

))()()(( 654321 xFkxFkxFkkkkUʋʨ

ʇ Ö+Ö+ÖÖÖÖ= ,                (39) 

ʜʝ )(xF  - ʨʝʢʦʤʝʥʜʦʚʘʥ ʥʦʨʤʘ ʚʠʩʽʚʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ; 

1k
 - ʚʧʣʠʚ ʘʛʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷ ʧʦ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥʘʭ 

(ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 0,1, ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝ ʥʠʞʯʝ - 

0,80); 

2k  - ʚʧʣʠʚ ʦʧʝʨʘʪʠʚʥʦʾ ʚʦʣʦʛʦʩʪʽ ʛʨʫʥʪʫ (ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 

1,0, ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝ ʥʠʞʯʝ - 0,90); 

3k  - ʚʧʣʠʚ ʦʧʝʨʘʪʠʚʥʦʾ ʪʚʝʨʜʦʩʪʽ ʛʨʫʥʪʫ (ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 

1,0, ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝ ʥʠʞʯʝ - 0,80); 

4k  - ʚʧʣʠʚ ʘʛʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʨʦʩʣʠʥʠ, ʩʝʣʝʢʮʽʷ (ʚʘʨʽʶʻʪʴʩʷ ʚ 

ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 1,0, ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝ ʥʠʞʯʝ - 0,90); 

5k  - ʚʧʣʠʚ ʜʦʜʘʪʢʦʚʦʛʦ ʚʥʝʩʝʥʠʭ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʚʘʨʽʶʻʪʴʩʷ ʚ 

ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 1,0, ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝ ʥʠʞʯʝ - 0,80); 

6k - ʚʧʣʠʚ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ (ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 

ʚʽʜ 0 ʜʦ 1,0, ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝ ʥʠʞʯʝ - 0,90); 

4k , 
5k , 

6k    ï ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʩʪʘʥʫ ̌ʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʦʧʪʠʤʽʟʫʻ ʜʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ). 

ʈʝʢʦʤʝʥʜʦʚʘʥʘ ʥʦʨʤʘ ʚʠʩʽʚʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ: 
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)(xF = ),( ʫxF  (ʇʨʦʛʥʦʩʪʠʯʥʘ ʥʦʨʤʘ ʩʽʚʙʠ) = 

= k1* ),( ʫxF (ʧʦʧʝʨʝʜʥʷ ʥʘʷʚʥʘ ʫʨʦʞʘʡʥʽʩʪʴ) + 

+ k2* ),( ʫxF (ʜʘʥʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʩʪʘʥʫ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) 

+ 

+ k3* ),( ʫxF (ʘʛʨʦʙʽʦʣʦʛʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷ)+ 

+ k4* ),( ʫxF (ʘʛʨʦʙʽʦʣʦʛʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʦʩʣʠʥʠ, ʩʝʣʝʢʮʽʷ) +    (40) 

+ k5* ),( ʫxF ( ʧʦʪʝʥʮʽʘʣ ʚʥʝʩʝʥʠʭ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ)+ 

+ k6* ),( ʫxF (ʦʧʝʨʘʪʠʚʥʘ ʚʦʣʦʛʽʩʪʴ ʛʨʫʥʪʫ)+ 

+ k7* ),( ʫxF  (ʦʧʝʨʘʪʠʚʥʘ ʪʚʝʨʜʽʩʪʴ ʛʨʫʥʪʫ)+ 

+ k8* ),( ʫxF  (ʧʨʦʛʥʦʟʦʚʘʥʘ ʫʨʦʞʘʡʥʽʩʪʴ), 

ʜʝ ),( ʫxF  - ʧʝʚʥʽ ʧʘʨʘʤʝʪʨʠ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʚʠʟʥʘʯʝʥʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʧʦʣʷ ʫx, ; 

Fk
1

 - ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʾ ʥʘʷʚʥʦʾ ʫʨʦʞʘʡʥʦʩʪʽ (ʚʘʨʽʶʻʪʴʩʷ ʚ 

ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 0,10, ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝ ʥʠʞʯʝ - 0,05); 
Fk
2

 - ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ ʜʘʥʠʭ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ˇʨʫʥʪʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ (ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 0,20, ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʥʝ ʥʠʞʯʝ - 0,10); 
Fk3

 - ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ  ʘʛʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷ (ʚʘʨʽʶʻʪʴʩʷ ʚ 

ʤʝʞʘʭ ʚʽʜ 0,10 ʜʦ 0,40, ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝ ʥʠʞʯʝ - 0,25); 
Fk
4

 - ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ ʘʛʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʨʦʩʣʠʥʠ, ʩʝʣʝʢʮʽʷ 

(ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,10 ʜʦ 0,30 ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝ 

ʥʠʞʯʝ - 0,20); 
Fk
5

 - ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ  ʧʦʪʝʥʮʽʘʣʫ ʚʥʝʩʝʥʠʭ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʚʘʨʽʶʻʪʴʩʷ 

ʚ ʤʝʞʘʭ ʚʽʜ 0,10 ʜʦ 0,30, ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝ ʥʠʞʯʝ - 0,15); 
Fk6
 - ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ  ʦʧʝʨʘʪʠʚʥʦʾ ʚʦʣʦʛʦʩʪʽ ʛʨʫʥʪʫ (ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 

0 ʜʦ 0,15, ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝ ʥʠʞʯʝ - 0,10); 
Fk
7

 - ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ  ʦʧʝʨʘʪʠʚʥʦʾ ʪʚʝʨʜʦʩʪʽ ʛʨʫʥʪʫ (ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 

0 ʜʦ 0,15, ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝ ʥʠʞʯʝ - 0,10); 
Fk
18
 - ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ  ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʫʨʦʞʘʡʥʦʩʪʽ (ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0 

ʜʦ 0,10, ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝ ʥʠʞʯʝ - 0,05) 

ʊʦʜʽ ʬʫʥʢʮʽʷ ʤʦʞʣʠʚʦʾ ʚʨʦʞʘʡʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ: 

F(ʄʦʞʣʠʚʘ ʫʨʦʞʘʡʥʽʩʪʴ) = F(ʘʛʨʦʙʽʦʣʦʛʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷ)+ 

+F(ʘʛʨʦʙʽʦʣʦʛʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʦʩʣʠʥʠ)+                       (41) 
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+F(ʧʦʪʝʥʮʽʘʣ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ)+ 

+F(ʦʧʝʨʘʪʠʚʥʘ ʚʦʣʦʛʽʩʪʴ ʛʨʫʥʪʫ)+ 

+F(ʦʧʝʨʘʪʠʚʥʘ ʪʚʝʨʜʽʩʪʴ ʛʨʫʥʪʫ) 

 

ɺʠʩʥʦʚʦʢ. ɺ ʫʤʦʚʘʭ ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʢʨʠʟʠ ʟʘ ʨʦʟʨʦʙʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ ʧʰʝʥʠʮʽ ʦʟʠʤʦʾ ʪʘ ʝʣʝʤʝʥʪʽʚ ʾʾ ʫʜʦʩʢʦʥʘʣʝʥʥʷ, 

ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʜʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʩʦʨʪʫ ʰʣʷʭʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʥʦʨʤʦʶ ʚʥʝʩʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʤʽʥʝʨʘʣʴʥʠʭ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ) ʟʘʣʝʞʥʦ ʚʽʜ ʘʛʨʦʙʽʦʣʦʛʽʯʥʦʛʦ 

ʩʪʘʥʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʩʦʢʽ ʚʨʦʞʘʾ 

ʟʝʨʥʦʚʠʭ ʬʦʨʤʫʶʪʴʩʷ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʩʽʚʙʠ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ ʥʦʨʤʘʤʠ ʚʠʩʽʚʫ. 

 

ʃʽʪʝʨʘʪʫʨʘ: 

1. Robson M/ A practical guide to business process re-

engineering/M.Robson, P. Ullah. ï London: Gower Publishing Std, 1996/ 

2. Scherer F.M/ Industrial market structure and economic performance /  F.M. 

Scherer, D/Ross. ï Boston, USA: Hongliton Mifflin Co.,1990. 

3. ʕʨʣʠʭ ɸ. ʪʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʦʚʘʨʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ 

ʨʳʥʢʦʚ/ɸ.ʕʨʣʠʭ. ï ʄ.: ʀʅʌʈɸ ï ʄ,1996. 

4. ʄʘʢʢʦʥʝʣ ʃ.ʕʢʦʥʦʧʠʩ: ʧʨʠʥʮʳʧʳ, ʧʨʦʙʣʝʤʳ ʠ ʧʦʣʠʪʠʢʘ/ 

ʃ.ʄʘʢʢʦʥʝʣ, ʉ.ɹʨʶ. ï ʄ.: ʄʝʥʝʜʞʝʨ, 1993. 

5. ʂʘʨʠʙʩʢʠʡ ɸ.ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʩʪʨʫʢʪʫʨʳ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. ɯ,ɯɯ/ 

ɸ.ɺ.ʂʘʨʠʙʩʢʠʡ, ɸ.ɼ. ʎʚʠʨʢʫʥ, ʖ.ʈ. ʐʠʰʦʨʠʥ// ʘʚʪʦʤʘʪʠʢʘ ʠ ʪʝʣʝʤʝʭʘʥʠʢʘ. 

ï 1989. ï ˉ2. ï ʉ.116-131; ˉ4. ï ʉ. 139 ï 154. 

6. ʂʘʨʠʙʩʢʠʡ ɸ.ɺ. ɹʠʟʥʝʩ-ʧʣʘʥ: ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ 

ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. (ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ)/ ɸ.ɺ.ʂʘʨʠʙʩʢʠʡ, 

ʖ.ʈ.ʐʠʰʦʨʠʥ // ʇʨʝʧʨʠʥʪ. ï ʄ.: ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ, 1996. 

7. Karibsky A/ Managing the development of  large-scale system/ A. 

Karibsky//Mathematics and Computers in Simulation. 1991/ - no. P.287-293/ 

8. ʐʝʩʪʘʢʦʚ ʅ.ɺ. ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ 

/ʅ.ɺ.ʐʝʩʪʘʢʦʚ// ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʋʧʨʘʚʣʝʥʠʝ ʙʦʣʴʰʠʤʠ ʩʠʩʪʝʤʘʤʠè. ï ʄ. ʀʇʋ, 1991. ï ʉ. 391. 

9. ʂʘʨʠʙʩʢʠʡ ɸ.ɺ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʫʧʥʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʚ 

ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ / ɸ.ɺ. ʂʘʨʠʙʩʢʠʡ // ʄʠʨ ʩʚʷʟʠ ï 1998. - ˉ 7-8. ï 

ʉ.72-77. 

10. ʉʝʥʜʨʝʝʚ ʖ.ʅ. ʋʧʨʘʚʣʝʥʠʝ ʢʦʥʝʯʥʦ- ʤʘʪʨʠʯʥʳʤʠ ʣʠʥʝʡʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ/ ʖ.ʅ. ʉʝʥʜʨʝʝʚ. ï ʄ. ʅʘʫʢʘ, 1976. ï 424 ʩ. 

11. ʂʨʘʩʦʚʩʢʠʡ ʅ.ʅ. ʊʝʦʨʠʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ / ʅ.ʅ. ʂʨʘʩʦʚʩʢʠʡ. ï 

ʄ.: ʅʘʫʢʘ, 1968. ï 474 ʩ. 



237 

12. ʈʦʡʪʝʥʙʝʨʛ ʗ.ʅ. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ / ʗ.ʅ. ʈʦʡʪʝʥʙʘʨʛ. ï 

ʄ.: ʅʘʫʢʘ, 1978. ï 551 ʩ. 

13. ɽʛʦʨʦʚ ɸ.ʀ. ʆʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʣʠʥʝʡʥʳʤʠ ʩʠʩʪʝʤʘʤʠ / ɸ.ʀ. 

ɽʛʦʨʦʚ. ï ʂʠʝʚ: ɺʠʱʘ ʰʢʦʣʘ, 1988. ï 276 ʩ. 

