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ʋ ʟʙʽʨʥʠʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʘʪʪʽ ʤʦʣʦʜʠʭ ʬʘʭʽʚʮʽʚ ʟ ʧʠʪʘʥʴ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʦʟʨʦʙʦʢ ʪʘ 

ʥʦʚʠʭ ʨʽʰʝʥʴ ʚ ʝʥʝʨʛʝʪʠʮʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘ 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 ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦ ʾʢʦʥʬʝʨʝʥʮʽʾ 
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ɿʄɯʉʊ 

 

 

ʇʣʝʥʘʨʥʝ ʟʘʩʽʜʘʥʥʷ 

 

ɺʽʪʘʣʴʥʝ ʩʣʦʚʦ ʜʠʨʝʢʪʦʨʘ ʽʥʩʪʠʪʫʪʫ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ, ʜʦʢʪʦʨʘ 

ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʘ ʇʨʘʭʦʚʥʠʢʘ ɸʨʪʫʨʘ ɺʝʥʽʘʤʽʥʦʚʠʯʘ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʣʴʠʯʝʚʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʪʦʨʛʦʚʦʛʦ ʧʦʨʪʘ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ çʕʅɽʈɻʀʗè. ʉʘʚʠʯ ɺ.ʉ. ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢ ʢ.ʪ.ʥ. ʜʦʮ. ɹʝʣʷʝʚ ɺ.ʃ.ʆʅʇɯéé.11 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʦʨʝʩʫʨʩʫ ʤʽʞ ʩʧʦʞʠʚʘʯʘʤʠ ʰʣʷʭʦʤ 

ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʟʘʷʚʢʠ ʥʘ ʨʝʩʫʨʩ. ʉʢʘʯʦʢ ʆ.ɺ., ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢ 

ʈʦʟʝʥ ɺ.ʇ., ʢ.ʪ.ʥ. ʧʨʦʬʝʩʦʨ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚééééééé.éééééééééééééé19 

 

ʈʝʟʦʥʘʥʩʥʠʡ ʢʦʤʧʣʝʢʩ ʽʤʧʫʣʴʩʥʦʾ ʜʽʾ ʥʘ ʥʘʬʪʦʚʫ ʩʚʝʨʜʣʦʚʠʥʫ. ʂʘʣʶʰ ʄ.ʇ., ʩʪʫʜʝʥʪ,  

ɻʘʣʙʘ ɭ.ɺ., ʄʘʢʩʶʪʝʥʢʦ ʆ.ɺ., ʜʦʮʝʥʪ, ʢʝʨʽʚʥʠʢ ʉʣʽʜʝʥʢʦ ɺ.ʄ., ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ. ééééééé.éééé25 

 

ʈʦʟʨʦʙʢʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʭʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʚ ʫʤʦʚʘʭ ʜʽʾ ʤʽʞʥʘʨʦʜʥʠʭ ʫʛʦʜ ʟʽ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. ʂʦʟʫʙ ʆ.ʄ., ʘʩʧʽʨʘʥʪ, ʢʘʬʝʜʨʘ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè ʤ. ʂʠʾʚ. ééééééé.ééééééééééé.30 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʭʦʣʦʜʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʷʭ. ʖʨʯʝʥʢʦ ɯ.ɯ., 

ʩʪʫʜʝʥʪʢʘ, ʢʝʨʽʚʥʠʢ ʇʨʦʢʦʧʝʥʢʦ ɺ.ɺ., ʢ.ʪ.ʥ., ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè   

ʤ. ʂʠʾʚ. ééééééé.éééé...ééééé.ééééééééé.ééééééééé38 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʣʷ ʙʫʜʽʚʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʫ. ʃʶʙʦʚʠʯ ʄ.ʆ., ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢ    

ʂʦʚʘʣʴʯʫʢ ɸ.ʄ., ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè ʤ. ʂʠʾʚ. éé.éééééé43 

 

ɽʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʡ ʨʝʛʫʣʴʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʥʘ ʦʩʥʦʚʽ ʜʚʦʣʘʥʢʦʚʦʛʦ 

ʙʝʟʬʽʣʴʪʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ. ʃʦʙʦʜʘ ɺ.ɺ., ʆʙʦʨʦʥʦʚʘ ʆ.ɯ., ʇʨʫʩʘʢʦʚ ɼ.ɸ., 

ʩʪʫʜʝʥʪʠ, ʢʝʨʽʚʥʠʢ ɿʘʢʣʘʜʥʠʡ ʆ.ʄ., ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚééééééééééééé.éééééééé...49 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʆʙʦʨʦʥʦʚ ʊ.ʖ., ʘʩʧʽʨʘʥʪ, ʆʙʦʨʦʥʦʚʘ ʆ.ɯ., ʃʦʙʦʜʘ ɺ.ɺ., ʩʪʫʜʝʥʪʠ, ʢʝʨʽʚʥʠʢ 

ɿʘʢʣʘʜʥʠʡ ʆ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ. ééééééééé.ééééééééé.ééé56 

 

ʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʝʪʠʢʠ (ʘʥʛʣʦʤʦʚʥʘ ʧʽʜʩʝʢʮʽʷ) 

 

Thermomolecular energetic: fuel and structural  saving, environmental 
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ʆʧʪʠʤʠʟʘʮʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʢʘʥʘʣʝ 

ʫʧʨʘʚʣʝʥʠʷ. ʗʭʥʦʚʩʴʢʘ ɺ.ʄ., ɹʽʣʘ ʃ.ɺ. ʩʪʫʜʝʥʪʠ, ʢʝʨʽʚʥʠʢ ʏʝʨʤʘʣʠʭ ɺ.ʄ. ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 

ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. 

ʂʠʾʚééé.éééééééééééééé.ééééééééééééééééééé193 
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ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʢʦʤʧʣʝʢʩ ʫʧʨʘʚʣʽʥʥʷ ʩʪʨʽʯʢʦʚʠʤʠ ʢʦʥʚʝʻʨʘʤʠ. 

ʊʢʘʯʝʥʢʦ ʊ.ʆ., ʩʪʫʜʝʥʪʢʘ, ʢʝʨʽʚʥʠʢ ʏʝʨʤʘʣʠʭ ʆ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚéééééééé200 

 

ʐʣʷʭʠ ʥʦʨʤʘʣʽʟʘʮʽʾ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʙʘʟʽ ʘʢʫʤʫʣʶʶʯʠʭ ʙʘʪʘʨʝʡ. ʂʫʣʠʢ ʆ.ɺ., ʩʪʫʜʝʥʪ, 

ʢʝʨʽʚʥʠʢ ʂʦʮʘʨ ʆ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè ʤ. ʂʠʾʚ.209  

 

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʢʦʚʰʦʚʦʛʦ ʪʠʧʫ. ɿʘʤʘʨʘʻʚʘ 

ʆ.ɺ., ʢʝʨʽʚʥʠʢ ʐʝʚʯʫʢ ʉ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚéééééééééééééééé215 

 

ɯʤʧʫʣʴʩʥʦ-ʩʪʨʫʤʠʥʥʠʡ ʤʦʜʫʣʴ ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɺ.ʗ. ɹʦʢʘʣʦ ʘʩʧʽʨʘʥʪ, ʢʝʨʽʚʥʠʢʠ 

ʜʦʮ. ɺ.ʄ. ʉʣʽʜʝʥʢʦ, ʩʪ. ʚʠʢʣ.ʇʦʣʽʱʫʢ ɺ.ʆ. ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚéééééééééééééééé219 

 

ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʰʘʭʪʥʦʾ ʧʽʜʡʦʤʥʦʾ ʫʩʪʘʥʦʚʢʠ ʩ 

ʧʨʫʞʥʠʤ ʪʷʛʦʚʠʤ ʦʨʛʘʥʦʤ. ɹʫʨʢʦʚ ɭ. ɺ., ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢ ʇʝʨʤʷʢʦʚ ɺ.ʄ.,  ʢʘʬʝʜʨʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ...225  

 

ɸʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʦʜʲʝʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ 

ʠʩʧʦʣʴʭʦʚʘʥʠʝʤ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ. ʇʘʚʣʦʚʘ ʄ.ʉ., ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢ ʊʦʨʦʧʦʚ ɸ.ɺ., 

ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. 

ʂʠʾʚéééééééééééééééééééééééééé.ééééééééé.é232 

. 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʰʽʪʯʘʩʪʠʭ ʧʦʣʽʚ ʚʽʙʨʘʮʽʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ. ʆʥʠʩʠʤʯʫʢ ʄ.ʆ., 

ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢʠ ʃʝʙʝʜʻʚ ʃ.ʄ., ɼʫʙʦʚʠʢ ɺ.ɻ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚééééééééééééé237 

 

ɺʧʣʠʚ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʪʚʦʨʝʥʥʷ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʇʏ-ɸɼ. ɻʦʣʦʚʢʦ ɺ.ɸ., 

ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢʠ ʃʝʙʝʜʻʚ ʃ.ʄ., ɼʫʙʦʚʠʢ ɺ.ɻ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚééééééééééééé242 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʧʦ ʣʘʥʮʶʛʘʭ ʞʠʚʣʝʥʥʷ. ʋʢʘʟ ɹ.ʉ., 

ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢ, ɼʫʙʦʚʠʢ ɺ.ɻ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚééééééé.éééééééééééééé248 

 

ʆʮʽʥʢʘ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʜʚʠʛʫʥʽ ʧʨʠ ʞʠʚʣʝʥʥʽ ʚʽʜ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʯʘʩʪʦʪʠ. ʂʘʜʫʰʢʝʚʠʯ ʆ.ɺ., ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢʠ ʃʝʙʝʜʻʚ ʃ.ʄ., ɼʫʙʦʚʠʢ ɺ.ɻ, ʢʘʬʝʜʨʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ...256 

 

ɺʠʟʫʘʣʠʟʘʮʠʷ 3D ʤʦʜʝʣʝʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʦʣʦʤʽʻʮʴ ɺ.ʆ., ʩʪʫʜʝʥʪ, 

ʢʝʨʽʚʥʠʢʠ ʃʝʙʝʜʻʚ ʃ.ʄ., ɼʫʙʦʚʠʢ ɺ.ɻ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚééééééééééééé263 

 

ɺʠʟʥʘʯʝʥʥʷ ʪʨʠʬʘʟʥʠʭ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ. ʇʘʰʢʝʚʠʯ ɹ.ʇ., 

ɹʨʦʥʠʮʴʢʠʡ ɺ.ʆ., ʩʪʫʜʝʥʪʠ, ʢʝʨʽʚʥʠʢʠ ɿʘʢʣʘʜʥʠʡ ʆ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ɿʘʢʣʘʜʥʠʡ ʆ.ʆ., ʢ.ʪ.ʥ., 

ʘʩʠʩʪʝʥʪ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ 

çʂʇɯè, ʤ. ʂʠʾʚéééééééééééééééééééé.éééééééééééé267 
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ɺʠʟʥʘʯʝʥʥʷ ʜʚʦʬʘʟʥʠʭ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ.                      

ɹʨʦʥʠʮʴʢʠʡ ɺ.ʆ., ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢʠ ɿʘʢʣʘʜʥʠʡ ʆ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ɿʘʢʣʘʜʥʠʡ ʆ.ʆ., ʢ.ʪ.ʥ., 

ʘʩʠʩʪʝʥʪ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ 

çʂʇɯè, ʤ. ʂʠʾʚéééééééééééééééééééé.éééééééééééé270 

 

ɺʠʟʥʘʯʝʥʥʷ ʦʜʥʦʬʘʟʥʠʭ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ.                   

ɹʨʦʥʠʮʴʢʠʡ ɺ.ʆ., ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢʠ ɿʘʢʣʘʜʥʠʡ ʆ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ɿʘʢʣʘʜʥʠʡ ʆ.ʆ., ʢ.ʪ.ʥ., 

ʘʩʠʩʪʝʥʪ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ 

çʂʇɯè, ʤ. ʂʠʾʚéééééééééééééééééééé.éééééééééééé277 

 

ɺʠʟʥʘʯʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʧʨʠ ʦʙʨʠʚʽ ʬʘʟʠ.           

ɹʨʦʥʠʮʴʢʠʡ ɺ.ʆ., ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢʠ ɿʘʢʣʘʜʥʠʡ ʆ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ɿʘʢʣʘʜʥʠʡ ʆ.ʆ., ʢ.ʪ.ʥ., 

ʘʩʠʩʪʝʥʪ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ 

çʂʇɯè, ʤ. ʂʠʾʚéééééééééééééééééééé.éééééééééééé285 

 

ɺʽʟʫʘʣʽʟʘʮʽʷ 3D ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘ ʦʩʥʦʚʽ Solid Wozks Simulations.  ɼʚʦʨʦʚʦʡ ɼ.ʉ. ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢ ʩʪ. ʚʠʢʣ. ʇʦʣʽʱʫʢ ɺ.ʆ. 

éééééééééééééééééééééééééééééééééééééé..291 

 

ɽʥʝʨʛʦʦʱʘʜʣʠʚʠʡ ʤʝʭʘʥʽʟʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʱʠʪʘ Wirth . 

ʂʨʠʚʝʥʢʦ ʊ.ʄ., ʂʫʟʴʤʝʥʢʦ ʗ.ʉ., ʈʫʙʘʥ ʗ.ʆ. ʩʪʫʜʝʥʪʠ, ʢʝʨʽʚʥʠʢ ʉʣʽʜʝʥʢʦ ɺ.ʄ. ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. 

ʂʠʾʚééééééééééééééééé.éééééééééééééééééé.é292 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʤʝʭʘʥʠʟʤʘ ʥʘʧʦʨʘ ʦʜʥʦʢʦʚʰʦʚʦʛʦ 

ʵʢʩʢʘʚʘʪʦʨʘ. ɻʫʤʝʥʶʢ ʄ.ʆ., ɹʘʨʘʥʦʚ ʉ.ɸ., ʐʢʦʣʴʥʠʡ ɸ.ʆ., ʩʪʫʜʝʥʪʠ, ʊʦʨʦʧʦʚ ɸ.ɺ. ʢ.ʪ.ʥ., 

ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. 

ʂʠʾʚéééééééééééééééééééééééééé.ééééééééé.é295 

 

ʇʽʜʚʠʱʝʥʥʷ  ʝʬʝʢʪʠʚʥʦʩʪʽ  ʨʦʙʦʪʠ  ʚʫʛʣʝʜʦʙʫʚʥʠʭ  ʤʘʰʠʥ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʤʝʪʘʥʦʚʠʜʽʣʝʥʥʷ. ɼʘʮʶʢ ʅ.ʄ. ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢ ɸʣʪʫʭʦʚ ɭ.ɯ. ʢ.ʪ.ʥ., 

ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ 

çʂʇɯè, ʤ. ʂʠʾʚééééééééééééééééééééé.ééééééééé.é..299 

 

ʉʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʰʘʭʪʥʦʾ ʧʽʜʡʦʤʥʦʾ ʫʩʪʘʥʦʚʢʠ. ɺʦʨʦʙʡʦʚʘ ɯ.ʉ. 

ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢ ʏʝʨʤʘʣʠʭ ʆ.ɺ. ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚééééééééééééé307 

 

ɼʠʘʛʥʦʩʪʠʢʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ SCADA-ʩʠʩʪʝʤ. 

ʉʘʚʯʝʥʢʦ ʂ. ʉ. ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢ ʊʦʨʦʧʦʚ ɸ.ɺ. ʢ.ʪ.ʥ., ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚééééééééééééé315 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ NARMA-L2 ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʟʘ 

ʩʠʩʪʝʤʦʶ ʊʈʅ-ɸɼ. ɼʘʚʠʜʢʦʚ ɸ.ɺ., ʄʝʣʴʦʭʽʥʘ ʂ.ʂ. ʩʪʫʜʝʥʪʠ, ʢʝʨʽʚʥʠʢ ʊʠʰʝʚʠʯ ɹ.ʃ., ʢ.ʪ.ʥ., 

ʜʦʮʝʥʪ,  ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ 

çʂʇɯè, ʤ. ʂʠʾʚééééééééééééééééééééé.ééééééééé.é...319 
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ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʝʢʦʙʝʟʧʝʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

 

ʊʝʧʣʦʥʘʩʦʩʥʘ ʫʩʪʘʥʦʚʢʘ ʥʘ ʙʘʟʽ ʤʘʰʠʥʠ ʉʪʽʨʣʽʥʛʘ ʋɼʉ-1. ʌʝʜʽʻʥʢʦ ʆ.ɺ., ʢʝʨʽʚʥʠʢ 

ʉʪʫʜʝʥʝʮʴ ɺ. ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  ʢʘʬʝʜʨʘ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɯɽɽ ʅʊʋʋ 

çʂʇɯè, ʤ. ʂʠʾʚéééééééééééé.ééééé.ééééééééé.ééééé327 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ. ɺʽʥʥʽʢ ʖ.ʆ., ʩʪʫʜʝʥʪʢʘ, ʢʝʨʽʚʥʠʢ 

ɼʫʙʨʦʚʩʴʢʘ ɺ. ɺ. , ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɯɽɽ ʅʊʋʋ 

çʂʇɯè, ʤ. ʂʠʾʚééééééééé..ééééé.ééééééééé.éééééééé333 

 

ʇʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʨʠʙʦʩʠʩʪʝʤʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʢʦʥʜʝʥʩʘʪʦʨʘʭ.  ʋʨʦʰʣʻʚ ɺ.ɺ., 

ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢ ɻʘʚʨʠʰ ɸ. ʉ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ 

ʪʝʧʣʦʪʝʭʥʽʢʠ ʊɽʌ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ. ééééééé.éééééééééééé.é341 

 

ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʨʘʜʽʘʮʽʡʥʠʭ ʧʘʥʝʣʝʡ.  ʉʣʘʚʽʭʽʥʘ ʊ. ɺ., ʩʪʫʜʝʥʪʢʘ, ʢʝʨʽʚʥʠʢ ʃʝʥʴʢʠʥ 

ʆ. ɺ., ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, ʢʘʬʝʜʨʘ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɯɽɽ ʅʊʋʋ 

çʂʇɯè, ʤ. ʂʠʾʚééééééé.ééééé.ééééééééé.ééééééééé.é.346 

 

ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʦʮʽʥʢʘ ʤʝʪʦʜʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʦʨʝʙʨʝʥʫ 

ʪʨʫʙʫ.     ʇʝʨʝʩʠʧʢʽʥʘ ʆ. ʖ., ʩʪʫʜʝʥʪʢʘ, ʢʝʨʽʚʥʠʢ ʃʝʥʴʢʠʥ ʆ. ɺ., ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, 

ʉʪʫʜʝʥʝʮʴ ɺ. ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  ʢʘʬʝʜʨʘ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɯɽɽ ʅʊʋʋ 

çʂʇɯè, ʤ. ʂʠʾʚééééééééééééééééé.ééééééééé.ééééé...350 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʪʦʨʬʫ. ʍʨʝʙʪʦʚ ʄ.ʆ., 

ʩʪʫʜʝʥʪ, ʢʘʬʝʜʨʘ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚéééé..358 

 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʽʩʪʽ  ʨʦʙʦʪʠ ʦʜʥʦʢʦʨʧʫʩʥʦʾ ʚʠʧʘʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ                

ʪʝʨʤʦʢʦʤʧʨʝʩʦʨʦʤ.  ʉʠʜʦʨʢʦ ʄ.ɺ., ʩʪʫʜʝʥʪ, ʢʘʬʝʜʨʘ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, 

ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚéééééééééééé..ééééé.ééééééé.é..é366 

 

ɸʥʘʣʽʟ ʨʝʞʠʤʽʚ ʚ ʩʠʩʪʝʤʘʭ ʟ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʥʘ ʦʩʥʦʚʽ ʩʢʣʘʜʦʚʠʭ 

ʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʝʣʠʯʢʦ ʖ.ʉ., ʩʪʫʜʝʥʪʢʘ, ɼʝʨʝʚôʷʥʢʦ ɼ. ɻ., ʘʩʧʽʨʘʥʪ, ʢʝʨʽʚʥʠʢ ɼʝʥʠʩʶʢ 

ʉ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè ʤ. ʂʠʾʚéééé...é371 

 

ʄʦʜʝʣʴ ʩʢʣʘʜʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʷ ʣʫʞʥʦ-ʛʘʣʦʾʜʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟ 

ʨʦʟʧʣʘʚʫ. ɸ.ʆ. ɻʫʣʝʥʢʦ ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢ ʖ.ɺ. ʃʦʭʤʘʥʝʮʴ, ʢʘʬʝʜʨʘ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ. ééééééé.ééééééééé.éé380 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʛʝʣʽʦʫʩʪʘʥʦʚʢʠ. 

ʉʢʣʷʥʢʦ ɸ.ɺ., ʂʫʯʝʨ ɸ.ɺ., ʢʘʬʝʜʨʘ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. 

ʂʠʾʚééééééééééééé..ééééé.ééééééééé.ééééé..ééé381 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʧʨʠʤʽʱʝʥʥʷ ʧʽʜ ʚʧʣʠʚʦʤ ʜʦʙʦʚʦʾ ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. 

ʂʨʽʧʘʢ ɯ.ɸ. ʩʪʫʜʝʥʪ, ʢʝʨʽʚʥʠʢ ɼʝʰʢʦ ɺ.ɯ. ʜ.ʪ.ʥ, ʧʨʦʬ., ʢʘʬʝʜʨʘ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ. ééééééé.éééééééééé.é386 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʦʾ ʧʽʜʩʪʘʥʮʽʾ, ʷʢ ʝʣʝʤʝʥʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 

ʉʧʦʜʠʥʩʴʢʠʡ ʆ.ɺ. ʩʪʫʜʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè ʤ. ʂʠʾʚééé..390  
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ɸʥʘʣʽʟ ʧʝʨʽʦʜʠʯʥʠʭ ʢʦʥʜʫʢʪʠʚʥʠʭ ʟʘʚʘʜ ʚ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʧʨʠʩʪʨʦʷʤʠ 

ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. ʂʦʣʝʩʥʠʢ ʇ., ʄʝʣʴʥʠʯʫʢ ɻ., ʌɽʃ, ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚéééé394 

 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʢʦʢʩʦʚʠʭ ʧʝʯʝʡ. ʇʨʫʜʢʦʚ 

ɸ.ɺ., ʘʩʧʽʨʘʥʪ, ʢʝʨʽʚʥʠʢ ʂʦʰʝʣʴʥʠʢ ɺ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʢʘʬʝʜʨʘ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʍʇɯ ʤ. ʍʘʨʢʽʚééééééééééééééééééé400 

 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʠ ʢʦʤʧʦʥʦʚʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʩʠʩʪʝʤ. ʄʦʨʦʟʦʚ ʆ.ɭ., ʘʩʧʽʨʘʥʪ, ʢʝʨʽʚʥʠʢ ʂʦʰʝʣʴʥʠʢ ɺ.ʄ., 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʢʘʬʝʜʨʘ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʍʇɯ ʤ. ʍʘʨʢʽʚé402 

 

ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʫ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʤʽʢʨʦʨʘʡʦʥʥʦʾ ʦʧʘʣʶʚʘʣʴʥʦʾ 

ʤʝʨʝʞʽ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɹʦʙʣʦʚʩʴʢʠʡ ʆ.ɺ., ʘʩʧʽʨʘʥʪ,       

ɽʥʘ ʉ.ɺ., ʢʝʨʽʚʥʠʢ ɸʣʝʢʩʘʭʽʥ ʆ.ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʪʝʧʣʦʭʦʣʦʜʦʧʦʩʪʘʯʘʥʥʷ  

ʍʘʨʢʽʚʩʴʢʦʾ ʥʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʷʾ ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʤ. ʍʘʨʢʽʚé.ééééé.é..é406 

 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʤʠʥʠ-ʊɽʎ ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʠʣʠ 

ʢʠʩʣʦʨʦʜʥʦʡ ʩʪʘʥʮʠʠ. ʉʘʬʴʷʥʮ ɸ.ʉ., ʘʩʧʽʨʘʥʪ, ʢʝʨʽʚʥʠʢʠ ʧʨʦʬ. ʂʨʘʚʮʦʚ ɺ.ɺ., ʜʦʮ., ʢ.ʪ.ʥ. 

ɻʨʽʜʽʥ ʉ.ɺ., ʩʪ. ʚʠʢʣ. ʂʦʣʝʩʥʽʯʝʥʢʦ ʅ.ɺ., ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,   

ʤ. ɼʦʥʝʮʴʢééééééééééééééééééééééééé.ééééééé..é410 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʧʨʠ ʦʧʘʣʶʚʘʥʥʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ 

ʧʨʠʤʽʱʝʥʴ. ɼ. ɺ. ʈʦʞʝʣʶʢ, , ʄ. ʂʦʨʜʶʢʦʚ, ʩʪʫʜʝʥʪʠ, ʢʝʨʽʚʥʠʢ ɺ. ɯ. ɼʝʰʢʦ, ʢʘʬʝʜʨʘ 

ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚéééééééééééé415 
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ɺ.ʉ. ʉʘʚʠʯ, ʩʪʫʜʝʥʪ, , ʢʝʨʽʚʥʠʢ ʢ.ʪ.ʥ. ʜʦʮ. ɹʝʣʷʝʚ ɺ.ʃ. 

ʆʅʇʋ, ʀʕʕ, ʢʘʬʝʜʨʘ ʵʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʘ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʂʆʄʇɽʅʉɸʎʀʀ ʈɽɸʂʊʀɺʅʆʁ 

ʄʆʑʅʆʉʊʀ ɺ ʉʀʉʊɽʄɽ ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ ʀʃʔʀʏɽɺʉʂʆɻʆ ʄʆʈʉʂʆɻʆ 

ʊʆʈɻʆɺʆɻʆ ʇʆʈʊɸ ʇʈʀ ʇʆʄʆʑʀ ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆʄʇʃɽʂʉɸ 

çʕʅɽʈɻʀʗè  

 

  ɺ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʧʣʘʪʠ ʟʘ ʧʝʨʝʪʽʢʘʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʝʞʠʤʽʚ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʛʝʥʝʨʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʦʙʨʘʥʦ ʤʽʩʮʷ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʦʤʧʝʥʩʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ 

ʨʦʟʨʘʭʦʚʘʥʦ  ʨʦʟʤʽʨ ʤʦʞʣʠʚʦʾ ʝʢʦʥʦʤʽʾ. 

ɺ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʝʥ ʨʘʩʯʝʪ ʧʣʘʪʳ ʟʘ ʧʝʨʝʪʦʢʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʥɦʦʩʪʠ, ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʨʝʞʠʤʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʛʝʥʝʨʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʚʳʙʨʘʥʳ ʤʝʩʪʘ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʨʘʩʩʯʠʪʘʥ 

ʨʘʟʤʝʨ ʚʦʟʤʦʞʥʦʡ ʵʢʦʥʦʤʠʠ. 

In this paper calculations of charges for reactive power flowing, the analysis of modes of 

consumption and generation of reactive power, selected places most effective implementation of 

automation devices and compensatory amount calculated possible savings. 

 

ʇʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʝʨʝʜʘʯʠ ʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʚʩʝʭ ʩʪʨʘʥ, ʦʪʨʘʩʣʝʡ ʧʨʝʜʧʨʠʷʪʠʡ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʞʘʪʴ ʝʝ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠ ʧʦʚʳʩʠʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʩʪʨʘʥʘʭ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʋʢʨʘʠʥʫ, ʢʦʪʦʨʘʷ ʟʘ ʩʯʝʪ ʩʚʦʠʭ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʢʦʣʦ 50% ʩʚʦʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷʭ. ʕʪʘ 

ʧʨʦʙʣʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʯʨʝʟʚʳʯʘʡʥʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʮʝʥʘ ʠʤʧʦʨʪʥʳʭ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʧʨʝʚʳʰʘʝʪ ʧʨʠʝʤʣʝʤʳʝ ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʧʨʝʜʝʣʳ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʛʝʥʝʨʘʪʦʨʘʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʝʨʝʜʘʝʪʩʷ ʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʚ ʚʠʜʝ 

ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ. ʅʦ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʧʨʝʚʨʘʱʘʶʪ ʚ ʜʨʫʛʠʝ ʚʠʜʳ ʵʥʝʨʛʠʠ, ʚ ʮʝʣʷʭ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ, ʪʦʣʴʢʦ ʘʢʪʠʚʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

ʈʝʘʢʪʠʚʥʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪ ʚʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ: ʚʳʨʘʙʦʪʢʫ, ʧʝʨʝʜʘʯʫ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʊʘʢ ʯʪʦ ʨʝʘʢʪʠʚʥʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʧʫʪʥʠʮʝʡ 

ʘʢʪʠʚʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʅʦ ʚʳʨʘʙʦʪʢʘ, ʧʝʨʝʜʘʯʘ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʩʝʛʜʘ ʩʚʷʟʘʥʦ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʘʢʪʠʚʥʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ 

ʵʥʝʨʛʦʩʥʘʙʞʘʶʱʠʭ ʢʦʤʧʘʥʠʷʭ. ʀʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʤʝʨ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʦʢʦʣʦ 80% ʵʬʬʝʢʪʘ (ʩʥʠʞʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ) 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ʅʦ ʵʪʦʡ ʦʯʝʥʴ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʝ ʫ ʥʘʩ ʚ 

ʩʪʨʘʥʝ ʥʝ ʫʜʝʣʷʝʪʩʷ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ. 
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 ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʘʫʯʥʦʛʦ ʠ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʟʥʘʥʠʷ ʦ ʧʝʨʝʪʦʢʘʭ ʨʝʘʢʪʠʚʥʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʝʪʷʤʠ ʵʥʝʨʛʦʩʥʘʙʞʘʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʩ ʮʝʣʴʶ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʨʦʚʥʷ ʚʘʞʥʦʩʪʠ 

ʧʦʩʢʦʣʴʢʫ ʜʝʡʩʪʚʫʶʱʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʪʳ ʟʘ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʧʝʨʝʪʝʢʘʥʠʝ 

ʚʳʟʳʚʘʝʪ ʤʥʦʛʦ ʩʧʦʨʦʚ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʪʨʝʙʫʝʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʜʣʷ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʮʠʚʠʣʠʟʦʚʘʥʥʳʤ ʨʳʥʦʯʥʳʤ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çʕʥʝʨʛʠʷè ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʜʫʣʝʡ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʨʝʰʘʝʪ ʦʜʥʫ ʠʟ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ ʥʘ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ:  

1) ɺʩʝ ʨʘʩʯʝʪʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʭʝʤʳ, ʝʝ ʧʘʨʘʤʝʪʨʳ, 

ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʩʭʝʤʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʛʨʘʬʦʤ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʦʠʪ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʠ ʚʝʪʚʝʡ. 

