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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 

çɽʥʝʨʛʝʪʠʢʘ. ɽʢʦʣʦʛʽʷ. ʃʶʜʠʥʘè 
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ɭ.ʄ., ʢ.ʪ.ʥ., ʜʦʮ.; ʇʨʦʢʦʧʝʥʢʦ ɺ.ɺ., ʢ.ʪ.ʥ., ʧʨʦʬ.; ʈʦʟʝʥ ɺ.ʇ., ʢ.ʪ.ʥ., ʧʨʦʬ.. 
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ɿʄɯʉʊ 

 

 

ʇʣʝʥʘʨʥʝ ʟʘʩʽʜʘʥʥʷ 

 

ʂʦʨʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ.       

ɸ.ʖ. ɹʫʢʘʨʦʩ, ʘʩʧʽʨʘʥʪ  ʆ.ɸ. ʆʥʠʱʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ 

ʭʦʣʦʜʫ, ʤ. ʆʜʝʩʘééé.éééééééééééééé.éééééééééééééé11 

 

ɻʣʦʙʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʘʩʠʥʭʨʦʥʥʠʭ  ʩʪʘʪʠʯʥʠʭ 

ʪʠʨʠʩʪʦʨʥʠʭ ʢʦʤʧʝʥʩʘʪʦʨʘʭ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ.          

ʉ.ʇ. ʃʽʪʢʦʚʝʮʴ, ʘʩʧʽʨʘʥʪ,  ʄ.ɺ. ʇʻʪʫʭʦʚ, ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. 

ʃʫʮʴʢééé.éééééééééééééé.ééééééééééééééééééé18 

 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʩʫʨʩʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʨʘʙʦʪʢʠ ʨʘʩʧʣʘʚʦʚ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. ʆ.ɸ. ɹʘʙʘʥʽʥʘ, ʩʪʫʜʝʥʪ, ʆ.ɹ. 

ʉʪʫʧʽʥ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʄ.ɺ. ɹʝʟʢʨʦʚʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʌʅʇʄɽ, ʬʘʢʫʣʴʪʝʪ 

ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʡ ɼʦʥʅʋ, ʤ. ɼʦʥʝʮʴʢ. ééé.éééééééééééééé.ééééé24 

 

ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ ʩʠʩʪʝʤ 

ʚʝʥʪʠʣʷʮʽʾ. Cʫʭʦʜʫʙ ɯ.ʆ., ʅʘʛʦʨʥʘ ʉ.ʆ., ʩʪʫʜʝʥʪʠ, ɼʝʰʢʦ ɺ.ɯ. ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʢʘʬʝʜʨʘ 

ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚééé.ééééééééé33 

 

ʂʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʠ "ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽ 

ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʽ ʤʽʩʪʝʯʢʘ". ʂʽʙʷʢʦʚʘ ɻ.ɭ., ʐʝʚʯʝʥʢʦ ʆ.ʄ., ʩʪʫʜʝʥʪʠ, ʉʪʨʝʣʢʦʚʘ ɻ.ɻ. ʢ.ʪ.ʥ., 

ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚééé.éé42 

 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʠʭ ʛʨʘʬʽʢʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.       

ʃʫʪʯʠʥ ʊ. ʄ., ʘʩʧʽʨʘʥʪ,  ʂʣʘʜʴʢʦ ʆ. ʄ., ʩʪʫʜʝʥʪ, ɺʦʣʦʰʢʦ ɸ. ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ.ééé.éééééééééééééé.é..49 

 

ʄʦʜʝʣʴ ʩʪʽʡʢʦʩʪʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʝʢʩʢʘʚʘʪʦʨʘ.  ʗ.ʆ.ʈʫʙʘʥ, ɭ. ɺ. ɻʘʣʙʘ, ʆ. ɺ. ʄʘʢʩʶʪʝʥʢʦ, 

ɸ. ʁ. ʂʣʝʱʦʚ, ʩʪʫʜʝʥʪʠ, ʜʦʮ. ɺ.ʄ. ʉʣʽʜʝʥʢʦ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ. ééé.éééééééé53 

 

ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʥʪʫʨʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʦʱʥʦʩʪʠ ʨʝʟʘʥʠʷ ʨʦʪʦʨʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʩ 

ʧʨʠʤʠʥʝʥʠʝʤ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦʛʦ ʧʨʦʵʢʪʠʨʦʚʘʥʠʷ. ɿʫʙʯʝʚʩʢʠʡ ʊ.ʖ., ʩʪʫʜʝʥʪ, 

ʊʦʨʦʧʦʚ ɸ.ɺ., ʢ.ʪ.ʥ., ʩʪ. ʚʠʢʣ., ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ. ééé.éééééééééééééé.éééé58 

 

ʊʝʧʣʦʦʙʤʽʥ ʧʨʠ ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʠ ʥʘ ʛʣʘʜʢʠʭ ʪʨʫʙʢʘʭ ʽʟ ʟʤʽʥʥʦʶ ʢʨʠʚʠʟʥʦʶ ʧʨʦʬʽʣʶ. 

ɹʦʥʜʘʨʝʥʢʦ ɺ.ɺ., ʩʪʫʜʝʥʪ, ʂʦʞʝʤʷʢʘ ɼ.ɺ., ʘʩʧʽʨʘʥʪ, ɻʘʚʨʠʰ ɸ.ʉ., ʢ.ʪ.ʥ., ʢʘʬʝʜʨʘ ʊʇʊ ʊɽʌ 

ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ. ééé.éééééééééééééé.ééééééééééé...64 

 

ɺʧʣʠʚ ʷʢʦʩʪʽ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʥʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʩʠʩʪʝʤʠ ʽʟ ʩʠʥʭʨʦʥʥʠʤʠ 

ʜʚʠʛʫʥʘʤʠ. ʆʙʦʨʦʥʦʚ ʊ.ʖ., ʘʩʧʽʨʘʥʪ, ɿʘʢʣʘʜʥʠʡ ʆ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚééé.éééé72 
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ʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʝʪʠʢʠ  

 

ʄʝʪʦʜ ʢʣʘʩʠʬʽʢʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʜʦʚʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʜʝʨʝʚʘ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ. ʊʝʨʝʱʝʥʢʦ ɼ.ʖ. ʩʪʫʜʝʥʪ,  ʩʪʫʜʝʥʪ,  ʃʫʪʯʠʥ ʊ. ʄ., ʘʩʧʽʨʘʥʪ,  

ɺʦʣʦʰʢʦ ɸ. ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ.éé81 

 

ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʨʝʥʘʞʥʦ-

ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʪʫʥʝʣʷ. ʃʫʮʢʦʚ ʆ.ʆ., ʩʪʫʜʝʥʪ, ɿʘʤʫʣʢʦ ɸ.ɯ., ʢ.ʪ.ʥ. ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ. ééé.éééééééééééééé.é.86 

 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʟʘ ʯʘʩʦʤ ʪʘʨʠʬʽʚ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ. 

ɻʦʨʙʫʥʝʥʢʦ ɸ.ʆ.ʩʪʫʜʝʥʪ, ʗʨʦʮʴʢʘ ʊ.ɺ., ʘʩʧʽʨʘʥʪ, ʅʘʭʦʜʦʚ ɺ.ʌ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ., ʢʘʬʝʜʨʘ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ. ééé.éééééééééééééé.é..94 

 

ʆʮʽʥʢʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʄʘʢʩʠʤʝʥʢʦ ʉ.ɺ. ʇʝʪʨʦʚ ʆ. ɸ. ʩʪʫʜʝʥʪʠ, 

ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ. ééé.ééééééééééé..103 

 

ʆʥʦʚʣʝʥʥʷ ʚʫʣʠʯʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ  ʥʘ ʦʩʥʦʚʽ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʩʚʽʪʠʣʴʥʠʢʽʚ. ʈʝʧʽʢ ɸ.ɹ., 

ʩʪʫʜʝʥʪ, ʉʦʣʦʚʝʡ ʆ.ɯ., ʢ.ʪ.ʥ. ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè                

ʤ. ʂʠʾʚΧΧΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧ108  

 

ɹʽʦʛʘʟʦʚʽ ʫʩʪʘʥʦʚʢʠ. ʍʘʨʠʪʦʥʝʥʢʦʚʘ ʖ.ʄ., ʩʪʫʜʝʥʪ, ʉʦʣʦʚʝʡ ʆ.ɯ., ʢ.ʪ.ʥ. ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ. ééé.éééééééééééééé.é117 

 

ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʥʝʩʠʤʝʪʨʽʾ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʘʭ ʟ ʨʦʟʦʩʝʨʝʜʞʝʥʦʶ 

ʛʝʥʝʨʘʮʽʻʶ. ʉʘʤʝʣʶʢ ʆ. ɻ., ʩʪʫʜʝʥʪ, ɼʝʥʠʩʶʢ ʉ.ʇ. ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʢʘʬʝʜʨʘ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ. ééé.éééééééééééééé.é125 

 

ɻʘʟʠʬʽʢʘʮʽʷ ʷʢ ʪʝʭʥʦʣʦʛʽʷ ʫʪʠʣʽʟʘʮʽʾ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ. ʂʦʣʝʩʥʠʢ ʆ.ʆ., 
ʩʪʫʜʝʥʪ,   ʂʦʚʘʣʴʯʫʢ ɸ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. 

ʂʠʾʚ.ééé.éééééééééééééé.éééééééééééééééééé...133 

 

ʄʦʜʝʣʽ ʩʪʘʨʽʥʥʷ ʽʟʦʣʷʮʽʾ ʤʘʩʣʦʥʘʧʦʚʥʝʥʠʭ ʢʘʙʝʣʽʚ ʽ ʦʮʽʥʢʘ ʨʝʩʫʨʩʫ. ʏʠʞʠʢ ʇ.ɸ. 
ʩʪʫʜʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ. ééé.éééééé.é143 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʇʘʥʘʩʶʢ 

ʄ.ʇ., ʩʪʫʜʝʥʪ,   ɿʘʤʫʣʢʦ ɸ. ɯ., ʢ. ʪ. ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  

ʤ. ʂʠʾʚ.ééé.éééééééééééééé.ééééééééééééééééé...153 

 

ɺʠʙʽʨ ʣʽʯʠʣʴʥʠʢʽʚ ʜʣʷ ʢʦʤʝʨʮʽʡʥʦʛʦ ʦʙʣʽʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʩʧʦʞʠʚʘʯʽʚ. ʇʦʣʽʱʫʢ ʆ.ʖ., 
ʩʪʫʜʝʥʪ, ʂʦʮʘʨ ʆ.ɺ., ʢ.ʪ.ʥ. ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ.166  
 

ɸʜʘʧʪʘʮʽʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʘʨʢʫʚʘʥʥʷ ʪʘ ʝʢʦʜʠʟʘʡʥʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʜʞʝʨʝʣ ʩʚʽʪʣʘ ʜʦ ʚʠʤʦʛ ʤʽʞʥʘʨʦʜʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ. ʂʫʣʽʢʦʚʘ ɭ.ʆ., 
ʩʪʫʜʝʥʪ, ʏʝʨʥʷʚʩʴʢʠʡ ɸ.ɺ., ʢ.ʪ.ʥ. ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. 

ʂʠʾʚ.ééé.éééééééééééééé.éééééééééééééééééé...183 
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ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʢʝʪʫ ʧʨʦʛʨʘʤ Power factory 14.1 ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ. 

ʅʝʛʦʜʫʡʢʦ ɺ.ʆ., ɸʩʪʘʭʦʚ ɼ.ɻ., ʩʪʫʜʝʥʪʠ, ɼʝʥʠʩʶʢ ʉ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʢʘʬʝʜʨʘ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ.ééé.éééééééééééééé.é192 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʪʘ ʝʤʩ ʨʦʙʦʪʠ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʟ ʨʦʟʦʩʝʨʝʜʞʝʥʦʶ 

ʛʝʥʝʨʘʮʽʻʶ. ʄʠʨʦʰʥʠʯʝʥʢʦ ɺ.ɺ., ʩʪʫʜʝʥʪ, ɼʝʨʝʚʷʥʢʦ ɼ. ɻ., ʘʩʧʽʨʘʥʪ, ʢʘʬʝʜʨʘ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè ʤ. ʂʠʾʚ.ééé.éééééééééééééé.é..198 

 

ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʩʠʩʪʝʤʘʭ ʟ ʧʨʠʩʪʨʦʷʤʠ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

ʂʫʧʨʽʻʥʢʦ ʆ.ɺ., ɻʨʠʱʫʢ ʖ.ʆ., ʩʪʫʜʝʥʪʠ, ɼʝʥʠʩʶʢ ʉ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʢʘʬʝʜʨʘ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ.ééé.éééééééééééééé.é204 

 

ʆʮʽʥʢʘ ʽ ʚʠʙʽʨ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʩʮʝʥʘʨʽʶ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʪʣʦʚʦʛʦ ʤʘʩʠʚʫ ʤ. 

ʂʠʻʚʘ (ʥʘʧʨʠʢʣʘʜʽ ʤʽʢʨʦʨʘʡʦʥʽʚ ʤ. ʂʠʻʚʘ). ɻʣʘʜʯʝʥʢʦ ʅ.ʄ., ʩʪʫʜʝʥʪ, ʇʨʘʭʦʚʥʠʢ ɸ.ɺ., 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ.ééé.éééé214 

 

ʆʮʽʥʢʘ ʪʘ ʚʠʙʽʨ ʢʦʛʝʥʝʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙôʻʢʪʫ ʮʫʢʨʦʚʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʽʨʦʞʥʽʢʦʚʘ ʗ.ʉ., ʩʪʫʜʝʥʪ, ʇʨʘʭʦʚʥʠʢ ɸ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʢʘʬʝʜʨʘ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ.ééé.éééééééééééééé.é.225 

 

ʉʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʩʪʚʦʨʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦ-ʜʦʩʣʽʜʥʠʭ ʩʪʝʥʜʽʚ ʟʘ 

ʥʘʧʨʷʤʢʦʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʈʘʯʠʮʴʢʠʡ ɺ.ʉ., ʩʪʫʜʝʥʪ, ɼʝʥʠʩʶʢ ʉ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 

ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ.ééé.ééééééééééé...231 

 

ʂʦʤʧʣʝʢʩʥʽ ʨʽʰʝʥʥʷ ʧʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʶ ʧʽʜʧʨʠʻʤʩʪʚ ʧʘʧʝʨʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɯʥʰʝʢʦʚ ɭ.ʄ., ʢ.ʪ.ʥ. ʜʦʮʝʥʪ, ʏʝʨʥʶʰʦʢ 

ʃ.ʄ., ʩʪʫʜʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ.ééé.ééééé240 

 

ʄʦʥʽʪʦʨʠʥʛ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ. ʉʢʚʦʨʮʦʚʘ ʊ.ʆ., ʩʪʫʜʝʥʪ, 

ʅʘʭʦʜʦʚ ɺ.ʌ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɯɽɽ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ.éé247 

 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʥʪʨʦʣʶ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ. ʇʦʣʝʚʠʢ ʉ.ɺ., 
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ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚééé.ééééééééé474 
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ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʜʚʦʬʘʟʥʦʾ ʧʨʦʪʠʪʦʢʦʚʦʾ ʪʝʯʽʾ ʚ ʢʘʥʘʣʘʭ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ. ʉʝʚʝʨʠʥ ɭ.ʆ., ɿʘʜʚʝʨʥʶʢ ɺ.ɺ., ʃʦʭʤʘʥʝʮʴ ʖ.ɺ., ʢʘʬʝʜʨʘ 

ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɯɽɽ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚééé.ééééééééé484 

 

ɻʝʦʪʝʭʥʦʣʦʛʽʷ, ʝʢʦʣʦʛʽʷ ʪʘ ʧʨʦʤʠʩʣʦʚʘ ʙʝʟʧʝʢʘ 

 

ɺʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʣʶʜʠʥʫ. ʃʫʮ ʊ.ɭ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,     

ʏʝʨʥʝʛʘ ʆ.ɺ., ʩʪʫʜʝʥʪ, ʢʘʬʝʜʨʘ ʆʇʇʎɹ  ɯɽɽ ʅʊʋʋ çʂʇɯèééééééééééééé496 

 

ʄʦʨʘʣʴʥʦ ʟʜʦʨʦʚʽ ʫʤʦʚʠ ʧʨʘʮʽ ï ʩʢʣʘʜʦʚʘ ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ. ɸ.ʄ. ɻʫʩʻʚ, 

ʢ.ʙ.ʥ., ɺ.ɹ. ʆʩʪʘʣʝʮʴʢʠʡ, ʩʪʫʜʝʥʪ ʆʇʇʎɹ  ɯɽɽ ʅʊʋʋ çʂʇɯèéééééé.éééééé498 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʪʘʪʠʯʥʦʾ ʝʣʝʢʪʨʠʢʠ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ. ɻʨʠʛʦʨʝʥʢʦ ɸ.ɺ., 

ʉʪʝʣʴʤʘʭ ɻ.ʄ., ʩʪʫʜʝʥʪʠ, ʃʫʮ ʊ.ɽ. ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʆʇʇʎɹ  ɯɽɽ ʅʊʋʋ çʂʇɯè ééé.é504 

 

ɺʧʣʠʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʥʘ ʣʶʜʠʥʫ. ʃʫʮ ʊ.ɭ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʂʘʢʦʚʩʴʢʠʡ ɺ.ʆ. ʩʪʫʜʝʥʪ, 

ʢʘʬʝʜʨʘ ʆʇʇʎɹ  ɯɽɽ ʅʊʋʋ çʂʇɯè ééé.éééééééééééééé.ééééé..509 
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ʋɼʂ 621.314 

ɸ.ʖ. ɹʫʢʘʨʦʩ, ʘʩʧʽʨʘʥʪ, ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʆ.ɸ. ʆʥʠʱʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 

ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʭʦʣʦʜʫ, ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ 

 

ʂʆʈɽʂʊʆʈ ʂʆɽʌɯʎɯɭʅʊɸ ʇʆʊʋɾʅʆʉʊɯ ɼʃʗ ʏɸʉʊʆʊʅʆ-ʈɽɻʋʃʔʆɺɸʅʆɻʆ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼʋ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʦʚʠʡ ʤʝʪʦʜ ʢʦʨʝʢʮʽʾ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʚʪʦʨʠʥʥʠʭ ʜʞʝʨʝʣ 

ʞʠʚʣʝʥʥʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʨʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʟ ʽʩʥʫʶʯʠʤʠ ʪʝʭʥʽʯʥʠʤʠ 

ʨʽʰʝʥʥʷʤʠ. 

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʢʦʨʨʝʢʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʠʪʘʥʠʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ. 

The new method of the power factor correction of the frequency-regulated electric drives 

secondary power supply is offered. Comparing power descriptions of the offered power factor 

corrector is conducted to the existent technical decisions. 

 

ʇʨʠ ʚʢʣʶʯʝʥʥʽ ʚ ʧʨʦʤʠʩʣʦʚʫ ʝʣʝʢʪʨʠʯʥʫ ʤʝʨʝʞʫ ʧʨʠʩʪʨʦʾʚ ʟ ʨʝʘʢʪʠʚʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (ʛʘʟʦʨʦʟʨʷʜʥʽ ʣʘʤʧʠ, ʽʤʧʫʣʴʩʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʚʠʧʨʷʤʣʷʯʽ, ʢʝʨʦʚʘʥʽ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʪʦʱʦ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʢʨʠʚʣʝʥʥʷ ʬʦʨʤʠ ʪʘ ʧʦʷʚʘ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ 

ʩʧʦʞʠʚʘʥʦʛʦ ʩʪʨʫʤʫ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʙʣʝʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʩʫʤʽʩʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʡ ʤʝʨʝʞʽ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ 

ʥʝʣʽʥʽʡʥʠʭ ʚʠʢʨʠʚʣʝʥʴ (ʂʅɺ) [3]. ʂʨʽʤ ʮʴʦʛʦ ʥʘʷʚʥʽʩʪʴ ʨʝʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʜʦʜʘʪʢʦʚʦ 

ʧʽʜʚʠʱʫʻ ʚʝʣʠʯʠʥʫ ʩʧʦʞʠʚʘʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʟʥʠʞʫʻ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ [3]. 

ʇʨʦʙʣʝʤʘ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟ ʤʦʤʝʥʪʫ 

ʧʦʯʘʪʢʫ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʦʯʠʥʘʶʯʠ ʟ 1995 ʨʦʢʫ, ʮʷ ʧʨʦʙʣʝʤʘ ʩʪʘʣʘ ʱʝ ʛʦʩʪʨʽʰʦʶ ʟ 

ʚʚʝʜʝʥʥʷʤ ʩʪʘʥʜʘʨʪʫ ʄʽʞʥʘʨʦʜʥʦʾ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʢʦʤʽʩʽʾ (ʄɽʂ) IEC 61000-2-3 

çɽʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʫʤʽʩʥʽʩʪʴ. ɻʨʘʥʠʮʽ ʚʠʢʠʜʽʚ ʜʣʷ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʪʨʫʤʫ (ʦʙʣʘʜʥʘʥʥʷ ʟ 

ʚʭʽʜʥʠʤ ʩʪʨʫʤʦʤ ʤʝʥʰʠʤ ʘʙʦ ʨʽʚʥʠʤ 16 ɸ ʥʘ ʬʘʟʫ)è [2] ʪʘ ʚʚʝʜʝʥʥʷʤ ʚ ʜʽʶ ʚ ʋʢʨʘʾʥʽ 

ʤʽʞʜʝʨʞʘʚʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ 13109-97 [5] ʥʘʢʘʟʦʤ ˉ354 ʚʽʜ 18 ʯʝʨʚʥʷ 1999 ʨʦʢʫ 

ɼʝʨʞʘʚʥʦʛʦ ʢʦʤʽʪʝʪʫ ʋʢʨʘʾʥʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʤʝʪʨʦʣʦʛʽʾ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʾ. ʎʽ ʩʪʘʥʜʘʨʪʠ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʞʦʨʩʪʢʽ ʫʤʦʚʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʪʝʭʥʽʢʠ. ɿʦʢʨʝʤʘ, ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʚʩʽʭ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦʪʫʞʥʽʩʪʶ 

ʚʠʱʝ 300 ɺʪ ʧʦʚʠʥʝʥ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʦʜʠʥʠʮʽ, ʘ ʟʥʘʯʝʥʥʷ ʂʅɺ ʥʘʧʨʫʛʠ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ 

ʥʝ ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ 12%. ʅʝʚʠʢʦʥʘʥʥʷ ʮʠʭ ʚʠʤʦʛ ʩʚʽʪʦʚʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʩʠʣʦʚʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ ʩʧʨʠʯʠʥʷʻ ʥʝ ʪʽʣʴʢʠ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ, ʘ ʡ ʚ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʨʦʜʘʞʫ ʩʚʦʻʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ. ɺʢʘʟʘʥʽ ʩʪʘʥʜʘʨʪʠ 

ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʪʘ ʜʦʧʦʚʥʶʶʪʴʩʷ, ʧʨʠ ʯʦʤʫ ʚʠʤʦʛʠ ʜʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʩʫʤʽʩʥʦʩʪʽ ʩʪʘʥʦʚʣʷʪʴʩʷ ʙʽʣʴʰ ʞʦʨʩʪʢʠʤʠ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʨʠʥʢʫ ʩʠʣʦʚʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ ʩʢʣʘʜʘʶʪʴ ʨʝʛʫʣʴʦʚʘʥʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʰʠʥ ʽ 

ʤʝʭʘʥʽʟʤʽʚ ï ʨʦʙʦʪʽʚ, ʩʪʘʥʢʽʚ, ʥʘʩʦʩʽʚ, ʚʝʥʪʠʣʷʪʦʨʽʚ, ʢʦʤʧʨʝʩʦʨʽʚ ʪʦʱʦ. ʉʝʨʝʜ ʥʠʭ ʧʦʩʪʽʡʥʦ 

ʧʦʰʠʨʶʻʪʴʩʷ ʜʦʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ ʯʘʩʪʦʪʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ. ʆʪʞʝ, ʚ ʩʚʽʪʽ ʦʩʪʘʥʥʽʭ ʩʪʘʥʜʘʨʪʽʚ ʄɽʂ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʦʪʫʞʥʦʩʪʽ ʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʷʚʣʷʻʪʴʩʷ 
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ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʩʫʤʽʩʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʚʠʨʦʙʥʠʢʘʤʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʢʽʣʴʢʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. ɯʩʪʦʨʠʯʥʦ ʧʝʨʰʠʤ ʟ ʮʠʭ ʨʽʰʝʥʴ ʽ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʚ ʨʝʘʣʽʟʘʮʽʾ ʻ 

ʧʘʩʠʚʥʠʡ ʤʝʪʦʜ ʢʦʨʝʢʮʽʾ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ [1]. ʇʨʦʪʝ ʝʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʧʘʩʠʚʥʦʛʦ 

ʢʦʨʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʣʠʚʘ ʣʠʰʝ ʧʨʠ ʯʽʪʢʦ ʚʠʨʘʞʝʥʦʾ ʥʝʟʤʽʥʥʦʾ ʽʥʜʫʢʪʠʚʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʣʘʤʧʠ, ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʢʦʥʚʝʻʨʽʚ). ʊʘʢʠʡ ʢʦʨʝʢʪʦʨ 

ʤʘʻ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ ʪʘ ʤʘʩʫ, ʥʝʚʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ (ʥʝ ʙʽʣʴʰʝ 0,95) ʽ 

ʥʝ ʚʠʨʽʰʫʻ ʧʠʪʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʽʤʧʫʣʴʩʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɼʣʷ ʯʘʩʪʦʪʥʦ-

ʨʝʛʫʣʴʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʽ ʟʤʽʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʷʢʽ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʘʶʪʴ 

ʽʥʚʝʨʪʦʨ ʥʘʧʨʫʛʠ, ʧʨʘʮʶʶʯʠʡ ʥʘ ʯʘʩʪʦʪʽ 20-50 ʢɻʮ, ʧʘʩʠʚʥʠʡ ʤʝʪʦʜ ʢʦʨʝʢʮʽʾ ʥʝ ʧʨʠʜʘʪʥʠʡ, 

ʦʩʢʽʣʴʢʠ ʥʝ ʟʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʽ ʚʽʜʧʦʚʽʜʥʦ ʥʠʟʴʢʽ 

ʟʥʘʯʝʥʥʷ ʂʅɺ. 

ʈʦʟʚʠʪʦʢ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʧʦʷʚʘ ʚ ʦʩʪʘʥʥʽ ʪʨʠ ʜʝʩʷʪʠʨʽʯʯʷ ʧʦʚʥʽʩʪʶ ʢʝʨʦʚʘʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʣʦʚʠʭ ʧʨʠʣʘʜʽʚ ï IGBT ʪʘ MOSFET ʪʨʘʥʟʠʩʪʦʨʽʚ ʧʨʠʟʚʝʣʦ ʜʦ ʤʦʞʣʠʚʦʩʪʽ 

ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʽʤʧʫʣʴʩʥʦʛʦ ʩʧʦʩʦʙʫ ʢʦʨʝʢʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ [1] ʟ ʚʠʩʦʢʠʤʠ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʽ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʩʪʘʥʥʽʤ ʚʠʤʦʛʘʤ ʄɽʂ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽʤʧʫʣʴʩʥʠʭ ʢʦʨʝʢʪʦʨʽʚ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʧʦʩʪʽʡʥʦ 

ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ. 

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʦʧʠʩʘʥʥʷ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʽʤʧʫʣʴʩʥʦʾ ʢʦʨʝʢʮʽʾ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʽʩʥʫʶʯʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʨʽʰʝʥʥʷʤʠ. 