14. ʇʦʥʪʨʷʛʠʥ ʃ.ʉ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ / 

ʃ.ʉ. ʇʦʥʪʨʷʛʠʥ, ɺ.ɻ. ɹʦʣʪʷʥʩʢʠʡ, ɽ.ʌ. ʄʠʱʝʥʢʦ. ï ʄ.: ʅʘʫʢʘ, 1961. ï 391 ʩ. 

 

ɸʥʥʦʪʘʮʠʷ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʦʨʤʦʡ ʚʥʝʩʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʛʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʜʣʝʞʘʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʦʩʪʘʪʦʯʥʦ ʣʠʰʴ ʩʢʘʟʘʪʴ, ʯʪʦ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʚʳʙʦʨ ʪʦʡ 

ʠʣʠ ʜʨʫʛʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ, ʷʚʣʷʝʪʩʷ ʫʨʦʞʘʡʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ. ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʫʜʦʙʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʟʘ ʚʠʜʘʤʠ ʠ ʧʝʨʠʦʜʦʤ 

ʚʥʝʩʝʥʠʷ, ʧʦʪʦʤʫ ʪʘʢʠʝ ʤʦʜʝʣʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʫʯʝʩʪʴ 

ʬʘʢʪʦʨʳ ʚʣʠʷʥʠʷ ʥʘ ʢʦʥʝʯʥʫʶ ʫʨʦʞʘʡʥʦʩʪʴ. 

 

Summary. 

The formulated optimum case frames by the norm of bringing of 

technological material depending on the agrobiological state of agricultural lands 

enable to provide the proper efficiency of agricultural production. It is enough 

only to say, that by a factor which determines the choice of that or other structure 

of sowing areas, there is productivity which above all things depends on the 

amount of bringing of fertilizers. In the examined model the fertilizers are 

distributed after kinds and period of bringing, that is why such models enable 

maximally to take into account the factors of influence on eventual productivity. 
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ʋɼʂ 633.11:551.58 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʂʆʄʇʃɽʂʉʅʀʍ ʇʆʂɸɿʅʀʂɯɺ 

ʇʆʉʋʐʃʀɺʆʉʊɯ ɿ ʄɽʊʆʖ ɸɻʈʆʄʆʅɯʊʆʈʀʅɻʋ 

 

ʅ. ʉʝʨʜʶʯʝʥʢʦ, ʢʘʥʜ. ʛʝʦʛʨ. ʥʘʫʢ,  

ʋʢʨʅɼɯʇɺʊ ʽʤ. ʃ. ʇʦʛʦʨʽʣʦʛʦ,  

ɸ. ʉʝʨʜʶʯʝʥʢʦ, ʫʯʝʥʠʮʷ 10 ʢʣ.,  

ɼʦʩʣʽʜʥʠʮʴʢʘ ɿʆʐ ɯ-ɯɯɯ ʩʪ. 
 

ʅʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʽʥʜʝʢʩʽʚ ʧʦʩʫʰʣʠʚʦʩʪʽ, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʟʝʤʥʠʭ ʤʝʪʝʦʩʧʦʩʪʝʨʝʞʝʥʴ ʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟʝʤʣʽ, 

ʪʘ ʰʣʷʭʽʚ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʜʞʝʨʝʣʘ ʦʪʨʠʤʘʥʥʷ 

ʙʘʟ ʜʘʥʠʭ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʫ ʩʫʚʦʨʦʩʪʽ ʧʦʩʫʭʠ ʇʘʣʤʝʨʘ, 
ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ ʽʥʜʝʢʩʫ ʦʧʘʜʽʚ, ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ ʧʦʩʫʭʠ ʪʘ 

ʽʥʜʝʢʩʫ ʩʪʨʝʩʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʣʘʙʢʽ ʪʘ 

ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ ʢʦʞʥʦʛʦ ʽʟ ʧʦʢʘʟʥʠʢʽʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʩʫʭʘ, ʽʥʜʝʢʩ ʧʦʩʫʰʣʠʚʦʩʪʽ, ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʽʥʜʝʢʩ 

ʦʧʘʜʽʚ, ʢʦʤʙʽʥʦʚʘʥʠʡ ʽʥʜʠʢʘʪʦʨ ʧʦʩʫʭʠ, ʽʥʜʝʢʩ ʩʪʨʝʩʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ. 

 

ʉʫʪʴ ʧʨʦʙʣʝʤʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ IPCC (Internstionsl 

Panel of Climate Change
1
) ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʷʢʽ ʤʠ ʟʘʨʘʟ 

ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʽ ʚʽʜʯʫʚʘʻʤʦ, ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʽ ʢʽʣʴʢʽʩʪʴ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʦʩʫʭʠ. ʅʝʙʝʟʧʝʢʘ ʧʦʩʫʭʠ ʜʣʷ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʻ ʥʘʡʙʽʣʴʰʦʶ ʦʩʢʽʣʴʢʠ ʾʾ ʥʘʩʣʽʜʢʠ ʤʦʞʫʪʴ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʥʘʯʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʪʘ 

ʚʪʨʘʪ ʚʨʦʞʘʶ. ʊʦʤʫ ʚ ʟʘʜʘʯʘʭ ʘʛʨʦʤʦʥʽʪʦʨʠʥʛʫ, ʢʦʨʠʩʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʩʫʭʠ ï ʽʥʜʝʢʩʽʚ ʧʦʩʫʰʣʠʚʦʩʪʽ. ʎʽ 

ʧʦʢʘʟʥʠʢʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ, ʪʘʢʠʭ ʷʢ 

ʧʣʘʥʫʚʘʥʥʷ ʟʨʦʰʝʥʥʷ, ʙʦʨʦʪʴʙʘ ʟ ʧʦʩʫʭʦʶ ʪʘ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʧʨʝʜʠʢʪʦʨʦʤ 

ʜʣʷ ʝʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʛʥʦʟʥʠʭ ʦʮʽʥʦʢ ʦʯʽʢʫʚʘʥʦʾ ʚʨʦʞʘʡʥʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʪʦʱʦ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ ʩʚʽʜʯʠʪʴ ʱʦ ʽʥʜʝʢʩʠ 

ʧʦʩʫʰʣʠʚʦʩʪʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ [1-9] ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʢʽʣʴʢʽʩʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʩʝʨʝʜʥʴʦʨʽʯʥʠʭ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʚʝʣʠʯʠʥ ʽ ʩʝʨʝʜʥʴʦʙʘʛʘʪʦʨʽʯʥʠʭ ʜʘʥʠʭ.  

ʄʝʪʦʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʽʥʜʝʢʩʽʚ 

ʧʦʩʫʰʣʠʚʦʩʪʽ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʟʝʤʥʠʭ ʤʝʪʝʦʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ 
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ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟʝʤʣʽ, ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʰʣʷʭʽʚ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɯʥʜʝʢʩ ʩʫʚʦʨʦʩʪʽ ʧʦʩʫʭʠ ʇʘʣʤʝʨʘ (Palmer Drought 

Severity Index, PDSI; Palmer, 1965[10]) ʧʦʚôʷʟʫʻ ʞʦʨʩʪʦʢʽʩʪʴ ʧʦʩʫʭʠ ʽʟ 

ʥʘʢʦʧʠʯʝʥʠʤʠ ʟʚʘʞʝʥʠʤʠ ʨʽʟʥʠʮʷʤʠ ʤʽʞ ʬʘʢʪʠʯʥʠʤʠ ʦʧʘʜʘʤʠ ʽ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʦʪʨʝʙʘʤʠ ʚ ʝʚʘʧʦʪʨʘʥʩʧʽʨʘʮʽʽ. PDSI ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ 

ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʽ ʬʘʢʪʠʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ 

ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʽʦʜʽʚ ʘʥʦʤʘʣʴʥʦ ʚʦʣʦʛʦʾ ʘʙʦ ʩʫʭʦʾ ʧʦʛʦʜʠ. 

ʈʦʟʨʘʭʫʥʦʢ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦʩʪʫʧʥʠʭ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ (ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʡ ʦʧʘʜʽʚ), ʘ ʪʘʢʦʞ ʣʦʢʘʣʴʥʠʭ 

ʢʦʥʩʪʘʥʪ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʦʣʦʛʦʻʤʥʽʩʪʴ ˇʨʫʥʪʫ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʚʭʽʜʥʠʭ 

ʚʝʣʠʯʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʨʦʱʝʥʦʾ ʩʭʝʤʠ ʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ ʚ ˇʨʫʥʪʽ 

ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʬʘʢʪʠʯʥʠʭ ʪʘ ʧʦʪʝʥʮʽʡʥʠʭ ʟʥʘʯʝʥʴ 

ʝʚʘʧʦʪʨʘʥʩʧʽʨʘʮʽʽ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʩʢʣʘʜʦʚʽ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ, ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

PDSI [7]. 

ɯʥʪʝʨʧʨʝʪʫʶʯʠ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʽʥʜʝʢʩʫ ʚʠʜʽʣʷʶʪʴ 11 ʛʨʘʜʘʮʽʡ 

ʟʚʦʣʦʞʝʥʦʩʪʽ (ʪʘʙʣ. 1): ʟʥʘʯʝʥʥʷ  ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ -0,49 ʜʦ 0,49 ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʥʦʨʤʘʣʴʥʠʤ ʫʤʦʚʘʤ; ʟʥʘʯʝʥʥʷ ʤʝʥʰʽ -4 ï ʝʢʩʪʨʝʤʘʣʴʥʦ ʧʦʩʫʰʣʠʚʠʤ; 

ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʽ 4 ï ʝʢʩʪʨʝʤʘʣʴʥʦ ʚʦʣʦʛʠʤ ʫʤʦʚʘʤ; ʧʨʦʤʽʞʥʽ ʛʨʘʜʘʮʽʾ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʘʢʽ ʩʪʫʧʝʥʽ ʧʦʩʫʰʣʠʚʦʩʪʽ ʽ ʥʘʜʣʠʰʢʦʚʦʾ ʟʚʦʣʦʞʝʥʦʩʪʽ, ʷʢ 

ʧʦʯʘʪʢʦʚʘ, ʩʣʘʙʢʘ, ʧʦʤʽʨʥʘ ʽ ʩʠʣʴʥʘ. 

