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ʂʨʝʤʝʥʯʫʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄʠʭʘʠʣʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʥʘʩʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʚʠʩʷʪ ʦʪ ʛʨʘʬʠʢʘ��ʨʘʙʦʪʳ ʧʦʪʨʝʙʠʪʝʣʷ, ʩʧʦʩʦʙʘ 

ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-
ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʙʦʩʥʦʚʘʥ ʧʦʜʭʦʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʩʦʩʥʳʭ ʩʪʘʥ-
ʮʠʡ, ʢʦʪʦʨʳʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʮʝʥʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʚʦ ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ ʩʠʣʦʚʦʛʦ ʢʘ-
ʥʘʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤʘʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʨʝʞʠʤʦʚ��ʚʦʜʦʧʦʪʨʝʙ-
ʣʝʥʠʷ ʠ ʤʝʥʷʶʱʠʭʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠ ʘʣʛʦʨʠʪʤ ʬʫʥʢ-
ʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱ-
ʥʦʩʪʠ ʠ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʚ ʥʘʩʦʩʥʦʤ ʢʦʤʧʣʝʢʩʝ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʥʘʠ-
ʙʦʣʴʰʠʡ ʨʝʟʝʨʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ 
ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʥʘ ʚʳʭʦʜʝ ʥʘʩʦʩʘ ʥʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʘʩʦʩʝ ʠ ʥʘ ʟʘʜʚʠʞʢʝ, 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ. ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʵʥʝʨʛʦʨʝʞʠʤʦʚ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʩʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʢʘʟʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦ-
ʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ. ʆʮʝʥʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ 
ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʨʝʛʫʣʠʨʦʚʘ-
ʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʟʘʤʝʥʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʚʫʣ. ʇʝʨʰʦʪʨʘʚʥʝʚʘ, 20, ʤ. ʂʨʝʤʝʥʯʫʢ, 39600, ʋʢʨʘʾʥʘ. ɽ-mail: aljual@mail.ru 
ʇʦʢʘʟʘʥʦ, ʱʦ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʞʠʤʠ ʥʘʩʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʨʘʬʽʢʫ ʨʦʙʦʪʠ ʩʧʦʞʠʚʘʯʘ, ʩʧʦʩʦʙʫ 

ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤʠ ʡ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ 
ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ. ʆʙʛʨʫʥʪʦʚʘʥʦ ʧʽʜʭʽʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʩʦʩʥʠʭ ʩʪʘʥʮʽʡ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ 
ʥʘ ʦʮʽʥʮʽ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ ʡ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʫ ʚʩʽʭ ʝʣʝʤʝʥʪʘʭ ʩʠʣʦʚʦʛʦ ʢʘʥʘʣʫ ʧʨʠ ʨʽʟʥʠʭ ʩʭʝʤʘʭ 
ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʡ ʟʤʽʥʥʠʭ 
ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʣʘʜʥʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʩʦʩʥʠʭ ʩʪʘʥʮʽʡ. ɸʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ ʡ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʚ 
ʥʘʩʦʩʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜʦʚʽ, ʚ ʷʢʠʭ ʻ ʥʘʡʙʽʣʴʰʠʡ ʨʝʟʝʨʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʆʪʨʠʤʘʥʦ, ʱʦ 
ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʨʦʩʝʣʶʚʘʥʥʷʤ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʥʘ ʚʠʭʦʜʽ ʥʘʩʦʩʘ ʥʘʡʙʽʣʴʰʝ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ 
ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʥʘʩʦʩʽ ʡ ʥʘ ʟʘʩʫʚʮʽ, ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʤʽʥʦʶ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ. ʅʘ 
ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʥʝʨʛʦʨʝʞʠʤʽʚ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʥʘʩʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʦʚʝʜʝʥʦ ʜʦʮʽʣʴʥʽʩʪʴ 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʥʘʩʦʩʥʠʭ ʩʪʘʥʮʽʡ. ʆʮʽʥʢʘ ʦʪʨʠʤʘʥʠʭ ʜʽʘʛʨʘʤ ʨʦʟʧʦʜʽʣʫ 
ʧʦʪʫʞʥʦʩʪʽ ʡ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʣʶʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʚʠʙʦʨʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ 
ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʘ ʩʚʦʻʯʘʩʥʦʾ ʟʘʤʽʥʠ ʦʙʣʘʜʥʘʥʥʷ. 
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ɸʂʊʋɸʃʔʅʆʉʊʔ ʈɸɹʆʊʓ. ʉʦʚʨʝʤʝʥʥʳʡ ʥʘ-

ʩʦʩʥʳʡ ʢʦʤʧʣʝʢʩ (ʅʂ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʥʝʨʛʦʝʤ-
ʢʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʟʘʠʤʦʟʘʚʠʩʠʤʫʶ ʧʦ ʵʣʝʤʝʥʪʘʤ 
ʩʠʩʪʝʤʫ, ʚʢʣʶʯʘʶʱʫʶ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʩʝʪʴ, 
ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘ-
ʪʝʣʠ ʵʥʝʨʛʠʠ, ʪʫʨʙʦʤʝʭʘʥʠʟʤʳ, ʪʨʫʙʦʧʨʦʚʦʜʥʫʶ ʘʨ-
ʤʘʪʫʨʫ, ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʤʘʛʠʩʪʨʘʣʴ, ʦʙʨʘʟʫʶʱʠʝ 
ʩʠʣʦʚʦʡ ʢʘʥʘʣ ʧʝʨʝʜʘʯʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʪʨʝʙʣʝ-
ʥʠʷ ʵʥʝʨʛʠʠ [1ï7]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʝʞʠʤʳ ʢʘʞʜʦ-
ʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʠʣʦʚʦʛʦ ʢʘʥʘʣʘ ʦʧʨʝʜʝʣʷʶʪ ʨʝʞʠʤ ʠ 
ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʝʜʳʜʫʱʠʭ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥ-
ʪʦʚ ʮʝʧʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

ʅʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʅʂ ʩʫʱʝʩʪʚʝʥʥʳʤ 
ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠ-
ʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʨʝʞʠʤʳ 
ʨʘʙʦʪʳ ʧʦʪʨʝʙʠʪʝʣʷ, ʠʟʤʝʥʷʶʱʠʝʩʷ ʚʦ ʚʨʝʤʝʥʠ ʵʢʩ-
ʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʨʝ-
ʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʅʂ ʥʝ ʚʩʝʛʜʘ ʠʤʝʝʪʩʷ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʭʝʤʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠ ʨʝʛʫ-
ʣʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʦʵʪʦʤʫ 
ʟʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ ʚʦʧʨʦʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʘʥ-
ʥʳʭ ʨʝʞʠʤʦʚ ʥʘ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝ-
ʣʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 
ʚʳʙʦʨʫ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʩ-
ʣʦʚʠʷʭ ʨʝʘʣʴʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʩʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ, ʮʝʣʴʶ ʨʘʙʦʪʳ��̫ ʚʣʷʝʪʩʷ��ʘʥʘ-
ʣʠʟ ʵʥʝʨʛʦʨʝʞʠʤʦʚ ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ 
ʙʘʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.��

ʄɸʊɽʈʀɸʃ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ.����
�H�[�h�k�g�h�\�Z�g�b�_�� �g�_�h�[�o�h�^�b�f�h�k�l�b�� �d�h�f�i�e�_�d�k�g�h�]�h�� �i�h�\�u�r�_��
�g�b�y���w�n�n�_�d�l�b�\�g�h�k�l�b���g�Z�k�h�k�g�u�o�� �k�l�Z�g�p�b�c����ɸʥʘʣʠʟ ʧʦ-
ʢʘʟʘʣ [1ï7], ʯʪʦ ʨʝʞʠʤʳ ʅʂ ʞʠʣʠʱʥʦ-
ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʧʝʨʝʤʝʥʥʦʛʦ 
ʛʨʘʬʠʢʘ ʨʘʙʦʪʳ ʧʦʪʨʝʙʠʪʝʣʷ, ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝ-
ʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʫʜʦʚʘ-



ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅɯ ʉʀʉʊɽʄʀ, ʄɽʊʆɼʀ ʆʇʊʀʄɯɿɸʎɯɰ ʊɸ ʄʆɼɽʃʖɺɸʅʅʗ 

ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʽ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʩʠʩʪʝʤʠ. ɺʠʧʫʩʢ 1/2013 (21) 
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ʥʠʷ, ʯʠʩʣʘ ʠ ʩʭʝʤʳ ʚʢʣʶʯʝʥʠʷ ʨʘʙʦʪʘʶʱʠʭ ʦʜʥʦʚʨʝ-
ʤʝʥʥʦ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ (ʅɸ), ʚʠʜʘ ʟʘʚʦʜʩʢʠʭ ʥʘ-
ʧʦʨʥʦ-ʨʘʩʭʦʜʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʥʘʩʦʩʦʚ, ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ 
ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 
ʦʩʥʦʚʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʥʘʩʦʩʥʳʭ 
ʩʪʘʥʮʠʡ (ʅʉ) ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʜʦʣʞʝʥ ʣʝ-
ʞʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ 
ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʭ 
ʵʣʝʤʝʥʪʦʚ ʩʠʣʦʚʦʛʦ ʢʘʥʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʣʝʢ-
ʪʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ [8, 9]: 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʛʥʦʟ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 
ʅʉ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ, ʠʟʤʝʥʝ-
ʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʩʪʫʧʝʥʯʘʪʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠ-
ʝʤ, ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ); 

ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʟʘʢʦʥ ʨʝ-
ʛʫʣʠʨʦʚʘʥʠʷ ï ʩʪʘʙʠʣʠʟʘʮʠʶ ʜʘʚʣʝʥʠʷ ʚ ʛʠʜʨʦʩʝʪʠ 
ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʛʨʘʬʠʢʘ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ;  

ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʢʦ-
ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦ-
ʚʘʥʠʷ ʅʉ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ ʵʬʬʝʢʪʠʚʥʦʛʦ 
ʤʝʪʦʜʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʜʘʣʴʥʝʡ-
ʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɹʣʦʢïʩʭʝʤʘ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʚʳʰʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʅʉ ʧʨʠʚʝʜʝʥʘ ʚ [9].��ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʞʠʤʦʚ ʅʉ ʩ ʛʨʘʬʠʢʦʤ ʚʦʜʦʧʦʪʨʝʙʣʝ-
ʥʠʷ �4���W��, ʟʘʜʘʚʘʝʤʳʤ ʙʣʦʢʦʤ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʥʦʡ ʩʫ-
ʪʦʯʥʦʡ ʢʨʠʚʦʡ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ [8],��ʚ ʩʠʩʪʝʤʝ ʢʦʤ-
ʧʣʝʢʩʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʅʉ ʠʩʧʦʣʴʟʫ-
ʶʪʩʷ ʜʚʘ ʤʝʪʦʜʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 
ʧʘʨʘʤʝʪʨʘ: ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʅɸ ʠ ʜʨʦʩ-
ʩʝʣʠʨʦʚʘʥʠʝ.��ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʣʦʢʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʧʨʦʛʥʦʟʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʟʘʜʘʶʪʩʷ: 
ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘ-
ʱʝʥʠʷ �����W����ʚʦ ʚʨʝʤʝʥʠ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-
ʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ �5�9���W����ʟʘʜʚʠʞʢʠ ʚʦ ʚʨʝʤʝʥʠ. 

ɹʣʦʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʅʉ ʚʢʣʶʯʘʝʪ ʤʦ-
ʜʝʣʴ ʠʜʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ 
(ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫ-
ʝʪʩʷ ʟʥʘʢ ç�
è). ɿʜʝʩʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 
ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʅɸ (ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ 
ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʜʝʢʩ çɜè) ʠ ʜʨʦʩʩʝʣʠʨʦ-
ʚʘʥʠʝʤ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʥʘʧʦʨʥʦʤ ʢʦʣʣʝʢʪʦʨʝ (ʚ 
ʦʙʦʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʜʝʢʩ çrè). 

ʄʦʱʥʦʩʪʴ ʥʘ ʚʘʣʫ ʥʘʩʦʩʘ: 
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3 �Q���Q���Q� �Q �'�4�%�4�$�3�V�K ;  

 ��
��

��
��

��
���V�K �'�4�%�4�$�3 �Q�c���Q�c���Q�c� �c�Q ; (1) 

��
��

�����V�K�U �'�4�%�4�$�3 ����� ; ��
��

�����V�K�U �'�4�%�4�$�3 �c���c���c� �c , 
ʛʜʝ �$�������%�������'��, �: �
�������<�
�������' �
����ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʧʧʨʦʢʩʠ-
ʤʘʮʠʠ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 
ʮʝʥʪʨʦʙʝʞʥʦʡ ʤʘʰʠʥʳ ʠ ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʧʘʩʧʦʨʪ-
ʥʦʡ ʠ ʬʘʢʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʥʳʤ �3���4����ʭʘʨʘʢʪʝʨʠʩʪʠ-
ʢʘʤ ʥʘʩʦʩʘ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʚʳʭʦʜʝ ʥʘʩʦʩʘ:  
 gQH�X�F�S�3 �Q �Q�U� ; gQH�X�F�S�3 �Q �Q�U�c �c� ; (2) 