2) ʂʘʞʜʘʷ ʚʝʪʢʘ ʛʨʘʬʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʦʙʲʝʢʪʫ ʩʝʪʠ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ 
ʤʦʜʝʣʠ ʨʘʩʯʝʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʵʪʦʛʦ ʦʙʲʝʢʪʘ: ʘʢʪʠʚʥʳʤʠ ʠ 

ʨʝʘʢʪʠʚʥʳʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ, ʧʦʧʝʨʝʯʥʳʤʠ ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ, ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʚʝʣʠʯʠʥʘʤʠ ʜʦʧʫʩʪʠʤʳʭ ʪʦʢʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʫʯʘʩʪʢʘʤ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʀʣʴʠʯʝʚʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʪʦʨʛʦʚʦʛʦ ʧʦʨʪʘ: 

 

1. ʇʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ  

ˉ 

ʧ/ʧ 
ɺʚʦʜ 

ʆʪʧʫʩʢ ʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ, 

ʄʚʪĿʯ 

ʇʦʪʝʨʠ ʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ, ʄɺʪĿʯ 

ʆʪʧʫʩʢ 

ʨʝʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ, ʄʚʘʨĿʯ 

1 ʋʯʘʩʪʦʢ 4554 76 3,67 64,5 

2 ʋʯʘʩʪʦʢ 4005 67,7 3,05 57,8 

3 ʋʯʘʩʪʦʢ ʎʈʇ 33 1,3 26,82 

4 ʋʯʘʩʪʦʢ 4072 55,9 1,01 50 

5 ʋʯʘʩʪʦʢ 4641 145 15,6 127 

6 ʋʯʘʩʪʦʢ 4872 64,4 1,89 54,14 

Ɇ 
 

442 26,52 380,26 

 

ʆʧʨʝʜʝʣʠʤ ʧʣʘʪʫ ʟʘ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ  

C W D T kW QQ j= Ö Ö Ö
, ʛʨʥ        (1) 

ʛʜʝ   
WQï ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʢʚʘʨĿʯ; 

      Dï ʕʕʈʄ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʜʦʣʶ ʚʣʠʷʥʠʷ ʨʝʘʢʪʠʚʥʦʛʦ ʧʝʨʝʪʦʢʘ ʚ ʪʦʯʢʝ ʫʯʝʪʘ ʥʘ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ, ʢɺʪ/ʢʚʘʨ ; 
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       Tï ʬʘʢʪʠʯʝʩʢʘʷ ʩʨʝʜʥʷʷ ʟʘʢʫʧʦʯʥʘʷ ʮʝʥʘ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʢʦʪʦʨʘʷ ʩʣʦʞʠʣʘʩʴ ʟʘ 
ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ ʛʨʥ/ʢɺʪʯ; 

      
kjï ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʢʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʱʥʦʩʪʠ tgű ʚ ʩʨʝʜʥʝʤ ʟʘ ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ʆʧʨʝʜʝʣʠʤ ʬʘʢʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ tgű: 

                                                  
Wq

tg
WP

j=  ,                                                (2) 

ʌʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʙʝʟ ʫʩʪʘʥʦʚʢʠ ʂɹ: 

380, 26
0,86

442
tgj= = , 

kj=1,3721, 

ʇʣʘʪʘ ʟʘ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʟʘ ʤʝʩʷʮ: 

11407,8 0,04 0,7 1,3721 438,3
1

CWQ
= Ö Ö Ö =ʪʳʩ.ʛʨʥ. 

ʇʣʘʪʘ ʟʘ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʟʘ ʛʦʜ: 

136893,6 0,04 0,7 1,3721 5259,6
1

CWQ
= Ö Ö Ö =  ʪʳʩ.ʛʨʥ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʩʯʝʪʘ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʢʦʥʜʝʥʩʘʪʦʨʥʳʝ ʙʘʪʘʨʝʠ ʥʘ ʜʚʫʭ ʩʝʢʮʠʷʭ ʰʠʥ 

0,38 ʢɺ ʊʇ ʢʘʞʜʦʛʦ ʠʟ ʚʚʦʜʦʚ. ʊʦʯʢʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʤʦʱʥʦʩʪʴ ʂɹ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2  

 

2. ʊʦʯʢʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʤʦʱʥʦʩʪʴ ʂɹ 

 ̄ ɺʚʦʜ ʊʇ ʊʠʧ ʂɹ ʄʦʱʥʦʩʪʴ, ʢʚʘʨ 
ʉʪʦʠʤʦʩʪʴ,  

ʪʳʩ. ʛʨʥ 

1 ʋʯʘʩʪʦʢ 4554 ʊʇï1021(ʊ1) ʋʂʈʇ-0,4-300-20-ʋɿ 300 36 

2 ʋʯʘʩʪʦʢ 4554 ʊʇï4856(ʊ1) ʋʂʈʇ-0,4-200-20-ʋɿ 200 24 

3 ʋʯʘʩʪʦʢ  4005 ʊʇï1021(ʊ2) ʋʂʈʇ-0,4-300-20-ʋɿ 300 36 

4 ʋʯʘʩʪʦʢ  4005 ʊʇï4856(ʊ2) ʋʂʈʇ-0,4-200-20-ʋɿ 200 24 

5 ʋʯʘʩʪʦʢ  ʎʈʇ ʊʇï239(ʊ1) ʋʂʈʇ-0,4-300-20-ʋɿ 300 36 

6 ʋʯʘʩʪʦʢ  ʎʈʇ ʊʇï239(ʊ2) ʋʂʈʇ-0,4-300-20-ʋɿ 300 36 

7 ʋʯʘʩʪʦʢ  4072 ʊʇï4904(ʊ) ʋʂʈʇ-0,4-300-20-ʋɿ 300 36 

8 ʋʯʘʩʪʦʢ  4072 ʊʇï4905(ʊ) ʋʂʈʇ-0,4-300-20-ʋɿ 300 36 

9 ʋʯʘʩʪʦʢ  4641 ʊʇï4276(ʊ1) ʋʂʈʇ-0,4-260-20-ʋɿ 260 31,2 

10 ʋʯʘʩʪʦʢ  4641 ʊʇï4276(ʊ2) ʋʂʈʇ-0,4-260-20-ʋɿ 260 31,2 

11 ʋʯʘʩʪʦʢ  4872 ʊʇï3950(ʊ1) ʋʂʈʇ-0,4-480-40-ʋɿ 480 57,6 

12 ʋʯʘʩʪʦʢ  4872 ʊʇï3950(ʊ2) ʋʂʈʇ-0,4-480-40-ʋɿ 480 57,6 

Ɇ 
   

3580 429,6 

 

ʈʘʩʯʝʪ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ ʧʨʦʚʝʜʝʤ ʚ ʧʨʦʛʨʘʤʤʝ çʕʅɽʈɻʀʗè, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3 
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3. ʇʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ 

ˉ  

ʧ/ʧ  
ɺʚʦʜ  

ʆʪʧʫʩʢ ʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ, ʄʚʪĿʯ  

ʇʦʪʝʨʠ ʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ, ʄɺʪĿʯ  

ʆʪʧʫʩʢ ʨʝʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ, ʄʚʘʨĿʯ  

1  ʋʯʘʩʪʦʢ 4554  75,9  3,6  62,3  

2  ʋʯʘʩʪʦʢ 4005  67,7  2,99  55,6  

3  ʋʯʘʩʪʦʢ ʎʈʇ  33  1,21  23,8  

4  ʋʯʘʩʪʦʢ 4072  55,9  0,99  46,5  

5  ʋʯʘʩʪʦʢ 4641  145  15,6  124,75  

6  ʋʯʘʩʪʦʢ 4872  64,1  1,73  46,78  

Ɇ  
 

441,6  26,12  359,73  

 

 ʆʧʨʝʜʝʣʠʤ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʫʩʪʘʥʦʚʢʫ  ʂɹ 

2K C= , ʪʳʩ.ʛʨʥ,                                                  (3) 

ʛʜʝ Cï ʩʪʦʠʤʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. 

2 429,6 859,2K = Ö =  ʪʳʩ.ʛʨʥ. 

ʆʧʨʝʜʝʣʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʂɹ  

B Ka= Ö, ʪʳʩ. ʛʨʥ.,                                              (4) 

ʛʜʝ aï ʧʨʦʮʝʥʪ ʦʪʯʠʩʣʝʥʠʡ ʥʘ ʘʤʦʨʪʠʟʘʮʠʶ ʂɹ, a=4%.[6] 

0,04 859,2 34,4B= Ö =  ʪʳʩ. ʛʨʥ. 

ʆʧʨʝʜʝʣʠʤ ʧʝʨʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʵʬʬʝʢʪʘ ʦʪ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʟʘ 

ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ.  

1 0ʘɽ W cd= D Ö, ʪʳʩ.ʛʨʥ.                                         (5) 

ʛʜʝ WdD ï ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ; 

ʛʜʝ dWʩʫʤ.ʙʝʟ ʢʫ-ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʙʝʟ ʫʩʪʘʥʦʚʢʠ ʂɹ; 

ʛʜʝdWʩʫʤ.ʟ ʢʫï ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʩ ʫʩʪʘʥʦʚʢʦʡ ʂɹ. 

ʉʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʟʘ ʩʫʪʢʠ: 

26,52 26,12 0,4WdD = - = ʄɺʪĿʯ. 

ʉʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʟʘ ʤʝʩʷʮ: 

795,75 783,6 12,15WdD = - =  ʄɺʪĿʯ. 

ʉʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʟʘ ʛʦʜ: 

9549 9403,2 145,8WdD = - =  ʄɺʪĿʯ. 

ʕʬʬʝʢʪ ʦʪ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʟʘ ʤʝʩʷʮ: 

12,15 0,7 8,511ɽ = Ö =  ʪʳʩ.ʛʨʥ. 

ʕʬʬʝʢʪ ʦʪ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʟʘ ʛʦʜ: 

 

145,8 0,7 102,061ɽ = Ö =  ʪʳʩ.ʛʨʥ. 
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ʆʧʨʝʜʝʣʠʤ ʚʪʦʨʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʵʬʬʝʢʪʘ ʦʪ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʟʘ 

ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʣʘʪʳ ʟʘ ʨʝʘʢʪʠʚʥʫʶ ʵʥʝʨʛʠʶ [7] 

2 1 2ɽ C CW WQ Q
= - , ʪʳʩ.ʛʨʥ.                                      (6) 

ʛʜʝ  
1CWQ

 ï ʩʪʦʠʤʦʩʪʴ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʙʝʟ ʢʦʤʧʝʥʩʘʮʠʠ; 

ʛʜʝ  
2CWQ

 ï ʩʪʦʠʤʦʩʪʴ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʩ ʢʦʤʧʝʥʩʘʮʠʝʡ. 

ʌʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʩ ʫʩʪʘʥʦʚʢʦʡ ʂʋ. 

359,73
0,815

441,6
tgj= = , 

kj=1,32 , 

ʉʪʦʠʤʦʩʪʴ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʩ ʫʩʪʘʥʦʚʢʦʡ ʂʋ ʟʘ ʩʫʪʢʠ:  

359,73 0,04 0,7 1,32 13,3
2

CWQ
= Ö Ö Ö = ʪʳʩ.ʛʨʥ. 

ʉʪʦʠʤʦʩʪʴ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʩ ʫʩʪʘʥʦʚʢʦʡ ʂʋ ʟʘ ʤʝʩʷʮ: 

10791,9 0,04 0,7 1,32 399
2

CWQ
= Ö Ö Ö = ʪʳʩ.ʛʨʥ. 

ʉʪʦʠʤʦʩʪʴ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʩ ʫʩʪʘʥʦʚʢʦʡ ʂʋ ʟʘ ʛʦʜ: 

129502,8 0,04 0,7 1,32 4788,8
2

CWQ
= Ö Ö Ö = ʪʳʩ.ʛʨʥ. 

ʕʬʬʝʢʪ ʦʪ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʣʘʪʳ ʟʘ ʨʝʘʢʪʠʚʥʫʶ 

ʵʥʝʨʛʠʶ ʟʘ ʤʝʩʷʮ: 

438,3 399 39,32ɽ = - =  ʪʳʩ.ʛʨʥ 

ʕʬʬʝʢʪ ʦʪ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʣʘʪʳ ʟʘ ʨʝʘʢʪʠʚʥʫʶ 

ʵʥʝʨʛʠʶ ʟʘ ʛʦʜ: 

5259,6 4788,8 470,82ɽ = - =  ʪʳʩ.ʛʨʥ. 

ʉʫʤʤʘʨʥʳʡ ʵʬʬʝʢʪ ʦʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʂɹ ʩʦʩʪʘʚʣʷʝʪ   

 1 2E E E= + , ʪʳʩ.ʛʨʥ.                                                      (7) 

ʉʫʤʤʘʨʥʳʡ ʵʬʬʝʢʪ ʟʘ ʤʝʩʷʮ: 

12,15 39,3 51,45E= + =  ʪʳʩ.ʛʨʥ. 

ʉʫʤʤʘʨʥʳʡ ʵʬʬʝʢʪ ʟʘ ʛʦʜ: 

102,06 470,8 572,86E= + =  ʪʳʩ.ʛʨʥ 

ʇʨʠʙʳʣʴ ʦʪ ʫʩʪʘʥʦʚʢʠ ʂɹ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

10
(( ) (1 / (1 E) ))

0

i
ʇ K B Ei i i
ʽ
ä= + + Ö +
=

, ʪʳʩ. ʛʨʥ.                          (8) 

 

 

 

 

 

 

ʈʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ 0 1 2 3 4 5 6 7 8 9 10 

ʂʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, 

ʪʳʩ. ʛʨʥ 
859 0 0 0 0 0 0 0 0 0 0 
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ɿʘʪʨʘʪʳ ʢʘʞʜʳʡ ʛʦʜ,% 0 4 4 4 4 4 4 4 4 4 4 

ɻʦʜʦʚʦʡ ʵʬʬʝʢʪ, 0 573 573 573 573 573 573 573 573 573 573 

ʇʦʢʘʟʘʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ            

ʇʨʠʙʳʣʴ ɽt 0 573 573 573 573 573 573 573 573 573 573 

ɿʘʪʨʘʪʠ ɺt 859 23 23 23 23 23 23 23 23 23 23 

ɽt-ɺt -859 550 550 550 550 550 550 550 550 550 550 

a=1/(1+r)
t
   ; r=10% 1 1 1 1 1 1 1 1 0 0 0 

a(ɽt-ɺt) 859 500 455 413 376 341 310 282 257 233 212 

ʏʇʉ Sat-1(ɽt-1-ɺt-1) 

+Sat(ɽt-ɺt) 
859 359 95 508 884 1226 1536 1818 2075 2308 2520 

IRR 64% 

          

 
 ʈʠʩʫʥʦʢ 1 ï ʆʧʨʝʜʝʣʝʥʠʝ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʂɹ 
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ʈʠʩʫʥʦʢ 2ï ʆʧʨʝʜʝʣʝʥʠʝ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʂɹ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʨʘʩʯʝʪ  ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʩʪʘʥʦʚʢʠ ʂɹ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ  ʀʣʴʠʯʝʚʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʪʦʨʛʦʚʦʛʦ ʧʦʨʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʵʪʘʧʥʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çʕʅɽʈɻʀʗè. ʇʦʩʣʝ 

ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

¶ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ  ʫʤʝʥʴʰʠʣʠʩʴ ʥʘ 12,15 ʄɺʪĿʯ ʚ ʤʝʩʷʮ; 

¶ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 81,87 ʄʚʘʨĿʯ; 

¶ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩʦʩʪʘʚʠʣ 51,45 ʪʳʩ.ʛʨʥ.; 

¶ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʂɹ ʩʦʩʪʘʚʣʷʝʪ 1,9 ʛʦʜʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʧʦʩʣʝʜʥʝʛʦ ʵʪʘʧʘ ʫʩʪʘʥʦʚʢʠ ʂɹ ʚ ʉʕʉ ʀʄʊʇ ʧʦʣʫʯʠʣʠ ʪʘʢʠʝ ʜʘʥʥʳʝ: 

¶ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ  ʫʤʝʥʴʰʠʣʠʩʴ ʥʘ 133,65 ʄɺʪĿʯ ʟʘ ʤʝʩʷʮ; 

¶ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 169,34 ʄʚʘʨĿʯ; 

¶ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩʦʩʪʘʚʠʣ 277,03 ʪʳʩ.ʛʨʥ.; 

¶ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʂɹ ʩʦʩʪʘʚʣʷʝʪ 1,7 ʛʦʜʘ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨ  r

 

1.ʅʦʨʤʘʪʠʚʥʠʡ ʜʦʢʫʤʝʥʪ. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʭ ʦʙʩʷʛʽʚ 

ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʧʝʨʝʪʽʢʘʻ ʤʽʞ ʝʣʝʢʪʨʠʯʥʠʤʠ ʤʝʨʝʞʘʤʠ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʯʘ (ʦʩʥʦʚʥʦʛʦ ʪʘ ʩʫʙʩʧʦʞʠʚʘʯʘ). ï ʂ.: 

ʆʙôʻʜʥʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ñɻʘʣʫʟʝʚʠʡ ʨʝʟʝʨʚʥʦ-ʽʥʚʝʩʪʝʮʽʡʥʠʡ ʬʦʥʜ ʨʦʟʚʠʪʢʫ 

ʝʥʝʨʛʝʪʠʢʠò, 2006. ï 70 ʩ 

2.ʄʝʪʦʜʠʢʘ ʦʙʯʠʩʣʝʥʥʷ ʧʣʘʪʠ ʟʘ ʧʝʨʝʪʽʢʘʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʽʞ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʣʴʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʪʘ ʾʾ ʩʧʦʞʠʚʘʯʘʤʠ. ɿʘʪʚʝʨʜʞʝʥʘ ʥʘʢʘʟʦʤ ʄʽʥʽʩʪʝʨʩʪʚʘ 

ʧʘʣʠʚʘ ʪʘ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ ʚʽʜ 17 ʩʽʯʥʷ 2002 ʨ. ˉ 19. ɿʘʨʝʻʩʪʨʦʚʘʥʦ ʚ ʄʽʥʽʩʪʝʨʩʪʚʽ 

ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ 1 ʣʶʪʦʛʦ 2002 ʨ. ʟʘ ˉ 93/6381. 
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3. ɸʢʠʤʦʚ ɸ.ɽ., ʊʘʨʘʩʝʥʢʦ ɺ.ʗ. ʄʦʜʝʣʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ 

ʚʘʢʫʫʤʘ ʠ ʪʦʨʩʠʦʥʥʳʭ ʧʦʣʝʡ. TGS ï ʢʦʥʮʝʧʮʠʠ. ï ʄ.: 1993. ï 31 ʩ.; ʧʨʝʧʨʠʥʪ ˉ 7. 

4. ʈʦʤʘʥʶʢ ʖ.ʌ., ʉʦʣʦʥʯʘʢ ʆ.ɺ. ʇʨʘʢʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʘʥʘʣʽʟ ʪʝʭʥʽʯʥʠʭ 

ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ 6-10 ʢɺ // ʕʥʝʨʛʝʪʠʢʘ ʠ 

ʵʣʝʢʪʨʦʬʠʢʘʮʠʷ. ï 2002. ï ˉ 8. 

5.ʉʦʣʦʥʯʘʢ ʆ.ɺ. ʇʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ çʄʝʪʦʜʠʢʠ ʦʙʯʠʩʣʝʥʥʷ ʧʣʘʪʠ ʟʘ 

ʧʝʨʝʪʽʢʘʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾè // ʇʨʦʤʝʣʝʢʪʨʦ. ï 2004. ï ˉ 4. 

6.ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ / ʇʦʜ ʨʝʜʘʢʮʠʝʡ ɼ.ʃ. 

ʌʘʡʙʠʩʦʚʠʯʘ. ï ʄ.: ʀʟʜ-ʚʦ ʅʎ ʕʅɸʉ, 2006. ï 320 ʩ.  

7. ɿʫʙʶʢ ʖ.ʇ. ʉʫʯʘʩʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ ʚ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. // ʇʨʦʤʝʣʝʢʪʨʦ, 

2004, ˉ 6. 

8. ʈʫʜʥʠʮʴʢʠʡ ɺ.ɻ. ɺʥʫʪʨʽʰʥʴʦ ʮʝʭʦʚʝ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʂʫʨʩʦʚʝ ʧʨʦʝʢʪʫʚʘʥʥʷ: 

ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ï ʉʫʤʠ: ɺʊɼ çʋʥʽʚʝʨʩʘʣʴʥʘ ʢʥʠʛʘè, 2007. ï 280ʩ. 
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ʋɼʂ 681.515+62-551.453 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼʀʂʀ ʈʆɿʇʆɼɯʃʋ ɽʅɽʈɻʆʈɽʉʋʈʉʋ ʄɯɾ ʉʇʆɾʀɺɸʏɸʄʀ 

ʐʃʗʍʆʄ ɯʊɽʈɸʎɯʁʅʆɻʆ ʇʈʆʇʆʈʎɯʁʅʆɻʆ ɿʄɽʅʐɽʅʅʗ ɿɸʗɺʂʀ ʅɸ ʈɽʉʋʈʉ (ɸɺʊʆʈʉʔʂʀʁ 

ʄɽʊʆɼ) 

 

ʉʢʘʯʦʢ ʆ.ɺ., ʤʘʛʽʩʪʨʘʥʪ, ʢʝʨʽʚʥʠʢ ʈʦʟʝʥ ɺ.ʇ., ʢ.ʪ.ʥ. ʧʨʦʬʝʩʦʨ,  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

ʂʘʬʝʜʨʘ ɸʋɽʂ, ʅʊʋʋ çʂʇɯè, ʚʫʣ.. ɹʦʨʱʘʛʽʚʩʴʢʘ, 115, ʤ. ʂʠʾʚ, 03056, ʋʢʨʘʾʥʘ 

ʊʝʣ.:(044) 245-61-60, E-mail:  auek@ukr.net  

 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʦʨʝʩʫʨʩʫ ʤʽʞ ʩʧʦʞʠʚʘʯʘʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʥʦʾ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʟʘʷʚʢʠ ʥʘ ʨʝʩʫʨʩ ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʫʤʫ 
ʚʪʨʘʪ ʜʣʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ.  

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʘ ʤʝʞʜʫ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʧʫʪʝʤ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʟʘʷʚʢʠ ʥʘ ʨʝʩʫʨʩ ʩ 

ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʫʤʘ ʧʦʪʝʨʴ ʜʣʷ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ.  

 

The technique of energy distribution between consumers of electricity in a power deficit by iterative proportional 

reduction of the application for a resource to achieve minimum losses for the grid as a whole. 

 

ɿʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

 
ʋ ʢʦʤʧʣʝʢʩʽ  çɽʥʝʨʛʦʩʠʩʪʝʤʘ ï ʩʧʦʞʠʚʘʯè ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʩʠʪʫʘʮʽʷ, ʫ ʷʢʽʡ ʩʫʤʘ ʚʩʽʭ ʟʘʷʚʦʢ 

ʩʧʦʞʠʚʘʯʽʚ ʥʘ ʨʝʩʫʨʩ ʙʫʜʝ ʙʽʣʴʰʝ ʽʩʥʫʶʯʦʛʦ ʨʝʩʫʨʩʫ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ, ʪʦʙʪʦ ʝʥʝʨʛʦʩʠʩʪʝʤʘ ʩʪʘʥʝ ʜʝʬʽʮʠʪʥʦʶ: 

1

n

i

i

s R
=

>ä  (ʜʝ is - ʟʘʷʚʢʘ ʩʧʦʞʠʚʘʯʘ ʥʘ ʨʝʩʫʨʩ, R - ʽʩʥʫʶʯʠʡ ʨʝʩʫʨʩ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ). ʋ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʟʘʚʜʘʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʡ ʝʥʝʨʛʽʾ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ. ɰʾ ʩʫʪʴ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʧʦʜʽʣʫ 

ʨʝʩʫʨʩʫ (,P W  ) ʤʽʞ ʩʧʦʞʠʚʘʯʘʤʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʷʛʘʚʩʷ ʤʽʥʽʤʫʤ ʚʪʨʘʪ ʜʣʷ ʩʠʩʪʝʤʠ ʚ 

ʮʽʣʦʤʫ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʚʜʘʥʥʷ 

 

ʋ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʨʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʫ ʤʦʜʝʣʴ. ʉʠʩʪʝʤʘ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʡ ʝʥʝʨʛʽʾ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʎʇʆ ʡ çʧʽʜʣʝʛʣʠʭè ʡʦʤʫ i -ʪʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʦʨʝʩʫʨʩʫ ,P W - 

ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ. 

ʋ ʢʦʞʥʠʡ ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ ʎʇʆ ʚʦʣʦʜʽʻ ʟʘʧʘʩʦʤ ʨʝʩʫʨʩʫ ,P W  ʚ ʢʽʣʴʢʦʩʪʽ R, ʱʦ ʚʠʜʘʻ ʢʦʞʥʦʤʫ i -

ʤʫ ʩʧʦʞʠʚʘʯʝʚʽ ʚ ʢʽʣʴʢʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʠʪʫ ʥʘ ʨʝʩʫʨʩ is  ʽ ʦʙʣʽʢʦʤ ʧʠʪʦʤʦʛʦ ʟʙʠʪʢʫ ʚʽʜ ʥʝʜʦʦʜʝʨʞʘʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʫ iA .  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʫ ʩʧʦʞʠʚʘʯʝʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ( , )i i iF s A , ʱʦ 

ʚʠʨʘʞʘʻ ʟʙʠʪʦʢ iA  i -ʛʦ ʩʧʦʞʠʚʘʯʘ ʚʽʜ ʥʝʜʦʦʜʝʨʞʘʥʥʷ ʨʝʩʫʨʩʫ is P=  ʘʙʦ is W= . ʎʽʣʴ ʎʇʆ ʩʢʣʘʜʘʻʪʴʩʷ ʫ 

ʟʚʝʜʝʥʥʽ ʜʦ ʤʽʥʽʤʫʤʫ ʩʫʤʘʨʥʦʛʦ ʟʙʠʪʢʫ ʩʠʩʪʝʤʠ F : 

1

( , ) min;
n

i i i

i

F F s A
=

= ä  
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ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʫ ʤʽʞ ʩʧʦʞʠʚʘʯʘʤʠ. ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ 

ʟ ʥʠʭ: 
ʄʝʪʦʜ ʘʫʢʮʽʦʥʫ.  

ʇʨʠ ʨʦʟʧʦʜʽʣʽ ʨʝʩʫʨʩʫ ʟʘ ʧʨʠʥʮʠʧʦʤ ɸʫʢʮʽʦʥʫ ʚʠʙʫʜʦʚʫʻʪʴʩʷ ʚʘʨʽʘʮʽʡʥʠʡ ʨʷʜ ʩʧʦʞʠʚʘʯʽʚ ʧʦ ʚʝʣʠʯʠʥʽ 

ʜʝʷʢʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜ ʧʠʪʦʤʦʛʦ ʟʙʠʪʢʫ ʚʽʜ ʥʝʜʦʦʜʝʨʞʘʥʥʷ ʨʝʩʫʨʩʫ, ʘ ʪʘʢʦʞ 

ʚʝʣʠʯʠʥʠ ʟʘʧʠʪʫ. ʋ ʧʝʨʰʫ ʯʝʨʛʫ ʨʝʩʫʨʩ ,P W  ʚʠʜʽʣʷʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʧʨʽʦʨʠʪʝʪʫ ʚ ʢʽʣʴʢʦʩʪʽ ʨʽʚʥʦʤʫ ʟʘʧʠʪʫ, ʧʦʪʽʤ ʢʦʨʠʩʪʫʚʘʯʝʚʽ, ʱʦ ʚʠʧʣʠʚʘʻ ʚ ʫʙʫʪʥʦʤʫ ʨʷʜʽ, ʽ ʪ.ʜ. ʋ ʚʠʧʘʜʢʫ 

ʨʽʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʽʦʨʠʪʝʪʽʚ ʫ ʜʝʢʽʣʴʢʦʭ ʩʧʦʞʠʚʘʯʽʚ, ʨʝʩʫʨʩ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʥʠʤʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ 

ʟʘʧʠʪʘʤ is .  

ʄʝʪʦʜ ʧʨʷʤʠʭ ʧʨʽʦʨʠʪʝʪʽʚ. 

ʇʨʠ ʨʦʟʧʦʜʽʣʽ ʨʝʩʫʨʩʫ ʤʝʪʦʜʦʤ ʧʨʷʤʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʧʨʠʥʮʠʧ: 
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ʄʝʪʦʜ ʟʚʦʨʦʪʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ. 