ʊʘʙʣʠʮʷ 1 ï ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʟʥʘʯʝʥʴ PDSI. ɼʞʝʨʝʣʦ:2 

ʂʘʪʝʛʦʨʽʷ 

ʟʚʦʣʦʞʝʥʥʷ 

ɿʥʘʯʝʥʥʷ 

PDSI 

ʂʘʪʝʛʦʨʽʷ 

ʟʚʦʣʦʞʝʥʥʷ 

ɿʥʘʯʝʥʥʷ 

PDSI 

ɽʢʩʪʨʝʤʘʣʴʥʦ 

ʚʦʣʦʛʦ 

Ó 4,0 ʇʦʯʘʪʢʦʚʘ ʬʘʟʘ 

ʩʫʭʦʩʪʽ 

-0,50 ï -0,99 

ɼʫʞʝ ʚʦʣʦʛʦ 3,00 ï 3,99 ʉʣʘʙʢʦ ʩʫʭʦ -1,00 ï -1,99 

ʇʦʤʽʨʥʦ ʚʦʣʦʛʦ 2,00 ï 2,99 ʇʦʤʽʨʥʦ ʩʫʭʦ -2,00 ï -2,99 

ʉʣʘʙʢʦ ʚʦʣʦʛʦ 1,00 ï 1,99 ɼʫʞʝ ʩʫʭʦ -3,00 ï -3,99 

ʇʦʯʘʪʢʦʚʘ ʬʘʟʘ 

ʚʦʣʦʛʦʩʪʽ 

0,50 ï 0,99 ɽʢʩʪʨʝʤʘʣʴʥʦ 

ʧʦʩʫʰʣʠʚʦ 

Ò -4,00 

ɹʣʠʟʴʢʦ ʥʦʨʤʠ 0,49 ï -0,49   

 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʦʜʠʥ ʘʩʧʝʢʪ, ʷʢʠʡ ʩʪʦʩʫʻʪʴʩʷ ʦʙʯʠʩʣʝʥʴ, PDSI ʚʢʣʶʯʘʻ 

ʪʨʠ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ï ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʥʘʜʭʦʜʞʝʥʥʷ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪ ʽ ʩʪʽʢ ï 

ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʦʞʝ ʤʘʪʠ ʥʝʛʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʜʦʩʪʘʪʥʴʦ ʜʦʱʫ, ʱʦʙ 

ʟʘʜʦʚʦʣʴʥʠʪʠ ʣʠʰʝ ʦʯʽʢʫʚʘʥʠʡ ʨʽʚʝʥʴ ʝʚʘʧʦʪʨʘʥʩʧʽʨʘʮʽʽ, ʘʣʝ ʥʝ ʜʦʩʪʘʪʥʴʦ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ ʽ ʩʪʽʢ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʠ ʦʪʨʠʤʘʻʤʦ 

ʥʝʛʘʪʠʚʥʠʡ ʽʥʜʝʢʩ. ʊʦʙʪʦ ʟʘ ʪʘʢʦʾ ʩʠʪʫʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʢʫʣʴʪʫʨʠ ʱʝ 

ʜʝʷʢʠʡ ʯʘʩ ʨʦʟʚʠʚʘʪʠʤʫʪʴʩʷ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʪʝʤʧʽ, ʘʣʝ ʚʞʝ ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ 
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ʟʚʦʣʦʞʝʥʥʷ ʙʫʜʝ ʧʨʦʩʣʽʜʢʦʚʫʚʘʪʠʩʷ ʫ ʟʥʘʯʝʥʥʽ ʽʥʜʝʢʩʫ. ʗʢ ʪʽʣʴʢʠ ʨʽʚʝʥʴ 

ʟʚʦʣʦʞʝʥʦʩʪʽ ʚʧʘʜʝ ʥʠʞʯʝ ʤʽʥʽʤʫʤʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʦʩʽʚʽʚ, ʪʦ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʢʫʣʴʪʫʨʠ ʙʫʜʫʪʴ ʨʝʘʛʫʚʘʪʠ ʰʚʠʜʢʠʤ ʽ ʨʽʟʢʠʤ 

ʧʦʛʽʨʰʝʥʥʷʤ ʩʪʘʥʫ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʧʘʩʽʚ ʚʦʜʠ ʚ ˇʨʫʥʪʽ. 

ʆʧʝʨʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ PDSI ʜʣʷ ʪʝʨʠʪʦʨʽʾ ɭʚʨʦʧʠ ʤʦʞʥʘ ʟʥʘʡʪʠ ʫ 

Drought Metadata Catalogue 
3
 ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʮʝʥʪʨʫ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʩʫʭ. 

ʉʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʽʥʜʝʢʩ ʦʧʘʜʽʚ SPI (Standardized Precipitation Index), 

ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʜʘʥʠʭ ʧʨʦ ʘʪʤʦʩʬʝʨʥʽ ʦʧʘʜʠ, ʥʘʙʫʚ ʰʠʨʦʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʧʨʠʢʽʥʮʽ XX ʩʪʦʣʽʪʪʷ.  

ʈʦʟʨʘʭʫʥʦʢ SPI ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʤʽʩʮʝʚʦʩʪʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ 

ʜʘʥʠʭ ʧʨʦ ʦʧʘʜʠ ʚʧʨʦʜʦʚʞ ʟʘʜʘʥʦʛʦ ʜʣʷ ʘʥʘʣʽʟʫ ʧʝʨʽʦʜʫ. ɼʦʚʛʦʩʪʨʦʢʦʚʠʡ ʨʷʜ 

ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ʽʤʦʚʽʨʥʦʩʪʝʡ, ʷʢʠʡ ʧʦʪʽʤ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ 

ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ, ʟ ʤʝʪʦʶ ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʥʫʣʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ SPI 

ʜʣʷ ʟʘʜʘʥʦʛʦ ʤʽʩʮʷ ʽ ʧʝʨʽʦʜʫ. ʇʦʟʠʪʠʚʥʽ ʟʥʘʯʝʥʥʷ SPI ʚʢʘʟʫʶʪʴ ʥʘ ʦʙôʻʤ 

ʦʧʘʜʽʚ ʚʠʱʝ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ, ʘ ʥʝʛʘʪʠʚʥʽ ï ʥʠʞʯʝ (ʪʘʙʣ. 2). ʆʩʢʽʣʴʢʠ SPI 

ʥʦʨʤʘʣʽʟʫʻʪʴʩʷ, ʪʦ ʽ ʚʦʣʦʛʽʰʽ ʽ ʩʫʭʽʰʽ ʢʣʽʤʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʦʜʥʘʢʦʚʦ; ʚʽʜʧʦʚʽʜʥʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʽʥʜʝʢʩʫ ʤʦʞʥʘ ʪʘʢʦʞ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʤʦʥʽʪʦʨʠʥʛ ʜʦʱʦʚʠʭ ʧʝʨʽʦʜʽʚ. 

ʊʘʙʣʠʮʷ 2 ï ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʟʥʘʯʝʥʴ SPI. ɼʞʝʨʝʣʦ: [11] 

2,0 + ʝʢʩʪʨʝʤʘʣʴʥʦ ʚʦʣʦʛʦ 

1,5 ï 1,99 ʜʫʞʝ ʚʦʣʦʛʦ 

1,0 ï 1,49 ʧʦʤʽʨʥʦ ʚʦʣʦʛʦ 

-0,99 ï 0,99 ʙʣʠʟʴʢʦ ʜʦ ʥʦʨʤʠ 

-1,0 ï -1,49  ʧʦʤʽʨʥʦ ʩʫʭʦ 

-1,5 ï -1,99 ʜʫʞʝ ʩʫʭʦ 

-2 ʽ ʤʝʥʰʝ ʝʢʩʪʨʝʤʘʣʴʥʦ ʩʫʭʦ 

ɯʥʜʝʢʩ SPI ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʫʤʦʚ ʧʦʩʫʰʣʠʚʦʩʪʽ ʥʘ 

ʙʫʜʴ-ʷʢʠʭ ʪʠʤʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ (ʚʽʜ ʤʽʩʷʮʷ ʜʦ ʨʦʢʫ ʽ ʙʽʣʴʰʝ). ɺʘʨʽʘʮʽʷ 

ʤʘʩʰʪʘʙʽʚ ʦʩʝʨʝʜʥʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ 

ʽʥʜʝʢʩʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʥʘʩʣʽʜʢʠ ʧʦʩʫʭ, ʧʦʚ'ʷʟʘʥʽ ʟ ʦʙ'ʻʢʪʘʤʠ, ʷʢʽ ʤʘʶʪʴ 

ʨʽʟʥʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʜʝʬʽʮʠʪʫ ʦʧʘʜʽʚ. ʊʘʢʦʞ SPI ʤʦʞʥʘ ʩʧʽʚʩʪʘʚʣʷʪʠ ʜʣʷ 

ʨʝʛʽʦʥʽʚ ʟ ʧʦʤʽʪʥʦ ʨʽʟʥʠʤʠ ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ.  

ʋʥʽʚʝʨʩʘʣʴʥʽʩʪʴ SPI ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʷʢ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽ ʚʦʜʥʽ 

ʜʞʝʨʝʣʘ, ʪʘʢʽ ʷʢ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, ʱʦ ʚʘʞʣʠʚʘ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʪʘʢ ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʚʦʜʥʽ ʨʝʩʫʨʩʠ, ʪʘʢʽ ʷʢ ʜʞʝʨʝʣʘ ʧʽʜʟʝʤʥʠʭ 

ʚʦʜ, ʚʠʪʨʘʪʠ ʩʪʦʢʫ, ʘ ʪʘʢʦʞ ʨʽʚʥʽ ʦʟʝʨ ʽ ʚʦʜʦʩʭʦʚʠʱ. ɯʤʦʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ 

ʮʴʦʛʦ ʽʥʜʝʢʩʫ ʟʘʙʝʟʧʝʯʫʻ ʽʩʪʦʨʠʯʥʠʡ ʢʦʥʪʝʢʩʪ, ʱʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʨʦʮʝʩʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ.  

                                                           
3 http://vap-xjedo.jrc.it/Search/Search.html  

 

http://vap-xjedo.jrc.it/Search/Search.html
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ɹʘʟʠ ʜʘʥʠʭ SPI, ʨʦʟʨʘʭʦʚʘʥʠʭ ʜʣʷ 3-ʤʽʩʷʯʥʠʭ ʯʘʩʦʚʠʭ ʧʨʦʤʽʞʢʽʚ ʜʣʷ 

ʨʽʟʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ, ʧʦʯʠʥʘʶʯʠ ʟ 1975 ʨʦʢʫ (ʋʢʨʘʾʥʘ ʚ ʪʦʤʫ ʯʠʩʣʽ), ʜʦʩʪʫʧʥʽ ʟʘ 

ʧʦʩʠʣʘʥʥʷʤ
4
. 

ʉʣʘʙʢʦʶ ʩʪʦʨʦʥʦʶ ʽʥʜʝʢʩʫ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʠ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ 

ˇʨʫʥʪʫ ʽ ʚʽʜʧʦʚʽʜʥʦ ʥʝʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʪʘ 

ʧʦʪʝʥʮʽʡʥʦʾ ʝʚʘʧʦʪʨʘʥʩʧʽʨʘʮʽʾ. ʊʘʢʦʞ, ʦʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʥʝ ʻ 

ʚʠʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ SPI, ʮʝʡ ʽʥʜʝʢʩ ʥʝʧʨʠʜʘʪʥʠʡ ʜʣʷ 

ʘʥʘʣʽʟʫ ʟʤʽʥ ʢʣʽʤʘʪʫ. 

ɺʠʨʽʰʝʥʥʷʤ ʪʘʢʦʾ ʩʠʪʫʘʮʽʾ ʩʪʘʣʘ ʚʠʜʦʟʤʽʥʘ ʽʥʜʝʢʩʫ (Vicente-Serrano S.M. 

and all, 2010),  ʚʢʣʶʯʠʚʰʠ ʢʦʤʧʦʥʝʥʪʫ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʨʦʟʨʘʭʫʥʦʢ ʥʦʚʦʛʦ 

ʽʥʜʝʢʩʫ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʽʥʜʝʢʩ ʦʧʘʜʽʚ ʪʘ 

ʝʚʘʧʦʪʨʘʥʩʧʽʨʘʮʽʾ SPEI (Standardized Precipitation-Evapotranspiration Index). 

ʆʧʝʨʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ SPEI ʜʣʷ ʪʝʨʠʪʦʨʽʾ ɭʚʨʦʧʠ ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʟʘ ʧʦʩʠʣʘʥʥʷʤ
5
. SPEI ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʮʽʥʮʽ ʚʠʧʘʨʦʚʫʚʘʥʦʩʪʽ ʤʝʪʦʜʦʤ ʇʝʥʤʘʥʘ-

ʄʦʥʪʝʡʪʘ (Penman-Monteith, Fɸʆ-56
6
). ʄʝʪʦʜ ʇʝʥʤʘʥʘ-ʄʦʥʪʝʡʪʘ ʚʚʘʞʘʻʪʴʩʷ 

ʥʘʜʽʡʥʠʤ, ʪʦʤʫ SPEI ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ, 

ʚʢʣʶʯʘʶʯʠ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ. 

ʈʦʟʨʘʭʫʥʦʢ ʂʦʤʙʽʥʦʚʘʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ ʧʦʩʫʭʠ CDI (Combained Drought 

Indicator) ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʘʥʠʭ SPI, ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ (pF) ʪʘ ʧʦʛʣʠʥʫʪʦʾ ʬʨʘʢʮʽʾ 

ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʘʢʪʠʚʥʦʾ ʨʘʜʽʘʮʽʾ (fAPAR) [5].  