�U�U�X�F�S �J�4�+�3 �U� ; �U�U�X�F�S �+�J�4�3 �c� �c �U , 
ʛʜʝ �! ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; �J ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦ-

ʛʦ ʧʘʜʝʥʠʷ; �+��� �$����
�����%�����4���&���4

��, 
�+�
��� �$�
����

�����%�
�����4���&�
���4
��, �+�U� �$�����%���4�� �&���4

��, 
�+�
�U� �$�
�����%�
���4�� �&�
���4

�� ï ʥʘʧʦʨʥʦ-ʨʘʩʭʦʜʥʳʝ �+���4�� ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ; �$�������%�������&��, �$�
�������%�
�������&�
�� ï ʢʦʵʬʬʠ-
ʮʠʝʥʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚ-
ʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʮʝʥʪʨʦʙʝʞʥʦʡ ʤʘʰʠʥʳ ʠ ʦʧʨʝʜʝ-
ʣʷʝʤʳʝ ʧʦ ʧʘʩʧʦʨʪʥʦʡ ʠ ʬʘʢʪʠʯʝʩʢʦʡ ʥʘʧʦʨʥʦ-
ʨʘʩʭʦʜʥʳʤ �+���4�� ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʘʩʦʩʘ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʚʳʭʦʜʝ ʅʉ: 
 �Q�Q�Q �U� � �J�4�+�3�3 �X�F�S�X�S�V ; �Q�Q �c�U� �c �+�J�4�3�X�S�V ; (3) 

 ���+�J�4���+�3 �9�U�U�X�S�V �'�U ��� ; ���+�+�J�4���3 �9�U�U�X�S�V �c�'���c�U� �c , 
ʛʜʝ �û�+�9� �+���±�+�V�±�5�S�4

��
��, �û�+�
�9� �+�
���±�+�V�±�5�S�4

��
�� ï ʧʦʪʝʨʠ 

ʥʘʧʦʨʘ ʥʘ ʟʘʜʚʠʞʢʝ; �+�������4�� ï ʥʘʧʦʨ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʦʞʝʥʠʶ ʜʨʦʩʩʝʣʴʥʦʡ 
ʟʘʜʚʠʞʢʠ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʨʘʚʥʳʤ 
�5�9; �+�V,���5�S ï ʩʪʘʪʠʯʝʩʢʠʡ ʥʘʧʦʨ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʠʜʨʦʩʝʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʚ ʩʝʪʠ ʧʦʪʨʝʙʠʪʝʣʷ: 
 �Q�Q�Q �'��� �S�X�S�V�X�F �3�3�3 ; �Q�Q�Q �c�'���c� �c �S�X�S�V�X�F �3�3�3 , (4) 
ʛʜʝ �û�3�S��� �!�J�4�û�K�O������������ �û�3�
�S��� �!�J�4�û�K�
�O������������ï ʧʦʪʝʨʠ 
ʤʦʱʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ; �û�K�O� ���O�#

���������J�G���� 
�û�K�
�O� ���
���L���O�#�
���������J�G����ï ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʧʦ ʜʣʠʥʝ;  
�� ï ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
(ʢʦʵʬʬʠʮʠʝʥʪ ɼʘʨʩʠ), ʟʘʚʠʩʷʱʠʡ ʦʪ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ 
ʞʠʜʢʦʩʪʠ; ���
���L��� ������������������������������������ ���/���#�G�����������H�����������N�H���7�� ï 
ʟʘʚʠʩʠʤʦʩʪʴ, ʫʯʠʪʳʚʘʶʱʘʷ ʜʠʥʘʤʠʢʫ ʨʦʩʪʘ ʛʠʜʨʘʚ-
ʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʚʦʜʦʚʦʜʦʚ ʚ 
ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ;  
�G ï ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ; �O ï ʜʣʠʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘ;  
�#���� �#�
 ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ; �/ ï ʢʠ-
ʥʝʤʘʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʟʘʚʠ-
ʩʷʱʠʡ ʦʪ ʧʣʦʪʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʧʝʨʝʢʘʯʠʚʘʝʤʦʛʦ ʨʘʙʦʯʝʛʦ ʧʨʦʜʫʢʪʘ; 
�N�H���7��� �����������������L���L�������������� ï ʘʙʩʦʣʶʪʥʘʷ ʵʢʚʠʚʘʣʝʥʪ-
ʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʪʨʫʙ;���L ï ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʪʨʫʙʦʧʨʦʚʦʜʘ (ʚ ʤʝʩʷʮʘʭ) [2]. 

ʉʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʘʩʠʥʭʨʦʥʥʦʤ ʜʚʠ-
ʛʘʪʝʣʝ: 
 �Q�Q�Q�Q�6 �'�'�'�' �P�H�F�K�F�R�S�V�L�P �3�3�3�3 ����� ; 

 �Q�Q�Q�Q�6 �c�'���c�'���c�'� �c�' �P�H�F�K�F�R�S�V�L�P �3�3�3�3 ; (5) 

 �P�H�F�K�Q�U�F�R�S�V�Q�L�P�U �3�3�3�3 �'���c�'���'� �c�' �6 , 

ʛʜʝ �û�3�V���Q, �û�3�
�V���Q, �û�3�V���Q, �û�3�F�R�S���Q,���û�3�
�F�R�S���Q, �û�3�F�R�S���U, �û�3�P�H�F�K���Q,��
�û�3�
�P�H�F�K���Q, �û�3�P�H�F�K���Q ï ʪʝʢʫʱʠʝ ʠ ʥʦʤʠʥʘʣʴʥʳʝ ʧʦʪʝʨʠ 
ʤʦʱʥʦʩʪʠ ʚ ʩʪʘʣʠ, ʤʝʜʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ 
ʤʦʱʥʦʩʪʠ ʚ ʘʩʠʥʭʨʦʥʥʦʤ ʜʚʠʛʘʪʝʣʝ. 

ʇʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ ʥʘʩʦʩʝ: 
 �Q�Q�Q ��� �' �X�F�S�V�K�F�S �3�3�3 ; �Q�Q�Q �c���c� �c�' �X�F�S�V�K�F�S �3�3�3 . (6) 

ʇʦʪʝʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʟʘʜʚʠʞʢʝ:  
 �U�X�S�V�U�X�F�S�9 �3�3�3 ��� �' ; �U�X�S�V�U�X�F�S�9 �3�3�3 �c���c� �c�' . (7) 

ʇʦʪʝʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ 
ʪʨʫʙʦʧʨʦʚʦʜʘ: 
 �Q�Q�Q�' �X�F�X�S�V�S �3�3�3 ��� ; �Q�Q�Q �c���c� �c�' �X�F�X�S�V�S �3�3�3 . (8) 

ʉʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ 
ʯʘʩʪʦʪʳ:  
 �W�U�L�Q�U�H�F�I�F �3�3�3�3 �'���'���'� �' �6 ;  (9) 



ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅɯ ʉʀʉʊɽʄʀ, ʄɽʊʆɼʀ ʆʇʊʀʄɯɿɸʎɯɰ ʊɸ ʄʆɼɽʃʖɺɸʅʅʗ 
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 �W�U�L�Q�U�H�F�I�F �3�3�C�3�3 �c�'���c�'���'� �c�' �6 , 
ʛʜʝ �û�3�U�H�F, �û�3�
�U�H�F, �û�3�L�Q,���û�3�
�Q, �û�3�W�U, �û�3�
�W�U ï ʧʦʪʝʨʠ ʤʦʱʥʦ-
ʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʠʥʚʝʨʪʦʨʝ, ʚʳʧʨʷʤʠʪʝʣʝ ʧʨʝ-
ʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ. 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʅɸ ʤʦʱʥʦʩʪʴ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 
ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ: 
 �I�F�L�P�V�K�� �3�3�3�3 �6�Q�6�Q�Q �c�'���c�'���c� �c . (10) 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʅɸ ʤʦʱʥʦʩʪʴ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 
ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʥʘʧʦʨʥʦʤ ʢʦʣ-
ʣʝʢʪʦʨʝ: 
 �L�P�U�U�V�K�U�� �3�3�3 �6�c�'���c� �c . (11) 

ʉʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʅʂ: 
 �F�S�U�P�F�S�L�P �3�3�3�3�3�3 �'���'���'���'���'� �' �6�6 , (12) 
ʛʜʝ �û�3�U�P��ï ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ɹʣʦʢʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʘ-
ʨʘʤʝʪʨʦʚ ʚʳʯʠʩʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
�K���H�I  ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʚʳʰʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʅʉ, ʩʦʩʪʦʷʱʘʷ ʠʟ: 

ʧʝʨʚʠʯʥʦʛʦ ʵʬʬʝʢʪʘ �K���H�I���,, ʚʢʣʶʯʘʶʱʝʛʦ ʵʢʦʥʦ-
ʤʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘʩʦʩʘ�� �K�:�J,  
ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʥʘʩʦʩʝ ʧʨʠ ʝʛʦ ʠʟʥʦʩʝ��
�K�û�:�F�S, ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠ �̫�
�K�U, ʩʦʢʨʘʱʝʥʠʝ ʰʪʘʪʘ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ 
ʅʉ���K�V; 

ʚʪʦʨʠʯʥʦʛʦ ʵʬʬʝʢʪʘ �K���H�I���,�,, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʩʥʠ-
ʞʝʥʠʝʤ ʦʙʲʝʤʘ ʧʝʨʝʢʘʯʢʠ ʯʠʩʪʳʭ �K�4 ʠ ʩʪʦʯʥʳʭ �K�T 
ʚʦʜ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʠʟʙʳʪʦʯʥʳʭ ʥʘʧʦʨʦʚ ʚ ʪʨʫ-
ʙʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ. 

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ: 
 �,�,�H�I�,�H�I�H�I �&�&�& �6�6�6 ��� ; (13) 

�V�U�:�F�S�:�J�,�H�I �&�&�&�&�& ������� �'�6 ; �T�4�,�,�H�I �&�&�& ��� �6 . 

ʕʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 
ʅɸ ʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʥʘʧʦʨʥʦʤ 
ʢʦʣʣʝʢʪʦʨʝ ʟʘ ʚʨʝʤʷ �W�Z ʨʘʙʦʪʳ ʚ ʢʘʣʝʥʜʘʨʥʦʤ ʛʦʜʫ: 
 �Z���U�:�J �W���J�3���& �Q�c���c� �' 1 . (14) 

ɼʝʥʝʞʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ �L-ʪʦʤ ʵʣʝ-
ʤʝʥʪʝ ʅʉ (ʚ ʘʩʠʥʭʨʦʥʥʦʤ ʜʚʠʛʘʪʝʣʝ �K�û�:�L�P, �K�
�û�:�L�P, 
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʯʘʩʪʦʪʳ �K�û�:�I�F, �K�
�û�:�I�F, ʮʝʥʪʨʦʙʝʞʥʦʤ 
ʥʘʩʦʩʝ �K�û�:�F�S, �K�
�û�:�F�S, ʟʘʜʚʠʞʢʝ �K�û�:�9, �K�
�û�:�9, ʪʨʫʙʦʧʨʦ-
ʚʦʜʝ �K�û�:�S, �K�
�û�:�S) ʟʘ ʚʨʝʤʷ �W�S���H���L, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʘʜʘ-
ʚʘʝʤʦʤʫ ʧʝʨʠʦʜʫ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-
ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ �L-ʛʦ ʵʣʝʤʝʥʪʘ ʅʉ: 
 �L�S�H�•�: �3�N�W�&

�L
�'� �' ; �L�S�H�•�: �3�N�W�&

�L
�c�'� �c�' . (15) 

ɺ ʫʩʪʨʦʡʩʪʚʝ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ  
ʩʨʘʚʥʠʚʘʶʪʩʷ ʜʝʥʝʞʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ 
ʜʣʷ �L-ʛʦ ʵʣʝʤʝʥʪʘ ʅʉ ʚ ʤʦʜʝʣʷʭ ʨʝʘʣʴʥʦʛʦ �K�
�û�:�L ʠ 
ʠʜʝʘʣʴʥʦʛʦ �K�û�:�L ʦʙʲʝʢʪʦʚ ʩʦ ʩʪʦʠʤʦʩʪʴʶ �K�L ʥʦʚʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʅʉ.  

ʇʨʠ ʫʩʣʦʚʠʠ (�K�
�û�:�Lï�K�û�:�L)Ó�K�L ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝ-
ʥʠʝ ʦ ʟʘʤʝʥʝ �L-ʛʦ ʵʣʝʤʝʥʪʘ ʅʉ ʥʘ ʥʦʚʳʡ.  

ʇʨʠ ʫʩʣʦʚʠʠ (�K�
�û�:�L��- �K�û�:�L)Ò�K�L ʚʳʯʠʩʣʷʶʪʩʷ ʛʦʜʦ-
ʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ �(�H�I�I ʠ ʩʨʦʢ ʦʢʫʧʘʝʤʦ-

ʩʪʠ �7�S������
ɽʩʣʠ �7�SÒ�7�Q�R�U, ʛʜʝ �7�Q�R�U ï ʥʦʨʤʘʪʠʚʥʳʡ ʩʨʦʢ ʦʢʫʧʘʝ-

ʤʦʩʪʠ, ʪʦ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ 
ʬʦʨʤʠʨʫʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ �8�F�����W�� ʥʘ ʧʨʝ-
ʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ 
ʢʨʠʚʦʡ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ �4���W��.  