ʋ ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʟʘ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʚʘʨʪʦ ʧʨʠʡʥʷʪʠ ʚʝʣʠʯʠʥʫ /i iA s  ʡ ʨʦʟʧʦʜʽʣʠʪʠ ʨʝʩʫʨʩ ʟʘ 

ʧʨʘʚʠʣʦʤ: 
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ʇʨʠ ʘʥʘʣʽʟʽ ʧʨʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʫ ,P W  ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʥʝʜʦʣʽʢ: ʯʝʨʝʟ 

ʥʘʷʚʥʽʩʪʴ ʩʧʦʞʠʚʘʯʽʚ, ʱʦ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ /i iA s  ʽ ʤʘʣʫ ʚʝʣʠʯʠʥʫ ʟʘʧʠʪʫ, ʤʦʞʝ 

ʚʠʥʠʢʥʫʪʠ ʜʝʷʢʘ ʥʝʨʦʟʧʦʜʽʣʝʥʘ ʚʝʣʠʯʠʥʘ ʨʝʩʫʨʩʫ ,P W  ʧʨʠ ʦʙʣʽʢʫ ʦʙʤʝʞʝʥʥʷ i iX s¢ , ʱʦ ʚ ʫʤʦʚʘʭ 

ʜʝʬʽʮʠʪʫ ʨʝʩʫʨʩʫ ʻ ʥʝʧʨʠʧʫʩʪʠʤʠʤ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽʪʝʨʘʮʽʡʥʠʡ, 

ʙʘʛʘʪʦʢʨʦʢʦʚʠʡ ʧʨʠʥʮʠʧ ʟʚʦʨʦʪʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ. ʇʝʨʚʽʩʥʠʡ ʨʦʟʧʦʜʽʣ ,P W  ʚʠʨʦʙʣʷʻʪʴʩʷ ʟʛʽʜʥʦ ʚʠʱʝ 

ʥʘʚʝʜʝʥʦʾ ʬʦʨʤʫʣʠ. ʅʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʟ ʙʝʟʣʽʯʽ ʽʥʜʝʢʩʽʚ 1,i n= , ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʽʚ 1K , ʜʣʷ 

ʷʢʠʭ i iX s² . ɽʣʝʤʝʥʪʘʤ ʟ ʥʦʤʝʨʦʤ 1i KÍ  ʚʠʜʽʣʷʻʪʴʩʷ ʨʝʩʫʨʩ ʫ ʢʽʣʴʢʦʩʪʽ i iX s= . ʅʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ ʟ 

ʨʦʟʛʣʷʥʫʪʠʭ ʟʘʷʚʦʢ ʚʠʢʣʶʯʘʻʪʴʩʷ ʧʽʜʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʽʚ 1K  (ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʨʦʟʧʦʜʽʣʝʥʘ ʾʤ ʯʘʩʪʠʥʘ ʨʝʩʫʨʩʫ 

,P W), ʽ ʜʦ ʩʧʦʞʠʚʘʯʽʚ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʝ ʧʨʘʚʠʣʦ: 
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ʚʠʢʣʶʯʘʻʪʴʩʷ ʧʽʜʤʥʦʞʠʥʘ ʩʧʦʞʠʚʘʯʽʚ 2K . ɼʘʣʽ ʧʨʦʮʝʜʫʨʘ ʪʨʠʚʘʻ ʘʥʘʣʦʛʽʯʥʦ ʡ ʟʘʢʽʥʯʫʻʪʴʩʷ ʟʘ ʢʽʥʮʝʚʝ ʯʠʩʣʦ 

ʽʪʝʨʘʮʽʡ. 

 

 

ʄʝʪʦʜʠʢʘ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʫ ʤʽʞ ʩʧʦʞʠʚʘʯʘʤʠ ʰʣʷʭʦʤ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʟʘʷʚʢʠ ʥʘ ʨʝʩʫʨʩ (ɸʚʪʦʨʩʴʢʠʡ ʤʝʪʦʜ) 

 

ʄʦʞʣʠʚʦ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʫ ʧʦ ʧʨʦʮʝʜʫʨʽ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʟʘʷʚʢʠ ʥʘ 

ʨʝʩʫʨʩ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʡʜʝ ʨʘʥʞʠʨʫʚʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʧʦ ʧʦʢʘʟʥʠʢʫ ʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʪʨʘʪ ʜʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʟʘʷʚʢʠ ʥʘ ʨʝʩʫʨʩ /i iA s. ʋ ʩʧʦʞʠʚʘʯʘ ʟ ʥʘʡʤʝʥʰʠʤ ʧʦʢʘʟʥʠʢʦʤ /i iA s  ʚʽʜ ʧʨʝʜʩʪʘʚʣʝʥʦʾ 

ʟʘʷʚʢʠ ʚʽʜʥʽʤʘʻʪʴʩʷ ʜʝʬʽʮʠʪ ʨʝʩʫʨʩʫ, ʷʢʦʛʦ ʥʝ ʚʠʩʪʘʯʘʻ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ: 

min1

1

n

i

i

s s R
=

= -ä  

ɿʘ ʮʠʤʠ ʜʘʥʠʤʠ ʚʠʨʘʭʦʚʫʻʪʴʩʷ ʥʦʚʠʡ ʧʦʢʘʟʥʠʢ ʩʧʦʞʠʚʘʯʘ min1 min1/A s , ʽ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʤ 

ʥʘʡʤʝʥʰʠʤ  ʧʦʢʘʟʥʠʢʦʤ ʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʪʨʘʪ ʜʦ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʟʘʷʚʢʠ ʥʘ ʨʝʩʫʨʩ min2 min2/A s . ʗʢʱʦ 

min1 min1 min2 min2/ /A s A s> , ʪʦʜʽ ʧʝʨʰʦʤʫ ʩʧʦʞʠʚʘʯʝʚʽ ʟʘʷʚʢʘ ʥʘ ʨʝʩʫʨʩ ʟʤʝʥʰʫʻʪʴʩʷ ʨʽʚʥʦ ʥʘʩʪʽʣʴʢʠ, ʱʦʙ 

ʡʦʛʦ ʧʦʢʘʟʥʠʢ ʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʪʨʘʪ ʜʦ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʟʘʷʚʢʠ ʩʪʘʚ ʨʽʚʥʠʤ ʧʦʢʘʟʥʠʢʫ ʥʘʩʪʫʧʥʦʛʦ 
ʩʧʦʞʠʚʘʯʘ:  

min1 min1 min2 min2/ ( / )s A A s=  

ʇʽʩʣʷ ʯʦʛʦ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʶʻʪʴʩʷ, ʘʣʝ ʚʞʝ ʩʪʦʩʦʚʥʦ ʪʠʭ ʩʧʦʞʠʚʘʯʽʚ, ʧʦʢʘʟʥʠʢʠ/i iA s  ʷʢʠʭ ʻ 

ʨʽʚʥʠʤʠ. ɿʘʷʚʢʠ ʥʘ ʨʝʩʫʨʩ ʮʠʭ ʩʧʦʞʠʚʘʯʽʚ ʟʤʝʥʰʫʶʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ 
1

n

i

i

s R
=

-ä  (ʧʨʠ ʯʦʤʫ ʧʦʢʘʟʥʠʢ 
1

n

i

i

s
=

ä  

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʞʝ ʟ ʥʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʘʷʚʦʢ) ʧʨʦʧʦʨʮʽʡʥʦ ʨʦʟʤʽʨʘʤ ʮʠʭ ʟʘʷʚʦʢ:  

min1

1
1 min1

min1 min2

( )
n

i

i

s s R

s s
s s

=

-

= -
+

ä
, 

min 2

1
2 min 2

min1 min 2

( )
n

i

i

s s R

s s
s s

=

-

= -
+

ä
. ɼʘʣʽ ʟʘ ʮʠʤ ʜʘʥʠʤʠ ʚʠʨʘʭʦʚʫʶʪʴʩʷ ʥʦʚʽ 

ʧʦʢʘʟʥʠʢʠ ʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʪʨʘʪ ʜʦ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʟʘʷʚʢʠ ʪʠʭ ʩʧʦʞʠʚʘʯʽʚ, ʟʘʷʚʢʠ ʷʢʠʭ ʙʫʣʠ ʟʤʝʥʰʝʥʽ. 

ʎʽ ʧʦʢʘʟʥʠʢʠ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʤ ʥʘʡʤʝʥʰʠʤ  ʧʦʢʘʟʥʠʢʦʤ /i iA s. ʈʦʟʨʘʭʫʥʦʢ ʪʨʠʚʘʻ ʜʦʪʠ, ʧʦʢʠ ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʩʪʫʧʦʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʟʘʷʚʦʢ ʥʘ ʨʝʩʫʨʩ ʥʝ ʙʫʜʝ ʣʽʢʚʽʜʦʚʘʥʠʡ ʜʝʬʽʮʠʪ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ. ʊʠʤ ʩʘʤʠʤ ʥʘ 

ʦʩʪʘʥʥʽʡ ʽʪʝʨʘʮʽʾ ʨʦʟʨʘʭʫʥʢʫ, ʨʦʟʤʽʨ ʟʤʝʥʰʝʥʠʭ ʟʘʷʚʦʢ ʥʘ ʨʝʩʫʨʩ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʣʝʥʦʛʦ ʨʝʩʫʨʩʫ 

ʮʴʦʤʫ ʩʧʦʞʠʚʘʯʝʚʽ: i ix s= . 
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ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʤʝʪʦʜʦʤ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʧʦʨʮʽʡʥʦʛʦ  

ʟʤʝʥʰʝʥʥʷ ʟʘʷʚʢʠ ʥʘ ʨʝʩʫʨʩ: 

 

ʄʘʻʤʦ 5 ʩʧʦʞʠʚʘʯʽʚ. ɿʙʠʪʦʢ ʽ ʟʘʷʚʢʘ ʟʘʟʥʘʯʝʥʽ ʚ ʪʘʙʣʠʮʽ.70000R=  

iA  is  /i iA s  is R-ä    

157 2500 0,0628    

4830 32400 0,149074    

4100 34500 0,118841    

1560 7000 0,222857    

2280 14200 0,160563    

 
isä = 90600  20600   

 

157 1321,098 0,118841  604,84 0,259573 

4830 32400 0,149074  32400,00 0,149074 

4100 34500 0,118841  15795,16 0,259573 

1560 7000 0,222857  7000,00 0,222857 

2280 14200 0,160563  14200,00 0,160563 

 
isä = 89421,1  19421,1 70000  

 

157 1053,168 0,149074  843,1385 0,186209 

4830 32400 0,149074  25938,59 0,186209 

4100 27503,11 0,149074  22018,27 0,186209 

1560 7000 0,222857  7000 0,222857 

2280 14200 0,160563  14200 0,160563 

 
isä = 82156,27  12156,27 70000  

 

157 977,807 0,160563  870,1504 0,180429 

4830 30081,58 0,160563  26769,6 0,180429 

4100 25535,09 0,160563  22723,67 0,180429 

1560 7000 0,222857  7000 0,222857 

2280 14200 0,160563  12636,58 0,180429 

 
isä = 77794,47  7794,474 70000  

  

 

ɺ ʪʘʙʣʠʮʽ ʚʠʜʽʣʝʥʽ ʢʽʥʮʝʚʽ ʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʝʥʝʨʛʦʨʝʩʫʨʩʫ ʩʧʦʞʠʚʘʯʘʤ.
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ʇʦʨʽʚʥʷʣʴʥʘ ʪʘʙʣʠʮʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ  

ʟʘʚʜʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʠʩʪʝʤʽ  

 

ʅʦʤʝʨ 

ʩʧʦʞʠʚʘʯ

ʘ 

ɺʠʭʽʜʥʽ ʜʘʥʽ 
ʄʝʪʦʜ ʘʫʢʮʽʦʥʫ ʄʝʪʦʜ ʧʨʷʤʠʭ 

ʧʨʽʦʨʠʪʝʪʽʚ 

ʄʝʪʦʜ ʟʚʦʨʦʪʥʠʭ 

ʧʨʽʦʨʠʪʝʪʽʚ 
ɸʚʪʦʨʩʴʢʠʡ ʤʝʪʦʜ 

( )iQ A  ( / )i iQ A s  

iA  is  ix  F  ix  F  ix  F  ix  F  ix  F  

 

1 157 2500 0,0 157,0 0,0 157,0 1931,6 35,7 2500,0 0,0 870,2 102,4 

2 4830 32400 32400,0 0,0 32400,0 0,0 25033,1 1098,2 25762,4 989,5 26769,6 839,3 

3 4100 34500 34500,0 0,0 16400,0 2151,0 26655,6 932,2 20537,6 1659,3 22723,7 1399,5 

4 1560 7000 0,0 1560,0 7000,0 0,0 5408,4 354,7 7000,0 0,0 7000,0 0,0 

5 2280 14200 3100,0 1782,3 14200,0 0,0 10971,3 518,4 14200,0 0,0 12636,6 251,0 

R=70000  90600 70000,0 3499,3 70000,0 2308,0 70000,0 2939,2 70000,0 2648,8 70000,0 2592,2 

 

1 780 2800 2800,0 0,0 2800,0 0,0 2202,2 166,5 2800,0 0,0 2800,0 0,0 

2 585 6400 6400,0 0,0 6400,0 0,0 5033,7 124,9 3406,3 273,6 5339,9 96,9 

3 157 2500 0,0 157,0 0,0 157,0 1966,3 33,5 2340,3 10,0 1433,1 67,0 

4 268 3500 3500,0 0,0 2200,0 99,5 2752,8 57,2 2853,4 49,5 2446,3 80,7 

5 217 2600 1300,0 108,5 2600,0 0,0 2044,9 46,3 2600,0 0,0 1980,8 51,7 

R=14000  17800 14000,0 265,5 14000,0 256,5 14000,0 428,4 14000,0 333,2 14000 296,3 

 

1 80 330 330,00 0,00 330,00 0,00 252,63 18,76 160,53 41,08 217,95 27,16 

2 48 220 95,00 27,27 0,00 48,00 168,42 11,25 144,47 16,48 130,77 19,47 

3 80 210 210,00 0,00 210,00 0,00 160,77 18,76 210,00 0,00 210,00 0,00 

4 100 165 165,00 0,00 165,00 0,00 126,32 23,44 165,00 0,00 165,00 0,00 

5 28 120 0,00 28,00 95,00 5,83 91,87 6,56 120,00 0,00 76,28 10,20 

R=800  1045 800,00 55,27 800,00 53,83 800,00 78,78 800,00 57,56 800,00 56,83 

 

 

ɺ ʪʘʙʣʠʮʽ ʚʠʜʽʣʝʥʽ ʢʽʥʮʝʚʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʫ ʩʧʦʞʠʚʘʯʘʤʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʦʨʝʩʫʨʩʫ. 
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ɺʠʩʥʦʚʢʠ: 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʟʘʷʚʢʠ ʥʘ ʨʝʩʫʨʩ ʧʦ ʧʦʢʘʟʥʠʢʘʭ 
ʩʫʤʘʨʥʠʭ ʚʪʨʘʪ ʫʩʪʫʧʘʻ ʤʝʪʦʜʫ ʘʫʢʮʽʦʥʫ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʧʦʢʘʟʫʻ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʤʝʪʦʜʘʤʠ ʧʨʷʤʠʭ ʽ ʟʚʦʨʦʪʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ.  
2. ɹʫʜʴ-ʷʢʽ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʠʥʮʠʧʽ, ʘʫʢʮʽʦʥʫ ʤʘʶʪʴ ʽʩʪʦʪʥʠʡ ʥʝʜʦʣʽʢ: ʧʨʠ ʨʦʟʧʦʜʽʣʽ ʨʝʩʫʨʩʫ 

ʜʝʷʢʠʤ ʩʧʦʞʠʚʘʯʘʤ ʟʦʚʩʽʤ ʥʝ ʚʠʜʽʣʷʻʪʴʩʷ ʨʝʩʫʨʩ.  

3. ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʟʘʷʚʢʠ ʥʘ ʨʝʩʫʨʩ ʮʝʡ ʥʝʜʦʣʽʢ 
ʚʽʜʩʫʪʥʽʡ, ʱʦ ʨʦʙʠʪʴ ʮʝʡ ʤʝʪʦʜ ʘʢʪʫʘʣʴʥʠʤ ʽ ʥʝʦʙʭʽʜʥʠʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ.  
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ʋɼʂ 622.23.05  

 

ʄ.ʇ. ʂʘʣʶʰ, ɭ.ɺ. ɻʘʣʙʘ, ʆ.ɺ. ʄʘʢʩʶʪʝʥʢʦ - ʩʪʫʜʝʥʪʠ, ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʦʮ. ɺ.ʄ.ʉʣʽʜʝʥʢʦ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè ɯʥʩʪʠʪʫʪ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ,  ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʈɽɿʆʅɸʅʉʅʀʁ ʂʆʄʇʃɽʂʉ ɯʄʇʋʃʔʉʅʆɰ ɼɯɰ ʅɸ ʅɸʌʊʆɺʋ ʉɺɽʈɼʃʆɺʀʅʋ 

 

ɸʥʦʪʘʮʽʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʟʦʥʘʥʩʥʠʡ ʢʦʤʧʣʝʢʩ ʽʤʧʫʣʴʩʥʦʾ ʜʽʾ ʥʘ ʥʘʬʪʦʚʫ 

ʩʚʝʨʜʣʦʚʠʥʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʟʦʥʘʥʩʥʠʡ ʨʝʞʠʤ ʢʦʣʠʚʘʥʴ ʪʠʩʢʫ ʚ ʨʽʜʠʥʽ. 

ʎʝ ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʥʠʢʣʠʚʦʩʪʽ ʢʦʣʝʢʪʦʨʘ ʽ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʥʘʬʪʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ.   

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥʦ ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʤʧʣʝʢʩ ʠʤʧʫʣʴʩʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʥʝʬʪʷʥʫʶ 

ʩʢʚʘʞʠʥʫ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʨʝʟʦʥʘʥʩʥʳʡ ʨʝʞʠʤ ʢʦʣʝʙʘʥʠʡ ʜʘʚʣʝʥʠʷ ʚ 

ʞʠʜʢʦʩʪʠ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʣʣʝʢʪʦʨʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʝʬʪʷʥʦʡ ʩʢʚʘʞʠʥʳ. 

Abstract. The resonance complex of the impulsive operating is offered on an oil-well with 

parameters, providing the resonance mode of pressure fluctuations in a liquid. It causes the increase 

of permeability of collector and instrumental in the increase of the productivity of oil-wells. 

 

ɺʩʪʫʧ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʩʚʽʪʽ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʚʠʜʦʙʫʚʘʥʥʷ ʟʘʧʘʩʽʚ ʩʠʨʦʚʠʥʠ ʻ 

ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʚʠʜʦʙʫʚʥʠʭ ʢʦʤʧʘʥʽʡ. ɺ̔ ʜʦʤʽ ʤʝʪʦʜʠ ʚʠʜʦʙʫʪʢʫ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʣʫʯʠʪʠ ʟ ʥʘʜʨ ʚʽʜ 25 ʜʦ 50% ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʠʨʦʚʠʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʥʘʜ 50% 

ʚʫʛʣʝʚʦʜʥʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʟʝʤʣʽ. ʅʘʫʢʦʚʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʧʦʰʫʢ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʩʧʦʩʦʙʽʚ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʬʪʦʚʽʜʜʘʯʽ ʧʣʘʩʪʽʚ. 

ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʦ-ʻʤʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʜʫʢʪʠʚʥʠʭ ʧʣʘʩʪʽʚ ʫ ʧʨʠʚʠʙʽʡʥʽʡ ʟʦʥʽ ʩʚʝʨʜʣʦʚʠʥ (ʇɿʉ) ʪʘʢʽ ʷʢ: ʛʽʜʨʦʨʦʟʨʠʚ ʧʣʘʩʪʘ, ʜʽʷ 

ʥʘ ʧʨʦʜʫʢʪʠʚʥʽ ʧʣʘʩʪʠ ʭʽʤʽʯʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʚʠʙʫʭʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʧʦʨʷʜ ʟ ʚʠʩʦʢʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ, ʤʘʶʪʴ ʮʽʣʠʡ ʨʷʜ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʯʘʩʪʦʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʝʥʝʨʘʪʦʨʘ ʢʦʣʠʚʘʥʴ 

ʨʝʟʦʥʘʥʩʥʦʾ ʜʽʾ ʥʘ ʧʨʠʚʠʙʽʡʥʫ ʟʦʥʫ ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʤʝʞʘʭ ʡʦʛʦ ʜʦʤʽʥʘʥʪʥʠʭ ʯʘʩʪʦʪ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʜʝʙʽʪʫ ʥʘʬʪʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ [2]. 

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʅʊʋʋ òʂʇɯò ʚ ʤʝʞʘʭ ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʛʦʚʦʨʫ 

ʟ ɿɸʊ ñʈʝʥʬʦʨʩò (ʈʦʩʽʷ) ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʣʝʢʩ ʦʙʣʘʜʥʘʥʥʷ ñɯʤʧʫʣʴʩò ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʝʙʽʪʫ 

ʥʘʬʪʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ ʛʝʥʝʨʘʪʦʨ ʢʦʣʠʚʘʥʴ ʨʝʟʦʥʘʥʩʥʦʾ ʜʽʾ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʛʝʥʝʨʘʪʦʨʘ ʟʘʭʠʱʝʥʘ ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ ʽ ʈʦʩʽʾ [4].  

ɻʝʥʝʨʘʪʦʨ ʤʽʩʪʠʪʴ ʚʠʭʨʦʚʠʡ ʤʦʜʫʣʴ 1, ʨʝʟʦʥʘʪʦʨ 2 ʪʘ ʭʚʠʣʝʚʽʜ 3 (ʨʠʩ.1). ʍʚʠʣʝʚʽʜ 3 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʢʝʪʘ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʦʨʥʠʭ ʪʨʫʙ (ʅʂʊ) ʽ ʡʦʛʦ ʜʦʚʞʠʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʅʂʊ ʚ ʧʘʢʝʪʽ ʽ, ʦʪʞʝ, ʤʦʞʝ ʨʝʛʫʣʶʚʘʪʠʩʴ. ɺʠʭʨʦʚʠʡ ʤʦʜʫʣʴ 1 ʤʽʩʪʠʪʴ ʨʦʟʪʘʰʦʚʘʥʽ 

ʚ ʪʨʫʙʯʘʪʦʤʫ ʢʦʨʧʫʩʽ ʚʠʭʨʦʚʫ ʢʘʤʝʨʫ ʪʘ ʢʣʘʧʘʥʥʠʡ ʙʣʦʢ. ʈʝʟʦʥʘʪʦʨ 2 ʤʽʩʪʠʪʴ ʢʦʨʧʫʩ ʟ 

ʨʘʜʽʘʣʴʥʠʤʠ ʦʪʚʦʨʘʤʠ ʽ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʥʴʦʤʫ ʧʽʜʧʨʫʞʠʥʝʥʠʡ ʟʦʣʦʪʥʠʢ ʦʙʪʽʢʘʶʯʦʾ ʬʦʨʤʠ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʢʦʤʧʣʝʢʩʦʤ ñɯʤʧʫʣʴʩò ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ ʥʘ ʩʚʝʨʜʣʦʚʠʥʽ 

ʛʝʥʝʨʘʪʦʨ ʥʘ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʦʨʥʠʭ ʪʨʫʙʘʭ (ʅʂʊ) ʦʧʫʩʢʘʻʪʴʩʷ ʜʦ ʨʽʚʥʷ ʧʝʨʬʦʨʘʮʽʡʥʠʭ 

ʦʪʚʦʨʽʚ ʚ ʦʙʩʘʜʥʽʡ ʢʦʣʦʥʽ ʩʚʝʨʜʣʦʚʠʥʠ. ʏʝʨʝʟ ʛʝʥʝʨʘʪʦʨ ʟ ʧʦʚʝʨʭʥʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʦʩʥʦʛʦ 

ʘʛʨʝʛʘʪʘ, ʧʨʦʢʘʯʫʻʪʴʩʷ ʨʦʙʦʯʘ ʨʽʜʠʥʘ. ɺ ʷʢʦʩʪʽ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʭʽʤʨʝʘʛʝʥʪʥʽ ʨʦʟʯʠʥʠ ʥʘ ʚʦʜʥʽʡ ʯʠ ʥʘʬʪʦʚʽʡ ʦʩʥʦʚʽ, ʷʢʽ ʘʢʪʠʚʥʦ ʜʽʶʪʴ ʥʘ ʢʦʣʝʢʪʦʨ 
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ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ ʩʚʝʨʜʣʦʚʠʥʠ. ʈʦʙʦʯʘ ʨʽʜʠʥʘ ʯʝʨʝʟ ʨʘʜʽʘʣʴʥʽ ʦʪʚʦʨʠ ʨʝʟʦʥʘʪʦʨʘ ʽ 

ʧʝʨʬʦʨʘʮʽʡʥʽ ʦʪʚʦʨʠ ʚ ʦʙʩʘʜʥʽʡ ʢʦʣʦʥʽ ʨʝʧʨʝʩʠʚʥʦ ʜʽʻ ʥʘ ʥʘʬʪʦʚʠʡ ʢʦʣʝʢʪʦʨ ʚ ʧʨʠʚʠʙʽʡʥʽʡ 

ʟʦʥʽ, ʟʥʝʤʽʮʥʶʻ ʪʘ ʦʯʠʱʫʻ ʡʦʛʦ ʚʽʜ ʢʦʣʴʤʘʪʘʥʪʽʚ ʽ ʧʦʢʨʘʱʫʻ ʛʽʜʨʘʚʣʽʯʥʠʡ ʟʚôʷʟʦʢ ʢʦʣʝʢʪʦʨʘ ʟ 

ʩʚʝʨʜʣʦʚʠʥʦʶ. 

ʄʝʭʘʥʽʟʤ ʨʝʧʨʝʩʠʚʥʦʾ ʜʽʾ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʥʘ ʥʘʬʪʦʚʠʡ ʢʦʣʝʢʪʦʨ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ 

ʚʟʘʻʤʦʜʽʻʶ ʚʠʭʨʦʚʦʛʦ ʤʦʜʫʣʷ, ʭʚʠʣʝʚʦʜʘ ʽ ʨʝʟʦʥʘʪʦʨʘ ʧʨʠ ʨʦʙʦʪʽ ʛʝʥʝʨʘʪʦʨʘ.  

ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʪʽʢ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʫ ʚʠʭʨʦʚʦʤʫ ʤʦʜʫʣʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 

ʥʘ ʜʚʘ ʧʦʪʦʢʠ: ʦʜʠʥ ʟ ʷʢʠʭ ʧʦʪʨʘʧʣʷʻ ʫ ʚʠʭʨʦʚʫ ʢʘʤʝʨʫ ʯʝʨʝʟ ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʦʪʚʦʨʠ ʽ 

ʨʦʟʢʨʫʯʫʻʪʴʩʷ ʚ ʥʽʡ, ʜʦʩʷʛʘʶʯʠ ʰʚʠʜʢʦʩʪʽ ʜʦ 130 ʤ/ʩ, ʘ ʽʥʰʠʡ, ʯʝʨʝʟ ʢʣʘʧʘʥʥʠʡ ʙʣʦʢ, 

ʚʩʤʦʢʪʫʻʪʴʩʷ ʚ ʢʘʤʝʨʫ ʽʥʞʝʢʮʽʾ ʽ ʜʘʣʽ ʥʘʜʭʦʜʠʪʴ ʫ ʚʠʭʨʦʚʫ ʢʘʤʝʨʫ. ʇʨʠ ʟʫʩʪʨʽʯʽ ʚʠʭʨʦʚʦʛʦ ʽ 

ʽʥʞʝʢʮʽʡʥʦʛʦ ʧʦʪʦʢʽʚ ʚʠʭʦʨ ʨʦʟʧʘʜʘʻʪʴʩʷ, ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʧʘʜʘʻ ʜʦ 35 ʤ/ʩ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʪʠʩʢ ʫ ʚʠʭʨʦʚʽʡ ʢʘʤʝʨʽ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʨʽʜʠʥʘ ʚʠʰʪʦʚʭʫʻʪʴʩʷ ʯʝʨʝʟ ʚʠʭʽʜʥʽ ʦʪʚʦʨʠ ʫ ʭʚʠʣʝʚʽʜ. 

ʂʽʣʴʢʽʩʪʴ ʨʽʜʠʥʠ ʫ ʚʠʭʨʦʚʽʡ ʢʘʤʝʨʽ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʦʚʦʛʦ ʚʠʭʨʦʫʪʚʦʨʝʥʥʷ ʽ 

ʜʘʣʽ ʮʠʢʣ ʧʦʚʪʦʨʶʻʪʴʩʷ ʟ ʯʘʩʪʦʪʦʶ 
ʛf , ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ, ʢʽʥʝʤʘʪʠʯʥʠʭ ʪʘ 

ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʭʨʦʚʦʛʦ ʤʦʜʫʣʶ ʽ ʟʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʩʢʣʘʜʘʻ 42-53 ɻʮ. 