ɯʥʜʝʢʩ SPI ʚʠʟʥʘʯʝʥʦ ʩʚʽʪʦʚʦʶ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʷʢ 

ʢʣʶʯʦʚʠʡ ʽʥʜʠʢʘʪʦʨ ʧʦʩʫʭʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʦʧʝʨʘʪʠʚʥʦ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʝʦʜʘʥʠʭ.  

ɺʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʻ ʦʜʥʽʻʶ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʤʽʥʥʠʭ ʫ ʛʽʜʨʦʣʦʛʽʯʥʠʭ, 

ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʭ, ʙʽʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʽʜʽʛʨʘʻ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʚʟʘʻʤʦʜʽʾ ʘʪʤʦʩʬʝʨʠ ʪʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʇʦʛʣʠʥʫʪʘ ʬʨʘʢʮʽʷ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʘʢʪʠʚʥʦʾ ʨʘʜʽʘʮʽʾ fAPAR ʚʽʜʦʙʨʘʞʘʻ 

ʯʘʩʪʠʥʫ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʧʦʛʣʠʥʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʚʝʛʝʪʘʮʽʾ. ʎʷ ʩʢʣʘʜʦʚʘ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʷʢ ʽʥʜʠʢʘʪʦʨ ʧʦʩʫʭʠ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʩʪʨʝʩʫ 

ʨʦʩʣʠʥʥʦʩʪʽ (Gobron et al. 2005 [12]), ʦʩʢʽʣʴʢʠ ʧʦʩʫʭʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʥʠʞʝʥʥʷ ʪʝʤʧʽʚ ʨʦʩʪʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ ʘʙʦ ʚ ʧʦʛʣʠʥʘʥʥʽ 

ʨʦʩʣʠʥʥʠʤ ʦʨʛʘʥʽʟʤʦʤ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʘʙʦ ʚ ʥʠʟʴʢʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʇʦʟʠʪʠʚʥʠʤ ʬʘʢʪʦʨʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉDI ʻ ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʧʦʻʜʥʘʥʥʷ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʪʘ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʧʦʩʫʭʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ 

ʧʨʦʛʥʦʟʥʠʭ ʦʮʽʥʦʢ ʽ ʜʦʟʚʦʣʷʻ ʪʦʯʥʽʰʝ ʧʣʘʥʫʚʘʪʠ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʧʦʩʫʰʣʠʚʠʭ ʷʚʠʱ. ʇʨʦʙʣʝʤʥʠʤ ʬʘʢʪʦʨʦʤ 

ʤʦʞʝ ʙʫʪʠ ʟʘʣʝʞʥʽʩʪʴ fAPAR ʚʽʜ ʭʤʘʨʥʦʛʦ ʧʦʢʨʠʚʫ ʽ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚ 

ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ (ʟʘ ʫʤʦʚʠ ʱʽʣʴʥʠʭ ʭʤʘʨ) ʪʦʯʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʮʴʦʛʦ 

                                                           
4 http://edo.jrc.ec.europa.eu/edov2/php/index.php 
5 http://sac.csic.es/spei/map/maps.html 
6 http://www.fao.org/docrep/x0490e/x0490e06.htm  

http://edo.jrc.ec.europa.eu/edov2/php/index.php
http://sac.csic.es/spei/map/maps.html
http://www.fao.org/docrep/x0490e/x0490e06.htm
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ʽʥʜʠʢʘʪʦʨʘ, ʪʦʤʫ ʚ ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʣʘʥʫʻʪʴʩʷ ʟʘʣʫʯʝʥʥʷ 

ʙʽʣʴʰʝ ʥʽʞ ʦʜʥʦʛʦ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʩʫʭʦʩʪʽ. 

ɯʥʜʠʢʘʪʦʨ CDI ʙʘʟʫʻʪʴʩʷ ʥʘ 5 ʨʽʚʥʷʭ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʦʮʽʥʢʠ (ʨʠʩ. 1): 

Ö Watch ï ʧʝʨʽʦʜ ʘʢʪʠʚʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʢʦʣʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʬʽʮʠʪ 

ʦʧʘʜʽʚ; 

Ö Warning ï ʧʦʧʝʨʝʜʞʝʥʥʷ, ʢʦʣʠ ʮʝʡ ʜʝʬʽʮʠʪ ʦʧʘʜʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʥʦʤʘʣʽʾ 

ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ; 

 
ʈʠʩʫʥʦʢ 1 ï ʌʨʘʛʤʝʥʪ ʢʘʨʪʠ CDI ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ (ʜʨʫʛʘ ʜʝʢʘʜʘ 

ʞʦʚʪʥʷ 2016 ʨʦʢʫ). ɼʞʝʨʝʣʦ:7 

 

Ö Alert ï ʩʪʘʥ ʥʝʙʝʟʧʝʢʠ, ʢʦʣʠ ʧʦʧʝʨʝʜʥʽ ʜʚʽ ʫʤʦʚʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʥʝʛʘʪʠʚʥʦʶ ʘʥʦʤʘʣʽʻʶ ʩʪʘʥʫ ʚʝʛʝʪʘʮʽʾ;  

Ö Partial recovery ï ʯʘʩʪʢʦʚʝ ʚʽʜʥʦʚʣʝʥʥʷ, ʢʦʣʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ 

ʚʞʝ ʚʽʜʥʦʚʣʝʥʽ ʫ ʥʦʨʤʘʣʴʥʝ ʨʫʩʣʦ, ʘ ʫʤʦʚʠ ʨʦʩʣʠʥʥʦʩʪʽ ï ʱʝ ʥʽ;  

Ö Full recovery ï ʧʦʚʥʝ ʚʽʜʥʦʚʣʝʥʥʷ, ʢʦʣʠ ʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ, ʽ ʚʝʛʝʪʘʮʽʡʥʽ 

ʫʤʦʚʠ ʧʦʚʥʽʩʪʶ ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʘʥʫ ʧʽʩʣʷ ʝʧʽʟʦʜʫ ʧʦʩʫʭʠ.  

SPI ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʝʬʽʮʠʪʫ ʦʧʘʜʽʚ, ʘʥʦʤʘʣʽʾ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʣʽʜʢʽʚ ʜʝʬʽʮʠʪʫ ʦʧʘʜʽʚ ʥʘ 

ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, ʘʥʦʤʘʣʽʾ fAPAR ʟʽ ʩʚʦʛʦ ʙʦʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʩʪʘʥ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ. ɼʣʷ 

                                                           
7 http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1111 

http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1111
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ʪʘʢʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ SPI 3-ʭ ʤʽʩʷʮʽʚ (SPI-3) ʽ 1-ʛʦ ʤʽʩʷʮʷ 

(SPI-1). 

ɼʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ SPI-3 ʧʽʜʪʚʝʨʜʞʝʥʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

(ʥʘʧʨʠʢʣʘʜ, Ji and Peter, 2003 [13]; Rossi et al., 2012 [14]), ʷʢʽ ʧʦʢʘʟʘʣʠ, ʱʦ 

SPI-3 ʤʘʻ ʥʘʡʩʠʣʴʥʽʰʫ ʢʦʨʝʣʷʮʽʶ ʟ ʚʽʜʛʫʢʦʤ ʨʦʩʣʠʥʥʦʩʪʽ ʽ ʪʦʤʫ ʥʘʡʙʽʣʴʰʝ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʦʩʫʭʠ. SPI-1 ʪʘʢʦʞ 

ʚʢʣʶʯʝʥʦ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʽʥʜʠʢʘʪʦʨʘ, ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ ʦʜʠʥ ʤʽʩʷʮʴ ʥʘʜʤʽʨʥʦʾ 

ʩʫʭʦʩʪʽ ʤʦʞʝ ʟʥʘʯʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʜʽʾ 

ʨʦʟʚʠʪʢʫ. 

ʇʦʨʦʛʦʤ ʜʣʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʚʩʪʘʥʦʚʣʝʥʦ 1 ʩʪʘʥʜʘʨʪʥʝ 

ʚʽʜʭʠʣʝʥʥʷ (-1 ʜʣʷ SPI-3 ʽ fAPAR, +1 ʜʣʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ pF). ʋ ʚʠʧʘʜʢʫ 

SPI-1, ʦʙʨʘʥʠʡ ʧʦʨʽʛ ʩʪʘʥʦʚʠʪʴ -2, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʣʠʰʝ ʚʠʧʘʜʢʽʚ, 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʷʢ ʩʠʣʴʥʘ ʧʦʩʫʭʘ. ʋ ʪʘʙʣʠʮʽ 3 ʥʘʚʝʜʝʥʦ ʦʧʠʩ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʽʥʜʠʢʘʪʦʨʘ. ʇʨʠʩʪʘʚʢʘ ȹ ʚʢʘʟʫʻ ʥʘ ʘʥʦʤʘʣʽʾ; ʩʫʬʽʢʩ m-1 ʤʘʻ ʥʘ ʫʚʘʟʽ ʟʥʘʯʝʥʥʷ 

ʤʽʩʷʮʝʤ ʨʘʥʽʰʝ.  

ʊʘʙʣʠʮʷ 3 ï ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʟʥʘʯʝʥʴ ʉDI. ɼʞʝʨʝʣʦ: 8 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

Watch ï ʘʢʪʠʚʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ SPI-3 < -1 ʘʙʦ SPI-1 < -2 

Warning ï ʧʦʧʝʨʝʜʞʝʥʥʷ 
ȹpF > 1 ʪʘ (SPI-3 < -1 ʘʙʦ SPI-1 

< -2) 

Alert ï ʩʪʘʥ ʥʝʙʝʟʧʝʢʠ 
ȹfAPAR < -1 ʪʘ (SPI-3 < -1 ʘʙʦ 

SPI-1 < -2) 

Partial recovery ï ʯʘʩʪʢʦʚʝ ʚʽʜʥʦʚʣʝʥʥʷ 

(ȹfAPAR < -1 ʪʘ (SPI-3m-1 < -1 

ʪʘ SPI-3 > -1)) 

ʘʙʦ 

(ȹfAPAR < -1 ʪʘ (SPI-1m-1 < -2 

ʪʘ SPI-1 > -2)) 

Full recovery ï ʧʦʚʥʝ ʚʽʜʥʦʚʣʝʥʥʷ 

(SPI-3m-1 < -1 ʪʘ SPI-3 > -1) 

ʘʙʦ 

(SPI-1m-1 < -2 ʪʘ SPI-1 > -2) 

ɯʥʜʝʢʩ ʩʪʨʝʩʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ASI (Agricultural Stress 

Index) ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ ʟʜʦʨʦʚ'ʷ (VHI) ʫ ʜʚʦʭ 

ʚʠʤʽʨʘʭ ï  ʯʘʩʦʚʦʤʫ ʽ ʧʨʦʩʪʦʨʦʚʦʤʫ, ʷʢʽ ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʦʮʽʥʢʠ ʜʽʾ ʧʦʩʫʭʠ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ 

ʨʦʟʨʘʭʫʥʢʫ ASI ʧʨʦʚʦʜʠʪʴʩʷ ʯʘʩʦʚʝ ʫʩʝʨʝʜʥʝʥʥʷ VHI, ʦʮʽʥʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ 

ʪʨʠʚʘʣʦʩʪʽ ʩʫʭʠʭ ʧʝʨʽʦʜʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʧʨʦʜʦʚʞ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʥʘ 

ʨʽʚʥʽ ʧʽʢʩʝʣʽʚ. ɼʨʫʛʠʡ ʝʪʘʧ ʚʢʣʶʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʩʪʫʧʝʥʷ ʧʦʩʫʭʠ 

ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʩʦʪʢʘ ʧʽʢʩʝʣʽʚ ʚ ʦʨʥʠʭ ʦʙʣʘʩʪʷʭ ʽʟ ʟʥʘʯʝʥʥʷʤʠ VHI 

ʥʠʞʯʝ 35 % (ʮʝ ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʷʢ ʢʨʠʪʠʯʥʠʡ ʧʦʨʽʛ ʚ ʦʮʽʥʮʽ ʩʪʫʧʝʥʷ 

ʧʦʩʫʭʠ ʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʂʦʛʘʥ, 1995 [15]). ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ 

                                                           
8http://edo.jrc.ec.europa.eu/documents/factsheets/factsheet_combinedDroughtIndicator.pdf 

http://edo.jrc.ec.europa.eu/documents/factsheets/factsheet_combinedDroughtIndicator.pdf


244 

ʰʚʠʜʢʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʪʠʢʘʤʠ, ʢʦʞʥʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʘ 

ʦʙʣʘʩʪʴ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʻʾ ʯʘʩʪʢʠ ʫʨʘʞʝʥʦʾ ʦʙʣʘʩʪʽ (ʨʠʩ. 2).  

