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çʂʇɯè, ɯɽɽ, 2014. ï 508 ʩ. 

ʋ ʟʙʽʨʥʠʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʘʪʪʽ ʤʦʣʦʜʠʭ ʬʘʭʽʚʮʽʚ ʟ ʧʠʪʘʥʴ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʦʟʨʦʙʦʢ ʪʘ 

ʥʦʚʠʭ ʨʽʰʝʥʴ ʚ ʝʥʝʨʛʝʪʠʮʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘ VI ʄʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çɽʥʝʨʛʝʪʠʢʘ. ɽʢʦʣʦʛʽʷ. ʃʶʜʠʥʘè. 

ɼʦ ʟʙʽʨʥʠʢʘ ʚʢʣʶʯʝʥʦ ʩʪʘʪʪʽ ʟʘ ʪʘʢʠʤʠ ʥʘʧʨʷʤʢʘʤʠ: ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʝʪʠʢʠ; 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʝʢʦʙʝʟʧʝʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ; ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ; ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ; 

ʪʝʧʣʦʪʝʭʥʽʢʘ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ; ʛʝʦʙʫʜʽʚʥʠʮʪʚʦ ʪʘ ʛʽʨʥʠʯʽ ʪʝʭʥʦʣʦʛʽʾ; ʦʭʦʨʦʥʘ ʧʨʘʮʽ, 

ʧʨʦʤʠʩʣʦʚʦʾ ʪʘ ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ; ʽʥʞʝʥʝʨʥʘ ʝʢʦʣʦʛʽʷ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʚʠʤʦʛ. 

ɺʠʢʣʘʜʝʥʦ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʜʘʥʦ ʦʮʽʥʢʫ ʨʽʚʥʽʚ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʬʘʢʪʦʨʘ ʪʘ ʚʧʣʠʚʫ 

ʛʘʣʫʟʽ ʥʘ ʣʶʜʠʥʫ. 

 

ɼʨʫʢʫʻʪʴʩʷ ʟʘ ʨʽʰʝʥʥʷʤ ɺʯʝʥʦʾ ʈʘʜʠ ɯʥʩʪʠʪʫʪʫ ɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ɽʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ, ʧʨʦʪʦʢʦʣ ˉ12  ʚʽʜ  26 .06.2014ʨ.  

 

 

ʆʨʛʘʥʽʟʘʮʽʡʥʠʡ ʢʦʤʽʪʝʪ ʢʦʥʬʝʨʝʥʮʽʾ:  
ɻʦʣʦʚʘ ʢʦʤʽʪʝʪʫ: ɼʝʥʠʩʶʢ ʉʝʨʛʽʡ ʇʝʪʨʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʜʠʨʝʢʪʦʨ ɯɽɽ;  

ɿʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ʢʦʤʽʪʝʪʫ: ɿʘʢʣʘʜʥʠʡ ʆʣʝʢʩʘʥʜʨ ʄʠʢʦʣʘʡʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʩʪ. 

ʜʠʨʝʢʪʦʨʘ ɯɽɽ;  

 

ʏʣʝʥʠ ʢʦʤʽʪʝʪʫ: ʂʨʘʚʝʮʴ ɺʽʢʪʦʨ ɻʝʦʨʛʽʡʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʠ ɻʊʽɹ ɼʝʰʢʦ 

ɺʘʣʝʨʽʡ ɯʚʘʥʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʠ ʊɽ ʐʝʚʯʫʢ ʉʪʝʧʘʥ ʇʨʦʢʦʧʦʚʠʯ, ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʠ ɽʄʆɽɺ ʊʢʘʯʫʢ ʂʦʩʪʷʥʪʠʥ ʂʦʩʪʷʥʪʠʥʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚ. 

ʢʘʬʝʜʨʠ ɯɽ ʃʝʚʯʝʥʢʦ ʆʣʝʛ ɻʨʠʛʦʨʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʠ ʆʇʇʎɹ ʈʦʟʝʥ 

ɺʽʢʪʦʨ ʇʝʪʨʦʚʠʯ, ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʠ ɸʋɽʂ ʃʝʞʥʶʢ ʇʝʪʨʦ ɼʝʤôʷʥʦʚʠʯ, ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʩʠʩʪʝʤ, ɺʅʊʋ ʂʘʧʣʫʥ ɺʽʢʪʦʨ 

ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ, ʧʨʦʨʝʢʪʦʨ ʟ 

ʥʘʫʢʦʚʦʾ ʪʘ ʽʥʦʚʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʂʅʋʊɼ ʉʪʘʩʶʢ ʆʣʝʢʩʘʥʜʨ ɯʦʥʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ,  ʟʘʚ. 

ʢʘʬʝʜʨʠ ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ, ɼɽʊʋʊ ʑʦʢʽʥ 

ɺʘʜʠʤ ʆʣʝʛʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ  ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, 

ʂʊʋ ʂʦʩʪʶʢ ɺʘʩʠʣʴ ʆʩʠʧʦʚʠʯ, ʢ.ʪ.ʥ., ʩ.ʥ.ʩ. ʚʽʜʜʽʣʫ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʚʠʪʢʫ ʧʘʣʠʚʥʠʭ ʙʘʟ, ɯɿɽ 

ʅɸʅʋ;  

 

ɺ̔ ʜʧʦʚʽʜʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ ʆʙʦʨʦʥʦʚ ʊʘʨʘʩ ʖʨʽʡʦʚʠʯ, ʽʥʞʝʥʝʨ;  

ʊʝʭʥʽʯʥʠʡ ʩʝʢʨʝʪʘʨ: ɹʨʦʥʠʮʴʢʠʡ ɺʘʜʠʤ ʆʣʝʛʦʚʠʯ, ʘʩʧʽʨʘʥʪ 

 

ɸʜʨʝʩʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

ʋʢʨʘʾʥʘ, ʂʠʾʚ, 03056, ʚʫʣ. ɹʦʨʱʘʛʽʚʩʴʢʘ, 115, ʢʦʨʧʫʩ ˉ 22, ʘʫʜ. 310 

ɯʥʩʪʠʪʫʪ  ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ 

ʊʝʣ./ʬʘʢʩ: (044) 406 83 08, 456 96 89 

conference_eel@ukr.net   
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ɿʄɯʉʊ 

 

 

ʇʣʝʥʘʨʥʝ ʟʘʩʽʜʘʥʥʷ 

ʆʛʣʷʜ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʂʘʜʝʥʩʴʢʠʡ ʄ.ʗ., ɼʫʙʦʚʩʴʢʠʡ ʉ.ɺ. ééééééééééééééééé.éééééé.10 

 

ɯʤʧʫʣʴʩʥʦ-ʚʽʙʨʘʮʽʡʥʝ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. ɿʘʭʘʨʦʚʘ ɯ.ɺ.,  ʐʝʚʯʫʢ ʉ.ʇé.ééé16 

 

ɸʧʨʦʙʘʮʽʷ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ ʜʦʚʢʽʣʣʷ ʥʘ ʧʨʠʢʣʘʜʽ ʤ. ʂʠʾʚ. 

ʂʫʜʨʷʚʩʴʢʘ  ʊ. ɹ.., ɼʠʯʢʦ ɸ.ʆ.éé.ééééééééééééé.éééééééééé.21 

ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʘʭ 

ɽʄʉ ʟ ʚʝʥʪʠʣʴʥʠʤʠ ʜʚʠʛʫʥʘʤʠ. ɿʘʢʣʘʜʥʠʡ ʆ.ʄ., ɹʨʦʥʠʮʴʢʠʡ ɺ.ʆ., ɿʘʢʣʘʜʥʠʡ ʆ.ʆ., 

ʄʦʛʠʣʘʪ ɼ.ʖ. ééééééééééééééééééééééééééééééé....24 

ʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʝʪʠʢʠ  

 

ʈʦʟʨʘʭʫʥʢʦʚʦ-ʘʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʧʠʣʦʚʫʛʽʣʴʥʠʭ 

ʢʦʪʣʽʚ ʚʽʜ ʣʝʪʢʦʾ ʟʦʣʠ ʫ ʩʢʨʫʙʝʨʽ ʚʝʥʪʫʨʽ. ɸʥʪʦʥʝʮʴ ɯ.ɺ., ʐʨʘʡʙʝʨ ʆ.ɸ.ééé..éé...31 

 

ʂʨʽʦʛʝʥʥʽ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ɿʘʤʢʦʚʠʡ ʇ. ʆ., ɻʨʝʯʢʦʩʽʡ ʂ.ʈ, 

ʩʪʫʜʝʥʪʠ, ʇʦʧʦʚ ɺ.ɸ.  ééé.ééééééééééé..éé..éé..éé..éé..éé..éé38 

ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ɻʘʣʘʙʽʮʴʢʠʡ ʇ.ʄ., ʂʦʮʘʨ ʆ.ɺ. ééé.éééééééééééééééé.ééé..éé..45 

 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʚ ʫʤʦʚʘʭ 

ʨʠʥʢʫ çʜʦʙʘ ʥʘʧʝʨʝʜè. ɻʘʣʘʙʽʮʴʢʠʡ ʇ.ʄ., ʩʪʫʜʝʥʪ, ʂʦʮʘʨ ʆ.ɺ.,                                                                                      

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ.éé.éééééééééééééééééééé..é.éé..éé..ééé.53 

 

ɽʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ.     

ɾʦʚʥʽʨ ʄ. ʉ., ʩʪʫʜʝʥʪ, ɹʘʩʦʢ ɹ.ɯ., ʜ.ʪ.ʥ., ʧʨʦʬ, ɿʘʩʝʮʴʢʠʡ ɯ.ɻ.. éé.............éé..ééé..61 

 

ɺʠʙʽʨ ʩʚʽʪʣʦʜʽʦʜʥʦʾ ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ ʧʪʘʰʥʠʢʘ. ɻʨʠʱʫʢ ʖ. ʆ., ʩʪʫʜʝʥʪ, ʉʦʣʦʚʝʡ ʆ.ɯ.,  
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ɸ.ʆ., ʩʪʫʜʝʥʪ (ʅʊʋʋ ñʂʇɯò). éééééééééééééééééééééééé..é.425 

ɺʧʣʠʚ ʛʝʦʧʘʪʦʛʝʥʥʠʭ ʟʦʥ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ. ʂʦʟʴʷʢʦʚ ɺ.ʉ., ʢ.ʪ.ʥ., ʄʦʮʘʢ ʊ.ʇ., ʩʪʫʜʝʥʪ 

(ʅʊʋʋ ñʂʇɯò). éééééééééééé..éééééééé.ééééééé..é.éé429 

ɽʢʩʧʨʝʩ-ʜʽʘʛʥʦʩʪʠʢʘ ʩʪʘʥʫ ʨʦʙʦʪʠ  ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʂʦʟʴʷʢʦʚ ɺ. ʉ., ʢ.ʪ. ʥ,  ʜʦʮ., 

ʂʦʚʘʣʴ ʄ. ɺ., ʤʘʛʽʩʪʨʘʥʪ ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. éééééééééééééééééééééé..ééé..é.433 

ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ. ʂʦʟʴʷʢʦʚ ɺ.ʉ., ʢ.ʪ.ʥ., ʂʦʬʘʥʦʚ ʆ.ɭ., ʩʪʫʜʝʥʪ 

(ʅʊʋʋ ñʂʇɯò). ééééééééééééééé..ééééééééééé...éééé..441 

ʄʦʜʝʣʶʚʘʥʥʷ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʜʣʷ ʦʮʽʥʢʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ. ʂʦʬʘʥʦʚ ʆ.ɭ., ʩʪʫʜʝʥʪ, ʍʦʣʢʦʚʩʴʢʠʡ ʖ.ʈ.,  ʢ.ʪ.ʥ. ééééé.447 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʦʚʢʽʣʣʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ. 

ʂʦʟʴʷʢʦʚ ɺ.ʉ., ʢ.ʪ.ʥ., ʆʧʦʣʽʥʩʴʢʠʡ ɯ.ʆ., ʩʪʫʜʝʥʪ (ʅʊʋʋ ñʂʇɯò). éééééééééé.451 
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ʯʘʩʪʦʪ ʥʘ ʚʽʡʩʴʢʦʚʠʭ ʯʘʩʪʠʥʘʭ ʟ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤ ʫʩʪʘʪʢʫʚʘʥʥʷʤ. ʂ.ʪ. ʥ. ʜʦʮʝʥʪ ɺ. ʉ. 

ʂʦʟʴʷʢʦʚ, ʉʪʫʜʝʥʪ ʤʘʛʽʩʪʨ, ʖ. ʉ. ʅʝʨʝʜʴʢʦ, ɯʥʩʪʠʪʫʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪè, ʂʠʾʚ ééééééééééééééééééééééé.éééééééé..453 
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ʇʝʨʩʧʝʢʪʠʚʠ ʚʠʜʦʙʫʪʢʫ ʟʚʘʣʠʱʥʦʛʦ ʛʘʟʫ ʟ ʧʦʣʽʛʦʥʽʚ ʊʇɺ ʋʢʨʘʾʥʠ. ʂʫʣʠʢ ɺ., ʩʪʫʜʝʥʪ, 

ʈʝʤʝʟ ʅ.ʉ., ʜ.ʪ.ʥ. (ʅʊʋʋ ñʂʇɯò). éééééééééééééééé.ééééééé.464 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʢʨʘʥʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʜʽʾ ʩʝʡʩʤʦʚʠʙʫʭʦʚʠʭ ʭʚʠʣʴ. ʆʣʽʡʥʠʢ ʖ., ʩʪʫʜʝʥʪ, 

ʈʝʤʝʟ ʅ.ʉ., ʜ.ʪ.ʥ. (ʅʊʋʋ ñʂʇɯò). éééééééééééééé.ééééééé.éé467 
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ʚʽʜʭʦʜʽʚ. ʂʦʣʫʥʘʻʚ ɭ.ɺ., ʽʥʞ. (ʅʊʋʋ ñʂʇɯò). ééééééééé.ééééééééé.470 

ʊʝʭʥʦʣʦʛʽʷ  ʪʘ  ʧʝʨʩʧʝʢʪʠʚʠ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʚ ʋʢʨʘʾʥʽ. ʅ.ʉ. 

ʈʝʤʝʟ,ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ɺ.ɺ. ɹʦʨʜʽʷʥ ʩʪʫʜ.(ʅʊʋʋ çʂʇʀè). ééééé.ééééééé...473 
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ʆ.ʆ. ʇʘʥʯʝʥʢʦ. ééééééééééééééé..éééééééééééééééé477 

ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʚʦʜʠ ʨʽʯʢʠ ʉʝʨʝʪ. ʈʫʜʶʢ ʅ.ɸ. éééééééééééé...é..éééé480 
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ʋɼʂ 621.311.661.51. 
 

ʂʘʜʝʥʩʴʢʠʡ ʄ. ʗ., ɼʫʙʦʚʩʴʢʠʡ ʉ.ɺ. 

 

ʆɻʃʗɼ ʇɽʈʉʇɽʂʊʀɺʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʈɽɻʋʃʖɺɸʅʅʗ ʅɸɺɸʅʊɸɾɽʅʅʗ ɺ 

ɽʅɽʈɻɽʊʀʏʅʀʍ ʉʀʉʊɽʄɸʍ 

 

ɺʠʢʦʥʘʥʦ ʦʮʽʥʢʠ ʥʝʦʙʭʽʜʥʠʭ ʦʙʩʷʛʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʦʛʣʷʜʫ ʥʘ ʘʥʘʣʽʟ ʜʘʥʠʭ ʱʦʜʦ ʪʝʥʜʝʥʮʽʡ ʟʨʦʩʪʘʥʥʷ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ɻɽʅ ʪʘ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʋʢʨʘʾʥʠ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʩʚʽʪʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ. ɺʠʟʥʘʯʝʥʦ ʚ ʷʢʦʩʪʽ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʛʦ ʪʠʧʫ ʩʧʦʞʠʚʘʯʘ-ʨʝʛʫʣʷʪʦʨʘ ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ-ʨʝʛʫʣʷʪʦʨ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ 

ʤʘʡʜʘʥʯʠʢʘʭ ʽʩʥʫʶʯʠʭ ʊɽʎ  ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʆʙôʻʜʥʘʥʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ 

ʩʠʩʪʝʤʽ ʋʢʨʘʾʥʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ, ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ-ʨʝʛʫʣʷʪʦʨʠ, ʧʽʢʦʚʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ɻɸɽʉ, ʤʘʥʝʚʨʝʥʽ ʧʦʪʫʞʥʦʩʪʽ. 

 

ʆɹɿʆʈ ʇɽʈʉʇɽʂʊʀɺʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ʈɽɻʋʃʀʈʆɺɸʅʀʗ ʅɸɻʈʋɿʂʀ ɺ 

ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʉʀʉʊɽʄɸʍ 

ɺʳʧʦʣʥʝʥʳ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʦʙʲʝʤʦʚ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʪʝʥʜʝʥʮʠʷʭ ʨʦʩʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ɻɽʅ ʠ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʋʢʨʘʠʥʳ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʥʝʜʨʝʥʠʷ ʚ ʤʠʨʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʥʘʛʨʫʟʢʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʆʧʨʝʜʝʣʝʥʦ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʠʧʘ 

ʨʝʛʫʣʷʪʦʨʘ - ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ - ʨʝʛʫʣʷʪʦʨ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʧʣʦʱʘʜʢʘʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʊʕʎ 

ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʆʙʲʝʜʠʥʝʥʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʋʢʨʘʠʥʳ . 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʘ, ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ-ʨʝʛʫʣʷʪʦʨʳ, ʧʠʢʦʚʳʝ 

ʥʘʛʨʫʟʢʠ, ɻɸʕʉ,  ʤʘʥʝʚʨʝʥʥʳʝ ʤʦʱʥʦʩʪʠ.  

 

OVERVIEW OF LOAD CONTROL TECHNOLOGIES FOR ENERGY SYSTEMS  

The evaluation of the required volume of innovative load regulation technologies with 

regard to data analysis on the growth trends in load curve of unevenness and the range variable 

loads in the power system of Ukraine is performed. Completed research of the current state of 

implementation of innovative technologies of load control in power systems of the world. Identified 

as the most effective type of consumer regulator - heat pump-regulator mounted on the existing 

power plant sites for load regulation in the United Power System of Ukraine. 

Key words: power system, heat pump-regulators, changeable loads, HPS, peak power. 

ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʥʝʚʠʨʦʙʥʠʯʠʭ ʩʝʢʪʦʨʽʚ ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʛʨʘʬʽʢʦʤ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʟʫʤʦʚʠʣʦ ʧʨʠʨʦʜʥʝ 

ʟʨʦʩʪʘʥʥʷ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʋʢʨʘʾʥʠ. ɿʘʨʘʟ ʜʣʷ ʆɽʉ ʋʢʨʘʾʥʠ ʫ ʟʠʤʦʚʠʡ 

ʧʝʨʽʦʜ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʩʢʣʘʜʘʶʪʴ 70000-8000 ʄɺʪ, ʪʦʜʽ ʷʢ ʫ 

2000ʨ. ʚʦʥʠ ʩʪʘʥʦʚʠʣʠ 5500 ʄɺʪ. ʊʘʢʦʞ ʚʽʜʙʫʣʦʩʷ ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʴ ʚʣʽʪʢʫ - 5100 ʄɺʪ ʫ 

2012ʨ. ʧʨʦʪʠ 3000 ʄɺʪ ʫ 2000ʨ.  

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʆɽʉ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʝʬʽʮʠʪʦʤ ʤʘʥʝʚʨʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 
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ɻɽʉ ʪʘ ɻɸɽʉ. ʅʘʨʘʟʽ ʚʦʥʠ ʩʢʣʘʜʘʶʪʴ 9% ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʤʫ ʨʽʚʥʽ 

ʚ 15% , ʘ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ - 20% [1].  
ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʆɽʉ ʋʢʨʘʾʥʠ ʚʭʦʜʠʣʘ ʜʦ ʩʢʣʘʜʫ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʉʈʉʈ, ʷʢʘ ʥʝ ʤʘʣʘ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʢʦʨʜʦʥʽʚ, ʥʘʨʘʟʽ ʜʣʷ ʧʦʢʨʠʪʪʷ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʽʞʩʠʩʪʝʤʥʽ ʧʝʨʝʪʦʢʠ ʟ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʈʌ ( ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʫ 2012 ï 2000 ʄɺʪ ʟʘ 

ʜʘʥʠʤʠ ʅɽʂ ʋʢʨʝʥʝʨʛʦ).  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʆɽʉ ʋʢʨʘʾʥʠ, ʦʢʨʽʤ ɻɽʉ ʪʘ 

ɻɸɽʉ,  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʙʦʪʘ ʢʨʫʧʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʚ ʨʝʞʠʤʽ ʧʽʜʪʨʠʤʢʠ ʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʴʦʛʦʜʥʽ ʯʘʩʪʠʤʠ ʧʦʥʘʜʧʣʘʥʦʚʠʤʠ ʾʭ ʟʫʧʠʥʢʘʤʠ, 

ʧʦʚ'ʷʟʘʥʘ ʽʟ ʟʥʘʯʥʠʤʠ  ʚʪʨʘʪʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʽ, ʱʦ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʦ, ʨʦʙʦʯʦʛʦ 

ʨʝʩʫʨʩʫ. ʉʫʤʘʨʥʠʡ ʨʝʛʫʣʶʶʯʠʡ ʜʽʘʧʘʟʦʥ ʊɽʉ ʫ ʤʝʞʘʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʽʥʽʤʫʤʫ ʽ 

ʤʘʢʩʠʤʫʤʫ ʥʘʚʘʥʪʘʞʝʥʴ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ɻɽʅ ʽ ʫ ʪʘʢʠʭ 

ʚʠʧʘʜʢʘʭ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʛʣʠʙʦʢʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʽʚ ʫ 

ʛʦʜʠʥʠ ʥʽʯʥʦʛʦ ʩʧʘʜʫ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʥʠʞʯʝ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʽʥʽʤʫʤʫ ʧʦʪʫʞʥʦʩʪʽ ʽʟ 

ʚʠʚʝʜʝʥʥʷʤ ʾʭ ʫ ʨʦʙʦʪʫ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ, ʫ ʤʦʪʦʨʥʦʤʫ ʨʝʞʠʤʽ ( ʨʝʞʠʤʽ ʩʠʥʭʨʦʥʥʦʛʦ 

ʢʦʤʧʝʥʩʘʪʦʨʘ) ʘʙʦ ʫ ʛʘʨʷʯʠʡ ʽ ʭʦʣʦʜʥʠʡ ʨʝʟʝʨʚʠ  

ʅʘ ʩʴʦʛʦʜʥʽ, ʟʛʽʜʥʦ ʜʘʥʠʭ ʅɽʂ ʋʢʨʝʥʝʨʛʦ, ʫ ʮʠʢʣʽʯʥʦʤʫ ʨʝʞʠʤʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʫ 

ʩʝʨʝʜʥʴʦʤʫ, 10 ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʣʦʢʽʚ. ʅʘʧʨʠʢʣʘʜ - ʟʘ ʦʬʽʮʽʡʥʠʤʠ ʜʘʥʠʤʠ ʅɽʂ ʋʢʨʝʥʝʨʛʦ ʟʘ 

02.02.2012, ʧʨʠ ʤʽʥʽʤʫʤʽ ʩʧʦʞʠʚʘʥʥʷ (ʦ 4:00) ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʙʣʦʢʽʚ ʊɽʉ ʛʝʥʝʨʫʶʯʠʭ 

ʢʦʤʧʘʥʽʡ, ʱʦ ʙʫʣʠ ʚ ʨʦʙʦʪʽ, ʩʢʣʘʜʘʣʘ 63, ʘ ʧʨʠ ʤʘʢʩʠʤʫʤʽ( ʦ 18-00) ï 72, ʘ 19.11.12 ï 

ʚʽʜʧʦʚʽʜʥʦ 36 ʪʘ 53 [2].  

ʇʨʠ ʨʦʙʦʪʽ ʝʥʝʨʛʦʙʣʦʢʽʚ ʫ ʮʠʢʣʽʯʥʠʭ ʨʝʞʠʤʘʭ ʟ ʧʦʟʘʧʣʘʥʦʚʠʤʠ ʟʫʧʠʥʢʘʤʠ ʪʘ 

ʧʫʩʢʘʤʠ ʬʘʢʪʠʯʥʽ ʝʢʦʥʦʤʽʯʥʽ ʚʪʨʘʪʠ ʚʠʱʽ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʟʘ ʚʽʜʧʦʚʽʜʥʽ ʚʠʪʨʘʪʠ ʧʨʠ ʨʦʙʦʪʽ ʫ 

ʤʝʞʘʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ [3]. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʘʩʧʝʢʪʦʤ 

ʟʘʛʘʣʦʤ ʙʘʛʘʪʦʧʣʘʥʦʚʦʾ ʧʨʦʙʣʝʤʠ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʻ ʫʱʽʣʴʥʝʥʥʷ ɻɽʅ ʆɽʉ ʜʦ ʨʽʚʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʚ ʙʠ ʨʦʙʦʪʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ ʤʝʞʘʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʦʧʫʩʢʽʚ, ʘ ʪʘʢʦʞ 

ʟʘʣʫʯʝʥʥʷ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʷʢʦʤʦʛʘ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʛʫʣʶʶʯʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ. 

ɼʣʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʪʠʤʫʣʶʚʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʚʠʨʽʚʥʶʚʘʥʥʷ ʛʨʘʬʽʢʫ ʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʫ 2002 ʨʦʮʽ ʧʦʩʪʘʥʦʚʦʶ ʅʂʈɽ ʚʽʜ 06.12.02 ˉ1358 ʙʫʣʠ ʚʚʝʜʝʥʽ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʟʘ ʛʦʜʠʥʘʤʠ ʜʦʙʠ ʪʘʨʠʬʠ, ʷʢʽ ʤʘʶʪʴ ʧʽʣʴʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʥʽʯʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʧʝʨʽʦʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ɿʘ 

ʦʮʽʥʢʘʤʠ ʬʘʭʽʚʮʽʚ, ʪʘʢʘ ʨʝʛʫʣʷʪʦʨʥʘ ʧʦʣʽʪʠʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʦʧʪʦʚʦʛʦ 

ʪʘʨʠʬʫ ʪʘ ʘʙʩʦʣʶʪʥʦʛʦ ʨʦʟʤʽʨʫ ʬʦʥʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʪʘʢʠʭ ʚʠʪʨʘʪ, ʦʜʥʘʢ ʥʝ ʚʠʨʽʰʫʻ ʩʠʩʪʝʤʥʦ 

ʧʨʦʙʣʝʤʫ ʫʱʽʣʴʥʝʥʥʷ ʛʨʘʬʽʢʫ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ.  ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤ ʧʽʜʪʨʠʤʢʠ ʟʤʽʥʥʦʾ ʯʘʩʪʠʥʠ ʛʨʘʬʽʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʧʦʨʷʜ ʟ 

ʽʩʥʫʶʯʠʤʠ, ʥʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʽ ʽʥʰʽ ʤʘʩʰʪʘʙʥʽ ʟʘʭʦʜʠ, ʫ ʟʘʜʘʯʫ ʷʢʦʾ ʚʭʦʜʠʣʦ ʙ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ɻɽʅ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʢʦʤʧʝʥʩʘʮʽʷ ʨʘʧʪʦʚʠʭ ʥʝʙʘʣʘʥʩʽʚ ʛʝʥʝʨʘʮʽʾ ʽ 

ʩʧʦʞʠʚʘʥʥʷ, ʩʪʦʭʘʩʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʧʦʪʫʞʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʨʦʙʦʪʠ ɺɼɽ [4]. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʨʝʥʜʽʚ ʨʦʟʚʠʪʢʫ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʦʩʪʘʥʥʽ ʤʽʞʥʘʨʦʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʛʘʣʫʟʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʦʙʦʪʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʫ ʤʘʥʝʚʨʦʚʠʭ ʨʝʞʠʤʘʭ.  

ʋ ʚʝʣʠʢʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ ʧʨʦʙʣʝʤʠ ʧʦʢʨʠʪʪʷ ʟʤʽʥʥʦʾ ʯʘʩʪʠʥʠ ʛʨʘʬʽʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʠʨʽʰʫʶʪʴ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʽ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʮʴʦʛʦ ʜʝʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʦʜʨʘʟʫ.  

ʅʘʨʘʟʽ 99% ʚʽʜʩʦʪʢʽʚ ʪʝʭʥʦʣʦʛʽʡ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʘʤʠ 

ʩʧʦʞʠʚʘʥʥʷ  ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʥʝʙʘʣʘʥʩʽʚ ʚ ɭʚʨʦʧʽ ʩʢʣʘʜʘʶʪʴ ɻɸɽʉ [5]. 

ɸ ʥʘʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʫʚʰʠ ʩʪʨʫʢʪʫʨʫ ʤʘʥʝʚʨʝʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʫ ʉʐɸ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʱʦ 

ɻɸɽʉ ʩʢʣʘʜʘʶʪʴ 95 % (23,4ɻɺʪ) ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ 

ʥʝʙʘʣʘʥʩʽʚ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʯʘʩʪʦʪʠ [6].  ɺ ʫʤʦʚʘʭ ʟʥʘʯʥʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʦʙʦʚʠʭ ʛʨʘʬʽʢʽʚ 
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ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʦʙ'ʻʜʥʘʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ ʩʘʤʝ ɻɽʉ ʽ ɻɸɽʉ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ 

ʤʘʥʝʚʨʝʥʽʩʪʶ ʡ ʙʽʣʴʰʠʤ ʨʝʛʫʣʶʚʘʣʴʥʠʤ ʜʽʘʧʘʟʦʥʦʤ, ʚʠʩʦʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʟʤʽʥʠ 
ʥʘʚʘʥʪʘʞʝʥʴ, ʤʽʥʽʤʘʣʴʥʠʤ ʯʘʩʦʤ ʥʘʙʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʫʩʢʫ ʡ ʟʫʧʠʥʢʠ ʘʛʨʝʛʘʪʽʚ, 

ʚʠʢʦʥʫʶʪʴ ʥʘʡʚʘʞʣʠʚʽʰʽ ʟʘʚʜʘʥʥʷ ʧʦʢʨʠʪʪʷ ʧʽʢʦʚʦʾ ʯʘʩʪʠʥʠ ʛʨʘʬʽʢʘ ʪʘ ʟʘʧʦʚʥʝʥʥʷ 

ʧʨʦʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʚʥʦʯʽ ʟʘʚʜʷʢʠ ʨʦʙʦʪʽ ʫ ʥʘʩʦʩʥʦʤʫ ʨʝʞʠʤʽ. ɸʥʘʣʽʟ ʨʦʙʦʪʠ ɻɸɽʉ 

ʟʘʢʦʨʜʦʥʦʤ ʚʠʷʚʠʚ, ʱʦ ʜʣʷ ʫʱʽʣʴʥʝʥʷ ɻɽʅ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʘʛʨʝʛʘʪʠ ʚʢʣʶʯʘʶʪʴʩʷ ʫ 

ʨʦʙʦʪʫ ʚ ʪʫʨʙʽʥʥʦʤʫ ʘʙʦ ʥʘʩʦʩʥʦʤʫ ʨʝʞʠʤʽ ʜʦ 20ï30 ʨʘʟʽʚ ʥʘ ʜʦʙʫ. 

ʇʦʪʨʝʙʘ ʚ ʛʽʜʨʦʘʢʫʤʫʣʶʶʯʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʨʽʟʢʦ ʚʽʜʯʫʚʘʻʪʴʩʷ ʚ ʋʢʨʘʾʥʽ, ʘʣʝ ʾʭ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʚʞʜʠ ʥʝʩʝ ʨʠʟʠʢ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ. ʎʝ ʚʽʜʟʥʘʯʝʥʦ, 

ʟʦʢʨʝʤʘ, ʫ ʟʘʙʦʨʦʥʽ ʂʦʥʛʨʝʩʫ ʉʐɸ ʚʽʜ 15 ʩʽʯʥʷ 2014ʨ. ʜʣʷ ʤʽʞʥʘʨʦʜʥʠʭ ʬʽʥʘʥʩʦʚʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ (ʉʚʽʪʦʚʠʡ ɹʘʥʢ, ɽɹʈʈ, ʄɺʌ) ʫ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʽʚ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ɻɽʉ ʪʘ ɻɸɽʉ 

ʫ ʩʚʽʪʽ [7].  

ɼʦ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʷʢʽ ʟʘʨʘʟ ʘʢʪʠʚʥʦ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʽ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʚ ʩʚʽʪʽ ʚʽʜʥʦʩʷʪʴ:  

ʪʝʨʤʽʯʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ; ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ; ʥʘʢʦʧʠʯʫʚʘʯʽ ʥʘ ʦʩʥʦʚʽ 

ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ;  ʤʘʭʦʚʠʢʦʚʽ ʤʝʭʘʥʽʯʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ.  

ʇʦʚʝʨʥʫʚʰʠʩʴ ʜʦ ʩʪʨʫʢʪʫʨʠ ʫʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʡ ʨʝʛʫʣʶʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʉʐɸ, ʜʝ ʪʘʢʽ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʥʘʡʰʠʨʰʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽ 

ʟʘʧʨʦʚʘʜʞʝʥʘ ʜʝʨʞʘʚʥʘ ʧʽʜʪʨʠʤʢʘ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʽʩʥʫʻ 

ʪʘʢʝ ʨʦʟʧʦʜʽʣʝʥʥʷ [6]:  

ʊʝʨʤʽʯʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ  ï 431ʄɺʪ. 

ɹʘʪʘʨʝʡʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ï 304ʄɺʪ 

ʅʘʢʦʧʠʯʫʚʘʯʽ ʥʘ ʦʩʥʦʚʽ ʩʪʠʩʥʝʥʥʷ ʧʦʚʽʪʨʷ ï 423 ʄɺʪ 

ʄʘʭʦʚʠʢʦʚʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ ï 40 ʄɺʪ. 

ɹʽʣʴʰʽʩʪʴ ʪʝʨʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʙʘʢʽʚ-ʘʢʫʤʫʣʷʪʦʨʽʚ, 

ʟʘʨʷʜʢʘ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʛʦʜʠʥʠ ʟʥʠʞʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ. ɺ ʛʦʜʠʥʠ ʞ 

ʧʽʜʚʠʱʝʥʦʛʦ ʧʦʧʠʪʫ ʚʦʥʠ ʚʠʜʘʶʪʴ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ, ʟʘʤʽʱʫʶʯʠ ʨʦʙʦʪʫ ʛʝʥʝʨʫʶʯʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ.  

ɼʦ ʪʝʨʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʩʷʪʴ, ʪʘʢʦʞ ʽ ʚʽʜʢʣʶʯʝʥʥʷ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʥʘʩʦʩʽʚ 

ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʽʚ ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ ʩʪʽʥ ʫ ʛʦʜʠʥʠ ʧʽʢʦʚʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ, ʘʙʦ ʮʠʢʣʽʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʙʫʪʦʚʠʭ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʫ ʩʠʩʪʝʤʘʭ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʦʧʘʣʝʥʥʷ. ʊʝʭʥʽʯʥʦ ʜʦʩʷʞʥʠʡ ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʽʩʥʫʶʯʠʭ ʽ 

ʧʨʘʮʶʶʯʠʭ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʦʮʽʥʶʻʪʴʩʷ ʚ 250ʄɺʪ ʚ ʅʽʤʝʯʯʠʥʽ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʘ ʫʤʦʚʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʨʝʞʠʤʽʚ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ [8]. ʆʜʥʘʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʉʎʊ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʝʜʦʩʪʘʪʥʴʦʶ ʝʢʦʥʦʤʽʯʥʽʩʪʶ ʽ ʟʘʣʝʞʥʽʩʪʶ ʜʽʘʧʘʟʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ ʟʤʽʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ 

ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.   

ɯʥʰʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʪʠʧʦʤ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʻ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʙʘʪʘʨʝʡʥʦʛʦ ʪʠʧʫ. ɹʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʨʦʟʨʦʙʣʝʥʦ ʟ ʤʝʪʦʶ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɺɼɽ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʙʘʪʘʨʝʡ ʥʘ ʦʩʥʦʚʽ ʭʽʤʽʯʥʠʭ ʟôʻʜʥʘʥʴ: 

NaS, NaNiCl2, Ni-Cd, Li-ion ʪʘ ʽʥ.  ʅʘʧʨʠʢʣʘʜ, ʦʜʠʥʠʯʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ ʫʩʪʘʥʦʚʢʘ (NaS) 

ʫʧʨʘʚʣʽʥʥʷ  ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʦʪʫʞʥʽʩʪʶ 34 ʄɺʪ ʧʨʘʮʶʻ ʫ ʤ. ʈʦʢʢʘʰʦ, ʗʧʦʥʽʷ, ʟ 2008 ʨʦʢʫ , 

ʜʝ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʦʙʦʪʠ ɺɽʉ. ɺʩʴʦʛʦ ʚ ʩʚʽʪʽ ʥʘ ʣʠʧʝʥʴ 2013 ʨʦʢʫ 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʙʣʠʟʴʢʦ 320 ʄɺʪ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʪʘʢʦʛʦ ʪʠʧʫ [9] . 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ ʽʥʰʽ ʪʠʧʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʙʘʪʘʨʝʡ, ʘʣʝ ʚʦʥʠ ʱʝ ʥʝ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ 

ʤʘʩʰʪʘʙʥʦ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʟʘʨʘʟ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʥʝʢʦʤʝʨʮʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʱʦ ʩʘʤʝ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʙʘʪʘʨʝʾ ʚʚʘʞʘʶʪʴʩʷ ʬʘʭʽʚʮʷʤʠ ʥʘʡʙʽʣʴʰ 
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ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʪʠʧʦʤ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ 

(ʦʩʦʙʣʠʚʦ ʥʘʩʠʯʝʥʠʤʠ ɺɼɽ), ʘʣʝ ʟʘʨʘʟ ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʜʪʦ ʚʠʩʦʢʠʤʠ ʢʘʧʽʪʘʣʴʥʠʤʠ 
ʟʘʪʨʘʪʘʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʥʝʜʦʚʝʨʰʝʥʽʩʪʶ ʽ ʪʦʤʫ ʧʦʢʠ ʥʝ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ 

ʘʢʪʫʘʣʴʥʽ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʆɽʉ ʋʢʨʘʾʥʠ. 

ʅʘʢʦʧʠʯʫʚʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʩʪʠʩʥʝʥʥʷ ʧʦʚʽʪʨʷ ʩʧʦʞʠʚʘʶʪʴ ʧʦʟʘʧʽʢʦʚʫ 

ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ, ʟʘʧʦʚʥʶʶʯʠ ʧʨʦʚʘʣʠ ɻɽʅ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʾʾ ʜʣʷ ʧʨʠʚʦʜʫ ʢʦʤʧʨʝʩʦʨʽʚ, 

ʷʢʽ ʩʪʠʩʢʘʶʪʴ ʧʦʚʽʪʨʷ ʽ ʟʘʢʘʯʫʶʪʴ ʡʦʛʦ ʚ ʧʽʜʟʝʤʥʽ ʨʝʟʝʨʚʫʘʨʠ. ɺ ʛʦʜʠʥʠ ʧʽʜʚʠʱʝʥʦʛʦ ʧʦʧʠʪʫ 

ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʛʘʟʦʚʽʡ ʪʫʨʙʽʥʽ ʜʣʷ ʛʝʥʝʨʘʮʽʾ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ɯʩʥʫʶʪʴ ʚʘʨʽʘʥʪʠ ʟ ʧʽʜʟʝʤʥʠʤ ʪʘ ʥʘʜʟʝʤʥʠʤ ʘʢʫʤʫʣʷʪʦʨʘʤʠ ʩʪʠʩʥʝʥʦʛʦ 

ʧʦʚʽʪʨʷ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʚʦʻʶ ʢʘʧʽʪʘʣʦʻʤʥʽʩʪʴʶ, ʧʦʪʫʞʥʽʩʪʶ, ʧʦʪʝʥʮʽʘʣʴʥʦʶ ʪʨʠʚʘʣʽʩʪʶ 

ʟʘʨʷʜʞʝʥʥʷ-ʨʦʟʨʷʜʞʝʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʜʦʚʝʨʰʝʥʽʩʪʶ. ɿ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ ʚʽʜʦʤʦ ʧʨʦ 

ʢʦʤʝʨʮʽʡʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʫ ʅʽʤʝʯʯʠʥʽ ʫ 

ʤ. ʍʫʥʪʦʨʬ, ʜʝ ʧʨʘʮʶʻ ʫʩʪʘʥʦʚʢʘ ʧʦʪʫʞʥʽʩʪʶ 28 ʄɺʪ ʟ 4-ʭ ʛʦʜʠʥʥʠʤ ʮʠʢʣʦʤ ʟʘʨʷʜʞʝʥʥʷ ï 

ʨʦʟʨʷʜʞʝʥʥʷ ʪʘ ʫ ʉʐɸ ʫ ʰʪʘʪʽ ɸʣʘʙʘʤʘ [9].   

ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʡ ʢʦʤʧʣʝʢʩ ʋʢʨʘʾʥʠ ʻ ʧʦ-ʩʫʪʽ, ʜʚʦʭʧʨʦʜʫʢʪʦʚʦʶ ʩʠʩʪʝʤʦʶ, ʱʦ 

ʧʦʨʷʜ ʟ ʚʠʨʦʙʣʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʜʽʡʩʥʶʻ ʫ ʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ 

ʧʦʩʪʘʯʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚ ʫʤʦʚʘʭ ʆɽʉ ʋʢʨʘʾʥʠ ʟʛʘʜʘʥʽ ʩʧʦʞʠʚʘʯʽ-

ʨʝʛʫʣʷʪʦʨʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʥʘ ʙʘʟʽ ʫʩʪʘʥʦʚʦʢ ʝʣʝʢʪʨʦʪʝʧʣʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʟ 

ʚʢʣʶʯʝʥʥʷʤ ʾʭ ʫ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚʽʜ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ ʽ ʢʦʪʝʣʴʥʠʭ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʪʠʧʦʤ ʩʧʦʞʠʚʘʯʽʚ-ʨʝʛʫʣʷʪʦʨʽʚ ʻ ʥʘ ʩʴʦʛʦʜʥʽ ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ 

ʟʤʽʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʫ ʧʦʜʘʣʴʰʦʤʫ ï ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ïʨʝʛʫʣʷʪʦʨʠ (ʊʅʈ). ɺʢʣʶʯʝʥʥʷ ʊʅʈ ʫ 

ʩʭʝʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ, ʢʦʪʝʣʴʥʠʭ ʽ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʟʜʽʡʩʥʶʶʪʴ ʟʦʚʥʽʰʥʽʡ ʚʽʜʧʫʩʢ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʟʘʙʝʟʧʝʯʫʻ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ. 

1. ʈʝʛʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʰʣʷʭʦʤ ʟʤʽʥʠ ʩʧʦʞʠʚʘʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʊʅʈ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʤʽʥʘʤʠ ʦʙʩʷʛʽʚ ʘʙʦ ʪʠʤʯʘʩʦʚʠʤ 

ʧʨʠʧʠʥʝʥʥʷʤ ʚʽʜʧʫʩʢʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʤʧʝʥʩʦʚʘʥʽ ʰʣʷʭʦʤ ʚʽʜʧʦʚʽʜʥʦʾ 

ʟʤʽʥʠ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽʩʥʫʶʯʠʭ ʪʝʧʣʦʜʞʝʨʝʣ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʝʟʤʽʥʥʠʤʠ 

ʚʠʭʽʜʥʽ ʛʨʘʬʽʢʠ ʚʽʜʧʫʩʢʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 

2. ɺʩʪʘʥʦʚʣʝʥʥʷ ʊʅʈ ʫ ʤʝʞʘʭ ʽʩʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ, ʢʦʪʝʣʴʥʠʭ 

ʪʘ ʽʥ. ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ 

ʽʩʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʪʝʭʥʦʛʝʥʥʽ ʚʠʢʠʜʠ), ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʥʠʟʴʢʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

(ɼʊʅʇ), ʧʦʪʝʥʮʽʘʣ ʷʢʠʭ ʟʨʦʩʪʘʻ ʧʽʜ ʯʘʩ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʷʻ 

ʟʨʦʩʪʘʥʥʶ ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʊʅʈ ʩʘʤʝ ʫ ʧʝʨʽʦʜ ʦʩʽʥʥʴʦʛʦ ï 

ʟʠʤʦʚʦʛʦ ʤʘʢʩʠʤʫʤʫ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʢʦʣʠ ʚʽʜʯʫʚʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʘ ʧʦʪʨʝʙʘ ʫ 

ʟʥʠʞʝʥʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ɻɽʅ ʆɽʉ  

3. ɻʝʥʝʨʘʮʽʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʊʅʈ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ ʾʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽʩʥʫʶʯʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤ ʟʥʠʞʝʥʥʷʤ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʤʘʟʫʪʫ, ʱʦ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʩʘʤʝ ʧʦ ʩʦʙʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʥʦʤʽʾ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʟʥʠʞʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʟ ʧʨʦʜʫʢʪʘʤʠ ʡʦʛʦ ʟʛʦʨʷʥʥʷ.  

4. ɯʥʪʝʛʨʘʮʽʷ ʊʅʈ ʫ ʽʩʥʫʶʯʽ ʦʙôʻʢʪʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʝ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ (ʫ ʨʘʟʽ ʢʦʪʝʣʴʥʠʭ ʤʦʞʝ ʟʥʘʜʦʙʠʪʴʩʷ ʧʝʚʥʝ 

ʫʢʨʽʧʣʝʥʥʷ ʝʣʝʢʪʨʦʤʝʨʝʞʽ), ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʽ ʨʦʟʧʦʜʽʣʴʥʠʭ ʪʝʧʣʦʧʨʦʚʦʜʽʚ, ʨʝʟʝʨʚʥʠʭ ʪʘ 

ʘʚʘʨʽʡʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʪʝʧʣʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʚʝʣʠʢʦʾ ʻʤʢʦʩʪʽ, ʷʢʽ ʙ ʙʫʣʠ 

ʥʝʦʙʭʽʜʥʽ ʫ ʨʘʟʽ ʩʪʚʦʨʝʥʥʷ ʩʘʤʦʩʪʽʡʥʦ ʧʨʘʮʶʶʯʠʭ ʝʣʝʢʪʨʦʪʝʧʣʦʚʠʭ ʨʝʛʫʣʶʶʯʠʭ ʩʪʘʥʮʽʡ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʪʠʧʫ.  

5. ʆʩʢʽʣʴʢʠ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʧʦʪʫʞʥʽ ʦʙôʻʢʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʚʢʣʶʯʝʥʽ ʘʙʦ 

ʧʽʜʣʷʛʘʶʪʴ ʚʢʣʶʯʝʥʥʶ ʜʦ ʛʘʣʫʟʝʚʠʭ ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʽ ʫʧʨʘʚʣʽʥʥʷ, ʩʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʫʧʨʘʚʣʽʥʥʷ ʊʅʈ, ʩʧʦʣʫʯʝʥʠʭ ʽʟ ʥʠʤʠ, ʥʝ ʷʚʠʪʴ ʪʝʭʥʽʯʥʠʭ ʩʢʣʘʜʥʦʱʽʚ ʽ 
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ʦʙʽʡʜʝʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤʠ ʢʦʰʪʘʤʠ. 

ɿʛʽʜʥʦ ʦʜʝʨʞʘʥʠʭ  ʚ [4] ʦʮʽʥʦʢ, ʩʫʤʘʨʥʠʡ ʪʝʭʥʽʯʥʦ ʜʦʩʷʞʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʛʫʣʶʶʯʦʾ 
ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤ ʊɽʎ ʟ ʊʅʈ ʚ ʦʙôʻʜʥʘʥʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʠʩʪʝʤʽ ʋʢʨʘʾʥʠ ʫ ʟʠʤʦʚʽ ʤʽʩʷʮʽ 

ʨʦʢʫ ʩʢʣʘʜʘʻ  ʦʨʽʻʥʪʦʚʥʦ ʜʦ 3000ʄɺʪ.   

 ʆʮʽʥʢʘ ʥʝʦʙʭʽʜʥʠʭ ʥʘʧʨʷʤʽʚ ʪʘ ʦʙʩʷʛʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ-ʥʘʩʦʩʽʚ 

ʨʝʛʫʣʷʪʦʨʽʚ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ʋ ʬʽʥʘʣʴʥʽʡ ʚʝʨʩʽʾ ɽʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ 

ʋʢʨʘʾʥʠ ʜʦ 2030 ʨʦʢʫ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʦʩʦʙʣʠʚʫ 

ʫʚʘʛʫ ʟʘʩʣʫʛʦʚʫʶʪʴ ʩʘʤʝ ʧʨʦʝʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ-ʨʝʛʫʣʷʪʦʨʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ 

ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʥʝʙʘʣʘʥʩʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʽʟ ʧʦʚʥʦʮʽʥʥʠʤ ʚʠʢʦʥʘʥʥʷʤ 

ʬʫʥʢʮʽʡ ʝʢʦʥʦʤʽʯʥʦʛʦ ʽ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʫʪʠʣʽʟʫʻ ʪʝʧʣʦʚʽ 

ʚʪʨʘʪʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʜʦʚʢʽʣʣʷ [10]. ʆʜʥʘʢ ʧʦʚʥʦʤʘʩʰʪʘʙʥʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʪʨʝʙʫʻ ʚʠʚʯʝʥʥʷ ʧʠʪʘʥʴ ʾʭ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫ 

ʩʢʣʘʜʽ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ ʷʢʦʩʪʽ 

ʩʠʩʪʝʤʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ɻɽʅ.   

ɸʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ , ʟʦʢʨʝʤʘ, ʨʦʟʨʦʙʢʘ ʦʧʪʠʤʘʣʴʥʠʭ ʩʭʝʤ ʪʘ 

ʨʝʞʠʤʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊʅʈ ʫ ʩʢʣʘʜʽ ʊɽʎ, ʚʠʩʚʽʪʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ 

ʝʢʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ ʆɽʉ ʋʢʨʘʾʥʠ.   ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʽʤʽʪʘʮʽʡʥʠʭ ʪʘ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʩʫʤʽʩʥʦʾ 

ʨʦʙʦʪʠ ʊʅʈ ʫ ʩʢʣʘʜʽ ʆɽʉ ʋʢʨʘʾʥʠ ʽ ʉʎʊ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ.  

 

ɺʠʩʥʦʚʢʠ 

 

1. ʆɽʉ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʝʬʽʮʠʪʦʤ ʤʘʥʝʚʨʝʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʱʦ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʢʨʠʪʪʷ ʛʨʘʬʽʢʫ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʚ ʷʢʦʤʫ ʯʘʩʪʠʥʘ ʟʤʽʥʥʠʭ  

ʥʘʚʘʥʪʘʞʝʥʴ ʟʨʦʩʪʘʻ ʱʦʨʦʢʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʚ ʝʢʦʥʦʤʽʮʽ ʋʢʨʘʾʥʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘʩʝʣʝʥʥʷʤ. 

2. ɼʣʷ ʧʦʢʨʠʪʪʷ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʠʣʦʚʫʛʽʣʴʥʽ 

ʝʥʝʨʛʦʙʣʦʢʠ ʊɽʉ, ʱʦ ʥʝ ʩʧʨʦʝʢʪʦʚʘʥʽ ʜʣʷ ʨʦʙʦʪʠ ʫ ʮʠʢʣʽʯʥʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʝʨʝʚʠʪʨʘʪ ʧʘʣʠʚʘ, ʧʦʛʽʨʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʩʪʽʡʢʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ, ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʠʜʽʚ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. 

3. ʋ ʚʝʣʠʢʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʩʚʽʪʫ ʟʘʜʘʯʫ ʨʝʛʫʣʶʚʘʥʥʷ ʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚʠʨʽʰʫʶʪʴ ʧʦ-ʨʽʟʥʦʤʫ, ʘʣʝ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʻ ʪʝʭʥʦʣʦʛʽʷ ɻɸɽʉ, ʷʢʘ 

ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʜʦʧʦʚʥʠʪʴʩʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ ʙʘʪʘʨʝʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʪʝʨʤʽʯʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ ʘʢʫʤʫʣʶʶʯʠ ʤʠ ʝʣʝ4ʢʪʨʦʩʪʘʥʮʽʷʤʠ ʥʘ ʦʩʥʦʚʽ ʩʪʠʩʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʨʦʟʨʦʙʢʘ 

ʷʢʠʭ ʘʢʪʠʚʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʩʚʽʪʽ. 

4. ɺ ʋʢʨʘʾʥʽ ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ɻɽʉ ʪʘ ɻɸɽʉ ʻ ʥʝʜʦʩʪʘʪʥʽʤ ʪʘ ʩʧʦʨʫʜʞʝʥʥʷ 

ʥʦʚʠʭ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʻ ʥʝʙʝʟʧʝʯʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʭʥʦʛʝʥʥʠʭ 

ʢʘʪʘʩʪʨʦʬ, ʪʦʤʫ ʜʣʷ ʧʦʢʨʠʪʪʷ ʧʽʢʦʚʦʾ ʪʘ ʥʘʧʽʚʧʽʢʦʚʦʾ ʯʘʩʪʠʥʠ ʛʨʘʬʽʢʫ ʘʚʪʦʨʦʤ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʽʥʪʝʛʨʘʮʽʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʩʧʦʞʠʚʘʯʽʚ ʨʝʛʫʣʷʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʫ 

ʉʎʊ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʢʝʨʦʚʘʥʦ ʙʘʣʘʥʩʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʽ ʛʝʥʝʨʘʮʽʶ ʝʣʝʢʪʨʠʯʥʦʾ ʽ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʠʩʪʝʤʽ ʋʢʨʘʾʥʠ. 

5. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ-ʨʝʛʫʣʷʪʦʨʽʚ ʥʘ ʦʙôʻʢʪʘʭ ʪʝʧʣʦʚʦʾ 

ʛʝʥʝʨʘʮʽʾ ʜʦʟʚʦʣʠʪʴ ʚ ʷʢʦʩʪʽ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʪʠ ʽʩʥʫʶʯʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʪʘ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʥʘʷʚʥʽ ʪʝʭʥʦʛʝʥʥʽ ʚʠʢʠʜʠ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʥʠʟʴʢʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, 

ʪʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʘʤʽʱʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ ʧʦʪʨʝʙʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʪʝʭʥʦʣʦʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 

6. ʆʮʽʥʢʘ ʦʧʪʠʤʘʣʴʥʠʭ ʥʘʧʨʷʤʽʚ ʪʘ ʦʙʩʷʛʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ 
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ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ɿʘʭʘʨʦʚʘ ɯ. ɺ., ʐʝʚʯʫʢ ʉ.ʇ. 

 

ɯʄʇʋʃʔʉʅʆ-ɺɯɹʈɸʎɯʁʅɽ ʈʋʁʅʋɺɸʅʅʗ ɻɯʈʉʔʂʀʍ ʇʆʈɯɼ 

ʈʦʟʛʣʷʥʫʪʦ ʽʤʧʫʣʴʩʥʦ-ʚʽʙʨʘʮʽʡʥʠʡ ʩʧʦʩʽʙ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʟ ʤʽʮʥʽʩʪʶ f >8 ʟʘ 

ʰʢʘʣʦʶ ʧʨʦʬ. ʄ.ʄ. ʇʨʦʪʦʜʴʷʢʦʥʦʚʘ, ʥʘ ʦʩʥʦʚʽ ʚʟʘʻʤʦʜʽʾ ʦʙʝʨʪʘʣʴʥʦʛʦ ʙʫʨʽʥʥʷ, ʽʤʧʫʣʴʩʽʚ ʚ 

ʜʽʘʧʘʟʦʥʽ  ʯʘʩʪʦʪ 3...5 ɻʮ, ʪʘ ʚʽʙʨʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʩʪʨʠʢʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʟ 

ʯʘʩʪʦʪʦʶ 100é250 ɻʮ, ʷʢʘ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʧʠʪʦʤʦʾ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʝʰʝʥʥʷ ʟʥʦʩʫ ʙʫʨʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ɼʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʧʦʩʦʙʫ ʥʘʚʝʜʝʥʦ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʷʜʨʘ ʫʱʽʣʴʥʝʥʥʷ ʧʨʠ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʠʪʦʤʦʾ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʜʣʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ 

ʚʫʛʽʣʣʷ ʪʘ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʩʪʨʠʢʮʽʡʥʠʡ ʚʽʙʨʘʪʦʨ, ʦʙʝʨʪʘʣʴʥʝ ʙʫʨʽʥʥʷ, ʽʤʧʫʣʴʩʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʙʫʨʽʥʥʷ ʰʧʫʨʽʚ. 

ʀʄʇʋʃʔʉʅʆ-ɺʀɹʈɸʎʀʆʅʅʆɽ ʈɸɿʈʋʐɽʅʀɽ ɻʆʈʅʓʍ ʇʆʈʆɼ 

ʈʘʩʩʤʦʪʨʝʥ ʠʤʧʫʣʴʩʥʦ-ʚʠʙʨʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢʨʝʧʦʩʪʴʶ f 

>8 ʧʦ ʰʢʘʣʝ ʧʨʦʬ. ʄ.ʄ. ʇʨʦʪʦʜʴʷʢʦʥʦʚʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʨʘʱʘʪʝʣʴʥʦ 

ʙʫʨʝʥʠʷ, ʠʤʧʫʣʴʩʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦ 3é5 ɻʮ, ʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ 

ʵʣʝʢʪʨʦʩʪʨʠʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩ ʯʘʩʪʦʪʦʡ 100é250ɻʮ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʠʟʥʦʩʘ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɼʣʷ 

ʦʙʦʩʥʦʚʘʥʠʷ ʮʝʣʝʩʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʧʦʩʦʙʘ ʨʘʩʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʷʜʨʘ 

ʫʧʣʦʪʥʝʥʠʷ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʳ ʫʜʝʣʴʥʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʫʛʣʝʡ ʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʩʪʨʠʢʮʠʦʥʥʳʡ ʚʠʙʨʘʪʦʨ, ʚʨʘʱʘʪʝʣʴʥʦ ʙʫʨʝʥʠʝ, ʠʤʧʫʣʴʩʥʘʷ 

ʥʘʛʨʫʟʢʘ, ʙʫʨʝʥʠʝ ʰʧʫʨʦʚ. 

PULSED-VIBRATION  ROCK DESTRUCTION 

Protodiakonovôs scale, which is based on the interaction of rotary boring, impulses in the 

frequency range of 3-5 Hertz and vibrational load by using electrostrictional method with 

frequency between 100-250 Hertz, that leads to ñcutter- core compactionò modify and reduction of 

energy intensity of destruction due to decrease of cuttersô detrition. To ground the appropriateness 

of using the method, the mechanism of core compaction formation under static and dynamic load 

has been considered, the calculation of energy intensity for the process of cutting coal and rock has 

been conducted. The reduction of energy intensity of destruction is achieved by the reduction of 

cutters blunting due to periodical removal of axial load. At the moment removement of axial load, 

the shape of core compaction changes and the tool is chilled by drilling liquid. 

Key words: electrostrictional vibrator, rotary boring, pulsed load, gadding. 

ɺʩʪʫʧ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʩʧʦʩʦʙʦʤ ʚʽʜʜʽʣʝʥʥʷ ʚʽʜ ʤʘʩʠʚʫ ʧʦʨʽʜ ʩʝʨʝʜʥʴʦʾ 

ʤʽʮʥʦʩʪʽ ʽ ʤʽʮʥʠʭ ʥʘ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ ʛʽʨʥʠʯʦʧʨʦʭʽʜʥʠʮʴʢʦʾ ʪʝʭʥʽʢʠ ʻ ʙʫʨʦʧʽʜʨʠʚʥʠʡ ʩʧʦʩʽʙ. 

ʇʨʦʪʝ, ʷʢʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ ʫʩʝʨʝʜʠʥʫ ʤʘʩʠʚʫ ʧʦʨʦʜʠ, 

ʜʦʟʚʦʣʷʻ ʚ ʜʦʣʽ ʩʝʢʫʥʜʠ ʚʽʜʦʢʨʝʤʣʶʚʘʪʠ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʪʦ ʙʫʨʽʥʥʷ ʰʧʫʨʽʚ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʚ ʤʘʩʠʚʽ ʟʘʨʷʜʽʚ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ, ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ 



ʇʃɽʅɸʈʅɽ ɿɸʉɯɼɸʅʅʗ

 

 

ɽʥʝʨʛʝʪʠʢʘ. ɽʢʦʣʦʛʽʷ. ʃʶʜʠʥʘ 

17 

ʪʨʫʜʦʤʽʩʪʢʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʽʜʛʦʪʦʚʯʠʭ ʚʠʨʦʙʦʢ, ʱʦ ʩʢʣʘʜʘʻ 25ï40 % ʟʘʛʘʣʴʥʠʭ 

ʪʨʫʜʦʚʠʪʨʘʪ ʥʘ  ʚʩʽ ʨʦʙʦʪʠ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ ʽ 55ï60 %  ʚʘʨʪʦʩʪʽ ʚʩʽʭ ʧʨʦʭʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ 
ʧʨʠ ʙʫʨʦʧʽʜʨʠʚʥʦʤʫ ʩʧʦʩʦʙʽ ʧʨʦʚʝʜʝʥʥʷ ʚʠʨʦʙʦʢ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʦʩʦʙʽʚ 

ʤʝʭʘʥʽʯʥʦʛʦ ʙʫʨʽʥʥʷ ʰʧʫʨʽʚ ʜʽʘʤʝʪʨʦʤ 32-52 ʤʤ:  ʦʙʝʨʪʘʣʴʥʝ ʙʫʨʽʥʥʷ ʜʦʮʽʣʴʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʥʝʘʙʨʘʟʠʚʥʠʭ ʧʦʨʦʜʘʭ ʟ f<8; ʦʙʝʨʪʘʣʴʥʦ-ʫʜʘʨʥʝ ʙʫʨʽʥʥʷ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚ 

ʧʦʨʦʜʘʭ ʟ f=  8ï16; ʫʜʘʨʥʦ-ʦʙʝʨʪʘʣʴʥʝ ʙʫʨʽʥʥʷ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚ ʧʦʨʦʜʘʭ ʟ f = 8ï20; ʫʜʘʨʥʝ-

ʧʦʚʦʨʦʪʥʝ ʙʫʨʽʥʥʷ ʥʘʡʙʽʣʴʰʝ ʝʬʝʢʪʠʚʥʝ ʥʘ ʘʙʨʘʟʠʚʥʠʭ ʧʦʨʦʜʘʭ ʽʟ f>16. 

ʄʝʪʘ. ʄʝʪʦʶ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʽʤʧʫʣʴʩʥʦ-ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ  ʟʥʠʟʠʪʠ ʧʠʪʦʤʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʬʦʨʤʠ ʩʠʩʪʝʤʠ 

"ʨʽʟʝʮʴ- ʜ̫ʨʦ ʫʱʽʣʴʥʝʥʥʷ" ʥʘ ʧʠʪʦʤʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ.   

ʄʘʪʝʨʽʘʣʠ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ 

ʧʦʨʽʜ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ 1  ʥʘ ʤʘʩʠʚ ʧʽʜ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫʪʚʦʨʶʻʪʴʩʷ 

ʷʜʨʦ ʫʱʽʣʴʥʝʥʥʷ 2, ʟʘ ʷʢʠʤ ʬʦʨʤʫʻʪʴʩʷ ʟʦʥʘ ʧʝʨʝʜʨʫʡʥʫʚʘʥʥʷ 3 (ʨʠʩ.1). ʇʦʨʦʜʘ ʚ ʷʜʨʽ 

ʫʱʽʣʴʥʝʥʥʷ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʥʽ ʚʩʝʙʽʯʥʦʛʦ ʩʪʠʩʥʝʥʥʷ ʪʘ ʧʝʨʝʜʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʯʘʩʪʠʥʫ 

ʧʦʨʦʜʠ, ʱʦ ʦʪʦʯʫʻ ʷʜʨʦ. ʋ ʨʦʙʦʪʽ [1] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʠʩʥʝʥʝ ʫ 

ʥʘʧʨʷʤʢʫ ʦʩʽ OX ʷʜʨʦ ʫʱʽʣʴʥʝʥʥʷ 2 ʨʦʟʰʠʨʶʻʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ ʦʩʝʡ OY ʪʘ OZ, ʱʦ ʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʨʦʟʪʷʛʫʶʯʠʭ ʥʘʧʨʫʞʝʥʴ ʧʦʙʣʠʟʫ ʷʜʨʘ. ɯ ʷʢʱʦ ʷʜʨʦ ï ʦʙôʻʤ ʧʦʜʨʽʙʥʝʥʦʾ 

ʧʦʨʦʜʠ ʜʦ ʩʪʘʥʫ ʧʠʣʫ, ʪʦ ʟʦʥʘ ʧʝʨʝʜʨʫʡʥʫʚʘʥʥʷ 3 ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʣʠʰʝ ʫʪʚʦʨʝʥʥʷʤ 

ʥʦʚʠʭ ʪʨʽʱʠʥ ʘʙʦ ʨʦʟʰʠʨʝʥʥʷ ʽʩʥʫʶʯʠʭ ʜʦ ʢʨʠʪʠʯʥʦʾ ʰʠʨʠʥʠ, ʧʨʠ ʮʴʦʤʫ ʨʫʡʥʫʚʘʥʥʷ 

ʧʦʨʦʜʠ ʱʝ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ.  

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʨʦʜʠ (ʨʠʩ. 1,ʘ). ʈʽʟʝʮʴ, ʟʘʙʫʨʶʯʠʩʴ ʚ 

ʤʘʩʠʚ ʧʽʜ ʜʽʻʶ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʬʦʨʤʫʻ ʷʜʨʦ ʫʱʽʣʴʥʝʥʥʷ ʟʘʦʢʨʫʛʣʝʥʦʾ ʬʦʨʤʠ 

ʧʝʨʝʜ ʧʝʨʝʜʥʴʦʶ ʛʨʘʥʥʶ ʽ ʪʠʩʥʝ ʥʘ ʟʦʥʫ ʧʝʨʝʜʨʫʡʥʫʚʘʥʥʷ. ʗʜʨʦ ʪʘʢʦʛʦ ʚʠʜʫ ʩʧʦʪʚʦʨʶʻ 

ʬʦʨʤʫ ʨʽʞʫʯʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ "ʨʽʟʝʮʴ-ʷʜʨʦ ʫʱʽʣʴʥʝʥʥʷ", ʱʦ ʬʘʢʪʠʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ çʟʘʪʫʧʣʝʥʠʤè ʨʽʟʮʝʤ. ɺʽʜʦʢʨʝʤʣʝʥʥʷ ʯʘʩʪʢʠ ʧʦʨʦʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʣʽʥʽʾ ʨʫʡʥʫʚʘʥʥʷ 

4.  

ʇʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʬʦʨʤʫʻʪʴʩʷ ʷʜʨʦ ʫʱʽʣʴʥʝʥʥʷ 2 ʢʣʠʥʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ 

(ʨʠʩ. 1,ʙ) [2]. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʦʨʤʘ ʨʽʞʫʯʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ "ʨʽʟʝʮʴ-ʷʜʨʦ ʫʱʽʣʴʥʝʥʥʷ" 

ʬʘʢʪʠʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ çʛʦʩʪʨʠʤè ʨʽʟʮʝʤ.  
 

 
   ʘ)      ʙ) 

 

ʈʠʩʫʥʦʢ 1. ï ʉʭʝʤʘ ʨʽʟʘʥʥʷ ʤʘʩʠʚʫ ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ (ʘ) ʪʘ ʜʠʥʘʤʽʯʥʦʤʫ (ʙ) 
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ʥʘʚʘʥʪʘʞʝʥʥʽ. 

 
ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʬʦʨʤʠ ʩʠʩʪʝʤʠ "ʨʽʟʝʮʴ-ʷʜʨʦ ʫʱʽʣʴʥʝʥʥʷ" ʥʘ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ 

ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʠʣ ʦʧʦʨʫ ʜʣʷ ʨʽʟʘʥʥʷ ʟʘʪʫʧʣʝʥʠʤ ʽ ʛʦʩʪʨʠʤ ʨʽʟʮʝʤ.  

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ ʥʘ ʟʘʪʫʧʣʝʥʦʤʫ ʪʘ ʛʦʩʪʨʦʤʫ ʨʽʟʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʤʝʪʦʜʠʢʦʶ [3] ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʆʉʊ 12.47.001-73 ñʂʦʤʙʘʡʥʠ ʦʯʠʩʥʽ. ɺʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʨʦʟʨʘʭʫʥʦʢ  ʩʠʣ ʨʽʟʘʥʥʷ ʽ ʧʦʜʘʯʽ ʥʘ ʚʠʢʦʥʘʚʯʠʭ ʦʨʛʘʥʘʭ. ʄʝʪʦʜʠʢʘò. 

ɼʣʷ ʚʫʛʽʣʣʷ 

( )
0cp

'
0cp YYfZZ -Ö+= ,     (1) 

ʜʝ cpZ  - ʩʝʨʝʜʥʷ ʩʠʣʘ ʨʽʟʘʥʥʷ   ʥʘ ʟʘʪʫʧʣʝʥʦʤʫ ʨʽʟʮʽ, ʢʅ;   0Z  ï ʩʝʨʝʜʥʷ ʩʠʣʘ ʨʽʟʘʥʥʷ 

ʥʘ ʛʦʩʪʨʦʤʫ ʨʽʟʮʽ, ʢʅ;  f¡ - ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʨʽʟʘʥʥʶ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʩʫʤʠ ʩʠʣ 

ʪʝʨʪʷ ʥʘ ʚʩʽʭ ʧʣʦʱʘʜʢʘʭ ʟʘʪʫʧʣʝʥʥʷ ʨʽʟʮʷ ʜʦ ʩʠʣʠ ʧʦʜʘʯʽ; f '=0,38...0,44; )( 0cp YY - ï ʧʨʠʨʽʩʪ 

ʩʠʣʠ ʧʦʜʘʯʽ ʧʨʠ ʟʘʪʫʧʣʝʥʥʽ ʨʽʟʮʷ, ʢʅ. 