ʇʦʙʫʜʦʚʘ ʽʤʧʫʣʴʩʥʠʭ ʢʦʨʝʢʪʦʨʽʚ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ (ʂʂʇ) ʤʦʞʣʠʚʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʪʦʧʦʣʦʛʽʡ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʘʧʨʫʛʠ: ʯʦʧʝʨʥʦʾ ï ʥʘ ʦʩʥʦʚʽ ʽʤʧʫʣʴʩʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ, ʱʦ ʟʥʠʞʫʻ, ʪʘ ʙʫʩʪʝʨʥʦʾ ï ʥʘ ʦʩʥʦʚʽ ʽʤʧʫʣʴʩʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʥʘʧʨʫʛʠ, ʱʦ ʧʽʜʚʠʱʫʻ. ʆʩʢʽʣʴʢʠ ʯʦʧʝʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʚ ʧʨʠʥʮʠʧʽ ʥʝ ʩʧʨʦʤʦʞʥʠʡ 

ʚʠʨʦʙʣʷʪʠ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ ʙʽʣʴʰʫ ʟʘ ʚʭʽʜʥʫ, ʪʦ ʡʦʛʦ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʤʝʞʝʥʘ 

ʚʪʦʨʠʥʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ. ʆʙʠʜʚʽ ʪʦʧʦʣʦʛʽʾ ʧʝʨʝʜʙʘʯʘʶʪʴ ʜʚʘ ʤʦʞʣʠʚʠʭ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʢʦʨʝʢʪʦʨʘ. ʈʝʞʠʤ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʧʘʜʘʥʥʷʤ ʩʪʨʫʤʫ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʜʦ ʥʫʣʷ ʥʘ 

ʢʦʞʥʦʤʫ ʧʝʨʽʦʜʽ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ, ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʣʠʰʝ ʜʣʷ 

ʤʘʣʦʧʦʪʫʞʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʟ ʧʨʠʯʠʥʠ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʧʫʣʴʩʘʮʽʡ ʩʧʦʞʠʚʘʥʦʛʦ ʩʪʨʫʤʫ ʪʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʂʂʇ ʚ ʩʢʣʘʜʽ ʙʫʩʪʝʨʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ, ʧʨʘʮʶʶʯʠʡ ʚ ʨʝʞʠʤʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʪʨʫʤʫ. 

ɼʣʷ ʢʣʘʩʫ ʂʂʇ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʽʩʥʫʶʪʴ ʜʚʘ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʥʷ. 

ʆʜʥʝ ʟ ʥʠʭ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʭʝʤʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʘʥʘʣʦʛʦʚʦʛʦ 

ʤʥʦʞʥʠʢʘ ʥʘʧʨʫʛʠ, ʷʢʠʡ ʢʝʨʫʻ ʧʦʨʦʛʦʤ ʚʽʜʢʨʠʪʪʷ ʢʣʶʯʦʚʦʛʦ ʝʣʝʤʝʥʪʫ ʢʦʨʝʢʪʦʨʘ [1]. 

ʅʘʷʚʥʽʩʪʴ ʚ ʩʭʝʤʽ ʤʥʦʞʥʠʢʘ ʥʘʧʨʫʛʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʢʦʨʝʢʪʦʨʘ ʽ ʧʦʷʚʠ ʚʠʢʨʠʚʣʝʥʴ ʩʧʦʞʠʚʘʥʦʛʦ ʩʪʨʫʤʫ ʚ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ, ʙʣʠʟʴʢʠʭ ʜʦ ʧʝʨʝʭʦʜʫ 

ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ʯʝʨʝʟ ʥʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʚʠʢʨʠʚʣʝʥʥʷʤʠ ʚ 

ʘʥʘʣʦʛʦʚʠʭ ʤʥʦʞʥʠʢʘʭ ʧʨʠ ʧʝʨʝʤʥʦʞʫʚʘʥʥʽ ʤʘʣʠʭ ʚʝʣʠʯʠʥ, ʷʢʽ ʧʨʷʤʫʶʪʴ ʜʦ ʥʫʣʴʦʚʦʛʦ 

ʟʥʘʯʝʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʢʘʟʘʥʽ ʥʝʜʦʣʽʢʠ, ʮʝʡ ʩʧʦʩʽʙ ʢʦʨʝʢʮʽʾ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʚʽʪʦʚʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʽ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʚ 

ʜʘʥʽʡ ʩʪʘʪʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʨʽʰʝʥʥʷʤʠ. 

ɼʨʫʛʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʢʦʨʝʢʮʽʾ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʧʘʪʝʥʪʦʚʘʥʽʡ 

ʢʦʤʧʘʥʽʻʶ International Rectifier ʪʝʭʥʦʣʦʛʽʾ çʢʝʨʫʚʘʥʥʷ ʚ ʦʜʥʦʤʫ ʮʠʢʣʽè. ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʭʝʤʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʽʥʪʝʛʨʘʪʦʨʘ ʟʽ ʩʢʠʜʘʥʥʷʤ ʥʘ 

ʢʦʞʥʦʤʫ ʪʘʢʪʽ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ [4]. ʉʠʛʥʘʣ ʨʦʟʙʘʣʘʥʩʫ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʢʝʨʫʻ 
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ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ ʽʥʪʝʛʨʘʪʦʨʘ, ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛʫ ʢʝʨʫʻ ʧʦʨʦʛʦʤ ʚʽʜʢʨʠʪʪʷ ʢʣʶʯʦʚʦʛʦ 

ʝʣʝʤʝʥʪʫ ʢʦʨʝʢʪʦʨʘ, ʟʜʽʡʩʥʶʶʯʠ ʩʪʘʙʽʣʽʟʘʮʽʶ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʩʧʨʦʱʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʂʂʇ. ʇʨʦʪʝ ʚʽʥ ʤʘʻ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ: ʚʽʜʩʫʪʥʽʩʪʴ 

ʛʘʨʤʦʥʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʟʘʜʘʻ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʷʚʦʶ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʚʠʢʨʠʚʣʝʥʴ 

ʬʦʨʤʠ ʩʪʨʫʤʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʦʩʦʙʣʠʚʦ ʧʨʠ ʟʥʘʯʥʦʤʫ 

ʟʤʽʥʶʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʚ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ. ʂʨʽʤ 

ʮʴʦʛʦ, ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʘ ʯʘʩʪʦʪʘ ʢʦʤʫʪʘʮʽʾ ʢʣʶʯʦʚʦʛʦ ʝʣʝʤʝʥʪʫ (100 ʢɻʮ) ʧʽʜʚʠʱʫʻ 

ʢʦʤʫʪʘʮʽʡʥʽ ʚʪʨʘʪʠ ʽ ʚʠʩʫʚʘʻ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʢʣʶʯʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 

ɺ ʦʩʥʦʚʫ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʫ ʢʦʨʝʢʮʽʾ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʧʦʩʪʘʚʣʝʥʦ 

ʟʘʜʘʯʫ ʟʤʝʥʰʠʪʠ ʚʠʢʨʠʚʣʝʥʥʷ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʬʦʨʤʠ ʩʧʦʞʠʚʘʥʦʛʦ ʩʪʨʫʤʫ, ʩʧʨʦʩʪʠʪʠ 

ʩʪʨʫʢʪʫʨʫ, ʟʥʠʟʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʘ ʧʽʜʚʠʱʠʪʠ ʂʂɼ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟ 

ʂʂʇ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʢʝʨʫʶʯʦʾ ʩʭʝʤʠ ʢʦʨʝʢʪʦʨʘ. ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʚʠʨʽʰʝʥʘ ʚ 

ʢʦʥʩʪʨʫʢʮʽʾ ʂʂʇ ʜʣʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1, 

ʜʝ ʧʦʟʥʘʯʝʥʦ: 1 ï ʜʽʦʜʥʠʡ ʤʽʩʪ; 2 ï ʜʨʦʩʝʣʴ; 3 ï ʜʽʦʜ, ʱʦ ʚʽʜʩʽʢʘʻ; 4 ï ʧʝʨʰʠʡ ʚʠʭʽʜʥʠʡ ʚʠʚʽʜ 

ʩʭʝʤʠ; 5 ï ʜʨʫʛʠʡ ʚʠʭʽʜʥʠʡ ʚʠʚʽʜ ʩʭʝʤʠ; 6 ï ʬʽʣʴʪʨʫʶʯʠʡ ʢʦʥʜʝʥʩʘʪʦʨ; 7 ï ʢʣʶʯʦʚʠʡ 

ʪʨʘʥʟʠʩʪʦʨ; 8 ï ʜʘʪʯʠʢ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ; 9 ï ʜʘʪʯʠʢ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ; 10 ï ʜʘʪʯʠʢ ʩʪʨʫʤʫ 

ʜʨʦʩʝʣʷ; 11 ï ʧʽʜʩʠʣʶʚʘʯ ʧʦʭʠʙʢʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ; 12 ï ʪʘʢʪʦʚʠʡ ʛʝʥʝʨʘʪʦʨ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ; 13 ï ʩʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ; 14 ï 

ʩʫʤʘʪʦʨ; 15 ï ʢʦʤʧʘʨʘʪʦʨ; 16 ï ʪʘʡʤʝʨ; 17 ï D-ʪʨʠʛʝʨ; 18 ï ʜʨʘʡʚʝʨ ʢʣʶʯʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʦ-ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʂʂʇ 

 

ʈʦʙʦʪʫ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʨʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʧʦʷʩʥʶʻ ʨʠʩʫʥʦʢ 2, ʜʝ 

ʧʦʟʥʘʯʝʥʦ: 21 ï ʩʠʛʥʘʣ ʟ ʚʠʭʦʜʫ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʭʠʙʢʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 11, ʧʨʦʧʦʨʮʽʡʥʠʡ 

ʥʝʦʙʭʽʜʥʦʾ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ ʩʪʨʫʤʫ ʜʨʦʩʝʣʷ, 22 ï ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʛʝʥʝʨʘʪʦʨʘ 12, 23 ï ʩʠʛʥʘʣ 
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ʜʘʪʯʠʢʘ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 9, 24 ï ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʩʫʤʘʪʦʨʘ 14, 25 ï ʩʠʛʥʘʣ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ 

ʜʨʦʩʝʣʷ. 

ʇʨʘʮʶʻ ʢʦʨʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɺʭʽʜʥʘ ʩʠʥʫʩʦʾʜʘʣʴʥʘ 

ʥʘʧʨʫʛʘ ʤʝʨʝʞʽ Uʚʭ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚʠʧʨʷʤʣʷʯʝʤ 1 ʥʘ ʦʜʥʦʧʦʣʷʨʥʫ ʧʫʣʴʩʫʶʯʫ ʥʘʧʨʫʛʫ, ʷʢʘ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʜʘʪʯʠʢʦʤ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 9. ʗʢʱʦ ʢʣʶʯʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ 7 ʚʽʜʢʨʠʪʠʡ, ʪʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʢʦʧʠʯʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ ʜʨʦʩʝʣʝʤ 2. ʇʨʠ ʮʴʦʤʫ ʩʪʨʫʤ ʜʨʦʩʝʣʷ ʟʨʦʩʪʘʻ 

ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʦ ʟʘ ʟʘʢʦʥʦʤ I = Uʚ Ā t / L, ʜʝ Uʚ ï ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʚʠʧʨʷʤʣʷʯʘ 1, t ï ʯʘʩ, L ï 

ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʜʨʦʩʝʣʷ. ʗʢʱʦ ʢʣʶʯʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ 7 ʟʘʢʨʠʪʠʡ, ʪʦ ʜʨʦʩʝʣʴ 2 ʚʽʜʜʘʻ 

ʥʘʢʦʧʠʯʫʚʘʥʫ ʝʥʝʨʛʽʶ ʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʽ ʩʪʨʫʤ ʜʨʦʩʝʣʷ ʩʧʘʜʘʻ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʦ ʟʘ ʟʘʢʦʥʦʤ 

I = Imax ï (Uʚʠʭ - Uʚ) Ā t / L, ʜʝ Uʚʠʭ ï ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʢʦʨʝʢʪʦʨʘ, Imax ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ 

ʜʨʦʩʝʣʷ. ʇʨʠ ʮʴʦʤʫ ʥʘʧʨʫʛʘ Uʚ ʧʽʜʩʫʤʦʚʫʻʪʴʩʷ ʟ ʥʘʧʨʫʛʦʶ ʥʘ ʜʨʦʩʝʣʽ, ʽ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʽʜʥʠʭ 

ʚʠʚʦʜʘʭ ʩʭʝʤʠ 4, 5 ʟʨʦʩʪʘʻ ʽ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʟʥʘʯʝʥʥʷ Uʚʭ. ʌʽʣʴʪʨʫʶʯʠʡ ʢʦʥʜʝʥʩʘʪʦʨ 6 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʛʣʘʜʞʫʚʘʥʥʷ ʧʫʣʴʩʘʮʽʡ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ Uʚʠʭ, ʷʢʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʜʘʪʯʠʢʦʤ 

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 8. ɼʽʦʜ 3 ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʙʣʦʢʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ 6 ʚʽʜ ʪʨʘʥʟʠʩʪʦʨʘ 7 ʚ ʧʝʨʽʦʜʠ ʟʥʘʭʦʜʞʝʥʥʷ ʡʦʛʦ ʚ ʚʽʜʢʨʠʪʦʤʫ ʩʪʘʥʽ. 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢʠ ʦʩʥʦʚʥʠʭ ʩʠʛʥʘʣʽʚ ʝʣʝʤʝʥʪʽʚ ʩʭʝʤʠ ʂʂʇ 

 

ʉʪʘʙʽʣʽʟʘʮʽʶ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʧʨʠ ʟʤʽʥʶʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʤʝʨʝʞʝʚʦʾ ʥʘʧʨʫʛʠ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʬʦʨʤʠ ʩʧʦʞʠʚʘʥʦʛʦ ʩʪʨʫʤʫ ʟʜʽʡʩʥʶʻ ʢʝʨʫʶʯʘ ʩʭʝʤʘ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ. ʉʠʛʥʘʣ ʟ ʜʘʪʯʠʢʘ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 8 ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʚʝʣʠʯʠʥʦʶ ʟʘʜʘʥʦʾ ʥʘʧʨʫʛʠ Uʟ 

ʧʽʜʩʠʣʶʚʘʯʝʤ ʧʦʭʠʙʢʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 11, ʷʢʠʡ ʬʦʨʤʫʻ ʩʠʛʥʘʣ 21 ʧʨʦʧʦʨʮʽʡʥʠʡ 

ʥʝʦʙʭʽʜʥʦʾ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ ʩʪʨʫʤʫ ʜʨʦʩʝʣʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʢʝʨʫʶʯʠʡ ʚʭʽʜ ʛʝʥʝʨʘʪʦʨʘ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʥʘʧʨʫʛʠ 12. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʥʘʧʨʫʛʠ 

12 ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3, ʜʝ ʧʦʟʥʘʯʝʥʦ: 19 ï ʽʥʪʝʛʨʘʪʦʨ ʟʽ ʩʢʠʜʘʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, 20 

ï ʩʫʤʘʪʦʨ. 
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ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʥʦ-ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʥʘʧʨʫʛʠ 

 

ʉʭʝʤʘ ʫʷʚʣʷʻ ʩʦʙʦʶ ʜʚʘ ʧʦʩʣʽʜʦʚʥʦ ʟóʻʜʥʘʥʠʭ ʽʥʪʝʛʨʘʪʦʨʘ, ʦʭʦʧʣʝʥʠʭ ʥʝʛʘʪʠʚʥʠʤ 

ʟʚʦʨʦʪʥʠʤ ʟʚóʷʟʢʦʤ. ʇʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʤʽʞ ʚʠʭʦʜʦʤ Uʛ ʽ ʢʝʨʫʶʯʠʤ ʚʭʦʜʦʤ ʤʘʻ ʚʠʛʣʷʜ: 

()
( ) 122

+Ö

Ö
=

pRC

pRC
pW .        (1) 

ʅʘ ʚʠʭʦʜʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʪʘʢʦʛʦ ʚʠʜʫ ʙʫʜʝ ʬʦʨʤʫʚʘʪʠʩʷ ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʩʠʛʥʘʣ 

ʟ ʢʫʪʦʚʦʶ ʯʘʩʪʦʪʦʶ ɤ = 1/RC ʽ ʘʤʧʣʽʪʫʜʦʶ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʚʭʽʜʥʦʤʫ ʢʝʨʫʶʯʦʤʫ ʩʠʛʥʘʣʫ. 

ʇʽʜʙʦʨʦʤ ʟʥʘʯʝʥʴ R ʽ C ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʥʝʦʙʭʽʜʥʫ ʯʘʩʪʦʪʫ ʚʠʭʽʜʥʦʛʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʫ ʛʝʥʝʨʘʪʦʨʘ 12 (50 ɻʮ). 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʬʦʨʤʫʻʪʴʩʷ ʩʠʛʥʘʣ ʧʦʭʠʙʢʠ 22 ʟʘ ʟʘʢʦʥʦʤ Uʛ = 

UʛmaxĀ|sin ɤt|, ʘʤʧʣʽʪʫʜʘ Uʛmax ʷʢʦʛʦ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʩʠʛʥʘʣʫ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʭʠʙʢʠ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ 11, ʷʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. ʉʠʛʥʘʣ ʩʢʠʜʘʥʥʷ ʽʥʪʝʛʨʘʪʦʨʽʚ 19 ʧʦʜʘʻʪʴʩʷ ʣʦʛʽʯʥʦʶ 

ʩʭʝʤʦʶ 13 ʢʦʞʥʠʡ ʨʘʟ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʚʠʧʨʷʤʣʷʯʘ 1 ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʟʘʧʫʩʢʫ ʛʝʥʝʨʘʪʦʨʘ 12 ʩʠʥʭʨʦʥʥʦ ʟ ʤʝʨʝʞʝʚʦʶ ʥʘʧʨʫʛʦʶ ʽ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʭʠʙʢʠ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ Uʛ, ʦʙʫʤʦʚʣʝʥʦʾ ʽʥʝʨʮʽʡʥʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ʛʝʥʝʨʘʪʦʨʘ 12 ʪʘ ʥʝʪʦʯʥʠʤ 

ʧʽʜʙʦʨʦʤ ʚʝʣʠʯʠʥ R ʽ C. 

ʉʠʛʥʘʣ 22 ʛʝʥʝʨʘʪʦʨʘ 12 ʚʽʜʥʽʤʘʻʪʴʩʷ ʚʽʜ ʩʠʛʥʘʣʫ 23 ʜʘʪʯʠʢʘ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 

ʩʫʤʘʪʦʨʦʤ 14, ʷʢʠʡ ʬʦʨʤʫʻ ʩʠʛʥʘʣ ʟʘʚʜʘʥʥʷ ʩʪʨʫʤʫ ʜʨʦʩʝʣʷ 24 ʟʘ ʟʘʢʦʥʦʤ Uʟʩ = (Uʚmax - 

Uʛmax)Ā|sin ɤt|. ʊʘʢʠʤ ʯʠʥʦʤ ʩʪʚʦʨʶʻʪʴʩʷ ʥʝʛʘʪʠʚʥʠʡ ʟʚʦʨʦʪʥʽʡ ʟʚóʷʟʦʢ ʧʦ ʚʠʭʽʜʥʽʡ ʥʘʧʨʫʟʽ 

ʢʦʨʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ. ʇʨʠ ʙʫʜʴ-ʷʢʽʡ ʟʤʽʥʽ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ 

ʩʠʛʥʘʣʫ ʟʘʚʜʘʥʥʷ 24 ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʩʪʨʫʤʫ ʜʨʦʩʝʣʷ, ʘ ʦʪʞʝ ʡ 

ʩʧʦʞʠʚʘʥʦʛʦ ʟ ʤʝʨʝʞʽ ʩʪʨʫʤʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʝʨʥʝʥʥʷ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ Uʚʠʭ 

ʜʦ ʟʘʜʘʥʦʛʦ Uʟ ʪʘ ʾʾ ʩʪʘʙʽʣʽʟʘʮʽʾ. 

ʌʦʨʤʫʚʘʥʥʷ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʬʦʨʤʠ ʤʝʨʝʞʝʚʦʛʦ ʩʪʨʫʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʤʧʘʨʘʪʦʨʦʤ 15, 

ʷʢʠʡ ʧʦʨʽʚʥʶʻ ʩʠʛʥʘʣ ʟʘʚʜʘʥʥʷ ʩʪʨʫʤʫ ʜʨʦʩʝʣʷ 24 ʟ ʩʠʛʥʘʣʦʤ 25 ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ ʜʨʦʩʝʣʷ 10 ʽ 

ʬʦʨʤʫʻ ʢʝʨʫʶʯʽ ʽʤʧʫʣʴʩʠ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ D-ʪʨʠʛʝʨʘ 17 ʪʘ ʜʨʘʡʚʝʨʫ 18 ʧʦʜʘʶʪʴʩʷ ʥʘ 

ʟʘʪʚʦʨ ʢʣʶʯʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 7. ɿʤʽʥʘ ʩʪʘʥʫ D-ʪʨʠʛʝʨʘ 17 ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ 

ʥʘʜʭʦʜʞʝʥʥʷ ʽʤʧʫʣʴʩʽʚ ʟ ʪʘʡʤʝʨʫ 16, ʧʨʠ ʮʴʦʤʫ ʩʪʘʥ D-ʪʨʠʛʝʨʘ ʤʦʞʝ ʷʢ ʟʤʽʥʠʪʠʩʷ, ʪʘʢ ʽ 

ʟʘʣʠʰʠʪʠʩʷ ʧʦʧʝʨʝʜʥʽʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʠʛʥʘʣʫ ʟ ʢʦʤʧʘʨʘʪʦʨʘ 15. ʊʘʢʠʤ ʯʠʥʦʤ ʩʝʨʝʜʥʷ 

ʯʘʩʪʦʪʘ ʢʦʤʫʪʘʮʽʾ ʢʣʶʯʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 7 ʙʫʜʝ ʥʠʞʯʝ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ ʪʘʡʤʝʨʫ 16. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʢʝʨʫʶʯʦʾ ʩʭʝʤʠ ʢʣʶʯʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʘ 

ʟʘʢʨʠʚʘʻʪʴʩʷ ʧʨʠ ʧʝʨʝʚʠʱʫʚʘʥʥʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʜʨʦʩʝʣʷ ʚʽʜʥʦʩʥʦ ʟʘʜʘʥʦʛʦ 24. ʇʨʠ ʮʴʦʤʫ 

ʩʪʨʫʤ ʜʨʦʩʝʣʷ, ʘ ʦʪʞʝ ʡ ʩʧʦʞʠʚʘʥʠʡ ʟ ʤʝʨʝʞʽ ʩʪʨʫʤ, ʙʫʜʝ ʧʨʘʢʪʠʯʥʦ ʧʦʚʪʦʨʶʚʘʪʠ ʬʦʨʤʫ 
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ʤʝʨʝʞʝʚʦʾ ʥʘʧʨʫʛʠ, ʽ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʚʩʽʻʾ ʩʭʝʤʠ ʙʫʜʝ ʜʦʩʷʛʘʪʠ ʟʥʘʯʝʥʥʷ 0,98 ï 0,998. 

ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʢʦʨʝʢʮʽʾ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʟ ʜʚʦʤʘ 

ʨʦʟʛʣʷʥʫʪʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʚ ʢʣʘʩʽ ʂʂʇ, ʧʦʙʫʜʦʚʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʙʫʩʪʝʨʥʦʾ 

ʪʦʧʦʣʦʛʽʾ ʪʘ ʧʨʘʮʶʶʯʠʤʠ ʚ ʨʝʞʠʤʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʪʨʫʤʫ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab 2011. ɿ ʤʝʪʦʶ ʽʤʽʪʘʮʽʾ ʟʤʽʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ ʪʨʴʦʭ 

ʟʥʘʯʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʥʦʤʽʥʘʣʴʥʦʛʦ (100 ɺʪ), ʟʙʽʣʴʰʝʥʦʛʦ ʪʘ ʟʤʝʥʰʝʥʦʛʦ ʚ 3 ʨʘʟʠ 

ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʦʮʽʥʢʠ ʽ ʧʦʨʽʚʥʷʥʥʷ ʷʢʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʥʘʩʪʫʧʥʽ ʚʝʣʠʯʠʥʠ: ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ï ɖ, ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʂʂʇ ï cosű, ʂʅɺ 

(ʪʘʙʣʠʮʷ 1). 

 

ʊʘʙʣʠʮʷ 1 ï ʇʦʢʘʟʥʠʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʂʂʇ 

ʇʦʢʘʟʥʠʢ 

ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʅʘʚʘʥʪʘʞʝʥʥʷ 

ʂʂʇ ʟ 

ʤʥʦʞʥʠʢʦʤ 

ʥʘʧʨʫʛʠ 

ʂʂʇ ʥʘ ʦʩʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ 

çʢʝʨʫʚʘʥʥʷ ʚ 

ʦʜʥʦʤʫ ʮʠʢʣʽè 

ʇʨʦʧʦʥʦʚʘʥʠʡ 

ʂʂʇ ʟ ʪʘʢʪʦʚʠʤ 

ʛʝʥʝʨʘʪʦʨʦʤ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʫ 

ɖ 

ʟʤʝʥʰʝʥʝ ʚ 3 ʨʘʟʠ 0,914 0,929 0,948 

ʥʦʤʽʥʘʣʴʥʝ 0,96 0,955 0,966 

ʟʙʽʣʴʰʝʥʝ ʚ 3 ʨʘʟʠ 0,97 0,959 0,974 

cosű 

ʟʤʝʥʰʝʥʝ ʚ 3 ʨʘʟʠ 0,996 0,981 0,987 

ʥʦʤʽʥʘʣʴʥʝ 0,998 0,999 0,998 

ʟʙʽʣʴʰʝʥʝ ʚ 3 ʨʘʟʠ 0,94 0,999 0,999 

ʂʅɺ, % 

ʟʤʝʥʰʝʥʝ ʚ 3 ʨʘʟʠ 4,75 14,04 12,57 

ʥʦʤʽʥʘʣʴʥʝ 3,16 4,04 4,79 

ʟʙʽʣʴʰʝʥʝ ʚ 3 ʨʘʟʠ 2,97 1,65 1,14 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 1, ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ʇʨʦʧʦʥʦʚʘʥʠʡ ʢʦʨʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʨʝʢʪʦʨʘʤʠ, 
ʧʦʙʫʜʦʚʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ çʢʝʨʫʚʘʥʥʷ ʚ ʦʜʥʦʤʫ ʮʠʢʣʽè, ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʂʂɼ ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʦʪʠ ʢʦʤʫʪʘʮʽʾ ʢʣʶʯʦʚʦʛʦ ʝʣʝʤʝʥʪʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʟʤʝʥʰʝʥʥʷ ʢʦʤʫʪʘʮʽʡʥʠʭ ʚʪʨʘʪ ʚ ʥʴʦʤʫ. 

2. ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʨʝʢʪʦʨʘʤʠ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʟ ʤʥʦʞʥʠʢʦʤ ʥʘʧʨʫʛʠ 

ʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʨʝʢʪʦʨ ʪʘʢʦʞ ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʂʂɼ ʟʘ ʨʘʭʫʥʦʢ ʩʧʨʦʱʝʥʥʷ ʩʭʝʤʠ 

ʢʝʨʫʚʘʥʥʷ (ʚʽʜʩʫʪʥʦʩʪʽ ʤʥʦʞʥʠʢʘ ʥʘʧʨʫʛʠ). 

3. ɹʽʣʴʰ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʂʂʇ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 
ʜʚʦʤʘ ʽʥʰʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʧʨʠ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʨʠʯʠʥʷʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʛʘʨʤʦʥʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʱʦ ʟʘʜʘʻ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʢʨʠʚʣʝʥʴ ʤʥʦʞʥʠʢʘ ʥʘʧʨʫʛʠ. 