 

ʈʠʩʫʥʦʢ 2 ï ʂʘʨʪʦʛʨʘʤʘ ʫʩʝʨʝʜʥʝʥʠʭ ʚʧʨʦʜʦʚʞ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʝʟʦʥʫ 

(ʙʝʨʝʟʝʥʴ-ʞʦʚʪʝʥʴ) ʟʥʘʯʝʥʴ ASI ʜʣʷ ʋʢʨʘʾʥʠ ʫ ʧʦʩʫʰʣʠʚʦʤʫ 2007 ʨʦʮʽ. 

ɿʥʘʯʝʥʥʷ ASI ʚ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ ʘʥʘʣʽʟʫ ʜʦʩʪʫʧʥʽ ʥʘ ʚʝʙ-

ʨʝʩʫʨʩʽ FAO
9
.  

ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʦʩʫʰʣʠʚʦʩʪʽ ʟ ʤʝʪʦʶ 

ʘʛʨʦʤʦʥʽʪʦʨʠʥʛʫ ʤʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʤʝʥʝʜʞʝʨʩʴʢʠʭ ʟʘʭʦʜʽʚ ʙʦʨʦʪʴʙʠ ʟ ʧʦʩʫʭʦʶ, ʧʣʘʥʫʚʘʥʥʷ ʟʨʦʰʝʥʥʷ ʪʘ 

ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ. ɼʦ ʪʦʛʦ ʞ ʝʢʩʧʝʨʪʥʝ ʚʨʘʭʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʩʫʭʦʩʪʽ 

ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʛʥʦʟʫ ʚʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ 

ʜʦʟʚʦʣʠʪʴ ʪʦʯʥʽʰʝ ʦʮʽʥʠʪʠ ʤʦʞʣʠʚʽ ʨʠʟʠʢʠ ʚʪʨʘʪ ʚʨʦʞʘʶ. 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʽʥʜʝʢʩʽʚ ʩʫʭʦʩʪʽ ʪʘ ʩʪʨʝʩʦʚʦʩʪʽ 

ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʻ ʫ ʚʽʣʴʥʦʤʫ 

ʜʦʩʪʫʧʽ ʚ ɯʥʪʝʨʥʝʪ ʤʝʨʝʞʽ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʾʭ ʦʪʨʠʤʘʥʥʷ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʥʜʝʢʩʦʚ 

ʟʘʩʫʰʣʠʚʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʥʘʟʝʤʥʳʭ ʤʝʪʝʦʥʘʙʣʶʜʝʥʠʡ ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʟʝʤʣʠ, ʠ ʧʫʪʝʡ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʠʩʪʦʯʥʠʢʠ ʧʦʣʫʯʝʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʟʥʘʯʝʥʠʡ 

ʠʥʜʝʢʩʘ ʩʫʨʦʚʦʩʪʠ ʟʘʩʫʭʠ ʇʘʣʤʝʨʘ, ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʥʜʝʢʩʘ ʦʩʘʜʢʦʚ, 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʟʘʩʫʭʠ ʠ ʠʥʜʝʢʩʘ ʩʪʨʝʩʩʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ 

ʩʪʦʨʦʥʳ ʢʘʞʜʦʛʦ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ. 

 

Summary. The analysis of the most common indices of dryness, obtained with 

the help of ground meteorological and remote sensing data, and ways of their 

practical application is given. The sources of obtaining databases and 

interpretation of Palmer Drought Severity Index, Standardized Precipitation Index, 

Combained Drought Indicator and Agricultural Stress Index are presented. 

Analyze of strengths and weaknesses of each of the indicators are given. 
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ʋɼʂ 911.5 (477.43/44) 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʌʆʈʄʋɺɸʅʅʗ ʅɸʎɯʆʅɸʃʔʅʆɰ 

ɽʂʆʃʆɻɯʏʅʆɰ ʄɽʈɽɾɯ 

 

ɻ. ʄʫʜʨʘʢ., ʢʘʥʜ. ʛʝʦʛʨ. ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʅ. ʂʦʚʢʘ, ʘʩʧʽʨʘʥʪ,  

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʤʝʨʝʞʽ. ɺʨʘʭʦʚʫʶʯʠ ʪʘʢʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʝʢʦʣʦʛʽʯʥʦʾ ʤʝʨʝʞʽ ʷʢ 

ʢʣʶʯʦʚʽ ʽ ʩʧʦʣʫʯʥʽ ʪʝʨʠʪʦʨʽʾ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʾʾ ʧʨʦʩʪʦʨʦʚʫ ʩʪʨʫʢʪʫʨʫ. 

ɺʠʚʯʝʥʦ ʩʢʣʘʜ ʟʝʤʝʣʴʥʠʭ ʫʛʽʜʴ, ʷʢʽ ʻ ʯʘʩʪʠʥʦʶ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʤʝʨʝʞʽ. ɼʦʩʣʽʜʞʝʥʦ ʾʾ ʦʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʚʠʟʥʘʯʝʥʦ ʬʫʥʢʮʽʾ ʪʘ ʥʘʚʝʜʝʥʦ ʟʘʭʦʜʠ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʝʾ. ɺʠʚʯʝʥʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʪʘ ʤʝʭʘʥʽʟʤʠ ʟʙʝʨʝʞʝʥʥʷ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ 

ʬʦʨʤʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʤʝʨʝʞʽ ʋʢʨʘʾʥʠ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʦʣʦʛʽʯʥʘ ʤʝʨʝʞʘ, ʢʣʶʯʦʚʽ ʪʝʨʠʪʦʨʽʾ, ʙʽʦʪʠʯʥʝ 

ʨʽʟʥʦʤʘʥʽʪʪʷ, ʣʘʥʜʰʘʬʪ, ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ ʬʦʥʜ. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɽʢʦʣʦʛʽʯʥʘ ʤʝʨʝʞʘ (ɽʄ) ï ʮʝ ʻʜʠʥʘ ʪʝʨʠʪʦʨʽʘʣʴʥʘ 

ʩʠʩʪʝʤʘ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʜʦʚʢʽʣʣʷ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, 

ʟʙʝʨʝʞʝʥʥʷ ʣʘʥʜʰʘʬʪʥʦʛʦ ʽ ʙʽʦʪʠʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ, ʤʽʩʮʴ ʦʩʝʣʝʥʥʷ ʪʘ 

ʟʨʦʩʪʘʥʥʷ ʮʽʥʥʠʭ ʚʠʜʽʚ ʪʚʘʨʠʥʥʦʛʦ ʽ ʨʦʩʣʠʥʥʦʛʦ ʩʚʽʪʫ, ʛʝʥʝʪʠʯʥʦʛʦ ʬʦʥʜʫ, 

ʰʣʷʭʽʚ ʤʽʛʨʘʮʽʾ ʪʚʘʨʠʥ ʯʝʨʝʟ ʧʦʻʜʥʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʪʘ ʦʙôʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-

ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ (ʇɿʌ), ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʪʝʨʠʪʦʨʽʡ, ʷʢʽ ʤʘʶʪʴ ʦʩʦʙʣʠʚʫ 

ʮʽʥʥʽʩʪʴ ʜʣʷ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʢʦʥʽʚ ʽ ʤʽʞʥʘʨʦʜʥʠʭ ʟʦʙʦʚôʷʟʘʥʴ ʋʢʨʘʾʥʠ ʧʽʜʣʷʛʘʶʪʴ ʦʩʦʙʣʠʚʽʡ ʦʭʦʨʦʥʽ [5]. 

ʆʢʨʝʤʽ ʪʝʨʠʪʦʨʽʾ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʠ, ʚʽʜʦʩʦʙʣʝʥʽ ʦʜʥʘ 

ʚʽʜ ʦʜʥʦʾ, ʥʝʟʜʘʪʥʽ ʝʬʝʢʪʠʚʥʦ ʟʙʝʨʽʛʘʪʠ ʛʝʥʦʬʦʥʜ ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ 

ʩʚʽʪʫ, ʘ ʦʪʞʝ, ʽ ʩʘʤʦʾ ʣʶʜʠʥʠ. ʎʽ ʪʝʨʠʪʦʨʽʾ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʪʘʢ 

ʟʚʘʥʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ ʢʦʨʠʜʦʨʘʤʠ ʪʘ ʬʦʨʤʫʚʘʪʠ ʻʜʠʥʫ ʩʠʩʪʝʤʫ, ʘʙʦ ʤʝʨʝʞʫ. 

ʉʘʤʝ ʪʦʤʫ ʧʨʠʡʥʷʪʦ ɿʘʢʦʥʠ ʋʢʨʘʾʥʠ çʇʨʦ ʝʢʦʣʦʛʽʯʥʫ ʤʝʨʝʞʫ ʋʢʨʘʾʥʠè, 

çʇʨʦ ɿʘʛʘʣʴʥʦʜʝʨʞʘʚʥʫ ʧʨʦʛʨʘʤʫ ʬʦʨʤʫʚʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʤʝʨʝʞʽ ʋʢʨʘʾʥʠ ʥʘ 2000-2015 ʨʦʢʠè. ɿʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʪʝʨʠʪʦʨʽʾ, ʷʢʘ ʬʦʨʤʫʻ 

ʥʘʮʽʦʥʘʣʴʥʫ ʝʢʦʣʦʛʽʯʥʫ ʤʝʨʝʞʫ, ʚʽʜʙʫʚʘʣʦʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʰʠʨʝʥʥʷ ʥʘʷʚʥʠʭ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʦʙôʻʢʪʽʚ ʇɿʌ [5].  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʇʨʦʙʣʝʤʘ ʟʙʝʨʝʞʝʥʥʷ 

ʙʽʦʪʠʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʝʢʦʤʝʨʝʞʽ ʰʠʨʦʢʦ ʚʠʩʚʽʪʣʶʚʘʣʘʩʷ ʫ 

ʧʨʘʮʷʭ ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʮʽʚ ʖ.ʈ. ʐʝʣʷʛ-ʉʦʩʦʥʢʘ, ʗ.ɯ. ʄʦʚʯʘʥ, ʆ.ɺ. 
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ʄʫʜʨʘʢʘ, ɻ.ɺ. ʄʫʜʨʘʢ,  ʗ.ʖ. ʗʢʠʤʯʫʢ, ɯ.ɸ. ɹʘʡʜʽʢʦʚʘ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ. 