ɽʩʣʠ �7�SÓ�7�Q�R�U ï ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ 
ʚ ʥʘʧʦʨʥʦʤ ʢʦʣʣʝʢʪʦʨʝ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʝ 
ʚʦʟʜʝʡʩʪʚʠʝ �8�F�����W�� ʥʘ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʟʘʜʚʠʞʢʠ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʢʨʠʚʦʡ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ 
�4���W��. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʚʳʰʝ-
ʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʅʉ ʦʪʨʘʞʘʝʪ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦ-
ʥʠʨʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩ. 1. 

 

ɺʳʯʠʩʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʠ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʚ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ ʅʂ

ɿʘʤʝʥʘ �L-ʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʅʂ

ʉʯʠʪʳʚʘʥʠʝ ʧʦʢʘʟʘʥʠʡ ʪʘʡʤʝʨʘ �W���l�_�d

ʅʝʪ

ɺʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ

ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʘʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ �4���W��

ʉʯʠʪʳʚʘʥʠʝ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ ʨʘʩʭʦʜʘ ʥʘ ʚʳʭʦʜʝ ʥʘʩʦʩʥʦʡ 
ʩʪʘʥʮʠʠ ʠ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʚ ʩʝʪʠ ʧʦʪʨʝʙʠʪʝʣʷ

ɼʘ

ɺʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ �: �C�����<�C��, �&�C, �: �C�����<�C��, 
�' �C��, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʢʪʠʯʝʩʢʠʤ �+���4��ʠ �3���4��

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʘʩʦʩʘ

ʆʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʥʘʧʦʨʥʦ-ʨʘʩʭʦʜʥʦʡ �+���4�� ʠ 
ʤʦʱʥʦʩʪʥʦʡ �3���4�� ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʦʩʘ

�>�Z

�G�_�l

ʅʘʯʘʣʦ

�W���l�_�d� �W�i���h���p�g

ʆʧʨʝʜʝʣʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ �K�� �H�I, ʛʦʜʦʚʦʛʦ 
ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ �(�H�I�I, ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ �7�S��ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʘʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʘ ʚʨʝʤʷ �W�S ʠ ʜʝʥʝʞʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʦʪʝʨʠ 
ʵʥʝʨʛʠʠ ʉ�û�:�L ʚ �L-ʪʦʤ ʵʣʝʤʝʥʪʝ ʅʂ ʟʘ ʚʨʝʤʷ �W�i���h���L

�K�C�û�:�L���K�û�:�L���•�����K�L

�L�j�”�L�g

�G�_�l

�>�Z

ʉʯʠʪʳʚʘʥʠʝ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ ʨʘʩʭʦʜʘ ʚ ʩʝʪʠ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʥʘ 
ʚʳʭʦʜʝ ʥʘʩʦʩʘ, ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʘ ʚʳʭʦʜʝ ʥʘʩʦʩʘ, ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ, ʚ ʩʝʪʠ ʧʦʪʨʝʙʠʪʝʣʷ 

ʌʦʨʤʠʨʦʚʘʥʠʝ 
ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʝ �8�\�����W��
ʥʘ ʨʘʙʦʯʠʡ ʦʨʛʘʥ 

ʟʘʜʚʠʞʢʠ

ʌʦʨʤʠʨʦʚʘʥʠʝ 
ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ 
�8�\�����W�� ʥʘ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 
ʯʘʩʪʦʪʳ

ʂʦʥʝʮ

ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ �����W����ʠ �5�9���W����

��
ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  
ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ 



ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅɯ ʉʀʉʊɽʄʀ, ʄɽʊʆɼʀ ʆʇʊʀʄɯɿɸʎɯɰ ʊɸ ʄʆɼɽʃʖɺɸʅʅʗ 

ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʽ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʩʠʩʪʝʤʠ. ɺʠʧʫʩʢ 1/2013 (21) 
84 

ʉ ʫʯʝʪʦʤ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʧʦʜʭʦʜʘ, ʜʣʷ��ʅʉ ʩʠʩ-
ʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʛ. ʂʨʝʤʝʥʯʫʛʘ, ʚʢʣʶʯʘʶʱʝʡ:  

ʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ ʪʠʧʘ ɼ2000ï100 ʩ ʧʘʨʘʤʝʪ-
ʨʘʤʠ �4�Q��� 0,556��ʤ3/ʩ���� �G�Q��� ��100 ʤ���� �J�V�K��� ��760��ʢɺʪ����
�Q�Q��� ��980��ʦʙ/ʤʠʥ; ��� 0,75;  

ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ �J�Q���  800 ʢɺʪ����
�Q�����  1000 ʦʙ/ʤʠʥ; �V�Q=1,4 %; �,��=94,5 A; ��� 0,95; 
�F�R�V���3��=0,86; ���P=1,9; ���V�W=5,3;  

ʪʨʫʙʦʧʨʦʚʦʜ �G=1,2 ʤ; �O=5 ʢʤ; �G�k=10 ʤ; 
�5�k=291,6 ʩ2/ʤ5, 
ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʅʉ, ʙʘʟʠ-
ʨʫʶʱʘʷʩʷ ʪʦʣʴʢʦ ʥʘ ʧʝʨʚʠʯʥʦʤ ʵʬʬʝʢʪʝ, ʧʦʟʚʦʣʷʝʪ 
ʧʦʣʫʯʠʪʴ ʛʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 
1,96 ʤʣʥ. ʛʨʥ; ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʩʦ-
ʩʪʘʚʠʪ 10,2 ʤʝʩ. ʇʨʠ ʫʯʝʪʝ ʚʪʦʨʠʯʥʦʛʦ ʵʬʬʝʢʪʘ ʛʦʜʦ-
ʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʫʚʝʣʠʯʠʪʩʷ ʚ 5,2 ʨʘʟʘ, ʘ 
ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʩʦʢʨʘʪʠʪʩʷ ʜʦ 2,2 ʤʝʩ. [10]. 

�H�i�b�k�Z�g�b�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h�� �g�Z�k�h�k�g�h�]�h�� �d�h�f��
�i�e�_�d�k�Z����ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ ʦʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʦʛʦ ʅʂ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʪʨʝʭʬʘʟʥʳʝ ʘʩʠʥ-
ʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʪʫʨʙʦʤʝʭʘʥʠʟ-
ʤʘʤʠ ʥʘ ʚʘʣʫ ʬʠʨʤʳ Willo MHI. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʯʘʩ-
ʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʤʝʭʘʥʠʟʤʘ ʅɸ 
ʦʩʥʘʱʝʥ ʥʠʟʢʦʚʦʣʴʪʥʳʤ ʪʨʝʭʬʘʟʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-
ʣʝʤ ʯʘʩʪʦʪʳ ʬʠʨʤʳ Lenze 8200 SMD 302L4TXA. 
ʊʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ ʧʨʠʚʝʜʝʥ ,r 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʘʙʣ. 1, 2.  