ʉʝʨʝʜʥʷ ʩʠʣʘ ʨʽʟʘʥʥʷ ʥʘ ʛʦʩʪʨʦʤʫ ʨʽʟʮʽ 

 

( )
( ) ɓcosɣɣcpcp

oʪcycpcp003,0cp35,0p

0
ÖÖÖ+

ÖÖÖÖÖÖÖ+Ö

=
Ktghb

KK
f

KKzKthbA

Z ,   (2) 

 

ʜʝ pA ï ʩʝʨʝʜʥʽʡ ʦʧʽʨ ʧʣʘʩʪʘ ʨʽʟʘʥʥʶ ʚ ʥʝʚʽʜʪʠʩʥʫʪʽʡ ʟʦʥʽ, fA Ö=150p , ʜʝ f ï 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʩʥʦʾ ʤʽʮʥʦʩʪʽ ʟʘ ʰʢʘʣʦʶ ʧʨʦʬ. ʇʨʦʪʦʜôʷʢʦʥʦʚʘ, ʢʅ/ʤ; cpb ï ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʰʠʨʠʥʘ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʨʽʟʮʷ, ʤ; 
( )

cp

023,0cp45,0
tgɣ

h

h +Ö
= ,  ɣ ï ʢʫʪ ʙʦʢʦʚʦʛʦ ʨʦʟʚʘʣʫ ʙʦʨʦʟʥʠ 

ʨʽʟʫ;  hʩʨ ï ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ (ʪʦʚʱʠʥʘ ʩʪʨʫʞʢʠ), ʤ; tʩʨ ï ʩʝʨʝʜʥʽʡ ʢʨʦʢ ʨʽʟʘʥʥʷ  

cpcpcp hbt +=  , ʤ; Kɣ ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʢʨʠʭʢʦʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʽʣʣʷ, ʜʣʷ 

ʚôʷʟʢʦʛʦ ʚʫʛʽʣʣʷ  Kɣ=0,85, ʜʣʷ ʢʨʠʭʢʦʛʦ Kɣ=1,0,   ʜʣʷ ʜʫʞʝ ʢʨʠʭʢʦʛʦ Kɣ=1,15; ɓ ï ʢʫʪ 

ʫʩʪʘʥʦʚʢʠ ʨʽʟʮʷ ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ, ɓ=45Ü; Kzï ʢʦʝʬʽʮʽʻʥʪ 

ʚʽʜʢʨʠʪʦʩʪʽ ʚʠʙʦʶ, 

cph
zK

002,03,0 +
= ; Ky ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʢʫʪʘ ʨʽʟʘʥʥʷ Ŭ; Kf ï 

ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʧʝʨʝʜʥʴʦʾ ʛʨʘʥʽ ʨʽʟʮʷ, ʜʣʷ ʨʽʟʮʽʚ ʟ ʧʣʦʩʢʦʶ ʧʝʨʝʜʥʴʦʶ ʛʨʘʥʥʶ, Kf=0,9; Kc ï 

ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʩʭʝʤʫ ʨʽʟʘʥʥʷ ï ʜʣʷ ʧʦʩʣʽʜʦʚʥʦʾ ʩʭʝʤʠ Kc=1; Koʪ ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ 

ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʚʽʜʪʠʩʢʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʚ ʟʦʥʽ ʨʦʙʦʪʠ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ, Koʪ = 0,5.       

ʉʠʣʘ ʧʦʜʘʯʽ ʥʘ ʟʘʪʫʧʣʝʥʦʤʫ ʨʽʟʮʽ  

ʦʙʟcʪů0cp ʂSYY ÖÖ+= ,       (3) 

ʜʝ Y0 ï ʩʠʣʘ ʧʦʜʘʯʽ ʥʘ ʧʨʘʢʪʠʯʥʦ ʛʦʩʪʨʦʤʫ ʨʽʟʮʽ, ʢʅ;  ůcʪ ï ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ʚʫʛʽʣʣʷ 

ʦʜʥʦʦʩʥʦʤʫ ʩʪʠʩʥʝʥʥʶ, ʄʇʘ;  Sʟ ï ʧʨʦʝʢʮʽʷ ʧʣʦʱʘʜʢʠ ʟʘʪʫʧʣʝʥʥʷ ʨʽʟʮʷ ʥʘ ʧʣʦʱʠʥʫ ʨʽʟʘʥʥʷ; 

Koʙ  ï ʢʦʝʬʽʮʽʻʥʪ ʦʙôʻʤʥʦ-ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʤʘʩʠʚʫ. 

ʉʝʨʝʜʥʷ ʩʠʣʘ ʧʦʜʘʯʽ ʥʘ ʛʦʩʪʨʦʤʫ ʨʽʟʮʽ  

0p0 ZKY Ö= .      (4) 

ʜʝ ʢʦʝʬʽʮʽʻʥʪ Kʨ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʥʦʰʝʥʥʷ ʩʠʣʠ ʧʦʜʘʯʽ ʜʦ ʩʠʣʠ ʨʽʟʘʥʥʷ ʥʘ ʛʦʩʪʨʦʤʫ 

ʨʽʟʮʽ. ɺʽʥ ʧʨʠʡʤʘʻʪʴʩʷ ʜʣʷ ʚôʷʟʢʦʛʦ ʚʫʛʽʣʣʷ 0,7, ʜʣʷ ʢʨʠʭʢʦʛʦ 0,6, ʜʣʷ ʜʫʞʝ ʢʨʠʭʢʦʛʦ 0,5. 
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ɼʣʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʩʠʣʘ ʨʽʟʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʪʘʢʪʥʦʾ ʤʽʮʥʦʩʪʽ [3], 

ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʪʘʢʦʞ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʠ ʦʧʦʨʫ ʧʨʠ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ 
ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʪʝʦʨʽʾ ʫʜʘʨʥʦ-ʢʦʥʪʘʢʪʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. 

ɼʣʷ ʛʦʩʪʨʦʛʦ ʨʽʟʮʷ: 

( )( ),018,025,0p01,092,0ʢ0 htbnkpZ ÖÖ+Ö+Ö= a      (5) 

,00 ZY =       (6) 

ʜʝ Z0, Y0 ï ʩʠʣʠ ʨʽʟʘʥʥʷ ʽ ʧʦʜʘʯʽ ʥʘ ʛʦʩʪʨʦʤʫ ʨʽʟʮʽ, ʅ; ʨʢ ï ʢʦʥʪʘʢʪʥʘ ʤʽʮʥʽʩʪʴ ʧʦʨʦʜʠ, 

ʨʢ=44Ŀf 1,5, ʄʇʘ;  bp ï ʰʠʨʠʥʘ ʨʽʟʮʷ; t ï ʢʨʦʢ ʨʽʟʘʥʥʷ, ʤʤ;  h ï ʪʦʚʱʠʥʘ ʩʪʨʫʞʢʠ, ʤʤ; 

( )pn bkk 01,092,0p += a ï ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʛʝʦʤʝʪʨʽʶ ʨʽʟʮʷ. 

ɼʣʷ ʟʘʪʫʧʣʝʥʦʛʦ ʨʽʟʮʷ: 

ʟʘʪʢʨɛ25,00 SʨZZ += ,         (7) 

,ʟʘʪʢ25,00 SʨYY +=      (8) 

ʇʠʪʦʤʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʄɼʞ/ʤ3   

ht

Z
wʅ

Ö
= .      (9) 

ɺʽʜʥʦʩʥʘ ʟʤʽʥʘ ʝʥʝʨʛʦʻʤʥʦʩʪʽ   

%100

0

0cp
Ö

-
=D

wH

wHwH

wʅ .    (10) 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ,  ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʮʷ: ʜʣʷ ʚʫʛʽʣʣʷ ï pA =210 

ʢʅ/ʤ; Kɣ=1,0; Kc=1; Kf=0,9; Kz=14,1; Ky=0,9; Koʪ=0,5; ʠ Koʙ=1,558; tgɣ=1,525; ɓ=45Ü; ůcʪ=141 

ʄʇʘ; bʩʨ=0,022 ʤ; hʩʨ=0,021 ʤ; tʩʨ=0,043 ʤ; Sʟ=15Ŀ10
-6 ʤ2 (ʜʣʷ ʨʽʟʘʥʥʷ ʧʦ ʚʫʛʽʣʣʶ); ʜʣʷ ʧʦʨʦʜʠ 

ï h=20 ʤʤ; tʩʨ=30 ʤʤ; Sʟʘʪ=40 ʤʤ
2; ʜʣʷ ʨʽʟʮʽʚ ʐɹʄ-2 kp=1; ɛp=0,4. 

 

ʊʘʙʣʠʮʷ 1. 
 ʉʝʨʝʜʥʷ 

ʩʠʣʘ 

ʨʽʟʘʥʥʷ 

ʥʘ 

ʛʦʩʪʨʦʤʫ 

ʨʽʟʮʽ, ʢʅ 

ʉʝʨʝʜʥʷ 

ʩʠʣʘ 

ʧʦʜʘʯʽ 

ʥʘ 

ʛʦʩʪʨʦʤʫ 

ʨʽʟʮʽ, ʢʅ 

ʇʠʪʦʤʘ 

ʝʥʝʨʛʦ-

ʻʤʥʽʩʪʴ 

ʧʨʠ 

ʨʽʟʘʥʥʽ 

ʛʦʩʪʨʠʤ 

ʨʽʟʮʝʤ, 

ɼʞ/ʤ3 

ʉʝʨʝʜʥʷ 

ʩʠʣʘ 

ʨʽʟʘʥʥʷ 

ʥʘ 

ʟʘʪʫʧʣʝʥ

ʦʤʫ 

ʨʽʟʮʽ, ʢʅ 

ʉʝʨʝʜʥʷ 

ʩʠʣʘ 

ʧʦʜʘʯʽ 

ʥʘ 

ʟʘʪʫʧʣʝ-

ʥʦʤʫ 

ʨʽʟʮʽ, ʢʅ 

ʇʠʪʦʤʘ 

ʝʥʝʨʛʦ-

ʻʤʥʽʩʪʴ ʧʨʠ 

ʨʽʟʘʥʥʽ 

ʟʘʪʫʧʣʝʥʠʤ 

ʨʽʟʮʝʤ, 

ʄɼʞ/ʤ3 

ɺʽʜʥʦʩʥʘ 

ʟʤʽʥʘ 

ʝʥʝʨʛʦ-

ʻʤʥʦʩʪʽ, % 

ɺʫʛʽʣʣʷ 

(f=1,4) 

0,309 0,185 0,332 

 

0,31 0,189 0,334 

 

0,6 

ʇʽɦʘʥʠʢ 

(f=10) 

16,91 16,91 28,18 

 

22,48 30,83 37,46 

 

32,9 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʷʜʨʘ ʫʱʽʣʴʥʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʟʙʽʣʴʰʝʥʥʶ ʟʦʥʠ 

ʟʘʪʫʧʣʝʥʥʷ ʨʽʟʮʷ, ʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʪʘ ʧʦʜʘʯʽ ʙʫʜʫʪʴ ʟʨʦʩʪʘʪʠ. ɺʽʜʧʦʚʽʜʥʦ ʙʫʜʝ ʟʨʦʩʪʘʪʠ ʧʠʪʦʤʘ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʦʜʠ. ɿʥʦʰʫʚʘʥʥʷ ʨʽʟʮʽʚ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʧʦʚôʷʟʘʥʝ ʟ 

ʩʠʣʘʤʠ ʪʝʨʪʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʤʽʞ ʨʽʟʮʝʤ ʪʘ ʧʦʨʦʜʦʶ. ɿʥʠʞʝʥʥʷ ʧʠʪʦʤʦʾ ʝʥʝʨʛʦʻʤʥʦʩʪʽ 

ʨʫʡʥʫʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʟʘʪʫʧʣʝʥʥʷ ʨʽʟʮʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʽʦʜʠʯʥʦʛʦ ʟʥʷʪʪʷ 

ʦʩʴʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʚʚʝʜʝʥʥʷʤ ʚ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʤʦʤʝʥʪ ʟʥʷʪʪʷ ʦʩʴʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʚʘ 

ʚʘʞʣʠʚʠʭ ʧʨʦʮʝʩʠ: ʟʤʽʥʘ ʬʦʨʤʠ ʷʜʨʘ ʫʱʽʣʴʥʝʥʥʷ, ʷʢʝ, ʟʤʽʥʶʶʯʠ ʛʝʦʤʝʪʨʽʶ ʩʠʩʪʝʤʠ 

"ʨʽʟʝʮʴï̫ ʜʨʦ ʫʱʽʣʴʥʝʥʥʷ" ʽ, ʟʙʽʣʴʰʫʶʯʠ ʩʠʣʠ ʪʝʨʪʷ, ʟʙʽʣʴʰʫʻ ʧʠʪʦʤʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ 
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ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʙʫʨʦʚʠʤ ʨʦʟʯʠʥʦʤ. ʊʘʢʠʡ ʧʨʦʮʝʩ 

ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʽʤʧʫʣʴʩʥʦ-ʚʽʙʨʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʛʽʨʥʠʯʦʾ 
ʤʘʰʠʥʠ. ʊʘʢ ʽʤʧʫʣʴʩʥʦ-ʚʽʙʨʘʮʽʡʥʘ ʜʽʷ ʧʨʠ ʦʙʝʨʪʘʣʴʥʦʤʫ ʙʫʨʽʥʥʽ ʝʬʝʢʪʠʚʥʘ ʧʨʠ ʥʘʨʽʟʘʥʥʽ 

ʩʧʽʨʘʣʝʚʠʜʥʠʤʠ ʰʘʨʘʤʠ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʟʘ ʨʘʭʫʥʦʢ ʥʘʜʘʥʥʷ ʙʫʨʦʚʦʤʫ ʽʥʩʪʨʫʤʝʥʪʫ 

ʧʦʩʪʽʡʥʦʛʦ ʦʩʴʦʚʦʛʦ ʟʫʩʠʣʣʷ, ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʽʤʧʫʣʴʩʽʚ ʚ ʜʽʘʧʘʟʦʥʽ  ʯʘʩʪʦʪ 3...5 ɻʮ ʪʘ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʩʪʨʠʢʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʟ ʯʘʩʪʦʪʦʶ 100é250 ɻʮ. ɿʘʚʜʷʢʠ 

ʧʦʩʪʽʡʥʽʡ ʚʽʙʨʘʮʽʾ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʪʝʨʪʷ ʣʝʟʘ ʽʥʩʪʨʫʤʝʥʪʘ ʦʙ ʧʦʨʦʜʫ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʆʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʻ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚ ʧʨʦʮʝʩʽ ʨʫʡʥʫʚʘʥʥʷ ʤʘʶʪʴ ʟʤʽʥʥʽ ʩʪʘʪʠʩʪʠʯʥʽ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʦʤʫ ʧʨʦʮʝʩ  

ʨʫʡʥʫʚʘʥʥʷ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʜʦ ʥʝʝʨʛʦʜʠʯʥʦʛʦ, ʦʩʢʽʣʴʢʠ ʩʪʘʪʠʩʪʠʯʥʽ ʯʠʩʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʻ ʥʝ ʩʪʘʮʽʦʥʘʨʥʠʤʠ. ʇʨʠʯʦʤʫ, ʩʘʤ ʧʨʦʮʝʩ ʽʤʧʫʣʴʩʥʦ-ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʥʦʩʠʪʴ ʢʦʤʧʣʝʢʩʥʠʡ ʭʘʨʘʢʪʝʨ ʟ ʧʦʻʜʥʘʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʽ ʦʙ'ʻʤʥʦʛʦ ʧʨʦʮʝʩʫ 

ʨʫʡʥʫʚʘʥʥʷ. 

ɼʣʷ ʩʠʥʪʝʟʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʽʤʧʫʣʴʩʥʦ-ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʦʜʠ ʧʨʠ ʦʙʝʨʪʘʣʴʥʦʤʫ ʙʫʨʽʥʥʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʫʩʪʘʪʢʫʚʘʥʥʽ ɯʥʩʪʠʪʫʪʫ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʤ. ɺ.ʅ. ɹʘʢʫʣʷ ʅɸʅ 

ʋʢʨʘʾʥʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʴ ʟʛʽʜʥʦ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʦʙʨʘʥʦ ʤʝʪʦʜ 

ɻʘʫʩʘ-ɿʘʡʜʝʣʷ. ʆʩʥʦʚʥʠʡ ʦʙ'ʻʤ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʢʦʥʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʩʪʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʚʠʤʽʨʫ ʡ ʢʝʨʫʚʘʥʥʷ Keithley 575 ʬʽʨʤʠ "Keithley Instruments, Inc." 

(ʉʐɸ), ʧʽʜʢʣʶʯʝʥʦʾ ʜʦ ʇɽʆʄ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ  

ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ Easyest LX ʬʽʨʤʠ "Asyst Software 

Technologies, 1ʧʩ."(ʉʐɸ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʽ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʦʜʠ ʧʨʠ 

ʦʙʝʨʪʘʣʴʥʦʤʫ ʙʫʨʽʥʥʽ ʛʨʘʻ ʟʦʥʘ ʧʝʨʝʜʨʫʡʥʫʚʘʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʥʘ ʾʾ ʫʪʚʦʨʝʥʥʷ ʚ 

ʧʨʦʮʝʩʽ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʦʜʠ ʚʠʪʨʘʯʘʻʪʴʩʷ ʚʩʴʦʛʦ 20-30 % ʧʽʜʚʝʜʝʥʦʾ ʜʦ ʚʠʙʦʶ ʝʥʝʨʛʽʾ, 

ʥʘʷʚʥʽʩʪʴ ʟʦʥʠ ʧʝʨʝʜʨʫʡʥʫʚʘʥʥʷ ʦʙʫʤʦʚʣʶʻ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʦʧʦʨʫ ʧʦʨʦʜʠ ʨʫʡʥʫʚʘʥʥʶ ʡ 

ʚʽʜʧʦʚʽʜʥʦ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʠ 

ʧʝʨʝʜʨʫʡʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ "ʨʽʟʝʮʴ-ʷʜʨʦ ʫʱʽʣʴʥʝʥʥʷ" ʪʘ ʽʤʧʫʣʴʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʽʟʮʝʚʫ 

ʯʘʩʪʠʥʫ ʽʥʩʪʨʫʤʝʥʪʫ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠʩʪʨʦʶ ʪʘ ʩʧʦʩʽʙ ʨʝʘʣʽʟʘʮʽʾ 

ʽʤʧʫʣʴʩʥʦ-ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʢʦʤʧʣʝʢʩʽ  ʋʢʨʘʾʥʠ.  

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʬʦʨʤʠ ʩʠʩʪʝʤʠ "ʨʽʟʝʮʴ-ʷʜʨʦ ʫʱʽʣʴʥʝʥʥʷ" 

ʥʘ ʧʨʦʮʝʩ ʨʫʡʥʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʪʘ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ï ʤʽʮʥʦʛʦ ʧʽʱʘʥʠʢʫ. ɺʠʟʥʘʯʝʥʦ ʚʽʜʧʦʚʽʜʥʽ 

ʟʥʘʯʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ ʪʘ ʧʠʪʦʤʠʭ ʝʥʝʨʛʦʻʤʥʦʩʪʝʡ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʧʠʪʦʤʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ 

ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʬʦʨʤʘ ʩʠʩʪʝʤʠ "ʨʽʟʝʮʴ-ʷʜʨʦ ʫʱʽʣʴʥʝʥʥʷ". ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʤʽʮʥʦʩʪʽ 

ʧʦʨʦʜʠ ʟʨʦʩʪʘʻ ʚʽʜʥʦʩʥʘ ʟʤʽʥʘ  ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʛʦʩʪʨʠʤ  ʨʽʟʮʝʤ ʪʘ 

ʟʘʪʫʧʣʝʥʠʤ, ʷʢʘ ʜʦʩʷʛʘʻ  ʜʣʷ ʨʽʟʘʥʥʷ ʧʦ ʧʦʨʦʜʽ  32%. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʫ ʽʤʧʫʣʴʩʥʦ-ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. 
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ɸʇʈʆɹɸʎɯʗ ʄɽʊʆɼʋ ʆʎɯʅʂʀ ɺʇʃʀɺʋ ʊɽʍʅʆɻɽʅʅʀʍ ʆɹ'ɭʂʊɯɺ ʅɸ 

ɼʆɺʂɯʃʃʗ ʅɸ ʇʈʀʂʃɸɼɯ ʄ.ʂʀɰɺ 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʩʫʯʘʩʥʠʭ ʥʦʨʤʘʪʠʚʽʚ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʜʦʚʢʽʣʣʷ. 

ʅʘ ʧʨʠʢʣʘʜʽ ʤ. ʂʠʾʚ ʧʝʨʝʚʽʨʝʥʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʝʢʦʣʦʛʽʯʥʦ ʜʦʧʫʩʪʠʤʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ, ʫʨʙʦʝʢʦʩʠʩʪʝʤʘ, ʘʙʦʨʪʠʚʥʽʩʪʴ, ʙʽʦʽʥʜʠʢʘʪʦʨ. 

 

ɸʇʈʆɹɸʎʀʗ ʄɽʊʆɼɸ ʆʎɽʅʂʀ ɺʃʀʗʅʀʗ ʊɽʍʅʆɻɽʅʅʓʍ ʆɹʒɽʂʊʆɺ 

ʅɸ ʆʂʈʋɾɸʖʑʋʖ ʉʈɽɼʋ ʅɸ ʇʈʀʄɽʈɽ ɻ. ʂʀɽɺ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʅʘ ʧʨʠʤʝʨʝ ʛ. ʂʠʝʚ ʧʨʦʚʝʨʝʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ. 

ʂʣʁʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ, ʫʨʙʦʝʢʦʩʠʩʪʝʤʘ, ʘʙʦʨʪʠʚʥʦʩʪʴ, ʙʠʦʠʥʜʠʢʘʪʦʨ. 

 

APPROBATION METHOD O F ASSESSING THE IMPACT OF TECHNOGENIC 

OBJECTS ON THE ENVIR ONMENT FOR EXAMPLE, KIEV  

The paper discusses the shortcomings of modern standard maximum admissible 

concentration. A method of assessing the impact of technogenic pollution on the environment are 

presented. The adequacy of this method was verified on the example of Kyiv. 

 Key words: maximum admissible concentration, environmentally, admissible concentration, 

urboecosystem, abortiveness, bioindicator. 

 

ɺʩʪʫʧ. ɹʽʣʴʰʽʩʪʴ ʚʝʣʠʢʠʭ ʤʽʩʪ ʋʢʨʘʾʥʠ ʻ ʦʩʝʨʝʜʢʘʤʠ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʚ 

ʦʩʥʦʚʥʦʤʫ ʧʦʚôʷʟʘʥʽ ʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʦʩʥʦʚʥʠʤ 

ʢʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʜʦʚʢʽʣʣʷ ʻ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. 

ʇʨʦʪʝ ʨʦʙʦʪʠ ʪʘʢʠʭ ʚʯʝʥʠʭ ʷʢ ʄ.ɻ.ɹʫʣʛʘʢʦʚ, ɺ.ʅ. ʄʘʢʩʠʤʦʚ, ɸ.ʇ. ʃʝʚʽʯʘ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʥʦʨʤʠ ɻɼʂ ʥʝʜʦʩʪʘʪʥʽ ʽ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʘʭ ʟʘʚʠʱʝʥʽ, ʘ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʦʚʢʽʣʣʽ ʚ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʥʝ ʚʽʜʩʪʝʞʫʶʪʴʩʷ, ʭʦʯʘ ʚ ʧʝʚʥʠʭ 

ʢʦʤʙʽʥʘʮʽʷʭ, ʚʠʢʣʠʢʘʶʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʽ ʧʦʨʫʰʝʥʥʷ, ʥʽʞ ʧʦʣʶʪʘʥʪʠ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 

ʟʥʘʯʝʥʥʷ ɻɼʂ.  

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʨʦʙʦʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʪʘ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʜʦʚʢʽʣʣʷ,. ʱʦ ʦʙôʻʢʪʠʚʥʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʚʝʥʴ ʫʰʢʦʜʞʝʥʦʩʪʽ ʫʨʙʦʝʢʦʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. ɸʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʜʦ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʙʽʦʽʥʜʠʢʘʮʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʠʪʠ ʩʫʤʘʨʥʫ ʜʽʶ ʚʩʽʭ ʟʘʙʨʫʜʥʝʥʴ, ʻ ʜʦʩʪʦʚʽʨʥʠʤʠ ʽ ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʘʜʝʢʚʘʪʥʦʾ ʦʮʽʥʢʠ 



ʇʃɽʅɸʈʅɽ ɿɸʉɯɼɸʅʅʗ

 

 

ɽʥʝʨʛʝʪʠʢʘ. ɽʢʦʣʦʛʽʷ. ʃʶʜʠʥʘ 

22 

ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ. 

 

ʄʝʪʘ. ʉʘʤʝ ʪʦʤʫ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʧʨʦʙʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʚʧʣʠʚʫ 

ʪʝʭʥʦʛʝʥʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʜʦʚʢʽʣʣʷ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʝʢʦʣʦʛʽʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

(ʄʝʪʦʜ ɽɼʂ).  

 

ɿʘʚʜʘʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ:  

1) ʚʠʢʦʥʘʪʠ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʧʦʣʶʪʘʥʪʽʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʘʙʽʦʪʠʯʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʚʝʥʴ ʘʙʦʨʪʠʚʥʦʩʪʽ ʧʠʣʢʫ ; 

2) ʧʝʨʝʚʽʨʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʧʨʠʢʣʘʜʽ 

ʫʨʙʦʝʢʦʩʠʩʪʝʤʠ ʤ. ʂʠʾʚ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʙʽʦʽʥʜʠʢʘʮʽʾ ʙʫʣʦ ʦʙʨʘʥʦ ʮʠʪʦʛʝʥʝʪʠʯʥʽ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʠʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ 

ʘʙʦʨʪʠʚʥʦʩʪʽ ʙʽʦʽʥʜʠʢʘʪʦʨʘ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʪʝʩʪʦʤ "ʉʪʝʨʠʣʴʥʽʩʪʴ ʧʠʣʢʫ ʨʦʩʣʠʥ 

ʬʽʪʦʽʥʜʠʢʘʪʦʨʽʚ" ʫ ʤ. ʂʠʾʚ. ɺ ʷʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʘ ʙʫʣʦ ʦʙʨʘʥʦ Taraxacum officinalis Webb. 

(ʂʫʣʴʙʘʙʫ ʣʽʢʘʨʩʴʢʫ), ʪʦʤʫ ʱʦ ʚʦʥʘ ʻ ʧʦʰʠʨʝʥʦʶ ʫ ʤʽʩʪʘʭ, ʥʝʚʠʙʘʛʣʠʚʦʶ ʧʨʠʜʦʨʦʞʥʴʦʶ 

ʨʦʩʣʠʥʦʶ ʽ ʚʽʜʧʦʚʽʜʘʻ ʚʩʽʤ ʚʠʤʦʛʘʤ, ʧʦʩʪʘʚʣʝʥʠʤ ʜʦ ʨʦʩʣʠʥʠ-ʽʥʜʠʢʘʪʦʨʘ [1]. 

ʉʝʨʝʜ ʘʙʽʦʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʙʫʣʠ ʦʙʨʘʥʽ ʦʩʥʦʚʥʽ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ (ʦʢʩʠʜ ʢʘʨʙʦʥʫ (ɯɯ), ʩʧʦʣʫʢʠ ʥʽʪʨʦʛʝʥʫ, ʣʝʪʢʽ ʦʨʛʘʥʽʯʥʽ 

ʩʧʦʣʫʢʠ, ʘʤʦʥʽʘʢ, ʧʠʣ), ʪʦʤʫ ʱʦ ʙʣʠʟʴʢʦ 90 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʥʝ 

ʧʦʚʽʪʨʷ ʤʽʩʪʘ ʧʨʠʧʘʜʘʻ ʩʘʤʝ ʥʘ ʥʠʭ.  

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʪʦʤʫ ʯʠʩʣʽ ʙʫʚ ʨʦʟʨʘʭʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ 

ʪʦʯʥʦʩʪʽ ʜʦʩʣʽʜʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ ʥʘʜʽʡʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ. ʊʦʯʥʽʩʪʴ ʚʚʘʞʘʻʪʴʩʷ 

ʜʦʩʪʘʪʥʴʦʶ, ʷʢʱʦ ʈ ʤʝʥʰʠʡ ʚʽʜ 3 %, ʽ ʟʘʜʦʚʽʣʴʥʦʶ ʧʨʠ ʈ ʚʽʜ 3 % ʜʦ 5 % [2]. ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʧʦʢʘʟʥʠʢ ʪʦʯʥʦʩʪʽ ʜʦʨʽʚʥʶʻ 3,3%, ʱʦ ʜʦʚʦʜʠʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʊʘʢʦʞ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʩʪʝʨʠʣʴʥʦʩʪʽ ʧʠʣʢʫ ʨʦʩʣʠʥʠ-ʙʽʦʽʥʜʠʢʘʪʦʨʘ 

ʚʽʜ ʚʝʣʠʯʠʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʫ ʧʦʚʽʪʨʽ, ʷʢʘ ʥʦʩʠʪʴ ʧʘʨʘʙʦʣʽʯʥʠʡ 

ʭʘʨʘʢʪʝʨ ʽ ʦʧʠʩʫʻʪʴʩʷ ʧʦʣʽʥʦʤʦʤ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʘʙʨʫʜʥʶʶʯʽ 

ʜʦʤʽʰʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʫ ʨʝʧʨʦʜʫʢʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [3]. 

ʅʘ ʦʩʥʦʚʽ ʚʩʪʘʥʦʚʣʝʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʩʝʨʝʜ 

ʦʩʥʦʚʥʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʤ. ʂʠʻʚʘ ʦʢʩʠʜ ʢʘʨʙʦʥʫ (ɯɯ), ʦʢʩʠʜ ʥʽʪʨʦʛʝʥʫ (IV), ʬʝʥʦʣ, 

ʬʦʨʤʘʣʴʜʝʛʽʜ, ʘʤʦʥʽʘʢ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʚʝʥʴ ʩʪʝʨʠʣʴʥʦʩʪʽ ʧʠʣʢʫ, ʘ ʚʽʜ ʦʢʩʠʜʫ ʩʽʨʢʠ (IV), 

ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ, ʬʪʦʨʠʩʪʦʛʦ ʪʘ ʭʣʦʨʠʩʪʦʛʦ ʚʦʜʥʶ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʥʝ ʟʘʣʝʞʠʪʴ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʄʝʪʦʜ ɽɼʂ ʧʝʨʝʜʙʘʯʘʻ ʩʧʽʣʴʥʠʡ ʘʥʘʣʽʟ ʫʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʘʙʽʦʪʠʯʥʠʭ 

ʟʤʽʥʥʠʭ, ʷʢʽ ʚʠʤʽʨʶʶʪʴʩʷ ʩʣʫʞʙʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʜʣʷ ʚʠʙʦʨʫ ʩʝʨʝʜ ʥʠʭ ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʠʭ 

ʜʣʷ ʙʽʦʪʠ ʟ ʦʜʥʦʯʘʩʥʠʤ ʦʙʯʠʩʣʝʥʥʷʤ ʤʝʞ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫʨʙʦʝʢʦʩʠʩʪʝʤʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʄʝʪʦʜʫ ɽɼʂ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʦʮʽʥʢʘ ʩʪʫʧʝʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʝʙʣʘʛʦʧʦʣʫʯʯʷ 

ʫʨʙʦʝʢʦʩʠʩʪʝʤʠ ʧʦ ʰʢʘʣʽ "ʥʦʨʤʘ - ʧʘʪʦʣʦʛʽʷ" ʟʘ ʽʥʜʠʢʘʪʦʨʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʥʘʙʦʨʽʚ ʦʮʽʥʦʢ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʽ ʚʽʜʧʦʚʽʜʥʦʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ 

ʚʠʟʥʘʯʘʣʠ ɽɼʂ, ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʪʦʯʥʽʩʪʴ ʽ ʧʦʚʥʦʪʫ - ʢʨʠʪʝʨʽʾ ʟʥʘʯʠʤʦʩʪʽ ʮʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʷ 1 ï ʇʘʨʘʤʝʪʨʠ ʟʘʣʝʞʥʦʩʪʽ ʩʪʘʥʫ ʙʽʦʽʥʜʠʢʘʪʦʨʘ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ 

ɿʤʽʥʥʘ ʉʟ.ʨ.min 

(ʤʛ/ʤ3) 

ɽɼʂ ʉʟ.ʨ.max 

(ʤʛ/ʤ3) 

ʊʦʯʥʽʩʪʴ, % ʇʦʚʥʦʪʘ,% 

ʇʠʣ 0,1 0,14 0,2 0,69 0,37 

ɼʚʦʦʢʠʩ ʩʽʨʢʠ 0,004 0,009 0,01 0,63 0,25 

ʆʢʠʩ ʚʫʛʣʝʮʶ 0 0,6 1,8 0,82 0,55 

ɼʚʦʦʢʠʩ ʘʟʦʪʫ 0,02 0,12 0,18 0,87 0,82 

ʌʝʥʦʣ 0,0002 0,0008 0,001 0,87 0,7 

ʌʦʨʤʘʣʴʜʝʛʽʜ 0,007 0,01 0,01 0,89 0,24 

ɸʤʽʘʢ 0 0,006 0,009 0,94 0,51 

ʍʣʦʨʠʩʪʠʡ ʚʦʜʝʥʴ 0 0,005 0,007 0,67 0,09 

ʌʪʦʨʠʩʪʠʡ ʚʦʜʝʥʴ 0,002 0,003 0,004 0,63 0,76 

 

ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʚʩʽ ʘʙʽʦʪʠʯʥʽ ʬʘʢʪʦʨʠ ʻ ʫʤʦʚʥʦ ʟʥʘʯʠʤʠʤʠ, ʪʦʙʪʦ 

ʪʘʢʠʤʠ, ʜʣʷ ʷʢʠʭ ɽɼʂ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʥʘʡʤʝʥʰʦʛʦ ʪʘ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʴ ʜʘʥʦʛʦ 

ʬʘʢʪʦʨʫ ʟʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʝʨʽʦʜ (ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʢʨʠʪʝʨʽʶ ʧʦʚʥʦʪʠ). 

ʆʜʥʘʢ ʥʝ ʚʩʽ ʫʤʦʚʥʦ ʟʥʘʯʠʤʽ ʬʘʢʪʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʥʽ ʟʥʘʯʠʤʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ 

ʚʠʢʣʠʢʘʶʪʴ ʥʝʙʣʘʛʦʧʦʣʫʯʯʷ ʙʽʦʪʠ. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘʢʠʭ ʧʨʠʯʠʥ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʧʨʦʚʝʩʪʠ 

ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʟ ʫʤʦʚʥʦ ʟʥʘʯʠʤʠʭ ʬʘʢʪʦʨʽʚ ʟʥʘʯʠʤʽ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ɽɼʂ ʜʣʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʚ ʷʢʦʩʪʽ ʟʥʘʯʠʤʠʭ, ʟ ʫʩʴʦʛʦ 

ʩʧʠʩʢʫ ʬʘʢʪʦʨʽʚ ʜʣʷ ʢʦʞʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʚʽʜʙʠʨʘʣʠʩʷ ʪʽ, ʷʢʽ ʜʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ 

ʚʥʝʩʦʢ ʚ ʥʝʙʣʘʛʦʧʦʣʫʯʯʷ ʝʢʦʩʠʩʪʝʤʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʥʘʯʠʤʠʤʠ ʬʘʢʪʦʨʘʤʠ ʻ ʥʘʩʪʫʧʥʽ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ: ʦʢʩʠʜ ʢʘʨʙʦʥʫ (ɯɯ), ʦʢʩʠʜ ʥʽʪʨʦʛʝʥʫ 

(IV), ʬʝʥʦʣ, ʬʦʨʤʘʣʴʜʝʛʽʜ, ʘʤʦʥʽʘʢ. 