ʍʦʯʘ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʧʠʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʤʝʨʝʞʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʣʽʜʞʝʥʠʤ. ʊʦʤʫ ʚʠʚʯʝʥʥʷ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷʤ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʤʝʨʝʞʽ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ 

ʻʚʨʦʽʥʪʝʛʨʘʮʽʡʥʦʛʦ ʨʫʭʫ ʋʢʨʘʾʥʠ[1-4]. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʽ ʩʪʚʦʨʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʤʝʨʝʞʽ ʙʫʜʴ ʷʢʦʛʦ ʨʝʛʽʦʥʫ ʷʚʣʷʻ ʩʦʙʦʶ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ, 

ʧʦʚʥʦʮʽʥʥʘ ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʛʦ ʧʝʨʝʜʙʘʯʘʻ ʚʩʝʙʽʯʥʝ ʚʠʩʚʽʪʣʝʥʥʷ ʽ ʚʠʚʯʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ (ʘʢʚʘʪʦʨʽʾ), ʟʦʢʨʝʤʘ ʾʾ ʣʘʥʜʰʘʬʪʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʣʘʥʜʰʘʬʪʽʚ.  

ɿʙʝʨʝʞʝʥʥʷ ʙʽʦʪʠʯʥʦʛʦ ʽ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʨʠʚʘʣʠʡ ʯʘʩ 

ʧʦʢʣʘʜʘʣʦʩʷ ʥʘ ʦʢʨʝʤʦ ʩʪʚʦʨʝʥʽ ʟʘʧʦʚʽʜʥʽ ʦʙ`ʻʢʪʠ ʨʽʟʥʦʛʦ ʨʘʥʛʫ. ʇʨʦʪʝ 

ʟʘʛʘʣʴʥʘ ʥʝʟʥʘʯʥʘ ʧʣʦʱʘ, ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ,  ʷʢʽ ʚʽʜʜʽʣʷʶʪʴ ʾʭ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ 

ʪʘ ʚʽʜʩʫʪʥʽ ʚʟʘʻʤʥʽ ʟʚ`ʷʟʢʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʚʠʢʦʥʘʥʥʷ ʥʠʤʠ ʮʠʭ 

ʬʫʥʢʮʽʡ. ʋ ʤʝʞʘʭ ʟʘʧʦʚʽʜʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟʙʝʨʽʛʘʶʪʴʩʷ ʣʠʰʝ ʦʢʨʝʤʽ 

(ʽʟʦʣʴʦʚʘʥʽ) ʣʘʥʜʰʘʬʪʥʽ ʢʦʤʧʣʝʢʩʠ ʪʘ ʙʽʦʪʠʯʥʽ ʧʦʧʫʣʷʮʽʾ, ʱʦ ʟʫʤʦʚʣʶʻ ʾʭʥʶ 

ʧʦʩʪʫʧʦʚʫ ʜʝʛʨʘʜʘʮʽʶ ʱʝ ʽ ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʠʭ ʤʽʞ ʥʠʤʠ ʨʝʯʦʚʠʥʥʦ-

ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʚ`ʷʟʢʽʚ[1]. 

ɽʢʦʣʦʛʽʯʥʘ ʤʝʨʝʞʘ (ɽʄ) ʻ ʧʨʦʛʨʝʩʠʚʥʽʰʦʶ, ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʷʚʥʦʶ 

çʩʠʩʪʝʤʦʶè ʦʙ`ʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ, ʬʦʨʤʦʶ ʦʭʦʨʦʥʠ 

ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʫ ʧʣʘʥʽ ʨʦʟʙʫʜʦʚʠ ʷʢʦʾ ʧʝʨʝʜʙʘʯʝʥʦ ʟʙʽʣʴʰʝʥʥʷ 

ʧʣʦʱʽ ʪʝʨʠʪʦʨʽʡ ʪʘ ʘʢʚʘʪʦʨʽʡ ʟ ʥʘʷʚʥʠʤʠ, ʚʣʘʩʪʠʚʠʤʠ ʜʣʷ ʧʝʚʥʦʾ ʧʨʠʨʦʜʥʦʾ 

ʟʦʥʠ ʣʘʥʜʰʘʬʪʘʤʠ; ʟʙʝʨʝʞʝʥʥʷ ʾʭʥʴʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʨʘʟʦʤ ʽʟ ʙʽʦʪʠʯʥʦʶ, 

ʟʘʚʜʷʢʠ ʚʢʣʶʯʝʥʥʶ ʜʦ ʩʢʣʘʜʫ ʝʢʦʤʝʨʝʞʽ ʪʘʢʦʞ ʨʝʥʘʪʫʨʘʣʽʟʦʚʘʥʠʭ ʽ 

ʚʽʜʯʫʞʝʥʠʭ ʣʘʥʜʰʘʬʪʥʠʭ ʦʙ`ʻʢʪʽʚ[1, 2]. 

ɺʘʞʣʠʚʠʤ ʨʝʟʝʨʚʦʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ɽʄ ʻ ʘʛʨʦʮʝʥʦʟʠ, ʷʢʽ ʚʥʘʩʣʽʜʦʢ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʨʘʪʠʣʠ ʩʚʦʶ ʧʨʠʨʦʜʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɺʦʥʠ 

ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʙʫʬʝʨʥʽ ʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʪʝʨʠʪʦʨʽʾ. ʎʝ ʝʨʦʜʦʚʘʥʽ, ʟʘʙʦʣʦʯʝʥʽ, 

ʧʽʜʪʦʧʣʝʥʥʽ, ʟʘʩʦʣʝʥʽ ʘʙʦ ʟʘʙʨʫʜʥʝʥʥʽ ʘʛʨʦʫʛʽʜʜʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʚʦʜʠʪʠ ʽʟ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʚʢʣʶʯʘʪʠ ʜʦ ʩʢʣʘʜʫ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʝʢʦʤʝʨʝʞ [3]. 

ʆʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʚʜʘʥʴ ʫ ʨʦʟʙʫʜʦʚʽ ʨʝʛʽʦʥʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʤʝʨʝʞʽ ʻ ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ. ʇʨʠʨʦʜʥʽ ʧʝʨʚʠʥʥʽ 

ʣʘʥʜʰʘʬʪʠ ʟʙʝʨʝʛʣʠʩʷ ʚʥʘʩʣʽʜʦʢ ʾʭ ʧʝʨʝʪʚʦʨʝʥʦʩʪʽ ʧʝʨʝʚʘʞʥʦ ʚ ʤʝʞʘʭ 

ʪʝʨʠʪʦʨʽʡ, ʷʢʽ ʙʫʣʠ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʙʦ 

ʟʘʟʥʘʣʠ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʚʧʣʠʚʽʚ. ʃʘʥʜʰʘʬʪʥʽ ʢʦʤʧʣʝʢʩʠ (ʩʽʥʦʞʘʪʪʽ, 

ʧʘʩʦʚʠʱʘ, ʧʝʨʝʣʦʛʠ, ʟʘʢʨʘʡʢʠ ʧʦʣʽʚ, ʢʦʣʠʰʥʽ ʚʽʡʩʴʢʦʚʽ ʧʦʣʽʛʦʥʠ ʪʘ ʽʥʰʽ ʚ 

ʤʝʞʘʭ ʩʪʚʦʨʝʥʠʭ ʪʘ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʧʦʚʽʜʥʠʭ ʦʙôʻʢʪʘʭ), ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʧʦʪʝʥʮʽʡʥʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʪʝʨʠʪʦʨʽʾ, ʙʫʬʝʨʥʽ ʟʦʥʠ, ʥʘʩʘʤʧʝʨʝʜ ʚʨʘʭʦʚʫʶʯʠ 

ʥʘʷʚʥʝ ʾʭ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʷʢ ʩʢʣʘʜʦʚʫ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ. 

ʉʫʪʥʽʩʪʴ ʝʢʦʷʜʝʨ, ʷʢ ʜʠʥʘʤʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʟʫʤʦʚʣʶʻ ʾʭʥʻ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʥʝ ʣʠʰʝ ʚ ʤʝʞʘʭ ʣʘʥʜʰʘʬʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟʽ ʟʙʝʨʝʞʝʥʠʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ, ʘ 
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ʪʘʢʦʞ ʫ ʤʽʩʮʷʭ, ʱʦ ʧʦʪʝʥʮʽʡʥʦ ʻ ʚʭʦʜʦʤ ʜʦ ɽʄ, ʟʚʽʜʢʠ ʻ ʥʘʡʽʤʦʚʽʨʥʽʰʠʤ 

ʧʦʰʠʨʝʥʥʷ ʚʧʣʠʚʫ ʯʠʥʥʠʢʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʟʦʩʽʙʥʘ ʡ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ 

[1]. 

ʑʦʙ ʧʦʧʝʨʝʜʠʪʠ ʥʝʛʘʪʠʚʥʽ ʧʨʦʮʝʩʠ ʚ ʩʪʨʫʢʪʫʨʽ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʤʝʨʝʞʽ ʪʘ ʚʠʢʦʥʘʪʠ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʬʫʥʢʮʽʡ, ʧʦʩʪʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷʤ ʪʘʢʠʭ ʟʘʭʦʜʽʚ:  

1. ʟʘʭʠʩʪ ʩʝʨʝʜʦʚʠʱʘ ʽʩʥʫʚʘʥʥʷ ʪʚʘʨʠʥ (ʦʩʝʣʠʱ) ʧʽʜ ʯʘʩ ʤʽʛʨʘʮʽʾ ʽ 

ʟʠʤʽʚʣʽ ʪʘ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʾʭ ʦʭʦʨʦʥʠ;  

2. ʨʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞʽ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʜʣʷ ʤʽʛʨʘʮʽʾ ʨʠʙ;  

3. ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʠʜʽʚ ʨʦʩʣʠʥ,ʪʚʘʨʠʥ 

ʽ ʬʽʪʦʮʝʥʦʟʽʚ ʫ ʧʨʠʨʦʜʥʠʭ ʟʦʥʘʭ;  

4. ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʭʦʨʦʥʠ ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ ʫʛʽʜʴ ʤʽʞʥʘʨʦʜʥʦʛʦ ʪʘ 

ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ;  

5. ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʛʘʪʠʚʥʦʤʫ ʚʧʣʠʚʫ ʥʘ 

ʧʨʠʨʦʜʥʽ ʢʦʤʧʣʝʢʩʠ ʝʣʝʤʝʥʪʽʚ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʤʝʨʝʞʽ;  

6. ʫʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʝʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʤʝʨʝʞʽ;  

7. ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʧʦʧʫʣʷʮʽʡ ʨʽʜʢʽʩʥʠʭ ʽ ʚʨʘʟʣʠʚʠʭ ʚʠʜʽʚ 

ʨʦʩʣʠʥ ʽ ʪʚʘʨʠʥ, ʷʢʽ ʟʥʠʢʘʶʪʴ; 

8. ʟʜʽʡʩʥʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʛʨʘʮʽʾ ʪʚʘʨʠʥ ʽ 

ʨʦʩʣʠʥ ʫ ʤʽʩʮʷʭ ʧʝʨʝʪʠʥʫ ʧʨʠʨʦʜʥʠʭ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ [2].  

ʌʦʨʤʫʚʘʥʥʷ ɽʄ ʧʝʨʝʜʙʘʯʘʻ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʫ ʢʨʘʾʥʠ 

ʚʽʜʥʝʩʝʥʥʷʤ ʯʘʩʪʠʥʠ ʟʝʤʝʣʴ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦ ʢʘʪʝʛʦʨʽʡ, ʷʢʽ 

ʧʽʜʣʷʛʘʶʪʴ ʦʩʦʙʣʠʚʽʡ ʦʭʦʨʦʥʽ ʟ ʚʽʜʪʚʦʨʝʥʥʷʤ ʾʤ ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʨʠʨʦʜʥʠʭ 

ʣʘʥʜʰʘʬʪʽʚ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟ ʨʦʢʫ ʚ ʨʽʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʥʘ ʧʣʦʱ ʟʝʤʝʣʴʥʠʭ 

ʫʛʽʜʴ, ʷʢʽ, ʚʽʜʧʦʚʽʜʥʦ, ʤʘʶʪʴ ʬʦʨʤʫʚʘʪʠ ʥʘʮʽʦʥʘʣʴʥʫ ʝʢʦʤʝʨʝʞʫ (ʪʘʙʣ.1) [5]. 