 

0

1
21 34 56

7 8 910

11

12 13  
ʈʠʩʫʥʦʢ 1 ï ɻʝʥʝʨʘʪʦʨ ʢʦʣʠʚʘʥʴ ʨʝʟʦʥʘʥʩʥʦʾ ʜʽʾ ʥʘ ʧʨʠʚʠʙʽʡʥʫ ʟʦʥʫ ʥʘʬʪʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ: 

1 ï ʚʠʭʨʦʚʠʡ ʤʦʜʫʣʴ, 2 ï ʨʝʟʦʥʘʪʦʨ, 3 ï ʭʚʠʣʝʚʽʜ, 4 ï ʦʙʩʘʜʥʘ ʢʦʣʦʥʘ, 

5 ï ʧʝʨʬʦʨʘʮʽʡʥʽ ʦʪʚʦʨʠ, 6 ï ʧʨʠʚʠʙʽʡʥʘ ʟʦʥʘ, 7 ï ʢʣʘʧʘʥʥʠʡ ʙʣʦʢ, 

8 ï ʚʠʭʨʦʚʘ ʢʘʤʝʨʘ, 9 ï ʧʽʜʧʨʫʞʠʥʝʥʠʡ ʟʦʣʦʪʥʠʢ, 10 ï ʢʘʤʝʨʘ ʽʥʞʝʢʮʽʾ, 

11 ï ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʦʪʚʦʨʠ, 12 ï ʚʠʭʽʜʥʽ ʦʪʚʦʨʠ, 13 ï ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ 

 

ʃʽʥʽʡʥʘ ʯʘʩʪʦʪʘ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʧʽʜʧʨʫʞʠʥʝʥʦʛʦ ʟʦʣʦʪʥʠʢʘ ʨʝʟʦʥʘʪʦʨʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ: 

2
ʨf
w

p
=
Ö

, 

ʜʝ w ï ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʧʽʜʧʨʫʞʠʥʝʥʦʛʦ ʟʦʣʦʪʥʠʢʘ  

ʟ

ʟ

c

m
w= , 

ʟc  ï ʞʦʨʩʪʢʽʩʪʴ ʧʘʢʝʪʫ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ, 
ʟm  ï ʟʚʝʜʝʥʘ ʤʘʩʘ, ʷʢʘ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ 

ʢʦʣʠʚʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ. 
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 ɾʦʨʩʪʢʽʩʪʴ ʧʘʢʝʪʫ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʪʴʩʷ ʷʢ ʟʚʝʜʝʥʘ ʞʦʨʩʪʢʽʩʪʴ 
ʟc  ʟʘ 

ʬʦʨʤʫʣʦʶ ʜʣʷ ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ: 

1

1 1n

iʟ ic c=

=ä , 

ʜʝ iʩ ï ʞʦʨʩʪʢʽʩʪʴ ʦʜʥʦʛʦ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

ʊʦʜʽ       

1

1

1
ʟ n

i i

c

c=

=

ä
.       

 
ɿʚʝʜʝʥʘ ʤʘʩʘ, ʷʢʘ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʢʦʣʠʚʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʽʜʧʨʫʞʠʥʝʥʦʛʦ ʟʦʣʦʪʥʠʢʘ ʪʘ ʚʠʜʦʚʞʝʥʦʾ ʢʘʤʝʨʠ ʭʚʠʣʝʚʦʜʘ 

(ʧʘʢʝʪʦʤ ʅʂʊ ʤʽʞ ʛʝʥʝʨʘʪʦʨʦʤ ʪʘ ʨʝʟʦʥʘʪʦʨʦʤ), ʘ ʪʘʢʦʞ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ 

ʭʚʠʣʝʚʦʜʽ: 

ʟ ʟʦʣ ʨm m m= + , 

ʜʝ 
ʟʦʣm  ï ʤʘʩʘ ʟʦʣʦʪʥʠʢʘ, 

ʨm  ï ʤʘʩʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʭʚʠʣʝʚʦʜʽ.
 

 ʄʘʩʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʭʚʠʣʝʚʦʜʽ ʚʠʟʥʘʯʘʻʪʴʩʷ:  

,
4

2

ʭʚ
ʭʚ

ʨ l
d

m ÖÖÖ= pr
 

ʜʝ r ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ, ʭʚd , ʭʚl ï ʚʽʜʧʦʚʽʜʥʦ ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʪʘ ʜʦʚʞʠʥʘ ʭʚʠʣʝʚʦʜʘ.
 ɼʽʘʧʘʟʦʥ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʨʝʟʦʥʘʪʦʨʘ 

ʨf  
ʨʝʛʫʣʶʻʪʴʩʷ ʜʦʚʞʠʥʦʶ ʭʚʠʣʝʚʦʜʘ ʪʘ ʚʠʙʦʨʦʤ 

ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʚ ʤʝʞʘʭ 23-54 ɻʮ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʦʭʦʧʣʶʻ 

ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʪʠʩʢʫ 
ʛf , ʷʢʽ ʛʝʥʝʨʫʶʪʴʩʷ ʚʠʭʨʦʚʠʤ ʤʦʜʫʣʝʤ. 

ʈʝʧʨʝʩʠʚʥʠʡ ʪʠʩʢ ʚ ʨʝʟʦʥʘʪʦʨʽ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʢʨʠʪʪʷ ʱʽʣʠʥ ʥʘ ʚʠʭʦʜʽ 

ʧʽʜʧʨʫʞʠʥʝʥʠʤ ʟʦʣʦʪʥʠʢʦʤ ʨʝʟʦʥʘʪʦʨʘ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʨʝʟʦʥʘʪʦʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.2. 

Q

ȉ
ȉ(...)

L
2

L1
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ʅʘ ʚʭʦʜʽ ʚ ʨʝʟʦʥʘʪʦʨ ʧʦʩʪʫʧʘʻ ʧʫʣʴʩʫʶʯʠʡ ʧʦʪʽʢ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ ʟ ʨʘʮʽʦʥʘʣʴʥʦʶ 

ʚʠʪʨʘʪʦʶ Q=600 ʣ/ʭʚ (0,01 ʤį/c). ʇʽʜʥʷʪʪʷ ʪʠʩʢʫ ʚ ʨʝʟʦʥʘʪʦʨʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʨʦʩʝʣʶʚʘʥʥʷʤ 

ʨʽʜʠʥʠ ʧʨʠ ʾʾ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʯʦʪʠʨʠ ʙʦʢʦʚʠʭ ʱʽʣʠʥʠ ʚ ʨʝʟʦʥʘʪʦʨʽ, ʷʢʽ ʧʦʩʪʫʧʦʚʦ 

ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʧʨʠ ʨʫʩʽ ʟʦʣʦʪʥʠʢʘ ʨʝʟʦʥʘʪʦʨʘ ʚ ʥʘʧʨʷʤʢʫ x (ʨʠʩ.2).  

          ʊʦʜʽ ʧʨʠʡʤʘʶʯʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʠ (ʥʘʧʨʠʢʣʘʜ, Õ =0,64 - ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ, 

ɟ=1000 ʢʛ/ʤį - ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ), ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ ʧʝʨʝʚʠʱʝʥʥʷ ʪʠʩʢʫ ʜʨʦʩʝʣʶʚʘʥʥʷ ʥʘʜ 

ʛʽʜʨʦʩʪʘʪʠʯʥʠʤ ʪʠʩʢʦʤ: 
2

2 2 2x

Q
p

S

r

m
D = Ö

Ö
 

ʜʝ  Sx - ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʯʦʪʠʨʴʦʭ ʱʽʣʠʥ ʨʝʟʦʥʘʪʦʨʘ, ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʣʦʞʝʥʥʷ ʟʦʣʦʪʥʠʢʘ ʨʝʟʦʥʘʪʦʨʘ  ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʦʨʜʠʥʘʪʦʶ  x. 

ʇʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʧʣʦʱʽ 
2 14xS L L= Ö Ö, ʧʨʠ  ʟʘʜʘʥʦʤʫ ʧʦʩʪʽʡʥʦʤʫ ʟʥʘʯʝʥʥʽ L2  ʽ ʚʝʢʪʦʨʫ 

ʟʤʽʥʥʠʭ ʟʥʘʯʝʥʴ L1. 

ʇʨʠ ʮʴʦʤʫ ʟʤʽʥʘ ʪʠʩʢʫ ʥʘ ʚʠʭʦʜʽ ʨʝʟʦʥʘʪʦʨʘ ʙʫʜʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʴ ʟʘʣʝʞʥʽʩʪʶ 

1( )p f LD = . ʈʦʟʨʘʭʫʥʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ,ʱʦ ʨʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʨʽʩʪ ʪʠʩʢʫ ʚʽʜ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ 

ʽʤʧʫʣʴʩʥʠʭ ʨʝʧʨʝʩʠʚʥʠʭ ʢʦʣʠʚʘʥʴ ʩʢʣʘʜʘʻ 3 ʄʇʘ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ 

ʩʢʣʘʜʘʶʪʴ  23...54 ɻʮ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʫ Flow 

Simulation ʦʙʦʣʦʥʢʠ SolidWorks ʧʦʙʫʜʦʚʘʥʘ ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʚʠʭʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʪʘ 

ʜʦʩʣʽʜʞʝʥʘ ʛʽʜʨʦʜʠʥʘʤʽʢʘ ʚʠʭʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʘ ʩʘʤʝ ʟʤʦʜʝʣʴʦʚʘʥʦ ʧʨʦʮʝʩ ʟʘʢʨʫʪʢʠ 

ʚʠʭʨʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʢʘʤʝʨʽ ʟʘʚʠʭʨʝʥʥʷ ʪʘ ʧʦʪʽʢ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʯʝʨʝʟ ʢʣʘʧʘʥʥʠʡ ʙʣʦʢ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ  ʚʩʪʘʥʦʚʣʝʥʦ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ  ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ 

ʛʝʥʝʨʘʪʦʨʘ. 

ʇʨʦʮʝʩ ʜʨʦʩʝʣʶʚʘʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʯʝʨʝʟ ʢʣʘʧʘʥʥʠʡ ʙʣʦʢ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ.3. 

 

 
ʈʠʩʫʥʦʢ 3  ï ʄʦʜʝʣʶʚʘʥʥʷ ʢʣʘʧʘʥʥʦʛʦ ʙʣʦʢʫ: 

 

ʊʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʦʣʦʥʢʠ SolidWorks ʜʦʩʣʽʜʞʝʥʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʚʠʭʨʦʚʽʡ ʢʘʤʝʨʽ. ʇʨʠʥʮʠʧʦʚʘ 3D - ʤʦʜʝʣʴ ʚʠʭʨʦʚʦʾ ʢʘʤʝʨʠ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ.4. 
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ʈʠʩʫʥʦʢ 4 ï ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʭʨʦʚʦʾ ʢʘʤʝʨʠ 

 

ɼʨʦʩʝʣʶʚʘʥʥʷ ʧʦʪʦʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʚʽʩʽʤ ʨʘʜʽʘʣʴʥʠʭ ʦʪʚʦʨʽʚ ʜʽʘʤʝʪʨʦʤ 3ʤʤ 

ʢʦʞʥʠʡ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ ʢʦʥʪʫʨʫ ʟʘʚʠʭʨʶʚʘʯʘ. 

ɺʠʪʨʘʪʘ ʯʝʨʝʟ ʦʪʚʽʨ [3]: 

2 2Q S g H S g He j m= Ö Ö Ö Ö Ö = Ö Ö Ö Ö 

ʜʝ m e j= Ö ī ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ. 

 ʂʦʝʬʽʮʽʻʥʪʠ , ,m e j ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ. ʇʨʠ ʚʝʣʠʢʦʤʫ ʯʠʩʣʽ ʈʝʡʥʦʣʴʜʩʘ 
4Re 10>  ʮʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʽ, ʽ ʾʭ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ 

0,64, 0,97, 0,62e j m= = = . ɿʘʟʚʠʯʘʡ ʢʦʝʬʽʮʽʻʥʪ m ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ. 

ɺʠʩʥʦʚʢʠ. 

ʇʨʦʜʫʢʪʠʚʥʠʡ ʧʣʘʩʪ ʥʘʬʪʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʻ ʥʝʩʪʽʡʢʦʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ ʽ 

ʪʦʤʫ ʧʨʦʷʚʣʷʻ ʚʣʘʩʪʠʚʦʩʪʽ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʾ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʤʘʻ ʨʷʜ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʽʤʧʫʣʴʩʥʦʾ ʜʽʾ ʥʘ ʥʘʬʪʦʚʫ ʩʚʝʨʜʣʦʚʠʥʫ, ʧʣʘʩʪʦʚʽ ʩʪʨʫʢʪʫʨʠ ʣʦʢʘʣʴʥʦ ʤʦʞʫʪʴ 

ʚʭʦʜʠʪʠ ʚ ʨʝʟʦʥʘʥʩ ʥʘ ʜʦʤʽʥʘʥʪʥʠʭ ʯʘʩʪʦʪʘʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʨʘʮʽʦʥʘʣʴʥʠʤʠ  ʯʘʩʪʦʪʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʥʘʩʣʽʜʦʢ 

ʚʟʘʻʤʦʜʽʾ ʚʠʭʨʦʚʦʛʦ ʤʦʜʫʣʷ, ʭʚʠʣʝʚʦʜʘ ʽ ʨʝʟʦʥʘʪʦʨʘ, ʟʘʙʝʟʧʝʯʫ ̒ ʨʝʟʦʥʘʥʩʥʠʡ ʨʝʞʠʤ 

ʢʦʣʠʚʘʥʴ ʪʠʩʢʫ ʚ ʨʽʜʠʥʽ, ʚʠʢʣʠʢʘ ̒ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʪʠʩʢʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʧʽʜʩʠʣʶʻ ʨʝʧʨʝʩʠʚʥʫ ʜʽʶ ʨʽʜʠʥʠ ʥʘ ʢʦʣʝʢʪʦʨ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ, ʟʥʝʤʽʮʥʶʶʯʠ ʡʦʛʦ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʥʠʢʣʠʚʦʩʪʽ ʢʦʣʝʢʪʦʨʘ ʽ ʩʧʨʠʷʻ ʩʪʘʙʽʣʽʟʘʮʽʾ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʟʚ'ʷʟʢʫ ʥʘʬʪʦʚʦʛʦ ʧʣʘʩʪʘ ʟ ʩʚʝʨʜʣʦʚʠʥʦʶ ʟ ʦʯʠʱʝʥʥʤ̫ ʩʪʘʨʠʭ ʽ ʩʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ 

ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʢʘʥʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʠʭ ʽʤʧʫʣʴʩʘʤʠ ʤʽʢʨʦʪʨʽʱʠʥ, ʱʦ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʬʪʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. 
 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ˢ͡Ύ͍͙͚ͣͦͫ͟ ˢΦ ˢΦ ˴ͦͣͨΈΌ͔͔ͭͪͤͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͍ ͙͔͔͚ͤ͗ͤͪͤͦ ͙͔ͨͪ͊ͭ͟͟ ώ͔́ͫͭ͟ϐ \  ˢΦ ˢΦ 
ˢ͡Ύ͍͙͚ͣͦͫ͟Σ ˢΦ ˢ ˿ͦ͋͊;͙ͤ͟Σ ˩ΦˤΦ ˻͙͒ͤͼ͍ͦ ς ˿ ˽͋ΦΥ ˣ̆ˤ-˽͔͔͎ͭͪ͋ͯͪΣ нллрΦ- улл ͫΦΥ ͙͡Φ 

2. ˨·͔͋ͤͦ͟͡ ˤΦ˽Φ ˽͍ͦ·΄͔͙͔ͤ ͙͍͙ͨͪͦ͒ͯͭͤͦͫͭ͟ ͙ ͔͙ͪ͊ͤͣ͊ͼ͙Ύ ͍͙ͫ͊͗ͤ͟ ͫ ͙͔͔͙͔ͨͪͣͤͤͣ 
͍͙͍͍͎͋ͪͦͦͤͦͦͦ͡ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ώ͔́ͫͭ͟ϐ \  ˤΦ˽Φ ˨·͔͋ͤͦ͟͡Σ ˾Φ˹Φ ˴͍͊ͣ͊ͦ͡Σ ˾Φ̒Φ ͙̊͊ͪͺͺ͙ͯͤ͡Σ ˮΦˢΦ 
́ͯͺ͍͊ͤͦ ς ˸ ΦΥ ˻˻˻ ζ˹͔͒ͪ͊-ˣ͙͔ͤͫ͘ͼ͔ͤͭͪηΣ нлллΦ τ оум ͫΥ ͙͡Φ   

3. ˴͍ͦ͊͡Έ ˽Φ ˤΦ ˥͙͍͙͒ͪ͊͊͟͡ ͙ ͎͙͙͍͒ͪͦͨͪͦ͒ ͎ͦͪͤ·ͻ ͣ͊΄͙ͤΥ ̂;͔͙͋ͤ͟ ͒͡Ύ ͍͍ͯͦ͘ ͨͦ ͔ͫͨͼ͙͊͡Έ͙ͤͦͫͭ 
ζ˥ͦͪͤ·͔ ͣ͊΄͙ͤ· ͙ ͔ͦͣͨͫ͟͟͡·ηΦτ ˸ ΦΥ ˸͊΄͙͔͙͔ͤͦͫͭͪͦͤΣ мфтфΦ τ омф ͫΣ ͙͡Φ 

4. ˿ͭ͊͋͊͘͜͜͡ͼ͜Ύ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͎͙ͪͤ͜;ͦ͝ ͣ͊΄͙͙ͤ ͘ ͣͨͯ͜͡Έ͙ͫͤͣ ͍͙͍ͦͤ͊͟;͙ͣ ͎ͦͪ͊ͤͦͣΥ ͎ͣͦͤͦͪ͊ͺ͜Ύκ 
ˤΦ˸Φ ˿͔͒ͤͦ͜͟͡Σ ˿Φ˽Φ ͔͍̊;ͯ͟Φ - ˴ ΦΥ ˹́̂̂ έ˴˽˱έΣ нлмлΦ - мфн ͫΦ 
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ʋɼʂ 621:330.43:519.86 

 

ʈʆɿʈʆɹʂɸ ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅʀʍ ɿɸʍʆɼɯɺ ʇɯɼɺʀʑɽʅʅʗ 

ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʄɽʊɸʃʋʈɻɯʁʅʆɻʆ ʂʆʄʇʃɽʂʉʋ ɺ ʋʄʆɺɸʍ ɼɯɰ 

ʄɯɾʅɸʈʆɼʅʀʍ ʋɻʆɼ ɿɯ ɿʄɯʅʀ ʂʃɯʄɸʊʋ 

ʂʦʟʫʙ ʆ.ʄ., ʘʩʧʽʨʘʥʪ, ʢʝʨʽʚʥʠʢ ɯʥʰʝʢʦʚ ɭ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʅʊʋʋ çʂʇɯè 

 

 ʆʙˇʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦ- ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʰʣʷʭʦʤ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤ 

ʧʨʦʮʝʩʦʤ. 

 

 ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʨ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʧʦʚʳʰʝʥʠʷ ʵʢʦ-ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʧʫʪʝʤ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ. 

 

 Necessity of complex measures implementation for solving of problems with improving of 

environmental and energy efficiency by using of managementôs mechanisms and measures is 

grounded  
 

ʉʝʨʝʜ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʫʤʦʚ ʩʪʘʣʦʛʦ ʪʘ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʜʝʨʞʘʚʠ ʻ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʥʦʤʽʢʠ, ʷʢʽ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 

ʨʦʢʽʚ ʙʫʣʠ (ʽ ʟʘʣʠʰʘʶʪʴʩʷ) ʟʘʛʨʦʟʦʶ ʝʢʦʥʦʤʽʯʥʦʾ, ʘ ʚʽʜʪʘʢ ʽ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ.  

 ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʠʪʘʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥ ʻ ʦʜʥʠʤʠ ʟ ʧʨʽʦʨʠʪʝʪʥʠʭ, ʷʢʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʞʠʪʪʷ ʩʫʩʧʽʣʴʩʪʚ, ʷʢ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ, ʪʘʢ ʽ ʥʘ 

ʤʽʞʥʘʨʦʜʥʽʡ ʘʨʝʥʽ. ʋʨʷʜʠ ʚʩʽʭ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥ ʨʦʟʛʣʷʜʘʶʪʴ ʟʘʨʘʟ ʩʚʦʶ ʧʦʣʽʪʠʢʫ, 

ʧʨʦʛʨʘʤʠ ʽ ʧʨʘʢʪʠʯʥʽ ʜʽʾ ʟ ʧʦʟʠʮʽʡ ʩʪʘʣʦʩʪʽ. ɸ ʷʢʱʦ ʮʝ ʪʦʨʢʘʻʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʘ, 

ʷʢʠʡ ʥʝ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʦʢʨʝʤʦ ʚʽʜ ʽʥʰʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ ʽ ʩʫʩʧʽʣʴʥʦʛʦ ʞʠʪʪʷ, ʪʦ ʥʘ 

ʧʝʨʰʠʡ ʧʣʘʥ ʚʠʭʦʜʠʪʴ ʧʦʥʷʪʪʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʚʧʣʠʚʦʤ 

ʥʘ ʜʦʚʢʽʣʣʷ ʽ ʛʣʦʙʘʣʴʥʽ ʧʨʦʮʝʩʠ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʱʦ ʚʠʷʚʣʷʻʪʴʩʷ ʧʨʠ ʚʠʜʦʙʫʪʢʫ ʝʥʝʨʛʦʥʦʩʽʾʚ, 

ʚʠʨʦʙʥʠʮʪʚʽ, ʧʝʨʝʜʘʯʽ, ʨʦʟʧʦʜʽʣʽ ʽ ʩʧʦʞʠʚʘʥʥʽ ʥʝʦʙʭʽʜʥʦʛʦ ʚʠʜʫ ʝʥʝʨʛʽʾ (ʝʣʝʢʪʨʠʯʥʦʾ, 

ʪʝʧʣʦʚʦʾ ʽ ʽʥʰʠʭ). ʊʦʤʫ ʚʩʽ ʮʽ ʧʦʥʷʪʪʷ, ʬʽʟʠʯʥʽ ʷʚʠʱʘ, ʾʭ ʧʦʢʘʟʥʠʢʠ ʪʨʝʙʘ ʨʦʟʛʣʷʜʘʪʠ ʚ 

ʢʦʤʧʣʝʢʩʽ. ɼʣʷ ʋʢʨʘʾʥʠ ʮʝ ʧʠʪʘʥʥʷ ʻ ʚʢʨʘʡ ʘʢʪʫʘʣʴʥʠʤ [1]. 

 ʉʪʘʥ ʽ ʨʦʟʚʠʪʦʢ ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʋʢʨʘʾʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ ʽ ʨʦʟʚʠʪʢʫ ʚʽʪʯʠʟʥʷʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

 ʇʽʜʧʨʠʻʤʩʪʚʘ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʻ ʥʘʡʙʽʣʴʰʠʤʠ 

ʩʧʦʞʠʚʘʯʘʤʠ ʩʠʨʦʚʠʥʠ, ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʚʠʨʦʙʥʠʢʘʤʠ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ɿʘ ʜʘʥʠʤʠ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʝʢʦʥʦʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʋʢʨʘʾʥʽ ʤʝʪʘʣʫʨʛʽʡʥʘ ʛʘʣʫʟʴ ʩʧʦʞʠʚʘʻ ʙʽʣʴʰʝ 17% ʧʘʣʠʚʘ, 16% 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ 13% ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʚ ʢʨʘʾʥʽ, ʩʘʤʝ ʪʦʤʫ 

ʦʩʦʙʣʠʚʘ ʨʦʣʴ ʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʽ ʪʘ ʟʙʝʨʝʞʝʥʥʽ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘʣʝʞʠʪʴ 

ʤʝʪʘʣʫʨʛʽʾ - ʙʘʟʦʚʦʾ ʛʘʣʫʟʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [2]. 

 ʋ ʩʚʦʶ ʯʝʨʛʫ, ʥʘʜʚʠʩʦʢʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʦʥʦʩʽʾʚ ʤʦʞʫʪʴ ʽ ʚʞʝ ʧʨʠʚʝʣʠ ʜʦ ʟʥʠʞʝʥʥʷ 
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ʢʦʥʢʫʨʝʥʪʥʦʟʜʘʪʥʦʩʪʽ ʫʢʨʘʾʥʩʴʢʦʾ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ ʪʘ ʚʪʨʘʪʠ ʩʫʪʪʻʚʦʾ ʯʘʩʪʠʥʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʠʥʢʽʚ. 

ʏʦʨʥʘ ʤʝʪʘʣʫʨʛʽʷ ʚ ʋʢʨʘʾʥʽ ʟʘʚʞʜʠ ʙʫʣʘ, ʟʘʣʠʰʘʻʪʴʩʷ ʽ ʙʫʜʝ ʟʘʣʠʰʘʪʠʩʷ ʦʜʥʽʻʶ ʟ 

ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. ʆʜʥʘʢ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ 

ʚʽʜʙʫʣʠʩʷ ʩʫʪʪʻʚʽ ʟʤʽʥʠ ʫ ʛʘʣʫʟʝʚʦʤʫ ʩʧʦʞʠʚʘʥʥʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʥʘʧʨʷʤʢʫ 

ʩʢʦʨʦʯʝʥʥʷ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʇɽʈ ʟʘ ʦʢʨʝʤʠʤʠ ʚʠʜʘʤʠ [3]. 

ʉʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʜʫʢʮʽʾ ʫʢʨʘʾʥʩʴʢʠʤʠ ʤʝʪʘʣʫʨʛʽʡʥʠʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʧʦʯʠʥʘʻʪʴʩʷ ʩʫʪʪʻʚʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʟʘʢʦʨʜʦʥʥʠʭ ʚʠʨʦʙʥʠʢʽʚ 

ʚʞʝ ʟ ʧʝʨʰʠʭ ʧʝʨʝʜʽʣʽʚ. ʊʘʢ, ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʯʘʚʫʥʫ ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ 

ʤʝʪʧʽʜʧʨʠʻʤʩʪʚʘʭ ʤʘʡʞʝ ʥʘ 33 % ʚʠʱʘ, ʥʽʞ ʥʘ ʧʨʦʚʽʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʩʚʽʪʫ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʷ 1 - ʇʠʪʦʤʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʯʘʚʫʥʫ 

 

ʇʦʢʘʟʥʠʢʠ ɭʉ ʂʠʪʘʡ ʋʢʨʘʾʥʘ 

1. ɺʠʪʨʘʪʠ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʢʛ ʫ.ʧ./ʪ 483,4 477,4 637,8 

2. ɺʠʪʨʘʪʠ ʢʦʢʩʫ, ʢʛ/ʪ 383 398 503,8 

3. ɺʠʪʨʘʪʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʤ
3
/ʪ ï ï 82,2 

4. ɺʠʪʨʘʪʠ ʢʠʩʥʶ, ʤ
3
/ʪ 62,3 63,9 81,5 

 

ʊʘʢʝ ʩʪʘʥʦʚʠʱʝ ʩʢʣʘʣʦʩʷ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʥʝʜʦʩʪʘʪʥʴʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʧʦʰʠʨʝʥʘ ʫ ʩʚʽʪʽ ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʠʣʦʚʫʛʽʣʴʥʦʛʦ ʧʘʣʠʚʘ ʇɺʇ ʫ ʜʦʤʝʥʥʠʭ ʧʝʯʘʭ. ʗʢ 

ʟʘʤʽʥʥʠʢ ʢʦʢʩʫ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʇɺʇ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʣʠʰʝ ʢʽʣʴʢʦʤʘ ʤʝʪʘʣʫʨʛʽʡʥʠʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʩʘʤʝ: ɺɸʊ çʄʘʢʽʾʚʩʴʢʠʡ ʄɿè, ɺɸʊ çɸʣʯʝʚʩʴʢʠʡ ʄʂè, ɺɸʊ çɸʨʩʝʣʦʨʄʽʪʪʘʣ 

ʂʨʠʚʠʡ ʈʽʛè, ɺɸʊ çɼʄʂ ʽʤ. ɼʟʝʨʞʠʥʩʴʢʦʛʦè, ɺɸʊ çɿʘʧʦʨʽʞʩʪʘʣʴè ʪʘ ɿɸʊ çɼʦʥʝʮʴʢʩʪʘʣʴï

ʄɿè, ï ʧʨʠʯʦʤʫ ʫ ʟʥʘʯʥʦʤʫ ʦʙʩʷʟʽ ʪʽʣʴʢʠ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ.  

ʊʘʢʦʞ ʋʢʨʘʾʥʘ ʚʽʜʩʪʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. ʄʘʡʞʝ 45,2 % ʩʪʘʣʽ ʚʠʧʣʘʚʣʷʻʪʴʩʷ ʫ ʤʘʨʪʝʥʽʚʩʴʢʠʭ ʧʝʯʘʭ, ʫ ʢʦʥʚʝʨʪʝʨʘʭ ï 

51 %, ʚ ʝʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʠʭ ʧʝʯʘʭ ï ʪʽʣʴʢʠ 3,8 %. ʋ ʩʚʽʪʽ ʤʘʨʪʝʥʽʚʩʴʢʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʟʘʣʠʰʠʣʦʩʷ ʪʽʣʴʢʠ ʫ ʈʦʩʽʾ (23 %). ʋ ʅʽʤʝʯʯʠʥʽ ʫ ʢʦʥʚʝʨʪʝʨʘʭ ʚʠʧʣʘʚʣʷʻʪʴʩʷ ʙʽʣʴʰʝ ʥʽʞ 70 % 

ʩʪʘʣʽ, ʘ ʨʝʰʪʘ ï ʫ ʝʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʠʭ ʧʝʯʘʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ 

ʟʘʛʦʪʦʚʦʢ ʚ ʋʢʨʘʾʥʽ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 33 %, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʫ ʈʦʩʽʾ ï ʤʘʡʞʝ ʜʚʽ ʪʨʝʪʠʥʠ, ʫ 

ʅʽʤʝʯʯʠʥʽ ï 98 % [4]. 