ɺʠʩʥʦʚʢʠ: 

1. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʦʢʘʟʥʠʢ ʘʙʦʨʪʠʚʥʦʩʪʽ ʧʠʣʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʧʦʣʶʪʘʥʪʽʚ ʷʢ 
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2. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʄʝʪʦʜʫ ɽɼʂ ʟʥʘʯʠʤʠʤʠ ʬʘʢʪʦʨʘʤʠ ʻ ʪʽ ʩʘʤʽ ʧʦʣʶʪʘʥʪʠ, ʱʦ ʽ 

ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʩʪʘʥʦʚʣʝʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ. ɸ 

ʫʤʦʚʥʦ ʟʥʘʯʠʤʽ ʬʘʢʪʦʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʠʤ ʟʘʙʨʫʜʥʶʶʯʠʤ ʨʝʯʦʚʠʥʘʤ, ʷʢʽ ʤʘʶʪʴ 

ʥʝʟʥʘʯʥʠʡ ʟʚ'ʷʟʦʢ ʟ ʧʦʢʘʟʥʠʢʦʤ ʘʙʦʨʪʠʚʥʦʩʪʽ ʙʽʦʽʥʜʠʢʘʪʦʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ 

ʜʦʚʢʽʣʣʷ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʝʢʦʣʦʛʽʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʘ ʧʨʘʢʪʠʮʽ. 
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ɿʘʢʣʘʜʥʠʡ ʆ.ʄ., ɹʨʦʥʠʮʴʢʠʡ ɺ.ʆ., ɿʘʢʣʘʜʥʠʡ ʆ.ʆ, ʄʦʛʠʣʘʪ ɼ.ʖ. 

ʇɯɼɺʀʑɽʅʅʗ ʈɯɺʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʊɸ ʗʂʆʉʊɯ ʈɽɻʋʃʖɺɸʅʅʗ 

ɺ ɼʀʅɸʄɯʏʅʀʍ ʈɽɾʀʄɸʍ ɽʄʉ ɿ ɺɽʅʊʀʃʔʅʀʄʀ ɼɺʀɻʋʅɸʄʀ 

 

ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʚʝʥʪʠʣʴʥʠʤ ʜʚʠʛʫʥʦʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʧʨʠʚʦʜʘ ʫ ʨʘʟʽ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʚ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʘʭ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʨʠʨʽʚʥʝʚʠʡ ʇɯ ʨʝʛʫʣʷʪʦʨ ʟ fuzzy logic. ɺʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʚʦʜʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Simulink. ʆʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʟʤʽʥʥʦʛʦ  

ʤʦʤʝʥʪʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʝʥʪʠʣʴʥʠʡ ʜʚʠʛʫʥ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʇɯ ʨʝʛʫʣʷʪʦʨ, fuzzy logic. 

 

ɿʘʢʣʘʜʥʦʡ ɸ.ʅ., ɹʨʦʥʠʮʢʠʡ ɺ.ʆ., ɿʘʢʣʘʜʥʦʡ ʆ.ɸ, ʄʦʛʠʣʘʪ ɼ.ʖ. 

ʇʆɺʓʐɽʅʀɽ ʋʈʆɺʅʗ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀ ʂɸʏɽʉʊɺɸ 

ʈɽɻʋʃʀʈʆɺɸʅʀʗ ɺ ɼʀʅɸʄʀʏɽʉʂʀʍ ʈɽɾʀʄɸʍ ʕʄʉ ʉ ɺɽʅʊʀʃʔʅʓʄʀ 

ɼɺʀɻɸʊɽʃʗʄʀ  

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥʪʠʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʧʨʠʚʦʜʘ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʛʦ  ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʞʠʤʘʭ ʧʨʝʜʣʦʞʝʥ ʪʨʸʭʫʨʦʚʥʝʚʳʡ ʇʀ ʨʝʛʫʣʷʪʦʨ ʩ fuzzy logic. ɺʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Simulink. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ 

ʧʝʨʝʤʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʥʪʠʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʇʀ ʨʝʛʫʣʷʪʦʨ, fuzzy 

logic. 

 

Zakladnyi ʆ, Bronitsky V, Zakladnyi O.ʆ., Mogilat D. 

INCREASED QUALITY REGULATION IN DYNAMIC MODE ENERGY 

EFFICIENCY OF ELECTROMECHANICAL  SYSTEMS WITH VALVE ENGINES  

 

The article presents a way to control brushless motor which provides drive energy efficient 

operation when changing load and speed. To achieve high quality regulation valve engine in 

dynamic mode proposed three-level PI controller with fuzzy logic. The research drive using 

software Simulink. The results for the variable moment load. 

Keywords: valve engine efficiency, PI controller, fuzzy logic. 

ɺʩʪʫʧ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩʧʨʠʷʻ ʪʝʭʥʽʯʥʦʤʫ ʧʨʦʛʨʝʩʫ ʚ 

ʧʨʦʚʽʜʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʄʝʭʘʥʽʯʥʽ ʽ ʢʦʤʫʪʘʮʽʡʥʽ ʦʙʤʝʞʝʥʥʷ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ 

ʚʠʨʦʙʥʠʯʠʭ ʫʩʪʘʥʦʚʦʢ ʽ ʤʝʭʘʥʽʟʤʽʚ ʩʧʨʠʯʠʥʠʣʠ ʽʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʨʝʛʫʣʴʦʚʘʥʦʛʦ 

ʧʨʠʚʦʜʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʽʟ ʩʠʥʭʨʦʥʥʠʤʠ ʜʚʠʛʫʥʘʤʠ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ (ʉɼ), ʱʦ ʥʘ 

ʩʴʦʛʦʜʥʽ  ʻ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. ɺʝʥʪʠʣʴʥʠʡ ʜʚʠʛʫʥ (ɺɼ) ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʥʘ 

ʧʦʚʥʽʩʪʶ ʢʝʨʦʚʘʥʠʭ ʝʣʝʤʝʥʪʘʭ (IGBT, IGCT) ʦʪʨʠʤʘʚ ʟʥʘʯʥʝ  ʧʦʰʠʨʝʥʥʷ ʟʘʚʜʷʢʠ ʚʠʩʦʢʠʤ 

ʟʥʘʯʝʥʥʷʤ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʚʽʜʤʽʥʥʠʤ ʨʝʛʫʣʶʚʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʥʘʜʽʡʥʦʩʪʽ ʽ 

ʥʠʟʴʢʠʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʚʠʪʨʘʪʘʤ. ɿʘʤʽʩʪʴ ʢʦʣʝʢʪʦʨʘ ʽ ʱʽʪʦʢ ɺɼ ʤʽʩʪʠʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯ ʽ 

ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ (ɼʇʈ).  

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ɺɼ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 3-ʬʘʟʥʠʡ ʤʦʩʪʦʚʠʡ ʽʥʚʝʨʪʦʨ. ɼʣʷ ʨʝʛʫʣʶʚʘʥʥʷ 
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ʰʚʠʜʢʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʘ ʤʦʜʫʣʷʮʽʷ ʟ ʯʘʩʪʦʪʦʶ, ʷʢʘ ʙʽʣʴʰ ʥʽʞ ʫ 10 ʨʘʟʽʚ  

ʧʝʨʝʚʠʱʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ. ʉʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ʽʥʚʝʨʪʦʨʘ, 

ʢʝʨʦʚʘʥʦʛʦ ʟʘ ʧʦʣʦʞʝʥʥʷʤ ʨʦʪʦʨʘ ʉɼ, ʨʝʛʫʣʶʻʪʴʩʷ ʟʤʽʥʦʶ ʢʫʪʘ ʚʠʧʝʨʝʜʞʝʥʥʷ b0 ʘʙʦ b (ʢʫʪʠ 

ʤʽʞ ʩʪʨʫʤʦʤ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ï ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʪʘ ʥʘʧʨʫʛʦʶ ʜʚʠʛʫʥʘ). 

ɯʩʥʫʶʪʴ ʪʘʢʽ ʩʧʦʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʢʦʤʫʪʘʪʦʨʦʤ ɺɼ. 

ʇʝʨʰʠʡ, ʥʘʡʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ, ʧʦʣʷʛʘʻ ʚ ʧʽʜʪʨʠʤʘʥʥʽ ʩʪʘʣʦʛʦ ʟʥʘʯʝʥʥʷ ʢʫʪʘ 

ʚʠʧʝʨʝʜʞʝʥʥʷ b0 = const, ʜʝ b0 = b + q; q ï ʢʫʪ ʥʘʚʘʥʪʘʞʝʥʥʷ ʉɼ; b = g + d; g ï ʢʫʪ ʢʦʤʫʪʘʮʽʾ; d 
ï ʢʫʪ ʟʘʧʘʩʫ (ʚʨʘʭʦʚʫʻ ʧʦʭʠʙʢʫ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽ ʪʨʠʚʘʣʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʧʠʨʘʶʯʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʥʥʠʭ ʢʣʶʯʽʚ ʢʦʤʫʪʘʪʦʨʘ). ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʘʪʯʠʢ 

ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ (ɼʇʈ), ʩʪʘʪʦʨ ʷʢʦʛʦ ʟʩʫʚʘʻʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʠʡ ʢʫʪ ʚʠʧʝʨʝʜʞʝʥʥʷ 40-60 ʝʣ. 

ʛʨʘʜ. ʫ ʥʘʧʨʷʤʢʫ ʧʨʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ. ɺʝʣʠʯʠʥʘ ʢʫʪʘ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ ʫ ʚʩʽʭ ʨʝʞʠʤʘʭ 

ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʩʪʨʫʤʫ.  

ɼʣʷ ʜʨʫʛʦʛʦ ʩʧʦʩʦʙʫ ʢʝʨʫʚʘʥʥʷ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʩʪʘʣʠʤ ʢʫʪ ʚʠʧʝʨʝʜʞʝʥʥʷ    b = const. ʗʢ 

ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʘʪʯʠʢ ʥʘʧʨʫʛʠ ʩʪʘʪʦʨʘ, ʘ ʜʣʷ ʟʘʜʘʥʥʷ ʢʫʪʘ 

ʚʠʧʝʨʝʜʞʝʥʥʷ ï ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʟʽ ʟʤʽʥʥʦʶ ʯʘʩʪʦʪʦʶ ʨʦʟʛʦʨʪʢʠ. 

ʊʨʝʪʽʡ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʽʜʪʨʠʤʘʥʥʽ ʩʪʘʣʦʾ ʚʝʣʠʯʠʥʠ ʢʫʪʘ ʟʘʧʘʩʫ ʥʘ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʨʽʚʥʽ b = bmin = f(g)  ʧʨʠ  d = dmin = const. ʎʝʡ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʚʠʤʘʛʘʻ 
ʥʘʷʚʥʦʩʪʽ ʜʘʪʯʠʢʽʚ ʢʫʪʽʚ ʢʦʤʫʪʘʮʽʾ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, 

ʩʠʥʭʨʦʥʽʟʦʚʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ɼʇʈ ʘʙʦ ʥʘʧʨʫʛʠ ʩʪʘʪʦʨʘ. 

ɿʘ ʧʝʨʰʠʤ ʽ ʜʨʫʛʠʤ ʩʧʦʩʦʙʘʤʠ ʢʝʨʫʚʘʥʥʷ ʢʫʪ ʚʠʧʝʨʝʜʞʝʥʥʷ ʣʠʰʘʻʪʴʩʷ ʩʪʘʣʠʤ ʫ ʚʩʽʭ 

ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʧʨʠʚʦʜʘ ʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ɽʄʉ ʟ ʚʝʥʪʠʣʴʥʠʤ ʜʚʠʛʫʥʦʤ ʪʘ 

ʷʢʦʩʪʽ ʡʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʘʭ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʫ ʢʝʨʫʚʘʥʥʷ b = 

bmin = f(g)  ʟ ʪʨʠʨʽʚʥʝʚʠʤ ʇɯ ʨʝʛʫʣʷʪʦʨʦʤ ʟ fuzzy logic.   

 

ɻʘʨʤʦʥʽʡʥʠʡ ʘʥʘʣʽʟ ʩʪʨʫʤʽʚ ʽ ʥʘʧʨʫʛʠ ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʫʥʘ 

 

ɼʣʷ ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʦʾ ʦʮʽʥʢʠ ʛʘʨʤʦʥʽʡʥʦʛʦ ʩʢʣʘʜʫ ʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʥʥʽ ʛʘʨʤʦʥʽʡʥʽ ʘʥʘʣʽʟʘʪʦʨʠ, ʥʘ ʚʭʽʜ ʷʢʠʭ ʧʦʜʘʶʪʴʩʷ ʨʝʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ. ʇʨʦʪʝ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʚʝʜʝʤʦ ʘʥʘʣʽʪʠʯʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʬʦʨʤ ʢʨʠʚʠʭ 

ʩʪʨʫʤʽʚ ʽ ʥʘʧʨʫʛʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʘʨʤʦʥʽʡʥʦʛʦ ʩʢʣʘʜʫ ʩʪʨʫʤʫ ʩʪʘʪʦʨʘ ʨʦʟʢʣʘʜʝʤʦ ʡʦʛʦ ʢʨʠʚʫ (ʨʠʩ.1) ʚ 

ʨʷʜ ʌʫʨ'ʻ, ʨʦʟʤʽʱʫʶʯʠ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʚ ʩʝʨʝʜʠʥʽ ʜʽʣʷʥʢʠ 60Á-ɔ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʨʠʚʘ ʩʪʨʫʤʫ 

 

ʆʩʢʽʣʴʢʠ ʢʨʠʚʘ ʩʠʤʝʪʨʠʯʥʘ ʷʢ ʚʽʜʥʦʩʥʦ ʦʩʽ ʘʙʩʮʠʩ, ʪʘʢ ʽ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ, 
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ʨʷʜ ʥʝ ʤʽʩʪʠʪʴ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʧʘʨʥʠʭ ʛʘʨʤʦʥʽʢ ʽ ʢʦʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ. 

ɿʥʘʭʦʜʠʤʦ ʢʦʝʬʽʮʽʻʥʪ ʌʫʨ'ʻ ʜʣʷ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʨʷʜʫ.ʉʧʨʦʱʝʥʦ ʡʦʛʦ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʪʘʢ (ʨʠʩ. 2):  

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʧʨʦʱʝʥʘ ʢʨʠʚʘ ʩʪʨʫʤʫ 

 

ɿʘʤʽʥʠʤʦ ʛʨʘʬʽʢ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʽʙôʻʤ ʛʨʘʬʽʢ ʥʘ 11 

ʽʥʪʝʨʚʘʣʽʚ ʽ ʥʘ ʢʦʞʥʦʤʫ ʟ ʥʠʭ ʟʥʘʡʜʝʤʦ ʨʽʚʥʷʥʥʷ ʧʨʷʤʦʾ, ʷʢʝ ʧʨʝʜʩʪʘʚʣʷʻ ʮʶ ʯʘʩʪʠʥʫ 

ʛʨʘʬʽʢʘ. ɺʩʽ ʦʙʯʠʩʣʝʥʥʷ ʙʫʜʝʤʦ ʚʝʩʪʠ ʫ ʩʝʨʝʜʦʚʠʱʽ MATLAB  ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʘ 

MuPAD. ɿʘʛʘʣʴʥʘ ʬʫʥʢʮʽʷ ʤʘʪʠʤʝ ʥʘʩʪʫʧʠʡ ʚʠʛʣʷʜ ʽ ʾʾ ʛʨʘʬʽʢ: 
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ʇʝʨʝʚʽʨʠʤʦ ʧʨʘʚʠʣʴʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʪʘʚʠʚʰʠ ʾʭ ʚ ʨʷʜ ʌʫʨô̒ 

(ʨʠʩ. 3) ʽ ʦʪʨʠʤʘʚʰʠ ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʬʫʥʢʮʽʾ. ɰʭ ʛʨʘʬʽʢ ʟʦʙʨʘʞʝʥʦ ʥʠʞʯʝ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʂʦʝʬʽʮʽʻʥʪʠ ʨʷʜʫ ʌʫʨôʻ 
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ɼʦʩʣʽʜʞʝʥʥʷ ʣʽʥʽʡʯʘʪʦʛʦ ʩʧʝʢʪʨʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʧʦʩʽʙ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʫʪʘʪʦʨʦʤ ʟʥʘʯʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʠ ʘʤʧʣʽʪʫʜ ʛʘʨʤʦʥʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ.ʊʘʢ, ʜʣʷ  ɓ = const ʧʨʠ ʨʝʘʣʴʥʠʭ ʢʫʪʘʭ 
ʢʦʤʫʪʘʮʽʾ (ɔ  = 20Á) ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʘ ʟʘʧʘʩʫ ʚʽʜ 10Á ʜʦ 70Á ʘʤʧʣʽʪʫʜʘ ʧʝʨʰʦʾ ʛʘʨʤʦʥʽʢʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 0,71Um (ʥʘ 27%), ʘ ʘʤʧʣʽʪʫʜʠ ʚʠʩʦʢʠʭ ʛʘʨʤʦʥʽʢ ʟʙʽʣʴʰʫʶʪʴʩʷ ʫ ʜʝʢʽʣʴʢʘ 

ʨʘʟʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʘʡʩʠʣʴʥʽʰʝ ʤʽʥʷʶʪʴʩʷ ʘʤʧʣʽʪʫʜʠ 3,7,9 ʽ 11-ʡ ʛʘʨʤʦʥʽʢ, ʜʦʩʷʛʘʶʯʠ ʟʥʘʯʝʥʴ 

ʧʨʠʙʣʠʟʥʦ 0,5Um(1) ʽ 0,25Um(1). ʋ ʤʝʥʴʰʽʡ ʤʽʨʽ ʩʧʝʢʪʨʘʣʴʥʠʡ ʩʢʣʘʜ ʢʨʠʚʦʾ ʥʘʧʨʫʛʠ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʢʦʤʫʪʘʮʽʾ. ʋ ʨʘʟʽ ɓ = 60Á  ʟʙʽʣʴʰʠʣʦ ʢʫʪ ʢʦʤʫʪʘʮʽʾ, ʘʤʧʣʽʪʫʜʘ 1-ʦʾ 

ʛʘʨʤʦʥʽʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 0,91Um ʜʦ 0,84Um, ʘʤʧʣʽʪʫʜʠ 3,5 ʽ 7-ʡ ʛʘʨʤʦʥʽʢ - ʚ ʜʚʘ ʨʘʟʠ. 

ʈʝʛʫʣʷʪʦʨ ʟ fuzzy logic. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʯʽʪʢʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʻ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʫ 

ʚʠʧʘʜʢʫ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʠʤʠ ʇɯ ʨʝʛʫʣʷʪʦʨʘʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʪʨʠʨʽʚʥʝʚʠʡ ʇɯ ʨʝʛʫʣʷʪʦʨ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʜʣʷ ɺɼ (ʧʘʨʘʣʝʣʴʥʦ ʚʢʣʶʯʝʥʦ ʪʨʠ ʇɯ ʨʝʛʫʣʷʪʦʨʠ 

ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʦʜʥʦʯʘʩʥʦ). ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ï ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʧʦʤʠʣʢʠ ʜʣʷ ʇɯ ʨʝʛʫʣʷʪʦʨʘ.  

ʇʨʘʚʠʣʦ ʥʝʯʽʪʢʦʛʦ ʢʝʨʫʚʘʥʥʷ (ʧʨʘʚʠʣʦ if-then) ʜʣʷ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ: ʷʢʱʦ ɤ ʥʘʣʝʞʠʪʴ LS, 

ʪʦ eL ʚʽʜʧʦʚʽʜʘʻ e (ʧʨʘʚʠʣʦ RL); ʷʢʱʦ ɤ ʥʘʣʝʞʠʪʴ LM, ʪʦ eM ʚʽʜʧʦʚʽʜʘʻ e (ʧʨʘʚʠʣʦ RM);  ʷʢʱʦ 

ɤ ʥʘʣʝʞʠʪʴ LH, ʪʦ eH ʚʽʜʧʦʚʽʜʘʻ e (ʧʨʘʚʠʣʦ RH). RL, RM, ʽ RH ï ʧʨʘʚʠʣʘ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʨʽʟʥʦʾ 

ʰʚʠʜʢʦʩʪʽ; LS ï ʨʽʚʝʥʴ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʠʞʥʴʦʤʫ ʜʽʘʧʘʟʦʥʫ, LM ï ʨʽʚʝʥʴ ʰʚʠʜʢʦʩʪʽ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʤʫ ʜʽʘʧʘʟʦʥʫ,  ̔ LH ï ʨʽʚʝʥʴ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʝʨʭʥʴʦʤʫ 

ʜʽʘʧʘʟʦʥʫ. 

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ:  eL = eĀyL; eM = eĀyM; eH = eĀyH. 

ʊʨʠ ʇɯ ʨʝʛʫʣʷʪʦʨʠ ʬʦʨʤʫʶʪʴ ʪʨʠ ʥʘʧʨʫʛʠ ʢʦʤʘʥʜ (eL, eM  ̔ eH). ʅʘ ʨʠʩ. 4  ʥʘʚʝʜʝʥʦ 
ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʽ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʟ ʥʝʯʽʪʢʦʶ ʣʦʛʽʢʦʶ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʇɯ-ʨʝʛʫʣʷʪʦʨ ʟ ʥʝʯʽʪʢʦʶ ʣʦʛʽʢʦʶ 

 

 

ɺʠʩʥʦʚʢʠ 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʞʠʤʽʚ 

ɺɼ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʜʘʧʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʟ ʜʠʩʢʨʝʪʥʦ ʟʤʽʥʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʝʛʫʣʷʪʦʨʽʚ, ʜʣʷ ʯʦʛʦ ʩʠʩʪʝʤʫ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʣʽʜ ʜʦʧʦʚʥʠʪʠ ʟʘʤʢʥʫʪʠʤʠ 

ʢʦʥʪʫʨʘʤʠ ʩʪʝʞʝʥʥʷ ʽ ʩʘʤʦʥʘʣʘʛʦʜʞʝʥʥʷ. 

ʈʦʟʛʣʷʥʫʪʦ ʩʠʥʪʝʟ ʪʨʠʨʽʚʥʝʚʦʛʦ ʇɯ ʨʝʛʫʣʷʪʦʨʘ ʟ fuzzy logic ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ 

ɺɼ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʢʦʥʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʧʨʠʡʥʷʪʘ ʩʪʨʫʢʪʫʨʘ ʢʝʨʫʚʘʥʥʷ ɺɼ ʟ ʇɯ ʨʝʛʫʣʷʪʦʨʦʤ ʟ ʥʝʯʽʪʢʦʶ ʣʦʛʽʢʦʶ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 

ʜʦ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʞʠʤʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʝʨʫʚʘʥʥʷ ʚʝʥʪʠʣʴʥʠʤ ʜʚʠʛʫʥʦʤ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ  ʪʨʠʨʽʚʥʝʚʦʛʦ ʇɯ 
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ʨʝʛʫʣʷʪʦʨʘ ʟ fuzzy logic ʟʛʽʜʥʦ ʟʽ ʩʧʦʩʦʙʦʤ b = bmin = f(g).   
 ɺʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʩʪʘʥʦʚʣʝʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʽ ʧʦʣʽʧʰʝʥʥʶ ʷʢʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ɺɼ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʪʴ ʢʦʥʩʪʨʫʢʪʦʨʫ ʧʨʠ ʚʠʙʦʨʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʽ ʤʽʥʽʤʽʟʘʮʽʾ 

ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʦ ʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʨʘʭʫʚʘʪʠ 

ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʫʪʘʪʦʨʘ, ʤʘʰʠʥʠ ʽ ʩʧʦʩʦʙʫ ʢʝʨʫʚʘʥʥʷ ʥʘ ʷʢʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʫ 

ɺɼ. 
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ɸʥʪʦʥʝʮʴ ɯ. ɺ. , ʐʨʘʡʙʝʨ ʆ.ɸ 
 

ʈʆɿʈɸʍʋʅʂʆɺʆ-ɸʅɸʃɯʊʀʏʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ʆʏʀʉʊʂʀ 

ɼʀʄʆɺʀʍ ɻɸɿɯɺ ʇʀʃʆɺʋɻɯʃʔʅʀʍ ʂʆʊʃɯɺ ɺɯɼ ʃɽʊʂʆɰ ɿʆʃʀ ʋ ʉʂʈʋɹɽʈɯ 

ɺɽʅʊʋʈɯ 

 

ʇʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʝʚʦʣʶʮʽʾ ʩʪʘʥʫ ʪʨʠʬʘʟʦʚʦʛʦ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʧʦʪʦʢʫ 

ʩʪʦʩʦʚʥʦ ʜʦ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʛʘʟʽʚ ʚʽʜ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚ ʩʢʨʫʙʝʨʽ ɺʝʥʪʫʨʽ, ʽ ʩʪʚʦʨʝʥʦ 

ʚʽʜʧʦʚʽʜʥʫ ʧʨʦʛʨʘʤʫ. ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʩʪʢʠ ʚʽʜ 

ʚʠʪʨʘʪʠ ʢʨʘʧʝʣʴ, ʧʦʯʘʪʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʬʘʟ, ʘ ʪʘʢʦʞ ʚʽʜ ʧʝʨʝʪʠʥʫ, ʚ ʷʢʦʤʫ ʚʚʦʜʷʪʴ 

ʢʨʘʧʣʽ ʚ ʩʢʨʫʙʝʨ. 

      

     ʂ ʣ ʶ ʯ ʦ ʚ ʽ  ʩ ʣ ʦ ʚ ʘ: ʪʨʠʬʘʟʦʚʠʡ ʧʦʪʽʢ, ʢʨʘʧʣʽ, ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ, ʩʢʨʫʙʝʨ ɺʝʥʪʫʨʽ, ʦʯʠʩʪʢʘ 

ʛʘʟʽʚ ʚʽʜ ʟʦʣʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ. 

 

ʈɸʉʏɽʊʅʆ-ɸʅɸʃʀʊʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʆʏʀʉʊʂʀ 

ɼʓʄʆɺʓʍ ɻɸɿʆɺ ʇʓʃɽʋɻʆʃʔʅʓʍ ʂʆʊʃʆɺ ʆʊ ʃɽʊʋʏɽʁ ɿʆʃʓ ɺ 

ʉʂʈʋɹɹɽʈɽ ɺɽʅʊʋʈʀ 

 

ʇʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʚʦʣʶʮʠʠ ʩʦʩʪʦʷʥʠʷ ʪʨʝʭʬʘʟʥʦʛʦ ʧʦʣʠʜʠʩʧʝʨʩʥʦʛʦ 

ʧʦʪʦʢʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʮʝʩʩʫ ʤʦʢʨʦʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʦʪ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʩʢʨʫʙʙʝʨʝ 

ɺʝʥʪʫʨʠ, ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ. ʇʨʦʚʝʜʝʥʳ ʯʠʩʣʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʦʪ ʨʘʩʭʦʜʘ ʢʘʧʝʣʴ, ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʬʘʟ, ʘ 

ʪʘʢʞʝ ʦʪ ʩʝʯʝʥʠʷ ʚʚʦʜʘ ʢʘʧʝʣʴ ʚ ʩʢʨʫʙʙʝʨ. 

 

ʂ ʣ ʶ ʯ ʝ ʚ ʳ ʝ  ʩ ʣ ʦ ʚ ʘ: ʪʨʝʭʬʘʟʥʳʡ ʧʦʪʦʢ, ʢʘʧʣʠ, ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ, ʩʢʨʫʙʙʝʨ ɺʝʥʪʫʨʠ,  

ʦʯʠʩʪʢʘ ʛʘʟʦʚ ʦʪ ʟʦʣʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

  

CALCULATION AND ANALYTICAL RESEARCH OF THE CLEANING PROCESS OF 

FLUE GASES OF COAL-FIRED BOILERS FROM ASH PARTICLES IN VENTURI 

SCRUBBER   

 

We have built a mathematical model of the evolution of state of a three-phase polydisperse flow 

as applied to the wet cleaning of gases from ash particles in a Venturi scrubber and developed the 

corresponding program. We have performed numerical investigations of the dependence of the 

efficiency of ash catching on water consumption, the initial velocities of drops and gas, and the 

section of liquid entrance to the scrubber. 

 

K e y w o r d s: three-phase flow, drops, particles, Venturi scrubber, gas cleaning from ash, 

efficiency. 

 

ʊʠʧʦʚʘ ʊɽʉ ʧʦʪʫʞʥʽʩʪʶ 1000 ʄɺʪ ʩʧʘʣʶʻ ʟʘ ʨʽʢ ʙʽʣʴʰʝ ʥʽʞ 3 ʤʣʥ. ʪ ʚʫʛʽʣʣʷ ʽ ʚʠʢʠʜʘʻ ʚ 

ʘʪʤʦʩʬʝʨʫ, ʢʨʽʤ ʥʠʟʢʠ ʽʥʰʠʭ ʨʝʯʦʚʠʥ, ʙʣʠʟʴʢʦ 30 ʪʠʩ. ʪ ʟʦʣʠ. ʃʝʪʢʘ ʟʦʣʘ ʫʢʨʘʾʥʩʴʢʠʭ 

ʚʫʛʽʣʴʥʠʭ ʊɽʉ ʤʽʩʪʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʦʢʩʠʯʥʽ ʝʣʝʤʝʥʪʠ, ʚʘʞʢʽ ʤʝʪʘʣʠ, ʨʘʜʽʦʘʢʪʠʚʥʽ ʽʟʦʪʦʧʠ 

ʪʘ ʽʥ., ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʗʢ ʧʨʘʚʠʣʦ, 

ʽʩʥʫʶʯʝ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʦʯʠʱʘʪʠ ʜʠʤʦʚʽ ʛʘʟʠ, ʪʦʤʫ ʧʦʰʫʢ ʤʦʞʣʠʚʦʩʪʝʡ 

ʡʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʘʫʢʠ ʋʢʨʘʾʥʠ. ɿʥʘʯʥʝ 
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ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ ʟʥʘʡʰʣʠ ʘʧʘʨʘʪʠ ʜʣʷ ʤʦʢʨʦʾ ʦʯʠʩʪʢʠ ʜʠʤʦʚʠʭ ʛʘʟʽʚ, ʩʝʨʝʜ 

ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʚʚʘʞʘʶʪʴʩʷ ʩʢʨʫʙʝʨʠ ɺʝʥʪʫʨʽ [1, 2]. ʇʨʦʪʝ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ 
ʪʘʢʠʭ ʘʧʘʨʘʪʽʚ ʯʘʩʪʦ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʤʦʞʣʠʚʦʩʪʽ ʾʭ 

ʧʦʢʨʘʱʝʥʥʷ ʱʝ ʜʘʣʝʢʦ ʥʝ ʚʠʯʝʨʧʘʥʽ.  

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʡ ʰʣʷʭ, ʤʘʙʫʪʴ, ʧʦʚ'ʷʟʘʥʠʡ ʽʟ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. ʅʘ ʞʘʣʴ, ʫ ʥʝʯʠʩʣʝʥʥʠʭ ʨʦʙʦʪʘʭ, ʧʨʠʩʚʷʯʝʥʠʭ ʮʴʦʤʫ ʧʠʪʘʥʥʶ 

(ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [3, 4]) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʜʪʦ ʩʧʨʦʱʝʥʠʡ ʧʽʜʭʽʜ (ʽʥʪʝʛʨʘʣʴʥʠʡ), ʜʝ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʤʽʥʘ ʚʩʽʭ ʚʝʣʠʯʠʥ, ʢʨʽʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʫʟʜʦʚʞ ʧʦʪʦʢʫ, ʪʚʝʨʜʽ 

ʯʘʩʪʠʥʢʠ (ʊʏ) ʽ ʢʨʘʧʣʽ ʚʚʘʞʘʶʪʴʩʷ ʤʦʥʦʜʠʩʧʝʨʩʥʠʤʠ (ʥʘ ʧʨʘʢʪʠʮʽ ʚʦʥʠ ʟʘʚʞʜʠ 

ʧʦʣʽʜʠʩʧʝʨʩʥʽ), ʥʘʜʪʦ ʥʘʙʣʠʞʝʥʦ ʦʙʯʠʩʣʶʶʪʴʩʷ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʪʘ ʽʥ. 