ʇʣʦʱʫ ʪʝʨʠʪʦʨʽʡ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʤʝʨʝʞʽ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ 

ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ, ʟʦʢʨʝʤʘ: ʣʽʩʽʚ, ʟʘʣʽʩʝʥʠʭ ʧʣʦʱ, ʩʽʥʦʞʘʪʝʡ, 

ʧʘʩʦʚʠʱ, ʧʨʠʙʝʨʝʞʥʠʭ ʟʘʭʠʩʥʠʭ ʩʤʫʛ ʪʦʱʦ. 

ɿʛʜ̔ʥʦ ʟ ʜʘʥʠʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʫ ʪʘʙʣʠʮʽ 1, ʧʣʦʱʘ ʟʝʤʝʣʴʥʠʭ ʫʛʽʜʴ, ʷʢʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʢʣʘʜʦʚʠʭ ʝʢʦʤʝʨʝʞʽ, ʟʙʽʣʴʰʠʣʘʩʷ ʧʨʦʪʠ 2000 ʨʦʢʫ ʥʘ 201,3 

ʪʠʩ. ʛʘ, ʘʣʝ ʧʨʦʪʠ 2014 ʨʦʢʫ ʮʷ ʧʣʦʱʘ ʩʢʦʨʦʪʠʣʘʩʷ ʥʘ 0,6 ʪʠʩ. ʛʘ. ɺʧʨʦʜʦʚʞ 

ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʟʙʽʣʴʰʠʣʠʩʷ ʧʣʦʱʘ ʣʽʩʽʚ ʪʘ ʟʘʣʽʩʝʥʠʭ ʧʣʦʱʽ - ʥʘ 2,8 ʪʠʩ.ʛʘ, 

ʩʢʦʨʦʪʠʣʠʩʷ ʧʣʦʱʽ ʩʽʥʦʞʘʪʝʡ ʽ ʧʘʩʦʚʠʱ ʥʘ 7,8 ʪʠʩ. ʛʘ. ɺʦʜʥʦʯʘʩ, ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʪʝʥʜʝʥʮʽʷ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʨʽʣʣʽ, ʧʨʦʪʠ 2014 ʨʦʢʫ ʚʦʥʘ ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 

15,8 ʪʠʩ. ʛʘ ʪʘ ʩʪʘʥʦʚʠʪʴ 32541,3 ʪʠʩ. ʛʘ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʨʦʩʪʦʨʦʚʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʝʢʦʤʝʨʝʞʽ ʟʘ ʫʤʦʚ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦʪʨʝʙʫʻ ʚʩʝʙʽʯʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʤʝʨʝʞ ʦʙ`ʻʢʪʥʦʾ ʪʝʨʠʪʦʨʽʾ ʷʢ ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʠʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʫʪʚʦʨʝʥʴ, ʧʦʚ`ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʩʠʩʪʝʤʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 
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ʟʚ`ʷʟʢʽʚ. ɿʦʢʨʝʤʘ, ʫ ʚʠʟʥʘʯʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ʝʢʦʤʝʨʝʞʽ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʩʧʦʥʪʘʥʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʦʢʨʝʤʠʭ ʾʾ ʩʢʣʘʜʦʚʠʭ (ʷʢ ʧʨʠʨʦʜʥʠʭ ʷʜʝʨ, 

ʩʧʦʣʫʯʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʪʘʢ ʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʽ ʙʫʬʝʨʥʠʭ ʪʝʨʠʪʦʨʽʡ). 

 
ʊʘʙʣʠʮʷ 1 ï ʉʢʣʘʜ ʟʝʤʝʣʴʥʠʭ ʫʛʽʜʴ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʤʝʨʝʞʽ 

ʉʢʣʘʜʦʚʽ ʝʢʦʤʝʨʝʞʽ 
ʇʣʦʱʘ (ʪʠʩ. 

ʛʘ) ʥʘ 1.9.2000 

ʇʣʦʱʘ(ʪʠʩ. 

ʛʘ) ʥʘ 

1.1.2015 

ʇʣʦʱʘ 

(ʪʠʩ. ʛʘ) 

ʥʘ 1.1.2016 

ʇʨʦʛʥʦʟʥʘ 

ʧʣʦʱʘ (ʪʠʩ. 

ʛʘ) ʥʘ 2015 

ʉʽʥʦʞʘʪʽ ʽ ʧʘʩʦʚʠʱʘ 7772,9 7848,3 7840,5 9536,6 

ʃʽʩʠ ʽ ʟʘʣʽʩʥʝʥʽ ʧʣʦʱʽ 10380,2 10630,3 10633,1 10955,7 

ɺʽʜʢʨʠʪʽ ʟʘʙʦʣʦʯʝʥʽ 

ʟʝʤʣʽ 
940,4 982,6 982,3 940,4 

ʈʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜ-

ʥʝʥʽ ʟʝʤʣʽ, ʷʢʽ ʥʝ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʽʣʴʩʴ-

ʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ 

136,0 123,8 123,7 136 

ɺʽʜʢʨʠʪʽ ʟʝʤʣʽ ʙʝʟ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʘʙʦ 

ʟ ʥʝʟʥʘʯʥʠʤ ʨʦʩʣʠʥʥʠʤ 

ʧʦʢʨʠʚʦʤ 

1180,8 1015,8 1020,6 1180,8 

ɿʝʤʣʽ ʚʦʜʥʦʛʦ ʬʦʥʜʫ, 

ʚʦʜʥʦ-ʙʦʣʦʪʥʽ ʫʛʽʜʜʷ, 

ʚʦʜʦʦʭʦʨʦʥʥʽ ʟʦʥʠ 

2415 2426,4 2426,4 2415 

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ (ʪʠʩ. 

ʛʘ), ʚʽʜʩʦʪʦʢ ʚʽʜ ʟʘʛʘ-

ʣʴʥʦʾ ʧʣʦʱʽʋʢʨʘʾʥʠ 

22825,3 

37,8 % 

23027,2 

38,16% 

23026,6 

38,16% 

25164,5 

41,68% 

ʉʽʥʦʞʘʪʽ ʽ ʧʘʩʦʚʠʱʘ 7772,9 7848,3 7840,5 9536,6 

ʃʽʩʠ ʽ ʟʘʣʽʩʥʝʥʽ ʧʣʦʱʽ 10380,2 10630,3 10633,1 10955,7 

 

ʈʦʟʙʫʜʦʚʘ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʤʝʨʝʞʽ, ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʾʾ ʩʪʨʫʢʪʫʨʠ ʷʢ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʧʦʪʨʝʙʫʻ ʚʨʘʭʫʚʘʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʠʪʦʨʽʾ, ʘ ʪʘʢʦʞ ʦʢʨʝʤʠʭ ʾʾ ʯʘʩʪʠʥ. ʇʨʠ ʮʴʦʤʫ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʢʦʤʝʨʝʞʽ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ 

ʜʠʩʪʘʥʮʽʶʚʘʥʥʷʤ ʾʾ ʩʢʣʘʜʦʚʠʭ (ʥʘʩʘʤʧʝʨʝʜ ʧʨʠʨʦʜʥʠʭ ʷʜʝʨ ʯʠ ʙʽʦʮʝʥʪʨʽʚ) ʚʽʜ 

ʝʢʦʥʝʙʝʟʧʝʯʥʠʭ ʪʝʨʠʪʦʨʽʡ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʥʘʚʢʦʣʦ ʥʠʭ ʟʘʭʠʩʥʠʭ 

çʙʫʬʝʨʥʠʭ ʩʘʥʽʪʘʨʥʠʭ ʟʦʥè [3], ʱʦ ʤʘʻ ʩʧʨʠʷʪʠ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʘʙʦ ʧʨʠʥʘʡʤʥʽ 

ʟʤʝʥʰʝʥʥʶ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʥʘ ʦʙ`ʻʢʪʠ ʇɿʌ. ɺʘʞʣʠʚʠʤ ʪʘʢʦʞ ʻ 

ʚʨʘʭʫʚʘʥʥʷ ʩʪʫʧʝʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʶ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʾʾ ʦʢʨʝʤʠʭ ʦʙ`ʻʢʪʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʩʫʪʥʦʩʪʽ ʾʭʥʽʭ ʟʚ`ʷʟʢʽʚ ʤʽʞ 

ʩʦʙʦʶ ʽ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦ 

ʟʤʦʜʝʣʶʚʘʪʠ ʫʤʦʚʠ ʩʪʚʦʨʝʥʥʷ ʡ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʢʦʤʝʨʝʞʽ ʥʘ ʦʙ`ʻʢʪʥʽʡ 

ʪʝʨʠʪʦʨʽʾ. 

ʈʝʛʽʦʥʘʣʴʥʽ ʝʢʦʤʝʨʝʞʽ, ʷʢʽ ʙ ʧʦʻʜʥʫʚʘʣʠ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʚʩʽ ʟʙʝʨʝʞʝʥʽ 

ʧʨʠʨʦʜʥʽ ʣʘʥʜʰʘʬʪʥʽ ʢʦʤʧʣʝʢʩʠ, ʧʨʦʝʢʪʫʶʪʴʩʷ ʽ ʩʪʚʦʨʶʶʪʴʩʷ ʜʣʷ 
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ʧʨʠʧʠʥʝʥʥʷ ʜʠʛʨʝʩʠʚʥʠʭ ʷʚʠʱ ʫ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʘʭ, ʟʙʝʨʝʞʝʥʥʷ ʽ 

ʯʘʩʪʢʦʚʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʦʩʪʘʥʥʽʭ, ʟʦʢʨʝʤʘ ʧʽʜʪʨʠʤʘʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʥʘʷʚʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. 

ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʽ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ, ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʛʝʥʝʪʠʯʥʦʛʦ ʬʦʥʜʫ ʞʠʚʦʾ ʧʨʠʨʦʜʠ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ, ʟʘʧʦʙʽʛʘʥʥʷ 

ʪʘ ʣʽʢʚʽʜʘʮʽʾ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʘ ʽʥʰʦʾ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʝʡ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥʝʦʙʭʽʜʥʠʤ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʫ ʩʬʝʨʽ ʟʙʝʨʝʞʝʥʥʷ, ʨʦʟʰʠʨʝʥʥʷ, ʚʽʜʪʚʦʨʝʥʥʷ ʪʘ ʦʭʦʨʦʥʠ 

ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʪʝʨʠʪʦʨʽʡ ʟ ʧʨʠʨʦʜʥʠʤ ʩʪʘʥʦʤ ʣʘʥʜʰʘʬʪʫ ʪʘ ʽʥʰʠʭ 

ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʫʥʽʢʘʣʴʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ 

ʧʨʠʨʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʦʩʦʙʣʠʚʽʡ ʦʭʦʨʦʥʽ. ʉʝʨʝʜ ʟʘʭʦʜʽʚ, ʷʢʽ 

ʟʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʜʦʜʝʨʞʘʥʥʷ ʨʝʞʠʤʫ ʪʝʨʠʪʦʨʽʡ ʪʘ ʦʙ'ʻʢʪʽʚ 

ʝʢʦʣʦʛʽʯʥʦʾ ʤʝʨʝʞʽ, ʻ ʟʘʭʦʜʠ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ 

ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ[3-4]. 