4. ʂʨʽʤ ʮʴʦʛʦ ʟʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʦʪʠ ʢʦʤʫʪʘʮʽʾ ʢʣʶʯʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʚ 
ʧʨʦʧʦʥʦʚʘʥʦʤʫ ʂʂʇ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʩʭʝʤʠ, ʟʙʽʣʴʰʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʟʘ ʨʘʭʫʥʦʢ 

ʟʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʩʪʨʦʶ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ɼʤʠʪʨʠʢʦʚ ɺ.ʌ., ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. / ɼʤʠʪʨʠʢʦʚ ɺ.ʌ., ʉʝʨʛʝʝʚ ɺ.ɺ., ʉʘʤʳʣʠʥ ʀ.ʅ.  ï ʄ.: ʈʘʜʠʦ ʠ 

ʩʚʷʟʴ; ɻʦʨʷʯʘʷ ʣʠʥʠʷ ï ʊʝʢʦʤ, 2005. ï 424 ʩ. 
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2. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʫʤʽʩʥʽʩʪʴ. ʏʘʩʪʠʥʘ 3-2. ʅʦʨʤʠ. ʅʦʨʤʠ ʥʘ ʝʤʽʩʽʶ ʛʘʨʤʦʥʽʢ ʩʪʨʫʤʫ 

(ʜʣʷ ʩʠʣʠ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʙʽʣʴʰʝ 16 ɸ ʥʘ ʬʘʟʫ) (ɯEC 61000-3-2:2005, ɯDT): 

ɼʉʊʋ IEC 61000-3-2:2008. ï [ʏʠʥʥʠʡ ʚʽʜ 01-12-2008]. ï ʂ.: ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 

2008. ï 10 ʩ. 

3. ʂʣʠʤʦʚ ɺ.ʇ. ʂʦʤʧʝʥʩʘʪʦʨʳ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʤʦʱʥʦʩʪʠ ʠʩʢʘʞʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ / ɺ. ʂʣʠʤʦʚ, ʖ. ʂʘʨʧʠʣʝʥʢʦ, 

ɺ. ʉʤʠʨʥʦʚ // ʉʠʣʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ. ï 2008. ï ˉ 3. ï ʉ. 108-112. 

4. ʇʘʪ. WO 2004/059414 A1 ʄʽʞʥʘʨʦʜʥʠʡ, ʄʇʂ  G 05 F 1/10, 1/40. One cycle control 

continuous conduction mode PFC boost converter integrated circuit with integrated power switch 

and boost converter / Athari F.; ʟʘʷʚʥʠʢ ʪʘ ʧʘʪʝʥʪʦʚʣʘʩʥʠʢ International Rectifier Corporation. ï 

ˉ PCT/US2003/040001; ʟʘʷʚʣ. 15.12.03; ʦʧʫʙʣ. 15.07.04.  

5. ʉʫʤʽʩʥʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ. ʅʦʨʤʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ 
ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ɻʆʉʊ 13109-97): ɻʆʉʊ 13109-97. ï 

[ʏʠʥʥʠʡ ʚʽʜ 01-08-1999]. ï ʂ.: ɼʝʨʞʘʚʥʠʡ ʢʦʤʽʪʝʪ ʋʢʨʘʾʥʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʤʝʪʨʦʣʦʛʽʾ ʪʘ 

ʩʝʨʪʠʬʽʢʘʮʽʾ, 1999. ï 34 ʩ. 
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ʉ.ʇ. ʃʽʪʢʦʚʝʮʴ, ʄ.ɺ. ʇʻʪʫʭʦʚ  

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ, ʋʢʨʘʾʥʘ 

 

ɻʃʆɹɸʃʔʅɽ ʂɽʈʋɺɸʅʅʗ ɽʅɽʈɻɽʊʀʏʅʀʄʀ ʇʈʆʎɽʉɸʄʀ ɺ ɸʉʀʅʍʈʆʅʅʀʍ  

ʉʊɸʊʀʏʅʀʍ ʊʀʈʀʉʊʆʈʅʀʍ ʂʆʄʇɽʅʉɸʊʆʈɸʍ ʈɽɸʂʊʀɺʅʆɰ ʇʆʊʋɾʅʆʉʊɯ ɿ 

ʇʈʀʄʋʉʆɺʆʖ ʂʆʄʋʊɸʎɯɭʖ  

 

ʈʦʟʛʣʷʥʫʪʦ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ, ʟʘ ʷʢʠʤʠ ʤʦʞʣʠʚʝ ʛʣʦʙʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʪʠʨʠʩʪʦʨʥʦʤʫ ʢʦʤʧʝʥʩʘʪʦʨʽ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫ ʧʠʪʦʤʦʾ ʩʧʦʞʠʚʘʥʦʾ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʣʦʙʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ, ʩʪʘʪʠʯʥʽ ʢʦʤʧʝʥʩʘʪʦʨʠ, ʧʨʠʤʫʩʦʚʘ ʢʦʤʫʪʘʮʽʷ, 

ʝʥʝʨʛʦʦʱʘʜʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʤʽʥʽʤʽʟʘʮʽʷ.  

 

ʈʘʩʩʤʦʪʨʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʛʣʦʙʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʘʩʠʥʭʨʦʥʥʦʤ ʩʪʘʪʠʯʝʩʢʦʤ ʪʠʨʠʩʪʦʨʥʦʤ ʢʦʤʧʝʥʩʘʪʦʨʝ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʢʦʤʤʫʪʘʮʠʝʡ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ ʫʜʝʣʴʥʦʡ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʣʦʙʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʩʪʘʪʠʯʝʩʢʠʝ ʢʦʤʧʝʥʩʘʪʦʨʳ, 

ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ ʢʦʤʤʫʪʘʮʠʷ, ʵʥʝʨʛʦʩʙʝʨʝʛʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʠʥʠʤʠʟʘʮʠʷ. 

 

Definition of terms, which can control global energy processes in asynchronous static 

thyristor compensators of reactive power with forced commutation by the criterion of minimum of 

specific consumption of active power is considered. 

Key words: global control, static compensators, forced commutation, power saving 

technologies, minimization. 

 

ɺʩʪʫʧ. ʉʪʘʪʠʯʥʽ ʪʠʨʠʩʪʦʨʥʽ ʢʦʤʧʝʥʩʘʪʦʨʠ (ʉʊʂ) ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ  ʧʦʚʠʥʥʽ 

ʤʘʪʠ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʚʝʣʠʢʫ ʰʚʠʜʢʦʜʽʶ, ʤʘʣʝ 

ʩʧʦʞʠʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʽʜ ʯʘʩ ʢʝʨʫʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ, ʜʝʢʽʣʴʢʘ  

ʢʘʥʘʣʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʢʝʨʫʚʘʥʥʷ 

ʪʠʨʠʩʪʦʨʘʤʠ. ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ  ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ  

ʉʊʂ ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʉʊʂ ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ ʜʦʟʚʦʣʷʻ 

ʧʦʢʨʘʱʠʪʠ ʽʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʦʜʝʨʞʘʪʠ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ ʨʽʟʥʽ 

ʬʦʨʤʠ ʥʘʧʨʫʛʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɺ ʨʦʙʦʪʽ [1] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ 

ʜʝʷʢʠʭ ʩʪʨʘʪʝʛʽʡ ʢʝʨʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʘʤʠ ʚ ʷʢʦʩʪʽ ʉʊʂ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʪʠ 

ʪʨʠʬʘʟʥʽ ʨʝʛʫʣʷʪʦʨʠ ʥʘʧʨʫʛʠ ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ, ʩʭʝʤʠ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʫ ʨʦʙʦʪʽ [2]. 

ʉʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʮʠʭ ʩʭʝʤ ʻ ʩʠʥʭʨʦʥʥʘ ʢʦʤʫʪʘʮʽʷ ʬʘʟʥʠʭ ʨʝʘʢʪʦʨʽʚ, ʦʩʢʽʣʴʢʠ ʚʪʦʨʠʥʥʽ 

ʦʙʤʦʪʢʠ ʞʠʚʣʷʯʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʜʥʦʯʘʩʥʦ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʢʚʘʟʽʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʭʝʤʠ ʥʘʩʪʘʻ  ʟʘ ʯʘʩ ʙʽʣʴʰʠʡ ʥʽʞ ʧʝʨʽʦʜ ʞʠʚʣʷʯʦʾ 

ʥʘʧʨʫʛʠ, ʱʦ  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʩʪʘʪʠʯʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ. ʂʨʽʤ ʪʦʛʦ, ʫ ʨʘʟʽ 

ʞʠʚʣʝʥʥʷ ʉʊʂ ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ ʩʠʥʫʩʦʾʜʥʦʶ ʥʘʧʨʫʛʦʶ ʧʠʪʦʤʘ ʩʧʦʞʠʚʘʥʘ ʘʢʪʠʚʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʢʝʨʫʚʘʥʥʷ ʢʦʤʫʪʫʶʯʠʭ ʪʠʨʠʩʪʦʨʽʚ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʝʥʝʨʛʦʦʱʘʜʥʽ ʪʝʭʥʦʣʦʛʽʾ ʢʝʨʫʚʘʥʥʷ ʩʪʘʪʠʯʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ. ɺ ʨʦʙʦʪʘʭ [3,4] 

ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʬʦʨʤʫʚʘʪʠ ʥʘ ʚʪʦʨʠʥʥʠʭ ʦʙʤʦʪʢʘʭ ʪʨʠʬʘʟʥʦʛʦ ʞʠʚʣʷʯʦʛʦ 
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ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʧʨʫʛʫ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʟʘ ʨʘʭʫʥʦʢ ʥʘʩʠʯʝʥʦʾ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʪʘ  

ʚʠʢʦʨʠʩʪʘʪʠ ʘʩʠʥʭʨʦʥʥʫ ʢʦʤʫʪʘʮʽʶ ʬʘʟʥʠʭ ʨʝʘʢʪʦʨʽʚ, ʢʦʣʠ ʚʪʦʨʠʥʥʽ ʦʙʤʦʪʢʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʟʘʣʝʞʥʦ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʉʊʂ ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ ʪʘ ʟʘʧʨʦʚʘʜʠʪʠ 

ʝʥʝʨʛʦʦʱʘʜʥʽ ʪʝʭʥʦʣʦʛʽʾ ʢʝʨʫʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. ʆʜʥʘʢ, ʯʝʨʝʟ ʟʘʣʝʞʥʝ ʢʝʨʫʚʘʥʥʷ 

ʢʦʤʫʪʫʶʯʠʤʠ ʪʠʨʠʩʪʦʨʘʤʠ ʦʙʤʝʞʫʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʉʊʂ, ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ 

ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ʥʠʤʠ ʪʘ ʩʪʘʻ ʥʝʤʦʞʣʠʚʠʤ ʛʣʦʙʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʩʪʘʪʠʯʥʠʭ ʢʦʤʧʝʥʩʘʪʦʨʘʭ. 

ʄʝʪʘ ʩʪʘʪʪʽ. ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʟʘ ʷʢʠʤʠ ʤʦʞʣʠʚʝ ʛʣʦʙʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʘʩʠʥʭʨʦʥʥʠʭ ʩʪʘʪʠʯʥʠʭ ʪʠʨʠʩʪʦʨʥʠʭ ʢʦʤʧʝʥʩʘʪʦʨʘʭ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ ʫ ʨʘʟʽ ʥʝʟʘʣʝʞʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʦʤʫʪʫʶʯʠʤʠ 

ʪʠʨʠʩʪʦʨʘʤʠ. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʴ. ɽʥʝʨʛʝʪʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ 

ʉʊʂ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ɺ ʷʢʦʩʪʽ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʨʝʘʢʪʠʚʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʷʢ ʽʥʪʝʛʨʘʣʴʥʫ ʤʽʨʫ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʫ ʯʘʩʽ: 
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ʜʝ i  ʪʘ u  ï ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ, ʘ ʪʘʢʦʞ ʩʧʦʞʠʚʘʥʫ ʘʢʪʠʚʥʫ P  ʪʘ ʧʠʪʦʤʫ 

ʩʧʦʞʠʚʘʥʫ ʘʢʪʠʚʥʫ ʧʦʪʫʞʥʦʩʪʽ 
QP [3]: 
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ʷʢʽ ʜʦʚʝʣʠ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯʘʭ. 

ʇʨʠ ʥʝʟʘʣʝʞʥʦʤʫ ʢʝʨʫʚʘʥʥʽ ʢʦʤʫʪʫʶʯʠʤʠ ʪʠʨʠʩʪʦʨʘʤʠ ʾʭ ʚʤʠʢʘʥʥʷ ʪʘ ʚʠʤʠʢʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʫ ʜʦʚʽʣʴʥʽ ʤʦʤʝʥʪʠ 1a , 2a , 3a  (ʨʠʩ.1). ʃʠʰʝ ʢʫʪ 

ʚʠʤʢʥʝʥʥʷ ɺa  ʻ ʬʫʥʢʮʽʻʶ  ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʢʫʪʽʚ. 
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ʈʠʩ.1. ʌʦʨʤʠ ʥʘʧʨʫʛ ʪʘ ʩʪʨʫʤʽʚ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚ ʉʊʂ ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ ʧʨʠ 

ʥʝʟʘʣʝʞʥʦʤʫ ʢʝʨʫʚʘʥʥʽ ʢʦʤʫʪʫʶʯʠʤʠ ʪʠʨʠʩʪʦʨʘʤʠ 

 

ɯʟ ʨʠʩ.1 ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘ ʜʽʣʷʥʢʘʭ ʚʽʜ 1a  ʜʦ 2a  ʪʘ 3p a+  ʜʦ ɺa  ʚʪʦʨʠʥʥʘ ʦʙʤʦʪʢʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʬʘʟʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʘ ʥʘ ʜʽʣʷʥʮʽ ʚʽʜ 2a  ʜʦ 3p a+  ʬʘʟʥʠʡ 

ʨʝʘʢʪʦʨ ʟʘʤʠʢʘʻʪʴʩʷ ʥʘ ʢʦʨʦʪʢʦ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʩʪʨʫʤʫ ʯʝʨʝʟ ʥʴʦʛʦ. ɿʘʩʪʫʧʥʽ 

ʩʭʝʤʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʮʝʡ ʘʣʛʦʨʠʪʤ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.2,ʘ,ʙ. 

r2 , x2 rP , xP rP , xP

a) ɇ)
 

ʈʠʩ.2. ɿʘʩʪʫʧʥʽ ʩʭʝʤʠ ʜʣʷ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʨʦʙʦʪʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʉʊʂ ʟ ʧʨʠʤʫʩʦʚʦʶ 

ʢʦʤʫʪʘʮʽʻʶ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ.1 ʪʘ ʨʠʩ.2 ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʜʽʣʷʥʢʠ, ʥʘ ʷʢʠʭ ʟʘʢʦʥ ʟʤʽʥʠ ʩʪʨʫʤʫ 

ʯʝʨʝʟ ʬʘʟʥʠʡ ʨʝʘʢʪʦʨ ʙʫʜʝ ʨʽʟʥʠʤ. ʎʽ ʩʪʨʫʤʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘ ʧʽʜʩʪʘʚʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʢʦʣʘ: 

                                                  
()

()( )2 2
2

n

n mn n

di
x r i n U

dt

q
q

- -
+ = - ,                                               (4) 

ʜʝ 1,2,3n=  ï ʥʦʤʝʨ ʜʽʣʷʥʢʠ; 
mU  ï ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ; tq w=  ï ʯʘʩ ʫ ʚʽʜʥʦʩʥʠʭ 

ʦʜʠʥʠʮʷʭ; w ï ʢʦʣʦʚʘ ʯʘʩʪʦʪʘ; 
1 2 pr r r= +, 

1 2 px x x= + , 
0 pr r= , 

0 px x= , 2r  ʪʘ 2x  ï ʚʽʜʧʦʚʽʜʥʦ, 

ʘʢʪʠʚʥʠʡ ʪʘ ʨʝʘʢʪʠʚʥʠʡ ʦʧʦʨʠ ʚʪʦʨʠʥʥʦʾ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ; 
pr  ʪʘ 

px  ï ʚʽʜʧʦʚʽʜʥʦ, 
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ʘʢʪʠʚʥʠʡ ʪʘ ʨʝʘʢʪʠʚʥʠʡ ʦʧʦʨʠ ʬʘʟʥʦʛʦ ʨʝʘʢʪʦʨʘ. 

ʇʨʠ ʥʝʟʘʣʝʞʥʦʤʫ ʢʝʨʫʚʘʥʥʽ ʢʦʤʫʪʫʶʯʠʤʠ ʪʠʨʠʩʪʦʨʘʤʠ ʥʘ ʜʽʣʷʥʮʽ 1 2a q a¢ ¢  ʜʦ 

ʩʫʤʘʨʥʦʛʦ ʘʢʪʠʚʥʦ-ʽʥʜʫʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʚʪʦʨʠʥʥʦʾ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʽ ʬʘʟʥʦʛʦ 

ʨʝʘʢʪʦʨʘ ʧʨʠʢʣʘʜʝʥʘ ʥʘʧʨʫʛʘ mU . ʅʘ ʜʽʣʷʥʮʽ 2 3a q p a¢ ¢ + ʥʘʧʨʫʛʘ ʚʽʜʩʫʪʥʷ. ʅʘ ʜʽʣʷʥʮʽ 

3 Bp a q q+ ¢ ¢ ʜʦ ʩʫʤʘʨʥʦʛʦ ʘʢʪʠʚʥʦ-ʽʥʜʫʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʚʪʦʨʠʥʥʦʾ ʦʙʤʦʪʢʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʽ ʬʘʟʥʦʛʦ ʨʝʘʢʪʦʨʘ ʧʨʠʢʣʘʜʝʥʘ ʥʘʧʨʫʛʘ mU- . ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (4) ʪʘ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʩʪʨʫʤʠ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʤʘʪʠʤʫʪʴ ʚʠʛʣʷʜ: 

                                                           () ( )1 1

1

1

1mIi e
r a q

q
r

-è ø= -
ê ú

,                                                         (5) 

                                                   () ( )( ) ( )1 1 2 2 2

2

1

1mIi e e
r a a r a q

q
r

- -
= - ,                                                    (6) 

                                   () ( )( ) ( ) ( )2 2 3 1 31 1 2

3

1 1

1 1m mI I
i e e e

r a p a r p a qr a a
q

r r

- - + --è ø=- + + -
ê ú

,                              (7) 

ʜʝ 
1

m
m

U
I

x
= , 1

1

1

r

x
r= , 0

0

0

r

x
r= . 

ʇʨʠʨʽʚʥʶʶʯʠ ʩʪʨʫʤ ()3i q  ʜʦ ʥʫʣʷ, ʦʜʝʨʞʠʤʦ ʢʫʪ ʚʠʤʢʥʝʥʥʷ: 

                                        ( )( ) ( )2 2 31 1 2

3

1

1
ln 1 1B e e

r a p ar a a
q p a

r

- --è ø= + + + -
ê ú

.                                      (8) 

ɺʝʣʠʯʠʥʘ ʨʝʘʢʪʠʚʥʦʾ ʪʘ ʩʧʦʞʠʚʘʥʦʾ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ (1), (2), (5) ï (8) ʙʫʜʫʪʴ  ʜʦʨʽʚʥʶʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ: 

  ( ) ()( ) ()( )
2

1 3

1 2 3 1 2 3 3

1 1

2 1 1 1
, ,

B

m m
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Q i d i d

U I

a q

a p a

a a a q d q a q q d q p a q
p r r

* * *

+

è ø
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é ùê ú
ñ ñ  

                                        ( ) ( )( ) ( )2 2 31 1 2 1 1 2

1

1
1 1 ,e e e

r a p ar a a r a a
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- -- -è ø= - + -
ê ú
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( ) () () () ()
2

1 3

1 2 3 1 3

1 1

2 1 1 1
, ,

B

m m

P
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U I

a q

a p a

a a a q q q q q q
p r r

* * * * *

+
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2 1
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( )( ) ( )2 2 31 1 2

1

1
1 ,e e

r a p ar a a

r

- -- ø
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                                                  (10) 

ʜʝ ()
()1

1

m

i
i

I

q
q* = , ()

()3

3

m

i
i

I

q
q* = , ()

()

m

u
u

U

q
q* =  ï ʚʽʜʧʦʚʽʜʥʦ, ʩʪʨʫʤʠ ʪʘ ʥʘʧʨʫʛʘ ʫ ʚʽʜʥʦʩʥʠʭ 

ʦʜʠʥʠʮʷʭ; ( )2d q a- , ( )3d q p a- -  - ʟʤʽʱʝʥʽ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ ɼʽʨʘʢʘ. 

ɯʟ ʚʠʨʘʟʽʚ (9) ʪʘ (10) ʚʠʧʣʠʚʘʻ, ʱʦ ʽʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ Q* ʡ 

P* ʻ ʬʫʥʢʮʽʷʤʠ ʚʽʜ ʩʢʘʣʷʨʥʦʾ ʤʥʦʞʠʥʠ ʢʫʪʽʚ ʢʝʨʫʚʘʥʥʷ 1 2 3, ,a a a. ʊʦʤʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ 
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ʧʦʢʘʟʥʠʢʽʚ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʘʩʠʥʭʨʦʥʥʠʭ ʉʊʂ ʟ 

ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʩʧʦʩʦʙʽʚ ʾʭ ʢʝʨʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʚʠʭʦʜʷʯʠ ʟ 

ʥʝʨʽʚʥʦʩʪʽ: 

                                                          
( )
( )

1 2 3

1

1 2 3

, ,

, ,
Q

P
P

Q

a a a
r

a a a

*

*

= ¢ ,                                                  (11) 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʩʢʘʣʷʨʥʫ ʤʥʦʞʠʥʫ ʢʫʪʽʚ ʢʝʨʫʚʘʥʥʷ  
1 2 3, ,a a a, ʷʢʘ ʤʽʥʽʤʽʟʫʻ ʚʝʣʠʯʠʥʫ 

ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʾ ʩʧʦʞʠʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (3) ʧʽʜ ʯʘʩ ʢʝʨʫʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʉʊʂ ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ ʽ, ʪʠʤ ʩʘʤʠʤ, ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ 

ʝʥʝʨʛʦʦʱʘʜʥʽ ʪʝʭʥʦʣʦʛʽʾ ʢʝʨʫʚʘʥʥʷ. ʇʽʜʩʪʘʚʣʷʶʯʠ ʫ ʚʠʨʘʟ (11) ʬʦʨʤʫʣʠ (9) ʪʘ (10), 

ʦʜʝʨʞʠʤʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʫ ʥʝʨʽʚʥʽʩʪʴ: 

( )( ) ( )( ) ( )( ) ( )( )1 1 2 1 1 2 2 2 32

1 2 1 11 1 ln 1 1e e e
r a a r a a r a p a

r a a r
- - - -

- - + - + + - - 

                                               ( ) ( )( ) ( )1 1 2 2 2 32

11 1 0e e
r a a r a p a

r
- - -

- + - ¢.                                     (12) 

ɼʣʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʉʊʂ ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ, ʷʢʘ ʥʘʚʝʜʝʥʘ ʚ ʨʦʙʦʪʽ [4], ʧʠʪʦʤʽ 

ʦʧʦʨʠ 0r ʪʘ 1r ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ: 3

0 1,757 10r -= Ö , 3

1 2,318 10r -= Ö . ɺ ʥʘʡʛʽʨʰʦʤʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ 1 2a a p- =- ʪʘ 2 3a a p- =, ʤʘʻʤʦ 

( ) 3
1 1 2 2,31810 31 1 7,2557607 10e e
r a a p-- - Ö Ö -- = - = Ö, ( ) 3

2 2 3 1,75710 0 1e e
r a p a -- - Ö Ö= =. ʆʩʢʽʣʴʢʠ 

( )( ) ( )1 1 2 2 2 3 31 7,2557607 10 1e e
r a a r a p a- - - -- = Ö <<, ʪʦ  ʣʦʛʘʨʠʬʤʽʯʥʫ ʬʫʥʢʮʽʶ ʚ (12) ʤʦʞʥʘ 

ʥʘʙʣʠʟʠʪʠ ʟ ʧʦʭʠʙʢʦʶ 
31,75171 10 %-Ö  ʪʘʢʠʤ ʯʠʥʦʤ: 

( )( ) ( )( ) ( )( ) ( ) ( )( ) ( )1 1 2 2 2 3 1 1 2 2 2 3 1 1 2 2 2 3

2
21

ln 1 1 1 1
2

e e e e e e
r a a r a p a r a a r a p a r a a r a p a- - - - - - - - -

+ - º - - - . 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʚʠʨʘʟ (12) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

( )( ) ( )( ) ( )( ) ( )1 1 2 1 1 2 2 2 32 2

1 2 1 1 11 1 1e e e
r a a r a a r a p a

r a a r r
- - - -

- - + - - - - 

                                                   
( )( ) ( )1 1 2 2 2 3

2
21

1 0
2

e e
r a a r a p a- - -

- - ¢.                                         (13) 

 

ʈʦʟʚôʷʟʫʶʯʠ ʥʝʨʽʚʥʽʩʪʴ (13) ʚʽʜʥʦʩʥʦ ʢʫʪʘ 3a, ʦʜʝʨʞʠʤʦ: 

( )

( )
( )

( )
( )( )

( )1 1 2 1 1 2 1 1 2
1 1 2

2 22 2
1 1 2 11 1

3 2 2

2

2 1 21
ln .

1 1 11e e ee
r a a r a a r a a

r a a

r r a ar r
a a p

r - - -
-

å õ
+ -è øæ ö

¢ - - - + -é ùæ ö- - -ê ú -æ ö
ç ÷

(14) 

ɺ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʢʝʨʫʚʘʥʥʷ ʢʫʪ 3a  ʟʥʘʭʦʜʠʪʴʩʷ ʫ  ʤʝʞʘʭ ʚʽʜ 0 ʜʦp, ʪʦʙʪʦ ʻ 

ʧʦʟʠʪʠʚʥʦʶ ʚʝʣʠʯʠʥʦʶ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʪʘʢ ʢʝʨʫʚʘʪʠ ʢʫʪʘʤʠ 1a  ʪʘ 2a, ʱʦʙ ʘʨʛʫʤʝʥʪ 

ʣʦʛʘʨʠʬʤʽʯʥʦʾ  ʬʫʥʢʮʽʾ ʚ ʬʦʨʤʫʣʽ (14) ʙʫʚ ʤʝʥʰʠʡ ʟʘ ʦʜʠʥʠʮʶ: 

                  
( ) ( )

( )
( )

( )
( )( )

1 1 2 1 1 2 1 1 2
1 1 2

2 22 2
1 1 2 11 1

2

2 1 2
1

1 1 1 1e e e e
r a a r a a r a a

r a a

r r a ar r
- - -

-

+ -è ø
- + - + <é ù
- - -ê ú -

.            (15) 
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ɺ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʢʦʦʨʜʠʥʘʪ 3 2 1, ,a a a ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (14) ʚʠʟʥʘʯʘʻ ʧʝʚʥʫ 

ʛʨʘʥʠʯʥʫ ʧʦʚʝʨʭʥʶ, ʥʠʞʯʝ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʩʢʘʣʷʨʥʘ ʤʥʦʞʠʥʘ ʢʫʪʽʚ ʢʝʨʫʚʘʥʥʷ 

ʢʦʤʫʪʫʶʯʠʤʠ ʪʠʨʠʩʪʦʨʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʽʟʘʮʽʶ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ ʩʧʦʞʠʚʘʥʦʾ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʡ, ʪʠʤ ʩʘʤʠʤ, ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʝʥʝʨʛʦʦʱʘʜʥʽ ʪʝʭʥʦʣʦʛʽʾ ʢʝʨʫʚʘʥʥʷ 

ʘʩʠʥʭʨʦʥʥʠʤ ʉʊʂ ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ. ɺʦʜʥʦʯʘʩ ʫ ʨʘʟʽ ʛʣʦʙʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʢʦʣʠ ʟʤʽʥʶʶʪʴʩʷ ʚʩʽ ʢʫʪʠ ʢʝʨʫʚʘʥʥʷ ʢʦʤʫʪʫʶʯʠʤʠ ʪʠʨʠʩʪʦʨʘʤʠ, 

ʤʦʞʥʘ ʚʠʨʽʰʫʚʘʪʠ ʧʝʚʥʽ ʣʦʢʘʣʴʥʽ ʟʘʚʜʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʥʝʨʽʚʥʦʩʪʽ 

(15). 