 
ʊʘʙʣʠʮʘ 1 ï ʊʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʥʘʩʦʩʦʚ 

ʊʠʧ ʥʘʩʦʩʘ ʇʦʜʘʯʘ 
ʤ3/ʯʘʩ 

ʅʘʧʦʨ, 
ʤ 

ʏʘʩʪʦʪʘ 
ʚʨʘʱʝʥʠʷ, 

ʦʙ/ʤʠʥ 
Willo MHI 202.1 5Ā10-3 22 3000 
Willo MHI 402.1 8Ā10-3 18 3000 

 

ʊʘʙʣʠʮʘ 2 ï ʊʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʚʠʛʘʪʝʣʝʡ 

ʊʠʧ ʜʚʠ-
ʛʘʪʝʣʷ 

P, 
ʢɺʪ 

Un, 
ɺ 

In, 
ɸ cos�M �K, 

% 

n0, 
ʦʙ/ 
ʤʠʥ 

MHI 202ï
1/E/3 0,83 380 1,7 0,72 66 3000 

MHI 402ï
1/E/3 0,83 380 1,7 0,72 66 3000 

��
ɺ ʥʘʧʦʨʥʳʭ ʠ ʚʦ ʚʩʘʩʳʚʘʶʱʠʭ ʧʘʪʨʫʙʢʘʭ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘ-
ʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʘʷ ʘʨʤʘʪʫʨʘ. ɼʨʦʩʩʝʣʠʨʦʚʘʥʠʝ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʟʘʜʚʠʞʢʠ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ 
ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ.  

ʂʦʥʪʨʦʣʴ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʥʘʩʦʩʘ ʠ ʚ ʪʨʫʙʦ-
ʧʨʦʚʦʜʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʘʪʯʠʢʘʤʠ ʜʘʚʣʝʥʠʷ 
Honeywell ST2000 ʠ Jumo dTRANS p02, ʩʦʦʪʚʝʪʩʪ-
ʚʝʥʥʦ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ ʚ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʦʤ ʅʂ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʭʢʘʥʘʣʴʥʳʡ ʫʣʴʪ-
ʨʘʟʚʫʢʦʚʦʡ ʩʯʝʪʯʠʢ ʞʠʜʢʦʩʪʠ ʕʨʛʦʤʝʨʘ 125.  

ɼʘʪʯʠʢʠ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʕɺʄ ʧʨʠ ʧʦʤʦʱʠ 
ʤʦʜʫʣʷ ɽ14ï440 (ɸʎʇïʎɸʇ). ɺ ʧʘʢʝʪʝ LabVIEW 
ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ �����W������ �5�9���W��,��ʦʢʥʘ ʢʦʪʦʨʳʭ 
ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3, 4, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʉʲʝʤ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 
200 ʩ ʧʦ 16 ʢʘʥʘʣʘʤ ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 5 ʢɻʮ 
ʥʘ ʢʘʞʜʳʡ ʢʘʥʘʣ. ʆʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʧʨʠ ʚʳʚʦʜʝ 
ʛʨʘʬʠʢʦʚ ʚʳʧʦʣʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʜʠʘʥʥʦʡ 
ʬʠʣʴʪʨʘʮʠʠ. 

 

��
ʈʠʩʫʥʦʢ 2 ï ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ: 

1 ï ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʥʘʩʦʩʦʚ; 2 ï ʨʝʛʫʣʠʨʫʝʤʘʷ ʟʘʜʚʠʞʢʘ 
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ʈʠʩʫʥʦʢ 3 ï ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ LabVIEW ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ �8�F�����W�� ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʨʝʙʫʝʤʦʡ ʢʨʠʚʦʡ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ �4���W����
��

 
ʈʠʩʫʥʦʢ 4 ï ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ LabVIEW ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ �8�F�����W�� ʥʘ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʟʘʜʚʠʞʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʨʝʙʫʝʤʦʡ ʢʨʠʚʦʡ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ �4���W����
��

�:�g�Z�e�b�a�� �w�g�_�j�]�h�j�_�`�b�f�h�\�� �]�b�^�j�h�l�j�Z�g�k�i�h�j�l�g�h�c��
�m�k�l�Z�g�h�\�d�b�� �i�j�b�� �j�_�]�m�e�b�j�h�\�Z�g�b�b�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h��
�i�Z�j�Z�f�_�l�j�Z���� ʆʮʝʥʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 
ʩʠʣʦʚʦʤ ʢʘʥʘʣʝ ʅʂ ʚʳʧʦʣʥʝʥʘ ʜʣʷ ʩʣʫʯʘʝʚ 
ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʅʉ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ 
ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʥʘ ʚʳʭʦʜʝ ʅɸ ʠ ʠʟʤʝʥʝʥʠʝʤ 
ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʤʝʭʘʥʠʟʤʘ 
ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʛʨʘʬʠʢʦʤ 
ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ �4���W�� (ʨʠʩ. 5) ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʩʠʛʥʘʣʦʚ ʟʘʜʘʥʠʷ �8�F�����W�� ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ 
ʠ �8�F�����W�� ʥʘ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʟʘʜʚʠʞʢʠ.  

ʇʨʠ ʨʘʩʯʝʪʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʅʂ ʚ 
ʚʳʨʘʞʝʥʠʷʭ (2), (3) ʚ ʢʘʯʝʩʪʚʝ �+��,�� �+�
��,�� �+�
�U, �+�U, �+����

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʢʘʟʘʥʠʷ, ʩʥʠʤʘʝʤʳʝ ʩ ʜʘʪʯʠʢʦʚ 
ʜʘʚʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʚʳʭʦʜʝ ʥʘʩʦʩʘ ʠ ʅʉ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʚ ʩʝʪʠ ʧʦʪʨʝʙʠʪʝʣʷ: 

�Q�Q� �F�X�F �S�4�3 ; �Q�Q �c� �c �F�X�F �S�4�3 ; �4�S�3 �F�U�X�F�U� ; �4�S�3 �F�U�X�F�U �c� �c , 
ʛʜʝ �S�F��, �S�
�F��, �S�F�U, �S�
�F�U ï ʜʘʚʣʝʥʠʝ, ʩʯʠʪʳʚʘʝʤʦʝ ʩ 
ʜʘʪʯʠʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʩʝʪʠ ʧʦʪʨʝʙʠʪʝʣʷ. 
 