ʉʧʦʞʠʚʘʥʥʷ ʇɽʈ ʫ ʤʘʨʪʝʥʽʚʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʪʘʣʽ ʚ ʋʢʨʘʾʥʽ ʤʘʡʞʝ ʫ 5 ʨʘʟʽʚ 

ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ ʢʦʥʚʝʨʪʝʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʙʽʣʴʰʝ 

ʤʘʡʞʝ ʚ 15 ʨʘʟʽʚ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʷ 2 - ɺʠʪʨʘʪʘ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʽ 

 

ʂʨʘʾʥʘ - ʚʠʨʦʙʥʠʢ 

ʉʧʦʞʠʚʘʥʥʷ 

ʇɽʈ, 

ʢʛ ʫ.ʧ./ʪ 

ɽʬʝʢʪʠʚʥʽʩʪʴ,  

% 

 

ʋʢʨʘʾʥʘ 

ʄʘʨʪʝʥʽʚʩʴʢʝ ʚʠʨʦʙʥʠʮʪʚʦ 104,5 152,8 

ʂʦʥʚʝʨʪʝʨʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 22,4 32,7 

ʉʝʨʝʜʥʻ ʧʦ ʢʨʘʾʥʽ 68,4 100,0 

ʂʨʘʾʥʠ ɭʉ 17,4 25,4 

ʂʠʪʘʡ 17,7 25,9 
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ʇʨʠʚʝʜʝʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʩʝʨʝʜʥʷ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ ʚ ʋʢʨʘʾʥʽ 

ʤʘʡʞʝ ʚ 4 ʨʘʟʠ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ. ʇʨʠ ʮʴʦʤʫ ʥʘʚʽʪʴ ʢʦʥʚʝʨʪʝʨʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ ʚ ʋʢʨʘʾʥʽ ʥʘ 28 % ʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʝ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʢʫʨʝʥʪʘʤʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ  ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʚʘ ʟʘʛʦʪʽʚʦʢ ʚ ʋʢʨʘʾʥʽ ʩʢʣʘʜʘʻ ʪʽʣʴʢʠ 33  % 

ʦʙ'ʻʤʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʚ ʈʦʩʽʾ ï ʤʘʡʞʝ ʜʚʽ ʪʨʝʪʠʥʠ, ʫ ʌʈʅ ï 98  %. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʽ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʢʘʪʫ ʫʢʨʘʾʥʩʴʢʽ ʤʝʪʘʣʫʨʛʽʡʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦ ʧʦʢʘʟʥʠʢʘʭ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʟʥʘʯʥʦ ʧʦʩʪʫʧʘʶʪʴʩʷ ʢʦʥʢʫʨʝʥʪʘʤ (ʪʘʙʣ. 4). 

 

ʊʘʙʣʠʮʷ 3 - ɺʠʪʨʘʪʘ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʢʘʪʫ 

 

 

ʂʨʘʾʥʘ-ʚʠʨʦʙʥʠʢ 

ʉʧʦʞʠʚʘʥʥʷ 

ʇɽʈ, 

ʢʛ ʫ.ʧ./ʪ 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ, 

% 

1. ʋʢʨʘʾʥʘ 120,6 100,0 

2. ʂʨʘʾʥʠ ɭʉ 68,8 57,0 

3. ʂʠʪʘʡ 70,1 58,1 

 

 ɺʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʟʥʦʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʪʘʨʽʣʠʭ ʩʭʝʤ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʪʦʨʠʥʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʽ ʚʝʣʠʢʠʭ ʚʪʨʘʪ ʝʥʝʨʛʦʥʦʩʽʾʚ ʫʢʨʘʾʥʩʴʢʘ ʤʝʪʘʣʫʨʛʽʷ ʤʘʻ ʟʥʘʯʥʦ 

ʙʽʣʴʰʽ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ [5]. 

ɻʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʢʦʤʧʣʝʢʩ (ɻʄʂ) ʷʚʣʷʻʪʴʩʷ ʦʜʥʽʻʶ ʽʟ ʛʘʣʫʟʝʡ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʥʘʯʥʠʤ ʦʙʩʷʛʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʪʘ ʨʽʚʥʝʤ 

ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʥʠʭ ʨʝʩʫʨʩʽʚ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʘʡʤʘʻ ʥʘʣʝʞʥʝ ʤʽʩʮʝ ʩʝʨʝʜ ʚʠʨʦʙʥʠʢʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. 

ʗʢ ʽ ʚ ʽʥʰʠʭ ʝʥʝʨʛʦʩʧʦʞʠʚʘʶʯʠʭ ʛʘʣʫʟʷʭ, ʦʩʥʦʚʥʠʤ ʧʘʨʥʠʢʦʚʠʤ ʛʘʟʦʤ ʚ ʯʦʨʥʽʡ 

ʤʝʪʘʣʫʨʛʽʾ ʻ ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ (ʉʆ2). ʂʦʥʪʨʦʣʴ ʟʘ ʚʠʢʠʜʘʤʠ ʇɻ ʚ ʘʪʤʦʩʬʝʨʫ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʥʝ ʧʨʦʚʦʜʠʪʴʩʷ, ʪʘʢ ʷʢ ʮʽ ʛʘʟʠ ʥʝ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʛʨʫʧʠ ʰʢʽʜʣʠʚʠʭ, ʪʦʤʫ ʾʭ 

ʦʮʽʥʢʫ ʟʘ ʽʩʥʫʶʯʠʤʠ ʚ ʋʢʨʘʾʥʽ ʤʝʪʦʜʠʢʘʤʠ  ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʽʣʴʢʠ ʧʦ ʙʘʣʘʥʩʫ ʩʧʦʞʠʪʦʛʦ 

ʧʘʣʠʚʘ.  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʦʢʨʝʤʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʪʦ ʚ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʚʝʣʠʯʠʥʠ 

ʚʠʢʠʜʽʚ ʇɻ ʚ ʘʪʤʦʩʬʝʨʫ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʩʝʨʝʜʥʴʦʛʘʣʫʟʝʚʠʭ ʟʥʘʯʝʥʴ ʪʘ 

ʚʘʛʦʤʦ ʚʧʣʠʚʘʪʠ ʥʘ ʚʝʣʠʯʠʥʫ ʝʤʽʩʽʾ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʊʠʤ ʙʽʣʴʰʝ ʾʭ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʪʦʨʛʽʚʣʽ ʢʚʦʪʘʤʠ. 

ɻʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʝʤʽʩʽʶ ʜʚʦʦʢʠʩʫ ʚʫʛʣʝʮʶ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ, ʻ ʧʘʣʠʚʦ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ 

ʮʽʣʽ, ʧʨʠʯʦʤʫ ʷʢ ʡʦʛʦ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʥʘ ʦʜʠʥʠʮʶ ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʪʘʢ ʽ ʷʢʽʩʥʠʡ ʩʢʣʘʜ. 

ʇʠʪʦʤʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ ʦʜʠʥʠʮʶ ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʽʚʥʷ ʜʦʩʢʦʥʘʣʦʩʪʽ ʜʽʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʩʪʫʧʝʥʶ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʷʚʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʤ ʟʘʩʦʙʦʤ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʷʢ ʥʘʩʣʽʜʦʢ, ʦʙʽʮʷʻ ʧʦʜʚʽʡʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ 

ʝʬʝʢʪ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʫ ʨʦʣʴ ʧʨʠ ʝʤʽʩʽʾ ʚ ʘʪʤʦʩʬʝʨʫ ʜʚʦʦʢʠʩʫ ʚʫʛʣʝʮʶ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʚʠʟʥʘʯʘʻ ʩʢʣʘʜ ʽ ʷʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʧʘʣʠʚʘ. ʇʽʜʧʨʠʻʤʩʪʚʘ ʯʦʨʥʦʾ 

ʤʝʪʘʣʫʨʛʽʾ ʋʢʨʘʾʥʠ ʩʧʦʞʠʚʘʶʪʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʠʡ ʥʘʙʽʨ ʧʘʣʠʚʘ: ʚʫʛʽʣʣʷ, ʢʦʢʩ, 

ʧʨʠʨʦʜʥʠʡ ʛʘʟ, ʢʦʢʩʦʚʠʡ ʛʘʟ, ʜʦʤʝʥʥʠʡ ʛʘʟ ʽ ʤʘʟʫʪ. ɺʠʙʽʨ ʚʠʜʽʚ ʧʘʣʠʚʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 
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ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʽ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʤʽʥʽʤʘʣʴʥʦ 

ʤʦʞʣʠʚʽ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʡʦʛʦ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ. ɺ ʦʩʪʘʥʥʽʡ ʯʘʩ, ʚ ʟʚ'ʷʟʢʫ ʟ ʝʢʦʥʦʤʽʯʥʦʶ 

ʢʨʠʟʦʶ, ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʯʘʩʪʦ ʚʽʜʩʪʫʧʘʶʪʴ, ʱʦ ʥʝʤʠʥʫʯʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. ʈʦʟʨʘʭʫʥʦʢ ʦʙʩʷʛʽʚ ʚʠʢʠʜʽʚ ʇɻ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ɻʄʂ ʚ ʜʘʥʦʤʫ 

ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ [7], ʚʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʢʦʞʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʱʝ ʚʢʘʟʘʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ: 

                                                            
1

       
n

ik jk ijk

j

V ɸ EF
=

Ö=ä                                                        (1) 

 

ʜʝ  
ikV ï ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʫ ʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʢ, ʪ;                                                                          

 jkɸ - ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ j -ʦ ʾʧʨʦʜʫʢʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʢ, ʪ ;           

ijkEF - ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʫ  ̔ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʢ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ  ʦʜʠʥʠʮʽ j -ʦ ʾ

ʧʨʦʜʫʢʮʽʾ, ʪ/ʪ. 

 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʠʜʽʚ ʇɻ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʯʘʚʫʥʫ ʪʘ ʤʘʨʪʝʥʽʚʩʴʢʦʾ ʩʪʘʣʽ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.1 ʪʘ ʨʠʩ.2. 

 

 
 

ʈʠʩ. 1 ï ɺʠʢʠʜʠ ʇɻ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʯʘʚʫʥʫ, ʪ ʉʆ2-ʝʢʚ./ʪ ʧʨʦʜʫʢʮʽʾ 

 

ɼʞʝʨʝʣʦ: ʨʦʟʨʘʭʦʚʘʥʦ ʽ ʧʦʙʫʜʦʚʘʥʦ ʘʚʪʦʨʦʤ ʟʘ ʜʘʥʠʤʠ ʄʽʥʧʨʦʤʧʦʣʽʪʠʢʠ. 
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ɺʠʢʠʜʠ ʇɻ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʯʘʚʫʥʫ, ʪ ʉʆ2-ʝʢʚ./ʪ 

ʧʨʦʜʫʢʮʽʾ  
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ʉʝʨʝʜ ʝʢʦʥʦʤʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʇɻ ʚ ʨʘʤʢʘʭ 

ʤʘʡʙʫʪʥʽʭ ʤʽʞʥʘʨʦʜʥʠʭ ʫʛʦʜ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʟʚʦʣʽʚ ʥʘ ʝʤʽʩʽʶ ʇɻ, ʪʦʙʪʦ 

ʣʽʤʽʪʫʚʘʥʥʷ ʚʠʢʠʜʽʚ ʇɻ [8]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʠʭ ʫʤʦʚ ʚʠʟʥʘʯʝʥʦʛʦ ʨʽʚʥʷ ʚʠʢʠʜʽʚ ʇɻ ʜʣʷ 

ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ɻʄʂ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʇɽʈ ʜʣʷ ʥʘʡʙʽʣʴʰ 

ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʚʽʜʧʦʚʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʇɻ ʥʘ 

ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʧʽʜʧʨʠʻʤʩʪʚ ɻʄʂ; ʟ ʧʦʟʠʮʽʡ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʦʢʨʝʤʦʛʦ ʚʠʜʫ ʝʥʝʨʛʦʨʝʩʫʨʩʫ 

(ʥʘʧʨʠʢʣʘʜ ʜʦʤʝʥʥʦʛʦ ʘʙʦ ʢʦʢʩʦʚʦʛʦ ʛʘʟʫ) ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʽʜʧʨʠʻʤʩʪʚʘ ɻʄʂ. 

ʎʽʣʴ: ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʨʦʟʧʦʜʽʣʫ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʇɻ ʜʣʷ ʢʦʞʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʣʽʤʽʪʽʚ ʜʣʷ ʛʘʣʫʟʽ ʪʘ ʤʽʥʽʤʽʟʘʮʽʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ (ʇɽʈ) ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʛʽʨʥʠʯʦ-

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

 

 
 

ʈʠʩ. 2 ï ɺʠʢʠʜʠ ʇɻ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʨʪʝʥʽʚʩʴʢʦʾ ʩʪʘʣʽ, ʪ ʉʆ2-ʝʢʚ./ʪ ʧʨʦʜʫʢʮʽʾ 

 

ɼʞʝʨʝʣʦ: ʨʦʟʨʘʭʦʚʘʥʦ ʽ ʧʦʙʫʜʦʚʘʥʦ ʘʚʪʦʨʦʤ ʟʘ ʜʘʥʠʤʠ ʄʽʥʧʨʦʤʧʦʣʽʪʠʢʠ. 

 

ʉʬʦʨʤʫʻʤʦ ʤʘʪʨʠʮʶ ʧʠʪʦʤʠʭ ʚʠʢʠʜʽʚ ʇɻ ʚ ʝʢʚʽʚʘʣʝʥʪʽ ʉO2 ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ɻʄʂ EF: 
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ʉʬʦʨʤʫʻʤʦ ʤʘʪʨʠʮʶ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʚ ʮʽʣʦʤʫ ʧʦ ʛʘʣʫʟʽ (ʫʩʽʤʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ɻʄʂ) ɸ: 
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                                                   (3), 

 

 

                                                                  (4) 

(8) ï ʩʫʤʘʨʥʽ ʚʠʢʠʜʠ ʇɻ ʧʦ ʛʘʣʫʟʽ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʣʽʤʽʪʽʚ, ʪ ʉʆ2ʝʢʚ. 

 

 ʋʤʦʚʘ ʜʦʩʷʛʥʝʥʥʷ ʚʠʟʥʘʯʝʥʦʛʦ ʨʽʚʥʷ ʚʠʢʠʜʽʚ ʜʣʷ ʛʘʣʫʟʽ: 

 

          (5) 

 

 

(5) - ʩʫʤʘʨʥʽ ʚʠʢʠʜʠ ʇɻ ʧʦ ʛʘʣʫʟʽ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʣʽʤʽʪʽʚ, ʪ ʉʆ2ʝʢʚ; 

ʘ ï ʢʦʝʬʽʮʽʻʥʪ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʇɻ ʜʣʷ ʛʘʣʫʟʽ. 

 

ʊʦʜʽ ʦʙʩʷʛ ʚʠʢʠʜʽʚ ʇɻ ʽ-ʪʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʣʽʤʽʪʽʚ ʥʝ ʤʦʞʝ 

ʧʝʨʝʚʠʱʫʚʘʪʠ: 

                                                                                                                                                      (6)  

 

ʈʽʯʥʽ ʚʠʢʠʜʠ ʢ-ʛʦ ʟʘʚʦʜʫ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʣʽʤʽʪʽʚ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ɻʄʂ: 

 

                                            

 

 

(7) 

 

ɻʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʠʩʪʝʤʠ (7) ʷʚʣʷʻʪʴʩʷ ʥʘʢʣʘʜʝʥʥʷ ʫʤʦʚ ʥʘ ʦʙʩʷʛʠ ʚʠʢʠʜʽʚ 

ʢʦʞʥʦʛʦ ʟʘʚʦʜʫ, ʪʦʙʪʦ ʚʠʟʥʘʯʝʥʥʷ
kR .ɺʠʭʦʜʷʯʠ ʟ ʚʩʪʘʥʦʚʣʝʥʠʭ ʦʙʤʝʞʝʥʴ ʜʣʷ ʛʘʣʫʟʽ ʡ 

ʚʽʜʧʦʚʽʜʥʦ ʧʽʜʧʨʠʻʤʩʪʚ, ʚʩʪʘʥʦʚʠʤʦ ʦʙʤʝʞʝʥʥʷ ʥʘ ʥʠʞʯʦʤʫ ʨʽʚʥʽ ï ʥʘ ʨʽʚʥʽ ʚʠʨʦʙʥʠʮʪʚ. 

ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʙʫʜʫʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ ʩʠʨʦʚʠʥʠ. 
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ɺʠʩʥʦʚʢʠ 

 

1. ɿʚʦʣʽʢʘʥʥʷ ʜʝʨʞʘʚʠ ʽʟ ʩʪʚʦʨʝʥʥʷʤ ʚʥʫʪʨʽʰʥʽʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʚôʷʟʫʚʘʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʦʙʤʝʞʝʥʴ ʽ, ʧʝʨʰ ʟʘ ʚʩʝ, ʫ ʩʬʝʨʽ ʤʽʞʥʘʨʦʜʥʦʾ ʪʦʨʛʽʚʣʽ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʤʘʻ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʦʜʥʝ ʟ ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ ʫʯʘʩʪʽ ʋʢʨʘʾʥʠ ʫ ʩʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʨʦʪʠʜʽʾ ʢʣʽʤʘʪʠʯʥʠʤ ʟʤʽʥʘʤ. 

2. ʅʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʠʪʠ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤ ʧʨʦʮʝʩʦʤ, ʩʝʨʝʜ 

ʷʢʠʭ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʷʚʣʷʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʨʦʟʧʦʜʽʣʫ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʇɻ ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʣʽʤʽʪʽʚ ʜʣʷ 

ʛʘʣʫʟʽ ʪʘ ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ (ʇɽʈ) ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟʤʝʥʰʝʥʥʷ 

(ʥʝʡʪʨʘʣʽʟʘʮʽʾ) ʰʢʽʜʣʠʚʠʭ ʚʧʣʠʚʽʚ ʥʘ ʜʦʚʢʽʣʣʷ ʚ ʨʘʤʢʘʭ ʟʘʛʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʝʢʦ- 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʧʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʠ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʨʝʛʫʣʶʚʘʪʠ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʩʪʘʥ ʽ ʨʦʟʚʠʪʦʢ 

ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

4. ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʧʨʠʩʪʦʩʦʚʘʥʘ ʜʣʷ ʽʥʰʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʢʨʘʾʥʠ ʟ 
ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. 

5. ʌʦʨʤʫʚʘʥʥʷ ʯʽʪʢʦʾ ʧʦʟʠʮʽʾ ʋʢʨʘʾʥʠ ʱʦʜʦ ʾʾ ʤʘʡʙʫʪʥʽʭ ʟʦʙʦʚôʷʟʘʥʴ ʟʽ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ 
ʇɻ ʪʘ ʧʦʜʘʣʴʰʝ ʾʾ ʚʽʜʩʪʦʶʚʘʥʥʷ, ʙʝʟʫʤʦʚʥʦ, ʻ ʧʠʪʘʥʥʷʤ ʜʝʨʞʘʚʥʦʾ ʚʘʛʠ. 
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ʋɼʂ 621.527:621.576 

ʖʨʯʝʥʢʦ ɯ.ɯ., ʤʘʛʽʩʪʨ, ʢʝʨʽʚʥʠʢ ʇʨʦʢʦʧʝʥʢʦ ɺ.ɺ., ʢ.ʪ.ʥ. ʧʨʦʬ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯè 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʭʦʣʦʜʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʷʭ 

ɼʦʧʦʚʽʜʴ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʣʝʥʥʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʦʩʥʦʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʭʦʣʦʜʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʧʽʜʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʚʥʽʚ ʥʘʧʨʫʛʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʫ ʚʠʪʨʘʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɿʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʦʜʥʦʬʘʟʥʦʛʦ ʜʚʠʛʫʥʘ ʧʽʩʣʷ ʥʘʙʨʘʥʥʷ ʥʠʤ ʥʦʤʽʥʘʣʴʥʠʭ 

ʦʙʝʨʪʽʚ ʜʦʮʽʣʴʥʝ, ʦʩʢʽʣʴʢʠ Ăʣʽʥʽʡʢʘ" ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʽʚ ʜʠʩʢʨʝʪʥʘ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘ 

ʫʤʦʚʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʠʨʘʶʪʴ ʜʚʠʛʫʥ ʧʨʠʚʦʜʫ ʢʦʤʧʨʝʩʦʨʘ ʧʦʪʫʞʥʽʩʪʴ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ 

ʘʙʦ ʧʝʨʝʚʠʱʫʻ ʨʦʟʨʘʭʫʥʢʦʚʝ ʾʾ ʟʥʘʯʝʥʥʷ. ɹʽʣʴʰ ʪʦʛʦ ʧʨʘʢʪʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ 

ʟʘʛʘʣʴʥʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ ʷʢ ʧʨʘʚʠʣʦ ʧʨʘʮʶʶʪʴ 

ʥʝʜʦʚʘʥʪʘʞʝʥʠʤʠ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ. ʊʝʨʤʽʥ ʯʘʩʫ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʩʫʪʪʻʚʦ ʦʙʤʝʞʝʥʠʡ. ʊʦʤʫ ʧʫʩʢ ʜʚʠʛʫʥʘ ʧʦʣʝʛʰʝʥʠʡ, ʘʣʝ ʧʽʜ 

ʯʘʩ ʟʨʦʩʪʘʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ, ʚʥʘʩʣʽʜʦʢ ʨʦʙʦʪʠ ʭʦʣʦʜʠʣʴʥʦʾ ʤʘʰʠʥʠ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʚʘʣʫ ʜʚʠʛʫʥʘ ʟʨʦʩʪʘʻ ʜʦ ʥʘʡʙʽʣʴʰʦʛʦ ʥʘʧʨʠʢʽʥʮʽ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ. ʇʽʩʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʤʧʨʝʩʦʨʦʤ ʥʘʣʝʞʥʠʭ ʫʤʦʚ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʫ ʭʦʣʦʜʠʣʴʥʽʡ ʢʘʤʝʨʽ, ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʤʢʥʝ ʜʚʠʛʫʥ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʮʠʢʣʫ ʚʢʣʶʯʝʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʤʦʚʠ ʨʦʙʦʪʠ ʭʦʣʦʜʠʣʴʥʦʾ ʤʘʰʠʥʠ ʽʟ ʢʦʤʧʨʝʩʦʨʦʤ ʧʨʠ ʟʥʠʞʝʥʽʡ ʥʘʧʨʫʟʽ 

ʞʠʚʣʝʥʥʷ ʫ ʦʙʤʝʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʦʚʟʘʥʴ ʨʦʪʦʨʘ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʴ ʜʦʜʘʪʢʦʚʝ ʚʪʽʢʘʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʜʚʠʛʫʥʘ ʜʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʮʠʢʣʫ, ʯʠʤ ʧʦʢʨʘʱʘʪʴ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ 

ʢʦʤʧʨʝʩʦʨʘ ʪʘ ʭʦʣʦʜʠʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʭʦʣʦʜʠʣʴʥʦʾ ʤʘʰʠʥʠ. 

ʆʪʞʝ, ʧʦʢʨʘʱʝʥʥʷ ʭʦʣʦʜʠʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʢʦʥʘʣʦʩʪʽ ʾʾ ʭʦʣʦʜʠʣʴʥʦʛʦ 

ʮʠʢʣʫ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʥʝ ʪʽʣʴʢʠ ʰʣʷʭʦʤ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʭʣʘʜʦʛʝʥʪʽʚ, 

ʢʦʤʧʨʝʩʦʨʽʚ, ʘ ʪʘʢʦʞ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʜʚʠʛʫʥʫ ʧʨʠʚʦʜʫ 

ʢʦʤʧʨʝʩʦʨʘ, ʘ ʩʘʤʝ:  

- ʨʦʟʨʦʙʢʦʶ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʥʝʜʦʨʦʛʦʛʦ ʧʨʠʣʘʜʫ, ʱʦʜʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʧʽʜʪʨʠʤʘʥʥʷ ʪʘʢʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʦʙʤʦʪʢʠ ʜʚʠʛʫʥʘ ʧʨʠ ʷʢʽʡ ʩʧʦʞʠʚʘʥʠʡ ʥʝʶ 

ʩʪʨʫʤ ʥʘʡʤʝʥʰʠʡ ʽ ʚʽʜʧʦʚʽʜʘʻ ʤʦʤʝʥʪʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

- ʨʦʟʨʦʙʢʦʶ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʤʦʪʦʢ ʜʚʠʛʫʥʘ ʢʦʥʢʫʨʝʥʪʥʦ-ʩʧʨʦʤʦʞʥʠʤ ʽʩʥʫʶʯʠʤ ʾʭ 

ʩʭʝʤʘʤ ʘʣʝ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

 

ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʨʘʟʨʘʙʦʪʢʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʨʦʚʥʝʡ 

ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʋʤʝʥʴʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʦʜʥʦʬʘʟʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʣʝ ʥʘʙʦʨʘ ʥʦʤʠʥʘʣʴʥʳʭ 

ʦʙʦʨʦʪʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʧʦʩʢʦʣʴʢʫ "ʣʠʥʝʡʢʘ" ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ ʜʠʩʢʨʝʪʥʘʷ ʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʦ ʫʩʣʦʚʠʷʤ ʧʨʠʤʝʥʝʥʠʷ ʚʳʙʠʨʘʶʪ ʜʚʠʛʘʪʝʣʴ ʢʦʤʧʨʝʩʩʦʨʘ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʨʘʚʥʘ ʠʣʠ ʧʨʝʚʳʰʘʝʪ ʨʘʩʯʝʪʥʦʝ ʝʝ ʟʥʘʯʝʥʠʝ, ʙʦʣʝʝ ʪʦʛʦ ʧʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ 

ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʢʘʢ ʧʨʘʚʠʣʦ ʨʘʙʦʪʘʶʪ 

ʥʝʜʦʛʨʫʞʝʥʥʳʤʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ. ɺʨʝʤʷ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥ, ʧʦʵʪʦʤʫ ʧʫʩʢ ʜʚʠʛʘʪʝʣʷ ʦʙʣʝʛʯʝʥ, ʥʦ ʚʦ 

ʚʨʝʤʷ ʨʦʩʪʘ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ, ʥʘʛʨʫʟʢʠ ʥʘ 

ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʥʘʠʙʦʣʴʰʝʛʦ ʚ ʢʦʥʮʝ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ. ʇʦʩʣʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʢʦʤʧʨʝʩʩʦʨʦʤ ʥʘʜʣʝʞʘʱʠʭ ʫʩʣʦʚʠʡ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʭʦʣʦʜʠʣʴʥʦʡ ʢʘʤʝʨʝ, ʜʘʪʯʠʢ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʢʣʶʯʠʪ ʜʚʠʛʘʪʝʣʴ ʜʦ ʩʣʝʜʫʶʱʝʛʦ ʮʠʢʣʘ ʚʢʣʶʯʝʥʠʷ. 

       ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʩ ʢʦʤʧʨʝʩʩʦʨʦʤ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʣʴʞʝʥʠʡ ʨʦʪʦʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʽʡ ʨʘʩʭʦʜ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʜʚʠʛʘʪʝʣʷ ʢ ʭʦʣʦʜʠʣʴʥʦʤʫ ʮʠʢʣʫ, ʯʝʤ ʫʣʫʯʰʘʪ 

ʂʇɼ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ. 

         ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʣʫʯʰʝʥʠʝ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʘ ʝʝ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʮʠʢʣʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʫʪʝʤ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʭʣʘʜʘʛʝʥʪʘ, 

ʢʦʤʧʨʝʩʩʦʨʦʚ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ 

ʢʦʤʧʨʝʩʩʦʨʘ, ʘ ʠʤʝʥʥʦ: 

- ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʝʜʦʨʦʛʦʛʦ ʧʨʠʙʦʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʪʘʢʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ 

ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʪʨʝʙʣʷʝʤʳʡ ʝʶ ʪʦʢ ʤʘʣʝʥʴʢʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʤʝʥʪʫ ʥʘʛʨʫʟʢʠ. 

- ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʤʦʪʦʢ ʜʚʠʛʘʪʝʣʷ ʢʦʥʢʫʨʝʥʪʥʦ-ʩʧʦʩʦʙʥʳʤ ʩʫʱʝʩʪʚʫʶʱʠʤ 

ʠʭ ʩʭʝʤʘʤ ʥʦ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

 
 

The report concerns the development of scientific and technical basis to increase efficiency and 

environmental safety chiller for optimum voltage levels, which provides the minimum energy 

consumption. Reducing the supply voltage single-phase motor after it has taken appropriate 

nominal speed, as the Ruler of engine power discrete and are usually chosen by application of the 

engine drive compressor capacity equals or exceeds the calculated value.'s More general practice 

of engines for industrial use shows they usually are underloaded much of the cycle. Period of time 

the engine at maximum load significantly limited. Therefore, engine start easier, but when you 

increase pressure difference, because of the cooling machine, the load on the motor shaft rising to 

the highest end of the cycle. After compressor providing the appropriate conditions of temperature 

in the refrigerating chamber temperature sensor turns off the motor cycle to the next cycle. 

Thus, the working conditions of the refrigerator compressor at reduced supply voltage in a 

limited range of skates rotor decrease flee additional heat flow from the engine to the refrigeration 

cycle, what will enhance the efficiency of the compressor and the refrigerator coefficient. 

So, improving cooling machine in terms of excellence of its refrigeration cycle can be achieved not 

only by improving the properties of refrigerant, compressor, and the introduction of more efficient 

working conditions of the compressor drive motor, namely: 

- Development and application of additional low-cost device for automatic maintenance of the 

voltage supply winding engine which consumed at least its current and corresponds to the time of 

loading.  

- Development and use of motor windings of competitive their existing schemes but with 

improved energy performance. 