ɺʠʩʥʦʚʢʠ 
ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʉʊʂ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ ʫ ʨʘʟʽ ʥʝʟʘʣʝʞʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʢʦʤʫʪʫʶʯʠʤʠ ʪʠʨʠʩʪʦʨʘʤʠ ʚʠʟʥʘʯʝʥʽ ʫʤʦʚʠ ʟʘ ʷʢʠʤʠ ʤʦʞʣʠʚʝ ʛʣʦʙʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ ʩʧʦʞʠʚʘʥʦʾ ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. ʎʽ ʫʤʦʚʠ ʚʠʟʥʘʯʘʶʪʴ ʩʢʘʣʷʨʥʫ ʤʥʦʞʠʥʫ ʢʫʪʽʚ ʢʝʨʫʚʘʥʥʷ ʢʦʤʫʪʫʶʯʠʤʠ 

ʪʠʨʠʩʪʦʨʘʤʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʝʥʝʨʛʦʦʱʘʜʥʽ ʪʝʭʥʦʣʦʛʽʾ ʢʝʨʫʚʘʥʥʷ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʉʊʂ  ʟ ʧʨʠʤʫʩʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜ ʯʘʩ ʛʣʦʙʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʤʦʞʥʘ ʚʠʨʽʰʫʚʘʪʠ ʽʥʰʽ ʣʦʢʘʣʴʥʽ ʟʘʚʜʘʥʥʷ. 
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ʆ.ɸ. ɹʘʙʘʥʠʥʘ 

ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɼʦʥʝʮʢ, ʋʢʨʘʠʥʘ 

çʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀ ʈɽʉʋʈʉʆ-ʕʂʆʃʆɻʀʏɽʉʂʀʍ 

ʇʆʂɸɿɸʊɽʃɽʁ ʊɽʍʅʆʃʆɻʀʀ ʆɹʈɸɹʆʊʂʀ ʈɸʉʇʃɸɺʆɺ ɺʓʉʆʂʆɸʂʊʀɺʅʓʄʀ 

ʈɽɸɻɽʅʊɸʄʀè 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ, ʢʦʪʦʨʘʷ 

ʫʯʠʪʳʚʘʝʪ: ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʨʦʚʦʣʦʢʝ; ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʦʤ ʢʦʚʰʝ ʚ ʧʨʦʮʝʩʩʝ ʚʚʦʜʘ ʧʨʦʚʦʣʦʢʠ ʚ ʨʘʩʧʣʘʚ. 

 

A mathematical model was developed to melt the flux-cored wire. It takes into account: the processes 

occurring in the wire, thermal and dynamic phenomena occurring in the ladle in the input wire into the 

melt. 

 

ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ, ̫ ʢʠʡ ʚʨʘʭʦʚʫʻ: ʧʨʦʮʝʩʠ, ɦ ʦ 

ʧʨʦʪʽʢʘʶʪʴ ʚ ʜʨʦʪʽ; ʪʝʧʣʦʬʽʟʠʯʥʽ  ̔ʜʠʥʘʤʽʯʥʽ ʷʚʠʱʘ, ɦ ʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʩʪʘʣʝʨʘʟʣʽʚʦʯʥʦʤ ʢʦʚʰʽ ʚ 

ʧʨʦʮʝʩʽ ʚʚʝʜʝʥʥʷ ʜʨʦʪʫ ʚ ʨʦʟʧʣʘʚ. 

 

ʂʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʠʟ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʦʙʷʟʘʪʝʣʴʥʘʷ ʚʥʝʧʝʯʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ ʩ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʢʘʣʴʮʠʡ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʘʱʝʥʠʝ ʚʩʝʭ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʮʝʭʦʚ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ 

ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʚʚʦʜʘ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʚ ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʳʡ ʢʦʚʰ.  

ʅʘʨʷʜʫ ʩ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʝʨʠʡʥʦʤ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ 

ʩʪʝʧʝʥʠ ʫʩʚʦʝʥʠʷ ʢʘʣʴʮʠʷ ʠʥʦʛʜʘ ʥʘ ʝʜʠʥʠʯʥʳʭ ʧʣʘʚʢʘʭ, ʘ ʠʥʦʛʜʘ ʥʘ ʜʣʠʪʝʣʴʥʳʭ ʩʝʨʠʷʭ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ, ʪʘʢ ʠ ʢ ʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ 

ʨʘʩʭʦʜʫ, ʚ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ ʥʝʨʘʩʪʚʦʨʠʚʰʠʡʩʷ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʠʣʠ 

ʫʭʫʜʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʨʘʩʧʣʘʚʦʚ ʚ ʢʦʚʰʝ ʧʦʨʦʰʢʦʚʦʡ 

ʧʨʦʚʦʣʦʢʦʡ ʩ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʢʦʨʦʩʪʴ ʠ ʦʙʣʘʩʪʴ ʚʚʦʜʘ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʢʦʚʰʝ, ʘ ʪʘʢʞʝ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ. 

 ʆʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʚʷʟʘʥʳ ʩ ʙʦʣʴʰʠʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʬʠʥʘʥʩʦʚʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʌʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚ 

ʩʚʷʟʠ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʫʯʝʪʦʤ ʯʠʩʝʣ ʧʦʜʦʙʠʷ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʫʯʝʥʠʷ 

ʦʙʲʝʢʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ 

ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠʠ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʠ 

ʥʘʜʝʞʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʧʫʱʝʥʠʷ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʯʠʩʣʝʥʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝ ʪʦʣʴʢʦ ʩʦʚʧʘʜʘʶʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ, ʥʦ ʠ ʨʘʩʢʨʳʚʘʶʪ 

ʥʝʠʟʚʝʩʪʥʳʝ ʘʩʧʝʢʪʳ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 



ʇʃɽʅɸʈʅɽ ɿɸʉɯɼɸʅʅʗ 

 

 

ɽʥʝʨʛʝʪʠʢʘ. ɽʢʦʣʦʛʽʷ. ʃʶʜʠʥʘ 

25 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʧʣʘʚʝ ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʦʛʦ ʢʦʚʰʘ; ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʩʠʩʪʝʤʝ ʧʦʨʦʰʢʦʚʘʷ ʧʨʦʚʦʣʦʢʘ ï ʨʘʩʧʣʘʚ; ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʩʠʣʠʢʦʢʘʣʴʮʠʷ ʚ ʨʘʩʧʣʘʚʝ ʧʦʩʣʝ 

ʨʘʩʪʚʦʨʝʥʠʷ ʦʙʦʣʦʯʢʠ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ; ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 

ʈʘʟʣʠʚʦʯʥʳʡ ʢʦʚʰ ʝʤʢʦʩʪʴʶ 10 ʪʦʥʥ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʫʞʝʥʥʳʡ ʢʥʠʟʫ ʫʩʝʯʝʥʥʳʡ 

ʮʠʣʠʥʜʨ ʩ ʚʝʨʭʥʠʤ ʜʠʘʤʝʪʨʦʤ 1400, ʘ ʥʠʞʥʠʤ 1280 ʤʤ, ʚʳʩʦʪʦʡ 1675 ʤʤ, ʪʦʣʱʠʥʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʞʫʭʘ 25 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʬʫʪʝʨʦʚʢʠ 140 ʤʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʬʫʪʝʨʦʚʢʠ ʚ ʢʦʚʰʝ 

ʩʦʩʪʘʚʣʷʝʪ 900
0
ʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʣʠʪʦʛʦ ʚ ʢʦʚʰ ʤʝʪʘʣʣʘ ï 1600

0
ʉ. 

 ʇʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

¶ ʨʘʩʧʣʘʚ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʝʧʦʜʚʠʞʝʥ ʠ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ ʧʦʣʦʩʪʠ ʢʦʚʰʘ; ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʣʘʚʘ ʧʦʩʪʦʷʥʥʳ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ, ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʞʠʜʢʦʡ ʩʪʘʣʠ;  

¶ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʬʫʪʝʨʦʚʢʠ ʠ ʢʦʞʫʭʘ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʝʘʪʫʨʳ; 

ʉʭʝʤʘ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʠʥʷʪʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1. 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t > 0 ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʠʩʪʝʤʝ ʨʘʩʧʣʘʚ ï ʢʦʚʰ ʥʘʨʫʰʘʝʪʩʷ ʠ ʚ ʞʠʜʢʦʡ ʩʪʘʣʠ 

ʥʘʯʠʥʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. ɼʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʨʘʩʧʣʘʚʝ ʦʧʠʩʳʚʘʶʪʩʷ 

ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: ʫʨʘʚʥʝʥʠʝ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɹʫʩʩʠʥʝʩʢʘ [1] ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ: 
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ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ 
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 ( ) ( ).VTV
t
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ÐÐ=ù
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ø
é
ê

è
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µ

µ
lr  (3) 

ɿʜʝʩʴ u, v ï ʨʘʜʠʘʣʴʥʘʷ ʠ ʦʩʝʚʘʷ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ V, 
zrr µ

µ
++

µ

µ
=Ð

1
 - ʦʧʝʨʘʪʦʨ 

ɻʘʤʠʣʴʪʦʥʘ, n = nʤ + nʪ ï ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ, ʤ
2
/ʩ; nʤ - ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, nʪ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ, ʤʝʭʘʥʠʟʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ, g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ
2
, b - ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 1/ʂ, r ʠ z- ʨʘʜʠʘʣʴʥʘʷ ʠ ʦʩʝʚʘʷ ʢʦʦʨʜʠʥʘʪʳ, ʤ, ʊ ï ʪʝʢʫʱʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʩʧʣʘʚʘ, ʩ, r ʠ l - ʪʝʧʣʦʝʤʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʨʘʩʧʣʘʚʘ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1)-(3) ʜʦʧʦʣʥʷʝʪʩʷ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ: 

t=0: u=0, v=0, T=T0, Tcʪ=900
0
ʉ. 
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µ

µ

r

v
 0=
µ

µ

r

T
 

(4) 

z=0 u=0 v=0 T=T0 (5) 

r=rcn u=0 v=0 T=T0 (6) 

z=zcn u=0 v=0 T=T0 (7) 

ʅʘ ʛʨʘʥʠʮʝ ʢʦʞʫʭʘ ʢʦʚʰʘ ï ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʨʘʙʦʪʘʝʪ ʫʩʣʦʚʠʝ 3 ʨʦʜʘ: 

 ( )
cpTT
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µ
al . (8) 

ʅʘ ʛʨʘʥʠʮʘʭ ʨʘʩʧʣʘʚ - ʬʫʪʝʨʦʚʢʘ ʠ ʬʫʪʝʨʦʚʢʘ ï ʢʦʞʫʭ: 
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llll , (9) 

ɻʜʝ ʠʥʜʝʢʩʳ ʩʪ, ʨʘʩ, ʬʫʪ, ʨʫʙ, ʩʨ ï ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʝʥʢʝ, ʨʘʩʧʣʘʚʫ, ʬʫʪʝʨʦʚʢʠ, ʢʦʞʫʭʫ, 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʨʫʙʘʰʢʝ, ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʚ ʩʠʩʪʝʤʫ (w - y), ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʷ çrotè, ʧʦʩʣʝ ʯʝʛʦ, ʫʨʘʚʥʝʥʠʝ ʅʘʚʴʝ-

ʉʪʦʢʩʘ ʧʝʨʝʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 
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 ʌʫʥʢʮʠʷ ʪʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:
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ʋʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ 
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2 111
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w . (11) 

ʂʨʘʝʚʳʝ ʫʩʣʦʚʠʷ, ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

t=0: w=0:  y= 0; u=0; v=0; T=T0. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ 
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ʇʝʨʝʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ (2) ï (3), (10) ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʢʨʠʪʝʨʠʘʣʴʥʦʤ ʚʠʜʝ, ʪʘʢʘʷ ʟʘʧʠʩʴ ʧʦʟʚʦʣʠʪ ʨʝʰʘʪʴ ʮʝʣʳʡ ʢʣʘʩʩ ʟʘʜʘʯ. ɺʚʝʜʝʤ ʭʘʨʘʢʪʝʨʥʳʝ 

ʚʝʣʠʯʠʥʳ: ʚ ʢʘʯʝʩʪʚʝ ʤʘʩʰʪʘʙʘ ʜʣʠʥʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʚʳʙʨʘʥʳ ʜʠʘʤʝʪʨ ʢʦʚʰʘ R0, 
ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʣʘʚʘ ʊ0, ʩʢʦʨʦʩʪʴ V0 = R0/a, ʛʜʝ ʘ =l/ʩr. ɺʚʦʜʠʤ ʧʦʥʷʪʠʷ ʙʝʟʨʘʟʤʝʨʥʦʡ 

ʚʝʣʠʯʠʥʳ: ,;~;~
000 TTVvvVuu q=== ʛʜʝ ʚʝʣʠʯʠʥʳ ʩʦ ʟʥʘʢʦʤ çʪʠʣʴʜʦʡè ʠ q - ʷʚʣʷʶʪʩʷ 

ʙʝʟʨʘʟʤʝʨʥʳʤʠ. ʇʨʠ ʟʘʧʠʩʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʥʘʢ çʪʠʣʴʜʘè ʦʧʫʩʪʠʤ, ʪ.ʢ. ʚʩʝ ʟʥʘʯʝʥʠʷ ʙʫʜʫʪ 
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ɻʜʝ Fo = at/R0
2
, Pr = n/a, Gr = gbTR0

3
/n

2
 ï ʢʨʠʪʝʨʠʠ ʌʫʨʴʝ, ʇʨʘʥʜʪʣʷ, ɻʨʘʩʛʦʬʬʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

[2].  

      ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʦʩʪʘʥʫʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ, ʘ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʥʘ ʛʨʘʥʠʮʝ ʩʪʝʥʢʘ ʢʦʚʰʘ ï ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʩ ʫʯʝʪʦʤ ʢʨʠʪʝʨʠʝʚ 

ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: ( )cpBi
r

qq
q

--=
µ

µ
. 

ʇʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʟʘʜʘʯ ʧʝʨʝʥʦʩʘ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʢ ʩʠʩʪʝʤʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʠ ʤʥʦʛʦʤʝʨʥʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ, 

ʧʨʠʤʝʥʷʝʤʳʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʨʘʟʥʦʩʪʝʡ (ʤʝʪʦʜ ʩʝʪʦʢ). ʉʫʱʥʦʩʪʴ ʝʛʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʙʣʘʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʘʨʛʫʤʝʥʪʘ ʟʘʤʝʥʷʝʪʩʷ ʢʦʥʝʯʥʳʤ ʜʠʩʢʨʝʪʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʪʦʯʝʢ (ʫʟʣʦʚ), ʦʙʨʘʟʫʶʱʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʨʘʟʥʦʩʪʥʫʶ ʩʝʪʢʫ [3]. ʌʫʥʢʮʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʝʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʘʨʛʫʤʝʥʪʘ, ʚ ʫʟʣʘʭ ʩʝʪʢʠ. ɺʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʟʘʤʝʥʷʶʪʩʷ ʠʭ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʣʠʥʝʡʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʟʘʤʝʥʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ. ʊʘʢʫʶ ʩʠʩʪʝʤʫ ʥʘʟʳʚʘʶʪ ʨʘʟʥʦʩʪʥʦʡ ʟʘʜʘʯʝʡ ʠʣʠ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʦʡ.  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʚʦʟʤʫʱʝʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʨʘʟʥʦʩʪʠ 

ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʠ ʧʨʦʛʦʥʢʠ ʜʣʷ ʥʝʷʚʥʦʡ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ʇʘʢʝʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ (ʇʇʇ) ʨʘʟʨʘʙʦʪʘʥ ʚ ʩʨʝʜʝ Delphi 10. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʦʤ ʢʦʚʰʝ (ʨʠʩ. 2) 
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ʈʠʩʫʥʦʢ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʩʣʝʚʘ) ʠ ʬʫʥʢʮʠʠ ʪʦʢʘ (ʩʧʨʘʚʘ) ʚ ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʦʤ 

ʢʦʚʰʝ ʯʝʨʝʟ 10 ʤʠʥʫʪ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʘʩʯʝʪʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ, ʚʦ ʤʥʦʛʦʤ, ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘ ʢʘʢʦʡ ʛʣʫʙʠʥʝ 

ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʥʘʧʦʣʥʠʪʝʣʴ ʠʟ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʠ ʥʘʯʠʥʘʝʪʩʷ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʤʝʪʘʣʣʦʤ. ʆʧʪʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʚʦʜʘ ʧʨʦʚʦʣʦʢʠ ʚ ʨʘʩʧʣʘʚ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʚʦʜʠʤʦʛʦ ʨʝʘʛʝʥʪʘ ʩ ʨʘʩʧʣʘʚʦʤ ʢ ʢʦʪʦʨʳʤ 

ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: ʩʦʩʪʘʚ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʦʙʦʣʦʯʢʠ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʩʧʣʘʚʘ, ʘ ʪʘʢʞʝ ʦʪ 

ʫʩʣʦʚʠʷ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʨʘʩʧʣʘʚʘ ʢ ʦʙʦʣʦʯʢʝ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ.  

ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ ʧʨʠ ʚʚʦʜʝ ʧʦʨʦʰʢʦʚʦʡ 

ʧʨʦʚʦʣʦʢʠ ʚ ʨʘʩʧʣʘʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʩʧʣʘʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʣʦʢʠ ʦʙʨʘʟʫʝʪʩʷ ʢʦʨʦʯʢʘ ʟʘʪʚʝʨʜʝʚʰʝʛʦ ʰʣʘʢʘ ʠ ʨʘʩʧʣʘʚʘ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʪʚʝʨʜʝʚʰʝʛʦ ʩʣʦʷ ʨʘʚʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʢʚʠʜʫʩ ʞʠʜʢʦʡ ʩʪʘʣʠ. ʊʦʣʱʠʥʘ 

ʢʦʨʦʯʢʠ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʟʘʪʝʤ ʧʦ ʤʝʨʝ ʧʨʦʛʨʝʚʘ ʦʙʦʣʦʯʢʠ ʠ ʥʘʧʦʣʥʠʪʝʣʷ 

ʨʘʩʧʣʘʚʣʷʝʪʩʷ ʜʦ ʧʦʣʥʦʛʦ ʝʝ ʠʩʯʝʟʥʦʚʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʠʥʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʦʣʦʯʢʠ ʠ 

ʨʘʩʧʣʘʚʘ.  

ɼʠʬʬʫʟʠʷ ʫʛʣʝʨʦʜʘ ʠʟ ʨʘʩʧʣʘʚʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʦʙʦʣʦʯʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩ ʩʪʘʣʠ ʜʦ ʟʥʘʯʝʥʠʷ, ʤʝʥʴʰʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʧʣʘʚʘ, ʠ ʥʘʯʠʥʘʝʪʩʷ ʝʝ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʝ ʜʠʬʬʫʟʠʦʥʥʦʝ ʧʣʘʚʣʝʥʠʝ ʧʫʪʝʤ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦ- ʠ 

ʤʘʩʩʦʦʙʤʝʥʘ [4]. ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʦʙʦʣʦʯʢʠ ʥʘʩʳʱʘʝʪʩʷ ʫʛʣʝʨʦʜʦʤ ʠʟ ʨʘʩʧʣʘʚʘ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠʜʫʩ, ʠ ʦʙʨʘʟʫʝʪʩʷ ʞʠʜʢʘʷ ʬʘʟʘ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʷʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʴʰʝ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʣʘʚʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʥʝʰʥʠʡ ʪʝʧʣʦʚʦʡ 

ʧʦʪʦʢ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʨʦʜʦʣʞʘʶʱʝʛʦʩʷ ʧʨʦʛʨʝʚʘ ʧʨʦʚʦʣʦʢʠ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʧʣʦʪʳ  ʬʘʟʦʚʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ.  

ʇʨʠ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

¶ ʪʝʧʣʦʚʳʝ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʦʣʦʯʢʠ ʠ ʧʦʨʦʰʢʦʚʳʤ 

ʥʘʧʦʣʥʠʪʝʣʝʤ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʦʣʦʯʢʠ ʠ ʩʣʦʝʤ ʟʘʪʚʝʨʜʝʚʰʝʛʦ ʨʘʩʧʣʘʚʘ 

ʧʨʠʥʷʪʳ ʠʜʝʘʣʴʥʳʤʠ; 

¶ ʥʘʫʛʣʝʨʦʞʝʥʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʦʙʦʣʦʯʢʠ  ʩʯʠʪʘʝʪʩʷ ʧʣʦʩʢʠʤ, ʯʪʦ ʜʦʧʫʩʪʠʤʦ ʚ 

ʩʠʣʫ ʝʛʦ ʤʘʣʦʡ ʪʦʣʱʠʥʳ; 

¶ ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʯʝʥʴ ʤʘʣ, ʘ ʬʨʦʥʪʳ ʧʣʘʚʣʝʥʠʷ ï ʧʣʦʩʢʠʝ; 
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¶ ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʡ ʤʝʪʘʣʣʘ ʚ ʢʦʚʰʝ ʧʦʩʪʦʷʥʥʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʚʚʦʜʘ 

ʧʨʦʚʦʣʦʢʠ; 

¶ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʚʦʜʠʤʦʡ ʚ ʢʦʚʰ ʧʨʦʚʦʣʦʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʦʝ; 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʢ ʜʚʠʞʫʱʝʡʩʷ ʧʨʦʚʦʣʦʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʧʦ ʩʢʦʨʦʩʪʠ ʝʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʨʘʩʧʣʘʚʝ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʦʨʦʰʢʦʚʦʡ  ʧʨʦʚʦʣʦʢʝ, 

ʩʦʩʪʦʠʪ ʠʟ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʝʨʝʥʦʩʘ 
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ʜʣʷ ʫʯʝʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʩʦʣʠʜʫʩ ʊs ʠ ʣʠʢʚʠʜʫʩ ʊl ʚ ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʚʝʜʝʥʘ ʬʫʥʢʮʠʷ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʪʳ: 
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ʛʜʝ x(ʊ)=Vʪʚ/V0 ï ʜʦʣʷ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚ ʜʚʫʭʬʘʟʥʦʡ ʟʦʥʝ, V0 ï ʦʙʲʝʤ ʜʚʫʭʬʘʟʥʦʡ ʟʦʥʳ, ʤ
3
, ʩ  = 1 

- W/(ʩʞ T0 )µx/]µT - ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, ɼʞ/ʢʛ ʂ [30]; ʩʞ - ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ ʞʠʜʢʦʡ ʬʘʟʝ 

ʨʘʩʧʣʘʚʘ; W - ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ɼʞ/ʢʛ; x - ʜʦʣʷ ʪʚʝʨʜʦʡ ʬʘʟʳ ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʧʨʘʚʠʣʘ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʨʳʯʘʛʘ [5]: 
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ʢʦʪʦʨʘʷ ʜʣʷ ʟʘʪʚʝʨʜʝʚʰʝʡ ʦʙʦʣʦʯʢʠ ʨʘʩʧʣʘʚʘ ʠʤʝʝʪ ʚʠʜ: 
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 ʋʩʣʦʚʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʟʘʪʚʝʨʜʝʚʰʝʡ ʦʙʦʣʦʯʢʦʡ ʠ ʨʘʩʧʣʘʚʦʤ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 
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ʅʘ ʦʩʠ ʣʝʥʪʳ ʫʩʣʦʚʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʟʘʜʘʥʦ ʚ ʚʠʜʝ 

0=
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Tn . 

ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʣʦʢʠ ʠ ʦʙʦʣʦʯʢʠ ʤʝʪʘʣʣʘ ʟʘʜʘʥʦ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ  4 

ʨʦʜʘ: 
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ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʤʠ: 

ʊ(ʭ,0)=ʊ0, 0 ¢ ʭ ¢ R, z(0) = R. 

  

ʇʦʩʣʝ ʨʘʩʧʣʘʚʣʝʥʠʷ ʥʘʤʝʨʟʰʝʛʦ ʩʣʦʷ ʨʘʩʧʣʘʚʘ ʠ ʠʩʭʦʜʥʦʡ ʩʪʘʣʴʥʦʡ ʦʙʦʣʦʯʢʠ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʧʣʘʚʣʝʥʠʝ ʝʝ ʥʘʧʦʣʥʠʪʝʣʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʩ ʞʠʜʢʦʡ ʩʪʘʣʴʶ. ʋʩʣʦʚʥʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ 
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ʨʘʩʪʚʦʨʝʥʠʷ, ʦʢʠʩʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʥʝʡ 

ʠ ʨʘʩʧʣʘʚʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʧʨʦʮʝʩʩʘ ʧʣʘʚʣʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʢʣʶʯʘʝʪ ʫʨʘʚʥʝʥʠʝ (17) ʙʝʟ ʩʚʦʙʦʜʥʦʛʦ ʯʣʝʥʘ, ʫʨʘʚʥʝʥʠʝ (18) ʠ 

ʫʩʣʦʚʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʝʥʪʳ ʠ ʞʠʜʢʦʡ ʩʪʘʣʴʶ ʩ ʫʯʝʪʦʤ 

ʘʜʜʠʪʠʚʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ: 
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ʛʜʝ QX - ʩʫʤʤʘʨʥʡr ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ, ʢɼʞ/ʢʛ.  

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦ ʩʝʯʝʥʠʶ ʦʙʦʣʦʯʢʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʊʜ), ʧʨʦʚʦʣʦʢʘ ʥʘʯʠʥʘʝʪ 

ʪʝʨʷʪʴ ʞʝʩʪʢʦʩʪʴ ʠ ʝʝ ʧʦʚʝʜʝʥʠʝ ʥʘʧʦʤʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮʳ ʚ ʨʘʩʧʣʘʚʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʠ  ʧʦʜʲʝʤʥʳʭ ʩʠʣ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ, ʫʯʠʪʳʚʘʶʱʝʡ 

ʧʨʠʩʦʝʜʠʥʝʥʥʫʶ ʤʘʩʩʫ, ʩʠʣʫ ɸʨʭʠʤʝʜʘ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ; 
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ʛʜʝ r -ʩʫʤʤʘʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʦʙʦʣʦʯʢʠ ʧʨʦʚʦʣʦʢʠ ʠ ʤʦʜʠʬʠʢʘʪʦʨʘ ʢʛ/ʤ
3
; c-ʢʦ-ʵʬʬʠʮʠʝʥʪ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥ/ʤ
2
; V1 ʠ V0 - ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʨʘʩʧʣʘʚʘ ʠ ʧʨʦʚʦʣʦʢʠ, ʤ; 

Vʧ =V0-V1;  rʧ  -ʙʝʟʨʘʟʤʝʨʥʳʡ ʨʘʜʠʫʩ ʧʨʦʚʦʣʦʢʠ; r-ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʧʨʦʚʦʣʦʢʠ; Ar-ʢʨʠʪʝʨʠʡ 

ɸʨʭʠʤʝʜʘ [4]. 

ɿʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ Tɼ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ [6], ʜʣʷ ʜʦʵʚʪʝʢʪʦʠʜʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 08ʂʇ, 

ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʦʣʦʯʢʠ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ. 