ɹʽʣʴʰ ʪʦʯʥʠʤ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʻ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʧʽʜʭʽʜ [5], ʜʝ ʚʩʽ ʧʘʨʘʤʝʪʨʠ 

ʪʨʠʬʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʚʘʞʘʶʪʴʩʷ ʟʤʽʥʥʠʤʠ, ʽ ʧʨʦʮʝʩ ʤʦʜʝʣʶʻʪʴʩʷ ʩʠʩʪʝʤʦʶ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢʘ ʤʦʜʝʣʴ ʜʣʷ ʧʦʨʦʞʥʠʩʪʦʛʦ ʩʢʨʫʙʝʨʘ ʙʫʣʘ 

ʧʦʙʫʜʦʚʘʥʘ ʚ [6] ʽ ʫʟʘʛʘʣʴʥʝʥʘ ʚ [7] ʥʘ ʚʠʧʘʜʦʢ ʩʢʨʫʙʝʨʘ ɺʝʥʪʫʨʽ. ʄʦʜʝʣʴ ʧʦʙʫʜʦʚʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʧʽʜʭʦʜʫ ʃʝʥʛʤʶʨʘ. ɿʽʪʢʥʝʥʥʷ ʢʨʘʧʣʽ ʬʨʘʢʮʽʾ  ̔ʟ ʤʝʥʰʠʤʠ ʽ ʙʽʣʴʰʠʤʠ 

ʢʨʘʧʣʷʤʠ ʦʧʠʩʫʻʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ: ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʢʨʘʧʣʷ ʽ ʟʙʝʨʽʛʘʻ ʩʚʦʶ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ, ʘ ʚ ʽʥʰʦʤʫ ï ʚʪʨʘʯʘʻ ʾʾ. ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʊʏ ʟ ʢʨʘʧʣʷʤʠ ʚ ʪʨʠʬʘʟʦʚʦʤʫ ʧʦʪʦʮʽ 

ʢʽʣʴʢʽʩʪʴ ʪʚʝʨʜʠʭ ʚʢʣʶʯʝʥʴ ʚ ʢʨʘʧʣʷʭ ʪʘ ʤʘʩʘ ʨʽʜʢʦʾ ʦʙʦʣʦʥʢʠ ʥʘ ʊʏ ʪʘʢʦʞ ʟʤʽʥʶʶʪʴʩʷ 

ʥʝʧʝʨʝʨʚʥʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʙʤʝʞʠʪʠʩʷ ʨʦʟʛʣʷʜʦʤ ʚʩʴʦʛʦ ʜʚʦʭ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʘʥʩʘʤʙʣʽʚ ï 

ʢʦʥʛʣʦʤʝʨʘʪʽʚ ʟ ʪʚʝʨʜʦʶ (ʊʏ) ʪʘ ʨʽʜʢʦʶ ʦʩʥʦʚʦʶ. ɺ ʪʨʠʬʘʟʦʚʦʤʫ ʧʦʪʦʮʽ ʩʪʘʥ ʬʨʘʢʮʽʾ  ̔

ʦʧʠʩʫʻʪʴʩʷ ʧôʷʪʴʤʘ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʘʩʦʶ (mi, Mj), ʧʠʪʦʤʦʶ ʤʘʩʦʚʦʶ ʚʠʪʨʘʪʦʶ (gi, Gj), 

ʰʚʠʜʢʽʩʪʶ (ui, Uj) ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ (ti, Tj) ʢʨʘʧʝʣʴ ʽ ʊʏ ʚʽʜʧʦʚʽʜʥʦ, ʤʘʩʦʚʠʤ ʚʤʽʩʪʦʤ "ʯʫʞʦʾ" 

ʬʘʟʠ ʚ ʯʘʩʪʠʥʢʘʭ (bi, Bj) (ʪʫʪ ʤʘʣʽ ʣʽʪʝʨʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʨʘʧʝʣʴ, ʚʝʣʠʢʽ ï ʜʦ ʊʏ; i, j ï ʥʦʤʝʨ 

ʚʽʜʧʦʚʽʜʥʦʾ ʬʨʘʢʮʽʾ). ʄʦʜʝʣʴ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʰʚʠʜʢʦʩʪʽ (ug) ʽ 

ʪʝʤʧʝʨʘʪʫʨʠ (tg) ʛʘʟʫ, ʘ ʪʘʢʦʞ ʛʫʩʪʠʥʠ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʛʘʟʽ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠʡʤʘʻʪʴʩʷ ʛʽʧʦʪʝʟʘ 

ʧʨʦ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʜʣʠʰʢʫ (ʥʝʩʪʘʯʽ) ʽʤʧʫʣʴʩʫ, ʝʥʝʨʛʽʾ ʪʘ ʤʘʩʦʚʦʛʦ ʚʤʽʩʪʫ ʯʫʞʦʾ 

ʬʘʟʠ (ʄɺʏʌ) ʥʦʚʠʭ ʯʘʩʪʠʥʦʢ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʨʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʪʽʻʾ ʞ ʬʨʘʢʮʽʾ [8]. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʣʽʜʠʩʧʝʨʩʥʘ ʤʦʜʝʣʴ ʧʦʜʨʽʙʥʝʥʥʷ ʢʨʘʧʝʣʴ ʽ ʨʽʜʢʦʾ ʦʙʦʣʦʥʢʠ ʊʏ. ɿʘʜʘʯʘ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ, ʚʩʽ ʯʘʩʪʠʥʢʠ ʚʚʘʞʘʶʪʴʩʷ ʩʬʝʨʠʯʥʠʤʠ. 

ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜ ʧʦʙʫʜʦʚʘʥʠʭ ʨʽʚʥʷʥʴ. ʈʽʚʥʷʥʥʷ ʜʣʷ gi ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧôʷʪʠ ʩʢʣʘʜʦʚʠʭ: 

ʧʝʨʰʘ ʚʨʘʭʦʚʫʻ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʢʦʘʛʫʣʷʮʽʶ ʟ ʤʝʥʰʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʦʙʦʭ ʚʠʜʽʚ, ʜʨʫʛʠʡ ʪʘ 

ʪʨʝʪʽʡ ï ʟʘʛʠʙʝʣʴ ʢʨʘʧʝʣʴ  ̔ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʙʽʣʴʰʠʤʠ ʢʨʘʧʣʷʤʠ ʽ ʊʏ, ʯʝʪʚʝʨʪʠʡ ʽ ʧôʷʪʠʡ ï 

ʥʘʨʦʜʞʝʥʥʷ ʦʩʢʦʣʢʽʚ  ̔ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʚʟʘʻʤʦʜʽʾ: 
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ʜʝ Xkj ï ʧʘʨʘʤʝʪʨ ʢʦʘʛʫʣʷʮʽʾ ʪʘ ʧʦʜʨʽʙʥʝʥʥʷ ʧʨʠ ʟʽʪʢʥʝʥʥʷʭ ŭk-ȹj (ŭk < ȹj); ɽ ï ʢʦʝʬʽʮʽʻʥʪ 

ʦʩʘʜʞʝʥʥʷ, Ŭkji , ɕkji  ï ʤʘʩʦʚʽ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʦʩʢʦʣʢʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ ʧʨʠ ʚʟʘʻʤʦʜʽʷʭ ŭk-ŭj ʪʘ 

ŭk-ȹj, ʌ ï ʧʘʨʘʤʝʪʨ ʢʦʘʛʫʣʷʮʽʾ ʪʘ ʧʦʜʨʽʙʥʝʥʥʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʢʨʘʧʝʣʴ. 
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ʋ ʨʽʚʥʷʥʥʽ ʜʣʷ ui ʚʨʘʭʦʚʫʶʪʴʩʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ, ʥʘʨʦʜʞʝʥʥʷ ʦʩʢʦʣʢʽʚ ʧʨʠ ʚʩʽʭ 

ʪʠʧʘʭ ʚʟʘʻʤʦʜʽʾ, ʘ ʪʘʢʦʞ ʟʽʪʢʥʝʥʥʷ ʢʨʘʧʝʣʴ  ̔ʟ ʤʝʥʰʠʤʠ ʢʨʘʧʣʷʤʠ ʽ ʊʏ. ʈʽʚʥʷʥʥʷ ʜʣʷ ʤʘʩʠ, 
ʄɺʏʌ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʘʧʝʣʴ ʟʘʧʠʩʫʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ. 

ʈʽʚʥʷʥʥʷ ʜʣʷ ʚʠʪʨʘʪʠ ʊʏ ʤʘʻ ʚʠʛʣʷʜ (M, U, B, T ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʜʽʙʥʠʤ ʯʠʥʦʤ): 
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ʋ ʨʽʚʥʷʥʥʷʭ ʬʽʛʫʨʫʶʪʴ ʢʦʥʩʪʘʥʪʠ ʚʟʘʻʤʦʜʽʾ ʂ, N, Q, ʧʨʦʧʦʨʮʽʡʥʽ ʚʽʜʥʦʩʥʽʡ ʰʚʠʜʢʦʩʪʽ 

ʟʽʪʢʥʝʥʥʷ ʯʘʩʪʠʥʦʢ. ʆʩʢʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʢʦʥʬʫʟʦʨʽ ʰʚʠʜʢʦ ʟʨʦʩʪʘʻ, ʘ ʚ ʜʠʬʫʟʦʨʽ ʧʘʜʘʻ, 

ʤʦʞʣʠʚʽ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʯʘʩʪʠʥʢʠ ʚ ʧʝʚʥʠʭ ʧʝʨʝʪʠʥʘʭ ʥʘʟʜʦʛʘʥʷʶʪʴ ʛʘʟ ʽ ʜʘʣʽ ʯʝʨʝʟ ʾʭ 

ʽʥʝʨʮʽʡʥʽʩʪʴ ʨʫʭʘʶʪʴʩʷ ʜʝʱʦ ʰʚʠʜʰʝ ʟʘ ʥʴʦʛʦ. ʇʨʠ ʮʴʦʤʫ ʨʽʟʥʠʮʽ ʦʩʝʨʝʜʥʝʥʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʤʘʣʠʤʠ, ʘ ʟʥʘʯʠʪʴ, ʧʨʠ ʮʴʦʤʫ ʟʽʪʢʥʝʥʥʷ ʦʙʫʤʦʚʣʝʥʽ 

ʧʝʨʰ ʟʘ ʚʩʝ ʨʽʟʥʠʮʝʶ ʾʭ ʧʫʣʴʩʘʮʽʡʥʠʭ ʰʚʠʜʢʦʩʪʝʡ. ʊʦʤʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʘʙʣʠʞʝʥʠʡ ʤʝʪʦʜ 

ʚʨʘʭʫʚʘʥʥʷ ʮʴʦʛʦ ʬʘʢʪʦʨʫ. 

ʄʦʜʫʣʴ ʨʽʟʥʠʮʽ ʦʩʝʨʝʜʥʝʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʜʚʦʭ ʬʨʘʢʮʽʡ i, j (ʢʨʘʧʝʣʴ ʽ/ʘʙʦ ʊʏ) ʧʦʟʥʘʯʠʤʦ 

ʯʝʨʝʟ uji, ʰʚʠʜʢʽʩʪʴ ʾʭ ʧʫʣʴʩʘʮʽʡʥʦʛʦ ʢʦʚʟʘʥʥʷ ʯʝʨʝʟ vji, ʘ ʩʫʤʘʨʥʫ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ (ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʦʭ ʩʢʣʘʜʦʚʠʭ) ʯʝʨʝʟ wji. Cʪʫʧʽʥʴ ʟʘʭʦʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ i ʪʫʨʙʫʣʝʥʪʥʠʤʠ 

ʧʫʣʴʩʘʮʽʷʤʠ ʥʝʩʫʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ 

( )2 2 ɝ;ɝ ɔ / ɔ ű ,i g i i i iv v= = +  

vi, vg ï ʧʫʣʴʩʘʮʽʡʥʽ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʦʢ  ̔ʪʘ ʛʘʟʫ; ɔ-1 ï ʯʘʩ ʜʠʥʘʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʯʘʩʪʠʥʢʠ; 

ű-1 ï ʯʘʩʦʚʠʡ ʽʥʪʝʛʨʘʣʴʥʠʡ ʤʘʩʰʪʘʙ ʧʫʣʴʩʘʮʽʡ ʛʘʟʫ ʚʟʜʦʚʞ ʪʨʘʻʢʪʦʨʽʾ ʯʘʩʪʠʥʦʢ. 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʦʾ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʩʝʨʝʜʥʝʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʧʫʣʴʩʘʮʽʡʥʦʛʦ ʨʫʭʫ ʢʦʚʟʘʥʥʷ ʜʚʦʭ ʬʨʘʢʮʽʡ ʨʦʟʛʣʷʜʘʻʤʦ ʝʥʝʨʛʦʥʝʩʫʯʽ ʚʠʭʦʨʽ, ʯʘʩʦʚʠʡ 

ʤʘʩʰʪʘʙ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ű-1, ʘ ʧʨʦʩʪʦʨʦʚʠʡ
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ʜʝ k ï ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʡ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʫʣʴʩʘʮʽʡ; ki  = kgɝi. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ wji ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʧʫʣʴʩʘʮʽʾ ʽʟʦʪʨʦʧʥʠʤʠ, 

ʪʘʢʦʞ ʟʘʤʽʥʠʤʦ ʨʝʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʧʫʣʴʩʘʮʽʡʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʻʶ 

( ) ( )ŭji ji jif v v v= - . 

ʈʦʟʛʣʷʥʝʤʦ ʨʠʩ. 1. ɼʣʷ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ ɺ ʥʘ ʩʬʝʨʽ 

( )
1/2

2 2 2 sinɗ .ji ji ji ji jiw u v u v= + -  

ɼʣʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʷʢʫ ʚʠʟʥʘʯʘʻʤʦ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

( )
1

2

4ˊ ,ji ji ji

S

w v w dS
-

= ñ  

ʜʝ S ï ʩʬʝʨʘ ʥʘ ʨʠʩ. 1.  

ʆʙʯʠʩʣʠʚʰʠ ʽʥʪʝʛʨʘʣ ʜʣʷ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʪʦʯʢʘ ɸ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʟʘ ʩʬʝʨʦʶ ʯʠ ʚ ʥʽʡ, 

ʦʪʨʠʤʘʻʤʦ 

( )

( )

2

2

3 , ;

3 , .

ji ji ji ji ji

ji

ji ji ji ji ji

u v u u v
w

v u v u v

ë + >î
=ì

+ <î
í
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ʋʩʝ ʚʠʱʝ ʦʧʠʩʘʥʝ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʫ ʧʨʦʛʨʘʤʽ, ʪʘ ʟ ʾʾ ʜʦʧʦʤʦʛʦʶ ʧʨʦʨʘʭʦʚʘʥʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ ʜʣʷ ʪʠʧʦʚʦʾ ʪʨʫʙʠ ɺʝʥʪʫʨʽ. ɼʣʷ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʘ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʦ 
ʦʙʨʘʥʦ ʪʘʢʽ ʚʠʭʽʜʥʽ ʜʘʥʽ: 

- ʨʘʜʽʫʩ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʽʚ ʪʨʫʙʠ ɺʝʥʪʫʨʽ R0 = Rf = 0,75 ʤ; 

- ʨʘʜʽʫʩ ʾʾ ʛʦʨʣʦʚʠʥʠ Rt = 0,375 ʤ;  

- ʜʦʚʞʠʥʠ ʢʦʥʬʫʟʦʨʘ, ʛʦʨʣʦʚʠʥʠ ʽ ʜʠʬʫʟʦʨʘ 0,8, 0,25, ʪʘ 3,95 ʤ ʚʽʜʧʦʚʽʜʥʦ; 

- ʢʽʣʴʢʽʩʪʴ ʬʨʘʢʮʽʡ ʢʨʘʧʝʣʴ ï 7; 

- ʢʽʣʴʢʽʩʪʴ ʬʨʘʢʮʽʡ ʊʏ ï 5; 

- ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʘʧʝʣʴ ï t 0̔ = 20 Üʉ, ʛʘʟʫ ʽ ʊʏ ï tgf = Tjf =120 Üʉ; 

- ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʢʨʘʧʝʣʴ ï ui0 = 20 ʤ/ʩ, ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʥʘ ʚʭʦʜʽ ʚ ʛʦʨʣʦʚʠʥʫ ugt = 60 

ʤ/ʩ; ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʽ ʊʏ ʚ ʧʝʨʝʨʽʟʽ R0 ʦʜʥʘʢʦʚʽ; 

- ʢʨʘʧʣʽ ʚʚʦʜʷʪʴʩʷ ʚ ʧʝʨʝʨʽʟ xs = 0,4 ʤ.  

 
ʈʠʩ. 1. ɻʝʦʤʝʪʨʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʢʦʚʟʘʥʥʷ: ʆɸ ï ʦʩʝʨʝʜʥʝʥʘ ʰʚʠʜʢʽʩʪʴ 

ʢʦʚʟʘʥʥʷ uji, ʆɺ ï ʧʫʣʴʩʘʮʽʡʥʘ.  

ʈʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʽ ʾʭ ʧʦʯʘʪʢʦʚʽ ʧʠʪʦʤʽ ʤʘʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘʚʦʜʷʪʴʩʷ ʚ ʪʘʙʣ. 1. ʋ ʜʘʥʦʤʫ 

ʚʘʨʽʘʥʪʽ ʪʨʠ ʬʨʘʢʮʽʾ ʢʨʘʧʝʣʴ ʧʦʜʨʽʙʥʶʶʪʴʩʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤʠ ʩʠʣʘʤʠ ʫ ʨʽʟʥʠʭ ʧʝʨʝʪʠʥʘʭ 

ʧʦʪʦʢʫ, ʾʭ ʨʝʯʦʚʠʥʘ ʧʝʨʝʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʽʥʰʠʤʠ ʬʨʘʢʮʽʷʤʠ, ʽ ʚʚʦʜʷʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ 

ʧʦʧʨʘʚʢʠ ʜʦ ʟʥʘʯʝʥʴ ui, ti, bi. 

 

ʊʘʙʣʠʮʷ 1. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʚʘʨʽʘʥʪʘ 1 

ɺʝʣʠʯʠʥʠ ʈʦʟʤʽʨʥʽʩʪʴ 
ʅʦʤʝʨ ʬʨʘʢʮʽʾ i (j) 

1 2 3 4 5 6 7 

ŭi0 ʤʤ 0,08 0,15 0,26 0,37 0,6 1 2 

gi0 ʢʛ/(ʤ2ʩ) 4 5 6 5 4 1,5 1,5 

ȹji  ʤʢʤ 1 2,5 5 10 20   

Gj0 ʢʛ/(ʤ2ʩ) 0,12 0,18 0,3 0,18 0,12   
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 ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʧʦ ʟʤʽʥʽ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʊʏ. ɺʝʣʠʯʠʥʘ Gj ʟʤʽʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ 

ʟʘ ʨʘʭʫʥʦʢ ʫʣʦʚʣʶʚʘʥʥʷ ʊʏ, ʘ ʽ ʯʝʨʝʟ ʟʤʽʥʫ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʘʧʘʨʘʪʘ. ɺʠʜʥʦ, ʱʦ 
ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʡʜʨʽʙʥʽʰʠʭ ʯʘʩʪʠʥʦʢ ʟʤʝʥʰʠʣʘʩʴ ʣʠʰʝ ʧʨʠʙʣʠʟʥʦ ʫ 4 ʨʘʟʠ, ʫ ʪʦʡ ʯʘʩ ʷʢ 

ʬʨʘʢʮʽʾ 2 - 4 ʫʣʦʚʣʶʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʤʘʣʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘ ʦʩʘʜʞʝʥʥʷ ʤʽʢʨʦʥʥʠʭ ʯʘʩʪʠʥʦʢ. 

ʎʽʢʘʚʦ, ʱʦ ʧ'ʷʪʘ ʬʨʘʢʮʽʷ ʊʏ ʫʣʦʚʣʶʻʪʴʩʷ ʟʥʘʯʥʦ ʛʽʨʰʝ ʜʨʽʙʥʽʰʠʭ ʯʘʩʪʠʥʦʢ ï ʪʫʪ 

ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʻ ʧʘʨʘʤʝʪʨ ʢʦʘʛʫʣʷʮʽʾ Ɋji, ʷʢʠʡ ʧʦʤʽʪʥʦ ʟʥʠʞʫʻʪʴʩʷ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ȹj 

(ʜʠʚ. [9]). ɽʬʝʢʪʠʚʥʽʩʪʴ ʫʣʦʚʣʶʚʘʥʥʷ ʩʢʣʘʜʘʻ ɖ = 96,94 %, ʱʦ ʩʣʽʜ ʚʚʘʞʘʪʠ ʥʝ ʜʦʩʠʪʴ 

ʭʦʨʦʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ. 

ʋ ʜʨʫʛʽʡ ʩʝʨʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʟʤʽʥʶʚʘʣʠʩʴ ʚʠʪʨʘʪʠ ʬʨʘʢʮʽʡ ʢʨʘʧʝʣʴ (ʢʛ/(ʤ2ʩ), ʜʠʚ. ʪʘʙʣ. 2). 

ɺʠʜʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʪʨʘʪʠ ʚʦʜʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ ʧʦʤʽʪʥʦ ʟʨʦʩʪʘʻ. 

 
ʈʠʩ. 2. ɿʤʽʥʘ ʚʠʪʨʘʪʠ ʬʨʘʢʮʽʡ ʊʏ ʜʣʷ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʘ: 1 ï j = 1;  2 ï j = 3; 3 ï j = 5 

 

ʊʘʙʣʠʮʷ 2. ɺʠʭʽʜʥʽ ʜʘʥʽ, ʩʫʤʘʨʥʘ ʚʠʪʨʘʪʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʚʠʭʦʜʽ ʪʘ ʂʂɼ 

ʘʧʘʨʘʪʘ ʜʣʷ ʜʨʫʛʦʾ ʩʝʨʽʾ ʨʦʟʨʘʭʫʥʢʽʚ 
 

ʅʦʤʝʨ 

ʚʘʨʽʘʥʪʘ  

ʅʦʤʝʨ ʬʨʘʢʮʽʾ ʽ, j ễgi0, 

ʢʛ/(ʤ2ʩ) 

ễGj, 

ʢʛ/(ʤ2ʩ) 
ɖ, % 

1 2 3 4 5 6 7 

2 2 2,5 3 2,5 2 0,75 0,75 13,5 0,053 94,08 

3 8 10 12 10 8 3 3 54 0,013 98,59 

4 6 7,5 9 7,5 6 2,25 2,25 40,5 0,018 98,02 

 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ ʨʦʟʨʘʭʫʥʢʫ ʚʘʨʽʘʥʪʘ 3, ʷʢʠʡ ʧʦʢʘʟʘʚ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʽʟ 

ʮʽʻʾ ʩʝʨʽʾ. ʍʘʨʘʢʪʝʨ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʣʦʚʣʶʚʘʥʥʷ ʧʦ ʬʨʘʢʮʽʷʭ ʘʥʘʣʦʛʽʯʥʠʡ ʙʘʟʦʚʦʤʫ ʚʘʨʽʘʥʪʫ, 

ʘʣʝ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʊʏ ʚ ʘʪʤʦʩʬʝʨʫ ʪʫʪ ʤʝʥʰʝ ʫ 2,2 ʨʘʟʠ. ʇʨʦʪʝ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʚʦʜʠ 

ʥʝ ʝʢʦʥʦʤʽʯʥʦ, ʽ ʪʦʤʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʜʘʪʢʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʠ ʪʦʤʫ ʞ ʟʥʘʯʝʥʥʽ g͓i0, ʱʦ ʽ ʚ 

ʙʘʟʦʚʦʤʫ ʚʘʨʽʘʥʪʽ.  

ʊʨʝʪʶ ʩʝʨʽʶ ʙʫʣʦ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ugt ʥʘ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʝʨʝʥʦʩʫ ʚ ʧʦʪʦʮʽ. ʊʫʪ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: 

ugt, ʤ/ʩ 30 40 60 80 

ɖ, % 87,10 90,73 96,94 98,58 
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ʈʠʩ. 3. ɿʤʽʥʘ ʚʠʪʨʘʪʠ ʬʨʘʢʮʽʡ ʊʏ ʜʣʷ ʚʘʨʽʘʥʪʘ 3: 1 ï j = 1;  2 ï j = 3; 3 ï j = 5 

 
ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʣʦʚʣʝʥʥʷ ʧʦʢʨʘʱʫʻʪʴʩʷ, ʱʦ ʧʦʚôʷʟʘʥʦ ʷʢ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʦʩʝʨʝʜʥʝʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʢʦʚʟʘʥʥʷ, ʪʘʢ ʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ 

ʧʦʪʦʢʫ. ɼʣʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʚʘʨʽʘʥʪʘ ʮʽʻʾ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʡʜʨʽʙʥʽʰʠʭ 

ʯʘʩʪʠʥʦʢ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 13 ʨʘʟʽʚ, ʘ ʬʨʘʢʮʽʡ 2, 3 ʽ 4 ï ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ. ɿʘʛʘʣʦʤ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʽʟ ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʊʏ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 2,2 ʨʘʟʠ.      

ʋ ʯʝʪʚʝʨʪʽʡ ʩʝʨʽʾ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʢʨʘʧʝʣʴ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ 

ʪʘʢʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

u 0̔, ʤ/ʩ 5 10 20 30 

ɖ, % 98,19 97,86 96,94 95,90 

ɺʠʜʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ ʧʦʛʽʨʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʢʨʘʧʝʣʴ. ʗʢʱʦ ʰʚʠʜʢʽʩʪʴ ʢʨʘʧʝʣʴ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 4 ʨʘʟʠ, ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ 

ʟʥʠʞʫʻʪʴʩʷ ʫ 1,7 ʨʘʟʠ. 

ʋ ʧôʷʪʽʡ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥʶʚʘʚʩʷ ʧʝʨʝʨʽʟ ʚʚʝʜʝʥʥʷ ʢʨʘʧʝʣʴ ʫ ʩʢʨʫʙʝʨ: 

xs0, ʤ 0,2 0,3 0,4 0,7 

ɖ, % 97,22 97,11 96,94 94,96 

ʇʨʠ ʚʚʝʜʝʥʽ ʢʨʘʧʝʣʴ ʫ ʩʢʨʫʙʝʨ ʙʣʠʞʯʝ ʜʦ ʛʦʨʣʦʚʠʥʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ ʧʦʛʽʨʰʫʻʪʴʩʷ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʝʨʝʨʽʟʦʤ ʚʚʝʜʝʥʥʷ ʢʨʘʧʝʣʴ ʪʘ ʛʦʨʣʦʚʠʥʦʶ ʚʜʚʽʯʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 10 %. 

ɺʠʩʥʦʚʢʠ. ɹʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ ʚ ʪʨʠʬʘʟʦʚʦʤʫ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʤʫ ʧʦʪʦʮʽ ʚ ʩʢʨʫʙʝʨʽ ɺʝʥʪʫʨʽ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʫ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʥʘʥʦ ʯʦʪʠʨʠ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʚʧʣʠʚ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʚʦʜʠ, ʧʦʯʘʪʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʢʨʘʧʝʣʴ ʪʘ ʛʘʟʫ, ʘ ʪʘʢʦʞ ʧʝʨʝʪʠʥʫ 

ʚʚʝʜʝʥʥʷ ʢʨʘʧʝʣʴ ʫ ʩʢʨʫʙʝʨ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʟʦʣʠ. ɿôʷʩʦʚʘʥʦ, ʱʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʣʦʚʣʶʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʧʦʤʽʪʥʦ ʧʦʢʨʘʱʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ 

ʘʙʦ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ. ɿʤʝʥʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʢʨʘʧʝʣʴ ʪʘ ʟʤʽʥʘ ʧʝʨʝʨʽʟʫ ʾʭ ʧʦʜʘʯʽ 

ʥʝʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʫʧʽʥʴ ʦʯʠʩʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ 

ʧʦʢʨʘʱʝʥʥʷ ʦʯʠʩʪʢʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ. 
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ʇ.ʆ. ɿʘʤʢʦʚʠʡ, ʂ.ʈ. ɻʨʝʯʢʦʩʽʡ, ʇʦʧʦʚ ɺ.ɸ 

ʂʈɯʆɻɽʅʅɯ ʉʀʉʊɽʄʀ ʅɸʂʆʇʀʏɽʅʅʗ ɽʃɽʂʊʈʀʏʅʆɰ ɽʅɽʈɻɯɰ 

ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʦʪʷʛʦʤ ʜʦʙʠ - ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ 

ʧʨʦʙʣʝʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ. ʄʦʞʣʠʚʽʩʪʴ ʨʦʟʥʝʩʪʠ ʚ ʯʘʩʽ ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʾʾ ʥʘʢʦʧʠʯʝʥʥʷ ʫ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʘʭ - ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ 

ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʢʨʠʪʪʷ ʧʽʢʽʚ ʩʧʦʞʠʚʘʥʥʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʪʝʭʥʦʣʦʛʽʶ 

ʢʨʽʦʛʝʥʥʦʛʦ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʜʝ ʚ ʷʢʦʩʪʽ ʝʥʝʨʛʦʥʦʩʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʟʨʽʜʞʝʥʝ ʧʦʚʽʪʨʷ. ʋ ʩʪʘʪʪʽ ʚʠʩʚʽʪʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟ 

ʽʥʰʠʤʠ ʽʩʥʫʶʯʠʤʠ ʪʘ ʧʦʪʝʥʮʽʡʥʠʤʠ ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.   

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʨʽʦʛʝʥʥʝ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʂɸɽʉ, ʨʽʜʢʝ ʧʦʚʽʪʨʷ, 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʛʨʘʬʽʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ.   

 

ʂʈʀʆɻɽʅʅʓɽ ʉʀʉʊɽʄʓ ʅɸʂʆʇʃɽʅʀʗ ʕʃɽʂʊʈʀʏɽʉʂʆʁ ʕʅɽʈɻʀʀ 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ - ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʦʙʣʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʟʥʝʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʫʪʝʤ ʝʝ ʥʘʢʦʧʣʝʥʠʷ ʚ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ - ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʦʢʨʳʪʠʷ ʧʠʢʦʚ ʧʦʪʨʝʙʣʝʥʠʷ. ɺ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʢʨʠʦʛʝʥʥʦʛʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʞʠʜʢʠʡ ʚʦʟʜʫʭ. ɺ ʩʪʘʪʴʝ ʦʩʚʝʱʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ 

ʠ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʥʘʢʦʧʠʪʝʣʷʤʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʦʛʝʥʥʦʝ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʂɸʕʉ, ʞʠʜʢʠʡ ʚʦʟʜʫʭ, 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʛʨʘʬʠʢʘ ʥʘʛʨʫʟʢʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

 

CRYOGENIC ENERGY STORAGE SYSTEM 

A variation in electricity consumption during the day is one of the main problems of 

national grid. Shifting energy production and consumption from one time of the day to another by 

its large scale accumulation is one of the most effective ways to deal with consumption variations. 

The article examines cryogenic energy storage systems and its energy carrier ï liquid air. The 

assessment and comparison with existing and prospective energy storage technologie are carried 

out. 

Keywords: cryogenic energy storage system, LAES, CAES, liquid air, grid balancing, peak-

shaving. 

 

ɺʩʪʫʧ. ɺʠʨʦʙʥʠʮʪʚʦ  ̔ʩʧʦʞʠʚʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʝʥʝʨʛʽʾ ʚ ʩʚʽʪʽ ʟʨʦʩʪʘʻ ʰʚʠʜʢʠʤʠ 

ʪʝʤʧʘʤʠ, ʚʠʟʥʘʯʘʶʯʠ ʧʨʦʛʨʝʩ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ʊʘʢʦʞ ʫʩʢʣʘʜʥʶʶʪʴʩʷ 

ʧʨʦʮʝʩʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ, ʨʦʟʰʠʨʶʻʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʪʷ ʫʩʪʘʥʦʚʦʢ  ̔ʘʛʨʝʛʘʪʽʚ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɽʥʝʨʛʦʩʠʩʪʝʤʘ ʙʫʜʴ-ʷʢʦʾ ʜʝʨʞʘʚʠ ʦʙ'̒ ʜʥʫʻ ʚ ʻʜʠʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʧʨʦʮʝʩʽ ʙʝʟʣʽʯ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ̫ ʢʽ ʟʜʽʡʩʥʶʶʪʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ̔  

ʙʝʟʣʽʯ ʩʧʦʞʠʚʘʯʽʚ, ̫ ʢʽ ʦʪʨʠʤʫʶʪʴ ʮ  ʁʝʥʝʨʛʽʶ ʚʽʜ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʯʝʨʝʟ ʧʝʨʝʜʘʚʘʣʴʥʽ  ̔

ʨʦʟʧʦʜʽʣʴʯʽ ʝʣʝʢʪʨʦʤʝʨʝʞʽ [1]. 

ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʦʪʷʛʦʤ ʜʦʙʠ - ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ (ʈʠʩʫʥʦʢ 1) [2]. ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʦʡ ʞʝ ʤʦʤʝʥʪ, ʢʦʣʠ 

ʚʦʥʘ ʚʠʨʦʙʣʷʻʪʴʩʷ, ʚ ʩʠʣʫ ʯʦʛʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʦ ʚʤʠʢʘʪʠ, ʪʦ ʚʠʤʠʢʘʪʠ ʛʝʥʝʨʫʶʯʽ 

ʧʦʪʫʞʥʦʩʪʽ. ʊʘʢʠʡ ʨʝʞʠʤ ʧʦʤʽʪʥʦ ʟʙʽʣʴʰʫʻ ʷʢ ʰʚʠʜʢʽʩʪʴ ʟʥʦʩʫ ʛʝʥʝʨʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢ 

ʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ (ʢʦʞʝʥ ʧʫʩʢ ʝʥʝʨʛʦʙʣʦʢʫ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʧʘʣʠʚʘ). ɺ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʜʣʷ ʧʦʢʨʠʪʪʷ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ɻɸɽʉ ʽ 
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ʤʘʥʝʚʨʝʥʽ ʊɽʉ. ʆʜʥʘʢ ʙʫʜʽʚʥʠʮʪʚʦ ɻɸɽʉ ʤʦʞʣʠʚʦ ʥʝ ʩʢʨʽʟʴ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊɽʉ ʫ 
ʧʽʢʦʚʦʤʫ ʨʝʞʠʤʽ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʘ. ɼʦ ʪʦʛʦ ʞ, ʜʣʷ 

ʧʦʪʫʞʥʠʭ ʊɽʉ ʽ ɸɽʉ ʩʪʘʻ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ ʧʨʦʭʦʜʞʝʥʥʷ ʥʽʯʥʦʛʦ ʧʨʦʚʘʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ [3]. 

ʉʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʥʽʯʥʠʡ ʯʘʩ ʜʦʙʠ ʩʫʤʘʨʥʘ ʚʝʣʠʯʠʥʘ ʪʝʭʥʽʯʥʦʛʦ ʤʽʥʽʤʫʤʫ 

ʪʝʧʣʦʚʠʭ ʙʣʦʯʥʠʭ ʘʛʨʝʛʘʪʽʚ ʧʦ ʪʝʧʣʦʚʦʤʫ ʨʝʞʠʤʫ ʥʝʨʽʜʢʦ ʧʝʨʝʚʠʱʫʻ ʚʝʣʠʯʠʥʫ ʥʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʘ ʧʦʚʥʘ ʟʫʧʠʥʢʘ ʙʣʦʢʽʚ ʥʘ ʮʝʡ ʯʘʩ ʥʝ ʜʦʮʽʣʴʥʘ. 

 
ʈʠʩ.1 ï ɻʨʘʬʽʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

 

ʇʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʧʨʦʙʣʝʤʠ ʧʨʠʚʦʜʷʪʴ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʩʪʦʪʥʦ ʙʽʣʴʰʦʾ ʚʘʨʪʦʩʪʽ 
ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʛʦʜʠʥʠ ʧʽʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʽ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ - ʜʦ 

ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʮʽʥʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ. ʊʘʢ, 

ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʧʽʢʦʚʽ ʛʦʜʠʥʠ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʘʨʪʽʩʪʴ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʛʦʜʠʥʠ ʙʘʟʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʽʣʴʰ ʥʽʞ ʫ 8 ʨʘʟʽʚ [4]. 

ʄʦʞʣʠʚʽʩʪʴ ʨʦʟʥʝʩʪʠ ʚ ʯʘʩʽ ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʾʾ 

ʥʘʢʦʧʠʯʝʥʥʷ ʫ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʘʭ - ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʧʦʢʨʠʪʪʷ ʧʽʢʽʚ ʩʧʦʞʠʚʘʥʥʷ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʩʧʦʩʦʙʽʚ ʘʢʫʤʫʣʶʚʘʥʥʷ 

ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʜʨʦʘʢʫʤʫʣʶʶʯʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ɻɸɽʉ). ɽʣʝʢʪʨʦʩʪʘʥʮʽʾ ʮʴʦʛʦ ʪʠʧʫ ʤʘʶʪʴ 

ʨʷʜ ʧʝʨʝʚʘʛ: ʚʠʩʦʢʫ ʤʘʥʝʚʨʝʥʽʩʪʴ ʘʛʨʝʛʘʪʽʚ ʽ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʠʡ ʂʂɼ (ʙʣʠʟʴʢʦ 75 %). ʆʜʥʘʢ 

ʚʦʥʠ ʤʘʶʪʴ ʽ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ. ʂʨʽʤ ʚʠʩʦʢʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ, ɻɸɽʉ ʚʠʤʘʛʘʶʪʴ ʱʝ ʡ 

ʦʩʦʙʣʠʚʠʭ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʜʣʷ ʾʭ ʩʧʦʨʫʜʞʝʥʥʷ [5]. ʊʦʤʫ ʥʝʨʦʟʫʤʥʦ ʛʦʚʦʨʠʪʠ ʧʨʦ 

ɻɸɽʉ, ʷʢ ʧʨʦ ʽʜʝʘʣʴʥʝ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɯʥʥʦʚʘʮʽʡʥʝ ʨʽʰʝʥʥʷ ʚ ʮʴʦʤʫ ʧʠʪʘʥʥʽ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʫ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ. ʁʜʝʪʴʩʷ ʧʨʦ 

ʢʨʽʦʛʝʥʥʽ ʘʢʫʤʫʣʶʶʯʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʂɸɽʉ). ɺʦʥʠ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʩʪʘʪʠ ʨʝʘʣʴʥʦʶ 

ʘʣʴʪʝʨʥʘʪʠʚʦʶ ɻɸɽʉ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʩʭʦʞʽ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʦʞ ʨʷʜ 

ʧʝʨʝʚʘʛ.  