 

 
ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʭʦʣʦʜʠʣʴʥʘ ʪʝʭʥʽʢʘ ʽ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʩʧʦʞʠʚʘʣʠ 

ʙʣʠʟʴʢʦ 15% ʚʽʜ ʫʩʽʻʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʚʠʨʦʙʣʷʣʘʩʷ ʚ ʩʚʽʪʽ, ʘ ʜʦ 2020 ʨʦʢʫ ʮʷ ʮʠʬʨʘ 

ʩʪʘʥʦʚʠʪʠʤʝ 20 %. ʊʦʤʫ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʭʦʣʦʜʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʽ ʤʘʻ ʚʝʣʠʢʝ ʚ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʝ ʟʥʘʯʝʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʦʤʽʪʥʦ 

ʟʤʝʥʰʠʪʴ ʚʥʝʩʦʢ ʩʝʢʪʦʨʘ ʰʪʫʯʥʦʛʦ ʭʦʣʦʜʫ ʚ ʛʣʦʙʘʣʴʥʝ ʧʦʪʝʧʣʽʥʥʷ, ʦʩʢʽʣʴʢʠ ʥʝʧʨʷʤʘ ʝʤʽʩʽʷ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʽʜ ʯʘʩ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʾʾ ʧʦʜʘʣʴʰʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 

ʭʦʣʦʜʠʣʴʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʚʠʱʘ ʟʘ ʧʨʷʤʫ ʜʽʶ ʚʽʜ ʤʦʞʣʠʚʦʾ ʝʤʽʩʽʾ 

ʭʦʣʦʜʦʘʛʝʥʪʽʚ ʚ ʘʪʤʦʩʬʝʨʫ. 
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ʆʜʥʠʤ ʽʟ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʫʪʪʻʚʠʡ ʝʥʝʨʛʦʦʱʘʜʥʠʡ ʝʬʝʢʪ ʪʘ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʧʣʘʪʝʞʽ ʟʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʻ ʧʽʜʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʚʥʽʚ ʥʘʧʨʫʛʠ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʫ ʚʠʪʨʘʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʆʩʢʽʣʴʢʠ ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ʫ ʧʦʙʫʪʦʚʽʡ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʦʙʤʝʞʝʥʘ ʣʠʰʝ ʦʜʥʠʤ ʡʦʛʦ 

ʜʽʶʯʠʤ ʟʥʘʯʝʥʥʷʤ U=220 ɺ, ʪʦ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠ ʧʨʦʝʢʪʫʻʪʴʩʷ ʽ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʩʘʤʝ ʟ ʮʴʦʛʦ ʾʾ ʥʝʟʤʽʥʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʘ ʟʘ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʠʤ 

ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʣʽʥʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʽ ʥʘ ʨʽʚʥʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʥʘʩʠʯʝʥʥʷ ʡʦʛʦ ʩʪʘʣʝʚʦʛʦ ʦʩʝʨʜʷ ï ʧʨʠ ʜʦʧʫʩʪʠʤʠʭ ʟʘ ʥʘʛʨʽʚʦʤ ʚʪʨʘʪʘʭ ʝʥʝʨʛʽʾ ʚ ʥʴʦʤʫ ʪʘ, 

ʪʘʢʦʞ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʫ ʢʦʪʫʰʢʘʭ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʥʘ ʨʽʚʥʽ ʥʘʡʚʠʱʦʛʦ ʾʾ ʟʥʘʯʝʥʥʷ ʟʘ ʫʤʦʚʠ 

ʤʝʞʦʚʦʛʦ ʥʘʛʨʽʚʫ ʦʙʤʦʪʢʠ ʽ ʢʣʘʩʫ ʩʪʽʡʢʦʩʪʽ ʾʾ ʽʟʦʣʷʮʽʾ. ʅʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʚ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʘʢʣʘʜʘʶʪʴ ʫʤʦʚʫ ʱʦʜʦ ʷʢʽʡ ʚʦʥʦ ʟʥʘʯʥʠʡ 

ʪʝʨʤʽʥ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʥʝʜʦʚʘʥʪʘʞʝʥʠʤ ʥʘ 25%, ʘ ʪʦʤʫ ʡʦʛʦ ʥʘʡʢʨʘʱʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʩʘʤʝ ʮʽʡ ʫʤʦʚʽ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ ʽ ʪʝ, ʱʦ ʫ ʭʦʣʦʜʠʣʴʥʽʡ 

ʛʘʣʫʟʽ ʚʩʪʘʥʦʚʣʝʥʘ çʣʽʥʽʡʢʘè ʜʽʘʧʘʟʦʥʫ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʢʦʤʧʨʝʩʦʨʽʚ: 7,3; 7,5; 7,8; 8,0; 8,2; 8,3 

8,6; 9,0; 10,5; 11,6 ʜʤ3/ʭʚ., ʘ ʝʣʝʢʪʨʦʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ï ʧʦʪʫʞʥʦʩʪʝʡ ʜʚʠʛʫʥʽʚ 60, 90, 120, 

180, 220, 250, 370, 550, 750 ɺʪ ʪʦʱʦ, ʽ ʥʘ ʝʪʘʧʽ ʚʠʙʦʨʫ ʢʦʤʧʨʝʩʦʨʘ ʟ ʜʚʠʛʫʥʦʤ ʟʘ ʫʤʦʚʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʠʤʠ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʢʦʤʧʨʝʩʦʨʘ, ʦʙʠʨʘʶʪʴ ʪʘʢʫ ʧʘʨʫ ʢʦʤʧʨʝʩʦʨ - 

ʜʚʠʛʫʥ,ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʭʦʣʦʜʠʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʜʝʷʢʠʤ ʟʘʧʘʩʦʤ 

ʥʘʜʽʡʥʦʩʪʽ., ʱʦ ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʽ ʾʾ ʚʽʜʭʠʣʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʮʠʢʣʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʧʨʝʩʦʨʘ ʘʙʦ ʦʙʠʨʘʶʪʴ ʧʘʨʫ ʢʦʤʧʨʝʩʦʨ-ʜʚʠʛʫʥ ʥʘʩʪʫʧʥʦʾ ʙʽʣʴʰʦʾ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. ʋ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʚ ʘʛʨʝʛʘʪʽ ʢʦʤʧʨʝʩʦʨ-ʜʚʠʛʫʥ ʙʫʜʝ ʟʘʧʦʯʘʪʢʦʚʘʥʝ ʡʦʛʦ 

ʩʫʪʪʻʚʝ ʥʝʜʦʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʜʦ ʪʦʛʦ ʞ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʠʟʴʢʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʚʠʛʫʥʘ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʟ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʘ ʚ ʬʫʥʢʮʽʾ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʦʛʦ ʥʠʤ ʩʪʨʫʤʫ ʚ ʢʦʤʧʨʝʩʦʨʘʭ ʭʦʣʦʜʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ 

ʧʦʢʨʘʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʭʦʣʦʜʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʘ ʡ ʦʪʨʠʤʘʪʠ ʟʥʘʯʥʠʡ 

ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʟʘʦʱʘʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʧʨʠʚʦʜʫ ʢʦʤʧʨʝʩʦʨʘ 

(ʥʦʤʽʥʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ 220ɺ) ʚʽʜ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ W=f(U) ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʥʘʧʨʫʛʫ ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʘ ʢʦʤʧʨʝʩʦʨʘ ʥʘ ʨʽʚʥʽ U=188 ɺ, ʷʢʽʡ 

ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʘ ʩʧʦʞʠʚʘʥʘ ʝʥʝʨʛʽʷ, ʧʨʠ ʫʤʦʚʽ ʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʘʣʫ 

ʜʚʠʛʫʥʘ ʧʨʘʮʶʶʯʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ,ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʤʽʥʽʤʘʣʴʥʠʭ ʚʪʨʘʪʘʭ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʦʙʤʦʪʢʘʭ ʜʚʠʛʫʥʘ, ʤʽʥʽʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʦʙʤʦʪʦʢ, ʤʽʥʽʤʘʣʴʥʦʛʦ ʧʝʨʝʛʨʽʚʫ ʜʚʠʛʫʥʘ, ʪʘ 

ʥʘʡʚʠʱʠʭ ʂʂɼ ʢʦʤʧʨʝʩʦʨʘ ʽ ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ.1. ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʦʾ ʜʚʠʛʫʥʦʤ ɼʄʍ-5 ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ ʧʨʠ ʫʤʦʚʽ ʱʦ ʄ>0 

 

ʇʦʪʫʞʥʽʩʪʴ ʩʧʦʞʠʪʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʈ1 ʘʙʦ, ʷʢ ʾʾ ʚʠʟʥʘʯʘʶʪʴ ʫ ʭʦʣʦʜʠʣʴʥʽʡ ʪʝʭʥʽʮʽ N, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙôʻʤʥʠʭ ʚʠʪʨʘʪ ʬʨʝʦʥʫ V (ʤ3/ʩ) ʘʙʦ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʢʦʤʧʨʝʩʦʨʘ, ʚʽʜ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʷʢʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʤʧʨʝʩʦʨʦʤ Ўʈ, (ʇʘ), ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʠʩʥʦʾ ʜʽʾ 

ʢʦʤʧʨʝʩʦʨʘ ï ɖʢ, ʪʦʙʪʦ 

ʢ

V P
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h

ÖD
=  

ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʘʪʠ ʾʾ ʟʘ ʚʽʜʦʤʠʤ ʟʥʘʯʝʥʥʷʤ çʣʽʥʽʡʢʠè ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʢʦʤʧʨʝʩʦʨʽʚ ʽ ʧʦʨʽʚʥʷʪʠ ʟ ʧʦʪʫʞʥʽʩʪʶ ʩʧʦʞʠʚʘʥʦʶ ʚʙʫʜʦʚʘʥʠʤʠ ʜʚʠʛʫʥʘʤʠ ʢʦʤʧʨʝʩʦʨʽʚ, 

ʪʠʧʠ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ. 

 

 

ʊʘʙʣʠʮʷ 
ʊʠʧ ʝʣʝʢʪʨʠʯ ʥʦʛʦ 

ʜʚʠʛʫʥʘ 
ʂʦʨʠʩʥʘ ʧʦʪʫʞʥʽʩʪʴ, 

ʈ, ɺʪ 
ʊʠʧ ʢʦʤʧʨʝʩʦʨʘ ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ, VI0-6, ʤ

3
/ʩ ʈʦʟʨʘʭʫʥʢʦʚʘ ʧʦ-

ʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ, 

N,ɺʪ 

ɿɼʇ-23, ɿɼ-23 90 ʍʂɺ5-ɯʃɹʋ 121,1 147,7- 180,7 

ɼʍʄ-5 90 ɼʍ-21010ɸ 124,5 151,8- 185,8 

ɼʍʄ-5 90 ʌɻ-0,09 129,4 157,8- 193,1 

ɼʍʄ-5 90 ʌɯ - 0,09 132,8 162,0- 198,2 

ɼʍʄ-5 90 ʌɻ- 0,09 ɼʍ-2ɯ010ɸ 136,1 166,0- 203,1 

ɿɼ-21 90 ʍʂɺ6-ɯʃɹʋ 137,7 167,9- 205,5 

ɿɼʇ-24 
ɼʍʄ 
ɿɼ 

90 ʍʂɺ6-ɯʃɹʋ 

ʍʂɺ6-1ɼɹʀ 

ʍʂɺ6-ɯʃɹʋ 

142,7 174,0- 213,0 

ɼʍʄ-5 90 ʌɻ-0,14 149,4 182,2- 223,0 

ɼʍʄ-5 90 ʂ063ˉ63,2 ʂʍ-0,125 174,3 212,6- 260,1 
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ɿɼʇ-125 125 ʍʂɺ6-ɯʃɹʋ 192,5 234,8- 287,3 

 
ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʥʘ ʜʽʣʷʥʮʽ ʥʘʛʥʽʪʘʥʥʷ ʪʘ ʚʩʤʦʢʪʫʚʘʥʥʷ ʭʣʘʜʦʥʫ ʫ 

ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 10
6
ʇʘ (10ʘʪ), ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʢʦʤʧʨʝʩʦʨʘ, ʢʦʣʠʚʘʻʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʚʠʛʫʥʘ ʧʨʠʚʦʜʫ ʢʦʤʧʨʝʩʦʨʘ ʫ ʤʝʞʘʭ 0,67 < ɖʢ < 0,82, ʪʦ 

ʥʝʦʙʭʽʜʥʝ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʪʦʾ ʜʚʠʛʫʥʦʤ ʚʽʜ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ 

ʦʪʨʠʤʘʻʤʦ ʥʘ ʨʽʚʥʷʭ ʚʢʘʟʘʥʠʭ ʫ ʪʘʙʣʠʮʽ. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ ʟʥʘʯʝʥʴ ʧʦʪʫʞʥʦʩʪʝʡ, ʥʘʧʨʠʢʣʘʜ 

ʜʣʷ ʜʚʠʛʫʥʘ ʪʠʧʫ ɼʍʄ- 5, ʩʧʦʞʠʚʘʥʘ ʥʠʤ ʟ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ 

ʢʦʨʠʩʥʦʾ ʜʽʾ ʟʘ ʧʘʩʧʦʨʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɖɸɼ=0,6 ʩʪʘʥʦʚʠʪʴ ʈ=155ɺʪ. ʋ ʩʚʦʶ ʯʝʨʛʫ 

ʩʧʦʞʠʚʘʥʘ ʢʦʤʧʨʝʩʦʨʦʤ ʚʽʜ ʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ ʭʣʘʜʦʥʫ ʥʘ ʜʽʣʷʥʮʽ 

ʥʘʛʥʽʪʘʥʥʷ ʢʦʤʧʨʝʩʦʨʘ ʪʠʧʫ ʌɻ-0,09 ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʪʫʰʦʢ ʦʙʤʦʪʢʠ ʜʚʠʛʫʥʘ, ʢʦʣʠʚʘʻʪʴʩʷ 

ʫ ʤʝʞʘʭ 157,8-203,1 ɺʪ. ʃʝʛʢʦ ʙʘʯʠʪʠ, ʱʦ ʥʦʤʽʥʘʣʴʥʘ ʩʧʦʞʠʚʘʥʘ ʟ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ 

ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ ʚʽʜʧʦʚʽʜʘʻ ʣʠʰʝ ʧʦʯʘʪʢʦʚʽʡ ʧʦʪʫʞʥʦʩʪʽ ʢʦʤʧʨʝʩʦʨʘ, ʢʦʣʠ ʧʝʨʝʧʘʜʫ 

ʪʠʩʢʫ ʭʣʘʜʦʥʫ ʤʘʡʞʝ ʥʝʤʘʻ. ʇʦ ʤʽʨʽ ʟʨʦʩʪʘʥʥʷ ʪʠʩʢʫ ʭʣʘʜʦʥʫ ʫ ʩʠʩʪʝʤʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ 

ʟʨʦʩʪʘʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʜʚʠʛʫʥʘ ʟʥʘʜʦʙʠʪʴʩʷ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʨʽʚʥʽ 203,1 ɺʪ, ʷʢʫ ʜʚʠʛʫʥ 

ʢʦʤʧʨʝʩʦʨʘ ʙʝʟʫʤʦʚʥʦ ʟʘʙʝʟʧʝʯʠʪʴ, ʘʣʝ ʟʘʚʜʷʢʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʶ ʟʘ ʩʧʦʞʠʚʘʥʠʤ ʩʪʨʫʤʦʤ, 

ʧʦʪʫʞʥʽʩʪʶ ʽ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʪʫʰʦʢ ʦʙʤʦʪʢʠ ʪʦʙʪʦ ʽʟ ʟʨʦʩʪʘʥʥʷʤ 

ʧʦʪʫʞʥʦʩʪʽ ʥʝʦʙʦʨʦʪʥʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʫ ʟʘʤʢʥʝʥʦʤʫ ʮʠʢʣʽ ʭʦʣʦʜʠʣʴʥʦʾ 

ʤʘʰʠʥʠ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ ʦʜʥʦʬʘʟʥʦʛʦ ʜʚʠʛʫʥʘ ʧʽʩʣʷ ʥʘʙʨʘʥʥʷ ʥʠʤ ʥʦʤʽʥʘʣʴʥʠʭ ʦʙʝʨʪʽʚ ʜʦʮʽʣʴʥʝ, ʦʩʢʽʣʴʢʠ 

Ăʣʽʥʽʡʢʘ" ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʽʚ ʜʠʩʢʨʝʪʥʘ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘ ʫʤʦʚʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʠʨʘʶʪʴ 

ʜʚʠʛʫʥ ʧʨʠʚʦʜʫ ʢʦʤʧʨʝʩʦʨʘ ʧʦʪʫʞʥʽʩʪʴ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ ʘʙʦ ʧʝʨʝʚʠʱʫʻ ʨʦʟʨʘʭʫʥʢʦʚʝ ʾʾ 

ʟʥʘʯʝʥʥʷ. ɹʽʣʴʰ ʪʦʛʦ ʧʨʘʢʪʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ ʟʘʛʘʣʴʥʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ ʷʢ ʧʨʘʚʠʣʦ ʧʨʘʮʶʶʪʴ ʥʝʜʦʚʘʥʪʘʞʝʥʠʤʠ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ. 

ʊʝʨʤʽʥ ʯʘʩʫ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʩʫʪʪʻʚʦ ʦʙʤʝʞʝʥʠʡ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʫʩʢʫ ʜʚʠʛʫʥʘ ʧʨʠʚʦʜʫ ʢʦʤʧʨʝʩʦʨʘ ʭʦʣʦʜʠʣʴʥʦʾ ʤʘʰʠʥʠ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ 

ʣʽʥʽʾ ʥʘʛʥʽʪʘʥʥʷ ʭʣʘʜʦʥʫ ʪʘ ʚʩʤʦʢʪʫʚʘʥʥʷ ʥʫʣʴʦʚʠʡ. ʊʦʤʫ ʧʫʩʢ ʜʚʠʛʫʥʘ ʧʦʣʝʛʰʝʥʠʡ, ʘʣʝ ʧʽʜ 

ʯʘʩ ʟʨʦʩʪʘʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ, ʚʥʘʩʣʽʜʦʢ ʨʦʙʦʪʠ ʭʦʣʦʜʠʣʴʥʦʾ ʤʘʰʠʥʠ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʘʣʫ 

ʜʚʠʛʫʥʘ ʟʨʦʩʪʘʻ ʜʦ ʥʘʡʙʽʣʴʰʦʛʦ ʥʘʧʨʠʢʽʥʮʽ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ. ʇʽʩʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʤʧʨʝʩʦʨʦʤ ʥʘʣʝʞʥʠʭ ʫʤʦʚ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʫ ʭʦʣʦʜʠʣʴʥʽʡ ʢʘʤʝʨʽ, ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʤʢʥʝ ʜʚʠʛʫʥ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʮʠʢʣʫ ʚʢʣʶʯʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʪʨʠʚʘʣʽʩʪʴ ʯʘʩʫ ʥʘʛʨʽʚʫ 

ʭʦʣʦʜʠʣʴʥʦʾ ʢʘʤʝʨʠ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʥʽʞ ʯʘʩ ʟʨʽʚʥʷʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʥʘ ʣʽʥʽʷʭ ʥʘʛʥʽʪʘʥʥʷ ʪʘ 

ʚʩʤʦʢʪʫʚʘʥʥʷ ʭʣʘʜʦʥʫ ʫ ʢʦʤʧʨʝʩʦʨʽ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʥʘʩʪʫʧʥʠʡ ʧʫʩʢ ʜʚʠʛʫʥʘ ʪʘʢʦʞ 

ʧʦʣʝʛʰʝʥʠʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʤʦʚʠ ʨʦʙʦʪʠ ʭʦʣʦʜʠʣʴʥʦʾ ʤʘʰʠʥʠ ʽʟ ʢʦʤʧʨʝʩʦʨʦʤ ʧʨʠ ʟʥʠʞʝʥʽʡ ʥʘʧʨʫʟʽ 

ʞʠʚʣʝʥʥʷ ʫ ʦʙʤʝʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʦʚʟʘʥʴ ʨʦʪʦʨʘ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʴ ʜʦʜʘʪʢʦʚʝ ʚʪʽʢʘʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʜʚʠʛʫʥʘ ʜʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʮʠʢʣʫ, ʯʠʤ ʧʦʢʨʘʱʘʪʴ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ 

ʢʦʤʧʨʝʩʦʨʘ ʪʘ ʭʦʣʦʜʠʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʭʦʣʦʜʠʣʴʥʦʾ ʤʘʰʠʥʠ. 

ʇʦʢʨʘʱʝʥʥʷ ʭʦʣʦʜʠʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʢʦʥʘʣʦʩʪʽ ʾʾ ʭʦʣʦʜʠʣʴʥʦʛʦ ʮʠʢʣʫ 

ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʥʝ ʪʽʣʴʢʠ ʰʣʷʭʦʤ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʭʣʘʜʦʛʝʥʪʽʚ, ʢʦʤʧʨʝʩʦʨʽʚ, ʘ 

ʪʘʢʦʞ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʜʚʠʛʫʥʫ ʧʨʠʚʦʜʫ ʢʦʤʧʨʝʩʦʨʘ, ʘ ʩʘʤʝ:  

- ʨʦʟʨʦʙʢʦʶ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʥʝʜʦʨʦʛʦʛʦ ʧʨʠʣʘʜʫ, ʱʦʜʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʧʽʜʪʨʠʤʘʥʥʷ ʪʘʢʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʦʙʤʦʪʢʠ ʜʚʠʛʫʥʘ ʧʨʠ ʷʢʽʡ ʩʧʦʞʠʚʘʥʠʡ ʥʝʶ 

ʩʪʨʫʤ ʥʘʡʤʝʥʰʠʡ ʽ ʚʽʜʧʦʚʽʜʘʻ ʤʦʤʝʥʪʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

- ʈʦʟʨʦʙʢʦʶ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʤʦʪʦʢ ʜʚʠʛʫʥʘ ʢʦʥʢʫʨʝʥʪʥʦ-ʩʧʨʦʤʦʞʥʠʤ ʽʩʥʫʶʯʠʤ ʾʭ 

ʩʭʝʤʘʤ ʘʣʝ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ.  
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ʄ.ʆ. ʃʶʙʦʚʠʯ (ɯʥʩʪʠʪʫʪ ɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ, ʂʠʾʚ) 

ɽʌɽʂʊʀɺʅɯʉʊʔ ɺʇʈʆɺɸɼɾɽʅʅʗ ʊɽʇʃʆɺʀʍ ʅɸʉʆʉɯɺ ʈɯɿʅʀʍ ʊʀʇɯɺ 

ɼʃʗ ɹʋɼɯɺɽʃʔ ɿ ʋʈɸʍʋɺɸʅʅʗʄ ʂʃɯʄɸʊʀʏʅʀʍ ʋʄʆɺ ʊɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʆɹôɭʂʊʋ 

ʅʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʦʧʦʟʠʮʽʾ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʪʘʥʮʽʡ ʜʣʷ ʨʽʟʥʠʭ ʙʫʜʽʚʝʣʴ. ʄʝʪʦʜʠʢʘ ʘʥʘʣʽʟʫ ʩʧʠʨʘʻʪʴʩʷ ʥʘ 

ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʛʽʜʨʦʤʝʪʮʝʥʪʨʫ ʪʘ ʨʝʘʣʴʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʽʶʯʦʛʦ ʦʙôʻʢʪʫ. 

ʇʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʧʨʝʜʣʦʞʝʥʠʷ ʚʥʝʜʨʝʥʠʷ ʪʝʧʣʦʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʜʘʥʠʡ. ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʛʠʜʨʦʤʝʪʮʝʥʪʨʘ ʠ ʨʝʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʜʝʡʩʪʚʫʶʱʝʛʦ ʦʙʲʝʢʪʘ. 

The analysis of the impact of various natural and technical factors for the development of 

proposals for the introduction of heat pump stations of various buildings. Methodology is based on 

statistical data and real Hydrometeorological Center specifications of existing facilities. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʚʽʪʦʚʘ ʥʘʫʢʘ ʚʞʝ ʜʫʞʝ ʙʘʛʘʪʘ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʽʥʥʦʚʘʮʽʡʥʽ 

ʝʥʝʨʛʦʟʙʝʨʽʶʯʽ ʪʝʭʥʦʣʦʛʽʾ. ʆʜʥʘʢ ʧʨʦʙʣʝʤʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ ʥʝ ʣʠʰʝ ʜʣʷ ʋʢʨʘʾʥʠ, ʘʣʝ ʡ ʜʣʷ ʚʩʽʭ ʙʝʟ 

ʚʠʢʣʶʯʝʥʥʷ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ. ʅʘ ʞʘʣʴ, ʮʴʦʤʫ ʧʠʪʘʥʥʶ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʜʦʩʽ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʢʨʘʡ ʤʘʣʦ ʫʚʘʛʠ, ʷʢʱʦ ʥʝ ʽʛʥʦʨʫʻʪʴʩʷ ʟʦʚʩʽʤ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʚʞʝ ʩʴʦʛʦʜʥʽ 

ʚʽʜʯʫʪʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʝʥʝʨʛʦʢʦʨʠʩʪʫʚʘʥʥʷ ʫ ʮʽʣʦʤʫ ʩʚʽʪʽ, ʫ ʥʘʰʽʡ 

ʢʨʘʾʥʽ ʩʭʦʞʝ ʥʽʙʠ ʙʦʷʪʴʩʷ ʱʦʩʴ ʟʤʽʥʶʚʘʪʠ. ɸʣʝ ʽʩʥʫʶʪʴ ʰʣʷʭʠ ʜʦ ʟʥʘʯʥʦʛʦ ʧʦʣʽʧʰʝʥʥʷ 

ʩʠʪʫʘʮʽʾ, ʱʦ ʚʞʝ ʧʨʦʡʰʣʠ ʩʦʣʽʜʥʫ ʧʝʨʝʚʽʨʢʫ ʯʘʩʦʤ ʫ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ. ʆʜʠʥ ʟ ʮʠʭ 

ʨʝʘʣʴʥʠʭ ʽ ʜʽʶʯʠʭ ʰʣʷʭʽʚ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʛʦ ʪʝʧʣʘ ʜʦʚʢʽʣʣʷ, ʪʦʙʪʦ 

ʚʣʘʰʪʫʚʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʪʘʥʮʽʡ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʦʧʘʣʝʥʥʷ, ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʚʞʝ ʜʘʚʥʦ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ 

ʐʚʝʮʽʾ, ʅʽʤʝʯʯʠʥʽ, ʉʐɸ, ʗʧʦʥʽʾ, ɸʚʩʪʨʽʾ ʪʘ ʽʥʰʠʭ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ, ʧʨʦʪʝ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ. ʄʦʞʣʠʚʠʤʠ 

ʰʣʷʭʘʤʠ ʜʦ ʮʴʦʛʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟʦʢʨʝʤʘ ʩʫʤʽʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʽ 

ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʞʝʨʝʣ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ, ʧʦʙʫʜʦʚʘʥʦʾ ʥʘ ʢʽʣʴʢʦʭ ʩʫʯʘʩʥʠʭ 

ʧʨʠʣʘʜʘʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʥʦʚʣʶʚʘʥʫ ʝʥʝʨʛʽʶ ʜʝʢʽʣʴʢʦʭ ʜʞʝʨʝʣ (ʛʨʫʥʪ, ʚʽʪʝʨ, ʩʦʥʮʝ 

ʪʦʱʦ), ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʫ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʘʭ ʽ ʪ.ʧ. 

ʅʠʥʽ ʨʠʥʦʢ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʫ ɭʚʨʦʧʽ ʥʝʚʧʠʥʥʦ ʟʨʦʩʪʘʻ, ʘʣʝ ʚʽʥ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʙʫʜʽʚʝʣʴʥʫ ʛʘʣʫʟʴ, ʪʘʢ ʷʢ ʩʘʤʝ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʦʛʦ ʦʙôʻʢʪʫ ʧʝʨʝʜ 

ʨʦʟʨʦʙʥʠʢʦʤ ʩʪʦʾʪʴ ʥʝ ʧʨʦʩʪʦ ʤʦʞʣʠʚʽʩʪʴ, ʘ ʦʙʦʚôʷʟʦʢ ʟʘʢʣʘʩʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʡ ʽ 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʧʨʦʝʢʪ. ʆʜʥʘʢ, ʢʦʣʠ ʤʦʚʘ ʡʜʝ ʧʨʦ ʚʞʝ ʨʝʘʣʽʟʦʚʘʥʽ ʙʫʜʽʚʣʽ, ʪʦ ʪʫʪ ʙʘʛʘʪʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʽʮʽʘʪʠʚʠ ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ ʣʶʜʠʥʠ. ʅʘ ʞʘʣʴ, ʪʘʢʠʭ ʽʥʽʮʽʘʪʦʨʽʚ ʫ ʥʘʰʽʡ ʢʨʘʾʥʽ 

ʧʨʘʢʪʠʯʥʦ ʥʝʤʘ. ɻʘʜʘʶ, ʱʦ ʦʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ʮʴʦʤʫ ï ʥʝ ʧʨʦʩʪʦ ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʢʦʥʣʠʚʠʭ 

ʤʝʪʦʜʠʢ ʚʠʙʦʨʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʥʝʜʦʩʪʘʪʥʷ ʘʜʘʧʪʘʮʽʷ ʽ ʛʥʫʯʢʽʩʪʴ ʮʠʭ 

ʤʝʪʦʜʠʢ ʚ ʫʤʦʚʘʭ ʰʠʨʦʢʦʛʦ ʨʽʟʥʦʤʘʾʪʪʷ ʢʣʽʤʘʪʠʯʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʞʥʦʛʦ 

ʦʢʨʝʤʦʛʦ ʧʨʠʢʣʘʜʫ ʜʽʣʷʥʢʠ. ɹʽʣʴʰʽʩʪʴ ʤʝʪʦʜʠʢ ʨʦʟʨʦʙʢʠ ʧʨʦʧʦʟʠʮʽʾ ʪʝʧʣʦ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʩʧʨʦʱʝʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ. ʇʨʦʪʝ ʽʩʥʫʻ ʜʫʞʝ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ, ʱʦ ʚ 

ʪʠʭ ʯʠ ʽʥʰʠʭ ʫʤʦʚʘʭ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪ ʜʦʩʣʽʜʞʝʥʥʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ 

ʽʥʰʦʛʦ ʨʝʛʽʦʥʫ ʮʽ ʬʘʢʪʦʨʠ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʝ ʯʠʥʷʪʴ. ɿ ʦʛʣʷʜʫ ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ 

ʫ ʟʙʦʨʽ ʽʥʬʦʨʤʘʮʽʾ, ʟʦʢʨʝʤʘ ʧʦ ʢʣʽʤʘʪʠʯʥʠʤ ʧʦʢʘʟʥʠʢʘʤ, ʥʘ ʤʦʶ ʜʫʤʢʫ, ʜʦʮʽʣʴʥʦ ʙʫʣʦ ʙ 

ʧʝʨʝʛʣʷʥʫʪʠ ʤʝʪʦʜʠʢʠ ʫ ʙʽʢ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʫʨʘʭʫʚʘʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʤʽʩʮʝʚʦʩʪʽ. 