Tɼ = ɼ

ʩ

ɼ TT D+  

ɿʜʝʩʴ Tɼ
ʩ
 -ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ Tɼ  ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʉ,: ʚ ʩʪʘʣʠ, ʜʣʷ ʜʘʥʥʦʡ ʤʘʨʢʠ 

ʩʪʘʣʠ Tɼ =103,125ʉ
2
  - 316,25ʉ + 910=885

0
 C [5]. ɺ ʥʘʰʠʭ ʨʘʩʯʝʪʘʭ DT  ʧʨʠʥʠʤʘʣʦʩʴ ʨʘʚʥʳʤ 35

0
C, 

ʪʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʝʨʠ ʞʝʩʪʢʦʩʪʠ ʧʨʦʚʦʣʦʢʠ Tɼ =920
0
C.ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʦʥʝʮ ʧʨʦʚʦʣʦʢʠ ʜʦʩʪʠʛʥʝʪ ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (x2, y2). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚʨʝʤʷ ʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʩ 

ʩʠʣʠʢʦʢʘʣʴʮʠʝʤ ʠ ʘʣʶʤʠʥʠʝʚʦʡ ʢʘʪʘʥʢʠ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʩʪʘʣʠ ʠ ʩʢʦʨʦʩʪʠ ʝʝ ʨʘʟʣʠʚʢʠ (ʨʠʩ.3). 
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ʆʙʦʟʥʘʯʝʥʠʷ  
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ʉ,  ï1600
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ʉ 

ʈʠʩʫʥʦʢ 3. ɺʨʝʤʷ ʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 8 ʤʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʧʣʘʚʘ ʠ ʩʢʦʨʦʩʪʠ ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ: ʢʨʠʚʘʷ  

 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ. ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʣʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ 

ʥʘʛʨʝʚʫ ʠ ʧʣʘʚʣʝʥʠʶ ʥʘʤʝʨʟʰʝʛʦ ʩʣʦʷ ʠ ʦʙʦʣʦʯʢʠ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ. ʇʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ 

ʩʤʳʚʘʷ ʙʦʣʝʝ ʭʦʣʦʜʥʦʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʤʝʪʘʣʘ ʥʘ ʨʘʟʜʝʣʝ ʬʘʟ ʤʝʪʘʣʣ ï ʥʘʤʦʨʦʞʝʥʥʳʡ ʩʣʦʡ 

(ʦʙʦʣʦʯʢʘ), ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʥʘʛʨʝʚʫ ʠ ʨʘʩʧʣʘʚʣʝʥʠʶ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʣʠ ʦʪ 1550
0
ʉ ʜʦ 1650

0
ʉ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʧʣʘʚʣʝʥʠʷ  

ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʜʦʩʪʠʛʘʝʪ 40-50%. 

 

 
ʈʠʩʫʥʦʢ 4. ʉʢʦʨʦʩʪʴ ʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʧʨʦʚʦʣʦʢʠ: 

ʢʨʠʚʘʷ  ï1500
0
ʉ,  ï1600

0
ʉ,  ï1650

0
ʉ. 

 

 
ʈʠʩʫʥʦʢ 5. ʀʟʤʝʥʝʥʠʝ ʜʦʣʠ ʪʚʝʨʜʦʡ ʬʘʟʳ ʜʣʷ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʩ ʩʠʣʠʢʘʣʴʮʠʝʤ () ʠ 

ʘʣʶʤʠʥʠʝʚʦʡ ʢʘʪʘʥʢʠ () ʧʨʠ ʠʭ ʨʘʩʧʣʘʚʣʝʥʠʠ ʚ ʩʪʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1600
0
ʉ. 
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ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʠʘʤʝʪʨʘ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʚʨʝʤʷ ʝʝ ʧʣʘʚʣʝʥʠʷ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʪʘʣʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 30 -40% (ʨʠʩ. 4) 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʜʦʣʠ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʪʚʦʨʝʥʠʷ 

ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ. ɺ ʧʝʨʚʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ (ʩʪʘʣʴʥʦʡ ʦʙʦʣʦʯʢʦʡ 

ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʡ 0,5 ʤʤ ʠ ʨʘʩʧʣʘʚʦʤ) ʧʨʦʠʩʭʦʜʠʪ ʥʘʤʝʨʟʘʥʠʝ ʩʣʦʷ ʤʝʪʘʣʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʨʘʜʠʫʩʘ ʧʨʦʚʦʣʦʢʠ, ʚʦ ʚʪʦʨʦʡ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʣʝʥʠʝ ʥʘʤʝʨʟʰʝʛʦ ʩʣʦʷ, ʘ ʟʘʪʝʤ ʠ 

ʦʙʦʣʦʯʢʠ ʧʨʦʚʦʣʦʢʠ. 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ  ʨʘʩʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ 

ʫʯʠʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʝ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʦʣʥʠʪʝʣʷ, 

ʥʦ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʦʤ ʢʦʚʰʝ ʚ 

ʧʨʦʮʝʩʩʝ ʝʝ ʚʚʦʜʘ ʚ ʨʘʩʧʣʘʚ. 

ʄʦʜʝʣʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʠʩʪʝʤʝ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʚ ʧʨʦʚʦʣʦʢʝ ʠ ʙʣʠʟʣʝʞʘʱʝʤ ʨʘʩʧʣʘʚʝ. ʊʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ 

ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʯʠʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʡ ʤʦʜʝʣʠ ʜʚʫʭʬʘʟʥʦʡ ʟʦʥʳ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʦ ʚʨʝʤʷ ʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʦʡ 

ʧʨʦʚʦʣʦʢʠ ʩ ʩʠʣʠʢʦʢʘʣʴʮʠʝʤ ʜʠʘʤʝʪʨʦʤ 8, 10 ʠ 12 ʤʤ ʧʨʠ ʝʝ ʚʚʦʜʝ ʚ ʪʨʝʭʩʝʢʮʠʦʥʥʳʡ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʚʰ ʄʅʃɿ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʪʘʣʠ ʠ ʩʢʦʨʦʩʪʠ ʝʝ 

ʨʘʟʣʠʚʢʠ. 
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ʋɼʂ 697.9 

ʉʫʭʦʜʫʙ ɯ.ʆ., ʅʘʛʦʨʥʘ ʉ.ʆ., ʢʝʨʽʚʥʠʢ: ɼʝʰʢʦ ɺ.ɯ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ɯʥʩʪʠʪʫʪ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ, ʂʘʬʝʜʨʘ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʤ. 

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅɯ ʇʆʂɸɿʅʀʂʀ ʈʆɹʆʊʀ ʇʃɸʉʊʀʅʏɸʉʊʆɻʆ 

ʊɽʇʃʆʋʊʀʃɯɿɸʊʆʈɸ ʉʀʉʊɽʄ ɺɽʅʊʀʃʗʎɯɰ 

 

ɺ ʩʪʘʪʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘ ʘʥʘʣʽʟʫʶʪʴʩʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ 

ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ ʚ ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʝʪʘʣʴʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʤ. ʂʠʻʚʘ. 

ɺ ʩʪʘʪʴʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ 

ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨʘ ʚ ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʝʪʘʣʴʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʛ. ʂʠʝʚʘ. 

The paper identifies and analyzes technical and economic parameters of the plate membrane 

heat recovery unit in ventilation systems operation using detailed meteorological data for Kyiv. 

 

ɺʩʪʫʧ 

ʄʘʩʦʚʠʡ ʧʝʨʝʭʽʜ ʚ ʞʠʪʣʦʚʦʤʫ ʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʛʨʦʤʘʜʩʴʢʦʤʫ ʩʝʢʪʦʨʽ (ʟʦʢʨʝʤʘ, ʥʝ 

ʪʽʣʴʢʠ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ, ʘʣʝ ʡ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽ ʨʝʤʦʥʪʽ) ʥʘ ʛʝʨʤʝʪʠʯʥʽ ʚʽʢʥʘ ʥʘ ʨʷʜʫ ʟ 

ʧʝʨʝʚʘʛʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʫ ʪʝʧʣʦʚʦʤʫ ʙʘʣʘʥʩʽ ʙʫʜʽʚʣʽ, ʧʦʢʨʘʱʝʥʥʷ 

ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ, ʤʘʻ ʪʘʢʠʡ ʥʝʜʦʣʽʢ, ʷʢ ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʧʨʠʤʽʱʝʥʥʷʭ, ʜʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʠʩʪʝʤʠ ʧʨʠʨʦʜʥʦʾ ʚʝʥʪʠʣʷʮʽʾ. ʉʧʨʦʙʠ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʚʽʪʨʦʦʙʤʽʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ ʚʠʪʷʞʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʥʝ ʧʨʠʚʝʣʠ ʜʦ 

ʧʦʢʨʘʱʝʥʥʷ ʫʤʦʚ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʪʘʢ ʷʢ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʥʝʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʚʠʪʨʘʪ 

ʧʨʠʧʣʠʚʥʦʛʦ ʽ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ. ʗʢʱʦ ʞ ʨʝʛʫʣʶʚʘʪʠ ʧʦʚʽʪʨʦʦʙʤʽʥ ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʜʢʨʠʪʪʷ/ʟʘʢʨʠʪʪʷ ʢʚʘʪʠʨʦʢ, ʪʦ ʮʝ ʧʨʠʚʝʜʝ ʜʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʤʽʱʝʥʥʷ (ʟʙʽʣʴʰʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ). 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʽʪʨʷ, ʷʢʝ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʨʠʤʽʱʝʥʥʷ, ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ 

ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʽʚ. ʊʘʢʽ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ, ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʇʽʚʥʽʯʥʽʡ ɭʚʨʦʧʽ [1]. 

ɯʩʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʪʠʧʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʚ ʩʠʩʪʝʤʘʭ 

ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʚʝʥʪʠʣʷʮʽʾ [2]: ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʨʝʢʫʧʝʨʘʪʠʚʥʠʡ, ʨʦʪʦʨʥʠʡ 

ʨʝʛʝʥʝʨʘʪʠʚʥʠʡ, ʟ ʧʨʦʤʽʞʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ, ʟ ʪʝʧʣʦʚʠʤʠ ʪʨʫʙʘʤʠ, ʘ ʪʘʢʦʞ ʪʝʧʣʦʚʘ ʢʘʤʝʨʘ ʪʘ 

ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ. 

ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʝʢʫʧʝʨʘʪʠʚʥʠʡ ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ, ʪʦʤʫ ʱʦ ʚʽʥ 

ʧʨʝʜʩʪʘʚʣʷʻ ʥʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʠʡ ʩʧʦʩʽʙ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʥʦʚʠʭ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ ʰʣʷʭʦʤ ʦʙʤʽʥʫ ʪʝʧʣʦʪʠ 

ʤʽʞ ʚʠʪʷʞʥʠʤ ʽ ʧʨʠʧʣʠʚʥʠʤ ʧʦʚʽʪʨʷʤ. ɼʦ ʪʦʛʦ ʞ, ʾʭ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʞʣʠʚʝ ʙʝʟ ʟʘʤʽʥʠ 

ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ. ʈʝʢʫʧʝʨʘʪʠʚʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʧʘʢʝʪʽʚ ʧʣʘʩʪʠʥ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʜʚʘ ʩʫʤʽʞʥʽ ʢʘʥʘʣʠ. ʇʦ 

ʦʜʥʦʤʫ ʟ ʥʠʭ ʨʫʭʘʻʪʴʩʷ ʚʠʪʷʞʥʝ ʧʦʚʽʪʨʷ, ʧʦ ʽʥʰʦʤʫ ï ʧʨʠʧʣʠʚʥʝ.  

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʪʘʢʠʭ ʫʪʠʣʽʟʘʪʦʨʽʚ ʻ: ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ; ʚʠʢʣʶʯʝʥʥʷ ʧʦʪʨʘʧʣʷʥʥʷ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʧʨʠʧʣʠʚʥʝ; ʣʝʛʢʽʩʪʴ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; ʥʝʟʥʘʯʥʝ ʜʦʜʘʪʢʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʧʨʠʚʦʜʠ 

ʚʝʥʪʠʣʷʪʦʨʽʚ. ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʻ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʽʣʴʢʠ ʧʨʠ ʧʝʨʝʩʽʢʘʥʥʽ ʧʨʠʧʣʠʚʥʦʛʦ ʪʘ 
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ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʦʧʨʦʚʦʜʽʚ; ʤʦʞʣʠʚʽʩʪʴ ʦʙʤʝʨʟʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʫ ʟʠʤʦʚʠʭ ʧʝʨʽʦʜ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ 

ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 50-80% ʪʘ ʤʘʪʠ ʚʪʨʘʪʫ ʥʘʧʦʨʫ ʚ ʧʨʠʧʣʠʚʥʦʤʫ ʪʘ ʚʠʪʷʞʥʦʤʫ 

ʢʘʥʘʣʘʭ ʚʽʜ 50 ʜʦ 250 ʇʘ. ɿʘʭʠʩʪ ʨʝʢʫʧʝʨʘʪʠʚʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʚʽʜ ʫʪʚʦʨʝʥʥʷ ʽʥʝʶ ʚ 

ʢʘʥʘʣʽ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʽʤ ʧʽʜʽʛʨʽʚʦʤ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ, 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʚʠʪʨʘʪ ʧʨʠʧʣʠʚʥʦʛʦ ʯʠ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʧʝʨʽʦʜʠʯʥʠʤ ʨʦʟʤʦʨʦʞʫʚʘʥʥʷʤ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ɺ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫʣʴʪʨʘʪʦʥʢʘ 

ʧʦʣʽʤʝʨʥʘ ʤʝʤʙʨʘʥʘ ʘʙʦ ʩʧʝʮʽʘʣʴʥʦ ʦʙʨʦʙʣʝʥʠʡ ʧʘʧʽʨ, ʦʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʷʢʦʛʦ ʻ ʫʪʠʣʽʟʘʮʽʷ 

ʷʚʥʦʛʦ ʽ ʧʨʠʭʦʚʘʥʦʛʦ ʪʝʧʣʘ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ [2]. 

ʉʧʦʩʦʙʠ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʽʚ 

ɯʩʥʫʶʪʴ ʜʝʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʪʠʣʽʟʘʪʦʨʽʚ ʪʝʧʣʦʪʠ [3]. ʅʘʧʨʠʢʣʘʜ, 

ʦʩʥʦʚʥʦʶ ʻ ʦʮʽʥʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ (ʧʦ ʷʚʥʽʡ, 

ʧʨʠʭʦʚʘʥʽʡ ʪʘ ʧʦʚʥʽʡ ʪʝʧʣʦʪʽ). ɯʥʰʠʡ ʩʧʦʩʽʙ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ 

ʝʢʩʝʨʛʝʪʠʯʥʦʛʦ ʢʢʜ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʝʢʩʝʨʛʽʶ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ [4]. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʫʪʠʣʽʟʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʪʘʢʦʞ ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʟʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʦʯʽʢʫʚʘʥʠʤ ʪʝʨʤʽʥʦʤ ʦʢʫʧʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʟʘʪʨʘʪ ʜʣʷ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʽʚ, ʟʥʘʯʝʥʴ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʚʘʨʪʦʩʪʽ ʽ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ. ɺ 

ʜʘʥʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɺ ʷʢʦʩʪʽ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ, ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʘ ʫʩʪʘʥʦʚʢʘ 

LGH 15-RX5 ʢʦʤʧʘʥʽʾ Mitsubishi Electric [5], ʤʦʜʝʣʴʥʠʡ ʨʷʜ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʘʥʘʣʴʥʫ 

ʚʝʥʪʠʣʷʮʽʡʥʫ ʫʩʪʘʥʦʚʢʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʝʭʨʝʩʥʦ-ʩʪʨʫʤʠʥʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, 

ʧʨʠʧʣʠʚʥʦʛʦ ʽ ʚʠʪʷʞʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʽʚ, ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʢʠ, ʙʘʡʧʘʩʥʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘ 

ʬʽʣʴʪʨʽʚ, ʧʨʠʟʥʘʯʝʥʫ ʜʣʷ ʢʦʪʝʜʞʽʚ, ʢʚʘʨʪʠʨ ʪʘ ʥʝʚʝʣʠʢʠʭ ʦʬʽʩʽʚ. 

ʆʧʠʩ ʨʦʙʦʪʠ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ɿʛʽʜʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʘʥʦʚʢʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʘʢʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ: 

¶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʚ ʜʽʘʧʘʟʦʥʽ tOA =(-10 é -15) 
0
ʉ ʢʦʞʥʫ ʛʦʜʠʥʫ 

ʧʨʠʧʣʠʚʥʠʡ ʚʝʥʪʠʣʷʪʦʨ ʚʠʤʠʢʘʻʪʴʩʷ ʥʘ 10 ʭʚʠʣʠʥ ʪʘ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʧʨʦʜʫʚʘʻʪʴʩʷ 

ʪʝʧʣʠʤ ʚʠʪʷʞʥʠʤ ʧʦʚʽʪʨʷʤ (ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʛʨʦʟʠ ʟʘʤʝʨʟʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ);  

¶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ tOA Ò-15 
0
ʉ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ (ʧʦ ʜʘʪʯʠʢʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ); ʨʦʟʨʘʭʫʥʦʢ ʫʪʠʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ 

ʧʦʪʫʞʥʦʩʪʽ ʢʘʣʦʨʠʬʝʨʽʚ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

Lossnay Selection & Lossnay Economical calculation [5]. 

ʇʦʢʘʟʥʠʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʩʪʘʥʦʚʢʠ 

ʈʦʟʨʘʭʫʥʦʢ ʫʪʠʣʽʟʦʚʘʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʪʽʣʴʢʠ ʜʣʷ ʦʧʘʣʶʚʘʣʴʥʦʛʦ 

ʩʝʟʦʥʫ ʟ ʦʛʣʷʜʫ ʥʘ ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ ʟʘ ʜʦʙʫ ʚ ʧʨʠʤʽʱʝʥʥʽ ʛʨʦʤʘʜʩʴʢʦʾ ʙʫʜʽʚʣʽ: 

24 ʛʦʜʠʥʠ, 12 ʛʦʜʠʥ (ʟ 9 ʜʦ 21 ʛʦʜʠʥʠ) ʽ 8 ʛʦʜʠʥ (ʟ 9 ʜʦ 17 ʛʦʜʠʥʠ). 

ɺʝʣʠʯʠʥʘ ʝʢʦʥʦʤʽʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʥʪʘʣʴʧʽʡʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʘʣʘʩʷ [6]: 

( ), , ,1 ,
l n

total ij ij RA ij OA h ij

i k j m

KW G h h te
= =

è ø- Ö Ö
ê ú

=ää    (1) 

ʜʝ ̔ ï ʢʘʣʝʥʜʘʨʥʘ ʜʦʙʘ ʨʦʢʫ; ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʦʢʽʚ ʤʽʩʪʠʪʴ ʜʚʘ ʧʝʨʽʦʜʠ: ʟ 01 ʩʽʯʥʷ (k) ʜʦ 15 

ʢʚʽʪʥʷ (l) ʚʢʣʶʯʥʦ; ʟ 15 ʞʦʚʪʥʷ (k) ʜʦ 31 ʛʨʫʜʥʷ (l) ʚʢʣʶʯʥʦ; 

j ï ʢʘʣʝʥʜʘʨʥʘ ʛʦʜʠʥʘ ʜʦʙʠ ʨʦʢʫ; ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʨʠ ʚʘʨʽʘʥʪʠ: 8-ʤʠ (m=9, n=17), 12-ʪʠ (m=9, 

n=21) ʽ 24-ʦʭ ʛʦʜʠʥʥʠʡ (m=1, n=24) ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ; 

ijG  - ʤʽʥʽʤʘʣʴʥʝ ʟ ʜʚʦʭ ʟʥʘʯʝʥʴ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʚʠʪʷʞʥʦʛʦ ʘʙʦ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʜʣʷ 

ʢʦʞʥʦʾ ʛʦʜʠʥʠ, ʢʛ/ʩ; 
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,ij RAh ʽ ,ij OAh  - ʧʦʛʦʜʠʥʥʽ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ ʧʦʚʽʪʨʷ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʽ ʟʟʦʚʥʽ, ʢɼʞ /ʢʛ; 

h
e - ʝʥʪʘʣʴʧʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦ ʧʦʚʥʽʡ ʪʝʧʣʦʪʽ [6]: 

,SA OA
h

RA OA

h h

h h
e

-

-
=

       (2)

 

ʜʝ SAh  - ʧʦʛʦʜʠʥʥʝ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ, ʢɼʞ/ʢʛĀʛʦʜ; 

,1ijK  - ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʽʜʢʣʶʯʝʥʥʷ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʽʥʝʶ: 

¶ ʧʨʠ 0 0

,115 10 1OA OA ijt C i t C K¢- >- = ; ʧʨʠ 
0 0

,115 10 0,833OA ijC t C K- < ¢- = ; 

t - ʢʨʦʢ ʨʦʟʨʘʭʫʥʢʫ, 1 ʛʦʜ. 

ɺʝʣʠʯʠʥʘ ʷʚʥʦʾ ʫʪʠʣʽʟʦʚʘʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʘʣʘʩʷ [6]: 

( ), , ,1 ,
l n

sensible ij p ij RA ij OA t ij

i k j m

c KW G t t te
= =

è øÖ - Ö Ö
ê ú

=ää    (3) 

ʜʝ ,ij RAt  ʽ ,ij OAt  - ʧʦʛʦʜʠʥʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʽ ʟʦʚʥʽ, Áʉ; 

pc  - ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʽʟʦʙʘʨʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʦʚʽʪʨʷ, ʢɼʞ/ʢʛĀÁʉ; 

te - ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦ ʷʚʥʽʡ ʪʝʧʣʦʪʽ [6]: 

,SA OA
t

RA OA

t t

t t
e

-

-
=

       (4)

 

ʜʝ SAt  ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ, Áʉ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ ʥʝʦʙʭʽʜʥʽ ʥʘʩʪʫʧʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ: ʧʘʨʘʤʝʪʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ʷʢʽ ʻ ʨʽʟʥʠʤʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʨʠ ʨʦʢʫ) ʪʘ ʧʘʨʘʤʝʪʨʠ ʧʦʚʽʪʨʷ 

ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ. ʇʘʨʘʤʝʪʨʠ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʟʘ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʙʫʜʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʦʨʤʘʤ [7], ʧʘʨʘʤʝʪʨʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʝʣʠʯʠʥʠ ʫʪʠʣʽʟʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʙʫʣʠ ʚʟʷʪʽ ʧʦʛʦʜʠʥʥʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ 

ʟʘ 2009-2010 ʨʦʢʠ ʧʦ ʤ. ʂʠʻʚʫ [8] (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ, ʙʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ). 

ʊʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ʾʭ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʛʦʜʠʥ ʩʪʦʷʥʥʷ ʧʨʦʪʷʛʦʤ 2009-2010 

ʨʦʢʽʚ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ.1. 
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ʈʠʩʫʥʦʢ 1 ï ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʛʦʜʠʥ ʩʪʦʷʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʟʘ 2009-2010 ʨʦʢʠ ʜʣʷ ʤ. 

ʂʠʻʚʘ 

ɸʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʢʽʚ ʢʽʣʴʢʦʩʪʽ ʛʦʜʠʥ ʩʪʦʷʥʥʷ ʟʦʚʥʽʰʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʫʩʪʘʥʦʚʦʢ 

ʫʪʠʣʽʟʘʮʽʾ ʧʦʚʥʦʾ ʪʝʧʣʦʪʠ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚ ʢʦʞʥʽʡ ʢʘʣʝʥʜʘʨʥʽʡ ʛʦʜʠʥʽ 

ʟʥʘʯʝʥʥʶ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʦʚʽʜʘʻ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ. ʊʘʢʦʞ ʧʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʤʦʞʣʠʚʦ ʜʦʩʣʽʜʠʪʠ ʨʽʟʥʽ ʛʨʘʬʽʢʠ 

ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ ʧʨʦʪʷʛʦʤ ʜʦʙʠ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʤʽʥʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ). ʊʦʤʫ, 

ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʛʦʜʠʥʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʦʣʦʛʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʛʨʘʬʽʢʫ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ.  

ʇʦʤʽʩʷʯʥʽ ʧʦʛʦʜʥʽ ʜʘʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʦʣʦʛʦʚʤʽʩʪʫ (ʯʠ ʚʦʣʦʛʦʩʪʽ) ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2-3. 

 
ʈʠʩʫʥʦʢ 2 ï ʇʘʨʘʤʝʪʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʘ-

ʚʦʣʦʛʦʚʤʽʩʪ ʟʘ ʩʽʯʝʥʴ 2010 ʨʦʢʫ 

 
ʈʠʩʫʥʦʢ 3 ï ʇʘʨʘʤʝʪʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʘ-ʚʽʜʥʦʩʥʘ 

ʚʦʣʦʛʽʩʪʴ ʫ ʩʽʯʥʽ 2010 ʨʦʢʫ 

ɸʥʘʣʦʛʽʯʥʽ ʛʨʘʬʽʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʽ ʜʣʷ ʽʥʰʠʭ ʤʽʩʷʮʽʚ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʝʨʽʦʜʫ. 

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʚʦʣʦʛʦʚʤʽʩʪ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʘ ʛʨʘʬʽʢʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʽ ʚʦʣʦʛʦʩʪʽ ʤʘʶʪʴ ʙʽʣʴʰʠʡ ʨʦʟʢʠʜ ʪʦʯʦʢ. ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ 

ʚʠʥʠʢʘʻ ʟʘ ʨʘʭʫʥʦʢ ʙʘʛʘʪʴʦʭ ʧʘʨʘʤʝʪʨʽʚ, ʟʦʢʨʝʤʘ ʪʘʢʠʭ, ʷʢ ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ, ʭʤʘʨʥʽʩʪʴ, 

ʚʦʣʦʛʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ, ʥʘʷʚʥʽʩʪʴ ʜʦʱʫ ʪʘ ʽʥ., ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʦʣʦʛʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ 
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ʧʦʚʽʪʨʷ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ ʧʨʦʚʝʜʝʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʣʝʥʜʘʨʥʠʭ ʧʦʛʦʜʠʥʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʨʘʭʦʚʘʥʽ ʟʘʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʧʨʠʧʣʠʚʥʦʛʦ ʪʘ ʚʠʪʷʞʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʽʚ ʪʘ ʥʘ ʢʘʣʦʨʠʬʝʨ. 

ʇʘʨʘʤʝʪʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʥʷʪʦ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʟʘʥʝʩʝʥʽ ʜʦ ʪʘʙʣ 1. 

ʊʘʙʣʠʮʷ 1 ï ɺʠʭʽʜʥʽ ʜʘʥʽ 

ʅʘʟʚʘ ʧʘʨʘʤʝʪʨʫ ʆʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ɿʥʘʯʝʥʥʷ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʠʤʽʱʝʥʥʽ ʚ ʭʦʣʦʜʥʠʡ 

ʧʝʨʽʦʜ ʨʦʢʫ 
0
ʉ 20 

ɺʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ % 45 

ɺʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʤ
3
/ʛʦʜ 150 

he - 0,74 

te - 0,811 

ʇʦʪʫʞʥʦʩʪʽ ʚʠʙʨʘʥʠʭ ʢʘʣʦʨʠʬʝʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4. ɿ ʥʴʦʛʦ ʚʠʜʥʦ, ʱʦ ʧʦʪʫʞʥʽʩʪʴ ʢʘʣʦʨʠʬʝʨʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. 