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʩʪʘʪʪʽ - ʨʦʟʛʣʷʥʫʪʠ ʪʝʭʥʦʣʦʛʽʶ ʢʨʽʦʛʝʥʥʦʛʦ ʘʢʫʤʫʣʶʚʘʥʥʷ 
ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʜʝ ʚ ʷʢʦʩʪʽ ʝʥʝʨʛʦʥʦʩʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʨʽʜʞʝʥʝ ʧʦʚʽʪʨʷ; ʦʧʠʩʘʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʟʜʽʡʩʥʠʪʠ ʧʦʨʽʚʥʷʥʥʷ ʟ ʽʥʰʠʤʠ ʽʩʥʫʶʯʠʤʠ ʪʘ ʧʦʪʝʥʮʽʡʥʠʤʠ 

ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.   

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɯʩʥʫʻ ʙʝʟʣʽʯ ʩʠʩʪʝʤ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʷʢʽ ʤʦʞʫʪʴ 

ʟʘʧʘʩʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʫ ʚʠʛʣʷʜʽ ʪʝʧʣʦʚʦʾ, ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ (ʨʠʩʫʥʦʢ 2). 

ɺʞʝ ʟʘʨʘʟ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʨʷʜ ʪʝʥʜʝʥʮʽʡ, ʷʢʽ, ʡʤʦʚʽʨʥʦ, ʚʧʣʠʥʫʪʴ ʥʘ ʨʦʟʚʠʪʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ : 
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- ʊʝʥʜʝʥʮʽʾ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ 
ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʨʝʞ (Smart Grids). ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʜʦʟʚʦʣʷʻ 

ʝʢʦʥʦʤʠʪʠ ʷʢ ʧʝʨʚʠʥʥʽ ʝʥʝʨʛʦʨʝʩʫʨʩʠ, ʟʛʣʘʜʞʫʶʯʠ ʧʨʦʬʽʣʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʛʝʥʝʨʫʶʯʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ, ʪʘʢ ʽ ʨʝʩʫʨʩ ʝʣʝʢʪʨʦʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʥʠʞʫʶʯʠ ʧʽʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʧʽʜʩʪʘʥʮʽʷʭ. 

- ʈʦʟʚʠʪʦʢ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ʩʦʥʷʯʥʠʭ ʽ ʚʽʪʨʦʚʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ). ʋ ʨʘʟʽ ʚʝʣʠʢʦʾ ʯʘʩʪʢʠ ʥʝʧʦʩʪʽʡʥʠʭ ɺɼɽ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ (ʙʽʣʴʰʝ 10 %), 

ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʜʦʙʦʚʠʤ ʛʨʘʬʽʢʦʤ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʽ 

ʛʨʘʬʽʢʦʤ ʾʾ ʩʧʦʞʠʚʘʥʥʷ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʫʟʛʦʜʞʝʥʥʷ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ 

ʨʘʭʫʥʦʢ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ [2]. 

- ɿʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʥʝʨʝʛʫʣʴʦʚʘʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʨʦʙʣʝʥʦʾ ʥʘ ʙʣʦʢʘʭ 

ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʟʛʽʜʥʦ ʟ çɽʥʝʨʛʝʪʠʯʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʋʢʨʘʾʥʠ ʜʦ 2030 ʨʦʢʫè [6].  

 
ʈʠʩ. 2 - ʆʩʥʦʚʥʽ ʪʠʧʠ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʾʭ ʝʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

 

ɹʘʣʘʥʩ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʝʬʽʮʠʪʦʤ ʷʢ 

ʤʘʥʝʚʨʝʥʠʭ, ʪʘʢ ʽ ʨʝʛʫʣʶʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ; ʯʘʩʪʢʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʩʥʦʚʥʠʡ ʦʙʩʷʛ ʤʘʥʝʚʨʝʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʙʘʣʘʥʩʽ ʧʦʪʫʞʥʦʩʪʝʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 

9% ʟʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʫ 15% [6]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʣʦʢʠ ʊɽʉ ʽ ʊɽʎ, ʩʧʨʦʝʢʪʦʚʘʥʽ ʜʣʷ ʨʦʙʦʪʠ 

ʚ ʙʘʟʦʚʦʤʫ ʨʝʞʠʤʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʟʤʽʥʥʦʾ ʯʘʩʪʠʥʠ ʛʨʘʬʽʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʪʝʭʥʦʣʦʛʽʡ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʨʦʟʨʦʙʢʠ, ʱʦ 

ʧʨʦʧʦʥʫʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʦʞʣʠʚʦʩʪʝʡ - ʚʽʜ ʧʦʩʝʢʫʥʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ ʜʦ ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʠ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʧʽʜʟʝʤʥʠʭ 

ʩʭʦʚʠʱʘʭ ʥʘ ʧʨʦʪʷʟʽ ʩʝʟʦʥʽʚ. ʆʜʥʘʢ, ʥʘʡʮʽʥʥʽʰʘ ʦʙʣʘʩʪʴ - ʮʝ ʤʝʨʝʞʝʚʝ ʥʘʢʦʧʠʯʝʥʥʷ, ʱʦ 

ʟʜʘʪʥʝ ʟʙʝʨʽʛʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʧʨʦʪʷʛʦʤ ʛʦʜʠʥ ʚ ʤʘʩʰʪʘʙʽ ʜʝʩʷʪʢʽʚ - ʩʦʪʝʥʴ ʤʝʛʘʚʘʪ - ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʜʦʙʦʚʽʡ ʟʤʽʥʽ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ɯ ʩʘʤʝ ʮʶ ʥʽʰʫ, ʥʠʥʽ 
ʤʦʥʦʧʦʣʽʟʦʚʘʥʫ ɻɸɽʉ, ʤʦʞʫʪʴ ʟʘʡʥʷʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʦʩʥʦʚʽ ʢʨʽʦʛʝʥʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʜʝ ʚ ʷʢʦʩʪʽ ʝʥʝʨʛʦʥʦʩʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʨʽʜʞʝʥʝ ʧʦʚʽʪʨʷ.  

ɯʜʝʷ, ʱʦ ʧʦʚʽʪʨʷ, ʷʢʠʤ ʤʠ ʜʠʭʘʻʤʦ ʤʦʞʝ ʧʝʨʝʪʚʦʨʠʪʠʩʷ ʚ ʨʽʜʠʥʫ ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ 

ʥʝʟʚʠʯʥʘ, ʘʣʝ ʚʯʝʥʽ ʟʥʘʣʠ ʷʢ ʚʠʜʽʣʠʪʠ ʩʢʣʘʜʦʚʽ ʽʟ ʨʽʜʢʦʛʦ ʧʦʚʽʪʨʷ ʧʨʦʪʷʛʦʤ ʧʦʥʘʜ ʩʪʦʣʽʪʪʷ 
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(ʨʠʩʫʥʦʢ 3), ʘ ʛʘʟʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʚ ʜʘʥʠʡ ʯʘʩ ʚʠʨʦʙʣʷʻ ʪʠʩʷʯʽ ʪʦʥʥ ʨʽʜʢʦʛʦ ʘʟʦʪʫ ʽ ʨʽʜʢʦʛʦ 
ʢʠʩʥʶ ʢʦʞʝʥ ʜʝʥʴ. ʊʠʤ ʥʝ ʤʝʥʰʝ, ʮʽ ʛʘʟʠ ʥʝ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʦʢʨʝʤʣʝʥʽ ʧʽʩʣʷ ʟʨʽʜʞʝʥʥʷ, ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ ʨʽʜʢʝ ʧʦʚʽʪʨʷ. ʈʷʜ ʪʝʭʥʦʣʦʛʽʡ ʚ ʜʘʥʠʡ ʯʘʩ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʜʢʦʛʦ ʧʦʚʽʪʨʷ, ʦʜʥʘʢ ʡʦʛʦ ʦʩʥʦʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ï 

ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

 
ʈʠʩ. 3 - ʆʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ʧʦʚʽʪʨʷ 

 

ʇʦʚʽʪʨʷ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʦ ʥʘ ʨʽʜʠʥʫ ʰʣʷʭʦʤ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʠʙʣʠʟʥʦ -196Áʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʠʧʦʚʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ɹʣʠʟʴʢʦ 700 ʣʽʪʨʽʚ 
ʧʦʚʽʪʨʷ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ 1 ʣʽʪʨ ʨʽʜʢʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʧʦʪʽʤ ʤʦʞʝ ʙʫʪʠ ʟʙʝʨʝʞʝʥʠʡ ʫ 

ʽʟʦʣʴʦʚʘʥʽʡ ʧʦʩʫʜʠʥʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʠʩʢʫ. ʂʦʣʠ ʪʝʧʣʦ ʟʥʦʚʫ ʚʚʦʜʠʪʴʩʷ ʚ ʨʽʜʢʝ ʧʦʚʽʪʨʷ ʚʦʥʦ 

ʟʘʢʠʧʘʻ ʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘʟʘʜ ʚ ʛʘʟ, ʨʦʟʰʠʨʶʶʯʠʩʴ ʚ ʦʙ'ʻʤʽ ʫ 700 ʨʘʟʽʚ. ʎʝ ʨʦʟʰʠʨʝʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʨʰʥʝʚʠʤ ʜʚʠʛʫʥʦʤ ʘʙʦ ʪʫʨʙʽʥʦʶ, ʱʦʙ ʚʠʢʦʥʫʚʘʪʠ ʢʦʨʠʩʥʫ 

ʨʦʙʦʪʫ. ʆʩʥʦʚʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʚ ʟʙʝʨʽʛʘʥʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʨʘʥʩʧʦʨʪʽ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʪʝʧʣʘ. 

ʊʘʢ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʽʥʥʷ ʨʽʜʢʦʛʦ ʧʦʚʽʪʨʷ (-196Áʉ) ʥʘʙʘʛʘʪʦ ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʘʤʝ ʩʝʨʝʜʦʚʠʱʝ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʩʝ ʪʝʧʣʦ, ʥʝʦʙʭʽʜʥʝ, ʜʣʷ 

ʢʠʧʽʥʥʷ ʨʽʜʢʦʛʦ ʧʦʚʽʪʨʷ. ʆʜʥʘʢ ʥʠʟʴʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʽʥʥʷ ʪʘʢʦʞ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʦʮʝʩ 

ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʣʽʧʰʝʥʠʡ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʥʠʟʴʢʦʩʦʨʪʥʦʛʦ ʪʝʧʣʘ (ʜʦ +100Áʉ), 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʜʣʷ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʚʜʘʥʥʷ ʜʦʚʦʣʽ ʚʘʞʢʝ ʽ, ʚʦʜʥʦʯʘʩ, ʟʥʘʯʥʦ 

ʧʦʢʨʘʱʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ [7]. ɭ ʙʝʟʣʽʯ ʜʞʝʨʝʣ ʥʠʟʴʢʦʩʦʨʪʥʦʛʦ ʪʝʧʣʘ, ʱʦ ʚʪʨʘʯʘʻʪʴʩʷ ʧʦ 

ʚʩʽʡ ʝʢʦʥʦʤʽʮʽ ʢʨʘʾʥʠ - ʚʽʜ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʜʦ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʽʚ [8]. 

ɺʞʝ ʙʫʣʠ ʢʽʣʴʢʘ ʩʧʨʦʙ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʜʢʦʛʦ ʧʦʚʽʪʨʷ ʘʙʦ ʨʽʜʢʦʛʦ ʘʟʦʪʫ ʷʢ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʥʘʧʨʷʤʫ ʧʨʦʪʷʛʦʤ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʷʧʦʥʩʴʢʠʤʠ ʢʦʤʧʘʥʽʷʤʠ Mitsubishi 

Heavy Industry ʪʘ Hitachi  [9, 10], ʥʘ ʞʘʣʴ, ʙʝʟ ʢʦʤʝʨʮʽʡʥʦʛʦ ʫʩʧʽʭʫ. ʇʨʦʪʝ, ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʜʦʩʷʛʥʝʥʥʷ ʽ ʝʚʦʣʶʮʽʷ ʨʠʥʢʫ ʥʘ ʧʦʯʘʪʢʫ ʮʴʦʛʦ ʩʪʦʣʽʪʪʷ, ʩʭʦʞʝ, ʟʨʦʙʠʣʠ ʮʝ ʧʨʘʢʪʠʯʥʦ ʪʘ 
ʝʢʦʥʦʤʽʯʥʦ ʤʦʞʣʠʚʠʤ.  

ʅʘʚʝʩʥʽ 2010 ʨʦʢʫ ʫ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ʙʫʣʘ ʟʘʧʫʱʝʥʘ ʧʽʣʦʪʥʘ ʂɸɽʉ ʧʦʪʫʞʥʽʩʪʶ 300 

ʢɺʪ ʪʘ ʻʤʥʽʩʪʶ 2,5 ʄɺʪ*ʛʦʜ. ɿʘ ʩʣʦʚʘʤʠ ʛʦʣʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʘ ʧʨʦʝʢʪʫ ʟʙʽʨʢʘ ʩʪʘʥʮʽʾ ʟʘʡʥʷʣʘ 

ʚʩʴʦʛʦ 2 ʤʽʩʷʮʽ, ʪʦʤʫ ʱʦ ʘʙʩʦʣʶʪʥʦ ʚʩʝ ʚʠʢʦʨʠʩʪʘʥʝ ʥʘ ʥʽʡ ʦʙʣʘʜʥʘʥʥʷ ʻ ʩʝʨʽʡʥʠʤ. ʊʚʦʨʮʽ 

ʂɸɽʉ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʨʽʜʞʝʥʦʛʦ ʧʦʚʽʪʨʷ ʘʪʤʦʩʬʝʨʥʠʤ ʧʦʚʽʪʨʷʤ ʚ ʤʝʨʝʞʫ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʣʠʰʝ 50 % ʚʽʜ ʪʽʻʾ ʝʥʝʨʛʽʾ, ʱʦ ʨʘʥʽʰʝ ʧʽʰʣʘ ʥʘ ʟʨʽʜʞʫʚʘʥʥʷ ʧʦʚʽʪʨʷ. ʇʨʦʪʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʪʝʧʣʘ ʚʽʜ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʯʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙ'ʻʢʪʘ, 

ʟʙʽʣʴʰʫʻ ʂʂɼ ʜʦ 70 %. ɺ ʢʚʽʪʥʽ 2014 ʨʦʢʫ ʫʨʷʜ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ʚʠʜʽʣʠʚ 8 ʤʽʣʴʡʦʥʽʚ ʬʫʥʪʽʚ 

ʥʘ ʬʽʥʘʥʩʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʝʪʘʧʫ ʜʝʤʦʥʩʪʨʘʮʽʡʥʦʛʦ ʧʨʦʝʢʪʫ [11]. 

ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʷʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʧʽʢʦʚʠʭ ʪʘ ʥʝʧʽʢʦʚʠʭ ʮʽʥ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ 
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ʩʪʘʥʦʚʠʪʴ 2,5 ʘʙʦ ʚʠʱʝ, ʨʽʜʢʝ ʧʦʚʽʪʨʷ ʤʦʞʝ ʩʪʘʪʠ ʝʢʦʥʦʤʽʯʥʦ ʧʨʠʚʘʙʣʠʚʦʶ ʧʨʦʧʦʟʠʮʽʻʶ ʜʣʷ 
ʚʣʘʩʥʠʢʽʚ ʜʞʝʨʝʣ ʥʝʧʦʚʥʽʩʪʶ ʫʪʠʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʘ. ʋ ʢʨʘʾʥʘʭ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʧʝʨʚʠʥʥʠʤʠ 

ʛʝʥʝʨʫʶʯʠʤʠ ʧʦʪʫʞʥʦʩʪʷʤʠ, ʪʘʢʽ ʷʢ ʇʽʚʜʝʥʥʘ ɸʬʨʠʢʘ ʽ ʊʘʾʣʘʥʜ, ʧʽʢʦʚʽ ʮʽʥʠ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʤʦʞʫʪʴ ʙʫʪʠ ʚ 8 ʨʘʟʽʚ ʚʠʱʝ ʥʽʞ ʥʝʧʽʢʦʚʽ, ʥʘʚʽʪʴ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ [12]. ʋ 

ʢʨʘʾʥʘʭ ʘʙʦ ʨʝʛʽʦʥʘʭ ʟʽ ʟʥʘʯʥʠʤ ʨʦʩʪʦʤ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʅʽʤʝʯʯʠʥʘ, 

ʊʝʭʘʩ ʽ ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ, ʮʽʥʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʤʦʞʫʪʴ ʩʪʘʚʘʪʠ ʥʝʛʘʪʠʚʥʠʤʠ ʫ ʧʝʨʽʦʜʠ 

ʩʠʣʴʥʦʛʦ ʚʽʪʨʫ ʽ ʥʠʟʴʢʦʛʦ ʧʦʧʠʪʫ; ʫ ʟʚôʷʟʢʫ ʟ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʧʦʛʦʜʠ ʽ ʧʝʨʝʨʠʚʯʘʩʪʽʩʪʶ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʦʯʽʢʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʨʽʟʥʠʮʽ ʮʽʥ ʫ ʥʘʡʙʣʠʞʯʽ ʜʝʩʷʪʠʣʽʪʪʷ [4]. ɿʘ 

ʜʝʷʢʠʤʠ ʧʨʦʛʥʦʟʘʤʠ, ʧʽʢʦʚʘ/ʥʝʧʽʢʦʚʘ ʚʘʨʪʽʩʪʴ ʚ ʪʘʢʠʭ ʢʨʘʾʥʘʭ ʤʦʞʝ ʙʫʪʠ ʽʩʪʦʪʥʦ ʚʠʱʦʶ, ʥʽʞ 

2,5 ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ ʜʚʦʭ ʜʝʩʷʪʠʣʽʪʴ [4]. 

ʇʦʨʽʚʥʷʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʍʦʯʘ ʥʘʢʦʧʠʯʝʥʥʷ ʤʘʻ ʷʚʥʽ 

ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʽʥʰʠʤʠ ʬʦʨʤʘʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʙʽʣʴʰʽʩʪʴ ʟ ʥʘʷʚʥʠʭ ʚ ʜʘʥʠʡ ʯʘʩ ʪʝʭʥʦʣʦʛʽʡ 

ʟʙʝʨʽʛʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʮʽʣʦʛʦ ʨʷʜʫ ʪʝʭʥʽʯʥʠʭ ʽ ʬʽʥʘʥʩʦʚʠʭ ʦʙʤʝʞʝʥʴ 

(ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ 1.1). 

ʊʘʙʣʠʮʷ 1.1 - ʇʦʨʽʚʥʷʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 
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ɻɸɽʉ  ʅ ̔ ʊʘʢ ʊʘʢ ʅ ̔ ʊʘʢ ʊʘʢ ʈʦʟʚʠʥʫʪʘ 

ʉʪʠʩʥʫʪʝ ʧʦʚʽʪʨʷ  ʊʘʢ ʊʘʢ ʊʘʢ ʅ ̔ ʊʘʢ ʊʘʢ ʈʦʟʚʠʥʫʪʘ 

ʉʪʠʩʥʫʪʝ ʧʦʚʽʪʨʷ - 

ʘʜʽʘʙʘʪʥʠʡ ʧʨʦʮʝʩ 

ʊʘʢ ʊʘʢ ʊʘʢ ʅ ̔ ʊʘʢ ʊʘʢ ʈʦʟʨʦʙʢʘ 

ʂʨʽʦʛʝʥʥʽ ʨʽʜʠʥʠ  ʊʘʢ ʊʘʢ ʊʘʢ ʅ ̔ ʊʘʢ ʅ ̔ ɼʝʤʦʥʩʪʨʘʮʽʡʥʠʡ 

ʧʨʦʝʢʪ 

ʄʘʭʦʚʠʢʠ  ʅ ̔ ʊʘʢ ʅ ̔ ʊʘʢ ʅ ̔ ʅ ̔ ʈʦʟʚʠʥʫʪʘ / 

ɼʝʤʦʥʩʪʨʘʮʽʡʥʠʡ 

ʧʨʦʝʢʪ 

ʉʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʠ  ʅ ̔ ʅ ̔ ʅ ̔ ʊʘʢ ʅ ̔ ʅ ̔ ʈʦʟʨʦʙʢʘ 

ʅʘʜʧʨʦʚʽʜʥʽ ʤʘʛʥʽʪʠ ʅ ̔ ʊʘʢ ʅ ̔ ʊʘʢ ʅ ̔ ʅ ̔ ʈʦʟʨʦʙʢʘ 

ɸʢʫʤʫʣʷʪʦʨʠ ʅ ̔ ʅ ̔ ʊʘʢ ʊʘʢ ʅ ̔ ʅ ̔ ʈʦʟʚʠʥʫʪʘ 

ʇʘʣʠʚʥʽ ʢʦʤʽʨʢʠ ʅ ̔ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʅ ̔ ʈʦʟʨʦʙʢʘ 

 

ɻɸɽʉ - ʟʦʣʦʪʠʡ ʩʪʘʥʜʘʨʪ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʅʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ ʚ ʩʚʽʪʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 122 ɻɺʪ , ʟ 

ʥʠʭ ʥʘ ɻɸɽʉ ʧʨʠʧʘʜʘʻ ʤʘʡʞʝ 99 % [2]. ʊʝʭʥʦʣʦʛʽʷ ɻɸɽʉ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʥʠʡ ʦʙʩʷʛ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʚ ʙʫʜʽʚʥʠʮʪʚʦ ʽ ʡʦʛʦ ʪʨʠʚʘʣʽʩʪʴ. ɿʘʮʽʢʘʚʣʝʥʽʡ ʛʨʦʤʘʜʩʴʢʦʩʪʽ, ʫ ʪʦʡ ʞʝ ʯʘʩ, 

ʥʝʚʽʜʦʤʽ ʢʦʨʝʢʪʥʽ ʨʦʟʨʘʭʫʥʢʠ ʾʭ ʦʢʫʧʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ɻɸɽʉ ʫ ʘʙʩʦʣʶʪʥʦʤʫ ʚʠʤʽʨʽ ʻ 
ʟʙʠʪʢʦʚʠʤ ʦʙôʻʢʪʦʤ [13]. ʗʢ ʧʦʢʘʟʫʶʪʴ ʧʨʠʢʣʘʜʠ ʟ ʊʘʰʣʠʮʴʢʦʶ ɻɸɽʉ ʪʘ ɼʥʽʩʪʨʦʚʩʴʢʦʶ 

ɻɸɽʉ, ʪʘʢʽ ʨʦʟʨʘʭʫʥʢʠ ʘʙʦ ʥʝʚʽʜʦʤʽ ʛʨʦʤʘʜʩʴʢʦʩʪʽ, ʘʙʦ ʚʠʢʣʠʢʘʶʪʴ ʩʫʤʥʽʚ, ʯʝʨʝʟ 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ. ʊʘʢʦʞ, ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʟʙʠʪʢʠ, ʟʘʚʜʘʥʽ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʫ ʪʘ ʤʽʩʮʝʚʦʤʫ ʥʘʩʝʣʝʥʥʶ, ʙʘʩʝʡʥʘʤ ʨʽʯʦʢ ʪʦʱʦ, ʷʢ ʫ ʧʨʦʮʝʩʽ ʙʫʜʽʚʥʠʮʪʚʘ, ʪʘʢ ʽ 

ʚʥʘʩʣʽʜʦʢ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ɻɸɽʉ [13]. ʆʜʥʘʢ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʻ 

ʪʝ, ʱʦ ɻɸɽʉ ʚʠʤʘʛʘʶʪʴ ʦʩʦʙʣʠʚʠʭ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʜʣʷ ʾʭ ʩʧʦʨʫʜʞʝʥʥʷ. 



ʉʊɸʃʀʁ ʈʆɿɺʀʊʆʂ ɽʅɽʈɻɽʊʀʂʀ
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ɿʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʩʪʠʩʥʫʪʦʤʫ ʧʦʚʽʪʨʽ (CAES) ʪʝʦʨʝʪʠʯʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 
ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʦʛʦ ʨʦʟʦʩʝʨʝʜʞʝʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ. ʊʠʤ ʥʝ ʤʝʥʰ, ʥʘ ʜʘʥʠʡ ʯʘʩ ʧʦ 

ʚʩʴʦʤʫ ʩʚʽʪʫ ʽʩʥʫʶʪʴ ʣʠʰʝ ʜʚʽ ʚʝʣʠʢʠʭ ʩʪʘʥʮʽʾ CAES, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʽ ʦʙʠʜʚʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʫʨʙʽʥ ʥʘ ʧʨʠʨʦʜʥʴʦʤʫ ʛʘʟʽ. çɸʜʽʘʙʘʪʠʯʥʽè ʪʝʭʥʦʣʦʛʽʾ CAES, ʱʦ ʜʦʟʚʦʣʠʣʠ ʙ 

ʦʙʽʡʪʠʩʷ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʚʩʝ ʱʝ ʧʝʨʝʙʫʚʘʶʪʴ ʚ 

ʟʘʨʦʜʢʦʚʦʤʫ ʩʪʘʥʽ. ɺʝʣʠʢʦʤʘʩʰʪʘʙʥʽ CAES ʚʠʤʘʛʘʶʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ 

ʟʘʣʷʛʘʥʥʷ ʩʦʣʽ - ʚ ʷʢʠʭ ʩʪʚʦʨʶʶʪʴʩʷ ʧʝʯʝʨʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʦʚʽʪʨʷ - ʧʨʦʮʝʩ, ʷʢʠʡ ʤʦʞʝ 

ʟʘʡʥʷʪʠ ʜʦ ʧ'ʷʪʠ ʨʦʢʽʚ ʽ ʚʠʤʘʛʘʻ ʚʠʩʦʢʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ. ʄʘʣʽ CAES ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ ʚʞʝ ʙʽʣʴʰʝ ʜʝʩʷʪʠ ʨʦʢʽʚ ʟ ʦʙʤʝʞʝʥʠʤ ʧʨʦʛʨʝʩʦʤ. 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʘʢʫʤʫʣʷʪʦʨʠ - ʱʝ ʦʜʥʝ ʧʦʪʝʥʮʽʡʥʝ ʨʽʰʝʥʥʷ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʙʤʝʞʝʥʴ. ʊʠʤ ʥʝ ʤʝʥʰ, ʚʦʥʠ ʢʘʧʽʪʘʣʦʤʽʩʪʢʽ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʙʽʣʴʰ 

ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ, ʥʽʞ ʤʝʭʘʥʽʯʥʽ ʩʠʩʪʝʤʠ, ʪʘʢʽ ʷʢ ɻɸɽʉ (10-15 ʨʦʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 25-

40 ʨʦʢʽʚ). ɹʽʣʴʰ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʟʙʽʣʴʰʫʻ ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʚʠʪʨʘʪʠ, 

ʧʦʚôʷʟʘʥʽ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʫʪʠʣʽʟʘʮʽʾ ʪʘ ʧʝʨʝʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʄʘʭʦʚʠʢʠ - ʚʚʘʞʘʶʪʴʩʷ ʥʘʜʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʟʽ ʟʥʘʯʥʠʤ ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ ʽ ʚʽʜʥʦʩʥʦ 

ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ ʥʘ ʢʽʣʦʚʘʪ ʧʦʪʫʞʥʦʩʪʽ. ʇʨʦʪʝ, ʯʝʨʝʟ ʟʥʘʯʥʠʡ ʩʘʤʦʨʦʟʨʷʜ, ʤʘʭʦʚʠʢʠ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚʠʩʦʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʩʝʢʫʥʜ ʘʙʦ ʭʚʠʣʠʥ, ʥʽʞ 
ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʝʥʝʨʛʽʾ ʧʨʦʪʷʛʦʤ ʙʽʣʴʰ ʪʨʠʚʘʣʦʛʦ ʪʝʨʤʽʥʫ, ʽ ʮʝ ʦʙʤʝʞʫʻ ʾʭ 

ʨʦʣʴ ʚ ʝʥʝʨʛʦʤʝʨʝʞʽ ʯʘʩʪʦʪʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʋ ʧʽʜʩʫʤʢʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʤʘʻ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʬʦʨʤʘʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʦʜʥʘʢ ʙʽʣʴʰʽʩʪʴ ʟ ʥʘʷʚʥʠʭ ʚ ʜʘʥʠʡ ʯʘʩ 

ʪʝʭʥʦʣʦʛʽʡ ʟʙʝʨʽʛʘʥʥʷ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʮʽʣʦʛʦ ʨʷʜʫ ʪʝʭʥʽʯʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʥʝʜʦʣʽʢʽʚ. ɼʣʷ 

ʝʥʝʨʛʦʤʝʨʝʞʽ, ʥʝʦʙʭʽʜʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʽ ʙʫʜʝ ʚ ʟʤʦʟʽ ʦʙ'ʻʜʥʘʪʠ ʚʠʩʦʢʫ ʥʦʤʽʥʘʣʴʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʽ ʚʝʣʠʢʫ ʻʤʥʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ɻɸɽʉ, ʘʣʝ ʙʝʟ ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʙʤʝʞʝʥʴ; 

ʰʚʠʜʢʠʡ ʯʘʩ ʧʫʩʢʫ, ʘʣʝ ʙʝʟ ʚʠʢʠʜʽʚ; ʘ ʪʘʢʦʞ ʥʠʟʴʢʽ ʚʠʪʨʘʪʠ, ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʪʨʠʚʘʣʠʡ 

ʪʝʨʤʽʥ ʩʣʫʞʙʠ. ɯ ʩʘʤʝ ʪʘʢʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʤʦʞʝ ʩʪʘʪʠ ʢʨʽʦʛʝʥʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ. 

ɺʠʩʥʦʚʦʢ 

ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʩʝʨʽʡʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʨʦʟʤʽʱʝʥʥʷ, 

ʂɸɽʉ ʤʦʞʫʪʴ ʩʪʘʪʠ ʨʝʘʣʴʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ɻɸɽʉ - ʜʝʰʝʚʦʶ ʽ ʚʦʜʥʦʯʘʩ ʤʦʙʽʣʴʥʦʶ. 

ʉʫʢʫʧʥʽʩʪʴ ʮʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʛʘʨʥʠʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʚʽʜʢʨʠʚʘʶʪʴ ʰʠʨʦʢʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʂɸɽʉ ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʛʨʘʬʽʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʆʜʥʘʢ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʥʝ ʦʪʨʠʤʘʣʘ ʰʠʨʦʢʦʛʦ ʨʦʟʛʦʣʦʩʫ ʪʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ. ɰʡ ʥʝʦʙʭʽʜʥʘ ʟʥʘʯʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʘ 

ʫʨʷʜʦʚʘ ʧʽʜʪʨʠʤʢʘ, ʘ ʪʘʢʦʞ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʣʘʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʜʢʦʛʦ ʧʦʚʽʪʨʷ, 
ʟʜʝʰʝʚʣʝʥʥʷ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ.  
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ʇɯɼɺʀʑɽʅʅʗ ʊʆʏʅʆʉʊɯ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʅɸɺɸʅʊɸɾɽʅʅʗ 

ʉʇʆɾʀɺɸʏɯɺ ɽʃɽʂʊʈʀʏʅʆɰ ɽʅɽʈɻɯɰ 

ʇʆɺʓʐɽʅʀɽ ʊʆʏʅʆʉʊʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʅɸɻʈʋɿʂʀ 

ʇʆʊʈɽɹʀʊɽʃɽʁ   ʕʃɽʂʊʈʀʏɽʉʂʆʁ ʕʅɽʈɻʀʀ  

IMPROVING ACCURACY LOAD FORECASTING OF CONSUMERS   ELECTRIC 

POWER  

ɸʥʦʪʘʮʽʷ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ 

ʥʘʧʨʷʤʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʠʥʢʦʚʽʡ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ. ɹʫʜʴ-ʷʢʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʧʣʘʥʦʚʠʭ ʟʥʘʯʝʥʴ 

ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʥʝʤʠʥʫʯʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʫʯʘʩʥʠʢʘ ʨʠʥʢʫ, ʷʢʠʡ 

ʧʨʠʧʫʩʪʠʚʩʷ ʪʘʢʠʭ ʚʽʜʭʠʣʝʥʴ. ʊʦʤʫ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʜʦʩʪʦʚʽʨʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʻ ʦʜʥʠʤ ʟ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʚ 

ʫʤʦʚʘʭ ʈɼɼɹʈ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʝʣʝʢʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ 

ʟʛʣʘʜʞʫʚʘʥʥʷ, ʤʦʜʝʣʴ, ʧʦʤʠʣʢʘ. 

ɸʥʥʦʪʘʮʠʷ. ɼʦʩʪʦʚʝʨʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʳʤ ʫʩʣʦʚʠʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʠʙʝʨʘʣʠʟʦʚʘʥʥʳʭ ʨʳʥʢʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʃʶʙʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʚʝʜʫʪ ʢ 

ʥʝʠʟʙʝʞʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʫʯʘʩʪʥʠʢʘ ʨʳʥʢʘ, ʢʦʪʦʨʳʡ 

ʜʦʧʫʩʪʠʣ ʪʘʢʠʝ ʦʪʢʣʦʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʦʚ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʚʥʝʜʨʝʥʠʷ ʚ ʋʢʨʘʠʥʝ ʈɼɼɹʈ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ 

ʩʛʣʘʞʠʚʘʥʠʷ, ʤʦʜʝʣʴ, ʦʰʠʙʢʘ. 

Annotation. Forecasting of electric load is one of the most important areas of research in 

the electricity market. Any deviation from the planned values will lead to an inevitable increase in 

the cost of electricity market participants, who had made such deviations. Therefore, the task of 

improve the accuracy of existing methods for reliable prediction of demand for electrical power is 

a priority in RDDBR. 