��

ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʘ ʥʘ ʚʭʦʜʝ 
�4���W�� ʠ ʚʳʭʦʜʝ �4�F���W�� ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʅʉ 
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ʄʦʱʥʦʩʪʴ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 
ʯʘʩʪʦʪʳ: 

1inf �F �L�Q�$ �L�Q�$ �L�Q�% �L�Q�% �L�Q�& �L�Q�&�3 �X �L �X �L �X �L� �� �� ;��

�R�X�W�&�R�X�W�&�R�X�W�%�R�X�W�%�R�X�W�$�R�X�W�$�R�X�W�I�F �L�X�L�X�L�X�3 ����� 1 ,��
ʛʜʝ �X�L�Q�$, �X�L�Q�%, �X�L�Q�&, �L�L�Q�$, �L�L�Q�%, �L�L�Q�&��� ��- ���L�L�Q�$+�L�L�Q�%��, �X�R�X�W�$, �X�R�X�W�%, 
�X�R�X�W�&, �L�R�X�W�$, �L�R�X�W�%, �L�R�X�W�&���  - ���L�R�X�W�$+�L�R�X�W�%��  ï ʬʘʟʥʳʝ ʟʥʘʯʝʥʠʷ 
ʧʘʨʘʤʝʪʨʦʚ, ʩʥʠʤʘʝʤʳʭ ʩ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝ-
ʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘ-
ʪʝʣʷ ʯʘʩʪʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʘʩʠʥʭʨʦʥʥʦʤ ʜʚʠʛʘʪʝʣʝ: 
�Q�Q ��� �' �V�K�R�X�W�I�F�L�P �3�3�3 1 ; �Q�Q �c���c� �c�' �V�K�R�X�W�I�F�L�P �3�3�3 1 ; 

�V�K�U�U�L�P�U �3�3�3 ��� �' 1 ; �V�K�U�U�L�P�U �3�3�3 �c���c� �c�' 1 , 
ʛʜʝ �3���U, �3�–���U ï ʤʦʱʥʦʩʪʴ, ʧʦʜʚʦʜʠʤʘʷ ʢ ʵʣʝʢʪʨʦʜʚʠʛʘ-
ʪʝʣʶ. 

ʇʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʯʘʩʪʦʪʳ: 
�R�X�W�I�F�F�L�Q�I�I�F �3�3�3 11 ��� �' ; �R�X�W�I�F���F�L�Q�I���I�F �3�3�3 �c���c� �c�' . 

ʄʦʤʝʥʪ ʥʘ ʚʘʣʫ ʅɸ: 
�������3�0 �F�S�X�F�S�V�K �Q�Q�Q�Q �Z�K� 310 ; 

�������3�0 �F�S�X�F�S�V�K �Q�Q�Q�Q �Z�c�K�c�c� �c 310 ;  

�������3�0 �U�F�S�U�X�F�S�U�V�K�U �Z�K� 310 ; 

�������3�0 �U�F�S�U�X�F�S�U�V�K�U �Z�c�K�c�c� �c 310 , 

ʛʜʝ �Q�Q�Q� �K �V�K�X�F�S�F�S �3���3 , �Q�Q�Q �c�c� �K�c �V�K�X�F�S�F�S �3���3 , 

�U�V�K�X�F�S�U�F�S�U �3���3 �Q� �K  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʥʘʩʦʩʘ; �Q�Z , �Q�Z�c,�� �U�Z ��ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʅɸ. 
ʅʘ ʨʠʩ. 6ï9 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʘ-

ʨʘʤʝʪʨʦʚ ʅʂ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-
ʩʪʠ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʜʨʦʩʩʝʣʠʨʦʚʘ-
ʥʠʝʤ.  

ʀʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʦʪʦʙʨʘʞʘʶʪ ʜʠʘʛʨʘʤʤʳ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʚ 
ʅʉ (ʨʠʩ. 10, 11). ʅʘ ʦʩʥʦʚʝ ʠʭ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥʳ 
ʩʦʩʪʘʚʣʷʶʱʠʝ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ 
ʨʝʟʝʨʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. 

ʇʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ 40 % ʚʥʠʟ ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ 
ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ (ʨʠʩ. 10, 11,ʘ) ʵʥʝʨ-
ʛʦʧʦʪʨʝʙʣʝʥʠʝ ʅʉ ʥʘ 43 % ʥʠʞʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʥʘ ʚʳʭʦʜʝ 
ʥʘʩʦʩʘ (ʨʠʩ. 10, 11,ʙ), ʧʨʠʯʝʤ ʥʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ 
ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʘʩʦʩʝ ʠ ʥʘ ʟʘʜʚʠʞʢʝ. 

��
ʈʠʩʫʥʦʢ 6 ï ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ �Q ʠ ʤʦʤʝʥʪʘ �0�V�K ʥʘ ʚʘʣʫ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ 

 

��
ʘ) 
 

��
ʙ) 
 

ʈʠʩʫʥʦʢ 7 ï ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʥʘʩʦʩʘ �S�F�S, ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ �S�S�V ʠ ʚ ʩʝʪʠ ʧʦʪʨʝʙʠʪʝʣʷ �S�k��

ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ (ʘ) ʠ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ (ʙ)��
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��
ʘ) 

 

 
ʙ) 

ʈʠʩʫʥʦʢ 8 ï ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʠʟ ʵʥʝʨʛʦʩʝʪʠ �3��, ʥʘ ʚʘʣʫ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ �3�V�K,  
ʥʘ ʚʳʭʦʜʝ ʥʘʩʦʩʘ �3�X�F�S ʠ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ �3�X�S�V, ʚ ʩʝʪʠ ʧʦʪʨʝʙʠʪʝʣʷ �3�X�F ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ (ʘ) ʠ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ (ʙ) 
 

 ��
ʘ) 

 

 
ʙ) 

 

ʈʠʩʫʥʦʢ 9 ï ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ: ʩʫʤʤʘʨʥʳʭ �û�3��, ʚ ʘʩʠʥʭʨʦʥʥʦʤ ʜʚʠʛʘʪʝʣʝ �û�3���L�P,  
ʥʘʩʦʩʝ �û�3�F�S, ʥʘ ʫʯʘʩʪʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʘ���û�3�S, ʚ ʩʝʪʠ ʧʦʪʨʝʙʠʪʝʣʷ �û�3�F ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ (ʘ) ʠ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ (ʙ) 



ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅɯ ʉʀʉʊɽʄʀ, ʄɽʊʆɼʀ ʆʇʊʀʄɯɿɸʎɯɰ ʊɸ ʄʆɼɽʃʖɺɸʅʅʗ 
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��
ʈʠʩʫʥʦʢ 10 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ  

ʚ ʥʘʩʦʩʥʦʤ ʢʦʤʧʣʝʢʩʝ:  
�3�� ï ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʠʟ ʵʥʝʨʛʦʩʝʪʠ;  