 
ʈʠʩʫʥʦʢ 4 ï ʇʦʪʫʞʥʽʩʪʴ ʦʙʨʘʥʠʭ ʢʘʣʦʨʠʬʝʨʽʚ 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʅʘ ʨʠʩ.5 - 8 ʟʦʙʨʘʞʝʥʘ ʧʦʚʥʘ ʪʘ ʷʚʥʘ ʫʪʠʣʽʟʦʚʘʥʘ ʝʥʝʨʛʽʷ ʚ ʧʨʠʤʽʱʝʥʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʭʦʣʦʜʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ), ʘ ʪʘʢʦʞ ʚʽʜ 

ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʪʝʧʣʦʫʪʠʣʽʟʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʚʠʨʘʞʝʥʘ ʫ ɻʢʘʣ. ɺʝʣʠʯʠʥʠ ʫʪʠʣʽʟʦʚʘʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʟʘʪʨʘʪʠ ʥʘ ʧʨʠʚʦʜʠ ʚʝʥʪʠʣʷʪʦʨʽʚ ʪʘ ʢʘʣʦʨʠʬʝʨʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 2, ʪʘ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʢʦʥʦʤʽʾ ʛʨʦʰʦʚʠʭ ʢʦʰʪʽʚ ʽ ʪʝʨʤʽʥʫ ʦʢʫʧʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʜʘʥʦʾ ʫʩʪʘʥʦʚʢʠ. 
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ʈʠʩʫʥʦʢ 5 ï ʇʦʚʥʘ ʫʪʠʣʽʟʦʚʘʥʘ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʟʘ 2009-2010 ʨʦʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ 

 
ʈʠʩʫʥʦʢ 6 ï ʇʦʚʥʘ ʫʩʝʨʝʜʥʝʥʘ ʫʪʠʣʽʟʦʚʘʥʘ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʟʘ 2009-2010 ʨʦʢʠ ʟʛʽʜʥʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ, ɻʢʘʣ 
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ʈʠʩʫʥʦʢ 7 ï ʗʚʥʘ ʫʪʠʣʽʟʦʚʘʥʘ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʾ ʟʘ 2009-2010 ʨʦʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ 

 
ʈʠʩʫʥʦʢ 8 ï ʗʚʥʘ ʫʩʝʨʝʜʥʝʥʘ ʫʪʠʣʽʟʦʚʘʥʘ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʟʘ 2009-2010 ʨʦʢʠ ʟʛʽʜʥʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ 

 

ʊʘʙʣʠʮʷ 2 ï ʋʩʝʨʝʜʥʝʥʘ ʫʪʠʣʽʟʦʚʘʥʘ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʟʘ 2009-2010 ʨʦʢʠ ʪʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʥʘ ʧʨʠʚʦʜʠ ʚʝʥʪʠʣʷʪʦʨʽʚ ʽ ʢʘʣʦʨʠʬʝʨ 

ʈʝʞʠʤ ʨʦʙʦʪʠ 

ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ 

WTOTAL, 

ɻʢʘʣ/ ʢɺʪȚʛʦʜ 

WSENSIBLE, ɻʢʘʣ/ 

ʢɺʪȚʛʦʜ 

WFAN, ʢɺʪĀʛʦʜ WCALORIF, 

ʢɺʪĀʛʦʜ 

24 ʛʦʜʠʥʠ 4,36 / 5070,9 3,335 / 3879,0 876,0 52,9 

12 ʛʦʜʠʥ 2,15 / 2502,9 1,633 / 1898,9 438,0 20,9 

8 ʛʦʜʠʥ 1,47 / 1711,4 1,114 / 1296,3 292,0 13,6 

ʅʘʚʝʜʝʥʽ ʚ ʜʽʘʛʨʘʤʘʭ ʽ ʪʘʙʣʠʮʷʭ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʽʣʴʰʘ ʚʝʣʠʯʠʥʘ 

ʫʪʠʣʽʟʦʚʘʥʦʾ ʝʥʝʨʛʽʾ ʙʫʜʝ ʧʨʠ 24-ʛʦʜʠʥʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ. ʊʘʢ ʷʢ, ʟʘ 

ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʧʨʦʪʷʛʦʤ  ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʨʦʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʟʥʘʯʥʘ 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨ tOA Ò-15 
0
ʉ, ʪʦ ʟʘʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʥʘʛʨʽʚ ʩʢʣʘʜʘʶʪʴ 

ʥʝʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʚʽʜ ʫʪʠʣʽʟʦʚʘʥʦʾ ʝʥʝʨʛʽʾ (ʙʣʠʟʴʢʦ 1%). 
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ɽʢʦʥʦʤʽʷ ʛʨʦʰʦʚʠʭ ʢʦʰʪʽʚ ʽ ʪʝʨʤʽʥʠ ʦʢʫʧʥʦʩʪʽ ʜʣʷ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʝʢʦʥʦʤʽʾ ʛʨʦʰʦʚʠʭ ʢʦʰʪʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʚʘ ʚʘʨʽʘʥʪʠ: 

¶ ʝʢʦʥʦʤʽʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʤʝʨʝʞʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ; 

¶ ʝʢʦʥʦʤʽʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʠ ʟʘʤʽʱʝʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʘʣʝʥʥʷ. 

ɺʝʣʠʯʠʥʘ ʝʢʦʥʦʤʽʾ ʛʨʦʰʦʚʠʭ ʢʦʰʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ [9]: 

/ ( ) ,TOTAL HEAT EL FAN CALORIF ELE T TW W WÖ - + Ö=
   (5)

 

ʜʝ TOTALW - ʫʪʠʣʽʟʦʚʘʥʘ ʝʥʝʨʛʽʷ, ɻʢʘʣ ʘʙʦ ʢɺʪĿʛʦʜ; 

/HEAT ELT  - ʪʘʨʠʬ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʪʝʧʣʦʚʫ ʘʙʦ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ, ʛʨʥ./ɻʢʘʣ ʘʙʦ ʛʨʥ./ʢɺʪĿʛʦʜ; 

FAN CALORIFiW W  - ʩʧʦʞʠʚʘʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʧʨʠʚʦʜʘʤʠ ʚʝʥʪʠʣʷʪʦʨʽʚ ʪʘ ʢʘʣʦʨʠʬʝʨʦʤ 

ʚʽʜʧʦʚʽʜʥʦ, ʢɺʪĿʛʦʜ. 

ʊʘʨʠʬʠ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʪʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʙʫʣʠ ʚʟʷʪʽ ʥʘ ʩʘʡʪʽ ʇɸʊ çʂʠʾʚʝʥʝʨʛʦè ʜʣʷ 

ʶʨʠʜʠʯʥʠʭ ʩʧʦʞʠʚʘʯʽʚ [10], ʘ ʚʘʨʪʽʩʪʴ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʫʩʪʘʥʦʚʢʠ - ʫ ʦʬʽʮʽʡʥʠʭ ʜʠʣʝʨʽʚ-

ʚʠʨʦʙʥʠʢʽʚ [5]. 

ʈʦʟʨʘʭʫʥʢʠ ʝʢʦʥʦʤʽʾ ʛʨʦʰʦʚʠʭ ʢʦʰʪʽʚ ʽ ʪʝʨʤʽʥʠ ʦʢʫʧʥʦʩʪʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʷ 3 ï ɽʢʦʥʦʤʽʷ ʛʨʦʰʦʚʠʭ ʢʦʰʪʽʚ 

ʈʝʞʠʤ ʨʦʙʦʪʠ 

ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ 
ɽʪʝʧʣ, ʛʨʥ./ ʊʦʢ, ʨʦʢʠ ɽʝʣ.ʝʥ, ʛʨʥ./ ʊʦʢ, ʨʦʢʠ 

24 ʛʦʜʠʥʠ 4135,5 / 2,73 4354,0 / 2,59 

12 ʛʦʜʠʥ 2046,5 / 5,52 2149,1 / 5,26 

8 ʛʦʜʠʥ 1400,1 / 8,07 1478,1 / 7,65 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʦʪʠ 

ʗʢʽʩʪʴ ʪʘ ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʚʦʜʠ ʚʝʥʪʠʣʷʪʦʨʽʚ ʜʣʷ ʧʦʜʦʣʘʥʥʷ 

ʦʧʦʨʫ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ ʢʘʣʦʨʠʬʝʨʠ, ʻ ʚʠʱʦʶ, ʥʽʞ ʪʽʻʾ, ʷʢʫ ʫʪʠʣʽʟʫʻ ʪʝʧʣʦʦʙʤʽʥʥʠʢ. ɼʣʷ 

ʦʮʽʥʢʠ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʚʝʨʥʝʥʥʷ ʝʥʝʨʛʽʾ (ratio of energy recovery - RER):  

,TOTAL

FAN FAN CALORIF CALORIF

RER
N T N T

W
=

Ö + Ö
    (6) 

ʜʝ FAN CALORIFN i N  ï ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ ʚʝʥʪʠʣʷʪʦʨʘ ʽ ʢʘʣʦʨʠʬʝʨʘ, ʢɺʪ; 

FAN CALORIFT i T  ï ʯʘʩ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʪʦʨʽʚ ʽ ʢʘʣʦʨʠʬʝʨʘ ʚʽʜʧʦʚʽʜʥʦ, ʛʦʜ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʥʝʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʚʠʪʨʘʪʠ ʧʝʨʚʠʥʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʦʜʠʥʠʮʶ 

ʚʠʨʦʙʣʝʥʦʾ ʝʥʝʨʛʽʾ (ʪʝʧʣʦʚʦʾ ʽ ʝʣʝʢʪʨʠʯʥʦʾ): 

,TOTAL HEAT

FAN FAN CALORIF CALORIF EL

B
RER

N T N T B

W
= Ö

Ö + Ö
    (7) 

ʜʝ HEAT ELB i B  - ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʧʝʨʚʠʥʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʪʝʧʣʦʚʦʾ ʽ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ [10]. 

ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʚʝʨʥʝʥʥʷ ʝʥʝʨʛʽʾ (6-7) ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʪʘʙʣ. 4. 

ʊʘʙʣʠʮʷ 4 - ʂʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʥʝʥʥʷ ʝʥʝʨʛʽʾ (RER) 

 ɺʽʜʥʦʩʥʠʡ RER 
ɺʽʜʥʦʩʥʠʡ RER 

(ʧʨʠʚʝʜʝʥʠʡ) 

24 ʛʦʜʠʥʠ 5,74 3,19 

12 ʛʦʜʠʥ 5,7 3,17 

8 ʛʦʜʠʥ 5,85 3,26 

ɿʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʚʝʨʥʝʥʥʷ ʝʥʝʨʛʽʾ ʚʠʜʥʦ, ʱʦ ʜʣʷ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ ʧʨʠ 

ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʫʪʠʣʽʟʦʚʘʥʘ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʫ 6 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʟʘʪʨʘʪʠ 
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ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʧʨʠʚʦʜʠ ʚʝʥʪʠʣʷʪʦʨʽʚ ʽ ʫ 3 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʟʘʪʨʘʪʠ ʧʨʠ ʧʨʠʚʝʜʝʥʥʽ ʜʦ 

ʚʠʪʨʘʪʠ ʧʝʨʚʠʥʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʦʜʠʥʠʮʶ ʚʠʨʦʙʣʝʥʦʾ ʝʥʝʨʛʽʾ. 

ɺʠʩʥʦʚʢʠ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʠ ʚʠʟʥʘʯʝʥʽ ʥʘʩʪʫʧʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʽ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ: 

¶ ɺʝʣʠʯʠʥʘ ʧʦʚʥʦʾ ʫʪʠʣʽʟʦʚʘʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʥʪʘʣʴʧʽʡʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ ʝʬʝʢʪʠʚʥʦʩʪʽ; 

¶ ɺʝʣʠʯʠʥʘ ʷʚʥʦʾ ʫʪʠʣʽʟʦʚʘʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ ʝʬʝʢʪʠʚʥʦʩʪʽ; 

¶ ɽʢʦʥʦʤʽʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʤʝʨʝʞʽ ʧʨʠ ʫʤʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ ʥʘ 

ʦʧʘʣʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʘʭ ʽ ʧʨʠʣʘʜʽʚ ʦʙʣʽʢʫ ʪʘ ʪʝʨʤʽʥʠ ʦʢʫʧʥʦʩʪʽ; 

¶ ɽʢʦʥʦʤʽʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʦʙʽʛʨʽʚʘʯʽʚ ʪʘ ʪʝʨʤʽʥʠ 

ʦʢʫʧʥʦʩʪʽ; 

¶ ʂʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʥʝʥʥʷ ʝʥʝʨʛʽʾ (RER). 

ʇʨʠ ʨʦʟʛʣʷʜʘʥʥʽ ʚʘʨʽʘʥʪʫ ʟʘʤʽʱʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʩʪʠʭ ʪʝʨʤʽʥʽʚ ʦʢʫʧʥʦʩʪʽ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʥʘʡʰʚʠʜʰʝ 

ʫʩʪʘʥʦʚʢʘ ʜʘʥʦʛʦ ʪʠʧʫ ʦʢʫʧʠʪʴʩʷ ʧʨʠ ʾʾ 24-ʛʦʜʠʥʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ.  

ʊʝʨʤʽʥʠ ʦʢʫʧʥʦʩʪʽ ʧʨʠ ʟʘʤʽʱʝʥʥʽ ʪʝʧʣʦʚʦʾ ʘʙʦ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ (ʩʧʽʚʨʦʟʤʽʨʥʽʩʪʴ ʪʘʨʠʬʽʚ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʽ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ, 

ʷʢʽ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʘʥʠʤʠ [10]). 

ɼʦ ʪʦʛʦ ʞ ʧʨʠ ʨʦʟʛʣʷʜʘʥʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʚʝʨʥʝʥʥʷ ʝʥʝʨʛʽʾ, ʡʦʛʦ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʨʽʟʥʠʭ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʻ ʧʨʘʢʪʠʯʥʦ ʤʘʣʦ ʚʽʜʤʽʥʥʠʤʠ, ʪʦʙʪʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʦʚʝʨʥʝʥʥʷ ʝʥʝʨʛʽʾ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ ʥʘ ʜʦʙʫ. 
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ʋɼʂ 

ʂʽʙʷʢʦʚʘ ɻ.ɭ., ʐʝʚʯʝʥʢʦ ʆ.ʄ., ʉʪʨʝʣʢʦʚʘ ɻ.ɻ. 

ʅʊʋʋ çʂʇɯè, ɯʥʩʪʠʪʫʪ ɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ, ʤ.ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ʂʆʄʇʃɽʂʉ ɿɸʍʆɼɯɺ ɿ ɽʅɽʈɻʆɿɹɽʈɽɾɽʅʅʗ ɺ ʈɸʄʂɸʍ ʇʈʆɻʈɸʄʀ 

"ɽʅɽʈɻʆɽʌɽʂʊʀɺʅɯ ʋʅɯɺɽʈʉʀʊɽʊʉʔʂɯ ʄɯʉʊɽʏʂɸ" 

ɻʣʦʙʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʨʦʙʣʝʤʠ, ʦʢʨʽʤ ʧʦʰʫʢʫ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʚʠʤʘʛʘʶʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʨʦʟʚʠʪʢʦʤ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʚʠʨʦʙʥʠʮʪʚʘ, ʨʦʟʧʦʜʽʣʫ ʪʘ ʩʧʦʞʠʚʘʥʥʷ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ (ʇɽʈ). ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ 

ʪʘ ʧʦʧʫʣʷʨʽʟʘʮʽʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ. 

ɻʣʦʙʘʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʨʦʤʝ ʧʦʠʩʢʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʪʨʝʙʫʶʪ ʦʨʛʘʥʠʟʘʮʠʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʝʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ (ʊʕʈ). ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʰʝʥʠʝ 

ʵʪʠʭ ʚʦʧʨʦʩʦʚ. 

Global energy problems, except finding and developing new efficient and environmentally 

friendly sources of energy, require the organization of optimal control of development and 

operation of existing systems of production, distribution and consumption of energy resources . The 

implementation of energy management system and popularization of energy efficiency provide a 

solution to these issues. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. 

ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʚ ʝʢʦʥʦʤʽʮʽ ʤʘʡʞʝ 

ʚʩʽʭ ʢʨʘʾʥ ʩʚʽʪʫ, ʦʩʢʽʣʴʢʠ ʨʝʩʫʨʩʠ ʢʦʧʘʣʠʥ ʦʨʛʘʥʽʯʥʠʭ ʧʘʣʠʚ ʦʙʤʝʞʝʥʽ, ʘ ʟʘʧʘʩʠ ʦʩʦʙʣʠʚʦ 

ʮʽʥʥʠʭ ʡʦʛʦ ʚʠʜʽʚ ï ʥʘʬʪʠ ʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ï ʥʘʚʽʪʴ ʧʨʠ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ ʾʭ ʩʧʦʞʠʚʘʥʥʷ 

ʚʠʤʽʨʶʶʪʴʩʷ ʜʝʢʽʣʴʢʦʤʘ ʜʝʩʷʪʠʣʽʪʪʷʤʠ.  

ʈʘʥʽʰʝ ʪʽʣʴʢʠ ʬʘʭʽʚʮʽ-ʚʯʝʥʽ, ʜʦʩʣʽʜʥʠʢʠ, ʽʥʞʝʥʝʨʠ ʟʘʡʤʘʣʠʩʷ ʧʨʦʙʣʝʤʘʤʠ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʡ, ʭʦʯʘ ʜʘʥʽ ʧʨʦʙʣʝʤʠ ʘʞ ʥʽʷʢ ʥʝ ʥʦʚʽ, ʩʘʤʝ ʥʘʧʨʠʢʽʥʮʽ ʍʍ-ʛʦ ʩʪʦʨʽʯʯʷ 

ʚʦʥʠ ʩʪʘʣʠ ʥʘʩʪʽʣʴʢʠ ʘʢʪʫʘʣʴʥʠʤʠ ʽ ʜʣʷ ʨʝʰʪʠ ʥʘʩʝʣʝʥʥʷ.  

ɺʽʜʦʤʦ, ʱʦ ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ɼʣʷ 

ʩʪʘʨʠʭ ʙʫʜʽʚʝʣʴ, ʷʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʘ ʜʣʷ 

ʩʫʯʘʩʥʠʭ ð ʟʥʠʞʝʥʠʡ ʧʦʧʠʪ ʥʘ ʝʥʝʨʛʽʶ ʜʣʷ ʦʧʘʣʝʥʥʷ. ʅʘʡʢʨʘʱʦʶ ʥʘʷʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, 

ʪʠʤ ʯʘʩʦʤ, ʻ çʙʫʜʠʥʢʠ ʟ ʥʠʟʴʢʠʤ ʩʧʦʞʠʚʘʥʥʷʤè ʘʙʦ çʧʘʩʠʚʥʽ ʙʫʜʠʥʢʠè, ʘʣʝ ʧʨʦʡʜʫʪʴ 

ʜʝʩʷʪʠʨʽʯʯʷ, ʧʝʨʰ ʥʽʞ ʚʦʥʠ ʧʦʰʠʨʷʪʴʩʷ ʧʦ ɭʚʨʦʧʽ. ʈʝʢʦʥʩʪʨʫʢʮʽʷ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʘʙʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʽʰʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʝʞ ʤʦʞʫʪʴ ʟʨʦʙʠʪʠ ʚʥʝʩʦʢ ʫ ʟʤʝʥʰʝʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɿ ʜʨʫʛʦʛʦ ʙʦʢʫ, ʩʧʦʞʠʚʘʯʽ ʚʠʤʘʛʘʶʪʴ ʚʠʱʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʙʽʣʴʰ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʫ ʧʨʠʤʽʱʝʥʥʷʭ. ʎʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʧʦʧʠʪʫ ʥʘ ʩʠʩʪʝʤʠ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ, ʩʪʨʘʪʝʛʽʾ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʚʽʜʜʘʥʥʷʤ ʧʝʨʝʚʘʛʠ ʜʞʝʨʝʣʘʤ ʝʥʝʨʛʽʾ ʟ 

ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʚʠʢʠʜʽʚ.  

ʈʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʚ ʅʊʋʋ çʂʇɯè ʯʝʨʝʟ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ. 

ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʫʤʦʚ ʢʦʤʬʦʨʪʥʦʩʪʽ 

ʪʘ ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʥʘʚʯʘʣʴʥʠʭ ʢʦʨʧʫʩʘʭ ʪʘ ʛʫʨʪʦʞʠʪʢʘʭ 

ʅʊʋʋ çʂʇɯè, ʥʝʦʙʭʽʜʥʦ ʨʘʮʽʦʥʘʣʴʥʦ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷʤ ʫ ʙʫʜʽʚʣʷʭ ʚ ʮʽʣʦʤʫ.  

ʋ 2004 ʨʦʮʽ ʚ ʅʊʋʋ "ʂʇɯ" ʩʪʚʦʨʝʥʦ ʉʣʫʞʙʫ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ (ʉɽʄ). 

ʄʝʪʘ ʩʪʚʦʨʝʥʥʷ, ʟʘʚʜʘʥʥʷ ʽ ʜʽʷʣʴʥʽʩʪʴ ʩʣʫʞʙʠ: ñɼʦʤʦʛʪʠʩʷ, ʫ ʨʘʤʢʘʭ ʥʘʜʘʥʦʾ 

ʢʦʤʧʝʪʝʥʮʽʾ, ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʢʫʧʦʚʫʚʘʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʦʤ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚò.  



ʇʃɽʅɸʈʅɽ ɿɸʉɯɼɸʅʅʗ 
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ɼʦʩʷʛʪʠ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʤʦʞʥʘ ʪʽʣʴʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʧʽʣʴʥʠʭ ʩʢʦʦʨʜʠʥʦʚʘʥʠʭ ʟʫʩʠʣʴ 

ʦʩʥʦʚʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ï ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʽʥʩʪʠʪʫʪʽʚ ʽ ʬʘʢʫʣʴʪʝʪʽʚ, ʩʪʫʜʤʽʩʪʝʯʢʘ, ʘ ʪʘʢʦʞ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʨʛʘʥʽʚ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʩʣʫʞʙ ʛʦʣʦʚʥʦʛʦ ʽʥʞʝʥʝʨʘ.  

ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʨʦʙʦʪʠ ʪʘ ʟʘʚʜʘʥʥʷ ʩʣʫʞʙʠ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʧʦʣʷʛʘʶʪʴ ʫ: 

Å ʩʚʦʻʯʘʩʥʦʤʫ ʦʙʣʽʢʫ ʪʘ ʘʥʘʣʽʟʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; 

Å ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʣʽʤʽʪʽʚ ʝʥʝʨʛʦ- ʪʘ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ; 

Å ʨʦʟʨʦʙʮʽ ʤʝʭʘʥʽʟʤʫ ʟʘʦʭʦʯʝʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ ʧʨʦʚʦʜʠʪʠ ʟʘʭʦʜʠ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʰʣʷʭʦʤ ʧʦʚʝʨʥʝʥʥʷ ʟʝʢʦʥʦʤʣʝʥʠʭ ʢʦʰʪʽʚ ʟʘ ʩʧʦʞʠʪʽ ʝʥʝʨʛʦʥʦʩʽʾ ʜʦ ʧʽʜʨʦʟʜʽʣʽʚ; 

Å ʧʨʦʚʝʜʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙʩʪʝʞʝʥʴ ʥʘʚʯʘʣʴʥʠʭ ʢʦʨʧʫʩʽʚ ʪʘ ʛʫʨʪʦʞʠʪʢʽʚ ʽʟ 

ʟʘʣʫʯʝʥʥʷʤ ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ɯʥʩʪʠʪʫʪʫ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ 

(ɯɽɽ); 

Å ʩʪʚʦʨʝʥʥʽ ʙʘʟʠ ʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʽʥʞʝʥʝʨʥʠʭ 

ʤʝʨʝʞ ʙʫʜʽʚʝʣʴ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʥʘʚʯʘʣʴʥʠʭ 

ʢʦʨʧʫʩʽʚ; 

Å ʨʦʟʨʦʙʮʽ ʧʨʦʝʢʪʽʚ ʪʘ ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

 

ʉʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ (ʉɽʄ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ 

ʩʪʘʥʜʘʨʪʫ ISO 50001 

ɼʽʷʣʴʥʽʩʪʴ ʫ ʩʬʝʨʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʦʭʦʧʣʶʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʢʣʘʜʦʚʠʭ, 

ʤʝʪʦʶ ʷʢʠʭ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1 

 
ʈʠʩ.1 5 ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ 

ʆʨʛʘʥʽʟʘʮʽʡʥʘ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʧʦʧʫʣʷʨʠʟʘʮʽʷ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʩʝʨʝʜ ʩʪʫʜʝʥʪʩʪʚʘ, ʷʢ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ, ʻ ʥʘʡʙʽʣʴʰ 

ʚʧʣʠʚʦʚʠʤʠ ʥʘ ʩʚʽʜʦʤʽʩʪʴ ʽ ʧʦʚʝʜʽʥʢʫ ʩʪʫʜʝʥʪʩʪʚʘ, ʦʩʢʽʣʴʢʠ, ʷʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ, ʧʨʠ ʟʤʽʥʽ 

ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʤʘʣʦʟʘʪʨʘʪʥʠʭ ʟʘʭʦʜʽʚ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʝʢʦʥʦʤʽʾ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʙʣʠʟʴʢʦ 15%. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʟʘ ʫʩʽʤʘ ʟʘʟʥʘʯʝʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʥʝʦʙʭʽʜʥʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ (ʉɽʄ). ʉɽʄ ï ʮʝ ʢʦʤʧʣʝʢʩ 

ʚʟʘʻʤʦʧʦʚ`ʷʟʘʥʠʭ ʘʙʦ ʚʟʘʻʤʦʜʽʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦ ʬʦʨʤʫʚʘʥʥʶ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʧʦʣʽʪʠʢʠ, ʧʦʩʪʘʥʦʚʮʽ ʮʽʣʝʡ, ʨʦʟʨʦʙʮʽ ʟʘʭʦʜʽʚ ʱʦʜʦ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ ʮʽʣʝʡ. 

ʉʝʤ ʻ ʩʫʯʘʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ 

ʧʦʣʽʪʠʢʫ ʦʨʛʘʥʽʟʘʮʽʾ, ʩʬʦʨʤʫʚʘʪʠ ʮʽʣʽ ʪʘ ʨʦʟʨʦʙʠʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʣʘʥ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʩʠʩʪʝʤʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʦʮʽʥʢʠ, 



ʇʃɽʅɸʈʅɽ ɿɸʉɯɼɸʅʅʗ 

 

 

ɽʥʝʨʛʝʪʠʢʘ. ɽʢʦʣʦʛʽʷ. ʃʶʜʠʥʘ 

44 

ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʢʦʥʪʨʦʣʶ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʪʘʢʦʞ, ʚʠʟʥʘʯʘʪʠ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʽ 

ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʝʰʝʥʥʷ ʧʨ. ʚʧʨʦʚʘʜʞʝʥʥʽʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ ʩʪʨʘʪʝʛʽʾ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʉɽʄ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʝʥʝʨʛʦʢʦʨʝʢʪʥʦʾ ʧʦʚʝʜʽʥʢʠ ʩʧʦʞʠʚʘʯʘ, ʷʢʘ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʦʚʘʨʽʚ ʪʘ ʧʦʩʣʫʛ, ʦʜʥʦʯʘʩʥʦ ʽʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʢʦʤʬʦʨʪʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ. 

ʄʝʪʦʜʦʣʦʛʽʯʥʝ ʧʽʜˇʨʫʥʪʷ ʉɽʄ ʚʠʟʥʘʯʘʻ ʪʘ ʨʝʘʣʽʟʫʻ ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʽ ʩʠʩʪʝʤʥʽʩʪʴ ʟʘʭʦʜʽʚ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʫʯʘʩʥʠʭ ʩʪʘʣʠʭ ʤʦʜʝʣʝʡ ʨʦʟʚʠʪʢʫ ʤʫʥʽʮʠʧʘʣʽʪʝʪʽʚ ʋʢʨʘʾʥʠ.  

ɿʘ ʜʦʩʚʽʜʦʤ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʪʨʝʙʫʻ ʟʤʽʥ ʥʘ 

ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ ISO 50001 çʉʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. ɺʠʤʦʛʠ ʟ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʦ ʟʘʩʪʦʩʫʚʘʥʥʶè, ʷʢʠʡ ʙʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ 15 ʯʝʨʚʥʷ 2011 ʨʦʢʫ. ʉʪʨʫʢʪʫʨʥʫ 

ʩʭʝʤʫ ʉɽʄ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʫ ʥʘʜʘʥʦ ʥʘ ʨʠʩ. 2.  

 
ʈʠʩ.2 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʉɽʄ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʫ ISO 50001 

   

ʇʨʦʛʨʘʤʘ "ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʽ ʤʽʩʪʝʯʢʘ". 

ʆʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʨʦʙʦʪʠ ʉɽʄ ʅʊʋʋ çʂʇɯè, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʩʢʣʘʜʦʚʽ ʻ ʧʨʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʚʦʜʠ ʚ ʥʘʚʯʘʣʴʥʠʭ ʢʦʨʧʫʩʘʭ ʪʘ ʛʫʨʪʦʞʠʪʢʘʭ ʡ ʨʦʟʨʦʙʢʘ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʣʘʥʫ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ. ɼʣʷ ʟʘʣʫʯʝʥʥʷ ʩʪʫʜʝʥʪʩʪʚʘ ʚ 

ʫʥʽʚʝʨʩʠʪʝʪʽ ʟ ʣʠʩʪʦʧʘʜʘ ʮʴʦʛʦ ʨʦʢʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʇʨʦʛʨʘʤʘ "ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽ 

ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʽ ʤʽʩʪʝʯʢʘ", ʤʝʪʦʶ ʷʢʦʾ ʻ ʬʦʨʤʫʚʘʥʥʷ ʫ ʩʪʫʜʝʥʪʽʚ ʥʦʚʦʛʦ ʪʠʧʫ ʤʠʩʣʝʥʥʷ, 

ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʨʦʟʫʤʽʥʥʽ ʮʽʥʥʦʩʪʽ ʩʧʦʞʠʚʘʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʦʟʠʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʝʢʦʣʦʛʽʶ, ʟʙʝʨʝʞʝʥʥʷ ʢʣʽʤʘʪʫ ʪʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ, ʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʚ 

ʷʢʦʩʪʽ ʩʚʽʜʦʤʠʭ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʩʣʫʛ.  

ɺ ʨʘʤʢʘʭ ʜʘʥʦʾ ʧʨʦʛʨʘʤʠ ʧʨʦʪʷʛʦʤ ʣʶʪʦʛʦ-ʙʝʨʝʟʥʷ ʧʦʪʦʯʥʦʛʦ ʨʦʢʫ ʨʝʘʣʽʟʦʚʘʥʦ ʢʦʥʢʫʨʩ 

ʤʽʞ ʛʫʨʪʦʞʠʪʢʘʤʠ ʧʽʣʦʪʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʥʘ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʫ ʧʦʚʝʜʽʥʢʫ ʩʝʨʝʜ 

ʩʪʫʜʝʥʪʽʚ ʽ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ.  

ʆʩʥʦʚʥʦʶ ʽʜʝʻʶ ʢʦʥʢʫʨʩʫ ʙʫʣʦ ʩʢʦʨʦʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʛʘʟʫ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʧʨʦʪʷʛʦʤ ʣʶʪʦʛʦ-ʙʝʨʝʟʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʘʥʘʣʦʛʽʯʥʠʤ ʧʝʨʽʦʜʦʤ ʤʠʥʫʣʦʛʦ ʨʦʢʫ ʚ ʢʦʤʧʣʝʢʩʽ ʽʟ 

ʧʨʦʚʝʜʝʥʥʷʤ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʦʦʱʘʜʥʦʛʦ ʩʪʘʚʣʝʥʥʷ 

ʪʘ ʧʦʚʝʜʽʥʢʠ ʩʪʫʜʝʥʪʽʚ-ʤʝʰʢʘʥʮʽʚ ʪʘ ʧʨʘʮʽʚʥʠʢʽʚ ʛʫʨʪʦʞʠʪʢʫ. 

ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʢʦʥʢʫʨʩʥʠʡ ʛʫʨʪʦʞʠʪʦʢ. 

ɻʫʨʪʦʞʠʪʦʢ ˉ16 ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʪʝʨʠʪʦʨʽʾ ʩʪʫʜʝʥʪʩʴʢʦʛʦ ʤʽʩʪʝʯʢʘ ʅʊʋʋ çʂʇɯè ʟʘ 
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ʘʜʨʝʩʦʶ:  ʚʫʣ. ɺʠʙʦʨʟʴʢʘ, 3.  

ɹʫʜʽʚʣʷ ʙʫʣʘ ʟʙʫʜʦʚʘʥʘ ʫ 1973 ʨʦʮʽ. ɻʫʨʪʦʞʠʪʦʢ ʷʚʣʷʻ ʩʦʙʦʶ ʮʝʛʣʷʥʠʡ 

ʜʝʚôʷʪʠʧʦʚʝʨʭʦʚʠʡ ʙʫʜʠʥʦʢ ʽʟ ʜʚʦʤʘ ʣʽʬʪʘʤʠ, ʦʨʽʻʥʪʦʚʘʥʦ ʛʦʣʦʚʥʠʤ ʬʘʩʘʜʦʤ ʥʘ ʇʽʚʥʽʯ. 

ɹʫʜʠʥʦʢ ʜʚʦʩʝʢʮʽʡʥʠʡ, ʽʟ ʙʣʦʢʦʚʠʤ ʢʦʤʧʦʥʫʚʘʥʥʷʤ ʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ, ʟôʻʜʥʘʥʠʭ 

ʩʭʦʜʦʚʦ-ʣʽʬʪʦʚʠʤʠ ʭʦʣʘʤʠ. ɹʣʦʢ ʥʘʣʽʯʫʻ 8 ʢʽʤʥʘʪ, ʭʦʣ, ʢʫʭʥʶ, ʩʘʥʚʫʟʦʣ. ɺ ʢʽʤʥʘʪʘʭ 

ʧʨʦʞʠʚʘʻ ʚʽʜ 2 ʜʦ 4 ʣʶʜʝʡ. ɹʫʜʠʥʦʢ ʪʘʢʦʞ ʤʘʻ ʧʽʜʚʘʣʴʥʦ-ʩʣʫʞʙʦʚʽ ʧʨʠʤʽʱʝʥʥʷ.  

ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʦ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʛʫʨʪʦʞʠʪʢʦʤ ʟʘ 

2009-2011 ʨʦʢʠ. 

 
ʈʠʩ. 2 ʇʦʨʽʚʥʷʣʴʥʠʡ ʛʨʘʬʽʢ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ 2009, 2010, 2011 ʨʦʢʠ 

ɿ ʛʨʘʬʽʢʘ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦ ʤʽʩʷʮʷʭ ʟʘ 

ʦʩʪʘʥʥʽ ʪʨʠ ʨʦʢʠ ʚʽʜʥʦʩʥʦ ʦʜʥʘʢʦʚʝ. ʅʘʡʙʽʣʴʰʝ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʙʘʯʠʤʦ ʫ 

ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ï ʟʤʝʥʰʫʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʩʚʽʪʣʦʚʦʛʦ ʜʥʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʽ 

ʦʙʽʛʨʽʚʘʶʯʽ ʧʨʠʣʘʜʠ; ʥʘʡʤʝʥʰʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ï ʚʣʽʪʢʫ, ʱʦ ʩʧʨʠʯʠʥʝʥʦ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʨʠʚʘʣʦʩʪʽ ʩʚʽʪʣʦʛʦ ʜʥʷ ʪʘ ʧʝʨʽʦʜʦʤ ʣʽʪʥʽʭ ʢʘʥʽʢʫʣ.  

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟʘ ʨʦʢʘʤʠ, ʥʘʡʙʽʣʴʰʝ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʠʧʘʜʘʻ ʥʘ 2011 

ʨʽʢ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʧʨʦʪʷʛʦʤ ʮʴʦʛʦ ʨʦʢʫ ʫ ʛʫʨʪʦʞʠʪʢʫ ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʤʦʥʪʥʽ 

ʨʦʙʦʪʠ, ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʜʦʜʘʪʢʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʦ ʜʦʙʦʚʠʡ ʛʨʘʬʽʢ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʛʫʨʪʦʞʠʪʢʦʤ 

ʧʨʦʪʷʛʦʤ 30 ʙʝʨʝʟʥʷ 2012 ʨʦʢʫ. 

 
ʈʠʩ. 3 ʇʦʛʦʜʠʥʥʝ ʩʧʦʞʠʚʘʥʥʷ ʛʘʟʫ 30.03.12 

 ɿ ʨʠʩ. 3 ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʩʧʦʞʠʚʘʥʥʷ ʛʘʟʫ ʧʨʠʭʦʜʠʪʴ ʥʘ ʜʨʫʛʫ ʧʦʣʦʚʠʥʫ ʜʥʷ, 

ʢʦʣʠ ʩʪʫʜʝʥʪʩʪʚʦ ʧʝʨʝʙʫʚʘʻ ʧʝʨʝʚʘʞʥʦ ʫ ʛʫʨʪʦʞʠʪʢʫ. 

ʂʦʤʧʣʝʢʩ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʢʫʨʩʫ. 

1. ɯʥʪʝʨʥʝʪ-ʘʢʪʠʚʥʽʩʪʴ: 

ʋ ʩʦʮʽʘʣʴʥʠʡ ʤʝʨʝʞʽ çVkontakteè ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʚʽʜʢʨʠʪʫ ʛʨʫʧʫ çɹʝʨʝʞʠ Energy!è ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʾ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʩʪʫʜʝʥʪʽʚ ʅʊʋʋ çʂʇɯè ʧʨʦ ʧʨʦʛʨʘʤʫ çɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽ 

ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʽ ʤʽʩʪʝʯʢʘè ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ. 

ʋ ʛʨʫʧʽ ʨʦʟʤʽʱʫʚʘʣʠʩʴ ʥʦʚʠʥʠ, ʮʽʢʘʚʽ ʬʘʢʪʠ ʧʨʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʬʦʪʦʛʨʘʬʽʾ ʟ 

ʧʨʦʚʝʜʝʥʠʭ ʟʘʭʦʜʽʚ, ʚʽʜʝʦ- ʪʘ ʘʫʜʽʦ-  ʤʘʪʝʨʽʘʣʠ ʘʛʽʪʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 
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ʅʘ ʩʘʡʪʘʭ ʢʘʬʝʜʨʠ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɯɽɽ, ʅʊʋʋ çʂʇɯè 

ʨʦʟʤʽʱʫʚʘʣʘʩʴ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʥʢʫʨʩ, ʫʯʘʩʥʠʢʦʤ ʷʢʦʛʦ ʙʫʚ ʛʫʨʪʦʞʠʪʦʢ ˉ 16. ʇʨʦʪʷʛʦʤ 

ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ ʪʘʢʦʞ ʨʦʟʤʽʱʫʚʘʣʠʩʴ ʦʛʦʣʦʰʝʥʥʷ ʱʦʜʦ ʧʦʪʦʯʥʠʭ ʢʦʥʢʫʨʩʽʚ. 

2. ɼʝʥʴ ɯɽɽ 

ʆʩʥʦʚʥʠʤ ʦʨʛʘʥʽʟʘʪʦʨʦʤ ʮʴʦʛʦ ʟʘʭʦʜʫ ʙʫʣʦ ʇʨʦʬʙʶʨʦ ɯɽɽ.  

ʄʝʪʦʶ ʘʢʪʠʚʽʩʪʽʚ ʢʦʤʘʥʜʠ, ʷʢʘ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʧʨʦʝʢʪʽ çɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʽ 

ʤʽʩʪʝʯʢʘè, ʢʦʥʮʝʥʪʨʘʮʽʷ ʫʚʘʛʠ ʩʪʫʜʝʥʪʩʪʚʘ ʥʘ ʇʨʦʙʣʝʤʽ ɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʝʨʚʠʥʥʝ 

ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʇʨʦʛʨʘʤʦʶ, ʜʣʷ ʮʴʦʛʦ: 

- ʫ ʢʦʨʧʫʩʽ ˉ22 ʙʫʣʠ ʨʦʟʤʽʱʝʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʣʠʩʪʦʚʢʠ ʪʘ ʞʘʨʪʠ ʥʘ ʪʝʤʠ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʝʢʦʣʦʛʽʾ, ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ. 

- ʧʨʦʚʦʜʠʚʩʷ ʷʨʤʘʨʦʢ ʧʘʤô̫ ʪʥʠʭ ʩʫʚʝʥʽʨʽʚ, ʥʘ ʷʢʦʤʫ ʤʦʞʥʘ ʙʫʣʦ ʧʨʠʜʙʘʪʠ ʯʘʰʢʠ, 

ʨʫʯʢʠ, ʙʣʦʢʥʦʪʠ ʪʘ ʷʩʢʨʘʚʽ ʬʫʪʙʦʣʢʠ ʟ ʩʠʤʚʦʣʽʢʦʶ ɯɽɽ ʅʊʋʋ çʂʇɯè ʪʘ ʇʨʦʝʢʪʫ 

çɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʽ ʤʽʩʪʝʯʢʘè - çɹʝʨʝʞʠ Energy!è  

- ʫ ʎʂʄ ʅʊʋʋ çʂʇɯè ʚʽʜʙʫʣʦʩʴ ʦʬʽʮʽʡʥʝ ʩʚʷʪʢʫʚʘʥʥʷ. ɺʘʞʣʠʚʦʶ ʣʽʥʽʻʶ ʩʮʝʥʘʨʽʶ 

ʉʚʷʪʘ ʙʫʣʦ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʦʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

3. çʊʠʞʥʽ ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽè: 

ʇʨʦʪʷʛʦʤ ʙʝʨʝʟʥʷ 2012 ʨʦʢʫ ʚ ʛʫʨʪʦʞʠʪʢʫ ˉ16 ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʠ çɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽ 

ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʽ ʤʽʩʪʝʯʢʘè ʧʨʦʚʦʜʠʣʠʩʴ ʤʘʩʰʪʘʙʥʽ ʢʫʣʴʪʫʨʥʽ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʭʦʜʠ ʧʽʜ 

ʟʘʛʘʣʴʥʦʶ ʥʘʟʚʦʶ çʊʠʞʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽè, ʤʝʪʦʶ ʷʢʠʭ ʙʫʚ ʨʦʟʚʠʪʦʢ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʫ 

ʩʪʫʜʝʥʪʽʚ-ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʟʨʦʟʫʤʽʶʪʴ ʮʽʥʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ, 

ʫʩʚʽʜʦʤʣʶʶʪʴ ʟʘʛʨʦʟʫ ʜʣʷ ʽʩʥʫʚʘʥʥʷ ʣʶʜʩʪʚʘ ʚʥʘʩʣʽʜʦʢ ʾʭ ʥʘʜʤʽʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺ ʨʘʤʢʘʭ ʮʠʭ ʪʠʞʥʽʚ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ: 

1) ʂʦʥʢʫʨʩ ʤʽʞ ʛʘʟʦʚʠʤʠ ʩʪʦʷʢʘʤʠ ʛʫʨʪʦʞʠʪʢʫ ʥʘ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟ 05.03.12 ʧʦ 11.03.12. 

ɿʘ ʪʠʞʜʝʥʴ ʜʦ ʢʦʥʢʫʨʩʫ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʢʘʤʧʘʥʽʷ ʩʝʨʝʜ ʩʪʫʜʝʥʪʽʚ ʪʘ 

ʚʠʢʣʘʜʘʯʽʚ:  

- ʨʦʟʢʣʝʻʥʦ ʦʙô̫ ʚʠ ʪʘ ʧʨʦʚʝʜʝʥʦ ʨʦʟô̫ ʩʥʶʚʘʣʴʥʽ ʙʝʩʽʜʠ ʽʟ ʤʝʰʢʘʥʮʷʤʠ ʙʣʦʢʽʚ; 

- ʚʽʜʙʫʣʠʩʴ ʩʪʘʨʦʩʪʘʪʠ ʥʘʚʯʘʣʴʥʠʭ ʛʨʫʧ ɯʥʩʪʠʪʫʪʫ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʝʥʝʨʛʦʤʝʥʝʞʤʝʥʪʫ ʱʦʜʦ ʟʘʧʣʘʥʦʚʘʥʠʭ ɽʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʢʦʥʢʫʨʩʽʚ; 

- ʥʘ ɺʯʝʥʽʡ ʈʘʜʽ ɯɽɽ ʪʘ ɼʠʨʝʢʪʦʨʘʪʽ ʚʠʩʪʫʧʠʣʘ ʆ.ʄ.ʐʝʚʯʝʥʢʦ, ʛʦʣʦʚʥʠʡ 

ʝʥʝʨʛʦʤʝʥʝʜʞʝʨ ʅʊʋʋ çʂʇɯè ʟ ʧʨʠʚʦʜʫ ʧʨʦʚʝʜʝʥʥʷ çʊʠʞʥʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽè ʚ 

ʛʫʨʪʦʞʠʪʢʫ ˉ16 ʪʘ ʢʦʨʧʫʩʽ ˉ22; 

- ʟʘʩʥʦʚʘʥʦ ɼʦʙʨʦʚʽʣʴʥʠʡ ʇʨʠʟʦʚʠʡ ʌʦʥʜ ʩʠʣʘʤʠ ʩʪʫʜʝʥʪʽʚ, ʚʠʢʣʘʜʘʯʽʚ ɯɽɽ ʜʣʷ 

ʟʘʦʭʦʯʝʥʥʷ ʧʝʨʝʤʦʞʮʽʚ ʢʦʥʢʫʨʩʫ; 

- ʟʘʣʫʯʝʥʦ ʩʧʦʥʩʦʨʽʚ; 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʤʠ ʟʘ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʢʫʨʩʫ, ʙʫʣʠ ʟʥʷʪʽ ʧʦʢʘʟʥʠʢʠ ʛʘʟʦʚʠʭ ʣʽʯʠʣʴʥʠʢʽʚ 3 

ʨʘʟʠ (ʟʘ ʪʠʞʜʝʥʴ ʜʦ ʧʦʯʘʪʢʫ ʢʦʥʢʫʨʩʫ, ʧʽʜʯʘʩ ʢʦʥʢʫʨʩʥʦʛʦ ʪʠʞʥʷ  ̔ ʧʦ ʟʘʢʽʥʯʝʥʥʶ). 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʝʟʫʣʴʪʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʧʝʨʝʤʦʞʮʽʚ  ̔ʧʦʚʽʜʦʤʣʝʥʦ ʾʭ ʧʨʦ 

ʥʘʛʦʨʦʜʞʝʥʥʷ, ʷʢʝ ʚʽʜʙʫʣʦʩʴ 03.04.12. 

ɸʥʘʣʽʟ ʩʧʦʞʠʚʘʥʥʷ ʛʘʟʫ ʧʦʢʘʟʘʚ, ʱʦ ʩʪʘʚʣʝʥʥʷ ʩʪʫʜʝʥʪʩʪʚʘ ʜʦ ʧʨʦʙʣʝʤʠ ʥʘʜʤʽʨʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʛʘʟʫ ʧʦʤʽʪʥʦ ʟʤʽʥʠʣʦʩʴ. 

ɺʽʜʥʦʩʥʝ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʛʘʟʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.4. 
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ʈʠʩ.4 ɺʽʜʥʦʩʥʝ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʛʘʟʫ ʟʘ ʧʝʨʽʦʜ 28.02-05.03 ʪʘ 06.03-12.03 

2) ɸʢʮʽʷ çʇʨʦʚʝʜʠ ʨʦʤʘʥʪʠʯʥʠʡ ʚʝʯʽʨ 8 ʙʝʨʝʟʥʷ ï ʚʠʤʢʥʠ ʩʚʽʪʣʦ ʥʘ 10 ʭʚʠʣʠʥè 

ɸʢʮʽʷ ʧʨʦʚʦʜʠʣʘʩʴ ʟ ʤʝʪʦʶ ʧʨʠʚʝʨʥʝʥʥʷ ʫʚʘʛʠ ʩʪʫʜʝʥʪʽʚ ʜʦ ʧʨʦʙʣʝʤʠ ʥʘʜʤʽʨʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʋ 85% ʢʽʤʥʘʪ ʟ 19.00 ʜʦ 19.10 ʩʚʽʪʣʦ ʙʫʣʦ ʚʠʤʢʥʝʥʦ. 

3) ɺʠʩʪʘʚʢʘ çɽʥʝʨʛʦʝʬʝʢʪʠʚʥʘ ʟʘʙʫʜʦʚʘè ʚ ʨʘʤʢʘʭ ʩʧʽʚʧʨʘʮʽ ʟ ʅʽʤʝʮʴʢʠʤ 

ʪʦʚʘʨʠʩʪʚʦʤ ʪʝʭʥʽʯʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ (GIZ  ) ʫ ʭʦʣʽ ʢʦʨʧʫʩʫ 22 ʟ 01.03.2012 ʧʦ 

31.03.2012 

ʄʝʪʘ: ʧʦʰʠʨʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʠʥʮʠʧʽʚ ʪʘ ʟʘʭʦʜʽʚ ʧʨʠ 

ʧʣʘʥʫʚʘʥʥʽ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ʚ ʋʢʨʘʾʥʽ. 

4) ʂʦʥʢʫʨʩ çʅʘʡʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʰʠʡ ʙʣʦʢè ʟ 12.03.12 ʧʦ 18.03.12 

ʇʨʦʚʝʜʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʢʘʤʧʘʥʽʷ ʩʝʨʝʜ ʩʪʫʜʝʥʪʽʚ ʪʘ ʚʠʢʣʘʜʘʯʽʚ:  

 ʇʨʦʪʷʛʦʤ ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʠʞʥʷ ʽʥʽʮʽʘʪʠʚʥʘ ʛʨʫʧʘ ʧʨʦʚʦʜʠʣʘ ʦʙʩʪʝʞʝʥʥʷ ʢʦʞʥʦʛʦ 

ʙʣʦʢʫ ʛʫʨʪʦʞʠʪʢʫ. 

ʇʦʢʘʟʥʠʢʠ ʦʮʽʥʶʚʘʥʥʷ: 

ï ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ: ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ  ʦʩʚʽʪʣʝʥʦʩʪʽ, ʝʢʦʥʦʤʥʝ 

ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʛʘʟʫ, ʚʦʜʠ ʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ; 

- ʜʦʪʨʠʤʘʥʥʷ ʫʤʦʚ ʢʦʤʬʦʨʪʥʦʩʪʽ ʫ ʧʨʠʤʽʱʝʥʥʽ; 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʥʢʫʨʩʫ ʚʠʷʚʣʝʥʠʡ ʧʝʨʝʤʦʞʝʮʴ, ʘ ʪʘʢʦʞ, ʥʘʡʙʽʣʴʰ ʧʨʦʙʣʝʤʥʽ ʙʣʦʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʝʡʪʠʥʛʦʚʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʙʣʦʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5. 

 
ʈʠʩ.5 ʈʝʟʫʣʴʪʘʪʠ ʢʦʥʢʫʨʩʫ 

5) ʊʝʧʣʦʚʽʟʽʡʥʘ ʟʡʦʤʢʘ ʛʫʨʪʦʞʠʪʢʫ 21.02.12 

ɹʫʣʘ ʧʨʦʚʝʜʝʥʘ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʅɽʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʢʽʤʥʘʪ.       

 
ʈʠʩ. 6 - ʊʝʧʣʦʚʽʟʽʡʥʘ ʟʡʦʤʢʘ 16 ʛʫʨʪʦʞʠʪʢʫ (1-2 ʧʦʚʝʨʭʠ, ʇʽʚʥʽʯʥʘ ʩʪʦʨʦʥʘ) 
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ɿ ʬʦʪʦʛʨʘʬʽʡ ʪʝʧʣʦʚʽʟʽʡʥʦʾ ʟʡʦʤʢʠ (ʨʠʩ.6) ʜʦʙʨʝ ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ 

ʯʝʨʝʟ ʚʽʢʥʘ, ʙʘʣʢʦʥʠ. ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʩʪʽʥʠ. ʅʘ ʧʽʚʥʽʯʥʽʡ ʩʪʦʨʦʥʽ 

ʥʘʡʙʽʣʴʰ ʧʦʤʽʪʥʽ ʚʪʨʘʪʠ ʯʝʨʝʟ ʧʽʜʚʘʣ ʪʘ 1 ʧʦʚʝʨʭ. ʅʘ ʧʽʚʜʝʥʥʽʡ ï ʯʝʨʝʟ ʢʫʭʥʽ, ʤʽʞʧʦʚʝʨʭʦʚʽ 

ʢʣʽʪʠʥʠ. ʄʝʰʢʘʥʮʷʤ ʢʽʤʥʘʪ, ʚʪʨʘʪʠ ʚ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʧʦʤʽʪʥʽ ʙʫʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʦʚʝʩʪʠ 

ʫʪʝʧʣʝʥʥʷ ʱʽʣʠʥ. 

6) ɸʢʮʽʷ çɿʙʽʨ ʄʘʢʫʣʘʪʫʨʠè 22.03.12 

ʇʨʦʚʝʜʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʢʘʤʧʘʥʽʷ ʩʝʨʝʜ ʩʪʫʜʝʥʪʽʚ ʪʘ ʚʠʢʣʘʜʘʯʽʚ. 

ɸʢʮʽʷ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʨʘʟʦʤ ʽʟ ʇʨʦʬʙʶʨʦ ɯɽɽ. ɸʢʪʠʚʽʩʪʠ ʟʘʚʽʪʘʣʠ ʚ ʢʦʞʥʫ ʢʽʤʥʘʪʫ ʪʘ 

ʟʽʙʨʘʣʠ ʥʘʷʚʥʫ ʪʘʤ ʤʘʢʫʣʘʪʫʨʫ. ɿʘʛʘʣʦʤ ʙʫʣʦ ʟʽʙʨʘʥʦ 350 ʢʛ ʮʝʣʶʣʦʟʥʦ-ʧʘʧʝʨʦʚʠʭ ʚʽʜʭʦʜʽʚ.  

ɺ ʢʦʞʥʽʡ ʢʽʤʥʘʪʽ ʧʽʜʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʘʢʮʽʾ ʧʦʚʽʜʦʤʠʣʠ ʧʨʦ ʇʨʦʛʨʘʤʫ çɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽ 

ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʽ ʤʽʩʪʝʯʢʘè ʪʘ ʧʦʮʽʢʘʚʠʣʠʩʴ, ʯʠ ʚʽʜʦʤʽ ʤʝʰʢʘʥʮʷʤ ʢʽʤʥʘʪ ʦʩʥʦʚʥʽ ʧʨʘʚʠʣʘ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʟʘʭʦʜʠ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʢʽʤʥʘʪʠ, ʙʣʦʢʫ ʪʘ ʛʫʨʪʦʞʠʪʢʫ. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʦʨʛʘʥʽʟʘʪʦʨʠ ʟʘʣʠʰʠʣʠ ʥʘ ʢʦʞʥʽʡ ʟ ʢʽʤʥʘʪ ʣʠʩʪʽʚʢʫ çʊʫʪ 

ɿʙʝʨʽʛʘʶʪʴ ɽʥʝʨʛʽʶè 

 4. çɼʝʥʴ ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽè. 03.04.12 

ɺ ʢʦʨʧʫʩʽ ˉ 22 ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʢʘʤʧʘʥʽʶ: 

1. ʨʦʟʤʽʱʝʥʦ ʦʙ̫̀ ʚʠ ʧʨʦ ɼʝʥʴ ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ; 

2. ʨʦʟʤʽʰʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʣʠʩʪʽʚʢʠ  ̔ʛʘʟʝʪʠ ʥʘ ʪʝʤʫ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʧʦʚʽʪʨʷʥʽ 

ʢʫʣʴʢʠ; 

3. ʦʨʛʘʥʽʟʦʚʘʥʘ ʨʦʟʜʘʯʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʣʠʩʪʽʚʦʢ, ʟʥʘʯʢʽʚ çɿʙʝʨʝʞʠ ʪʝʧʣʦ ï 

ɿʙʝʨʝʞʠ ʋʢʨʘʾʥʫè;  

4. ʧʨʦʚʝʜʝʥʦ ʢʦʥʢʫʨʩ ʥʘ ʥʘʡʢʨʘʱʠʡ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʡ ʟʘʭʽʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʩʪʫʜʝʥʪʘʤʠ (ʜʣʷ ʢʽʤʥʘʪ, ʙʣʦʢʽʚ, ʛʫʨʪʦʞʠʪʢʫ  ̔ʢʦʨʧʫʩʫ)  ̔ʥʘʛʦʨʦʜʞʝʥʦ ʧʝʨʝʤʦʞʮʽʚ; 

5. ʧʨʦʚʝʜʝʥʦ ʢʦʥʢʫʨʩ ʥʘ ʥʘʡʢʨʘʱʠʡ ʩʣʦʛʘʥ ʥʘ ʪʝʤʫ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ; 

6. ʧʨʦʪʷʛʦʤ ʜʥʷ ʥʘ ʧʝʨʝʨʚʘʭ ʚ ʭʦʣʽ 1 ʧʦʚʝʨʭʫ ʢʦʨʧʫʩʫ ˉ22 ʚʽʜʙʫʚʘʣʦʩʴ 

ʥʘʛʦʨʦʜʞʝʥʥʷ ʧʝʨʝʤʦʞʮʽʚ ʢʦʥʢʫʨʩʽʚ, ʷʢʽ ʧʨʦʡʰʣʠ ʚ ʛʫʨʪʦʞʠʪʢʫ ʪʘ ʢʦʨʧʫʩʽ; 

7. ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʟʘʭʦʜʽʚ ʨʦʟʨʦʙʣʝʥʦ 

ʧʨʝʟʝʥʪʘʮʽʾ. 