Keywords: forecasting, electrical load, exponential smoothing, model, error. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ 

ʧʦʪʫʞʥʽʩʪʴ (ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ) ʥʘ ʨʠʥʢʫ çʜʦʙʘ ʥʘʧʝʨʝʜè ʚ ʫʤʦʚʘʭ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ 

ʨʠʥʢʫ ʜʚʦʭʩʪʦʨʦʥʥʽʭ ʜʦʛʦʚʦʨʽʚ ʪʘ ʙʘʣʘʥʩʫʶʯʦʛʦ ʨʠʥʢʫ. 
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ɺʩʪʫʧ 

ʉʝʨʝʜʥʴʦʩʪʨʦʢʦʚʝ (ʥʘ ʜʦʙʫ ʥʘʧʝʨʝʜ) ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʻ ʩʴʦʛʦʜʥʽ 
ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ. ʇʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʥʠʭ ʦʮʽʥʦʢ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʟʘʦʱʘʜʞʝʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʟʤʝʥʰʝʥʥʷ ʰʢʽʜʣʠʚʠʭ 

ʚʠʢʠʜʽʚ. ʋ ʟʚ'ʷʟʢʫ ʟ ʧʝʨʝʭʦʜʦʤ ʜʦ ʥʦʚʦʾ ʤʦʜʝʣʽ ʦʧʪʦʚʦʛʦ ʨʠʥʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ (ʆʈɽ) ï 

ʨʠʥʢʫ ʜʚʦʭʩʪʦʨʦʥʥʽʭ ʜʦʛʦʚʦʨʽʚ ʪʘ ʙʘʣʘʥʩʫʶʯʦʛʦ ʨʠʥʢʫ (ʈɼɼɹʈ), ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ 

ʨʠʥʦʢ çʜʦʙʘ ʥʘʧʝʨʝʜè (ʈɼʅ), ʚʠʤʦʛʠ ʱʦʜʦ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʘʯʥʦ ʟʨʦʩʣʠ [1, 2]. 

ʊʦʤʫ ʨʦʙʦʪʠ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʨʦʟʨʦʙʢʦʶ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʾʭʥʽʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʟ ʤʝʪʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ, ʦʙʣʽʢʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷʤ (ɸʉʂʆɽ) ʪʘ ʩʠʩʪʝʤʘʭ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (ʉʇʇʈ) ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ ʻ ʢʦʥʯʝ ʘʢʪʫʘʣʴʥʠʤʠ [3, 4]. 

ɺ [5] ʡʜʝʪʴʩʷ ʧʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʭ ʩʧʦʩʦʙʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ: 

¶ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʽ ʧʦʜʘʣʴʰʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ; 

¶ ʢʦʥʩʝʥʩʫʩ-ʧʨʦʛʥʦʟ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʪʦʙʪʦ ʨʦʟʙʠʪʪʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʥʘ ʛʦʤʦʛʝʥʥʽ ʚʽʜʨʽʟʢʠ, ʚ 

ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʫʣʦ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ Russel Fogler ʚ 1974 ʨʦʮʽ [6]. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʚ [6] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʚ ʜʚʘ ʝʪʘʧʠ: 

1. ʂʣʘʩʪʝʨʠʟʘʮʽʷ. 

2. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʚʩʝʨʝʜʠʥʽ ʢʣʘʩʪʝʨʘ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ ʢʦʤʙʽʥʘʮʽʻʶ ʜʚʦʭ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʯʘʩʦʚʠʭ ʨʷʜʽʚ: ʧʝʨʰʘ ʤʦʜʝʣʴ 

ʚʠʟʥʘʯʘʻ ʚʣʘʩʥʝ ʢʣʘʩʪʝʨ, ʜʨʫʛʘ ï ʨʝʘʣʽʟʫʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʩʝʨʝʜʠʥʽ ʢʣʘʩʪʝʨʘ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʘʢʠʡ ʧʽʜʭʽʜ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʧʦʧʫʣʷʨʥʠʤ. 

ɺ ʦʛʣʷʜʽ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [7] ʥʘʚʦʜʠʪʴʩʷ 

ʪʘʙʣʠʮʷ, ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʪʘʢʠʭ ʢʦʤʙʽʥʘʮʽʡ ʤʦʜʝʣʝʡ: 

¶ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ + ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ; 

¶ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ + ARIMAX; 

¶ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ + ʨʝʛʨʝʩʽʷ; 

¶ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ + ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ + ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ; 

¶ ʨʝʛʨʝʩʽʷ + ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʰʦʛʦ ʩʧʦʩʦʙʫ ʟʘʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʜʦʩʣʽʜʞʝʥʥʷ 1776 ʧʦʯʘʪʢʦʚʠʭ 30-ʭʚʠʣʠʥʥʠʭ 

ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ ʦʙʩʷʛʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʮʝʤʝʥʪʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘ ʧʝʨʽʦʜ ʟ 1.10.2013ʨ. ʧʦ 6.11.2013ʨ., ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʫʭʠʡ ʩʧʦʩʽʙ 

ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ. ʏʘʩʦʚʠʡ ʨʷʜ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ.1. ʏʘʩʦʚʠʡ ʨʷʜ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʂʣʘʩʪʝʨʠʟʘʮʽʷ ï ʦʙ'ʻʜʥʘʥʥʷ ʚ ʛʨʫʧʠ ʩʭʦʞʠʭ ʦʙ'ʻʢʪʽʚ ï ʻ ʦʜʥʠʤ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʟʘʚʜʘʥʴ ʚ ʛʘʣʫʟʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʯʘʩʪʦ ʚʠʩʪʫʧʘʻ ʧʝʨʰʠʤ 

ʢʨʦʢʦʤ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʇʽʩʣʷ ʚʠʜʽʣʝʥʥʷ ʩʭʦʞʠʭ ʛʨʫʧ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʽʥʰʽ ʤʝʪʦʜʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʦʢʨʝʤʘ ʤʦʜʝʣʴ [8]. 

ʉʴʦʛʦʜʥʽ ʚʽʜʦʤʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʨʦʟʙʠʪʪʷ ʛʨʫʧ ʦʙ'ʻʢʪʽʚ ʥʘ ʢʣʘʩʪʝʨʠ 

ï ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʘʣʛʦʨʠʪʤʽʚ ʽ ʱʝ ʙʽʣʴʰʝ ʾʭʥʽʭ ʤʦʜʠʬʽʢʘʮʽʡ [12]. ʂʣʘʩʪʝʨʠʟʘʮʽʷ ʧʨʦʚʦʜʠʣʘʩʷ 

ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ STATISTICA [8]. ʎʝʡ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧʘʥʽʻʶ StatSoft, ʷʢʘ ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʾ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, 

ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʭ, ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. ʋ ʤʦʜʫʣʽ Cluster 

Analysis ʧʘʢʝʪʫ ʨʝʘʣʽʟʫʶʪʴʩʷ ʪʘʢʽ ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ: 

Å ʟ'ʻʜʥʘʥʥʷ (ʜʝʨʝʚʦʧʦʜʽʙʥʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ), Joining (tree clustering); 

Å ʤʝʪʦʜ kïʩʝʨʝʜʥʽʭ (k- means clustering); 

Å ʜʚʦʚʭʽʜʥʝ ʦʙ'̒ ʜʥʘʥʥʷ (Two - way joining).
 
 

ɺ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ kïʩʝʨʝʜʥʽʭ, ʷʢʠʡ ʟʛʽʜʥʦ [11] ʻ ʥʘʡʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʠʤ ʤʝʪʦʜʦʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ʄʝʪʦʜ kïʩʝʨʝʜʥʽʭ ï ʮʝ ʤʝʪʦʜ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʝʪʦʶ 

ʷʢʦʛʦ ʻ ʧʦʜʽʣ m ʩʧʦʩʪʝʨʝʞʝʥʴ (ʟ ʧʨʦʩʪʦʨʫ 
nR ) ʥʘ k ʢʣʘʩʪʝʨʽʚ, ʧʨʠ ʮʴʦʤʫ ʢʦʞʥʝ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʪʦʛʦ ʞ ʩʘʤʦʛʦ ʢʣʘʩʪʝʨʫ, ʜʦ ʮʝʥʪʫ (ʮʝʥʪʨʦʾʜʫ) ʷʢʦʛʦ ʚʦʥʦ ʻ 

ʥʘʡʙʣʠʞʯʠʤ. ɺ ʷʢʦʩʪʽ ʤʽʨʠ ʙʣʠʟʴʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ɽʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ [12]: 

n 2

p 1 p p(x, y) x y (x y )  ,=r = - = -ä  

(

1) 
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ʜʝ: 
nx, y RÍ  

ʆʪʞʝ, ʨʦʟʛʣʷʥʝʤʦ ʨʷʜ ʩʧʦʩʪʝʨʝʞʝʥʴ (1) (2) (m) ( j) n(x ,x ,...,x ),x RÍ . ʄʝʪʦʜ kïʩʝʨʝʜʥʽʭ 

ʨʦʟʜʽʣʷʻ m ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ k ʛʨʫʧ (ʘʙʦ ʢʣʘʩʪʝʨʽʚ), ʜʝ k Ò m, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʩʫʤʘʨʥʝ 

ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʪʦʯʦʢ ʢʣʘʩʪʝʨʽʚ ʚʽʜ ʮʝʥʪʨʽʚ ʮʠʭ ʢʣʘʩʪʝʨʽʚ: 

( j)
j

2k ( j)

i 1 ix S
min[ x ],= Í

-mä ä  
(

2) 

ʜʝ: ( j) nx R ,Í
n

i Rm Í , imï ʮʝʥʪʨ ʜʣʷ ʢʣʘʩʪʝʨʘ. 

ʗʢʱʦ ʤʽʨʘ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʮʝʥʪʨʦʾʜʘ ʚʠʟʥʘʯʝʥʘ, ʪʦ ʨʦʟʙʠʪʪʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʢʣʘʩʪʝʨʠ ʟʚʦʜʠʪʴʩʷ 

ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʮʝʥʪʨʦʾʜʽʚ ʮʠʭ ʢʣʘʩʪʝʨʽʚ. ʏʠʩʣʦ ʢʣʘʩʪʝʨʽʚ k ʧʦʧʝʨʝʜʥʴʦ ʟʘʜʘʻʪʴʩʷ 

ʜʦʩʣʽʜʥʠʢʦʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʯʘʪʢʦʚʠʡ ʥʘʙʽʨ k ʩʝʨʝʜʥʽʭ (ʮʝʥʪʨʦʾʜʽʚ) 
1 k...m m ʚ ʢʣʘʩʪʝʨʘʭ 

1 2 kS ,S ,...S . ʅʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʮʝʥʪʨʦʾʜʠ ʢʣʘʩʪʝʨʽʚ ʚʠʙʠʨʘʶʪʴʩʷ ʚʠʧʘʜʢʦʚʦ ʘʙʦ ʟʘ ʧʝʚʥʠʤ ʧʨʘʚʠʣʦʤ 

(ʥʘʧʨʠʢʣʘʜ, ʚʠʙʨʘʪʠ ʮʝʥʪʨʦʾʜʠ, ʤʘʢʩʠʤʽʟʫʶʯʠ ʧʦʯʘʪʢʦʚʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ). 

ɺʽʜʥʦʩʠʤʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʦ ʪʦʛʦ ʢʣʘʩʪʝʨʫ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ (ʮʝʥʪʨʦʾʜ) 

ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʙʣʠʞʯʦʤʫ ʟʥʘʯʝʥʥʶ ʮʝʥʪʨʫ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʢʣʘʩʪʝʨʫ. ʂʦʞʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʥʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʜʦ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʫ, ʥʘʚʽʪʴ ʷʢʱʦ ʡʦʛʦ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʜʚʦʭ ʽ ʙʽʣʴʰʝ 

ʢʣʘʩʪʝʨʽʚ. ʇʦʪʽʤ ʮʝʥʪʨʦʾʜ ʢʦʞʥʦʛʦ i-ʛʦ ʢʣʘʩʪʝʨʘ ʧʝʨʝ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʪʘʢʠʤ ʧʨʘʚʠʣʦʤ [9]: 

( j)
i

( j)

j

x Sj

1
x

S Í

m = ä  
(

3) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʣʛʦʨʠʪʤ kïʩʝʨʝʜʥʽʭ ʧʦʣʷʛʘʻ ʚ ʧʦʚʪʦʨʥʦʤʫ ʦʙʯʠʩʣʝʥʥʽ ʥʘ ʢʦʞʥʦʤʫ 

ʢʨʦʮʽ ʮʝʥʪʨʦʾʜʘ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʪʝʨʘ, ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ. ɸʣʛʦʨʠʪʤ 

ʟʫʧʠʥʷʻʪʴʩʷ, ʢʦʣʠ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʟʥʘʯʝʥʥʷ jm ʥʝ ʟʤʽʥʶʶʪʴʩʷ: 

ʢʨʦʢ t ʢʨʦʢ t 1

j j

+m =m
 

(

4) 

ɺʘʞʣʠʚʦ: ʅʝʚʽʨʥʠʡ ʚʠʙʽʨ ʧʦʯʘʪʢʦʚʦʛʦ ʯʠʩʣʘ ʢʣʘʩʪʝʨʽʚ k ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʝʢʦʨʝʢʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʉʘʤʝ ʪʦʤʫ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ kïʩʝʨʝʜʥʽʭ ʚʘʞʣʠʚʦ 

ʩʧʦʯʘʪʢʫ ʚʠʢʦʥʘʪʠ ʧʝʨʝʚʽʨʢʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʯʠʩʣʘ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ. 

ʊʦʤʫ ʱʝ ʨʘʟ ʧʽʜʢʨʝʩʣʠʤʦ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʝʪʦʜʫ kïʩʝʨʝʜʥʽʭ [9]: 

¶ ʚ ʷʢʦʩʪʽ ʤʝʪʨʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ɽʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ; 

¶ ʯʠʩʣʦ ʢʣʘʩʪʝʨʽʚ ʧʦʧʝʨʝʜʥʴʦ ʦʙʠʨʘʻʪʴʩʷ ʜʦʩʣʽʜʥʠʢʦʤ; 

¶ ʷʢʽʩʪʴ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʨʦʟʙʠʪʪʷ. 

ɿʘʩʪʦʩʫʻʤʦ ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʥʘ 

ʈɼʅ. ɼʦʩʣʽʜʠʤʦ, ʷʢʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʻ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʥʘ ʪʦʯʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʇʦʯʘʪʢʦʚʫ ʤʥʦʞʠʥʫ ʙʫʜʝʤʦ ʨʦʟʙʠʚʘʪʠ ʩʧʦʯʘʪʢʫ ʥʘ 2 ʢʣʘʩʪʝʨʠ, ʘ ʧʦʪʽʤ 

ʧʦʩʪʫʧʦʚʦ ʙʫʜʝʤʦ ʟʙʽʣʴʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʢʦʞʥʦʛʦ ʨʘʟʫ ʥʘ 1 ʧʦʟʠʮʽʶ. 

ʂʣʘʩʪʝʨʠʟʘʮʽʶ ʙʫʜʝʤʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʤʝʪʦʜʦʤ kïʩʝʨʝʜʥʽʭ, ʱʦ ʦʙʛʨʫʥʪʦʚʘʥʦ ʨʘʥʽʰʝ. ɼʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʩʪʦʩʫʻʤʦ ʤʝʪʦʜ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ [13]. 

ɼʣʷ ʧʦʯʘʪʢʫ ʟʜʽʡʩʥʠʤʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʫ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ. 
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ʊʘʢʦʞ ʧʦʧʝʨʝʜʥʴʦ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʌʫʨôʻ (ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʩʝʟʦʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ), ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ 2. 

 

ʈʠʩ.2. ʉʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ʇʽʩʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ (ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.3) ʦʪʨʠʤʘʣʠ ʩʝʨʝʜʥʶ 

ʘʙʩʦʣʶʪʥʫ ʚʽʜʩʦʪʢʦʚʫ ʧʦʤʠʣʢʫ ʄɸʈɽ ï 7,63%. ʄɸʈɽ - ʩʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʤʠʣʢʘ ʫ 

ʚʽʜʩʦʪʢʘ:  

Z(t) Z(t)
1

ʄɸʈɽ 100%
N Z(t)

L

-

= Ö Ö
 

(

5) 

 

ʈʠʩ.3. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 
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ɺ [10], ʥʘʧʨʠʢʣʘʜ, ʥʘʚʦʜʠʪʴʩʷ ʦʧʪʠʤʘʣʴʥʘ ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʝʥʝʨʛʦʩʠʩʪʝʤʽ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ï 2% ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʥʘ ʥʘʩʪʫʧʥʫ ʜʦʙʫ. ʊʦʤʫ ʥʘʩʪʫʧʥʠʤ 
ʢʨʦʢʦʤ ʙʫʜʝ ʟʜʽʡʩʥʝʥʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʟʘ ʤʝʪʦʜʦʤ k ï ʩʝʨʝʜʥʽʭ. ʅʘ ʧʦʯʘʪʢʫ ʟʘʜʘʤʦʩʷ ʯʠʩʣʦʤ 

ʢʣʘʩʪʝʨʽʚ, ʷʢʝ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 2. ɻʨʘʬʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4. 

 

ʈʠʩ.4. ʂʣʘʩʪʝʨʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʜʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʩʝʨʝʜʠʥʽ ʢʣʘʩʪʝʨʘ. ʅʘʩʪʫʧʥʘ ʜʦʙʘ, ʟʛʽʜʥʦ 

ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʙʫʜʝ ʚʽʜʥʦʩʠʪʠʩʷ ʜʦ ʢʣʘʩʪʝʨʫ ʧʽʜ ʥʦʤʝʨʦʤ 1. ʇʨʦʚʽʚʰʠ 

ʘʥʘʣʽʟ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʪʝʨʫ 1, ʽ ʥʘ ʡʦʛʦ ʙʘʟʽ ʧʨʦʚʦʜʠʣʦʩʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɼʣʷ 

ʜʘʥʦʛʦ ʧʨʦʛʥʦʟʫ ʄɸʈɽ ʩʢʣʘʣʘ 10,56%. ʊʦʙʪʦ, ʧʨʠ ʨʦʟʙʠʪʪʽ ʥʘʰʦʾ ʧʝʨʝʜʽʩʪʦʨʽʾ ʥʘ 2 ʢʣʘʩʪʝʨʠ 

ʧʦʤʠʣʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʨʦʩʣʘ ʥʘ 2,93%. 

ɼʘʣʽ ʟ ʢʦʞʥʠʤ ʢʨʦʢʦʤ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʟʙʽʣʴʰʫʚʘʣʘʩʴ ʥʘ 1, ʽ ʧʨʦʚʦʜʠʚʩʷ ʘʥʘʣʽʟ 

ʟʤʽʥʠ ʄɸʈɽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʂʽʥʮʝʚʘ ʢʽʣʴʢʽʩʪʴ ʟʽʩʪʘʚʠʣʘ 8 ʢʣʘʩʪʝʨʽʚ (ʪʘʢ ʷʢ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʝʨʝʜʽʩʪʦʨʽʷ ʟ ʪʝʭʥʽʯʥʦʾ ʩʪʦʨʦʥʠ ʥʝ ʜʦʟʚʦʣʠʪʴ ʨʦʟʙʠʪʪʷ ʥʘ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ) 

ɿʚʦʜʠʤʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʪʘʙʣ.1. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.5: 

ʊʘʙʣʠʮʷ 1. ʂʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʽ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʄɸʈɽ. 

ʂʽʣʴʢʽʩʪʴ 

ʢʣʘʩʪʝʨʽʚ 
ʄɸʈɽ 

2 10,587 

3 8,891 

4 17,197 

5 9,453 

6 6,069 

7 6,125 

8 6,687 

 

ɿʛʽʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʪʘʙʣʠʮʽ ʙʘʯʠʤʦ ʨʽʟʥʽ ʩʢʘʯʢʠ ʄɸʈɽ ʧʽʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 
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ʢʣʘʩʪʝʨʽʚ ʟʘ ʧʝʨʽʦʜ ʧʝʨʝʜʽʩʪʦʨʽʾ. ʈʦʟʙʠʪʪʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʚʢʣʶʯʥʦ ʜʦ 5 ʢʣʘʩʪʝʨʽʚ ʥʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʇʽʩʣʷ ʨʦʟʙʠʪʪʷʤ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʥʘ 6 
ʢʣʘʩʪʝʨʽʚ, ʙʘʯʠʤʦ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʥʘ ʨʠʩ.5, ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ.  

 

ʈʠʩ.5. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽʟ ʨʦʟʙʠʪʪʷʤ ʧʝʨʝʜʽʩʪʦʨʽʾ ʥʘ 6 ʢʣʘʩʪʝʨʽʚ 

ɺʠʩʥʦʚʢʠ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʜʣʷ ʜʘʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʧʝʨʝʜʽʩʪʦʨʽʾ ʻ ʜʦʮʽʣʴʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. 

ɼʦʚʝʜʝʥʦ ʪʘ ʦʙʛʨʫʥʪʦʚʘʥʦ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʙʠʪʪʷ ʥʘʰʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʥʘ 6 

ʢʣʘʩʪʝʨʽʚ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʝʥʰʝʥʥʷ ʄɸʈɽ ʽʟ ʟʥʘʯʝʥʥʷ ʫ 7,63%  ʜʦ 6,07%. ʈʦʟʙʠʪʪʷ 

ʧʝʨʝʜʽʩʪʦʨʽʾ ʧʨʦʚʦʜʠʣʦʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʣʠʰʝ ʥʘ 8 ʢʣʘʩʪʝʨʽʚ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʪʝʭʥʽʯʥʦʶ 

ʩʪʦʨʦʥʦʶ ʢʣʘʩʪʝʨʠʟʘʮʽʾ - ʜʽʘʧʘʟʦʥʦʤ ʧʝʨʝʜʽʩʪʦʨʽʾ. ʇʨʦʪʝ ʥʝ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʽ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʜʦʮʽʣʴʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʙʠʪʪʷ ʥʘ 6 ʢʣʘʩʪʝʨʽʚ, ʘʜʞʝ ʤʦʞʣʠʚʘ ʟʤʽʥʘ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʤʽʥʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʢʣʽʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʦʱʦ. 

ʊʦʤʫ ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ ʧʝʨʽʦʜʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʙ ʩʪʦʩʫʚʘʣʠʩʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʯʠʩʣʘ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʥʘʷʚʥʦʾ ʧʝʨʝʜʽʩʪʦʨʽʾ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ. 
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ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʉʇʈʆʉɸ ʅɸ 
ʕʃɽʂʊʈʀʏɽʉʂʋʖ ʄʆʑʅʆʉʊʔ ɺ ʋʉʃʆɺʀʗʍ ʈʓʅʂɸ çʉʋʊʂʀ ʅɸʇɽʈɽɼè 

IMPROVE THE METHODS OF FORECASTING THE DEMAND FOR ELECTRIC 
POWER IN A MARKET çDAY AHEADè 

 

ɸʥʦʪʘʮʽʷ. ɼʦʩʪʦʚʽʨʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʻ ʥʝʚʽʜôʻʤʥʦʶ 
ʫʤʦʚʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʽʙʝʨʘʣʽʟʦʚʘʥʠʭ ʨʠʥʢʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʘʚʠʣ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʈɼɼɹʈ ʢʚʘʣʽʬʽʢʦʚʘʥʽ ʩʧʦʞʠʚʘʯʽ ï ʩʫʙôʻʢʪʠ 
ʨʠʥʢʫ ʧʦʚʠʥʥʽ ʱʦʜʦʙʦʚʦ ʫʟʛʦʜʞʫʚʘʪʠ ʟ ʦʧʝʨʘʪʦʨʦʤ ʨʠʥʢʫ çʜʦʙʘ ʥʘʧʝʨʝʜè ʧʣʘʥʠ 
ʧʦʛʦʜʠʥʥʦʛʦ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʜʦʙʠ. ɹʫʜʴ-ʷʢʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 
ʫʟʛʦʜʞʝʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʥʝʤʠʥʫʯʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ 
ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʫʯʘʩʥʠʢʘ ʨʠʥʢʫ, ʷʢʠʡ ʧʨʠʧʫʩʪʠʚʩʷ ʪʘʢʠʭ ʚʽʜʭʠʣʝʥʴ. ʊʦʤʫ 
ʟʘʚʜʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʻ ʦʜʥʠʤ 
ʟ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʚ ʫʤʦʚʘʭ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʈɼɼɹʈ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʝʣʝʢʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ 
ʟʛʣʘʜʞʫʚʘʥʥʷ, ʤʦʜʝʣʴ, ʧʦʤʠʣʢʘ. 

ɸʥʥʦʪʘʮʠʷ. ɼʦʩʪʦʚʝʨʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 
ʥʝʦʪʲʝʤʣʝʤʳʤ ʫʩʣʦʚʠʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʠʙʝʨʘʣʠʟʦʚʘʥʥʳʭ 
ʨʳʥʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʘʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʈɼɼɹʈ 
ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ - ʩʫʙʲʝʢʪʳ ʨʳʥʢʘ ʜʦʣʞʥʳ ʝʞʝʩʫʪʦʯʥʦ 
ʩʦʛʣʘʩʦʚʳʚʘʪʴ ʩ ʦʧʝʨʘʪʦʨʦʤ ʨʳʥʢʘ çʩʫʪʢʠ ʥʘʧʝʨʝʜè ʧʣʘʥʳ ʧʦʯʘʩʦʚʦʛʦ 
ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʩʫʪʢʠ. ʃʶʙʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ 
ʧʨʠʚʝʜʫʪ ʢ ʥʝʠʟʙʝʞʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʫʯʘʩʪʥʠʢʘ 
ʨʳʥʢʘ, ʢʦʪʦʨʳʡ ʜʦʧʫʩʪʠʣ ʪʘʢʠʝ ʦʪʢʣʦʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʜʦʩʪʦʚʝʨʥʦʛʦ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 
ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʚʥʝʜʨʝʥʠʷ ʚ ʋʢʨʘʠʥʝ ʈɼɼɹʈ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, 
ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʷ, ʤʦʜʝʣʴ, ʦʰʠʙʢʘ. 

Annotation. Significant forecasting electricity consumption is an essential condition 
for the effective functioning of the liberalized electricity market. According to the rules of 
functioning BCM&BM skilled consumers - market actors have saved continuously 
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coordinate with the operator of "day ahead" market their plans hourly power consumption 
next day. All deviation from the agreed value will lead to an inevitable increase in the cost 
of electricity market participants, who had made such deviations. The task of reliably 
forecasting the demand for electrical power is a priority in terms of implementation in the 
Ukraine BCM&BM. 

Keywords: forecasting, electrical load, exponential smoothing, model, error. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ  

ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʧʠʪʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ (ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ) ʟ ʤʝʪʦʶ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʩʪʫʧ 

ʇʝʨʝʭʽʜ ʜʦ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʤʦʜʝʣʽ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʨʠʥʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʩʘʤʝ ʜʦ 

ʨʠʥʢʫ ʜʚʦʩʪʦʨʦʥʥʽʭ ʜʦʛʦʚʦʨʽʚ ʪʘ ʙʘʣʘʥʩʫʶʯʦʛʦ ʨʠʥʢʫ (ʈɼɼɹʈ), ʙʝʟʧʝʨʝʯʥʦ ʟʫʤʦʚʣʶʻ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʦʛʦ (ʥʘ ʜʦʙʫ ʥʘʧʝʨʝʜ) 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʫʤʘʨʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʉɽʅ) ʢʽʥʮʝʚʠʭ ʩʧʦʞʠʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʎʶ ʟʘʜʘʯʫ ʜʦʮʽʣʴʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʯʝʨʝʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ, ʘ ʪʘʢʦʞ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʚʧʣʠʚ ʥʘ ʉɽʅ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʷʢ: 

¶ ʚʠʨʦʙʥʠʯʽ ʧʣʘʥʠ; 

¶ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʪʨʫʤʦʧʨʠʡʤʘʯʽʚ; 

¶ ʭʘʨʘʢʪʝʨ ʨʦʙʦʪʠ ʧʦʪʫʞʥʠʭ ʩʪʨʫʤʦʧʨʠʡʤʘʯʽʚ; 

¶ ʧʣʘʥʠ ʨʝʤʦʥʪʽʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ; 

¶ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʞʠʤʠ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ. 
 
ʋ ʙʽʣʴʰʦʩʪʽ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʧʨʦʙʣʝʤʘʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʦʢʨʝʤʘ [1, 2], ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜ ʯʘʩ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ï ʢʽʥʮʝʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʇʽʜ ʯʘʩ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ, ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʣʘʥʦʚʽ ʨʝʤʦʥʪʠ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, 

ʟʤʽʥʠ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʷʭ, ʘ ʪʘʢʦʞ ʢʦʣʠʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʽʥʪʝʨʚʘʣʽ ʧʝʨʝʜʽʩʪʦʨʽʾ. ʈʘʟʦʤ ʟ ʪʠʤ ʪʘʢʽ ʢʦʣʠʚʘʥʥʷ ʩʧʨʠʯʠʥʷʶʪʴ ʟʤʽʥʝʥʥʷ 

ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦʙʪʦ ʨʷʜ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʨʽʟʥʽ ʟʘ 

ʜʦʚʞʠʥʦʶ ʽ ʧʘʨʘʤʝʪʨʘʤʠ ʛʨʫʧʠ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʝʚʨʘʭʫʚʘʥʥʷ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʽʥʪʝʨʚʘʣʽ ʧʝʨʝʜʽʩʪʦʨʽʾ ʧʨʠʚʥʦʩʠʪʴ ʩʠʩʪʝʤʘʪʠʯʥʫ ʧʦʭʠʙʢʫ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʧʽʢʦʚʠʭ ʛʦʜʠʥ ʜʦʙʠ. 

ɺ ʨʦʙʦʪʽ ʧʨʠʜʽʣʝʥʦ ʫʚʘʛʫ, ʟʦʢʨʝʤʘ, ʮʽʡ ʧʨʦʙʣʝʤʽ, ʘ ʪʘʢʦʞ ʫʜʦʩʢʦʥʘʣʝʥʥʶ 
ʽʻʨʘʨʭʽʯʥʦʾ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ 
ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 
ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ï ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ 
ʽʥʰʠʭ ʚʧʣʠʚʘʶʯʠʭ ʚʝʣʠʯʠʥ ʥʘ ʨʝʞʠʤʠ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ. ɼʦʜʘʪʢʦʚʦ ʜʦʩʣʽʜʞʝʥʦ 
ʧʠʪʘʥʥʷ ʱʦʜʦ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ (ʽʥʪʝʨʚʘʣʫ ʧʝʨʝʜʽʩʪʦʨʽʾ). 

ɸʥʘʣʽʟ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʦʙʨʘʥʦʛʦ ʢʽʥʮʝʚʦʛʦ 

ʩʧʦʞʠʚʘʯʘ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʙʘʟʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ 

ʟʛʣʘʜʞʫʚʘʥʥʷ, ʷʢʠʡ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ [3]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʩʫʪʪʻʚʦ ʩʢʦʨʦʯʫʻ ʪʝʨʤʽʥʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ ʩʘʤʦʾ 
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ʤʦʜʝʣʽ [4]. ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 2688 ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʫʩʝʨʝʜʥʝʥʦʛʦ ʟʘ 

30-ʭʚʠʣʠʥʥʽ ʽʥʪʝʨʚʘʣʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ 1.01 ʧʦ 25.02 ʧʽʜʧʨʠʻʤʩʪʚʘ ʮʝʤʝʥʪʥʦʾ 
ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ̫ ʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʫʭʠʡ ʩʧʦʩʽʙ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ. 

ʇʨʠ ʩʫʭʦʤʫ ʩʧʦʩʦʙʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʜʨʽʙʥʝʥʽ ʩʠʨʦʚʠʥʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʩʫʰʫʶʪʴʩʷ ʽ 

ʧʦʜʨʽʙʥʶʶʪʴʩʷ. ʆʪʨʠʤʘʥʘ ʩʠʨʦʚʠʥʥʘ ʤʫʢʘ ʧʽʩʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʪʘ ʫʩʝʨʝʜʥʝʥʥʷ ʜʦ ʟʘʜʘʥʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʦʙʧʘʣʶʻʪʴʩʷ ʚ ʦʙʝʨʪʦʚʠʭ ʘʙʦ ʰʘʭʪʥʠʭ ʧʝʯʘʭ. ʇʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ 

ʩʫʭʠʤ ʩʧʦʩʦʙʦʤ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʽ ʧʦʪʫʞʥʽ ʩʪʨʫʤʦʧʨʠʡʤʘʯʽ, ʷʢ ʦʙʝʨʪʦʚʽ ʧʝʯʽ ʟ ʮʠʢʣʦʥʥʠʤʠ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ, ʦʙʝʨʪʦʚʽ ʧʝʯʽ, ʧʝʯʽ ʟ ʢʦʥʚʝʻʨʥʠʤʠ ʢʘʣʴʮʠʥʘʪʦʨʦʤ, ʧʝʯʽ ʙʝʟ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʛʨʘʥʫʣʷʪʦʨʠ, ʩʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʠ, ʤʣʠʥʠ. ʆʩʦʙʣʠʚʽʩʪʶ ʩʫʭʦʛʦ 

ʩʧʦʩʦʙʫ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʦʢʨʦʛʦ ï ʩʫʪʪʻʚʘ ʝʢʦʥʦʤʽʷ ʧʘʣʠʚʘ. ʇʠʪʦʤʽ 

ʚʠʪʨʘʪʠ ʩʠʨʦʚʠʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʡʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʟʦʣʴʥʦʩʪʽ ʧʘʣʠʚʘ, ʽ ʩʪʘʥʦʚʣʷʪʴ 1,5 - 

2,4 ʪ ʥʘ 1 ʪ ʢʣʽʥʢʝʨʫ. ɺʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 1 ʪ ʚʠʨʦʙʣʝʥʦʛʦ ʮʝʤʝʥʪʫ ʩʢʣʘʜʘʶʪʴ ʚ 

ʩʝʨʝʜʥʴʦʤʫ 80 - 100 ʢɺʪ*ʛʦʜ. ʏʘʩʦʚʠʡ ʨʷʜ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1. ʏʘʩʦʚʠʡ ʨʷʜ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 
ɺʠʢʦʥʘʻʤʦ ʚʽʟʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʦʙʦʚʠʭ ʛʨʘʬʽʢʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ʅʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʽʜʧʨʠʻʤʩʪʚʦ ʧʨʘʮʶʚʘʣʦ ʚ ʨʽʟʥʠʭ 
ʨʝʞʠʤʘʭ. ʊʦʤʫ ʻ ʜʦʮʽʣʴʥʠʤ ʨʦʟʙʠʪʪʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʥʘ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ, ʷʢʽ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʣʘʩʥʠʤʠ, ʩʧʝʮʠʬʽʯʥʠʤʠ ʩʘʤʝ ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʎʝ 
ʧʽʜʧʨʠʻʤʩʪʚʦ ʫ ʧʝʨʽʦʜ ʟ 1.01 ʧʦ 25.02 ʧʝʨʝʡʰʣʦ ʚʽʜ ʨʝʞʠʤʫ ʧʦʚʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦ 
ʨʝʞʠʤʫ ʧʽʜʪʨʠʤʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʜʣʷ ʷʢʦʛʦ ʭʘʨʘʢʪʝʨʥʦ ʣʠʰʝ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʣʦʾ 
ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʮʝʭʫ, ʧʽʜʪʨʠʤʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ 
ʨʦʙʦʪʦʩʧʨʦʤʦʞʥʦʤʫ ʩʪʘʥʽ, ʘ ʪʘʢʦʞ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʽ 
ʧʦʪʨʝʙʠ. 