ʉʘʤʝ ʪʦʤʫ ʤʝʪʦʶ ʤʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 
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ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʪʝʭʥʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʜʘʥʦʛʦ ʦʙôʻʢʪʫ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʫʩʪʘʥʦʚʢʠ. ʗ ʚʚʘʞʘʶ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʜʦʩʽ ʥʝʜʦʩʪʘʪʥʴʦ ʦʧʨʘʮʴʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʝ 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʣʶʜʝʡ ʱʦʜʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʜʘʚʥʦ ʚʚʝʜʝʥʠʭ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʦʙôʻʢʪʽʚ. ɸ ʮʝ ʚʝʣʠʯʝʟʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ʆʪʞʝ, ʚʠʟʥʘʯʠʤʦ ʛʦʣʦʚʥʽ ʬʘʢʪʦʨʠ, ʱʦ  ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʚʠʙʽʨ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. 

ɻʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʮʝ: 

¶ ʂʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ; 

¶ ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʫ: 

¶ ɺʣʘʩʥʝ, ʪʠʧ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʤʠ ʧʦʪʝʥʮʽʡʥʦ ʟʙʠʨʘʻʤʦʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ. 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʜʦʢʣʘʜʥʽʰʝ, ʪʦ ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʽ ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʫ ʜʫʞʝ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʟʚʝʨʥʽʤʦ ʫʚʘʛʫ ʥʘ ʜʦʢʣʘʜʥʠʡ 

ʧʝʨʝʣʽʢ ʬʘʢʪʦʨʽʚ, ʱʦ ʷ ʚʨʘʭʦʚʫʚʘʪʠʤʫ ʧʨʠ ʘʥʘʣʽʟʽ ʾʭ ʚʧʣʠʚʫ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʙʦʨʫ ʽ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. ɿʦʢʨʝʤʘ, ʪʘʢʠʤʠ ʻ: 

¶ ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʦʛʦʨʦʞʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; 

¶ ʇʣʦʱʘ ʟʘʩʢʣʝʥʥʷ ʩʦʥʷʯʥʦʾ ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ; 

¶ ʂʽʣʴʢʽʩʪʴ ʧʝʨʝʙʫʚʘʶʯʠʭ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʣʶʜʝʡ, ʾʭ ʩʪʫʧʽʥʴ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ; 

¶ ɺʝʥʪʠʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ; 

¶ ʌʦʨʤʘ ʙʫʜʽʚʣʽ; 

¶ ʂʦʥʢʨʝʪʥʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʫ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ;  

¶ ʊʠʧ ʚʠʙʨʘʥʦʛʦ ʥʘʤʠ ʦʙʣʘʜʥʘʥʥʷ. 

ɺʠʟʥʘʯʠʤʦ ʧʝʨʝʣʽʢ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ ʮʠʭ ʬʘʢʪʦʨʽʚ: 

¶ ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʦʙôʻʢʪʫ (ʧʘʨʘʤʝʪʨʠ ʩʪʽʥ, ʚʽʢʦʥ, ʬʦʨʤʠ ʧʨʠʤʽʱʝʥʴ); 

¶ ʊʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ ʚʠʛʦʪʦʚʣʝʥʦ ʙʫʜʽʚʣʶ; 

¶ ʂʽʣʴʢʽʩʪʴ ʣʶʜʝʡ, ʱʦ ʧʦʩʪʽʡʥʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʧʨʠʤʽʱʝʥʥʷʭ, ʪʷʞʢʽʩʪʴ ʾʭʥʴʦʾ ʨʦʙʦʪʠ, 
ʯʘʩ, ʱʦ ʚʦʥʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʙʫʜʽʚʣʽ; 

¶ ɼʘʥʽ ʧʨʦ ʚʝʥʪʠʣʷʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʘʢʦʾ; 

¶ ʉʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʛʽʜʨʦʤʝʪʮʝʥʪʨʫ ʧʨʦ ʱʦ ʧʽʚʛʦʜʠʥʥʽ ʤʝʪʝʦʫʤʦʚʠ ʫ ʨʘʡʦʥʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʫ (ʪʝʤʧʝʨʘʪʫʨʘ, ʭʤʘʨʥʽʩʪʴ); 

¶ ʊʠʧ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʧʦʚʽʪʨʷʥʘ, ʛʨʫʥʪʦʚʠʡ ʟʦʥʜ) 

¶ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʥʪʽʚ ʜʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʬʘʢʪʦʨʽʚ ʥʝʦʙʭʽʜʥʦ ʱʦʥʘʡʧʝʨʰʝ ʧʦʙʫʜʫʚʘʪʠ ʜʦʢʣʘʜʥʫ 

ʤʦʜʝʣʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʫ. ɺʩʝ ʧʦʯʠʥʘʻʪʴʩʷ ʟ  ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʽʚʣʽ, ʤʝʪʦʶ 

ʷʢʦʛʦ ʷʚʣʷʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʪʝʧʣʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʣʽ, ʱʦ ʻ ʦʧʦʨʥʦʶ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʙôʻʢʪʫ.  

ɿʘʜʘʯʘ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʙʫʜʽʚʣʽ ʜʘʚʥʦ ʚʽʜʦʤʘ: ʅʘ ʩʴʦʛʦʜʥʽ ʜʣʷ ʾʾ 

ʚʠʨʽʰʝʥʥʷ ʽʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʤʝʪʦʜʠʢ. ɺ ʋʢʨʘʾʥʽ, ʥʘʧʨʠʢʣʘʜ, ʧʦʪʫʞʥʽʩʪʴ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ 

ʪʘ ʪʝʧʣʦʚʽ ʤʝʨʝʞʽ ʧʨʦʝʢʪʫʶʪʴʩʷ ʟ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʪʨʠʚʘʣʫ ʨʦʙʦʪʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʡʙʽʣʴʰ 

ʭʦʣʦʜʥʦʾ ʧôʷʪʠʜʝʥʢʠ [1]. ʇʨʦʪʝ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʯʘʩʫ ʪʘʢʘ ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ 

ʥʝʜʦʚʘʥʪʘʞʝʥʘ, ʱʦ ʻ ʥʝʧʨʠʧʫʩʪʠʤʦ ʜʣʷ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʝʥʝʨʛʦʥʦʩʽʷʭ. ʋ ʨʦʙʦʪʘʭ [3, 4] ʦʧʠʩʘʥʽ ʙʽʣʴʰ ʪʦʯʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʨʦʟʨʦʙʣʝʥʽ ʥʘ ʾʭ 

ʦʩʥʦʚʽ ʢʦʤʧôʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ, ʩʪʚʦʨʝʥʽ ʢʘʥʘʜʩʴʢʦʶ 

ʢʦʤʧʘʥʽʻʶ RETScreen ʪʘ ʘʤʝʨʠʢʘʥʩʴʢʦʶ ʘʩʦʮʽʘʮʽʻʶ ASHRAE ʚʽʜʧʦʚʽʜʥʦ. ʆʜʥʘʢ ʞʦʜʥʘ ʟ 

ʜʘʥʠʭ ʧʨʦʛʨʘʤ ʥʝ ʧʦʟʙʘʚʣʝʥʘ ʥʝʜʦʣʽʢʽʚ. ʋ ʥʠʭ, ʟʦʢʨʝʤʘ, ʥʝʭʪʫʻʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʫʜʽʚʝʣʴ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʛʦʨʦʜʞʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʥʘʙʣʠʞʝʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʣʦʱʘ ʩʪʽʥ ʪʘ ʚʽʢʦʥ ʪʦʱʦ. 

ɺʨʘʭʫʚʘʚʰʠ ʧʝʨʝʨʘʭʦʚʘʥʽ ʥʝʜʦʣʽʢʠ, ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʤʝʪʦʜʠʢʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʨʽʟʥʠʭ ʧʦ ʬʦʨʤʽ ʪʘ ʧʨʠʟʥʘʯʝʥʥʶ ʙʫʜʽʚʝʣʴ. ʎʷ 

ʤʝʪʦʜʠʢʘ ʻ ʦʧʦʨʥʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʧʣʘʥ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʫ ʟ ʜʝʪʘʣʴʥʠʤʠ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ. ɹʫʜʽʚʣʷ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ ʧʨʠʤʽʱʝʥʥʷ ʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʪʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʦʛʦʨʦʞʫʶʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʧʝʚʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ: 

ὗ ὸ̃̎ ὸ̈̏ Ͻ̃
Ὓ

Ὧ̐ ̏Ͻ̃Ὧ̋Ȣ̒ȢϽ
ρ
̃ ̎

В

‗

ρ
̈ ̏̃

Ƞ                                                                   ρ 

ʜʝ ὗ  -  ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʽ-ʛʦ ʧʨʠʤʽʱʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʙʫʜʽʚʣʽ, ɺʪ; 

ὸ̃  ̎ï ʮʽʣʴʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ, Áʉ; 

ὸ̈̏̃ ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʫʣʠʮʽ, Áʉ; 

Ὓ ï ʧʣʦʱʘ ʽ-ʛʦ ʚʠʜʫ ʦʛʦʨʦʞʫʶʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʚʠʭʦʜʠʪʴ ʥʘʟʦʚʥʽ, ʤ
2
; 

Ὧ̐ ̏ ̃ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʫ, ʙʝʟʨʦʟʤʽʨʥʠʡ; 

Ὧ̋Ȣ̒Ȣïʢʦʝʬʽʮʽʻʥʪ ʢʽʣʴʢʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ, ʙʝʟʨʦʟʤʽʨʥʠʡ; 

̃  ̎ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ, ɺʪ/(ʤ
2
Áʉ); 

̈ ̏̃ - ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ, ɺʪ/(ʤ
2
Áʉ); 

 ;ïʪʦʚʱʠʥʘ j-ʛʦ ʰʘʨʫ ʦʛʦʨʦʞʫʶʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʜʫ ʽ, ʤ

‗ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ j-ʛʦ ʰʘʨʫ ʦʛʦʨʦʞʫʶʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʜʫ ʽ, ɺʪ/(ʤ
2
Áʉ). 

ɸ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʤʦ ʚʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʚʝʥʪʠʣʷʮʽʶ ʟʘ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ: 

ὗˏ ὅϽὠϽ”ϽὔϽσȟφϽὸ̃̎ ὸ̈̏  ̃                                                                                 (2) 

ʜʝ ὅ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ, ʢɼʞ/(ʢʛ ʂ); 

ὠ- ʦʙôʻʤ ʧʨʠʤʽʱʝʥʴ, ʱʦ ʚʝʥʪʠʣʶʶʪʴʩʷ, ʤ
3
; 

” ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ, ʢʛ/ʤ3
; 

ὔ -  ʢʨʘʪʥʽʩʪʴ ʟʘʤʽʥʠ ʧʦʚʽʪʨʷ, ʛʦʜ
-1

; 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʝʤʦ ʦʪʨʠʤʘʪʠ ʧʦʚʥʽ ʪʝʧʣʦʚʪʨʘʪʠ ʙʫʜʽʚʣʽ, ʱʦ ʟʘʣʝʞʘʪʴ ʣʠʰʝ ʚʽʜ 

ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽ ʽ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ: 

ὗЎὝ ̃ В ̋̋

̃̎ ̈̏̃
ϽЎὝ                                                                                             (3) 

ʜʝ ЎὝ ï ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʮʽʣʴʦʚʦʶ ʚ ʧʨʠʤʽʱʝʥʥʽ ʽ ʟʦʚʥʽʰʥʴʦʶ. 

ʊʘʢʦʞ, ʷʢ ʚʽʜʦʤʦ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ, ʱʦ 

ʚʣʘʩʥʝ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪ. ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ ʤʠ 

ʨʦʟʛʣʷʜʘʻʤʦ ʛʨʦʤʘʜʩʴʢʽ ʧʨʠʤʽʱʝʥʥʷ, ʩʢʘʞʽʤʦ, ʰʢʦʣʫ, ʪʦ ʦʯʝʚʠʜʥʦ, ʱʦ ʚʧʨʦʜʦʚʞ ʚʩʴʦʛʦ 

ʧʝʨʽʦʜʫ ʜʦʙʠ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʮʽʣʴʦʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʫ ʢʣʘʩʘʭ, ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘʷʚʥʽʩʪʴ ʪʘʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʽʪʝʡ ʨʽʟʥʦʛʦ ʚʽʢʫ, ʱʦ ʚ ʩʫʢʫʧʥʦʩʪʽ ʤʦʞʫʪʴ 

ʷʚʣʷʪʠ ʩʦʙʦʶ ʽʩʪʦʪʥʝ ʽ ʧʦʩʪʽʡʥʝ ʜʞʝʨʝʣʦ ʪʝʧʣʘ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʚʨʘʭʦʚʫʻʤʦ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʣʶʜʝʡ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ ʧʝʨʝʨʚʠ ʪʘ ʫʨʦʢʫ, ʤʽʨʠ ʟʘʡʥʷʪʦʩʪʽ ʽ ʚʽʢʫ ʜʠʪʠʥʠ: 

ὗ̌
В Ͻ̨̃ ̋Ͻ̔Ͻ̑̔ ̑ ̐̆Ͻ̑̐ ̆̑

̐
Ͻὔ ὔ̃ ̘̉Ͻ̓ή̃ ̘̉̓                                                          

(4) 

ʜʝ ὥ ï ʯʘʩʪʢʘ ʫʯʥʽʚ ʫ ʰʢʦʣʽ ʽ-ʛʦ ʚʽʢʫ; 
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Ὧ̃ ̨ ̋ïʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʽʢ ʣʶʜʠʥʠ; 

ὸ̔  ̑ï ʩʫʤʘʨʥʠʡ ʯʘʩ ʫʨʦʢʽʚ ʥʘ ʜʝʥʴ, ʛʦʜ; 

ή̔  ̑ï ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʣʶʜʠʥʠ ʧʨʠ ʨʦʟʫʤʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʢɺʪ; 

ὸ̐̆ ̑- ʩʫʤʘʨʥʠʡ ʯʘʩ ʧʝʨʝʨʚ ʥʘ ʜʝʥʴ, ʛʦʜ; 

ή̐ ̆ ̑- ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʣʶʜʠʥʠ ʧʨʠ ʣʝʛʢʦʤʫ ʬʽʟʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʢɺʪ; 

ὸ̐ ï ʩʫʤʘʨʥʠʡ ʯʘʩ ʥʘ ʜʝʥʴ, ʱʦ ʜʽʪʠ ʧʨʦʚʦʜʷʪʴ ʚ ʰʢʦʣʽ, ʛʦʜ; 

ὔ  ï ʢʽʣʴʢʽʩʪʴ ʫʯʥʽʚ ʫ ʰʢʦʣʽ; 

ὔ̃ ̘̉̓ ï ʢʽʣʴʢʽʩʪʴ ʚʯʠʪʝʣʽʚ ʫ ʰʢʦʣʽ; 

ή̃ ̘̉̓ ï ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʣʶʜʠʥʠ ʧʨʠ ʣʝʛʢʦʤʫ ʬʽʟʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʢɺʪ. 

ʊʦʜʽ ʪʝʧʣʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʰʢʦʣʠ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

ὗ̙ ЎὝ ̃ В ̋̋

̃̎ ̈̏̃
ϽЎὝ ὗ̌                                                                                  (5) 

ʅʘ ʙʘʟʽ ʮʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʥʦʶ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʰʢʦʣʠ ʫ ɹʨʦʚʘʨʘʭ, ʜʝ ʷ 

ʚʯʠʣʘʩʴ. ɯ ʚʞʝ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʤʝʥʽ ʚʜʘʣʦʩʴ ʦʪʨʠʤʘʪʠ ʮʽʢʘʚʽ ʨʝʟʫʣʴʪʘʪʠ. ʊʘʢ ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʢʣʘʩʠʯʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʧʝʚʥʦ ʙʠ ʥʝʭʪʫʚʘʣʦʩʷ ʪʝʧʣʦʤ ʚʽʜ ʜʽʪʝʡ. ʆʜʥʘʢ 

ʨʦʟʨʘʭʫʥʢʠ ʜʘʣʠ, ʱʦ ʮʝ ʚʥʝʩʣʦ ʙʠ ʫ ʚʠʧʘʜʢʫ ʰʢʦʣʠ ʩʫʪʪʻʚʫ ʧʦʭʠʙʢʫ. ʇʨʠ ʟʦʚʥʽʰʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʟʠʤʢʫ -15Áʉ ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʜʽʪʝʡ ʩʷʛʘʣʘ 15% ʚʽʜ 

ʥʝʦʙʭʽʜʥʦʾ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʮʽʣʴʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʧʦʚʥʦʾ ʧʨʠʩʫʪʥʦʩʪʽ ʜʽʪʝʡ, ʘ ʧʨʠ 0Áʉ ʧʦʭʠʙʢʘ ʤʦʛʣʘ ʙ ʩʪʘʥʦʚʠʪʠ 30%. ʇʨʠ 

ʚʠʙʦʨʽ ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, ʱʦ ʪʨʠʚʘʣʠʡ ʯʘʩ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʥʝʜʦʚʘʥʪʘʞʝʥʠʤʠ, 

ʤʦʞʣʠʚʦ ʪʘʢʦʶ ʧʦʭʠʙʢʦʶ ʽ ʟʥʝʭʪʫʚʘʣʠ ʙ, ʘʣʝ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʦʧʘʣʝʥʥʷ ʥʘ ʧʦʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣʘʭ ʮʝ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʠʧʫʩʪʠʤʦ.  

ʊʘʢʦʞ ʫ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʪʝʧʣʦʚʠʜʽʣʷʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʽ ʟʘ ʤʦʞʣʠʚʦʩʪʽ 

ʦʙʣʽʢʫ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʣʝʥʦʛʦ ʥʠʤ ʪʝʧʣʘ, ʪʝʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʮʶ ʩʢʣʘʜʦʚʫ ʫ ʪʝʧʣʦʚʽʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ. ʎʝ ʥʝ ʩʪʦʩʫʻʪʴʩʷ ʰʢʦʣʠ, ʜʝ ʟ ʝʣʝʢʪʨʦʧʨʠʣʘʜʽʚ ʫ ʢʣʘʩʘʭ ʻ ʣʠʰʝ ʣʶʤʽʥʽʩʮʝʥʪʥʽ 

ʣʘʤʧʠ, ʦʜʥʘʢ ʥʘ ʦʙôʻʢʪʘʭ, ʥʘʩʠʯʝʥʠʭ ʩʧʦʞʠʚʘʯʘʤʠ, ʮʝʡ ʬʘʢʪʦʨ ʤʦʞʝ ʙʫʪʠ ʩʫʪʪʻʚʠʤ. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʪʝʧʝʨ ʚʧʣʠʚ ʙʫʜʽʚʝʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʫ ʥʘ ʡʦʛʦ ʪʝʧʣʦ 

ʩʧʦʞʠʚʘʥʥʷ. ɿʚʽʩʥʦ, ʢʦʣʠ ʟʚʦʜʠʪʴʩʷ ʥʦʚʠʡ ʧʨʦʝʢʪ, ʪʦ ʟʘʟʚʠʯʘʡ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʫʯʘʩʥʽ 

ʚʞʝ ʥʝʜʦʨʦʛʽ ʘʣʝ ʜʫʞʝ ʷʢʽʩʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʽʟʦʣʷʮʽʾ  ʤʘʪʝʨʽʘʣʠ. ʊʝʧʣʦʚʪʨʘʪʠ ʪʘʢʠʭ ʙʫʜʽʚʝʣʴ 

ʧʨʠ -20Áʉ ʟʘʟʚʠʯʘʡ ʤʝʥʰʽ ʟʘ 0,06 ʢɺʪ/ʤ
2
, ʯʦʛʦ ʥʝ ʩʢʘʞʝʰ ʧʨʦ ʩʪʘʨʫ, ʘʣʝ ʜʦʩʽ ʜʽʶʯʫ ʟʘʙʫʜʦʚʫ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ (5) ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʱʝʟʛʘʜʘʥʦʾ ʰʢʦʣʠ ʷ ʦʪʨʠʤʘʣʘ ʧʠʪʦʤʽ ʪʝʧʣʦʚʪʨʘʪʠ ʥʘ ʨʽʚʥʽ 

0,084 ʢɺʪ/ʤ
2
. ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʽ ʨʦʟʤʽʨʠ ʧʦʜʽʙʥʠʭ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʤʦʞʥʘ ʣʝʛʢʦ 

ʧʝʨʝʢʦʥʘʪʠʩʷ ʚ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʫʪʝʧʣʝʥʥʷ ʩʪʽʥ, ʜʦ 

ʫʩʪʘʥʦʚʢʠ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʦʚʦʾ ʪʝʧʣʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʣʽ 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʬʦʨʤʫʣʠ (1)-(5) ʜʦʜʘʚʰʠ ʫ (1) (m+1)-ʡ ʰʘʨ ʩʪʽʥʠ ʽ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʦʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʙʘʟʽ ʰʢʦʣʠ ʧʦʢʘʟʘʣʦ, ʱʦ ʪʘʢʠʡ ʟʘʭʽʜ ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʧʠʪʦʤʽ ʪʝʧʣʦʚʪʨʘʪʠ ʜʦ 

0,062 ʢɺʪ/ʤ
2
, ʱʦ ʙʽʣʴʰ ʷʢ ʥʘ ʯʚʝʨʪʴ ʝʢʦʥʦʤʠʪʴ ʪʝʧʣʦ ʥʘ ʦʧʘʣʝʥʥʷ. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʤʦʜʝʨʥʽʟʫʶʯʠ ʦʙôʻʢʪʠ ʯʘʩʪʦ ʻ ʩʝʥʩ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʽʚʘʣʝʥʪʫ 

ʩʭʝʤʫ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʦʟʘʷʢ ʚʦʥʘ ʜʘʻ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʚʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ, ʱʦ ʚʽʜʯʫʪʥʦ ʟʤʝʥʰʫʻ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʧʦ ʧʨʦʝʢʪʫ, ʘʣʝ ʥʝʟʥʘʯʥʦ ʧʽʜʥʽʤʘʻ ʧʦʜʘʣʴʰʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. 

ʇʨʦʽʣʶʩʪʨʫʚʘʪʠ ʮʝ ʤʦʞʣʠʚʦ ʧʨʦʚʽʚʰʠ ʨʦʟʨʘʭʫʥʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʪʠʩʪʠʢʠ ʨʝʘʣʴʥʠʭ 

ʤʝʪʝʦʫʤʦʚ ʟʘ ʥʘʡʙʣʠʞʯʠʡ ʦʧʘʣʶʚʘʣʴʥʠʡ ʩʝʟʦʥ. ɼʣʷ ʮʴʦʛʦ ʙʫʜʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣ 

ʱʦʧʽʚʛʦʜʠʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʤʘʣʠ ʤʽʩʮʝ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʽʦʜ. ʅʘ ʈʠʩ.1 ʟʦʙʨʘʞʝʥʠʡ 

ʪʘʢʠʡ ʨʦʟʧʦʜʽʣ ʜʣʷ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ 2009-2010 ʨʦʢʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʝʡ ʨʦʟʧʦʜʽʣ ʽ ʬʦʨʤʫʣʫ (5) ʦʙʨʘʭʦʚʫʻʤʦ ʧʦʪʨʝʙʫ ʚ ʪʝʧʣʽ ʚʧʨʦʜʦʚʞ 

ʚʩʴʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ, ʢɺʪ ʛʦʜ: 
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 ὡ̓ ̆̐̌
В ϽzȟϽ̙ ̃̎                                                                                                       φ 

ʜʝ ὔᶻ - ʢʽʣʴʢʽʩʪʴ ʧʽʚʛʦʜʠʥʥʠʭ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʠʭ ʙʫʣʘ ʟʘʬʽʢʩʦʚʘʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʽ. 

 

 
ʈʠʩ.1 ï ʈʦʟʧʦʜʽʣ ʱʦʧʽʚʛʦʜʠʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʧʝʨʽʦʜ 1.10.09-30.04.10. 

 

ʊʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʥʝʦʙʭʽʜʥʘ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ, ʚʠʭʦʜʷʯʠ ʟ ʥʘʡʥʠʞʯʦʾ 

ʟʘ ʧʝʨʽʦʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ (5). ʊʝʧʝʨ ʟʘʜʘʶʯʠʩʴ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʯʘʩʪʢʠ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʙʫʜʝ ʧʦʢʨʠʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ, ʥʝʦʙʭʽʜʥʦ 

ʟʜʽʡʩʥʠʪʠ ʧʦʰʫʢ ʨʽʰʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʤʽʥʽʤʫʤ ʮʽʣʴʦʚʦʛʦ ʚʠʪʨʘʪʥʦʛʦ ʬʘʢʪʦʨʘ. ɺ ʤʦʻʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʷ ʚʠʢʦʨʠʩʪʘʣʘ ʟ ʮʽʻʶ ʤʝʪʦʶ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ. ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʮʽʢʘʚʽ ʨʝʟʫʣʴʪʘʪʠ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʥʠʞʯʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʧʦ ʚʘʨʽʘʥʪʫ 

ʧʦʚʽʪʨʷʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʙʫʣʘ ʥʝʜʦʩʪʘʪʥʴʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʝʨʝʢʦʥʣʠʚʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʫ ʚʠʧʘʜʢʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʜʦʩʪʘʪʥʴʦ ʩʪʘʨʦʾ ʙʫʜʽʚʣʽ, ʽ 

ʚʠʷʚʠʣʦʩʷ, ʱʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʨʫʥʪʫ ʜʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ ʥʘʡʢʨʘʱʠʤ ʚʘʨʽʘʥʪʦʤ ʻ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʨʫʥʪʦʚʦʛʦ ʟʦʥʜʦʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʪʠʧʫ çʨʦʟʩʽʣ ï ʚʦʜʘè, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ 

ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʤʝʥʰʝ 6,5 ʨʦʢʽʚ. ʇʨʠ ʯʦʤʫ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ʙʫʣʦ ʚʠʙʨʘʥʦ ʟ ʦʛʣʷʜʫ ʥʘ 

ʧʦʢʨʠʪʪʷ ʥʠʤ 35% ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʚʠʨʦʙʽʪʦʢ  96,3% ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʘ ʚʝʩʴ 

ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ. ʈʝʰʪʘ 65% ʧʦʪʫʞʥʦʩʪʽ (ʘʙʦ 3,6% ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʧʦʢʨʠʚʘʣʦʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʛʘʟʦʚʦʛʦ ʢʦʪʣʘ). ʊʦʯʢʘ ʙʽʚʘʣʝʥʪʥʦʩʪʽ ʧʨʠʧʘʣʘ ʥʘ -10 Áʉ, ʪʦʙʪʦ ʣʠʰʝ ʢʦʣʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʟʠʤʢʫ ʩʷʛʘʣʘ ʥʠʞʯʝ ʮʽʻʾ ʧʦʟʥʘʯʢʠ, ʚʢʣʶʯʘʚʩʷ ʜʦʛʨʽʚ ʛʘʟʦʚʠʤ ʢʦʪʣʦʤ. 