�3�V�K��ï ʤʦʱʥʦʩʪʴ ʥʘ ʚʘʣʫ ʥʘʩʦʩʘ; �3�X�F�S ï ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ 
ʤʦʱʥʦʩʪʴ ʥʘʩʦʩʘ; �3�X�S�Vï ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ  

ʥʘ ʚʳʭʦʜʝ ʅʉ; �3�X�Fï ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʚ ʩʝʪʠ 
ʧʦʪʨʝʙʠʪʝʣʷ 

 

 
ʈʠʩʫʥʦʢ 11 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ 

ʤʦʱʥʦʩʪʠ ʚ ʥʘʩʦʩʥʦʤ ʢʦʤʧʣʝʢʩʝ:  
ȹ�3Ɇ ï ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʅʂ;  

ȹ�3���L�P ï ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʘʩʠʥʭʨʦʥʥʦʤ 
ʜʚʠʛʘʪʝʣʝ; ȹ�3�F�S ï ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ 
ʥʘʩʦʩʝ; ȹ�3�S ï ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʫʯʘʩʪʢʝ 
ʪʨʫʙʦʧʨʦʚʦʜʘ, ȹ�3�U�P ï ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʦʪ ʤʝʪʦʜʘ 
ʨʝʛʫʣʠʨʦʚʘʥʠʷ; ȹ�3�F  ï ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ  

ʚ ʩʝʪʠ ʧʦʪʨʝʙʠʪʝʣʷ 
 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �w�g�_�j�]�h��

�j�_�`�b�f�h�\�� �G�K�� �k�� �m�q�_�l�h�f�� �b�a�f�_�g�b�\�r�b�o�k�y��
�w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �g�Z�k�h�k�Z����
ʀʟʤʝʥʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʦʩʘ 
ʥʘ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠʟʤʝʥʝʥʠʝʤ 
ʧʦʣʦʞʝʥʠʷ ʨʝʛʫʣʠʨʦʚʦʯʥʦʡ ʟʘʜʚʠʞʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ 
ʚʦ ʚʩʘʩʳʚʘʶʱʝʤ ʧʘʪʨʫʙʢʝ ʪʫʨʙʦʤʝʭʘʥʠʟʤʘ. ʕʪʦ 
ʧʦʟʚʦʣʷʝʪ ʩʤʝʩʪʠʪʴ ʪʦʯʢʫ ʨʘʙʦʯʝʛʦ ʨʝʞʠʤʘ ʥʘ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ �+���4�� ʥʘʩʦʩʘ ʠ ʩʥʠʟʠʪʴ ʥʘʧʦʨ �' �+ ʥʘ 
40 % ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ (ʨʠʩ. 12). ʇʦʩʣʝʜʥʝʝ ʧʨʠʚʦʜʠʪ 
ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʚ 
ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʨʠʩ. 13, 14,ʙ), ʨʦʩʪʫ 
ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 10,7 %.  

ɺʓɺʆɼʓ. ɼʦʢʘʟʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʨʘʙʦʪʳ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩ 
ʫʯʝʪʦʤ ʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʘʣʴʥʦʛʦ ʛʨʘʬʠʢʘ 
ʨʘʙʦʪʳ ʧʦʪʨʝʙʠʪʝʣʷ, ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

0 0. 525 1.05 1.58 2.1

5

10

15

20�G�F�S�����f
�G�F�����f

�G�F���4��

�G���4��

�4�Â�������������f �� ���k

- 1
- 2

�û�G

 
 

ʈʠʩʫʥʦʢ 12 ï ʅʘʧʦʨʥʦ-ʨʘʩʭʦʜʥʳʝ ʧʘʩʧʦʨʪʥʳʝ (1)  
ʠ ʠʟʤʝʥʠʚʰʠʝʩʷ (2) ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ 
 

 
ʈʠʩʫʥʦʢ 13 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ  

ʚ ʥʘʩʦʩʥʦʤ ʢʦʤʧʣʝʢʩʝ 
 

 
ʈʠʩʫʥʦʢ 14 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ 

ʤʦʱʥʦʩʪʠ ʚ ʥʘʩʦʩʥʦʤ ʢʦʤʧʣʝʢʩʝ 
 

ʆʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦ 
ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ 
ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʘʛʨʘʤʤʘʤʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʚʦ 
ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ ʩʠʣʦʚʦʛʦ ʢʘʥʘʣʘ ʥʘʩʦʩʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʥʘʩʦʩʥʳʡ ʢʦʤʧʣʝʢʩ 
ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʪʴ ʵʥʝʨʛʦʨʝʞʠʤʳ: 

���� ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʛʨʘʬʠʢʘʭ ʨʘʙʦʪʳ ʧʦʪʨʝʙʠʪʝʣʷ 
ʠ ʧʘʨʘʤʝʪʨʘʭ (ʧʣʦʪʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ) 
ʧʝʨʝʢʘʯʠʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ; 

���� ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʫʧʝʥʯʘʪʦʛʦ 
ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʣʠ 
ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ (ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ ʠ 
ʯʘʩʪʦʪʥʦʝ, ʩʪʫʧʝʥʯʘʪʦʝ ʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ) ʧʨʠ 
ʨʘʙʦʪʝ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʥʫʶ ʩʝʪʴ 
ʩ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝʤ ʠ ʪ.ʧ. 
 
 



ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅɯ ʉʀʉʊɽʄʀ, ʄɽʊʆɼʀ ʆʇʊʀʄɯɿɸʎɯɰ ʊɸ ʄʆɼɽʃʖɺɸʅʅʗ 
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It has been shown that the pump complex energy modes depend on the consumer operating schedule, method of elec-

tromechanical and technological parameters control, time-variable operating characteristics of technological equipment. 
The comprehensive approach to improving the efficiency of pumping stations has been grounded. It is based on estimation 
of distribution of the power and power loss in all power channel elements with different systems of technological parame-
ters regulation, taking into consideration the real conditions of water consumption and changing operating characteristics 
of technological equipment. The structure and functioning algorithm of the system of comprehensive improving the effi-
ciency of pumping stations has been developed. The analysis of distribution of the power and power loss in the pump 
complex allowed defining components with the largest energy-saving reserve. It was found out that, when capacity is regu-
lated by fluid flow throttled at the pump output, the largest decrease of power losses is at the pump and the valve, com-
pared to the variation of rotation frequency of the pump unit. The expediency of comprehensive approach to improving the 
efficiency of pumping stations has been proved on the basis of experimental research of the pump complex energy modes 
physical model. Evaluation of the diagrams of power distribution and power losses allows to formulate recommendations 
for choosing energy-efficient control method for technological parameters and the timely replacement of equipment. 

�D�H�\���Z�R�U�G�V�� power loss, experimental pump complex, efficiency. 
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