ʑʦʙ ʚʽʨʥʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʧʝʨʝʜʽʩʪʦʨʽʶ, ʥʘ ʙʘʟʽ ʷʢʦʾ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʚʠʢʦʥʘʻʤʦ ʢʣʘʩʪʝʨʠʟʘʮʽʶ ʯʘʩʦʚʦʛʦ ʨʷʜʫ [5]. ʅʘ ʮʝʡ ʯʘʩ ʚʽʜʦʤʘ ʚʝʣʠʯʝʟʥʘ 

ʢʽʣʴʢʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ɰʭʥʷ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʨʽʟʥʠʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʘʣʝ ʡ ʨʽʟʥʠʤʠ ʢʦʥʮʝʧʮʽʷʤʠ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʧʨʦʮʝʜʫʨʠ 
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ʢʣʘʩʪʝʨʠʟʘʮʽʾ [6]. 

ʂʣʘʩʪʝʨʠʟʘʮʽʷ ʚʠʢʦʥʘʥʘ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ STATISTICA [4], ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 
ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟ, ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʾ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʢʝʨʫʚʘʥʥʷ ʜʘʥʠʤʠ, ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʜʘʥʠʭ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. 

ɺ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ k- ʩʝʨʝʜʥʽʭ [5]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʘʤʝ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʢʦʨʠʩʪʫʚʘʯ ʟʘʜʘʻ ʯʠʩʣʦ ʢʣʘʩʪʝʨʽʚ, ʘ ʦʩʢʽʣʴʢʠ ʫ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ 

ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʷʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʪʨʴʦʭ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʭ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʽʦʜʫ, ʮʝ ʩʢʦʨʦʯʫʻ ʯʘʩ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʛʥʦʟʥʦʾ ʤʦʜʝʣʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.1 ʽ ʥʘ ʨʠʩ.2. 

ʊʘʙʣʠʮʷ 1 ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ 

 

 

ʈʠʩ.2. ʈʦʟʙʠʪʪʷ ʥʘ ʢʣʘʩʪʝʨʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʨʦʟʙʠʪʪʷ ʥʘʷʚʥʦʛʦ 

ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʧʝʨʽʦʜʫ ʥʘ ʪʨʠ ʢʣʘʩʪʝʨʠ ʽʟ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

½ ʢʣʘʩʪʝʨ 1 ʽʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʚ 12053 ʢɺʪ*ʛʦʜ; 

½ ʢʣʘʩʪʝʨ 2 ʽʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷ ʚ 5963 ʢɺʪ*ʛʦʜ; 

½ ʢʣʘʩʪʝʨ 3 ʽʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷ ʚ 3102 ʢɺʪ*ʛʦʜ. 

ʊʘʢʦʞ ʧʽʩʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʥʜʝʥʮʽʾ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʥʘʩʪʫʧʥʫ ʜʦʙʫ ʜʦ ʢʣʘʩʪʝʨʫ 2. ʊʦʤʫ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʜʘʣʴʰʝ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʥʘ ʙʘʟʽ ʩʘʤʝ ʮʴʦʛʦ ʢʣʘʩʪʝʨʫ. 
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ʈʠʩ. 3. ʊʝʥʜʝʥʮʽʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʇʝʨʝʡʜʝʤʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʘʥʘʣʽʟʫ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ,, ʱʦ 
ʩʬʦʨʤʦʚʘʥʠʡ ʧʽʩʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ (ʢʣʘʩʪʝʨ 2). ɸʥʘʣʽʟ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʠʷʚʠʚ ʧʝʚʥʽ ʡʦʛʦ ʦʩʦʙʣʠʚʦʩʪʽ. ʈʷʜ ʤʽʩʪʠʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ 

ʜʦʙʦʚʠʡ ʩʝʟʦʥʥʠʡ ʮʠʢʣ ʪʨʠʚʘʣʽʩʪʶ 24 ʧʝʨʽʦʜʠ. ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʮʠʢʣʠ ʚ ʤʝʞʘʭ ʜʦʙʠ 

ʪʨʠʚʘʣʽʩʪʶ 8 ʽ 12 ʧʝʨʽʦʜʽʚ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ. ʊʠʞʥʝʚʠʡ ʮʠʢʣ 

ʪʨʠʚʘʣʽʩʪʶ 168 ʧʝʨʽʦʜʽʚ ʧʨʦʷʚʣʷʻʪʴʩʷ ʩʣʘʙʢʦ, ʦʩʢʽʣʴʢʠ ʧʽʜʧʨʠʻʤʩʪʚʦ ʧʨʘʮʶʻ ʙʝʟ ʚʠʭʽʜʥʠʭ. 

ʂʨʽʤ ʪʦʛʦ, ʨʷʜ ʤʽʩʪʠʪʴ çʧʨʦʚʘʣʠè, ʷʢʽ ʚʠʥʠʢʣʠ ʧʽʜ ʯʘʩ ʚʠʚʝʜʝʥʥʷ ʚ ʨʝʤʦʥʪ ʯʘʩʪʠʥʠ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʇʽʜ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʙʫʣʦ 

ʟʛʣʘʜʞʝʥʦ ʧʨʦʚʘʣʠ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʜʦʙʦʚʦʛʦ ʮʠʢʣʫ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ STATISTICA [4]. ʇʽʜ ʯʘʩ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ, ʦʮʽʥʶʚʘʥʥʽ ʾʾ ʧʘʨʘʤʝʪʨʽʚ 

ʽ ʧʝʨʝʚʽʨʢʠ ʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʟʘʣʠʰʢʽʚ ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʜʦʮʽʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʟʦʥʥʦʾ ʤʦʜʝʣʽ. ɺ ʷʢʦʩʪʽ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʨʘʜʠʮʽʡʥʠʡ ʧʦʢʘʟʥʠʢ MAPE (Mean Absolute Percentage Error ï ʩʝʨʝʜʥʷ 

ʘʙʩʦʣʶʪʥʘ ʚʽʜʩʦʪʢʦʚʘ ʧʦʤʠʣʢʘ) [4]: 
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A  ï ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ; 
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F  ï ʧʨʦʛʥʦʟʥʝ ʟʥʘʯʝʥʥʷ. 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʉʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʚʽʜʩʦʪʢʦʚʘ ʧʦʤʠʣʢʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʘ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʯʘʩʦʚʦʤʫ ʨʷʜʽ ʟʥʘʯʝʥʴ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʢʣʘʣʘ 15,3%. ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʛʥʦʟʥʠʭ ʽ 

ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.4. 
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ʈʠʩ.4. ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʛʥʦʟʥʠʭ ʪʘ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʜʦʙʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ 
ɿʚʠʯʘʡʥʦ, ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʻ ʥʝʟʘʜʦʚʽʣʴʥʠʤʠ. ɸʣʝ ʮʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʪʠʤ, ʧʨʦ ʱʦ ʤʠ ʥʘʛʦʣʦʰʫʚʘʣʠ ʨʘʥʽʰʝ ï ʥʝʚʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ. ʈʦʟʛʣʷʥʝʤʦ ʛʨʘʬʽʢ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʧʝʨʽʦʜ ʟ 23.02 ʧʦ 26.02, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5. 

 

 

ʈʠʩ.5. ɻʨʘʬʽʢ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʧʝʨʽʦʜʫ 23.02 ʧʦ 26.02 

ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʦʛʦ ʛʨʘʬʽʢʘ, ʚʽʜʥʝʩʝʥʥʷ ʛʨʘʬʽʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ 26.01 ʜʦ ʢʣʘʩʪʝʨʫ 

2 ʚʠʷʚʠʣʦʩʷ ʚʽʨʥʠʤ ʨʽʰʝʥʥʷʤ, ʽ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʪʽʣʴʢʠ ʥʘ ʦʩʥʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʥʘ ʥʘʩʪʫʧʥʫ ʜʦʙʫ. ɸʣʝ ʮʽʢʘʚʝ ʪʝ, ʱʦ ʤʠ ʙʘʯʠʤʦ ʧʝʚʥʝ 

ʟʨʦʩʪʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʣʽʥʽʡʥʦʛʦ ʪʨʝʥʜʫ (ʨʠʩ.5). ʊʘʢʦʞ ʧʦʤʽʪʥʠʡ ʧʨʦʚʘʣ ʧʦʩʝʨʝʜ ʨʦʙʦʯʦʛʦ ʜʥʷ, ʷʢʠʡ ʥʝ ʚʽʜʪʚʦʨʝʥʠʡ 

ʧʨʦʛʥʦʟʥʦʶ ʤʦʜʝʣʣʶ.  

ʇʨʦʚʝʜʝʤʦ ʢʦʨʠʛʫʚʘʥʥʷ ʧʨʦʛʥʦʟʥʦʾ ʤʦʜʝʣʽ: 
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1. ɿ ʤʝʪʦʶ ʚʽʨʥʦʛʦ ʬʦʨʤʫʣʶʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ (ɹɼ) ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʨʘʭʫʻʤʦ 

ʟʘʧʣʘʥʦʚʘʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘʩʪʫʧʥʦʾ ʜʦʙʠ. ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ 

ɹɼ ʧʝʨʝʜʽʩʪʦʨʽʾ, ʘ ʪʘʢʦʞ ʨʝʘʣʽʟʦʚʘʥʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʽʟ ʨʦʟʙʠʪʪʷʤ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʥʘ 3 ʢʣʘʩʪʝʨʠ. 

ʎʝ ʜʦʟʚʦʣʠʣʦ ʥʝ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʫʩʴʦʛʦ ʽʥʪʝʨʚʘʣʫ ʧʝʨʝʜʽʩʪʦʨʽʾ ʟʘʜʣʷ ʚʠʚʯʝʥʥʷ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ ʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʨʝʞʠʤʫ, ʫ ʷʢʦʤʫ ʙʫʜʝ 

ʧʨʘʮʶʚʘʪʠ ʧʽʜʧʨʠʻʤʩʪʚʦ ʥʘʩʪʫʧʥʦʾ ʜʦʙʠ. 

2. ɺʨʘʭʫʻʤʦ ʣʽʥʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʇʽʩʣʷ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʨʦ ʪʝ, ʱʦ ʚʦʥʦ ʙʫʜʝ ʧʣʘʚʥʦ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʨʝʞʠʤʫ 

ʧʦʚʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʙʫʣʦ ʩʢʦʨʠʛʦʚʘʥʦ ʧʨʦʛʥʦʟʥʫ ʤʦʜʝʣʴ ï ʜʦʜʘʥʦ ʣʽʥʽʡʥʠʡ ʪʨʝʥʜ. ʎʝ 

ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʘʙʩʦʣʶʪʥʦʾ ʚʽʜʩʦʪʢʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦ 7,21%.  

3. ɺʨʘʭʫʻʤʦ ʚʧʣʠʚ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʥʘ ʟʘʣʠʰʢʦʚʫ ʢʦʤʧʦʥʝʥʪʫ ʯʘʩʦʚʦʛʦ ʨʷʜʫ. ʊʘʢʦʞ ʙʫʣʘ 

ʧʨʦʚʝʜʝʥʘ ʩʝʟʦʥʥʘ ʜʝʢʦʤʧʦʟʠʮʽʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʽʟ ʧʦʜʘʣʴʰʠʤ ʘʥʘʣʽʟʦʤ ʟʘʣʠʰʢʦʚʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʾʾ ʟʚôʷʟʢʫ ʽʟ ʧʦʛʦʜʥʠʤʠ ʫʤʦʚʘʤʠ. ɹʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʨʝʛʨʝʩʽʡʥʘ 

ʤʦʜʝʣʴ ʟʘʣʠʰʢʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʚʢʽʥʮʽ ʜʦʜʘʚʘʣʘʩʴ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʎʝ 

ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʘʙʩʦʣʶʪʥʦʾ ʚʽʜʩʦʪʢʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦ 5,5 %.  

4. ɺʥʝʩʝʤʦ ʧʦʧʨʘʚʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʫ ʟʚôʷʟʢʫ ʽʟ ʤʦʞʣʠʚʠʤ ʧʨʦʚʝʜʝʥʥʷʤ 

ʨʝʤʦʥʪʫ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ʊʘʢʦʞ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʧʣʘʥʦʚʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʤʣʠʥʫ ʫ 

ʧʝʨʽʦʜ ʽʟ 12.00 ʜʦ 13.00 ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʡʦʛʦ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʥʝ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ 

ʫ ʧʦʧʝʨʝʜʥʽʡ ʤʦʜʝʣʽ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ʩʝʨʝʜʥʶ ʘʙʩʦʣʶʪʥʫ ʚʽʜʩʦʪʢʦʚʫ ʧʦʤʠʣʢʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦ 4,86%. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6. 

 
ʈʠʩ.6. ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʛʥʦʟʥʠʭ ʪʘ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʜʦʙʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ ʧʽʩʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʧʨʦʛʥʦʟʥʦʾ ʤʦʜʝʣʽ 

ɺʠʩʥʦʚʢʠ 

ʉʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʚʽʜʩʦʪʢʦʚʘ ʧʦʤʠʣʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʽʩʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 
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ʧʨʦʛʥʦʟʥʦʾ ʤʦʜʝʣʽ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʯʘʩʦʚʦʤʫ ʨʷʜʽ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ ʚʠʱʝʟʘʟʥʘʯʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʢʣʘʣʘ 4,86%. ʇʽʩʣʷ ʚʥʝʩʝʥʥʷ ʚʠʱʝʚʢʘʟʘʥʠʭ 
ʢʦʨʠʛʫʚʘʥʴ ʚʜʘʣʦʩʷ ʟʤʝʥʰʠʪʠ ʧʦʤʠʣʢʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ 10,44%. ɿʘ ʦʜʝʨʞʘʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʽ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ: 

¶ ɿʘʟʜʘʣʝʛʽʜʴ ʚʦʣʦʜʽʪʠ ʽʥʬʦʨʤʘʮʽʻʶ ʱʦʜʦ ʪʦʛʦ, ʚ ʷʢʦʤʫ ʨʝʞʠʤʽ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ 

ʧʽʜʧʨʠʻʤʩʪʚʦ ʥʘʩʪʫʧʥʦʾ ʜʦʙʠ, ʘʙʠ ʚʽʨʥʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ɹɼ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

¶ ɿʘʟʜʘʣʝʛʽʜʴ ʚʦʣʦʜʽʪʠ ʽʥʬʦʨʤʘʮʽʻʶ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 
ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʘʙʦ ʥʘʚʧʘʢʠ ʾʭʥʴʦʛʦ ʟʥʠʞʝʥʥʷ. 

¶ ʄʘʪʠ ʧʣʘʥʠ ʨʝʤʦʥʪʽʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

¶ ʄʘʪʠ ʧʨʦʛʥʦʟʥʽ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʞʠʤʠ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ 
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POWER SUPPLY OF HOUSES BASED ON RENEWABLE SOURCES 

   ɺ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʽ ʤʦʞʣʠʚʽ 

ʰʣʷʭʠ ʝʣʝʢʪʨʦʟʘʙʝʟʧʝʯʝʥʥʷ 

ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʥʘ ʦʩ-

ʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʯʠ-

ʩʝʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 

ʦʙʣʘʩʪʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨ-

ʛʝʪʠʢʠ ʪʘ ʥʘʜʘʥʦ ʩʪʠʩʣʠʡ 

ʦʛʣʷʜ ʝʣʝʢʪʨʦʛʝʥʝʨʫʶʯʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʫʢʨʘʾʥʩʴʢʦʤʫ 

ʪʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʘʭ.  

   ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʚʦʟ-

ʤʦʞʥʳʝ ʧʫʪʠ ʵʣʝʢʪʨʦʩʥʘʙ-

ʞʝʥʠʷ ʞʠʣʳʭ ʜʦʤʦʚ ʥʘ 

ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʇʨʝʜ-

ʩʪʘʚʣʝʥʳ ʯʠʩʣʝʥʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʚʦʟʦʙ-

ʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʧʨʠ-

ʚʝʜʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ 

ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʥʘ ʫʢʨʘʠʥʩʢʦʤ ʠ 

ʤʠʨʦʚʦʤ ʨʳʥʢʘʭ. 

   The article presents possible 

ways of power supply 

residential buildings based on 

renewable energy sources. 

Represented numerical charac-

teristics in the area of renewa-

ble energy and provided a 

brief overview of some power 

generation equipment for 

Ukrainian and international 

markets. 

 ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʡ ʙʫʜʠʥʦʢ, ʙʫʜʠʥʦʢ çʥʫʣʴ ʝʥʝʨʛʽʾè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʵʥʝʨʛʠʠ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ ʜʦʤ, ʜʦʤ çʥʦʣʴ ʵʥʝʨʛʠʠè. 

Keywords: renewable energy, alternative energy sources, energy-efficient house building " 

a zero-energy building ". 

ɺʩʪʫʧ. ʇʨʘʛʥʝʥʥʷ ʜʦʩʷʛʪʠ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʦʥʦʩʽʾʚ ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʧʨʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʽʥʥʷ ʢʣʽʤʘʪʫ, ʩʧʦʥʫʢʘʻ ʜʦ ʧʦʰʫʢʽʚ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʙʫʜʠʥʢʽʚ çʥʫʣʴ ʝʥʝʨʛʽʾè (ça zero-

energy buildingè) ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʾʭ ʞʠʚʣʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ.  

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʠʥʢʫ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ 

ʤʝʪʠ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʚʽʪʦʚʫ ʧʨʘʢʪʠʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʜʞʝʨʝʣ ʚ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʽʚʝʣʴ; ʟʜʽʡʩʥʝʥʦ ʦʛʣʷʜ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ 

ʩʚʽʪʦʚʠʭ ʪʘ ʫʢʨʘʾʥʩʴʢʠʭ ʚʠʨʦʙʥʠʢʽʚ; ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʬʝʢʪʠʚʥʫ ʩʭʝʤʫ ʝʣʝʢʪʨʦʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʫʜʠʥʢʫ ʥʘ ʙʘʟʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ. 

ɸʥʘʣʽʟ ʚʪʨʘʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʟʘ ʜʘʥʠʤʠ ʄɾʂɻ ʋʢʨʘʾʥʠ, ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʚ 

ʙʫʜʽʚʣʷʭ ʚʪʨʘʯʘʻʪʴʩʷ 30-45%, ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʧʦ ʟʦʚʥʽʰʥʽʤ ʩʠʩʪʝʤʘʤ ï 15-25%, ʚʪʨʘʪʠ 
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ʥʘ ʢʦʪʝʣʴʥʷʭ ʩʢʣʘʜʘʶʪʴ ʜʦ 15%. ʅʘʡʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʚʪʨʘʪ ʧʨʠʧʘʜʘʻ ʥʘ ʙʫʜʽʚʣʽ. ʂʨʽʤ ʪʦʛʦ, ʥʘ 

ʮʝʡ ʩʝʢʪʦʨ ʧʨʠʧʘʜʘʻ ʜʦ 24% ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʋ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ ʚʝʜʝʪʴʩʷ 
ʧʦʩʣʽʜʦʚʥʘ ʧʦʣʽʪʠʢʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ, ʟʦʢʨʝʤʘ, 

ʚʠʟʥʘʯʝʥʥʷ ʜʣʷ ʙʫʜʽʚʣʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʦʧʫʩʪʠʤʦʾ ʚʝʣʠʯʠʥʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʨʽʢ. ʋ 

1997 ʨʦʮʽ ʚʦʥʘ ʩʪʘʥʦʚʠʣʘ 180-200 ʢɺʪĬʛʦʜ/ʤ2, ʚ 2002 ï 100-140 ʢɺʪĬʛʦʜ/ʤ2, ʚ 2006 ï 75-100 

ʢɺʪĬʛʦʜ/ʤ2 (ʥʠʥʽ ʧʨʠʡʥʷʪʦ ʜʣʷ ʋʢʨʘʾʥʠ). ʆʜʥʘʢ, ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ 

ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʥʝʜʦʩʪʘʪʥʽʤ ʧʨʠ ʽʩʥʫʶʯʠʭ ʪʝʥʜʝʥʮʽʷʭ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ 

ʧʝʨʚʠʥʥʽ ʝʥʝʨʛʦʥʦʩʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʠʤʽʱʝʥʴ, ʜʝ ʣʶʜʠ ʞʠʚʫʪʴ ʽ 

ʧʨʘʮʶʶʪʴ. ɹʣʠʟʴʢʦ 90% ʩʚʦʛʦ ʯʘʩʫ ʣʶʜʠʥʘ ʧʨʦʚʦʜʠʪʴ ʚ ʙʫʜʽʚʣʷʭ. ʇʨʠ ʮʴʦʤʫ 30% ʙʫʜʽʚʝʣʴ ʚ 

ɭʚʨʦʧʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʜʦʨʦʚʠʡ ʤʽʢʨʦʢʣʽʤʘʪ.  

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʪʘ 

ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʾʭ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʙʫʜʽʚʝʣʴ ʟ ʥʫʣʴʦʚʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ 

ʙʘʣʘʥʩʦʤ (ʙʫʜʽʚʣʷ çʥʫʣʴ ʝʥʝʨʛʽʾè). ʋ 2010 ʨʦʮʽ ɭʚʨʦʧʝʡʩʴʢʘ ʢʦʤʽʩʽʷ ʪʘ ʇʘʨʣʘʤʝʥʪ 

ʧʝʨʝʛʣʷʥʫʣʠ ɼʠʨʝʢʪʠʚʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʚʦʾ 

ʨʝʜʘʢʮʽʾ, ʧʽʩʣʷ 2019 ʨʦʢʫ ʚʩʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʙʫʜʽʚʣʽ ʧʦʚʠʥʥʽ ʙʫʪʠ çʟ ʤʘʡʞʝ ʥʫʣʴʦʚʠʤ 

ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾè (çNearly Zero Energy Buildingsè). ɹʫʜʽʚʣʷ çʟ ʤʘʡʞʝ ʥʫʣʴʦʚʠʤ 

ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾè ʮʝ ï ʙʫʜʽʚʣʷ, ʷʢʘ ʤʘʻ ʜʫʞʝ ʥʠʟʴʢʽ ʧʦʪʨʝʙʠ ʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʽ, ʷʢʽ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʦʢʨʠʚʘʶʪʴʩʷ ʝʥʝʨʛʽʻʶ ʚʽʜ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʥʘ ʤʽʩʮʽ ʘʙʦ ʧʦʙʣʠʟʫ ʚʽʜ 

ʦʙ'ʻʢʪʘ. 

 ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʨʦʜʦʚʞʫʻ ʟʨʦʩʪʘʪʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʣʷ ʝʣʝʢʪʨʦʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʣʷ ʋʢʨʘʾʥʠ. ɼʣʷ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʪʘ ʚʽʪʨʦʚʦʾ 

ʝʥʝʨʛʝʪʠʢʠ, ʷʢ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʭ ʩʧʦʩʦʙʽʚ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ. 

 ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʩʭʝʤʦʶ ʝʣʝʢʪʨʦʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʠʥʢʫ ʚ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ 

ʋʢʨʘʾʥʠ ʻ ʛʽʙʨʠʜʥʘ ʩʭʝʤʘ ʞʠʚʣʝʥʥʷ ʩʦʥʮʝ-ʚʽʪʝʨ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʙʘʟʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ 

ʉʭʝʤʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1 ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʧʦʚʥʽʩʪʶ ʘʚʪʦʥʦʤʥʫ ʩʠʩʪʝʤʫ. ʂʦʣʠ ʻ 

ʩʦʥʮʝ, ʟʘʟʚʠʯʘʡ ʨʽʜʢʦ ʜʤʝ ʩʠʣʴʥʠʡ ʚʽʪʝʨ. ɯ ʥʘʚʧʘʢʠ, ʢʦʣʠ ʻ ʩʠʣʴʥʠʡ ʚʽʪʝʨ ï ʨʽʜʢʦ ʩʚʽʪʠʪʴ 

ʩʦʥʮʝ. ʊʘʢʦʞ ʚʽʪʝʨ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʦʥʮʷ, ʜʤʝ ʽ ʚʥʦʯʽ. ʊʦʤʫ ʪʘʢʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ 
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ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʘʢʪʠʯʥʦ ʙʝʟʧʝʨʝʙʽʡʥʝ ʞʠʚʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ɼʣʷ ʨʝʟʝʨʚʫʚʘʥʥʷ ʪʘʢʦʞ ʤʦʞʥʘ ʧʽʜʢʣʶʯʠʪʠ ʱʝ ɸɺʈ ʪʘ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ, ʪʦʜʽ ʩʠʩʪʝʤʘ ʙʫʜʝ 
ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʙʝʟʧʝʨʝʙʽʡʥʘ. ʇʨʠ ʢʦʤʙʽʥʫʚʘʥʥʽ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʦʜʥʽʡ ʩʠʩʪʝʤʽ 

ʚʠʥʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʪʘʢʫ ʩʠʩʪʝʤʫ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʧʦʪʫʞʥʦʩʪʽ, ʙʝʟʧʝʨʝʙʽʡʥʦʩʪʽ ʪʘ ʮʽʥʠ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʚ ʞʠʪʣʦʚʦʤʫ ʩʝʢʪʦʨʽ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʨʠ 

ʚʠʩʦʪʽ ʱʦʛʣʠ ʙʽʣʴʰʝ 30 ʤ ʥʝʦʙʭʽʜʥʽ ʩʧʝʮʽʘʣʴʥʽ ʜʦʟʚʦʣʠ ʜʣʷ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʫ. ɺʠʩʦʪʫ ʱʦʛʣʠ 

ʪʨʦʭʠ ʤʝʥʰʝ 30 ʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʧʪʠʤʘʣʴʥʦʶ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʪʨʦʘʛʨʝʛʘʪʽʚ ʤʘʣʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘʢ, ʷʢ ʟʽ ʟʤʽʥʦʶ ʚʠʩʦʪʠ ʚʘʨʪʽʩʪʴ ʱʦʛʣʠ, ʫʩʪʘʥʦʚʢʠ ʚʽʪʨʦʘʛʨʝʛʘʪʫ, ʷʢ ʽ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʨʦʙʽʪʢʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʟʨʦʩʪʘʻ ʥʝʣʽʥʽʡʥʦ. 

ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʤʦʤʝʥʪ, ʭʦʯʘ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʪʨʦʝʥʝʨʛʝʪʠʯʥʽ 

ʫʩʪʘʥʦʚʢʠ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʨʠʥʦʢ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʥʝʚʝʣʠʢʦʾ ʥʦʤʽʥʘʣʴʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ (2-20 ʢɺʪ) ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʠʨʦʙʥʠʢʽʚ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ 

ʫʢʨʘʾʥʩʴʢʦʛʦ ʨʠʥʢʫ, ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʤʘʣʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʻ: Flamingo, Windelectric, Winder, Eurowind. ʉʝʨʝʜ ʟʘʢʦʨʜʦʥʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, 

ʩʪʘʥʦʤ ʥʘ 2013 ʨʽʢ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: ARI Green Energy, Aeolos Wind Turbine, Aerosmart, 

Aircon, Alterm Power Limited, Aventa, Bergey Windpower, Braun Windturbinen GmbH, 

Craftskills, Eagle Windpower OY, Earth Tech Energy Systems, East Wind Power, Easy Wind, EC 

Industry Group, Eoltec, EOLYS Ressources et Energies, Evance Wind, First Renewable Energy 

Group Limited, First Wind Turbine Manufacturing, FlexiEnergy, Fortas Windenergy, Hannevind 

Vindkraft, Hopeful Wind Energy Technology, HPM America, Huamin Wind Power, Huaya, Kestrel 

Wind Turbines, Moratec, Nikko, Proven Energy,Prowin, Qingdao Longteng Energy Equipment, 

Qingdao Zeyu Wind Generator, Redriven Power Inc., Renewable Engineered Systems, Senwei 

Energy Technology, Sonkyo Energy, SUN ECO Solar&Wind Power, Tairui Windpower, The 

Windfactory, Ventera Energy Corp, Wind Turbine Industries. 

ɿʘ ʜʘʥʠʤʠ JRC European Commission ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʩʝʨʝʜʥʽʡ ʩʫʤʘʨʥʠʡ ʨʽʯʥʠʡ 

ʧʨʠʭʽʜ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 1400 ʢɺʪĬʛʦʜ/ʤ2 (ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʠʭʽʜ ʩʦʥʷʯʥʦʾ 

ʽʥʩʦʣʷʮʽʾ ʥʘ ɿʝʤʣʽ ʩʢʣʘʜʘʻ 2500 ʢɺʪĬʛʦʜ/ʤ2). ɿʝʣʝʥʠʡ ʪʘʨʠʬ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʅʂʈɽ ʋʢʨʘʾʥʠ 

ʜʣʷ ʧʨʠʚʘʪʥʠʭ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʟ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙôʻʢʪʘʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ, ʷʢʽ ʚʤʦʥʪʦʚʘʥʽ (ʚʩʪʘʥʦʚʣʝʥʽ) ʥʘ ʜʘʭʘʭ ʪʘ/ʘʙʦ 

ʬʘʩʘʜʘʭ ʙʫʜʠʥʢʽʚ, ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʚʝʣʠʯʠʥʘ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 

10 ʢɺʪ, ʪʘ ʚʚʝʜʝʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟ 01 ʢʚʽʪʥʷ 2013 ʨʦʢʫ ʧʦ 31 ʛʨʫʜʥʷ 2014 ʨʦʢʫ ï 389,34 

ʢʦʧ/ʢɺʪĬʛʦʜ (ʙʝʟ ʇɼɺ). ɿ ʮʴʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʋʢʨʘʾʥʘ ʤʘʻ ʚʝʣʠʢʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʅʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʨʠʥʢʫ 

ʻ ʩʦʥʷʯʥʽ ʤʦʜʫʣʽ ʢʠʪʘʡʩʴʢʦʛʦ ʚʠʨʦʙʥʠʢʘ ET Solar. 

ɺ ɯʥʩʪʠʪʫʪʽ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʚʝʜʝʥʥʷ ʦʙôʻʢʪʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ: çɽʥʝʨʛʦʝʬʝʢʪʠʚʥʠʡ ʙʫʜʠʥʦʢ 

çʥʫʣʴ ʝʥʝʨʛʽʾèè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʞʝʨʝʣ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ 

ʨʦʟʨʦʙʢʘ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ, ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʙʫʜʠʥʢʫ ʧʘʩʠʚʥʦʛʦ ʪʠʧʫ ʟʘʛʘʣʴʥʦʶ 

ʧʣʦʱʝʶ ʜʦ 300 ʤ2 ʥʘ ʪʝʨʠʪʦʨʽʾ ɯʊʊʌ ʅɸʅ ʋʢʨʘʾʥʠ, ʽ ʜʦʚʝʜʝʥʥʷ ʮʴʦʛʦ ʙʫʜʠʥʢʫ ʜʦ ʨʽʚʥʷ 

ʙʫʜʠʥʢʽʚ ʪʠʧʫ ç0-ʝʥʝʨʛʽʾè ʜʣʷ ʢʣʽʤʘʪʫ ʤ.ʂʠʻʚʘ. ɿʘʚʜʘʥʥʷ ʧʨʦʝʢʪʫ - ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦ 

ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ ʜʦ 

ʨʽʚʥʷ ʟʘʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʛʦ ʙʫʜʠʥʢʠ ʪʠʧʫ. ç0-ʝʥʝʨʛʽʾè, ʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʨʝʘʣʽʟʘʮʽʷ ʩʪʚʦʨʝʥʥʷ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʽ ʨʝʘʣʽʟʘʮʽʷ ʙʫʜʠʥʢʫ ʷʢ Micro Smart Grid 0-Energy ʩʠʩʪʝʤʠ.  

ʖʨʠʜʠʯʥʠʡ ʩʪʘʪʫʩ ʩʪʚʦʨʝʥʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʙʫʜʽʚʣʽ - ʮʝ ʧʦʚʥʦʤʘʩʰʪʘʙʥʠʡ (4 

ʧʦʚʝʨʭʠ, ʧ'ʷʪʠʡ ʧʦʚʝʨʭ - ʛʦʨʠʱʝ, ʦʧʘʣʶʚʘʣʴʥʘ ʧʣʦʱʘ - 266,6 ʤ2) ʣʘʙʦʨʘʪʦʨʥʦ-ʧʨʦʤʠʩʣʦʚʠʡ 

ʩʪʝʥʜ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʚ ʨʝʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʷʢ ʦʢʨʝʤʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 
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ʪʘʢ ʽ ʚʩʽʻʾ ʙʫʜʽʚʣʽ ʚ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʝʥʝʨʛʦ- ʪʘ ʨʝʩʫʨʩʦʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʦ ʩʫʪʽ 

ʮʝ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʣʘʙʦʨʘʪʦʨʽʷ ʪʝʧʣʦʬʽʟʠʯʥʦʛʦ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʨʦʬʽʣʶ 
ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʢʨʝʤʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʢʨʝʤʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʚʩʽʻʾ ʙʫʜʽʚʣʽ ʚ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʪʨʠʚʘʣʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʥ̔ʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʪʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʙʫʜʠʥʢʫ ʨʝʘʣʽʟʫʶʪʴʩʷ ʩʠʩʪʝʤʠ ʧʦʩʪʘʯʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ 

ʝʥʝʨʛʽʾ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ, ʧʝʨʩʧʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ. 

ʂʫʪ ʥʘʭʠʣʫ ʜʘʭʫ ʙʫʜʠʥʢʫ 33Á. ɼʣʷ ʂʠʻʚʘ ʢʫʪ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʽʯʥʦʾ ʚʠʨʦʙʽʪʢʠ ʩʪʘʥʦʚʠʪʴ 35Á. 

ʌʦʪʦ ʧʦʙʫʜʦʚʘʥʦʛʦ ʙʫʜʠʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. 

    
        ʘ     ʙ 

ʈʠʩʫʥʦʢ 2 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʙʫʜʽʚʣʽ ʥʘ ʩʪʘʜʽʾ ʡʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ 

(ʘ) ʽ ʧʽʩʣʷ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ (ʙ). 

ʉʠʩʪʝʤʘ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʙʫʜʽʚʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʙʣʦʢʽʚ - ʩʦʥʷʯʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʽ ʪʘ ʚʽʪʨʦʘʛʨʦʝʛʘʪʫ. ɹʣʦʢ-ʩʭʝʤʘ ʘʚʪʦʥʦʤʥʦʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 10,7 ʢɺʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩʫʥʦʢ 3 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʚʪʦʥʦʤʥʦʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ ʻ: ʬʦʪʦʧʘʥʝʣʽ (A), ʽʥʚʝʨʪʦʨ ʬʦʪʦʧʘʥʝʣʝʡ 

(ɺ), ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ (D) ʽ ʘʢʫʤʫʣʷʪʦʨʥʠʡ ʽʥʚʝʨʪʦʨ (ʉ). 

ʉʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʧʦʩʪʽʡʥʝ ʚ ʯʘʩʽ, ʪʦʤʫ ʚʠʨʦʙʽʪʦʢ ʬʦʪʦʧʘʥʝʣʝʡ (ɸ) ʥʝ 