ʊʝʧʝʨ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʚʧʣʠʚ ʥʝʨʝʛʫʣʷʨʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʪʘʢʠʭ ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʩʦʥʷʯʥʝ ʪʝʧʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʚ ʧʨʠʤʽʱʝʥʥʷ ʯʝʨʝʟ ʟʘʩʢʣʝʥʥʷ ʩʦʥʷʯʥʦʾ 

ʩʪʦʨʦʥʠ ʽ ʥʘʛʨʽʚʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʝʜʤʝʪʠ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʴ. ɿʚʽʩʥʦ ʧʨʠ ʚʠʙʦʨʽ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʬʘʢʪʦʨ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʚʞʝ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʨʘʭʦʚʘʥʠʡ ʯʝʨʝʟ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʦʚʢʽʣʣʷ, ʘʣʝ ʩʦʥʷʯʥʝ ʪʝʧʣʦ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʫ ʧʨʠʤʽʱʝʥʥʷ ʯʝʨʝʟ ʟʘʩʢʣʝʥʥʷ ʥʝ 

ʤʦʞʥʘ ʚʢʣʶʯʘʪʠ ʚ ʨʦʟʨʘʭʫʥʦʢ, ʢʦʣʠ ʤʠ ʚʠʟʥʘʯʘʻʤʦ ʥʝʦʙʭʽʜʥʫ ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʧʣʦʚʫ 

ʧʦʪʫʞʥʽʩʪʴ, ʧʦʟʘʷʢ ʮʝ ʥʝʨʝʛʫʣʷʨʥʠʡ ʽ ʥʝʢʦʨʝʣʴʦʚʘʥʠʡ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʢʘʟʥʠʢ. ʆʜʥʘʢ ʜʣʷ 

ʘʥʘʣʽʟʫ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʤʘʻ ʩʝʥʩ ʮʝ ʚʨʘʭʦʚʫʚʘʪʠ. ɼʣʷ ʦʙʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ 
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ʚʽʜ ʩʦʥʷʯʥʦʛʦ ʧʨʦʤʽʥʥʷ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʬʦʨʤʫʣʫ:  

Ὓ̨̃Ȣ̋ Ὓ Ͻὧέί—Ͻὕ  ̓                                                                                                        (7) 

ʜʝ Ὓ  ï ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ɺʪ/ʤ
2
; 

— - ʧʨʠʚʝʜʝʥʠʡ ʢʫʪ ʧʘʜʽʥʥʷ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ ʥʘ ʧʦʚʝʨʭʥʶ ʟʘʩʢʣʝʥʥʷ; 

ὕ  ̓ - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʦʧʨʘʚʢʫ ʥʘ ʧʦʚʽʪʨʷʥʫ ʤʘʩʫ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʡʪʠ 

ʧʨʦʤʝʥʶ, ʧʨʠʯʦʤʫ: 

ὕ ̓ ρȟρςυτ
ȟ

                                                                                                           (8) 

ʜʝ h ï ʢʫʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʠʩʦʪʫ ʩʦʥʮʷ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ ʽ ʻ ʬʫʥʢʮʽʻʶ ʯʘʩʫ ʜʦʙʠ, ʜʥʷ ʨʦʢʫ 

ʽ ʛʝʦʛʨʘʬʽʯʥʦʾ ʰʠʨʦʪʠ ʤʽʩʮʝʚʦʩʪʽ. 

ʅʘʢʣʘʜʘʶʯʠ ʥʘ ʮʝʡ ʨʦʟʨʘʭʫʥʦʢ ʤʝʪʝʦʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʭʤʘʨʥʽʩʪʴ ʫ ʢʦʥʢʨʝʪʥʦʤʫ 

ʨʝʛʽʦʥʽ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ ʚʽʜ ʩʦʥʷʯʥʦʛʦ ʧʨʦʤʽʥʥʷ, ʦʜʝʨʞʘʥʫ ʟʘ ʚʝʩʴ 

ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ. ʋ ʚʠʧʘʜʢʫ ʤʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʥʘʯʥʝ 

ʟʘʩʢʣʝʥʥʷ ʬʘʩʘʜʫ ʰʢʦʣʠ ʟʘʙʝʟʧʝʯʠʣʦ ʧʦʪʨʘʧʣʷʥʥʷ ʪʝʧʣʘ ʩʦʥʷʯʥʦʛʦ ʧʨʦʤʽʥʥʷ ʚʧʨʦʜʦʚʞ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʚ ʨʦʟʤʽʨʽ ʙʽʣʴʰ ʷʢ 6% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʦʪʨʝʙʠ ʫ ʪʝʧʣʽ. ɿʚʽʩʥʦ ʮʝ 

ʥʝʟʥʘʯʥʠʡ ʝʬʝʢʪ, ʢʦʣʠ ʤʦʚʘ ʡʜʝ ʧʨʦ ʦʧʘʣʝʥʥʷ ʛʘʟʦʚʠʤ ʢʦʪʣʦʤ, ʱʦ ʥʝ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʘʩʪʽʣʴʢʠ ʛʥʫʯʢʦʛʦ ʽ ʯʫʪʣʠʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʦʜʥʘʢ ʫ ʚʠʧʘʜʢʫ ʩʫʯʘʩʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ 

ʩʪʘʥʮʽʡ ʤʦʞʣʠʚʦʩʪʽ ʟ ʨʝʛʫʣʶʚʘʥʥʷ ʟʥʘʯʥʦ ʚʠʨʦʩʣʠ, ʽ ʪʦʤʫ ʚʨʘʭʫʚʘʥʥʷ ʮʴʦʛʦ ʬʘʢʪʦʨʘ ʫ 

ʨʦʟʨʦʙʮʽ ʧʨʦʧʦʟʠʮʽʾ ʜʣʷ ʜʽʶʯʦʛʦ ʦʙôʻʢʪʫ ʤʦʞʝ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʨʝʘʣʴʥʫ ʧʦʪʝʥʮʽʡʥʫ 

ʜʦʜʘʪʢʦʚʫ ʝʢʦʥʦʤʽʶ. 

ʋ ʮʽʡ ʩʪʘʪʪʽ ʷ ʧʨʦʘʥʘʣʽʟʫʚʘʣʘ ʷʢ ʽ ʷʢʦʶ ʤʽʨʦʶ ʨʽʟʥʽ ʬʘʢʪʦʨʠ ʜʦʚʢʽʣʣʷ, ʘ ʪʘʢʦʞ ʜʝʷʢʽ 

ʬʘʢʪʦʨʠ, ʱʦ ʤʠ ʩʚʦʾʤʠ ʩʠʣʘʤʠ ʟʜʘʪʥʽ ʟʤʽʥʠʪʠ, ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʪʦʯʥʽʩʪʴ ʽ, ʛʦʣʦʚʥʝ, 

ʨʝʟʫʣʴʪʘʪ ʨʽʰʝʥʥʷ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʙôʻʢʪʽ. ʈʦʟʨʘʭʫʥʢʠ ʜʣʷ ʤʦʻʾ 

ʰʢʦʣʠ ʣʷʛʣʠ ʚ ʦʩʥʦʚʫ ʚʠʩʥʦʚʢʽʚ ʥʘʚʜʝʥʠʭ ʪʫʪ. ʎʷ ʨʦʙʦʪʘ ʤʘʻ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʘʥʘʣʽʟʫ ʩʘʤʝ ʚ ʫʤʦʚʘʭ ʥʘʰʦʾ ʜʝʨʞʘʚʠ. ɻʘʜʘʶ, ʚʠʢʦʨʠʩʪʘʥʽ 

ʘʣʛʦʨʠʪʤʠ ʘʥʘʣʽʟʫ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʙʽʣʴʰ ʜʦʢʣʘʜʥʠʭ ʽ ʛʥʫʯʢʠʭ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ, ʘ ʪʘʢʦʞ ʤʦʞʫʪʴ ʫ ʧʦʜʘʣʴʰʦʤʫ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ. 
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ɽʅɽʈɻʆɿɹɽʈɯɻɸʖʏʀʁ ʈɽɻʋʃʔʆɺɸʅʀʁ ɽʃɽʂʊʈʆʇʈʀɺʆɼ ʅɸ ʆʉʅʆɺɯ 

ɼɺʆʃɸʅʂʆɺʆɻʆ ɹɽɿʌɯʃʔʊʈʆɺʆɻʆ ʇɽʈɽʊɺʆʈɺɸʏɸ ʏɸʉʊʆʊʀ 

 

ʈʦʟʛʣʷʥʫʪʦ ʢʦʦʨʜʠʥʘʪʥʠʡ ʧʨʠʥʮʠʧ ʫʧʨʘʚʣʽʥʥʷ ʜʚʦʣʘʥʢʦʚʠʤ ʙʝʟʬʽʣʴʪʨʦʚʠʤ 

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʯʘʩʪʦʪʠ. ʇʨʦʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ 

ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink. 

 

ʈʘʩʩʤʦʪʨʝʥʦ ʢʦʦʨʜʠʥʘʪʥʳʡ ʧʨʠʥʮʠʧ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʭʟʚʝʥʥʳʤ ʙʝʩʬʠʣʴʪʨʦʚʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʩʨʝʜʝ Matlab Simulink. 

 

Considered coordinate principle for managing of a two-tier without filter frequency 

Converter. The results of modeling the electric drive system in an ambience Matlab Simulink are 

presented. 

 

ɺʩʪʫʧ 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʜʽʷʣʴʥʦʩʪʽ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ - ʚʽʜ ʩʬʝʨʠ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦ ʩʬʝʨʠ ʧʦʙʫʪʫ ʚʽʜʽʛʨʘʻ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ, ʷʢʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. ɺʽʜʦʤʦ, ʱʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʻ 

ʥʘʡʙʽʣʴʰʠʤ ʩʧʦʞʠʚʘʯʝʤ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʪʦʤʫ  ʚ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʩʘʤʝ ʨʝʛʫʣʴʦʚʘʥʠʡ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʚʠʟʥʘʥʦ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʘ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ.  

ʋ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʨʝʛʫʣʴʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʜʦʩʷʛ ʚʠʩʦʢʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ. ɺʽʥ 

ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʇʨʦʪʝ ʥʘ ʜʘʥʠʡ ʯʘʩ ʚʩʝ 

ʙʽʣʴʰʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʧʠʪʘʥʥʷ ʝʥʝʨʛʝʪʠʢʠ, ʷʢʽ  ʚʠʨʽʰʫʶʪʴʩʷ ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ 

ʝʣʝʢʪʨʦʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʪʝʭʥʽʢʠ. 

ɽʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʡ ʨʝʛʫʣʴʦʚʘʥʠʡ ʘʩʠʥʭʨʦʥʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʥʘ ʦʩʥʦʚʽ ʜʚʦʣʘʥʢʦʚʦʛʦ 

ʙʝʟʬʽʣʴʪʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ (ʇʏ) ʚʦʣʦʜʽʻ ʢʦʤʧʣʝʢʩʦʤ ʥʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ 

ʧʦʻʜʥʫʶʪʴ ʚʠʩʦʢʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʟ ʧʦʢʨʘʱʝʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ ʪʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʩʫʤʽʩʥʽʩʪʶ ʟ ʞʠʚʠʣʴʥʦʶ ʤʝʨʝʞʝʶ. ɸ ʩʘʤʝ ï ʚʽʜʩʫʪʥʽʩʪʴ ʩʧʨʠʯʠʥʝʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʩʧʦʪʚʦʨʝʥʴ ʢʨʠʚʦʾ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ, ʩʧʦʞʠʚʘʥʥʷ ʟ ʤʝʨʝʞʽ ʧʨʘʢʪʠʯʥʦ 

ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʩʪʨʫʤʽʚ ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʙʦʨʦʪʥʦʩʪʽ ʧʦʪʦʢʫ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʪʦʙʪʦ ʤʦʞʣʠʚʦʩʪʽ ʥʝ ʣʠʰʝ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ, ʘʣʝ ʡ ʨʝʢʫʧʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʛʘʣʴʤʽʚʥʠʭ ʨʝʞʠʤʘʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ.  

ʅʘ ʚʽʜʤʽʥʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʜʚʦʣʘʥʢʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ ʘʥʘʣʦʛʽʯʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʚ ʩʭʝʤʽ ʥʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʽʜʩʫʪʥʽʡ ʛʨʦʤʽʟʜʢʠʡ ʩʠʣʦʚʠʡ ʟʛʣʘʜʞʫʚʘʣʴʥʠʡ 

ʬʽʣʴʪʨ ʚ ʧʨʦʤʽʞʥʽʡ ʣʘʥʮʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʽʩʪʦʪʥʦ ʧʦʢʨʘʱʫʻ ʡʦʛʦ ʤʘʩʦ-ʛʘʙʘʨʠʪʥʽ 

ʧʦʢʘʟʥʠʢʠ. 

ʉʠʣʦʚʫ ʯʘʩʪʠʥʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʟ ʇʏ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.1.  



ʇʃɽʅɸʈʅɽ ɿɸʉɯɼɸʅʅʗ 

 

 

ɽʥʝʨʛʝʪʠʢʘ. ɽʢʦʣʦʛʽʷ. ʃʶʜʠʥʘ 

50 

 

 
ʈʠʩʫʥʦʢ 1. ʉʠʣʦʚʘ ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʟ ʇʏ: 

ɼʅʄ ï ʜʘʪʯʠʢ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ; ɼʉʄ ï ʜʘʪʯʠʢ ʩʪʫʤʫ ʤʝʨʝʞʽ, ɼʉʅ ï ʜʘʪʯʠʢ ʩʪʨʫʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ɸɺ ï ʘʚʪʦʥʦʤʥʠʡ ʚʠʧʨʷʤʣʷʯ, ɸɯ ï ʘʚʪʦʥʦʤʥʠʡ ʽʥʚʝʨʪʦʨ, LC-ʬʽʣʴʪʨ ï 

ʤʝʨʝʞʝʚʠʡ ʬʽʣʴʪʨ, ʄʇʉʋ ï ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ɼʐ ï ʜʘʪʯʠʢ ʰʚʠʜʢʦʩʪʽ. 

 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʇʏ ʷʢ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ 
ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʫ ʩʠʣʦʚʽʡ ʯʘʩʪʠʥʽ ʇʏ, 

ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʘʙʩʪʨʘʢʪʥʽ ʘʣʛʝʙʨʘʾʯʥʽ ʚʝʢʪʦʨʠ-ʩʪʦʚʧʮʽ, ʩʢʣʘʜʝʥʽ ʟ ʤʠʪʪʻʚʠʭ ʚʽʜʥʦʩʥʠʭ 

ʟʥʘʯʝʥʴ; ʚʝʨʭʥʽʡ ʽʥʜʝʢʩ çFè ʦʟʥʘʯʘʻ, ʱʦ ʚʝʢʪʦʨʠ ʟʘʧʠʩʘʥʽ ʫ ʬʘʟʥʠʭ ʟʤʽʥʥʠʭ [4]: 

Ὗ

ό
ό
ό

; Ὅ
Ὥ
Ὥ
Ὥ

; Ὗ

ό
ό
ό

; Ὅ
Ὥ
Ὥ
Ὥ

; Ὗ

ό
ό
ό

; Ὅ
Ὥ
Ὥ
Ὥ

 

ʚʝʢʪʦʨʠ ʥʘʧʨʫʛ  ̔ʩʪʨʫʤʽʚ ʤʝʨʝʞʽ, ʥʘʧʨʫʛ  ̔ʩʪʨʫʤʽʚ ʥʘ ʚʭʦʜʽ ʢʦʤʫʪʘʪʦʨʘ ɸɺ (ʽʥʜʝʢʩ ç1è), 

ʥʘ ʚʠʭʦʜʽ ʢʦʤʫʪʘʪʦʨʘ ɸɯ (ʽʥʜʝʢʩ ç2è); 

Ὓ

ί
ί
ί

; Ὓ

ί
ί
ί

  - ʜʠʩʢʨʝʪʥʽ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ, ʢʦʤʧʦʥʝʥʪʠ ʷʢʠʭ ʦʧʠʩʫʶʪʴ ʩʪʘʥʠ 

ʬʘʟʥʠʭ ʧʣʝʯʝʡ ʢʦʤʫʪʘʪʦʨʽʚ ɸɺ ʽ ɸɯ. 

 
ʈʠʩʫʥʦʢ 2. ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʟʘʤʽʱʝʥʥʷ ʇʏ 
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ʅʘ ʨʠʩ.2 ʟʦʙʨʘʞʝʥʦ ʝʢʚʽʚʘʣʝʥʪʥʫ ʩʭʝʤʫ ʟʘʤʽʱʝʥʥʷ ʇʏ. ʗʢʱʦ ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʠʧʫʱʝʥʥʷ 

ʱʦʜʦ ʽʜʝʘʣʴʥʦʩʪʽ ʩʠʣʦʚʠʭ ʢʣʶʯʽʚ  ̔ʙʣʦʢʽʚ ʫʧʨʘʚʣʽʥʥʷ ʢʣʶʯʘʤʠ ɸɺ  ̔ɸɯ, ʪʦʜʽ ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʇʏ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʨʽʚʥʷʥʥʷʤʠ: 

Ὗ Ὗ ὙὍ ὒ ;             Ὅ Ὅ ὅ ;                                          (1) 

ό Ὂ ϽὟ                                  Ὗ ό ϽὊ ;                                        (2) 

Ὥ Ὂ ϽὍ;                                  Ὅ ὭϽὊ ;                                         (3) 

Ὂ Ὓ ;                                       Ὂ ὓὛ                                          (4) 

ʜʝ Ű ï ʚʽʜʥʦʩʥʠʡ ʯʘʩ; Ὑ , ὒ, ὅ  - ʤʘʪʨʠʮʽ ʘʢʪʠʚʥʠʭ ʦʧʦʨʽʚ, ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʜʨʦʩʝʣʽʚ ʽ 

ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʩʭʝʤʠ çʟʽʨʢʘè ʻʤʥʦʩʪʝʡ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʤʝʨʝʞʝʚʦʛʦ ʬʽʣʴʪʨʫ; ὊȟὊ  - 

ʜʠʩʢʨʝʪʥʽ ʢʦʤʫʪʘʮʽʡʥʽ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ʢʦʤʫʪʘʪʦʨʽʚ ɸɺ ʽ ɸɯ; ὓ ï ʤʘʪʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ. 

ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʇʏ ʨʦʟʨʦʙʣʝʥʦ ʜʚʦʝʪʘʧʥʠʡ ʧʨʠʥʮʠʧ ʫʧʨʘʚʣʽʥʥʷ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʇʏ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʝʪʘʣʦʥʥʠʭ ʤʦʜʫʣʶʶʯʠʭ 

ʬʫʥʢʮʽʡ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʝʨʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ. ʅʘ 

ʜʘʥʦʤʫ ʝʪʘʧʽ ʚʠʨʽʰʫʶʪʴʩʷ ʪʘʢʽ ʟʘʜʘʯʽ: 

- ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚʠʭʽʜʥʦʶ ʥʘʧʨʫʛʦʶ ʇʏ ʤʽʞ ʚʠʧʨʷʤʣʷʯʝʤ ʪʘ ʽʥʚʝʨʪʦʨʦʤ; 

- ʫʟʛʦʜʞʝʥʥʷ ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚʠʭʽʜʥʦʶ ʥʘʧʨʫʛʦ  ʁ ʪʘ ʚʭʽʜʥʦ ʁ ʨʝʘʢʪʠʚʥʦʶ 

ʧʦʪʫʞʥʽʩʪʁ . 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʝʪʘʣʦʥʥʠʭ 

ʤʦʜʫʣʶʶʯʠʭ ʬʫʥʢʮʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʬʽʟʠʯʥʦ ʨʝʘʣʽʟʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʜʠʩʢʨʝʪʥʠʭ 

ʢʦʤʫʪʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʢʦʤʫʪʘʪʦʨʽʚ ʚʠʧʨʷʤʣʷʯʘ ʪʘ ʽʥʚʝʨʪʦʨʘ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʟʥʘʯʝʥʥʷʤ 

ʩʪʘʥʽʚ ʢʣʶʯʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʽ ʢʦʤʫʪʘʮʽʡʥʽ ʬʫʥʢʮʽʾ. 

 

ʂʦʦʨʜʠʥʘʪʥʠʡ ʧʨʠʥʮʠʧ ʫʧʨʘʚʣʽʥʥʷ ʇʏ 

ʂʦʦʨʜʠʥʘʪʥʠʡ ʧʨʠʥʮʠʧ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʥʷʪʪʷʭ 

ʤʦʜʫʣʶʶʯʦʛʦ ʽ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʽʚ [2]. ɼʣʷ ʘʜʘʧʪʘʮʽʾ ʢʦʤʫʪʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ɸɺ  ̔ɸɯ ʦʜʠʥ ʟ 

ʢʦʤʫʪʘʪʦʨʽʚ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʚ ʷʢʦʩʪʽ ʧʨʦʚʽʜʥʦʛʦ, ʘ ʜʨʫʛʠʡ - ʚʝʜʝʥʦʛʦ, ʢʦʤʫʪʘʮʽʡʥʘ 

ʬʫʥʢʮʽʷ ʷʢʦʛʦ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʢʦʤʫʪʘʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʧʨʦʚʽʜʥʦʛʦ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʦʚʽʜʥʠʤ ʚʠʙʨʘʥʦ ʢʦʤʫʪʘʪʦʨ ʚʠʧʨʷʤʣʷʯʘ, ʜʣʷ ʝʪʘʣʦʥʥʠʭ 

ʤʦʜʫʣʶʶʯʠʭ ʬʘʟʥʠʭ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʡ ʚʠʧʨʷʤʣʷʯʘ ʪʘ ʽʥʚʝʨʪʦʨʘ: 
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ҿ
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ҿ
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ҿ
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ҿ
ᶻ

ҿ
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ʧʨʦʮʝʜʫʨʘ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʙʫʜʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʊʫʪ ʌ1, ʌ2, 

ű1  ̔ű2 ʟʘʜʘʥʽ ʘʤʧʣʽʪʫʜʠ  ̔ʬʘʟʠ ʚʝʢʪʦʨʽʚ ʌᶻ   ̔ʌᶻ , ʚʽʜʧʦʚʽʜʥʦ. 

ʋ ʢʘʥʘʣʽ ʫʧʨʘʚʣʽʥʥʷ ʚʠʧʨʷʤʣʷʯʝʤ ʚʠʢʦʥʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʢʦʦʨʜʠʥʘʪʥʦʾ ʐɯʄ [4], ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

ˡᶻ ὃ ˡᶻ ;                                                     (5) 

ˡᶻ ˡᶻ ˡᶻȠ                                                      (6) 
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&ᶻ ίὭὫὲlᶻ ˡʦʧ;                                                7) 

Ὓᶻ
Ѝ
ὃ &ᶻ.                                                      (8) 

ʌʦʨʤʫʣʘ (5) ʦʧʠʩʫʻ ʧʨʦʮʝʜʫʨʫ ʬʘʟʦʚʦʾ ʧʝʨʝʜʤʦʜʫʣʷʮʽʾ ʚʝʢʪʦʨʘ ʝʪʘʣʦʥʥʠʭ 

ʙʝʟʧʝʨʝʨʚʥʠʭ ʤʦʜʫʣʶʶʯʠʭ ʬʫʥʢʮʽʡ ʚʠʧʨʷʤʣʷʯʘ ʟ ʧʦʚʦʨʦʪʦʤ ʥʘ ʢʫʪ ˊ/6 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʘʪʨʠʮʽ ʧʦʚʦʨʦʪʫ (ὃ ). ʌʦʨʤʫʣʘ (6) ʚʽʜʧʦʚʽʜʘʻ ʥʘʩʪʫʧʥʽʡ ʩʠʤʝʪʨʠʯʥʽʡ ʘʜʠʪʠʚʥʽʡ 

ʧʝʨʝʜʤʦʜʫʣʷʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ ɸɺ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʚʘʥʥʷ 

ʥʝʡʪʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ᶻ , ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʾ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʪʨʝʪʷ ʛʘʨʤʦʥʽʢʘ. ɺ 

ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʝ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ (7) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʦʨʤʦʚʘʥʦʛʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ ʦʧ
ᶻ ὸ ʩʠʤʝʪʨʠʯʥʦʾ ʧʠʣʢʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ. 

ʇʦʜʘʣʴʰʝ ʣʽʥʽʡʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ (8) ʟʘʙʝʟʧʝʯʫʻ ʬʘʟʦʚʫ ʜʝʤʦʜʫʣʷʮʽʶ ʽ ʥʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʷ ʟʘʜʘʥʠʭ ʩʪʘʥʽʚ ʢʦʤʫʪʘʪʦʨʘ ʘʢʪʠʚʥʦʛʦ 

ʚʠʧʨʷʤʣʷʯʘ: 

Ὓᶻ
Ὓᶻ

Ὓᶻ

Ὓᶻ

Ѝ
ὃ &ᶻ

Ὢǋz Ὢǋz

Ὢǋz Ὢǋz

Ὢǋz Ὢǋz
. 

ʚ ʢʘʥʘʣʽ ʫʧʨʘʚʣʽʥʥʷ ʽʥʚʝʨʪʦʨʦʤ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʢʦʦʨʜʠʥʘʪʥʦʾ ʐɯʄ, ʜʦʧʦʚʥʝʥʦʛʦ ʧʨʦʮʝʜʫʨʦʶ ʘʜʘʧʪʘʮʽʾ: 

ˡᶻ ˡᶻ ˡᶻ ;                                                      (9) 

ˡ ᶻ Ὧˡᶻ ˡ̒ ;̍                                                (10) 

ˡ ᶻ Ὧˡᶻ ˡ̒ ;̍                                                (11) 

Ὓᶻ ίὭὫὲlᶻ ˡʦʧ;                                           (12) 

Ὓᶻ ίὭὫὲlᶻ ˡʦʧȠ                                          (13) 

Ὓᶻ ὛὛᶻȟὛᶻ .                                                  (14) 

ʌʦʨʤʫʣʘ (9) ʦʧʠʩʫʻ ʧʨʦʮʝʜʫʨʫ ʩʠʤʝʪʨʠʯʥʦʾ ʘʜʠʪʠʚʥʦʾ ʧʝʨʝʜʤʦʜʫʣʷʮʽʾ ʝʪʘʣʦʥʥʠʭ 

ʙʝʟʧʝʨʝʨʚʥʠʭ ʤʦʜʫʣʶʶʯʠʭ ʬʫʥʢʮʽʡ ʽʥʚʝʨʪʦʨʘ ˡᶻ, ʱʦ ʨʦʟʰʠʨʶʻ ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ. 

ɺʠʨʘʟʠ (10), (11) ʦʧʠʩʫʶʪʴ ʜʚʦʢʘʥʘʣʴʥʫ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦ-ʘʜʠʪʠʚʥʫ ʧʝʨʝʜʤʦʜʫʣʷʮʽʶ ʟ 

ʤʝʪʦʶ ʘʜʘʧʪʘʮʽʾ ʝʪʘʣʦʥʥʦʾ ʢʦʤʫʪʘʮʽʡʥʦʾ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ʚʝʜʝʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʜʦ 

ʢʦʤʫʪʘʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʧʨʦʚʽʜʥʦʛʦ. ʌʦʨʤʫʣʠ (12), (13) ʚʠʟʥʘʯʘʶʪʴ ʟʘʢʦʥ ʰʠʨʦʪʥʦ-

ʽʤʧʫʣʴʩʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʌʫʥʢʮʽʷ ʩʪʘʥʫ ʢʣʶʯʽʚ ʢʦʤʫʪʘʪʦʨʘ ʽʥʚʝʨʪʦʨʘ (14): 

Ὓᶻ
Ὓᶻ

Ὓᶻ

Ὓᶻ

ὛᶻὛᶻ

ὛᶻὛᶻ

ὛᶻὛᶻ
. 

ʅʘ ʨʠʩ.3 ʟʦʙʨʘʞʝʥʦ ʩʠʛʥʘʣʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʧʨʷʤʣʷʯʝʤ ʪʘ ʽʥʚʝʨʪʦʨʦʤ. ʅʘ ʨʠʩ.3,ʘ 

ʟʦʙʨʘʞʝʥʦ ʩʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ Ὓᶻ  ʢʣʶʯʘʤʠ ʬʘʟʠ ʘ ʚʠʧʨʷʤʣʷʯʘ. ʉʠʛʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ʢʣʶʯʘʤʠ 

ʬʘʟʠ a ʽʥʚʝʨʪʦʨʘ Ὓᶻ  ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.3,ʙ, ʘ ʚʽʜʧʦʚʽʜʥʘ ʜʠʩʢʨʝʪʥʘ ʢʦʤʫʪʘʮʽʡʥʘ ʬʫʥʢʮʽʷ Ὢᶻ  

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.3,ʚ. 
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ʈʠʩʫʥʦʢ 3. ʉʠʛʥʘʣʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʧʨʷʤʣʷʯʝʤ ʪʘ ʽʥʚʝʨʪʦʨʦʤ 

 

ʅʘʚʝʜʝʥʘ ʢʦʦʨʜʠʥʘʪʥʘ ʩʪʨʘʪʝʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʇʏ ʧʝʨʝʚʽʨʝʥʘ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ɽʆʄ. ʅʘ ʨʠʩ.4 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥ ̫ ʨʦʙʦʪʠ ʇʏ ʥʘ 

ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ ʟ ʩʠʤʝʪʨʠʯʥʦ  ʁ ʘʤʧʣʽʪʫʜʥʦ  ʁ ʧʝʨʝʜʤʦʜʫʣʷʮʽʻ  ʁ ʬʫʥʢʮʽʡ ɸɺ ʟ 

ʮʝʥʪʨʫʚʘʥʥʷʤ ʧʦʪʝʥʮʽʡʥʦʾ ʟʦʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʧʦʪʝʥʮʽʡʥʽʡ ʟʦʥʽ ʜʞʝʨʝʣʘ. 

 

 
 

ʈʠʩʫʥʦʢ 4. ʈʦʙʦʪʘ ʇʏ ʥʘ ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink 

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʜʚʦʢʦʥʪʫʨʥʘ, ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʇɯ-

ʨʝʛʫʣʷʪʦʨʦʤ ʩʪʨʫʤʫ ʪʘ ʇ-ʨʝʛʫʣʷʪʦʨʦʤ ʰʚʠʜʢʦʩʪʽ. ʉʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.5.  

 
ʈʠʩʫʥʦʢ 5. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ: 

 AR - ʨʝʛʫʣʷʪʦʨ ʰʚʠʜʢʦʩʪʽ, AA - ʨʝʛʫʣʷʪʦʨ ʩʪʨʫʤʫ, UZ ï ʧʝʨʝʪʚʦʨʶʚʘʯ.  

ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʤʘʻ ʚʠʛʣʷʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ.6. 
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