ɺʠʩʥʦʚʦʢ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʤʝʨʝʞʽ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ ʥʘʪʫʨʘʣʴʥʽ ʣʘʥʜʰʘʬʪʥʽ ʢʦʤʧʣʝʢʩʠ, ʘʣʝ ʡ 

ʘʥʪʨʦʧʦʛʝʥʥʽ. ʋʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʟʘʟʥʘʯʝʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʘʩʪʴ ʟʤʦʛʫ 

ʩʬʦʨʤʫʚʘʪʠ ʥʝʚʠʩʥʘʞʣʠʚʫ ʝʢʦʣʦʛʽʯʥʫ ʤʝʨʝʞʫ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʟʝʤʝʣʴʥʠʭ ʫʛʽʜʴ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʢʣʘʜʦʚʦʾ ɽʄ. ɼʣʷ ʪʦʛʦ,  ʱʦʙ 

ʟʙʽʣʴʰʠʪʠ ʟʘʛʘʣʴʥʫ ʧʣʦʱʫ ʥʘ 40%, ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʪʘʢʠʡ ʚʘʨʽʘʥʪ 

ʬʦʨʤʫʚʘʥʥʷ ɽʄ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʭ, ʧʨʘʚʦʚʠʭ, 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʘ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ. 
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ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʝʪʠ. ʋʯʠʪʳʚʘʷ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʝʪʠ ʢʘʢ ʢʣʶʯʝʚʳʝ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʀʟʫʯʝʥ ʩʦʩʪʘʚ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʩʝʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʝʝ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʦʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʠ ʠ ʧʨʠʚʝʜʝʥʳ ʤʝʨʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʥʝʝ. ʀʟʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠ ʤʝʭʘʥʠʟʤʳ ʩʦʭʨʘʥʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʝʪʠ ʋʢʨʘʠʥʳ. 

 

Summary. 

It is considered in the article peculiarities of the formation of the national 

ecological network. Considering such structural elements of the ecological 

network as key and connecting territories, it is analyzed it`s spatial structure. It is 

studied the composition of land the part of the structural elements of the national 

econet. It is investigated the basic structural and functional properties, it is defined 

and measure are taken to reduce the negative impact. It was studied the main 

methods and mechanisms of biodiversity conservation. Recommendations for 

improving the process of forming the ecological network of Ukraine are developed. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ɹɯʆʇʈɽʇɸʈɸʊɯɺ 

ʅɸ ʈʆɿɺʀʊʆʂ ʍɺʆʈʆɹ ʅɸʉɯʅʅʗ ɿɽʈʅʆɺʀʍ ʂʆʃʆʉʆɺʀʍ 

ʊɸ ɰʍ ʈɯʉʊ ʋ ʈɯɿʅʀʍ ʊɽʄʇɽʈɸʊʋʈʅʀʍ ʋʄʆɺɸʍ 
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ʋʢʨʅɼɯʇɺʊ ʽʤ.. ʃ. ʇʦʛʦʨʽʣʦʛʦ 

 

ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ 

ʙʽʦʧʨʝʧʘʨʘʪʫ ʊʨʠʭʦʜʝʨʤʽʥ ʥʘ ʨʦʟʚʠʪʦʢ ʭʚʦʨʦʙ ʥʘʩʽʥʥʷ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʪʘ 

ʬʽʪʦʧʘʪʦʛʝʥʠʡ ʧʦʪʝʥʮʽʘʣ ˇʨʫʥʪʫ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ. 

ʇʦʙʫʜʦʚʘʥʘ ʩʪʘʪʠʩʪʠʯʥʘ ʤʦʜʝʣʴ ʟʤʽʥ ʬʽʪʦʧʘʪʦʛʝʥʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ˇʨʫʥʪʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʧʨʝʧʘʨʘʪʫ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʱʫʚʘʥʥʷ 

ʟʝʨʥʦʚʠʭ ʢʦʣʦʩʦʚʠʭ ʧʦʣʷʛʘʻ ʥʝ ʣʠʰʝ ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ 

ʷʚʠʱʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʦʧʨʝʧʘʨʘʪʽʚ ʟʘ ʫʤʦʚ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʽʥʥʷ, ʘ ʡ ʫ ʩʪʚʦʨʝʥʥʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʢʝʨʦʚʘʥʦʾ ʘʛʨʦʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʢʣʽʤʘʪʫ, ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʢʽʣʴʢʽʩʥʠʭ 

ʪʘ ʷʢʽʩʥʠʭ ʟʤʽʥ ʮʝʥʦʟʽʚ ʰʢʦʜʦʯʠʥʥʠʭ ʦʨʛʘʥʽʟʤʽʚ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɿʝʨʥʦʚʽ ʢʦʣʦʩʦʚʽ, ʙʽʦʧʨʝʧʘʨʘʪ, ʭʚʦʨʦʙʠ, 

ʬʽʪʦʧʘʪʦʛʝʥʥʠʡ ʧʦʪʝʥʮʽʘʣ ˇʨʫʥʪʫ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ 

 

ʉʫʪʴ ʧʨʦʙʣʝʤʠ. ʋ ʩʫʯʘʩʥʽʡ ʩʠʩʪʝʤʽ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʟʦʢʨʝʤʘ ʽ ʚ 

ʙʽʦʣʦʛʽʯʥʠʭ ʘʛʨʦʪʝʭʥʦʣʦʛʽʷʭ, ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ ʨʦʣʴ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ. ɿʙʠʪʢʠ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ (ʰʢʽʜʥʠʢʽʚ, ʟʙʫʜʥʠʢʽʚ 

ʭʚʦʨʦʙ ʪʘ ʙʫʨ'ʷʥʽʚ) ʫ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʜʘʶʪʴ 25-30% [1]. ɽʬʝʢʪʠʚʥʝ 

ʙʽʦʣʦʛʽʯʥʝ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʦ ʥʝ ʤʦʞʣʠʚʝ ʙʝʟ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʟʘʭʠʩʪʫ 

ʨʦʩʣʠʥ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚ. 

ɸʥʘʣʽʟʫʶʯʠ ʨʽʟʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʨʦʟʨʦʙʢʠ ʙʽʦʣʦʛʽʟʦʚʘʥʠʭ ʘʛʨʦʪʝʭʥʦʣʦʛʽʡ 

ʚʠʨʦʱʫʚʘʥʥʷ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ (ʦʙʨʦʙʢʘ ʥʘʩʽʥʥʷ ʙʽʦʽʥʦʢʫʣʷʥʪʘʤʠ, ʚʥʝʩʝʥʥʷ 

ʙʽʦʜʦʙʨʠʚ, ʨʝʛʫʣʷʪʦʨʽʚ ʪʘ ʙʽʦʩʪʠʤʫʣʷʪʦʨʽʚ ʨʦʩʪʫ, ʙʽʦʬʫʥʛʽʮʠʜʽʚ), ʤʦʞʥʘ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʫʨʦʞʘʡʥʦʩʪʽ ʘʛʨʦʮʝʥʦʟʽʚ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʻ 

ʥʘʡʙʽʣʴʰ ʧʨʦʙʣʝʤʥʠʤ ʧʠʪʘʥʥʷʤ, ʘ ʚʠʨʽʰʝʥʥʷ ʡʦʛʦ ʧʦʪʨʝʙʫʻ ʟʘʧʨʦʚʘʜʞʝʥʥʷ 

ʘʜʘʧʪʠʚʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʟʝʤʣʝʨʦʙʩʪʚʘ [2].  

ɿʘʩʪʦʩʫʚʘʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʻ ʦʩʥʦʚʦʶ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʝʢʦʣʦʛʦ-

ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʭʦʜʫ ʢʦʥʪʨʦʣʶ ʰʢʽʜʣʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʫ ʧʦʩʽʚʘʭ 

ʩ̔ ʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʟʘ ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ. ʆʜʥʠʤ ʽʟ 
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ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʚʽʜ ʭʚʦʨʦʙ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʧʨʝʧʘʨʘʪʽʚ ʜʣʷ 

ʧʝʨʝʜʧʦʩʽʚʥʦʾ ʽʥʦʢʫʣʷʮʽʾ ʥʘʩʽʥʥʷ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʜʽʾ ʤʽʢʨʦʙʥʠʭ ʧʨʝʧʘʨʘʪʽʚ 

ʻ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʦʩʣʠʥ ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ï ʚʠʩʦʢʠʭ ʪʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʝʩʪʘʯʽ ʚʦʣʦʛʠ, ʬʽʪʦʪʦʢʩʠʯʥʦʾ ʜʽʾ 

ʧʝʩʪʠʮʠʜʽʚ, ʧʦʰʢʦʜʞʝʥʥʷ ʰʢʽʜʥʠʢʘʤʠ ʪʘ ʭʚʦʨʦʙʘʤʠ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ 

ʩʧʨʠʷʻ ʟʥʘʯʥʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ [3].  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʙʽʦʧʨʝʧʘʨʘʪʽʚ ʥʘ ʨʦʟʚʠʪʦʢ ʭʚʦʨʦʙ 

ʥʘʩʽʥʥʷ ʟʝʨʥʦʚʠʭ ʢʦʣʦʩʦʚʠʭ ʪʘ ʾʭ ʨʽʩʪ ʫ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʝʨʥʦʚʠʭ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʦʩʪʦʩʪʠʤʫʣʶʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʊʨʠʭʦʜʝʨʤʽʥʫ ʥʘ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ (ʨʠʩ. 1) ʪʘ ʥʘ ʨʽʩʪ ʟʝʨʥʦʚʠʭ ʢʦʣʦʩʦʚʠʭ (ʨʠʩ. 2) ʟʘ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ, ʧʦʨʽʚʥʷʥʦ ʟ ʭʽʤʽʯʥʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʋʨʘʞʝʥʥʷ ʩʭʦʜʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʘʣʴʪʝʨʥʘʨʽʦʟʦʤ: ʥʘʩʽʥʥʷ 

ʦʙʨʦʙʣʝʥʦ ʊʨʠʭʦʜʝʨʤʽʥʦʤ (ʟʣʽʚʘ) ï ʦʟʥʘʢʠ ʭʚʦʨʦʙʠ ʚʽʜʩʫʪʥʽ; ʥʘʩʽʥʥʷ ʦʙʨʦʙʣʝʥʦ 

ɺʽʪʘʚʘʢʩʦʤ (ʩʧʨʘʚʘ) ï ʩʭʦʜʠ ʫʨʘʞʝʥʽ ʘʣʴʪʝʨʥʘʨʽʦʟʦʤ 
 

ʊʨʠʭʦʜʝʨʤʽʥ ï ʚʦʜʥʘ ʩʫʩʧʝʥʟʽʷ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʛʨʠʙʘ 

Trichoderma viride, ʷʢʠʡ ʧʨʦʜʫʢʫʻ ʮʽʣʠʡ ʨʷʜ ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ 

ʧʨʠʛʥʽʯʫʶʪʴ ʟʙʫʜʥʠʢʽʚ ʭʚʦʨʦʙ, ʩʪʨʠʤʫʶʪʴ ʨʝʧʨʦʜʫʢʪʠʚʥʫ ʬʫʥʢʮʽʶ 

ʬʽʪʦʧʘʪʦʛʝʥʽʚ, ʩʪʠʤʫʣʶʶʪʴ ʨʽʩʪ ʪʘ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥ, ʧʽʜʚʠʱʫʶʪʴ ʾʭ ʩʪʽʡʢʽʩʪʴ 

ʜʦ ʭʚʦʨʦʙ. ʋ 2012 ʨ. ʊʨʠʭʦʜʝʨʤʽʥ ʧʝʨʝʨʝʻʩʪʨʦʚʘʥʠʡ ʽ ʚʥʝʩʝʥʠʡ ʜʦ çʇʝʨʝʣʽʢʫ 

ʧʨʝʧʘʨʘʪʽʚ, ʜʦʟʚʦʣʝʥʠʭ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽè [4, 5]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʊʨʠʭʦʜʝʨʤʽʥʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 25-28ÁC ʽ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʥʝ 

ʤʝʥʰʝ 75%. ʋ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʣʝʥʦ ʧʝʨʝʚʘʛʠ 

ʨʦʩʪʦʩʪʠʤʫʣʶʶʯʦʾ ʜʽʾ ʙʽʦʧʨʝʧʘʨʘʪʫ, ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʻʶ ʢʘʨʙʦʢʩʠʣʫ, ʷʢʠʡ ʻ 