ʉʝʨʝʜ ʩʧʦʥʩʦʨʽʚ ʟʘʭʦʜʽʚ, ʱʦ ʚʽʜʙʫʣʠʩʷ ʧʨʦʪʷʛʦʤ ʣʶʪʦʛʦ-ʙʝʨʝʟʥʷ: ʘʜʤʽʥʽʩʪʨʘʮʽʷ 

ɯɽɽ, ʘʜʤʽʥʽʩʪʨʘʮʽʷ ʛʫʨʪʦʞʠʪʢʫ ˉ 16, ʉʣʫʞʙʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʅʊʋʋ çʂʇɯè, 

ʇʨʦʬʢʦʤ ʩʪʫʜʝʥʪʽʚ ɯɽɽ, ɯʥʩʪʠʪʫʪ ʤʽʩʮʝʚʦʛʦ ʨʦʟʚʠʪʢʫ, ʪʦʨʛʦʚʽ ʤʘʨʢʠ: WILO,  ʅɸʐɸ 

ʉʀʃɸ. 

5. ʄʽʞʥʘʨʦʜʥʘ ʩʧʽʚʧʨʘʮʷ 

ɿʘ ʫʤʦʚʘʤʠ ʧʨʦʛʨʘʤʠ ʟʘ ʢʦʞʥʠʤ ʽʟ ʫʢʨʘʾʥʩʴʢʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʟʘʢʨʽʧʣʶʻʪʴʩʷ 

ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ ʉʐɸ ʜʣʷ ʩʧʽʣʢʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, ʦʙʤʽʥʫ ʜʦʩʚʽʜʦʤ ʪʘ 

ʽʜʝʷʤʠ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʠ ʪʘ ʻʜʥʘʥʥʷ ʥʘʮʽʡ. 

ʅʊʋʋ çʂʇɯè ʧʣʜ̔ʥʦ ʩʧʽʚʧʨʘʮʶʻ ʟ ʂʘʣʽʬʦʨʥʽʡʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʚ ɹʝʨʢʣʽ. ʇʨʦʪʷʛʦʤ 4 

ʤʽʩʷʮʽʚ ʚʽʜʙʫʣʦʩʴ 6 ʦʥʣʘʡʥ-ʧʝʨʝʛʦʚʦʨʽʚ.  

ɺʠʩʥʦʚʦʢ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʩʫʯʘʩʥʦʤʫ 

ʝʪʘʧʽ  ̒ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʪʨʘʪʝʛʽʯʥʠʭ ʟʘʚʜʘʥʴ ʩʦʮʽʘʣʴʥʦ - ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ  

ʢʨʘʾʥʠ.  

ʇʦʧʫʣʷʨʠʟʘʮʽʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʾ ʩʚʽʜʦʤʦʩʪʽ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʝʥʝʨʛʦʦʱʘʜʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʩʪʫʜʝʥʪʩʪʚʘ ï ʮʝ ʢʨʦʢ ʜʦ ʫʩʧʽʰʥʦʛʦ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ. 
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ʋɼʂ 621.316.11                                                

ɸ. ɺ. ɺʦʣʦʰʢʦ, ʊ. ʄ. ʃʫʪʯʠʥ, ʆ. ʄ. ʂʣʘʜʴʢʦ 

ʅʊʋʋ çʂʇɯè ɯɽɽ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɺɽʁɺʃɽʊ-ʇɽʈɽʊɺʆʈɽʅʀʍ ɻʈɸʌɯʂɯɺ ɽʃɽʂʊʈʀʏʅʆɻʆ 

ʅɸɺɸʅʊɸɾɽʅʅʗ 

 

ɺ ʩʪʘʪʪʽ ʦʙʛʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʝʡʚʣʝʪ ï ʧʝʨʝʪʚʦʨʝʥʠʭ 

ʛʨʘʬʽʢʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʜʦʚʝʜʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʛʨʫʧʫʚʘʥʥʷ 

ʜʘʥʠʭ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʟ ʚʽʜʤʽʥʥʠʤʠ ʬʦʨʤʘʤʠ ɻɽʅ. 

ɺ ʩʪʘʪʴʝ ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʝʡʚʣʝʪ ï 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʛʨʘʬʠʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ɼʦʚʝʜʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʛʨʫʧʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʬʦʨʤʘʤʠ 

ɻʕʅ. 

Article justified the application of the method of prediction of the wavelet transformed graphs 

of electrical load. Communicated the need for pre-group data for consumers with distinctive shapes 

of graphs of electrical load. 
 

ʇʽʜ ʯʘʩ ʧʣʘʥʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʦʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʠ 

ʧʨʠʡʥʷʪʪʽ ʟʚʘʞʝʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʷʚʣʷʻʪʴʩʷ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʯʝʨʝʟ 

ʦʜʥʘʢʦʚʽ ʢʦʨʦʪʢʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ (ʜʝʥʴ, ʛʦʜʠʥʘ ʽ ʪʘʢ ʜʘʣʽ), ʧʨʦʪʝ ʽʩʥʫʶʪʴ ʽ ʙʽʣʴʰ ʪʨʠʚʘʣʽ 

ʽʥʪʝʨʚʘʣʠ (ʥʘʧʨʠʢʣʘʜ, ʤʽʩʷʮʴ, ʢʚʘʨʪʘʣ, ʨʽʢ). ʇʨʦʛʥʦʟʠ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʧʦʞʠʚʘʯʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʛʨʘʬʽʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʦʧʝʨʘʪʠʚʥʦʤʫ 

ʢʝʨʫʚʘʥʥʽ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷʤ, ʟʘʷʚʣʝʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʪʘ ʚʠʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʟʘʷʚʦʢ ʽ ʜʦʛʦʚʦʨʽʚ ʟ ʝʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʥʘ ʧʦʩʪʘʯʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʧʣʘʥʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ [4]. 

ɿʘʜʘʯʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʘ ʥʘʷʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ɻɽʅ, 

ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʫ ʥʘʩʪʫʧʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ʏʘʩʪʦ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ( )P t  ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪ, ʷʢʽ ʧʨʦʛʥʦʟʫʶʪʴʩʷ ʟ 

ʨʽʟʥʦʶ ʩʪʝʣʽʥʥʶ ʪʦʯʥʦʩʪʽ.   

ɺʨʘʭʦʚʫʶʯʠ ʢʦʤʧʦʥʝʥʪʠ, ʨʷʜ ( )P t  ʨʦʟʢʣʘʜʘʻʪʴʩʷ:  

1( ) ( ) ( )= +P t S t P t , 

ʜʝ ( )S t  ī ʪʨʝʥʜ ʨʷʜʫ, 

1P (t) ī ʨʷʜ, ʷʢʠʡ ʧʨʠʡʤʘʻʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ.  

ɿʘ ʫʤʦʚ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʩʢʣʘʜʦʚʦʾ ( )S t  ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʝʟʦʥʥʘ ʜʝʢʦʤʧʦʟʠʮʽʷ 

ʧʦʯʘʪʢʦʚʦʛʦ ʨʷʜʫ ( )P t . ɺʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʪʦʯʥʽʩʪʴ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʠʛʥʘʣʫ ʚʧʣʠʚʘʻ ʥʘ 

ʷʢʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ.  

ɼʦ ʩʧʝʮʽʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʯʘʩʦʚʦʛʦ ʨʷʜʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʜʠʩʧʝʨʩʽʶ 

(ʚʘʨʽʘʮʽʶ) ʟʥʘʯʝʥʴ, ʚʽʜʥʦʩʷʪʴ ʣʦʛʘʨʠʬʤʽʯʥʝ ʧʨʠʚʝʜʝʥʥʷ [2]: ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʥʝ ʩʘʤʝ ʟʥʘʯʝʥʥʷ 

ʨʷʜʫ, ʘ ʡʦʛʦ ʧʨʠʨʽʩʪ. ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʨʽʟʥʠʮʽ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ: 
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( ) ( ) ( 1), 2,3...D = - - =P t P t P t t N 

ɿʘʤʽʩʪʴ ʨʷʜʫ ( )P t  ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʨʷʜ ʧʝʨʰʠʭ ʨʽʟʥʠʮʴ ( )DP t . ʇʦʚʪʦʨʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʮʽʻʾ ʧʨʦʮʝʜʫʨʠ ʜʦ ʨʷʜʫ ( )DP t  ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʨʽʟʥʠʮʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʽ ʪʘʢ ʜʘʣʽ. 

ʄʦʞʣʠʚʠʡ ʚʘʨʽʘʥʪ ʫʟʘʛʘʣʴʥʶʚʘʥʥʷ ʩʝʟʦʥʥʠʭ ʨʽʟʥʠʮʴ ʟʘʤʽʥʦʶ ʦʜʠʥʠʯʥʦʛʦ ʟʩʫʚʫ 

ʚʝʣʠʯʠʥʦʶ ʪʨʠʚʘʣʦʩʪʽ ʩʝʟʦʥʫ s: 

( ) ( ) ( ), 1, 2...D = - - = + +sP t P t P t s t s s  

ʇʦʙʫʜʦʚʘ ʧʨʦʛʥʦʟʽʚ ɻɽʅ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʧʨʦʛʨʘʤʥʠʤ ʢʦʤʧʣʝʢʩʦʤ STATISTICA, ʘ ʩʘʤʝ 

ʾʾ ʤʦʜʫʣʝʤ Time Series Analysis / Forecasting ï ɸʥʘʣʽʟ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ.  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʧʝʨʝʜʥʻ 

ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʉʧʦʯʘʪʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʘʢʝʪʥʝ ʚʝʡʚʣʝʪ-ʨʦʟʢʣʘʜʘʥʥʷ 

ʨʷʜʽʚ ʥʘ ʘʧʨʦʢʩʠʤʫʶʯʽ ʪʘ ʜʝʪʘʣʽʟʫʶʯʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʛʽʜʥʦ ʚʠʨʘʟʽʚ [3]: 

( )m-1,2nm m 1,n -1,2n

1
C C

2
c ++= , 

( )m-1,2nm m 1,n -1,2n

1
C C

2
d +-= , 

ʜʝ n Í [0; N ī 1] ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʘ ʥʘ  m-ʦʤʫ ʨʽʚʥʽ ʚʝʡʚʣʝʪ-ʨʦʟʢʣʘʜʫ 

ʩʠʛʥʘʣʫ.  

ʂʣ̔ʴʢʽʩʪʴ ʨʽʚʥʽʚ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʤʘʩʰʪʘʙʫ 2
m
. ʋ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʢʦʞʝʥ ʨʷʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 24 ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʤʦʛ 

ʢʨʘʪʥʦʤʘʩʰʪʘʙʥʦʛʦ ʘʥʘʣʽʟʫ ʟʥʘʡʜʝʥʦ ʥʘʡʙʣʠʞʯʝ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʢʨʘʪʥʝ 2, ʪʦʙʪʦ 32. ɼʦ 

ʢʦʞʥʦʾ ʧʦʯʘʪʢʦʚʦʾ ʚʠʙʽʨʢʠ ʜʦʜʘʣʠ 8 ʥʫʣʴʦʚʠʭ ʟʥʘʯʝʥʴ.

 

ʂʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ ʚʝʡʚʣʝʪ-ʨʦʟʢʣʘʜʫ 

ʩʪʘʥʦʚʠʪʴ m = 5.  

ɼʘʣʽ ʟʛʽʜʥʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʭʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʷʜʫ ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ: 

ʚʽʜʦʢʨʝʤʣʶʻʪʴʩʷ ʪʨʝʥʜ Ÿ ʙʫʜʫʻʪʴʩʷ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʪʘ ʦʮʽʥʶʶʪʴʩʷ ʾʾ ʧʘʨʘʤʝʪʨʽʚ 

Ÿ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ Ÿ ʣʦʛʘʨʠʬʤʫʻʪʴʩʷ ʨʷʜ Ÿ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʯʘʩʪʢʦʚʘ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ Ÿ ʫʩʫʚʘʻʪʴʩʷ ʣʘʛ Ÿ ʙʫʜʫʻʪʴʩʷ ʧʨʦʛʥʦʟ.  

ʅʘ ʦʜʥʦʤʫ ʟ ʢʨʦʢʽʚ ʥʘʚʝʜʝʥʦʛʦ ʧʽʜʭʦʜʫ ʜʘʥʽ ʧʽʜʜʘʶʪʴʩʷ ʣʦʛʘʨʠʬʤʫʚʘʥʥʶ, ʪʦʙʪʦ ʟ 

ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ (160 ʟʥʘʯʝʥʴ = 5 ʨʽʚʥʽʚ Ĭ 32 ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ) ʚʽʜʙʠʨʘʶʪʴʩʷ ʣʠʰʝ 

ʜʦʜʘʪʥʽ ʟʥʘʯʝʥʥʷ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ, ʱʦʙ ʾʭ ʧʦʟʠʮʽʾ ʩʧʽʚʧʘʜʘʣʠ ʜʣʷ ʚʩʽʭ ʨʷʜʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʦʪʨʠʤʘʥʽ ʚʠʙʽʨʢʠ ʥʝ ʚʟʘʻʤʦʚʠʢʣʶʯʥʠʭ ʜʘʥʠʭ ʧʦ 16 ʟʥʘʯʝʥʴ ʫ ʢʦʞʥʽʡ.  

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘ ʜʽʡʩʥʠʤʠ ʚʠʤʽʨʷʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʨʦʛʥʦʟʠ ʜʣʷ ʨʽʟʥʠʭ ʛʨʫʧ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʢʨʝʤʦ. ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʽʩʪʴ ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ ï ʣʽʥʽʡʥʽʩʪʴ ʚʽʜʥʦʩʥʦ 

ʧʦʯʘʪʢʦʚʦʾ ʚʠʙʽʨʢʠ, ʩʪʚʦʨʶʶʪʴʩʷ ʰʘʙʣʦʥʠ ʜʣʷ ʛʨʫʧ ʚʠʙʽʨʦʢ, ʧʨʠʚʝʜʝʥʽ ʜʦ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ ʽ ʧʨʦʧʦʨʮʽʡʥʽ k5,0. ɼʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʭʦʜʠʪʴ ʫ ʚʠʙʽʨʢʫ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʟʘ ʷʢʠʤ 

ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʟʘʨʝʟʝʨʚʦʚʘʥʠʡ ʰʘʙʣʦʥ, ʘ ʚʩʽʤʘ ʽʥʰʠʤʠ ʩʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ï 

ʨʝʟʫʣʴʪʘʪ ʫʪʦʯʥʶʻʪʴʩʷ (ʨʠʩ. 1) 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ 
 

ɺʝʨʭʥʷ ʤʝʞʘ ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ ʽʥʪʝʛʨʫʚʘʥʥʷ 

(ʥʘʢʦʧʠʯʝʥʥʷ) ʧʦʧʝʨʝʜʥʽʭ ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʨʦʩʪʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʨʦʛʨʝʩʽʾ (ʟʛʽʜʥʦ 

ʷʢʦʛʦ 5 % ʚʽʜʭʠʣʝʥʥʷ 15-ʛʦ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʦʛʥʦʟʫ ʧʝʨʝʚʠʱʠʪʴ ʨʝʘʣʴʥʝ ʙʽʣʴʰʝ, ʥʽʞ ʫ 

2 ʨʘʟʠ). ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʠʟʴʢʘ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʞʝ ʥʘʧʨʠʢʽʥʮʽ 

ʜʦʙʠ. ʂʦʨʝʢʮʽʷ ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ - ʪʨʫʜʦʻʤʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʦʙʤʝʞʫʶʯʠʭ ʫʤʦʚ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ (ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫ) ʚʠʢʦʨʠʩʪʘʥʘ ʦʜʥʘ ʽʟ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ ï 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽʩʪʴ [3]. 

ʆʪʨʠʤʘʥʘ ʤʦʜʝʣʴ ʚʽʜʥʦʚʣʶʚʘʣʘʩʷ ʦʙʝʨʥʝʥʠʤ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʟʛʽʜʥʦ ʚʠʨʘʟʽʚ: 

( )m 1,2 m nn ,n m,2 cC 1/ d- += , 

( )m,2n+1 m,n m,n2 cC d .1/ -=
 

ɻʨʘʥʠʯʥʽ ʘʙʩʦʣʶʪʥʽ ʧʦʭʠʙʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʠ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʽ 

ʜʘʥʠʭ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2. 

ʇʦʯʘʪʢʦʚʘ ʚʠʙʽʨʢʘ ʜʘʥʠʭ 

ʇʨʷʤʝ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʦʨʤʫʚʘʥʥʷ ʰʘʙʣʦʥʽʚ 

ʜʣʷ ʛʨʫʧ 

ɺ̔ ʜʙʽʨ ʜʦʜʘʪʥʠʭ 

ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ ʫ 

ʩʝʨʝʜʠʥʽ ʚʠʙʽʨʢʠ ʪʘ 

ʤʽʞ ʥʠʤʠ 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʨʷʜʫ ʟ ʚʝʡʚʣʝʪ-

ʢʦʝʬʽʮʽʻʥʪʽʚ 

ɺʽʜʪʚʦʨʝʥʥʷ ʟʘ ʰʘʙʣʦʥʘʤʠ ʧʦʚʥʦʾ 

ʚʠʙʽʨʢʠ ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʾʾ 

ʫʪʦʯʥʝʥʥʷ 

ʆʙʝʨʥʝʥʝ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ 
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ʈʠʩʫʥʦʢ 2 ï ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʧʦʭʠʙʦʢ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʝʡʚʣʝʪ-

ʧʝʨʝʪʚʦʨʝʥʠʭ ʜʘʥʠʭ 

 

ɺʠʩʥʦʚʦʢ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʚʝʜʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʛʨʫʧʫʚʘʥʥʷ ʜʘʥʠʭ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʟ ʚʽʜʤʽʥʥʠʤʠ ʬʦʨʤʘʤʠ ʛʨʘʬʽʢʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʟʥʘʯʝʥʠʭ ʜʽʡ ʤʝʞʽ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥʠʣʠʩʷ ʚʽʜ ° 30 % 

ʜʦ ° 20 %. ʇʨʠ ʘʥʘʣʽʟʽ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʛʦ ʩʧʦʩʦʙʫ ʧʦʢʨʠʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʨʦʟʙʽʞʥʦʩʪʝʡ 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʤʝʞ ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ, ʚʠʷʚʣʝʥʦ ʟʥʘʯʥʝ ʟʘʚʠʱʝʥʥʷ ʛʨʘʥʠʮʴ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʯʠʩʝʣʴʥʦʩʪʽ ʩʧʨʦʛʥʦʟʦʚʘʥʠʭ ʟʥʘʯʝʥʴ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʥʝʪʦʯʥʦʩʪʝʡ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʧʝʨʝʜʥʴʦ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʇʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʨʷʜʽʚ ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʽʘʧʘʟʦʥ ʘʙʩʦʣʶʪʥʠʭ ʚʽʜʭʠʣʝʥʴ 

ʚʽʜ ʨʝʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʟʤʝʥʰʠʚʩʷ ʜʦ ° 10 %.   
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè ɯʥʩʪʠʪʫʪ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ,  ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʄʆɼɽʃʔ ʉʊɯʁʂʆʉʊɯ ɻɯɼʈɸɺʃɯʏʅʆɻʆ ɽʂʉʂɸɺɸʊʆʈɸ 

 

ɸʥʦʪʘʮʽʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʩʪʽʡʢʦʩʪʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʝʢʩʢʘʚʘʪʦʨʘ ʪʘ ʥʘʚʝʜʝʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʚʠʙʦʨʫ ʩʧʦʩʦʙʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʠ ʧʨʠʚʝʜʝʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʩʧʦʩʦʙʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

 

Abstract. The model stability hydraulic excavators and provides guidelines for selecting methods 

and parameters to ensure stability. 

 

ɺʩʪʫʧ. ʇʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʛʽʨʥʠʯʠʭ ʤʘʰʠʥ ʥʘ ʩʴʦʛʦʜʥʽ  ̒ʘʢʪʫʘʣʴʥʦʶ ʫ 

ʟʚô̫ ʟʢʫ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʠʣʦʚʠʭ  ̔ʜʠʥʘʤʽʯʥʠʭ ʚʠʢʦʥʘʚʯʠʭ ʦʨʛʘʥʽʚ. 

       ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ.  ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʛʽʨʥʠʯʠʭ ʤʘʰʠʥ ʚʠʥʠʢʘʶʪʴ 

ʧʝʨʝʢʠʜʥʽ ʤʦʤʝʥʪʠ, ʷʢʽ ʟʫʤʦʚʣʝʥʽ ʩʠʣʘʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʘʰʠʥʠ 

[1, 2]. ʇʝʨʝʢʠʜʥʽ ʤʦʤʝʥʪʠ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʧʨʠ ʷʢʠʭ ʟôʷʚʣʷʻʪʴʩʷ ʨʠʟʠʢ 

ʧʝʨʝʢʠʜʘʥʥʷ ʤʘʰʠʥʠ, ʧʦʣʦʤʢʠ ʾʾ ʝʣʝʤʝʥʪʽʚ ʪʘ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʾ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʧʘʩʫ ʩʪʽʡʢʦʩʪʽ ʧʨʠ 

ʫʩʪʘʥʦʚʮʽ ʤʘʥʽʧʫʣʷʪʦʨʘ ʥʘ ʜʽʣʷʥʮʽ ʟ ʢʫʪʦʤ ʥʘʭʠʣʫ, ʧʨʠ ʟʤʽʥʥʽʡ ʚʝʣʠʯʠʥʽ ʫʩʪʘʥʦʚʢʠ ʚʠʥʦʩʥʠʭ 

ʦʧʦʨ, ʧʨʦʪʠʚʘʛʠ, ʘ ʪʘʢʦʞ ʤʘʩʠ ʧʨʦʪʠʚʘʛʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʚʢʘʟʘʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ  

ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʩʪʽʡʢʦʩʪʽ.   

ʄʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɽʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʤʘʥʽʧʫʣʷʪʦʨʘ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʙʽʪ ʤʦʞʣʠʚʘ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʥʘʜʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʡʦʛʦ ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʴ ʜʦʩʪʘʪʥʽʤ 

ʨʽʚʥʝʤ ʩʪʽʡʢʦʩʪʽ ʙʘʟʦʚʦʾ ʤʘʰʠʥʠ [1]. ɿʘʧʘʩʦʤ ʩʪʽʡʢʦʩʪʽ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʣʦʚʠʭ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʥʘʤʘʛʘʶʪʴʩʷ ʧʽʜʪʨʠʤʘʪʠ ʨʽʚʥʦʚʘʛʫ ʜʦ ʬʘʢʪʦʨʽʚ,  ʷʢʽ ʥʘʤʘʛʘʶʪʴʩʷ ʾʾ 

ʧʦʨʫʰʠʪʠ. ʆʜʥʽʻʶ ʽʟ ʧʨʠʯʠʥ, ʷʢʽ ʩʪʨʠʤʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʥʽʧʫʣʷʪʦʨʘ, ʻ ʾʭ 

ʥʝʜʦʩʪʘʪʥʷ ʩʪʽʡʢʽʩʪʴ ʧʨʠ ʧʦʚʦʨʦʪʽ ʝʢʩʢʘʚʘʪʦʨʘ ʥʘ ʚʠʚʘʥʪʘʞʝʥʥʷ ʛʨʫʥʪʘ ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʩʫʤʽʱʝʥʥʷʤ ʨʦʙʦʯʠʭ ʨʫʭʽʚ ʨʫʢʦʷʪʽ  ʽ ʩʪʨʽʣʠ.   

ʅʘ ʩʴʦʛʦʜʥʽ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʩʦʙʠ, ʟʦʢʨʝʤʘ, 

ʨʦʟʩʫʚʘʥʥʷ ʛʫʩʝʥʠʯʥʠʭ ʚʽʟʢʽʚ, ʘʫʪʨʠʛʝʨʠ ʘʙʦ ʨʦʟʧʽʨʥʽ ʧʨʠʩʪʨʦʾ, ʚʠʩʫʚʥʘ ʧʨʦʪʠʚʘʛʘ ʪʘ ʽʥʰʽ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʪʽʡʢʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ (ʨʠʩ.1). 

ɺʦʥʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʠʧʘʜʢʫ ʢʦʣʠ ʝʢʩʢʘʚʘʪʦʨ ʚʠʢʦʥʫʻ ʫʩʪʘʥʦʚʢʫ ʢʦʚʰʘ ʚ ʨʦʙʦʯʝ ʧʦʣʦʞʝʥʥʷ, 

ʧʨʠ ʮʴʦʤʫ ʧʦʚʦʨʦʪʥʘ ʧʣʘʪʬʦʨʤʘ ʦʙʝʨʪʘʻʪʴʩʷ ʽʟ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ɤ.  ʉʭʝʤʘ ʤʘʥʽʧʫʣʷʪʦʨʘ 

ʚʽʜʧʦʚʽʜʘʻ  ʫʤʦʚʽ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʣʴʦʪʫ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʘ ʧʨʠ ʧʦʣʦʞʝʥʥʽ 

ʡʦʛʦ ʭʘʨʘʢʪʝʨʥʦʾ ʢʨʘʡʥʴʦʾ ʪʦʯʢʠ ï ʢʨʘʡʥʴʦʾ ʪʦʯʢʠ ʽʥʩʪʨʫʤʝʥʪʘ ʢʦʚʰʘ ʥʘ 2/3 ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʚʠʩʦʪʠ  ʧʨʠ ʫʩʪʘʥʦʚʮʽ ʥʘ ʩʪʦʷʥʦʯʥʽʡ ʧʣʦʱʘʜʮʽ. ʉʠʣʦʚʽ ʬʘʢʪʦʨʠ ʧʨʠ ʮʴʦʤʫ: Rʈʆ ï ʚʽʜʮʝʥʪʨʦʚʘ 

ʩʠʣʘ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʨʠ ʧʦʚʦʨʦʪʽ ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; Qʈʆ ï ʚʘʛʘ ʨʦʙʦʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; R1 ï 

ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʨʠ ʧʦʚʦʨʦʪʽ ʧʣʘʪʬʦʨʤʠ; Q1 ï ʚʘʛʘ ʧʦʚʦʨʦʪʥʦʾ ʧʣʘʪʬʦʨʤʠ; R2 ï 
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ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʨʠ ʧʦʚʦʨʦʪʽ ʧʨʦʪʠʚʘʛʠ; Q2 ï ʚʘʛʘ ʧʨʦʪʠʚʘʛʠ; Q3 ï ʚʘʛʘ ʭʦʜʦʚʦʾ 

ʯʘʩʪʠʥʠ; ʈʢʩʦ, ʈʨʩʦ ï ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʂʦʨʠʦʣʽʩʘ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʩʫʤʽʱʝʥʥʷ ʧʦʚʦʨʦʪʽʚ 

ʩʪʨʽʣʠ ʽ ʨʫʢʦʷʪʽ ʝʢʩʢʘʚʘʪʦʨʘ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʬʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʘʩʫ ʩʪʽʡʢʦʩʪʽ:  

                                                   05,1²=
ʧ

ʚ
ʩʪ

M

M
n                                                     (1) 

  ʜʝ ʤʦʤʝʥʪ ʚʽʜʥʦʚʣʝʥʥʷ ʡ ʧʝʨʝʢʠʜʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 
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ʈʠʩʫʥʦʢ 1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʧʘʩʫ ʩʪʽʡʢʦʩʪʽ: 

ʘ ï ʟʦʙʨʘʞʝʥʥʷ ʚ ʧʣʘʥʽ; ʙ ï ʬʨʦʥʪʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ. 


